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# let normalize (x, y) =
letn =sqgrt(x*.x+.y*.y)in(x/.n,y/.n);;
val normalize : float * float = float * float = <fun>
# normalize (3.0, 4.0);;
- : float * float = (0.6, 0.8)
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# let angle v1 v2 =
let ((x,y),(x",y’)) = (hormalize 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 angle_deg v1 v2 = degree_of radian (angle v1 v2);;
val angleD : float * float = float * float = float = <fun>
# angle _deg (3.0, 1.0) (1.0, 2.0);;
- : float = 45.
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# type 'a option = None | Some of ‘a;
type ‘a option = None | Some of ‘a

# let normalize (x1, x2) =
let n = sgrt (x1 *. xT +. 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’)) =>Some(acos(x *. x" +.y *.y'));;
val angle : float * float -> float * float -> float option = <fun>
# let angle_deg v1 v2 =
match angle v1 v2 with

None — None
| Some x = Some (degree of radian x);;
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# exception ZeroVector;; (* FIIhZ=ESE *)
exception ZeroVector
# raise ZeroVector;; (* FIFh 2= *)

Exception: ZeroVector.

# exception BadArg of float;; (* 5|EZFDHI5h *)
exception BadArg of float

# raise (BadArg 5.0);;

Exception: BadArg b5..
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# let normalize (x1, x2) =
let n = sqgrt (x1 *. x1 +. x2 *. x2) in
if n = 0.0 then raise ZeroVector (* {9 ZXH *)
else (x1/.n,x2/.n);;
val normalize : float * float = float * float = <fun>
# normalize (3.0, 4.0);;
- : float * float = 0.6, 0.8
# normalize (0.0, 0.0);;
Exception: ZeroVector.
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# let angle v1 v2 = (* FIFMLIB(ZITHOLELY *)
let ((x,y),(X",y’)) = (hormalize v1, normalize v2)
inacos (X *. x" +.y *.vV');;
val angle : float * float = float * float = float = <fun>
# let angle_deg v1 v2 = degree_of radian (angle v1 v2);;
val angleD : float * float = float * float = float = <fun>

# angle _deg (3.0, 1.0) (1.0, 2.0);;
- : float = 45.

# angle _deg (0.0, 0.0) (0.0, 0.5);;
Exception: ZeroVector.
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# let angle_strv1 v2 = try
“Angle is string_of float (angle deg v1 v2)
with ZeroVector -> “Not defined.”;;
val angle_str : float * float -> float * float -> string = <fun>

[/ AV aN

# angle_str (3.0, 1.0) (1.0, 2.0);;
- : 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
[l =1
| hd::tl -> if hd = 0 then raise Zero else hd * f
in try f | with Zero = 0;;
val prod : int list -> list
# prod [1;2;3;4;5;0;7;8;0];;
-:int=0
s 071EEDD O ICHRRCTHEIGHITEZE I ICIRDTL S
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Reference
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# leta = ref 0;;
val a : int ref = {contents = 0}
# la;;
-:int=0
#a:=0b;;
-2 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=5y =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 b;;

-:int=5

# Increment a b;;

-:int =10
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- unit = ()

n FHiE

= BI{EALIIMICEIRD S WLEEEIDR D {E

» 5| BNDAELGRERICEZAD T = —(BE
= C++ @ void B (ZHHY

16



T W M R

Value restriction (1)
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#letrl =ref [];;

val r1: "a list ref = { contents = <fun>}
# let f () = List.map not (!r1);;

val f : unit > bool = <fun>

#rl:=[5];;

-2 unit = ()

#f();;%

ECHhHEDILL?
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Value restriction (2)
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RAZLEICFTIERAIF 0L
# let r1 = ref (fun x = x);;
#letset rifx=r1:=1; Ir1 x;;
val set r1: ('"a—'a) > 'a—>"a = <fun>
# let twice f x = T (f x);;
val func1: (la—>'a) > 'a—>'a = <fun>
s BUEICRAS...
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Value restriction (3)
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(fx =)
# twice (fun x> x + 1) 5;; (* (A) *)
cint=7
# set r1 (funx > x) 5;; (* CNIFESTTVLERED *)
:int=>5

# set_r1 funx > x + 1)5;; (¥ (A) EBEUEWLA *)
-1int=6 ... ICIFERUMBEZ|ITEIT

ER. MLOVATLAEEBEZE-ST
SRBICZPEESZD3DITE L L
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Value restriction (4)

m & ') 37')7{_3'03"T/9% reference [C[3
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#letrl = ref[];;

valr1: " alist ref = { contents = <fun>}

# let f1 () = List.map not Ir1;;

val f1 : unit -> bool list = <fun>

#let =1r1 @ [5];;

This expression has type int but is here used with type bool
#1rl::

- : bool list = []
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Value restriction (5)
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() &= apply UICiERDELSL?
987 fun () -> (fun x -> x) DIFEEEZAD &
‘a—>‘'a & ULIch
XD f DIZEREBIEE a—> ' a UDICH

letf () = letr = ref None in
fun x =
let old = match !r with
None > x | Somey —=>vy
inr := Some x; old
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Value restriction (6)
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# (fun () x -> x) ();;
-1 a—>'" a= <fun>

i etc...
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Value restriction (7)
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# let f = List.map (fun x -> (x, x));;
valf: " alist-> (" a*"’ a)list = <fun>

« BESR: n ER
# let f xs = List.map (fun x -> (x, X)) xs;;
val f : 'alist-> ("a * 'a) list = <fun>
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Value restriction (8)

)
n BEH
F11(Z Value restriction 2R UTCEHX

= Andrew K. Wright, Matthias Felleisen.
A Syntactic Approach to Type Soundness.
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Value restriction LAFMNDEERIE & DIFKLEE D D
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= Jacques Garrigue. Relaxing Value Restriction.
OCaml 3.07 CHRAFTE
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#lettestxy=(x=y,x==y)

val test : 'a = ‘a = bool * bool

# test 1 1;;

- : bool * bool = true, true

#test 1.0 1.0;; (* —fZAYICIE = UpiEWLWEFT L *)
- : bool * bool = true, false

# test “string” “string”;; (* [E_L *)

- : bool * bool = true, false

26



FEERF (3)

# test (ref 1) (ref 1);; (* Reference Tld == HEE *)

- : bool * bool = true, false

#letr = (ref1)intestrr;;

- : bool * bool = true, true

# (fun x = x) = (fun x = x);;

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

- : bool = false

# letf = (fun x = Xx) in test X X;;

- : bool = true, true
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type turtle = (any specification)
val new_turtle = unit = turtle
s TUWSY — b IbZ &Rk
val advance = turtle = float = unit
val rotate = turtle = float = unit
s I—FIVDLUBEZIZEISE D
val locate = turtle — float * float
 IWEOMEE (x, y) DN THRE
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# let t1l = new_turtle (;;
: turtle
# advance tl1 1.0; locate tl1;;

val tl

#

#

#

: float *
rotate tl
: float *
rotate tl
: float *
rotate tl
: float *

{ .} 'x

float = (1., 0.)
90.0; advance tl1 1.0; locate tl1;;
float = (1., 1.)
90.0; advance tl1 1.0; locate tl1;;
float = (0., 1.)
90.0; advance tl1 1.0; locate tl1;;
float = (0., 0.)

(*3TRERECTENDIEEICOICESBLDIFERICULG LS TRLY)
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= sin, cos, ... : float = float (AMEE)

= let pi = atan 1.0 *. 4.0 (VEXS...)
. F—
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m Stack 0)7‘ FigE=xXKIRIT 3SHE =
EEx=U. ROBREZEEFELC L,

new_stack: unit = ‘a stack

T U Uy stack D1ERK
push: ‘a stack =’ a —> unlt

pop: 'a stack = ‘a
FEEERZHRDOHT
= 28 stack [CXJ9 D pop [EHIIM =X
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#
#

#

#

Uncaught exception:

let s = new_stack (;;
val t1 : ' a stack

push s 1;;

= ()
push s 2;;

()

: unit

: unit
PoOp S,
: int = 2
pop S, ,
: int =1
PoOp S,

EmptyStack.
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n T—YEOEROEREIS?
ElF 2 TIVIC

type 'a stack = { mutable s : 'a list }
T,

= push: U +DIFEEICEZR ZE

= pop: YA LD head ZEDHT .
HDHUTCED stack I3 A F D tal
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t%I(C Queue Z{EN. BUL.

H1R{FIIX

EWNATYVITRTIDIE,

new_queue: #1 UL queue DIERk
add: HTUWEFRZREISIEN]
take: FLEHOEZZHR DT

= Stack &{LITEITH., Io&FHULLTT,

s B A FTIFERODHEUMEND EBESHH
O(1) IREICHEDLEE A,
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