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1. OPAM OCaml Package Manager 32|57 |
2. OCaml & 2td =51 M %|517|
> OCaml 4.14 O| 4
> UTop, Dune, OCamlFormat, ocaml-Isp-server &

3. D=2 &d 2d5h|

> (Neo)vim, Emacs, Visual Studio Code &
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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 A 2|5}7| (macOS)

1. Homebrew I 7| Z| 22| A2 M 2| &L C}.
2. Homebrew2 OPAMZ A | gfLLC}.

brew install opam
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https://brew.sh/
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OPAM A 2|5t7| (Linux)

Ol A|2 Ubuntu 20.04 O|AFS 7|20 2 MO5HL|C} 0|Q= OPAM
Mz| BME 25N 2.

1. aptS O|E5t0] Z2[gfL|Ct.

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 A 2|5}7| (Windows)

1. WinGet2 AF23HA A2|3({0F EFL|C

2. WinGet2S 0| 23510] A x|3HL|C}.

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 A 2|5t7| (Binary)

1. Linux, Mac:

gcc, build-essential, curl, bubblewrap, unzipO| T 8rL|C}.

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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opam init

27|32
.zshr

2. 0|=
eval $(opam env --switch=default)

o -
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3. OCaml0| M2|5|9!

ocaml -version
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1. B ZASHE switch 220| LESL|CH
‘opam switch list ‘
2. 2| 7t5%t Ocaml {1 S EQIfL|CL
opam switch list-available ‘
3. Ocaml 4.14.2 HZH 2 2 pl0|2t= 0|29 switchE& BHSL|Ct
opam switch create pl 4.14.2 ‘
4. Stz switch2 SHF 3 BIE 4= UG LICL
opam switch default
opam switch pl
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e = Y 43517

Z|SF0f| [Ch2t (Neo)vim, Emacs, Visual Studio Code S2 A2 4~
UL T
1. O/2] OPAMZ S5l Dune, ocaml-Isp-server, ocamlformat=

H2|5HMI 8.
opam install dune ocaml-lsp-server ocamlformat

eval $(opam env)

2. » Vim 2 Emacs AIEZ}=
https://dev.realworldocaml.org/install.htmlS

2ESHM| 2.
> VSCode AFZ A= OCaml Platform ExtensionS A 2| 5tM| 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 Python2| REPLZ} 20|, OCamlOf|= UTopO|2t= 2 ESH
A7t AS UL

opam install utop
eval $(opam env)

= OCaml ZE 2242 247 AT 4 UBLICL
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https://opam.ocaml.org/blog/about-utop/
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OCamlO| 2 Z|?

= OCaml2 0{2] 220| T2 2)Q) HIAIS 2B T
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m Java, Python, Go §2} Z0| 24522 H|22| = AHEE garbage

collected %,:,I' L—l E—f.

= 2T (FH) EIY AIAYE 712D ALt
> EjQlOR Ot M2IS H2F

12/41



=0{7t7| H0f

00000000000

OCaml A 28
00®00000000

Cf|O|Ef =&t =5l

000000000

o 227
000000

n VAVt =MOZ2 HES m J|H7F 012 ZHE ALt
Aot
. CHATE B AUEUS  w S 2T
=12 MAO M H SR ek2
a=20 let a = 0 in
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Hello, World!

UTopOi|Aq...

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

UTopOi|Aq...

utop # print_endline "Hello, World!";;

Hello, World!
- unit = ()

m O 25} R?
utop # print_endline("Hello, World!");;

Hello, World!

- unit = ()
m ;e AR

m unitO] & Z|?
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utop # "hel” " "lo" (x T4 BXE »);;

- : string = "hello”

utop # true && false (x =2/91 %);;

- : bool = false

utop # 1+ 3 (x EF %5,

- : int = 4

utop # 1 / 3;;

- :int = 0

utop # 1. /. 3. (x B&LE #);;

- : float = 0.333333333333333315

utop # ( && );;

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

utop # ( + );;

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

utop # (/)55

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

utop # (/. );;

- : float -> float -> float = <fun>
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utop # let x = 2;;

val x : int = 2

utop # let y = x * 2;;
val y : int = 4

utop # let x' = succ x;;
val x' : int = 3

utop # succ;;

- : int -> int = <fun>
utop # let _ = x;;

- int = 2

utop # let X = x;;
Error: Unbound constructor X
utop # let x-prime = x;;
Error: Syntax error
utop # let 1x = x;;

Error: Unknown modifier 'x' for literal 1x
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let x = e in ¢€0|M x& ¢ QtOJ|A Tt O| 0| R=&tL|Ct.

=

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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let x = e in ¢€0|M x& ¢ QtOJ|A Tt O| 0| R=&tL|Ct.

=

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 = ()

m xS AHH2Z Y5t T2
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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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m 3147} 2pA12] ZO|0f| AFBEIZ P rec X|HOZ ALR3HO}
sHct

> let rec x = e in ¢O0|AM x= eQ} ¢ CHO||A O] 20|
FEeHCcH

m (=) Bl ALRS Soff 2L0| Z2A| Bl gLt
m if p then e else ¢’ Z0| ZHES AEY &+ JUSLICL
> else 22 then £20| unit EIYY B d=e 4= ASLICE

utop # let rec fact n =
if n = 0 then 1 else n x fact (n - 1);;
val fact : int -> int = <fun>
utop # fact 10;;
- : int = 3628800
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utop # let square (x : int) : int = x * 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>
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utop # let square (x : int) : int = x * 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>

ORZ|9r2 EFQ B~ 'a0f OISt EFYOIE 501 &= U
(BF polymorphic) 4= L|Ct.

rr
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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 # let a_tuple = (3, "one") (*
val a_tuple : int * string = (3, "o

val x : int = 3

val y : string = "one”

utop # fst a_tuple;;

- . int = 3

utop # snd a_tuple;;

- : string = "one”

utop # let dist (x1, y1) (x2, y2) =
sqrt ((x1 -. x2) *x 2. +. (y1 -.

utop # dist (1., 2.) (4., 6.);;

- : float = 5.

utop # 1, 2, 3;;

- :int x int * int = (1, 2, 3)

ES=ROIF

ne”)

utop # let (x, y) = a_tuple (* 23f *);;

y2) ** 2.);;

02|
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utop # 0 :: 1 :: 2 :: 3 2 [1;;
- . int list = [0; 1; 2; 3]
utop # let 1st = [3; 1; 4; 1; 5; 91 (* 28 HEH %);;
val 1st : int list = [3; 1; 4; 1; 5; 9]
utop # let head = List.hd lst;;
val head : int = 3
utop # let tail = List.tl 1st;;
val tail : int list = [1; 4; 1; 5; 9]
utop # List.nth 1st 3;;
- :int =1
utop # List.mem 0 lst;
- : bool = false
utop # 1st @ [2; 6; 5; 3; 51;;
- . int list = [3; 1; 4; 1; 5; 9; 2; 6; 5; 3; 5]
utop # (@ );;
- : 'alist -> 'a list -> 'a list = <fun>
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utop # let rec sum 1 =
match 1 with
| [1->0 (* base case *)
| hd :: tl -> hd + sum t1  (* inductive case *);;
val sum : int list -> int = <fun>
utop # let rec sum = function
| [1-—>0
| hd :: tl -> hd + sum tl;;
val sum : int list -> int = <fun>
utop # sum [1; 2; 3];;
- :int = 6
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utop # let rec sum 1 =
match 1 with
| [1->0 (* base case *)

val sum : int list -> int = <fun>
utop # let rec sum = function

| [1-—>0

| hd :: tl -> hd + sum tl;
val sum : int list -> int = <fun>
utop # sum [1; 2; 3];;
- :int = 6

| hd :: tl -> hd + sum t1  (* inductive case *);;

matchS =510 A2 S = (match
BE2 ZRA AFRBILICE

with

k&0
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utop # type color = Red | Green | Blue;;
type color = Red | Green | Blue
utop # let color_to_string = function
| Red -> "red”
| Green -> "green”
| Blue -> "blue”;;
val color_to_string : color -> string = <fun>
utop # color_to_string Red;;
- : string = "red”

M2 o] /OBl 4]

Ho

HZE0{/variant typedi| 2| 4S A A5 FAM !
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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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utop # type rgb = { red : int; green : int; blue : int };;
type rgb = { red : int; green : int; blue : int; }

utop # let cyan = { red = 0; green = 255; blue = 255; };;
val cyan : rgb = {red = 0; green = 255; blue = 255}

utop # cyan.red;;

- :int =0
utop # cyan.blue;;
- : int = 255

utop # let { red = r; green; blue } = cyan;;
val r : int = 0

val green : int = 255

val blue : int = 255
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ffrA->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
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utop # let rec len lst =

match 1lst with

| x :: xs => 1 + len xs

[ 11 ->0;;
val len : 'a list -> int = <fun>
utop # len [1; 2; 31;;
- . int = 3
utop # len ["hello”; "world"];;
- . int = 2
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utop # let rec len lst =

match 1lst with

| x :: xs => 1 + len xs

[ 11 ->0;;
val len : 'a list -> int = <fun>
utop # len [1; 2; 31;;
- . int = 3
utop # len ["hello”; "world"];;
- . int = 2

len B4 'a EQJ0] 2910 2E HIRI0| ZHEBILIC

o8
I

= intQ mjL}
string@ WHL}..

cu
Il
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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;;

- unit = ()

utop # !x;;

- . int =1

utop # incr x;;

- unit = ()

utop # !x;;

- . int = 2

utop # incr;;

- : int ref -> unit = <fun> 30/41
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utop # 1/ 0;;

Exception: Division_by_zero.

utop # (x type

'a option = None | Some of 'a *)

let try_div a b =
try Some (a / b) with
| Division_by_zero -> None;;

val try_div :

utop # try_div
- : int option
utop # try_div
- : int option

int -> int -> int option = <fun>
63 9;;

= Some 7

30;;

= None
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utop # exception Explosion;;
exception Explosion
utop # let bomb = fun n ->
let secret_code = 1337 in
if n <> secret_code (* ZfO| CFEX| H|il x)
then raise Explosion else ();;
val bomb : int -> unit = <fun>
utop # bomb 12345;;
Exception: Explosion.
utop # bomb 1337;;
- :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 c 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”

33/41




S0{7t7] Ao OCaml A AE Cilo|Ef Z &1}t 251 o &38| 0|04
00000000000 00000000000 000000000 [e]e]ele! Yo} 0000

BoEsto| i

A2 oS HS0IM s EAlCh

(* 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
| [J -> print_newline ()
| x :: xs =>
print_int x;
print_string
print_list xs
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match xs with
[ D31 C0_1->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 1 in
let sorted = merge_sort ( < ) lst in
print_list 1st;
print_string " -> ";
print_list sorted

let rec merge (cmp : 'a -> 'a -> bool) (xs : 'a list) (ys : 'a list)
match (xs, ys) with
[ 01,111, 00->1
| x :: xs', y 11 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 =

‘a list =
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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;5;4;7;6;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 UO{EM 2: The OCaml Manual
m ropas.snu.ac.kr/~ta/4190.310/25

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

m OCaml Discussion
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