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Chapitre 1

Introduction à CAML

1.1 Session interactive
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http://pauillac.inria.fr/caml/distrib-caml-light-fra.html
;<I �%s �)�K�&Q.��'��h�.T��hTU��

������������ �e�)
�=>=?�b2XIj�/;<Ijs 
�Q%;b���0�+�D=V�(���c��'��	���iNO
�QR�5�.�X�)���	�JQ/�/�

((

f�
�Q/�	'��J�����5�����h���
���U�
))

���UQ/�
EF���
=?���jP.���5�(�������JP.�)�JP<$��-.�.���
��
��/����P/�����('���P/���J' o �������.$�)����P.��'��	�j�	
�=LEX��'����J��� '��	�J� ��
�QR���(���j�(QRy%P<$��-.�.���
��
��/�DE.�R$�	�X$�	P/�����5�	�
���jP.� �U
����J��=>= $�	PR�S�4�5��=?�	���c'��b�R$�	��Q.'����4�<P/�	�V$�	�h�h'�Qt�4����
��/�)�

CAML

#2 + 2;;

- : int = 4
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CAML

#2. +. 3.13;;

- : float = 5.13
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1.2 Généralités

1.2.1 Définitions.
* � P<$��-.�/���&P/�	�+

��,.-&�/"�,0� � -w�)�U�)�3|

let ident = valeur
|

CAML

#let a = 3;;

a : int = 3

#a + 1;;

- : int = 4

s8�%�	
��X�K���(���
�!1��	���k=V�(�����
�	�X�(����P<$��-.�/���L���v' o ��P.�	������-/�4�4�
�	QR��1 �
�����?�5�	=LE/'S�h�X$�kE��4�k'S����Q.���5�wEt�4�k'S�����('���QR�w:R� * � P.�0�
��QX��' o ���/P.�	������-/�4�4�
�	QR�21 �)�K�!�3�(�� 7�L'S�?�h�h'��	QR��:R�Fde'c�	������=LEF
U������f/'���P.��=?
�PR��-R��'��>�h�h'��	QR��P.�w�	�����
�L�)
��/���5�h���
�?� 
�� EF��QR�
�&$�)�h�.=?
����X�\���	P<$��-.�/�0�<Q.�X�b�X
�Q/�U��'�'��j�)
��X�K���(���
� P.� =%^�	=?�j�X
�=V���
4 � ��" '65�%0� �87�s��)��P<$��-.�.���
��
��/�J�

����

((

���5�4�
����QX�	�
))

�	
�=>=?�k'��v=?
��������k' o ��yR��=LEX'�����Q/���h�h���t|8�hQ P<$��Et�(���&�911�)�K��'���$�V7�>'��
���('��	QR������
��}P<$��-.�.���i'S���)
��X�K���(���
��:MT��h^�h�	�k7�+1X�R���01>�)�K�&'���$�k7��Q.�X�j�X
�Q/�U��'�'��&���('���Q.�iE��4�<'S����Q.���5���#:&���	���
�J'��	$�v7���
���h�h'��	QR�
���/�0�
�S�('����



CAML

#let a = 1;;

a : int = 1

#let b = a + 1;;

b : int = 2

#let a = 2;;

a : int = 2

#b;;

- : int = 2

* � P<$��-.�/�0��P.�)���3� "�� - ��,.- � ��
6"$� � -?T��h^�h�	�?7�D| let ... in ...
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CAML

#let a = 3 in a + 4;;

- : int = 7

#a;;

Entrée interactive:

>a;;<EOF>

>^

L’identificateur a n’est pas défini.
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CAML

#let a = 2 and b = 3 in

(a + b) * 2;;

- : int = 10
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CAML

#let a = 2 and b = 2 * a in

a + b;;

Entrée interactive:

>let a = 2 and b = 2 * a in

> ^

L’identificateur a n’est pas défini.
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CAML

#let a = 2 in

let b = 2 * a in

a + b;;

- : int = 6

1.2.2 Parenthèses.
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CAML

#2 + 3 * 5;;

- : int = 17
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CAML

#(2 + 3) * 5;;

- : int = 25
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1.2.3 Commentaires
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1.2.4 Types.
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CAML

#22 / 3;;

- : int = 7

#22 mod 3;;

- : int = 1
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CAML

#4. *. 5.;;

- : float = 20.0

#2.E4 /. 2.4;;

- : float = 8333.33333333
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32 33 ! 34 " 35 # 36 $ 37 % 38 & 39 ’

40 ( 41 ) 42 * 43 + 44 , 45 - 46 . 47 /

48 0 49 1 50 2 51 3 52 4 53 5 54 6 55 7

56 8 57 9 58 : 59 ; 60 < 61 = 62 > 63 ?

64 @ 65 A 66 B 67 C 68 D 69 E 70 F 71 G

72 H 73 I 74 J 75 K 76 L 77 M 78 N 79 O

80 P 81 Q 82 R 83 S 84 T 85 U 86 V 87 W

88 X 89 Y 90 Z 91 [ 92 \ 93 ] 94 ^ 95 _

96 ‘ 97 a 98 b 99 c 100 d 101 e 102 f 103 g

104 h 105 i 106 j 107 k 108 l 109 m 110 n 111 o

112 p 113 q 114 r 115 s 116 t 117 u 118 v 119 w

120 x 121 y 122 z 123 { 124 | 125 } 126 ~
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int_of_char
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char_of_int
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CAML

#char_of_int 65;;

- : char = ‘A‘

#int_of_char ‘T‘;;

- : int = 84
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print_char
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CAML

#let chaine = "bonjour!";;

chaine : string = "bonjour!"
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CAML

#let chaine1 = "Bonjour" and chaine2 = "le monde" in

print_string chaine1 ^ chaine2;;

Bonjourle monde- : unit = ()
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CAML

#let chaine = "Bonjour";;

chaine : string = "Bonjour"

#string_length chaine;;

- : int = 7

#chaine.[0];;

- : char = ‘B‘

#chaine.[6];;

- : char = ‘r‘

#chaine.[7];;

Exception non rattrapée: Invalid_argument "nth_char"
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CAML

#let c1 = "abcd";;

c1 : string = "abcd"

#let c2 = c1;;

c2 : string = "abcd"

#c2.[0] <- ‘A‘;;

- : unit = ()

#c1;;

- : string = "Abcd"
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CAML

#(2, 3);;

- : int * int = 2, 3

#5, true, 4.;;

- : int * bool * float = 5, true, 4.0
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CAML

#print_string "Bonjour";;

Bonjour- : unit = ()
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1.2.5 Fonctions.
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CAML

let f x =

x + 2;;

f : int -> int = <fun>

#f 3;;

- : int = 5
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CAML

#let fonction x =

x *. 2. ;;

fonction : float -> float = <fun>

#fonction 3.3 +. 2.;;

- : float = 8.6

#fonction (3.3 +. 2.);;

- : float = 10.6
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CAML

#let fonction2 x y =

x * y + 2;;

fonction2 : int -> int -> int = <fun>

#fonction2 3 5;;

- : int = 17
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CAML

#let f x =

print_int x;

print_newline()

;;

f : int -> unit = <fun>

1.3 Aspects impératifs du langage
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1.3.1 Références.
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CAML

#let ma_ref = ref 0;;

ma_ref : int ref = ref 0

#ma_ref := 1;;

- : unit = ()

#!ma_ref;;

- : int = 1

#ma_ref;;

- : int ref = ref 1
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let ma_ref = ref 0 ma_ref := 1 !ma_ref
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1.3.2 Vecteurs.
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CAML

#let tab = [| 1; 2; 3 |];;

tab : int vect = [|1; 2; 3|]

#vect_length tab;;

- : int = 3

#tab.(0);;

- : int = 1

#tab.(2);;

- : int = 3

#tab.(3);;

Exception non rattrapée: Invalid_argument "vect_item"



#tab.(1) <- 5;;

- : unit = ()

#tab;;

- : int vect = [|1; 5; 3|]
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CAML

#let t = make_vect 10 0;;

t : int vect = [|0; 0; 0; 0; 0; 0; 0; 0; 0; 0|]
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CAML

#let t = [|0; 1; 2|];;

t : int vect = [|0; 1; 2|]

#let f tab = tab.(0) <- -1;;

f : int vect -> unit = <fun>

#f t;;

- : unit = ()

#t;;

- : int vect = [|-1; 1; 2|]
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CAML

#let t1 = [| 1; 2; 3 |];;

t1 : int vect = [|1; 2; 3|]

#let t2 = t1;;

t2 : int vect = [|1; 2; 3|]

#t2.(0) <- 5;;

- : unit = ()

#t1;;

- : int vect = [|5; 2; 3|]

1.3.3 Structures de contrôle.
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CAML

#let x = 1;;

x : int = 1

#if x > 0 then print_string "positif";;

positif- : unit = ()
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CAML

#if x > 0 then print_string "positif" else print_string "négatif";;
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CAML

#let f x =

if x > 0 then

begin

print_string "x > 0";

print_newline()

end

else



begin

print_string "x <= 0 ";

print_newline()

end;;
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CAML

#let i =2;;

i : int = 2

#for i = 1 to 3 do

print_int i;

print_newline();

done;;

1

2

3

- : unit = ()

#i;;

- : int = 2
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CAML

let log_int x =

let puiss2 = ref 1 and expo = ref 0 in

while !puiss2 < x do

puiss2 := 2 * !puiss2;

expo := !expo + 1;

done;

!expo;;
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1.4 Preuve de programmes impératifs
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let absurde () =

while (termine code(absurde)) do

done;;
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let horner p x =

let n = vect_length p in

let y = ref p.(n - 1) in

for k = n - 2 downto 0 do

y := !y *. x +. p.(k)

done;

!y;;
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algorithme

MULTIPLIE x y (* renvoie xy *)

m <- 0, a <- x, b <- y

TANT QUE b > 0 FAIRE

SI (b mod 2) = 1 ALORS m <- m + a FIN SI

a <- a * 2

b <- b / 2

FIN TANT QUE

RETOURNER m

��� {\���
�����b�	� �������\'S��NO
��/���
��
��%�	
h�
���	��E�
��/PX�(���
��� 
��%�8o QR�
��'����
�����bEt�h�<EF
�QR�J����=LEX'���-/���<'��)�M
hEM$�����4����
��X�c��QR�J'��	�<fX�0�5�
���
fa� * �g�X
h�5����� � 1���� :���'��V�	
����
�	��QgP.��� � 1 � :V�(E.�47�	�v'��V� 7��=?�LE��h�
�
�(T��?P/�h�/��'��%f�
�Q/�	'���BnI �MB����J{M�3B8��
�Q.�����wQ.�/�

E.��
hE/�
�	$����$���?�����k����=LE/'��LP<$��EF���/PX�(����P.��� � � 1 � � : � ���vE.��
�Q/�U�����)�����
�>E/�5
�E.�5��$����$���n� * � EF
�Q.�����?�5�	T��4��P.�����)
�=>=?�	���
NO
��X���
��
��.�X�J' o �h'�T�
h�5����6.=?�b�	���	��� � "������ �Y9����

��� {3� P<$�	PRQ/���5�b�UQX�����F' o 
��%��
����JP/�b'S�kfF
�Q/�	'��bBaI �MB����J{ �R'��bE.��
�T����h=>=?�&�5�	���U
����Jf/����� � ���
P8� ,�$���5���5=>���X���<'�� �X
�=�f.���bP/�jE��h�
�
�(T��	�<P/�(�X�<'��kfF
�QX��'��bBaI �MB����J{&�

�M� �&$�)
hE/6�C��5�ME.��
�T����h=>=?�J��
�Q.�������MP.� 'S��Ne����)
�� ��Q.�����(���
�a|
���Jde'v$�	���
���jQ/�/�vE.����=>� 7���5�bE.��
��X$�)PRQ.�5�L� ��� �5�4E��(��� P.�0���	���
�	=?�����j'��v�)
�P.�w�����
�(�X�b�)
�=>=?�	���5�(�����	��$�	����P/��=>=?�	���5�M�5�(�/�
�����h��=?�	���&�5�)�U
��0�M
F7Q���'������

"��Jde'F'S���5�	���
� EF
�Q.�J�	o+�4EF�����	�	�U
����M��Q8o ��'�'��j�X�b=V�(�5�56X�JE��h� �
:R�Jde'M'S�}f.�5���	
�'��>�	� 'S�%=?
�PR��-X�h��� �KQ/�
��Q8o�7�%�	�}��Q8o ��'�'��VP/���������.�X�>���/�)
�=LE.�.$�	6/���X����fX'��V�O=%^�	=?�LEF
�Q.�w'�Q.�S�
�n=V�(���vEF
�QR�
��Q8o ��'�'��JNO
��/������
��/�/� ��Q.�M��QX��'���Q/�	�M��yR��=LE/'��)�	�

!.�Jde'���� ��
�Q.�
� ��Q/��'���Q/�)�&�	
�=>=?�	���5�(�����	�i�
�(�X�&������$���)^���cEF
�Q.�&'S�kNO
h�5=?� �
de'a�	���M�	'S�(���M��Qno Q/�/�b�
�	'�'�� P<$�	=V�4���56/�J�)�K��7��E.��
��
���5���5�JE�
�QR�&����
����i���(����
��/�&�(Q%=?
����/�t|
���Js��v�
�	=LEX�ME��h�
��$�?7��E.��
�T����(=>=?���jP.�v�)�����
�vNe����	
�� �	���jfF�)�hQ/�	
�QRE EX'�QX�J��=LEF
h�
�5�(���j��QX�v�	�	'�Q.�nEt�h�
��$�?7���R$� ) $�)�56.���jP.�Ne����)
�� ��$���5���	Q/�
�j�(Q}E.��
hfX' 7��=?�M���/�0�
�S�('��



"��Js��)�&�
���
��Q/�	�&P8o ��������Q.�5�<�)�h�56&$�	�)�i�

����V$�	�/
h�5=?�	�X|
:R�Js�� E/�5
�T����(=>=?�J
hf/�
�	��Q}�)�K�j�

�Q/�U�����i����
hE1�	
�=LE/'�����Q&$�������/�)
�=LE.�.$�	6/���X����fX'��<���J��=LEF
��
���0fX'��v7�v=?
�P.��-/���(�

�M�/��=?����'�'���Q.�5�j=g$���
6/
�P.�bP.���	
��/�	��E.�
��
���P/�jE/�5
�T����(=>=?�n|
���MB8�5
�Q.�U���MQ.�}�������4�5�S�(���<P/�bf�
�Q/�	'����Rs�� E.��
hfX' 7��=?�k7�k�����(���
���<EF
U���	7�	P/�JQ/�Y$���5�(�<���.���
���h'F���MQ.� $���5�4�&-.�t�(' ��s\o �������4�5���h���
P.�bfF
�QX��'�� P<$�)���5�0�&Q.�Y$���5�4�

((

�����5���5=g$�	P.���h�0���
))

�

"�� ${\���
�����j'��	�&���X�K���
QX������
��/�b7�k' o ������$���5����Q.�iP.� 'S��fF
�Q/��'�� P.�bNe����)
�� 7�k=V�h�����5���/�0�<' o �������4�5���h��� �
:R�Jde�.�����S�('����
���i'��)�&�h�(�
�S�4fX'��)�&P.�b�
�	'�'����

h�
�
� �UQX��' o �������4�5���h���i��
����&�����(�8�(Q}E.����=>�����<E��h�
�
�(T��jPX�(�/�<'S��fF
�Q/��'�� �
!.�j;<
�=LEX'�$���5���i'S���	
��/PR���
��
���P/�jfF
�Q/��'�� P.�b�
�	'�'��bNe����)
�� ��Q8o�7��'S����
����
���bP/�jfF
�Q/��'�����'S���	
��/PR���
��
��VP.���

h�
����� ��
����&�����(�����

� 	 ��' 
�� 
 �
	����
* � �)
��/����PF7���5�JQ.�}�5�4fX'��)�(Q%�	
����
���t�(���i'��)�?$��'	$�	=?�����
� � � �+` �����Rde'8�)o �(TU���&P8o $�)���5���5�jQ.�/�bNO
��/���
��
��
d hollandais

P.�b�KC�EF�L|
int vect->int vect��Q/�F�R$�	
��
T��(�.���
�&'��)�?$��'	$�	=?�����5�iP.Q����4f/'��4�(Q}P/� �
�	'�'��bNe����)
�� ��Q/��'��	� � ���

��������&E/'S�h�X$�	�&�(Q P<$��f/Q.����'��	�j`L�(Q%=>��'�����Q%���J'��	�k�

7�k'S��-/�8�

� � 	w� 	w� ` � � � � ` 	w� ` � � 	w� 	w�

� � � � � � � � ` ` ` 	w� 	w� 	w� 	w� 	w�

� � � � � � ` ` ` � � � 	w� 	w� 	w�
` � � � � � �

����� � ��� : ��� ' "�� � " %�� �$� � "�, � "8� -

* �%Q.����'����
������'S�kNO
��/������
��
echange

P/�j�KC�EF�L|
’a vect->int->int->unit�5��'�'����UQX�

echange t i j
$�	�56t�(�.T��J'��	�?$�	'�$��=?�����5�	� *������M���
� *0� � �MPRQ��5�4fX'��)�(Qn�

� 	 ��' 
�� 
 �
	����
* �}���4E.EF�	'�'��j' o+�('�TU
��
���
6.=?�JP8o {3QX��'���P.�jEF
�QR�&���5
�Q.�U���M'��bEXTU�	P}P.��P/��QRy}�����������5� 1���� :4� * � �	
��/����PF7���5�&'S����Q/�0�5�


 � � 1 � 
 � � :�� *!*"* � 
 ���� ` � 
 ��� � �Y`

F7Q1'S�L��Q.���
�V� 
�� �j�)�K��P<$��-.�.��� E��4�j�R$�	�	QR�
�5�	�/�)�jE��4������� � � 
�� � � �)�K� '��k�5�)�K�5�kP.�v'S�>PR����������
�� �	Q/��'���PR���	�.�/��P/� 
�� # � Et�4�

 � |


 � # � ��� � 
 � 	 
 � � � `�� 
 � � ��� 
 �
IJ'�
��5�&'��bE/T��	P}P.�	1����jP.�	:b�	���J'�� P/���5�.�����<���	���
� �/
�����Q/'FP.���	�����5����Q/�0�5��� 
 � �B8��
�Q.�����MQ.�1�('�T�
h�5�0�
6.=?�J��Q/��EF���5=?���JP.���)�h'��	Q.'����&Q.� �)
�QREX'��bP/� �i�
�4
�Q.��� � � !.�"�$# 	 �5��'8��QX�

�01 	�! : � E/T��	P�� 1 � :��

1.5 Aspects fonctionnels du langage
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1.5.1 Filtrage.
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CAML

let f n =

match n with

| 0 -> 0

| 1 -> 2

| _ -> 2 * n + 1

;;
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CAML

let f = function

| 0 -> 0

| 1 -> 2

| n -> 2 * n + 1;;
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CAML

let somme x y =

match (x, y) with

| (0, _) -> 0

| (_, 0) -> 0

| _ -> x + y;;
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CAML

#let egalite_composantes = function

| (x, x) -> true

| _ -> false;;

Entrée interactive:

> | (x, x) -> true

> ^

L’identificateur x est défini plusieurs fois dans ce motif.
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CAML

let egalite_composantes = function

| (x, y) when x = y -> true

| _ -> false;;

egalite_composantes : ’a * ’a -> bool = <fun>
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CAML

let egalite_ou_zero x y =

match (x, y) with

| (0, _) -> true

| (_, 0) -> true

| (x, y) when x = y -> true

| _ -> false;;
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CAML

let f x n =

if n = x then (n, x)

else (x, n)

;;

f : ’a -> ’a -> ’a * ’a = <fun>

s\o 
�EM$�����4�5��Q.�MP8o $��T��h'�����$�j�)�K� � �$�3��� � ' � �9� ���j�8o ��������
�P.Q.���J�(Q/�	Q.�/���)
��������(�����
����QR�j'�� �KC�EF�kP.� �g�����8�t2a�(�b�	
�������������'n�)�K�
�&$�	�)�	�
�
�h�0���J��Q/� � ��� � ��
��������MPRQ%=}^��=?�j�KC�EF���.s�� �KC�EF� �5���

�QR�5�&$�b�	���&Q/� �	
�Q.E/'�� P.�b�KC�E��

’a * ’a
�

WM��=V�4����Q/�
��' o Q.����'����5�4�
��
�� P.��'�� ) 7�	�56X��EF
�Q.��P<$�	����T��/���J'��	�bNO
��X������
��/�)�XsF�>NO
��/������
��1E.�R$�	�X$�	P/�����
���VP.��Q.y �4�
TUQ.=?�	���
���/P.��KC�EF�
’a
���

’a
�/���J'S��NO
��/������
����5���

�QR�5�/�JQ/� �	
�Q.E/'�� P.�b�KC�E��

’a * ’a
�

�M�/� NO
��X���
��
��VEF�	QR�}$�	T��('���=?�	���cE.�����XP����b�)
�=>=?���4�5T�Q.=?�	���<Q/�/�jNO
��X������
��0�R���M�����5
�Q.�
�X���&Q.�/�bNO
��/���
��
��8�R{3� ������� �R'��	�
NO
��/������
��X�<�

����JP/�	�M
hf �����5�&P.�

((

E/�5�	=>�����&
��5PR�5�
))

�

CAML

let minim comp a b =

if comp a b then a

else b

;;

minim : (’a -> ’a -> bool) -> ’a -> ’a -> ’a = <fun>
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CAML

#let plus_n n =

(fun x -> x + n)

;;

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

#let f = plus_n 3;;

f : int -> int = <fun>

#f 5;;

- : int = 8
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CAML

#let f x y =

int_of_string x + int_of_float y;;

f : string -> float -> int = <fun>

#let g = f "100";;

g : float -> int = <fun>

#g 3.;;

- : int = 103



Chapitre 2

Récursivité

2.1 Fonctions récursives
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CAML

let rec fact n =

match n with

| 0 -> 1

| _ -> n * fact (n - 1);;
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CAML

#trace "fact";;

La fonction fact est dorénavant tracée.

- : unit = ()

#fact 4;;

fact <-- 4

fact <-- 3

fact <-- 2

fact <-- 1

fact <-- 0

fact --> 1

fact --> 1

fact --> 2

fact --> 6

fact --> 24

- : int = 24
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CAML

let rec pair n =

match n with



| 0 -> true

| _ -> impair (n - 1)

and

impair n =

match n with

| 0 -> false

| _ -> pair (n - 1)

;;

� 	 ��' 
�� 
 � � �
	
�bQX�bNO
����M'��	�<NO
��X���
��
��/�&��Q.�����(���
�)� �

CAML

let rec mystere n =

match n with

| 0 -> print_newline()

| _ ->

print_int n; print_char ‘ ‘;

mystere (n-1);

print_int n;

print_char ‘ ‘;;

mystere 5;;

CAML

(* revoie le caractère en minuscule *)

let minuscule c =

char_of_int (32 + int_of_char c);;

let rec mystere s i =

if i = string_length s then print_newline()

else begin

print_char s.[i];

s.[i] <- minuscule s.[i];

mystere s (i + 1);

print_char s.[i]

end;;

mystere "BONJOUR" 0;;

2.2 Terminaison et correction d’une fonction récursive
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CAML

let rec collatz n =

match n with

| n when n <= 1 -> 0

| n when n mod 2 = 0 -> collatz (n / 2)

| _ -> collatz (3 * n + 1);;
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CAML

let rec absurde () =

match termine "absurde" with

| true -> absurde()

| false -> 1;;
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Ce sont tous les couples de la forme $(0, p)$ où $p \in \nn$.
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���� � | ' �� � Q/�/�MNO
��/������
��>�.$�)��QR��������������� 	 | ' �� � Q.�/� �4E.EX'����4�4����
��L
F7Q�� �)�K�&Q.�%
h��P����&fX���	�>NO
��XP<$�
��Q.� �L� * �%�/
��
� 
 � / � �:' ( 	 � �t�&�	���J=>���/��=V�('XPX�(�/� 	 ��'b� 1
��
����

pf

� �t�DQ/�}E.�R$�	P.���4�4�DNe�h���5�(���&�����
���5�U�	�.��� �n���X��� * �}Ne�(���M'��)�&6�C�E�
���687�	�
�	�<��Q/���h�h���
�	�t|
��� � �$� 
 �

pf

� �t�&�	���M�U���(� �
"��j��� � � '	�D'��%�4�('���Q.'MP/� �n���X�L�no Q.����'��������UQno Q/� �X
�=�f.���>-.�/�jP.� �4�('���Q/'��wP.� �n��� � � *!*!* �n��� � �>�	���	�	 � �%���F� 	 � �t���"*!*!* � 	 � � � �F� 	 � �t�&���

pf

� �%��� *!*"*
pf

��� � � �
pf

���X�

�('�
h���6��� � ��'	�
pf

� �t�&�	���J�����h� �
* ��=?
������5�v����=wQ.'��5�(�&$��=?�	���<'S�>�
���5=>���X�(���

�� ����'S�>�)
h�
�5�)������
��1PFo Q.�/�kNO
��X������
��1�R$�	�	QR�������U���	� Q.����'����5�(���j�)�	�b��6&$�	
��47�	=?�	�)�
{\�%�R$�4�('�����$������'8�	���ME/'�QX�M����=LE/'�� P.�bNe�(����� P8o �(f�
��5P�'��b���(���

��/�/��=?�	���D���/P.Q/���
��Na�)�(�J' oK$�)���5�0�
QR���JP.��'S�kNO
��X������
��V�R$�	�	QR���������j���
P<$�	�)
�Q/'��bPR�����	���5��=?�	���)��s�� ���h���

��/�/�	=?�����c�KC�E/����Q/���)�K�J'�����Q/���h�h���t|
���<����
�Q/�U���&Q/� 
h��P����JfX���	�VNO
��/P<$�b�hPX�4E.��$���(QVE/�5
�f/' 7�	=?���
"��M��Q/�	'����

�����'��	���)�h��P/�vf��h�
�kEF
�Q.� '��)����Q/�	'��b
�� ��������
����vP.�0���	���
�	=?�����b'��v�R$�	��Q.'��5�4� �wsF�	� $�	'�$��=?�����5�

((

=>���/��=V�hQRy
))�

���� � ��'��cfX���	�����X��'�Q/�&P/�h�/�<'��	�M�)���MP.�bft�h�
� �

:R���O'S��E��4���
���>���5Q/���S�('��4���n��
���� � Q/� $��'	$�	=?�����k�4�
f/�������(���5���F{3� ��QRE/E�
U�
�h������QX�>' o 
�� �
�h�56X�?�)�h'��	Q.'���� �n� �.��EF
�Q.�k�

�Q/�
'��	��$��'	$�	=?�����
�
�.� � �a�)
�=>=?�	���v���gP<$�	P.Q.���5��'��V�4�('���Q.'<P.� �n���X����� �no Q.����'����
�(���k��Q8o Q.�g�/
�=�f.����-.�.�&PFoK$�	'�$��=?�����5�
�����5�����
�	=?�����&���.N)$���5����Q.�5� �

!.�&'S���5���5=>���X�(���

��V���J'����	
������	������
���P.� 'S��NO
��/���
��
��%P<$�)�	
�Q/'������iP/�	�<���(����
��.�/�	=?�����5�\E.�.$�)�X$�)P.�����5�	�
� 	 ��' 
�� 
 � � ���

{\���
�����bP/��QRyVNO
��/������
��X�
binomial

P.�b�KC�EF�L|
int ->int ->int

�5��'�'��	�M��Q/�
binomial n p

�����5
�Q.�
�X�j' o ������������
 ���� �
� 	 ��' 
�� 
 � � ���

�}
����������J��Q/� �3� � � �3� � � 	 �R'S��NO
��/���
��
��%��Q/�����(���5�b�4�('���Q/'�� � ��|
CAML

let rec exp x n =

match n with



| 0 -> 1

| _ - > x * exp x (n - 1);;
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let rec ackermann n p =

match (n, p) with

| 0, p -> p + 1

| n, 0 -> ackermann (n - 1) 1

| n, p -> ackermann (n-1) (ackermann n (p - 1));;
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let deplace de vers =

print_string (de ^ " --> " ^ vers );

print_newline();;
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l1 = CONS_4(l0) = 4 :: []
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l2 = CONS_1(l1) = 1 :: 4 :: []
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l3 = CONS_2(l2) = 2 :: 1 :: 4 :: []
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l4 = CONS_5(l3) = 5 :: 2 :: 1 :: 4 :: []
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CAML

#let l = [0; 2; 3] ;;

l : int list = [0; 2; 3]

#tl l;;

- : int list = [2; 3]

#hd l;;

- : int = 0

#4 :: l;;

- : int list = [4; 0; 2; 3]
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CAML

let rec f l =

match l with

| [] -> ...

| x :: q -> ...;;
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CAML

let rec longueur l =

match l with

| [] -> 0

| x :: q -> 1 + longueur q;;
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CAML

#let rec concatene l1 l2 =

match l1 with

| [] -> l2

| x :: q -> x :: concatene q l2;;

concatene : ’a list -> ’a list -> ’a list = <fun>
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CAML

#let l1 = [1; 2]

and l2 = [3; 4]

in l1 @ l2;;

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

let rec insere_fin a l =

match l with

| [] -> [a]

| x :: q -> x :: (insere_fin a q);;

let rec miroir l =

match l with

| [] -> []

| x :: q -> insere_fin x (miroir q);;
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CAML

let f l =

match l with

| [] -> ...

| [x] -> ...

| x :: y :: q -> ... ;;
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CAML

let f l1 l2 =

match (l1, l2) with

| [], [] -> ...

| [], _ -> ...

| _, [] ->

| x1 :: q1, x2 :: q2 -> ... ;;
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2.5 Implémentation de listes dans d’autres langages
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2.6 Programmation fonctionnelle contre programmation impérative
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�,# � 	 �

�,# 	
CAML

let rec fibo n =

match n with

| 0 -> 1

| 1 -> 1

| _ -> fibo (n - 1) + fibo (n - 2);;

CAML

#trace "fibo";;

La fonction fibo est dorénavant tracée.

- : unit = ()

#fibo 5;;

fibo <-- 5

fibo <-- 3

fibo <-- 1

fibo --> 1

fibo <-- 2

fibo <-- 0

fibo --> 1

fibo <-- 1

fibo --> 1

fibo --> 2

fibo --> 3

fibo <-- 4

fibo <-- 2
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fibo <-- 0

fibo --> 1

fibo <-- 1

fibo --> 1

fibo --> 2

fibo <-- 3

fibo <-- 1

fibo --> 1

fibo <-- 2

fibo <-- 0

fibo --> 1

fibo <-- 1

fibo --> 1

fibo --> 2

fibo --> 3

fibo --> 5

fibo --> 8

- : int = 8

;<�����5�JNO
��/���
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fibo 3
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2.6.1 Récursivité terminale
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CAML

let rec fact n =

match n with



| 0 -> 1

| n -> n * fact (n - 1);;
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fact 3
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Fonctions récursives terminales* � PR���v��Q8o Q.�/��NO
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CAML

let rec terminale n =

match n with

| 0 -> print_newline()

| _ -> print_int n; terminale (n - 1);;

�h'�
��5�&��Q/���)��'�'�� � �����/� ' o �	���<E��h��|
CAML

let rec non_terminale n =

match n with

| 0 -> print_newline();

| _ -> non_terminale (n - 1); print_int n;;
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let rec f x =

match cas_de_base x with

| true -> f_base x;

| false -> action x; f (sigma x);;


F7Q
cas_de_base
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action x
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sigma x
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let proc x =



let arg = ref x in

while not (cas_de_base !arg) do

action !arg;

arg := sigma !arg

done;

f_base !arg;;
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CAML

let terminale_imp n =

let arg = ref n in

while !arg <> 0 do

print_int !arg;

arg := !arg - 1

done;

print_newline();;
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2.6.2 Accumulateurs
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CAML

let fact_i n =

let r = ref 1 in

for i = n downto 1 do

r := !r * i

done;

!r;;
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CAML

let rec fact_t n x =

match n with

| 0 -> x

| n -> fact_t (n - 1) (x * n);;
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CAML

let fact n = fact_t n 1;;
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CAML

let fact n =

let rec fact_t n x =

match n with



| 0 -> x

| n -> fact_t (n - 1) (x * n)

in

fact_t n 1;;
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CAML

let fact =

let rec fact_t x n =

match n with

| 0 -> x

| n -> fact_t (x * n) (n - 1)

in

fact_t 1 ;;

fact : int -> int = <fun>
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CAML

let rec miroir l =

let rec miroir_aux l accu =

match l with

| [] -> accu

| x :: q -> miroir_aux q (x :: accu)

in

miroir_aux l [];;

* �}EF��Q.�V$�������
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miroir_aux
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CAML

let miroir =

let rec miroir_aux accu l =

match l with

| [] -> accu

| x :: q -> miroir_aux (x :: accu) q in

miroir_aux [];;
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Chapitre 3

Analyse mathématique des algorithmes

3.1 Complexité
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3.2 Etude d’un cas : recherche d’un élément dans un tableau

Recherche linéaire
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let cherche x t =

let n = vect_length t and i = ref 0 and trouve = ref false in

while (!i < n && not !trouve) do

trouve := t.(!i) = x ;

i := !i + 1

(* INV : trouve <==> x est dans {t.(0) ... t.(i-1)} *)

done;

!trouve;;

cherche : ’a -> ’a vect -> bool = <fun>
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Recherche dichotomique
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let recherche_dicho x t =

let rec cherche_entre g d =

if d < g then false

else

let m = (g + d) / 2 in

if x = t.(m) then true

else

if x < t.(m) then

cherche_entre g (m - 1)

else
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cherche_entre (m + 1) d

in

cherche_entre 0 (vect_length t - 1);;@BA �	 �DCFE	 � 	 � �$���
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3.3 Tris élémentaires
* �1�)
��X����PF7�����MQ.�X����$���
��� P.��P/
��.�&$�	�)�	��I �56X�h��QX� P/
��/�&$�)�b�)
h�
�5�)�KEF
��XP?Q/�/�

((

�	'�$�
))

�X���J' o 
�� PR���KEF
U��� PFo Q.� 
h��P�������Q.�J'��	�
�	'�$�	�)�U23�4�<��yR��=LE/'�����Q.�X�MP.
��.�&$�	�iEF
�QR�
���(���<^�������MQ/�V���.�5�	T����K���5�	=?�����\��Q.�t�	
����
�������cQ.�V�/
�= ��E.�R$���X
�=��)�	�
PFo Q.� $�	' 7���U�M�(���X���
��QX���
�v=?
(CU�	�.�/� �(�.��QX��'�'��j�	�}=V�(��6&$��=V�4�
����QX�	�)��sF�w��'	$� PFo Q.�X�bP/
��/�&$�)�j�
�����(���<'S�v=?
(CU���/�/� P.� ' o $��' 7�������
sF�	�jP/
��/�&$�)�	�<��
����M���

����i$�)�	�MP/�h�/�<Q.�%���4f/'��)�hQ0�����j�X
��J�('�T�
h�5�0�
6.=?�)�iP/
����U�	���<=?
�PR��-/���J'��j���4f/'��4�(Q}E�
�QR�J��Q8o�7�v'��v-.� �R'��	�
P/
��/�&$�)�	�<��
����	���i���(�/T3$�)�	�\E��4�j
h��P����j���5
������5�(���<��QR�J'��)�<�	'�$�	�)�
sF�	�b�h'�T�
h�5����6.=?�)�D��Q/���X
�QX�&�h'�'�
��/�<�U
��0�M�no Q.����'����
�����M��Q/� '��	�J�)
�=LE��4���h���

��X�c�������5��P/��QRy $��'	$�	=?�����
�<PRQ}���4f/'��)�hQ0�����j� �t�)� �
�
Q/�	���MP/�	�	� ' "�,.- 
 ��' ��-wPFo $��'	$�	=?�����
�DPRQ}�5�4fX'��)�(Qn�
4 � ��" '65�%0� �)"97 * �LPR���3��Qno Q/�L�('�T�
h�5�0�
6.=?�\P/�c���
�R�)�K� -��/" � � � '�
h������Qno ��'��/�i=?
�P.��-/�\E��h�a'��ME/'S�h�)�DP.�<P.�	QRy�$�	'�$��=?�	���
�8�)C��h���
Q/�/�M=%^��=?�M��'	$���U23�4�i��y��	=LE/'����U���X'��&�5�4fX'��)�(Q?�)
��������	���\P/�	�iP.
��/�&$�)�	�3PFoK$�	' 7���U�)�6�h���/�0�
�S�('���=?�����a���5��$�iEt�4�&
h��P����M�('�E/6X�(fM$��������Q/�
��QR�&'��	�D�/
�=?�����(E.�47�	�a���
�����VNO
��X������
��?P.�J'S� �X
h�
�bP.�M=V�(��60��
�����
�Q.6X�h�0�5�M��Q/�J'��)�w$�	' 7���U�)�D�)C��(���c=%^��=?�M�X
h�
�b�4E.E��4���h���
�
�����
�	�/�)
h���JE��4�j
h��P����b�('�EX6X�4fM$���
����QX���SEF
�Q.�J�/�bEt���DNe�h�0����P.� ���('�
�QRy.� �
�J
�Q/�J�h'�'�
��/�i�U
����J��Q/�	'���QX�	�M�('�TU
��
����6/=?�	�i��'S�h�
������Q/�)�iP/�j���
���)�.2a
�QR�J����=LE/'���-/��� �U�X
�QX�i��QRE/E�
U�����5
��/�i�UQX� '��)�M��'	$�)�<�

����&'��	�
$��'�$��=?�	���
�3���<�UQX�J�	�M�

����DP/�	�c�	�����������)��;<�	�3NO
��/������
��X�\���MT3$���&$�����('������	����Ne�h����'���=?�	���c���>E��h���5�(���\�����(�
TUQ.=?�����3Q.�LE/�R$�	PR���4�4�
P/���	
�=LEt�4���(����
��?P.�)�M��'�$�	�)�

3.3.1 Le tri par sélection
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let tri_selection t =

let echange i j =

let temp = t.(i) in



t.(i) <- t.(j);

t.(j) <- temp

in

let n = vect_length t in

let ind_min = ref 0 in

for i = 0 to n - 2 do

ind_min := i;

for j = i + 1 to n - 1 do

if t.(j) < t.(!ind_min) then

ind_min := j;

(* INV t.(ind_min) = min{t.(i), ... , t.(j)} *)

done;

(* t.(ind_min) = min{t.(i) ... t.(n-1)} *)

echange i !ind_min;

(* INV i < k < n ==> t.(0) <= ... <= t.(i) <= t.(k) *)

done;;
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CAML

let tri_bulle t =

let echange i j =

let temp = t.(i) in

t.(i) <- t.(j);

t.(j) <- temp

in

let n = vect_length t in

for k = n-2 downto 0 do

(* parcourt le tableau de 0 à k

et échange deux éléments consécutifs

s’ils ne sont pas dans le bon ordre *)

for i = 0 to k do

if t.(i) > t.(i+1) then

echange i (i+1)

done;

(* INV: t.(0) ... t.(k) <= t.(k + 1) *)

done;;
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CAML

let tri_insertion t =

let n = vect_length t

and i = ref(1)

and temp = ref 0 in

for k = 1 to n - 1 do



(* insère t.(k) à sa place dans

le sous-tableau trié t.(0) ... t.(k-1) *)

temp := t.(k);

i := k - 1;

while (!i >= 0) && (t.(!i) > !temp) do

t.(!i + 1) <- t.(!i);

i := !i - 1;

(* INV : -1 <= i

&& t(0) <= ... <= t.(i) <= t.(i+1) = t.(i+2) <= ... <= t.(k)

&& temp < t.(i+1) *)

done;

(* (i = -1 && temp < t.(0) = t.(1) <= ... <= t.(k)

ou alors

i >= 0

&& t.(0) <= ... <= t.(i) <= t.(i+1) =t.(i+2) <= ... <= t.(k)

&& t.(i) <= temp < t.(i+1) *)

t.(!i + 1) <- !temp;

(* t.(0) <= ... <= t.(i) <= temp < t.(i+2) <= ... <= t.(k) *)

done;;
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CAML

let tri_insertion_sentinelle t =

let n = vect_length t and

i = ref 1 and temp = ref 0 in

for k = 2 to n - 1 do

temp := t.(k);

i := k - 1;

while t.(!i) > !temp do

t.(!i + 1) <- t.(!i);

i := !i - 1;

done;

t.(!i + 1) <- !temp;

done;;
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CAML

let trie t =

let echange i j =

let temp = t.(i) in

t.(i) <- t.(j);

t.(j) <- temp

in

let n = vect_length t in

for i = 0 to n - 1 do

while t.(i) <> i do

echange i t.(i);

done;

done;;
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Chapitre 4

Stratégie diviser pour régner

4.1 La stratégie diviser pour régner
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4.3 Résolution générale des récurrences (( diviser pour régner ))
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4.4 L’algorithme d’exponentiation rapide
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CAML

let exponentiation x n =

let p = ref(1.) in

for i = 1 to n do

p := !p *. x

done;

!p;;
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CAML

let rec expo_rapide x n =

match n with

| 0 -> 1.;

| 1 -> x;

| _ -> let y = expo_rapide x (n / 2) in

if (n mod 2 = 0) then y *. y

else x *. y *. y;;@BA �	 �DCFE	 � 	 � �����
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4.5 Le tri fusion (mergesort)
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CAML

let fusion t1 t2 =

let n1 = vect_length t1 in

let n2 = vect_length t2 in

let f = make_vect (n1 + n2) 0 in

let i = ref 0 in

let j = ref 0 in

(* remplit le tableau f *)

for k = 0 to (n1 + n2 - 1) do

if (!i < n1) then (* s’il reste des éléments dans t1 *)

begin

if (!j < n2) then (* et dans t2 *)

begin

if ( t1.(!i) <= t2.(!j)) then

begin

f.(k) <- t1.(!i);

i := !i + 1;

end

else

begin

f.(k) <- t2.(!j);

j := !j + 1;

end

end

else (* s’il n’y a plus d’éléments dans t2 *)

begin

f.(k) <- t1.(!i);

i := !i + 1;

end

end

else (* s’il n’y a plus d’éléments dans t1 *)

begin

f.(k) <- t2.(!j);

j := !j + 1;

end

done;

f;;
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CAML

let rec tri_fusion t =

let n = vect_length t in

if (n < 2) then t else

begin

let m = n / 2 in

let t1 = tri_fusion (sub_vect t 0 m) and

let t2 = tri_fusion (sub_vect t m (n - m)) in

fusion t1 t2

end;;
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CAML

let tri_fusion t =

let n = vect_length t in

(* fusion du sous tableau

[|t.(debut) .. t.(milieu)|]

avec [|t.(milieu+1) ... t.(fin) |] *)

let fusion debut milieu fin =

let f = make_vect (fin - debut + 1) 0 in

let i = ref debut in

let j = ref (milieu + 1) in

for k = 0 to (fin - debut) do

if (!i <= milieu) then

begin

(* s’il y a des éléments dans

les deux sous-tableaux*)

if (!j <= fin) then

begin

if t.(!i) <= t.(!j) then

begin

f.(k) <- t.(!i);

i := !i + 1;

end

else

begin

f.(k) <- t.(!j);

j := !j + 1;

end

end

else

(* il n’y a plus d’éléments dans le



sous-tableau droit *)

begin

f.(k) <- t.(!i);

i := !i + 1;

end

end

else

(* il n’y a plus d’éléments dans le

sous-tableau gauche *)

begin

f.(k) <- t.(!j);

j := !j + 1;

end

done;

(* recopie de f dans t *)

for k = debut to fin do

t.(k) <- f.(k-debut);

done;

in

(* tri du sous-tableau [|t.(i) ... t.(j) |] *)

let rec tri_rec i j =

if (j - i) > 0 then

let m = (i + j) /2 in

tri_rec i m;

tri_rec (m + 1) j;

fusion i m j

in

tri_rec 0 (n-1);;
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4.6 Le tri rapide (quicksort)
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CAML

let partition t =

let echange i j =

let temp = t.(i) in

t.(i) <- t.(j);

t.(j) <- temp

in

let m = ref 0 in

for i = 1 to vect_length t - 1 do

if t.(i) <= t.(0) then

begin

m := !m + 1;

echange i !m ;

end

(* INV : 1 <= m <= i < n

&& 1 <= k <= m => t.(k) <= t.(0)

&& m < k <= i => t.(k) > t.(0) *)

done;

(* 0< k <= m => t.(k) <= t.(0)

&& m < k <n => t.(k) > t.(0) *)

echange 0 !m;

!m;;
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CAML

let tri_rapide t =

let n = vect_length t in

let echange i j =

let temp = t.(i) in

t.(i) <- t.(j);

t.(j) <- temp

in



let partition d f =

let m = ref d in

for i = d + 1 to f do

if t.(i) <= t.(d) then

begin

echange i (!m + 1);

m := !m + 1;

end

done;

echange d !m;

!m

in

(* trie le sous-tableau [|t.(d) .. t.(f) |] *)

let rec tri_rapide_rec d f =

if (f - d > 0) then

begin

let m = partition d f in

tri_rapide_rec d (m - 1);

tri_rapide_rec (m + 1) f;

end

in

tri_rapide_rec 0 (n - 1);;@BA �	 �DCFE	 � 	 � �����
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* �}����E/�R$�)���	���
�MQ/�}E�
�'�C��a^
�=?� P.��P.�	T��R$���

� � 1 � 	 1 � � 	��"�!��	 1 � � �

E��4�DQ/�w���	���
��Q.�iP.�&'�
��.T�QX��Q.�<� � 	��4�
[|a_0; ... ; a_p|]

2a
�Q.�D����=LEX'���-/���&�h
��?��Q.E.EF
��
�����&'��	�c�)
����?���������5�\�����
�����5�)�
sF� E.��
hf/' 7�	=?�J��Q.�F�X
�QX�i������$�����	�
���b�	���jP.� =wQ.'�����E/'������&���?�)���	��=?�	���&P/��Q.y?EF
�'�C��n^
�=?�)�

� � 1 � 	 1 � � 	 �!�!��	 1 � �
�

� � : � 	 :"� � 	 �!�"��	 :�� � �

� � � � � � � 	 � � � 	 �!�"��	 � � � � � � � �

s8�kNO
��
=wQ.'�� ��Q.�8P/
��.�X�J'����	
�� �>�	������� � � �)�K�n|
��� ��& ` � � 	 �". � � � � �

�
	 � 	 ���	 � 	 �� � � � �

1�� : �

P8o 
F7Q}'��kE.����=>� 7���5�MNO
��/������
��%��Q.�F���������k7�v' o �)�KE/�
����|
CAML

let multiplie p q =

let dp = vect_length p - 1 (* degré de p*)



and dq = vect_length q - 1 in (* degré de q*)

let r = make_vect (dp + dq + 1) 0 in

(* remplit les coefficients du produit*)

for i = 0 to dp do

for j = 0 to dq do

r.(i + j) <- r.(i + j) + p.(i) * q.(j)

done;

done;
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(* Multiplication de knuth de deux polynômes.

On suppose que |p| = |q| = m = 2^k,

c’est à dire deg(p) = deg(q) = 2^k - 1.

La fonction retourne le vecteur r de longueur

2*m - 1 avec les coefficients du produit pq *)

let rec knuth p q =

let m = vect_length p in

let r = make_vect (2 * m - 1) 0 in

(* cas terminal, p=a_0, q = b_0 *)

if m = 1 then

r.(0) <- p.(0) * q.(0)

else

begin

(* découpage *)

let n = m / 2 in

let p0 = sub_vect p 0 n



and q0 = sub_vect q 0 n

and p1 = sub_vect p n n

and q1 = sub_vect q n n in

(* calcul de p01 = p0 + p1

et de q01 = q0 + q1 *)

let p01 = make_vect n 0

and q01 = make_vect n 0 in

for i = 0 to n - 1 do

p01.(i) <- p0.(i) + p1.(i);

q01.(i) <- q0.(i) + q1.(i)

done;

(* calcul récursif des trois multiplications *)

let alpha0 = knuth p0 q0 (* p0q0 *)

and alpha1 = knuth p01 q01 (* (p0 + p1)(q0 + q1) *)

and alpha2 = knuth p1 q1 in (* p1 q1 *)

(* remplit les coefficients de r*)

for i = 0 to 2 * n - 2 do

r.(i) <- r.(i) + alpha0.(i);

r.(i + n) <- r.(i + n ) + alpha1.(i)

- alpha0.(i) - alpha2.(i);

r.(i + 2 * n) <- r.(i + 2 * n) + alpha2.(i)

done;

end;
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4.8 Multiplication de matrices : algorithme de Strassen
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Chapitre 5

Piles, expressions algébriques

5.1 Types de données abstraits
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type ’a pile = {mutable contenu : ’a list};;

let new () =

{contenu = []};;

let push x p =

p.contenu <- x :: p.contenu;;

let pop p =

match p.contenu with

| [] -> failwith "pile vide"

| x :: q -> p.contenu <- q; x;;

let is_empty p =

match p.contenu with

| [] -> true

| _ -> false;;
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� new_file : unit -> ’a file
|/���R$�	�bQ.�X�j�X
�Q.����'�'��J-/'�� ����P.� �

� ajout_file : ‘a -> ’a file -> unit
|/� ��
�QR�
�jQ.� $�	'�$��=?������7�kQ/�/�j-.'�� �

� retire_file : ’a file -> ’a
|������������ '��bE/�5�	=>�����?$��'�$��=?�	���iP.� 'S�k-.'������M'�� �5���

�Q.�
�X���

� file_vide : ’a file -> bool
|�Q.�}E/�R$�)PR���)�(�<��Q.���5�	���
�����FQ.�X�J-/'����)�K�M����P.� �

� ��
�Q.� -.'�� �����
�0��� -.'��

�
����� 9��+" � � , � ��� � �85 "$� � � ,0� �
Exemple 7.

� , -
�8-��	�� � � � 5 � 	�� � ��� �/"$��� �8, % �����3� - � % , � ��� � �.� %(' � ���'6��' � � -
((

�/"���� ��,.-
))

� �&% �+��' - � �85 � ,0� ' ���� �
- � ' ��� � 7 � " ' � 	 � ��� � � � � - 

" ' " 
 �	���'
� -��/"�� �� -!" % 
 � "� �� ��' � % � 5��� 
 ' ��� %9'6� � � - � ��,., ���� -+- %9' � � ��� - 5�%0� 7
5.4 Expressions algébriques
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CAML

type exp_alg =

Variable of float (* arité 0*)

| Sin of exp_alg (* Fonctions : arité 1*)

| Exp of exp_alg

| Plus of exp_alg * exp_alg (* Opérateurs : arité 2*)

| Moins of exp_alg * exp_alg

| Divise of exp_alg * exp_alg

| Mult of exp_alg * exp_alg;;
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CAML

let rec evalue e =

match e with

| Variable x -> x

| Sin e1 -> sin (evalue e1)

| Exp e1 -> exp (evalue e1)

| Plus (e1, e2) -> (evalue e1) +. (evalue e2)

| Moins (e1, e2) -> (evalue e1) -. (evalue e2)

| Divise (e1, e2) -> (evalue e1) /. (evalue e2)

| Mult (e1, e2) -> (evalue e1) *. (evalue e2);;
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CAML

#let rec prefixe e =

match e with

| Variable x -> print_float x; print_string " "

| Plus (e1, e2) -> print_string "+ "; prefixe e1; prefixe e2

| Moins (e1, e2) -> print_string "- "; prefixe e1; prefixe e2

| Divise (e1, e2) -> print_string "/ "; prefixe e1; prefixe e2

| Mult (e1, e2) -> print_string "* "; prefixe e1; prefixe e2

| Sin e1 -> print_string "sin "; prefixe e1

| Exp e1 -> print_string "exp "; prefixe e1;;

prefixe : exp_alg -> unit = <fun>

CAML

#let rec postfixe e =

match e with

| Variable x -> print_float x; print_string " "

| Plus (e1, e2) -> postfixe e1; postfixe e2; print_string "+ "

| Moins (e1, e2) -> postfixe e1; postfixe e2; print_string "- "

| Divise (e1, e2) -> postfixe e1; postfixe e2; print_string "/ "

| Mult (e1, e2) -> postfixe e1; postfixe e2; print_string "* "

| Sin e1 -> postfixe e1; print_string "sin "

| Exp e1 -> postfixe e1; print_string "exp ";;

postfixe : exp_alg -> unit = <fun>

CAML

let rec infixe e =

match e with

| Variable x -> print_float x; print_string " "

| Plus (e1, e2) ->

print_string "(";

infixe e1;

print_string "+ ";

infixe e2;

print_string ")"

| Moins (e1, e2) ->

print_string "(";

infixe e1;

print_string "- ";

infixe e2;

print_string ")"

| Divise (e1, e2) ->

print_string "(";

infixe e1;

print_string "/ ";

infixe e2;

print_string ")"

| Mult (e1, e2) ->

print_string "(";

infixe e1;

print_string "* ";

infixe e2;

print_string ")";

| Sin e1 ->

print_string "sin( ";

infixe e1;

print_string ")"



| Exp e1 ->

print_string "exp( ";

infixe e1;

print_string ")";;

CAML

#let e = Mult(

Moins(

Plus(Variable 1., Variable 2.),

Sin (Variable 6.)),

Variable 4.);;

e : exp_alg =

Mult

(Moins (Plus (Variable 1.0, Variable 2.0), Sin (Variable 6.0)),

Variable 4.0)

#prefixe e;;

* - + 1.0 2.0 sin 6.0 4.0 - : unit = ()

#postfixe e;;

1.0 2.0 + 6.0 sin - 4.0 * - : unit = ()

#infixe e;;

(((1.0 + 2.0 )- sin( 6.0 ))* 4.0 )- : unit = ()
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CAML

type opérateurs = L_plus | L_moins | L_mult | L_div;;

type fonctions = L_sin | L_exp;;

type lexème = L_var of float | L_fonc of fonctions | L_op of opérateurs;;
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CAML

let evalue expression =

let p = new() in

let traite_var v =

push v p

and traite_fonc f =

match f with

| L_sin -> let x = pop p in push (sin x) p

| L_exp -> let x = pop p in push (exp x) p

and traite_op o =

let x = pop p in

let y = pop p in

match o with

| L_plus -> push (x +. y) p

| L_moins -> push (x -. y) p

| L_mult -> push (x *. y) p

| L_div -> push (x /. y) p

in



let traite_lexème lex =

match lex with

| L_var v -> traite_var v

| L_fonc f -> traite_fonc f

| L_op o -> traite_op o

in

let rec parse l =

match l with

| [] -> pop p

| lex :: q -> traite_lexème lex; parse q

in

parse expression;;

���a' o ��y�E.���	�
����
��}�)�K����C������4y�����QX��=?�����J���X�	
h�
���	���5������'3����E/�5
�P.Q.���JQ.�X�k��yR�	��E.�
��
��
((

E/��'�������P/�
))


�Q �('�
h���M'S��E/��'��?7��'S��-.�
�)
����
���	����E/'�Q/�vPFo Q.� $�	'�$��=?�����4� * � EF
�Q.�����(����=?
�P.��-/���v'S��NO
��/���
��
�� ��� QR����'����
�h����P/�	�k��yR�	��E/����
��X��EF
�Q.���c$���5��-/���v���<Q.�/�
��y�E.���	�
����
��}�	���Mf/������NO
h�5= $�)�J�5
�QR�J�	�}' o $�����('�Qt�(���)�

� 	 ��' 
�� 
 �$� ���
{\�>��P/�4E/�5�(���a'��MNO
��X������
��vE/�R$�)�X$�)P.�	���
���X$�	���
���U�6�DQ/�/�DNO
��/������
��L��Q.����������
����c' o+�4��f/�5�iP.�<��C������4yR�&�(fX�������(���aP.�i�KC�EF�

exp_algP8o Q/�/����y�E/�5�)������
��}�h'�T3$��f/�
����Q/�k7��E��4���
���&P/� �5�kNO
h�5=?�jEF
U�K��-RyR���



Chapitre 6

Logique

6.1 Propositions logiques
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6.2 Syntaxe des propositions logiques

6.2.1 Définition inductive des propositions logiques
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CAML

type proposition =

V



| F

| Var of char

| Non of proposition

| Et of proposition * proposition

| Ou of proposition * proposition;;
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let p = Et(

Ou(Var ‘p‘, Var ‘q‘),

Ou(

Non(Var ‘p‘),

Et(Var ‘p‘, Non(Var ‘q‘))

)

);;

p : proposition =

Et (Ou (Var ‘p‘, Var ‘q‘), Ou (Non (Var ‘p‘), Et (p, Non (Var ‘q‘))))

6.2.2 Notation linéaire d’une proposition logique
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CAML

let rec linéaire p =

match p with

| V -> print_char ‘V‘

| F -> print_char ‘F‘

| Var c -> print_char c

| Non p1 -> print_string " non "; linéaire p1

| Et (p1, p2) ->

print_char ‘(‘;

linéaire p1;

print_string " et ";

linéaire p2;

print_char ‘)‘

| Ou (p1, p2) ->

print_char ‘(‘;

linéaire p1;

print_string " ou ";

linéaire p2;

print_char ‘)‘;;

#linéaire p;;

((p ou q) et ( non p ou (p et non q)))- : unit = ()
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6.3 Sémantique

6.3.1 Évaluation d’une proposition logique
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Annexe A

Types construits en CAML
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CAML

#type point = {x : float; y : float};;

Le type point est défini.
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CAML

#let p1 = {x = 0.5; y = 4.1};;

p1 : point = {x = 0.5; y = 4.1}

#p1.x;;

- : float = 0.5

#p1.y;;

- : float = 4.1
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CAML

#type vecteur = {dx : float; dy : float};;

Le type vecteur est défini.

#let translate p v =

let x1 = p.x +. v.dx and y1 = p.y +. v.dy in

{x = x1; y = y1};;

translate : point -> vecteur -> point = <fun>
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CAML

#type point = {mutable x : float; y : float};;

Le type point est défini.

#let p = {x = 0.3; y = 2.};;

p : point = {x = 0.3; y = 2.0}

#p.x <- 2.;;

- : unit = ()



#p.y <- 5.;;

Entrée interactive:

>p.y <- 5.;;<EOF>

>^^^^^^^^^

L’étiquette y n’est pas mutable.
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CAML

#type point = {mutable x : float; mutable y : float};;

Le type point est défini.

#let p = {x = 0.3; y = 2.};;

p : point = {x = 0.3; y = 2.0}

#type vecteur = {dx : float; dy : float};;

Le type vecteur est défini.

#let v = {dx = 1.; dy = 2.};;

v : vecteur = {dx = 1.0; dy = 2.0}

#let translate p v =

p.x <- p.x +. v.dx

p.y <- p.y +. v.dy;;

translate : point -> vecteur -> unit = <fun>

#translate p v;;

- : unit = ()

#p;;

- : point = {x = 1.3; y = 4.0}

A.2 Types somme
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CAML

type figure = Valet | Dame | Roi | As;;
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CAML

let valeur_figure f =

match f with

| Valet -> 2;

| Dame -> 3;

| Roi -> 4;

| As -> 5;;

valeur_figure : figure -> int = <fun>
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CAML

type nombre = Entier of int | Reel of float;;
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CAML

let addition_nombres x y =

match (x, y) with

| Entier p, Entier q -> Entier (p + q)

| Reel p, Reel q -> Reel (p +. q)

| Entier p, Reel q -> Reel (float_of_int p +. q)

| Reel p, Entier q -> Reel (p +. float_of_int q);;

addition_nombres : nombre -> nombre -> nombre = <fun>
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CAML

type reel_bar = Reel of float | MInfini | PInfini ;;

Le type reel_bar est défini.

#let rec addition x y =

match (x, y) with

| Reel x, Reel y -> Reel (x +. y)

| Reel x, MInfini -> MInfini

| Reel x, PInfini -> PInfini

| MInfini, PInfini -> failwith "operation non definie"

| _ -> addition y x;;

addition : reel_bar -> reel_bar -> reel_bar = <fun>

#addition (Reel 3.) (Reel 4.);;

- : reel_bar = Reel 7.0

#addition (Reel 4.) PInfini;;

- : reel_bar = PInfini

#addition PInfini MInfini;;

Exception non rattrapée: Failure "operation non definie"

:R�MBiCUEF�)�<�R$�)��Q.�5����NO�
;bo �	���J'��wP<$��-.�/������
��}P.�b�KC�E��k'��kE/'�QX�&������$�����	�
�5�(���
�&EF
�QR�J�/
�Q/�����UQ/�n�)�K�M���47�)�<E.��
��56/� P.��'S���
6&$�)
h�5���bP/��' o ���/P.Q/���
��
��
�����5Q/���
QR����'�'�����23�4�j��yR��=LEX'������/
�Q/�M�)�U
��X�&P<$��-.�.�tQ.�X� '������
��PFo �����
�������i�)
�=>=?�%$�����(���F|

� ��
����M'S�k'����K�5�j����P.�����5��E.�R$�	�
������$�	�<E��4�J'S�k�)
��/���5�h���
� NIL �
� ��
�����P.��'��>NO
h�5=?� Cons(i, q)


F7Q � �	����Q/���	������������� �?Q.�/��'����K�5���Fs��L�	
��/�����5Q/���5��Q.�bE��4���h=g$�����R$�
Cons

�	���
PFo+�4�
����$�v�w�O��'�E/�5�	�/P�Q.� 
hf �����MP.�b�KC�EF��'������
���)
�=>=?���4�
TUQ.=?�	���5���

{3� �)�h=>'��R�)��'S�kP/
��/�/�a|

CAML

#type liste = NIL | Cons of int * liste;;

Le type liste est défini.

CAML

#let l = Cons (1, Cons(2, Cons(3, NIL)));;

l : liste = Cons (1, Cons (2, Cons (3, NIL)))
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CAML

#let rec longueur l =

match l with

| NIL -> 0

| Cons (x, q) -> 1 + longueur q;;

longueur : liste -> int = <fun>
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CAML

#type ’a liste = NIL | Cons of ’a * ’a liste;;

Le type liste est défini.
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CAML

type exp_alg =

Variable of float

| Plus of exp_alg * exp_alg

| Moins of exp_alg * exp_alg

| Divise of exp_alg * exp_alg

| Mult of exp_alg * exp_alg

| Sin of exp_alg

| Exp of exp_alg;;

Le type exp_alg est défini.
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CAML

let rec postfixe e =

match e with

| Variable x -> print_float x; print_char ‘ ‘

| Plus (e1, e2) -> postfixe e1; postfixe e2; print_string " + "

| Moins (e1, e2) -> postfixe e1; postfixe e2; print_string " - "

| Divise (e1, e2) -> postfixe e1; postfixe e2; print_string " / "

| Mult (e1, e2) -> postfixe e1; postfixe e2; print_string " * "

| Sin e1 -> postfixe e1; print_string " sin "

| Exp e1 -> postfixe e1; print_string " exp ";;

postfixe : exp_alg -> unit = <fun>

#let e = Plus(Sin( Mult(Variable 3., Variable 2. )) ,

Divise(Variable 2., Moins( Variable 5., Variable 1.)));;

e : exp_alg =

Plus

(Sin (Mult (Variable 3.0, Variable 2.0)),

Divise (Variable 2.0, Moins (Variable 5.0, Variable 1.0)))

#postfixe e;;

3.0 2.0 * sin 2.0 5.0 1.0 - / + - : unit = ()
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CAML

let rec evalue e =

match e with

| Variable x -> x

| Plus (e1, e2) -> (evalue e1) +. (evalue e2)

| Moins (e1, e2) -> (evalue e1) -. (evalue e2)

| Divise (e1, e2) -> (evalue e1) /. (evalue e2)

| Mult (e1, e2) -> (evalue e1) *. (evalue e2)

| Sin e1 -> sin (evalue e1)

| Exp e1 -> exp (evalue e1);;

evalue : exp_alg -> float = <fun>
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Annexe B

Aide mémoire CAML

���J{3���
�����5�
succ n

��Q/�)�	�)���
��Q.�MP/� �
pred n

2a�R$�	P<$�	�)�	�
���	QR�iP/���
mod

W&�)�K�5� P/� '���PR����������
�����QX��'���PR�����/�/�
/

�bQX
h�����	���&P/�b'S��PR����������
��}��Q/�	'���P.�����.�X�
abs

���('���Q.�b�4fX�

�'�Q/�
int_of_float

�	
����U���5����
��>�R$�	�	'��U���5�&�����
�����
string_of_int

�	
����U���5����
��V�	���������M�U���5�M�56t��^ ���/�
int_of_string

�	
����U���5����
��V�56t��^ ���/�b�U�����&�����
�����
"�� �%�(�/�0EXQ.'S�4�
��
��VP.�bfX�0�5�

land n p
{a�J'�
�TU���UQX�JfX����7�kf/���

lor n p
* Q%'�
�TU����QX�Mf/���v7�kf/���

lxor n p
* Q ��yR��'�QX����NFfX�0�v7�kf/���

lnot n
�)
�=LE/'	$�	=?�����cfX���k7��f/���

n lsl m
,�$�	�4�('�� � P/�
��fX�0�5��7�kT��(Q/�56X�

n lsr m
,�$�	�4�('�� � P/�
��fX�0�5��7�vPR�5
����
�

:R�jG8'�
h�����(���
�
+. -. *. /.

* EM$�����4�
�	QR���D��QR�M'��	�<�R$�	�	'��
x ** n

{ay�E�
��/�	�����S�4����
��
<. >. <=. ...

* EM$�����4�
�	QR���DP.���)
�=LEt�(���(���

��
exp log sqrt sin cos

NO
��/������
��X�D=V�4�
6&$�	=V�4������Q/�)�
tan asin acos atan

NO
��/������
��X�D=V�(��6&$��=V�4�
����QX�	�
abs_float

[c�('���Q.�j�4fX�

�'�Q/�
ceil floor

23�4�
����� ������� 7���5�j���RN4$���
����Q.�5� � ��QREM$���
����Q����j�O�5���

�QR�5�/�bQ.�}�R$�	��'S�
sin, exp, atan

G�
��/���
��
��/�i=V�4�
6&$�	=V�4������Q/�)�
float_of_int

�	
����U��������
��V�����
�����M�U���5�<�R$�	�	'
int_of_float

�	
����U��������
��>�R$�	�	'X�������M�����
�����
!.� * EM$�����4����
��X�c��QR�J'��	�<fF
�
�'	$�)���/�)�

A && B
{a�MfF
�
�'�$�	�	�1�($�	���('�QX�4�
��
��?E��4�5�)���
��QX���4�

A || B
* QVfF
�
�'	$�)��� �($�����('�Qt�4����
��VEt�4���	�
�
��Q/�
�)�

not A
�M
��}fF
�
�'�$�	�	�

< <= = <> >= >
;<
�=LEt�4���(����
��/�

9��j;&�4���h���)7�����	�
‘a‘

,�$��-.�.���
��
���P8o Q/�}�4�4�������)7�����k�e�	���������h�	�)�����
�<T����)�U�)�
�
char_of_int
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�������������
����)�4���h���)7�����J�������M�	
�P.��Ij�/;&dKd
int_of_char
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�������������
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let s = "Bonjour"
,}$��-.�.������
���PFo Q.�X�b�56t��^ ���/�

s.[i]
Ij�	��7�	�J�(Q}� 7��=?� �)�4���h���)7���5�bPFo Q.�/� �56X�	^ ���X�

s.[i] <- ‘a‘
W&��=LEX'S�h�	�	=?�����<P.Q�� 7�	=?�b�4�4���h���)7�����

s ^ t
;<
��/�4�4��$���X�(����
��VP/���56X��^ ���/�)�

string_length
s�
��/T�Q/�	QR�MPFo Q.�X� �56t��^ ���/�

make_string n ‘a‘
;D�.$�4�4����
��}PFo Q.�X�j�X
�Q.����'�'��j�56t��^ ���/� P.� '�
��.TUQ/�	QR� � ����=LEX'���� P.���

sub_string debut longueur
��
�QX� � �56X�	^ ���X�

print_string "Hello"
de=LE.���	�
����
���PFo Q.�X�b�56t��^ ���/�

print_newline ()
de=LE/�5�)������
���P8o Q/�V�����5
�Q.�k7��'S�k'���T��X�

���jW?$��N)$�������X�	�)�
let x = ref 0

,�$��-/�.������
��}PFo Q.�X�J�R$��N4$�������/�)�
!x

�	
����
����Q}P.� 'S���.$��N)$�������X�	�
x := val

�}
�P.�0-X�)�4�
��
���P.Q%�)
����5����Q�P/��'S���R$��N4$���5�	�/�)�
HR�&[\�	���
��Q.�5�

[|0; 1; 2|]
��C����5�4yR��PFo Q.�%���	���5��Q.�

t.(i)
� 7��=?�}$��'	$�	=?�����<P8o Q/�����	���
��Q.�

t.(i) <- val
=?
�PR��-/�4�4����
���PFo Q.�Y$�	'�$��=?�����&PRQ%�U�)���5��QR�

vect_length t
'�
��/T�Q/�	QR�MPFo Q.�}�U�)���
�	QR�

make_vect l v
;D�R$�	�bQ.�%�X
�Q.���)�(Q��U�)���
�	QR�jP/�b'�
��.T�QX��Q.� �n����=LE/'���P.�

v

sub_vect i long
�������U
����J'�����
�Q/� � ���	���
��Q.� [|t.(i); ... ;t.(i+long-1)|]

concat_vect t1 t2
;<
��X�)�4��$���t�4����
���P.��P.�	QRyV���	���5��Q.�5�

let t = copy_vect t1
;<
hE/��� PFo Q.�%�U�)���5��QR�

vect_of_list
�	
����U���5����
��?'����K�5� �U�����&�U�)���5��QR�

Z��Jst�����
�	�
[1; 2; 3]

,�$��-.�/�0�
��
���P8o Q/�/� '����K�5�
[ ]

st�����
������P.�
x :: l

I ��
�QR�jP8o Q/� $�	'�$��=?�	���i���}�	^���
��P/��'������
�
x :: q

=?
h�
��NaP.� -/'0�����hTU� ��Q.�J'��)�<'������
�)�
hd l

W&���

�QR�5�/�b'��k�	^���
��P/�b'������
�
tl l

W&���

�QR�5�/�b'�����Q/�	Q/��P.� '����K�5�
l1 @ l2

;<
��X�)�4��$���t�4����
��VP.��P.�	QRyV'������
�	�
list_length

sF
��.TUQ/�	QR�JPFo Q.�X�j'����K�5�
mem x l

I&E/Et�4�
�
�	�X�(�X�	� PFo Q.� $��'	$�	=?����� � 7�v'S��'����K�5���
map f l

I&E/E/'����UQX�j'S�kNO
��X������
�� � 7���5
�QX�&'��)�>$��'	$�	=?�����
�iP.� 'S�k'������
�
list_of_vect

;<
����U��������
��V'����K�5�j�������&�U�)���
�	QR�
rev l

de=V�(TU� =>����
����&P8o Q/�/�b'������
�
�4`��J{3�����R$�)�	� � �

h�
�����)�

print_int
I �?�56/��Q/�%�	���������

print_float
I �?�56/��Q.�}�R$�	�	'

print_char
I �?�56/��Q.� �4�4�������)7�����

print_string
I �>�56X��Q.�X�b�56t��^ ���/� P.���)�4���h���)7���5�)�

print_newline()
23�h�
���L7�v'S�k'���T��X�

�U�����i
�Q/�	'��	�

for i = 0 to n do

expression_1;

...

expression_n

done;

while condition do

expression_1;

...

expression_n

done;

�4"��MBa�	���
�



Ba�	���j����=LE/'��n|

if condition then expression;
Ba�	���j�	
��XPR������
��.�/�	')|

if condition then expression_1

else expression_2;
I 'S��EX'����	� PFo Q.�/� ��y�E/�5�)������
��0��
��}EF��Q.�J���%E/'S�h�)���<E/'�Q/������Q.�5�<P/�(�X�<Q.�}f/'�
��a|

if condition then begin

expression_1;

...

expression_n

end;

if condition then begin

expression_1;

...

expression_n

end else begin

expression_1;

...

expression_n

end;



Annexe C

Conseils de présentation des
programmes

[\
����	�8��Q/�	'���QX�	�M�	
��/�
����'��cEF
�QR�J��Q/���U
U�<E.��
�T����(=>=?�)�c�

��������&'�������f/'��	�)��dO'��M�

����M���/��E/���R$�	�iP.� 'S��E��(TU� �<��f P.� ' o �hQR�
�	QR�JP.�
�4�(=>' �.23�����
�5� � �	�����M���j��
����&P.����EF
��/�0fX'��	�b7��' o ��P����	�
��� ��Q/���h�h���
��|

http://caml.inria.fr/FAQ/pgl-fra.html

C.1 Espaces

� de�/��$�����
�iQ.�>�	��Et���	��"� $"�,0�\���2"�� ' �� -J�56X���UQX�i
�EM$�����(�
��Q.�n���R-.y����eQ.�?�4�5T�Q/=?�����<7�jT��hQ/�56/�<���\Q/�>�(�
TUQ.=?�����M7�bP���
����
�4�
�
+ - := ::

�	�	�5�t|

let a=a+1;; (* mauvais *)

let a = a + 1;; (* bon *)

| x::q->(f x) +1 (* mauvais *)

| x :: q -> (f x) + 1 (* bon *)

r :=1+!r ; (* mauvais *)

r := 1 + !r; (* bon *)

� de�/��$�����
�bQ.� �	��Et���	� "�� ' �� -k�56X���UQX�b��$��Et�4���4�
�	QR� � , ;
���.=V�(���DE��h�J�)���(���F|

let couple = (1,2);; (* mauvais *)

let couple = (1, 2);; (* bon *)

let l = [1;2;3;4] ;; (* mauvais *)

let l = [1; 2; 3; 4];; (* bon *)

C.2 Indentation des blocs

� s��)�&EF
������<�����5T�Q.'��)�i�

����JP.�)�2- �� �." ' "#� ��%(' -kPFo ���/�����5Q/���
��
��/�iP/�(�X�<Q.�/����$�	��QX���/�)�a|
CAML

for i = 0 to n do

a := !a + 1;

b := 2 * b;

print_int !a;

print_int !b

done



� 2a
�Q.�b'��	�jf/'�
��	� begin ... end
�/E/'S�h�)���b'��kf��	T���� 7�>'��L-.��P/�k'S�wE/�5�	=>� 7�����b'���T��X���X����'��

end
���/P.�	����$�k�hQ �.�����)�(Q

P.� ' o ���X�K���
QX���
��
��8�
CAML

if x > 2 then begin

a := !a + 1;

b := !b + 1

end

else begin

a := !a - 2;

b := !b - 1;

end;

C.3 Filtrage
WM�	��E��)���5�
��' o ���/P/�������4����
�����Q/�����(���5�3|

CAML

let f l =

match l with

| 0 -> 1

| 1 -> 2

| _ -> 0;;

sF
h������Q/� '�� =?��=�f.���bPR�5
����&P8o Q/�V-.'������(T����	���&'�
��.T ��E��h���
���k7�v'S�k'���T��X�n|
CAML

let rec f x y=

match x with

| 0 -> 0

| _ ->

let z = f (x - 1) y in

if z > y then 1

else 2;;

C.4 Parenthèses
sF�	�jEt�4�������
687�)���)�i�
���5�U�	����7�wP<$��-.�.���JQ.�X��E.�5��
h�5����$�j���/6X�4fX����Q/�	'�'���� �M��Et���b�4fXQ/�
���jP.��Et�4�������
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C.5 Commentaires
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Annexe D

Solutions des exercices
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�� 
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let max t =

(* Ne fonctionne qu’avec des tableaux non-vides *)

let n = vect_length t in

let m = ref t.(0) in

for i = 1 to n - 1 do

if t.(i) > !m then m := t.(i)

done;

!m;;

� 	 ��' 
�� 
 � 	 ���
;<
��/����P<$���5
��/�\' o �������4�5�S�(���<P/�bf�
�Q/�	'��jE/'S�h�X$�j�	� �	
�=>=?�	���5�(�����8|

let horner p x =

let n = vect_length p in

let y = ref p.(n - 1) in

for k = n - 2 downto 0 do

y := !y *. x +. p.(k)

(* INV : y = p.(n-1) x^{n-k-1} + p.(n-2) x^{n-k-2} + ...

+ p.(k) *)

done;

!y;;* � �)
��/����PF7���5�JQ.�}�5�4fX'��)�(Q ��� & ( � � �!*"*!* � � �$# � ( .n�	
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� 	 ��' 
�� 
 � 	 ���

let multiplie x y =

let m = ref 0

and a = ref x

and b = ref y in

while !b > 0 do

if !b mod 2 = 1 then m := !m + !a;

a := !a * 2;

b := !b / 2

(* INV a * b + m = x * y *)

done;

!m;;
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let drapeau t =

let n = vect_length t in

let i = ref (-1)

and j = ref 0

and k = ref n in

while !j < !k do

if t.(!j) = 0 then

j := !j + 1

else if t.(!j) = 1 then begin

k := !k - 1;

echange t !j !k

end else begin

i := !i + 1;

echange t !i !j;

j := !j + 1;

end

(* INV : pour 0 <= l <= n - 1,

l <= i ==> t.(l) = -1

et l <= i < j ==> t.(l) = 0

et l >= k ==> t.(l) = +1

*)

done;;

� 	 ��' 
�� 
 � 	 ���
;<
��/����P<$���5
��/�i'��w��Q.���
� 
 � � 1 � 
 ��� : � 
 	 �'�!�"� � 
 � � EXTU�	PF��1 � :��JP.��' o+�('�TU
��
����6/=?�jP8o {3QX��'���P.���.s3o ��P<$�	�bEF
�Q.�J����
�Q/�U���



Q/� �������4�5���h���j�	��� P.��P<$��-.�.���jQ/� �)
�QREX'��>� � � � ! � �
((

�����
���5= $�)PR�S�(���5�
))

P.�k�
��'�'���Ne����)
����UQX� ������& & ` � � . .�� � � 1 	 ! � : � 
 � �
2a
�QR�J�	�	'��#��E�
U��
��/� � � � � �

! � � `
� � � � `

!%� � �
2a
�QR�V��Q/�}' o �������4�5�S�(���w�

����>�c$���5��-<$�%�(Q P<$��Et�4�
�)�\��QRE/EF
��

��/�w' o �������4�5�S�(���v�����(�MEF
�Q.�$� �*` *!*"*��t� * � � P.
��/� 
 � # � �1 � � # � 	 :�! � # � ��� 
 � � 1 � � 	 :�! � �/23Q/���
��Q/� 
 � � �j�	���J'��b�5�)�K�5� P/� '���PR����������
�����QX��'���PR�����/�/�JP/� 
 � # �MEt�4� 
 � �


�� # � � � � 
�� 	 
�� � �
���jP.
��/�


 � � � � 
 � # � � � � 
 � � ��1 � � # � 	 :�! � # ��� � � � � 1 � � 	 :�! � � � 1X� � � # � � � � � � � 	 :4� ! � # � � � � ! � �

2a
�QR�M=V�(�����
�	�.���<' o �����h�(�
�S�(���&�U��'F��Q �L�jP.
��/� P.�bEF
��
���
� � � � � � � � # � � � � � �

! � � � � ! � # � � � � ! �
,ko 
F7Q}'S��NO
��/���
��
���|

let bezout a b =

let r1 = ref a

and r2 = ref b

and u1 = ref 1

and u2 = ref 0

and v1 = ref 0

and v2 = ref 1

and temp = ref 0

and q = ref 0 in

while !r2 > 0 do

q := !r1 / !r2;

temp := !r1;

r1 := !r2;

r2 := !temp mod !r2;

temp := !u1;

u1 := !u2;

u2 := !temp - !q * !u2;

temp := !v1;

v1 := !v2;

v2 := !temp - !q * !v2

(* INV : a * u1 + b * v1 = r1*)

done;

(* r2 = 0, r1 = pgcd(a, b), a * u1 + b * v1 = pgcd(a, b) *)

(!u1, !v1);;
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mystere 5;;

5 4 3 2 1

1 2 3 4 5 - : unit = ()

#mystere "BONJOUR" 0;;

BONJOUR

ruojnob- : unit = ()
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let rec binomial n p =

match (n, p) with

| _, 0 -> 1

| 0, _ -> 0

| _ -> (binomial (n - 1) (p - 1)) + (binomial (n -1) p);;
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let rec binomial n p =

match (n, p) with

| _, 0 -> 1

| 0, _ -> 0

| _ -> n * (binomial (n - 1) (p - 1)) / p;;
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let rotation p =

let q = new () in

while not is_empty p do

push (pop p) q

done;

let temp = pop q in

while not is_empty q do

push (pop q) p;

done;

push temp p;;
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