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« New to Python? Thisis the developer's guide to Python
development!

« Learn the core features of Python as well as advanced topics
such as regular expressions, multithreaded programming,
Web/Internet and network development, GUI devel opment
with Tk(inter) and more

« Alsoincludes features found in the new Python 1.6 and 2.0
releases

« CD-ROM: Complete Python distributions (source code,
documentation, and various binaries) plus all example scripts
in the book

Python is an Internet and systems programming language that is
soaring in popularity in today's fast-paced software devel opment
environment, and no wonder: it's simple (yet robust), object-oriented
(yet can be used as a procedural language), extensible, scalable and
features an easy to learn syntax that is clear and concise. Python
combines the power of a compiled object language like Java and C++
with the ease of use and rapid development time of a scripting
language. In fact, its syntax is so easy to understand that you are more
likely to pick it up faster than any of the other popular scripting
languages in use today!

In Core Python Programming, Internet software engineer and
technical trainer Wesley Chun provides intermediate and experienced
developers all they need to know to learn Python-fast. Like all Core
Series books, Core Python Programming delivers hundreds of
industrial-strength code snippets and examples, al targeted at
professional developers who want to leverage their existing skills! In
particular, Core Python Programming presents numerous interactive
examples that can be entered into the Python interpreter right in front
of you! Finally, we present a chapter that shows you step-by-step how
to extend Python using C or C++.

« Python syntax and style
« Development and Run-time Environments
« Objects and Python memory management

« Standard data types, methods, and operators
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Loops and conditionals

Files and I nput/Output

Exceptions and error handling

Functions, scope, arguments, and functional programming
Importing modules and modul e attributes

Object-oriented Programming with classes, methods, and
instances

Callable Objects
Extending Python

Coverage of the Python standard module library and client-server
application development includes comprehensive introductions to the
following topicsin Python programming:

Regular expressions

TCP/IP and UDP/IP Network programming using sockets
Operating system interface

GUI development with Tk using Tkinter

Multithreaded programming

Interactive Web/CGl/Internet applications

Executing code in arestricted environment

Inheritance, type emulation, operator overloading, and
delegation in an OOP environment

Finally, we provide an introduction to the new features introduced in
Python 1.6. These include Unicode string support, the new function
invocation syntax which lets the caller provide atuple of positional
arguments and/or a dictionary of keyword arguments, and the new
string methods. We also provide a glimpse into features that will only
be found in the newer 2.0 release.

Every Core Series book:

DEMONSTRATES how to write commercial-quality code
FEATURES dozens of programs and examples!

FOCUSES on the features and functions most important to real
developers

PROVIDES objective, unbiased coverage of cutting-edge
technologies-no

hype!

Core Python Programming delivers:

Coverage of the core parts of the Python language

Real-world insights for devel oping Web/Internet, network,
multithreaded and GUI applications

Tables and charts detailing Python modules, built-in functions,
operators, and attributes



« Code snippetsto try live with Python's interactive interpreter,
hammering the concepts home

« Extensive code examples-including several complete sample
applications

CD-ROM includes complete Python source code and documentation

distributions for Unix/Linux along with binaries for Windows and
Macintosh platforms plus source code for all examples in the book.
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Welcome to Python!

Welcome to the wonderful world of Python! Asa professional or student with working
knowledge of another high-level programming language, this text was made for you in your
efforts to jJump straight into Python with as little overhead as possible. The goal of this book
isto provide text that flows in a conversational style littered with examples to highlight your
path towards Python programming.

At the time of publication, Python 2.0 was just released, so you will definitely have the latest
and greatest. The supplementary CD-ROM has the three most recent versions of Python:
1.5.2, 1.6, and 2.0, not to mention the most recent release of the Java version of the Python
interpreter, JPython (a.k.a. Jython).
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Style:Technical, Yet Easy Reading

Rather than strictly a"beginners™ book or a pure, hard-core computer science reference
book, my instructional experience indicates that an easy-to-read, yet technically-oriented
book serves our purpose the best, and that isto get you up-to-speed on Python as quickly as
possible, so that you can apply it to your tasks post haste. We will introduce concepts
coupled with appropriate examples to expedite the learning process. At the end of each
chapter you will find numerous exercises to reinforce some of the concepts and ideas
acquired in your reading.

After the obligatory introduction to Python, but before heading to the core of the language,
we take a"quick plunge" into Python with the " Getting Started” chapter. The intention of this
chapter isfor those who wish to temporarily dispense of formal reading and get their hands
dirty with Python immediately. If you do not wish to travel this path, you may proceed as
normal to the next set of chapters, an introduction to Python objects. Python's primitive data
types, numbers, strings, lists, tuples, and dictionaries make up the next three chapters.

Python's error-handling capability is extremely useful to both the programmer and the user,
and we address that topic in a separate chapter. Finally, the largest parts of the Python "core"
we cover will be functions, modules, and classes... each in its own chapter. The final chapter
of the text provides insight on how Python may be extended. The last section of the book isa
mini-reference guide in the appendix. There we spill the beans on the core modules of the
standard library, highlight the operators and built-in operators and functions for the Python
types, provide solutions to selected exercises, and conclude with a small glossary of terms.

<BACK Make Note | Bookmark CONTINUE >
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Author's Experience with Python

| discovered Python several years ago at a company called Fourll. At the time, the company
had one major product, the Fourll.com White Page directory service. Python was being used
to design the Rocketmail web-based email service that would eventually one day evolve into
what is Y ahoo!Mail today.

In addition to the use of C++, much of the controlling software and web front-end were done
completely in Python. | participated in work done on the Y ahoo!Mail address book and
spellchecker. Since then, Python's appearance has spread to other Y ahoo! sites, including
People Search, Y ellow Pages, and Maps and Driving Directions, just to name afew.

Although Python was new to me at the time, it was fairly easy to pick up; much simpler than
other languages that | have learned in the past. The scarcity of the number of textbooks at the
time led me to primarily use the Library Reference and Quick Reference Guide as my tools
in learning, and also led to the motivation of the book you are reading right now.
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Book Contents

This book is divided into two main sections. The first part, taking up about two-thirds of the
text, gives you treatment of the "core" part of the language, and the second part provides a
set of various advanced topics to show what you can build using Python.

Python is everywhere—sometimesiit is amazing to discover who is using Python and what
they are doing with it—and although we would have loved to produce additional chapters on
such topics as Databases (RDBMSs, SQL, etc.), CGl Processing with HTMLgen, XML,
Numerical/Scientific Processing, Visua and Graphics Image Manipulation, and Zope, there
simply wasn't enough time to devel op these topics into their own chapters. However, we are
certainly glad that we were at |east able to provide you with a good introduction to many of
the key areas of Python development.

Here is a chapter-by-chapter guide:
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Chapter 1. Welcome to Python!

Chapter Topics
o What is Python, Its History and Features
« Where to Obtain Python
» How to Install and Run Python
« Python Documentation
« Comparing Python

Our introductory chapter provides some background on what Python is, where it came from,
and what some of its "bullet points' are. Once we have stimulated your interest and
enthusiasm, we describe how you can obtain Python and get it up and running on your
system. Finally, the exercises at the end of the chapter will make you comfortable with using
Python, both in the interactive interpreter and also in creating scripts and executing them.
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What Is Python?

Python is an uncomplicated and robust programming language that delivers both the power
and complexity of traditional compiled languages along with the ease-of-use (and then some)
of simpler scripting and interpreted languages. Y ou'll be amazed at how quickly you'll pick
up the language as well as what kind of things you can do with Python, not to mention the
things that have already been done. Y our imagination will be the only limit.
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History of Python

Work on Python began in late 1989 by Guido van Rossum, then at CWI in the Netherlands,
and eventually released for public distribution in early 1991. How did it al begin? Innovative
languages are usually born from one of two motivations: alarge well-funded research project
or genera frustration due to the lack of tools that were needed at the time to accomplish
mundane and/or time-consuming tasks, many of which could be automated.

At the time, van Rossum was a researcher with considerable language design experience
with the interpreted language ABC, also developed at CWI, but he was unsatisfied with its
ability to be developed into something more. Some of the tools he envisioned were for
performing general system administration tasks, so he also wanted access to the power of
system calls that were available through the Amoeba distributed operating system. Although
an Amoeba-specific language was given some thought, a generalized language made more
sense, and late in 1989, the seeds of Python were sown.
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Features of Python

Although practically a decade in age, Python is still somewhat relatively new to the general
software development industry. We should, however, use caution with our use of the word
"relatively," as afew years seem like decades when developing on "Internet time."

When people ask, "What is Python?" it is difficult to say any one thing. The tendency isto
want to blurt out all the things that you feel Python isin one breath. Python is
(fill-in-the-blanks here). Just what are some of those blanks? For your sanity, we will
elucidate on each here... one at atime.

High-level

It seems that with every generation of languages, we move to a higher level. Assembly was a
godsend for those who struggled with machine code, then came FORTRAN, C, and Pascal,
all of which took computing to another plane and created the software development industry.
These languages then evolved into the current compiled systems languages C++ and Java.
And further still we climb, with powerful, system-accessible, interpreted scripting languages
like Tcl, Perl, and Python. Each of these languages has higher-level data structures that
reduce the "framework" development time which was once required. Useful types like
Python's lists (resizeable arrays) and dictionaries (hash tables) are built into the language.
Providing these crucial building blocks encourages their use and minimizes development
time as well as code size, resulting in more readable code. Implementing themin Cis
complicated and often frustrating due to the necessities of using structures and pointers, not
to mention repetitiousif some forms of the same data structures require implementation for
every large project. Thisinitial setup is mitigated somewhat with C++ and its use of
templates, but still involves work that may not be directly related to the application that
needs to be devel oped.

Object-oriented

Object-oriented programming (OOP) adds another dimension to structured and procedural
languages where data and logic are discrete elements of programming. OOP alows for
associating specific behaviors, characteristics, and/or capabilities with the data that they
execute on or are representative of. The object-oriented nature of Python was part of its
design from the very beginning. Other OO scripting languages include Small Talk, the
original Xerox PARC language that started it all, and Netscape's JavaScript.

Scalable

Python is often compared to batch or Unix shell scripting languages. Simple shell scripts
handle simple tasks. They grow (indefinitely) in length, but not truly in depth. Thereislittle
code-reusability and you are confined to small projects with shell scripts. In fact, even small
projects may lead to large and unwieldy scripts. Not so with Python, where you can grow
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your code from project to project, add other new or existing Python elements, and reuse code
at your whim. Python encourages clean code design, high-level structure, and "packaging” of
multiple components, all of which deliver the flexibility, consistency, and faster devel opment
time required as projects expand in breadth and scope.

The term "scalable” is most often applied to measuring hardware throughput and usually
refersto additional performance when new hardware is added to a system. We would like to
differentiate this comparison with ours here, which tries to inflect the notion that Python
provides basic building blocks on which you can build an application, and as those needs
expand and grow, Python's pluggable and modular architecture alows your project to
flourish as well as maintain manageability.

Extensible

Asthe amount of Python code increases in your project, you may still be able to organize it
logically duetoits dual structured and object-oriented programming environments. Or, better
yet, you can separate your code into multiple files, or "modules’ and be able to access one
modul€'s code and attributes from another. And what is even better is that Python's syntax for
accessing modules is the same for all modules, whether you access one from the Python
standard library or one you created just a minute ago. Using this feature, you feel like you
have just "extended" the language for your own needs, and you actually have.

The most critical portions of code, perhaps those hotspots that always show up in profile
analysis or areas where performance is absolutely required, are candidates for extensions as
well. By "wrapping" lower-level code with Python interfaces, you can create a " compiled”
module. But again, the interface is exactly the same as for pure Python modules. Accessto
code and objects occursin exactly the same way without any code modification whatsoever.
The only thing different about the code now is that you should notice an improvement in
performance. Naturally, it al depends on your application and how resource-intensiveit is.
There are times where it is absolutely advantageous to convert application bottlenecks to
compiled code because it will decidedly improve overall performance.

Thistype of extensibility in alanguage provides engineers with the flexibility to add-on or
customize their tools to be more productive, and to develop in a shorter period of time.
Although this feature is self-evident in mainstream third-generation languages (3GLS) such
as C, C++, and even Java, it is rare among scripting languages. Other than Python, true
extensibility in a current scripting language is readily available only in the Tool Command
Language (TCL). Python extensions can be written in C and C++ for CPython and in Java
for JPython.

Portable

Python is available on awide variety of platforms (see Section 1.4), which contributesto its
surprisingly rapid growth in today's computing domain. Because Python is written in C, and
because of C's portability, Python is available on practically every type of system withaC
compiler and general operating system interfaces.

Although there are some platform-specific modules, any general Python application written
on one system will run with little or no modification on another. Portability applies across
multiple architectures as well as operating systems.

Easy-to-learn

Python has relatively few keywords, simple structure, and a clearly defined syntax. This
allows the student to pick up the language in arelatively short period of time. Thereisno



extra effort wasted in learning completely foreign concepts or unfamiliar keywords and
syntax. What may perhaps be new to beginners is the object-oriented nature of Python.
Those who are not fully-versed in the ways of object-oriented programming (OOP) may be
apprehensive about jumping straight into Python, but OOP is neither necessary nor
mandatory. Getting started is easy, and you can pick up OOP and use when you are ready to.

Easy-to-read

Conspicuously absent from the Python syntax are the usual symbols found in other languages
for accessing variables, code block definition, and pattern-matching. These include: dollar
signs($), semicolons (; ), tildes ( ~), etc. Without al these distractions, Python code is
much more clearly defined and visible to the eyes. In addition, much to many programmers
dismay (and relief), Python does not give as much flexibility to write obfuscated code as
compared to other languages, making it easier for others to understand your code faster and
vice versa. Being easy-to-read usually leads to alanguage's being easy-to-learn, aswe
described above. We would even venture to claim that Python code isfairly understandable,
even to areader who has never seen asingle line of Python before. Take alook at the
examples in the next chapter, Getting Started, and let us know how well you fare.

Easy-to-maintain

Maintaining source code is part of the software development lifecycle. Y our softwareis
permanent until it is replaced or obsoleted, and in the meantime, it is more likely that your
code will outlive you in your current position. Much of Python's success is that source code
isfairly easy-to-maintain, dependent, of course, on size and complexity. However, this
conclusion is not difficult to draw given that Python is easy-to-learn and easy-to-read.
Another motivating advantage of Python is that upon reviewing a script you wrote six
months ago, you are less likely to get lost or require pulling out a reference book to get
reacquainted with your software.

Robust

Nothing is more powerful than allowing a programmer to recognize error conditions and
provide a software handler when such errors occur. Python provides "safe and sane" exits on
errors, allowing the programmer to be in the driver's seat. When Python exits due to fatal
errors, a complete stack trace is available, providing an indication of where and how the error
occurred. Python errors generate "exceptions,” and the stack trace will indicate the name and
type of exception that took place. Python also provides the programmer with the ability to
recognize exceptions and take appropriate action, if necessary. These "exception handlers’
can be written to take specific courses of action when exceptions arise, either defusing the
problem, redirecting program flow, or taking clean-up or other maintenance measures before
shutting down the application gracefully. In either case, the debugging part of the
development cycleis reduced considerably due to Python's ability to help pinpoint the
problem faster rather than just being on the hunt alone. Python's robustness is beneficial for
both the software designer as well as for the user. There is also some accountability when
certain errors occur which are not handled properly. The stack trace which is generated as a
result of an error reveals not only the type and location of the error, but also in which module
the erroneous code resides.

Effective as a Rapid Prototyping Tool

We've mentioned before how Python is easy-to-learn and easy-to-read. But, you say, soisa
language like BASIC. What more can Python do? Unlike self-contained and less flexible



languages, Python has so many different interfaces to other systemsthat it is powerful
enough in features and robust enough that entire systems can be prototyped completely in
Python. Obviously, the same systems can be completed in traditional compiled languages,
but Python's ssimplicity of engineering alows us to do the same thing and still be homein
time for supper. Also, numerous external libraries have already been developed for Python,
so whatever your application is, someone may have traveled down that road before. All you
need to do is plug-'n'-play (some assembly required, as usual). Some of these libraries
include: networking, Internet/Web/CGl, graphics and graphical user interface (GUI)
development (Tkinter), imaging (PIL), numerical computation and analysis (NumPy),
database access, hypertext (HTML, XML, SGML, etc.), operating system extensions,
audio/visual, programming tools, and many others.

A Memory Manager

The biggest pitfall with programming in C or C++ is that the responsibility of memory
management is in the hands of the developer. Even if the application has very little to do
with memory access, memory modification, and memory management, the programmer must
still perform those duties, in addition to the original task at hand. This places an unnecessary
burden and responsibility upon the developer and often provides an extended distraction.

Because memory management is performed by the Python interpreter, the application
developer is able to steer clear of memory issues and focus on the immediate goal of just
creating the application that was planned in the first place. Thislead to fewer bugs, a more
robust application, and shorter overall development time.

Interpreted and (Byte-) Compiled

Python is classified as an interpreted language, meaning that compile-timeis no longer a
factor during development. Traditionally purely interpreted languages are amost always
slower than compiled languages because execution does not take place in a system's native
binary language. However, like Java, Python is actually byte-compiled, resulting in an
intermediate form closer to machine language. Thisimproves Python's performance, yet
allowsit to retain al the advantages of interpreted languages.

NOTE

Python source files typically end with the . py extension. The source is byte-compiled upon
being loaded by the interpreter or by being byte-compiled explicitly. Depending on how you
invoke the interpreter, it may leave behind byte-compiled fileswith a . pyc or . pyo
extension. You can find out more about file extensionsin Chapter 12, Modules.
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Obtaining Python
Aswe aluded to earlier in Section 1.3.5, Python is available on awide variety of platforms:

« Unix (Solaris, Linux, FreeBSD, AlX, HP/UX, SunOS, IRIX, et a.)
o Win 9x/NT/2000 (Windows 32-hit systems)
« Macintosh (PPC, 68K)

. OS2

« DOS (multiple versions)

o Windows 3.x

o PalmOS

« Windows CE

o Acorn/RISC OS

« BeOS

« Amiga

« VMS/OpenVMS

« ONX

o VxWorks

o Psion

There are currently three contemporary versions of Python today. 1.5.2 is the most stable
version, having been released over ayear and a half ago. Python 1.6, recently made available
to the public in early September 2000 introduces several major new features and
improvements over the 1.5 series. However, 1.6 is seen as more of atransition to the new
Python 2.0, which was released in mid-October 2000. Which version should you use? The
answer is based on your needs and expectations.

If you don't need all the fancy new features, but do desire rock solid stability, code which is
backwards-compatible with the older releases (and cohabitating with existing Python
installations), and is available on the greatest number of platforms, 1.5.2 is the obvious
choice.

For all new projects, those without backwards dependence on older versions or Python, and
those either wanting or needing to take advantage of the most crucial new features such as
Unicode support, not to mention wanting to have access to the latest and greatest, cutting
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edge Python technology, you should start with 2.0.

1.6 isan dternative for those migrating from 1.5.2 to 2.0 who need a migration path, but is
otherwise not recommended since it was only the most current version of Python by slightly
over amonth's time.

Obtaining Python

For the most up-to-date and current source code, binaries, documentation, news, etc., check either the main Python language
site or the PythonL abs Web site:

http://ww. pyt hon. org (comunity home

page)
http://ww. pyt honl abs. com (comerci al hone page)

If you do not have accessto the Internet readily available, al three versions (source code and binaries) are available on the
CD-ROM in the back of the book. The CD-ROM also features the complete online documentation sets viewable via offline
browsing or as archive fileswhich can be installed on hard disk. All of the code samplesin the book are there as well asthe
Online Resources appendix section (featured as the Python "hotlist").
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Installing Python

Platforms with ready-to-install binaries require only the file download and initiation of the
installation application. If abinary distribution is not available for your platform, you need to
obtain and compile the source code manually. Thisis not as bad an option as it may seem at
first. Manually building your own binaries offers the most flexibility.

Y ou can choose what features to put into your interpreter and which to leave out. The smaller
your executable, the faster it will load and run. For example, on Unix systems, you may wish
to install the GNU r ead! i ne module. This allows you to scroll back through Python
commands and use Emacs- or vi -like key bindings to scroll through, access, and perhaps
edit previous commands. Other popular options include incorporating Tkinter so that you can
build GUI applications or the threading library to create multi-threaded applications. All of
the options we described can be added by editing the Modul es/ Set up file found in your
source distribution.

In general, these are the steps when building your own Python interpreter:
» download and extract files, customizing build files (if applicable)
e« run./configure script
« nmake
o make install

Python is usually installed in a standard location so that you can find it rather easily. On
Unix machines, the executable isusually installed in/ usr/ | ocal / bi n while the libraries
arein/ usr/ 1 ocal /1i b/ pyt honl. x wherethe 1. x isthe version of Python you are
using.

On DOS and Windows, you will usually find Python installed in C. \ Pyt hon or

C.\ Program Fi | es\ Pyt hon. Since DOS does not support long names like "Program
Files," itisusually aliased as"Pr ogr a~1, " soif you are in a DOS window in a Windows
system, you will have to use the short name to get to Python. The standard library files are
typicaly installed in C. \ Program Fi | es\ Pyt hon\ Li b.
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Running Python

There are three different ways to start Python. The simplest way is by starting the interpreter interactively,
entering one line of Python at atime for execution. Another way to start Python is by running a script
written in Python. Thisis accomplished by invoking the interpreter on your script application. Finally, you
can run from a graphical user interface (GUI) from within an integrated development environment (IDE).
IDEs typically feature additional tools such as debuggers and text editors.

Interactive Interpreter from the Command-line

Y ou can enter Python and start coding right away in the interactive interpreter by starting it from the
command line. Y ou can do this from Unix, DOS, or any other system which provides you a command-line
interpreter or shell window. One of the best ways to start learning Python is to run the interpreter
interactively. Interactive mode is aso very useful later on when you want to experiment with specific
features of Python.

Unix

To access Python, you will need to type in the full pathname to its location unless you have added the
directory where Python resides to your search path. Common places where Python isinstalled include
/usr/binand/usr/| ocal/bin.

We recommend that you add Python (i.e., the executable file pyt hon, orj pyt hon if you wish to usethe
Java version of the interpreter) to your search path because you do not want to have to typein the full
pathname every time you wish to run interactively. Once this is accomplished, you can start the interpreter
with just its name.

To add Python to your search path, ssmply check your login start-up scripts and look for a set of directories
giventotheset path or PATH= directive. Adding the full path to where your Python interpreter is
located is all you have to do, followed by refreshing your shell's path variable. Now at the Unix prompt (%
or $, depending on your shell), you can start the interpreter just by invoking the name pyt hon (or

j pyt hon), asin the following:

% python

Once Python has started, you'll see the interpreter startup message indicating version and platform and be
given the interpreter prompt ">>>" to enter Python commands. Figurel-1 is a screen shot of what Python

looks like when you start it in a Unix environment:

Figure 1-1. Starting Python in a Unix (Solaris) Window
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DOS

To add Python to your search path, you need to edit the C: \ aut oexec. bat fileand add the full path to
where your interpreter isinstalled. It isusually either C: \ Pyt hon or C: \ Program Fi | es \ Pyt hon
(or its short DOS name equivalent C: \ Pr ogr a~1\ Pyt hon). From a DOS window (either really running
in DOS or started from Windows), the command to start Python is the same as Unix, python. The only
difference isthe prompt, whichisC: \ >.

C:> python
Figure 1-2. Starting Python in a DOS Window

A PYTHON
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Command-line Options

When starting Python from the command-line, additional options may be provided to the interpreter. Here
are some of the options to choose from:

provide debug output

generate optimized bytecode (resulting in . pyo files)

donotruni nmport sit e tolook for Python paths on startup

verbose output (detailed trace oni nmport statements)

disable class-based built-in exceptions (just use strings); obsolete starting with version 1.6
-¢c cnd |run Python script sent in as cmd string

file run Python script from given file (see below)

X <|Wl O] =

As a Script from the Command-line

From Unix, DOS, or any other version with a command-line interface, a Python script can be executed by
invoking the interpreter on your application, asin the following:

C\>

pyt hon scri pt. py
uni x%

pyt hon scri pt. py

Most Python scripts end with afile extension of . py, asindicated above.

It isalso possible in Unix to automatically launch the Python interpreter without explicitly invoking it from
the command-line. If you are using any Unix-flavored system, you can use the shell-launching ("sh-bang")
first line of your program:

#! [ usr/ 1 ocal / bi n/ pyt hon

The"file path," i.e., the part that follows the "#!," is the full path location of the Python interpreter. Aswe
mentioned before, it isusualy installed in/ usr/ | ocal / bi nor/ usr/ bi n. If not, be sure to get the
exact pathname correct so that you can run your Python scripts. Pathnames that are not correct will result in
the familiar "Command not f ound" error message.

As apreferred alternative, many Unix systems have a command named env, either installed in/ bi n or
[ usr/ bi n, that will look for the Python interpreter in your path. If you have env, your startup line can be
changed to something like this:

#! [/ usr/ bin/env python

env isuseful when you either do not know exactly where the Python executable islocated, or if it changes
location often, yet still remains available viayour directory path. Once you add the proper startup directive
to the beginning of your script, it becomes directly executable, and when invoked, loads the Python
interpreter first, then runs your script. As we mentioned before, Python no longer has to be invoked
explicitly from the command. Y ou only need the script name:



uni x%
script. py

Be sure the file permission mode allows execution first. There should bean' r wx' flag for the user in the
long listing of your file. Check with your system administrator if you require help in finding where Python
isinstalled or if you need help with file permissions or the chnod (CHange MODe) command.

DOS does not support the auto-launching mechanism; however, Windows does provide a "file type"
interface. Thisinterface allows Windows to recognize file types based on extension names and to invoke a
program to "handle" files of predetermined types. For example, if you install Python with PythonWin (see
below), double-clicking on a Python script with the. py extension will invoke Python or PythonWin IDE
(if you have it installed) to run your script.

In an Integrated Development Environment

Y ou can run Python from a graphical user interface (GUI) environment as well. All you need is a GUI
application on your system that supports Python. If you have found one, chances are that it isalso an IDE
(integrated devel opment environment). IDEs are more than just graphical interfaces. They typicaly have
source code editors and trace and debugging facilities.

Unix

IDLE isthe very first Unix IDE for Python. It was also developed by Guido and made its debut in Python
1.5.2. IDLE either standsfor IDE with araised "L," asin Integrated Devel opment Environment.
Suspiciously, IDLE also happens to be the name of a Monty Python troupe member. Hmmm.... IDLE is
Tkinter-based, thus requiring you to have Tcl/Tk installed on your system. Current versions of Python
include a distributed minimal subset of the Tcl/Tk library so that afull install is no longer required.

You will findthei dl e executablein the Tool s subdirectory with the source distribution. The Tk toolkit
also exists on Windows, so IDLE is also available on that platform and on the Macintosh as well. A screen
shot of IDLE in Unix appearsin Figurel-3.

Figure 1-3. Starting IDLE in Unix
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Windows

PythonWin is the first Windows interface for Python and is an IDE with a GUI. Included with the
PythonWin distribution are a Windows API, COM (Component Object Model, ak.a. OLE [Object Linking
and Embedding] and ActiveX) extensions. PythonWin itself was written to the MFC

(Microsoft Foundation Class) libraries, and it can be used as a development environment to create your
own Windows applications.

PythonWin isusualy installed in the same directory as Python, in its own subdirectory, C. \ Pr ogr am

Fi | es\ Pyt hon\ Pyt honw n asthe executable pyt honwi n. exe. PythonWin features a color editor,
anew and improved debugger, interactive shell window, COM extensions, and more. A screen snapshot of
the PythonWin IDE running on a Windows machine appears in Figurel-4.

Figure 1-4. PythonWin Environment in Windows
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More documentation from the installed software can be found by firing up your web browser and pointing
it to the following location (or wherever your PythonWin is installed):

file://C./Program Fil es/ Pyt hon/ Pyt honwi n/readne. ht m

Aswe mentioned before, IDLE is also available on the Windows platform, due to the portability of Tcl/Tk
and Python/Tkinter. It looks similar to its Unix counterpart (Figurel-5).

Figure 1-5. Starting IDLE in Windows
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From Windows, IDLE can be found inthe Tool s\ i dl e subdirectory of where your Python interpreter is
found, usually C: \ Program Fi |l es \ Pyt hon\ Tool s\i dl e. To start IDLE from a DOS window,
invokei dl e. py. Youcanasoinvokei dl e. py from a Windows environment, but that starts an
unnecessary DOS window. Instead, double-click oni dl e. pyw.

Macintosh

The Macintosh effort of Python is called MacPython and also available from the main website,
downloadable as either MacBinary or BinHex'd files. Python source code is available as a Stuff-1t archive.
This distribution contains all the software you need to run Python on either the PowerPC or Motorola 68K
architectures. MacPython includes an IDE, the numerical Python (NumPy) module, and various graphics
modules, and the Tk windowing toolkit comes with the package, so IDLE will work on the Mac as well.
Figurel-6 shows what the MacPython environment looks like. Presented in the figure below are a text

window open to edit a Python script as well as a Python "shell" running the interpreter:

Figure 1-6. Running the IDE in MacPython
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Python Documentation

Most of the documentation that you need with Python can be found on the CD-ROM or the
main website. Documentation is available for download in printable format or as hypertext
HTML filesfor online (or offline) viewing.

If you download the Windows version of Python, the HTML documentation comes with the
distribution as an install option. Be sure to leave the "Help Files' box checked if you would
liketoinstall the HTML filesin your Python directory. Once the installation is compl ete, you
may then access the Python documentation through your web browser by pointing to the link
below or wherever your interpreter isinstalled:

file://C:/Program Fil es/Python/Doc/i ndex. ht m

Also see the Appendix for an exhaustive list of both printed and online documentation for
Python.
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Comparing Python

Python has been compared with many languages. One reason is that it provides many
features found in other languages. Another reason is that Python itself is derived from many
other languages, including ABC, Modula-3, C, C++, Algol-68, SmallTalk, and Unix shell
and other scripting languages, to name afew. Python isavirtual "greatest hits' where van
Rossum combined the features he admired most in the other languages he had studied and
brought them together for our programming sanity.

However, more often than not, since Python is an interpreted language, you will find that
most of the comparisons are with Perl, Java, Tcl, and JavaScript. Perl is another scripting
language which goes well beyond the realm of the standard shell scripts. Like Python, Perl
gives you the power of afull programming language as well as system call access.

Perl's greatest strength isin its string pattern matching ability, providing an extremely
powerful regular expression matching engine. This has pushed Perl to become the de facto
language for string text stream filtering, recognition, and extraction, and it is till the most
popular language for developing Internet applications through web servers Common
Gateway Interface (CGI). However, Perl's obscure and overly-symbolic syntax is much more
difficult to decipher, resulting in a steep learning curve that inhibits the beginner, frustrating
those for whom grasping concepts isimpeded by semantics. This, coupled with Perl's
"feature" of providing many ways of accomplishing the same task, introduces inconsistency
and factionization of developers. Finally, all too often the reference book is required reading
to decipher a Perl script which was written just a mere quarter ago.

Python is often compared to Java because of their similar object-oriented nature and syntax.
Java's syntax, although much simpler than C++'s, can still be fairly cumbersome, especially
if you want to perform just asmall task. Python's simplicity offers a much more rapid
development environment that using just pure Java. One major evolution in Python's
relationship with Javais the development of JPython, a Python interpreter written completely
in Java. It is now possible to run Python programs with only the presence of a JavaVM
(virtual machine). We will mention more of JPython's advantages briefly in the following
section, but for now we can tell you that in the JPython scripting environment, you can

mani pul ate Java objects, Java can interact with Python objects, and you have access to your
normal Java classlibraries as if Java has always been part of the Python environment.

Tcl isanother scripting language that bears some similarities to Python. Tcl is one of the first
truly easy-to-use scripting languages providing the programmer extensibility aswell as
system call access. Tcl is still popular today and perhaps somewhat more restrictive (due to
its limited types) than Python, but it shares Python's ability to extend past its original design.
More importantly, Tcl is often used with its graphical toolkit partner, Tk, in developing
graphical user interface (GUI) applications. Due to its popularity, Tk has been ported to Perl
(Perl/TK) and Python (Tkinter).
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Python has some light functional programming (FP) constructs which likensit to languages
such as Lisp or Scheme. However, it should be noted that Python is not considered an FP
language; therefore, it does provide much more than what you see.

Of al the languages most often compared to Python, JavaScript bears the most resemblance.
It isthe most similar syntax-wise as well as also being object-oriented. Any proficient
JavaScript programmer will find that picking up Python requires little or no effort. Python
provides execution outside the web browser environment as well as the ability to interact
with system calls and perform general system tasks commonly handled by shell scripts.

Y ou can access a number of comparisons between Python and other languages at:

http://ww. pyt hon. or g/ doc/ Conpari sons. ht m
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JPython and Some Nomenclature

Aswe mentioned in the previous section, a Python interpreter completely (re)written in Java
called JPython is currently available. Although there are still minor differences between both
interpreters, they are very similar and provide a comparable startup environment.

What are the advantages of JPython? JPython...
« Canrun (almost) anywhere a Java Virtual Machine (JVM) can be found
« Provides access to Java packages and class libraries
« Furnishes a scripting environment for Java devel opment
« Enables ease-of-testing for Java class libraries
« Matches object-oriented programming environments
« Délivers JavaBeans property and introspection ability
« Encourages Python-to-Java development (and vice versa)
« Gives GUI developers access to Java AWT/Swing libraries
« Utilizes Java's native garbage collector (so CPython's was not implemented)

A full treatment of JPython is beyond the scope of this text, but there is a good amount of
information online. JPython is still an ongoing devel opment project, so keep an eye out for
new features.
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Exercises

1-1. Installing Python. Download the Python software or load it from the CD-ROM,
and install it on your system.

1-2. Executing Python. How many different ways are there to run Python?
1-3. Python Sandard Library.

1. (&) Find where the Python executables and standard library modules are
installed on your system.

2. (b) Take alook at some of the standard library files, for example,
string. py. Itwill help you get acclimated to looking at Python scripts.

1-4. Interactive Execution. Start the Python interactive interpreter. Y ou can invoke it
by typing in itsfull pathname or just its name (pyt hon or pyt hon. exe) if you
haveinstalled its location in your search path. (Y ou can alsouse the Python interpreter
compiledin Java[j pyt hon or | pyt hon. exe] if youwish.) The startup screen
should look like the ones depicted in this chapter. When you see the ">>>, " that
means the interpreter is ready to accept your Python commands.

Try entering the command for the famous Hello World! program by typing print
"Hello World!," then exit the interpreter. On Unix systems, Ctrl-D will send the EOF
signal to terminate the Python interpreter, and on DOS systems, the keypressis Ctrl-Z.
Exiting from windows in graphical user environments like the Macintosh, PythonWin
or IDLE on Windows, or IDLE on Unix can be accomplished by simply closing their
respective windows.

1-5. Sripting. As afollow-up to Exercise 14, create "Hello World!" as a Python
script that does exactly the same thing as the interactive exercise above. If you are
using the Unix system, try setting up the automatic startup line so that you can run the
program without invoking the Python interpreter.

1-6. Scripting. Create a script that displays your name, age, favorite color, and a bit
about you (background, interests, hobbies, etc.) to the screen using the pr i nt
statement.
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Chapter 2. Getting Started

Chapter Topics
o Program Input/Output
o Comments
o Operators
o Variables
« Python Types
« Indentation
« Conditionals
« Loops
» Files
« Errors
» Functions
o Classes
« Modules

This"quick start" section isintended to "flash" Python to you so that any constructs
recognized from previous programming experience can be used for your immediate needs.
The details will be spelled out in succeeding chapters, but a high-level tour is one fast and
easy way to get you into Python and show you what it has to offer. The best way to follow
along isto bring up the Python interpreter in front of you and try some of these examples,
and at the same time you can experiment on your own.

We introduced how to start up the Python interpreter in Chapter 1 aswell asin the exercises

(problem 1-4). In al interactive examples, you will see the Python primary ( >>>) and
secondary (... ) prompts. The primary prompt isaway for the interpreter to let you know
that it is expecting the next Python statement while the secondary prompt indicates that the
interpreter iswaiting for additional input to complete the current statement.
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Program Output, the pri nt Statement, and "Hello World!"

Veterans to software development will no doubt be ready to take alook at the famous "Hello
World!" program, typically the first program that a programmer experiences when exposed
to anew language. Thereisno exception here.

>>> print '"Hello World!'
Hel 1l o Worl d!

Thepri nt statement is used to display output to the screen. Those of you who are familiar
with C areaware that thepri nt f () function produces screen output. Many shell script
languages use the echo command for program output.

NOTE

Usually when you want to see the contents of a variable, you usethe pri nt statement in
your code. However, fromwithin the interactive interpreter, you can use the pr i nt
statement to give you the string representation of a variable, or just dump the variable
raw—this is accomplished by simply giving the name of the variable.

In the following example, we assign a string variable, then use pr i nt to display its
contents. Following that, we issue just the variable name.

>>> nyString = "Hello Wrld!'
>>> print nmyString

Hel |l o Worl d!

>>> nyString

"Hello World!'

Notice how just giving only the name reveal s quotation marks around the string. The reason
for thisisto allow objects other than strings to be displayed in the same manner asthis
string —being able to display a printable string representation of any object, not just strings.
The quotes are there to indicate that the object whose value you just dumped to the display is
a string.

Onefina introductory note: Thepr i nt statement, paired with the string format operator ( %
), behaves even morelike C'spri nt f () function:
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>>> print "% is nunber %!'" % (" Python", 1)

See Section 6.4 for more information on the string format and other operators.
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Program Input and the raw_i nput () Built-in Function

The easiest way to obtain user input from the command-lineiswith ther aw _i nput ()
built-in function. It reads from standard input and assigns the string value to the variable you
designate. You can usethei nt () built-in function (Python versions older than 1.5 will
havetousethest ri ng. at oi () function) to convert any numeric input string to an
integer representation.

>>> user = raw_input(' Enter | ogin nane: ')
Enter | ogin nane: root

>>> print 'Your login is:', user

Your login is: root

The above example was strictly for text input. A numeric string input (with conversion to a
real integer) example follows below:

>>> num = raw_i nput (' Now enter a nunber: ")

Now enter a nunber: 1024

>>> print 'Doubling your nunber: %' % (int(nunm) * 2)
Doubl i ng your nunber: 2048

Thei nt () function converts the string num to an integer, which is the reason why we need
to use the %@ (indicates integer) with the string format operator. See Section 6.5.3 for more
information inther aw_i nput () built-in function.
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Comments

Aswith most scripting and Unix-shell languages, the hash/pound ( # ) sign signalsthat a
comment begins right from the # and continuestill the end of the line.

>>> # one comment

>>> print 'Hello World!" # anot her coment
Hel | o Worl d!
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Operators

The standard mathematical operators that you are familiar with work the same way in Python
asin most other languages.

Addition, subtraction, multiplication, division, and modulus/remainder are all part of the
standard set of operators. In addition, Python provides an exponentiation operator, the double
star/asterisk (* * ). Although we are emphasizing the mathematical nature of these operators,
please note that some of these operators are overloaded for use with other data types as well,
for example, strings and lists.

>>> print -2 * 4 + 3 ** 2
1

Asyou can see from above, all operator priorities are what you expect: + and - at the
bottom, followed by *, /, and % then comestheunary + and -, andfinaly, ** at the
top. (3 ** 2 iscaculated first, followed by - 2 * 4, then both results are summed
together.)

NOTE

Although the examplein the pr i nt statement is a valid mathematical statement, with
Python's hierarchical rules dictating the order in which operations are applied, adhering to
good programming style means properly placing parentheses to indicate visually the
grouping you have intended (see exercises). Anyone maintaining your code will thank you,
and you will thank you.

Python also provides the standard comparison operators.

Trying out some of the comparison operators we get:
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>>> 2 < 4

>>> 2 ==

>>> 2 > 4

>>> 6.2 <= 6
>>> 6.2 <= 6.2

>>> 6.2 <= 6.20001

Python currently supports two "not equals' comparison operators, ! = and <>. These are the
C-style and ABC/Pascal-style notations. The latter is slowly being phased out, so we
recommend against its use.

Python also provides the expression conjunction operators:

and
or
not

Using these operators along with grouping parentheses, we can "chain" some of our
comparisons together:

>>> (2 < 4) and (2 == 4)

0

>>> (2 > 4) or (2 < 4)
1

>>> not (6.2 <= 6)

1

>> 3 < 4 < 5

The last example is an expression that maybe invalid in other languages, but in Python it is
really a short way of saying:

>>> (3 < 4) and (4 < 5)

Y ou can find out more about Python operators in Section 4.50f the text.
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Variables and Assignment

Rulesfor variables in Python are the same as they are in most other high-level languages:
They are simply identifier names with an alphabetic first character—"alphabetic"* meaning
upper- or lowercase letters, including the underscore (). Any additional characters may be
alphanumeric or underscore. Python is case-sensitive, meaning that the identifier "cASE" is
different from "CaSe."

Python is dynamically-typed, meaning that no pre-declaration of avariable or itstypeis
necessary. The type (and value) are initialized on assignment. Assignments are performed
using the equals sign.

>>> counter = 0

>>> mles = 1000.0

>>> nane = ' Bob'

>>> counter = counter + 1

>>> kil oneters = 1.609 * mles

>>> print "% mles is the sane as % kml % (mles, kiloneters)
1000. 000000 mles is the same as 1609. 000000 km

We have presented five examples of variable assignment. Thefirst is an integer assignment
followed by one each for floating point numbers, one for strings, an increment statement for
integers, and finaly, afloating point operation and assignment.

Asyou will discover in Chapter 3, the equals sign ( =) was formerly the sole assignment
operator in Python. However, beginning with 2.0, the equals sign can be combined with an
arithmetic operation and the resulting value reassigned to the existing variable. Known as
augmented assignment, statements such as:

n=n=%10

can now be written as:

n *= 10
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Python does not support operators such asn++ or - - n.

Thepri nt statement at the end shows off the string format operator ( %) again. Each "%x"
code matches the type of the argument to be printed. We have seen %s (for strings) and %@
(for integers) earlier in this chapter. Now we are introduced to % (for floating point values).
See Section 6.4 for more information on the string format operator.
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Numbers

Python supports four different numerical types.
« int (signed integers)
« long (long integers [can a so be represented in octal and hexadecimal])
« float (floating point real values)
« complex (complex numbers)

Here are some examples:

int 0101 84 -237 |0x80|017 -680 |-OX92
long  |29979062458L |-84140l (OxDECADEDEADBEEFBADFEEDDEAL

float |3.14159 4.2E-10 -90. 6.022e23 |-1.609E—19
complex|6.23+1.5] -1.23-875J 0+1j |9.80665-8.31441J|-.0224+0;

Numeric types of interest are the Python long and complex types. Python long integers should not be
confused with C 1 ong s. Python longs have a capacity that surpassesany C| ong. You are limited only by
the amount of (virtual) memory in your system as far as range is concerned. If you are familiar with Java, a
Python long is similar to numbers of the Bi gl nt eger classtype.

Complex numbers (numbers which involve the square root of -1, so called "imaginary” numbers) are not
supported in many languages and perhaps are implemented only as classes in others.

All numeric types are covered in Chapter 5.
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Strings

Strings in Python are identified as a contiguous set of charactersin between quotation marks.
Python allows for either pairs of single or double quotes. Subsets of strings can be taken
using the slice operator ([ ] and [ : ] ) with indexes starting at O in the beginning of the string
and working their way from -1 at the end. The plus ( + ) sign is the string concatenation
operator, and the asterisk ( * ) isthe repetition operator. Here are some examples of strings
and string usage:

>>> pystr = 'Python'

>>> jscool = "'is cool!"’
>>> pystr[0]

' p

>>> pystr[2: 5]

"t ho'

>>> jscool [: 2]

Ci s

>>> jscool [ 3:]

"cool !

>>> jscool [-1]

Vo

>>> pystr + iscool

" Pyt honi s cool !

>>> pystr + ' ' + iscool
"Python is cool!"’

>>> pystr * 2

" Pyt honPyt hon'

>>> ' % 20

Y ou can learn more about strings in Chapter 6.
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Lists and Tuples

Lists and tuples can be thought of as generic "buckets' with which to hold an arbitrary
number of arbitrary Python objects. The items are ordered and accessed viaindex offsets,
similar to arrays, except that lists and tuples can store different types of objects.

The main differences between lists and tuples are: Lists are enclosed in brackets ([ ] ), and
their elements and size can be changed, while tuples are enclosed in parentheses ( () ) and
cannot be updated. Tuples can be thought of for now as "read-only" lists. Subsets can be
taken with the slice operator ([] and [ : ] ) in the same manner as strings.

>>> aglist =1, 2, 3, 4]
>>> ali st

[1, 2, 3, 4]

>>> ali st[ 0]

1

>>> alist[2:]

[3, 4]

>>> alist[: 3]

[1, 2, 3]

>>> alist[1l] =5
>>> alli st

[1, 5, 3, 4]

Slice accessto atupleis similar, except for being ableto set avalue (asinaLi st[1] = 5
above).

>>> aTuple = ('robots', 77, 93, 'try")
>>> aTupl e

("robots', 77, 93, 'try')

>>> aTupl e[ 0]

'robot s’
>>> aTupl e[ 2:]
(93, "try")

>>> aTupl e[ : 3]

("robots', 77, 93)

>>> aTuple[l] =5

Traceback (innernost |ast):
File "<stdin>", line 1, in ?
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TypeError: object doesn\gt support item assignment

We encountered an error in our last example because we attempted to update a tuple, which
isnot allowed. Y ou can find out alot more about lists and tuples along with strings in

Chapter 6.
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Dictionaries

Dictionaries are Python's hash table type. They work like associative arrays or hashes found
in Perl and consist of key-value pairs. Keys can be aimost any Python type, but are usually
numbers or strings. Values, on the other hand, can be any arbitrary Python object.
Dictionaries are enclosed by curly braces ({ } ).

>>> abDict = {}

>>> abDict['host'] = "earth'
>>> aDict['port'] = 80
>>> aDi ct

{"host': "earth', 'port': 80}
>>> aDict. keys()

["host', 'port']
>>> aDict[' host']
"earth’

Dictionaries are covered in Chapter 7.
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Code Blocks Use Indentation

Code blocks are identified by indentation rather than using symbols like curly braces.
Without extra symbols, programs are easier to read. Also, indentation clearly identifies
which block of code a statement belongs to. Of course, code blocks can consist of single
statements, too.

When oneis new to Python, indentation may comes as a surprise. Humans generally prefer
to avoid change, so perhaps after many years of coding with brace delimitation, the first
impression of using pure indentation may not be completely positive. However, recall that
two of Python's features are that it is simplistic in nature and easy-to-read. Three hundred
and sixty-five days after you indent your first line of Python, revisit this thought and
determine if you maintain the same position you have today. More than likely, you will have
discovered that life without bracesis not as bad as you had originally thought.
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| f Statement

The standard i f conditional statement follows this syntax:

i f
expr essi on:
if _suite

If theexpr essi on isnon-zero or true, then the statement sui t e is executed; otherwise,
execution continues on the first statement after. "Suite" is the term used in Python to refer to
a sub-block of code and can consist of single or multiple statements.

>>> jf counter > 5:
print 'stopping after 5 iterations’
br eak

Python supports an el se statement that is used with i f in the following manner:

I f expression:
if _suite
el se:
el se_suite

Python has an "else-if" statement named el i f which has the following syntax:

i f
expressi onl:
if _suite
elif
expr essi on2:
elif _suite
el se:
el se_suite
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Another surprise: Thereisno swi t ch or case statement in Python. This may also seem
strange and/or detracting at first, but asetof i f - el i f - el se statements are not as "ugly"
because of Python's clean syntax. If you really want to circumvent a set of chained

i f-elif-el se statements, another elegant workaround isusing af or loop (see below) to
iterate through your list of possible "cases."

You canlearnmoreabouti f, elif, andel se statementsin the conditional section of
Chapter 8.
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while Loop

The standard whi | e conditional loop statement issimilar tothei f. Again, aswith every
code sub-block, indentation (and dedentation) are used to delimit blocks of code aswell asto
indicate which block of code statements belong to:

whil e
expr essi on:
while suite

The statement sui t e is executed continuously in aloop until the expression becomes zero
or false; execution then continues on the first succeeding statement.

>>> counter = 0

>>> whil e counter < 5:
print 'loop #%' % (counter)
counter = counter + 1

| oop #0
| oop #1
| oop #2
| oop #3
| oop #4
| oop #5

Loopssuch aswhi | e and f or (see below) are covered in the loops section of Chapter 8.
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f or Loop and the range() Built-in Function

Thef or loopin Pythonismorelikeaf or each iterative-type loop in a shell scripting
language than atraditional f or conditional loop that works like a counter. Python'sf or
loop takes what we will later describe as a sequence type (list, tuple, or string) and iterates
over each element of that sequence.

>>> print 'l like to use the Internet for:'
| like to use the Internet for:
>>> for itemin ['e-mail', 'net-surfing', 'honmework', 'chat']:

print item

e-nai |
net-surfing
honmewor k
chat

Our output in the previous example may look more presentable if we display the items on the
same line rather than on separate lines. pri nt statements by default automatically add a
NEWLINE character at the end of every line. This can be suppressed by terminating the

pri nt statement withacommad(, ).

print 'l like to use the Internet for:'

for itemin ["e-mail', 'net-surfing , 'homework', 'chat']:
print item

print

The code required further modification to include an additional pri nt statement with no
arguments to flush our line of output with aterminating NEWLINE; otherwise, the prompt
will show up on the same line immediately after the last piece of data output. Here is the
output with the modified code:

| like to use the Internet for:
e-mai |l net-surfing homework chat


http://safari.oreilly.com/main.asp?home
http://www.oreilly.com/
http://www.oreillynet.com/
http://safari.oreilly.com/main.asp?showtoc
http://safari.oreilly.com/work.asp
http://safari.oreilly.com/main.asp?home
http://safari.oreilly.com/main.asp?acmg
http://safari.oreilly.com/main.asp?logout
http://safari.oreilly.com/main.asp?subs
http://safari.oreilly.com/main.asp?help
http://safari.oreilly.com/main.asp?cat=1
http://safari.oreilly.com/main.asp?bookname=0130260363
http://safari.oreilly.com/main.asp?bookname=0130260363&cnode=48
http://safari.oreilly.com/main.asp?list
http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=62
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D62&bookname=0130260363&snode=62
http://safari.oreilly.com/main.asp?bookname=0130260363&snode=0&now=6%2F1%2F2002+12%3A29%3A11+PM
http://safari.oreilly.com/read1.asp?bookname=0130260363&snode=62&now=6%2F1%2F2002+12%3A29%3A11+PM

Elementsin pri nt statements separated by commas will automatically include a delimiting
space between them as they are displayed. Providing a string format gives the programmer
the most control because it dictates the exact output layout, without having to worry about
the spaces generated by commas. It also allows al the data to be grouped together in one
place—the tuple or dictionary on the right-hand side of the format operator.

>>> who = 'knights'

>>> what = "Ni !’

>>> print 'W are the', who, 'who say', what, what, what, what
W are the knights who say Ni! Ni! Ni! N!

>>> print 'We are the % who say %' %\

who, ((what + ' ') * 4))

W are the knights who say Ni! Ni! Ni! N!

Using the string format operator also allows us to do some quick string manipulation before
the output, as you can see in the above example.

We conclude our introduction to loops by showing you how we can make Python'sf or
statement act more like a traditional loop, in other words, a numerical counting loop.
Because we cannot change the behavior of af or loop (iterates over a sequence), we can
manipulate our sequence so that it isalist of numbers. That way, even though we are still
iterating over a sequence, it will at least appear to perform the number counting an
incrementing that we envisioned.

>>> for eachNumin [0, 1, 2, 3, 4, 5]:
print eachNum

G- WNEFO:

Within our loop, eachNumcontains the integer value that we are displaying and can useit in
any numerical calculation we wish. Because our range of numbers may differ, Python
providesther ange() built-in function to generate such alist for us. It does exactly what
we want, taking a range of numbers and generating alist.

>>> for eachNumin range(6):
print eachNum

= O



O wiN

<BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.



http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=62
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D62&bookname=0130260363&snode=62

<BACK Make Note | Bookmark CONTINUE >

Files and the open() Built-in Function

File access is one of the more important aspects of alanguage once you are comfortable with
the syntax; there is nothing like the power of persistent storage to get some real work done.

How to Open a File

handl e = open( file_nane, access _node='r")

Thefi | e_nane variable contains the string name of the file we wish to open, and
access_node iseither' r' forread,' W for write, or' a' for append. Other flags which
can beusedintheaccess_node string includethe’ +' for dual read-write access and the
"b" for binary access. If the mode is not provided, a default of read-only (' r* ) isused to
open thefile.

NOTE

Attributes are items associated with a piece of data. Attributes can be simply data values or
executabl e objects such as functions and methods. What kind of objects have attributes?
Many. Classes, modules, files, complex numbers. These are just some of the Python objects
which have attributes.

How do | access object attributes? With the dotted attribute notation, that is, by putting
together the object and attribute names, separated by a dot or period:
obj ect.attribute.

If open() issuccessful, afile object will be returned as the handle (handl e). All
succeeding access to this file must go through its file handle. Once afile object is returned,
we then have access to the other functionality through its methods such asr eadl i nes()
and cl ose(). Methods are attributes of file objects and must be accessed via the dotted
attribute notation (see Core Note above).

Here is some code which prompts the user for the name of atext file, then opens the file and
displaysits contents to the screen:

filenane = raw_input (' Enter file nanme: ')
file = open(filename, 'r')
allLines = file.readlines()
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file.close()
for eachLine in allLines:
pri nt eachLi ne,

Rather than looping to read and display one line at atime, our code does something alittle
different. Weread al lines in one fell swoop, close the file, and then iterate through the lines
of the file. One advantage to coding thisway isthat it permits the file access to complete
more quickly. The output and file access do not have to alternate back and forth between
reading aline and printing aline. It is cleaner and separates two somewhat unrelated tasks.
The caveat hereisthe file size. The code above is reasonable for files with reasonable sizes.
Programs too large may take up too much memory, in which case you would have to revert
back to reading one line at atime.

The other interesting statement in our code is that we are again using the comma at the end
of the pri nt statement to suppress the printing of the NEWLINE character. Why? Because
each text line of the file already contains NEWLINESs at the end of every line. If we did not
suppress the NEWLINE from being added by pri nt, our display would be double-spaced.

In Chapter 9, we cover file objects, their built-in methods attributes, and how to access your
local file system. Please go there for all the details.
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Errors and Exceptions

Syntax errors are detected on compilation, but Python also allows for the detection of errors
during program execution. When an error is detected, the Python interpreter raises (a.k.a.
throws, generates, triggers) an exception. Armed with the information that Python's
exception reporting can generate at runtime, programmers can quickly debug their
applications as well as fine-tune their software to take a specific course of action if an
anticipated error occurs.

To add error detection or exception handling to your code, just "wrap" it with a
try-except statement. The suite following thet r y statement will be the code you want
to manage. The code which comes after the except will be the code that executes if the
exception you are anticipating occurs:

try:
try running this suite
except
sonmeError:
suite if _soneError_occurs

Programmers can explicitly raise an exception with ther ai se command. Y ou can learn
more about exceptions as well as see a complete list of Python exceptionsin Chapter 10.
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Functions

Functions in Python follow rules and syntax similar to most other languages: Functions are called using the functional
operator ( () ), functions must be declared before they are used, and the function type is the type of the value returned.

All arguments of function calls are made by reference, meaning that any changes to these parameters within the function
affect the original objectsin the calling function.

How to Declare a Function

def
function_nane([ argunents]):
"optional documentation string"
function_suite

The syntax for declaring a function consists of the def keyword followed by the function name and any arguments which the
function may take. Function arguments such asar gunent s above are optional, hence the reason why they are enclosed in
brackets above. (Do not physically put bracketsin your code!) The statement terminates with a colon (the same way that an

i f orwhi | e statement isterminated), and a code suite representing the function body follows. Here is one short example:

def addMe2Me(x):
"apply + operation to argunent’
return (x + Xx)

This function, presumably meaning "add me to me" takes an object, adds its current value to itself and returns the sum. While
the results are fairly obvious with numerical arguments, we point out that the plus sign works for almost all types. In other
words, most of the standard types support the + operator, whether it be numeric addition or sequence concatenation.

How to Call Functions

>>> addMe2Me( 4. 25)

8.5

>>>

>>> addMe2Me(10)

20

>>>

>>> addMe2Me(' Pyt hon')
" Pyt honPyt hon'

>>>

>>> addMe2Me([-1, 'abc'])
[-1, "abc', -1, '"abc']
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Cdlling functionsin Python is similar to function invocationsin other high-level languages, by giving the name of the
function followed by the functional operator, apair of parentheses. Any optional parameters go between the parentheses.
Observe how the + operator works with non-numeric types.

Default arguments

Functions may have arguments which have default values. If present, arguments will take on the appearance of assignment in
the function declaration, but in actuality, it is just the syntax for default arguments and indicates that if avaueis not provided
for the parameter, it will take on the assigned value as a defaullt.

>>> def foo(debug=1):
"deternine if in debug node with default argunent'’
i f debug:
print 'in debug node'
print 'done'

>>> foo()

i n debug node
done

>>> f00(0)
done

In the example above, the debug parameter has a default value of 1. When we do not passin an argument to the function
foo(), debugautomaticaly takes on atrue value of 1. On our second call tof oo( ), we deliberately send an argument of
0, so that the default argument is not used.

Functions have many more features than we could describe in this introductory section. Please refer to Chapter 11 for more
details.
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Classes

A classis merely a container for static data members or function declarations, caled a class's
attributes. Classes provide something which can be considered a blueprint for creating "rea"
objects, called classinstances. Functions which are part of classes are called methods. Classes
are an object-oriented construct that are not required at this stage in learning Python.
However, we will present it here for those who have some background in object-oriented
methodology and would like to see how classes are implemented in Python.

How to Declare a Class

class class_nane[( base classes if _any)]:
“optional docunentation string"
stati c_mnenber decl arati ons
nmet hod_decl arati ons

Classes are declared using the cl ass keyword. If asubclassis being declared, then the super
or base classes from which it is derived is given in parentheses. This header lineis then
terminated and followed by an optional class documentation string, static member
declarations, and any method declarations.

cl ass Food ass:
"nmy very first class: Food ass'

version = 0.1 # class (data) attribute
def _init_ (self, nm=" John Doe'):
‘constructor'
self.name = nm # class instance (data) attribute

print 'Created a class instance for', nm

def shownane(sel f):
"display instance attribute and cl ass nane'
print 'Your name is', self.nane
print "My nane is', self. class__ # full class nane

def showver (sel f):
"display class(static) attribute’
print self.version # references FooC ass. version
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def addMe2Me(self, x): # does not use 'self’
"apply + operation to argunent'’
return (x + Xx)

In the above class, we declared one static datatype variable ver si on shared among all
instances and four methods, _init__ (), shownane(), shower (), andthe
familiar addMe2Me() . Theshow* () methods do not really do much but output the data
they were createdto. The __i nit __ () method has a special hame, as do all those whose
name begins and ends with adouble underscore( ).

The _init__ () methodisafunction provided by default that is called when a class
instance is created, similar to a constructor and called after the object has been instantiated. Its
purpose isto perform any other type of "start up" necessary for the instance to take on alife of
itsown. By creatingour own __i nit __ () method, we override the default method (which
does not do anything) so that we can do customization and other "extrathings" when our
instance is created. In our case, we initialize a class instance attribute called nane. This
variable is associated only with class instances and is not part of the actual classitself.
__init__() asofeaturesadefault argument, introduced in the previous section. Y ou will
no doubt also notice the one argument which is part of every method, sel f .

What issel f ? Self isbasically an instance's handle to itself. (In other object-oriented
languages such as C++ or Java, sel f iscaledt hi s. ) Whenamethod iscalled, sel f
refersto the instance which made the call. No class methods may be called without an
instance, and is one reason why sel f isrequired. Class methods which belong to an instance
are called bound methods. (Those not belonging to a class instance are called unbound
methods and cannot be invoked [unless an instance is explicitly passed in as the first
argument].)

How to Create Class Instances

>>> fool = Food ass()
Created a class instance for John Doe

The string that isdisplayed isaresult of acall tothe__init __ () method which we did not
explicitly have to make. When aninstanceiscreated, init__ () isautomatically called,
whether we provided our own or the interpreter used the default one.

Creating instances looks just like calling a function and has the exact syntax. Class
instantiation apparently uses the same functional operator asinvoking a function or method.
Do not get confused between the two, however. Just because the same symbols are used does
not necessarily mean equivalent operations. Function calls and creating class instances are
very different animals. The same applies for the + operator. Given apair of integers, it
performs integer addition; given apair of floating point numbers, it performs real number
addition; and giving it two strings results in string concatenation. All three of these operations
are distinct.

Now that we have successfully created our first class instance, we can make some method
calls, too:



>>> fo00l. shownane()

Your name is John Doe

My nanme is _ _main__.FooCd ass
>>>

>>> fool. shower ()

0.1

>>> print fool.addMe2Me(5)

10

>>> print fool.addMe2Me(' xyz')
XYyzZXyz

The result of each function call is as we expected. One interesting piece of dataisthe class
name. In the shownane() method, we displayed thesel f. __cl ass__ variablewhich,
for an instance, represents the name of the class from which it has been instantiated. In our
example, we did not passin a name to create our instance, sothe' John Doe' default
argument was used. In our next example, we do not useit.

>>> f002 = Food ass('Jane Smth')
Created a class instance for Jane Smth
>>> f 002. shownane()

Your nane is Jane Smith

__main__.Food ass

There is plenty more on Python classes and instances in Chapter 13.
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Modules

Modules are alogical way to physically organize and distinguish related pieces of Python code into
individual files. Modules can contain executable code, functions, classes, or any and al of the
above.

When you create a Python source file, the name of the module is the same as the file except without
thetrailing ". py" extension. Once amodule is created, you may "import" that module for use from
another module using thei nport statement.

How to Import a Module

I mport
nodul e_nane

How to Call a Module Function or Access a Module Variable

Once imported, a modul€'s attributes (functions and variables) can be accessed using the familiar
dotted attribute notation:

nodul e. functi on()
nmodul e. vari abl e

We will now present our Hello World! example again, but using the output functions inside the sy s
module.

>>> jnport sys
>>> gsys.stdout.wite('Hello World!'\n')
Hel |l o Worl d!

This code behaves just like our original Hello World! using the pr i nt statement. The only
difference isthat the standard output wr i t e() method is called, and the NEWLINE character
needs to be stated explicitly because, unlikethe pri nt statement, wr i t e() does not do that for
youl.
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Let us now look at some other attributes of the sys module and some of the functionsin the
st ri ng module aswell.

>>> jnport sys

>>> inport string

>>> sys. platform

"W n32'

>>> sys.version

"1.5.2 (#0, Apr 13 1999, 10:51:12) [MSC 32 bit (Intel)]"’
>>>

>>> up2space = string.find(sys.version, ' ")

>>> ver = sys.version[:up2space]

>>> ver

1.5.2

>>>

>>> print 'l amrunning Python % on %' % (ver, sys.platform

| amrunning Python 1.5.2 on wi n32

Asyou can probably surmise, thesys. pl at f or mand sys. ver si on variables contain
information regarding the system you are running on and which version of the Python interpreter
you are using.

Thestring. find() functionlooksfor substringsin strings. In the example, we are capturing
just the version number which occurs from the beginning of the string to right before the first space
character. Weusef i nd() totell uswhere the spaceislocated so we can grab all the charactersin
the string before the space.

Another way to snare the version number is by breaking up the entire string into words (separated
by spaces). The version number isthe first word, so that isall wewant. Thest ri ng. split()
function returns alist of all the "words" in a string:

>>> verchunks = string.split(sys.version)
>>> ver chunks

['1.5.2", "(#0,', "Apr', "13, "'1999,', "10:51:12)'
"[MBC, '"32', 'bit', '"(Intel)]"]
>>> print 'l amrunning Python % on %' %)\

. (verchunks[ 0], sys.platform
I amrunni ng Python 1.5.2 on w n32

Our output is the exact same as the example above In this case, there was clearly more than one way
to accomplish the sametask. Thisis not aways the case in Python, but both examples will allow the
reader to decide on the appropriate course of action when warranted.

Y ou can find out more information on modules and importing in Chapter 12.

We will cover all of the above topicsin much greater detail throughout the text, but hopefully we
have provided enough of a"quick dip in the pool" to facilitate your needs if your primary goal isto
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get started working with Python as quickly as possible without too much serious reading.
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Exercises

1. Variables, pri nt, and the string format operator. Start the interactive interpreter. Assign
values to some variables (strings, numbers, etc.) and display them within the interpreter by
typing their names. Also try doing the same thing with the pr i nt statement. What isthe
difference between giving just a variable name versus using it in conjunction with pr i nt ?
Also try using the string format operator ( %) to become familiar with it.

2.  Program output. Take alook at the following Python script:

#! [ usr/ bi n/ env python
1 +2* 4

(a) What do you think this script does?
(b) What do you think this script will output?

(c) Typethe codein as ascript program and execute it. Did it do what you expected? Why or
why not?

(d) How does execution differ if you are running this code from within the interactive
interpreter? Try it and write down the results.

(e) How can we improve the output of the script version so that it does what we expect/want?

3:  Numbers and operators. Enter the interpreter. Use Python to add, subtract, multiply, and divide
two numbers (of any type). Then use the modulus operator to determine the remainder when
dividing one number by another, and finally, raise one number to the power of another by using
the exponentiation operator.

4: User input withr aw_i nput () .

(@) Create asmall script touser aw_i nput () built-in function to take a string input from the
user, then display to the user what he/she just typed in.

(b) Add another piece of similar code, but have the input be numeric. Convert the value to a
number (using either i nt () or any of the other numeric conversion functions), and display the
value back to the user. (Note that if your version of Python is older than 1.5, you will need to
usethest ri ng. at o* () functionsto perform the conversion.)
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10:

11:

12:

Loops and numbers. Create some loops using both whi | e and f or ..

(a) Write aloop that counts from O to 10 using awhi | e loop. (Make sure your solution really
does count from 0 to 10, not 0to 9 or 1to 10.)

(b) Do the same loop as in part (), but useaf or loop and ther ange() built-in function.

Conditionals. Detect whether a number is positive, negative, or zero. Try using fixed values at
first, then update your program to accept numeric input from the user.

Loops and strings. Take a user input string and display string, one character at atime. Asin
your above solution, perform this task with awhi | e loop first, then with af or loop.

Loops and operators. Create afixed list or tuple of 5 numbers and output their sum. Then
update your program so that this set of numbers comes from user input. As with the problems
above, implement your solution twice, once using whi | e and again with f or .

More loops and operators. Create afixed list or tuple of 5 numbers and determine their
average. The most difficult part of this exercise isthe division to obtain the average. Y ou will
discover that integer division truncates and that you must use floating point division to obtain a
more accurate result. Thef | oat () built-in function may help you there.

User input with loops and conditionals. User aw_i nput () to prompt for a number between
1 and 100. If the input matches criteria, indicate so on the screen and exit. Otherwise, display
an error and reprompt the user until the correct input is received.

Menu-driven text applications. Take your solutions to any number of the previous 5 problems
and upgrade your program to present a menu-driven text-based application that presents the
user with aset of choices, e.g., (1) sum of 5 numbers, (2) average of 5 numbers, ... (X) Quit.
The user makes a selection, which is then executed. The program exits when the user choose
the "quit" option. The great advantage to a program like thisisthat it allows the user to run as
many iterations of your solutions without having to necessarily restart the same program over
and over again. (It is aso good for the developer who is usually the first user main quality
assurance engineer of their applications!)

Thedi r () built-in function.

(a) Start up the Python interpreter. Runthedi r () built-in function by simply typing "di r () "
at the prompt. What do you see? Print the value of each element in the list you see. Write down
the output for each and what you think eachis.

(b) You may be asking, so what doesdi r () do?We have already seen that adding the pair of
parentheses after "di r " causes the function to run. Try typing just the name"di r " at the
prompt. What information does the interpreter give you? What do you think it means?

(c) Thet ype() built-in function takes any Python object and returnsits type. Try running it
on dir by entering "t ype( di r) " into the interpreter. What do you get?

(d) For the final part of this exercise, let ustake aquick look at Python documentation strings.
We can access the documentation for the dir() function by appending”. __doc__ " after its
name. So from the interpreter, display the document string for di r () by typing the following
at thepromt: print dir. __doc__. Many of the built-in functions, methods, modules, and
modul e attributes have a documentation string associated with them. We invite you to put in
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your own as you write your code; it may help another user down the road.

Finding more about the sys modulewithdi r () .

(a) Start the Python interpreter again. Runthedi r () command asin the previous exercise.
Now import the sys module by typingi nport sys at the prompt. Runthedi r () command
again to verify that the sys module now shows up. Now runthedi r () command onthesys
module by typing di r (sys) . Now you see al the attributes of the sys module.

(b) Display the version and platform variables of the sys module. Be sure to prepend the
names with sys to indicate that they are attributes of sys. The version variable contains
information regarding the version of the Python interpreter you are using, and the platform
attribute contains the name of the computer system that Python believes you are running on.

(c) Finally, call thesys. exi t () function. Thisisanother way to quit the Python interpreter
in case the keystrokes described above in problem 1 do not get you out of Python.

Operator precedence and grouping with parentheses. Rewrite the mathematical expression of
the pri nt statement in Section 2.4, but try to group pairs of operands correctly, using

parentheses.

Elementary sorting.

(a) Have the user enter 3 numeric values and store them in 3 different variables. Without using
lists or sorting algorithms, manually sort these 3 numbers from smallest to largest.

(b) How would you change your solution in part (a) to sort from largest to smallest?

Files. Typein and/or run the file display code in Section 2.14. Verify that it works on your
system and try different input files as well.
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Chapter 3. Syntax and Style

Chapter Topics
« Statements and syntax
« Variable assignment
« ldentifiers and keywords
« Basic style guidelines
« Memory management
« First Python application

Our next goal isto go through the basic Python syntax, describe some genera style
guidelines, then be briefed on identifiers, variables, and keywords. We will also discuss how
memory space for variablesis allocated and deallocated. Finally, we will be exposed to a
much larger example Python program—taking the plunge, asit were. No need to worry,
there are plenty of life preservers around that allow for swimming rather than the alternative.
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Statements and Syntax

Some rules and certain symbols are used with regard to statements in Python:
o Hash mark (#) indicates Python comments
« NEWLINE (\n) isthe standard line separator (one statement per line)
« Backdlash (\) continuesaline
« Semicolon ( ;) joins two statements on aline
o Colon (:) separates a header line from its suite
« Statements (code blocks) grouped as suites
« Suites delimited viaindentation

« Python files organized as "modules’
Comments (#)

First thing'sfirst: Although Python is one of the easiest languages to read, it does not
preclude the programmer from proper and adequate usage and placement of commentsin the
code. Like many of its Unix scripting brethren, Python comment statements begin with the
pound sign or hash symbol (#). A comment can begin anywhere on aline. All characters
following the # to the end of the line are ignored by the interpreter. Use them wisely and
judiciously.

Continuation (\ )

Python statements are, in general, delimited by NEWLINES, meaning one statement per line.
Single statements can be broken up into multiple lines by use of the backslash. The backslash
symbol (\') can be placed before a NEWLINE to continue the current statement onto the
next line.

# check conditions
if (weather _is hot == 1) and \
(shark_war ni ngs == 0)

send_got o_beach_nesg to_pager ()

There are two exceptions where lines can be continued without backslashes. A single
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statement can take up more than one line when (1) container objects are broken up between
elements over multiple lines, and when (2) NEWLINESs are contained in strings enclosed in
triple quotes.

# display a string wwth triple quotes

print ''"hi there, this is a |long nessage for you
t hat goes over nmultiple lines...you will find

out soon that triple quotes in Python allows

this kind of fun! it is like a day on the beach!"""'

# set sone vari abl es
go_surf, get_a tan_while, boat _size, toll_noney = ( 1,
"wi ndsurfing', 40.0, -2.00)

Multiple Statement Groups as Suites (: )

Groups of individual statements making up a single code block are called "suites" in Python
(asweintroduced in Chapter 2). Compound or complex statements, suchasi f, whil e,
def, andcl ass, arethosewhich require a header line and a suite. Header lines begin the
statement (with the keyword) and terminate with acolon ( : ) and are followed by one or
more lines which make up the suite. We will refer to the combination of a header line and a
suite as a clause.

Suites Delimited via Indentation

Aswe introduced in Section 2.10, Python employs indentation as a means of delimiting
blocks of code. Code at inner levels are indented via spaces or TABS. Indentation requires
exact indentation, in other words, al the lines of code in a suite must be indented at the exact
same level (e.g. same number of spaces). Indented lines starting at different positions or
column numbersis not allowed; each line would be considered part of another suite and
would more than likely result in syntax errors.

A new code block is recognized when the amount of indentation has increased, and its
termination is signaled by a"dedentation," or a reduction of indentation matching a previous
level's. Code that is not indented, i.e., the highest level of code, is considered the "main”
portion of the script.

The decision to creating Python using indentation was based on the belief that grouping code
in this manner is more elegant and contributes to the ease-of-reading to which we alluded
earlier. It aso helps avoid "dangling-else"-type problems, including ungrouped single
statement clauses (those wherea C i f statement which does not use braces at al, but has
two indented statements following). The second statement will execute regardless of the
conditional, leading to more programmer confusion until the light bulb finally blinks on.

Finally, no "holy brace wars" can occur when using indentation. In C (also C++ and Java),
starting braces may be placed on the same line as the header statement, or may start the very
next line, or may be indented on the next line. Some like it one way, others prefer the other,
etc. You get the picture.

We should also mention a minor performance improvement which can occur since each
missing brace means one less byte to load during execution. Sure these are pennies on their
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own, but add up to hundreds and thousands of bytes over a 24x7x365 environment across a
global network such as the Internet and you have something you can see. See below in
Section 3.4 for tips and style guidelines on indentation.

Multiple Statements on a Single Line (; )

The semicolon (; ) alows multiple statements on the single line given that neither statement
starts a new code block. Here is a sample snip using the semicolon:

inmport sys; x = 'foo'; sys.stdout.wite(x + '\n")

We caution the reader to be wary of the amount of usage of chaining multiple statements on
individual lines since it makes code much less readable. Y ou decide:

i mport sys
x = "foo
sys.stdout.wite(x + '\n")

In our example, separating the code to individual lines makes for remarkably improved
reader-friendliness.

Modules

Each Python script is considered a module. Modules have a physical presence as disk files.
When amodul e gets large enough or has diverse enough functionality, it may make sense to
move some of the code out to another module. Code that resides in modules may belong to
an application (i.e., ascript that is directly executed), or may be executable codein a
library-type module that may be "imported” from another module for invocation. Aswe
mentioned in the last chapter, modules can contain blocks of code to run, class declarations,
function declarations, or any combination of all of those.
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Variable Assignment

This section focuses on variable assignment. We will discuss which identifiers make valid
variables coming up in Section 3.3.

Equal sign (=) is the assignment operator

The equal sign ( =) isthe main Python assignment operator

anlnt = -12

String = ‘'cart’

aFloat = -3.1415 * (5.0 ** 2)

anotherString = 'shop’ + 'ping

aList = [ 3.14el0, '2nd elnt of a list', 8.82-4.371] ]

Be aware now that assignment does not explicitly assign avalue to avariable, although it
may appear that way from your experience with other programming languages. In Python,
objects are referenced, so on assignment, a reference (not avalue) to an object iswhat is
being assigned, whether the object was just created or was a pre-existing object. If thisis not
100% clear now, do not worry about it. We will revisit thistopic later on in the chapter, but
just keep it in mind for now.

Also, if you familiar with C, you are aware that assignments are treated as expressions. This
is not the case for Python, where assignments do not have inherent values. Statements such
asthefollowing are invalid in Python:

>>> x = 1
>>> vy = (x = X + 1) # assignnents not expressions!
File "<stdin>", line 1

y = (x =x + 1)

N

SyntaxError: invalid syntax

Beginning in Python 2.0, the equals sign can be combined with an arithmetic operation and
the resulting value reassigned to the existing variable. Known as augmented assignment,
statements such as


http://safari.oreilly.com/main.asp?home
http://www.oreilly.com/
http://www.oreillynet.com/
http://safari.oreilly.com/main.asp?showtoc
http://safari.oreilly.com/work.asp
http://safari.oreilly.com/main.asp?home
http://safari.oreilly.com/main.asp?acmg
http://safari.oreilly.com/main.asp?logout
http://safari.oreilly.com/main.asp?subs
http://safari.oreilly.com/main.asp?help
http://safari.oreilly.com/main.asp?cat=1
http://safari.oreilly.com/main.asp?bookname=0130260363
http://safari.oreilly.com/main.asp?bookname=0130260363&cnode=69
http://safari.oreilly.com/main.asp?list
http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=72
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D72&bookname=0130260363&snode=72
http://safari.oreilly.com/main.asp?bookname=0130260363&snode=0&now=6%2F1%2F2002+12%3A32%3A21+PM
http://safari.oreilly.com/read7.asp?bookname=0130260363&snode=72&now=6%2F1%2F2002+12%3A32%3A21+PM

can now be written as

X += 1

Python does not support pre-/post-increment nor pre-/post-decrement operators such as x ++
or - - X.

How To Do a Multiple Assignment

>>>
>>>

>>> y

>>> 7

In the above example, an integer object (with thevalue 1) is created, and x, y, andz are
all assigned the same reference to that object. Thisisthe process of assigning a single object
to multiple variables. It is aso possible in Python to assign multiple objects to multiple
variables.

How to Do a "Multuple” Assignment

Another way of assigning multiple variablesis using what we shall call the "multuple”
assignment. Thisis not an official Python term, but we use "multuple” here because when
assigning variables this way, the objects on both sides of the equals sign are tuples, a Python
standard type we introduced in Section 2.8.

>>> x, y, z =1, 2, "a string
>>> X

1

>>> y

2

>>> 7

"a string'

In the above example, two integer objects (with values 1 and 2) and one string object are
assignedtox, Yy, and z respectively. Parentheses are normally used to denote tuples, and



although they are optional, we recommend them anywhere they make the code easier to read:

>>> (X, y, z) = (1, 2, '"a string')

If you have ever needed to swap values in other languages like C, you will be reminded that
atemporary variable, i.e., t np, isrequired to hold one value which the other is being
exchanged:

/* swapping variables in C */
= X;

Yi

tnp;

X
y

1 Il'g

In the above C code fragment, the values of the variables x andy are being exchanged. The
t np variable is needed to hold the value of one of the variables while the other is being
copied into it. After that step, the original value kept in the temporary variable can be
assigned to the second variable.

One interesting side effect of Python's "multuple” assignment is that we no longer need a
temporary variable to swap the values of two variables.

# swappi ng vari ables in Python
>>> (x, y) = (1, 2)
>>> X

1
>>> y

2

>>> (X, y) = (Y, X)
>>> X

2
>>> y

1

Obvioudly, Python performs evaluation before making assignments.
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Identifiers

Identifiers are the set of valid strings which are allowed as names in a computer language.
From this all-encompassing list, we segregate out those which are keywords, names that form
aconstruct of the language. Such identifiers are reserved words which may not be used for
any other purpose, or else a syntax error (Synt axEr r or exception) will occur.

Python also has an additional set of identifiers known as built-ins, and although they are not
reserved words, use of these special names is not recommended. (Also see Section 3.3.3.)

Valid Python Identifiers

The rules for Python identifier strings are not unlike most other high-level programming
languages:

« First character must be letter or underscore ()
« Any additional characters can be alphanumeric or underscore
o Case-sengitive

No identifiers can begin with a number, and no symbols other than the underscore are ever
allowed. The easiest way to deal with underscoresisto consider them as alphabetic
characters. Case-sensitivity means that identifier f oo isdifferent from Foo, and both of
those are different from FOO.

Keywords

Python currently has twenty-eight keywords. They arelisted in Table 3.1.

Generally, the keywords in any language should remain relatively stable, but should things
ever change (as Python is a growing and evolving language), alist of keywords as well as an
i skeywor d() function are availablein the keywor d module.

Table 3.1. Python Keywords

and elif gl obal or
assert el se if pass
br eak except i mport print
cl ass exec in rai se
conti nue finally is return
def f or | anbda try
del from not whil e

For compatibility reasons, observe that theassert keyword isnew as of Python 1.5, and
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theaccess keyword was obsolete beginning with 1.4.
Built-ins

In addition to keywords, Python has a set of "built-in" names which are either set and/or used
by the interpreter that are available at any level of Python code. Although not keywords,
built-ins should be treated as "reserved for the system” and not used for any other purpose.
However, some circumstances may call for overriding (a.k.a. redefining, replacing) them.
Python does not support overloading of identifiers, so only one name "binding" may exist at
any given time.

Special Underscore Identifiers

Python designates (even more) special variables with underscores both prefixed and suffixed.
We will also discover later that some are quite useful to the programmer while others are
unknown or useless. Here is a summary of the special underscore usage in Python:

e XXX donotimportwith' f romnodul ei nport *'
e _XXX__ system-defined name
e _ XXX reguest private name mangling in classes

NOTE

Because of the under score usage in Python system, interpreter, and built-in identifiers, we
recommend that the programmer avoid the use of beginning variable names with the
underscore.
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Basic Style Guidelines

Comments

Y ou do not need to be reminded that comments are useful both to you and those who come
after you. Thisis especialy true for code that has been untouched by man (or woman) for a
time (that means several months in software development time). Comments should not be
absent, nor should there be novellas. Keep the comments explanatory, clear, short, and
concise, but get them in there. In the end, it saves time and energy for everyone.

Documentation

Python also provides a mechanism whereby documentation strings can be retrieved
dynamically throughthe doc__ special variable. The first unassigned string in amodule,
class declaration, or function declaration can be accessed through by usingobj .~ doc___
where obj isthe module, class, or function name.

Indentation

Since indentation plays amajor role, you will have to decide on a spacing style that is easy to
read as well asthe least confusing. Common sense also plays a recurring role in choosing
how many spaces or columns to indent.

1or 2 |probably not enough; difficult to determine which block of code statements belong to

8 to 10{may be too many; code which has many embedded levels will wraparound, causing the source to be
difficult to read

Four (4) spacesis very popular, not to mention being the preferred choice of Python's
creator. Five (5) and six (6) are not bad, but text editors usually do not use these settings, so
they are not as commonly used. Three (3) and seven (7) are borderline cases.

Asfar as TABs go, bear in mind that different text editors have different concepts of what
TABsare. It isadvised not to use TABsiif your code will live and run on different systems or
be accessed with different text editors.

Choosing Identifier Names

The concept of good judgment also appliesin choosing logical identifier names. Decide on
short yet meaningful identifiers for variables. Although variable length is no longer an issue
with programming languages of today, it is still agood ideato keep name sizes reasonable.
The same applies for naming your modules (Python files).

Module Structure and Layout

Modules are ssmply physical ways of logically organizing al your Python code. Within each


http://safari.oreilly.com/main.asp?home
http://www.oreilly.com/
http://www.oreillynet.com/
http://safari.oreilly.com/main.asp?showtoc
http://safari.oreilly.com/work.asp
http://safari.oreilly.com/main.asp?home
http://safari.oreilly.com/main.asp?acmg
http://safari.oreilly.com/main.asp?logout
http://safari.oreilly.com/main.asp?subs
http://safari.oreilly.com/main.asp?help
http://safari.oreilly.com/main.asp?cat=1
http://safari.oreilly.com/main.asp?bookname=0130260363
http://safari.oreilly.com/main.asp?bookname=0130260363&cnode=69
http://safari.oreilly.com/main.asp?list
http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=74
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D74&bookname=0130260363&snode=74
http://safari.oreilly.com/main.asp?bookname=0130260363&snode=0&now=6%2F1%2F2002+12%3A33%3A21+PM
http://safari.oreilly.com/read8.asp?bookname=0130260363&snode=74&now=6%2F1%2F2002+12%3A33%3A21+PM

file, you should set up a consistent and easy-to-read structure. One such layout is the
following:

(1) startup line (Unix)
(2) nodul e docunent ati on
(3) nodule inports

(4) variable declarations
(5) class declarations
(6) function declarations
(7) "main" body

HHHFHHHR

Figure 3-1 illustrates the internal structure of atypical module.

Figure 3-1. Typical Python File Structure

(1) Stanup line (Unix)

(2) Module documentation

(3) Module imports

(4) (Global) Variable declarations

(3) Class declarations (if any)

() Function declarations (il any)

(7) “main” body

(1) Startup line



Generally used only in Unix environments, the start-up line allows for script
execution by name only (invoking the interpreter is not required).

(2) Module documentation

Summary of amodule's functionality and significant global variables; accessible
externally asnodul e. __doc__.

(3) Module imports

Import al the modules necessary for all the code in current module; modules are
imported once (when this module is loaded); imports within functions are not
invoked until those functions are called.

(4) Variable declarations

Declare (global) variables here which are used by multiple functionsin this
module (if not, make them local variables for improved memory/performance).

(5) Class declarations

Any classes should be declared here, along with any static member and method
attributes; classis defined when this module is imported and the class statement
executed. Documentation variableiscl ass. __doc__.

(6) Function declarations

Functions which are declared here are accessible externally as

nodul e. functi on(); function isdefined when this module isimported
and the def statement executed. Documentation variableis

function. __doc_ .

(7) "main” body

All code at thislevel is executed, whether this module isimported or started as a
script; generally does not include much functional code; rather, gives direction
depending on mode of execution.

NOTE

The main body of code tends to contain lines such as the ones you see above which check the
__nane__ variable and takes appropriate action (see Core Note below). Code in the main
body typically executes the class, function, and variable declarations, then checks
__nane__ to see whether it should invoke another function (often called mai n() ) which
performs the primary duties of this module. The main body usually does no more than that.
(Our example above usest est () rather than mai n() to avoid confusion until you read
this Core Note.)

Regardless of the name, we want to emphasize that thisis a great place to put a test suitein
your code. Aswe explain in Section 3.4.2, most Python modules are created for import use
only, and calling such a module directly should invoke a regression test of the code in such a
module.

Most projects tend to consist of a single application and importing any required modules.
Thusit isimportant to bear in mind that most modules are created solely to be imported
rather than to execute as scripts. We are more likely to create a Python library-style module
whose sole purpose is to be imported by another module. After al, only one of the



modul es—the one which houses the main application—will be executed, either by a user
from the command-line, by a batch or timed mechanism such as a Unix cron job, viaaweb
server cal, or be invoked from a GUI callback.

With that fact in hand, we should also remember that all modules have the ability to execute
code. All Python statements in the highest level of code, that is, the lines that are not
indented, will be executed on import, whether desired or not. Because of this "feature,” safer
code is written such that everything isin a function except for the code that should be
executed on an import of amodule. Again, usually only the main application module has the
bulk of the executable code at its highest-level. All other imported modules will have very
little on the outside, and everything in functions or classes. (See Core Note below for more
information.)

NOTE

Because the "main" code is executed whether a module isimported or executed directly, we
often need to know how this module was loaded to guide the execution path. An application
may wish to import the module of another application, perhaps to access useful code which
will otherwise have to be duplicated (not the OO thing to do). However, in this case, you
only want access to this other application's code, not to necessarily run it. So the big
question is, "Isthere a way for Python to detect at runtime whether this module was
imported or executed directly?" The answer is... (drumroll...) yest The  _nane__ system
variableisthe ticket.

e __name__ contains module nameif imported

e __nane__ contains' __mai n__"' if executed directly

Create Tests in the Main Body

For good programmers and engineers, providing atest suite or harness for our entire
application is the goal. Python simplifies thistask particularly well for modules created
solely for import. For these modules, you know that they would never be executed directly.
Wouldn't it be nice if they were invoked to run code that puts that module through the test
grinder? Would this be difficult to set up? Not really.

The test software should run only when thisfileis executed directly, i.e., not when it is
imported from another module, which is the usual case. Above and in the Core Note, we
described how we can determine whether a module was imported or executed directly. We
can take advantage of this mechanism by usingthe _name__ variable. If this module was
called as a script, plug the test code right in there, perhaps as part of mai n() ortest () (or
whatever you decide to call your "second-level" piece of code) function, which is called only
if thismodule is executed directly.

The "tester" application for our code should be kept current along with any new test criteria
and results, and it should run as often as the code is updated. These steps will help improve
the robustness of our code, not to mention validating and verifying any new features or
updates.
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Memory Management

So far you have seen alarge number of Python code samples and may have noticed afew
interesting details about variables and memory management. Highlighting some of the more
conspi cuous ones, we have:

« Variables not declared ahead of time

Variable types are not declared
« NoO memory management on programmers part
« Variable names can be "recycled"

o del statement allows for explicit "deallocation”
Variable Declarations (or Lack Thereof)

In most compiled languages, variables must be declared before they are used. Infact, Cis
even more restrictive: Variables have to be declared at the beginning of a code block and
before any statements are given. Other languages, like C++ and Java, allow "on-the-fly"
declarationsi.e., those which occur in the middle of abody of code—but these name and
type declarations are still required before the variables can be used. In Python, there are no
explicit variable declarations. Variables are "declared” on first assignment. Like most
languages, however, variables cannot be accessed until they are (created and) assigned:

>>> a
Traceback (innernost |ast):
File "<stdin>", line 1, in ?

NaneError: a

Once avariable has been assigned, you can access it by using its name:

4
"this is a string

>>> X
>>> y
>>> X
4

>>> y
"this is a string'
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Dynamic Typing

Another observation, in addition to lack of variable declaration, is the lack of type
specification. In Python, the type and memory space for an object are determined and
alocated at run-time. Although code is byte-compiled, Python is still an interpreted
language. On creation, that is, on assignment, the interpreter creates an object whose typeis
dictated by the syntax that is used for the operand on the right-hand side of an assignment.
After the object is created, areference to that object is assigned to the variable on the
left-hand side of the assignment.

Memory Allocation

As responsible programmers, we are aware that when allocating memory space for variables,
we are borrowing system resources, and eventually, we will have to return that which we
borrowed back to the system. Happily, not only do we not have to explicitly allocate the
memory, we don't have to deallocate it either. That is memory management made easy. Well,
okay, perhaps it had something to do with the decision that Python should simply be a tool
for the application writer to and shouldn't have to worry about lower-level, operating system
or machine-oriented tasks.

Garbage Collection

Memory that is no longer being used is reclaimed by the system using a mechanism known
as garbage collection. Python's garbage collector will automatically deallocate a data object
onceisit no longer needed, all without requiring any management on the programmer's part.
How does Python decide when an object is "no longer needed?' By keeping track of the
number of referencesto objects. Thisis called reference counting.

Reference Counting

To keep track of memory that has been allocated, Python does something quite similar to
card-counting, a popular scheme used in casino gaming. When an object is created, a
reference is made to that object. An internal tracking variable, areference counter, keeps
track of how many references are being made to each object. The reference count for an
object isinitially set to one (1) when an object is created and (its reference) assigned.

New references to objects, also called aliases, occur when additional variables are assigned
to the same object, passed as arguments to invoke other bodies of code such as functions,
methods, or class instantiation, or assigned as members of a sequence or mapping.

# initialize string object, set reference count to 1
fool = 'foobar'’

# increment reference count by assigning another variable
foo2 = fool # create an alias

# increnment ref count again tenporarily by calling function
check_val (fool)



In the function call above, the reference count is set to one on creation, incremented when an
dliasis created, and incremented again when the object participated in afunction call. The
reference count is decremented when the function call has completed; and once again if

f 002 isremoved from the namespace. The reference count goes to zero and the object
deallocated when f 001 goes out of scope. (See Section 11.8 for more information on

variable scope.)
del Statement

Thedel statement removes a single reference to an object, and its syntax is:

del obj1[, obj2[, ...objN...]]

For example, executing del f 002 in the example above has two results:
(1) removes namef 002 from namespace
(2) lowersreference count to object ' f oobar ' (by one)

Further till, executing del f 001 will remove thefina referencetothe’ f oobar' object,
decrementing the reference counter to zero and causing the object to become "inaccessible"
or "unreachable.” It is at this point that the object becomes a candidate for garbage
collection. Note that any tracing or debugging facility may keep additional referencesto an
object, delaying or postponing that object from being garbage-collected.

Decrementing Reference Count

Y ou aready noticed that when the del statement was executed, an object was not really
"deleted,” rather just areferenceto it. Likewise, you can "lose" the reference to an object by
reassigning it to another object.

f ool
f ool

" f oobar" # create original string
"a new string' # 'foobar' "lost" and reclained

The preceding example shows how all references to an object can occur with reassigning a
variable. The most common case utilizes neither reassignment nor calling the del statement.

Exiting from the current scope means that when a piece of code such as afunction or method
has completed, all the objects created within that scope are destroyed (unless passed back as
areturn object), such as our example above when f 001 isgiven as an argument to the
check_val () function. The reference count for f 001 isincremented on the call and
decremented when the function completed.

We present below a reference count decrementing summary. The reference count for an
object is decremented when a variable referencing the object...

« Isnamed explicitly inadel statement

« Is(re)assigned to another object



« Goes out-of-scope
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First Python Application

Now that we are familiar with the syntax, style, variable assignment and memory allocation,
itistimeto look at a more complex example of Python programming. Many of the thingsin
this program will be parts of Python which may have unfamiliar constructs, but we believe
that Python is so simple and elegant that the reader should be able to make the appropriate
conclusions upon examination of the code.

The source file we will belooking at isf gr epwc. py, named in honor of the two Unix
utilities of which this program isahybrid. f gr ep isasimple string searching command. It
looks at atext file line by line and will output any line for which the search string appears.
Note that a string may appear more than once on aline. we is another Unix command; this
one counts the number of characters, words, and lines of an input text file.

Our version does alittle of both. It requires a search string and a filename, and outputs all
lines with a match and concludes by displaying the total number of matching lines found.
Because a string may appear more than once on aline, we have to state that the count isa
strict number of lines that match rather than the total number of times a search string appears
in atext file. (One of the exercises at the end of the chapter requires the reader to "upgrade”
the program so that the output is the total number of matches.)

One other note before we take alook at the code: The normal convention for source code in
thistext isto leave out all comments, and place the annotated version on the CD-ROM.
However, we will include comments for this example to aid you as you explore your first
longer Python script with features we have yet to introduce.

We now introduce f gr epwe. py, found below as Listing 3.1, and provide analysis
immediately afterward.

Example 3.1. File Find (f gr epwc. py)

This application looks for a search word in a file and displays each matching line as well
asa summary of how many matching lines were found.

<$nopage>

001 1 #!/usr/bin/env python

002 2

003 3 "fgrepwc.py -- searches for string in text file"
004 4

005 5 inport sys

006 6 inport string

007 7

008 8 # print usage and exit

009 9 def usage():

010 10 print "usage: fgrepwc [ -i ] string file"
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011 11 sys.exit(1)

012 12

013 13 # does all the work

014 14 def filefind(word, filenane):

015 15

016 16 # reset word count

017 17 count = 0

018 18

019 19 # can we open file? if so, return file handle
020 20 try: <$nopage>

021 21 fh = open(filenane, 'r') <$nopage>
022 22

023 23 # 1f not, exit

024 24 except: <$nopage>

025 25 print filename, ":",sys.exc_info()][1]
026 26 usage()

027 27

028 28 # read all file lines into Iist and cl ose
029 29 all Lines = fh.readlines()

030 30 fh.close()

031 31

032 32 # iterate over all lines of file

033 33 for eachLine in allLines:

034 34

035 35 # search each line for the word

036 36 if string.find(eachLine, word) > -1:
037 37 count = count + 1

038 38 pri nt eachLi ne,

039 39

040 40 # when conpl ete, display |ine count

041 41 print count

042 42

043 43 # validates argunents and calls filefind()
044 44 def checkargs():

045 45

046 46 # check args; "argv' cones from'sys' nodul e
047 47 argc = len(sys.argv)

048 48 If argc !'= 3:

049 49 usage()

050 50

051 51 # call fgrepwc.filefind() with args

052 52 filefind(sys.argv[1l], sys.argv[2])

053 53

054 54 # execute as application

055 55 __hame__ =="'__main__":

056 56 checkar gs()

057 <$nopage>

Lines 1-3

The Unix start up lineis followed by the module documentation string. If you import the
f gr epwc module from another module, this string can be accessed with
fgrepwc. _doc__. Thisisakey feature because it makes previoudly static text



information available in a dynamic execution environment. We can also point out that what
we described is usually the only use of the documentation string. It serves no other purpose,
but it can double as a comment which is conveniently located at the top of afile. (Weinvite
the reader to take alook at the documentation string at the commencement of the cgi
module in the standard library for a serious example of module documentation.)

Lines 5-6

We've already seenthesys and st ri ng modules. The sys module contains mostly
variables and functions that represent interaction between the Python interpreter and the
operating system. Y ou will find itemsin here such as the command-line arguments, the

exi t () function, the contents of the Python path environment variable PYTHONPATH, the
standard files, and information on errors.

The st ri ng module contains practically every function you'll need in processing strings,
such as integer conversion viaat oi () (and related functions), various string variables, and
other string manipulation functions.

The main motivation to provide modules to import is to keep the language small, light, fast,
and efficient, and bring in only software that you need to get the job done. Plug'n'play with
only the modules you need. Perl and Java have asimilar setup, importing modules, packages,
and the like, and to a certain extent so do C and C++ with the inclusion of header files.

Lines 8-11

We declare afunction called usage() herewhich has no arguments/parameters. The
purpose of thisfunction isto simply display a message to the user indicating the proper
command-line syntax with which to initiate the script, and exit the program with the

exi t () function, found in the sys module. We also mentioned that in the Python
namespace, calling a function from an imported module requires a"fully-qualified" name.
All imported variables and functions have the following formats. nodul e. vari abl e or
nodul e. function(). Thuswehavesys. exit().

Analternativef r om i nport statement allows the import of specific functions or variables
from amodule, bringing them into the current namespace. If this method of importing is
used, only the attribute name is necessary.

For example, if we wanted to import only the exi t () function from sys and nothing else,
we could use the following replacement:

fromsys inport exit

Thenintheusage() function, wewould call exi t (1) and leave off the"sys. ". One
final note about exi t () : Theargumenttosys. exi t () isthesameastheCexit ()
function, and that is the return value to the calling program, usually a command-line shell
program. With that said, we point out that this"protocol” of printing usage and exiting
applies only to command-line driven applications.

In web-based applications, this would not be the preferred way to quit a running program,
because the calling web browser is expecting an acceptable valid HTML response. For web
applications, it is more appropriate to output an error message formatted in HTML so that
end-users can correct their input. So, basically, no web application should terminate with an



error. Exiting aprogram will send a system or browser error to the user, which isincorrect
behavior and the responsibility falls on the website application developer.

The same theory applies to GUI-based applications, which should not "crash out” of their
executing window. The correct way to handle errorsin such applicationsisto bring up an
error dialog and notify the user and perhaps alow for a parameter change which may rectify
the situation.

Lines 13-41

The core part of our Python programisthefi | ef i nd() function.fil ef i nd() takes
two parameters: the word the user is searching for, and the name of the file to search.

A counter is kept to track the total number of successful matches (number of lines that
contain the word). The next step isto open thefile. Thet r y- except construct is used to
"catch” errors which may occur when attempting to open the file. One of Python's strengths
isits ability to let the programmer handle errors and perform appropriate action rather than
simply exiting the program. This results in amore robust application and a more acceptable
way of programming. Chapter 10 is devoted to errors and exceptions.

Barring any errors, the goal of this section of function isto open afile, read in all the lines
into a buffer that can be processed later, and close the file. We took a sneak peek at files
earlier, but to recap, the open() built-in function returns afile object or file handle, with
which all succeeding operations are performed on, i.e., r eadl i nes() andcl ose() .

Thefina part of the function involves iterating through each line, looking for the target
word. Searching is accomplished using thef i nd() function from the string module.

fi nd() returnsthe starting character position (index) if there isamatch, or -1 if the string
does not appear in the line. All successful matches are tallied and matching lines are
displayed to the user.

filefind() concludesby displaying the total number of matching lines that were found.
Lines 43-52

The last function found in our program ischeckar gs(), which does exactly two things:
checking for the correct number of command-line argumentsand callingfi | ef i nd() to
do the real work. The command-line arguments are stored inthe sys. ar gv list. Thefirst
argument is the program name and presumably, the second is the string we are looking for,
and the final argument is the name of the file to search.

Lines 54-56

Thisisthe special code we alluded to earlier: the code that determines (based on
__nane__ ) thedifferent courses of action to take if this script was imported or executed
directly. With the boilerplatei f statement, we can be sure that checkar gs() would not
be executed if this module were imported, nor would we want it to. It exits anyway because
the check for the command-line arguments would fail. If the code did not have thei f
statement and the main body of code consisted of just the single lineto call

checkar gs(), thencheckar gs() would be executed whether this module was
imported or executed directly.

Onefina noteregarding f gr epwc. py. This script was created to run from the
command-line. Some work would be required, specifically interface changes, if you wanted
to execute this from a GUI or web-based environment.


http://safari.oreilly.com/main.asp?bookname=0130260363&cnode=154

The example we just looked at was fairly complex, but hopefully it was not a complete
mystery, with the help of our comments in this section as well as any previous programming
experience you may have brought. In the next chapter, we will take a closer look at Python
objects, the standard data types, and how we can classify them.
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Exercises

1. Identifiers. Why are variable type declarations not used in Python?

2. ldentifiers. Why are variable name declarations not used in Python?

3: ldentifiers. Why should we avoid the use of the underscore to begin variable names with?
4. Satements. Can multiple Python statements be written on asingle line?

5. Satements. Can a single Python statement be written over multiple lines?

6: Variable assignment.
(@) Giventheassignmentx, y, z =1, 2, 3, whatdox, y, andz contain?

(b) What dox, vy, andz contain after executing:z, X, y =y, z, X?

7: ldentifiers. Which of the following are valid Python identifiers? If not, why not? Of theinvalid
ones, which are keywords?

i nt 32 40XL char $aving$ printf pri nt
_print a do this self __nanme__ 0x40L
bool ean pyt hon bi g- daddy 2hot 2t ouch type
thislsn"tAvar thislsAvar R U Ready yes

i f no counter-1 access -

The remaining problems deal with thef gr epwc. py application.

8: Inthef gr epwc. py program above, you will notice the use of thest ri ng. fi nd()
module. What does this function do, and what are its return values for success and failure?

9:  We briefly discussed module names above with regardstothe __nanme__ variable. What are
the contents of thisvariable if weranf gr epwe. py directly? What would the contents be if
we imported f gr epwc as a module?
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10: The"-i" optionisindicated intheusage() function of thef gr epwc module but is not
implemented anywhere in the entire application. This option isto perform the searchin a
case-insensitive manner. Implement this functionality for f gr epwc. py. You may usethe
get opt module.

11: fgrepwc. py currently outputs the number of matching lines which contain the search string.
Update the script so that it outputs the total number of times the string appears in the text file.
In other words, if amatch occurs more than once on aline, count all of those additional
appearances.
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Chapter 4. Python Objects

Chapter Topics
« Python Objects
 Built-in Types
« Standard Type Operators
o Vaue Comparison
0 Object Identity Comparison
0 Boolean
« Standard Type Built-in Functions
« Categorizing the Standard Types
« Unsupported Types

We will now begin our journey to the core part of the language. First we will introduce what
Python objects are, then discuss the most commonly-used built-in types. An introduction to
the standard type operators and built-in functions comes next, followed by an insightful
discussion of the different ways to categorize the standard types to gain a better
understanding of how they work, and finally, we will conclude by describing some types that
Python does not have (mostly as a benefit for those of you with experience with another
high-level language).
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Python Objects

Python uses the object model abstraction for data storage. Any construct which contains any
type of value is an object. Although Python is classified as an "object-oriented programming
language,” OOP is not required to create perfectly working Python applications. Y ou can
certainly write a useful Python script without the use of classes and instances. However,
Python's object syntax and architecture certainly encourage or "provoke" this type of
behavior. Let us now take a closer look at what a Python "object” is.

All Python objects have the following three characteristics: an identity, atype, and avalue.

IDENTITY |Unique identifier that differentiates an object from all others. Any object's identifier can be
obtained using thei d() built-in function. Thisvalueis as close as you will get to a"memory
address' in Python (probably much to the relief of some of you). Even better is that you rarely,
if ever, access this value, much less carewhat itis at all.

TYPE An object's type indicates what kind of values an object can hold, what operations can be
applied to such objects, and what behavioral rules these objects are subject to. Y ou can use the
t ype() built-in function to reveal the type of a Python object. Since types are also objectsin
Python (did we mention that Python was object-oriented?), t ype() actualy returns an object
to you rather than asimple literal.

VALUE |Dataitem that isrepresented by an object.

All three are assigned on object creation and are read-only with one exception, the value. If
an object supports updates, its value can be changed; otherwise, it is also read-only. Whether
an object’'s value can be changed is known as an object's mutability, which we will
investigate later on in Section 4.7. These characteristics hang around as long as the object

does and are reclaimed when an object is deall ocated.

Python supports a set of basic (built-in) datatypes, aswell as some auxiliary types that may
come into play if your application requires them. Most applications generally use the
standard types and create and instantiate classes for all specialized data storage.

Object Attributes

Certain Python objects have attributes, data values or executable code such as methods,
associated with them. Attributes are accessed in the dotted attribute notation, which includes
the name of the associated object, and were introduced in the Core Note near Section 3.14.
The most familiar attributes are functions and methods, but some Python types have data
attributes associated with them. Objects with data attributes include (but are not limited to):
classes, class instances, modules, complex numbers, and files.
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Standard Types

o Numbers (four separate sub-types)
0 Regular or "Plain” Integer
o Long Integer
0 Foating Point Real Number
0 Complex Number

« String

o List

o Tuple

« Dictionary

We will also refer to standard types as "primitive data types" in this text because these types
represent the primitive data types that Python provides. We will go over each one in detail in

Chapters 5, 6 and 7.
NOTE

In Java, although primitive data types are supported, they usually come in class "wrappers"
for which instances are created when a data type is needed. In Python, standard types are
not classes, so creating integers and strings does not involve instantiation. That also means
that you cannot subclass a standard type either, although there is nothing wrong with
wrapping a type around a Python class and modifying a class to what you desire. Python
also provides some classes which emulate types and can be subclassed. See Section 13.18.
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Other Built-in Types

e Type

« None

« File

« Function

o Module

o Class

» ClassInstance
o Method

These are some of the other types you will interact with as you develop as a Python
programmer. We will also cover these in Chapters 9, 11, 12, and 13 with the exception of the

Type and None types, which we will discuss here.
Types and the t ype() Built-in Function

It may seem unusual perhaps, to regard types themselves as objects since we are attempting
to just describe all of Python's typesto you in this chapter. However, if you keep in mind that
an object’s set of inherent behaviors and characteristics (such as supported operators and
built-in methods) must be defined somewhere, an object'stypeisalogical placefor this
information. The amount of information necessary to describe a type cannot fit into asingle
string; therefore types cannot simply be strings, nor should this information be stored with
the data, so we are back to types as objects.

We will formally introducethet ype() built-in function. The syntax is as follows:

t ype(obj ect)

Thet ype() built-in function takes object and returnsits type. The return objectisat ype
object.

>>> type(4) #int type
<type 'int'>
>>>
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>>> type('Hello World!") #string type
<type 'string' >

>>>

>>> type(type(4)) #type type
<type 'type'>

In the examples above, we take an integer and a string and obtain their types using the
t ype() built-in function; in order to also verify that types themselves are types, we call
t ype() ontheoutput of at ype() call.

Note the interesting output from thet ype() function. It does not look like atypical Python
datatype, i.e., anumber or string, but is something enclosed by greater-than and less-than
signs. This syntax is generally a clue that what you are looking at is an object. Objects may
implement a printable string representation; however, thisis not always the case. In these
scenarios where there is no easy way to "display” an object, Python "pretty-prints* a string
representation of the object. The format is usualy of the form:

<obj ect _sonet hi ng_or _anot her >. Any object displayed in this manner generally
gives the object type, an object ID or location, or other pertinent information.

None

Python has a special type known as the Null object. It has only one value, None. Thetype
of None isaso None. It does not have any operators or built-in functions. If you are
familiar with C, the closest analogy to the None typeisvoi d, whilethe None valueis
similar to the C value of NULL. (Other similar objects and values include Perl'sundef and
JavasVoi d typeand nul | value.) None has no attributes and always evaluates to having a
Boolean false value.
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Internal Types

« Code

o Frame

o Traceback
« Slice

o Ellipsis
« Xrange

We will briefly introduce these internal types here. The general application programmer
would typically not interact with these objects directly, but we include them here for
completeness. Please refer to the source code or Python internal and online documentation
for more information.

In case you were wondering about exceptions, they are now implemented as classes not
types. In older versions of Python, exceptions were implemented as strings.

Code Objects

Code objects are executable pieces of Python source that are byte-compiled, usualy as return
values from calling the conpi | e() built-in function. Such objects are appropriate for
execution by either exec or by theeval () built-in function. All thiswill be discussed in
greater detail in Chapter 14.

Code objects themselves do not contain any information regarding their execution
environment, but they are at the heart of every user-defined function, all of which do contain
some execution context. (The actual byte-compiled code as a code object is one attribute
belonging to a function). Along with the code object, afunction's attributes also consist of
the administrative support which afunction requires, including its name, documentation
string, default arguments, and global namespace.

Frames

These are objects representing execution stack frames in Python. Frame objects contain all
the information the Python interpreter needs to know during a runtime execution
environment. Some of its attributes include alink to the previous stack frame, the code object
(see above) that is being executed, dictionaries for the local and global namespaces, and the
current instruction. Each function call resultsin a new frame object, and for each frame
object, a C stack frame is created as well. One place where you can access aframe object is
in atraceback object (see below).
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Tracebacks

When you make an error in Python, an exception israised. If exceptions are not caught or
"handled,” the interpreter exits with some diagnostic information similar to the output shown
below:

Traceback (innernost |ast):
File "<stdin>", line N?, in ???
Error Nane: error reason

The traceback object isjust a dataitem that holds the stack trace information for an
exception and is created when an exception occurs. If ahandler is provided for an exception,
this handler is given access to the traceback object.

Slice Objects

Slice objects are created when using the Python extended slice syntax. This extended syntax
allowsfor different types of indexing. These various types of indexing include stride
indexing, multi-dimensional indexing, and indexing using the Ellipsis type. The syntax for
multi-dimensional indexingissequence[startl : endl, start2 : end2], or
using the éllipsis, sequence[ .., startl : endl]. Sliceobjectscan aso be generated
by thesl i ce() built-in function. Extended slice syntax is currently supported only in
external third party modules such as the NumPy module and JPython.

Stride indexing for sequence types allows for athird slice element that allows for "step”-like
access with asyntax of sequence[ starting_i ndex : endi ng_i ndex :
stride]. Wewill demonstrate an example of stride indexing using JPython here:

% j pyt hon

JPython 1.1 on javal.1l.8 (JIT: sunwjit)

Copyright (C 1997-1999 Corporation for National Research
Initiatives

>>> foostr = 'abcde'
>>> foostr[::-1]

" edcba’

>>> foostr[::-2]
"eca'

>>> foolist = [123, 'xba', 342.23, 'abc']
>>> foolist[::-1]
["abc', 342.23, 'xba', 123]

Ellipsis

Ellipsis objects are used in extended slice notations as demonstrated above. These objects are
used to represent the actual ellipsesin the slice syntax (..). Like the Null object, elipsis
objects also have asinglename, El | i psi s, and has aBoolean true value at all times.



Xranges

XRange objects are created by the built-in function xr ange( ), asibling of ther ange()
built-in function and used when memory is limited and for when r ange() generates an
unusually large data set. Y ou can find out more about r ange() and xr ange( ) in Chapter
8.

For an interesting side adventure into Python types, we invite the reader to take alook at the
t ypes module in the standard Python library.

NOTE

All standard type objects can be tested for truth value and compared to objects of the same
type. Objects haveinherentt r ue or f al se values. Objects take a false value when they are
empty, any numeric representation of zero, or the Null object None.

The following are defined as having false values in Python:
« None
« Any numeric zero:

0 ([plain] integer)

0. O (float)

O

O

O

OL (long integer)

0

0. 0+0. 0j (complex)

O

""" (empty string)

[] (empty list)

() (empty tuple)

{} (empty dictionary)

O

0

O

Any value for an object other than the those above is considered to have a true value, i.e.,
non-empty, non-zero, etc. User-created class instances have a fal se value when their nonzero
(__nonzero_ () )orlength(__Ien__ () ) special methods, if defined, return a zero
value.
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Standard Type Operators

Value Comparison

Comparison operators are used to determine equality of two data values between members of
the same type. These comparison operators are supported for al built-in types. Comparisons
yield true or false values, based on the validity of the comparison expression. Python chooses
to interpret these values as the plain integers 0 and 1 for false and true, respectively, meaning
that each comparison will result in one of those two possible values. A list of Python's value
comparison operatorsisgivenin Table 4.1.

Table 4.1. Standard Type Value Comparison Operators

oper ator function
exprl < expr2 exprlislessthan expr2
exprl > expr2 exprl isgreater than expr2
exprl <= expr2 exprlislessthan or equal to expr2
exprl >= expr2 exprlisgreater than or equal to expr2
exprl == expr2 exprlisequal to expr2
exprl !'= expr2 exprlisnot equa to expr2 (C-style)
exprl <> expr2 exprlisnot equal to expr2 (ABC/Pascal-style)la

[al This"not equals' sign will Sowly be phased out. Use != instead.

Note that comparisons performed are those that are appropriate for each data type. In other
words, numeric types will be compared according to numeric value in sign and magnitude,
strings will compare lexicographically, etc.

>>> 2 ==

>>> 2.46 <= 8.33
>>> 5+4) >= 2-3j
>>> "abc' == 'xyz'
>>> 'abc' > ' Xxyz
>>> 'abc' < 'xyz'

>>> [3, 'abc'] == ['abc', 3]
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>>> [3, 'abc'] == [3, 'abc']
1

Also, unlike many other languages, multiple comparisons can be made on the sameline,
evaluated in |eft-to-right order:

>>> 3 < 4 <7 # same as ( 3 <4 ) and ( 4 < 7))
1

>>> 4 > 3 == # same as ( 4 >3 ) and ( 3 == 3)
1

>>> 4 <3 <51=2«<7

0

We would like to note here that comparisons are strictly between object values, meaning that
the comparisons are between the data values and not the actual data objects themselves. For
the latter, we will defer to the object identity comparison operators described next.

Object Identity Comparison

In addition to value comparisons, Python also supports the notion of directly comparing
objects themselves. Objects can be assigned to other variables (by reference). Because each
variable points to the same (shared) data object, any change effected through one variable
will change the object and hence be reflected through all references to the same object.

In order to understand this, you will have to think of variables aslinking to objects now and
be less concerned with the values themselves. Let us take alook at three examples.

Example 1: fool and foo2 reference the same object

fool = foo2 = 4

When you look at this statement from the value point-of-view, it appears that you are
performing a multiple assignment and assigning the numeric value of 4 to both thef ool and
f 002 variables. Thisistrue to acertain degree, but upon lifting the covers, you will find that
anumeric object with the contents or value of 4 has been created. Then that object's
referenceisassigned to both f ool and f 002, resultinginbothf ool and f 002 aliased to
the same object. Figure 4-1 shows an object with two references.

Figure 4-1. f ool and f 002 Reference the Same Object
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Example 2: fool and foo2 reference the same object

f ool
f 002

f ool

Thisexampleis very much like the first: A numeric object with value 4 is created, then
assigned to one variable. Whenf 002 = f 001 occurs, f 002 isdirected to the same object
asf 001 since Python deals with objects by passing references. f 002 then becomes a new
and additional reference for the original value. So both f 001 and f 002 now point to the
same object. The same figure above applies here as well.

Example 3: fool and foo2 reference different objects

f ool
f oo2

i1
[EEN

+ 3

This example is different. First, anumeric object is created, then assignedtof ool. Thena
second numeric object is created, and thistime assigned to f 002. Although both objects are
storing the exact same value, there are indeed two distinct objects in the system, with f ool
pointing to the first, and f 002 being areference to the second. Figure 4-2 below shows now

we have two distinct objects even though both objects have the same value.

Figure 4-2. f ool and f 002 Reference Different Objects

Why did we choose to use boxesin our diagrams above? Well, a good way to visualize this
concept isto imagine abox (with contentsinside) as an object. When avariable is assigned
an object, that creates a"label” to stick on the box, indicating a reference has been made.
Each time a new reference to the same object is made, another sticker is put on the box.



When references are abandoned, then alabel isremoved. A box can be "recycled” only when
all the labels have been peeled off the box. How does the system keep track of how many
labels are on a box?

Each object has associated with it a counter that tracks the total number of references that
exist to that object. This number simply indicates how many variables are "pointing to" any
particular object. Thisis the reference count that we introduced in the last chapter in Sections
3.5.5-3.5.7. Python providesthei s andi s not operatorsto test if apair of variables do
indeed refer to the same object. Performing a check such as

aisb

is an equivalent expression to

id(a) == id(b)

The object identity comparison operators all share the same precedence level and are
presented in Table 4.2.

Table 4.2. Standard Type Object Identity Comparison Operators

operator function
obj 1isobj2 obj 1 isthe same object asobj 2
obj1lis not obj2 obj 1 isnot the same object asobj 2

In the example below, we create a variable, then another that points to the same object.

>>>
>>>
>>>
1
>>> ais not b
0

>>>

>>> p = 2.5e-5
>>> p

2.5e-005

>>> g

[5, "hat', -9.3]
>>> ais b

0

>>> ais not b
1

[ 5 'hat', -9.3]
a

SR @ o))
=

is b

Boththei s and not identifiers are Python keywords.



Boolean

Expressions may be linked together or negated using the boolean logical operators and,
or, andnot, al of which are Python keywords. These Boolean operations arein
highest-to-lowest order of precedencein Table 4.3. The not operator has the highest
precedence and isimmediately one level below all the comparison operators. The and and
or operatorsfollow, respectively.

Table 4.3. Standard Type Boolean Operators

operator function
not expr logical NOT of expr (negation)
expr 1 and expr 2 logical AND of exprl and expr2 (conjunction)
exprl1lor expr2 logical OR of exprl and expr2 (disunction)

>>> x, y = 3.1415926536, -1024
>>> X < 5.0

>>> not (X < 5.0)
>>> (x < 5.0) or (y > 2.718281828)
>>> (x < 5.0) and (y > 2.718281828)

>>> not (X isvy)

Earlier, we introduced the notion that Python supports multiple comparisons within one
expression. These expressions have an implicit and operator joining them together.

>>> 3 < 4 <7 # same as "( 3 <4 ) and ( 4 <T7)"
1
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Standard Type Built-in Functions

Along with generic operators which we have just seen, Python also provides some built-in
functions that can be applied to al the basic object types. cnp(), repr(), str(),
type(), andthesinglereverseor back quotes(' ' ) operator, whichis
functionally-equivalenttor epr () .

Table 4.4. Standard Type Built-in Functions
function operation
cnp(obj 1, obj2) comparesobj 1 and obj 2, returnsintegeri where:

i < Oifobj1l<obj2
i > 0ifobj1>o0bj2
i == 0ifobj 1==0bj2

repr(obj)/" obj’ returns eval uatable string representation of obj
str(obj) returns printabl e string representation of obj
type(obj) determines type of obj and return type object
cnp()

Thecnp() built-in function CoMPares two objects, say, obj 1 and obj 2, and returnsa
negative number (integer) if obj 1 islessthan obj 2, apositive number if obj 1 isgreater
than obj 2, and zeroif obj 1 isequal to obj 2. Notice the similarity in return valuesas C's
strcnp() . The comparison used isthe one that applies for that type of object, whether it
be a standard type or a user-created class; if the latter, cnp () will call the class's special
__cnp__ () method. More on these special methods in Chapter 13, on Python classes. Here

are some samples of using thecnp() built-in function with numbers and strings.

>>> a, b = -4, 12

>>> cnp(a, b)

-1

>>> cnp(b, a)

1

>>> ph = -4

>>> cnp(a, b)

0

>>>

>>> a, b = "abc', 'xyz'
>>> cnp(a, b)

-23
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>>> cnmp(b, a)

23
>>> p = 'abc'
>>> cnp(a, b)
0

We will look at using cnp() with other objects later.
str() andrepr() (and' "' Operator)

Thestr () STRingandr epr () REPResentation built-in functions or the single back or
reverse quote operator (° ° ) comein really handy if the need arises to either recreate an
object through evaluation or obtain a human-readable view of the contents of objects, data
values, object types, etc. To use these operations, a Python object is provided as an argument
and some type of string representation of that object is returned.

In some examples below, we take some random Python types and convert them to their
string representations.

>>> str(4.53-2j)
'(4.53-2j)"

>>>

>>> str(1)

=t

>>>>>> str(2el0)
' 20000000000. 0°

>>>

>>> str([0, 5, 9, 9])
10, 5, 9, 9]

>>>

>>> repr([0, 5, 9, 9])
[0, 5, 9, 9]

>>>

>>> [0, 5, 9, 9]
"0, 5, 9, 9]

Although al three are similar in nature and functionality, only r epr () and "~ do exactly
the same thing, and using them will deliver the "official" string representation of an object
that can be evaluated as a valid Python expression (using theeval () built-in function). In
contrast, st r () hasthejob of delivering a"printable" string representation of an object
which may not necessarily be acceptable by eval (), but will look niceinapri nt
Statement.

The executive summary isthat r epr () isPython-friendly whilest r () produces
human-friendly output. However, with that said, because both types of string representations
coincide so often, on many occasions al three return the exact same string.

NOTE

Occasionally in Python, you will find both an operator and a function that do exactly the



same thing. One reason why both an operator and a function exist is that there are times
where a function may be more useful than the operator, for example, when you are passing
around executable objects like functions and where different functions may be called
depending on the data item. Another example isthe double-star (** ) and pow( ) built-in
function which performs"x to they power" exponentiation for x ** 'y or pow X, y) .

A Second Look at type()

Python does not support method or function overloading, so you are responsible for any
"Iintrospection” of the objects that your functions are called with. (Also see the Python FAQ
4.75.) Fortunately, we have thet ype() built-in function to help us with just that,
introduced earlier in Section 4.3.1.

What'sin aname? Quite alot, if it isthe name of atype. It is often advantageous and/or
necessary to base pending computation on the type of object that is received. Fortunately,
Python provides a built-in function just for that very purpose. t ype() returnsthe type for
any Python object, not just the standard types. Using the interactive interpreter, let's take a
look at some examplesof what t ype() returnswhen we give it various objects.

>>> type(' ")
<type 'string' >
>>>

>>> s = 'xyz'
>>>

>>> type(s)
<type 'string' >
>>>

>>> type(100)
<type 'int'>
>>>

>>> type(-2)
<type 'int'>
>>>

>>> type(0)
<type 'int'>
>>>

>>> type(0+0j)
<type 'conplex' >
>>>

>>> type(OL)
<type 'long int'>
>>>

>>> type(0.0)
<type 'float'>
>>>

>>> type([])
<type 'list'>
>>>

>>> type(())
<type 'tuple' >



>>>

>>> type({})

<type 'dictionary'>
>>>

>>> type(type)
<type 'builtin_function_or_nethod >
>>>

>>> type( Abc)

<type 'class' >

>>>

>>> type( Abc_obj)
<type 'instance'>

Y ou will find most of these types familiar, as we discussed them at the beginning of the
chapter, however, you can now see how Python recognizestypeswitht ype() . Sincewe
cannot usually "look" at atype object to reveal its value from outside the interactive
interpreter, the best use of the type object isto compare it with other type objects to make
this determination.

>>> type(1l. 2e-10+4.5e20j) == type(0+0j):
i>> type('this is a string') == type('"):
i>> type(34L) == type(OL)
%>> type(2.4) == type(3)

Althought ype() returns atype object rather than an integer, say, we can till useit to our
advantage because we can make a direct comparison using thei f statement. We present
below a script in Example 4.1 that shows how we can uset ype() inarun-time

environment.
Example 4.1. Checking the Type (t ypechk. py)

Thefunction di spl ayNunType() takesa numeric argument and usesthet ype()
built-in to indicate its type (or " not a number,” if that isthe case).

<$nopage>

001 1  #!/usr/bin/env python

002 2

003 3 def di spl ayNumlype( nunber):

004 4

005 5 print nunber, "is",

006 6 i f type(nunber) == type(0):

007 7 print 'an integer'’

008 8 elif type(nunber) == type(OL):
009 9 print "a | ong

010 10 elif type(nunber) == type(0.0):



011 11 print "a float'

012 12 elif type(nunber) == type(0+0j):
013 13 print 'a conplex nunber’

014 14 el se: <$nopage>

015 15 print 'not a nunber at all!!"’
016 16

017 17 di spl ayNumrype( - 69)

018 18  di spl ayNunmType(9999999999999999999999L)
019 19 di spl ayNumrype( 98. 6)

020 20 di spl ayNunilype(-5. 2+1. 9j)

021 21 di spl ayNumlype("' xxx")

022 <$nopage>

Running t ypechk. py, we get the following output:

-69 is an integer
9999999999999999999999 is a | ong
98.6 is a float

(-5.2+1.9]) is a conplex nunber
XXX 1S not a nunber at all!!

An alternative to comparing an object's type with a known object's type (as we did above and
in the example below) isto utilizethet ypes module which we briefly mentioned earlier in
the chapter.

>>> jnport types

>>> aFl oat = 1.69

>>> | f type(aFloat) == types. Fl oat Type:

print aFloat, 'is a float type’

... el se:
print aFloat, '"is not a float type'

1.69 is a float type

A summary of operators and built-in functions common to all basic Python typesisgivenin
Table 4.5. The progressing shaded groups indicate hierarchical precedence from

highest-to-lowest order. Elements grouped with similar shading all have equal priority.

Table 4.5. Standard Type Operators and Built-In Functions
operator/function | description | resultlal
string representation

|string r epresentation |string
built-in functions
cnmp(obj 1, obj2) compares two objects integer
repr (obj) string representation string
str(obj) string representation string




type(obj) determines object type |type object
value comparisons

< less than Boolean
> greater than Boolean
<= less than or equal to Boolean
>= greater than or equal to Boolean
== equal to Boolean
I = not equal to Boolean
<> not equal to Boolean
object comparisons

is the same as Boolean
i s not not the same as Boolean
Boolean operators

not logical negation Boolean
and logical conjuction Boolean
or logical disunction Boolean

[a] Those resuilts labelled as "Boolean” indicate a Boolean comparison; since Python does not have a Boolean type per se, the
result returned is a plain integer with value O (for false) or 1 (for true).
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Categorizing the Standard Types

If we were to be maximally verbose in describing the standard types, we would probably call
them something like Python's "basic built-in data object primitive types.”

« "Basic," indicating that these are the standard or core types that Python provides

"Built-in," due to the fact that types these come default with Python. (We use this term
very loosely so asto not confuse them with Python built-in variables and functions.)

« "Data," because they are used for general data storage

« "Object," because objects are the default abstraction for data and functionality

« "Primitive," because these types provide the lowest-level granularity of data storage
o "Types," because that's what they are: data types!

However, this description does not really give you an idea of how each type works or what
functionality appliesto them. Indeed, some of them share certain characteristics, such as how
they function, and others share commonality with regards to how their data values are
accessed. We should also be interested in whether the data that some of these types hold can
be updated and what kind of storage they provide.

There are three different models we have come up with to help categorize the standard types,
with each model showing us the interrelationships between the types. These models help us
obtain a better understanding of how the types are related, as well as how they work.

Storage Model

The first way we can categorize the typesis by how many objects can be stored in an object
of thistype. Python's types, as well as types from most other languages, can hold either
single or multiple values. A type which holds a single object we will call literal or scalar
storage, and those which can hold multiple objects we will refer to as container storage.
(Container objects are also referred to as composite or compound objectsin the
documentation, but some of these refer to objects other than types, such as class instances.)
Container types bring up the additional issue of whether different types of objects can be
stored. All of Python's container types can hold objects of different types. Table 4.6

categorizes Python's types by storage model.

Table 4.6. Types categorized by the Storage Model
Storage model category Python types that fit category
literal/scalar numbers (all numeric types), strings
container lists, tuples, dictionaries
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Although strings may seem like a container type since they "contain” characters (and usually
more than one character), they are not considered as such because Python does not have a
character type (see Section 4.8). Thus, because strings are self-contained literals.

Update Model

Another way of categorizing the standard types is by asking the question, "Once created, can
objects be changed or their values updated?' When we introduced Python types early on, we
indicated that certain types allow their values to be updated and others do not. Mutable
objects are those whose values can be changed, and immutabl e objects are those whose
values cannot be changed. Table 4.7 illustrates which types support updates and which do

not.

Table 4.7. Types Categorized by the Update Model

Update model category Python types that fit category
mutable lists, dictionaries
immutable numbers, strings, tuples

Now after looking at the table, a thought which must immediately come to mind is, "Wait a
minute! What do you mean that numbers and strings are immutable? I've done things like the
following:"

x = 'Python nunbers and strings'
X = "are i mutabl e?!? Wat gives?
i =0

i =i +1

"They sure as heck don't look immutable to me!" That is true to some degree, but looks can
be deceiving. What is really happening behind the scenesisthat the original objects are
actually being replaced in the above examples. Yes, that is right. Read that again.

Rather than pointing to the original objects, new objects with the new values were allocated
and (re)assigned to the original variable names, and the old objects were garbage-collected.
One can confirm thisby using thei d() built-in function to compare object identities before
and after such assignments.

If we added callstoi d() inour example above, we may be able to see that the objects are
being changed, as below:

X = 'Python nunbers and strings'
print id(x)

X = "are imutabl e?!? Wat gives?
print id(x)

i =0

print id(i)

=i +1

print id(i)




Upon executing our little piece of code, we get the following output. Y our mileage will vary
since object IDswill differ from system to system and are memory location dependent:

16191392
16191232
7749552
7749600

On theflip side, lists can be modified without replacing the original object, asillustrated in
the code below.

>>> aglist = [ 'ammonia', 83, 85, 'lady' ]
>>> ali st

['ammoni a', 83, 85, 'lady']

>>>

>>> ali st[ 2]
85

>>>

>>> jd(aList)
135443480
>>>

>>> alist[2]
>>> alist[ 3]
>>> ali st
['ammonia', 83, 86, 'stereo']
>>>

>>> j d(aLi st)

135443480

>>>

>>> ali st. append(' gaudy')

>>> ali st.append(aList[2] + 1)

aList[2] + 1
'stereo'

>>> ali st

['ammoni a', 83, 86, 'stereo', 'gaudy', 87]
>>>

>>> jd(aList)

135443480

Notice how for each change, the ID for the list remained the same.
Access Model

Although the previous two models of categorizing the types are useful when being
introduced to Python, they are not the primary models for differentiating the types. For that
purpose, we use the access model. By this, we mean, how do we access the values of our
stored data? There are three categories under the access model: direct, sequence, and
mapping. The different access models and which types fall into each respective category are



givenin Table4.8.

Table 4.8. Types Categorized by the Access Model

access model category types that fit category
direct numbers
seguence strings, lists, tuples
mapping dictionaries

Direct types indicate single element, non-container types. All numeric typesfit into this
category.

Sequence types are those whose elements are sequentially-accessible viaindex values
starting at 0. Accessed items can be either single elements or in groups, better known as
dlices. Typeswhich fall into this category include strings, lists, and tuples. As we mentioned
before, Python does not support a character type, so, although strings are literals, they are a
sequence type because of the ability to access substrings sequentially.

Mapping types are similar to the indexing properties of sequences, except instead of indexing
on asequential numeric offset, elements (values) are unordered and accessed with a key, thus
making mapping types a set of hashed key-value pairs.

We will use this primary model in the next chapter by presenting each access model type and
what all typesin that category have in common (such as operators and built-in functions),
then discussing each Python standard type that fits into those categories. Any operators,
built-in functions, and methods unique to a specific type will be highlighted in their
respective sections.

So why this side trip to view the same data types from differing perspectives? Well, first of
al, why categorize at al? Because of the high-level data structures that Python provides, we
need to differentiate the "primitive" types from those which provide more functionality.
Another reason is to be clear on what the expected behavior of atype should be. For
example, if we minimize the number of times we ask ourselves, "What are the differences
between lists and tuples again?* or "What types are immutable and which are not?' then we
have done our job. And finally, certain categories have general characteristics which apply to
all types which belong to a certain category. A good craftsman (and craftswoman) should
know what is availablein his or her toolboxes.

The second part of our inquiry asks, why all these different models or perspectives? It seems
that there is no one way of classifying al of the data types. They all have crossed
relationships with each other, and we fedl it best to expose the different sets of relationships
shared by all the types. We aso want to show how each typeisuniqueinits own right. No
two types map the same across al categories. And finally, we believe that understanding all
these relationships will ultimately play an important implicit role during development. The
more you know about each type, the more you are apt to use the correct ones in the parts of
your application where they are the most appropriate, and where you can maximize
performance.

We summarize by presenting a cross-reference chart (see Table 4.9) which shows all the

standard types, the three different models we use for categorization, and where each type fits
into these models.

Table 4.9. Categorizing the Standard Types
Data Type Storage Model Update Model Access Mode
numbers literal/scalar immutable direct




strings literal/scalar immutable sequence

lists container mutable seguence

tuples container immutable sequence

dictionaries container mutable mapping
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Unsupported Types

Before we explore each standard type, we conclude this chapter by giving alist of types that
are not supported by Python.

Boolean
Unlike Pascal or Java, Python does not feature the Boolean type. Use integers instead.
char or byte

Python does not have a char or byte type to hold either single character or 8-bit integers. Use
strings of length one for characters and integers for 8-bit numbers.

pointer

Since Python manages memory for you, there is no need to access pointer addresses. The
closest to an address that you can get in Python is by looking at an object's identity using the
i d() built-in function. Since you have no control over thisvalue, it'samoot point.

int vs. short vs. long

Python's plain integers are the universal "standard” integer type, obviating the need for three
different integer types, i.e.,, C'si nt, short, andl ong. For therecord, Python's integers
areimplemented as C | ongs. For values larger in magnitude than regular integers (usually
your system architecture size, i.e., 32-bit), use Python's| ong integer.

float vs. double

C has both asingle precision f | oat type and double-precision doubl e type. Python's

f1 oat typeisactually aC doubl e. Python does not support a single-precision floating
point type because its benefits are outweighed by the overhead required to support two types
of floating point types.
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Exercises

1. Python Objects. What three values are associated with all Python objects?
2:  Types. Which Python types are immutable?
3:  Types. Which Python types are sequences?

4. type() Built-in Function. What doesthet ype() built-in function do? What
kind of object doest ype() return—an integer or an object?

5 str() andrepr () Built-in Functions. What are the differences between the
str() andrepr () built-infunctions and the backquote (* ~ ) operator?

6. Object Equality. What do you think is the difference between the expressions
type(a) == type(b) andtype(a) istype(b)?

7. dir () Built-in Function. In Exercises 2-12 and 2-13, we experimented with a
built-in function called di r () which takes an object and revealsits attributes. Do
the same thing for thet ypes module. Write down the list of the types that you
are familiar with, including all you know about each of these types; then create a
separate list of those you are not familiar with. Asyou learn Python, deplete the
"unknown" list so that al of them can be moved to the "familiar with" list.
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Chapter 5. Numbers

Chapter Topics
« Introduction to Numbers
o Integers
o (Plain) Integers
o Long Integers
» Floating Point Real Numbers
o Complex Numbers
o Operators
« Built-in Functions
» Related Modules

In this chapter, we will focus on Python's numeric types. We will cover each type in detail,
then present the various operators and built-in functions which can be used with numbers.
We conclude this chapter by introducing some of the standard library modules which deal
with numbers.
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Introduction to Numbers

Numbers provide literal or scalar storage and direct access. Numbers are also an immutable
type, meaning that changing or updating its value resultsin anewly allocated object. This
activity is, of course, transparent to both the programmer and the user, so it should not
change the way the application is devel oped.

Python has four types of numbers: "plain” integers, long integers, floating point real
numbers, and complex numbers.

How to Create and Assign Numbers (Number Objects)

Creating numbersis as simple as assigning avalue to a variable:

anint =1
lalong = -9999999999999999L
aFl oat = 3.1415926535897932384626433832795

aConplex = 1.23 + 4.56J

How to Update Numbers

Y ou can "update” an existing number by (re)assigning a variable to another number. The
new value can be related to its previous value or to a completely different number altogether.

anlnt = anlnt + 1
aFl oat = 2.718281828

How to Remove Numbers

Under normal circumstances, you do not really "remove" anumber; you just stop using it! If
you really want to delete a reference to a number object, just usethedel statement
(introduced in Section 3.5.6). Y ou can no longer use the variable name, once removed,
unless you assign it to a new object; otherwise, you will cause a NaneEr r or exception to
occur.

del anl nt
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del alLong, aFl oat, aConpl ex

Okay, now that you have a good idea of how to create and update numbers, let us take a look
at Python's four numeric types.

<BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.



http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=91
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D91&bookname=0130260363&snode=91

<BACK Make Note | Bookmark CONTINUE >

Integers

Python has two types of integers. Plain integers are the generic vanilla (32-bit) integers
recognized on most systems today. Python also has along integer size; however, these far
exceed the size provided by C | ongs. Wewill take alook at both types of Python integers,
followed by a description of operators and built-in functions applicable only to Python
integer types.

(Plain) Integers

Python's "plain” integers are the universal numeric type. Most machines (32-bit) running
Python will provide arange of -231 to 231-1, that is-2,147,483,648 to 2,147,483,647. Here
are some examples of Python integers:

0101 84 - 237 0x80 017 - 680 - 0X92

Python integers are implemented as (signed) | ongs in C. Integers are normally represented
in base 10 decimal format, but they can aso be specified in base eight or base sixteen
representation. Octal values have a"0" prefix, and hexadecimal values have either "Ox" or
"0X" prefixes.

Long Integers

Thefirst thing we need to say about Python long integersisto not get them confused with
long integersin C or other compiled languages—these values are typically restricted to 32-
or 64-bit sizes, whereas Python long integers are limited only by the amount of (virtual)
memory in your machine. In other words, they can be very L-O-N-G longs.

Long integers are a superset of integers and are useful when the range of plain integers
exceeds those of your application, meaning less than -231 or greater than 231-1. Use of long
integersis denoted by an upper- or lowercase (L) or (I ), appended to the integer's numeric
value. Values can be expressed in decimal, octal, or hexadecimal. The following are
examples of long integers:

16384L -Ox4E8L 017L -2147483648| 052144364L

299792458 O0x DECADEDEADBEEFBADFEEDDEAL - 5432101234L
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NOTE

Although Python supports a case-insensitive "L" to denote long integers, we recommend that
you use only the uppercase "L" to avoid confusion with the number "one" ( 1). Python will
display only long integers with a capital "L."

>>> along = 999999999

>>> along

999999999L
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Floating Point Real Numbers

Floats in Python are implemented as C doubl es, double precision floating point real
numbers, values which can be represented in straightfoward decimal or scientific notations.
These 8-byte (64-bit) values conform to the IEEE 754 definition (52M/11E/1S) where 52 bits
are alocated to the mantissa, 11 bits to the exponent (this gives you about + 1030825 in
range), and the final bit to the sign. That all sounds fine and dandy; however, the actual
amount of precision you will receive (along with the range and overflow handling) depends
completely on the architecture of the machine as well as the implementation of the compiler
which built your Python interpreter.

Floating point values are denoted by a decimal point (. ) in the appropriate place and an
optional "€" suffix representing scientific notation. We can use either lowercase (e ) or
uppercase ( E ). Positive (+) or negative ( - ) signs between the "€" and the exponent indicate
the sign of the exponent. Absence of such a sign indicates a positive exponent. Here are
some floating point values:

0.0 -777. 1.6 -5. 555567119 96e3 * 1.0

4.3e25 9.384e-23 -2.172818 float(12) 1. 000000001

3.1416 4.2E-10 - 90. 6. 022e23 -1. 609E- 19
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Complex Numbers

A long time ago, mathematicians were stumped by the following equation:

::{2:—1

The reason for thisis because any real number (positive or negative) multiplied by itself
resultsin a positive number. How can you multiply any number with itself to get a negative
number? No such real number exists. So in the eighteenth century, mathematicians invented
something called an imaginary number i (or j]— depending what math book you are reading)
such that:

e

Basically a new branch of mathematics was created around this special number (or concept),
and now imaginary numbers are used in numerical and mathematical applications.
Combining areal number with an imaginary number forms a single entity known as a
complex number. A complex number is any ordered pair of floating point real numbers (x,
y) denoted by x + y | wherex isthereal part andy isthe imaginary part of acomplex
number.

Here are some facts about Python's support of complex numbers:
« Imaginary numbers by themselves are not supported in Python
« Complex numbers are made up of real and imaginary parts
« Syntax for acomplex number: r eal +i nmag |
« Both real and imaginary components are floating point values
o Imaginary part is suffixed with letter "J' lowercase (] ) or upper (J)

The following are examples of complex numbers:

64. 375+1] 4. 23- 8. 5 0.23-8.55] 1.23e-045+6. 7e+089]
6. 23+1. 5 -1.23-875J 0+1j 9. 80665-8. 31441] -.0224+0]

Complex Number Built-in Attributes

Complex numbers are one example of objects with data attributes (Section 4.1.1). The data
attributes are the real and imaginary components of the complex number object they belong
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to. Complex numbers also have a method attribute which can be invoked, returning the
complex conjugate of the object.

>>> aConpl ex = -8.333-1. 47]
>>> aConpl ex
(-8.333-1.47j)

>>> aConpl ex. rea

-8.333

>>> aConpl ex. i mag

-1. 47

>>> aConpl ex. conj ugat e()
(-8.333+1. 47j)

Table 5.1 describes the attributes which complex numbers have:

Table 5.1. Complex Number Attributes

attribute desciption
num real real component of complex number num
num i mag imaginary component of complex number num
num conj ugat e() returns complex conjugate of num
<BACK Make Note | Bookmark CONTINUE >
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Operators

Numeric types support awide variety of operators, ranging from the standard type of
operators to operators created specifically for numbers, and even some which apply to
integer types only.

Mixed-Mode Operations

It may be hard to remember, but when you added a pair of numbersin the past, what was
important was that you got your numbers correct. Addition using the plus ( + ) sign was
always the same. In programming languages, this may not be as straightforward because
there are different types of numbers.

When you add a pair of integers, the + represents integer addition, and when you add a pair
of floating point numbers, the + represents double-precision floating point addition, and so
on. Our little description extends even to non-numeric typesin Python. For example, the +
operator for strings represents concatenation, not addition, but it uses the same operator! The
point isthat for each data type that supports the + operator, there are different pieces of
functionality to "make it all work," embodying the concept of overloading.

Now, we cannot add a number and a string, but Python does support mixed mode operations
strictly between numeric types. When adding an integer and a float, a choice has to be made
as to whether integer or floating point addition is used. Thereis no hybrid operation. Python
solves this problem using something called numeric coercion. Thisis the process whereby
one of the operands is converted to the same type as the other before the operation. Python
perform's numeric coercion by following some rules:

To begin with, if both numbers are the same type, no conversion is necessary. When both
types are different, a search takes place to see whether one number can be converted to the
other'stype. If so, the operation occurs and both numbers are returned, one having been
converted. There are rules that must be followed since certain conversions are impossible,
such as turning afloat into an integer, or converting a complex number to any non-complex
number type.

Coercions which are possible, however, include turning an integer into afloat (justadd " . 0
") or converting any non-complex type to a complex number (just add a zero imaginary
component, i.e., " 0j "). Therules of coercion follow from these two examples: integers
move towards float, and all move toward complex. The Python Reference Guide describes
thecoer ce() operation in the following manner:

« If either argument is a complex number, the other is converted to complex;

« Otherwise, if either argument is a floating point number, the other is converted to
floating point;
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« Otherwise, if either argument is along integer, the other is converted to long integer;

« Otherwise, both must be plain integers and no conversion is necessary (in the
upcoming diagram, this describes the rightmost arrow).

The following flowchart illustrates these coercion rules:

Figure 5.1. Numeric coercion.
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Automatic numeric coercion makes life easier for the programmer since he or she does not
have to worry about adding coercion code to his or her application. If explicit coercionis
desired, Python does provide the coer ce() built-in function (described later in Section
5.6.2).

If thereis any bad news about coercion and mixed-mode operations, it is that no coercion is
performed during an operation. For example, if you multiply two integers together forming a
result that istoo large for an integer, no conversion to along takes place, and your operation
will fail:

>>> 999999 * 999999
Traceback (innernost |ast):

File "<stdin>", line 1, in ?
OverflowError: integer nultiplication



A workaround to such a situation isto try to detect if such problems may occur, and if so,
perform a manual conversion of both integersto longs by using thel ong() built-in
function before the operation.

Below is an example showing you Python's automatic coercion. The 2 is converted to along
before the operation.

>>> 999999L ** 2.
99999B000001L

Standard Type Operators

The standard type operators discussed in the previous chapter all work as advertised for
numeric types. Mixed-mode operations, described above, are those which involve two
numbers of different types. The values are internally converted to the same type before the
operation is applied.

Here are some examples of the standard type operators in action with numbers:

>>> 5,2 == 5.2

>>> -719 >= 833

>>> H5+4e >= 2-3e

>>> 2 <5 <9 # same as ( 2 <5 ) and ( 5 <9)
>>> 77 > 66 == 66 # same as ( 77 > 66 ) and ( 66 == 66 )
>>> 0. < -90.4 <55.3e2 =3 < 181

>>> (-1 < 1) or (1 < -1)

Numeric Type (Arithmetic) Operators

Python supports unary operators for no change and negation, + and - , respectively; and
binary arithmetic operators+, -, *, [/, 9% and**, for addition, subtraction,
multiplication, division, modulo, and exponentiation, respectively.

Rules and exceptions. Any zero right-hand argument for division and modulo will result in a
Zer oDi vi si onEr r or exception. Integer modulo is straightforward integer division
remainder, while for float, take the difference of the dividend and the product of the divisor
and the quotient of the quantity dividend divided by the divisor rounded down to the closest
integer,i.e,x - (math.floor(x/y) * vy, or



X

'}r

For complex number modul o, take only the real component of the division result, i.e., X -
(math.floor((x/y).real) * y).

X — Xy

The exponentiation operator has a peculiar precedence rule in its relationship with the unary
operators: It binds more tightly than unary operatorsto its left, but less tightly than unary
operators to itsright. Due to this characteristic, you will find the * * operator twice in the
numeric operator chartsin this text. Here are some examples:

>>> 3 ** 2

9

>>> -3 ** 2 # ** binds together than - to its left
-9

>>> (-3) ** 2 # group to cause - to bind first

9>>> 4.0 ** -1.0 # ** binds |ooser than - to its right
0.25

In the second case, it performs 3 to the power of 2 (3-squared) before it applies the unary

negation. We need to use the parentheses around the "-3" to prevent this from happening. In

the final example, we see that the unary operator binds more tightly because the operation is
|

1 over quantity 4 to the first power 4" or Y. Note that 1/4 as an integer operation resultsin
an integer 0, so integers are not allowed to be raised to a negative power (it is afloating point
operation anyway), as we will show here:

>>> 4 -]
Traceback (innernost |ast):
File "<stdin>", line 1, in ?
Val ueError: integer to the negative power

A summary of all arithmetic operators, in shaded hierarchical order from highest-to-lowest
priority isfound Table 5.2. All the operators listed here rank higher in priority than the
bitwise operators for integers, found in Section 5.5.4.

Table 5.2. Numeric Type Arithmetic Operators

arithmetic operator function
exprl** expr2 expr 1 raised to the power of expr 2 [d
+ expr (unary) expr sign unchanged
- expr (unary) negation of expr
exprl** expr2 exp1l raised to the power of expr 2 [&
exprl* expr2 expr 1 timesexpr 2
exprl/ expr2 expr 1 divided by expr 2
expr 1 %expr 2 expr 1 modulo expr 2




expr1+expr2 expr 1 plusexpr 2

exprl- expr?2 expr 1 minusexpr 2

(@ blinds tighter than unary operators to its left and looser than unary operators to its right

Be aware that integer division truncates. To obtain the correct fractional result, use floating
point numbers instead

>>> 3 /[ 4

0

>>> 3.0/ 4.0
0.75

Here are afew more examples of Python's numeric operators.

>>> -442 - 77

-519

>>>

>>> 4 ** 3

64

>>>

>>> 4,2 ** 3.2

98. 7183139527

>> 8/ 3

2

>>> 8.0/ 3.0

2. 66666666667

>>> 8 % 3

2

>>> (60. - 32.) * ( 5./ 9.)
15. 5555555556

>>> 14 * 0x04

56

>>> 0170 / 4

30

>>> 0x80 + 0777

639

>>> 451 * 22L

990L

>>> 16399L + OxA94E8L
709879L

>>> -2147483648L - 52147483648L
-54294967296L

>>> 64.375+1] + 4.23-8.5j
(68.605-7.5j)

>>> 0+1] ** 2 # same as O0+(lj**2)
(-1+0j)
>>> 1+1j ** 2 # sanme as 1+(1j**2)

0]



>>> (1+1j) ** 2
2

Note how the exponentiation operator is still higher in priority than the binding addition
operator that delimits the real and imaginary components of a complex number. Regarding
the last two examples above, we grouped the components of the complex number together to
obtain the desired result.

*Bit Operators (Integer-only)

Python integers may be manipulated bitwise and the standard bit operations are supported:
inversion, bitwise AND, OR, and exclusive OR (a.k.a. XOR), and left and right shifting.
Here are some facts regarding the bit operators:

« Negative numbers are treated as their 2's complement value.

« Left and right shifts of N bits are equivalent to multiplication and division by (2 ** N)
without overflow checking.

« For long integers, the bit operators use a "modified” form of 2's complement, acting as
if the sign bit were extended infinitely to the left.

The bit inversion operator ( ~ ) has the same precedence as the arithmetic unary operators,
the highest of all bit operators. The bit shift operators ( << and >> ) come next, having a
precedence one level below that of the standard plus and minus operators, and finally we
have the bitwise AND, XOR, and OR operators (&, ", | ), respectively. All of the bitwise
operators are presented in the order of descending priority in Table 5.3.

Table 5.3. Integer Type Bitwise Operators

bitwise operator function
~num (unary) invert the bits of num, yielding -( num+ 1)
numl << nun expr 1 left shifted by expr2 bits
nunml >> nung expr 1 right shifted by expr2 bits
numl & nung expr 1 bitwise AND with expr 2
nunl ~ nung expr 1 bitwise XOR (exclusive OR) with expr 2
numl | nun® expr 1 bitwise OR with expr 2

We will now present some examples using the bit operators using 30 (011110), 45 (101101),
and 60 (111100):

>>> 30 & 45
12

>>> 30 | 45
63

>>> 45 & 60
44

>>> 45 | 60
61

>>> ~30

-31

>>> ~45




- 46
>>> 45 << 1
90
>>> 60 >> 2
15
>>> 30 A 45
51
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Built-in Functions
Standard Type Functions

In the last chapter, we introduced thecnp(), str(), andtype() built-in functions that
apply for al standard types. For numbers, these functions will compare two numbers, convert
numbers into strings, and tell you a number's type, respectively. Here are some examples of
using these functions:

>>> cnp(-6, 2)]

-1

>>> cnp(-4.333333, -2.718281828)
-1

>>> cnp( OxFF, 255)

0

>>> str ( OxFF)

' 255

>>> str(55. 3e2)

' 5530. 0

>>> type( OxFF)

<type 'int'>

>>> type(98765432109876543210L)
<type 'long int'>

>>> type(2-1j)

<type 'conpl ex' >

Numeric Type Functions

Python currently supports different sets of built-in functions for numeric types. Some convert
from one numeric type to another while others are more operational, performing some type of
calculation on their numeric arguments.

Conversion

Theint(), long(), float(), andconpl ex() built-in functions are used to
convert from any numeric type to another. Starting in Python 1.5, these functions will aso
take strings and return the numerical value represented by the string.

The following are some examples using the numeric type conversion built-ins:
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>>> jnt (4. 25555)
4

>>> | ong(42)

421

>>> f| oat (4)

4.0

>>> conpl ex(4)
(4+0j)

>>>

>>> conpl ex(2.4, -8)
(2.4-8j)

>>>

>>> conpl ex(2. 3e-10, 45. 3e4)

(2. 3e- 10+453000j )

Table 5.4 nutshells these numeric type conversion built-in functions.

Table 5.4. Numeric Type Conversion Built-in Functions

function

operation

i nt( obj, base=10)

converts string or number obj to (plain) integer; provides same
behavior asst ri ng. at oi () ; optional base argument introduced
inl6

| ong( obj, base=10)

converts string or number obj to long integer; provides same
behavior asstri ng. at ol (); optional base argument
introduced in 1.6

float( obj)

converts string or number obj to floating point; provides same
behavior asst ri ng. at of ()

conpl ex( str ) or conpl ex(
real, img=0.0)

convertsstring st r to complex, or takesr eal (and perhapsi mag
inary) numbers and returns a complex number with those
components

Operational

Python has five operational built-in functions for numeric types: abs(), coerce(),
di vod(), pow(), andround(). Wewill take alook at each and present some usage

examples.

abs() returnsthe absolute value of the given argument. If the argument is a complex
number, then mat h. sqrt ( num real 2 + num i mag?2) isreturned. Here are some
examples of using theabs () built-in function:

>>> abs(-1)

1

>>> abs(10.)

10.0

>>> abs(1.2-2.1j)
2.41867732449

>>> abs(0.23 - 0.78)
0.55




Thecoer ce() function, although it technically is a numeric type conversion function, does
not convert to a specific type and acts more like an operator, hence our placement of it in our
operational built-ins section. In Section 5.5.1, we discussed numeric coercion and how Python
performs that operation. The coer ce() function isaway for the programmer to explicitly
coerce apair of numbers rather than letting the interpreter do it. Thisfeatureis particularly
useful when defining operations for newly-created numeric classtypes. coer ce() just
returns a tuple containing the converted pair of numbers. Here are some examples:

>>> coerce(l, 2)

(1, 2)

>>>

>>> coerce(1l.3, 134L)
(1.3, 134.0)

>>>

>>> coerce(1l, 134L)
(1L, 134L)

>>>

>>> coerce(lj, 134L)

(1), (134+0j))

>>>

>>> coerce(1l.23-41j, 134L)
((1.23-41j), (134+0j))

Thedi vrnod() built-in function combines division and modulus operationsinto asingle
function call that returns the pair (quotient, remainder) as atuple. The values returned are the
same as those given for the standalone division and modulus operators for integer types. For
floats, the quotient returned ismat h. f | oor ( numil/ nun® ) and for complex numbers, the
quotientismat h. f | oor (( nunil/ nun® ) .real).

>>> di vnod( 10, 3)

(3, 1)

>>> di vnod( 3, 10)
(0, 3)

>>> di vnod( 10, 2. 5)
(4.0, 0.0)

>>> di vnod( 2. 5, 10)
(0.0, 2.5)

>>> di vnod(2+1j, 0.5-1j)
(0j, (2+1j))

Both pow( ) and the double star ( * * ) operator perform exponentiation; however, there are
differences other than the fact that one is an operator and the other is a built-in function.

The* * operator did not appear until Python 1.5, and the pow( ) built-in takes an optional
third parameter, a modulus argument. If provided, pow( ) will perform the exponentiation



first, then return the result modulo the third argument. This feature is used for cryptographic
applications and has better performance than pow x, y) % z since the latter performs the
calculations in Python rather thanin C likepow( x, vy, z).

>>> pow 2, 5)

32

>>>

>>> pow 5, 2)

25

>>> pow( 3. 141592, 2)
9. 86960029446

>>>

>>> pow( 1+1j, 3)
(-2+2))

Ther ound() built-in function has a syntax of round (f | t, ndi g=0) . It normally rounds a
floating point number to the nearest integral number and returns that result (still) as afloat.
When the optional third ndi g optionisgiven, r ound() will round the argument to the
specific number of decimal places.

>>> round(3)

3.0

>>> round( 3. 45)

3.0

>>> round(3.4999999)

3.0

>>> round(3.4999999, 1)

3.5

>>> jnport math

>>> for eachNumin range(10):
print round(math.pi, eachNum

0

1

14

142

1416

14159

141593
1415927
14159265
141592654

. 1415926536
>>> round(-3.5)
-4.0

>>> round(- 3. 4)
-3.0

>>> round(- 3. 49)

W 000 W W LW W W :



-3.0
>>> round(-3.49, 1)
-3.5

Note that the rounding performed by r ound() moves away from zero on the number line,
i.e,round(.5) goestolandround(-.5) goesto-1. Also, with functionslikei nt (),
round(), andrmat h. f1 oor (), al may seem like they are doing the same thing; it is
possible to get them all confused. Here is how you can differentiate anong these:

« i nt() chopsoff thedecimal point and everything after (a.k.a. truncation).

o floor () roundsyou to the next smaller integer, i.e., the next integer movingin a
negative direction (towards the left on the number line).

« round() (rounded zero digits) rounds you to the nearest integer period.

Here isthe output for four different values, positive and negative, and the results of running
these three functions on eight different numbers. (We reconverted the result fromi nt ()
back to afloat so that you can visualize the results more clearly when compared to the output
of the other two functions.)

>>> jnport math
>>> for eachNumin (.2, .7, 1.2, 1.7, -.2, -.7, -1.2, -1.7):
print "int(%1f)\t%. 1f" % (eachNum fl oat (i nt(eachNunm)))
print "floor(% 1f)\t%. 1f" % (eachNum
mat h. f | oor (eachNum))
print "round(% 1f)\t%*. 1f" % (eachNum round(eachNum)

print '-' * 20
i nt (0. 2) +0.0
floor (0. 2) +0.0
round(0. 2) +0.0
int(0.7) +0.0
floor(0.7) +0.0
round( 0. 7) +1.0
int(1l.2) +1.0
floor(1.2) +1.0
round(1. 2) +1.0
int(1l.7) +1.0
floor(1.7) +1.0
round(1.7) +2.0
int(-0.2) +0.0
floor(-0.2) -1.0
round(-0. 2) +0.0
int(-0.7) +0.0

floor(-0.7) -1.0



round(-0.7) -1.0

int(-1.2) -1.0
floor(-1.2) -2.0
round(-1.2) -1.0
int(-1.7) -1.0
floor(-1.7) -2.0
round(-1.7) -2.0

Tableb.5 summarizes the operational functions for numeric types:

Table 5.5. Numeric Type Operational Built-in Functions[al

function operation
abs( num) returns the absolute value of num
coerce( numl, nun?) converts nunil and nun® to the same numeric type and returns the
converted pair asatuple
di vmod( nunl, nun?) division-modulo combination returns (numL / nun®2, nunml %

nunmR) asatuple. For floats and complex, the quotient is rounded down
(complex uses only real component of quotient)

pow nunil, nunR, nod =1) |raisesnurml to nun® power, quantity modulo mod if provided

round( flt, ndig=0) (floats only) takes afloat f | t and roundsit to ndi g digits, defaulting to
zero if not provided

[al except for r ound( ), which applies only to floats
Integer-only Functions

In addition to the built-in functions for all numeric types, Python supports afew that are
specific only to integers (plain and long). These functions fall into two categories, base
presentation with hex() and oct (), and ASCII conversion featuring chr () andor d() .

Base Representation

Aswe have seen before, Python integers automatically support octal and hexadecimal
representations in addition to the decimal standard. Also, Python has two built-in functions
which return string representations of an integer's octal or hexadecimal equivalent. These are
theoct () and hex() built-in functions, respectively. They both take an integer (in any
representation) object and return a string with the corresponding value. The following are
some examples of their usage:

>>> hex(255)
"Oxff!

>>> hex(23094823l)
' 0x1606627L'

>>> hex(65535*2)
"Ox1fffe

>>>

>>> oct (255)
0377

>>> oct (23094823l)



' 0130063047L'
>>> oct (65535*2)

' 0377776'

ASCII Conversion

Python also provides functions to go back and forth between ASCII (American Standard
Code for Information Interchange) characters and their ordinal integer values. Each character
is mapped to a unique number in atable numbered from 0 to 255. This number does not
change for all computers using the ASCI| table, providing consistency and expected program
behavior across different systems. chr () takes asingle-byte integer value and returns a
one-character string with the equivalent ASCII character. or d() doesthe opposite, taking a
single ASCII character in the form of a string of length one and returns the corresponding
ASCII value as an integer:

>>> ord(
97
>>> ord(
65
>>> or d(
48

‘a')
A

" 0')

>>> chr (97)

Ial

>>> chr (65L)

|A|

>>> chr (48)

|O|

Table 5.6 shows all built-in functions for integer types.

Table 5.6. Integer Type Built-in Functions

function operation
hex( num) |converts numto hexadecimal and return as string
oct ( num) |converts numto octal and return as string
chr ( num) [takes ASCII value numand returns ASCII character as string; 0 <= num<= 255 only
ord( chr ) |takesASCII chr and returns corresponding ordinal ASCII value; chr must be a string of
length 1
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Related Modules

There are anumber of modules in the Python standard library that add-on to the functionality
of the operators and built-in functions for numeric types. Table 5.7 lists the key modules for

use with numeric types. Refer to the literature or online documentation for more information

on these modules.

Table 5.7. Numeric Type Related Modules

module contents
array implements array types... arestricted sequence type
mat h/ crmat h [supplies standard C library mathematical functions, most functions availablein mat h are
implemented for complex numbersin the crmat h module
oper at or |contains numeric operators available asfunction calls, i.e., oper at or. sub(m n) is
equivalent to the difference (m - n) for numbers mand n
random is default RNG module for Python... obsoletesr and and whr andom

For advanced numerical and scientific mathematics applications, there is also awell known
external module called NunPy which may be of interest to you.

NOTE

Ther andommodule is the general -purpose place to go if you are looking for random
numbers. The random number generator (RNG), based on the Wichmann-Hill algorithm,
comes seeded with the current timestamp and is ready to go as soon asit has loaded. Here
are four of the most commonly used functions in the r andommodule:

randi nt ()

takes two integer values and returns a random integer between those values inclusive

uni form()

does almost the samething asr andi nt (), but returnsa float and isinclusive only of the
smaller number (exclusive of the larger number)

randon)

worksjust likeuni f or m() except that the smaller number isfixed at 0.0, and the larger
number isfixed at 1.0

choi ce()

given a sequence (see Chapter 6), randomly selects and returns a sequence item

We have now come to the conclusion of our tour of al of Python's numeric types. A
summary of operators and built-in functions for numeric typesisgiven in Table 5.8.

Table 5.8. Operators and Built-in Functions for All Numeric Types

Operator/built-in Description int |long |float complex Result [a]
abs() absolute value I C . . numberal@l
chr() character L O string
coerce() numeric coercion L . . tuple
compl ex() complex conversion L . . complex
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di vimod() division/modulo . tuple
float() float conversion . float
hex() hexadecimal string string
int() int conversion . int
[ ong() long conversion . long
oct () octal string string
ord() ordinal (string) int
pow() exponentiation . number
round() float rounding . float
* % [b] exponentiation . number
+1d no change . number
- [ negation . number
~[c bit inversion int/long
*% [b] exponentiation . number
* multiplication . number
/ division . number
% modul o/remai nder . number
+ addition . number
- subtraction . number
<< bit left shift int/long
>> bit right shift int/long
& bitwise AND int/long
n bitwise XOR int/long
| bitwise OR int/long
[a aresult of "number" indicates any of the four numeric types
[b] has a unique relationship with unary operators; see Section 5.5.3 and Table 5.2
[c] unary operator
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Exercises

The exercisesin this chapter may first be implemented as applications. Once full functionality and
correctness have been verified, we recommend that the reader convert his or her code to functions which
can be used in future exercises. On arelated note, one style suggestion isto not use pr i nt statementsin
functions. Instead, have the functions return the appropriate value and have the caller perform any output
desired. This keeps the code adaptable and reusable.

1. Integers. Name the differences between Python's plain and long integers.

2: Operators. (a) Create afunction to take two numbers (any type) and output their sum.

(b) Write another function, but output the product of two given numbers.

3:  Sandard Type Operators. Take test score input from the user and output |etter grades
according to the following grade scale/curve;

A:90-100
B: 80-89

C:70-79

D: 60-69

F: <60

4. Modulus. Determine whether a given year isaleap year, using the following formula: aleap
year isonethat isdivisible by four, but not by one hundred, unlessit is also divisible by four
hundred. For example, 1992, 1996, and 2000 are leap years, but 1967 and 1900 are not. The
next leap year falling on a century is 2400.

5. Modulus. Calculate the number of basic American coins given avalue lessthan 1 dollar. A
penny isworth 1 cent, anickel isworth 5 cents, adime isworth 10 cents, and a quarter is worth
25 cents. It takes 100 cents to make 1 dollar. So given an amount less than 1 dollar (if using
floats, convert to integers for this exercise), calculate the number of each type of coin necessary
to achieve the amount, maximizing the number of larger denomination coins. For example,
given $0.76, or 76 cents, the correct output would be "3 quarters and 1 penny." Output such as
"76 pennies’ and "2 quarters, 2 dimes, 1 nickel, and 1 penny" are not acceptable.
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10:

11:

Arithmetic. Create a calculator application. Write code that will take two numbers and an
operator in the format: N1 OP N2, where N1 and N2 are floating point or integer values, and
OPisoneof thefollowing: +, -, *, [/, % **, representing addition, subtraction,
multiplication, division, modulus/remainder, and exponentiation, respectively, and displays the
result of carrying out that operation on the input operands.

Sales Tax. Take amonetary amount (i.e., floating point dollar amount [or whatever currency
you usg]), and determine a new amount figuring all the sales taxes you must pay where you
live.

Geometry. Calculate the area and volume of:

(a) squares and cubes

(b) circles and spheres

Syle. Answer the following numeric format questions:

(8) Why does 17 + 32 give you 49, but 017 + 32 giveyou 47 and 017 + 032 giveyou 41, as
indicated in the examples below?

>>> 17 + 32
49

>>> 017+ 32
47

>>> 017 + 032
41

(b) Why does 56l + 78l give you 134L and not 1342, as indicated in the example below?

>>> 561 + 78I
134L

Conversion. Create a pair of functions to convert Fahrenheit to Celsius temperature values. C
= (F - 32) * (5 / 9) should help you get started.

Modulus. (a) Using loops and numeric operators, output all even numbers from O to 20.

(b) Same as part (a), but output all odd numbers up to 20.

(c) From parts (a) and (b), what is an easy way to tell the difference between even and odd
numbers?

(d) Using part (c), write some code to determine if one number divides another. In your
solution, ask the user for both numbers and have your function answer "yes* or "no" asto
whether one number divides another by returning 1 or O, respectively.



12:

13:

14:

15:

16:

17:

<BACK

Limits. Determine the largest and smallest ints, longs, floats, and complex numbers that your
system can handle.

Conversion. Write afunction that will take atime period measured in hours and minutes and
return the total time in minutes only.

Bank account interest. Create a function to take an interest percentage rate for a bank account,
say, a Certificate of Deposit (CD). Calculate and return the Annual Percentage Yield (APY) if
the account bal ance was compounded daily.

GCD and LCM. Determine the greatest common divisor and least common multiple of a pair of
integers.

Home finance. Take an opening balance and a monthly payment. Using aloop, determine
remaining balances for succeeding months, including the final payment. "Payment 0" should
just be the opening balance and schedule monthly payment amount. The output should bein a
schedule format similar to the following (the numbers used in this example are for illustrative
purposes only):

Ent er openi ng bal ance: 100. 00
Enter nmonthly paynent: 16.13

Amount  Remai ni ng

Pynt # Pai d Bal ance
0 $ 0.00 $100.00
1 $16.13 $ 83.87
2 $16.13 $ 67.74
3 $16.13 $ 51.61
4 $16.13 $ 35.48
5 $16.13 $ 19.35
6 $16.13 $ 3.22
7 $3.22 $ 0.00

* Random numbers. Read up on the random module and do the following problem: Generate a
list of arandom number (1 < N <= 100) of random numbers (0 <= n <= 231 -1). Then randomly
select a set of these numbers (1 <= N <= 100), sort them, and display this subset.
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Chapter 6. Sequences: Strings, Lists, and
Tuples

Chapter Topics
« Introduction to Sequences
o Strings
o Lists
o Tuples

The next family of Python types we will be exploring are those whose items are ordered and
sequentially accessible viaindex offsets into the set. This group, known as sequences,
includes the types: strings, lists, and tuples. We will first describe the general and common
features followed by a closer examination of each type. We will first introduce all operators
and built-in functions that apply to sequence types, then cover each sequence type
individually. For each sequence type, we will provide the following information:

« Introduction

o Operators

« Built-in Functions

« Built-in Methods (if applicable)
» Special Features (if applicable)
« Related Modules (if applicable)

We will conclude this chapter with areference chart that summarizes all the operators and
built-in functions which apply to all sequence types. Let us begin by taking a high-level
overview and examine the operators and built-in functions applicable to all sequence types.
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Sequences

Sequence types all share the same access model: ordered set with sequentially-indexed offsetsto get to
each element. Multiple elements may be achieved by using the dlice operators which we will explore in this
chapter. The numbering scheme used starts from zero (0) and ends with one less the length of the
sequence—the reason for this is because we began at 0. Figure6-1 illustrates how sequence items are

stored.

Figure 6.1. How Sequence Elements Are Stored and Accessed

0 | 2 N-2 N-1
sequence j [ [ e o : E
-N A(N-1)  -(N-2) 2 -1

N == length of sequence == 1z=n(sequence)

Operators

A list of all the operators applicable to all sequencetypesisgivenin Table6.1. The operators appear in
hierarchical order from highest to lowest with the levels alternating between shaded and unshaded.

Table 6.1. Sequence Type Operators

Sequence Operator Function
seq[ i nd] element located at index i nd of seq
seq[ i ndl:ind2] eementsfromindexi nd1toi nd2 of seq
seq* expr seq repeated expr times
seql +seq2 concatenates sequences seql and seq2
obj i nseq testsif obj isamember of sequence seq
obj not inseq testsif obj isnot amember of sequenceseq

Membership (in, not in)

Membership test operators are used to determine whether an element isin or is a member of a sequence.
For strings, thistest is whether a character isin a string, and for lists and tuples, it is whether an object isan
element of those sequences. Thei n and not i n operators are Boolean in nature; they return the integer
oneif the membership is confirmed and zero otherwise.

The syntax for using the membership operatorsis as follows:
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obj [ not ] in
sequence

Concatenation (+)

This operation allows us to take one sequence and join it with another sequence of the same type. The
syntax for using the concatenation operator is as follows:

sequencel + sequence?2

The resulting expression is a new sequence which contains the combined contents of sequences sequencel
and sequence2.

Repetition (*)

The repetition operator is useful when consecutive copies of sequence elements are desired. The syntax for
using the membership operatorsis as follows:

sequence * copies_int

The number of copies, copi es_i nt, must beaplaininteger. It cannot even be along. Aswith the
concatenation operator, the object returned is newly allocated to hold the contents of the multiply-replicated
objects.

Starting in Python 1.6, copi es_i nt can also bealong.
Slices({ 1, [ : 1)

Sequences are structured data types whose elements are placed sequentially in an ordered manner. This
format allows for individual element access by index offset or by an index range of indices to "grab" groups
of sequential elementsin a sequence. Thistype of accessis called slicing, and the slicing operators allow us
to perform such access.

The syntax for accessing an individual element is:

sequence[ i ndex]

sequence is the name of the sequence and index is the offset into the sequence where the desired element is
located. Index values are either positive, ranging from 0 to the length of the sequencelessone,i.e.,, 0 <=

i ndex <= | en(sequence) -1, ornegative, ranging from -1 to the negative length of the sequence,
-l en(sequence), i.e,-l en(sequence) <=index <= -1. Thedifference between the positive
and negative indexes is that positive indexes start from the beginning of the sequences and negative indexes



begin from the end.

Accessing agroup of elementsis similar. Starting and ending indexes may be given, separated by a colon
(: ). The syntax for accessing agroup of elementsis:

sequence [ [starting_index]: [ending_index]]

Using this syntax, we can obtain a"dlice" of elementsin sequence fromthest arti ng_i ndex up to but
not including the element at the endi ng_i ndex index. Bothst arti ng_i ndex and endi ng_i ndex
are optional, and if not provided, the slice will go from the beginning of the sequence or until the end of the
sequence, respectively.

In Figures 6-2 to 6-6, we take an entire sequence (of soccer players) of length 5, and explore how to take
various slices of such a sequence.

Figure 6.2. Entire sequence: sequence or sequence [ : ]

Figure 6.3. Sequence slice: sequence [0: 3] or sequence [: 3]



Figure 6.4. Sequence slice: sequence [2:5] or sequence [ 2:]

Figure 6.5. Sequence slice: sequence [ 1: 3]



Figure 6.6. Sequence slice: sequence [ 3]

We will take a closer look at slicing when we cover each sequence type.

Built-in Functions

Conversion

Thel i st (),

another. Table 6.2 lists the sequence type conversion functions.

str(), andtupl e() built-in functions are used to convert from any sequence type to

Table 6.2. Sequence Type Conversion Built-in Functions

Function

Operation

list (seq)

convertsseq tolist

str (obj)

converts obj to string




tupl e (seq) |converts seq to tuple

We use the term "convert" loosely. It does not actually convert the argument object into another type; recall
that once Python objects are created, we cannot change their identity or their type. Rather, these functions
just create a new sequence of the requested type, populate it with the members of the argument object, and
pass that new sequence back as the return value. Thisfollows a similar vein to the concatenation and
repetition operations described in Section 6.1.1.

Thest r () functionismost popular when converting an object into something printable and works with
other types of objects, not just sequences. Thel i st () andt upl e() functions are useful to convert from
one to another (liststo tuples and vice versa). However, although those functions are applicable for strings
aswell since strings are sequences, usingt upl e() and | i st () toturn stringsinto tuplesor listsis not
common practice.

Operational
Python provides the following operational built-in functions for sequence types (see Table 6.3).

We are now ready to take atour through each sequence type and will start our journey by taking alook at
Python strings.

Table 6.3. Sequence Type Operational Built-in Functions

Function Operation
len (seq) returns length (number of items) of seq
max (seq) returns “largest” element in seq
mn (seq) returns "smallest” element in seq
<BACK Make Note | Bookmark CONTINUE >
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Strings

Strings are amongst the most popular types in Python. We can create them simply by
enclosing characters in quotes. Python treats single quotes the same as double quotes. This
contrasts with most other scripting languages, which use single quotes for literal strings and
double quotes to allow escaping of characters. Python uses the "raw string” operator to create
literal quotes, so no differentiation is necessary. Other languages such as C use single quotes
for characters and double quotes for strings. Python does not have a character type; thisis
probably another reason why single and double quotes are the same.

Nearly every Python application uses strings in one form or another. Strings are aliteral or
scalar type, meaning they are treated by the interpreter as a singular value and are not
containers which hold other Python objects. Strings are immutable, meaning that changing
an element of a string requires creating a new string. Strings are made up of individual
characters, and such elements of strings may be accessed sequentially viadicing.

How to Create and Assign Strings

Creating stringsis as simple as assigning avalue to avariable:

>>> aString = 'Hello World!"'

>>> anotherString = "Python is cool!"
>>> print aString

Hel l o Worl d!

>>> print anotherString

Pyt hon is cool!

>>> aBl ankString = "'

>>> print aBl ankString

How to Access Values(Characters and Substrings) in Strings

Python does not support a character type; these are treated as strings of length one, thus also
considered a substring. To access substrings, use the square brackets for slicing along with
the index or indices to obtain your substring:

>>> aString = "Hello World!"'
>>> aString[ 0]
"H
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>>> aString[ 1: 5]
"ello

>>> aString[6:]
"Worl d!

How to Update Strings

Y ou can "update" an existing string by (re)assigning a variable to another string. The new
value can be related to its previous value or to a completely different string altogether.

>>> aString = aString[:6] + 'Python!’

>>> aString

"Hel | o Pyt hon!"'

>>> aString = "different string altogether’
>>> aString

"different string altogether'

Like numbers, strings are not mutable, so you cannot change an existing string without
creating anew one from scratch. That means that you cannot update individual characters or
substrings in a string. However, as you can see above, there is nothing wrong with piecing
together part of your old string and assigning it to a new string.

How to Remove Characters and Strings

To repeat what we just said, strings are immutable, so you cannot remove individual
characters from an existing string. What you can do, however, isto empty the string, or to
put together another string which drops the pieces you were not interested in.

Let us say you want to remove one letter from "Hello World!"... the (lowercase) letter "I,"
for example:

>>> aString = 'Hello World!"’

>>> aString = aString[:3] + aString[4:]
>>> aString

"Hel o Worl d!"

To clear or remove a string, you assign an empty string or use the del statement,
respectively:

>>> aString = "'
>>> aString

>>> del aString



In most applications, strings do not need to be explicitly deleted. Rather, the code defining
the string eventually terminates, and the string is automatically garbage-collected.
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Strings and Operators
Standard Type Operators

In Chapter 4, we introduced a number of operators that apply to most objects, including the standard types. We will take alook
at how some of those apply to strings. For a brief introduction, here are afew examples using strings:

>>> strl = ' abc’

>>> str2 ='Im'

>>> str3 = 'xyz'

>>> strl < str2

1

>>> str2 !'= str3

1

>>> (strl < str3) and (str2 == 'xyz')
0

When using the value comparison operators, strings are compared lexicographically (ASCII value order).
Sequence Operators
Slices([ ] and[ : ])

Earlier in Section 6.1.1, we examined how we can access individual or a group of elements from a sequence. We will apply
that knowledge to strings in this section. In particular, we will 1ook at:

« Counting forward
« Counting backward
« Default/missing indexes

For the following examples, we use the single string ' abcd' . Provided in thefigureisalist of positive and negative indexes
that indicate the position in which each character is located within the string itself.

0 1 2 3
[_.u:ib|:::|{1-
4 32 -1

Using the length operator, we can confirm that its length is 4:

>>> string = 'abcd'
>>> | en(string)
4
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When counting forward, indexes start at 0 to the left and end at one less than the length of the string (because we started from
zero). In our example, the final index of our string is

final index len(string) - 1
4 - 1

3

We can access any substring within this range. The slice operator with a single argument will give us a single character, and
the slice operator with arange, i.e., using acolon (: ), will give us multiple consecutive characters. Again, for any ranges
[start:end], wewill get al characters starting at offset st art up to, but not including, the character at end. In other
words, for al charactersx intherange[ start : end], start<= x <end.

>>> string[ 0]
a
>>> string[1: 3]
1 bCI
>>> string[ 2: 4]
Ced'
>>> string[ 4]
Traceback (innernost |ast):
File "<stdin>", line 1, in ?
I ndexError: string index out of range

Any index outside our valid index range (in our example, 0 to 3) resultsin an error. Above, our accessof st ri ng[ 2: 4] was
valid because that returns characters at indexes2 and 3,i.e.,' ¢' and' d', but adirect accessto the character at index 4 was
invalid.

When counting backward, we start at index -1 and move toward the beginning of the string, ending at negative value of the
length of the string. The fina index (thefirst character) islocated at:

final index -len(string)

-4

>>> string[-1]
Idl

>>> string[-3:-1]
lbcl

>>> string[-4]
Ca

When either astarting or an ending index is missing, they default to the beginning or end of the string, respectively.

>>> string[2:]

Ced'
>>> string[1:]
" bed'

>>> string[:-1]
"abc’

>>> string[:]
"abcd'



Notice how the omission of both indices gives us a copy of the entire string.
Membership (i n, not in)

The membership question asks whether a character (string of length one) appearsin astring. A oneisreturned if that character
appears in the string and zero otherwise. Note that the membership operation is not used to determine if a substring iswithin a
string. Such functionality can be accomplished by using the string methods or string module functionsf i nd() ori ndex()
(and their brethrenr fi nd() andri ndex()).

Here are afew more examples of strings and the membership operators.

>>> '¢' in 'abcd

1

>>> 'n' in 'abcd

0

>>>'n' not in 'abcd
1

In Example 6-1, we will be using the following predefined strings found in the st r i ng module:

>>> jnport string

>>> string. uppercase

" ABCDEFGHI J KL MNOPQRSTUWWKYZ'

>>> string. | owercase

" abcdef ghi j kI mopqgr st uvwxyz'

>>> string.letters

" abcdef ghi j kI mopgr st uvwxyz ABCDEFGHI J KLMNOPQRSTUVWKYZ'
>>> string.digits

' 0123456789'

Example 6-1 isasmall script called i dcheck. py which checksfor valid Python identifiers. As we now know, Python
identifiers must start with an aphabetic character. Any succeeding characters may be a phanumeric. The example aso shows
use of the string concatenation operator ( + ) introduced later in this section.

Running this script several times produces the following output:

% pyt hon i dcheck. py

Wl cone to the Identifier Checker v1.0
Testees nust be at |east 2 chars |ong.
Identifier to test? counter

okay as an identifier

%

% pyt hon i dcheck. py

Wel cone to the ldentifier Checker v1.0
Testees nust be at |east 2 chars | ong.
Identifier to test? 3d_effects
invalid: first synbol nust be al phabetic

Let ustake apart the application line by line:



Lines 3-6

Import the st r i ng module and use some of the predefined strings to put together valid alphabetic and numeric identifier
strings which we will test against.

Example 6.1. ID Check (i dcheck. py)

Tests for identifier validity. First symbol must be alphabetic and remaining symbols must be alphanumeric. This tester
program only checksidentifiers which are at least two charactersin length.

<$nopage>

001 1 #lusr/bin/env python

002 2

003 3 import string

004 4

005 5 alphas = string.letters + ' '

006 6 nuns = string.digits

007 7

008 8 print '"Welconme to the Identifier Checker v1.0'
009 9 print 'Testees nmust be at |east 2 chars long.'
010 10 inp = raw_input('ldentifier to test? ")

011 11

012 12 if len(inp) > 1:

013 13

014 14 if inp[0] not in al phas:

015 15 print '""invalid: first symbol nust be
016 16 al phabetic''

017 17 el se: <$nopage>

018 18 for otherChar in inp[l:]:

019 19

020 20 i f otherChar not in al phas + nuns:
021 21 print ''"invalid: remaining
022 22 synbol s nust be al phanuneric''
023 23 break <$nopage>

024 24 el se: <$nopage>

025 25 print "okay as an identifier"

026 <$nopage>
Lines 8-12

Print the salutation and prompt for user input. Thei f statement on line twelvefilters out all statements shorter than two
charactersin length.

Lines 14-16

Check to see if the first symbol is alphabetic. If it is not, display the output indicating the result and perform no further
processing.

Lines 17-18
Otherwise, loop to check the other characters, starting from the second symbol to the end of the string.
Lines 20-23

Check to see if each remaining symbol is alphanumeric. Note how we use the concatenation operator (see below) to create the
set of valid characters. As soon as we find an invalid character, display the result and perform no further pocessing by exiting
the loop with br eak.

NOTE

In general, repeat performances of operations or functions as argumentsin a loop are unproductive as far as performanceis
concerned.



whi | e
i < len(string):
print 'character %l is:', string[i]

The loop above wastes valuable time recal culating the length of string st r i ng. Thisfunction call occurs for each loop
iteration. If we simply save this value once, we can rewrite our loop so that it is more productive.

I ength = len(string)
while i < length:
print 'character %l is:', string[i]

The same applies for a loop in the application in Example 6-1.

for otherChar in input[1:]:
i f otherChar not in al phas + nuns:

Thef or loop beginning on line 19 containsani f statement that concatenates a pair of strings. These strings do not change
throughout the course of the application, yet this calculation must be performed for each loop iteration. If we save the new
string first, we can then reference that string rather than make the same cal culations over and over again:

al phnuns = al phas + nuns
for otherChar in input[1:]:
i f otherChar not in al phnuns:

Lines 24-25

It may be somewhat premature to show you af or - el se loop statement, but we are going to give it a shot anyway. (For afull
treatment, see Chapter 8). The el se statement, for af or loop isoptional and, if provided, will execute if the loop finished in
completion without being "broken" out of by br eak. In our application, if all remaining symbols check out okay, then we
have avalid identifier name. The result is displayed to indicate as such, completing execution.

This application is not without its flaws however. One problem is that the identifiers tested must have length greater than 1.
Our application as-isis not reflective of the true range of Python identifiers, which may be of length 1. Another problem with
our application isthat it does not take into consideration Python keywords, which are reserved names which cannot be used for
identifiers. We leave these two tasks as exercises for the reader (see Exercise 6-2.).

Concatenation (+)

We can use the concatenation operator to create new strings from existing ones. We have already seen the concatenation
operator in action above in Example 6-1. Here are afew more examples:

>>> ' Spanish' + 'lnquisition'

' Spani shl nqui si tion'

>>>

>>> 'Spanish' + ' ' + 'lnquisition'
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' Spani sh I nqui sition'

>>>
>>> s = 'Spanish' + " ' + 'Inquisition' + ' Made Easy'
>>> S

Spani sh I nqui sition Made Easy'

>>>

>>> jnmport string
>>> string. upper(s[:3] + s[20])
' SPAM

The last example illustrates using the concatenation operator to put together a pair of slices from string s, the"Spa' from
"Spanish" and the"M" from "Made." The extracted slices are concatenated and then sent to the st ri ng. upper () function
to convert the new string to all uppercase letters.

Repetition (*)

The repetition operator creates new strings, concatenating multiple copies of the same string to accomplish its functionality:

>>> "Nl * 3

"NiI'N !N

>>>

>>> ' **4Q0"

LI Sk S S S R bk S b S S S b S S S S
>>>

>>> print '-'" * 20, "Hello World!', '-' * 20
———————————————————— Hello World! ----------mommaeom o
>>> who = ' knights’

>>> who * 2

" kni ght skni ght s’

>>> who

" kni ght s’

Aswith any standard operator, the original variable is unmodified, as indicated in the final examples above.

<BACK Make Note | Bookmark CONTINUE >
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String-only Operators
Format Operator (%

One of Python's coolest features is the string format operator. This operator is unique to
strings and makes up for the pack of having functionsfrom C'spri nt f () family. Infact, it
even uses the same symbol, the percent sign (%), and supports all thepri nt f () formatting
codes.

The syntax for using the format operator is as follows:

format _string % (argunments_to_convert)

Thef or mat _st ri ng on theleft-hand side is what you would typically find as the first
argumenttoprintf (), theformat string with any of the embedded % codes. The set of
valid codesisgivenin Table6.4. Thear gunent s_t o_convert parameter matchesthe
remaining arguments you would sendto pri nt f (), namely the set of variables to convert

and display.

Table 6.4. Format Operator Conversion Symbols

Format Symbol Conversion
% character
%s string conversion viast r () prior to formatting
% signed decimal integer
%l signed decimal integer
% unsigned decimal integer
%0 octal integer
%X hexadecimal integer (lowercase letters)
X hexadecimal integer (UPPERCcase |etters)
% exponentia notation (with lowercase' €' )
%E exponential notation (with UPPERcase' E' )
% floating point real number
% the shorter of 9% and %e
%5 the shorter of % and %&

Python supports two formats for the input arguments. The first is atuple (introduced in
Section 2.8, formally in 6.15), which is basically the set of arguments to convert, just like for

C'sprintf (). Thesecond format which Python supportsisadictionary (Chapter 7). A
dictionary isbasically a set of hashed key-value pairs. The keys are requested in the
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format _string, and the corresponding values are provided when the string is formatted.

Converted strings can either be used in conjunction with the pr i nt statement to display out
to the user or saved into a new string for future processing or displaying to a graphical user
interface.

Other supported symbols and functionality are listed in Table 6.5.

Table 6.5. Format Operator Auxiliary Directives

Symbol Functionality

* argument specifies width or precision

left justification

+ display the sign

<sp> [leave ablank space before a positive number

# add the octal leading zero (* 0" ) or hexadecimal leading' Ox' or' 0X' , depending on whether
"x' or' X were used.

0 pad from left with zeros (instead of spaces)

% ' 084 leavesyou with asinglelitera ' %

(var) [mapping variable (dictionary arguments)

m n. |misthe minimum total width and n is the number of digits to display after the decimal point (if
appl.)

AswithCsprintf (), theasterisk symbol (*) may be used to dynamically indicate the
width and precision viaavalue in argument tuple. Before we get to our examples, one more
word of caution: long integers are more than likely too large for conversion to standard
integers, so we recommend using exponential notation to get them to fit.

Here are some examples using the string format operator:

Hexadecimal Output

>>> "Ox" % 108
' B!

>>>

>>> "oxX" % 108
'6C

>>>

>>> "ogX" 9% 108
'0X6C

>>>

>>> " OgEx" 9% 108
' Ox6¢'

Floating Point and Exponential Notation Output

>>>
>>> " 0" 9% 1234. 567890
''1234. 567890'



>>>
>>> ' 2f' % 1234. 567890
'1234. 57"

>>>

>>> " OFE' 9% 1234. 567890
'1. 234568E+03'

>>>

>>> ' 0g' 9% 1234.567890
'1.234568e+03'

>>>
>>> ' 0g' % 1234. 567890
'1234. 57"

>>>

>>> U5 % 1234. 567890
'1234.57

>>>

>>> "0e" 9% (111111112112112112111111L)
"1.111111e+21"

Integer and String Output

>>> "0rd" % 4

T

>>>

>>> "0pd" % -4

T

>>>

>>> "we are at %%6 % 100

"we are at 100%

>>>

>>> "Your host is: %' %'earth'
"Your host is: earth'

>>>

>>> 'Host: %\tPort: %' % (' mars',
"Host: marsPort: 80'

>>>

>>> num = 123

80)

>>> 'dec: %/ oct: %o/ hex: %X % (num num

"dec: 123/oct: 0173/ hex: OX7B

>>>

>>> "MM DD YY = 9%92d/ 9%92d/ %d" % ( 2,
"MM DD YY = 02/ 15/ 67"

>>>

>>> w, p = 'web', 'page

>>> ' http://xxx.yyy.zzz/ %/ %. ht "’
"http://xxx.yyy.zzz/ web/ page. ht mi

15, 67)

% (w, p)

num



The previous examples all use tuple arguments for conversion. Below, we show how to use a
dictionary argument for the format operator:

>>> 'There are 0/(( howrany)d % ang)s Quotation Synmbols' %\
{"lang': 'Python', 'howmany': 3}
There are 3 Pyt hon QJOt ation Synbol s’

Amazing Debugging Tool

The string format operator is not only a cool, easy-to-use, and familiar feature, but a great
and useful debugging tool aswell. Practically all Python objects have a string presentation
(either evaluatablefromr epr () or' ', or printablefromstr ()). Thepri nt statement
automatically invokesthe st r () function for an object. This gets even better. When you are
defining your own objects, there are hooks for you to create string representations of your
object suchthatrepr () andstr () (and'' andpri nt) return an appropriate string as
output. And if worse comesto worst and neither r epr () orstr () isableto display an
object, the Pythonic default isto at least give you something of the format:

<...sonmething that is useful .>.

Raw String Operator (r/R)

The purpose of raw strings, introduced to Python in version 1.5, is to counteract the behavior
of the special escape characters that occur in strings (see the subsection below on what some
of these characters are). In raw strings, all characters are taken verbatim with no transation
to special or non-printed characters.

This feature makes raw strings absolutely convenient when such behavior is desired, such as
when composing regular expressions (see the r e module documentation). Regular
expressions (RES) are strings which define advanced search patterns for strings and usually
consist of special symbolsto indicate characters, grouping and matching information,
variable names, and character classes. The syntax for RES contains enough symbols already,
but when you have to insert additional symbols to make special characters act like normal
characters, you end up with avirtual "a phanumersymbolic" soup! Raw strings lend a helping
hand by not requiring all the normal symbols needed when composing RE patterns.

The syntax for raw strings is exactly the same as for normal strings with the exception of the
raw string operator, the letter "r , " which precedes the quotation marks. The"r " can be
lowercase (r ) or uppercase (R) and must be placed immediately preceding the first quote
mark.

>>> print r'\n'
\n

>>>

>>>print "\n'
>>>



>>>print r'werbac'

wer bac

>>>

>>>print r'webbac\n'

webbac\ n

>>>

>>> print r'fglkjfg\][123=091"
faglkjfg\\][123=091

>>>

>>> jnmport re

>>> aFloatRE = re.conpile(R ([+-]?2\d+(\.\d*)?([eE][ +-

]2\ d+) ?))
>>> mat ch = aFl oat RE. sear ch(' abcde')
>>> print "our RE matched:", match. group(1)

>>> match = aFl oat RE. search(' - 1. 23e+45")
>>> print 'our RE matched:', match. group(1)
'-1.23e+45'

Unicode String Operator (u/ U)

The Unicode string operator, uppercase (U) and lowercase (u), introduced with Unicode
string support in Python 1.6, takes standard strings or strings with Unicode charactersin
them and converts them to a full Unicode string object. More details on Unicode strings are
available in Section 6.7.4. In addition, Unicode support is available in the new string

methods (Section 6.6) and the new regular expression engine. Here are some examples.

u' abc' U+0061 U+0062 W+0063
u'\ul234’ UH+1234
u' abc\ul234\n'" U+0061 U+0062 U+0063 U+1234 W+0012

The Unicode operator can also accept raw Unicode strings if used in conjunction with the
raw string operator discussed in the previous section. The Unicode operator must precede the
raw string operator.

ur 'Hell o\nWorl d!'
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Built-in Functions
Standard Type Functions

cmp()

As with the value comparison operators, thecnp() built-in function also performs a
lexicographic comparison for strings.

>>> strl = 'abc'

>>> str2 ='|lm'

>>> str3 = 'xyz'

>>> cnp(strl, str2)
-11

>>> cnp(str3, strl)
23

>>> cnp(str2, 'Im'")
0

Sequence Type Functions

l en()

>>> strl = 'abc'

>>> | en(strl)

3

>>> |en('Hello World!")
12

Thel en() built-in function returns the number of charactersin the string as expected.

max() and m n()

L} I m]l
Xyz

>>> str?2
>>> str3
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>>> max(str2)
"n
>>> mn(str3)
"X

Although more useful with other sequence types, the max() and m n() built-in functions
do operate as advertised, returning the greatest and least characters (Iexicographic order),
respectively.

String Type Function [raw_i nput ()]

Thebuilt-inr aw_i nput () function prompts the user with a given string and accepts and
returns a user-input string. Hereisan example usingr aw_i nput () :

>>> user _input = raw_i nput("Enter your nanme: ")
Enter your name: John Doe
>>>

>>> user _i nput
" John Doe'
>>>

>>> | en(user _i nput)
8

Earlier, we indicated that strings in Python do not have aterminating NUL character like C
strings. We added in the extracall tol en() to show you that what you see is what you get.

<BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.



http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=105
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D105&bookname=0130260363&snode=105

<BACK

Make Note | Bookmark

String Built-in Methods

CONTINUE >

String methods were recently added to Python, introduced in version 1.6 (and in JPython
1.1), and tweaked for 2.0. These methods are intended to replace most of the functionality in
the st ri ng module aswell asto bring new functionality to the table. Table 6.6 shows all
the current methods for strings. All string methods should fully support Unicode strings. And
some are applicable only to Unicode strings.

Table 6.6. String Type Built-in Methods

Value

Description

stri

ng.

capitalize()

capitalizesfirst |etter of
string

stri

ng.

center (w dth)

returns a space-padded

st ri ng with the original

st ri ng centered to atotal of
wi dt h columns

stri

ng.

count(str, beg= 0,end=len(string))

counts how many timesst r
occursinstring, orina
substring of st ri ng if starting
index beg and ending index
end aregiven

stri

ng.

encode(encodi ng=' UTF-8', errors="strict')[d

returns encoded string version
of string; on error, default isto
raiseaVal ueErr or unless
error s isgiven with
"ignore' or'replace'.

stri

ng.

endswi t h(str, beg=0, end=l en(string))lbl

determinesif stri ngora
substring of st ri ng (if
starting index beg and ending
index end are given) ends with
str; returnslif so,and 0
otherwise

stri

ng.

expandt abs(t absi ze=8)

expandstabsinstri ngto
multiple spaces; defaultsto 8
spaces per tab if t absi ze not
provided

stri

ng.

find(str, beg=0end=len(string))

determineif st r occursin
string, orinasubstring of
st ri ng if starting index beg
and ending index end are
given; returnsindex if found
and -1 otherwise

stri

ng.

i ndex(str, beg=0, end=l en(string))

sameasfind(), butraises
an exception if st r not found
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stri

ng.

salnuny) [alblc]

returns 1if st ri ng hasat
least 1 character and all
characters are alphanumeric
and O otherwise

stri

ng.

sal pha() [albllc]

returns 1if st ri ng hasat
least 1 character and all
characters are a phabetic and 0
otherwise

stri

ng.

sdeci mal () [blcld

returns 1if st ri ng contains
only decimal digitsand O
otherwise

stri

ng.

sdi gi t ()bl

returns 1if st ri ng contains
only digits and 0 otherwise

stri

ng.

sl ower () [bllc]

returns 1if st ri ng hasat
least 1 cased character and all
cased characters are in
lowercase and O otherwise

stri

ng.

snumner i c¢() [blclld

returns 1if st ri ng contains
only numeric charactersand O
otherwise

stri

ng.

sspace( ) [bllc]

returns 1if st ri ng contains
only whitespace characters and
0 otherwise

stri

ng.

stitle() bl

returns 1if st ri ng is properly
"titlecased” (seetitl e())
and O otherwise

stri

ng.

supper () [bllc]

returns 1if st ri ng hasat
least one cased character and
all cased charactersarein
uppercase and 0 otherwise

stri

ng.

j 0i n(seq)

merges (concatenates) the
string representations of
elementsin sequence seq into
astring, with separator
string

stri

ng.

[ ust (w dt h)

returns a space-padded

st ri ng with the original
string left-justified to atotal of
wi dt h columns

stri

ng.

| ower ()

converts all uppercase lettersin
stri ng tolowercase

stri

ng.

[strip()

removes al leading whitespace
instring

stri

ng.

repl ace(strl,

str2,

numestring. count (strl))

replaces all occurrences of
strlinstringwithstr?2,
or at most numoccurrences if
numgiven

stri

ng.

rfind(str,

beg=0, end=l en(string))

sameasfind(), butsearch
backwards in string

stri

ng.

rindex( str,

beg=0, end=l en(string))

sameasi ndex(), butsearch
backwardsinstri ng

stri

ng.

rj ust (wi dth)

returns a space-padded

st ri ng with the original
string right-justified to a total
of wi dt h columns.

stri

ng.

rstrip()

removes all trailing whitespace
of string




string.split(str="", nunmestring.count(str))

splitsst ri ng according to
delimiter st r (spaceif not

provided) and returns list of
substrings; split into at most
numsubstringsif given

string.splitlines( numestring.count('\n'))Ibld

splitsst ri ng at al (or num
NEWLINEs and returns alist
of each line with NEWLINEs
removed

string.startswi th(str, beg=0, end=l en(string)) bl

determinesif stri ng ora
substring of st ri ng (if
starting index beg and ending
index end are given) starts
with substring st r; returns 1
if so, and O otherwise

string.strip([obj])

performsboth| stri p() and
rstrip() onstring

string. swapcase()

inverts case for all lettersin
string

string.title()Ibld

returns "titlecased" version of
string, thatis, al words
begin with uppercase, and the
rest are lowercase (also see
istitle())

string.transl ate(str, del="")

trandates st ri ng according
to trandation table st r (256
chars), removing those in the
del string

string. upper () converts lowercase lettersin
st ri ng to uppercase
string.zfill (w dth) returnsorigina st ri ng

left-padded with zerosto atotal
of wi dt h characters; intended
for numbers, zfi | | () retains
any sign given (less one zero)

[a applicable to Unicode strings only in 1.6, but to all string typesin 2.0.
[b] not available asast ri ng module functionin 1.5.2
[<] not available as amethod in JPython 1.1

[d] applicable to Unicode strings only

Using JPython, we will show some examples of methods available for strings:

>>> quest = '"what is your favorite col or?
>>> quest.capitalize()

"What is your favorite color?

>>>

>>> quest . cent er (40)

what is your favorite color? '
>>>
>>> quest.count('or')
2
>>>

>>> quest.endswi t h(' bl ue')
0




>>>

>>> quest.endswith(' color?')

1

>>>

>>> quest.find('or', 30)

-1

>>>

>>> quest.find('or', 22)

25

>>

>>> quest.index('or', 10)

16

>>>

>>> "' join(quest.split())
"what:is:your:favorite:col or?
>>> quest.replace(' favorite color', 'quest')
>>>

"what is your quest?

>>>

>>> quest . upper ()

"WHAT IS YOUR FAVORI TE COLOR?'

The most complex example shown aboveistheonewithspl it () andj oi n(). Wefirst
call split () onour string, which, without an argument, will break apart our string using
spaces as the delimiter. We then take thislist of wordsand call j oi n() to merge our words
again, but with anew delimiter, the colon. Notice that we used thespl i t () method for our
string, and the j oi n() method for single-character string ' : * .
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Special Features of Strings
Special or Control Characters

Like most other high-level or scripting languages, a backslash paired with another single
character indicates the presence of a"special” character, usualy a non-printable character,
and that this pair of characters will be substituted by the special character. These are the
specia characters we discussed above that will not be interpreted if the raw string operator
precedes a string containing these characters.

In addition to the well-known characters such as NEWLINE (\ n ) and (horizontal) TAB (
\'t ), specific characters viatheir ASCII values may be used aswell: \ OO0 or \ x XX where
OO0 and XX are their respective octal and hexadecimal ASCII values. Here are the base 10,
8, and 16 representations of 0, 65, and 255:

ASCII ASCII ASCII
decimal 0 65 255
octal \ 000 \101 \ 177
hexadecimal \ x00 \ x41 \ xFF

Specia characters, including the backslash-escaped ones, can be stored in Python strings just
like regular characters.

Another way that stringsin Python are different from those in C is that Python strings are not
terminated by the NUL (\000) character (ASCII value 0). NUL characters are just like any of
the other special backslash-escaped characters. In fact, not only can NUL characters appear
in Python strings, but there can be any number of them in a string, not to mention that they
can occur anywhere within the string. They are no more special than any of the other control
characters. Table6.7 represents asummary of the escape characters supported by most
versions of Python.

Table 6.7. String Literal Backslash Escape Characters

/X Oct Dec Hex Char Description
\0 |000 0 0x00 NUL Null character
\a |007 7 0x07 BEL Bell
\b 010 8 0x08 BS Backspace
\'t 011 9 0x09 HT Horizontal Tab
\'n 012 10 Ox0A LF Linefeed/Newline
\v |013 11 0x0B VT Vertical Tab
\ f 014 12 0x0C FF Form Feed
\'r 015 13 0x0D CR Carriage Return
\e 033 27 0x1B ESC Escape
\ " 042 34 0x22 " Double quote
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\! 047 39 0x27 ' Single quote/apostrophe
\\ 134 92 0x5C \ Backslash

And as mentioned before, explicit ASCII octal or hexadecimal values can be given, as well
as escaping aNEWLINE to continue a statement to the next line. All valid ASCII character
values are between 0 and 255 (octal 0177, hexadecimal OXFF).

\ 000 octal value OOO (range is 0000 to 0177)
\ XXX X' plus hexadecimal value XX (range is 0X00 to OxFF)
\ escape NEWLINE for statement continuation

One use of control charactersin stringsisto serve as delimiters. In database or Internet/\Web
processing, it is more than likely that most printable characters are allowed as data items,
meaning that they would not make good delimiters.

It becomes difficult to ascertain whether or not a character is adelimiter or adataitem, and
by using a printable character such asacolon (: ) asadelimiter, you are limiting the number
of allowed charactersin your data, which may not be desirable.

One popular solution isto employ seldomly used, non-printable ASCII values as delimiters.
These make the perfect delimiters, freeing up the colon and the other printable characters for
more important uses.

Triple Quotes

Although strings can be represented by single or double quote delimitation, it is often
difficult to manipulate strings containing special or non-printable characters, especially the
NEWLINE character. Python's triple quotes comes to the rescue by allowing strings to span
multiple lines, including verbatim NEWLINEs, TABs, and any other special characters.

The syntax for triple quotes consists of three consecutive single or double quotes (used in
pairs, naturally):

>>> para_str = """this is a long string that is made up of

...several lines and non-printable characters such as

..TAB ( \'t ) and they will show up that way when di spl ayed.
..NEWLINES within the string, whether explicitly given |like
..this within the brackets [ \n ], or just a NEW.INE within
..the variable assignment will also show up.

Triple quote lets the devel oper avoid playing quote and escape character games, all the while
bringing at least a small chunk of text closer to WY SIWIG (what you see is what you get)
format.

An example below shows you what happens when we use the pr i nt statement to display
the contents of this string. Note how every single special character has been converted to its
printed form, right down to the last NEWLINE at the end of the string between the "up." and
closing triple quotes. Also note that NEWLINES occur either with an explicit carriage return
at the end of aline or its escape code (\n):



>>> print para_str

this is along string that is nmade up of

several |ines and non-printable characters such as

TAB ( ) and they wll show up that way when di spl ayed.
NEWLI NEs within the string, whether explicitly given |ike
this within the brackets |

], or just a NEW.INE within

t he variable assignment will also show up.

Weintroduced thel en() built-in sequence type function earlier, which, for strings, gives us
the total number of charactersin astring.

>>> | en(para_str)
307

Upon applying that function to our string, we get aresult of 307, which includes the
NEWLINE and TAB characters. Another way to ook at the string within the interactive
interpreter is by just giving the interpreter the name of the object in question. Here, we will
see the "internal” representation of the string, without the special characters being converted
to printable ones. If that last NEWLINE we looked at above (after the final word "up" and
before the closing triple quotes) is still elusive to you, take alook at the way the string is
represented internally below. Y ou will observe that the last character of the string is the
aforementioned NEWLINE.

>>> para_str

"this is a long string that is made up of\012several |ines
and non-printable characters such as\012TAB ( \011 ) and
they will show up that way when displ ayed.\ 012NEW.I NEs
within the string, whether explicitly given Iike\012this
within the brackets [ \012 ], or just a NEW.INE

wi t hi n\ 012t he vari abl e assignnent will also show up.\012\"

String Immutability

In Section 4.7.2, we discussed how strings are immutable data types, meaning that their
values cannot be changed or modified. This means that if you do want to update a string,
either by taking a substring, concatenating another string on the end, or concatenating the
string in question to the end of another string, etc., a new string object must be created for it.

This sounds more complicated than it really is. Since Python manages memory for you, you
won't really notice when this occurs. Any time you modify a string or perform any operation
that is contrary to immutability, Python will allocate a new string for you. In the following
example, Python allocates space for the strings, ' abc' and ' def' . But when performing
the addition operation to create the string ' abcdef ' , new spaceis allocated automatically



for the new string.

>>> 'abc' + 'def’
"abcdef'

Assigning values to variablesis no different:

"abc’
string + 'def’

>>> string
>>> string
>>> string
" abcdef

In the above example, it looks like we assigned the string ' abc' tostri ng, then
appended the string ' def ' tostri ng. To the naked eye, strings look mutable. What you
cannot see, however, isthe fact that a new string was created when the operation" s +
"def' " was performed, and that the new object was then assigned back tos. Theold
string of * abc' was deallocated.

Once again, we can use thei d() built-in function to help show us exactly what happened. If
yourecall, i d() returnsthe "identity" of an object. Thisvalueis as close to a"memory
address" as we can get in Python.

>> string = 'abc'
>>>

>>> jd(string)
135060856

>>>

>>> string = string + 'def’
>>> jd(string)
135057968

Note how the identities are different for the string before and after the update. Another test of
mutability isto try to modify individual characters or substrings of a string. We will now
show how any update of a single character or asliceis not allowed:

>>> string

" abcdef

>>>

>>> string[2] ='C

Traceback (innernost |ast):
File "<stdin>", line 1, in ?

AttributeError: _ setitem _

>>>



>>> string[3:6] = 'DEF

Traceback (innernost |ast):
File "<stdin>", line 1, in ?

AttributeError: _ setslice

Both operations result in an error. In order to perform the actions that we want, we will have
to create new strings using substrings of the existing string, then assign those new strings
back tostri ng:

>>> string

" abcdef"

>>>

>>> string = string[0:2] + 'C + string[3:]
>>> string

" abCdef

>>>

>>> string[0:3] + 'DEF

" abCDEF'

>>>

>>> string = string[0:3] + 'DEF
>>> string

" abCDEF'

So for immutable objects like strings, we make the observation that only valid expressions on
the left-hand side of an assignment (to the left of the equals sign [ = ]) must be the variable
representation of an entire object such as a string, not single characters or substrings. Thereis
no such restriction for the expression on the right-hand side.

Unicode Support

Unicode string support, introduced to Python in version 1.6, is used to convert between
multiple double-byte character formats and encodings, and include as much functionality to
manage these strings as possible. With the addition of string methods (see Section 6.6),
Python strings are fully-featured to handle a much wider variety of applications requiring
Unicode string storage, access, and manipulation. At the time of this writing, the exact
Python specifications have not been finalized. We will do our best here to give an overview
of native Unicode 3.0 support in Python:

uni code() Built-in Function

The Unicode built-in function should operate in a manner similar to that of the Unicode
string operator (u/ U). It takes a string and returns a Unicode string.

encode() Built-in Methods

Theencode() built-in methods take a string and return an equivalent encoded string.
encode() existsasmethods for both regular and Unicode stringsin 2.0, but only for
Unicode stringsin 1.6.



Unicode Type

There is anew Unicode type named uni code that is returned when a Unicode string is sent
asanargumenttot ype(), i.e,type(u' ")

Unicode Ordinals

The standard or d(') built-in function should work the same way. It was enhanced recently
to support Unicode objects. The new uni chr () built-in function returns a Unicode object
for character (provided it isa32-bit value); aVal ueEr r or exception israised, otherwise.

Coercion
Mixed-mode string operations require standard strings be converted to Unicode objects.
Exceptions

Uni codeEr r or isdefined in the exceptions module as subclass of Val ueEr r or. All
exceptions related to Unicode encoding/decoding should be subclasses of
Uni codeError. Alsoseethestringencode() method.

Table 6.8. Unicode Codecs/Encodings

codec Description
utf-8 8-bit variable length encoding (default encoding)
utf-16 16-hit variable length encoding (little/big endian)
utf-16-le utf-16 but explicitly little endian
utf-16-be utf-16 but explicitly big endian
ascii 7-bit ASCII codepage
iS0-8859-1 SO 8859-1 (Latin 1) codepage
unicode-escape (see Python Unicode Constructors for a definition)
raw-unicode-escape (see Python Unicode Constructors for a definition)
native dump of theinternal format used by Python

RE Engine Unicode-aware

The new regular expression engine should be Unicode aware. See ther e Code Module
Sidebar in the next section (6.8).

String Format Operator

For Python format strings. ' %' doesst r (u) for Unicode objects embedded in Python
strings, so the output will beu. encode (<default encodi ng>). If theformat string
isan Unicode object, all parameters are coerced to Unicode first and then put together and
formatted according to the format string. Numbers are first converted to strings and then to
Unicode. Python strings are interpreted as Unicode strings using the <default encoding>.
Unicode objects are taken asis. All other string formatters should work accordingly. Here is
an example:

u'% %" % (u"abc", "abc") ? u"abc abc"



Specific information regarding Python's support of Unicode strings can be found in the
M sc/ uni code. t xt of the distribution. The latest version of this document is always
available online at:

http://ww. starshi p. pyt hon. net/ ~l enbur g/ uni code- proposal . t xt

For more help and information on Python's Unicode strings, see the Python Unicode Tutorial
at:

http://ww.reportlab.comil 8n/python_uni code_tutorial.htm

No Characters or Arrays in Python

We mentioned in the previous section that Python does not support a character type. We can
also say that C does not support string types explicitly. Instead, stringsin C are merely arrays
of individual characters. Our third fact is that Python does not have an "array” typeasa
primitive (although the ar r ay module exists if you really have to have one). Implementing
strings as character arraysis also deemed unnecessary due to the sequential access ability of
strings.

In choosing between single characters and strings, Python wisely uses strings astypes. It is
much easier manipulating the larger entity asa"blob" since most applications operate on
strings as awhole rather than individual characters. Applications will convert strings to
integers, ask usersto input strings, perform regular expression matches on substrings, search
files for specific strings, and will even sort a set of strings like names, etc. How often are
individual characters operated on, except for searches (i.e., search-and-replace,
search-for-delimiter, etc.)? Probably not often as far as most applications are concerned.

However, such functionality should still be available to the Python programmer.
Search-and-replacing can be done with regular expressions and the r e module, searching for
and breaking up strings based on delimiters can be accomplished with spl it (), searching
for substrings can be accomplished using f i nd() andrfi nd(), andjustplainold
character membership in astring can be verified with thei n and not i n sequence
operators.

We are going to quickly revisit thechr () and or d() built-in functions that convert
between ASCII integer values and their equivalent characters, and describe one of the
"features’ of C that has been lost to Python because characters are not integer typesin
Python asthey arein C.

One feature of C which islost is the ability to perform numerical calculations directly on
characters,i.e,' A' + 3. Thisisalowedin C because both'A"asachar and3asani nt
are integers (1-byte and 2/4-bytes, respectively), but would be a type mismatch in Python
because ‘A’ isastring, 3isaplaininteger, and no such addition ( + ) operation exists
between numeric and string types.

>>> ' B
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B
>> "B+ 1
Traceback (innernost |ast):
File "<stdin>", line 1, in ?
TypeError: illegal argunent type for built-in operation
>>>
>>> chr('B')
Traceback (innernost |ast):
File "<stdin>", line 1, in ?
TypeError: illegal argunent type for built-in operation
>>>
>>> ord('B')
66
>>> ord('B') + 1
67
>>> chr (67)
'C
>>> chr(ord('B") + 1)
'C

Our failure scenario occurred when we attempted to increase the ASCI| value of 'B' by 1 to
get 'C' by addition. Rather than 1-byte integer arithmetic, our solution in Python involves
using thechr () andor d() built-in functions.
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Related Modules

Table 6.9 lists the key related modules for strings that are part of the Python standard library.

Table 6.9. Related Modules for String Types (Q—Unix only)

Module Contents
string string manipulation and utility functions
re regular expressions: powerful string pattern matching
struct convert strings to/from binary data format
c/ Stringl O string buffer object which behaveslike afile
U,

performs one-way encryption cipher

r ot or provides multi-platform en/decryption services
NOTE

There are many utility and manipulation functions out there which deal with strings. You
may be familiar with some of them if you have programmed in other high-level languages
like C, C++, and Java. Python has tried to integrate the most popular functionality into its
operators and built-in functions. Nevertheless, they cannot all be integrated into the
language. Thisiswherethe st r i ng module comesin. Thest ri ng module provides a set
of constants as well as module functions that provide additional support for strings.

Some of the key functionsin the st r i ng moduleinclude: at o* () — three functions which
convert from strings to three numeric types, spl i t () —splitsup a string into a list of
strings, j oi n( ) — doesthereverseof spl i t () : mergesalist of stringsinto a single one,
and f i nd() —searchesfor substrings.

Refer to the st r i ng module documentation for more information and usage of string
module attributes. Sarting in version 1.6 of Python, many of the functionsinthest ri ng
modul e have been implemented as string methods, a new feature of strings which begins the
journey of obsoleting this module. We introduced you to these methods in Section 6.6.

NOTE

Regular expressions (RES) provide advanced pattern matching scheme for strings. Using a
separate syntax which describes these patterns, you can effectively use them as "filters' when
passing in the text to perform the searches on. These filters allow you to extract the matched
patterns as well as perform find-and-replace or divide up strings based on the patterns that
you describe.
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Ther e module, introduced in Python 1.5, obsoletes the original r egex and r egsub
modules from earlier releases. It includes a major upgrade in terms of Python's support for
regular expressions, adopting the complete Perl syntax for RES. In Python 1.6, the RE engine
has been rewritten, for performance improvements as well as support for Unicode strings.

Some of the key functionsin the r e module include: conpi | e() —compilesan RE
expression into a reusable RE object, mat ch( ) —attempts to match a pattern fromthe
beginning of a string, sear ch( ) —searches for any matching pattern in the string, and
sub( ) —performs a search-and-replace of matches. Some of these functions return match
objects with which you can access saved group matches (if any were found). All of Chapter
15 isdedicated to regular expressions.
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Summary of String Highlights
Consists of Characters Delimited by Quotation Marks

Y ou can think of a string as a Python data type which you can consider as an array or
contiguous set of characters between any pair of Python quotation symbols, or quotes. The
two most common quote symbols for Python are the single quote, a single forward apostrophe
(" ), and the double quotation mark (" ). The actual string itself consists entirely of those
characters in between and not the quote marks themselves.

Having the choice between two different quotation marks is advantageous because it allows
one type of quote to serve as a string delimiter while the other can be used as characters
within the string without the need for specia escape characters. Strings enclosed in single
guotes may contain double quotes as characters and vice versa:

>>> quotel = 'George said, "Good day Madam How are we today?"’
>>> print quotel

CGeorge said, "Good day Madam How are we today?"

>>> quote2 = "Martha replies, 'W are fine, thank you.'"

>>> print quote2

Martha replies, 'W are fine, thank you.'

Python Does not Support a Separate Character Type

Strings are the only literal sequence type, a sequence of characters. However, characters are
not atype, so strings are the lowest-level primitive for character storage and manipulation.
Most applications tend to deal with strings as awhole and singular entity. To that end, Python
provides a good amount of string utilities in the form of operators, built-in functions, and the
contents of the string module. However, Python is flexible, allowing accessto individual or
groups of characters, if desired. Also see Section 6.7.1. Characters are simply strings of length

one.
String Format Operator ( % ) Provides pri nt f () -like Functionality

In Section 6.4.1, we highlighted the pr i nt f () -like string format operator which provides a
familiar interface to formatting data for output, whether to the screen or elsewhere.

Triple Quotes

In Section 6.7.2, we introduced the notion of triple quotes, which are strings that can have
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specia embedded characters like NEWLINEs and TABs. Triple-quoted strings are delimited
by pairsof threesingle(" ' ') ordouble(""") quotation marks.

Raw Strings Allow for Special Characters to be Taken Verbatim

In Section 6.4.2, we introduced raw strings and discussed how they do not interpret special

characters escaped with the backslash. This makes raw stringsideal for situations where
strings must be taken verbatim, for example, when describing regular expressions.

Unlike C strings, Python strings do not Terminate with NUL or "\O'

One of the problemsin C is running off the end of your string into memory that does not
belong to you. This occurs when stringsin C are not properly terminated with the NUL or \O'
character, which has the ASCII value of zero. Along with managing memory for you, Python
also removes this little burden or annoyance. Strings in Python do not terminate with NUL,
and you do not have to worry about adding them on. Strings consist entirely of the characters
that were designated and nothing more.
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Lists

Like strings, lists provide sequential storage through an index offset and accessto single or
consecutive elements through slices. However, the comparisons usually end there. Strings
consist only of characters and are immutable (cannot change individual elements) while lists
are flexible container objects which hold an arbitrary number of Python objects. Creating
listsis simple; adding to listsis easy, too, as we see in the following examples.

The objects that you can placein alist can include standard types and objects as well as
user-defined ones. Lists can contain different types of objects and are more flexible than an
array of C structs or Python arrays (available through the external array modul€) because
arrays are restricted to containing objects of asingle type. Lists can be populated, empty,
sorted, and reversed. Lists can be grown and shrunk. They can be taken apart and put
together with other lists. Individual or multiple items can be inserted, updated, or removed at
will.

Tuples share many of the same characteristics of lists and although we have a separate
section on tuples, many of the examples and list functions are applicable to tuples as well.
The key differenceis that tuples are immutable, i.e., read-only, so any operators or functions
which allow updating lists, such as using the slice operator on the left-hand side of an
assignment, will not be valid for tuples.

How to Create and Assign Lists

Creating listsis as simple as assigning avalue to avariable. Y ou handcraft alist (empty or
with elements) and perform the assignment. Lists are delimited by surrounding square
brackets ([ ] ).

>>> alist = [123, "abc', 4.56, ['"inner', "list'], 7-9j]
>>> anot herList = [ None, 'sonmething to see here']

>>> print ali st

[123, "abc', 4.56, ['inner', "list'], (7-9))]

>>> print anot herLi st

[ None, 'sonmething to see here']

>>> alistThat StartedEnpty = []

>>> print aListThat StartedEnpty

[]

How to Access Values in Lists
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Slicing works similar to strings; use the square bracket slice operator ([ ] ) along with the
index or indices.

>>> alist[ 0]

123
>>> alist[1:4]
['abc', 4.56, ["inner', '"list']]

>>> alist[: 3]
[123, 'abc', 4.56]
>>> alist[3][1]
"list'

How to Update Lists

Y ou can update single or multiple elements of lists by giving the slice on the left-hand side
of the assignment operator, and you can add to elementsin alist with theappend()
method:

>>> ali st

[123, '"abc', 4.56, ['inner', "list'], (7-9))]

>>> ali st[ 2]

4.56

>>> alist[2] = 'float replacer’

>>> ali st

[123, 'abc', 'float replacer', ['inner', '"list'], (7-9))]
>>>

>>> anot her Li st. append("hi, i'm new here")

>>> print anot herLi st

[ None, 'sonething to see here', "hi, i'mnew here"]

>>> ali st That St art edEnpty. append(' not enpty anynore')
>>> print aListThat StartedEnpty
['not enpty anynore']

How to Remove List Elements and Lists

To remove alist element, you can use either thedel statement if you know exactly which
element(s) you are deleting or ther enove() method if you do not know.

>>> ali st

[123, '"abc', 'float replacer', ['"inner', "list'], (7-9))]
>>> del aList[1]

>>> ali st

[123, 'float replacer', ["inner', "list'], (7-9])]

>>> alist.renove(123)
>>> ali st



['float replacer', ["inner', "list'], (7-9))]

You can aso usethe pop() method to remove and return a specific object from alist.

Normally, removing an entire list is not something application programmers do. Rather, they
tend to let it go out of scope (i.e., program termination, function call completion, etc.) and be
garbage-collected, but if they do want to explicitly remove an entire list, use the del
statement:

del aLi st
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Operators
Standard Type Operators

In Chapter 4, we introduced a number of operators that apply to most objects, including the standard types. We
will take alook at how some of those apply to lists.

>>> |istl = [ "abc', 123 ]

>>> |ist2 = [ '"xyz', 789 ]

>>> |ist3 = [ '"abc', 123 ]

>>> listl < list2

1

>>> |ist2 < list3

0

>>> (list2 > 1ist3) and (listl == 1ist3)
1

When using the value comparison operators, comparing numbers and strings is straightforward, but not so much
for lists, however. List comparisons are somewhat tricky, but logical. The comparison operators use the same
agorithm asthecnp() built-in function. The algorithm basically works like this: the elements of both lists are
compared until there is a determination of awinner. For example, in our example above, the output of ' abc'
versus' xyz' isdetermined immediately, with' abc' < ' xyz', resultinginlistl < |ist2and
list2 >= |ist3. Tuplecomparisons are performed in the same manner aslists.

Sequence Type Operators
Slices([ ] and[ : ])

Slicing with listsis very similar to strings, but rather than using individual characters or substrings, slices of
lists pull out an object or a group of objects which are elements of the list operated on. Focusing specifically on
lists, we make the following definitions:

>>> num | i st [43, -1.23, -2, 6.19e5]
>>> str_|ist ["jack', '"junped', 'over', 'candlestick']
>>> mxup_list =[4.0, [1, '"x'], "beef', -1.9+6j]

Slicing operators obey the same rules regarding positive and negative indexes, starting and ending indexes, as
well as missing indexes, which default to the beginning or to the end of a sequence.


http://safari.oreilly.com/main.asp?home
http://www.oreilly.com/
http://www.oreillynet.com/
http://safari.oreilly.com/main.asp?showtoc
http://safari.oreilly.com/work.asp
http://safari.oreilly.com/main.asp?home
http://safari.oreilly.com/main.asp?acmg
http://safari.oreilly.com/main.asp?logout
http://safari.oreilly.com/main.asp?subs
http://safari.oreilly.com/main.asp?help
http://safari.oreilly.com/main.asp?cat=1
http://safari.oreilly.com/main.asp?bookname=0130260363
http://safari.oreilly.com/main.asp?bookname=0130260363&cnode=99
http://safari.oreilly.com/main.asp?list
http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=111
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D111&bookname=0130260363&snode=111
http://safari.oreilly.com/main.asp?bookname=0130260363&snode=0&now=6%2F1%2F2002+12%3A50%3A46+PM
http://safari.oreilly.com/read3.asp?bookname=0130260363&snode=111&now=6%2F1%2F2002+12%3A50%3A46+PM
http://safari.oreilly.com/main.asp?bookname=0130260363&cnode=78

>>> numlist[1]

-1.23

>>>

>>> numlist[1:]
[-1.23, -2, 619000. 0]
>>>

>>> num | ist[2:-1]
[-2]

>>>

>>> str_list[2]
‘over'

>>> str_list[:2]
['jack', "junped' ]
>>>

>>> m xup_|li st

[4.0, [1, "x'], "beef', (-1.9+46])]
>>> m xup_list[1]

[1, "x']

Unlike strings, an element of alist might also be a sequence, implying that you can perform all the sequences
operations or execute any sequence built-in functions on that element. In the example below, we show that not
only can we take a dlice of a dlice, but we can also change it, and even to an object of a different type. You will
also notice the similarity to multi-dimensional arrays.

>>> m xup_list[1][1]

e

>>> mxup_list[1][1] = -64.875

>>> m xup_li st

[4.0, [1, -64.875], 'beef', (-1.9+6j)]

Hereis another exampleusi ng num | i st:

>>> num | i st

[43, -1.23, -2, 6.19e5]

>>>

>>> numlist[2:4 =] 16.0, -49 ]

>>>

>>> num | i st

[43, -1.23, 16.0, -49]

>>>

>>> num|list[0] = [65535L, 2e30, 76.45-1.3j]
>>>

>>> num | i st

[[65535L, 2e+30, (76.45-1.3j)], -1.23, 16.0, -49]



Notice how, in the last example, we replaced only a single element of the list, but we replaced it with alist. So
asyou can tell, removing, adding, and replacing thingsin lists are pretty free-form. Keep in mind that in order
to splice elements of alist into another list, you have to make sure that the left-hand side of the assignment
operator (=) isadlice, not just asingle e ement.

Membership (i n, not in)

With strings, the membership operator determined whether a single character isa member of a string. With lists
(and tuples), we can check whether an object isamember of alist (or tuple).

>>> m xup_li st

[4.0, [1, "x'], '"beef', (-1.9+46])]
>>>

>>> 'peef' in mxup_list

1

>>>

>>> "x'" in mxup_list

0

>>>

>>> "X in mxup_list[1]

1

>>> num | i st

[[65535L, 2e+030, (76.45-1.3j)], -1.23, 16.0, -49]
>>>

>>> -49 in numli st

1

>>>

>>> 34 in numlist

0

>>>

>>> [ 65535L, 2e+030, (76.45-1.3j)] in numli st
1

Note how ' x' isnot amember of m xup_|i st. Thatisbecause' x' itself isnot actually a member of
m xup_| i st. Rather,itisamember of m xup_upl i st[ 1], whichitself isalist. The membership
operator is applicable in the same manner for tuples.

Concatenation (+)

The concatenation operator allows us to join multiple lists together. Note in the examples below that thereisa
restriction of concatenating like objects. In other words, you can concatenate only objects of the same type. Y ou
cannot concatenate two different types even if both are sequences.

>>> num | i st
>>> str_|ist
>>> m xup_|i st
>>>

>>> numlist + mxup_list

[43, -1.23, -2, 619000.0, 4.0, [1, 'x'], 'beef', (-1.9+46j)]
>>>

3, -1.23, -2, 6.19e5]
jack', '"junped', 'over', 'candlestick']

[4
[l
= [4.0, [1, 'x'], 'beef', -1.9+6j]



>>> str_list + numli st
["jack', "junped', 'over', 'candlestick', 'park', 43, -1.23, -2, 619000. 0]

Aswe will discover in Section 6.13, starting in Python 1.5.2, you can use the ext end() method in place of
the concatenation operator to append the contents of alist to another. Using ext end( ) isadvantageous over
concatenation because it actually appends the elements of the new list to the original, rather than creating a new
list from scratch like + does. ext end() isalso the method used by the new augmented assignment or in-place
concatenation operator (+=) which debuted in Python 2.0.

We would also like to point out that the concatenation operator does not facilitate adding individual elementsto
alist. The upcoming example illustrates a case where attempting to add a new item to the list resultsin failure.

>>> numlist + "newiten
Traceback (innernost |ast):
File "<stdin>", line 1, in ?
TypeError: illegal argunent type for built-in operation

This example fails because we had different types to the left and right of the concatenation operator. A
combination of (list + string) is not valid. Obvioudly, our intention wasto add the' new i t em string to the
list, but we did not go about it the proper way. Fortunately, we have a solution:

Usetheappend() list built-in method (we will formally introduce append() and al other built-in methods
in Section 6.13):

>>> num | ist.append(’' new item)

Repetition (*)

Use of the repetition operator may make more sense with strings, but as a sequence type, lists and tuples can
also benefit from this operation, if needed:

>>> numlist * 2
[43, -1.23, -2, 619000.0, 43, -1.23, -2, 619000. 0]
>>>

>>> numlist * 3
[43, -1.23, -2, 619000.0, 43, -1.23, -2, 619000.0, 43, -1.23, -2, 619000. 0]

A new augmented assignment in-place repetition operator was also added to Python 2.0.
List Type Operators

There are currently no special list-only operatorsin Python. Lists can be used with most object and sequence
operators. In addition, list objects have their own methods.
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Built-in Functions
Standard Type Functions

cmp()

In Section 4.6.1, we introduced the cnmp( ) built-in function with examples of comparing

numbers and strings. But how would cnp() work with other objects such as lists and tuples,
which can contain not only numbers and strings, but other objects like lists, tuples,
dictionaries, and even user-created objects?

>>> |istl, list2 =[123, 'xyz'], [456, 'abc']
>>> cnp(listl, list2)

-1

>>>

>>> cnp(list2, listl)

1

>>> |ist3 =1list2 + [789]
>>> |jst3

[456, 'abc', 789]

>>>

>>> cnp(list2, list3)

-1

Compares are straightforward if we are comparing two objects of the same type. For
numbers and strings, the direct values are compared, which istrivial. For sequence types,
comparisons are somewhat more complex, but similar in manner. Python triesits best to
make afair comparison when one cannot be made, i.e., when there is no relationship between
the objects or when types do not even have compare functions, then all bets are off asfar as
obtaining a"logical” decision.

Before such adrastic state is arrived at, more safe-and-sane ways to determine an inequality
are attempted. How does the algorithm start? As we mentioned briefly above, elements of
lists are iterated over. If these elements are of the same type, the standard compare for that
typeis performed. As soon as an inequality is determined in an element compare, that result
becomes the result of the list compare. Again, these element compares are for elements of the
same type. Aswe explained earlier, when the objects are different, performing an accurate or
true comparison becomes arisky proposition.

When we comparel i st 1 withl i st 2, both listsareiterated over. Thefirst true
comparison takes place between the first elements of both lists, i.e., 123 vs. 456. Since
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123 < 456, |istlisdeemed"smaller."

If both values are the same, then iteration through the sequences continues until either a
mismatch is found, or the end of the shorter sequence is reached. In the latter case, the
sequence with more elementsis deemed "greater.” That is the reason why we arrived above
alist2 < |ist3. Tuplesarecompared using the same algorithm. We leave this section
with asummary of the algorithm highlights:

o Compare elements of both lists.
« If elements are of the same type, perform the compare and return the result.
« If elements are different types, check to seeif they are numbers.

o If numbers, perform numeric coercion if necessary and compare.

o If either element is a number, then the other element is"larger” (numbers are
"smallest").

0 Otherwise, types are sorted alphabetically by name.

If we reached the end of one of thelists, the longer listis"larger.”

« If we exhaust both lists and share the same data, the result isatie, meaning that O is
returned.

Sequence Type Functions
l en()

For strings, | en() givesthetota length of the string, asin the number of characters. For
lists (and tuples), it will not surpriseyou that | en() returnsthe number of elementsin the
list (or tuple). Container objects found within count as a single item. Our examples below use
some of the lists already defined above in previous sections.

>>> | en(num.list)

>>>
>>> | en(num.|ist*2)

>>>
>>> |len(str_list[:4])

>>>
>>> |len(str_list[:-1])

>>>
>>> | en(m xup_list+numlist)

max() and m n()

max() and m n() did not have a significant amount of usage for strings since all they did



was to find the "largest” and "smallest" characters (Iexicographically) in the string. For lists
(and tuples), their functionality is more defined. Given alist of like objects, i.e., numbers or
strings only, max() and m n() could comein quite handy. Again, the quality of return
values diminishes as mixed objects come into play. However, more often than not, you will
be using these functions in a situation where they will provide the results you are seeking.
We present afew examples using some of our earlier-defined lists.

>>> max(str_list)

' par k'

>>>

>>> max(num.li st)

[ 65535L, 2e+30, (76.45-1.3j)]
>>> max(m xup_list)
" beef'

>>> m n(mxup_list)
(-1.9+46j)

>>>

>>> mn(str_list)

" candl esti ck’

>>>

>>> mn(num|ist)
-49

list() andtuple()

Thel i st () andt upl e() methods take sequence types and convert them to lists and
tuples, respectively. Although strings are aso sequence types, they are not commonly used
withli st () andt upl e() . These built-in functions are used more often to convert from
one type to the other., i.e., when you have a tuple that you need to make alist (so that you
can modify its elements) and vice versa.

>>> aglist = [ '"tao', 93, 99, 'tinme' ]
>>> aTupl e = tupl e(aLi st)

>>> print ali st

['tao', 93, 99, 'tine']

>>>

>>> print aTuple

("tao', 93, 99, 'tine")

>>>

>>> back?2alLi st = list(aTuple)
>>> pack?2ali st

["tao', 93, 99, 'tine']

>>> pack?2ali st == ali st

1

>>> back?2ali st is aList

0



Neither I i st () nort upl e() performstrue conversions (also see Section 6.1.2). In other

words, the list you passed tot upl e() doesnot turninto alist, and the tuple you give to

I i st() doesnotreally becomealist. Instead, these built-in functions create a new object of
the destination type and populate it with the same elements as the original sequence. In the
last two examples above, although the data set for both lists is the same (hence satisfying
==), neither variable points to the same list (thusfailingi s).

List Type Built-in Functions

There are currently no special list-only built-in functions in Python. Lists can be used with
most object and sequence built-in functions. In addition, list objects have their own methods.
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List Type Built-in Methods

Listsin Python have methods. We will go over methods more formally in an introduction to
object-oriented programming in Chapter 13, but for now, think of methods as functions or
procedures that apply only to specific objects. So the methods described in this section
behave just like built-in functions except that they operate only on lists. Since these functions
involve the mutability (or updating) of lists, none of them is applicable for tuples.

Y ou may recall our earlier discussion of accessing object attributes using the dotted attribute
notation: obj ect . att ri but e. List methods are no different, using
list.method([argunents]). We usethe dotted notation to access the attribute (here
it isafunction), then use the function operators (( ) ) in afunctional notation to invoke the
methods.

Types that have methods generally have an attribute called obj ect . net hods___ which
name all the methods that are supported by that type. In our case for lists,
list. nethods__ servesthis purpose:

>>> [].__nethods__
['append', 'count', 'extend', 'index', 'insert', 'pop',
"renove', 'reverse', 'sort']

Table6.10 shows all the current methods currently available for lists. Of these methods,

ext end() and pop() madetheir debut in Python 1.5.2. Some examples of using various
list methods are shown below.

Table 6.10. List Type Built-in Methods

List Method Operation
list.append(obj) appends object obj tol i st
[ist.count(obj) returns count of how many times obj occursinl i st
l'ist.extend(seq)!d appends the contentsof seq to | i st
[ist.index(obj) returnsthe lowest index inl i st that obj appears
list.insert(index, obj) insertsobject obj intol i st at offseti ndex
list.pop(obj=list[-1])[a removes and returns last object or obj from| i st
list.renove(obj) removes object obj from| i st
list.reverse() reverses objectsof | i st in place
list.sort([func]) sorts objects of list, use comparef unc if given

(@ new as of Python 1.5.2
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>>> nusi c_nedia = [ 45]

>>> musi c_nedi a

[ 45]

>>>

>>> nusi c_nedi a.insert (0, 'conpact disc')

>>> musi c_nedi a

[' compact disc', 45]

>>>

>>> nusi c_nedi a. append(' | ong pl ayi ng record')
>>> nusi c_nedi a

['conpact disc', 45, 'long playing record']
>>>

>>> nusi c_nedia.insert(2, '8-track tape')

>>> musi c_nedi a

[' conpact disc', 45, '8-track tape', 'long playing record]

In the preceeding example, we initiated alist with a single element, then checked the list as
we either inserted elements within the list, or appended new items at the end. Let's now
determine if elementsarein alist aswell as how to find out the location of whereitems are
inalist. We do thisby using thei n operator and i ndex() method.

>>> 'cassette' in nusic _nedia
0
>>> ' conpact disc' in nusic_nedia
1
>>> musi ¢_nedi a. i ndex(45)
1
>>> nusi c_nedi a. i ndex(' 8-track tape')
2
>>> musi c_nedi a. i ndex(' cassette')
Traceback (innernost |ast):
File "<interactive input>", line O, in ?
Val ueError: list.index(x): x not in |ist

Oops! What happened in that last example? Well, it looks likeusing i ndex() to check if
itemsarein alist isnot agood idea, because we get an error. It would be safer to check using
the membership operator i n (or not i n) first, and then usingi ndex() to find the
element's location. We can put the last few callstoi ndex() inasinglefor loop like this:

for eachMedi aType in (45, '8-track tape', 'cassette'):
i f eachMedi aType in nusic_nedi a:
print music_nedi a.i ndex(eachMedi aType)



This solution helps us avoid the error we encountered above becausei ndex() isnot called
unless the object was found in the list. We will find out later how we can take charge if the
error occurs, instead of bombing out as we did above.

We will now test drivesort () andrever se(), methodsthat will sort and reverse the
elements of alist, respectively.

>>> nusi ¢c_nedi a

[' conpact disc', 45, '8-track tape', 'long playing record']
>>> nusi c_nedi a. sort ()

>>> nusi c_nedi a

[45, '8-track tape', 'conpact disc', 'long playing record ]
>>> musi c_nedi a. reverse()

>>> musi c_nedi a

['long playing record', 'conpact disc', '8-track tape', 4

One caveat about thesort () andr ever se() methodsisthat these will perform their
operation on alist in place, meaning that the contents of the existing list will be changed.
There is no return value from either of these methods.

Oh, and if you are an algorithm connoisseur, the default sorting algorithm employed by the
sort () method isarandomized version of QuickSort. We defer all other explanation to the
portion of the source code where you can find out more information on the sorting algorithm
(Qbj ects/|istobject.c).

The new ext end() method will take the contents of one list and append its elementsto
another list:

>>> new_nedia = ['24/96 digital audio disc', 'DVD Audio
di sc', 'Super Audio CD ]

>>> nusi c_nedi a. ext end( new_nedi a)

>>> nusi c_nedi a

['long playing record', 'conpact disc', '8-track tape',

45, '24/96 digital audio disc', 'DVD Audio disc', 'Super
Audi o CD ]

The argument to ext end() can be any sequence object starting in Python 1.6—the
sequence is converted to alist by performing the equivalentto | i st () and then its contents
appended to the original list. In 1.5.2, the argument was required to be alist.

pop() will either return the last or requested item from alist and return it to the caller. We
will seethe new pop() method in Section 6.14.1 aswell asin the Exercises.
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Special Features of Lists
Creating Other DataStructures Using Lists

Because of their container and mutable features, lists are fairly flexible and it is not very
difficult to build other kinds of data structures using lists. Two that we can come up with rather
quickly are stacks and queues.

The two code samplesin this section use the pop() method which became reality in Python
1.5.2. If you are using an older system, thisfunction is easily duplicated in Python. (See
Exercise 6-17.)

Stack

A stack isalast-in-first-out (L1FO) data structure which works similar to a cafeteria dining
plate spring-loading mechanism. Consider the plates as objects. The first object off the stack is
the last one you put in. Every new object gets "stacked" on top of the newest objects. To "push”
an item on a stack is the terminology used to mean you are adding onto a stack. Likewise, to
remove an element, you "pop" it off the stack. The following example shows a menu-driven
program which implements a simple stack used to store strings:

Example 6.2. Using Lists as a Stack (st ack. py)

This simple script uses lists as a stack to store and retrieve strings entered through this
menu-driven text application using only theappend() and pop() list methods.

<$nopage>
001 1 #!/usr/bin/env python
002 2
003 3 stack =[]
004 4
005 5 def pushit():
006 6 stack. append(raw_i nput (' Enter new string: "))
007 7
008 8 def popit():
009 9 I f len(stack) ==
010 10 print 'Cannot pop froman enpty stack!’
011 11 el se: <$nopage>
012 12 print 'Renoved [', stack.pop(), ']’
013 13
014 14 def viewstack():
015 15 print str(stack)
016 16

017 17 def shownrenu():
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018 18 prompt = """
019 19 p(U sh
020 20 p(
021 21 (
022 22 (Quit
023 23
024 24 Enter choice: """
025 25
026 26 done = 0
027 27 whi | e not done:
028 28
029 29 chosen = 0
030 30 whi | e not chosen:
031 31 try: <$nopage>
032 32 choi ce = raw_i nput (pronpt)[0]
033 33 except (EOFError, Keyboardlnterrupt):
034 34 choice = '(
035 35 print 'nYou picked: [%]' % choice
036 36 i f choice not in 'uovq :
037 37 print 'invalid option, try again'
038 38 el se:
039 39 chosen =1
040 40
041 41 if choice ==
042 42 if choice =="
i f
f

. done =1

"I pushit()

"1 opopit()

vi ewst ack()

043 43 choi ce ==
044 44 choi ce ==
045 45

046 46 iIf _name_ =="'_ main__':
047 47 shownenu()

048 <$nopage>

< O cCc O

Lines 1-3

In addition to the Unix startup line, we take this opportunity to clear the stack (alist).
Lines 5-6

Thepushi t () function adds an element (a string prompted from the user) to the stack.
Lines 8-12

Thepopi t () function removes an element from the stack (the more recent one). An error
occurs when trying to remove an element from an empty stack. In this case, awarning is sent
back to the user.

Lines 14-15
Thevi ewst ack() function displays a printable string representation of the list.
Lines 17-44

The entire menu-driven application is controlled from the showrenu() function. Here, the
user is prompted with the menu options. Once the user makes a valid choice, the proper



function is called. We have not covered exceptionsandt r y- except statement in detail yet,
but basically that section of the code allows a user to type D (EOF, which generates an

EOFEr r or ) or ~C (interrupt to quit, which generatesa Keyboar dl nt er r upt error), both
of which will be processed by our script in the same manner asif the user had typed the' ' to
quit the application. Thisis one place where the exception-handling feature of Python comesin
extremely handy.

Lines 46-47

This part of the code starts up the program if invoked directly. If this script wasimported as a
module, only the functions and variables would have been defined, but the menu would not
show up. For more information regarding line 46 andthe __nanme__ variable, see Section
34.1.

Here is a sample execution of our script:

% st ack. py

p(U)sh
p(Op
(V)iew
(Quit

Enter choice: u

You pi cked: [u]
Enter new string: Python

Enter choice: u

You pi cked: [u]
Enter new string: is

Enter choice: u

You picked: [u]
Enter new string: cool!



Enter choice: v

You pi cked: [V]
["Python', "is', 'cool!"]

p(U)sh
p(Op

(V)i ew
(Quit

Enter choice: o

You pi cked: [o0]
Renoved [ cool! ]

p(U) sh
p(Op
(V)i ew
(Quit

Enter choice: o

You pi cked: [o0]
Renoved [ is ]

p(U) sh
p(Op
(V)i ew
(Quit

Enter choice: o

You pi cked: [o0]
Renoved [ Python ]

p(U) sh
p(Op
(V)i ew
(Quit

Enter choice: o

You pi cked: [o0]
Cannot pop from an enpty stack!

p(U sh
p(Op
(V)i ew
(Quit

Enter choice: ~D



You picked: [(q]

Queue

A queueisafirst-in-first-out (FIFO) data structure which works like a single-file supermarket

or bank teller line. Thefirst person in lineisthe first one served (and hopefully the first one to
exit). New elementsjoin by being "enqueued” at the end of the line, and elements are removed
from the front by being "dequeued.” The following code shows how, with alittle modification
from our stack script, we can implement a simple queue using lists.

Example 6.3. Using Lists as a Queue (queue. py)

Thissimple script useslists as a queue to store and retrieve strings entered through this
menu-driven text application, using only theappend() and pop() list methods.

<$nopage>

001 1 #!/usr/bin/env python

002 2

003 3 queue = []

004 4

005 5 def enQ):

006 6 gueue. append(raw_i nput (' Enter new string: '))
007 7

008 8 def deQ):

009 9 i f I en(queue) ==

010 10 print 'Cannot dequeue from enpty queue!’
011 11 el se: <$nopage>

012 12 print 'Renoved [', queue.pop(0), ']’

013 13

014 14 def viewQ):

015 15 print str(queue)

016 16

017 17 def shownenu():

018 18 prompt = """

019 19 (E)nqueue

020 20 (D)equeue

021 21 (V)iew

022 22 (Quit

023 23

024 24 Enter choice:

025 25

026 26 done = 0

027 27 whi | e not done:

028 28

029 29 chosen = 0

030 30 whi | e not chosen:

031 31 try: <$nopage>

032 32 choi ce = raw_i nput (pronpt) [ 0]
033 33 except (EOCFError, Keyboardlnterrupt):
034 34 choice = '(

035 35 print "\ nYou picked: [%]' % choice



036 36 if choice not in 'devq':
037 37 print 'invalid option, try again'
038 38 el se: <$nopage>

039 39 chosen =1

040 40

041 41 if choice == '"q': done =1
042 42 if choice == 'e': enQ)

043 43 if choice == '"d': deQ)

044 44 if choice == "v': viewQ)

045 45

046 46 if _name_ =="'_main__':

047 47 shownenu()

048 <$nopage>

Because of the similarities of this script with the st ack. py script, we will describe only in

detail the lines which have changed significantly:

Lines 5-6

TheenQ() function works exactly likepushi t (), only the name has been changed.

Lines 8-12

The key difference between the two scripts lies here. ThedeQ() function, rather than taking
the most recent item as popi t en( ) did, takes the oldest item on the list, the first element.

We present some output here as well:

% queue. py
(E) nqueue
(D) equeue
(V)iew
(Quit

Enter choice: e

You picked: [e€]

Enter new queue el enent: Bring out
(E) nqueue

(D) equeue

(V)i ew

(Quit

Enter choice: e

You pi cked: [e]

Enter new queue el enent: your dead!
(E) nqueue

(D) equeue

(V)iew

(Quit



Enter choice: v

You pi cked: [V]
['Bring out', 'your dead!']

(E) nqueue
(D) equeue
(V)iew
(Quit

Enter choice: d

You pi cked: [d]
Renoved [ Bring out ]

(E) nqueue
(D) equeue
(V)i ew
(Quit

Enter choice: d

You picked: [d]
Renoved [ your dead! ]

(E) nqueue
(D) equeue
(V)i ew
(Quit

Enter choice: d

You picked: [d]
Cannot dequeue from enpty queue!

(E) nqueue
(D) equeue
(V)i ew
(Quit

Enter choice: ~D
You picked: [d]

Subclassing from "Lists"

Earlier in this text, we described how types are not classes in Python, so you cannot derive
subclasses from them (see the Core Note in Section 4.2). As a proxy, the Python standard
library includes two modules containing class wrappers around two types, lists and dictionaries,
from which you can subclass. These arethe User Li st and User Di ct modules. Once you
are familiar with classes, you can take these already-implemented classes to create your own



subclasses from lists and dictionaries and add whatever functionality you wish. These modules
are part of the Python standard library. See Section 6.18 for more information.
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Tuples

Tuples are another container type extremely similar in nature to lists. The only visible
difference between tuples and lists is that tuples use parentheses and lists use square
brackets. Functionally. there is a more significant difference, and that is the fact that tuples
areimmutable.

Our usua modus operandi isto present the operators and built-in functions for the more
general objects, followed by those for sequences and conclude with those applicable only for
tuples, but because tuples share so many characteristics with lists, we would be duplicating
much of our description from the previous section. Rather than providing much repeated
information, we will differentiate tuples from lists as they apply to each set of operators and
functionality, then discuss immutability and other features unique to tuples.

How to Create and Assign Tuples

Creating and assigning lists are practically identical to lists, with the exception of empty
tuples. These require atrailing comma (, ) enclosed in the tuple delimiting parentheses ( (

) )

>>> aTuple = (123, 'abc', 4.56, ['inner', 'tuple'], 7-9j)
>>> anot her Tupl e = (None, 'sonething to see here')

>>> print aTuple

(123, "abc', 4.56, ['inner', "tuple' ], (7-9)))

>>> print anot her Tupl e

(None, 'sonething to see here')

>>> enpti est Possi bl eTupl e = (None,)

>>> print enptiestPossibl eTupl e

(None,)

How to Access Values in Tuples

Slicing works similar to lists: Use the square bracket slice operator ([ ] ) aong with the
index or indices.

>>> aTupl e>>> ali st[ 1: 4]

("abc', 4.56, ['inner', '"tuple'])
>>> aTupl e[ : 3]

(123, 'abc', 4.56)
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>>> aTupl e[ 3] [ 1]
"tupl e

How to Update Tuples

Like numbers and strings, tuples are immutable which means you cannot update them or
change values of tuple elements. In Sections 6.2 and 6.3.2, we were able to take portions of

an existing string to create a new string. The same applies for tuples.

>>> aTupl e = aTupl e[ 0], aTuple[l], aTuple[-1]
>>> aTupl e
(123, "abc', (7-9j))

>>> tupl = (12, 34.56)
>>> tup2 = ('abc', 'xyz')
>>> tup3 = tupl + tup2
>>> tup3

(12, 34.56, 'abc', 'xyz')

How to Remove Tuple Elements and Tuples

Removing individual tuple elementsis not possible. Thereis, of course, nothing wrong with
putting together another tuple with the undesired elements discarded.

To explicitly remove an entire list, just usethe del statement:

del aTuple
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Tuple Operators and Built-in Functions
Standard and Sequence TypeOperators and Built-in Functions

Object and sequence operators and built-in functions act the exact same way toward tuples as
they do with lists. Y ou can still take slices of tuples, concatenate and make multiple copies of
tuples, validate membership, and compare tuples:

Creation, Repetition, Concatenation

>>>t = (['xyz', 123], 23, -103.4)

>>> t

(['xyz', 123], 23, -103.4)

>>> t * 2

(["xyz', 123], 23, -103.4, ['xyz', 123], 23, -103.4)
>>>t =t + ('free', 'easy')

>>> t

(['"xyz', 123], 23, -103.4, 'free', 'easy')

Membership, Slicing

>>> 23 int
1
>>> 123 in t
0
>>> t[0][1]
123
>>> t[1:]
(23, -103.4, 'free', 'easy')

Built-in Functions

>>> str(t)
(['xyz', 123], 23, -103.4, 'free', 'easy')
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>>> | en(t)

5

>>> max(t)

"free'

>>> mn(t)

-103. 4

>>> cmp(t, (['xyz', 123], 23, -103.4, 'free', 'easy'))
0

>>> |ist(t)

[['xyz', 123], 23, -103.4, 'free', 'easy']

Operators

>>> (4, 2) < (3, 5)
>>> (2, 4) < (3, -1)
>>> (2, 4) == (3, -1)

>>> (2, 4) == (2, 4)

Tuple Type Operators and Built-in Functions and Methods

Like lists, tuples have no operators or built-in functions for themselves. All of the list
methods described in the previous section were related to a list object's mutability, i.e.,
sorting, replacing, appending, etc. Since tuples are immutable, those methods are rendered
superfluous, thus unimplemented.
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Special Features of Tuples
How are Tuples Affected by Immutability?

Okay, we have been throwing around this word "immutable" in many parts of the text. Aside from its
computer science definition and implications, what is the bottom line as far as applications are concerned?
What are all the consequences of an immutable data type?

Of the three standard types which are immutable—numbers, strings, and tuples—tuples are the most
affected. A datatype that isimmutable ssimply means that once an object is defined, its value cannot be
updated, unless, of course, acompletely new object is allocated. The impact on numbers and strings is not
as great since they are scalar types, and when the sole value they represent is changed, that is the intended
effect, and access occurs as desired. The story is different with tuples, however.

Because tuples are a container type, it is often desired to change a single or multiple elements of that
container. Unfortunately, thisis not possible. Slice operators cannot show up on the left-hand side of an
assignment. Recall thisis no different for strings, and that slice accessis used for read access only.

Immutability does not necessarily mean bad news. One bright spot isthat if we passin datato an APl with
which we are not familiar, we can be certain that our datawill not be changed by the function called. Also,
if we receive atuple as areturn argument from a function that we would like to manipulate, we can use the
I'ist() built-infunction to turn it into amutable list.

Tuples Are Not Quite So "Immutable”

Although tuples are defined as immutable, this does not take away from their flexibility. Tuples are not
quite as immutable as we made them out to be. What do we mean by that? Tuples have certain behavioral
characteristics that make them seem not asimmutable as we had first advertised.

For example, we can join strings together to form alarger string. Similarly, there is nothing wrong with
putting tuples together to form alarger tuple, so concatenation works. This process does not involve
changing the smaller individual tuplesin any way. All we are doing isjoining their elements together.
Some examples are presented here:

>>> s = '"first'

>>> s = s + ' second'

>>> 5

"first second'

>>>

>>>t = ("third, '"fourth')
>>> t

("third, "fourth")

>>>
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>>>t =t + ('fifth', 'sixth")
>>> t
("third", 'fourth', 'fifth', 'sixth")

The same concept applies for repetition. Repetition is just concatenation of multiple copies of the same
elements. In addition, we mentioned in the previous section that one can turn atuple into a mutable list with
asimple function call. Our final feature may surprise you the most. Y ou can "modify" certain tuple
elements. Whoa. What does that mean?

Although tuple objects themselves are immutable, this fact does not preclude tuples from containing
mutabl e objects which can be changed.

>>>t = (['xyz', 123], 23, -103.4)
>>> t

(['xyz', 123], 23, -103.4)

>>> t[0][1]

123

>>> t[0][1] = ['"abc', 'def']

>>

(['xyz', ["abc', "def']], 23, -103.4)

In the above example, althought isatuple, we managed to "change" it by replacing an item in the first
tuple element (alist). Wereplacedt [ O] [ 1] , formerly aninteger, withalist[ ' abc', 'def'].
Although we modified only a mutable object, in some ways, we also "modified” our tuple.

No Enclosing Delimiters

Any set of multiple objects, comma-separated, written without identifying symbols, i.e., brackets for lists,
parentheses for tuples, etc., default to tuples, asindicated in these short examples:

>>> 'abc', -4.24e93, 18+6.6j, 'xyz'
("abc', -4.24e+093, (18+6.6j), 'xyz')

>>>
>>> x, y =1, 2
>>> X, Y

(1, 2)

Any function returning multiple objects (also no enclosing symbols) is atuple. Note that enclosing symbols
change a set of multiple objects returned to a single container object. For example:

def fool():

.ret urn
obj 1, obj2, obj3



def foo2():

return [obj1, obj2, obj3]
def fo03():

return (obj1, obj2, obj3)

In the above examples, f 0o1() callsfor the return of three objects, which come back as a tuple of three
objects, f 002() returnsasingle object, alist containing three objects, and f 003() returns the same thing
asfool(). Theonly differenceisthat the tuple grouping is explicit.

Explicit grouping of parentheses for expressions or tuple creation is always recommended to avoid
unpleasant side effects:

>>> 4, 2 <3, 5 # int, conparison, int
(4, 1, 5)

>>> (4, 2) < (3, 5) # tuple conparison

0

In the first example, the less than ( <) operator took precedence over the comma delimiter intended for the
tuples on each side of the less than sign. The result of the evaluation of 2 < 3 became the second element
of atuple. Properly enclosing the tuples enables the desired result.

Single Element Tuples

Ever try to create a tuple with asingle element? Y ou tried it with lists, and it worked, but then you tried and
tried with tuples, but cannot seem to be able to do it.

>>> ['abc']

['abc']

>>> type(['abc']) # a list

<type 'list'>

>>>

>>> [ 123]

[ 123]

>>> type([123]) # also a list

<type 'list'>

>>>

>>> (" xyz')

' xyz'

>>> type(('xyz')) # a string, not a tuple
<type 'string' >

>>>

>>> (456)

456

>>> type((456)) # an int, not a tuple
<type 'int'>



It probably does not help your case that the parentheses are also overloaded as the expression grouping
operator. Parentheses around a single element take on that binding role rather than as a delimiter for tuples.
The workaround isto place atrailing comma (,) after the first element to indicate that thisis a tuple and not
agrouping.

>>> ('xyz',)
("xyz',)

>>> (456, )
(456,)

NOTE

One of the questions in the Python FAQ (6.15) asks, "Why are there separate tuple and list data types?"
That question can also be rephrased as, "Do we really need two sequence types?" One reason why having
lists and tuplesis a good thing occursin situations where having one is more advantageous than having the
other.

One casein favor of an immutable data type is if you were manipulating sensitive data and were passing a
mutabl e object to an unknown function (perhaps an API that you didn't even write!). As the engineer
developing your piece of the software, you would definitely feel a lot more secure if you knew that the
function you were calling could not alter the data.

An argument for a mutable data type is where you are managing dynamic data sets. You need to be able to
create them on the fly, slowly or arbitrarily adding to them, or fromtime to time, deleting individual
elements. Thisis definitely a case where the data type must be mutable. The good news is that with the
[ist() andtupl e() built-in conversion functions, you can convert from one type to the other relatively
painlessly

list() andtupl e() arefunctionswhich allow you to create a tuple froma list and vice versa. When
you have a tuple and want a list because you need to update its objects, thel i st () function suddenly
becomes your best buddy. When you have a list and want to passit into a function, perhaps an API, and
you do not want anyone to mess with the data, thet upl e() function comesin quite useful.
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Related Modules

Table6.11 lists the key related modules for sequence types. Thislist includesthe ar r ay
module to which we briefly alluded earlier. These are similar to lists except for the restriction
that al elements must be of the same type. The copy module (see optional Section 6.19
below) performs shallow and deep copies of objects. The oper at or module, in addition to
the functional equivalents to numeric operators, also contains the same four sequence types.
Thet ypes moduleis areference of type objects representing all types which Python
supports, including sequence types. Finally, the User Li st module contains afull class
implementation of alist object. Because Python types cannot be subclassed, this module
allows users to obtain aclassthat islist-like in nature, and derive new classes or
functionality. If you are unfamiliar with object-oriented programming, we highly recommend
reading Chapter 13.

Table 6.11. Related Modules for Sequence Types

Module Contents
array featuresthe ar r ay restricted mutable sequence type which requires al of its elements to be of
the sametype
copy provides functionality to perform shallow and deep copies of objects (see 6.19 below for more
information)

oper at or |contains sequence operators available as function calls, i.e. oper at or. concat (m n) is
equivalent to the concatenation ( m+ n) for sequences mand n.

types contains type objects for al supported Python types

User Li st |wrapsalist object (including operators and methods) into a class which can be used for
derivation (also see Section 6.18)
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*Shallow and Deep Copies

Earlier in Section 3.5, we described how object assignments are simply object references.
This means that when you create an object, then assign that object to another variable,
Python does not copy the object. Instead, it copies only areference to the object. For
example:

>>> alist = [[78, '"pyramd'], [84, '"vulture'], [81, 'eye']]
>>> anot her Li st = alLi st

>>> ali st
[[78, 'pyramd'], [84, "vulture'], [81, 'eye']]
>>>

>>> anot her Li st
[[78, "pyramid'], [84, 'vulture'], [81, 'eye']]

Above, alist of two elementsis created and its reference assigned to aLi st . WhenalLi st
isassigned to anot her Li st, the contents of the list reference by aLi st are not copied
when anot her Li st iscreated. Rather, anot her Li st "copies’ the reference from

aLi st, notthe data. We can confirm this by taking alook at the identities of the objects
that both references point to:

>>> jd(aLi st)
1191872

>>> j d(anot herlList)
1191872

A shallow copy of an object is defined to be a newly-created object of the same type as the
original object whose contents are references to the e ementsin the original object. In other
words, the copied object itself is new, but the contents are not. Shallow copies of sequence
objects may be taken one of two ways: (1) taking a complete slice using the slice operator, or
(2) using the copy() function of the copy module, asindicated in the example below:

>>> thirdList = aList[:]

>>> t hi rdLi st

[[78, 'pyramd'], [84, "vulture'], [81, 'eye']]
>>> jd(thirdList)

1192232

>>>
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>>> | nport copy

>>> fourthLi st = copy. copy(aLi st)

>>> fourt hLi st

[[78, 'pyramd'], [84, "vulture'], [81, 'eye']]
>>> i d(fourthList)

1192304

Thet hi rdLi st listiscreated using the slice operator to take an entire slice (both starting
and ending indices are absent). We also present the new object's identity to confirm its
disassociation with the original object. Likewise for the creation of thef our t hLi st list.
Thistime, we usethe copy. copy() function to perform the same feat. However, the
elements of these lists are still only references to the original object's elements.

>>> jd(aList[0]), id(aList[1]), id(aList[2])

(1064072, 1191920, 1191896)

>>> jd(thirdList[0]), id(thirdList[1]), id(thirdList[2])
(1064072, 1191920, 1191896)

>>> jd(fourthList[0]), id(fourthList[1]), id(fourthList[2])
(1064072, 1191920, 1191896)

We pull the identities of these objects to confirm our hypothesis. In order to obtain afull or
deep copy of the object—creating a new container but containing references to completely
new copies (references) of the element in the original object—we need to use the

copy. deepcopy() function.

>>> | astLi st = copy. deepcopy(aLi st)

>>> | ast Li st

[[78, 'pyramd'], [84, "vulture'], [81, 'eye']]

>>> jd(| astList)

1193248

>>> jd(lastList[0]), id(lastList[1l]), id(lastList[2])
(1192280, 1193128, 1193104)

There are afew notes and caveats to making copies to keep in mind. Thefirst isthat
non-container types (i.e., numbers, strings, and other "atomic" objects like code, type, and
Xrange objects) are not copied. Shallow copies of sequences are all done using complete
dlices. Mapping types, which will be covered in Chapter 8, are copied using the dictionary
copy method. Finally, deep copies of tuples are not made if they contain only atomic objects.
If we changed each of the small listsin the larger list above to al tuples, we would have
performed only a shallow copy, even though we requested a deep copy.

NOTE

The shallow and deep copy operations that we just described are found in the copy module.
There arereally only two functions to use from this module: copy () —creates shallow
copy, and deepcopy () —creates a deep copy.
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Sequence types provide various mechanisms for ordered storage of data. Strings are a
general medium for carrying data, whether it be displayed to a user, stored on a disk,
transmitted across the network, or be a singular container for multiple sources of
information. Lists and tuples provide container storage that allows for simple manipulation
and access of multiple objects, whether they by Python data types or user-defined objects.
Individual or groups of elements may be accessed as slices via sequentially-ordered index
offsets. Together, these data types provide flexible and easy-to-use storage toolsin your
Python development environment. We conclude this chapter with a summary of operators,
built-in functions and methods for sequence types given as Table6.12.

Table 6.12. Sequence Type Operators, Built-in Functions and Methods

Operator, built-in function or method String List Tuple

[1 (list creation) .

() .
append() °
capitalize() .

center() .

chr () .

Cn‘p() . . .
count () . .
encode() .

endswi t h() .

expandt abs() .

ext end() .
find() .

hex() .

i ndex() . .
insert() . .

i sdeci mal () .

isdigit() .

i sl ower () .

i snuneric() .

i sspace() .

istitle() .

i supper () .

j oi n() .

| en() . . .
list() . . .
[just() .

| ower () .

[strip() .

max() . . .
m n() . . .
oct () .

ord() .

pop() °

raw_i nput () .




renove()

repl ace()

repr()

reverse()

rfind()

ri ndex()

rjust()

rstrip()

sort ()

split()

splitlines()

startswi th()

str()

strip()

swapcase()

split()

title()

tupl e()

type()

upper ()

Zfi 11 ()

. (attributes)

[] (Slice)

[:]

%

+

in

not in
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Exercises

1. Srings. Arethere any string methods or functions in the string modul e that will help me
determineif astring is part of alarger string?

2:  Sring ldentifiers. Modify thei dcheck. py script in Example 6-1 such that it will determine
the validity of identifiers of length 1 aswell as be able to detect if an identifier is a keyword.
For the latter part of the exercise, you may use the keywor d module (specifically the
keywor d. kwl i st list) to aid in your cause.

3 Sorting.
(a) Enter alist of numbers and sort the values in largest-to-smallest order.

(b) Do the same thing, but for strings and in reverse alphabetical (largest-to-smallest
lexicographic) order.

4. Arithmetic. Update your solution to the test score exercise in the previous chapter such that the
test scores are entered into alist. Y our code should also be able to come up with an average
score. See Exercises 2-9 and 5-3.

5. Strings.
(a) Display a string one character-at-a-time forward and backward as well.

(b) Determine if two strings match (without using comparison operators or thecnp() built-in
function) by scanning each string. EXTRA CREDIT: Add case-insensitivity to your solution.

(c) Determine if astring is palindromic (the same backwards asiit is for wards). EXTRA
CREDIT: add code to suppress symbols and white space if you want to process anything other
than strict palindromes.

(d) Take a string and append a backwards copy of that string, making a palindrome.

6: Strings. Createtheequivalenttost ri ng. stri p(): Takeastring and remove all leading
and trailing whitespace. (Useof string. *stri p() defeatsthe purpose of this exercise.)
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Debugging. Take alook at the code we present in Example 6.4 (buggy. py).

(a) Study the code and describe what this program does. Add a comment to every place you see
acomment sign (# ). Run the program.

(b) This problem has abig bug init. It fails on inputs of 6, 12, 20, 30, etc., not to mention any
even number in general. What is wrong with this program?

(c) Fix the bug in (b).
Example 6.4. buggy program(buggy. py)

Thisisthe program listing for Exercise 6-7. You will determine what this program does, add
comments whereyou see" #'s, determine what iswrong with it, and provide a fix for it.

<$nopage>
001 #! /[ usr/ bi n/ env python
002
003
004
005
006
007
008
009 9 #
010 10 num num = string.atoi (numstr)
011 11
012 12 #
013 13 fac_list = range(1l, numnumtl)
014 14 print "BEFORE: ", 'fac_|ist'
015 15

016 16 #

017 17 i =0

018 18

019 19 #

020 20 while i < len(fac_list):

021 21

022 22 #

023 23 if numnum%fac_list[i] ==
024 24 del fac_ list[i]

025 25

026 26 #

027 27 i =i +1

028 28

029 29 #

030 30 print "AFTER ", 'fac_list'

031 <$nopage>

#
i mport string

#
numstr = raw_i nput (' Enter a nunber: ')

©CoO~NOOUITA~,WNLE

Lists. Given an integer value, return a string with the equivalent English text of each digit. For
example, an input of 89 resultsin "eight nine" being returned. EXTRA CREDIT: return English
text with proper usage, i.e., "eighty-nine." For this part of the exercise, restrict valuesto be
between zero and a thousand.



10:

11:

12:

13:

Conversion. Create a sister function to your solution for Exercise 6-13 to take the total number
of minutes and return the same time interval in hours and minutes, maximizing on the total
number of hours.

Srings. Create afunction that will return another string similar to the input string, but with its
case inverted. For example, input of "Mr. Ed" will result in "mR. eD" as the output string.

Conversion.

(a) Create aprogram that will convert from an integer to an Internet Protocol (IP) addressin the
four octet format of WWW.XXX.YYY.ZZZ.

(b) Update your program to be able to do the vice versa of the above.

Srings.
(a) Create afunction called f i ndchr (), with the following declaration:

def findchr(string, char)

fi ndchr () will look for character char in st r i ng and return the index of the first
occurrence of char, or -1if that char isnot part of st ri ng. You cannot use
string.*find() orstring.*index() functionsor methods.

(b) Create another function called r f i ndchr () which will find the last occurrence of a
character in astring. Naturally thisworks similarly tof i ndchr () but it startsits search from
the end of the input string.

(c) Create athird function called subchar () with the following declaration:

def subchr(string, origchar, newchar)

subchr () issimilartofi ndchr () except that whenever or i gchar isfound, it isreplaced
by newchar . The modified string is the return value.

Srings. The st r i ng module contains three functions, at oi (), atol (), andatof (),
that convert strings to integers, long integers, and floating point numbers, respectively. As of
Python 1.5, the Python built-in functionsi nt (), [ ong(), andfl oat () canaso perform
the same tasks, in addition to conpl ex() which can turn a string into a complex number.
(Prior to 1.5 however, those built-in functions converted only between numeric types.)

Anat oc() wasnever implemented inthe st ri ng module, so that isyour task here.

at oc() takesasingle string as input, a string representation of a complex number, i.e.,
'-1.23e+4-5.67] "', and returnsthe equivalent complex number object with the given
value. You cannot useeval (), butconpl ex() isavailable. However, you can use only
conpl ex() with thefollowing restricted syntax: conpl ex(real , i mag) wherer eal
and i mag are floating point values. See Table 6.4 for more information regarding the use of

conpl ex() .



14: *Random numbers. Design a"rock, paper, scissors' game, sometimes called "Rochambeau,” a
game you may have played as akid. If you don't know the rules, they are: at the same time,
both you and your opponent have to pick from one of the following: rock, paper, or scissors
using specified hand motions. The winner is determined by these rules, which form somewhat
of afun paradox: (@) the paper coversthe rock, (b) the rock breaks the scissors, () the scissors
cut the paper. In your computerized version, the user enters his’her guess, the computer
randomly chooses, and your program should indicate awinner or draw/tie. NOTE: the most
algorithmic solutions use the fewest number of i f statements.

15: Conversion.

(a) Given apair of dates in some recognizable standard format such as MM/DD/YY or
DD/MM/YY , determine the total number of days that fall between both dates.

(b) Given a person's birth date, determine the total number of days that person has been alive,
including al leap days.

(c) Armed with the same information from part (b) above, determine the number of days
remaining until that person's next birthday.

16: Matrices. Process the addition and multiplication of apair of M by N matrices.

17: Methods. Implement afunction called my pop(), whichissimilartothel i st pop()
method. Take alist asinput, remove the last object from the list and return it.
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Chapter 7. Dictionaries

Chapter Topics
« Introduction to Dictionaries
o Operators
« Built-in Functions
« Built-in Methods
« Dictionary Keys

In this chapter, we focus on Python's single mapping type, dictionaries. We present the
various operators and built-in functions which can be used with dictionaries. We conclude
this chapter by introducing some of the standard library modules which deal with
dictionaries.
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Introduction to Dictionaries

The last standard type to add to our repertoire is the dictionary, the sole mapping type in
Python. A dictionary is mutable and is another container type that can store any number of
Python objects, including other container types. What makes dictionaries different from
sequence type containers like lists and tuples is the way the datais stored and accessed.

Sequence types use numeric keys only (numbered sequentially as indexed offsets from the
beginning of the sequence). Mapping types may use most other object types as keys, strings
being the most common. Unlike sequence type keys, mapping keys are often, if not directly,
associated with the data value that is stored. But because we are no longer using
"sequentially-ordered” keys with mapping types, we are left with an unordered collection of
data. Asit turns out, this does not hinder our use because mapping types do not require a
numeric value to index into a container to obtain the desired item. With akey, you are
"mapped" directly to your value, hence the term "mapping type." The most common data
structure that maps keys with associated values are hash tables.

NOTE

Sequence types use sequentially-ordered numeric keys as index offsets to store your data in
an array format. The index number usually has nothing to do with the data value that is
being stored. There should also be a way to store data based on another, associated value
such as a string. We do this all the time in everyday living. You file people's phone numbers
in your address book based on last name, you add events to your calendar or appointment
book based on date and time, etc. For each of these examples, an associated value to a data
item was your key.

Hash tables are a data structure that does exactly what we described. They store each piece
of data, called a value, based on an associated data item, called a key. Together, these are
known as key-value pairs. The hash table algorithm takes your key, performs an operation
on it, called a hash function, and based on the result of the calculation, chooses where in the
data structure to store your value. Where any one particular value is stored depends on what
its key is. Because of this randomness, there is no ordering of the values in the hash table.
You have an unordered collection of data.

The only kind of ordering you can obtain is by key. You can request a dictionary's keys,
which isreturned to you as a list. Fromthere, you can call thelist'ssor t () method to
order that data set. Thisis only one type of ordering you can performon your keys. In any
case, once you have determined that the set of keysis"sorted" to your satisfaction, their
associated values may be retrieved from the dictionary. Hash tables generally provide good
performance because lookups occur fairly quickly once you have a key. For a sequential
access data structure, you must march down to the correct index location and then retrieve
the value. Naturally, performance is based on the type of hash function used.
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Python dictionaries are implemented as resizeable hash tables. If you are familiar with Perl,
then we can say that dictionaries are similar to Perl's associative arrays or hashes.

We will now take a closer look at Python dictionaries. The syntax of adictionary entry is
key: val ue. Also, dictionary entries are enclosed in braces ({ } ).

How to Create and Assign Dictionaries

Creating dictionaries smply involves assigning adictionary to a variable, regardless of
whether the dictionary has elements or not:

>>> dictl = {}
>>> dict?2 {"name’': 'earth', 'port': 80}
>>> dictl, dict2

({}, {'port': 80, '"nanme': 'earth'})

How to Access Values in Dictionaries

To access dictionary elements, you use the familiar square brackets along with the key to
obtain its value:

>>> dict 2[' nane' ]

"earth’

>>>

>>> print 'host % is running on port %' %)\
(dict2['name'], dict2['port'])

host earth is running on port 80

Dictionary di ct 1 isempty whiledi ct 2 hastwo dataitems. Thekeysindi ct 2 are
"nanme' and' port', andtheir associated valueitemsare' eart h' and 80,
respectively. Access to the value is through the key, as you can see from the explicit access
tothe' nanme' key.

If we attempt to access a data item with a key which is not part of the dictionary, we get an
error:

>>> dict2[' server']

Traceback (innernost |ast):
File "<stdin>", line 1, in ?

KeyError: server

In this example, we tried to access avalue withthekey ' ser ver' which, asyou know,
does not exist from the code above. The best way to check if adictionary has a specific key
isto usethedictionary'shas_key() method. We will introduce all of adictionary's



methods below. The Boolean has_key() method will return al if adictionary has that key
and O otherwise.

>>> di ct 2. has_key(' server')

0

>>> di ct 2. has_key(' nane')
1

>>> di ct 2[' nanme' ]

"earth’

Oncethehas_key() method has given the okay, meaning that a key exists, then you can
access it without having to worry about getting the KeyEr r or , similar to what happened
above. Let ustake alook at another dictionary example, using keys other than strings:

>>> dict3 = {}

>>> dict3[1] = 'abc'

>>> dict3['1"] 3. 14159

>>> dict 3[ 3. 2] ' Xyz

>>> dict3

{3.2: '"xyz', 1. "abc', "1': 3.14159}

Rather than adding each key-value pair individually, we could have also entered all the data
for di ct 3 at the same time:

dict3 ={ 3.2: "xyz', 1. "abc', "1': 3.14159 }

Creating the dictionary with a set key-value pair can be accomplished if all the dataitems are
known in advance (obviously). The goal of the examplesusing di ct 3 isto illustrate the
variety of keysthat you can use. If we were to pose the question of whether akey for a
particular value should be allowed to change, you would probably say, "No." Right?

Not allowing keys to change during execution makes sense if you think of it thisway: Let us
say that you created a dictionary element with akey and value. Somehow during execution
of your program, the key changed, perhaps due to an atered variable. When you went to
retrieve that data value again with the original key, you got aKeyEr r or (since the key
changed), and you had no idea how to obtain your value now because the key had somehow
been altered. Because of this reason, keys must be immutable, so numbers and strings are
fine, but lists and other dictionaries are not. (See Section 7.5.2 for why keys must be

immutable.)
How to Update Dictionaries

Y ou can update a dictionary by adding a new entry or element (i.e., a key-value pair),
modifying an existing entry, or deleting an existing entry (see below for more details on



removing an entry).

>>> dict2[' nane'] = 'venus' # update existing entry
>>> dict2['port'] = 6969 # update existing entry
>>> dict2['arch'] = 'sunos5' # add new entry

>>>
>>> print 'host % nane)s is running on port %port)d %dict2
host venus is running on port 6969

If the key does exist, then its previous value will be overridden by its new value. The pr i nt
statement above illustrates an alternative way of using the string format operator ( %),
specific to dictionaries. Using the dictionary argument, you can shorten the pr i nt request
somewhat because naming of the dictionary occurs only once, as opposed to occurring for
each element using a tuple argument.

Y ou may also add the contents of an entire dictionary to another dictionary by using the
updat e() built-in method. We will introduce this methods later on in this chapter in
Section 7.4.

How to Remove Dictionary Elements and Dictionaries

Removing an entire dictionary is not atypical operation. Generally, you either remove
individual dictionary elements or clear the entire contents of a dictionary. However, if you
really want to "remove” an entire dictionary, use the del statement (introduced in Section

3.5.6). Here are some deletion examples for dictionaries and dictionary €l ements:

del dictl][' nane'] # renove entry with key 'nange'
dictl.clear() # renove all entries in dictl
del dictl # delete entire dictionary
NOTE

You may recall that there are two waysto delete an entry from a list, using the del

statement or usingthel i st. renove() method. Then you must be wondering, why do
lists have a remove entry method but not dictionaries? One simple answer is that to remove a
element froma list is a two-step effort. You must first find the index (a.k.a. the key) where the
data itemislocated and then call thedel statement. Ther enpove() method was written to
perform both steps, leaving the programmer with a single step. With dictionaries, you
already have the key; there is no need to performa lookup. You just call del once. Creating
a dictionary method to remove an entry will provide you with a functional interface.
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Operators

Dictionaries do not support sequence operations such as concatenation and repetition,
although an updat e() built-in method exists that popul ates one dictionary with the
contents of another. Dictionaries do not have a"membership” operator either, but the
has_key() built-in method basically performs the same task.

Standard Type Operators

Dictionaries will work with all of the standard type operators. These were introduced in
Chapter 4, but we will present some examples of how to use them with dictionaries here:

>>> dict4 = { "abc': 123}

>>> dict5 = { "abc': 456 }

>>> dict6 = { 'abc': 123, 98.6: 37 }
>>> dict7 = { 'xyz': 123}

>>> dict4 < dictb

1

>>> (dict4 < dict6) and (dictd < dict7)
1

>>> (dict5 < dict6) and (dict5 < dict7)
1

>>> dict6 < dict7

0

How are all these comparisons performed? Like lists and tuples, the processis abit more
complex than it is for numbers and strings. The algorithm is detailed below in Section 7.3.1.

Dictionary Key-lookup Operator ([])

The only operator specific to dictionaries is the key-lookup operator, which works very
similar to the single element slice operator for sequence types.

For sequence types, an index offset is the sole argument or subscript to accessasingle
element of a sequence. For adictionary, lookups are by key, so that is the argument rather
than an index. The key-lookup operator is used for both assigning values to and retrieving
values from a dictionary:

dict[k] = vV # set value 'v' in dictionary with key 'Kk
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di ct [ K] # |l ookup value in dictionary with key 'Kk’
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Built-in Functions
Standard Type Functions [type(), str(), andcnp()]

Thet ype() built-in function, when operated on adictionary, reveals an object of the
dictionary type. Thest r () built-in function will produce a printable string representation of
adictionary. These are fairly straightfoward.

In each of the last three chapters, we showed how the cnp() built-in function worked with
numbers, strings, lists, and tuples. So how about dictionaries? Comparisons of dictionaries
are based on an algorithm which starts with sizesfirst, then keys, and finally values. In our
example below, we create two dictionaries and compare them, then slowly modify the
dictionaries to show how these changes affect their comparisons:

>>> dictl = {}
= {

>>> dict2 = "host': 'earth', "port': 80 }
>>> cnp(dictl, dict2)

-1

>>> dictl['host'] = 'earth'

>>> cnp(dictl, dict?2)

-1

In the first comparison, di ct 1 isdeemed smaller because di ct 2 has more elements (2
itemsvs. Oitems). After adding oneelement todi ct 1, itisstill smaller (2 vs. 1), eveniif
theitem added isalso indi ct 2.

>>> dictl['port'] = 8080
>>> cnp(dictl, dict?2)

>>> dictl[ ' port'] = 80
>>> cnp(dictl, dict2)

After we add the second element to di ct 1, both dictionaries have the same size, so their
keys are then compared. At this juncture, both sets of keys match, so comparison proceeds to
checking their values. The valuesfor the' host ' keys are the same, but when we get to the
"port' key,dict 2 isdeemed larger because its value is greater than that of di ct 1's
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"port' key (8080 vs. 80). When resetting di ct 2's’ port"' key tothe samevalue as
di ct1l's' port' key, then both dictionaries form equals: They have the same size, their
keys match, and so do their values, hence the reason that O isreturned by cnp() .

>>> dictl['prot'] = "tcp’'
>>> cnp(dictl, dict?2)

1

>>> dict2['prot'] = "'udp'
>>> cnp(dictl, dict?2)

-1

As soon as an element is added to one of the dictionaries, it immediately becomes the "larger
one," asinthiscasewith di ct 1. Adding another key-value pair to di ct 2 cantip the
scales again, as both dictionaries' sizes match and comparison progresses to checking keys
and values.

>>> cdict = { '"fruits':1}
>>> ddict = { "fruits':1}
>>> cnp(cdict, ddict)

>>> cdict['oranges'] =0
>>> ddict['apples'] =0
>>> cnp(cdict, ddict)

14

Our final example reminds asthat crp() may return values other than -1, 0, or 1. The
algorithm pursues comparisons in the zzfollowing order:

(1) Compares Dictionary Sizes

If the dictionary lengths are different, then for cnp(di ct 1, di ct2), cnp() will return
apositive number if di ct 1 islonger and a negative number of di ct 2 islonger. In other
words, the dictionary with more keysis greater, i.e.,

len(dictl) > len(dict2) ? dictl > dict2

(2) Compares Dictionary Keys

If both dictionaries are the same size, then their keys are compared; the order in which the
keys are checked is the same order as returned by the keys () method. (It isimportant to
note here that keys which are the same will map to the same locations in the hash table. This
keeps key-checking consistent.) At the point where keys from both do not match, they are
directly compared and cnp() will return a positive number if the first differing key for

di ct 1 isgreater than the first differing key of di ct 2.



(3) Compares Dictionary Values

If both dictionary lengths are the same and the keys match exactly, the values for each key in
both dictionaries are compared. Once the first key with non-matching valuesis found, those
values are compared directly. Then cnp() will return a positive number if, using the same
key, thevalueindi ct 1 isgreater than that of thevalueindi ct 2.

(4) Exact Match

If we have reached this point, i.e., the dictionaries have the same length, the same keys, and
the same values for each key, then the dictionaries are an exact match and O is returned.

Figure7-1 illustrates the dictionary compare algorithm we just outlined above.

Figure 7-1. How Dictionaries are Compared

START with ™,

both dictionaries / Comparing Dictionaries

kevs
differ?

return{cmp{LuulditLl:,luu{dicLEJﬂ

Y

return(cmp (dicclEeyH, dictiKeyN) ) —‘

Y

return (emp (dictlVall, dict2valn) )

return(0)

Mapping Type Function [l en() ]

Similar to the sequence type built-in function, the mapping type | en() built-in returns the
total number of items, that is, key-value pairs, in adictionary:

>>> dict2 = { "nanme': 'earth', 'port': 80 }
>>> dict2
{*port': 80, "name': 'earth'}

>>> | en(dict 2)



We mentioned earlier that dictionary items are unordered. We can see that above, when
referencing di ct 2, theitemsarelisted in reverse order from which they were entered into
the dictionary.
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Built-in Methods

Table 7.1 lists the methods for dictionary objects. Thecl ear (),

copy(), get(), and

updat e() methods were added recently in Python 1.5. set def aul t () wasintroduced in

2.0.
Table 7.1. Dictionary Type Methods
dictionary method Operation
dict.clearld() removes al elements of dictionary dict
di ct. copyla() returns a (shallow [bl ) copy of dictionary dict
di ct. get (key, default=None)[d for key key, returnsvalue or default if key not in
dictionary (note that default's default is None)
di ct. has_key(key) returns 1 if key in dictionary dict, O otherwise
dict.itens() returns alist of dict's (key, value) tuple pairs
dict. keys() returns list of dictionary dict's keys
dict.setdefault key, defaul t=None)Id|similartoget (), butwill set
di ct[ key] =def aul t if key isnot aready in
di ct
di ct. updat e(di ct 2)[a adds dictionary dict2's key-values pairs to dict
di ct. val ues() returnslist of dictionary dict's values

[al new as of Python 1.5

[b] more information regarding shallow and deep copies can be found in Section 6.19

[<] hew as of Python 2.0

Below, we showcase some of the more common dictionary methods:

>>> dict2 = { "nane': 'earth',
>>> di ct 2. has_key(' nane')

1

>>>

>>> dict2[' nane' ]

"earth’

>>>

>>> di ct 2. has_key(' nunber')

0

"port': 80 }

Thehas_key() method is Boolean, indicating whether the given key isvalid for the
dictionary the method is operating on. Attempting to access a non-existent key will result in
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an exception (KeyEr r or ) aswe saw at the beginning of this chapter in Section 7.1.

Mapping types do not support thei n and not i n operators as sequences do, so
has_key() isour best bet.

Other useful dictionary methods focus entirely on their keys and values. These are keys() ,
which returnsalist of the dictionary's keys, val ues(), whichreturnsalist of the
dictionary'svalues, andi t ens (), whichreturnsalist of (key, value) tuple pairs. These are
useful for when you wish to iterate through adictionary's keys or values, albeit in no
particular order.

>>> dict 2. keys()

['port', 'nane']

>>>

>>> di ct 2. val ues()

[80, "earth']

>>>

>>> dict2.itens()

[("port', 80), ('name', 'earth')]

>>>

>>> for eachKey in dict2. keys():
print 'dict2 key', eachKey, 'has val ue',

di ct 2[ eachKey]

.d.i. ct2 key port has val ue 80
di ct2 key nanme has val ue earth

Thekeys() method isfairly useful when used in conjunction with af or loop to retrieve a
dictionary'svalues asit returns alist of adictionary's keys. However, because its items are
unordered, imposing some type of order is usually desired. Below, we present the same the
loop, but sort the keys (using thelist'ssor t () method) before retrieval.

>>> di ct 2Keys = di ct 2. keys()

>>> di ct 2Keys. sort ()

>>> for eachKey in dict2Keys:

print "dict2 key', eachKey, 'has val ue',
di ct 2[ eachKey]

dict2 key nanme has val ue earth
di ct2 key port has val ue 80

Theupdat e() method can be used to add the contents of one directory to another. Any
existing entries with duplicate keys will be overridden by the new incoming entries.
Non-existent ones will be added. All entriesin a dictionary can be removed with the

cl ear () method.

>>> dict2={ '"host':'earth', 'port':80 }



>>> dict3= { '"host':'venus', 'server':'http' }
>>> di ct 2. updat e(di ct 3)

>>> dict2

{"server': "http', 'port': 80, 'host': 'venus'}
>>> dict3.clear()

>>> dict3

{}

Thecopy() method simply returns a copy of adictionary. Note that thisis a shallow copy
only. Again, see Section 6.19 regarding shallow and deep copies. Finally, theget () method
issimilar to using the key-lookup operator ([ ] ), but allows you to provide a default value
returned if akey does not exist. If akey does not exist and a default value is not given, then
None isreturned. Thisisamore flexible option than just using key-lookup because you do
not have to worry about an exception being raised if akey does not exist.

>>> dict4 = dict2. copy()

>>> dict4

{*server': "http', 'port': 80, "host': 'venus'}
>>> dict4.get(' host')

"venus'

>>> di ct 4. get (' xxx")

>>> type(dictd. get(' xxx'))

<type ' None'>

>>> dict4.get('xxx', "no such key')
"no such key'

Python 2.0 introduces a new dictionary built-in method, set def aul t (), whichis
intended on making code shorter by collapsing a common idiom: you want to check if a
dictionary has akey. If it does, you want its value. If the dictionary does not have the key
you are seeking, you want to set a default value and then return it. That is precisely what
setdef aul t () does:

>>> nyDict ={ "host': "earth', '"port': 80 }
>>> nyDi ct. keys()

['host', "port']

>>> nyDict.itens()

[("host', "earth'), ('port', 80)]

>>> nyDi ct.setdefault (' port', 8080)

80

>>> nyDi ct.setdefault('prot', "tcp')

tep!

>>> nyDict.itens()

[("prot', "tcp'), ("host', 'earth'), ('port', 80)]

For more information, take alook at the "What's New in 2.0" online document. The URL is



available in the Online Resources section of the Appendix and on the CD-ROM.
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Dictionary Keys

Dictionary values have no restrictions. They can be any arbitrary Python object, i.e., from
standard objects to user-defined objects. However, the same cannot be said of keys.

More Than One Entry per Key Not Allowed

Oneruleisthat you are constrained to having only one entry per key. In other words,
multiple values per the same key are not allowed. (Container objects such as lists, tuples, and
other dictionaries are fine.) When key collisions are detected (meaning duplicate keys
encountered during assignment), the last assignment wins.

>>> dictl = {' foo' :789, 'foo': 'xyz'}
>>> dictl

{"foo': 'xyz'}

>>>

>>> dictl['foo'] = 123

>>> dictl

{'foo': 123}

Rather than producing an error, Python does not check for key collisions because that would
involve taking up memory for each key-value pair assigned. In the above example where the
key' f 00" isgiven twice on the same line, Python applies the key-value pairs from left to
right. The value 789 may have been set at first, but is quickly replaced by the string

' Xyz' . When assigning avalue to a non-existent key, the key is created for the dictionary
and value added, but if the key does exist (a collision), then its current value is replaced. In
the above example, the value for thekey ' f 00" isreplaced twice; in the final assignment,

' xyz' isreplaced by 123.

Keys Must Be Immutable

Aswe mentioned earlier in Section 7.1, most Python objects can serve as keys—only
mutabl e types such as lists and dictionaries are disallowed. In other words, types that
compare by value rather than by identity cannot be used as dictionary keys. A TypeErr or
will occur if amutable type is given asthe key:

>>> dict[[3]] = 14
Traceback (innernost |ast):
File "<stdin>" line 1, in ?
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TypeError: unhashabl e type

Why must keys be immutable? The hash function used by the interpreter to calculate where
to store your datais based on the value of your key. If the key was a mutable object, its value
could be changed. If akey changes, the hash function will map to a different place to store
the data. If that was the case, then the hash function could never reliably store or retrieve the
associated value. Immutable keys were chosen for the very fact that their values cannot
change. (Also see the Python FAQ guestion 6.18.)

We know that numbers and strings are allowed as keys, but what about tuples? We know
they are immutable, but in Section 6.17.2, we hinted that they might not be as immutable as
they can be. The clearest example of that was when we modified alist object which was one
of our tuple elements. To alow tuples as valid keys, one more restriction must be enacted:
Tuples are valid keys only if they only contain immutable arguments like numbers and
strings.

We conclude this chapter on dictionaries by presenting a program (user pw. py asin
Example 7.1), which manages user name and passwords in a mock login entry database
system. This script accepts new users given that they provide alogin name and a password.
Once an "account” has been set up, an existing user can return as long as they give their login
and correct password. New users cannot create an entry with an existing login name.

Example 7.1. Dictionary Example (user pw. py)

This application manages a set of userswho join the system with a login name and a
password. Once established, existing users can return aslong as they remember their login
and password. New users cannot create an entry with someone else's login name.

<$nopage>
001 1 #!/usr/bin/env python
002 2
003 3 db = {}
004 4
005 5 def newuser():
006 6 pronpt = 'login desired:
007 7 while 1:
008 8 nane = raw_i nput ( pronpt)
009 9 i f db. has_key(nane):
010 10 pronpt = 'nane taken, try another: '
011 11 conti nue <$nopage>
012 12 el se: <$nopage>
013 13 break <$nopage>
014 14 pwd = raw_i nput (' passwd: ')
015 15 db[ nane] = pwd
016 16
017 17 def ol duser():
018 18 name = raw_input('login: ")
019 19 pwd = raw_i nput (' passwd: ')
020 20 passwd = db. get ( nane)
021 21 I f passwd == pwd:
022 22 pass <$nopage>

023 23 el se: <$nopage>



024 24 print 'login incorrect’

025 25 return <$nopage>

026 26

027 27 print 'wel cone back', nane
028 28

029 29 def showrenu():

030 30 pronpt = """

031 31 (N)ew User Login
032 32 (E)xisting User Login
033 33 (Quit

034 34

035 35 Enter choice: """

036 36

037 37 done = 0

038 38 whi | e not done:

039 39

040 40 chosen =0

041 41 whi | e not chosen:

042 42 try: <$nopage>

043 43 choi ce = raw_i nput (pronpt) [ 0]
044 44 except (EOFError, Keyboardlnterrupt):
045 45 choice = '('

046 46 print '\nYou picked: [%]' % choice
047 47 I f choice not in 'neq :

048 48 print "invalid option, try again'
049 49 el se: <$nopage>

050 50 chosen = 1

051 51

052 52 if choice =="'q': done =1

053 53 if choice == "'n': newuser ()

054 54 if choice == "e': ol duser()

055 55

056 56 if __nane__ =="__min_'

057 57 showrenu()

058 <$nopage>
Lines1-3

After the UNIX-startup line, we initialize the program with an empty user database. Because
we are not storing the data anywhere, a new user database is created every time this program
is executed.

Lines 5-15

Thenewuser () function isthe code that serves new users. It checksto see if a name has
already been taken, and once a new name is verified, the user is prompted for his or her
password (no encryption exists in our simple program), and his or her password is stored in
the dictionary with his or her user name as the key.

Lines 17 — 27

The ol duser () function handles returning users. If auser returns with the correct login
and password, a welcome message is issued. Otherwise, the user is notified of aninvalid
login and returned to the menu. We do not want an infinite loop here to prompt for the



correct password because the user may have inadvertently entered the incorrect menu option.
Lines 29 - 54

Thereal controller of this script isthe shownrenu() function. The user is presented with a
friendly menu. The prompt string is given using triple quotes because it takes place over
multiple lines and is easier to manage on multiple lines than on asingle line with embedded
"\'n" symbols. Once the menu is displayed, it waits for valid input from the user and
chooses which mode of operation to follow based on the menu choice. Thet r y- except
statements we describe here are the same as for the st ack. py and queue. py examples
from the last chapter (see Section 6.14.1).

Lines 56 — 57

Hereisthe familiar code which will only call shownenu( ) to start the application if the
script was involved directly (not imported).

Here is a sample execution of our script:

% user pw. py

(N)ew User Login
(E)xisting User Login
(Quit

Enter choice: n

You picked: [n]
| ogin desired: king arthur
passwd: grail

(N)ew User Login
(E)xisting User Login
(Quit

Enter choice: e

You picked: [e]

| ogi n: sir knight
passwd: flesh wound
| ogi n incorrect

(N)ew User Login
(E)xi sting User Login
(Quit

Enter choice: e

You pi cked: [e]

| ogi n: king arthur
passwd: grail

wel come back king arthur



(N)ew User Login
(E)xisting User Login
(Quit

Enter choice: ~D
You pi cked: [q]
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Exercises

1. Dictionary Methods. What dictionary method would we use to combine two dictionaries
together?

2. Dictionary Keys. We know that dictionary values can be arbitrary Python objects, but what
about the keys? Try using different types of objects as the key other than numbers or strings.
What worked for you and what didn't? Asfor the failures, why do you think they didn't
succeed?

3. Dictionary and List Methods.
(a) Create adictionary and display its keys aphabetically.
(b) Now display both the keys and values sorted in alphabetical order by the key.

(c) Same as part (b), but sorted in alphabetical order by the value. (Note: this generally has no
practical purpose in dictionaries or hash tablesin general because most access and ordering [if
any] is based on the keys. Thisis merely an exercise.)

4. Creating Dictionaries. Given apair of identically-sized lists, say,[ 1, 2, 3, ...], and
["abc', "def', 'ghi', ...], processal that list datainto asingle dictionary that |ooks
likee {1: 'abc', 2: 'def', 3. 'ghi', ..}.

5. userpw2. pw. Following problem deals with the program in Example 7.1 a manager of a
database of name-password key-value pairs.

(a) Update the script so that atimestamp is also kept with the password indicating date and time
of last login. Thisinterface should prompt for login and password and indicate a successful or
failed login as before, but if successful, it should update the last login timestamp. If the login
occurs within four hours of the last login, tell the user, "Y ou already logged in at:
<last_login_timestamp>."

(b) Add an "administration" menu to include the following two menu options. (1) remove a
user and (2) display alist of all usersin the system and their passwords

(c) The passwords are currently not encrypted. Add password-encryption if so desired (see the
crypt, rotor, orother cryptographic modules)

(d) Add aGUI interface, i.e., Tkinter, on top of this application.


http://safari.oreilly.com/main.asp?home
http://www.oreilly.com/
http://www.oreillynet.com/
http://safari.oreilly.com/main.asp?showtoc
http://safari.oreilly.com/work.asp
http://safari.oreilly.com/main.asp?home
http://safari.oreilly.com/main.asp?acmg
http://safari.oreilly.com/main.asp?logout
http://safari.oreilly.com/main.asp?subs
http://safari.oreilly.com/main.asp?help
http://safari.oreilly.com/main.asp?cat=1
http://safari.oreilly.com/main.asp?bookname=0130260363
http://safari.oreilly.com/main.asp?bookname=0130260363&cnode=121
http://safari.oreilly.com/main.asp?list
http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=128
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D128&bookname=0130260363&snode=128
http://safari.oreilly.com/main.asp?bookname=0130260363&snode=0&now=6%2F1%2F2002+12%3A54%3A29+PM
http://safari.oreilly.com/read2.asp?bookname=0130260363&snode=128&now=6%2F1%2F2002+12%3A54%3A29+PM

Listsand Dictionaries. Create a crude stock portfolio database system: There should be at |east
four data columns: stock ticker symbol, number of shares, purchase price, and current price
(you can add more if you wish). Have the user input values for each column to create asingle
row. Each row should be created as list. Another all-encompassing list will hold all these rows.
Once the data is entered, prompt the user for one column to use as the sort metric. Extract the
data values of that column into a dictionary as keys, with their corresponding values being the
row that contains that key. Be mindful that the sort metric must have non-coincidental keys or
else you will lose arow because dictionaries are not allowed to have more than one value with
the same key. Y ou may also choose to have additional calculated output, such as percentage
gain/loss, current portfolio values, etc.

Inverting Dictionaries. Take adictionary as input and return one as output, but the values are
now the keys and vice versa.

Human Resour ces. Create a simple name and employee number dictionary application. Have
the user enter alist of names and employee numbers. Y our interface should allow a sorted
output (sorted by name) that displays employee names followed by their employee numbers.
EXTRA CREDIT: come up with an additional feature that allows for output to be sorted by
employee numbers.

Trangations.

(a) Create a character trandlator (that works similar to the Unix t r command). This function,
whichwewill call t r (), takesthree strings as arguments: source, destination, and base
strings, and has the following declaration:

def tr(srcstr, dststr, string)

srcstr containsthe set of characters you want "translated,” dst st r contains the set of
charactersto trandlate to, and st r i ng isthe string to perform the translation on. For example,
ifsrcstr == "abc', dststr == "mmo', andstring == 'abcdef', then
tr() wouldoutput' mo-def' . Notethatl en(srcstr) == | en(dststr). Forthis
exercise, you can usethechr () and or d() built-in functions, but they are not necessary to
arrive at a solution.

(b) Add anew flag argument to this function to perform case-insensitive tranglations.

(c) Update your solution so that it can process character deletions. Any extra charactersin

sr cst r which are beyond those which could be mapped to charactersin dst st r should be
filtered. In other words, these characters are mapped to no charactersin dst st r, and are thus
filtered from the modified string which is returned. For example, if srcstr ==

"abcdef', dststr == 'mmo', andstring == 'abcdefghi', thentr() would
output' rmoghi ' . Notenow that| en(srcstr) >= len(dststr).



10:

<BACK

Encryption. Using your solution to the previous problem, and create a"rot13" tranglator.
"rot13" isan old and fairly simplistic encryption routine where by each letter of the alphabet is
rotated 13 characters. Lettersin the first half of the alphabet will be rotated to the equivalent
letter in the second half and vice versa, retaining case. For example, 'a goesto 'n' and 'X' goes
to 'K'. Obviously, numbers and symbols are immune from trandlation.

(b) Add an application on top of your solution to prompt the user for strings to encrypt (and
decrypt on reapplication of the algorithm), asin the following examples:

% rot13. py

Enter string to rotl3: This is a short sentence.
Your string to en/decrypt was: [This is a short
sentence. | .

The rotl1l3 string is: [GQuvf vf n fubeg fragrapr.].
%

% rot 13. py

Enter string to rot13: Guvf vf n fubeg fragrapr.
Your string to en/decrypt was: [Guvf vf n fubeg
fragrapr.].

The rotl13 string is: [This is a short sentence.].
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Chapter 8. Conditionals and Loops

Chapter Topics
o i f statement
« el se statement
o elif statement
« Whi | e statement
o for statement

o range() built-in function

« break statement
e conti nue statement
e pass statement
« el se statement... taketwo

The primary focus of this chapter are Python's conditional and looping statements, and al
their related components. We will takeacloselook ati f, whi |l e, for, andther friends
el se, elif, break, conti nue, andpass.
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| f statement

Thei f statement for Python will seem amazingly familiar; it is made up of three main
components: the keyword itself, an expression which istested for its truth value, and a code
suite to execute if the expression evaluates to non-zero or true. The syntax for ani f
Statement:

expr essi on:
expr _true_suite

Thesuiteof thei f clause, expr _true_sui te, will beexecuted only if the above
conditional expression resultsin a Boolean true value. Otherwise, execution resumes at the
next statement following the suite.

Multiple Conditional Expressions

The Boolean operatorsand, or, andnot can be used to provide multiple conditional
expressions or perform negation of expressionsin the samei f statement.

if not warn and (system|oad >= 10):
print "WARNI NG | o0sing resources"”
warn = warn + 1

Single Statement Suites

If thesuiteof ani f clause consists only of asingleline, it may go on the same line as the
header statement:

if (make_hard_copy == 1): send_data_ to_printer()

Singlelinei f statements such as the above are valid syntax-wise; however, although it may
be convenient, it may make your code more difficult to read, so | recommend you indent the
suite on the next line. Another good reason isthat if you must add another line to the suite,
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you have to move that line down to the next anyway.
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el se Statement

Like other languages, Python features an el se statement that can be paired withan i f
statement. The el se statement identifies ablock of code to be executed if the conditional
expression of thei f statement resolves to afalse Boolean value. The syntax iswhat you
expect:

i f
expr essi on:
expr_true_suite
el se:
expr _fal se_suite

Now the obligatory usage example:

i f passwd == user. passwd:

ret_str = "password accepted”
id = user.id
valid = 1
el se:
ret_str = "invalid password entered...try again!"

valid =0

Dangling el se Avoidance

Python's design of using indentation rather than braces for code block delimitation not only
helps to enforce code correctness, but it even aidsimplicitly in avoiding potential problems
in code that is syntactically correct. One of those such problems is the (in)famous "dangling
else" problem, a semantic optical illusion.

We present some C code here to illustrate our example (which isaso illuminated by K&R
and other programming texts):

/* dangling-else in C */
i f (balance > 0.00)
if (((balance - ant) > min_bal) && (atmcashout() == 1))
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printf("Here's your cash; please take all bills.\n");
el se
printf("Your balance is zero or negative.\n");

The question is, which i f does the else belong to? In the C language, the ruleis that the
el se stayswiththeclosesti f. Inour example above, although indented for the outer i f
statement, the el se statement really belongsto theinner i f statement because the C
compiler ignores superfluous whitespace. As aresult, if you have a positive balance but is
below the minimum, you will get the horrid (and erroneous) message that your balance is
either zero or negative.

Although solving this problem may be facile due to the ssimplistic nature of the example, any
larger sections of code embedded within this framework may be a hair-pulling experience to
root out. Python puts up guardrails to not necessarily prevent you from driving off the cliff,
but to steer you away from danger. The same example in Python will result in one of the
following choices (one of which is correct):

if (balance > 0.00):
if ((balance - ant) > nmin_bal) and (atm cashout() == 1):
print "here's your cash; please take all bills."
el se:
print "your balance is zero or negative"

or

if (balance > 0.00):
if ((balance - ant) > nmin_bal) and (atm cashout() == 1):
print "here's your cash; please take all bills."
el se:
print "your balance is zero or negative"

Python's use of indentation forces the proper alignment of code, giving the programmer the
ability to make a conscious decision asto whichi f an el se statement belongsto. By
l[imiting your choices and thus reducing ambiguities, Python encourages you to develop
correct code thefirst time. It isimpossible to create a dangling-else problem in Python.
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elif (ak.a. el se-if) Statement

el i f isthePythonel se-i f statement. It allows one to check multiple expressions for
truth value and execute a block of code as soon as one of the conditions evaluates to true.
Liketheel se, theel i f statement isoptional. However, unlike el se, for which there
can be at most one statement, there can be an arbitrary number of el i f statements following
anif.

i f
expressi onl:
exprl true_suite
elif
expr essi on2:
expr2_true_suite

elif
expressi onN:
exprN true_suite
el se:
none_of _the_above_suite

At this time, Python does not currently support swi t ch or case statements asin other
languages. Python syntax does not present roadblocks to readability in the presence of a good
number of i f-el i f statements.

if (user.cnd == 'create'):
action = "create itent
valid = 1

elif (user.cnd == '"delete'):
action = "delete iteni
valid =1

elif (user.c == 'quit'):
action = '"quit itent
valid = 1

el se:
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action = "invalid choice...try again!"
valid =0

Python presents an elegant alternative to the swi t ch/ case statement in thef or
statement. Using f or , one can "simulate" switches by cycling through each potential
"case," and take action when warranted. (See Section 8.5.3.)
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whi | e Statement

Python'swhi | e isthefirst looping statement we will look at in this chapter. In fact, itisa
conditional looping statement. In comparison withani f statement where a true expression will
result in asingle execution of thei f clause suite, the suitein awhi | e clause will be executed
continuously in aloop until that condition is no longer satisfied.

General Syntax

Hereisthe general syntax for awhi | e loop:

whi | e
expressi on:
suite_to_repeat

Thesuite to_repeat clause of thewhi | e loop will be executed continuously in aloop until
expression evaluates to Boolean false. This type of looping mechanism is often used in a counting
situation, such as the example in the next subsection.

Counting Loops

count = 0
while (count < 9):
print 'the index is:', count

count = count + 1

The suite here, consisting of the pr i nt and increment statements, is executed repeatedly until
count is no longer less than 9. With each iteration, the current value of the index count is displayed
and then bumped up by 1. If we take this snippet of code to the Python interpreter, entering the
source and seeing the resulting execution would look something like:

>>> count = 0
>>> while (count < 9):
print 'the index is:', count

count = count + 1
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t he

index is: O
the index is: 1
the index is: 2
the index is: 3
the index is: 4
the index is: 5
the index is: 6
the index is: 7
the index is: 8

Infinite Loops

One must use caution when using whi | e loops because of the possibility that this condition never
resolvesto afalse value. In such cases, we would have aloop that never ends on our hands. These
"infinite" loops are not necessarily bad things... many communications "servers' that are part of
client-server systems work exactly in that fashion. It all depends on whether or not the loop was
meant to run forever, and if not, whether the loop has the possibility of terminating; in other words,
will the expression ever be able to evaluate to false?

while 1:
handl e, indata = wait_for_client_connect ()
outdata = process_request (i ndata)
ack result _to_client(handl e, outdata)

For example, the piece of code above was set deliberately to never end because the value 1 will
never evaluate to Boolean false. The main point of this server code isto sit and wait for clientsto
connect, presumably over a network link. These clients send requests which the server understands
and processes. After the request has been serviced, areturn value or datais returned to the client
who may either drop the connection altogether or send another request. Asfar asthe server is
concerned, it has performed its duty to this one client and returns to the top of the loop to wait for
the next client to come along. Y ou will find out more about client-server computing in the
Networking and Web Programming chapters 16 and 19).

Single Statement Suites

Similar tothei f statement syntax, if your whi | e clause consists only of asingle statement, it may
be placed on the same line asthe whi | e header. Here is an example of aone-linewhi | e clause:

while not ready: ready = is_data ready()
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f or Statement

The other looping mechanism in Python comesto usin the form of thef or statement. Unlike the traditional
conditional looping f or statement found in mainstream third-generation languages (3GL ) like C, Fortran, or
Pascal, Python'sf or ismore akin to a scripting language's iterative f or each loop.

General Syntax

Iterative loops index through individual elements of a set and terminate when all the items are exhausted. Python's
f or statement iterates only through sequences, asindicated in the general syntax here:

for
iter_var in sequence:
suite_to_repeat

The sequence sequence will beiterated over, and with each loop, thei t er _var iteration variableis set to the
current element of the sequence, presumably for useinsui te_t o_repeat.

Used with Sequence Types

In this section, we will see how thef or loop works with the different sequence types. The examples will include
string, list, and tuple types.

>>> for eachLetter in 'Nanes':
print 'current letter:', eachLetter

current letter:
current letter:
current letter:
current letter:
current letter:

wo3oZ

When iterating over a string, the iteration variable will always consist of only single characters (strings of length
1). Such constructs may not necessarily be useful. When seeking charactersin a string, more often than not, the
programmer will either usei n to test for membership, or one of the string module functions or string methods to
check for substrings.

One place where seeing individual characters does come in handy is during the debugging of sequencesin af or
loop in an application where you are expecting strings or entire objects to show up inyour pri nt statements. If
you seeindividual characters, thisis usualy asign that you received a single string rather than a sequence of
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objects.

There are two basic ways of iterating over a sequence:

Iterating by Sequence Item

>>> npaneList ["Walter', "Nicole", 'Steven', 'Henry']
>>> for eachNane in naneList:
print eachNane, "Lint

Walter Lim
Ni col e Lim
Steven Lim
Henry Lim

In the above example, alist isiterated over, and for each iteration, the eachNane variable contains the list
element that we are on for that particular iteration of the loop.

Iterating by Sequence Index

An dternative way of iterating through each item is by index offset into the sequence itself:

>>> naneList = ["Shirley', "Terry", 'Joe', 'Heather', 'Lucy']
>>> for nanel ndex in range(l en(naneList)):
print "Liu,", naneList[nanel ndex]
Liu, Shirley
Liu, Terry
Liu, Joe
Li u, Heat her
Li u, Lucy

Rather than iterating through the elements themselves, we are iterating through the indices of thelist.

We employ the assistance of thel en() built-in function, which provides the total number of elementsin the tuple
aswell asther ange() built-in function (which we will discuss in more detail below) to give us the actual
sequence to iterate over.

>>> | en( nanelLi st)

5

>>> range(l en(naneLi st))
[0, 1, 2, 3, 4]

Usingr ange(), weobtain alist of theindexesthat nanel ndex iterates over; and using the slice/subscript
operator ([ ] ), we can obtain the corresponding sequence element.

Those of you who are performance pundits will no doubt recognize that iteration by sequence item wins over



iterating viaindex. If not, thisis something to think about. (See Exercise 8-13).
Swi t ch/ Case Statement Proxy

Earlier in Section 8.3, weintroduced thei f - el i f - el se construct and indicated that Python did not support a
sSwW t ch/ case statement. In many cases, anincredibly long set of i f - el i f - el se statements can be replaced
by af or loop, which contains the "case" items in a sequence which is iterated over. We present a modified
version of the examplein Section 8.3, moving al theel i f statementsinto thef or loop:

for cnd in ('add', 'delete', 'quit'):
I f cnmd == user.cnd:

action = cnd + " itent
valid =1
br eak
el se:
action = "invalid choice...try again!"
valid =0

Y ou are now probably glad to see that there is some kind of substitute for the lack of aswi t ch/ case statement
in Python, but do you realize that using alist gives you even more power as a programmer? In other languages, the
elements of acase statement are constant and a static part of the code. By using lists in Python, not only can these
elements be variables, but they can also be dynamic and changed during run-time!

Final note, it may have surprised you to see an el se statement at the end there.Yes, el se statements can be used
with f or loops. Inthis case, the el se clauseis executed only if thef or loop finished to completion. More on
el se coming up in Section 8.9.

range() [and xr ange()] Built-in Function(s)

We mentioned above during our introduction to Python'sf or loop that it is an iterative looping mechanism.
Python also provides atool that will let ususethef or statement in atraditional pseudo-conditional setting, i.e.,
when counting from one number to another and quitting once the final number has been reached or some condition
isno longer satisfied.

The built-in functionr ange() canturnyour f or each- likef or -loop back into one that you are more familiar
with, i.e., counting from zero to ten, or counting from 10 to 100 in increments of 5.

range() Full Syntax

Python presents two different waysto user ange() . Thefull syntax requires that two or al three integer
arguments are present:

range( start, end, step=1)

range() will thenreturn alist whereforany k, start <= k < endandk iteratesfromstart toend in
increments of st ep. st ep cannot be O, or else an error condition will occur.

>>> range(2, 19, 3)
[2, 5, 8, 11, 14, 17]



If step is omitted and only two arguments given, st ep takes adefault value of 1.

>>> range(3,7)
[3, 4, 5, 6]

Let'stake alook at an example used in the interpreter environment:

>>> for eachval in range(2, 19, 3):

print "value is:", eachVval
value is: 2
value is: 5
value is: 8
value is: 11
value is: 14
value is: 17

Our f or loop now "counts' from two to nineteen, incrementing by steps of three. If you are familiar with C, then
you will notice the direct correlation between the arguments of r ange() and those of the variablesinthe Cf or
loop:

/* equivalent loop in C */

for (eachval = 2; eachval < 19; i += 3) {
printf("value is: %\ n", eachVal);

}

Although it seems like a conditional loop now (checking if eachVal <19), redlity tellsusthat r ange() takes
our conditions and generates a list that meets our criteria, which in turn, is used by the same Python f or
statement.

range() Abbreviated Syntax

range() aso hasasimpleformat, which takes one or both integer arguments:

range( start=0, end)

Given both values, this shortened version of r ange( ) isexactly the same asthe long version of r ange() taking
two parameters with st ep defaulting to 1. However, if given only asingle value, st ar t defaultsto zero, and
range() returnsalist of numbers from zero up to the argument end:



>>> range(5)
[0, 1, 2, 3, 4]

We will now take thisto the Python interpreter and pluginf or and pri nt statementsto arrive at:

>>> for count in range(5):
print count

A WNPEFO:

Oncer ange() executesand producesitslist result, our expression above is equivalent to the following:

>>> for count in [0, 1, 2, 3, 4]:
print count

NOTE

Now that you know both syntaxes for r ange( ), one nagging question you may have is, why not just combine the
two into a single one that looks like this?

range( start=0, end, step=1)# invalid

This syntax will work for a single argument or all three, but not two. It isillegal because the presence of st ep
requiresst art to be given. In other words, you cannot provide end and st ep in a two-argument version
because they will be (mis)interpreted asst art and end.

xrange() Function for Limited Memory Situations

xrange() issimilartor ange() exceptthat if you have arealy largerangelist, xr ange() may comein more
handy because it does not have to make a complete copy of thelist in memory. This built-in was made for
exclusiveuseinf or loops. It doesn't make sense outside af or loop. Also, as you can imagine, the performance
will not be as good because the entire list is not in memory.

Now that we've covered all the loops Python has to offer, let ustake alook at the peripheral commands that
typically go together with loops. These include statements to abandon the loop (br eak) and to immediately begin
the next iteration (cont i nue).
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br eak Statement

The br eak statement in Python terminates the current loop and resumes execution at the
next statement, just like the traditional br eak found in C. The most common use for br eak
iIswhen some external condition istriggered (usually by testing with ani f statement),
requiring a hasty exit from aloop. The br eak statement can be used in both whi | e and

f or loops.

count = num/ 2
whi |l e count > O:

if (num % count == 0):
print count, 'is the |argest factor of', num
br eak

count = count - 1

The task of this piece of codeisto find the largest divisor of a given number num We
iterate through all possible numbers that could possibly be factors of num using the count
variable and decrementing for every value that does NOT divide num The first number that
evenly divides numisthe largest factor, and once that number is found, we no longer need to
continue and use br eak to terminate the loop.

phone2r enmove = '555-1212"
for eachPhone in phonelLi st:
i f eachPhone == phone2renove:
print "found", phone2renove, '...deleting
del et eFr onPhoneDB( phone2r enove)
br eak

The br eak statement here is used to interrupt the iteration of the list. The goal isto find a
target element in thelist, and, if found, to remove it from the database and break out of the
loop.

<BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.


http://safari.oreilly.com/main.asp?home
http://www.oreilly.com/
http://www.oreillynet.com/
http://safari.oreilly.com/main.asp?showtoc
http://safari.oreilly.com/work.asp
http://safari.oreilly.com/main.asp?home
http://safari.oreilly.com/main.asp?acmg
http://safari.oreilly.com/main.asp?logout
http://safari.oreilly.com/main.asp?subs
http://safari.oreilly.com/main.asp?help
http://safari.oreilly.com/main.asp?cat=1
http://safari.oreilly.com/main.asp?bookname=0130260363
http://safari.oreilly.com/main.asp?bookname=0130260363&cnode=129
http://safari.oreilly.com/main.asp?list
http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=136
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D136&bookname=0130260363&snode=136
http://safari.oreilly.com/main.asp?bookname=0130260363&snode=0&now=6%2F1%2F2002+12%3A57%3A08+PM
http://safari.oreilly.com/read7.asp?bookname=0130260363&snode=136&now=6%2F1%2F2002+12%3A57%3A08+PM
http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=136
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D136&bookname=0130260363&snode=136

<BACK Make Note | Bookmark CONTINUE >

cont i nue Statement

NOTE

Whether in Python, C, Java, or any other structured language which features the

cont i nue statement, there is a misconception among some beginning programmers that
thetraditional cont i nue statement "immediately starts the next iteration of a loop."” While
this may seem to be the apparent action, we would like to clarify this somewhat invalid
supposition. Rather than beginning the next iteration of the loop whenacont i nue
statement is encountered, a cont i hue statement terminates or discards the remaining
statements in the current loop iteration and goes back to the top.

If we arein a conditional loop, the conditional expression is checked for validity before
beginning the next iteration of the loop. Once confirmed, then the next iteration begins.
Likewise, if the loop were iterative, a determination must be made as to whether there are
any more argumentsto iterate over. Only when that validation has completed successfully
can we begin the next iteration.

Thecont i nue statement in Python is not unlike the traditional cont i nue found in other

high-level languages. The cont i nue statement can be used in both whi | e and f or loops.
Thewhi | e loop is conditional, and thef or loop isiterative, so using cont i nue is subject
to the same requirements (as highlighted in the Core Note above) before the next iteration of
the loop can begin. Otherwise, the loop will terminate normally.

valid =0

count = 3

whil e count > O:
i nput = raw_i nput ("enter password")
# check for valid passwd
for eachPasswd i n passwdLi st:

i f input == eachPasswd:
valid = 1
br eak
if not valid: # (or valid == 0)

print "invalid input”
count = count - 1
conti nue

el se:
br eak
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In this combined exampleusingwhi | e, for, i f, break, andconti nue, weare
looking at validating user input. The user is given three opportunities to enter the correct
password; otherwise, theval i d variable remains afalse value of 0, which presumably will
result in appropriate action being taken soon after.
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pass Statement

One Python statement not found in C isthe pass statement. Because Python does not use
curly braces to delimit blocks of code, there are places where code is syntactically required.
We do not have the equivalent empty braces or single semicolon the way C hasto indicate
"do nothing." If you use a Python statement that expects a sub-block of code or suite, and
oneisnot present, you will get a syntax error condition. For this reason, we have pass, a
statement that does absolutely nothing—it is atrue NOP, to steal the "No OPeration”
assembly code jargon. Style- and development-wise, pass isaso useful in places where
your code will eventually go, but has not been written yet (e.g., in stubs for example):

def foo_func():

pass

or

if user _choice == "do _calc
pass
el se:

pass

This code structure is helpful during the development or debugging stages because you want
the structure to be there while the code is being created, but you do not want it to interfere
with the other parts of the code that have been completed already. In places where you want
nothing to execute, pass isagood tool to have in the box.

Another popular place is with exception handling, which we will take alook at in Chapter
10; thisiswhere you can track an error if it occurs, but take no action if it isnot fatal (you

just want to keep arecord of the event or perform an operation under the coversif an error
oCCurs).
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el se Statement... Take Two

In C (aswell asin most other languages), you will not find an el se statement outside the
realm of conditional statements, yet Python bucks the trend again by offering thesein

whi | e or f or loops. How do they work? When used with loops, an el se clause will be
executed only if aloop finishesto completion, meaning they were not abandoned by

br eak.

One popular example of el se usagein awhi | e statement isin finding the largest factor of
anumber. We have implemented a function which performsthistask, using theel se
statement with our whi | e loop. The showivaxFact or () functionin Example 8.1

(maxFact . py) utilizesthe el se statement as part of awhi | e loop.
Example 8.1. whi | e- el se Loop Example (maxFact . py)

This program displays the largest factors for numbers between 10 and 20. If the number is
prime, the script will indicate that as well.

<$nopage>
001 1 #! [/ usr/ bi n/ env python
002 2
003 3 def showiMaxFact or (nun):
004 4 count = num/ 2
005 5 whil e count > 1:
006 6 I f (num % count == 0):
007 7 print 'largest factor of % is % %)\
008 8 (num count)
009 9 break <$nopage>
010 10 count = count - 1
011 11 el se: <$nopage>
012 12 print num "is prinme"
013 13
014 14 for eachNumin range(10, 21):
015 15 showvaxFact or (eachNum

016 <$nopage>

The loop beginning on line 3 in showivaxFact or () counts down from half the amount
(starts checking if two divides the number, which would give the largest factor). The loop
decrements each time (line 10) through until adivisor isfound (lines 6-9). If adivisor has
not been found by the time the loop decrements to 1, then the original number must be prime.
The el se clause on lines 11-12 takes care of this case. The main part of the program on
lines 14-15 fires off the requests to showvaxFact or () with the numeric argument.

Running our program results in the following output:
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| argest factor of 10 is 5
11 is prine
| argest factor of 12 is 6
13 is prine

| argest factor of 14 is 7
| argest factor of 15 is 5
| argest factor of 16 is 8

17 is prine
| argest factor of 18 is 9
19 is prine
| argest factor of 20 is 10

Likewise, af or loop can have a post-processing el se. It operates exactly the same way as
for awhi | e loop. Aslong asthef or loop exitsnormally (not viabr eak), theel se
clause will be executed. We saw such an examplein Section 8.5.3.

Table 8.1 summarizes which conditional or looping statements auxiliary statements can be
used.

Table 8.1. Auxiliary Statements to Loops and Conditionals

Loops and Conditionals
Auxiliary Statements i f whi | e for
elif .
el se . . .
br eak . .
conti nue . .
passla . . .

[a pass isvalid anywhere astiteisrequired (lsoincludesel i f, el se, class, def, try, except,
finally)
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Exercises

1. Conditionals. Study the following code:

# statement A

if x > 0:
# statenent B
pass

elif x < O0:
# statenment C
pass

el se:
# statenent D
pass

# statement E

(a) Which of the statements above (A, B, C, D, E) will be executed if x < 0?
(b) Which of the statements above will be executed if x == 0?

(c) Which of the statements above will be executed if x > 0?

2:  Loops. Write a program to have the user input three (3) numbers: (f)rom, (t)o, and (i)ncrement.
Count fromf tot inincrementsof i, inclusive of f and t. For example, if theinputisf == 2, t
== 24, and i == 4, the program would output: 2, 6, 10, 14, 18, 22.

3: range(). What argument(s) could we givetother ange() built-in function if we wanted
the following lists to be generated?

([0, 1, 2, 3, 4, 5 6, 7, 8, 9]

()[3, 6, 9, 12, 15, 18]
([ -20, 200, 420, 640, 860]
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10:

11:

Prime Numbers. We presented some code in this chapter to determine a number's largest factor

or if itisprime. Turn this code into a Boolean function called i spr i ne() such that the input

isasingle value, and the result returned is 1 if the number is prime and 0 otherwise.

Factors. Write afunction called get f act or s() that takes asingle integer as an argument
and returns alist of al itsfactors, including 1 and itself.

PrimeFactorization. Take your solutionsfor i spri nme() andget f act or s() inthe
previous problems and create a function that takes an integer as input and returns alist of its
prime factors. This process, known as prime factorization, should output alist of factors such
that if multiplied together, they will result in the original number. Note that there could be
repeatsin thelist. Soif you gave an input of 20, the output would be [2, 2, 5].

Perfect Numbers. A perfect number is one whose factors (except itself) sum to itself. For
example, thefactorsof 6 are 1, 2, 3, and 6. Since 1 + 2 + 3is6, it (6) is considered a perfect
number. Write afunction called i sper f ect () which takes asingle integer input and outputs
1 if the number is perfect and O otherwise.

Factorial. The factorial of anumber is defined as the product of all values from one to that
number. A shorthand for N factorial isN! where N! == factorial (N) ==1* 2* 3* ... * (N-2) *
(N-1) * N!.So 4! ==1* 2* 3* 4. Write aroutine such that given N, the value N! is returned.

Fibonacci Numbers. The Fibonacci number sequenceis 1, 1, 2, 3, 5, 8, 13, 21, etc. In other
words, the next value of the sequence is the sum of the previous two values in the sequence.

Text Processing. Determine the total number of vowels, consonants, and words (separated by
spaces) in atext sentence. Ignore special cases for vowels and consonants such as"h," "y,"
"qu," etc.

Text Processing. Write a program to ask the user to input alist of names, in the format "Last
Name, First Name," i.e., last name, comma, first name. Write a function that manages the input
so that when/if the user types the names in the wrong order, i.e., "First Name Last Name," the
error is corrected, and the user is notified. This function should also keep track of the number
of input mistakes. When the user is done, sort the list, and display the sorted namesin "Last
Name, First Name" order.

EXAMPLE input and output: (you don't have to do it thisway exactly)

% nanet r ack. py
Enter total nunber of nanes: 5

Pl ease enter nane 0: Smith, Joe

Pl ease enter nane 1: Mary Wng

>> Wong format... should be Last, First

>> You have done this 1 time(s) already. Fixing input...
Pl ease enter nane 2: Hamilton, Cerald

Pl ease enter nane 3: Royce, Linda

Pl ease enter nane 4: Wnston Salem

>> Wong format... should be Last, First

>> You have done this 2 tinme(s) already. Fixing input...



The sorted list (by last nane) is:
Ham | ton, Gerald
Royce, Linda
Salem Wnston
Smth, Joe
Wng, WMary

(Integer) Bit Operators. Write a program that takes begin and end values and prints out a
decimal, binary, octal, hexadecimal chart like below. If any of the characters are printable
ASCII characters, then print those, too. If noneis, you may omit the ASCII column header.

SAMPLE QUTPUT 1

Enter begin value: 9
Enter end val ue: 18

DEC BI N oCT HEX

9
10 01010 12 a
11 01011 13 b
12 01100 14 c
13 01101 15 d
14 01110 16 e
15 01111 17 f
16 10000 20 10
17 10001 21 11
18 10010 22 12

Enter begin value: 26

Enter end val ue: 41

DEC BI N OCT HEX ASCI
26 011010 32 la

27 011011 33 1b

28 011100 34 1c

29 011101 35 1d

30 011110 36 le

31 011111 37 1f

32 100000 40 20

33 100001 41 21 !
34 100010 42 22 "

35 100011 43 23 #
36 100100 44 24 $
37 100101 45 25 %
38 100110 46 26 &

39 100111 47 27 '
40 101000 50 28 (
41 101001 51 29 )



13:  Performance. In Section 8.5.2, we examined two basic ways of iterating over a sequence: (1)
by sequence item, and (2) via sequence index. We pointed out at the end that the latter does not
perform as well over the long haul (on my system here, atest suite shows performance is nearly
twice as bad [83% worse]). Why do you think that is, and what are the reasons?
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Chapter 9. Files and Input/Output

Chapter Topics

o File Objects
0 FileBuilt-in Function
o File Built-in Methods
0 File Built-in Attributes

« Standard Files

o Command-line Arguments

« File System

» File Execution

« Persistent Storage

» Related Modules

This chapter isintended to give you an in-depth introduction on the use of files and related
input/output capabilities of Python. We introduce the file object (its built-in function, and
built-in methods and attributes), review the standard files, discuss accessing the file system,
hint at file execution, and briefly mention persistent storage and modulesin the standard
library related to "file-mania.”
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File Objects

File objects can be used not only to access normal disk files, but also any other type of "file"
that uses that abstraction. Once the proper "hooks" are installed, you can access other objects
with file-like interfaces in the same manner you would access normal files.

Theopen() built-in function (see below) returns afile object which is then used for all
succeeding operations on the file in question. There are alarge number of other functions
which return afile or file-like object. One primary reason for this abstraction is that many
input/output data structures prefer to adhere to acommon interface. It provides consistency
in behavior as well as implementation. Operating systems like Unix even feature files as an
underlying and architectural interface for communication. Remember, filesare simply a
contiguous sequence of bytes. Anywhere data needs to be sent usually involves a byte stream
of some sort, whether the stream occurs as individual bytes or blocks of data.
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File Built-in Function [open()]

Asthe key to opening file doors, the open( ) built-in function provides a general interface
to initiate the file input/output (1/0) process. open() returns afile object on a successful
opening of the file or else resultsin an error situation. When afailure occurs, Python
generates or raisesan | OEr r or exception—we will cover errors and exceptionsin the next
chapter. The basic syntax of theopen() built-in functionis:

file_object = open(file_nane, access_node="r', buffering=-1)

Thefi | e_nane isastring containing the name of the file to open. It can be arelative or
absolute/full pathname. Theaccess_node optional variableis aso a string, consisting of a
set of flags indicating which mode to open the file with. Generaly, files are opened with the
modes "r," "w," or "a," representing read, write, and append, respectively.

Any file opened with mode "r" must exist. Any file opened with "w" will be truncated first if
it exists, and then the fileis (re)created. Any file opened with "a" will be opened for write. If
the file exists, theinitial position for file (write) accessis set to the end-of-file. If thefile
does not exist, it will be created, making it the same asif you opened the filein "w" mode. If
you are a C programmer, these are the same file open modes used for the C library function
fopen().

There are other modes supported by f open() that will work with Python'sopen() .

These include the "+" for read-write access and "b" for binary access. One note regarding the
binary flag: "b" is antiquated on all Unix systems which are POSIX-compliant (including
Linux) because they treat al files as"binary” files, including text files. Hereis an entry from
the Linux manual page for f open(), whichisfrom where the Python open() functionis
derived:

The mode string can also include the letter "b" either as alast character or asa
character between the characters in any of the two-character strings described
above. Thisisstrictly for compatibility with ANSI C3.159-1989 ("ANSI C")
and has no effect; the "b" isignored on al POSIX conforming systems,
including Linux. (Other systems may treat text files and binary files differently,
and adding the "b" may be agood ideaif you do I/O to a binary file and expect
that your program may be ported to non-Unix environments.)

You will find acomplete list of file access modes, including the use of "b" if you choose to
useit,in Table9.1. If access_node isnot given, it defaults automatically to "r."

The other optional argument, buf f er i ng, isused to indicate the type of buffering that
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should be performed when accessing the file. A value of 0 means no buffering should occur,
avalue of 1 signalsline buffering, and any value greater than 1 indicates buffered 1/0 with
the given value as the buffer size. The lack of or a negative value indicates that the system
default buffering scheme should be used, which is line buffering for any teletype or tty-like
device and normal buffering for everything else. Under normal circumstances, a

buf f er i ng valueis not given, thus using the system default.

Table 9.1. Access Modes for File Objects

File Mode Operation
r open for read
w open for write (truncate if necessary)
a open for write (start at EOF, create if necessary)
r+ open for read and write
WH open for read and write (see "w" above)
at open for read and write (see"d" above)
rb open for binary read
wb open for binary write (see "w" above)
ab open for binary append (see "a" above)
rb+ open for binary read and write (see "r+" above)
wh+ open for binary read and write (see "w+" above)
ab+ open for binary read and write (see "at+" above)

Here are some examples for opening files:

fp = open('/etc/notd') #open file for read

fp = open('test', 'wW) #open file for wite

fp = open('data', 'r+') #open file for read/wite

fp = open('c:\io.sys', '"rb') #open binary file for read
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File Built-in Methods

Onceopen() hascompleted successfully and returned afile object, all subsequent accessto thefile
transpires with that "handle.” File methods come in four different categories. input, output, movement
within afile, which we will call "intra-file motion," and miscellaneous. A summary of al file methods
can be found in Table 9.3. We will now go over each category.

Input

Ther ead() method is used to read bytes directly into a string, reading at most the number of bytes
indicated. If no sizeis given, the default valueis set to -1, meaning that the fileisread to the end. The
readl i ne() method reads one line of the open file (reads all bytes until a NEWLINE character is
encountered). The NEWLINE character is retained in the returned string. Ther eadl i nes() method
issimilar, but reads all remaining lines as strings and returns alist containing the read set of lines. The
r eadi nt o() method reads the given number of bytesinto awritable buffer object, the same type of
object returned by the unsupported buf f er () built-in function. (Since buf f er () isnot supported,
neither isr eadi nt o() ).

Output

Thewri t e() built-in method has the opposite functionality asr ead() andr eadl i ne(). Ittakesa
string which can consist of one or more lines of text data or a block of bytes and writes the data to the
file writelines() operatesonalistjustliker eadl i nes(), buttakesalist of stringsand writes
them out to afile. NEWLINE characters are not inserted between each line; so if desired, they must be
added to the end of each line beforewr i t el i nes() iscalled.

Thisis easily accomplished in Python 2.0 with alist comprehension:

>>> output=['1stline', '"2ndline', '"the end']
>>> [x + '"\n" for x in output]
['1stline\012', '2ndline\012', '"the end\012']

Note that thereisno "wri t el i ne() " method since it would be equivalent to callingwr i t e() witha
single line string terminated with a NEWLINE character.

Intra-file Motion

Theseek() method (analogousto thef seek() functionin C) movesthefile pointer to different
positions within the file. The offset in bytesis given along with arelative offset location called
whence. A value of 0 indicates distance from the beginning of afile (note that a position measured
from the beginning of afileisalso known as the absolute offset), a value of 1 indicates movement from
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the current location in the file, and avalue of 2 indicates that the offset is from the end of thefile. If you
have used f seek() asaC programmer, the values 0, 1, and 2 correspond directly to the constants
SEEK_SET, SEEK_CUR, and SEEK_END, respectively. Use of the seek() method comesto play
when opening afile for read and write access.

tell () isacomplementary method to seek() ; ittellsyou the current location of the file—in bytes
from the beginning of thefile.

Others

Thecl ose() method completes accessto afile by closing it. The Python garbage collection routine
will also close afile when the file object reference has decreased to zero. One way this can happen is
when only one reference existsto afile, say,f p = open(), andf p isreassigned to another file
object before the original fileis explicitly closed. Good programming style suggests closing the file
before reassignment to another file object.

Thefil eno() method passes back the file descriptor to the open file. Thisis an integer argument that
can be used in lower-level operations such as those featured in the os module. Thef | ush() method.

i satty() isaBoolean built-in method that returns 1 if the fileis atty-like device and O otherwise.
Thet runcat e() method truncates the fileto O or the given size bytes.

File Method Miscellany

We will now reprise our first file example from Chapter 2:

filename = raw_input(' Enter file nane: ")
file = open(filenane, 'r'")
allLines = file.readlines()
file.close()
for eachLine in allLines:
print eachline,

We originally described how this program differs from most standard file access in that all the lines are
read ahead of time before any display to the screen occurs. Obvioudly, thisis not advantageousif thefile
islarge. In those cases, it may be a good idea to go back to the tried-and-true way of reading and
displaying oneline at atime:

filenane = raw_input(' Enter file name: ')
file = open(filenanme, 'r'")
done 0
whi | e not done:
aLine = file.readline()

if aLine '=" ":
print aLi ne,
el se:
done =1

file.close()
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In this example, we do not know when we will reach the end of the file, so we create a Boolean flag
done, whichisinitialy set for false. When we reach the end of the file, we will reset this value to true
so that thewhi | e loop will exit. We change fromusing r eadl i nes() toread all linesto

readl i ne(), whichreadsonly asingleline.r eadl i ne() will return ablank lineif the end of the
file has been reached. Otherwise, the line is displayed to the screen.

We anticipate a burning question you may have... "Wait aminute! What if | have ablank linein my
file? Will Python stop and think it has reached the end of my file?' The answer is, of course, no. A blank
linein your file will not come back as a blank line. Recall that every line has one or more line separator
characters at the end of the line, so a"blank line" would consist of a NEWLINE character or whatever
your system uses. So even if the line in your text fileis "blank," the line which isread is not blank,
meaning your application would not terminate until it reaches the end-of-file.

NOTE

One of the inconsistencies of operating systems is the line separator character which their file systems
support. On Unix, the line separator isthe NEWLINE (\ n) character. For the Macintosh, it isthe
RETURN (\ r ), and DOS and Windows uses both (\ r\ n). Check your operating system to determine
what your line separator(s) are.

Other differences include the file pathname separator (Unix uses'/ ', DOSand Windows use '\ ', and the
Macintosh uses': '), the separator used to delimit a set of file pathnames, and the denotations for the
current and parent directories.

These inconsistencies generally add an irritating level of annoyance when creating applications that run
on all three platforms (and more if more architectures and operating systems are supported).
Fortunately, the designers of the os module in Python have thought of this for us. The os module has
five attributes which you may find useful. They are listed below in Table 9.2.

Table 9.2. os Module Attributes to Aid in Multi-platform Development

0s Module Attribute Description
i nesep string used to separate linesin afile
sep string used to separate file pathname components
pat hsep string used to delimit a set of file pathnames
curdir string name for current working directory
pardir string name for parent (of current working directory)

Regardless of your platform, these variables will be set to the correct values when you import the os
module. One |less headache to worry aboui.

We would aso like to remind you that the comma placed at the end of the pr i nt statement isto
suppress the NEWLINE character that pr i nt normally adds at the end of output. The reason for thisis
because every line from the text file already containsaNEWLINE. r eadl i ne() and

readl i nes() do not strip off any whitespace charactersin your line (see exercises.) If we omitted the
comma, then your text file display would be doublespaced one NEWLINE which is part of the input and
another added by the pr i nt statement.

Before moving on to the next section, we will show two more examples, the first highlighting output to
files (rather than input), and the second performing both file input and output as well as using the
seek() andt el | () methodsfor file positioning.

filenanme = raw_input (' Enter file nanme: ')




file
done
whil e

aLine = raw input("Enter aline ('.'

0
0
not done:

if aLine I="."

file.wite(aline + '\n')

el se:

done =1

file.close()

pen(filename, 'wW)

to quit): ")

This piece of codeis practically the opposite of the previous. Rather than reading one line at atime and
displaying it, we ask the user for one line at atime, and send them out to the file. Our call to the

wri t e() method must contain a NEWLINE becauser aw_i nput () does not preserve it from the
user input. Because it may not be easy to generate an end-of-file character from the keyboard, the
program uses the period ( . ) asits end-of-file character, which, when entered by the user, will terminate
input and close thefile.

Our final example opens afile for read and write, creating the file scratch (after perhaps truncating an
already-existing file). After writing data to the file, we move around within thefileusing seek() . We
asousethet el | () method to show our movement.

>>> f
>>> f

>>> f
>>> f
12

>>> f
>>> f
24

>>> f
>>> f
12

>>> f
"test
>>> f
>>> f
"test
>>> f
12

>>> f
"test
>>> f
24

>>> f

= open('/tnp/x",
.tell ()

.wWite('test
.tell ()

.wite('test
.tell ()

.seek(-12, 1)
.tell()

.readline()

line 2\012

.seek(0, 0)
.readline()

line 1\012

tell()

.readline()

line 2\012
tell ()

cl ose()

)

l[ine 1\n")

line 2\n")

add 12-char string [0-11]
add 12-char string [12-23]
tell us current file location (end))

nove back 12 bytes
to beginning of line 2

nove back to begi nni ng

back to line 2 again

at the end again

close file

Table9.3 lists all the built-in methods for file objects:



Table 9.3. Methods for File Objects

File Object Method

Operation

file.close()

closefile

file.fileno()

return integer file descriptor (FD) forfi |l e

file.flush()

flush internal buffer forfil e

file.isatty()

return 1if fi | e isatty-like device, O otherwise

file.read (size=-1)

read all or si ze bytes of fileasastring and return it

file.readinto(buf, size)ld

read size bytesfromf i | e into buffer buf

file.readline()

read and return one linefromf i | e (includestrailing "\n")

file.readlines()

read and returns al linesfromf i | e asalist (includesal trailing "\n" characters)

file.seek(off, whence)

move to alocation withinfi | e,

beginning of file, 1 == current location, or 2 == end of file)

of f bytes offset fromwhence (0 ==

file.tell()

return current location withinfi | e

file.truncate(size=0)

truncatef i | e to O or size bytes

file.wite(str)

writestring st r tofil e

file.witelines(list)

writel i st of stringstofil e

El unsupported method introduced in Python 1.5.2 (other implementations of file-like objects do not include this method)
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File Built-in Attributes

File objects also have data attributes in addition to its methods. These attributes hold
auxiliary datarelated to the file object they belong to, such asthe file naFme (f i | e. name),
the mode with which the file was opened (f i | e. node), whether thefile is closed

(fil e.cl osed), and aflag indicating whether an additional space character needs to be
displayed before successive dataitems when using the pr i nt statement

(fil e.softspace).Table 9.4 lists these attributes along with a brief description of each.

Table 9.4. Attributes for File Objects

File Object Attribute Description
file.closed liffil eisclosed, O otherwise
file.node access mode withwhich f i | e was opened
file.name nameoffil e
. 0 if space explicitly required with pri nt, 1 otherwise; rarely used by the
file.softspace programmer—generally for internal use only
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Standard Files

There are generally three standard files which are made available to you when your program
starts. These are standard input (usually the keyboard), standard output (buffered output to
the monitor or display), and standard error (unbuffered output to the screen). (The "buffered”
or "unbuffered" output refersto that third argument to open( ) ). These files are named
stdin, stdout, andstderr and take after their names from the C language. When we
say these files are "available to you when your program starts,” that means that these files are
pre-opened for you, and access to these files may commence once you have their file
handles.

Python makes these file handles available to you from the sy s module. Once you import
Sys, you have accessto thesefilesassys. stdin, sys.stdout, and

sys. stderr. Thepri nt statement normally outputsto sys. st dout whilethe
raw_i nput () built-in function receivesitsinput from sys. st di n.

We will now take yet another look at the "Hello World!" program so that you can compare
the similarities and differences between using pr i nt / r aw_i nput () and directly with the
file names:

print

print 'Hello World!'

sys.stdout.write()

i nport sys
sys.stdout.wite(' Hello World!" + '"\n)

Notice that we have to explicitly provide the NEWLINE character to sys. st dout ' s

wri t e() method. In the input examples below, we do not becauser eadl i ne() executed
onsys. st di n preservesthereadline. r aw_i nput () does not, hence we will allow print
to add its NEWLINE.

raw_input()
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aString = raw_input('Enter a string: ')
print aString

sys.stdin.readline()

i mport sys

sys.stdout.wite('Enter a string: ')
aString = sys.stdin.readline()
sys.stdout.wite(aString)
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Command-line Arguments

The sys module also provides access to any command-line argumentsviathesys. ar gv.
Command-line arguments are those arguments given to the program in addition to the script
name on invocation. Historically, of course, these arguments are so named because they are
given on the command-line along with the program name in a text-based environment like a
Unix- or DOS-shell. However, in an IDE or GUI environment, this would not be the case.
Most IDEs provide a separate window with which to enter your "command-line arguments.”
These, in turn, will be passed into the program asif you started your application from the
command-line.

Those of you familiar with C programming may ask, "Whereisar gc?" The strings "argv"
and "argv" stand for "argument count” and "argument vector," respectively. The ar gv
variable contains an array of strings consisting of each argument from the command-line
while the ar gc variable contains the number of arguments entered. In Python, the value for
ar gc issimply the number of itemsinthesys. ar gv list, and the first element of the list,
sys. argv[ 0], isawaysthe program name. Summary:

e SYys. ar gv isthelist of command-line arguments
o len(sys. argv) isthe number of command-line arguments (a.k.a. ar gc)

Let us create asmall test program called ar gv. py with the following lines:

i mport sys
print 'you entered', |len(sys.argv), 'argunents...
print 'they were:', str(sys.argv)

Hereis an example invocation and output of this script:

% argv.py 76 tales 85 hawk
you entered 5 argunents...
they were: ['argv.py', '76', "tales', '85, 'hawk']

Are command-line arguments useful ? Unix commands are typically programs which take
input, perform some function, and send output as a stream of data. This datais usually sent
asinput directly to the next program, which does some other type of function or calculation
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and sends the new output to another program, and so on. Rather than saving the output of
each program and potentially taking up a good amount of disk space, the output is usually
"piped" in to the next program asits input. Thisis accomplished by providing data on the
command-line or through standard input. When a program displays or sends output to the
standard output file, the result would be displayed on the screen—unless that program is also
"piped" to another program, in which case that standard output fileis really the standard
input file of the next program. | assume you get the drift by now!

Command-line arguments allow a programmer or administrator to start a program perhaps
with different behavioral characteristics. Much of the time, this execution takes place in the
middle of the night and run as a batch job without human interaction. Command-line
arguments and program options enable this type of functionality. Aslong asthere are
computers sitting idle at night and plenty of work to be done, there will always be a need to
run programs in the background on our very expensive "calculators.”

Python featuresaget opt module that helps you parse command-line options and
arguments.
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© 2002, O'Reilly & Associates, Inc.



http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=148
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D148&bookname=0130260363&snode=148

<BACK Make Note | Bookmark CONTINUE >

File System

Access to your file system occurs mostly through the Python os module. This module serves
asthe primary interface to your operating system facilities and services from Python. The os
moduleis actually afront-end to the real module that isloaded, amodule that is clearly
operating system-dependent. This "real” module may be one of the following: posi x
(Unix), nt (Windows), mac (Macintosh), dos (DOS), 0s2 (0S/2), etc. Y ou should never
import those modules directly. Just import os and the appropriate module will be loaded,
keeping all the underlying work hidden from sight. Depending on what your system
supports, you may not have access to some of the attributes which may be available in other
operating system modules.

In addition to managing processes and the process execution environment, the os module
performs most of the major file system operations that the application developer may wish to
take advantage of . These features include removing and renaming files, traversing the
directory tree, and managing file accessibility. Table 9.5 lists some of the more common file

or directory operations available to you from the os module.

A second module that performs specific pathname operationsis also available. The

os. pat h moduleis accessible through the os module. Included with this module are

functions to manage and manipulate file pathname components, obtain file or directory

information, and make file path inquiries. Table 9.6 outlines some of the more common

functionsin os. pat h.

These two modules allow for consistent access to the file system regardless of platform or
operating system. The program in Example 9.1 (ospat hex. py) test drives some of these
functions from the os and os. pat h modules.

Table 9.5. os Module File/Directory Access Functions

0s Module File/Directory Function | Operation
File Processing
renmove()/unlink() deletefile
rename() renamefile
*stat ()@ return file statistics
sym i nk() create symbolic link
uti me() update timestamp
Directories/Folders
chdir () change working directory
[istdir() list filesin directory
get cwd() return current working directory
nkdi r () / makedi rs() create directory(ies)
rodir()/removedirs() remove directory(ies)
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Access/Permissions (available only on Unix @or Wi ndows® )

access() 0
verify permission modes
chnod() @
change permission modes
umask() set default permission modes
[a includesst at (), Istat(), xstat()

Table 9.6. os. pat h Module Pathname Access Functions

0s. pat h Pathname Function Operation
Separation
basenane() remove directory path and return leaf name
di rnanme() remove leaf name and return directory path
j oin() join separate components into single pathname
split() return (di rname(), basenane())tuple
splitdrive() return (dri venane, pat hnane) tuple
splitext() return (f i | enane, extensi on) tuple
I nformation
getatine() return last file accesstime
getntinme() return last file modification time
getsi ze() return file size (in bytes)
Inquiry
exi sts() does pathname (file or directory) exist?
isdir() does pathname exist and is a directory?
isfile() does pathname exist and is afile?
i slink() does pathname exist and is a symbolic link?
samefil e() do both pathnames point to the same file?

Example 9.1. o0s & os. pat h Modules Example (ospat hex. py)

This code exercises some of the functionality found in the os and os. pat h modules. It
creates a test file, populates a small amount of data in it, renames the file, and dumpsiits
contents. Other auxiliary file operations are performed as well, mostly pertaining to
directory tree traversal and file pathname manipulation.

‘c:/w ndows/tenp'):

"no tenp directory avail abl e’

<$nopage>

001 1 #!/usr/bin/env python

002 2

003 3 inport os

004 4 for tnpdir in ('/tnp',

005 5 I f os.path.isdir(tnpdir):
006 6 br eak

007 7 el se: <$nopage>

008 8 print

009 9 tnpdir ="'




010 10
011 11 if tnpdir:

012 12 os.chdir(tnpdir)

013 13 cwd = o0s.getcwd()

014 14 print '*** current tenporary directory’
015 15 print cwd

016 16

017 17 print '*** creating exanple directory..
018 18 os. nkdi r (' exanpl e')

019 19 os. chdir (' exanpl e')

020 20 cwd = o0s.getcwd()

021 21 print '*** new working directory:’

022 22 print cwd

023 23 print '*** original directory listing:'
024 24 print os.listdir(cwd)

025 25

026 26 print '*** creating test file..

027 27 file = open('test', '"W)

028 28 file.wite('foo\n')

029 29 file.wite('bar\n")

030 30 file.close()

031 31 print '*** uypdated directory listing:'
032 32 print os.listdir(cwd)

033 33

034 34 print "*** renaming 'test' to 'filetest.txt"'"
035 35 os.renane('test’', 'filetest.txt")

036 36 print '*** updated directory listing:"’
037 37 print os.listdir(cwd)

038 38

039 39 path = os.path.join(cwd, os.listdir (cwd)[O0])
040 40 print "*** full file pathnane'

041 41 print path

042 42 print '*** (pathnanme, basenane) ==

043 43 print os.path.split(path)

044 44 print '*** (filename, extension) ==
045 45 print os.path.splitext(os. path. basenane (path))
046 46

047 47 print '*** displaying file contents:'
048 48 file = open(path)

049 49 allLines = file.readlines()

050 50 file.close()

051 51 for eachLine in allLines:

052 52 print eachLi ne,

053 53

054 54 print '*** deleting test file'

055 55 0s. renove( pat h)

056 56 print '*** updated directory listing:'
057 57 print os.listdir(cwd)

058 58 os.chdir(os. pardir)

059 59 print '*** deleting test directory’

060 60 os.rmdir (' exanpl e')

061 61 print '*** DONE



062 <$nopage>

Running this program on a Unix platform, we get the following output:

% ospat hex. py

*** current tenporary directory
/[tnp

*** creating exanple directory...
*** new working directory:

[t np/ exanpl e

*** original directory listing:
[]

*** creating test file...

*** ypdated directory listing:
['test']

*** repnamng 'test' to 'filetest.txt'
*** updated directory listing:
["filetest.txt']

*** full file pathnane:

[ tnp/ exanpl e/ fil etest.txt

*** (pat hnane, basenane) ==
("/tnp/exanple', "filetest.txt")
*** (fil ename, extension) ==

(‘filetest', '.txt")

*** displaying file contents:
foo

bar

*** deleting test file

*** updated directory listing:
[]

*** deleting test directory
***  DONE

Running this example from a DOS window resultsin very similar execution:

C.\ >pyt hon ospat hex. py

*** current tenporary directory
c:\w ndows\tenp

*** creating exanple directory...
*** new working directory:

c:\w ndows\t enp\ exanpl e

*** original directory listing:
[]

*** creating test file...

*** updated directory listing:
['test']

*** renamng 'test' to 'filetest.txt'
*** ypdated directory listing:
['filetest.txt']



*** full file pathnane:

c:\w ndows\tenp\exanpl e\fil etest.txt

*** (pat hnane, basenane) ==

("c:\\w ndows\\tenmp\\exanple', "filetest.txt")
*** (fil ename, extension) ==

("filetest', ".txt")

*** displaying file contents:
f oo

bar

*** deleting test file

*** ypdated directory listing:
[]

*** deleting test directory
*** DONE

Rather than providing a line-by-line explanation here, we will leave it to the reader as an
exercise. However, we will walk through a similar interactive example (including errors) to
giveyou afeel for what it islike to execute this script one step at atime. We will break into
the code every now and then to describe the code we just encountered.

>>> jnport os

>>> os.path.isdir('/tnp")
1

>>> os.chdir('/tnp")

>>> cwd = o0s. getcwd()
>>> cwd

I/trrpl

Thisfirst block of code consists of importing the os module (which also grabsthe os. pat h
module). We verify that' / t np' isavalid directory and change to that temporary directory
to do our work. When we arrive, we call theget cwd() method to tell us where we are.

>>> o0s. nkdi r (' exanpl e')

>>> cwd = os. getcwd()

>>> cwd

"/t np/ exanpl e’

>>>

>>> os.listdir()

Traceback (innernost |ast):
File "<stdin>", line 1, in ?

TypeError: function requires at |east one argunent

>>>

>>> o0s.|istdir(cwd)

[]

Next, we create a subdirectory in our temporary directory, after which we will use the
I'istdir() methodto confirm that the directory isindeed empty (since we just created it).
The problem with our first call to | i st di r () wasthat we forgot to give the name of the



directory we want to list. That problem is quickly remedied on the next line of input.

>>> file = open('test', '"W)
>>> file.wite('foo\n')

>>> file.wite('bar\n')

>>> file.close()

>>> o0s.|istdir(cwd)

['test']

We then create atest file with two lines and verify that the file has been created by listing the
directory again afterwards.

>>> os.renane('test', '"filetest.txt"')
>>> os.|istdir(cwd)

['filetest.txt']

>>>

>>> path = os.path.join(cwd, os.listdir(cwd)|[O0])
>>> path

"/tnp/exanple/filetest.txt'

>>>

>>> os. path.isfil e(path)

1

>>> 0s. pat h.isdir(path)

0

>>>

>>> 0s. pat h. split(path)
("/trmp/exanple', "filetest.txt")

>>>
>>> 0s. pat h. splitext(os. path. basenanme( pat h))
("filetest', '.ext')

This section is no doubt an exercise of 0s. pat h functionality, testingj oi n(),
isfile(), isdir() whichwehaveseenearlier,split(), basenane(), and
splitext(). Weasocal ther enane() function from os.

>>> file = open(path)

>>> file.readlines()

>>> file.close()

>>>

>>> for eachLine in alllLines:
print eachlLi ne,

foo

bar

This next piece of code should be familiar to the reader by now, since thisisthe third time
around. We open the test file, read in all the lines, close the file, and display each line, one at



atime.

>>> 0s.renove( path)

>>> o0s.|istdir(cwd)

[]

>>> os.chdir(os. pardir)
>>> os.rmdir (' exanple')

This last segment involves the deletion of the test file and test directory concluding
execution. The call to chdi r () moves us back up to the main temporary directory where

we can remove the test directory (0s. par di r containsthe parent directory string™. . " for
Unix and Windows; the Macintosh uses” : : "). It is not advisable to remove the directory
that you arein.

NOTE

Asyou can tell from our lengthy discussion above, the os and os. pat h modules provide
different ways to access the file system on your computer. Although our study in this chapter
isrestricted to file access only, the os module can do much more. It lets you manage your
process environment, contains provisions for low-level file access, allows you to create and
manage new processes, and even enables your running Python programto "talk" directly to
another running program. You may find yourself a common user of this module in no time.
Read more about the os module in Chapter 14.
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File Execution

Whether we want to simply run an operating system command, invoke a binary executable,
or another type of script (perhaps ashell script, Perl, or Tcl/Tk), thisinvolves executing
another file somewhere else on the system. Even running other Python code may call for
starting up another Python interpreter, although that may not always be the case. In any
regard, we will defer this subject to Chapter 14. Please proceed there if you are interested in
how to start other programs, perhaps even communicating with them, and for general
information regarding Python's execution environment.
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Persistent Storage Modules

In many of the exercisesin thistext, user input is required for those applications. After many
iterations, it may be somewhat frustrating being required to enter the same data repeatedly.
The same may occur if you are entering a significant amount of data for use in the future.
Thisiswhere it becomes useful to have persistent storage, or away to archive your data so
that you may accessit at alater timeinstead of having to re-enter all of that information.
When simple disk files are no longer acceptable and full relational database management
systems (RDBMSs) are overkill, simple persistent storage fills the gap. The majority of the
persistent storage modules deals with storing strings of data, but there are ways to archive
Python objects as well.

pi ckl e and mar shal Modules

Python provides a variety of modules which implement minimal persistent storage. One set
of modules (mar shal and pi ckl e) alowsfor pickling of Python objects. Pickling isthe
process whereby objects more complex than primitive types can be converted to a binary set
of bytesthat can be stored or transmitted across the network, then be converted back to their
original object forms. Pickling is also known as flattening, serializing, or marshalling.
Another set of modules (dbhash/ bsddb, dbm gdbm dunbdbn) and their
"manager" (anydbm) can provide persistent storage of Python strings only. The last module
(shel ve) can do both.

Aswe mentioned before, both mar shal and pi ckl e can flatten Python objects. These
modules do not provide "persistent storage” per se, since they do not provide a namespace
for the objects, nor can they provide concurrent write access to persistent objects. What they
can do, however, isto pickle Python objectsto allow them to be stored or transmitted.
Storage, of course, is sequential in nature (you store or transmit objects one after another).
The difference between mar shal and pi ckl e isthat mar shal can handle only smple
Python objects (numbers, sequences, mapping, and code) while pi ckl e can transform
recursive objects, objects that are multi-referenced from different places, and user-defined
classes and instances. The pi ckl e module is also available in aturbo version called

cPi ckl e, whichimplementsall functionality in C.

DBM-style Modules

The* db* series of modules writes datain the traditional DBM format. There are alarge
number of different implementations: dbhash/ bsddb, dbm gdbm and dunbdbm
We highly recommend the use of the any dbmmaodule, which detects which
DBM-compatible modules are installed on your system and uses the "best” one at its
disposal. The dunmbdbmmodule is the most limited one, and is the default used if none of
the other packages are available. These modules do provide a namespace for your objects,
using objects which behave similar to a combination of a dictionary object and afile object.
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The one limitation of these systemsis that they can store only strings. In other words, they do
not serialize Python objects.

shel ve Module

Finally, we have a somewhat more complete solution, the shel ve module. Theshel ve
module uses the any dbmmodul e to find a suitable DBM module, then usescPi ckl e to
perform the pickling process. The shel ve module permits concurrent read accessto the
database file, but not shared read/write access. Thisis about as close to persistent storage as
you will find in the Python standard library. There may other external extension modules
which implement "true" persistent storage. The diagram in Figure 9-1 shows the relationship
between the pickling modules and the persistent storage modules, and how the shelve object
appears to be the best of both worlds.

Figure 9.1. Python Modules for Serialization and Persistency

provide senalization or pickling of Pythan
objects

, provide dictionary- and file-lixe object
to allow for persistent storage of
slrings

provides sarialization or pickling of Python objects as well as a dic-
tionary- and file-like object to allow for persistent storage of such flat-
tened objects

NOTE

The pi ckl e module allows you to store Python objects directly to a file without having to
convert themto strings or to necessarily write them out as binary files using low-level file
access. Instead, the pi ckl e module creates a Python-only binary version which allows you
to cleanly read and write objectsin their entirety without having to worry about all thefile
details. All you need isa valid file handle, and you are ready to read or write objects from or
to disk.

The two main functionsin the pi ckl e modulearedunp() and| oad(). Thedunp()
function takes a file handle and a data object and saves the object in a format it under stands
to the given file. When a pickled object isloaded fromdisk using | oad(), it knows exactly



how to restore that object to its original configuration before it was saved to disk. We
recommend you take a look at pi ckl e and its"smarter” brother shel ve, which givesyou
dictionary-like functionality so thereis even less file overhead on your part.

<BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.


http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=151
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D151&bookname=0130260363&snode=151

<BACK Make Note | Bookmark CONTINUE >

Related Modules

There are plenty of other modules related to files and input/output, al of which work on most
of the mgjor platforms. Table9.7 lists some of the file-related modules.

Table 9.7. Related File Modules

Module(s) Contents
fileinput iterates over lines of multiple input text files
get opt provides command-line argument parsing/manipulation
gl ob/ f nmat ch provides Unix-style wildcard character matching
gzip/zlibl/zipfileld allows file access to include automatic de/compression
shuti | offers high-level file access functionality
c/ StringlO implements file-like interface on top of string objects
tenmpfile generates temporary file names or files

[al new in Python 1.6

Thefi | ei nput module iterates over a set of input files and reads their contents one line at
atime, alowing you to iterate over each line, much like the way the Perl ( < >') operator
works without any provided arguments. File names that are not explicitly given will be
assumed to be provided from the command-line.

Thegl ob and f nmat ch modules allow for file name pattern-matching in the good old
fashioned Unix shell-style, for example, using the asterisk ( * ) wildcard character for all
string matches and the ( ? ) for matching single characters.

Thegzi p and zl i b modules provide direct file accessto the zI i b compression library.
Thegzi p module, written on top of the zl i b module, alows for standard file access, but
provides for automatic gzi p-compatible compression and decompression. Note that if you
are compiling your Python interpreter, you have to enable the zl i b module to be built (by
editing the Modul es/ Set up file). It isnot turned on by default. Thenew zi pfil e
module, also requiring the zIl i b module, allows the programmer to create, modify, and read
zi p archivefiles.

Theshut i | module furnishes high-level file access, performing such functions as copying
files, copying file permissions, and recursive directory tree copying, to name afew.

Thet enpfi | e module can be used to generate temporary file names and files.

In our earlier chapter on strings, we described the St r i ngl Omodule (and its C-compiled
companion cSt r i ngl O), and how it overlays afile interface on top of string objects. This
interface includes al of the standard methods available to regular file objects.

The modules we mentioned in the Persistent Storage section above (Section 9.9) include


http://safari.oreilly.com/main.asp?home
http://www.oreilly.com/
http://www.oreillynet.com/
http://safari.oreilly.com/main.asp?showtoc
http://safari.oreilly.com/work.asp
http://safari.oreilly.com/main.asp?home
http://safari.oreilly.com/main.asp?acmg
http://safari.oreilly.com/main.asp?logout
http://safari.oreilly.com/main.asp?subs
http://safari.oreilly.com/main.asp?help
http://safari.oreilly.com/main.asp?cat=1
http://safari.oreilly.com/main.asp?bookname=0130260363
http://safari.oreilly.com/main.asp?bookname=0130260363&cnode=141
http://safari.oreilly.com/main.asp?list
http://safari.oreilly.com/popanote.asp?pubui=oreilly&bookname=0130260363&snode=152
http://safari.oreilly.com/main.asp?bookmark=bookname%3D0130260363%26snode%3D152&bookname=0130260363&snode=152
http://safari.oreilly.com/main.asp?bookname=0130260363&snode=0&now=6%2F1%2F2002+1%3A02%3A10+PM
http://safari.oreilly.com/read7.asp?bookname=0130260363&snode=152&now=6%2F1%2F2002+1%3A02%3A10+PM

examples of ahybrid file- and dictionary-like object.

Some other Python modules which generate file-like objects include network and file socket
objects (socket module), the popen* () file objectsthat connect your application to other
running processes (os and popen2 modules), thef dopen() file object used in low-level
file access (os module), and opening a network connection to an Internet web server viaits
Uniform Resource Locator (URL) address (ur | | i b module). Please be aware that not all
standard file methods may be implemented for these objects. Likewise, they may provide
functionality in addition to what is available for regular files.

Refer to the documentation for more details on these fil e access-related modul es.
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Exercises

1. FileFiltering. Display all lines of afile, except those that start with apound sign (# ), the
comment character for Python, Perl, Tcl, and most other scripting languages.

2. File Access. Prompt for anumber N and file F, and display thefirst N lines of F.

3:  FilelInformation. Prompt for afilename and display the number of linesin that text file.

4: File Access. Write a"pager" program. Y our solution should prompt for afile name, and display
the text file 25 lines at atime, pausinLg each time to ask the user to "press a key to continue."

5. Test Scores. Update your solution to the test scores problems (Exercises 5-3 and 6-4) by
allowing a set of test scores be loaded from afile. We leave the file format to your discretion.

6: File Comparison. Write a program to compare two text files. If they are different, give theline
and column numbers in the files where the first difference occurs.

7:  Parsing Files. Windows users: create a program that parsesaWindows.i ni file. Unix users:
create aprogram that parsesthe/ et ¢/ ser vi ces file. All other platforms: create a program
that parses an system file with some kind of structureto it.

8:  Module Introspection. Extract module attribute information. Prompt the user for amodule
name (or accept it from the command-line). Then, using di r () and other built-in functions,
extract all its attributes, and display their names, types, and values.

9: "PythonDoc." Go to the directory where your Python standard library modules are located.
Examine each . py file and determine whether a__doc___ string is available for that module.
If so, format it properly and catalog it. When your program has completed, it should present a
nice list of those modules which have documentation strings and what they are. There should
be atrailing list showing which modules do not have documentation strings (the shame list).
EXTRA CREDIT: extract documentation for all classes and functions within the standard
library modules.

10: Home Finances. Create a home finance manager. Y our solution should be able to manage
savings, checking, money market, certificate of deposit (CD), and similar accounts. Provide a
menu-based interface to each account as well as operations such as deposits, withdrawals,
debits, and credits. An option should be given to a user to remove transactions as well. The data
should be stored to file when the user quits the application (but randomly during execution for
backup purposes).
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11:

12:

13:

14:

Web Ste Addresses.

(&)Write a URL bookmark manager. Create a text-driven menu-based application which allows
the user to add, update, or delete entries. Entriesinclude a site name, Website URL address,
and perhaps a one-line description (optional). Allow search functionality so that a search
"word" looks through both names and URLSs for possible matches. Store the datato adisk file
when the user quits the application, and load up the data when the user restarts.

(b)Upgrade your solution to part (a) by providing output of the bookmarks to alegible and
syntactically correct HTML file (. ht mor . ht m ) so that users can then point their browser to
this output file and be presented with alist of their bookmarks. Another feature to implement is
allowing the creation of "folders’ to alow grouping of related bookmarks. EXTRA CREDIT:
Read the literature on regular expressions and the Python r e module. Add regular expression
validation of URL s that users enter into their database.

Users and Passwords.

(a)Do Exercise 7-5, which keeps track of usernames and passwords. Update your code to
support a"last login time." See the documentation for the time module to obtain timestamps for
when users "login" to the system. Also, create the concept of an "administrative" user which
can dump alist of all the users, their passwords (you can add encryption on top of the
passwords if you wish), and their last login times. The database should be stored to disk, one
line at atime, with fields delimited by colons(: ), i.e,"j oe: boohoo: 953176591. 145, "
for each user. The number of linesin the file will be the number of users which are part of your
system.

(b)Further update your example such that instead of writing out one line at atime, you "pickle"
the entire database object and write that out instead. Read the documentation on the pi ckl e
module to find out how to "flatten” or "serialize" your object, aswell as how to perform 1/0
using picked objects. With the addition of this new code, your solution should take up fewer
lines than your solution in part (a).

Command-line arguments.
(8)What are they, and why might they be useful ?

(b)Write code to display the command-line arguments which were entered.

Logaging Results. Convert your calculator program (Exercise 5-6) to take input from the
command-line, i.e.,

%calc.py 1 + 2

Output the result only. Also, write each expression and result to adisk file. Issuing a command
of...

% cal c. py print



15:

16:

17:

18:

19:

<BACK

... will cause the entire contents of the "register tape" to be dumped to the screen and file
reset/truncated. Here is an example session:

%calc.py 1 + 2
3

%calc.py 3 3
27

% cal c. py print
1+ 2

3

3~3

27

% cal c. py print
%

Copying Files. Prompt for two file names (or better yet, use command-line arguments). The
contents of the first file should be copied to the second file.

Text Processing. You aretired of seeing lines on your e-mail wrap because people type lines
which are too long for your mail reader application. Create a program to scan atext file for all
lines longer than 80 characters. For each of the offending lines, find the closest word before 80
characters and break the line there, inserting the remaining text to the next line (and pushing the
previous next line down one). When you are done, there should no longer be lines longer than
80 characters.

Text Processing. Create a crude and elementary text file editor. Y our solution is menu-driven,
with the following options:. (1) create file [prompt for file name and any number of lines of
input], (2) display file [dump its contents to the screen], (3) edit file (prompt for line to edit and
allow user to make changes), (4) savefile, and (5) quit.

Searching Files. Obtain a byte value (0-255) and afile name. Display the number of times that
byte appearsin thefile.

Generating Files. Create asister program to the previous problem. Create a binary datafile
with random bytes, but one particular byte will appear in that file a set number of times. Obtain
the following three values. (1) a byte value (0-255), (2) the number of times that byte should
appear in the datafile, and (3) the total number of bytes that make up the datafile. Your job is
to create that file, randomly scatter the request byte across the file, and to ensure that there are
no duplicates and that the file contains exactly the number of occurrences that byte was
requested for, and that the resulting data file is exactly the size requested.
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Chapter 10. Errors And Exceptions

Chapter Topics

o What Are Exceptions?

« Exceptionsin Python

« Detecting and Handling Exceptions
o try-except Statement
o Exception Arguments
0 el se Statement
o try-finally Statement

« Exceptions Are Classes

« Raising Exceptions
0 rai se Statement

o Assertions
0 assert Statement

« Standard Exceptions

« Creating Exceptions

o Why Exceptions (Now)?

o Why Exceptions at All?

» Related Modules

Errors are an everyday occurrence in the life of a programmer. In days hopefully long since
past, errors were either fatal to the program (or perhaps the machine) or produced garbage
output that was neither recognized as valid input by other computers or programs nor by the
humans who submitted the job to be run. Any time an error occurred, execution was halted
until the error was corrected and code was re-executed. Over time, demand surged for a
"softer" way of dealing with errors other than termination. Programs evolved such that not
every error was malignant, and when they did happen, more diagnostic information was
provided by either the compiler or the program during run-time to aid the programmer in
solving the problem as quickly as possible. However, errors are errors, and any resolution
usually took place after the program or compilation process was halted. There was never
really anything a piece of code could do but exit and perhaps leave some crumbs hinting at a
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possible cause—until exceptions and exception handling came along.

Although we have yet to cover classes and object-oriented programming in Python, many of
the concepts presented here involve classes and class instances.[21 We conclude the chapter
with an optional section on how to create your own exception classes. Older versions of
Python utilized string exceptions, which are not common any more. We recommend using
only class-based exceptions for all future development.

[1] Asof Python 1.5, all standard exceptions are implemented as classes. If new to classes, instances, and other
object-oriented terminology, the reader should check Chapter 13 for clarification.

This chapter begins by exposing the reader to exceptions, exception handling, and how they
are supported in Python. We also describe how programmers can generate exceptions within
their code. Finally, we reveal how programmers can create their own exception classes.
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What Are Exceptions?
Errors

Before we get into details about what exceptions are, let usreview what errors are. In the
context of software, errors are either syntactical or logical in nature. Syntax errors indicate
errors with the construct of the software and cannot be executed by the interpreter or
compiled correctly. These errors must be repaired before execution can occur.

Once programs are semantically correct, the only errors which remain are logical. Logical
errors can either be caused by lack of or invalid input, or, in other cases, by the logic's not
being able to generate, calculate, or otherwise produce the desired results based on the input.
These errors are sometimes known as domain and range failures, respectively.

When errors are detected by Python, the interpreter indicates that it has reached a point
where continuing to execute in the current flow is no longer possible. Thisiswhere
exceptions come into the picture.

Exceptions

Exceptions can best be described as action that is taken outside of the normal flow of control
because of errors. This action comesin two distinct phases, the first being the error which
causes an exception to occur, and the second being the detection (and possible resolution)
phase.

The first phase takes place when an exception condition (sometimes referred to as
exceptional condition) occurs. Upon detection of an error and recognition of the exception
condition, the interpreter performs an operation called raising an exception. Raising is aso
known as triggering, throwing, or generating, and is the process whereby the interpreter
makes it known to the current control flow that something is wrong. Python also supports the
ability of the programmer’s to raise exceptions. Whether triggered by the Python interpreter
or the programmer, exceptions signal that an error has occurred. The current flow of
execution isinterrupted to process this error and take appropriate action, which happens to be
the second phase.

The second phase is where exception handling takes place. Once an exception israised, a
variety of actions can be invoked in response to that exception. These can range anywhere
from ignoring the error, logging the error but otherwise taking no action, performing some
corrective measures and aborting the program, or alleviating the problem to allow for
resumption of execution. Any of these actions represents a continuation, or an alternative
branch of control. The key is that the programmer can dictate how the program operates
when an error occurs.

Asyou may have aready concluded, errors during run-time are primarily caused by external
reasons, such as poor input, afailure of some sort, etc. These causes are not under the direct
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control of the programmer, who can anticipate only afew of the errors and code the most
general remedies.

L anguages like Python which support the raising and—more importantly—the handling of
exceptions empowers the devel oper by placing them in a more direct line of control when
errors occur. The programmer not only has the ability to detect errors, but also to take more
concrete and remedial actions when they occur. Due to the ability to manage errors during
run-time, application robustness is increased.

Exceptions and exception handling are not new concepts, as they are also present in Ada,
Modula-3, C++, Eiffel, and Java. The origins of exceptions probably come from operating
systems code which handles exceptions such as system errors and hardware interruptions.
Exception handling as a software tool made its debut in the mid-1960s with PL/1 being the
first major programming language that featured exceptions. Like some of the other languages
supporting exception handling, Python is endowed with the concepts of a"try" block and
"catching" exceptions and, in addition, provides for more "disciplined" handling of
exceptions. By this we mean that you can create different handlers for different exceptions,
as opposed to ageneral "catch-all" code where you may be able to detect the exception
which occurred in a post-mortem fashion.
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Exceptions in Python

Asyou were going through some of the examples in the previous chapters, you no doubt
noticed what happens when your program "crashes" or terminates due to unresolved errors.
A "traceback" notice appears along with a notice with as much diagnostic information as the
interpreter can give you, including the error name, reason, and perhaps even the line number
near or exactly where the error occurred. All errors have a similar format, regardless of
whether running within the Python interpreter or standard script execution, providing a
consistent error interface. All errors, whether they be syntactical or logical, result from
behavior incompatible with the Python interpreter and cause exceptions to be raised.

Let ustake alook at some exceptions now.

NanmeError: attempt to access an undeclared variable

>>> f 00
Traceback (innernost |ast):
File "<interactive input>", line 0, in ?

NaneError: foo

NaneEr r or indicates access to an uninitialized variable. The offending identifier was not
found in the Python interpreter's symbol table. We will be discussing namespacesin an
upcoming chapter, but as an introduction, regard them as "address books" linking namesto
objects. Any object which is accessible should be listed in a namespace. Accessing avariable
entails a search by the interpreter, and if the name requested is not found in any of the
namespaces, a NameEr r or exception will be generated.

Zer oDi vi si onError: division by any numeric zero

>>> 12.4/0.0
Traceback (innernost |ast):

File "<interactive input>", line 0, in ?
ZeroDi visionError: float division

Our example above used floats, but in general, any numeric division-by-zero will resultin a
Zer oDi vi si onEr r or exception.
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Synt axEr ror: Python interpreter syntax error

>>> for
File "<string>", line 1
for
N

SyntaxError: invalid syntax

Synt axEr r or exceptions are the only ones which do not occur at run-time. They indicate
an improperly constructed piece of Python code which cannot execute until corrected. These
errors are generated at compile-time, when the interpreter loads and attempts to convert your
script to Python bytecode. These may also occur as aresult of importing a faulty module.

I ndexError: request for an out-of-range index for sequence

>>> alist =[]
>>> alist[O0]
Traceback (innernost |ast):
File "<stdin>", line 1, in ?
I ndexError: list index out of range

| ndexEr r or israised when attempting to access an index which is outside the valid range
of a sequence.

KeyError: request for a non-existent dictionary key

>>> aDict = {"host': "earth', 'port': 80}
>>> print aDict['server']
Traceback (innernost |ast):
File "<stdin>", line 1, in ?
KeyError: server

Mapping types such as dictionaries depend on keys to access data values. Such values are not
retrieved if an incorrect/nonexistent key is requested. In this case, aKeyEr r or israised to
indicate such an incident has occurred.

| CError: input/output error

>>> f = open("blah")
Traceback (innernost |ast):



File "<interactive input>", line 1, in ?
|CError: [Errno 2] No such file or directory: 'blah'

Attempting to open a non-existent disk file is one example of an operating system
input/output (1/O) error. Any type of 1/0O error raisesan | OEr r or exception.

AttributeError: attempt to access an unknown object attribute

>>> cl ass nyd ass:
pass

>>> nylnst = nyd ass()

>>> nylnst. bar = ' spani

>>> nyl nst. bar

" spam

>>> nyl nst. foo

Traceback (innernost |ast):
File "<stdin>", line 1, in ?

AttributeError: foo

In our example, we stored avalueinmyl nst . bar, thebar attribute of instance

nmyl nst . Once an attribute has been defined, we can accessit using the familiar
dotted-attribute notation, but if it has not, asin our case with thef oo (non-)attribute, an
Attri buteError occurs.
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Detecting and Handling Exceptions

Exceptions can be detected by incorporating them as part of at r y statement. Any code suite of at r y statement will be
monitored for exceptions.

There aretwo main forms of thet r y statement: t ry- except andtry-final | y. These statements are mutually
exclusive, meaning that you pick only one of them. A t r y statement is either accompanied by one or more except clauses or
exactly onef i nal | y clause. (Thereisno such thing asahybrid "t ry- except-finally.")

try-except statementsallow oneto detect and handle exceptions. There is even an optional el se clause for situations
where code needs to run only when no exceptions are detected. Meanwhile, t ry- f i nal | y statements allow only for
detection and processing of any obligatory clean-up (whether or not exceptions occur), but otherwise has no facility in dealing
with exceptions.

try-except Statement

Thet ry-except statement (and more complicated versions of this statement) allows you to define a section of codeto
monitor for exceptions and also provides the mechanism to execute handlers for exceptions.

The syntax for the most general t r y- except statement looks like this:

try:
try suite # watch for exceptions here
except
Excepti on:
except_suite # exception-handling code

Let us give one example, then explain how things work. We will use our | OEr r or example from above. We can make our
code more robust by adding at r y- except "wrapper" around the code:

>>> try:
f = open('blah')
except |1 OError:
print 'could not open file'

could not open file

Asyou can see, our code now runs seemingly without errors. In actuality, the sasme | OEr r or still occurred when we
attempted to open the nonexistent file. The difference? We added code to both detect and handle the error. When the

| CEr r or exception wasraised, all we told the interpreter to do was to output a diagnostic message. The program continues
and does not "bomb out" as our earlier example—a minor illustration of the power of exception handling. So what isreally
happening codewise?

During run-time, the interpreter attempts to execute al the code withinthet r y statement. If an exception does not occur when
the code block has completed, execution resumes past the except statement. When the specified exception named on the
except statement does occur, control flow immediately continuesin the handler (all remaining codeinthet ry clauseis
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skipped). In our example above, we are catching only | OEr r or exceptions. Any other exception will not be caught with the
handler we specified. If, for example, you want to catch an OSEr r or , you have to add a handler for that particular exception.
Wewill elaborate onthet r y- except syntax more aswe progress further in this chapter.

NOTE

Theremaining codein thet r y suite from the point of the exception is never reached (hence never executed). Once an
exception israised, the raceis on to decide on the continuing flow of control. The remaining code is skipped, and the search
for a handler begins. If oneis found, the program continuesin the handler.

If the search is exhausted without finding an appropriate handler, the exception is then propagated to the caller's level for
handling, meaning the stack frame immediately preceding the current one. If there isno handler at the next higher level, the
exception is yet again propagated to its caller. If the top level isreached without an appropriate handler, the exception is
considered unhandled, and the Python interpreter will display the traceback and exit.

Wrapping a Built-in Function

We will now present an interactive example—starting with the bare necessity of detecting an error, then building continuously
on what we have to further improve the robustness of our code. The premise isin detecting errors while trying to convert a
numeric string to a proper (numeric object) representation of its value.

Thef | oat () built-in function has a primary purpose of converting any numeric typeto afloat. In Python 1.5, f | oat () was
given the added feature of being able to convert a number given in string representation to an actual float value, obsoleting the
use of theat of () function of thest ri ng module. Readers with older versions of Python may still usestri ng. at of (),
replacing f | oat (), inthe exampleswe use here.

>>> f| oat (12345)
12345.0

>>> f|oat (' 12345")
12345.0

>>> f| oat (' 123. 45e67")
1. 2345e+069

Unfortunately, f | oat () isnot very forgiving when it comes to bad input:

>>> f| oat (' abcde')
Traceback (innernost |ast):
File "<stdin>", line 1, in ?
float (' abcde')
Val ueError: invalid literal for float(): abcde

>>>
>>> float(['this is', 1, '"list'])
Traceback (innernost |ast):
File "<stdin>", line 1, in ?
float(['this is', 1, '"list'])

TypeError: object can't be converted to fl oat

Notice in the errors abovethat f | oat () does not take too kindly to strings which do not represent numbers or non-strings.
Specifically, if the correct argument type was given (string type) but that type contained an invalid value, the exception raised
would be Val ueEr r or because it was the value that was i