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e LOC, line of code. Window 3.1(1992) 3million LOC, Windows
2000 30-50million LOC
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e maintenance can be up to 70%, including understanding,
debugging and modifying the code
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e 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
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» functional programming is g programming

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

« Functional programming is sty/e of programming
in which the basic method of computation is fhe
application of functions to arguments,




ERELT\mAE — XIS

« Java

— total = 0;

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

« Haskell

—sum [1..10]
* Python

—sum(range(10))

— reduce(lambda x, y: x+y, range(10))



Long Long Ago - lambda calculus

1920s—1940s:

and

A

Alonzo Church Haskell Curry

developed lambda calculus ( NE& ) , EE— 1 EREHEY
Hig , BEBRITITEN—MRE,




Long Long Ago - LISP
1960s:

[ TS L BT

John McCarthy

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



BEER

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

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

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



BEER

« David Turner develops Miranda

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

« 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
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~
e Lambda Calculus, Alonzo Church, 1933-1934
of=AX.X+1!=g=AX. (N:=x; x+ 1)
J
N
o LISP, McCarthy, 1950s, lambda notation
e FP, Backus, 1979, higher-order functions
J

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

e Miranda, David Turner, 1985, lazy evaluation

J
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m= AT (Declarative programming)

o EFENITRRMAER AL , 82— 1TFRAN

o XiTER: TTEAFARNELE , TiFHEH 7
e SQL, Scheme, Haskell

< T, (Imperative programming)

o BB ST, BITHRINFHRAT
o KIERIER: L HITITHR |, RERIEMIRE

e C, Java, Ada and Pascal
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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

_______________________ First-o | | wall Pt
Observable [ [ | functional : ; + cell (state) | Imperative
_ nondeterminism? _Yes No_| programming | : PrOEmIT e
: : Pascal, C
+ closure ! ! Imperative
Functional ; : search
pmgrsmnﬁnL | : programming + search
+ ungﬁcqﬂ'an Scheme, ML i Aeninis E SNOBOL, Icon, Prolog
fequality) . b {unforgeable constant)
+ continuation ADT ' + cell
Conlinuation : el + cell + port {state) + closure
programming | programming E L Sequential
Scheme, ML | paskell, ML, E | CLU, Oz PE:“”'I"?P object-oriented
+ by—need + thread ; Coio programiming
svachron. + single assign. : Stateful
Prolog, _SQL Monotonic i : + thread fl.mch{mal
embeddings dataflow i ! TR programming
j3-gotier programming ﬁ + nondeterministic + port |__programming ARERG S S0
Haskell Declarative g choice , {channel) Mes . + thread
! ! - sage—passing
- f:ncunel}:l i Nonmonotonic ! Multi—agent concurrent Concurrent
CLP, ILOG Solver p gra]IUml.l. L 4 dataﬂou: ! dataﬂum_f programming ob_]cct—uncl_:llﬁd
y+ thread nix pipes) ! g Erlang, AKL |_prosramming
. + thread \ (+ by-needl . ! Concurrent logic ' 0z, Alice, AKL Shared—state
+ single assignment syrchronization programmin, i concarrent
on i = . + local cell ;
y | FGHC, FCP, —ry | propiamm
LIFE. AKL dataflow | Oz, Alice, AKL Active object Java, Alice,
* programming : ! Smalltalk, O
+ bv—need synchronization Lazy | + synchronization Object—capability = z
declarative : on pariial termination - + log
concurrent : Functional reactive | E. Oz. Alice Softw?.re
|_programming | ' Lprogramming (FRP) | | publish/subscribe, e L
0z, Alice Oz, Alice i FrTime : tuple space (Linda) o -
| i SQL embeddings
! i Dat d
- FuncrionaI_J ! C . :s ;ﬁ;:ag:mg Message passing Shared state |
~ l Weak state | o
No state : : Stateful
' 4 : | = [ ess declarative

More declarative —= }

|



dynamically
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higher-order ~ functions
functions
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immutable
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distribution
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» Hot topic in PL community and industry
— Compilers/compiler-like
— Domain-specific languages (Haskell)
* build your own programming language with little effort
— Telecom industry (Erlang)

 Dealing with complex protocols/data-flow
* Need to get right

— Financial industry (Haskell)
 Dealing with complex calculations
* Need to get right



EL AL (Basic Concepts)

1 hEE=
2 JRiseIl
3 ETHZ
4 ELEfp

5 S&&RR



=FEREL (Higher-order functions)

o« FRETITFEREUE NS EUENTAENERIR[E
« KAl first-class functions {B{RETFHAZ S

— 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

— @worker('dns')
def dns query{domams dnsservers=None):
return dict([(domain, list(dnsquery(str( omaln), dnsservers))) for
domain in domains])


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

e

=FRRZEY - Currying

o UIFNI RIS ENHI TR HBE
1. KEERZL X)) =y x
2. BinEirE [2,3)
3. FEHERZ LY) = [2,)) =y 2
4. H7i1E 93) = £23)=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
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—int f(int @, int b) { return a + b; }
int g(int a, int b, intc) {returna+b +c¢; }

— FECH+HIRAR R Zbind 1st/bind2st
std::bind1st(std::ptr_fun(f), 5)(x); // f(5, x)

— Boost::Bind =% ZE
oind(f, 5, _1)(x); // f(5, x)

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

oind(g, _1, 9, _1)(x); // 9(X, 9, X)
ind(g, _3, _3, _3)(X, ¥, 2); // 9(z, Z, 2)
oind(g, _1, _1, _1)(x, Y, 2); /] 9(X, X, X)




Pure functions

+ AEFRYRREEURREEERIAT | B RFEL/ORYE!

{ER (side effects)

= ,E%EI’JZ?J_:LIR%}S‘ZE , /] X’FEZHJ}JB% B0

—BREE(E 7I‘EI=-J7‘%§5UU 30T E HERAT,
T%ﬂj‘frg 71T Memoization WJG (=f51))

— MR PMERIATURBEERKER R |, W18V~
oJ L AEEEFITIT | FRTEERTSE

—1117%%%4\1%;71_ FRIVER |, WRTLASS(EERKIE
HE5ER& (evaluation strategy) , RiFEe o] LABHHES!
EHGRIAT



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

Pure Functions - #=HIEI{ER
» Python, {3 lambda A&}, generator

— 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: [I]*n, Ist))
print bigmuls((1,2,3,4),(10,15,3,22))

print [(x,y) for xin (1,2,3,4) for y in (10,15,3,22) Iif
x*y > 25]

¢ GCCI j:}_kEEL ~ pU re J%lrt_j:IET—JH:Biﬁﬁtﬁt
— int square (int) __attribute__ ((pure));



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

Recursion

o BT 5ERkiEH (Tteration) gk {&#A(looping )121E

» 118 Fibonacci &5 . {n n=0
—fac(0) -> 1; :
fac(N) -> N * fac(N-1).

Fln—1)4+F(n-2) n>1

» BiE13 (tail recursion) {1,
— MR BB R EUILIC N ERAE A
—fac(N) -> fac(N,1).

fac(0,A) -> A;

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

gy




Strict versus non-strict evaluation

« BRFNES I LURIEEaHITBMETR (lazy

evaluation) 53

. EEXISHIEFEFIRTHTRIE |, FoH(StricHiazt

L=

« Miranda, Clean #0 Haskel

- ERETEXEFEITED)

reduction |i& , FE _—ASTﬁl;ﬂg%gﬁgg

((2+2) +(2+2)) + (3+3)
=((2+2) +(2+2)) + (6)
—((24+2)+4)+6
—(4+4)+6

=846 O ONEONNEC

SEIEFITESE print length([2+1, 3*%2, 1/0, 5-4])

ZFENon-strictiz=(.

=A% = |, 440 graph

(C+0)+(3+3)
N/
(2+2)

=(+0)+6
N/
(2+2)

=(O+0)+6
... G G \ /



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

[BIETE - lazy evaluation

» Python, ErlangSriE SHEH TR
— Python Generator w/ yield

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

for char in reverse(‘golf’):
print char



Type systems and pattern matching

- 5R2eAY | IEEIeE HKERIT 15l

— {5 FAbooleanzSBYRYERZASBE(EHint

— NEMHEshZEEEEEESyntactic Sugar
— {EFPattern Matchingi{t 25850 E

° IE_LIE—/ T , /\TM ﬁﬂjﬁkjéﬁg
— OGRLISPEFIZITER |, B TXI5RAVE(E
— R BEIEHEYIESCH EEAEES
— AT FHEFEN LREEN SHER




Pattern Matching - Erlang

. Pattern , —ARFSISERBINTRE

/IIIIf

— Namel, [H]|T], {error,Reason}

» Matching , fR#EPatternie M EREUE RIS EE
— % parse a complete header from raw data, we assume a
header ends with \r\n (0d 0a)
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, Header?).

dil




Pattern Matching — fRESBE

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

parse_params(L, Params#amqp_params{ username =
list_to_binary(Value) });

« parse_params([{password, Value} | L], Params) when is_list(Value) ->

. parse_params(L, Params#amqp_params{ password =
list_to blnary(VaIue) 1);

« parse_params([{virtual_host, Value} | L], Params) when is_list(Value) ->

. parse_params(L, Params#amqp_params{ virtual_host =
list_to_binary(Value) });

parse_params([{host, Value} | L], Params) when is_list(Value) ->
parse_params(L, Params#amqp_params{ host = Value });
parse_params([{port, Value} | L], Params) when is_integer(Value) ->
parse_params(L, Params#amaqp_params{ port = Value });
parse_params([{ssl_options, Value} | L], Params) when is_atom(Value) -
>

parse_params(L, Params#amqp_params{ ssl_options = Value }).



« RabbitMQ

_ Erlang EE/\JJ
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« Memcached
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o Ra bbitmg-memcached

— ErlangFtAHY;

-7t
-

IRHRBAZS R

A memcachetfiijz/alRabbitMQ
BTSRRI R ar R R



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/
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memcached_app

tcp_listener

memcached_stats

tcp_acceptor w/
memcached_server

J

tcp_acceptor w/
memcached_server

J

udp_listener




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

Tutorial Papers in Functional Programming
http://www.math.chalmers.se/~rjmh/tutorials.html
Programming paradigm, Wiki
http://en.wikipedia.org/wiki/Programming paradigm
Charming Python: Functional programming in
Python, Part 1, Part 2, Part 3

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

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




