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I1|E0) /\'3! /J TUEZDIRIELHIE
# let rec fib n =
match n with
0| 1-—>1
| X -> fib (x - 1) + fib (x - 2);;

val fib : int -> int = <fun>
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IyF LI EIE AR IR TERTEE
# let rec pow X n =
match n with
0 >1

[(m)-> x * pow x {m)- 1);;

val pow : int -> int -> int = <fun>
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INR—2 DFEER

" OR/\NA—Y
s D INEI—2 D535 —DTHEYYFINIL OK

# let rec fib n =
match n with
0| 1-—>1
| x -> fib (x - 1) + fib (x - 2);;
val fib : int -> int = <fun>
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Tuple /X 3—>

Tuple DERZINZTNNTYFINIL OK
EHERBENFI—2VEEDHOETEZROREH LA AIEE

# let scalar n p =
match p with
X, y) > (h * X, n *y);;
val scalar : int -> int * int -> int * 1int
# scalar 3 (2, 3);;
- 1int * int = (6, 9)
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# let is_vowel X =
match x with
lal | lel | |
| _ -> false;;

val is_vowel : char -> bool = <fun>

i' | "o' | 'u' -> true

(0 u
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# let 1s_diag p =

match p with

(X, y) when x =y -> true

| _ -> false;;
val is_diag : 'a * 'a -> bool = <fun>
# is_diag (3, 3);;
- : bool = true
# is_diag (3, 4);;
- : bool = false
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il a

let (rec) 'kb f&n D51 ER 7 1Z1E
INF—2%ET5

# let thd (, _, 2) =

val thd : 'a * 'b * 'c -> '"c = <fun>

# thd (3, true, "hoge™);;

- : string = "hoge"

# fun n (X, y) => (n * X, n * y);;

- 2 1int -> int * int -> int * int = <fun>
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. functlon‘t %Iyﬂé” 1 {E=THY
INF—2TF 1T OB 1ES

# let rec fib = function
0] 1->1
| x -=> fib (x - 1) + fib (x - 2);;
val fib : int -> int = <fun>
# let rec pow x = function
O >1| n->x*powx (n-1);;
val pow : int -> int -> int = <fun>
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O->1|1-> 0;;
warning P: this pattern-matching is not
exhaustive. Here is an example of a value that

n ELEM tjé 2hV K=& %L“IF?‘
/\’5!—/75\73.L\
# let flip x = match x with

;s not matched: ChEEZ I |
val flip : int -> int = <fun> /\’;‘lgég(‘ﬂ’-
# flip 2;; ;

Exception: Match_failure ("", 1, 13).
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LLEMESZEIXTEALLY

# let is_diag p =
match p wi nguﬁﬁqj

(X, X) -> true | _ -> false;;
This yariab1e 1s bound several times in this
matching.

O \) ®

1
2
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a

OR ’C’D&h\of_%h%hd)/ \ 33— TI&
RETHEHDN—HLAZ T NILGRSE

B | DERIT
#let fp= %Zhﬁ‘ﬁ%ﬁéh’cl,\f;b;

match p with
a1, x, y) | 2, x, 2) -> X;;
Variable y must occur on both sides of this |
pattern.
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JARDERER

='

E.'EZ([])
# [1;

a Tist = []

=ConstzJL (::)

# 1 :: [1;;
- : 1int 1ist = [1]
#1 :: (2 :: 3 :: [

: int list = [1; 2; 3]
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s YRFDERIFTATRLCET
B hIE S

# [1; 25 313,
- :1int 1list = [1; 2; 3]
# [1; true; "hoge"];;
Characters 4-8:

[1; true; "hoge"]l;;

AAAA

This expression has type bool but 1is
here used with type 1int.
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" cons (:=:) &=append (Q) Z{FEo1=1) AEAE

# let 11 = [1; 2; 3]1;;

val 11 : int 1list = [1; 2; 3]
# -1 :: 0 :: 11;;

- :1int Tist = [-1; 0; 1; 2; 3]
# 11 @ [4; 5];;

- : 1int list = [1; 2; 3; 4; 5]
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" N\F=TYFEFEHLTITO

# let rec sum 1 =
match 1 with
] >0 | hd :: t1 -> hd + sum tl;;
val sum : int 1list -> int = <fun>
# sum [1; 2; 3; 4; 5];;
- *» int = 15

(
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Parametric Polymorphism
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« Bl YRR DEEEREE D ho

iInt_hd : int list -> int i

bool hd : bool list -> bool BRI R1 S
string_hd : string list -> string - ELTE

FRIEESELN

intpair_hd : (int * int) list -> int * int

B4 Tet hd (h::t) = hD&EIIC
KT HBLEDTEEHTLEL =L
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RLZHEDOBENE

dl

fRRE: B /NTGARZLTLED
hd[a] : a list -> a
hd[int] : int list -> int

hd[bool] : bool list -> bool 2 8B hd[a] @
hd int * int] : (int * int) list -> int * int ;i ‘;%f‘\‘/%)xl-

ER(Z(Fox 7O SIMNBERT HIHETLL
O'Caml| QRGN B ENIZERIRT S



Parametric Polymorphism

4

BZINTARIZTHIET

=/ %

AIIELGHNRERICE—733

U &3

EEDITT BAE

cf. 7z U ER®D polymorphism

(=

subtyping polymorphism)

B Z (X, Javad A&
cf. overloading (ad-hoc polymorphism)
HZ 1L, OCamlD=;BEF
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#

% MHE DB

8

let 1id x = X;;

RIZER o
‘a %‘c‘f

val id : "a -> "a = <fun>

#

I =1 FH 1

id 1;;

: int =1

id [true; false];;
: bool 1list =
id sum;;

* 1nt 1ist -> 1int

[true; false]

EEDEDIE|Z
S EETES

<fun> _/

25



% MHE DB

s R DEREFIRYHT

# let fst (x, ) = X;;

val fst : 'a * 'b -> "a = <fun>
# let snd (L, X) = x;;
val snd : 'a * 'b -> 'b = <fun>
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% MHE DB

s EXn OYRNEEDEH

# let rec mk_list n v =

val mk_1l1ist

#

#

if n = 0 then []

else v :: mk_1ist (n - 1) v;;
: int -> "a -> "'a list = <fun>

mk_Tist 3 1;;

: int list = [1; 1; 1]

mk_Tlist 3 "1";;

: Str'-ing 'I_ist —_ [Illll; I|1II; II1I|]

27



% MHE DB

.« REESHT-UR MRS B

# let rec rev 1 =
let rec iter s d =
match s with

L]

| hd ::
in iter 1 []

val rev :

-> d

'a list > 'a list =

# rev [1; 2; 3];;
- : int list = [3; 2; 1]

tl -> iter tl1 (hd ::

d)

<fun>
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s YR RDEBEX(CENEERAL TR EY

# let recmap f 1 =

match 1 with

[1 > []

| hd :: t1 -> (f hd) :: (map f t1);;

val map : ('a -> 'b) ->
a 1ist -> 'b 1ist = <fun>

# map fib [0; 1; 2; 3; 4]1;;
- : int 1ist = [1; 1; 2; 3; 5]
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ZHEZEFEON, EHXLEZHRTES

# let f1 x = (X, X);;

val f1 : 'a -> '"a * 'a = <fun>

# let f2 (x : int) = (X, X);;

val f2 : int -> int * int = <fun>

# let f3 x = (X, X) : int * int);;
val f3 : int -> int * int = <fun>

# 3 "string";;

This expression has type string but...
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mBT—2ED5E:

a l dl 4

L 3—F (record)
BEHDEZHICLI-E
EZED struct (A
IN1) Tk (variant)
EENDEDSIE—DO%LSIE

E:E0) enum, union, cast ZE D
HAHAEDHEIC $Eé|
EEOREENEREBICKYERIZRIESN S

dll
1p
X
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o ARROREERAT

# type complex = { re : float; im : float };;
type complex = { re : f1oat; im : float };;
# let cl={ re=5.0; im= 3.0 };;

val cl : com|:_)'lex = /74—)1430)5&‘)1/%’6‘
{re = 5.; im =ﬁ HEHH S5
# cl.re;;

- : float = 5.

I7-
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e S ERYAY S a

# let add_comp

{fre = rl; im = il} {re = r2; im
{fre=rl +. r2; im = 11 +. 12};;

val add_comp : complex -> complex

-> complex =

# add_comp cl cl;;

: complex = {re = 10.; im = 6.}

= i2}

<fun>
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INY T REY

dll dl

Bl: J—RI- B EE->TIND A K

# type 'it%\jﬁi?’fﬂﬁi%ﬁﬁ%ﬂ”?(i |
Leaf INJTORB DR EHEEIND
| Node of int * itree * itree;;
type itree =
Leaf | Node of int * itree * itree

4

# Leaf;; \

S ﬂ@*ipj[: DAY HY
- ¢ itree - Leaf EReV s e
# Node(l, Leaf, Leaf);; HIE A L0F 3

- : itree = Node(l, Leaf, LCear)
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s KD/ —RDEDEEHERD HEY

# let rec sum_itree = function

Leaf -> O

| Node(a, tl1l, t2) ->
a + sum_itree tl + sum_itree t2;;

val sum_itree : itree -> int = <fun>
# sum_1itree

Node(4, Node(5, Leaf, Leaf), Leaf);;
- :1nt =9
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ZHET—FEOLEM

— R AN (B S (RS AL

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

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

T—REELLTIIRILEZDTEED =LY

ZHERERLCLIGBEZ TN TEE D
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fERE B BO/N\FAZ1E ]

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

39



ZHET—2E DA

s J—RIZEREE O =4k

# type 'a tree =
Leaf

| Node of 'a * 'a tree * 'a tree;;
type 'a tree =

Leaf | Node of 'a * 'a tree * 'a tree
# Node(5, Leaf, Leaf);:
- : int tree = Node(5, Leaf, Leaf)
# Node("str", Leaf, Leaf):;
- 1 string tree = Node("str", Leaf, Leaf)
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¢

/ZTA%HJ% AHDIN)T

'a option = None | Some of
[FELGLOELNGIMEIZRT R

d

'a Tist =[] | (::) of "a * "a list
X E Lo E4E5%

41
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R OEYE
#

let div X y =
if y = 0 then None
else Some (X / Yy);;
val div : int -> int -> int option
# div 4 3;;
- ! 1nt option = Some 1
# div 4 0;;

- ! 1nt option = None

<fun>
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KD EEE RSB

# let rec depth = function
Leaf -> 0
| Node(_, t1, t2) —>
let d1 = depth tl1 1in
let d2 = depth t2 1n
1 + max d1 d2:;
val depth : 'a tree -> 1int

<fun>
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2L EDRERERD
2T AEOEE

BB C BT RE ST L OIEIZHI 2T 3

# type ('a, 'b) pair = P of 'a * 'b;;
type ('a, 'b) pair =P of 'a * 'b

# P (42, "answer");;:

- : (int, string) pair = P (42, "answer")
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RrE1 (WZB)

il

4

UTORE#ZEEZEE L
SIE D2 AT ERELIZ) AR R T B
append: 'a list -> 'a list -> '

==L@ZE D> TILULMFELY

RS R 5B ERY
TOURDERDSLE4EH-TESR
EHhSrdYRNEERT DS |
filter: ('a -> bool) -> 'a Tist -> 'a list
# filter 1isprime [1; 2; 3; 4; 5; 6; 7; 8; 9]1;;
- 1nt list = [2; 3; 5; 7];;

a list
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2B EE z &) RM[a; a,;...;a | &
Z(TEHY ., AHEES THREIE-HBE
a, 0(a,0(..0(02)..)
R 9B
foldr: ('a -> 'b -> 'b) -> 'b » 'a Tist - 'b

EEERLE X
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®

# fo1dr (+) 0 [1 2; 3; 4; 51;;

- : 1int = 15

# let flatten x = foldr (@) [] x;;
flatten : 'a 1ist T1ist -> 'a list

# flatten [[1; 2]; [3; 41; [5; 65 711;;
- : dnt Tlist = [1; 2; 3; 4: 5; 6; 7]

o qﬂﬁ,,\%i?li%%’rﬂﬁ’& HOTETRHEBMELTERS
- BH 29 H_ELTED
# let (V) XY =X mod vy;;
val ( % ) : 1int -> 1nt -> 1nt
#5 % 3;;
- 1 1nt = 2
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JRK Ist EEE n £ 2 (FEY
st hicEZRZZFrnERYVEITHASHESE
J 4= L’CJE?’EEI%‘&

comb : 'a list -> 1nt -> 'a 1list 1list

£it.

comb [1; 2; 3] 2;;

: int 1ist list = [[1; 2]1; [1; 31; [2; 3]]
comb [1; 2; 3] 0;;

: int 1ist list = [[]]

comb [] 3::

: int 1i1st list

I 1 1 H

L] 49



|:|7I<EI 4 (Z‘Z, )

K ('a tree)Z#=ITHY

LUTIZRIFI-ZERIECEER%
'a Tist %

HERTHEM 'a tree ->

EEtH L
1TEDNTNE (preorder)
BYHITE (inorder)

J&YHNTNIE (postorder)

i) Ak
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aaed4 (151)

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

- :1int list = [7; 5; 4; 9; 15]

rd
<> <>
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aaed4 (151)

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

- :1nt list = [4; 5; 7; 9; 15]

rd
<> <>
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aaed4 (151)

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

- : 1nt list = [4; 5; 15; 9; 7]

rd
<> <>
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=285 (Optional)

a 4 r

T OEEEEET 2 RERAZEEL THEL

X FHN TR TEDHE

ADBEEIFEE

BIINAXFIDRRELERELTIELIFAL
HIBRBEEZFF D&
FENENTWNBT—RETILI7RYNIEBIZY—FLTERTRT S
PegExfE D&

EDAKRD/—LFERBYMNITIEIZEAHE IEEBMICY— SR TL

5FFTHD
TJ7AIINE—T 958D L

J71ILDEEITEE

NEDHTHMEELRETLHIL
RELEI7AILNZEHRHAATAREZBRERT SHEEZHDOL



=2 7H6 (Optional)

r a

a a

! bot &E! not £ or_type HNLULTD &SI

ERINTLDETD

type bot = B of bot

type 'a not = 'a -> bot

type ('a, 'b) or_type =L of 'a| Rof 'b
ZDEZERR—TD1~6DEZDINT

EINENDOREFDOEZ

Tet rec Y“HIFE%

NS IZEETEDLM?

TR CEABSIIFOEEEZTE
Tet rec PHIFHZAWNTEIWNGEIZESIHN?
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N

=276 (Optional)

('a->"b) >(b > "c) > ('a-> "c)
('a, 'a not) or_type

('a, 'b * "c) or_type

-> ('a, 'b) or_type * ('a, 'c) or_type
('a, 'b) or_type * ('a, 'c) or_type

-> ('a, 'b * "c) or_type

('a * '"b) not

-> ('a not, 'b not) or_type

('a not, 'b not) or_type

-> ('a * 'b) not
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