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Lecture 12: Overview

• Functional Programming
– Introduction
– Function objects

• appl y( )

• Example Bubble Sort

– Functional list operations
• map( )

• f i l t er ( )

• r educe( )

• Examples
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Functional Programming

• What is Functional Programming?
– “Function-oriented” programming

• thinking of functions as objects

– Using functions as objects
• passing function objects around
• calling function objects
• anonymous functions

– l ambda statement (we skip this!)

– Recursion
• powerful programming concept
• divide-and-conquer paradigm
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Function Objects

• Interactive Example:
– a function is an object

• with a type
• with a location
• can be called

– a function can be
assigned to another
identifier

– built-in function
appl y( f ct , ar gs)

• calls the function f ct

• with arguments ar gs

• returns return result
of f ct ( ar gs)

% pyt hon
>>> def  f ( a, b) :
. . .      r et ur n 3* a + 5* b
. . .
>>> f ( 9,  3)
42
>>> t ype( f )
<t ype ' f unct i on' >
>>> pr i nt  f
<f unct i on f  at  0x811d704>

>>> g = f
>>> t ype( g)
<t ype ' f unct i on' >
>>> g( 9,  3)
42

>>> appl y( g,  ( 9, 3) )
42
>>> ar gs = ( 9, 3)
>>> appl y( g,  ar gs)
42
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Function Objects

• Passing functions as arguments
• Example:

Bubble Sort

# bubbl esor t . py:  Bubbl e Sor t  al gor i t hm
#
# aut hor :  Rai ner  Doemer
#
# modi f i cat i ons:
# 02/ 09/ 04 RD i ni t i al  ver si on

# f unct i on def i ni t i ons

def  CmpGr eat er ( i t em1,  i t em2) :
r et ur n i t em1 > i t em2

def  CmpSmal l er ( i t em1,  i t em2) :
r et ur n i t em1 < i t em2

def  Bubbl eSor t ( l i s t ,  cmp_f ct =CmpGr eat er ) :
f or  i  i n r ange( l en( l i st ) ) :

f or  j  i n r ange( i +1,  l en( l i st ) ) :
i f  cmp_f ct ( l i s t [ i ] ,  l i s t [ j ] ) :

l i s t [ i ] , l i st [ j ]  = l i st [ j ] , l i s t [ i ]

# i ni t i al i ze
i t ems = [ ]
. . .

Note:

Either function 
CmpGr eat er or 
CmpSmal l er
can be used in 
function 
Bubbl eSor t
for the 
comparison!
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Function Objects

• Example Bubble Sort, continued...
. . .
# i nput  t he sor t  or der  and a l i st  of  st r i ngs
whi l e 1:

s = r aw_i nput ( " Sor t or der :  ( a)  ascendi ng or  ( b)  descendi ng? " )
i f  ( s == ' a' ) :

compar i son = CmpGr eat er
br eak

el i f ( s == ' b' ) :
compar i son = CmpSmal l er
br eak

whi l e 1:
s = r aw_i nput ( " Ent er a st r i ng or  t ype ' . '  t o qui t :  " )
i f  s == ' . ' :

br eak;
i t ems += [ s]

# comput e
pr i nt  " Sor t i ng. . . " ,
Bubbl eSor t ( i t ems,  compar i son)
pr i nt  " Done. "

# out put  t he sor t ed l i st
pr i nt  " The sor t ed l i st  i s: "
f or  i t em i n i t ems:

pr i nt  i t em
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Functional List Operations

• Functional programming is very useful
for processing lists of data

• Python provides three built-in functions
– map( f ct ,  seq)

– f i l t er ( f ct ,  seq)

– r educe( f ct ,  seq)

• Each function
– takes a function f ct as first argument
– takes a sequence seq as second argument
– applies f ct to the elements of seq

– returns the result of these operations
• as a new list (map( ) , f i l t er ( ) )

• as a single value (r educe( ) )
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Functional List Operations

• map( f ct ,  seq)
– applies f ct to each element of seq

– returns a list of the results of these function calls

• Example:

• Multiple sequences:
– map( f ct ,  seq1,  seq2,  . . . )

– f ct is called with items from each sequence
– f ct ( i t em1,  i t em2,  . . . )

• Example:

% pyt hon
>>> def  cube( x) :
. . .      r et ur n x* x* x
>>> map( cube,  [ 1, 2, 3, 4, 5, 6] )
[ 1,  8,  27,  64,  125,  216]

% pyt hon
>>> def  add( a,  b) :
. . .      r et ur n a + b
>>> map( add,  [ 1, 2, 3, 4, 5] ,  [ 9, 8, 7, 6, 5] )
[ 10,  10,  10,  10,  10]
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Functional List Operations

• f i l t er ( f ct ,  seq)
– applies f ct to each element of seq
– returns a list of those elements for which f ct returns true

• Example: % pyt hon
>>> def  i s_posi t i ve( x) :
. . .      r et ur n x > 0
. . .
>>> def  i s_negat i ve( x) :
. . .      r et ur n x < 0
. . .
>>> def  i s_even( x) :
. . .      r et ur n x % 2 == 0
. . .
>>> l  = [ 0, - 1, 1, - 2, 2, - 3, 3, - 4, 4, - 5, 5]
>>> f i l t er ( i s_posi t i ve,  l )
[ 1,  2,  3,  4,  5]
>>> f i l t er ( i s_negat i ve,  l )
[ - 1,  - 2,  - 3,  - 4,  - 5]
>>> f i l t er ( i s_even,  l )
[ 0,  - 2,  2,  - 4,  4]
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Functional List Operations

• r educe( f ct ,  seq)
– reduces sequence seq to a single element
– applies f ct to “pairs” of elements of seq

– t mp = f ct ( seq[ 0] ,  seq[ 1] )

– t mp = f ct ( t mp,  seq[ 2] )

– t mp = f ct ( t mp,  seq[ 3] )

– . . .

– r esul t  = f ct ( t mp,  seq[ N] )

• Example: % pyt hon
>>> def  add( a,  b) :
. . .      r et ur n a + b
>>> def  max( a,  b) :
. . .      i f  a > b:
. . .          r et ur n a
. . .      el se:
. . .          r et ur n b
>>> r educe( add,  [ 1, 2, 3, 4, 5, 6, 7, 8, 9] )
45
>>> r educe( max,  [ 3, 4, 2, 6, 9, 4, 3, 1] )
9


