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Lecture 8: Overview

• Random number generation
– Module r andom

– Function r andr ange( )

– Example: di ce. py

• Function Arguments
– Default arguments
– Keyword arguments

• Namespaces and Scope
– Local, global and built-in namespaces
– Local and global scope
– Shadowing
– Program introspection
– Module namespaces
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Random Number Generation

• Module r andom
– part of Python standard library
– provides pseudo-random number generator and associated 

convenience functions
– function r andr ange( ) returns a random integer in the 

range specified by the arguments
• r andr ange( end)

returns a random integer between 0 and end- 1

• r andr ange( st ar t ,  end)
returns a random integer between st ar t and end- 1

• Example:
i mpor t  r andom

f or  i  i n r ange( 10) :
pr i nt  r andom. r andr ange( 10) ,

f or  i  i n r ange( 20) :
pr i nt  r andom. r andr ange( 1, 7) ,
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Example: Roll the Dice

• Program di ce. py , part 1
# di ce. py:  r ol l  t he di ce
#
# aut hor :  Rai ner  Doemer
#
# modi f i cat i ons:
# 01/ 31/ 04 RD i ni t i al  ver si on,  based on f i g04_07. py

# i mpor t  modul es
i mpor t  r andom

# f unct i on def i ni t i on
def  r ol l _di e( ) :

r et ur n r andom. r andr ange( 1,  7)

# i ni t i al i zat i on
num1 = 0
num2 = 0
num3 = 0
num4 = 0
num5 = 0
num6 = 0
. . .
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Example: Roll the Dice

• Program di ce. py , part 2
. . .

# comput e
f or  i  i n r ange( 6000) :

f ace = r ol l _di e( )
i f    f ace == 1:  num1 += 1
el i f f ace == 2:  num2 += 1
el i f f ace == 3:  num3 += 1
el i f f ace == 4:  num4 += 1
el i f f ace == 5:  num5 += 1
el i f f ace == 6:  num6 += 1

# out put
pr i nt  " Rol l ed %4d t i mes a 1. "  % num1
pr i nt  " Rol l ed %4d t i mes a 2. "  % num2
pr i nt  " Rol l ed %4d t i mes a 3. "  % num3
pr i nt  " Rol l ed %4d t i mes a 4. "  % num4
pr i nt  " Rol l ed %4d t i mes a 5. "  % num5
pr i nt  " Rol l ed %4d t i mes a 6. "  % num6
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Function Arguments

• Default arguments
– Default values for arguments can be specified with the 

function definition
– Default arguments are optional in function calls

• Keyword arguments
– Arguments for functions may be specified by keyword 

association
– In this case, order of arguments does not matter in function 

calls

• Example: def  box_vol ume( l engt h = 1,  wi dt h = 1,  hei ght  = 1) :
r et ur n l engt h *  wi dt h *  hei ght

pr i nt  box_vol ume( 4,  5,  6)
pr i nt  box_vol ume( 4,  5)
pr i nt  box_vol ume( )

pr i nt  box_vol ume( wi dt h = 8,  hei ght  = 9)
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Example: Roll the Dice

• Modified example:
. . .
# f unct i on def i ni t i on
def  r ol l _di e( si des = 6,  ver bose = 0) :

f ace = r andom. r andr ange( 1,  1+si des)
i f  ver bose:

pr i nt  " Rol l ed a %d"  % f ace
r et ur n f ace

. . .

# def aul t  cal l  ( same as bef or e)
f ace = r ol l _di e( )
. . .

# use di e wi t h 10 f aces
f ace = r ol l _di e( 10)
. . .

# pr i nt  ever y r ol l  ( be ver bose)
f ace = r ol l _di e( ver bose = 1)
. . .
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Namespaces and Scope

• Identifiers are used to reference objects
– Identifier serves as a name for an object
– Identifiers are stored in a namespace
– Identifiers have an associated scope

• Namespace
– local namespace (i.e. in a function body)
– global namespace (aka. module namespace)
– built-in namespace (e.g. r aw_i nput ( ) , etc.)

• Scope
– program region in which an identifier is visible
– shadowing: an identifier is made invisible due to a 

local identifier with the same name
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Namespaces and Scope

• Example:
# gl obal  var i abl es
x = 10
y = 20

# f unct i on def i ni t i ons
def  squar e( a) :

b = a *  a
r et ur n b

def  add_y( x)
z = x + y
r et ur n z

# mai n pr ogr am
pr i nt  x  + y

Global Namespace:

__bui l t i ns__,  __doc__,   __name__,
x,  y,

squar e,  add_y

Built-in Namespace:

Ar i t hmet i cEr r or ,  . . . ,  
__doc__,  __name__,  . . .
abs,  di r ,  f l oat ,  i nt ,  . . . ,
r ange,  r aw_i nput ,  . . .

Local Namespace
in squar e:

a,  b

Local Namespace
in add_y :

x,  z
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Namespaces and Scope

• Example:
# gl obal  var i abl es
x = 10
y = 20

# f unct i on def i ni t i ons
def  squar e( a) :

b = a *  a
r et ur n b

def  add_y( x)
z = x + y
r et ur n z

# mai n pr ogr am
pr i nt  x  + y

Scope of
global y

Scope of
local a
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Namespaces and Scope

• Example:
# gl obal  var i abl es
x = 10
y = 20

# f unct i on def i ni t i ons
def  squar e( a) :

b = a *  a
r et ur n b

def  add_y( x)
z = x + y
r et ur n z

# mai n pr ogr am
pr i nt  x  + y

Scope of
global x

Scope of
local x
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Namespaces and Scope

• Example:
# gl obal  var i abl es
x = 10
y = 20

# f unct i on def i ni t i ons
def  squar e( a) :

b = a *  a
r et ur n b

def  add_y( x)
z = x + y
r et ur n z

# mai n pr ogr am
pr i nt  x  + y

Scope of
global x

Scope of
local x

y = 20

# f unct i on def i ni t i ons
def  squar e( a) :

b = a *  a
r et ur n b

def  add_y( x)
z = x + y

r et ur n z

# mai n pr ogr am
pr i nt  x  + y

z = x + y
r et ur n z

Shadowing!
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Program Introspection

• Introspection
– Ability to obtain information about identifiers in namespaces 

at program runtime
• usually not available in compiled languages (e.g. C/C++)

• t ype( ) function
– Built-in function that returns the type of an object
– Examples:

• t ype( 42) returns <t ype ‘ i nt ’ >
• t ype( 1. 0) returns <t ype ‘ f l oat ’ >

• di r ( ) function
– Built-in function that returns a list of all identifiers

• in the current namespace (no argument)
• in the specified namespace (one argument)

– Example:
• i mpor t  mat h ;  di r ( mat h) returns 

[ ‘ acos’ ,  ‘ asi n’ ,  ‘ at an’ ,  . . . ]
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Program Introspection

• Interactive
Example:

% pyt hon
>>> di r ( )
[ ' __bui l t i ns__' ,  ' __doc__' ,  ' __name__' ]
>>> t ype( __name__)
<t ype ' st r ' >
>>> pr i nt  __name__
__mai n__
>>> t ype( __doc__)
<t ype ' NoneType' >
>>> t ype( __bui l t i ns__)
<t ype ' modul e' >
>>> di r ( __bui l t i ns__)
[ ' Ar i t hmet i cEr r or ' ,  ' Asser t i onEr r or ' ,  . . .
' __doc__' ,  ' __name__' ,  . . .
' abs' ,  . . . ,  ' di r ' ,  . . . ,  ' r ange' ,  ' r aw_i nput ' ,  . . . ]
>>> pr i nt  __bui l t i ns__. __name__
__bui l t i n__
>>> pr i nt  __bui l t i ns__. __doc__
Bui l t - i n f unct i ons,  except i ons,  and ot her  obj ect s.
>>> t ype( __bui l t i ns__. r ange)
<t ype ' bui l t i n_f unct i on_or _met hod' >
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Namespaces and Scope

• Interactive
Example:

% pyt hon
>>> di r ( )
[ ' __bui l t i ns__' ,  ' __doc__' ,  ' __name__' ]
>>> x = 10 ;  y = 20
>>> di r ( )
[ ' __bui l t i ns__' ,  ' __doc__' ,  ' __name__' ,  ' x ' ,  ' y ' ]
>>> def  f ( ) :
. . .      a = 5 ;  b = 6
. . .      pr i nt  a, b, x, y
. . .      pr i nt  di r ( )
>>> f ( )
5 6 10 20
[ ' a' ,  ' b' ]
>>> def  g( ) :
. . .      x = 42
. . .      pr i nt  x
. . .      pr i nt  di r ( )
>>> g( )
42
[ ' x ' ]
>>> pr i nt  x
10
>>> di r ( )
[ . . . ,  ' f ' ,  ' g' ,  ' x ' ,  ' y ' ]
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Module Namespaces

• Modules have their own namespace
– The i mpor t construct imports identifiers from a module 

namespace into the current namespace

• Examples:
– insert mat h module into current namespace

• i mpor t  mat h
pr i nt  mat h. sqr t ( 9. 0)

– insert sqr t and cos functions from mat h into current namespace
• f r om mat h i mpor t  sqr t ,  cos

pr i nt  sqr t ( 9. 0)

– insert all (!) names from mat h into current namespace
• f r om mat h i mpor t  *

pr i nt  sqr t ( 9. 0)

– insert sqr t from mat h as squar e_r oot into current namespace
• f r om mat h i mpor t  sqr t as squar e_r oot

pr i nt  squar e_r oot ( 9. 0)

– insert mat h module as st d_mat h_l i b into current namespace
• i mpor t  mat h as st d_mat h_l i b

pr i nt  s t d_mat h_l i b. sqr t ( 9. 0)
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Module Namespaces

• Interactive
Examples:

% pyt hon
>>> di r ( )
[ ' __bui l t i ns__' ,  ' __doc__' ,  ' __name__' ]
>>> i mpor t  mat h
>>> di r ( )
[ ' __bui l t i ns__' ,  ' __doc__' ,  ' __name__' ,  ' mat h‘ ]
>>> di r ( mat h)
[ ' __doc__' ,  ' __f i l e__' ,  ' __name__' ,  ' acos' ,  
' asi n' ,  ' at an' ,  ' at an2' ,  ' cei l ' ,  ' cos' ,  ' cosh' ,  
' degr ees' ,  ' e' ,  ' exp' ,  ' f abs' ,  ' f l oor ' ,  ' f mod' ,  
' f r exp' ,  ' hypot ' ,  ' l dexp' ,  ' l og' ,  ' l og10' ,  ' modf ' ,  
' pi ' ,  ' pow' ,  ' r adi ans' ,  ' s i n' ,  ' s i nh' ,  ' sqr t ' ,  
' t an' ,  ' t anh' ]

% pyt hon
>>> f r om mat h i mpor t  sqr t ,  cos
>>> di r ( )
[ ' __bui l t i ns__' ,  ' __doc__' ,  ' __name__' ,  ' cos' ,  
' sqr t ' ]
>>> f r om mat h i mpor t  pi  as ci r c l e_const ant
>>> di r ( mat h)
[ ' __bui l t i ns__' ,  ' __f i l e__' ,  ' __name__' ,  ' cos' ,  
' sqr t ' ,  ' c i r c l e_const ant ' ]


