2011000000000 EQO0O0O0DLOO0OOO0bOObOObOObOOm

Objective CamiUJ O OO 0O 0O OO

0 000ooooooooonn

gbbobuoooobbboooobbbooodonbn

1 Objective CamlO OO0 0O OO

1. WWWDOOOOOUOhttp://caml.inria.fr/ 000000

3 The Gaml language: Home = Microsoft Internet Explorer FEX
TMD EEE T HRANE VKD AMTE i
Om-© KRG O deemcvn @ 23 & )3
A v B 0o > & -
-
(8 The Calilll Language &y
Home  About  Download  Resources  Contact us Version frangaise

Latest News
What is Caml? __

& The Caml Language

Cail i a general-purpose programming language, designed with program safety and reliability B 2010005 Objestve Cam13420
in mind. Tt is very expressive, yet casy to lean and use. Caml supports functional, imperative, eleased

and object-oriented programming styles. It has been developed and distributed by TRIA, a 20100 Objective Cami
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Objective Caml EEEEE————

The Objective Carl system is the main implementation of the Caml language. It features a

powerfil module system and a full-fledged object-oriented layer. It comes with a native-code m

cornpiler that supports numerous architectures, for high performance; a bytecode compiler, for

increased portability; and an interactive loop, for experimentation and rapid development.
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& © 1U8—Hst

2. 000000 DownloaddO O OO 0O O OO Objective CamlOOO Self installer (3.11.0)
for the port based on the Microsoft toolchain [0 0 Self installD OO0 OO O OO0
00 ocaml-3.11.0-win-msvc.exe 1 O OO OO OO

A Download ~ Microsoft Internet Explorer FExR
"

FAMD REE FHW BRCAND VoD AIE
OO HEG Lwdhmn @@ % @-0)3
7LD [ @] httpi feamlinria fr/domnloadznbtm] v B v & -

= Gealoo package (contributed) | a

ig Binary distribution for MacOS
X

u Binary MacOS X package
(3.12.0) for Intel-based Macs

A Binary distributions for
Microsoft Windows
u Selfinstaller (3. 11.0) for the port
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Some features require the Cygwin
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Objective CamlO 0000 OO0

OO00000#00000000000# quit;; 00000 Enter 000000000
Obo#b0bbo0booboob#xubuoobobbobboboon

OO0D0O0D0O0000DO0O000OD000 Objective Caml OO ODOOOOOODOOODOO
Objective Caml O 0000000 ODOO0ODOO0ODOOOODOCctrlODOOODOODO cO
gobbobobbuoooooobobbobbbouoooooboboobbooooooboboon
O0000OObjective CamlOOOO00OOCOOCOCOOOOOOODOOOOOOOOOOOOO

3 0o

0031 01+ 2 ;00000 Enter00000O00O00O0OO0O0O0OODOOOOONO
goobooooobobod

00 3.2 03 x4 ;;0000000

0033 01 +2x3;;,000000000+2) x3 ;000000000000
goo

00 3.4 O+000«x000000000000000-00000000000000 /00
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0043 0Ot1.0/. 3.o00000000D0O0ODODOOI1.0+. t1.0+. 100000
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00 4.4 Objective CamlO DO O0O0O0OO 1.230000000000000000000
0000000 3.14159265350 0 0 000000 00 000000 m2000000
2mrQd

5 0oooooog

00 5.1 Objective CamlOODOO0O0O 45000000000000000000O
Oe6r800ooonoon

00 5.2 Olet pi = 3.141592653590 0 0 000 Enter 00O DOOOOOO

0o s.3 0O0OH/2000000Mpi0O0ODO0OOOOOOODLDODOOOOO
01.23 . 1.23 x. piJ0OD02.0 *x. 1.23 x. piOOOOO0

Ooooooogbbooboooboooboobon,;,bo0b0d Enterddnon
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b s.4 DO B200000000pi0000O0O00OO0OS10000O0O000O0DO0OO

6 OJ00ooon

006.1 OOsqrt 5.0000000000MOsqrt 3.0000sqrt 4.00000000

OO0 000000 0000Objective CamlOOOf(x)O00g()00ODOOODOODO
O00f xO0OUOg 50000000 0O0DOO0O0DOOOO0DOODOOOOO0ODbO0ODbO
OO000DbO0b0O00b0000D0bD00d sqrt 3.0 + 1.0000sqrt (3.0 + 1.0)0
OO (sqrt 3.0) + 1000000000000

b 6.2 D00DUOUOOsqred 00000000 Osin0UD cosUtan D OO OOOMO
Oooboooobo0obOoboboodrbOn0n =180°00sin (pi /. 2.0000000
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o071 00 9870 6540 321000000000000O000O0O0O

U0 7.2 Olet menseki r = r x. r *x. pi;;U00000 EnterUUODO0OOOOO
000000000 00O000o0o00o0o0o0oooooa

OO0 7.3 Umenseki 9.8700 menseki 6.5400 menseki 3.2100 000000000
ogo

gob0b00pil 000000000000 OOmenseki U0 O UOOO0ODOOODOOOO
gobobboggooobbbbbbooooooobbobbouoooooobooboon
gbobobooggoobbobuoooobbbooooobooo

# let half_pi = 0.5 *. pi;;
val half_pi : float = 1.570796326795

# let pi = 3;;
val pi : float = 3.
# half_pi;;

- : float = 1.570796326795
# let half_pi = 0.5 *. pi;;
val half_pi : float = 1.5
# half_pi;;

val - : float = 1.5

U074 000OO0ODOOOODOOOODDOOOOO shwuDODOOOOQ 9.870 6.54
0 32100000000000b0b0b0040a40d
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U0 81 [#load "graphics.cma"U U Uopen GraphicsUU O DOOOOOODOOONO
U 00 open_graph ""UUODOdraw_circle 100 100 so0000000O0O0OOOOO0O
OOO0b00o00ooooboooooooooobobobof0dbuitdD OO0 wnitd O

00 82 OUdraw_circleU00OU0DOO0OOOO0OOOO0OOOOOOODOOOO
gbooboooooobodan
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gbbobuoooobbbuoubbbOdrav_circle0 0000000000000
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4. O Part IV Objective Caml 0 O O O O OO0 The graphics libraryD O OO0 00000

5. 000000 Module Graphics: machine-independent graphics primitivesd [ [ [J
ooooo

000000000 http://ocaml. jp/archive/ocaml-manual-3.06-ja/libref/Graphics.
html OO OOOODOOOMM

U0 8.4 OU draw_rectlUdraw_ellipselldraw_arcUU DU fill_rectUfill_circlel]
fill_ellipsel fill arcUUOUOUOUOOOOOOOOOOOOOOOOOOOOOO
O000000D000ODOclear_graph QUUOOOOOO0OOOO0DOOOO0OOOOOO

00 85 U0 set_color ] colorJU I reddbluellgreen O OOOOOODOMN
Odbodb0Odraw_cicle0 000000000 DOO0O0O0O0O0MMOO0OOO0O0OOO
O000000000D00O0OOSome predefined colorsD 00D DOOOOOODOODODOO
UO00bD000D rgp000000OO00OO0ODO1et gray = rgb 128 128 128000 let
violet = rgb 238 130 2380 U U [MJ

00 86 UUmovetoU U U linetoU U DUUOUDOUOUOOOOODDOOOOODOOONX
gbobobooadgd

0087 0020y00000000 (x,y)DOODODDODODOOODO 10000000
U000 square 0000000000000 OO square0 0000000 0O0OMN 1et
square x y = U0O0O0O0OO0OOO0O0O0 U000 OO draw_rect OO dg
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0000000000000 triangle000000000000000000000
float_of_int 00000000000 D int_of_float 0000000000 OOOO
000000000000 O,; O,;...;0,000000000000000 000
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0089 U088 UIUIDOUD triangle IO OODOO/ODODOOOOODOOODOODO
00000000 Olet triangle x y 1 = U000 O0OO0OOOO0OO
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0091 Oclear_graph OUUOODO0O0OODOOOOOOOOOOODODOOOOOO
gobg

let rec f x =
if x < 1 then
O
else
(draw_circle 100 100 x; f (x/2))

O Objective Caml D0 00000000 OOOOODOO
gombodgots oodgopbbbooboogd

if [0, then 4 else [;

googooboo

000, 000000 d,0o0odoobfioo d;sogndoooooooooooonn
ododoobouobodgognog
Oggpooooooooooogoooouoobooooooogo
ayg = 0
a, = n+a,1 (n>0)
Oe 0000000000000

let rec a n =
if n = 0 then 0 else n + a (n-1)

0gb9.2 00910000000 b00b0000draw_circleD0U000O0OOOOOOO
goobooooboon

0093 009.1004if x <1 then () elselO0O0O0OODODO



let rec f x =
(draw_circle 100 100 x; f (x/2))

obooboooboos toobODDOODOODOODO
b0 oobobbooodbbbceeribbbooodbbcbgn

b 94 DUOOOUOOOLOOOOOOobLObLOoOogoboboobooan

et
$44ebates
e rates
1029202024

10 DO 001let

0 draw_rect 50 50 100 1000 00 Odraw_circle 100 100 5000 0000O0O

draw_rect 50 50 100 100; draw_circle 100 100 50

gobboboobobbooduooooooobbbobbbbbobooduogdmnlet s
250001let £ x=x+ 1000000000000 00O0O0OOOODO0O0O0O0OODODO

OO0000d1et s =25; let fx=x+1; f sUOOOOOOOOOOONOD
Ubb0bDuooddbibD1Iet U in OOODOOO

let s = 25 in
let f x =x + 1 in
f s

JO00db0O0let x = U, in O, 00001et x = U ;;0000000000,00
gboboboogadgd

00 10.1 DOOoOooooooboogon

let s =
let f x
f s

25 in
=x+ 1 in
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godbogbbodobobbodbbobbtudboecaml OO0 DOOOOOO
gobobooooon

00111 DO0OdoOooboooboboboobooobg
1. Objective Caml O O #quit0 0O O0O0O0OO0OOOOO

2.00000000000C:¥Documents and Settings¥souzouw> LU O OMOMO
Dboooobooboobood

3. 000000 -~-00000000
oboboobooboobod

HRN gboboboobo
00

(.

#load "graphics.cma"
open Graphics

let rec £ x =
if x < 1 then
O

else
(draw_circle 100 100 x; f (x/2))

4. 0000000DO0O0DODO0O0O0L -000bbOooubbDUOtest.m100OO0
DooOoOooobmobD Dooobbooobbbod obogobe:0gon
U Documents and SettingsU U U UsouzouD 0O OUOOOOOODOOOOODONO
UO0O0D00OC:00M Documents and Settingsll U U U UsouzoulD U OO OOOU
DbOO0b000b00b000000 O C:¥Documents and Settings¥souzoul>U [
UO000000souzoul U0 OO Usouzoulll U U0 0 I

. bbuuooobbbuodbdirdbbbuoooobbboooonobboood
UO00OD0Otest.mlO0UO0O00O0DOOOOOODOOO

6. 00O Objective Caml OO0 OO0
7. O#use "test.m1"OOOOOOO

. Of 100 m
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Objective Caml O 000000000 0OO0ODOOOOODOOOOO90O0OO0ODOO
gobboboogoobobooogbobod
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oobobooboobooooobooboboboooobooboobooboobooogo
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e OO ODOOODOO 201100 00DLOO0DLO0O0DODOODO 201100000
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e DUUOOODLDDOUOODLDDODO
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oooon

OO00D00000000000Caml GraphiecsDODODODODOOODODOOODOOODOOO
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A DOO0DoDooooooooodd10HTTP

00 A.1 O#load "unix.cma"Oopen UnixOOOOOODOODOOOUnixOOOO0O
gbooboobobbobooo

UnixOODOOOOOODOOODOOOOooOSODODOooOooooobooobooooooo
0000000 TCP/IPOOO000OOUnx000000D000O0O000O000OUnxODO
O0O0OSO0 UnixOOOO TCP/IPOOOOOODOO

oddodbibd0www.tohoku.ac.jpU000OO0OOODOOO0OOOO0O0O0O00O
obobobogbo2e8.77.188. 166 U DO UOODOODOOODOIPODOODOODOOO

OO0 A.2 [1let host = gethostbyname "www.tohoku.ac.jp"O OO OO let addr =
host.h_addr_1ist. (0O)00O0O0OO00OOOO0OOODO string_of_inet_addr addr0[
obobobooboobobobobboobooodg

obhoboboobooobooobooboobuoo gHTMLbOoooooboobooobo

OO0 A3 WWWOODUODOUOhttp://www. tohoku.ac. jp/english/ 00000000
goodgoooooobobbbboooogn

O0 A4 DODODOOOOOOODOODOODOOOOOOOO

let (ic, oc) = open_connection (ADDR_INET(addr, 80));;
output_string oc "GET /english/ HTTP/1.0\r\n";;
output_string oc "Host: www.tohoku.ac.jp\r\n\r\n";;
flush oc;;
print_endline (input_line ic);;
print_endline (input_line ic);;

(0000000000000 00ODO0oD&OOOOOOOO)
print_endline (input_line ic);;
close_in ic;;

ooowwwioooooooooooobooboooobo  gHT™MLOODDODODO
gbboboogoboboooobbooogn

B 0000000000 OOOOO20SMTP

gobogoboogobobooobboobbobobbooboboooono

0 B.1
EEN gbooodboogboobboboboobuoobuooooobuooboon

[
oo

11



ooooooooooboooboooobobobobobooooooooboobooD
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let host = gethostbyname "primergy.kb-private";;

let addr = host.h_addr_list.(0);;

let (ic, oc) = open_connection(ADDR_INET(addr,25));;
print_endline (input_line ic);;

output_string oc "HELO localhost\r\n";;

flush oc;;

print_endline (input_line ic);;

output_string oc "MAIL FROM: D OO OODOOOOO\r\n";;
flush oc;;

print_endline (input_line ic);;

output_string oc "RCPT TO: OO OODDOODOON\r\n";;
flush oc;;

print_endline (input_line ic);;

output_string oc "DATA\r\n";;

flush oc;;

print_endline (input_line ic);;

output_string oc "From: JODOODDOOOOO\r\n";;
output_string oc "To: DO ODOOOOOOONr\n";;
output_string oc "Subject: test mail\r\n\r\n";;
output_string oc "this is a test\r\n";;
output_string oc ".\r\n";;

flush oc;;

print_endline (input_line ic);;

output_string oc "quit\r\n";;

flush oc;;

print_endline (input_line ic);;

close_in ic;;

U0 B.2 00 B1OODOD0ODDODOOUOOODDODODODOOUOO dummy@example.comld [ [0 [
Obooobooboooboooboon

C 3D0oooonon

OO0 C.1 Objective CamlOO 00 0ocaml DO OO0 lablglut 0O O OO0O0OOOO
O000000000000000000&Ox 00000000000000000
oooooooo
Oo0OO0‘coooboobooooooooDOOob0o0oooooooobooDoDoOOsniftdd
OO0000fdedooooOOOOO0O0O0’mOoobOO0O0bODbDObOO0OOoooOoDODbOO
O-000000b00o0b0o0oo0oobO0o0oo0ooboobboO0oDsnift000ooooong
“D0oooopoooood

x O0OooOoogg =)
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Glut.init Sys.argv;;

x0O000O0000O0O =)
Glut.createWindow "souzou";;

x 0O0O0OoOooo =)
Gl.enable ‘lighting;;

1000000000 0000oO =)

GlLight.light 1 (‘ambient (1.0, 1.0, 1.0, 1.0));;
(x1 000000000 %)

Gl.enable ‘lightl;;
(x2000000000000000 =)
GlLight.light 2 (‘diffuse (1.0, 0.0, 0.0, 1.0));;
(x2 00000000000 %)

GlLight.light 2 (‘position (2.0, 0.0, 0.0, 0.0));;
(x2 000000000 %)

Gl.enable ‘light2;;
(x*3000000000000000 %)
GlLight.light 3 (‘diffuse (0.0, 0.0, 1.0, 1.0));;
(x* 300000000000 %)

GlLight.light 3 (‘position (-2.0, 0.0, 0.0, 0.0));;
(x* 3000000000 %)

Gl.enable ‘light3;;

x OoOoOog =)
let rec display () =
x O000000O0000O00O0000o0 =)
GlClear.color (0.0, 0.0, 0.0);
(x OOO0000O =)
GlClear.clear [‘color];
(x 000 o.5 0000000000 =)
Glut.solidTeapot 0.5;
x O00000000Oo0 =)
Gl.flush O;;

(x00oooog %)
Glut.displayFunc display;;

OO0O0D0000O0 =)

let keyboard “key:k "x:x Ty:y =
O0O0o0oogogoo =)
GlMat.rotate "angle:2.0 "x:0.25 7y:0.5 "z
(x 0000 display UDOOOO0OOO0OOOOO0OO =)
display Q;;

x goboOobooooooog =
Glut.keyboardFunc keyboard;;

x O00OO0D0O00O0O0O0 %
Glut.mainLoop ();;
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OOO0b000boobdDsovzow OO UOOOOO0OOODOOODOODOOODOODOO
gobobboobbboodgbodogooooobooobbooooooooobooon
x goboboooobobooooboob

D OD0DDOOOooooooood
Joogoodooooogoogn

00 D.1 O#load "graphics.cma"UD open Graphics[O open_graph ""O O 0OO0O
O00D000wait_next_event [Button_down]OD O OO OOOCaml graphicsO OO
oboooboooboooboobbooobbobboobbooboobbon
obooboboobooboobooboobooboobooboon

OO0 D.2 O0000let s = wait_next_event [Button_down]O O DO DO OO OO Caml
graphics U0 0OO0O0OO0O0ODOO0ODOO0ODOO0O0ODOOOM s.mouse_xUO s.mouse_ylJ
ooooboboooooooobobobobooogooobDobooobooooooDOo

OO0 D.301et s = wait_next_event [Key_pressed]UU U0 OO 0OOOCaml graphics
0000000000000 00b00O00O0s.keyd 0000000000 ODOOOODO
O0O00ooOoooo

OO0 D.4 [let s = wait_next_event [Key_pressed;Button_down]UO OO OO OO
0000000000 ooo0oooo0ooooooooo0ooOoooooooOoOoooo
oooooo

E 000dgn

obobmMmboobooboobooboobobbobboboo

ooooobbon
OooOg [0Dooobo,0ob0b0ooolbooog

[1;2; 31;;
: int list = [1; 2; 3]
[3;2;11;; « OJO0O0O0O0O0 =)

: int list = [3; 2; 1]
[1;1;2;3];; «0000D00O0O %
: int list = [1; 1; 2; 3]

R H
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OO0 [icooobo,0ob00oognNooboon

# [ 1;2;31];;

: int array = [|1; 2; 3]]

(1 3;2;11]1;; OOOoOoooo =)
: int array = [I3; 2; 11]

[l 1;1;2;31];; «O000000O0O %
: int array = [[1; 1; 2; 3][]

I 1 H

obogoboooooon
guooooooog

X 11 ys
gboo0DbOx0dd0ob0ysOOOOOOoonOOooonoo

#letys=1[1;2;31;;
val ys : int list = [1; 2; 3]
#4 11 ys;;

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

xs Q@ ys
O00OxsOOOOOOOysOODOOODOOOODOOO

# let xs = [ 1; 2; 3; 1;;

val xs : int list = [1; 2; 3]

# let ys = [ 4; 5; 6; 1;;

val ys : int list = [4; 5; 6]

# x8 @ ys;;

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

match zs with [] -> 0O, | x::ys > O,
O00zs0000000D0 (OO0ODOOO0O0O0,00000000000000
OO0bO0b0OxOO0o0OobO0obOoo0ooo0b00ysdbOoboO,000000

# let e = [1;;

val e : ’a list = []

# match e with [] -> "empty" | x::ys -> "non-empty";;
- : string = "empty"

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

val xs : int list = [1; 2; 3]

# match xs with [] -> -1 | x::ys => x;;

:int = 1

match xs with [] -> []1 | x::ys -> ys;;

: int list = [2; 3]

[~ S|

Od0doooooooooooon -0, |Ooobboobbooo0oooooo
goooDm
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# match xs with x::ys -> ys;;
Characters 0-27:
match xs with x::ys -> ys;;
Warning P: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:

(]
- : int list = [2; 3]

oooooooo 0 >0, |Ob0ob0ob0oobooboboboboooomo
goboboooobobboooobboboogoooo

# match e with x::ys -> ys;;
Characters 0-26:

match e with x::ys -> ys;;
Warning P: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:
[]
Exception: Match_failure ("", 1, 0).

gbooooogn

a. (i)
O0ab0i0d00O000000
# let a = [| "apple"; "orange"; "banana" |];;
val a : string array = [|"apple"; "orange"; "banana"|]
# a.(0);;
- : string = "apple"
# a.(1);;
- : string = "orange"
# a.(2);;
- : string = "banana"

a.(i) <= x
O0aldid00000x000000O00OU0O0O0OU0OU0OO wnithO

# let a = [| "apple"; "orange"; "banana" |];;

val a : string array = [|"apple"; "orange"; "banana"|]
# a.(1) <- "melon";;

- : unit = O

# a;;

- @ string array = [|"apple"; "melon"; "banana"|]

Array.make n x
U000 n000000x0000000000O0DO0O0O0O0O0ODOO0O
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# let a = Array.make 8 0.5;;

val a : float array = [|0.5; 0.5; 0.5; 0.5; 0.5; 0.5; 0.5; 0.5]]
# a.(1) <= 3.;;

: unit = O

a;;

: float array = [|0.5; 3.; 0.5; 0.5; 0.5; 0.5; 0.5; 0.5]]

[

OO00000000OObjective Caml I 00O O
ggd

e U0 ::0DLbOULO0O0ODLDOUOUOUODLDLDOUOOUODLDDLDOOOO

e I0UUmatch D UUOUOOOODDODOOOOLDODOOOOODLODOOOOOLOD

HEN

e OU0O0ODi0ODLDDOOi0DLDODOUOODLDOOOODLDOOOODLDDDOOO
U0 List.nth xs i00000000D0O0O0O0O00i0000000000000

e U OUO0OLODLODOUOOODLDLDDOUOOODOLODUOONO
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