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examples. The clear writing style makes this book a pleasure to read.

—TJeffery D. Collins, Development Lead, Microsoft Corporation

This book offers Python programmers one place to look when they need help
remembering or deciphering the syntax of this open source language and its many
powerful but scantily documented modules. This comprehensive reference guide
makes it easy to look up the most frequently needed information—not just about
the Python language itself, but also the most frequently used parts of the standard
library and the most important third-party extensions.

Python in a Nutshell, Second Edition, covers more than the language itself; it also
deals with the most frequently used parts of the standard library, and the most
popular and important third party extensions. Revised and expanded for Python 2.5,
this book now contains the gory details of Python’s new subprocess module and
breaking news about Microsoft’s new IronPython project. Our “Nutshell” format
fits Python perfectly by presenting the highlights of the most important modules
and functions in its standard library, which cover over 90 percent of your practical
programming needs.

This book includes:
e A fast-paced tutorial on the syntax of the Python language
e An explanation of object-oriented programming in Python

e Coverage of iterators, generators, exceptions, modules, packages, strings, and
regular expressions

e A quick reference for Python’s built-in types and functions and key modules

e Reference material on important third-party extensions, such as Numeric and
Tkinter

e Information about extending and embedding Python
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any Python programmer’s library.
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Preface

The Python programming language manages to reconcile many apparent contra-
dictions: it’s both elegant and pragmatic, it’s 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,
it’s suitable for programming novices and 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
programming languages. The book is a quick reference to Python itself, the most
commonly used parts of its vast standard library, and some of the most popular
and useful third-party modules and packages, covering a wide range of applica-
tion areas, including web and network programming, GUIs, 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, using either C or Java™.

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 and its implementa-
tions, and discusses where to get help and information.

Chapter 2, Installation
Explains how to obtain and install Python on your computer(s).

Chapter 3, The Python Interpreter
Covers the Python interpreter program, its command-line options, and how it
is used to run Python programs and in interactive sessions. The chapter also
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mentions text editors that are particularly suitable for editing Python
programs and auxiliary programs for thoroughly checking your Python
sources, and examines some full-fledged integrated development environ-
ments, including IDLE, which comes free with standard Python.

Part Il, Core Python Language and Built-ins

Chapter 4, The Python Language
Covers Python syntax, built-in data types, expressions, statements, and how
to write and call functions.

Chapter 5, Object-Oriented Python
Explains object-oriented programming in Python.

Chapter 6, Exceptions
Covers how to deal with errors and abnormal conditions in Python programs.

Chapter 7, 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 extensions
that are packaged in standard Python ways.

Chapter 8, Core Built-ins
Refers to built-in data types and functions, and some of the most funda-
mental modules in the standard Python library (roughly, modules supplying
functionality that, in some other languages, is built into the language itself).

Chapter 9, Strings and Regular Expressions
Covers Python’s powerful string-processing facilities, including Unicode
strings and regular expressions.

Part lll, Python Library and Extension Modules

Chapter 10, File and Text Operations
Explains how to deal with files and text processing using built-in Python file
objects, many modules from Python’s standard library, and platform-specific
extensions for rich text I/0O. The chapter also covers issues of international-
ization and localization, and the specific task of defining interactive text-
mode command sessions with Python.

Chapter 11, Persistence and Databases
Introduces Python’s serialization and persistence mechanisms, as well as
Python’s interfaces to DBM databases, the Berkeley Database, and relational
(SQL-based) databases.

Chapter 12, Time Operations
Covers how to deal with times and dates in Python, using the standard library
and popular extensions.

Chapter 13, Controlling Execution
Explains how to achieve advanced execution control in Python, including
execution of dynamically generated code and control of garbage-collection
operations. The chapter also covers some Python internal types, and the

x | Preface
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specific issue of registering “clean-up” functions to be executed 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
covers how to use decimal floating-point numbers instead of the default
binary floating-point numbers. The chapter also covers how to get and use
pseudorandom and truly random numbers.

Chapter 16, Array Processing
Covers built-in and extension packages for array handling, focusing on the
traditional Numeric third-party extension, and mentions other, more recently
developed alternatives.

Chapter 17, Tkinter GUIs
Explains how to develop graphical user interfaces in Python with the Tkinter
package included with the standard Python distribution, and briefly mentions
other alternative Python GUI frameworks.

Chapter 18, 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
correct errors in your programs, and check and enhance your programs’
performance. The chapter also covers the concept of “warning” and the
Python library module that deals with it.

Part IV, Network and Web Programming

Chapter 19, Client-Side Network Protocol Modules
Covers many modules in Python’s standard library that help you write
network client programs, particularly by dealing with various network proto-
cols from the client side and handling URLs.

Chapter 20, Sockets and Server-Side Network Protocol Modules
Explains Python’s interfaces to low-level network mechanisms (sockets),
standard Python library modules that help you write network server
programs, and asynchronous (event-driven) network programming with stan-
dard modules and the powerful Twisted extension.

Chapter 21, CGI Scripting and Alternatives
Covers the basics of CGI programming, how to perform CGI programming in
Python with standard Python library modules, and how to use “cookies” to
deal with session-state in HTTP server-side programming. The chapter also
mentions many alternatives to CGI programming for server-side web
programming through popular Python extensions.

Preface | xi
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Chapter 22, MIME and Network Encodings
Shows how to process email and other network-structured and encoded
documents in Python.

Chapter 23, Structured Text: HTML
Covers Python library modules that let you process and generate HTML
documents.

Chapter 24, Structured Text: XML
Covers Python library modules and popular extensions that let you process,
modify, and generate XML documents.

Part V, Extending and Embedding

Chapter 25, Extending and Embedding Classic Python
Shows how to code Python extension modules using C and other classic
compiled languages, how to embed Python in applications coded in such
languages, and alternative ways to extend Python and access existing C, C++,
and Fortran libraries.

Chapter 26, Extending and Embedding Jython
Shows how to use Java classes from the Jython implementation of Python,
and how to embed Jython in applications coded in Java.

Chapter 27, Distributing Extensions and Programs
Covers the tools that let you package Python extensions, modules, and appli-
cations for distribution.

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 func-
tions need not accept named parameters, so parameter names are not significant.
Some optional parameters are best explained in terms of their presence or
absence, rather than through default values. In such cases, I indicate that a param-
eter is optional by enclosing it in brackets ([]). When more than one argument is
optional, the brackets are nested.

Typographic Conventions

Italic
Used for filenames, program names, URLs, and to introduce new terms. Also
used for Unix commands and their options.

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

Xii | Preface
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Constant width italic
Used to show text that can be replaced with user-supplied values in code
examples.

Constant width bold
Used for commands that must be typed on the command line, and occasion-
ally for emphasis in code examples or to indicate code output.

Using Code Examples

This book is here to help you get your job done. In general, you may use the code
in this book in your programs and documentation. You do not need to contact the
publisher for permission unless you’re reproducing a significant portion of the
code. For example, writing a program that uses several chunks of code from this
book does not require permission. Selling or distributing a CD-ROM of examples
from O’Reilly books does require permission. Answering a question by citing this
book and quoting example code does not require permission. Incorporating a
significant amount of example code from this book into your product’s documen-
tation does require permission.

We appreciate, but do not require, attribution. An attribution usually includes the
title, author, publisher, and ISBN. For example: “Python in a Nutshell, Second
Edition, by Alex Martelli. Copyright 2006 O’Reilly Media, Inc., 0-596-10046-9.”

How to Contact Us

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

O’Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-928-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

There is a web page for this book, which lists errata, examples, and any addi-
tional information. You can access this page at:

http://www.oreilly.com/catalog/pythonian2
To ask technical questions or comment on the book, send email to:
bookquestions@oreilly.com

For more information about books, conferences, resource centers, and the
O’Reilly Network, see the O’Reilly web site at:

http:/fwww.oreilly.com

Preface | xiii
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Safari® Enabled

= When you see a Safari® Enabled icon on the cover of your favorite
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samples, download chapters, and find quick answers when you need the most
accurate, current information. Try it for free at http://safari.oreilly.com.
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Introduction to Python

Python is a general-purpose programming language. It 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 characteristics that are very attractive to devel-
opers. Python runs on all major hardware platforms and operating systems, so it
doesn’t constrain your platform 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 programmer, 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 power.
You'll quickly become productive with Python, thanks to its consistency and
regularity, its rich standard library, and the many third-party modules that are
readily available for it. Python is easy to learn, so it is quite suitable if you are new
to programming, yet at the same time, it is powerful enough for the most sophisti-
cated expert.

The Python Language

The Python language, while not minimalist, is rather spare for good pragmatic
reasons. Once a language offers one good way to express a design idea, adding
other ways has only modest benefits, while the 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 implement efficiently and without
bugs) than a simpler one. Any complications and quirks in a language hamper
productivity in software maintenance, particularly in large projects, where many
developers cooperate and often maintain code originally written by others.

www.it-ebooks.info
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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 distinc-
tions, or mysterious and tricky under-the-covers optimizations. A good language,
like any other designed artifact, must balance such general principles with taste,
common sense, and a high degree of practicality.

Python is a general-purpose programming language, so Python’s traits are useful
in just about any area of software development. There is no area where Python
cannot be part of an optimal solution. “Part” is an important word here; while
many developers find that Python fills all of their needs, Python does not have to
stand alone. Python programs can easily cooperate with a variety of other soft-
ware components, making it an ideal language for gluing together components
written in other languages.

Python is a very-high-level language (VHLL). This means that Python uses a
higher level of abstraction, conceptually farther from the underlying machine,
than do classic compiled languages such as C, C++, and Fortran, which are tradi-
tionally called high-level languages. Python is also simpler, faster to process, and
more regular than classic high-level languages. This affords high programmer
productivity and makes Python an attractive development tool. Good compilers
for classic compiled languages can often generate binary machine code that runs
much faster than Python code. However, in most cases, the performance of
Python-coded applications proves sufficient. When it doesn’t, you can apply the
optimization techniques covered in “Optimization” on page 474 to enhance your
program’s performance while keeping the benefits of high programming
productivity.

Newer languages such as Java and C# are slightly higher-level (farther from the
machine) 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) and become
even more productive.

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

Python is an object-oriented programming language, but it lets you develop code
using both object-oriented and traditional procedural styles, and a touch of the
functional programming style, too, mixing and matching as your application
requires. Python’s object-oriented features are like those of C++, although they
are much simpler to use.

4 | Chapter1: Introduction to Python
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The Python Standard Library and Extension Modules

There is more to Python programming than just the Python language: the stan-
dard Python library and other extension modules are almost 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, string and text
processing, interacting with the operating system and filesystem, and web
programming. Because these modules are written in Python, they work on all plat-
forms 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 soft-
ware 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 cross-
platform portability as pure Python code.

You can write special-purpose extension modules in lower-level languages to
achieve maximum performance for small, computationally intensive parts that
you originally prototyped in Python. You can also use tools such as SWIG to wrap
existing C/C++ libraries into Python extension modules, as we’ll see in
“Extending Python Without Python’s C API” on page 645. Finally, you can
embed Python in applications coded in other languages, exposing existing appli-
cation functionality to Python scripts via dedicated 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,
GUIs, numerical array processing, databases, manipulation of text and binary
files, and interaction with the operating system.

Python Implementations

Python currently has three production-quality implementations, known as
CPython, Jython, and IronPython, and several other experimental implementa-
tions, such as PyPy. This book primarily addresses CPython, the most widely used
implementation, which I refer to as just Python for simplicity. However, the
distinction between a language and its implementations is an important one.

CPython

Classic Python (a.k.a. CPython, often just called Python) is the fastest, most up-
to-date, most solid and complete implementation of Python. Therefore, it can be
considered the “reference implementation” of the language. CPython is a
compiler, interpreter, and set of built-in and optional extension modules, all
coded in standard C. CPython can be used on any platform where the C compiler
complies with the ISO/IEC 9899:1990 standard (i.e., all modern, popular plat-
forms). In Chapter 2, I'll explain how to download and install CPython. All of this

Python Implementations | 5
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book, except Chapter 26 and a few sections explicitly marked otherwise, applies
to CPython, since CPython is the most widely used version of Python.

Jython

Jython is a Python implementation for any Java Virtual Machine (JVM) compliant
with Java 1.2 or better. Such JVMs are available for all popular, modern plat-
forms. 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 existing Java
classes 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. For Jython usage, you should complement this book with Jython
Essentials, by Noel Rappin and Samuele Pedroni (O’Reilly), possibly Java in a
Nutshell, by David Flanagan (O’Reilly), and, if needed, some of the many other
Java resources available.

IronPython

IronPython is a Python implementation for the Microsoft-designed Common
Language Runtime (CLR), most commonly known as .NET. With IronPython,
you can use all CLR libraries and frameworks. In addition to Microsoft’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
existing CLR libraries are often couched in C# terms, so you need a nodding
acquaintance 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 IronPython’s own online documentation, and, if needed, some of the
many other resources available about .NET, the CLR, C#, Mono, and so on.

Choosing Between CPython, Jython, and IronPython

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

The primary difference between the implementations is the environment in which
they run and the libraries and frameworks they can use. If you need to work in a
JVM environment, then Jython is an excellent choice. If you need to work in a
CLR environment, you can take advantage of IronPython. If you’re mainly
working in a traditional environment, then CPython is an excellent fit. If you
don’t have a strong preference for one or the other, then you should start with the
standard CPython reference implementation.
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In other words, when you’re just experimenting, learning, and trying things out,
you will most often use CPython, since it’s faster. To develop and deploy, your
best choice depends on the extension modules you want to use and how you want
to distribute your programs. CPython applications are often faster, particularly if
they can use suitable extension modules, such as Numeric (covered in Chapter 16).
CPython is more mature: it has been around longer, while Jython, and especially
IronPython, are newer and less field-proven. The development of CPython
versions tends to proceed faster than that of Jython and IronPython versions: at
the time of writing, for example, the current language level supported is 2.2 for
Jython, 2.4 for IronPython, and 2.4 rapidly progressing towards 2.5 for CPython
(2.5 should be out by the time you read this).

However, as you’ll see in Chapter 26, Jython can use any Java class as an exten-
sion 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. A Jython-coded application is a 100 percent
pure Java application, with all of Java’s deployment advantages and issues, and
runs on any target machine having a suitable JVM. Packaging opportunities are
also identical to Java’s. Similarly, an IronPython-coded application is entirely
compliant with .NET’s specifications.

Jython, IronPython, and CPython are all good, faithful implementations of
Python, and are reasonably close 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 implementa-
tions 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 optimally for each development task.

PyPy and Other Experimental Versions

There are several interesting implementations of Python that are not yet suitable
for production use at the time of this writing, but may well be worth looking into
for intrinsic interest and high future potential. Two such experimental implemen-
tations that are being actively worked on are Pirate (http://pirate.tangentcode.com),
a Python implementation on top of the Parrot virtual machine, which also
supports Perl 6 and other VHLs, and PyPy (http://codespeak.net/pypy/), a fast and
flexible implementation of Python coded in Python itself, which is able to target
several lower-level languages and virtual machines using advanced techniques
such as type inferencing.

Licensing and Price Issues

CPython is covered by the CNRI Open Source GPL-Compatible License, allowing
free use of Python for both commercial and free-software development (http://
www.python.org/2.4.2/license.html). Jython’s and IronPython’s licenses are simi-
larly liberal. Anything you download from the main Python, Jython, and
IronPython sites will not cost you a penny. These licenses do not constrain what
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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 totally 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,
however, are covered by the GNU Public License (GPL) or Lesser GPL (LGPL),
constraining the licensing conditions you are allowed to 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 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 [ 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
Python’s. However, I 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
headed 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 libraries. Python’s intellectual
property is vested in the Python Software Foundation (PSF), a nonprofit corpora-
tion devoted to promoting Python, with dozens of individual members
(nominated for their contributions to Python, and including all of the Python core
team) and corporate sponsors. Most PSF members have commit privileges to
Python’s SVN repositories (http://svn.python.org/projects/), and most Python SVN
committers are members of the PSF.

Proposed changes to Python are detailed in public documents called Python
Enhancement Proposals (PEPs), debated (and sometimes advisorily voted on) by
Python developers and the wider Python community, and finally approved or
rejected by Guido, who takes debates and votes into account but is not bound by
them. Many hundreds of people actively contribute to Python development
through PEPs, discussion, bug reports, and proposed patches to Python sources,
libraries, and documentation.

The Python core team releases minor versions of Python (2.x, for growing values
of x), currently at a pace of about once every year or two. Python 2.2 was released
in December 2001, 2.3 in July 2003, and 2.4 in November 2004. Python 2.5 is
scheduled to be released in the summer of 2006 (at the time of this writing, the
first alpha release of 2.5 has just appeared). Each minor release adds features that
make Python more powerful and simpler to use, but also takes care to maintain
backward compatibility. One day there will be a Python 3.0 release, which will be
allowed to break backward compatibility to some extent in order to remove some
redundant “legacy” features and simplify the language even further. However,
that release is still years in the future, and no specific schedules for it currently
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exist; the current state of Guido’s ideas about Python 3.0 can be studied at http://
python.org/peps/pep-3000.html.

Each minor release 2.x starts with alpha releases, tagged as 2.xa0, 2.xal, and so
on. After the alphas comes at least one beta release, 2.xb1, and after the betas, at
least one release candidate, 2.xrcl. By the time the final release of 2.x comes out,
it is always solid, reliable, and well tested on all major platforms. Any Python
programmer can help ensure this by downloading alphas, betas, and release
candidates, trying them out extensively, and filing bug reports for any problem
that might 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., 2.x.1, 2.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 2.4 (and all its point releases), the most stable and
widespread release at the time of this writing. I also cover, or at least mention, the
changes that are scheduled to appear in Python 2.5, and I document which parts
of the language and libraries were first introduced in 2.4 and thus cannot be used
with the previous 2.3 release. Whenever I say that a feature is “in 2.4,”  mean 2.4
and all following versions (in other words, with this phrasing I mean to include
Python 2.5 but to exclude 2.3), unless I immediately continue by explaining some
difference that is specific to 2.5.

At the time of this writing, the released version of Jython supports only Python 2.2
(and some, but not all, of Python 2.3), but not the full specifications of Python 2.4.
IronPython 1.0 supports Python 2.4.

This book does not address older versions of Python, such as 1.5.2, 2.0, 2.1, 2.2;
such versions are over four years old and should not be used for any new develop-
ment. However, you might have to worry about such legacy versions if they are
embedded in some application you need to script. Fortunately, Python’s back-
ward compatibility is quite good: current versions of Python are able to properly
process just about any valid Python program that was written for Python 1.5.2 or
later. You can find code and documentation for all old releases of Python at http://
python.org/doc/versions.htmi.

Python Resources

The richest of all Python resources is the Internet. The best starting point is
Python’s site, http://'www.python.org, which is full of interesting links to explore.
http://www.jython.org is a must if you have any interest in Jython. For IronPython,
at the time of writing the most relevant site is http://workspaces.gotdotnet.com/iron-
python, but the IronPython team’s near-future plans include reviving the site hitp://
ironpython.com; by the time you read this, http://ironpython.com should be back in
its role as the primary IronPython web site.
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Documentation

Python, Jython, and IronPython come with good documentation. The manuals are
available in many formats, suitable for viewing, searching, and printing. You can
browse the manuals on the Web at http://'www.python.org/doc/current/. You can
find links to the various formats you can download at http://'www.python.org/doc/
current/download.html, and http://www.python.org/doc/ has links to a large variety
of documents. For Jython, http://'www.jython.org/docs/ has links to Jython-specific
documents as well as general Python ones. The Python FAQ (Frequently Asked
Questions) document is at http://www.python.org/doc/FAQ.html, and the Jython-
specific FAQ document is at http://www.jython.org/cgi-bin/faqw.py?req=index.

Most Python documentation (including this book) assumes some software devel-
opment knowledge. However, Python is quite suitable for first-time programmers,
so there are exceptions to this rule. A few good introductory online texts for
nonprogrammers are:

* Josh Cogliati’s “Non-Programmers Tutorial For Python,” available at http://
www.honors.montana.edu/~jjc/easytut/easytut/

* Alan Gauld’s “Learning to Program,” available at http:/www.freenetpages.co.uk/
hp/alan.gauld/

* Allen Downey and Jeffrey Elkner’s “How to Think Like a Computer Scientist
(Python Version),” available at http://www.ibiblio.org/obp/think CSpy/

Newsgroups and Mailing Lists

The URL http://www.python.org/community/lists/ has links to Python-related
mailing lists and newsgroups. Always use plain-text format, not HTML, in any
message you send to mailing lists or newsgroups.

The Usenet newsgroup for Python discussions is comp.lang.python. The news-
group is also available as a mailing list. To subscribe, send a message whose body
is the word “subscribe” to python-list-request@python.org. “Dr. Dobb’s Python
URL!,” an interesting weekly collection of the most notable news and Python
resources, is regularly posted to comp.lang.python. All issues, in reverse chrono-
logical order (most recent first), can be found by visiting the URL:

http://groups.google.com/groups?q=+Python-URL!+group%3Acomp.lang.
python&start=0&scoring=dé

A somewhat similar daily list of Python news can be found at http://www.
pythonware.com/daily/.

Python-related announcements are posted to comp.lang.python.announce. To
subscribe to its mailing-list equivalent, send a message whose body is the word
“subscribe” to python-announce-list-request@python.org. To subscribe to Jython’s
mailing list, visit http:/lists.sf.net/lists/listinfo/jython-users. To ask for individual
help with Python, email your question to python-help@python.org. For questions
and discussions about using Python to teach or learn programming, write to
tutor@python.org.
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Special-Interest Groups

Discussions on some specialized subjects related to Python take place on the mailing
lists of Python Special Interest Groups (SIGs). The page at hitp://www.python.org/
sigs/ has a list of active SIGs 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:

http:/lwww.python.org/sigs/c++-sig/
Bindings between C++ and Python

http:/flwww.python.org/sigs/il18n-sig/
Internationalization and localization of Python programs

http://www.python.org/sigs/image-sig/
Image processing in Python

Python Business Forum

The Python Business Forum (PBF), at http://'www.python-in-business.org/, is an
international society of companies that base their businesses on Python. The
PBF’s site offers interesting information about some of the many business uses of
Python.

Python Journal

The Python Journal, http://pythonjournal.cognizor.com/, is a free online publica-
tion that focuses on Python, how to use it, and its applications.

Extension Modules and Python Sources

A good starting point to explore the world of available Python extensions and
sources is the Python Cheese Shop, http://www.python.org/pypi, which currently
contains more than 1,200 packages with descriptions and pointers. Another good
one is “The Vaults of Parnassus,” available at hitp://www.vex.net/parnassus/,
which has over 2,000 classified and commented links. By following these links,
you can find and download most freely available Python modules and tools.

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, I suggest you download and unpack the Python source distri-
bution for study purposes.

Many Python modules and tools covered in this book also have dedicated sites.
References to these sites are included in the appropriate chapters in this book.

The Python Cookbook

ActiveState’s web site http://www.activestate.com/ASPN/Python/Cookbook hosts a
living collection of Python recipes. Each recipe contains Python code, comments,
and discussion, contributed by volunteers and enriched by readers, under the

Python Resources | 11

www.it-ebooks.info

=]
~
=
o
o
c
~
=3
°
S



http://www.it-ebooks.info/

editorial supervision of David Ascher. All code is covered by a license similar to
Python’s. Everyone is invited to participate as author and reader in this commu-
nity endeavor. Hundreds of recipes from the site—edited, commented, and
grouped into chapters with introductions by Python experts—are published by
O’Reilly as the Python Cookbook, edited by Alex Martelli, Anna Martelli Raven-
scroft, and David Ascher.

Books and Magazines

Although the Net is a rich source of information, books and magazines still have
their place (if you and I didn’t agree on this, I wouldn’t have written this book, and
you wouldn’t be reading it). At the time of this writing, the only magazine entirely
devoted to Python is Py (for up-to-date information, visit http://www.pyzine.com/).

Books about Python and Jython are numerous. Here are a few that I recommend,
although many of them cover older versions of the language rather than current
ones:

* If you are just starting to learn Python (but have some previous programming
experience), Learning Python, by Mark Lutz and David Ascher (O’Reilly),
will serve you well. It sticks to the basics of Python’s language and core librar-
ies, covering clearly and in depth each of the subjects it touches.

* Python Web Programming, by Steve Holden (New Riders), teaches the basics
of both Python and many other technologies that can help you build dynamic
web sites, including TCP/IP, HTTP, HTML, XML, and relational databases.
The book offers substantial examples, including a complete database-backed
site.

* Dive Into Python, by Mark Pilgrim (APress), teaches by example in a fast-
paced and thorough way that is very suitable for people who are already
expert programmers in other languages. You can also freely download the
book, in any of several formats, from http://diveintopython.org/.

* Beginning Python: From Novice to Professional, by Magnus Lie Hetland
(APress), teaches both by thorough explanations and by fully developing 10
complete programs in various application areas.

* Python Programming on Win32, by Mark Hammond and Andy Robinson
(O’Reilly), is indispensable for optimal Python use on Windows. The book
details platform-specific extensions to Python for COM, ActiveScripting,
Win32 API calls, and integration with Windows applications. The current
edition uses Python’s old 1.5.2 version, but everything also applies to
Python’s current version.

* Jython Essentials, by Samuele Pedroni and Noel Rappin (O’Reilly), is a rich
and concise book on Jython, suitable if you already have some Java knowl-
edge. For effective Jython use, I also suggest Java in a Nutshell, by David
Flanagan (O’Reilly).
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* Python Essential Reference, by David Beazley (New Riders), is a complete ref-
erence to the Python language and its standard libraries.

* Python Standard Library, by Fredrik Lundh (O’Reilly), offers terse and usable
coverage of all modules in the standard Python library, with over 300 well-
commented scripts to show how you can use each module. The amount and
quality of examples stands out as the book’s outstanding feature.
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* For a very concise summary reference and reminder of Python’s essentials,
check out Python Pocket Reference, also by Mark Lutz (O’Reilly).
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Installation

You can install Python, in classic (CPython), JVM (Jython), and .NET (IronPy-
thon) versions, on most platforms. With a suitable development system (C for
CPython, Java for Jython, .NET for IronPython), you can install Python from its
source code distribution. On popular platforms, you also have the alternative of
installing from pre-built binary distributions. If your platform comes with a pre-
installed version of Python, you may still want to install another richer or better
updated one: if you do, I recommend you do not remove nor overwrite your plat-
form’s original version—rather, install the other version “side by side” with the
first one. In this way, you can be sure you are not going to disturb any other soft-
ware that is installed as part of your platform: such software might well 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 sources gives you more control and flexibility and is the only possi-
bility if you can’t find a suitable pre-built binary distribution for your platform.
Even if you install from binaries, I recommend you also download the source
distribution because it includes examples and demos that may be missing from
pre-built binary packages.

Installing Python from Source Code

To install CPython from source code, you need a platform with an ISO-compliant
C compiler and ancillary tools such as make. On Windows, the normal way to
build Python is with Microsoft Visual Studio (version 7.1, a.k.a. VS2003, for
Python 2.4 and 2.5).

To download Python source code, visit http://www.python.org and follow the link
labeled Download. The latest version at the time of this writing is:

http:/iwww.python.org/ftp/python/2.4.3/Python-2.4.3.tgz

14
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The .tgz file extension is equivalent to .tar.gz (i.e., a tar archive of files,
compressed by the powerful and popular gzip compressor). You can also get a
version with an extension of .tar.bz2 instead of .tgz, compressed with the even
more powerful bzip2 compressor, if you're able to deal with Bzip-2 compression
(most popular utilities can nowadays).

To download sources for Python 2.5, see http://www.python.org/download/
releases/2.5/. At the same URL, you will also find Python 2.5 documentation and
binary releases. At the time of this writing, the first alpha release of 2.5 had just
appeared, but by the time you read this book the final release of 2.5 is likely to be
available.

Windows

On Windows, installing Python from source code can be a chore unless you are
already familiar with Microsoft Visual Studio and also used to working at the
Windows command line (i.e., in the text-oriented windows known as MS-DOS
Prompt or Command Prompt, depending on your version of Windows).

If the following instructions give you trouble, I suggest you skip ahead to
“Installing Python from Binaries” on page 18. It may be a good idea to do an
installation from binaries anyway, even if you also install from source code. This
way, if you notice anything strange while using the version you installed from
source code, you can double-check with the installation from binaries. If the
strangeness goes away, it must be due to some quirk in your installation from
source code, and then you know you must double-check the latter.

In the following sections, for clarity, I assume you have made a new directory
named C:\Py and downloaded Python-2.4.3.tgz there. Of course, you can choose
to name and place the directory as it best suits you.

Uncompressing and unpacking the Python source code

You can uncompress and unpack a .tgz file with programs tar and gunzip. If you do
not have tar and gunzip, you can download the collection of utilities ftp:/ftp.object-
central.com/winutils.zip into C:\Py. If you do not have other ways to unpack a ZIP
file, download ftp://ftp.th-soft.com/UNZIP.EXE into C:\Py. Open an MS-DOS
Prompt window and give the following commands:

C:\> My Documents> cd \Py
C:\Py> unzip winutils

[unzip lists the files it is unpacking - omitted here]
C:\Py> gunzip Python-2.4.3.tgz
C:\Py> tar xvf Python-2.4.3.tar

[tar lists the files it is unpacking - omitted here]
C:\Py>

Many commercial programs, such as WinZip (http://www.winzip.com) and Power-
Archiver (http://www.powerarchiver.com), can also uncompress and unpack .tgz
archives (and .tar.bz2 ones too). Whether via gunzip and tar, a commercial
program, or some other program, you now have a directory C:\Py\Python-2.4.3,
the root of a tree that contains the entire standard Python distribution in source
form.
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Building the Python source code with Microsoft Visual Studio 2003

Open the workspace file C:\Py\Python-2.4.3\PCbuild\pcbuild.dsw with Microsoft
Visual Studio—for example, by starting Windows Explorer, going to directory C:\
Py\Python-2.4.3\PCbuild, and double-clicking on file pcbuild.dsw.

Choose Build — Set Active Configuration — python Win32 Release, and then
choose Build — Build python.exe. Visual Studio builds projects pythoncore and
python, making files python24.dll and python.exe in C:\Py\Python-2.4.3\PCbuild.
You can also build other subprojects (for example, with Build — Batch Build...).
To build subprojects _tkinter, bsddb, pyexpat, and zlib, you first need to down-
load other open source packages and install them in the C:\Py directory. Follow
the instructions in C:\Py\Python-2.4.3\PCbuild\readme.txt to build every Python
package that is in the distribution.

Building Python for debugging

You can also, optionally, build the debug versions, as well as the release versions,
of the Python packages.

With Visual Studio, an executable (.exe) built for release can interoperate fully
only with dynamic load libraries (DLLs) also built for release, while an executable
built for debugging interoperates fully only with DLLs also built for debugging.
Trying to mix and match can cause program crashes and assorted strangeness. To
help you avoid accidentally mixing parts built for release with others built for
debugging, the Python workspace appends a _d to the name of debugging execut-
ables and DLLs. For example, when you build for debugging, project pythoncore
produces python24_d.dll and project python produces python24_d.exe.

What makes the debugging and release Visual Studio builds incompatible is the
choice of C runtime library. Executables and DLLs can fully interoperate only by
using the same C runtime library, and the runtime library must in turn be a DLL.
You can tweak Project — Settings = C/C++ — Code Generation — Use run-time
library, setting all projects to use Multithreaded DLL (MSVCRT.DLL) (also
remove the DEBUG definition in C/C++ — Code Generation — Preprocessor). 1
recommend you follow this approach only if you are highly experienced with
Microsoft Visual Studio and have special, advanced requirements. Otherwise,
resign yourself to keeping two separate and distinct release and debugging
“worlds”; this is, by far, the simplest approach on Windows.

Installing after the build

python24.dll (or python24_d.dll if you want to run a debug-mode python_d.exe)
must be in a directory from which Windows loads DLLs when needed. Suitable
directories depend on your version of Windows; for example, c:\windows\system is
one possibility. If you don’t copy python24.dll to such a suitable directory, you
can run Python only when the current directory is the directory in which
python24.dll resides.

Similarly, python.exe must be in a directory in which Windows looks for executa-
bles, normally a directory listed in the Windows environment variable named
PATH. How to set PATH and other environment variables depends on your version of
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Windows, as mentioned in “Environment Variables” on page 22. Python can
locate other files, such as the standard library modules, according to various strat-
egies. C:\Py\Python-2.4.3\PC\readme.txt documents the various possibilities.

Building Python for Cygwin

Python 2.4 is also available as a part of the free Cygwin Unix-like environment for
Windows (see http://cygwin.com/ for more information). Cygwin runs on top of
Windows. However, Cygwin is quite similar to Linux and other free Unix-like
environments in many respects. In particular, Cygwin uses the popular, free gcc
C/C++ compiler and associated tools such as make. Building Python from source
code on Cygwin is therefore similar to building from source code on Unix-like
environments, even though Cygwin runs on Windows.

Unix-Like Platforms

On Unix-like platforms, installing Python from source code is generally simple. In
the following sections, for clarity, I assume you have created a new directory
named ~/Py and downloaded Python-2.4.3.tgz there. Of course, you can choose to
name and place the directory as it best suits you.

Uncompressing and unpacking the Python source code

You can uncompress and unpack a .tgz file with programs tar and gunzip. If you
have the popular GNU version of tar, you can just type the following at a shell
prompt:

$ cd ~/Py

$ tar xzf Python-2.4.3.tgz

Similarly, if you choose to download the substantially smaller .tar.bz2 file instead,
again with the GNU version of tar, you could unpack it with the command:

$ tar xjf Python-2.4.3.tar.bz2

With either unpacking procedure, you now have a directory ~/Py/Python-2.4.3,
the root of a tree that contains the entire standard Python distribution in source
form.

Configuring, building, and testing

You will find detailed notes in file ~/Py/Python-2.4.3/README under the heading
“Build instructions,” and I strongly suggest reading those notes. In the simplest
case, however, all you need to get started may be to give the following commands
at a shell prompt:

$ cd ~/Py/Python-2.4.3
$ ./configure
[configure writes much information - snipped here]
$ make
[make takes quite a while, and emits much information]
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If you run make without first running ./configure, make implicitly runs ./configure
for you. When make finishes, you should test that the Python you have just built
works as expected, as follows:

$ make test
[takes quite a while, emits much information]

Most likely, make test will confirm that your build is working, but also inform you
that some tests have been skipped because optional modules were missing.

Some of the modules are platform-specific (e.g., some work only on machines
running SGI’s Irix operating system), so you should not worry about them if your
machine just doesn’t support them. However, other modules are skipped during
the build procedure because they depend on other open source packages that may
not be installed on your machine. For example, module tkinter—needed to run
the Tkinter GUI package covered in Chapter 17, and also needed to run the IDLE
integrated development environment, which comes with Python—can be built
only if ./configure is able to find an installation of Tcl/Tk 8.0 or later on your
machine. See ~/Py/Python-2.4.3/README for more details and specific caveats
about many different Unix and Unix-like platforms.

Building from source code lets you tweak your configuration in several useful
ways. For example, you can build Python in a special way that will help you track
down memory leaks if you develop C-coded Python extensions, covered in
“Building and Installing C-Coded Python Extensions” on page 614. Again, ~/Py/
Python-2.4.3/README is a good source of information about the configuration
options you can use.

Installing after the build

By default, ./configure prepares Python for installation in /ust/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 py24 of your home directory, run:

$ cd ~/Py/Python-2.4.3
$ ./configure --prefix="/py24

and continue with make as in the previous section. Once you're 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 the permissions set on
those directories, you may therefore need to su to root, bin, or some other special
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.

Installing Python from Binaries

If your platform is popular and current, you may find pre-built and packaged binary
versions of Python ready for installation. Binary packages are typically self-installing,
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either directly as executable programs, or via appropriate system tools, such as the
RedHat Package Manager (RPM) on Linux and the Microsoft Installer (MSI) on
Windows. Once you have downloaded a package, install it by running the program
and interactively choosing installation parameters, such as the directory where
Python is to be installed.

To download Python binaries, visit http://www.python.org and follow the link
labeled Download. At the time of this writing, the binary installers directly avail-
able from the main Python site are a Windows Installer (MSI) package:

http:/iwww.python.org/ftp/python/2.4.3/Python-2.4.3.msi

and a Mac OS X Disk Image (.dmg) package suitable for Mac OS X 10.3.9 and
later on either a PowerPC or Intel processor (“Universal” format):

http://www.python.org/ftp/python/2.4.3/Universal-MacPython-2.4.3.dmg

Many third parties supply free binary Python installers for other platforms. For
Linux distributions, see http://rpmfind.net if your distribution is RPM-based
(RedHat, Fedora, Mandriva, SUSE, etc.) or http://www.debian.org for Debian and
Ubuntu. The site http://www.python.org/download/ provides links to binary distri-
butions for OS/2, Amiga, RISC OS, QNX, VxWorks, IBM AS/400, Sony
PlayStation 2, Sharp Zaurus, and Windows CE (also known as “Pocket PC”).
Older Python versions, starting from 1.5.2, are also usable and functional, though
not as powerful and polished as the current Python 2.4.3. The download page
provides links to 1.5.2 and other installers for older or less popular platforms
(MS-DOS, Windows 3.1, Psion, BeOS, etc.).

To get Python for Nokia Series 60 cellphones, see http://www.forum.nokia.com/
python.

ActivePython (http://www.activestate.com/Products/ActivePython) is a binary package
of Python 2.4, with several third-party extensions included, available for AIX, HP-
UX, Linux (x86 processors only), Mac OS X, Solaris (SPARC, x64, and x86 proces-
sors), and Windows (all versions from Windows 95 to Windows XP and Windows
Server 2003).

Enthought (http://www.enthought.com/python/) offers a large, rich binary distribu-
tion containing Python itself (at the time of writing, the stable release contained
Python 2.3) and a huge wealth of pre-built, tested, and integrated add-on pack-
ages and tools that are particularly suitable for (but not limited to) scientific
computing. At the time of writing, Enthought is available only as a self-installing
EXE file for Windows, but there are plans to develop a similar packaging for Mac
OS X, informally known as MacEnthon.

Apple Macintosh

Apple’s Mac OS X, 10.3 (“Panther”) and later, comes with Python 2.3 (text-mode
only). Nevertheless, 1 heartily recommend you install the latest version and
enhancements by following the instructions and links at http://'www.python.org/
download/releases/2.4.3/; due to Apple’s release cycles, the Python version
included with Mac OS is generally somewhat out of date, and lacks some func-
tionality, such as bsddb and readline. Python’s latest version installs in addition
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to, not instead of, Apple’s supplied one; Apple uses its own version of Python and
proprietary extensions to implement some of the software distributed as a part of
Mac OS X, and it’s unwise to risk disturbing that version.

Installing Jython

To install Jython, you need a Java Virtual Machine (JVM) that complies with Java
1.1 or higher. See http://www.jython.org/platform.html for advice on JVMs for
your platform.

To download Jython, visit http://www.jython.org and follow the link labeled
Download. The latest version, which at the time of this writing (supporting some
Python 2.3 features, as well as all of Python 2.2) is:

http://prdownloads.sf.net/jython/jython-22.class

In the following section, for clarity, I assume you have created a new directory
named C:\Jy and downloaded jython-22.class there. Of course, you can choose to
name and place the directory as it best suits you. On Unix-like platforms, in
particular, the directory name will probably be something like ~/]y.

The Jython installer .class file is a self-installing program. Open an MS-DOS
Prompt window (or a shell prompt on a Unix-like platform), change directory to
C:\Jy, and run your Java interpreter on the Jython installer. Make sure to include
directory C:\Jy in the Java CLASSPATH. With most releases of Sun’s Java Develop-
ment Kit (JDK), for example, you can run:

C:\Jy> java -cp . jython-22

This runs a GUI installer that lets you choose destination directory and options. If
you want to avoid the GUI, you can use the -o switch on the command line. The
switch lets you specify the installation directory and options on the command
line. For example:

C:\Jy> java -cp . jython-22 -o C:\Jython-2.2 demo 1lib source

installs Jython, with all optional components (demos, libraries, and source code),
in directory C:\Jython-2.2. The Jython installation builds two small, useful
command files. One, run as jython (named jython.bat on Windows), runs the
interpreter. The other, run as jythonc, compiles Python source into JVM byte-
code. You can add the Jython installation directory to your PATH or copy these
command files into any directory on your PATH.

You may want to use Jython with different JDKs on the same machine. For
example, while JDK 1.5 is best for most development, you may also need to use
JDK 1.1 occasionally in order to compile applets that can run on browsers that
support only Java 1.1. In such cases, you could share a single Jython installation
among multiple JVMs. However, to avoid confusion and accidents, 1 suggest you
perform separate installations from the same Jython download on each JVM you
want to support. Suppose, for example, that you have JDK 1.5 installed in C:\dk15
and JDK 1.1 installed in C:\Jdk11. In this case, you could use the commands:
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C:\Jy> \Jdka5\java -cp . jython-22 -o C:\Jy22-15 demo lib source
C:\Jy> \Jdkii\java -cp . jython-22 -o C:\Jy22-11 demo lib source

With these installations, you could then choose to work off C:\Jy22-15 most of
the time (e.g., by placing it in your PATH) and cd to C:\Jy22-11 when you specifi-
cally need to compile applets with JDK 1.1.

Installing IronPython

To install IronPython, you need to have a current Common Language Runtime
(CLR) implementation installed on your machine. Both the latest version of
Mono (see http://www.mono-project.com/Main_Page), and Microsoft .NET
Framework 2.0, work fine with IronPython. To download IronPython, visit
http://workspaces.gotdotnet.com/ironpython (or hitp://ironpython.com, which will
eventually become IronPython’s main site, but is still out of date at the time of
this writing) and follow download instructions on that page. The latest version
at the time of this writing is 1.0. The same site also provides up-to-date installa-
tion instructions. I cannot provide such instructions in this book because they
are still in flux at the time of this writing.
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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, implicitly
inside an IDE, or via another program that embeds Python. The Python inter-
preter 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
Windows). python includes both the interpreter itself and the Python compiler,
which is implicitly invoked, as needed, on imported modules. Depending on your
system, the program may have to be in a directory listed in your PATH environ-
ment 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 .BAT file,
shortcut target, etc.) that runs it.” On Windows, you can also use Start —
Programs — Python 2.4 — Python (command line).

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
command line, as documented in the next section. A few environment variables
provide settings not available via command-line options:

PYTHONHOME
The Python installation directory. A lib subdirectory, containing the standard
Python library modules, should exist under this directory. On Unix-like

* This may involve using quotes if the pathname contains spaces—again, this depends on your
operating system.
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systems, the standard library modules should be in subdirectory lib/python-2.3
for Python 2.3, lib/python-2.4 for Python 2.4, and so on.

PYTHONPATH
A list of directories separated by colons on Unix-like systems and by semico-
lons on Windows. Modules are imported from these directories. This list
extends the initial value for Python’s sys.path variable. Modules, importing,
and the sys.path variable are covered in Chapter 7.

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

How you set and examine environment variables depends on your operating system:
shell commands, persistent startup shell files (e.g., AUTOEXEC.BAT on Windows),
or other approaches (e.g., Start — Settings — Control Panel — Classic View — System
— Advanced — Environment on Windows XP). Some Python versions for Windows
also look for this information in the Registry, in addition to the environment. On
Macintosh systems, the Python interpreter can be started as in other Unix-like
systems, but there are also other options, including a MacPython-specific IDE. For
more information about Python on the Mac, see http://'www.python.org/doc/current/
mac/mac.html.

Command-Line Syntax and Options

The Python interpreter command-line syntax can be summarized as follows:
[path]python {options} [-c command | -m module | file | -] {arguments}

Here, brackets ([]) enclose something that is optional, braces ({}) enclose items of
which 0 or more may be present, and vertical bars (]) mean a choice among
alternatives.

Options are case-sensitive short strings, starting with a hyphen, that ask python for
a nondefault behavior. Unlike most Windows programs, python accepts only
options that start with a hyphen (-), not with a slash. Python consistently uses a
slash (/) for file paths, as in Unix. The most useful options are listed in Table 3-1.
Each option’s description gives the environment variable (if any) that, when set to
any value, requests the same behavior.

Table 3-1. Python frequently used command-line options

Option Meaning (and equivalent environment variable)

-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 Ensures an interactive session, no matter what (PYTHONINSPECT)
-m Specifies a Python module to run as the main script

-0 Optimizes generated bytecode (PYTHONOPTIMIZE)
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Table 3-1. Python frequently used command-line options (continued)

Option Meaning (and equivalent environment variable)

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

-Qarg Controls the behavior of division operator / on integers

-S Omits the implicit import site on startup (covered in “The site and sitecustomize Modules” on
page 338)

-t Warns about inconsistent usage of tabs and blank spaces

-tt Like -t, but raises an error rather than a warning

-U Uses unbuffered binary files for standard output and standard error (PYTHONUNBUF FERED)

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

-V Prints the Python version number, then terminates

-Warg Adds an entry to the warnings filter (covered in “Filters” on page 471)

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

Use -i when you want to get an interactive session immediately after running some
script, with variables still intact and available for inspection. You do not need -i
for normal interactive sessions, although it does no harm. -t and -#t ensure that
your tabs and spaces in Python sources are used consistently (see “Lines and
Indentation” on page 33 for more information about whitespace usage in Python).

-O and -OO yield small savings of time and space in bytecode generated for
modules you import, and specifically turn assert statements into no-operations,
as covered in “The assert Statement” on page 138. With -OO, documentation
strings will not be available. -Q determines the behavior of division operator /
used between two integer operands (division is covered in “Division” on page 52).
-W adds an entry to the warnings filter (warnings are covered in “The warnings
Module” on page 471).

-u uses binary mode for standard output (and standard error). Some platforms,
mostly Windows, distinguish binary and text modes. Binary mode is needed to
emit binary data to standard output, as in some Common Gateway Interface
(CGI) scripts. -u also ensures that output is performed immediately, rather than
buffered to enhance performance. This is needed when delays due to buffering
could cause problems, as in some Unix pipelines.

After the options, if any, comes an indication of which Python program is to be
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 components in this path. On Windows only, you may alternatively use a
backslash (\). Instead of a file path, you can use -¢ command to execute a Python
code string 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 semi-
colons (;), as discussed in “Statements” on page 37. In Python 2.4, another way to
specify which Python program is to be run is to use -m module. This option tells

24 | (Chapter3: The Python Interpreter

www.it-ebooks.info


http://www.it-ebooks.info/

Python to load and run a module named module from some directory that is part
of Python’s sys.path.

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

For example, on a standard Windows installation of Python 2.4, you can enter the
following at an MS-DOS Prompt (or Command Prompt) to have Python emit the
current date and time:

C:\> c:\python24\python -c "import time; print time.asctime()"

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

$ /usr/local/bin/python -v

In each case, 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.

Interactive Sessions

When you run python without a script argument, python enters an interactive
session and prompts you to enter Python statements or expressions. Interactive
sessions are useful to explore, check things out, and use Python as a powerful,
extensible interactive calculator.

When you enter a complete statement, Python executes it. When you enter a
complete expression, Python evaluates it. If the expression has a result, Python
outputs a string representing the result and assigns the result to the variable
named _ (a single underscore) so that you can easily use that result in another
expression. The prompt string is >>> when Python expects a statement or expres-
sion and ... when a statement or expression has been started but not completed.
For example, Python prompts you with ... when you have opened a parenthesis
on a previous line and have not closed it yet.

An interactive session is terminated by 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 (SystemExit and Python exception handling are covered in Chapter 6).

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 NT, 2000, and XP have a simple but usable history facility for
interactive text-mode programs like python. Windows 95, 98, and ME don’t. You
can use other line-editing and history facilities by installing the Alternative Read-
Line package for Windows (http://newcenturycomputers.net/projects/readline.html)
or pyrepl for Unix (http://starship.python.net/crew/mwh/hacks/pyrepl.html).

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
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freely download other alternative, powerful interactive environments. The most
popular one is IPython, http://ipython.scipy.org/, which offers a wealth of features.

Python Development Environments

The Python interpreter’s built-in interactive mode is the simplest development
environment for Python. It is a bit primitive, but it is lightweight, has a small foot-
print, and starts fast. Together with an appropriate text editor (as discussed in
“Free Text Editors with Python Support” on page 27), and line-editing and history
facilities, the interactive interpreter (or, alternatively, IPython) offers a usable and
popular development environment. However, there are a number of other devel-
opment environments that you can also use.

IDLE

Python’s Integrated DeveLopment Environment (IDLE) comes with the standard
Python distribution. IDLE is a cross-platform, 100 percent pure Python applica-
tion based on Tkinter (see Chapter 17). 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 interactive
debugger, and several specialized browsers/viewers.

Other Free Cross-Platform Python IDEs

IDLE is mature, stable, easy to use, and fairly rich in functionality. Promising new
Python IDEs that share IDLE’s free and cross-platform nature are emerging. Red
Hat’s Source Navigator (http://sources.redhat.com/sourcenav/) supports many
languages. It runs on Linux, Solaris, HPUX, and Windows. Boa Constructor
(http://boa-constructor.sf.net/) is Python-only and still beta-level, but well worth
trying out. Boa Constructor includes a GUI builder for the wxWindows cross-
platform GUI toolkit.

eric3 (http://www.die-offenbachs.de/detlev/eric3.html) is a full-featured IDE for
Python and Ruby, based on the PyQt 3.1 cross-platform GUI toolkit.

The popular cross-platform, cross-language modular IDE Eclipse has plug-ins that
support CPython and Jython; see http://pydev.sourceforge.net/ for more information.

Another new but very popular cross-platform Python editor and IDE is SPE,
“Stani’s Python Editor” (http://stani.be/python/spe/blog/).

Platform-Specific Free Python IDEs

Python is cross-platform, and this book focuses on cross-platform tools and
components. However, Python also provides good platform-specific facilities,
including IDEs, on many platforms it supports. On Windows, in particular,
ActivePython includes the PythonWin IDE. PythonWin is also available as a free
add-on to the standard Python distribution for Windows, part of Mark
Hammond’s win32all extensions (see http://starship.python.net/crew/mhammond).
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Commercial Python IDEs

Several companies sell commercial Python IDEs, both cross-platform and platform-
specific. You must pay for them if you use them for commercial development and,
in most cases, even if you develop free software. However, they offer support
contracts and rich arrays of tools. If you have funding for software tool purchases,
it is worth looking at these in detail and trying out their free demos or evaluations.
Most of these tools work on Linux and Windows.

Archaeopterix sells an excellent Python IDE, Wing, that is particularly note-
worthy for its powerful source-browsing and remote-debugging facilities (http://
wingware.com/). theKompany sells a Python IDE, BlackAdder, that also includes a
GUI builder for the PyQt GUI toolkit (http://www.thekompany.com/products/
blackadder).

ActiveState (http://www.activestate.com) sells Komodo, which is built on top of
Mozilla (http://lwww.mozilla.org) and includes remote debugging capabilities.

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 also 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
programmers’ 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 always be found at http://wiki.python.org/moin/PythonEditors.

The best of the best for sheer editing power is the classic Emacs (http:/www.
emacs.org, and http://www.python.org/lemacs for Python-specific add-ons).
However, Emacs is not the easiest editor to learn, nor is it lightweight. My
personal favorite is another classic, vim (http://www.vim.org), the modern,
improved version of the traditional Unix editor vi, not quite as powerful as Emacs
but still well worth considering. vim is fast, lightweight, Python-programmable,
and runs everywhere in both text-mode and GUI versions. vim, like vi, has a
modal design, which lets you use normal keys for cursor movement and text
changes when in command mode. Some love this as an ergonomic trait, mini-
mizing finger travel. Others find it confusing and detest it. Newer editors
challenge the classic ones. SciTE (http://www.scintilla.org) builds on the Scintilla
programming language editor component. FTE (http://fte.sf.net) is also worth
trying.

Other advanced free editors with Python syntax support are platform-specific. On
Windows, try SynEdit (http://www.mkidesign.com/syneditinfo.html). On Unix-like
systems, try Glimmer (http://glimmer.sf.net) and Cooledit (http://freshmeat.net/
projects/cooledit/), which, like vim, also offers Python programmability, but
without vim’s modal architecture. On Mac OS X, TextWrangler (http://www.bare-
bones.com/products/textwrangler/index.shtml) is quite powerful and supports
Python well. SubEthaEdit (http://www.codingmonkeys.de/subethaedit/), free for
noncommercial use and sold (quite cheaply) for commercial uses, is uniquely
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featured and optimized to let multiple programmers cooperate by editing the
same files, simultaneously, on different Macs on the same LAN.

A vast summary of editors (free and nonfree) that are particularly suitable for
Python, including IDEs, can be found at http://wiki.python.org/moin/PythonEditors.

Tools for Checking Python Programs

The Python compiler does not check programs and modules thoroughly: the
compiler checks only the code’s syntax. If you want more thorough checking of
your Python code, there are several tools you may download and install for the
purpose. PyChecker, available at http://pychecker.sourceforge.net/, is simple to
install and use: it relies on the normal Python compiler to turn Python source into
bytecode, then imports the bytecode and checks all code for many kinds of errors
and anomalies. Pyflakes, available at http://divmod.org/projects/pyflakes, is faster
than PyChecker, although not quite as thorough, and does not import the
modules it’s checking, which may make its use safer. PyLint, available at http://
www.logilab.org/projects/pylint, is very powerful and highly configurable. PyLint is
not quite as lightweight and easy to install as PyChecker or Pyflakes, since it
requires some other packages freely downloadable from Logilab; however, PyLint
amply repays the effort by being able to check many kinds of stylistic aspects 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
application 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 7) to provide functionality to other files or to interactive sessions. A
Python file can be both a module and a script, exposing functionality when
imported, but is also suitable 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 452.

The Python interpreter automatically compiles Python source files as needed.
Python source files normally have extension .py. Python saves the compiled byte-
code file for each module in the same directory as the module’s source, with the
same basename and extension .pyc (or .pyo if Python is run with option -O).
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 whenever necessary—for example, when you edit the
module’s source. Eventually, for deployment, you may package Python modules
using tools covered in Chapter 27.

You can run Python code interactively with the Python interpreter or an IDE.
Normally, 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 22. Depending on your operating system, you can invoke
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python directly from a shell script or in a 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 {options}

or some other line starting with #! followed by a path to the python interpreter
program.

On Windows, you can associate file extensions .py, .pyc, and .pyo with the Python
interpreter in the Windows Registry. Most Python versions for Windows perform
this association when installed. You can then run Python scripts with the usual
Windows mechanisms, such as double-clicking on their icons. On Windows,
when you run a Python script by double-clicking on 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 script’s output on the screen, you need to ensure the script doesn’t terminate
too soon. For example, use the following as the script’s last statement:

raw_input('Press Enter to terminate')

This is not necessary when you run the script from a preexisting console (also
known as a Command Prompt window).

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
console, and thus without standard input and output. These variants are appropriate
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 the 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, which controls the
execution of Python code for their own purposes. We examine this subject further
in “Embedding Python” on page 647.

The jython Interpreter

The jython interpreter built during installation (see “Installing Jython” on
page 20) is run similarly to the python program:

[path]ljython {options} [ -j jar | -c command | file | - ] {arguments}

-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.
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The IronPython Interpreter

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

Unfortunately, details are still in flux at the time of this writing, so I cannot
provide them in this book. See http://ironpython.com for up-to-date information.
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The Python Language

This chapter is a quick guide to the Python language. To learn Python from
scratch, I suggest you start with Learning Python, by Mark Lutz and David Ascher
(O’Reilly). If you already know other programming languages and just want to
learn the specific differences of Python, this chapter is for you. However, I'm not
trying to teach Python here, so we’re going to cover a lot of ground at a pretty fast
pace. I focus on teaching the rules, and only secondarily on pointing out best
practices and recommended style; for a standard Python style guide, see http:/
python.org/doc/peps/pep-0008/.

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 language and specifies such things as what variable names look like and which
characters denote comments. Each Python source file, like any other text file, is a
sequence of characters. You can also usefully consider it as a sequence of lines,
tokens, or statements. These different lexical views complement and reinforce
each other. Python is very particular about program layout, especially with regard
to lines and indentation, so you’ll want to pay attention to this information if you
are coming to Python from another language.

Lines and Indentation

A Python program is composed of a sequence of logical lines, each made up of one
or more physical lines. Each physical line may end with a comment. A hash sign
(#) that is not inside a string literal begins a comment. All characters after the #
and up to the physical line end are part of the comment, and the Python inter-
preter ignores them. A line containing only whitespace, possibly with a comment,
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is known as a blank line, and Python totally ignores it. In an interactive inter-
preter session, you must enter an empty physical line (without any whitespace or
comment) to terminate a multiline statement.

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 single physical
line, you can join two adjacent physical lines into a logical line by ensuring that the
first physical line has no comment and ends with a backslash (\). However, Python
automatically joins adjacent physical lines into one logical line if an open paren-
thesis ((), bracket ([), or brace ({) has not yet been closed, and taking advantage of
this mechanism, generally produces more readable code instead of explicitly
inserting backslashes at physical 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. The indentation issues covered next do not apply to continua-
tion lines but only to the first physical line of each logical line.

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 such 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 indentation, 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 “Interactive Sessions” on page 25) must also have no
indentation.

Python logically replaces each tab by up to eight spaces, so that the next char-
acter after the tab falls into logical column 9, 17, 25, etc. 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 -#t options to the Python interpreter (covered in
“Command-Line Syntax and Options” on page 23) ensure against inconsistent tab
and space usage in Python source code. I recommend you configure your favorite
text editor to expand tabs to spaces, so that all Python source code you write
always contains just spaces, not tabs. This way, you know that all tools, including
Python itself, are going to be perfectly consistent in handling indentation in your
Python source files. Optimal Python style is to indent by exactly four spaces.

Character Sets

Normally, a Python source file must be entirely made up of characters from the
ASCII set (character codes between 0 and 127). However, you may choose to tell
Python that in a certain source file you are using a character set that is a superset
of ASCIL. In this case, Python allows that specific source file to contain characters
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outside the ASCII set, but only in comments and string literals. To accomplish
this, start your source file with a comment whose form must be as rigid as the
following:

# -*- coding: utf-8 -*-

Between the coding: and the -*-, write the name of a codec known to Python,
such as utf-8 or is0-8859-1. Note that this coding directive comment 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 28), and that the only effect of a
coding directive is to let you use non-ASCII characters in string literals and
comments.

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
normal token types are identifiers, keywords, operators, delimiters, and literals, as
covered in the following sections. You may freely use whitespace between tokens
to separate them. Some whitespace separation is necessary between logically adja-
cent identifiers or keywords; otherwise, Python would parse them as a single,
longer identifier. For example, printx is a single identifier; to write the keyword
print followed by the identifier x, you need to insert some whitespace (e.g., print

X).

Identifiers

An identifier is a name used to identify a variable, function, class, module, or other
object. An identifier starts with a letter (A to Z or a to z) or an underscore ()
followed by zero or more letters, underscores, and digits (0 to 9). Case is signifi-
cant in Python: lowercase and uppercase letters are distinct. Python does not
allow punctuation characters such as @, $, and % within identifiers.

Normal Python style is to start class names with an uppercase letter and all other
identifiers with a lowercase letter. Starting an identifier with a single leading
underscore indicates by convention that the identifier is meant to be private.
Starting an identifier with two leading underscores indicates a strongly private
identifier; if the identifier also ends with two trailing underscores, the identifier is
a language-defined special name. 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 30 keywords, which are identifiers that Python reserves for special
syntactic uses. Keywords contain lowercase letters only. You cannot use keywords
as regular identifiers. Some keywords begin simple statements or clauses of
compound statements, while other keywords are operators. All the keywords are
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covered in detail in this book, either in this chapter, or in Chapters 5, 6, and 7.
The keywords in Python are:

and del for is raise
assert elif from lambda return
break else global not try

class except if or while
continue exec import pass with (2.5)
def finally in print yield

The identifier with is a new keyword starting with Python 2.5 (up to Python 2.4, it
is a completely normal identifier). The identifier as, which is not, strictly
speaking, a keyword, is used as a pseudokeyword as part of some statements
(specifically, the statements from, import, and, in Python 2.5, with). In Python 2.5,
using with or as as normal identifiers produces warnings. To enable with usage as
a keyword (and therefore to enable the new with statement) in Python 2.5, begin
your source file with the statement:

from _ future  import with statement

This “import from the future” enables use of the with statement in this module.

Operators

Python uses nonalphanumeric characters and character combinations as opera-
tors. Python recognizes the following operators, which are covered in detail in
“Expressions and Operators” on page 50:

+ - * / % *x // << >> &
| » ~ < <= > >= < I= ==
Delimiters

Python uses the following symbols and symbol combinations as delimiters in
expressions, lists, dictionaries, various aspects of statements, and strings, among
other purposes:

( ) [ ] { }
4= - *o /= //= %=
&= |= A= >>= <= *ok

The period (.) can also appear in floating-point literals (e.g., 2.3) and imaginary
literals (e.g., 2.3J). The last two rows list the augmented assignment operators,
which lexically are delimiters but also perform an operation. I discuss the syntax
for the various delimiters when I introduce the objects or statements with which
they are used.
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The following characters have special meanings as part of other tokens:

The characters $ and ?, all control characters except whitespace, and all charac-
ters with ISO codes above 126 (i.e., non-ASCII characters, such as accented
letters) can never be part of the text of a Python program, except in comments or
string literals (to use non-ASCII characters in comments or string literals, you
must start your Python source file with a “coding directive,” as covered in “Char-
acter Sets” on page 34). This also applies to the character @ in Python 2.3;
however, in Python 2.4, @ indicates decorators, as covered in “Decorators” on
page 115.

Literals

A literal is a number or string that appears directly in a program. The following
are all literals in Python:

42 # Integer literal

3.14 # Floating-point literal

1.0j # Imaginary literal

"hello’ # String literal

"world" # Another string literal
"""Good

night""" # Triple-quoted string literal

Using literals and delimiters, you can create data values of some other funda-
mental types:

[ 42, 3.14, 'hello' ] # List

( 100, 200, 300 ) # Tuple

{ 'x":42, 'y':3.14 } # Dictionary
The syntax for literals and other fundamental-type data values is covered in detail
in “Data Types” on page 38, when I discuss the various data types Python
supports.

Statements

You can consider a Python source file as a sequence of simple and compound
statements. Unlike 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 other languages, you may place more than
one simple statement on a single logical line, with a semicolon (;) as the sepa-
rator. However, one statement per line is the usual Python style, and makes
programs more readable.

Any expression can stand on its own as a simple statement (I'll discuss expressions in
detail in “Expressions and Operators” on page 50). The interactive interpreter shows
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the result of an expression statement you enter at the prompt (>>>) and binds the
result to a variable named _ (a single underscore). Apart from interactive sessions,
expression statements are useful only to call functions (and other callables) that have
side effects (e.g., ones that perform output, change global variables, or raise
exceptions).

An assignment is a simple statement that assigns values to variables, as I'll discuss
in “Assignment Statements” on page 47. Unlike in some other languages, 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 state-
ments should be placed 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 I've already indicated, this is not good style.

Data Types

The operation of a Python program hinges on the data it handles. All data values
in Python are objects, and each object, or value, has a type. An object’s type deter-
mines which operations the object supports, or, in other words, which operations
you can perform on the data 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. 1 cover object attributes and items in detail in “Object attributes
and items” on page 46.

The built-in type(obj) accepts any object as its argument and returns the type
object that is the type of obj. Built-in function isinstance(obj, type) returns True
if 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, and dictionaries, as covered in the following sections. You can also
create user-defined types, known as classes, as discussed in “Classes and
Instances” on page 82.

Numbers

The built-in number objects in Python support integers (plain and long), floating-
point numbers, and complex numbers. In Python 2.4, the standard library also
offers decimal floating-point numbers, covered in “The decimal Module” on
page 372. All numbers in Python are immutable objects, meaning that when you
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perform any operation on a number object, you always produce a new number
object. Operations on numbers, also known as arithmetic operations, are covered
in “Numeric Operations” on page 52.

Note that numeric literals do not include a sign: a leading + or -, if present, is a
separate operator, as discussed in “Arithmetic Operations” on page 52.

Integer numbers

Integer literals can be decimal, octal, or hexadecimal. A decimal literal is repre-
sented by a sequence of digits in which the first digit is nonzero. To denote an
octal literal, use 0 followed by a sequence of octal digits (0 to 7). To indicate a
hexadecimal literal, use 0x followed by a sequence of hexadecimal digits (0 to 9
and A to F, in either upper- or lowercase). For example:

1, 23, 3493 # Decimal integers
01, 027, 06645 # Octal integers
0x1, 0x17, OxDAS5 # Hexadecimal integers

In practice, you don’t need to worry about the distinction between plain and long
integers in modern Python, since operating on plain integers produces results that
are long integers when needed (i.e., when the result would not fit within the range
of plain integers). However, you may choose to terminate any kind of integer
literal with a letter L (or 1) to explicitly denote a long integer. For instance:

1L, 23L, 99999333493L # Long decimal integers
01L, 027L, 01351033136165L # Long octal integers
Ox1L, 0x17L, 0x17486CBC75L  # Long hexadecimal integers

Use uppercase L here, not lowercase 1, which might look like the digit 1. The
difference between long and plain integers is one of implementation. A long
integer has no predefined size limit; it may be as large as memory allows. A plain
integer takes up just a few bytes of memory and its minimum and maximum
values are dictated by machine architecture. sys.maxint is the largest positive
plain integer available, while -sys.maxint-1 is the largest negative one. On 32-bit
machines, sys.maxint is 2147483647.

Floating-point numbers

A floating-point literal is represented by a sequence of decimal digits that includes
a decimal point (.), an exponent part (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

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. (Python
offers no way to find out the exact range and precision of floating-point values on
your platform.)
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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:

o0j, 0.j, 0.0j, .0j, 1j, 1.j, 1.0j, 1e0j, 1.e0j, 1.0e0j

The j at the end of the literal indicates the square root of -1, as commonly used in
electrical engineering (some other disciplines use i 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 imagi-
nary one. For example, to denote the complex number that equals one, use
expressions like 1+0j or 1.0+0.0j.

Sequences

A sequence is an ordered container of items, indexed by nonnegative integers.
Python provides built-in sequence types known as strings (plain 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 109).
You can manipulate sequences in a variety of ways, as discussed in “Sequence
Operations” on page 53.

Iterables

A Python concept that generalizes the idea of “sequence” is that of iterables,
covered in “The for Statement” on page 64 and “Iterators” on page 65. All
sequences are iterable: whenever I say that you can use an iterable, you can, in
particular, use a sequence (for example, a list).

Also, when I say that you can use an iterable, I mean, in general, a bounded iter-
able, which is an iterable that eventually stops yielding items. All sequences are
bounded. Iterables, in general, can be unbounded, but if you try to use an
unbounded iterable without special precautions, you could easily produce a
program that never terminates, or one that exhausts all available memory.

Strings

A built-in string object (plain or Unicode) is a sequence of characters used to store
and represent text-based information (plain strings are also sometimes used to
store and represent arbitrary sequences of binary bytes). Strings in Python are
immutable, meaning that 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 Objects” on
page 186.

A string literal can be quoted or triple-quoted. A quoted string is a sequence of
zero or more characters enclosed in matching quotes, single (') or double ("). For
example:

'This is a literal string'
"This is another string"
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The two different kinds of quotes function identically; having both allows you to
include one kind of quote inside of a string specified with the other kind without
needing to escape them with the backslash character (\):

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

All other things being equal, using single quotes to denote string literals is a more
common Python style. To have a string literal span multiple physical lines, you
can use a backslash 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 output on 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, which is enclosed by matching
triplets of quote characters (''' or """):

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 are preserved as newline
characters in the resulting string object.

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.
Python’s string escape sequences are listed in Table 4-1.

Table 4-1. String escape sequences

Sequence Meaning ASCII/1SO code
\<newline> End of line is ignored None

\\ Backslash 0X5¢

\' Single quote 0x27

\" Double quote 0x22

\a Bell 0x07

\b Backspace 0x08

\f Form feed 0x0c

\n Newline 0x0a

\r Carriage return 0x0d

\t Tab 0x09

\v Vertical tab 0xob

\DDD Octal value DDD As given

\XXX Hexadecimal value XX As given
\other Any other character 0X5C +as given
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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 4-1, but are
literally copied into the string, including backslashes and newline characters. Raw
string syntax is handy for strings that include many backslashes, as in regular
expressions (see “Pattern-String Syntax” on page 201). A raw string cannot end
with an odd number of backslashes; the last one would be taken as escaping the
terminating quote.

Unicode string literals have the same syntax as other string literals, with a u or U
immediately before the leading quote. Unicode string literals can use \u followed
by four hex digits to denote Unicode characters and can include the escape
sequences listed in Table 4-1. 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 Unicode
copyright sign character (©). Raw Unicode string literals start with ur, not ru.
Note that raw strings are not a different type from ordinary strings: raw strings are
just an alternative syntax for literals of the usual two string types, plain (a.k.a.
byte strings) and Unicode.

Multiple string literals of any kind (quoted, triple-quoted, raw, Unicode) can be
adjacent, with optional whitespace in between. The compiler concatenates such
adjacent string literals into a single string object. If any literal in the concatena-
tion 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. To specify a tuple, use a series of
expressions (the items of the tuple) separated by commas (,). 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 often known as a pair. To create a
tuple of one item (often known as a singleton), add a comma to the end of the
expression. To denote an empty tuple, use an empty pair of parentheses. Here are
some tuples, all enclosed in the optional parentheses:

(100, 200, 300) # Tuple with three items
(3.14,) # Tuple with one item
) # Empty tuple (parentheses NOT optionall)

You can also call the built-in type tuple to create a tuple. For example:

tuple('wow")
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This builds a tuple equal to:

( il Wl s lol B IW il )
tuple() without arguments creates and returns an empty tuple. When x is iter-
able, tuple(x) returns a tuple whose items are the same as the items 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 specify a list, use a series of expressions
(the items of the list) separated by commas (,) and within brackets ([]). 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 lists:

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

You can also call the built-in type 1ist to create a list. For example:
list('wow")

This builds a list equal to:

[ |Wl s IOI , IW| ]

list() without arguments creates and returns an empty list. When x is iterable,
list(x) creates and returns a new list whose items are the same as the items in x.
You can also build lists with list comprehensions, as discussed in “List compre-

hensions” on page 67.

Sets

Python 2.4 introduces two built-in set types, set and frozenset, to represent arbi-
trarily unordered collections of unique items. These types are equivalent to classes
Set and ImmutableSet found in standard library module sets, which also exists in
Python 2.3. To ensure that your module uses the best available sets, in any release
of Python from 2.3 onwards, place the following code at the start of your module:
try:
set
except NameError:
from sets import Set as set, ImmutableSet as frozenset

Items in a set may be of different types, but they must be hashable (see hash on
page 162). Instances of type set are mutable, and therefore not hashable; instances
of type frozenset are immutable and hashable. So 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, 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 the items of
the iterable).
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Dictionaries

A mapping is an arbitrary collection of objects indexed by nearly arbitrary values
called keys. Mappings are mutable and, unlike sequences, are not 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 your-
self (as discussed in “Mappings” on page 110). Keys in a dictionary may be of
different types, but they must be hashable (see hash on page 162). Values in a
dictionary are arbitrary objects and may be of different types. An item in a dictio-
nary is a key/value pair. You can think of a dictionary as an associative array
(known in other languages as a “map,” “hash table,” or “hash”).

To specify a dictionary, you can use a series of pairs of expressions (the pairs are
the items of the dictionary) separated by commas (,) within braces ({}). 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 appears more than once in a
dictionary literal, only one of the items with that key is kept in the resulting dictio-
nary object—dictionaries do not allow duplicate keys. To denote an empty
dictionary, use an empty pair of braces. Here are some dictionaries:

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

{1:2, 3:4 } # Dictionary with two items and integer keys

{} # Empty dictionary

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

dict(x=42, y=3.14, z=7) # Dictionary with three items and string keys
dict([[1, 21, [3, 4]1]) # Dictionary with two items and integer keys
dict() # Empty dictionary

dict() without arguments creates and returns an empty dictionary. 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 appears more than once in x, only the last item with that key 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 argument, 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 key (all keys initially have the same corresponding
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value). If you omit the second argument, the value corresponding to each key is
None. For example:
dict.fromkeys('hello', 2) # same as {'h':2, 'e':2, '1':2, 'o':2}
dict.fromkeys([1, 2, 3]) # same as {1:None, 2:None, 3:None}

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.
Functions 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 oper-
ation (see “Calling Functions” on page 73). Functions are callable. Python
provides several built-in functions (see “Built-in Functions” on page 158) and
supports user-defined functions (see “The def Statement” on page 70). Genera-
tors are also callable (see “Generators” on page 78).

Types are also callable, as we already saw for the dict, list, and tuple built-in
types. (See “Built-in Types” on page 154 for a complete list of built-in types.) As
we’ll discuss in “Python Classes” on page 82, 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 .

Boolean Values

Every data value in Python can be taken as a truth value: true or false. Any
nonzero number or nonempty container (e.g., string, tuple, list, set, or dictionary)
is true. 0 (of any numeric type), None, and empty containers are false. Be careful
about using a floating-point number as a truth value: such use is equivalent to
comparing the number for exact equality with zero, and floating-point numbers
should almost never be compared for exact equality!

Built-in type bool is a subclass of int. The only two values of type bool are True
and 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 argu-
ment. The result is True if x is true and False if x is false. Good Python style is not
to use such calls when they are redundant: always write if x:, never if bool(x):,
if x==True:, if bool(x)==True, and so on.
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Variables and Other References

A Python program accesses data values through references. A reference is a name
that refers to the location in memory of 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 during the
program’s execution.

Variables

In Python there are no declarations. The existence of a variable begins with a
statement that binds the variable, or, in other words, sets a name to hold a refer-
ence 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 variables and other references. The del statement unbinds references.

Binding a reference that was already bound is also known as rebinding it. When-
ever [ mention binding in this book, I implicitly include rebinding except where 1
explicitly exclude it. Rebinding or unbinding a reference has no effect on the
object to which the reference was bound, except that an object disappears when
nothing refers to it. The automatic cleanup of objects bereft of references is
known as garbage collection.

You can name a variable with any identifier except the 30 that are reserved as
Python’s keywords (see “Keywords” on page 35). A variable can be global or local.
A global variable is an attribute of a module object (Chapter 7 covers modules). A
local variable lives in a function’s local namespace (see “Namespaces” on page 76).

Object attributes and items

The main distinction between the attributes and items of an object is in the syntax
you use to access them. An attribute of an object is denoted by 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 which is named y).

An item of an object is denoted by a reference to the object, followed by an
expression 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
distinctions 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
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not be valid for the object to which you apply it. The Python compiler, when it
analyzes 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, i.e., at runtime. When an operation is a Python semantic error,
attempting it raises an exception (see Chapter 6). Accessing a nonexistent vari-
able, 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 k.

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 (an object
may, of course, create whatever it wants in response to such requests). When you
make a request to an object, it is up to the object to decide whether to honor the
request or raise an exception.

Plain assignment

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

The target is also 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 distinc-
tion between callable 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.

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

An identifier
Is a variable’s name. Assignment to an identifier binds the variable with this
name.

An attribute reference
Has the syntax obj.name. obj is an arbitrary expression, and name is an identi-
fier, known as an attribute name of the object. Assignment to an attribute
reference asks object obj to bind its attribute named narme.
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An indexing
Has the syntax obj[expr]. obj and expr are arbitrary expressions. Assignment
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]). Assignment to a slicing asks
container 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)], where slice is a Python built-in type (see
slice on page 156) whose instances represent slices.

I'll come back to indexing and slicing targets when I discuss operations on lists, in
“Modifying a list” on page 56, and on dictionaries, in “Indexing a Dictionary” on
page 60.

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 _ on page 108 and
__setitem__on page 112).

You can give multiple targets and equals signs (=) in a plain assignment. For
example:

a=b=c=0

binds variables a, b, and ¢ to the same value, 0. Each time the statement executes,
the RHS expression is evaluated just once, no matter how many targets are part of
the statement. Each target then gets 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
commas, 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 exception. 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.
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Augmented assignment

An augmented assignment differs from a plain assignment in that, instead of an
equals sign (=) between the target and the expression, it uses an augmented oper-
ator, which is a binary operator followed by =. The augmented operators are +=, -=,
k= /=, //=, %=, ¥*=, |=, >>=, <<=, &=, and "=. 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, if 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 appro-
priately and return the modified object (“Special Methods” on page 104 covers
special methods). If 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.__iadd__(y) when x has special method iadd . Otherwise, x+=y is like
X=X+

Augmented assignment never creates its target reference; the target must already
be bound when augmented assignment executes. Augmented assignment can re-
bind 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 reference was previously bound. The distinction between objects and
references to objects is crucial here. For example, the assignment in 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 does not delete objects; rather, it unbinds refer-
ences. Object deletion may automatically follow as a consequence, by garbage
collection, 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 _ on page 106 and __delitem _ on page 112). Unbinding a
slicing normally has the same effect as assigning an empty sequence to that slice,
but it is up to the container object to implement this equivalence.
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Expressions and Operators

An expression is a phrase of code that Python evaluates to produce a value. The
simplest expressions are literals and identifiers. You build other expressions by
joining subexpressions with the operators and/or delimiters in Table 4-2. 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

(nonassociative).

Table 4-2. Operator precedence in expressions

Operator
Texpr,...’
{key:expr,...}
[expr,...]
(expr,...)
f(expr,...)
x[index:index]
x[index]
x.attr

x*¥y

~X

+X, -X

XXy, x1y, x/1y, xky

X+Y, X-y
XY, X>>Y
x&y
XNy
x|y

X<Y, X<=Y, XY, X>=Y, XY,
xl=y, x==

xisy,x1is noty
xiny,xnot iny
not x

xandy

xory
lambdaarg,...: expr

Description

String conversion

Dictionary creation

List creation

Tuple creation or just parentheses
Function call

Slicing

Indexing

Attribute reference
Exponentiation (x to yth power)
Bitwise NOT

Unary plus and minus

Multiplication, division, truncating
division, remainder

Addition, subtraction
Left-shift, right-shift
Bitwise AND

Bitwise XOR

Bitwise OR

Comparisons (less than, less than or
equal, greater than, greater than or
equal, inequality, equality) @

Identity tests

Membership tests

Boolean NOT

Boolean AND

Boolean OR

Anonymous simple function

Associativity
NA
NA

— - — —

NA
NA
NA
L
L
NA

a <> and != are alternate forms of the same operator. != is the preferred version; <> is obsolete.

In Table 4-2, 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, except for string conversion, where you need one or more repetitions.
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A trailing comma is allowed and innocuous in all such cases, except for string
conversion, where it’s forbidden. The string conversion operator, with its quirky
behavior, is not recommended; use built-in function repr (covered in repr on page
166) instead.

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

The chained form is more readable and evaluates each subexpression once at the
most.

Short-Circuiting Operators

Operators and and or short-circuit their operands’ evaluation: the righthand
operand evaluates only if its value is needed to get the truth value of the entire and
Or oI operation.

In other words, x and y first evaluates x. If x is false, the result is x; otherwise, the
result is y. Similarly, x or y first evaluates x. If x is true, the result is x; otherwise,
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 all other operators, which fully evaluate all operands before
performing the operation. and and or let the left operand act as a guard for the
right operand.

The Python 2.5 ternary operator

Python 2.5 introduces another short-circuiting operator, the ternary operator
if/else:

whentrue if condition else whenfalse

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

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

Python supplies the usual numeric operations, as we’ve just seen in Table 4-2.
Numbers are immutable objects: when you perform numeric operations on
number objects, you always produce a new number object and never modify
existing ones. You can access the parts of a complex object z as read-only
attributes z.real and z.imag. Trying to rebind these attributes on a complex
object 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, are not part of the literals’ syntax. They
are ordinary operators, subject to normal operator precedence rules (see
Table 4-2). For example, -2**2 evaluates to -4: exponentiation has higher prece-
dence than unary minus, so the whole expression parses as - (2**2), not as (-2)**2.

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 converts the operand with the “smaller” type to the “larger” type. The
types, in order from smallest to largest, are integers, long integers, floating-point
numbers, and complex numbers.

You can request an explicit conversion by passing a noncomplex numeric argu-
ment to any of the built-in number types: int, long, float, and complex. int and
long drop their 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 unambiguous way to convert a complex number into, e.g., a float.

Each built-in numeric type can also take 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 and long 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).

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 (plain or long), the / operator behaves like

// if the switch -Qold was used on the Python command line (-Qold is the default
in Python 2.3, 2.4, and 2.5). Otherwise, / performs true division, returning a
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floating-point result (or a complex result if either operand is a complex number).
To have / perform true division on integer operands in Python 2.3, 2.4, or 2.5, use
the switch -Qnew on the Python command line, or begin your source file with the
statement:

from _ future _ import division

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

To ensure that the behavior of division does not depend on the -Q switch, and 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 integer. For example, instead of using just a/b, code 1.*a/b
to avoid making any assumption on the types of a and b. To check whether your
program has version dependencies in its use of division, use the switch -Qwarn on
the Python command line to get runtime warnings about all 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, raises an exception if a is
less than zero and b is a floating-point value with a nonzero fractional part. The
built-in pow(a, b) function returns the same result as a**b. With three arguments,
pow(a, b, c) returns the same result as (a**b)%c but faster.

Comparisons

All objects, including numbers, can be compared for equality (==) and inequality
(!=). Comparisons requiring order (<, <=, >, >=) may be used between any two
numbers, unless either operand is complex, in which case they raise runtime
exceptions. All these operators return Boolean values (True or False).

Bitwise Operations on Integers

Integers and long integers can be taken as strings of bits and used with the bitwise
operations shown in Table 4-2. Bitwise operators have lower priority than arith-
metic operators. Positive integers are conceptually extended by an infinite string
of 0 bits on the left. Negative integers are represented in two’s complement nota-
tion, and therefore are conceptually extended by an infinite 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
(including, for example, sets and dictionaries, which are not sequences), and some
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apply to all iterables (meaning “any object on which you can loop,” as covered in
“Iterables” on page 40; all containers, be they sequences or otherwise, are iter-
able, and so are many objects that are not containers, such as files, covered in
“File Objects” on page 216, and generators, covered in “Generators” on page 78).
In the following, I use the terms sequence, container, and iterable, quite precisely
and specifically, to indicate exactly which operations apply to each category.

Sequences in General

Sequences are containers with items that are accessible by indexing or 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 arguments,
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
plain strings are converted to Unicode strings if needed. (String conversion is
covered in detail in “Unicode” on page 198.) 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
multiply a sequence S by an integer n with the * operator. $*n or n*S is the concate-
nation of n copies of S. When n<=0, S$*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 if it does and
False if it doesn’t. The x not in S operator is just like not (x in S). In the specific
case of strings, though, x in S is more widely applicable; in this case, the operator
tests whether x equals any substring of string S, not just any single character.

Indexing a sequence

The nth item of a sequence S is denoted by 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 0, 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 indicates the same item in S as L+n does. In other words,
S[-1], like S[L-1], 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 one or more elements to a list, but to
do so you assign to a slice, not an item, as I'll discuss shortly.

Slicing a sequence

To indicate a subsequence of S, you can use a slicing, with the syntax S[i:7],
where 1 and j are integers. S[i:7] 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 if j is less
than or equal to 1, or if i is greater than or equal to L, the length of S. You can
omit 1 if it is equal to 0, so that the slice begins from the start of S. You can omit j
if 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 copy of the entire sequence: S[:].
Either or both indices may be less than 0. A negative index indicates the same spot
in S as L+n, just like in indexing. An index greater than or equal to L means the end
of S, while a negative index less than or equal to -L means the start of S. Here are
some examples:

3 # (2, 3]
:] #[2, 3, 4]

] #[1, 2]
Slicing can also use the extended syntax S[1i:3j:k]. k is the stride of the slice, or the
distance between successive indices. S[1:7] is equivalent to S[1:5:1], 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.

Strings

String objects are immutable, so 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, each of length 1. The slices of a
string object are also strings. String objects have several methods, which are
covered in “Methods of String Objects” on page 186.

Tuples

Tuple objects are immutable, so 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. The slices of a tuple are also tuples. Tuples have no normal
(nonspecial) methods, only some of the special methods covered in “Special
Methods” on page 104.

Lists

List objects are mutable, so you may rebind or delete items and slices of a list. The
items of a list are arbitrary objects and may be of different types. The slices of a
list are lists.
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Modifying a list
You can modify 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 then be an iterable. If the
LHS slice is in extended form, then the RHS must have just as many items as the
number of items in the LHS slice. However, if the LHS slice is in normal (nonex-
tended) form, then the LHS slice and the RHS may each be of any length;
assigning to a (nonextended) slice of a list can add or remove list items. 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:

* Using the empty list [] as the RHS expression removes the target slice from L.
In other words, L[1:7]=[] has the same effect as del L[1:7].

* Using an empty slice of L as the LHS target inserts the items of the RHS at the
appropriate spot in L. In other words, L[i:i]=['a",'b"'] inserts the items 'a’
and 'b' before the item that was at index 1 in L before 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. 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[:]=[].

List methods

List objects provide several methods, as shown in Table 4-3. Nonmutating
methods return a result without altering the object to which they apply, while
mutating methods may alter the object to which they apply. Many of the mutating
methods behave like assignments to appropriate slices of the list. In Table 4-3, L
indicates any list object, i any valid index in L, s any iterable, and x any object.
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Table 4-3. List object methods

Method Description

Nonmutating methods

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 methods

L.append(x) Appends item x totheend of L ; e.q., L[len(L): ]=[x].

L.extend(s) Appends all the items of iterable s to theend of ; e.g., L[ 1en(L): ]=s.

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

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

L.pop([1]) Returns the value of the item at index 1 and removes it from L; if 1 is omitted,
removes and returns the last item; raises an exception if L is empty or 1 isan
invalid indexin L.

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

L.sort([f]) (2.3) Sorts, in place, the items of L, comparing items pairwise via function f; if  is
omitted, comparison is via the built-in function cmp. For more details, see
“Sorting a list” on page 57.

L.sort(cmp=cmp, Sorts, in-place, the items of L, comparing items pairwise via the function passed

key=None, as cmp (by default, the built-in function cmp). When argument key is not None,

reverse=False)(2.4) what gets compared for each item x is key (x), not x itself. For more details, see

“Sorting a list” on page 57.

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 (its items are reordered 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
preternaturally 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 developer, Tim Peters, is technically a “non-recursive adaptive stable
natural mergesort/binary insertion sort hybrid”).

In Python 2.3, a list’s sort method takes one optional argument. If present, the
argument must be a function that, when called with any two list items as argu-
ments, 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. Passing
the argument slows down the sort, although it makes it easy to sort small lists in
flexible ways. The decorate-sort-undecorate idiom, covered in “Searching and
sorting” on page 485 is faster, at least as flexible, and often less error-prone than
passing an argument to sort.

In Python 2.4, the sort method takes three optional arguments, which may be
passed with either positional or named-argument syntax. Argument cmp plays just
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the same role as the only (unnamed) optional argument in Python 2.3. Argument
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) (in practice, this is implemented in the
same way as the decorate-sort-undecorate idiom presented in “Searching and
sorting” on page 485, and can be even faster). 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 argument reverse is true or false.

Python 2.4 also provides a new built-in function sorted (covered in sorted on
page 167) to produce a sorted list from any input iterable. sorted accepts the same
input arguments as a list’s method sort. Moreover, Python 2.4 adds to module
operator (covered in “The operator Module” on page 368) two new higher-order
functions, attrgetter and itemgetter, which produce functions particularly suit-
able for the key= optional argument of lists’ method sort and the new built-in
function sorted. In Python 2.5, an identical key= optional argument has also been
added to built-in functions min and max, and to functions nsmallest and nlargest
in standard library module heapg, covered in “The heapq Module” on page 177.

Set Operations

Python provides a variety of operations applicable to sets. Since sets are
containers, the built-in len function can take a set as its single argument and
return the number of items in the set object. A set is iterable, so you can pass it to
any function or method that takes an iterable argument. In this case, the items of
the set are iterated upon, in some arbitrary order. For example, for any set S,
min(S) returns the smallest item in S.

Set Membership

The k in S operator checks whether object k is one of the items of set S. It returns
True if it is and False if it isn’t. Similarly, k not in S is just like not (k in S).

Set Methods

Set objects provide several methods, as shown in Table 4-4. Nonmutating
methods return a result without altering the object to which they apply and can
also be called on instances of type frozenset, while mutating methods may alter
the object to which they apply and can be called only on instances of type set. In
Table 4-4, S and S1 indicate any set object, and x any hashable object.

Table 4-4. Set object methods

Method Description

Nonmutating methods

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

S.difference(S1) Returns the set of all items of S that aren'tin S1
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Table 4-4. Set object methods (continued)

Method Description

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

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

S.issuperset(S1) Returns True if allitems of S1 are also in S; otherwise, returns False
(like S1.issubset(S))

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

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

Mutating methods

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 if x was not an item of S

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

S.remove(x) Bemm;es x asanitem of S; raises a KeyExror exception if x is not an
item of S

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

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.

Sets also have mutating methods named difference _update, intersection_update,
symmetric_difference update, and update (corresponding to nonmutating method
union). Each such mutating method performs the same operation as the corre-
sponding nonmutating method, but it performs the operation in place, altering
the set on which you call it, and returns None. These four nonmutating methods
are also accessible with operator syntax: respectively, S-S1, S8S1, $2S1, and S|S1;
the corresponding mutating methods are also accessible with augmented assign-
ment syntax: respectively, S-=51, S&=51, $*=S1, and $|=51. When you use operator
or augmented assignment syntax, both operands must be sets or frozensets;
however, when you call the named methods, argument S1 can be any iterable with
hashable items, and the semantics are just the same as if the argument you passed
was set(S1).

Dictionary Operations

Python provides a variety of operations applicable to dictionaries. Since dictio-
naries are containers, the built-in len function can take a dictionary as its single
argument and return the number of items (key/value pairs) in the dictionary
object. A dictionary is iterable, so you can pass it to any function or method that
takes an iterable argument. In this case, only the keys of the dictionary are iter-
ated upon, in some arbitrary order. For example, for any dictionary D, min(D)
returns the smallest key in D.
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Dictionary Membership

The k in D operator checks whether object k is one of the keys of the dictionary D.
It returns True if it is and False if it isn’t. k not in D is just like not (k in D).

Indexing a Dictionary

The value in a dictionary D that is currently associated with key k is denoted by an
indexing: D[k]. Indexing with a key that is not present in the dictionary raises an
exception. For example:

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

dl'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 dictio-
nary (e.g., D[newkey]=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. If k is not a key in dictionary D, del D[k] raises an exception.

Dictionary Methods

Dictionary objects provide several methods, as shown in Table 4-5. 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 4-5, D and D1
indicate any dictionary object, k any hashable object, and x any object.

Table 4-5. Dictionary object methods

Method Description

Nonmutating methods

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

D.has_key(k) Returns True if k is a key in D; otherwise, returns False, just like k in D

D.items() Returns a new list with all items (key/value pairs) in D

D.keys() Returns a new list with all keys in D

D.values() Returns a new list with all values in D

D.iteritems() Returns an iterator on all items (key/value pairs) in D

D.iterkeys() Returns an iterator on all keys in D

D.itervalues() Returns an iterator on all values in D

D.get(k[, x]) Returns D[ k ] if k is a key in D; otherwise, returns x (or None, if x is not given)

Mutating methods

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

D.update(D1) Foreach kin D1, sets D[ k] equal to D1 [ k]

D.setdefault(k[, x]) Returns D[ k] if k is a key in D; otherwise, sets D[ k] equal to x and returns x
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Table 4-5. Dictionary object methods (continued)

Method Description

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

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

The items, keys, and values methods return their resulting lists in arbitrary order.
If you call more than one of these methods without any intervening change to the
dictionary, however, the order of the results is the same for all. The iteritems,
iterkeys, and itervalues methods return iterators equivalent to these lists (itera-
tors are discussed in “Iterators” on page 65). An iterator consumes less memory
than a list, but you must never modify the set of keys in a dictionary (i.e., you must
never add nor remove keys) while iterating on any of that dictionary’s iterators.
Iterating on the lists returned by items, keys, or values carries no such constraint.
Iterating directly on a dictionary D is exactly like iterating on D.iterkeys( ).

The popitem method can be used for destructive iteration on a dictionary. Both
items and popitem return dictionary items as key/value pairs, but using popitem
consumes less memory, as it does not rely on a separate list of items. The memory
savings make the idiom usable for a loop on a huge dictionary, when what you
want is to “consume” the dictionary in the course of the loop.

The setdefault method returns the same result as get, but if k is not a key in D,
setdefault also has the side effect of binding D[k] to the value x. Similarly, the pop
method returns the same result as get, but if 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).

In Python 2.4, the update method can also accept an iterable of key/value pairs as
an alternative argument instead of a mapping, and can accept keyword argu-
ments instead of or in addition to its only 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 44.

The print Statement

A print statement is denoted by the keyword print followed by zero or more
expressions separated by commas. print is a handy, simple way to output values
in text form, mostly for debugging purposes. print outputs each expression x as a
string that’s just like the result of calling str(x) (covered in str on page 157).
print implicitly outputs a space between expressions, and implicitly outputs \n
after the last expression, unless the last expression is followed by a trailing comma
(,). Here are some examples of print statements:

letter = 'c'

print "give me a", letter, "..." # prints: give me a c ...
answer = 42

print "the answer is:", answer # prints: the answer is: 42
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The destination of print’s output is the file or file-like object that is the value of
the stdout attribute of the sys module (covered in “The sys Module” on
page 168). If you want to direct the output from a certain print statement to a
specific file object f (which must be open for writing), you can use the special
syntax:

print >>f, rest of print statement

(if £ is None, the destination is sys.stdout, just as it would be without the >>f ).
You can also use the write or writelines methods of file objects, as covered in
“Attributes and Methods of File Objects” on page 218. However, print is very
simple to use, and simplicity is important in the common case where all you need
are the simple output strategies that print supplies—in particular, this is often the
case for the kind of simple output statements you may temporarily add to a
program for debugging purposes. “The print Statement” on page 256 has more
advice and examples concerning the use of print.

Control Flow Statements

A program’s control flow is the order in which the program’s code executes. The
control flow of a Python program is regulated by conditional statements, loops,
and function calls. (This section covers the if statement and for and while loops;
functions are covered in “Functions” on page 70.) Raising and handling excep-
tions also affects control flow; exceptions are covered in Chapter 6.

The if Statement

Often, you need to execute some statements only if some condition holds, or
choose statements to execute depending on several mutually exclusive condi-
tions. The Python compound statement if, comprising if, elif, and else clauses,
lets you conditionally execute blocks of statements. Here’s the syntax for the if
statement:

if expression:
statement(s)
elif expression:
statement(s)
elif expression:
statement(s)
else:
statement(s)
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:

if x < 0: print "x is negative"
elif x % 2: print "x is positive and odd"
else: print "x is even and non-negative"
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When there are multiple statements in a clause (i.e., the clause controls a block of
statements), the statements are placed 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 considered more general and more readable.
if x < o:
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
context, any value is taken as either true or false. As mentioned earlier, any
nonzero number or nonempty container (string, tuple, list, dictionary, set) evalu-
ates as true; zero (of any numeric type), None, and empty containers evaluate as
false. When you want 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
(meaning the expression returns the value 1 with the bool type) and saying that an
expression evaluates as true (meaning the expression returns any result that is true
in a Boolean context). When testing an expression, you care about the latter
condition, not the former.

If the expression for the if clause evaluates as true, the statements following the
if clause execute, and the entire if statement ends. Otherwise, Python evaluates
the expressions for each elif clause, in order. The statements following the first
elif clause whose condition evaluates as true, if any, execute, and the entire if
statement ends. Otherwise, if an else clause exists, the statements following it
execute.

The while Statement

The while statement in Python supports repeated execution of a statement or
block of statements that are controlled by a conditional expression. Here’s the
syntax for the while statement:

while expression:
statement(s)
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A while statement can also include an else clause, covered in “The else Clause on
Loop Statements” on page 69, and break and continue statements, covered in
“The break Statement” on page 68 and “The continue Statement” on page 68.

Here’s a typical while statement:

count = 0

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

print "The approximate log2 is", count

First, Python evaluates expression, which is known as the loop condition. If the
condition is false, the while statement ends. If the loop condition is satisfied, the
statement or statements that make up the loop body execute. When 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 will never end (unless an exception is raised or the loop
body executes a break statement). A loop that is in a function’s body also ends if a
return statement executes in the loop body, since the whole function ends in this
case.

The for Statement

The for statement in Python supports repeated execution of a statement, or block
of statements, controlled by an iterable expression. Here’s the syntax for the for
statement:

for target in iterable:
statement(s)

The in keyword is part of the syntax of the for statement and is distinct from the
in operator, which tests membership. A for statement can also include an else
clause, covered in “The else Clause on Loop Statements” on page 69, and break
and continue statements, covered in “The break Statement” on page 68 and “The
continue Statement” on page 68.

Here’s a typical for statement:

for letter in "ciao":
print "give me a", letter,

iterable may be any Python expression suitable as an argument to built-in func-
tion iter, which returns an iterator object (explained in detail in the next section).
In particular, any sequence is iterable. target is normally an identifier that names
the control variable of the loop; the for statement successively rebinds this vari-
able 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 an exception is raised or a break or return statement executes). Note that,
since the loop body may contain a break statement to terminate the loop, this is
one case in which you may want to use an unbounded iterable—one that, per se,
would never cease yielding items.
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You can also have a target with multiple identifiers, as with an unpacking assign-
ment. In this case, the iterator’s items must then be iterables, each with exactly as
many items as there are identifiers in the target. For example, when d is a dictio-
nary, this is a typical way to loop on the items (key/value pairs) in d:

for key, value in d.items():
if not key or not value: # keep only true keys and values
del d[key]

The items method returns a list of key/value pairs, so we can use a for loop with
two identifiers in the target to unpack each item into key and value.

When an iterator has a mutable underlying object, you must not alter that object
during a for loop on it. For example, the previous example cannot use iteritems
instead of items. iteritems returns an iterator whose underlying object is d, so the
loop body cannot mutate d (by executing del d[key]). items returns a list so that d
is not the underlying object of the iterator; therefore, the loop body can 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 is permitted).

The control variable may be rebound in the loop body but is 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. If the iterator yields at least
one item, however, when the loop statement terminates, the control variable
remains bound to the last value to which the loop statement has bound it. The
following code is therefore correct, as long as someseq is not empty:

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

Iterators

An iterator is an object i such that you can call i.next() with no arguments. i.
next() returns the next item of iterator i or, when iterator i has no more items,
raises a StopIteration exception. When you write a class (see “Classes and
Instances” on page 82), you can allow instances of the class to be iterators by
defining such a method next. Most iterators are built by implicit or explicit calls to
built-in function iter, covered in iter on page 163. Calling a generator also
returns an iterator, as we’ll discuss in “Generators” on page 78.

The for statement implicitly calls iter to get an iterator. The following statement:

for x in c:
statement(s)
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is exactly equivalent to:

_temporary iterator = iter(c)

while True:
try: x = temporary iterator.next()
except StopIteration: break
statement(s)

where _temporary iterator is some arbitrary name that is not used elsewhere in
the current scope.

Thus, if iter(c) returns an iterator i such that i.next() never raises StopIteration
(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. I'll talk more about the special method
__iter _in__iter _onpage112.

Many of the best ways to build and manipulate iterators are found in standard
library module itertools, covered in “The itertools Module” on page 183.

range and xrange

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

for i in xrange(n):
statement(s)

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 consecutive integers
from x (included) up to y (excluded). The result is the empty list if x is greater
than or equal to y. range(x, y, step) returns a list of integers from x (included) up
to y (excluded), such that the difference between each two adjacent items in the
list is step. If step 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 step is greater than 0, or when
x is less than or equal to y and step is less than 0. When step equals 0, range raises
an exception.

While range returns a normal list object, usable for all purposes, xrange returns a
special-purpose object, specifically intended for use in iterations like the for state-
ment shown previously (unfortunately, to keep backward compatibility with old
versions of Python, xrange does not return an iterator, as would be natural in
today’s Python; however, you can easily obtain such an iterator, if you need one,
by calling iter(xrange(...))). The special-purpose object xrange returns consumes
less memory (for wide ranges, much less memory) than the list object range returns,
but the overhead of looping on the special-purpose object is slightly higher than
that of looping on a list. Apart from performance and memory consumption issues,
you can use range wherever you could use xrange, but not vice versa. For example:

>>> print range(1, 5)
[1, 2, 3, 4]
>>> print xrange(1, 5)
xrange(1, 5)
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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.

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 lets you code this
common idiom concisely and directly. Since a list comprehension is an expres-
sion (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 for 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. You must enclose
the expression in parentheses if it indicates a tuple.

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

for target in iterable
if expression

target and iterable in each for clause of a list comprehension have the same
syntax and meaning as those in a regular for statement, and the expression in
each if 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 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:
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:

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

And here’s a list comprehension that uses a for clause:

results = [x+y for x in alist for y in another]
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This is the same as a for loop with another for loop nested inside:

result6 = []
for x in alist:
for y in another:
result6.append(x+y)

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.

The break Statement

The break statement is allowed only inside a loop body. When break executes, the
loop terminates. If a loop is nested inside other loops, a break in it terminates only
the innermost nested loop. In practical use, a break statement is usually inside some
clause of an if statement 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:

while True: # this loop can never terminate naturally
x = get next()
y = preprocess(x)
if not keep_looping(x, y): break
process(x, y)

The continue Statement

The continue statement is allowed only inside a loop body. When continue
executes, the current iteration of the loop body terminates, and execution
continues with the next iteration of the loop. In practical use, a continue state-
ment is usually inside some clause of an if statement in the loop body so that
continue executes conditionally.

Sometimes, a continue statement can take the place of nested if statements within
a loop. 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
if final check(x):
do_processing(x)

This equivalent code does conditional processing without continue:

for x in some_container:
if seems_ok(x):
lowbound, highbound = bounds_to test()
if lowbound <= x < highbound:
if final check(x):
do_processing(x)

Both versions function identically, so which one you use is a matter of personal
preference and style.
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The else Clause on Loop Statements

while and for statements may optionally have a trailing else clause. The state-
ment 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 contains one or more break statements, you often need to check whether
the loop terminates 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 "Warning: 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 a 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 conditioni(x):
process1(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)

Note that, as the body of an otherwise empty def or class statement, you may use
a docstring, covered in “Docstrings” on page 72; if you do write a docstring, then
you do not need to also add a pass statement, although you are still allowed to do
so if you wish.

The try and raise Statements

Python supports exception handling with the try statement, which includes try,
except, finally, and else clauses. A program can explicitly raise an exception
with the raise statement. As I discuss in detail in “Exception Propagation” on
page 126, when an exception is raised, normal control flow of the program stops,
and Python looks for a suitable exception handler.

The with Statement

In Python 2.5, a with statement has been added as a more readable alternative to
the try/finally statement. I discuss it in detail in “The with statement” on
page 125.

Control Flow Statements | 69

www.it-ebooks.info

-
(')
=

«
[
Y

-]
m



http://www.it-ebooks.info/

Functions

Most statements in a typical Python program are grouped and organized into
functions (code in a function body may be faster than at a module’s top level, as
covered in “Avoiding exec and from...import *” on page 486, so there are excel-
lent practical reasons to put most of your code into functions). 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 computa-
tion. 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 state-
ments are also known as methods. Issues specific to methods are covered in
“Bound and Unbound Methods” on page 91; the general coverage of functions in
this section, however, also applies to methods.

In Python, functions are objects (values) that are handled like other objects. Thus,
you can pass a function as an argument in a call to another function. Similarly, a
function can return another function as the result of a call. A function, just like
any other object, can be bound to a variable, an item in a container, or 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
bidirectional. Here’s a small example of this idea, using some functions from
module math, covered in “The math and cmath Modules” on page 365:

inverse = {sin:asin, cos:acos, tan:atan, log:exp}

for f in inverse.keys(): inverse[inverse[f]] = f

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, known as formal parameters or just
parameters, that get bound to the values supplied as arguments when the func-
tion is called. In the simplest case, a function doesn’t have any formal parameters,
which means the function doesn’t take any arguments when it is called. In this
case, the function definition has empty parentheses after function-name.

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

The nonempty sequence of statements, known as the function body, does not
execute when the def statement executes. Rather, the function body executes
later, each time the function is called. 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 double(x):
return x*2

Parameters

Formal parameters that are just identifiers indicate mandatory parameters. Each
call to the function must supply a corresponding value (argument) for each
mandatory parameter.

In the comma-separated list of parameters, zero or more mandatory parameters
may be followed by zero or more optional parameters, where each optional param-
eter has 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 argu-
ment corresponding to an optional parameter, the call binds the parameter’s
identifier to its default value for that execution of the function. Note that each
default value gets computed when the def statement evaluates, not when the
resulting function gets called. In particular, this means that the same object, the
default value, gets bound to the optional parameter whenever the caller does not
supply a corresponding argument. This can be tricky when the default value is a
mutable object and the function body alters the parameter. For example:

def f(x, y=[]):
y.append(x)

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

The second print statement prints [23, 42] because the first call to f altered the
default value of y, originally an empty list [], by appending 23 to it. If you want y
to be bound to a new empty list object each time f is called with a single argu-
ment, use the following style instead:
def f(x, y=None):
if y is None: y = []
y.append(x)

return y
print (23) # prints: [23]
prinf f(42) # prints: [42]
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At the end of the parameters, you may optionally use either or both of the special
forms *identifier1 and **identifier2. If both forms are present, the form with
two asterisks must be last. *identifier1 specifies that any call to the function may
supply any number of extra positional arguments, while **identifier2 specifies
that any call to the function may supply any number of extra named arguments
(positional and named arguments are covered in “Calling Functions” on page 73).
Every call to the function binds identifier1 to a tuple whose items are the extra
positional arguments (or the empty tuple, if there are none). Similarly, identifier2
gets bound to a dictionary whose items are the names and values of the extra
named arguments (or the empty dictionary, if there are none). Here’s a function
that accepts any number of positional arguments and returns their sum:

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

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
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
function’s signature defines the ways in which you can call the function.

Attributes of Function Objects

The def statement sets some attributes of a function object. The attribute
func_name, also accessible as __name_ | refers to the identifier string given as the
function name in the def statement. In Python 2.3, this is a read-only attribute
(trying to rebind or unbind it raises a runtime exception); in Python 2.4, you may
rebind the attribute to any string value, but trying to unbind it raises an excep-
tion. The attribute func_defaults, which you may freely rebind or unbind, refers
to the tuple of default values for the optional parameters (or the empty tuple, if
the function has no optional parameters).

Docstrings

Another function attribute is the documentation string, also known as the
docstring. You may use or rebind a function’s docstring attribute as either
func_doc or __doc_ . If the first statement 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 documentation strings” on page 85) and modules
(see “Module documentation strings” on page 142). Docstrings most often span
multiple physical lines, so you normally specify them in triple-quoted string literal
form. For example:

def sum_args(*numbers):
"""Accept arbitrary numerical arguments and return their sum.
The arguments are zero or more numbers. The result is their sum.'"'
return sum(numbers)

Documentation strings should be part of any Python code you write. They play a
role similar to that of comments in any programming language, but their applica-
bility is wider, since they remain available at runtime. Development environments
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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
doctest Module” on page 454) makes it easy to check that sample code present in
docstrings is accurate and correct.

To make your docstrings as useful as possible, you should 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 function’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 appro-
priate 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

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 5. However, the ability to associate arbi-
trary attributes with a function can sometimes come in handy.

The return Statement

The return statement in Python is allowed only inside a function body and can
optionally be followed by an expression. When return executes, the function
terminates, 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 statement that has no expression (or, of course, by executing return None).

As a matter of style, you should never write a return statement without an expres-
sion at the end of a function body. If some return statements in a function have an
expression, all return statements should have an expression. return None should
only be written explicitly to meet this style requirement. Python does not enforce
these stylistic conventions, but your code will be clearer and more readable if you
follow them.

Calling Functions

A function call is an expression with the following syntax:

function-object(arguments)

Functions | 73

www.it-ebooks.info

-
(')
=

«
[
Y

-]
m



http://www.it-ebooks.info/

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 expres-
sions separated by commas (,), giving values for the function’s 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.

Note that just mentioning a function (or other callable object) does not call it. To
call a function (or other object) without arguments, you must use () after the
function’s name.

The semantics of argument passing

In traditional terms, all argument passing in Python is by value. 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.” 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 =177
b = [99]
f(a, b)
print a, b # prints: 77 [99, 42]

The print statement 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, the print statement 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
position (order) in the function definition.

In a function call, zero or more positional arguments may be followed by zero or
more named arguments, each with the following syntax:

identifier=expression
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The identifier must be one of the parameter names used in the def statement for
the function. The expression supplies the value for the parameter of that name.
Most built-in functions do not accept named arguments, you must call such func-
