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OCaml &%|s}7]|

1. OPAM OCaml Package Manager "2 X|S}7 |
2. OCaml| 3! 2t&H =31 M K|S
» OCaml 4.14 O] 4}
» UTop, Dune, OCamlFormat, ocaml-Isp-server &

3. T2 3t A MASHT|

» (Neo)vim, Emacs, Visual Studio Code S
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https://github.com/ocaml/opam
https://opam.ocaml.org/blog/about-utop/
https://dune.build/
https://v3.ocaml.org/p/ocamlformat/latest
https://github.com/ocaml/ocaml-lsp
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OPAM &X|5t7] (macOS)

1. Homebrew I{7|X| 22| X}Z HX|ErL|C}.
2. Homebrew2 OPAM S M X|EfL|C},

brew install opam
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https://brew.sh/
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OPAM EX[5}7] (Linux)

Gl A|2 Ubuntu 20.04 O| &2 7|Z=C 2 MHTILICE 0|2|= OPAM
MX| 2ME SN .

1. aptS O|83t0] EX|EfLICt.

apt install opam
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https://opam.ocaml.org/doc/Install.html
https://opam.ocaml.org/doc/Install.html
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OPAM EX%[5}7] (Windows)

1. WinGetS A& Al & X[8l{OF gHL|CY.
2. WinGet= 0|83t0{ ©X|BfL|Ct.

winget install Git.Git OCaml.opam
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https://learn.microsoft.com/en-us/windows/package-manager/winget/
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OPAM &X|5}17] (Binary)

1. Linux, Mac:
gce, build-essential, curl, bubblewrap, unzipO| EQgL|LC}.

bash -c "sh <(curl -fsSL https://opam.ocaml.org/install.sh)” ‘

2. Windows

Invoke-Expression *
"& { $(Invoke-RestMethod https://opam.ocaml.org/install.ps1) }"
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1. ZoilM CHE HHO S AHBL|CY.

opam init

£7[5t = LIE etfof| mfet yE i2sto] & AH (. bashre,

N
0|=

eval $(opam env --switch=default)

£ gLt

OCamlO| BX|E|A=X] 2olgtiCt.

—/

ocaml -version ‘
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. o™ EXSt= switch S=0| LiZ LT}

opam switch list ‘

—_

MX| 7tse Ocaml HHE 2tolgtL|C,

opam switch list-available

N

3. Ocaml 4.14.2 HE O & p|0|2t= 0| 52| switchE THSLILCE.

opam switch create pl 4.14.2

4. A= switch2 SES HHE £ JYSLICH

opam switch default
opam switch pl
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D22 28 21|

O =

F|2kof| 2t (Neo)vim, Emacs, Visual Studio Code S AI2E
USLICE

O0/2] OPAMZ E3l| Dune, ocaml-Isp-server, ocamlformat=
MX|SIM| K.

opam install dune ocaml-lsp-server ocamlformat

eval $(opam env)

2. » Vim % Emacs AFEXt=
https://dev.realworldocaml.org/install.htmle= & 0SHN| Q.
» VSCode AFEXH= OCaml Platform Extension= & X[SHM| 2.
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https://dev.realworldocaml.org/install.html
https://marketplace.visualstudio.com/items?itemName=ocamllabs.ocaml-platform
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27| UTop

m Python®| REPLX} 20|, OCamlIOl|= UTopO|2t= M2[ 5t
7|7t AELICt

opam install utop
eval $(opam env)

m OCaml ZE X232 &¢/H e £~ JASLICE.
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https://opam.ocaml.org/blog/about-utop/
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OCamlO]| #%|?

m OCaml2 02| SF T2 2 BHAlZ X|

> HHY Imperative, 2 BN object- oriented,, BX

I8 C

=]

O rd0

A|:|| value-oriented,
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» HEYuerHetel o}
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BE I SH T2l xjo]

m 7 A7t =MUE BEE m 7|AH7E T S AL
A
R CHATEHE RIS w Y2
H=IR MIAIO| MM HEHX| 2S5
a==0 let a = 0 in
a=a+1 leta=a+1in (x SEHO|Ql »)
print(a) print a
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Hello, World!

UTopdilA...

utop # print_endline "Hello, World!";;
Hello, World!
- :unit = ()
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Hello, World!

UTopdilA...

utop # print_endline "Hello, World!";;
Hello, World!
- :unit = ()

m ol H7} GK|?
utop # print_endline("Hello, World!");;

Hello, World!
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m ;= FA1?
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Hello, World!

UTopdilA...

utop # print_endline "Hello, World!";;
Hello, World!
- :unit = ()

m ol H7} GK|?
utop # print_endline("Hello, World!");;

Hello, World!
- unit =

m ;= FA1?
m unitO| HX|?

m O= FHX[?
14/45



S0{7k7| Hof|

00000000000

A 21

OCaml ® A&
000080000000

OCaml| 2| Lt HLXIRL ZHS S 7
ASLIL.

042{7}X| Er)mt e of &
000000000000

o E2{&7|
000000

utop # "hel” * "lo" (+ 2A. BAY ).
- : string = "hello”
utop # true & false (* 22| »);;

- : bool = false

utop # 1+ 3 (+ Z %)
- :int = 4

utop # 1 / 3;;

- :int =0
utop # 1. /. 3. (x BESALAH 5,
- : float = 0.333333333333333315

0K

0000
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ALxte| b

CHREZQ| HAMXH= Foll T Bt B &~ AFLIC

utop # ( && );;

- : bool -> bool -> bool = <fun>

utop # ( + )55

- : int -> int -> int = <fun>

utop # (/)53

- : int -> int -> int = <fun>

utop # (/. );;

- : float -> float -> float = <fun>

utop # 1/ 2. ;;

Error: This expression has type float but an expression was expected of type
int
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0|E =017

O|F0ll= &ufell, =xt, RE (), M2MZH(")E At

utop # let x = 2;;
val x : int = 2

utop # let x' = succ x;;
val x' : int = 3
H 0| E2 AZKILE REZ A|ZfSHOF ©HL|Ct.

utop # let X = x;;

Error: Unbound constructor X

utop # let 1x = Xx;;

Error: Unknown modifier 'x' for literal 1x
utop # let 'a = 3;;

Error: Syntax error
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0| ¢tofl 0| Z E0]7]

let x = e in ¢’ O|M x2F= 0|2 ¢’ QA0 A2F & 5 JSLICE

utop # let echo () =
let i = read_int () in
let str = string_of_int i in
print_endline ("> " * str);;
val echo : unit -> unit = <fun>
utop # echo ();;
42
> 42
- :unit = ()
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45 2

utop # (fun x -> x * x) 2;;

- :int = 4

utop # let square x = x * X;;

val square : int -> int = <fun>
utop # let square = fun x -> x * X;;
val square : int -> int = <fun>
utop # let square = function x -> x * X;;
val square : int -> int = <fun>
utop # square 2;;

- :int = 4

utop # let cube x = x * square Xx;;
val cube : int -> int = <fun>

utop # cube 2;;

- :int =8
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a7t Xt o Folof AFEE|2{TH ‘rec’ 7| EE AESHOF
sHL|C}
= .

> let rec x = e in ¢’ O|A x= e@t e’ QHOIA A2 2~ QIEL|CE.

AN
mif p then e else ¢’ 2t 20| ZUEZS MEY = JUSLICH
> else BE2 then £20| unit EIYY AL MEkat &~ QI&LICt

val

utop # let rec fact n =
if n = 0 then 1 else n * fact (n - 1);;

utop # fact 10;;
: int = 3628800

fact : int -> int = <fun>
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AHA SOl M 25 EFRIS EIT FAISHA] 441, OCamlO| AAZ
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utop # let square (x : int) : int = x *
val square : int -> int = <fun>
utop # let square : int -> int = fun x -> x * x;;
val square : int -> int = <fun>
utop # let try_first pred value fallback =

if pred value then value else fallback;;
val try_first : ('a -> bool) -> '

a > 'a ->'a = <fun>

OFX|2He Ebel 14 a0l OfH 3t EFRIOIE 5012 4 2

A
= T A
“E—I'% polymorphic °|:||'-)|\-”OI |—| E—I’.

rir
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utop # int_of_float;;

- : float -> int = <fun>
utop # float_of_int;;

- : int -> float = <fun>
utop # int_of_float 3.14;;

- :int = 3
utop # float_of_int 1 /. 2.;;
- : float = 0.5
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utop # (5
- s unit = ()

unit EFUE F2 B4 G} side effect 7t Y= B 40| 2|EH EIRQIOZ

A ELIL.

utop # let hello x = print_endline ("Hello, " * x);;
val hello : string -> unit = <fun>
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utop # let tup = (3, "one");;
val tup : int % string = (3, " "

=MES 2 Woll= (a, b, ...) HEHS| THE OHEIS AL SIALL,

utop # let (x, y) = tup;;

val x : int = 3

val y : string = "one”

utop # match tup with (x, y) -> x ;;
- :int = 3

LHZE etQl £st2t sndE & = ASLICH

utop # fst tup;;
- :int = 3
utop # snd tup;;

- : string = "one"
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= & syntactic

utop # 0@ :: 1 :: 2 0 3 [1;;
- ¢ int list = [0; 1; 2; 3]

utop # let 1st = [3; 1; 4] (x 2t MEf
val 1st : int list = [3; 1; 4]

=AY e 2[AES BE HA = 22 EHRI0|0{0F FiLICE

utop # [1; "hello"];;

Error: This expression has type string but an expression was expected of type
int
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B|AE ;s - ZEG}I|

OCaml2 E[AEE QI CiFoh et HUXE MSELICH

utop # List.hd 1st;;

- :int =3

utop # List.tl lst;;

- : int list = [1; 4]

utop # List.nth 1lst 1;;

- :int =1

utop # List.mem 0 1lst;;

- : bool = false

utop # 1st @ [1; 5; 91;;

- : int list = [3; 1; 4; 1; 5; 9]
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2|AE o - IHE 0§

2| AE 9| & OiF0f|= - 2 (18 FLIC

utop # match lst with

[ [J->-99
| hd :: tl -> hd;;
- int = 3

HoliZl Z20[2] 2| AE THEO|= [a; b; .1 HENS| 2 22
MEE = AL

utop # let mylen = match lst with
[ 1 ->0
| [x] ->1
[ x ::0y 2 [1->2
| [x; y; z] -> 3
| - > 999;;
val mylen : int = 3
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utop # let rec sum 1 =
match 1 with

| >0 (* base case x)
| hd :: tl -> hd + sum tl (% inductive case *);;
val sum : int list -> int = <fun>

utop # sum [1; 2; 31;;
:int = 6

28/45



S0{717] Hoi| OCaml ® Zg Of2{7x| Etelat oiE o E O S2{27] ORX| O
00000000000 000000000000 000000080000 000000 o0ooo

Of2{7tX| FEXt constructor 2 TFIE MZ2 EFYE S 5 AFLICH
E 2

Of2H color M O 2US 7HE = U=
Etei'ol2t £ELIC

utop # type color = Red | Green | Blue;
type color =
| Red | Green | Blue
| Name of string
| RGB of int * int * int
utop # let color_to_string ¢ = match c with
| Red -> "red"” | Green -> "green” | Blue -> "blue”
| Name name -> name
| RGB (r, g, b) -> Printf.sprintf "rgb(%d, %d, %d)" r g b;;
val color_to_string : color -> string = <fun>
utop # color_to_string Red;;
- : string = "red”

ME2 HAO| JOH £ MEE0]/variant typell 2| HS HA[SHFH|2!
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treeX{ 3 Fo7t PEXQ XS TS = ASFLICL

utop # type tree =
| Leaf of int
| Node of int * tree * tree;;
type tree = Leaf of int | Node of int * tree * tree
utop # let t1 = Leaf 0;;
val t1 : tree = Leaf 0
utop # let t2 = Leaf 1;;
val t2 : tree = Leaf 1
utop # let t3 = Node (2, t1, t2);;
val t3 : tree = Node (2, Leaf 0, Leaf 1)
utop # let rec sum_of_tree tree =
match tree with
| Leaf n -> n
| Node (n, 1, r) -> n + sum_of_tree 1 + sum_of_tree r;;
val sum_of_tree : tree -> int = <fun>
utop # sum_of_tree t3;;
- :int = 3
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O Eofd et

function 7|} =2 IHE IHE S M= g5 ZHESH Holg +

UG LIL.

utop # let rec sum_of_tree = function

| Leaf n -> n

| Node (n, 1, r) -> n + sum_of_tree 1 + sum_of_tree r;;
val sum_of_tree : tree -> int = <fun>

_= ALETIE vildeard HHEI L2, THE OHE0[A 0| ES 20[X| &1
FAIE off ArEeCt.

utop # let get_r = function
| RGB (r, _, ) —=>r
| Red -> 255
| = > =15

val get_r : color -> int = <fun>
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curry

f:AxB—>C — f':A->B->C

utop # let addp (a, b) = a + b;;
val addp : int * int -> int = <fun>
utop # let add a b = a + b;;

val add : int -> int -> int = <fun>
utop # let add42 = add 42;;

val add42 : int -> int = <fun>
utop # add42 1337;;

- . int = 1379
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curry

f:AxB—>C — f':A->B->C

utop # let addp (a, b) = a + b;;
val addp : int * int -> int = <fun>
utop # let add a b = a + b;;

val add : int -> int -> int = <fun>
utop # let add42 = add 42;;

val add42 : int -> int = <fun>
utop # add42 1337;;

- . int = 1379

& OH0AM 275h= EFI0l 530 Z2 S ZHESHA R
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utop # let rec len lst =
match 1lst with

| x :: xs => 1 + len xs
| [1->0;;
val len : 'a list -> int = <fun>

utop # len [1; 2; 31;;

- :int =3
utop # len ["hello”; "world"l;;
- :int =2
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Cray
F=3 L 15 3IAZ O oos F=3
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e = ASLICH

utop # let rec len lst =
match 1lst with

| x :: xs => 1 + len xs
| [1->0;;
val len : 'a list -> int = <fun>

utop # len [1; 2; 31;;

- :int =3

utop # len ["hello”; "world"l;;

- :int =2

len &= 'a EFRIO| £310| 2E A2tQ10] ZhEetL|Ch

int & L}
'a=stringQ L}, ..

.
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utop # let x = ref 0;;

val x : int ref = {contents = 0}
utop # x;;

- : int ref = {contents = 0}
utop # !x;;

- :int =0

utop # x := Ix + 1;;

- s unit = ()

utop # !x;;

- :int =1

utop # incr x;;

- :unit = ()

utop # !x;;

- :int = 2

utop # incrj;

- : int ref -> unit = <fun>
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utop # 1/ 0;;
Exception: Division_by_zero.
utop # (* type 'a option = None | Some of 'a *)
let try_div a b =
try Some (a / b) with
| Division_by_zero -> None;;
val try_div : int -> int -> int option = <fun>
utop # try_div 63 9;;
- : int option = Some 7
utop # try_div 3 0;;
- : int option = None
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utop # exception Explosion;;
exception Explosion
utop # let bomb = fun n ->
let secret_code = 1337 in
if n <> secret_code (* #t0| CtE22A| H|W =
then raise Explosion else ();;
val bomb : int -> unit = <fun>
utop # bomb 12345;;
Exception: Explosion.
utop # bomb 1337;;
- s unit = ()
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utop # module type Color_intf = sig
type t
val red : t
val blue : t
val print : t -> string
end;;
module type Color_intf =
sig type t val red : t val blue : t val print : t -> string end
utop # module Color_bool : Color_intf = struct
type t = bool
let red = true
let blue = false
let print ¢ = if ¢ then "red” else "blue”
end;;
module Color_bool : Color_intf
utop # Color_bool.print Color_bool.red;;
- : string = "red”
utop # Color_bool. (print blue);;
- : string = "blue”
utop # let open Color_bool in print blue;;
- : string = "blue”
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(* sample.ml *)

exception List_empty

let rec take (n : int) (xs : 'a list) : 'a list =
if n = 0 then []
else
match xs with [] -> raise List_empty | x :: xs' -> x :: take (n - 1) xs'

let rec drop (n : int) (xs : 'a list) : 'a list =
if n = 0 then xs
else match xs with [] -> raise List_empty | _ :: xs' -> drop (n - 1) xs’

let rec print_list : int list -> unit = function
| [1 -> print_newline ()
| x :: xs ->
print_int x;
print_string
print_list xs
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let rec merge (cmp : 'a -> 'a -> bool) (xs : 'a list) (ys : 'a list) : 'a list =
match (xs, ys) with
100,111, 0->1

| x :: xs', y 0 ys' >
if cmp x y then x :: merge cmp xs' ys else y :: merge cmp xs ys'
let rec merge_sort (cmp : 'a -> 'a -> bool) (xs : 'a list) : 'a list =

match xs with
|01 C0_-7->xs
| _ —>
let len = List.length xs in
let left = take (len / 2) xs in
let right = drop (len / 2) xs in
merge cmp (merge_sort cmp left) (merge_sort cmp right)
let () =
let 1st = [ 3; 2; 1; 10; 5; 4; 7; 6; 9; 8 ] in
let sorted = merge_sort ( < ) lst in
print_list 1st;
print_string " -> ";
print_list sorted
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$ ocaml sample.ml
3;2;1;10;5;4;7;6,9;8;

-> 1;2;3;4;5;6;7;8;9;10;
$ utop -init sample.ml

3;2;1;10; 16;9;8
->1;2;3;4;5;6;7,8;9;10;
—( 00:43:09 )—< command @ { counter: 0 }—

utop # merge;;
- : ('a->"'"a->bool) -> 'a list -> 'a list -> 'a list = <fun>
—( 00:43:09 )—< command 1 { counter: 0 }—

utop # merge_sort;;

- : ('a->"a->bool) -> 'a list -> Ba list = <fun>

—( 00:43:13 )—< command 2 { counter: 0 }—
utop # merge_sort ( > ) [4; 6; 1; 91;;

- ¢ int list = [9; 6; 4; 1]

—( 00:43:16 )—< command 3 { counter: 0 }—
utop #
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$ ocamlc sample.ml -o sample
$ ./sample
3;2;1;10;5;4;7;6;9;8;

-> 1;2;3;4;5;6;7;8;9;10;
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m HIEA| AHME 2 EM2: The OCaml Manual
B ropas.snu.ac.kr/~ta/4190.310/26

m OCaml Programming: Correct + Efficient + Beautiful
m Real World OCaml, 2nd Edition

m OCaml Discussion
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