ML ;&8 5 2 [

HHLD
April 16, 2002



SEOHE

n ) \F—2IVF
m Parametric Polymorphism
« JA b
= Z1HRAEN
« LI—FE
s NV B

= ZRT—HE & S BN



INT—23IvF (1)

s ANT—FENFT—- BT S

# let rec fib v = match v with

1N (O-> fib(x-1) + fib(x-2);;

val ibf: int ->int = <fun>
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INT—203IVF (2)

s AEERICHITINT I VTF

# let T (X,y) = X + Vy;;

val

f - 1nt * Int

#  (2,3);;
- . Int =5

-> I nt = <fun>
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INT—203IvF (4)

A, 7LT SIFWMEDHDIGETDES

# let flip x = match x with
O ->111->0;;
Warning: this pattern-matching is not exhaustive.

Here is an exanple of a value that is not matched:
2

val flip: int ->int
# flip 2;;
Uncaught exception: Match failure ("", 13, 41).




JA (1)

s JAMDERER

« ZUA
# [1 3
- Talist =[]

s=cons AVALSDH
# 1 :: [] ;
- o int list = [1]
# 1 :: (2 :: 3 :: [D) ;;
- . int list =11; 2; 3]




A (2)

m X~ DIR{E (1): cons & append
# let 11 = [1; 2; 3; 4; 5];;
val |1 : int list =11, 2, 3; 4; 5]
# -1 :: 0 :: 11;;
- . int list =[-1; 0; 1; 2; 3; 4; 5]
# 11 @ [6; 7];;
- .int list =11, 2; 3; 4; 5; 6, 7]



JAF (3)

s UALDDEE: NI —IVFEES

# let rec sum 1 = match 1 with

[] >0
| hd :: tl1 -> hd + sum tl
val sum: int list ->int = <fun>
# sum [1; 2; 3; 4; 51;;
- . Int =15

1::[2; 3; 4; 5]




T W W L

RZiEE(E (1)

D D D >

= 51 DA DEBRERZFDIFF hd
Int_hd: int list -> int
bool hd: bool list -> bool
string hd: string list -> string
intpair_hd: (int * int) list -> Int * int
etc

s 3R{EISHE: let hd (h::t) = h
HBLEERIEISEASNELY?
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RZiEE (T (2)

>

B >
m BEIR:

[8Y | [CDWTCTINSA—HS{T S

hd[o] : o list-> O

= hd
= hd
= hd

int] : int list -> int
string] : string list -> string

int * bool] : (int * bool) list -> int * bool

ML Tl&. [a] DERFIFEAR UG < TERL
(B23Esm C B ENRYICAEIR)
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o

n 51 [BESSREE: 51
# let 1d X = X;;
id: "a ->"a = <fun
# 1d 1;;
- 2 int = 1;;
# 1d [true; false];;
- . bool list =Jtru
# 1d sum;;
- o 1nt list ->1nt

e; false]

= <fun>
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T W W L

(2)

S tHRAEX

_ > _

m §2: fst, snd : X7 DE
# let fst (x, _) = Xx;;

val fst : "a * 'b

- >
# let snd (_, y) =vVY;;
- >

val snd : 'a * 'Db

cf. A& THIVFITIS

FEHOEU

a = <fun>
b = <fun>
ERIN\NY—2

s BHGZPZZTZADIRNDDIC _ Z{EL
STEICFEDIEWC EEHRTES

13



Z1HREZY (3)

= {53: mk_list

# let rec mk_list n v =

if n = 0 then []

else v :: mk_list (n-1) v;;
val nk list: int ->"a ->"a |ist
# mk_Tist 3 “1”;;
- . string list =[%“1"; “1”
# mk_list 2 true;;
- . bool list = [true; true]

1]
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Z1HREZY (4)

R R 3 3
m53:rev: VA MDRER
# let rev 1 =
let rec 1ter s d = match s with
[] > d

| Ch::t) -> 1ter t (h::d)
in 1iter 1 []
val rev: "a list -> "a |ist
# rev [1; 2; 3];;
- . int list =1[3; 2; 1]
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Iter [2; 3] [1]
1ter [3] [2; 1]
1ter [] [3; 2; 1]
[3; 2; 1]

let rev 1

let rec iter s d =
match s with

L]

-> d

| Ch::t) ->

iter t (h::d)

in iter 1 []
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Z1HREZY (5)

= 514: : map (EIEEIER)
# let rec map f 1 = match 1 with
[] -> []
| hd :: t1 -> f hd :: map f tl;;
val map : ('a ->"'b) ->
alist ->"b list = <fun>
# map fib [1; 2; 3; 4; 5];;
- o int list =1[1; 1; 2; 3; 9]
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Z1HREZY (6)

®
n BDBATRAY S IR
# let f1 x = (X, xX);;
val f1 : "a->"a* "a = <fun>
# let f2 (x:int) = (X, X);;
val f2 : int ->int * int = <fun>
# let f3 x = ((x, X):int * 1nt);;
val f3 : 1int ->int * int = <fun>
# 3 “string”
Thi s expression has type string ...
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METF—YRNES
s LJ—F (record)
S DIEDHDE!

s C S struct (CHHE
m/\JJ?> | (variant)
EHRDIEDIEFEDSIB1D%(EE T B E

» C EEE0 enum, union, cast H&ED

tHAEHTEICES
IRMEDLZEMZETBAERIELTILNDS
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L3d—FE (1)

® ® ® ®
n 5: $ERENDERZEERT
# type complex =
{re : float; im : float};;
type conplex =
{ re: float; im: float; }

# let cl1l = {re = 5.0; im = 3.0};;

val cl : conpl ex
= {re=5.000000; 1 m=3. 000000}

# cl.re;;
- float = 5.000000
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L J— FEI (2)

n\I—=2IIVFT
# let add_comp
{re=rl; 1m=11} {re=r2; 1m=12}
= {re=rl1 +. r2; 1m = 11 +. 12};;
val add _conp = conplex -> conpl ex
-> conpl ex = <fun>
# add_comp cl cl;;
- . conpl ex
= {re=10. 000000; i nmr6. 000000}
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NUF7FEL (1)

o ® ® ®
n B B =) — FICHDAR
# type 1tree = Leaf
| Node of int * itree * itree;;
type itree = Leaf
| Node of Iint * itree * itree
# Leaf;;
- |tree = Leaf
# Node(5,Leaf,Leaf);;

Itree = Node (5, Leaf, Leaf)
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NUF7 EL (2)

n RD /) — FDIEDTET 2k SEHEN
# let rec sum_itree t = match t with
Leaf -> 0 | Node(a,tl,t2) ->
a + sum_itree tl + sum_itree t2;;
val sumitree : itree -> int = <fun>
# sum_itree Leaf;;
- > Iint =0
# sum_itree
(Node(4,Node(5,Leaf,Leaf),Leaf));;
- Int =9
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T W W L

ZiETF—SE & (T (1)

> > > >
m f512: —figD TR &(3F?

= itree = Leaf | Node of int * itree * itree

= btree = Leaf | Node of bool * btree * btree

= ibtree = Leaf |
Node of (int * bool) * ibtree * ibtree

s ZHEWMER U XD GEEFEZANERGEVHY?
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T W W L

ZiETF—SE & (T (2)

50 [ BZEHT BDINS A—51L ]
—fig 2

= 0 tree = Leaf | Node of o * o tree * o tree

= int tree = Leaf | Node of int * int tree * int tree

= bool tree = Leaf |
Node of bool * bool tree * bool tree
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ZE>7—5E (1)

o o
BXx%x/)—FICHDOAKR
type ’'a tree = Leaf | Node of
a * 'a tree ’a tree;;

als
”~n

d

type "a tree = Leaf | Node of
‘'a * 'atree * 'a tree

Node(5,Leaf,Leaf);;
Int tree = Node (5, Leaf, Leaf)
Node(“ocaml”,Leaf,Leaf);;

string tree =
Node (“ocam ”, Leaf, Leaf)
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T W R

ZHET—5E (2)

b > >

- JZTIA’FHJD*LJJW) VAN IAVA oFic
ol option = None | Some of «
s [ELDHUNGEL ) T—5ZKTE
s C Tld NULL 7R 25 OFIFAH—{izHY
olist=[] |:: of o * a list
s BXWICITS & o &HFTR
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SHET—YE S HREEN

®
u (5l) tree DIF=Z=ETH I D%
# let rec depth t = match t with
Leaf -> 0 | Node(_,tl,t2) —>

let d1 = depth t1 1n

let d2 = depth t2 1n

1 + (1f d1>d2 then d1 else d2);;:
val depth : "a tree ->int = <fun>

# depth(Node(5,Node(4,Leaf,Leaf),Leaf));;
- . Int = 2;
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ZDDIEI (1)

= = 1ES1E (1)

= fun(, let) > S5 |EE@EENE1DDINT —2
# (fun Xy -> X +Yy) 2 3;;

- - 1nt =5

# let f xXy =X+ vy;;

val f : Iint ->1nt ->1nt = <fun>
# t 2 3;;

- . Int =5
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ZDNIEX (2)

n B ZIESEN (2)
= function: 15 |EICHEEINT —2
# let isnull = function

[] -> true | _ -> false;;
val isnull : "alist -> bool = <fun>
# let rec map f = function

[] —> []

| hd::t1 -> f hd :: map f tl;;
val map : ('a ->"'b) ->
alist ->"b list = <fun>
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ZDNIE (3)

m AL
= (¥ & %) D-E
# 1 + (* this 1s comment *) 2;;
- . Int 3
= ANFICTES
# 1 + (2 + (3 + %) 4 + *) 5;;
- . Int =6
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T W W L

ZDthDIEN (4)

> _ >

s PEEEFICOVT

=
7

(

R E T D22 EN 4N
) CHEDEBEDIEEUVTERDS

# C* )y,
- Iint ->1nt ->1nt = <fun>
# C* ) 5 353

- . Int =15
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sred 1

n 5|END2U A M ZEERFUICU A ZIRT
BE%Y append: o list > o list > o list
= @ =FEDI [CERT L,

# append [1; 2] [3; 4; 5];;
- int list =11, 2; 3; 4; 5]
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T W W R

B R 2

> > >

s FIEREE & 'J A==

ITHXD . 7TtdDY

AFDEZDSBERS

e BICT &

=y

753DV A M2ERT DEEX
filter: (ot = bool) = o list > o list

EExET L

# filter odd [1; 2;

- o int list =[1;

3; 5]

3; 4; 51;;
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T W W R

EAIER 3

m /N (o tree) ZF(FTHLD RS EBELIFRTC.
FEZRZIIIANICURAZ5ERT DR
dfs: o tree = o list =ZEET Lo




saea3 (f51)

# dfs(Node(7,
Node(5,Node(4,Leaf,Leaf),Leaf),
Node(9,Leaf,Node(15,Leaf,Leaf))));;

- . int list =117, 5; 4, 9; 15]
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T W R

:2i84 (optional)

b > > >

w2l EEY 0 &E Tz UAL
la,; a,; ...; a ] Z3Z(FHLD .,

AfEe Ciaac BICHER

a, 0 (a,0 (... O (a 0 2))) ZRIEEEK
foldr: (x > B > B)—> B = alist—>
Ext L

# foldr (+) O [1; 2; 3; 4; 5];;

- . Int =15
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saead (f51)

D : 4 = 4
# let flatten x = foldr (@) [] x;;
flatten : "a list list ->"a list

# flatten [[1;2]; [3;4]; [5;6;7]1]1;;
-t int list =[1; 2; 3; 4, 5, 6; 7]
# let filter f x = foldr
(fun x y -> 1f f x then x::y else y)

[] y;;

filter : "alist -> "a |l st
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T W W

sRiA5 (optional)

D

m 5RER3 (fFl) DAL, EORICEENDE
Zld/—FDEXDNEL. HDfRIC
SEN3I3ERIL/) —FDOKXKELEDT
WB. CDEXDERZ2DIFZRAREND,

1 2 ERBANEICTERZSA5NT.

CDEBERZENMUICARZIRT (2R

add bst: a0 = o tree > o tree Z7F

=L
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SRRE5 (f511)

# add_bst 8 (Node(7,
Node(5,Node(4,Leaf,Leaf),Leaf),
Node(9,Leaf,Node(15,Leaf,Leaf))));;

- . Int tree =
Node
(7, Node (5, Node (4, Leaf, Leaf),
Leaf),

Node (9, Node (8, Leaf, Leaf),
Node (15, Leaf, Leaf)))
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