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gobbobuoooobbbuoooobbbduodil print_string 00O OO0

# print_string "Hello, World!\n";;
Hello, World!
- : unit = ()
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goooooboboo ouoboobooboboobobobooboobobooboobooo
00000000000 OoOOoDOoOoDDDwitDODOODDODDODODODOODODOO(OCaml
goboboobobooobboooboboobobooobobooobbuoooboboon
O000o00oooooooooooon)

0000 read_1line 0000 O UOO0OOODLODOODODOOOOODLOOODODOO
ggoooogo

# read_line ();;
foo < Duoggogooood
- : string = "foo"

OU00000b0O00bO0o0bbObbO read_line () ODO0OD0OOOOOOODOOOOOO
goboggbbuoooboboboogbbuoobbooobbuoobbooobboon
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1 OJ0oooooooooogo

gbgbgobodoboboboboudobobobobooboboboboobonbo
OCaml D00D0OODO0OODO0ODOOOOOODOOOODOOODDOOO (references)D OO0
00000 (mutable records)0 0 0 (array) 00 0O O

1.1 OO0

OCamlOO00O0O0O0O0ODOO0OODOODOODOODOODOOOODOODOCUOUODODOO
gobboobboodbuoobbuooobboobobboobbooobboobob
gobboooobboooobbbooobbbtbboodbbbDref t 000
ggno

00000 ref J00000ref DOOOOO0OOOO0OOOO0OOOO0OOOODOO
0000000000000 0(oooODODO0000oooOoODOOooDoOoOooooooon)
gbobodbboobbooboboobbiddblread_line U000 oooooogn
(0OO00)ooOoooO0U0O0DOooOU0U00OOO000DODO0O0DOO0OO0 'oDoUooooo
goooo

(O1) == (O9)

0(0,)00000000000(0,)000000000000DO0O0O000OOOO O
gbobogbobbbudb ref t D000 ogoooboooboooboobbogn
goooboooboboob oboooobobobooboobooboobOoboon

# let p = ref 5 and q = ref 2;;
val p : int ref = {contents=5}
val q : int ref = {contents=2}
(!P: !q);;

: int * int =5, 2

p:=!p+ !q;;

: unit = ()

(!P, !q);;

: int * int =7, 2

[T ~ S T - N T <3

O0000000000o0o0oooobOoOoo0oob0o0o0000000000o0o0oooooooOoo
ddd0d00o0o0o0o0ooooOooooooooooooooboo'ooooooooOoooao
00000DOoO0o00oDoooooCcOoooDo0oooDDi = jOD0D0O000DOODO0
0000000 i000000000D000 jOOD jOODODOODODOOO

0000ooooooooOboObOD0O0o0o0o0oooo

# let reflist = [p; q; pl;;
val reflist : int ref list = [{contents=7}; {contents=2}; {contents=7}]
# p := 100;;

:unit = ()

reflist;;

: int ref list = [{contents=100}; {contents=2}; {contents=100}]

[ |



U000 reflist UUUOOOOO0OO0ODODOOO0O0000O0O0D0OO0O0O0Oreflist O 30
000 (Ob0O0O0)0oOo0O00o00o0O00OU000ODO0O0D0OO0O0ODOOOoDOOoOOOoOO
gbooggbbuogboboobooobboogbbuooobbobboobbuooobboon
0000000000000 00000O0 (aliesing) 0000000000000 O0OO0O
ggbobobooogbobobodo

g000ooO0obOO0bOOoo0ooooOobOOobcCcOoobogoDobDoboboOoobOOooDOoDOoDO
# let refp = ref p and refq = ref q;;

val refp : int ref ref = {contents={contents=100}}
val refq : int ref ref = {contents={contents=2}}

# lrefq := !(lrefp);;
- : unit = ()
# ('p, '9);;

: int * int = 100, 100

1.2 00000000

gogobbobobbooogoobbobbbdooooobbbbwithDOOOO0OQOO
gboooo0o0ooooooobooooooooobobobooboCaml DO 0O OoOOOO

go0odo0oooooooooooooooooooooggoooooogoooogo
mutable UOOOOOOOOO

# type teacher = {name : string; mutable office : string};;
type teacher = { name : string; mutable office : string; }
# let t = {name = "Igarashi"; office = "604B"};;

val t : teacher = {name="Igarashi"; office="604B"}

gogoobobooodon

(0,).(000000) <= (O,)

000000(0,)0000000000(000000)000000000 (0,00
oooo

# t.office <- "605B";;

- : unit = ()

#t;;

- : teacher = {name="Igarashi"; office="605B"}

Exercise 7.1 ref U0 00000 0OO0OODODODOO0ODOO0OOOOODOOODOOref 0DOO
ggbbbuogdobobil1bbuooobbboooobbobooon

type ’a ref = { mutable contents : ’a };;

U0 ref, 0000000 MOOO0O0OO0O0O :=00000000000O0O0O0DOO0OOD0



1.3 OO0

gbogbgooooboboobdobobdooboboboobobobobooobbon
0000000000000 00000 (D00ooooODoDO00ooO0)ooooooooooo
gbbooboobboobboboboobooob «+00b tarray D000 O0OO
gobooboooboobobobobooboobooonag

00000000, O00000000000000 (0,)00000000(0,)0 (O,)
00000000 (0,)0(0,)000000(0,00000000000000000
0000000000000000000 Invalid argument 00000000000

Exercise 7.2 U000 O0O0OOOOOOOOOO 100000 incOOO0OOO

# let x = ref 3;;

val x : int ref = {contents=3}
# incr x;;

- : unit = ()

# !'x;;

- : int = 4

Exercise 7.3 D0 DO0O0OODO funny_fact OO O OO0OO0OODOODOOOOOOODOODO
gboobgobooboobobbob

# let £ =ref (funy >y + 1)

# let funny_fact x = if x = 1 then 1 else x * (!f (x - 1));;
val f : (int -> int) ref = {contents=<fun>}

val funny_fact : int -> int = <fun>

# £ := funny_fact;;

:unit = ()

funny_fact 5;;

: int = 120

[ |
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gbobogdgbbuodobboobbooobbuooboboobboobbuooobboon
gobbobuoggobbooooooboooobboboooobobbuoooooboon

# let x = print_string "Hello, " in
# print_string "World!\n";;

Hello, World!

- : unit = ()
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gobboobogogbbood

# let £ xy =2 1in
# f (print_string "Hello, ") (print_string "World\n");;

World

Hello, - : int = 2

# (print_string "Hello, ", print_string "World\n");;
World

Hello, - : unit * unit = (O, ()

0000000000000 0O0O000O0obOOobOOobOOobDoOoCaml OO ODODODOODOOO
gobodbboodbboodbbtuddletbggoboooobbbooobbooon
goboobooooooo

OCaml DO 0O0O0O0ODOOO0ODLOOOOOOODOOODLOOOOOODODOODLOODOOOO
gogbobobooooboboboooobobobooooboboboooon

(O1); (O2); -+ (On)

0000000000ooooooooooooOo(O0,)ooDooooooo0o(d,)00d
00o00o0oo0oooOo0o0o0ooooooOoOooooooooooo(0,.yoODoOOOO0OOO
O00000000000000CamlO000(0,) (i <n)J unit0 0000000 Warning
goobob o oboooboobooboboboobobooboobooobobobobobon
ggobbobbougogobobbooogobobbuooooobbbbdignore OO
gbogobgobobbobboboobooboobo

# print_string "Hello, "; print_string "World\n";;
Hello, World
- : unit = ()

goouobbibibbbidibdUdwhileUfor Uil Uwhiled O
while () do (0,) done

O000O0O0OboolODOO <D1>DDDDDD false OO QOO (Dg)DDDDDDDDD
OO0 OO0OD0O0O0OfordQd

for (OO0 ) = (0;) to (Os) do (O3) done
goog
for (OO0 ) = (0;) downto (O,) do (O3) done

00000000 (0,)0(0,)000 »,p0000000000(000)0n,n+1,...,p
(downto 0000 n,n—1,...,p) 0000000 (0,)000000(000)00000
0(0, 0000000000 00000



gooboooooboboooboooobobobuoobooobobooooboboon
gboboboobodbdwhileDO0DO0O0OO0OO0DOODOO00O0ODOOO0for00O0OO
0000000000 oOooooooooo

gbogbgoboobobobooboboboobobobooboboboobbon
gboooboobooboobooobo

# let parrot () =

# let s = ref "" in

# while (s := read_line (); !s <> ".") do
# print_string !s;

# print_endline !s;

# done; ;

val parrot : unit -> unit = <fun>

print_endline U O DD UOO0O0OO0DO0DOUOOOO0OODOOOOO0OODOOOOO0

Exercise 7.4 U0 0O 0O0OOOODOOOOOOOO...0000000

let fact_imp n =
let 1 = ref n and res = ref 1 in
while (...) do
i=13 -1
done;
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gbogobobboobooboo20bbobooboobobbobooboobon
gobooobooobooooboooobooooboobbooDoOo4 /7 ob0000D0O
gobogobooobbuoobboooboboobboobbooobbooobboon
gogg

# hd [1;;

Uncaught exception: Match_failure ("", 9, 19).

# open_in "";;

Uncaught exception: Sys_error ": No such file or directory".

# print_string (string_of_int (4 / 0)); print_string "not printed";;
Uncaught exception: Division_by_zero.
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OoooboboooOOoboobbObO0oOoobboOoOogdMateh,OSOOOODOOOOOODOO
goobooooubbooOgn sys_error, 0UO0DODO0OO0O0DOOOOONO Division_by_zero,
go0ooo0ooobooboooobobobobobobobooo oCamlOboooO
goooooooboboooooogoog

OCaml OO0 OD0OOO0O0OOOOOOOOOOOOOOOOOOOOOOOOLOOOODO
goo00o0oobO0obOoo0ooooOOooD0obOoboooOooO0oDobOobobooobooooo

3.1 exception [0 raise [

odouobinn exception U

# exception Foo;;
exception Foo

gboboobboboobobobooboboobooobobooboboboon
Ub0ooobuobOobibd raise 00000

# raise Foo;;
Uncaught exception: Foo.

raise U0 00O0O0OOO0OOO0OOO0OO0DOOO0OOO0OODOLDOO0OOLDODOOOOOOnD
000000 raise 00000 0OO0OOOO0O0O00O0O0O0DOO0OO0OO0O0Oraise Foo [
gobbobooooboboboooobobboooboboboooga

# let £ () = if raise Foo then raise Foo else 3;;
val £ : unit -> int = <fun>

gbb00sys_error UOOOOODOOOODOOOOOOOOODOOOODOOOODOOOO
gobbobuooobobbioooobibbudU raisedggnonon

# exception Bar of int;;
exception Bar of int

# raise (Bar 2);;

Uncaught exception: Bar 2.

OCamlO0 (raise 0000000 D0)0000 exnO00O0O0O0O00ODOOOOOODODO
gbbuogoobuoobbuoobobboodbbodboobbodbiUexception U
gbogbugbbootdbblexsdbogoobooobbobbobboobboon
ggbbbuogobbooooboboboooobbobuoooobbbuoooobon

# let exnlist = [Bar 3; Fool;;

val exnlist : exn list = [Bar 3; Foo]
# let f = function

# Foo -—> 0

# | x -> raise x;;

val £ : exn -> int = <fun>



# f Foo;;

- : int = 0

# f (Bar 4);;

Uncaught exception: Bar 4.

gobobdoobob otObobdobobdubobbdobdoobdbddbUInvalid_argument,
Failure OO 0O0O0OO0O0O0O0OO0DOO0OOOO0OO0ODOO0OODOODOOOOOOO0OD
gboboooobooobobobooboboboobobobooboboboon
UOO0ONoet_found DU UOODUOOODUOODOOOOOOO0OOOOOOOODOOOODOOOO
U0OD0O0OEnd_of_file UDDOOO0D0OOOOO0DOOOOOOO0ODODOOODODOOODODO
ERERE
booobuobobobibOobO000 invalid_arg, failwith OO0 000000000
# failwith "foo";;
Uncaught exception: Failure "foo'.

3.2 00000

gobbooobbbooobbuooobbbooobbywybogobbooon
gobbbudUsxyyUbD0OD0O0O00DOmatch O OOOO0
try (0O ) with
(0000, -> (04)
| ...
| (0000, -> (0,

0000000(0)00000000000000000000000000000000
000 raise 00000000000000000000000000000000 (0,)
00000+ry0O0000O0O0000000000000O0O0O0000000000000
00000000000+try00000(0),(0,),....(0,)0000000000000
000000D000000000000000

# try 4 + 3 with Division_by_zero -> 9;;

- :int =7

# try 1 + (3 / 0) with Division_by_zero -> 9;;

- :int =9

# try 1 + (3 / 0) with Sys_error s -> int_of_string s;;

Uncaught exception: Division_by_zero.

Exercise 7.5 U000 fact UO0O00OO00OO00O Invalid_argument UOOOOOOOO
ooooo

Exercise 7.6 D OUO0O0O change D00 O0OO0OO0DODOOOD0OOOOO



# let rec change = function

# (_, 0) —> []

# | ((c :: rest) as coins, total) ->

# if ¢ > total then change (rest, total)
# else c :: change (coins, total - c);;

Characters 18-168:

Warning: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:
(j, 1

val change : int list * int -> int list = <fun>

00000 (0D000000)000000 coins 00000 tetal DOODODODOODOOO
ggg

# let us_coins = [25; 10; 5; 1]

# and gb_coins = [50; 20; 10; 5; 2; 11;;

val us_coins : int list = [25; 10; 5; 1]

val gb_coins : int list = [50; 20; 10; 5; 2; 1]
# change (gb_coins, 43);;

: int list = [20; 20; 2; 1]

change (us_coins, 43);;

: int list = [25; 10; 5; 1; 1; 1]

[ |

gboboboboobobobooboboboobobooboboboboboon
gooobooboobobobooboobooobg

# change ([5; 2], 16);;
Uncaught exception: Match_failure ("", 19, 169).

gogobboobbbotboodooooooooboboobbboouoooooooobobooob
2000 ...0000000D0DOODO0ODLO0ODbO

let rec change = function
(_, 0 > [
| (c :: rest, total) —>
if ¢ > total then change (rest, total)

else
(try
¢ :: change (coins, total - c)
with Failure "change" -> ...)
->

4 O00O00OO0O0O0OO0O0

OCaml 00000000 print_string 00 0000000000000 O0O0O0O00000O



boogbodbgbdbbodbodgbdd  print_char, print_string, print_int, print_float,
print_endline, print_newline 00000 (000000 0)000000O0O00OOOOO
goboboboooobobooboobboboobobooboboobobooboon
gboooboooboobo

print U prerr U0 UO0OO0O0OOODODOODOOOOOODOODOO

0000000 (0000000 0)D0D0000000000Oread _line, read_int,
read_float U U U0

0000000 0oOoOoOo OCaml OO0 O0OOOO0OOOOODOOOOOOOOOODOOO
gooddobooooooooooboooobooooooooobonobooooon
0000000000000 0000O000 (0000000000 O0)0DODoooooo-
Jdoo0o0oddoooooboodooooobbooooooooboooonooCaml OO0O
O0O0O0Odin_channel O 0out_channel 00O OO0O0OO0OO0OOOOOOOOOOOONO
goodobooooboooooa

# (stdin, stdout, stderr);;
— : in_channel * out_channel * out_channel = <abstr>, <abstr>, <abstr>

uddoobotbtibbbll input_char, input_line, output_char, output_string U
gboobooboboooo
gooboobbooobbooooobbboooobbooobboodbdgdD open_outl
gooobbobDod open_in JOODOODODDOOOOOOO0OO0DODODOOOOO0OO0OO0OO
gbooboooboobboobuoobbobbOobbOO close_out, close_in OO ODODO
gooooooo
gboobgoobobboboobooboo ®woooooooboo

Exercise 7.7 print_int 0O 0 stdout, output_string U0 O OOOOOOONO

Exercise 7.8 D00 0OO0OOO0OOO0OO0OO0OOOOOOOODOOOODOOOODOOOOO
gbobd cpgdbboooobooobboobboobboobbuooboboobboann

10



A OCamlO0O0OO0OO0OOOOO

gbobogbbuooobboobboboobbuooobbuooobbuoobbboon
ggbbobuoogobbooogooboood ;g ifbbboogooboood

if false then print_string "a"; print_string "b";;

(if false then print_string "a"); print_string "b";;
ggboobooogboo

if false then print_string "a"; print_string "b" else ();;

00000000000000(G 00000000 if 0000000000000 000
00000 else000O0OOOOO)

goobobboobbifggobboobobbdgooooobobboogooooon
O0bo0o0boooboooooobo oCamlO00O0OD0O0OODOO0ODOOOOODOOODO 1et,
if, match, try U0 U OO 0OOUOO0O0O0OD0OO0O0O00O0ODOOO0O0O0O00ODOOO0O0OO0

if a then if b then c else d

if a then (if b then c else d)

ggbbobuooogb ifbbuodgoboboooobbbouoooboboboaon
U00Omatch OO0 0O0O00D0D0O0O00O0 match U try DD OOO0O00OOOOO0O0O

match e with
A -> match e’ with B -> ... | C —> ...
| D -> ...

UpdbbbuddUmatch OO0 OUOO0OODODOOO0OODODODODOON match JOMO
ggbbobuoooobboooobbboood

match e with

A -> (match e’ with B -> ... | C -> ...)
| D -> ...
00000 tryOOOooboobooo | - »>000 stryOQOOOoOobOOoOobooooOO
ooooo

g40000000000O0DOO0OO0OODODOOODLODOO0ODbOOOO0ObOODbO0
0000 (0000000000000 ooooooooO0ooooooDoooOO)
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