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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),(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 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
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# type 'a option = None | Some of ‘a;; (* EIZ#HFrAHEY ¥)
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’)) ->
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;;
exception ZeroVector

# raise ZeroVector;;

Uncaught exception: ZeroVector.

# exception BadArg of float;;
exception BadArg of float

# raise (BadArg 5.0);;

Uncaught exception: BadArg 5.000000.
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# let normalize (x1, x2) =
let n = sgrt (x1 *. x1T +.x2 *. x2) in
if n = 0.0 then raise ZeroVector 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 =

let ((x,y),(Xx",y’)) = (nhormalize 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
“Angleis ” ™ string of float (angleD v1 v2)
with ZeroVector -> “Not defined.”;;
val angle_str : float * float -> float * float -> string = <fun>

# angle_str (1.0, 0.5) (2.0, 3.0);;

- : string = "Angle is 29.7448812969"
# 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=0
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# vala =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=5vy=3;},;

val p1 : mutable point = {x=5; y=3}
# pl.x <-6;;

-1 unit = ()

# p1;;

- : 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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# ()
- 1 unit = ()
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m “Turtle” DEFIVE LT, IREDUE
CEEDMEIEZEEE T D7 — B! turtle
ZED ., ROADDENEEEIRT B
R =ERT Lo

(0,0) (CETULLN turtle ZEERKT D
turtle Z n ZEIICED D

turtle Z74I(C k EREz TS
IRTED turtle DIEZIRY
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type turtle = (any implementation)
val new_turtle = unit -> turtle

s FTUWS — MV ZSER
val advance = turtle -> float -> unit

val rotate = turtle -> float -> unit
s I—FIVDUEZZENSES

val locate = turtle -> float * float
 INIEDUEZ (x, y) DN THRS
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# let t1 = new_turtle ;;
turtle
# advance tl1 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 t1;;
=1, 1

advance tl1 1.0; locate t1;;
=0, 1

advance tl1 1.0; locate t1;;
=0, O

(*ETEEEETENEEICOICESHEULDIERICUE L TRELW)
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= sin, cos, ... : float -> float (JAE;E)

= 7T = atan 1.0 *. 4.0 (BWBIFS5...)
. F—
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m Stack 0)7' g exXKIRIT 3SHE =

ExU. ROBE=EEL L

new_ stack: T UL\ stack M{ERX
= new_stack MIRDEDEILBART S

(*R

LAPERER)

push: BZZ 58 6]
pop: FLEEEFRZH DT

= 28 stack [CX9 B pop [FHlI9M &% H
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# let s = ( new_stack () : int stack);;

® ® ®
val t1 : int stack
# push s 1;;
- ounit = ()
# push s 2;;
- ounit = ()
# pop s;;

- . int =2
# pop S;;

- int =1
# pop S;;

Uncaught excepti on:

Enpt ySt ack.
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type 'a stack = { mutable c : 'a list }
Tl

= push: U +DIFEEEICEZRZEN

= pop: YA D head ZED KT .
EHRDHUTCED stack (U X + D tail

24



T W B

sHiA3 (optional)

:RRH2 & [EHRIC Queue Z{EN.
new queue: 1L LY queue DIERK
add: FTUWERZRE(TEN]
take: SEERDEZRZR D HT

m Stack Z{LUCTEIH. I UWTT,
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