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Functional Programming

Object Oriented Programming

Imperative Programming

Programming:
Modes of Operation



FP versus Imperative
a spectrum of possibilities

Java

more functional more imperative

Common Lisp

PythonML

Haskell Scheme C



A Function

one or more inputs
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exactly one output



Not a Function
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but, we make a function by choosing a value:

sqrt9 3



First Class Functions

Can be...

stored in variables;

passed as arguments to
other functions;

returned as results from
functions;

created at runtime.



def hello() : 

  return 'hello'

>>> hello()

'hello'

>>> y = hello

>>> y() 

'hello'

>>> type(y)

<type 'function'>



>>> map
<built-in function map>
>>> help(map)
Help on built-in function map in module __builtin__:

map(...)
    map(function, sequence[, sequence, ...]) -> list

Functions as Arguments



Lists

for a in l :
  ...

map(..., l)



>>> r=[]
>>> for x in range(10) :
...   r.append(math.sqrt(x))
... 
>>> r
[0.0, 1.0, 1.4142135623730951, 1.7320508075688772, 2.0, 
2.2360679774997898, 2.4494897427831779, 2.6457513110645907, 
2.8284271247461903, 3.0]

>>> map(math.sqrt, range(10))
[0.0, 1.0, 1.4142135623730951, 1.7320508075688772, 2.0, 
2.2360679774997898, 2.4494897427831779, 2.6457513110645907, 
2.8284271247461903, 3.0]

Imperative

Functional



>>> posts = blog.metaWeblog.getRecentPosts(apiKey, 'drj11', 
password, 999)
>>> len(posts)
59

>>> def postid(p) : return int(p['postid'])
...
>>> map(postid, posts)
[97, 96, 94, 93, 92, 91, 90, 89, 87, 83, 77, 74, 80, 79, 78, 75, 
73, 72, 70, 64, 30, 66, 65, 63, 60, 42, 57, 54, 56, 55, 52, 53, 
38, 43, 40, 39, 37, 29, 28, 27, 25, 20, 19, 12, 9, 7, 5, 26, 41, 
67, 68, 71, 76, 81, 82, 84, 86, 88, 95]

>>> map(lambda p: int(p['postid']), posts)

!  Lambda



sum and string.join

string.join(list) # is ...
list[0] + ' ' + list[1] + ' ' + ... + list[n-1]

sum(list) # is ...
list[0] + list[1] + ... + list[n-1]



Reduce

factorial = 1 * 2 * ... * n

>>> range(1, 11)
[1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
>>> reduce(lambda x,y: x*y, range(1, 11))
3628800



def sum(l) :

    return reduce(lambda x,y: x+y, l)

sum and string.join (again)

def join(l) :

    return reduce(lambda x,y: x + ' ' + y, l)



Checksum

>>> reduce(lambda x,y: x+y,

           map(ord, 'food'))

424

>>> map(None, 'food')

['f', 'o', 'o', 'd']

>>> map(lambda x: x, 'food')

['f', 'o', 'o', 'd']



operator module

reduce(operator.mul, range(1, 11))

reduce(operator.add,

       map(ord, 'food'))

import operator



( http://www.w3.org/TR/PNG/ Annex D )
unsigned long update_crc(unsigned long crc, unsigned char *buf,
                            int len)
{
  unsigned long c = crc;
  int n;

  if (!crc_table_computed)
    make_crc_table();
  for (n = 0; n < len; n++) {
    c = crc_table[(c ^ buf[n]) & 0xff] ^ (c >> 8);
  }
  return c;
}

CRC Checksum

residue = table[(residue ^ input) & 0xff] ^ (residue >> 8)



Core code (C or Python!):

residue = table[(residue ^ input) & 0xff] ^ (residue >> 8)

def crcbyte(residue, input) :

  """Add a single octet to an incremental CRC computation."""

  return table[(residue ^ input) & 0xff] ^ (residue >> 8)

Functional CRC

reduce(crcbyte, 'food', 0xffffffff)



Partial Evaluation

def mkpath(components) :
  """Join components together using '/' to make a string."""

  return string.join(components, sep='/')

mkpath = functools.partial(string.join, sep='/')



installprefix = string.join(install, '/')

w = string.join(dirs, '/')

def mkpath(c) : return string.join(c, sep='/')

mkpath = functools.partial(string.join, sep='/')

Progression



Bound Methods

'/'.join(things)

string.join(things, '/')

much the same as

mkpath = '/'.join



Bound Methods
Partial Evaluation

'/'.join

lambda x: '/'.join(x)

functools.partial(join, sep='/')

=

=



Filter

>>> filter(lambda x : x % 2 == 0, range(11))

[0, 2, 4, 6, 8, 10]

>>> filter(lambda x : x == int(math.sqrt(x))**2,

  range(40))

[0, 1, 4, 9, 16, 25, 36]



>>> l = ['food', 'python', 'pyfoo']

>>> r = re.compile('fo+')

>>> filter(lambda x : r.search(x), l)

['food', 'pyfoo']

Combining it all

>>> filter(r.search, l)

['food', 'pyfoo']



Go Explore

List comprehensions

Generators

Lexical scoping

Compose and functional composition
  sneak preview:
  def compose(f, g) : return lambda x : f(g(x))



Further Reading
Kuchling, "Functional Programming HOWTO"
http://docs.python.org/dev/howto/functional.html

Mertz, "Functional programming in Python"
http://www.ibm.com/developerworks/library/l-prog.html

Hughes, "Why Functional Programming Matters"
http://www.cs.chalmers.se/~rjmh/Papers/whyfp.html



Colophon

Slides were prepared using Omnigra!e and Apple's OS X.  Python
code was generally executed in the CPython implementation version
2.5.1.  Presentation was performed using PNG graphics and Apple
Preview.

The fonts used were Lucida Grande and Monaco, both designed by
Bigelow and Holmes. 


