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letx=1+2;;

val x:int=3
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let pair = (3, "three");;
val pair : int * string = (3, "three")
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let f x y = x+y+1 ;;

val f : int -> int -> int = <fun>

f10 18;;

-:int=29
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let f = fun x y -> x+y+1 ;;

val f: int -> int -> int = <fun>

(fun xy -> x+y+1) 10 18;;

-:int=29
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letrec gcd xy =

if x >0 then gcd (y mod x) x else y ;;
val gcd : int -> int -> int : <fun>
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letged xy =
letm=refxand n=refyin
while 'm >0 do let x =!min m :=!n mod x; n := x done;
n;;

val gcd’ : int -> int -> int = <fun>
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let rec fact = function

|0]1->1

| x ->x*fact (x - 1) ;;
val fact : int -> int

HEFROH
let rec up x =
if x mod 2 <> 0 then up (x*2) else down (x+1)

and down x =
if x < 10 then x else up (x/3) ;;

val up :int -> int = <fun>
val down : int -> int = <fun>
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let fst (X, y) =X ;;

valfst:’a*’b ->'a = <fun>

‘At bIEREHTHY ., FEOHIZEZ N D
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fst ("France", 33) ;;

- . string = "France"

fst (42, true) ;;

-:int=42
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string * int -> string & int * bool -> int
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let map_array f arr =

let len = Array.length arr in

let arr’ = Array.create len (f arr.(0)) in

fori=1to len-1do arr.(i) <- f arr.(i) done;

arr’ ;;
val map_array : (a ->’b) ->'a array ->'b array

let scalar_prod x v =map_array (funy -> x*y) v ;;

val scalar_prod : int -> int array -> int array
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val map_array : ('a ->'b) ->'a array -> b array

Omap_array (22D 5|8 %5
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val map_array : ('a ->'a) ->'a array -> 'a array
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val map_array : (‘a ->'b) ->'a array -> 'c array
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FEDMEL Nil EEERRE #EZ D Cons
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type ’a list = Nil | Cons of 'a * ’a list

let | = Cons (1, Cons (2, Nil))

val | : int list
NE—URyFUTIFBEZRICEATNS
let rec length = function

Nil -> 0
| Cons(hd, tl) -> 1 + length

val length : 'a list -> int
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let rec map f = function

Nil -> Nil
| Cons(hd, tl) -> Cons (f hd, map f tl)
val map : (a ->'b) ->’a list -> b list

map (fun x -> x+1) | ;;
- ;int list = Cons (2, Cons (3, Nil))
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type ’a list =
Nil | Cons of 'a * 'a list | Append of 'a list * "a list
THE. AppendZI/HOENETO/INE—20T Y F oI ME
fsnsd

Warning: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:

Append (_, )
RSN EFRICBELZI— FFEMTNIENLET
| Append(I1, 12) -> length I1 + length [2
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HEEET D
type expr =

Num of int
| Var of string

| Plus of expr * expr
| Mult of expr * expr
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let map_exprfe=

match e with
| Num _|Var_->e

| Plus (el, e2) -> Plus (fel, f e2)
| Mult (el, e2) -> Mult (f el, f e2)
val map_expr : (expr -> expr) -> expr -> expr
EHORA
let rec subst env = function
| Var x when List.mem_assoc x env -> List.assoc x env
| e -> map_expr (subst env) e
val subst : (string * expr) list -> expr -> expr
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let rec eval e =
match map_expr eval e with
| Plus (Num x, Numy) -> Num (X +y)
| Mult (Num x, Num y) -> Num (x *y)
| e’ ->¢’
val eval : expr -> expr = <fun>
151
let e = subst ['x", Num 3; "y", Var "Xx"]
(Plus (Var "y", Mult (Var "x", Num 2)));;
val e : expr = Plus (Var "x", Mult (Num 3, Num 2))

let e’ = eval e;;
val e’ : expr = Plus (Var "X", Num 6)
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let rec print_expr ?(prio=0) ppf e =
let printf fmt = Format.fprintf ppf fmt in
match e with
| Num x -> printf " %" x
| Var x -> printf " %" x
| Mult (el, e2) ->
printf "@ % *@ %a@ " (print_expr ~prio:1) el
(print_expr ~prio:1) e2
| Plus (el, e2) as e ->
if prio > 0 then (printf " ( %&) ") print_expr e else
(printf "@ %Y%a +@ Y@@ ") print_expr el print_expr e2
val print_expr : ?prio:int -> Format.formatter -> expr -> unit

O2prio: (EFA T aFILESRILTHY. ?(prio=0)IET 7+ /L +EIETH S
OFNFELLREBT BHIZIEI ZT (printf <fmt>) Z3FIMTL K 2RELRH D
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print_expr Format.std_formatter (big 10);;
(2+2)*(5+3+7)+3*(8+1)+5+8+5)*
(9+6+7)*(3*(8+5)+4+0+0)+
(6+7)*(6+6+1)+5*(8+8)+0+2+2)
fyTLARILDT) B ELTEETSAHAIELTED
let print_expr’ ppf = print_expr ppf;;
val print_expr’ : Format.formatter -> expr -> unit
#install_printer print_expr’;;

S
-lexpr=x+3*2
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let input_point ic =
Scanf.sscanf (input_lineic) " % % %" (funxyz->(X,\y,2));
val input_point : in_channel -> float * float * float = <fun>
let input_data ic =
let rec loop accu n =
if n = 0 then List.rev accu else
loop (input_point ic :: accu) (n-1)
in Scanf.sscanf (input_line ic) " %d" (loop [])
val input_data : in_channel -> (float * float * float) list = <fun>

input_data stdin;;
1.4
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t * float * float) list = [(1., 1.4, 5.); (1.3, 2., 3.)]
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#load"camlp4o.cma”;;
Camlp4 Parsing version 3.07+beta 2
open Genlex;;
let lexer = Genlex.make_lexer ["+";"*";"(";")"]
val lexer : char Stream.t -> Genlex.token Stream.t = <fun>

stream~ Y F T2 &K BNN—FDEIE

let s = lexer (Stream.of_string "1 2 3 4");;

val s : Genlex.token Stream.t = <abstr>

(parser [<'x>]->X) s ;;

- : Genlex.token = Int 1

(parser [<’Int 1 >] -> "0k") s ;;

Exception: Stream.Failure

(parser [<’Int 1 >] ->"one" | [<’Int 2 >] -> "tw0") S ;;
- @ string = "two"
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let rec accumulate parse accu = parser

| [< e = parse accu; s >] -> accumulate parse e s

| [<>] -> accu
val accumulate : ('a -> Genlex.token Stream.t ->’a) ->

'a -> Genlex.token Stream.t ->'a
ERADERFZES
let left_assoc parse op wrap =

let parse’ accu =

parser [< 'Kwd k when k = op; s >] -> wrap accu (parse S) in

parser [< el = parse; e2 = accumulate parse’ el >] -> e2
val left_assoc : (Genlex.token Stream.t ->'a) ->

string -> (‘'a ->’a ->’a) -> Genlex.token Stream.t ->'a
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let rec parse_simple = parser

| [<’Intn>]->Numn

| [<’ldent x >] -> Var x

| [<’Kwd"("; e = parse_expr; 'Kwd")" >] -> e
and parse_mult s =

left_assoc parse_simple "*" (fun el e2 -> Mult(el,e2)) s
and parse_expr s =

left_assoc parse_mult "+" (fun el e2 -> Plus(el,e2)) s
val parse_simple : Genlex.token Stream.t -> expr = <fun>
val parse_mult : Genlex.token Stream.t -> expr = <fun>
val parse_expr : Genlex.token Stream.t -> expr = <fun>
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let parse_string s =
match lexer (Stream.of_string s) with parser
[< e = parse_expr; _ = Stream.empty >] -> e
val parse_string : string -> expr = <fun>

1R=S 2 O
let e = parse_string "5+x*(4+x)";;
val e : expr = Plus (Num 5, Mult (Var "x", Plus (Num 4, Var "x")))

eval (subst ['x",3] e);;
- expr = Num 26
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let a = ‘Apple

vala: [> ‘Apple ]

let b = ‘Orange "spain”

val b : [> ‘Orange of string ]

BFEFEndlEEZERNHT

let | =[a; b]
val | : [> ‘Apple | ‘Orange of string ] list

FHEOBEIRADIGEGEETRNT

let showl = function
‘Apple -> "apple"
| ‘Orange s -> s * " orange”

E-> T,

BEHELGTLICERADS

val showl : [< ‘Apple | ‘Orange of string ] -> string
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type round = [ ‘Apple | ‘Orange of string]

function #round as x -> X ;;
- [<round]->[>round ] = <fun>

let show?2 = function
#round as x -> showl x
| ‘Pear -> "pear”

val show2 : [< ‘Apple | ‘Pear | ‘Orange of string ] -> string

List. map show2 [‘Pear; ‘Apple; ‘Orange "navel"] ;;
- . string list = ["pear”; "apple”; "navel orange"]
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type num = [ ‘Num of int]

let eval_num (‘Num n: num)=n
val eval_num : num -> int = <fun>

SHIEAHIERZERREICT S1=0IC. THAME=EIRI ZFES
type 'a pexpr = [ num | ‘Plus of 'a * 'a]
let eval_pexpr eval_rec (e : 'a pexpr) =

match e with
#num as x -> eval_num x

| ‘Plus (el, e2) -> eval_rec el + eval_rec e2
val eval_pexpr : ('a -> int) -> 'a pexpr -> int = <fun>
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let rec evall e = eval_pexpr evall e
val evall : ("a pexpr as 'a) -> int = <fun>

1
evall (‘Plus (‘Num 1, ‘Plus(‘Num 2, ‘Num 3)));;
-1int=6

BELITOERE
type 'a mexpr = [ num | ‘Mult of 'a * 'a]
let eval_mexpr eval_rec (e : 'a mexpr) =

match e with
#num as x -> eval_num x

| ‘Mult (el, e2) -> eval_rec el * eval_rec e2
val eval_mexpr : ('a -> int) ->'a mexpr -> int = <fun>
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type 'a expr = [ 'a pexpr | 'a mexpr]
let eval_expr eval_rec (e : 'a expr) =

match e with
#pexpr as x -> eval_pexpr eval_rec x

| #mexpr as x -> eval_mexpr eval_rec x
val eval_expr : ('a -> int) -> 'a expr -> int = <fun>

151

let rec eval e = eval_expr eval e

val eval : ("a expr as 'a) -> int = <fun>

eval (‘Plus (‘Num 3, ‘Mult(‘Num 5, ‘Num 2)));;
-:int=13
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module type PERSON = sig
type t
val create : name:string -> age:int -> t
val birthday : t -> unit
val name : t -> string
val age : t->int
end
EEEDsignature TIX, t MERBEIZHEH>TLVD
create TEHZ EMNTEEHN, FAHL EZFEITRY D3R
Mo LMTEEN
Oname: [T ANILEFL. DY PTEIDEHITES
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module Person : PERSON = struct
type t = { name: string; mutable age: int }
let create ~name ~age =
assert (age>=0); {name=name; age=age}
let birthday p = p.age <- p.age + 1
let name p = p.name
let age p = p.age
end

ERED tIELa— FEEA, % I PERSON] [T&-T
NAhoHEEELTRZS

h TageZx ZRA[REZAS. S4H 5 [dbirthdaym 5 LT E ALY
Oname DRID ~ (X5 ESANILF=IZT S




ATk HS5R “

OCaml [FV S AR—ZADA Tz b RTLZED

class person ~name ~age = object
val mutable age = assert (age>=0); age
method birthday = age <- age+1
method age = age
method name : string = name
end ;;
class person : name:string -> age:int ->
object
val mutable age : int
method age : int
method birthday : unit
method name : string
end

CHOEETHRE LR L &L S ICageh Bk nd
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class person_feb29 ~name ~age : person =
object
inherit person ~name ~age
method birthday = age <- age + 4
end ;;
class person_feb29 : name:string -> age:int -> person
11
let family =
[new person "kazuo" 24; new person_feb29 "kazuko" 24];;
val family : person list = [<obj>; <obj>]
List. map (fun x -> x#birthday; x#age) family;;
- rint list = [25; 28]
MEREMFIEIEL S EpersonBZH D @ VSR ERTEYL

%
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module type OrderedType = sig
type t
val compare : t->t->int
end
module IntOrder = struct
type t =int
let compare Xy = x-y
end
module S = Set.Make(IntOrder) ;;

let set = S.add 1 (S.add 2 (S.add 1 S.empty)) ;;

val set : S.t = <abstr>
Set.elements set ;;

-:S.eltlist=[1; 2]
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