oooodouogo g 40
Jubogdbougtdboodbood

OO 00 ogoogg i

20010 110 70

keywords: OUO0O0O0O0OOOOOOOOOOOOO

1 0000

OCamlO000DDOOO0OO0O0OOODDOOODODODOODOOOOODODODOOOOOODDODOO
gbuogbgbugbobogbobodobobboobooboboouoboboobob
O0000000000000000000000Caml00000000O0OO (first-class value)
0000000000000 00O0ODODOO0O0O0000000000O (higher-order function)
goon

1.1 ODoogooobod

0000000000000124+22+---+n*0000000 sqsum 0013 +23+---+n?
goboobdd cosum U0 oogn

# let rec sqsum n =
# if n = 0 then O
# let rec cbsum n =
# if n = 0 then O elsen *n *n + cbsum (n - 1);;
val sqsum : int -> int = <fun>
val cbsum : int -> int = <fun>

elsen * n + sqsum (n - 1)

gobbogobbogbobobbooobbobooobbooobobuooobboooon
goboodobbuoodgbbuooouoogbbuooobboobooobbooobbab
ggbbobuoooobbboooobobbuoooobobboooooobooo
gobbuoodbbbuoogbbtdnbobodobbuooobbbuoodbibddn
gbobodboboobboobboobbododb ngobboooboobboobob
gbooboboooooboboboooobobooboboboobobobobobon
gogbbobuoogobbboooooobooooboobuooooboo



# let rec sigma (f, n) =
# if n = 0 then O else f n + sigma (f, n-1);;
val sigma : (int -> int) * int -> int = <fun>

U000 sigmna 000000000 OO0DOO0DOOD £000 0000000000
O0000(@O0O00: 0000 0 >0 x0000000000)
gooddtilsgsum O cbsum U U

# let square x = X * X

# let sqsum n = sigma (square, n)
# let cbsum n
# let cube x = x * x * x in sigma (cube, n);;
val square : int -> int = <fun>

val sqsum : int -> int = <fun>

val cbsum : int -> int = <fun>

gbdboboubobobdbobobouobuobobobobbooobbodubobdlUcbsum
ggbood let-0000000obbboogooboboooobboooooobobogn

# sqsum b;;
- : int = 55
# cbsum 5;;
- : int = 225

1.2 OO0dd

goooboo sigmaDDZf(i)DDDDDDDDDD fobdbooobooooooooon
i=0

O00D0O0000O000O00DbO0OO0 1let0DbO0O0O0OOO0ODOOODODOO fOODOO

gbobooobogbobooogbbuoobobooobboooooobbuooobboon

goooooogn
O00000000000000000000 (anonymous function) DO0O0DO0O0O0O0OO
O0Db00000o0Caml DO0O0O0O00O0O0DDOOCaml OOODODODODO

fun (O0OOO) -> e

000000000000 )0000000000000 e00000000 fun OO0
gogboboboooobbobooooboboogod

# let cbsum n = sigma ((fun x -> x * x * x), n);;
val cbsum : int -> int = <fun>

# let sqb = ((fun x -> x * x), 5) in

# sigma sqgb;;

: int = 55

(fun x > x * x) 7;;

: int = 49

[ |



0000000000000 000000000(000000000oooo)ooood
0000000000000 0000 funO0000 OOODOODOD (DODODODOOO
“,n” 00000000000D00D0OD0Ox*xxxx 0 n000000O0DODOODOO
gbgbobobobid+fwmdbOobO0ObO0OOO0ObOO0DOODbOO0ObOObOO0bOOn
O0O0O0OO000UOooDoCooOoOOOUoOoooDoooO)

U0D0let OO OOOO

let £ x = ¢

let f = fun x -> e

0000000000000 00000000000 (fwm)0000D0DODODDOOOOOO
ggbbboooobbboooobbbooodgbon

1.3 DO0000o0oboogad

OCaml 0 DOO0ODO 1000000000 0DOO0O0ODDOODDOOODDOOODOOODDO
gooboogobbooboobboobboobbobbobbuooubboobbooo
0000000000000 00D0O00D0O0D000D000D00 Haskell Carry OODOOOO
000000 (curried function) 00 OO

dodogoddb20 y0O0000 e 000000000, 0000000y 0O0
oot ebboooouobbbuooooobbbooooooboobboogo
oooon s,s U0 sy U0 00oodoogooooboooooooooo
gooooboboobbbbbooodgd

# let concat (s1, s2) = s1 ~ 82 ;;
val concat : string * string -> string = <fun>

00000000000oooOooO0OO(OODOD)DDODODODODODODODOODOOO000O000
gbb0b0b0b0ob0obobDOo000nO concat ("abe", "def") DODOODOODOOO
gobbboog buoooobbooogboboob

# let concat_curry sl = fun s2 -> sl ~ s2;;
val concat_curry : string -> string -> string = <fun>

concat_curry 0 fun 0000002000000 (00000O0O0ODO)s1 0000000
U000000000D0concat_curry 0 U0 string -> (string -> string) 00000
boboobouobdobooooboobobobooo2000000D0b0O0

# (concat_curry "abc") "def";;
- : string = "abcdef"



goooooo¢.H)oboooooooraber DODOODOOODOODOODOOODOOOO
ooooooobooboooognD ..) "defr00O000OD0ODODOOO

O00000000000000000000000Q0 O (partial application) 0000000
0000000000000 00000000000O0O0000O0ODO00 Mr.OOO (OO
0)oooooooo

# let add_title = concat_curry "Mr. ";;
val add_title : string —-> string = <fun>
# add_title "Igarashi';;

- : string = "Mr. Igarashi"

gbobobdubiobbbadd_titled0O0u0oooooooubobdbUdfun s2 => "Mr. " ~ s2
gogbbobuogobobboooobobuooooboo

goobobgoboooobobobooobobobobooobobobobobon
gogboobooogoon

gogggoobbb bobhobobbtbddddddddtsfvnmbddooooooobon
ggbbbuooobbboooobbobuoooobboooon

O00O0Caml D00 fun OODO0O0OD0O0O0OO0OletD fun J0OODOODOOODOODOO
ggbbobuggobbbouooobobbbuooobbboooobobobuoooobbboo

# let concat_curry sl s2 = sl ~ s2;;

val concat_curry : string -> string -> string = <fun>
gogboobooon

# let concat_curry = fun sl s2 -> sl 7 s2;;

val concat_curry : string -> string -> string = <fun>
ggbobuoooobbbouoooobobod

fun (0O00O0O;) -> fun (0000, -> ... fun (0OO0,) -> e

fun (0000, (0000, ... (0000,) > e

0000000 (1et0000000DO0OO0OO0DO0OODOOOOOOOOOOOODOODO)
goooooonD ((fx)y) 2000000 fxyzO0OOUOoooooooooo

0000000000000 0000000O0ODODO)0000O0O0OODDODDODDODOODOOO

O0000t1 > t2 > t3 > t40 t1 —> (t2 -> (3 -> t4)) 000000



O00/00000 00000O0000O0O00000000000+, 00000000 (infix
operator) 00 0000000000000 (int->int->int 0000000)000000O
00000000 OCaml OD0OO0O0OO0OO0O0OO0ODODODDOOO(MOUOODODDO)+00O0O
gbogbgoobooboobon

000000 (0D)H)ooooOoooDooOoOOoUOOUoOOoOooO (ooo)ooopoooo
ERERN

# (+);;

- : int -> int -> int = <fun>
# (x) 2 3;;

- : int = 6

*x 00 0000000000000 0000000/000000000000OO
000000000 bb0o00dbddmod, x,=or, &k 00 000O0OOOOOOO

e 10000 =,<,>0, ", |,&+-%/,$%0000000

e 2000000 1,8, %%+ - .,/,:,<=>7@0 " |~00000

gogbobooooooon
0000000 (00000 ) DOooooooooooooo

# let (°-7) xy=x %2+ 7y *x 3;;

val ( =~ ) : int -> int -> int = <fun>
#9 -7 6;;

- : int = 36

gobboooooboooooooboboobooboobobooboooooboo oboooo
goboboboooobobobooooboo

# let (11 ) x=x+1;;

val ( !! ) : int -> int = <fun>
# 1

Characters 2-4:

Syntax error

# (1Y),

- : int -> int = <fun>

# ! 3;;
- : int = 4
goouoodg - -.0odgo

e 10000 !,7,~0000000
e 2000000 1, 8§, % %+ -, .,/,:,<,=>7@e " |[~-00000

ggboobuoogooo
gobbbooobbobuooooboboooobbiloooboboboooobbbooon

gobodbbuoobbuoobuooobbobbooobbuooobbuooboboboob
goon



U 1. 00000000000

ooo oo
goodd -
goog 0
goooooooo -
ogooooooog -, -. —
x> JO00o0o U
x /., %, 000000000 mod O
+ -dooooo 0
M |
el ~OUoooon 0
=s<oguouou,ouoouoououono | u
not —
&, && O
or, || 0
<=, 1= 0
if —
; 0

let, match, fun, function, try




1.4 Case Study: Newton-Raphson []

Ob0oboboooooo0ob0obOobobboobOn Newton-Raphson DO OO0 OO0
O00O0O000Newton-Raphson 0000000000 fO0000CDOOOO f(x)=0000
gbogoogbob @)

x
A= )
0000 (g(e) =a D00 o) 00000000000 x, =24-1— f(Tn1)/f(xp—) OO
oooooo)
ggoooobbboobobtbodooboobuouobboboboobbodoooobuouguo
ooooboob de000O0

ooy glr+dr) —g(x)
g () T

ggbboobobobooooobbooooboboboooobobobooooobooon

# let deriv f =

# let dx = 0.1e-10 in

# fun x > (f(x +. dx) -. £(x)) /. dx;;

val deriv : (float -> float) -> float -> float = <fun>

000 f(x)=2*0 30000000000

# deriv (fun x —> x *. x *. x) 3.0;;
- : float = 26.9999134161

0oooooo

0000000000000000000000000000 f0000 2000 f(z),
f(f(z)),...00000000fz)=f"Y2)0000000 f(z) 0000000000
000000000000000000 |f*(2)-f(2)| 00000000000000
0ooooo

let fixpoint f init =
(* computes a fixed-point of f, i.e., r such that f(r)=r *)
let threshold = 0.1e-10 in
let rec loop x =
let next = f x in
if abs_float (x -. next) < threshold then x
else loop next
in loop init;;
val fixpoint : (float -> float) -> float -> float = <fun>

#
#
#
#
#
#
#
#

O0O00oobDOddOdNewton-Raphson OO0 0000 DOO0O0OOO0OOOOOOODOOOOO

# let newton_transform f = fun x > x -. f(x) /. (deriv f x);;
val newton_transform : (float -> float) -> float -> float = <fun>



goooooao
00000Newton-Raphson 00 f(x)=0000000000000 fO0000 guess
gooood

# let newton_method f guess = fixpoint (newton_transform f) guess;;
val newton_method : (float -> float) -> float -> float = <fun>

ggooood

# let square_root x = newton_method (fun y -> y *. y -. x) 1.0;;
val square_root : float -> float = <fun>

# square_root 5.0;;

- : float = 2.2360679775

1.5 0OO0gd

b
Exercise 4.1 DO0O0OO0O fO00OO /f Jdz 0O OOOO0O integral £ a bO0O0O

DDDDDDDDDDDD/ sinzdz 000000

gboboggbbuogbooobobboobbuooobooobbooobbobboon
Ob—aDnDOOOO0DOOOO O0O0DODODODOOOOODOO ODOOOO:DOOOO

ooooooo
(fla+(i—1)0)+ f(a+1id)) -0
2

gogbooobooon

Exercise 4.2 U000 380 pow U OODOODOOODOOOOO DOOOODOOOOODO
000 (pow n x)00000300000 cwbe 000000 0ODODOODODOOOOOOOO
0000000000000 (pow x n)Jcube 0 pow 000 ODO0OOO0 DODODODOOOY

Exercise 4.3 fun 0000000000 DOODODOODODOOOOO?
Exercise 4.4 000 3000

e int -> int -> int -> int

e (int -> int) -> int -> int

e (int -> int -> int) -> int

ggbbbuooobbboooobbbuooobobboooon



2 000

goooououooobbbobbbbbbbbbodoooooouooobobbobbbb
ggbobobuogogbooboooobobob oobobboooobbboooobooooboon
int x int JUOO0OO0O0O0OO00ODOO0O

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

gooboooooboooooo0ooboooobo0oOobDObOO@nt x float) * string
ggbobobooooboboooobobobooogooo

# let fst_ifs ((x, y) : (int * float) * string) = x;;
val fst_ifs : (int * float) * string -> int * float = <fun>

gbogbobobobooboobobooboboboboobobooobooboboon
goobooboobobobOobobOobooooooooo2xwoboooobooboboon
gboboobobobooboboboobooobobobobooboboboob
goboooooboooobooooobooydibbooboobooooboobbooooDO
ooooooo?
gbodgbuogbodbogboobobbobobbooboobuogboobobbon
(int 0 int0D 000 int * float U string) 00 0000000000000 OOOOO
gbogbobbuodgbobobbobobooboobooboobuooboobooboon
gobboboooobobbooooobobbooobboboooobboboooobboboo

# let fst ((x, y) : ’a * ’b) = x;;
val fst : ’a * ’b -> ’a = <fun>

a0 b 0000 (type variable) 00 0000000000000 0O0O0OOODOOOOOO
00000000000 (polymorphic function) D0 0000 fst 0O ’a *x °b -> ’a [
00000 T, T200000T1 *xT2 > T100000000000M0O0DO000000O00O
0 V’aV¥V’b.(’a * ’b -> ’2) 0000000 O00O0D0ODO)000OCCaml DODOODOO
gogodoooobbobbuoooooogoooobbbb oo ooogoooo

# let fst (x, y) = x;;
val fst : ’a * ’b -> ’a = <fun>

00000000000000000000000000000000000000 (00
00 (principal type) 000)00000000000fst 000000 ’a * b -> ’a [
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
00000000000000000000000000(@MO0000000000000
ooooo)



# fst (2, 3);;

- : int = 2

# fst ((4, 5.2), "foo");;
- : int * float = 4, 5.2

gbobobobdgbol ’a,’b0 int 00UOOOY ?’al int * floatl’b U string
oooooooouboooooogooooooddsfst 00000 nooogn
int * int -> int O (int * float) * string -> int * float DU OO OO ODOODO
00000000000000000000000000000000000 (polymorphism)
oo ooboooonoooobooooooooood
00000000000 O (parametric polymorphism) 0000000000000 OOO
0oodooobooooonoooooogooooooooooooooooooood
000 (0)000D0ooooooooooood
O000000000000000000000000 id 00000 (identity function) O

gobbbobooobboogobbbuooobbbooooobl apply OO0
godoobooooooooooooooooo

# let id x = x;;

val id : ’a -> ’a = <fun>

# let apply f x = £ x;;

val apply : (’a -> ’b) -> ’a -> ’b = <fun>

apply DO0O0OOCa -> b)) 0 f0000’a0 xOOOOOOODOO 20000000
Uf0x000000000 £0x000000000000000000000000
ggoboobod

# apply abs (-5);;

- : int =5

# apply abs "baz";;

Characters 6-9:

This expression has type int -> int but is here used with type string ->

Obo0oobOo0oobooobooobooon? fst0bO00O0DbO0OO0DbObDDOn
x, pUobOoobOoOoOOoOOOODOOOOO0ObDOObODODOoOobDOoOobDOoOobOoobOon
ggbbbuooobbbooogbbbuoooobbbuooobbbo obb x,yuoO
gobbboogobbbuoobbboooobbbuoodbbibdtepply oo £
gobbuodbxObbuooobbboooobboobbbuoobbooobbooob
00000000000 000O0O (DOooO00OoO0oU0oOoDO)00oooOo0oooOo0OO
goboodbuodgbboogboobbuooobboobbooobbuooobboob
goboboboogdd ’ax’b > al0000000O0DOOO0O0O0OODODOOOO0OO
ggbbbuoooobboaooobobo

gooodb boboobobuoooooboboobobo +0boboobobo
0000000000000 0000000O0O00000000000DOO0O0OO0 (ad-
hoc polymorphism) 0000 0000000000000 O0O0OOO0OOO0OOOOOO

10

‘a



0000000000000 000000000000000000000Od (subtyping
polymorphism) 0000000000000 O0OOODO0OOOOUOOOOOOOOO
uboooboboobooboooboo

21 letd0O00OOOd

OCaml 00 00O0DOOO0OOO0ODlet(DOD0OO00OD)0D00O0DODOOOOOODOOOO
0000000000000 D0O00000000000000O0000 x0(id00000
000000)0000000O0O0000O0oooo

# (fun x > (x 1, x 2.0)) id;;
Characters 19-22:
This expression has type float but is here used with type int

goooobbbodddx 1000000000 x0bbb0b0intdogooonon
gdbbobOU0Ofleat DODOUOOOO0OODODOOOOO0ODOOOOO

gobobb0 leeddgoboboooooooobobobbooooobbboooooboon
gbobobooboboodobbuooobbuoooboobboobbuobboboobbobooon
gobogoboobobooobbobbooobboobobooobbooobboon
gobbbud £ x0000000 double UODODOOO

# let double f x = f (f x);;
val double : (’a -> ’a) -> ’a -> ’a = <fun>
# double (fun x -> x + 1) 3;;

- : int =5
# double (fun s -> "<" ~ s = ">") "abc'";;
- : string = "<<abc>>"

ggoooooouooobobbbobbbbbbobo4b000gooouooooobobbbobn
ggn

# double double (fun x -> x + 1) 3;;

- :int =7
# double double (fun s -> "<" =~ s = ">") "abc";;
- : string = "<<<<Labc>>>>"

gobodbn letgboobbodboboboobbooboobboobbooobon
ggbbobouogoobbodao

# let fourtimes = double double;;
val fourtimes : (’_a -> ’_a) -> ’_a -> ’_a = <fun>

gbbodboobobdoobb - abbbogbobogbbooboboobboobooon
gbgobgoobobboboobooboobooboon

11



# fourtimes (fun x -> x + 1) 3;;

- : int =7

# fourtimes;;

- (int -> int) -> int -> int = <fun>

# fourtimes (fun s -> "<" =~ g = ">") "gbc";;

Characters 35-40:

This expression has type string but is here used with type int

fourtimes U OO OOO0OO0O0OOO int OO0 0O0OODOOOOOONON

00000000 (value polymorphism) 000 0000000000000 0OOOOO0O
0000000000000000000000(@0MO00000000000) fourtimes [
godooboooooooooooooo

# let fourtimes’ f = double double f
# (* equivalent to "let fourtimes’ = fun f -> double double f" *) ;;
val fourtimes’ : (’a -> ’a) -> ’a -> ’a = <fun>

0000000000000 0000000000000 (000 funO0000)0000
gobood

# fourtimes’ (fun x -> x + 1) 3;;

- :int =7
# fourtimes’ (fun s -> "<" ~ g =~ ">") "abc";;
- ! string = "<<<K<Labc>>>>"

22 QOQ0O0OOOOO

oo0ooboboO0o oCamlODOO0OODOO0OOODOOOODOODODOODOODODODODOO
gboboooobobgoboodboboooboboobobobooboboboon
ggbbobuoooobbbuoogobbbuoooobobbooooobood

gobobooobbbodibbUdfun x > x+ 1000000000 int -> int OO
ggbbobuooobbboooobobuooooboboooon

e +[] int —> int > int UUUOUO0O0O0 int D00 OOOOOOOO

exJUUOUO0OUODODOOUUOOO+00UbLODLDbOUOOxO int oo
00010000 int 0000000 ODOODOODOOKODO

e x[ int 000000000 Ox + 10 int00DOO

ex+ 10 int 000O0D0D0OO0 xUOODDOOOODODOOOODOO int => int O
god

gbooobooboboobooCaml DODODODODODODODODOOODOODOOOODOODOOO
goodbbooboooboooob1o0obbooobbuoobboobooobboon

12



ggboboobbobbuoooobbobouooobboobbo itgubobooooon
0000000000000 00000 (0x00 ’al int000000000O00CO0O)0O
gobobooboboboboobbooobbooobboobbooobooobbooon
gboobgoboobon

fun x -> if x then 1 else x

Uboboboboiftuogbdod it 00000 bool DU D UDOthen Uelse U D UM
gbogbogboobuodbxudbugbogboib addbddint = ’a = bool
gbboobodbooobboobuooboobbodoboobbboobuooboonn

gobbobuggobobuoooobbbuoodubb letdgbobobbooooon
000000000000000(0O0OD0O0O0)000000000000000 apply O
gogobf,x0000000000 ’a,’p0000 £ x0000000f x0O00 ’cO
dd0’a="b->'’cO000000 fun £ x> £fx0000 ’a->"b->"’cO0O00
OoobooDooooooCb =>’c) > b > ’cUO0OO

ubogbuobobdo ogboooobooboobuooboboobbooboobooobo
0000000000000000000000000oo0ooOoOO/ooooO0000
00000000o0o00o00o0ooU0oooU/oo00o0booUooooUoooUo
OO000000OCO00DOO0O0ODOO0O0OOO0OO0DbDOd Newton-Raphson 000

let square_root x = newton_method (fun y -> y *. y -. x) 1.0;;

00000000 newton_method DO0O0OO0O0OOOOOOOOnewton_method O[O
000000000000 yODOUOU float0000DOOOOOOODDOODOOOODOO
fun (y : float) -> ... 0000000000000 OOOOOOOOOO

Jddddooooooooooooooooooodd00o0oooOoooooo
fst O

# let fst ((x, y) : ’a * ’a) = x;;
val fst : ’a * ’a -> ’a = <fun>

gobooobooooooboooboboobbooobboooboooboboon
gbobodoboboooboaoboooobb

# fst (true, 3.2);;

Characters 6-15:
This expression has type bool * float but is here used with type bool * bool

ubgbougboobobuoooboboboboboobobobuonoboobao
ubobooobooboobobooboobbooboobobooboobbooobooo
gboobooooooooooooooooog

2.3 Case Study: DO O QOO

gbobogbbogobbooboboogoobooobooobbbooobobobboo
goboocptObOOooboOoO0ooOooboOo0boboDOoobOoobOOoobOoobooOOooDO

13



gooboboobooooobooboooboooooooobooobboOoD MOooobbooDbo
goboobooboooboooaxbobobobobooboboooobbooboboooboobo
g000O0OO0OoOoOoDooDoDooOOoOoOOoOoOO (OCaml O fun O0)000OOCDODOOOOOOO
goboboobooboobobooobobooa-00obobbooboobooboboobo
gbobooobbuooobboobobooobbuoobooobboobobooobbob
ggoboboogobobooooboboboood

O0o0oooobOobOoboboonogd o OCaml OO

#let o f gx=1£f (g x);;
val o : (Pa -> ’b) -> (’c -> ’a) -> ’c -> ’b = <fun>

gogbbobuoooobbbooooobobooogboboooo

fun x -> -. (sqrt x)

ag
# o ( -. ) sqrt;;
- : float -> float -> float = <fun>

gbogboobobobobobooboboboooooobobooboboboon
goboobooboobuoobooobobobobbooboobooboon

00000000000000000D0 0000000000 0DODO /00000
0000000)id f0 f0000000000000 /0000000000000 0
gbooobooboobo

# o id (sqrt) 3.0;;
- : float = 1.73205080757

KoOoOoooooooooooooooooooooooooooooooooooouoooo
# let k x y = x;;
val k : ’a -> ’b -> ’a = <fun>
kxOOOOOOO0OO0O xO000000000
# let constl7 = k 17 in constl7 4.0;;
- : int = 17
OO0 SO00000000000000000000o0oa
#let sxyz=x2z (y 2);;
val s : (P’a -> ’b -> ’c) -> (Pa -> ’b) -> ’a -> ’c = <fun>

OCaml 0 fun 00000000000 OOOOODOOODODOOO (id,double 0000 A
00o0000ooDoooo0UooooooOU00)0 SO KOODODoooooooooooo
0o0odooooooobo rooooo0o0o0 SKKOooooooao

# s kk b;;

- : int =5

goooboooax0bbbooboobobobooboobobooboobobobobooooDbobo
ggooood

14



24 0000

Exercise 4.5 U00O0O0 curry OO0 O00O00O0OO0O000O0OD0O0O0000O0O0O curry O
000000o0000ooo00O0oo0o0oUU0o0oD (2000)oo00DO0DoOoOoOODOO
gbooboobobbobidd wewrry DOOD0OO0ODOO

# let curry f x y = f (%, y);;
val curry : (’a * ’b -> ’c) -> ’a -> ’b -> ’c = <fun>

Exercise 4.6 OO O OO repeat O double, fourtimes DO O ODOOOOOOOOfO n
Ub0x00000000000

# let rec repeat f n x =
# if n > O then repeat f (n - 1) (f x) else x;;
val repeat : (’a -> ’a) -> int -> ’a -> ’a = <fun>

gogbbboooobbbooooobobodono fipdggobob...bbbOoo

let fib n =
let (fibn, _) = ...
in fibn;;

Exercise 4.7 U000 funny 00000000000 O0OOOOO

# (x £ <@> g denotes the composition of f and g *)

# let (<@ ) f gx=(f (g x));;

val ( <@> ) : (’a -> ’b) -> (’c -> ’a) -> ’c -> ’b = <fun>
# let rec funny f n =

# if n = 0 then id

# else if n mod 2 = O then funny (f <@ £f) (n / 2)

# else funny (f <@> f) (n / 2) <@ f;;

val funny : (’a -> ’a) -> int -> ’a -> ’a = <fun>

Exercise 4.8 S K KOOUOOOOODOOODOOO sKkk1O0O0OOoOoooooooooo
ggbobobooodn

Exercise 4.9 double double £f x0 f (f (f (f x))) UO0OUOOOOOOOOOOOO
ooooon
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