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N/Caml: nML {7� 

ropas > nml

nML compiler 0.9 (built at 2001/3/14) by H. Eo, J. Kim, and O. Lee

- Copyright(c) 2000-2001 Research On Program Analysis System

- http://ropas.kaist.ac.kr/n

- Based on Objective Caml 3.00 Code

# 1 + 3;;

- : int = 4

#
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�Æ:
 ,�

• \½
# 1 + 2;;

- : int = 3

# 1.0 + 2.0;;

- : real = 3

# ’a’;;

- : char = ’a’

# " ³´£´";;

- : string = "³ £́´"

• �ö ä��
# val puppy = " ¦ÅªÍÞ¬Ïò";;

val puppy : string = " ¦ÅªÍÞ¬Ïò"

# val ³ £́´ = 1;;

val ³ £́´ : int = 1
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��

• �� ���
# val ³ £́´ ¤Ûå = (1,1.0,’1’," ³ £́´");;

val ³ £́´ ¤Ûå : int * real * char * string = (1, 1, ’1’, " ³ £́´")

• �� Ä��
# val ( ­Íò ªÁ, ªÝå ªÁ, §Öá­´, §Öá­ ¬́Ïå) = ³ £́´ ¤Ûå;;

val ­Íò ªÁ : int = 1

val ªÝå ªÁ : real = 1

val §Öá­´ : char = ’1’

val §Öá­ ¬́Ïå : string = " ³ £́´"
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ýß!

• ýß! ���
# val ¯Íð̈Íá®µ = [3,5];;

val ¯Íð̈Íá®µ : int list = [3, 5]

# val ¤Á̈Íá®µ = 1:: ¯Íð¨Íá®µ;;

val ¤Á̈Íá®µ : int list = [1, 3, 5]

# val ª¹̈Íá®µ = ¤Á¨Íá®µ@[7,9];;

val ª¹̈Íá®µ : int list = [1, 3, 5, 7, 9]

• ýß! Ä��
# case ª¹̈Íá®µ of [] => -1

| (hd::tl) => hd;;

- : int = 1
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ª��

• ª�� xs
# type ­¼ ¡À = { ¯Íð̈Íá®µ: string, ¤Á̈Íá®µ: string};;

type ­¼ ¡À = { ¯Íð̈Íá®µ: string, ¤Á¨Íá®µ: string }

• ª�� ���
# val cs320 = { ¯Íð̈Íá®µ=" ¦ÅªÍÞ¬Ïò", ¤Á¨Íá®µ="¬È ¬ÖÞª¹"};;

val cs320 : ­¼ ¡À = { ¯Íð̈Íá®µ=" ¦ÅªÍÞ¬Ïò", ¤Á¨Íá®µ="¬È ¬ÖÞª¹"}

• ª�� Ä��
# val ¤´ ¬Ûí = cs320. ¤Á̈Íá®µ;;

val ¤´ ¬Ûí : string = " ¬È ¬ÖÞª¹"
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Í� (type)

• Í�� �� �¿��ù �G ½±ü� M�°.

• Í�:

– �Æ Í� (int, real, string, char, bool, unit)

– �� Í� (τ ∗ τ ), ª�� Í� ({l: τ, · · ·}), ýß! Í� (τ list),

j
â Í� (τ ref)

– PÌ� A� Ú�Í Í�

• Í� *P: �¿��ú ½± � ;� Í�� ��� *P¢°.

– Í� *P �
if e1 then e2 else e3

�t e1ù bool Í��qb  L, e2® e3� Í�ù �Ib ¢°.

– Í� AÃõ PÌ�� s� MIê NIt î8 � *P¢°.
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Cä (pattern)

• Cä� [ê
\½, º½, ª��, ��, ýß!, PÌ� A� Ú�Í Í�, ...

• Cä� PÌ
val, fun, fn, case, handle

• PÌ �
val ( ­Íò ªÁ, ªÝå ªÁ) = (1,2.0);;

fun length [] = 0 | length (h::t) = 1 + length t;;

fn x => x + 1;;

case 3 of 0 => true | _ => false;;
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�½\á [ý (exception mechanism)

• �½\á
– �  �ý (eg. Division by zero)

– Ä!¢ uSõ ¢¥� �K#¡� EÍ

• �½\á xs
exception Fail

exception Error of string

• �½\á �f
raise (Error "Illegal Input")

• �½\á �ý
e handle Fail => e1

| Error "Illegal Input" => e2

| Error => e3
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-?ý PÌ (imperative features)

• nML [ª
e ::= ...

| ref e reference

| e1 := e2 assignment

| ! e dereference

• PÌ �
# val count = ref 0;;

val count : int ref = ref 0

# fun inc n = n := !n + 1;;

val inc : int ref -> unit = <fun>

# inc count;;

- : unit = ()

# !count;;

- : int = 1
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¥½ (function)

• ¥½ A�® PÌ
let val f = fn x y => x+y let fun f x y = x+y

in f 1 3 in f 1 3

end end

• Cä �X� �¢ ¥½ A�
let val f = fn 0 => 0 let fun f 0 = 0

| x => x+1 | f x = x+1

in f 20 in f 20

end end

• &� ¥½
val rec fac = fn n => fun fac n =

if n=0 then 1 if n=0 then 1

else n * fac(n-1) else n * fac(n-1)
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°Í Í� (polymorphism)

• °Í Í� ¥½: �  Í�� 	ú 
�¿ �� ¥½.

fun swap (a,b) = (b,a) : ’a * ’b -> ’b * ’a

fun hd (h::t) = h : ’a list -> ’a

| hd _ = raise EmptyList

• °Í Í�� ü� EÍ: �ö �q� EÍ

fun f x = ... (O)

val f = fn x => x ... (O)

val ... = ... (fn x => x) ... (X)
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¥½õ sL�� ¥½ (higher-order function)

• ¥½õ �Í °ô 	Y u» � M�°. �, ¥½	� ¥½� 
� Z� @Y� þ
½ �°.

# fun map f [] = []

| map f (h::t) = f h :: map f t

# val map_inc = map (fn x => x+1)

# val map_square = map (fn x => x**2)
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Í� A� (type definition)

• Í� v�
 (type abbreviation): Ä!¢ Í�� �ö �q s� ,.

type position = int * int

type student = {name: string, id: int, age: int}

• Ú�Í Í� A�: ^¿Ï Ú�Í Í�ú ��q s� ,.

type itree = Leaf

| Node of int * itree * itree

type ’a tree = Leaf

| Node of ’a * ’a tree * ’a tree

type ’a children = ’a tree * ’a tree

and ’a tree = Leaf

| Node of ’a * ’a children
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Ú�Í Í� (data type)

• Ú�Í f�
type ’a tree = Leaf | Node of ’a * ’a tree * ’a tree

val y = Node(5,Node(6,Leaf,Leaf),Leaf)

• Ú�Í PÌ
fun sum Leaf = 0

| sum (Node(i,t1,t2)) = i + sum t1 + sum t2
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?� (1/2)

• ?� (structure): 	Y Í�� ?ü.

structure Int = struct

type t = Top | Int of int

fun join Top _ = Top

| join _ Top = Top

| join (Int x) (Int y) = if x=y then Int x else Top

end

val x = Int.join Int.Top (Int.Int 20)

• ?� Í� (signature): ?�� Í�.

signature L = sig

type t

val join: t -> t -> t

end

structure IntL = Int : L
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?� (2/2)

• ?� ¥½ (functor): ?�ú ��� ¥½.

functor Product(A:L, B:L):L = struct

type t = A.t * B.t

fun join (a,b) (c,d) = (A.join a c, B.join b d)

end

structure IntProd = Product(Int,Int)
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�C: �� *_ !ý

type key = int and ’a tree = Leaf of key * ’a

| Node of key * ’a tree * ’a tree

fun find t k = case t of

Leaf(j,e) => if j=k then e else raise Not_found

| Node(j,l,r) => if j>k then find l k else find r k

fun mem t k = (find t k; true) handle Not_found => false
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Ü� °Ø�

•  #� Ü�ú {7� £ ::

ropas> nmlc file.n

• �  Ü�ú {7� £ ::

ropas> nmlc -c a.n

ropas> nmlc -c b.n

ropas> nmlc -o a.out a.cmo b.cmo

• �  Ü�ú {7� £ : = �� �Y:

– ?�� ü
 ,� Ü� �� Ç ½ �°.

– ?� �öù ?� µ�b ¢°.

• Ü�� :( �¿��ú nml�t �q ¤ ::

# #use "file.n"
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Makefile °Ø�

• Makefile
– �ß �¿���t ì± Ü�ú ��� �ªú z< � Ü�

– http://www.gnu.org/software/make/make.html

• nmlmake: Makefile f��

ropas> nmlmake -a "Oukseh Lee" result
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nML sq ÷L �Ò

• nML sq ÷L �Ò

– ä W��: http://ropas.kaist.ac.kr/n

– AÝ¢ A�: “�¿��� sq nML”

• nML {7� 

– PÌª: “ncaml èßð”

– Y�G� zX: Ç& version 0.9 zX üq �ü

– Linux Z� MS windows � zX � 

– OCaml vu ��õ ý PÌ � : http://ropas.kaist.ac.kr/n/lib
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