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# let normalize (x1, x2) =
let n = sqgrt (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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# let angle v1 v2 =
let ((x,y),(Xx",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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# let angle v1 v2 =
match (normalize v1, normalize v2) with
(None, ) | (_, None) -> None
| (Some(x,y), Some(x’,y’)) ->
Somel(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);;




FI9rdXH (1)

= 1552 BIIMENE Z1ES

# exception ZeroVector;; (* HIIhZ=ESE *)
exception ZeroVector
# raise ZeroVector;; (* FIFh 3= *)

Uncaught exception: ZeroVector.

# exception BadArg of float;; (* 51¥Z#FDHI *)
exception BadArg of float

# raise (BadArg 5.0);;

Uncaught exception: BadArg 5.000000.
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# let normalize (x1, x2) =
let n = sqgrt (x1 *. x1 +. x2 *. x2) in
if n = 0.0 then raise ZeroVector (* {fl9h 21X H *)
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 = (* FISMLIE(FITOZELY *)

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

inacos (x *. x" +.y *.v');;
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_strv1 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;;
# let prod | =
let rec f = function [] -> 1
| hd::tl -> if hd = 0 then raise Zero else hd * f tl

in try f | with Zero -> 0;;
val prod : int list -> list
# prod [1;2;3;4;5;0;7;8;0];;
:int=20
s 0 ICEDD S ICHR CTHEERGHITEZE I SR> TL 3
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Reference
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# leta = ref 0;;

val a : int ref = {contents=0}
# la;;

-:int=20

#a:=0b;;

-1 unit = ()

# la;;

-:int=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=5;y=3;};;
val p1 : mutable point = {x=5; y=3}

# pl.x<-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 = ref 0;;

val a : int ref = {contents=0}

# Increment a 5;;

-:int=5

# Increment a 5;;

-:int=10
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Value restriction (1)
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# letr1 = ref (fun x -> x);;

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

val f ; unit -> bool * int = <fun>
#rl:=(funx->x+1);;

- unit = ()

#f

s ECHER LAWY
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#letset rifx=r1:=1 1r1 x;;

val set r1: ('a->"'a)->"'a->"a = <fun>
# let twice f x =1 (f x);;

val func1 : (la-> "a) -> 'a->'a = <fun>
CRICHEL)
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Value restriction (3)
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# twice (fun x -> x + 1) 5;; (* (A) *)
-:int=26
# set r1 (fun x -> x) 5;;
-:int=05
#set r1 (funx->x+ 1)5;; (*(A) EEUR *)
-rint=6 ... CIFEFUREZS|ISkIT
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# letr1 = ref (fun x -> x);;

valr1: (" a->" a) ref = { contents = <fun>}

# letf1 () = Ir1 true;;

val f1 : unit -> bool = <fun>

#letf2 () =1r15;;

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

#1rl::
- : bool -> bool = <fun>
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FIR7E fun () -> (fun x -> x) DIFEFEERAD &
'a—>"'a & ULIcLy
XD f DIZFTEBEIEE a—> ' a
letf () = letr = ref None in
letg x =
let old = match Ir with None -> x
| Somey->vy
inr := Some x; old
ing
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OK: E#Y, fun T\, ENS D tuple,
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NG: reference, let I\, BE#0EIFH etc...

# (funy x->x) ();;
-:" a->" a=<fun>
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# let f = List.map (fun x -> (X, Xx));;
valf: " alist-> (" a*’ a)list = <fun>

N %Zf;i;{l T % £

# let f xs = List.map (fun x -> (x, X)) xs;;
val f:'alist-> ("a * 'a) list = <fun>
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#lettestxy=(x=vy,x==y)
val test :'a -> "a -> bool * bool
# test11;;

- : bool * bool = true, true

# test 1.0 1.0;;

- : bool * bool = true, false

n u

# test “string” “string”;;

- : bool * bool = true, false
# test (ref 1) (ref 1);;

- : bool * bool = true, false
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# (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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ECEEDMEIEZECET D7 — B! turtle
ZIED . SRDADDENEZEKIRT B
i = EET L,

(0.0, 0.0) ICEFRUL turtle Z&ERKT 3

turtle Z n ZEJICSED D

turtle =4 (C k BRIz T3

IRTED turtle DHMBEEIRY
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type turtle = (any specification)
val new _turtle = unit — turtle
s FTUWSY — b IbZ SRk
val advance = turtle = float = unit
val rotate = turtle — float = unit
s Y—FIVDLUEZIZENISE D
val locate = turtle = float * float
o IWEDMEZ (x, y) DN CTHRE
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# let t1 = new_turtle ;;
turtle
# advance tl1l 1.0;
float * fl oat
# rotate tl 90.0;
float * fl oat
# rotate tl 90.0;
float * fl oat
# rotate tl 90.0;
float * fl oat

{ ...} > X
locate tl1;;
=1, O
advance tl1 1.0; locate tl;;
=1, 1

advance tl1 1.0; locate tl1;;
=0, 1

advance tl1 1.0; locate tl;;
=0, O

(*ETEIEEETENEREICOICESHEULDIERICUE L TRL)
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= sin, cos, ... : float = float (GHE;X)

= let pi = atan 1.0 *. 4.0 (HEGFS..)
. F—E

« ZEOEEG L O— FHAREHY?
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new _stack: unit — ’'a stack
#1 U U stack DIERX

push: 'a stack &> ’a = unit

Ei% E(L.L)][I

pop: 'a stack = ’a
FHEERZTZROHT

= Z8 stack [C¥19 B pop [EHI9M &% H
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# let s = new_stack ;;

val t1 : ' a stack
# push s
- . ounit
# push s
- .ounit
# pop s;;
- int =2
# pop S;;
- int =1
# pop sS;;

- -
- TN as
)

] I N N

~
~—

Uncaught excepti on:

Enpt ySt ack.

34



T W W L

seen2 (E2 )

> >

— SBIDEBRDOEREIS?

%é(atyjjllxh_
type ‘a stack = { mutable c

TLUN...
= push: U+ DIFEERICEZRZE]
JA D head ZEAIDHT .
HUTCIE D stack (3 R B D tail

HY D

: a list }
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#%I(C Queue Z{EN. BUL.

H1R{FIIX

EINATYVITCTRTIDE,

new _queue: UL queue DIERX
add: $TUVWERZREISEND
take: 5'6 EO)'E%%HQULJ?

= Stack &{LUICEITH, go&FHULLTT,

s B XA FTIEFERODHEUMMEND EB S HH
O(1) IREICHELEE A,
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= F5: “Report 3 xxxxx” (4

55)

37



