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if invalid a then
raise ExceptionA

< 0 then

raise ExceptionB

let f x = let gab =
R trly
try
gXxy .
with else if b
ExceptionC -> ...
| ExceptionB -> ... else
with

EXceptionA

v

_> H E B
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let f x = let gab =
try
try if invalid a then
g Xy raise ExceptionA
with else if b < 0 then
ExceptionC -> ... raise ExceptionB

| ExceptionB -> ... else

EXceptionA -> ...
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# exception Zerovector;;
exception ZerovVector
# let normalize (x, y) =
let n = sqgrt (x *. X + *.y)

B+ 0= H

in

if n = 0.0 then raise Zerovector

else X /. n, y /. n);;
val normalize :
float * float -> float * float =
# normalize (3.0, 4.0);;
- 1 float * float = 0.6, 0.8
# normalize (0.0, 0.0);;
Exception: Zerovector.

<fun>
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# let angle_str vl v2 =

tr
let (x, v), &', 5 =
(normalize vl1,/normalize v2)
in string_of_flo
(acos(xX *. X' A. y *. y'))
with zZerovector ->""Not defined.";;
val angle_str : float * float ->
float * float -> string = <fun>
# angle_str (0.0, 0.0) (0.0, 0.5);;
- 1 string = "Not defined.”
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" 5D E R
= exception Zerovector
= exception BadArg of float
sl#OZDHINBEIEE (/NUT U REREIL)
= 5 5% D 35 H
= raise Zerovector
= raise (BadArg 3.0)
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try .. with Zerovector -> ..

dll

try .. with BadArg x -> .. .— | 2CT x
hEZ S

with DR (F/INF—2 Ty TF(ZHE-TLVS
try .. with
erovector -> ..

| BadArg x -> ..
| _ > ..
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unit !
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# O3
- runit = QO

C M void B2
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print_string 4> reference ~DHR A (&) in&
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= C %5 Scheme MDZE /A H
# let a = ref 0;; (* 0 THEMELI=SBE{ES *)

RUE L unit B

val a : int ref = {contents = 0}
# la;; (* SHEAZRUYHT *)

- :1nt =0

#a :=5;; (* SHEIZKA*

- runit = 0O

# la;; (* BUSEEDEZRYLET *)

 1nt = 5
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Mutable Field

E:C’éé record F

# type mutable_point =

{ mutable x :

type mutable_point =

{ mutable x :
# let

# pl.x <- 6,,

# pl;;

pl = { x =55y =
: mutab1e_p01nt
: unit = ()

: mutable_point = { x =

1N IT4—ILE

int; mutable y : 1int };;

int; mutab1e y : int; }

=5;y=

6; y
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# let increment x a = (X = Ix + a ; 1X);;
val increment : int ref -> int -> int]= <fun>
# let a = ref 0;;

val a : int ref = {contents 0}
# increment a 1;;

- int = 1
# increment a 2;;
- :1nt = 3

EEBEORXDFER (x) N
SRDEERICES




P g

A Z ¥ ¢ reference (&
FHTEDVELN

(BRI TS—(=%3) B

#

val rl : 'a 1ist ref = { contents = <fun> }
#

val £ : unit -» bool Tlist = <fun>

#

- 2 unit = O

#

ECHEMNLLNV?
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reference [CIXIRRELGEMERE | #5245

# '_a.: _Eﬂb§ﬁﬁ
. TE9 HELIET 4
val rl : list ref = { content @&ELLTIT
# ERAE
/,va1 f1 : unit -> bool 1list = <fun>
bool [Z 1] #

fEE 9 D& This expression has type int but is here used

with type bool
# \

- Tist = [] £S5 int LTI
E AR
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ROBEHIZ O ZEALS ?
fun O -> (fun x -> x) I&H 'a -> 'a TLIVAL..
ROBGETHEER '_a - >'_a THNEF A

let £ () =
let r = ref None 1in
fun x ->
let old = match !r with
None -> x | Some y -> vy
in r := Some x:; old
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Value restriction:
gl EAMNEWEREECHNSME]
ICDAZHEESZD
B = Tn U LFHESN S LML
HEROLID, FHESh AR IFEHEREFS550T

OK: E2, fun =, TN oD tuple,
TNOMNBIEAEBATT—3EE
NG: reference. Tet . FA%UE A etc...

#
- '"'a->"_a = <fun>
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@ ¢ f
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val f :

BERTR N
#

val f :

AR EARR 21 B LA D

'“a list -> ('_a * '"_a) 1list = <fun>

&G (IR5IMEHATT D)

'a Tist -> ('a * 'a) list = <fun>




Value restriction: &% 3k
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=)= Value restriction ZI2Z=L 1%

Andrew K. Wright, Matthias Felleisen.
A Syntactic Approach to Type Soundness.

Value restriction LIS\ D EEREEDEREEHY
IRESNT= O'Caml OHLE

Jacques Garrigue. Relaxing Value Restriction.
OCaml 3.07 T H
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# let t1l = new_turtle Q;;
val t1 : turtle = { .. } — Ve > »X
# advance tl1l 1.0; locate tl;;
- : float * float = (1., 0.)
# rotate tl1 90.0; advance t1 1.0; locate tl1;;
- : float * float = (1., 1.)

# rotate tl 90.0; advance t1 1.0; locate tl1;;
- : float * float = (0., 1.)

# rotate tl 90.0; advance t1 1.0; locate tl1;;
- : float * float = (0., 0.)
CETERETEANEREIZOIZESHZVDIERICLEGSTRLY)
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type 'a stack = { mutable s : 'a Tist }
val new_stack : unit -> 'a stack
(* T #LL stack Z1ERT 5 *)

val push : 'a stack -> 'a -> unit
(* 1E=&K% push 95 %)
val pop : 'a stack -> 'a

(* 1 E=&X% pop 5, stack HNZEZLS EmptyStack ISt &i%1+2 *)
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# let s = néw_stack O:;

val s : '"_a stack = {s = []1}
# push s 1;;

- unit =

# push s 2;;

- unit =

# pop S;;

- 1nt = 2

# pop S;;

- 1 1nt =1

# pop S;;

Exception : EmptyStack.
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=3 EZO);&**’C let s = new_stack O X9 5
AZTYEDIEEM val s : '_a stack = {s = [1}
L1 H> TS, ;?h,l ’DL"CHT@F&L\(‘MZJ:

1. 'a stack & '_a stack MELV\ZFERBAHE K
2. IRIZEYAY '_a stack TlE7%<T 'a stack
Ehiot=bL=n, EDISLEENEL S M ERBAE &
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type 'a queue = ?77?77?
val new_queue : unit -> 'a queue
(* 1 #7LL> queue Z1ERKT 5 *)

val add : 'a queue -> 'a -> unit
(* 1 EREEBMTS*)
val take : 'a queue -> 'a

(* 1EXZZEHYHE T, queue HZEZS EmptyQueue ISt E15%1F5 *)
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EH 22T, f zHIRMICERRBI ST 5
FE#Z R E inf =27
LT D &S, A=
inf f=sf (" ...)))))
# let fib = inf (fun g n —>
if n <= 2 then 1
elseg(n-1) +g (n - 2));;
val £fib : int -> int = <fun>
# fib 10;;
- : 1int = 55
ref > THLUH let rec ZFEHOTILLMFZELY




