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ALOC, line of code. Window 3.1(1992) 3million LOC, Windows
2000 30-50million LOC

A maintenance can be up to 70%, including understanding,
debugging and modifying the code

A The European Ariane 5(1996), cost 10 years and $7billion,
explode after 40s in its maiden voyage; the floating point division
In the Pentium processor cost Intel around 470 million






A functional programming is a programming

paradigm that treats computation as the
evaluation of mathematical functions and
avolds state and mutable data.

A Functional programming is style of programming
iIn which the basic method of computation is he
application of functions to arquments,




A Java

| total = 0;
for(i=1; 1 10; ++ 1)
total = total+i;

A Haskell

I sum [1..10]
A Python

I sum(range(10))

I reduce(lambda x, y: x+y, range(10))



Long Long Ago - lambda calculus

Alonzo Church Haskell Curry

developed lambda calculus | ,



Long Long Ago - LISP

John McCarthy

develops the first functional language Lisp, influenced
by lambda calculus, but still with



A Late 1960s: Peter Landin develops ISWIM, the
first pure functional language, based strongly on
lambda calculus

A 1978 John Backus publishes FP, a functional
language that emphasized high-order functions
and calculating with programs.

A Mid1970s: Robin Milner develops ML, the first of
the modern functional languages, which
iIntroduced type inference and polymorphic types.



A David Turner develops Miranda

A 1988: A committee of prominent researchers
publishes the first definition of Haskell, a
standard lazy functional language.

A 1999: The committee publishes the definition of
Haskell98

Haskell

A Purely Functional Language

featuring static typing, higher-order functions,
polymorphism, type classes and monadic effects



AlLambda Calculus,Alonzo Church, 1933-1934
Af=1x. x+t1 1= g=1 x. (n:=x; X + 1)

Y,

~
ALISP, McCarthy, 1950s, lambda notation
AFP,Backus, 1979, higher-order functions

,

AML, U. of Edinburgh, 1970s, Static type systems, -
Algebraic datatypes and pattern matching

AMiranda, David Turner, 1985, lazy evaluation

J




(Programming Paradigm)




(Declarative programming)
A
A

ASQL, Scheme, Haskell

(Imperative programming)
A
A

AC, Java, Ada and Pascal



Data structures only
Turing equivalent

XML,
S—expression

+ procedure

The principal programming paradigms

"More is not better (or worse) than less, just different."

vi .03 @ 2007 by Peter Van Roy
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pure

higher-order ~ functions
functions

real-time

immutable
datastructures

polymorphism

distribution

performance

virtual
machine

interpreter




(Hot Topic)

A Hot topic in PL community and industry
I Compilers/compiler-like
I Domain-specific languages (Haskell)
Abuild your own programming language with little effort
I Telecom industry (Erlang)

ADealing with complex protocols/data-flow
ANeed to get right

I Financial industry (Haskell)
ADealing with complex calculations
ANeed to get right



(Basic Concepts)




(Higher-order functions)

To T

first-class functions

I class worker(object):
def __init_ (self, name = None):
self.name = name

def _call __(self, func):
def wrapped (* args, ** kwds):
return func(* args, ** kwds)

wrapped.name = self.name or func._ _name_
wrapped.func = func
wrapped.type = Worker

return wrapped

I @worker (‘dns')
def dns_query(domains, dnsservers=None):
return dict([(domain, list( dnsquery(str(domain), dnsservers))) for
domain in domainsj)


http://en.wikipedia.org/wiki/First-class_function
http://en.wikipedia.org/wiki/First-class_function
http://en.wikipedia.org/wiki/First-class_function

- Currying

1 ixy)=yl x

2. f2,3)

3. g = R2,)=yl2
4. g3)= f2,3)=3/2

>>> from functional import curry
>>> computation = lambda a,b,c,d: (a + b**2 + ¢c**3
+ d**4)

>>> computation(1,2,3,5)

>>> fillZero = curry(computation)
>>> fillOne = fillZero(1)

>>> fillTwo = fillOne(2)

>>> fillThree = fillTwo(3)

>>> answer = fillThree(5)

>>> answer

657




A

i int f(int a, int b) {return a + b; }
int g(int a, int b, intc){returna+ b +c;}

I C++ bindl1st/bind2st

std::bind1st(std:: ptr_fun(f), 5)(x); // {(5, X)

I Boost::Bind

oind(f, 5, _1)(x); // 1(5, X)

oind(f, _2, _1)(x, y); / f(y, X)

oind(g, 1,9, 1)(x); // g(Xx, 9, X)
oind(g, 3, 3, 3)(X,V, z2);//9(z, z, 2)
oind(g, 1, 1, 1)(X,V, z); !/l g(X, X, X)




Pure functions

A /O
(side effects)

Memoization ()

(evaluation strategy)


http://en.wikipedia.org/wiki/Side_effect_(computer_science)
http://unscriptable.com/index.php/2009/05/01/a-better-javascript-memoizer/

Pure Functions-

A Python, lambda generator

I bigmuls = lambda xs,ys: filter( lambda (X,y):x*y >
25, combine(xs,ys))
combine = lambda xs,ys. map(None, xs*len(ys),
dupelms(ys,len(xs)))
dupelms = lambda Ist,n: reduce(lambda s,t:s+t,
map(lambda [|,n=n: [l]*n, Ist))
print bigmuls((1,2,3,4),(10,15,3,22))

print [(X,y) for xin (1,2,3,4) for yin (10,15,3,22) If
X*y > 25]

A GCC, pure
I Int square (int) __ attribute __ ((pure));



http://gcc.gnu.org/onlinedocs/gcc/Function-Attributes.html
http://gcc.gnu.org/onlinedocs/gcc/Function-Attributes.html

Recursion

A (Iteration) (looping)
A Fibonacci § )_{n =0
| faC(O) -> 1, ) F(n—1)+F(n - 2) n;l-

fac(N) -> N * fac(N -1).

A (tail recursion)
:
| fac(N) -> fac(N,1).
fac(0,A) -> A,
fac(N,A) -> fac(N-1,N*A).



Strict versus non-strict evaluation

A (lazy
evaluation)
A (Strich)
print length([2+1, 3*2, 1/0, 5 -4])
A Miranda, Clean Haskell Non-strict
A graph
reduction AST
{?+?}+{3+3}
(2+2)+(2+2))+(3+3) (2+2)
=((2+2)+(2+2))+ (6) =(C\J+?}+ﬁ
=((2+2)+4)+6 (242)
—(4+4)+6
—5+6 & W B o.o & P

=14



http://en.wikipedia.org/wiki/Miranda_(programming_language)
http://en.wikipedia.org/wiki/Clean_(programming_language)
http://en.wikipedia.org/wiki/Haskell_(programming_language)

- lazy evaluation

A Python, Erlang
I Python Generator w/ yield

def reverse(data):
for index in range(len(data)-1, -1, -1):
yield data[index]

for char 1 n reverse(o6gol f
print char



Type systems and pattern matching

I boolean Int
I Syntactic Sugar
I Pattern Matching

I LISP



Pattern Matching - Erlang

A Pattern
I Namel, [H|T], { error,Reason}
A Matching Pattern

I % parse a complete header from raw data, we assume a
header ends with \r\n (0d Oa)
extract_header (<<"\r\n", Rest/binary>> , <<>>) ->
{empty, Rest, <<>>};
extract_header (<<"\r\n", Rest/binary>> , Header) ->

{done, Rest, Header};

extract_header (<<>> , Header) ->

{incomplete, <<>>, Header};

extract_header (<<B:8, Rest/binary>> , Header) ->
Header2 = << Header/binary, B:8>>,
extract_header (Rest, Header2).



Pattern Matching 1

parse params ([], Paramg ->
Params
parse_params ([{ username, Value} | L], Paramg when is_list (Value) ->

parse paramgL, Params#amqgp_paramg username =
list_to_binary(Value) });

parse params ([{password, Value}|L], Paramg when is_list (Value) ->

parse_paramgL, Params#amqgp_paramg password =
list_to_binary(Value) });

parse params ([{ virtual host, Value} | L], Paramg when is_list (Value) ->

parse paramgL, Params#amqgp_paramd virtual host =
list_to_binary(Value) });

parse _params ([{host, Value}|L], Paramg when is_list (Value) ->
parse paramgL, Params#amqgp_paramg{ host = Value });

parse params ([{port, Value}|L], Paramg when is integer (Value) ->
parse_paramgL, Params#amqgp paramd port = Value });

parse params ([{ ssl _options, Value} | L], Paramg when is_atom (Value) -
>

parse_paramgL, Params#amqgp_paramg ssl_options = Value }).

To oo o oo ToTo  ToTo Do Do Do D»



A RabbitMQ

I Erlang

i AMQP
A Memcached

I C

:

i API
A Rabbitmg-memcached

I Erlang

I memcache RabbitMQ

|



http://www.rabbitmq.com/
http://memcached.org/
http://github.com/memcached/memcached/blob/master/doc/protocol.txt
http://code.google.com/p/rabbitmq-memcached/
http://code.google.com/p/rabbitmq-memcached/
http://code.google.com/p/rabbitmq-memcached/

memcached_app

tcp_listener

memcached_stats

tcp_acceptor w/
memcached_server

J

tcp_acceptor w/
memcached_server

J

udp_listener




A A Brief History of Functional Programming
http.//www.cse.lehigh.edu/~gtan/historyOfFP/historyOfFP.html

A Tutorial Papers in Functional Programming
nttp://www.math.chalmers.se/~rjmh/tutorials.html

A Programming paradigm, Wiki

nttp://en.wikipedia.org/wiki/Programming_paradigm

A Charming Python: Functional programming in
Python, Part 1, Part 2, Part 3

A A Better Javascript Memoizer
http://unscriptable.com/index.php/2009/05/01/a -better-javascript-memoizer/

A An Analysis of Lazy and Eager Evaluation in
Python

http://www.pages.drexel.edu/~kmk592/rants/lazy -python/index.html



http://www.cse.lehigh.edu/~gtan/historyOfFP/historyOfFP.html
http://www.math.chalmers.se/~rjmh/tutorials.html
http://en.wikipedia.org/wiki/Programming_paradigm
http://www.ibm.com/developerworks/library/l-prog.html
http://www.ibm.com/developerworks/library/l-prog2.html
http://www.ibm.com/developerworks/linux/library/l-prog3.html
http://unscriptable.com/index.php/2009/05/01/a-better-javascript-memoizer/
http://unscriptable.com/index.php/2009/05/01/a-better-javascript-memoizer/
http://unscriptable.com/index.php/2009/05/01/a-better-javascript-memoizer/
http://unscriptable.com/index.php/2009/05/01/a-better-javascript-memoizer/
http://unscriptable.com/index.php/2009/05/01/a-better-javascript-memoizer/
http://unscriptable.com/index.php/2009/05/01/a-better-javascript-memoizer/
http://unscriptable.com/index.php/2009/05/01/a-better-javascript-memoizer/
http://unscriptable.com/index.php/2009/05/01/a-better-javascript-memoizer/
http://www.pages.drexel.edu/~kmk592/rants/lazy-python/index.html
http://www.pages.drexel.edu/~kmk592/rants/lazy-python/index.html
http://www.pages.drexel.edu/~kmk592/rants/lazy-python/index.html




