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gbobodgbbuooobboobbooobboobdobbuooobbuoobbbodon
name JUOOOUOOUOODOODOD id00U00000000O0O000O00O0O00000Otype
gogbbbooobbbooaoboo

# type student = {name : string; id : int};;
type student = { name : string; id : int; }

student U U UOUOODUOOO0OOOOOOODOOOO0O0OOOLOOO0bLOObLObDooDon
cooooooooo{roooboooooooboooooo

type (00 ) = {(O00000O0O,) : (O4); ...; (000000,) : (O,
gobboboogobood
{OoOoooooy) =(0,); ...; (000000,) = (0,0}
gogoooooooboon



# let stl = {name = "Taro Yamada"; id = 123456};;
val stl : student = {name="Taro Yamada"; id=123456}

gbobogdobbuobboodobbuooobuoobboobbooobobobboon
gogbbobuoooobboooobooboooobbooooobbbooooboboboa

{(DDDDDDl) = (DDDD1>; R <DDDDDDn> = (DDDDQ}
gooooouooon

# let string_of_student {name = n; id = i} = n ~ "’s ID is " ~ string of_int i;;

val string_of_student : student -> string = <fun>

# string_of_student stl;;
- : string = "Taro Yamada’s ID is 123456"

000 (0000).(000000)00000(0000)00(000000)0000
000000000000000

# let string _of_student st = st.name = "’s ID is " ~ string_of_int st.id;;
val string_of_student : student -> string = <fun>

gbogbogobbobobuogbuogbooboobooboobbobboboboon

{00000 ) with
(0D0DO0000O,) =(00004); ...; (0DDOD0ODOO,) =(0000,)}

ggbbobuoooobbboogobbbuoooobobbouoooobood

# type teacher = {tname : string; room : string; ext : intl};;

type teacher = { tname : string; room : string; ext : int; }

# let t1 = {tname = "Atsushi Igarashi"; room = "604B"; ext = 46808};;
val t1 : teacher = {tname="Atsushi Igarashi"; room="604B"; ext=46808}
# let t2 = {t1 with room = "605B"};;

val t2 : teacher = {tname="Atsushi Igarashi"; room="605B"; ext=46808}

gobbogobbbooobbogdibwithoooobooobobobooobboan
gbobodbbuodbobooboobobuoobbidsyrbudbbodbbidl room OO
gobob se2000b0boboogoboooago

# tl;;
- : teacher = {tname="Atsushi Igarashi"; room="604B"; ext=46808}

t1 002000000000 00000000O0
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gbooboobobooboobooooooooA...y00oo0boboboboboob boo
ggboooboboboooon

let £ (x : {name : string; id : int}) = ...

gogbogbboboooobbboooobbogao

type student_teacher =
{s : {name : string; id : int};
t : {tname : string; room : string; ext : intl}};;

ggbbobuoooobbbuoooobbbuoooobbbouoooobobod

# type student_teacher = {s : student; t : teacher};;
type student_teacher = { s : student; t : teacher; }

ggbogobbbuoooobbbuooobobboooobobbbooooboo

# let st = {s = {name = "Taro Yamada"; id = 123456}; t = ti1};;
val st : student_teacher =

{s={name="Taro Yamada"; id=123456};

t={tname="Atsushi Igarashi"; room="604B"; ext=46808}}

00/0000000000000000000000 0000000000 ooood
gobbooobobobooobbbooobbbooobbuooub sype oo
gboboodgbbobbbodobbuoogbbuoooooobuooobbuooboboboob
gobogbbuogoboboobuogbboobobooobbuooobbuoooboboon
ggobooogo

# type foo = {name : bool};;
type foo = { name : bool; }

U00name UDUDDOUOOO0DODOOO0DOOOO0DOOO0OOOO0OOODDOU student UUDO
Udbb00O0Oname DU OUOOOOOOO0OO0ODOOO0OODOOOOO

# {name = "Ichiro Suzuki"; id = 51};;

Characters 9-24:

This expression has type string but is here used with type bool
# stl.name;;

Characters 0-3:

This expression has type student but is here used with type foo

O000000000000000000000000 (name space) 0000000000
gobodbbugbbuoobobbuogobobooobuoobbuoobobbooboboboob
g



2 Ooooooo

gboodbbuoodgbbuoobboobbuoobboobuoobbuoobobboon
gogbbuogoboobuooobbuo400bboogboooobbuooobbooon
gogbooogd

e HOUUOOODLDDOUOOOODLDLDOOOO

e OO OODOODDODODOODDOODLOODODDOODDOODOODD 4,9
gogb oooobbboooobobobuoooobo

e JOUOUODLODDOUOOODLDLDUOUODLDLDDOO

e JOUUUOODODOUOOODLDDLDUOOUODLDLOUOOO
ggboobuoogobobuooooboboogd

e (2, )000I0DO0ODUODOD4DDODUODOODOODOODO

e JOUOOODLODOOYLOODUOOOUODLDDLDDLDOOOODLDOD

000000000000000O0O0000000000O00OO (boooOoOoOoOoOoOO
00o0000oO0)booo0ooooooooOO00UoooDoooOoUoUooooDooOoDO
00000000 ((2, 4 0800)000000000O0O0OOODODOOOOO(DOOO
00000)00000000000000o0o
gobbobuoggobobbuooooobbooodgnoo

type figure =
Point
| Circle of int
| Rectangle of int * int
| Square of int;;
type figure = Point | Circle of int | Rectangle of int * int | Square of int

H oH HF HH

bbb ibodoobbibodd syped b0 dfiguwre OO OOOOOO
0 0 OPoint, Circle, Rectangle, Square 0 0 000000 (constructor) 10000000
odooooboobooouoodooooooobooboobef oo
gdodododouououououo of oo oooooouoooon
0000000000000 O0(@MO0000000000000000000000o0o0Q
00000000ooooooooo0O0)0Ooooooo00O0UUooooooDoooood
godoobdoooooooooouooooooobooooooo

# let ¢ = Circle 3;;

val ¢ : figure = Circle 3

# let figs = [Point; Square 5; Rectangle (4, 5)];;

val figs : figure list = [Point; Square 5; Rectangle (4, 5)]
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gbobodgbboogbbuooobbuooobbuooobobuoooboobbobooon
gbobobobooooobooboooobobobobouoooobdl match OO
gogbbobuooobbboooobbobooogboogo

(00D00000)(0o000)

0000000000000 0o0O000oooo(0oooO)yoooooooooooo(OoO
00)O0OOODODODOOD0O0O0O00000o0oooooooooooooooooo

# let area = function

# Point > 0

# | Circler > r * r * 3 (* elementary school approximation :-) *)
# | Rectangle (1x, ly) -> 1x * ly

# | Square 1 -> 1 * 1;;

val area : figure -> int = <fun>

000000000000000000Ofunction 000000000 OOOOOOOO)

# area c;;

- : int = 27

# map area figs;;

- : int list = [0; 25; 20]

gobooodbb obobbooobooobbuoooboobbobbooobboob
gobogobbooobooobboooobobbooobboobobbooobboon
UorU0O0U0 ODO0OLDDOODDUOOODDLDOOODLOOODLOLODDOOOOODLDOOn
000000000000 00000000O(oOOO00D0D0DODoOoOoooDoDOn)

# let enclosing_square = function

# Point -> Square 1
# | Circle r -> Square (r * 2)
# | Rectangle (_, 1) | Square 1 -> Square 1;;

val enclosing square : figure —-> figure = <fun>

Rectangle (_, 1) | Square 10 or OO ODOOOOODOODOODOODOOOO
(0000, | (000D0,)

gobodgbbuoogobbuoobuogobobogobooobooobooooboboon
000000 ()OO (OooLUOUUUU0DU0DUO0DO0DOO0 »>0000000OODOOO-
0)oo0o0O/o0000ooooooo

gboboobboooboobboodobbuooobboobboobbooobbon
gogodoobbbbbobobobobbbbbbotbtbuotddtderdooooooonbon
ggn



# let similar x y =

# match (x, y) with

# (Point, Point) | (Circle _, Circle _) | (Square _, Square _) -> true
# | (Rectangle (11, 12), Rectangle (13, 14)) -> (13 * 12 - 14 * 11) = 0
t# | _ -> false;;

val similar : figure -> figure -> bool = <fun>
# similar (Rectangle (2, 4)) (Rectangle (1, 2));;
- : bool = true

gobooobboodgbbd oobbooobbuoobooooboobbooboob
gogbbobuoooobbbooooboboboood

1. 0000000000000 00000OO (L)oo

2. 0000000000 (A...Z,a...2,0...9000000000000000 ()

gogbbobuoooobbooooooboobo

gboboggbbuodgbboooboobbuooobboobuoobbuooobboon
gobogbboogbbooobboobobooobbuooobooobbooobboon
ggboood

3 Uuoouoouon

000 Pascal, C,C++ 0000 (enum O0)000000000O00O0O0O0O0O0O0OO0O
gogbbbuoooobbbooaobbod

# type color = Black | Blue | Red | Magenta | Green | Cyan | Yellow | White;;
type color = Black | Blue | Red | Magenta | Green | Cyan | Yellow | White

enum JO0O00000O0O0O0ODODO COOUODOOODOOODOODODOODOODOODOOD
00000(@O00000000000D0)0 00000008 UUDODOOOOOO
goooodg

# let reverse = function

# Black -> White | Blue -> Yellow | Red -> Cyan | Magenta -> Green
# | Green -> Magenta | Cyan -> Red | Yellow -> Blue | White -> Black;;
val reverse : color -> color = <fun>

boolDOODODOODOOOODODOODOODOODOO
type bool = true | false

UO00if00 matchOOO0O0O0OODOO0O0O0OOOO0O

if (04) then (0O5) else (O3)
~ match (i) with true -> (O,) | false -> (03)

ooobobogo oCaml DO OD0OOO0O0OOOODODOOOOODODODOOOODOODODO
boolIDDOODODOODOOODODOOODOODOODOODOOO



gbouoobugbdg 0dobobdodb ofibubbuobuobobuodoboboobob
gbobooboboboobobooboboboboboboobooboboboon
gbboobuoogbobooboobbooboobbobbooboobobooboonn

e JOUOUUOUOODO
e OO0 I0DODOOUOOODLDODODO

gbomioogoboobuooobobobobooboboobobooooobobobon

# type nat = Zero | OneMoreThan of nat;;
type nat = Zero | OneMoreThan of nat

# let zero = Zero and two = OneMoreThan (OneMoreThan Zero);;
val zero : nat = Zero

val two : nat = OneMoreThan (OneMoreThan Zero)
Of0o000o0o0f0o0o0oooooooobooooooog

e UUDOUUD nUDUO0DLUOO0 nO0DO

e 0100000 n0000000OmO nO000000O0 100000000
gbogood

# let rec add m n =

# match m with Zero -> n | OneMoreThan m’ -> OneMoreThan (add m’ n);;
val add : nat -> nat -> nat = <fun>
# add two two;;

- : nat = OneMoreThan (OneMoreThan (OneMoreThan (OneMoreThan Zero)))

gobbuoodbbbuooobbbooobbboooobbbooobiobl Zero OO
OO0 [100OneMoreThan U cons U O UOODOOO0ODOOODOOODOOODOOODLOOOOO

Ub0b00DOnat JOOOO0O0OOO0OO0OOO0O0OOOO0OODOOO0ODODOOO0ODODOOO0O0
goooog

# type intlist = INil | ICons of int * intlist;;
type intlist = INil | ICons of int * intlist

(00O0O00D00oooooooooo)
gbbobuodgbboobogbbdudbb and000booobooobooooogn
gogbbbuoodgobbooodobobbbooobbboooobbboooobbboo

# type fl_str_list = FNil | FCons of float * str_fl_list

# and str_fl_list = SNil | SCons of string * fl_str_list;;

type fl_str_list = FNil | FCons of float * str_fl_list

type str_f1l_list = SNil | SCons of string * fl_str_list

# let fslist = FCons (3.14, SCons ("foo", FCons (2.7, SNil)));;
val fslist : fl_str_list = FCons (3.14, SCons ("foo", FCons (2.7, SNil)))



gboboogbbuoobbooobboobbooobbooboobbaobb2b00b
00 (0000000000000 0000000ODO)000D0D0D0DOoOoDooOoOOO

# let rec length_fs = function
# FNil -> O

# | FCons (_, rest_sf) -> 1 + length_sf rest_sf
# and length_sf = function

# SNil -> 0

# | SCons (_, rest_fs) -> 1 + length_fs rest_fs;;

val length_fs : fl_str_list -> int = <fun>
val length_sf : str_fl_list -> int = <fun>
# length_fs fslist;;

- : int = 3

goboboogdbioD intlist D0UO0O0OO0DOstringlist U000 O0O0O00O0OO0OO
gogbbbuoooobbboooob

e JUOOOOOOOOODO
e 0D ... 1list U0UOODOOOOO0ODLODOOOOO0

gobooboobooboobobooooooboooobobooooobon OCaml OO0
000000(@U00o0)00000o0o0000oooO0oo0ooooOoooooooOO
gbboobboobobuoobboobuoobbobobuoobboooobboooboobn
goboggbbuooobboooboooobbuoooboobooobboooboon
ggbbobooogboo

# type ’a list = Nil | Cons of ’a * ’a list;;
type ’a list = Nil | Cons of ’a * ’a list

ggbbbugdgbbrabbboooobbooogb
gbobogboooboboogbbugobooooboobooobbuooobboon
ggooo

# type ’a option = None | Some of ’aj;;
type ’a option = None | Some of ’a

Ubbdd NeneDOUOOOLOODOOODDOOODOLOOOODLDOOODOUOODOOOO Some v
00000 vOOOOOOOODODODOO(Java, COOO0O00O000O null O00O0O NULL O
0000000000000 0D0O000000) 0000000 ecaml DO0ODODOODODOO
goon

gooboboboobob oboboboobboobobobooboboboon
o0oboobobobooooooboon



type (OO0O4)] (O0O,4) =

(0000000 [of (O] | -+ | (0000000 [of (01,)]
and [<DDD2>] <|:]|:]2> =

(0000000y) [of (Oo)] | -+ | (0000000, [of (O]

and [<DDD3>] <|:||:|3> = e

4 Case Study: 0000

O(tree)D00000O0DOO0OOCO0O0O0ODOOOOO0OODOOOOOOUOODODODOO
0000000000000 00000000000000O0(nede)DO0O0O00O0OOODODOO
000000000000000 (childnode) 00 0000000000000 OOOOO
0000000000000 (reet) D000 O0O0O0OO0O0ODOOOOOODOOOOUNIXO
gooodU0OoooooOoUoUoOoooooOU0OoUoooooOOoUoUoOoDooO (D0)0 OO
goboogob nO0D0DO0OOOn=100000000000000000000000
ggbbobuoooobbob

gobboboooobboboooobbobooogoboon

e (J0JDDDDOD)ODD (UDUDDODODOD leafOO0DO)DDOOOODODO

e JOODODOODO left O right IDODDODOODODOODOODODODODODOO
000 OCaml OO0 OO0OOD0OODOODOOOOODOODOODOO

# type ’a tree = Lf | Br of ’a * ’a tree * ’a tree;;

type ’a tree = Lf | Br of ’a * ’a tree * ’a tree
Lf O00OBr (O /branch) 00000000000 COOCOOOOOODODODO tree00O0O
googoobogoboobobooobbooobbooobbooobboooboboon

000 (Qo0000)o
00000000000000000

a
b C

d e f
goooogoooggono

# let chartree = Br (’a’, Br (°b’, Br (’d’, Lf, Lf), Lf),
# Br (°c’, Br (’e’, Lf, Lf), Br (°f’, Lf, Lf)));;
val chartree : char tree =
Br
(’a’, Br (’b’, Br (’d’, Lf, Lf), Lf),
Br (’°c¢’, Br (’e’, Lf, Lf), Br (°f’, Lf, Lf)))



goooooooboboooobognD Br (.., LE, LE)OOODODOO
00000000000 000O0O(0OoOO0)0000O0DOO00O0O0DODOOO0OOO0OO
ggbbobuooobbboooobobuoooobboooon

# let rec size = function

# Lf -> 0

# | Br (_, left, right) -> 1 + size left + size right;;

val size : ’a tree —-> int = <fun>

# let rec depth = function

# Lf >0

# | Br (_, left, right) -> 1 + max (depth left) (depth right);;
val depth : ’a tree -> int = <fun>

D0000000¢+00000000size(t) < 2% 1 000000000 size(t) =
2derth() 1 0000000000 00000 (complete binary tree) 0000

# let comptree = Br(1, Br(2, Br(4, Lf, Lf),

# Br(5, Lf, Lf)),
# Br(3, Br(6, Lf, Lf),
# Br(7, Lf, Lf)));;
val comptree : int tree =
Br

(1, Br (2, Br (4, Lf, Lf), Br (5, Lf, Lf)),
Br (3, Br (6, Lf, Lf), Br (7, Lf, Lf)))

ggbbo3buoggooooooan

# size comptree;;

- : int =7
# depth comptree;;
- : int = 3

goobboooobboooboboooobobooobobboooboboooobobbooooDo
0000000000000 000000O00DO0C0D0O00D0O0OO0O0O0O0O0Od (preorder)
00000 (inorder)D0 0000 (postorder) DO OO0 DOOOODODODOOOOOOOOOO
gbobooogbobooobobooboboboobobobooboboboon
gogd

gboogbooboboobobobooobobooboooboboboboobobon
googood

)

# let rec preorder = function

# Lf —> []

# | Br (x, left, right) -> x :: (preorder left) @ (preorder right);;
val preorder : ’a tree -> ’a list = <fun>

# preorder comptree;;

- : int l1list = [1; 2; 4; 5; 3; 6; 7]

gogbbobuoggoboboooobbbuooobobboooobobbouoooonoon
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# let rec inorder = function

# Lf —> []

# | Br (x, left, right) -> (inorder left) @ (x :: inorder right);;
val inorder : ’a tree -> ’a list = <fun>

# inorder comptree;;

- : int list = [4; 2; 5; 1; 6; 3; 7]

ggbbbuooboooobbbooobbboooobbboooobboan

# let rec postorder = function

# Lf -> []

# | Br (x, left, right) -> (postorder left) @ (postorder right) @ [x];;
val postorder : ’a tree -> ’a list = <fun>

# postorder comptree;;

- : int list = [4; &5; 2; 6; 7; 3; 1]

O000000d0o0eOdO0UOOODODDOOOOUODOOODOUODODOODOOO(DODOO
000)0000000000000O000000000O000O0OOODODO0O0O0OO0OO
O00000O0O0O0ODODO0O0O0O0O0O0O0O0O0O0O0O0O0OOO (eons)D0OD0ODDODODODOOOOOO
0000(000000000000000000000000000000000o00Q
00000000ooooooooOooooooooooon)

# let rec preord t 1 =
# match t with

# Lf > 1
# | Br(x, left, right) -> x :: (preord left (preord right 1));;
val preord : ’a tree -> ’a list -> ’a list = <fun>

# preord comptree [];;
- ¢ int list = [1; 2; 4; 5; 3; 6; 7]

00000 00000 (binary searchtree)0000000000000000000O0OO
ogoooooooOoOoOooooooboboOoOo0oOoO0oUoUobOOooOOoOoOooOoooooooood
ooooooooooooOoOOOOCOOOODOOOOOOOOOOOODOoODOOObOo
OoooooooooooboOoOooooooooobooOooon

Br (4, Br (2, Lf, Br (3, Lf, Lf)), Br (5, Lf, Lf))
gogooboooggoobodgd

Br (3, Br (2, Br (4, Lf, Lf), Lf), Br (5, Lf, Lf))

ggbooogd
gbobodbgbobuogboboboboobobiodibt nem0000000OOO add
ggbboobuooobbbooogn

# let rec mem t x =
# match t with
# Lf -> false

11



# | Br (y, left, right) ->

# if x = y then true

# else if x < y then mem left x else mem right x
# let rec add t x =

# match t with

# Lf -> Br (x, Lf, Lf)

# | (Br (y, left, right) as whole) ->

# if x = y then whole

# else if x < y then Br(y, add left x, right) else Br(y, left, add right x);
val mem : ’a tree -> ’a -> bool = <fun>

val add : ’a tree -> ’a -> ’a tree = <fun>

gogbbobuooobboboooobobuoooobo

e IDUUOOODLDDLDDOUOOODLD falselUOUUOOODODOOOOOOODODO
gbooobdg

e IO DODUODLDDODUOODLDDLOOUODLDOUOOUODLDUOOUODtrved gD
U000 whole DOUOOOOOOODDOOODDOOODDUOODLDOOODLDOO
gobboboooobobooo

gboboobogboboooogobooboobbboobbooobboobboooon
ggbbobuoooboboboooobobuoobbboooobbbuoooobon

5 Case Study: 000 00O

gboboogboogobboobbuooobooobobooobboooobobooon
gbboobuodgboobbotobuooboobboodboobboooboobbobn
000000000 (00)0oo0O0o00oo0oO00o00o0oooO0o0DoooooooooO
goobobbbbobbduooodibbbuwit0bOO0O0OOO0O0O00O0O0O0O0O0O0O0OO0
gobood typeDDOOOOQ

# type ’a seq = Cons of ’a * (unit -> ’a seq);;
type ’a seq = Cons of ’a * (unit -> ’a seq)

seq U list U tree U UUUOOOOODODOUOOO0OODN Cons OO OOOOOOMO
gbbuogbobouootobboodd ot Ubbudbbuldbbtail OO0 OLOOOO0ODOODO
googdbouoggbbuooobbuogoboooobooobuoobbuooooboboon
gboboobboobbooobbugobobooobbooobbobbuooobboob
gobodoobooobobboooboboooboboooboobobboooobbboon
gbobogdbbuodobboodbbuoobbobbooobbuoobbooobboob
ggboobuoogobobuooooboboodad
bbb from U000 n 00 100000000O000O0DOO
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# let rec from n = Cons (n, fun () -> from (n + 1));;
val from : int -> int seq = <fun>

fun O >00000000000O0fun O -> ... 0000000000tall 0000
gobogobboogbbooobbooobbbooboboboobbooobboon
ggooobod

let rec list_fromn =n :: list_from (n + 1)

gboogbodbudibdlist_from 00000000 0O0O0O0O0O0O0O0O0O0OO0O0OO0OD0
from0000000000000000O00O0OOO0OOOO0O0O0O0O00OO0O0O (thunk)
0000000000000 O0O000000 lazyODODO (D 300000000 )OO
0000000000000 (bOo0O0DU00OOO0DU0ODOO00DU0ODOODOUOoOO)0DOooOOd
Uooobuobin lazyOOOOOoooooooobooo
gobbbuoodgbbboooobbbuoodod nbbOoooobbboooobbo

# let head (Cons (x, _)) = x;;

val head : ’a seq -> ’a = <fun>
# let tail (Coms (_, f)) = £ O;;
val tail : ’a seq —-> ’a seq = <fun>

# let rec take n s =

# if n = 0 then [] else head s :: take (n - 1) (tail s);;

val take : int -> ’a seq -> ’a list = <fun>

# take 10 (from 4);;

- : int list = [4; 5; 6; 7; 8; 9; 10; 11; 12; 13]
Oo0ddbdbtail00gooooooOog QOOOOO0O0bODOOO00000o0oOo0 0o
gobodbooobobooooboboooooobooobo0oboo0bDoboogDb 00 Omatch
O000DO000000DO00000O0Db0b0bO0DOO takeODOOODOODOOODODOO
ooooooon

O00000Db0O00Omp0O0O0OOoDOOOO

# let rec mapseq f (Cons (x, tail)) =

# Cons (f x, fun () -> mapseq f (tail ()));;

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

# let reciprocals = mapseq (fun x -> 1.0 /. float_of_int x) (from 2);;

val reciprocals : float seq = Cons (0.5, <fun>)

# take b reciprocals;;
- : float list = [0.5; 0.333333333333; 0.25; 0.2; 0.166666666667]

000000 DOreciprocals HOUODOOOO0OODOOOO0O.5000000 take OO
gbobboobboodbbboodbibbdtake D0 00tail 00O OOOOOOOOO
goooon
gbboggbobbooobbuoobbooobboobbuoobbooobboon
gboboooooooooboboboboboobooooogn fun O >0000
00000000000000 (tail O)0D0000000O0OOOOOOOOO (00O
O0000000000)000000000ooooooooo
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gboboogbbodod bDbhuobboobbooobboobbooobbooboob
gboobooboobgobobobbooboobo2b000b0000000

e UUDOOO 20000000

0000 (3,4,5,...) 002000 (4,6,8,...) 0000

gbooobgobg 3b00boon

e 00D0D (5,7,9,...) 00 3000 (9,15,...) 0000
e 000D00ODOC0O 0000000
e 000D

gboboobobooboboobbiodbUdsequbgoooboboooboboon
gbobooobobuooobboodoboobb n0b0bo0o0oboobbbodnD sift O
gogd

let rec sift n = ...;;

ggbbobuooobbbouoooobbboooobboboooob

# let rec sieve (Cons (x, f)) = Cons (x, fun () -> sieve (sift x (£())));;
val sieve : int seq -> int seq = <fun>

# let primes = sieve (from 2);;

val primes : int seq = Cons (2, <fun>)

# take 20 primes;;

- : int list =

[2; 3; 5; 7; 11; 13; 17; 19; 23; 29; 31; 37; 41; 43; 47; 53; 59; 61; 67; 71]
#

# let rec nthseq n (Cons (x, f)) =

# if n = 1 then x else nthseq (n - 1) (f0);;
val nthseq : int -> ’a seq —-> ’a = <fun>

# nthseq 1000 primes;;

- : int = 7919

6 Uougu

Exercise 6.1 D0 000000 loc_figUOOOOxyOUOOOOOOODOODODODO
0000000000000 00O00000000000O00OOODO0O0O000O0 (00O
O0OD0OO0OOORectangle (x, y) O x00000x000000000)00O0DOO0OOCDOO
UobbobuoooobDbOod overlapddnong

type loc_fig = {x : int; y : int; fig : figure};;
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Exercise 6.2 nat 00000000000 int 0000000 int_of_nat,nat 0000
000000 mlOnat 0000000000 (D00 0—n=0)monus (0O0O0)000O0
goo

Exercise 6.3 00 monus 00 O000000—n (n > 0) 0 None OO nat -> nat -> nat option
0000 minus OOOOODO

Exercise 6.4 x U0 D0 00000000000 nO000000O0ODO0O0OODO comptree x n
googog

Exercise 6.5 preord 0000000000 0O0O0O0OOCOCOOODOODODOOOQO inord, postord
goooog

Exercise 6.6 D0 D000 DO0OO0O0O0OOOODOODO reflect000OOODO

# reflect comptree;;

- : int tree =

Br

(1, Br (3, Br (7, Lf, Lf), Br (6, Lf, Lf)),
Br (2, Br (5, Lf, Lf), Br (4, Lf, Lf)))

gobobobo stbggobboboooobboboood

preorder (reflect(t)) = 7
inorder(reflect(t)) = 7
postorder(reflect(t)) = 7

Exercise 6.7 U0 O UOODOOOOOOOOOO0ODOODLOOODOODOODOOO

# type arith =

# Const of int | Add of arith * arith | Mul of arith * arith;;

type arith = Const of int | Add of arith * arith | Mul of arith * arith
# (x exp stands for (3+4) * (2+5) *)

# let exp = Mul (Add (Const 3, Const 4), Add (Const 2, Const 5));;

val exp : arith = Mul (Add (Const 3, Const 4), Add (Const 2, Const 5))

00000000000000 string_of_arith, 0000000000 (i3 X« X ign, )+
oot (i1 X X iy ) 000000000 expand 000000

# string of_arith exp;;

- : string = "((3+4)*(2+5))"

# string_of_arith (expand exp);;

- : string = "(((3*%2)+(3*5))+((4%2)+(4*5)))"

Exercise 6.8 1,2, 3, 4 0000000000000 0O00000O0O0O00OO0OO0OOOOO
gogbbobuoooobbboooobiblb aadd0b0ooogoooo

Exercise 6.9 00 sift 00000(00000000)YOOOODOOOoOOO
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