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1.1 00000 ML O Objective CamlU [

000000000 MLODOOOEdinburgh LCFODOOOOOOOODOODOODOODODOODOO
0000000000000 0000000ooOooOOoOoOOOOOOD (bODO)oOoOoOoOoOO
00 (DooOoOoO0OoOO0OOOOO0OO0OOOO0OO0OO0O0OO0O0)DOOOOO0O0OO0O0OO0O0O0OOOOOOO
0 —object language—O0 0 00000000 O —meta language—O0 OO0 OML OOOOOOOOO
o000 (boooooo ML)ODOOOOODOODOOOOOOOOOOOODOOOOOOOO0O0O0
O0000o00oDooooooooooMLOOOO0O0OO0O0000000000000000000
O000o0o0o00oooo0ooooooooooooooooooooooooooooooon
000 (DoooOoOoOoOoOoOOOOOOD)0DO0OO0OOOOMLOOOOOOOO ANOOOOOO
0000000000000 00000000000000000000D (DOoooOoooOO
000)000000000000000000U0O0DUO0DoOOooOoo0OoUStandard ML OO0
0000000000 4o00000(@ooOo0o0o00OoO)boOO0O0DU0O0bOOOOOOOO
O00000oooooooooooooooog

000000000 MLODOOODOO Objective Caml 0000 OO0 OO Objective Caml O
INRIADDOOODOOODDOOODOO0O00D00000000D0O000000OStandard ML O
0000000DO0DOO0DOO0DO0000000D00000000000DO0ODOOdObjective Caml O
O Standard ML OOODOOO0ODODOOOODOODOOO0ODOOOOODOOOOODOOODOOOO
0000000000 0000000000000000000000000000000O000d
ooooog

1.1.1 MLO Objective Caml 0O 00O
MLOOOOOOOODOODODDODOOOOOoooooono

e 00000 ODOODOODODOOODOODODODOOOOODOOOODOOOODOODODDODOO
0000000 (higher-order function) 00 0000000000000 OOOOO

gbooobooboooobooboooboobooaoo

000000000 (pattern matching) 00 0000000000000 0O0OOO0OOOO

e 0 0OODODODO (static type system) 0000000000 0O0O0O (DO0D0OO0)00O00OOOO
oon

0000000 (polymorphic type system) 00 0000000000000 0O0OOOOOOO
gooooooooobooobooooooogogog
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e 00U (type inference) 00O DD ODODOODODOOOOOOO

e 10000 ODOOOOOOMO (module system) 000000000 0DODOODODOOOOOOO
000 O (separate compilation) 00 0000 OO (abstract data type) 0000000000
gogoobbobbbbdoooogouooobbobooooooooooobooooaa
0000000 (functor) DO ODOD0OO0D0OO0O0D0OODOOODOOOO (parameterized module) O
Jd0dooo0oooooobobobobbboodoooooooo

e 0000 (garbage collection) 00 0000000000000 O00O COODO malloc/free
gogooobboboobobbtbodoooooooooboooooo

O 00 Objective Caml OO OOOOO0ODOOO
e IO DOOODLDOODDOODLOODDOD

e Tk, GTK, OpenGL 00 00O OO00 GUIOOOOOO
e 000D0O0O0D0OOOOOOOODO

e HOUODLOUODLDOODUODLDOODLOOODnO
ugbobooboan

1.2 000000000000

Objective Caml D0 O00O0O0O [3] (DO )0 http://www.sato.kuis.kyoto-u.ac.jp/ igarashi/
class/isle4/ocamlman/ DO OO0 0O0O0OODO0O0OO0OO0OODOODOOOO http://caml.inria.
fr/ O00FAQUOOOOO00000000000000000O00O0DOOOD ObjectiveCaml 00000
O00000D0C0CO0OO0000DOObjective Caml D0 Caml OOO0OOOO0O0ODOOOCOOOOOO
0000000000000 0O000000000000D CamlODOODOOOO 1JOO0ODOOO
000000000000 Objective Caml OO0 OReilly OOO0O0OO0O0OO0OOCOOOOO
0000000000 0000000 nttp://caml.inria.fr/oreilly-book/ 000 0OOOOONO
O000000Standard MLOOOOOOOODOOOOOOODODOOOOO [5,6, 7 00 Objective
CamlOO0OO00O0ODOOCOOOOOO0O MLODOOOOOOOOOODOODOOOOO

2/0000/0000000000000000O0O000O0O0O0O0D0ODOOO0O0ODOOOODOOO
0000000000DoOO0ODOOO000oOooooDooo

1.3 0oOdd

O00O0O0OO0OEmacs 0000000000000 /00000ODOO0OOOO

Emacs O OO

Emacs (Mule) 00 Objective Caml 00000000000 0000OO tuareg-mode (http:
//www-rocq.inria.fr/~acohen/tuareg/mode/) 0 ~“igarashi/lib/elisp 0000000000
Oo00o0oO0d “/.emacs JOOOOOOOOO
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;5 append-tuareg.el - Tuareg quick installation: Append this file to .emacs.
(setq load-path (cons "“igarashi/lib/elisp/tuareg-mode" load-path))

(setq auto-mode-alist (coms ’("\.ml\w?" . tuareg-mode) auto-mode-alist))
(autoload ’tuareg-mode "tuareg" "Major mode for editing Caml code" t)
(autoload ’camldebug "camldebug" "Run the Caml debugger" t)

(if (and (boundp ’window-system) window-system)
(when (string-match "XEmacs" emacs-version)
(if (not (and (boundp ’mule-x-win-initted) mule-x-win-initted))

(require ’sym-lock))
(require ’font-lock)))
Emacs 0000000 D0.ml 000000000000 000D0O0O000ODO0OO0O0O0O0O (Tuareg)
o0ooo0oOooooooooooo
00000000000 owWWWOOOOOoOoooooooooOoOoOO (http://www.sato.
kuis.kyoto-u.ac.jp/ igarashi/class/isle4/configure.txt) 0O O0O000O0O0O0O0OO0O
O0oo0Oooooooocooooooo
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20 UO4OoUOUbotdbbotbbootdbotdtd

uobooboooo. booooooboooooboobooboboooobobooooooobog, ooo
RN

2.1 JUoooboooooobbod

Objective Caml 00000 2000000000000 00O0OO0O0ODO0O0O gee O javac OO
oboooooooooobooboobgbobobob0bobobobob0l ocamlcO OO
ubobodbboobboobboobboobibodlb ccaml DUOOODOOOOOOOODOO
00000 (@U000o0oo0)0b0000000 - 00000 - 00000D00O0ODOOOODOOOO
0'0000000000000000000000000000000000000000000
ubogboooboobooboobobbooobobobobobobooboobobooboan
goboboobobbobooboobobooobooboobooboobobooboobon
gooogo

gobobobooobobobboooooboobobboooboobooooooooboooooobooobog
goo

000000000 ccam1 JOUODOODOODODOOO

2.1.1 000000

00000 Emacs O M-x tuareg-run-caml (M-x 000000000000 x0OOO0OOO0DO)O
00 (0000 Tuaregmode 0000000 C-c C-s000000)0000OO0OOMUDOOO)
0 Caml toplevel torun: 00 0000000000000 000000O0OO0OOOO (OO ocaml
O000000000000) 00000 Eter 0000000000000 O0OOOODOOOOOO
gboobooboooboooo

Objective Caml version 3.08.1
#

#doooobooboobobooboobbooonooo
gboogobooboobboobuoobobooobooo

#1+1;;
- : int = 2

O0000000000000000000#000000000000 (abe)0O0O0O0OOODOOOO
000000000000 (abe)00O0O0OODO ;; 000000000DOODOOOODOOOOOO

00000 read-eval-print 0000000000000
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0 21: 000000000 (Tuareg Interactive mode) 0000000000

C-c C-c |0000D0O0OODODOODOOODOO

C-c TAB | Caml OO ODOOODOOO

C-c C-k | CamlO OO

M-p o0o00oooooooooon

M-n O0o000o0oooooooooooooo

00000000000000000(MO000000000000)00000000000000
00000000 (00000000000000000000000000000000 -)000
00000000 (int)00000 (2)00000000

0000000 D000000000000000000000000000000000000
0000000000000000 0000000

1+

’ b

[

* 3;

t =7
(1+ 2) *

t =9
000000 ;; 0000000 Control-CO 2000000000000 OCO0OODDODODOO
oboooooooooog
gbooobooboboooboobbooboobobooboboobuobodd M-p,M-n 000

0000000000000 oO0O000o0o0ooO(@2100000000000000000OD)
goooooooooooooooooooooon

2+ 3-;;

Syntax error
# 5 + "abc";;
5 + "abc";;

AnaAaan

This expression has type string but is here used with type int
#4/0;;
Exception: Division_by_zero.

(000000000000000000000)1000000000000000000000
00000000000000000000CO Jwa0OOOO0OO0OO0OO0O000 (000700000
002000000000000000000000000000000000 (typechecking) 000
0000000000 Objective Caml 000+ 000000000000000000000000
0000 0000 "abe" 00000000000000000000000O0O0OOO000000
00000000 (0000000000)00000 (string) 00000000000 (int) 00
0000 (000 +000)000000000000000000 (type) 0000000 Objective
Caml 0000000000000000000O0O0000000000000000O0O0OOOO
0000000000000000000000000 (exception)—0000 00000—0000
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boobobooboboobobooboobooobooboboobooobobooboon
ogbooboobogn
U0o0o00oo0oo0oooonooiod c-cc-ad00D0ODO #quit;; ODO0OO0OOOOOOO

Objective Caml version 3.08.1

# #quit;;
Process inferior-caml finished

2.1.2 OJO0d.00000000O0OOO00b0bbOO0O0n

ocaml 0000000000000 O0000O0OODOOOONONOOOOOONOONOO0OOO
0D000000000000000 #quit00000000000000000000000000
0D0000000000000000000000000000 #use, #d 00000000000
0000 (30000000

#use 0000000000000 O0OOODODOODDOO0O0O0O0OOOOOOOO

two.ml O OO
1+ 15

#tuse O 0O O

Objective Caml version 3.08.1

# #use "two.ml";;

- : int = 2
O00000o0oo0oooooooooooooooooooooooooooooooooon
ogogo

# 1 + #use "two.ml";;
1 + #use "two.ml";;

Syntax error

#cd D0#use U DO DOO0ODOO0ODODOO0ODLOOD cdO000DOO0ODODOODODOODDO
gbobooobooboobooboobooboob
gbooboboooobooobobuooboboobooboooboboboboobooboong
U0D000O#se 00000 DODO0ODOODDOODOOODOODODODOODLOOODOODLDOO
OO0 m1 0000000000000 QO Tuareg mode O OO Objective Caml OO0 O0OD0OOO
uboboobooobbooobbooboobbooboobbooboo 2200000000

ugboogooboobo oboboboboobooboobobobobobooboobooon
ooobboooboo «O0x» Dbooobboooboooobooobbooobbooobobbooooon
ubobgobooboboooo
EuCcO0OO00O0OOO0ODOOO0OOO0O00DOODOOOOOOOOObOO0OOOObOOOObOOOO
gboboobooooooooooooooooooooooooooboooboooboooboobobonbo
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0 2.2: Tuareg mode OO DO ODOOOO

TAB ugboobooobgoaoo

C-c C-p |0000O0O0 (DOOOOOODOD)OOO
C-c C-n | 00O0OO0ODODOODO

ESC C-h | ODOUOOODOOO

ESC q gbooooboooo

C-c . t|tryOOODO
C-c . m|match OO OO
C-c . 1|let 00000
C-c . 1 |if000OO

C-c . w|whileOODODO
C-c . £ | for 00

C-c . b|beginOOOO

C-c C-s |ocaml DO O0ODOO0OOOOOOOOODOODODODO
C-c C-k | ocaml J 0O

C-c C-b 0000000 (ocaml DOOODODOO)

C-c C-r |0O0O0Q0OQOOon

C-c C-e |0OOOOOO

22 QOQ0O0OOOOOO

Objective Caml 0000000 (expression) 000000000 (value)(DO0O0O0O0 1 + 2000 3
000)0000000000000000000000000000000000000 (evaluation)
goobobobbobobooobooboobobooboobobboobobbooboobOon
udoobooooboobdoooobboooobbboooobobooobbbr + 2000b0b0DbO000OO
O (subexpression) 1 0 20 +0000000000000O0O0OO0OO

O0000000000000000OObjective Caml 000000000000 DO (DODOOODO
00000)000000000 (CooOOoULOODOO0DU0O0ODL)0DDO0DU0DO0ODODOOODObODOOO
ogoooooboooboboon

00000000 0000 OO0Objective Caml 0000000004+ ;0000000000
00000000000000000000000+ 000 Objective Caml 00000000
000000000040 (000000 000)00000000000000000000
000000000000 Objective Caml 0 1 + 20 40 1,j0 200000000000
0000000000000000000000000000000000000 (metavariable)
00000000000000000 (0000000)0000000000000000000
000000000000000000000000000000000000000000 =,
y0OOOOOOO0OOO0O0O00000000000000z+ 1000000000a + 1,
pi + 1,hoge + 1,x + 1 000a, pi,hoge,x 0000000000000 0000000
ooooo
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2.2.1 unitO

unit 00 () (unitvalue 000 ) 000000000000 COOOOOOOOOOODODOO

# O35

- : unit = ()
O0o0ooooooouoooodooooooooooooooooooooooooooon
0o000dooooooobooooooooobooooooooooooooooooooooooa
unit 00 0000000O0O0COO0O00a0 voile]DDDDQDDDDDDDDDDD(DDDD
0)00000000000wit0 0000000000000 D0OO

2.2.2 int0

ooooood...,-2,-1,0,1,2,...00000000000000000 +,-,% /,00000
Omd 0000000000000 00O0OO0O00O0OO0O00O0O000OO

e iland j, 4 lor j,ilxor j, Inot 4 DO00OO0O00/000/000000/000000000O
eilslj: i000000 ;000000 (=ix*20med32)g
eilsrj: i000000j000 (0D)D00D(DO0OO0DOOOOOODOODO)

eiasrj: i 000000 000 (00)0000(00000000:00000000000
oooo)

2.2.3 floatO

(00000000)000000003.1415000000000 31.415e-1 000 100000
000000 (=31415x107H) 0000000000000000 000000000

gboooboooboooboobobooboboobbobobooboobobboobooboon +.,
-.,*., /. 0000000DO0O0OO0O0O0O0DODO0ObODODODOUOLD+. DDOODODODOLDODODOO
0/00000000 int_of_float, float_of_int 0000000000 OOOODO(CODOOCO
00oo0o0oooooooooooooon)

# 2.1 +. 5.9;;
- : float = 8.
#1+. 3.4;;

1 +. 3.4;;

This expression has type int but is here used with type float
float_of_int (1) +. 3.4;;

: float = 4.4

float_of_int 1 +. 3.4;;

: float = 4.4

1 + (int_of_float 3.4);;

: int = 4

I H

D00 COvwid0DOODOOOOO0ODOO0D0O0
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023 0000000000

\\ |oooooooo()

\’ ooo (),>’000000
\" ooooog (v),"ooooog
\n oad

\r (0ooo)oo

\t ooood

\b googood
\ddd | ddd O 1000 ASCIIOOCOOOOOO0

oooooooooo ooooboooboooooboooboOooUoooboooooooDboboOoo
UboobobOoobobuobonD +2)«3 00000 obobobuobobobooboobogooo
000000000000 00000D040000000000000000 (float_of_int 1) [
+. 00gdbobobooobbooobbuooobboob 1+20000000000O00O0O0000O0
fi1+20 (f 20000 0O0O00O00O0O0O0O0O0ODO f1+2) DO0D0ODODOD

U000000000Db000 sin,cos, tan, U0 sqre OO0 OO0 0O0O0O00O0ODOODOO
ubobooobooooobon

2.2.4 charl

ASCITO0O0O0OoOO0OO0oO0ooooOb »oOo00oooobooo0oo 230000000000
ON'000)0000nt0000000 char_of_int, int_of_char OO O00O0OODOO
’\120°;;

: char = ’x’

int_of_char ’Z’;;
: int = 90

I H

2.2.5 string[

oooooobooooooooooboo »ooboboobooboooboOoobDOoooOoooooDow
OO000b0 2300000000000 0DO0O0DOOOOOOCOODOOOONOOOOODOOO
googoo

s1 s 0000000 s, 00000000000 00000DOOs.(10O sOO0 0000
gbooooobooobooobon

# "Hello," =~ " World!";;
- : string = "Hello, World!"
# ("Hello," ~ " World!").[10];;

: char = ’1°
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2.2.6 booll
00000000000 true (0), false (0)000OO0OO0OOO0OODOODODO
enotb: bOOOODOOO

e by && b OO b1 &by: b1, o DO D UDODOOON DODOODOO falseDODOO b ODOODO
googan

e by |1 b 000 byorbe: by, b UODODUODOOON DODOOOO true000O0O b ODOODO
ooooo

gboooboobuoooboboobtoobbooboobboobUoobDboobUoOoLobo
seci=exUe,eo 0 OOOOOOOODODO

e c;<>ex:Ue,eo OO OODODOOOOOOOOO

e ¢1<eg,e]>ex,e1<=eg,e1>=exe,eo OO OOOOOOONO

(mot (1 <2)) Il CO = 0O);;
: bool = true

3.2 >5.1;;

: bool = false

’q? >= )ZJ;;

: bool = true

2 < 4.1;,;

2<4.1;;

~aa

H o H O H*

This expression has type float but is here used with type int

O00if-0: if bthenejelsee DO UOOODOODOODOOOOODO true00D0OODOODOO
Ue U0OOfalse OO0 eo DOOODOOODOOODODO

# (if 3 + 4 > 6 then "foo" else "bar") ~ "baz";;
- : string = "foobaz"

U000000Db00 e1, e 000000000 0O0OO0OO0OO0O0Oif-00 else-0000ODO0O
000000000 else O UOO0O0OODUODOOODODOOMOOODOODOOO then-000 unit
O000000000o00o0o0)

227 00O0bOOooOOoOod

Objective Caml OO0 (type) 0000 0000000000000 OOOOOOOOOOODOO
ooboobooboooboboobooboboobo1 0 imt0ooboobooobooooboo
000000000000 O0000O0+true 0000000000000 (type error)0 000
O00000000000000000000O0O0O0ODO0O0O0O0O0O00O00O0O00O (type system) O
000000000000 000000 (typecheck) DODODODDO0DDOO0OO0OO0OOOOOOODOOOO
bobobooooobobobooooboobobobooooboobobooboobobooboOoDo
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ogooooooooboooooooboOooboooobOoOoOobOoDOOoOoooboOooOoboobboboOoo
O0o0o0o0Ooooooooooooog

Lisp, Perl, Postscript 0 0000000000000 OOO0OO0O0OOO0OO0O0O0OO0O00OO0OO0O0O
go0oOCOOoOO0o00OoOoooooooooOCOCOOO0OOOO0O0OODUOoOoOoDDOOCDROO
0000000000000 0000000D0000000O (dynamically typed language) 00 00O

ODo0000OoCG, C++,Javabl000000CDODOOOOCOCCOOOOOOOOOOODOODDODOO
0000000000 00000o0oooooooooooOoOOOOODOODODOOOODOOOOOOO
00000000000 (statically typed language) O 0 O 30 Objective Caml D0 00000000
oooooo

ooooOOoO0ODOOODOOO0OOO0OCO C++00000000000C0O0O0O0O0O0O0O0O0O00000
00o00o0o0oU00o0ooU0oO0o0o0oO0oO0oUoOo0oOOoUOooLOOoUooO (ooooo)Od
0040000CO00000000000000000000000000 Objective Caml 000
000000000000 0000000O0000O0O00 (D0LD)0Do00O0oUUoOoOoDoDoOooDOoOO
0000000000000 000000000 (strongly typed) 00000000000

oo000ooOo0oO0oooooooCooOoOoOoO0oooooooOoOoOobOOoOoOooooooDooOoLo
0000000 unsafe-dynamically typed 00000000

’ H statically typed dynamically typed

unsafe | C, C++, etc. —

safe Java, ML (Objective Caml, Standard ML), Haskell, etc. | Lisp, Scheme, Perl, PostScript, etc.

gbooboboooobobooboobobobooboobooboobooboboong
goboobooboboobboooboobboobuoobbooboooo

if (0000 ) then 1 else "foo"

0000 (0000 )000 true0 0000000000000 OOelse-0 0000000000
ubogoooboboobooboboboboobuoobobooboboooobobooobooad
gboogooobooobooobgoobobbobooboooooboooobobooboooboon
gooooooboobbooobooboobuoobooboobuoobobobooboobon
gboobobooobobobuoobobboobuoobobooboobobooboboboobod
ugboboobooooobooooo

gooobooboooooobobobobooooooboboooooooobobboDbo
gbboobobooobboobooboboobboooboobboboobbooboobbon
goog

228 0000

Exercise 2.1 OO0 0O0O0OOOOOOO?

0U0DUDU0DUDU0OU0U0OU0U000D0DLsp D00D00D0D0D0U0O00D00D0D0DO0DODODOO
gobooooooobobodoooboooboooooboooobooooooa

‘0000 000000000000000000D00(ObjectiveCaml00)000000000000D00000
00oo0oo0oUoU0o0oooUOoUOU0OO0OLOU0UOUO0DO0OLDOUDOUOO(COO OSUULUDOLULDoOooDO
O0o0ooo0ooooooooooon)




23. 00O0OODOO 19

1. float_of_int 3 +. 2.5

2. int_of_float 0.7

3. if "11" > "100" then "foo" else "bar"
4. char_of_int ((int_of_char ’A’) + 20)
5. int_of_string "Oxff"

6. 5.0 *x 2.0

Exercise 2.2 00000000 (0000000000 ODOOOOOOO)0D00O0O0O0OOOOOO
uggbooboboooooboooooboobbooooobbooobobbooobboboooan
ubobooboobobooboobooobooboooboobooon

1. if true&&false then 2
2. 8x-2
3. int_of_string "Oxfg"

4. int_of_float -0.7

Exercise 2.3 UU00O0O0O0OOO0O0ODOO0OO0ODODO0OODOOOODOOOODOOODOOODOOO
boboboobobooooooboboboobooboboboboobob0=00000000DO
ubobgooboan

1. not true && false = true
2. float_of_int int_of_float 5.0 = 5.0
3. sin 3.14 /. 2.0 **x 2.0 +. cos 3.14 /. 2.0 **x 2.0 = 1.0

4. sqrt 3 * 3+ 4 x 4=5(00)

Exercise 2.4 0 b; && b O 0 if-00 true, false, by, bo OO0 0000000000 OCOODOOO
ooood o Il ODOoOooOOoOooo

23 0O0o0On

goobobooooobobobooooobbobboooobobbooooobobbooooooboobobo
gbbogobooobbuoobbuobobbooobboobboobobuooobbd et
agoo
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2.3.1 1let OO

dbbdletdbbooooonon

# let pi = 3.1415926535;;
val pi : float = 3.1415926535

Udd pil000OO0OO0O0OO0ODODOOOODONO 3.1416926635 UL D UDODUOOUOOOODOON
UdddddddUdUdlUlldldlUUUUUUUYU valUD DU pibbbbbbbbObbOOO
(0000 3.1415926535)0 0 0 0000000000 0O0O0O0O00 pi 000ODOODOOOODOO
UddUdpi000O0O0O0OO03.141592653 U OO OUOOOUOOOUOOOOO

# pi;;

- : float = 3.1415926535

# let area_circle2 = 2.0 *. 2.0 *. pi;;
val area_circle2 : float = 12.566370614

goodan

let = = e;;
O00o000o0o0oo0oon 000 ed000O0o0oooooooooooooooooonOon

e JJIUUODDDOODODODDOOODOOOO (abstraction) D0 0ODO0OOODODOODOOODODOO
gboogooboooboobbooboobbooo

e IO DOO0ODLUOODLDDODDOUOODLOODDOODLOODLDOODLDDOObLOOODDbOOOn
googooobogn

ubooboooboobobbooobooboboboboobooobooooboooboobobooooan
goooooobooboobobobooboobuooboboobooboobobooboobon
ugbbuooobooobooobboobbuoobbooobooboboobbooobobooabon
U0DOpi 000D0O0DO3.1415926535 DU UL OO0OO0DOO0OOODODOOOOOOOOOOO0
000o0000o0o000o0o0Uoo0UooO0o0ooO0o0ooOo0U(o0DooooUooOd
0000000)000000000000D00oooooOOoOO

Objective Caml OO0 O00D0OO0ODOOCOOO0ODOOODOOOODOOC,C++0000DO0ODOOOO
gboooboboooobboobobooooboooboboooooooobooboboboobooo
ugbboobuooboobbooboo

# let one = 1;;

val one : int =1

# let two = one + one;;
val two : int = 2

# let one = "One";;

val one : string = "One"

# let three = one ~ one ~ one;;
val three : string = "OneUneOne"

U0000OoneJ00 100 "one" ODODOODODODOOOOOOOLOOOOODOOOODOODOO
ugbboobooboboobooobooobobooboooboboobooooobooboooobobooonoo
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and as assert asr begin class
closed constraint do done downto else
end exception external false for fun
function functor if in include inherit
land lazy let lor 1s1 1sr
1xor match method mod module mutable
new of open or parser  private
rec sig struct then to true
try type val virtual when while
with

O 2.4: Objective Caml 00000

0000000000000 0000000000(UUU0DU0D0D0D0D0DOoDOD)0DDo0OO0O0-™
00000000000 0000D1et000000O(scope)d (DOODODDOOODOOODO)OOO
000000 (ecaml OO0 00O0)0000O0O0ODOOOCODOOOOOOODOOOOOOOOODOOOO
O (lexical scope, static scope) 00 00O

O0000OObjective Caml 000000000000 ODODOODOODOOOOOOOOOOO
oot oouoouoouoouoouoooooobouooooooooon
0000000000 0Oo0Oo0O0OoO “.(0)Y 0000000000000 0000000 1et-
O0000000000000000 (00 let00O0OODOOOOO)DODOODO ;; 00000000
goooood

# let pi : float = 3.1415926535
# let e = 2.718281828;;

val pi : float = 3.1415926535
val e : float = 2.718281828

ugbbooboobbooboobbooboobbooboobboooooanboo

uboogd bOooobooboboobobooboaobobd
1. 000000000oooooooDooOoO (L)oo
2. 0000000000 (A...Z,a...2,0...9)000000000000000 (?)

OO00D0O0O00DOO0Ob0OOO0DD 240 Objective Caml DO OOOOOOO _OO0D0OOO
goboobooooboooo

2.3.2 000 lexical scoping

gbobobobooooboobbooooobobooooooboobboooooboobbooooobobog
0000000000000 0000000000000 (00000 0)00oooooooo
0000000000000 00000000000000O0 (environment) 000000000
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goo U

sin oogoo
max_int | 1073741823

O 21:ccaml DO OODOOODO

IEEER 0
one 1
two 2
one "One"
three | "OneOneOne"

0 22: let0000000O00O0O

O00000000000000000000D0O (top-level environment)d 000000 0O (global
environment) 0 0 00

U00O0Oocaml DO DODODODODODODODOsin, max_int 00000000000 0O0O0OOOOOOO
DoooO0 (0 21)0

letJ00000odgbboooubobboooonbbboooubbbooooouobobooa
0(022)0000000000000000O00O00O0O0O0ODOOOOOO0ODODOOOOODOO
goboobooobogboooboobooooobobooooboooobooboooboboooobooboo
Uobooobbtoooobbbooouobbboooubbobbb letdbbboooobboogon
gooooobobooobooogoa

233 0000

Exercise 2.5 00000000000 DO0O0O00O0O0DO0O0O0O0O 1let00D0OO0OO0OOODO

a_2’ Cat 2 Televen ’ab2_

24 0000

0000000000000 0000O0000DO0000O0000D00D0D0O0O0OOObjective Caml
0000000 (function) DO OO
Udooobbob pi000O0DOOODOOO0O0O0OU00OO0OODODOOODLODOO0O0O0OUUo

(O00) . (00O ) *. pi
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goboboooooobobooooooooobooooooooooooo oo onoboon
gooooooooobooooooooooooooooooooooooomoooooooon
DDDDDDDDDDDDDDDDDDDDD(DDDD[I)DDDDDDDD(pammeterization)D
goooooooooooooooooobobooooooooooon
Objective Caml OO0 D 0000000000 OD0ODOODOODOODOODOODOOO

# let circle_area r = (* area of circle with radius r *)

# r *x. r *. pi;;

val circle_area : float -> float = <fun>

000000 letO0O00O0OO0D0OOOODOO circle_area 00000000 OODOOOOOOOO
00 r000000000O0O00O0OO0D0ODOO00O0O0O0000000000000O0OOOO=0000
OO0 r*. rx. pi000000(body) DODDOODODOOODODOOODODOOOOOOOOOOOO
O0000(;; 000000000000 O0O0O0O0O000O0OOOOOOOO)DDODOOOOOOO
OO000000000 circle_areal 000 float->floatOD O OO <fun> 00000000O0O
O0->00(0000000)->(0000)00000000 circle_area 0000000000
goooobooooboooooboooooooooboooo-»>0o0o0boooooooooon
00000000000 (type constructor) 00000000 0000000000000 OOOO
0000<fuwn> 000000000 ODODOOODOOOOOO0ODODODODODODO0O00O00O00O00O0000000
O000000oooooooo (<3 0o0)oooood
0000000000 0000 int_of_float DO UOOOODOODOOOOOOOOOO

# circle_area 2.0;;
- : float = 12.566370614

000000 (0000 (function application) 0000 )000000000000D000O0OOOO
o000 r000 2.0000000002.0*. 2.0, pi00000O0CO0OOOOOOOOOO
oo0o00o0n

Objective Caml 00 0000000000000 O0O0O0OOOOOOOOOOOOOOODGOOO
0000000000000000D0000000 (type inference) 0000000000000
O000000000O000000000C0000000O000000000O0000000O000
O00000000000000000000000000000000000000

# let circle_area(r : float) : float = (* area of circle with radius r *)
# r . r *. pi;;
val circle_area : float -> float = <fun>

00000 =0000000000000000000 OO0000000(0000000000
0 0O00000000000000000000000000000000 000000000
ooo)

0000000000000000000

let f (parameter) [: t] = e
000 (parameter) == x | (z: t)

00D050[]000000000000f0000000000D0D¢+00000000O0OOOOO
0000000000oooooOoooO0O0O0O0O00000oU0ooO((CoooOoOoOoOoooOoOO

0000000000000 0D0000DOOO0OoOn
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00000000o000o00o0)000O0O000D0oC0O0o0D0DoOOOO0oOoDUDoOOOOOOOO
gbobooobobooobooboooboobboobooboon

lexical scoping DO 0OOO0 OO00ODODO pi OOlexical scoping 0000000 O000OO
OOOCOCOCOOQOOOOOODOOODODODODOOOOCcircle_aread 000 pi 00000000
circle_area DO OOOOOODODO

# let pi = 1.0;;
val pi : float = 1.

# circle_area 2.0;;
- : float = 12.566370614

00000000000 0000000 pi0000DO dynamicscoping 0O0O0O0D0O0OO0O0OO
0000 (D00 Emacs Lisp) 000 0Odynamic scoping 000000000004.0 (000
2.0 x. 2.0 . 1.0)0000

241 0O0OOO

Exercise 2.6 000000000000 0O0OD0O0OODO0O0O0O flecoxrOOoooon

1. USO0 (D0)0DooUoUoO (L)oo 0oooO0 (oo 10oUopoooO)O(@oooo
000200000000000000)0000 1$=1111200000

2.0(00)0000000USO0 (000000000000 O0)0000000 (00010
O00000oo0)ooo0o0o 1$=111.1200000

3.USOD0(00)0000000000 "(00) dollars are (0 ) yen." 000000

4. J0Db00O00O0o0obOoobOooobOoobOoooDoooboooDooobooobouooobg
capitalizel (O : capitalize ’h’ = ’H’, capitalize ’1’ = ’17)
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30 Uboutdbottud

uboboobooob: bogboobooboobooobboooog

goboobooooboboooobooboooooboboooobobooooboboooboDbo
gboobobobobboboobooboogbuoobobboboobooboooobooooonn
gbobooboobooboobooboooboobooobbooboooobooboooboboobo

goboobooboboobooboooboooobooobooboboobooboboooboobooboon
0000000000000 00000000000000O0O0OODODOOOOOOO0OO0 (tuple) O
googo

3.1 UUO0O0O0 letl

gbooboboboobooboooboboobuoobobobboobooboobobooDba
ubboobogbooban

Objective Caml00 letd (00UJO0OD)00000000O0OO0O0OO0O0OOOOOOOOOOOO
goboobogn

gbooobobooboobbodo

# let vol_cone = (x 00O 200 5000000 =)
# let base = pi *. 2.0 *. 2.0 in

# Dbase *. 5.0 /. 3.0;;

val vol_cone : float = 20.9439510233333337

“let base = 7 000 let JO00O0O0Obase OO0 ODOOOOOOODOOODOOOODOODOOOO
O0000000000@O000 vol_cone JODODO)
U000 1let00O0OO

let * = e; in e9
UOe,eo U let 00O OOO0OOOOOOOooOOO
1. 00000
20000000000
3. e U0O0O0O0OOOODOO

ubbodbbuoobbodlb 2000000 eo 0000000 vol_cone UUODOOODN base
gbooooboobon
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# base;;
base; ;

Unbound value base

U00e, O z0D0O0O0DOODOOODOO
gbbdblecdddbodbuodboboobbobbobbdibletddbbooboonoboong
O0000000000o0O0300000000 (D00DUUD)UOooOoo

# let cone_of_heightTwo r =

# let base =r *. r *. pi in

# base *. 2.0 /. 3.0;;

val cone_of_heightTwo : float -> float
# let f x = (x £(x)
# let x3 = x * x * x in

# let x3_1 = x3 + 1 in

# x3 + x3_1;;

val £ : int -> int = <fun>

# let g x = (x g(x)
# let powerd x = x * X * X in

#  (power3 x) * (power3 (x + 1));;
val g : int -> int = <fun>

<fun>
x"3 + (x°3 + 1) %)

x"3 + (x+1)73 %)

let 0000000 o0obOooooooobooboobobbobobooboobooonoon
boboboobooooboboobooboooboboboooobobob1bboboboobOoDo
gbobodbbuoobobooobooobooobbooboboooboooboboobboobon
gboboobooboobbooboobboooboooboo

0000000 let00/00000and0d000000OO0O0OO0O0OOOOOOOOOOOOOO
ogoogn

# let x =2 and y = 1;;
val x : int = 2

val y : int = 1

# (% swap x and y;

# the use of x is bound to the previous declaration! *)
# let x = y and y = x;;

val x : int =1

val y : int = 2

# let z =

# let x = "foo"

# and y = 3.1 in

# x ~ (string_of_float y);;

val z : string = "foo3.1"

uboobooboobboobooboboobooobo
letU0U00oOonOoonO OO0O0OO00O0O0O0O0Oletd00O00O0DOOO0OOOO0ODOODOOOOO

Ub0boo0obo0boobbobobo0bd0dlet z =e; in e U000 0000000D0O0
Ubdetdboboboboboboboboboboboboboboboboboboboob



3.1. 00000 1etD 27

]DDD 0 \
000 0 \ ]DDD 0
: DDED sin Jooo : DDﬁD
sif max_int | 1073741823 sin
max_int | 1073741823 - - max_int | 1073741823
be 5 ‘
3+2 0000000 x+7 0000000 00 (s+7)000000

O31l:01letx=3+2inx+7000000000O00O0O0000000O0O0O0O0OO

600 | . | | 000 | O
(000 | O |
~ 3 1415926535 : pi 3.1415926535
P : pi | 3.1415926535 | | c_area <fun>
c_area <fun> ’ ‘ 2 0 - 1
r . pi

i 1

P area | 12.566370614
c_area 2.0 00000000 0OOO0OOO0OOO 00000000

0 3.2: 0 let area = c_area 2.0 00 00000DO0OOODODOODOOODODOOO

gbooboboobooboooboobobooboobooboboobooboooboong
gboboooboobooooooooooooooooooooooobooooooooooonoo

let pi = 3.1415926535;;

let c_area(r) = r *. r *. pi;;

let pi = 1;;

let area = c_area 2.0;;
[0 let area = c_area 2.0 0000000000 3200 000000000000000000
ooooogo

3.1.1 0000

Exercise 3.1 00000000 DOO0O0OOO0OODODOOOOODODOOOOOODOOODOOOOOODOD
oboobooboobooooooooooooooooooooon

1. let x =1 in let x = 3 in let x = x + 2 in x * x
2.let x =2and y=3in (let y=xand x =y + 2 inx *xy) +y
3. let x =2 in let y = 3 in let y = x in let z =y + 2 in x * y * z
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Exercise 3.2 00000000000 2000000000000(000: 02000000
oooo)

o let x =¢1 and y = e2;;

o let x =¢1 let y=e2;;

3.2 UUooouooooo: O

gboobobdoboooboboboooobobobboboboboboboooboboboon
gbboobuoobboobuoobboobooo

3.2.1 00000

gobogbboobobooboooooooobobooobooboooobobooooboDbo
0000000000000 (o000 0U0D00 (0D0L0)0)DODUDoooOoooOOoOoooOO
0000 Objective Caml OO0 000000000000 O0OOOO0ODOOO0ODOOOODODOOOO
O000O(tuple)DOODOtuple 00 O OOOOO ,000000000000O

# (1.0, 2.0);;
- : float * float = (1., 2.)

0000 float * float JODOODODODO 100 (1.0) 0 float D00 200 (2.0) 0 float OO
0000000000000 oO0xg0ooooooooon
0000000000000000 (00000000)0000000000D0D0D00O0O0™
0000000000 000000000 1let 000 ODOOOO0OO0OOOOOO
# let bigtuple = (1, true, "Objective Caml", 4.0);;
val bigtuple : int * bool * string * float = (1, true, "Objective Caml", 4.)
# let igarashi = ("Atsushi", "Igarashi", 1, 16)

# (* Igarashi was born on January 16 :-) *);;
val igarashi : string * string * int * int = ("Atsushi", "Igarashi", 1, 16)

3.22 0O000OO0OOOOOOOOOD

O00000000000000000000 (pattern matching) 000000000000 0O0O
U000 UNIXDO grep0000000O00DOODOODOOODODOOO

1. 0000000000 O0O0ooODOO0O0D(OooO)oo
2. 00b00b0b0oboboobobobob
. 0booboooobooboobboobooobooboon

0000000000000 000'00000G, v, z, wOOOOOOODDO40000000
gboobodx0o01000,y002000,z0030000w004000000000000

'J000000D00000 retrieve 0000000000000 0O000DO0OUNIX O egrep D0D000OO()
ooo0o0oO0ooooU0o0ooOoUo0oOoooO0o \l1oooUoooooUooooooo
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O00000000000O000000 (let, 0000000 O0)0000DO0DOOOODODOOOOOO
O0Obigtuple JO O OO

# let (i, b, s, f) = bigtuple;;

val i : int = 1

val b : bool = true

val s : string = "Objective Caml"
val £ : float = 4.

gbooboboboobooboobobooboboobooboboobooboboobon
gboboobooboboobooboboooboobooooboooboooon

# let (i, b, s, f) = igarashi;;

val i : string = "Atsushi"

val b : string = "Igarashi'"

val s : int =1

val £ : int = 16

goboobooboobo40000000000D0O00ODOO0ODOOODOOOOODOODLOODODO
gboooboobooboiggboooboboboooobonoboboboooigoooooboon
00000000000020000000 (oooog), ..., (0booo,H)oooooooooo
000000000000oOO00000o00O0000D0DA0DO0OOOODOOOODOOO(ODOOO
/0000000000000 0000000000000000D0O0O0O0000D0D0OOooOOO
gboogoooooobobooogoboboo1ogbooboobooboboobobooooboo
ugbboobuoobboobooboooboobooon

# (* matching against a person whose first and family names are the same *)

# let (s, s, m, d) = igarashij;;
let (s, s, m, d) = igarashij;;

This variable is bound several times in this matching

goboobobooboobobooboooboobobobboobooboobooboog
ugbogboboboobobooboobobooboobobboboboobobooboobooboad
0000 _(0000000)000 0000000000000 000O00D0OO0UoDOUoOO0O
00000 (wildeard pattern) 00 0000000000000 OO0OO

# let (i, _, s, _) = bigtuple;;
val i : int =1
val s : string = "Objective Caml"

3.23 UO00OO0OOOO

O0Ofleat 000 (20000)000000000O000OCOOOODOODOOOOOCOOOOO
gboboboobooboboobobooboboobo

# let average (x, y) = (x +. y) /. 2.0;;
val average : float * float -> float = <fun>

00000000000 let x = ... 0x00000000000000D let 000000000 DOOODOO
goood



30 030 0ODOoooogogoo

UbO0dbobddbOUOaverage UDO float * float -> float U UOUODOUOU float * float
0000000000000 00000000(@DO0OO0 x000 ->0000000000000
00 (float * float) -> float 0000000 OD)000000O0O0O0O0OOOODODOO

# average (5.7, -2.1);;
- : float = 1.8

uooogoboo obooobooobobooobooboooobooooboboobbooboobooon
UobOobooboooobOobbO0ob00bo0oobOn averageUOOOOOOOoOO 100000
OO00000DO0O0O0000 Objective Caml HOOOODOO 100000000DOOOaverage
g

# let pair = (0.34, 1.2);;

val pair : float * float = (0.34, 1.2)
# average pair;;

- : float = 0.77

gboobooooboooooooooooooon

# let average pair =
# let (x, y) = pair in (x +. y) /. 2.0;;
val average : float * float -> float = <fun>

0000000000030
0000000000000 00000000D000((200)0000000000000000

# let add_vec ((x1, y1), (x2, y2)) = (x1 +. x2, yl +. y2);;
val add_vec : (float * float) * (float * float) -> float * float = <fun>

uboobooooobooooooooogooo

# add_vec ((1.0, 2.0), (3.0, 4.0));;

- : float * float = (4., 6.)

# let (x, y) = add_vec (pair, (-2.0, 1.0));;
val x : float -1.66

val y : float = 2.2

00o0000o00oo00Uo00oOo00 (booUoO0oU0LooO0DUOO0OUDLOOOoUOOUOOD 1O
O00000020000)000000000000000OOOOO0OOOO0OOOODOOOOOO
gboboobooboobobooobobooboobboobooboobobon

3.24 0000

Exercise 3.3 2000000000000 geomean DO OODOO

Exercise 3.4 20 20000000 2000000000000000D0 prodMatvecOOOODODO
gbooboobooboobobooboooboo

Exercise 3.5 0000000
soooooooo pairDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD




3.3. 0000 31

e float * float * float * float
e (float * float) * (float * float)

vbooboooobooooobooooobooooooooboobooboobobboooo

Exercise 3.6 1let (x : int) = ... 000 (x : int) JO0OO00OO0OO00O0O0OO0OOCOOOOO
0000000oooOo0O (boo0o0oO0oU00ooooOoOOOoOoOoOoOoO)0DOoooo

3.3 oo

gobobooogobboobobooobobooooboooooboobboboooboobooboon
00000000 (recursive function) 1000 000000000000000000O000O00O0O
ogoogn

3.3.1 00O0Ooooo

00000000000 00O0000O0 nODOD0ONRl=1x2x---xnO00000000D00O00ODO
obooooooooooon

e J000IUDOULDOODUODOUDDO(DOD 1)ODDOO 10O 040
enl=(n-1)n0000 nO0000n—-10000000000

gooOoOoOoOoDoOOO0OOOODDOOODOODODOOOOOCCOOOOODODOOOODODDODOOO
0000000000000 0000D0DOO01 0000000000000 0DODOoOoOooDoDDOO
Oo0oDooOO0o0oDboooo0oobOo0o0oDOo0ooDbOo0oDOOoOoooOOoOobDbOOODOg Objective
Caml ODOODOOODO

# let rec fact n = (x factorial of positive n *)

# if n = 1 then 1 else fact (n-1) * n;;
val fact : int -> int = <fun>

O000@-10000000000000)000000 factO0OODOOODODOOOODODOOOOO
oo oouoouoouonoon factdooooooon
Ooo0ooooooOon
# fact 4;;
- : int = 24
000000000000 0000000000 recO let000O0O0ooooooooonOn
0000000000000 000000000rec000000000O0O0O0ODOO5O

# let rec x X ¥ x + 1;;
let rec x =x * x + 1;;

This kind of expression is not allowed as right-hand side of ‘let rec’

‘00000 10000000000000000000
000 Objective Caml 0000000000000 DO0O0ODOO0ODOODOOOOODOODOOOOOO
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0000000 (0O0000000000000000:x000000000z=2%2-100000
O00000oooon)

gboobobooboobbooboobobbooooboooobooboobooboong
goboogoobooobooo

e IOOODOODODOODO
e ‘0000OO”DOOUODOODOOOODO

gobogboboobogoooobobooobooboooooooboooobobooboooboboo
gboobooobobooboobooboboobooboobooboobbobboboong
goboobooooboooo

3.3.2 UO0OO0OOOOOO

oooooboboooooooOoooooooboooOoooDooOooOoDboOooboOooOooDon
00000000 00000000000square(square(2)) 000000000000000
ocooboobooooobooobooooboogoooooooobboooobooooobboobLooboOoo
gooooooooooooooobooooooboOooboOoooobbooobooOobooobbooOoo
O000000000000000000000000000000000000 (evaluation strategy)
ooooobooooboooooobooobooobooboboooDooon

oooooooooooooOoOooobOoo0ooDOoOoooOooboOooooDboOoOooDboon
00000000000 (call-by-value) 000000000000 00O0O square 0000

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

googno

square (square(2)) square(2 * 2)
square (4)
4 x 4

16

Ll

0000000000000 square 000000 square(2) 0000000 0OOOObjective Caml
ubboobooboboobboobooobboobooobobooon
Ubooo0bo0boobbo0bUddUfact 400000000000 DO0ODOOO

fact 4 — if 4 = 1 then 1 else fact(4-1) * 4
— fact (4 - 1) * 4
— fact 3 * 4
— .-+ — (fact (3-1) * 3) * 4

0000000000000 000000DU0D00D000000000000000DU000O0DOoUoog
gobooooooooogoo
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(fact 2 * 3)x 4

((fact (2-1) * 2) *x 3) * 4
((fact 1 * 2) * 3) x 4

(1 % 2) x3) x4

(2 % 3) x4

6

24

bbb
A

goboboobooboooobooobooobobooobogboboooobboboobobooboDbo
0000000000000 00U0O0o(oboooooooon)

# let zero (x : int) = 0;;
val zero : int -> int = <fun>

OO00ODDOO000ODODOOO00000OoOobOOboOoObOOODDbDOOOzero(square(square(2)))
000OO0o000ooOoOO000oOOo0o0oood0OooO00ooOooooooOoooDboOooboooOoo
O0000000oooo (ooooo)o
O00000000000000000000000 (00000 eagerness, strictness 00 0 0 O
000)00000000000000000000000O00UO00lazyOOOOODOOOOOO
oooooobooobboooooo
OD00OlzyODOOOOOOODOOOOOODOOOOODOOODOOOOODODOOOOODOOOOO
00 (call-by-name) D0 0000000000000 OO square(square(2)) 000 Ozero(square(square(2)))
ooooooo

square (square(2)) square(2) * square(2)
(2 * 2) * square(2)

4 * square(2)

4 x (2 % 2)

4 x 4

16

0

e bbbl

zero(square(square(2)))

gobogbooogbboboobobooobooboooobooooboboobooboboo
OO000000O0O00D0O00DOO00DO00DOCO00DO00DO0O0D0O square(2) DOOOOO
ogbooooog

0000000000000 00000 (ecall-by-need) 000000 D0O0ODOOOOOOOOO
ubogbooboboobooboobobobuoobobbobobooboobobooboan
gboobooobooboboobooobobooboboobooooboobooboboobon
oooooood
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square(square(2)) — * — x — x — 16
A
y )

square (2)

PN Pl S

h S— h S

2

call-by-need 000D O0O00OO0OODO Haskell, Miranda DO O000O0OO0O0OOO0O0OODOOODO
OOlzyOOOOODOOOOODOOOOOODOOOOODOOOODOOOOODOOOOOOO
obobobobooooobobobouobobDoooobobuoboonoooboOn call-by-value OO
000000000000 0000O0oOODOOOO0OO0OO0O0O0O00 graph reduction 000000
O0000ooooo)

#trace OO0 0ODO0O0 OO0O0OOOO0OO0OOOOOOOOOOOOOOOOOOOOOOOOOOn
#trace (U 00 );; 00000000 OOO0OOOOOOO0OOOOOOOOOOOOOOOOO
ooooo

# #trace fact;;

fact is now traced.
# fact 4;;
fact <--
fact <-—-
fact <--
fact <—-
fact -->
fact -—>
fact -->
fact -—>
- : int = 24

ONEFE PN WP

N
=

UO0D#untrace 0O O0O0OO0DOO0OO0OOOODOODOODODOO

# #untrace fact;;

fact is no longer traced.
# fact 5;;

- : int = 120

3.3.3 U0UOgboodogd

000000 fact 00000000000000000000000000000000000
0000000000¢...) *3) *400000000000000000000000000
00-,0000000000000000000000000000000000000000000
00000000000000000((h—-2!-(n=1)-n)=0n-2)!-((n—-1)-n)000000
0 (n—2)!000000000000n-(n—1)0000000000000000000000
000000000000000000000000000000000000000000000
0 n0000000000000000000000000000000000
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# let rec facti (n, res) = (* iterative version of fact *)
# if n = 1 then res (* equal to res * 1 %)

# else facti (n - 1, n * res);;

val facti : int * int -> int = <fun>

Uboooboooboooiod resO0fact DO000OD0OO0O0OOOO0OOOOOOOOOO0OOOO0O0OOO0
OO00000DO0O0O0ODOO0Ofacti (n,m) OOn!-mOOO0O0O0O

# facti (4, 1);;
- : int = 24

O00OOfacti (4, HODODOOODOODOOO

facti (4, 1) — if 4 = 1 then 1 else facti(4 - 1, 4 x 1)
— facti (3, 4)
— if 3 = 1 then 4 else facti(3 - 1, 4 * 3)
— facti (2, 12)
— if 2 = 1 then 12 else facti(2 - 1, 12 * 2)
— facti (1, 24)
— if 1 = 1 then 24 else facti(l - 1, 24 * 1)
— 24

fact 400000000000000COOO0(0DODO0DO0DOOOOOOOO)ODOOOODOOODOO
gobooboobDg facti DOO n,mO00000

n!-m =120 = 4!

gboogobooobooboobooobooboobooboboobooobooooboboon
00 (tail-recursive) 00 0000000000000 O00O0OOOOOOOOOOOOOOOOO
0000000000000 00000000 (0000)0DoODO0OO0000000oOoOo00O0OO
0O00o00o0oOo0d0oOo0o0oO0o0oDOoO0oDOoO0bOoO0bOoOO0bOoOdOoOo0oDOOooDOoOoD coo
000000 for 0000000000000 DO0OO0OO0DOOOOO0OOOO0OOO (sterative) O O
boooboooboobobooobooboboobooboboobooboobobobonoan
gbooobobooboobobooboobobobooboboboobooboboobon
O00000(@O00) fact 00 facti 0000000000000 O0DOOOOOOOOO (OO
0000000000000 000Q00O0OO0)0D00000000ODO0O00D0D0O0OODOOOOOO
googno

gbbodbibdgn facti DOO0OOOO0OOOOOOOOOODODOOOOOOODOOObDOO
ubboo1l10bobo10b000b0o00boboobddfacti DOOOOOOOOOO

# let fact n = (x facti is localized *)

# let rec facti (n, res) =

# if n = 1 then res else facti (n - 1, res * n)
# in facti (n, 1);;

val fact : int -> int = <fun>



36 030 0ODOoooogogoo

ubboobogboobobod

# let rec fact (n, res) = if n = 1 then res else fact (n - 1, res * n);;
val fact : int * int -> int = <fun>

# let fact n = fact (n, 1);;

val fact : int -> int = <fun>

0000000000000 0000000Objective CamlODOOD0O0D0O00O0OOO0OOODOO
gbooaoo

3.3.4 0OO040OO0OOO

gbooobobooboobobobobooboobobboob 1bobboboobobooong
gooobobooobooboobobobooboboobo20bo0oboobOoboobOon
uboooboodgoon

oboobob0o 00000000 pooboobooooboooooooooboonDg

R =1
R =1
Fn — Fn—1+Fn—2

n0000000000O000b00000bOO

# let rec fib n = (* nth Fibonacci number x*)
# dif n=1 || n =2 then 1 else fib(n - 1) + fib(n - 2);;
val fib : int -> int = <fun>

Ub0000000O0else 0000000 200000000
goboooboboofF 0000 F, 000000000000 DbOO0ODO0O0DO0bO0O0DOO0
O000000000000(fiv 300 000000000)0000000O0OODOO0OODOOOOOO
# let rec fib_pair n =
# if n = 1 then (0, 1)
# else

# let (prev, curr) = fib_pair (n - 1) in (curr, curr + prev);;
val fib_pair : int -> int * int = <fun>

ooobobdonbO F, 0000 F,,00000000000OO00O0OOOOOOOOO

Euclid 0000 EudidOOOOOOOOO mUO n (000 m<n)O0O0OO0OO0OO0On=+-m0O
bbb nobboobuoobboobuoobooobuoobooobooboanoog

ubboonb ~O000000000 mDDDDDDDDDDDDDDDDDD<n>DD
m

< n ) nx---x(n—m+1)

m mx---x1
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ubbgoboobooboooo

<n> - (n_1>+<n_1> 0000<m<n
m m m—1

oboooooooooog

3.3.5 U000

0000000000000 00000000000 (mutual recursion) 000000000000
goog

let rec f1 (DOOOq) = e
and fg <[||:||:||:|2> = e9

and f, (OO0OO,) = e,

I A O R
fOOODODOOOOOODOO
00000000000000000000 even, odd U

e (DD ODODDDOODLOOD
o 10 000DLOOOLOODLDODOODODO
en—100000 n0000D0OODO
en— 100000 n0OO0O0OOO0DOO

gbbogobuodgbbobobuodoboobbooboobbooboobbooboan

# let rec even n = (* works for positive integers *)
# if n = 0 then true else odd(n - 1)

# and odd n =

# if n = 0 then false else even(n - 1);;

val even : int -> bool = <fun>

val odd : int -> bool = <fun>

# even 6;;

- : bool = true

# odd 14;;

- : bool = false

booooboobodbbUarctanl OOOO

T 1 1 1 1 1
4 3 5 7 Ak +1 4k +3

gboooooooboobooboobooooboboobooobobooboooboobooboon
oood
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# let rec pos n =

# neg (n-1) +. 1.0 /. (float_of_int (4 * n + 1))
# and neg n =

# if n < O then 0.0

# elseposn -. 1.0 /. (float_of_int (4 * n + 3));;
val pos : int -> float = <fun>

val neg : int -> float <fun>

4.0 *x. pos 200;;

: float = 3.14408641529876087

4.0 *x. pos 800;;

: float = 3.14221726314786043

[

googno ZDDDDDDDD

3.3.6 U000

Exercise 3.7 x O0O00On 0 00000000002 0000000 pow (x,n) OODODO 200
googn

l.powO (0DD0)0D00OO0 nOOOOO

2. powd (00)00D000 log,n 000D0D0D0OMO0: 22" = (22" 000000022 =7)

Exercise 3.8 000 pow 0000000000000 powi 000000 (DO0O0O0OODOODODO
O00000000000o0oon)

Exercise 3.9 if 00 Objective Caml 00000000000 OCOO00ODOOODODOOOODODOOO
Ub00000fact 4000000000000 0O00O00O0O0O0OO0O0O0OO0O0O0OO0OODO

# let cond (b, el, e2) : int = if b then el else e2;;
val cond : bool * int * int -> int = <fun>

# let rec fact n = cond ((n = 1), 1, n * fact (n-1));;
val fact : int -> int = <fun>

# fact 4;;
7777

Exercise 3.10 fib 4 000000000 OCOOOOO0ODOOODOOOOOOODO

Exercise 3.11 0 O0O0O0OO0OOOOO

1. EucdidO0DO0O0D0OOO00O0OO0DOOOOOO0ODO geald
2. 000000000000 ( " ) UboodgnbdO0 combl]
m

3. fib_pair DO O00O0OD0ODOO0OO fib_iter[
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4. 000000000DOCO ASCIIOO0O00000D0DO0O0D0O max_ascii JO0OODODOO
0000000000 225000000000 0000000O000OO0OOOOOOOOO
goobooooboobobobobobobobobOoboboobooooboooooobn
O0ooooo)

Exercise 3.12 neg 00000000000 COOODposd negOO00O0ODOOOOOOODOOO
gooooboobooboobon
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40 UOOLoO0Uootdboutobotdd

ubobooboodgb:. booobooboooobooboon

4.1 0O0O0OO

Objective Caml 0 OO0 O O00O0O0O0ODOOOODOOOOODODOOOOOOOODOCOOOOO
gbooobooooboooobooobooboboboobooboooboooboboobooobon
0000000000000000000 Objective Caml 00000000 ODO (first-class value) O
0000000000000 0/000000000000000AO (higher-order function) 000 O

4.1.1 DOOO0O0OO0OOOOO

000000000000012+22+.-. 4220000000 sqgeun 0013 +2%+...4+0300
00000 cbsum 000000000

# let rec sqsum n
# if n = 0 then
# let rec cbsum n
# if n =0 then O elsen *n *n + cbsum (n - 1);;
val sqsum : int -> int = <fun>
val cbsum : int -> int = <fun>

0 elsen *n + sqsum (n - 1)
0

gbodgboobobbbodobuoobuoobobobooboobogbuoobooboaoboooad
gbooooopoboobooooboboboboobobooboboooboooooobobooboan
gboobooooboooooooooooooooooon

00000000000 0oooO0O0()n0 o000 O0ODODOOO(2)UUDDODOOOOO nO
gooooobbooobbooobboobbooobbo n00obObooobobooobDoboon
gbobobobobobobobobobobobobobobobobobooobooboobong
gboboobooboobooboobomboboooboboooboboooooboobooobOoonoo
gboboobooboobboobooobooon

# let rec sigma (f, n) =
# if n = 0 then O else f n + sigma (f, n-1);;
val sigma : (int -> int) * int -> int = <fun>

U000 signa00000000000O00O00O00O000O00 £000 n00000000000O000O00O0
(00000: 0000 0 >0 «+0000000000)0000000sqsum 0 cbsum 00

# let square x = X * X
# let sqsum n = sigma (square, n)
# let cbsum n =
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# let cube x = x * x * x in sigma (cube, n);;
val square : int -> int = <fun>

val sqsum : int -> int = <fun>

val cbsum : int -> int = <fun>

O0o0oodoooooooooooooooodoooobooodooooooddcebsum OO
0000 let-O00000O000O000OO0OOOO0O0OO0OOOOOOOOOOOOO0O0O0O

sqsum 5;;

: int = 55

cbsum 5;;

: int = 225

[ S B -

4.1.2 0O0O0O0O0

n
goago sigmaDDZf(i)DDDDDDDDDD fO0000oboOoOoOoO0OoooooOoOooon
1=0
O0000D0O0O00DOD0O0O lee000ODOOOO0ODOOOOOOOODOOO fOODOODOOODOOO

00000000000000000000000000000000 000000000000
O0000000000000000000 (anonymous function) DO000000O0O0O0O0OO
00 D00 0OObjective Caml 00 OO0 OOOOOObjective Caml 0000000

fun (0OOO) -> e

000000000000 )OODOOUOOOOOOOOO e000000000fuwn 000000
gboboobooboobboobooboo

# let cbsum n = sigma ((fun x -> x * x * X), n);;
val cbsum : int -> int = <fun>

# let s9b = ((fun x -> x * x), 5) in

# sigma sqb;;

- : int = 55
# (fun x > x * x) 7;;
- : int = 49

23000000000000000000O00OOO0OODOO (DO0D0DU0OOOOOOOO)OOOO
000oo000o0o00oo00oo0UD fun 00000 OOOOOOO(OODODOOOY, n”
oo bbbbx+«x*xUnUd000ogoooobobobobobobobbon
Oo0O0OfwmO0O00O0OO0OO0ODOOOOOOOOOODOODOOOOOOD OOODOODOOO
O000o00oo0oooooon)

Ub0Olet 0o ooon

let £ x = e

let £ = fun x > e

000000000000000000000000 (fun)00000D0000000O0O (let) OO
gboobooooboooooooooooooooooog

'DoooD0O000000000DO0ooon
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4.1.3 DOO0OO0OO0O0OOOOO0OO0O0

Objective Caml 0 0000000000000 OOO0OOODOODOODODODOODOODOODOO
ygooooooobbobbbbbhmoddddduuobobbbbbbobooo
0000000000000 00000000000000 Haskell Carry DOO0O0O0OOOOOOO
O (curried function) 0 0 O 20

Uobboodubidz0 yOODUOO edO000O0D0DO0OO0D0O:z0D0DO000O0yOO0ODOO
ed00000DOODOODODOODODOOOOOOODODODODODOOOOOODOOODO sy,
s 00 spso DO OO UOOOOOnooObbOoogoooobobobbobbobboboooooooooon
ogooon

# let concat (sl1l, s2) = s1 ~ s2 ;;
val concat : string * string —-> string = <fun>

0000000000000 00000 (D00O0)0000o00U0o0O0O0DDO00D0oO0oOoOO
OU00000D0OO0bOo00DOo0n concat ("abec", "def") DOODODOOOODO
gboooboo oobbooboobboobooad

# let concat_curry sl = fun s2 -> sl = s2;;
val concat_curry : string -> string -> string = <fun>

concat_curry 0 fun 000 000s2000000 (0000000 0)s1 00000000000
O0O000U0DOconcat_curry 00O 0 string -> (string -> string) OO0 0O00OOOOOOO
cooooobobooooooboo20000000000

# (concat_curry "abc") "def";;
- : string = "abcdef"

ooooopoocG.H)oogooooorabe DOODOO0ODOODOODODOOOODODOOOOOOOO

OOo0oooooooog ¢...) mef"O0poOOO0OO0OODOOO
gobooboooooboobooooboooooboboooooboobooDoobboobDUoDbo

0000000000000 00000D0 Mr.OOD (COD)DODODOOOOOO

# let add_title = concat_curry "Mr. ";;
val add_title : string -> string = <fun>
# add_title "Igarashi";;

- : string = "Mr. Igarashi'

00000000000 Dadd_title00O00DO0000D0OO0O0O0OOOOOfun s2 -> "Mr. " ~ s2
000000000000 0o0o0o0ooo0oDoooooo0DoooDoooooooooooog
0000000000000 D00000000 (partial application) 00 00O

0000000000000 0O000000oDo00oooDooO000oooDoo0ooooOooO
oooooooo

00000 Schénfinkel 0000000000000 000 Cury J0DOOOODOO
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uboboabbodg obboobboobboobb+s+en ODO0O0O0OO0OOODODOOODODOOOOO
ubobooboobbooboboobooboboobooo

000 Objective Caml D0 Ofun OO0 00000000O0letd fun 000000000000
ubboobooboobbooboobboobooobbooboobobooboaonoo

# let concat_curry sl s2 = sl = s2;;
val concat_curry : string -> string -> string

<fun>

uboboobooan

# let concat_curry = fun sl s2 -> sl1 = s82;;
val concat_curry : string -> string -> string = <fun>

00000000000000000000
fun (0000;) -> fun (O0O000,) -> ... fun (00D00,) > e

fun (0O000O,) (0000, ... (0000,) > e

0000000 ((let000000O0O0OOO0OOOOOOOOODODOOOOOOOOOD)

00000000 ((Ex)y) =z O00OD0O0OD £fxy=z0OOODODOOODOOODODOODODO
(0O0oOoU000opoOOoOO000D0DOOO000D0)DO0D0D0DDODOCOODOUOUDODDDODODOOOO
tl => t2 > t3 > t4 0 t1 —> (t2 -> (3 —> t4)) UO0OOOO

00/00000 00O0000O00O0C00O00O0O0O0ODoOOO+,-000000040 (anfiz operator)
O000000000000000 (int->int->int 0000000)0000000O0O0OOCOOOO
000o000o0o0o0oO0oU0o0oUo0oUOo(Uo0bLOoOU0D)+00000O0DUDOODOOUOOO0
goog

000000 (0 )0000000000000000O00O (COoDOO)ODDOO0ODOoDOoOoOO

# (+);;

- : int -> int -> int = <fun>
# (x) 2 3;;

- : int = 6

+*x0000000000000000000000O/0000000D0OUooOoOO
000000000000 00D00O0mod, lor,or UOO0OD0OOO0OODOOODOOOODOO
uboobobgooodg

e 10000 =,<,>0, ", 1,&+ -, % /,$,%0000000
e 2000000 1,8, % %+ - .,/,:,<,=>7@e", |~00000
00000000000

0ooo0oO0o0o0 (0ooo0o p)oooooooooooooao

#let ("-") x y=x %2 +7y* 3;;

val ( ~=~ ) : int -> int -> int = <fun>
#9 °-7 6;;

- : int = 36



4.1. 00O0ODO 45

goooooooooOooooOoobOo0oOooboooboOooDoOooDOD ooboooooo
gboobooboobooboobod

# let (! ) x=x+ 1;;
val ( !! ) : int -> int = <fun>
# 11,
Characters 2-4:
!'l;;Syntax error

# (15

- : int -> int = <fun>

# 11 3;;

- : int = 4
gooooo -, -.0000

o 1000ODO 'Y, 7,"OOOOODOO

e 2000000 1,8, % *+ - .,/,:,<=>7¢" |~00000

gbogbobooboboooboobooboboobooboboobooboboobooad
gobooobooobooboooboooboooobboooboobooobobooooboobooobobon
f 1 o x0O00f (1Y x0000000((f gx0 (fg x0000000O00O0OOODO)
gboboooboobooboboobobooo410b00b0ob00ooboboobOobooD
gbooboobooboobbooboobobooboobobooobooboobooobooonoo

041: 00000000000

goo 0d
goooo -
ooon 0
gooooooon -
goooooooo -, -. -
> 000000 0
* /, % 000000000 mod 0
+, -00o0oon 0
- a
e, " uuonon a
=s0<go0oboooo,onooooooono | o
not -
&, && t
or, || O
<-, := g
if -
s O
let, match, fun, function, try -
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4.1.4 Case Study: Newton-Raphson [

OU00000DOO00DOo0DOO0bOOb0O0O0O0g Newton-Raphson DODOOOOOOOOO
0 ONewton-Raphson 0 000000000 fO00000000O f(x)=0000000000000

C)
A= e
0000 (g(a) =00 ¢) 000000000000 2 =2n_1 — f(@n1)/f (#n_1) 00000

0oo)
00000000000000000000000000000000000000000000
00000 dz 0000

o _ 9@ +dx) — g(x)
0gooooobooooooooooooooonoooooooonoooon

# let deriv f =

# let dx = 0.1e-10 in

# fun x -> (f(x +. dx) -. f(x)) /. dx;;

val deriv : (float -> float) -> float -> float = <fun>

000 f(z)=20 30000000000

# deriv (fun x —> x *. x *. x) 3.0;;
- : float = 26.999913416148047

0000000
0000000000000000000000000000 f0000 z000f(z), f(f(z)),

...00000000fz)=fY2) 0000000 f(+) 00000000000000000
00000000000 |f~(z)-f(z) 00000000000000000000

let fixpoint f init =
(* computes a fixed-point of f, i.e., r such that f(r)=r *)
let threshold = 0.1e-10 in
let rec loop x =
let next = f x in
if abs_float (x -. next) < threshold then x
else loop next
in loop init;;
val fixpoint : (float -> float) -> float -> float = <fun>

H HEHHFHHHHE

O000000000Newton-Raphson D OO OO OO0OOOOOOOOOOOOO0OO

# let newton_transform f = fun x -> x -. f(x) /. (deriv f x);;
val newton_transform : (float -> float) -> float -> float = <fun>

ooogoog
00 000Newton-Raphson 00 f(z)=0000000000000 fO00000O0O00OOO
guess U OO OONO

# let newton_method f guess = fixpoint (newton_transform f) guess;;
val newton_method : (float -> float) -> float -> float = <fun>
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ugboogood

# let square_root x = newton_method (fun y -> y *. y -. x) 1.0;;
val square_root : float -> float = <fun>

# square_root 5.0;;

- : float = 2.23606797750364272

4.1.5 0000

b
Exercise 4.1 000000 fO00O0O /f(:c)deDDDDDD integral f a bUUOUDOOO

DDDDDDDDD/ sinzde OO0 0000
ooobooOoooooboOoobooobOoOoboboOoobOOooDoOOoOooOOoOoDboOoOoDOgd b—a
On00000000O0OO0J0OO0OOO0ODOODOOO ODOODLsO00DOODOOOODO

(fla+(@—1)0)+ f(a+1id))-0
2

goboobogn

Exercise 4.2 0000 3.70 pow OO0 OODOOODOO0OOO ODOOOOOOOODOODO
(pow n x) 00000300000 cube 0O O0O0OO0OOOOOOOOOOOODOOOODOOOO
0000000 (pow x n)0Ocube 0 pow DD O0O0O0OO0 OODODOODODOOY?

Exercise 4.3 OO0 3000
e int -> int -> int -> int
e (int -> int) -> int -> int
e (int -> int -> int) -> int

gbobooboobbooboobbooboobbooboo

4.2 000

gboooobooboooobobobboobuooboboobobbobooboboobo
ugbboobuogbboobbo bbodbobooobuoobboobuobudiblint * int OO0
gbooboooogoo

# let fstint ((x, y) : int * int) = x;;
val fstint : int * int -> int = <fun>

oboDoooooboobuoboobobobooooob0obDOonDd (dnt * float) * string OO
gboooooooooooooooogoooogooDg

# let fst_ifs ((x, y) : (int * float) * string) = x;;
val fst_ifs : (int * float) * string -> int * float = <fun>
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ugbogoobobobooboobobboobobooboboobooboobobooboan
ooooo0oOo0o0ooOo0obOoOoOoOOoooOooo»xwooooboobooobooboobobogooooo
gobogboooobobooobooobooboboooboboooobobbooooboboo
ocoooooobr»oOO0O0ooOoOoOo0oO0obDoOoboo00oDooboOoooooo?
0000000000000000000000D0DU0DU0D0D0D0DD0D0DO0DO0DOOOOOO0 (int
O int0000 int * float 0 string) 00 0000000000000 O0O0OOO0OOOOOOO
goboooboooobooogobobooobobooooooooobooooobooobooboo
gbobgoobooboobboobooboooboobooonobo

# let fst ((x, y) : ’a * ’b) = x;;
val fst : ’a * ’b -> ’a = <fun>

’al b 0000 (type variable) D0 0000000000000 0O0OOOOOOOOUOOUOOOO
000000 (polymorphic function) 00000 fst OO ’a * ’b -> 2000000 T1, T2 0
O000TL * T2 -> TIO00000000000(@QO0O0O000000 V’aY’b.(’a *x ’b => ’a)
000000000000 00)000Objective Caml 0000000000 O0OOOOOOOO
goooooooooooooooooooooooo

# let fst (x, y) = x;;
val fst : ’a * ’b -> ’a = <fun>

O0o0oooooodoooodoooooooooooooooooooooooooooon
O0o000ooooooooooooooooooooooooooooooooooooooonon
0000000000000 00(oooooOoOooooooboobooDoOon)

# fst (2, 3);;

- : int = 2

# fst ((4, 5.2), "foo");;

- : int * float = (4, 5.2)
Uogboobodbdobodn ’a,’pb0 int 0000000 ’al int * floatU’b U string OO0 M
O000000000000oo0o0ooodfst00000ooogoodonn int * int -> int
O (int * float) * string -> int * float U0 U0 UO0ODO0O0OODOOODOODODOOODOO
000000000000 000O000DoooOd (polymorphism) 0000000000 OOOO
000000000000000000000000000000000000000 (parametric
polymorphism) 0 0 0000000000000 O0O0ODOO0OO0O0COOOOOOOOOOOOOOOO
000000000000000000o00oo0D0O (O)oboooOOoOooDUUUObDOOoDoOO

0000000000000 00000000000 id 00000 (identity function) 00 00O

oobodbobuoobbuoobbuoubbo0obobuoobbUuu epplybboobbooobbon
oodooooooooooooo

# let id x = x;;

val id : ’a -> ’a = <fun>

# let apply f x = f x;;

val apply : (’a -> ’b) -> ’a -> ’b = <fun>

apply DO DOUODOCa > )0 f0000al xO0000000O0O0O a00000OD0O0ODO £0O
xgoboboboobo f0 x0b0obooboooobooobooboooobboobooooobDooDoon
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abs;;

: int -> int = <fun>
apply abs (-5);;

: int =5

apply abs "baz";;
apply abs "baz";;

H I H

This expression has type string but is here used with type int

Oo0ooOOoO0bOoOooOo0oOobDoOoboboOooo?Y fst0DO0bOO00DOOODOOO0(x, O
gooboooboobooobbboooobobonoobbbooobobooooboooooboboon
gbobooooboboboobooboboboooo oo x,yOOLODODODODOOOODOO
Uboogbobooboobuoibbotbdbepply DO00OOO f00000000Ox0O00O00O0O0
O0o0000O00000O00000O0O00O00O00O000O0OO0O0O0O0DO0O0OOO0O (OooDOo
O0000000)00000000000ooOO0O0000ooOOOOO000OoOoOOODOO0OO
gboobooobooboobooboobooboobd ’ax b > ’al00000OooO0On0
gbobooboobboobooboooboobobooobooboo

gooodoo0O obooboooooooooOooobOooobOoO0D +00bo0boobbogoodg
0000000000000 00000000000O00O0O0uUoOUn (ad-hoc polymorphism)
0000ooogooooooooooooooooooooOooOooOo0oooooooooon
O0000000000000000000000 (subtyping polymorphism) DO0DO0O00O00O0

4.2.1 let0O000OO0O0

Objective Caml 000000000000 let(0000D00OO)000000O0O0OOOOOOOO
0000000000000 00000000O0O0000000000 x0 (i d00000000
000)000000000000000oo

# (fun x > (x 1, x 2.0)) id;;
(fun x -> (x 1, x 2.0)) id;;

PNENPN

This expression has type float but is here used with type int

Oddododouoibdx 1000000000 x000000 int 000000 ooooon
O00flecat DO OOO0OO0OO0O0OOOO0OOOOOOOOO
000000 let00/00000C000O0O0OOCODOOOOO (DO)DO0DOOOODOOOOOO

00000003 00000000000000000000000000000000oO0ona
o0o0ddooDO0o0oodoooooooooooooooooooooooooooooooog
000 f0 x0O0000O000 double HOOODON

# let double f x = f (f x);;

val double : (’a -> ’a) -> ’a -> ’a = <fun>

# double (fun x -> x + 1) 3;;

- : int = 5
# double (fun s -> "<" ~ s =~ ">") "abc";;
- : string = "<<abc>>"

0000000000000 D000OD 3.081000000000000000D0000000O0DO0OOOOO
gobooooooobodooobooooooooboooooooooa
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gooboooobooooooooboooooob40b0bO0bO0obO0ObO0ODbODbDODODOD

# double double (fun x -> x + 1) 3;;

- : int =7

# double double (fun s —-> "<" =~ g =~ ">") "abc";;
- : string = "<<<Kabc>>>>"

000000 double double I let DO UODOO0OOOOOO0OO0OO0OOOOO0OOOODOOOOO
gboooooooooooooooon

# let fourtimes = double double in

# (fourtimes (fun x —> x+1) 3,

# fourtimes (fun s -> "<" =~ s = ">") "abc");;
fourtimes (fun s —-> "<" ~ g = ">") "abc");;

This expression has type int but is here used with type string

Ubb let00O0O0O00O letOUO0OOODOOOOOOOOOOOOO

# let fourtimes = double double;;
val fourtimes : (’_a -> ’_a) -> ’_a -> ’_a = <fun>

ubooboooobooboobob »_ab0b00b0000bOO0obDO0O0bO0obO00b0bO0obD0o0oboonDo
goboobooboobboobuoobbo0ob0o0bbOobDbOodn fourtimes OO OO0
ugboooood

# fourtimes (fun x -> x + 1) 3;;

- : int =7

# fourtimes;;

- (int -> int) -> int -> int = <fun>

# fourtimes (fun s -> "<" "~ s =~ ">") "abc";;
fourtimes (fun s -> "<" ~ s =~ ">") "abc";;

-~

This expression has type int but is here used with type string

fourtimes 000000000000 int DOO0O0O000O0O0O0O0OO
00000000 (value polymorphism) D00 0000000000000 DO00O0O0ODOOOO (7

O000)0000000000000000000000O0O0000O0Ofourtimes 1000000
uboboobooobooooo

# let fourtimes’ f = double double f
# (* equivalent to "let fourtimes’ = fun f -> double double f" *) ;;
val fourtimes’ : (’a -> ’a) -> ’a -> ’a = <fun>

0000000000000 000O000O00O0000 (D00 funO00O0O0)00D0OOODOOODOO

# fourtimes’ (fun x -> x + 1) 3;;
- : int =7
# fourtimes’ (fun s -> "<" =~ g = ">") "abc";;
- : string = "<<<Kabc>>>>"
O00000000000000 (D000 double double)d fun x => ... x 000000000

00 (D00000)000 n-00 (n-expansion) 0000
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4.2.2 0000000

OOO00DO0 Objective Caml DO OODOOOODOOOO0OODOOOODOOODOOOODOO
gbooobobooobobobobooboboboooboboobooobobooboboooboon
goboobodboobobooboobbooboobboon

0bdbooobobuobuoobbfun x > x + 1000000000 int - int00000O00O
ubobooboobboobboobooobbooobooo

e +[] int —> int —> int 0000000 int 000O0D0OO0ODOOOO

e xJOUI0OD0UDODODOOUO+0000DODLODxO int DO00ODODODODOODODY
O0O0D int OO0O000O0O0O00ODOOOOOOKODO

e x] int JOOODDO0OD0Ox + 10 int 0000

ex + 10 int0000D00D0OD xODOODODODODODOD int > int 0000

OO000D0O00ODO0ODOObjective Caml OOODOOOOOOOOODOOOOOODOOOODOOO
goboooboooboobobooob10000bobbobooboooboboobobon
gooooooooobooogooooboobobobob ifboboboboboooooboooooo
0000000000 (0x0O0 ’a0 int0000000CDOOCDO)DOD000OCOOOODOOOOO
gboboobooboboobooboobobooboooboobooobooboonoobo

fun x -> if x then 1 else x

OO000000004f000000 if00000 bool DOOOOthendOelseO0O0OOOOOO
O0000D000000xO0000D0C0O000000 ’a000004nt = ’a =Dbool OOODODO
oooooooooooboboOoOoooooooobooOoOoOooooobooboOoOoOono

O00000000000C0O00C0cDOO00DO0000 1let00000O000OC0DOOGCOOOGODO
0000000000 (D0000)D00000DODO0D000000 apply00000f, x00000
00000 ’a,’p 0000 £ x0000000f xO000 >cO0000’a="b->’cO000000
fun £f x > £ x0000 ’a -> ’b > ’c000000000O0O00CO00OO0OCDL => ’¢c) -> b => ’c
oooO

0000000 (@Ooo0ooo0o0oo0on)0o0o0oo0oooooo0ooo0ooooooo
oobooOoO0oooooooooooooooooooooooooDOoOOoDOOOsst00ODODOOO
UOint * int -> intOfloat * int -> floatU ’a * ’a -> ’al 0000000000000
000 ’a*’b->a000((0000000000000000O0)00000000O00O00O0
O’ax’a-—>al0000000000C0O0DO0OO0CODOOOODOOOOOOODOOOOOO
0000000000000 00000a*’a->ald00000000000O00O0CCO0OOO
00000000000000(C0000000000)000D00000 (principal type) 0000
Objective Caml (O Standard ML, Haskell) 0000 0000000000000 O0O0O0OOOCOO
Oo00O0OOOO0O0O00000000000000000000000O0O0O000O0O0O0O0ODODOOO0O
oooooooooooooooooobobon

ubodabobodb obobobodaboboboobooboboobaobooboboooban
00000000000000000o0oU0o0O00O0UOoO0O0O/O00000UoUOoOOn

O000oO00oo00oOo0oo/Oo0oo0oUo0oU0oO0o0ooUOoOoUoOOooDOoooUooOn
000000000000 Newton-Raphson 00 0O
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let square_root x = newton_method (fun y -> y *. y -. x) 1.0;;

00000000 newton_method UOOODOOOOOOOOnewton_method DOOOOONO

0000000 yOOOU float 0000000000000 DDOUO0O0OOO fun (y : float) -> ...

JooddooooOo0o00oooooooooooa
0d0dooooOo0o00d00oopDoOoOo00ooooooOoo0oooooon £fst O

# let fst ((x, y) : ’a * ’a) = x;;
val fst : ’a * ’a -> ’a = <fun>

gbobooboooooooooooobooobooooboooboobooboooooboooonog
ooooooooooooboon

# fst (true, 3.2);;
fst (true, 3.2);;

This expression has type bool * float but is here used with type bool * bool

oooooMLOOOO0OOO0O0ODOOOOOO0O0O0ODOOOO00O0O0OODOODODOOO0O0O0
oooooopboooooooo

# fun x -> (x 1, x true);;
fun x -> (x 1, x true);;

This expression has type bool but is here used with type int

O0x trueJ0000000D0OO00OO0ODOODO0OO0O0D0x 10100000000000O
obobobobooboooooobodDx 10 x trued0000ODO0OOOOODODOODO
gooobooboooooboboooboooboobooobooboboo0 MLOODOODOODO
000000000000 O000 Objective Caml 00000000000 OOOOOOOOO
boboooooooboboooooobobobooooooobooboboooooonoa
O0)0000oo0x0O0O0OoooOo

# fun (x: bool -> ’a) -> (x 1, x true);;
fun (x: bool -> ’a) -> (x 1, x true);;

This expression has type int but is here used with type bool

oboo0oOxO0o0O00OO0O0OO0O00OO0bO0oO0o0obOO0b0Ox 1000000ooO00b00oooboaon

4.2.3 Case Study: 0O OO0 00

000000000000000000000000000000000000000000000
CPUDDODOOOOOOOOD0O0000000ONONONOONOOOOOOOOOOOOOOOO0OOO
00000000000000000000000 A0D0DD0000000000O000000000
A0OO0OOO0OOOOOOOOO0O0O00000000000000000000000000000
000 (Objective Caml 0 fun 0)000000000000000000000000000O00O0
0000ADODO00000000O0O0O0O0O0O0OOOO0OO0000000000000000000
000000000000000000000000000000000000000000000
00000000000000000

0D000000000000000000000000000 fog (OOO(fog)(x)=f(g9(z))
000)000 o0000000000 f,¢000000000000000000000O000
000000000000 $000000000000

let ($) fgx=1f (g x);;
val ( $) : (’a -> ’b) => (’c -> ’a) -> ’c -> ’b = <fun>
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ubboobuoobboobooboooboobooon

fun x -> “-. (sqrt x)
o0
# let £ = ( "-. ) $ sqgrt;;
val £ : float -> float = <fun>
#f 2.0;;

- : float = -1.41421356237309515

00o000o0ooo0oo(--.00000000O00O00OO000oUOOoOD)0DO0DbDOOoUoOOd
gbogoobobobobodobuoobobboouboboboboobuoobobboboooboad
uboboooobooaoo

00o000000O0000O000O0O00 ia0000(@UOLODO0O0LO0O0O0 I00D0O0O0OOO
O0000)id £f0 f0000000000000 /00000000000 OOOOODOOOOO
ugboogon

(sqrt $ id) 3.0
(* Without (), it would be equivalent to sqrt $ (id 3.0) *)
: float = 1.73205080756887719
(id $ sqrt) 3.0;;
: float = 1.73205080756887719

I  H HH

KOooooooooooooooooooooooooooooooboooooooooo

# let k x y = x;;
val k : ’a -> ’b -> ’a = <fun>

kxOOODOOOOO xO000000000

# let constl7 = k 17 in constl7 4.0;;
- : int = 17

OO0 SO00O000DO00000 oOOODOODOODOODOODO

# let sxyz=xz (y 2);;
val s : (’a -> ’b -> ’¢c) -> (’a -> ’b) -> ’a -> ’c = <fun>

Objective Caml 0 fun 0000000000000 0O0O00OO0ODOO0OO (fun x -> x,fun x y -> x (x y)
00)0 SO KOOOOODOO0OOOOO0OOoooooooooooooooooooo aooo
oooooooboooooooboobobooob IgooooDo SKKOOOoOooo

# s kk 5;;
- : int =5

(O0OoO0ooOo0O0o0ooooO)0D00D0oOoOo(CooO) A AODOOO0ODOOOOODOODODOOOO
ugbboobooboobboobooobooon
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4.2.4 0000

Exercise 4.4 00000 curry U0 00000000 OODOOOOOOODOO

# let curry £ xy = £f (x, y);;

val curry : (’a * ’b -> ’c) -> ’a -> ’b -> ’c = <fun>
# let average (x, y) = (x +. y) /. 2.0;;

val average : float * float -> float = <fun>

# let curried_avg = curry average;;

val curried_avg : float -> float -> float = <fun>

# average (4.0, 5.3);;

- : float = 4.65

# curried_avg 4.0 5.3;;

- : float = 4.65

0000000 (2000)00000000000O0OO0OOOOO0OOOOOOO0O uncurry O
googoood
# let avg = uncurry curried_avg in

# avg (4.0, 5.3);;
- : float = 4.65

Exercise 4.5 OO0 000 repeat [0 double, fourtimes 0000000 0O0ODOOOf O nO0Ox
gboboobognoog
# let rec repeat £ n x =

# if n > O then repeat f (n - 1) (f x) else x;;
val repeat : (’a -> ’a) -> int -> ’a -> ’a = <fun>

gboboobooboboobooboooobg fis0000boobbo ... 0ogoobooooo

let fib n =
let (fibn, _) = ...
in fibn;;

Exercise 4.6 0000 funny 000000000000 OO0O0O0O

# let rec funny f n =

# if n = 0 then id

# else if n mod 2 = O then funny (f $ £) (n / 2)
# else funny (f $ £f) (n / 2) $ £;;

val funny : (’a -> ’a) -> int -> ’a -> ’a = <fun>

Exercise 4.7 s k x 0000000000000 sk k1 O000O000OO0O0ODOODOOODOOOOO
O0OooO0oOoo
O00Ofun xy > yOOOOOOOOOOOODODOOO sO k00000000 (funO letO

O00000000000)0000000ooooooo

# ((xs, kO OOOOOOOOOOOO =) ) 1 2;;

- : int = 2
Exercise 4.8 double double f x 0O £ (f (f (f x))) DOO0OOO0OOOO0OOCOOOOOOOOO
ood
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50 bbb botdb: oo

0000000000000 0000000000000O000000000O000000AO (lsts)
00000000 (Do0)00b0O0000000o000o0oU0OUO0OU0OO0DOoDDOOoUOOOoODO
ugbboobuodgboobboobouoobbooboobboobuoobboobuooboban

5.1 JUooogn

0000000000000 0000000O0b0000O00000O0b000 ;00000000
oooooooooao
# [3; 9; 0; -10];;
- : int list = [3; 9; 0; -10]
# let week = ["Sun"; "Mon"; "Tue"; "Wed"; "Thu"; "Fri"; "Sat"];;
val week : string list = ["Sun"; "Mon"; "Tue"; "Wed"; "Thu"; "Fri"; "Sat"]

oooOoooo “(DDDD) list” 0000000000000 00000000 (Objective Caml
00)000000000o0O0000000O0OO0O000D0O0OLODOOO0OD0D0OOOODOOOOO
O0o0ooooooooooooooooooooooooooooouooooooooon
oooooooo
# [1; ’a’];;
[1; ’a’];;

This expression has type char but is here used with type int
# (% compare with the type of [3; 9; 0; -10] *)

# [-31;;

- : int list = [-3]

goooboboooobbboooooobbooooooboooobobboooobbbooon
0000o0o0O00oOo0o00ooOO0o0O0oOoOo00OoOO0O00OOO00D0DOODOO0O (DoDbDoo
O000000000O0OO0O0ooooo)o

goboobooobooobooboobooboboboboobooboboobobboobooDba
gbboobobogbooboooo

e [10000DDO (empty list, null list)y D00 D000000OO0DODO

e J00 /0000 (ODOOOODODDOOO)0DD0eDODOODODDDO (e::!l0D0D)0DODODOO
god

gboobooboboboooboooobooboboboooboobb:: 0000 cons 0000
000000 cons) 00000000000 O0DOOOOOOOOOODOOOODOOOO
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# let oddnums = [3; 9; 253];;

val oddnums : int list = [3; 9; 253]

# let more_oddnums = 99 :: oddnums;;

val more_oddnums : int list = [99; 3; 9; 253]

# (* :: is right associative, that is, el :: e2 :: 1
# let evennums = 4 :: 10 :: [256; 12];;

val evennums : int list = [4; 10; 256; 12]

# [1;;

- : ’a list = []

el :: (e2 :: 1) %)

0oooboooonU . 000000000000 00000evennums DO ODOOO0OOODO:: O
00000 (el :: e2 :: 10el :: (e2 :: 1) 000)0 O0OO0D 1 0O0O0O0OO0DOOOOOO
Udodoooobobbbbbb ddddddibre list bbb oo
oooooboboobboooooooooooooooo

# let boollist = true :: false :: [];;
val boollist : bool list = [true; false]
# let campuslist = "Yoshida" :: "Uji" :: "Katsura" :: [];;

val campuslist : string list = ["Yoshida"; "Uji"; "Katsura"]

0000 Objective Caml 0 0000000000000 O0O0OO0)0000O0D0O0ODOO0OOOOO
ugooo

[e1; ea; -+ 5 end = €1 1t eg 1t --- o€y i [

goog
cons 00000 :: 00000000000 (COODO)00OOOODOOODOOOOOOOOO
00 ((@oO)bo0o00o000oooO0000U00DUOO0OODOO0O0D000OD ;000000

# [1; 2] :: [3; 4];;
[1;, 2] :: [3; 41;;

This expression has type int but is here used with type int list
# [1; 2; 3] :: 4;;
[1; 2; 3] :: 4;;

This expression has type int but is here used with type int list list

:goubobogooobdd.:bbooubbooubbooobbooubibdd ’a => ’a 1ist => ’a list
gbooobooobooobooboobobobobobobboboobooooboooboooan
gooooobogoo

[(fun x => x + 1); (fun x —> x * 2)];;

(int -> int) list = [<fun>; <fun>]

[1; 2; 3] :: [[4; 5]; [1; [6; 7; 81];;

: int list list = [[1; 2; 3]; [4; 51; [1; [6; 7; 8]]

[ S -

2000b0oobboobooboboooboobb -cgobbooobo
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5.2 JUUUODDLDUO0O0OLOD: mtchOUOUOLOO

000000000000000000000000000000000000000000
[(0000,); (0000g); ...; (0000,)

O0»000000 OOOOODOOO)DOOOOOOOOOOOOOOOO:: 0000000
gooooboobooboo

(0000;) :: (0000,)

00000000000 (Ub0o0,) 000000000 (0000.yy00DbODOODOODOUbODODOO
gboobgoobooboobboobooboboooboobooonobo

# (x equivalent to

# let sum_list3 (x :: y :: z :: [1) = x +y + z %)
# let sum_1ist3 ([x; y; z]) =x +y + z;;

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

[1

val sum_1ist3 : int list -> int = <fun>

ooobobooobboOod&x; yv; zl ODODOOODOO ::0 DOOOODDODOOODOOOODOOO
uboobobooboooboooboboooboobobooboooboboobooobobooboon
O0O00O0OD0 “nonexhaustive pattern” U0 D ODOU0O0OOOOOOOOOOODOODOOOOODOO
gbobobooobooogoboboooooboobobobooboooboooboobooooboboo
uoboboooobobobooobbbuoobh int 1list O00OO00O00O000000O0DO0O0000
gooboobobooonoooobooboooobooboooobooboboobooboobon
oono

# sum_list3 [4; 5; 6];;

- : int = 15

# sum_list3 [2; 4];;

Exception: Match_failure ("", 27, 14).

ooooooooOooooooooOooO0ooooooooooooooooooOoooogo? O
boobooboboobuoobobooboobuooboboboboooooboboobooooboan
gbooobobooboobobooboooboboobooboobooobooboboobon
ogooooOoOo!'oooo0gooooooooooOo0oooooooOOoooObOOoooooooDO
uboogooobooboboboobooobooooobooobooobobooboobooobooonn
goboobogoobd

e OO DOODLOOODO OOODODO

e JO00O0ODO nOO0O0O00DOO0ODODO!IODOODOODOOODOO sOODOO0OORn ::lO00O00O0OOO
n+sdodong
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oot ooooooooooooooooooon
(fact 0000000000 0O0O)00OO Objective Caml OO0 0000000000 OOOOOO
goboobooogboboooobobooooboboooooboobooobooboboooobOoboo
ugbooboooooao

# let rec sum_list 1 =

# match 1 with

# 0 -—>0

# | n :: rest -=> n + (sum_list rest);;
val sum_list : int list -> int = <fun>

U00sum_list 000000000000 match 000 100000000000000O0O0O0
00000000000 match 000000 Omatch 0000000000

match (Og) with (O0O0O0,) -> (O | ... | (0000, -> (O,)

00o0ooO0oo0(0gwOOooOOooOOoU0oOo(Ooo0O,)O0boo0oOoooooooo(ood
0,)00000000000O0(0;)000000000DO0(0,)000000O0O0O0O0UDOO0OO0
000 (00000 n,rest) 000000000 O0DOOOOOOOO Objective Caml OO OO0
gbooobooboobbooboobuoobooboobooboobbobbOodl sum_list
0000000000000 0db0cons 0000000 match OOODODOODODODO

match OO0 0O00000 match O0OO0OOO0O0OD0O0O0O00OODOODODODOOOOOOODODOO
gboboooobooobbooobboobboobbooobboooboboooboboooboboan
gbooooobooboobobobooboobooboboooooboboooboooboooboon
bobooboooooboboboooobobobobooboooboobooboboobobooboOoDo
OO00000D0OO0OO000O00DOOOD0O0OO0DOOd “this match case is unused.” OOOOOOODO

# let f x =
# 9match x with (1, ) > 2| (_, 1) >3 | (1, 1) >0 | _ -> 1;;
Warning: this match case is unused.

match x with (1, _) -=> 2 | (_, 1) -=> 3 | (1, 1) -=> 0 | _ -> 1;;

val £ : int * int -> int = <fun>
# £ (1, 1);;
- : int = 2

1, vyObOoOooOoooooooooDooDboo3sobooooooboobOoOobooDbooDbooo
ogoog

00000000000O0000o0O0O00oO0o0O0o00oUo0oUoOOoooOoDOoO(Uooo)oo
ubboobuodboobbudl max_list O

# let rec max_list 1 =

# match 1 with

# [x] ->x

# | nl :: n2 :: rest —>

# if nl > n2 then max_list (nl :: rest) else max_list (n2 :: rest);;
Warning: this pattern-matching is not exhaustive.

Here is an example of a value that is not matched:
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1
..match 1 with
[x] —> x
| n1 :: n2 :: rest ->
if n1 > n2 then max_list (nl :: rest) else max_list (n2 :: rest)..
val max_1list : ’a list -> ’a = <fun>

ubooboooboogoo

5.3 UUuooobon

0000000000000000(000000000)00000000000000000
googboooooobobobobooobobooooboboooboobobobobboboo
gbboobooboobbooboobobooboobooobooboobbooboon

hd, tl, null OO00OO000000O00O0O0O0O00O0O0O000C000O0OO0 hd (head O0O), t1 (tail O
0)oooooooooooo

# let hd (x::rest) = x
# let tl (x::rest) rest;;
Warning: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:
[
Characters 29-45:
Warning: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:
[

let hd (x::rest) = x

val hd : ’a list -> ’a = <fun>
val tl : ’a 1list -> ’a 1list = <fun>

U00000000000D0 nonexhaustive UO OO OD0ODOnmull DODOODOODOOOOOOOOO
gboobooboboobo

# let null = function [] -> true |
val null : ’a list -> bool = <fun>

-> false;;

function DO OOODO fun U match DO ODO0OOODOOOOOOODOOOOOO
function (O OO0y => (O4) | ... | (O00O00,) -> (O,)

fun x -> match x with (O000Oq) => (O4) | ... | (0000,) => (0O,)

ggoobobbogooobboooooobobobbboooobboooooobbbooooad
ugoo
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nth, take, drop OOOnO000O0O0O0D0O0ODO nth, nO0O000O000OO0OCODOOODOOO
takeUn OO0 000000000 O000O0O0D0DO0ODOO0 deop00000O0D0ODOOOOODOOOO
oooon

let rec nthnl =
if n = 1 then hd 1 else nth (n - 1) (t1 1)
let rec take n 1 =
if n = 0 then [] else (hd 1) :: (take (n - 1) (t1 1))
let rec dropn 1 =
if n = 0 then 1 else drop (n - 1) (tl1l 1);;
val nth : int -> ’a list -> ’a = <fun>
val take : int -> ’a list -> ’a list = <fun>
val drop : int -> ’a list -> ’a list = <fun>

H OHHH HH

gbboobuoobbobobuodobdnbbo0oboobboobooboo

;4’ b b I ];
7

# let ten_to_one = [10; 9; 8; 7; 6; 5 3; 2; 1; 0];;
0; 9; 8; 7; 6; 5; 4; 3; 2; 1; 0]

val ten_to_one : int list = [10;
# nth 4 ten_to_one;;

- : int =7

# take 8 ten_to_one;;

- : int list = [10; 9; 8; 7; 6; 5; 4; 3]
# drop 7 ten_to_one;;

- : int list = [3; 2; 1; 0]

# take 19 ten_to_one;;

Exception: Match_failure ("", 48, 7).

length OO0O0OO0OOO00OOO0DOOO lengthOOOO

# let rec length = function

# (1 >0

# | _ :: rest -> 1 + length rest;;
val length : ’a list -> int = <fun>

length U0O0O _O0000O0O0O0O0O0O0DOOOOOOOOOOOOOO0OOOO0OOO0O0O00OO000
gbobooboobobooboobbooboobboobooboboooooonooo

# length [1; 2; 3];;

- : int = 3
# length [[true; false]; [false; false; false;]l];;
- : int = 2

U0 length DO OUOOO0OD0OOO0OO0O0OO0DOOOOOOODOOOO0OO0ODOODOOOOODOOOOOOO0
(000 s0000)0

append, reverse U000 append DO OO0O00D00O0OOODOODODOODOOD append 11 12 O
oooooo
e JIDOOU LODOOODOOO ,DOOODO

e 0D »0D00OUDO JU0U0O0OLO0I0OOOODOOUOLOUY O IO0DD0OUOO vOOO
ooooooog
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ugbbooboabood

# let rec append 11 12 =

# match 11 with

# [1 -> 12

# | x :: rest -> x :: (append rest 12);;

val append : ’a list -> ’a list -> ’a list = <fun>
# append [1; 2; 3] [4; 5; 6];;

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

U0 aeppend DO 00011 00000000000 0O00OO00OO0O00OO0D1200000000
0000000 append JO0OO0O0O0ODO Objective Caml 00000000000 e0O0O00ODOO
ugboogn

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

U0 append DU UOUOOOOOOODODODO reverse OO DOOOOOO

# let rec reverse = function

# 1 -> 10

# | x :: rest -> append (reverse rest) [x];;
val reverse : ’a list -> ’a list = <fun>

bgbobuoobobobobooboboboboooooboboboibd append U0OOO

U0o00D00bo0bo0bo0bo0bOo0bD0O0reverseJ0OOO0OOO0OOMO append U

Ubo0bO0b0obObO0append OO ODOOOOO0OO0O0OO0O0OODODODOOD -10000

append U0 OOO0OD0OOO0O0OOO0O0OO0O0O0OOOO0O0OOOreverse JOU0OOOOOOOOOOU

gbobooboobobooobooboobobooboooboobooooboon
gooooooooooooooon

# let rec revAppend 11 12 =

# match 11 with

# [1 -> 12

# | x :: rest -> revAppend rest (x :: 12)

# let rev x = revAppend x [];;

val revAppend : ’a list -> ’a list -> ’a list = <fun>
val rev : ’a list -> ’a list = <fun>

UO000000 revAppend DO O00O00OO00O00O00 120000000000000000000
gboboobodngobooboo120000000

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

0000 append 0O 0 0ODODO0OO0OO0O0O0OODOO0OODOO0O0O0O0O0DODO0O0OO0DODO revAppend
boboboboobobooboboobo

# rev [’a’; ’b’; ’c’; *d’];;
- : char list = [’d’; ’c’; ’b’; ’a’]
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map map UUOOO0O000O0O00OO00O0DOOO00OOOOO0OOO0OOOO0O0OOOO00004d

ooo
# let rec map f = function
# 1 -> 10
# | x :: rest -> f x :: map f rest;;

val map : (’a -> ’b) -> ’a list -> ’b list = <fun>
OO00000DOOO000O00DbO 200000 mep0OOO0OO

# map (fun x -> x * 2) [4; 91; 0; -34]1;;
- : int list = [8; 182; 0; -68]

U0b0000000Dmep 0000000 DOO0ODOO0OODOOODODDODa > 0000000
booboooboooboboboboooobooboobobboboboooboobooobooan
gboogoboobobooboooobobooboobobooboobobboboobooon
gooooboooboboooboobobobooboobooboobooboooooboobooboboboo

forall, exists forall 0000000000000 (D000 veol JOODO)0OODODODODDOO
Ub0bO00bo0boobbO0Obexists U0 0ODO0O0OO0OOOOD0ODOO0ODOO0OOOODODOOO0
goooooooobooob

# let rec forall p = function

# [ -> true

# | x :: rest -> if p x then forall p rest else false
# let rec exists p = function

# [ -> false

# | x :: rest => (p x) or (exists p rest);;

val forall : (’a -> bool) -> ’a list -> bool = <fun>
val exists : (’a -> bool) -> ’a list -> bool <fun>
# forall (fun c -> ’z’ > c) [’A’; ° ’; *+°];;
: bool = true
exists (fun x -> (x mod 7) = 0) [23; -98; 19; 53];;
: bool = true

1 H

OO0000D0 fold U000 sum_list,append O O0000000000O0DOOO0ODOOODOOO

0000000000000 000000000000000sum_14st O [i1; i2; ...; in], O
ogd

il :: i2 2 ... ::din o [
ogd

il + (i2 + (... + (in + 0)...))

O00O00O append [el; e2; ...; en] 120

el :: (e2 :: ... :: (en :: 12)...)
O0000000o0ooooooooooooo

e JIOODOO cons D0sum_1list U0 +O0append U0 :: DOOODOOO
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o UUIUOOUDOOUODODOsum_1list U0 0O UOappend OO 1200000
e 00O OODOODLODOODO

gobooooooboobboobooobobboobiboobo0bibd fold_right O OO0O0O0O

O0000D0000 fold_leftO00O0OOrevd fold_left 0000000000 Orev [el; e2; ...; enl
O1:::x0x::10000
(oo.((] ::: el) ::: e2) ... ::: en)

oboooooooooog
U000 fold_right, fold_left OO ODODOO

fold_right f [el; e2; ...; en] e = f el (f e2 (... (f en e)...))

fold_left f e [el; e2; ...; en] — f (... (f (f e el) e2) ...) en
ooooog

# let rec fold_right £ 1 e =

# match 1 with

# 0 ->e

# | x :: rest -> f x (fold_right f rest e)

# let rec fold_left f e 1 =

# match 1 with

# 0 ->e

# | x :: rest -> fold_left f (f e x) rest;;

val fold_right : (’a -> ’b -> ’b) -> ’a list -> ’b -> ’b = <fun>
val fold_left : (’a -> ’b -> ’a) -> ’a -> ’b list -> ’a = <fun>
# fold_right (fun x y -> x + y) [3; 5; 7] 0;;

- : int = 15

# fold_left (fun x y >y :: x) [0 [1; 2; 3];;

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

fold_left, fold right DO UODOOOOOO consUOOOOOOOOOOODOOOOOOOOO
goooboobobdobOmep 0000000000 Oob0o0obOob0bOOobLOo0bLOn
gbodgboobobbooboooouoobuoobuoobuobodobddid map O fold_left U
U0 fold right 00 UDOODOOO0OODOOO0OO0D0OOO0O0OOL1ength DOUODOODOO map O
gbobi100b00boobbooboobbooobooboo

# let length 1 = fold_right (fun x y -> x + y) (map (fun x -> 1) 1) 0;;
val length : ’a list -> int = <fun>

goboobooooboooo

gobobdg oboboboooboboboobuoboooboobobobooobooboboboooo
O00000000000000000000 (association list) 0000000000000 0O0O0O
OoooooooooooooobDooOOOoObD e, )OO0 a0 O0O0OOPO0000O0D0O0O
good

gbboobobooboobboobtoobbuooboobbodboobbooboo



64 Us50 OO0bOO0bOobOobOob:-000

# let city_phone = [("Kyoto", "O075"); ("Osaka", "06"); ("Tokyo", "03")];;
val city_phone : (string * string) list =
[(”Kyoto”, 11075::); ("Usaka", ”06"),' (”TOkYO", 110311)]

gbobobobobobobooooobobobobobOobboobO assocOO0OO0O0O
gooooo

# let rec assoc a = function
# (a’, b) :: rest -> if a = a’ then b else assoc a rest;;
Warning: this pattern-matching is not exhaustive.
Here is an example of a value that is not matched:
[1

.................. function

(a’, b) :: rest -> if a = a’ then b else assoc a rest..

val assoc : ’a -> (’a * ’b) list -> ’b = <fun>
# assoc "Osaka" city_phone;;
- : string = "06"
# assoc "Nara" city_phone;;
Exception: Match_failure ("", 124, 18).

googbooogboboogoobooooobooboooobobooobobooboboooboo
oboboobooboobobobo

54 Case Study: DO OO QOODOOO

00000000000000000000000000000000000 <000000 (0
000000)0000000000000@MO000 <000000000000000000
ooooon)

0000000000000000000000000000000000000000000

# let nextrand seed =

# let a 16807.0 and m = 2147483647.0 in
# let t a *. seed

# in t -. m *. floor (t /. m)

#

#

#

let rec randlist n seed tail =
if n = 0 then (seed, tail)
else randlist (n - 1) (nextrand seed) (seed::tail);;
val nextrand : float -> float = <fun>
val randlist : int -> float -> float list -> float * float list = <fun>
# randlist 10 1.0 [1;;
- : float * float list =
(2007237709.,
[1458777923.; 1457850878.; 101027544.; 470211272.; 1144108930.; 984943658. ;
1622650073.; 282475249.; 16807.; 1.])

00000 (insertion sort) DOO00000000O0O0O0OO0OO0OOOOOOOOOOOOOOOOO
obobooboobobooboobbooboobbo0nd insert O

# let rec insert (x : float) = function
# (* Assume the second argument is already sorted *)
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# 0 -> [x]

# | (y :: rest) as 1 -> if x < y then x :: 1 else y :: (insert x rest);;
val insert : float -> float list -> float list = <fun>

# insert 4.5 [2.2; 9.1];;

- : float list = [2.2; 4.5; 9.1]

00000000000000000000
(0000 ) as (O0O)

Oas000O0000000OOCO0OOOOOQOOOOOOOOO <[] O > gooooooooood
o000 x ::y ::rest 00000 x :: 100000000 insert J000O00D0OOO0
ooo

# let rec insertion_sort = function

# 0 -> 1

# | x :: rest -> insert x (insertion_sort rest);;
val insertion_sort : float list -> float list = <fun>

goooood

000000 imsert, insertion_sort DO OO O0OOOOOOOOOOOOOOOOOOOOO
0000000000000 00000000000O00000000000 (quick sort) D C.AR.
Hoare 00D 0DO00DODDOOOODOO0DOO0DOOOOOOO (divide and conquer) 0000000
gbobobobobobod

e HOUODOODLOUUODLDOODLUODLDOOODODO
e O UODLDOOUDLOUODLDOODLUODLOOODLOODLOOOn

e O UODLOOUOUDLODUOLDDOUUOLULODLDDOUODLOODLODOODLOO

let rec quick = function
[ > [
I [x] —> [x]
| x :: xs => (* x is the pivot *)

let rec partition left right = function
[1 -> (quick left) @ (x :: quick right)
| vy :: ys => if x < y then partition left (y :: right) ys
else partition (y :: left) right ys
in partition [] [] xs;;
val quick : ’a list -> ’a list = <fun>

H HEHHFEHHEHHER

00 quick 0000 append 0000000000000 OOOO0OOOOODO (append 00O
O00000000000)00000000O0O00000D0 nO0OO0OO0O00OO nlognOOOOOO
gbooboooobooobooooboood

insert_sort (snd (randlist 10000 1.0 []1))

quick (snd (randlist 10000 1.0 []))

O000000O0(snda 00000000000 OOOO0OOOODODOOOO)
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5.5 UUOO

Exercise 5.1 000000000000 0O0ODOOO0OOO0OOOO0OOOOOOODOO0OODOO
gbboobuoobbooboobbooboboobbooobooboooboobooonoobg

1. [[0]

2. [[1; 31; ["hoge"]]
3. [3] :: [

4.2 :: [3] :: (]

5 [0 :: 1

&

[(fun x => x); (fun b —> not b)]

Exercise 5.2 sum_listOmax_list D0match D000 null, hd, t1 0000000000 O0OO
match OO0 000000000 0O0OODOO0OOOOOOOOOOOODOO

Exercise 5.3 0000000000
1. 0000 nO0 000000000 O0OO0O0O00O0000O downtoOO

2. 000000000000D0O000 (C0O0)O0O0DO0OO0DO romanO (I =1,V =5, X = 10,
L =50,C=100,D=500M=10000000)0000roman 000000000 0OOOO
gbooobboobooobooobooboobboobooboobobobooboobobon
goooobooobooboobobon

roman [(1000, "M"); (500, "D"); (100, "C"); (50, "L");

(10, "X"); (5, "v"); (1, "I")] 1984
— "MDCCCCLXXXIIII"

4,9, 40,90, 400,900 000000000000
roman [(1000, "M"); (900, "CM"); (500, "D"); (400, "CD");
(100, "C"); (90, "XC"); (50, "L"); (40, "XL");

(10, "X"); (9, "IX"); (5, "V"); (4, "IV"); (1, "I")] 1984
—> "MCMLXXXIV"

gbooooboan
. 0b000bbooobooboobbooboobboobo0obbo0obOd0onbO concat

concat [[0; 3; 4]1; [2]; [5; 0]; [1] = [0; 3; 4; 2; 5; 0]

4. 000000 [al; ...; an] O [p1; ...; bn] OO0O0OOO0O([Cal, bl); ...; (an, bn)l
00000 zipO(OOOOOODODODODODOODODOOOOODOOOO0D0O0OO0DO00O0ooooo
ooo)
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5. 00 0000000000000 (bool DOOOOO)pUODOOUOpOOOOOOOOOO
gbooo0obD0d filterd

# let positive x = (x > 0);;

val positive : int -> bool = <fun>

# filter positive [-9; 0; 2; 5; -3];;

: int list = [2; 5]

filter (fun 1 -> length 1 = 3) [[1; 2; 3]; [4; 5]; [6; 7; 81; [911;;
: int list list = [[1; 2; 3]; [6; 7; 81]

[ |

6. bgboobooboobooobooobooobooboooboooboobooboooo

0000000000000 0000oO0O0O00oooOOoOo0oooOOoOo(ooooboooo
0000000000000 0000oooooooon)

Exercise 5.4 £, g 00000000000 Omap £ (map g 1) U map U OO OODOOOOOOO
O0o0o0000O0O00Omap (fun x -> ...) 10 ...0007

Exercise 5.5 forall, exists 0 fold_right, map 000000000000

Exercise 5.6 quick 000 e 0000000000 0ODOOOquicker 0O0ODOOOOODO 100
sorted O UODOOD0OOD0OOD0O0ODOODOODO 1 0000000000000 O0DOODOODOODOOD0
oooooooon

let rec quicker 1 sorted = ...

Exercise 5.7 00000000 r0000 22+¢y*=r0000000(z,y) (OO0 2>y>0)
O00000000000000000 squares r 000000 @O00O0O: r=48612265 00 32
o0o00ooooooog)

Exercise 5.8 map 10000 00000000000000000000000000OCO000
000000 (0000)0000000mep 00000000000000000000000 map2
000000(@O0: 00000 (iterative) 0000000)
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060 O0O0O0O0OO/O0D000OD0O0ODOOO

ubooobooooobobboboboboooboobobobooobooboboboboooboan
googoboobobobooboobuoobooboobobooboobobooboobobon
gbgoboboobooboboobuoobobooboooboboobooboboooboood
booooooboobooboobooboobooobobboboooboooboobooboooboan
gooobobooobooboboobooboboboobooboobooobooobDoboobon
gbogboboobobobobuooboboobuooboooboobobooboboboobod
0000000000 (Objective CamlOO0O00)0 00000000000 OOOOOOOOOOO

6.1 UUOOOO

gboobobobooboobooboboobobboobooboobobobobooboobong
googboboogbobooooobogoboooobooooboboooboboooooobooboo
00000000 (field)D0000O0O0O0O0OOOOOOOOODODOOO

goggboobobobobobobobobobobobobobobobobobobbbbbbbbbbbbbb00 name
gbobobobobioob0 iddbobooboboboobbo0obob00bOdtype 00O
uboboobooooooooo

# type student = {name : string; id : int};;
type student = { name : string; id : int; }

student DO O00O0O0O0O00OO0O00O00O0O00OO00O0OO0O00OO0OO0OO0OO0O0OOOO0OO
ooooooo{roooboobbooooooobo

type (00 ) = {{000000,) : (O4); ...; (000O0O0DO,) : (O,
00000o0oooooooon
{O000000,4) =(04); ...; (000000,) = (0,3
oooooooooooaot

# let stl = {name = "Taro Yamada"; id = 123456};;
val stl : student = {name = "Taro Yamada'"; id = 123456}

gbooboboooobooboobobobobboobooboobobobobboboobg
gbboobodgboobbooboobbooboobboooboaboab

{000000,) =(00004); ...; (000000, =(0000,)}

'0Doo (o0,)0(0,)000 ;00000000
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ugboobooobooaoo

# let string_of_student {name = n; id = i} = n ~ "’s ID is " ~ string of_int i;;
val string_of_student : student -> string = <fun>

# string_of_student sti;;

- : string = "Taro Yamada’s ID is 123456"

000 (0000).(000000)00000(0000)00(000000)0000000
000000000000

# let string _of_student st = st.name ~ "’s ID is " " string_of_int st.id;;
val string_of_student : student -> string = <fun>

gboooobooboobbobobooboobbooboobooobooboonobo

{00000 ) with
(0000004) ={(04); ...; (000000, = (0,3}

gbobooboobbooboobooobooboboooboobobooon

# type teacher = {tname : string; room : string; ext : int};;
type teacher = { tname : string; room : string; ext : int; }
# let t1 = {tname = "Atsushi Igarashi"; room = "140"; ext = 4953};;

val t1 : teacher = {tname = "Atsushi Igarashi"; room = "140"; ext = 4953}
# let t2 = {tl1 with room = "142"};;
val t2 : teacher = {tname = "Atsushi Igarashi"; room = "142"; ext = 4953}

gbooboooboboooobobobOwithODOOOOOOODOOO0DOO0OOODOOO0OO0O0O0
Uoboobooboboobobooty1gb0o0b0obbdoib0 reomJ0O0O00D0O0O0O0O t2000
ubbooboabbood

# tl;;
- : teacher = {tname = "Atsushi Igarashi"; room = "140"; ext = 4953}

t1 000 2000000000000

obooboobooboobob oobobooboboobooboobOoboobbOoboo
gboooboboboobooboboobooboboobooooboboobooooboboonboon
googboobooboobobooboboobooboboobooboboboboobon
coooooobo{...>000ooobo0obOoUbLb0 booobboOooobbooDboooD

let £ (x : {name : string; id : int}) = ...
O00o0o0ODoOOC0OOoOOO00OUoOoOooDoDoOoooOoOoOgo
type student_teacher =

{s : {name : string; id : int};
t : {tname : string; room : string; ext : int}};;

ugbbogobuoobboobuoobboobuoobboooboobobooon

# type student_teacher = {s : student; t : teacher};;
type student_teacher = { s : student; t : teacher; }
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ugbobobooobboooboobbooboobbooboobobooboan

# let st = {s = {name = "Taro Yamada"; id = 123456}; t = ti1};;
val st : student_teacher =

{s = {name = "Taro Yamada"; id = 123456};

t {tname = "Atsushi Igarashi"; room = "140"; ext = 4953}}

00/0000000000000000000000 0UU000O0O0000O0ooooOoOooOO
gooboobooboboobobobooboboob wyypelooboooobobobooo
bobuobooobobobuoobuoouobobaooobooobooooboboboobobooon
ubboobooobooobboobooobbooboooboboooboonon

# type foo = {name : booll};;
type foo = { name : bool; }

U000 name DO O00OO0D0DO0O0O00O0DODOO0O00O0OD0OO0D000O00O student UDODOO0
UO00Oname DO OO0D0OOO0OO0ODOOO0ODOODOOODOODODO

# {name
{name

"Ichiro Suzuki"; id = 51};;
"Ichiro Suzuki"; id = 51};;

P e e e e R R R NN

This expression has type string but is here used with type bool
# stl.name;;
st1.name; ;

This expression has type student but is here used with type foo

0000000000000 00000000000 (name space) 00 000000O00OOOO
gboboobooboooooooooooooooooooooooobooboooboooboonDo

6.2 UOOOOOO

gboboobobbobbooboobobobobooboobobooboobobboboobg
ubbooobobooboo400b0o0bboobooboboobooboboooboobooon

e IO DOOODLOODLDOODLDDOODLOOO

e 000D DOOUDOLDOODOUDOODOLDOODLOLDODODOLODOODLODOD 44,9000 O
gooooooooooooooooon

e J00IO0ODOODOODODOODODODODODO

e JOI0ODOODOODDOODOODDOODOODD
ugbboobooboobboobooobooon

e (2, H)0D00OIOOOODOOOO400000DOODOOODOOD

e JIDDOODLOYTDLUOOLOUODDOODLOUODDODO
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000000000O0O00000oooOOo00o0DU0o0OOOO0(OOoOD0DO0bOOoODODOOoOO
0000)0000000000000000000000000O0O00000U00OO0O0O00OO
((2, 40 800)000000OO0ODOUOO0OUDOOOOOO(UDDDODOOOD)ODDOOOOOO
ubobgooboan

gboogobooboobboobuooboonboDn

type figure =
Point
| Circle of int
| Rectangle of int * int
| Square of int;;
type figure = Point | Circle of int | Rectangle of int * int | Square of int

H HHHEH

UoboooboobDoob0oobod typeUOOO00ODODOfigure D0OOOO0ODOOODOOOPoint,
Circle, Rectangle, Square D 0 O 00000 (constructor) 00000000000 O0OOOOO
Udddddoooooobobobbbbbbbbetf UL UUUOUULULLD
O00000of 00000 UDDODODODODDDODODUDDODODUDOODODUDDOOOO(@MOO
00o00000000000o0oU0o0o0oo00O0U00O0LOO0LOO0OUO0OULD)DOOUDOO0
ugoooooboobbotbododoooooooboobooboooodoooooubooobooboobooog

# let ¢ = Circle 3;;

val ¢ : figure = Circle 3

# let figs = [Point; Square 5; Rectangle (4, 5)1;;

val figs : figure list = [Point; Square 5; Rectangle (4, 5)]

gboboobobbobboobooboobobbobooobobobobobooboobg
uoboooobbooobbooobbuooobobooobooobbdd matchODOO0OO0ODOOOO
oboooooooboooooooooooDoog

(0000O000) (0oo0)

000000000000 000000oDO0O0 (000D )000D0oDO0oDUOooOOOO(oooo)o-
gbobgoobooboobobooboobobooboobbooboon

# let area = function

# Point -> O

# | Circle r -> r * r * 3 (% elementary school approximation :-) x*)
# | Rectangle (1x, ly) -> 1lx x ly

# | Square 1 -> 1 * 1;;

val area : figure -> int = <fun>

O000000000000000000Ofunction 000000000 5000)

area c;;
: int = 27
map area figs;;

#
#
- : int list = [0; 25; 20]
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ubooooboobod obobooboobobooboboboboooooboobooboboboobood
oooboooboboooboboobbobooboboboooboboobobd erdon O
gobogbooogbobooooboboooooobooooooboobooboobobooobOoboo
O00000000o(@ooooooooooooooon)

# let enclosing_square = function

# Point -> Square 1
# | Circle r -> Square (r * 2)
# | Rectangle (_, 1) | Square 1 -> Square 1;;

val enclosing_square : figure —> figure = <fun>

Rectangle (_, 1) | Square 10 or 000 0000000000000 00
(0000,) | (0000,

gbogboobobboboobobooboobobooboboouooboobobooobooan
00 ((O)0o0(@O0O00000000O000U00 ->00000000000000)0000/00
oooooooon
gbboobbuoobobooobobooobboobbooobuoobbooobobooboboan
gbooboobooboobbooboobboo0borgbo0obbOo0obOo0nbDbDOn

# let similar x y =

# match (x, y) with

# (Point, Point) | (Circle _, Circle _) | (Square _, Square _) -> true
# | (Rectangle (11, 12), Rectangle (13, 14)) -> (13 * 12 - 14 * 11) =0
# | _ -> false;;

val similar : figure -> figure -> bool = <fun>
# similar (Rectangle (2, 4)) (Rectangle (1, 2));;
- : bool = true

goooobobooboobo obooboboobo0ooobobooobobooobooboon
gbobooobooboobooboobooboob

1. 000000000 oooUoooooO (L)oo
2. 0000000000 (A...Z,a...2,0...9)000000000000000 (?)

ugbbogobuoobbooboobobod
gboboobobooooboboobooboobobobobobobonoooboboboobon
goobgoobooboboobooboooboobbooobooboooboobboobo

6.3 UUUOOogoooon

000 Pascal,C,C++ 0000 (enum 0)0000000000C000O0O0OOOOOOOOO
oboooooooooooogog

# type color = Black | Blue | Red | Magenta | Green | Cyan | Yellow | White;;
type color = Black | Blue | Red | Magenta | Green | Cyan | Yellow | White
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enum 0O00000O0O0O0OCODO CcOOOOOOOOODOOODOOOOOOOOOODOODO
0000000000000 0D0)00000000 8OO0 UUUDOODODOODOnOO

# let reverse = function

# Black -> White | Blue -> Yellow | Red -> Cyan | Magenta -> Green
# | Green -> Magenta | Cyan -> Red | Yellow -> Blue | White -> Black;;
val reverse : color -> color = <fun>

boolODODOODOODOODOODODODODOD

type bool = true | false

Ubb0ifd0 matchOOUOOOOOO0OOOOOOO

if (O4) then (O3) else (Oj3)
~ match (1) with true -> (03) | false -> (O3)

oooooOoOoOooOoOoOoOoODoODDODDODbOO typeOODDOOOOOOODOODOODOODOODoOO!
ubboobooobobooboobbooboobboobooboobooon

goooboobo 0boobobob ofbibobiboboobuooboobooboobon
bobgoboooooboboobooobooboboboobooooobobobooboobobooboOoDo
ubboobuooboboobobooboobboobooooboobooon

e J00OOOLODLODOO
e 0000 10DODODODODOD

obobmioooboobbooboobbooboobbooboobbooboobboOoon

# type nat = Zero | OneMoreThan of nat;;

type nat = Zero | OneMoreThan of nat

# let zero = Zero and two = OneMoreThan (OneMoreThan Zero);;
val zero : nat = Zero

val two : nat = OneMoreThan (OneMoreThan Zero)

gbboobooboobbooboobboobooaoboo
e J00ID0UD nUIDODODO nODOODO
em 0100000 nO0DO0DODODmOI nDOODLOODODO1000000O0O

goooood

# let rec add m n =

# match m with Zero -> n | OneMoreThan m’ -> OneMoreThan (add m’ n);;
val add : nat -> nat -> nat = <fun>

# add two two;;

- : nat = OneMoreThan (OneMoreThan (OneMoreThan (OneMoreThan Zero)))

O0O0000ODOOOO0O00000ObOOoO00o0oDOOOO0O00O0nDOnD ZzeroOOOOO DO
OneMoreThan U cons U OO OO0 OOO0ODO0OD0OO0O0OO00O0O0O0O0DO0O0000OOnat 00
boboooobooboooooooooooooooooooooooooooog
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# type intlist = INil | ICons of int * intlist;;
type intlist = INil | ICons of int * intlist

(O0O0OoOoOoooooooooon)
gbbogbboobbobooobbduoibb and 0000000000 OOODLODOOOODODOO
gbooboobooboobbooboobbooboobbooobooboboonoobg
# type fl_str_list = FNil | FCons of float * str_fl_list
# and str_fl_list = SNil | SCons of string * fl_str_list;;
type fl_str_list = FNil | FCons of float * str_fl_list
and str_fl_list = SNil | SCons of string * fl_str_list

# let fslist = FCons (3.14, SCons ("foo", FCons (2.7, SNil)));;
val fslist : fl_str_list = FCons (3.14, SCons ("foo", FCons (2.7, SNil)))

0000000000000000000000000000000O0O0000 2000000 (O
O00000000o0oo0O0O00000ooooD)booooOoooOoooooo

# let rec length_fs = function

# FNil -> 0

# | FCons (_, rest_sf) -> 1 + length_sf rest_sf
# and length_sf = function

# SNil -> 0

# | SCons (_, rest_fs) -> 1 + length_fs rest_fs;;

val length_fs : fl_str_list -> int = <fun>
val length_sf : str_fl_list -> int = <fun>
# length_fs fslist;;

- : int = 3

Ubooooobobd intlist OUO0O0O0O0OUOstringlist DO0OUO0O0O0OO0O0O0O0O0OO00O0O0
gbooooooobooooon

e JOODODOODOODODO

e 100 ...1list 00000 0OOO0DOOODOOO

O000O0O0O0000oooooooDooODOO0OCODOD0OO00000 Objective CamlOOODO
000000 (@ooo0)000o00oo0O0000oO000oO0O00OO0o0oOoOOOoOoOooDOOOO
gboobooobobbobooboobobobobooboboooboboboboboboooboan
gboboboooobobobobooooooooboboboboooboboboboooooon
# type ’a list = Nil | Cons of ’a * ’a list;;
type ’a list = Nil | Cons of ’a * ’a list
gobooboobb’abd0dbbooobOo0onboOon
gbobobobobooboboboboobobboboooboboboboobobobon

# type ’a option = None | Some of ’aj;;
type ’a option = None | Some of ’a

Ubodld Nene UODOOOOOOODOOOOOOOOOOOOOO0OOOO0OO0O0O Some vO OO
00 vOOOOOOOOOOOWJava, CO0O00Onull O0O0O0O NULLOOOOOOOOOOOOO
O000000000)0000000 ccaml JO0ODOOOOOOODODO
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ooooooooobooo0oo OooooobooOobOoOoOoUoOobOOoOOoOoUoOobDOoboooobono
gboobooboobooboobon

type [(OO0O4)] (O00O;) =

(00D0000n) lof (O)] | --- 1 (00000001,) lof (O1,)]
and [<DDD2>] <[|D2> =
(0000000g) [of (Do)l | -+ 1 (DDD0000DOg,) Lof (Ol

and [(O0003)] (O0O3) = ---

6.4 Case Study: 00O

O(tree)y)D00000000O0DO0O0O00O0OO0OOOOUOOOOOOOOOUOOODODOOUOO
0000000000000 000000000D0DO(nede)D00000OO0OOOOOOOOOOOO
00000000 (childnode) D0 DODO000O00DO0OOODOOOOO0OOOODODOOODOOODOOO
OO(reot) D00 O0O0O0OOO0DODOOOOODODOOOOOOUNIXODOOODOOOOOOODODOOOO
0000000000000 00000 (00)0 nO000D0D0OD0OD0O0O0OO0 nOO0OD0O0OR=10
gbboobogbbooboobbooboobbooboobbooon

gbooooooooobooooooooooooooonog

e (0IUDDODOD)DDD(DODODOOOUOD leaf000)0D0OOODOODO
e J0DDOOOO leftd right 00O0O0DODODOODOOOOOOODODOOCODOO

00O Objective Caml OO0 O0O000O0DO0OOOOOOO0OOODOO

# type ’a tree = Lf | Br of ’a * ’a tree * ’a tree;;
type ’a tree = Lf | Br of ’a * ’a tree * ’a tree

Lf 000Br (0 /branch) 0000000000 0000000000000 tree 1000000
00000000000000000000000000000000000000000 (000
000)o

00000000000000000

a
b C
d e f
O0ooooooooooo

# let chartree = Br (’a’, Br (’b’, Br (’d’, Lf, Lf), Lf),
# Br (°c¢’, Br (’e’, Lf, Lf), Br (°f’, Lf, Lf)));;
val chartree : char tree =

Br (’a’, Br (°b’, Br (°’d’, Lf, Lf), Lf),

Br (’¢c’, Br (’e’, Lf, Lf), Br (°f’, Lf, Lf)))
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ocooooobooooooooobo B (.., LE, LE)ODOOOOOO

77

0000000000000 00(@OU0U0)000000000D000O00oDOOoOooOO0O

gboobooooboooooooooooooooooon

# let rec size = function

# Lf >0

# | Br (_, left, right) -> 1 + size left + size right;;

val size : ’a tree -> int = <fun>

# let rec depth = function

# Lf >0

# | Br (_, left, right) -> 1 + max (depth left) (depth right);;

val depth : ’a tree -> int = <fun>

O0000000¢t00000000size(t) <29Pht) 1000000000 size(t) = 2%PH0 — 1

0000000000 00000 (complete binary tree) 00 OO0

# let comptree = Br(1, Br(2, Br(4, Lf, Lf),

# Br(5, Lf, Lf)),
# Br(3, Br(6, Lf, Lf),
# Br(7, Lf, Lf)));;

val comptree : int tree =
Br (1, Br (2, Br (4, Lf, Lf), Br (5, Lf, Lf)),
Br (3, Br (6, Lf, Lf), Br (7, Lf, Lf)))

gboogo3ugoboooobooooo

size comptree;;
: int =7
depth comptree;;

#
#
- : int = 3

gboboobobbobboobooboobobbbooboobobbobobooboobg
0000000000000 000000000000000000000A0 (preorder), 1000
O (inorder)D 000 OO (postorder) 00000000000 0O0OOO0OOOUOOOOUODOOO

ubboobuoobbooboobbooboobboooboobboooboab

gbooboboboobooboboobooboboboobooboobobobooboong

oo
# let rec preorder = function
# Lf -> []
# | Br (x, left, right) -> x :: (preorder left) @ (preorder right);;

val preorder : ’a tree -> ’a list = <fun>
# preorder comptree;;
- : int list = [1; 2; 4; 5; 3; 6; 7]

gbobooboobbooboobbooboobboobooboooooonooo

# let rec inorder = function

# Lf -> []

# | Br (x, left, right) -> (inorder left) @ (x :: inorder right);;
val inorder : ’a tree -> ’a list = <fun>

# inorder comptree;;

- : int list = [4; 2; 5; 1; 6; 3; 7]
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ugbboobooboobooboobobooboobboobooboobobon

# let rec postorder = function

# Lf -> []

# | Br (x, left, right) -> (postorder left) @ (postorder right) @ [x];;
val postorder : ’a tree -> ’a list = <fun>

# postorder comptree;;

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

O0000000e000OU0O0CODOOOOOUOOOOOULOOOOUOOOO(DODODOOOO)O
gboooboobooboooobooboboobooboboboooboobobooobooon
O0000000000000000 (eons)J0000OO0DOOOOO0OODOOO(OOOOOODOO
gobooboooobobobbooooobobbtbooooboboooooobooooooboobooboan
O0000ooooon)

# let rec preord t 1 =

# match t with

# Lf > 1

# | Br(x, left, right) -> x :: (preord left (preord right 1));;
val preord : ’a tree -> ’a list -> ’a list = <fun>

# preord comptree [];;

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

00000 00000 (binary searchtree) 000 0000000000000 O0O0ODOOOOOO
gbogbooobooboboobooboboobobbobodobooboboboobooboan
goooboboobooboboobobooboobobooboboboobobooboobon
pbobooboobooboobooboobob

Br (4, Br (2, Lf, Br (3, Lf, Lf)), Br (5, Lf, Lf))

gbooboobooboobobon
Br (3, Br (2, Br (4, Lf, Lf), Lf), Br (5, Lf, Lf))

ugboooboobod
gbboooboooboboobbooobbooobibid mem000000000 add OO
goooooooobooob

let rec mem t x =
match t with
Lf -> false
| Br (y, left, right) ->
if x = y then true
else if x < y then mem left x else mem right x
let rec add t x =
match t with
Lf -> Br (x, Lf, Lf)
| (Br (y, left, right) as whole) ->
if x = y then whole

HHEHHFHHEHAFHHHAFH

val mem : ’a tree -> ’a -> bool = <fun>
val add : ’a tree -> ’a -> ’a tree = <fun>

else if x < y then Br(y, add left x, right) else Br(y, left, add right x);;
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ubboobuoobbooboobboobooobo

e 100000 UDODODODLOLD falselUDOODLOODOOOOOODOOODODOODOD
0oood

e J0UIDO0DLDOOODOLOODODLODODODODOULDDODtrve O ODDOOOODO
whole OO 0OD0OO0OOOO0OOODOOOODOOOOOOOOOOOOODOOODOOOOOO0
googoo

gboobobooboobobooobobooboobooboooobooobbobooboooong
gbobooboobbooboobobooobooboooboobobooon

6.5 Case Study: 00000

gobobooboooooboboooboboooboobobooooobobooobooooboOoDbo
gobooboobogobooboobooboobobooboooboooooboboobooboooboo
00 (00)000O000000000000O0000000OU00D0O00DO00DOO0D0ODOO0OO
Ub0000000wmit 000000000000 00000O0O0000000 typeOOOODOO

# type ’a seq = Cons of ’a * (unit -> ’a seq);;
type ’a seq = Cons of ’a * (unit -> ’a seq)

seqU 1list O tree U0 OD0DOD0OO00OO0O0D0O0DOO0D0ODO ConsO0OODOOD0OOD0OOOODOODO

uboboogobbodgd of 0bbuubbibdodbtail 000000 OOOO0OOO0O0O0DOOO0

gboogbooooboobooboobooboboboobobooobooboooboobon

gobogboboogbobooooooboooooobooooboobooooboooboboooobooboo

boogobooobobobobooboobooboobobobobooobuoobobobobooobooan

gboboobuooboboooboobooobooboooboobooobooboooboobo
U000 from 0000 n 00 100000000000000O

# let rec from n = Cons (n, fun () -> from (n + 1));;
val from : int -> int seq = <fun>

fun ) >000000000000fun O -> ... 0000000000¢tail0DO00O0OOO0OO
ubboobooboobbooboobooobooboooboobooobboobooobon

let rec list_fromn =n :: list_from (n + 1)

oboboooobobooblist_fromJ000000D0O0O0DO0ODOODOODODODODODO
from000O0O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO (thunk) OO
gboobobooboobobooboboooboobobooboooboboobooobobooboon
0 (0000000000000 0000000000)U000U0O0UDO0OUO0OUD lazyOOO
ubboobogbooboo
googobooboobboobuoobbog nOOOO0ODOO0ODDOOODOODO

# let head (Cons (x, _)) = x;;
val head : ’a seq -> ’a = <fun>
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# let tail (Cons (_, £f)) = f O;;

val tail : ’a seq -> ’a seq = <fun>

# let rec take n s =

# if n = 0 then [] else head s :: take (n - 1) (tail s);;
val take : int -> ’a seq —-> ’a list = <fun>

# take 10 (from 4);;

- : int list = [4; 5; 6; 7; 8; 9; 10; 11; 12; 13]

Ub000000tail 0DO00ODO0ODODOD OLUObOObODObU0obobobbobbooo oboooo

gbbodgbbuobboobboobboobboobboobbu DOOmatch OO0 O0QgQ

Ubboobooboobbooboon tekeUO00ODOoooooooooooobooonoo
Ubooo0oboobdmap 00000 DOOO0O

# let rec mapseq f (Cons (x, tail)) =

# Cons (f x, fun () -> mapseq f (tail ()));;

val mapseq : (’a -> ’b) -> ’a seq -> ’b seq = <fun>

# let reciprocals = mapseq (fun x -> 1.0 /. float_of_int x) (from 2);;

val reciprocals : float seq = Cons (0.5, <fun>)

# take 5 reciprocals;;

- : float list = [0.5; 0.333333333333333315; 0.25; 0.2; 0.166666666666666657]

Ub0b0000O0DOreciprocals DOOUOOOOOOOO0OOO0.5000000 takeOODOOONO
Ubobo0obooboobbOodb0Otake U000tail OO0 OO0 O0OOOOOODODOODOODO

gogboboooooboobooogobobooobooooboobooboboooboobooobooDbo
ooo0ooOob0oobOobouooooboobOoo0ooOO0D0Ob0O fun O >00000O0ODODOOOO
000000 (teil O)0000O0O0O0OD0OO0OOO0OOOOOUOOO(DO0DOOD0ODOOOOOOODO)O
gbooboooooooooooooon

oboobooobobo oboobooboboobobobooboboobobboobOoboo
gbooboboobooooooooooo20b00b0000000

e 0000 200D0DODO

0oo0O0 (3,4,5,...) 002000 (4,6,8,...) 0000

gboooboboob 3sgoobooaoo

0oog (5,7,9,...) 003000 (9,15,...) 0000
e 0000D0000D 50000000
e 000D

ubogboboboobodboobobabtddsequbooboobuoobooboboobood
ugbooboooobooooboobboo0 n0O000D0OO0O0DOO00O0O00D sift 0000

let rec siftn ... = ...;;

boobooboobooooooooooooooooooooooo
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# let rec sieve (Cons (x, f)) = Cons (x, fun () -> sieve (sift x (£())));;
val sieve : int seq -> int seq = <fun>

# let primes = sieve (from 2);;

val primes : int seq = Cons (2, <fun>)

# take 20 primes;;

- : int list =

[2; 3; 5; 7; 11; 13; 17; 19; 23; 29; 31; 37; 41; 43; 47; 53; 59; 61; 67; 71]
# let rec nthseq n (Cons (x, f)) =

# if n = 1 then x else nthseq (n - 1) (£0);;

val nthseq : int -> ’a seq —-> ’a = <fun>

# nthseq 1000 primes;;

- : int = 7919

6.6 UOOO

Exercise 6.1 0 0O00000DO loc_figOOOO xyOOOODOODOOOODOODODODO
oo0o00oo0o0oO0oOoOoO0o0OOO0OOO0U000O0ODOOOOOUU00O00OODOD (DODODODOUUOOO
Rectangle (x, y) 0 x J00O0O0O x00O0O0O0O0OOOO)00O0OOO0OODOOOOOOOOO
00O overlap U OO OO

type loc_fig = {x : int; y : int; fig : figurel};;

Exercise 6.2 nat D00 00000000 int J0O0OO00OO int_of mat,nat O OOOOO
000 mlOnat 0000000000 (D00 0—n=0)monus (0O000) 000000 (mul,
monus 0 » -0000000000Onat 0000000000000 OOOOODNO)

Exercise 6.3 00 monus JO000O0O0000—n (n>0)0 None OOO nat -> nat -> nat option
U000 minus OOOOOO

Exercise 6.4 U0 n 000000000000 xO00000000D0O00O0O0D0OO0O0O comptree x n
gooooo

Exercise 6.5 preord 000000000 OO0ODOOOOOO0ODOOODOO inord, postord
ooooo

Exercise 6.6 0000000000 0DOO0OOOCOO reflect JO00OOODO

# reflect comptree;;

- : int tree =

Br (1, Br (3, Br (7, Lf, Lf), Br (6, Lf, Lf)),
Br (2, Br (5, Lf, Lf), Br (4, Lf, Lf)))

000000000 +0o0oooooooooO0oooooDoooooO
preorder(reflect(t)) = 7?

inorder (reflect(t)) = 7
postorder (reflect(t)) = 7
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Exercise 6.7 0000000 DOOO0OOCOO0ODOOOOOOODOOOOOODO

# type arith =

# Const of int | Add of arith * arith | Mul of arith * arith;;

type arith = Const of int | Add of arith * arith | Mul of arith * arith
# (* exp stands for (3+4) * (2+5) *)

# let exp = Mul (Add (Const 3, Comnst 4), Add (Const 2, Comnst 5));;

val exp : arith = Mul (Add (Const 3, Const 4), Add (Const 2, Const 5))

00000000000000 string_of_arith, 0000000000 (iyg X -+ X d1n,) 4+ -+ +
(i1 X+ X imm,,) 000000000 expand 000000

# string_of_arith exp;;

- : string = "((3+4)*(2+5))"

# string of_arith (expand exp);;

- : string = "(((3*%2)+(3*5))+((4*%2)+(4*5)))"

(00000000) string of_arith 0000000000000 0OCOOOO0O(MOUOOOOOO
00oooooooo)

Exercise 6.8 1,2, 3, 4000000000000 0000DOO0ODOO0O0O0OODOO0O0OODOOO
000000000000 b00D «ad0O0OO0ODODOODO

Exercise 6.9 00 sift 00 00O0(000000O0O 4+3000)0000000000

Exercise 6.10 OO0 000000 (Ca, ’b) sumO00 00000000 p00000C0O0O0O0OO
oboobooooooooooooog

# type (Ca, ’b) sum = Left of ’a | Right of ’b;;

type (’a, ’b) sum = Left of ’a | Right of ’b

# let float_of_int_or_float = function

# Left i -> float_of_int i

# | Right £ -> f;;

val float_of_int_or_float : (int, float) sum -> float = <fun>
# float_of_int_or_float (Right 3.14);;

- : float = 3.14
# float_of_int_or_float (Left 2);;
- : float = 2.

O000o00o0o0Oo0OD0Oo000000ooooooo
1. ’a * (b, ’c) sum -> (Pa * ’b, ’a * ’c) sum

2. (Pa, ’b) sum * (’c, ’d) sum -> ((’a * ’c, ’b * ’d) sum, (’a * ’d, ’b * ’c) sum) sum

w

. (’a -> ’b) * (’c => ’b) > (’a, ’c) sum -> ’b

i

((’a, ’b) sum -> ’c) > (Pa -> ’¢c) * (°b -> ’¢)

5 (’a => ’b, ’a -> ’c) sum -> (Pa -> (°b,’c) sum)
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70 OOouooooodod

000 Objective Caml DO O0O0OO0O00D0OODOOOOOO0DOODODOOODbjective CamlOOOO OO
000000ooooooooooooOoboooodddd0ooooooooooooooooooon
00000o0ooooooooooooooooo0oobooooDoOo0oooDooooDoooooon
000o0ooooooooooooooooooooooooooooooooooboooooboon
O00ooOoo0ooooOoooooooo0oooooooOooo0oooooooooooOobooOoOon
000ooooooooooooooboooddooooooooooObobbo00ooooon
Oo0000ooo00ooo0ooboooooooon0od print_string 0000

# print_string "Hello, World!\n";;

Hello, World!

- : unit = ()
0000000000000 000000000 (000b0)ooooOoO0o0o0o0o0ooOoooO0O0O
0000000 QobOodoOoooOoobOO00bOooDoOOoboObOoobOoobOoobOoobOooDan
0000000000000 0wit0 000000000000 O00 (Objective Caml 0000
000d0oboDooooooooooooooooboooobo0ooooobooooooboogn
O000oooon)

00000 read_line 0000 (O OD0O0O0000O00O0OO0OO0OO0OO0OO0OOOOOOOOOOOOO

gooogo

# read_line Q);;

foo < Jogoooooooo

- : string = "foo"
0000000000000 00000D0 read_1ine O ODO0ODOODODOOOOODOODOOO
000odoooooobooooooooooooooobobobo00ooooooooo

7.1 ODO000ooodoooood

000000000000 DO000000D00DO0D00000DO0D0O0D000D0OODOdObjective
Caml 000000000000 DOOODOOOOOCOODOOOODDO (references) 0000000
O (mutable records)0 0 0 (array) 0 0 O O

7.1.1 00

Objective Caml OO0 O00ODOOOO0O0OOOO0ODOOOOODOOOODOOOOOCOOOODOO
goboooboboooooboboboooooboobobooooooobboooooooboobooooon
uboboobooboobooooooooobootbobooboboo0obtret 0000O0ODOO
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bbbl ref000000ref DOODODOOOOOOOO0OODOOOOODOOOOODOODOO
0000000000 @O0000O00000O00U000O00U00O0O00UooOO)0D00oDOO0O
0000000000000 0OOread line 0000000000000 (0DODODO)DOO0OOO
ubboobooboobbooboobboo robooobbooboan

(O1) == (O2)

0(0,;)00000000000 (0,)000000000000UO0UDOUO0OUOD tOo0Oo0O0OO
Uboguobdid ref tOU0b0O00OLOOO0O0OOLOODLOOODODOOOLOOODOLDOObOOOOOn
ooob ouoobobobobobobobobobobo

# 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:=Ip+ Iq;;

- : unit = ()

# ('P’ !q);;

: int * int = (7, 2)

gboobobooboobobobuooboboboobooboboboobooboobobobg
gbodbouooboooboobooobobbobbooroboobobooobooboboooboad
gooooooocCcboOobobodoogbi =jO00000OO0OO0OOOOOOODOO 1000
gooboobodb jhoo jobobooboobobod
gbooobboobuodoboobboobooo

# 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}]

00000 reflist 00 0000000000000 0O0O0O0O0O0O0DODOreflist 030000 (O
000)000000000000000O000000000ODOO000D0D0O0OOOOO0OO0OOO
gooooboboobooboboobobobobboobooboboooboobobooboobon
0000000 (eliesing) 0000000000000 COCOOOOOOOOODOOOOOOOOO
gooooOooo0o0obOoOobooOoOooco0obDoOobOoO00oooOobDoOooooOoDo

# let refp = ref p and refq = ref q;;
val refp : int ref ref = {contents = {contents = 100}}

val refq : int ref ref = {contents = {contents = 2}}
# !refq := !(lrefp);;

- : unit = ()

# ('P’ !q);;

: int * int = (100, 100)
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712 O0O0OOOOOO

gbboobuoobbuoobbooobuoobbuoobboobbwithdboooooanoog
000000000000 DODOO0ODOO0ODOOOO0OOObjective CamlOOODODOOOOOODOOO
goboobooobooboboobboob0oobbo0obb0o0bU00nbO mutable DO OO
gbooaoo

# type teacher = {name : string; mutable office : string};;
type teacher = { name : string; mutable office : string; }
# let t = {name "Igarashi"; office = "140"};;

val t : teacher = {name = "Igarashi"; office = "140"}

0000000000
(01).(000000) <= (Oy)

00oo000(0,) 0000000000 (000000 )YyOUOOODODOOO (OyD0000oO

# t.office <- "142";;

- : unit = ()

#t;;

- : teacher = {name = "Igarashi"; office = "142"}
7.1.3 OO

gbooboboobooboboobobooboobooboobobobooboboboong
0000000000000 (Do0oUo0DooUo0LD)0000ULO0OULOoOoUoooOd
ugbbodbboobboobboo 000t array0ddooooobooboooobobon
gboboooboooobon

00000000, 0000000000000O0 (0,;)00000000(0)0 (00000
0000 (0,)0(0.,)000000(03)000000000000000000DOOOOOO0
00000000000 Invalid_argument 0O 000000000

7.1.4 0O00OOOO

040000000000000000ObjectiveCaml DOOO0DOOOODOOODOO 1etOO
00000000 (Qetx=...0 ...00)00000000000000 (x)00D000OCOO
gbooboooooooooooooogoooogog

0000000000000 O000DOO000O0O0000DOO0 Objective Caml DOODOOO
gbooboobooboobobooboooboo

# let x = ref (fun y -> y);;
val x : (’a -> ’a) ref = {contents=<fun>}
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Ul xbOoboooboobboobuoobbobobooboboooboobobooobooboo

# (1x 2, 'x true);;
- : int * bool = 2, true

0000000000000 U00o0)00o0o0ooOO0o0o0DUooooooDOoOO

#x :=funy ->y+1;;
- : unit = ()

ubboobuoobboiobd 'x true U00O0O0O000 trued 1 00000000000

# !'x true;;

7

UboboobodgbiDllet 000000000 DO0OO0D ref 0 000O00O0OOOO0OOOOODOOO
gbobooboobooobooboobobooboobobooboog

# let (get, set) =
let r = ref [] in
((fun O -> Ir), (fun x -> r:=x));;
val get : unit -> ’a list <fun>
val set : ’a list -> unit <fun>
1 :: get O3;
: int list = [1]
"abc" :: get O;;
: string list = ["abc"]
put ["abc"]l;;
:unit = ()
1 :: get O3

(4

H o H O H

googbooboboboboobuooboboobobboobooboobobobooooobon
O000o0o0o0O0O0O0O00O0O0OO0CO0OCODODOOO(DODODODbDDLOODO ’a—»>a0000O0OOOOO
0’alistJ000)00000000let000000000OOODOOOOOOOOODOOOO
goboobooobogoboooboobooobooboooobooooobobooboooboboobOoboo
ugbbooobooboobobod

0000000000 Objective Caml (OO Standard ML) OO OO0OO0O0O0O0O0O0O (DOOOO
00o000)000000U00o00o0O0oU000oOO00UOo00DoO0DUOOoUOOOoooOOd
0000000000000 000000 (0000000000000 000oOOO)000Oo
gboobooobobobobobooooboooooboboboobooboooobobooboobooboon
googbooboboobooogbobooobooboobooboooobooboboooboooooo

e [
e JOODODOOODOOO

e fun, function 00000 (JOO0O0O0000let fx=...00000000000000
ooo)
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e JJIU0DDDODOOOODULUDOODODODOODULULDODODO/O
ooboobooooooooo

o JIIODDODO ref OODO

e if match [J

gbooaoo
gobooboooooooMLOOOOogoooOobOobooooboooooobobooooDoDo
gbobooboobbooboobobooboo

7.1.5 Case Study: U000 O0O0ODOOOOOOOOOO
JavaDUODOODODOODODODOOLOOODOLOOOOOOODOOOOOOO
0000000000000 0D oDoooooooooo (o)

OO00O00DO0O0DOO00O000OObjective CamlOOO0D0OOODOOODOOODOODOODOO
ubbooboobooboobbooboooboboobooobboobooonoboobooonon
000000000 (00b)0o0oooUooooo

e 00000 (0DD0)000 20

gbooobboobud get OO0

gboooboboobod see 0000

e U0 +1 00000 incOOODO
gbooooboboboobooboobooboboobooboboobobboboobooobn
bobo 1ooboooboooboooboobobooboboon

# type pointI = {get: unit -> int; set: int -> unit; inc: unit->unit};;
type pointI = { get : unit -> int; set : int -> unit; inc : unit -> unit; }

ocooobooooobooooooooooobob0 “boobooob>boUobooooboouobboOoo
obooooood

# let p =
# let x = ref 0 in

# let rec this () =

# {get= (fun O -> I!x);

# set= (fun newx -> X:=newx);

# inc= (fun O -> (this ()).set ((this ()).get O + 1))} in
# this O;;

val p : pointI = {get = <fun>; set = <fun>; inc = <fun>}
# p.getQ;;

- : int =0

# p.incQ;;

- : unit = ()

# p.getQ;;

: int = 1
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inc 0000000000 set 0 get UUOUOOOOOOOOOOO0OOOOOOOOODOOOY
Uboboo0bobooobooobibb+thisDO00OO0O0OO000OO0OO0O0DOO0OODO0O0OOO00O00
U00 this 0 pointI OO0 OD0DO0O0OD0DOO0D0OO0DOO0ODOO0ODOO0ODOODOOOOODOODO
unit -> pointI OO O0OODOOO0OOODOOOCODOOODOOODOOOOODODOOOO this O
Uoobo0oboobboobDbOod .getddboonoooobDOOO

goboogoboboobooooobobooooboooboboooobobooboboboboDbo
ubboobooboobbooboooboo

# let pointC x =

# let rec this () =

# {get= (fun O -> I!x);

# set= (fun newx -> x:=newx);

# inc= (fun (O -> (this ()).set ((this ()).get O + 1))} in
# this O;;

val pointC : int ref -> pointI = <fun>

# let new_point x = pointC (ref x);;

val new_point : int -> pointI = <fun>

# let p = new_point 2;;

val p : pointI = {get = <fun>; set = <fun>; inc = <fun>}
# p.inc(); p.getQ;;

- : int = 3

U0 new_point DO OD0OOODODO0OOOODODOOODOOO
goboboooooogobobooobooboobooobobooboboboooooooboDbo
0000000000000 0000 (0000000000 Ogetcolor0000O0OODOOOO)
gbooboooboboobooobgoobobbboobooboooboboobooboobooobooon
00 Objective Caml 0000000000 DOOCOO0OOOOOOODOOOODOOOODOOOO
0'0000000000000000000000000000

7.2 0OO40g

gboobobooboobooobuoobobbooooboobooboobooboboong
gbobooboobbooboobooobooboooon

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

Hello, World!

- : unit = (O

0000000000000 00000U0x00000000O00 (CODOOLOO0O0OD00)0 inO
OO00000000000DO0O0DOOObjective Caml DOO0D0OOO0DOOODOOOOOOOOOO
gboobooobooobooboogod

# let f x y =2 in
# f (print_string "Hello, ") (print_string "World\n");;
World

'Objective Caml 000 0000000000000 00O0O0O0D0O000O0OOOOO0OO
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Hello, - : int = 2

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

Hello, - : unit * unit = (0O, ()

000000000000 DOO0ODO0OO0OO0OO0O0O00OObjective Caml OOOOOOOOOOO
gbooboobobooboobobbdbletdbooboobooboobooboboobon
goooood

Objective Caml 0 0 OO O0O00DODOOOOOOOODOCOOOOOODOCOOOOODODOOOO
gbooboobooboobboobooboboooboobooonbo

(O1)s (O2)5 -5 (Og)

00oooooooOo0oooooooooUooo(o0,) 0Doooooooooo(0,yODoooOoO
ooooooooooO0ooooooO0ooooooooooo(o,,) 000000000000 0O0
O000000ODbjective Caml 000 (0;) (1 <n) 0 uwnit00000000 warning 000000
O0O0OoObOO000bOO000bObOOo0bObOO0o0bObOO0O0o0DbOO0oOooDbOOOoOobOoOOoOobObOoOooDa
UboboobooboobboobuobboobbOdignore OO OOOOOOOOODDOO
0dooooooooooa

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

Hello, World
- : unit = ()

Uooobobbbobbib0ddUdwhileOOfor 000000000 OwhileOO
while (O;) do (Og) done
O0000Obool0OO (0)OOODODOO falseODOOOO (Oey00ODDOOOOOOOO O
UbO00fordn
for (0ODO)

(O4) to (Og) do (O3) done
ggoon
for (JOO ) = (0O4) downto (O3) do (O3) done

00000000 (0,)0(0,)000 »,p0000000000(000)0 n,n+1,...,p (downto
0000 n,n—1,...,p) 0000000 (05)000000(000)000000 (050000
000000 (O 0000

00000000000000000000000000000000000000000000
00000000while 0000000000000000000Ofr 000000000000
00 0000000000

00000000000000000000000000000000000000000000
00000000000000

let parrot () =
let s = ref "" in
while (s := read_line (); !s <> ".") do

print_string !s;
print_endline !s;

done; ;

val parrot : unit -> unit = <fun>

#
#
#
#
#
#
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print_endline OO 0O0O0O0OO0O0OOODOO0OOOOOOO0DOOOOOODOO

73 Uuong

00 (exception) 00O O0O0OO0O0O0O0O0ODODODODOODOOOOOOOOOOOOOOOOOOOO
goobooobbooobboobobooobbooobboooobbooobboobboon
gogbooooboooobogoboboobooboboooobobooboobobooooooboboo
0000000000000 00000000O0O0OO0O0O00000D0UO(OoOoDOoooooOOn
000000000000 0000)00000 Objective Caml DOO0OOD0OOOOOOOOOO
ugboogno

gboboboooboboboooboo2b0b00o0obbooobooboooooooboooooboboooaon
ooboooooboobooboogooboobboooboobogbD4 /7 obobooboobboobUouboo
ugbboobdudoboboobuodoboobobuoobooboboobooboobgao

# hd [1;;

Exception: Match_failure ("", 63, 7).

# open_in "";;

Exception: Sys_error ": No such file or directory".

# print_string (string_of_int (4 / 0)); print_string "not printed";;
Exception: Division_by_zero.

0000000000000 C0C000000000D0 Mateh, OSOOODOOOOODOOOOOO
Uobobooobbobdd sys_error, 00O D0OO00O0O0O0O0O00O00O0NO Division_by_zero, U0
OO00000DO0C0O00O00DO0O0O0O0O00DOOOD0DOO0 Objective CiamlOOODOOOOOOO
obooboooooooooooooon

Objective Caml 00O O0DOO0O0ODOOOOOCOOOCOOOOODOOODOOODOOOOODOOOO
obooboobooobooooooooooooooboooooooooDoboooooonDog

7.3.1 exception U [ raise [J

U0l exception DU DO UM

# exception Foo;;
exception Foo

gbodgboooboobobooboobooboboboobooouobobobooboood
UbbO00000 raised o0

# raise Foo;;
Exception: Foo.

raise JU0O000O0O0OO0O00O0OO0O0OO0DOOOOOO0O0OOOO0OOOOOOOOOOOO0n
U000 raise 00 00000DO0O0DOO0ODOO0O0OO0O0O0O0ODOOOraise FooUOOOOOOO
ubbogobuoobboobuoobbooboas

# let £ () = if raise Foo then raise Foo else 3;;
val f : unit -> int = <fun>
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UbObO00Ssys_error DOUOUOOOOOOO0OOO0OODOOO0OOOOO0OODOOOOODOOOO
Ubobo0oboobbonobOo0biO raise0000goog

# exception Bar of int;;
exception Bar of int

# raise (Bar 2);;
Exception: Bar 2.

Objective Caml 0 0 (raise 000000 0)0000 exan 000000000 ODOODOOOO
booobooboobooooooboooobooboooooobo0oddlexception 000000
boobobboodtblbexstooboooooboOoboOoObOOOoooobobooooobboOoonooo
coooooooooboooooooobbooboooobooboobooo

# let exnlist = [Bar 3; Fool;;

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

# Foo -> 0

# | x -> raise x;;

val f : exn -> int = <fun>

# f Foo;;

- : int = 0

# £ (Bar 4);;

Exception: Bar 4.

goobooobbbod 0oooopobbo0oooooooobbbbbO0dOddInvalid_argument,
Failure OO UODO0OO0OO0O0OO0ODOO0DOOODOOOOODOODOOOOOOOOODOOODOODOO
gbogbobooobobbooboobuoobobbobbooboobobobobibdONot_found
gobooobboobbooobbooobbo0obbiooobb0o0bbU00UEnd_of_file [
gbobooboooooooooooooooogooooooooboonog

O00OOassoc 00 (5.3000)0000000000000OO0OOOObjective CamlOO OO0
googn

# let rec assoc a = function

# [l -> raise Not_found

# | (a’, b) :: rest -> if a = a’ then b else assoc a rest;;
val assoc : ’a -> (’a * ’b) list -> ’b = <fun>

# assoc "Osaka" city_phone;;

- : string = "06"

# assoc "Nara" city_phone;;

Exception: Not_found.

gbobooobooobboobboo0obbOodDbibOinvalid_arg, failwith OO0 0000
oooon

# failwith "foo";;
Exception: Failure "foo".
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7.3.2 0O0O0OOO

gdobbbbododobbooouubbobtbdddtswxydbbbooobbbbbboooon
U000O+tryOOOUOOUOUOOOmatch oo
try (O ) with
<|:|[||:J|:|1> -> <|:J1>

| ...
| (0000, -> (0,)

0000000(0)000000D0D00000O0O0O000D0DU0D0DU0O0DO0O0OOOOOOOooOOO
raise 0000000000000 O000O0OO0DOOO0OOOODOOOOODO (O0,)00000 try
ugbbogboobobodgbooobuoobobooboobobuooboboooboobboabooban

try00OOOO(O ), (04),...,(0,) 000000000000 0OOODOOOOOOOOOOOO
Ooo0Oooog

# 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;;

Exception: Division_by_zero.

# let query_city_phone c =

# try assoc c city_phone with Not_found -> "999";;
val query_city_phone : string -> string = <fun>

# query_city_phone "Osaka";;

- : string = "06"

# query_city_phone "Nara'";;

- : string = "999"

gobobobobooogobobooboobooooooooboboouooboobooooboDbo
gbobooboooooooooooooooooooooooooooooooooooooonoo

# let rec prod_list = function

# i ->1

# | n :: rest -> n * prod_list rest;;
val prod_list : int list -> int = <fun>
# prod_list [2; 3; 4];;

- : int = 24
# prod_list [4; 0; 2; 3; 4]1;;
- :int =0

gboooboobgoobobooboboobobooobobo oobooboboobobobobon
goobooobooobboobboobboob oobbOoOob oobbOoOoOobOoOooOOO
gbooboooobooooooooboobOobOob obobOobDOobDODLObLODODbDODO

# let rec prod_list = function

# J->1
# | 0 :: _ >0
# | n :: rest -> n * prod_list rest;;

val prod_list : int list -> int = <fun>
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ogboobooboboobuoobuoobuoobobbobbUOboeption OO OOOOoOO

# let rec prod_list_aux = function

# [J] -> Some 1

# | O :: _ -> None

# | n :: rest —>

# (match prod_list_aux rest with None -> None | Some m -> Some (m * n));;

val prod_list_aux : int list -> int option = <fun>

# let prod_list 1 = match prod_list_aux 1 with None -> O | Some n -> n;;
val prod_list : int list -> int = <fun>

# prod_list [2; 3; 4];;

- : int = 24
# prod_list [4; 0; 2; 3; 41;;
- : int =0

Ubooobooobogodbob0oobd NeneDOOOOOODDOODOODODODOOODOOOOO
boooboobooobooobobooboooooboobooobooboboooboooobooooboon
U000ONene UDOO0ODOOOO0OOO0ODOODOOODOODDOODOODOO

# exception Zero_found;;
exception Zero_found
# let rec prod_list_aux = function

# ] ->1
# | 0 :: _ -> raise Zero_found
# | n :: rest -> n * prod_list_aux rest;;

val prod_list_aux : int list -> int = <fun>

# let prod_list 1 = try prod_list_aux 1 with Zero_found -> O;;
val prod_list : int list -> int = <fun>

# prod_list_aux [2; 3; 4];;

- : int = 24

# prod_list_aux [4; 0; 2; 3; 41;;

Exception: Zero_found.

# prod_list [2; 3; 4];;

- : int = 24
# prod_list [4; 0; 2; 3; 4];;
- : int =0

gooooboboobobooobobooboobobboobooboboobooboboboobon
bobogbobooboobooboobobooobobooboobobooboooboboobod
ugboooboooobooobooo

74 00000000 O0OOO

Objective Caml 00000000 print_string 00000000000 O0OOOOODOODOO
oono

Ooo0bb0o0o0obbbO0Oo0o0obbOO  print_char, print_string, print_int, print_float,
print_endline, print_newline 0000 (J0OO0O0O0O0O)0000000O0OO0OO0OOODOOOO
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toooooooooboobodooboooobooooooboOoOooboOoobooOooooboboOooboooOoo
ooo

print 0 prerr 0O 0000000000000 O0O0O0OO0O0OOO

0000000 (00000000)000000000000Oread_line, read_int, read_float
oooo

OD0ODODOOCOODODO ObjectiveCaml OOOOOOOO0O0OODODOCODOODODOCOOOOOOO
gbooobobbooooboboooobooboboobobooboobooooooobooboo
0000000000000 00 (0000000 oO00)0DU00OoOOooDUOoOOooDOobOoOOoOooOOo
OO0000OO0000DOOCO00DOO0DbOOOOO0DOObjective Caml 000000 in_channel
UOout_channel D00 DO0O0O0DO0OO0ODOOODOOODOOOOOOODOOODOOODOOODOO

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

UO0Db000bbO000n0DOOinput_char, input_line, output_char, output_string 0 000
ooooooboooo
O0000000000DOOCODOODODOCOO00000bODODOO000O0b00O0O0n open_outO O
OO00000bD0 open_in D00 0O0OO0D0OO0ODOOODOOOOOOODOODOODOOODOOOO
OO00000D0O0O0OD00O00DOO0O0D0OO0 close_out, close_in 00000 OODOOODOOOO
goooooboooobooooboooobo00 wWoobooboboo

7.5 Objective Caml 000000 0OO0O

gbooboboboobooboooooboobobboobooboobobboboobo
ubbogobuodgbboobodoboo ;0 ifgboobboobooo

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

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

ubboobogbooban

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

0000000000oO00o0(G 0o0oboo0o0 if 000000000 oOooOoOoooUOood
Oelse00000OOOO)

000000000if000000000000000000000000000000000
OO0DO0OO0O0ODOODO0OO0O Objective Caml OO 00O 1let, if, match, try, function, fun 00O
0000000000000 0000D0000000000000000000000000000
oooo

if a then if b then c else d
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if a then (if b then c else d)

ubbgobodbo ifgubouoobboobuoobbooobooboooobgn
U00Omatch OO0 0OO00D000000O0 match U try D0OO0O00OOO0OOO0OO

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

UpbOUo0obdbOmatch OOO0OO0OO0O0O0O0OO0OO0O0O0O0ODOUODOO matchOOOOOONO
gboboobooboobobooboo

match e with

A -> (match e’ with B -> ... | C > ...)
| D -> ...
00000 tryODOODOODOODODO | _->000 txryOOOODOODODOODOOOODOO

g4000o0boobbooobooobooobboobbuooobooobboobLboon
(0000000 O0OO0O0O0O00O00D0obOOODOOOODOOOObDODOOD)

7.6 UOUoQ

Exercise 7.1 ref 0000000000000 0O0ODOOO0ODO0O0O0OD0OOOref DOOODOOO
gboboobilioboobooobbooooooboboon

type ’a ref = { mutable contents : ’a };;
00 ref, 00000OCO '000000ODO :=00000000O0DODOCOOOOOOO

Exercise 7.2 U0 0000000000000 100000 iner00oQogon

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

# incr x;;

- : unit = ()
# !'x;;

- : int = 4

Exercise 7.3 J000000 funny fact DO0O0O0O0 (rec) 00000000 ODOOOOOO
cooooobboooooobooooooon

# 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>

f := funny_fact;;

:unit = ()

funny_fact 5;;

: int = 120

[ S I -

Exercise 7.4 D0 000000000 DOOOODOOOO...0000000
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let fact_imp n =
let i = ref n and res = ref 1 in
while (...) do

i=11-1

Exercise 7.5 D000 fact 000000000 Invalid argument 00000000 0OOO0OOO

Exercise 7.6 714 000000000CODOO0OO0OOOODOOOOODOOOOOODOODO
gboobooboobobobobooooboboobooboboobobbtrued 10000
ugbbooobodgbooboboobooboo

Exercise 7.7 0000000000 DOOOO0ODOOOOOOOOOOOOODOOODOOODOO
ugoobooobooooboobooobooboobbooboooboobon

# type color = Blue | Red | Green | White;;
type color = Blue | Red | Green | White
# type cpointI = {cget: unit -> int;

# cset: int -> unit;
# cinc: unit->unit;
# getcolor: unit-> color};;

type cpointI = {
cget : unit -> int;
cset : int -> unit;
cinc : unit -> unit;
getcolor : unit -> color;

}

uboboooobooobooobbuoobbooobbooobbdodnOcget, cine U pointC [
U0Db00b000D0cecset 000D O0ODODOO0ODOOOODOODOOOODOOODODOODDOO
goooood

let cpointC x col=
let super = pointC x in
let rec this =
{cget= super.get;
cset= (fun x -> super.set x; col := White);
cinc= super.inc;
getcolor = (fun () -> !col)} in
this;;
val cpointC : int ref -> color ref -> cpointl = <fun>
# let new_cpoint x col = cpointC (ref x) (ref col);;
val new_cpoint : int -> color -> cpointl = <fun>

H HHHFHHHFH

gbboobuoobbooboaoboo

# let cp = new_cpoint O Red;;
val cp : cpointl =
{cget = <fun>; cset = <fun>; cinc = <fun>; getcolor = <fun>}
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cp.cinc();;
:unit = ()
cp.cget();;

: int = 1
cp.getcolor();;
: color = Red

I H O H*

cincO0O0O0O0OOO0OO0OO0OOOOO0OOOOOO0OOOOO0OOOOOObOOo0OOOOO0ObOO0O0nDoDOg
gooooobbooobboobDby cince 000000000 DOO0OODOOODLOOODOO
0000000000000 0000000000O0O000000O0000000 (OO0 super.get
O000000)0ooooooo

(000:pointCcO0OO00OOODOOOOOOODO)

# let pointC x this () =

# {get= (fun O -> !x);

# set= (fun newx —-> X:=newx);

# inc= (fun O -> (this ()).set ((this ()).get O + 1))};;

val pointC : int ref -> (unit -> pointI) -> unit -> pointI = <fun>
# let new_point x =

# let x = ref x in

# let rec this () = pointC x this () in

# this (;;

val new_point : int —> pointI = <fun>

Exercise 7.8 D0 00D change D0 O0O0O0OO0ODOOOOOOODOO

# let rec change = function

# (., 00 > 1

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

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

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

I, 1
................. function
(_, 00 >[I
| ((c :: rest) as coins, total) ->
if ¢ > total then change (rest, total)
else c¢ :: change (coins, total - c)..

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

00000 (0000000)000000 coins 00000 total 000D O0OODOOODOO

# 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]

**

1
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boogboboobooboobobooboobobooboobooobooobobooboon
gboboobooboboobooboobon

# change ([5; 21, 16);;
Exception: Match_failure ("", 198, 17).

gboooboooboobooboboobbobbooboobooboooboobooobooo2b000
...o0bobobooboboboboobo

let rec change = function
(., 00 => (]
| ((c :: rest) as coins, total) ->

if ¢ > total then change (rest, total)
else

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

- LRI

Exercise 7.9 print_int OO0 stdout, output_string OO0 O0OO0OOOOO

Exercise 7.10 D 0000000000000 O0DOOODOODOOODOOOOOOOODOODO
Ul cpgboobooobbooboobbooboobbooboobbooobooo
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U8t bbb botdbootdbotdbotdd

Objective Caml 0O O000OO0O0O0O0OO ocamlc OOOO Objective Caml OO0 OO O0OOOODODO
O00o0o00ooo00ooo00oooo0oo0oo0ooooo0ooooooooooooooon
000000000 Db0000bO0O000Db0oDO00ODbO0OO0DbODOODO0ODO0OObjective Caml
00000000000 00ooooooooooooooooooooog

81 UULOOLOOUOUOOOLbObOn

00000000000 0000000000000000000D000000D0dOdObjective Caml
UO0D0O00D0OList, Array, Sort OO D0DO0O0ODO0O0O0O0ODO0ODODOO0OOPrintf DOO0O
O00D0O00000sys DOOOOOO0OOOSO Objective Caml DO D OODOODOODOODOO
gooooooooOooooooboooooooooooooooooonoooboonoonOong 190
O0000000000 List 000000 Quewe HOOOOO0OOOOOOO

gooooooooon <[]D gooo >.<[]D O > godoooooonooooooon
List.length [5; 6; 8];;

: int = 3
List.concat [[4; 35; 21; [1]; [9; -411;;
: int list = [4; 35; 2; 1; 9; -4]

[ S

dddouooooooobobibibil rev, append, map, fold_left, fold_right U O OO OO
U List00D000000oboooon

Queve U0 DOOOO0ODOOOO0ODODDOOOOODODOOOOODDOOOODDDOOOODLD
U0000000000000000Dadd, take U OOO0OD0OODOOOOOOODOOOOOO
00000000000 UdbUObadd 0D 0ODO0ODO take O OO OQuene OO OOOO
gogoogobs+ooobooboboobobooobooobooobooooooboobobooboo
OO0 ’a Queue.t 0o

# let q = Queue.create ();;
val q : ’_a Queue.t = <abstr>
# Queue.add 1 q; Queue.add 2 q;;
- : unit = (O

# Queue.take q;;

- : int =1

# Queue.take q;;

- : int = 2

# Queue.take q;;

Exception: Queue.Empty.

000000000 Empty 0 Queune DO 00000000000 O0O0ODOO
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open U0 0OU0OO0O0OO0O0OO0O0O0O0DOOO0OOOOOOO0OO0OOOO0OOOLOOOOOOOOOO00OO
open O OD0ODO0OODOOO0DOOODODOODOOODODOOODOOOODOODODOOODOOODDO
gbooboobooobooobo

# open List;;

# length [3; 9; 10];;
- : int = 3

U0 openU000Oopen U0 OO0O0OO0O0DOO0O0DOO0O0DOO0O0DOOO0DOODOOODOOODODOO
gbobooobooobooobooobboobboooboooboboobboobobooobon
gbobooboobobooboobbooboobobon

82 UUbbbbooobbbbodoooobobod

0000000 ocamlc 00O O OOObjective Caml 00000000000 (DODOO .m1)0O
ugbbgobogboobbooboo

ocamlc -0 (00 D0D0000) (000D000O0O)

000000000 0oo0o0oo(0oo00ooD)0000U0DODO0O0O0DO0OOOOO0On -o
Ubooboobobbobb a.cut 00D O0OO0OODODOD

igarashi@zither:text> cat hello.ml
let _ = print_string "Hello, World!\n"
igarashi@zither:text> ocamlc hello.ml
igarashi@zither:text> a.out
Hello, World!
igarashi@zither:text> cat fact.ml
let rec fact n =

if n = 0 then 1 else n * fact (n - 1)
let _ = print_int (fact 10)
igarashi@zither:text> ocamlc -o factl0 fact.ml
igarashi@zither:text> ./fact10
3628800igarashi@zither:text>

gbogboobdooboboooobooboobobobooboobobobboboboobOon

000000000000000000000000Olet _=...00000000000000
0D00000000000000(CO mein 00000000000000000000000O0O
0ooo)

00000000000 DLO000D0O0000DOO0O00DbO0O0OD0DbOO0O0DDOOOnDObjective
Caiml OO0 0O0O0OO0OODOOO0DOOO0DOOO0ODOODOOODOOO0DOO0DOO0O0OUNIXOOOOOoOOoood
000000000 D000D00Objective Caml 0O 00000000 0OOOOOOfoo.ml OOOO
00000000 0doooooooooooooog FooOOOOoooooOOOODODDODODOOO
O0fact.ml 0 main.ml1 OO 00O

igarashi@zither:samples> cat fact.ml
let rec fact n =



8.2. UDOODOODLODLODLODODLODODODOD 101

if n = 0 then 1 else n * fact (n - 1)
igarashi@zither:samples> cat main.ml
(* main.ml *)
let =

print_int (Fact.fact 10);
print_newline();

main.ml 00O Fact DO OOOOO fact OOO Fact.fact DO OOOOOOOOOOOOOOO
000000000000 00000000000b0O00o0o0ooao

igarashi@zither:samples> ocamlc -o factl0 fact.ml main.ml
igarashi@zither:samples> fact10
3628800

Ubd-coboboboboobboobouoobobobobooobobobooboobobod

O000000000000.emi 0000000000000 00O0O0O0O0O0O0O0O0O0OD (OOOO

0000000000000 0O0O0000000DODO0ODOO0000000DODOOO)000O0ODOO

ubooobdobib.ceoOD0O0OOOOOOOOOOOOOOOOOOOOODOOOOOOOODLOOOOn
.emi 0000000000000 000O0O0O000O00000O0O000000000000O0(.cmo
O0000000000)00000main.ml 000000000000 000O0O0O00O0OO .cmo O

gbboobooboobbooboobbooboooboo

igarashi@zither:samples> ocamlc -c fact.ml
igarashi@zither:samples> ocamlc -c¢ main.ml
igarashi@zither:samples> ocamlc -o factlO fact.cmo main.cmo

gbobooboobbooboob -ib00boooboobooobooboooon

igarashi@zither:samples> ocamlc -i -c fact.ml
val fact : int -> int

goboboboboooooooooobobobobobooooboboboboboooooon
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