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Preface

"We'd like to pretend that 'Fredrik’ is a role, but even hundreds of volunteers couldn't possibly keep up. No,
'Fredrik’ isthe result of crossing an http server with a spam filter with an emacs whatsit and some other stuff
besides."

—Gordon McMillan, June 1998
The Python 2.0 distribution comes with an extensive standard library, comprised of over 200 modules. This book

briefly describes each module and provides one or more sample scripts showing how to useit. All in al, thisbook
contains 360 sample scripts.
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About This Book

"Those people who have nothing better to do than post on the Internet all day long are rarely the ones who
have the most insights.”

—Jakob Nidsen, December 1998

Since| first stumbled upon Python somefive years ago, I've spent hundreds of hours answering questions on the
comp.lang.python newsgroup. Maybe someone found amodul e that might be exactly what he wanted, but he
couldn't redly figure out how to use it. Maybe someone had picked the wrong module for the task. Or maybe
someonetried to reinvent the whed . Often, ashort sample script could be much more helpful than a pointer to the
reference documentation.

After posting a couple of scripts each week, for anumber of years, you end up with arather large collection of
potentially useful scripts. What you'll find in thisbook are the best parts from over 3,000 newsgroup messages. Y oull
aso find hundreds of new scripts added to make sure every little nook and cranny of standard library has been fully
covered.

I've worked hard to make the scripts both understandable and adaptable. I've intentionally kept the annotations as
short aspossible. If you want more background, there's plenty of reference materia shipped with most Python
digtributions. In this book, the emphasisis on the code.

Comments, suggestions, and bug reports are welcome. Send them to fredrik@pythonware.com. | read al mail as
soon asit arrives, but it might take awhile until | get around to answering.

For updates, addenda, and other information related to this book, point your web browser to
http:/Aww.pythonware.convpeopl efredrik/librarybook.htm

What About Tkinter?

Thisbook coversthe entire standard library, except the (optional) Tkinter user-interface library. There are severd
reasons for this, mostly related to time, space, and the fact that I'm working on several other Tkinter documentation
projects.

For current status on these projects, see http://www.pythonware.com/peopleffredrik/tkinterbook.htm.

Production Details

Thisbook waswritten in DocBook SGML. | used avariety of tools, including Secret Labs PythonWorks, Excosoft
Documentor, James Clark's Jade DSSSL processor, Norm Walsh's DocBook stylesheets, and a bunch of Python
scripts, of course.

Thanksto my referees. Tim Peters, Guido van Rossum, David Ascher, Mark Lutz, and Ragl Dornfest, and the
PythonWare crew: Matthew Ellis, Hakan Karlsson, and Rune Uhlin.


mailto:fredrik@pythonware.com
http://www.pythonware.com/people/fredrik/librarybook.htm
http://www.pythonware.com/people/fredrik/tkinterbook.htm
http://examples.oreilly.com/pythonsl
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Conventions Used in This Book

The following typographic conventions appear in this book:
Italic

Isused for filenames and command names. It isaso used to define termsthe first time they appear.
Congtant Width

| | @ve RuBoard
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About the Examples

Unless otherwise noted, al examples run under Python 1.5.2 and Python 2.0. I've tried not to depend on interna
details, and | expect most scripts to work with upcoming 2.x versionsaswell.

The examples have been tested on Windows, Solaris, and Linux. Except for afew scriptsthat depend on
platform-specific modules, the examples should work right out of the box on most other platformsaswell. (If you
find something that doesn't work as expected, let me know!)

All codeis copyrighted. Of course, you're free to use one or more modulesin your own programs, just don't forget
where you got them.

Most script files are named after the module they're using, followed by the string "-example-" and aunique "serid
number." Note that the scripts sometimes appear out of order; it's done thisway on purpose, to match the filenames
used in an earlier version of this book, (the eff-bot guide to) The Standard Python Library.

Youl'l find copies of al scripts on the CD provided with this book (see hitp://examples.oreilly.comV/pythond ). For
updates and more information, see http://mww.pythonware.com/peopl efredrik/librarybook.htm. That page also
explains what you need to know to decrypt and unpack the archive.

| | @ve RuBoard
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How to Contact Us

Y ou can writeto:
O'Rellly & Associates, Inc. 101 Morris Street Sebastopol, CA 95472 1-800-998-9938 (in the U. S. or Canada)
1-707-829-0515 (international/local) 1-707-829-0104 (FAX)

Y ou can aso send us messages eectronicaly. To be put on the mailing list or request a catalog, send email to:

info@orelly.com

To ask technical questions or comment on the book, send email to:

bookquestions@oreilly.com

We have aweb ste for the book, where well list examples, errata, and any plans for future editions. Y ou can access
thispage a:

http:/Aww.orellly.com/cata og/pythond/

For more information about this book and others, see the O'Rellly web ste:

http:/mww.orellly.com
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Chapter 1. Core Modules

"Snce the functionsin the C runtime library are not part of the Win32 API, we believe the number of
applications that will be affected by this bug to be very limited."

—M icrosoft, January 1999

| | @ve RuBoard
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1.1 Introduction

Python's standard library covers awide range of modules. It includes everything from modulesthat are asmuch a
part of the Python language as the types and statements defined by the language specification, to obscure modules
that are probably useful only to asmall number of programs.

This chapter describes anumber of fundamenta standard library modules. Any larger Python programiislikely to use
most of these modules, ether directly or indirectly.

1.1.1 Built-in Functions and Exceptions

The following two modules are even more basic than al other modules combined: the __builtin__ module, which
defines built-in functions (like len, int, and range), and the exceptions module, which defines dl built-in exceptions.

Python imports both modules when it starts up, and makes their content available for al programs.

1.1.2 Operating System Interface Modules

There are anumber of modules modeled after the POSIX standard API and the standard C library that provide
platform-independent interfaces to the underlying operating system.

The modulesin this group include os, which providesfile and process operations, os.path, which offersa
platform-independent way to pull gpart and put together filenames, and time, which provides functionsto work with
dates and times.

To some extent, networking and thread support modules could aso belong in this group, but they are not supported
by dl Python implementations.

1.1.3 Type Support Modules

Severd built-in types have support modulesin the standard library. The string module implements commonly used
string operations, the math modul e provides math operations and constants, and the cmath modul e does the same for
complex numbers.

1.1.4 Regular Expressions

There module provides regular expressions support for Python. Regular expressions are string patternswrittenin a
gpecia syntax, which can be used to match strings and extract substrings.

1.1.5 Language Support Modules

Sys gives you access to variousinterpreter variables, such asthe module search path, and the interpreter version.
operator provides functional equivaentsto many built-in operators. copy alows you to copy objects. And findly, gc

givesyou more control over the garbage collector fecilitiesin “ hon 2.0.

| | @ve RuBoard
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1.2The__ builtin__ Module

Thismodule contains built-in functionsthat are automatically availablein dl Python modules. Y ou usudly don't have
to import this module; Python does that for you when necessary.

1.2.1 Calling a Function with Argumentsfrom a Tuple or Dictionary

Python dlows you to build function argument listson the fly. Just put dl the argumentsin atuple, and cal the built-in
apply function, asillustrated in Example 1-1.

Example 1-1. Using the apply Function
File: builtin-apply-exanple-1.py

def function(a, b):
print a, b

appl y(function, ("whither", "canada?"))
appl y(function, (1, 2 + 3))

whi t her canada?
15

To pass keyword arguments to afunction, you can use adictionary asthe third argument to gpply, as shown in
Example 1-2.

Example 1-2. Using the apply Function to Pass Keyword Arguments
File: builtin-apply-exanple-2. py

def function(a, b):
print a, b

app! y(function, ("crunchy", "frog"))
appl y(function, ("crunchy",), {"b": "frog"})
appl y(function, (), {"a": "crunchy", "b": "frog"})

crunchy frog
crunchy frog

crunchy frog

One common use for gpply isto pass constructor arguments from a subclass on to the base class, especidly if the
congtructor takes alot of arguments. See Example 1-3.

Example 1-3. Using the apply Function to Call Base Class Constructors
File: builtin-apply-exanple-3.py
cl ass Rectangl e:

def _ init_ (self, color="white", wi dth=10, hei ght=10):

print "create a", color, self, "sized", width, "x", height

cl ass RoundedRect angl e( Rect angl e) :

def _ _init_ (self, **kw):
appl y(Rectangle. _ _init_ _, (self,), kw)
rect Rect angl e(col or="green”, hei ght=100, w dt h=100)

rect RoundedRect angl e( col or="bl ue", hei ght=20)
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1.3 The exceptions M odule

The exceptions module provides the standard exception hierarchy. It's automatically imported when Python starts,
and the exceptions are added to the ___builtin___ module. In other words, you usually don't need to import this

module.

ThisisaPython modulein 1.5.2, and abuilt-in modulein 2.0 and later.

The following standard exceptions are defined by this module:

Exception isused asabase classfor al exceptions. It's strongly recommended (but not yet required) that
user exceptions are derived from this classtoo.

SystemExit(Exception) israised by the sys.exit function. If it propagates to the top leve without being
caught by atry-except clause, the interpreter isterminated without atraceback message.

SandardError(Exception) isused as abase classfor al standard exceptions (except SystemExit, that is).

Keyboardinterrupt(StandardError) israised when the user presses Control-C (or any other interrupt key).
Note that this may cause strange errorsif you use"catch dl” try-except statements.

ImportError(SandardError) israised when Python failsto import amodule.

EnvironmentError isused as abase classfor exceptions that can be caused by the interpreter's
environment (that is, they're usudly not caused by bugsin the program).

|OError(EnvironmentError) isused to flag 1/0O-related errors.

OSError(EnvironmentError) isused to flag errors by the os module.

WindowsError(OSError) isused to flag Windows-specific errors from the os module.

NameError(SandardError) israised when Python failsto find agloba or loca name.

UnboundLocal Error(NameError) israised if your program attemptsto access alocd variable beforeit has
been assigned avalue. Thisexceptionisonly used in 2.0 and later; earlier versonsraise aplain NameError
exception instead.

AttributeError(SandardError) israised when Python failsto find (or assign to) an ingtance atribute, a
method, amodule function, or any other qudified name.
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1.4 The os Module

The os module provides a unified interface to many operating system functions.

Most of the functionsin this module are implemented by platform-specific modules, such asposix or nt. The os
module automaticaly loads the right implementation module when it isfirst imported.

1.4.1 Working with Files

The built-in open function lets you cregte, open, and modify files, as shown in Example 1-27. This module adds those
extrafunctions you need to rename and removefiles.

Example 1-27. Using the os M odule to Rename and Remove Files
File: os-exanpl e-3.py

i mport os
i mport string

def replace(file, search for, replace wth):
# replace strings in a text file

back = os.path.splitext(file)[0] + ".bak"
tenp = os.path.splitext(file)[0] + ".tnp"
try:

# renove old tenp file, if any
0s. renove(tenp)

except os.error:
pass

fi
fo

open(file)
open(tenp, "w')

for s in fi.readlines():
fo.wite(string.replace(s, search _for, replace with))

fi.close()
fo.close()

try:
# renove old backup file, if any
os. renove( back)

except os.error:
pass

# renane original to backup..
os.renane(file, back)

# ...and tenporary to origina
os.renane(tenp, file)

#
# try it out!

file = "sanpl es/sanpl e. txt"

replace(file, "hello", "tjena")
repl ace(file, "tjena", "hello0o")
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1.5 The os.path Module

The os,path module contains functions that dedl with long filenames (pathnames) in variousways. To use thismodule,
import the os module, and access this module as os.path.

1.5.1 Working with Filenames

The os,path module contains anumber of functionsthat ded with long filenamesin aplatform independent way. In
other words, you won't have to deal with forward and backward dashes, colons, and whatnot. Let's ook at Example
1-42.

Example 1-42. Using the os.path Module to Handle Filename
File: os-path-exanpl e-1.py
i mport os

filenane = "ny/little/pony"”

print "using", os.naneg,

print "split", "=>", os.path.split(filenane)

print "splitext", "=>", os.path.splitext(fil enane)

print "dirname", "=>", os.path.dirnanme(fil enane)

print "basenane", "=>", o0s.path. basenane(fil enane)

print "join", "=>"  o0s.path.join(os.path.dirnanme(fil enane),

os. pat h. basenane(fil enane))

using nt ...
split == ("ny/little', 'pony')
splitext => (‘ny/little/pony', '")

dirname => ny/little
basename => pony

join => ny/little\pony

Note that split only splits off asingleitem.

The os,path module aso contains anumber of functionsthat alow you to quickly figure out what afilename
represents, as shown in Example 1-43.

Example 1-43. Using the os.path M odule to Check What a Filename Represents
Fil e: os-path-exanpl e-2. py
i mport os

FILES = (
os.curdir,
oy
"file",
"Ifile",
"sampl es",
"sanpl es/ sanpl e. j pg"
"directory/file",
"..ldirectory/file",
“/directory/file"

)

fAar fila 1 n ECll EC
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1.6 Thestat Module

The stat module, shown in Example 1-50, contains anumber of constants and test functions that can be used with the
os.gtat function.

Example 1-50. Using the stat Module

File: stat-exanple-1.py

i mport stat
i mport os, time

st = os.stat("sanpl es/sanple.txt")
print "node", "=>", oct(stat.S | MODE(st[stat.ST_MODE]))

print "type", "=>",

if stat.S | SDIR(st[stat.ST_MODE]):
print "D RECTORY",

if stat.S | SREG st[stat.ST_MODE]):
print "REGULAR',

if stat.S I SLNK(st[stat.ST_MODE]):

print "LINK",
print
print "size", "=>", st[stat.ST_SI ZE]
print "last accessed", "=>", tinme.ctine(st[stat.ST_ATINME])
print "last nodified", "=>", tinme.ctine(st[stat.ST_MIINME])
print "inode changed", "=>", tinme.ctine(st[stat.ST_CTIME])

nmode => 0664

type => REGULAR

size => 305

| ast accessed => Sun Cct 10 22:12: 30 1999
last modified => Sun Cct 10 18:39: 37 1999

i node changed => Sun Cct 10 15:26:38 1999
| | @ve RuBoard
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1.7 Thestring Module

The string module contains a number of functionsto process standard Python strings, as shown in Example 1-51.
Example 1-51. Using the string M odule

File: string-exanple-1.py

i mport string

text = "Monty Python's Flying G rcus"

print "upper", "=>", string.upper(text)

print "lower", "=>"  string.|ower(text)

print "split", "=>", string.split(text)

print "join", "=>", string.join(string.split(text), "+"

print "replace", "=>", string.replace(text, "Python", "Java")

print "find", "=>", string.find(text, "Python"), string.find(text, "Java")
print "count", "=>", string.count(text, "n")

upper => MONTY PYTHON S FLYI NG Cl RCUS

| ower => monty python's flying circus

split =>['"Mnty', "Python's", '"Flying', '"Crcus']
join => Monty+Pyt hon' s+Fl yi ng+Ci r cus

repl ace => Monty Java's Flying Crcus

find => 6 -1

count => 3

In Python 1.5.2 and earlier, the string modul e uses functions from the strop implementation module where possible.
In Python 1.6 and later, most string operations are made available as string methods as well, as shown in Example
1-52. Many of the functionsin the string module are smply wrapper functionsthat cal the corresponding string
method.

Example 1-52. Using string M ethods I nstead of string M odule Functions

File: string-exanple-2.py

text = "Monty Python's Flying G rcus"

print "upper", "=>", text.upper()

print "lower", "=>"  text.|ower()

print "split", "=>", text.split()

print "join", "=>" "+" join(text.split())

print "replace", "=>", text.replace("Python", "Perl")
print "find", "=>", text.find("Python"), text.find("Perl")
print "count", "=>", text.count("n")

upper => MONTY PYTHON S FLYI NG Cl RCUS

| ower => monty python's flying circus

split =>['"Mnty', "Python's", '"Flying', 'Crcus']
join => Monty+Pyt hon' s+Fl yi ng+Ci r cus

repl ace => Monty Perl's Flying Crcus

find => 6 -1

count => 3

In addition to the string-manipul ation capabilities offered by string, the module aso contains anumber of functions
that convert strings to other types (as Example 1-53 demonstrates).
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1.8 There Module

" Some people, when confronted with a problem, think 'l know, I'll use regular expressions." Now they have
two problems.”

—Jamie Zawinski, on comp.lang.emacs

Theremodule provides aset of powerful regular expression facilities, which alows you to quickly check whether a
given string matches agiven pattern (using the match function), or contains such a pattern (using the search function).
A regular expression isadiring pattern written in acompact (and quite cryptic) syntax.

The match function attempts to match a pattern againgt the beginning of the given string, as shown in Example 1-54. If
the pattern matches anything at al (including an empty string, if the pattern alowsthat!), match returns amatch
object. The group method can be used to find out what matched.

Example 1-54. Using there Moduleto Match Strings

File: re-exanple-1.py

i mport re

text = "The Attila the Hun Show'

# a single character

m=re.match(".", text)

if m print repr("."), "=>", repr(mgroup(0))

# any string of characters

m=re.match(".*", text)

if m print repr(".*"), "=>", repr(mgroup(0))

# a string of letters (at |east one)

m= re.match("\wt", text)

if m print repr("\w+"), "=>", repr(mgroup(0))

# a string of digits

m= re.match("\d+", text)

if m print repr("\d+"), "=>", repr(mgroup(0))
=T

".*' =>"'The Attila the Hun Show

"\\w+' =>'The'

Y ou can use parentheses to mark regionsin the pattern. If the pattern matched, the group method can be used to
extract the contents of these regions, as shown in Example 1-55. group(1) returns the contents of the first group,
group(2) returns the contents of the second, and so on. If you pass severa group numbersto the group function, it
refurnsatuple.

Example 1-55. Using there M oduleto Extract Matching Substrings
File: re-exanple-2.py

i mport re

text ="10/15/99"

m=re. match("(\d{2})/(\d{2})/(\d{2,4})", text)
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1.9 The math Module

The math module implements anumber of mathematical operationsfor floating-point numbers. The functionsare
generdly thin wrappers around the platform C library functions of the same name, so results may vary dightly across
platformsin normal cases, or vary alot in exceptiona cases. Example 1-60 demonstrates the use of the math module.

Example 1-60. Using the math M odule

Fi | e: mat h- exanpl e- 1. py

i mport math

print "e", "=>", pmath.e

print "pi", "=>", math.p

print "hypot", "=>", math. hypot (3.0, 4.0)

# and many ot hers. ..

e => 2.71828182846
pi => 3.14159265359

hypot => 5.0

Seethe Python Library Referencefor afull ligt of functions.

| | @ve RuBoard
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1.10 The cmath Module

The cmeth module shown in Example 1-61 contains anumber of mathematical operations for complex numbers.

Example 1-61. Using the cmath Module

Fi |l e: cmat h- exanpl e- 1. py

i mport cmath
print "pi", "=>", cmath. pi
print "sqrt(-1)", "=>", cmath.sqgrt(-1)

pi => 3.14159265359
sqrt(-1) => 1j

Seethe Python Library Reference for afull list of functions.

| | @ve RuBoard
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1.11 The operator Module

The operator module provides a"functiond" interface to the standard operatorsin Python. The functionsin this
module can be used instead of some lambda constructs, when processing datawith functions like map and filter.
They are dso quite popular among people who like to write obscure code, for obvious reasons. The operator
moduleis demongrated in Example 1-62.

Example 1-62. Using the operator Module

Fil e: operator-exanpl e-1. py
i mport operator

sequence =1, 2, 4

print "add", "=>", reduce(operator.add, sequence)
print "sub", "=>", reduce(operator.sub, sequence)
print "mul", "=>", reduce(operator.nul, sequence)
print "concat", "=>", operator.concat("spam', "egg")
print "repeat", "=>", operator.repeat("spam', 5)
print "getiteni, "=>", operator.getiten(sequence, 2)
print "indexCOf", "=>", operator.indexOf(sequence, 2)
print "sequencel ncludes", "=>", operator.sequencel ncl udes(sequence, 3)
add => 7

sub => -5

mul => 8

concat => spamegg
repeat => spanspanspanspanspam

getitem=> 4
i ndexOF => 1
sequencel ncl udes => 0

Example 1-63 shows some operator functions that can be used to check object types.

Example 1-63. Using the operator Modulefor Type Checking

Fil e: operator-exanpl e-2. py

i mport operator
i mport UserLi st

def dunp(data):

print type(data), "=>"

if operator.isCallable(data):
print "CALLABLE",

i f operator.isMappingType(data):
print "MAPPI NG',

i f operator.isNunberType(data):
print "NUVBER'

i f operator.isSequenceType(data):
print "SEQUENCE",

print

dunp(0)
dunp("string")
dunp("string"[0])
dump([1, 2, 3])
dump((1, 2, 3))
dump({"a": 1})

diimm( ! eanl # fiinecti on
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1.12 The copy Module

The copy module contains two functions that are used to copy objects, as shown in Example 1-64.

copy(object) => object createsa"shalow™ copy of the given object. In this context, shallow meansthat the object
itself iscopied, but if the object isacontainer, the memberswill still refer to the original member objects.

Example 1-64. Using the copy M odule to Copy Objects
Fi |l e: copy-exanpl e-1. py
i mport copy

[[1].02],[3]]
copy. copy(a)

a
b

print "before", "=>"
print a
print b

# nodify original
a[0][0] =0
a[1] = None

print "after", "=>"
print a
print b

before =>
[(£11, (2], [3]]
[(£11, (2], [3]]

after =>
[[0], None, [3]]

(ror, 2], [31]

Y ou can aso make shalow copies of lisssusing the[:] syntax (full dice), and you can make copies of dictionaries
using the copy method.

In contrast, deepcopy(object) => object crestes a"deep” copy of the given object, as shown in Example 1-65. If the
object isacontainer, al members are copied aswell, recursively.

Example 1-65. Using the copy M oduleto Copy Collections
Fi |l e: copy-exanpl e-2. py
i mport copy

[[1].02].[3]]
copy. deepcopy(a)

a
b

print "before", "=>"
print a
print b

# nodify original
a[0][0] =0
a[1] = None

print "after", "=>"
nrint a
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1.13 ThesysModule

The sys module provides anumber of functions and variables that can be used to manipulate different parts of the
Python runtime environmen.

1.13.1 Working with Command-line Arguments

Theargv list contains the arguments that were passed to the script, when the interpreter was started, as shown in
Example 1-66. Thefirst item contains the name of the script itself.

Example 1-66. Using the sysModule to Get Script Arguments
File: sys-argv-exanple-1. py

i mport sys

print "script nane is", sys.argv[O0]

if len(sys.argv) > 1:

print "there are", len(sys.argv)-1, "argunents:"
for arg in sys.argv[1l:]:
print arg
el se:

print "there are no argunents!"

script nane is sys-argv-exanple-1. py
there are no argunents!

If you read the script from standard input (like "python < sys-argv-example-1.py"), the script nameis set to an empty
sring. If you passin the program as astring (using the -c option), the script nameis set to "-c."

1.13.2 Working with M odules

The path list containsalist of directory namesin which Python looks for extension modules (Python source modules,
compiled modules, or binary extensions). When you start Python, thisligt isinitidized from amixture of built-in rules,
the contents of the PY THONPATH environment variable, and the registry contents (on Windows). But sinceit'san
ordinary list, you can aso manipulateit from within the program, as Example 1-67 shows.

Example 1-67. Using the sys M odule to M anipulate the M odule Sear ch Path
Fil e: sys-path-exanpl e-1. py

i mport sys
print "path has", |en(sys.path), "menbers"

# add the sanple directory to the path
sys.path.insert(0, "sanples")
i nport sanpl e

# nuke the path
sys.path = []
i mport random # oops!

path has 7 nenbers
this is the sanpl e nodul e!

T v ~~rnrlhanl, £ o rvm Ay v e~ 1 A~+ \ -
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1.14 The atexit Module

(2.0 only) The atexit module alows you to register one or more functionsthat are caled when the interpreter is
terminated.

Toregiger afunction, smply cal the register function, as shown in Example 1-78. Y ou can also add one or more
extraarguments, which are passed as arguments to the exit function.

Example 1-78. Using the atexit Module
File: atexit-exanple-1.py
i mport atexit

def exit(*args):
print "exit", args

# register two exit handl er
atexit.register(exit)
atexit.register(exit, 1)

atexit.register(exit, "hello", "world")
exit ("hello', "world")
exit (1,)

exit ()

Thismoduleis astraightforward wrapper for the sys.exitfunc hook.

| | @ve RuBoard
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1.15 Thetime M odule

The time module provides anumber of functionsthat deal with dates and the time within aday. It'sathin layer ontop
of the C runtimelibrary.

A given date and time can either be represented as a floating-point value (the number of seconds since areference
date, usudly January 1, 1970), or asatimetuple.

1.15.1 Getting the Current Time

Example 1-79 shows how you can use the time modul e to get the current time.

Example 1-79. Using thetime Module to Get the Current Time
File: tinme-exanple-1.py

i mport tine

now = tine.time()

print now, "seconds since", tinme.gminme(0)][: 6]

print

print "or in other words:"

print "- local tine:", tine.localtine(now
print "- utc:", tinme.gntine(now

937758359. 77 seconds since (1970, 1, 1, 0, 0, 0)

or in other words:
- local time: (1999, 9, 19, 18, 25, 59, 6, 262, 1)
- utc: (1999, 9, 19, 16, 25, 59, 6, 262, 0)

Thetuple returned by localtime and gmtime contains the year, month, day, hour, minute, second, day of the week,
day of the year, daylight savingsflag. The year number isfour digits, the day of week beginswith O for Monday, and
January 1 isday number 1.

1.15.2 Converting Time Valuesto Strings

Y ou can of course use standard string-formatting operators to convert atime tuple to a string, but the time module
aso provides anumber of standard conversion functions, as Example 1-80 illudtrates.

Example 1-80. Using thetime M odule to Format Datesand Times
File: tine-exanple-2.py

i mport tine

now = tine.localtinme(tine.tinme())

print tine.asctine(now)

print time.strftinme("%/ %1% % %', now)

print time.strftime("% % %", now)

print tine.strftime("%", now)

print tine.strftime("% %", now)

print time.strftinme("%-%n% % % %6 %", now)
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1.16 Thetypes M odule

The types module contains type objects for al object types defined by the standard interpreter, as Example 1-86
demondtrates. All objects of the same type share asingle type object. Y ou can useisto test if an object hasagiven

type.
Example 1-86. Using thetypesModule

File: types-exanple-1.py
i mport types

def check(object):
print object,

if type(object) is types.IntType:

print "INTEGER',
if type(object) is types.Float Type:
print "FLOAT",
if type(object) is types.StringType:
print "STRI NG',
if type(object) is types.d assType:
print "CLASS",
if type(object) is types.InstanceType:
print "I NSTANCE',
print
check(0)
check( 0. 0)
check("0")
class A
pass
class B:
pass
check(A)
check( B)
a = A()
b = B()
check(a)
check(b)
0 | NTEGER
0.0 FLQAT
0 STRI NG
A CLASS
B CLASS

<A instance at 796960> | NSTANCE
<B i nstance at 796990> | NSTANCE

Notethat al classes have the sametype, asdo dl instances. To test what class hierarchy aclass or an instance

belongsto, use the built-in issubclass and isnstance functions.

The types module destroys the current exception state when it isfirst imported. In other words, don't import it (or
any modulethat importsit!) from within an exception handler.
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1.17 Thegc Module

(Optiond, 2.0 and later) The gc module provides an interface to the built-in cyclic garbage collector.

Python uses reference counting to keep track of when to get rid of objects; as soon asthe last reference to an object
goes away, the object is destroyed.

Starting with Version 2.0, Python aso provides a cyclic garbage collector, which runs a regular intervas. This
collector looks for data structures that point to themselves, and attempts to break the cycles. Example 1-87 shows
this.

Y ou can use the gc.collect function to force full collection. This function returns the number of objects destroyed by
the collector.

Example 1-87. Using the gc M odule to Collect Cyclic Garbage
File: gc-exanple-1.py

i mport gc

# create a sinple object that links to itself
cl ass Node:

def _ _init_ _(self, nane):
sel f.nane = name
sel f. parent = None
self.children =[]

def addchild(sel f, node):
node. parent = sel f
sel f. chil dren. append( node)

def _ repr_ _(self):
return "<Node % at %>" % (repr(self.nane), id(self))

# set up a self-referencing structure
root = Node("nonty")

root . addchi | d( Node("eric"))
root . addchi | d( Node("j ohn"))
root . addchi | d( Node(" i chael "))

# renove our only reference
del root

print gc.collect(), "unreachabl e objects"
print gc.collect(), "unreachabl e objects"

12 unreachabl e objects
0 unreachabl e objects

If you're sure that your program doesn't create any self-referencing data structures, you can use the gc.disable
function to disable collection. After cdling thisfunction, % hon 2.0 works exactly like 1.5.2 and eaxlier.

| | @ve RuBoard MEXT ¥
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Chapter 2. More Standard Modules

"Now, imagine that your friend kept complaining that she didn't want to visit you since she found it too hard
to climb up the drain pipe, and you kept telling her to use the friggin' stairs like everyone else..."

—eff-bot, June 1998
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2.1 Overview

This chapter describes anumber of modulesthat are used in many Python programs. It's perfectly possible to write
large Python programs without using them, but they can help you save alot of time and effort.

2.1.1 Files and Streams

Thefileinput module makesit easy to write different kinds of text filters. This module provides awrapper class, which
lets you use asimple for-in statement to loop over the contents of one or moretext files.

The StringlO module (and the cStringl O variant) implements an in-memory file object. Y ou can use Stringl O objects
in many places where Python expects an ordinary file object.

2.1.2 Type Wrappers
UsarDict, UserLigt, and UserString are thin wrappers on top of the corresponding built-in types. Unlike the built-in
types, these wrappers can be subclassed. This can comein handy if you need a classthat works amost like abuilt-in

type, but has one or more extra methods.

2.1.3 Random Numbers

The random modul e provides anumber of different random number generators. The whrandom moduleis similar, but
it dso dlowsyou to create multiple generator objects.

2.1.4 Digests and Encryption Algorithms

The md5 and shamodules are used to caculate cryptographically strong message signatures (so-caled "message
digests).

The crypt module implements a DES-style one-way encryption. Thismoduleis usudly only available on Unix
systems.

The rotor module provides smple two-way encryption.

| | @ve RuBoard
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2.2 Thefileinput Module

Thefileinput module alows you to loop over the contents of one or moretext files, as shown in Example 2-1.

Example 2-1. Using the fileinput Moduleto Loop Over a Text File
File: fileinput-exanple-1.py

i mport fileinput
i mport sys

for line in fileinput.input("sanples/sanple.txt"):
sys.stdout.wite("-> ")
sys.stdout.wite(line)

-> W will perhaps eventually be witing only small
-> nodul es which are identified by nane as they are
-> used to build larger ones, so that devices |ike
-> indentation, rather than delimters, mght becone
-> feasible for expressing |local structure in the

-> source | anguage.

-> -- Donald E. Knuth, Decenber 1974

Thefileinput module aso alows you to get metainformation about the current line. Thisincludesidfirgtling, filename,
and lineno, as Example 2-2 shows.

Example 2-2. Using thefileinput Moduleto Process Multiple Files
File: fileinput-exanple-2.py

i mport fil einput
i mport gl ob
i mport string, sys

for Iine in fileinput.input(glob.glob("sanples/*.txt")):
if fileinput.isfirstline(): # first in a file?
sys.stderr.wite("-- reading % --\n" %fileinput.filename())
sys.stdout.wite(str(fileinput.lineno()) + " " + string.upper(line))

-- reading sanpl es\sanple.txt --

1 WVE WLL PERHAPS EVENTUALLY BE WVRI TI NG ONLY SMALL

2 MODULES WH CH ARE | DENTI FI ED BY NAVE AS THEY ARE
3 USED TO BUI LD LARGER ONES, SO THAT DEVI CES LI KE

4 | NDENTATI ON, RATHER THAN DELI M TERS, M GHT BECOME
5 FEASI BLE FOR EXPRESSI NG LOCAL STRUCTURE I N THE

6 SCOURCE LANGUAGE

7 -- DONALD E. KNUTH, DECEMBER 1974

Processing text filesin placeisdso easy. Just call the input function with the inplace keyword argument set to 1, and
the module takes care of the rest. Example 2-3 demonstratesthis.

Example 2-3. Using thefileinput Moduleto Convert CRLF to LF
File: fileinput-exanple-3.py
i mport fileinput, sys
for line in fileinput.input(inplace=1):
# convert Wndows/DOS text files to Unix files

if line[-2:] == "\r\n":
line = linel*-21 + "\n"
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2.3 The shutil Module

The shutil utility module contains some functions for copying files and directories. The copy function used in Example
2-4 copiesafilein pretty much the same way as the Unix cp command.

Example 2-4. Using the shutil Moduleto Copy Files
File: shutil-exanple-1.py

i mport shutil
i mport os

for filein os.listdir("."):
if os.path.splitext(file)[1] == ".py":
print file
shutil.copy(file, os.path.join("backup", file))

ai fc-exanmpl e- 1. py

anydbm exanpl e- 1. py
array-exanpl e- 1. py

The copytree function copies an entire directory tree (same as cp -r), and rmtree removes an entire tree (same asrm
-r). Thesefunctions areillustrated in Example 2-5.

Example 2-5. Using the shutil Moduleto Copy and Remove Directory Trees
File: shutil-exanple-2.py

i mport shutil
i mport os

SCQURCE
BACKUP

"sanpl es"
"sanpl es- bak"

# create a backup directory
shutil . copytree( SOURCE, BACKUP)

print os.listdir(BACKUP)

# renove it
shutil . rntree( BACKUP)

print os.listdir(BACKUP)

['sanple.wav', 'sanple.jpg', 'sanple.au', 'sanple.nsg, 'sanple.tgz',
Traceback (nost recent call last):
File "shutil-exanple-2.py", line 17, in ?

print os.listdir(BACKUP)

os.error: No such file or directory
| | @ve RuBoard
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2.4 Thetempfile Module

Thetempfile modulein Example 2-6 alowsyou to quickly come up with unique namesto use for temporary files.

Example 2-6. Using the tempfile M odule to Create Filenamesfor Temporary Files
File: tenpfile-exanple-1.py

i mport tenpfile
i mport os

tempfile = tenpfile. nktenp()
print "tenpfile", "=>", tenpfile

file = open(tenpfile, "wtb")
file.wite("*" * 1000)
file.seek(0)

print len(file.read()), "bytes"
file.close()

try:
# must renove file when done
os. renove(tenpfile)

except OSError
pass

tempfile => C\TEMP\ ~160-1
1000 bytes

The TemporaryFile function picks a suitable name and opensthefile, as shown in Example 2-7. It aso makes sure
that thefileisremoved when it's closed. (On Unix, you can remove an open file and have it disappear when thefileis
closed. On other platforms, thisis done viaaspecia wrapper class.)

Example 2-7. Using the tempfile M odule to Open Temporary Files
File: tenpfile-exanple-2.py

i mport tenpfile

file = tenpfile. TenporaryFil e()

for i in range(100):
file.wite("*" * 100)

file.close() # renmoves the file!
| | @ve RuBoard
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2.5 The StringlO M odule

The gtringio module shown in Example 2-8 implements an in-memory file object. This object can be used asinput or
output to most functionsthat expect a stlandard file object.

Example 2-8. Using the Stringl O Moduleto Read from a Static File

File: stringio-exanple-1.py

i mport StringlO

MESSAGE = "That nman is depriving a village sonewhere of a conputer scientist."
file = Stringl O Stringl O MESSAGE)

print file.read()

That man is depriving a village somewhere of a conputer scientist.

The Stringl O dassimplements memory file versons of dl methods available for built-in file objects, plusagetvaue
method that returnsthe internd string vaue. Example 2-9 demondtrates this method.

Example 2-9. Using the Stringl O Moduleto Writetoa Memory File
Fil e: stringio-exanple-2.py

i mport StringlO

file = Stringl O Stringl Q)

file.wite("This man is no ordinary man. ")

fileewite("This is M. F. G Superman.")

print file.getval ue()

This man is no ordinary man. This is M. F. G Supernan.
Sringl O can be used to capture redirected output from the Python interpreter, as shown in Example 2-10.

Example 2-10. Using the Stringl O M oduleto Capture Output
File: stringio-exanple-3.py

i mport StringlO
i mport string, sys

stdout = sys. stdout

sys.stdout = file = Stringl O Stringl Q)

print

According to CGhaya fol ktales, trickery and guile
are the best ways to defeat the python, king of
snakes, which was hatched froma dragon at the
world's start. -- National Geographic, May 1997
sys. stdout = stdout

print string.upper(file.getvalue())

ACCORDI NG TO CRAYA FO KTAI FS TRI CKFRY AND AGlll E
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2.6 ThecStringlO Module

The cStringl O isan optional module, which contains afaster implementation of the StringlO module. It works exactly
like the Stringl O module, but it cannot be subclassed. Example 2-11 shows how cStringl O is used.

Example 2-11. Using the cStringl O Module

File: cstringio-exanple-1.py

i mport cStringl O

MESSAGE = "That man is depriving a village somewhere of a computer scientist.”
file = cStringl O Stringl O MESSAGE)

print file.read()

That man is depriving a village sonewhere of a computer scientist.

To make your code asfast as possible, but dso robust enough to run on older Python ingtalations, you can fal back
on the StringlO moduleif cStringl O is not available, as Example 2-12 does.

Example 2-12. Falling Back on the StringlO Module
Fil e: cstringio-exanpl e-2. py

try:
i mport cStringlO
StringlO = c¢StringlO
except InportError:
i mport StringlO

print StringlO

<nodule 'StringlO (built-in)>
| | @ve RuBoard
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2.7 Themmap Module

(New in 2.0) The mmap module provides an interface to the operating system's memory mapping functions, as
shownin Example 2-13. The mapped region behaves like astring object, but datais read directly from thefile.

Example 2-13. Using the mmap Module
Fil e: nmap- exanpl e-1. py

i mport nmap

i mport os

filenane = "sanpl es/ sanpl e.txt"

file = open(filenane, "r+")

size = os. path. getsize(fil enane)

data = mmap. mmap(file.fileno(), size)
# basics

print data

print len(data), size

# use slicing to read fromthe file
print repr(data[:10]), repr(data[:10])

# or use the standard file interface
print repr(data.read(10)), repr(data.read(10))

<mmap object at 008A2A10>
302 302

"W will pe' "W will pe'
"W will pe' 'rhaps even

Under Windows, the file must currently be opened for both reading and writing (r+, or w+), or the mmap cal will fall.

Example 2-14 shows that memory mapped regions can be used instead of ordinary stringsin many places, including
regular expressions and many string operations.

Example 2-14. Using String Functions and Regular Expressionson a Mapped Region

Fil e: nmap- exanpl e- 2. py

i mport mrap
i mport os, string, re

def mapfile(filenane):
file = open(filenane, "r+")
size = os.path.getsize(fil enane)
return mmap. mmap(file.fileno(), size)

data = mapfil e("sanpl es/ sanple.txt")

# search
i ndex = data.find("small")
print index, repr(data[index-5:index+15])

# regul ar expressions work too!
m = re.search("smal | ", data)
print mstart(), mgroup()

AD V" Al v Al LN\N1EEN\ M1 Al A T
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2.8 The Usar Dict Module

The UserDict module contains adictionary classthat can be subclassed (it's actualy a Python wrapper for the built-in
dictionary type).

Example 2-15 shows an enhanced dictionary class, which dlows dictionaries to be "added" to each other and
initialized using the keyword argument syntax.

Example 2-15. Using the User Dict Module

Fil e: userdict-exanple-1.py
i mport UserDict
cl ass FancyDict(UserDict. UserDict):

def _ init_ (self, data = {}, **kw):
UserDict.UserDict. _ _init_ _(self)
sel f. updat e(dat a)
sel f. updat e( kw)

def _ _add_ (self, other):
di ct = FancyDi ct (sel f.data)
di ct. updat e(b)
return dict

a
b

FancyDi ct (a
FancyDi ct (b

1)
2)

print a+b

{'b: 2, "a: 1}
| | @ve RuBoard
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29 TheUsarList Module

The UserList module contains alist class that can be subclassed (smply a Python wrapper for the built-in list type).

In Example 2-16, AutoList instanceswork just like ordinary lists, except that they allow you to insart items et the
end by assgning to them.

Example 2-16. Using the UserList Module

File: userlist-exanple-1.py
i mport UserLi st
cl ass AutoLi st (UserlList. UserlList):
def _ _setitem _(self, i, item:
if i ==1len(self.data):
sel f. dat a. append(item
el se:
self.data[i] = item

list = AutoList()

for i in range(10):
list[i] =i

print |ist

[07 11 21 3! 41 51 6! 71 81 9]
| | @ve RuBoard
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2.10 The User String Module

(New in 2.0) The UserString module contains two classes, User Siring and MutableSiring. The former isawrapper
for the standard string type that can be subclassed, and the latter isavariation that alows you to modify the string in
place.

Note that MutableString isnot very efficient. Most operations areimplemented using dicing and string
concatenation. If performance isimportant, use lists of string fragments or the array module. Example 2-17 showsthe
UserString module.

Example 2-17. Using the User String M odule

File: userstring-exanple-1.py
i mport UserString
class MyString(UserString. Mutabl eString):

def append(self, s):
self.data = self.data + s

def insert(self, index, s):
self.data = self.data[index:] + s + self.data[index:]

def renove(self, s):

self.data = self.data.replace(s, "")
file = open("sanpl es/book. txt")
text = file.read()
file.close()
book = MyString(text)
for bird in ["gannet", "robin", "nuthatch"]:

book. r emove( bi rd)
print book
C. The one without the !
P. The one without the -!!! They've ALL got the !! It's a

Standard British Bird, the , it's in all the books!!!

| | @ve RuBoard
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2.11 Thetraceback Module

The traceback modulein Example 2-18 alows you to print exception tracebacks ingde your programs, just likethe
interpreter does when you don't catch an exception yoursalf.

Example 2-18. Using the traceback Moduleto Print a Traceback

File: traceback-exanpl e-1.py

# note! inporting the traceback nodul e nesses up the
# exception state, so you better do that here and not
# in the exception handl er

i mport traceback

try:

rai se SyntaxError, "exanple"
except :

traceback. print_exc()

Traceback (innernost last):
File "traceback-exanmple-1.py", line 7, in ?

Synt axError: exanple
Example 2-19 usesthe Stringl O module to put the traceback in astring.

Example 2-19. Using thetraceback M oduleto Copy a Traceback to a String

Fil e: traceback-exanpl e-2. py

i nport traceback
i mport StringlO

try:

raise I1OCerror, "an i/o error occurred"
except:

fp = StringlQ Stringl )

traceback. print_exc(fil e=fp)

nmessage = fp.getval ue()

print "failure! the error was:", repr(nessage)

failure! the error was: 'Traceback (innernost last):\012 File
"traceback-exanple-2.py", line 5 in ?2\0121Ckrror: an i/o error

occurred\ 012

To format the traceback in a nonstandard way, use the extract_tb function to convert atraceback object to alist of
stack entries, as Example 2-20 demonstrates.

Example 2-20. Using the traceback M oduleto Decode a Traceback Object

File: traceback-exanpl e-3. py

i mport traceback
i mport sys

def function():
raise |Cerror, "an i/o error occurred"

try:
function()
excent *
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2.12 Theerrno Module

The errno module defines anumber of symbolic error codes, such asENOENT ( "no such directory entry") and
EPERM ( "permission denied"). It dso provides adictionary mapping from platform-dependent numerica error
codes to symbolic names. Example 2-21 shows how to use errno.

In most cases, the IOError exception provides a 2-tuple with the numerica error code and an explanatory string. If
you need to distinguish between different error codes, use the symbolic nameswhere possible.

Example 2-21. Using theerrno Module

File: errno-exanpl e-1.py

i mport errno

try:
fp = open("no.such.file")
except | Cerror, (error, nessage):
if error == errno. ENCENT:
print "no such file"
elif error == errno. EPERM
print "perm ssion denied"
el se:
print message

no such file

Example 2-22 isabit contrived, but it shows how to use the errorcode dictionary to map from anumerica error
code to the symbolic name.

Example 2-22. Using the error code Dictionary

Fil e: errno-exanpl e-2. py
i mport errno

try:

fp = open("no.such.file")

except | Cerror, (error, nessage):
print error, repr(nmessage)
print errno.errorcode[error]

# 2 "No such file or directory

# ENOENT
| | @ve RuBoard
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2.13 The getopt Module

The getopt module used in Example 2-23 contains functions to extract command-line options and arguments. It can
handle both short and long option formats.

The second argument specifies the short options that should be dlowed. A colon () after an option name means that
option must have an additiond argument.

Example 2-23. Using the getopt Module

File: getopt-exanple-1.py

i mport get opt

i mport sys

# sinul ate comand-1ine invocation

sys.argv = ["myscript.py", "-I", "-d", "directory", "filename"]
# process options

opts, args = getopt.getopt(sys.argv[1:], "Id:")

long = 0

directory = None

for o, vin opts:
if o=="-1":

ong =1

elif o =="-d":
directory = v

print "long", "=", long

print "directory", "=", directory
print "argunents", "=", args

long = 1

directory = directory

argunents = ['fil enane']

To make getopt look for long options, asin Example 2-24, passalist of option descriptors as the third argument. If
an option name ends with an equas sign (=), that option must have an additiona argument.

Example 2-24. Using the getopt M oduleto Handle L ong Options
Fil e: getopt-exanpl e-2. py

i mport getopt
i mport sys

# simul ate conmand-1ine invocation
sys.argv = ["nyscript.py", "--echo", "--printer", "Ip0l", "nmessage"]

opts, args = getopt.getopt(sys.argv[1l:], "ep:", ["echo", "printer="])

# process options
echo = 0
printer = None

for o, vin opts:
if oin ("-e", "--echo"):
echo = 1
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2.14 The getpass M odule

The getpass modul e provides a platform-independent way to enter a password in acommand-line program, as
Example 2-25 shows.

getpass(prompt) prints the prompt string, switches off keyboard echo, and reads a password. If the prompt argument
Isomitted, it prints " Password:".
getuser() getsthe current username, if possible.

Example 2-25. Using the getpass M odule
Fil e: getpass-exanpl e-1. py

i mport get pass

usr get pass. get user ()

pwd

get pass. get pass("enter password for user %: " % usr)
print usr, pwd
enter password for user nul der:

mul der trustnol
| | @ve RuBoard
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2.15 Theglob Module

The glob module generates lists of files matching given patterns, just like the Unix shell.

File patterns are Similar to regular expressions, but smpler. An asterisk (*) matches zero or more characters, and a
question mark (?) matches exactly one character. Y ou can also use brackets to indicate character ranges, such as
[0-9] for asngledigit. All other characters match themsdlves.

glob(pattern) returnsalist of dl files matching agiven pattern. The glob moduleis demongtrated in Example 2-26.
Example 2-26. Using the glob M odule

Fil e: gl ob-exanpl e-1. py

i mport gl ob

for file in glob.glob("sanples/*.jpg"):
print file

sanpl es/ sanpl e. j pg

Notethat glob returnsfull pathnames, unlike the os.listdir function. glob uses the fnrmatch module to do the actua
pattern matching.

| | @ve RuBoard
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2.16 Thefnmatch Module

The fnmatch module matches filenames againg a pattern, as Example 2-27 shows.

The pattern syntax isthe same as that used in Unix shells. An asterisk (*) matches zero or more characters, and a
question mark (?) matches exactly one character. Y ou can also use brackets to indicate character ranges, such as
[0-9] for asngledigit. All other characters match themsdlves.

Example 2-27. Using the fnmatch Moduleto Match Files

Fil e: fnmatch-exanpl e-1. py

i mport fnmatch
i mport os

for file in os.listdir("sanples"):

if fnmatch. fnmatch(file, "*.jpg"):
print file

sanpl e. j pg
In Example 2-28, the trand ate function converts afile pattern to aregular expression.

Example 2-28. Using the fnmatch Moduleto Convert a Pattern to a Regular Expression

File: fnmatch-exanpl e-2. py

i mport fnmatch
i mport os, re

pattern = fnmatch.translate("*.jpg")
for file in os.listdir("sanples"):
if re.match(pattern, file):
print file

print "(pattern was %)" % pattern

sanpl e. j pg
(pattern was .*\.jpg$)

The fnrmatch moduleis used by the glob and find modules.

| | @ve RuBoard
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2.17 Therandom Module

" Anyone who considers arithmetical methods of producing random digitsis, of course, in a state of sin.”

—John von Neumann, 1951

The random module contains a number of random number generators.

The basic random number generator (after an agorithm by Wichmann and Hill, 1982) can be accessed in severd
ways, as Example 2-29 shows.

Example 2-29. Using therandom M oduleto Get Random Numbers

Fil e: random exanpl e- 1. py
i mport random
for i in range(5):

# randomfloat: 0.0 <= nunber < 1.0
print random randomn(),

# random float: 10 <= nunber < 20
print random uniforn{10, 20),

# randominteger: 100 <= nunber <= 1000
print random randi nt (100, 1000),

# random integer: even nunbers in 100 <= nunber < 1000
print random randrange(100, 1000, 2)

0. 946842713956 19.5910069381 709 172
0. 573613195398 16. 2758417025 407 120
0. 363241598013 16. 8079747714 916 580
0. 602115173978 18. 386796935 531 774

0.526767588533 18. 0783794596 223 344

Note that the randint function can return the upper limit, while the other functions aways return values smdler than the
upper limit.

Example 2-30 shows how the choice function picks arandom item from a sequence. It can be used with lists, tuples,
or any other sequence (provided it can be accessed in random order, of course).

Example 2-30. Using therandom M odule for Random Items from a Sequence

Fil e: random exanpl e- 2. py
i mport random
# random choice froma |i st

for i in range(5):
print random choice([1, 2, 3, 5, 9])

- OFPWN
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2.18 The whrandom Module

Thewhrandom module, shown in Example 2-33, provides a pseudo-random number generator (based on an
agorithm by Wichmann and Hill, 1982). Unless you need severa generatorsthat do not share internd state (for
example, in amultithreaded application), it's better to use the functionsin the random module instead.

Example 2-33. Using the whrandom Module

Fil e: whrandom exanpl e- 1. py

i mport whrandom

# same as random

print whrandom randon()

print whrandom choice([1, 2, 3, 5, 9])
print whrandom uni form( 10, 20)

print whrandom randi nt (100, 1000)
0.113412062346

1
16. 8778954689

799
Example 2-34 shows how to creste multiple generators by creating instances of the whrandom class.

Example 2-34. Using the whrandom Moduleto Create M ultiple Random Generators

Fi | e: whrandom exanpl e- 2. py
i mport whrandom

# initialize all generators with the sane seed

randl = whrandom whr andom( 4, 7, 11)
rand2 = whrandom whr andom( 4, 7, 11)
rand3 = whrandom whr andom( 4, 7, 11)
for i in range(5):

print randl.randon(), rand2.random(), rand3.randon()

0. 123993532536 0.123993532536 0. 123993532536
0. 180951499518 0. 180951499518 0. 180951499518
0.291924111809 0.291924111809 0.291924111809
0. 952048889363 0. 952048889363 0. 952048889363

0. 969794283643 0. 969794283643 0. 969794283643
| | @ve RuBoard HE
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2.19 The md5 Module

The md5 moduleis used to ca culate message sgnatures (message digests).

The md5 agorithm caculates astrong 128-bit Sgnature. Thismeansthat if two strings are different, it'shighly likely
that their mdS signatures are different aswell. To put it another way, given an md5 digest, it's supposed to be nearly
impossible to come up with astring that generates that digest. Example 2-35 demongtrates the madS module.

Example 2-35. Using the md5 M odule
File: nmd5-exanpl e-1. py
i mport nd5

hash = md5. new()
hash. updat e("spam spam and eggs")

print repr(hash. digest())

' L\ 005J\ 243\ 266\ 355\ 243u” \ 305r\ 203\ 267\ 020F\ 303

Note that the checksum is returned as a binary string. Getting a hexadecima or base64-encoded string is quite easy,
though, as Example 2-36 shows.

Example 2-36. Using the md5 M odule to Get a Hexadecimal or Base64-Encoded md5 Value
File: nd5-exanpl e-2. py

i mport nd5
i mport string
i mport base64

hash = md5. new()
hash. updat e("spam spam and eggs")

val ue = hash. di gest ()

print string.join(map(lanbda v: "%2x" %ord(v), value), "")
#in 2.0, the above can be witten as

# print hash. hexdi gest ()

print base64. encodestring(val ue)

4c054aa3h6eda37560c57283b71046¢3
TAVKo7bt 03Vgx XKDt x BGm\==

Example 2-37 shows how, among other things, the md5 checksum can be used for challenge-response authentication
(but see the note on random numbers later).

Example 2-37. Using themd5 M odule for Challenge-Response Authentication
File: nd5-exanpl e- 3. py

i mport md5
i mport string, random

def getchall enge():
# generate a 16-byte long randomstring. (note that the built-
# in pseudo-random generator uses a 24-bit seed, so this is not
# as aood as it mav seem . )


http://www.research.ibm.com/security/draft-ietf-ipsec-hmac-md5-00.txt
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2.20 The sha Module

The shamodule provides an aternative way to cal culate message signatures, as shown in Example 2-39. It'ssmilar
to the md5 module, but generates 160-bit Signaturesinstead.

Example 2-39. Using the sha Module
File: sha-exanpl e-1. py
i mport sha

hash = sha. new()
hash. updat e("spam spam and eggs")

print repr(hash. digest())
print hash. hexdi gest ()

"\ 321\ 333\ 003\ 0261 \ 331\ 272-j \ 303\ 247\ 240\ 345\ 343Tvq\ 364\ 346\ 311’
d1db031649d9ba2d6ac3a7a0e5e3547671f 4e6¢c9

See the md5 examples for more ways to use sha Signatures.

I | @ve RuBoard MEX
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2.21 Thecrypt Module

(Optiond) The crypt module implements one-way DES encryption. Unix systems use this encryption algorithm to
store passwords, and thismoduleisredly only useful to generate or check such passwords.

Example 2-40 shows how to encrypt apassword by calling crypt.crypt with the password string, plus a salt, which
should consist of two random characters. Y ou can now throw away the actual password, and just store the
encrypted gtring.

Example 2-40. Using the crypt Module

File: crypt-exanple-1.py

i mport crypt

i mport random string

def getsalt(chars = string.letters + string.digits):
# generate a random 2-character 'salt'

return random choi ce(chars) + random choi ce(chars)

print crypt.crypt("bananas", getsalt())
'py8UGi j malj 6'

To verify agiven password, encrypt the new password using the two first characters from the encrypted string asthe
sdit. If the result matches the encrypted string, the password isvalid. Example 2-41 uses the pwd module to fetch the
encrypted password for agiven user.

Example 2-41. Using the crypt Module for Authentication
File: crypt-exanpl e-2.py
i mport pwd, crypt

def | ogin(user, password):
"Check if user would be able to log in using password"
try:
pwl = pwd. get pwnan( user) [ 1]
pw2 = crypt.crypt(password, pwl[:2])
return pwl == pw2
except KeyError:
return O # no such user

user = raw_i nput ("usernane:")
password = raw_i nput ("password: ")

if login(user, password):
print "wel come", user
el se:

print "login failed"

For other ways to implement authentication, see the description of the mdS module.
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2.22 Therotor Module

(Optiond) The rotor module implements asimple encryption agorithm, shown in Example 2-42, which isbased on
the WWII Enigmaengine.

Example 2-42. Using therotor Module

File: rotor-exanpl e-1.py
i mport rotor

SECRET_KEY = "spani
MESSACE = "the holy grail™

r = rotor.new ot or( SECRET_KEY)

encoded_mnessage = r. encrypt ( MESSAGE)
decoded_nessage = r.decrypt (encoded_nessage)

print "original:", repr(MESSAGE)

print "encoded nessage:", repr(encoded_nessage)
print "decoded nessage:", repr(decoded_nessage)
original: "the holy grail’

encoded message: '\227\271\ 244\ 015\ 305sw\ 3340\ 337\ 252\ 237\ 340U

decoded nessage: 'the holy grail'
| | @ve RuBoard
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2.23 Thezlib Module

(Optiond) The zlib module provides support for "zlib" compression. (This compression method is aso known as
"deflae™)

Example 2-43 shows how the compress and decompress functions take string arguments.

Example 2-43. Using the zlib M odule to Compressa String
File: zlib-exanple-1.py

i mport zlib

MESSAGE = "life of brian"

conpressed_nessage = zlib. conpress( MESSAGE)
deconpressed_nessage = zlib. deconpress(conpressed_nessage)

print "original:", repr( MESSAGE)
print "conpressed nessage:", repr(conpressed _nessage)
print "deconpressed nessage:", repr(deconpressed_nessage)

original: '"life of brian'
conpressed nessage: ' x\234\ 313\ 311LKW 3100SH*\ 312L\ 314\ 003\ 000!\ 010\ 004\ 302"

deconpressed nessage: 'life of brian'
The compression rate varies alot, depending on the contents of thefile, asyou can seein Example 2-44.

Example 2-44. Using the zlib M odule to Compressa Group of Files
File: zlib-exanple-2.py

i mport zlib
i mport gl ob

for file in glob.glob("sanmples/*"):

indata = open(file, "rb").read()
outdata = zlib. conpress(indata, zlib.Z BEST_COVWRESSI ON)

print file, len(indata), "=>", l|len(outdata),
print "%%4 % (len(outdata) * 100 / |en(indata))

sanpl es\ sanpl e. au 1676 => 1109 66%
sanpl es\ sanpl e. gz 42 => 51 121%
sanpl es\ sanpl e. ht m 186 => 135 72%
sanpl es\sanple.ini 246 => 190 77%
sanpl es\ sanpl e.jpg 4762 => 4632 97%
sanpl es\ sanpl e. nrsg 450 => 275 61%
sanpl es\ sanpl e. sgm 430 => 321 74%
sanpl es\sanpl e. tar 10240 => 125 1%
sanpl es\ sanpl e.tgz 155 => 159 102%
sanpl es\ sanpl e. txt 302 => 220 72%

sanpl es\ sanpl e. wav 13260 => 10992 82%
Y ou can aso compress or decompress data on the fly, which Example 2-45 demonstrates.

Example 2-45. Using the zlib M odule to Decompr ess Streams

p— I T
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2.24 The code M odule

The code module provides anumber of functions that can be used to emulate the behavior of the standard
interpreter's interactive mode.

The compile_command behaves like the built-in compile function, but does some additiond teststo make sureyou
pass it a complete Python statement.

In Example 2-47, we're compiling aprogram line by line, executing the resulting code objects as soon as we manage
to compile. The program lookslikethis:
a = (
1,

2,
3
)

print a
Note that the tuple assignment cannot be properly compiled until we've reached the second parenthesis.

Example 2-47. Using the code M odule to Compile Statements

Fil e: code-exanpl e-1.py

i mport code
i mport string

#

SCRIPT = [
"a = (",
R

2"

Wogow
"y
"print a"

]

script =""

for line in SCRI PT:
script = script + line + "\n"
co = code. conpi | e_conmand(script, "<stdin>", "exec")
if co:
# got a conplete statenent. execute it!
print "-"*40
print script,
print "-"*40
exec co
script =""
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Chapter 3. Threads and Processes

"Well, since you last asked usto stop, this thread has moved from discussing languages suitable for
professional programmers via accidental users to computer-phobic users. A few more iterations can make
thisthread really interesting..."

—eff-bot, June 1996

| | @ve RuBoard
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3.1 Overview

This chapter describes the thread-support modules provided with the standard Python interpreter. Note that thread
support isoptiona and may not be available in your Python interpreter.

This chapter also covers some modulesthat alow you to run external processes on Unix and Windows systems.

3.1.1 Threads

When you run a Python program, execution starts at the top of the main module and proceeds downwards. Loops
can be used to repeat portions of the program, and function and method calls transfer control to adifferent part of the
program (but only temporarily).

With threads, your program can do severd things a one time. Each thread hasits own flow of control. While one
thread might be reading data from afile, another thread can keep the screen updated.

To keep two threads from ng the sameinternal data structure at the same time, Python uses a global
interpreter lock. Only one thread at atime can execute Python code; Python automatically switchesto the next thread
after ashort period of time, or when a thread does something that may take awhile (like waiting for the next byteto
arrive over anetwork socket, or reading datafrom afile).

The globa lock isn't enough to avoid problemsin your own programs, though. If multiple threads attempt to access
the same data object, it may end up in an inconsistent state. Consider asmple cache:
def getiten(key):
item = cache. get (key)
if itemis None:
# not in cache; create a new one
item = create_new. iten(key)
cache[key] = item
return item

If two threads call the getitem function just after each other with the same missing key, they're likely to end up caling
create_new_item twice with the same argument. While this may be okay in many cases, it can cause serious
problemsin others.

To avoid problems like this, you can use lock objectsto synchronize threads. A lock object can only be owned by
onethread at atime, and can thus be used to make sure that only onethread at atimeis executing the code in the

getitem body.

3.1.2 Processes

On most modern operating systems, each program runsin its own process. Y ou usualy start a new program/process
by entering acommand to the shell, or by sdecting it in amenu. Python aso dlowsyou to start new programsfrom
indde a Python program.

Most process-related functions are defined by the os module. See Section 1.4.4 for the full story.
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3.2 Thethreading M odule

(Optiond) The threading moduleis ahigher-level interface for threading, demonsirated in Example 3-1. I1t'smodeled
after the Javathread facilities. Like the lower-leve thread module, it's only availableif your interpreter was built with
thread support.

To create anew thread, subclass the Thread class and define the run method. To run such threads, create one or
more instances of that class, and call the start method. Each instance's run method will executein its own thread.

Example 3-1. Using the threading Module
Fi l e: threadi ng-exanpl e-1. py

i mport threading
i mport tine, random

class Counter:
def _ _init_ _(self):
sel f.lock = threadi ng. Lock()
self.value = 0

def increment(self):
sel f.lock.acquire() # critical section
self.value = value = self.value + 1
sel f.l ock.rel ease()
return val ue

counter = Counter()
cl ass Worker (threadi ng. Thread):

def run(self):
for i in range(10):
# pretend we're doing sonething that takes 10—200 ns
value = counter.increnment() # increnment global counter
time. sl eep(random randi nt (10, 100) / 1000.0)

print self.getNane(), "-- task", i, "finished", value
#
#try it
for i in range(10):

Worker().start() # start a worker

Thread-1 -- task O finished 1

Thread-3 -- task O finished 3

Thread-7 -- task O finished 8

Thread-1 -- task 1 finished 7

Thread-4 -- task 0 Thread-5 -- task O finished 4
finished 5

Thread-8 -- task 0 Thread-6 -- task O finished 9
finished 6

Thread-6 -- task 9 finished 98

Thread-4 -- task 9 finished 99

Thread-9 -- task 9 finished 100

Example 3-1 also uses Lock objectsto create acritical section inside the global counter object. If you remove the
calsto acquire and release, it's pretty likely that the counter won't reach 100.
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3.3 The Queue Module

The Queue module provides a thread-safe queue implementation, shown in Example 3-2. It provides a convenient
way of moving Python objects between different threads.

Example 3-2. Using the Queue Module
Fil e: queue-exanpl e-1. py

i mport threading

i mport Queue

i mport time, random

WORKERS = 2

cl ass Worker (threadi ng. Thread):

def _ init_ (self, queue):
self. _queue = queue
threading. Thread. _ _init_ (self)
def run(self):
while 1:
item= self._ _queue.get()

if itemis None:
break # reached end of queue

# pretend we're doing sonething that takes 10—00 ns
tinme. sl eep(random randi nt (10, 100) / 1000.0)

print "task", item "finished"

#
#try it

gqueue = Queue. Queue(0)

for i in range( WORKERS)
Wor ker (queue) . start() # start a worker

for i in range(10):
queue. put (i)

for i in range( WORKERS)
gueue. put (None) # add end- of - queue markers

task 1 finished
task 0 finished
task 3 finished
task 2 finished
task 4 finished
task 5 finished
task 7 finished
task 6 finished
task 9 finished
task 8 finished

Example 3-3 shows how you can limit the Size of the queue. If the producer threadsfill the queue, they will block until
items are popped off the queue.

Example 3-3. Using the Queue M odule with a Maximum Size
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3.4 Thethread Module

(Optiondl) The thread module provides alow-level interface for threading, as shown in Example 3-6. It'sonly
availableif your interpreter is built with thread support. New code should use the higher-leve interfacein the
threading module instead.

Example 3-6. Using thethread Module

Fil e: thread-exanple-1.py

i mport thread
i mport tine, random

def worker():
for i in range(50):
# pretend we're doing sonething that takes 10—200 ns
time. sl eep(random randi nt (10, 100) / 1000.0)
print thread.get_ident(), "-- task", i, "finished"

#
# try it out!

for i in range(2):
t hread. start _new_t hread(worker, ())

time.sleep(l)

print "goodbye!"

311 -- task O finished
265 -- task O finished
265 -- task 1 finished
311 -- task 1 finished
265 -- task 17 finished

311 -- task 13 fini shed
265 -- task 18 finished

goodbye!

Note that when the main program exits, dl threads are killed. The threading module doesn't have that problem.

| | @ve RuBoard
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3.5 Thecommands M odule

(Unix only) The commands module contains afew convenience functions designed to make it easier to execute
external commands under Unix. Example 3-7 demonstrates this module.

Example 3-7. Using the commands M odule

Fil e: commands-exanpl e- 1. py
i mport conmands
stat, output = commands. getstatusoutput("ls -IR")

print "status", "=>", stat
print "output", "=>", len(output), "bytes"

status => 0

out put => 171046 bytes
| | @ve RuBoard
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3.6 The pipesModule

(Unix only) The pipes module shown in Example 3-8 contains support functionsto cregte " conversion pipelines.” You
can create a pipeline conssting of anumber of externa utilities and useit on one or morefiles.

Example 3-8. Using the pipesModule
File: pipes-exanple-1.py

i mport pipes

t = pipes. Tenpl ate()

# create a pipeline
t.append("sort", "--")

t.append("uniqg", "--")

# filter sone text
t.copy("sanpl es/sanple.txt", "")

Al an Jones (sensible party)
Kevin Phillips-Bong (slightly silly)

Tarquin Fin-timlin-bin-whin-bimlin-bus-stop-F tang-F tang-d é-Biscuitbarrel
| |@ve RuBoard m
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3.7 The popen2 Module

The popen2 module alows you to run an external command and access stdin and stdout (and possibly dso stderr) as
individua sreams.

In Python 1.5.2 and earlier, thismodule is only supported on Unix. In 2.0, the functions are aso implemented on
Windows. Example 3-9 shows you how to sort strings using this module.

Example 3-9. Using the popen2 M odule to Sort Strings
File: popen2-exanpl e-1. py

i mport popen2, string

fin, fout = popen2.popen2("sort")

fout.wite("foo\n")
fout.wite("bar\n")
fout.cl ose()

print fin.readline(),
print fin.readline(),
fin.close()

bar
foo

Example 3-10 demonstirates how you can use thismodule to control an existing application.

Example 3-10. Using the popen2 M odule to Contr ol gnuchess
Fil e: popen2-exanpl e- 2. py

i mport popen2
i mport string

cl ass Chess:
"Interface class for chesstool -conpatible prograns"”

def _ _init_ _(self, engine = "gnuchessc"):
self.fin, self.fout = popen2. popen2(engi ne)
s = self.fin.readline()
if s !="Chess\n":
raise | Cerror, "inconpatible chess prograni

def nove(self, nove):
self.fout.wite(nmve + "\n")
sel f.fout.flush()
nmy = self.fin.readline()
if ny == "lllegal nove":
rai se ValueError, "illegal nove"
his = self.fin.readline()
return string.split(his)[2]

def quit(self):
self.fout.wite("quit\n")
self.fout.flush()

#
# play a few noves
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3.8 Thesignal M odule

Thesigna moduleisused toingal your own signd handlers, as Example 3-11 shows. When the interpreter seesa
sgna, the signa handler is executed as soon as possible.

Example 3-11. Using the signal Module
Fil e: signal -exanpl e-1. py

i mport signa
i mport tine

def handl er(signo, frame):
print "got signal", signo

signal . si gnal (signal.SlI GALRM handl er)

# wake me up in two seconds
signal . al arnm(2)

now = tine.time()

time. sl eep(200)

print "slept for", tine.time() - now, "seconds"
got signal 14

slept for 1.99262607098 seconds
| | @ve RuBoard
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Chapter 4. Data Representation

"PALO ALTO, Calif.—ntel saysits Pentium Pro and new Pentium |1 chips have a flaw that can cause
computers to sometimes make mistakes but said the problems could be fixed easily with rewritten software.”

—Reuterstelegram

| | @ve RuBoard
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4.1 Overview

This chapter describes a number of modules that can be used to convert between Python objects and other data
representations. These modules are often used to read and write foreign file formats and to store or transfer Python
varigbles.

4.1.1 Binary Data

Python provides several support modules that help you decode and encode binary data formats. The struct module
can convert between binary data structures (like C structs) and Python tuples. The array module wraps binary arrays
of data (C arrays) into a Python sequence object.

4.1.2 Self-Describing For mats

To pass data between different Python programs, you can marsha or pickle your data.

The marshd module uses asimple saf-describing format that supports most built-in datatypes, including code
objects. Python usesthis format itself to store compiled code on disk (in PY Cfiles).

The pickle module provides amore sophiticated format, which supports user-defined classes, sdf-referencing data
structures, and more. Thismoduleis available in two versons; the basic pickle module iswritten in Python and is
relatively dow, while cPickleiswrittenin C and isusudly asfast asmarshdl.

4.1.3 Output Formatting

The modulesin this group supplement built-in formatting functionslike repr and the % string formatting operator.

The pprint module can print dmost any Python data structure in anice, readable way (as readable asit can make
things, thet is).

The repr module provides areplacement for the built-in function with the same name. The version in thismodule
gppliestight limits on most things: it doesn't print more than 30 characters from each string, it doesn't print more than
afew levels of deeply nested data structures, etc.

4.1.4 Encoded Binary Data

Python supports most common binary encodings, such as base64, binhex (aMacintosh format), quoted printable,
and uu encoding.

| | @ve RuBoard
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4.2 Thearray Module

The array module implements an efficient array storagetype. Arraysaresmilar toligs, but dl items must be of the
same primitive type. Thetype is defined when the array is created.

Examples 4-1 through 4-5 are smple ones. Example 4-1 crestes an array object and copiesthe interna buffer to a
string through the tostring method.

Example 4-1. Using thearray Moduleto Convert Lists of Integersto Strings
File: array-exanple-1.py
i mport array

a
b

array.array("B", range(16)) # unsigned char
array.array("h", range(16)) # signed short

print a
print repr(a.tostring())

print b
print repr(b.tostring())

array('B, [0, 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, 15])
"\ 000\ 001\ 002\ 003\ 004\ 005\ 006\ 007\ 010\ 011\ 012\ 013\ 014\ 015\ 016\ 017"

array('h', [0, 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, 15])

"\ 000\ 000\ 001\ 000\ 002\ 000\ 003\ 000\ 004\ 000\ 005\ 000\ 006\ 000\ 007\ 000
\ 010\ 000\ 011\ 000\ 012\ OO0\ 013\ 000\ 014\ 000\ 015\ 000\ 016\ 000\ 017\ 000

The array objects can be treated as ordinary lists to some extent, as Example 4-2 shows. Y ou cannot concatenate
arraysif they have different type codes, though.

Example4-2. Using Arraysas Ordinary Sequences
File: array-exanpl e-2. py

i mport array

a = array.array("B", [1, 2, 3])

a. append(4)

a=a+a

a = a[2:-2]

print a
print repr(a.tostring())
for i in a:

print i,

array('B, [3, 4, 1, 2])
"\ 003\ 004\ 001\ 002
3412

Thismodule also provides a very efficient way to turn raw binary dataiinto a sequence of integers (or floating point
values, for that matter), as Example 4-3 demondtrates.
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4.3 The struct Module

The struct module shown in Example 4-6 contains functions to convert between binary strings and Python tuples. The
pack function takes aformat string and one or more arguments, and returns abinary string. The unpack function
takesagtring and returns atuple.

Example 4-6. Using the struct Module

File: struct-exanple-1.py
i mport struct

# native byteorder

buf fer = struct.pack("ihb", 1, 2, 3)
print repr(buffer)

print struct.unpack("ihb", buffer)

# data froma sequence, network byteorder

data = [1, 2, 3]

buf fer = appl y(struct.pack, ("!ihb",) + tuple(data))
print repr(buffer)

print struct.unpack("!ihb", buffer)

#1in 2.0, the apply statenent can also be witten as:
# buffer = struct.pack("!ihb", *data)

"\ 001\ 000\ OO0\ OO0\ 002\ 000\ 003’
(1, 2, 3)
'\ 000\ 000\ 000\ 001\ OO0\ 002\ 003’

(1, 2, 3)
| | @ve RuBoard
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4.4 Thexdrlib Module

The xdrlib module converts between Python datatypes and Sun's external data representation (XDR), as Example
4-7 illudrates.

Example4-7. Using the xdrlib Module
File: xdrlib-exanple-1.py
i mport xdrlib

#
# create a packer and add sone data to it

p = xdrlib. Packer ()
p. pack_uint(1)

p. pack_string("spant)

data = p.get_buffer()

print "packed:", repr(data)

#
# create an unpacker and use it to decode the data

u = xdrlib. Unpacker (dat a)
print "unpacked:", u.unpack_uint(), repr(u.unpack_string())
u. done()

packed: '\ 000\ 000\ 000\ 001\ 000\ 000\ OO0\ 004spanmnt
unpacked: 1 'spam

The XDR format is used by Sun's remote procedure call (RPC) protocol. Example 4-8 isan incomplete (and rather
contrived) example showing how to build an RPC request package.

Example 4-8. Using the xdrlib M oduleto Send an RPC Call Package
File: xdrlib-exanple-2.py

i mport xdrlib

# sonme constants (see the RPC specs for details)

RPC CALL = 1

RPC VERSION = 2

MY_PROGRAM | D = 1234 # assigned by Sun

MY_VERSI ON_I D = 1000
MY_TI ME_PROCEDURE_ | D = 9999

AUTH NULL = 0
transaction = 1
p = xdrlib. Packer ()

send a Sun RPC cal |l package
. pack_ui nt (transaction)

. pack_enunm( RPC_CALL)

. pack_ui nt (RPC_VERSI ON)
.pack ui nt (MY PROGRAM | D)

O T T T H#
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4.5 The marshal Module

The marshal moduleis used to seridize data—that is, convert datato and from character strings, so that they can be
stored on file or sent over anetwork. Example 4-9 illustratesthis.

The marsha module uses asimple self-describing dataformat. For each dataitem, the marshalled string containsa
type code, followed by one or more type-specific fields. Integers are stored in little-endian order, strings are stored
aslength fiddsfollowed by the strings contents (which can include null bytes), tuples are stored as length fields
followed by the objects that make up each tuple, etc.

Example 4-9. Using the mar shal Moduleto Serialize Data

Fil e: marshal -exanpl e- 1. py

i mport marsha

val ue = (
"this is a string”,
[1! 21 3! 4] L]

("nore tuples”, 1.0, 2.3, 4.5),
"this is yet another string"

)

data = marshal . dunps(val ue)

# internmedi ate format
print type(data), |en(data)

print "-"*50
print repr(data)
print "-"*50

print marshal .| oads(data)

<type 'string' > 118

" (\ 004\ 000\ 000\ 000s\ 020\ OO0\ OO0\ 000t his is a string
[\ 004\ 000\ 000\ 000i \ 001\ 000\ 000\ 000i \ 002\ 000\ 000\ 000
i \ 003\ 000\ 000\ 000i \ 004\ 000\ 000\ 000(\ 004\ 000\ 000\ 000
s\ 013\ 000\ 000\ 000nor e tupl esf\0031. 0f \ 0032. 3f\ 0034.
5s\ 032\ 000\ 000\ 000t his is yet another string

("thisis astring, [1, 2, 3, 4], ('nore tuples’
1.0, 2.3, 4.5), '"this is yet another string')

The marsha module can aso handle code objects (it's used to store precompiled Python modules). Example 4-10
demongtrates.

Example 4-10. Using the mar shal Moduleto Serialize Code
Fi | e: marshal - exanpl e- 2. py

i mport marsha

script ="""

print 'hello

code = conpile(script, "<script>", "exec")
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4.6 The pickle M odule

The pickle module, shown in Example 4-11, is used to sevidize data—that is, convert datato and from character
strings, so that they can be stored on file or sent over anetwork. It'sabit dower than marshd, but it can handle class
ingtances, shared elements, and recursive data structures, among other things.

Example 4-11. Using the pickle Module

File: pickle-exanple-1.py

i mport pickle

val ue = (
"this is a string",
[15 21 3! 4] L]

("nore tuples”, 1.0, 2.3, 4.5),
"this is yet another string"

)

data = pi ckl e. dunps(val ue)

# internediate fornat
print type(data), |en(data)

print "-"*50
print data
print "-"*50

print pickle.loads(data)

<type 'string > 121

(S'thisis a string

pO

(Ipl

1

al 2

al 3

al 4

a(S nore tuples

p2

F1.0

F2.3

F4.5

tp3

S'this is yet another string

p4

t p5

("thisis astring', [1, 2, 3, 4], ('nore tuples’
1.0, 2.3, 4.5), '"this is yet another string')

On the other hand, pickle cannot handle code objects (but see the copy_reg module for away to fix this).

By default, pickle uses atext-based format. Y ou can aso use abinary format, in which numbers and binary strings
are sored in acompact binary format. The binary format usudly resultsin smaler files. Thisisdemongtrated in

Example4-12.

Example 4-12. Using the pickle Modulein Binary Mode
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4.7 The cPickle Module

(Optional) The cRickle module shown in Example 4-13 contains afaster reimplementation of the pickle module.

Example 4-13. Using the cPickle M odule
File: cpickl e-exanpl e-1. py

try:
i mport cPickle
pi ckl e = cPickle
except I nportError:
i nport pickle
| | @ve RuBoard
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4.8 The copy reg Module

The copy_reg module provides aregistry that you can useto register your own extension types. The pickle and copy
modules use thisregistry to figure out how to process non-standard types.

For example, the standard pickle implementation cannot ded with Python code objects, as shown in the following
exanple

Fil e: copy-reg-exanple-1.py
i mport pickle

CCDE = """
print 'good evening

code conpi | e(CODE, "<string>", "exec")

exec code
exec pickle.loads(pickle.dunps(code))

good evening
Traceback (innermost |ast):

pickle.PicklingError: can't pickle 'code' objects

We can work around this by registering a code object handler. Such ahandler consists of two parts: apickler, which
takes the code object and returns atuple that can only contain smple datatypes, and an unpickler, which takesthe
contents of such atuple asits arguments. Example 4-14 demonstratesthis.

Example 4-14. Using the copy_reg Moduleto Enable Pickling of Code Objects
File: copy-reg-exanpl e-2. py

i mport copy_reg
i mport pickle, marshal, types

#
# register a pickle handler for code objects

def code_unpi ckl er (data):
return marshal . | oads(dat a)

def code_pi ckl er(code):
return code_unpickl er, (marshal.dunps(code),)

copy_reg. pi ckl e(types. CodeType, code_pickl er, code_unpi ckler)

#
# try it out

CODE = """
print "suppose he's got a pointed stick"

code conpi | e(CODE, "<string>", "exec")

exec code
exec pickle.loads(pickle.dunps(code))
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4.9 The pprint Module

The pprint module, shown in Example 4-16, isa"pretty printer” for Python data structures. 1t's useful if you haveto
print non-trivial data structuresto the console.

Example 4-16. Using the pprint Module
File: pprint-exanple-1.py

i mport pprint

data = (
"this is a string", [1, 2, 3, 4], ("nore tuples",
1.0, 2.3, 4.5), "this is yet another string"
)

pprint. pprint(data)

("this is a string',
[11 2| 3! 4]1
("nore tuples', 1.0, 2.3, 4.5),

'"this is yet another string')
| | @ve RuBoard
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4.10 Therepr Module

The repr module provides aversion of the built-in repr function, with limits on most Sizes (string lengths, recursion,
etc). Example 4-17 showsthe modulein use.

Example4-17. Using therepr Module
File: repr-exanple-1.py

# note: this overrides the built-in "repr' function
fromrepr inport repr

# an annoyi ngly recursive data structure
data = (
" X" * 100000,
)
data = [data]
dat a. append( dat a)

print repr(data)

[ (" XXX, .. XXIXXXKKXXXXX ), (7 XXX XXXXKXXXXXK
XXX, ) [ XKKXXXKKKK. . XIXXXKKXXXKXX ), [ XOKKKKXXXKX. .. XX
XXX, ), [ XXX, . XXX ), [(C--2), [
111111]

| | @ve RuBoard
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4.11 The base64 M odule

The base64 encoding scheme is used to convert arbitrary binary datato plain text. To do this, the encoder stores
each group of three binary bytes asagroup of four characters from the following st:

ABCDEFGHI JKLMNOPQRSTUVWKYZ
abcdef ghi j kl mopqgr st uvwxyz

0123456789+/

In addition, the = character is used for padding at the end of the data stream.

Example 4-18 shows how the encode and decode functions work on file objects.

Example 4-18. Using the base64 M odule to Encode Files

Fil e: base64-exanpl e-1. py

i mport base64

MESSACE = "life of brian"
file = open("out.txt", "w')
file.wite( MESSACGE)

file.close()

base64. encode(open("out.txt"), open("out.b64", "w'))
base64. decode(open("out.b64"), open("out.txt", "w'))

print "original:", repr(MESSAGE)

print "encoded nessage:", repr(open("out.b64").read())
print "decoded nessage:", repr(open("out.txt").read())
original: 'life of brian'

encoded message: ' bd nZSBvZi Bi crml hbg==\ 012"

decoded nessage: 'life of brian'

Example 4-19 shows the encodestring and decodestring functions converting between strings. The functionsare
currently implemented as wrappers on top of encode and decode, using Stringl O objects for input and outpuit.

Example 4-19. Using the base64 M odule to Encode Strings

Fil e: base64-exanpl e-2. py

i nport base64

MESSAGE = "life of brian"

data = base64. encodest ri ng( MESSACE)
original _data = base64. decodestri ng(data)
print "original:", repr(MESSAGE)

print "encoded data:", repr(data)

print "decoded data:", repr(original_data)

original: "life of brian'
encoded data: 'bd nmZSBvZi Bi cm hbg==\ 012"

decoded data: 'life of brian'

Example 4-20 shows how to convert ausername and a password to an HT TP basic authentication string. (Note that
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4.12 The binhex M odule

The binhex modulein Example 4-22 converts to and from the Macintosh BinHex formet.

Example 4-22. Using the binhex M odule
Fi |l e: bi nhex-exanpl e- 1. py

i mport bi nhex
i mport sys

infile = "sanpl es/ sanpl e. j pg"
bi nhex. bi nhex(infile, sys.stdout)
(This file nmust be converted with Bi nHex 4.0)

: #ROKEA" XC5j UF' FI1 2j 1)1 *1 99aSI Nl 4Rdrr Brq! ! 984" 58B! 139 1194 13! !rpX
13°1)"JB("J8)" F(#3N)#J 8$3", # * CUK- 2&" dD(ai G K F) #3Z*b! L, #- F( #J
h+5" " - 63d0" nR16di - M Z- c3br pX! 3" % #3N-# ~ B$3dB- LY%F) 6+3-[r!1" %) 1)!
PJL-") I #YBYB9B(ral |11 11" "3 3" J#3#! % 3&" JF) #3S, r B! Y4 11 JUs! )

% " 8&"!3!'!l&p!3)$!!34"4) K- 8% ¥%e&K" b*a&$+" NDW ) d+a” 495d!1 ! N-f *bJJIN
| | @ve RuBoard
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4.13 The quopri Module

The quopri module implements quoted printable encoding, according to the MIME standard.

This encoding can be used to convert text messages that consist mostly of plain U.S. ASCII text, such as messages
written in most European languages, to messagesthat only use U.S. ASCII. This can be quite useful if you're sending
stuff viasteam-powered mail transports to people using vintage mail agents. Example 4-23 demonstrates.

Example 4-23. Using the quopri Module
File: quopri-exanple-1.py

i mport quopri
i mport StringlO

# hel pers (the quopri nodule only supports file-to-file conversion)

def encodestring(instring, tabs=0):
outfile = StringlQ Stringl )
quopri.encode(Stringl QO Stringl (instring), outfile, tabs)
return outfile.getval ue()

def decodestring(instring):
outfile = StringlQ Stringl )
quopri.decode(Stringl O Stringl Qinstring), outfile)
return outfile.getval ue()

#
# try it out

MESSAGE = "a i da & e o!"

encoded_nessage = encodestri ng( MESSAGE)
decoded_nessage = decodestring(encoded_nessage)

print "original:", MESSAGE
print "encoded nessage:", repr(encoded_nessage)
print "decoded nessage:", decoded_nessage

original: &ai 4a a e 0!
encoded nessage: '=E5 i =Eba =E4 e =F6!\012'
decoded nessage: & i &a & e 0!

As Example 4-23 shows, non-U.S. characters are mapped to an equals sign (=) followed by two hexadecimal digits.
So it isthe equals sign character itsdf ("=3D"), aswell aswhitespace at the end of lines ( "=20"). Everything else
looksjust like before. So provided you don't use too many weird characters, the encoded string is nearly as readable
astheorigind.

(Europeans generally hate this encoding and strongly believe that certain U.S. programmers deserve to be dapped in
the head with a huge grest fish to the jolly music of Edward German....)

| | @ve RuBoard
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4.14 The uu Module

The uu encoding schemeis used to convert arbitrary binary datato plain text. Thisformat is quite popular on the
Usenet, but is dowly being superseded by base64 encoding.

A uu encoder takes groups of three bytes (24 bits) and converts each group to a sequence of four printable
characters (6 bits per character), using characters from chr(32) (space) to chr(95). Including the length marker and
linefeed characters, uu encoding typically expands data by 40 percent.

An encoded data stream starts with abegin line, which includes the file privileges (the Unix modefield asan octdl
number) and the filename, and endswith an end line:

begi n 666 sanpl e.j pg

M]C X 02D9)1@! O 0! # VPI# @ @&&0@!P<)'0@# 0-# L+
...more lines like this..

end

The uu module provides two functions: encode and decode.

The encode(infile, outfile, filename) function, shown in Example 4-24, encodes data from the input file and writesit to
the output file. The input and output file arguments can be either filenames or file objects. The third argument is used
asfilenameinthebeginfidd.

Example 4-24. Using the uu M oduleto Encode a Binary File
Fil e: uu-exanple-1.py

i mport uu
i mport o0s, Sys

infile = "sanpl es/ sanpl e. j pg"

uu. encode(infile, sys.stdout, os.path.basenane(infile))

begi n 666 sanpl e. | pg

M]C X 02D9)1@! O 0! # VPl# @ @& 0@!P<)"0@#! 0-# L+
Ml D2$P\ 4' 1H?' AT: ' | P@ " XG( " (L( QP<*#<| +# Q #0T' R<Y/ 3@R " XS- #+_
M/P! # 0D) " OP+#! @ #1@R( 1PA, (R, C(R, (R, C(R C(R (R, C(R, C(R C(R

MCOR CRCRCORCRGCRCGRGCHP 1" " (#2( A$!l @' \O
MP 04! 03! 0$ $" PO% @("OH+ \0O ML  @# P($ P4%

The decode(infile, outfile) function, shown in Example 4-25, decodes uu-encoded data from the input text fileand
writesit to the output file. Again, both arguments can be either filenames or file objects.

Example 4-25. Using the uu M oduleto Decode a uu-Encoded File
File: uu-exanpl e-2.py

i mport uu
i mport StringlO

infile = "sanpl es/ sanpl e. uue”
outfile = "sanpl es/ sanpl e. j pg"

#
# decode
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4.15 The binascii Module

The binascii module, shown in Example 4-26, contains support functions for anumber of encoding modules, including
base64, binhex, and uu.
In 2.0 and newer, it dso alows you to convert binary datato and from hexadecimal strings.

Example 4-26. Using the binascii Module
Fil e: binascii-exanple-1.py

i mport binascii

text = "hello, nrs teal”
data = binascii.b2a_base64(text)
text = binascii.a2b_base64(data)

print text, "<=>", repr(data)

dat a bi nascii.b2a_uu(text)
t ext bi nascii.a2b_uu(data)
print text, "<=>", repr(data)

dat a bi nascii.b2a_hgx(text)
t ext bi nascii.a2b_hgx(data)[ 0]
print text, "<=>", repr(data)

# 2.0 and newer

dat a bi nascii.b2a_hex(text)
t ext bi nascii.a2b_hex(dat a)
print text, "<=>", repr(data)

hello, nmrs teal <=> 'aGVsb&Bsl GlycyB0ZWFs\ 012’
hello, mrs teal <=> '/:&5L; & \L(&UR<R! T96%.\ 012"
hello, nmrs teal <=> "'D\'9XE\' nX)\' ebFb" dC@&X

hello, nrs teal <=> '68656c6¢c6f2c206d7273207465616¢C
| | @ve RuBoard
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5.1 Overview

This chapter describes anumber of modules that are used to parse different file formats.

5.1.1 Markup Languages

Python comes with extensive support for the Extensible Markup Language (XML) and Hypertext Markup Language
(HTML) file formats. Python a so provides basic support for Standard Generalized Markup Language (SGML).

All these formats share the same basic structure because both HTML and XML are derived from SGML. Each
document contains amix of start tags, end tags, plain text (also caled character data), and entity references, as
shown inthefollowing:

<docunent nane="sanpl e. xm ">
<header>This is a header </ header >
<body>This is the body text. The text can contain
plain text (&quot;character data&quot;), tags, and
entities.
</ body>

</ docunent >

In the previous example, <document>, <header>, and <body> are dtart tags. For each start tag, theré'sa
corresponding end tag that looks similar, but has a dash before the tag name. The start tag can aso contain one or
more attributes, like the name attribute in this example.

Everything between astart tag and its matching end tag is called an element. In the previous example, the document
element contains two other elements: header and body.

Findly, &quot; isacharacter entity. It isused to represent reserved charactersin the text sections. Inthiscase, it'san
ampersand (&), which isused to start the entity itself. Other common entitiesinclude &It; for "lessthan” (<), and & gt;
for "greater than" (>).

While XML, HTML, and SGML dl share the same building blocks, there are important differences between them.
In XML, al dements must have both start tags and end tags, and the tags must be properly nested (if they are, the
document is said to be well-formed). In addition, XML is case-sengitive, so <document> and <Document> are two
different eement types.

HTML, in contrast, is much moreflexible. The HTML parser can often fill in missing tags, for example, if you opena
new paragraph in HTML using the <P> tag without closing the previous paragraph, the parser automaticaly addsa
</P> end tag. HTML isdso case-insendtive. On the other hand, XML alowsyou to define your own eements,
while HTML uses afixed dement s&t, as defined by the HTML specifications.

SGML iseven moreflexible. Initsfull incarnation, you can use a custom declaration to define how to trandate the
source text into an e ement structure, and a document type description (DTD) to vdidate the Sructure and fill in
missing tags. Technically, both HTML and XML are SGML applications, they both have their own SGML
declaration, and HTML aso hasastandard DTD.

Python comeswith parsersfor al markup flavors. While SGML isthe most flexible of the formats, Python's sgmllib
parser isactualy pretty smple. It avoids most of the problems by only understanding enough of the SGML standard
tobe ahleto deal with HTMI It doesn't handle DTD<s ather indead voul can cusomize the nar<ser via 91ihclassna
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5.2 The xmllib Module

The xmlib module providesasmple XML parser, using regular expressionsto pull the XML data apart, asshownin
Example 5-1. The parser does basic checks on the document, such as acheck to see that thereis only one top-level
element and a check to seethat al tags are balanced.

Y ou feed XML datato this parser piece by piece (as data arrives over anetwork, for example). The parser cals
methodsin itsaf for start tags, data sections, end tags, and entities, among other things.

If you're only interested in afew tags, you can define special start_tag and end_tag methods, where tag isthe tag
name. The start functions are called with the attributes given as a dictionary.

Example 5-1. Using the xmllib M oduleto Extract I nformation from an Element
File: xmlib-exanple-1.py
import xmlib

class Parser(xm|ib. XM_Parser):
# get quotation number

def _ _init_ (self, file=None):
xm lib. XM Parser. _ _init_ _(self)
if file:
self.load(file)

def |oad(self, file):

while 1:
s = file.read(512)
if not s:
br eak

sel f.feed(s)
sel f.cl ose()

def start_quotation(self, attrs):
print "id =>", attrs.get("id")
rai se ECFError

try:

c = Parser()

c. |l oad(open("sanpl es/ sanpl e.xm "))
except EOCFError

pass

id=> 031

Example 5-2 containsasimple (and incomplete) rendering engine. The parser maintains an e ement stack (_ _tags),
which it passesto the renderer, together with text fragments. The renderer looks up the current tag hierarchy ina
syledictionary, and if it isn't dready there, it creates anew style descriptor by combining bits and piecesfrom the
sylesheet.

Example 5-2. Using the xmllib M odule

File: xmlib-exanple-2.py

import xmlib
i mport string, sys
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5.3 The xml.par sers.expat Module

(Optiond) The xml.parsers.expat module is an interface to James Clark's Expat XML parser. Example 5-3

demondtrates this full-featured and fast parser, which isan excellent choice for production use.

Example 5-3. Using the xml.par sers.expat Module
File: xm -parsers-expat-exanpl e-1. py
fromxm . parsers inport expat

cl ass Parser:

def _ init_ _(self):
sel f. parser = expat.ParserCreate()
sel f. parser. Start El enent Handl er = sel f.start
sel f. parser. EndEl enent Handl er = sel f. end
sel f. parser. CharacterDataHandl er = self.data

def feed(self, data):
sel f. parser. Parse(data, 0)

def cl ose(self):
sel f. parser.Parse("", 1) # end of data
del self. parser # get rid of circular references

def start(self, tag, attrs):
print "START", repr(tag), attrs

def end(self, tag):
print "END', repr(tag)

def data(self, data)
print "DATA", repr(data)

p = Parser()
p. f eed(" <t ag>dat a</t ag>")
p. cl ose()

START u'tag' {}
DATA u' dat a

END u' t ag

Note that the parser returns Unicode strings, even if you passit ordinary text. By default, the parser interprets the
source text as UTF-8 (as per the XML standard). To use other encodings, make sure the XML file contains an

encoding directive. Example 5-4 shows how to read SO Latin-1 text using xml.parsers.expét.

Example 5-4. Using the xml.par sers.expat Moduleto Read | SO Latin-1 Text
File: xm -parsers-expat-exanpl e-2. py

fromxm . parsers inport expat

cl ass Parser:

def _ init_ _(self):
sel f. parser = expat.ParserCreate()
sel f. parser. Start El enent Handl er = self.start
sel f. parser. EndEl enent Handl er = sel f. end
sel f. parser. CharacterDataHandl er = self.data

Aef f eed( cal f AdAat a) -
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5.4 The sgmllib Module

Thesgmllib module, shown in Example 5-5, providesabasic SGML parser. It works pretty much the same asthe
xmllib parser, but islessredtrictive (and less complete).

Likeinxmillib, this parser calls methodsin itsdf to dedl with things like start tags, data sections, end tags, and entities.
If you're only interested in afew tags, you can define specid start and end methods.

Example 5-5. Using the sgmllib M oduleto Extract the Title Element
File: sgmlib-exanple-1.py

i mport sgnmlib
i mport string

cl ass FoundTitl e( Exception):
pass

class ExtractTitle(sgmlib. SGMLPar ser):

def _ _init_ _(self, verbose=0):
sgm lib. SGML.Parser. _ _init_ _(self, verbose)
self.title = self.data = None

def handl e_data(sel f, data):
if self.data is not None:
sel f. dat a. append( dat a)

def start_title(self, attrs):
self.data = []

def end_title(self):
self.title = string.join(self.data, "")
rai se FoundTitle # abort parsing!

def extract(file):
# extract title froman HTM./ SGVL stream
p = ExtractTitle()
try:
while 1:
# read small chunks
s = file.read(512)
if not s:
br eak
p. f eed(s)
p. cl ose()
except FoundTitle:
return p.title
return None

#

# try it out

print "htm", "=>", extract(open("sanples/sanple.htni))
print "sgm", "=>", extract(open("sanples/sanple.sgnl))

htm => A Title.
sgn => Quotations

To handledl tags, overload the unknown_starttag and unknown_endtag methods instead, as Example 5-6

demongrates
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5.5 The htmllib Module

The htmlib module contains atag-driven HTML parser, which sends data to aformatting object. Example 5-9 uses
thismodule. For more examples on how to parse HTML files using this module, see the descriptions of the formatter
module,

Example 5-9. Using the htmllib Module
File: htmlib-exanple-1.py

import htmlib
i mport formatter
i mport string

class Parser(htm|ib. HTM_Parser):
# return a dictionary mappi ng anchor texts to lists
# of associ ated hyperlinks

def _ _init_ (self, verbose=0):
sel f.anchors = {}
f =formatter. Null Formatter()
htm lib. HTM.Parser. _ _init_ (self, f, verbose)

def anchor_bgn(self, href, nane, type):
sel f. save_bgn()
sel f.anchor = href

def anchor_end(sel f):
text = string.strip(self.save_end())
if self.anchor and text:
sel f.anchors[text] = self.anchors.get(text, []) + [self.anchor]

file open("sanpl es/ sanpl e. ht ni")
ht m file.read()
file.close()

p = Parser()
p.feed(htm)
p. cl ose()

for k, v in p.anchors.itens():
print k, "=>" v

print
link => ["http://ww. python.org']

If you're only out to parsean HTML file and not render it to an output device, it'susualy easer to use the sgmilib
module instead.

| | @ve RuBoard
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5.6 The htmlentitydefs M odule

The htmlentitydefs module contains a dictionary with many 1SO Latin-1 character entitiesused by HTML. Itsuseis
demongtrated in Example 5-10.

Example 5-10. Using the htmlentitydefs M odule

File: htm entitydefs-exanple-1.py
i mport htmentitydefs

entities = htnmentitydefs.entitydefs

for entity in "amp", "quot", "copy", "yen"
print entity, "=", entities[entity]

amp = &

quot ="

copy = \302\251

yen = \ 302\ 245

Example 5-11 shows how to combine regular expressonswith thisdictionary to trandate entitiesin astring (the
opposite of cgi.escape).

Example 5-11. Using the htmlentitydefs Module to Trandate Entities

File: htnlentitydefs-exanple-2. py

i mport htmentitydefs
i mport re
i mport cgi

pattern = re.conpile("&\w+?);")

def descape_entity(m defs=htmentitydefs.entitydefs):
# cal |l back: translate one entity to its ISO Latin val ue
try:
return defs[mgroup(l)]
except KeyError:
return mgroup(0) # use as is

def descape(string):
return pattern.sub(descape_entity, string)

print descape("& t;spanm&anp; eggsé&gt;")
print descape(cgi.escape("<span&eggs>"))

<spanm&eggs>
<span&eggs>

Findly, Example 5-12 shows how to use trandate reserved XML charactersand SO Létin-1 charactersto an XML
sring. Thisissimilar to cgi.escape, but it aso replaces non-ASCII characters.

Example 5-12. Escaping | SO Latin-1 Entities
File: htmentitydefs-exanple-3.py

import htmentitydefs
import re, string

H +hic nattrarm moat ~haece cirithecet vt mnae Anf racarvind AarmAd narm ACI ] A~rhAarr armt Ar o
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5.7 Theformatter Module

The formatter module provides formatter classes that can be used together with the htmllib module.

Thismodule provides two class families, formatters and writers. Formatters convert a stream of tags and data strings
from the HTML parser into an event stream suitable for an output device, and writers render that event stream on an
output device. Example 5-13 demondtrates.

In most cases, you can use the AbstractFormatter classto do the formatting. It calls methods on the writer object,
representing different kinds of formatting events. The AbstractWriter classsmply prints amessage for each method
cdl.

Example 5-13. Using the formatter Moduleto Convert HTML to an Event Stream

File: formatter-exanple-1.py

i mport fornmatter
import htmlib

w
f

formatter. Abstract Witer()
formatter. Abstract Formatter (w)

file = open("sanpl es/ sanpl e. ht ni")

p = htmlib. HTM.Parser (f)
p.feed(file.read())
p. cl ose()

file.close()

send_par agraph(1)

new font(('h1', 0, 1, 0))
send_fl ow ng_data(' A Chapter.')
send_I| i ne_break()

send_par agraph(1)

new_f ont ( None)

send_flow ng_data(' Sone text. Sonme nore text. Sone')
send_flow ng data(' ')

new font ((None, 1, None, None))
send_fl owi ng_dat a(' enphasi zed')
new_f ont ( None)

send_flow ng_data(' text. A')
send_flow ng data(' link")
send_flowing data('[1]")
send_flow ng_data('."'

In addition to the AbstractWriter class, the formatter module provides a NullWriter class, which ignoresdl events
passed to it, and a DumbWriter classthat convertsthe event stream to a plain text document, as shown in Example
5-14.

Example 5-14. Using the formatter Moduleto Convert HTML to Plain Text

File: formatter-exanple-2.py

i mport fornmatter
import htmlib

ormatter. DunbWiter() # plain text
ormatter. Abstract Formatter(w)
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5.8 The ConfigParser Module

The ConfigParser module reads configuration files.

Thefiles should be written in aformat smilar to Windows INI files. The file contains one or more sections, separated
by section names written in brackets. Each section can contain one or more configuration items.

Here'sthe samplefile used in Example 5-16:

[ book]

title: The Python Standard Library
aut hor: Fredrik Lundh

emai | : fredri k@ythonware.com
version: 2.0-001115

[ematter]
pages: 250

[ har dcopy]
pages: 350

Example 5-16 uses the ConfigParser module to read the sample configuration file.

Example 5-16. Using the ConfigPar ser Module

Fi l e: configparser-exanpl e-1. py

i mport Confi gParser
i mport string

config = ConfigParser. ConfigParser ()
config.read("sanpl es/sanmple.ini")

# print sunmary

print

print string.upper(config.get("book", "title"))
print "by", config.get("book", "author"),

print "(" + config.get("book", "emmil") + ")"
print
print config.get("ematter", "pages"), "pages"
print

# dunp entire config file
for section in config.sections():
print section
for option in config.options(section):
print " ", option, "=", config.get(section, option)

THE PYTHON STANDARD LI BRARY
by Fredrik Lundh (fredrik@ythonware.com

250 pages

book
title = The Python Standard Library
email = fredri k@ythonware.com

aut hor = Fredri k Lundh
version = 2.0-001115
nane_ _ = book
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5.9 Thenetrc Module

The netrc module parses .netrc configuration files, as shown in Example 5-18. Such files are used to store FTP
usernames and passwords in auser's home directory (don't forget to configure things so that the file can only beread
by the user: "chmod 0600 ~/.netrc,” in other words).

Example 5-18. Using the netrc Module

Fil e: netrc-exanpl e-1. py

i mport netrc

# default is $HOVE/ . netrc
info = netrc. netrc("sanpl es/sanpl e. netrc")

| ogi n, account, password = info.authenticators("secret.fbi")
print "login", "=>", repr(login)

print "account", "=>"/ repr(account)

print "password", "=>", repr(password)

login => 'nul der’
account => None

password => 'trustnol'
| | @ve RuBoard
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5.10 The shlex M odule

The shlex module provides asmple lexer (also known as tokenizer) for languages based on the Unix shell syntax. Its
useisdemongtrated in Example 5-19.

Example 5-19. Using the shlex Module

File: shl ex-exanpl e-1.py

i mport shl ex
| exer = shl ex. shl ex(open("sanpl es/sanple.netrc", "r"))
| exer.wordchars = | exer.wordchars + ". _
while 1:
token = | exer. get _token()
i f not token:
br eak

print repr(token)

" machi ne'
"secret.fbi'
"l ogin'

"mul der’

' passwor d'
"trustnol

" machi ne'
'non. secret.fbi'
"l ogin'

"scul ly’

' passwor d'

' noway'

| | @ve RuBoard
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5.11 The zipfile M odule

(New in 2.0) The zipfile module dlows you to read and write filesin the popular ZIP archive format.

5.11.1 Listing the Contents

Tolist the contents of an exigting archive, you can use the namdist and infolist methods used in Example 5-20. The
former returnsalist of filenames, and the latter returnsalist of Ziplnfo ingtances.

Example 5-20. Using the zipfile Moduleto List Filesin a ZIP File
File: zipfile-exanple-1.py
i mport zipfile
file = zipfile.Z pFile("sanpl es/sanple.zip", "r")
# list filenanes
for nane in file.nanelist():
print nane,
print
# list file information

for infoin file.infolist():
print info.filename, info.date_tine, info.file_size

sanpl e. txt sanple.jpg
sanple.txt (1999, 9, 11, 20, 11, 8) 302

sanple.jpg (1999, 9, 18, 16, 9, 44) 4762
5.11.2 Reading Data from a ZIP File

To read datafrom an archive, smply use the read method used in Example 5-21. It tekes a filename as an argument
and returns the data as a string.

Example 5-21. Using the zipfile M odule to Read Data from aZIP File
File: zipfile-exanple-2.py
i mport zipfile
file = zipfile.Z pFile("sanpl es/sanple.zip", "r")
for nane in file.nanelist():
data = file.read(nane)

print nane, len(data), repr(datal:10])

sanple.txt 302 'We will pe'
sanpl e.jpg 4762 '\ 377\ 330\ 377\ 340\ 000\ 020JFI F

5.11.3 Writing Datatoa ZIP File

Adding filesto an archiveis easy. Just pass the filename, and the name you want that file to havein the archive, to the
write method.

The <rint in Examnle 5-22 creates a ZIP file containina al filesin the samnles directorv
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5.12 The gzip Module

The gzip module dlows you to read and write gzip-compressed files asif they were ordinary files, asshownin
Example 5-24.

Example 5-24. Using the gzip Module to Read a Compressed File
File: gzip-exanple-1.py

i mport gzip

file = gzip. Gzi pFil e("sanpl es/ sanpl e. gz")

print file.read()

Well it certainly | ooks as though we're in for
a splendid afternoon's sport in this the 127th

Upperclass Twit of the Year Show.

The standard implementation doesn't support the seek and tell methods. Example 5-25 shows how to add forward
seeking.

Example 5-25. Extending the gzip M odule to Support seek/tell
Fi |l e: gzi p-exanpl e-2. py

i mport gzip

class gzipFile(gzip. &ipFile):
# adds seek/tell support to GzipFile

offset = 0

def read(self, size=None):
data = gzip. &ipFile.read(self, size)
self.of fset = self.offset + |en(data)
return data

def seek(self, offset, whence=0):
# figure out new position (we can only seek forwards)
i f whence == 0:
position = offset
elif whence ==
position = self.offset + offset
el se:
raise |Cerror, "Illegal argument”
if position < self.offset:
raise | Cerror, "Cannot seek backwards"

# skip forward, in 16k bl ocks
whil e position > self.offset:
if not self.read(m n(position - self.offset, 16384)):
br eak

def tell(self):
return self.of fset

#
#try it

file = gzipFil e("sanpl es/ sanpl e. gz")
file.seek(80)
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Chapter 6. Mail and News M essage
Processing

"To beremoved fromour list of future commercial postings by [ SOME] PUBLISHING COMPANY an
Annual Charge of Ninety Five dollarsisrequired. Just send $95.00 with your Name, Address and Name of
the Newsgroup to be removed from our list."

—Newsgroup spammer, July 1996

| | @ve RuBoard
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6.1 Overview

Python comes with arich set of modulesfor processing mail and news messages, aswell as some common mail
archive (mailbox) formets.

|1 Gve RuBoar [ Cerevious e o)
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6.2 Therfc822 Module

The rfc822 module contains a parser for mail and news messages (and any other messages that conform to the RFC
822 standard, such as HTTP headers).

Basicdly, an RFC 822—style message congsts of anumber of header fields, followed by at least one blank line, and
the message body itself.

For example, herés ashort mail message. Thefirgt five lines make up the message header, and the actua message (a
sangleling, inthis case) follows after an empty line:

Message-1d: <20001114144603. 00abb310@reilly. conp
Date: Tue, 14 Nov 2000 14:55:07 -0500

To: "Fredrik Lundh" <fredrik@effbot.org>

From Frank

Subj ect: Re: python library book

Where is it?

Example 6-1 shows how the message parser reads the headers and returns a dictionary-like object, with the message
headers askeys.

Example 6-1. Using the rfc822 M odule

File: rfc822-exanple-1.py

i mport rfc822

file = open("sanpl es/sanple.en™)
nmessage = rfc822. Message(file)

for k, v in message.itens():
print k, "=", v

print len(file.read()), "bytes in body"

subject = Re: python library book

from= "Frank" <your @ditor>

nmessage-id = <20001114144603. 00abb310@reilly. cons

to = "Fredrik Lundh" <fredrik@ffbot.org>
date = Tue, 14 Nov 2000 14:55:07 -0500

25 bytes in body

The message object aso provides a couple of convenience methods, which parse addressfields and dates for you,
asshownin Example 6-2.

Example 6-2. Parsing Header Fields Using therfc822 Module

File: rfc822-exanpl e-2. py

i mport rfc822

file = open("sanpl es/sanple.em")
nmessage = rfc822. Message(file)

print message. getdate("date")

B T R T PR N DY 2T B S | B %
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6.3 The mimetools M odule

The Multipurpose Internet Mail Extensions (MIME) standard defines how to store non-ASCI| text, images, and
other datain RFC 822-style messages.

The mimetools module, shown in Example 6-3, contains anumber of tools for writing programs that read or write
MIME messages. Among other things, it contains a version of the rfc822 module's Message class, which knows a bit
more about MIME encoded messages.

Example 6-3. Using the mimetools M odule

File: m netool s-exanpl e-1. py
i mport m nmetools
file = open("sanpl es/ sanpl e. nsg")

nsg = m netool s. Message(file)

print "type", "=>", nBg.gettype()
print "encodi ng", "=>", nsg.getencodi ng()
print "plist", "=>", nsg.getplist()
print "header", "=>"
for k, vin nsg.itens():
print " ", k, "=", v

type => text/plain

encodi ng => 7bit

plist => ['charset="iso0-8859-1""]

header =>
m nme-version = 1.0
content-type = text/plain;

charset ="i so- 8859- 1"
to = ef fbot @pam egg
date = Fri, 15 COct 1999 03:21:15 -0400
content-transfer-encoding = 7bit
from= "Fredrik Lundh" <fredri k@ythonware.conp
subj ect = By the way...

| | @ve RuBoard
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6.4 The MimeWriter Module

The MimeWriter module (shown in Example 6-4) can be used to write "multipart” messages, as defined by the
MIME mail standard.

Example 6-4. Using the MimeWriter Module
File: minewiter-exanple-1.py

i mport MmeWiter

# dat a encodgrs

i mport quopri

i mport base64
i mport StringlO

i mport sys

TEXT = """
here cones the inage you asked for. hope
it's what you expected.

</F>""

FILE = "sanpl es/ sanpl e. j pg"
file = sys.stdout

#

# create a mine multipart witer instance

mnm = MmnreWiter. MneWiter(file)
m ne. addheader ("M ne- Versi on", "1.0")

m ne. startnul ti partbody("n xed")

# add a text nessage

part = m ne. nextpart ()
part.addheader (" Cont ent - Tr ansf er - Encodi ng", "quoted-printable")
part.startbody("text/plain")
quopri.encode(Stringl O Stringl QQ TEXT), file, 0)

# add an i nage

part = m ne. nextpart ()
part.addheader (" Cont ent - Tr ansf er - Encodi ng", "base64")
part.startbody("image/jpeg")

base64. encode(open(FILE, "rb"), file)

m ne. | astpart ()

The output looks something like:

Content - Type: nul tipart/m xed;
boundary="host. 1. -852461. 936831373. 130. 24813’

--host. 1.-852461. 936831373. 130. 24813
Content - Type: text/plain
Cont ext - Transf er - Encodi ng: quot ed- pri ntabl e

| P R T PR T e e oo DR R R S | PR
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6.5 The mailbox Module

The mailbox module contains code that dedls with anumber of different mailbox formats (mostly Unix formats), as
shownin Example 6-6. Most mailbox formats smply store plain RFC 822—style messagesin along text file, usng
somekind of separator lineto tell one message from another.

Example 6-6. Using the mailbox M odule
Fil e: mail box- exanpl e- 1. py
i mport mai | box

nb = mai |l box. Uni xMai | box(open("/var/spool /mail/effbot"))

while 1:
msg = nb. next ()
if not msg:
br eak
for k, vin neg.itens():
print k, "=", v

body = msg. fp.read()
print |len(body), "bytes in body"

subject = for he's a ..

nmessage-id = <199910150027. CAA03202@pam egg>
received = (fromfredri k@yt honware. con

by spamegg (8.8.7/8.8.5) id CAA03202

for effbot; Fri, 15 Oct 1999 02: 27: 36 +0200
from= Fredrik Lundh <fredri k@ythonware.con
date = Fri, 15 Cct 1999 12:35:36 +0200
to = ef f bot @pam egg

1295 bytes in body
| | @ve RuBoard
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6.6 The mailcap M odule

Themallcap modulein Example 6-7 contains code that dedl's with mailcap files, which contain information on how to
handle different document formats (on Unix platforms).

Example 6-7. Using the mailcap M oduleto Get a Capability Dictionary
File: mail cap-exanpl e-1. py

i mport rmail cap

caps = nuail cap. getcaps()

for k, vin caps.itens():
print k, "=", v

image/* = [{"view: "pilview}]
application/postscript = [{'view: 'ghostview }]

In Example 6-7, the system uses pilview for al kinds of images, and ghostscript viewer for PostScript documents.
Example 6-8 shows how to find aviewer usng mailcap.

Example 6-8. Using the mailcap Moduleto Find a Viewer
File: mail cap-exanpl e-2. py

i mport mail cap

caps = nuail cap. getcaps()

command, info = mailcap.findmatch(

caps, "immge/jpeg", "view', "sanples/sanple.jpg"
)

print comrand

pi |l vi ew sanpl es/ sanpl e. j pg
| | @ve RuBoard
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6.7 The mimetypes Module

The mimetypes module contains support for determining the MIME type for agiven uniform resource locator. Thisis
based on a built-in table, plus Apache and Netscape configuration files, if they are found. Thismoduleis
demondtrated in Example 6-9.

Example 6-9. Using the mimetypes Module

File: nminetypes-exanple-1.py

i mport m metypes
i mport glob, urllib

for file in glob.glob("sanples/*"):
url = urllib. pathnane2url (file)
print file, mnetypes.guess_type(url)

sanpl es\ sanpl e. au (' audi o/ basic', None)
sanpl es\ sanpl e.ini (None, None)

sanpl es\sanple.jpg ('inmage/jpeg , None)

sanpl es\ sanpl e. nsg (None, None)

sanpl es\sanple.tar ('application/x-tar', None)
sanpl es\sanple.tgz ('application/x-tar', 'gzip')
sanpl es\sanple.txt ('text/plain', None)

sanpl es\ sanpl e. wav (' audi o/ x-wav', None)

sanpl es\sanple.zip ('application/zip', None
| | @ve RuBoard E
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6.8 The packmail Module

(Obsolete) The packmail module containstoolsto create Unix shell archives. If you havetheright toolsinstdled (if
you have aUnix box, they areinstaled), you can unpack such an archive smply by executing it. Example 6-10
shows how to pack asinglefile usng packmail, while Example 6-11 shows how the module can pack an entire
directory tree.

Example 6-10. Using the packmail M oduleto Pack a Single File
File: packnail -exanpl e- 1. py

i mport packnai l
i mport sys

packmai | . pack(sys. stdout, "sanples/sanple.txt", "sanple.txt")

echo sanple. txt

sed "s/"X//" >sample.txt <<"I"

XWe will perhaps eventually be witing only snall
Xnmodul es, which are identified by name as they are
Xused to build | arger ones, so that devices like
Xi ndentation, rather than delimters, mght becone
Xfeasi bl e for expressing local structure in the
Xsour ce | anguage.

X -- Donald E. Knuth, Decenber 1974

|

Example 6-11. Using the packmail Moduleto Pack an Entire Directory Tree
File: packnail -exanpl e-2. py

i mport packmai l
i mport sys

packmai | . packtree(sys. stdout, "samples")

Note that this module cannot handle binary files, such as sound snippets and images.

| | @ve RuBoard
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6.9 The mimify Module

The mimify module converts MIM E-encoded text messages from encoded formatsto plain text (typicaly 1SO Latin
1), and back. It can be used as a command-line tool and as a conversion filter for certain mail agents:

$ mmfy.py -e raw nessage m nme- nessage

$ mmfy.py -d mnme-nmessage raw nessage

It can aso be used as amodule, as shown in Example 6-12.

Example 6-12. Using the mimify M odule to Decode a M essage
File: mmfy-exanple-1.py

import mmfy
i mport sys

momfy.unm mify("sanpl es/ sanpl e. n8g”, sys.stdout, 1)

Here'sa MIME message containing two parts, one encoded as quoted-printable and the other as base64. The third
argument to unmimify controls whether base64-encoded parts should be decoded or not:

M ME- Version: 1.0
Content-Type: multipart/m xed; boundary='boundary

this is a nultipart sanple file. the two
parts both contain I1SO Latin 1 text, with
di fferent encodi ng techniques.

- -boundary

Content - Type: text/plain

Cont ent - Transf er - Encodi ng: quot ed-printabl e
sillm =F6l ke! blindstyre! nedisterkorv!

- -boundary

Content - Type: text/plain

Cont ent - Transf er - Encodi ng: base64

a29t | &bl ci Bi YXJhLCBvbSBkdSB09nJzl Q==

- - boundary- -

Her€'s the decoded result (much more readable, at least if you know the language):

M ME- Version: 1.0
Cont ent - Type: multipart/m xed; boundary= 'boundary

this is a multipart sanple file. the two
parts both contain I1SO Latin 1 text, with
di fferent encoding techniques.

- - boundary
Content - Type: text/plain

sillnjo6lke! blindstyre! nedisterkorv!

- - boundary
Content - Type: text/plain

kom ner bara, omdu tors!

Example 6-13 demongtrates that encoding messagesisjust as easy.
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6.10 The multifile M odule

The multifile module is a support module that alows you to treat each part of amultipart MIME message asan
individud file, asshown in Example 6-14.

Example 6-14. Using the multifile M odule
File: multifile-exanple-1.py

import multifile
i mport cgi, rfc822

infile = open("sanpl es/sanpl e. nsg")
nmessage = rfc822. Message(infile)

# print parsed header

for k, v in nessage.itens():

print k, "=", v

# use cgi support function to parse content-type header
type, params = cgi.parse_header(nmessage["content-type"])

if type[:10] == "multipart/":

# mul tipart nessage
boundary = parans["boundary"]

file =mltifile.MiltiFile(infile)
file.push(boundary)
while file.next():

subnmessage = rfc822. Message(file)

# print subnessage

print "-" * 68

for k, v in subnmessage.itens():
print k, "=", v

print

print file.read()
file.pop()
el se:
# pl ain nmessage

print infile.read()
| | @ve RuBoard
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Chapter 7. Network Protocols

"Increasingly, people seem to misinterpret complexity as sophistication, which is baffling—the
incomprehensible should cause suspicion rather than admiration. Possibly this trend results from a mistaken
belief that using a somewhat mysterious device confers an aura of power on the user."

—Niklaus Wirth

| | @ve RuBoard
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7.1 Overview

This chapter describes Python's socket protocol support and the networking modules built on top of the socket
module. Theseinclude client handlersfor most popular Internet protocols, aswell as severa frameworksthat can be
used to implement Internet servers.

For the low-level examplesin this chapter, I'll use two protocolsfor illustration: the Internet Time Protocol and the
Hypertext Transfer Protocol.

7.1.1 Internet Time Protocol

The Internet Time Protocol (RFC 868, Postel and Harrenstien, 1983) isa simple protocol that allows a network
client to get the current time from aserver.

Sincethis protocol isreatively lightweight, many (but far from al) Unix systems provide this service. It'saso about as

easy to implement as a network protocol can possibly be. The server smply waits for a connection request and
immediately returnsthe current time as a4-byte integer containing the number of seconds since January 1, 1900.

Infact, the protocol isso smplethat | can include the entire specification:

File: rfc868.txt

Net wor k Wor ki ng G- oup J. Postel - IS
Request for Comrents: 868 K. Harrenstien - SR
May 1983

Ti me Protocol

This RFC specifies a standard for the ARPA Internet comunity. Hosts on
the ARPA Internet that choose to inplenent a Tinme Protocol are expected
to adopt and inplenment this standard.

This protocol provides a site-independent, machi ne readabl e date and
time. The Time service sends back to the originating source the time in
seconds since mdnight on January first 1900.

One notivation arises fromthe fact that not all systems have a
date/tine clock, and all are subject to occasional human or machi ne
error. The use of time-servers nakes it possible to quickly confirmor
correct a systenis idea of the time, by naking a brief poll of severa

i ndependent sites on the network.

This protocol nmay be used either above the Transnission Control Protoco
(TCP) or above the User Datagram Protocol (UDP).

When used via TCP the tinme service works as fol |l ows:

Li sten on port 37 (45 octal).

Connect to port 37

Send the tine as a 32 bit binary nunber.
Recei ve the tine.

Cl ose the connection

Cl ose the connection

wCcCcwocow

The server listens for a connection on port 37. Wen the connection
is established, the server returns a 32-bit tinme value and closes the
connection. |f the server is unable to determine the tinme at its


http://www.w3.org/Protocols
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7.2 The socket M odule

The socket module implements an interface to the socket communication layer. Y ou can create both client and server
sockets using thismodule.

Let'sstart with aclient example. The client in Example 7-1 connects to atime protocol server, reads the 4-byte
response, and convertsit to atime vaue.

Example 7-1. Using the socket M oduleto Implement a Time Client

Fil e: socket-exanpl e-1. py

i mport socket
i mport struct, tine

# server
HOST = "www. pyt hon. or g"
PORT = 37

# reference tine (in seconds since 1900-01-01 00: 00: 00)
TI MEL1970 = 2208988800L # 1970-01-01 00: 00: 00

# connect to server
s = socket. socket (socket. AF_I NET, socket. SOCK_STREAM
s. connect ( ( HOST, PORT))

ead 4 bytes, and convert to time val ue
s.recv(4)

struct.unpack("!'l", t)[0]

int(t - TIMEL970)

— o~
[ 1 I | I

s.cl ose()

# print results

print "server tine is", time.ctinme(t)

print "local clock is", int(time.time()) - t, "seconds off"

server tine is Sat Cct 09 16:42:36 1999
|l ocal clock is 8 seconds off

The socket factory function creates anew socket of the given type (in this case, an Internet stream socket, also
known as a TCP socket). The connect method attempts to connect this socket to the given server. Once that has
succeeded, the recv method is used to read data.

Creating aserver socket isdonein asimilar fashion. But instead of connecting to aserver, you bind the socket to a
port on theloca machine, tell it to listen for incoming connection requests, and process each request asfast as

possible,
Example 7-2 creates atime server, bound to port 8037 on the local machine (port numbers up to 1024 are reserved
for system services, and you have to have root privileges to use them to implement services on aUnix system).

Example 7-2. Using the socket Moduleto Implement a Time Server

File: socket-exanpl e-2. py

i mport socket
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7.3 The select M odule

Thissdlect module, shown in Example 7-6, allows you to check for incoming data on one or more sockets, pipes, or
other compatible stream objects.

Y ou can pass one or more sockets to the select function to wait for them to become readable, writable, or signa an
error:

A socket becomes ready for reading when someone connects after acall to listen (which means that accept
won't block) when data arrives from the remote end, or when the socket is closed or reset (in this case, recv
will return an empty string).

A socket becomes ready for writing when the connection is established after anon-blocking cal to connect
or when data can be written to the socket.

A socket sgnals an error condition when the connection fails after anon-blocking call to connect.

Example 7-6. Using the select Module to Wait for Data Arriving Over Sockets

File: sel ect-exanple-1.py

i mport sel ect
i mport socket
i mport tine

PORT = 8037
TI ME1970 = 2208988800L

servi ce = socket.socket (socket. AF_| NET, socket.SOCK_STREAM
service.bind(("", PORT))
service.listen(1)

print "listening on port", PORT

while 1:
i s_readabl e [ service]
is_witable [1
is_error =[]
r, w, e = select.select(is_readable, is_witable, is_error, 1.0)
if or:
channel, info = service. accept()
print "connection fronm'', info
t = int(tine.time()) + TIMEL970
t = chr(t>>248255) + chr(t>>16&255) + chr(t>>8&255) + chr(t&255)
channel . send(t) # send tinestanp
channel . cl ose() # di sconnect
el se:
print "still waiting"

Iistening on port 8037

T L B | . T A
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7.4 The asyncore Module

The asyncore module provides a"reective" socket implementation. Instead of creating socket objects and caling
methods on them to do things, this module alows you to write code that is called when something can be done. To
implement an asynchronous socket handler, subclassthe dispatcher class, and override one or more of the following
methods:

handle_connect is called when a connection is successfully established.

handle_expt is called when aconnection falls.

handle_accept is called when a connection request is made to alistening socket. The callback should cal the
accept method to get the client socket.

handle read is called when there is data waiting to be read from the socket. The callback should call therecv
method to get the data.

handle_writeis called when data can be written to the socket. Use the send method to write data

handle closeis caled when the socket is closed or reset.

handle_error(type, vaue, traceback) is caled if aPython error occursin any of the other callbacks. The
default implementation prints an abbreviated traceback to sys.stdouit.

Example 7-7 shows atime client, smilar to the one for the socket module.
Example 7-7. Using the asyncore Module to Get the Timefrom a Time Server

Fil e: asyncore-exanpl e- 1. py

i mport asyncore
i mport socket, tine

# reference tine (in seconds since 1900-01-01 00: 00: 00)
TI MEL1970 = 2208988800L # 1970-01-01 00: 00: 00

cl ass Ti neRequest (asyncor e. di spat cher):
# time requestor (as defined in RFC 868)

def _ init_ (self, host, port=37):
asyncore. dispatcher. _ _init_ (self)
sel f.create_socket (socket. AF_| NET, socket.SOCK STREAM

el f ~ronpecrt A hAact nart \)\
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7.5 Theasynchat Module

The asynchat module is an extension to asyncore. It provides additiona support for line-oriented protocols. It aso
providesimproved buffering support, viathe push methods and the "producer” mechanism.

Example 7-12 implementsavery minimal HTTP responder. It Smply returnsan HTML document containing
information from an HT TP request (the output appears in the browser window).

Example 7-12. Using the asynchat Module to Implement aMinimal HTTP Server

Fil e: asynchat - exanpl e- 1. py

i mport asyncore, asynchat
i mport os, socket, string

PORT = 8000
cl ass HTTPChannel (asynchat. async_chat):

def _ _init_ (self, server, sock, addr):
asynchat.async_chat._ _init_ _(self, sock)
self.set_termnator("\r\n")
sel f.request = None
self.data = ""
sel f.shutdown = 0

def collect_incom ng_data(sel f, data):
self.data = self.data + data

def found_term nator(self):
if not self.request:
# got the request line
self.request = string.split(self.data, None, 2)
if len(self.request) I'= 3:
sel f.shutdown =1
el se:
sel f. push("HTTP/ 1.0 200 OK\r\n")
sel f. push("Content-type: text/htm\r\n")
sel f. push("\r\n")
self.data = self.data + "\r\n"
self.set_termnator("\r\n\r\n") # look for end of headers
el se:
# return payl oad.
sel f. push("<ht ml ><body><pre>\r\n")
sel f. push(sel f. data)
sel f. push("</ pre></body></htm >\r\n")
sel f.cl ose_when_done()

cl ass HTTPServer (asyncore. di spatcher):

def _ _init_ _(self, port):
sel f.create_socket (socket. AF_I NET, socket.SOCK STREAM
self.bind(("", port))
self.listen(5)

def handl e_accept (sel f):
conn, addr = self.accept()
HTTPChannel (sel f, conn, addr)

#
# try it out
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7.6 Theurllib Module

The urlib module provides aunified client interface for HTTP, FTP, and gopher. It automaticaly pickstheright
protocol handler based on the uniform resource locator (URL) passed to thelibrary.

Fetching datafrom a URL isextremely easy. Just call the urlopen method, and read from the returned stream object,
asshownin Example 7-14.

Example 7-14. Using the urllib M odule to Fetch a Remote Resour ce
File: urllib-exanple-1.py

import urllib

fp = urllib.urlopen("http://ww.python.org")

op = open("out.htm ™", "wbh")

n=2~0

while 1:
s = fp.read(8192)
if not s:

br eak
op.wite(s)
n=n+len(s)

fp.close()
op. cl ose()

for k, v in fp.headers.itens():
print k, "=", v

print "copied', n, "bytes front', fp.url

server = Apache/1.3.6 (Unix)

content-type = text/htn

accept-ranges = bytes

date = Mon, 11 Cct 1999 20: 11:40 GMI
connection = close

etag = "741e9-7870- 37f 356bf "

content-length = 30832

| ast-nmodified = Thu, 30 Sep 1999 12:25:35 GMI

copi ed 30832 bytes from http://ww. pyt hon. org

Note that stream object provides some non-standard attributes. headersis a Message object (as defined by the
mimetools module), and url containsthe actua URL. The latter isupdated if the server redirects the client to anew
URL.

The urlopen function is actudly ahd per function, which creates an instance of the FancyURLopener classand cdlls
its open method. To get specia behavior, you can subclass that class. For instance, the classin Example 7-15
automatically logsin to the server when necessary.

Example 7-15. Using the urllib Modulewith Automatic Authentication
File: urllib-exanple-3.py

import urllib
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7.7 Theurlparse Module

The urlparse module contains functions to process URLSs, and to convert between URL s and platform-specific
filenames. Example 7-16 demongtrates.

Example 7-16. Using the urlparse Module

File: url parse-exanpl e-1. py

i mport url parse

print url parse.urlparse("http://host/path; parans?quer y#fragnent")
("http', '"host', '/path', 'paranms', 'query', 'fragment')

A common useisto splitan HTTP URL into host and path components (an HT TP request involves asking the host
to return dataidentified by the path), as shown in Example 7-17.

Example 7-17. Using the urlparse Moduleto Parse HTTP L ocators

Fil e: url parse-exanpl e-2. py
i mport url parse

schene, host, path, paranms, query, fragment =\
url parse. url parse("http://host/ path; parans?quer y#f ragment ")

if scheme == "http":
print "host", "=>", host
i f parans:
path = path + ";" + parans
if query:
path = path + "?" + query
print "path", "=>", path

host => host
pat h => /pat h; parans?query

Alterndtively, Example 7-18 shows how you can use the urlunparse function to put the URL back together again.

Example 7-18. Using the urlparse Moduleto Parse HTTP L ocator s

File: url parse-exanpl e- 3. py
i mport url parse

schene, host, path, parans, query, fragnment =\
url parse. url parse("http://host/ path; parans?quer y#f ragnment ")

if scheme == "http":
print "host", "=>", host
print "path", "=>", url parse.urlunparse(

(None, None, path, parans, query, None)
)

host => host
path => /pat h; parans?query

Example 7-19 usesthe urljoin function to combine an absolute URL with asecond, possibly relative URL.
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7.8 The cookie M odule

(New in 2.0) This module provides basic cookie support for HTTP clients and servers. Example 7-20 showsits use.

Example 7-20. Using the cookie M odule
Fi |l e: cooki e-exanpl e- 1. py

i mport Cooki e
i mport os, tine

cooki e = Cooki e. Si npl eCooki e()
cookie["user"] ="Mm"
cookie["tinestanp"] = tine.tine()

print cookie

# sinmulate CA roundtrip
os. environ["HTTP_COXKI E'"] = str(cookie)

print

cooki e = Cooki e. Srrart Cooki e()
cooki e. | oad(os. environ["HTTP_COXKI E"] )

for key, itemin cookie.itenms():
# dictionary itenms are "Mrsel" instances
# use value attribute to get actual val ue
print key, repr(itemvalue)

Set - Cooki e: tinmestanp=736513200;
Set - Cooki e: user=M mi ;

user 'Mm'
timestanp ' 736513200

| | @ve RuBoard
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7.9 Therobotparser Module

(New in 2.0) The robotparser module reads robots.txt files, which are used to implement the Robot Exclusion
Protocol (http://info.webcrawler.com/mak/projectsrobots'robots.html).

If you'reimplementing an HT TP robot that will visit arbitrary sites on the Net (not just your own sites), it'sagood
ideato use this module to check that you really are welcome. Example 7-21 demonstrates the robotparser module.

Example 7-21. Using the robotpar ser Module

Fil e: robot parser-exanpl e- 1. py
i mport robot parser

r = robot parser. Robot Fi | eParser ()
r.set_url ("http://ww. python. org/robots.txt")
r.read()

if r.can_fetch("*", "/index.htm"):
print "may fetch the home page"

if r.can_fetch("*", "/timone/index. htm"):
print "may fetch the timpeters archive"

may fetch the hone page
| | @ve RuBoard
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7.10 Theftplib Module

The ftplib module contains aFile Transfer Protocol (FTP) client implementation.

Example 7-22 demondtrates how to log in and get adirectory listing of thelogin directory. Note that the format of the
directory listing is server dependent (it's usualy the same asthe format used by the directory listing utility on the
sarver host platform).

Example 7-22. Using the ftplib Moduleto Get a Directory Listing
File: ftplib-exanple-1.py
i mport ftplib

ftp = ftplib. FTP("ww. pyt hon. org")
ftp.logi n("anonynous", "ftplib-exanple-1")

print ftp.dir()

ftp.quit()

total 34

drwxrwxr-x 11 root 4127 512 Sep 14 14:18

drwxrwxr-x 11 root 4127 512 Sep 14 14:18 ..

dr wWxr wxr - x 2 root 4127 512 Sep 13 15:18 RCS

[ rwxr wxr wx 1 root bin 11 Jun 29 14: 34 README -> wel cone. nsg
dr wxr - Xr - x 3 root wheel 512 May 19 1998 bin

dr wxr - sr-Xx 3 root 1400 512 Jun 9 1997 dev

dr Wxr Wxr - - 2 root 4127 512 Feb 8 1998 dup

dr wxr - Xr - x 3 root wheel 512 May 19 1998 etc

Downloading filesis easy; just use the gppropriate retr function. Note that when you download atext file, you haveto
add line endings yoursdlf. Thefunction in Example 7-23 uses alambda expression to do that on the fly.

Example 7-23. Using the ftplib Moduleto Retrieve Files
File: ftplib-exanple-2.py

i mport ftplib
i mport sys

def gettext(ftp, filenane, outfile=None):
# fetch a text file
if outfile is None:
outfile = sys. stdout
# use a lanbda to add newines to the lines read fromthe server
ftp.retrlines("RETR " + filenane, |lanbda s, w=outfile.wite: ws+"\n"))

def getbinary(ftp, filenanme, outfile=None):
# fetch a binary file
if outfile is None:
outfile = sys. stdout
ftp.retrbinary("RETR " + filenane, outfile.wite)

ftp = ftplib. FTP("ww. pyt hon. org")
ftp.logi n("anonynous", "ftplib-exanple-2")

gettext(ftp, "README')
getbinary(ftp, "wel cone.nsg")
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7.11 The gopherlib Module

The gopherlib module contains agopher client implementation, shown in Example 7-25.

Example 7-25. Using the gopherlib Module
Fi | e: gopherli b-exanpl e-1. py

i mport gopherlib

host = "gopher. spam egg"

f = gopherlib.send selector("1/", host)

for itemin gopherlib.get_directory(f):
print item

['0", "About Spam Egg's CGopher Server", "0/ About's Spam Egg's

Copher Server", 'gopher.spamegg', '70', '+']

["1'", '"About Spam Egg', '1/Spam Egg', 'gopher.spamegg', '70', '+']

['1, "Msc', "1/Msc', 'gopher.spamegg', '70', '+']

| | @ve RuBoard
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7.12 The httplib M odule

Thehttplib module, shown in Example 7-26, providesan HTTP client interface.
Example 7-26. Using the httplib Module

File: httplib-exanple-1.py

import httplib

USER AGENT = "httplib-exanpl e-1. py"

class Error:
# indicates an HTTP error
def _ _init_ _(self, url, errcode, errmnmsg, headers):
self.url = url
sel f.errcode = errcode
self.errmsg = errnsg
sel f. headers = headers
def _ _repr_ _(self):
return (
"<Error for %: % %>" %
(self.url, self.errcode, self.errnsg)

)

cl ass Server:

def _ _init_ _(self, host):
sel f. host = host

def fetch(self, path):
http = httplib. HTTP(sel f. host)

# wite header

http. putrequest ("GET", path)

htt p. put header (" User - Agent", USER _AGENT)
http. put header ("Host", self. host)

htt p. put header (" Accept™, "*/*")

htt p. endheader s()

# get response
errcode, errnsg, headers = http.getreply()

if errcode != 200:
raise Error(errcode, errnsg, headers)

file = http.getfile()
return file.read()

if name =" mai n "

server = Server ("ww. pyt honware. cont')
print server.fetch("/index. htni)

Notethat the HTTP client provided httplib blocks while waiting for the server to respond. For an asynchronous

solution, which among other things alows you to issue multiple requestsin pardld, see the examplesfor the asyncore
module,

7.12.1 Posting Datatoan HTTP Server
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7.13 The poplib Module

The poplib module (shown in Example 7-28) provides a Post Office Protocol (POP3) client implementation. This
protocol isused to "pop" (copy) messages from acentral mail server to your local compuiter.

Example 7-28. Using the poplib M odule
File: poplib-exanple-1. py

i mport poplib
i mport string, random
inmport StringlQ rfc822

SERVER = "pop. spam egg"

USER = "nul der"
PASSWORD = "trustnol"

# connect to server
server = poplib. POP3( SERVER)

# login
server. user ( USER)
server. pass_( PASSWORD)

# list itens on server
resp, itenms, octets = server.list()

# downl oad a random nessage
id, size = string.split(random choice(itens))
resp, text, octets = server.retr(id)

t ext
file

string.join(text, "\n")
Stringl O Stringl Q'text)

nmessage = rfc822. Message(file)

for k, v in nessage.itens():

print k, "=", v
print message.fp.read()

subject = ANN. (the eff-bot guide to) The Standard Python Library
message-id = <199910120808. KAA09206@ pam egg>

received = (fromfredri k@pam egg)

by spamegg (8.8.7/8.8.5) id KAA09206

for mulder; Tue, 12 Oct 1999 10: 08: 47 +0200
from= Fredrik Lundh <fredri k@pam egg>
date = Tue, 12 Cct 1999 10: 08: 47 +0200
to = nul der @pam egg

| | @ve RuBoard
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7.14 Theimaplib Module

Theimaplib module, shown in Example 7-29, provides an Internet Message Access Protocol (IMAP) client
implementation. This protocol lets you access mail folders stored on acentral mail server asif they werelocd.

Example 7-29. Using theimaplib Module
File: imaplib-exanple-1.py

i mport imaplib
i mport string, random
inmport StringlQ rfc822

SERVER = "i map. spam egg"

USER = "nul der"
PASSWORD = "trustnol"

# connect to server
server = imaplib.| MAP4( SERVER)

# login
server. | ogi n(USER, PASSWORD)
server.sel ect ()

# list itens on server
resp, items = server.search(None, "ALL")
items = string.split(itens[0])

# fetch a randomitem

id = random choi ce(itens)

resp, data = server.fetch(id, "(RFC822)")
text = data[O0][1]

file = Stringl O Stringltext)
nmessage = rfc822. Message(file)

for k, v in nessage.itens():
print k, "=", v

print message.fp.read()
server. | ogout ()

subject = ANN. (the eff-bot guide to) The Standard Python Library
message-id = <199910120816. KAA12177@ ar ch. spam egg>

to = nul der @pam egg

date = Tue, 12 Cct 1999 10: 16:19 +0200 ( MET DST)

from = <effbot @pam egg>

recei ved = (effbot @pam egg) by imap. al gonet.se (8.8.8+Sun/8.6.12)
id KAA12177 for effbot @pam egg; Tue, 12 Cct 1999 10: 16:19 +0200
(MET DST)

body text for test 5
| | @ve RuBoard
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7.15 The smtplib Module

The smtplib module (shown in Example 7-30) provides aSimple Mail Transfer Protocol (SMTP) client
implementation. This protocol is used to send mail through Unix mail servers.

To read mail, use the poplib or imaplib modules.

Example 7-30. Using the smtplib Module
File: sntplib-exanple-1.py

i mport smplib
i mport string, sys

HOST = "l ocal host ™

FROM = "ef f bot @ pam egg"
TO = "fredri k@pam egg"

SUBJECT = "for your information!"
BODY = "next week: howto fling an otter"
body = string.join((
"From %" % FROM
"To: %" % TO
"Subj ect: %" % SUBJECT,
BODY), "\r\n")
print body
server = sntplib. SMIP( HOST)
server.sendmai |l (FROM [TQ, body)
server.quit()
From effbot @pam egg

To: fredri k@pam egg
Subj ect: for your information!

next week: howto fling an otter
| | @ve RuBoard
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Thetdnetlib module provides atelnet client implementation.

Example 7-31 connectsto a Unix compuiter, logsin, and then retrieves adirectory listing.

Example 7-31. Using the telnetlib Moduleto Log In to a Remote Server

File: telnetlib-exanple-1.py

i mport telnetlib
i mport sys

HOST "spam egg”
USER = "nul der"
PASSWORD = "trustnol”

telnet = telnetlib. Tel net ( HOST)

telnet.read until ("login: ")
telnet.wite(USER + "\ n")

telnet.read until ("Password: ")
tel net.wite( PASSWORD + "\ n")

telnet.wite("ls |ibrarybook\n")
telnet.wite("exit\n")

print telnet.read all ()

[spam egg mulder]$ Is
READVE

Si mpl eAsyncHTTP. py

ai f c- exanpl e- 1. py
anydbm exanpl e- 1. py
array- exanpl e-1. py

| | @ve RuBoard

0s- pat h-i sabs- exanpl e- 1. py
os- pat h-i sdi r- exanpl e- 1. py
os-path-isfil e-exanpl e-1. py
os- pat h-i sl i nk- exanpl e- 1. py
0s- pat h-i smount - exanpl e- 1. py
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7.17 The nntplib Module

The nntplib module provides a Network News Transfer Protocol (NNTP) client implementation.

7.17.1 Listing messages

Prior to reading messages from a news server, you have to connect to the server and then select a newsgroup. The
script in Example 7-32 also downloads acompletelist of all messages on the server and extracts some more or less
interesting Satisticsfrom thet lig.

Example 7-32. Using the nntplib Moduleto List M essages
File: nntplib-exanple-1.py

i mport nntplib
i mport string

SERVER = "news. spam egg"
GROUP = "conp. | ang. pyt hon"
AUTHOR = "fredri k@yt honware. cont # eff-bots human alias

# connect to server
server = nntplib. NNTP( SERVER)

# choose a newsgroup
resp, count, first, last, nanme = server. group( GROUP)

print "count", "=>", count
print "range", "=>", first, |ast
# list all items on the server

resp, itens = server.xover(first, |ast)

# extract some statistics
aut hors = {}
subj ects = {}

for id, subject, author, date, nmessage id, references, size, lines in itens:
aut hors[ aut hor] = None
if subject[:4] == "Re:

subj ect = subject[4:]

subj ect s[ subj ect] = None

if string.find(author, AUTHOR) >= O:
print id, subject

print "authors", "=>", len(authors)
print "subjects", "=>", |en(subjects)

count => 607
range => 57179 57971
57474 Three decades of Python

57477 More Pyt hon books comi ng..
aut hors => 257

subj ects => 200

7.17.2 Downloading M essages

Downloading amessageis easy. Just call the article method, as shown in Example 7-33.

Example 7-33. Using the nntplib Module to Download M essages
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7.18 The SocketServer M odule

The SocketServer module provides aframework for various kinds of socket-based servers. The module provides a
number of classesthat can be mixed and matched to create serversfor different purposes.

Example 7-35 implements an Internet Time Protocol server using thismodule. Use the timeclient script to try it out.

Example 7-35. Using the SocketServer Module

Fil e: socketserver-exanpl e-1. py

i mport Socket Server
i mport tine

# user-accessi bl e port
PORT = 8037

# reference tine
TI ME1970 = 2208988800L

cl ass Ti meRequest Handl er ( Socket Ser ver . StreanmRequest Handl er) :
def handl e(sel f):
print "connection fron', self.client_address
t = int(tine.time()) + TIMEL970
b = chr(t>>24&255) + chr(t>>16&255) + chr(t>>8&255) + chr(t&255)
self.wfile.wite(b)

server = Socket Server. TCPServer (("", PORT), Ti meRequestHandl er)
print "listening on port", PORT
server.serve_forever()

connection from ('127.0.0.1", 1488)
connection from ('127.0.0.1", 1489)

| | @ve RuBoard
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7.19 The BaseHTTPServer Module

Thisisabasic framework for HTTP servers, built on top of the SocketServer framework.

Example 7-36 generates arandom message each time you reload the page. The path variable contains the current
URL, which you can useto generate different contentsfor different URLs (asit stands, the script returns an error
page for anything but the root path).

Example 7-36. Using the BaseHTTPServer Module

Fil e: basehttpserver-exanmple-1.py

i mport BaseHTTPSer ver
i mport cgi, random sys

MESSACES = [
"That's as maybe, it's still a frog."
"Al batross! Al batross! Al batross!",
"I't's Wl fgang Amadeus Mozart.",
"A pink form from Reading.",
"Hell o people, and welcome to 'It's a Tree.'"
"I simply stare at the brick and it goes to sleep.”

]

cl ass Handl er (BaseHTTPSer ver . BaseHTTPRequest Handl er) :

def do_GET(self):

if self.path !="/"
sel f.send_error (404, "File not found")
return

sel f.send_r esponse(200)
sel f. send_header ("Content-type", "text/htm")
sel f. end_headers()
try:
# redirect stdout to client
stdout = sys. stdout
sys.stdout = self.wfile
sel f. makepage()
finally:
sys.stdout = stdout # restore

def makepage(sel f):
# generate a random nessage
tagline = random choi ce( MESSAGES)
print "<htm >"
print "<body>"
print "<p>Today's quote:
print "<i>%s</i>" %cgi.escape(tagline)
print "</body>"
print "</htm >"

PORT = 8000
httpd = BaseHTTPServer. HTTPServer (("", PORT), Handl er)

print "serving at port", PORT
htt pd. serve_forever()

Seethe SmpleHTTPServer and CGIHTTPServer modules for more extensive HT TP frameworks.
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7.20 The SimpleHTTPServer Module

The SmpleHTTPServer moduleisasmple HT TP server that provides standard GET and HEAD request handlers.
The pathname given by the client isinterpreted as arelative filename (relative to the current directory when the server
was started, that is). The module€'s use is demonstrated in Example 7-37.

Example 7-37. Using the SmpleH T TPServer Module

File: sinplehttpserver-exanple-1.py

i mport Si npl eHTTPSer ver
i mport Socket Server

# mniml web server. serves files relative to the
# current directory.

PORT = 8000
Handl er = Si nmpl eHTTPSer ver. Si npl eHTTPRequest Handl er
htt pd = Socket Server. TCPServer (("", PORT), Handler)

print "serving at port", PORT
htt pd. serve_forever()

serving at port 8000

| ocal host - - [11/Cct/1999 15:07:44] code 403, nessage Directory listing not sup
ported

| ocal host - - [11/Cct/1999 15:07:44] "GET / HITP/1.1" 403 -

| ocal host - - [11/Cct/1999 15:07:56] "CGET /sanpl es/sanple. htm HTTP/ 1. 1" 200 -

The server ignores drive letters and relative pathnames (such as ".."). However, it does not implement any other
access control mechanisms, so be careful.

Example 7-38 implements atruly minimal web proxy. When sent to a proxy, the HT TP requests should include the
full URI for the target server. This server uses urllib to fetch data from the target.

Example 7-38. Using the SimpleHTTPServer Module as a Proxy

File: sinplehttpserver-exanple-2. py
# a truly mnimal HITP proxy

i mport Socket Server
i mport Sinpl eHTTPSer ver
import urllib

PORT = 1234

cl ass Proxy(Si npl eHTTPSer ver . Si npl eHTTPRequest Handl er) :
def do_GET(self):
sel f.copyfile(urllib.urlopen(self.path), self.wfile)

httpd = Socket Server. For ki ngTCPServer (('', PORT), Proxy)
print "serving at port", PORT

htt pd. serve forever ()
| | @ve RuBoard
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7.21 The CGIHTTPServer Module

The CGIHTTPServer module shown in Example 7-39 isasmple HT TP server that can call externa scripts through
the common gateway interface (CGlI).

Example 7-39. Using the CGIHTTPServer Module
File: cgihttpserver-exanpl e-1. py

i nport CA HTTPSer ver
i nport BaseHTTPSer ver

cl ass Handl er (CGE HTTPSer ver . CA HTTPRequest Handl er ) :
cgi _directories = ["/cgi"]

PORT = 8000

htt pd = BaseHTTPServer. HTTPServer (("", PORT), Handler)
print "serving at port", PORT

htt pd. serve forever ()
| | @ve RuBoard




This document is created with the unregistered version of CHM2PDF Pilot

| @ve RuBoard [Crrevious]nexr o]



This document is created with the unregistered version of CHM2PDF Pilot

7.22 Thecgi Module

The cgi module provides anumber of support functions and classesfor CGI scripts. Among other things, it can parse
CGl form data.

Example 7-40 showsasmple CGI script that returnsalist of afilesin agiven directory (relative to the root directory
specified in the script).

Example 7-40. Using the cgi Module
File: cgi-exanple-1.py

i mport cgi
import os, urllib

ROOT = "sanpl es”

# header
print "text/htm"
print

query = 0s.environ. get ("QUERY_STRI NG')
i f not query:
query = "."

script = os.environ. get("SCRI PT_NAMVE"', "")
if not script:
script = "cgi-exanple-1.py"

print "<htm >"

print "<head>"

print "<title>file listing</title>"
print "</ head>"

print "</htm>"

print "<body>"

try:

files = os.listdir(os. path.joi n(ROOT, query))
except os.error:

files =]

for file in files:
link = cgi.escape(file)
if os.path.isdir(os.path.join(ROOT, query, file)):
href = script + "?" + os.path.join(query, file)
print "<p><a href="9%">%</a>" % (href, cgi.escape(link))
el se:
print "<p>%" %Iink

print "</body>"
print "</htm>"

text/ htni

<htnm >
<head>
<title>file listing</title>
</ head>
</htm >
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7.23 The webbrowser Module

(New in 2.0) The webbrowser module provides abasic interface to the system's standard web browser. It provides
an open function, which takes afilename or aURL, and displaysit in the browser. If you call open again, it attempts
to display the new page in the same browser window. Example 7-41 demonsirates the webbrowser module.

Example 7-41. Using the webbrowser Module

File: webbrowser-exanpl e-1. py

i mport webbr owser
i mport tine

webbr owser. open("http://ww. pyt honware. cont')

# wait a while, and then go to another page
time. sl eep(5)
webbr owser . open(
"http://ww. pyt honwar e. conl peopl e/ fredri k/1ibrarybook. ht nt

)

On Unix, this module supports lynx, Netscape, Mosaic, Konquerer, and Grail. On Windows and Macintosh, it uses
the standard browser (as defined in the registry or the Internet configuration pand).

| | @ve RuBoard
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Section 8.1. Thelocale Module

Section 8.2. The unicodedata Module

Section 8.3. The ucnhash Module
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8.1 Thelocale Module

Thelocademodule, asshown in Example 8-1, provides an interface to C's locdization functions. It aso provides
functionsto convert between numbers and strings based on the current locale. (Functionslikeint and float, aswell as
the numeric conversion functionsin string, are not affected by the current locae.)

Example 8-1. Using the locale M odule for Data Formatting

File: |ocal e-exanpl e-1. py

i mport | ocal e

print "locale", "=>", locale.setlocale(locale.LCALL, "")
# integer formatting

val ue = 4711

print |ocale.format("%", value, 1), "=="

print locale.atoi(locale.formt("%l", value, 1))
# floating point

value = 47.11

print locale. format("%", value, 1), "==",

print locale.atof(locale.format("%", value, 1))

info = | ocal e.local econv()
print info["int_curr_synbol"]

| ocal e => Swedi sh_Sweden. 1252
4,711 == 4711

47,110000 == 47.11

SEK

Example 8-2 shows how you can use the locale module to get the platform locale.

Example 8-2. Using thelocale M oduleto Get the Platform Locale

File: |ocal e-exanpl e-2. py
i mport | ocal e
| anguage, encodi ng = | ocal e. getdefaul tlocal e()

print "language", |anguage
print "encodi ng", encoding

| anguage sv_SE

encodi ng cpl252
| | @ve RuBoard
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8.2 The unicodedata M odule

(New in 2.0) The unicodedata module contains Unicode character properties, such as character categories,
decomposdition data, and numerical values. Itsuseis shown in Example 8-3.

Example 8-3. Using the unicodedata M odule

Fi | e: uni codedat a- exanpl e- 1. py
i mport uni codedat a

for char in [u"A", u"-", u"1l", u"\N{LATIN CAPI TAL LETTER O W TH DI AERESI S} "] :
print repr(char),
print uni codedat a. cat egory(char),
print repr(uni codedata. deconposition(char)),

print uni codedat a. deci mal (char, None),
print unicodedata. numeric(char, None)

u' A Lu'' None None

u-' Pd'' None None

ul Nd'" 11.0

u'\303\226" Lu '004F 0308' None None

Note that in Python 2.0, properties for CXK ideographs and Hangul syllables are missing. This affects charactersin
the range 0x3400-0x4DB5, 0x4E00-0x9FAS5, and OXACO0-D7A3. The first character in each range has correct
properties, so you can work around this problem by smply mapping each character to the beginning:
def remap(char):
# fix for broken unicode property database in Python 2.0
c = ord(char)
if 0x3400 <= ¢ <= 0x4DBS5:
return uni chr (0x3400)
if Ox4E00 <= ¢ <= O0x9FA5:
return uni chr (0x4EQ0)
if OXACO0 <= ¢ <= 0xD7A3:
return uni chr (0xAC00)
return char

Thisbug has been fixed in Python 2.1.

| | @ve RuBoard
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8.3 Theucnhash Module

(Implementation, 2.0 only) The ucnhash module is an implementation module, which provides anameto character
code mapping for Unicode string literals. If thismoduleis present, you can use \N{} escapesto map Unicode
character names to codes, as shown in Example 8-4.

Example 8-4. Using the ucnhash Module

Fi | e: ucnhash- exanpl e- 1. py

# Python imports this nodule automatically, when it sees
# the first \N{} escape
# inport ucnhash

print repr(u"\N{ FROM}")
print repr(u"\N{SM LE}")
print repr(u"\ N SKULL AND CROSSBONES} ")

u'\u2322'
u'\u2323'

u'\u2620'
| | @ve RuBoard




This document is created with the unregistered version of CHM2PDF Pilot

| | @ve RuBoard

Chapter 9. Multimedia M odules

"Wot? No quote?"”

—Guido van Rossum
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9.1 Overview

Python comeswith asmall set of modulesfor deding with imagefilesand audiofiles.

See the Pythonware Image Library (PIL, http://Aww.pythonware.com/products/pil/;) and PythonWare Sound
Toolkit (PST, http://mwww.pythonware.com/products/pst/;) for more dternatives.

| | @ve RuBoard
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9.2 Theimghdr Module

Theimghdr module identifies different image file formats. The current verson identifiesbmp, gif, jpeg, pbm, pgm,
png, ppm, rast (Sun raster), rgb (SGI), tiff, and xbm images. Example 9-1 demongtrates.

Example 9-1. Using theimghdr Module
Fil e: inmghdr-exanpl e-1. py
i mport i nghdr
result = inghdr.what ("sanpl es/ sanpl e.jpg")
if result:
print "file format:", result

el se:
print "cannot identify file"

file format: jpeginport |nage
i m= 1mage. open("sanpl es/ sanpl e.j pg")

print imformat, i mnode, imsize
| | @ve RuBoard
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9.3 The sndhdr module

Thissndhdr module, shown in Example 9-2, can be used to identify different audio file formats and extract basic
information about afile's contents.

If successful, the what function returns a5-tuple, containing the filetype, the sampling rate, the number of channels,
the number of framesin the file (—1 means unknown), and the number of bits per ssmple.

Example 9-2. Using the sndhdr Module

Fi | e: sndhdr-exanpl e- 1. py
i mport sndhdr
result = sndhdr.what ("sanpl es/ sanpl e. wav")
if result:
print "file format:", result

el se:
print "cannot identify file"

file format: ('wav', 44100, 1, -1, 16)
| | @ve RuBoard
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9.4 Thewhatsound M odule

(Obsolete) The whatsound moduleisan diasfor sndhdr. Itisused in Example 9-3.

Example 9-3. Using the whatsound M odule

Fi | e: what sound- exanpl e- 1. py
i mport what sound # sane as sndhdr
result = what sound. what (" sanpl es/ sanpl e. wav")
if result:
print "file format:", result

el se:
print "cannot identify file"

file format: ('wav', 44100, 1, -1, 16)
| | @ve RuBoard
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9.5 Theaifc Module

The aifc module reads and writes AIFF and AIFC audio files (as used on SGI and Macintosh computers). Example
9-4 shows how it's used.

Example 9-4. Using the aifc Module

File: SinpleAsyncHTTP. py

i mport asyncore

i mport string, socket

i mport StringlO

i mport mnetools, urlparse

cl ass AsyncHTTP(asyncore. di spatcher_with_send):
# HTTP requestor

def _ init_ (self, uri, consuner):
asyncore. di spatcher with send. _init_ (self)
sel f.uri = uri

sel f. consuner = consuner

# turn the uri into a valid request
schene, host, path, paranms, query, fragnment = url parse.urlparse(uri)

assert schene == " http", "0n|y supports HTTP request s"
try:

host, port = string.split(host, ":", 1)

port = int(port)

except (TypeError, Val ueError):
port = 80 # default port

if not path:

path = "/"
i f parans:

path = path + ";" + parans
i f query:

path = path + "?" + query
self.request = "CGET % HITP/ 1. 0\r\nHost: %\r\n\r\n" % (path, host)

sel f. host
sel f. port

sel f.status
sel f. header

self.data = ""

# get things going!
sel f.create_socket (socket. AF_| NET, socket. SOCK STREAM
sel f.connect ((host, port))

def handl e_connect (sel f):
# connection succeeded
sel f.send(sel f.request)

def handl e_expt(sel f):
# connection failed; notify consuner (status is None)
sel f.cl ose()
try:
htt p_header = self.consuner. http_header
except AttributeError
pass
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9.6 The sunau Module

The sunau modulein Example 9-5 reads and writes Sun AU audio files.

Example 9-5. Using the sunau Module

Fi |l e: sunau-exanpl e- 1. py
i mport sunau
w = sunau. open("sanpl es/ sanpl e. au", "r")
i f w. getnchannel s() ==
print "rnono, ",
el se:

print "stereo,",

print w. getsanpwidth()*8, "bits,",
print w.getframerate(), "Hz sanpling rate"

nmono, 16 bits, 8012 Hz sanpling rate
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9.7 The sunaudio Module

The sunaudio module, shown in Example 9-6, identifies Sun AU audio files and extracts basic information about the
file contents. The sunau module provides more complete support for Sun AU files.

Example 9-6. Using the sunaudio Module

Fi | e: sunaudi o- exanpl e- 1. py
i mport sunaudi o
file = "sanpl es/ sanpl e. au”

print sunaudi o. gethdr(open(file, "rb"))

(6761, 1, 8012, 1, 'sanple.au')
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9.8 Thewave M odule

The wave module reads and writes Microsoft WAV audio files, as Example 9-7 shows.

Example 9-7. Using the wave M odule
Fil e: wave-exanpl e-1. py
i mport wave
w = wave. open("sanpl es/ sanpl e. wav", "r")
i f w. getnchannel s() ==
print "rnono, ",
el se:

print "stereo,",

print w. getsanpwidth()*8, "bits,",
print w.getframerate(), "Hz sanpling rate"

mono, 16 bits, 44100 Hz sanpling rate
| | @ve RuBoard
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9.9 The audiodev M odule

(Unix only) The audiodev module provides sound playing support for Sun and SGI computers. Example 9-8
demongtrates thismodule.

Example 9-8. Using the audiodev M odule

Fi | e: audi odev-exanpl e- 1. py

i mport audi odev
i mport aifc

sound = aifc.open("sanples/sanple.aiff", "r")
pl ayer = audi odev. Audi oDev()

pl ayer. setoutrate(sound. getfranerate())
pl ayer. set sanpw dt h( sound. get sanpwi dt h())

pl ayer. set nchannel s(sound. get nchannel s())

bytes_per_franme = sound. getsanpwi dth() * sound. get nchannel s()
byt es_per_second = sound.getfranerate() * bytes_per_frane

while 1:
data = sound. readfranes(bytes_per_second)
if not data:
br eak
pl ayer.witefranmes(data)

pl ayer.wait ()
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9.10 The winsound Module

(Windows only) The winsound module alows you to play Wave sound files on aWindows machine. Example 9-9
shows how winsound is used.

Example 9-9. Using the winsound Module

Fil e: w nsound-exanpl e- 1. py
i mport w nsound
file = "sanpl es/ sanpl e. wav"

w nsound. Pl aySound(
file,
wi nsound. SND_FI LENAME| wi nsound. SND_NOWMAI T,
)
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9.11 The colorsys Module

The colorsys module (shown in Example 9-10) contains functions to convert between RGB, YIQ (video), HLS, and
HSV color vaues.

Example 9-10. Using the color sys Module
File: col orsys-exanpl e-1. py
i mport col orsys

# gold
r, go b =100, 0.84, 0.00

print "R&", (r, g, b)

y, i, q = colorsys.rgb_to_yiq(r, g, b)
print "YIQ, (y, i, q), "=>", colorsys.yig_to_rgb(y, i, Q)
h, I, s = colorsys.rgb_to_hls(r, g, b)
print "HLS', (h, I, s), "=>", colorsys.hls_to_rgb(h, |, s)

h, s, v = colorsys.rgb_to_hsv(r, g, b)
print "HSV', (h, s, v), "=>", colorsys.hsv_to_rgb(h, s, v)

RGB (1.0, 0.84, 0.0)
YI Q (0.7956, 0.3648, -0.2268) => (0.9999998292, 0.8400000312, 0.0)
HLS (0.14, 0.5, 1.0) => (1.0, 0.84, 0.0)

HSV (0.14, 1.0, 1.0) => (1.0, 0.84, 0.0)
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Chapter 10. Data Storage

"Unlike mainstream component programming, scripts usually do not introduce new components but simply
'wire' existing ones. Scripts can be seen as introducing behavior but no new state ... Of course, thereis
nothing to stop a 'scripting' language from introducing persistent state —it then simply turns into a normal
programming language.”

—Clemens Szyperski, in Component Software
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10.1 Overview

Python comes with driversfor anumber of very smilar database managers, dl modeed after Unix'sdom library.
These databases behave like ordinary dictionaries, except that you can only use strings for keys and values (the
shelve module can handle any kind of vaue).
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10.2 The anydbm Module

The anydbm module provides aunified interface to the S mple database drivers supported by Python.

Thefirst timeit isimported, the anydbm module looks for asuitable database driver, testing for dbhash, gdbm, dbm,
or dumbdbm, in that order. If no such moduleisfound, it raises an ImportError exception.

In Example 10-1, the open function is used to open or create a database, using the chosen database handler.

Example 10-1. Using the anydbm Module
File: anydbm exanpl e- 1. py
i mport anydbm

db = anydbm open("dat abase", "c")

db["1"] = "one"
db["2"] = "two"
db["3"] = "three"
db. cl ose()

db = anydbm open("dat abase", "r")
for key in db.keys():
print repr(key), repr(db[key])

"o o'
'3" '"three'
"1' ' one'

| | @ve RuBoard




This document is created with the unregistered version of CHM2PDF Pilot

| | @ve RuBoard

10.3 Thewhichdb Module

The whichdb module can be used to figure out which database handler was used for a given database file, as shown
in Example 10-2.

Example 10-2. Using the whichdb M odule
Fi | e: whi chdb- exanpl e- 1. py
i mport whi chdb

filename = "dat abase"

result = whi chdb. whi chdb(fil enane)

if result:
print "file created by", result
handler = _ _inport_ _(result)

db = handl er. open(fil enane, "r")
print db. keys()
el se:
# cannot identify data base
if result is None:
print "cannot read database file", filename
el se:
print "cannot identify database file", filenane

db = None

Example 10-2 usesthe__import_ _ function to import amodule with the given name.
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10.4 The shelve M odule

The shelve module, shown in Example 10-3, uses the database handlers to implement persistent dictionaries. A
shelve object uses string keys, but the value can be of any datatype, aslong asit can be handled by the pickle
module,

Example 10-3. Using the shelve M odule

Fil e: shel ve-exanpl e- 1. py
i mport shel ve

db = shel ve. open("dat abase", "c")
db[ " one"] 1

db["two"]
db[ "t hree"]
db. cl ose()

N

db = shel ve. open("dat abase", "r")
for key in db.keys():
print repr(key), repr(db[key])
‘one' 1
"three' 3
"two' 2
Example 10-4 shows how to use the shelve module with agiven database driver.

Example 10-4. Using the shelve M odule with a Given Database

Fil e: shel ve-exanpl e- 3. py

i mport shel ve
i mport gdbm

def gdbm shel ve(fil enane, flag="c"):
return shel ve. Shel f (gdbm open(fil enanme, flag))

db = gdbm shel ve("dbfile")
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10.5 The dbhash M odule

(Optional) The dbhash module provides a dbm-competible interface to the bsddb database handler. Example 10-5
usesthismodule.

Example 10-5. Using the dbhash Module
Fi | e: dbhash-exanpl e- 1. py
i nport dbhash

db = dbhash. open("dbhash", "c")

db["one"] = "the foot"

db["two"] = "the shoul der"

db["three"] = "the other foot"

db["four”] = "the bridge of the nose"

db["five"] = "the naughty bits"

db["six"] = "just above the el bow

db[ "seven"] = "two inches to the right of a very naughty bit indeed"
db["eight"] = "the kneecap”

db. cl ose()

db = dbhash. open("dbhash", "r")
for key in db. keys():

print repr(key), repr(db[key])
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10.6 Thedbm Module

(Optiona) The dom module provides an interface to the dbm database handler (available on many Unix platforms).
Thisisshown in Example 10-6.

Example 10-6. Using thedbm Module

File: dbm exanpl e-1. py
i mport dbm

db = dbm open("dbnt, "c")
db["first"] = "bruce"
db[ "second"] = "bruce"
db["third"] = "bruce"

db["fourth"] = "bruce"

db["fifth"] = "m chael"
db["fifth"] = "bruce" # overwite
db. cl ose()

db = dbm open("dbnt, "r")
for key in db. keys():
print repr(key), repr(db[key])

"first' 'bruce'
'second' ' bruce'
"fourth' 'bruce'
"third" 'bruce'

"fifth' 'bruce'
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10.7 The dumbdbm M odule

The dumbdbm module, shown in Example 10-7, isavery smple database implementation, Smilar to dom and
friends, but written in pure Python. It usestwo files: abinary file (.dat), which contain the data, and atext file (.dir),
which contains data descriptors.

Example 10-7. Using the dumbdbm Module

File: dunbdbm exanpl e-1. py
i mport dunbdbm

db = dunbdbm open("dunbdbnt, "c")
db["first"] = "fear"

db[ "second"] = "surprise"

db["third"] = "ruthless efficiency"

db["fourth"] = "an al nost fanatical devotion to the Pope"
db["fifth"] = "nice red uniforns"

db. cl ose()

db = dunbdbm open("dunbdbnt, "r")
for key in db.keys():
print repr(key), repr(db[key])

"first' 'fear'

"third 'ruthless efficiency
"fifth' '"nice red uniforns'
'second' 'surprise

"fourth' 'an al nost fanatical devotion to the Pope
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10.8 Thegdbm Module

(Optiond) The gdbm module provides an interface to the GNU dbm database handler, as Example 10-8 shows.

Example 10-8. Using thegdbm Module

Fil e: gdbm exanpl e- 1. py

i mport gdbm

db = gdbm open("gdbni, "c")
db["1"] = "call"

db["2"] = "the"

db["3"] = "next"

db["4"] = "defendant"

db. cl ose()

db = gdbm open("gdbni, "r")

keys = db. keys()

keys. sort ()

for key in keys:
print db[key],

call the next defendant
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Chapter 11. Toolsand Utilities

The standard library comes with a number of modulesthat can be used both as modules and as command-line utilities.
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11.1 ThedisModule

The dismodule isthe Python disassembler. It converts byte codesto aformat that is dightly more appropriate for
human consumption.

Y ou can run the disassembler from the command line. It compiles the given script and prints the disassembled byte
codesto the termindl:

$ dis.py hello.py

0 SET_LI NENO 0
3 SET_LI NENO 1
6 LOAD CONST 0 ('hello again, and wel cone to the show )

9 PRINT_| TEM
10 PRI NT_NEWLI NE
11 LOAD CONST

14 RETURN_VALUE

1 (None)

Y ou can dso use disasamodule. The dis function takes a class, method, function, or code object asitssingle
argument. Example 11-1 usesthe module.

Example 11-1. Using thedis M odule
File: dis-exanple-1.py
i mport dis

def procedure():
print 'hello

di s. di s(procedure)

0 SET_LI NENO 3

3 SET_LI NENO 4

6 LOAD CONST 1 ('hello")
9 PRI NT_| TEM

10 PRI NT_NEWLI NE

11 LOAD_CONST 0 (None)
14 RETURN VALUE
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11.2 The pdb Module

The pdb module is the standard Python debugger. It is based on the bdb debugger framework.

Y ou can run the debugger from the command line (type n [or next] to go to the next line and help to get alist of
available commands):

$ pdb. py hello. py

> hel l 0. py(0)?()

(Pdb) n

> hel | 0. py()

(Pdb) n

hell o agai n, and wel cone to the show
--Return--

> hel |l 0. py(1)?()->None

( Pdb)
Example 11-2 shows how to start the debugger from inside a program.

Example 11-2. Using the pdb Module
Fi |l e: pdb-exanpl e- 1. py
i mport pdb

def test(n):
j =0
for i in range(n):
i =j +i
return n

db = pdb. Pdb()
db.runcal | (test, 1)

> pdb- exanpl e-1. py(3)test()
-> def test(n):

(Pdb) s

> pdb- exanpl e-1. py(4)test()
_>j =0

(Pdb) s

> pdb- exanpl e- 1. py(5)test()
-> for i in range(n):
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11.3 The bdb Module

The bdb module provides aframework for debuggers. Y ou can use thisto create your own custom debuggers, as
Example 11-3 shows.

To implement custom behavior, subclassthe Bdb class, and override the user methods (which are called whenever
the debugger stops). To control the debugger, use the various set methods.

Example 11-3. Using thebdb Mdule
File: bdb-exanpl e-1. py

i mport bdb
i mport tine

def spam(n):
j =0
for i in range(n):
j:j+i
return n

def egg(n):
spam(n)
spam(n)
spam(n)
span(n)

def test(n):
egg(n)

cl ass nmyDebugger ( bdb. Bdb):
run =0

def user_call (self, frame, args):
nane = frame.f _code.co_nane or "<unknown>"
print "call", nane, args
sel f.set_continue() # continue

def user_line(self, frame):

if self.run:
self.run =0
self.set _trace() # start tracing

el se:
# arrived at breakpoint
name = frame.f _code.co_nane or "<unknown>"
filenane = self.canonic(frane.f_code.co_fil enane)
print "break at", filename, frane.f_lineno, "in", nane

print "continue..."

sel f.set_continue() # continue to next breakpoint

def user_return(self, frame, value):
nane = frame.f _code.co_nane or "<unknown>"
print "return fronm', nane, value
print "continue..."
sel f.set_continue() # continue

def user_exception(self, frame, exception):
nane = frame.f _code.co_nane or "<unknown>"
print "exception in", nane, exception
print "continue..."
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11.4 The profile Module

The profile module is the standard Python profiler.

Like the disassembler and the debugger, you can run the profiler from the command line:
$ profile.py hello.py

hell o again, and wel cone to the show
3 function calls in 0.785 CPU seconds
Ordered by: standard nane
ncalls tottine percall cumine percall filenane:lineno(function)
1 0.001 0. 001 0. 002 0.002 <string>: 1(?)

1 0.001 0. 001 0. 001 0. 001 hell 0. py: 1(?)
1 0.783 0.783 0. 785 0.785 profile:0(execfile('hello.py'))
0

0. 000 0. 000 profile:O(profiler)
It can aso be used to profile part of aprogram, as Example 11-4 shows.

Example 11-4. Using the profile Module
File: profil e-exanple-1.py

i mport profile

def funcl():

for i in range(1000):
pass

def func2():
for i in range(1000):
funcl()

profile.run("func2()")
1003 function calls in 2.380 CPU seconds
Ordered by: standard name
ncalls tottime percall cuntinme percall filenane:lineno(function)
1 0.000 0. 000 2. 040 2.040 <string>:1(?)
1000 1.950 0. 002 1. 950 0.002 profile-exanple-1.py: 3(funcl)

1 0.090 0. 090 2.040 2.040 profile-exanple-1.py: 7(func2)
1 0.340 0. 340 2.380 2.380 profile:0(func2())

0 0.000 0. 000 profile:0(profiler)

Y ou can modify the report to suit your needs, viathe pstats module.
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11.5 The pstats Module

The pstats module isatool that anayzes data collected by the Python profiler, as Example 11-5 shows.

Example 11-5. Using the pstats M odule

File: pstats-exanple-1.py

i mport pstats
i mport profile

def funcl():
for i in range(1000):
pass

def func2():
for i in range(1000):
funci()

p = profile.Profile()
p.run("func2()")

s = pstats. Stats(p)
s.sort_stats("tinme", "name").print_stats()

1003 function calls in 1.574 CPU seconds
Ordered by: internal tine, function name

ncalls tottime percall cuntime percall filenane:lineno(function)
1000 1.522 0. 002 1.522 0. 002 pst at s-exanpl e-1. py: 4(funcl)
1 0.051 0.051 1.573 1.573 pstats-exanpl e-1. py: 8(func?2)
1 0. 001 0. 001 1.574 1.574 profile:0(func2())
1 0. 000 0. 000 1.573 1.573 <string>:1(?)
0

0 0. 000 . 000 profile:O0(profiler)
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11.6 Thetabnanny Module

(New in 2.0) The tabnanny module checks Python source files for ambigousindentation. If afile mixestabsand
pacesin away that throws off indentation, no matter what tab sze you're using, the nanny complains.

In the badtabs.py file used in the following examples, the first line after the if statement uses four spaces followed by a
tab. The second uses spaces only.

$ tabnanny. py -v sanpl es/ badt abs. py
';sanpl es/ badtabs. py': *** Line 3: trouble in tab city! ***
of fending |ine: print "world"

i ndent not equal e.g. at tab sizes 1, 2, 3, 5, 6, 7, 9

Since the Python interpreter reads atab as elght spaces, the script will run correctly. It will also display correctly in
any editor that assumesthat atab is either eight or four spaces. That's not enough to fool the tab nanny, of course.

Example 11-6 shows how you can aso use tabnanny from your own programs.

Example 11-6. Using the tabnanny M odule

Fi | e: tabnanny-exanpl e- 1. py
i mport tabnanny

FI LE

"sanpl es/ badt abs. py"

file open( Fl LE)
for line in file.readlines():
print repr(line)

# let tabnanny look at it
t abnanny. check( Fl LE)

"if 1:1012

\01lprint "hello"\012'
print "world"\012'

sanpl es/ badt abs. py 3 ' print "world"'\012'

To capture the output, you can redirect sys.stdout to a Stringl O object.
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Chapter 12. Platform-Specific M odules
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12.1 Overview

This chapter describes some platform-specific modules. I've emphasized modules that are available on entire families
of platforms (such as Unix or the Windows family).
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12.2 Thefcentl Module

(Unix only) The fentl module provides an interface to theioctl and fentl functions on Unix. They are used for "out of
band" operations on file handles and I/O device handles. Thisincludes things like reading extended attributes,
controlling blocking, modifying termind behavior, and so on.

Exactly how to use these functionsis highly platform dependent. For more information on what you can do on your
platform, check the corresponding Unix manpages.

Thismodule aso provides an interface to Unix'sfilelocking mechanisms. Example 12-1 usestheflock function to
place an advisory lock on thefile, whileit isbeing updated.

The output shown later was obtained by running three instances of the program in paralld, likethis (dl on one
commandline): pyt hon fcntl - exanpl e- 1. py& pyt hon fcntl - exanpl e- 1. py&
pyt hon fcntl - exanpl e- 1. py& If you comment out the call to flock, the counter will not be updated properly.

Example 12-1. Using thefentl Module

File: fcntl-exanple-1.py

i mport fcntl, FCNTL
i mport os, time

FILE = "counter.txt"

i f not os.path.exists(FlLE)
# create the counter file if it doesn't exist
file = open(FILE, "w')
file.wite("0")
file.close()

for i in range(20):
# increment the counter
file = open(FILE, "r+")
fentl.flock(file.fileno(), FCNTL.LOCK EX)
counter = int(file.readline()) + 1
file.seek(0)
file.wite(str(counter))
file.close() # unlocks the file
print os.getpid(), "=>", counter
time.sleep(0.1)

30940 =>
30942 =>
30941 =>
30940 =>
30941 =>
30942 =>
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12.3 The pwd Module

(Unix only) The pwd module provides an interface to the Unix password "database” (/etc/passwd and friends). This
database (usualy aplain-text file) containsinformeation about the user accounts on the local machine. Example 12-2
demonstrates pwd.

Example 12-2. Using the pwd Module
File: pwd-exanple-1.py

i mport pwd
i mport os

print pwd. get pwui d(os. getgid())
print pwd. get pwnan("root")

("effbot', 'dsWk8', 4711, 4711, 'eff-bot', '/home/effbot', '/bin/bosh")
('root', '"hs2giiw, 0, O, 'root', '"/root', '/bin/bash")

The getpwall function returnsalist of database entriesfor all available users. This can be useful if you want to search
for auser.

If you have to look up many names, you can use getpwall to preload adictionary, as shown in Example 12-3.

Example 12-3. Using the pwd Module
File: pwd-exanple-2. py

i mport pwd
i mport os

# prel oad password dictionary
_pwd = {}
for info in pwd.getpwall():
_pwd[info[0]] = _pwd[info[2]] = info

def userinfo(uid):
# name or uid integer
return _pwd[ uid]

print userinfo(os.getuid())
print userinfo("root")

("effbot', 'dsWk8', 4711, 4711, 'eff-bot', '/hone/effbot’', '/bin/bosh")

(‘root', '"hs2giiw, 0, 0, 'root', '/root', '/bin/bash')
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12.4 Thegrp Module

(Unix only) The grp module provides an interface to the Unix group database (/etc/group). The getgrgid function
returns data for a given group identity (see Example 12-4), and getgrnam returns data for a group name.

Example 12-4. Using the grp Module
File: grp-exanple-1.py

i mport grp
i mport os

print grp.getgrgid(os.getgid())
print grp.getgrnam "wheel")

("effbot', "', 4711, ['effbot'])
('wheel', "', 10, ['root', "effbot', 'gorbot', '"timbot'])

The getgral function returnsalist of database entriesfor dl available groups.

If you're going to do alot of group queries, you can save sometime by using getgral to copy al the (current) groups
into adictionary. The groupinfo function in Example 12-5 returns the information for ether agroup identifier (an
integer) or agroup name (astring).

Example 12-5. Using the grp M oduleto Cache Group Information
File: grp-exanple-2. py

i mport grp
i mport os

# prel oad password dictionary
_grp = {}
for info in grp.getgrall():
_grp[info[0]] = _grp[info[2]] = info

def groupinfo(gid):
# name or gid integer
return _grp[gid]

print groupinfo(os.getgid())
print groupinfo("wheel")

("effbot', "', 4711, ['effbot'])

('"wheel', "', 10, ['root', 'effbot', 'gorbot', '"tinbot'])
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12.5 ThenisModule

(Unix only, Optional) The nis module provides an interface to the NIS (yellow pages) services, as Example 12-6
shows. It can be used to fetch valuesfrom aNIS database, if available.

Example 12-6. Using the nisModule
File: nis-exanple-1.py

i mport nis
i mport string

print nis.cat("ypservers")
print string.split(nis.mtch("bacon", "hosts.byname"))

{' bacon. spam egg’' : ' bacon.spam egqg'}

['194.18. 155. 250", 'bacon.spamegg', 'bacon', 'spam 010']
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12.6 The curses Module

(Unix only, Optiond) The curses module gives you better control of the text terminal window, ina
termina-independent way. Example 12-7 showsits use.

Example 12-7. Using the curses Module

File: curses-exanple-1. py
i mport curses

text = [
"a very sinple curses deno”

"(press any key to exit)"

]

# connect to the screen
screen = curses.initscr()

# setup keyboard
curses. noecho() # no keyboard echo
curses.chreak() # don't wait for newine

# screen size
rows, colums = screen. get maxyx()

# draw a border around the screen
screen. border ()

# display centered text
y = (rows - len(text)) / 2

for line in text:
screen. addstr(y, (colums-len(line))/2, line)

y=y+1
screen. getch()

curses. endwi n()
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12.7 Thetermios M odule

(Unix only, Optiond) The termios module provides an interface to the Unix terminal control facilities. It can be used
to control most aspects of the terminal communication ports.

In Example 12-8, thismoduleis used to temporarily disable keyboard echo (which is controlled by the ECHO flag in
the third flag fidd).

Example 12-8. Using thetermios M odule

File: term os-exanple-1.py

i mport term os, TERM OS
i mport sys

fileno = sys.stdin.fileno()

attr = termos.tcgetattr(fileno)
orig = attr[:]

print "attr =>", attr[:4] # flags

# di sabl e echo flag
attr[3] = attr[3] & ~TERM OS. ECHO

try:
termos.tcsetattr(fileno, TERM OS. TCSADRAI N, attr)
nmessage = raw_i nput("enter secret nessage: ")
print

finally:

# restore termnal settings
termos.tcsetattr(fil eno, TERM OS. TCSADRAI N, ori g)

print "secret =>", repr(nessage)

attr => [1280, 5, 189, 35387]
enter secret nessage:

secret => '"and now for something conpletely different
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12.8 Thetty Module

(Unix only) The tty module contains some utility functionsfor deding with tty devices. Example 12-9 shows how to
switch the termina window over to "raw" mode, and back again.

Example 12-9. Using the tty Module
File: tty-exanple-1.py

i mport tty
i mport 0s, sys

fileno = sys.stdin.fileno()

tty.setraw(fil eno)
print raw_input("raw input: ")

tty. setcbreak(fileno)
print raw_input("cbreak input: ")

0s.system("stty sane") # ...
raw input: this is raw i nput

cbreak input: this is cbreak input
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12.9 Theresource Module

(Unix only, Optiond) The resource moduleis used to query or modify the system resource current settings limits.
Example 12-10 shows how to use the module to query, and Example 12-11 shows how to modify resource limits.

Example 12-10. Using the resour ce Module to Query Current Settings

Fil e: resource-exanple-1. py

i mport resource

print "usage stats", "=>", resource.getrusage(resource. RUSAGE_SELF)
print "max cpu", "=>", resource.getrlimt(resource.RLIM T_CPU)

print "max data", "=>", resource.getrlimt(resource.RLIMT_DATA)

print "max processes”, "=>", resource.getrlimt(resource.RLI M T_NPROC)
print "page size", "=>", resource. getpagesize()

usage stats => (0.03, 0.02, 0, 0, 0, O, 75 168 0, 0, O, O, O, O, O, 0)
max cpu => (2147483647, 2147483647)

max data => (2147483647, 2147483647)

max processes => (256, 256)

page size => 4096

Example 12-11. Using the resour ce Moduleto Limit Resour ces

Fil e: resource-exanpl e-2. py
i mport resource
resource.setrlimt(resource. RLIMT_CPU, (0, 1))

# pretend we're busy
for i in range(1000):
for j in range(1000):
for k in range(1000):
pass

CPUtine limt exceeded
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12.10 The syslog Module

(Unix only, Optiond) The sydog module sends messages to the system logger facility (sydogd). Exactly what
happens to these messagesis system-dependent, but they usualy end up in alog file named /var/log/messages,
Ivar/adm/sydog, or some variation thereof. (If you cannot find it, check with your system administrator.) Example
12-12 demongtrates.

Example 12-12. Using the sysog M odule
File: syslog-exanpl e-1. py

i mport sysl og
i mport sys

sysl og. openl og(sys. argv[0])

sysl og. sysl og(sysl og. LOG NOTICE, "a |og notice")
sysl og. sysl og(sysl og. LOG NOTI CE, "another log notice: %" % "watch out!")

sysl og. cl osel og()
| | @ve RuBoard
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12.11 The msvcrt Module

(Windows/DOS only) The msvert module gives you access to anumber of functionsin the Microsoft Visua C/C++
Runtime Library (MSVCRT).

Example 12-13 demongtrates the getch function reading asingle keypress from the console.

Example 12-13. Using themsvert Moduleto Get Key Presses

File: nsvcrt-exanpl e-1. py
i mport msvcert
print "press 'escape' to quit..."
while 1:
char = nmsvcert. getch()
if char == chr(27):
br eak
print char,
if char == chr(13):
print

press 'escape' to quit...
hell o

Thekbhit function returnstrue if akey has been pressed (which meansthat getch won't block), as shown in Example
12-14.

Example 12-14. Using the msvcrt Moduleto Poll the Keyboard

File: msvcrt-exanpl e-2. py

i mport mnsvcrt
i mport tine

print "press SPACE to enter the serial nunber”
whi l e not nsvcrt. kbhit() or msvcrt.getch() !I=" "
# do sonething el se
print ".",
time.sleep(0.1)
print
# clear the keyboard buffer
whi |l e nsvcert. kbhit():
msvcrt. getch()
serial = raw_input("enter your serial nunber: ")
print "serial nunber is", serial
press SPACE to enter the serial nunber
enter your serial nunber: 10
serial number is 10

Thelocking functionin Example 12-15 can be used to implement cross-process file locking under Windows.
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12.12 The nt Module

(Implementation, Windows only) The nt module is an implementation module used by the os module on Windows
platforms. There's hardly any reason to use this module directly; use osinstead. Example 12-16 showsits use.

Example 12-16. Using thent Module
File: nt-exanple-1.py
i mport nt

#inreal life, use os.listdir and os.stat instead!
for fileinnnt.listdir("."):
print file, nt.stat(file)[6]

ai fc-exanmpl e-1. py 314
anydbm exanpl e- 1. py 259

array-exanpl e-1. py 48
| | @ve RuBoard
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12.13 The winreg M odule

(Windows only, New in 2.0) The_winreg module provides a basic interface to the Windows regisiry database.
Example 12-17 demongtrates the module.

Example 12-17. Using the _winreg Module
File: w nreg-exanpl e-1. py

i mport _winreg

expl orer = _winreg. OpenKey(

_Wi nreg. HKEY_CURRENT_USER,
" Sof t war e\\ M crosof t\\ Wndows\ Current Ver si on\\ Expl orer

)

#list values owned by this registry key

try:
i =0
while 1:
nane, val ue, type= _w nreg. EnunVal ue(explorer, i)
print repr(nane),
i +=1
except W ndowsError:
print
val ue, type = _wi nreg. QueryVal ueEx(expl orer, "Logon User Nane")
print

print "user is", repr(value)

"Logon User Nane' 'C eanShutdown' 'Shell State' ' Shutdown Setting'
"Reason Setting' 'FaultCount' 'FaultTine' 'lconUnderline'...

user is u' Effbot’
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12.14 The posix Module

(Implementation, Unix/POSI X only) The posix moduleis an implementation module used by the os module on Unix
and other POSIX systems. While everything in here can be (and should be) accessed via the os module, you may
wish to explicitly refer to this module in Stuations where you want to make it clear that you expect POSIX behavior.
Example 12-18 demonstrates.

Example 12-18. Using the posix Module
File: posix-exanpl e-1.py
i mport posi X

for file in posix.listdir("."):
print file, posix.stat(file)[6]

ai fc-exanmpl e-1. py 314
anydbm exanpl e- 1. py 259

array-exanpl e-1. py 48
| | @ve RuBoard
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13.1 The dospath Module

The dospath module, shown in Example 13-1, provides os.path functionaity on DOS platforms. Y ou can also useit
to handle DOS paths on other platforms.

Example 13-1. Using the dospath Module
Fi | e: dospat h-exanpl e- 1. py
i mport dospath

file ="/nyllittle/pony"

print "isabs", "=>", dospath.isabs(file)

print "dirnanme", "=>", dospath.dirname(file)
print "basenane", "=>", dospath. basenane(file)
print "nornpath", "=>", dospath. nornpath(file)
print "split", "=>", dospath.split(file)

print "join", "=>", dospath.join(file, "zorba")
isabs => 1

dirnane => /ny/little

basename => pony

nornmpath => \ny\little\pony
split => ("/ny/little', 'pony")
join => /ny/littl e/ pony\zorba

Note that Python's DOS support can use both forward (/) and backward dashes (\ ) as directory separators.
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13.2 The macpath Module

The macpath module (see Example 13-2) provides os.path functionality on Macintosh platforms. Y ou can also useit
to handle Macintosh paths on other platforms.

Example 13-2. Using the macpath M odule
Fil e: macpat h- exanpl e- 1. py
i mport macpath

file ="nmy:littl e: pony"

print "isabs", "=>", nmacpath.isabs(file)

print "dirnanme", "=>", macpath.dirname(file)
print "basenane", "=>", nacpath. basenane(file)
print "nornpath", "=>", nmacpath. nornpath(file)
print "split", "=>", macpath.split(file)

print "join", "=>", macpath.join(file, "zorba")
isabs => 1

dirnane => ny:little

basename => pony

normpath => my:little: pony
split = ("nmy:little', 'pony')
join => ny:little:pony:zorba
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13.3 The ntpath Module

The ntpath module (see Example 13-3) provides os.path functionality on Windows platforms. Y ou can aso useit to
handle Windows paths on other platforms.

Example 13-3. Using the ntpath M odule
Fi | e: ntpat h-exanpl e- 1. py
i mport ntpath

file ="/nyllittle/pony"

print "isabs", "=>", ntpath.isabs(file)

print "dirname", "=>", ntpath.dirnane(file)
print "basenane", "=>", ntpath. basenane(file)
print "nornpath", "=>", ntpath.nornpath(file)
print "split", "=>", ntpath.split(file)

print "join", "=>" ntpath.join(file, "zorba")
isabs => 1

dirnane => /ny/little
basename => pony

nornmpath => \ny\little\pony

split => ("/ny/little', 'pony")
join => /ny/littl e/ pony\zorba

Note that this module treats both forward dashes (/) and backward dashes (\ ) as directory separators.
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13.4 The posixpath Module

The posixpath module, shown in Example 13-4, provides os.path functionality on Unix and other POSI X-compatible
platforms. Y ou can adso useit to handle POSIX paths on other platforms. In addition, it can be used to process
URLs.

Example 13-4. Using the posixpath M odule
Fi | e: posi xpat h- exanpl e- 1. py
i mport posi xpath

file ="/nyllittle/pony"

print "isabs", "=>", posixpath.isabs(file)

print "dirnane", "=>", posixpath.dirnane(file)
print "basenane", "=>", posixpath. basenane(file)
print "nornpath", "=>", posixpath.nornpath(file)
print "split", "=>", posixpath.split(file)

print "join", "=>", posixpath.join(file, "zorba")
isabs => 1

dirname => /ny/little

basenane => pony

nornmpath => /ny/little/pony
split == ("/ny/little', 'pony')
join => /ny/littl e/ pony/zorba
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13.5 Thestrop Module

(Obsolete) The strop isalow-level module that providesfast C implementations of most functionsin the string
module. It isautomatically included by string, so there's seldom any need to accessit directly.

However, one reason to use thismoduleisif you need to tweak the path before you start 1oading Python modules.
Example 13-5 demongtrates the module.

Example 13-5. Using the strop Module
File: strop-exanple-1.py

i mport strop
i mport sys

# assumi ng we have an executable naned ".../executable", add a
# directory naned ".../executable-extra" to the path

if strop.lower(sys.executable)[-4:] == ".exe"
extra = sys.executable[:-4] # w ndows

el se:
extra = sys.executabl e

sys.path.insert(0, extra + "-extra")
i mport mynodul e

In Python 2.0 and later, you should use string methods instead of strop. In Example 13-5, replace
"strop.lower(sys.executable)" with "sys.executablelower()."

| | @ve RuBoard JE
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13.6 Theimp Module

Theimp module contains functions that can be used to implement your own import behavior. Example 13-6
overloads the import statement with aversion that logs from where it gets the modules.

Example 13-6. Using theimp Module

File: inp-exanple-1.py

i mport inp
i mport sys

def ny_inport (name, gl obal s=None, | ocal s=None, fronlist=None):
try:
nodul e = sys. nodul es[nane] # al ready inported?
except KeyError:

file, pathname, description = inp.find_nodul e(nane)
print "inport", nanme, "fronm, pathnanme, description
nmodul e = inp. | oad_nodul e(nane, file, pathnane, description)

return nodul e

import _ _builtin_ _
_ _builtin_ _._ _inmport_ _ = ny_inport

import xmlib

import xmlib from/python/lib/xmlib.py ('.py', 'r', 1)
import re from/python/lib/re.py ('.py', 'r', 1)

inmport sre from/python/lib/sre.py ('.py', 'r', 1)

i mport sre_conpile from/python/lib/sre_conmpile.py ('.py', 'r', 1)
import _sre from/python/_sre.pyd ('.pyd , 'rb', 3)

Note that the alternative version shown here doesn't support packages. For amore extensive example, seethe
sources for the knee module.
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13.7 The new Module

(Optiond in 1.5.2) The new modulesisalow-level module that allows you to create various kinds of internal objects,
such as class objects, function objects, and other kinds that are usualy created by the Python runtime system.
Example 13-7 demondtrates this module.

Note that if youre using 1.5.2, you may have to rebuild Python to use thismodule; it isn't enabled by the default on all
platforms. In 2.0 and later, however, it'saways available.

Example 13-7. Using the new Module

File: new exanpl e- 1. py
i mport new
cl ass Sanpl e:

a = "defaul t"

def init_(self):

self.a ="initialised"

def _ repr_ (self):
return self.a

#
# create instances

a = Sanpl e()
print "normal", "=>", a

b = new. instance(Sanple, {})

print "new. instance", "=>", b

b.  _init_ ()

print "after _ _init_ _", "=>", b

¢ = new.instance(Sanple, {"a": "assigned"})
print "new. instance w. dictionary", "=>", c

normal => initialised

new. i nst ance => defaul t

after _ init_ _ =>1initialised

new. i nstance w. dictionary => assi gnhed
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13.8 The pre Module

(Implementation) The pre module, used in Example 13-8, isalow-level implementation module for the 1.5.2 re
module. There's usudly no need to use this module directly (and code using it may stop working in future rel eases).

Example 13-8. Using the pre Module

File: pre-exanple-1.py

i mport pre

p = pre.conpile("[Python]+")

print p.findall ("Python is not that bad")

["Python', 'not', "th', "t']
| | @ve RuBoard
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13.9 Thesre Module

(Implementation) The sre module, used in Example 13-9, isalow-level implementation module for the 2.0 re module.
There's usudly no need to use thismodule directly (and code using it may stop working in future rel eases).

Example 13-9. Using the sre Module

File: sre-exanple-1.py

i mport sre

text = "The Bookshop Sketch"

# a single character

m= sre.match(".", text)

if m print repr("."), "=>", repr(mgroup(0))

# and so on, for all 're' exanples..

1 i L} :> 1 TI
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13.10 The py_compile Module

The py_compile module, shown in Example 13-10, alows you to explicitly compile Python modulesto bytecode. It
behaves like Python'simport statement, but takes a filename, not amodule name.

Example 13-10. Using the py_compile Module
File: py-conpile-exanple-1.py

i mport py_conpile

# explicitly conmpile this nodul e
py_conpi |l e. conpi | e(" py- conpi | e- exanpl e-1. py")

The compiledl module can be used to compile dl Python filesin an entire directory tree.
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13.11 The compileall Module

The compileall module (see Example 13-11) contains functions to compile al Python scriptsin agiven directory (or
along the Python path) to byte code. It can aso be used as ascript (on Unix platforms, it's automatically run when
Pythonisingdled).

Example 13-11. Using the compileall M odule to Compile All Scriptsin a Directory
File: conpileall-exanple-1.py

i mport conpil eall

print "This may take a while!"

conpileall.conmpile_dir(".", force=1)

This may take a while!

Listing . ...

Conpi ling .\Sinpl eAsyncHTTP. py ...

Conpiling .\aifc-exanple-1.py ...
Conpi ling .\anydbm exanple-1.py ...
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13.12 Theihooks M odule

Theihooks module, shown in Example 13-12, provides aframework for import replacements. Theideaisto alow
severd dternate import mechanismsto coexig.

Example 13-12. Using theihooks M odule
Fil e: ihooks-exanpl e-1. py
i mport ihooks, inp, os

def inmport_from(fil enanme):
"Inport nmodule froma naned file"

| oader = i hooks. Basi cMbdul eLoader ()
path, file = os.path.split(fil enanme)
nane, ext = os.path.splitext(file)
m = | oader. find_nodul e_i n_di r (nane, path)
if not m
rai se InportError, name
m = | oader .| oad_nodul e(nanme, m
return m

colorsys = inport_from("/python/lib/col orsys. py")

print col orsys

<nodul e ' col orsys' from'/python/lib/col orsys. py' >
| | @ve RuBoard MEX
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13.13 Thelinecache M odule

Thelinecachemodulein Example 13-13 is used to read lines from module source code, It caches recently visited
modules (the entire sourcefile, actudly).

Example 13-13. Using the linecache module

File: Iinecache-exanple-1.py
i mport |inecache

print |inecache.getline("linecache-exanple-1.py", 5)

print |inecache.getline("linecache-exanple-1.py", 5)

Thismoduleis used by the traceback module.
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13.14 The macurl|2path M odule

(Implementation) The macurl2path module, shown in Example 13-14, contains code to map between URLs and
Macintosh filenames. It should not be used directly; use the mechanismsin urllib instead.

Example 13-14. Using the macur|2path Module

File: macurl 2pat h- exanpl e- 1. py
i mport macurl 2path
file =":ny:little:pony”

print macurl 2pat h. pat hnane2url (fil e)
print macurl 2pat h. url 2pat hname( macur | 2pat h. pat hname2url (file))

my/littlel pony

cmy:little: pony
| | @ve RuBoard
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13.15 The nturl2path module

(Implementation) The nturl2path module, shown in Example 13-15, contains code to map between URLsand
Windowsfilenames

Example 13-15. Using the nturl2path Module

File: nturl 2path-exanpl e-1. py
i mport nturl 2path
file =r"c:\ny\little\pony"

print nturl 2path. pat hnane2url (file)
print nturl 2path. url 2pat hname(nturl 2pat h. pat hname2url (file))

111 /nyllittlelpony
C\ny\little\pony

This module should not be used directly; for portability, access these functions viathe urllib module instead, as shown
in Example 13-16.

Example 13-16. Using the nturl2path Module viathe urllib Module

Fil e: nturl 2pat h- exanpl e- 2. py
import urllib
file =r"c:\my\little\pony"

print urllib.pathname2url (file)
print urllib.url2pathname(urllib. pathnanme2url (file))

111 /nyllittlel pony

C\ny\little\pony
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13.16 Thetokenize M odule

Thetokenize module splits a Python sourcefileinto individual tokens. It can be used for syntax highlighting or for
various kinds of code-anaysistools.

In Example 13-17, we smply print the tokens.

Example 13-17. Using the tokenize Module

File: tokenize-exanple-1.py

i mport tokenize
file = open("tokenize-exanpl e-1.py")

def handl e_t oken(type, token, (srow, scol), (erow, ecol), line):

print "%, %l-%d, %d: \t %\t %" %\
(srow, scol, erow, ecol, tokenize.tok_nane[type], repr(token))

t okeni ze. t okeni ze(

file.readline,

handl e_t oken

)
1,0-1, 6: NAVE "inport'
1,7-1,15: NANVE 't okeni ze'
1, 15-1, 16: NEWLI NE '\ 012
2,0-2,1: NL "\ 012
3,0-3, 4: NAVE "file'
3,5-3,6: oP =
3,7-3,11: NAME ' open'
3,11-3, 12: oP (!
3,12-3, 35: STRING '"tokenize-exanple-1. py"'
3, 35- 3, 36: oP )
3, 36- 3, 37: NEWLI NE '\ 012

Note that the tokenize function takes two calable objects: thefirst argument is called repeatedly to fetch new code
lines, and the second argument is called for each token.
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13.17 The keyword Module

The keyword module (see Example 13-18) contains alist of the keywords used in the current version of Python. It
also provides adictionary with the keywords as keys, and a predicate function that can be used to check if agiven
word isaPython keyword.

Example 13-18. Using the keyword Module
File: keyword-exanpl e-1.py
i mport keyword
nane = raw_i nput ("Enter nodul e nane: ")
i f keyword.iskeyword(nane):

print nane, "is a reserved word."

print "here's a conplete list of reserved words:
print keyword. kw i st

Enter nodul e nanme: assert
assert is a reserved word.
here's a complete list of reserved words:

['and', "assert', 'break', 'class', 'continue', 'def', 'del",
"elif', "else', 'except', 'exec', 'finally', 'for', '"from,
‘global', "if', "inport', '"in", '"is', 'lanbda', 'not', 'or',
'pass', 'print', 'raise', 'return', 'try', "while
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13.18 The parser Module

(Optiona) The parser module provides an interface to Python's built-in parser and compiler.

Example 13-19 compiles asimple expression into an abstract syntax tree (AST), turnsthe AST into anested |,
dumps the contents of the tree (where each node contains either agrammar symbol or atoken), incrementsall
numbers by one, and, findly, turnsthe list back into acode object. At least that'swhat | think it does.

Example 13-19. Using the parser Module

Fil e: parser-exanpl e-1. py

i mport parser
i mport synbol, token

def dunp_and_nodi fy(node):
nane = synbol.sym nane. get (node[ 0])
if nane is None:
nane = token.tok_nane. get (node[ 0])
print nane,
for i in range(l, len(node)):
item = node[i]
if type(item) is type([]):
dunp_and_nodi fy(item
el se:
print repr(item
if na == "NUMBER":
# increment all nunbers!
node[i] = repr(int(item+1)

ast = parser.expr("1 + 3")

list = ast.tolist()

dunp_and_nodi fy(list)

ast = parser.sequence2ast (list)
print eval (parser.conpil east(ast))

eval _input testlist test and_test not_test conparison
expr xor_expr and_expr shift_expr arith_expr termfactor
power at om NUVBER ' 1'

PLUS ' +

termfactor power atom NUVBER ' 3'

NEWLI NE '

ENDVARKER '

6
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13.19 The symbol Module

The symbol module, used in Example 13-20, contains alisting of non-termina symbols from the Python grammar. It's
probably only useful if you're dabbling with the parser module.

Example 13-20. Using the symbol Module
Fil e: synbol - exanpl e- 1. py
i mport synbol

print "print", synbol.print_stnt
print "return", synbol.return_stnt

print 268

return 274
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13.20 Thetoken Module

Thetoken module, shown in Example 13-21, containsalist of al tokens used by the standard Python tokenizer.

Example 13-21. Using the token Module

Fil e: token-exanple-1.py
i mport token

print "NUMBER', token. NUVBER
print "PLUS', token.STAR
print "STRING', token.STRI NG

NUMBER 2
PLUS 16

STRI NG 3
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14.1 Overview

This chapter describes anumber of less-common modules. Some are useful, others are quite obscure, and some are
just plain obsolete.
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14.2 The pyclbr Module

The pyclbr module, shown in Example 14-1, contains a basic Python class parser.

In 1.5.2, the modul e exports asingle function, resdmodul e, which parses a given module, and returnsalist of all
classes defined at the module'stop level.

Example 14-1. Using the pyclbr Module
File: pycl br-exanpl e-1. py

i mport pycl br

nod = pycl br.readnodul e("cgi ")

for k, vin nod.itens():
print k, v

M ni Fi el dSt orage <pycl br. C ass instance at 7873b0>

I nt er pFor mCont ent Di ct <pycl br. d ass i nstance at 79bd00>
Fi el dSt orage <pycl br. d ass instance at 790e20>

SvFor nCont ent Di ct <pycl br. d ass i nstance at 79b5e0>
Stringl O <pycl br.d ass instance at 77dd90>

For nCont ent <pycl br. C ass instance at 79bd60>

For nContent Di ct <pycl br. d ass instance at 79a9c0>

In 2.0 and later, theré's dso an dternative interface, reedmodule_ex, which returns globa functionsaswell. Thisis
shownin Example 14-2.

Example 14-2. Using the pyclbr Moduleto Read Classes and Functions

Fil e: pycl br-exanpl e- 3. py

i mport pycl br

# 2.0 and | ater
nmod = pycl br. readrmodul e_ex("cgi")
for k, vin nmod.itenms():

print k, v

M ni Fi el dSt orage <pycl br. d ass i nstance at 00905D2C>

par se_header <pycl br. Function instance at 00905BD4>

test <pycl br. Function instance at 00906FBC>
print_environ_usage <pycl br. Function instance at 00907C94>
parse_mul ti part <pycl br. Function instance at 00905294>
FornContent Di ct <pycl br. d ass instance at 008D3494>
initlog <pyclbr.Function instance at 00904AAC>

parse <pycl br. Function instance at 00904EFC>

Stringl O <pycl br.C ass instance at 00903EAC>

SvFornContent Di ct <pycl br. d ass instance at 00906824>

To get more information about each class, use the various attributesin the Class instances, as Example 14-3 shows.

Example 14-3. Using the pyclbr Module

File: pycl br-exanpl e- 2. py
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14.3 Thefilecmp Module

(New in 2.0) Thefilecmp module, shown in Example 14-4, contains functions to compare files and directories.

Example 14-4. Using the filecmp Module
File: filecnp-exanple-1.py

i mport filecnp
if filecnp.cnp("sanples/sanple.au", "sanples/sanple.wav"):
print "files are identical"

el se:
print "files differ!"

# files differ!

In 1.5.2 and earlier, you can use the cmp and dircmp modules instead.
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14.4 The cmd M odule

The cmd module (see Example 14-5) provides asmple framework for command-lineinterfaces (CLI). Thisisused
by the pdb debugger module, but you can also useit for your own programs.

To implement your own command-line interface, subclassthe Cmd class, and define do and help methods. The base
classautomaticdly turnsal do methods into commands and uses the help methods to show help information.

Example 14-5. Using thecmd Module
File: cnd-exanpl e-1. py

i mport cmd
i mport string, sys

class CLI (cnd. Cmd):

def _ _init_ _(self):
cnd.Cnd. _ _init_ _(self)
sel f.pronmpt = "'>"

def do_hello(self, arg):
print "hello again", arg, "!"

def hel p_hello(self):
print "syntax: hello [nmessage]"”,
print "-- prints a hello nmessage"

def do_quit(self, arg):
sys.exit (1)

def help_quit(self):
print "syntax: quit",
print "-- ternminates the application”

# shortcuts
do_qgq = do_quit

#
# try it out

cli = CLI()
cli.cndl oop()

> hel p

Docurent ed commands (type hel p <topic>):

> hello world
hell o again world

> q
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14.5 Therexec Module

Therexec module, shown in Example 14-6, provides versions of exec, eval, and import, which execute codein a
restricted execution environment. In this environment, functions that can damage resources on theloca machine are
no longer available.

Example 14-6. Using the rexec Module

Fil e: rexec-exanpl e-1. py
i mport rexec

r = rexec. RExec()
print r.r_eval ("1+2+3")

print r.r_eval ("_ _inmport_ _('os').renmove('file )")
6
Traceback (innermost |ast):
File "rexec-exanple-1.py", line 5, in ?
print r.r_eval ("_ _inmport_ _('os').remove('file )")
File "/usr/local/lib/pythonl.5/rexec.py", line 257, in r_eva
return eval (code, m_ _dict_ )
File "<string>", line 0, in ?

AttributeError: renove
| | @ve RuBoard
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14.6 The Bastion M odule

The Bastion module, shown in Example 14-7, dlows you to control how a given object is used. It can be used to
pass objects from unrestricted parts of your application to code running in restricted mode.

To create aredtricted instance, smply call the Bastion wrapper. By default, al instance variables are hidden, as well
asal methods that start with an underscore.

Example 14-7. Using the Bastion M odule

File: bastion-exanple-1.py
i mport Bastion

cl ass Sanpl e:
value = 0

def _set(self, value):
sel f.val ue = val ue

def setval ue(self, value):
if 10 < value <= 20:
sel f. _set(val ue)
el se:
rai se ValueError, "illegal value"

def getval ue(self):
return sel f.val ue

#
#try it
s = Sanpl e()

S._set(100) # cheat
print s.getval ue()

s = Bastion. Bastion(Sanmpl e())
S._set(100) # attenpt to cheat
print s.getval ue()

100
Traceback (innernost last):

AttributeError: _set

Y ou can control which functionsto publish. In Example 14-8, theinternal method can be caled from outside, but the
getvaue no longer works.

Example 14-8. Using the Bastion M odule with a Non-Standard Filter

Fil e: bastion-exanpl e-2. py
i mport Bastion

cl ass Sanpl e:
value = 0

def _set(self, value):
sel f.val ue = val ue
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14.7 Thereadline M odule

(Optiond) The readline module, shown in Example 14-9, activates input editing on Unix, using the GNU reedline
library (or compatible).

Once imported, this module provides improved command-line editing, aswell as command higtory. It dso enhances
theinput and raw_input functions.
Example 14-9. Using thereadline Module

Fil e: readline-exanple-1.py

inmport readline # activate readline editing
| | @ve RuBoard ME 3
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14.8 Therlcompleter Module

(Optiond, Unix only) The rlcompleter module provides word completion for the readline module.

To enable word completion, just import this module. By default, the completion function is bound to the Esc key.
Press Esc twice to finish the current word. To change the key, you can use something like:

i mport readline

readl i ne. parse_and_bind("tab: conplete")

The script in Example 14-10 shows how to use the compl etion functions from within a program.
Example 14-10. Using therlcompleter M oduleto Expand Names

File: rlconpl eter-exanpl e-1. py

i mport rlconpleter
i mport sys

conpl eter = rlconpl eter. Conpl eter()

for phrase in "co", "sys.p", "is"
print phrase, "=>",
# enul ate readline conpl eti on handl er
try:

for index in xrange(sys.maxint):
term = conpl eter. conpl et e( phrase, index)
if termis None:

br eak
print term
except:
pass
print

co => continue conpile conplex coerce conpl eter
sys.p => sys.path sys.platformsys. prefix
is =>is isinstance issubclass
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14.9 The statvfs M odule

The gtatvfs module, used in Example 14-11, contains anumber of constants and test functions that can be used with
the optiond os.gatvfs function, which returnsinformation about afilesystem.

Example 14-11. Using the statvfs M odule

File: statvfs-exanple-1.py

i mport statvfs
i mport os

st = os.statvfs(".")

print "preferred bl ock size", "=>", st[statvfs.F_BSI ZE]
print "fundanmental block size", "=>", st[statvfs.F_FRSI ZE]
print "total blocks", "=>", st[statvfs.F_BLOCKS]

print "total free bl ocks", "=>", st[statvfs.F_BFREE]

print "avail abl e bl ocks", "=>", st[statvfs.F_BAVAIL]

print "total file nodes"”, "=>", st[statvfs.F_FILES]

print "total free nodes", "=>", st[statvfs.F_FFREE]

print "avail abl e nodes”, "=>", st[statvfs.F_FAVAI L]

print "max file nane | ength", "=>", st[statvfs.F_NAVEVAX]

preferred bl ock size => 8192
fundanent al bl ock size => 1024
total bl ocks => 749443

total free blocks => 110442
avai |l abl e bl ocks => 35497
total file nodes => 92158
total free nodes => 68164
avai | abl e nodes => 68164

max file nane | ength => 255
| | @ve RuBoard
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14.10 The calendar M odule

The cdendar moduleis aPython reimplementation of the Unix cal command. It smply prints the caendar for any
given month or year to standard output.

In Example 14-12, prmonth(year, month) prints the calendar for agiven month.

Example 14-12. Using the calendar Module

Fil e: cal endar-exanpl e- 1. py

i nport cal endar
cal endar . prnont h(1999, 12)

Decenber 1999
Mo Tu W Th Fr Sa Su
1 2 3 4 5
6 7 8 9 10 11 12
13 14 15 16 17 18 19
20 21 22 23 24 25 26

27 28 29 30 31
In Example 14-13, prcal (year) prints the calendar for agiven year.

Example 14-13. Using the calendar Module

Fil e: cal endar-exanpl e- 2. py

i nport cal endar
cal endar . prcal (2000)

2000
January February Mar ch
M Tu W Th Fr Sa Su M Tu W Th Fr Sa Su Mo Tu W Th Fr Sa Su
1 2 1 2 3 4 5 6 1 2 3 4 5
3 45 6 7 8 9 7 8 9 10 11 12 13 6 7 8 9 10 11 12
10 11 12 13 14 15 16 14 15 16 17 18 19 20 13 14 15 16 17 18 19
17 18 19 20 21 22 23 21 22 23 24 25 26 27 20 21 22 23 24 25 26
24 25 26 27 28 29 30 28 29 27 28 29 30 31
31
April May June
M Tu W Th Fr Sa Su M Tu W Th Fr Sa Su Mo Tu W Th Fr Sa Su
1 2 1 2 3 4 5 6 7 1 2 3 4
3 45 6 7 8 9 8 9 10 11 12 13 14 5 6 7 8 910 11
10 11 12 13 14 15 16 15 16 17 18 19 20 21 12 13 14 15 16 17 18
17 18 19 20 21 22 23 22 23 24 25 26 27 28 19 20 21 22 23 24 25
24 25 26 27 28 29 30 29 30 31 26 27 28 29 30
July August Sept enber
M Tu W Th Fr Sa Su M Tu W Th Fr Sa Su Mo Tu W Th Fr Sa Su
1 2 1 2 3 4 5 6 1 2 3
3 45 6 7 8 9 7 8 9 10 11 12 13 4 5 6 7 8 910
10 11 12 13 14 15 16 14 15 16 17 18 19 20 11 12 13 14 15 16 17
17 18 19 20 21 22 23 21 22 23 24 25 26 27 18 19 20 21 22 23 24
24 25 26 27 28 29 30 28 29 30 31 25 26 27 28 29 30
31
Cct ober Novenber Decenber

A T \AA TL ' CA O, A T \AA TL @' CA O, A A T \AA T Fer CA O,
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14.11 The sched Module

The sched module isasimple event scheduler for non-threaded environments. Example 14-14 demongtrates.

Example 14-14. Using the sched Module

File: sched-exanpl e-1. py

i mport sched
i mport tine, sys

schedul er = sched. schedul er(tine.tinme, tine.sleep)

# add a few operations to the queue

schedul er. enter (0.5, 100, sys.stdout.wite, ("one\n",))
schedul er. enter (1.0, 300, sys.stdout.wite, ("three\n",))
schedul er. enter (1.0, 200, sys.stdout.wite, ("two\n",))

schedul er. run()

one
t wo

three
| | @ve RuBoard
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14.12 The statcache M odule

The statcache module, shown in Example 14-15, contains afunction that returnsinformation abouit files. It'san
extension of the os.gtat function in that it keeps a cache with recently collected information.

Example 14-15. Using the statcache M odule

Fil e: statcache-exanple-1.py

i mport statcache
i mport os, stat, tine

now = tine.time()
for i in range(1000):

st = os.stat("sanples/sample.txt")
print "os.stat", "=>", time.tinme() - now

now = tine.time()
for i in range(1000):
st = statcache. stat("sanpl es/sanple.txt")

print "statcache.stat", "=>", tine.tinme() - now

print "node", "=>", oct(stat.S | MODE(st[stat.ST_MODE]))
print "size", "=>", st[stat.ST_SI ZE]

print "last nodified", "=>", tinme.ctine(st[stat.ST_MIIMNME])

0s.stat => 0.371000051498
statcache. stat => 0.0199999809265
nmode => 0666

size => 305

last modified => Sun Cct 10 18:39: 37 1999
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14.13 The grep Module

The grep module provides different ways to search for text in text files, as Example 14-16 shows.

Example 14-16. Using the grep Module
Fil e: grep-exanple-1.py

i mport grep
i mport gl ob

grep.grep("\<rather\>", glob.glob("sanples/*.txt"))

# 4: indentation, rather than delimters, m ght beco
| | @ve RuBoard MEX
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14.14 The dircache M odule

(Obsolete) The dircache module contains afunction to get alist of filesin adirectory. It's an extension of the oslistdir
functionin that it keeps a cacheto avoid rereading adirectory that hasn't been modified. Example 14-17
demondratesthis.

Example 14-17. Using the dircache M odule

Fi | e: dircache-exanpl e-1. py
i mport dircache
i mport os, tine

#
# test cached version

t0 = tine.clock()

for i in range(100):
dircache.listdir(os.sep)

print "cached", time.clock() - tO

#
# test standard version

t0 = tine.clock()

for i in range(100):
os.listdir(os.sep)

print "standard", time.clock() - tO
cached 0.0664509964968

standard 0.5560845807
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14.15 The dircmp Module

(Obsolete, Only in 1.5.2) The dircmp module provides a class that can be used to compare the contents of two disk
directories, as Example 14-18 shows.

Example 14-18. Using the dircmp Module
File: dircnp-exanple-1.py
i mport dircnp

d =dircnmp.dircnp()
d. new( "sanpl es”, "ol dsanpl es")

d. run()

d.report()

di ff sanpl es ol dsanpl es

Only in samples : ['sanple.aiff', 'sanple.au', 'sanple.wav']
Identical files : ['sanple.gif', 'sample.gz', 'sanple.jpg', ...]

In Python 2.0 and later, this module has been replaced by filecmp.
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14.16 Thecmp Module

(Obsolete, Only in 1.5.2) The cmp module contains afunction to compare two files, as Example 14-19 demonstrates.

Example 14-19. Using the cmp Module

File: cnp-exanpl e-1. py

i mport cnp

i f cnp.cnp("sanpl es/ sanpl e. au", "sanpl es/ sanpl e. wav"):
print "files are identical"

el se:

print "files differ!"

files differ!

In Python 2.0 and later, this module has been replaced by the filecmp module.

| | @ve RuBoard
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14.17 The cmpcache Module

(Obsolete, Only in 1.5.2) The cmpcache module contains afunction that comparestwo files. It's an extension of the
cmp modulein that it keeps a cache over recently made comparisons. Example 14-20 shows the modul€s use.

Example 14-20. Using the cmpcache M odule

Fil e: cnpcache-exanpl e- 1. py

i mport cnpcache

i f cnpcache. cnp("sanpl es/ sanpl e. au”, "sanpl es/ sanpl e. wav"):
print "files are identical"

el se:
print “files differ!"

files differ!

In Python 2.0 and later, this modul e has been replaced by the filecmp module.
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14.18 The util Module

(Obsolete, Only in 1.5.2) The util moduleisincluded for backward-compatibility only. New code should usethe
replacement congtructs shown in Examples 14-21 through 14-23.

Example 14-21 shows how remove(sequence, item) removes the given item, if found in the sequence.

Example 14-21. Emulating the util M odule' sremove Function
File: util-exanple-1.py

def renove(sequence, iten
if itemin sequence:

sequence. renove(iten
Example 14-22 shows how readfile(filename) => string reads the contents of atext file asasingle string.
Example 14-22. Emulating the util M odul€ sreadfile Function
File: util-exanple-2.py
def readfile(filenane):

file = open(filenane, "r")
return file.read()

Example 14-23 shows how readopenfile(file) => string returns the contents of an open file (or other file object).
Example 14-23. Emulating the util M odul€e' sreadopenfile Function

File: util-exanple-3.py

def readopenfile(file):

return file.read()
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14.19 The soundex M odule

(Optiond, Only 1.5.2) The soundex module implements a ssmple hash agorithm, which convertswords to
6-character strings based on their English pronunciation.

Asof Vergon 2.0, thismoduleis no longer included.

get_soundex(word) returns the soundex string for the given word. Words that sound similar should give the same
soundex string. sound_similar(wordl, word?2) returnstrueif the two words have the same soundex. Example 14-24
uses both functions.

Example 14-24. Using the soundex M odule

Fi |l e: soundex-exanpl e-1. py
i mport soundex

"fredrik"
"friedrich"

a
b

print soundex.get_soundex(a), soundex.get_soundex(b)
print soundex.sound_sinilar(a, b)
F63620 F63620

1
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14.20 Thetiming M odule

(Obsolete, Unix only) The timing module can be used to time the execution of a Python program. Example 14-25
demondrates.

Example 14-25. Using thetiming M odule
File: timng-exanple-1.py

i mport timng
i mport tine

def procedure():
tine. sl eep(1.234)

timng.start()
procedure()
timng.finish()

print "seconds:", tinmng.seconds()
print "mlliseconds:", timng.mlli()
print "mcroseconds:", timng.mcro()

seconds: 1
mlliseconds: 1239

m croseconds: 1239999
The script in Example 14-26 shows how you can emulate this module using functionsin the standard time module.

Example 14-26. Emulating thetiming Module
File: timng-exanple-2. py

i mport tine

t0 =t1 =20

def start():

gl obal tO
to = time.tinme()

def finish():
global t1
tl1 =time.tinme()

def seconds():
return int(tl - t0)

def mlli():
return int((tl - t0) * 1000)

def mcro():
return int((tl - t0) * 1000000)

Y ou can usetime.clock() ingtead of timetime() to get CPU time, where supported.
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14.21 The posixfile Module

(Obsolete, Unix only) The posixfile module provides afile-like object with support for file locking, as Example 14-27
shows. New programs should use the fentl module instead.

Example 14-27. Using the posixfile M odule
File: posixfile-exanple-1.py

i mport posixfile
i mport string

filenanme = "counter.txt"

try:
# open for update
file = posixfile.open(filenane, "r+")
counter = int(file.read(6)) + 1
except I Cerror:
# create it
file = posixfile.open(filenanme, "w')
counter = 0

file.lock("w", 6)

file.seek(0) # rew nd
file.wite("%06d" % counter)

file.close() # releases |ock
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14.22 The bisect Module

The bisect module provides functions to insert items in sorted sequences.

insort(sequence, item) inserts an item into the sequence, keeping it sorted. The sequence can be any mutable
Sequence object that implements __getitem_ and insert; Example 14-28 demonstrates.

Example 14-28. Using the bisect Moduleto Insert Itemsin an Ordered List
File: bisect-exanple-1.py

i mport bisect

list = [10, 20, 30]

bi sect.insort(list, 25)
bi sect.insort(list, 15)

print |ist

[10, 15, 20, 25, 30]

In Example 14-29, bisect(sequence, item) => index returns the index where the item should be inserted. The
sequenceis not modified.

Example 14-29. Using the bisect Module to Find Insertion Points
File: bisect-exanpl e-2. py

i mport bisect

list = [10, 20, 30]

print |ist

print bisect. bisect(list, 25)
print bisect.bisect(list, 15)

[10, 20, 30]
2

1
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14.23 The knee M odule

The knee module is a Python reimplementation of the package import mechanism that was introduced in Python 1.5.
Sincethisisaready supported by the standard interpreter, this module is mainly provided to show how things are
donein there. It does work, though. Just import the module to enable it, as Example 14-30 shows.

Example 14-30. Using the knee M odule

Fil e: knee-exanpl e-1. py

i mport knee

# that's all, folks!
| | @ve RuBoard
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14.24 Thetzparse Module

(Obsolete) The (highly incomplete) tzparse module contains a parser for time zone specifications. When you import
thismodule, it parses the content of the TZ environment variable; Example 14-31 demonstrates.

Example 14-31. Using the tzparse Module
File: tzparse-exanpl e-1.py

i mport os
if not os.environ. has_key("TZ"):
# set it to sonething..
os.environ["TZ"] = "EST+5EDT; 100/ 2, 300/ 2"

# inporting this nodule will parse the TZ variable
i mport tzparse

print "tzparans", "=>", tzparse.tzparans
print "timezone", "=>", tzparse.timezone
print "altzone", "=>", tzparse.altzone
print "daylight", "=>", tzparse.daylight
print "tzname", "=>", tzparse.tznane

tzparans => ('EST', 5, 'EDT', 100, 2, 300, 2)
ti mezone => 18000

al tzone => 14400

daylight => 1

tzname => (' EST', 'EDT')

In addition to the variables shown in Example 14-31, this module contains anumber of time manipulation functions
that use the defined time zone.
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14.25 Theregex Module

(Obsolete) The regex module, shown in Example 14-32, isthe old (pre-1.5) regular expression machinery. New
code should use re where possible.

Note that regex isfaster than the re module used in Python 1.5.2, but dower than the new verson used in 1.6 and
|ater.

Example 14-32. Using the regex Module

Fil e: regex-exanple-1. py

i mport regex

text = "Man's crisis of identity in the latter half of the 20th century"

p = regex.conpile("latter") # literal
print p.nmatch(text)
print p.search(text), repr(p.group(0))

p = regex.conpile("[0-9]+") # nunber
print p.search(text), repr(p.group(0))

p = regex.conmpile("\<\Ww>") # two-letter word
print p.search(text), repr(p.group(0))

p = regex.conpile("\w$") # word at the end
print p.search(text), repr(p.group(0))

-1

32 'latter’
51 ' 20

13 ' of’

56 'century'
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14.26 Theregsub Module

(Obsolete) The regsub module, shown in Example 14-33, provides string replacements, based on regular
expressions. New code should use the re modul €s replace function instead.

Example 14-33. Using the regsub Module

File: regsub-exanpl e-1. py

i mport regsub

text = "Well, there's spam egg, sausage, and spam”

print regsub.sub("spanf, "ham', text) # just the first
print regsub.gsub("spant, "bacon", text) # all of them

Well, there's ham egg, sausage, and spam

Vel |, there's bacon, egg, sausage, and bacon.
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14.27 Thereconvert Module

(Obsolete) The reconvert module, shown in Example 14-34, converts old-style regular expressions as used by the
regex module to the new style used by the re module. It can aso be used as a command-line toal.

Example 14-34. Using thereconvert Module

File: reconvert-exanpl e-1. py

i mport reconvert

for pattern in "abcd", "a\(b*c\)d", "\<\w+\>":
print pattern, "=>", reconvert.convert(pattern)
abcd => abcd

a\(b*c\)d => a(b*c)d

\<A\w+\ > => \b\w+\ b
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14.28 Theregex_syntax Module

(Obsolete) The regex_syntax module, shown in Example 14-35, contains a bunch of flags that can be used to change
the behavior of the regex regular expression module.

Example 14-35. Using the regex_syntax Module
Fil e: regex-syntax-exanpl e-1. py

i mport regex_syntax
i mport regex

def conpile(pattern, syntax):
syntax = regex.set_syntax(syntax)
try:
pattern = regex.conpil e(pattern)
finally:
# restore original syntax
regex. set_synt ax(synt ax)
return pattern

def conpil e_awk(pattern):
return conpil e(pattern, regex_syntax. RE_SYNTAX_ AVK)

def conpile_grep(pattern):
return conpil e(pattern, regex_syntax. RE_SYNTAX GREP)

def conpil e_emacs(pattern):

return conpil e(pattern, regex syntax. RE SYNTAX ENMACS)
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14.29 Thefind Module

(Only 1.5.2, Obsolete) The find module provides asingle function, with the same name as the module: find(pattern,
directory) => list scansagiven directory and al its subdirectoriesfor files matching agiven pattern, as Example 14-36
shows.

For more information on the pattern syntax, see the fnmatch module.

Example 14-36. Using thefind Module

File: find-exanple-1.py

i mport find
# find all JPEG files in or beneath the current directory
for file in find.find("*.jpg", "."):

print file

.\ sanpl es\ sanpl e. j pg
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% gtring formatting operator

&rArr; object
& (ampersan
> (greater than)
< (lessthen), in markup languages
<P> (paragraph) tag
* (asterisk)
apply function, using in place of
fnmatch moduleand
glob module and
.dat (binary files), using dumbdbm module
dir (text files), usng dumbdbm module
\ (backward dashes), as directory separators
\N{} excapes, mapping unicode characters
/ (forward dash), as directory separators
? (question mark)
fnmatch moduleand
glob module and
[ ...] (brackets)
fnmatch moduleand
glob moduleand
[:] syntax (full dice)
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abstract syntax tree (AST)

AbstractFormatter class

AbstractWriter class

accept loop

advisory lock, using fentl module for locking files
afcmodule

ampersand (&)
anydbm module
Apache, usng mimetypes
gpply function, building function argument ligts
archiveformats
gzip module and
zZipfilemoduleand
arguments, cdling afunction with
ArithmeticError(StandardError)
array module
article method
AST (abgtract syntax tree)
asterisk (*)
apply function, usng in place of
fnmatch moduleand
glob moduleand
asynchat module
asyncore module
atexit module
aoi function
AttributeError(StandardError)
attributes
AU (Sun) audiofiles
audiofiles
audiodev module
AutoLig class
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backward dashes (\), as directory separators
base64 module
BaseHTTPServer module
bass congtructors, using apply function
Bastion module
bdb module
beginlines
binary data
converting
binary files (.dat), usng dumbdbm module
binascii module
binhex module
bisect module
bmp fileformats
<body> tag
brackets (] ...])
fnmatch module and
glob module and
bsddb database handler
___builtin_ema_module
exceptions module and
builtin_module
overloading functionsfrom
builtin module nameslig
byte code
compiling
converting
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cdendar module

cal__ _method
cdlablefunction
calback function
case-sengtivity in markup languages
cgi module
CGIHTTPServer module
character entitiesin markup languages
chdir function
chmod function
CJK ideograph properties, in Python 2.0
CLIs (command-lineinterfaces)
cmah module
cmd module
cmp module
cmpcache module
code module
code, compiling/executing
colorsysmodule
command-line arguments
command-lineinterfaces (CLIS)
commands module
compilefunction
compile_command function
compiledl module
compiling to byte code
compresson modules
ConfigParser module 2nd
configuraionfiles
connect method, connecting sockets
conversons of data
cookie module

copy function

copy module
copy reg module

copytreefunction [See]
core modules
cPicklemodule

crypt module 2nd
cStringl O module
curses module
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daemon processes
data representation
data storage
dates, using time module
dbhash module

anydbm moduleand
dbm module

anydbm moduleand
dbm-compatible interface
debugger (Python)
declarationsin SGML
decodestring function
dedent methods, adding structure
deepcopy()
dictionaries, cdling afunction with argumentsfrom
digests
dir function
dircache module
dircmp module
directories, usng os module
DirectoryWalker class, traverang filesysems
dismodule
disassembler (Python)
dispatcher class
digpatcher with_send class
do methods
<document> tag
document type decription (DTD)
DOS path, handling
dospath module
downloading files usng the ftplib module
DTD (document type description)
dumbdbm module

anydbm module and
DumbWriter class
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echo flag, using termios module
dements, in markup languages
encoded binary data
encodediring function
encoding directives, in XML
encrypting

dgorithms
end tags, in markup languages
end tag method, usng XML parsers
ENDENT error code
entity referencesin markup languages
EnvironmentError
EPERM error code
errno module
error condition in socket sgnals
evd function
exceptions module

creating classes
execfunction 2nd
execfilefunction
exit handlers
expanduser function
expandvarsfunction
expressons

evauaing

regular
Extensible Markup Language (XML)

externad datarepresentation (XDR)
extract_tb function
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FancyURL opener class, using the urllib module

fontl module

fileformats

Fle Trandfer Protocol (FTP), using the ftplib module

filecp module
filenput module 2nd

filenames, working with os.path module
files
attributes, working with
os moduleand
filesystems, traversing
find module
float functions
HoatingPointError(ArithmeticError)
flock function, placing advisory locksonfiles
fnmatch module
fork functions
formatter module
forward dashes (/), as directory separators
FTP (File Trangfer Protocal), using the ftplib module
ftplib module
full dicesyntax ([:])
functions
cdling with arguments
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gaussfunction
gdbm module
anydbm module and

GET request handler
get vaue method
getewd function
getgrdl function, using grp module
getgrgid function, usng grp module
getgrnam function, using grp module
getitem function

_getitem  method
getmembersfunction

getopt module
getpdl function, usng pwd module

getpass module

getrefcount function

gettimefunction

ghogtscript viewer, usng mailcap module
gif fileformats

glob module
globd interpreter lock

GNU dbm database handler, usng gdbm module
gopherlidb module

grep module
groupinfo function

grp module
GZIPformats

gzip module and

support for
gzip module
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handle accept method

handle close method

handle connect method

handle error(type, vaue, traceback) method
handle expt method

handle read method

handle write method

Hangul syllable properties, in Python 2.0
HEAD request handler

<header> tag

help methods
helper classfor MimeWriter module

hexadecima strings, converting to/from binary data
HLS color vaue, using functionsfor converting to
host platforms, checking
HSV color vaues, using functionsfor converting to
HTML (Hypertext Markup Language)
htmilib module 2nd
htmllib parser
HTTP (Hypertext Transfer Protocol)
HTTP servers

BaseHT TPServer module and

CGIHTTPServer module and

posting datato
hitplib module
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I/O streams, working with

ihooks module

IMAP (Internet Message Access Protocol)

imaplib module

imghdr module

ImNumberType function, using operator module

imp module

import behaviors, implementing with imp module
import___function 2nd

import statement

ImportError(StandardError)

indent methods, adding structure

| ndentationError(SyntaxError)

index function

IndexError(L ookupError)

infolist method

inMappingType function, using operator module

inplace keyword

input function

input/output, working with

int function

InteracticeConsole class

internationalization

Internet Message Access Protocol (IMAP)

Internet Time Protocol

| OError(EnvironmentError)

IS operator

isngtance function, checking objects

SO Latin-1 characters, trandating to a XML string

IsSequenceType function, usng operator module

issubclass function, checking objects
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James Clark's Expat XML parser
jpeg fileformats
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kbhit function, using the msvert module and
keyboard echo, disabling
Keyboardinterrupt(StandardError)
keyword module

knee module
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language support modules
linecache module
ligdir function
listen call, accepting connections
locde module
lock objects

threading module and
log messages, overriding
L ookupError(StandardError)
loops, using in threads
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Macintosh computers
binhex moduleand
meacpath module and
mapping between filesand URLS
macpath module
macurl2path module
meadedirsfunction
mail message processing
mailbox module
mailcap module
markup languages
marshad module 2nd
metch function
meth module
md5S module 2nd
MemoryError(StandardError)
Message class (rfc822 module)
M essage object, downloading messages
messages, using nntplib module
Microsoft Visud C/C++ Runtime Library (MSVCRT)
Microsoft WAV audiofiles
MIME (Multipurpose Internet mail Extensons)
mimetoolsmodule
mimetypes module
mimewriter module
mimify module
mmap modules
modules 2nd

bisect
builtin ~ module

cdendar

o

CGIHTTPServer

ameth

cnd

amp
cm&d e
code

colorsys
command

compiledll
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NameError(StandardError)

namelis method

namesxpaces

nesting in markup languages

netrc module 2nd

Netscape configuration files, usng mimetypes module
Network News Transfer Protocol (NNTP)
network protocols

new module

NEWS Message processing

NIS (ydlow pages) services

nismodule

NNTP (Network News Transfer Protocol)
nntplib module

non-blocking mode in sockets

nt module

ntpath module

nturl2path module

NullWriter class
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objects, checking types
open function 2nd

creating a database with
open method, using the urllib module
operaing sysem interface modules
operator module

checking objects
osmodule 2nd
osligdir function, using dircache module
os.path module
OSError(EnvironmentError)
output formatting
OverflowError(ArithmeticError)
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packmall module
paragraph (<P>) tag
parser module

parsers
htmllib moduleand 2nd

pyclbr moduleand
rfc833 module and
sgmllib moduleand
xml.parsers.expat module and
xmllib moduleand 2nd
passwords
getpass module and
netrc module and
pathlig
pathnames, working with os.path module
pdb debugger module
pdb module
pdm fileformeats
pam fileformats
picklemodule 2nd
sheleve moduleand
pilview, usng mallcgp module
pipes module
platform-specific modules
plug-in modules
png fileformats
popen2 module
poplib module

posix module
posxfilemodule

posixpath module
POST command
PostScript documents, usng mailcap module
ppm fileformeats
pprint module
pre module
processes 2nd
daemon
profilemodule
profiler (Python)
programs
exiting
tracing
pstats module
pwd module
py compile module
pyclbr module
Python expressions, evauating
PYTHONPATH environment variable
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question mark (?)
fnmatch module and
glob module and

queue module

quopri module
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random module 2nd

rast (Sun raster) fileformats
raw_input function
remodule 2nd

readline module

reconvert module

recv method

recvfrom method

reference counts

regex module
regex_syntax module

regsub module

regular expressons

reload function

remote procedure call (RPC)
removedirsfunction

repr module 2nd

resource module

retr function, downloading files
rexec module

rfc822 module

rgb (SGI) fileformats

RGB color vaues, usng functionsfor converting to
rlcompleter module
rmtreefunction 2nd
robotparser module

rotor module 2nd

RPC (remote procedure cal)
RuntimeError(StandardError)
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sched module
search function
select module
sendto methods
server sockets, creating
severs
HTTP 2nd
news, listing messages with nntplip module
setblocking method
Setpgrp function
setprofiler function
SGML (Standard Generdized Markup Language)
sgmllib module 2nd
shamodule 2nd
shell archives (Unix), creating with packmail module
sheve module
shlex module
reading configuration files
shutil module
removing directories
Sgnd module
Simple Mail Transfer Protocol (SMTP)
SMTP (Smple Mall Transfer Protocol)
SmpleHTTPServer module
smtplib module
sndhdr module
socket module
SocketServer module
softspace attribute
sound files
soundex module
Spawn method
semodule
Standard Generalized Markup Language (SGML)
sgmllib moduleand
StandardError(Exception)
sart tags
gart tag method, usng XML parsers
dat module
statcache module
gatvfs module
dderr variable
ddinvariable
stdout varigble
dreams
gring module
SiringlO module 2nd
Stringl O objects
drings
maich functionsand
timevauesand
strop module
Sruct module 2nd
Sun AU audiofiles
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TabError(IndentationError)

tabnanny module

telnetlib module

tempfilemodule

TemporaryFlefunction

termiosmodule

text files(.dir), usng dumbdbm module

thread module

threading module

threads

tiff fileformeats

timemodule
connecting time vaue to/from strings
execution of programs, timing with
timetupleto timevaues

timedient module

timing module

token module

tokenize module

tools

traceback module

tty module

tuples, cdling afunction with argumentsfrom

type codesin the marshad module

typefunction
type support modules

type wrappers
TypeError(StandardError)

typesmodule
tzparse module
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ucnhash module
UnboundL ocal Error(NameEtrror)
Unicode string, encoding XML files
unicodedata module
UnicodeError(VaueError)
Urix
commeand module and
dbm module and
packmail modulesand
platform-specific modules
termina control fadilitiesand
Unix shdll archives, creating with packmail module
unpickler
urllib module
urlopen function, using the urllib module
urlparse module
URLSs, mapping between files
UsarDict module 2nd
UserList module 2nd
UserString module 2nd
UTF-8, encoding XML file
util module
utilities
utimefunction
uu module
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VaueError(StandardError)
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wait function

walk function

WAV (Microsoft) audiofiles

wave module

Wave sound files

webbrowser module

wdll-formed tagsin markup languages

what function, using sndhdr module

whatsound module

whichdb module

whrandom module 2nd

Windows
mapping between filesand URL s
mmap moduleand
platform-specific modules
Wave sound fileson

WindowsError(OSError)

winreg module

winsound module

write method 2nd

write method, adding statements

Writer class
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xbm fileformats

XDR (externa data representation)
xdrlib module 2nd

XML (Extengble markup Language)
xml.parsers.expat module
xmllibmoadule 2nd
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yellow pages (NIS) services
Y1Q (video) color vaues, using functionsfor converting to
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ZeroDivisonError(ArithmeticError)
ZIPformats

support for
zipfilemodule and

zipfilemodule

Ziplnfo indances

zlib data compresson module
Zlibmodule

| | @ve RuBoard



	Main Page
	Table of content
	Copyright
	Preface
	About This Book
	Conventions Used in This Book
	About the Examples
	How to Contact Us

	Chapter 1. Core Modules
	1.1 Introduction
	1.2 The _ _builtin_ _ Module
	1.3 The exceptions Module
	1.4 The os Module
	1.5 The os.path Module
	1.6 The stat Module
	1.7 The string Module
	1.8 The re Module
	1.9 The math Module
	1.10 The cmath Module
	1.11 The operator Module
	1.12 The copy Module
	1.13 The sys Module
	1.14 The atexit Module
	1.15 The time Module
	1.16 The types Module
	1.17 The gc Module

	Chapter 2. More Standard Modules
	2.1 Overview
	2.2 The fileinput Module
	2.3 The shutil Module
	2.4 The tempfile Module
	2.5 The StringIO Module
	2.6 The cStringIO Module
	2.7 The mmap Module
	2.8 The UserDict Module
	2.9 The UserList Module
	2.10 The UserString Module
	2.11 The traceback Module
	2.12 The errno Module
	2.13 The getopt Module
	2.14 The getpass Module
	2.15 The glob Module
	2.16 The fnmatch Module
	2.17 The random Module
	2.18 The whrandom Module
	2.19 The md5 Module
	2.20 The sha Module
	2.21 The crypt Module
	2.22 The rotor Module
	2.23 The zlib Module
	2.24 The code Module

	Chapter 3. Threads and Processes
	3.1 Overview
	3.2 The threading Module
	3.3 The Queue Module
	3.4 The thread Module
	3.5 The commands Module
	3.6 The pipes Module
	3.7 The popen2 Module
	3.8 The signal Module

	Chapter 4. Data Representation
	4.1 Overview
	4.2 The array Module
	4.3 The struct Module
	4.4 The xdrlib Module
	4.5 The marshal Module
	4.6 The pickle Module
	4.7 The cPickle Module
	4.8 The copy_reg Module
	4.9 The pprint Module
	4.10 The repr Module
	4.11 The base64 Module
	4.12 The binhex Module
	4.13 The quopri Module
	4.14 The uu Module
	4.15 The binascii Module

	Chapter 5. File Formats
	5.1 Overview
	5.2 The xmllib Module
	5.3 The xml.parsers.expat Module
	5.4 The sgmllib Module
	5.5 The htmllib Module
	5.6 The htmlentitydefs Module
	5.7 The formatter Module
	5.8 The ConfigParser Module
	5.9 The netrc Module
	5.10 The shlex Module
	5.11 The zipfile Module
	5.12 The gzip Module

	Chapter 6. Mail and News Message' Processing
	6.1 Overview
	6.2 The rfc822 Module
	6.3 The mimetools Module
	6.4 The MimeWriter Module
	6.5 The mailbox Module
	6.6 The mailcap Module
	6.7 The mimetypes Module
	6.8 The packmail Module
	6.9 The mimify Module
	6.10 The multifile Module

	Chapter 7. Network Protocols
	7.1 Overview
	7.2 The socket Module
	7.3 The select Module
	7.4 The asyncore Module
	7.5 The asynchat Module
	7.6 The urllib Module
	7.7 The urlparse Module
	7.8 The cookie Module
	7.9 The robotparser Module
	7.10 The ftplib Module
	7.11 The gopherlib Module
	7.12 The httplib Module
	7.13 The poplib Module
	7.14 The imaplib Module
	7.15 The smtplib Module
	7.16 The telnetlib Module
	7.17 The nntplib Module
	7.18 The SocketServer Module
	7.19 The BaseHTTPServer Module
	7.20 The SimpleHTTPServer Module
	7.21 The CGIHTTPServer Module
	7.22 The cgi Module
	7.23 The webbrowser Module

	Chapter 8. Internationalization
	8.1 The locale Module
	8.2 The unicodedata Module
	8.3 The ucnhash Module

	Chapter 9. Multimedia Modules
	9.1 Overview
	9.2 The imghdr Module
	9.3 The sndhdr module
	9.4 The whatsound Module
	9.5 The aifc Module
	9.6 The sunau Module
	9.7 The sunaudio Module
	9.8 The wave Module
	9.9 The audiodev Module
	9.10 The winsound Module
	9.11 The colorsys Module

	Chapter 10. Data Storage
	10.1 Overview
	10.2 The anydbm Module
	10.3 The whichdb Module
	10.4 The shelve Module
	10.5 The dbhash Module
	10.6 The dbm Module
	10.7 The dumbdbm Module
	10.8 The gdbm Module

	Chapter 11. Tools and Utilities
	11.1 The dis Module
	11.2 The pdb Module
	11.3 The bdb Module
	11.4 The profile Module
	11.5 The pstats Module
	11.6 The tabnanny Module

	Chapter 12. Platform-Specific Modules
	12.1 Overview
	12.2 The fcntl Module
	12.3 The pwd Module
	12.4 The grp Module
	12.5 The nis Module
	12.6 The curses Module
	12.7 The termios Module
	12.8 The tty Module
	12.9 The resource Module
	12.10 The syslog Module
	12.11 The msvcrt Module
	12.12 The nt Module
	12.13 The _winreg Module
	12.14 The posix Module

	Chapter 13. Implementation Support' Modules
	13.1 The dospath Module
	13.2 The macpath Module
	13.3 The ntpath Module
	13.4 The posixpath Module
	13.5 The strop Module
	13.6 The imp Module
	13.7 The new Module
	13.8 The pre Module
	13.9 The sre Module
	13.10 The py_compile Module
	13.11 The compileall Module
	13.12 The ihooks Module
	13.13 The linecache Module
	13.14 The macurl2path Module
	13.15 The nturl2path module
	13.16 The tokenize Module
	13.17 The keyword Module
	13.18 The parser Module
	13.19 The symbol Module
	13.20 The token Module

	Chapter 14. Other Modules
	14.1 Overview
	14.2 The pyclbr Module
	14.3 The filecmp Module
	14.4 The cmd Module
	14.5 The rexec Module
	14.6 The Bastion Module
	14.7 The readline Module
	14.8 The rlcompleter Module
	14.9 The statvfs Module
	14.10 The calendar Module
	14.11 The sched Module
	14.12 The statcache Module
	14.13 The grep Module
	14.14 The dircache Module
	14.15 The dircmp Module
	14.16 The cmp Module
	14.17 The cmpcache Module
	14.18 The util Module
	14.19 The soundex Module
	14.20 The timing Module
	14.21 The posixfile Module
	14.22 The bisect Module
	14.23 The knee Module
	14.24 The tzparse Module
	14.25 The regex Module
	14.26 The regsub Module
	14.27 The reconvert Module
	14.28 The regex_syntax Module
	14.29 The find Module

	Colophon
	Index
	Index SYMBOL
	Index A
	Index B
	Index C
	Index D
	Index E
	Index F
	Index G
	Index H
	Index I
	Index J
	Index K
	Index L
	Index M
	Index N
	Index O
	Index P
	Index Q
	Index R
	Index S
	Index T
	Index U
	Index V
	Index W
	Index X
	Index Y
	Index Z


