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1.1 OCaml 7]|%

OCamlg T2 I2g ZHAste § 9o BRF 714 718z el

A957]
OCaml 22758 AGA7E Wilelis 27 Al 47} Qlet. o
~E WR715 o] gste] Theu} 2o L2 19E A4S hello.md
ol o] AR A5t

let _ = print_endline "Hello World"

B &9 94 print_endlineS ©]-§5to] EA+<E "Hello World"

Loop, tia}e Z=T0q] A3 )& o] & 4= Utk FE oA
ocamle st theu} ZHo] REPLo] A ch($x}t # ZHz}
A7} REPLO| TR I EE Uetl= FAF2taL of4).

$ ocaml
0Caml version 4.09.0

#
et gol AL WS 2w EAAS Zsrtt

2) o] A9o] dX A= o} HoA 7}ALtl: Yaron Minsky, Anil Mad-
havapeddy, Jason Hickey. Real-World OCaml. O’Reilly



# print_endline "Hello World";;
Hello World
- : unit = O

o704 ;34 REPLO|A| @elg Aaistets ojnl Abgshs &
AR, 12 IRg BAE B 44T e 4g Wast gk
REPLAA 24 Z2 1 geisty gu

= Hade EAE 9ol & rt.

# #use "hello.ml";;
Hello World

- : unit =
REPLYIAl OCaml 44715 A4 ol 8ol k. o2} o] o
o] ocamlFlo] A4 el o] 8L F1 Hr}

$ ocaml hello.ml
Hello World

$ ocamlc helloworld.ml

$ 1s
a.out hello.cmi hello.cmo hello.ml
$ ./a.out

Hello World

Autede she AW 2 outo] YA EIH, o] S AWt B}

< "Hello World"7} &2l &},



EERE RS LR

shpe g2 3 TASHE 7|2 T]7} W E B (statement)o] ©
27 dofofA

T,

>
o
X
3
=
D
&
S
B
0

l
o
o
au)
ne
L
)
lo
Htl
1=

[ |

Sl o 4L TolA mz e ZAst Ao| A o]
A 27 oo Aee FAlo] HFIohs AL Al &
qere =), HoA] A9} ] & o 25| ol Aol

7183k
OCamlo] A ZsHs 7P 1 RAQ Aol A%, %, /A3, 2
A, BAE 5] 7122k (primitive value)& TS| Aol 9]

t}. ol 9], REPLOA] AF&A](arithmetic expression) 1 + 2 *



sto] Amhglo] Tolet

Ag Ats

Z

17)E deog Fof

OHE_Z]'.

ol

32 gels
#1+ 2 % 3;;
cint =7

OCam] A

o
<«

oV

| AX2}7} T2t 219 oo A A

SHA

°

51

3.3;;
8.36

Etdel met 7

# 1.1 +. 2.2 %,
: float
dES

o

.

o 7ol

ki

ook
o] Bty 2 (type error)

SRR

die g fole

5

Zofl o

Al
=

e

=

Al

1

=5

Error: This expression has type float but an
: int

expression was expected of type int
# 3 + (int_of_float 2.0);;

#3 + 2.0;;



# (float_of_int 3) +. 2.0;;
- : float = 5.

.
Rl
o

int_of_float2} float_of_int= Z}Z} A4
4g ASR MBEEE ot

H-&2](boolean expression)2 ZAytgho] & E= 7219l
oF 3 ABE A2 true, falsez WEHHAL o5 4o B
boolo|tt.

i

TR,

E
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o
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Flo

# true;;
- : bool = true
# false;;
- : bool = false

At Al th3h vl AAE Be7kS mhEo]Wth

# 1 =2;; (x equal to *)

- : bool = false

# 1 <> 2;; (% not equal to *)

- : bool = true

# 2 <= (1+1);; (* less than or equal to *)

: bool = true

i

2 AUAE olgale] 7] ReAe ol ARe Heae 1
% gt

(2>1) & (3>2 |l 5<2);;

: bool = true

# not (2 > 1);;
- : bool = false
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o] 9ol OCamlof| A= FA}(character), FAF< (string), 4

(unit)gt= 712gt o= Algett

#°c’;;

- : char = ’¢’

# "Objective " ~ "Caml";;

- : string = "Objective Caml"
# O3

- : unit =

unite gh shbet ZHAe ehgleln] 1 ghe O vehdnh C
A0]0] 4 void EFelal w2 elghe Fhrka Azts Bt 9]
ool q ~& = EAAE olojoli AslAtolct

m2 e dolsl AT 1% 1RA TR F st 22
Solck. CLb Javash 2] OCamle A ZARE Aolw], wetA
1 AR ke AARgeE 2742 (conditional expression)2 ThS-
W o] BA.

o)

if e; then ey else eg3

71 e1, ez, ezr= VOO A& ey 23419 o= e, 9 gk
o] ZolH exE AMISEAL e29] Fro] AZlolWH ez E Atstete
ojtt. o & E5of, otdl ZE I ey, e, e37F ZZF 2> 1, 0, 18]
78-¢-olct.

# if 2 > 1 then 0 else 1;;
- :int =0



4 2> 19 o] true D& epo] S|FHe A 0& A4S 1
grol 24 44| gro] Hrk. 2L theat go| HHRE A
2749] Zhe ;9] go] e,

# if 2 < 1 then O else 1;;
- : int =1

&

OCamlof A 2345 24T wjoll= R7HA] w215 A[#AoF
of. A e HIEA] F&2jo]ofof gttt A& 50,

if 1 then 2 else 3

ke eAelA B oR7 S

# if 1 then 2 else 3;;
Error: This expression has type int but an expression
was expected of type bool

E e} erke BE B 0] ZhS AT AlSololof @t oS
Sof, obdf A= et ©F7h WAYSIL AYEA ghect

# if true then 1 else true;;
Error: This expression has type bool but an expression
was expected of type int

= WA 428 AR OCamle] A2 €FQ] A|AH(static type sys-
tem)o] RT3 oItk ex9h e59) Ehelo] Febe m2 IE A
YA 7= = A7 AT Bds A8Y Aol A5k By
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let...in

let £ = e; in ey

A 27} e 9] e THAER Aot Fo 4 2 Altslete &
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12 Aol Fol ax 22 ANSHL 1 o] AAA Y
Zkol El9lth. o] ) W4 ak eyo] SJGHE a % 20| AE GBI
et 9] LetAlE A T ac] Aol @RI} WART

# a;;
Error: Unbound value a

P

3} 2ol et FHste] AHgw Hrk.

# let d =
let a =1 in
let b = a + a in
let c = b + b in
¢+ cj;

val d : int = 8

# d;;

- : int = 8

# a;;

Error: Unbound value a
# b;;

Error: Unbound value b
# c;;

Error: Unbound value c

A W a9 34L& SHE let2 o]-gsto] st QlolA ©
T a, b, c= B 49| & ASH] foiA A= AR A1
H

Zolmz a7t Aol] ok Fod 4 g7 et



olgf] dof A= 1etQ] e Aol letd ZHdto] AF&aloT).

# let x
- : int
#y5s

Error: Unbound value y

(let y = 2 in y * 2) in x;;
4

o] AL W4 yi x2 AOJ5] glote] 291 Ao} WMiolnz

A A& At Folle H2F 4 /idk

S
o

ool

TdrE YT "ok leta ARERIT Tha2 o squareEs 4

3 Zlolek.

Lo

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

g9 olF theoll &4 Z}Hargument) Q] o] 22 Ho|F 11, =
Thgo] B40] B (body)S ATk 919] B4 squares U7}

x5 Wotq AHFOR x * xE ol 45 Ao Aot
g2 AolotH OCaml AP7|= 1 gFS deFiag], o] A<
int -> int= JE AR oM A4S Hede daete %
ojtt. follA <fun>2 Aot gro] eh2tE Kot
OCaml AP7= FA2Q] g2 HAFA= =t
s ARt Tols thgdt Zo] TEsto] AR

# square 2;;
- : int = 4
# square (2 + 5);;
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- : int = 49
# square (square 2);;
- : int = 16
&2~ squareZ olafje} Zro] Aol S 9Jrt.

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

o714 fun x -> x * xi= A7 xS Wobd] x * x5 WEFSIE T4
£ Uehy L, o] squarert 1 @42k AHES stk o
A F5E Goloks BAL ool A Holst YA Yets] FAs)
t}. =, let square x = x * x@} & A& OCaml Aot 7F Y
HZAORE let square = fun x —> x * x@} Zro] gt AY
Ztshd "ot fun x -> x * x@F go] Aot &€ olFfle &
Z*(anonymous function)gtil 2

O Az, 17 27t S¢AA AF-E st &4 negE 4
ofafiat. g4o] BEol 2749l Fgolek
# let neg x = if x < 0 then true else false;;
val neg : int -> bool = <fun>
# neg 1;;
- : bool = false

neg (-1);;
: bool = true

+*

OCamlo| 4 3
ea® U9 4

Foh A 74 ol

TEAZ AWHC R e e} Zo] AZL, e
o & & St} & 501, Yol sqaureE =

A e1-& B square©|dl eo= Z}2ZF 2, 2 + 5,
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square 28] -0t} Thel Zo] e,o] ol B8l T4t A4 9f
T FHoh

# (fun x -> x * x) 3;;

- : int = 9
# (fun x -> if x > 0 then x + 1 else x * x) 1;;
- : int = 2

P4k ofd A4S 42 4 Ak A ol T B4 x9hyE
QAzpz wrobA] 77| AlFo] e Wk A4g AR A,
# let sum_of_squares x y = (square x) + (square y);;
val sum_of_squares : int -> int -> int = <fun>

# sum_of_squares 3 4;;
int = 25

o}

# let £ = sum_of_squares 3;;
val £ : int -> int = <fun>

# f 4;;
- : int = 25
W £5 sum_of_squares 39| gfo g Aot 11 g2 4

y& WolXA (square 3) + (square y) 2] g2 WhElsh= sh4=7}

of oA £5 482 $ET 4 Q3 T gk 2571 "k

h
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A o)5l= T =ASIA|TE 1let TF2of 7]¥E

=
rece &9 F0lof ettt A E S0l &4 factoriale et &

# let rec factorial a =
if a = 1 then 1 else a * factorial (a - 1);;
val factorial : int -> int = <fun>
# factorial 5;;
- : int = 120

o
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et

(if f a then a else 0) + (if f b then b else 0)
val sum : (int -> bool) -> int -> int -> int = <fun>
# let even x = x mod 2 = 0;;
val even : int -> bool = <fun>
# sum even 3 4;;

- : int = 4

# sum even 2 4;;

- : int = 6

910l A even QAR WS A% w7k Agold Fe wiBksHE &
Foltf. =, even?] 54 x mod 2 = 02 x5 22 e UM 2|7}t
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0old & Atsts F2Alolth &4 sun A £, a, bE =
g, £7F Aol A J/AZ L2 Ths ot o] dE a, b 2
83t ol AnE wiolltt HsiA vrEste golnt. A& S0,

sum even 3 4= S+ sumQ] A WA QAR T evenD YAF

# let plus a = fun b -> a + b;;
val plus : int -> int -> int = <fun>
# let plusl = plus 1;;

val plusl : int -> int = <fun>
# plusl 1;;

- : int = 2

# plusl 2;;

- : int = 3

# let plus2 = plus 2;;

val plus2 : int -> int = <fun>
# plus2 1;;

- : int = 3

&4 plus= Q17 aE obA ok fun b -> a + bE HIRSh= oF

Z=o]|t}t. €] int -> int -> int-2 int -> (int -> int) <} 79|

m

A 4 QlaL, A4 shhE Wobs] AapolA H= 7he o
Hrekoh= obr BF S &Rttt W49 plusi plus 12 A OJs}
RO plusi U7 bE HobA 1+ bE Hielst= g 9

nlRiet. HZ:5HA plus2e A4 AAHE WobA 25 Hdte 47t

sun?} pluset Zo] Th2 F5 AR WAL whEsH

=
£ 112} gt (higher-order function)2tyl F-2ct. =2 77

e o
2 4
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SaAA 2P 97] Ale ZRIRe A4t d felsit,

a2t gl tisiAE 1L3Z800M AA|5] dotR 7] = SiAt.

A4 By A2

OCamle A7 eFg] AlZHE 253 gk ool Autzoz

re

w12 ol HA Ehel A AHE 2 o] (statically typed

©](dynamically typed lan-

A
M
re

language) @} 5%

=
gauge) 2 H£235F £ Ql=d] OCamle C, C++, Java, Scala S}
o,

A At £ttt o5 dolE2 B AAS AAe=, Aud
gAClA 3st] HiZeo thad 2ol B 277 e T2

de PuAYE st 2ok

# 1 + true;;
Error: This expression has type bool but an
expression was expected of type int

Bhelo] Python, LispT} 2o] 54 4] A28l 2% dlojEe g
Q) Ae m2a AW Fol STtk L2
2 nle] AAehA gk, A Fol ebglo] WA oF Adtol

A
dojip=x] RYEHsh= Zo|tt.

_E.
1

ol F HEE AWE FHAL AT Qe o2 So] 47
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OCaml2 =z o] Bels 2oz ATt SAlof Bl
2 Ao §FaETh 8 Sol, O} Javao A Tt el
ok §40] Bl Ak Aol Folof Ak
public static int f(int n) {

int a = 2;

return a * n;

}

OCamlo| A 9] 345 the3t 2ol e1e] rglo] Jeld 4 9l
T, AudEst o4 B Ao fEdEtt
# let £ n =
let a = 2 in
a * nj;
val £ : int -> int = <fun>

OCamle L2 Igo] obe] BHE AFOT B F2
& 4 glek. OCaml 4717} )L ol8A AF o F2ah=]

AR ET] SiA et A Rt A sumg A= SojRAL
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# let sum f a b =
(if £ a then a else 0) + (if £ b then b else 0)
val sum : (int -> bool) -> int -> int -> int = <fun>

[l

OCamle Tl 3738 So) P49 BEAL BAsjed 2 4
BE 5oz 9 Htt. WA ZAA] if e then ey else e3°]

A €29} e39] BFY2 Zotof ShaL, 09] B2 Aol 2= Q1A at

be] Btlo] ime e §5F 4 ek 1 thgo] £k F% 559
Fel(f a EE £ 0)2 AGHT GO0 G4 BhgL ThHok Gt
L A3 £9] AR a Bt b7} FolFrke A, 111 a, £ b

QL
5

)
o,
L m
N

_%4
Agro] 27419 ey 02 AFGE T et HolA £7} &
int -> boolo|ojof §-g 2ot ufAHFO 2 sum
72 digtelnz 7 epelo] intYS FEslth o]e}

A A OCamle] 25 B FE (automatic type inference)

o

iy
flo
B
o,

T TR

ZFe m2ay IEEYE 1 Hge 49 Ao AFoR
STk, A5 EF) S20) A A 72l 4] 4
o},

ERgle] AFoR G HSE Bye A HolFy AL 4
ole. g7t 2ol shel Het.

# let sum (f : int -> bool) (a : int) (b : int) : int
= (if f a then a else 0) + (if £ b then b else 0);;
val sum : (int -> bool) -> int -> int -> int = <fun>

e ng

_u.4

o] 4% OCamle A7} 2 eto] LulEAE PFohE
ok A5 Sol thet ol AHgAE HelE ehlo] RHUS 7

9,1 9RE AFo= FolEe
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# let sum (f : int -> int) (a : int) (b : int) : int =

(if f a then a else 0) + (if £ b then b else 0);;
Error: The expression (f a) has type int but an
expression was expected of type bool

AHEA7E AR £9] B9l int -> int® AHGled], £9] &
o] boolo]ofof st & HREth= Solth. OCamlo] B
A A A”LE Qb (sound)stRE R Abgro] A2 BHYjo] @77t Sltt
B o] 5 WIEA] ZrolErt.

7ol whet ol| Ao epglo] sty AAHA] &E Lk 9l
th. A& Eol, offlol Aot o4 id= F o] Eheloll disliAl A
&

E[Oh

val id ’a => ’a = <fun>
# id 1;;

- : int =1

# id "abc";;

- : string = "abc"

# id true;;

- : bool = true

=

5 B (polymorphic type)ol2} B3, T B9 7PAIE

£ g g4 (polymorphic function)z2til HE2ct. 912]9] Qo
oA AR 4= Sle ke Kol

OCaml®] tg BFQ] A|AFL €HA5] ZAHEA= ol let o

2 Aols thy gau A gat oleldt Bl A2 let-thy



of, ofefet 2ol F4 £2 HOlSHH T P Q14 Eo] £A
o] ek,
# let £ = fun x -> x in

let x = f 1 in
let y = f true in

let y = £ true in
3) (fun x -> x);;
Error: The expression has type bool but an expression
was expected of type int

g b3
e vjgE ol gstd SHE 25 EsH =

& 5ol o) Z2 IS B

let is123 s = if s = "1" then true
else if s = "2" then true
else if s = "3" then true

else false

sl G55 e AL olgstel okdlet 2ol AT 4 glnt

20



let is123 s =
match s with
"i" -> true
["2" => true
["3" -> true
| -> false

®i oheat ol o ksl 4ol 4+ gk,

let is123 s =

match s with

wgmopom2n | "3" > true
| _ -> false

s9] o] "a", "b", "c"F SO H true, 1 2] - false
2= Zolt}h. miel mjA-2 ofo A FE/HAES}F A2 ARl
U AREZE A O] B 9] ke AMESheE - f-85hA ARgE

e MiA-E SHot] AT Aol o2t Zol 2o g F
A= match...with & ZRFE= Ao £}

match x with
| 1 -> true
| 2 —>
(match y with
| "a" -> true
| "b" -> false)
| 3 -> false

T 2% 4 begin ... end 2O 2 ARFoIx Hrt

match x with

| 1 -> true
| 2 —>
begin

21



match y with
| "a" -> true
| "b" -> false
end
| 3 -> false

9]9} Zro] 5}2] ¢rom upz|ut %] WElo| match y witho] %
2 A= B @77t HASHA ot
TEERINS

& (tuple) 7t 2]2E(list)= &g T2 AojollM 7 &

| AHgEE AR Pzl

[*]

. oA E 50, F& (1, "one")2 A
3 1 EfJL int * stringd} Zro] EHASHCY

FE (2, "two", true)= A, AL, F23o Haolal Bl
o

# let x = (1, "one");;

val x : int * string = (1, "one")

# let y = (2, "two", true);;

val y : int * string * bool = (2, "two", true)

FE9 7 Ao FIoked Y S o]-8otd Heh A& &
of, T 4R FAE R0 A Wil T WA Y45 stAek
o]
AN

St fst, sndE th31} Zo] g 4 Qi
# let fst p = match p with (x,_) -> x;;
val fst : ’a *x ’b -> ’a = <fun>

# let snd p = match p with (_,x) -> x;;
val snd : ’a * ’b -> ’b = <fun>

22



Fi ohg Tt go] g4 iz BE HEe AW AT FE 9
¥,

# let fst (x,_) = x;;

val fst : ’a * ’b -> ’a = <fun>

# let snd (_,x) = x;;

val snd : ’a * ’b -> ’b = <fun>

E]-?:} 'a x ’b > ’al o]— fSt7]' 01_,]_,] E]-O] :a_g]_ TR ,;L/l %
QIeoz wopA va ghele] gk W oY B4aL

1o
o]eh Zo] P40 BhlS HE §47F S U2 o]

1o g
=P
ol mlo
iu)
O

ool

H1
o
o
sk
+»
30,

#% AR ohet Lot HE FE R 48T 5 ek of
£ 5o, ofe} ZEE B

# let p = (1, true);;

val p : int * bool = (1, true)
# let (x,y) = p;;

val x : int =1

val y : bool = true

E}¢]-& int listo|t}.

# [1; 2; 31;;
- : int list = [1; 2; 3]
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OCamlof 4] 2JAEQ] 7y i AREE(;) 28 F230th 2 ¢
AE FuH(,)2 TR HAE [1, 2, 3] 7E (1,2,3)

2 7= g2EQ] [(1,2,3)]02 QA u= o7t dgajrt.

# [1,2,3];;

- : (int * int * int) list = [(1, 2, 3)]
# [(1,2,3)];;

- : (int * int * int) list = [(1, 2, 3)]

9 EAEE 12 eI T 8§92 va list2 oy EB9lS 7t
Xk
# [1;;
- : ’a list = []

OCamlof|A] E|AEQ] RE Y4t -2 Efgjo]ofof git). o &
£o}, [1; truelE= OCamlofA] BAEZ} ofth.

# [1; truel;;
Error: This expression has type bool but an expression
was expected of type int

o] Aot A Bl 2ol 7]Igte). o]E Sof, Python} 2
L oElsEd AR o2 B

T§ GAEL 247} 9l 9459 Yot} HabA ofd £

# [1;2;3] = [2;3;1];;
- : bool = false
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gl AEC] A HiA A4E M (head), B HA Y45 A QAT Y
H 7] B|AES 72 (tail)2tal B2} o & o, 8]AE [1; 2; 3]
o] wEl= 1, el [2; 3]o|th. UutEo g ofd 2 AEQ] §Y
o] t listd wf, H ]| E}¢}-2 to]1l W] o] Efel2 ¢ listolrt.

fAES] YAE o] By e gto] € 4 itk B 7 94
o] efg}2 Zotof ghet.

# [1;2;3;4;5]5;
- : int list = [1; 2; 3; 4; 5]
# ["0OCaml"; "Java"; "C"I;;
- : string list = ["0Caml"; "Java"; "C"]
# [(1,"one"); (2,"two"); (3,"three")];;
- : (int * string) list =
[(1, "one"); (2, "two"); (3, "three")]
# [[1;2;3];[2;3;4];[4;5;61]1;;
- : int list list = [[1; 2; 3]; [2; 3; 41; [4; 5; 6]]

e o= g 2l AESC] B AE(int list list)o[th. o] o,
7t gao] sfgohs MAEES] dole BE gtk ok

# [[1;2;3]; [41; (1155

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

YAE [1;2;3]19 [4]= Do gt 5 A4 gl AEo0|q, Hl
gAE [1= o3 BelolEg A A4 22E7F 2 & 7 o

ol



# 1::[2;3];;

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

# 1::2::3::[1;;

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

5 HAEE o]oj2Y woli o(appendatil SThHe ALEB.

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

GAES ORE @42 44T o AW wjHe] A5 el

g &°l, H2ES] weet BIE Fohe g hdt 1 O

# let hd 1 =
match 1 with
| [ -> raise (Failure "hd is undefined")
| a::b -> a;;

val hd : ’a list -> ’a = <fun>

# let t1 1 =
match 1 with
| [ -> raise (Failure "tl is undefined")
| a::b -> b;;

val tl : ’a list -> ’a list = <fun>

# hd [1;2;3];;

- : int =1

# t1 [1;2;3];;

- : int list = [2; 3]

2| AE Q] me|ef Wel= Bl gAEC s FoEA] A=t
g2 AE 10] Hl g|AET} opd 9o wE] ae}t W] bR Eo|T

% 9lT nak a2, t12 bE WMFVTHIAE 10] 947 ShIQ)



AEQ A9 W 112 W el2Eole). 919 HelelA F
of 5} ESlo] ThEE ol HA. ols] Helg ek thg
2ol 71l g £ ek

# let hd (a::b) = aj;;

Warning 8: this pattern-matching is not exhaustive.
Here is an example of a case that is not matched:
(]

val hd : ’a list -> ’a = <fun>

# let tl (a::b) = b;;

Warning 8: this pattern-matching is not exhaustive.
Here is an example of a case that is not matched:
(]

val t1 : ’a list -> ’a list = <fun>

ok
4>

o] A9 OCamle g4 hds} t17} ¥l Bl AES 18stA] &1 Q)
52 GEFI 9ok ol AN wAAE Autd 2 FE ohyXA]
A Foll AR o2 delE AR £ leBs nE B
T AAstE Aol o

02 A2, 2 AEQ] Ao

# let rec length 1 =
match 1 with

Ll
-4
_O'L
rr
o
45
Ll
B
2
:qg
=
hY

1->0

[h::t -> 1 + length t;;
val length : ’a list -> int = <fun>
# length [1;2;3];;
- : int = 3
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19] Zolt me] o] Zojo] 12 wgh A} Lofof gk 99| 4
olol A b ARgolT 94 gho R the Tt o] WE ()R A
% 9lck
let rec length 1 =
match 1 with
0 —>o0
[_::t -> 1 + length t

A8 A o] e

M2 B2 7195 type 22 oty WA types ©]-8-oto]
ola] Sle Bl M2 ol5= =49 4 9t
type var = string

type vector = float list
type matrix = float list list

EE Az2e @] des WEdl Hder Ao 5 3. AE

Sof, ‘o] S Ueh B daysE thewh 2ol 4o
% gt

# type days = Mon | Tue | Wed | Thu | Fri | Sat | Sun;;
# Mon;;

- : days = Mon

# Tue;;

- : days = Tue

719 type thEol HloknAt o RS o] & (days)& 2ol

%30, = thgele 1 kgl ok 5L 12 THst] sty

t}. Mon, ..., Sung XA A} (constructor)2til st ZHZ}t days EF

Qo] Az b &L oulgth. OCamlo| A B o2& 4EAR
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o}, 89& Qo wolA thg RS HHEkslE §4 nextday
£ okt gol g 4 glet.
# let nextday d =
match d with
| Mon -> Tue | Tue -> Wed | Wed -> Thu | Thu -> Fri
| Fri -> Sat | Sat -> Sun | Sun -> Mon ;;
val nextday : days -> days = <fun>

# nextday Mon;;
- : days = Tue

WAL B e AR AAEE AT S Ut S

MY e de #eE 7 BY shaped A OJofH A}

# type shape = Rect of int * int | Circle of int;;
type shape = Rect of int * int | Circle of int

ARG o

li

Alshs AR Rectl 7hEoH A2 OB ARz 7

=% ST, 9 ofulshe A% Circled WS
A2 AN EE shelrk ol@A Bolg erelel] &3 gE
cheat 2

# Rect (2,3);;

- : shape = Rect (2, 3)
# Circle 5;;

- : shape = Circle 5
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# let area s =
match s with

Rect (w,h) -> w * h
| Circle r -=> r *x r * 3;;

val area : shape -> int = <fun>
# area (Rect (2,3));;
- : int = 6
# area (Circle 5);;
- : int = 75
slo] ool 4 WMol PF&o] e 302 TASHALE

e Addoz Holshe A shssith. dg S, 7%
oA Ao A4 2AEL] HehZ Ao H A}

— neZ
nil n-l

OCamlo]A] 9]¢ AL ol o] AT 4= Q).
# type intlist = Nil | Cons of int * intlist;;
type intlist = Nil | Cons of int * intlist
W] o B(EFY) L intlisteba SHE, 1 Age] A4S e
£ 5 7 ge golstdnt. WA nle ¥l e AES Fehs A
A7tolck. Consie Fol7l B AE W o] Y45 sht Z7tste] 4]
B2 YAEE WE= Aot o E &0, tha T o] BAE
2w 4 9k
# Nil;;
- intlist = Nil
# Cons (1, Nil);;
- intlist = Cons (1, Nil)
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# Cons (1, Cons (2, Nil));;
- : intlist = Cons (1, Cons (2, Nil))

o & E9¢], Cons (1, Cons (2, Nil))E FAE [1;2]5 ESith
oAl HAEE TR E HE AT & Ut H2E] HolE
e &4 o= 2o
# let rec length 1 =
match 1 with
| Nil -> 0
| Cons (_, 1’) -> 1 + length 17;;
val length : intlist -> int = <fun>
# length (Coms (1, Coms (2, Nil)));;
- : int = 2

ol

ch&at 2ol AOlME 442 OCaml Hold egloz Aol

E1 E2 E1 EQ E1 EQ E1 EQ
nn€Z E -E, E,+BE, FE,*xFE, E, /By

sk

9 BTz

i

3t Zol Hojd 4 glrk,
type exp =

Int of int

Minus of exp * exp

Plus of exp * exp

Mult of exp * exp

Div of exp * exp

A5 Sol, (1+2)%(3/3)-& The 3} Zo] mAHTH

# Mult (Plus(Int 1, Int 2), Div(Int 3, Int 3));;
- : exp = Mult (Plus (Int 1, Int 2), Div (Int 3, Int 3))
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95419 ojulg e A9 1AL et Zol A e
FEL 5 9k
#

let rec eval exp =
match exp with
| Int n => n
| Plus (el, e2) —> (eval el) + (eval e2)
| Mult (el, e2) -> (eval el) * (eval e2)
| Minus (el, e2) -> (eval el) - (eval e2)
| Div (el, e2) ->
let nl1 = eval el in
let n2 = eval e2 in
if n2 <> 0 then nl1 / n2
else raise (Failure "division by 0");;
val eval : exp —> int = <fun>
# eval (Mult (Plus (Int 1, Int 2),
Div (Int 3, Int 3)));;
- : int = 3

oul iz golg Tojz AN B4 §7 Zolth 002 i

B u7t AoHA feB® o 9](exception)E WA Z T

o ¢l A=

OCaml2 oJn|7} x| 7] ok A& A4tste] AErY] @7 (run-
time error)”7} WAYSH= -9 o 9] (exception) S TAYA|ZITE o &
=°], oJH £&5 022 Y= ¢ th23 2ol Division_by_zero
of| @7} TR

# let divab =a / b;;
val div : int -> int -> int = <fun>
# div 10 5;;
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- : int = 2
# div 10 0;;
Exception: Division_by_zero.

A F TAStE ALE AstE try ... withE o]-geh

# let div a b =

try

a/b

with Division_by_zero -> 0;;
val div : int -> int -> int = <fun>
# div 10 5;;
- : int = 2
# div 10 0;;
- : int =0

M2 o215 thet Zo] 7]9E exceptiond okl Helst
T A 5 9

# exception Fail;;

exception Fail

# let div a b =
if b = 0 then raise Fail
else a / b;;

val div : int -> int -> int = <fun>

# div 10 5;;

- : int = 2

# div 10 0;;

Exception: Fail.

# try
div 10 O

with Fail -> 0;;
- : int =0
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= ¢t} dE 501, TF(queue) Am -
e Aol HAt.
module IntQueue = struct

type t = int list
exception E

(]
let enq q x = q @ [x]

let empty

let is_empty q = q = []
let deq q =
match q with
| [1 -> raise E
| h::t -> (h, t)
let rec print q =
match q with
| [ -> print_string "\n"

| h::t -> print_int h; print_string " "; print t

end
TFE YrER FATNt A, RES] AMEA= 7E HHYS
Bele theat go] AT 5 ek

let q0 = IntQueue.empty

o
ro,

let gl = IntQueue.enqg qO0 1
let 92 = IntQueue.enq ql 2
let (_,q3) = IntQueue.deq g2
let _ = IntQueue.print ql
let _ = IntQueue.print g2

let

IntQueue.print g3
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3. B2 ZAIEY siE HotA dF 2419 siE ARt
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let rec length 1
match 1 with
I 0 >0
| hd::tl -> 1 + length tl

ZAE oojRol7] £ 2AEE ololiolt F4: appendE 24
ABA. OCamloA] 712 A7 0= AFaT QAT A7 T4
Aeg 9o 43 AephuA. og Sol, oheat o] Ssfor
qiet.
# append [1; 2; 3] [4; 5; 65 71;;
- : int list = [1; 2; 3; 4; 5; 6; 7]
# append [2; 4; 6] [8; 10];;
- : int list = [2; 4; 6; 8; 10]

append= QAR T ZAE 113} 125 HbolA 110129¢] 3o
Sl Bl2EE wasor dch. 3 A Q7 1io] el A7

O & AZfeiEAL 110] Hl EAEQ] 74, 127F F B AEE o]0



4 911, WA HEe} B AE 128 oo &2l ZAEE AAHL
Tt O glAE 9o 119] & Frtotd He EAQ
Hrl. OCaml2 FAsHH o3} 2t

let rec append 11 12 =
match 11 with
| 0 ->12
| hd::tl -> hd::(append tl 12)

J2E FH7] Y2rEE FH= T4 reverses Ao HA}
# reverse [1; 2; 3];;
- : int list = [3; 2; 1]
# reverse ["C"; "Java"; "OCaml"];;
- : string list = ["OCaml"; "Java"; "C"]
g 2AES] e FHojk ¥l gAEo|t)h g AETL H|o] gl
2 ko welgE WA FHL HeE W Fof ofojZolH Hrt.
OCamlz 2H4JstH of33 2.

let rec reverse 1 =
match 1 with
I 0 ->1
| hd::tl -> (reverse t1)@[hd]

YAE n¥A QA F7] 2EQ 4] A4s HHsl
nths ZAJSEAH(n AFAset 7FHS. Foi3 | AE 9]
= dojAe Hol dalAe el EAA Aok gt

# nth [1;2;3] 0;;
- :int =1

ot
=
rr
wt
Y

oE
do
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# nth [1;2;3] 1;;

- : int = 2
# nth [1;2;3] 2;;
- : int = 3

# nth [1;2;3] 3;;
Exception: Failure "list is too short".

W) 4 el sEo] oAl ol noll telAE i) vt Aol
H7) gron o9l WAL H2ET} Hlo] A L A
2 QZRAY. o] A nol 009 B AES] vlel7t iAol
t}. no] 0] opU® Jmelo] n— 18 Pa7} Pef G 2E0] s
Qo] HGech. OCamlz H@sHA ha7h 2k

let rec nth 1 n =
match 1 with
| [ -> raise (Failure "list is too short")
| hd::tl -> if n = O then hd else nth tl (n-1)

AAENA AS SHFE BF 94 A9 oW Yis iE
oA AAT G 2ES B z
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# remove_first 2 [1; 2; 3];;

- : int list = [1; 3]

# remove_first 2 [1; 2; 3; 2];;

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

# remove_first 4 [1;2;3];;

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

# remove_first [1; 2] [[1; 2; 31; [1; 21; [2; 3]11;;
- @ int list list = [[1; 2; 3]; [2; 3]]

Az Foll eAET} o] glowl AAT 947t 4l
AES WSSt ek YAET} vo] 91X Qo melet 17
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let rec remove_first a 1 =
match 1 with
I O -> 1
| hd::t1l ->
if a = hd then tl
else hd::(remove_first a tl)

(insertion sort)& 3l ZAEE HHSH=

HER elaEsh g 947t

ot
>
i
By
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:clg
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)
(ELET Y
)

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

(4]

cheat 2ol A W42 AAT 4 Atk

let rec insert a 1 =
match 1 with
| [1 —> [a]
| hd::t1 —>

39



if a <= hd then a::hd::tl
else hd::(insert a tl)

let rec sort 1 =
match 1 with
I 0 ->1
| hd::tl -> insert hd (sort tl)

=
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>
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rr
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Fol= dl el 2Eoleh. wlo] 91X S Bl AE hd::tl
2 st A WA 01& AAHOR FEG 5] insertE ol §
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void insert_sort(int arr([], int len) {
int i, j;
int tmp;
for(i = 1; i < len; i++) {

arr[il;

tmp
j=1i-1;
while(j >= 0 && arr[j] > tmp) {

40



arr[j + 1] = arr([j];
i=i- 5

}

arr[j + 1] = tmp;

“

A e 24 At o sk 7HEAo] wok A
gohe 4@ ZE o] o olsfaty] 4 olf= Al F
=ohe Al 224 AAE 71&ste S F =67 mizo]

o} olE Sol, SeIH HOIF sorte] HOlE thA) WA, Y rES

sort (hd::tl) = insert hd (sort tl1)

OCaml FRIAE 919} 2ol sort7} WEsof she 24 A
A B TAG A Boltk. T oz WEIL A ¢

4= factorial QIZtRZ Fol7l 47} 0HTh 2 A v 275

wsoF ghet.
factorial n = n * factorial (n-1)

A7} 091 B9k G 9] BAE AR G4 e Zol 7

let rec factorial n =

41



if n = 0 then 1 else n * factorial (n-1)
Htdof ey T2 T2 24
Lot gejoheloltt. A&
o iR e go

int factorial (int n) {

SO
rel
st
L
o
0

int i; int r = 1;
for (i = 0; i < n; i++)
r=r % ij;

return r;

o] IEL 9l9] WEe|Y P47t BESoF sk 27 BETE

o2 7@ FolA shE 71& Aotk =, PPY maIeY
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5 SE5HH A8 gH(stack overflow
void £O { £0O; } /* stack overflow */
OCamlof A& o7t &
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let rec £ () = f O (* infinite loop *)

5 BT o f2 Fobs] ke HhES BT ZQlY], OCaml
7 o vz A AAF & e Aol o] Ao & 5
Aol OCamlo| M= g7t A4 2z Aol dttal siA v
woll vls 53] o BAA] gkt gt 2E0] v A

7 71&stal e ARE ZAA7E Bl 7301 A, Ts] Alnte] A

Ao 71 &so] QUrka sS4 HARE gt
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Mo

= B AAI5] Ao, forlt whilew o] HIREZ2 4 1
A g (tail-recursive function)®] Fej= M3t 4= ¢, W]
AT BHES TES A et e A B4 AT BoE

let rec last 1 =
match 1 with
| [a]l] > a
| _::t1l => last tl (% tail-recursive call *)

4714 4 5% last 112 We] A7 TF AU last 11
o ABgS ANGT 1 gL ol§A M0 sheb T Uol
o 97 ekt Eolth. 1 AT AT F71H0E & Uol
glong g4t wel A7 B2 BEEE 5EE AHOE M
% Wast Qn, ek $4 5E A F7HH dRelE 43



Mo g
fo
N
o)
o
o,
KD
ot
=
3 A
fol
il
ﬂ
Py
=)
o
g
o
=t
2
N
=y
g
B
NW
52

43 <ol AuAeSo] APt 9l
NP ME Y Feh 2ol 1 AT G457t obd B9l
A G5 &% A 37490 vlmesl Bt

let rec factorial n =
if n = 1 then 1 else n * factorial (n - 1)

AH & factorial (a-1)E AKX & 1 AW 721 & A
(a2 Fole ol ot Yenz Te] A7) TFo] opch. of 74
2 QP =8 R E ARStH 2 4o YA factorialS

SESP 28 @Ho] BT 5 Ut

A1) BeN2 oI 4 ek

let rec factorial nr =
if n = 1 then r else factorial (n - 1) (r * n)
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Eg| YL factorial 5 13} Zro] JLgict.
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sfstel MG TFsoA FozM B2 IAS TS A Ay
g & A 8 Eoh A% AHE 14§55 map, filter,

foldE 4 o7 AmHx}.

map

ol

ofe} A olst A 22t =
ot YrE] 2 AaE FIAAT, AFSL, AABHE B4
o},

let rec inc_all 1 =
match 1 with
| 1 -> 11
| hd::t1l -> (hd+1)::(inc_all t1)

14> inc_all, sqaure_all, cube_all-2 Z}z+

Jul

let rec square_all 1 =
match 1 with
I 00 ->10
| hd::tl -> (hd*hd)::(square_all tl1)

let rec cube_all 1 =
match 1 with
I 0 ->1
| hd::tl -> (hd*hd*hd):: (cube_all tl1)

o1 FHEL B FEE ML whet Aojslof gk 04 Kol
AL el A0 7} o] Agshe Aol YTk o] P4 A

let rec map £ 1 =

45



match 1 with
| 0O ->1
| hd::tl -> (£ hd)::(map f t1)

mapl | AE 19]0] ZF Yiof A&t IS =5}

rr
ot
+
H
f
ro

=
AEHMH1QAE147PQ %f

a®l oz gt 2i

EE AT £ 10] g|AE [al;a2;...;2ak] Y T map £ 12

N2 B AE [f al; f a2; ...; f ak] = WEo| W} map2] &
Yo HH o]t ou|E oAk umpofet 4 gl

map : (’a -> ’b) -> ’a list -> ’b list
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T3} §4 mapS o519 910] Al G452 Theat Zol 7Ha
s Aol 4 9l

let inc_all 1 = map (fun x -> x + 1) 1
let square_all 1 = map (fun x -> x * x) 1
let cub_all 1 = map (fun x -> x * x * x) 1

X

rlr
of

=5 Q7 12 Afste] okt o] AojsE Bt

let inc_all = map (fun x -> x + 1)
let square_all = map (fun x -> x * X)
let cub_all = map (fun x -> x * X * X)
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let rec even 1 =
match 1 with
I O ->1
| hd::t1l ->
if hd mod 2 = 0 then hd::(even tl)
else even tl

let rec greater_than_five 1 =

match 1 with
00 ->1

47



| hd::tl ->
if hd > 5 then hd::(greater_than_five tl)
else greater_than_five tl

let rec filter p 1 =
match 1 with
I 1 > 11
| hd::t1l ->
if p hd then hd::(filter p tl)
else filter p tl

filters 3} po} B AE 18 WotA] 19] Y45 ZoA p
%3t o = angre

32 WHelel G4 (predicate)o]o1oF §T}. Z, £iltere]

et 2t

Mo

filter : (’a -> bool) -> ’a list -> ’a list

A @4 filterS olgte] 919 & @4 ok} o] Holg

let even 1 = filter (fun x -> x mod 2 = 0) 1
let greater_than_five 1 = filter (fun x -> x > 5) 1
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let rec sum 1 =
match 1 with
| 0 ->0
| hd::t1l -> hd + (sum tl)

let rec prod 1 =
match 1 with
I ->1
| hd::tl -> hd * (prod tl)

B B FolA AEY 7} A4S 2HFUA o S
4 2 £ Sol, Y2E [1; 2; 3)
Hald 91 F @48 A8sks 3L vehlu thaat 2o

sum [1; 2; 3]

1+ @2+ @3+0)

prod [1; 2; 3] =1 % (2 % (3% 1))

5 @57} s Aol WA HET Aatat 2]grolck

sund] B9 QAR +0]T 2713EE 00]n), proad] AMAL x

<]

|3 2713k to]th. o] % XS £74Hel A A 1%
@ fold_rightS theat Zol Hojg 4 9lrk

let rec fold_right £ 1 a =

match 1 with

I 1 —>a
| hd::tl -> f hd (fold_right f tl a)
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f= RAHAZL A4 12 FAE, al Zz7|Fkolth fold_rightd
o] g5l th2i} Zro| Sk sum¥} prodE A olE 4~ gt

let sum 1st = fold_right (fun x y -> x + y) 1st O
let prod lst = fold_right (fun x y -> x * y) 1lst 1

7} g140] ofn)} o AFSlel A AP Aoz BRI sund 27)

300 Aastel HAE 2t U GAlS FAAA 48
Pl proat 71t 12 A&ste] HAEY 7} o] B4

2 wHAA Hgohe Foolnt
919 oot SAT o0)E 7H X5 sunh proazt obehet Zel
we] A7 G2 AYE] Y ASE YA

let rec sum a 1 =
match 1 with
| [1 ->a
| hd::t1l -> sum (a + hd) tl1

let rec prod a 1 =
match 1 with
' [1 > a
| hd::tl -> prod (a * hd) tl

99 7 gaol FEALE YOI WA G4 fold lefedt i
2o

let rec fold_left f a 1l =
match 1 with
I O ->a
| hd::t1l -> fold_left f (f a hd) tl

fold_leftE ©|-85to] sumt prodE A OJohd th} gt
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let sum a 1 = fold_left (fun x y -> x +y) al
let prod a 1 = fold_left (fun xy > x *x y) al

fold_right@} fold_leftQ] 2}o]& & ] AA|5] AHEA. H
A thg3} Zol efglo] thrh.
fold_right : (a -> ’b -> ’b) -> ’a list -> ’b -> ’b
fold_left : (’a -> ’b -> ’a) -> ’a -> ’b list -> ’a
o1& Fa Aol Qg RN W] ke ol
fold_right= @ AEO] 714 upA]ut A HE A|ZsA] Q22X

A 9Zog LAY,

fold_right f [x;y;z] init= f x (£ y (£ z init))

NP fold_lefte Z|AES| 7MY % YaiH AZsiA 2

1t

# fold_right (fun x y —> x - y) [1;2;3] 0;;
: int 2

# fold_left (fun x y -> x - y) 0 [1;2;3];;
- : int = -6
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mpzEro 2 fold_leftw= A& A7 F<roltt. 2 AE Zoj7t 7

7850l 7Fs st fold_leftE AREShH= Zlo] Ett.

BAL % % nm (n<m)S WOl nold molate] 42 74
H 2 2ES Wt 5 rangeS A4S L

range : int -> int -> int list
dZ Eo], range 3 7 = [3;4;5;6;7] 2 WEo|dich

A4 2 22EQ| YAEE Wopk

she Shtbe] e AES Wt @5 concat AASHAL

rln
r*°
m]n
filo
R
o)
uf
fu
H
o

concat: ’a list list -> ’a list

dE Eo], concat [[1;2];[3;4;5]= [1;2;3;4;5]12 WHEo]uich

BA 3 % 22E ast bE £AHOR 2

1A

ik

=1 S . =
ot &< zippers

zipper: int list -> int list -> int list
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£ 3

zipper [1;3;5] [2;4;6];;
: int list = [1; 2; 3; 4; 5; 6]
# zipper [1;3] [2;4;6;8];;
- : int list = [1; 2; 3; 4; 6; 8]
# zipper [1;3;5;7] [2;4];;
: int list = [1; 2; 3; 4; 5; 7]

unzip [(1,"one");(2,"two"); (3,"three")]

2 ([1;2;3],["one";"two";"three"])2 AHAFSIT}.

BA 5 YAE 13} A5 ng drobA 19] A nil YAE AQle U
2] PAEES o= b4 dropg A/JSHALL.

drop : ’a list -> int -> ’a list
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drop [1;2;3;4;5] 2 = [3; 4; 5]
drop [1;2] 3 =[]

drop ["C"; "Java"; "OCaml"] 2 = ["0Caml"]

BA 6 17 @ signad AHoHAL.
sigma : (int -> int) -> int -> int -> int
sigma f a b= Ha& AXIRIT
b
> fG).
i=a

sigma (fun x -> x) 1 10

sigma (fun x -> x*x) 17

iter : int * (int -> int) -> (int -> int)

54



cheo 24L WSk dt.

iter(n,f) = fo---of
—

n

3

tity function)o|th. n > 091 B¢, iter(n, i= fE n

€ goltt. dE 5

iter(n, fun x -> 2+x) 0

£ 2 xnE ALkt

= 091 7B, iter(n, HE YAE A= sk

BA 8 fold rightS olfste] LAk §4 alld AAsHA L.

all : (’a -> bool) -> ’a list —> bool

all p 1.2 2|AE 19 RE YA4Eo] g4 po

4] oR2 Uehiith o2 S,

all (fun x -> x > 5) [7;8;9]
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Al 9 fold_leftE ©]8&35to] AL gAE
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= ZABHA Q.

—1 O

1st2int : int list -> int

d & E0°], 1st2int [1;2;3]+= 1232 A4Iglch 2|AE9] Y4

© 0ol4} 9olste] 4aka gt

iy

B4 10 o Fq4ES fold_rightQ} fold_left=z THA] A9

1. let rec length 1 =
match 1 with
(1 ->0
[h::t -> 1 + length t

2. let rec reverse 1 =
match 1 with
I 00 —> (1
| hd::t1 —> (reverse t1)@[hd]

3. let rec is_all_pos 1 =
match 1 with
| [1 -> true
| hd::t1 -> (hd > 0) && (is_all_pos tl)

4. let rec map £ 1 =
match 1 with
00 ->10
| hd::t1l -> (£ hd)::(map f t1)

5. let rec filter p 1 =
match 1 with
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O ->10

| hd::tl ->
if p hd then hd::(filter p tl)
else filter p tl

M}

A1l AgHoE BT A WS A

Ao
=

n
n+1

ol

OCamlo| A ok} o] Helg 4 let.

type nat = ZERO | SUCC of nat

o] 2 So], SUCC ZEROE 1-2, SUCC (SUCC ZERD) = 25 Z3ic}. o]

27 B8 AAFE ) AT FAS FolsHe.

natadd : nat -> nat -> nat

natmul : nat -> nat -> nat

A& =el,

# let two = SUCC (SUCC ZERD);;

val two : nat = SUCC (SUCC ZERO)

# let three = SUCC (SUCC (SUCC ZERD));;

val three : nat = SUCC (SUCC (SUCC ZER0D))

# natmul two three;;

- : nat = SUCC (SUCC (SUCC (SUCC (SUCC (SUCC ZERO)))))
# natadd two three;;

- : nat = SUCC (SUCC (SUCC (SUCC (SUCC ZER0))))

o7



BA 12 AF&4] aexpE th3at o] ookt

type aexp =

| Const of int

| Var of string

| Power of string * int
| Times of aexp list

| Sum of aexp list

SEAT BAS Eohe 2A9S 9oz wobd 1 2] o
A

diff : aexp * string -> aexp
Ag ol A& o + 20 + 1= b} go] HART

Sum [Power ("x", 2); Times [Const 2; Var "x"]; Const 1]

o] 212 o2k T Sl iff (o, "x"), 0F xol BNSIA] VIR 2042
& vrgsfof e,

Sum [Times [Const 2; Var "x"]; Const 2]
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