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1. ML
2. ML C C++
3. ML
ML Objective Caml
OCaml http://caml.inria.fr/index.en.html

http://www.ocaml.jp/
Windows, RedHat Linux, Mac OS X
http://caml.inria.fr/download.en.html

Debian GNU/Linux OCaml

UNIX ./configure make world.opt make
install OK

ocanml

> ocaml

Objective Caml version 3.08.2

123 + 456 ;;



# 123 + 456 ;;
- - int = 579
#

579 OCaml

# #load "graphics.cma" ;;

# Graphics.open_graph " ;;

ML

ML

- -unit = QO
# Graphics.draw_circle 100 100 50 ;;
- -unit = QO
#
#load #
OK
123 + 456
579
123 + 456 579
123 456 -789

# 1+ 2 ;;
- int = 3
# 3 -4 ;;
- int = -1



#7717 3 ;;

int =2
# 8 mod 3 ;
int =2

#1+2*3 -4

int = 3

# @A +2)* @B -4 ;;

- I iInt = -3

# (1 +2)*
G -4 ;;
- I Iint = -3




P L DN P

3+7
1mod 2 + 3*4/5
1mod (2 +3 * (47 5))

-3 - -7
ML
+ * + *
# 1.2 -. 3.4 ;;
- 2 float = -2.2
# 5.6 +. 7.8 *. 9.0 ;;
- - float = 75.8
# "hello™ ~ "world" ;;
- I string = "helloworld”
int float
123 int 1.2
.4 float ML

# 123" + 456 ;;
Characters 0-5:
"123" + 456 ;;
AAAANA
This expression has type string but is here used with type int
#3 * 7.0 ;;
Characters 4-7:
3*7.0 ;;

NN\

This expression has type float but is here used with type int



1. "123" ~ 456"
2. 123" + "456"
3. 123 +. 456.0

OCaml
float of _int
OK

# Float_of_int 123 ;;

- - float = 123.
# float_of _int (3 +7) ;;
- - float = 10.

print_int
ML

# print_int 12345 ;;

12345- : unit = QO

print_int QO

print_newline

# print_newline O ;;

- unit = QO

Haskell



http://caml.inria.fr/pub/docs/manual-ocaml/libref/Pervasives.html

http://ocaml.jp/archive/ocaml-manual-3.06-ja/libref/Pervasives.html

sgrt
print_string exception reference
OCaml
Random
# Random.init 12345 ;;
- -unit = QO
# Random.int 10 ;;
- > Iint=17
# Random.int 10 ;;
- int=1
# Random.int 10 ;;
- int=1
Random.init Random.int
Sys.getcwd
Sys.chdir

# Sys.getcwd QO ;;

- I string = "/home/sumii”

# Sys.chdir "/home/sumii/tmp™ ;;
- -unit = QO

# Sys.getcwd QO ;;

- I string = "/home/sumii/tmp"
# Sys.chdir ".." ;;

sunit = O



# Sys.getcwd O ;;

- I string = "/home/sumii”

http://caml.inria.fr/pub/docs/manual-ocaml/manual034.html

http://ocaml.jp/archive/ocaml-manual-3.06-ja/manual034.html

® UNIX uUnix Windows
] Str
] Graphics

Str

# #load ''str.cma" ;;

#load #

# Str.global_replace (Str.regexp "f...') "xxxx" '"abcdefghijkl"

- I string = "abcdexxxxjkl"

http://caml.inria.fr/pub/docs/manual-ocaml/

http://ocaml.jp/archive/ocaml-manual-3.06-ja/
Part IV

1. 2.0 *. 10.0 *. 3.141592653589793



2. 10.0 *. 10.0 *. 3.141592653589793
3. 20.0 *. 20.0 *. 3.141592653589793

3.141592653589793

OK OCaml

# let pi = 3.141592653589793 ;;
val pi : float = 3.14159265358979312

let =

# 2.0 *. 10.0 *. pi ;;

- - float = 62.8318530717958623
# 10.0 *. 10.0 *. pi ;;

- - float = 314.159265358979326
# 20.0 *. 20.0 *. pi ;;

- - float = 1256.6370614359173

10.0 *. 10.0 *. pi 20.0 *. 20.0 *. pi

r *. r *. pi

OCaml let

# let area of circle r = r *. r *_. pi ;;
val area_of _circle : float -> float = <fun>
# area_of_circle 10.0 ;;

: float = 314.159265358979326

# area_of_circle 20.0 ;;

: float = 1256.6370614359173

area of circle float -> float



(x,
y)

# let distance (X, y) =sgrt (X *. X +. y *. vy) ;;
val distance : float * float -> float = <fun>

# distance (3.0, 4.0) ;;

- - float = 5.

distance float * float -> float float
float float

# let distance x y = sqrt (X *. X +. y *. y) ;;
val distance : float -> float -> float = <fun>
# distance 3.0 4.0

- - float = 5.
float -> float -> float float
float

OCaml

# let distance X y = sqrt (X *. X +. y *. y) ;;
val distance : float -> float -> float = <fun>
# distance (3.0, 4.0) ;;
Characters 9-19:

distance (3.0, 4.0) ;;

NANNNNNNNNN

This expression has type float * float but is here used with type
float

10



1. 1
2. 1 *2
3. 1 *2*3
4, 1 *2 *3 * 14
5, 1 *2*3 *4*5
6. 1 *2*3*4*5%*6
n 1 n
factorial n 1 factorial 1
1 n 1
n>1
factorial (n - 1) n factorial n
OCaml

# let rec factorial n =
ifn=1then 1 else
factorial (n - 1) * n ;;

val factorial : int -> int = <fun>

# factorial 1 ;;

- int =1

# factorial 2 ;;

int = 2

# factorial 3 ;;

int =6

# factorial 10 ;;

int = 3628800

factorial int -> int

11



factorial

OCaml

let
2 if .. then ... else ..
else

rec

if then

C Perl
OCaml Haskell

Fortran 1960

let rec sum n =
if n =0 then O else
sum (n - 1) + n
let rec gcd m n =
ifm =0 then n else
ifm>n then gcd (m mod n) n else
gcd (n mod m) m
let rec power m n =
if n=0 then 1 else

ifnmod 2 = 0 then power (m * m) (n /7 2) else
m * power m (n - 1)

m n =(mmodn) n
3. m" = m)

12
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ML

#

(3 + 7) + (123 + 456)
(3 - 7) - (123 - 456)
(3 * 7) * (123 * 456)
leth xy =x*x+yin
h (h 3 7) (h 123 456)

let ...

in OCaml

let fg=9 (g3 7) (g 123 456) ;;

val ¥ : (int -> int -> int) -> int = <fun>

#

#

#

g g (g 3 7) (g 123 456)

let gl xy=x+yin fgl ;;
int = 589
let g2 xy =x -y in f g2 ;;
int = 329
let g3 xy=x*yin fg3 ;;
int = 1177848
letgd xy=x*x+yin fgd ;;
int = 15841

91,92, 93, g4

f (fun Xy -=> x +Vy) ;;
int = 589

f (fun Xy -=> x -Vy) ;;
int = 329

f (fun Xy -=> x *vy) ;;
int = 1177848

13



# F (fun Xy -=> X * X +y) ;;
- - Int = 15841

fun x vy

# £ () ;3
int = 589
# £ () ;s
int = 329

val (+) : int -> int -> int

val (-) : int -> int -> int

*)

#T C*) ;5;
- - int = 1177848

#F ) 5
Characters 2-5:

- . X Yy

fun Xy -> X +vy

Warning: this is the start of a comment.

LI G I

14
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* * - -
? 9

- - (int => int -> int) -> int = <fun>

fun

# let distance x y = sqrt (X *. X +. y *. y) ;;

val distance : float -> float -> float = <fun>

# let distance = fun x y -> sqrt (X *. X +. y *. vy) ;;

val distance : float -> float -> float <fun>

# let distance = fun x -> fun 'y -> sqrt (X *. X +. y *. y) :;
val distance : float -> float -> float = <fun>

# let distance (X, y) =sgrt (X *. X +. y *. vy) ;;
val distance : float * float -> float = <fun>

# let distance = fun (X, y) -> sqrt (X *. x +. y *. y) ;;
val distance : float * float -> float = <fun>

let distance x y = ..

15



fun x y -> abs (X - y)

fun x -> fun y -> abs (x - y)
3. let dist x y

dist

abs (x - y) in

4. let dist (X, y)
dist

abs (x - y) iIn

5. let dist (X, y) abs (x - y) iIn
fun x y -> dist (X, y)

abs

ML &, y) X

# type int_tree = Leaf of int | Node of int_tree * iInt_tree ;;
type int_tree = Leaf of int | Node of int_tree * int_tree

int_tree Leaf Node Leaf Node
int_tree int_tree

Leaf 123 123

# Leaf 123 ;;
- I Int_tree = Leaf 123

Node(Leaf 123, Leaf 456) 123
456

# Node(Leaf 123, Leaf 456) ;;
- - Int_tree = Node (Leaf 123, Leaf 456)

16



Node(Node(Leaf 3, Leaf 5), Leaf 7)
o ™

# let rec make_random_tree () =
if Random.int 2 = 0 then Leaf(Random.int 10) else
Node(make_random_tree (), make_random_tree Q) ;;
val make_random_tree : unit -> int_tree = <fun>
# make_random_tree () ;;
- I int_tree = Node (Leaf 8, Node (Node (Leaf 8, Leaf 3), Leaf
1))
# make_random_tree () ;;
- I Int_tree = Leaf 3
# make_random_tree () ;;
- - int_tree = Node (Node (Leaf 3, Node (Leaf 4, Node (Leaf O,
Leaf 2))), Leaf 8)

make_random_tree O

ML

17



int_tree int_tree_sum

# let rec int_tree_sum t =
match t with
Leaf 1 -> 1

| Node(l, r) -> int_tree_sum I + iInt_tree_sum r ;;

val int_tree_sum :

int_tree -> int = <fun>
# int_tree_sum (Node(Node(Leaf 3, Leaf 5), Leaf 7)) ;;

- - int =15
int_tree_sum t match ... with ..
int_tree Leaf Node
int_tree Leaf Node
Leaf Node
t Leaf i Node
1 r

int_tree_sum

make_random_tree

let f X = match x with ...

# let rec int_tree_sum = function

LeaF 1 -> 1

| Node(l, r) -> int_tree_sum I + iInt_tree_sum r ;;

val int_tree_sum :

int_tree -> int = <fun>

fun X -> match x with ...
function ...

18



ML (o (o

# type "a tree = Leaf of "a | Node of "a tree * "a tree ;;
Leaf of "a | Node of "a tree * "a tree

type "a tree
# Leaf 123 ;;
- I int tree Leaf 123

# Node(Leaf 4.56, Leaf 78.9) ;;

: float tree = Node (Leaf 4.56, Leaf 78.9)

# Node(Leaf "abc™, Node(Leaf "def', Leaf '‘ghi')) ;;

- :© string tree = Node (LeaFf "abc™, Node (Leaf "def", Leaf

"ghi™))

height

# let rec height = function
Leaf _ -> 0
| Node(l, r) -> 1 + max (height 1) (height r) ;;

val height : "a tree -> int = <fun>

LeaF "don't care" Leaf
0 Node
(max) 1
"a tree -> iInt

C++ STL

ML

19



C++

ML ML

1 X Yy X Iy cons
tree

type "a list = [] of unit | :: of "a * "a list

make_random_list

# let rec make_random_list () =
if Random.int 3 = 0 then [] else
Random.int 10 :: make_random_list O ;;
val make_random_list : unit -> int list = <fun>
# make_random_list ) ;;
- - int list = [4]
# make_random_list ) ;;
- - iant list = [3; 2; 3; 1; 7; 5; 9; 2; 1; 4; 9; 1]
# make_random_list ) ;;
int list = []

length

# let rec length = function
0 ->o0
|l _ :: list -> 1 + length list ;;
val length : "a list -> int = <fun>
# length [1; 2; 3] :;
- o int =3

20



[1; 2; 3] 1 ::2::3 ::

ML

count

# let counter = ref O ;;
val counter : int ref = {contents = 0}
# let count () =
counter := l!counter + 1;
Tcounter ;;
val count : unit -> int = <fun>
# count O ;;
D int =1
# count O ;;
D int = 2
# count O ;;
> int = 3

ref

counter := lcounter + 1 counter

Java C++ ML

exception raise try ... with ..

21



# exception Zero ;;
exception Zero
# let rec multiply_int_list = function
0o->1
| ¥ :2 1 —>
if i = 0 then raise Zero else
i * multiply_int_list I ;;

val multiply_int_list : int list -> int = <fun>

# multiply_int_list [2; 3; 4] ;;
- int =24
# multiply_int_list [5; 0; 6] ;;
Exception: Zero.
# try
multiply_int_list [5; 0; 6]

with Zero -> 0 ;;

- int=0

OCaml

.mhi

Test

let 123
let Ffy=x+y

let _ = print_int (F 456)

X
I

test.mli

val x - Int

val ¥ - Int -> Int

22

-ml

test.ml



Test.x
Test.f

> ocamlopt test.mli test.ml -0 test
> _/test
579

OCamlMakefile

http://www.ai.univie.ac.at/~markus/home/ocaml_sources.html

ML

http://caml.inria.fr/index.en.html http://www.ocaml.jp/

http://www.sato.kuis.kyoto-u.ac.jp/~igarashi/class/isle4/mltext/

ML
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