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Python Essential Reference, Second Edition, concisely describes the Python
Programming language and its large library of standard modules, collectively
known as the Python programming environment. It is arranged into four major
parts. First, abrief tutorial and introduction is presented, then an informal
language reference will cover lexical conventions, functions, statements,
control flow, datatypes, classes, and execution models. The third section covers
the Python library, and the final section covers the Python C API that is used to
write Python extensions.
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About the Author

David M. Beazley isthe developer of SWIG, a popular software package for integrating C
programs with interpreted languages including Python, Perl, and Tcl. He has been actively involved
with the Python community since 1996 and is currently working on projects related to mixed-mode
debugging of scripting language extensions. Dave spent seven years working in the Theoretical
Physics Division at Los Alamos National Laboratory, where he helped pioneer the use of Python
with high-performance simulation software running on parallel computers. He is currently an
assistant professor in the Department of Computer Science at the University of Chicago, where he
enjoys tormenting students with insane programming projects in operating systems, networks, and
compilers courses. He can be reached at beazley @cs.uchicago.edu.
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About the Technical Reviewers

These reviewers contributed their considerable hands-on expertise to the entire development process
for Python Essential Reference, Second Edition. As the book was being written, these dedicated
professionals reviewed al the material for technical content, organization, and flow. Their feedback
was critical to ensuring that Python Essential Reference, Second Edition fits our reader’s need for
the highest-quality technical information.

Paul F. Dubois graduated from the University of Californiaat Berkeley with adegreein
mathematics. He obtained a Ph.D. in mathematics from the University of Californiaat Davisin
1970. After six years of teaching and research, in 1976 he joined Lawrence Livermore National
Laboratory. He has held avariety of positions at LLNL as atechnical leader in numerical
mathematics and computer science. In 1999 he joined the Program for Climate Model Diagnosis and
Intercomparison in the Atmospheric Sciences Division, where he is putting Python to work creating
analysistools for climate modelers.

Paul’ s work includes pioneering work on computational steering and the use of object technology
for scientific programming. He is the Editor of the Scientific Programming Department for the
journal |EEE Computing in Science and Engineering.
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Mats Wichmann is a consultant and trainer. A 1980 computer science graduate of the University of
Cadlifornia at Berkeley, he managed operating systems development for several UNIX companiesin
the 1980s before becoming a consultant. His search for a programming language that spans the
range from scripting system administration tasks to devel oping serious applications has found a
happy conclusion in Python. Mats is the author of a Python training course for amajor training
provider. Living in Questa, New Mexico, he can be reached at m.wichmann@ieee.org.
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Tell Us What You Think

Asthe reader of this book, you are our most important critic and commentator. We value your
opinion and want to know what we' re doing right, what we could do better, what areas you'd like to
see us publish in, and any other words of wisdom you’ re willing to pass our way.

As an Executive Editor for the Web Development team at New Riders Publishing, | welcome your
comments. Y ou can fax, email, or write me directly to let me know what you did or didn’t like about
this book—as well as what we can do to make our books stronger.

Please note that | cannot help you with technical problems related to the topic of this book, and that
due to the high volume of mail | receive, | might not be able to reply to every message.

When you write, please be sure to include this book’ s title and author as well as your name and
phone or fax number. | will carefully review your comments and share them with the author and
editors who worked on the book.

Fax: 317-581-4663

Email; Stephanie.Wall @newriders.com

Mail: Stephanie Wall
Executive Editor
New Riders Publishing
201 West 103'd Street
Indianapolis, IN 46290 USA
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Introduction

This book isintended to be a concise reference to the Python programming language. Although an
experienced programmer will probably be able to learn Python from this book, it’s not intended to
be an extended tutorial or atreatise on how to program. Rather, the goal is to present the core
Python language, the contents of the Python library, and the Python extension API in a manner
that’ s accurate and succinct. This book assumes that the reader has prior programming experience
with Python or other languages such as C or Java. In addition, a general familiarity with systems
programming topics (for example, basic operating system concepts, process management, and
network programming) may be useful in understanding certain parts of the library reference.

Python is freely available for download at http://www.python.org. Versions are available for UNIX,

Windows, Macintosh, and Java. In addition, this site includes links to documentation, how-to
guides, and a wide assortment of extension modules.
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What's Inside?

The contents of this book are based on Python 2.1. However, readers should be aware that Python is
a constantly evolving language. Most of the topics described herein are likely to be applicable to
future versions of Python 2.x. In addition, most topics are applicable to earlier releases. To alesser
extent, the topics in this book also apply to JPython, an implementation of Python entirely in Java.
However, that is not the primary focus of this book.

It should be noted that just as Python is an evolving language, the Second Edition of Python
Essential Reference has evolved to make use of new language features and new library modules
added in Python 2.1. Rather than merely describing new language features as an afterthought,
recently added features have been freely used and incorporated throughout the text. Although no
distinction is given to new additions, detailed descriptions of language changes can easily be found
online.

Finally, note that Python is distributed with hundreds of pages of reference documentation. The
contents of this book are largely based on that documentation, but with a number of enhancements,
additions, and omissions. First, this reference presents most of the same material in a more compact
form, with different examples and alternative descriptions of many topics. Second, a significant
number of topicsin the library reference have been expanded to include additional outside reference
material. Thisis especialy true for low-level system and networking modules in which effective use
of amodule normally relies on amyriad of options listed in UNIX manual pages and outside
reference material. In addition, in order to produce a more concise reference, a number of
deprecated and relatively obscure library modules have been omitted. Finally, this reference doesn’t
attempt to cover large frameworks such as Tkinter, XML, or the COM extensions, as these topics
are beyond the scope of this book and are described in books of their own.

In writing this book, it has been my goal to produce areference containing virtually everything |
have needed to use Python and its large collection of modules. Although thisis by no means a gentle
introduction to the Python language, | hope that you find the contents of this book to be a useful
addition to your programming reference library for many yearsto come. | welcome your comments.

—David Beazley Chicago, IL 6/1/2001

Conventions Used in This Book

Convention Usage
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nonospace text | Datatypes, classes, modules, constants, and so on—basically, anything that constitutes part
of the Python language or any command you could present to the computer. The
monospaced font is also used for Internet addresses such aswww. pyt hon. or g.

italic nonospace Variablessuchasx inabs(x) .

[ ] Brackets are used in syntax linesto indicate optional elements, such asobj ect in
dir([object ]).Inthesyntax[ arg = val ue ], val ue indicates the default value
of ar g . Brackets are also used to denote Python lists; in all coding examples, thisisthe
interpretation.

- Code-continuation characters are inserted into code when aline shouldn’t be broken, but
we simply ran out of room on the page.

Web Site

For downloadable source files from the code listings in this book, visit www.newriders.com.
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Chapter 1. A Tutorial Introduction

This chapter provides a quick introduction to Python. The goal isto illustrate Python's essential
features without getting too bogged down in special rules or details. To do this, the chapter briefly
covers basic concepts such as variables, expressions, control flow, functions, and input/output. This
chapter is not intended to provide comprehensive coverage, nor does it cover many of Python's
more advanced features. However, experienced programmers should be able to extrapolate from the
material in this chapter to create more advanced programs. Beginners are encouraged to try afew
examplesto get afeel for the language.
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Running Python

Python programs are executed by an interpreter. On UNIX machines, the interpreter is started by
typing pyt hon. On Windows and the Macintosh, the interpreter islaunched as an application

(either from the Start menu or by double-clicking the interpreter’ sicon). When the interpreter starts,
a prompt appears at which you can start typing programs into a simple read-evaluation loop. For
example, in the following output, the interpreter displays its copyright message and presents the user
with the >>> prompt, at which the user types the familiar “Hello World” command:

Python 2.1 (#1, Apr 20 2001, 14: 34:45)
[ GCC 2.95.2 19991024 (rel ease)] on sunos5

Type "copyright", "credits" or "license" for nore information.
>>> print "Hello Worl d"

Hell o Worl d

>>>

Programs can also be placed in afile such as the following:

# hel | owor | d. py
print "Hello Wrld"

Python source fileshave a. py suffix. The# character denotes a comment that extends to the end of
theline.

To executethe hel | owor | d. py file, you provide the filename to the interpreter as follows:

% pyt hon hel | owor | d. py
Hello Worl d
%

On Windows, Python programs can be started by double-clicking a.py file. Thislaunches the
interpreter and runs the program in a console window. In this case, the console window disappears
immediately after the program completes its execution (often before you can read its output). To
prevent this problem, you should use an integrated development environment such as Idle or
Pythonwin. An aternative approach isto launch the program using a. bat file containing a
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statement such aspyt hon -i hel | owor | d. py that instructs the interpreter to enter interactive
mode after program execution.

On the Macintosh, programs can be executed from the included integrated devel opment
environment. In addition, the Bui | dAppl et utility (included in the distribution) turns a Python

program into a document that automatically launches the interpreter when opened.

Within the interpreter, theexecf i | e() function runsaprogram, asin the following example:

>>> execfile("helloworld. py")
Hello Worl d

On UNIX, you can also invoke Python using #! in ashell script:

#! [ usr/ | ocal / bi n/ pyt hon
print "Hello Wrl d"

Theinterpreter runs until it reaches the end of the input file. If running interactively, you can exit by
typing the EOF (end of file) character or by selecting Exit from a pull-down menu. On UNIX, EOF
is Ctrl+D; on Windows, Ctrl+Z. A program can also exit by calling thesys. exi t () function or

raising the Syst enExi t exception. For example:

>>> | nport sys
>>> sys.exit()

or

>>> rai se Systenkxit
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Variables and Arithmetic Expressions

The program in Listing 1.1 shows the use of variables and expressions by performing asimple
compound-interest calculation:

Listing 1.1 Simple Compound-Interest Calculation

principal = 1000 # Initial anount
rate = 0.05 # Interest rate
nunyears = 5 # Nunmber of years
year = 1
whi | e year <= nunyears:
principal = principal*(1l+rate)
print year, principal
year += 1

The output of this program is the following table:

1050. 0

1102. 5

1157. 625
1215. 50625
1276. 2815625

Python is a dynamically typed language in which names can represent values of different types
during the execution of the program. In fact, the names used in a program are really just labels for
various quantities and objects. The assignment operator simply creates an association between that
name and avalue. Thisisdifferent from C, for example, in which a name represents afixed size and
location in memory into which results are placed. The dynamic behavior of Python can be seenin
Listing 1.1 withthe pri nci pal variable. Initialy, it's assigned to an integer value. However, later

in the program it’ s reassigned as follows:

principal = principal*(1l+rate)

This statement eval uates the expression and reassociates the name pr i nci pal with the result.
When this occurs, the original binding of pri nci pal totheinteger 1000 islost. Furthermore, the
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result of the assignment may change the type of avariable. In this case, the type of pri nci pal
changes from an integer to a floating-point number because r at e is afloating-point number.

A newline terminates each individual statement. Y ou also can use a semicolon to separate
statements, as shown here:

principal = 1000; rate = 0.05; nunyears = 5;

Thewhi | e statement tests the conditional expression that immediately follows. If the tested
expression is true, the body of thewhi | e statement executes. The condition is then retested and the

body executed again until the condition becomes false. Because the body of the loop is denoted by
indentation, the three statements following thewhi | e in Listing 1.1 execute on each iteration.

Python doesn’t specify the amount of required indentation, aslong asit’s consistent within a block.

One problem with the program in Listing 1.1 isthat the output isn’t very pretty. To make it better,
you could right-align the columns and limit the precision of pri nci pal totwo digits by
modifying the pri nt to use aformat string, like this:

print "%3d %.2f" % (year, principal)

Now the output of the program looks like this:

1050. 00
1102. 50
1157. 63
1215. 51
1276. 28

Format strings contain ordinary text and special formatting-character sequences such as™ %d" ,
"Os",or" 9% " . These sequences specify the formatting of a particular type of data such as an

integer, string, or floating-point number, respectively. The special-character sequences can also
contain modifiers that specify awidth and precision. For example, " %3d" formats an integer right-

aligned in a column of width 3, and " %®. 2f " formats a floating-point number so that only two

digits appear after the decimal point. The behavior of format strings is almost identical to the C
sprintf () functionandisdescribed in detail in Chapter 4, “ Operators and Expressions.”
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Conditionals

Thei f and el se statements can perform simple tests. For example:

# Conpute the maximum (z) of a and b
if a < b:

z =Db
el se:

z = a

The bodiesof thei f and el se clauses are denoted by indentation. The el se clauseis optional.

To create an empty clause, use the pass statement as follows:

If a < b:

pass # Do not hi ng
el se:

z = a

Y ou can form Boolean expressions by using the or , and, and not keywords:

if b > a and b <= c:
print "bis between a and c"
if not (b <awor b>c):
print "bis still between a and c"

To handle multiple-test cases, usetheel i f statement, like this:

If a=="+"":

op = PLUS
elif a =="-":

op = M NUS
elif a =="*";:

op = MJILTI PLY
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el se:
rai se RuntinmeError, "Unknown operator"”
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File Input and Output

The following program opens afile and reads its contents line by line:

f = open("foo.txt") # Returns a file object
line = f.readline() # I nvokes readline() nethod on file
while |ine:
print |ine, # trailing '," omts newine character
line = f.readline()
f.close()

Theopen() function returns anew file object. By invoking methods on this object, you can
perform various file operations. Ther eadl i ne() method reads a single line of input, including

the terminating newline. The empty string is returned at the end of the file. To make the output of a
program go to afile, you can give thefileto thepr i nt statement using >> as shown in the

following example:

f = open("out","w") # Qpen file for witing
whi | e year <= nunyears:
principal = principal*(1l+rate)
print >>f, "9%3d %0.2f" %% (year, princi pal)
year +=1
f.close()

In addition, files support awr i t e() method that can be used to write raw data. For example, the
pri nt statement in the previous example could have been written this way:

f.wite("%d %. 2f\ n" % (year, princi pal))
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Strings

To create string literals, enclose them in single, double, or triple quotes as follows:

a="Hello Wrld
b = "Python is groovy"
c = """Wiat is footnote 5?"""

The same type of quote used to start a string must be used to terminate it. Triple-quoted strings
capture all the text that appears prior to the terminating triple quote, as opposed to single- and
double-quoted strings, which must be specified on one logical line. Triple quotes can be done with
either single quotes (as in the following example) or double quotes (as in the above example). Triple-
quoted strings are useful when the contents of a string literal span multiple lines of text such asthe
following:

print ''"Content-type: text/htni

<h1l> Hello Wrld </hl1>
Cick <a href="http://ww. pyt hon. org">her e</ a>.

Srings are sequences of characters indexed by integers starting at zero. To extract a single character,
use theindexing operator s [ i ] likethis:

"Hel |l o Worl d"
al 4] # b ="0

a
b

To extract asubstring, usethe dlicing operator s [i :j ] . Thisextractsall elements from s whose

index k isintherangei <= k < | .If either index is omitted, the beginning or end of the string
IS assumed, respectively:

c = a[0:5] # c = "Hello"
d = a[6:] #d = "World"
e = a[ 3: 8] #e ="lo W
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Strings are concatenated with the plus (+) operator:

g=a+" Thisis a test"

Other datatypes can be converted into a string by using either thest r () orrepr () function or
backquotes (" ), which are a shortcut notation for r epr () . For example:

s = "The value of x is " + str(x)
= "The value of y is " + repr(y)
"The value of y is " + "y

mw nm
I

In many cases, st r () andrepr () returnidentical results. However, there are subtle differences
in semantics that are described in later chapters.
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Lists and Tuples

Just as strings are sequences of characters, lists and tuples are sequences of arbitrary objects. You create alist as follows:

names = [ "Dave", "Mark", "Ann", "Phil" ]

Lists areindexed by integers starting with zero. Use the indexing operator to access and modify individual items of the
list:

a = names| 2] # Returns the third itemof the list, "Ann"

nanes[0] = "Jeff" # Changes the first itemto "Jeff"

The length of alist can be obtained using thel en() function:

print |en(nanes) # prints 4

To append new itemsto alist, usetheappend() method:

nanes. append(" Kat e")

Toinsert aniteminto thelist, usethei nsert () method:

nanes. i nsert (2, "Sydney")

Y ou can extract or reassign a portion of alist by using the dlicing operator:

b = nanes[0: 2] # Returns [ "Jeff", "Mark" ]
c = nanmes| 2:] # Returns [ "Sydney", "Ann", "Phil", "Kate" ]
names[ 1] = 'Jeff’ # Replace the 2nd itemin nanmes with "Jeff"
nanes[0:2] = ['Dave',' Mark','Jeff'] # Replace the first two itens of

# the list wwth the list on the right.

Use the plus (+) operator to concatenate lists:

a=1]12,3] + [4,5] # Result is [1,2,3,4,5]

Lists can contain any kind of Python object, including other lists, asin the following example:

a =[1 "Dave",3.14, ["Mark", 7, 9, [100,101]], 10]
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Nested lists are accessed as follows:

a[ 1] # Returns "Dave"
al 3] [ 2] # Returns 9
a[ 3] [3][1] # Returns 101

The program in Listing 1.2 illustrates a few more advanced features of lists by reading alist of numbers from afile and
outputting the minimum and maximum values.

Listing 1.2 Advanced List Features

I mport sys # Load the sys nodul e

f = open(sys.argv[1]) # Fil enane on the conmmand |ine
sval ues = f.readlines() # Read all lines into a |ist
f.close()

# Convert all of the input values fromstrings to floats
fvalues = [float(s) for s in sval ues]

# Print mn and nax val ues
print "The mnimumvalue is ", mn(fval ues)
print "The maxi numvalue is ", max(fval ues)

Thefirst line of this program usesthei npor t statement to load the sys module from the Python library.

The open() method uses afilename that has been supplied as a command-line option and stored in thelist sys. ar gv.
Ther eadl i nes() method reads al the input linesinto alist of strings.

Theexpression[ fl oat (s) for s in sval ues] constructsanew list by looping over all the stringsin the list
sval ues and applying the function f | oat () to each element. This particularly powerful method of constructing alist
isknown as alist comprehension.

After the input lines have been converted into alist of floating-point numbers, the built-inm n() and max() functions
compute the minimum and maximum val ues.

Closely related to lists is the tuple datatype. Y ou create tuples by enclosing a group of valuesin parentheses or with a
comma-separated list, like this:

a=(14,5-9 10)
b =(7,) # Singleton (note extra ,)
person = (first_name, |ast_nane, phone)

Sometimes Python recognizes that atuple isintended even if the parentheses are missing:

a=14,5-910
b =17,
person = first_nane, |ast_nanme, phone

Tuples support most of the same operations as lists, such asindexing, sicing, and concatenation. The only differenceis
that you cannot modify the contents of atuple after creation—that is, you cannot modify individual elements, or append
new elementsto atuple.
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Loops

The simple loops shown earlier used the whi | e statement. The other looping construct isthe f or

statement, which iterates over the members of a sequence, such as a string, list, or tuple. Here's an
example:

for i in range(1, 10):
print "2 to the % power is %" % (i, 2**i)

Therange(i ,j ) function constructsalist of integerswith valuesfromi toj - 1 . If the starting

value is omitted, it’ s taken to be zero. An optional stride can also be given as athird argument. For
example:

a = range(5) # a=10,1, 2, 3, 4]

b = range(1, 8) #b =1123,4,5,6,7]
c = range(0, 14, 3) # ¢ =10,3,6,9,12]

d = range(8, 1, -1) #d =18,7,6,5,4, 3, 2]

Thef or statement can iterate over any sequence type and isn’t limited to sequences of integers:

a ="Hello Wrld"
# Print out the characters in a
for ¢ in a:

print c

b = ["Dave", "Mark","Ann", " Phil"]
# Print out the nenbers of a |i st
for nane in b:

print name

range() works by constructing alist and populating it with values according to the starting,

ending, and stride values. For large ranges, this processis expensive in terms of both memory and
runtime performance. To avoid this, you can use the xr ange( ) function, as shown here:
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for i in xrange(1,10):

print "2 to the % power is %" % (i, 2**i)
a = xrange(100000000) #a =1[0,1,2, ..., 99999999]
b = xrange(0, 100000000, 5) # b =[0,5,10, ...,99999995]

Rather than creating a sequence populated with values, the sequence returned by xr ange()
computes its values from the starting, ending, and stride values whenever it's accessed.
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Dictionaries

A dictionary is an associative array or hash table that contains objects indexed by keys. Create a
dictionary by enclosing the valuesin curly braces ({ }) likethis:

a = {
"user nane" : "beazl ey",
“honme" : "/hone/beazl ey",
"uid" : 500
}

To access members of adictionary, use the key-indexing operator as follows:

u = af["usernane"]
al "hone"]

o
1

Inserting or modifying objects works like this:

a[ "usernane"] = "px|"
a["honme"] = "/honme/pxl"
a["shell"] = "/usr/bin/tcsh"

Although strings are the most common type of key, you can use many other Python objects,
including numbers and tuples. Some objects, including lists and dictionaries, cannot be used as keys,
because their contents are allowed to change.

Dictionary membership istested withthe has_key() method, asin the following example:

I f a.has_key("usernane"):
usernane = a[ "usernane"]
el se:
user nane = "unknown user"

This particular sequence of steps can aso be performed more compactly as follows.
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usernane = a.get("usernanme", "unknown user")

To obtain alist of dictionary keys, usethekeys() method:

k = a. keys() # k = ["usernane", "honme","uid", "shel | "]

Usethedel statement to remove an element of adictionary:

del a["usernanme"]
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Functions

You usethedef statement to create a function, as shown in the following example:

def remai nder(a,b):

g=alb
rr=a- g*b
return r

To invoke afunction, simply use the name of the function followed by its arguments enclosed in
parentheses, suchasresult = remai nder (37, 15) . You can use atuple to return multiple

values from afunction, asin the following example:

def divide(a,b):
g =alb # If a and b are integers, q is an integer
rr=a- g*b
return (q,r)

When returning multiple valuesin atuple, it’s often useful to invoke the function as follows:

quoti ent, remai nder = divide(1456, 33)

To assign adefault value to a parameter, use assignment:

def connect ( host nane, port, ti neout =300):
# Functi on body

When default values are given in afunction definition, they can be omitted from subsequent
function calls. For example:

connect (' ww. pyt hon. org', 80)

Y ou also can invoke functions by using keyword arguments and supplying the argumentsin
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arbitrary order. For example:

connect ( port =80, host nanme="ww. pyt hon. org")

When variables are created or assigned inside a function, their scopeislocal. To modify the value of
aglobal variable from inside afunction, use the gl obal statement asfollows:

a=4.5
def foo():
gl obal a
a = 8.8 # Changes the global variable a
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Classes

Thecl ass statement is used to define new types of objects and for object-oriented programming.
For example, the following class defines a simple stack:

cl ass Stack:

def _ init_ (self): # Initialize the stack
self.stack = [ ]

def push(sel f, object):
sel f. stack. append( obj ect)

def pop(self):
return self.stack. pop()

def | ength(self):
return | en(self.stack)

In the class definition, methods are defined using the def statement. The first argument in each
method always refers to the object itself. By convention, sel f isthe name used for this argument.
All operations involving the attributes of an object must explicitly refer tothesel f variable.
Methods with leading and trailing double underscores are special methods. For example,
_init__ isusedtoinitialize an object after it’s created.

To use aclass, write code such as the following:

s = Stack() # Create a stack

s. push(" Dave") # Push sone things onto it

s. push(42)

s. push([ 3, 4, 5])

X = s.pop() # x gets [3,4,5]

y = s.pop() #y gets 42

del s # Destroy s
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Exceptions

If an error occurs in your program, an exception is raised and an error message such as the following
appears.

Traceback (nost recent call last):
File "<interactive input>", line 42, in foo.py
NanmeError: a

The error message indicates the type of error that occurred, along with itslocation. Normally, errors
cause a program to abort. However, you can catch and handle exceptionsusing thet r y and

except statements, likethis:

try:

f = open("file.txt","r")
except | Oerror, e:

print e

If an | OEr r or occurs, details concerning the cause of the error are placed in e and control passes
to the codeintheexcept block. If some other kind of exception israised, it’'s passed to the
enclosing code block (if any). If no errors occur, the code in theexcept block isignored.

Ther ai se statement is used to signal an exception. When raising an exception, you can use one of
the built-in exceptions, like this:

raise Runti neError, "Unrecoverable error"

Or you can create your own exceptions, as described in the section “Defining New Exceptions” in
Chapter 5, “Control Flow.”
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Modules

Asyour programs grow in size, you' |l probably want to break them into multiple files for easier
maintenance. To do this, Python allows you to put definitionsin afile and use them as a modul e that
can be imported into other programs and scripts. To create a module, put the relevant statements and
definitionsinto afile that has the same name as the module. (Note: The file must have a.py suffix.)
For example:

# file : div.py

def divide(a,b):
g=alb # If a and b are integers, g is an integer
r =a- g*b
return (q,r)

To use your module in other programs, you can usethei nport statement:
I mport div
a, b = div.divide(2305, 29)

| mport creates anew namespace that contains al the objects defined in the module. To access this
namespace, simply use the name of the module as a prefix, asindi v. di vi de() inthe preceding
example.

If you want to import a module using a different name, supply thei nport statement with an optional
as qualifier asfollows:

I nport div as foo
a,b = foo.divide(2305, 29)

To import specific definitions into the current namespace, use the f r omstatement:

fromdiv inport divide
a,b = divide(2305, 29) # No |l onger need the div prefix

Toload al of amodul€’'s contents into the current namespace, you can also use the following:
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fromdiv inport *

Finally, thedi r () function lists the contents of a module and is a useful tool for interactive
experimentation, since it can be used to provide alist of available functions and variables:

>>> jnport string
>>> dir(string)

['_ _builtins_ ', ' doc_ ', ' _file_ ', '  _nanme_ ', ' _idmap',
" _idmapL', ' _lower', ' _swapcase', ' _upper', "atof', "atof _error',
‘atoi', 'atoi _error', 'atol', '"atol _error', 'capitalize',

‘capwords', 'center', 'count', 'digits', 'expandtabs', 'find',
>>>
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Chapter 2. Lexical Conventions and Syntax

This chapter describes the syntactic and lexical conventions of a Python program. Topics include
line structure, grouping of statements, reserved words, literals, operators, and tokens. In addition, the
use of Unicode string literals is described in detail.
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Line Structure and Indentation

Each statement in a program is terminated with a newline. Long statements can span multiple lines
by using the line-continuation character (\ ), as shown in the following example:

a = math.cos(3*(x-n)) +\
mat h. si n(3*(y-n))

Y ou don’'t need the line-continuation character when the definition of atriple-quoted string, list,
tuple, or dictionary spans multiple lines. More generally, any part of a program enclosed in
parentheses (. .. ), brackets[ .. .], braces{. ..}, or triple quotes can span multiple lines

without use of the line-continuation character.

Indentation is used to denote different blocks of code, such as the bodies of functions, conditionals,
loops, and classes. The amount of indentation used for the first statement of a block is arbitrary, but
the indentation of the entire block must be consistent. For example:

i f a:
statenentl # Consi stent indentation
st at enent 2
el se:
st at enent 3
statement4  # Inconsistent indentation (error)

If the body of afunction, conditional, loop, or classis short and contains only afew statements, they
can be placed on the sameline, like this:

if a: statementl
el se: statement?2

To denote an empty body or block, use the pass statement. For example:

i f a:
pass
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el se:
st atenent s

Although tabs can be used for indentation, this practice is discouraged. When tab characters are
encountered, they’ re converted into the number of spaces required to move to the next column that’'s
amultiple of 8. (For example, atab appearing in column 11 inserts enough spaces to moveto
column 16.) Running Python with the - t option prints warning messages when tabs and spaces are

mixed inconsistently within the same program block. The-t t option turns these warning messages
into TabEr r or exceptions.

To place more than one statement on a line, separate the statements with asemicolon (; ). A line
containing a single statement can also be terminated by a semicolon.

The # character denotes a comment that extends to the end of the line. A # appearing inside a
quoted string doesn’t start a comment, however.

Finally, the interpreter ignores all blank lines except when running in interactive mode.
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Identifiers and Reserved Words

Anidentifier isaname used to identify variables, functions, classes, modules, and other objects.
|dentifiers can include letters, numbers, and the underscore character (_ ), but must always start with

anon-numeric character. Letters are currently confined to the characters A—Z and a-z in the | SO-
Latin character set. Because identifiers are case sensitive, FOOis different from f 00. Special

symbols such as $, % and @are not allowed in identifiers. In addition, words such asi f , el se, and
f or arereserved and cannot be used as identifier names. The following list shows all the reserved
words:

and elif gl obal or
assert el se I f pass
br eak except I mport pri nt
cl ass exec i n raise
conti nue finally IS return
def for | anbda try
del from not whi | e

|dentifiers starting or ending with underscores often have special meanings. For example, identifiers
starting with asingle underscore such as_f 0o are not imported by thef r om nodul e i nport

* statement. Identifiers with leading and trailing double underscoressuchas = _init _  are
reserved for special methods, and identifiers with leading double underscoressuchas ~ _bar are
used to implement private class members as described in Chapter 7, “ Classes and Object-Oriented
Programming.” General-purpose use of similar identifiers should be avoided.
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Literals

There are four built-in numeric types: integers, long integers, floating-point numbers, and complex
numbers.

A number such as 1234 isinterpreted as adecimal integer. To specify octal and hexadecimal
integers, precede the value with 0 or 0x, respectively— 0644 or 0x100f ea8. Write along integer
using atrailing | (ell) or L character, asin 1234567890L. Unlike integers, which are limited by

machine precision, long integers can be of any length (up to the maximum memory of the machine).
Numberssuchas123. 34 and 1. 2334e+02 are interpreted as floating-point numbers. An integer

or floating-point number with atrailingj or J, suchas12. 34J, isanimaginary number. You can

create complex numbers with real and imaginary parts by adding areal number and an imaginary
number,asinl. 2 + 12. 34J.

Python currently supports two types of string literals:
. 8-bit character data (ASCI|I)
« Unicode (16-bit wide character data)

The most commonly used string type is 8-bit character data, because of its use in representing
characters from the ASCII or | SO-Latin character set as well as representing raw binary data as a
sequence of bytes. By default, 8-bit string literals are defined by enclosing text in single (* ), double

("), ortriple(" "' or""") quotes. You must use the same type of quote to start and terminate a
string. The backslash (\ ) character is used to escape specia characters such as newlines, the
backd ash itself, quotes, and nonprinting characters. Table 2.1 shows the accepted escape codes.

Unrecogni zed escape sequences are left in the string unmodified and include the leading backslash.
Furthermore, strings may contain embedded null bytes and binary data. Triple-quoted strings can
span multiple lines and include unescaped newlines and quotes.

Table 2.1. Standard Character Escape Codes

Character Description
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\ Newline continuation

\\ Backdlash

\! Single quote

\" Double quote

\a Bell

\b Backspace

\e Escape

\0 Null

\'n Line feed

\v Vertical tab

\'t Horizontal tab

\r Carriage return

\ f Form feed

\ 000 Octal value (000 to\ 377)

\ xhh Hexadecimal value (x00 to\ xf f)
\ uhhh Unicode character value (Unicode strings only)

Unicode strings are used to represent multibyte international character sets and allow for 65,536
unique characters. Unicode string literals are defined by preceding an ordinary string literal withau

or U, suchasinu" hel | 0". In Unicode, each character isinternally represented by a 16-bit integer

value. For the purposes of notation, this value is written as U+XXXX, where XXXX is afour-digit
hexadecimal number. (Note: This notation is only a convention used to describe Unicode characters
and is not Python syntax.) For example, U+0068 is the Unicode character for the letter h in the
Latin-1 character set. When Unicode string literals are defined, ordinary characters and escape codes
are directly mapped as Unicode ordinals in the range [U+0000, U+00FF]. For example, the string
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“hel | o\ n" ismapped to the sequence of ASCII values 0x68, 0x65, Ox6c, 0x6c, 0x6f, 0x0a,
whereas the Unicode string u” hel | o\ n" ismapped to the sequence U+0068, U+0065, U+006C,
U+006C, U+006F, U+000A. Arbitrary Unicode characters are defined using the \ uXXXX escape

sequence. This sequence can only appear inside a Unicode string literal and must always specify a
four-digit hexadecimal value. For example:

s = u"\u0068\ u0065\ ud06C\ UOO6C\ UOOG6T\ UOOOA"

In older versions of Python, the \ x XXXX escape could be used to define Unicode characters.
Although thisis still alowed, the\ uXXXX sequence should be used instead. In addition, the\ Q0O
octal escape sequence can be used to define Unicode charactersin the range [U+0000, U+01FF].

Unicode string literals should not be defined using a sequence of raw bytes that correspond to a
multibyte Unicode data encoding such as UTF-8 or UTF-16. For example, writing araw UTF-8
encoded string suchasu' M 303\ 2741 | er' produces the seven-character Unicode sequence

U+004D, U+00C3, U+00BC, U+006C, U+006C, U+0065, U+0072, which is probably not what you
wanted. Thisis because in UTF-8, the multibyte sequence\ 303\ 274 is supposed to represent
U+00FC, not U+00C3, U+00BC. For more details about Unicode encodings, see Chapter 3, “Types
and Objects,” Chapter 4, “Operators and Expressions,” and Chapter 9, “Input and Output.”
Optionally, you can precede astringwithanr or R, suchasinr"\ n\" ' . These strings are known

as raw strings because all their backslash characters are left intact—that is, the string literally
contains the enclosed text, including the backslashes. Raw strings cannot end in a single backslash,
suchasr "\ " . When raw Unicode strings are defined by preceding the string with ur or UR,

\ UXXXX escape sequences are still interpreted as Unicode characters, provided that the number of
preceding\ charactersisodd. For instance, ur "\ ul234" definesaraw Unicode string with the
character U+1234, whereasur "\ \ ul234" defines a seven-character Unicode string in which the
first two characters are slashes and the remaining five characters are the literal " u1234" . Also,
when defining raw Unicode string literalsthe “r ” must appear after the “u” as shown.

Adjacent strings (separated by white space or a newline continuation character) such as" hel | 0"
"wor | d' are concatenated to form asingle string: " hel | owor | d" . String concatenation works

with any mix of ordinary, raw, and Unicode strings. However, whenever one of the stringsis
Unicode, the final result is always coerced to Unicode. Therefore, " hel | 0" u"wor | d" isthe

sameasu" hel | 0" + u"worl d".Inaddition, due to subtle implementation aspects of Unicode,
writing" s1" u"s2" may produce aresult that’'s different from writing u" s1s2" . The details of
this coercion process are described further in Chapter 4 and Appendix A (the Python library).

If Python is run with the - U command-line option, al string literals are interpreted as Unicode.

Values enclosed in square brackets| . . . ], parentheses (. .. ) ,and braces{. . .} denotelists,
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tuples, and dictionaries, respectively, asin the following example:

a=1[]1, 3.4, "hello ] # A
b =( 10, 20, 30 ) # A
c={"a: 3 'b:42} # A

I st
tupl e
di ctionary

< BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.

file:///D}/Downloads/eDonkey/incoming/[ebook]%2...20Second%20Edition/python_essencial_ref/30.html (4 / 4) [2003/1/1 OWOO 02:55:27]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=30

Safari | Python Essential Reference, Second Edition -> Operators, Delimiters, and Special Symbols

Linux/Unix > Python Essential Reference, Second Edition > 2. Lexical Conventions and See All Titles
Syntax > Operators, Delimiters, and Special Symbols

<BACK Make Note | Bookmark CONTINUE >

Operators, Delimiters, and Special Symbols

The following operator tokens are recognized:

+ _ * * % / % << >> & | A
+= -= * = * % = [ = V= <<= >>= &= | = N=
-~ < > <= >= == | = <>

The following tokens serve as delimiters for expressions, lists, dictionaries, and various parts of a
statement:

For example, the equal (=) character serves as a delimiter between the name and value of an assignment,
while the comma (, ) character is used to delimit arguments to afunction, elementsin lists and tuples, and
so on. The period (. ) isalso used in floating-point numbersand in the ellipsis (. . . ) used in extended
dlicing operations.

Finally, the following special symbols are also used:

' ! # \

The characters @ $, and ? cannot appear in a program except inside a quoted string literal.
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Documentation Strings

If the first statement of amodule, class, or function definition is a string, that string becomes a
documentation string for the associated object, as in the following example:

def fact(n):
"This function conputes a factorial”
If (n<=1): return 1
el se: return n*fact(n-1)

Code-browsing and documentation-generation tools sometimes use documentation strings. The
strings are accessibleinthe ~ _doc_ _ attribute of an object, as shown here:

>>> print fact. _doc_
This function conputes a factori al
>>>

The indentation of the documentation string must be consistent with all the other statementsin a
definition. Furthermore, adjacent strings appearing on different lines are not concatenated to form a
single documentation string.
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Chapter 3. Types and Objects

All the data stored in a Python program is built around the concept of an object. Objects include
fundamental datatypes such as numbers, strings, lists, and dictionaries. It’s also possible to create
user-defined objects in the form of classes or extension types. This chapter describes the Python
object model and provides an overview of the built-in datatypes. Chapter 4, “ Operators and

Expressions,” further describes operators and expressions.
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Terminology

Every piece of data stored in a program is an object. Each object has an identity, atype, and avalue.

For example, when you writea = 42, aninteger object is created with the value of 42. You can
view the identity of an object as a pointer to itslocation in memory. In this example, a is a name that
refers to this specific location.

The type of an object (which isitself a special kind of object) describes the internal representation of
the object as well as the methods and operations that it supports. When an object of a particular type
Is created, that object is sometimes called an instance of that type (although an instance of atype
should not be confused with an instance of a user-defined class). After an object is created, its
identity and type cannot be changed. If an object’ s value can be modified, the object is said to be
mutable. If the value cannot be modified, the object is said to be immutable. An object that contains
references to other objects is said to be a container or collection.

In addition to holding a value, many objects define a number of data attributes and methods. An
attribute is a property or value associated with an object. A method is afunction that performs some
sort of operation on an object when the method is invoked. Attributes and methods are accessed
using the dot (. ) operator, as shown in the following example:

a =3 + 4 # Create a conpl ex nunber

r = a.real # Get the real part (an attribute)

b =11, 2, 3] # Create a |ist

b. append(7) # Add a new el enent using the append net hod
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Object Identity and Type

The built-in functioni d() returnsthe identity of an object as an integer. Thisinteger usually

corresponds to the object’ s location in memory, although thisis specific to the implementation. The
I S operator compares the identity of two objects. The built-in functiont ype() returnsthe type of

an object. For example:

# Conpare two objects
def conpare(a,b):

print 'The identity of ais ', id(a)
print 'The identity of bis ', id(b)
if ais b:

print 'a and b are the sane object’
If a ==

print 'a and b have the sane val ue'

if type(a) is type(b):
print "a and b have the sane type'

The type of an object isitself an object. Thistype object isuniquely defined and is always the same
for all instances of a given type. Therefore, the type can be compared using the i s operator. The

standard modulet ypes contains the type objects for all the built-in types and can be used to
perform type-checking. For example:

I nport types

i f type(s) is types.ListType:
print 'Is a list’

el se:
print 'Is not a list'

When comparing object types in which user-defined classes are involved, it may be better to use the
I si nstance() function as described in Chapter 7, “Classes and Object-Oriented Programming.”

Thei si nstance(s, C) function correctly detectsinstancess of classes descended from the
class C, aswell asinstances of Citself.
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Reference Counting and Garbage Collection

All objects are reference-counted. An object’ s reference count isincreased whenever it’s assigned to
anew name or placed in a container such asalist, tuple, or dictionary, as shown here:

= 3.4 # Creates an object '3.4'
a # I ncreases reference count on '3.4'

=[]

append(b) # Increases reference count on '3.4'

O 0 T w
1

This example creates a single object containing the value 3. 4. The variable a is merely a name that
refers to the newly created object. When b isassigned a, b becomes a new name for the same
object, and the object’ s reference count increases. Likewise, when you place b into alist, the

object’ s reference count increases again. In the example, only one object contains 3. 4. All other
operations are simply creating new references to the object.

An object’ s reference count is decreased by the del statement or whenever areference goes out of
scope (or is reassigned). For example:

del a # Decrease reference count of 3.4
b =7.8 # Decrease reference count of 3.4
c[0]=2.0 # Decrease reference count of 3.4

When an object’ s reference count reaches zero, it is garbage collected. However, in some cases a
circular dependency may exist among a collection of objects that are no longer in use. For example:

a=1{}
b =1{1}
a['b'] =D # a contains reference to b
b[a'] = a # b contains reference to a
del a
del b

In this example, the del statements decrease the reference count of a and b and destroy the names
used to refer to the underlying objects. However, because each object contains a reference to the
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other, the reference count doesn’t drop to zero and the objects remain allocated. To address this
problem, the interpreter periodically executes a cycle-detector that searches for cycles of
Inaccessible objects and deletes them. The cycle-detection algorithm can be fine-tuned and
controlled using functionsin the gc module described in Appendix A, “The Python Library.”
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References and Copies

When a program makes an assignment suchasa = b, anew referenceto b is created. For
immutabl e objects such as numbers and strings, this assignment effectively creates a copy of b.

However, the behavior is quite different for mutable objects such as lists and dictionaries. For
example:

b =11,2,3,4]

a==> # ais areference to b

a[2] = -100 # Change an elenent in 'a'
print b # Produces '[1, 2, -100, 4]’

Because a and b refer to the same object in this example, a change made to one of the variablesis

reflected in the other. To avoid this, you have to create a copy of an object rather than a new
reference.

Two types of copy operations are applied to container objects such aslists and dictionaries: a
shallow copy and a deep copy. A shallow copy creates a new object, but populates it with references
to the items contained in the original object. For example:

b=1[1, 2, [3,4] ]

a = Db[:] # Create a shall ow copy of b.

a. append( 100) # Append el enent to a.

print b # Produces '[1,2, [3,4]]"'. b unchanged.
a[2][0] = -100 # Modify an el enent of a.

print b # Produces '[1,2, [-100,4]]".

In this case, a and b are separate list objects, but the elements they contain are shared. Thus, a
modification to one of the elements of a also modifies an element of b as shown.

A deep copy creates a new object and recursively copies all the objectsit contains. Thereis no built-
in function to create deep copies of objects. However, the copy. deepcopy() functioninthe

standard library can be used, as shown in the following example:

I nport copy
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b =11, 2, [3, 4] ]
copy. deepcopy(b)

QD
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Linux/Unix > Python Essential Reference, Second Edition > 3. Types and Objects > See All Titles
Built-in Types

<BACK Make Note | Bookmark CONTINUE >
Built-in Types

Approximately two dozen types are built into the Python interpreter and grouped into afew major
categories, as shown in Table 3.1. Some categories include familiar objects such as numbers and

sequences. Others are used during program execution and are of little practical use to most
programmers. The next few sections describe the most commonly used built-in types.

Table 3.1. Built-in Python Types

Type Category Type Name Description
None NoneType The null object
Numbers I nt Type Integer
LongType Arbitrary-precision integer
Fl oat Type Floating-point number
Conpl exType Complex number
Sequences StringType Character string
Uni codeType Unicode character string
Li st Type List
Tupl eType Tuple
XRangeType Returned by xr ange()
Buf f er Type Buffer; returned by buf f er ()
Mapping Di ct Type Dictionary
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Callable Bui I ti nFuncti onType Built-in functions
Bui | ti nMet hodType  |Built-in methods
Cl assType Class object
Functi onType User-defined function
| nst anceType Class object instance
Met hodType Bound class method
UnboundMet hodType  |Unbound class method
Modules Modul eType Module
Classes C assType Class definition

Class Instance

| nst anceType

Class instance

Files Fil eType File

Internal CodeType Byte-compiled code
FraneType Execution frame
TracebackType Stack traceback of an exception
SliceType Generated by extended slices
El i psisType Used in extended dlices

Note: Ol assType and | nst anceType appear twice in Table 3.1 because classes and instances are both callable under special
circumstances.

Note: Cl assType and | nst anceType appear twicein Table 3.1 because classes and instances
are both callable under special circumstances.

The None Type
The None type denotes a null object. Python provides exactly one null object, which iswritten as

None in aprogram. This object is returned by functions that don’t explicitly return avalue. None is
frequently used as the default value of optional arguments, so that the function can detect whether
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the caller has actually passed a value for that argument. None has no attributes and evaluates to
false in Boolean expressions.

Numeric Types

Python uses four numeric types: integers, long integers, floating-point numbers, and complex
numbers. All numeric objects are signed and immutabl e.

Integers represent whole numbers in the range of —2147483648 to 2147483647 (the range may be
larger on some machines). Internally, integers are stored as 2's complement binary values, in 32 or
more bits. If the result of an operation exceeds the allowed range of values, an Over f | owEr r or

exception israised. Long integers represent whole numbers of unlimited range (limited only by
available memory).

Floating-point numbers are represented using the native double-precision (64-bit) representation of
floating-point numbers on the machine. Normally thisis |[EEE 754, which provides approximately
17 digits of precision and an exponent in the range of —308 to 308. Thisisthe same asthedoubl e
type in C. Python doesn’t support 32-bit single-precision floating-point numbers. If space and
precision are an issue in your program, consider using Numerical Python
(http://numpy.sourceforge.net).

Complex numbers are represented as a pair of floating-point numbers. The real and imaginary parts
of acomplex number z areavailableinz . real andz . i mag.

Sequence Types

Sequences represent ordered sets of objects indexed by non-negative integers and include strings,
Unicode strings, lists, tuples, xrange objects, and buffer objects. Strings and buffers are sequences of
characters, xrange objects are sequences of integers, and lists and tuples are sequences of arbitrary
Python objects. Strings, Unicode strings, and tuples are immutable; lists allow insertion, deletion,
and substitution of elements. Buffers are described later in this section.

Table 3.2 shows the operators and methods that you can apply to all sequence types. Elementi of a
sequence s is selected using the indexing operator s [ i ], and a subsequence is selected using the
dlicing operator s [i :j ] . (These operations are described in Chapter 4.) The length of any
sequence is returned using the built-in | en('s ) function. Y ou can find the minimum and maximum
values of a sequence by using the built-inm n(s ) and max(s ) functions. However, these

functions only work for sequences in which the elements can be ordered (typically numbers and
strings).

Table 3.3 shows the additional operators that can be applied to mutable sequences such aslists.
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Table 3.2. Operations and Methods Applicable to All Sequences

Item Description

s[i] Returns element i of a sequence
s[i:j] Returnsadlice

len(s) Number of elementsin s
mn(s) Minimum valuein s

max(s) Maximum valuein s

Table 3.3. Operations Applicable to Mutable Sequences

Item Description
s[i] =v Item assignment
s[i:j] =1t Slice assignment
del s[i ] Item deletion
del s[i :j] Slice deletion

Additionally, lists support the methods shown in Table 3.4. The built-in function | i st (s)

converts any sequencetypeto alist. If s isaready alist, this function constructs anew list that’s a
shallow copy of s . Thes . append( x ) method appends a new element x to the end of the list.

Thes . i ndex(x ) method searchesthe list for the first occurrence of x . If no such element is
found, aVal ueEr r or exceptionisraised. Smilarly, thes . r enove( x ) method removesthe
first occurrence of x fromthelist. Thes . ext end(t ) method extendslist s by appending the
elementsin sequencet .Thes . sort () method sorts the elements of alist and optionally accepts

a comparison function. This function should take two arguments and return negetive, zero, or
positive, depending on whether the first argument is smaller, equal to, or larger than the second
argument, respectively. Thes . r ever se() method reversesthe order of the itemsin thelist. Both

thesort () andrever se() methods operate on the list elementsin place and return None.
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Table 3.4. List Methods

Method Description

list(s) Converts sequence s to alist.

s . append(x) Appends anew element x totheend of s .

s.extend(t) Appendsanew listt totheend of s .

s.count(x) Counts occurrencesof x ins .

S .index(x) Returnsthe smallesti wheres[i] == x.

s.insert(i,x) Insertsx atindexi .

s.pop([i]) Returnsthe element i and removesit from thelist. If i isomitted, the last element is
returned.

s.renmove(Xx) Searchesfor x and removesit froms .

s.reverse() Reversesitemsof s in place.

s.sort([cnpfunc]) |Sortsitemsof s in place. cnpf unc isacomparison function.

Python provides two string object types. Standard strings are sequences of bytes containing 8-bit
data. They may contain binary data and embedded null bytes. Unicode strings are sequences of 16-
bit characters encoded in aformat known as UCS-2. This allows for 65,536 unique character values.
Although the latest Unicode standard supports up to 1 million unique character values, these extra
characters are not currently supported by Python. Instead, they must be encoded as a special two-
character (4-byte) sequence known as a surrogate pair—the interpretation of which isup to the
application. Python does not check data for Unicode compliance or the proper use of surrogates.

Both standard and Unicode strings support the methods shown in Table 3.5. Although these methods

operate on string instances, none of these methods actually modifies the underlying string data.
Thus, methodssuchass . capitalize(),s.center(),ands . expandtabs() aways

return a new string as opposed to modifying the string s . Character testssuch ass . i sal nun()
ands . i supper () returntrueor faseif al the charactersin the string s satisfy the test.
Furthermore, these tests adways return false if the length of the stringiszero. Thes . fi nd(),s
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.index(),s.rfind(),ands . rindex() methodsareusedto search s for asubstring. All
these functions return an integer index to the substring in s . In addition, thef i nd() method
returns - 1 if the substring isn’t found, whereasthei ndex() method raisesaVal ueEr r or

exception. Many of the string methods accept optional st art and end parameters, which are
integer values specifying the starting and ending indicesins . Thes . t ransl at e() methodis

used to perform character substitutions, and is described inthe st r i ng module in Appendix A. The
s . encode() method isused to transform the string data into a specified character encoding. As
Input it accepts an encoding namesuchas' ascii'," utf-8',or' utf-16"'.Thismethodis
most commonly used to convert Unicode strings into a data encoding suitable for |/O operations and
is described further in Chapter 9, “Input and Output.” More details about string methods can be
found in the documentation for the st r i ng module (see Appendix A).

Table 3.5. String Methods

Method Description

s.capitalize() Capitalizes thefirst character of s .
s.center(w dth) Centersthe string in afield of lengthwi dt h .
s.count(sub[,start [,end]]) Counts occurrences of the specified substring sub .
s .encode([encoding[,errors]]) Returns an encoded version of the string.

s.endswth(suffix[,start[,end]]) Checksthe end of the string for a suffix.

s . expandt abs([t absi ze]) Expands tabs.

s.find(sub[,start [,end]]) Finds the first occurrence of the specified substring sub .
S.index(sub[,start [,end]]) Finds the first occurrence of sub or raises an exception.
s .isal num) Checks whether al characters are alphanumeric.

s .isal pha() Checks whether al characters are al phabetic.
s.isdigit() Checks whether all characters are digits.
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s.islower() Checks whether all characters are lowercase.
S .isspace() Checks whether al characters are whitespace.
s.istitle() Checks whether the string is title-cased (first letter of each

word capitalized).

s .isupper() Checks whether al characters are uppercase.
s.join(t) Joinsthe stringsinlistt usings asadelimiter.
s.ljust(width) Left-alignss inastring of sizewi dt h .
s.lower() Returns s converted to lowercase.
s.lstrip() Removes leading whitespace.

s.replace(old, new[, maxrepl ace]) Replaces the substring ol d with new.

s.rfind(sub[,start [,end]]) Finds the last occurrence of a substring.
s.rindex(sub[,start [,end]]) Finds the last occurrence of sub or raises an exception.
s.rjust(width) Right-aligns s in astring of lengthwi dt h .
s.rstrip() Removes trailing whitespace.
s.split([sep[,maxsplit]]) Splitsastring using sep asadeimiter. maxspl it isthe

maximum number of splits to perform.

s.splitlines([keepends]) Splitsastring into alist of lines. If keepends is 1, trailing
newlines are preserved.

s.startswith(prefix|[,start [,end]]) |Checkswhether astring startswith prefi x .

s.strip() Removes leading and trailing whitespace.
s . swapcase() Returns s with uppercase converted to lowercase and vice
versa,
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s.title() Returns atitle-cased version of the string.

s.transl ate(table[, del etechars]) Trandates a string using a character trandlation table.

s . upper () Returns s converted to uppercase.

The built-in functionr ange([i ,]j [, stride]) constructsalist and populatesit with
integersk suchthati <= k< j .Thefirstindexi andthestri de are optional and have
default values of 0 and 1, respectively. The built-in function xr ange([i ,]] [,stride])
performs a similar operation, but returns an immutable sequence of type XRangeType. Rather than

storing all the valuesin alist, this sequence calculates its values whenever it’ s accessed.
Consequently, it's much more memory efficient when working with large sequences of integers. The
XRangeType providesasingle method, s . t ol i st (), that convertsitsvaluesto alist.

Buffer objects are typically used to provide a sequence interface to aregion of memory in which
each byte istreated as an 8-bit character.Although there is no special syntax for creating a buffer
object, they can be created using the built-in function buf f er (obj [, offset [, size]]).

Buffer objects usually share the same memory as that of the underlying object obj . Because of
this, they can sometimes be used as a more memory-efficient mechanism for taking slices of strings
and other byte-oriented data. In addition, buffers can sometimes be used to access the raw data used
to store the contents of other Python types such as arrays in the array module and Unicode strings.
Buffers may or may not be mutable, depending on the mutability of obj .

Mapping Types

A mapping object represents an arbitrary collection of objects that are indexed by another collection
of nearly arbitrary key values. Unlike a sequence, a mapping object is unordered and can be indexed
by numbers, strings, and other objects. Mappings are mutable.

Dictionaries are the only built-in mapping type and are Python’ s version of a hash table or
associative array. Y ou can use any immutable object as adictionary key value (strings, numbers,
tuples, and so on). Lists, dictionaries, or tuples containing mutabl e objects cannot be used as keys.
(The dictionary type requires key values to remain constant.)

To select an item in a mapping object, use the key index operator m[ k | wherek isakey value. If
the key isnot found, aKeyEr r or exceptionisraised. Thel en( m) function returns the number of
items contained in a mapping object. Table 3.6 lists methods and operations.

Table 3.6. Methods and Operations for Mapping Types
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[tem Description

I en(m) Returns the number of itemsin m.

m[ K ] Returns the item of mwith key k .
mfk] = X Setsm[k] tox .

del m[k] Removesm[ k] fromm.

m. cl ear () Removes all items from m.

m. copy() Returns a copy of m.

m. has_key(k) Returns 1 if mhaskey k , O otherwise.
m.itens() Returnsalist of (key , val ue ) pairs.
m. keys() Returns alist of key values.

m. updat e(b) Adds all objectsfrom dictionary b to m.
m. val ues() Returnsalist of all valuesin m.
m.get(k[,v]) Returns m[ k ] if found; otherwise, returnsv .

m. setdefault (k[, v]) |Returnsm[k ] if found; otherwise, returnsv andsetsm[ k] = v.

m. popi tem() Removesarandom ( key , val ue ) pair from mand returnsit asatuple.

Them. cl ear () method removesall items. Them. copy() method makes a shallow copy of the
items contained in a mapping object and places them in a new mapping object. Them. i t ens()
method returns a list containing (key,value) pairs. The m. keys() method returnsalist with al the
key values and them. val ues() method returnsalist with all the objects. Them. updat e( b))

method updates the current mapping object by inserting all the (key,value) pairs found in the
mapping object b . Them. get (k [, v ] ) method retrieves an object, but allows for an optional

default value v that’s returned if no such object exists. Them. set defaul t (k [, v]) methodis
similar tom. get () except that in addition to returning v if no object exists, itsetsm[ k] = v .
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If v isomitted, it defaultsto None. Them. popi t en{) method is used to iteratively destroy the
contents of adictionary.

Callable Types

Callable types represent objects that support the function call operation. There are severa flavors of
objects with this property, including user-defined functions, built-in functions, and methods
associated with classes.

User-defined functions are callable objects created at the module level by using the def statement
or | anmbda operator. (Functions defined within class definitions are called methods and are
described shortly.) Functions are first-class objects that behave just like any other Python object. As
aresult, you can assign them to variables or place them in lists, tuples, and dictionaries, as shown in
the following example:

def foo(x,y):
print "% + % is %' % (str(x), str(y), str(x+y))

# Assign to a new vari abl e
bar = foo
bar (3, 4) # I nvokes 'foo' defined above

# Place in a container

d={1}
d['call back'] = foo
d['call back'](3,4) # Invokes 'foo'

A user-defined function f has the following attributes:

Attribute(s) Description

f. _doc_ _ or f.func_doc Documentation string

f._ _name_ _ or f .func_nane Function name

f. _dict_ _or f.func_dict Dictionary containing function attributes
f .func_code Byte-compiled code

f .func_defaults Tuple containing the default arguments
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f .func_gl obal s Dictionary defining the global hamespace

f .func_cl osure Tuple containing data related to nested scopes

Methods are functions that operate only on instances of an object. Typically, methods are defined
inside a class definition, as shown in Listing 3.1.

Listing 3.1 Defining a Method

# A queue of objects ranked by priorities
class PriorityQueue:

def _ init_ (self):

self.itens = [ ] # List of (priority, item
def insert(self,priority,iten):

for i in range(len(self.itens)):

i f self.itens[i][0] > priority:
self.itens.insert(i,(priority,item)
br eak

el se:
self.itens. append((priority,item)
def renove(self):
try:
return self.itens. pop(0)][1]
except | ndexError:
raise RuntinmeError, 'Queue is enpty'

An unbound method object is a method that hasn’t yet been associated with a specific instance of an
object. The methods contained within a class definition are unbound until they’ re attached to a
specific object. For example:

m = PriorityQueue.insert # Unbound net hod

To invoke an unbound method, supply an instance of an object as the first argument:

pq = PriorityQueue()
m = PriorityQueue.insert
m pqg, 5, " Pyt hon") # I nvokes pqg.insert(5,"Python")

A bound method object is afunction that has been bound to a specific object instance. For example:

pq = PriorityQueue() # Create a PriorityQueue instance
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n = pqg.insert # nis a nethod bound to pq

A bound method implicitly contains a reference to the associated instance, so it can be invoked as
follows:

n(5, " Pyt hon") # I nvokes pq.insert(5,"Python")

Bound and unbound methods are no more than athin wrapper around an ordinary function object.
The following attributes are defined for method objects:

Attribute Description

m. __doc_ _ Documentation string

m. _ _name_ _ Method name

m. _dict_ _ Method attributes

m. i m cl ass Class in which this method was defined

m. i m func Function object implementing the method

m. i mself Instance associated with the method (None if unbound)

So far, this discussion has focused on functions and methods, but class objects (described shortly)
are also callable. When aclassis caled, anew classinstance is created. In addition, if the class
definesan _ _init_ () method, it's called to initialize the newly created instance. The creation

of aPri orityQueue intheearlier exampleillustrates this behavior.

A classinstanceisalso calableif itsclassdefinesa special method = _call (). If this
method is defined for aclassinstance x , thenx (ar gs ) invokes the method
x. _call__ (args).

Thefinal types of callable objects are built-in functions and methods. Built-in functions and methods
correspond to code written in extension modules and are usually written in C or C++. The following
attributes are available for built-in methods:
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Attribute Description

b.__doc_ _ Documentation string

b. nane_ _ Function/method name

b. _self_ I nstance associated with the method

b. nmenbers_ List of method attribute names

For built-in functionssuch asl en() ,the _ _sel f _ _ issetto None, indicating that the function

isn’t bound to any specific object. For built-in methods such asx . append() wherex isalist
object, self  issettox.

Modules

The module type is a container that holds objects loaded with thei nport statement. When the
statement i nport f oo appearsin aprogram, for example, the namef oo isassigned to the

corresponding module object. Modules define a namespace that’ s implemented using a dictionary
accessiblein theattribute _ _di ct _ . Whenever an attribute of amoduleis referenced (using

the dot operator), it’stranslated into a dictionary lookup. For example, m. x isequivalenttom. _
~dict_ ["x"].Likewise assignment to an attribute suchasm. x = y isequivalenttom. _
~dict_ ["x"] = y.Thefollowing attributes are available:

Attribute Description

m. __dict_ _ |Dictionary associated with the module

m. __doc_ _ M odule documentation string

m. __nane_ _  Nameof the module

m. _file_ _ |Flefromwhichthe module wasloaded

m. _ _path_ _ |Fully qualified package name, defined when the module object refersto a package
Classes
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Classes are created using the cl ass statement, as described in Chapter 7. Like modules, classes are

implemented using a dictionary that contains all the objects defined within the class, and defines a
namespace. References to class attributes such asc . x aretrandated into adictionary lookupc .

_dict_ ["x"].Ifanattributeisn’'t found in thisdictionary, the search continuesin the list of

base classes. This search is depth first, left to right, in the order that base classes were specified in
the class definition. Attribute asssgnment suchasc . y = 5 awaysupdatesthe  _dict

attribute of ¢ , not the dictionaries of any base class.

The following attributes are defined by class objects:

Attribute Description

c._ _dict_ Dictionary associated with the class

c.__doc_ _ Class documentation string

cC._ _nane_ _ Name of the class

c._ _nodule_ _ Name of the module in which the class was defined
c.__bases_ Tuple containing base classes

Class Instances

A classinstance is an object created by calling a class object. Each instance has its own local
namespace that’ s implemented as a dictionary. This dictionary and the associated class object have
the following attributes:

Attribute Description
X._ _dict_ _ Dictionary associated with an instance
X._ _class_ _ Class to which an instance belongs

When the attribute of an object isreferenced, suchasinx . a , theinterpreter first searchesin the
local dictionary forx .~ dict _ _["a"].Ifitdoesn't find the name locally, the search
continues by performing alookup on the classdefinedinthe ¢l ass__ _ attribute. If no match

is found, the search continues with base classes as described earlier. If still no match isfound and
theobject’sclassdefinesa_ _getattr_ () method, it's used to perform the lookup. The
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assignment of attributessuchasx . a = 4 alwaysupdatesx . _ _di ct _ _, not the dictionaries of
classes or base classes.

Files

The file object represents an open file and is returned by the built-in open() function (aswell asa
number of functionsin the standard library). For more details about this type, see Chapter 9.

Internal Types

A number of objects used by the interpreter are exposed to the user. These include traceback objects,
code objects, frame objects, slice objects, and the Ellipsis object.

Code Objects

Code objects represent raw byte-compiled executable code or bytecode and are typically returned by
the built-inconpi | e() function. Code objects are similar to functions except that they don’t
contain any context related to the namespace in which the code was defined, nor do code objects
store information about default argument values. A code object ¢ has the read-only attributes
described in the following table:

Attribute Description

C.co_nane Function name.

C .cCco_argcount Number of positional arguments (including default values).
c.co_nlocals Number of local variables used by the function.

C . Co_varnanes Tuple containing names of local variables.

Cc.co_code String representing raw bytecode.
C.co_consts Tuple containing the literals used by the bytecode.
C.CcO_nhanes Tuple containing names used by the bytecode.

c.co_filenane Filename of the file in which the code was compiled.

c.co_firstlineno|Firstline number of the function.
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c.co_lnotab String encoding bytecode offsets to line numbers.

c.co_stacksize |Required stack size (including local variables).

c.co_flags Integer containing interpreter flags. Bit 2 is set if the function uses a variable number of
positional argumentsusing " *ar gs" . Bit 3isset if the function allows arbitrary keyword

argumentsusing " * * kwar gs" . All other bits are reserved.

Frame Objects

Frame objects are used to represent execution frames and most frequently occur in traceback objects
(described next). A frame object f has the following read-only attributes:

Attribute Description

f .f_back Previous stack frame (toward the caller).

f .f_code Code object being executed.

f.f _locals Dictionary used for local variables.

f .f_globals Dictionary used for global variables.

f.f _builtins Dictionary used for built-in names.

f.f restricted Set to 1 if executing in restricted execution mode.

f.f_lineno Line number.

f.f _lasti Current instruction. Thisis an index into the bytecode string of f _code.

The following attributes can be modified (and are used by debuggers and other tools):

Attribute Description

f.f trace Function called at the start of each source code line
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f .f_exc_type Most recent exception type
f .f_exc_val ue Most recent exception value
f .f_exc_traceback Most recent exception traceback

Traceback Objects

Traceback objects are created when an exception occurs and contains stack trace information. When
an exception handler is entered, the stack trace can beretrieved using thesys. exc_i nf o()

function. The following read-only attributes are available in traceback objects:

Attribute Description

t .tb_next Next level in the stack trace (toward the execution frame where the exception occurred)

t .tb _frame | Executionframe object of the current level

t .tb_|ineno |Linenumberwherethe exception occurred

t.tbh_|asti Instruction being executed in the current level

Slice Objects

Sice objects are used to represent slices given in extended slice syntax, suchasa[i : ] :stride
],a[i :j, n:m],ora[.., i :] ].Sliceobjectsarealso created using the built-in
slice([i,] j[,stride]) function. Thefollowing read-only attributes are available:

Attribute Description

s.start Lower bound of the slice; none if omitted
s.stop Upper bound of the dlice; none if omitted
S.step Stride of the dice; none if omitted

Ellipsis Object
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The Ellipsis object is used to indicate the presence of an ellipsis(..) inadlice. Thereisasingle
object of thistype, accessed through the built-in name El | i psi s. It has no attributes and evaluates
astrue.

< BACK Make Note | Bookmark CONTINUE >
© 2002, O'Reilly & Associates, Inc.
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Special Methods

All the built-in datatypes consist of some data and a collection of special object methods. The names
of special methods are always preceded and followed by double underscores (_ ). These methods

are automatically triggered by the interpreter as a program executes. For example, the operation x +
y ismappedto aninternal methodx . = _add_ _ (y),andanindexing operationx [ k] is
mappedtox .  _getitem_ _ (k). Thebehavior of each datatype depends entirely on the set
of special methods that it implements.

Although it’ s not possible to ater the behavior of built-in types (or even to invoke any of their
special methods directly by name, asjust suggested), it’s possible to use class definitions to define
new objects that behave like the built-in types. To do this, supply implementations of the special
methods described in this section.

Object Creation, Destruction, and Representation

The methodsin Table 3.7 initialize, destroy, and represent objects. The . _init () method

initializes the attributes of an object and is called immediately after an object has been newly
created. The _ _del _ () method isinvoked when an object is about to be destroyed. This

method is invoked only when an object is no longer in use. It's important to note that the statement
del x x only decrements an object’ s reference count and doesn’'t necessarily result in acall to this

function.

Table 3.7. Special Methods for Object Creation, Destruction, and Representation

Method Description

_init_ (self[,args]) Called to initialize a new instance

_ _del _ (self) Called to destroy an instance

_ _repr_ (self) Creates afull string representation of an object
_str__ (self) Creates an informal string representation
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__cnmp_ _(self ,other) Compares two objects and returns negative, zero, or positive
_ _hash_ _(self) Computes a 32-bit hash index
_ _nonzero_ _(self) Returns 0 or 1 for truth-value testing

The  repr_ () and_ _str__ () methods create string representations of an object. The
_ _repr_ () method normally returns an expression string that can be evaluated to re-create
the object. This method isinvoked by the built-inr epr () function and by the backquotes operator
(). For example:

a =1[2,3,4,5] # Create a |ist
s =repr(a) #s ="'[2, 3, 4, 5]

# Note : could have also used s = "a
b = eval (s) # Turns s back into a |ist

If astring expression cannot be created, the conventionisfor _ _repr () toreturn astring of
theform<. .. nessage . .. >, asshown here:

f
a

open("foo")
repr(f) # a = "<open file

foo', node 'r' at dc030>"

The _str_ () methodiscaled by the built-inst r () function and by thepri nt statement.
It differsfrom _ _repr __ () inthat the string it returns can be more concise and informative to
the user. If this method isundefined, the _ _repr _ () method isinvoked.

The _cnp_ _(self , ot her ) methodisused by the other comparison operators. It returns a

negative number if sel f < ot her ,zeroif sel f == ot her , and positiveif sel f > ot her .
If this method is undefined for an object, the object will be compared by object identity. In addition,
an object may define an alternative set of comparison functions for each of the relational operators.
These are known as rich comparisons, and are described shortly. The . _nonzero_ () method
Isused for truth-value testing and should return O or 1. If undefined, the I en_ () methodis
invoked to determine truth. Finally, the ~ _hash_ () method computes an integer hash key
used in dictionary operations. (The hash value can aso be returned using the built-in function
hash() .) The value returned should be identical for two objects that compare as equal.

Furthermore, mutabl e objects should not define this method; any changes to an object will ater the
hash value and make it impossible to |ocate an object on subsequent dictionary lookups. An object
should not definea . _hash_ () method without also defining . _cnp_ ().
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Attribute Access

The methods in Table 3.8 read, write, and del ete the attributes of an object using the dot (. ) operator
and thedel operator, respectively.

Table 3.8. Special Methods for Attribute Access

Method Description

_ _getattr_ _(self, nane) Returnsthe attribute sel f . nane

~ _setattr_ (self, nane, value) Setsthe attribute sel f . nane = val ue
_ _delattr_ _(self, nane) Deletesthe attribute sel f . nanme

For example:

a = X.sS # Invokes _ getattr_ (x,"s")

X.s = b # Invokes _ setattr_ (x,"s", b)

del x.s # Invokes _ delattr_ (x,"s")

For classinstances, the . getattr () methodisinvoked only if the search for the attribute

in the object’ slocal dictionary or corresponding class definition fails. This method should return the
attribute value or raisean At t r i but eEr r or exception on failure.

Sequence and Mapping Methods

The methods in Table 3.9 are used by objects that want to emulate sequence and mapping objects.

Table 3.9. Methods for Sequences and Mappings

Method Description

len_ (self) Returns the length of sel f

_ _getitem _(self, Returnssel f [ key ]

key )
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_ _setitem _(self, key, value) Setssel f [key ] = val ue
_ _delitem _(self, key) Deletessel f [ key ]

_ _getslice_ (self ,i,j) Returnssel f [i @] ]

_ _setslice_ (self,i,j,s) Setsself [i :]j ] = s

_ _delslice_ (self,i,j) Deletessel f [i @] ]
__contains_ _(self ,obj) Returnsobj insel f

For example:

a=1[123,4,5,6]

l en(a) # _ _len_ (a)

x = a[ 2] #  getitem _(a,2)

a[1] == #  _setitem _(a,1,7)

del a[ 2] #  _delitem _(a,2)

x = a[1:5] #  _getslice_ (a,1,5)

a[1:3] =1[10,11,12] # _ _setslice_ (a,1,3,[10,11,12])

del af 1:4] #  _delslice_ (a,1,4)

The I en_ _ methodiscalled by the built-inl en() function to return a non-negative length.

Thisfunction also determinestruth valuesunlessthe . _nonzero_ () method has also been
defined.

For manipulating individual items,the ~ _getitem_ () method can return an item by key
value. The key can be any Python object, but istypically an integer for sequences. The _
_setitem_ () methodassignsavaluetoanelement. The . delitem () methodis
invoked whenever the del operation is applied to a single element.

The dlicing methods support the slicing operators [i :j ] .The  getslice_ () method

returns a slice, which is normally the same type of sequence as the original object. Theindicesi and
] must be integers, but their interpretation is up to the method. Missing valuesfori andj are
replaced with 0 and sys. maxi nt , respectively. The  _setslice_ () method assigns

valuestoadice. Smilarly,  _del slice_ () deletesal theelementsinasdlice.

The _contains_ () methodisused to implement thei n operator.
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In addition to implementing the methods just described, sequences and mappings implement a

number of mathematical methods, including . add_ (), _radd_ (), _mul _ (),
and _ _rmul _ () tosupport concatenation and sequence replication. These methods are
described shortly.

Finally, Python supports an extended slicing operation that’ s useful for working with
multidimensional data structures such as matrices and arrays. Syntactically, you specify an extended
diceasfollows:

a = n{0:100: 10] # Strided slice (stride=10)

b = n{l1l:10, 3:20] # Mul tidi nmensional slice

c = n{0:100: 10, 50:75:5] # Multiple dinmensions with strides

nf0:5, 5:10] =n # extended slice assignnent

del ni:10, 15:] # extended slice deletion

The genera format for each dimension of an extended sliceisi :j [:stride],wherestri de

isoptional. Aswith ordinary slices, you can omit the starting or ending values for each part of a
dlice. In addition, a specia object known as the Ellipsis and written as .. .is available to denote any

number of trailing or leading dimensions in an extended slice:

a=n..., 10:20] # extended slice access with Ellipsis
n 10:20, ...] =n
When using extended slices, the . _getitem (), _  _setitem _(),and_

_delitem_ () methodsimplement access, modification, and deletion, respectively. However,

instead of an integer, the value passed to these methods is a tuple containing one or more slice
objects and at most one instance of the El | i psi s type. For example,

a = n{0:10, 0:100:5, ...]

invokes  _getitem_ () asfollows:

a=_ getitem (m (slice(0, 10, None), slice(0,100,5), Ellipsis))

At thistime, none of the built-in datatypes supports extended slices, so using them is likely to result
in an error. However, special-purpose extensions, especially those with a scientific flavor, may
provide new types and objects that support the extended slicing operation.

Mathematical Operations

file:///D}/Downloads/eDonkey/incoming/[ebook]%...0Second%20Edition/python_essencial_ref/40.html (5 / 10) [2003/1/1 DWDOO 02:55:34]



Safari | Python Essential Reference, Second Edition -> Special Methods

Table 3.10 lists special methods that objects must implement to emulate numbers. Mathematical
operations associate from left to right; when an expression such asx + y appears, the interpreter
triestoinvokethemethodx . =~ _add_ _(y ). The specia methods beginning with r support

operations with reversed operands. These are invoked only if the left operand doesn’t implement the
specified operation. For example, if x inx + y doesn’'t supportthe  _add_ () method, the

interpreter triestoinvokethemethody . =~ radd_ _(x).

Table 3.10. Methods for Mathematical Operations

Method Result

~_add_ (self ,other) sel f + ot her

~ _sub_ (self ,other) self - other

~ _mul _ (self ,other) sel f * ot her
~div_ (self , other) sel f / other

_ _nmod_ _(self ,other) sel f % ot her

_ _divnod_ _(self ,other) di vhod(sel f , ot her )

_pow_ _(self ,other [,nmodulo]) self ** other , pow(self, other, nodulo)

_ _Ishift_ (self b other) sel f << ot her
_ _rshift_ (self ,other) sel f >> ot her
__and_ (self ,other) sel f & ot her
__or_ _(self ,other) sel f | other
__xor_ (self ,other) sel f ~ ot her
~ _radd_ _(self ,other) ot her + sel f
~ _rsub_ _(self ,other) ot her - self
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~ rmul _ _(self ,other) ot her * self
_ _rdiv_ _(self ,other) ot her / self

_ _rmod_ _(self ,other) ot her % sel f

_ _rdivnod_ _(self ,other) di vnod( ot her , sel f )
_ _rpow_ _(self ,other) ot her ** sel f
_ _rlshift_ (self ,other) ot her << sel f
_ _rrshift_ _(self ,other) ot her >> sel f
~ _rand_ _(self ,other) ot her & sel f

_ _ror_ (self ,other) ot her | self
~_rxor_ _(self ,other) ot her N sel f

~ _ladd_ _(self ,other) sel f += ot her
~ _isub_ _(self ,other) sel f -= ot her
~ _imul _ _(self ,other) sel f *= ot her
~_idiv_ (self b other) sel f /= ot her
~ _inmod_ _(self ,other) sel f % ot her
_ _ipow_ _(self b other) sel f **= ot her
_ _land_ _(self ,other) sel f & ot her
_ _lor_ (self ,other) sel f | = ot her
_ _ixor_ _(self ,other) sel f *= ot her
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_ _ilshift_ (self b other) sel f <<= ot her
_ _irshift_ _(self ,other) sel f >>= ot her
_ _neg_ (self) -sel f

_ _pos_ _(self) +sel f

_ _abs_ (self) abs(sel f )

_ _invert_ (self) ~sel f

_ _int_ (self) int(self)

~ _long_ _(self) | ong(sel f)

_ _float_ (self) fl oat (self)
__conplex_ (self) conpl ex(sel f)
__oct_ (self) oct (sel f)

_ _hex_ (self) hex(sel f)

_ _coerce_ _(self ,other) Type coercion
Themethods . iadd_ (), __isub_ (),andsoforth areused to support in-place

arithmetic operators such asa+=b and a- =b (also known as augmented assignment). A distinction

Is made between these operators and the standard arithmetic methods because the implementation of
the in-place operators might be able to provide certain customizations such as performance
optimizations. For instance, if thesel f parameter is not shared, it might be possible to modify its
value in place without having to allocate a newly created object for the result.

Theconversonmethods . int . (), _long_ (), _ _float_(),and_
_conpl ex_ () convert an object into one of the four built-in numerical types. The _ _oct _
() and _ _hex () methods return strings representing the octal and hexadecimal values of

an object, respectively.

The _coerce_ (x,y) methodisusedin conjunction with mixed-mode numerical
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arithmetic. This method returns either a 2-tuple containing the values of x and y converted to a
common numerical type, or None if no such conversion is possible. To evaluate an operation X op

y where op is an operation such as +, the following rules are applied, in order:

1. Ifxhasa__coerce_ () method, replace x andy with thevaluesreturned by x .
_coerce_ _(y).If None isreturned, skip to step 3.

2. Ifxhasamethod _op_ _(),retunx._ _op_ _(y).Otherwise, restorex andy to
their original values and continue.

3. Ifyhasa_ _coerce_ () method, replacex andy withthevaluesreturnedbyy .
_coerce_ _(x).If None isreturned, raise an exception.

4. Ify hasamethod _ _rop_ (),returny . _rop_ _(x).Otherwise raisean
exception.

Although strings define afew arithmetic operations, the . _coerce_ () methodisnot used in
operations involving standard and Unicode strings.

The interpreter supports only alimited number of mixed-type operations involving the built-in
types, in particular the following:

. If xisastring, x % y invokes the string-formatting operation, regardiess of thetype of y.
. If X isasequence, x + Yy invokes sequence concatenation.

. |If either x or y isasequence and the other operand is an integer, X * 'y invokes sequence
repetition.

Comparison Operations

Table 3.11 lists special methods that objects can implement to provide individualized versions of the
relational operators (<, >, <=, >=, ==, | =). These are known as rich comparisons and were first

introduced in Python 2.1. Each of these functions takes two arguments and can return any kind of
object, including a Boolean value, alist, or any other Python type. For instance, a numerical package
might use thisto perform an element-wise comparison of two matrices, returning a matrix with the
results. If a comparison cannot be made, these functions may also raise an exception.

Table 3.11. Methods for Comparisons
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Method Result

It (self ,other) sel f < ot her
_ le_ (self ,hother) sel f <= ot her
gt (self ,other) sel f > ot her
_ _ge_ _(self ,other) sel f >= ot her
__eqg_ _(self ,other) sel f == ot her
_ _ne_ (self ,other) sel f I = ot her

Callable Objects

Finally, an object can emulate afunction by providingthe  call _  (self [,args])
method. If an object x provides this method, it can beinvoked like afunction. That is, x (ar g1,
arg2, ...)invokesx._ _call_ (self, argl, arg2, ...).

< BACK Make Note | Bookmark CONTINUE >
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Performance and Memory Considerations

All Python objects minimally include an integer reference count, a descriptor defining the type, and the
representation of the actual data. Table 3.12 shows the approximate memory requirements of various built-in

objects based on the C implementation of Python 2.0 running on a 32-bit machine. The precise values may vary
dlightly according to the implementation of the interpreter and machine architecture. (For instance, the memory
requirements may double on a 64-bit machine.) Although you may never need to think about memory utilization,
Python isused in avariety of high-performance and memory-critical applications ranging from supercomputing
to mobile computing. The memory footprint of the built-in typesis presented here to help programmers make
informed design decisions in memory-critical settings.

Table 3.12. Memory Size of Built-in Datatypes

Type Size

Integer 12 bytes

Long integer 12 bytes + (nbits/16 + 1)* 2 bytes
Floats 16 bytes

Complex 24 bytes

List 16 bytes + 4 bytes for each item
Tuple 16 bytes + 4 bytes for each item
String 20 bytes + 1 byte per character
Unicode string 24 bytes + 2 bytes per character
Dictionary 24 bytes + 12* 2" pytes, n = log,(nitems)+1
Classinstance 16 bytes plus a dictionary object
Xrange object 24 bytes

Because strings are used so frequently, the interpreter uses a number of optimizations. First, astring s can be
interned using the built-in functioni nt er n('s ) . Thisfunction looksin an internal hash table to see whether the

file:///D}/Downloads/eDonkey/incoming/[ebook]%?2...20Second%20Edition/python_essencial_ref/41.html (1 / 3) [2003/1/1 OWDOO 02:55:35]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/main.asp?list
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=41
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/5%2F28%2F2002+8%3A55%3A15+PM.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/read4.asp?bookname=0735710910&snode=41&now=5%2F28%2F2002+8%3A55%3A15+PM
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/41#2.html

file:///ID}/Downl oads/eDonkey/incoming/[ ebook] %20Python%20Essenti al %020Ref erence, %620Second%20Edition/python_essencial_ref/41.html

string value already exists. If so, areference to that string—instead of a copy of the string data—is stored in the
string object. If not, the datain s is added to the hash table. Interned strings live until the interpreter exits; if
you' re concerned about memory, you shouldn’t intern infrequently used strings. Also, to increase the
performance of dictionary lookups, strings cache their last computed hash-table value.

Dictionaries are implemented using a hash table with open indexing. The number of entries allocated to a
dictionary isequal to twice the smallest power of 2 that’s greater than the number of objects stored in the
dictionary. When a dictionary expands, its size doubles. On average, about half of the entries allocated to a
dictionary are unused.

The execution of a Python program is primarily a sequence of function calls involving the special methods
described in the earlier section “ Special Methods.” Next to choosing the most efficient algorithm, performance
improvements can be made by understanding Python’s object model and trying to minimize the number of
special method calls that occur during execution. Thisis especially true for name lookups on modules and
classes. For example, consider the following code:

i nport math

d =0.0

for i in xrange(1000000):
d =d+ mth.sqrt(i)

In this case, each iteration of the loop involves two name lookups. First, the mat h moduleislocated in the global
namespace; then it’s searched for a function object named sqr t . Now consider the following modification:

frommath inport sqrt

d =0.0

for i in xrange(1000000):
d =d + sgrt(i)

In this case, one name lookup is eliminated from the inner loop. In fact, when running on the author’ s speedy 200
MHz PC, this simple change makes the code run more than twice as fast as before.

Unnecessary method calls can also be eliminated by making careful use of temporary values and avoiding
unnecessary lookups in sequences and dictionaries. For example, consider the two classes shown in Listing 3.2:

Listing 3.2 Unnecessary Method Calls

cl ass Poi nt:

def _ _init_ (self,x,y,z):
self.x = x
self.y =y
self.z =z

cl ass Poly:
def _ init_ (self):
self.pts = ]
def addpoint(self, pt):
sel f. pts.append(pt)
def perineter(self):
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d =0.0
sel f. pts. append(sel f.pts[0]) # Tenporarily close the pol ygon
for i in xrange(len(self.pts)-1):

d2 = (self.pts[i+1l].x - self.pts[i].x)**2 + \
(self.pts[i+1].y - self.pts[i].y)**2 + \
(self.pts[i+l].z - self.pts[i].z)**2
d =d + math.sqgrt(d2)
sel f.pts. pop() # Restore original list of points
return d

Intheper i net er () method, each occurrence of sel f. pt s[i] involvestwo special-method |lookups—one

involving a dictionary and another involving a sequence. Y ou can reduce the number of lookups by rewriting the
method as shown in Listing 3.3:

Listing 3.3 Improved Version of Listing 3.2
cl ass Poly:

def perineter(self):
d =0.0
pts = self.pts
pts. append(pts[0])

for i in xrange(len(pts)-1):
pl = pts[i+1]
p2 = pts[i]
d2 = (pl.x - p2.x)**2 + \

(pl.y - p2.y)**2 + \
(pl.z - p2.2)**2
d =d + math.sqgrt(d2)
pts. pop()
return d

Although the performance gains made by such modifications are often modest (15-20%), an understanding of the
underlying object model and the manner in which specia methods are invoked can result in faster programs. Of
course, if performance is extremely critical, you often can export functionality to a Python extension module
writtenin C.
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Chapter 4. Operators and Expressions

This chapter describes Python’s built-in operators as well as precedence rules used in the evaluation
of expressions.
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Operations on Numbers

The following operations can be applied to al numeric types:

Operation Description

X+ 'y Addition

X-y Subtraction

X*y Multiplication
x/ly Division

X**y Power (X Y )

X%y Modulo (x nod y)
- X Unary minus

+X Unary plus

For integers, division truncates the result to an integer. Thus, 7/ 4 is1, not 1. 75. The modulo

operator returns the remainder of thedivisionx / y . For example, 7 % 4 is 3. For floating-point
numbers, the modulo operator returns the floating-point remainder of x / y , whichisx - i nt (x
/ y) * y.Forcomplex numbers, the modulo operator returnsx - int((x/ y).real ) *

y.

The following shifting and bitwise logical operators can only be applied to integers and long
integers.

Operation Description
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X <<y Left snift

X>>y Right shift

X&'y Bitwise and

x|y Bitwise or

XNy Bitwise xor (exclusive or)
~X Bitwise negation

The bitwise operators assume that integers are represented in a2’ s complement binary
representation. For long integers, the bitwise operators operate as if the sign bit isinfinitely extended
to the left.

In addition, you can apply the following built-in functions to all the numerical types:

Function Description

abs(x) Absolute value

di vhod(x,y) Returns(int(x/ y), x%y)

powm x,y[,nmdulo]) Returns(x ** y ) X % nodul o

round(x,[n]) Rounds to the nearest multiple of 10- " (floating-point numbers only)

Theabs() function returns the absolute value of anumber. Thedi vinod() function returns the
guotient and remainder of adivision operation. The pow( ) function can be used in place of the * *

operator, but also supports the ternary power-modulo function (often used in cryptographic
algorithms). Ther ound() function rounds a floating-point number x to the nearest multiple of 10

to the power of - n . If n isomitted, it'sset to 0. If x isequally close to two multiples, rounding is
performed away from zero (for example, 0. 5 isroundedto 1 and- 0. 5 isroundedto - 1).

The following comparison operators have the standard mathematical interpretation and return an
integer value of 1 for true, O for false:
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Operation Description

X<y Lessthan

X>y Greater than

X==y Equal to

xl=vy Not equal to (same as <>)
X>=y Greater than or equal to
X <=y Less than or equal to

Comparisons can be chained together, suchasinw< x < y < z . Such expressions are evaluated
asw< xand x< yand y < z.Expressonssuchasx < y > z arelegd, but arelikely to
confuse anyone else reading the code (it’s important to note that no comparison is made between x
and z in such an expression).

Comparisons involving complex numbers are only valid for equality (= =) and inequality (! =).
Attempts to compare complex numbers with <, <=, >, and >= are mathematically meaningless and
will raiseaTypeEr r or exception.

Operations involving numbers are valid only if the operands are of the same type. If the types differ,
acoercion operation is performed to convert one of the types to the other:

1. If either operand is a complex number, the other operand is converted to a complex number.
2. If either operand is a floating-point number, the other is converted to afloat.
3. If either operand is along integer, the other is converted to along integer.

4. Otherwise, both numbers must be integers and no conversion is performed.
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Operations on Sequences

The following operators can be applied to sequence types, including strings, lists, and tuples:

Operation Description

S+ r Concatenation

s*n, n* s Makes n copiesof s , where n isan integer
s%d String formatting (strings only)
s[i] Indexing

s[i:j] Slicing

Xins, xnot ins Membership

for xin s: [teration

len(s) Length

mn(s) Minimum item

max(s) Maximum item

The + operator concatenates two sequences of the sametype. Thes * n operator makes n copies of

a sequence. However, these are shallow copies that replicate elements by reference only. For
example, consider the following code:

a =1[3,4,5] # A list
b =[a] # Alist containing a
c = 4*b # Make four copies of b
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# Now nodify a
a[0] == -

# Look at c
print c

The output of this program is the following:

[[-7, 4, 5], [-7, 4, 5], [-7, 4, 5], [-7, 4, 5]]

In this case, areferenceto thelist a was placed in thelist b. When b was replicated, four additional
references to a were created. Finally, when a was modified, this change was propagated to all of the
other “copies’ of a. This behavior of sequence multiplication is often unexpected and not the intent

of the programmer. One way to work around the problem is to manually construct the replicated
sequence by duplicating the contents of a. For example:

[ 3,, 4, 5]
[al

a[:] for j inrange((4)] # [:] makes a copy of a list

The copy modulein the standard library can also be used to make copies of objects.

Theindexing operator s [ n ] returns the nth object from a sequence in which s [ 0] isthefirst
object. Negative indices can be used to fetch items from the end of a sequence. For example, s [ -
1] returnsthe last item. Otherwise, attempts to access elements that are out of range result in an

| ndexEr r or exception.

Thedlicing operator s [i :j ] extractsasubsequence from s consisting of the el ements with index
k wherei <= k< j .Bothi andj must beintegersor long integers. If the starting or ending

index is omitted, the beginning or end of the sequence is assumed, respectively. Negative indices are
allowed and assumed to be relative to the end of the sequence. If i orj isout of range, they're
assumed to refer to the beginning or end of a sequence, depending on whether their value refersto
an element before the first item or after the last item, respectively.

Thex i n s operator tests to see whether the object x isin the sequence s and returns 1 if true, O if
false. Similarly, thex not i n s operator tests whether x isnot in the sequences . Thef or X
I n s operator iterates over all the elements of a sequence and is described further in Chapter 5,
“Control Flow.” | en('s ) returnsthe number of elementsinasequence. m n(s ) and max(s)

return the minimum and maximum values of a sequence, although the result may only make sense if
the elements can be ordered with respect to the < operator. (For example, it would make little sense

to find the maximum value of alist of file objects.)
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Strings and tuples are immutable and cannot be modified after creation. Lists can be modified with
the following operators:

Operation Description
s[i] =X Index assignment
s[i:j] =7 Slice assignment
del si ] Deletes an element
del s[i :j] Deletesadlice

Thes [i ] = x operator changeselementi of alist to refer to object x , increasing the reference

count of x . Negative indices are relative to the end of the list and attemptsto assign avalue to an
out-of-range index result inan | ndexEr r or exception. The slicing assignment operator s [ 1 : |

] = r replaceselementsk wherei <= k < j with elements from sequencer . Indices may have

the same values as for dlicing and are adjusted to the beginning or end of thelist if they’re out of
range. If necessary, the sequence s is expanded or reduced to accommodate all the elementsinr .
For example:

a=1_12,3,4,5]

a[l] =6 # a=1_[16,3,4,5]

a[2:4] = [10, 11] # a=1]1,6,10,11, 5]
a[3:4 =1[-1,-2,-3] # a=1]1,6,10,-1,-2,-3, 5]
a[2:] = 1[0] # a =1[1,6,0]

Thedel s[i ] operator removeselementi from alist and decrements its reference count. del
s[i :] ] removesal theelementsinadlice.

Sequences are compared using the operators <, >, <=, >=, ==, and ! =. When comparing two
sequences, the first elements of each sequence are compared. If they differ, this determines the
result. If they’ re the same, the comparison moves to the second element of each sequence. This
process continues until two different elements are found or no more elements exist in either of the
sequences. If a isaninitial subsequence of b , thena < b . Strings are compared using
lexicographical ordering. Each character is assigned a unique index determined by the machine’s
character set (such as ASCII or Unicode). A character isless than another character if itsindex is
less.

The modulo operator s % d produces aformatted string, given aformat string s and a collection of

file:///D}/Downloads/eDonkey/incoming/[ebook]%2...20Second%20Edition/python_essencial_ref/45.html (3 / 6) [2003/1/1 OWOD 02:55:36]



file:///ID}/Downl oads/eDonkey/incoming/[ ebook] %20Python%20Essenti al %020Ref erence, %620Second%20Edition/python_essencial_ref/45.html

objectsin atuple or mapping object (dictionary). The string s may be a standard or a Unicode
string. The behavior of this operator issimilar tothe Cspri nt f () function. The format string
contains two types of objects. ordinary characters (which are left unmodified) and conversion
specifiers—each of which is replaced with a formatted string representing an element of the
associated tuple or mapping. If d isatuple, the number of conversion specifiers must exactly match
the number of objectsind . If d isamapping, each conversion specifier must be associated with a
valid key name in the mapping (using parentheses, as described shortly). Each conversion specifier
starts with the %character and ends with one of the conversion characters shown in Table 4.1.

Table 4.1. String Formatting Conversions

Character |Output Format

d, i Decimal integer or long integer.

u Unsigned integer or long integer.

0 Octal integer or long integer.

X Hexadecimal integer or long integer.

X Hexadecimal integer (uppercase letters).

f Floating point as[ - ] m. dddddd .

e Floating point as[ - | m. dddddde +xx .

E Floating point as[ - ] m. ddddddE +xx .

9, G Use % or %& for exponents less than -4 or greater than the precision; otherwise, use % .
S String or any object. The formatting code usesst r () to generate strings.
r Produces the same string as produced by r epr () .

c Single character.

% Literal %
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Between the %and the conversion character, the following modifiers may appear, in this order:

1. A key namein parentheses, which selects a specific item out of the mapping object. If no
such element exists, aKeyEr r or exception is raised.

2. One or more of the following:
o Sign, indicating left alignment.
o+ sign, indicating that the numeric sign should be included (even if positive).
o 0, indicating a zero fill.

3. A number specifying the minimum field width. The converted value will be printed in afield
at least thiswide and padded on the left (or right if the flag is given) to make up the field
width.

4. A period separating the field width from a precision.

5. A number specifying the maximum number of charactersto be printed from a string, the
number of digits following the decimal point in afloating-point number, or the minimum
number of digitsfor an integer.

In addition, the asterisk (* ) character may be used in place of a number in any width field. If
present, the width will be read from the next item in the tuple.

The following code illustrates a few examples:

a = 42

b = 13.142783

c = "hello"

d ={"x":13, 'y':1.54321, 'z':'world'}
e = 5628398123741234L

"a is 42"
" 42 13.142783"
"+000000042 1.314278E+01"

print ‘ais %' %a
print '%40d %' % (a,b)
print '%010d % % (a,b)

print '9%x)-10d %y)0.3g" %d "13 1.54"
print '9%0.4s %' % (c, d['z']) “hell worl d"
print "% .*f' % (5, 3, b) "13. 143"

HoH O H B HH

print 'e = %' %e e = 5628398123741234"
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Operations on Dictionaries

Dictionaries provide a mapping between names and objects. Y ou can apply the following operations
to dictionaries:

Operation Description

x=d[k] Indexing by key

d[k] = x Key assignment

del d[k] Deletes an item by key

len(d) Number of items in the dictionary

Key values can be any immutable object, such as strings, numbers, and tuples. In addition,
dictionary keys can be specified as a comma-separated list of values like this:

d[1,2,3] = "foo"
d[1,0,3] = "bar"

In this case, the key values represent a tuple, making the above assignmentsidentical to the
following:

f oo
bar

e e
1
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Augmented Assignment

Python provides the following set of augmented assignment operators.

Operation Description
X+=y X=X+Yy
X-=Y X=X-Y
X*=y X=XxX*y
xI=vy X=x/vy
X**:y X:X**y
X% y X=X%y
X&'y X=X&Y
x|=y x=x|y
XN=y X=x"Ny
X>>:y X:X>>y
X<<:y X:X<<y

These operators can be used anywhere that ordinary assignment is used. For example:

a =3
b =11,2]
c =" 9"
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a +=1 # a =4
b[1] += 10 # b =11, 12]
c % ("Douglas", "Adans") # ¢ = "Dougl as Adans"

Augmented assignment doesn’t violate mutability or perform in-place modification of objects.
Therefore, writing X += 'y creates an entirely new object x with thevaluex + y . User-defined

classes can redefine the augmented assignment operators using the special methods described in
Chapter 3, “Types and Objects.”

< BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.

file:///D}/Downloads/eDonkey/incoming/[ebook]%?2...20Second%20Edition/python_essencial_ref/47.html (2 / 2) [2003/1/1 OWDOO 02:55:37]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=47

Safari | Python Essential Reference, Second Edition -> The Attribute (. ) Operator

Linux/Unix > Python Essential Reference, Second Edition > 4. Operators and See All Titles
Expressions > The Attribute (. ) Operator

<BACK Make Note | Bookmark CONTINUE >

The Attribute (. ) Operator

The dot (. ) operator is used to access the attributes of an object. For example:

foo.x = 3

print foo.y

a = foo.bar(3,4,5)
del foo0.x

More than one dot operator can appear in asingle expression, such asinf 0o. y. a. b. The dot
operator can also be applied to the intermediate results of functions, asina =

f 0o. bar ( 3, 4, 5) . spam An attribute can be deleted using thedel statement asin del

f 0o0. Xx.
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Type Conversion

Sometimesit’s necessary to perform conversions between the built-in types. The following built-in
functions perform explicit type conversions:

Function Description

int(x[,base]) Converts x to an integer

l ong(x [, base]) Converts x to along integer

float(x) Converts x to afloating-point number
conpl ex(real [,imag]) Creates a complex number

str(x) Converts object x to a string representation
repr(x) Converts object x to an expression string
eval (str) Evaluates a string and returns an object
tuple(s) Converts sequence s to atuple

list(s) Converts sequence s to alist

chr(x) Converts an integer to a character

uni chr(x) Convert an integer to a Unicode character
ord(x) Converts asingle character to itsinteger value
hex(x) Converts an integer to a hexadecimal string
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oct (x) Converts an integer to an octal string

You aso canwritether epr ( x ) function using backquotesas ™ x * . Note that thest r () and
repr () functionsmay return different results. r epr () typically creates an expression string that
can be evaluated with eval () to re-create the object. On the other hand, st r () producesa
concise or nicely formatted representation of the object (and is used by the pr i nt statement). The
or d() function returns the integer ordinal value for a standard or Unicode character. Thechr ()
and uni chr () functions convert integers back into standard or Unicode characters, respectively.

To convert strings back into numbers and other objects, usethei nt (), ong(),andfl oat ()
functions. Theeval () function can also convert a string containing avalid expression to an object.
For example:

a = int("34") # a = 34
b = long("0Oxfe76214", 16) # b = 266822164L (Oxfe76214L)

b = float("3.1415926") # b = 3.1415926

c = eval ("3, 5, 6") # c = (3,5, 6)
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Unicode Strings

The use of standard strings and Unicode strings in the same program presents a number of subtle
complications. Thisis because such strings may be used in a variety of operations, including string
concatenation, comparisons, dictionary key lookups, and as arguments to built-in functions.

To convert astandard string s to a Unicode string, the built-in function uni code(s [,
encoding|[,errors]]) isused. Toconvert aUnicode string u to a standard string, the string
method u . encode([ encodi ng[, errors]]) isused. Both of these conversion operators

require the use of aspecia encoding rule that specifies how 16-bit Unicode character values are
mapped to a sequence of 8-bit charactersin standard strings and vice versa. The encoding parameter
Is specified as a string and consists of one of the following values:

Value Description

‘ascii' 7-bit ASCII

‘latin-1'" or 'iso-8859-1' SO 8859-1 Latin-1

‘utf-8' 8-hit variable-length encoding

‘utf-16' 16-bit variable-length encoding (may be little or big endian)
‘utf-16-1¢€' UTF-16, little-endian encoding

‘utf-16-be’ UTF-16, big-endian encoding

''uni code- escape' Same format as Unicode literalsu" st ri ng"

" raw uni code- escape' Same format asraw Unicode literalsur " st ri ng"

The default encoding is set inthe si t e module and can be queried using
sys. get def aul t encodi ng() . In most cases, the default encoding is' asci i ', which means

that ASCII characters with values in the range [0x00,0x7f] are directly mapped to Unicode
characters in the range [U+0000, U+007F]. Details about the other encodings can be found in
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Chapter 9, “Input and Output.”

When converting string values, aUni codeEr r or exception may beraised if a character that can’t
be converted is encountered. For instance, if the encoding ruleis' asci i ', aUnicode character

such as U+1F28 can’t be converted because its value is too large. Similarly, the string " \ xf ¢

can’'t be converted to Unicode because it contains a character outside the range of valid ASCI|
character values. The er r or s parameter determines how encoding errors are handled. It'sa string
with one of the following values:

Value Description
"strict’ |RaisesaUni codeError exception for decoding errors
"ignore' |ignoresinvalid characters

" repl ace' |Replacesinvalid characters with a replacement character (U+FFFD in Unicode, ' ?' in standard
strings)

The default error handlingis' strict' .

When standard strings and Unicode strings are mixed in an expression, standard strings are
automatically coerced to Unicode using the built-inuni code() function.

For example:

s = "hello"

t = u"world"

w=5s +t # w = unicode(s) +t

When Unicode strings are used in string methods that return new strings (as described in Chapter 3),
the result is always coerced to Unicode. For example:

"Hell o Worl d"
a.replace("Wrld", u"Bob") # Produces u"Hello Bob"

a
b

Furthermore, even if zero replacements are made and the result isidentical to the origina string, the
final result is still a Unicode string.

If aUnicode string is used as the format string with the %operator, all the arguments are first
coerced to Unicode and then put together according to the given format rules. If a Unicode object is
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passed as one of the arguments to the %operator, the entire result is coerced to Unicode at the point
at which the Unicode object is expanded. For example:

"Hello " + u"Worl d"
u"Hello " + u"Wrld"

"8 8" % ("Hello", u"Wrl
u'%s %" % ("Hello", "Worl

When applied to Unicode strings, thest r () and r epr () functions automatically coerce the value
back to a standard string. For Unicode stringu , st r (u ) producesthevalueu . encode() and
repr(u) producesu" %" % repr(u.encode(' uni code-escape')).

In addition, most library and built-in functions that only operate with standard strings will
automatically coerce Unicode strings to a standard string using the default encoding. If such a
coercion isnot possible, aUni codeEr r or exception israised.

Standard and Unicode strings can be compared. In this case, standard strings are coerced to Unicode
using the default encoding before any comparison is made. This coercion also occurs whenever
comparisons are made during list and dictionary operations. For example,' X' in [u' X',

u'y', u' z'] coerces' x' toUnicode and returnstrue. For character containment tests such as
"W in u Hello Wrld' thecharacter' W is coerced to Unicode before the test.

When computing hash values with the hash() function, standard strings and Unicode strings

produce identical values, provided that the Unicode string only contains characters in the range
[U+0000, U+007F]. This allows standard strings and Unicode strings to be used interchangeably as
dictionary keys, provided that the Unicode strings are confined to ASCI| characters. For example:

a={}
a[u"foo"] = 1234
print a["foo"] # Prints 1234

However, it should be noted that this dictionary key behavior may not hold if the default encoding is
ever changed to something other than' asci i ' or if Unicode strings contain non—-ASCI|

characters. For example, if ' ut f - 8" isused as adefault character encoding, it’'s possible to

produce pathological examplesin which strings compare as equal, but have different hash values.
For example:

a = u"MuOOfcller” # Uni code string
b = "M303\274l | er" # utf-8 encoded version of a
print a == # Prints "1', true

pri nt hash(a)==hash(b) # Prints '0', false
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Boolean Expressions and Truth Values

Theand, or, and not keywords can form Boolean expressions. The behavior of these operatorsis
asfollows:

Operator Description

Xor y If x isfalse returny ; otherwise, return x .
x and y If X isfalse, return x ; otherwise, returny .
not x If x isfalse, return 1 ; otherwise, return O .

When you use an expression to determine atrue or false value, any nonzero number or nonempty
string, list, tuple, or dictionary is taken to be true. Zero, None, and empty lists, tuples, and
dictionaries evaluate as false. Boolean expressions are evaluated from left to right and consume the
right operand only if it's needed to determine the final value. For example, a and b evaluatesb

only if a istrue.
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Object Equality and Identity

The equality operator x == y teststhe values of x andy for equality. In the case of lists and tuples,

all the elements are compared and evaluated as true if they’re of equal value. For dictionaries, atrue
valueisreturned only if x andy have the same set of keys and all the objects with the same key
have equal values.

The identity operatorsx i s yandx i s not Yy test two objectsto see whether they refer to the
same object in memory. In general, it may bethe casethat x == y ,butxis not vy.

Comparison between objects of non-compatible types such as afile and a floating-point number
may be allowed, but the outcome is arbitrary and may not make any sense. In addition, comparison
between incompatible types may result in an exception.
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Order of Evaluation

Table 4.2 lists the order of operation (precedence rules) for Python operators. All operators except
the power (* *) operator are evaluated from left to right and are listed in the table from highest to

lowest precedence. That is, operators listed first in the table are evaluated before operators listed
later. (Note: Operatorsincluded together within subsections—suchasx * y ,x/ y,andx %y,

have equal precedence.)

Table 4.2. Order of Evaluation (Highest to Lowest)
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Operator Name

C...), -1, {...} Tuple, list, and dictionary creation
String conversion

s[i], s[i:j], s.attr Indexing and dlicing attributes

f(...) Function calls

+X, -X, ~X Unary operators

X** y Power (right associative)

x*y, xI'y, x%y Multiplication, division, modulo

X+y, X-Y Addition, subtraction

X<<y, X>>y Bit shifting

X&'y Bitwise and
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Bitwise exclusive or

Bitwise or

Xisy, Xis not vy

Comparison, identity, and sequence membership tests

Xxins, xnot in s

not x Logical negation

x and y Logical and

Xor y Logical or

| ambda args: expr Anonymous function
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Chapter 5. Control Flow

This chapter describes statements related to the control flow of a program. Topics include
conditionals, loops, and exceptions.
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Conditionals

Thei f,el se,andel i f statements control conditional code execution. The general format of a
conditional statement is as follows:

I f expression:
statenents

el i f expression:
statenents

elif expression:

st atenent s
el se:
st atenent s

If no action isto be taken, you can omit both theel se and el i f clauses of aconditional. Use the
pass statement if no statements exist for a particular clause:

I f expression:

pass # Do not hi ng
el se:

statenents
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Loops

Y ou implement loops using the f or and whi | e statements. For example:

whi | e expressi on:
statenents

for i in s:
statenents

Thewhi | e statement executes statements until the associated expression evaluatesto false. The
f or statement iterates over all the elementsin a sequence until no more elements are available. If

the elements of the sequence are tuples of identical size, you can use the following variation of the
f or statement:

for x,y,z in s:
statenents

In this case, s must be a sequence of tuples, each with three elements. On each iteration, the
contents of the variablesx , y , and z are assigned the contents of the corresponding tuple.

To break out of aloop, usethe br eak statement. For example, the following function reads lines of
text from the user until an empty line of text is entered:

while 1:
cnd = raw_i nput (' Enter conmand > ')
i f not cnd:
br eak # No input, stop | oop

# process the command

To jump to the next iteration of aloop (skipping the remainder of the loop body), use the
cont i nue statement. This statement tends to be used less often, but is sometimes useful when the

process of reversing atest and indenting another level would make the program too deeply nested or
unnecessarily complicated.As an example, the following loop prints only the non-negative elements
of alist:
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for ains:
If a < O:
conti nue # Skip negative el enents
print a

Thebr eak and cont i nue statements apply only to the innermost loop being executed. If it's
necessary to break out of adeeply nested loop structure, you can use an exception. Python doesn’t

provide a goto statement.

Y ou can also attach the el se statement to loop constructs, asin the following example:

# whil e-el se

while i < 10:
do sonet hi ng
=i +1
el se:
print 'Done'

# for-el se
for ain s:
if a == "'Foo':
br eak
el se:
print 'Not found!'

The el se clause of aloop executes only if the loop runs to completion. This either occurs

immediately (if the loop wouldn’t execute at al) or after the last iteration. On the other hand, if the
loop isterminated early using the br eak statement, the el se clauseis skipped.
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Exceptions

Exceptions indicate errors and break out of the normal control flow of a program. An exception is
raised using ther ai se statement. The general format of ther ai se statementisr ai se

exception[, value] whereexcepti on istheexceptiontypeandval ue isan optional
value giving specific details about the exception. For example:

rai se Runti neError, 'Unrecoverable Error'

If ther ai se statement is used without any arguments, the last exception generated israised again
(athough this works only while handling a previously raised exception).

To catch an exception, usethet ry and except statements, as shown here:

try:

f = open(' foo')
except | Oerror, e:

print "Unable to open

f oo’ : , e

When an exception occurs, the interpreter stops executing statementsin thet r y block and looks for
anexcept clause that matches the exception that has occurred. If found, control is passed to the
first statement in the except clause. Otherwise, the exception is propagated up to the block of code
inwhichthet r y statement appeared. This code may itself be enclosed inat r y- except that can

handle the exception. If an exception worksits way up to the top level of a program without being
caught, the interpreter aborts with an error message. If desired, uncaught exceptions can aso be
passed to a user-defined function sys. except hook() asdescribed in Appendix A, “The Python

Library,” sys module.

The optional second argument to the except statement isthe name of avariable in which the
argument supplied to ther ai se statement is placed if an exception occurs. Exception handlers can
examine this value to find out more about the cause of the exception.

Multiple exception-handling blocks are specified using multiple except clauses, such asinthe
following example:
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try:

do sonet hi ng
except | Oerror, e:

# Handle 1/ O error

except TypeError, e:
# Handl e Type error

except NanmeError, e:
# Handl e Nanme error

A single handler can catch multiple exception types like this:

try:
do sonet hi ng

except (I Cerror, TypeError, NaneError), e:
# Handle 1/ O Type, or Nane errors

To ignore an exception, use the pass statement as follows:

try:
do sonet hi ng
except | Oerror:

pass # Do nothing (oh well).

To catch all exceptions, omit the exception name and value:

try:
do sonet hi ng
except :
print 'An error occurred

Table 5.1. Built-in Exceptions
Exception Description

Exception Theroot of all exceptions
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Syst enkxi t

Generated by sys. exi t ()

St andar dErr or

Base for all built-in exceptions

ArithmeticError

Base for arithmetic exceptions

Fl oat i ngPoi nt Err or

Failure of afloating-point operation

Over fl owErr or

Arithmetic overflow

Zer oDi vi si onErr or

Division or modulus operation with O

AssertionError

Raised by theassert statement

Attri buteError

Raised when an attribute nameisinvalid

Envi r onnment Er r or

Errorsthat occur externally to Python

| CError

1/0O or file-related error

OSEr r or

Operating system error

W ndowsEr r or

Error in Windows

EOFErr or

Raised when the end of thefileis reached

| nport Error

Failure of thei nport statement

Keyboar dl nt er r upt

Generated by the interrupt key (usually Ctrl+C)

LookupErr or

Indexing and key errors

I ndexError Out-of-range sequence offset
KeyError Nonexistent dictionary key

Menor yEr r or Out of memory

NameEr r or Failureto find alocal or global name
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UnboundLocal Error Unbound local variable

Runt i meError A generic catch-all error

Not | npl ement edEr r or Unimplemented feature

Synt axError Parsing error

TabError Inconsistent tab usage (generated with - t t option)
| ndent ati onError Indentation error

Syst entrror Nonfatal system error in the interpreter
TypeError Passing an inappropriate type to an operation

Val ueError Inappropriate or missing value

Uni codeErr or Unicode encoding error

Thet r y statement also supports an el se clause, which must follow the last except clause. This
codeis executed if the codein thet ry block doesn’t raise an exception. Here's an example:

try:

f = open('foo', 'r')
except | Oerror:

print 'Unable to open foo'

el se:
data = f.read()
f.close()

Thef i nal | y statement defines a cleanup action for code contained inat r y block. For example:

f = open('foo','r")
try:
# Do sone stuff
finally:
f.close()
print "File closed regardl ess of what happened."”
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Thefi nal | y clauseisn’'t used to catch errors. Rather, it’s used to provide code that must always

be executed, regardless of whether an error occurs. If no exception israised, the codein the
final | y clauseisexecuted immediately after the codeinthet ry block. If an exception occurs,

control isfirst passed to the first statement of thef i nal | y clause. After this code has executed, the
exception isre-raised to be caught by another exception handler. Thef i nal | y and except
statements cannot appear together withinasinglet r y statement.

Python defines the built-in exceptions listed in Table 5.1. (For specific details about these
exceptions, see Appendix A.)

All the exceptions in a particular group can be caught by specifying the group namein an except
clause. For example,

try:
statenents

except LookupError: # Catch I ndexError or KeyError
statenents

or

try:
statenents

except StandardError: # Catch any built-in exception
statenents
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Defining New Exceptions

All the built-in exceptions are defined in terms of classes. To create a new exception, create a new
class definition that inheritsfrom except i ons. Except i on such asthe following:

I nport exceptions
# Exception cl ass
cl ass Networ kError (exceptions. Excepti on):
def _ init_ (self,args=None):
self.args = args

The name ar gs should be used as shown. This allows the value used in ther ai se statement to be
properly printed in tracebacks and other diagnostics. In other words,

rai se NetworkError, "Cannot find host."

creates an instance of Net wor KEr r or using the call

Net wor KError (" Cannot find host.")

The object that is created will print itself asNet wor KError: Cannot fi nd host. If youuse
aname other than sel f . ar gs or you don’t store the argument, this feature won't work correctly.

When an exception is raised, the optional value supplied inther ai se statement is used as the

argument to the exception’ s class constructor. If the constructor for an exception requires more than
one argument, it can be raised in two ways.

I nport exceptions

# Exception cl ass

cl ass Networ kError(exceptions. Exception):
def _ init_ (self,errno, nsq):
self.args = (errno, nsQ)
self.errno = errno
self.errnsg = nsg
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# Rai ses an exception (rmultiple argunents)
def error2():
rai se NetworkError(1l, 'Host not found')

# Rai ses an exception (nultiple argunents)
def error3():
rai se NetworkError, (1, 'Host not found')

Class-based exceptions enable you to create hierarchies of exceptions. For instance, the
Net wor KEr r or exception defined earlier could serve as a base class for avariety of more specific

errors. For example:

cl ass Host naneError ( Net wor KError) :
pass

cl ass Ti nmeout Error ( NetworkError):
pass

def error3():
rai se Host naneError

def error4():
rai se Ti meout Error

try:
error3()
except NetworkError:

I nport sys
print sys.exc_type # Prints exception type

In this case, the except Net wor KEr r or statement catches any exception derived from
Net wor KEr r or . To find the specific type of error that was raised, examine the variable
sys. exc_type. Similarly, thesys. exc_val ue variable contains the value of the last
exception. Alternatively, thesys. exc_i nf o() function can be used to retrieve exception
information in a manner that doesn’t rely on global variables and is thread-safe.
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Assertions and _ _debug_

Theassert statement isused to add debugging code into a program. The general form of asser t
IS

assert test [, data]

wheret est isan expression that should evaluate to true or false. If t est evaluatesto false,
assert raisesan Asserti onErr or exception with the optional dat a supplied to theasser t

statement. For example:

def wite data(file,data):
assert file, "wite data: file is None!"

Internally, theassert statement istrandated into the following code:

if _ _debug__:
if not (test):
rai se AssertionError, data

__debug_ _ isabuilt-in read-only value that’s set to 1 unless the interpreter isrunning in
optimized mode (specified with the - Ooption). Although _ _debug_ _ isused by assertions, you
also can use it to include any sort of debugging code.

Theassert statement should not be used for code that must be executed to make the program

correct, since it won’'t be executed if Python isrun in optimized mode. In particular, it’s an error to
useassert tocheck user input. Instead, assert statements are used to check things that should

always betrue; if oneisviolated, it represents a bug in the program, not an error by the user.

For example, if thefunctionwr i t e _dat a() shown here were intended for use by an end user, the
assert statement should be replaced by a conventional i f statement and the desired error
handling.
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Chapter 6. Functions and Functional
Programming

Most substantial programs are broken up into functions for better modularity and ease of
maintenance. Python makes it easy to define functions, but borrows a number of ideas from
functional programming languages that simplify certain tasks. This chapter describes functions,
anonymous functions, and functional programming features, aswell astheeval () and

execfil e() functionsandtheexec statement. It also describes list comprehensions, a powerful
list-construction technique.
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Functions

Functions are defined with the def statement:

def add(x,y):
return x+y

Invoke the function by writing the function name followed by atuple of function arguments, such as

a = add( 3, 4) . The order and number of arguments must match those given in the function
definition. If amismatch exists, aTypeEr r or exception is raised.

By assigning values, you can attach default arguments to function parameters:

def foo(x,y,z = 42):

When afunction defines a parameter with a default value, that parameter and all the parameters that
follow are optional. If values are not assigned to all the optional parametersin the function
definition, aSynt axEr r or exception israised.

Default parameter values are always set to the objects that were supplied as values when the
function was defined. For example:

a = 10
def foo(x = a):
print x
a=>5 # Reassign 'a'.
foo() # Prints '10' ((default val ue not changed)

However, the use of mutable objects as default values can lead to unintended behavior:

a = [10]
def foo(x = a):
print x
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a. append( 20)
foo() # Prints '[10, 20]°'

A function can accept a variable number of parametersif an asterisk (*) is added to the last
parameter name:

def fprintf(file, fnt, *args):
file.wite(fnt % args)

# Use fprintf. args gets (42, "hello world", 3.45)
fprintf(out,"% % %", 42, "hello world", 3.45)

In this case, all the remaining arguments are placed into the ar gs variable asatuple. To passa
tuple ar gs to another function asif they were parameters, the * ar gs syntax can be used as
follows:

def printf(fnt, *args):
# Call another function and pass al ong args
fprintf(sys.stdout, fnmt, *args)

Y ou can also pass function arguments by explicitly naming each parameter and specifying a value:

def foo(wXx,Vy, z):
print w,X,Vy,z

# Keyword invocation
foo(x=3, y=22, w="hello', z=[1, 2])

With keyword arguments, the order of the parameters doesn’t matter. However, unless you' re using
default values, you must explicitly name all the function parameters. If you omit any of the required
parameters or if the name of a keyword doesn’t match any of the parameter names in the function
definition, aTypeEr r or exception israised.

Positional arguments and keyword arguments can appear in the same function call, provided that all
the positional arguments appear first. For example:

foo('hello', 3, z=[1,2], y=22)
If the last argument of afunction definition beginswith * * | all the additional keyword arguments

(those that don’t match any of the parameter names) are placed in a dictionary and passed to the
function. For example:
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def span(**parnmns):
print "You supplied the follow ng args:"
for k in parns. keys():
print "% = %" % (k, parns|[Kk])

spam(x=3, a="hello", foobar=(2, 3))

Y ou can combine extra keyword arguments with variable-length argument lists, aslong asthe * *
parameter appears last:

# Accept vari able nunber of positional or keyword argunents
def spam(x, *args, **keywords):
print x, args, keywords

Keyword arguments can also be passed to another function using the * * keywor ds syntax:

def callfunc(func, *args, **kwargs):
print args
print kwargs
func(*args, **kwargs)

Finally, starting in Python 2.1, functions and methods can have arbitrary attributes attached to them.
For example:

def foo():
print "Hello world"

f oo. secure = 1
foo.private = 1

Function attributes are stored in adictionary that's availableasthe _ _di ct _ _ attribute of a
function or method.

The primary use of function attributesis in specialized applications such as parser generators or
network applications that would like to attach additional information to afunction. Previously, the
docstring was the only place to store such information.
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Parameter Passing and Return Values

When afunction isinvoked, its parameters are passed by reference. If a mutable object (such asa
list or dictionary) is passed to a function where it’' s then modified, those changes will be reflected in
the caller. For example:

a=1_[12,3,4,5]

def foo(x):

X[3] = -55 # Modify an el enent of x
foo(a) # Pass a
print a # Produces [1, 2, 3, -55, 5]

Ther et ur n statement returns a value from afunction. If no value is specified or you omit the
r et ur n statement, the None object isreturned. To return multiple values, place them in atuple:

def factor(a):
d =2
while (d <= (al2)):
if ((a/d)*d == a):
return ((a/d), d)
d=d+1
return (a, 1)

Multiple return values returned in a tuple can be assigned to individual variables:

X,y = factor(1243) # Return values placed in x and vy.
(x,y) = factor(1243) # Alternate version. Sane behavi or.
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Scoping Rules

Each time a function executes, a new local namespace is created. This namespace contains the
names of the function parameters, as well as the names of variables that are assigned inside the
function body. When resolving names, the interpreter first searches the local namespace. (See the
comments on the next page regarding nested scopes.) If no match exists, it searches the global
namespace. The global namespace for afunction is always the module in which the function was
defined. If the interpreter finds no match in the global namespace, it makes afinal check in the built-
in namespace. If thisfails, aNameEr r or exception israised.

One peculiarity of namespaces is the manipulation of global variables from within afunction. For
example, consider the following code:

a = 42

def foo():
a = 13

foo()

print a

When executed, the value 42 prints, despite the appearance that we might be modifying the variable
a inside the function f 0o. When variables are assigned in afunction, they’ re aways bound to the
function’slocal namespace; as aresult, the variable a in the function body refers to an entirely new
object containing the value 13. To alter this behavior, use the gl obal statement. gl obal simply

marks alist of names as belonging to the global namespace, and is necessary only when global
variables will be modified. It can be placed anywhere in afunction body and used repeatedly. For
example:

a = 42

def foo():
gl obal a # 'a'" is in global nanespace
a = 13

foo()

print a

All versions of Python allow nested function definitions. However, prior to Python 2.1, nested
functions didn’t provide nested scopes. As aresult, a program using a nested function might not
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work as you expect. For example in Python 2.0, the following program is legal, but doesn’t execute
properly:

def bar():
x = 10
def span(): # Nested function definition
print 'x is ', x # Looks for x in global scope of bar()
while x > 0:
spam() # Fails with a NaneError on 'Xx'
X -=1

In this case, when the nested function span( ) executes, its global namespace is the same as the
global namespace for bar () , the module in which the function is defined. Asaresult, span() is
unable to resolve any symbols in the namespace of bar () and failswithaNanmeEr r or .

Starting with Python 2.1, support for nested scopesis provided (so the above example will work).
With nested scopes, names are resolved by first checking the local scope and then al enclosing
scopes. If no match isfound, the global and built-in namespaces are checked as before. Note that in
Python 2.1 nested scopes are an optional feature that must be enabled by includingf rom _

_future_ _ inport nested_scopes inyour program (see Chapter 10, “Execution

Environment”). In addition, if you care about compatibility with older versions of Python, avoid
using nested functions.

If alocal variable is used beforeit’s assigned avalue, an UnboundLocal Er r or exceptionis
raised. For example:

def foo():
print i # Results in UnboundLocal Error exception
I =0
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Recursion

Python places a limit on the depth of recursive function calls. The function
sys. getrecursionlimt() returnsthe current maximum recursion depth and the function

sys. setrecursionlimt() canbeusedto changethevalue. The default valueis 1000.
When the recursion depth is exceeded, aRunt i meEr r or exception israised.
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The appl y() Function

Theappl y(func[, args|[, kwargs]]) functionisusedtoinvoke afunction indirectly
where the arguments have been constructed in the form of atuple or dictionary. ar gs isatuple
containing the positional argument to be supplied to the function. If omitted, no arguments are
passed. kwar gs isadictionary containing keyword arguments. The following statements produce
identical results:

foo(3,"x", name='Dave', id=12345)
apply(foo, (3,"x"), { '"nane': 'Dave', 'id' . 12345 })

In older versions of Python, appl y() was the only mechanism for calling afunction in which the

arguments were contained in atuple or dictionary. This capability is now handled by the following
syntax:

a=(3,"x"

b ={ "nane' : 'Dave', 'id': 12345 }

foo(*a, **b) # Sanme as code above
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The | anbda Operator

To create an anonymous function in the form of an expression, use the | anbda statement:

| anbda args: expression

ar gs isacommarseparated list of arguments and expr essi on isan expression involving those
arguments. For example:

a = lanbda x,y : Xx+y
print a(2,3) # produces 5

The code defined with | anbda must be avalid expression. Multiple statements and other
nonexpression statements such aspri nt, f or , and whi | e cannot appear in al anbda statement.
| anmbda expressions follow the same scoping rules as functions.
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map(), zip(),reduce(),andfilter()

Thet = map(func, s) function appliesthefunctionf unc to each of the elementsin s and
returnsanew listt . Eachelementoft ist [1i ] = func(s[i ]).Thefunctiongivento
map() should require only one argument. For example:

=[1, 2, 3, 4, 5, 6]
def foo(x):
return 3*Xx

b = map(foo, a) #b =13, 6, 9, 12, 15, 18]

Alternatively, this could be calculated using an anonymous function as follows:

b = map(l anbda x: 3*x, a) # b =13, 6, 9, 12, 15, 18]

Themap() function can also be applied to multiplelistssuchast = map(func, sl1, s2,

., sSn).Inthiscase eachelementoft ist [i ] = func s1[i ], s2[i], ..., sn
[1 ]),andthefunction givento map() must accept the same number of arguments as the number
of lists given. The result has the same number of elementsasthelongest listins1, s2, ..
sn . During the calculation, short lists are extended with values of None to match the length of the
longest list, if necessary.

If the function is set to None, the identity function is assumed. If multiple lists are passed to
map( None, sl1, s2, ... sn),thefunctionreturnsalist of tuplesin which each tuple
contains an element from each list. For example:

a =1_[1,2,3,4]
b = [100, 101, 102, 103]
c = map(None, a, b) # c =[(1,100), (2,101), (3,102), (4,103)]

Asan alternativeto map( ) , alist of tuples can also be created using the zi p(s1, s2, ...,
sn) function. zi p() takesa collection of sequences and returnsanew listt inwhich each
elementoft ist [i ] = (s1[i ], s2[i], ..., sn[i]).Unlikemap(), zip()
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truncates the length of t to the shortest sequenceinsl, s2, ... sn.Forexample:

d
e
f

[1,2,3,4,5,6,7]
[10, 11, 12]
zip(d,e) #f =[(1,10), (2,11), (3,12)]

Ther educe(func, s) function collectsinformation from a sequence and returnsasingle
value (for example, a sum, maximum value, and so on). r educe( ) works by applying the function

f unc tothefirst two elements of s . Thisvalue is then combined with the third element to yield a
new value. Thisresult is then combined with the fourth element, and so forth until the end of the
sequence. The function f unc must accept two arguments and return a single value. For example:

def sun(x,y):
return x+y

b = reduce(sum a) # b = (((1+2)+3)+4) = 10
Thefilter(func,s) functionfiltersthe elementsof s using afilter functionf unc () that

returns true or false.A new sequence isreturned consisting of al elementsx of s for which f unc
(x ) istrue. For example:

c =filter(lanbda x: x < 4, a) #c =11, 2, 3]

If f unc isset to None, theidentity functionisassumed andfi | t er () returnsall elementsof s
that evaluate to true.
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List Comprehensions

Many operationsinvolvingmap() andfilter () canbereplaced with alist construction operator
known as alist comprehension. The syntax for alist comprehension is as follows:

[ expression for itenl in sequencel
for iten2 in sequence2

for itemN in sequenceN
i f condition]

This syntax is roughly equivalent to the following code:
s =[]
for iteml in sequencel:

for iten2 in sequence2:

for itemN in sequenceN:
i f condition: s.append(expression)

To illustrate, consider the examplein Listing 6.1:

Listing 6.1 List Comprehensions

a=/[-352-10,7,8]

b = '"abc’

c =[2*s for s in a] # ¢ = [-6, 10, 4, - 20, 14, 16]

d =[s for sinaif s> 0] #d=1[5,2,7, 8]

e =[(x,y) for x in a # e =[(5'a),(5"'b),(5'c"),
for yinb # (2,'a),(2,'"b"),(2,'c"),
if x > 0] # (7,7a@),(7,'0b"),(7,'c"),

# (8,"a),(8,"b"),(8,'c')]

f=1(1,2), (3,4), (5,6)]

g = [mat h. sqrt (x*x+y*y) # f = [2.23606, 5.0, 7.81024]

for x,y in f]
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h = reduce(l anbda x,y: x+y, # Sum of squares
[ mat h. sqrt (x*x+y*y)
for x,y in f])

The sequences supplied to alist comprehension don’'t have to be the same length because they're
iterated over their contents using a nested set of f or loops, as previously shown. The resulting list

contains successive values of expressions. Thei f clauseisoptional; however, if it's used,
expr essi on isevauated and appended to the result only if condi ti on istrue.

If alist comprehension is used to construct alist of tuples, the tuple values must be enclosed in
parentheses. For example, [ (x,y) for x in a for y in b] islega syntax, whereas

[x,y for x in a for y in b] isnhot.

Finally, it isimportant to note that the variables defined within a list comprehension are evaluated
within the current scope and remain defined after the list comprehension has executed. For example,
in[x for x in a],theiteration variable x overwrites any previously defined value of x and is

set to the value of the last item in a after thelist is created.
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eval (), exec,execfile(),andconpile()

Theeval (str [,globals[,locals]]) function executes an expression string and returns the
result. For example:

a = eval ('"3*math.sin(3.5+x) + 7.2")

Similarly, the exec statement executes a string containing arbitrary Python code. The code supplied to
exec isexecuted within the namespace of the caller asif the code actually appeared in place of theexec
statement. For example:

a=1[3, 5 10, 13]
exec "for i in a: print i"

Finaly, theexecfil e(fil enanme [, gl obal s[,local s]]) function executesthe contents of afile.
For example:

execfil e("foo. py")

All these functions execute within the namespace of the caller (which is used to resolve any symbols that
appear within astring or file). Optionally, eval (), exec, andexecfi | e() can accept oneor two
dictionaries that serve as the global and local namespaces for the code to be executed, respectively. For
example:

globals = {'x": 7,
‘y': 10,
"birds': ['Parrot', 'Swallow , 'Al batross']
}

locals = { }

# Execute using the above dictionaries as the global and | ocal nanespace
a = eval ("3*x + 4*y", globals, |ocals)

exec "for b in birds: print b" in globals, |ocals # Not e unusual syntax
execfile("foo.py", globals, |ocals)

If you omit one or both namespaces, the current values of the global and local namespaces are used. Also,
due to issues related to nested scopes, the use of exec or execfi | e() inside afunction body may result
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inaSynt axEr r or exception if that function also contains nested function definitions or usesthel anbda
operator.

Note that the syntax of the exec statement in the example is different from that of eval () and
execfil e().exec isastatement (muchlikepri nt orwhi | e), whereaseval () andexecfil e()
are built-in functions.

When astring ispassed to exec, eval (), orexecfil e(), the parser first compilesit into bytecode.

Because this process is expensive, it may be better to precompile the code and reuse the bytecode on
subsequent calls if the code will be executed multiple times.

Theconpi l e(str , fil enanme, ki nd) function compilesastring into bytecodeinwhichstr isa

string containing the code to be compiled and f i | enane isthefilein which the string is defined (for usein
traceback generation). The ki nd argument specifies the type of code being compiled— ' si ngl e' for a

single statement, ' exec' for aset of statements, or ' eval ' for an expression. The code object returned by
theconpi | e() function can also be passed to theeval () function and exec statement. For example:

str = "for i in range(0,10): print 1"

c = conpile(str,"","exec") # Conpile into a code object

exec c # Execute it

str2 = "3*x + 4*y"

c2 = conpile(str2, "', "eval') # Conpile into an expression

result = eval (c2) # Execute it
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Chapter 7. Classes and Object-Oriented
Programming

Classes are the primary mechanism used to create data structures and new kinds of objects. This
chapter covers the details of classes, but is not intended to be an introduction to object-oriented
programming and design. It’s assumed that the reader has prior experience with data structures and
object-oriented programming in other languages such as C or Java. (Chapter 3, “Types and Objects,”
contains additional information about the terminology and internal implementation of objects.)
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The cl ass statement

A class defines a set of attributes that are associated with a collection of objects known as instances. These
attributes typically include variables that are known as class variables and functions that are known as
methods.

Classes are defined using the cl ass statement. The body of a class contains a series of statements that are
executed when the classisfirst defined (see Listing 7.1).

Listing 7.1 Classes

cl ass Account:
“A sinple class”
account type = "Basic"
def _ init_ (self, nane, bal ance):
“Initialize a new Account i nstance"
sel f. nane = name
sel f. bal ance = bal ance
def deposit(self,ant):
"Add to the bal ance"
sel f. bal ance = self. bal ance + ant
def withdraw(self, ant):
"Subtract fromthe bal ance”
sel f. bal ance = sel f. bal ance - ant
def inquiry(self):
"Return the current bal ance"
return sel f. bal ance

The objects created during the execution of the class body are placed into a class object that servesas a
namespace. For example, the members of the Account class are accessible as follows:

Account . account _type
Account. init_
Account . deposi t

Account. w t hdrawAccount.
I nquiry

I’ simportant to note that a class statement doesn’t create any instances of a class (for example, no
accounts are actually created in the preceding example). Rather, a class only defines the set of attributes
that are shared by all of the instances that will be created.
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The functions defined within a class (methods) always operate on a class instance that’ s passed as the first
argument. By convention, thisargument iscalled sel f , although any legal identifier name can be used.

Classvariablessuch asaccount _t ype are shared among all instances of aclass (that is, they’re not

individually assigned to each instance). Although a class defines a namespace, this namespace is not a
scope for code appearing inside the class body. Thus, references to other attributes of a class must use a
fully qualified name, as shown in the following example:

cl ass Foo:
def bar(self):
print "bar!"
def spani(sel f):
bar (sel f) # I ncorrect!
Foo. bar(self) # This works

bar' generates a NaneError

Finally, you cannot define class methods that don’'t operate on instances:

cl ass Foo:
def add(x,y):
return x+y

a = Foo. add( 3, 4) # TypeError. Need class instance as first argunent
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Class Instances

Instances of aclass are created by calling a class object as afunction. This creates a new instance and callsthe _
_init_ () method of the class (if defined). For example:

# Create a few accounts
a = Account (" Gui do", 1000.00) # I nvokes Account. _init_ (a,"@ido", 1000.00)
b = Account("Bill", 100000000000L)

Once created, the attributes and methods of the newly created instances are accessible using the dot (. ) operator as
follows:

a. deposi t (100. 00) #
b.w t hdraw( sys. maxi nt) #
name = a.nane #
print a.account _type #

Account . deposi t (a, 100. 00)
Account . wi t hdraw( b, sys. maxi nt)
t account name

Print account type

Internally, each instance isimplemented using a dictionary that’s accessible astheinstance’'s _ _di ct _ _ attribute
(described in detail in Chapter 3).This dictionary contains the information that’ s unigque to each instance. For example:

>>> print a._ _dict_ _
{' bal ance': 1100.0, 'nane': ' Quido'}
>>> print b._ _dict_ _

{" bal ance': 97852516353L, 'nane': 'Bill"'}

Whenever the attributes of an instance are modified, these changes are made to the instance’ s local dictionary. Within
methods defined in the class, attributes are changed through assignment to the sel f variable as shown inthe

_init_ _(),deposit(),andw t hdraw() methodsof Account . However, new attributes can be added to an
instance at any time, like this:

a. nunber = 123456 # Add attribute 'nunber' to a._ _dict_

Although the assignment of attributesis always performed on the local dictionary of an instance, attribute accessis
somewhat more complicated. Whenever an attribute is accessed, the interpreter first searches the dictionary of the
instance. If no match isfound, the interpreter searches the dictionary of the class object used to create the instance. If this
fails, asearch of base classesis performed. (See the later section “Inheritance” for details on base classes.) If thisfails, a

final attempt to find the attribute is made by attempting toinvokethe _ _getattr_ () method of the class (if
defined). If thisfails,an At t r i but eEr r or exception israised.
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Reference Counting and Instance Destruction

All instances have areference count. If the reference count reaches zero, the instance is destroyed.
When the instance is about to be destroyed, the interpreter looksfora_ _del () method

associated with the object and callsit. In practice, it’srarely necessary for aclassto definea
_del _ () method. The only exception is when the destruction of an object requires a cleanup

action such as closing afile, shutting down a network connection, or releasing other system
resources. Even in these cases, it'sdangeroustorelyon . del () for aclean shutdown, as

there’ s no guarantee that this method will be called when the interpreter exits. A better approach
may be to define amethod such ascl ose() that aprogram can use to explicitly perform a

shutdown. Finally, note that instancesfor which _ _del () isdefined cannot be collected by
Python’ s cyclic garbage collector (which isastrong reason not to define . _del ~ _ unlessyou
need it). See Appendix A, “The Python Library,” gc gc module for details.

Occasionally, aprogram will usethe del statement to delete areference to an object. If this causes
the reference count of the object to reach zero, the = _del _ () method iscalled. However, in
generd, thedel statement doesn’tdirectlycall _ _del _ ().
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Inheritance

Inheritance is a mechanism for creating a new class that specializes or modifies the behavior of an
existing class. The original classis called abase class or a superclass. The new classiscalled a
derived class or a subclass. When aclass is created via inheritance, it “inherits’ the attributes
defined by its base classes. However, a derived class may redefine any of these attributes and add
new attributes of its own.

Inheritance is specified with a comma-separated list of base-class namesin thecl ass statement.
For example:

cl ass A
varA = 42
def nethodl(self):
print "Cass A : nethodl"

cl ass B:
varB = 37
def nethodl(self):
print "Class B : nethodl"
def nmet hod2(sel f):
print "Class B : nethod2"
class C(A B): # Inherits fromA and B
varC = 3.3
def nmet hod3(sel f):
print "Cass C: nethod3"

class D. pass
class E(C, D) : pass

When searching for an attribute defined in a base class, the base classes are searched using a depth-
first search algorithm in the same order as specified in the class definition. For example, in class E

in the preceding example, base classes are searched in the order C,A, B, D. In the event that multiple
base classes define the same symbol, the first symbol encountered in the search processis used. For
example:

c = ) # Create a 'C
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c. met hod3() # I nvoke C. nethod3(c)
c. met hod1() # I nvoke A nethodl(c)
c.varB # Access B.varB

If aderived class defines an attribute with the same name as an attribute in a base class, instances of
the derived class use the attributes in the derived class. If it’'s ever necessary to access the origina
attribute, afully qualified name can be used as follows:

cl ass D(A):
def nethodl(self):
print "Class D : nethodl"
A. nmet hod1(sel f) # | nvoke base cl ass net hod

One notable use of thisisin theinitialization of class instances. When an instance is created, the
_init_ () methods of base classes are not invoked. Thus, it’s up to aderived class to perform
the proper initialization of its base classes, if necessary. For example:

cl ass D(A):
def _ init_ (self, argsl):
# Initialize the base cl ass
A init_ (self)
# Initialize nyself
Similar steps may also be necessary when defining cleanup actionsinthe  _del () method.
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Polymorphism

Polymorphism, or dynamic binding, is handled entirely through the attribute lookup process
described for inheritance in the preceding section.Whenever a method is accessed asobj . net hod

(), met hod islocated by searchingthe _ _di ct _ _ attribute of the instance, the instance’ s class
definition, and base classes, in that order. The first match found is used as the method.
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Information Hiding

By default, al attributes are “public.” This means that all attributes of a class instance are accessible
without any restrictions. It a'so implies that everything defined in a base class is inherited and
accessible within a derived class. This behavior is often undesirable in object-oriented applications
because it exposes the internal implementation of an object and it can lead to namespace conflicts
between objects defined in a derived class and those defined in a base class.

To fix this problem, all namesin aclass that start with a double underscore, suchas = Foo, are
mangled to form anew name of theform _Cl assnane _ _Foo. Thiseffectively provides away

for a class to have private attributes, since private names used in a derived class won't collide with
the same private names used in a base class. For example:

cl ass A
def _ init_ (self):
self. X =3 # Mangled to self. A X
cl ass B(A):
def _ init_ (self):
A init_ (self)
self. X =37 # Mangled to self. B X

Although this scheme provides the illusion of data hiding, there’' s no strict mechanism in place to
prevent access to the “private” attributes of aclass. In particular, if the name of the class and
corresponding private attribute are known, they can be accessed using the mangled name.
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Operator Overloading

User-defined objects can be made to work with all of Python’s built-in operators by adding
implementations of the special methods described in Chapter 3 to aclass. For example, the classin

Listing 7.2 implements the complex numbers with some of the standard mathematical operators and type
coercion to allow complex numbers to be mixed with integers and floats.

Listing 7.2 Mathematical Operators and Type Coercion

cl ass Conpl ex:
def _ init_ (self,real,img=0):
self.real = float(real)
self.imag = float (i mag)
def _ repr_ (self):
return "Conplex(%,%)" % (self.real, self.imgQ)
def _ _str_ (self):
return "(%g+%j )" % (self.real, self.inmag)
# self + other
def = add_ (self,other):
return Conplex(self.real + other.real, self.img + other.inmag)
# self - other

def = sub_ (self,other):

return Conplex(self.real - other.real, self.img - other.inmag)
# -self
def = neg_ (self):

return Conpl ex(-self.real, -self.inmag)

# other + self
def = radd_(self,other):
return Conplex. _add__(other, self)
# other - self
def _ rsub_ (self,other):
return Conplex. __sub_ _(other, self)
# Coerce other nunerical types to conpl ex
def _ coerce_ (self,other):
i f i1sinstance(other, Conpl ex):
return self, other
try: # See if it can be converted to fl oat
return self, Conplex(float(other))
except Val ueError:
pass
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Safari | Python Essential Reference, Second Edition -> Operator Overloading

In this example, there are afew items of interest:

. First, thenormal behavior of _ _repr () isto create astring that can be evaluated to re-
create the object. In this case, astring of theform™ Conpl ex(r, i )" iscreated. On the other
hand,the  _str_ () method creates a string that’s intended for nice output formatting (this
isthe string that would be produced by the pr i nt statement).

« Second, to handle operators in which complex numbers appear on both the left and right side of
operators, boththe . op_ () and _ _rop_ () methodsfor each operation must be

provided.

. Findly,the  _coerce_ _ method isused to handle operations involving mixed types. In this

case, other numeric types are converted to complex numbers so that they can be used in the
complex arithmetic methods.
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Classes, Types, and Membership Tests

Currently, there' s a separation between types and classes. In particular, built-in types such as lists
and dictionaries cannot be specialized viainheritance, nor does a class define a new type. In fact, all
class definitions have atype of Cl assType, whileall classinstances have atype of

| nst anceType. Thus, the following expression is true for any two objects that are instances of a
class (even if they were created by different classes):

type(a) == type(b)

To test for membership in aclass, use the built-in functioni si nst ance(obj , cnane ). This

function returnstrue if an object obj belongsto the class chane or any class derived from cnane
. For example:

cl ass A: pass
class B(A): pass
class C. pass

a = A() # Instance of 'A

b = B() # Instance of 'B

c =) # Instance of 'C

I sinstance(a,A) # Returns 1

i sinstance(b,A) # Returns 1, B derives fromA

I sinstance(b,C) # Returns 0, C not derived fromA

Similarly, the built-in functioni ssubcl ass( A, B) returnstrueif the class A is a subclass of
classB . For example:

I ssubcl ass(B, A) # Returns 1
I ssubcl ass(C, A # Returns O

Thei si nst ance() function can be used to perform type-checking against any of the built-in
types:
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I nport types
I sinstance(3, types.|ntType) # Returns 1
I sinstance(3, types. Fl oat Type) # Returns O

Thisis the recommended way to perform type-checking with the built-in types, as the distinction
between types and classes may disappear in afuture release.

< BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.

file:///D}/Downloads/eDonkey/incoming/[ebook]%?2...20Second%20Edition/python_essencial_ref/81.html (2 / 2) [2003/1/1 OWDOO 02:55:49]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=81

file:///ID}/Downl oads/eDonkey/incoming/[ ebook] %20Python%20Essenti al %020Ref erence, %620Second%20Edition/python_essencial_ref/83.html

Linux/Unix > Python Essential Reference, Second Edition > 8. Modules and Packages  See All Titles

< BACK Make Note | Bookmark CONTINUE >

Chapter 8. Modules and Packages

Large Python programs are often organized as a package of modules. In addition, a large number of
modules are included in the Python library. This chapter describes the module and package system
In more detail.
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Modules

Y ou can turn any valid source file into a module by loading it with thei nport statement. For
example, consider the following code:

# file : spam py

a = 37 # A vari abl e
def foo: # A function
print "I'mfoo"
cl ass bar: # A cl ass
def grok(self):
print "I'm bar. grok"
b = bar() # Create an instance

To load this code as amodule, you use the statement i nport spam Thefirsttimei nport isused
to load a module, it does three things:

1. It creates a new namespace that serves as a namespace to al the objects defined in the
corresponding source file. Thisis the namespace accessed when functions and methods defined
within the module use the gl obal statement.

2. It executes the code contained in the module within the newly created namespace.

3. It creates a name within the caller that refers to the module namespace. This name matches the
name of the module and is used as follows:

I nport spam # Loads and executes the nodul e ' spani
print spam a # Accesses a nenber of nodule 'spam
spam f oo()

C = spam bar ()

To import multiple modules, supply i npor t with acomma-separated list of module names, like this:

| nport socket, os, regex
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Modules can be imported using alternative names by using the as qualifier. For example:

i nport os as system

I nport socket as net, thread as threads
systemchdir("..")

net . get host nane()

Usethef r omstatement to load specific definitions within a module into the current namespace. The
f r omstatement isidentical toi npor t except that instead of creating a name referring to the newly

created module namespace, references to one or more of the objects defined in the module are placed
into the current namespace:

from socket inport gethostnane
# Put gethostnane in current nanmespace

print gethostnane() # Use w thout nodul e nane
socket . get host nane() # NanmeError: socket

Thef r omstatement also accepts a comma-separated list of object names. The asterisk (* ) wildcard

character can also be used to load all the definitions in a module except those that start with an
underscore. For example:

from socket inport gethostnane, socket
from socket inport * # Load all definitions into current nanespace

Modules can more precisely control the set of names that are imported by f r om nodul e i nport *

by definingalist _ _all _ . For example:

# nodul e: foo. py
_all_ =1 "bar', '"spanm ] # Nanmes to be inported by *

In addition, the as qualifier can be used to rename specific objects imported with f r om For example:

from socket inport gethostnane as host nane
h = host nane()

Thei nport statement can appear at any point in a program. However, the code in each module is
loaded and executed only once, regardless of how often you usethei nport statement. Subsequent

| mpor t statements simply create areference to the module namespace created on a previous import.
Y ou can find adictionary containing all currently loaded modulesin the variable sys. nodul es,
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which isadictionary that maps module names to module objects. The contents of this dictionary are
used to determine whether i npor t loads afresh copy of amodule.

Thefrom nodul e i nport * statement can only be used at the top level of amodule. In particular,
it'sillegal to usethisform of i nport inside function bodies, due to the way in which it interacts with
function scoping rules.

Each module definesavariable . _nane_ _ that contains the module name. Programs can examine

this variable to determine the module in which they’ re executing. The top-level module of the
interpreterisnamed . _mai n_ . Programs specified on the command line or entered interactively

runinsidethe  _nmai n_ _ module. Sometimes, a program may alter its behavior, depending on
whether it has been imported asamodule or isrunningin _ _mai n_ . Thiscan be done asfollows:

# Check if running as a program

if _ name_  =="'_ main_ _':
# Yes
statenents
el se:
# No, | nmust have been inported as a nodul e
statenents
<BACK Make Note | Bookmark CONTINUE >
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The Module Search Path

When loading modules, the interpreter searchesthelist of directoriesin sys. pat h. The following
isatypica valueof sys. pat h:

["", "lusr/local/lib/lpython2. 0",
"“/usr/local/lib/python2.0/plat-sunos5',
"“fusr/local/lib/python2.0/1ib-tk",
"“/usr/local/lib/python2.0/1ib-dynl oad',
"/usr/local/lib/python2.0/site-packages']

Theempty string' ' refersto the current directory.

To add new directories to the search path, smply append them to thislist.
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Module Loading and Compilation

So far, this chapter has presented modules as files containing Python code. However, modules
loaded withi nport really fall into four general categories:

. Programswritten in Python (. py files)

. Cor C++ extensions that have been compiled into shared librariesor DLLS
. Packages containing a collection of modules
. Built-in modules written in C and linked into the Python interpreter

When looking for amodule f 00, the interpreter searches each of the directoriesin sys. pat h for
the following files (listed in search order):

1. A directory f oo defining a package
2. foo0. so,foonodul e. so,foonodul e. sl ,orfoonodul e. dl | (compiled extensions)

3. foo. pyo (only if the- Oor - OO option has been used)
4. f oo. pyc

5. foo. py

Packages are described shortly; compiled extensions are described in Appendix B, “Extending and
Embedding Python.” For . py files, when amoduleisfirst imported, it's compiled into bytecode
and written back to disk asa. pyc file. On subsequent imports, the interpreter |oads this
precompiled bytecode unless the modification date of the . py fileis more recent (in which case, the
. pyc fileisregenerated). Filesending in. pyo are used in conjunction with the interpreter’s- O

option. These files contain bytecode stripped of line numbers, assertions, and other debugging
information. As aresult, they’ re somewhat smaller and allow the interpreter to run slightly faster. If
the - OO option is specified instead of - O, documentation strings are also stripped from thefile. This

removal of documentation strings occurs only when . pyo files are created—not when they’re
loaded. If none of these files existsin any of the directoriesin sys. pat h, theinterpreter checks
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whether the name corresponds to a built-in module name. If no match exists, an | nport Err or
exception is raised.

The compilation of filesinto . pyc and. pyo files occurs only in conjunction with thei nport
statement. Programs specified on the command line or standard input don’t produce such files.

Wheni nport searchesfor files, it matches filenames in a case-sensitive manner— even on

machines where the underlying filesystem is not case-sensitive, such as Windows. (Such systems are
case-preserving, however.) Thus, i nport f oo will only import afilef 0o. py and not afile

FOO. PY. However, note that versions of Python prior to 2.1 didn’t handle this case correctly on all

platforms. If you' re concerned about backward compatibility, avoid the use of module names that
differ in case only.
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Module Reloading

The built-in functionr el oad() can be used to reload and execute the code contained within a
module previously loaded with i npor t . It accepts a module object as a single argument. For
example:

I nport foo
sonme code
rel oad(f oo) # Rel oads foo

All operations involving the module after the execution of r el oad() will utilize the newly loaded
code. However, r el oad() doesn't retroactively update objects created using the old module.

Thus, it's possible for references to coexist for objects in both the old and new versions of a module.
Furthermore, compiled extensions written in C or C++ cannot be reloaded using r el oad() .

Asageneral rule, avoid module rel oading except during debugging and devel opment.
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Packages

Packages allow a collection of modules to be grouped under a common package name. This
technique helps resolve namespace conflicts between module names used in different applications.
A package is defined by creating a directory with the same name as the package and creating afile

_init_ . pyinthat directory. You can then place additional source files, compiled extensions,
and subpackages in this directory as needed. For example, a package might be organized as follows:

G aphi cs/
_init_ _.py
Primtivel
_init_ _.py
i nes. py

fill.py
t ext. py

G aph2d/
_init_ _.py
pl ot 2d. py

G aph3d/
_init_ _.py
pl ot 3d. py

For mat s/
_init_ _.py
gi f.py
png. py
tiff.py
j peg. py

Thei nport statement is used to load modules from a package in a number of ways:

. inmport Gaphics.Primtive.fill

This loads the submodule G aphi cs. Prim tive. fill.Thecontentsof thismodule
have to be explicitly named, such as

file:///D}/Downloads/eDonkey/incoming/[ebook]%?2...20Second%20Edition/python_essencial_ref/88.html (1 / 4) [2003/1/1 OWDOO 02:55:51]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/main.asp?list
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=88
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/5%2F28%2F2002+9%3A02%3A17+PM.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/read4.asp?bookname=0735710910&snode=88&now=5%2F28%2F2002+9%3A02%3A18+PM

Safari | Python Essential Reference, Second Edition -> Packages

G aphics.Primtive.fill.floodfill (ing,x,y,color).

. fromGaphics.Primtive inport fill

Thisloads the submodulef i | | but makesit available without the package prefix; for

example, fill.floodfill (ing,Xx,y,color).
. fromGaphics.Primtive.fill inport floodfill
Thisloads the submodulefi | | but makesthef | oodfi | | function directly accessible; for

example, f | oodfi || (i ng, x,y, color).

Whenever any part of a packageisimported, thecodeinthefile  init_ . py isexecuted.

Minimally, thisfile may be empty, but it can also contain code to perform package-specific
initializations. Allthe _ _init_ . py filesencountered during an import are executed. Thus, the

statementi nport G aphics.Primtive.fill shownearlier would executethe  _init__
_. py filesin both the G aphi cs directory andthe Pri m t i ve directory.

One peculiar problem with packagesis the handling of this statement:

from Gaphics.Primtive inport *

The intended outcome of this statement isto import al the modules associated with a package into
the current namespace. However, because filename conventions vary from system to system
(especially with regard to case sensitivity), Python cannot accurately determine what modul es those
might be. As aresult, this statement just imports all the referencesdefinedinthe . _init _ . py

fileinthePri m ti ve directory. This behavior can be modified by definingalist _ _all

that contains all the module names associated with the package. Thislist should be defined in the
package  _init_ py file, likethis:

# Gaphics/Primtive/ _ _init_ _.py
_all . =["lines","text","fill",...]

Now when the user issuesaf rom Graphi cs. Prim tive inport * statement, al thelisted
submodules are loaded as expected.

Importing a package name alone doesn’t import all the submodules contained in the package. For
example, the following code doesn’t work:

I nport Graphics
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Graphics.Primtive.fill.floodfill(ing,x,y,color) # Fails!

However, because thei npor t G aphi cs statement executesthe _ _init_ . py fileinthe
G aphi cs directory, it could be modified to import all the submodules automatically as follows:

# Graphics/_ init_ _.py
inport Primtive, Gaph2d, G aph3d

# Gaphics/Primtive/ _ _init_ _.py
inmport lines, fill, text,

Now thei npor t G- aphi cs statement imports all the submodules and makes them available using
their fully qualified names.

The modules contained within the same directory of a package can refer to each other without
supplying afull package name. For example, the G aphi cs. Prim tive. fill modulecould

import the Graphi cs. Prim tive. |l i nes modulesimply by usingi nport |i nes.

However, if amoduleislocated in adifferent subdirectory, its full package name must be used. For
example, if thepl ot 2d module of Gr aphi cs. Gr aph2d needsto usethel i nes module of

G aphics. Primtive, it must useastatement suchasfrom G aphics. Primtive
I mport | i nes.If necessary, amodule can examineits__ _nane_ _ variableto find itsfully

qualified module name. For example, the following code imports a module from a sibling
subpackage knowing only the name of the sibling (and not that of its top-level package):

# G aphi cs/ G aph2d/ pl ot 2d. py

# Determ ne the nane of the package where ny package is | ocated
I nport string

base package = string.join(string.split(_ nanme_ ,"'.")[:-2],".")
# Inport the ../Primtive/fill.py nodul e
exec "from%%.Primtive inport fill" % (base_package,)

Finally, when Python imports a package, it definesaspecial variable ~ _pat h_ _ that containsa
list of directoriesthat are searched when looking for package submodules. (Thevariable  _pat h_

_ isapackage-specific version of thesys. pat h variable)) _ _pat h_ _ isaccessible to the code
containedin _ _init_ . py filesandinitially contains a single item with the directory name of
the package. If necessary, a package can add additional directoriestothe  _path_ _ listto alter

the search path used for finding submodules.
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Chapter 9. Input and Output

This chapter describes the details of Python input/output, including command-line options,
environment variables, file 1/0, Unicode, and object persistence.
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Reading Options and Environment Variables

When the interpreter starts, command-line options are placed inthe list sys. ar gv. Thefirst

element is the name of the program. Subsequent elements are the options presented on the command
line after the program name. The following program shows how to access command-line options:

# printopt.py
# Print all of the command-line options
I nport sys
for i in range(len(sys.argv)):
print "sys.argv[%] = %" % (i, sys.argv[i])

Running the program produces the following:

% pyt hon printopt.py foo bar -p
sys.argv[0] = printopt.py
sys.argv[1l] = foo

sys.argv[ 2] = bar

sys.argv[3] = -p

%

Environment variables are accessed in the dictionary os. envi r on. For example:

I nport os

path = os. environ["PATH']

user = 0s.environ["USER"]

editor = os.environ["ED TOR"]
etc ...

To modify the environment variables, set the os. envi r on variable. Alternatively, you can use the
0s. put env() function. For example:

os.environ["FOO'] = "BAR"
0s. put env("FOJ', "BAR")
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Files

The built-in function open( nane [, node ] ) opens and createsfiles, as shown here:

f = open(' foo') # Opens 'foo' for reading
f = open('foo',"'wW) # Qpen for witing

Thefilemodeis' r' forread,' W for write, or' a' for append. The mode character can be
followed by ' b* for binary data, suchas' rb' or' wb' . Thisisoptional on UNIX, but required on
Windows, and should be included if you' re concerned about portability. In addition, afile can be
opened for updates by supplying aplus (+) character, suchas' r +' or' w+' . When afileis opened
for update, you can perform both input and output, as long as all output operations flush their data
before any subsequent input operations. If afileisopened using' w+' mode, its length isfirst
truncated to zero.

open() returnsafile object that supports the methods shown in Table 9.1.

Table 9.1. File Methods

Method Description

f.read([n]) Reads at most n bytes.

f.readline([n]) Reads asingle line of input up to n characters. If n is omitted, reads the
entireline.

f .readlines() Reads all the lines and returns alist.

f . xreadlines() Returns an opague sequence object where each iteration reads anew line
from thefile.

f.wite(s) Writesstring s .

f.witelines(l) Writesall stringsinlist| .
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f .close() Closesthefile.

f.tell() Returns the current file pointer.

f .seek(offset [, where]) Seeksto anew file position.

f.isatty() Returns 1 if f isan interactive terminal.
f .flush() Flushes the output buffers.

f .truncate([size]) Truncates the fileto at most si ze bytes.
f.fileno() Returns an integer file descriptor.

f .readi nto(buffer ,nbytes) Readnbyt es of datainto awritable buffer object.

Ther ead() method returnsthe entire file as a string unless an optional | engt h parameter is
given specifying the maximum number of bytes. Ther eadl i ne() method returns the next line of
input, including the terminating newline; ther eadl i nes() method returns al the input linesas a
list of strings. Ther eadl i ne() method optionally accepts amaximum linelength n . If aline

longer than n bytesisread, thefirst n bytes are returned. The remaining line datais not discarded
and will be returned on subsequent read operations. Both ther eadl | ne() andr eadl i nes()

methods are platform-aware and handle different representations of newlines properly (for example,
"\'n" versus' \r\n'). Thexr eadl i nes() method returns a special opague sequence object

that allows the lines of afile to be read using iteration instead of first being read entirely into
memory, aswith ther eadl i nes() method. For example:

for line in f.xreadlines():
# Do sonething with |ine

Thewri t e() method writesastring to thefile, andthewri t el i nes() method writesalist of

strings to thefile. In all these cases, the string can contain binary data, including embedded null
characters.

Theseek() method is used to randomly access parts of afile given an of f set and a placement
ruleinwher e . If wher e isO (the default), seek () assumesthat of f set isrelativeto the start
of thefile; if wher e is 1, the position is moved relative to the current position; and if wher e is 2,
the offset istaken from the end of thefile. Thef i | eno() method returnsthe integer file-
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descriptor for afile and is sometimes used in low-level 1/0 operationsin certain library modules. On
machines that support large files (greater than 2GB), theseek() andt el | () methods use long

integers. However, enabling such support may require a reconfiguration and recompilation of the
Python interpreter.

File objects also have the data attributes shown in the following table.

Attribute Description

f .closed Boolean value indicates the file state: O if thefileis open, 1 if closed.

f . node The 1/0O mode for thefile.
f . nanme Name of thefileif created using open() . Otherwise, it will be a string indicating the source of
thefile.

f . sof t space Boolean value indicating whether a space character needs to be printed before another value when
using the pr i nt statement. Classes that emulate files must provide awritable attribute of this
name that’sinitially initialized to zero.
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Standard Input, Output, and Error

The interpreter provides three standard file objects, known as standard input, standard output, and
standard error, which are availableinthe sys moduleassys. st di n, sys. st dout , and

sys. st derr, respectively. st di n isafile object corresponding to the stream of input characters
supplied to the interpreter. st dout isthe file object that receives output produced by pri nt .

st derr isafilethat receives error messages. More often than not, st di n is mapped to the user’s
keyboard, while st dout and st der r produce text onscreen.

The methods described in the preceding section can be used to perform raw I/O with the user. For
example, the following function reads a line of input from standard input:

def gets():
text =
while 1:
c = sys.stdin.read(1)
text = text + C
i f == '\n': break
return text

Alternatively, the built-in function r aw_i nput ( pr onpt ) canread aline of text from st di n:

S = raw_input("type sonmething : ")
print "You typed '%'" % (s,)

Finally, keyboard interrupts (often generated by Ctrl+C) result in aKeyboar dI nt er r upt
exception that can be caught using an exception handler.

If necessary, thevaluesof sys. st dout , sys. stdi n,andsys. st derr can be replaced with
other file objects, in which casethe pr i nt statement and raw input functions use the new values.
Theoriginal valuesof sys. st dout , sys. stdi n,andsys. st derr atinterpreter startup are
asoavailableinsys. _stdout _ _,sys. _stdin_ _,andsys.__stderr_ _,
respectively.

Note that in some casessys. st di n,sys. st dout ,andsys. st derr may be altered by the use

file:///D}/Downloads/eDonkey/incoming/[ebook]%2...20Second%20Edition/python_essencial_ref/93.html (1 / 2) [2003/1/1 OWDOO 02:55:53]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/main.asp?list
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=93
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/5%2F28%2F2002+9%3A02%3A59+PM.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/read6.asp?bookname=0735710910&snode=93&now=5%2F28%2F2002+9%3A02%3A59+PM

file:///ID}J/Downl oads/eDonkey/incoming/[ ebook] %20Python%20Essenti al %020Ref erence, %620Second%20Edition/python_essencial_ref/93.html

of an integrated development environment (IDE). For example, when running Python under Idle,
sys. st di nisreplaced with an object that behaveslike afile, but isreally an object in the

development environment. In this case, certain low-level methodssuch asr ead() and seek()
may be unavailable.
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The pri nt Statement

Thepri nt statement produces output on the file contained insys. st dout . pri nt acceptsa
comma-separated list of objects such as the following:

print "The values are", X, vy, z

For each object, thest r () function isinvoked to produce an output string. These output strings are

then joined and separated by a single space to produce the final output string. The output is
terminated by a newline unless atrailing commais supplied to the pr i nt statement. In this case,

only atrailing spaceis printed. For example:

print "The values are ", X, vy, z, w
# Print the sane text, using two print statenents
print "The values are ", X, Y, # Omts trailing newine

print z, w

To produce formatted output, use the string-formatting operator (%9 as described in Chapter 4,
“Operators and Expressions.” For example:

print "The values are % %.5f %" % (Xx,y,z) # Formatted 1/0O

Y ou can change the destination of the pr i nt statement by adding the special >>f i | e modifier,
wheref i | e isafile object that allows writes. Here's an example:

f = open("output”,"w")

print >>f, "hello world"

f.close()

Combining formatted /O using dictionaries with triple-quoted strings is a powerful way to write

computer-generated text. For example, you might want to write a short form letter, filling in a
name, ani t emname, and an anount , likethis:
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Dear M. Bush,
Pl ease send back ny bl ender or pay ne $50. 00.

Si ncerely yours,

Joe Pyt hon User

To do this, you can form atriple-quoted string containing text and dictionary-based format specifiers
such asthis:

form= """\
Dear 9% nane)s,
Pl ease send back nmy %iten)s or pay ne $% anount) 0. 2f.

Si ncerely yours,

Joe Pyt hon User

print form%{ 'nane': 'M. Bush',
"item : 'Dblender',
"anount': 50. 00,

For forms involving many lines and many items to be substituted, thisis much clearer than using
onepri nt statement per line or alarge tuple of items to format.
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Persistence

It's often necessary to save and restore the contents of an object to afile. One approach to this
problem isto write apair of functions that read and write data from afile in a special format. An
alternative approach isto use the pi ckl e and shel ve modules.

The pi ckl e module serializes an object into a stream of bytes that can be written to afile. For
example, the following code writes an object to afile:

I nport pickle

obj ect = sonme(bject()

f = open(filenane,'w)

pi ckl e. dunp( obj ect, f) # Save obj ect

To restore the object, you can use the following code:

I nport pickle
f = open(filenane,'r")
obj ect = pickle.load(f) # Restore the object

Theshel ve moduleissimilar, but saves objectsin a dictionary-like database:

I nport shel ve
obj ect = sonme(bject ()

dbase = shel ve. open(fil enane) # Open a dat abase

dbase[' key'] = object # Save object in database
obj ect = dbase[' key'] # Retrieve it

dbase. cl ose() # Cl ose the database

In both cases, only serializable objects can be saved to afile. Most Python objects can be serialized,
but special-purpose objects such as files maintain an internal state that cannot be saved and restored
in this manner. For more details about the pi ckl e and shel ve modules, see Appendix A, “The

Python Library.”
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Unicode I/O

Internally, Unicode strings are represented as sequences of 16-bit integer character values.Asin 8-
bit strings, all characters are the same size, and most common string operations are ssmply extended
to handle strings with alarger range of character values. However, whenever Unicode strings are
converted to a stream of bytes, a number of issues arise. First, to preserve compatibility with
existing software, it may be desirable to convert Unicode to an 8-bit representation compatible with
software that expects to receive ASCII or other 8-bit data. Second, the use of 16-bit characters
introduces problems related to byte ordering. For a Unicode character U+HHLL, little endian

encoding places the low-order bytefirst, asin LL HH. Big endian encoding places the high-order
bytefirst, asin HH LL. Because of this difference, it's generally not possible to smply write raw
Unicode data to afile without also specifying the encoding used.

To address these problems, external representation of Unicode strings is always done according to a
specific encoding rule. This rule precisely defines how Unicode characters are to be represented as a
byte sequence. In Chapter 4, encoding rules were first described for the uni code() function and

thes . encode() string method. For example:

a = u"MuOOfcller”

b ="Hello Wrld"

c = a.encode('utf-8") # Convert a to a UTF-8 string
d = uni code(b) # Convert b to a Unicode string

For Unicode I/O, a similar technique is implemented through the use of the built-in codecs
module. The codecs module contains a collection of functions for converting byte-oriented data to

and from Unicode strings under a variety of different data-encoding schemes.A specific codec is
selected by calling thecodecs. | ookup(encodi ng) function. Thisfunction returns afour-

element tuple(enc_func, decode func, streamreader, streamwiter ).For
example:

I nport codecs
(utf8 encode, utf8 decode, utf8 reader, utf8 witer) =\
codecs. | ookup('utf-8")

Theenc_func (u[, errors]) functiontakesaUnicode string u and returnsatuple (s,
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| en) inwhich s isan 8-bit string containing a portion or all of the Unicode string u , converted

into the desired encoding, and | en contains the number of Unicode characters converted. The
decode func (s [, errors]) functiontakesan 8-bit strings and returnsatuple(u, |en

) containing a Unicode string u and the number of charactersin s that were converted. The

err or s parameter determines how errors are handled andisoneof ' strict','ignore',or
"replace' .In" strict' mode, encoding errorsraiseaUni codeEr r or exception. In
"ignore' mode, encoding errorsareignored. In' r epl ace' mode, characters that can’'t be
converted are replaced by areplacement character. The replacement character is U+FFFDIn
Unicodeand' ?' in 8-bit strings.

st ream r eader isaclassthat implements awrapper for reading Unicode data from afile object.
Callingst ream reader (file) returnsanobjectinwhichther ead(),readl i ne(),and

readl i nes() methods read Unicode string data. st r eam wri t er isaclassthat providesa
wrapper for writing Unicode to afile object. Callingstream witer (fil e) returnsafile
object inwhichthewri te() andwritel i nes() methods transate Unicode strings to the given
encoding on the output stream.

The following example illustrates how to read and write UTF-8 encoded Unicode data using these
functions:

# Qutput Unicode data to a file
ustr = u" MuOOfcller’ # A Unicode string

outf = utf8 witer(open('foo','w)) # Create UTF-8 output stream
outf.wite(ustr)
outf.cl ose()

# Read Unicode data froma file
infile = utf8 reader (open('bar'))
ustr = infile.read()
infile.close()

When working with Unicode files, the data encoding is usually embedded in thefile itself. For
example, XML parsers may look at the first few bytes of the string’ <?xm ... >' todetermine

the document encoding. If thefirst four valuesare 3C 3F 78 6D (' <?xm ), theencoding is
assumed to be UTF-8. If thefirst four valuesare 00 3C 00 3F or 3C 00 3F 00, theencoding

isassumed to be UTF-16 big endian or UTF-16 little endian, respectively. Alternatively, a document
encoding may appear in MIME headers or as an attribute of other document elements. For example:

<?xm ... encodi ng="1S0 8859-1" .... ?>
When the encoding is read from a document, code similar to the following might be used:
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f = open("sonefile")
# Det erm ne encodi ng

(encoder, decoder,reader,witer) = codecs.| ookup(encodi ng)

f = reader(f) # Wap file with Unicode reader
data = f.read() # Read Uni code data
f.close()

Unicode Data Encoding

Table 9.2 lists al of the currently available encodersin the codecs module.

Table 9.2. Encoders in the codecs Module

Encoder Description

"ascii' ASCII encoding

"latin-1', "iso-8859-1' Latin-1 or 1SO-8859-1 encoding

‘utf-8' 8-hit variable length encoding

"utf-16' 16-hit variable length encoding

‘utf-16-1¢€' UTF-16, but with explicit little endian encoding
"utf-16-be' UTF-16, but with explicit big endian encoding

" uni code- escape’ Same format asu" st ri ng "

' raw uni code- escape’ Same format asur "string "

The following paragraphs describe each of the encoders in more detail.
‘ascii' encoding:

In* ascii' encoding, character values are confined to theranges[ 0, Ox7f] and [ U+0000,
U+007F] . Any character outside thisrangeisinvalid.
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'1s0-8859-1" or'latin-1" encoding:

Characters can be any 8-bit valuein theranges[ 0, Oxf f] and[ ULH0000, W+OOFF] . Vauesin
therange[ 0, Ox7f] correspond to characters from the ASCII character set.Valuesin the range

[ Ox80, Oxf f] correspond to characters from the |SO-8859-1 or extended ASCII character set.
Any characters with values outside therange [ 0, Oxf f ] result in an error.

"utf-8" encoding:

UTF-8 isavariable-length encoding that allows all Unicode characters to be represented. A single
byte is used to represent ASCII charactersin the range 0—127. All other characters are represented
by multibyte sequences of two or three bytes. The encoding of these bytes is shown in the following
table.

Unicode Characters ByteO Byte 1l Byte 2
U+0000 - WOO7F onnnnnnn

W+007F - W+O7FF 110nnnnn 10nnnnnn

U+0800 - WHFFFF 1110nnnn 10nnnnnn 10nnnnnn

For two-byte sequences, the first byte aways starts with the bit sequence 110. For three-byte
sequences, the first byte starts with the bit sequence 1110. All subsequent data bytesin multibyte
sequences start with the bit sequence 10.

In full generality, the UTF-8 format allows for multibyte sequences of up to six bytes. In Python,
four-byte UTF-8 sequences are used to encode a pair of Unicode characters known as a surrogate
pair. Both characters have valuesin therange [ U+D800, U+DFFF] and are combined to encode a

20-bit character value. The surrogate encoding is as follows: The four-byte sequence 111100nn
10nnnnnn 10nnmmm10mmmmmis encoded asthe pair +#D800 + N, W+DCO0 + M, where

Nisthe upper 10 bits and Mis the lower 10 bits of the 20-bit character encoded in the four-byte UTF-
8 sequence. Five- and six-byte UTF-8 sequences (denoted by starting bit sequencesof 111110 and

1111110, respectively) are used to encode character values up to 32 bitsin length. These values
are not supported by Python and currently result inaUni codeEr r or exception if they appear in
an encoded data stream.

UTF-8 encoding has a number of useful properties that allow it to be used by older software. First,
the standard ASCI| characters are represented in their standard encoding. This meansthat a UTF-8
encoded ASCII string is indistinguishable from atraditional ASCI| string. Second, UTF-8 doesn’t
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introduce embedded null bytes for multibyte character sequences. Thus, existing software based on
the C library and programs that expect null-terminated 8-bit strings will work with UTF-8 strings.
Finally, UTF-8 encoding preserves the lexicographic ordering of strings. That is, if a and b are

Unicodestringsanda < b,thena < b asoholdswhen a and b are converted to UTF-8.

Therefore, sorting algorithms and other ordering algorithms written for 8-bit strings will also work
for UTF-8.

"utf-16" ,'utf-16-be' ,and’' utf-16-1e' encoding:

UTF-16 is avariable-length 16-bit encoding in which Unicode characters are written as 16-bit
values. Unless a byte ordering is specified, big endian encoding is assumed. In addition, a byte-order
marker of U+FEFF can be used to explicitly specify the byte ordering in aUTF-16 data stream. In

big endian encoding, U+FEFF is the Unicode character for a zero-width nonbreaking space, whereas
the reversed value U+FFFE isanillegal Unicode character. Thus, the encoder can use the byte
sequence FE FF or FF FE to determine the byte ordering of a data stream. When reading Unicode
data, Python removes the byte-order markers from the final Unicode string.

"utf-16-be' encoding explicitly selects UTF-16 big endian encoding. ' ut f - 16-1 e' encoding
explicitly selects UTF-16 little ending encoding.

Although there are extensions to UTF-16 to support character values greater than 16 bits, none of
these extensions are currently supported.

"'uni code- escape' and' raw- uni code- escape' encoding:

These encoding methods are used to convert Unicode strings to the same format as used in Python
Unicode string literals and Unicode raw string literals. For example:

u' u\ 14a8\ u0345\ u2a34’
s. encode(' uni code- escape') #t = '\ ulda8\ u0345\ u2a34'

Unicode Character Properties

In addition to performing 1/0O, programs that use Unicode may need to test Unicode characters for
various properties such as capitalization, numbers, and whitespace. The uni codedat a module

provides access to a database of character properties. General character properties can be obtained
withtheuni codedat a. cat egor y(c ) function. For example,

uni codedat a. cat egory(u"A") returns' Lu' , signifying that the character is an uppercase
letter. Further details about the Unicode character database and the uni codedat a module can be

found in Appendix A.

file:///D}/Downloads/eDonkey/incoming/[ebook]%2...20Second%20Edition/python_essencial_ref/96.html (5 / 6) [2003/1/1 OWOD 02:55:54]



file:///ID}/Downl oads/eDonkey/incoming/[ ebook] %20Python%20Essenti al %020Ref erence, %620Second%20Edition/python_essencial_ref/96.html

< BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.

file:///D}/Downloads/eDonkey/incoming/[ebook]%2...20Second%20Edition/python_essencial_ref/96.html (6 / 6) [2003/1/1 OWDOO 02:55:54]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=96

file:///ID}/Downl oads/eDonkey/incoming/[ ebook] %20Python%20Essenti al %020Ref erence, %620Second%20Edition/python_essencial_ref/98.html

Linux/Unix > Python Essential Reference, Second Edition > 10. Execution Environment See All Titles

< BACK Make Note | Bookmark CONTINUE >

Chapter 10. Execution Environment

This chapter describes the environment in which Python programs are executed. The goal isto
describe the runtime behavior of the interpreter, including program startup, site configuration, and
program termination.
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Interpreter Options and Environment

The interpreter has a number of options that control its runtime behavior and environment. On
UNIX and Windows, options are given to the interpreter in the form of command-line options such
asthe following:

python [options] [-c cnd | filename | - ] [args]

On the Macintosh, options to the Python interpreter are set using a separate program,
Edi t Pyt honPr ef s.

The following command-line options are available:

Option Description
-d Generates parser debugging information.
-h Printsalist of all available command-line options.

-1 Enters interactive mode after program execution.

-0 Optimized mode.

-0 Optimized mode plus removal of documentation strings.
-S Preventsinclusion of the si t e initialization module.

-t Reports warnings about inconsistent tab usage.

-tt Inconsistent tab usage resultsin a TabEr r or exception.
-u Unbuffered binary st dout and st di n.

-U Unicode literals. All string literals are handled as Unicode.
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-V Verbose mode.

-V Prints the version number and exits.

- X Skipsthe first line of the source program.
-c cnmd Executes cnd as a string.

-Wilter Adds awarning filter.

The - d option debugs the interpreter and is of limited use to most programmers. The-i1 opti on
starts an interactive session immediately after a program has finished execution, and is useful for
debugging. The - Oand - OO options apply some optimization to byte-compiled files, and are
described in Chapter 8, “Modules and Packages.” The - S option omits the site initialization module
described in the later section “ Site Configuration Files.” The-t,-tt, and - v options report
additional warnings and debugging information. The- x opti onP 94 ignoresthefirst line of a

program in the event that it s not avalid Python statement (for example, when the first line starts the
Python interpreter in ascript). The - U option forces the interpreter to treat al string literals as

Unicode. The - Woption is used to specify awarning filter and is described further in the warnings
module in Appendix A, “The Python Library.”

The program name appears after all the interpreter options. If no nameis given, or the hyphen ()
character is used as a filename, the interpreter reads the program from standard input. If standard
input is an interactive terminal, a banner and prompt are presented. Otherwise, the interpreter opens
the specified file and executes its statements until an end-of-file marker isreached. The-c cnd

option can be used to execute short programs in the form of a command-line option.

Command-line options appearing after the program name or hyphen () are passed to the program in
Sys. ar gv, asdescribed in the section “Reading Options and Environment Variables’ in Chapter

9, “Input and Output.”

Additionally, the interpreter reads the following environment variables:

Variable Description
PYTHONPATH Colon-separated module search path
PYTHONSTARTUP File executed on interactive startup
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PYTHONHOVE Location of the Python installation

PYTHONI NSPECT Impliesthe- i option

PYTHONUNBUFFERED  |Implies the - u option

PYTHONCASEOK Use non—case-sensitive matching for module names used by import (Python 2.1)

PYTHONPATH specifies a module search path that isinserted into the beginning of sys. pat h,
which is described in Chapter 8. PYTHONSTARTUP specifies afile to execute when the interpreter
runsin interactive mode. The PYTHONHOVE variable is used to set the location of the Python

installation but is rarely needed, since Python knows how to find its own libraries and the site-
packages directory where extensions are normally installed. If asingle directory such as
/usr/ | ocal isgiven, theinterpreter expectsto find all filesin that location. If two directories are

given,suchas/ usr/ | ocal : /usr/ | ocal /sparc-sol ari s- 2. 6, theinterpreter searches

for platform-independent filesin the first directory and platform-dependent files in the second.
PYTHONHOME has no effect if no valid Python installation exists at the specified location.

On Windows, some of the environment variables such as PYTHONPATH are read from Registry
entriesfound in HKEY _LOCAL _MACHI NE/ Sof t war e/ Pyt hon. On the Macintosh, the
environment variables can be adjusted using the Edi t Pyt honPr ef s program.
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Interactive Sessions

If no program name is given and the standard input to the interpreter is an interactive terminal,
Python starts in interactive mode. In this mode, a banner message is printed and the user is presented
with a prompt. In addition, the interpreter eval uates the script contained in the PYTHONSTARTUP

environment variable (if set). Thisscript is evaluated asif part of the input program (that is, itisn’'t
loaded using ani nport statement). One application of this script might be to read a user

configuration filesuch as. pyt honr c.

When accepting interactive input, two user prompts appear. The >>> prompt appears at the
beginning of a new statement; the. . . prompt indicates a statement continuation. For example:

Python 2.0 (#1, Oct 27 2000, 14:34:45)
[ GCC 2.95.2 19991024 (rel ease)] on sunos5

Type "copyright”, "credits" or "license" for nore information..
>>> for i in range(0,4):
print i
0
1
2
3
>>>

In customized applications, you can change the prompts by modifying the values of sys. ps1 and
SYyS. psZ2.

On some systems, Python may be compiled to use the GNU readline library. If enabled, thislibrary
provides command histories, completion, and other additions to Python’ s interactive mode. The
special key bindings provided by ther eadl i ne library are described in the readline module in

Appendix A.

By default, the output of commands issued in interactive mode is generated by printing the output of
the built-inr epr () function on the result. Starting with Python 2.1, this can be changed by setting

thevariablesys. di spl ayhook. For example:
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>>> def ny_display(x):
print "result = %" %repr(x)

>>> sys. di spl ayhook = ny_di spl ay
>>> 344

result =7

>>>

< BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.

file:///D}/Downloads/eDonkey/incoming/[ebook]%2...0Second%20Edition/python_essencial_ref/100.html (2 / 2) [2003/1/1 OWDOO 02:55:55]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=100

file:///ID}J/Downl oads/eDonkey/incoming/[ ebook] %620Python%20Essenti al %020Ref erence, %20Second%20Edition/python_essencial _ref/101.html

Linux/Unix > Python Essential Reference, Second Edition >10. Execution Environment See All Titles
>Launching Python Applications

<BACK Make Note | Bookmark CONTINUE >

Launching Python Applications

In most cases, you’ll want programs to start the interpreter automatically, rather than first having to
start the interpreter manually. On UNIX, thisis done using shell scripts by setting the first line of a
program to something like this:

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

# Python code fromthis point on...
I mport string

print "Hello world"

On Windows, double-clicking a. py, . pyw, . Wy, .pyc, or . pyo file automatically launches the
interpreter. Normally, programs run in a console window unless they’ re renamed with a. pyw suffix

(in which case the program runs silently). If it’s necessary to supply options to the interpreter,
Python can also be started from a. bat file.

On the Macintosh, clicking a. py file normally launches the editor that was used to create the file.

However, two specia programs in the Macintosh distribution can be used to build applications.
Dropping a. py fileonthe Bui | dAppl et program converts the program into afile that

automatically launches the Python interpreter when opened. The Bui | dAppl i cat i on program

converts a Python program into a standalone application that can be distributed and executed on
machines that don’t have a Python installation.

<BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.

file:///D}/Downloads/eDonkey/incoming/[ebook]%20P...%20Second%20Edition/python_essencial_ref/101.html [2003/1/1 OWOD 02:55:56]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/main.asp?list
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=101
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/5%2F28%2F2002+9%3A04%3A09+PM.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/read1.asp?bookname=0735710910&snode=101&now=5%2F28%2F2002+9%3A04%3A09+PM
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=101

Safari | Python Essential Reference, Second Edition -> Site Configuration Files

Linux/Unix > Python Essential Reference, Second Edition >10. Execution Environment See All Titles
> Site Configuration Files

<BACK Make Note | Bookmark CONTINUE >

Site Configuration Files

A typical Python installation may include a number of third-party modules and packages. To
configure these packages, the interpreter first importsthe modulesi t e. Theroleof sit e isto

search for package files and to add additional directories to the module search path sys. pat h. In
addition, the si t e module sets the default encoding for Unicode string conversions. For details on
the site module, see Appendix A.
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Enabling Future Features

Starting in Python 2.1, new language features that affect compatibility with older versions of Python
may be disabled when they first appear in arelease. To enable these features, the statement f rom _

__future_ _ inport feature canbeused. For example:

# Enabl e nested scopes in Python 2.1
from__ future __ inport nested _scopes

When used, this statement should appear as the first statement of a module or program. Furthermore,

theintentof the . future_ _ moduleisto introduce features that will eventually be a
standard part of the Python language (in which case, theuseof _ ~ future_ _ will not be
required).
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Program Termination

A program terminates when no more statements exist to execute in the input program, when an uncaught
Syst enExi t exception israised (as generated by sys. exi t () ), or when the interpreter receivesa SI GTERMor

SI GHUP signal (on UNIX). On exit, the interpreter decrements the reference count of all objectsin al the currently

known namespaces (and destroys each namespace as well). If the reference count of an object reaches zero, the object
isdestroyedandits _ _ del _ _ () method isinvoked. It'simportant to note that in some casesthe .~ del _

() method might not be invoked at program termination. This can occur if circular references exist between objects (in

which case objects may be allocated, but accessible from no known namespace). Although Python’s garbage collector
can reclaim unused circular references during execution, it isn’t normally invoked on program termination.

Because there’'sno guaranteethat =~ del _ () will beinvoked at termination, it may be a good ideato explicitly

clean up certain objects, such as open files and network connections. To accomplish this, add specialized cleanup
methods (for example, cl ose( ) ) to user-defined objects. Another possibility is to write a termination function and

register it with theat exi t module, asfollows:

i mport atexit
connection = open_connecti on("deaddot. coni)

def cl eanup():
print "CGoing away..."
cl ose_connecti on(connecti on)

atexit.register(cl eanup)

The garbage collector can aso be invoked in this manner:

import atexit, gc
atexit.register(gc.collect)

Onefinal peculiarity about program terminationisthatthe _ ~ del _ _ method for some objects may try to access
global data or methods defined in other modules. Since these objects may already have been destroyed, a NaneEr r or
exception occursin . del _ _, and you may get an error such as the following:

Exception exceptions. NanmeError: 'c¢' in <method Bar._ _ del _ _ of Bar instance at
c0310>

™= ignored

If thisoccurs, itmeansthat ~ _ del _ _ hasaborted prematurely. It also impliesthat it may have failed in an attempt

to perform an important operation (such as cleanly shutting down a server connection). If thisisaconcern, it's
probably a good ideato perform an explicit shutdown step in your code, rather than relying on the interpreter to destroy
objects cleanly at program termination. The peculiar NanmeEr r or exception can aso be eliminated by declaring

default argumentsin the declaration of the _  del () method:
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i nport foo
cl ass Bar:
def = del _ _ (self, foo=foo0):
f 0o. bar () # Use sonething in nodule foo

In some cases, it may be useful to terminate program execution without performing any cleanup actions. This can be
accomplished by callingos. _exi t (st at us ) . Thisfunction provides an interface to the low-level exi t () system

call responsible for killing the Python interpreter process.When invoked, the program immediately terminates.
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Appendix A. The Python Library

Python is bundled with alarge collection of modules that provide awide range of services ranging
from interacting with the operating system to multimedia support. These modules are collectively
known as the Python library. Currently, the library consists of approximately 200 modules that have
been contributed by dozens of users.

This appendix describes most of the more frequently used modules in the Python library, with a
focus on built-in functions, Python services, string processing, operating system interfaces, threads,
and network programming. A brief overview of background material isintroduced as necessary, but
the reader is assumed to be reasonably familiar with basic operating system and programming
concepts. Furthermore, because much of the library is based on C programming APIs, agood C
programming book may help with some of the finer points of some modules. Extensive online
documentation for the library is also available at http://www.python.org/doc/lib.

This appendix islargely based on the contents of the online library documentation as of Python
version 2.1. However, a number of substantial modifications have been made:

. Thelibrary reference has been abridged to fit into a more compact format.

. Additional reference material has been added to better describe certain modules—especially
with respect to operating system interfaces and network programming.

« Several modules require significant understanding of outside topics such as low-level
network protocols and data formats. In these cases, only a brief description is given, along
with references to related information.

. Special-purpose modules applicable to asingle platform are omitted (for instance, SGI
multimedia extensions).

. Large frameworks such as Tkinter, XML processing, and the Win32 extensions are omitted
because they’ re beyond the scope of this book (and they’ re covered in books of their own).

. Obsolete modules are omitted, even though these modules are still included in the standard
distribution.

It's also important to note that the Python library is aways being improved and extended with new
functionality. Although the modules covered here are the most stable, their contents are still likely to
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change dlightly over time. When in doubt, consult the online documentation.

Finally, afew words on compatibility and availability. Unless otherwise indicated, each moduleis
available on al platforms. When platform-specific issues are discussed, they’re clearly marked.
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Built-in Functions and Exceptions

This section describes Python’ s built-in functions and exceptions. Much of this material is covered
less formally in the chapters of this book. Additional details and some of the more subtle aspects of
many built-in functions can be found here.

Built-in Functions

The functions in this section are a\ways available to the interpreter and are contained within the
_builtin_ _module. Inaddition,the _  builtins_ _ attribute of each module usualy

refers to this module (except when running in arestricted execution environment as described in the
“Restricted Execution” section).

_ (Underscore)

By default, the _ variableis set to the result of the last expression evaluated when the interpreter is
running in interactive mode.

?See Alsosys. di spl ayhook (118).

_ _inmport_ (nane [, globals [, locals [, fromist]]])

Thisfunction isinvoked by thei nport statement to load a module. nane is a string containing the

module name, gl obal s isan optional dictionary defining the global namespace, | ocal s isa
dictionary defining the local namespace, andf r ol i st isalist of targetsgiventothef r om

statement. For example, the statement i nport spamresultsinacalto_ i nport _
_('spam, globals(), locals(), []),whilethestatementfrom spam i nport
fooresultsinacal _ _inport_ _ ('spam, globals(), locals(), ['foo']).If

the module nameis prefixed by a package name such asf 0o. bar andfronl i st isempty, the

corresponding module object isreturned. If f r om i st isnot empty, only the top-level packageis
returned.

Thisfunction isintended to be alow-level interface to the module loader. It doesn’'t perform all the

steps performed by ani npor t statement (in particular, the local namespace is not updated with
names referring to objects contained within the module). This function can be redefined by the user
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to implement new behaviorsfor i npor t . The default implementation doesn’t even look at the

| ocal s parameter, while gl obal s isonly used to determine package context (these parameters
are supplied so that alternative implementationsof i nport _ () havefull accessto the
global and local namespace information wherei npor t statements appear).

abs( x)

Returns the absolute value of x .

apply(func [, args [, keywords]])

Performs afunction call operation on acallable object f unc. ar gs isatuple containing
positional arguments and keywor ds isadictionary containing keyword arguments. Theappl y()
function can also be writtenasf unc (*ar gs , **keywords ).

buf fer (sequence [, offset [, size]])

Creates a new buffer object. A buffer istypically a byte-oriented subsequence of another sequence
such as a string. For the most part, buffers appear like strings except that they don’t support string
methods and can’t be used with the functionsin the st r i ng module.

cal | abl e( obj ect)

Returns 1 if obj ect isacallable object, O otherwise.

chr (i)

Converts an integer or long integer valuei ,0 <= i <= 255, into aone-character string.

cmp(x, Yy)

Compares x and y and returns a negative number if x < y , 0 if x == y , and apositive number if
X >y . Any two objects can be compared, although the result may be meaninglessif the two

objects have no meaningful comparison method defined (for example, comparing a number with a
file object). In certain circumstances, such comparisons may also raise an exception.

coerce(x, vy)
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Returns a tuple containing the values of x and y converted to acommon numerical type. See the
section “Mathematical Operations’ in Chapter 3, “Types and Objects.”

conpi le(string, filenane, kind)

Compilesst r i ng into acode object for usewithexec oreval () .fi | enane isastring
containing the name of the file in which the string was defined. ki nd is' exec' for a sequence of
statements, ' eval ' for asingle expression, or ' si ngl €' for asingle executable statement.

conpl ex(real [, inmag])

Creates a complex number.

del attr(object, attr)

Deletes an attribute of an object. at t r isastring. Sameasdel object .attr .

di r ([ obj ect])

Returns a sorted list of attribute names. These are taken from theobject’'s_ _dict _ _,
_nmethods_ _,and _ _nenbers_ _ attributes. If no argument is given, the namesin the
current local symbol table are returned.

di viod(a, b)

Returns the quotient and remainder of long division as atuple. For integers, thevalue(a/ b, a
% b ) isreturned. For floats, (mat h. fl oor(a/ b), a%b) isreturned.

eval (expr [, globals [, locals]])

Evaluates an expression. expr isastring or a code object created by conpi | e() . gl obal s and

| ocal s definethe global and local namespaces for the operation. If omitted, the expression is
evaluated in the namespace of the caller.

execfile(filename [, globals [, locals]])
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Executes the statementsinthefilefi | enane . gl obal s and| ocal s definethe globa and local
namespaces in which the file is executed. If omitted, the file's contents are executed in the
namespace of the caller. This function should not be used inside a function body becauseit is
incompatible with nested scopes.

filter(function, |ist)
Creates anew list consisting of the objectsfrom | i st for whichf unct i on evaluatesto true. If

functi onisNone, theidentity function isused and all the elementsof | i st that arefalse are
removed.

fl oat ( x)

Converts x to afloating-point number.

getattr(object, nanme [, default])

Returns an attribute of an object. nane isastring. def aul t isan optional valueto return if no
such attribute exists. Same asobj ect . nane .

gl obal s()

Returns a dictionary corresponding to the global namespace of the caller.

hasattr (obj ect, nane)

Returns 1 if nane isthe name of an attribute of obj ect , O otherwise. nane isastring.

hash( obj ect)

Returns an integer hash value for an object (if possible). The hash value is the same for any two
objects that compare as equals. Mutable objects don’t define a hash value.

hex( x)

Converts an integer or long integer x to a hexadecimal string.
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i d(obj ect)

Returns the unique integer identity of obj ect .

i nput ([ pronpt] )

Sameaseval (raw_i nput (pronpt )).

int(x [, base])

Converts anumber or string x to an integer. base optionally specifies a base when converting from
astring.

intern(string)

Checksto see whether st r i ng iscontained in an internal table of strings. If found, a copy of the
internal string isreturned. If not, st r i ng isadded to the internal table and returned. This function
isprimarily used to get better performance in operations involving dictionary lookups. Interned
strings are never garbage-collected. Not applicable to Unicode strings.

I si nstance(obj ect, classobj)

Returnstrueif obj ect isaninstance of cl assobj or asubclassof cl assobj . Canasobe
used for type checking if cl assobj isatype object.

I ssubcl ass(cl assl, class?)
Returnstrueif cl ass1 isasubclass of (derived from) cl ass2 .

Note: i ssubcl ass(A, A) istrue

l en(s)

Returns the number of items contained in the sequence s .

list(s)
Returns a new list consisting of the items in the sequences .
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| ocal s()

Returns adictionary corresponding to the local namespace of the caller.

| ong(x [, base])

Converts anumber or string x to along integer. base optionally specifies the base of the
conversion when converting from a string.

map(function, list, ...)

Appliesf uncti ontoeveryitemof | i st and returnsalist of results. If multiple lists are supplied,
functi on isassumed to take that many arguments, with each argument taken from a different list.
If f uncti on isNone, the identity function is assumed. If None is mapped to multiplelists, alist

of tuplesisreturned, wherein each tuple contains an element from each list. Short lists are extended
with values of None to match the length of the longest list, if necessary. Consider using list

comprehensions instead of map. For example, map(function, ali st ) canbereplaced by
[function(x) for x in alist].

?See Also zi p (105).

max(s [, args, ...])

For asingle argument s , returns the maximum value of the sequence s . For multiple arguments,
returns the largest of the arguments.

mn(s [, args, ...])

For asingle argument s , returns the minimum value of the sequence s . For multiple arguments,

returns the smallest of the arguments.

oct ( x)

Converts an integer or long integer x to an octal string.

open(filenane [, node [, bufsize]])
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Opensthefilef i | ename and returns a new file object (see Chapter 10, “Execution Environment”).
node indicates how the file should be opened: ' r' for reading, ' w for writing, and' a' for
appending. An optional ' +' can be added to the mode to open the file for updating (which allows
both reading and writing). A mode of ' w+' truncates the file to zero length if it already exists. A
modeof ' r+' or' a+' opensthefilefor both reading and writing, but leaves the original contents
intact when the fileis opened. Append ' b' to the mode to indicate binary mode on platforms such

as Windows, where a distinction is made between text and binary files. If the mode is omitted, a
modeof ' r' isassumed. The buf si ze argument specifies the buffering behavior, where 0 is

unbuffered, 1 isline buffered, and any other positive number indicates an approximate buffer sizein

bytes. A negative number indicates that the system default buffering should be used (thisisthe
default behavior).

ord(c)

Returns the integer ordinal value of a single character ¢ . For ordinary characters, avalue in the
range[ 0, 255] isreturned. For Unicode characters, avaluein therange[ 0, 65535] isreturned.
pow(x, y [, z])

Returnsx ** y . If z issupplied, returns(x ** y) % z.

range([start,] stop [, step])

Createsalist of integersfromst art tost op . st ep indicatesastrideand isset to 1 if omitted. If
st art isomitted (whenr ange() iscalled with one argument), it defaultsto 0. A negative st ep
creates alist of numbersin descending order.

? See Also xr ange (105).

raw_i nput ([ pronpt])

Reads aline of input from standard input (sys. st di n) and returnsit asastring. If pr onpt is
supplied, it’sfirst printed to standard output (sys. st dout ). Trailing newlines are stripped and an
EOFEr r or exceptionisraised if an EOF isread. If ther eadl i ne module isloaded, this function
will useit to provide advanced line-editing and command-completion features.

reduce(func, seq [, initializer])
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Appliesafunction f unc cumulatively to the itemsin the sequence seq and returns asingle value.
f unc is expected to take two arguments and is first applied to the first two itemsof seq . This
result and subsequent elements of seq are then combined one a atime in asimilar manner, until all
elements of seq have been consumed. i ni ti al i zer isan optional starting value used in the first
computation and when seq is empty.

r el oad( nodul e)

Reloads an already imported module. nodul e must refer to an existing module object. The use of
this function is discouraged except for debugging. Keep the following issuesin mind:

. When amoduleisreloaded, the dictionary defining its global namespace is retained. Thus,
definitionsin the old module that aren’'t part of the newly reloaded module are retained.
Modules can exploit thisto seeif they have been previously loaded.

. It'susualy illegal to reload dynamically loaded modules writtenin C.
. If any other modules have imported this module by using the f r omstatement, they’l|

continue to use the definitions in the previously imported module. This problem can be
avoided by either reissuing the f r omstatement after a module has been reloaded or using

fully qualified names such asnodul e . nane .

. |If there are any object instances created by classes in the old module, they’ll continue to use
methods defined in the old module.

repr (object)
Returns a string representation of obj ect . Thisisthe same string generated by backquotes

(" obj ect ). In most cases, the returned string is an expression that can be passedtoeval () tore-
create the object.

round(x [, n])
Returns the result of rounding the floating-point number x to the closest multiple of 10 to the power

minusn . If n isomitted, it defaultsto O. If two multiples are equally close, rounding is done away
from O (for example, 0. 5isroundedto 1. 0 and- 0. 5 isroundedto - 1. 0).

setattr(object, nane, val ue)

Sets an attribute of an object. nane isastring. Sameasobj ect . nane = val ue.
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slice([start,] stop [, step])

Returns a dlice object representing integers in the specified range. Slice objects are also generated by
extended slice syntax. See the section “ Sequence and Mapping Methods” in Chapter 3 for details.

str(object)

Returns a string representing the printable form of an object. Thisis the same string as would be
produced by the pr i nt statement.

t upl e(s)

Creates atuple whose items are taken from the sequence s . If s isalready atuple, it’s returned
unmodified.

t ype(obj ect)
Returnsthe type of obj ect . Thetypeisreturned as atype object as defined inthet ypes module.

?SeeAlsoi si nst ance (102).

uni chr (i)

Convertstheinteger or longintegeri ,0 <= i <= 65535, to asingle Unicode character.

uni code(string [, encoding [, errors]])
Convertsst ri ng toaUnicode string. encodi ng specifiesthe dataencoding of st ri ng . If
omitted, the default encoding asreturned by sys. get def aul t encodi ng() isused.errors

specifies how encoding errors are handled andisoneof ' strict',"'ignore' ,or' repl ace'.
See Chapter 9 (“Input and Output™) and Chapter 3 (“ Types and Objects’) for details.

var s([ obj ect])

Returns the symbol table of obj ect (usually foundinits _ _di ct _ _ attribute). If no argument
iIsgiven, adictionary corresponding to the local namespace is returned.
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xrange([start,] stop [, step])

Worksliker ange() except that an XRangeType object isreturned. This object produces the
same values as stored in the list created by r ange( ) , but without actually storing them. Thisis

useful when working with very large ranges of integers that would consume a large amount of
memory.

zip(sl1 [, s2[,..]1])

Returnsalist of tupleswherethenthtupleis(s1[n], s2[n], ...).Theresultinglistis
truncated to the length of the shortest argument sequence.

Built-in Exceptions
Built-in exceptions are contained in the except i ons module, which is aways |oaded prior to the

execution of any program. Exceptions are defined as classes. The following exceptions serve as base
classesfor all the other exceptions:

Exception

Theroot class for al exceptions. All built-in exceptions are derived from this class. User-defined
exceptions are encouraged to use this as a base class.

St andar dEr r or

The base class for all built-in exceptions except for Syst enmexi t .

Arithneti cError

Base class for arithmetic exceptions, including Over f | owEr r or , Zer oDi vi si onErr or, and
Fl oat i ngPoi nt Error.

LookupErr or

Base class for indexing and key errors, including | ndexEr r or and KeyEr r or .

Envi ronnent Err or
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Base class for errors that occur outside Python, including | OEr r or and OSEr r or .

The preceding exceptions are never raised explicitly. However, they can be used to catch certain
classes of errors. For instance, the following code would catch any sort of numerical error:

try:
# Sonme operation

except ArithmeticError, e:
# Math error

When an exception israised, an instance of an exception classis created. Thisinstanceis placed in
the optional variable supplied to the except statement. For example:

except | Oerror, e:
# Handl e error
# 'e' has an instance of | OError

Most exceptions have an associated value that can be found inthe ar gs attribute of the exception
instance (' e. ar gs' inthe preceding example). In most cases, thisis a string describing the error.
For Envi r onnment Er r or exceptions, the valueis a2-tuple or 3-tuple containing an integer error
number, string error message, and an optional filename (these values are also available as exception
attributes as described below).

The following exceptions are raised by programs:

Asserti onError

Falled assert statement.

Attri buteError

Failed attribute reference or assignment.

ECFErr or

End of file. Generated by the built-in functionsi nput () andr aw_i nput () . Note: A number of
I/0O methods such asr ead() andr eadl i nes() return an empty string for EOF.
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Fl oat i ngPoi nt Err or

Failed floating-point operation. A subclassof Arit hnmeti cError.

| CError

Failed 1/O operation. The valueisan | OEr r or instance with attributeser r no, st rerr or, and
fil enane. errno isaninteger error number, st r er r or isastring error message, and
fil enanme isanoptional filename. A subclassof Envi r onnment Err or .

| nport Error

Raised when ani nport statement can't find amodule or when f r omcan’'t find anamein a
module.

| ndent ati onError

Indentation error. A subclass of Synt axEr r or.

| ndexErr or

Sequence subscript out of range. A subclass of LookupEr r or.

KeyEr r or

Key not found in adictionary. A subclass of LookupEr r or.

Keyboar dl nt er r upt

Raised when the user hits the interrupt key (usually Ctrl+C).

Menor yErr or

Recoverable out-of-memory error.
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NanmeEr r or

Name not found in local or global namespaces.

Not | npl enent edEr r or

Unimplemented feature. Can be raised by base classes that require derived classes to implement
certain methods. A subclass of Runt i meError.

OSEr r or

Operating system error. Primarily raised by functionsin the os module. The value is the same as for
| CError. A subclassof Envi r onnment Err or .

Overfl owError

Result of arithmetic operation istoo large to be represented. A subclassof Ari t hneti cError.

Runt i neErr or

A generic error not covered by any of the other categories.

Synt axError

Parser syntax error. Instances have the attributesf i | enane, | i neno, of f set , andt ext that
can be used to gather more information.

Systentrror

Internal error in the interpreter. The value is a string indicating the problem.

Systenkxi t

Raised by thesys. exi t () function. The valueis an integer indicating the return code. If it's
necessary to exit immediately, os. _exi t () canbe used.
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TabErr or

Inconsistent tab usage. Generated when Python is run with the- t t option. A subclass of
Synt axError.

TypeErr or

Operation or function applied to an object of inappropriate type.

UnboundLocal Err or

Unbound local variable referenced. This error occursif avariableis referenced beforeit’ sdefined in
afunction. A subclass of NaneEr r or .

Uni codeErr or

Unicode encoding or decoding error. A subclass of Val ueErr or .

Val ueErr or

Generated when the argument to afunction or operation is the right type, but of inappropriate value.

W ndowsErr or

Generated by failed system calls on Windows. A subclass of OSEr r or .

Zer oDi vi si onError

Dividing by zero. A subclassof Arit hneti cError.
Theexcept i ons module aso defines the exception objects War ni ng, User WWar ni ng,
Depr ecat i on\War ni ng, Runt i me\V\r ni ng, and Synt ax\War ni ng. These exceptions are

used as part of the Python warning framework and are described further in the war ni ngs module.

? See Also warnings (121).
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Python Services

The modules in this section are primarily used to interact with the Python interpreter and its environment.

atexit

Theat exi t moduleis used to register functions to execute when the Python interpreter exits. A single function is
provided:

regi ster(func [, args [, kwargs]])

Addsfunction f unc to alist of functions that will execute when the interpreter exits. ar gs is atuple of arguments to pass
to the function. kwar gs isadictionary of keyword arguments. The functionisinvoked asf unc (*ar gs , **kwar gs ) .

Note
. Theat exi t module should be used instead of setting thesys. exi t f unc variable.
? See Also sys (116).
copy
The copy module provides functions for making shallow and deep copies of compound objects, including lists, tuples,
dictionaries, and class instances.

copy(x)

Makes a shallow copy of x by creating a new compound object and duplicating the members of x by reference.

deepcopy(x [, visit])

Makes a deep copy of x by creating a new compound object and recursively duplicating all the membersof x . vi si t isan
optional dictionary that’s used internally to detect and avoid cyclesin recursively defined data structures.

A class can implement its own copy methods by implementing the methods . _copy_ _(self ) and_ _deepcopy_
_(self, wvisit ).Both methods should return acopy of the object. In addition, the _ _deepcopy_ () method
must accept adictionary vi si t asdescribed for thedeepcopy() function. Whenwriting _ _deepcopy_ _(),it's
not necessary to modify vi si t . However, vi si t should be passed to subsequent callsto deepcopy() (if any)
performed insidethe _ _deepcopy_ _() method.

Notes
. Thismodule can be used with simple types such asintegers and strings, but there’ s little need to do so.

. The copy functions don’t work with modules, class objects, functions, methods, tracebacks, stack frames, files,
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sockets, or other similar types. When an object can’t be copied, the copy. er r or exception israised.
. Thecopy_r eg moduleisnot used by this module.
? See Also pickle (113).

copy_reg

The copy_r eg module extends the capabilities of the pi ckl e and cPi ckl e modulesto handle the serialization of

objects described by extension types (as defined in C extension modules). To do this, extension writers use this module to
register reduction and construction functions that are used to serialize and unserialize an object, respectively.

constructor (cfunc)

Declarescf unc to be avalid constructor function. cf unc must be a callable object that accepts the tuple of values
returned by the reduction function given to the pi ckl e() function.

pi ckl e(type, rfunc [, cfunc])

Registersr f unc asareduction function for objects of typet ype . r f unc isafunction that takes an object of the
specified type and returns a tuple containing the constructor function and a tuple of argumentsto pass to that function in
order to reassemble the object. If supplied, cf unc isthe constructor function that’s registered using theconst r uct or ()

function.

Example

The following example shows how this module would be used to pickle complex numbers. (Note: Because complex
numbers are aready pickleable, this exampleis only intended to illustrate the use of this module.)

# Register a nethod for pickling conplex nunbers
i mport copy_reg

# Create a conplex nunber fromtwo reals
def construct_conpl ex(real,img):
return conpl ex(real,inmg) # Built-in function

# Take a conplex nunber 'c' and turn it into a tuple of floats
def reduce_conpl ex(c):
return construct_conplex, (c.real, c.inmag)

# Regi ster our handl er
copy_reg. pi ckl e(type(1j), reduce_conpl ex, construct_conpl ex)

When complex numbers are pickled, ther educe_conpl ex() functioniscalled. When the object islater unpickled, the
functionconst ruct _conpl ex() iscaled, using the tuple of values originally returned by r educe_conpl ex() .

Notes

. copy_r eg isamisnomer—this moduleisn’t used by the copy module.

. It'snot necessary to use this module when pickling instances of user-defined classes.
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? See Also pickle (113).

gc

The gc module provides an interface for controlling the garbage collector used to collect cyclesin objects such as lists,
tuples, dictionaries, and instances. As various types of container objects are created, they’ re placed on alist that’sinternal to
the interpreter. Whenever container objects are deallocated, they’ re removed from this list. If the number of allocations
exceeds the number of deallocations by a userdefinable threshold value, the garbage collector isinvoked. The garbage
collector works by scanning this list and identifying collections of objects that are no longer being used, but that haven’t
been deallocated due to circular dependencies. In addition, the garbage collector uses athree-level generational schemein

which objects that survive theinitial garbage-collection step are placed onto lists of objects that are checked less frequently.
This provides better performance for programs that have alarge number of long-lived objects.

collect()

Runs afull garbage collection. This function checks all generations and returns the number of unreachable objects found.

di sabl e()

Disables garbage collection.

enabl e()

Enables garbage collection.

gar bage

A variable containing aread-only list of the uncollectable objects that the garbage collector could not release for some
reason. See notes.

i senabl ed()

Returnstrue if garbage collection is enabled.

set _debug(fl ags)
Set the garbage-collection debugging flags, which can be used to debug the behavior of the garbage collector. f | ags isthe

bitwise-or of the constants DEBUG_STATS, DEBUG_COLLECTABLE, DEBUG_UNCOLLECTABLE, DEBUG_| NSTANCES,
DEBUG_OBJECTS, DEBUG_SAVEALL, and DEBUG_LEAK.

get _debug()

Returns the debugging flags currently set.

get _threshol d()

Returns the current collection threshold as a tuple.
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set _threshol d(threshol dO [, thresholdl[, threshold2]])

Sets the collection frequency of garbage collection. Objects are classified into three generations, where generation O
contains the youngest objects and generation 2 contains the oldest objects. Objects that survive a garbage-collection step are
moved to the next-oldest generation. Once an object reaches generation 2, it stays in that generation. t hr eshol d0O isthe
difference between the number of allocations and deall ocations that must be reached before garbage collection occursin
generation 0. t hr eshol d1 isthe number of collections of generation O that must occur before generation 1 is scanned.

t hr eshol d2 isthe number of collections that must occur in generation 1 before generation 2 is collected. The default
threshold is currently set to ( 700, 10, 10) . Settingt hr eshol dO to zero disables garbage collection.

Notes

. Circular referencesinvolving objectswitha _ _del () method are not garbage-collected and are placed on the

list gc. gar bage (uncollectable objects). These objects are not collected due to difficulties related to object
finalization and the order inwhich _ _del _ () methods should be invoked.

. Todebug aleaky program, usegc. set _debug( gc. DEBUG_LEAK) .

. Thegc module first appeared in Python 2.0.
mar shal
Themar shal moduleisused to serialize Python objects. mar shal issimilar to the pi ckl e and shel ve modules, but
isless powerful and intended for use only with simple objects. It shouldn’t be used to implement persistent objectsin
general (use pi ckl e instead).
dunp(val ue, file)
Writes the object val ue tothe openfileobjectfi | e . If val ue isan unsupported type, aVal ueEr r or exceptionis
raised.
dunps(val ue)

Returns the string written by the dunp() function. If val ue isan unsupported type, aVal ueEr r or exception israised.

| oad(file)

Reads and returns the next value from the open file object f i | e . If no valid valueisread, an EOFEr r or , Val ueErr or,
or TypeEr r or exception will be raised.

| oads(string)

Reads and returns the next value from the string st ri ng .

Notes

Datais stored in a binary architecture-independent format.

file:///D}/Downloads/eDonkey/incoming/[ebook]%...Second%20Edition/python_essencial_ref/108.html (4 / 23) [2003/1/1 O0W0OO 02:56:02]



Safari | Python Essential Reference, Second Edition -> Python Services
. Only None, integers, long integers, floats, complex numbers, strings, Unicode strings, tuples, lists, dictionaries, and
code objects are supported. Lists, tuples, and dictionaries can only contain supported objects. Class instances and
recursive referencesin lists, tuples, and dictionaries are not supported.
. mar shal issignificantly faster than pi ckl e, but isn’t asflexible.
? See Also pickle (113), shelve (153).

new

The newmoduleis used to create various types of objects used by the interpreter. The primary use of this moduleis by
applications that need to create objects in a nonstandard manner (such as when unmarshalling data).

i nstance(cl ass, dict)

Creates aclassinstance of cl ass with dictionary di ct without callingthe__ _init_ () method.

i nstancenet hod(function, instance, class)

Creates a method object, bound toi nst ance . f unct i on must be acalable object. If i nst ance isNone, an unbound
instance method is created.

function(code, globals [, nane [, argdefs]])
Creates a function object with the given code object and global namespace. nane is the name of the function or None (in

which case the function nameistaken from code . co_nane). ar gdef s isatuple containing default parameter values.

code(argcount, nlocals, stacksize, flags, codestring, constants, nanes, varnanes,
filenanme, name, firstlineno, |notab)

Creates anew code object. See the section “Code Objects’ in Chapter 3 for a description of the arguments.

nmodul e( nane)

Creates anew module object. nane isthe module name.

cl assobj (nanme, basecl asses, dict)

Creates anew class object. nane isthe class name, basecl asses isatuple of base classes, and di ct isadictionary
defining the class namespace.

? See Also Chapter 3.
oper at or
Theoper at or module provides functions that access the built-in operators and special methods of the interpreter

described in Chapter 3. For example, add( 3, 4) isthesameas3 + 4. When the name of a function matches the name
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of aspecial method, it can aso be invoked using its name with double underscores—for example, _ _add_ (3, 4).
Function Description

add(a, b) Returnsa + b for numbers

sub(a, b) Returnsa- b

mul (a, b) Returnsa * b for numbers

div(a, b) Returnsa/ b

mod(a, b) Returnsa % b

neg(a) Returns- a

pos(a) Returns +a

abs(a) Returns the absolute value of a

inv(a) Returnsthe inverse of a

Ishift(a, b) Returnsa << b

rshift(a, b) Returnsa >> b

and_(a, b) Returnsa & b (bitwise and)

or_(a, b) Returnsa | b (bitwise or)

xor(a, b) Returnsa * b (bitwise xor)

not_(a) Returns not a

truth(a) Returns 1 if a istrue, O otherwise
concat(a, b) Returnsa + b for sequences

repeat(a, b) Returnsa * b for a sequence a and integer b
contains(a, b) Returnsthe result of b ina

sequencel ncl udes(a, b) Returnsthe result of b in a (deprecated)
countf (a, b) Returns the number of occurrencesof b ina

i ndexOf (a, b) Returns the index of the first occurrence of b ina
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getitenm(a, b) Returnsa [ b ]
setiten(a, b, c¢) a[b] =c¢
deliten(a, b) del a[b]
getslice(a, b, c) Returnsa[b: c]
setslice(a, b, c, v) Setsa[b:c] =v
delslice(a, b, c) del a[b:c]

In addition, the oper at or module defines the following functions for testing object properties. Note: These functions are
not entirely reliable for user-defined instances, since they don’t perform an exhaustive test of the interface to see whether all
functions are implemented.

Function Description

i sMappi ngType(o0) Tests whether o supports the mapping interface
i sSNunber Type(o) Tests whether o supports the number interface

i sSequenceType(0) Tests whether o supports the sequence interface

? See Also “Specia Methods’ in Chapter 3.

pi ckl e and cPi ckl e

Thepi ckl e and cPi ckl e modules are used to serialize Python objects into a stream of bytes suitable for storing in afile,
transferring across a network, or placing in adatabase. This processis variously called pickling, serializing, marshalling, or
flattening. The resulting byte stream can a so be converted back into a series of Python objects using an unpickling process.
The pickling and unpickling process is controlled by using Pi ckl er and Unpi ckl er objects as created by the following
two functions:

Pickler(file [, bin])

Creates a pickling object that writes datato the file object f i | e . bi n specifies that data should be written in binary
format. By default, a less efficient—but readable—text format is used.

Unpi ckl er(file)

Creates an unpickling object that reads data from the file object f i | e . The unpickler automatically detects whether the
incoming dataisin binary or text format.

To serialize an object x onto afilef , thedunp() method of the pi ckl er object is used. For example:
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f = open('nyfile' , '"wW)
p = pickle.Pickler(f) # Send pickled data to file f
p. dunp( x) # Dunmp X

To later unpickle the object from the file, do the following:

f = open('nyfile")
u = pickle.Unpickler(f)
X = u.load() # Restore x fromfile f

Multiple callsto thedunp() and| oad() methods are alowed, provided that the sequence of | oad() calsusedto
restore a collection of previously stored objects matches the sequence of dunp() calls used during the pickling process.

The following functions are avail able as shortcuts to common pickling operations:

dunp(object, file [, bin])

Dumps a pickled representation of obj ect tothefileobjectfil e.SameasPi ckl er(file, bin
) . dunp( obj ect ).

dunps(object [, bin])

Same asdunp( ) , but returns a string containing the pickled data.

| cad(file)

L oads a pickled representation of an object from the fileobjectfi | e . SameasUnpi ckl er (file).l oad().

| oads(string)
Sameas| oad() , but reads the pickled representation of an object from a string.
The following objects can be pickled:
. None
Integers, long integers, floating-point numbers, and complex numbers
. Tuples, lists, and dictionaries containing only pickleable objects
. Normal and Unicode strings
. Classes defined at the top level of amodule
Instances of classes defined at the top level of amodule

When class instances are pickled, their corresponding class definition must appear at the top level of amodule (that is, no
nested classes). When instances are unpickled, the module in which their class definition appeared is automatically
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imported. In addition, when instances are re-created, their _ _init _ _ () method isnot invoked. If it's necessary to call
_ _init_ _() whenunpickling, the class must define aspecial method _ _getinitargs_ () that returnsatuple
of argumentstobesuppliedto _ _init_ (). If present, pi ckl e will cal thisfunction and encode the constructor
arguments in the byte stream for use when unpickling.

It's also worth noting that when pickling class instances in which the corresponding class definition appearsin _ _mai n
_, that class definition must be manually reloaded prior to unpickling a saved object (because there’ s no way for the
interpreter to know how to automatically load the necessary class definitionsback into _ _mai n_ _ when unpickling).

A class can define customized methods for saving and restoring its state by implementing the specia methods _
_getstate_ () and_ _setstate_ ().The_ _getstate_ () method must return a pickleable object
(such as a string) representing the state of the object. The . _setstate_ () method accepts the pickled object and
restoresitsstate. Ifno_ _getstate_ () methodisfound, pi ckl e smply picklesan objects _ _dict
attribute.

When an attempt is made to pickle an unsupported object type, the pi ckl e. Pi ckl i ngEr r or exceptionisraised. If an
error occurs while unpickling, the pi ckl e. Unpi ckl i ngEr r or exception israised.

Notes
. Recursive objects (objects containing references to themselves) and object sharing are handled correctly. However, if
the same object isdumped to aPi ckl er object more than once, only thefirst instance is saved (even if the object

has changed between dumps).

. When classinstances are pickled, their class definitions and associated code for methods are not saved. This allows
classes to be modified or upgraded while still being able to read data saved from older versions.

. pi ckl e definesPi ckl er and Unpi ckl er asclassesthat can be subclassed if necessary.

. ThecPi ckl e moduleissignificantly faster than pi ckl e, but doesn’t allow subclassing of the Pi ckl er and
Unpi ckl er objects.

. Thedataformat used by pi ckl e isPython-specific and shouldn’t be assumed to be compatible with any external
standards such as XDR.

. Any object that provideswri t e(),read(),andreadl i ne() methods can be used in place of afile.
. Thecopy_r eg moduleisused to register new typeswith the pi ckl e module.
? See Also shelve (153), marshal (111), copy_reg (109).
site
Thesi t e moduleis automatically imported when the interpreter starts and is used to perform site-wide initialization of

packages and to set the default Unicode encoding. The module works by first creating alist of up to four directory names
created from the values of sys. prefi x andsys. exec_pr ef i x. On Windows or Macintosh platforms, the list of

directoriesis as follows;

[ sys.prefix,
sys. exec_prefix ]
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On UNIX, the directories are as follows;

[ sys.prefix + '/lib/pythonvers/site-packages',
sys.prefix + '"/lib/site-python',
sys.exec_prefix + "/lib/pythonvers/site-packages',
sys.exec_prefix + '/lib/site-python' ]

For each directory in the list, a check is made to see whether the directory exists. If so, it'sadded to thesys. pat h
variable. Next, a check is made to see whether it contains any path configuration files (fileswith a. pt h suffix). A path
configuration file contains alist of directories relative to the location of the path file that should be added to sys. pat h.
For example:

# foo package configuration file 'foo.pth
foo
bar

Each directory in the path configuration file must be listed on a separate line. Comments and blank lines are ignored. When
thesi t e module loads thefile, it checks to see whether each directory exists. If so, the directory isadded to sys. pat h.

Duplicated items are added to the path only once.

After al paths have been added to sys. pat h, an attempt is made to import amodule named si t ecust om ze. The
purpose of this module isto perform any additional (and arbitrary) site customization. If the import of si t ecust om ze
faillswithan | nport Er r or, the error is silently ignored.

Thesi t e moduleis also responsible for setting the default Unicode encoding. By default, the encodingissetto' ascii' .
However, the encoding can be changed by placing codeinsi t ecust om ze. py that calls

sys. set def aul t encodi ng() withanew encoding suchas' ut f - 8" . If you'rewilling to experiment, the source
code of si t e can also be modified to automatically set the encoding based on the machine’ s local e settings.

? See Also sys (116), Chapter 8, Chapter 10.

sys

The sys module contains variables and functions that pertain to the operation of the interpreter and its environment. The
following variables are defined:

ar gv

List of command-line options passed to a program. ar gv[ 0] isthe name of the program.

bui | ti n_nodul e_nanes

Tuple containing names of modules built into the Python executable.

byt eor der

Native byte-ordering of the machine—"' i ttl| e" for little-endianor* bi g' for big-endian.
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copyri ght

String containing copyright message.

_ _displayhook_

Original value of thedi spl ayhook() function.

_ _excepthook_ _

Origina vaue of theexcept hook() function.

dl | handl e

Integer handle for the Python DLL (Windows).

exec_prefix

Directory where platform-dependent Python files are installed.

execut abl e

String containing the name of the interpreter executable.

exitfunc

Function object that’ s called when the interpreter exits. It can be set to afunction taking no parameters. By default,
exi t f unc isnot defined. Direct use of this variable is discouraged—use the at exi t module instead.

? See Also atexit (108).

hexver si on

Integer whose hexadecimal representation encodes the version information contained insys. ver si on_i nf o. Thevalue
of thisinteger is always guaranteed to increase with newer versions of the interpreter.

| ast _type, last_value, |ast_traceback
These variables are set when an unhandled exception is encountered and the interpreter prints an error message.

| ast _t ype isthelast exception type, | ast _val ue isthelast exception value, and | ast _t r aceback isastack trace.
Note: The use of these variables is not thread-safe. sys. exc_i nf o() should be used instead.

maxi nt

Largest integer supported by the integer type.
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nmodul es

Dictionary mapping module names to modul e objects.

pat h

List of strings specifying the search path for modules. See Chapter 8, “Modules and Packages.”

pl atform

Platform identifier string, suchas' | i nux-i 386" .

prefix

Directory where platform-independent Python files are installed.

psl, ps2

Strings containing the text for the primary and secondary prompts of the interpreter. Initialy, pslissetto’ >>> ' and
ps2issetto’ ... '.Thestr () method of whatever object is assigned to these valuesis evaluated to generate the
prompt text.

stdin, stdout, stderr

File objects corresponding to standard input, standard output, and standard error. st di n isused for ther aw_i nput ()
andi nput () functions. st dout isused for pri nt and the promptsof raw i nput () andi nput () .stderr isused
for the interpreter’ s prompts and error messages. These variables can be assigned to any object that supportsawri t e()
method operating on a single string argument.

_ _stdin_ , _ _stdout_ _, _ _stderr_ _

File objects containing the values of st di n, st dout , and st der r at the start of the interpreter.

tracebacklimt

Maximum number of levels of traceback information printed when an unhandled exception occurs. The default valueis

1000. A value of 0 suppresses all traceback information and causes only the exception type and value to be printed.

ver si on

Version string.

version_info
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Version information represented asatuple(maj or, mnor, mcro, releaselevel, serial).Allvauesare
integersexcept r el easel evel ,whichisastring' al pha' ," beta',’ candi date' ,or' final".
war nopt i ons

List of warning options supplied to the interpreter with the - Wcommand-line option.

W nver
The version number used to form registry keys on Windows.

The following functions are available:

di spl ayhook( [ val ue])

Thisfunction is called to print the result of an expression when the interpreter is running in interactive mode. By default, the
valueof r epr (val ue ) isprinted to standard output and val ue issavedinthevariable __builtin_ _.

di spl ayhook can be redefined to provide different behavior if desired.

except hook(type, val ue, traceback)

Thisfunction is called when an uncaught exception occurs. t ype isthe exception class, val ue isthe value supplied by the

rai se statement, andt r aceback isatraceback object. The default behavior isto print the exception and traceback to

standard error. However, this function can be redefined to provide aternative handling of uncaught exceptions (which may
be useful in specialized applications such as debuggers or CGI scripts).

exc_info()

Returnsatuple (t ype , val ue ,t raceback ) containing information about the exception that’s currently being handled.
t ype isthe exception type, val ue isthe exception parameter passed to raise, andt r aceback isatraceback object
containing the call stack at the point where the exception occurred. Returns None if no exception is currently being

handled.

exit([n])
Exits from Python by raising the Syst enExi t exception. n isan integer exit code indicating a status code. A value of O is

considered normal (the default); nonzero values are considered abnormal. If a noninteger valueis given to n, it’s printed to
sys. st derr and anexit code of 1 is used.

get def aul t encodi ng()

Gets the default string encoding in Unicode conversions. Returnsavaluesuchas' ascii' or' ut f-8' . The default
encoding is set by the si t e module.

_getframe([depth])
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Returns aframe object from the call stack. If dept h is omitted or is zero, the topmost frame is returned. Otherwise, the
frame for that many calls below the current frame is returned. For example, _get f rame( 1) returnsthe caller’s frame.

Raises Val ueErr or if dept hisinvalid.
getrecursionlimt()

Returns the recursion limit for functions.

getref count (obj ect)

Returns the reference count of obj ect .

set checki nt erval (n)

Sets the number of Python virtual machine instructions that must be executed by the interpreter before it checks for periodic
events such as signals and thread context switches. The default valueis 10.

set def aul t encodi ng(enc)

Sets the default encoding. enc isastring suchas' ascii' or' utf-8'.Thisfunctionisonly definedinsidethesi t e
module. It can be called from user-definable si t ecust om ze modules.

2 See Also site (115).

set profil e(pfunc)

Sets the system profile function that can be used to implement a source code profiler. See the later section “ The Python
Profiler” for information about the Python profiler.

setrecursionlimt(n)

Changes the recursion limit for functions. The default valueis 1000.

settrace(tfunc)

Sets the system trace function, which can be used to implement a debugger. See the later section “The Python Debugger”
for information about the Python debugger.

traceback

Thet r aceback moduleis used to gather and print stack traces of a program after an exception has occurred. The
functions in this module operate on traceback objects such as the third item returned by thesys. exc_i nf o()) function.

print_tb(traceback [, limt [, file]])

Printsuptol i m t stack traceentriesfromt r aceback tothefilefil e .If i m t isomitted, al the entries are printed.

file:///D}/Downloads/eDonkey/incoming/[ebook]%...Second%20Edition/python_essencial_ref/108.html (14 / 23) [2003/1/1 OWOO 02:56:02]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/108#32.html

Safari | Python Essential Reference, Second Edition -> Python Services

If fi | e isomitted, the output issent to sys. st derr.
print_exception(type, value, traceback [, limt [, file]])
Prints exception information and a stack tracetof i | e .t ype isthe exception type and val ue isthe exception value.

l[imt andfil e arethesameasinprint _tb().

print_exc([limt [, file]])

Sameaspri nt _exception() appliedto the information returned by thesys. exc_i nf o() function.

print_last([limt [, file]])

Sameaspri nt _exception(sys.|last_type, sys.last_value, sys.last_traceback, limt,
file).
print_stack([frame [, limt [, file]]])

Prints a stack trace from the point at which it’sinvoked. f r anme specifies an optiona stack frame from which to start.
[imt andfil e havethe samemeaning asfor print _tb().

extract _tb(traceback [, imt])

Extracts the stack trace information used by pri nt _t b().

extract _stack([frame [, imt]])

Extracts the stack trace information used by pri nt _st ack() .

format _list(list)

Formats stack trace information for printing.

format _exception_only(type, val ue)

Formats exception information for printing.

format _exception(type, value, traceback [, limt])

Formats an exception and stack trace for printing.

format _tb(traceback [, limt])

Sameasformat _|ist(extract _tb(traceback, limt)).
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format _stack([frame [, limt]])

Sameasformat _|ist(extract_stack(franme, limt)).

tb_lineno(traceback)
Returns the line number set in atraceback object.
Additiona details are available in the online documentation.

? See Also sys (116)," The Python Debugger” (289), Chapter 3, and http://www.python.org/doc/lib/modul e-traceback.html.

types

Thet ypes module defines names for al the built-in object types. The contents of this module are often used in
conjunction with the built-ini si nst ance() function and other type-related operations. The module defines the
following variables:

Variable Description

Buf f er Type Buffer object.

Bui |l ti nFunctionType Built-in functions.

CodeType Code object.

Conpl exType Complex numbers.

C assType User-defined class.

Di ct Type Dictionaries.

Di ctionaryType Alternative name for dictionaries.
Elli psi sType Type of Ellipsis.

Fil eType File object.

FI oat Type Floating-point numbers.
FrameType Execution frame object.

Functi onType User-defined functions and lambdas.
I nst anceType Instance of a user-defined class.

I nt Type Integers.
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LanbdaType Alternative name for Funct i onType.
Li st Type Lists.

LongType Long integers.

Met hodType User-defined class method.

Modul eType Modules.

NoneType Type of None.

Sli ceType Extended slice object. Returned by sl i ce() .
StringType Strings.

TracebackType Traceback objects.

Tupl eType Tuples.

TypeType Type of type objects.

UnboundMet hodType Alternative name for Met hodType.
Uni codeType Unicode string.

XRangeType Object created by using xr ange() .
Example

i mport types

if isinstance(s, types.ListType):
print 'Is alist'

el se:
print "Is not a list"’

? See Also Chapter 3.
war ni ngs

Thewar ni ngs module provides functions to issue and filter warning messages. Unlike exceptions, warnings are intended
to aert the user to potential problems, but without generating an exception or causing execution to stop. One of the primary
uses of thewar ni ngs moduleisto inform users about deprecated language features that may not be supported in future
versions of Python. For example:

>>> jnport regex
_ _main_ _:1: DeprecationWarning: the regex nodule is deprecated; please use the re

= modul e
>>>
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Like exceptions, warnings are organized into a class hierarchy that describe general categories of warnings. The following
table lists the currently supported categories:

Category Description

War ni ng Base class of all warning types
User War ni ng User-defined warning

Depr ecat i on\War ni ng Deprecated feature

Synt ax\War ni ng Potential syntax problem

Runt i meWar ni ng Potential runtime problem

Each of these classesisavailableinthe _ _bui I ti n_ _ module aswell astheexcept i ons module. In addition,
they’reinstances of Except i on. This makesit possible to easily convert warnings into errors.

Warnings are issued using thewar n() function. For example:

war ni ngs.warn("feature X is deprecated.")
war ni ngs. warn("feature Y m ght be broken.", Runti meWr ni ng)

If desired, warnings can be filtered. The filtering process can be used to alter the output behavior of warning messages,

ignore warnings, or turn warningsinto exceptions. Thef i | t er war ni ngs() function isused to add afilter for a specific
type of warning. For example:

war ni ngs. filterwarnings(action="i gnore",

message=". *regex. *",

cat egor y=Depr ecat i onWar ni ng)
i mport regex # Warni ng nessage di sappears

Limited forms of filtering can also be specified using the - Woption to the interpreter. For example:

% pyt hon -W gnore:the\ regex::Deprecati onWarni ng

The following functions are defined in thewar ni ngs module:

war n(message[, category[, stacklevel]])

Issues awarning. message isastring containing the warning message. cat egor y isthe warning class, such as

Depr ecat i onWar ni ng. st ackl evel isaninteger that specifies the stack frame from which the warning message
should originate. By default, cat egory isUser War ni ng and st ackl evel isl.

war n_explicit(nmessage, category, filenane, lineno[, nodule[, registry]])
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Thisisalow-level version of thewar n() function. mnessage and cat egor y have the same meaning as for war n() .

filenanme,lineno,andnodul e explicitly specify the location of the warning. r egi st ry isan object representing
al the currently activefilters. If r egi st ry isomitted, the warning message is not suppressed.

showwar ni ng( nessage, category, filenane, lineno[, file])

Writesawarning to afile. If f i | e isomitted, thewarning isprintedtosys. st derr.

f or mat war ni ng( message, category, filenanme, |ineno)

Creates the formatted string that’s printed when awarning isissued.

filterwarnings(action[, nmessage[, category[, nodul e[, lineno[, append]]]]])

Adds an entry to the list of warning filters. acti onisoneof ' error',"ignore','always', ' default',
"once',or' nodul e' , asdescribed in the following table. message isaregular expression string used to match against
the warning message. cat egor y isawarning class such as Depr ecat i onEr r or . nodul e isaregular expression
string that’ s matched against the module name. | i neno is aspecific line number or O to match against all lines. append

specifies that the filter should be appended to the list of al filters (checked last). By default, new filters are added to the
beginning of thefilter list. If any argument is omitted, it defaults to a value that matches all warnings.

Action Description

‘error’ Convert the warning into an exception.

"ignore' Ignore the warning.

"al ways' Always print awarning message.

"defaul t’ Print the warning once for each location where the warning occurs.

" nodul e’ Print the warning once for each module in which the warning occurs.
‘once’ Print the warning once regardless of where it occurs.

reset war ni ngs()

Resets all the warning filters. Thisdiscards al previouscallstofi | t er war ni ngs() aswell asoptions specified with -
w

Notes
. Thelist of currently activefiltersisfound inthewar ni ngs. fi |l t er s variable.
. Thewar ni ngs module wasfirst added to Python 2.1.

. When warnings are converted to exceptions, the warning category becomes the exception type. For instance, an error
on Depr ecat i onWar ni ng raisesaDepr ecat i onWar ni ng exception.
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. The - Woption can be used to specify awarning filter on the command line. The general format of this option isas
follows:

-WAct i on: message: cat egory: nodul e: I i neno

Each part has the same meaning asinthef i | t er war ni ng() function. However, in this case the mressage and

nodul e fields specify substrings (instead of regular expressions) for the first part of the warning message and
module name to be filtered.

weakr ef

Theweakr ef module provides support for weak references. Normally, areference to an object causes its reference count
to increase—effectively keeping the object alive until the reference goes away. A weak reference, on the other hand,
provides away of referring to an object without increasing its reference count. A weak reference is created using the
weakr ef . ref () function asfollows:

>>> class A pass

>>> a = A()

>>> ar = weakref.ref(a) # Create a weak reference to a
>>> print ar

<weakref at 0x135a24; to 'instance' at 0x12ceOc>

Once created, the original object can be obtained from aweak reference by ssmply calling it as a function with no
arguments. If the underlying object still exists, it will be returned. Otherwise, None isreturned to indicate that the original

object no longer exists. For example:

>>> print ar() # Print original object

<  _min_ .Ainstance at 12ceOc>

>>> del a # Del ete the original object

>>> print ar() # a is gone, so this now returns None
None

>>>

The following functions are defined by theweakr ef module:

ref (object[, callback])

Creates aweak referenceto obj ect . cal | back isan optional function that will be called when obj ect isabout to be
destroyed. If supplied, this function should accept a single argument that’ s the corresponding weak reference object. More
than one weak reference may refer to the same object. In this case, the cal | back functionswill be called in order from the
most recently applied reference to the oldest reference. obj ect can be obtained from awesak reference by calling the
returned weak reference object as a function with no arguments. If the original object no longer exists, None will be

returned.

proxy(object[, callback])

Creates aproxy using aweak referenceto obj ect . The returned proxy object isreally awrapper around the origina
object that provides access to its attributes and methods. Aslong as the original object exists, manipulation of the proxy
object will transparently mimic the behavior of the underlying object. On the other hand, if the original object has been
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destroyed, operations on the proxy will raise aweakr ef . Ref er enceEr r or to indicate that the object no longer exists.
cal | back isacallback function with the same meaning asfor ther ef () function. The type of a proxy object is either
Pr oxyType or Cal | abl ePr oxyType, depending on whether the original object is callable.

get weakr ef count (obj ect)

Returns the number of weak references and proxies that refer to obj ect .

get weakr ef s( obj ect)

Returns alist of all weak reference and proxy objects that refer to obj ect .

WeakKeyDi ctionary([dict])

Creates a dictionary in which the keys are referenced weakly. When there are no more strong references to akey, the
corresponding entry in the dictionary is automatically removed. If supplied, theitemsindi ct areinitialy added to the
returned WeakKeyDi ct i onar y object. Because only certain types of objects can be weakly referenced, there are many
restrictions on acceptable key values. In particular, built-in strings cannot be used as weak keys. However, instances of user-
defined classesthat definea__ _hash_ () method can be used as keys.

WeakVal uebDi ctionary([dict])

Creates a dictionary in which the values are referenced weakly. When there are no more strong references to a value,
corresponding entries in the dictionary will be discarded. If supplied, the entriesin di ct are added to the returned
WeakVal ueDi cti onary.

Example

One application of weak referencesisto create caches of recently computed results. For instance, if afunction takes along
time to compute aresult, it might make sense to cache these results and reuse them as long as they’re still in use someplace
in the application. For example:

_resultcache = { }
def foocache(x):
if _resultcache. has_key(x):
r = _resultcache[ x] () # CGet weak ref and dereference it
if r is not None: return r
r = foo(x)
_resultcache[x] = weakref.ref(r)
return r

Notes

. Only classinstances, functions, and methods currently support weak references. Built-in functions and most built-in
types such as lists, dictionaries, strings, and numbers cannot be used.

. Thedictionariesreturned by WeakKeyDi ct i onary and WeakVal ueDi cti onary are subclasses of
User Di ct intheUser Di ct module. WeakKeyDi cti onary and WeakVal ueDi cti onary canaso be
subclassed.
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If an exception occurs during the execution of a callback registered withr ef () or pr oxy() , the exceptionis
printed to standard error and ignored.

. Weak references are hashable as long as the original object is hashable. Moreover, the weak reference will maintain
its hash value after the original object has been deleted, provided that the original hash value is computed while the
object still exists.

. Weak references can be tested for equality, but not for ordering. If the objects are till alive, references are equal if
the underlying objects have the same value. Otherwise, references are equa if they are the same reference.

. Weak references were first added to Python 2.1.
User Di ct, User Li st,and User Stri ng
TheUser Di ct, User Li st,and User St ri ng modules provide class wrappers around the built-in dictionary, list, and

string types. These wrappers can be used as a base class for classes that want to override or add new methods to these types.
Each module definesasingleclassUser Di ct , User Li st,and User St ri ng, respectively:

UserDict([initialdata])

Returns a class instance that simulates a dictionary.

UserList([list])

Returns aclassinstance that smulatesalist. | i st isan optional list that will be used to set the initial value. If omitted, the
listwill besetto[ ].

User Stri ng([ sequence])

Returns a class instance that simulates a string. The initial value of the string is

set to thevalue of st r (sequence) .

In all cases, thereal dictionary, list, or string object can be accessed in the dat a attribute of the instance.

Example

# A dictionary with case-insensitive keys
fromUserDict inport UserDict
i nport string

class MyDict(UserDict):
# Performa case-insensitive | ookup

def _ getitem_ _(self, key):
return sel f.data[ key. | ower ()]
def _ setitem_ _(self, key, val ue):

sel f.data[ key.l ower()] = val ue
def _ _delitem _(self, key):
del self.data[ key.|ower()]
def has_key(self, key):
return sel f.data.has_key(key. | ower())
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# Use new dictionary-1like class

d = MyDict()
d[' Content-Type'] = "text/htm’
print d['content-type'] # Returns '"text/htnm'

The User St ri ng module also definesaclass Mut abl eSt r i ng that provides an implementation of mutable strings. For
example:

a = UserString. Mutabl eString("Hello World!")
a[1l] ="'a' # a = "Hallo Wrld!'"
a[6:] = "welt!’ # a ="Hallo welt!"

Although mutable strings are a frequently requested Python feature, the implementation provided by Mut abl eSt ri ng
has a number of drawbacks. First, the standard string methods such ass . repl ace() ands . upper () return new

strings as opposed to modifying the string in place. Second, mutable strings cannot be used as dictionary keys. Finaly, the
mutabl e string implementation doesn’t provide extra memory efficiency or runtime performance, as you might expect. For
instance, al changesto aMut abl eSt r i ng object involve afull memory copy of the underlying string, as opposed to

simply modifying the contentsin place.

Notes

Use of the Mut abl eSt ri ng class should generally be discouraged, since it provides no significant benefit over the
use of standard strings. In fact, it will probably make your application run more slowly.

. Subclassesof User Li st should provide a constructor that takes one or no arguments.

< BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.
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Mathematics

The modulesin this section provide avariety of mathematical functions.

array

The ar r ay module defines anew object type Ar r ay Ty pe that works almost exactly like other

sequence types except that its contents are constrained to asingle type. The type of an array is
determined at the time of creation, using one of the following typecodes:

Type Code Description C Type Minimum Size (in bytes)
‘¢ 8-hit character char 1

"b' 8-bit integer si gnedchar 1

"B 8-bit unsigned integer unsi gnedchar 1

“h' 16-bit integer short 2

"H 16-bit unsigned integer unsi gnedshort 2

e integer I nt 4or8
a unsigned integer unsi gned int 4or8
a long integer I ong 4or8
"L unsigned long integer unsi gned | ong 4dor8
tf single-precision float float 4

td’ double-precision float doubl e 8

The representation of integers and long integers is determined by the machine architecture (they
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may be 32 or 64 hits). When values stored as' L' or' | ' arereturned, they’re returned as Python

long integers.

The modul e defines the following function:

array(typecode [, initializer])

Creates an array of typet ypecode .initiali zer isastring or list of values used to initialize
valuesin the array. The following attributes and methods apply to an array object a :

[tem

a.typecode

a.itensize

a.append(x)

a.buffer_info()

a. byt eswap()

a.count(x)

a.extend(b)

a.fronfile(f, n)

a.fromist(list)

a.fronstring(s)

a.index(x)

a.insert(i, x)

Description

Typecode character used to create the array.

Size of items stored in the array (in bytes).

Appends x to the end of the array.

Returns (addr ess, | engt h), giving the memory location and length of the buffer
used to store the array.

Swaps the byte ordering of all itemsin the array from big-endian to little-endian or vice
versa. Thisisonly supported for integer values.

Returns the number of occurrencesof X ina .

Appends array b to theend of array a .

Reads n items (in binary format) from the file object f and appends to the end of the
array. f must be afile object. Raises EOFET r or if fewer than n items can be read.

Appendsitemsfrom| i st tothe end of the array.

Appends items from string s where s isinterpreted as a string of binary values—same as
would have beenread usingf ronfi |l e() .

Returns the index of the first occurrence of X ina . Raises Val ueEr r or if not found.

Inserts x before positioni .
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a.pop([i]) Removesitemi from the array and returnsit. If i isomitted, the last element is
removed.

a.renmove(x) Remove the first occurrence of x from the array. Raises Val ueEr r or if not found.

a.reverse() Reverses the order of the array.

a.tofile(f) Writes dll itemsto filef . Datais saved in native binary format.

a.tolist() Convertsthe array to an ordinary list of values.

a.tostring() Convertsto a string of binary data—the same data as would be written using
tofile().

When items are inserted into an array, a TypeEr r or exception is generated if the type of the item
doesn’t match the type used to create the array.

Notes

. Thismoduleisused to create large lists in a storage-efficient manner. The resulting arrays
are not suitable for numeric work. For example, the addition operator doesn’'t add the
corresponding elements of the arrays; it appends one array to the other. To create storage-
and calculation-efficient arrays, use the Nuner i ¢ extension available at

http://numpy.sourceforge.net/. Note that the Nurer i ¢ APl iscompletely different.

. Thetypeof an array objectisarray. ArrayType.
? See Also struct (144), xdrlib (277) .
cmat h

The cmat h module provides mathematical functions for complex numbers. All functions accept
and return complex numbers.

Function Description
acos(x) Returns the arccosine of x
acosh(x) Returns the arc hyperbolic cosine of x
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asin(x) Returns the arcsine of x

asi nh(x) Returns the arc hyperbolic sine of x
atan(x) Returns the arctangent of x
atanh(x) Returns the arc hyperbolic tangent of x
cos(x) Returns the cosine of x

cosh(x) Returns the hyperbolic cosine of x
exp(x) Returnse ** X

l og(x) Returns the natural logarithm of x

| 0g10(x) Returns the base 10 logarithm of x
sin(x) Returns the sine of x

si nh(x) Returns the hyperbolic sine of x
sqrt(x) Returns the square root of x
tan(x) Returns the tangent of x

tanh(x) Returns the hyperbolic tangent of x

The following constants are defined:

Constant Description
pi Mathematical constant pi, as aredl
e Mathematical constant e, asareal

? See Also math (129).
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mat h

The mat h module defines standard mathematical functions. These functions operate on integers and
floats, but don’t work with complex numbers.
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Function Description

acos(x) Returns the arccosine of x

asin(x) Returns the arcsine of x

atan(x) Returns the arctangent of x

atan2(y, x) Returnsatan(y / x )

ceil (x) Returns the ceiling of x

cos(x) Returns the cosine of x

cosh(x) Returns the hyperbolic cosine of x

exp(x) Returnse ** x

fabs(x) Returns the absolute value of x

fl oor(x) Returns the floor of x

frmod(x, y) Returnsx % y

frexp(x) Returns the positive mantissa and exponent of x
hypot (x, vy) Returnsthe Euclidean distance, sqrt (x * x+ y* y)
| dexp(x, 1) Returnsx * (2 ** i)

l og(x) Returns the natural logarithm of x

| 0g10(x) Returns the base 10 logarithm of x
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nmodf (x) Returns the fractional and integer parts of x (both have the same signasx )
powm x, VY) Returnsx ** 'y

sin(x) Returns the sine of x

si nh(x) Returns the hyperbolic sine of x

sqrt(x) Returns the square root of x

tan(x) Returns the tangent of x

tanh(x) Returns the hyperbolic tangent of x

The following constants are defined:

Constant Description
pi Mathematical constant pi
e Mathematical constant e

? See Also cmath (129).

random

Ther andommaodule provides a variety of functions for generating pseudo-random numbers as well
as functions for randomly generating values according to various distributions on the real numbers.
Most of the functions in this module depend on the function r andont ) , which generates uniformly
distributed numbersin therange (0. 0, 1. 0) using the standard Wichmann-Hill generator.

The following functions are used to control the state of the underlying random-number generator:

seed([ x ])
Initializes the random-number generator. If x isomitted or isNone, the system timeis used to seed

the generator. Otherwise, if X isan integer or long integer, itsvalueis used. If X isnot an integer, it
must be a hashable object and the value of hash( x ) isused as a seed.
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getstate()

Returns an object representing the current state of the generator. This object can later be passed to
set st at e() to restorethe state.

setstate(state)

Restores the state of the random-number generator from an object returned by get st at e() .

j unpahead( n)

Quickly changes the state of the generator to what it would be if r andon{) were called n timesin
arow. n must be anon-negative integer.

The following function can be used to generate random integers:

randrange(start, stop [, step])

Returnsarandom integer inr ange(start , st op, st ep) . Doesn't include the endpoint.

The following functions can be used to randomly manipulate sequences:

choi ce(seq)

Returns arandom element from the nonempty sequence seq .

shuffle(x [, random)

Randomly shufflesthe itemsin thelist x in place. r andomis an optional argument that specifiesa
random-generation function. If supplied, it must be afunction that takes no arguments and that
returns a floating-point number in therange (0. 0, 1. 0).

The following functions generate random numbers on real numbers. Parameter names correspond to
the names in the distribution’ s standard mathematical equation.

bet avari at e(al pha, beta)
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Returns a value between 0 and 1 from the Beta distribution. al pha > -1 andbeta> -1.

cuni fvari at e(nean, arc)

Circular uniform distribution. mean isthe mean angle and ar c isthe range of the distribution,
centered around the mean angle. Both of these values must be specified in radiansin the range
between O and pi . Returned valuesareintherange(nean- arc/2, mean+ arc/2).

expovari at e( | anbd)

Exponential distribution. | ambd is1. O divided by the desired mean. Returns values in the range
(0, +8).

ganmma( al pha, beta)

Gammadistribution. al pha > -1, beta> 0.

gauss(mu, signa)

Gaussian distribution with mean mu and standard deviation si gma . Slightly faster than
normal vari ate().

| ognornvari ate(nmu, signg)

Log normal distribution. Taking the natural logarithm of this distribution results in a normal
distribution with mean nu , standard deviation si gnma .

nor mal vari ate(mu, signa)

Normal distribution with mean nu and standard deviation si gna .

par et ovari at e( al pha)

Pareto distribution with shape parameter al pha .

vonm sesvari at e(mu, kappa)
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von Mises distribution where mu is the mean angle in radians between 0 and 2 * pi , and kappa

IS a non-negative concentration factor. If kappa is zero, the distribution reduces to a uniform
random angle over therangeOto2 * pi .

wei bul | vari at e(al pha, beta)

Welbull distribution with scale parameter al pha and shape parameter bet a .

Notes

. TheNumeri ¢ extension also provides a number of efficient generators for large samples
and creating independent random-number streams.

. Thefunctionsin this module are not thread-safe. If you' re generating random numbersin
different threads, you should use locking to prevent concurrent access.

. The period of the random-number generator (before numbers start repeating) is
6,953,607,871,644. Although thisis better than that found in many programming libraries,
it’s not suitable for all applications—especially those related to cryptography.

. New types of random-number generators can be created by subclassingr andom Random
and implementing ther andon( ) , seed(),getstate(),getstate(),and
j umpahead() methods. All the other functionsin this module are actually internally
implemented as methods of Random Thus, they could be accessed as methods on an
instance of the new random-number generator.

. Significant modifications were made to this module in Python 2.1. Furthermore, some of its
functionality was previously found in the deprecated whr andommaodule. Please refer to the

online documentation for details of these changes.

< BACK Make Note | Bookmark CONTINUE >
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String Handling

The modules in this section are used for string processing.

codecs

The codecs module provides an interface for accessing different string encoding and decoding

functions (codecs) as well as a collection of base classes that can be used to define new codecs. The
following functions are available:

regi ster(search_function)

Registers a new codec search function. This function should take a single argument in the form of an
encoding string (for example, ' ut f - 8" ) and return atuple of functions (encoder , decoder ,

streanreader , streammiter ).

| ookup( encodi ng)

L ooks up a codec in the codec registry. encodi ng isastringsuch as' ut f - 8' . Returns atuple of
functions(encoder , decoder , streanreader , streamwiter ).Internaly, this

function keeps a cache of previously used encodings. If amatch is not found in the cache, all the
registered search functions are invoked until a match isfound. If no match isfound, LookupEr r or is

raised.

open(fil enanme, node[, encoding[, errors[, buffering]]])

Opensf i | enane inthe given node and provides transparent data encoding/ decoding according to
the encoding specifiedinencodi ng .errorsisoneof ' strict',"ignore' ,or'repl ace'.
Thedefaultis' strict' . bufferi ng hasthe same meaning asfor the built-inopen() function.

EncodedFil e(file, inputenc[, outputenc [, errors]])

A class that provides an encoding wrapper around afileobject f i | e . Datawritten to thefileisfirst
interpreted according to the input encoding i nput enc and then written to the file using the output
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encoding out put enc . Dataread from the file is decoded accordingto i nput enc . If out put enc
isomitted, it defaultstoi nput enc . er r or s hasthe same meaning asfor open() and defaultsto
"strict'.

To define new codecs, the codecs module defines a base class Codec that is subclassed when
defining encoders and decoders. The interface to a Codec object ¢ isasfollows:

c.encode(sel f, input [, errors])

Encodes input and returnsatuple (out put , | engt h) wherel engt h isthelength of the datain
| nput that was consumed in the encoding. error s isoneof ' strict','ignore',or
'repl ace' anddefaultsto’ strict'.

c. decode(self, input [, errors])

Decodes input and returns atuple (out put , | engt h)) wherel engt h isthe length of the data that
was consumed in the decoding. er r or s defaultsto' strict' .

Neither theencode() nor decode() method should maintain internal state. In addition, both
methods must be able to operate with zero-length input, producing a zero-length output object of the
proper type.

In addition, the codecs module provides base classes for four different types of 1/O interfaces. All of
these classes are subclasses of Codec.

StreamWiter(stream|[, errors])
Provides awrapper around st r eamfor producing an encoded output stream. An instance w of

StreanmW i t er providesthe same methodsasst r eam. In addition, the following methods are
defined:

w. write(object)

Writes an encoded version of obj ect tow.

w.witelines(list)

Writes a concatenated list of stringsto w.
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w. reset ()

Flushes the output buffers and resets the internal encoding state.

StreanReader (stream [, errors])

Provides awrapper around st r eamfor reading an encoded input stream. An instancer of
St r eanReader provides the same methods as st r eamin addition to the following methods:

r.read([size])

Reads decoded datafromr . si ze isthe approximate number of bytesto read. The decoder may
adjust this value dlightly to accommodate the underlying encoding. If si ze isomitted, al datais read
and decoded.

r.readline([size])

Reads a single line of input using the underlying stream’sr eadl i ne() method and returns as
decoded data. si ze issimply passed to the underlying r eadl i ne() method.
r.readl i nes([size])

Reads all lines and returns as alist of decoded lines.

r.reset()

Resets the codec buffers. Thisis usually used to recover from decoding errors.

StreanReader Witer(stream reader, witer [, errors])

Provides a wrapper around a stream that provides both encoding and decoding. st r eamisany file
object. r eader must be a factory function or class implementing the St r eanReader interface.

wr i t er must be afactory function or classimplementing the St r eanWW i t er interface. A
St reanmW i t er instance provides the combined interface of St r eanmReader and
StreanWiter.

St reanRecoder (stream encode, decode, reader, witer [, errors])

file:///D}/Downloads/eDonkey/incoming/[ebook]%...Second%20Edition/python_essencial_ref/110.html (3 / 26) [2003/1/1 DWDOO 02:56:06]



file:///D|/Downl oads/eDonkey/incoming/[ ebook] %20Python%20Essenti al %620Ref erence, %620Second%20Edition/python_essencial_ref/110.html

Provides awrapper around st r eamthat allows for conversion between two different encodings (for
example, UTF-8 to and from UTF-16). st r eammay be any filelike object. Theencode and
decode arguments define the encoding and decoding functions that are returned or accepted by the

read() andwrit e() methods, respectively; that is, datareturned by r ead() isencoded according
toencode and datagiventowr i t e() isdecoded accordingtodecode .r eader andw i ter are

the St r eanReader and St r eanW i t er classes used to read and write the actual contents of the
datastream. A St r eanRecoder object provides the combined interface of St r eanReader and
StreamWiter.

codecs aso defines the following byte-order marker constants that can be used to help interpret
platform-specific files:

Constant Description

BOM Native byte-order marker for the machine
BOM_BE Big-endian byte-order marker

BOM_LE Little-endian byte-order marker
BOVB2_BE 32-hit big-endian marker

BOVB2_LE 32-hit little-endian marker

BOVb4_BE 64-bit big-endian marker

BOVB4_LE 64-bit little-endian marker

Example

The following example illustrates the implementation of a new encoding using simple exclusive-or
(XOR) based encryption. This only works for 8-bit strings, but it could be extended to support
Unicode:

# xor.py: Sinple encryption using XOR
| nport codecs

# Encodi ng/ decodi ng function (works both ways)
def xor_encode(input, errors = "strict', key=0xff):

out put = .join([chr(ord(c) ™ key) for c in input])
return (output,|en(input))
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# XOR Codec cl ass
cl ass Codec(codecs. Codec):
key = Oxff
def encode(self,input, errors="strict'):
return xor_encode(input,errors, self. key)
def decode(self,input, errors='strict'):
return xor_encode(input,errors, self. key)

# StreanWiter and StreanReader cl asses
cl ass StreanWiter(Codec, codecs. StreanWiter):
pass

cl ass StreanReader (Codec, codecs. StreanReader):
pass

# Factory functions for creating StreanWiter and
# StreanReader objects with a given key val ue.

def xor_witer_factory(streamerrors, key=0xff):
s = StreanWiter(streamerrors)
s. key = key
return s;

def xor_reader_factory(streamerrors, key=0xff):
r = StreanmReader (streamerrors)
r.key = key
return r

# Function registered with the codecs nodul e. Recogni zes any
# encodi ng of the form'xor-hh' where hh is a hexadeci mal nunber.

def | ookup(s):
if (s[:4] == '"xor-"):
key = int(s[4:], 16)
# Create sone functions with key set to desired val ue
e = lanbda x,err="strict', key=key: xor _encode(x, err, key)
r = lanbda x,err="strict', key=key: xor_reader_factory(x,err, key)
w = |lanbda x,err="strict', key=key: xor_witer factory(x,err,key)
return (e,e, r,w

# Register with the codec nodul e
codecs. regi ster (| ookup)

Now, here' s a short program that uses the encoding:

| nport xor, codecs
f = codecs. open("foo","w', "xor-37")
f.wite("Hello World\n") # Wites an "encrypted" version
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f.close()

(enc, dec, r,w) = codecs. | ookup("xor-ae")
a = enc("Hello World")
# a = ('\346\313\302\ 302\ 301\ 216\ 371\ 301\ 334\ 302\ 312", 11)

Notes

. Further use of the codecs moduleis described in Chapter 9.

. Most of the built-in encodings are provided to support Unicode string encoding. In this case, the
encoding functions produce 8-bit strings and the decoding functions produce Unicode strings.

? See Also Chapter 9.

re

Ther e module is used to perform regul ar-expression pattern matching and replacement in strings.
Both ordinary and Unicode strings are supported. Regular-expression patterns are specified as strings

containing amix of text and special-character sequences. Since patterns often make extensive use of
special characters and the backslash, they’re usually written as “raw” stringssuch asr ' ( ?P<i nt

>\ d+)\. (\d*)"' . Fortheremainder of thissection, all regular-expression patterns are denoted using
the raw string syntax.
The following special-character sequences are recognized in regular expression patterns:
Character(s) Description
t ext Matches the literal stringt ext .
Matches any character except newline.
n Matches the start of a string.

$ Matches the end of the string.

Matches zero or more repetitions of the preceding expression, matching as many repetitions as

possible.

+ Matches one or more repetitions of the preceding expression, matching as many repetitions as
possible.

? Matches zero repetitions or one repetition of the preceding expression.
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*? Matches zero or more repetitions of the preceding expression, matching as few repetitions as
possible.

+? Matches one or more repetitions of the preceding expression, matching as few repetitions as
possible.

?? Matches zero or one repetitions of the preceding expression, matching as few repetitions as
possible.

{m, n} Matches from mto n repetitions of the preceding expression, matching as many repetitions as
possible.

{m, n}? Matches from mto n repetitions of the preceding expression, matching as few repetitions as
possible.

[...] Matches a set of characterssuch asr ' [ abcdef]' orr' [a-zA-z]' . Specia characters such
as* arenot activeinside a set.

[~ ] Matches the characters not in the set, suchasr' [ *0- 9] ' .

A| B Matches either A or B where A and B are both regular expressions.

(...) Matches the regular expression inside the parentheses as a group and saves the matched substring.

(?i Lmsux) Interpretstheletters’ i " ," L' ," m ,"'s',"u',and"' x' asflag settings corresponding to the
re.l,re.L,re.Mre. S;re. Ure. Xflag settingsgiventor e. conpi | e() .

(?0...) Matches the regular expression inside the parentheses, but discards the matched substring.

(?P<nane >. ..

Matches the regular expression in the parentheses and creates a named group.The group name
must be avalid Python identifier.

(?P=nane) Matches the same text that was matched by an earlier named group.

(?#...) A comment. The contents of the parentheses are ignored.

(?=...) Matches the preceding expression only if followed by the pattern in the parentheses. For example,
r'Hello (?=World)' matches' Hel | o ' onlyif followed by ' Wor | d' .

(?h...) Matches the preceding expression only if it’s not followed by the pattern in parentheses. For

example,r' Hel o (?!'Worl d)' matches' Hel | o ' only if it'snot followed by ' Vor | d' .
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(?<=...) Matches the following expression if it’s preceded by amatch of the pattern in parentheses. For
example, r' ( ?<=abc) def ' matches' def' onlyif it'spreceded by * abc' .

(?<t..)) Matches the following expression only if it's not preceded by a match of the pattern in
parentheses. For example, r ' ( ?<! abc) def' matches' def ' only if it’s not preceded by
"abc'.

Standard character escape sequencessuchas' \ n' or' \t' arerecognized as standard charactersin a
regular expression; for example, r' \ n+' would match one or more newline characters. In addition,
literal symbols that normally have special meaning in aregular expression can be specified by

preceding them with a backslash. For example, r ' \ *' matches the character * . In addition, a number
of backslash sequences correspond to special sets of characters:

Character(s)|Description

\ nunber Matches the text that was matched by a previous group number. Groups are numbered from 1 to 99,
starting from the left.

\A Matches only at the start of the string.

\'b Matches the empty string at the beginning or end of aword. A word is a sequence of alphanumeric
characters terminated by whitespace or any other non-a phanumeric character.

\'B Matches the empty string not at the beginning or end of aword.

\d Matches any decimal digit. Sameasr' [ 0- 9] " .

\D Matches any non-digit character. Sameasr ' [ ~0-9] ' .

\'s Matches any whitespace character. Sameasr' [ \t\n\r\f\v]".

\'S Matches any non-whitespace character. Sameasr' [~ \t\n\r\f\v]".
\'w Matches any al phanumeric character.

\W Matches any character not contained in the set defined by \ w.

\Z Matches only at the end of the string.

\\ Matches aliteral backslash.
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The following functions are used to perform pattern matching and replacement.
conpi le(str [, flags])

Compiles aregular-expression pattern string into a regular-expression object. This object can be passed
as the pattern argument to all the functions that follow. f | ags isthe bitwise-or of the following:

Flag Description
| or I GNORECASE |Performs non—case-sensitive matching.
L or LOCALE Useslocale settingsfor \ w,\ W\ b, and\ B.

Mor MULTI LI NE |Makes” and $ apply to each line in addition to the beginning and end of the entire string.
(Normally * and $ apply only to the beginning and end of an entire string.)

S or DOTALL Makes the dot (. ) character match all characters, including the newline.
Uor UNI CODE Uses information from the Unicode character properties database for \ w, \ W\ b, and \ B.

X or VERBOSE I gnores unescaped whitespace and comments.

search(pattern, string [, flags])

Searches st ri ng for the first match of patt er n . f | ags hasthe same meaning as for
conpi | e() . ReturnsaMat chCbj ect on success, None if no match was found.

mat ch(pattern, string [, flags])

Checks whether zero or more characters at the beginning of st ri ng match pat t er n . Returnsa
Mat chCbj ect on success, or None.

split(pattern, string [, maxsplit = 0])

Splitsst ri ng by the occurrences of pat t er n . Returnsalist of strings including the text matched
by any groups in the pattern. maxspl i t isthe maximum number of splitsto perform. By default, all
possible splits are performed.
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findall (pattern, string)

Returns alist of al non-overlapping matchesof patt er ninstri ng, including empty matches. If
the pattern has groups, alist of the text matched by the groups is returned. If more than one group is
used, each item in the list is a tuple containing the text for each group.

sub(pattern, repl, string [, count = 0])

Replaces the leftmost non-overlapping occurrences of patt er ninst ri ng by the replacement
repl .repl canbeastring or afunction. If it safunction, it's called with aMat chCbj ect and
should return the replacement string. If r epl isastring, back referencessuchas' \ 6' are used to

refer to groups in the pattern. The sequence’ \ g<nane >' isused to refer to a named group. count

IS the maximum number of substitutions to perform. By default, all occurrences are replaced. Although
these functions don’'t accept af | ags parameter like conpi | e() , the same effect can be achieved by

using the ( ?i Lnmsux) notation described earlier in this section.
subn(pattern, repl, string [, count = 0])

Same assub( ), but returns a tuple containing the new string and the number of substitutions.

escape(string)
Returns a string with all non-alphanumerics backsl ashed.

A compiled regular-expression object r created by the conpi | e() function has the following
methods and attributes:

r.search(string [, pos [, endpos]])

Searches st ri ng for amatch. pos and endpos specify the starting and ending positions for the
search. Returnsa Mat chCbj ect for amatch, None otherwise.

r.match(string [, pos [, endpos]])

Checks whether zero or more characters at the beginning of st r i ng match. pos and endpos specify

therange of st ri ng to be searched. Returnsa Mat chQbj ect for amatch, None otherwise.

r.split(string [, maxsplit = 0])
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Identical tothespl it () function.

r.findall (string)

Identical tothef i ndal | () function.

r.sub(repl, string [, count = 0])

Identical to thesub() function.

r.subn(repl, string [, count = 0])

Identical to the subn() function.

r.flags

Thef | ags argument used when the regular expression object was compiled, or O.

r.groupi ndex

A dictionary mapping symbolic group names defined by r ' ( ?P<i d >) ' to group numbers.

r.pattern
The pattern string from which the regular expression object was compiled.

The Mat chCbj ect instancesreturned by sear ch() and mat ch() contain information about the
contents of groups as well as positional data about where matches occurred. A Mat chQbj ect
instance mhas the following methods and attributes:

m expand(tenpl at e)

Returns a string that would be obtained by doing regular-expression backs ash substitution on the
stringt enpl at e . Numeric back-referencessuchas™\ 1" and "\ 2" and named references such as

"\'g<n>" and"\ g<nane >" arereplaced by the contents of the corresponding group. Note: These
sequences should be specified using raw strings or with aliteral backslash character suchasr' \ 1' or
A\ 1
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m group([ groupl, group2, ...])

Returns one or more subgroups of the match. The arguments specify group numbers or group names. If
no group name is given, the entire match is returned. If only one group is given, a string containing the
text matched by the group is returned. Otherwise, a tuple containing the text matched by each of the
requested groupsisreturned. An | ndexEr r or israised if an invalid group number or nameis given.

m groups([defaul t])

Returns a tuple containing the text matched by all groups in a pattern. def aul t isthe value returned
for groups that didn’t participate in the match (the default is None).

m gr oupdi ct ([ defaul t])

Returns a dictionary containing all the named subgroups of the match. def aul t isthe value returned
for groups that didn’t participate in the match (the default is None).

m start ([ group])
m end( [ group])

Returns the indices of the start and end of the substring matched by a group. If gr oup is omitted, the
entire matched substring is used. Returns None if the group exists but didn’t participate in the match.

m span([ group])

Returnsa2-tuple( m. start (group), m.end(group)).If group didn't contribute to the
match, thisreturns ( None, None) . If gr oup is omitted, the entire matched substring is used.

m pos

The value of pos passed tothesear ch() or mat ch() function.

m endpos

The value of endpos passed tothesear ch() or mat ch() function.

mre
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The regular-expression object whose mat ch() or sear ch() method produced this Mat chCbj ect
Instance.

m string

The string passed to mat ch() or search() .

When pattern strings don’'t specify avalid regular expression, ther e. er r or exception israised.

m | asti ndex

The integer index of the last matched capturing group. None if no group was matched.

m | ast gr oup

The name of the last matched capturing group. None if the group didn’t have a name or no group was
matched.

Examples

| mport re
s = open('foo').read() # Read sone text

# Repl ace all occurrences of 'foo' with 'bar’
t = re.sub('foo', "' bar',s)

# Get the title of an HTM. docunent
tmatch = re.search(r'<title>(.*?)</title>,s, re.|l GNORECASE)
If tmatch: title = tmatch. group(1)

# Extract a list of possible e-mail addresses froms
pat = re.conpile(r' ([a-zA-Z][\W]*@\W]+(?:\.[\w]+)*)")
addrs = re.findall (pat,s)

# Repl ace strings that |ook |ike URLs such as 'http://ww. python. org
# with an HTML anchor tag of the form
# <a href="http://ww. pyt hon.org' >http://ww. pyt hon. or g</ a>

pat = re.conpile(r' ((ftplhttp)://[\wWw]+(2:\.[\wW]H)*(2:/[\w]*)*)")
t = pat.sub('<a href="\\1">\\1</a>", s)

Notes
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. Theimplementation of ther e moduleis actually found in the module sr e, which provides
support for standard and Unicode strings. An older implementation of r e that supports only
standard strings is available in the pr e module.

. Detailed information about the theory and implementation of regular expressions can be found
in textbooks on compiler construction. The book Mastering Regular Expressions by Jeffrey
Friedl (O’ Reilly & Associates, 1997) may also be useful.

. Ther e moduleis 8-bit clean and can process strings that contain null bytes and characters

whose high bit is set. Regular expression patterns cannot contain null bytes, but can match
against the null byte by writing the escape sequence' \ 000" .

? See Also string (142).
string

The st ri ng module contains a number of useful constants and functions for manipulating strings.

Most of the functionality of this moduleis aso available in the form of string methods. The following
constants are defined:

Constant Description

digits Thestring' 0123456789" .

hexdigits |Thestring' 0123456789abcdef ABCDEF' .
letters Concatenation of lowercase and uppercase.

| ower case |String containing all lowercase letters.

octdigits |Thestring' 01234567" .

punct uat i on|String of ASCII punctuation characters.

printabl e |String of ASCII characters considered to be printable.
uppercase |String containing all uppercase letters.

whi t espace String containing all whitespace characters. This usually includes space, tab, linefeed, return,
formfeed, and vertical tab.

The following functions are available:
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at of (s)

Converts string s to afloating-point number. See the built-inf | oat () function.

atoi (s [, base])

Converts string s to an integer. base isan optional base. See the built-ini nt () function.

atol (s [, base])

Converts string s to along integer. base isan optiona base. See the built-in1 ong() function.

capitalize(s)

Capitalizesthefirst character of s . Sameass . capital i ze().

capwor ds(s)

Capitalizesthe first letter of each word in s , replaces repeated whitespace characters with asingle
space, and removes leading and trailing whitespace.

count(s, sub [, start [, end]])

Counts the number of non-overlapping occurrencesof subins[start : end].Sameass
.count (sub, start, end).

expandt abs(s [, tabsize=8])

Expandstabsin string s with whitespace. t absi ze specifies the number of characters between tab
stops. Sameass . expandt ab(t absi ze).

find(s, sub [, start [, end]])
i ndex(s, sub [, start [, end]])

Returnsthefirstindexins [ start : end ] wherethe substring sub isfound. If st art and end
are omitted, the entire string is searched. f i nd() returns- 1 if not found, whilei ndex() raisesa
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Val ueErr or exception. Sameass . fi nd(sub, start ,end) ands . i ndex(sub, start
,end).

rfind(s, sub [, start [, end]])

rindex(s, sub [, start [, end]])

Likefi nd() andi ndex(), but findsthe highest index. Sameass . rfi nd(sub, start , end)
ands . rindex(sub,start ,end).

| ower (' s)

Converts all uppercase charactersin s to lowercase. Sameass . | ower ().

maketrans(from to)

Creates a trandlation table that maps each character in f r omto the character in the same positionint o
.fromandt o must be the same length.

split(s [, sep [, maxsplit]])
splitfields(s [, sep [, maxsplit]])

Returnsalist of wordsins . If sep isomitted or None, the words are separated by whitespace.

Otherwise, the string in sep isused as adelimiter. maxspl i t specifies the maximum number of
splits that can occur.The remainder of the string will be returned as the last element. spl i1t () isthe

sameass . split(sep, maxsplit).

join(words [, sep])

joinfields(words [, sep])

Concatenates a sequence of words into a string, with words separated by the string in sep . If omitted,

the words are separated by whitespace. Sameassep . j oi n(words) .

| strip(s)
rstrip(s)

strip(s)

Strips leading and/or trailing whitespace froms . Sameass . | strip(),s.rstrip(),ands
.strip().
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swapcase(s)

Changes uppercase to lowercase and lowercase to uppercaseins . Sameass . swapcase() .

translate(s, table [, del chars])

Deletes all charactersfrom s that arein del char s and translates the remaining characters using
t abl e .t abl e must be a 256-character string mapping characters to characters as created by
maket rans().Sameass .transl ate(tabl e, del chars).

upper (s)

Converts all lowercase charactersin s to uppercase. Sameass . upper () .

| just (s, w dth)

rjust(s, wdth)

center(s, wdth)

Left-aligns, right-aligns, or centerss inafield of widthwi dt h . Sameass . | just(width),s
.rjust(width),ands.center(width).

zfill (s, width)

Pads a numeric string on the left with O digits up to the given width.

replace(str, old, new [, nax])

Replaces max occurrences of ol d withnewinstr . If max isomitted, all occurrences are replaced.
Sameass . repl ace(ol d, new, max).

Notes

. Thismoduleis officially considered to be deprecated due to the addition of string methodsin
Python 2.0, but is still widely used in existing Python programs.

« Unicode and standard strings are supported by the module, but standard strings are coerced to
Unicode when necessary.

? See Also re (136), Chapter 3.
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StringlOandcStringl O

The St ri ngl Oand ¢St ri ngl Omodules define an object that behaves like afile but reads and
writes data from a string buffer.

Stringl [ buffer])

Createsanew St ri ngl Oobject. buf f er isaninitial value (by default, the empty string).

A St ri ngl Oobject supports al the standard file operations—r ead() ,w it e(), and so on—and
the following methods:

s. getval ue()

Returns the contents of the string buffer beforecl ose() iscaled.

s. cl ose()

Releases the memory buffer.

Note

. TheStringl OmoduledefinesSt ri ngl Oasaclass. ¢St ri ngl Odefinesit as an extension
type and provides significantly faster performance.

? See Also Chapter 9, the section “Files’ (for file methods).

struct

Thest ruct moduleis used to convert data between Python and binary data structures (represented as

Python strings). These data structures are often used when interacting with functions written in C or
with binary network protocols.

pack(fm, vi1, v2, ...)

Packsthevaluesv1 ,v2 , and so oninto astring according to the format string inf nt .

unpack(fnt, string)
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Unpacks the contents of st r i ng according to the format string inf nt . Returns atuple of the
unpacked values.

cal csize(fnt)
Calculates the size in bytes of the structure corresponding to aformat string f nt .

The format string is a sequence of characters with the following interpretations:

Format C Type Python Type
"x' pad byte No vaue

‘¢ char String of length 1
"b’ si gned char Integer

"B unsi gned char Integer

"h' short Integer

‘H unsi gned short Integer

e i nt Integer

Y unsi gned i nt I nteger

" | ong Integer

"L unsi gned | ong I nteger

"t fl oat Float

td doubl e Float

's' char[] String

p’ char[] String with length encoded in the first byte
" P void * Integer
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Each format character can be preceded by an integer to indicate arepeat count (for example,* 41 ' is
thesameas'iiii"').Forthe's' format, the count represents the maximum length of the string, so
' 10s' representsa 10-byte string. A format of ' 0s' indicates astring of zero length. The' p'

format is used to encode a string in which the length appearsin the first byte, followed by the string
data. Thisis useful when dealing with Pascal code, as is sometimes necessary on the Macintosh. Note:
The length of the string in this case is limited to 255 characters.

Whenthe' I' and' L' formats are used to unpack avalue, the return value is a Python long integer.
In addition, the' P' format may return an integer or long integer, depending on the word size of the
machine.

Thefirst character of each format string can aso specify a byte ordering and alignment of the packed
data, as shown in the following table.

Format Byte Order Size and Alignment
'@ Native Native

= Native Standard

t< Little-endian Standard

L Big-endian Standard

B Network (big-endian) Standard

Native byte ordering may be little-endian or big-endian, depending on the machine architecture. The
native sizes and alignment correspond to the values used by the C compiler and are implementation-
specific. The standard alignment assumes that no alignment is needed for any type. The standard size
assumesthat short is2 bytes, i nt is4 bytes, | ong is4 bytes, f | oat is32 bits, and doubl e is64

bits. The' P' format can only use native byte ordering.

Sometimes it’ s necessary to align the end of a structure to the alignment requirements of a particular
type. To do this, end the structure-format string with the code for that type with arepeat count of zero.
For example, theformat ' | | hOl ' specifies a structure that ends on a four-byte boundary (assuming

that longs are aligned on four-byte boundaries). In this case, two pad bytes would be inserted after the
short value specified by the' h' code. This only works when native size and alignment are being
used—standard size and alignment don’t enforce alignment rules.

? See Also array (127), xdrlib (277).

uni codedat a
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The uni codedat a modules provide access to the Unicode character database, which contains
character propertiesfor all Unicode characters.

deci mal (uni chr[, default])

Returns the decimal integer value assigned to the character uni chr . If uni chr isnot adecima
digit, def aul t isreturned or Val ueEr r or israised.

digit(unichr[, default])
Returns the integer digit value assigned to the character uni chr . If uni chr isnot adigit, def aul t

isreturned or Val ueEr r or israised. Thisfunction differsfromdeci mal () inthat it works with
characters that may represent digits, but that are not decimal digits.

nunmeric(unichr[, default])
Returns the value assigned to the Unicode character uni chr as afloating-point number. If no numeric

valueisdefined, def aul t isreturned or Val ueEr r or israised. For example, the numeric value of
U+2155 (the character for the fraction' 1/ 5' ) is0. 2.

cat egory(uni chr)

Returns a string describing the general category of uni chr . The returned string is one of the
following values:

Value Description

Lu Letter, Uppercase

LI Letter, Lowercase

Lt Letter,Titlecase

Mh Mark, Non-Spacing

M Mark, Spacing Combining
Me Mark, Enclosing
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Nd Number, Decimal Digit
NI Number, Letter

No Number, Other

Zs Separator, Space

Zl Separator, Line

Zp Separator, Paragraph
Cc Other, Control

Ct Other, Format

Cs Other, Surrogate

Co Other, Private Use

Cn Other, Not Assigned
Lm L etter, Modifier

Lo Letter, Other

Pc Punctuation, Connector
Pd Punctuation, Dash

Ps Punctuation, Open

Pe Punctuation, Close

Pi Punctuation, Initial quote
Pf Punctuation, Final quote
Po Punctuation, Other

Sm Symbol, Math
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Sc Symbol, Currency
Sk Symbol, Modifier
So Symbol, Other

bi di recti onal (unichr)

Returns the bi-directional category assigned to uni chr asastring, or an empty string if no such value
Is defined. Returns one of the following:

Value Description

L L eft-to-Right

LRE L eft-to-Right Embedding
LRO L eft-to-Right Override

R Right-to-Left

AL Right-to-Left Arabic

RLE Right-to-L eft Embedding
RLO Right-to-L eft Override

PDF Pop Directional Format

EN European Number

ES European Number Separator
ET European Number Terminator
AN Arabic Number

G Common Number Separator
NSM Non-Spacing Mark
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BN Boundary Neutral

B Paragraph Separator
S Segment Separator
W5 Whitespace

ON Other Neutrals

conbi ni ng(uni chr)

Returns an integer describing the combining classfor uni chr , or 0 if no combining classis defined.
One of the following valuesis returned:

Value Description

0 Spacing, split, enclosing, reordrant, and Tibetan subjoined
1 Overlays and interior

7 Nuktas

8 Hiragana/K atakana voicing marks
9 Viramas

10-199 Fixed position classes

200 Below left attached

202 Below attached

204 Below right attached

208 L eft attached

210 Right attached

212 Above left attached
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214 Above attached

216 Above right attached
218 Below left

220 Below

222 Below right

224 Left

226 Right

228 Above left

230 Above

232 Aboveright

233 Double below

234 Double above

240 Below (iota subscript)

m rrored(unichr)

Returns 1 if uni chr isa“mirrored” character in bi-directional text, O otherwise.

deconposi ti on(uni chr)

Returns a string containing the decomposition mapping of uni chr , or the empty string if no such
mapping is defined. Typically, characters containing accent marks can be decomposed into
multicharacter sequences. For example, deconposi tion(u'\u00fc') (' 04") returnsthe string

' 0075 0308' corresponding to the letter u and the umlaut () accent mark. The string returned by
this function may also include the following strings:

Value

Description

file:///Dj/Downloads/eDonkey/incoming/[ebook]%...Second%20Edition/python_essencial_ref/110.html (25 / 26) [2003/1/1 OWIC 02:56:07]




file:///ID}J/Downl oads/eDonkey/incoming/[ ebook] %620Python%20Essenti al %020Ref erence, %20Second%20Edition/python_essencial _ref/110.html

<font > A font variant (for example, a blackletter form)
<noBr eak> A nonbreaking version of a space or hyphen
<initial> Aninitial presentation form (Arabic)

<medi al > A medial presentation form (Arabic)

<final > A final presentation form (Arabic)

<j sol at ed>

An isolated presentation form (Arabic)

<circle> An encircled form
<super > A superscript form
<sub> A subscript form

<vertical >

A vertical layout presentation form

<w de> A wide (or zenkaku) compatibility character
<narr ow> A narrow (or hankaku) compatibility character
<smal | > A small variant form (CNS compatibility)
<square> A CX squared-font variant

<fracti on>

A vulgar fraction form

<conpat >

Otherwise unspecified compatibility character

Note

. For further detail s about the Unicode character database, see http://www.unicode.org.

< BACK

Make Note | Bookmark

CONTINUE >

© 2002, O'Reilly & Associates, Inc.
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Linux/Unix > Python Essential Reference, Second Edition > A. The Python Library > See All Titles
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Data Management and Object Persistence

The modulesin this section are used to store datain a variety of DBM-style database formats. These
databases operate like alarge disk-based hash table in which objects are stored and retrieved using
unique keys represented by standard strings. Most of these modules are optional Python extensions
that require third-party libraries and that must be enabled when Python is built. See Appendix B,

“Extending and Embedding Python,” for details on enabling optional modules.

All the databases are opened using a variation of the open() function (defined in each database
module):

open(filenane [, flag [, node]])

Opensthe database filef i | enane and returns a database object. f | agis' r' for read-only
access, ' W for read-write access, ' ¢' to create the database if it doesn’'t exist, or' n' to force the
creation of anew database. node isthe file-access mode (the default is0666 on UNIX).

The object returned by the open() function supports the following dictionary-like operations:

Operation Description

d[key] = value Insertsval ue into the database
val ue = d[ key] Gets data from the database
del d[key] Removes a database entry
d.close() Closes the database

d. has_key(key) Testsfor akey

d. keys() Returns alist of keys
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In all cases, key must be astandard string. In addition, val ue must be a standard string for all the
database modules except the shel ve module. Unicode strings cannot be used for keysin any of the

modules and cannot be used for valuesin any module except shel ve.
Note

. Most of the database packages described rely on third-party libraries that must beinstalled in
addition to Python.

anydbm

The anydbmmodule provides a generic interface that’ s used to open a database without knowing

which of the lower-level database packages are actually installed and available. When imported, it
looks for one of the bsddb, gdbm or dommodules. If none areinstalled, the dunbdbmmoduleis

loaded.

A database object is created using the open() function:

open(filename [, flag="r"' [, node]])

Opensthe database filef i | ename and returns a database object. If the database aready exists, the
whi chdb module is used to determine its type and the corresponding database module to use. If the

database doesn’t exist, an attempt is made to create it using the first installed module in the above
list of database modules. f | ags and node are as described in the introduction to this section,” Data

Management and Object Persistence” (p. 149).

error
A tuple containing the exceptions that can be raised by each of the supported database modules.
Programs wanting to catch errors should use this tuple as an argument to except . For example:
try:

d = anydbm open('foo',"'r")

except anydbm error:
# Handl e error

Note

. If thedunmbdbmmoduleisthe only installed database module, attempts to reopen a
previoudly created database with anydbmmight fail in certain older versions of Python. Use
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dunmbdbm open() instead.

2 See Also dumbdbm (152), whichdb (154).

bsddb

The bsddb module provides an interface to the Berkeley DB library. Hash, btree, or record-based
files can be created using the appropriate open( ) call:
hashopen(filenane [, flag="r' [, node]])

Opens the hash format file named f i | enane .

bt open(filename [, flag="r' [, node]])

Opensthe btree format filenamed f i | enane .

rnopen( filenane [, flag='r' [, node ]])
Opensa DB record format filenamed f i | enane .
Databases created by this module behave like dictionaries, as described in the introduction to this

section (“Data Management and Object Persistence,” p. 149), and additionally provide methods for
moving a “cursor” through records:

Method Description

d.set | ocation(key) Setsthecursor totheitem indicated by the key and returnsit.

d.first() Sets the cursor to the first item in the database and returnsit.

d. next () Sets the cursor to the next item in the database and returnsit.

d. previous() Sets the cursor to the previous item in the DB file and returnsit. Not supported on
hash table databases.

d.last() Sets the cursor to the last item in the DB file and returnsit. Not supported on hash
table databases.
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d.sync() Synchronizes the database on disk.

Exception

error
Exception raised on non—key-related database errors.
Notes

. Thismodule usesthe version 1.85 API of the Berkeley DB package available at
http://www.sl eepycat.com.

. All theopen() functions accept additional optional arguments that are rarely used. Consult
the online documentation for details.

. Consult New Riders Berkeley DB (2001, ISBN 0-7357-1064-3).

? See Also dbhash (151), http://www.python.org/doc/lib/modul e-bsddb.html.

dbhash

The dbhash moduleis used to open databases using the bsddb module, but with an interface that
closely matches the interface of the other database modules.

open(filenanme [, flag="r' [, node])
Opens a DB database and returns the database object.

A database object d returned by open() behaveslike adictionary and also provides the following
methods:

Method Description
d.first() Returns the first key in the database
d.last() Returns the last key in a database traversal
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d. next (key) Returns the next key following key in the database

d. previous(key) Returns the item that comes before key in aforward traversal of the database

d.sync() Writes unsaved data to the disk

Exception

error
Exception raised on database errors other than KeyEr r or . Sameasbsddb. error.
Note

. Thebsddb module must beinstalled.
? See Also bsddb (151).

dbm

The dbmmaodule provides an interface to the UNIX dbm library.

open(filename [, flag="r" [, node]])

Opens a dom database and returns a dbm object. f i | enane isthe name of the database file
(without the . di r or . pag extension). The returned object behaves like a dictionary, as described

in the section introduction (* Data M anagement and Object Persistence,” p. 149).

Exception

error
Exception raised for dbm-specific errors other than KeyEr r or .
2 See Also anydbm (150), gdbm (153).

dunmbdbm

The dunbdbmmodule is a ssmple DBM-style database implemented in Python. It should only be
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used when no other DBM database modules are available.

open(filenane [, flag [, node]])

Opensthe database filef i | enane . fi | enane should not include any suffixessuch as. dat or
. di r. Thereturned database object behaves like a dictionary, as described in the section
introduction (“ Data Management and Object Persistence,” p. 149).

Exception

error
Exception raised for database-related errors other than KeyEr r or .
? See Also anydbm (150), whichdb (154).

gdbm

The gdbmmodule provides an interface to the GNU DBM library.

open(filename [, flag="r' [, node]])

Opens agdbmdatabase with filenamef i | enanme . Appending' f' to the flag opens the database

in fast mode. In this mode, altered data is not automatically written to disk after every change,
resulting in better performance. If used, thesync() method should be used to force unwritten data

to be written to disk on program termination.

A gdbmobject d behaves like a dictionary as described in the section introduction (“ Data
Management and Object Persistence,” p. 149), but also supports the following methods:

Method Description

d.firstkey() Returns the starting key in the database.

d. next key(key ) |Returnsthe key that follows key in atraversal of the database.

d . reorgani ze() |Reorganizesthe database and reclaims unused space. This can be used to shrink the size of
the gdbmfile after alot of deletions have occurred.
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d.sync() Forces unwritten data to be written to disk.

Exception

error
Exception raised for gdbm-specific errors.
Note

. The GNU DBM library is available at www.gnu.org/software/gdbm/gdbm.html.

? See Also anydbm (150), whichdb (154).
shel ve

The shel ve module provides support for persistent objects using a special “shelf” object. This

object behaves like adictionary except that all the objects it contains are stored on disk using a
database such asdbmor gdbm A shelf is created using theshel ve. open() function.

open(filenane [, flag="c'])
Opens a shelf file. If the file doesn’t exist, it's created. f i | enanme should be the database filename

and should not include a suffix. f | ag has the same meaning asin the open() function and isone
of'r',"w,'c',or'n'.Ifthedatabasefile doesn't exit, it is created. Returns a shelf object.

Once opened, the following dictionary operations can be performed on a shelf:

Operation Description

d[key] = data Stores data at key . Overwrites existing data.
data= d[key] Retrieves dataat key .

del d[key] Deletesdata at key .

d. has_key(key) Tests for the existence of key .
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d. keys() Returns all keys.
d.close() Closes the shelf.
d.sync() Write unsaved data to disk.

The key values for a shelf must be strings. The objects stored in a shelf must be serializable using
the pi ckl e module.

? See Also open (103).

Shel f (dict)

A class that implements the functionality of ashelf. di ct isan existing dictionary object. This
function can be used to create a shelf object that utilizes a preferred database engine. For example, s
= Shel f (dbm open("foo","c")).

Note

. Theshel ve module differs from other database modulesin that it allows almost any Python
object to be stored.

? See Also pickle (113), Chapter 9.

whi chdb

Thewhi chdb module provides afunction that attempts to guess which of the several smple
database modules (dbm gdbm or dbhash) should be used to open a database file.

whi chdb(fi | enane)
fi | enanme isafilename without any suffixes. Returns None if the file cannot be opened because
it'sunreadable or doesn’t exist. Returns the empty string if the file format cannot be guessed.

Otherwise, a string containing the required module name s returned, suchas' dbm or' gdbm .

? See Also anydbm (150).
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Operating System Services

The modulesin this section provide access to a wide variety of operating system services with an emphasis on file, process,
and terminal management.

Note: A general familiarity with basic operating system conceptsis assumed in this section. Furthermore, a number of
modules provide advanced functionality which is beyond the scope of this book to introduce, but which is presented for
readers who know what they’ re doing.

Most of Python’s operating system modules are based on POSI X interfaces. POSIX is a standard that defines a core set of
operating system interfaces. Most UNIX systems support POSI X, and other platforms such as Windows and Macintosh
support large portions of the interface.

Readers may want to supplement the material presented here with additional references. The C Programming Language,
Second Edition by Brian W. Kernighan and Dennis M. Ritchie (Prentice Hall, 1989, ISBN 0-13-110362-8) provides a good
overview of files, file descriptors, and the low-level interfaces on which many of the modulesin this section are based. More
advanced readers may want to consult a book such as W. Richard Stevens' Advanced Programming in the UNIX
Environment (Addison-Wesley, 1992, ISBN 0-201-56317-7). Background material regarding operating system concepts can
be found in atext such as Operating Systems Concepts, 5th Edition by Abraham Silberschatz and Peter Baer Galvin (John
Wiley & Sons, 1998). Threads and network programming are presented in separate sections of this appendix.

commands

The commands module is used to execute system commands as a string and return their output as a string.

get out put (cnd)

Executes crd in ashell and returns a string containing both the standard output and standard error streams of the command.

getstatus(fil enane)

Returnstheoutputof ' I's -1d fil enane' asastring. UNIX.

get st at usout put (cnd)

Likeget out put () except that a2-tuple (st at us , out put ) isreturned, where st at us isthe exit code as returned by
theos. wai t () function and out put isthe string returned by get out put () .

nmkarg(str)

Turnsst r into an argument that can be safely used within a command string (using quoting rules of the shell).

Notes

. Theos. popen2() call isused to execute commands. This moduleis available on most UNIX systems, but is not
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supported on all versions of Windows.
. Thereturned output strings don’t include atrailing newline.
? See Also 0s (180), popen2 (195).
crypt

Thecr ypt module provides an interface to the UNIX cr ypt () routine that’s used to encrypt passwords on many UNIX
systems.

crypt (word, salt)

Encryptswor d using amodified DES algorithm. sal t isatwo-character seed used to initialize the algorithm. Returns the
encrypted word as a string. Only the first eight characters of wor d are significant.

Example

The following code reads a password from the user and compares it against the value in the system password database:

i mport get pass

i mport pwd
i mport crypt
uname = get pass. getuser() # Get usernane from environnent
pw = get pass. get pass() # CGet entered password
real pw = pwd. get pwnan( unane) [ 1] # CGet real password
entrpw = crypt.crypt(pw, real pw:2]) # Encrypt
if real pw == entrpw # Conpare

print 'Password Accepted'
el se:

print "Get lost.'
Note

. Many modern UNIX systems use MD5 or other crytographic hashing algorithms to store passwords.

? See Also pwd (196), getpass (167).

errno

The er r no module defines symbolic names for the integer error codes returned by various operating system calls. These
codes are typically found in the er r no attribute of an OSEr r or or | OEr r or exception. Theos. strerror () function

can be used to translate an error code into a string error message. The following dictionary can aso be used to trandate an
integer error code into its symbolic name:

errorcode
Dictionary mapping er r no integers to symbolic names (such as' EPERM ).

The following list shows the POSIX symbolic names for many system error codes. Not all names are available on all
machines. Some platforms may define additional codes. The codes U,W, M, and A are used to indicate availability of the
following codes for UNIX,Windows, Macintosh, and all platforms, respectively.
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Error Code Platform Description

E2BI G A Arg list too long.

EACCES A Permission denied.

EADDRI NUSE A Address aready in use.
EADDRNOTAVAI L A Cannot assign requested address.
EADV U Advertise error.
EAFNOSUPPORT A Address family not supported by protocol.
EAGAI N A Try again.

EALREADY A Operation already in progress.
EBADE U Invalid exchange.

EBADF A Bad file number.

EBADFD U File descriptor in bad state.
EBADNMSG U Not a data message.

EBADR U Invalid request descriptor.
EBADRQC U Invalid request code.

EBADSLT U Invalid slot.

EBFONT U Bad font file format.

EBUSY A Device or resource busy.

ECHI LD A No child processes.

ECHRNG U Channel number out of range.
ECOW U Communication error on send.
ECONNABORTED A Software caused connection abort.
ECONNREFUSED A Connection refused.
ECONNRESET A Connection reset by peer.
EDEADLK A Resource deadlock would occur.
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EDEADL OCK uw File-locking deadlock error.
EDESTADDRREQ A Destination address required.

EDOM A Math argument out of domain of func.
EDOTDOT U RFS-specific error.

EDQUOT A Quota exceeded.

EEXI ST A File exists.

EFAULT A Bad address.

EFBI G A Filetoo large.

EHOSTDOWN A Host is down.

EHOSTUNREACH A No route to host.

El DRM U Identifier removed.

El LSEQ uw Illegal byte sequence.

El NPROGRESS uw Operation now in progress.

El NTR A Interrupted system call.

El NVAL A Invalid argument.

El O A 1/O error.

El SCONN A Transport endpoint is already connected.
El SDI R A Isadirectory.

El SNAM U Isanamed typefile.

EL2HLT U Level 2 halted.

EL2NSYNC U Level 2 not synchronized.

EL3HLT U Level 3 halted.

EL3RST U Level 3reset.

ELI BACC U Cannot access a needed shared library.
ELI BBAD u Accessing a corrupted shared library.
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ELI BEXEC U Cannot exec ashared library directly.
ELI BMAX U Attempting to link in too many shared libraries.
ELI BSCN U .1'i bsectionina. out corrupted.
ELNRNG U Link number out of range.

ELOOP A Too many symboalic links encountered.
EMFI LE A Too many open files.

EMLI NK uw Too many links.

EMSGSI ZE uw Message too long.

EMULTI HOP U Multihop attempted.
ENAVETOOLONG U Filename too long.

ENAVAI L U No XENIX semaphores available.
ENETDOMN uw Network is down.

ENETRESET uw Network dropped connection because of reset.
ENETUNREACH uw Network is unreachable.

ENFI LE uw File table overflow.

ENOCANO U No anode.

ENOBUFS A No buffer space available.

ENOCCSI U No CSl structure available.

ENODATA u No data available.

ENCDEV A No such device.

ENOENT A No such file or directory.

ENOEXEC A exec format error.

ENOLCK A No record locks available.

ENOLI NK u Link has been severed.

ENOVEM A Out of memory.
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ENOVEG U No message of desired type.
ENONET U Machineis not on the network.
ENOPKG U Package not installed.
ENOPROTOCPT A Protocol not available.

ENGSPC A No space left on device.

ENGSR U Out of streams resources.

ENGSTR u Device not a stream.

ENCSYS A Function not implemented.
ENOTBLK UM Block device required.

ENOTCONN A Transport endpoint is not connected.
ENOTDI R A Not adirectory.

ENOTEMPTY A Directory not empty.

ENOTNAM U Not a XENIX named typefile.
ENOTSOCK A Socket operation on non-socket.
ENOTTY A Not aterminal.

ENOTUNI Q u Name not unique on network.

ENXI O A No such device or address.
EOPNOTSUPP A Operation not supported on transport endpoint.
EOVERFLOW U Valuetoo large for defined data type.
EPERM A Operation not permitted.
EPFNOSUPPORT A Protocol family not supported.

EPI PE A Broken pipe.

EPROTO U Protocol error.
EPROTONOSUPPORT A Protocol not supported.
EPROTOTYPE A Protocol wrong type for socket.
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ERANGE A Math result not representable.
EREMCHG U Remote address changed.

EREMOTE A Object isremote.

EREMOTEI O u Remote /O error.

ERESTART u Interrupted system call should be restarted.
ERCFS A Read-only filesystem.

ESHUTDOMWN A Cannot send after transport endpoint shutdown.
ESOCKTNOSUPPORT A Socket type not supported.

ESPI PE A Illegal seek.

ESRCH A No such process.

ESRWNT U srmount error.

ESTALE A Stale NFSfile handle.

ESTRPI PE U Streams pipe error.

ETI ME U Timer expired.

ETI MEDOUT A Connection timed out.
ETOOVANYREFS A Too many references: Cannot splice.
ETXTBSY UM Text file busy.

EUCLEAN U Structure needs cleaning.

EUNATCH u Protocol driver not attached.
EUSERS A Too many users.

EWOUL DBL OCK A Operation would block.

EXDEV A Cross-device link.

EXFULL U Exchange full.

WSAEACCES w Permission denied.

WSAEADDRI NUSE w Address already in use.
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WSAEADDRNOTAVAI L W Cannot assign requested address.
WEAEAFNOSUPPORT W Address family not supported by protocol family.
WBAEAL READY w Operation already in progress.
V\BAEBADF W Invalid file handle.
WSAECONNABORTED W Software caused connection abort.
WBAECONNREFUSED w Connection refused.
WSAECONNRESET w Connection reset by peer.
WBAEDESTADDRREQ w Destination address required.
WSAEDI SCON w Remote shutdown.

WSAEDQUOT w Disk quota exceeded.
WSAEFAULT W Bad address.

WSAEHOSTDOWN w Host is down.
WSAEHOSTUNREACH w No route to host.

WBAEI NPROGRESS w Operation now in progress.

WSAEI NTR w Interrupted system call.

WSAEI NVAL \% Invalid argument.

WSAElI SCONN w Socket aready connected.

WSBAEL COP w Cannot translate name.

WSAEMFI LE w Too many open files.

WBAEMSGSI ZE w Message too long.

WSAENAMET OCL ONG w Name too long.

WSAENETDOWN w Network is down.
WSAENETRESET w Network dropped connection on reset.
WSAENETUNREACH w Network is unreachable.
WEAENOBUFS W No buffer spaceis available.
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WEAENOPROT OOPT W Bad protocol option.

WWSAENOT CONN w Socket is not connected.
WBAENOTEMPTY w Cannot remove non-empty directory.
WSAENOT SOCK w Socket operation on non-socket.
WEAEGOPNOT SUPP w Operation not supported.
WSAEPFNOSUPPORT \% Protocol family not supported.
WSAEPROCLI M w Too many processes.
WSAEPROTONCSUPPORT W Protocol not supported.
WSAEPROTOTYPE w Protocol wrong type for socket.
WSAEREMOTE W Item not available locally.
WSAESHUTDOMN w Cannot send after socket shutdown.
WEAESOCKTNOSUPPORT W Socket type not supported.
WSAESTALE w File handle no longer available.
WSAETI MEDOUT w Connection timed out.
WSAETOOVANYREFS W Too many referencesto akernel object.
WSAEUSERS w Quota exceeded.

WSAEWOUL DBL OCK W Resource temporaily unavailable.
WSANOTI NI TI' ALI SED W Successful WSA Startup not performed.
WBASYSNOTREADY W Network subsystem not available.
WBAVERNOT SUPPORTED w W nsock. dI | version out of range.

? See Also 0s (180).

fcentl

Thef cnt | module performsfile and I/O control on UNIX file descriptors. File descriptors can be obtained using the
fileno() method of afileor socket object. This module relies on alarge number of constants defined in the FCNTL
module (that should also be imported).

fentl (fd, cnd [, arg])
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Performs command cnd on an open file descriptor f d . crd is an integer command code. ar g is an optional argument that’s
either an integer or astring. If ar g is passed as an integer, the return value of thisfunction isan integer. If ar g isastring,
it'sinterpreted as a binary data structure, and the return value of the cal is the contents of the buffer converted back into a
string object. The following commands are available (these constants are defined in the FCNTL module):

Command

F_DUPFD

F_SETFD

F_CETFD

F_SETFL

F_GETFL

F_GETOWN|Gets process ID or process group | D set to receive SI G Oand SI GURGsignals (BSD).

F_SETOWN|Sets process ID or process group 1D to receive SI G Oand SI GURG signals (BSD).

F_GETLK

F_SETLK

F_SETLKWL ocks afile, but waits if the lock cannot be acquired.

Description

Duplicates afile descriptor. ar g is the lowest number that the new file descriptor can assume. Similar to the os. dup() system
call.

Setsthecl ose- on- exec flagtoar g (0 or 1). If set, thefileisclosed on an exec() system call.

Returnsthecl ose- on- exec flag.

Sets status flagsto ar g , which is the bitwise-or of the following:

O_NDELAY—Nonblocking 1/0O (System V).

O_APPEND—A ppend mode (System V).

O_SYNC—Synchronous write (System V).

FNDELAY—Nonblocking I/0 (BSD).

FAPPEND—A ppend mode (BSD).

FASYNC—Sends SI G Osignal to process group when 1/0 is possible (BSD).

Gets status flags as set by F_ SETFL.

Returns flock structure used in file locking operations.

Locks afile, returning - 1 if the fileis already locked.

An| CError exceptionisraisedif thef cnt| () functionfails. The F_GETLK and F_SETLK commands are supported
through thel ockf () function.

ioctl(fd, op, arg)

Thisfunctionislikethef cnt | () function, except that the operations are defined in the library module | OCTL. The | OCTL
module may be unavailable on some platforms.

flock(fd, op)
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Performs alock operation op on file descriptor f d . op isthe bitwise-or of the following constantsfoundinf nct | :

Item Description

LOCK_EX Exclusive lock.
LOCK_NB Don’t lock when locking.
LOCK_SH Shared lock.

LOCK_UN Unlock.

In nonblocking mode, an | OEr r or exception israised if the lock cannot be acquired.

| ockf(fd, op [, len [, start [, whence]]])

Performs record or range locking on part of afile. op isthe sameasfor thef | ock() function. | en isthe number of bytes
tolock. st ar t isthe starting position of the lock relative to the value of whence . whence isO for the beginning of the
file, 1 for the current position, and 2 for the end of thefile.

Examples

i mport fcntl, FCNTL

# Set the close-on-exec bit for a file object f
fentl.fentl (f.fileno(), FCNTL. F_SETFD, 1)

# Lock a file (bl ocking)
fentl.flock(f.fileno(), fcntl.LOCK EX)

# Lock the first 8192 bytes of a file (nonbl ocking)
try:
fentl . lockf(f.fileno(), fentl.LOCK EX | fcntl.LOCK _NB, 8192, 0, 0)
except | CError, e:
print "Unable to acquire | ock", e
Notes

. Thesetof availablef cnt | () commands and optionsis system-dependent. The FCNTL module may contain well
over 100 constants on some platforms.

. Many of the functionsin this module can also be applied to the file descriptors of sockets.
? See Also 0s (180), socket (252).
filecnp

Thef i | ecnp module provides functions that can be used to compare files and directories.

cnp(filel, file2 [, shallow, use_statcache]])
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Comparesthefilesfil el andfi |l e2 andreturns 1 if they’re equal, O if not. By default, files that have identical attributes
asreturned by os. st at () areconsidered to be equal. If the shal | ow parameter is specified and is false, the contents of

the two files are compared to determine equality. In this case, subsequent comparisons between the same two files will return
acached result unlessthe os. st at () datafor one of the files changes. If use_st at cache isgiven, values of

0s. st at () arecached and used in subsequent comparisons. This latter option improves performance, but prevents the
module from detecting changes to previously compared files.

cnpfiles(dirl, dir2, common[, shallow, use_statcache]])
Compares the contents of the files contained in the list conmon in the two directoriesdi r 1 and di r 2 . Returns atuple

containing threelists of filenames(mat ch, m smatch, errors ). mat ch liststhefilesthat are the same in both

directories, m smat ch liststhe filesthat don’t match, and er r or s lists the files that could not be compared for some
reason. Theshal | owand use_st at cache parameters have the same meaning asfor cnp( ) .

dircmp(dirl, dir2 [, ignore[, hide]])
Creates adirectory comparison object that can be used to perform various comparison operations on the directoriesdi r 1 and
di r2.ignoreisalistof filenamesto ignore and has adefault valueof [ ' RCS' ,' CVS' , 'tags'].hi deisalistof

filenamesto find and defaultsto thelist[ os. curdir, os.pardir] (['.', '.."'] onUNIX).

A directory object d returned by di r cnp()) has the following methods and attributes:

d. report ()

Comparesdirectoriesdi r 1 and di r 2 and printsareport to sys. st dout .

d.report _partial _closure()

Comparesdi r 1 and di r 2 and common immediate subdirectories.

d.report_full _closure()

Comparesdi r 1 and di r 2 and all subdirectories recursively.

d.left Iist

Liststhefiles and subdirectoriesindi r 1 . The contents are filtered by hi de andi gnore .

d.right _list

Liststhefiles and subdirectoriesindi r 2 . The contents are filtered by hi de andi gnore .

d. conmpn

Liststhe files and subdirectoriesfound inbothdi r 1 anddi r 2 .
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d.left_only

Liststhe files and subdirectoriesfound only indi r 1 .

d.right_only

Liststhefiles and subdirectoriesfound only indi r 2 .

d. common_dirs

Lists the subdirectories that are commontodi r1 anddi r 2 .

d.common_fil es

Liststhefilesthat arecommontodi r1 anddir 2.

d. conmon_f unny

Liststhefilesindi r 1 and di r 2 with different types or for which no information can be obtained fromos. st at () .

d.sanme_files

Lists the fileswith identical contentsindi r1 anddir 2 .

d.diff_files

Liststhe fileswith different contentsindi r1 anddi r 2 .

d. funny_files

Liststhefilesthat areinboth di r 1 and di r 2, but that could not be compared.

d. subdirs
A dictionary that mapsnamesind . common_di r s to additiona di r cnp objects.
Note

. Theattributes of adi r crp object are evaluated lazily and not determined at the time the di r cnp object isfirst
created.

fileinput

Thefi | ei nput moduleiterates over alist of input files and reads their contents line by line. The main interface to the
module is the following function:
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input ([files [, inplace [, backup]]])

Creates an instance of the Fi | el nput class. fi | es isan optional list of filenamesto be read (asingle filenameis aso
permitted). If omitted, the filenames are read from the command lineinsys. ar gv[ 1: ] . An empty list impliesinput from
st di n,asdoesafilenameof ' -' . If i npl ace issetto 1, each input fileis moved to abackup fileand sys. st dout is

redirected to overwrite the original input file. The backup file is then removed when the output is closed. The backup option
specifies afilename extension such as. bak that is appended to each filename in order to create the names of backup files.

When given, the backup files are not deleted. By default, backup isthe empty string and no backup files are created.

All Fi | el nput instances have the following methods. These methods are also available as functions that apply to the last
instance created by thei nput () function.

Method Description

filenane() Returns the name of the file currently being read

I'i neno() Returns the cumulative line number just read
filelineno() Returns the line number in the current file
isfirstline() Returns true if the line just read was the first line of afile
i sstdin() Returnstrueif theinput isst di n

nextfile() Closes the current file and skipsto the next file

cl ose() Closes the file sequence

In addition, the Fi | el nput instance returned by i nput () can be used as an iterator for reading al input lines.
Example

The following code reads and prints al the input lines from alist of files supplied on the command line:

i mport fileinput
for line in fileinput.input():

print '%d %' % (fileinput.lineno(), line),
Notes

. All files opened by this module are opened in text mode.

. Anl CError israisedif afile cannot be opened.

. Empty files are opened and closed immediately.

. All linesreturned include trailing newlines unless the last line of an input file doesn’t include a newline.
. MS-DOS/Windows short filenames (eight characters plus a three-letter suffix) are not supported.

? See Also glob (170), fnmatch (165).
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findertools

Thefi ndert ool s moduleis used to access some of the functionality in the Macintosh Finder. All file and folder
parameters can be specified either as full pathname strings or as FSSpec objects as created using the macf s module.

l aunch(file)

Launches afile either by launching an application or by opening a document in the correct application.

Print(file)

Prints afile.

copy(file, destdir)

Copiesfi | e tothefolder destdir .

nove(file, destdir)

Movesfi | e tothefolder destdir .

sl eep()

Puts the Macintosh to sleep (if supported).

restart()

Restarts the machine.

shut down()

Shuts down the machine.

? See Also macfs (173), macostools (176).

fnmat ch

Thef nmat ch module provides support for matching filenames using UNIX shell-style wildcard characters:
Character(s) Description

Matches everything

? Matches any single character
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[seq] Matches any character inseq

[!seq] Matches any character notinseq

The following functions can be used to test for a wildcard match:

fnmat ch(fil enane, pattern)

Returns true or false depending on whether f i | enanme matches pat t er n . Case sensitivity depends on the operating
system (certain platforms, such as Windows, are not case sensitive).

f nmat chcase(fil ename, pattern)

Performs a case-sensitive comparison of f i | enane againstpattern.

Examples
fnmatch(' foo.gif', "*.gif") # Returns true
fnmatch(' part37.htm "', '"part3[0-5].htm"') # Returns false

2 See Also glob (170).
get opt

Theget opt moduleis used to parse command-line options (typically passed insys. ar gv).

getopt (args, options [, |ong_options])

Parses the command-line options supplied in thelist ar gs . opt i ons isastring of letters corresponding to the single-letter
options that a program wants to recognize (for example, ' - X' ). If an option requires an argument, the option letter must be

followed by acolon. If supplied, | ong_opt i ons isalist of strings corresponding to long option names. When supplied in
ar gs , these options are always preceded by a double hyphen (- ) suchasin' - - excl ude' (theleading - isnot supplied in
| ong_opt i ons ). Long option names requiring an argument should be followed by an equal sign (=). The function returns
alist of (opti on, val ue) pairsmatched and alist of program arguments supplied after all of the options. The options
are placed in thelist in the same order in which they were found. Long and short options can be mixed. Option names are
returned with the leading hyphen () or double hyphen (- ).

Exception

error

Exception raised when an unrecognized option is found or when an option requiring an argument is given none. The
exception argument is a string indicating the cause of the error.

Example

>>> jnport getopt
>>> args = ['-a, '-b', '"foo', '-cd', '"blah', '--exclude','bar', 'x1', 'x2']
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>>> opts, pargs = getopt.getopt(args, 'ab:cd:', ['exclude="])

>>> opts

[(*-a, ""), ('-b", "foo'), ('-c¢',""), ("-d,"blah"),('--exclude', "bar')]
>>> pargs

['x1", '"x2']

>>>

Notes

. Only single-letter command-line options can be recognized with a single hyphen (). For example,* - n 3" islegd,
but' - nane 3' isn't.

. More than one single-letter option can be combined, provided that all but the last option take no arguments. The' - cd
bl ah' option in the exampleillustrates this behavior.

? See Also sys (116).
get pass

The get pass module provides support for reading passwords and usernames.

get pass([pronpt])

Prompts the user for a password without echoing. The default prompt is' Passwor d: ' . Returns the entered password as a
string.

get user ()

Returns the login name of the user by first checking the environment variables $L OGNAME, $USER, $LNAME, and
$USERNANME and then checking the system password database. Raises aKeyEr r or exception if no name can be found.
UNIX and Windows.

Notes

. Anexample of get pass isshown in the documentation for the cr ypt module.
. OnUNIX, theget pass module dependson thet er m os module, which is disabled by default on some systems.

? See Also pwd (196), crypt (155).

get t ext

Theget t ext module provides an interface to the GNU get t ext library, which isused to provide support for
internationalization (i18n). The primary use of get t ext isto provide trandation of selected program text in away that’s

easy to extend and that’ s mostly transparent to the programmer. For example, if you're writing a program that prompts a user
for a password, you might want it to print passwor d in English, passwor t in German, cont r asefia in Spanish, and so

forth.
get t ext works by making simple string substitutions of selected program text. To do this, it consults a specially

constructed locale database that contains mappings of the original program text to tranglated versions in various languages.
This database is application-specific and must be constructed with special tools (described shortly).
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The standard interface to get t ext relies on the following functions, which are used to both locate the trandl ation database
and produce translated strings.

bi ndt ext domai n(domain [, localedir])

Sets the location of the locale directory for agiven domain. domai n istypically the name of the application and
| ocal edi r isapathsuchas/ usr/ | ocal / share/l ocal e.

When searching for translation text, get t ext looksfor afileinthedirectory | ocal edi r /| anguage

/ LC_MESSAGES/ domai n. no wherel anguage isalanguage name such asen, de, f r, etc. Normally, the value of

| anguage is determined according to one of the following environment variables: $LANGUAGE, $LANG,

$LC MESSAGES, $LC ALL. Thel anguage parameter and environment variables can also be a colon-separated list of
acceptable languages. If | ocal edi r isomitted, the current binding for donmai n isreturned.

t ext domai n( [ domai n])

Sets the domain that will be used for subsequent text translations. If domai n is omitted, the name of the current domain is
returned.

get t ext (message)
Returns the translated version of message according to the values of the current domain, locale database location, and

language. If no suitable trandation can be found, message isreturned unmodified. Thisfunction isusually aliasedto ()
as described below.

dget t ext (domai n, nessage)

Likegett ext (), but message islooked up in the specified domai n .

Example

The following example shows how the get t ext moduleis used in an application and how a programmer can construct the

trand ation database.

# nmyapp. py
i mport get pass
I nport gettext

get t ext . bi ndt ext domai n("nyapp","./local e") # Set locale directory
gettext.textdomai n("nyapp") # Enabl ed ' nyapp’
_ = gettext.gettext # Alias () to gettext()

pw = get pass. get pass(_("password: "))

if pw!= "spant:
print _("Authorization failed.\n");
rai se Systenkxit

Theuseof the () aliasisacritical feature of the application. For one thing, this shortens the amount of code that needs to

be typed. More importantly, in order to construct the tranglation database, automatic tools are used to extract trand ation text
from program source by looking for special sequencessuchas_("...") . For Python, the program pyget t ext . py
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(foundinthe Tool s/ i 18n directory of the Python distribution) is used to do this. For example:

% pygettext.py -0 nyapp.po nyapp. py

The output of pyget t ext . py isahuman-readable . po file that contains information about the translation strings marked
by ("...") intheorigina source. To support a new language, the entries of thisfile are edited by supplying aforeign
language translation. For example, an edited version of nyapp. po might look like this:

#. nyapp. py: 8
nmsgi d "Password: "
megstr "Passwort:"

#. nyapp. py: 10
msgid "Authorization failed.\n"
nmegstr "Aut horisierung fehl geschlagen.\n"

Once the trand ations for a specific language are entered, the myapp. po fileis converted to a binary form using the special
msgf nt . py program (found in the same directory aspyget t ext . py). For example:

% msgf nt. py nmyapp

This produces afile myapp. no that can be copied to an appropriate subdirectory with the locale directory; for example,
| ocal e/ de/ LC_MESSAGES/ nyapp. no. At thispoint, you can test the tranglation by setting the $L ANGUAGE
environment variable to the string " de™ and running the application. Y ou should now see translated text being printed
instead of the original program text.

Class-Based Interface

In addition to the standard get t ext interface, Python provides a class-based interface that provides better support for
Unicode and is more flexible. The following functions are used for this interface:

find(domain[, localedir[, |anguages]])

L ocates the appropriate trandlation file (. no file) based on the given domain, locale directory, and languages setting.
domai n and | ocal edi r arethe same strings as used with the bi ndt ext domai n() function. | anguages isalist of

language strings to be searched. If | ocal edi r and | anguages are omitted, they default to the same values as for
bi ndt ext domai n() . Returns the filename of the translation file on success or None if no match is found.

install (domain[, localedir[, unicode]])

Installsthe () function in the built-in namespace using the settings of donai n and | ocal edi r . Theuni code flag
makes translation strings return as Unicode strings.

transl ati on(domai n[, l|ocaledir[, |anguages[, class ]]])
Returns an instance of atranslation object for the givendomai n, | ocal edi r , and| anguages parameters. domai n

and| ocal edi r arestringsand | anguages isalist of language names. Thecl ass _ parameter specifies alternative
tranglation implementations and is primarily reserved for future expansion. The default valueis GNUTr ansl at i ons.
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Thetranglation object t returned by t r ansl at i on() supports the following methods and attributes:

t.gettext(nessage)

Returns the translated version of nessage as a standard string.

t.ugettext(nmessage)

Returns the trandlated version of message as a Unicode string.

t.info()

Returns a dictionary containing meta-data about the tranglation, including the character set, author, creation date, and so
forth.

t.charset ()
Returns the character set encoding for the trandation, suchas' | SO 8859- 1" .
Example

The following exampleillustrates the use of the class-based interface:

# nyapp. py
i mport get pass
i mport gettext

gettext.install ("nyapp","./locale")

pw = get pass. get pass(_("password: "))

if pw!= "spani:
print ("Authorization failed.\n");
rai se Systenkxit

Alternatively, you can directly control atranslation instance as follows:

i mport gettext
t = gettext.translation("nyapp","./locale", ["de"])

a = t.gettext("password: ")
Notes

. Currently, only the GNU get t ext format is supported by this module. However, the module may be modified to
support alternative translation encoding at alater date.

. When Pythonisrun interactively, the _ variable is used to hold the result of the last evaluated expression. This has the
potential to clash withthe () function installed by theget t ext module. However, such clashes are probably
unlikely in practice.

gl ob
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The gl ob module returns al filenamesin a directory that match a pattern specified using the rules of the UNIX shell (as
described in the fnmatch module).
gl ob(pattern)

Returns alist of pathnames that match pattern .

Examples

glob('*.htm ")
gl ob('inmage[0-5]*.qgif")

Note

. Tilde (~) and shell variable expansion are not performed. Use 0s. pat h. expanduser () and
0s. pat h. expandvar s() , respectively, to perform these expansions prior to calling gl ob() .

? See Also fnmatch (165), os.path (193).
grp

The gr p module provides access to the UNIX group database.

getgrgi d(gid)
Returns the group database entry for agroup ID asa4-tuple (gr _nane ,gr _passwd , gr_gi d, gr_nem):
. gr_name isthe group name.
. gr_passwd isthe group password (if any).
. gr_ogid istheinteger group ID.
. gr_mem isalist of usernamesin the group.

Raises KeyEr r or if the group doesn’t exist.

get gr nan{ nane)

Sameasget gr gi d(), but looks up agroup by name.

getgrall ()

Returns all available group entries as alist of tuples as returned by get gr gi d() .
? See Also pwd (196).

gzip
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Thegzi p module providesaclass Gzi pFi | e that can be used to read and write files compatible with the GNU gzi p
program. Gzi pFi | e objectswork like ordinary files except that data is automatically compressed or decompressed.

&ipFile([filename [, node [, conpresslevel [, fileobj]]]])

Opensa&zi pFi |l e.fil ename isthename of afileand node isoneof ' r' ,"rb',"a',"ab’',"w ,or' wb' . The
defaultis' rb' . conpr essl evel isaninteger from 1 to 9 that controls the level of compression. 1 isthe fastest and
produces the least compression. 9 is the slowest and produces the most compression (the default). f i | eobj isan existing
file object that should be used. If supplied, it's used instead of thefilenamed by f i | enane .

open(filename [, node [, conpresslevel]])

SameasGzi pFil e(fil enane, node, conpresslevel ).Thedefault modeis' rb' . The default
conpr essl evel is9.

Notes

. Cdlingthecl ose() method of aGzi pFi | e object doesn't closefilespassedinfi | eobj . Thisalows additional
information to be written to afile after the compressed data.

. Filesproduced by the UNIX conpr ess program are not supported.
. Thismodule requiresthe zl i b module.

? See Also zlib (217), zipfile (214).

| ocal e

Thel ocal e module provides access to the POSIX locale database, which allows programmers to handle certain cultural

issues in an application without knowing all the specifics of each country where the software is executed. A “locale” defines
aset of parameters that describe the representation of strings, time, numbers, and currency. These parameters are grouped
into the following category codes:

Category Description

LC_CTYPE Character conversion and comparison.

LC_COLLATE String sorting. Affectsstrcol | () andstrxfrm().

LC_TIME Time formatting. Affectsti nme. strftime().

LC_MONETARY  |Formatting of monetary values.

LC_MESSAGES  |Message display. This may affect error messages returned by functionssuch asos. strerror ().
LC_NUMERI C Number formatting. Affectsf or mat (), at oi (),at of (),andstr ().

LC_ALL A combination of all locale settings.
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The following functions are available:

setl ocal e(category [, |ocale])
If | ocal e is specified, this function changes the locale setting for a particular category. | ocal e isastring that specifies

thelocale name. If setto' C , the portable locale is selected (the default). If the empty string, the default locale from the

user’senvironment is selected. If | ocal e isomitted, a string representing the setting for the given category is returned.
Raisesthe exception | ocal e. Err or onfailure.

| ocal econv()

Returns the database of local conventions as a dictionary.

strcoll (stringl, string2)

Compares two strings according to the current LC_COLLATE setting. Returns a negative, positive, or zero value depending
on whether st ri ngl collates before or after st ri ng2 or isequal toit.

strxfrn(string)

Transforms a string to one that can be used for the built-in function cnp () and still return locale-aware resullts.

format (format, val [, grouping = 0])
Formats a number val according to the current LC_NUMERI C setting. Thef or mat follows the conventions of the %

operator. For floating-point values, the decimal point is modified, if appropriate. If gr oupi ng istrue, the locale grouping is
taken into account.

str(float)

Formats a floating-point number using the same format as the built-in function st r (f | oat ), but takes the decimal point
into account.

atof (string)

Converts a string to a floating-point number according to the LC_NUMERI C settings.

atoi (string)
Converts a string to an integer according to the LC_NUMERI C conventions.

Exception

Error

Raised on failure of theset | ocal e() function.
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. Additiona information about this module is available in the online library reference.

? See Also http://www.python.org/doc/lib/modul e-locale.html.

macf s
The macf s moduleis used to manipulate files and aliases on the Macintosh. For any function or method that expects afile

argument, the argument may be afull or partial Macintosh pathname string, an FSSpec object, or a 3-tuple (WwdRef Num,
parl D, name).

FSSpec(file)

Creates an FSSpec object for the specified file.

RawFSSpec( dat a)

Creates an FSSpec object, given the raw data for the underlying FSSpec C data structure as a string.

RawAl i as( dat a)

Createsan Al i as object, given the raw data for the underlying al i as C data structure as a string.

FI nfo()

Creates a zero-filled FI nf o object.

Resol veAl i asFile(file)

Resolves an dliasfile. Returnsa 3-tuple (f sspec, isfolder, aliased)inwhichfsspec istheresulting FSSpec
object, i sf ol der istrueif f sspec pointsto afolder, and al i ased istrueif thefilewasan alias.

StandardGetFile([typel [, type2 [, ... 11])

Presents an “open input file” dialog and requests the user to select afile. Up to four four-character file types can be passed to
limit the types of files from which the user can choose. Returns a tuple containing an FSSpec object and aflag indicating

whether the user completed the dialog without canceling.

Prompt Get Fi |l e(pronpt typel [, type2, [, ...]])

Similar to St andar dCGet Fi | e() , but alows a prompt to be specified.

St andardPut Fil e(pronpt [, default])

Presents an “ open output file” dialog and requests the user to select afilename. pr onpt isaprompt string and def aul t is
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the default filename. Returns a tuple containing an FSSpec object and aflag indicating whether the user completed the
dialog without canceling.

GetDirectory([pronpt])

Presents a“select adirectory” dialog. pr onpt isaprompt string. Returns a tuple containing an FSSpec object and a
success indicator.

Set Fol der ([ f sspec])

Sets the folder that’ sinitially presented to the user when one of the file selection dialogsis presented. f sspec should point
to afilein thefolder, not the folder itself (the file need not exist, though). If no argument is passed, the folder will be set to
the current directory.

Fi ndFol der (where, which, create)

L ocates a special Macintosh folder such as the Trash or Preferences folder. wher e isthe disk to search and istypically set to
MACFS. kOnSyst enDi sk.whi ch isafour character string specifying the folder to locate. (These strings are often

specified using one of the symbolsin the following table.) cr eat e , if set to 1, causes the folder to be created if it doesn’t
exist. Returnsatuple (vr ef num, diri d). The contents of thistuple can be used as the first two elements of the 3-tuple
(vrefnum, dirid, nane)suitablefor useasafilename.

The following list shows the symbolic names in the MACFS module used for the whi ch parameter of Fi ndFol der () :

kALM.ocat i onsFol der Type

kALMvbdul esFol der Type

kALMPr ef er encesFol der Type

kAppl eExtr asFol der Type

kAppl eMenuFol der Type

kApplicationAliasType

kAppl i cat i onSupport Fol der Type

kAppl i cati onsFol der Type

kAssi st ant sFol der Type

kChewabl el t ensFol der Type

kCol or SyncProf i | esFol der Type

kCont ext ual Menul t ensFol der Type

kCont r ol Panel Di sabl edFol der Type

kMbodentscri pt sFol der Type

kOpenDocEdi t or sFol der Type

kOpenDocFol der Type

kOpenDoclLi brari esFol der Type

kOpenDocShel | Pl ugl nsFol der Type

kPr ef er encesFol der Type

kPri nt Moni t or DocsFol der Type

kPrinterDescri ptionFol der Type

kPrinterDriverFol der Type

kScri ptingAddi ti onsFol der Type

kShar edLi brari esFol der Type

kShut downl t ensDi sabl edFol der Type

kSt art upFol der Type
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kCont r ol Panel Fol der Type kSt artupl tensDi sabl edFol der Type
kCont rol Stri pModul esFol der Type kSt ati oner yFol der Type

kDeskt opFol der Type kSyst enExt ensi onDi sabl edFol der Type
kDocunent sFol der Type kSyst enfol der Type

kEdi t or sFol der Type kTenpor ar yFol der Type

kExt ensi onDi sabl edFol der Type kText Encodi ngsFol der Type

kExt ensi onFol der Type kThenmesFol der Type

kFavorit esFol der Type kTrashFol der Type

kFont sFol der Type kUtilitiesFol der Type

kGenEdi t or sFol der Type kVoi cesFol der Type

kHel pFol der Type kVol uneRoot Fol der Type

kl nt er net Pl ugl nFol der Type kWher eToEnpt yTr ashFol der Type
kMac OSReadMesFol der Type

NewAl i asM ni mal Fr onful | Pat h( pat hnane)

Returnsaminimal aias object that pointsto the given file, which must be specified as afull pathname. Thisis the only way
to create an alias pointing to a nonexistent file.

Fi ndAppl i cati on(creator)

L ocates the application with the four-character creator code cr eat or . The function returns an FSSpec object pointing to
the application.

Aninstancef of an FSSpec object has the following attributes and methods:

f.data

The raw data from the underlying FSSpec object.

f.as_pat hnane()

Returns the full pathname.

f.as_tuple()
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Returnsthe (WdRef Num par | D, nane ) tuple of thefile.

f.NewAlias([file])

Createsan Al i as object pointing to the file described by f . If the optional f i | e parameter isgiven, theaiasis created
relative to that file; otherwise, it’s absolute.

f. NewAl i asM ni mal ()

Creates aminimal alias pointing to thisfile.

f. Get Creator Type()

Returns the four-character creator code and file type.

f. Set Creat or Type(creator, type)

Setsthe four-character cr eat or andt ype of thefile.

f.Get FI nfo()

Returns the FI nf o object describing the finder information for thefile.

f. Set FI nfo(finfo)

Sets the finder info for the file to the valuesinthe FI ni f o objectfi nfo .

f. Get Dat es()

Returns a tuple with three floating-point values representing the creation date, modification date, and backup date of thefile.

f. Set Dat es(crdate, noddate, backupdate)
Sets the creation, modification, and backup dates of thefile.

An Al i as object a has the following attributes and methods:

a. dat a

Theraw datafor the Al i as record as abinary string.

a. Resol ve([file])

Resolves the alias and returns a tuple containing the FSSpec for the file pointed to and a flag indicating whether the Al i as
object was modified during the search process. If the file doesn’t exist but the path leading up to it does, avalid FSSpec is
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returned. f i | e isan optional file that must be supplied if the alias was originally created as arelative aias.

a. Get I nf o(i ndex)

Retrieves diasinformation. i ndex isan integer code that specifies the information to retrieve, and is one of the following
values:

Value Description

-3 Zone name

-2 Server name

-1 Volume name

0 Target name

1 Parent directory name

a. Update(file [, file2])

Updatesthe adliastopointtofil e .If fi |l e2 ispresent, arelative aiaswill be created. An FI nf o object f i nf o hasthe
following attributes:

finfo. Creator

The four-character creator code of thefile.

finfo. Type

The four-character type code of thefile.

fi nfo. Fl ags
The finder flags for the file, as 16-bit integers. The bit valuesin Fl ags are defined by the following constants defined in the

module MACFS: kHasBeenl ni t ed, kHasBundl e, kHasCust onl con, kl sAl i as, kl sl nvi si bl e, kl sOnDesk,
kl sShar ed, kl sSt ati onary, kNanmeLocked.

finfo.Location

A pointer giving the position of the file'sicon initsfolder.

finfo. Fldr

Thefolder thefileisin (as an integer).
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? See Also macostools (176), findertools (165), http://www.python.org/doc/mac (Macintosh Library Reference).

macost ool s

Themacost ool s module contains functions for file manipulation on the Macintosh.

copy(src, dst [, createpath [, copytines]])

Copiesfilesr c todst . If cr eat epat h isnonzero, dst must be a pathname, and the folders leading to the destination are
created if necessary. By default, the data and resource forks are copied in addition to some Finder information. If

copyt i mes isnonzero, the creation, modification, and backup times are copied as well. Custom icons, comments, and icon
positions are not copied. If sr ¢ isan alias, the original to which the aias pointsis copied, not the aliasfile.

copytree(src, dst)

Recursively copiesafiletreefromsr ¢ todst , creating folders as needed. sr ¢ and dst must be pathname strings.

nmkal i as(src, dst)

CreatesaFinder aliasdst pointingtosrc .

t ouched(dst)

Tells the finder that the Finder information of dst has changed and that the Finder should update the file'sicon and other
currently viewable information.

BUFSI Z

The buffer size used for copying (in bytes). The default is 1 megabyte.

Note

Except for copyt r ee( ), filenames can be specified as strings or as FSSpec objects created by the macf s module.
2 See Also macfs (173).
mrap
The mmap module provides support for a memory-mapped file object. This object behaves both like afile and a string and
can be used in most places where an ordinary file or string is expected. Furthermore, the contents of a memory-mapped file

are mutable. This means that modifications can be made using index-assignment and slice-assignment operators. Unless a
private mapping of the file has been made, such changes directly alter the contents of the underlying file.

A memory-mapping fileis created by the mmap() function, which isdlightly different on UNIX and Windows.

mrap(fileno, length [, flags, prot])

(UNIX) Returns an nrap object that maps| engt h bytes from the file with integer file descriptor fi | eno . f | ags
specifies the nature of the mapping and is the bitwise-or of the following:
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Flag M eaning
MAP_PRI VATE Create a private copy-on-write mapping. Changes to the object will be private to this process.

MAP_SHARED Share the mapping with all other processes mapping the same areas of the file. Changes to the object will affect all
mappings.

MAP_ANON Used when creating an anonymous shared-memory region on BSD.
MAP_DENYWRI TE | Disallow writes (not available on all platforms).

MAP_EXECUTABLE Map memory as executable (not available on all platforms).

Thedefault f | ags setting is MAP_SHARED. pr ot specifies the memory protections of the object and is the bitwise-or of
the following:

Setting Meaning

PROT_READ Data can be read from the object.

PROT_WRI TE M odifications can be made to the object.
PROT_EXEC The object can contain executable instructions.

The default value of pr ot isPROT_READ | PROT_WRI TE. The modes specified in pr ot must match the access

permissions used to open the underlying file descriptor f i | eno . In most cases, this means that the file should be opened in
read/write mode (for example, os. open( nane, os. O RDVR)).

mrap(fileno, |ength[, tagnane])
(Windows) Returns an mrap object that maps | engt h bytes from the file specified by the integer file descriptor fi | eno .
Thisfile should be open for both reading and writing or an error will be generated. t agnane isan optional string that can be

used to name the mapping. If thet agnane refers to an existing mapping, that mapping is opened. Otherwise, a new
mapping is created. If t agname isNone, an unnamed mapping is created.

A memory-mapped file object msupports the following methods.

m cl ose()

Closes the file. Subsequent operations will result in an exception.

mfind(string[, start])

Returns the index of the first occurrence of st ri ng . st art specifies an optional starting position. Returns - 1 if no match
isfound.
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m flush([of fset, size])

Flushes modifications of the in-memory copy back to the filesystem. of f set and si ze specify an optional range of bytes
to flush. Otherwise, the entire mapping is flushed.

m nove(dst, src, count)

Copiescount bytes starting at index sr ¢ to the destination index dst . This copy is performed using the C menmove()
function, which is guaranteed to work correctly when the source and destination regions happen to overlap.

m r ead( n)

Reads up to n bytes from the current file position and returns the data as a string.

m read_byte()

Reads a single byte from the current file position and returnsit as a string of length 1.

m r eadl i ne()

Returns aline of input starting at the current file position.

m resi ze(newsi ze)

Resi zes the memory-mapped object to contain newsi ze bytes.

m seek(pos [, whence])

Setsthe file position to a new value. pos and whence have the same meaning asfor the seek () method on file objects.

m si ze()

Returns the length of the file. This value may be larger than the size of the memory-mapped region.

mtell ()

Returns the value of the file pointer.

mwite(string)

Writes a string of bytesto thefile at the current file pointer.

mwite_byte(byte)

Writes a single byte into memory at the current file pointer.
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Notes

. Certain memory mappings may only work with alength that’s a multiple of the system pagesize, which is contained in
the constant mmap. PAGESI ZE.

. On UNIX SVR4 systems, anonymous mapped memory can be obtained by calling mmap() onthefile/ dev/ zer o,
opened with appropriate permissions.

. On UNIX BSD systems, anonymous mapped memory can be obtained by calling mmap() with anegativefile
descriptor and the flag mmap. MAP_ANON.

msvcert

Thenmsvcrt module provides access to a number of useful functions in the Microsoft Visual C runtime library. This module
isavailable only on Windows.

get ch()

Reads a keypress and returns the resulting character. This call blocksif akeypressis not available. If the pressed key was a
specia function key, the call returns' \ 000" or ' \ xeQ' and the next call returns the keycode. This function doesn’t echo

characters to the console, nor can the function be used to read Ctrl+C.

get che()

Likeget ch() except that characters are echoed (if printable).

get _osf handl e(fd)

Returns the file handle for file descriptor f d . Raises| CEr r or if f d isnot recognized.

heapm n()

Forcesthe internal Python memory manager to return unused blocks to the operating system. This works only on Windows
NT and raises| OEr r or onfailure.

kbhi t ()

Returnstrue if akeypressiswaiting to be read.

| ocki ng(fd, node, nbytes)

Locks part of afile, given afile descriptor from the C runtime. nbyt es isthe number of bytesto lock relative to the current
file pointer. mode isone of the following integers:

Setting Description

0 Unlocks the file region (LK_UNLCK)
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1 Locksthefileregion (LK_LOCK)

2 Locks the file region; nonblocking (LK _NBLCK)
3 Locks for writing (LK_RLCK)

4 Locks for writing; nonblocking (LK _NBRLCK)

Attempts to acquire alock that take more than approximately 10 seconds result in an error.

open_osf handl e( handl e, fl ags)

Creates a C runtime file descriptor from the file handle handl e . f | ags isthe bitwise-or of 0s. O_APPEND,
0s. O _RDONLY, and os. O_TEXT. Returns an integer file descriptor that can be used as a parameter to os. f dopen() to
create afile object.

put ch(char)

Prints the character char to the console without buffering.

set node(fd, flags)

Sets the line-end translation mode for file descriptor f d . f | ags isos. O_TEXT for text mode and os. O_BI NARY for
binary mode.

unget ch(char)

Causes the character char to be “pushed back” into the console buffer. It will be the next character read by get ch() or
getche().

Note

. A wide variety of Win32 extensions are available that provide access to the Microsoft Foundation Classes, COM
components, graphical user interfaces, and so forth. These topics are far beyond the scope of this book, but detailed
information about many of these topicsis available in Python Programming on Win32 by Mark Hammond and Andy
Robinson (O’ Reilly & Associates, 1999). http://www.python.org also maintains an extensive list of contributed
modules for use under Windows.

? See Also _winreg (211).
0Ss

The os module provides a portable interface to common operating-system services. It does this by searching for an OS-
dependent built-in module such asmac or posi x and exporting the functions and data as found there. Unless otherwise
noted, functions are available on Windows, Macintosh, and UNIX.

The following general-purpose variables are defined:
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envi ron

A mapping object representing the current environment variables. Changes to the mapping are reflected in the current
environment.

i nesep
The string used to separate lines on the current platform. May be asingle character suchas' \ n* for POSIX or' \r" for

MacOS, or multiple characterssuchas' \ r\ n' for Windows.

nane

The name of the OS-dependent module imported: ' posi x',' nt'," dos',' nac',or' 0s2'.

pat h
The OS-dependent standard module for pathname operations. This module can also be loaded using i npor t os. pat h.
Process Environment

The following functions are used to access and modify various parameters related to the environment in which a process runs.
Process, group, process group, and session | Ds are integers unless otherwise noted.

chdi r ( pat h)

Changes the current working directory to pat h .

cterm d()

Returns a string with the filename of the control terminal for the process. UNIX.

get cwd()

Returns a string with the current working directory.

get egi d()

Returns the effective group ID. UNIX.

get eui d()

Returns the effective user ID. UNIX.

get gi d()

Returns the real group ID of the process. UNIX.
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get groups()

Return alist of integer group IDs to which the process owner belongs. UNIX.

get pgrp()

Returnsthe ID of the current process group. Process groups are typically used in conjunction with job control. The process
group is not necessarily the same as the group 1D of the process. UNIX.

get pi d()

Returns the real process ID of the current process. UNIX and Windows.

get ppi d()

Returns the process ID of the parent process. UNIX.

get ui d()

Returns the real user ID of the current process. UNIX.

put env(var name, val ue)

Sets environment variable var name to val ue . Changes affect subprocesses started with os. syst enm() , popen(),
fork(),andexecv().Assignmentstoitemsinos. envi r on automatically call put env() . However, calsto
put env() don’'t update os. envi r on. UNIX and Windows.

set gi d(gi d)

Sets the group 1D of the current process. UNIX.

set pgrp()

Creates a new process group by calling the system call set pgr p() or set pgr p(0, 0), depending on which versionis
implemented (if any). Returnsthe ID of the new process group. UNIX.

set pgi d(pid, pgrp)

Assigns process pi d to process group pgr p . If pi d isequal to pgr p , the process becomes a new process group leader. If
pi d isnot equal to pgr p , the process joins an existing group. If pi d is0, the process ID of the calling process is used. If
pgr p is0, the process specified by pi d becomes a process group leader. UNIX.

setreuid(ruid, euid)

Set the real and effective user 1D of the calling process. UNIX.
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setregid(rgid, egid)

Set the real and effective group ID of the calling process. UNIX.

setsid()

Creates a new session and returns the newly created session ID. Sessions are typically associated with terminal devices and
the job control of processesthat are started within them. UNIX.

set ui d( ui d)

Setsthe real user ID of the current process. This function is privileged and often can be performed only by processes running
asroot. UNIX.

strerror(code)
Returns the error message corresponding to the integer error code . UNIX and Windows.

? See Also errno (156).

umask( mask)

Sets the current numeric umask and returns the previous umask. The umask is used to clear permissions bits on files created
by the process. UNIX and Windows.

?See Also 0s. open (184).

uname()

Returns atuple of strings (sysnane , nodenane ,r el ease,ver si on, machi ne ) identifying the system type. UNIX.

File Creation and File Descriptors

The following functions provide alow-level interface for manipulating files and pipes. In these functions, files are
manipulated in terms of an integer file descriptor f d . The file descriptor can be extracted from afile object by invoking its
fileno() method.

cl ose(fd)

Closesthe file descriptor f d previously returned by open() or pi pe().

dup(fd)

Duplicatesfile descriptor f d . Returns a new file descriptor that’ s the lowest-numbered unused file descriptor for the process.
The new and old file descriptors can be used interchangeably. Furthermore, they share state such as the current file pointer
and locks. UNIX and Windows.
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dup2(ol dfd, newfd)

Duplicates file descriptor ol df d to newf d . If newf d already corresponds to avalid file descriptor, it's closed first. UNIX
and Windows.

fdopen(fd [, node [, bufsize]])

Returns an open file object connected to file descriptor f d . The node and buf si ze arguments have the same meaning as
in the built-inopen() function.

f pat hconf (fd, nane)

Returns configurable pathname variables associated with the open file with descriptor f d . nane isastring that specifies the
name of the value to retrieve. The values are usually taken from parameters contained in system header files such as
<limts.h>and<uni std. h> POSIX defines the following constants for nane :

Constant Description
"PC_ASYNC_I O’ Indicates whether asynchronous I/O can be performed onf d .

" PC_CHOM_RESTRI CTED" ||ndicates whether the chown() function can be used. If f d refersto adirectory, this appliesto all filesin the

directory.

" PC_FI LESI ZEBI TS" Maximum size of afile.

" PC_LI NK_MAX" Maximum value of the file’s link count.

" PC_MAX_CANON' Maximum length of aformatted input line. f d refersto aterminal.

" PC_MAX_I NPUT" Maximum length of an input line. f d refersto aterminal.

" PC_NAME_NMAX" Maximum length of afilenamein a directory.

" PC_NO_TRUNC' Indicates whether an attempt to create a file with a name longer than PC_NAME_MAX for a directory will fail
with an ENAMETOOLONG error.

" PC_PATH_NMAX" Maximum length of arelative pathname when the directory f d is the current working directory.

" PC_PI PE_BUF" Size of the pipe buffer when f d refersto a pipe or FIFO.

"PC_PROIC Indicates whether priority 1/0 can be performed onf d .

"PC_SYNC_I O Indicates whether synchronous 1/0 can be performed onf d .

" PC_VDI SABLE" Indicates whether f d allows special-character processing to be disabled. f d must refer to aterminal.

Not all names are available on al platforms, and some systems may define additional configuration parameters. However, a
list of the names known to the operating system can be found in the directionary os. pat hconf _nanes. If aknown

configuration nameis not included in os. pat hconf _nanes, itsinteger value can also be passed as nane . Evenif a
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name is recognized by Python, this function may still raise an OSEr r or if the host operating system doesn’t recognize the
parameter or associate it with thefilef d . Thisfunction is available only on some versions of UNIX.

fstat (fd)

Returns the status for file descriptor f d . Returns the same values asthe os. st at () function. UNIX and Windows.

fstatvfs(fd)

Returns information about the filesystem containing the file associated with file descriptor f d . Returns the same values as
theos. st at vf s() function. UNIX.

ftruncate(fd, |ength)

Truncates the file corresponding to file descriptor f d , so that it'sat most | engt h bytesin size. UNIX.

| seek(fd, pos, how)

Sets the current position of file descriptor f d to position pos . Values of howare asfollows: O sets the position relative to
the beginning of the file, 1 setsit relative to the current position, and 2 setsit relative to the end of thefile.

open(file [, flags [, node]])

Opensthefilefil e .fl ags isthe bitwise-or of the following constant values:

Value Description

O_RDONLY Open thefilefor reading.

O_VRONLY Open thefile for writing.

O_RDVR Open for reading and writing (updates).
O_APPEND Append bytes to the end of thefile.
O_CREAT Create thefileif it doesn't exist.
O_NONBLOCK Don't block on open, read,or write (UNIX).
O_NDELAY Same as O_NONBLOCK (UNIX).
O_DSYNC Synchronous writes (UNIX).

O_NCCTTY When opening a device, don't set controlling terminal (UNIX).
O TRUNC
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O_RSYNC Synchronous reads (UNIX).

O_SYNC Synchronous writes (UNIX).

O_EXCL Error if O_CREAT and the file already exists.
O_TEXT Text mode (Windows).

O_BI NARY Binary mode (Windows).

Synchronous I/0 modes (O_SYNC, O_DSYNC, O_RSYNC) force 1/0O operations to block until they’ ve been completed at the

hardware level (for example, awrite will block until the bytes have been physically written to disk). The node parameter
contains the file permissions represented as the bitwise-or of the following octal values:

Mode Meaning

0100 User has execute permission.
0200 User has write permission.
0400 User has read permission.

0010 Group has execute permission.
0020 Group has write permission.
0040 Group has read permission.
0001 Others have execute permission.
0002 Others have write permission.
0004 Others have read permission.

The default mode of afileis (0777 & ~umask) where the umask setting is used to remove selected permissions. For
example, aumask of 0022 removes write permission for groups and others. The umask can be changed using the
os. umask() function. The umask setting has no effect on Windows and Macintosh.

openpt y()

Opens a pseudo-terminal and returns a pair of file descriptors ( mast er , sl ave ) forthe PTY and TTY. Available on
some versions of UNIX.

pi pe()

Creates a pipe that can be used to establish unidirectional communication with another process. Returns a pair of file

descriptors(r , w) usable for reading and writing, respectively. This function is usually called prior to executing a
fork() function. After thef or k() , the sending process closes the read end of the pipe and the receiving process closes the
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write end of the pipe. At this point, the pipe is activated and data can be sent from one process to another usingr ead() and
write() functions. UNIX.

popen(command [, node [, bufsize]])

Opens a pipe to or from acommand. The return value is an open file object connected to the pipe, which can be read or
written depending on whether node is' r' (the default) or* W . buf si ze hasthe same meaning asin the built-in open()
function. The exit status of the command is returned by the cl ose() method of the returned file object, except that when
the exit statusis zero, None is returned.

popen2(cnd [, bufsize[, node]])

Executes cmd as a subprocess and returns the file objects (chi | d_stdin, chil d_stdout ).buf si ze isthe buffer
size.nodeis't' or'b' toindicate text or binary mode, which is needed on Windows.

popen3(cmd [, bufsize[, node]])

Executes cmd as a subprocess and returns three fileobjects(chi | d_stdin, child_stdout , child_stderr ).

popend(cmd [, bufsize[, node]])

Executes cmd as a subprocess and returns two file objects (chi | d_stdin, child_stdout_stderr ),inwhichthe
standard output and standard error of the child are combined.

read(fd, n)

Reads at most n bytes from file descriptor f d . Returns a string containing the bytes read.

t cget pgrp(fd)

Returns the process group associated with the control terminal given by f d . UNIX.

tcsetpgrp(fd, pg)

Sets the process group associated with the control terminal given by f d . UNIX.

ttyname(fd)

Returns a string that specifies the terminal device associated with file descriptor f d . If f d is not associated with aterminal
device, an exception israised. UNIX.

wite(fd, str)
Writesthe string st r to file descriptor f d . Returns the number of bytes actually written.

Files and Directories
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The following functions and variables are used to manipulate files and directories on the filesystem. To handle variances in
file-naming schemes, the following variables contain information about the construction of pathnames:

Variable |Description

al tsep |An dternative character used by the OS to separate pathname components, or None if only one separator character exists. Thisis set
to' /' on DOS and Windows systems, where sep is abackslash.

curdir |Thestring used to refer to the current working directory: . ' for UNIX and Windowsand ' : ' for Macintosh.
pardir |Thestring used to refer to the parent directory: ' . . ' for UNIX and Windowsand' : : ' for Macintosh.

pat hsep | The character used to separate search path components (as contained in the $PATH environment variable): ' : ' for UNIX and " ;'
for DOS and Windows.

sep The character used to separate pathname components: ' /' for UNIX and Windowsand' : ' for Macintosh.

The following functions are used to manipulate files:

access(path, accessnode)

Checks read/write/execute permissions for this process or file path. accessnode isR_OK, W OK, X_OK, or F_CK for read,
write, execute, or existence, respectively. Returns 1 if accessis granted, O if not. UNIX.

chnmod( pat h, node)

Changes the mode of pat h . node has the same values as described for the open() function. UNIX and Windows.

chown(path, uid, gid)

Changes the owner and group ID of pat h to the numeric ui d and gi d . UNIX.

get boot vol ()

Returns the name of the boot disk. Macintosh.

i nk(src, dst)

Creates ahard link named dst that pointsto sr ¢ . UNIX.

l'istdir(path)

Returns alist containing the names of the entriesin the directory pat h . Thelist isreturned in arbitrary order and doesn’t
include the special entriesof ' . ' and' .. ".
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| st at ( pat h)

Likest at (), but doesn’t follow symboalic links. UNIX.

nkfifo(path [, node])

Creates a FIFO (anamed pipe) named pat h with numeric mode node . The default modeis0666. UNIX.

nkdir(path [, node])

Creates adirectory named pat h with numeric mode node . The default modeis0777. On non—-UNIX systems, the node
setting may have no effect or be ignored.

makedi rs(path [, nbde])

Recursive directory-creation function. Like nkdi r () , but makes all the intermediate-level directories needed to contain the
leaf directory. Raises an OSEr r or exception if the leaf directory aready exists or cannot be created.

pat hconf (pat h, nane)

Returns configurable system parameters related to the pathname pat h . nane isastring that specifies the name of the
parameter and is the same as described for the f pat hconf () function. UNIX.

?SeeAlsof pat hconf (182).

readl i nk( pat h)

Returns a string representing the path to which a symbolic link pat h points. UNIX.

renove( pat h)

Removesthefilepat h . Thisisidentical totheunl i nk() function.

renovedi r s( pat h)
Recursive directory-removal function. Worksliker ndi r () except that, if the leaf directory is successfully removed,

directories corresponding to the rightmost path segments will be pruned away until either the whole path is consumed or an
error israised (which isignored, because it generally means that a parent directory isn't empty). Raises an OSEr r or

exception if the leaf directory could not be removed successfully.

rename(src, dst)

Renames thefile or directory sr ¢ todst .

renanes(ol d, new)
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Recursive directory-renaming or file-renaming function. Worksliker ename() except first attempting to create any

intermediate directories needed to make the new pathname. After the rename, directories corresponding to the rightmost path
segments of the old name will be pruned away usingr enovedi rs() .

rdi r ( pat h)

Removes the directory pat h .

st at ( pat h)
Performsast at () system cal on the given pat h to extract information about afile. The return value is atuple of at least
10 integersintheorder st _node ,st _ino,st_dev,st_nlink,st_uid,st_gid,st_size,st_atine,

st_ntinme,st_ctine.Moreitemsmay be added at the end by some implementations, and on non—UNIX platforms
some items are filled with dummy values. The standard module st at defines functions and constants that are useful for

extracting information from ast at tuple.

st at vf s( pat h)

Performsast at vf s() system call on the given pat h to get information about the filesystem. The return valueis atuple
of 10 integersintheorder f _bsi ze ,f _frsize,f_bl ocks ,f_bfree,f_bavail ,f files,f_ffree,

f favail ,f_flag,f_ namemax . Thestandard module st at vf s defines constants that can be used to extract
information from the returned st at vf s data. UNIX.

sym ink(src, dst)

Creates a symbolic link named dst that pointstosr c .

sync()

Syncs the filesystem. Macintosh.

unl i nk( pat h)

Removesthefilepat h . Sameasr enove() .

utime(path, (atinme, mine))

Sets the access and modified time of the file to the given values. (The second argument is atuple of two items.) Thetime
arguments are specified in terms of the numbers returned by thet i me. ti me() function.

xst at (pat h)

Likest at (), but the returned tuple includes three additional fields containing the size of the resource fork and the four-
character creator and type codes. Macintosh.

Process Management
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The following functions and variables are used to create, destroy, and manage processes.

abort ()

Generates a SI GABRT signal that’s sent to the calling process. Unless the signal is caught with asignal handler, the default is
for the process to terminate with an error.

def pat h

This variable contains the default search path used by the exec* p* () functionsif the environment doesn’'t havea' PATH
variable.

execl (path, arg0, argl, ...)

Equivalenttoexecv(path, (arg0, argl, ...)).UNIX andWindows.

execl e(path, arg0O, argl, ..., env)

Equivalenttoexecve(path, (arg0, argl, ...), env).UNIX and Windows.
execl p(path, arg0O, argl, ...)

Equivaenttoexecvp(path, (arg0, argl, ...)).UNIX andWindows.

execv(path, args)

Executes the executable program pat h with argument list ar gs , replacing the current process (that is, the Python
interpreter). The argument list may be atuple or list of strings. UNIX and Windows.

execve(path, args, env)

Executes anew program like execv( ) , but additionally accepts adictionary env that defines the environment in which the
program runs. env must be a dictionary mapping strings to strings. UNIX and Windows.

execvp(path, args)

Likeexecv(pat h, args), butduplicatesthe shell’s actionsin searching for an executable filein alist of directories.
The directory list isobtained fromenvi ron[ ' PATH ] . UNIX and Windows.

execvpe(path, args, env)

Likeexecvp(), but with an additional environment variable asin theexecve() function. UNIX and Windows.

_exit(n)
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Exitsimmediately to the system with status n , without performing any cleanup actions. Note: The standard way to exit
Python programsissys. exi t (n) . UNIX and Windows.

fork()

Creates a child process. Returns 0 in the newly created child process and the child's process ID in the original process. The
child processis a clone of the original process and shares many resources such as open files. UNIX.

forkpty()

Creates a child process using a new pseudo-terminal as the child’s controlling terminal. Returnsapair (pi d, fd)inwhich
pi disO inthechildandf d isafile descriptor of the master end of the pseudo-terminal. This function is available only in
certain versions of UNIX.

kill(pid, sig)

Sends the process pi d thesignal si g . A list of signal names can be found inthesi gnal module. UNIX.

ni ce(increnent)

Adds an increment to the scheduling priority (the “niceness’) of the process. Returns the new niceness. Typically, users can
only decrease the priority of aprocess, since increasing the priority requires root access. UNIX.

pl ock( op)
L ocks program segments into memory, preventing them from being swapped. The value of op is an integer that determines
which segments are locked. The value of op is platform-specific, but is typically one of UNLOCK, PROCLOCK, TXTLQOCK,or

DATLOCK. These constants are not defined by Python, but might be found inthe <sys /| ock. h> header file. This function
is not available on all platforms and often can be performed only by a process with an effective user ID of O (root). UNIX.

spawnv(node, path, args)

Executes the program pat h in anew process, passing the arguments specified in ar gs as command-line parameters. ar gs
can bealist or atuple. Thefirst element of ar gs should be the name of the program. node is one of the following
constants:

Constant Description

P_VWAIT Executes the program and waits for it to terminate. Returns the program’s exit code.
P_NOMI' T  |Executes the program and returns the process handle.

P_NOMI TO |sameasP_NOWAI T.

P_OVERLAY |Executes the program and destroys the calling process (same as the exec functions).

P_DETACH |Executes the program and detaches from it. The calling program continues to run, but cannot wait for the spawned process.
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spawnv( ) isavailable on Windows and some versions of UNIX.

spawnve( node, path, args, env)

Executes the program pat h in anew process, passing the arguments specified in ar gs as command-line parameters and the
contents of the mapping env as the environment. ar gs can be alist or atuple. nrode has the same meaning as described for
spawnv( ) . Windows and UNIX.

startfil e(path)

Launches the application associated with the file pat h . This performs the same action as would occur if you double-clicked
the file in Windows Explorer. The function returns as soon as the application is launched. Furthermore, thereis no way to
wait for completion or to obtain exit codes from the application. pat h is relative to the current directory. Windows.

syst em command)

Executes command (astring) in a subshell. On UNIX, the return value is the exit status of the process as returned by
wai t () . On Windows, the exit codeis aways 0. UNIX and Windows.

times()

Returns a 5-tuple of floating-point numbers indicating accumulated times in seconds. On UNIX, the tuple contains the user
time, system time, children’s user time, children’s system time, and elapsed real time. On Windows, the tuple contains the
user time, system time, and zeros for the other three values. UNIX and Windows. Not supported on Windows 95/98.

wai t ([ pid])

Waits for completion of achild process and returns a tuple containing its process ID and exit status. The exit status is a 16-bit
number whose low byte is the signal number that killed the process, and whose high byte is the exit status (if the signal
number is zero). The high bit of the low byteis set if a corefile was produced. pi d , if given, specifies the process to wait
for. If omitted, wai t () returnswhen any child process exits. UNIX.

wai t pi d(pi d, options)

Waits for a change in the state of a child process given by process ID pi d , and returns a tuple containing its process ID and
exit statusindication, encoded asfor wai t () . opt i ons should be O for normal operation or WNOHANG to avoid hanging if
no child process status is available immediately. This function can also be used to gather information about child processes
that have only stopped executing for some reason (refer to the UNIX man pages for wai t pi d for details). UNIX.

The following functions take a process status code as returned by wai t pi d() and are used to examine the state of the
process (UNIX only).

W FSTOPPED( st at us)

Returns true if the process has been stopped.

W FSI GNALEDX st at us)
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Returnstrueif the process exited due to asignal.

W FEXI TED( st at us)

Returns true if the process exited using theexi t () system call.

VEEXI TSTATUS( st at us)

If W FEXI TED( st at us ) istrue, returns the integer parameter to theexi t () system call. Otherwise, the return valueis
meaningless.

WETOPSI ( st at us)

Returns the signal that caused the process to stop.

WIERMSBI (st at us)

Returns the signal that caused the process to exit.

System Configuration

The following functions are used to obtain system configuration information:

conf st r( nane)

Returns a string-valued system configuration varible. name is astring specifying the name of the variable. The acceptable
names are platform-specific, but adictionary of known names for the host systemisfoundinos. conf str_nanes. Ifa

configuration value for a specified name is not defined, the empty string is returned. If nane isunknown, Val ueEr r or is
raised. An OSEr r or may also beraised if the host system doesn’t support the configuration name. The parameters returned

by this function mostly pertain to the build environment on the host machine and include paths of system utilities, compiler
options for various program configurations (for example, 32-hit, 64-bit, and largefile support), and linker options. UNIX.

sysconf ( nane)

Returns an integer-valued system configuration variable. nane is a string specifying the name of the variable. The names
defined on the host system can be found in the dictionary os. sysconf _nanes. Returns- 1 if the configuration nameis

known but the value is not defined. Otherwise aVal ueEr r or or OSEr r or may be raised. Some systems may define well

over 100 different system parameters. However, the following table lists the parameters defined by POSIX.1 that should be
available on most UNIX systems:

Parameter Description
" SC_ARG_MAX" Maximum length of the arguments that can be used with exec() .
" SC_CHI LD_MAX" Maximum number of processes per user 1D.
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" SC_CLK_TCK" Number of clock ticks per second.

" SC_NGROUPS_MVAX" Maximum number of simultaneous supplementary group IDs.

" SC_STREAM_MAX" Maximum number of streams a process can open at one time.

" SC_TZNAME_MAX" Maximum number of bytes in a timezone name.

" SC_OPEN_MAX" Maximum number of files a process can open at one time.

" SC_JOB_CONTROL" System supports job control.

" SC_SAVED_| bs" Indicates whether each process has a saved set-user-I1D and a saved set-group-1D.
Exception

error

Exception raised when afunction returns a system-related error. Thisis the same as the built-in exception OSEr r or . The
exception carriestwo values: er r no and st r er r . The first contains the integer error value as described for the er r no

module. The latter contains a string error message. For exceptions involving the filesystem, the exception also contains a
third attribute, f i | ename, which is the filename passed to the function.

Example

The following example uses the os module to implement a minimalistic UNIX shell that can run programs and perform 1/0
redirection:

i mport os, sys, string
print 'Wl cone to the Python Shell!"’
while 1:
cmd = string.split(raw_input(' pysh %"'))
if not cnmd: continue
progname = cnd[ 0]
outfile = None
infile = None
args = [ prognane]
for ¢ incmd[1:]:

if c[0] ==">"":
outfile = c[1:]
elif c[0] == "<":

infile = c[1:]
el se:
ar gs. append(c)
# Check for a change in working directory

if prognane == 'cd':
if len(args) > 1:
try:

os.chdir(args[1])
except OSError, e:
print e
conti nue
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# Exit fromthe shell
i f progna == "exit':
sys. exit(0)
# Spawn a process to run the comand
pid = os.fork()

if not pid:
# Open input file (redirection)
if infile:

ifd = os.open(infile, os. O RDONLY)
0s. dup2(ifd,sys.stdin.fileno())

# Open output file (redirection)

if outfile:
ofd = os.open(outfile,os. O WRONLY | o0s.O CREAT | os. O TRUNC)
0os. dup2(ofd, sys.stdout.fileno())

# Run the command

0s. execvp( prognane, args)

el se:

chil dpid, ec = os.wait(pid)

if ec:
print "Exit code ', ec

Note

. Theos. popen2(),os. popen3(),andos. popen4() functionscan aso befound inthe popen2 module.
However, the order of the returned file objectsis different.

? See Also os.path (193), stat (202), statvfs (203), time (208) , popen2 (195), signal (200), fentl (161).
0s. pat h

Theos. pat h moduleis used to manipulate pathnames in a portable manner. It’simported by the os module.

abspat h( pat h)

Returns an absolute version of the pathname pat h , taking the current working directory into account. For example,
abspath('../Python/foo') mightreturn' / home/ beazl ey/ Pyt hon/ f oo' .

basenane( pat h)

Returns the basename of pathname pat h . For example, basename(' /usr/ | ocal / pyt hon') returns' pyt hon' .

commonprefix(list)

Returns the longest string that’s a prefix of all stringsinl i st . If | i st isempty, returns the empty string.

di r name( pat h)

Returns the directory name of pathname pat h . For example, di r nanme(' / usr/ | ocal / pyt hon') returns
"/usr/local".

exi st s(pat h)
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Returnstrueif pat h refersto an existing path.

expanduser ( pat h)

Replaces pathnames of theform* ~user ' with auser’s home directory. If the expansion fails or pat h does not begin with
' ~', the path is returned unmodified.

expandvar s( pat h)

Expands environment variables of theform' $nane ' or' ${nane }' inpat h . Malformed or nonexistent variable names
are left unchanged.

get ati me( pat h)

Returns the time of last access as the number of seconds since the epoch (see the time module).

get nti me( pat h)

Returns the time of last modification as the number of seconds since the epoch (see the time module).

get si ze( pat h)

Returns the file size in bytes.

i sabs( pat h)

Returnstrueif pat h is an absolute pathname (begins with a slash).

i sfile(path)

Returnstrueif pat h isaregular file. This function follows symbolic links, so bothi sl i nk() andi sfil e() canbetrue
for the same path.

i sdir(path)

Returnstrueif pat h isadirectory. Follows symbolic links.

i slink(path)

Returnstrueif pat h refersto asymbolic link. Returns false if symbolic links are unsupported.

I snmount ( pat h)

Returnstrueif pat h isamount point.
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join(pathl [, path2 [, ...]1])

Intelligently joins one or more path components into a pathname. For example, j oi n(' / hone' , ' beazl ey’
"Python') retuns' / hone/ beazl ey/ Pyt hon' on UNIX.

nor ncase( pat h)

Normalizes the case of a pathname. On non—case-sensitive filesystems, this converts pat h to lowercase. On Windows,
forward slashes are also converted to backs ashes.

nor npat h( pat h)

Normalizes a pathname. This collapses redundant separators and up-level referencessothat' A/ /B ,' A/ ./ B' , and
"A/fool../B albecome' A/ B .OnWindows, forward slashes are converted to backslashes.

samefil e(pathl, path2)

Returnstrueif pat hl and pat h2 refer to the samefile or directory. Macintosh and UNIX.

sanmeopenfil e(fpl, fp2)

Returnstrue if the open file objectsf p1 and f p2 refer to the same file. Macintosh and UNIX.

sanestat (statl, stat?2)

Returnstrueif the stat tuplesst at 1 and st at 2 asreturned by f st at (), | st at () ,or st at () refer to the samefile.
Macintosh and UNIX.

split(path)

Splitspat h intoapair (head, tail )wheretail isthelast pathname component and head is everything leading up to
that. For example, ' / honme/ user/f oo’ getssplitinto (' / honme/ user', 'foo'). Thistupleisthe sameaswould be
returned by (di r nane(), basenane()).

splitdrive(path)
Splitspat h intoapair (dri ve, fil enanme)wheredri ve iseither adrive specification or the empty string. dri ve is

always the empty string on machines without drive specifications.

splitext(path)

Splits a pathname into a base filename and suffix. For example, spl it ext (' foo.txt") retuns(' foo', ".txt').

wal k( pat h, visitfunc, arg)
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This function recursively walks all the directories rooted at pat h and callsthe functionvi si t func(arg, dirnane,
nanes ) for each directory. di r nane specifiesthe visited directory and nanes isalist of thefilesin the directory as
retrieved using os. | i st di r (di rname ). Thevi si t f unc function can modify the contents of names to alter the search
process if necessary.

? See Also fnmatch (165), glob (170), os (180).

popen2

The popen2 module is used to spawn processes and connect to their input/ output/error streams using pipes on UNIX and
Windows. Note that these functions are also available in the 0s module with dightly different return values.
popen2(cnmd [, bufsize [, node]])

Executes cmd as a subprocess and returns apair of file objects (chi | d_st dout , chi | d_st di n) corresponding to the
input and output streams of the subprocess. buf si ze specifies the buffer size for the I/O pipes. node isoneof ' t' or' b’
to indicate text or binary data, which is needed on Windows.

popen3(cmd [, bufsize [, node]])

Executes cimd as a subprocess like popen2() , but returnsatriple (chi | d_stdout , child_stdin,
chi | d_st derr ) that includes the standard error stream.

popend(cnmd [, bufsize [, node]])

Executes cmd as a subprocess like popen2() , but returns apair of file objects(chi | d_st dout _stderr ,
chi | d_st di n) inwhich the standard output and standard error streams have been combined.

In addition to the functions just described, the UNIX version of this module provides the following classes that can be used to
control processes:

Popen3(cnd [, capturestderr [, bufsize]])

This class represents a child process. cnd is the shell command to execute in a subprocess. The capt ur est derr flag, if
true, specifies that the object should capture standard error output of the child process. buf si ze isthe size of the 1/O
buffers.

Popend4(cnmd [, bufsize])

Like the class Popen3, but combines standard output and standard error.

Aninstance p of the Popen3 or Popen4 class has the following methods and attributes:

p. pol 1 ()

Returns the exit code of the child or - 1 if the child process has not finished yet.
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p.wait ()

Waits for the child process to terminate and returns its exit code.

p.fronchild

A file object that captures the output of the child process.

p.tochild

A file object that sends input to the child process.

p.childerr

A file object that captures the standard error stream of the child process. May be None.

p.pid
Process |D of the child.

Note

. Theorder of file objects returned by popen2() , popen3(), and popen4() differsfrom the standard UNIX
ordering of st di n, st dout ,andst derr . Theversionsin the os module correct this.

? See Also commands (155), 0s. popen (185).
pwd

The pwd module provides access to the UNIX password database.

get pwui d( ui d)

Returns the password database entry for anumeric user ID ui d . Returnsa 7-tuple (pw_nanme , pw_passwd, pw_ uid
, pw_gid, pw.gecos, pw.dir, pw_shell ). Thepw_ ui dandpw_gi ditemsareintegers, all othersare
strings. KeyEr r or israised if the entry cannot be found.

get pwnan{ nane)

Returns the password database entry for a username.

get pwal | ()
Returns alist of al available password database entries. Each entry is atuple as returned by get pwui d() .

Example
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>>> jnport pwd
>>> pwd. get pwnan( ' beazl ey')

(' beazl ey',
>>>

x', 100, 1, 'David M Beazley',

?See Also grp (171), getpass (167), crypt (155) .

readl i ne

"/ hone/ beazl ey’ ,

"/usr/local/bin/tcsh")

Ther eadl i ne module enables and provides an interface to the GNU readline library on UNIX. Thislibrary extends

Python’ s interactive mode with command history, command completion, and advanced editing capabilities. These features
are also extended to functionssuch asr aw_i nput () andi nput ().

Ther eadl i ne module enables the following key bindings when running interactively:

Key(s) Description

Ctrl+a Movesto the start of the line.

Ctrl+b Moves back one character.

Escb Moves back one word.

Escc Capitalizes the current word.

Ctrl+d Deletes the character under the cursor.

Escd Killsto the end of the current word.

Del Deletes the character to the left of the cursor.
Esc Del Killsto the start of the previous word.
Ctrl+e Movesto the end of theline.

Ctrl+f Moves forward one character.

Escf Moves forward one word.

Ctrl+k Kills the text to the end of theline.

Ctrl+l Clears the screen.

Escl Converts the current word to lowercase.
Ctrl+n Moves down through the history list.

Ctrl+p Moves up through the history list.

Ctrl+r Reversesincremental search through the history.
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Ctrl+t Transposes characters.

Esct Transposes words.

Escu Converts the current word to uppercase.

Ctrl+w Kills from the cursor to the previous whitespace.
Ctrl+y Y anks back the most recently killed text.

Escy Rotates the kill-ring and yanks the new top.

Esc < Goesto thefirst linein history.

Esc > Goestothelast linein history.

Notes

. Key sequencesinvolving Esc are sometimes available using the Meta key.

. Many commands accept a numeric argument that’ s entered by first typing Esc nnn . For example, typing Esc5 0O
Ctrl+f moves forward 50 characters.

. Thereadl i ne moduleisan optiona Python feature. If you're installing from source and want to use the
r eadl i ne module, you'll need to enable it by following the directions given in the distribution (these vary by
Python version).

?SeeAlsor | conpl et er (http://www.python.org/doc/lib/module-rlcompleter.html).

resource

Ther esour ce moduleis used to measure and control the system resources used by a program on UNIX systems. Resource
usageislimited usingtheset rl i m t () function. Each resource is controlled by a soft limit and a hard limit. The soft limit

isthe current limit, and may be lowered or raised by a process over time. The hard limit can be lowered to any value greater
than the soft limit, but never raised (except by the superuser).

getrlimt(resource)

Returnsatuple (sof t , har d ) with the current soft and hard limits of aresource. r esour ce isone of the following
symbolic constants:

Constant Description

RLI M T_CORE The maximum core file size (in bytes).

RLIM T_CPU The maximum CPU time (in seconds). If exceeded, a SI GXCPU signal is sent to the process.
RLIM T_FSI ZE The maximum file size that can be created.
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RLI M T_DATA The maximum size (in bytes) of the process heap.
RLIM T_STACK The maximum size (in bytes) of the process stack.
RLI'M T_RSS The maximum resident set size.

RLI'M T_NPRCC The maximum number of processes that can be created.

RLI'M T_NOFI LE The maximum number of open file descriptors.

RLIM T_OFI LE The BSD namefor RLI M T_NOFI LE.

RLIM T_MEMLOC The maximum memory size that can be locked in memory.

RLIM T_VMEM The largest area of mapped memory that can be used.
RLIM T_AS The maximum area (in bytes) of address space that can be used.
setrlimt(resource, limts)

Setsnew limitsfor aresource. | i mi t s isatuple(sof t , har d) of two integers describing the new limits. A valueof - 1
can be used to specify the maximum possible upper limit.

get rusage(who)

This function returns alarge tuple that describes the resources consumed by either the current process or its children. who is
one of the following values:

Value Description

RUSAGE_SELF Information about the current process
RUSACE_CHI LDREN Information about child processes
RUSAGE_BOTH Information about both current and child processes

The returned tuple contains system resource-usage data in the following order:

Offset Resour ce

0 Time in user mode (float)

1 Timein system mode (float)

2 Maximum resident set size (pages)
3 Shared memory size (pages)
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4 Unshared memory size (pages)
5 Unshared stack size (pages)
6 Page faults not requiring 1/0
7 Page faults requiring 1/O

8 Number of swapouts

9 Block input operations

10 Block output operations

11 M essages sent

12 M essages received

13 Signals received

14 Voluntary context switches
15 Involuntary context switches

get pagesi ze()
Returns the number of bytesin a system page.

Exception

error
Exception raised for unexpected failuresof thegetrlim t () andsetrlimt () systemcals.
Note
. Not al resource names are available on al systems.
?See Also UNIX man pagesforgetrlimt(2).

shuti |

Theshut i | moduleis used to perform high-level file operations such as copying, removing, and renaming.

copyfile(src, dst)

Copiesthe contentsof sr c todst .
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copynode(src, dst)

Copiesthe permission bitsfrom sr ¢ to dst .

copystat (src, dst)

Copies the permission bits, last access time, and last modification time from sr ¢ to dst . The contents, owner, and group of
dst areunchanged.

copy(src, dst)

Copiesthefilesr ¢ tothefile or directory dst , retaining file permissions.

copy2(src, dst

Likecopy() , but also copiesthe last access and modification times.

copytree(src, dst [, syminks])

Recursively copies an entire directory treerooted at sr ¢ . The destination directory dst will be created (and should not
already exist). Individual files are copied using copy2() . If syml i nks istrue, symbolic linksin the source tree are

represented as symbolic linksin the new tree. If syml i nks isfalse or omitted, the contents of linked files are copied to the
new directory tree. Errors are reported to standard output.

rmree(path [, ignore_errors [, onerror]])

Deletes an entire directory tree. If i gnor e_er r or s istrue, errorswill be ignored. Otherwise, errors are handled by the
oner r or function (if supplied). This function must accept three parameters (f unc , pat h, exci nf o ), wheref unc isthe
function that caused the error (0s. r enmove() oros. rndi r () ), pat h isthe pathname passed to the function, and

exci nf o isthe exception information returned by sys. exc_i nf o() . If an error occursand oner r or isomitted, an
exception israised.

Note
. On MacOS, the resource fork isignored on file copies.
? See Also os.path (193), macostools (176).
si gnal
Thesi gnal moduleisused to write signal handlersin Python. Signals usually correspond to asychronous events that are

sent to a program due to the expiration of atimer, arrival of incoming data, or some action performed by a user. The signal
interface emulates that of UNIX, although the module is supported on other platforms.

alarm(tinme)
If ti me isnonzero, schedules a SI GALRMsignal to be sent to the programint i me seconds.Any previously scheduled

alarmiscanceled. If t i me iszero, no darm is scheduled and any previously set alarm is canceled. Returns the number of
seconds remaining before any previously scheduled alarm, or zero if no alarm was scheduled. UNIX.
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get si gnal (si gnal num
Returns the signal handler for signal si gnal num. The returned object is a callable Python object. The function may also

return SI G_I GNfor an ignored signal, SI G_DFL for the default signal handler, or None if the signal handler was not
installed from the Python interpreter.

pause()

Goes to sleep until the next signal is received. UNIX.

si gnal (si gnal num handl er)

Setsasignal handler for signal si gnal numto the function handl er . handl er must be a callable Python object taking
two arguments: the signal number and frame object. SI G | GNor SI G_DFL can also be given to ignore asignal or use the

default signal handler, respectively. The return value is the previous signal handler, SI G_| GN, or SI G_DFL. When threads
are enabled, this function can only be called from the main thread. Otherwise, aVal ueEr r or exceptionisraised.

Individual signals are identified using symbolic constants of the form SI G* . These names correspond to integer values that
are machine-specific. Typical values are asfollows:

Signal Name Description

S| GABRT Abnormal termination
SI GALRM Alarm

SI GBBUS Bus error

SI GCHLD Change in child status
SI GCLD Change in child status
SI GCONT Continue

SI GFPE Floating-point error
SI GHUP Hangup

SIG LL Illegal instruction

SI d NT Terminal interrupt character
SId O Asynchronous 1/0
SI@ or Hardware fault

SI &KI LL Terminate
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S| GPI PE Write to pipe, no readers
SI GPCLL Pollable event

SI GPROF Profiling alarm

SI GPVR Power failure

SIGUI T Terminal quit character
S| GSEGV Segmentation fault

SI GSTOP Stop

S| GTERM Termination

S| GTRAP Hardware fault

SI GTSTP Terminal stop character
SI GITIN Control TTY

SI GTTOU Control TTY

SI GURG Urgent condition

SI GUSR1 User defined

SI GUSR2 User defined

S| GVTALRM Virtual time alarm

SI GW NCH Window size change
S| GXCPU CPU limit exceeded

S| GXFSZ File size limit exceeded

In addition, the module defines the following variables:

Variable Description

SI G_DFL Signal handler that invokes the default signal handler
SIG_IGN Signal handler that ignores asignal

NSI G One more than the highest signal number

Example
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The following exampleillustrates a timeout on establishing a network connection:

i mport signal, socket
def handl er(signum frane):
print 'Tinmeout!'
raise | OError, 'Host not responding.'
sock = socket. socket (socket. AF_I NET, socket.SOCK_STREAM
si gnal . si gnal (signal.SI GALRM handl er)

si gnal . al arm(5) # 5-second al arm
sock. connect (' ww. pyt hon.org', 80) # Connect

si gnal . al arm( 0) # Cear alarm
Notes

. Signal handlers remain installed until explicitly reset, with the exception of SI GCHLD (whose behavior is
implementation-specific).

. It'snot possible to temporarily disable signals.

. Signals are only handled between the atomic instructions of the Python interpreter. The delivery of asignal can be
delayed by long-running calculations written in C (as might be performed in an extension module).

. If asigna occurs during an I/O operation, the I/O operation may fail with an exception. In this case, theer r no value
issettoerrno . El NTRto indicate an interrupted system call.

. Certain signals such as SI GSEGV cannot be handled from Python.

. Pythoninstalls a small number of signal handlers by default. SI GPI PE isignored, SI G NT istranglated into a
Keyboar dl nt er r upt exception, and SI GTERMis caught in order to perform cleanup and invoke
sys. exitfunc.

. Extreme careisneeded if signals and threads are used in the same program. Currently, only the main thread of
execution can set new signal handlers or receive signals.

. Signal handling on Windows and Macintosh is of only limited functionality. The number of supported signalsis
extremely limited on these platforms.

? See Also thread (219), errno (156).
st at

The st at module defines constants and functions for interpreting the results of os. stat (), o0s. fstat () and
os. | st at (). These functions return a 10-tuple containing file information. The following variables define the indices
within the tuple for certain items:

Variable Description
ST_MODE Inode protection mode
ST _INO Inode number
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ST_DEV Device theinode resides on
ST_NLINK Number of links to the inode
ST _ U D User ID of the owner
ST_GD Group ID of the owner
ST_SI ZE Filesizein bytes

ST_ATI ME Time of last access

ST_MIT Me Time of last modification
ST_CTI ME Time of last status change

The following functions can be used to test file properties given the mode value returned using os. st at (pat h

)[stat. ST_MODE] :

Function

Description

S | SDI R( node )

Returns nonzero if node isfrom adirectory.

S | SCHR( node )

Returns nonzero if node isfrom acharacter-special devicefile.

S | SBLK( node )

Returns nonzero if node isfrom ablock-special devicefile.

S | SREGE node)

Returns nonzero if node isfrom aregular file.

S_I SFI FQ( node )

Returns nonzero if node isfrom aFIFO (named pipe).

S | SLNK( node )

Returns nonzero if node isfrom asymbolic link.

S_| SSOCK( node )

Returns nonzero if node isfrom a socket.

S | MODE( node )

Returns the portion of the file's mode that can be set by os. chnod() . Thisisthefile's permission bits, sticky bit, set-
group-1D, and set-user-1D hits.

S | FMI( node)

Returns the portion of the file's mode that describes the file type (used by the S_| S* () functions above).

Note

« Much of the functionality in thismodule is also provided in a more portable form by the os. pat h module.

? See Also 0s (180), os.path (193), statvfs (203).

statvfs

The st at vf s module defines constants used to interpret the result of the os. st at vf s() function on UNIX. The
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constants defined in this modul e define the indices into the tuple returned by os. st at vf s() for specific information.

Constant Description

F_BSI ZE Preferred filesystem block size

F_FRSI ZE Fundamental filesystem block size
F_BLOCKS Total number of blocksin the filesystem
F_BFREE Total number of free blocks

F_BAVAI L Free blocks available to a non-superuser
F_FILES Total number of file nodes

F_FFREE Total number of free file nodes
F_FAVAI L Free nodes available to a non-superuser
F FLAG Flags (system-dependent)

F_NAMEMAX Maximum filename length

? See Also 0s (180), stat (202).
tenpfile

Thet enpfi | e moduleis used to generate temporary filenames and files:

mkt enmp([ suf fix])

Returns a unique temporary filename. suf f i x isan optional file suffix to append to the filename. This function only
generates a unique filename and doesn’'t actually create or open atemporary file.

get t enpprefi x()

Returns the prefix used to generate temporary files. Does not include the directory in which the file would reside.

TemporaryFil e([node [, bufsize [, suffix]]])

Creates atemporary file and returns a file-like object that supports the same methods as an ordinary file object. node isthe
file mode and defaultsto ' w+b' . buf si ze specifies the buffering behavior and has the same meaning as for the open()
function. suf f i x isthe suffix to append to the filename (if any). The object returned by this function is only a wrapper
around a built-in file object that’ s accessible in the file attribute. The file created by this function is automatically destroyed
when the temporary file object is destroyed.

Two global variables are used to construct temporary names. They can be assigned to new valuesif desired. Their default
values are system-dependent.
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Variable |Description

tenpdir |Thedirectory in which filenames returned by nkt enp() reside.

t enpl at e |The prefix of filenames generated by nkt enp() . A string of decimal digitsisadded to t enpl at e to generate unique filenames.

term os

Thet er m os module provides a POSI X-style interface for controlling the behavior of TTY s and other serial

communication devices on UNIX systems.All the functions operate on integer file descriptors such as those returned by the
0s. open() functionorthefi | eno() method of afile object. In addition, the module relies on alarge collection of

constants that are defined in the TERM OS module, which should aso be loaded.

tcgetattr(fd)

Returnsalist[iflag, oflag, cflag, Iflag, ispeed, ospeed, cc] of TTY attributesfor afile
descriptor f d . The meaning of thesefieldsis asfollows:

Field Description

i flag Input modes (integer)

of I ag Output modes (integer)

cfl ag Control modes (integer)

I flag Local modes (integer)

i speed Input speed (integer)

ospeed Output speed (integer)

cc A list of control characters (as strings)

Themodefieldsi f1 ag,of | ag,cfl ag,andl f | ag arebit fields that are interpreted using constantsin TERM CS.

Input Modes

Mode Description

TERM CS. | GNBRK Ignore break condition on input.

TERM OS. BRKI NT Generate S| G NT signal on break if | GNBRK is not set.
TERM CS. | GNPAR Ignore framing and parity errors.

TERM OS. PARMRK Mark characters with a parity error.
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TERM CS. | NPCK Enable input parity checking.

TERM CS. | STRI P Strip off the eighth bit.

TERM GS. I NLCR Trand ate newlines to carriage returns.
TERM CS. | G\NCR Ignore carriage returns.

TERM C6. | CRNL Translate carriage returns to newlines.
TERM CS. 1 UCLC Map uppercase characters to lowercase.
TERM CS. | XON Enable XON/XOFF flow control on output.
TERM GS. | XANY Enable any character to restart output.
TERM CS. | XOFF Enable X ON/XOFF flow control on input.
TERM CS. | XMAXBEL Ring bell when the input queueisfull.

Output Modes

Mode Description

TERM OS. OPOST I mplementation-defined output processing.

TERM Gs. OLCUC Map lowercase to uppercase on output.

TERM OS. ONLCR Map newlines to carriage returns.

TERM GS. OCRNL Map carriage returns to newlines.

TERM OS. ONLRET Don’'t output carriage returns.

TERM CS. OFI LL Send fill characters for delay.

TERM GS. OFDEL Set the fill character to ASCII DEL.

TERM CS. NLDLY Newline delay mask.Vauesare NLO and NL1.

TERM OS. CRDLY Carriage return delay mask.Values are CRO, CR1, CR2, or CR3.
TERM OS. TABDLY Horizontal tab delay mask: TABO, TAB1, TAB2, TAB3, or XTABS.
TERM Gs. BSDLY Backspace delay mask: BSO or BSL1.

TERM GS. VTDLY Vertical tab delay mask: VTO or VT1.

TERM Cs. FFDLY Formfeed delay mask: FFO or FF1.
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Control Modes

Mode Description

TERM CS. CSI ZE Character size mask: CS5, CS6, CS7, or CS8.
TERM OS. CSTOPB Set two stop hits.

TERM OS. CREAD Enable receiver.

TERM OS. PARENB Enable parity generation and checking.

TERM OS. PARCDD Use odd parity.

TERM OS. HUPCL Lower modem control lines when device is closed.
TERM O6. CLOCAL Ignore modem control lines.

TERM CS. CRTSCTS Flow control.

Local Modes
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Mode Description

TERM CS. 1 SI G Generate corresponding signals when | NTR, QUI T, SUSP, or DSUSP characters are received.
TERM GS. | CANON  |Enable canonical mode.

TERM CS. XCASE Perform case conversion if | CANON is set.

TERM CS. ECHO Echo input characters.

TERM GS. ECHCE If | CANON is set, the ERASE character erases the preceding input character. WERASE erases the preceding word.
TERM CS. ECHOK If | CANON s set, the KI LL character erases the current line.

TERM OS. ECHONL  [If | CANONis set, echo newline (NL) characters.

TERM OS. ECHOCTL |If ECHOi's set, echo control characters as X.

TERM OS. ECHOPRT  |Print characters as they’ re erased.

TERM GS. ECHOKE  |Echo Kl LL by erasing each character one at atime.

TERM G6. FLUSHO  |Output is being flushed.

TERM CS. NOFLSH | Disable flushing the input/output queues when generating the SI GI NT and SI GQUI T signals.
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TERM OS. TOSTOP  |Send the SI GTTOU signal to the process group of a background process that writes to its controlling terminal.

TERM OS. PENDI N |Reprint all characters in the input queue when the next character is typed.

TERM CS. | EXTEN  |Enable implementation-defined input processing.

Speeds

Speeds are defined by constants such as TERM OS. BO, TERM CS. B50, TERM CS. B75, and TERM OS. B230400
indicating a baud rate. The available values are implementation-specific and defined in TERM CS.

Control Characters

Thefollowing symbolsin TERM CS are indicesinto the cc list. This can be used to changed various key bindings.

Character Description

TERM CS. VI NTR Interrupt character (typicaly Ctrl+C)

TERM OS. VQUI T Quit

TERM OS. VERASE Erase the preceding character (typically Del)
TERM CS. WAERASE Erase the preceding word (Ctrl+w)

TERM CS. VKI LL Deletethe entireline

TERM C6. VREPRI NT Reprint all characters that have not been read yet
TERM OS. VEOF End of file (Ctrl+D)

TERM OS. VNL Line delimiter (line feed)

TERM CS. VSUSP Suspend (Ctrl+2)

TERM CS. VSTOP Stop output (Ctrl+S)

TERM OS. VSTART Start output (Ctrl+Q)

tcsetattr(fd, when, attributes)

Setsthe TTY attributesfor afiledescriptorfd . attri but es isalistinthesameformasreturned byt cgetattr (). The
when argument determines when the changes take effect:

Argument Description

TERM OS. TCSANOW Changes take place immediately
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TERM OS. TCSADRAI N After transmitting queued output

TERM CS. TCSAFLUSH After transmitting queued output and discarding queued input

t csendbreak(fd, duration)

Sends a break on file descriptor f d . A duration of zero sends a break for approximately 0.25-0.5 seconds. A nonzero
duration is implementation-defined.

tcdrai n(fd)

Waits until all output written to file descriptor f d has been transmitted.

tcflush(fd, queue)

Discards queued data on file descriptor f d . queue determines which data to discard:

Queue Description
TERM OS. TCl FLUSH Input queue
TERM OS. TCOFLUSH Output queue
TERM OS. TCl OFLUSH Both queues

tcflow(fd, action)

Suspends or resumes input or output on file descriptor f d . act i on isone of the following:

Action Description
TERM OS. TCOOFF Suspends output
TERM OS. TCOON Restarts output
TERM CS. TCl OFF Suspends input
TERM OS. TCl ON Restarts input

Example

The following function prompts for a password with local echoing turned off:

def getpass():
i mport term os, TERM CS, sys
fd = sys.stdin.fileno()
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tc = termos.tcgetattr(fd)
old = tc[3] & TERM CS. ECHO
tc[3] =tc[3] & ~TERM CS. ECHO # Di sabl e echo
try:
termos.tcsetattr(fd, TERM OS. TCSADRAIN, tc)
passwd = raw_i nput (' Password: ')
finally:
tc[3] =tc[3] | old # Restore old echo setting
termos.tcsetattr(fd, TERM OS. TCSADRAI N, tc)
return passwd

? See Also tty (211), getpass (167), signal (200).

tine

Thet i me module provides various time-related functions. In Python, time is measured as the number of seconds since the
“epoch.” The epoch is the beginning of time (the point at which time = 0 seconds). The epoch is January 1, 1970 on UNIX

and Windows, and January 1, 1900 on the Macintosh.

The following variables are defined:

accept 2dyear

A Boolean value that indicates whether two-digit years are accepted. Normally thisistrue, but it's set to false if the
environment variable $PYTHONY2K is set to a non-empty string. The value can be changed manually as well.

al t zone

The timezone used during daylight saving time (DST), if applicable.

dayl i ght

Setsto anonzero value if aDST timezone has been defined.

ti nezone

Thelocal (non-DST) timezone.

t zname

A tuple containing the name of the local timezone and the name of the local daylight saving timezone (if defined).

The following functions can be used:

asctime([tuple])

Converts atuple representing atime asreturned by gnt i me() orl ocal ti ne() toastring of theform' Mon Jul

14: 45: 23 2001' . If no arguments are supplied, the current time is used.
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cl ock()

Returns the current CPU time in seconds as a floating-point number.

ctinme([secs])

Converts atime expressed in seconds since the epoch to a string representing local time. ct i ne(secs ) isthesameas
asctinme(localtime(secs)).If secs isomitted, the current timeis used.

gntime([secs])

Converts atime expressed in seconds since the epoch to atime tuple in UTC (Coordinated Universal Time, ak.a. Greenwich

Mean Time). The returned tuple consists of nine integers of theform (year , nonth, day, hour, mnute,
second, weekday, day, dst ). Thefollowing numerical ranges are used for tuple elements:

Element Value

year A four-digit value such as 2002
nont h 1-12

day 1-31

hour 0-23

m nut e 0-59

second 0-61

weekday 0- 6 (0 =Monday)

day 1-366

dst -1,0,1

Thedst fieldis 1 if daylight saving timeisin effect, O if not, and - 1 if no information isavailable. If secs isomitted, the
current timeis used.

| ocal time([secs])

Returnsatimetuple such asgnt i me( ) , but corresponding to the local timezone. If secs isomitted, the current timeis
used.

nkti me(tuple)

This function takes atime tuple representing atime in the local timezone (in the same format asreturned by | ocal ti me())
and returns a floating-point number representing the number of seconds since the epoch. An Over f | owEr r or exceptionis
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raised if the input value is not avalid time.

sl eep(secs)

Puts the current process to sleep for secs seconds. secs is afloating-point number.

strftinme(format [, tuple])

Converts atuple representing atime asreturned by gnt i me() orl ocal ti nme() toastring. f or mat isaformat stringin
which the following format codes can be embedded:

Directive M eaning

Ya Locale' s abbreviated weekday name

YA Locale' s full weekday name

% Locale' s abbreviated month name

vB Locale' s full month name

Y% Local€' s appropriate date and time representation
%l Day of the month as a decimal number [01- 31]

o Hour (24-hour clock) as adecimal number [00- 23]
% Hour (12-hour clock) as a decimal number [01- 12]
% Day of the year as adecimal number [001- 366]
%m Month as a decimal number [01- 12]

9 Minute as a decimal number [00- 59]

% Local€e’s equivalent of either AMor PM

s Seconds as a decimal number [00- 61]

W Week number of the year [00- 53] (Sunday as first day)
%V Weekday as a decimal number [0 (Sunday) - 6]
ow Week number of the year (Monday asfirst day)

o Locale' s appropriate date representation

%X Locale' s appropriate time representation
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%y Y ear without century as a decimal number [00- 99]
%Y Y ear with century as adecimal number

L4 Timezone name (or empty string if no timezone exists)
%% The %character

The format codes can include awidth and precision in the same manner as used with the %operator on strings. If t upl e is
omitted, the time tuple corresponding to the current timeis used.

strptime(string [, format])

Parses a string representing a time and returns atime tuple of the sameform asreturned by | ocal ti me() orgntime().

Thef or mat parameter uses the same specifiersasused by st rf t i me() and defaultsto’ Y%a % % % %vt 96 %" .
Thisisthe same format as produced by thect i me() function. If the string cannot be parsed, aVVal ueEr r or exceptionis
raised.

time()

Returns the current time as the number of seconds since the epoch in UTC (Coordinated Universal Time).

Notes

. When two-digit years are accepted, they’ re converted to four-digit years according to the POSIX X/Open standard,
where the values 69- 99 are mapped to 1969- 1999 and the values 0- 68 are mapped to 2000- 2068.

. Thefunctionsin this module are not intended to handle dates and times far in the past or future. In particular, dates
before the epoch areillegal, as are dates beyond the maximum time (231 seconds since the epoch on many machines).

. Inversions of Python prior to 2.1, the optional argumentstoascti nme(),ctime(),gntime(),l ocaltinme(),
andstrftine() wererequired. If you' re concerned with backward compatibility, remember to supply these
arguments.

. Therange of valuesfor secs is0 to 61 in order to account for leap seconds.

? See Also locale (172).

tty
Thet t y module provides functions for putting a TTY into cbreak and raw modes on UNIX systems. Raw mode forces a

process to receive every character on a TTY with no interpretation by the system. Cbreak mode enables system processing
for specia keys such as the interrupt and quit keys (which generate signals).

setram(fd [, when])

Changes the mode of the file descriptor f d to raw mode. when specifies when the change occurs and is
TERM OS. TCSANOW TERM OS. TCSADRAI N, or TERM OS. TCSAFLUSH (the default).
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setcbreak(fd [, when])
Changes the mode of file descriptor f d to cbreak mode. when has the same meaning asinsetraw() .
Note
Requiresthet er m os module.
? See Also termios (204).
_W nreg
The _wi nr eg module provides alow-level interface to the Windows Registry. The Registry isalarge hierarchical treein

which each node is called a key. The children of a particular key are known as subkeys and may contain additional subkeys or
values. For example, the setting of the Python sys. pat h variableistypicaly contained in the Registry as follows:

\ HKEY_LCOCAL _MACHI NE\ Sof t war e\ Pyt hon\ Pyt honCor e\ 2. O\ Pyt honPat h

In this case, Sof t war e isasubkey of HKEY _LOCAL_MACHI NE, Pyt hon isasubkey of Sof t war e, and so forth. The
value of the Pyt honPat h key contains the actual path setting.

Keys are accessed through open and close operations. Open keys are represented by special handles (which are wrappers
around the integer handle identifiers normally used by Windows).

Cl oseKey(key)

Closes a previously opened registry key with handle key .

Connect Regi stry(conput er _nane, key)
Returns a handle to a predefined registry key on another computer. conput er _nane isthe name of the remote machine as

astring of theform\ \ conput er name . If conput er _name isNone, thelocal registry isused. key isa predefined
handle such as HKEY_CURRENT_USER or HKEY_USERS. RaisesEnvi r onnent Er r or on failure.

Creat eKey(key, sub_key)
Creates or opens akey and returns ahandle. key isapreviously opened key or a predefined key defined by the HKEY _*

constants. sub_key isthe name of the key that will be opened or created. If key isapredefined key, sub_key may be
None, in which case key isreturned.

Del et eKey(key, sub_key)

Deletessub_key . key isan open key or one of the predefined HKEY _* constants. sub_key isastring that identifies the
key to delete. sub_key must not have any sub-keys or Envi r onnment Er r or israised.

Del et eVal ue(key, val ue)
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Deletes a named value from aregistry key. key isan open key or one of the predefined HKEY_* constants. val ue isa
string containing the name of the value to remove.

EnunKey(key, i ndex)

Returns the name of a subkey by index. key is an open key or one of the predefined HKEY _* constants. i ndex isan integer
that specifiesthe key to retrieve. If i ndex isout of range, an Envi r onnent Er r or israised.

Enunval ue( key, i ndex)

Returns a value of an open key. key isan open key or a predefined HKEY_* constant. i ndex is an integer specifying the
valueto retrieve. The function returnsatuple (nanme , data, type) inwhichnane isthevauename, dat aisan

object holding the value data, and t ype is an integer that specifies the type of the value data. The following type codes are
currently defined:

Code Description

REG_BI NARY Binary data

REG_DWORD 32-bit number

REG DWORD LI TTLE_ENDI AN 32-bit little-endian number
REG_DWORD_BI G_ENDI AN 32-bit number in big-endian format
REG_EXPAND_SZ Null-terminated string with unexpanded references to environment variables
REG_LI NK Unicode symbalic link

REG MULTI Sz Sequence of null-terminated strings
REG_NONE No defined value type
REG_RESOURCE_LI ST Device driver resource list

REG Sz Null-terminated string

Fl ushKey(key)

Writes the attributes of key to the Registry, forcing changes to disk. This function should only be called if an application
requires absolute certainty that Registry datais stored on disk. Does not return until datais written. It is not necessary to use
this function under normal circumstances.

RegLoadKey(key, sub_key, filenane)
Creates a subkey and stores registration information from afileinto it. key is an open key or a predefined HKEY_* constant.

sub_key isastring identifying the subkey to load. f i | enane isthe name of the file from which to load data. The contents
of thisfile must be created with the SaveKey() function and the calling process must have the
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SE_RESTORE_PRI VI LECE for thisto work. If key was returned by Connect Regi st ry() , filename should be a path
that’ srelative to the remote computer.

OpenKey(key, sub_key[, res [, sam])
Opens akey. key isan open key or an HKEY_* constant. sub_key isastring identifying the subkey to open. r es isa
reserved integer that must be zero (the default). samis an integer defining the security access mask for the key. The default is
KEY_READ. Other possible valuesfor sam:

KEY_ALL_ACCESS

KEY CREATE_LI NK

KEY_CREATE_SUB_KEY

KEY_ENUVMERATE_SUB_KEYS

KEY_EXECUTE

KEY_NOTI FY

KEY_ QUERY_VALUE

KEY_ READ

KEY_SET_VALUE

KEY_VRI TE

OpenKeyEx()

Same as OpenKey() .

Quer yl nf oKey( key)

Returns information about akey asatuple (num subkeys, numval ues, |ast_nodified) inwhich

num subkeys isthe number of subkeys, num val ues isthe number of values, and | ast _nodi fi ed isalong integer
containing the time of last modification. Time is measured from January 1, 1601, in units of 100 nanoseconds.

QueryVal ue(key, sub_key)
Returns the unnamed value for akey asastring. key isan open key or an HKEY_* constant. sub_key isthe name of the

subkey to use, if any. If omitted, the function returns the value associated with key instead. This function returns the data for
the first value with a null name. However, the typeis returned (use Quer yVal ueEx instead).

QueryVal ueex( key, val ue_nane)

Returnsatuple (val ue, type ) containing the dataand typefor akey. key isan open key or HKEY_* constant.
val ue_nane isthe name of the value to return. The returned typeis one of the integer codes as described for the
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Enunval ue() function.

SaveKey(key, fil enamne)
Saveskey and all of its subkeysto afile. key isan open key or a predefined HKEY_* constant. f i | ename must not

already exist and should not include afilename extension. Furthermore, the caller must have backup privileges for the
operation to succeed.

Set Val ue(key, sub_key, type, val ue)

Setsthe value of akey. key isan open key or HKEY _* constant. sub_key isthe name of the subkey with which to
associate the value. t ype isan integer type code, currently limited to REG_SZ. val ue isastring containing the value data.
If sub_key doesnot exigt, it is created. key must have been opened with KEY _SET_VALUE access for this function to
succeed.

Set Val ueEx( key, val ue_nane, reserved, type, val ue)

Setsthe valuefield of akey. key isan open key or an HKEY_* constant. val ue_nane isthe name of thevalue. t ype is
an integer type code as described for the Enunival ue() function. val ue isastring containing the new value. When setting
the values of numeric types (for example, REG_DWORD), val ue isstill astring containing the raw data. This string can be
created using thest r uct module. r eser ved is currently ignored and can be set to anything (the value is not used).

zipfile

Thezi pfi | e moduleisused to manipulate files encoded in the popular ZIP format. The following functions are available:

is_zipfile(fil enane)

Testsf i | enane to see whether it'savalid ZIPfile. Returns 1 if f i | enane isaZIPfile, None otherwise.

ZipFile(filenane [, node [, conpression]])

OpensaZlPfilefi | enane andreturnsaZi pFi | e instance. node is' r' toread from an existing file, " W to truncate
thefileand writeanew file, or ' a' to append to an existing file. For ' a' mode, if f i | enane isan existing ZIP file, new

filesareadded toit. If f i | enanme isnot aZIPfile, the archive is simply appended to the end of thefile. conpr essi on is
the ZIP compression method used when writing to the archive and isone of ZI P_STORED or ZI P_DEFLATED. The default

isZl P_STORED.
PyZi pFile(filename [, node[, conpression]])

OpensaZlPfilelike Zi pFi | e(), but returnsaspecia PyZi pFi | e instance with one extramethod wr i t epy() that’'s
used to add Python source files to the archive.

Ziplnfo([filenane [, date_tine]])

Manually createsanew Zi pl nf o instance, used to contain information about an archive member. Normally, it’s not
necessary to call this function except when usingthez . wri t est r () method of aZi pFi | e instance (described below).
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Aninstancez of Zi pFi | e or PyZi pFi | e supports the following methods and attributes:

z.close()

Closes the archivefile. This must be called in order to flush records to the ZIP file before program termination.

z. geti nfo(nane)

Returns information about the archive member name asa Zi pl nf o instance (described below).

z.infolist()

Returnsalist of Zi pl nf o objectsfor al the members of the archive.

z.namelist()

Returns alist of the archive member names.

z.printdir()

Prints the archive directory to sys. st dout .

z. read( name)

Reads archive contents for member nane and returns the data as a string.

z.testzip()

Reads all the filesin the archive and verifies their CRC checksums. Returns the name of the first corrupted file or None if all
files are intact.

z.wite(filenane[, arcname[, conpress _type]])

Writesf i | enane to the archive with archive name ar cnane . conpr ess_t ype isthe compression parameter and is one
of ZI P_STORED or ZI P_DEFLATED. By default, the compression parameter giventothe Zi pFi | e() or PyZi pFi | e()

function is used. The archive must beopenin' w or' a' mode for writesto work.

z.witepy(pathnane[, basenane])

This method, available only with Py Zi pFi | e instances, is used to write Python source files (* . py files) to aZIP archive
and can be used to easily package Python applications for distribution. If pat hnane isafile, it must end with . py. In this
case, one of the corresponding . pyo, . pyc, or . py fileswill be added (in that order). If pat hnane isadirectory and the
directory is not a Python package directory, all of the corresponding . pyo, . pyc, or . py filesare added at the top level. If

the directory is a package, the files are added under the package name as afile path. If any sub-directories are also package
directories, they are added recursively. basenane isused internally and is not normally specified.
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z.witestr(zinfo, bytes)

Writes a string of bytes to the archive. Information about the bytes is contained in the Zi pl nf o instance zi nf o , which
must minimally contain afilename, date, and time. The Zi pl nf o() function can be used to create aZi pl nf o instance.

z. debug

Debugging level in the range of O (no output) to 3 (most output).

Zi pl nf o instances returned by the Zi pI nfo(),z . getinfo(),andz .infolist() functionshave the following
attributes:

zinfo.fil enane

Archive member name.

zinfo.date_tine

Tuple(year , nont h, day , hours, m nut es, seconds ) containing the last modification time. nont h and day
arenumbersintherange 1- 12 and 1- 31, respectively. All other values start at 0.

zi nf o. conpress_type

Compression type for the archive member. Only ZI P_STORED and ZI P_DEFLATED are currently supported by this
module.

zi nf 0. comment

Archive member comment.

zinfo.extra

Expansion field data, used to contain additional file attributes. The data stored here depends on the system that created the
file.

zinfo.create_system

Integer code describing the system that created the archive. Common values include those in the following table:

Value Description
0 MS-DOS (FAT/VFAT/FAT32 filesystems)
3 UNIX
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7 Macintosh

10 Windows NTFS

zinfo.create version

Integer PKZIP version code that created the ZIP archive.

zi nfo. extract _version

Minimum PKZIP version needed to extract the archive.

zinfo.reserved

Reserved field. Currently set to 0.

zinfo.flag bits

ZIP flag bits that describe the encoding of the data, including encryption and compression.

zi nfo. vol une

Volume number of the file header.

zinfo.internal _attr

Describes the internal structure of the archive contents. If the low-order bitis 1, the datais ASCII text. Otherwise, binary
datais assumed.

zinfo.external _attr

External file attributes. Operating system dependent.

zi nf 0. header _of f set

Byte offset to the file header.

zinfo.file_offset

Byte offset to the start of the file data.

zi nfo. CRC

CRC-32 checksum of the uncompressed file.
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zi nf 0. conpress_si ze

Size of the compressed file data.

zinfo.file_size

Size of the uncompressed file.

Notes

. Thismodule requires the use of the zI| i b module.

. Detailed documentation about the internal structure of ZIP files can be found as a PKZIP Application Note at
http://www.pkware.com/appnote.html.

zlib

Thezl i b module supports data compression by providing access to the zlib library.

adl er32(string [, value])

Computes the Adler-32 checksum of st ri ng . val ue isused as the starting value (which can be used to compute a
checksum over the concatenation of several strings). Otherwise, afixed default valueis used.

conpress(string [, level])
Compressesthedatainst ri ng , wherel evel isaninteger from 1 to 9 controlling the level of compression. 1 isthe least

(fastest) compression and 9 is the best (slowest) compression. The default value is 6. Returns a string containing the
compressed data or raiseser r or if an error occurs.

conpressobj ([l evel ])

Returns a compression object. | evel hasthe same meaning asintheconpr ess() function.

crc32(string [, value])

Computes a CRC checksum of st ri ng . If val ue ispresent, it's used as the starting value of the checksum. Otherwise, a
fixed value is used.

deconpress(string [, whits [, buffsize]])

Decompressesthe datain st ri ng . whi t s controls the size of the window buffer and buf f si ze istheinitia size of the
output buffer. Raiseser r or if an error occurs.

deconpr essobj ([whi ts])

Returns a compression object. Thewbi t s parameter controls the size of the window buffer.
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A compression object ¢ has the following methods:

c.conpress(string)
Compresses st ri ng . Returns a string containing compressed data for at least part of the datain st ri ng . This data should

be concatenated to the output produced by earlier callsto c . conpr ess() to create the output stream. Some input data may
be stored in internal buffers for later processing.

c.flush([node])

Compresses all pending input and returns a string containing the remaining compressed output. node isZ_SYNC_FLUSH,
Z FULL_FLUSH, or Z_FI NI SH (the default). Z SYNC FLUSHand Z_FULL_FLUSH allow further compression and are
used to alow partial error recovery on decompression. Z_FI NI SH terminates the compression stream.

A decompression object d has the following methods:

d. deconpress(string)
Decompresses st r i ng and returns a string containing uncompressed data for at least part of thedatain st ri ng . Thisdata

should be concatenated with data produced by earlier callsto deconpr ess() to form the output stream. Some input data
may be stored in internal buffersfor later processing.

d. f1 ush()

All pending input is processed, and a string containing the remaining uncompressed output is returned. The decompression
object cannot be used again after this call.

Exception

error

Exception raised on compression and decompression errors.

Note

. Thezliblibrary isavailable at http://www.cdrom.com/pub/infozip/zlib.

? See Also gzip (171).

< BACK Make Note | Bookmark CONTINUE >
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Threads

This section describes modules that can be used to devel op multithreaded applications. First, alittle terminology and
background.

Thread Basics

A running program is called a process. Associated with each processis a system state including memory, lists of open
files, a program counter that keeps track of the instruction being executed, and a call stack used to hold the local variables
of functions. Normally, a process executes statements in a single sequence of control flow. This sequence is sometimes
caled athread (or main thread).

When a program creates new processes by using the os. syst em(),0s. fork(), os. spawnv( ), and similar system

calls, these processes run as independent programs, each with its own set of system resources and main thread of
execution. However, it's also possible for a program to create additional threads of execution that exist inside the calling
process and share data and system resources with the original thread of execution. Threads are particularly useful when an
application wants to perform tasks concurrently without spawning child processes, or when subtasks need to read and
write shared data.

A multithreaded program executes by dividing its processing time between all active threads. For example, a program with
10 active threads of execution would allocate approximately 1/10 of its CPU time to each thread and cycle between
threads in rapid succession.

Since threads share the same data, an extreme degree of caution is required whenever shared data structures are updated
by one of the threads. In particular, attempts to update a data structure by multiple threads at approximately the same time
can lead to a corrupted and inconsistent program state (a problem formally known as arace condition). To fix these
problems, threaded programs need to lock critical sections of code by using mutual-exclusion locks and other similar
synchronization primitives.

More information regarding the theory and implementation of threads and locks can be found in most operating system
textbooks.

Python Threads

Python supports threads on Windows, Solaris, and systems that support the POSIX threads library (pt hr eads).

However, threads are often disabled by default, so it may be necessary to rebuild the interpreter with thread support before
using any of the modulesin this section. (Beginning with Python 2.1, thread support is enabled by default.)

The scheduling of threads and thread switching is tightly controlled by a global interpreter lock that allows only asingle
thread of execution to be running in the interpreter at once. Furthermore, thread switching can only occur between the
execution of individual bytecodes in the interpreter. The frequency with which the interpreter checks for thread switching
isset by thesys. set checki nt er val () function. By default, the interpreter checks for thread switching after every

10 bytecode instructions.

When working with extension modules, the interpreter may invoke functions written in C. Unless specifically written to
interact with a threaded Python interpreter, these functions block the execution of all other threads until they complete
execution. Thus, along-running calculation in an extension module may limit the effectiveness of using threads. However,
most of the I/O functions in the standard library have been written to work in a threaded environment.
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Finally, programmers need to be aware that threads can interact strangely with signals and interrupts. For instance, the
Keyboar dl nt er r upt exception can be received by an arbitrary thread, while signals used in conjunction with the

si gnal module are only received by the main thread.

t hr ead

Thet hr ead module provides low-level functions for working with threads. This module is available only on UNIX and
Windows.

al I ocate_I| ock()

Creates anew lock object of type Lock Type. Locks areinitially unlocked.

exit()

Raisesthe Syst enmExi t exception. Forces athread to exit.

get ident ()

Returns the integer “thread identifier” of the current thread.

start _new thread(func, args [, kwargs])
Executes the function f unc in anew thread. f unc iscalled usingappl y(func, args, kwargs).On success,
control isimmediately returned to the caller. When the function f unc returns, the thread exits silently. If the function

terminates with an unhandled exception, a stack trace is printed and the thread exits (other threads continue to run,
however).

A lock object | ck returned by al | ocat e_I| ock() has the following methods:

| ck.acquire([waitflag])
Acquires the lock, waiting until the lock is released by another thread if necessary. If wai t f | ag is omitted, the function

returns None when the lock isacquired. If wai t f | ag isset to 0, the lock isacquired only if it can be acquired

immediately without waiting. If wai t f | ag isnonzero, the method blocks until the lock isreleased. Whenwai t f | ag is
supplied, the function returns 1 if the lock was acquired successfully, O if not.

| ck.rel ease()

Releases the lock.

| ck. | ocked()
Returns the lock status; 1 if locked, O if not.

Example
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The following example shows a simple thread that prints the current time every five seconds:

i mport thread
i mport time
def print_tine(del ay):
whil e 1:
time. sl eep(del ay)
print tinme.ctime(tine.tinme())

# Start the new thread
thread.start_new thread(print_tine, (5,))
# Now go do sonething else while the thread runs
while 1:
pass

Exception

error

Exception raised on thread-specific errors.

Notes

. Cdlingsys. exit () orrasingtheSyst enExi t exceptionisequivalenttocalingt hread. exit ().
. Theacqui r e() method on alock cannot be interrupted.

. When the main thread exits, whether the other threads survive depends on the system. On most systems, they’re
killed immediately without executing any cleanup. Furthermore, the cleanup actions of the main thread are
somewhat limited. In particular, standard 1/O files are not flushed, nor are object destructors invoked.

2 See Also threading (221).

t hr eadi ng

Thet hr eadi ng module provides high-level thread support with a Thr ead class and classes for various synchronization
primitives. It’s built using the lower-level t hr ead module.

The following utility functions are available:

activeCount ()

Returns the number of currently active Thr ead objects.

current Thread()

Returns the Thr ead object corresponding to the caller’ s thread of control.
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enuner at e()
Returns alist of all currently active Thr ead objects.
Thread Objects

The Thr ead classis used to represent a separate thread of control. A new thread can be created as follows:

Thr ead( gr oup=None, target=None, nanme=None, args=(), kwargs={})

Createsanew Thr ead instance. gr oup isNone and isreserved for future extensions. t ar get isacallable object
invoked by ther un() method when the thread starts. By default, it’s None, meaning that nothing is called. nane isthe
thread name. By default, a unique name of theform " Thr ead- N" iscreated. ar gs isatuple of argumentsthat are
passed to thet ar get function. kwar gs isadictionary of keyword argumentsthat are passedtot ar get .

A Thr ead object t supports the following methods:

t.start()

Starts the thread by invoking ther un() method in a separate thread of control. This method can be invoked only once.

t.run()

This method is called when the thread starts. By default, it calls the target function passed in the constructor. This method
can also be redefined in subclasses of Thr ead.

t.join([timeout])

Waits until the thread terminates or atimeout occurs. t i meout isafloating-point number specifying atimeout in
seconds. A thread cannot join itself, and it’s an error to join a thread before it has been started.

t. get Nanme()

Returns the thread name.

t . set Name( namne)

Sets the thread name.

t.isAlive()

Returns 1 if the thread is alive, O otherwise. A thread is alive from the moment the st ar t () method returns until its
run() method terminates.

t.isDaenon()
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Returns the thread' s daemon flag.

t . set Daenon( daenoni c)

Sets the thread' s daemon flag to the Boolean value daenoni ¢ . Thismust be called beforest art () iscalled. The
initial value isinherited from the creating thread. The entire Python program exits when no active non-daemon threads are
left.

A thread can be flagged as a “daemon thread” using the set Daenon() method. If only daemon threads remain, a
program will exit.All programs have amain thread that represents the initia thread of control. It’s not a daemon thread.

In some cases, dummy thread objects are created. These are threads of control started outside thet hr eadi ng module
such as from a C extension module. Dummy threads are aways considered aive, active, and daemonic, and cannot be
joined. Furthermore, they’ re never deleted, so it’simpossible to detect the termination of such threads.

As an alternative to explicitly creating a Thr ead object, the Thr ead class can also be subclassed. If this approach is
used, ther un() method can be overridden to perform the activity of the thread. The constructor can aso be overridden,
but it’s very important to invoke the base class constructor Thread. _ _init_ () inthiscase. It'san error to
override any other methods of the Thr ead class.

Lock Objects

A primitive lock (or mutual exclusion lock) is asynchronization primitive that’sin either a“locked” or “unlocked” state.
Two methods, acqui re() andr el ease() , are used to change the state of the lock. If the state islocked, attempts to
acquire the lock are blocked until the lock is released. If more than one thread is waiting to acquire the lock, only oneis

allowed to proceed when the lock is released. The order in which waiting threads proceed is undefined.

A new Lock instanceis created using the following constructor:

Lock()
Creates anew lock object, initially unlocked.

A Lock object | ck supports the following methods:

| ck.acquire([blocking = 1])

Acquires the lock, blocking until the lock isreleased if necessary. If bl ocki ng issupplied and set to zero, the function
returns immediately with avalue of O if the lock could not be acquired, or 1 if locking was successful.

| ck.rel ease()

Releases alock. It's an error to call this method when the lock isin an unlocked state.

RLock

A reentrant lock is a synchronization primitive that’s similar to aLock, but that can be acquired multiple times by the
same thread. This allows the thread owning the lock to perform nested acqui re() andr el ease() operations. Inthis
case, only the outermost r el ease() operation resets the lock to its unlocked state.
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A new RLock object is created using the following constructor:

RLock()
Creates anew reentrant lock object.

AnRLock object r | ck supports the following methods:

rlck.acquire([blocking = 1])

Acquiresthe lock, blocking until the lock isreleased if necessary. If no thread owns the lock, it’s locked and the recursion
level issetto 1. If thisthread already owns the lock, the recursion level of the lock isincreased by one and the function
returns immediately.

rick.rel ease()

Releases alock by decrementing itsrecursion level. If the recursion level is zero after the decrement, the lock is reset to

the unlocked state. Otherwise, the lock remains locked. This function should only be called by the thread that currently
owns the lock.

ConditionVariables
A condition variable is a synchronization primitive, built on top of another lock, that’s used when athread isinterested in

aparticular change of state or event to occur. A typical use is a producer-consumer problem where one thread is producing
data to be consumed by another thread. A new Condi t i on instanceis created using the following constructor:

Condi tion([] ock])

Creates a new condition variable. | ock isan optional Lock or RLock instance. If not supplied, anew RLock instanceis
created for use with the condition variable.

A condition variable cv supports the following methods:

cv. acquire(*args)

Acquires the underlying lock. This method calls the corresponding acqui r e( *ar gs ) method on the underlying lock
and returnsits return value.

cv.rel ease()

Releases the underlying lock. This method calls the corresponding r el ease() method on the underlying lock.

cv.wait([timeout])

Waits until notified or until atimeout occurs. This method is called after the calling thread has already acquired the lock.
When called, the underlying lock is released, and the thread goes to sleep until it's awakened by anot i fy() or
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noti fyAl | () call performed on the condition variable by another thread. Once awakened, the thread reacquires the

lock and the method returns. t i meout isafloating-point number in seconds. If this time expires, the thread is awakened,
the lock reacquired, and control returned.

cv.notify([n])

Wakes up one or more threads waiting on this condition variable. This method is called only after the calling thread has
acquired the lock, and does nothing if no threads are waiting. n specifies the number of threads to awaken and defaults to
1. Awakened threads don’t return from thewai t () call until they can reacquire the lock.

cv.notifyAl ()

Wakes up al threads waiting on this condition.

Examples

The following examples show a producer-consumer problem using condition variables:

# Consune one item
def consumer():
cv.acquire()
while not item.is_available():

cv.wait() # Wait for item
cv.rel ease()
consume_iten() # Consune the item

# Produce one item

def produce():
produce_item() # Produce the item
cv.acquire()
make i tem avail abl e()
cv.notify() # Notify the consuner
cv.rel ease()

Semaphore
A semaphore is a synchronization primitive based on a counter that’ s decremented by each acqui r e() call and

incremented by each r el ease() call. If the counter ever reaches zero, theacqui r e() method blocks until some other
thread calsr el ease() .

Semaphor e([ val ue])

Creates anew semaphore. val ue istheinitia value for the counter. If omitted, the counter is set to avalue of 1.

A Semaphor e instance s supports the following methods:

s. acqui re([ bl ocki ng])

Acquires the semaphore. If the internal counter is larger than zero on entry, decrementsiit by one and returns immediately.

file:///D}/Downloads/eDonkey/incoming/[ebook]%...Second%20Edition/python_essencial_ref/113.html (7 / 10) [2003/1/1 OW0OO 02:56:21]



file:///ID}J/Downl oads/eDonkey/incoming/[ ebook] %620Python%20Essenti al %020Ref erence, %20Second%20Edition/python_essencial _ref/113.html

If it's zero, blocks until another thread callsr el ease() . The bl ocki ng argument has the same behavior as described
for Lock and RLock objects.

s.rel ease()

Rel eases a semaphore by incrementing the internal counter by one. If the counter is zero and another thread is waiting, that

thread is awakened. If multiple threads are waiting, only one will be returned fromitsacqui r e() cal. Theorder in
which threads are released is not deterministic.

Events

Events are used to communicate between threads. One thread signals an “event” and one or more other threads wait for it.
An Event instance manages an internal flag that can be set to true with the set () method and reset to false with the

cl ear () method. Thewai t () method blocks until the flag is true.

Event ()

Createsanew Event instance with the internal flag set to false.

An Event instance e supports the following methods:

e.isSet ()

Returnstrue only if theinterna flagistrue.

e.set()

Setsthe internal flag to true. All threads waiting for it to become true are awakened.

e.clear()

Resets the internal flag to false.

e.wait([tinmeout])

Blocks until the internal flag istrue. If the internal flag istrue on entry, returns immediately. Otherwise, blocks until
another thread callsset () to set the flag to true, or until the optional timeout occurs. t i meout is afloating-point

number specifying atimeout period in seconds.

Example
The following example illustrates the use of the threading module by fetching a collection of URLSs in separate threads. In
this example, threads are defined by subclassing the Thr ead class.

i mport threading
inmport urllib
cl ass FetchUrl Thread(t hreadi ng. Thread):
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def __init_ (self, url,filenane):
t hreadi ng. Thread. __init__(self)
self.url = url

self.filenane = fil enanme
def run(self):
print self.getNane(), 'Fetching ', self.ur
urllib.urlretrieve(self.url,self.filenane)
print self.getNane(), 'Saved in ', self.filenane
urls = ("http://ww.python.org','/tnp/index.htm"),
("ftp://ftp.python.org/pub/python/ 2.1/ Python-2.1.tgz', '/tnp/py2l.tgz'),
("http://ww. petafl op.org/p.png' ,'/tnp/p.png' ),
("http://ww. pud. com , " /tnp/ pud. htm ")
]

# Go fetch a bunch of URLs in separate threads
for url,file in urls:

t = FetchUrl Thread(url, file)

t.start()

? See Also thread (219), Queue (226).
Queue

The Queue module implements a multi-producer, multi-consumer FIFO queue that can be used to safely exchange
information between multiple threads of execution. It's available only if thread support has been enabled.

The Queue module defines the following class:

Queue( maxsi ze)

Creates anew gueue in which maxsi ze isthe maximum number of itemsthat can be placed in the queue. If maxsi ze is
less than or equal to zero, the queue size isinfinite.

A Queue object q has the following methods:

g. gsi ze()

Returns the approximate size of the queue. Because other threads may be updating the queue, this number is not entirely
reliable.

q. enpt y()

Returns 1 if the queue is empty, O otherwise.

q. full ()

Returns 1 if the queue isfull, O otherwise.

g.put(item][, block])
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Putsi t eminto the queue. If optional argument bl ock is 1 (the default), the caller blocks until afree dot isavailable.
Otherwise (bl ock is0), the Ful | exceptionisraised if the queueisfull.

g. put_nowait(item

Equivalenttoq . put (i tem, 0).

g. get ([ bl ock])

Removes and returns an item from the queue. If optional argument bl ock is 1 (the default), the caller blocks until an
itemisavailable. Otherwise (bl ock is0), the Enpt y exceptionisraised if the queue is empty.

g.get_nowait ()
Equivalenttoq . get (0) .

Exceptions

Empty

Exception raised when nonblocking get () or get _nowai t () iscalled on aQueue object that’s empty or locked.

Ful |
Exception raised when nonblocking put () or put _nowai t () iscalled on aQueue object that’sfull or locked.

? See Also thread (219), threading (221).

< BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.
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Network Programming

This section describes the modules used to implement network servers and clients. Python provides extensive network
support ranging from access to low-level network interfaces to high-level clients and frameworks for writing network
applications. Before beginning, avery brief (and admittedly terse) introduction to network programming is presented.
Readers are advised to consult a book such as UNIX Network Programming, Volume 1: Networking APIs - Sockets and
XTI by W. Richard Stevens (Prentice Hall, 1997, ISBN 0-13-490012-X) for many of the advanced details.

Python’s network programming modules primarily support two Internet protocols. TCP and UDP. The TCP protocol isa
reliable connection-oriented protocol used to establish atwo-way communications stream between machines. UDPisa
lower-level packet-based protocol (connectionless) in which machines send and receive discrete packets of information
without formally establishing a connection. Unlike TCP, UDP communication is unreliable and thus inherently more
complicated to manage in applications that require reliable communications. Consequently, most Internet protocols utilize
TCP connections.

Both network protocols are handled through a programming abstraction known as a socket. A socket is an object similar to
afilethat allows a program to accept incoming connections, make outgoing connections, and send and receive data.
Before two machines can establish a connection, both must create a socket object.

Furthermore, the machine receiving the connection (the server) must bind its socket object to a port. A port is a 16-bit
number in the range 0—-65535 that’s managed by the operating system and used by clients to uniquely identify servers.
Ports 0—1023 are reserved by the system and used by common network protocols. The following table shows the port
assignments for a number of common protocols:

Service Port Number
FTP-Data 20
FTP-Control 21

Telnet 23

SMTP (Mail) 25

Finger 79

HTTP (WWW) 80

NNTP (News) 119

HTTPS (Secure WWW) 443

The process of establishing a TCP connection involves a precise sequence of steps on both the server and client, as shown
inFigure A.1.

Figure A.1. TCP connection protocol.
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For TCP servers, the socket object used to receive connections is not the same socket used to perform subsequent
communication with the client. In particular, theaccept () system call returns a new socket object that’s actually used
for the connection. This allows a server to manage connections from alarge number of clients simultaneously.

UDP communication is performed in a similar manner except that clients and servers don’t establish a* connection” with
each other, as shown in Figure A.2.

Figure A.2. UDP connection protocol.
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The following example illustrates the TCP protocol with aclient and server written using the socket module. In this
case, the server smply returns the current time to the client as a string.

# Time server program
from socket inport *

i mport tine
s = socket (AF_I NET, SOCK STREAM # Create a TCP socket
s.bind(('', 8888)) # Bind to port 8888
s.listen(5) # Listen, but allow no nore than
# 5 pendi ng connecti ons.
while 1:
client,addr = s.accept() # Get a connection

print 'Got a connection from"', addr
client.send(tinme.ctine(time.time())) # Send back to client
client.close()

Here' s the client program:

# Time client program
from socket inport *

s = socket (AF_I NET, SOCK_STREAM # Create a TCP socket
s.connect ((' foo. bar.conml, 8888)) # Connect to the server

tm= s.recv(1024) # Receive no nore than 1024 bytes
s.close()

print "The time is ', tm

The remainder of this section describes modules of two different flavors. First are modules and frameworks related to
socket programming. Second are a variety of modules that implement the client-side interface to common Internet
protocols. With the exception of HTTP, the details of these protocols are not presented. However, details can be found in
the online documentation and in relevant Internet Request for Comments (RFCs) available at http://www.ietf.org. Where

applicable, RFC numbers and sources for additional information are stated.
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asyncore

Theasyncor e moduleis used to build network applications in which network activity is handled asynchronously as a
series of events dispatched by an event loop, built using thesel ect () system call. Such an approach is useful in

network programs that want to provide concurrency, but without the use of threads or processes. This method can aso
provide the best performance for short transactions. All the functionality of this module is provided by the di spat cher

class, which is athin wrapper around an ordinary socket object.

di spat cher ([ sock])

Base class defining an event-driven nonblocking socket object. sock isan existing socket object. If omitted, a socket
must be created using the cr eat e_socket () method (described shortly). Once created, network events are handled by
specia handler methods (described later). In addition, all open dispatcher objects are saved in an internal list that’ s used by
anumber of polling functions.

The following methods of the di spat cher classare called to handle network events. They should be defined in classes
derived from di spat cher.

d. handl e_read()

Called when new datais available to be read from a socket.

d. handl e_write()

Called when an attempt to write datais made.

d. handl e_expt ()

Called when out-of-band (OOB) data for a socket is received.

d. handl e_connect ()

Called when a connection is made.

d. handl e_cl ose()

Called when the socket is closed.

d. handl e_accept ()

Called on listening sockets when anew connection arrives.

d. readabl e()

Thisfunctionisused by thesel ect () loop to see whether the object iswilling to read data. Returns 1 if so, O if not.
Thismethod is called to seeif the handl e_r ead() method should be called with new data.
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d.writabl e()

Caled by thesel ect () loop to see whether the object wants to write data. Returns 1 if so, O otherwise. This method is
always called to see whether the handl e_wri t e() method should be called to produce output.

In addition to the preceding methods, the following methods are used to perform low-level socket operations. They’re
similar to those available on a socket object.

d.create_socket (famly, type)

Creates a new socket. Arguments are the same asfor socket . socket () .

d. connect (addr ess)

Makes a connection. addr ess isatuple (host , port ).

d. send(dat a)

Sendsdat a .

d. recv(size)

Receives a most si ze bytes.

d.listen([backl og])

Listens for incoming connections.

d. bi nd( addr ess)

Binds the socket to addr ess . addr ess istypically atuple (host , port ).

d. accept ()

Accepts aconnection. Returnsapair (cl i ent , addr ) wherecl i ent isasocket object used to send and receive data
on the connection and addr isthe address of the client.

d. cl ose()
Closes the socket.

The following functions are used to handle events:
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poll ([timeout [, ignore_exception]])

Polls all the open dispatcher objects for network eventsusing sel ect () and calls the appropriate handler functions if
necessary. t i meout isan optiona timeout, 0. O by default. i gnor e_excepti on, if set, causes all exceptions
generated in event handlers to be ignored (the default).

| oop([timeout])

Pollsfor events indefinitely. Does nothing but repeatedly call pol | () .t i nmeout isthetimeout period and is set to 30
seconds by default.

Example

The following example implements a minimalistic Web server using asyncor e. It implements two classes—
asynht t p for accepting connectionsand asyncl i ent for processing client requests.

# A minimal HTTP server with no error checking.
i mport asyncore, socket
i mport string, os, stat, m netypes
# Class that does nothing but accept connections
cl ass asynhttp(asyncore. di spat cher):
def __init__ (self, port):
asyncore.di spatcher. __init__(self)
sel f.create_socket (socket. AF_| NET, socket . SOCK_STREAM
self.bind(("', port))
self.listen(5)
# Accept an incom ng connection and create a client
def handl e_accept (sel f):
client,addr = self.accept()
print 'Connection from', addr
return asynclient(client)
# Handle clients
cl ass asynclient (asyncore. di spatcher):

def __init_ (self, sock = None):
asyncore. di spatcher. __init__(self, sock)
self.got_request =0 # Read HTTP request?
sel f.request _data = []
sel f.responsef = None # Response file
sel f.sent _headers = 0 # Send HTTP headers?

self.clientf = sock.nmakefile('r+ ,0) # Request file
# Only readable if request header not read
def readabl e(self):
if not self.got request: return 1
# Read request header (until blank I|ine)
def handl e_read(self):
data = string.strip(self.clientf.readline())
if data:
sel f.request _dat a. append(dat a)
return
self.got_request =1
request = string.split(self.request _data[0])
if request[0] == "GCET :
filenanme = request[1][1:]
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sel f.responsef = open(fil enane)
sel f.content _type,enc = m netypes. guess_type(fil enane)
self.content_length = os.stat(fil enane)[stat.ST_SI ZE]
el se:
sel f.cl ose()
# Only witable if a response is ready
def witable(self):
if self.responsef: return 1
return O
# Wite response data
def handle wite(self):
# Send HTTP headers if not sent yet
if not self.sent_headers:
sel f.send(' HTTP/ 1.0 200 OK\n')
if not self.content_type:
self.content _type = "text/plain'
sel f.send(' Content-type: %\n' % (self.content _type,))
sel f.send(' Content-length: %d\n\n'" % (self.content |ength,))
sel f.sent _headers =1
# Read sone data and send it
data = self.responsef.read(8192)
if data:
sent = sel f.send(data)
# Adj ust for unsent data
sel f.responsef. seek(sent-len(data), 1)
el se:
sel f.responsef. cl ose()
sel f.cl ose()
# Create the server
a = asynhtt p(80)
# Pol |l forever
asyncore. | oop()

Notes

. Thismodule requiresthesel ect module.

? See Also socket (252), select (250), httplib (243), SocketServer (258).

BaseHTTPSer ver

The BaseHTTPSer ver module defines two base classes used to implement HTTP servers.

HTTPSer ver (server _address, request handl er)

Createsanew HTTPSer ver object. ser ver _addr ess isatuple of theform (host , port ) onwhich the server
will listen. r equest _handl er isaclassobject used to handle requests (described shortly).

TheHTTPSer ver classisderived from Socket Ser ver . TCPSer ver and supports the same methods. In particular,
the following functions are most relevant:

Function Description
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h . handl e_r equest () Processes a single request

h.serve forever() Handles an infinite number of requests

Requests are handled by defining a handler derived from the following class:

BaseHTTPRequest Handl er (request, client_address, server)
This classis used to handle HTTP requests. When a connection is received, the request and HTTP headers are parsed. An
attempt is then made to execute a method of the form do_ REQUEST based on the request type. For example, a' GET'

method invokesdo_GET() anda' POST' method invokes do_POST. By default, this class does nothing, so these
methods must be defined in subclasses.

The following class variables are defined for BaseHTTPRequest Handl er :

BaseHTTPRequest Handl er. server _versi on

Specifies the server software version string—for example, ' Ser ver Nane/ 1. 2' .

BaseHTTPRequest Handl er. sys_versi on

Python system version, suchas' Pyt hon/ 2. 0" .

BaseHTTPRequest Handl er. error _nessage_f or mat

Format string used to build error messages sent to the client. The format string is applied to adictionary containing the
attributes code, message, and expl ai n. For example:

"' ' <head>
<title>Error response</title>
</ head>
<body>
<hl>Error response</hl>
<p>Error code % code)d.
<p>Message: % nessage)s.
<p>Error code explanation: %code)s = % expl ain)s.
</ body>'""

BaseHTTPRequest Handl er . pr ot ocol _versi on

HTTP protocol version used in responses. The defaultis' HTTP/ 1. 0" .

BaseHTTPRequest Handl er . Messaged ass

Class used to parse HTTP headers.The default ism et ool s. Message.
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BaseHTTPRequest Handl er. r esponses

Mapping of integer error codes to two-element tuples (message , expl ai n) that describe the problem.

Aninstance b of the BaseHTTPRequest Handl er hasthe following attributes:

Attribute Description

b.client_address Client address as atuple (host , port )

b . conmand Request typesuchas' GET' ,' POST' ,' HEAD' , and so on

b.path Contains the request path

b.request_version HTTP version string from the request, suchas' HTTP/ 1. 0'

b . headers HTTP headers, typically represented asm et ool s. Message object
b.rfile Input stream for optional input data

b.wfile Output stream for writing a response back to the client

The following methods are used:

b. handl e()

Request dispatcher. Parses the request and calls a method of the formdo_* () .

b.send_error(code [, nessage])

Sends an error reply to the client. code isthe numeric HTTP error code. nessage isan optional error message.

b. send_response(code [, nessage])

Sends aresponse header. The HTTP response lineis sent, followed by Ser ver and Dat e headers.

b. send_header (keyword, val ue)

Writes a MIME header entry to the output stream. keywor d is the header keyword, val ue isitsvalue.

b. end_header s()

Sends ablank line to signal the end of the MIME headers.
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b.l og_request([code [, size]])

Logs a successful request. code isthe HTTP code and si ze isthe size of the response in bytes (if available).

b.log error(format, ...)

Logs an error message. By default, b . | og_nessage() iscalled.

b.l og_nmessage(format, ...)

Logs an arbitrary messageto sys. st derr . f or mat isaformat string applied to any additional arguments passed. The
client address and current time are prefixed to every message.

b. version_string()

Returns the server software’' s version string—a combination of theser ver _ver si on andsys_ver si on variables.

b.date_tinme_string()

Returns the current date and time, formatted for a header.

b.log date tinme_string()

Returns the current date and time, formatted for logging.

b. address_string()

Performs a name lookup on the client’s I P address and returns a hostname formatted for logging.

Example

The following example handles GET methods and simply echoes the request back to the client on a Web page.

i mport BaseHTTPServer
cl ass EchoHandl er (BaseHTTPSer ver . BaseHTTPRequest Handl er) :
# Echo the request information back on a Wb page
def do_CET(self):
sel f.send_response(200)
sel f.send_header (' Content-type', 'text/htm")
sel f. end_headers()
self.wfile.wite('"'
<ht M ><head><titl e>Your Request</titl e></head>
<body>
<p|‘ e>
You requested the following : %
The request headers were :
%s
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</ pre></ body></ htm >
"' % (self.path, self.headers))

server = BaseHTTPServer.HTTPServer (('"', 80), EchoHandl er)
server.serve_forever()

Note

. The contents of this module are rarely used directly. See the SmpleHTTPServer and CGIHTTPServer modul es.

? See Also SimpleHTTPServer (251), CGIHTTPServer (239), SocketServer (258), httplib (243), mimetools (266).

cgi

Thecgi moduleisused to implement CGI scriptsin Web applications. CGI scripts are programs executed by a Web
server when it wants to process user input submitted through an HTML form such as the following:

<FORM ACTI ON=' / cgi - bi n/ f00. cgi ' METHOD=" GET' >
Your name : <INPUT type='Text' nanme='nanme' size="'30">

Your email address: <INPUT type='Text' nanme='enmail"' size=" 30>
<I NPUT type='Submt' nane='submt-button' val ue=" Subscribe'>
</ FORM>

When the form is submitted, the Web server executes the CGI program f 00. cgi . CGI programs receive input from two
sources. sys. st di n and environment variables set by the server. The following table lists common environment
variables set by Web servers:

Variable

Description

AUTH_TYPE

Authentication method

CONTENT_LENGTH

Length of datapassedinsys. st di n

CONTENT_TYPE

Type of query data

DOCUVENT _ROOT

Document root directory

GATEWAY_| NTERFACE

CGl revision string

HTTP_ACCEPT MIME types accepted by the client
HTTP_COXI E Netscape persistent cookie value
HTTP_FROM Email address of client (often disabled)
HTTP_REFERER

Referring URL

HTTP_USER_AGENT

Client browser

PATH_I NFO
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PATH_TRANSLATED

QUERY_STRI NG

REMOTE_ADDR

REMOTE_HOST

REMOTE_| DENT

REMOTE_USER

REQUEST_METHOD

SCRI PT_NAME

SERVER_NAME

SERVER_PORT

SERVER_PROTOCOL

SERVER_SOFTWARE

Trandated version of PATH_| NFO

Query string

Remote IP address of the client

Remote hostname of the client

User making the request

Authenticated username

Method (' GET' or' POST' )

Name of the program

Server hostname

Server port number

Server protocol

Name and version of the server software

Asoutput, a CGI program writes to standard output sys. st dout . The gory details of CGI programming can be found in
abook such as CGI Programming with Perl, 2nd Edition by Shishir Gundavaram (O’ Reilly & Associates, 1999). For our
purposes, there are really only two things to know. First, the contents of an HTML form are passed to a CGI program in a
sequence of text known as a query string. In Python, the contents of the query string are accessed using the

Fi el dSt or age class. For example:

i mport cgi

form = cgi.FieldStorage()

nanme = forn{' nane']. val ue # Get 'nane' field froma form
email = fornf'email'].val ue # Get '"emuil' field froma form

Second, the output of a CGI program consists of two parts: an HTTP header and the raw data (which istypicaly
HTML).A simple HTTP header looks like this:

print 'Content-type: text/htm’ # HTM. CQut put
pri nt # Blank line (required!)

Therest of the output is the raw output. For example:

print '<TITLE>SMy CE Script</TITLE>
print '<Hl>Hello Worl d! </ HL>'
print 'You are % (%)' % (nane, email)

Most of thework inthecgi moduleis performed by creating an instance of the Fi el dSt or age class. This class reads
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the contents of aform by reading and parsing the query string passed in an environment variable or standard input.
Because input can be read from standard input, only one instance should be created. An instancef of Fi el dSt or age

has the following attributes:

Attribute Description

f . name Thefield name, if specified

f.filenane Client-side filename used in uploads

f . val ue Valueasastring

f.file File-like object from which data can be read

f.type Content type

f .type_options Dictionary of options specified on the content-type line of the HTTP request
f . di sposition The' cont ent - di sposi ti on' field; None if not specified

f . di sposition_options Dictionary of disposition options

f . headers A dictionary-like object containing all the HTTP header contents

In addition, the cgi module definesaclassM ni Fi el dSt or age that contains only the attribute’ s name and value. This
classis used to represent individual fields of aform passed in the query string, whereas Fi el dSt or age isused to
contain multiple fields and multipart data.

Instances of Fi el dSt or age are accessed like a Python dictionary where the keys are the field names on the form. When
accessed in this manner, the objects returned are themselves an instance of Fi el dSt or age for multipart data or file
uploads, an instance of M ni Fi el dSt or age for smplefields, or alist of such instances in cases where aform contains
multiple fields with the same name.

If afield represents an uploaded file, accessing the val ue attribute reads the entire file into memory as a string. Because

this may consume a large amount of memory on the server, it may be preferable to read uploaded datain smaller pieces by
reading from thef i | e attribute directly. For instance, the following example reads uploaded data line by line:

fileitem= fornf' userfile']
if fileitemfile:
# It's an uploaded file; count |ines
i necount = 0
while 1:
line = fileitemfile.readline()
if not line: break
linecount = |inecount + 1

The following functions provide a more low-level CGlI interface:
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escape(s [, quote])

Convertsthe characters' & ,' <',and' >' instrings to HTML-safe sequencessuchas' & ,' <',and' >' . If the
optional flag quot e istrue, the double-quote character (") is also trandated.

parse([fp [, environ [, keep_blank values [, strict_parsing]]]])

Parsesaforminto adictionary. f p isafile object from which dataisread (defaultsto st di n). envi r on isadictionary
containing environment variables (defaultsto 0os. envi r on). keep_bl ank_val ues , if set to 1, instructs the parser to

map blank entries into empty strings. Otherwise, blank entries are ignored (the default). Thest ri ct _par si ng option
specifies what to do with parsing errors. By default, errors areignored. If set, parsing errorsresult in aVal ueEr r or

exception. Returns a dictionary mapping field names to lists of values.

par se_header (string)

Parses the data supplied after an HTTP header field such as' cont ent -t ype' . Thedatais split into a primary value
and adictionary of secondary parameters that are returned in atuple. For example, this command:

parse_header ("text/htm ; a=hello; b="world ")

returns this result:

("text/html*, {"a@ :"hello', "b' :"world'}).

parse_mul tipart(fp, pdict)
Parsesinput of type' mul ti part/form data' asiscommonly used with file uploads. f p istheinput file and

pdi ct isadictionary containing parameters of the content-type header. Returns a dictionary mapping field namesto lists
of values. This function doesn’t work with nested multipart data. The Fi el dSt or age class should be used instead.

parse_gs(qgs [, keep_blank values [, strict_parsing]]):

Parsesaquery string gs . keep_bl ank_val ues andstri ct _par si ng have the same meaning asin par se() .
Returns a dictionary mapping field names to lists of values.

parse_gsl (gs [, keep_blank values [, strict_parsing]])

Likepar se_qs() exceptthatalist of (nanme, val ue) pairsisreturned.

print_directory()

Formats the contents of the current working directory in HTML. Used for debugging.

print_environ()
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Formats the shell environment in HTML. Used for debugging.

print_environ_usage()

Printsalist of useful environment variablesin HTML. Used for debugging.

print_form(form

Formats the data supplied on aform in HTML. f or mmust be an instance of Fi el dSt or age. Used for debugging.

test()

Writesaminimal HTTP header and prints all the information provided to the script in HTML format. Primarily used for
debugging.

Notes

. Theprocess of installing a CGI program varies widely according to the type of Web server being used. Typically
programs are placed in aspecial cgi - bi n directory. A server may also require additional configuration.

. On UNIX, Python CGI programs may require aline such as the following as the first line of the program:

#! [/ usr/ 1 ocal / bi n/ pyt hon
i mport cgi

. Tosmplify debugging, it's sometimes useful to set sys. st derr tosys. st dout . Thiswill force Python error
messages to be sent to the output stream (which will then appear in the text sent to the browser).

If you invoke an external program—for example, viathe os. syst en{) or os. popen() function—be careful

not to pass arbitrary strings received from the client to the shell. Thisis awell-known security hole that hackers can
use to execute arbitrary shell commands on the server (because the command passed to these functionsis first
interpreted by the UNIX shell as opposed to being executed directly). In particular, never pass any part of a URL or
form data to a shell command unlessit has first been thoroughly checked by making sure that the string contains
only aphanumeric characters, dashes, underscores, and periods.

. OnUNIX, don't giveaCGlI program set ui d mode. Thisis asecurity liability and not supported on all machines.

Don'tuse' from cgi inport *' withthismodule. Thecgi module defines awide variety of names and
symbols that you probably don’t want in your namespace.

. Theorigina CGI specification can be found at http://hoohoo.ncsa.uiuc.edu/cgi/interface.html.

? See Also CGIHTTPServer (239).

CA HTTPSer ver

The CA HTTPSer ver module provides asimple HTTP server handler that can run CGI scripts. The server is defined by
the following request handler class, intended for use with the BaseHTTPSer ver module:
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CA HTITPRequest Handl er (request, client_address, server)

Serves files from the current directory and all its subdirectories. In addition, the handler will run afile asa CGI script if
it'slocated in a special CGI directory. The handler supports both GET and POST methods.

Thelist of valid CGI directoriesis contained in the following attribute:

CA HITPRequest Handl er. cgi _directories
List of CGI directories. Defaultsto[ '/ cgi -bin', '"/hthin'].

Example

from BaseHTTPServer inport HTTPServer

from CA HTTPSer ver inport CA HTTPRequest Handl er
i mport os

# Change to the docunent root

os.chdir('/home/ httpd/ htm ")

# Start the CE server

serv = HITPServer (('"', 80), CA HTTPRequest Handl er)
serv.serve_forever()

Notes
For security, CGI scripts are executed with a UID of user nobody.
. Problemswith the CGI script will be trandlated to HTTP error 403.

Requests are handled using thedo_ GET and do_ POST methods, both of which can be redefined in subclasses.

. To prevent problemsin the execution of CGI scripts, it's usually agood ideato use CGI directory names that don’t
contain any embedded whitespace.

? See Also BaseHTTPServer (p. X), SmpleHTTPServer (p. x), cai (p. X), httplib (p. x).

Cooki e

The Cooki e module provides support for managing HT TP cookies. Cookies are used to provide state management in

CGil scripts that implement sessions, user logins, shopping carts, and related features. To drop a cookie on auser’s
browser, an HTTP server typically adds an HTTP header similar to the following to an HT TP response (see the httplib

module):

Set - Cooki e: sessi on=8273612; expires=Sun, 18-Feb-2001 15:00: 00 GMr; \
pat h=/; domai n=cs. uchi cago. edu

Alternatively, a cookie can be set by embedding JavaScript in an HTML document:

<SCRI PT LANGUAGE="JavaScri pt">
docunent . cooki e = "sessi on=8273612; expires=Sun, 18-Feb-2001 15:00: 00 Gwr; \
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Pat h=/; Domai n=cs. uchi cago. edu; "
</ SCRI PT>

The Cooki e module ssimplifies the task of generating cookie values by providing a specia dictionary-like object that

stores and manages collections of cookie values known as morsels. Each morsel has a name, avalue, and a set of optional
attributes containing meta-data to be supplied to the browser {expi r es, pat h, conment , donai n, max- age,

secur e, ver si on}. The nameisusually asimpleidentifier such as" nanme " and must not be the same as one of the
meta-data names such as" expi res"” or " pat h". The value is usually a short string. To create a cookie, simply create a
cookie object like this:

c = Cooki e. Si npl eCooki e()

Once created, cookie values (morsels) can be set using ordinary dictionary assignment:

c["session"] = 8273612
c["user"] = "beazley"

Additional attributes of a specific morsel are set as follows:

c["session"]["path"] = "/"
c["session"]["domai n"] = "cs.uchicago. edu”
c["session"]["expires"] = "18-Feb-2001 15:00: 00 GVI"

To output the cookie data as a set of HTTP headers, the c. out put () method is used. For example:

print c.output()

# Produces two |ines of output

# Set - Cooki e: sessi on=8273612; expires=...; path=/; domain=...
# Set - Cooki e: user=beazl ey

When a browser sends a cookie back to an HTTP server, it is encoded as astring of key=val ue pairs such as
"sessi on=8273612; user=beazl ey". Optional attributes such asexpi r es, pat h, and domai n are not

returned. The cookie string can usually be found in the HTTP_COCOKI E environment variable, which can be read by CGI
applications. To recover cookie values, use code similar to the following:

¢ = Cooki e. Si npl eCooki e(0s. environ[ "HTTP_COOKI E"])
session = c["session"].val ue
user c["user"].val ue

In the above example, the cookie instance ¢ is derived from a class BaseCooki e that provides the following common
methods:

c. val ue_decode(val)

Takesastring val and returns a decoded cookie value. This function is used to interpret a cookie value returned to a
server by a browser.
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c.val ue_encode(val)

Takes an object val and returnsit as an encoded string suitable for use in an HTTP header. A server would use thisto
encode cookie values being sent to the browser.

c.output([attrs [, header [,sep]]])

Generates a string suitable for use in setting cookie valuesin HTTP headers. at t r s isan optiona list of the optional
attributesto include (" expi res”, " pat h", " domai n", and so on). header isthe HTTP header to use, ' Set -
Cooki e: ' by default. sep isthe character used to join the headers together and is a newline by default.

C.js_output([attrs])

Generates a string containing JavaScript code that will set the cookie if executed on a browser supporting JavaScript.
attrs isanoptiona list of the attributes to include.

c. |l oad(rawdat a)
Loads the cookie ¢ with datafound inr awdat a . If r awdat a isastring, it's assumed to be in the same format as the
HTTP_COOKI E environment variable in a CGI program. If r awdat a isadictionary, each key- val ue pair is

interpreted by setting ¢ [ key ] =val ue .

The following classes provide specialized implementations of cookie objects. Each of these classesis derived from aclass
BaseCooki e.

Si mpl eCooki e([i nput])

Defines a cookie object in which cookie values are interpreted as simple strings. Thec . val ue_decode() method is
the identity function and thec . val ue_encode() method usesthest r () function to generate encoded values.
Seri al Cooki e([input])

Defines a cookie object in which the cookie values are interpreted using the pi ckl e module. Thec
. val ue_decode() method usespi ckl e. | oads() andthec . val ue_encode() method uses
pi ckl e. dunps() . Seethelater security note.

Smar t Cooki e([i nput])

Like Ser i al Cooki e() except that strings are left unmodified. If the cookie value cannot be successfully unpickled, ¢
.val ue_decode() returnsitsvalue asastring. In addition, thec . val ue_encode() method only calls
pi ckl e. dunps() if thevalueisnot astring. See the later security note.

Internally, thekey/ val ue pairs used to store a cookie value are instances of aMor sel class.An instance mof Mor sel

behaves like adictionary and allows the optiona " expi r es", " pat h"," comment ", " domai n", " max- age",
"secure",and"versi on" keysto be set. In addition, amorsel mhas the following methods and attributes:

file:///D}/Downloads/eDonkey/incoming/[ebook]%...Second%20Edition/python_essencial_ref/114.html (18 / 45) [2003/1/1 OWOO 02:56:27]



file:///ID}J/Downl oads/eDonkey/incoming/[ ebook] %620Python%20Essenti al %020Ref erence, %20Second%20Edition/python_essencial _ref/114.html

m val ue

The raw value of the cookie.

m coded_val ue

The encoded value of the cookie that would be sent to or received from the browser.

m key

The cookie name.

m set (key, val ue, coded_val ue)

Setsthe values of m. key, m. val ue, and m. coded_val ue.

m i sReser vedKey (k)

Tests whether k isareserved keyword such as" expi res”, pat h", " domai n", etc.

mout put ([attrs [, header]])

Produces the HTTP header string for thismorsel. at t r s isan optional list of the additional attributes to include
("expi res","pat h", and soon). header isthe header string to use, ' Set - Cooki e: ' by default.

mjs_output([attrs])

Outputs JavaScript code that sets the cookie when executed.

m Qutput String([attrs])

Returns the cookie string without any HT TP headers or JavaScript code.

If an error occurs during the parsing or generation of cookie values, a Cooki eEr r or exception is raised.
Notes

. More information about persistent cookies can be found in amost any book on CGI programming. For an official
specification, see RFC-2109.

. TheSeri al Cooki e() and Smart Cooki e() classes have known security problems, since the pi ckl e
module allows arbitrary client-code to be executed on the server during unpickling. These should not be used

unless your application has away to validate cookie values before unpickling.

. Most browsers place limits on the size and number of cookie values. Y ou should limit the size of cookie datato a
few hundred bytes at most.
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2 See Also cgi (235), hitplib (243).
ftplib

Theft pl i b moduleisused toimplement the client side of the FTP protocol. It’ s rarely necessary to use this module
directly, astheur | | i b module provides a higher-level interface. The following exampleillustrates the use of this
module:

>>> inport ftplib

>>> ftp = ftplib. FTP(' ftp. python.org')
>>> ftp.login()

>>> ftp.retrlines('LIST)

total 40

drwxrwxr-x 12 root 4127 512 Apr 6 19:57 .

drwxrwxr-x 12 root 4127 512 Apr 6 19:57 .

dr wxr wxr - X 2 root 4127 512 Aug 25 1998 RCS

[ rwxr wxr wx 1 root bi n 11 Jun 29 18: 34 README -> wel cone. nsg
dr wxr - xr - x 3 root wheel 512 May 19 1998 bin

>>> ftp.retrbinary(' RETR READVE , open(' READMVE , "wb').wite)

'226 Transfer conplete.’

>>> ftp.quit()

Consult the online documentation for a complete description of the functionality contained in this module.

? See Also urllib (260), Internet RFC 959, http://www.python.org/doc/lib/modul e-ftplib.html.

httplib

This module implements the client side of the Hypertext Transfer Protocol (HTTP) used in Web applications. Both
HTTP/1.0 and HTTP/1.1 protocols are supported. In addition, if Python is configured with OpenSSL support, connections
can be made using secure sockects. The HTTP/1.0 protocol is a simple text-based protocol that works as follows:

1. A client makes a connection to aWeb server and sends a request header of the following form:

GET /docunent. htm HITP/ 1.0

Connection: Keep-Alive

User-Agent: Mzilla/4.61 [en] (X11; U, SunCS 5.6 sun4u)

Host: rustler.cs. uchi cago. edu: 8000

Accept: image/gif, imge/x-xbitmap, inmagel/jpeg, inmage/pjpeg, inmagel/png, */*
Accept - Encodi ng: gzip

Accept - Language: en

Accept - Charset: is0-8859-1,*,utf-8

Data (optional)

Thefirst line defines the request type, document (the selector), and protocol version. Following the request line are
aseries of header lines containing various information about the client, such as passwords, cookies, cache
preferences, and client software. Following the header lines, a single blank line indicates the end of the header
lines. After the header, data may appear in the event that the request is sending from aform or uploading afile.
Each of the linesin the header should be terminated by a carriage return and anewline (" \ r\ n').
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2. The server sends aresponse of the following form:

HTTP/ 1.0 200 K
Content-type: text/htm
Content-1length: 72883 bytes

Header: data

Dat a

Thefirst line of the server response indicates the HTTP protocol version, a success code, and return message.
Following the response line are a series of header fields that contain information about the type of the returned
document, the document size, Web server software, cookies, and so forth. The header isterminated by asingle
blank line followed by the raw data of the requested document.

The following request methods are the most common:

Method Description

GET Get a document

PGST Post data to aform

HEAD Return header information only
PUT Upload data to the server

The following response codes are returned by servers:

Code Description
Success Codes (2xx)

200 OK

201 Created

202 Accepted

204 No content
Redirection (3xx)

300 Multiple choices
301 Moved permanently
302 Moved temporarily
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303 Not modified
Client Error (4xx)

400 Bad request
401 Unauthorized
403 Forbidden
404 Not found

Server Error (5xx)

500 Internal server error
501 Not implemented
502 Bad gateway

503 Service unavailable

A wide range of optional header fields can appear in both the request and response headers. These headers are specified in
aformat known as RFC 822, in which headers are specified in the form Header : dat a. For example:

Date: Fri, 16 Jul 1999 17:09: 33 GVI

Server: Apache/1.3.6 (Unix)

Last-Modified: Mn, 12 Jul 1999 19:08: 14 GVI
ETag: "741d3-44ec-378a3dle"

Accept - Ranges: bytes

Content-Length: 17644

Connection: cl ose

Cont ent - Type: text/htn

The following classes can be used to create HTTP/1.0 connections with aWeb server:

HTTP([ host [, port]])

Establishes an HTTP/1.0 connection with an HTTP server. host isthe hostname and por t isan optiona port number. If
no port number is given, the port is extracted from the hostname if it's of theform ' host : port ' . Otherwise, port 80 is

used. If no host is passed, no connection is made and the connect () method should be used to make the connection
manually.

HTTPS([ host [, port [, key file=kfile [, cert_file=cfile]])
Establishes a secure HTTP/1.0 connection. Works like HTTP() except that the default port is 443. In addition, optional

keyword parameterskey fileandcert _fil e specify the namesof aclient private-key file and a client certificate
file to be supplied to the server.
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Aninstance h of the HTTP or HTTPS class has the following methods:

h. connect (host [, port])

Connectsto the server given by host and port . Thisshould be caled only if the instance was created without a host.

h. send(dat a)

Sends data to the server. This should only be used after theendheader s() method.

h. put request (request, sel ector)

Sends a line to the server containing the request string, selector string, and the HTTP version (HTTP/1.0).

h. put header (header, argunent [, ...])

Sends an RFC 822—style header to the server. It sends aline to the server consisting of the header, a colon and a space, and
the first argument. If more arguments are given, continuation lines are sent, each consisting of atab and an argument.

h. endheader s()

Sends a blank line to the server, indicating the end of the headers.

h. getrepl y()

Closes the sending end of the connection, reads the reply from the server, and returns atriple (r epl ycode , nessage

, header s ).repl ycode istheinteger reply code from the request, such as 200 on success. nessage isthe message
string corresponding to the reply code. header s isan instance of the classm net ool s. Message, containing the
HTTP headers received from the server.

h.getfile()

Returns afile object from which the data returned by the server can beread, using ther ead() ,r eadl i ne(), or
readl i nes() method.

Example

inmport httplib

h = httplib. HTTP(' ww. pyt hon. org')

h. putrequest (' GET', '/index.htm")

h. put header (' Accept', "text/htm")

h. put header (' Accept', 'text/plain")

h. endheader s()

errcode, errmnmsg, headers = h.getreply()
print errcode # Should be 200

f = h.getfile()
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data = f.read() # Get the raw HTM.
f.close()

HTTP/1.1 extends the HTTP/1.0 protocol by allowing multiple request/response data streams to be multiplexed over a
single network connection. To handle multiple connections, HTTP/1.1 manages the network connection by putting it into
one of three states:

State Description
_CS_IDLE Connection idle
~CS_REQ STARTED Request Started
~CS_REQ SENT Request sent

New requests can be sent only when the connectionisinthe _CS_| DLE state. Once an HT TP request has been sent, the
connection doesn’t return to the idle state until the server response has been received and read on the client.

To support HTTP/1.1, the following classes are provided:

HTTPConnecti on(host [, port])

Creates an HTTP/1.1 connection. host isthe hostname and por t isthe remote port number. The default port is 80.
Returnsan HTTPConnect i on instance.

HTTPSConnecti on(host [, port [, key file= kfile [, cert file= cfile]]])

Like HTTP/1.1, but uses a secure socket connection. The default port is443. key _fileandcert _fil e areoptiona
keyword arguments that specify client private-key and certificate files. Returns an HTTPSConnect i on instance.

Aninstance h of HTTPConnect i on or HTTPSConnect i on supports the following methods:

h. connect ()

Initializes the connection to the host and port given to HTTPConnect i on() or HTPPSConnecti on() .

h. cl ose()

Closes the connection.

h. send(str)
Sendsastring st r to the server. Direct use of this function with HTTP/1.1 is discouraged, because it may break the

underlying response/request protocol. I1t’s most commonly used to send data to the server after h . endheader s() has
been called.
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h. put r equest (et hod, url)

Sends arequest to the server. met hod isthe HTTP method, suchas' GET' or' POST' . ur | specifiesthe object to be
returned, suchas' /i ndex. ht ml ' . If hisnotinthe CS | DLE state, aCannot SendRequest exceptionis
generated. Otherwise, h ismovedto  CS REQ STARTED state, in which additional headers can be added to the request.

h. put header (header, val ue)

Sends an RFC 822-style header to the server. It sends aline to the server, consisting of the header, a colon and a space,
and the value. Raises a Cannot SendHeader exceptionif h isnotinthe CS REQ STARTED state.

h. endheader s()

Sends a blank line to the server, indicating the end of the header lines. Changes the connection stateto _ CS_REQ_ SENT.

h. request (nmet hod, url [, body [, headers]])
Sends a complete HTTP request to the server. met hod and ur | have the same meaning asfor h . put r equest ().

body isan optiona string containing data to upload to the server after the request has been sent. header s isadictionary
containing header : val ue pairsto begiventotheh . put header () method.

h. getresponse()

Gets aresponse from the server and returns an HTTPRes ponse instance that can be used to read data. Raises a
ResponseNot Ready exceptionif h isnotinthe _CS _REQ _STATE.

An HTTPResponse instance as returned by the get r esponse() method supports the following methods:

r.close()

Closes the connection. This doesn’t close the underlying HT TP connection. Only the file object used to read data in this
specific responseis closed.

r.isclosed()

Returns true if the underlying connection has been closed.

r.read([size])

Readsup to si ze bytesfrom the server. If si ze isomitted, al the datafor this request is returned.

r.get header (nane [, default])

Gets aresponse header. namne isthe name of the header. def aul t isthe default value to return if not found.
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r.version

HTTP version used by server.

r.status

HTTP status code returned by the server.

r.reason

HTTP error message returned by the server.

r.length

Number of bytes left in the response.

r.wll _close

Set if the server will close the connection after the response has been sent.

Example

The following example shows how the HTTPConnect i on class can be used to open an HTTP/1.1 connection and fetch
severd files.

inmport httplib

files = [ "/index.htm"', '/doc/index.htm', "/News.htm" ]
h = httplib. HTTPConnecti on("ww. pyt hon. org", 80)
h. connect ()

for f in files:
h. putrequest (' GET',' ")
h. put header (' Accept','text/htm ")
h. put header (' Accept','text/plain')
h. endheader s()

r = h.getresponse()

if r.status == 200:
data = r.read()
print ":::: % " %f
print data

r.close()

h. cl ose()

Notes

. Thismoduleisused by theur | | i b module, which provides a higher-level interface for accessing URLS.
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. Secure HTTP s not available unless Python has also been compiled with OpenSSL support.

? See Also urllib (260), mimetools (266), asyncore (229), BaseHTTPServer (232), SimpleHTTPServer (251),
CGIHTTPServer (239).

i maplib

Thei mapl i b module provides alow-level client-side interface for connecting to an IMAP4 mail server using the

IMAP4rev1 protocol. Documents describing the protocol, as well as sources and binaries for servers implementing it, can
be found at the University of Washington’s IMAP Information Center (http://www.cac.washington.edu/imap).

The following example shows how the module is used by opening a mailbox and printing all messages:

i nport getpass, imaplib, string
m = i maplib. | MAP4()
m | ogi n( get pass. getuser (), getpass.getpass())
m sel ect ()
typ, data = m search(None, "ALL")
for numin string.split(data[0]):
typ, data = mfetch(num ' (RFC822)")
print 'Message %\n%\n' % (num data[O0][1])
m | ogout ()

? See Also poplib (249), http://www.python.org/doc/lib/module-imaplib.html, http://www.cac.washington.edu/imap,
Internet RFC 1730, RFC 2060.

nntplib

Thennt pl i b module provides alow-level interface to the client side of NNTP (Network News Transfer Protocol). For
details about using this module, see the online documentation (http://www.python.org/doc/lib/module-nntplib.html). The
following example shows how the module can be used to post a news message from afile containing valid news headers:

s = NNTP(' news. f oo. com)
f = open('article")

S. post (f)

s.quit()

? See Also http://www.python.org/doc/lib/modul e-nntplib.html, Internet RFC 977.

poplib

The popl i b module provides alow-level client-side connection to a POP3 mail server. Consult the online reference at
http://www.python.org/doc/lib/modul e-poplib.html for specific details. The following example opens a mailbox and
retrieves all messages:

i mport getpass, poplib

M = poplib. POP3(' I ocal host")
M user (get pass. getuser())

M pass_(get pass. get pass())
nunmvessages = len(MIlist()[1])
for i in range(numVessages):
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for j in Mretr(i+1)[1]:
print j

? See Also http://www.python.org/doc/lib/modul e-poplib.html, Internet RFC 1725.

r obot par ser
Ther obot par ser module provides aclass that can be used to fetch and query information contained in the

robot s. t xt filesthat Web sites use to instruct Web crawlers and spiders. The contents of thisfile typically look like
this:

# robots. txt
User-agent: *
Di sal | ow. /war heads/ desi gns # Don't allow robots here

Robot Fi | ePar ser ()

Creates an object that can be used to read and query asingler obot s. t xt file.

Aninstancer of Robot Fi | ePar ser hasthe following attributes and methods:

r.set_url (url)

Setsthe URL of ther obot s. t xt file.

r.read()

Readsther obot s. t xt fileand parsesit.

r.parse(lines)

Parses alist of lines obtained from ar obot s. t xt file.

r.can_fetch(useragent, url)

Returnstrueif user agent isalowedtofetchurl .

rontime()

Returnsthetime at which ther obot s. t xt filewas last fetched.

r.nodified()
Setsthetimeat whichr obot s. t xt was last fetched to the current time.
Note
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. Detailsabout ther obot s. t xt format can be found at
http://info.webcrawler.com/mak/projects/robots/norobots.html.

sel ect

Thesel ect module provides accesstothesel ect () systemcall. sel ect () istypically used to implement polling or

to multiplex processing across multiple input/output streams without using threads or subprocesses. On UNIX and
Macintosh, it works for files, sockets, pipes, and most other file types. On Windows, it only works for sockets.

select(iwd, omd, ewtd [, tinmeout])

Queries the input, output, and exceptional status of a group of file descriptors. The first three arguments are lists
containing either integer file descriptors or objects with amethod f i | eno() that can be used to return afile descriptor.
Thei wt d parameter specifies objects waiting for input, owt d specifies objects waiting for output, and ewt d specifies
objects waiting for an exceptional condition. Each list may be empty. t i neout isafloating-point number specifying a
timeout period in seconds. If omitted, the function waits until at least one file descriptor isready. If 0, the function merely
performs a poll and returnsimmediately. The return value is atriple of lists containing the objects that are ready. These are
subsets of the first three arguments. If none of the objectsis ready before the timeout occurs, three empty lists are returned.
If an error occurs, asel ect . err or exception raised. Itsvalue is the same as that returned by | OEr r or and OSEr r or .

Example

The following code shows how sel ect () could be used in an event loop that wants to periodically query a collection of
sockets for an incoming connection:

i mport socket, select

# Create a few sockets

sl = socket.socket (socket.AF_|I NET, socket.SOCK _STREAM
sl.bind(("", 8888))

sl.listen(5)

s2 = socket. socket (socket. AF_I NET, socket. SOCK_STREAM
s2.bind(("", 8889))

s2.listen(5)
# Event | oop
while 1:

processing ...
# Poll the sockets for activity
i nput, out put, exc = select.select([s1,s2],[],[],0)
# Loop over all of the sockets that have pending input
for sock in input:
# Accept an incom ng connection
client = sock.accept ()
handl e client
client.close()
# Done. Carry on.
nore processing ...

Note

. There'susually an upper limit on the number of file selectors that can be givento sel ect () . It's often 64 for
Windows and 256 for UNIX.
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? See Also asyncore (229), socket (252), os (180).

Si nmpl eHTTPSer ver

The Si npl eHTTPSer ver module provides asimple HTTP server handler that can serve files from the current directory.
The module defines the following handler class, intended for use with the BaseHTTPSer ver module:

Si npl eHTTPRequest Handl er (request, client_address, server)

Serves files from the current directory and al its subdirectories. The classimplementsthedo_HEAD( ) anddo_GET()
methods to support HEAD and GET requests, respectively. All | OEr r or exceptionsresultina404 Fil e not found
error. Attemptsto access adirectory resultina403 Directory |isting not supported error.

The following class attributes are available:

Si npl eHTTPRequest Handl er . server _versi on

Server version string.

Si npl eHTTPRequest Handl er . ext ensi ons_map
A dictionary mapping suffixes into MIME types. Unrecognized file types are considered to be of type' t ext / pl ai n' .

Example

from BaseHTTPServer inport HTTPServer

from Si npl eHTTPSer ver inport Sinpl eHTTPRequest Handl er
i mport os

# Change to the document root
os.chdir("/home/ httpd/ htm ")

# Start the Sinpl eHTTP server

serv = HTTPServer (("", 80), Si npl eHTTPRequest Handl er)
serv. serve_forever ()

? See Also BaseHTTPServer (232), CGIHTTPServer (239), httplib (243).

snmplib

Thesnt pl i b module provides alow-level SMTP client interface that can be used to send mail. For specific details about
the module, see the online reference at http://www.python.org/doc/lib/module-smtplib.html. The following example shows
how the module might be used by prompting the user for an address and sending a message:

i mport string, sys
import smtplib
def pronpt (pronpt):
sys.stdout.wite(pronmpt + ": ")
return string.strip(sys.stdin.readline())
fromaddr = pronpt (" Froni)
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toaddrs = string.splitfields(pronmpt("To"), ',")
print "Enter nmessage, end with ~D:"

meg = ""

whil e 1:

line = sys.stdin.readline()
if not |ine:
br eak

nseg = nsg + |line
print "Message length is " + "len(nsg)’
server = sntplib. SMIP(' | ocal host")
server.sendmai |l (fronmaddr, toaddrs, nsQ)
server. quit()

? See Also poplib (249), http://www.python.org/doc/lib/module-smtplib.html, imaplib (248), Internet RFC 821 (Simple
Mail Transfer Protocol), Internet RFC 1869 (SMTP Service Extensions).

socket

The socket module provides access to the BSD socket interface. Although it’s based on UNIX, thismoduleis available
on al platforms.

fronfd(fd, famly, type [, proto])

Creates a socket object from an integer file descriptor f d . The address family, socket type, and protocol number are the
same asfor socket () . Thefile descriptor must refer to a previously created socket. Returns an instance of

Socket Type.

get f gdn([ namne] )

Returns the fully qualified domain name of name . If nanme is omitted, the local machine is assumed. For example,
getfgdn("stonecrusher") might return” st onecrusher. cs. uchi cago. edu”.

get host bynane( host nane)

Tranglates a hostname such as' www. pyt hon. or g' to an IP address. The IP addressis returned as a string, such as
'132.151.1.90'".

get host bynanme_ex( host nane)

Trandates a hostname to an IP address, but returnsatriple (host nane, aliaslist, ipaddrlist )inwhich
host nane isthe primary hostname, al i asl i st isalist of alternative hosthames for the same address, and

i paddr i st isalist of IP addresses for the same interface on the same host. For example,
get host bynanme_ex(' www. pyt hon. org') retuns(' parrot. python.org', ['ww. python.org'],

['132.151.1.90']).

get host name()

Returns the hostname of the local machine.
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get host byaddr (i p_addr ess)

Returns the same information as get host bynane_ex(), givenan IPaddresssuchas' 132. 151. 1. 90" .

get pr ot obyname( pr ot ocol nane)

Translates an Internet protocol name suchas' i cnp' to aprotocol number (such as the value of | PPROTO | CVP) that
can be passed to the third argument of the socket () function.

get servbyname(servi cenane, protocol nane)

Trandlates an Internet service name and protocol name to a port number for that service. For example,
getservbyname(' ftp', 'tcp') returns21. The protocol nameshouldbe' t cp' or' udp' .

nt ohl (x)

Converts 32-bit integers from network (big-endian) to host byte order.

nt ohs( x)

Converts 16-bit integers from network to host byte order.

ht onl ( x)

Converts 32-bit integers from host to network byte order.

ht ons( x)

Converts 16-bit integers from host to network byte order.

ssl (sock, key file, cert_file)
Creates a client-side secure socket. sock isan existing socket instance that has aready established a connection using its
connect () method. key_fi | e isthe name of aclient private-key file. cert _fi | e isthe name of aclient certificate

file.key _fileandcert fil e mustbothbesetto None or set to the names of PEM format files containing the client

key and certificate. Thisfunction is available only if Python has been configured with OpenSSL support. In addition, this
function cannot be used to create server-side secure sockets. See the notes.

socket (famly, type [, proto])

Creates a new socket using the given address family, socket type, and protocol number. f am | y isone of the following
constants:

Constant Description
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AF_| NET I Pv4 protocols (TCP, UDP)

AF_UNI X UNIX domain protocols

The socket type is one of the following constants:

Constant Description

SOCK_STREAM Stream socket (TCP)

SOCK_DGRAM Datagram socket (UDP)

SOCK_RAW Raw socket (available with AF_| NET only)
SOCK_SEQPACKET Sequenced connection-mode transfer of records

The protocol number is usually omitted (and defaultsto 0). It’s usually used only in conjunction with raw sockets
(SOCK_RAW and is set to one of the following constants when used: | PPROTO | C\VP, | PPROTO | P, | PPROTO_RAW
| PPROTO_TCP, | PPROTO_UDP.

To open a TCP connection, usesocket ( AF_| NET, SOCK_STREAM . To open a UDP connection, use

socket (AF_I NET, SOCK DGRAM . To openaraw IP socket, usesocket ( AF_I NET, SOCK_ RAW . Accessto
raw socketsis privileged and will only succeed if the effective user ID is 0 (root) on UNIX systems. The function returns
an instance of Socket Type (described shortly).

Sockets are represented by an instance of type Socket Type. The following methods are available on asocket s :

s.accept ()

Accepts a connection and returnsapair (conn, addr ess ) where conn isanew socket object that can be used to send
and receive data on the connection, and addr ess isthe address of the socket on the other end of the connection.

s. bi nd(addr ess)
Binds the socket to an address. The format of addr ess depends on the address family. In most cases, it’s atuple of the
form (host nane, port ). For |P addresses, the empty string represents | NADDR _ANY, and the string

' <br oadcast >' represents| NADDR_BROADCAST. The | NADDR_ANY hostname (the empty string) is used to indicate

that the server allows connections on any Internet interface on the system. This is often used when a server is multihomed.
The | NADDR _BROADCAST hostname (" <br oadcast >' ) is used when a socket is being used to send a broadcast

message.

s.cl ose()

Closes the socket. Sockets are also closed when they’ re garbage-collected.

s. connect (addr ess)
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Connectsto aremote socket at addr ess . Theformat of addr ess depends on the address family, but it’snormally a
pair (host nane, port ). Raisessocket. error if anerror occurs.

If you’re connecting to a server on the same computer, you can usethename' | ocal host' asthefirst argument to s
.connect ().
s. connect _ex(address)

Likeconnect (addr ess ), but returns O on success or the value of er r no on falure.

s.fileno()

Returns the socket’ s file descriptor.

S. get peer nane()

Returns the remote address to which the socket is connected asapair (i paddr , port ). Not supported on all systems.

s. get socknane()

Return the socket’s own address as apair (i paddr , port ).

s. get sockopt (| evel , optnanme [, buflen])

Returns the value of a socket option. | evel definesthelevel of the option and is SOL_ SOCKET for socket-level options
or aprotocol number such as| PPROTO _I P for protocol-related options. opt nane selects a specific option. If buf | en

is omitted, an integer option is assumed and its integer value isreturned. If buf | en isgiven, it specifies the maximum
length of the buffer used to receive the option. This buffer is returned as a string, where it’s up to the caller to decode its
contents using the st r uct module or other means. The following list shows commonly used option names for level

SOL_ SOCKET:

Option Name Value Description

SO_KEEPALI VE 0, 1 Periodically probes the other end of the connection and terminates if it's half-open
SO_RCVBUF int Size of receive buffer (in bytes)

SO_SNDBUF I nt Size of send buffer (in bytes)

SO_REUSEADDR 0, 1 Allows local address reuse

SO_RCVLOWAT i nt Number of bytes read before sel ect () returns the socket as readable

SO_SNDLOWAT int Number of bytes available in send buffer before sel ect () returns the socket as writable
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SO_RCVTI MEO t val ue |Timeout on receive callsin seconds

SO_SNDTI MEO t val ue |Timeout on send callsin seconds

SO_OOBI NLI NE 0, 1 Places out-of-band data into the input queue
SO_LINGER li nger |Lingersoncl ose() if the send buffer contains data
SO_DONTROUTE 0, 1 Bypasses routing table |ookups

SO _ERROR i nt Gets error status

SO_BROADCAST 0, 1 Allows sending of broadcast datagrams

SO TYPE i nt Gets socket type

SO_USELOOPBACK 0, 1 Routing socket gets copy of what it sends

t val ue isabinary structure that’s decoded as

(second, mcrosec) = struct.unpack("Il", tvalue).

| i nger isabinary structure that’s decoded as

(l'inger_onoff, linger_sec) = struct.unpack("ii", linger).

The following options are available for level | PPROTO | P:

Option Name Value Description

I P_ADD_MEMBERSHI P i pnTeg Join multicast group (set only)

| P_DROP_MEMBERSHI P i pnT eg Leave amulticast group (set only)
| P_HDRI NCL i nt IP header included with data
I'P_MULTI CAST_I F i naddr Outgoing interface

| P_MJLTI CAST_LOOP uchar L oopback

I P_MJULTI CAST_TTL uchar Timeto live

I P_OPTI ONS char [ 44] |P header options

IP_TOS i nt Type of service

IP_TTL i nt Timeto live
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i naddr isa32-bit binary structure containing an IP address ( st ruct . unpack(' bbbb', inaddr )).ipnregis

a 64-hit binary structure containing two IP addresses in the same format asi naddr . uchar isaone-byte unsigned
integer as created by st ruct . pack(' b' , uval ue).char[ 44] isastring containing at most 44 bytes.

Not all options are available on all machines. Refer to an advanced networking book for specific details about each option.

s.listen(backl og)

Starts listening for incoming connections. back| og specifies the maximum number of pending connections the operating
system should queue before connections are refused. The value should be at least 1, with 5 being sufficient for most

applications.

s. makefil e([node [, bufsize]])

Creates afile object associated with the socket. node and buf si ze have the same meaning as with the built-in open()
function. The file object uses a duplicated version of the socket file descriptor, created using os. dup() , so the file object
and socket object can be closed or garbage-collected independently.

s.recv(bufsize [, flags])

Receives data from the socket. The datais returned as a string. The maximum amount of data to be received is specified
by buf si ze . f | ags provides additional information about the message and is usually omitted (in which case it defaults
to zero). If used, it’susually set to one of the following constants (system-dependent):

Constant Description

MSG_PEEK Look at data, but don’t discard (receive only)

MSG_WAI TALL Don't return until the requested number of bytes have been read (receive only)
M5G_OOB Receive/send out-of-band data

M5G_DONTROUTE Bypass routing table lookup (send only)

s.recvfrom(bufsize [, flags])
Likether ecv() method except that the return valueisapair (dat a, addr ess )inwhichdat a isastring containing

the datareceived and addr ess isthe address of the socket sending the data. The optional f | ags argument has the same
meaning asfor r ecv() . Thisfunction is primarily used in conjunction with the UDP protocol.

s.send(string [, flags])

Sendsdatain st ri ng to aconnected socket. The optional f | ags argument has the same meaning asforr ecv(),
described earlier. Returns the number of bytes sent.
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s.sendto(string [, flags], address)

Sends data to the socket. f | ags has the same meaning asfor r ecv() . addr ess isatuple of theform (host , port )

that specifies the remote address. The socket should not already be connected. Returns the number of bytes sent. This
function is primarily used in conjunction with the UDP protocol.

s. set bl ocki ng(fl ag)

If f | ag is zero, the socket is set to nonblocking mode. Otherwise, the socket is set to blocking mode (the default). In
nonblocking mode, if ar ecv() call doesn’t find any dataor if asend() call cannot immediately send the data, the

socket . err or exceptionisraised. In blocking mode, these calls block until they can proceed.

s. set sockopt (| evel , optnane, val ue)

Sets the value of the given socket option. | evel and opt name have the same meaning asfor get sockopt () . The
value can be an integer or a string representing the contents of a buffer. In the latter case, it’s up to the caller to ensure that
the string contains the proper data. See get sockopt () for socket option names, values, and descriptions.

s. shut down( how)

Shuts down one or both halves of the connection. If howis 0, further receives are disalowed. If howis 1, further sends
are disallowed. If howis 2, further sends and receives are disallowed.

Exception

error

This exception israised for socket or address-related errors. It returnsapair (errno, mnesg ) with the error returned by
the underlying system call.

Example

A simple example of a TCP connection is shown on page 226 (in the introduction to network programming).The following
exampleillustrates asimple UDP client and server:

# UDP nessage server

# Receive small packets from anywhere and print them out
i mport socket

s = socket.socket (socket. AF_I NET, socket.SOCK DGRAM

s. bind(("", 10000))

while 1:
data, address = s.recvfrom 256)
print address[0], "said : ", data

# UDP nmessage client
# Send a nessage packet to the server
i mport socket
s = socket. socket (socket. AF_|I NET, socket.SOCK DGRAM
while 1:
nmsg = raw_i nput ("Say sonething : ")
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i f meg:
s.sendto(nsg, ("servernane", 10000))
el se:
br eak
s. cl ose()

Notes
. Not all constants and socket options are available on all platforms.

. Thesocket module currently doesn’t support a number of other network protocols such as IPX and IPv6.
However, a number of additionsto the socket module are likely to appear in future Python rel eases.

? See Also SocketServer (258), asyncore (229), select (250).
Socket Ser ver
The Socket Ser ver moduleisused to write TCP, UDP, and UNIX domain socket servers. Rather than having to

implement servers using the low-level socket module, this module provides four classes that implement the above
protocols:

TCPSer ver (address, handl er)

A server supporting the TCP protocol. addr ess isa 2-tuple of theform (host , port ), wherehost isthe hosthname

and por t isthe port number. Typically, host isset to the empty string. handl er isan instance of a subclass of the
BaseRequest Handl er classdescribed later.

UDPSer ver (addr ess, handl er)

A server supporting the Internet UDP protocol. addr ess and handl| er arethe sameasfor TCPSer ver () .

Uni xSt reanBSer ver (addr ess, handl er)

A server implementing a stream-oriented protocol using UNIX domain sockets.

Uni xDat agr anSer ver (addr ess, handl er)
A server implementing a datagram protocol using UNIX domain sockets.

Instances of all four server classes have the following methods and attributes:

s.fileno()

Returns the integer file descriptor for the server socket.

s. handl e_r equest ()
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Waits for arequest and handles it by creating an instance of the handl er class (described shortly) and invoking its
handl e() method.

s.serve_forever()

Handles an infinite number of requests.

s.address_famly

The protocol family of the server, either socket . AF_I NET or socket . AF_UNI X.

s. Request Handl er d ass

The user-provided request handler class that was passed to the server constructor.

s.server _address

The address on which the server islistening, suchas (' 127. 0. 0. 1", 80).

s. socket
The socket object being used for incoming requests.

In addition, the server classes define the following class attributes (<Ser ver O ass > should be filled in with the name
of one of the four available classes):

<Server Cl ass>. request _queue_si ze

The size of the request queue that’ s passed to the socket’s| i st en() method. The default valueis 5.

<Server Cl ass>. socket _type

The socket type used by the server, such assocket . SOCK_STREAMor socket . SOCK_DGRAM

Requests are handled by defining a subclass of the class BaseRequest Handl er . When the server receivesa
connection, it creates an instance h of the handl er class and invokes the following methods:

h. fi ni sh()

Called to perform cleanup actions after the handl e() method has completed. By default, it does nothing. It’s not called
if either theset up() or handl e() method generates an exception.

h. handl e()
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This method is called to perform the actual work of arequest. It’s called with no arguments, but several instance variables
are set to useful values. h . r equest containstherequest, h . cl i ent _addr ess contains the client address, and h

. server contains an instance of the server that called the handler. For stream services such as TCP, theh . r equest
attribute is a socket object. For datagram services, it’s a string containing the received data.

h. set up()

This method is called before the handl e() method to perform initialization actions. By default, it does nothing.

The process of creating a server involves the following steps:

1. Define arequest handler class by subclassing BaseRequest Handl er .

2. Create an instance of one of the server classes by passing the server’s address and the request handler class.

3. Cdlthehandl e_request () orserve_forever () method of the server to process connections.

The following code illustrates the process for avery ssmple HTTP server that simply echoesthe HTTP request back in a
Web page:

i mport Socket Server
i mport socket
i mport string
# Read an HTTP request froma client and bounce it back in a Wb page
cl ass EchoHandl er ( Socket Ser ver. BaseRequest Handl er) :
def handl e(sel f):
f = self.request. nakefil e()
sel f.request.send("HTTP/ 1.0 200 OK\r\n")
sel f.request.send("Content-type: text/plain\r\n\r\n")
sel f.request.send("Received connection from%\r\n\r\n" %
(self.client_address,))
while 1:
line = f.readline()
sel f.request.send(line)
if not string.strip(line):
br eak
f.close()
# Create the server and start serving
serv = Socket Server. TCPServer (("", 80), EchoHandl er)
serv. serve_forever ()

By default, the server classes process requests one at atime in a synchronous manner. The servers can alternatively handle
requests in a subprocess, using os. f or k() , or as a separate thread by instantiating one of the following server classes
instead of the four classes listed earlier:

For ki ngUDPSer ver (address, handl er )
For ki ngTCPSer ver (address, handl er )

. Threadi ngUDPSer ver (address, handl er)
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. Threadi ngTCPSer ver (address, handl er)

Finally, two additional classes can be used as base classes for handlers: St r eanRequest Handl er and

Dat agr anRequest Handl er . When used, these classes overridetheset up() andfi ni sh() methods of the handle
to providetwo file attributes, sel f . rfi l e andsel f. wf i | e, that can be used to read and write data to and from the
client, respectively. For example:

# Read an HTTP request froma client and bounce it back
cl ass EchoHandl er ( Socket Server. St reanRequest Handl er) :
def handl e(sel f):
self.wfile.wite("HTTP/1.0 200 OK\r\n")
self.wfile.wite("Content-type: text/plain\r\n\r\n")
self.wWfile.wite("Received connection from%s\r\n\r\n" %
(sel f.client_address,))
while 1:
line = self.rfile.readline()
self.wfile.wite(line)
if not string.strip(line):
br eak

Note

. All the server classes can be specialized by subclassing. The online documentation contains more information
about this topic.

? See Also socket (252), BaseHTTPServer (232), SimpleHTTPServer (251), CGIHTTPServer (239), thread (219), os
(180).

urllib

Theur !l | i b moduleis used to fetch data from the Web.

url open(url [, data])

Given auniform resource locator (URL) suchasht t p: / / www. pyt hon. orgorftp://foo. conf pub/foo.tar,

this function opens a network connection and returns a file-like object. If the URL doesn’t have a scheme identifier such as
ftp: orhttp:,orifit'sfil e:,aloca fileisopened. If aconnection cannot be made or an error occurs, an | OEr r or

exception israised. If the URL isan HTTP request, the optional dat a argument specifies that the request should be made
using a POST method, in which case the data is uploaded to the server. In this case, the data must be encoded in an

"application/ x-wwformurl encoded' format asproduced by theur | encode() function.

urlretrieve(url [, filenane [, hook]])

Opens a URL and copiesitsdatato alocal file, if necessary. If ur | isalocal file or a cached copy of the data exists, no
copying isperformed. f i | ename specifies the name of the local filein which datawill be saved. If omitted, atemporary
filename will be generated. hook isafunction called after a connection has been made and after each block of data has
been read. It’'s called with three arguments: the number of blocks transferred so far, the block size in bytes, and the total
size of thefilein bytes.The function returnsatuple (f i | enanme , header s )inwhichfi | enane isthe name of the
local file where the data was saved and header s isthe information returned by thei nf o() method as described for

ur | open() . If the URL correspondsto alocal file or if a cached copy was used, header s will be None. Raisesan
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| CEr r or if an error occurs.

url cl eanup()

Clearsthelocal cachecreatedby url retri eve().

quote(string [, safe])
Replaces special charactersin st ri ng with escape sequences suitable for including in a URL. Letters, digits, and the
underscore (_), comma(, ) period (. ), and hyphen () characters are unchanged. All other characters are converted into

escape sequences of theform* % x" . saf e provides additional characters that should not be quoted andis' /' by
default.

guote_plus(string [, safe])

Cdlsquot e() and additionally replaces all spaces with plus signs.

unquot e(stri ng)

Replaces escape sequences of theform ' % x"' with their single-character equivalent.

unquot e_pl us(string)

Likeunquot e( ), but also replaces plus signs with spaces.

url encode(dict)

Converts adictionary to a URL -encoded string suitable for use as the dat a argument of theur | open() function. The
resulting string isa seriesof ' key=val ue ' pairsseparated by ' & characters, where both key and val ue are quoted
using quot e_pl us() .

Thefile-like object returned by ur | open() supports the following methods:

Method Description

c

.read([ nbytes]) |Readsnbyt es of data

u.readline() Reads asingle line of text.
u.readlines() Reads dl input lines and returns a list.
u.fileno() Returns the integer file descriptor.
u.close() Closes the connection.
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u.info() Returnsthe mi et ool s. Message object containing meta-information associated with the URL. For HTTP, the
HTTP headers included with the server response are returned. For FTP, the headersinclude' cont ent -
| engt h' . For local files, the headersinclude adate, ' content-1ength' ,and' content-type' field.

u.geturl () Returnsthereal URL of the returned data, taking into account any redirection that may have occurred.

Notes

. Theonly supported protocolsare HTTP, FTP, Gopher, and local files. Although the ht t pl i b module supports
HTTP/1.1, this module uses HTTP/1.0 retrieve documents.

. If Pythonis configured with OpenSSL support, secure HTTP (ht t ps: / / nane ) is also supported.

. Theurl open() function works transparently with proxies that don’t require authentication. On UNIX and
Windows, proxy servers should be set with the $ht t p_pr oxy, $f t p_pr oxy, and $gopher _pr oxy
environment variables.

. Caching is currently not implemented.
. If aURL pointsto alocal file but the file cannot be opened, the URL is opened using the FTP protocol.
. Theurl i b2 module (available with Python 2.1) provides more advanced support for fetching URLSs, dealing

with redirection, and handling user authentication. Details about this module are available at
http://www.python.org/doc/current/lib/modul e-urllib2.html.

? See Also httplib (243), ftplib (242), urlparse (262), mimetools (266).

url parse

Theur | par se moduleis used to manipulate URL stringssuchas™ htt p: / / ww. pyt hon. or g ". The general form
of aURL isasfollows:

"schene:// netl oc/ pat h; par anet er s?quer y#f r agnent "

url parse(urlstring [, default_schene [, allow fragnents]])

Parsesthe URL inur | string andreturnsatuple(schene, netloc, path, paraneters, query,
fragnent ).def aul t _schene specifiesthescheme ("htt p","ftp", and so on) to be used if noneis present in the
URL. If al | ow_f r agnent s iszero, fragment identifiers are not allowed.

url unparse(tupl e)

Constructs a URL string from atuple asreturned by ur | par se() .

urljoin(base, url [, allow fragnents])

Constructs an absolute URL by combining abase URL base with arelative URL ur| .al | ow_f r agnent s hasthe

file:///D}/Downloads/eDonkey/incoming/[ebook]%...Second%20Edition/python_essencial_ref/114.html (43 / 45) [2003/1/1 OWDO 02:56:27]


http://www.python.org/doc/current/lib/module-urllib2.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/114#34.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/114#32.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/114#80.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/115#16.html

file:///ID}J/Downl oads/eDonkey/incoming/[ ebook] %620Python%20Essenti al %020Ref erence, %20Second%20Edition/python_essencial _ref/114.html

same meaning asfor ur | par se() . If the last component of the base URL is not adirectory, it’s stripped.

Examples

>>> urlparse( http://ww. python orgllndex htm )
("http', 'ww. python.org', '/index.htm"', "', """, '")

>>> url|unparse(('http', 'www python.org', '/index.htm', "', """, ""))
"http://ww. pyt hon. org/index. htm"

>>> urljoin("http://ww. python.org/index. htm","Hel p. htm ")
"http://ww. pyt hon.org/ Hel p. htm"

? See Also urllib (260), Internet RFC 1738, Internet RFC 1808.

webbr owser

Thewebbr owser module provides functions for opening documents in a Web browser in a platform-independent
manner. The module tries to determine the current browser using the environment of the local machine.

open(url [, new])

Displaysur | with the default browser. If newis set, a new browser window is opened.

open_new(url)

Displaysur | in anew window of the default browser.

get ([ nane])

Returns a controller object for manipulating a browser. nane isthe name of the browser type and istypically one of
"netscape','kfm ,'grail',"w ndows-default',"internet-config' ,or'conmand-I|ine'.

regi ster(name, constructor[, controller])

Registers a new browser type for use with theget () function. nane isthe name of the browser. const r uct or is

called without arguments to create a controller object for manipulating the browser. cont r ol | er isacontroller instance
to useinstead. If supplied, const r uct or isignored and may be None.

A controller instance ¢ returned by theget () function has the following methods:

c.open(url [, new])

Same astheopen() function.

c.open_new(url)
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Same astheopen_new( ) function.
Note

. If set, the $BRONSER environment variable determines the name of the default browser.

< BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.
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Linux/Unix > Python Essential Reference, Second Edition > A. The Python Library > Internet Data See All Titles
Handling and Encoding

< BACK Make Note | Bookmark CONTINUE >

Internet Data Handling and Encoding

The modulesin this section are used to encode and decode data formats that are widely used in Internet applications.

base64

The base64 moduleis used to encode and decode data using base64 encoding. base64 is commonly used to encode
binary datain mail attachments.

decode(i nput, out put)

Decodes base64-encoded data. i nput isafilename or afile object open for reading. out put isafilename or afile
object open for writing.

decodestri ng(s)

Decodes a base64-encoded string s . Returns a string containing the decoded binary data.

encode(i nput, output)

Encodes data using base64. i nput isafilename or afile object open for reading. out put isafilename or afile
object open for writing.

encodestri ng(s)

Encodes a string s using base64.

? See Also binascii (264), Internet RFC 1421.
bi nasci i

Thebi nasci i moduleis used to convert data between binary and a variety of ASCII encodings such as base64,
binhex, and uuencode.

a2b_uu(string)

Converts aline of uuencoded data to binary. Lines normally contain 45 (binary) bytes, except for the last line. Line
data may be followed by whitespace.

b2a_uu(dat a)
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Converts a string of binary datato aline of uuencoded ASCII characters. The length of dat a should not be more than
45 bytes.

a2b_base64(string)

Converts a string of base64-encoded data to binary.

b2a_base64(dat a)

Converts astring of binary datato aline of base64-encoded ASCII characters. The length of dat a should not be
more than 57 bytes.

a2b_hex(string)

Converts astring of hex digitsto astring of binary data. st r i ng must contain an even number of digits.

b2a_hex(dat a)

Converts astring of binary datato a string of hex digits.

a2b_hqgx(string)

Converts a string of binhex4-encoded data to binary without performing RLE decompression.

rl edecode_hqgx(dat a)

Performs an RLE (Run-Length Encoding) decompression of the binary datain dat a. Returns the decompressed data
unless the data input isincomplete, in which casethel nconpl et e exception israised.

rl ecode_hqgx(dat a)

Performs a binhex4 RLE compression of dat a .

b2a_hqgx(dat a)

Converts the binary datato a string of binhex4-encoded ASCII characters. dat a should aready be RLE coded and
have a length divisible by three.

crc_hgx(data, crc)

Computes the binhex4 CRC checksum of the data. cr ¢ isastarting value of the checksum.
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crc32(data [, oldcrc])

Computes the CRC-32 checksum of dat a . If supplied, the ol dcr ¢ parameter allows for incremental calculation of
the checksum.

Exceptions

Error

Exception raised on errors.

I nconpl ete

Exception raised on incomplete data. This exception occurs when multiple bytes of data are expected, but the input
data has been truncated.

? See Also base64 (263), binhex (265), uu (277).
bi nhex

The bi nhex module is used to encode and decode files in binhex4, aformat commonly used to represent files on the
Macintosh.

bi nhex(i nput, output)

Converts abinary filewith namei nput to abinhex file. out put isafilename or an open file-like object supporting
write() andcl ose() methods.

hexbi n(i nput [, output])

Decodes abinhex file. i nput iseither afilename or afile-like object withr ead() and cl ose() methods.
out put isthe name of the output file. If omitted, the output name is taken from the binhex file.

Notes
. Both the data and resource forks are handled on the Macintosh.
. Only the datafork is handled on other platforms.
? See Also binascii (264), macostools (176).
mai | cap
Themai | cap moduleisused to read UNIX mailcap files. Mailcap files are used to tell mail readers and Web

browsers how to process files with different MIME types. The contents of a mailcap file typically ook something like
this:
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vi deo/ npeg; xnpeg %
application/pdf; acroread %

When data of a given MIME type is encountered, the mailcap file is consulted to find an application for handling that
data.

get caps()

Reads all available mailcap files and returns a dictionary mapping MIME types to a mailcap entry. Mailcap files are
read from $HOVE/ . mai | cap,/ et c/ mai | cap,/ usr/etc/ mail cap,and/ usr/| ocal / etc/ mail cap.

findmatch(caps, mnetype [, key [, filename [, plist]]])

Searches the dictionary caps for amailcap entry matching mi net ype . key isastring indicating an action and is
typicaly ' vi ew ,' conpose' ,or' edit'.fil enane isthe name of thefilethat's substituted for the %s

keyword in the mailcap entry. pl i st isalist of named parameters and is described further in the online
documentation at http://www.python.org/doc/lib/module-mailcap.html. Returnsatuple (cnd , mai | cap)

containing the command from the mailcap file and the raw mailcap entry.

Example

I mport mail cap

inmport urllib

I mport os

# Go fetch a docunent

urllib.urlretrieve("http://ww.sw g.org/Docl. 1/ PDF/ Pyt hon. pdf", "/tnp/tnpl234")

caps = nmuil cap. get gaps()
cnd, nt = mail cap.findmatch(caps, ' application/pdf',filename="/tnp/tnpl234")
if cnd:
os.system(cmd + " &")
el se:
print "No application for type application/pdf"

? See Also http://www.python.org/doc/lib/module-mail cap.html, mimetypes (268), Internet RFC 1524.

m met ool s

Them met ool s module provides a number of functions for manipulating MM E-encoded messages. MIME
(Multipurpose Internet Mail Extensions) is a standard for sending multipart multimedia data through Internet mail.
Parts of the standard are also used in other settings, such asthe HTTP protocol. A MIME-encoded message |ooks
similar to this:

Content-Type: nultipart/ m xed; boundary="====_931526447=="
Date: Fri, 06 Jul 2001 03:20:47 -0500

From John Doe <johndoe@ oo. conp

To: Jane Doe (janedoe@ oo. conp

Subj ect: Inportant Message From John Doe
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--==== 931526447==
Content - Type: text/plain; charset="us-ascii"

Here is that docunent you asked for ... don't show anyone el se ;-)

--====_931526447==

Content - Type: application/ msword; nane="list.doc"
Cont ent - Tr ansf er - Encodi ng: base64

Content-Di sposition: attachnent; filenane="1ist.doc"

SXQd2FzI| GEgbh@&uzZyBob3QyZG-51 G ul HRoZSBt b250aCBvZi BKAVW5LCB3aGVul ExhcnJ51 HNO
YXJ0ZWQgdGFsa2l uZwphYnB1dCBzb2Npby 1wb2xpdd j YWwc2NhbGFi bGUgaWit ZXJzaXZl | HZp
cNRLYWWdGVt cRYy YWWKY29sbGFi b3Jhdd 2ZSBwYXJhbGxl bCBoaWilol HBI cnZvenihbmNIl | HdI
Yi 1i YXN ZCBt b2JpbGUKb2JqZWNOLVWyaWudGVKkI HNj awudd maWwg Y29t cHVOaWsnl Gvudm y
b25t ZWs0cy4gl EZvcnR1bnmFOZW5LCBQZXRI CmhhZCBy ZWel bWII cnivkl HRvI GlyaWsnl GhpcyAu
NDUuLi 4KCg==

.- ==== 931526447==- -

MIME messages are broken into parts delimited by aline separator such as- - ====_931526447== above. This
separator always starts with a double hyphen as shown. The final separator has a trailing double hyphen (- ) appended
to indicate the end of the message. Immediately following each separator is a set of RFC 822 headers describing the
content-type and encoding. Data is separated from the headers by a single blank line.

Them met ool s module defines the following functions to parse headers and decode data:

Message(file [, seekable])

Parses MIME headers and returns a Message object derived fromther f c822. Message class.fi | e and
seekabl e have the same meaning asforr f c822. Message.

choose_boundary()

Creates aunique string of theform ' host i paddr . ui d. pi d. ti mest anp. random’ that can be used as a part
boundary when generating a message.

decode(i nput, output, encoding)

Reads encoded data from the open file object i nput and writes the decoded data to the open file object out put .
encodi ng specifiesthe encoding method: ' base64' ,' quot ed- pri nt abl e’ , or' uuencode’' .

encode(i nput, output, encoding)

Reads data from the open file object i nput , encodes it, and writes it to the open file object out put . Encoding
types are the same asfor decode() .

copyliteral (i nput, output)
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Read lines of text from the open filei nput until EOF and writes them to the open file out put .

copybi nary(i nput, output)
Read blocks of binary datafrom the open filei nput until EOF and writes them to the open file out put .

Instances of the Message class support al the methods described in ther f 822 module. In addition, the following
methods are available:

m get pli st ()

Returns the parameters for the content-type header as alist of strings. If the message contains the header ' Cont ent -
type: text/htm ; charset=US-ASClI |, for example, thisfunctionreturns[' char set =US- ASCI | ' ] .
For parameters of theform' key=val ue ' , key isconverted to lowercase, whileval ue isunchanged.

m get par an{ nane)

Returns the value of the first parameter of theform' nane=val ue ' fromthe' content -type' header. If

val ue issurrounded by quotes of theform' <. .. >" or"...", they'reremoved.

m get encodi ng()

Returns the encoding specified inthe' cont ent - t r ansf er - encodi ng' message header. If no such header
exists, returns’ 7bit" .

m gettype()

Returns the message type fromthe' cont ent -t ype' header. Types are returned as a string of the form

"type/ subt ype ' . If no content-type header isavailable, ' t ext / pl ai n' isreturned.

m get mai nt ype()

Returnsthe primary typefromthe' cont ent -t ype' header. If no such header exists, returns’ t ext ' .

m get subt ype()

Returns the subtype fromthe' cont ent -t ype' header. If no such header exists, returns’ pl ai n' .

? See Also rfc822 (274), mimetypes (268), MimeWriter (271), multifile (272), mailcap (265), Internet RFC 1521.
m nmet ypes

Them et ypes moduleis used to guess the MIME type associated with afile, based on its filename extension. It
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also converts MIME types to their standard filename extensions. MIME types consist of atype/subtype pair. The
following table shows the MIME types currently recognized by this module:

File Suffix MIME Type

.a application/octet-stream
. ai application/postscript
caif audio/x-aiff

.aifc audio/x-aiff

Laiff audio/x-aiff

.au audio/basic

.avi video/x-msvideo

. bcpio application/x-bcpio
.bin application/octet-stream
. cdf application/x-netcdf
.cpio application/x-cpio
.csh application/x-csh

dll application/octet-stream
. dvi application/x-dvi

. exe application/octet-stream
. eps application/postscript
.etx text/x-setext

.gif image/gif

.gtar application/x-gtar

. hdf application/x-hdf

. htm text/html
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.htm text/html

ief image/ief

-ipe imageljpeg

-] peg image/jpeg

-1 pg image/jpeg

.l at ex application/x-latex

. man application/x-troff-man
. e application/x-troff-me
.mif application/x-mif

. mov video/quicktime

. novi e video/x-sgi-movie

. npe video/mpeg

. npeg video/mpeg

. pg video/mpeg

. B application/x-troff-ms

. nc application/x-netcdf

.0 application/octet-stream
. obj application/octet-stream
. oda application/oda

. pbm image/x-portable-bitmap
. pdf application/pdf

- pgm image/x-portable-graymap
. pnm image/x-portable-anymap
. png image/png
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. ppm image/x-portable-pixmap
- Py text/x-python

. pyc application/x-python-code
. ps application/postscript

- qt video/quicktime

.ras image/x-cmu-raster
.rgb image/x-rgb

. rdf application/xml

.roff application/x-troff

Srtf application/rtf

Lrtx text/richtext

. sgm text/x-sgml

.sgm text/x-sgml

.sh application/x-sh

. shar application/x-shar

.snd audio/basic

. SO application/octet-stream
.Src application/x-wais-source
. sv4cpi o application/x-sv4cpio
.své4crc application/x-sv4crc

.t application/x-troff

.tar application/x-tar

.tl application/x-tcl

.tex application/x-tex
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.texi application/x-texinfo
.texinfo application/x-texinfo
St f image/tiff

Ui imagetiff

St application/x-troff
.tsv text/tab-separated-values
Ltxt text/plain

. ustar application/x-ustar

. wav audio/x-wav

. Xbm image/x-xbitmap

. xm text/xml

. xsl application/xml

. Xpm image/x-xpixmap

. xwd image/x-xwindowdump
.zZip application/zip

guess_type(fil enane)
Guesses the MIME type of afile based on itsfilename or URL. Returnsatuple (t ype , encodi ng ) inwhich

t ype isastring of the form type/subtype and encodi ng is the program used to encode the data (for example,
conpr ess or gzi p). Returns(None , None) if the type cannot be guessed.

guess_ext ensi on(type)

Guesses the standard file extension for afile based on its MIME type. Returns a string with the filename extension
including the leading dot (. ). Returns None for unknown types.

init([files])

Initializesthe module. f i | es isasequence of filenames that are read to extract type information. These files contain
lines that map aMIME typeto alist of acceptable file suffixes such as the following:
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i mage/ j peg: j pe jpeg jpg
text/htn: htm ht ni

read_m ne_types(fil enane)

L oads type mapping from a given filename. Returns a dictionary mapping filename extensions to MIME type strings.
ReturnsNone if fi | enanme doesn’'t exist or cannot be read.

knownfil es

List of common namesfor m ne. t ypes files.

suf fix_map
Dictionary mapping suffixes to suffixes. Thisis used to allow recognition of encoded files for which the encoding and

the type are indicated by the same extension. For example, the. t gz extensionismappedto. t ar . gz to allow the
encoding and type to be recognized separately.

encodi ngs_map

Dictionary mapping filename extensions to encoding types.

types_map
Dictionary mapping filename extensions to MIME types.
? See Also mimetools (266).

M meWiter

TheM meW i t er module definestheclassM meW i t er that’s used to generate MIME-encoded multipart files.

MnmeWiter (fp)

Creates anew instance of theM nmeW i t er class. f p isan open file object to be used for writing. A St ri ngl O
object can also be used.

Aninstance mof theM meW i t er class has the following methods:

m addheader (key, value [, prefix])

Adds a header line of theform " key: val ue" tothe MIME message. pr ef i x determines where the header is
inserted; O appendsto the end (the default) and 1 inserts at the start.
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m f |l ushheader s()

Writes all the headers accumulated so far.

m startbody(ctype [, plist [, prefix]])

Returns afile-like object that’ s used to write to the body of the message. ct ype specifies the content type and

pl i st isalist of tuples of theform (nane , val ue ) containing additional parameters for the content-type
declaration. pr ef i x has the same meaning as for theaddheader () method except that its default value is set to
insert at the start.

m startnul ti partbody(subtype [, boundary [, plist [, prefix]]])

Returns afile-like object that’ s used to write the body of a multipart message. subt ype specifies the multipart
subtypesuchas' m xed' and boundary can be used to provide a user-defined boundary specifier. pl i st isalist

containing optiona parameters for the subtype, and pr ef i x isthesameasinthest art body() method. Subparts
are created using next part () .

m next part ()

Returnsanew instanceof M meW i t er that represents an individual part in amultipart message.
startmul ti partbody() must becaled prior to caling this method.

m | ast part ()
Used to indicate the last part of a multipart message. Should always be called to terminate a multipart message.
Example

The following example takes alist of files passed on the command line and produces a multipart MIME document in
which each file is encoded using base64 encoding:

i mport sys

i nport mnetools, mnetypes, MnmeWiter

# Open the output file and create a M nmeWiter

out = open("output.txt","w")

witer = MnmeWiter. MneWiter(out)

# Start a multipart nessage

witer.startnultipartbody("m xed")

writer.flushheaders()

# lterate over files passed on the command |ine

for file in sys.argv[1l:]:
subpart = witer.nextpart() # Create a new subpart
# Attenpt to guess the file's MM type and encodi ng
type, encodi ng = m netypes. guess_type(file)
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i f encodi ng:
subpart . addheader (" Cont ent - encodi ng", encodi nQ)
subpart . addheader (" Cont ent -transfer-encodi ng", "base64")
i f type:
pout = subpart.startbody(type, [("nanme",file)])
el se:
pout = subpart.startbody("text/plain",[("name",file)])
infile = open(file,"rb")
# Encode the raw data using base64
m met ool s. encode(infile, pout, ' base64')
infile.close()

# C ean up
witer.lastpart()
out . cl ose()

? See Also mimetypes (268), mimetools (266), rfc822 (274), multifile (272).

multifile

Therul ti fil e module defines an object that can be used to read multipart text files as found in MIME-encoded
messages. Themul ti fi | e object works by splitting afile into a series of logical file-like objects that are delimited
by a unique boundary string such as the following:

--216.150. 6. 70. 100. 4397. 932677969. 082. 3036
Part 1

--216.150. 6. 70. 100. 4397. 932677969. 082. 3036
Part 2

--216. 150. 6. 70. 100. 4397. 932677969. 082. 3036- -

In this case, the boundary string is of the form returned by the m net ool s. choose_boundar y() function. The
last boundary string (with atrailing - ) marks the end of the multipart data.

MultiFile(fp [, seekable])
Creates amultifile object. f p isafile-like object containing input data. The input object’sr eadl i ne() method is

used to read data. If the seekabl e option is set, the multifile object allows random access using the seek () and
tell () methods.

A Mul ti Fi | e object msupports the following methods:

m push(str)

Pushes a boundary string into the reader. When this string is encountered in the input, it signals an end of section or
end of message. More than one boundary marker can be pushed to handle nested multipart data. However,
encountering any other boundary than the most recently pushed value raises an error.
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m readl i ne()

Reads aline of text. If the line matches the most recently pushed boundary, ' ' isreturned to indicate the end of the
part. Furthermore, if the boundary corresponds to an end marker, them | ast attributeissetto 1. RaisesErr or if
an EOF is encountered before all boundary strings have been popped.

m r eadl i nes()

Returns al lines remaining in the current part asalist of strings.

m r ead()

Reads all lines remaining in the current part and returns as a single string.

m next ()

Skipsto the next section. Returnstrue if a next section exists, false if an end marker is encountered.

m pop()

Pops a section boundary. This boundary will no longer be interpreted as EOF.

m seek(pos [, whence])

Seeks to anew position within the current section. The pos and whence arguments are interpreted as for afile seek.

mtell()
Returns the file position relative to the start of the current section.

Finally, Mul ti Fi | e instances have two public-instance variables:

m | evel

Nesting depth of the current part.

m | ast

Trueif the last end-of-file was an end-of-message marker.

Example

# Unpack a M ME encoded nmail nessage into parts
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import mnetools, nultifile, sys
def unpack_part(file, partno=0):

headers = m netool s. Message(file) # Get headers
type = headers. get mai ntype() # Get main content type
if type == "multipart': # Mul tipart?

boundary = headers. get paran("boundary")
file.push(boundary)
file.readlines()
while not file.last:
file.next()
partno = partno + 1
unpack_part(fil e, partno)

file.pop()

return
name = headers. get par anm( " nane") # Get filenane
if not nane: name = "part%" % (partno,)

encodi ng = headers. get encodi ng()
print "Unpacking '%'. Encoding = %" % (nane, encodi ng)
if encoding == "7bit":
outfile = open(nane,"wW")
m et ool s. copyliteral (file,outfile)
el se:
outfile = open(nane, "wh")
m met ool s. decode(fil e, outfil e, encodi ng)
outfile.close()
# Read a filenane fromoptions and unpack it
f = open(sys.argv[1])
nf = multifile.MultiFile(f,O0)
unpack_part (nf)

Note

. TheMul ti Fi | e class defines anumber of methods that can be specialized in a subclass. Please refer to the
online library reference at http://www.python.org/doc/lib/module-multifile.html.

? See Also mimetools (266), MimeWriter (271), http://www.python.org/doc/lib/module-multifile.html.

quopri

Thequopri module performs quoted-printable transport encoding and decoding. This format is used primarily to
encode text files.

decode(i nput, out put)

Decodes. i nput and out put arefile objects.

encode(i nput, output, quotetabs)

Encodes. i nput and out put arefile objects. quot et abs , if set to true, forces tab characters to be quoted in
addition to the normal quoting rules.
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? See Also binascii (264), Internet RFC 1521.

rfc822

Ther f ¢822 moduleis used to parse email headers presented in aformat defined by the Internet standard RFC 822.

Headers of thisform are used in a number of contexts, including mail handling and in the HTTP protocol. A
collection of RFC 822 headers |ooks like this:

Ret ur n- Pat h: <beazl ey@s. uchi cago. edu>

Date: Sun, 15 Apr 03:18:21 -0500 (CDT)

Message-1d: <199907171518. KAA24322@ar goyl e. cs. uchi cago. edu>

Repl y- To: beazl ey@s. uchi cago. edu

Ref erences: <15065. 6056. 897223. 775915@npi re- bui | der. cs. uchi cago. edu>
<20010415041130. 008D1D1D8@mack. cs. uchi cago. edu>

M me-Version: 1.0 (generated by tmedit 7.78)

Content - Type: text/plain; charset=US-ASCl |

From David Beazl ey <beazl ey@s. uchi cago. edu>

To: techstaff@s

Subj ect: Modem probl em

"' m having sonme trouble running MPI over the ultra-scal able nodem array on our
Beowul f cluster. Can soneone take a look at it?

Each header lineisof theform' header nanme : val ues ' and may span multiple lines provided that additional
lines are indented with whitespace. Header names are not case sensitive, so afield name of ' Cont ent - Type' isthe
sameas' content -type' . A list of headersisterminated by asingle blank line.

RFC 822 headers are parsed by creating an instance of the Message class.

Message(file [, seekable])

Reads RFC 822 headers from the file-like object f i | e and returnsaMessage object. Headersareread usingfi | e
. readl i ne() until ablank lineisencountered. seekabl e isaflag that’sset to zero if f i | e isunseekable (such
as afile created from a socket).

A Message object mbehaves like adictionary except that its key values are not case sensitive and it doesn’t support
certain dictionary operations, including updat e() andcl ear ().

Method Description

m[ nane | Returns the value for header name.
m[ nane ] =val ue Adds a header.

m. keys() Returns alist of header names.

m. val ues() Returnsalist of header values.
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m.itens() Returnsalist of header (nane , val ue) pairs.
m. has_key(nane) Tests for the existence of a header name.

m. get (nane [, default]) Gets a header value. Returnsdef aul t if not found.
| en(m) Returns the number of headers.

str(m) Converts headers to an RFC 822—formatted string.

In addition, the following methods are available:

m get al | mat chi ngheader s( nane)

Returns alist of al lines with headers that match nane , including continuation lines (if any).

m get first mat chi ngheader ( nane)

Returnsthe list of lines for the first header matching nane , including any continuation lines. Returns None if namne
doesn’t match any headers.

m get r awheader ( nane)

Returns a string containing the raw text after the colon for the first header matching nane . Returns None if no
match is found.

m get header (nane [, default])

Likeget r awheader ( nane ), but strips all leading and trailing whitespace. def aul t specifies adefault value to
return if no matching header is found.

m get addr ( nane)

Returnsapair (ful | _name, emai |l _address ) for aheader containing an email address. If no header matches
nane , (None, None) isreturned.

m get addr | i st ( nane)

Parses a header containing alist of email addresses and returns alist of tuples as returned by the get addr ()
method. If multiple headers match the named header, all are parsed for addresses (for example, multiple' cc’
headers).
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m get dat e( nane)

Parses a header containing a date and returns a 9-tuple compatible with t i me. nkti me() . Returns None if no
match is found or the date cannot be parsed.

m get date_t z( nane)
Parses a header containing a date and returns a 10-tuple in which the first nine elements are the same as returned by

get dat e() and the tenth is anumber with the offset of the date’ stimezone from UTC (Greenwich Mean Time).
Returns None if no match isfound or the date is unparsable.

Finally, messages have two instance attributes:

m header s

A list containing the entire set of header lines.

mfp
Thefile-like object passed when the Message was created.

In addition to Message, ther f c822 module defines the following utility functions:

par sedat e( dat e)

Parses an RFC 822—formatted date such as' Mon, 16 Apr 2001 17: 30: 08 -0600' and returnsa9-tuple
that’s compatible with thet i me. nkt i me() function. Returns None if dat e cannot be parsed.
parsedate_tz(date)

Parses a date, but returns a 10-tuple where the first nine elements are the same as returned by par sedat e() and the
tenth item is the offset of the date’ s timezone from UTC. Returns None if dat e cannot be parsed.
nmktime_tz(tuple)

Turns a 10-tuple asreturned by par sedat e_t z()) intoaUTC timestamp. If the timezone item is None, assumes
local time.

Addr essLi st (addrli st)

Convertsastring containing alist of email addressesinto an Addr essLi st object. The following operations can be
performed on Addr essLi st objects:
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Operation Description

len(a) Number of addressesin alist

str(a) Converts a back into a string of email addresses

a+ b Combines two lists of addresses, removing duplicates
a- b Removes al addressesin list b from list a

Example

i mport rfc822

# Open a mail nessage

f = open("mail message")
# Read the headers

m = rfc822. Message(f)

# Extract a few fields
mfrom= n{"Froni]

mto = mgetaddr("To")
m subj ect = n{ " Subj ect"]

Note

. TheMessage class defines afew additional methods that can be specialized in a subclass. For details, please
refer to the online documentation at http://www.python.org/doc/lib/modul e-rfc822.html.

? See Also mimetools (266), MimeWriter (271), mimetypes (268), mailcap (265), Internet RFC 822,
http://www.python.org/doc/lib/modul e-rfc822.html.

uu

The uu module is used to encode and decode files in uuencode format, commonly used for transferring binary data
over an ASCII-only connection.

encode(i nput, output [, nanme [, node]])
Uuencodes afile. i nput isafile object opened for reading or afilename. out put isafile object opened for writing

or afilename. nanme specifies the name of the file that’s encoded in the uuencoded file. nrode specifies the mode of
thefile. By default, name and node aretaken from the input file.

decode(i nput [, output [, node]])

Decodes a uuencoded file. i nput isafile object opened for reading or afilename. out put isafile object opened
for writing or afilename. node is used to set permission bits and overrides the setting encoded in the input file.

? See Also binascii (264).
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xdrlib
xdr | i b isused to encode and decode data in the Sun XDR (External Data Representation) format. XDR is often
used as a portable way to encode binary data for use in networked applications. It’s used extensively in applications

involving remote procedure calls (RPC).

Encoding and decoding is controlled through the use of two classes:

Packer ()

Creates an object for packing datainto an XDR representation.

Unpacker (dat a)
Creates an object for unpacking XDR-encoded data. dat a is astring containing X DR-encoded data val ues.

Aninstance p of the Packer class supports the following methods:

p.get _buffer()

Returns the current pack buffer as a string.

p.reset()

Resets the pack buffer to the empty string.

p. pack_ui nt (x)

Packs a 32-bit unsigned integer x .

p. pack_i nt (x)

Packs a 32-bit signed integer x .

p. pack _enuni x)

Packs an enumeration x (an integer).

p. pack _bool ( x)

Packs a Boolean value x .
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p. pack_uhyper (x)

Packs a 64-bit unsigned integer x .

p. pack _hyper ( x)

Packs a 64-bit signed integer x .

p. pack_fl oat (x)

Packs a single-precision floating-point number.

p. pack_doubl e(x)

Packs a doubl e-precision floating-point number.

p. pack _fstring(n, s)

Packs afixed-length string of lengthn .

p. pack_fopaque(n, data)

Packs afixed-length opague data stream. Similar to pack_fstring().

p. pack_string(s)

Packs avariable-length string s .

p. pack _opaque( dat a)

Packs a variable-length opaque data string dat a . Similar topack_stri ng() .

p. pack byt es( byt es)

Packs a variable-length byte stream byt es . Similar topack_string().

p. pack_list(list, pack_func)
Packs alist of homogeneousitems. pack _f unc isthe function called to pack each dataitem (for example, p

. pack_i nt). For each item in the list, an unsigned integer 1 is packed first, followed by the dataitem. An unsigned
integer O is packed at the end of thelist.
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p. pack _farray(n, array, pack_func)

Packs a fixed-length list of homogeneousitems. n isthelist length, ar r ay isalist containing the data, and
pack f unc isthefunction called to pack each dataitem.

p. pack_array(list, pack _func)

Packs a variable-length list of homogeneous items by first packing its length and then calling the pack _f array()
method.

Aninstance u of the Unpacker class supports the following methods:

u. reset (data)

Resets the string buffer with the given data.

u. get _position()

Returns the current unpack position in the data buffer.

u. set _position(position)

Sets the data buffer unpack positionto posi ti on.

u.get _buffer()

Returns the current unpack data buffer as a string.

u. done()

Indicates unpack completion. Raises an Er r or exception if all the data has not been unpacked.

In addition, every data type that can be packed with aPacker can be unpacked with an Unpacker . Unpacking
methods are of the form unpack_t ype() , and take no arguments. They return the unpacked object.

u. unpack_int()

Unpacks and returns a 32-bit signed integer.

u. unpack_ui nt ()

Unpacks and returns a 32-bit unsigned integer. If the unsigned value islarger than sys. maxi nt , it’sreturned as an
unsigned long integer.
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u. unpack_enum()

Unpacks and returns an enumeration (an integer).

u. unpack_bool ()

Unpacks a Boolean value and returns it as an integer.

u. unpack_hyper ()

Unpacks and returns a 64-bit signed integer as a Python long integer.

u. unpack_uhyper ()

Unpacks and returns a 64-bit unsigned integer as a Python long integer.

u. unpack_fl oat ()

Unpacks and returns a single-precision floating-point number. The value will be converted to double precision when
it isreturned as a Python floating-point number.

u. unpack_doubl e()

Unpacks and returns a double-precision floating-point number.

u. unpack_fstring(n)

Unpacks and returns a fixed-length string. n is the number of characters expected.

u. unpack_f opaque(n)

Unpacks and returns a fixed-length opaque data stream, similarly tounpack_fstring().

u. unpack_string()

Unpacks and returns a variable-length string.

u. unpack_opaque()

Unpacks and returns a variable-length opaque data string.

u. unpack byt es()
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Unpacks and returns a variable-length byte stream.

u. unpack_| i st (unpack_func)

Unpacks and returns a list of homogeneous items as packed by pack | i st () .unpack_f unc isthe function
called to perform the unpacking for each item (for example, u . unpack _i nt).

u. unpack_farray(n, unpack_func)

Unpacks and returns (as alist) afixed-length array of homogeneousitems. n isthe number of list elements to expect
and unpack_f unc isthe function used to unpack each item.

u. unpack_array(unpack_func)

Unpacks and returns a variable-length list of homogeneous items. unpack _f unc isthe function used to unpack each
item.

Exceptions

Error

The base exception class. Er r or has asingle public data member nsg containing the description of the error.

Conver si onErr or
Class derived from Er r or . Contains no additional instance variables.
Note

. Objects created with xdr | i b can be pickled using the pi ckl e module.

? See Also struct (144), array (127), Internet RFC 1014.

< BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.

file:///D}/Downloads/eDonkey/incoming/[ebook]%...Second%20Edition/python_essencial_ref/115.html (24 / 24) [2003/1/1 OWOO 02:56:30]


file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/110#22.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/109#2.html
file:///D|/Downloads/eDonkey/incoming/[ebook]%20Python%20Essential%20Reference,%20Second%20Edition/python_essencial_ref/popanote.asp?pubui=oreilly&bookname=0735710910&snode=115

file:///ID}J/Downl oads/eDonkey/incoming/[ ebook] %620Python%20Essenti al %020Ref erence, %20Second%20Edition/python_essencial _ref/116.html

Linux/Unix > Python Essential Reference, Second Edition > A. The Python Library > Restricted See All Titles
Execution
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Restricted Execution

Normally, a Python program has compl ete access to the machine on which it runs. In particular, it can open files and
network connections, and perform other potentially sensitive operations. In certain applications, however, thisis
undesirable—especially in Internet applications, in which a program may be subject to attackers or when code from
an untrusted source is executed.

To provide some measure of safety, Python provides support for restricted execution. Restricted execution is based
on the notion of separating trusted and untrusted code. In particular, a program running in trusted mode (a
supervisor) can create an execution environment (or sandbox) in which untrusted code can be executed with limited
privileges. The capabilities of the untrusted code are tightly controlled by the supervisor, which can restrict the set of
objects that can be accessed as well as the behavior of individual functions.

Python'’ s restricted execution mode is implemented by playing a number of tricks with dictionaries, namespaces, and
the environment in which untrusted code executes. As aresult, untrusted code uses the same set of function names
and modules that would be used in anormal program (as opposed to separate, secure APIs). The only differenceis
that certain modules and built-in functions may be unavailable (or redefined to secure versions).

Internally, the interpreter determines whether a piece of code is restricted by looking at the identity of the _
_builtins_ _ objectinitsgloba namespace. If it'sthesameasthestandard _ _bui Il tin_ _ module, the

code is unrestricted. Otherwise, it’ s restricted. When running in restricted mode, the interpreter imposes a number of
further restrictions that are designed to prevent untrusted code from becoming privileged:

. The_ _dict_ _ attribute of classes and instancesis not accessible.
. Thefunc_gl obal s attribute of functionsis not accessible.

These restrictions are imposed to prevent untrusted code from altering its global namespace (which is used by the
supervisor to restrict the set of objects that are accessible).

Finally, it should be noted that although the Python restricted execution environment prevents accessto critical
operations, it doesn’'t prevent denial-of-service attacks, in which an untrusted program might try to exhaust memory
or use an unlimited amount of CPU time.

Restricted execution is supported through the use of two modules: r exec and Bast i on. r exec restrictsthe
environment in which code runs. Bast i on restricts the access that untrusted code has to objects created by the
Supervisor.

rexec

Ther exec moduleisused to run code in arestricted environment. The environment is encapsulated in a class
RExec that contains attributes specifying the capabilities for the code to execute.
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RExec([ hooks [, verbose]])
Creates an instance of the RExec class that represents a restricted environment. hooks is an instance of aclass
used to implement nonstandard methods for importing modules and is not described here. ver bose isaflag that

causes some debugging output to be printed to standard output.

Thefollowing classvariablesareused by the  _init_ () method when an instance of the RExec classis
created. Changing them on an instance has no effect, so it’s better to create a subclass of RExec that modifies their
values.

RExec. nok_bui |l tin_nanes

A tuple of strings containing the names of built-in functions not available to restricted programs. The default value is
(open', 'reload', '_ _inport_ _").

RExec. ok_bui | ti n_nodul es

A tuple of strings containing the names of built-in modules that can be safely imported. The default valueis as
follows:

(' audi oop', 'array', 'binascii', 'cmath', 'errno', 'imageop', 'marshal’,
"math', 'md5', 'operator', 'parser', 'pcre', 'regex', 'rotor',
"select', "strop', 'struct', 'tinme')

RExec. ok_path

The list of directories that are searched when an import is performed in the restricted environment. The default value
isthesameassys. pat h.

RExec. ok_posi x_nanes

A tuple of names for functionsin the os module that are available to restricted programs. The default value is as
follows:

(‘error', "fstat', 'listdir', 'Istat', 'readlink',
‘stat', '"tinmes', 'unane', 'getpid , 'getppid,
"getcwd', 'getuid', 'getgid, 'geteuid , 'getegid)

RExec. ok_sys nanes

A tuple of names for functions and variablesin the sys module that are available to restricted programs. The default
valueisasfollows:

("psl', "ps2', 'copyright', 'version', 'platformi, "exit', 'maxint')
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Aninstancer of RExec usesthe following methods to execute restricted code:

r.r_eval (code)

Likeeval () except that code is executed in the restricted environment. code isastring or a compiled code object.
Returns the value of the resulting expression.

r.r_exec(code)

Like the exec statement except that execution is performed in the restricted environment. code isastring or a
compiled code object.

r.r_execfile(filenane)

Likeexecfil e() except that codeis executed in the restricted environment.

r.s_eval (code)

Liker _eval () except that accesstosys. st di n,sys. st dout,andsys. st derr isalowed.

r.s_exec(code)

Liker _exec() exceptthat accesstosys. stdi n,sys. stdout,andsys. stderr isalowed.

r.s_execfil e(code)

Liker _execfil e() exceptthat accesstosys. st di n,sys. stdout,andsys. stderr isallowed.

The following methods are called implicitly by code executing in the restricted environment and can be redefined in
subclasses of RExec:

r.r_inport(nodul enane [, globals [, locals [, fromist]]])

Imports amodule modul enane . Anl nport Er r or exception should be raised if the module is unsafe.

r.r_open(filenane [, node [, bufsize]])

Opens afilein the restricted environment. The arguments are the same as the built-in open() function. By default,
files can be opened for reading, but not for writing.

r.r_rel oad( nodul e)
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Reloads the module object nodul e .

r.r_unl oad( nmodul e)

Unloads the module object nodul e .

r.s_inport(nodul enane [, globals [, locals [, fromist]]])

Liker _i nport (), but with accessto standard I/O streams.

r.s_rel oad( nodul e)

Liker _rel oad(), but with accessto standard I/O streams.

r.s_unl oad( nodul e)
Liker _unl oad() , but with accessto standard /O streams.
Example

The following program executes Python code submitted through a CGlI script in arestricted environment along with
limits on CPU and memory usage:

#! [/ usr/1 ocal / bi n/ pyt hon
I mport rexec
i mport cgi, StringlQ sys, string, resource

form = cqgi.FieldStorage()

code = forn{"code"].val ue # Get sone arbitrary code to execute
code = string.replace(code, "\015","")

sys.stderr = sys.stdout # Make error messages appear

print "Content-type: text/plain\n\n"
print "The output of your programis : \n\n"
cl ass CA Exec(rexec. RExec):

def r_open(*args):

rai se Systentrror, "open not supported"

r = CA Exec() # Create sandbox
# Restrict menory usage to 4 Moytes
resource.setrlimt(resource. RLI M T_DATA, (4000000, 4000000))
# Set CPUtine limt to 10 seconds
resource.setrlimt(resource. RLIMT_CPU, (10, 10))
# Go run the code
r.s_exec(code) # Execute the untrusted code

? See Also Bastion (283).
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Basti on

TheBast i on module restricts access to attributes of objects. It's primarily used in conjunction with ther exec

module when a privileged program wants to alow restricted programs to access attributes of unrestricted objects.
Theideabehind aBast i on issimple—awrapper is placed around an object, causing every method access to be

redirected through afilter function that’ s responsible for accepting or rejecting the access. Furthermore, all accessto
data attributes (non-methods) is prohibited.

Bastion(object [, filter [, nanme [, class]]])
Returns a bastion for the object obj ect .fi | t er isafunction that accepts a string containing a method name and

returns true or false if access to the method is permitted or denied, respectively. name isthe name of the object
that’s printed by the bastion’s st r () method. cl ass isthe class object that implements Bastion objects and is not

described here (it’ srarely necessary to supply this).
Example

In this example, you want to restrict accessto a St r i ngl Oobject so that only read operations are permitted (see
the StringlO module):

I mport Stringl O Bastion
str = StringlQ("")

strbast = Bastion.Bastion(str, lanbda x: x in ['read' ,'readline','readlines'])

strbast.readline() # Ckay
strbast.wite("Ha ha") # Fails. AttributeError : wite
Notes

. Ifthefi | t er functionisomitted, a bastion limits access to all methods beginning with an underscore.

. Bastions cannot be placed around built-in types such asfiles and sockets.

<BACK Make Note | Bookmark CONTINUE >

© 2002, O'Reilly & Associates, Inc.
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Miscellaneous Modules

The modulesin this category are used for miscellaneous tasks that don’t fit into any of the other
categories.

bi sect

Thebi sect module provides support for keeping listsin sorted order. It uses a bisection algorithm
to do most of its work.

bisect(list, item[, low [, high]])

Returns the index of the proper insertion point for i t emto beplacedinl i st inorder to maintain
| i st insorted order. | owand hi gh areindices specifying a subset of the list to be considered.

insort(list, item[, low ][, high]])
Insertsi t eminto | i st in sorted order.

cnd

The cnd module provides a class Cnd that’ s used as aframework for building a line-oriented
command interpreter. The Cnd classis never instantiated directly, but is used as a base classfor a
class that actually implements the interpreter. An instance ¢ of the Cnd class provides the following
methods:

c.cnmdl oop([intro])

Prints a banner message contained ini nt r 0 and repeatedly issues a prompt, reads aline of input,
and dispatches an appropriate action. For each line of text, the first word is stripped off and used as a
command name. For acommand name of ' f 00" , an attempt is made to invoke a method

do_foo() withtheremainder of the input line as a string argument. If aline contains only the
character ' ?' , apredefined method do_hel p() isdispatched. If the command nameis'!' ,a
method do_shel | () isinvoked (if defined). An end-of-fileis converted into astring' EOF' and
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dispatched to acommand do_ ECF.

Subclasses of Cnd inherit a predefined method do_hel p() . When this method isinvoked with an
argument ' bar' , it triesto invoke the method hel p_bar () . With no arguments, do_hel p()
lists all the available help topics by listing all commands with corresponding hel p_* methods,
undocumented commands (commands without corresponding hel p_* methods), and miscellaneous

topics (help methods without a corresponding command). Each of the command methods should
return an integer code indicating success or failure. A negative value indicates an error and causes
the interpreter to return. Otherwise, the interpreter continues to read input after each command. If
ther eadl i ne module has been loaded, the command interpreter will have line editing and history

capabilities.

c.onecnd(str)

Interprets st r asasingle line of input.

c.enmptyline()

This method is called when an empty line of input is typed. It should be defined by the user. If not
overridden, it repeats the last nonempty command entered.

c.defaul t(line)

Called when an unrecognized command is typed. By default, it prints an error message and exits.

c. precnd()

Method executed just before the input prompt isissued. It should be overridden by derived classes.

c. post cnd()

Method executed immediately after acommand dispatch has finished.

c. prel oop()

Method executed once when cndl oop() isexecuted.
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c. post | oop()

Method executed when cndl oop() isabout to return.
The following instance variables should aso be defined by a subclass of Cnd.

Variable Description

(¢

. pr onpt Prompt printed to solicit input.

c.identchars |String of characters accepted for the command prefix.

c.lastcnd Last nonempty command seen.

c.intro Intro text banner; overridden using the argument to cnd! oop() .

c . doc_header Header to issueif the help section has a section for documented commands.

c . m sc_header |Header toissuefor miscellaneous help topics.

c . undoc_header |Header for undocumented commands.

c.ruler Character used to draw separator lines under help message headers. If empty, no ruler lineis
drawn. The defaultis' =" .

Example

The following example shows how this module can be used to implement an interpreter wrapper
around the callable objects of amodule. It also shows the interesting feature of code being executed
in aclass definition.

# cndhel p. py

# Builds a command interpreter that allows arbitrary Python

# commands to be typed, but reads their doc strings to create

# a collection of help commands. Just do an execfil e(cndhel p. py)
#in a nodule to utilize this.

I nport cnd, sys, traceback

# Define the interpreter class
class Interpreter(cnd. Cnd):
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synbol s = gl obal s()
pronpt = "?>> "
intro = "Interpreter for " + _ nane

# Find all of the callable objects and | ook for
# their doc strings
for n in synbols. keys():
c = synbol s[ n]
i f callable(c):

if c._ _doc_ _
exec """
def help %(self):print %.__doc_ _

e %(n,n)

# Execute an arbitrary statenent
def default(self,l):
try:
exec self.lastcnd in gl obal s()
except:
traceback. print_exc()

# Do nothing on enpty |ine
def enptyline(self):
pass

def do EOF(sel f,arg):
return -1

# Create an instance
interp = Interpreter()

The following code shows how this code might be used:

Python 2.0 (#1, Feb 25 2001, 07:54:16)

[ GCC 2.95.2 19991024 (rel ease)] on sunosb5

Type "copyright", "credits" or "license" for nore information.
>>> from socket inport *

>>> execfil e("cndhel p. py")

>>> | nterp.cndl oop()
Interpreter for = main
?>> help

M scel | aneous hel p topics:

get servbynane get host byaddr ht ons socket
nt ohs get host bynane fronfd get pr ot obynane
get host nane ht onl
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Undocunent ed conmands:

ECF hel p

?>> hel p socket

socket (fam ly, type[, proto]) -> socket object

Open a socket of the given type. The famly argunent
specifies the address famly; it is normally AF_| NET,
sonetinmes AF_Uni x. The type argunent specifies whether this
is a stream (SOCK_STREAM or datagram ( SOCK _DGRAM socket.
The protocol argunent defaults to 0, specifying the default
pr ot ocol .

?>> s = socket (AF_I NET, SOCK STREAM

?>> s. connect (" ww. pyt hon. or g", 80)

2 See Also shlex (288).

md5
The nd5 module implements RSA’s MD5 message-digest algorithm. MD5 takes a sequence of
input text and produces a 128-bit hash value. To compute the hash value, create an nd5 object using

thenew( ) function, feed datato it using the updat e() method, and then call thedi gest ()
method to get the hash value.

new([arg])

Returns anew nd5 object. If ar g is present, the method call updat e( ar g ) isaso made.

An nd5 object mhas the following methods:

m updat e( ar g)

Updates the nd5 object mwith the string ar g . Repeated calls are equivalent to asingle call with
the concatenation of all the arguments.

m di gest ()

Returns the digest of all data passed to the object using the updat e() method so far. Returns a 16-
byte string that may contain nonprintable characters, including null bytes.
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m copy ()

Returns a copy of the nd5 object.

Example
i nport nd5
m = nd5. new() # Create a new MD5 obj ect

m updat e(" Hel | 0")
m updat e("Wor | d")
d = mdigest() # Get the digest

The following shortcut can also be used:

d = md5. new("Hello Worl d"). di gest ()

? See Also sha (287), Internet RFC 1321.

sha

The sha module implements the secure hash algorithm (SHA). SHA takes a sequence of input text

and produces a 160-bit hash value. To compute the hash value, create an sha object using the
new( ) function and feed datato it.

new([string])

Returnsanew sha object. If st ri ng is present, the method call updat e(stri ng) ismade.

bl ocksi ze

Size of the blocks fed into the hash function. Thisisalways 1.

di gest si ze

The size of the resulting digest in bytes. Thisis aways 20.

Aninstance s of an sha object has the following methods:
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s. update(arq)

Updates the sha object with the string ar g . Repeated calls are equivalent to asingle call with the
concatenation of al the arguments.

s. di gest ()
Returns the digest of all data passed to the object using the updat e() method so far. Returns a 20-

byte string that may contain nonprintable characters, including null bytes.

s. copy()

Returns a copy of the sha object.

s. hexdi gest ()
Returns the digest value as a string of hexadecimal digits.
Note

. The SHA agorithm is defined by NIST document FIPS PUB 180-1: Secure Hash Standard.
It's available online at http://csrc.nist.gov/fips/fipl80-1.ps.

? See Also md5 (286).

shl ex

The shl ex module providesaclassshl ex that can be used to build Iexical analyzersfor smple
syntaxes such as shells.

shl ex([stream)

Creates an instance of theshl ex class. st r eamspecifies afile or stream-like object where
characters will be read. This object must provider ead() andr eadl i ne() methods. If omitted,
input istaken fromsys. st di n.

Aninstance s of theshl ex class supports the following methods:

s. get _token()
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Returns atoken (as a string). If tokens have been saved with push_t oken( ) , atoken is popped

off the stack. Otherwise, the token is read from the input stream. An end-of-file returns an empty
string.

s. push_t oken(str)
Pushes a token onto the token stack.
In addition, the following instance variables can be set:

Variable Description

s . comment er s |String of characters recognized as starting a comment. Comments continue to the end of the line.
Includes' #' by default.

s . wor dchars |String of characters that form multi-character tokens. Includes all ASCII alphanumeric
characters and the underscore by default.

s . whi t espace|[String of whitespace characters that will be skipped.

S . quotes Characters that will be considered to be string quotes. Includes single and double quotes by
default.

s.lineno Source line number.

s .token The token buffer.

Note

. Any character not declared to be a word character, whitespace, or a quote is returned as a
single-character token. Also, words must be delimited by whitespace. Special symbols such
as quotes and comments are not recognized within words. Thus, aword such asi sn' t is

returned as a single token.

2 See Also cmd (284).

<BACK Make Note | Bookmark CONTINUE >
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Linux/Unix > Python Essential Reference, Second Edition > A. The Python Library > The Python  See All Titles
Debugger

< BACK Make Note | Bookmark CONTINUE >

The Python Debugger

The Python debugger isloaded by importing the pdb module. The pdb module provides an interactive source
code debugger that alows post-mortem debugging, inspection of stack frames, breakpoints, single stepping of
source lines, and code evaluation.

The debugger is started by loading the pdb module and issuing one of the following functions:

run(statenment [, globals [, locals]])
Executesthe string st at enent under debugger control. The debugger prompt will appear immediately

before any code executes. Typing' cont i nue' will forceittorun. gl obal s and| ocal s definethe
global and local namespaces in which the code runs.

runeval (expression [, globals [, locals]])

Evaluates the expr essi on string under debugger control. The debugger prompt will appear before any code
executes, aswithr un() . On success, the value of the expression is returned.

runcal | (function [, argunent, ...])

Cdlls afunction within the debugger. f unct i on isacallable object. The debugger prompt will appear before
any code executes. The return value of the function is returned upon completion.

set _trace()

Starts the debugger at the point at which thisfunction is called. This can be used to hard-code a debugger
breakpoint into a specific code location.

post _nortem(traceback)

Starts post-mortem debugging of atraceback object.

pm()

Enters post-mortem debugging using the traceback insys. | ast _t raceback.
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When the debugger starts, it will present a prompt such as the following:

>>> inport pdb

>>> | nport buggynodul e

>>> pdb. run(' buggynodul e. start()")

> <string>(0)?()

(Pdb)

( Pdb) isthe debugger prompt at which the following commands are recognized. Note: Some commands

have a short and along form. In this case, parentheses are used to indicate both forms. For example, h( el p)
means that either h or hel p is acceptable.

h(el p) [ conmand]

Showsthe list of available commands. Specifying acommand returns help for that command.

w( her e)

Prints a stack trace.

d( own)

Moves the current frame one level down in the stack trace.

u(p)

Moves the current frame one level up in the stack trace.

b(reak) [loc [, condition]]

Sets a breakpoint at location | oc . | oc isone of the following:

Setting Description

n A line number in the current file
filename:n A line number in another file
function A function name in the current file
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filenanme: function A function name in another file

If | oc isomitted, all the current breakpoints are printed. condi t i on isan expression that must evaluate to
true before the breakpoint is honored.

tbreak [loc [, condition]]

Sets atemporary breakpoint that’s removed after itsfirst hit.

cl (ear) [bpnunber [bpnunber...]]

Clearsalist of breakpoint numbers. If breakpoints are not specified, all breaks are cleared.

di sabl e [ bpnunber [bpnunber...]]

Disables the set of specified breakpoints. Unlike with cl ear , they can be reenabled later.

enabl e [ bpnunber [ bpnunber...]]

Enables a specified set of breakpoints.

I gnore bpnunber [count]

Ignores a breakpoint for count executions.

condi ti on bpnunber [condition]

Places a condition on a breakpoint. condi t i on isan expression that must evaluate to true before the
breakpoint is recognized. Omitting the condition clears any previous condition.

s(tep)

Executes a single source line and stops inside called functions.

n( ext)

Executes until the next line of the current function. Skips the code contained in function calls.

r (et urn)
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Runs until the current function returns.

c(ont (inue))

Continues execution until the next breakpoint is encountered.

| (ist) [first [, last]]

Lists source code. Without arguments, lists 11 lines around the current line. With one argument, lists 11 lines
around that line. With two arguments, listslinesin agivenrange. If | ast islessthanfi r st ,it'sinterpreted
as acount.

a(rgs)

Prints the argument list of the current function.

p expression

Evaluates the expression in the current context and printsits val ue.

alias [nane [ comrmand] ]

Creates an dlias caled nane that executescomrand . The substrings' %4 ,' 9%2' , and so forth are replaced
by parameters when the aliasistyped. ' %' isreplaced by all parameters. If no command is given, the current
aliaslist is shown. Aliases can be nested and can contain anything that can be legally typed at the Pdb prompt.
For example:

#Print instance variables (usage "pi classlnst")

alias pi for kin 9. __dict_ _.keys(): print "9%.", k,"=",9%.__dict_ _[Kk]
#Print instance variables in self

alias ps pi self

unal i as nane

Deletes the specified alias.

[!] statenent

Executes the (one-line) st at enent in the context of the current stack frame. The exclamation point can be
omitted unless the first word of the statement resembles a debugger command. To set a global variable, you
can prefix the assignment command with a" gl obal " command on the same line:
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(Pdb) global list options; list options =['-1"]
( Pdb)

g(uit)

Quits from the debugger.

Notes

. Entering ablank line repeats the last command entered.

. Commands that the debugger doesn’t recognize are assumed to be Python statements and are executed
in the context of the program being debugged.

. If afile. pdbr c existsin the user’s home directory or in the current directory, it'sread in and
executed asif it had been typed at the debugger prompt.
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The Python Profiler

This section describes the Python profiler—atool that can be used to analyze the runtime performance of a program.

profile

Thepr of i | e moduleisused to collect profiling information.

run(command [, filenane])

Executes the contents of commmand using the exec statement under the profiler. f i | enanme isthe name of afilein
which raw profiling datais saved. If omitted, a report such as the following is printed to standard output:

126 function calls (6 primtive calls) in 5. 130 CPU seconds
Ordered by: standard nane

ncal | s tottime per cal | cuntime per cal | filenane:|ineno(function)
1 0. 030 0. 030 5. 070 5.070 <string>:1(?)

121/ 1 5. 020 0. 041 5. 020 5. 020 book. py: 11( pr ocess)
1 0. 020 0. 020 5. 040 5.040 book. py: 5(?)
2 0. 000 0. 000 0. 000 0. 000 exceptions. py: 101(_ _init_ )
1 0. 060 0. 060 5.130 5.130 profile: 0(execfil e(' book. py'))
0 0. 000 0. 000 profile:O0(profiler)

Different parts of the report generated by r un() areinterpreted as follows:

Section Description

primtive calls Number of nonrecursive function calls

ncal | s Total number of cals (including self-recursion)
tottine Time spent in this function (not counting subfunctions)
per cal | tottine/ncalls

cuntine Total time spent in the function

per cal | cuntinme/ (primtive calls)
filename:lineno(function) Location and name of each function

When there are two numbers in the first column (for example, " 121/ 1"), the latter isthe number of primitive cals,
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and the former is the actual number of calls.

Notes

. Anaysisof saved profile datais performed by the pst at s module.

. Toobtain accurate information, it may be necessary to calibrate the profiler. Please refer to
http://www.python.org/doc/lib/profile.html for details.

pstats

Thepst at s module definesaclass St at s that’s used to analyze the data saved by the pr of i | e module.

Stats(fil enane)

Reads profiling datafrom f i | ename —afile previoudly created by the pr of i | e. run() function. Returnsa
stati stics object that can be used to print reports.

A statistics object s has the following methods:

s.strip_dirs()

Removes leading path information from filenames.

s.add(filename [, ...])

Accumulates additional profiling information into the current profile. f i | enamne isthe name of afile containing data
previously saved by profil e. run().

s.sort_stats(key [, ...])

Sorts statistics according to a series of keys. Each key can be one of the following values:

Key Name Description
"calls' Call count

“curul ati ve' Cumulative time
"file Filename

" modul e’ Filename

"pcal I's' Primitive call count
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"l'ine’ Line number
' nane' Function name
"nfl’ Nameffile/line
"stdnane’ Standard name
“time’ Internal time

Time values and call counts are sorted in descending order. Line numbers and filenames are sorted in ascending order.

s.print_stats(restriction [, ...])
Prints a profile report to standard output. The order is the same as produced by thelast sort st at s() method. The
arguments are used to eliminate entries in the report. Each restriction can be an integer to select a maximum line

count, adecimal to select a percentage of the lines, or aregular expression to pattern-match against the names that are
printed.

S.print_callers(restrictions [, ...])

Printsalist of al functions that called each function in the profile database. The ordering isidentical to
print_stats().restrictions hasthesamemeaningasfor pri nt_stats().

s.print_callees(restrictions [, ...])

Printsalist of afunctions that were called by each function. r est ri ct i ons hasthe same meaning as for
print_stats().

Note

. Ifthepst at s moduleisrun asascript, it launches an interactive profile statistics browser. Type' hel p' for
alist of the available commands. Thisis anew Python 2.1 feature.
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Undocumented Modules

The modules listed in this section are not covered in detail in this book, but have descriptionsin the
online library reference and elsewhere.

Python Services

Module Description

code Code object support

codeop Compiles Python code

conpi | eal | Byte-compiles Python filesin adirectory
di s Disassembler

f pectl Floating-point exception control

i nmp Provides access to the implementation of thei npor t statement
I nspect Inspects live objects

keyword Tests whether a string is a Python keyword
l'i necache Retrieves lines from files

parser Accesses parse-trees of Python source code
pprint Prettyprinter for objects

pycl br Extracts information for class browsers
py_conpil e Compiles Python source to bytecode files
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repr Alternate implementation of ther epr () function
synbol Constants used to represent internal nodes of parse trees
t abnanny Detection of ambiguous indentation

t oken Terminal nodes of the parse tree

t okeni ze Scanner for Python source code

user User configuration file parsing

String Processing

Module Description

difflib Functions for computing deltas

f pf or mat Floating-point number formatting

regex Regular expression matching (obsolete)
regsub Regular expression substitution (obsol ete)

Operating System Modules

Module Description

cur ses Curses library interface

dl Access to UNIX shared libraries
di rcache Directory cache

mut ex Mutual exclusion locks

pty Pseudo-terminal handling
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pi pes Interface to shell pipelines

posi xfile Filelocking

nis Interface to Sun’sNIS

riconpl eter Completion function for GNU r eadl i ne
sched Event scheduler

st at cache Caching version of st at () function
sysl og Interface to UNIX syslog daemon
Network

Module Description

gopherlib Gopher protocol

telnetlib Telnet protocol

urll'i b2 Extensible library for opening URLSs

Internet Data Handling

Module Description

formatter Generic output formatting
htmlib HTML parsing

mai | box Reading various mailbox formats
mhlib Access to MH mailboxes

mmfy MIME processing of mail messages
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netrc Netrc file processing
sgmlib Simple SGML parsing
xm XML parsing package
xmlib Simple XML parsing

Multimedia Services

Module Description

audi oop Manipulates raw audio data

I mageop Manipulates raw image data

aifc Reads and writes AIFF and AIFC files
sunau Reads and writes Sun AU files
wave Reads and writes WAV files
chunk Reads IFF chunked data

col orsys Conversions between color systems
rgbi ng Reads and writes SGI RGB files

i mghdr Determines the type of an image
sndhdr Determines the type of a sound file
SGl Irix

Module Description

al Audio functions on SGI
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cd CD-ROM access on SGI

fl FORMS library

flp FORMS design loader

fm Font manager interface

gl Graphics library interface
imgfile Support for SGI imglib files
j peg Reads and writes JPEG files

Sun-Specific Services

Module Description

sunaudi odev Access to Sun audio hardware

Miscellaneous

Module Description

Confi gPar ser Configuration file parser

cal endar Calendar-generation functions
doct est Testing support based on docstrings
uni ttest Unit testing framework

whr andom Random number generation

w nsound Playing sounds on Windows
xreadl i nes Efficient iteration over afile
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Appendix B. Extending and Embedding Python

This appendix coversthe C API used to build extension modules and embed the Python interpreter
into other applications. It’s not intended to be atutorial, so readers may want to consult the
“Embedding and Extending the Python Interpreter” document available at
http://www.python.org/doc/ext, as well as the “Python/C APl Reference Manual” available at
http://www.python.ord/doc/api. The functions described in this section are current as of Python 2.1

and are likely to be compatible with future releases of Python 2.x.
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Enabling Optional Modules

A number of modulesin the standard library are disabled due to system differences and dependencies
on third-party packages. To enable these modules, you must edit a configuration file and rebuild the
interpreter (note that thisis primarily an issue for UNIX systems).

For versions of Python prior to 2.1, the file Modul es/ Set up in the Python source distribution

contains configuration data for modules built into the Python interpreter. It contains entries of this
form:

si gnal signal nodul e. c # signal (2)

#readline readline.c -lreadline -lterncap

Each line indicates the name of a module, followed by source files, compiler options, and link
libraries needed to compile that module. A line starting with # is a comment and denotes modules

that have been disabled. Long lines can be broken into multiple lines by placing abackslash (\ ) at the
end of linesto be continued. To enable an optional module, the Set up file should be edited to reflect
the installation locations of required third-party libraries. For example, to enable ther eadl i ne
module, the Set up file might be modified as follows:

readline readline.c -l/usr/local/include -L/usr/local/lib \
-lreadline -lterntap

The interpreter must be rebuilt and reinstalled by typing make and neke i nst al | inthetop-level
directory of the source tree for the changesto Set up to take effect.

Beginning with Python 2.1, much of the need to edit the Set up file has been removed because the
Python installation process has been modified to compile only a core of necessary modules into the
Python executable. Most modules are now configured as dynamic modules and some effort is made
to detect them automatically if it's possible to build them. For instance, a build of Python 2.1 will
automatically enablether eadl i ne moduleif it can detect that the necessary libraries are installed
during its configuration process. If it’s necessary to manually modify the build process, changes
should be madeto theset up. py filein the main Python 2.1 source directory.
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Extension Module Example

Extension modules are used to extend the interpreter with functionsin C. For example, suppose you
wanted to access the following C functions in a Python module named spam

/* Conpute the greatest conmmon divisor of positive
i ntegers x and y */
int gecd(int x, int y) {

int g;
g =Y,
while (x > 0) {
g = X
X =Yy %X;
y =4
}
return g;
}
/* Print sonme data */
void print_data(char *nanme, char *email, char *phone) {
printf (" Nane . %\n", nane);
printf("Email . %8\n", email);
printf("Phone . %\ n", phone);
}

To access these functions from an extension module, you must write code such asthat in Listing B.1:
Listing B.1 Accessing Functions from an Extension Module

/* "spanmt nodule **/
/* Include the Python C APl */
#i ncl ude " Pyt hon. h"

/* External declarations */
extern int gcd(int,int);
extern void print_data(char *, char *, char *);

/* Wapper for the gcd() function */
PyQbhj ect *spam gcd(PyObj ect *self, PyObject *args) {
int x, vy, 0;
/* Get Python argunents */
I f (!PyArg_ParseTuple(args,"ii", &, &y)) {
return NULL,

}
[* Call the C function */
g = gcd(x,y);
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return Py Buildvalue("i",g);
}
/* Wapper for the print_data() function */
PyQhj ect *

spam print_data(PyObject *self, PyQbhject *args, PyQObject *kwargs)
{

char *nane = "None";
char *email = "None",;
char *phone = "None",;
static char *argnanes[] = {"nanme","email", "phone", NULL};

/* Get Python argunents */
i f (!PyArg_ParseTupl eAndKeywor ds(ar gs, kwar gs, "| sss", ar gnanes,
&nane, &emai | , &hone) ) {
return NULL,

}
[* Call the C function */

pri nt _data(nane, emai |, phone);
return Py Buil dval ue(""); /* Return None */
}

/* Method table mappi ng nanes to wrappers */
static PyMet hodDef spammet hods[] = {
{"gcd", spam gcd, METH VARARGS},
{"print_data", spamprint_data, METH VARARGS | METH KEYWORDS },
{ NULL, NULL}
b
/* Module initialization function */
I ni tspam(void) {
Py I nitMdul e("spant', spammet hods);
}

Extension modules always need to include " Pyt hon. h" . For each C function to be accessed, a
wrapper function iswritten. These wrapper functions either accept two arguments (sel f and ar gs,
both of type PyObj ect *) or threearguments (sel f, ar gs, and kwar gs, al of type PyQbj ect
*). Thesel f parameter is used when the wrapper function isimplementing a built-in method to be
applied to an instance of some object. In this case, theinstanceis placed inthesel f parameter.
Otherwise, sel f issetto NULL. ar gs isatuple containing the function arguments passed by the
interpreter. kwar gs isadictionary containing keyword arguments.

Arguments are converted from Python to C using the Py Ar g_Par seTupl e() or
PyAr g Par seTupl eAndKeywor ds() function. Smilarly, the Py Bui | dVal ue() functionis
used to construct an acceptable return value. These functions are described in later sections.

Functions signal an error by returning NULL. If afunction has no return value (that is, voi d), the
None object must be returned. For example:
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PyQhj ect *wrap_foo(Py(Object *self, PyQObject *args) {

/* Return None */
return Py BuildVvalue("");

}

None can aso be returned as follows:

PyQhj ect *wrap_foo(PyCbject *self, PyQbject *args) {

/* Return None */
Py | NCREF( Py _None) ;
return Py _None;

}

The method table spamret hods in Listing B.1 is used to associate Python names with the C

wrapper functions. These are the names used to call the function from the interpreter. The
VETH_VARARGS flag indicates the calling conventions for awrapper.

In this case, only positional arguments in the form of atuple are accepted. It can also be set to
VETH VARARGS | METH_KEYWORDS to indicate awrapper function accepting keyword

arguments.

The moduleinitialization function i ni t spamis used to initialize the contents of the module. In this
case, thePy | ni t Modul e(' spant', spamret hods) function creates a module spam and
populates it with built-in function objects corresponding to the functions listed in the method table.
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Compilation of Extensions

Extension modules are usually compiled into shared libraries or DLLs that can be dynamically |loaded by the
interpreter. The low-level details of this process vary by machine, but thedi st ut i | s module in the Python

library can be used to simplify the process. To create an extension module using di st uti | s, follow these
steps:

1. Create afilecalled set up. py that starts with the following code:

# setup. py
fromdistutils.core inport setup, Extension

2. Add some source information about your extension as follows:

set up(nanme="spani', version="1.0",
ext _nodul es=[ Extensi on("spant', ["spamc", "spamwm apper.c”])])

3. To build your extension, type the following:

pyt hon setup.py build

At this point, a shared library such asspamodul e. so (or some variant of this name such as
spammodul e. sl or spamodul e. dl | ) will be created in aspecia “build” directory. If you want to
install the extension, you can type pyt hon set up. py i nstal | . Thiscommand will copy the shared
library to the si t e- packages directory (for example, / usr/ | ocal /i b/ pyt hon2. 1/ si t e-
packages).

If you need to supply additional build information such asinclude directories, libraries, and preprocessor
macros, they can aso be included inthe set up. py file asfollows:

set up(name="spani', version="1.0",
ext _nodul es=][
Ext ensi on(
"spant',
["spam c", "spamw apper.c"],
i nclude_dirs = ["/usr/include/ X11","/opt/include"],
define _macros = [ (' DEBUG , 1'),
(" NEED_CPLUSPLUS' , 0)],
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undef macros = [' HAVE FOO ,' HAVE NOT' ],
library dirs= ["/usr/lib/X11", "/opt/lib"],
libraries = ["X11", "Xt", "blah"]

)

)

At this point, it’s worth noting that the di st ut i I s module can more generally be used to create Python

packages suitable for distribution and installation by other users. For instance, it allows packagesto be
distributed as amix of scripts and compiled extensions. It a'so knows how to create RPM spec files and self-
extracting ZIP files on Windows. Further details about thedi st ut i | s module are available at

http://www.python.org/doc/current/dist/dist.html.

In some situations, you may want to build an extension module manually. This almost always requires
advanced knowledge of various compiler and linker options. The following is an example on Linux:

linux % gcc -c -fpic -1/usr/local/include/python2.1 spamc spamw apper.c
| i nux % gcc -shared spam o spamw apper.o -o spammobdul e. so

When building amodule, it' s important to note that the name of the shared library must match the name of the
module used in the wrapper code. For example, if the module is named spam theinitialization function must
be named i ni t spamand the shared library must be called spammodul e. so (possibly with adifferent file
extension, depending on your machine).

Once compiled, an extension module is used like any other module, by simply using thei nport statement:

% pyt hon

Python 2.0 (#1, Cct 27 2000, 14:34:45)

[ GCC 2.95.2 19991024 (release)] on sunos5

Type "copyright", "credits"” or "license" for nore information..
>>> | nport spam

>>> spam gcd( 63, 56)

7

>>> spam gcd( 71, 89)

1

>>> spam print _dat a( nanme="Dave", phone="555-1212")
Nane . Dave

Emai | . None

Phone : 555-1212

>>>

When searching for an extension module, Python uses the same search path asit usesfor . py files. Thus, to

properly find an extension module, it should be located in the current working directory or in one of the
directoriesinsys. pat h.
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Converting Data from Python to C

The following functions are used to convert arguments passed from Python to C.

I nt PyArg_ ParseTupl e(PyQohject * args, char * format, ...);

Parses atuple of objectsin ar gs into aseries of C variables. f or mat isaformat string containing
zero or more of the specifier strings from Table B.1, which describes the expected contents of ar gs .
All the remaining arguments contain the addresses of C variables into which the results will be
placed. The order and types of these arguments must match the specifiersused inf or mat and use
the C datatypeslisted in Table B.1. Zero isreturned if the arguments could not be parsed.

i nt PyArg_ ParseTupl eAndKeywor ds( PyChj ect * args, PyOhject * kwdict,
char * format, char ** kwist, ...);

Parses both a tuple of arguments and a dictionary containing keyword arguments contained in
kwdi ct .for mat hasthe same meaning asfor PyAr g_Par seTupl e() . Theonly differenceis

that kwl i st isanull-terminated list of strings containing the names of all the arguments. Returns 1
on success, 0 on error.

Note: In Table B.1, results of a conversion (for example, inchar *r orchar **r ) areaways
placed in the parameter labeled r . When applicable, alengthisstoredinl| en .

Table B.1. Base Format Specifiers and Associated C Datatypes for PyAr g_Par se*

Format Python Type C Type

"s” String or Unicode char **r

“s#"  |String or Unicode char **r , int *len
"z" String, Unicode, or None  |char **r
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“z#"  |String, Unicode, or None char **r, int *len

“u” Unicode Py UNI CODE **r

"u#"  Unicode Py_UNICODE **r , int *len

“es"  |String, Unicode, or buffer  |const char *enc, char **r

“es#" |String, Unicode, or buffer  |const char *enc, char **r, int *len
" b" Integer char *r

“h" Integer short *r

i Integer int *r

T Integer long int *r

"c” String of length 1 char *r

e Float float *r

"d" Float doubl e *r

"D Complex Py conpl ex *r

e Any PyCbj ect **r

0" Any PyTypehj ect *type, PyQbject **r
"' |Any int (*converter )(PyQbject *, void *), void *r
" S String PyQbj ect **r

U Unicode PyCbj ect **r

"t#  Read-only buffer char **r , int *len
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"W Read-write buffer char **r

" Read-write buffer char **r, int *len

When converting integer values, an Over f | owEr r or exception israised if the Python integer is

too large to fit into the requested C datatype. Long integers may also be used anyplace an integer is
expected, provided that they’ re small enough to fit.

When converting stringswith the” s" , " s#" ," z" , or " z#" specifiers, both standard and Unicode
strings may be used. The" z" specifiers aso alow None to be passed, in which case a NULL pointer

is returned. In both cases, it’s unnecessary to alocate space for the returned string—a pointer to the
raw string data stored in the Python interpreter is returned. When Unicode strings are passed, they’re
first converted to an 8-bit string using the default Unicode encoding. The " u* and " u#" specifiers

require a Unicode string and return a pointer to raw Unicode string data, where each character is of
type Py _UNI CODE (whichis currently the same asthe Cwchar _t type). The" s#"," z#" , and

" u#" specifiersreturn the string length in addition to the string data.

The" es" and" es#" specifiersare used to read a string or Unicode string that has been encoded
according to a specific encoding rule. For example:

char *buffer;
PyArg_ParseTupl e(args, "es","utf-8", &uffer);

Inthiscase, PyAr g_Par seTupl e() first reads an encoding name and then returns a pointer to a

buffer in which an encoded version of the string has been placed. This buffer contains dynamically
allocated memory and must be explicitly deallocated using PyMem Fr ee() after the caller has

finished using the encoded contents. The " es#" specifier optionally accepts a buffer length. In this

case, a user can pass the address and length of a preallocated buffer in which encoded string data will
be placed. Thel en parameter is aways set to the actual Iength of the encoded data upon return.

The"t#","wW',and" w#" specifiers are similar to the string-conversion specifiers, but return a

pointer to byte-oriented data stored in a Python object implementing the buffer interface. String and
Unicode objects provide thisinterface, as do selected types in the standard library, such as arrays
created with the ar r ay module and nmap objects created by the mmap module.

The"O',"S",and" U" specifiers return raw Python objects of type PyCbj ect *."S" and" U
restrict this object to be a string or Unicode string, respectively.

The" O " conversion requires two C arguments. a pointer to a Python type object and a pointer to a
PyQhj ect * intowhich apointer to the object isplaced. A TypeEr r or israised if the type of the
object doesn’'t match the type object. For example:
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/* Parse a List Argunent */
PyQhj ect *listobj1;
PyArg_ParseTupl e(args,"O", &PyList_Type, & istobjl);

The" O%" conversion takes two arguments (converter , addr ) and usesafunction to convert a
PyQhj ect * toaC datatype. convert er isapointer to afunction with the prototypei nt
converter (Py(Obj ect *obj , void *addr ),whereobj isthe passed Python object, and
addr isthe address supplied as the second argument. convert er () should return 1 on success, 0
on failure. On error, the converter should also raise an exception. For example:

struct Point {
i nt X;
int vy;

}

I nt convert_point(PyQoject *obj, void *addr) {
Point *p = (Point *) addr;

return PyArg ParseTupl e(obj,"ii", &p->x, &p->Yy);
}
PyQhj ect *wrapper (PyObject *self, PyQbject *args) {
Poi nt p;
/* Get a point */
I f (!PyArg_ParseTupl e(args,' O&", convert _point, &p))
return NULL;
}

Table B.2 lists format modifiers that can also be used in format strings.

Table B.2. Format String Modifiers
Format String Description

"(items )" A tuple of objects

T Start of optional arguments
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End of arguments (the remaining text is the function name)

End of arguments (the remaining text is the error message)

"|" specifiesthat all remaining arguments are optional. This can appear only once in aformat
specifier and cannot be nested. " : " indicates the end of the arguments. Any text that follows is used
as the function name in any error messages. " ; " signals the end of the arguments. Any following
text is used as the error message. Note: Only one of : and ; should be used. Listing B.2 shows some
examples:

Listing B.2 Format Specifiers

I nt ival, ival2, |en
doubl e dval ;
char *sval :

PyQbj ect *ol, *o02;

/* Parse an integer, double, and a string */
PyArg ParseTupl e(args, "ids", & val, &dval, &sval);

/* Parse a string and length */
PyArg_ParseTupl e(args, "s#", &sval, &l en);

/* Parse optional argunents */
PyArg_ParseTupl e(args,"id|s", & val, &dval, &sval);

/* Parse with an error nessage */
PyArg ParseTuple(args,"ii; gcd requires 2 integers", & val, & val2);

/* Parse two tuples */
PyArg ParseTuple(args,"“(ii)(ds)", & val, & val2, &dval, &sval);
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Converting Data from C to Python

The following function is used to convert the values contained in C variables to a Python object:

Py(bj ect *Py Buil dval ue(char *format, ...)

This constructs a Python object from a series of C variables. f or mat isastring describing the
desired conversion. The remaining arguments are the values of C variables to be converted.

Thef or mat specifier (see Table B.3) issimilar to that used with the Py Ar g_Par se* functions.

Table B.3. Format Specifiers for Py_Bui | dVal ue()

Format PyType C Type Description

String char * Null-terminated string. If the C string pointer is NULL,
None isreturned.

" s#” String char *, int String and length. May contain null bytes. If the C string
pointer isNULL, None isreturned.

"zt String or None|char  * Sameas"s" .

tz#" String or None(char *, i nt Sameas" s#" .

"u” Unicode Py_UNI CCDE * Null-terminated Unicode string. If the C string pointer is
NULL, None isreturned.

" u#" Unicode Py_UNI CODE *, i nt Unicode string and length.

"b" Integer char 8-bit integer.

"h" Integer short Short 16-bit integer.
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i I nteger i nt Integer.

" | nteger | ong Long integer.

"ct String char Single character. Creates a Python string of length 1.

"t Float fl oat Single-precision floating point.

"d" Float doubl e Double-precision floating point.

el Any PyOoj ect * Any Python object. The object is unchanged except for its
reference count, which isincremented by 1. If aNULL
pointer is given, a NULL pointer is returned.

"o Any converter , any |C dataprocessed through aconverter function.

'S String PyCbj ect * Sameas" O'.

"U Unicode PyCbj ect * Sameas" O'.

"N Any PyQoj ect * Sameas" O' except that the reference count is not
incremented.

“(itens )" [Tuple vars Creates atuple of items. i t ens isastring of format
specifiersfrom thistable. var s isalist of C variables
corresponding to theitemsini t ens .

"[itens ]" List vars Createsalist of items. i t ens isastring of format
specifiers. var s isalist of C variables corresponding to
theitemsini t ens .

“{itens }" Dictionary vars Creates adictionary of items.

Examples:

Py Buil dval ue("")

Py Buil dval ue("i", 37)

Py Buil dval ue("ids", 37,3.4,"hell 0")

Py Buil dval ue("s#","hell 0", 4)
Py Buil dvalue("()")
Py Buil dvalue("(i)", 37)

None

37

(37, 3.5,
“"hel | "

()
(37,)

“hel | 0")
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Py Buildvalue("[ii]",1,2) [1, 2]

Py Buildvalue("[i,i]",1,2) [1, 2]

Py Buildvalue("{s:i,s:i}","x",1,"y", 2) {"x":1, 'y':2}
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Error Handling

Errors are indicated by returning NULL to the interpreter. Prior to returning NULL, an exception should be set or
cleared using one of the following functions:

void PyErr_C ear()

Clears any previously raised exceptions.

PyQoj ect *PyErr_Qccurred()

Checks to see whether an error has been generated. If so, returns the current exception object. Otherwise,
returns NUL L.

voi d PyErr_NoMenory()

RaisesaMenor yEr r or exception.

voi d PyErr _Set Fronkrrno( PyQbj ect *exc)

Raises an exception. exc is an exception object. The value of the exception is taken from the er r no variable
inthe C library.

voi d PyErr_Set FronErrnoWthFi | enanme(PyQbj ect *exc, char *fil enane)

Like PyErr _Set Fr oner r no() but includes the filename in the exception value as well.

voi d PyErr_Set Obj ect (Py(Qbj ect *exc, PyQbject *val)

Raises an exception. exc isan exception object and val isan object containing the value of the exception.

void PyErr_Set String(PyCObj ect *exc, char *nsQ)
Raises an exception. exc is an exception object and ns g is a message describing what went wrong.

The exc argument in these functions can be set to one of the following:
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C Name

Python Exception

PyExc_ArithneticError

ArithnmeticError

PyExc_Asserti onError

AssertionError

PyExc_Attri buteError

AttributeError

PyExc_Envi ronment Err or

Envi ronment Err or

PyExc_ECFErr or

EOFEr r or

PyExc_Exception

Exception

PyExc_Fl oat i ngPoi nt Err or

FI oat i ngPoi nt Err or

PyExc_I nmport Error | mport Error
PyExc_I ndexErr or I ndexEr r or
PyExc_I CError | CError
PyExc_KeyErr or KeyErr or

PyExc_Keyboar dl nt er r upt

Keyboar dl nt er r upt

PyExc_LookupError

LookupErr or

PyExc_Menor yError

Menor yEr r or

PyExc_NaneErr or

NaneEr r or

PyExc_Not | npl enent edErr or

Not | npl enent edEr r or

PyExc_OSErr or

OSEr r or

PyExc_Overf | owkrror

Over fl owkrror

PyExc_Runt i meError

Runti neErr or

PyExc_St andar dEr r or

St andar dEr r or

PyExc_Synt axErr or
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PyExc_Syst entrror Systentrror
PyExc_Systenkxi t Syst enExi t
PyExc_TypeError TypeError
PyExc_Uni codeErr or Uni codeEr r or
PyExc_Val ueError Val ueError
PyExc_ZeroDi vi si onError Zer oDi vi si onEr r or

The following example shows how an exception istypically set and an error returned in extension code:

PyErr_Set String(PyExc_Val ueError, "Expected a positive valuel");
return NULL;

An extension module can define a new exception type by using the following function:

PyQbj ect *PyErr_NewException(char *excnane, PyObject *base, Py(Qhject *dict)

Creates a new exception object. excnane isthe name of the exception in the form " nodul enane

. excnane ", base isan optional base class for the exception, and di ct isan optional dictionary used as the
__dict_ _ attribute of the resulting exception class. Both of these arguments are normally set to NULL. The
returned object is a class object.

The following example shows how a new exception is created in an extension module:

static PyQbject *Spantrror;

/* Module initialization function */
I ni tspamvoi d) {
PyQhject *m *d;
m = Py | nitMdul e("spant, Spanivet hods) ;
d = PyModul e _GetDict(m;
Spankrror = PyErr_ Newkxception("spamerror™, NULL, NULL);
PyDict_SetltentString(d,"error", Spantrror);

<BACK Make Note | Bookmark CONTINUE >
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Reference Counting

Unlike programs written in Python, C extensions have to manipulate the reference count of Python
objects. Thisis done using the following macros.

Macro Description

Py | NCREF( obj ) Increments the reference count of obj , which must be non-NULL
Py _DECREF( obj ) Decrements the reference count of obj , which must be non-NULL
Py Xl NCREF( obj ) Increments the reference count of obj , which may be NULL

Py XDECREF( obj ) Decrements the reference count of obj , which may be NULL

Manipulating the reference count of Python objectsin C isadelicate topic, and readers are strongly
advised to consult the “ Extending and Embedding the Python Interpreter” document available at
http://www.python.org/doc/ext before proceeding any further. With thisin mind, all Python objects
are manipulated in C through the use of pointers of type PyQhj ect *. Furthermore, these pointers
are classified into two categories. owned references and borrowed references. An owned referenceis
a pointer to a Python object in which the reference count of that object has been updated to reflect
the fact that some piece of C code or a C data structure is holding a pointer to it. A borrowed
reference, on the other hand, is simply a bare pointer to a Python object in which the reference count
of the object has not been updated.

Owned references are most commonly created by functions that create new Python objects, such as
Py Bui |l dval ue(),Pylnt _FronLong(),andPyLi st _New().When called, anew Python

object is created and the object is said to be owned by the calling function. Borrowed references
often appear when a function obtains a pointer to a Python object from elsewhere or when the
contents of Python objects such aslists and dictionaries are extracted. For example, thesel f and

ar gs parameters of awrapper function are borrowed references, as is the pointer returned by
functionssuchasPyLi st _Getlten().

The owner of areference must either give up ownership using the Py DECREF() macro or transfer
ownership elsewhere. For example, temporary objects created inside a wrapper function should be
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destroyed using Py DECREF( ) , whereas the return value of awrapper is an owned reference that’'s

given back to the interpreter. Likewise, the holder of a borrowed reference can obtain ownership
using the Py | NCREF( ) macro. However, special careisin order. For example, decrementing the

reference count of a borrowed reference may cause the interpreter to crash with a segmentation fault
at alater time during execution. Likewise, failure to release an owned reference or inadvertently
increasing the reference count of an object will lead to memory leaks.

Figuring out Python’ s reference-counting scheme is tricky because there are several inconsistencies
in its treatment of references. However, here are afew general rules:

. Functions that create new Python objects always return owned references.

. If you want to save areference to a Python object, use Py | NCREF( ) to increase the
reference count.

. Todispose of an owned reference, use Py  DECREF( ) .

. Many (but not all) functions that return pointers to objects contained in sequences and
mapping objects return owned references.

. Many (but not all) functions that store objects in containers such as sequences and mappings
Increase the reference count of objects they contain.

« All C wrapper functions must return an owned reference.

Exceptions to these rules are noted in later sections of this appendix.
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Calling Python from C

Sometimesiit’s useful to call Python functions from C programs. To do this, the following functions can be used:

PyQbj ect *PyEval Cal | Qbj ect (PyQbj ect *func, PyQbject *args)

Call f unc with argumentsar gs . f unc isaPython callable object (function, method, class, and so on). ar gs isa
tuple of arguments.

PyQoj ect *PyEval _Cal | Cbj ect Wt hKeywor ds(PyQbj ect *func, PyQhject *args, PyQbject

*kwar gs)

Call f unc with positional arguments ar gs and keyword arguments kwar gs . f unc isacallable object, ar gs isa
tuple, and kwar gs isadictionary.

The following example illustrates the use of these functions:

[* Call a python function */

PyQoj ect *func; /* Callable object. */
PyQbj ect *args;
PyQbj ect *result;

i nt argl, arg2z;

func = get_python_function() /* See bel ow */

args = Py Buildvalue("(ii)", argl, arg2); [/* Build argunent list */
result = PyEval _Call Qbject (func, args); /* Call function */

The only remaining problem isthat C code, at compile time, cannot know the address of a Python object that has not
yet been created, since Python is dynamic. One approach isto let Python create the function object and then register the
address with a callback function. To deal with this, extension code such as the following can be used to set the callback
function:

static PyObject *func = O; /* Cal |l back function */

static PyCbject *
set _cal | back(PyCbject *self, PyQbject *args) {
PyQhj ect *f;
if (PyArg ParseTuple(args, "0, &)) {
if (!PyCallable_Check(f)) {
PyErr_Set String(PyExc_TypeError, "expected a callable");
return NULL;

}
Py Xl NCREF(f); /* Save reference to call back */
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Py_XDECREF(func) ; /* Rel ease any previous call back */
func = f;

Py | NCREF( Py_None) ;

return Py_None;

}
return NULL;

}

This function would then be invoked from the interpreter as follows:

# Sonme function
def foo(x,y):
return x+y

set _cal | back(fo00)

Alternatively, it might be possible to obtain Python callable objects using functions in the embedding API, described
later in this appendix.
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Abstract Object Layer

The functions in Tables B.4 through B.8 are used to manipulate objects from C, in much the same
manner as from the interpreter. All the functionsin this section that returnani nt return- 1 if an

error occurs. Likewise, functions that return aPyCbj ect * return NULL on failure. Note that an

“error” in this context is not the same as the false result of atest. For instance, the
PyNunber Check(PyQhj ect *obj ) functionreturnsO if obj isnot a number, but thisisn’'t

the same as an error. Finally, unless otherwise noted, all functionsin this section that return a
Py(Obj ect * return ownership with the object. It's up to the caller to decrement the reference

count of the returned object if necessary.

Table B.4. Objects

Type Function
i nt PyCal | abl e_Check(Pybj ect *0)
PyCbj ect * |PyCbj ect _Cal | Functi on(PyQbj ect *cal | abl e_obj ect , char *format ,...)

PyQbj ect * |pyhj ect _Cal | Met hod( Pybj ect *o, char *nethodname, char *format ,
)

PyQbj ect * |Pyoj ect _Cal | Obj ect (PyQbj ect *cal | abl e_obj ect , PyChject *args)

voi d PyQbj ect _Cl ear WeakRef s( PyCbj ect *obj )

i nt PyQbj ect _Cnp( PyObj ect *ol, PyCbject *o02, int *result)
I nt PyObj ect _Conpar e( PyObj ect *o0l, Py(bject *02)

i nt PyCbj ect _Del Attr(PyCObject *o, PyQhject *attr _nane)

i nt PyQbj ect _Del AttrString(PyCbject *o, char *attr_name)
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i nt PyObj ect _Del I tem( PyCbj ect *o, PyObject *key)

PyQbj ect * |pyhj ect _Get Attr(PyQbject *o, PyChject *attr_name)

PyQbj ect * |Pyhj ect _Get AttrString(PyCbject *o, char *attr_name)

PyQbj ect * |pyhj ect _Getltem PyObject *o, PyChject *key)

i nt PyObj ect _HasAttr(Pybject *o, PyCbject *attr_nane)

i nt PyQbj ect _HasAttrString(PyQbject *o, char *attr_name)
i nt PyCbj ect _Hash(Pybj ect *o)

i nt PyCbj ect _I sTrue(PyQbj ect *0)

i nt PyCbj ect _Lengt h(PyQbj ect *o)

i nt PyCbj ect _Print(PyCbject *o, FILE *fp, int flags)

PyQbj ect * |Pyhj ect _Repr (PyQbj ect *0)

PyQbj ect * |Pyhj ect _Ri chConpar e( PyCbj ect *ol, PyCbject *02, int op)

i nt PyObj ect _Ri chConpar eBool (PyCbj ect *0l, PyObject *02, int op)

I nt PyQbj ect _Set Attr(Pybject *o, Py(Cbject *attr_name, PyQbject *v)

i nt PyQbj ect _Set AttrString(PyCbject *o, char *attr_nanme, PyQObject *v)
i nt PyQbj ect _Setlten(PyQoject *o, PyObject *key, PyObject *v)

PyQbj ect * |pyhj ect _Str(PyChject *o0)

PyQbj ect * |pyhj ect _Type(PyObj ect *0)

Thef | ags argument of PyObj ect _Pri nt () isused to select printing options. Currently, the
only optionis Py PRI NT_RAW which forces Py(Cbj ect _Pri nt () to produce output using
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Py(Obj ect _Str () asopposedto PyCbj ect Repr () (the default).

PyQhj ect _Hash() and PyObj ect _Lengt h() return a positive integer result on success and -
1 onerror.

The op argument to PyQbj ect _Ri chConpar e() and PyQbj ect _Ri chConpar eBool () is
oneof Py EQPy NE, Py LT,Py GI,Py GE,orPy_ LE.

Table B.5. Numbers

Type Function

PyOj ect PyNunber _Absol ut e( PyQbj ect *0)

Py Qbj ect PyNumber _Add(PyCbj ect *ol, PyChject *02)

PyQbj ect PyNunber And(PyCbj ect *ol, PyQbject *02)

i nt PyNunmber Check(Pyhj ect *0)

Py Qbj ect PyNunber Coer ce(PyQbj ect **pl, PyQbject **p2)
Py Qbj ect PyNunber Di vi de( PyQbj ect *o0l, PyQbject *02)
PyQbj ect PyNunber _Di viod( PyQbj ect *o0l, PyQbject *02)
Py Qbj ect PyNurber _Fl oat (PyObj ect *0)

Py Qbj ect PyNumber _| nt (PyChj ect *0)

Py Qbj ect PyNumber | nvert (PyChj ect *o)

Py Qbj ect PyNumber _Long( PyQbj ect *o)

Pyoj ect PyNunber Lshift(PyCObject *ol, PyQhject *02)
Py Oj ect PyNunber Ml ti pl y(PyQbject *ol, PyCbject *02)
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PyQbj ect *

PyNunber Negative(PyQbject *o0)

Py(bj ect

PyNunmber O (PyCObject *ol, PyObject *02)

PyQbj ect PyNumber Posi tive(Pybject *o)

Py Qbj ect PyNumber _Power (PyCbj ect *o0l, PyChject *02, PyCbject *03)
Py Obj ect PyNunber Renmi nder (PyObj ect *ol, PyQbject *02)

Py Qbj ect PyNurmber Rshi ft(PyCbject *ol, PyObject *02)

PyQbj ect PyNunber _Subt ract (PyQbj ect *o0l, PyChject *02)

Py Qbj ect PyNunber _Xor (PyQbj ect *o0l, PyQbject *02)

Py Qbj ect PyNunber | nPl aceAdd( PyQbj ect *o0l, PyChject *02)

Py Qbj ect PyNunber | nPl aceSubt ract (PyCbj ect *ol, PyQbject *02)
Py Qbj ect PyNunber | nPl aceMul ti pl y(PyQObj ect *ol, PyQbject *02)
Py Qbj ect PyNunber | nPl aceDi vi de( PyQbj ect *o0l, PyCbject *02)

Py Qbj ect PyNunber _| nPl aceRemai nder (PyQbj ect *o0l, PyCbject *02)
Py Qbj ect PyNunber _| nPl acePower ( PyCbj ect *ol, PyQbject *02)

Py Qbj ect PyNumber _| nPl aceLshi ft (PyQbj ect *ol, PyQbject *02)

Py Qbj ect PyNumber _| nPl aceRshi ft (PyQbj ect *ol, PyQbject *02)

Py Qbj ect PyNumber _| nPl aceAnd( PyQbj ect *ol, PyQbject *02)

Py Qbj ect PyNumber _| nPl aceXor (PyObj ect *ol, PyQbject *02)

Py Oj ect PyNunber | nPl aceOr (PyObj ect *ol, PyQbject *02)
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Table B.6. Sequences

Type Function

i nt PySequence_Check(PyQbj ect *0)

PyQbj ect * |pySequence_Concat (PyQbj ect *ol, Pybject *02)

I nt PySequence_Cont ai ns(PyQbj ect *o, PyObject *val ue)

i nt PySequence_Count (PyQbj ect *o, PyQbject *val ue)

I nt PySequence_Del | t en{ PyQbj ect *o, int )

i nt PySequence_Del Sli ce(PyQbject *o, int il, int i2)
PyQbj ect * |pySequence Getlten(PyObject *o, int )

PyQbj ect * |pySequence GetSlice(PyQbject *o, int il, int i2)

i nt PySequence_I n(PyCbj ect *o, PyObject *val ue)

i nt PySequence_| ndex( PyCbj ect *o, PyCbject *val ue)

PyQbj ect * |pySequence_Li st (Pybject *o)

PyQbj ect * |pySequence_Repeat (PyChject *o, int count)

i nt PySequence_Setltenm PyCbject *o, int , PyCbject *v)

i nt PySequence_Set Slice(PyObject *o, int il, int i2, PyObject *v)
PyOoj ect * |pySequence_ Tupl e( PyCbj ect *0)

PyOoj ect * |pySequence | nPl aceConcat ( PyChj ect *o0l, PyCbject *02)
PyQbj ect * |pySequence_| nPl aceRepeat (PyChj ect *ol, int count)
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PyQbj ect * |pySequence Fast (PyQbject *o, const char *errnsg)

PyQoj ect * |pySequence Fast GET | TEM PyChject *o, int )

The PySequence_Fast () function returns o unmodified if it's already atuple or alist and

increases its reference count. Otherwise, 0 must be a sequence type. If it’s not a sequence, a
TypeError israised and er r nsg isused as the error message. The

PySequence Fast CGET | TEM ) function should only be used with objects returned by
PySequence Fast ().

Table B.7. Mappings

Type Function

I nt PyMappi ng_Check(Pybj ect *0)

i nt PyMappi ng_Cl ear (PyQbj ect *0)

i nt PyMappi ng_Del | t en{ PyObj ect *o, PyObject *key)

i nt PyMappi ng_Del I tenBStri ng(PyObj ect *o, char *key)

PyOoj ect * PyMappi ng_GetltenString(PyObject *o, char *key)

i nt PyMappi ng_HasKey( PyChj ect *o, Pybject *key)

i nt PyMappi ng_HasKeyStri ng( PyObj ect *o, char *key)

PyCQbj ect * |PyMappi ng_ |t ens(PyChj ect *0)

PyQbj ect * |PyMappi ng_Keys(PyQbj ect *0)

i nt PyMappi ng_Lengt h( PyChj ect *0)

i nt PyMappi ng_Set I tentStri ng(PyGbj ect *o, char *key, PyCbject *v)

PyQbj ect * |PyMappi ng_Val ues(PyQbj ect *0)
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Table B.8. Buffer Interface

Type [Function

I nt PyQbj ect _AsChar Buffer (PyObject *, const char **buffer, int *len)
i nt Py(Qbj ect _AsReadBuffer (PyGbject *, const void **buffer, int *len)
int |PyCoj ect _AsWiteBuffer(PyCbject *, void **buffer, int *len)

The buffer interface is used by objects that want to expose the raw bytes used to store data to the
caller without having to make a copy. Typically thisisonly used by strings, Unicode strings, and
arrays as created in the ar r ay module. The size and interpretation of the data depends on the

underlying object.
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Low-Level Functions on Built-in Types

The functions in Tables B.9 through B.21 can be used to manipulate various built-in types.
Functions of the form Py<t ype > Check() are used to check the type of an object and return 1

if an object isthe correct type, O otherwise. Functions of the form Py<t ype > Fr onkt ype > are
used to create a Python object from a C datatype. Functions of the form Py<t ype > As<t ype >
are used to convert from Python to C. These functions are presented without further description.

Table B.9. Integers

Type Function
[ ong Pyl nt _AsLong(PyChj ect *iobj )
i nt Pyl nt _Check(PyQbj ect *obj )
PyQbj ect * Pyl nt _Froniong(l ong)
I ong Pyl nt _Get Max(voi d)
Table B.10. Long Integers
Type Function
doubl e PyLong_AsDoubl e( PyObj ect *I obj )
I ong PyLong_ AsLong(PyQbj ect *I| obj )
[ ong | ong PyLong_AsLongLong( PyQbj ect *1 obj )
unsi gned | ong PyLong_AsUnsi gnedLong( PyChj ect *I obj )
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unsi gned long | ong PyLong_AsUnsi gnedLongLong( PyObj ect *I| obj )

void * PyLong_AsVoi dPt r ( PyCbj ect *| obj )

I nt PyLong_Check( Pybj ect *obj )

PyQbj ect * PyLong_Fr onmDoubl e( doubl e)

PyQbj ect * PyLong Froniong( | ong)

PyQbj ect * PyLong_FronmLongLong(l ong | ong)

PyQbj ect * PyLong_Fr omnsi gnedLong(unsi gned | ong)

PyQbj ect * PyLong_Fr omnsi gnedLongLong(unsi gned | ong | ong)
PyCbj ect * PyLong_FronmVvoi dPtr (void *)

Table B.11. Floats

Type Function
i nt PyFl oat _Check(PyObj ect *obj )
doubl e PyFl oat _AsDoubl e( PyObj ect *fobj )
PyQbj ect * PyFl oat _FronDoubl e( doubl e)

Table B.12. Complex
Type Function

Py_conpl ex Py Conpl ex_AsCConpl ex( PyCbj ect *cobj )

i nt PyConpl ex_Check( PyCbj ect *obj )
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PyQoj ect * Py Conpl ex_Fr onCConpl ex( Py _conpl ex *cobj )
PyCQbj ect * Py Conpl ex_FronDoubl es(doubl e real , double imag)
doubl e Py Conpl ex_I magAsDoubl e( PyObj ect *cobj )
doubl e PyConpl ex_Real AsDoubl e( PyObj ect *cobj )
Table B.13. Strings
Type Function
char * PyString AsString(PyCbject *str)
PyQoj ect * \PyString AsEncodedString(PyObj ect *unicode, const char *encoding,

const char *errors)

i nt PySt ri ng_Check(PyQbj ect *obj )

voi d PyString_Concat (PyQbj ect **str , PyCbject *newpart )

voi d PyStri ng_Concat AndDel (PyChj ect **str , PyQbject *newpart )

PyQbj ect * |pyString _Decode(const char *s, int size, const char *encoding,
const char *errors)

PyQbj ect * |pyString_Encode(const Py UNI CODE *s, int size, const char
*encodi ng, const char *errors)

PyQbj ect * |pyString_Format (PyChj ect *format , PyChject *args)

PyQbj ect *|pyString FronString(char *str)

PyGbj ect * |PyString_FronStringAndSi ze(char *str, int len)

I nt

PyString_Resize(PyObject **str, int newsize)
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i nt PyString_Si ze(PyQbj ect *str)

Note: Encode and Decode functions expect encoding and error parameters that are the same as
the built-in uni code() function.

Table B.14. Unicode

Type Function

i nt PyUni code_Check(PyQhj ect *0)

PyGbj ect *  |PyUni code_Fromni code(Py_UNI CODE *, int size)

Py_UNI CCDE * |PyUni code_AsUni code( PyQbj ect *0)

i nt PyUni code_Get Si ze(PyCbj ect *0)

PyQobj ect *  |PyUni code_FronEncodedCbj ect (PyCbj ect *obj , const char *encoding,
const char *errors)

PyQoj ect *  |PyUni code Frontbj ect (PyChj ect *0)

PyGbj ect *  |PyUni code_Fr omW deChar (const wchar _t *, int size)

int PyUni code_AsW deChar (PyChj ect *o, wchar_t *buf , int maxlen)

Table B.15. Lists

Type Function

i nt PyLi st _Append(PyCbj ect *list, PyCbject *obj )

PyQbj ect * |pyList_AsTupl e( PyChj ect *list)

i nt PyLi st _Check(PyQbj ect *obj )
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PyQbj ect * |pyList _Getlten{PyChject *list, int index)
PyCoject * |pyList_GetSlice(PyQbject *list, int i, int j)
i nt PyLi st _Insert(PyCbject *list, int index, PyChject *obj)
PyCbj ect * |pyList New(int size)
i nt PyLi st _Reverse(PyQoj ect *Iist)
I nt PyList_Setlten(PyQbject *list, int index, PyObject *obj)
i nt PyList_SetSlice(PyQohject *list, int i, int j, PyQobject *slc)
i nt PyLi st _Si ze(PyChj ect *list)
i nt PyLi st _Sort (PyChject *list)
Note: PyLi st _Get |t en() returnsaborrowed reference.
Table B.16. Tuples
Type Function
i nt PyTupl e_Check(PyCbj ect *obj )
PyQbj ect * |pyTuple Getltem PyObject *tup, int index)
PyQbj ect * |pyTupl e GetSlice(PyChject *tup, int i, int j)
PyGoj ect * |PyTupl e New(int size)
i nt PyTupl e_Setltem(PyCbj ect *tup, int index, PyCbject *obj)
i nt PyTupl e_Si ze(PyChj ect *tup)

Note: Py Tupl e_Set | t en() increments the reference count of obj even if it fails, and
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PyTupl e_Getltem) returnsaborrowed reference.

Table B.17. Dictionaries

Type Function

i nt PyDi ct _Check(PyQbj ect *obj )

void PyDi ct _Cl ear (PyCObj ect *dict )

i nt PyDi ct _Del I tem(PyQoj ect *dict, PyQbject *key)

I nt PyDi ct _Del ItenString(Pyhject *dict, char *key)

PyQbj ect * |pyDict_Getlten{PyChject *dict, PyCbject *key)

PyQbj ect * |pyDict_GetltenBtring(PyObj ect *dict, char *key)

PyGbj ect * |pyDict _|Itenms(PyChject *dict)

PyQbj ect * |pyDi ct _Keys(PyQbj ect *dict )

PyObj ect * |PyDi ct _New(voi d)

i nt PyDict _Setltenm PyQbject *dict, PyObject *key, Py(Object *value)
i nt PyDict _Setltenttring(PyCbject *dict, char *key, PyCbject *value)
i nt PyDi ct _Si ze( PyChj ect *dict )

PyQbj ect * |pyDi ct _Val ues(PyQbj ect *dict )

Note: PyDi ct _Getlten() andPyDi ct _Getltenttri ng() return borrowed references.

Table B.18. Buffer Objects
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Type Function
i nt PyBuf f er _check(PyObj ect *0)
PyQbj ect * |pyBuff er Frontbj ect (PyObj ect *base, int offset, int size)
PyQbj ect * |PyBuffer FronReadWiteObj ect (PyCbj ect *base, int offset, int size
)
PyQbj ect * |PyBuffer FromMenory(void *ptr, int size)
PyQoj ect * pPyBuffer FronReadWiteMenory(void *ptr, int size)
PyQbj ect * |PyBuffer New(int size)
Table B.19. Files
Type Function
FILE * PyFi |l e_AsFi |l e(PyQbj ect *file)
int PyFi | e_Check(PyQbj ect *obj )
Py(bj ect PyFile FronFile(FILE *, char *, char *, int (*)(FILE *))
Py Qoj ect PyFil e FronString(char *nane, char *node)
Py Qbj ect PyFi | e_Get Li ne(PyObject *file, int)
Py Qbj ect PyFi | e_Nane(Pybj ect *file)
voi d PyFi | e_Set Buf Si ze(PyCbj ect *file, int size)
i nt PyFi | e_Sof t Space( PyQbj ect *file, int)
i nt

PyFile WiteQbject(Pyhject *file,

PyQbj ect *obj ,

int)
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i nt PyFile WiteString(char *str, PyQbject *file)

Table B.20. Modules

Type Function
i nt PyModul e_Check(PyObj ect *obj )
PyCQbj ect * PyMdul e_Get Di ct (PyObj ect *npd)
char * PyModul e_GCet Fi | enane( PyObj ect *nod)
char * PyMbdul e_Get Name( PyQbj ect *nod )
PyQoj ect * PyModul e New(char *name)

Table B.21. CObjects
Type Function
i nt PyCbj ect _Check(PyQhj ect *0)

PyQbj ect * |PyCObj ect _FromVoi dPtr(void *cobj , void (*destr)(void *))

PyQbj ect * |PyCObj ect _Fr omVoi dPt r AndDesc(void *cobj , void *desc, void
(*destr)(void *, void *))

void * PyCbj ect _AsVoi dPt r ( PyQbj ect *sel f )

void * PyCQObj ect _Get Desc(PyQbj ect *sel f )

Note: The CObject interfaceistypically used to provide awrapper around an arbitrary C pointer.
These objects are mostly used by extension-building tools such as SWIG.
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Defining New Types

New types of objects can also be defined in extension modules. However, this process is considerably more
advanced than simply accessing afew C functions. Because of this complexity, you should consider
implementing a new type only in the following situations:

. Thetypeisnot easily constructed from existing Python types.

. Thetype requires interaction with the operating system or another special feature not provided by the
interpreter or the standard library.

. Thetype hasn't already been implemented el sewhere. For example, efficient matrix types have aready
been implemented, so it would make little sense to reinvent them. It’s always a good idea to check the
Python libraries and newsgroups before implementing a new type. The Vaults of Parnassas Python
Resources (http://www.vex.net/parnassus) is also an excellent resource for finding previously

implemented extension modules.

The process of creating a new Python type involves the following steps:

1. Define adata structure that contains the actual data stored in the type—for example, the Li st type has
an array of elements containing the list items.

2. Define the functions that are going to serve as methods of the type—for example, the append()
method of aLi st object.

3. Defineapair of functions for creating and destroying the type.

4. Define aset of functions that implement the special methodssuchas . _add_ () and _
_getitem_ () that are supported by the type, as described in Chapter 3, “ Types and Objects.”

5. Fill in adata structure containing pointers to the numeric operations of atype.

6. Fill in adata structure containing pointers to the sequence operations of the type.

7. Fill in adata structure containing pointers to the mapping operators of the type.

8. Define atype object that contains all the properties of the object and its associated methods.

9. Register methods and any additional functions with the interpreter in the module initialization function.

Listing B.3 illustrates the process of creating a new Python type by implementing a Shar edBuf f er object.
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A shared buffer is a specia data structure that contains data shared by multiple Python interpreters running as
different processes. Whenever a change is made by one interpreter, it's automatically reflected in shared
buffers of the other interpreters. Thisimplementation of a shared buffer utilizes an operating system feature
known as memory-mapped files, in which the contents of a“file” are mapped into the address space of a
process and can be accessed as ordinary memory. Memory-mapped files are supported on both UNIX and
Windows, although Listing B.3 shows only the UNIX implementation. Also, this exampleisonly intended to
illustrate the process of creating a new type—if you really want to use memory-mapped files, it might be
easier to use the mmap module in the standard library.

Listing B.3 Shared Buffer Type

/*************************************************************

* shuffer.c

*

* A shared buffer object inplenented using nmap().
*************************************************************/
#i ncl ude " Pyt hon. h"
#i ncl ude <uni std. h>
#i ncl ude <fcntl.h>
#i ncl ude <sys/ mman. h>
#i ncl ude <sys/stat. h>

/*************************************************************

* sbufferobject information

*************************************************************/

t ypedef struct {
Py Qbj ect _HEAD

char *puf fer; /* Menory buffer */

i nt si ze; /* Size of the structure */
i nt fd; /* File descriptor */

i nt pr ot ; /* Protection bits */

i nt of f set ; /* File offset */

} sbufferobject;

/* Exception object used by this nodule */
static PyQbject *AccessError;

/* Forward decl aration of type descriptor.
staticforward is a macro defined in Python.h that
provi des a portable way of creating forward references
to static functions */

staticforward PyTypeCbj ect SharedBuffer Type;

/*************************************************************

* I nstance net hods
sbuffer.lock()
sbuf fer. unl ock()

* Lock the shared buffer

* Unl ock the shared buffer

* sbuffer.get() Get data as a NULL-term nated string

* sbuffer.store() Store data as a NULL-term nated string

************************************************************/

static PyQbject *
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sbuffer | ock(sbufferobject *self, PyQbject *args) {
i f (!PyArg_ParseTuple(args,"")) return NULL;
| ockf (sel f->fd, F_LOCK, 0);
return Py Buil dval ue("");

}

static PyQbject *

sbuf fer _unl ock(sbufferobject *self, PyQoject *args) {
I f (!PyArg_ParseTupl e(args,"")) return NULL,
| ockf (sel f->fd, F_ULOCK, 0);
return Py_Buil dVal ue("");

}

static PyQbject *
sbuf fer _get (sbufferobject *self, PyCObject *args) {
int i;
if (!PyArg_ParseTuple(args,"")) return NULL;
if (self->prot & PROT_READ) {
for (i =0; i < self->size; i++) {
if (!self->buffer[i]) break;

}

return PyString_FrontStringAndSi ze(sel f->buffer,i);
} else {

return PyString FronString("");

}
}

static PyQbject *
sbuffer store(sbufferobject *self, PyCbject *args) {
char *str;
int |en;
if (!PyArg_ParseTupl e(args, "s",&str)) return NULL;
if (self->prot & PROT_WRITE) {
len = strlen(str)+1;
if (len > self->size) len = self->size;
nmencpy(sel f->buffer,str,len);
} else {
PyErr _Set String(AccessError, "SharedBuffer is read-only");
return NULL;

}
return Py Buil dval ue("");

}

/* Instance nethods table. Used by sbuffer getattr() */
static struct PyMet hodDef sbuffer nethods[] = {

{"l ock", sbuf fer_I ock, METH_VARARGS} ,
{"unl ock", sbuffer_unlock, METH VARARGS},
{"get", sbuf fer _get, VETH_VARARGS}
{"store", sbhuffer_store, METH VARARGS},
{ NULL, NULL }

b
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/*************************************************************

* Basic Operations

*************************************************************/

/* Create a new shared buffer object */
static sbufferobject *
new sbuffer(int fd, int size, int offset, int prot)
{
sbuf f er obj ect *sel f;
void *buffer;
buffer = mmap(0, si ze, prot, MAP_SHARED, f d, of f set) ;
if (buffer <= 0) {
PyErr _Set FronErr no( PyExc_OSError);
return NULL;
}
self = PyObj ect NEW sbufferobject, &SharedBufferType);
if (self == NULL) return NULL;
sel f->buffer = (char *) buffer;
sel f->size = size;
sel f->of fset = offset;
sel f->prot = prot;
self->fd = fd;
return self;

}

/* Rel ease a shared buffer */

static void

sbuf fer deal | oc(sbufferobject *self) {
munmap(sel f->buffer, self->size);
cl ose(sel f->fd);
PyMem DEL(sel f);

}

/* Get an attribute */

static PyQbject *

sbuffer_getattr(sbufferobject *self, char *nane) {
if (strcnp(nane,"prot") == 0) {

return Py BuildVvalue("i", self->prot); /* self.prot */
} else if (strcnp(nane,"fd") == 0) {
return Py BuildValue("i", self->fd); [* self.fd */

}

/* Look for a nethod instead */
return Py Fi ndMet hod(sbuffer nethods, (PyObject *)self, nane);

}

/[* repr() function */
static PyQbject *
sbuffer_repr(sbufferobject *self) {
char rbuffer[256];
sprintf(rbuffer,"<SharedBuffer, fd = %, length = %, prot = % at %>",
sel f->fd, self->size, self->prot, self);
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return PyString_Fronttring(rbuffer);
}

/*************************************************************

* Sequence operations

*************************************************************/

[* len() */

static int

sbuffer | ength(sbufferobject *self) {
return sel f->size;

}

/* getitem- Get a single character */
static PyQbject *
sbuffer_getiten(sbufferobject *self, int index) {
if (index < 0 || index >= self->size) {
PyErr_Set String(PyExc_Il ndexError, "index out-of-bounds");
return NULL;
}
if (!(self->prot & PROT_READ)) {
PyErr _Set String(AccessError, "SharedBuffer is not readable");
return NULL;
}

return Py Buil dval ue("c", sel f->buffer[index]);

}

/* setitem- Store a single character */
static int
sbuffer_setiten(sbufferobject *self, int index, PyQbject *obj)

{

char *str;

I nt strsize;

i f (!PyString_Check(obj)) {
PyErr_Set String(PyExc_TypeError, "Expected a string.");
return 1;

}

if (PyString_Size(obj) !'=1) {
PyErr _Set String(PyExc_Val ueError, "Expected a one character string.");
return 1;

}

if (index < 0 || index >= self->size) {
PyErr_Set String(PyExc_|I ndexError, "index out-of-bounds");
return 1;

}

if (!(self->prot & PROT_WRITE)) {
PyErr_Set String(AccessError, "SharedBuffer is read-only");
return 1;

}

sel f->buffer[index] = *(PyString_AsString(obj));

return O;
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/* getslice - Get a slice out of the buffer */
static PyQbject *
sbuffer _getslice(sbufferobject *self, int start, int end) {
If (start < 0) start = O;
if (end > self->size) end = self->size;
if (end < start) end = start;
if (!(self->prot & PROT_READ)) {
PyErr_Set String(AccessError, "SharedBuffer is not readable");
return NULL;

}
return PyString FronttringAndSi ze(sel f->buffer+start, (end-start));

}

/* setslice - Set a slice in the buffer */
static int
sbuffer _setslice(sbufferobject *self, int start, int end, PyCbject *obj)
{
i nt size;
if (start < 0) start = O;
if (end > self->size) end = sel f->size;
if (end < start) end = start;
if (!PyString_Check(obj)) {
PyErr_Set String(PyExc_TypeError, "Expected a string.");
return 1;
}
if (!(self->prot & PROT_WRITE)) {
PyErr _Set String(AccessError, "SharedBuffer is read-only");
return 1;
}
size = PyString_Si ze(obj);
if (size < (end-start)) end = start +si ze;
mencpy(sel f->buffer+start, PyString AsString(obj), (end-start));
return O

}

/* Sequence nethods table */
stati c PySequenceMet hods sbuffer_as _sequence = {

(i nquiry) sbuffer I ength, /* sqg_length . len(x) */
(bi naryfunc) 0, /* sqg_concat Xty */
(intargfunc) 0, [* sqg_repeat X *on */
(i ntargfunc) sbuffer _getitem /* sqg_item cox[1] */
(i ntintargfunc) sbuffer getslice, /* sq_slice o X[1]] */
(i ntobjargproc) sbuffer _setitem /* sq_ass _item : x[i] =vV */
(intintobjargproc) sbhuffer_setslice, /* sq_ass_slice : x[i:j] =v */

b

[* Type object for shared buffer objects */
static PyTypeQbj ect SharedBufferType = {
PyQbj ect HEAD | NI T(&PyType Type) /* Required initialization */
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0, /* ob_size . Usually O */
" Shar edBuf fer", /[* tp_name . Type nane */
si zeof (sbuf f erobj ect), /* tp_basicsize : (Object size */
0, /* tp_itensize : Usually O */
/* Standard net hods */

(destructor) sbuffer_deall oc, /* tp_deall oc, - refcount = 0 */
(printfunc) 0, /[* tp_print ©oprint X */
(getattrfunc) sbuffer_getattr, /* tp_getattr » X.attr */
(setattrfunc) O, /* tp_setattr » X.attr = v */
(cnpfunc) 0, /* tp_conpare X >y */
(reprfunc) sbuffer _repr, /[* tp_repr . repr(x) */

/* Type categories */

0, [* tp_as _nunber : Nunber nethods */
&sbuf fer _as_sequence, /* tp_as_sequence: Sequence nethods */
0, /* tp_as_mapping : Mpping nethods */
(hashfunc) 0, /* tp_hash . dict[Xx] */
(ternaryfunc) O, /* tp_call - x() */
(reprfunc) O, /* tp_str : str(x) */

}
/*************************************************************

* Modul e | evel functions
*************************************************************/

/* Create a new shared buffer object as
Shar edBuffer(fil enane, si ze, of fset, prot) */
static PyQbject *
sbuf f er obj ect _new( PyCbj ect *sel f, Py(Qbject *args) {
char *fil enane;
int size;
int fd, flags;
int prot = PROT_READ | PROT_WRI TE;
I nt offset = O;
struct stat finfo;

i f (!PyArg_ParseTupl e(args,"si|ii", & il enane, &si ze, &of fset, &rot)) {
return NULL;
}
I f (stat(filenane, & info) < 0) {
PyErr _Set FronErrno( PyExc_OSError);
return NULL;
}
i f (size + offset > finfo.st_size) {
PyErr _Set Stri ng(PyExc_I| ndexError,
"Requested size and offset is too large.");
return NULL;
}
if ((fd = open(filenane, O RDWR, 0666)) < 0) {
PyErr _Set Fr onkrr no( PyExc_COSError);
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return NULL;

}
return (PyQbject *) new sbuffer(fd, size,offset, prot);

}

/* Modul e Met hods Table */

static struct PyMet hodDef sbuffertype_nethods[] = {

{ "SharedBuffer", sbufferobject _new, METH VARARGS },
{ NULL, NULL }

b

/* Module initialization function */

void initsbuffer() {
PyCbj ect *m *d;
m = Py I nitMdul e("sbuffer", sbuffertype_nethods);
d = PyModule GetDict(m;

/* Add a few useful constants for the prot paraneter */
PyDict _Setltenttring(d,"PROT_READ', Pyl nt _FronlLong( PROT_READ) ) ;
PyDict_Setltenttring(d,"PROIT_WRI TE", Pyl nt _FronlLong(PROT_WRI TE) ) ;

/* Define the exception */
AccessError = PyErr_ Newkxception("sbuffer. AccessError™, NULL, NULL) ;
PyDi ct _SetltentString(d,"AccessError", AccessError);

Finaly, Listing B.4 usesthe new Shar edBuf f er type. Inthis case, a shared buffer is used to exchange data
between a parent and a child process created with os. f or k() . The example (motivated by a problem posted
to the Python mailing list) performs a hosthame-to-I P address translation with a timeout.

Listing B.4 Python Program Using a Shar edBuf f er

# Hostnanme | ookup with a tineout.
# (wth apologies to Andy D.)

I nport sbuffer, socket, os, sys, signal

# Create the nenory napped region
buf fer = open("address","w")
buffer.wite(" "*2048)

buffer.cl ose()

# Open the file as a shared buffer object
buf fer = sbuffer. SharedBuffer("address", 2048)

# Return hostname or "" if it can't be resol ved

# in less than 1 second.

def get host bynane( host nane) :
buffer.store("") # Clear the address buffer
pid = os.fork() # Create a subprocess
if pid ==
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# Child process

signal . al arm(1) # Start the clock
try:
nanme = socket. get host bynane( host nane)
except :
sys.exit()
buffer.store(nane) # Save the nane in the buffer
sys.exit() # Done
el se:
os. wai t () # Wait for conpletion
return buffer.get() # Get the address
# Try it out

I p = get host bynanme(" ww. pyt hon. org")

< BACK Make Note | Bookmark CONTINUE >
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Special Methods for Types

This section describes the C data structures used to implement types. Thisis an advanced topic and
the presentation here is only intended to be a quick reference.

Types are defined by a structure with the following fields. Many of the fields in this structures use
t ypedef namessuch ashashf unc, bi nar yf unc, i nt ar gf unc, and so forth. These types are

defined later in this appendix in Table B.26.

typedef struct _typeobject {

PyObj ect VAR HEAD

char *t p_nane;

I nt t p_basi csi ze;
I nt tp_itensize;
destruct or t p_deal | oc;
printfunc tp_print;
getattrfunc tp_getattr;
setattrfunc tp_setattr;
cnpfunc t p_conpar e;
reprfunc tp_repr;

PyNunber Met hods *t p_as_nunber;
PySequenceMet hods *tp_as_sequence;
PyMappi ngMet hods *tp_as_mappi ng;

hashf unc t p_hash;

t er naryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;
PyBuf f er Procs *tp_as_buffer;

| ong tp_fl ags;
traverseproc tp_traverse;

I nquiry tp_clear;

ri chcnpf unc tp_richconpare;
| ong t p_weakl i stof fset;
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} PyTypeQbj ect;

Most of the special methods for atype are encapsulated in four data structures:

Py SequenceMet hods, PyMappi ngMet hods, PyNunber Met hods, and PyBuf f er Pr ocs.

Tables B.22 through B.26 show the contents of these structures.

Table B.22. PySequenceMet hods Structure

C Datatype Name Python Method

(1 nquiry) sqg_l ength ~_ len_ (x)

(bi naryfunc) sqg_concat _ _add_ _(x,y)

(i ntargfunc) sq_r epeat ~mul _ _(x,n)

(1 ntargfunc) sg_item _ _getitem  _(x,n)

(i ntintargfunc) sq_slice _ _getslice_ (x,i,j)

(1 ntobjargproc)

sg_ass_item

_ _setitem. (x,n,v)

(1 ntintobjargproc)

sqg_ass_slice

_ _setslice_ (x,i,j,Vv)

(obj obj proc)

sg_cont ai ns

~_contains_ (x,0)

(bi naryfunc)

sg_i npl ace_concat

_ _ladd_ _(x,y)

(1 ntargfunc)

sg_i npl ace_repeat

_imul _ _(x,n)

Table B.23. PyMappi ngMet hods Structure

C Datatype

Name Python

Method

(1T nquiry)

np_l engt h

_len_ (x)
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(bi naryfunc) np_subscri pt _ _getitem  _(x, key)

(obj obj ar gproc) np_ass_subscri pt _ _setitem _(x,key,value)

Table B.24. PyNunber Met hods Structure

C Datatype Name Python Method

(bi nar yf unc) nb_add _ _add_ _(x,y)
(bi naryfunc) nb_subtract _ _sub_ _(x,y)
(bi naryfunc) nb_mul tiply __mul_ _(x,y)
(bi nar yfunc) nb_di vi de _ _div_ _(x,y)
(bi naryfunc) nb_r emai nder _ _mod_ _(x,y)
(bi naryfunc) nb_di vod _ _divmod_ _(x,y)

(ternaryfunc) nb_power _ _pow_ (x,y,n)

(unaryfunc) nb_negati ve _heg_ _(x)
(unaryfunc) nb_positive _pos_ _(x)
(unaryfunc) nb_absol ute _ _abs_ _(x)

(i nquiry) nb_nonzero _ _zero_ _(x)
(unaryfunc) nb_i nvert _ _invert_ _(x)
(bi naryfunc) nb_l shi ft _ _Ishift_ _(x,y)
(bi naryfunc) nb_rshift _ _rshift_ _(x,y)
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(bi naryfunc) nb_and _and_ _(x,y)
(bi naryfunc) nb_xor _xor_ _(x,y)
(bi naryfunc) nb_or _or_ _(x,y)
(coercion) nb_coerce _ _coerce_ _(x,y)
(unaryfunc) nb_i nt _int_ _(x)
(unaryfunc) nb_l ong _ _long_ _(x)
(unaryfunc) nb_f | oat _ _float_ _(x)
(unaryfunc) nb_oct _oct_ _(x)
(unaryfunc) nb_hex _hex_ _(x)

(bi naryfunc) nb_i npl ace_add _ _ladd_ _(x,y)
(bi naryfunc) nb_i npl ace_subt r act _ _isub_ _(x,y)
(bi naryfunc) nb_i npl ace_mul tiply _imul _ _(x,y)
(bi naryfunc) nb_i npl ace_di vi de _ _idiv_ _(x,y)
(bi naryfunc) nb_i npl ace_r enmai nder _imod_ _(x,y)

(ternaryfunc)

nb_i npl ace_power

_ _ipow_ _(x,y,n)

(bi naryfunc)

nb_inplace_ | shift

_ _ilshift_ (x,y)

(bi naryfunc)

nb_inplace_rshift

_ _drshift_ _(x,y)

(bi naryfunc)

nb_i npl ace_and

_ _dand_ _(x,y)

(bi naryfunc)
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(bi naryfunc) nb_i npl ace_or ior_ (x,y)

Table B.25. PyBuf f er Pr ocs Methods

C Datatype Python Method
(getreadbuf ferproc) bf getreadbuffer
(getwitebufferproc) bf _getwitebuffer
(get segcount proc) bf get segcount
(get char buf f er proc) bf get charbuffer

Table B.26. C Prototypes for Methods Defined in This Section

C Datatype Prototype

(1T nquiry) int (*)(PyQbject *)

(unaryfunc) PyQbj ect (*)(PyQObject *)

(bi naryfunc) PyGbj ect (*)(PyObject *, PyCbject *)
(ternaryfunc) PyQbj ect (*)(PyObject *, PyCbject *, PyQbject *)
(coercion) int (*)(PyQbject **, PyCbject **)

(1 ntargfunc) PyQbj ect (*)(PyObject *, int)

(1 ntintargfunc) PyQbject (*)(PyObject *, int, int)

(1 ntobjargproc) int (*)(PyQbject *, int, PyObject *)

(1 ntintobjargproc) int (*)(PyObject *, int, int, PyCbject *)
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(destructor)

void (*)(PyQbject *)

(printfunc) int (*)(PyCObject *, FILE *, int)
(getattrfunc) PyQbj ect (*)(PyObject *, char *)
(getattrofunc) PyQbj ect (*)(PyObject *, Py(Qbject *)
(setattrfunc) int (*)(PyQbject *, char *, Py(Cbject *)
(setattrofunc) int (*)(PyObject *, Pyoject *, Py(Qbject *)
(cnpfunc) int (*)(PyQbject *, PyQbject *)
(reprfunc) PyQbj ect (*)(PyQbject *)

(hashfunc) long (*) (PyQbject *)

(obj obj func) int (*)(PyCQbject *, PyQbject *)
(getreadbufferproc) int (*)(PyQbject *, int, void **)
(getwritebufferproc) int (*)(PyCbject *, int, void **)

(get segcount proc)

int (*)(PyCbject *, int

*)

(get char buf f er proc)

int (*)(PyCQbject *, int,

const char **)

(richcnpfunc) PyQbj ect *(*)(PyCbject *, PyObject *, int);
(visitproc) int (*)(PyQoject *, void *)
(traverseproc) int (*)(PyQobject *, visitproc, void *)
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Threads

When using threads, a global interpreter lock is used to prevent more than one thread from executing
in the interpreter at once. If afunction written in an extension module executes for along time, it
will block the execution of other threads until it completes. Thisis because the lock is held
whenever an extension function isinvoked. If the extension module is thread-safe, the following
macros can be used to release and reacquire the global interpreter lock:

Py BEG N_ALLOW THREADS

Releases the global interpreter lock and allows other threads to run in the interpreter. The C
extension must not invoke any functionsin the Python C API while the lock is released.

Py END_ALLOW THREADS

Reacquires the global interpreter lock. The extension will block until the lock can be acquired
successfully in this case.

The following example illustrates the use of these macros:

PyQbj ect *spanfunction(PyCbject *self, PyCbject *args) {

PyArg ParseTupl e(args, ...)

Py BEG N_ALLOW THREADS

result = run_long cal cul ation(args);
Py END_ALLOW THREADS

return Py BuildValue(fnt,result);
}

Many more subtle aspects of threads are not covered here. Readers are strongly advised to consult
the C API Reference Manual. In addition, you may need to take steps to make sure that your C
extension is thread-safe, as it could be invoked by other Python threads shortly after the interpreter
lock isreleased.
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Embedding

The Python interpreter can also be embedded into other applications. When embedding the interpreter on
UNIX, you must include the fileconf i g. ¢ (usually found in a place such as<pyt hon

>/ 1i b/ python2. 1/ confi g/ confi g. c, where<pyt hon > isthe directory where Python was installed)
and link against thelibrary | i bpyt hon2. 1. a. (A comparable but more complex processis required on

Windows and the Macintosh. Consult the online documentation for details.) The following functions are used to
call the interpreter to execute code and control its operation:

I nt PyRun_AnyFil e(FILE *fp, char *fil enane)
If f pisaninteractivedevicesuchasTTY in UNIX, thisfunction callsPyRun_|I nt er acti veLoop().

Otherwise, PyRun_Si npl eFi | e() iscaled. If fi | enanme isNULL, adefault string of " ???" isused as
the filename.

i nt PyRun_Si npl eString(char *comand)

Executesconmand inthe . _mai n_ _ module of the interpreter. Returns 0 on success, - 1 if an exception
occurred.

int PyRun_SinpleFile(FILE *fp, char *fil enane)

Similar to PyRun_Si npl eSt ri ng( ) , except that the program isread from afilef p .

Int PyRun_InteractiveOne(FILE *fp, char *fil enane)

Executes a single interactive command.

int PyRun_InterativeLoop(FILE *fp, char *fil enane)

Runs the interpreter in interactive mode.

int PyRun_String(char *str, int start, PyQbject *globals, PyObject *l|ocals)

Executesthe codein st r inthe global and local namespaces defined by globalsand locals. st art isastart
token to use when parsing the source code. Returns the result of execution or NULL if an error occurred.
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int PyRun_File(FILE *fp, char *filenane, int start, PyQbject *globals,
PyQhj ect *I| ocal s)

LikePyRun_String() exceptthat codeisread fromthefilef p .

PyQobj ect *Py Conpil eString(char *str, char *filenane, int start)

Compilescodein st r into acode object. st ar t isthe starting tokenand f i | enane isthe filename that will
be set in the code object and used in tracebacks. Returns a code object on success, NULL on error.

Py Initialize(void)

Initializes the Python interpreter. This function should be called before using any other functionsin the C API,
with the exception of Py _Set Pr ogr anNane(),PyEval | nitThreads(),

PyEval _Rel easeLock(),and PyEval _Acqui reLock() .

int Py Islnitialized(void)

Returns 1 if the interpreter has been initialized, O if not.

Py_Fi nal i ze(voi d)
Cleans up the interpreter by destroying all of the sub-interpreters and objects that were created since calling

Py Initialize().Normaly, thisfunction freesall the memory allocated by the interpreter. However,

circular references and extension modules may introduce memory leaks that cannot be recovered by this
function.

voi d Py_Set ProgramNanme(char *nane)

Sets the program name that’s normally found in the ar gv[ 0] argument of the sys module. This function
should only be called beforePy _Initialize().

char *Py_Get ProgramNane(voi d)

Returns the program name as set by Py _Set Pr ogr aniNane(voi d) .

char *Py_Get Prefix(void)

Returns the prefix for installed platform-independent files.
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char *Py Get ExecPrefi x(void)

Returnsthe exec- pr ef i x for installed platform-dependent files.

char *Py_Get Prograntul | Pat h( voi d)

Returns the full pathname of the Python executable.

char *Py_ Get Pat h(voi d)

Returns the default module search path. The path is returned as a string consisting of directory names separated
by a platform-dependent delimiters (: on UNIX, ; on DOS/Windows, and' \ n' on Macintosh).

const char *Py_Get Versi on(voi d)

Returns the version of the interpreter as a string.

const char *Py_Get Pl atform(voi d)

Returns the platform identifier string for the current platform.

const char *Py_Get Copyri ght (voi d)

Returns the official copyright string.

const char *Py_Get Conpi |l er (voi d)

Returns the compiler string.

const char *Py_Get Buil dl nfo(void)

Returns build information about the interpreter.

int PySys Set Argv(int argc, char **argv)

Sets command-line options used to populate the value of sys. ar gv. This should only be called by
Py Initialize().
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Extension Building Tools

A number of tools are available to simplify the construction of Python extensions.
Extension Classes

Extension classes, written by Jim Fulton and available at

http://www.digicool.com/rel eases/ExtensionClass/, provide a mechanism for defining extension
types that are more class-like. In particular, they can be subclassed in C or Python, and provide
better interaction with documentation strings and other aspects of the interpreter.

CXX

The CXX extension, developed by Paul Dubois, ssimplifies the process of creating extension modules
in C++ (http://cxx.sourceforge.net).

pyf ort

pyf ort, also developed by Paul Dubois, can be used to build Python extension modules from
Fortran code. Details are available at http://pyfortran.sourceforge.net.

f 2py

f 2py isaFortran-to-Python interface generator developed by Pearu Peterson. Details are available
at http://cens.ioc.ee/projects/f2py2e/.

Boost Python Library

The Boost Python Library provides atool for wrapping C++ libraries into Python extensions. The
library provides a number of advanced features, including support for overloaded functions and
operators. Details are available at http://www.boost.org/libs/python/doc/index.html.

SWG

SW G(Simplified Wrapper and Interface Generator), developed by the author and available at
http://www.swig.org, can be used to create Python extensions automatically from annotated C
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Appendix C. Summary of Changes

This appendix briefly describes some of the more important changes to Python since the first edition
of Python Essential Reference, which described Python 1.5.2. The primary focus here is on core
language changes that may cause incompatibilities between Python versions.

Detailed changesto individual library modules are not covered. For a more comprehensive list of
changes, readers are encouraged to consult the documentation at http://www.python.org. The

M sc/ NEWS file in the Python source distribution also contains a very detailed list of language
changes.
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Python 1.6

Python 1.6 was released only about aweek before the release of Python 2.0. The story behind this
release is complicated and somewhat political. However, the bottom lineisthat there is very little
reason to use this release, given its similarity to Python 2.0.
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Python 2.0

. Unicode support.
. List comprehensions.

. Augmented assignment operators (+=, - =, *=,/ =, %, ** =, &=, | =, "=, >>=, and <<=)
and associated special methods . _iadd_ , _isub_ _, €tc.

. Thesyntaxf (*args, **kwar gs ) can now be used to call afunction with positional

arguments ar gs and keyword arguments kwar gs . Previously, the built-inappl y()
function was used for this purpose.

. Garbage collection of cyclical data structures and the gc module.

. Enhanced pri nt statement. pri nt >>f | obj now redirectsits output to the file object
f.

. Thei nport statement has been enhanced with the as modifier; for example, i npor t
f oo as bar.However, as isnot anew Python reserved word.

. String methods added to both standard and Unicode strings. These methods replace most of
the functionality in the st r i ng module.

. d.setdefaul t () method added to dictionaries.

« New built-in functions: zi p(),uni chr (), uni code() .

. New modules described in Appendix A, “The Python Library”: gc, User St ri ng,
_w nreg,zipfil e,uni codedat a, encodi ngs, codecs,atexit,fil ecnp,

gett ext, mmap, r obot par ser, webbr owser .

. New exceptions: UnboundLocal Error, Uni codeError.
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Python 2.1

. Functions now define nested scopes. Currently, this feature must be enabled by including
from_ future_ _ inport nested_scopes inyour program. In future releases,

this feature will be enabled by default.

. Rich comparisonsand theassociated _ _le_ _(),_ _It_ _(),_ _eq_ _(),_
ne_ (), gt _(),and_ _ge_ () methods.

. d.popitenm) method added to dictionaries.
. f .xreadline() method added to filesto support fast iteration over lines.

. Functions and methods can now have attributes attached to them.

. Support for weak references added. A new module, weakr ef , provides an interface.
?, See Also weakref (124).

. Warning framework added. Thewar ni ngs module provides an interface.
2 See Also warnings (121).

. Case-sensitive import now supported on non—case-sensitive platforms.

. Interactive display hook (sys. di spl ayf unc) added.

« Uncaught exception hook (sys. except f unc) added.

. from _ _future_ _ directiveadded to allow optional use of new features.

« Complex numbers can now only be compared for equality. Comparisons of <, >, <=, or >=
raiseaTypeEr r or exception.

. Thecont i nue statement can now beused insidet r y blocks. Thiswas previously illegal.
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. New modules described in Appendix A: war ni ngs, weakr ef .

« Modules can now specify alist of symbolsto exportinthef rom nodul e i nport *
statement by specifyingalist = _all

. Many minor changes to output formatting. The %x, %X, and % format codes now always
produce a sign character for negative long integers. Ther epr () function uses standard
character escape codessuchas"\ n" instead of "\ 012" .
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