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Lecture 12: Overview

e Functional Programming
— Introduction

— Function objects
* appl y()
 Example Bubble Sort
— Functional list operations

* map()
e filter()

e reduce()
e 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

o calling function objects

e anonymous functions

— | anbda statement (we skip this!)

— Recursion

» powerful programming concept

 divide-and-conquer paradigm
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Function Objects

* |nteractive Example:

— a function is an object
o with a type
* with a location
e can be called

— a function can be
assigned to another
identifier

— built-in function
appl y(fct, args)

 calls the function f ct
e With arguments ar gs

 returns return result
of fct(args)
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% pyt hon

>>> def f(a,b):

: return 3*a + 5*Db
>>> (9, 3)

42

>>> type(f)

<type 'function'>

>>> print f

<function f at 0x811d704>

>>> g = f

>>> type(Q9)

<type 'function'>
>>> g(9, 3)

42

>>> apply(g, (9,3))
42

>>> args = (9, 3)

>>> apply(g, args)
42
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Function Objects

« Passing functions as arguments

° EXampIe: # bubbl esort. py: Bubble Sort al gorithm

Bubble Sort

aut hor: Rai ner Doener

#
#
#
# nodi fications:
# 02/ 09/ 04 RD initial version
Note:
#

function definitions

Either function

def CmpGeater(iteml, itenR):
CrrpGreater or return itenl > itenR

CnpSnal | er

. def CmpSmal ler(iteml, itenR):
?an?eusedm return itenml < iten?
unction
Bubbl eSor t def Bubbl eSort(list, cnp_fct=CpGeater):

for i in range(len(list)):

for the for j in range(i+l, len(list)):
comparison! if cop_fet(list[i], list[j]):

list[i],list[j] = list[j],list[i]

# intialize
itens = []
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Function Objects

 Example Bubble Sort, continued...

# input the sort order and a list of strings

while 1:
S = raw.input("Sort order: (a) ascending or (b) descendi ng?
if (s =="'a"):
conpari son = CpQG eater
br eak
elif (s =="b"):
conparison = CrpSnal | er
br eak
while 1:
S = raw_input("Enter a string or type '.' to quit: ")
If s ==".":
br eak;

Items += [S]

# conpute

print "Sorting...",

Bubbl eSort (i tens, conpari son)
print "Done."

# output the sorted |ist
print "The sorted list is:"
for itemin itens:

print item

")
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Functional List Operations

* Functional programming is very useful
for processing lists of data

e Python provides three built-in functions
— map(fct, seq)
— filter(fct, seq)
— reduce(fct, seq)

e 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 anew list (map(),filter())
e as asingle value (r educe())
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Functional List Operations

e map(fct, seq)
— applies f ct to each element of seq
— returns a list of the results of these function calls

 Example: | %python

>>> def cube(Xx):

Ce return x*x*x

>>> map(cube, [1, 2, 3,4,5,6])
[1, 8, 27, 64, 125, 216]

 Multiple sequences:

— map(fct, seql, seq2, ...)
— f ct is called with items from each sequence
— fect(itenl, iten2, ...)

o Example: % pyt hon

>>> def add(a, b):

A return 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

e filter(fct, seq)
— applies f ct to each element of seq
— returns a list of those elements for which f ct returns true
* Example: o python

>>> def is_positive(x):
return x > 0

>>> def is_negative(x):
return x < 0

>>> def is_even(x):
return x %2 == 0

>>> 1 =10,-1,1,-2,2,-3,3,-4,4,-5,5]
>>> filter(is_positive, |)

[1, 2, 3, 4, 5]

>>> filter(is_negative, |)

[-1, -2, -3, -4, -5]

>>> filter(is_even, |)

[0, -2, 2, -4, 4]
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Functional List Operations

e reduce(fct, seq)
— reduces sequence seq to a single element
— applies f ct to “pairs” of elements of seq

—tnmp = fct(seq[0], seq[l])
—tnmp = fect(tnp, seq[?2])
—tnmp = fect(tnp, seq[3])

—result = fct(tnp, seq[N)

e Example: [ % python
>>> def add(a, b):
C. return a + b
>>> def max(a, b):

If a > b:

return a

el se:
. return b
>>> reduce(add, [1,2,3,4,5,6,7,8,9])
45
>>> reduce(max, [3,4,2,6,9,4,3,1])
9
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