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# let normalize (x1, x2) =
let n = sqrt (x1 *. x1 +. x2 *. x2)
in(x1/.n,x2/.n);;
val normalize : float * float = float * float = <fun>
# normalize (3.0, 4.0);;
- : float * float = 0.600000, 0.800000
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# letangle vl v2 =

let ((x,y),(x",y")) = (normalize v1, normalize v2)

inacos (x *. X" +.y *.y');;
val angle : float * float -> float * float -> float = <fun>
# let degree_of_radian x = x *. 180.0 /. 3.1415926535897;;
val degree_of_radian = float -> float = <fun>
# let angleD v1 v2 = degree_of_radian (angle v1 v2);;
val angleD : float * float -> float * float -> float = <fun>
# angleD (1.0, 0.0) (0.0, 0.5);;
- : float = 90
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# type 'a option = None | Some of ‘a;
type 'a option = None | Some of ‘a

# let normalize (x1, x2) =
let n = sqgrt (x1 *. x1 +. x2 *. x2) in
if n = 0.0 then None else Some(x1/. n, x2/. n);;
val normalize : float * float -> (float * float) option = <fun>
# normalize (0.0, 0.0);;
- : (float * float) option = None
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# letangle vl v2 =

match (normalize v1, normalize v2) with

(None, _) | (_, None) -> None
| (Some(x,y), Some(x’,y")) ->
Some(acos(x *. x" +.y *.y'));;

val angle : float * float -> float * float -> float option = <fun>
# let angleD v1 v2 = match angle v1 v2 with

None -> None | Some x -> Some (degree_of_radian x);;
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# exception ZeroVector;; (* BIShEES *)
exception ZeroVector
# raise ZeroVector;; (* B =R *)

Uncaught exception: ZeroVector.

# exception BadArg of float;; (* SI¥ZEHFDHIS *)
exception BadArg of float

# raise (BadArg 5.0);;

Uncaught exception: BadArg 5.000000.
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# let normalize (x1, x2) =
let n = sqrt (x1 *. x1 +. x2 *. x2) in
if n = 0.0 then raise ZeroVector (* ffl§h%&3XH *)
else (x1/.n,x2/.n);;
val normalize : float * float -> float * float = <fun>
# normalize (3.0, 4.0);;
- : float * float = 0.600000, 0.800000
# normalize (0.0, 0.0);;
Uncaught exception: ZeroVector.
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# let angle v1 v2 = (* FISMLIB(FITHALY *)

let ((x,y),(x",y")) = (normalize v1, normalize v2)

inacos (x *. x" +.y *.y');;
val angle : float * float -> float * float -> float = <fun>
# let angleD v1 v2 = degree_of_radian (angle v1 v2);;
val angleD : float * float -> float * float -> float = <fun>

# angleD (1.0, 0.0) (0.0, 0.5);;

- : float = 90.000000

# angleD (0.0, 0.0) (0.0, 0.5);;
Uncaught exception: ZeroVector.
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# let angle_str v1 v2 = try
“Angle is " ~ string_of_float (angleD v1 v2)
with ZeroVector -> “Not defined.”;;
val angle_str : float * float -> float * float -> string = <fun>

# angle_str (3.0, 1.0) (2.0, -1.0);;
- : string = "Angle is 45"
# angle_str (1.0, 0.5) (0.0, 0.0);;
- : string - “Not defined.”
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# exception Zero;;
# letprod | =
let rec f = function [] -> 1
| hd::tl-> if hd = 0 then raise Zero else hd * f tI
intry f | with Zero -> 0;;
val prod : int list -> list
# prod [1;2;3;4;5;0;7;8;0];;
-1int=10
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Reference
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# leta =ref0;;
val a : intref = {contents=0}

# la;;
-:1int=0
#a:=05;;
- unit = ()
# la;;
-:rint=5
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# type mutable_point = { mutable x:int; mutable y:int };;
type mutable_point = { mutable x : int; mutable y : int; }
#letpl ={x=5y=3;};;

val p1 : mutable_point = {x=5; y=3}

# plx<-6;;
- unit = ()
#pl;;

- : mutable_point = {x=6; y=3}

(cf.) type 'aref = { mutable contents : ‘a }
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# letincrementxa = (x :=Ix + a ; Ix);;
val increment : int ref -> int -> int = <fun>
#leta =ref0;;

val a : intref = {contents=0}

# incrementab;;

-:rint=5
# incrementa b;;
-:int=10
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Value restriction (1)

n BIZ4iH & reference [FHEMEDYELY
s (ERRICIFFELEW) f

# letr1 = ref (fun x -> x);;

valr1: (‘a-> 'a) ref = { contents = <fun> }
#letf()=(!r1true, Ir15);;

val f : unit -> bool * int = <fun>

#r1:= (funx->x+1);;

- unit = ()

#f
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Value restriction (2)
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#letset rifx=r1:=1 Ir1x;;

val set_r1: ('a->"'a)->'a->"a = <fun>
# let twice f x = f (f x);;

val func1: (‘a-> 'a)-> 'a->'a = <fun>
(CRICHEL)

= BUBICRZ3...




Value restriction (3)
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# twice (fun x -> x + 1) 5;; (* (A) *)

-:int=26
# set_r1 (fun x -> x) 5;;
-:int=5

#set_r1 (fun x-> x + 1) 5;; (* (A) EEUH *)
-rint=6 ... I EFUMEES |ERTT
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Value restriction (4)

n EDHAT DERR: reference (C1F
MRREDEER | 2523
# let r1 = ref (fun x -> x);;
valr1: ("_a->"_a) ref = { contents = <fun> }
# let 1 () = Ir1 true;;
val f1 : unit -> bool = <fun>
#letf2()=1r15;;
This expression has type int but is here used with
type bool
#1r1;;
- : bool -> bool = <fun>
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= /R BMEEE: unit > 'a = 'a BLDIEIC
() % apply UICHEROES?
= B#% fun () -> (fun x-> x) DIFEEEZ D &
‘a—>‘a&ULIcL
RO f DPSEIARI a > a
letf () = letr = ref None in
letgx =
let old = match Ir with None -> x
| Somey->y
inr:= Some x; old
ing
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Value restriction (6)
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= OK: %4, fun X, ZNS D tuple,
ENSHSLEIEELRY T —FiEE
= NG: reference, let =X, FEH etc...

# (fun'y x->x) ();;
:"_a->"_a= <fun>
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# let f = List.map (fun x -> (x, x));;
valf:’_alist-> ("_a*’_a)list = <fun>

= BRSR: nEFH
# let f xs = List.map (fun x -> (x, x)) xs;;
val f: 'alist-> (‘a * ‘a) list = <fun>
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#lettestxy =(x=y,x==y)
val test :"a -> "a -> bool * bool
#test11;;
- : bool * bool = true, true
# test 1.0 1.0;;
- : bool * bool = true, false
# test “string” “string”;;
- : bool * bool = true, false
# test (ref 1) (ref 1);;
- : bool * bool = true, false

25

T W e e

FiEEREF (3)

# (fun x -> x) = (fun x -> x);;

Uncaught exception:

Invalid_argument “equal: functional value”.
# (fun x -> x) == (fun x -> x);;

- : bool = false

# letf = (fun x -> x) in test x x;;

- : bool = true, true

#letr = (ref 1) intestrr;;

- : bool = true, true

# let (x, y) as pair = (ref 1, ref 2) in test x (fst pair);;
- : bool = true, true
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® “Turtle” DEFIVE LT, REDHE

CHHDMEZELIREIT DT —F B turtle
ZED . RODADDENEZEIRT S
B EEET Lo

(0.0, 0.0) ICFRULLY turtle Z4RL T S

turtle &= n HRIICED S

turtle Z%&(C k EOEiS B3

IRTED turtle DEUE%ZRT
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srea1 ({11%)

type turtle = (any specification)
val new_turtle = unit = turtle
s LV — MIVZE%ER
val advance = turtle = float = unit
val rotate = turtle = float = unit
s - FILDUEZBETES
val locate = turtle = float * float
= BEDME% (x, y) D7 THs
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# let tl = new_turtle Q;;

val t1: turtle ={ ..} X

# advance tl1 1.0; locate tl;;
: float * float =1, 0

# rotate tl 90.0; advance tl 1.0; Tlocate tl;;
. float * float =1, 1

# rotate tl 90.0; advance tl 1.0; Tlocate tl;;
: float * float = 0, 1

# rotate tl 90.0; advance tl 1.0; locate tl1;;

- : float * float = 0, O

(ST EEETEDERICOCES BLDIEFRICUELS TRLY)
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= sin, cos, ... : float = float (JMEEE)

sletpi =atan 1.0 *. 4.0 (HEES..))
s
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= Stack DF— S HBEEXET 5 SHHE
THL. ROBEEREL L,

= new_stack: unit - ’a stack
# L L stack DIERL

= push: "a stack = ’a = unit
EXRZHI(SEM
= pop: 'a stack = ’a
FEERZMOET
= Z2 stack 319 B pop 1&fI9h 2% H
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# let s = new_stack Q;;
val t1 : ' _a stack = .....
# push s 1;;
pounit = ()
# push s 2;;
pounit = ()
# pop s;;
- oint =2
# pop s;;
- oint =1
# pop s;;
Uncaught exception: EnptyStack.
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» TS RDEBRDEEIS?
=« EFFIWIC
type ‘a stack = { mutable c : "a list }
T
= push: U A~ DSEEEICEFRZEN

= pop: YA LD head ZEADHT .
B H U D stack [ X O tail
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, 580 & [T Queue E1EN. BL.

ZBRIEIEHMATYVITRET IS &,
= new_queue: $1U L\ queue DIER

= add: I ULWERZREICENM

= take: SEEADERZROEHT

s Stack SIUTEITH. TH&EUWTY,

= Bite U 2 FTIIEDHUMEMD ES SHH
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