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uffll1: XT FIVDIEFRIE
# 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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# 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 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 = sqrt (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>
# letangle_deg vl v2 =

match angle v1 v2 with

None = None
| Some x = Some (degree_of_radian x);;
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# exception ZeroVector;; (* BISMETES *)
exception ZeroVector
# raise ZeroVector;; (* IS Z & *)

Exception: ZeroVector.

# exception BadArg of float;; (* 5EZEFFDHI *)
exception BadArg of float

# raise (BadArg 5.0);;

Exception: BadArg 5..
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# let normalize (x1, x2) =
let n = sqgrt (x1 *. x1 +.x2 *. x2) in
if n = 0.0 then raise ZeroVector (* b %X *)
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 = (* FISMRIBIFITH AL *)
let ((x,y),(x",y")) = (normalize v1, normalize v2)
inacos (x *. x" +.y *.y');;
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_str vl v2 = try
“Angle is ” ~ string_of_float (angle_deg v1 v2)
with ZeroVector -> “Not defined.”;;
val angle_str : float * float -> float * float -> string = <fun>

# 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;;
# letprod| =
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];;
-rint=0
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s ZEOEERTIV (THE])
#leta =ref0;;

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

-lint=0

#a:=5;;

- 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}

#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 =ref 0;;

val a : int ref = {contents=0}
# increment a 5;;

-:int=5
# increment a 5;;
-rint=10

unit &
n () DE—DIE
#Q0
- unit = ()
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Value restriction (1)

n BIZ 1R & reference [FHEMEHEL
« (RRICEFFELEWL) FI
#letrl =ref[];;
val r1: ‘alist ref = { contents = <fun>}
# let f () = List.map not (Ir1);;
val f : unit = bool = <fun>

#1r1:=1[5];;
-unit= ()
#10);;

= ECHEHULL?
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m'a list ref [Z int list Z{XA?

« IR ERETIZH B H
RAZBILIZIFTIIBIF L
# letr1 = ref (fun x = x);;
#letset r1fx=r1:=1 Irl x;;
valset_r1:(a—'a) > ’'a—'a = <fun>
# let twice f x = f (f x);;
val func1: ('a—>'a) > 'a—>'a = <fun>

«BUEICRX3...




Value restriction (3)

(#RE)
# twice (fun x => x + 1) 5;; (* (A) *)
-rint=7
# set_r1 (funx = x) 5;; (* CNIFBESHEOERDS *)
-:1int=5

#set r1 (funx = x + 1) 5;; (* (A) EEUEWA *)
-rint=6 ... KKIFERUMBZS IERIT
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Value restriction (4)
m EDHATDERR: reference ICIT
FRREDHEIBE! | #5323

#letrl =ref[];;
valr1:’_alist ref = { contents = <fun>}
# let f1 () = List.map not Ir1;;

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

#let_ =1 @ [5];;

This expression has type int but is here used with type bool
#1r1;;

- : bool list =[]

Value restriction (5)
FEZ BT unit > 'a > 'a BLDIEIC
() % apply UTCHERDES?
s BA% fun () -> (fun x -> x) DIBEEEZ B &
‘a—>‘'a&Ufcy
= RO f OIBFEHEBRE " _a > _a UHIED
letf() = letr = ref None in
fun x >
let old = match Ir with

None = x | Somey =y
inr:= Some x; old
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Value restriction (6)
s MLTOEER: BHERAM GV EIEE(CHH DS
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OK: E#Y, fun ¥, ZNS D tuple,
EFNSHSLEILERTYT—FIEE
NG: reference, let =¥, BA#GEF etc...

# (fun () x -> x) ();;
:"_a—>'_a= <fun>

Value restriction (7)

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

BRR: nEM
# let f xs = List.map (fun x -> (x, x)) xs;;
val f: 'alist-> (‘a * ‘a) list = <fun>
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Value restriction (8)

= BE R
EB#)IC Value restriction Z12E U
= Andrew K. Wright, Matthias Felleisen.
A Syntactic Approach to Type Soundness.
FAPTODTEBEICHHITY
Value restriction LIS DEERE & DFRLLEERD D
REIEEEIN TS OCaml DGR
= Jacques Garrigue. Relaxing Value Restriction.
OCaml 3.07 CIRAFE




FEEEF (1)

1 2DDEEEREY

=: M&E&EMNL—B (BE: <>)
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= Scheme @ equal? [C1HH

==: MYPBNLT—N] (BE: =)

= [7FUR) UDREL

= Scheme @ eq? [C1HY

== OFHHHEBINHEN
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FiEEEF (2)

#lettestxy=(x=y,x==y)
val test : ‘a = "a = bool * bool

#test11;;
- : bool * bool = true, true
#test 1.0 1.0;;  (* —MHIICIE = CpBLEETL ¥

- : bool * bool = true, false
# test “string” “string”;; (* Bk *)
- : bool * bool = true, false

FiEEEF (3)

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

- : bool * bool = true, false

#letr = (ref 1) 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 = x) in test x x;;

- : bool = true, true
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LEREREY

LERERF <, >, <=, >=
B oo > o —> bool
= &M UICERER
BEEY - SREY > BUBELEER
XF5 - XF - FEIFLE
FDMDATI T b - EEKTF

= ERNICFERDOHEIR
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sRea1
m “Turtle” DEFIVEULT. REDREETE

DEEZELI/IT ST —F 8 turtle Z{ED.
RDADDENEZEIRT B
B EEET L.

(0.0, 0.0) ICER L turtle ZXERRT B

turtle Z n #HEIICED S

turtle ZE(C k BRI E 3

IRTED turtle DHEZIRT
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srea1 (11%R)

type turtle = (any specification)
val new_turtle = unit = turtle
s FIUWS — MIVESER
val advance = turtle = float = unit
val rotate = turtle = float = unit
= Y- FILDMHNEZB#ETES
val locate = turtle = float * float
= IBIEDME%E (x, y) D7 TR
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SHB H: = ~
aRaa 1 (f51) Rl (EVF)
# let tl = new_turtle Q;; = A
val tl : turtle = { .. } X . ) N N
# advance t1 1.0; Tocate t1;; = sin, (_:OS' -+ float = float \GHME‘,%)
= . float * float = (1., 0.) mletpi = atan 1.0 *. 4.0 (BELS..)
# rotate tl1 90.0; advance t1 1.0; Tocate t1;; >F—/~8Y
- : float * float = (1., 1.) « ZEIREL - FOSED?
# rotate tl 90.0; advance tl 1.0; locate tl;;
- : float * float = (0., 1.)
# rotate tl 90.0; advance tl 1.0; Tlocate tl1;;
- : float * float = (0., 0.)
(*EtERETENEREICOICHESBLDRRICULE TRLY)
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SHB SHB
ERRA2 area2 (f5l)
= Stack D7 —FHWEERHET 35EL%E ? let s = newstack O
. N = g+ v HER =
EEL. ROBEEEREL L, # push s 1;;
new_stack: unit = ‘a stack - tounit = ()
#7 UL stack DIERK # p“s"_i 2 ;()
= ! uni =
push: ‘a stack = ‘a = unit # pop s:;
Ei’éﬁﬁ(:ﬁm] - : int = 2
pop: ‘a stack = 'a # pop s;; )
KREBREROMT ) ke =
= 2 stack (:;3?5 pop l;ﬁuyl\%ﬁtﬂ Uncaught exception: EmptyStack.
33 34
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= T Y RORBEDERIS?
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type ‘a stack = { mutable s : "a list }
Tk,
= push: U A DOFEEICERZENM

= pop: YA LD head ZEADHT .
OB UICED stack (U A ~ O tail
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;2383 (optional)
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new_queue: $TULY queue DIERK
add: FTUWERZFREISENM
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