Introduction a la
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Semaine 6 (1 séance de 2h)



Récursivite



La factorielle

n!=Hi=1><2><---><(n—1)><n
=1



n! = nb. permutations de n objets



n! = nb. permutations de n objets

C A~



n! = nb. permutations de n objets

(.0}

(@, 9]
(@, @]



n! = nb. permutations de n objets

(.0}

(@, O]
(@, @]

2!

|
b



n! = nb. permutations de n objets

(@. 9} {94,535, 3)

(@, 9]
(O, @]

2!

|
b



n! = nb. permutations de n objets

(@. 9} {94,535, 3)

[, 3, B]
 [4,8,5]
(@, 0] [, 4,5
(0. @] [-.8.9]
(B, %, 5]

(8,5, #]

2!

|
b



n! = nb. permutations de n objets

(@. 9} {94,535, 3)

(4, 5, B]
(4,8,
(@, 0] [, 4,5
0. @] [».2.49)
(B, &, 5]

(8,5, #]

21 =12 3!=6



n! = nb. permutations de n objets

(@.9) (4.5.8) (@)

[, 55, B]
(4,8,
(@, 0] [543
0. @] [».2.49)
(B, &, 5]

(8,55, &]

21 =12 3!=6



n! = nb. permutations de n objets

(@.9) (4.5.8) (@)

[, 55, B]

@ o] (<6, B, 3]

99 (%5, 4, B]
(0. @] [-.8.9] [@]

(B, 4%, 55]

(8,3, 4]

21 =12 3!=6



n! = nb. permutations de n objets

(@.9) (4.5.8) (@)

(4, 5, B]

@ o] (4%, B, 5]

’ - |, . ,@]
(0. @] [-.8.9] [@]

(B, 4%, 55]

(8,5, $]

21 =12 3!=6 I11=1



n! = nb. permutations de n objets

(@.9) (4.5.8) (@) 2

(4, 5, B]

@ o] (4%, B, 5]

’ - |, . ,@]
(0. @] [-.8.9] [@]

(B, 4%, 55]

(8,5, $]

21 =12 3!=6 I11=1



n! = nb. permutations de n objets

(@.9) (4.5.8) (@) 2

(4§, 5, B]

@ [, B, 5]

, O [, 4, 3]
0. @] [58.9] [&*] (]

(8,8, %]

(8,55, 3]

21 =12 3!=6 I11=1



n! = nb. permutations de n objets

(@.9) (4.5.8) (@) 2

(4§, 5, B]

@ [, B, 5]

, O [, 4, 3]
0. @] [58.9] [&*] (]

(8,8, %]

(8,55, 3]

21 =12 3!=6 11=1 O!l=1



Algorithme itératif pour n'!
n!l=1x2x--Xmn—-1)Xn



Algorithme itératif pour n'!
n!l=1x2x--Xmn—-1)Xn

def fact iter(n):

r=1
for i in range(1l, n + 1):
r=r * 1

return r



La factorielle

n!=Hi=1><2><---><(n—1)><n
=1



La factorielle

n!=Hi=1><2><---><(n—1)><n
=1




La factorielle

n!=Hi=1><2><---><(n—1)><n
=1

(n—1)!



La factorielle

n!=Hi=1><2><---><(n—1)><n
=1

(n—1)!
N ——_ —



La factorielle

n!=Hi=1><2><---><(n—1)><n
=1

(n—1)!
N ———_ —
nXmn-—1)!



La factorielle

n!=Hi=1><2><---><(n—1)><n
=1

(n—1)!
N ———_ —
nXmn-—1)!

0

remarque : 0! = Hi =1
i=1



Algorithme récursif pour n!
n'=nxm-1)'avec0! =1



Algorithme récursif pour n!
n'=nxm-1)'avec0! =1

def fact(n):



Algorithme récursif pour n!
n'=nxm-1)'avec0! =1

def fact(n):
if n == 0O:



Algorithme récursif pour n!
n'=nxm-1)'avec0! =1

def fact(n):
if n ==
return 1



Algorithme récursif pour n!
n'=nxm-1)'avec0! =1

def fact(n):
if n ==
return 1
else:
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def fact(n):
if n ==
return 1
else:
return n * fact(n - 1)
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Terminaison de fact

sin = 0 alors
on s’arréete

def fact(n):
i'Fn==
return 1

else:
return n * fact(n _/1)\)

sinon on appelle et fact(n-1) aun

fact(n-1) et : |
puis on s’arréte parametre plus petit,
qui se rapproche de 0
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Code récursif (errone ')
sans reduction de I’'entree

sin = 0 alors
on s’arréete

def fact3(n):
if n == 0O:

return 1
else:
return n * fact3(n)

mais si n > ( / \

alors on appelle ...qQui appelle fact3(n),
fact3(n) -
qui appelle fact3(n)...




Exercice 1 du TD6



Somme d’un tableau
« diviser pour régner »
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Diviser pour regner

On veut calculer la somme d’un tableau A de longueur n,
donc de la position 0 a la positionn — 1

On divise le probleme en deux sous-problemes plus petits :

e Calculer récursivement la somme de la premiere moitié de A
e Calculer récursivement la somme de la seconde moitié de A
Enfin, on combine les deux (avec +) pour avoir le total

Si le morceau de A est tres petit (0 ou 1) on résout directement



Somme d’un tableau A de A[i] a Al /]

def sum array(A, i, j):
=J -1+1
1f n == 0:
return 0
elif n == 1:
return A[1i]
else:
m=(i+3)// 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r



© 00 N O 0o &~ 0N =

—_—t ok
- O

Sommede [1,4,2,3,5]

def sum_array(A, i, j):

n=7j-1+1

if n ==
return 0

elif n == 1:
return A[i]

else:
m=(i+73)//2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r



© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [1,4,2,3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return 0

elif n ==
return A[i]

else:
m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

#L

sum_array([1,4,2,3,5], @0, 4)

A lilginimity

................................................................................
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

-
o

—h
—h

Sommede [1,4,2,3,5]

sum_array([1,4,2,3,5], 0, 4)
#L A §i§j§r1§m§1§ r

. 1|01,4,2,3,5]i0i4; | i
def sum_array(A, i, j): AEe, §m§1L9¢mm%m¢mm?m% ________

n=3-1i+1 2 5

if n == 0O: 3

return © s
elif n == 1: e e e S

return A[i] ST OSSOSO SOV NS SN SOV N
else: S N SO A N T
m=(i+3) // 2 9
1 = sum_array(A, i, m) N [ S S A A A A
r = sum_array(A, m+l, j) e S s S

return 1 + r




© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [1,4,2]

def sum_

array(A, i, j):

=3j-1+1

if n

elif

return ©
nNn ==
return A[i]

else:

m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

e _ h

sum array([1,4,2,3,5] Q, 2)

= #L

A éiEJ’E

;mg'l.
[1,4,2,3,5] @ 2| o

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4]

def sum_array(A, i, j):
n=7j-1+1
if n ==
return ©
elif n ==
return A[i]
else:

m=(1i+73)//2

1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

b S

= #L

e _ h
e — h

sum_array([1,4,2,3,5], @0, 1)

A liijinimilir

[1,4,2,3,5]: 0 1

................................................................................
................................................................................
................................................................................
................................................................................
................................................................................




Somme de [1]

7 1 =

. . ] sum_arra 1,4,2,3,5], 0, 0

def sum array(A, i, j): 113 - y<[5 C ]5 5 ?
n=73-1+1 19 L A tijinmitor

if n == 0: 41 1|[1,4,2,3,5]0:0:
return © RN - T
elif n == 1: I . S S s o S
return A[i] N | RS SN O -

else: B R

........................................................................................

m=(i+3) //2 141

© 00 N O 0o &~ 0N =

[ -
- O

1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

résultat : 1




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4]

def sum_array(A, i, j):
n=7j-1+1
if n ==
return ©
elif n ==
return A[i]
else:

m=(1i+73)//2

1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

b S

= #L

e _ h
e — h

sum_array([1,4,2,3,5], @0, 1)

A liijinimilir

[1,4,2,3,5]: 0 1

................................................................................
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

Somme de [1,4]

def sum array(A, i, j):

n=7j-1+1

if n ==
return 0

elif n ==
return A[i]

else:
m=(i+3) // 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

~-

_ _ h

= #L

S h
sum_array([1,4,2,3,5], 0, 1)

A liijinimilir

[1,4,2,3,5]1 0 1




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4]

def sum_array(A, i, j):
n=7j-1+1
if n ==
return ©
elif n ==
return A[i]
else:

m=(1i+73)//2

1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

b S

= #L

e _ h
e — h

sum_array([1,4,2,3,5], @0, 1)

A liijinimilir

[1,4,2,3,5]: 0 1

................................................................................
................................................................................
................................................................................
................................................................................
................................................................................




Somme de [4]

7 1 =
. . ] sum_arra 1,4,2,3,5], 1, 1
def sum_array(A, i, Jj): 4 ] - - y<[s L ]s 5 ?

n = j - i+ 1 b #L A 1] n? mg 1? r

if n == 0: 41 1|m1,4,2,3,5]1:i1:
return © | ST T T
elif n == 1: e s s e s S s
return A[i] N | RS SN O -

else: B R

........................................................................................

m=(i+3) //2 141

© 00 N O 0o &~ 0N =

[ -
- O

1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

résultat : 4




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4]

def sum_array(A, i, j):
n=7j-1+1
if n ==
return ©
elif n ==
return A[i]
else:

m=(1i+73)//2

1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

b S

= #L

e _ h
e — h

sum_array([1,4,2,3,5], @0, 1)

A liijinimilir

[1,4,2,3,5]: 0 1

................................................................................
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4]

_ _ h
e h

sum_array([1,4,2,3,5], 0, 1)

def sum_array(A, i, j): 1712 A tJinim:eter
n=7j-1i+1 11 1|[1,4,2,3,5]1:0:1:

if n == 0: A A I R R
return © 1] AR R R

elif n == 1. 1 [ TS -

return A[i] 4003

........................................................................................

~-

else: 17 7

........................................................................................

m = (i+3) // 2 s e

1 = sum_array(A, i, m) L 5 [ [ S S S B B
r = sum_array(A, m+l, j) A e R
return 1 + r 1 10 T




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4]

def sum_array(A, i, j):
n=7j-1+1
if n ==
return ©
elif n ==
return A[i]
else:

m=(1i+73)//2

1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

b S

= #L

e _ h
e — h

sum_array([1,4,2,3,5], @0, 1)

A liijinimilir

[1,4,2,3,5]: 0 1

................................................................................
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4]

def sum_array(A, i, j):
n=7j-1+1
if n ==
return ©
elif n ==
return A[i]
else:

m=(1i+73)//2

1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

~-

_ _ _ h

= #L

e — h

sum_array([1,4,2,3,5], @0, 1)

A liijinimilir

[1,4,2,3,5]: 0 1

................................................................................
................................................................................
................................................................................
................................................................................
................................................................................

résultat : 5




© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [1,4,2]

def sum_

array(A, i, j):

=3j-1+1

if n

elif

return ©
nNn ==
return A[i]

else:

m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

e _ h

sum array([1,4,2,3,5] Q, 2)

= #L

A éiEJ’E

;mg'l.
[1,4,2,3,5] @ 2| o

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4,2]

- - - - h
sum array([1,4,2,3,5] @ 2)

A ijinim1l
[1,4,2,3,5] @ 24 ¢

def sum_array(A, i, j):
=3j-1+1

if n ==
return ©

elif n ==
return A[i]

else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

= #L




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4,2]

def sum_array(A, i, j):

nNn =
if n

J

r

-1+ 1

eturn ©

elif ==

r

else:

m
1
r
r

eturn A[i]

=(i+ 3j)// 2

= sum_array(A, i, m)

= sum_array(A, m+l, j)
eturn 1 + r

e _ h

sum array([1,4,2,3,5] Q, 2)

= #L

A EiEJ'E nim o lir

[1,4,2,3,5] @ 2

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

Somme de [2]

def sum array(A, i, j):

n=7j-1+1

if n ==
return ©

elif n ==
return A[i]

else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

#L

sum array([1,4,2,3,5] 2, Z)

A éiéjé Emsl
[1,4,2,3,5] 212 L

................................................................................
................................................................................
................................................................................

................................................................................

résultat : 2




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4,2]

def sum_array(A, i, j):

nNn =
if n

J

r

-1+ 1

eturn ©

elif ==

r

else:

m
1
r
r

eturn A[i]

=(i+ 3j)// 2

= sum_array(A, i, m)

= sum_array(A, m+l, j)
eturn 1 + r

e _ h

sum array([1,4,2,3,5] Q, 2)

= #L

A EiEJ'E nim o lir

[1,4,2,3,5] @ 2

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4,2]

- - - - h
sum array([1,4,2,3,5] @ 2)
A ijinim1l
[1,4,2,3,5] @ 24 ¢

def sum

_array(A, i, j):

=Jj -1+1

if n

return 0

elif n ==

return A[i]

else:

m=(i+3) // 2

1 = sum_array(A, i, m)

r = sum_array(A, m+l, j)
return 1 + r

= #L




© 00 N O 0o &~ 0N =

[ -
- O

Sommede [1,4,2]

def sum_array(A, i, j):

nNn =
if n

J

r

-1+ 1

eturn ©

elif ==

r

else:

m
1
r
r

eturn A[i]

=(i+ 3j)// 2

= sum_array(A, i, m)

= sum_array(A, m+l, j)
eturn 1 + r

e _ h

sum array([1,4,2,3,5] Q, 2)

= #L

A EiEJ'E nim o lir

[1,4,2,3,5] @ 2

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

def sum _array(A,

Sommede [1,4,2]

i, J):
n=7j-1+1
if n ==
return ©
elif n ==
return A[i]
else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+1,
return 1 + r

j)

e _ h

sum array([1,4,2,3,5] @ 2)

= #L

A ziéjé nimil

[1,4,2,3,5] @ 2

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................

résultat : 7




© 00 N O 0o &~ 0N =

-
o

—h
—h

Sommede [1,4,2,3,5]

sum_array([1,4,2,3,5], 0, 4)
. 1|[1,4,2,3,5]10:4: i i |

def sum array(A, i, j): LfL4.2,3,5 1Lm¢m@mm5m¢m¢ --------

n=73j-1i+1 2 .

if n == 0O: 3
return © =

elif n == 1: e e e S
return A[i] ST OSSOSO SOV NS SN SOV N

else: S N SO A N T

m=(i+3)//2 9 L 7

1 = sum_array(A, i, m) A R R S R

r = sum_array(A, m+l, j) s e

return 1 + r




© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [1,4,2,3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return ©

elif n ==
return A[i]

else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

sum_array([1,4,2,3,5], @, 4)
1|[1,4,2,3,5]i0i4: { i




© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [1,4,2,3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return 0

elif n ==
return A[i]

else:
m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

#L

sum_array([1,4,2,3,5], 0, 4)
A iijinimilor

[1,4,2,3,5]: 0 4|

.................................................................................
.................................................................................
.................................................................................
.................................................................................
.................................................................................




© 00 N O 0o &~ 0N =

[ -
—A O

Somme de [3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return ©

elif ==
return A[i]

else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

= #L

e _ h

sum array([1,4,2,3,5] 3, 4)

A Eiéjé o1

[1,4,2,3,5] 3 4

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

Somme de [ 3]

def sum array(A, i, j):

n=7j-1+1

if n ==
return ©

elif n ==
return A[i]

else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

#L

sum array([1,4,2,3,5] 3, 3)

A éiéjé Emsl
[1,4,2,3,5] 3 3 o

................................................................................
................................................................................
................................................................................

................................................................................

résultat : 3




© 00 N O 0o &~ 0N =

[ -
—A O

Somme de [3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return ©

elif ==
return A[i]

else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

= #L

e _ h

sum array([1,4,2,3,5] 3, 4)

A Eiéjé o1

[1,4,2,3,5] 3 4

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return 0

elif n ==
return A[i]

else:
m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

= #L

_ e _ h

sum array([1,4,2,3,5] 3, 4)
A EiEJ'E nmilr

[1,4,2,3,5] 3 4




© 00 N O 0o &~ 0N =

[ -
—A O

Somme de [3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return ©

elif ==
return A[i]

else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

= #L

e _ h

sum array([1,4,2,3,5] 3, 4)

A Eiéjé o1

[1,4,2,3,5] 3 4

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
- O

Somme de [5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return ©

elif n ==
return A[i]

else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

sum array([1,4,2,3,5] 4 4)

#L

A éiEJ’E nim lir
[1,4,2,3,5] 44 L

................................................................................
................................................................................
................................................................................

................................................................................

résultat : 5




© 00 N O 0o &~ 0N =

[ -
—A O

def sum_

nNn =
if n

elif

Sommede [3,5]

array(A, i, j):
j-1+1
return ©

nNn ==

return A[i]

else:

m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

= #L

e _ h

sum array([1,4,2,3,5] 3 4)

A iinm

[1,4,2,3,5] 3 4

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return 0

elif n ==
return A[i]

else:
m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

= #L

S A
sum array([1,4,2,3,5] 3, 4)

A EiEJ'E nmilr
- —————

[1,4,2,3,5] 3 4




© 00 N O 0o &~ 0N =

[ -
—A O

def sum_

nNn =
if n

elif

Sommede [3,5]

array(A, i, j):
j-1+1
return ©

nNn ==

return A[i]

else:

m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

= #L

e _ h

sum array([1,4,2,3,5] 3 4)

A iinm

[1,4,2,3,5] 3 4

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
—A O

def sum_

nNn =
if n

elif

Sommede [3,5]

array(A, i, j):
j-1+1
return ©

nNn ==

return A[i]

else:

m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)

return 1 + r

= #L

e _ h

sum array([1,4,2,3,5] 3 4)

A iinm

[1,4,2,3,5] 3 4

"""""""""""""""""""""""""""""""""""""""""""""""""""""
................................................................................
................................................................................
................................................................................
................................................................................

résultat : 8




© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [1,4,2,3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return 0

elif n ==
return A[i]

else:
m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

#L

sum_array([1,4,2,3,5], @0, 4)

A lilginimity

[1,4,2,3,5]: 0 4|

................................................................................
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [1,4,2,3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return ©

elif n ==
return A[i]

else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

#L

sum_array([1,4,2,3,5], @, 4)
A iijinimilor

[1,4,2,3,5]: 0 4|




© 00 N O 0o &~ 0N =

[ -
—A O

Sommede [1,4,2,3,5]

def sum array(A, i, j):

n=7j-1+1

if n ==
return 0

elif n ==
return A[i]

else:
m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

#L

sum_array([1,4,2,3,5], @0, 4)

A lilginimity

[1,4,2,3,5]: 0 4|

................................................................................
................................................................................
................................................................................
................................................................................
................................................................................




© 00 N O 0o &~ 0N =

[ -
—A O

def sum array(A, i, j):

n=7j-1+1
if n ==
return 0
elif n ==
return A[i]
else:
m=(i+3j)// 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

#L

Sommede [1,4,2,3,5]

sum_array([1,4,2,3,5], 0, 4)
A iijinimilor

[1,4,2,3,5]: 0 4|

.................................................................................
.................................................................................
.................................................................................
.................................................................................
.................................................................................

résultat : 15




© 00 N O 0o &~ 0N =

[ -
—A O

def sum array(A, i, j):

n=7j-1+1
if n ==
return ©
elif n ==
return A[i]
else:
m=(i+3) // 2
1 = sum _array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r

#L

Sommede [1,4,2,3,5]

sum_array([1,4,2,3,5], 0, 4)

A iijinimilir
[1,4,2,3,51: 04 | | |

d loccoooocscosnocacssssooosscssooficscsosofcssosoclocsossoficsssssoficcsssoolocssonas
.

H

.................................................................................
.................................................................................
.................................................................................
.................................................................................

rsultat ;




Arbre de récursion



sum_array([1,4,2,3,5], O, 4)
#L A gigjinml

11[1,4,2,3, 5] 0 4

---------------------------------------------------------------------------------------

N
U

.......................................................................................

W

.......................................................................................

Ui

résultat : 15



\.—\
R

#L

sum_array([1,4,2,3,5], O, 2)

A ;i;jinml

[1,4,2,3, 5] @ 2

--------------------------------------------------------------------------------
................................................................................
................................................................................
................................................................................

résultat : 7

sum_array([1,4,2,3,5], O, 4)

A ;i;jénml
[14,2,35]0 4 P

................................................................................

................................................................................
................................................................................

résultat : 15




sum_array([1,4,2,3,5], 0, 4)
#L A iijinimilir

[1,4,2,3,5]0 4

O i iNiUliWiINPF

résultat : 15

sum_array([1,4,2,3,5], @, 2)
#L A iijinimilir
[1,4,2,3,5]i0:2

Wi iINIUVTIW NP

résultat : 7

sum_array([1,4,2,3,5], 0, 1)
#L A iijinimilir
[1,4,2,3,5]:0:1

Wi :iNIUVTIW IN:PFP

résultat : 5




sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @

[1,4,2,3,5]. 04

résultat : 15

sum_array([1,4,2,3,5], @, 2)
#L A TiPimEm} 1L @
[1,4,2,3,5]:0: 2

résultat : 7

sum_array([1,4,2,3,5], 0, 1)
#L A LA EmEmYp TP
[1,4,2,3,51:0 1

résultat : 5

sum_array([1,4,2,3,5], 0, @)
#L A TP mEmil i@
[1,4,2,3,5]:0:0

i
2
B
5
6

résultat : 1




sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @

[1,4,2,3,51:0 4

résultat : 15

sum_array([1,4,2,3,5], 0, 2)
#L A TiPimEm} 1L @
[1,4,2,3,5]:0:2

résultat : 7

sum_array([1,4,2,3,5], 0, 1)
#L A LA EmEmYp TP
[1,4,2,3,51/0 1

résultat : 5

sum_array([1,4,2,3,5], 0, @)
#L A TP mEmil i@
[1,4,2,3,5] 0 @

i
2
3
5
6

résulta




sum_array([1,4,2,3,5], 0, 4)

#L A LigimEmf 1L @
1|[1,4,2,3,5]i0: 4

2 5

3

5

7

8 2

9 7
10 8
11

résultat : 15

sum_array([1,4,2,3,5], 0, 2)

#L A TiPimEm} 1L @
11[1,4,2,3,5]:0:2

2 3

3

5

7

8 )

g 5
10 2
11

résultat : 7

sum_array([1,4,2,3,5], 0, 1)
#L A LA EmEmYp TP
1101,4,2,3,5]:0:1
2 2
3
5
7
8 (]
9 1
10 4
11
résultat : 5
sum_array([1,4,2,3,5], 0, @)
#L A TP mEmil i@
1|r1,4,2,3,5]i0 0
2
3
5
6

résulta




sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @

[1,4,2,3,5]. 04

résultat : 15

sum_array([1,4,2,3,5], @, 2)
#L A i imEmp L@
11[1,4,2,3,5]:0:2
2 3
3
5
7
8 )
g 5
10 2
11
résultat : 7
sum_array([1,4,2,3,5], 0, 1)
#L A LA EmEmYp TP
1|01,4,2,3,5]0:1
2 2
3
5
7
8 [}
9 1
10 4
11 1
résultat : 5 /
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A iijinimilir #L A iijinimilir
1|r1,4,2,3,51i0 0 1|[1,4,2,3,5]i1:1
2 2 1
8 8
S 5
6 6
résultat™ résultat : 4




sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @

[1,4,2,3,5]. 04

résultat : 15

sum_array([1,4,2,3,5], @, 2)
#L A TiPimEm} 1L @
11[1,4,2,3,5]:0:2
2 3
3
5
7
8 )
g 5
10 2
11
résultat : 7
sum_array([1,4,2,3,5], 0, 1)
#L A LA EmEmYp TP
1|01,4,2,3,5]0:1
2 2
3
5
7
8 [}
9 1
10 4
11 h
résultat : 5 /
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A TP mEmil i@ #L A T gimemf 1L @
1|[1,4,2,3,5]i0 @ 1|[1,4,2,3,5]i1:1
2 2
3 3
S 5
6 6
résulta résultal




sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @

[1,4,2,3,5]. 04

résultat : 15

sum_array([1,4,2,3,5], @, 2)
#L A TiPimEm} 1L @
11[1,4,2,3,5]:0:2
2 3
3
5
7
8 i,
© 5
10 2
11
résultat : 7
sum_array([1,4,2,3,5], 0, 1)
#L A LA EmEmYp TP
1|01,4,2,3,5]0:1
2 2
3
5
7
8 Q
9 1
10 4
11
résultat : 5
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A TP mEmil i@ #L A T gimemf 1L @
1]|[1,4,2,3,5]:0:0 1|[1,4,2,3,5]i1i1
2 2
3 3
5 5
6 6
résulta résultal




sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @

[1,4,2,3,5]. 04

résultat : 15

sum_array([1,4,2,3,5], 0, 2)
#L A TiPimEm} 1L @
[1,4,2,3,5]:0:2

résultat : 7
y

sum_array([1,4,2,3,5], 0, 1)
#L A LA EmEmYp TP
1|01,4,2,3,5]0:1
2 2
3
5
7
8
9
10
T VY B
résultat™
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A TP mEmil i@ #L A T gimemf 1L @
1|[1,4,2,3,5]i0 @ 1|[1,4,2,3,5]i1i1
2 2
3 3
S 5
6 6

résulta résultal




sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @

[1,4,2,3,5]. 04

10 8
11
résultat : 15
/\

sum_array([1,4,2,3,5], @, 2)
#L A TiPimEm} 1L @
11[1,4,2,3,5]:0:2
2 3
3
5
7
8 i,
© 5
10 2
11
résultat : 7
sum_array([1,4,2,3,5], @, 1)
#L A LA EmEmYp TP
1|01,4,2,3,5]0:1
2 2
3
5
7
8
9
10
T VYV B
résultat™
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A TP mEmil i@ #L A T gimemf 1L @
1]|[1,4,2,3,5]:0:0 1|[1,4,2,3,5]i1i1
2 2
3 3
5 5
6 6
résulta résultal




sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @

[1,4,2,3,5]. 04

résultat : 15

sum_array([1,4,2,3,5], @, 2)
#L A TiPimemp 1L @
1|r1,4,2,3,51 0 2
2 3
3
5
7
8 1
© 5
10 2 \
1 1
résultat : 7 //

sum_array([1,4,2,3,5], 0, 1) sun_array([1,4,2,3,51, 2, 2)
#L A LA EmEmYp TP #L A iljinimitie
1]01,4,2,3,51 01 1]r1,4,2,3,510 212
2 2 2 1
g 3
3 5
4 6
8 résultat : 2
9
10
T VYV B
résultat™
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A iijinimilir #L A iijinimilir
1|[1,4,2,3,5]i0 @ 1|[1,4,2,3,5]i1:1
2 2
3 3
S 5
6 6
résulta résultal




#L A i

sum_array([1,4,2,3,5], @, 2)

FJimEmil @

[1,4,2,3,5] 0

2

résultat : 7

sum_array([1,4,2,3,5], @, 1)

#L A LA EmEmYp TP

1|01,4,2,3,5]0:1

2 2

3

5

7

8

9

10

T VYV B

résultat™
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A TP mEmil i@ #L A T gimemf 1L @
1]|[1,4,2,3,5]:0:0 1|[1,4,2,3,5]i1i1
2 2
3 3
5 5
6 6
résulta résultal

sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @
1|[1,4,2,3,5]i0: 4
2 5
3
5
7
8 2
9 7
10 8
11
résultat : 15
/
sum_array([1,4,2,3,5], 2, 2)
#L A iijinimilir
11[1,4,2,3,5]i2:2
2
3
At - 7 B
Tl V B
résultal




X

#L A i

sum_array([1,4,2,3,5], @, 2)

FJimEmil @

[1,4,2,3,5] 0

2

résultat : 7

sum_array([1,4,2,3,5], 0, 4)
#L A LigimEmf 1L @
1|[1,4,2,3,5]i0: 4
2 5
3
5
7
8 2
9 7
10 8
11
résultat : 15
sum_array([1,4,2,3,5], 2, 2)
#L A iijinimilir
11[1,4,2,3,5]i2:2
2
3
At - 7 B
Tl V B
résultal

sum_array([1,4,2,3,5], @, 1)

#L A LA EmEmYp TP

1|01,4,2,3,5]0:1

2 2

3

5

7

8

9

10

T VYV B

résultat™
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A TP mEmil i@ #L A T gimemf 1L @
1]|[1,4,2,3,5]:0:0 1|[1,4,2,3,5]i1i1
2 2
3 3
5 5
6 6
résulta résultal




#L A LigimEmf 1L @
1|[1,4,2,3,5]i0: 4
2 5
3
5
7
8 2
9 7
10 8
11
résultat : 15
fﬂ\
sum_array([1,4,2,3,5], @, 2)
#L A TiPimemp 1L @
1|[1,4,2,3,5]: 0 2
2 3
3
5
7
8
Nt @ W
i N7 2
11
résultat™ \
SRR 258050, O 1) sum_array([1,4,2,3,5], 2, 2)
#L A LagfmemyLsm #L A iljinimitie
1|[1,4,2,3,5]:0:1 142352 2
2 2 2
g 3
3 At - 7/ ©
> At N
8 résultal
9
10
T VY B
résultat™
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A iijinimilir #L A iijinimilir
1|[1,4,2,3,5]:0:0 1|[1,4,2,3,5]i1i1
2 2
3 3
S 5
6 6

résulta

résultal

sum_array([1,4,2,3,5], 0, 4)




sum_array([1,4,2,3,5], 0, 4)
#L A iijinimilir
1]|[1,4,2,3,5]:0 4
2 5
3
5
7
8 2
9 7
10 8
11
résultat : 15
sum_array([1,4,2,3,5], @, 2)
#L A TiPimemp 1L @
11[1,4,2,3,5]:0:2
2 3
3
5
7
8
A 7 B
i N7 2
11
résultat™
ST o 205 @ D) sum_array([1,4,2,3,51, 2, 2)
#L A LA EmEmYp TP #L A iljinimitie
1|01,4,2,3,5]0:1 1[r1,4,2,3,51 2
2 2 2
2 3
5 At - 7 B
7 Tl V B
8 résultal
9
10
T VYV B
résultat™
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A iijinimilir #L A iijinimilir
1]|[1,4,2,3,5]:0:0 1|[1,4,2,3,5]i1i1
2 2
3 E
5 5
6 6
résulta résultal




sum_array([1,4,2,3,5], @, 4)
#L A TgEmEm} 1L P
[1,4,2,3,5]:0 : 4

\
N
7
10 8
11
résultat : 15

sum_array([1,4,2,3,5], 0, 2) sum_array([1,4,2,3,5], 3, 4)
#L A T{PimEm} 1L | #L A T imEim} 1L |
1|[1,4,2,3,5]: 0 2 1|01,4,2,3,5]:3 4
2 3 2 2
3 3
5 5
7 7
8 8 3
A B 9 3
10 2 10 5
T VY B 11
résultat : résultat : 8

sum_array([1,4,2,3,5], 0, 1) sum_array([1,4,2,3,5], 2, 2)

#L A TAgEmEmY} TP #L A iljinimitie

1]01,4,2,3,51. 01 1]01,4,2,3,510 212

2 2 2

g 3

3 5

> Al ¥V &

A g B résultat :

9

10 "

I VB

résultat :
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A TP imEmilsr #L A iijinimilir
[1,4,2,3,5]i0 @ 1[1,4,2,3,5]i1:1
2

i
2
g
5
6

résultat : résultat :




~

sum_array([1,4,2,3,5], 0, 1)

#L A TAgEmEmY} TP

1|01,4,2,3,5]0:1

2 2

3

5

7

8

N 7 B

10 4

T VvV

résultat :

sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A iijinimilir #L A iijinimilir

[1,4,2,3,5];0: 0

[1,4,2,3,5]i1i1

i
2
g
5
6

résultat :

résultat :

sum_array([1,4,2,3,5], @, 2)
#L A T{PimEm} 1L |
11[1,4,2,3,5]:0:2
2 3
3
5
7
8
N @ =
10 3
I VB

résultat :

sum_array([1,4,2,3,5], @, 4)

#L A TgEmEm} 1L P
1|01,4,2,3,5]i0: 4
2 5
3
5
7
8 2
9 7
10 8
11

résultat : 15

» y

sum_array([1,4,2,3,5], 2, 2)
#L A iijinimil
11[1,4,2,3,5]:i2:2
2
3
5
A VB

résultat :

N

sum_array([1,4,2,3,5], 3, 4)

/

#L A T imEim} 1L |
11[1,4,2,3,5]:3 : 4

2 2

3

5

7

8 3

9 3
10 5
11

résultat : 8

sum_array([1,4,2,3,5], 3, 3)
#L A Aiglmimilr

[1,4,2,3,5]:3:3

résultat : 3




sum_array([1,4,2,3,5], @, 4)
#L A TgEmEm} 1L P
[1,4,2,3,5]:0 : 4

1
2
3
5
7
8 2
9 7
10 8
11
résultat : 15

sum_array([1,4,2,3,5], 3, 4)

sum_array([1,4,2,3,5], @, 2)
j #L A T imEim} 1L |

#L A T{PimEm} 1L |

[1,4,2,3,5]:0:2 [1,4,2,3,5]:3: 4

10 2 10 5
11 y 11
résultat : ) résultat : 8

sum_array([1,4,2,3,5], 0, @)

sum_array([1,4,2,3,5], 1, 1)

#L A TP imEmilsr #L A iijinimilir
1|[1,4,2,3,5]i0 @ 1|[1,4,2,3,5]i1i1

2 2

3 E

5 S N/ B
6 A Y

résultat :

résultat :

sum_array([1,4,2,3,5], 0, 1) sum_array([1,4,2,3,5], 2, 2) sum_array([1,4,2,3,5], 3, 3)
il & Rf@itie #L A iljinimlir #L A ilgnimilor
1]01,4,2,3,51:0:1 1|r1,4,2,3,5112 1 2 1r1,4,2,3,5113 3
2 z 2 2
g 3 3
3 5 5
- . A= >
81 A résultat : résultat : 3
9
10 "

T VvV
résultat :



sum_array([1,4,2,3,5], @, 2)
#L A T{PimEm} 1L |
11[1,4,2,3,5]:0:2
2 3
3
5
7
8
N @ =
10 3
I VB

résultat :

sum_array([1,4,2,3,5], @, 4)

#L A TgEmEm} 1L P
1|01,4,2,3,5]i0: 4
2 5
3
5
7
8 2
9 7
10 8
11
résultat : 15

sum_array([1,4,2,3,5], 2, 2)

sum_array([1,4,2,3,5], 0, 1)

#L A L49Em rTam

1|01,4,2,3,5]0:1

2 2

3

5

7

8

N 7 B

10 "

I VB

résultat :

sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A iijinimilir #L A iijinimilir

[1,4,2,3,5];0: 0

[1,4,2,3,5]i1i1

i
2
g
5
6

résultat :

résultat :

#L A iijinimilir

11[1,4,2,3,5]:i2:2

2

3

5

Al V &
résultat :

b

sum_array([1,4,2,3,5], 3, 4)

#L A T imEim} 1L |
11[1,4,2,3,5]:3 : 4

2 2

3

5

7

8 3

9 3
10 5
11

résultat : 8

sum_array([1,4,2,3,5], 3, 3)
#L A Aiglmimilr

[1,4,2,3,5]:3:3

résultat : 3




sum_array([1,4,2,3,5], 0, 2)
#L A Tigimimel}r
1|r1,4,2,3,5]: 0 2
2 3
3
5
7
8
9
10
11

résultat : 7

#L

sum_array([1,4,2,3,5], 0, 4)
A AP mimelfr

[1,4,2,3,5]:0 ; 4

résultat : 15

sum_array([1,4,2,3,5], @, 1)

i imemEeTf @

#L A
11[01,4,2,3,5]:0 ;1
2

3

5

7

8

9

10

11

résultat : 5

sum_array([1,4,2,3,5], 0, @)

sum_array([1,4,2,3,5], 1, 1)

#L A LA mimel} @ #L A ifjinimilir
1|[1,4,2,3,5]10:0 1|r1,4,2,3,57i1i1

2 2

3 Y

5 5

A v B 6

résultat : 1

résultat : 4

sum_array([1,4,2,3,5], 2, 2)
#L A i gimimf 1| @

[1,4,2,3,5]12 2

1
2
3
5
6

résultat : 2

sum_array([1,4,2,3,5], 3, 4)

#L A iijinimilir
1|[1,4,2,3,5]:3 : 4

2 2

3

5

7

8 3

9 3
10 5
11

résultat : 8

sum_array([1,4,2,3,5], 3, 3)
#L A TIPJEREm) LY

[1,4,2,3,5]:3:3

résultat : 3

N

sum_array([1,4,2,3,5], 4, 4)
#L A TiPginimLyr

[1,4,2,3,5] 4 4

résultat : 5




sum_array([1,4,2,3,5], 0, 2)
#L A Tigimimel}r
1[1,4,2,3,5]:0:2
2 3
3
5
7
8
9
10
11

résultat : 7

#L

sum_array([1,4,2,3,5], 0, 4)
A AP mimelfr

[1,4,2,3,5]:0 ; 4

résultat : 15

sum_array([1,4,2,3,5], @, 1)

i imemEeTf @

#L A
11[01,4,2,3,5]:0 ;1
2

3

5

7

8

9

10

11

résultat : 5

sum_array([1,4,2,3,5], 0, @)
#L A iijinimil

r #L A ifjinimilir

sum_array([1,4,2,3,5], 1, 1)

[1,4,2,3,51:0: 0

résultat : 1

1|01,4,2,3,5]i1:1
2

résultat : 4

sum_array([1,4,2,3,5], 2, 2)
#L A i gimimf 1| @

[OLtk 73,51 2 1| 2

1
2
3
5
6

résultat : 2

sum_array([1,4,2,3,5], 3, 4)

#Ll A iijinimilir
1|[1,4,2,3,5]:3 : 4

2 2

3

5

7

8 3

9 3
10 5
11

résultat : 8

sum_array([1,4,2,3,5], 3, 3)
#L A TIPJEREm) LY

[1,4,2,3,5]:3:3

résultat : 3

N

sum_array([1,4,2,3,5], 4, 4)
#L A TiPginimLyr

[1,4,2,3,5] 44

résultat : 5




sum_array([1,4,2,3,5], 0, 2)
#L A Tigimimel}r
1[1,4,2,3,5]:0:2
2 3
3
5
7
8
9
10
11

résultat : 7

#L

sum_array([1,4,2,3,5], 0, 4)
A AP mimelfr

[1,4,2,3,5]:0 ; 4

résultat : 15

sum_array([1,4,2,3,5], @, 1)

i imemEeTf @

#L A
11[01,4,2,3,5]:0 ;1
2

3

5

7

8

9

10

11

résultat : 5

sum_array([1,4,2,3,5], 0, @)
#L A iijinimil

r #L A ifjinimilir

sum_array([1,4,2,3,5], 1, 1)

[1,4,2,3,51:0: 0

résultat : 1

1|01,4,2,3,5]i1:1
2

résultat : 4

sum_array([1,4,2,3,5], 2, 2)
#L A i gimimf 1| @

[OLtk 73,51 2 1| 2

1
2
3
5
6

résultat : 2

sum_array([1,4,2,3,5], 3, 4)

#Ll A iijinimilir
1|[1,4,2,3,5]:3 : 4

2 2

3

5

7

8 3

9 3
10 5
11

résultat : 8

sum_array([1,4,2,3,5], 3, 3)
#L A TIPJEREm) LY

[1,4,2,3,5]:3:3

résultat : 3

sum_array([1,4,2,3,5], 4, 4)
#L A TiPginimLyr

[1,4,2,3,5] 44

résultat : 5




sum_array([1,4,2,3,5], 0, 2)
#L A Tigimimel}r
1[1,4,2,3,5]:0:2
2 3
3
5
7
8
9
10
11

résultat : 7

#L

sum_array([1,4,2,3,5], 0, 4)
A AP mimelfr

[1,4,2,3,5]:0 ; 4

résultat : 15

sum_array([1,4,2,3,5], @, 1)

i imemEeTf @

#L A
1([1,4,2,3,5]i0 ;1
2

3

5

7

8

9

10

11

résultat : 5

sum_array([1,4,2,3,5], 0, @)
#L A iijinimil

r #L A ifjinimilir

sum_array([1,4,2,3,5], 1, 1)

[1,4,2,3,51:0: 0

résultat : 1

1|01,4,2,3,5]i1:1
2

résultat : 4

sum_array([1,4,2,3,5], 2, 2)
#L A i gimimf 1| @

[OLtk 73,51 2 1| 2

1
2
3
5
6

résultat : 2

sum_array([1,4,2,3,5], 3, 4)

#Ll A iijinimilir
1|[1,4,2,3,5]:3 : 4

2 2

3

5

7

8

9

10

11

résultat™

sum_array([1,4,2,3,5], 3, 3)
#L A TIPJEREm) LY

[1,4,2,3,5]:3:3

résultat : 3

sum_array([1,4,2,3,5], 4, 4)
#L A TiPginimLyr

[1,4,2,3,5] 44

résultat : 5




sum_array([1,4,2,3,5], 0, 2)
#L A Tigimimel}r
1[1,4,2,3,5]:0:2
2 3
3
5
7
8
9
10
11

résultat : 7

#L

sum_array([1,4,2,3,5], 0, 4)
A AP mimelfr

[1,4,2,3,5]:0 ; 4

résultat : 15

sum_array([1,4,2,3,5], @, 1)

i imemEeTf @

#L A
1([1,4,2,3,5]i0 ;1
2

3

5

7

8

9

10

11

résultat : 5

sum_array([1,4,2,3,5], 0, @)
#L A iijinimil

r #L A ifjinimilir

sum_array([1,4,2,3,5], 1, 1)

[1,4,2,3,51:0: 0

résultat : 1

1|01,4,2,3,5]i1:1
2

résultat : 4

sum_array([1,4,2,3,5], 2, 2)
#L A i gimimf 1| @

[OLtk 73,51 2 1| 2

1
2
3
5
6

résultat : 2

sum_array([1,4,2,3,5], 3, 4)

#Ll A iijinimilir
1|[1,4,2,3,5]:3 : 4

2 2

3

5

7

8

9

10

11

résultat™

sum_array([1,4,2,3,5], 3, 3)
#L A TIPJEREm) LY

[1,4,2,3,5]:3:3

résultat : 3

sum_array([1,4,2,3,5], 4, 4)
#L A TiPginimLyr

[1,4,2,3,5] 44

résultat : 5




sum_array([1,4,2,3,5], 0, 2)
#L A Tigimimel}r
1[1,4,2,3,5]:0:2
2 3
3
5
7
8
9
10
11

résultat : 7

#L

sum_array([1,4,2,3,5], 0, 4)
A AP mimelfr

[1,4,2,3,5]:0 ; 4

résultat : 15

sum_array([1,4,2,3,5], @, 1)

i imemEeTf @

#L A
1([1,4,2,3,5]i0 ;1
2

3

5

7

8

9

10

11

résultat : 5

sum_array([1,4,2,3,5], 0, @)
#L A iijinimil

r #L A ifjinimilir

sum_array([1,4,2,3,5], 1, 1)

[1,4,2,3,51:0: 0

résultat : 1

1|01,4,2,3,5]i1:1
2

résultat : 4

sum_array([1,4,2,3,5], 2, 2)
#L A i gimimf 1| @

[OLtk 73,51 2 1| 2

1
2
3
5
6

résultat : 2

)

sum_array([1,4,2,3,5], 3, 4)

#Ll A iijinimilir
1|[1,4,2,3,5]:3 : 4

2 2

3

5

7

8

9

10

11

résultat™

sum_array([1,4,2,3,5], 3, 3)
#L A TIPJEREm) LY

[1,4,2,3,5]:3:3

résultat : 3

sum_array([1,4,2,3,5], 4, 4)
#L A TiPginimLyr

[1,4,2,3,5] 44

résultat : 5




sum_array([1,4,2,3,5], 0, 2)
#L A Tigimimel}r
1[1,4,2,3,5]:0:2
2 3
3
5
7
8
9
10
11

résultat : 7

sum_array([1,4,2,3,5], 0, 4)
#L A AP mimelfr
1|[1,4,2,3,5]0:4
2 5
g
5
7
8
9
10
11

résultat : 15

sum_array([1,4,2,3,5], @, 1)

i imemEeTf @

#L A
11[01,4,2,3,5]:0 ;1
2

3

5

7

8

9

10

11

résultat : 5

sum_array([1,4,2,3,5], 0, @)
#L A iijinimil

r #L A ifjinimilir

sum_array([1,4,2,3,5], 1, 1)

[1,4,2,3,51:0: 0

résultat : 1

1|01,4,2,3,5]i1:1
2

résultat : 4

sum_array([1,4,2,3,5], 2, 2)
#L A i gimimf 1| @

[OLtk 73,51 2 1| 2

1
2
3
5
6

résultat : 2

sum_array([1,4,2,3,5], 3, 4)

#Ll A iijinimilir
1|[1,4,2,3,5]:3 : 4

2 2

3

5

7

8

9

10

11

résultat™

sum_array([1,4,2,3,5], 3, 3)
#L A TIPJEREm) LY

[1,4,2,3,5]:3:3

résultat : 3

sum_array([1,4,2,3,5], 4, 4)
#L A TiPginimLyr

[1,4,2,3,5] 44

résultat : 5




Comptage des
operations



#L A

sum_array([1,4,2,3,5], 0, 1)

ii]

mAmE L EF

#L A it

sum_array([1,4,2,3,5], 0, 2)

[1,4,2,3,5]:0:2

©Oi00 N iUiWwWiN P

résultat : 7

[1,4,2,3,5]1i0 1

résultat : 5

sum_array([1,4,2,3,5], @, @)
A iijinimil

IE

sum_array([1,4,2,3,5], 1, 1)
A ifjinimilir

[1,4,2,3,5]:0:0

[1,4,2,3,5]i1:i1

résultat : 1

résultat : 4

sum_array([1,4,2,3,5], 2, 2)
#L A iijinimil

sum_array([1,4,2,3,5], 0, 4)
A i

.

nimilir

[1,4,2,3,5110 4

résultat : 15

[1,4,2,3,5]12 2

1
2
B
5
6

résultat : 2

sum_array([1,4,2,3,5], 3, 3)
A TIPJEREm) LY

sum_array([1,4,2,3,5], 3, 4)

i

[1,4,2,3,5]:3:4

résultat : 8

[1,4,2,3,5]:3:3

résultat : 3

sum_array([1,4,2,3,5], 4, 4)
A LAgEmimy L

[1,4,2,3,5] 4 4

résultat : 5




9 op

sum_array([1,4,2,3,5], 0, 4)
#L A AP mimelfr
1|[1,4,2,3,5]0:4
2 5
g
5
7
8 2
9 7
10 8
11
9 O p résultat : 15 9 O p
sum_array([1,4,2,3,5], 0, 2) sum_array([1,4,2,3,5], 3, 4)
#L A Tigimimel}r #L A iijinimilir
1|[1,4,2,3,5]i0 2 1|r1,4,2,3,51:3: 4
2 3 2 2
3 3
5 5]
7 7
8 il 8 3
9 5 9 3
10 2 10 5
11 11
9 O p résultat : 7 résultat : 8
sum_array([1,4,2,3,5], 0, 1) sum_array([1,4,2,3,5], 2, 2) sum_array([1,4,2,3,5], 3, 3) sum_array([1,4,2,3,5], 4, 4)
#L A ifjinim:1.r #L A i jinimilir #L A iljinimitir #L A iijinimilir
1]Ct,4,2,3,5110 1 1|[1,4,2,3,5112 2 1|r1,4,2,3,5113 3 1][1,4,2,3,5114 1 4
z 2 2 1 2 1 2 1
3 3 3 3
2 5 5 5
4 6 6 6
8 2 résultat : 2 résultat : 3 résultat : 5
9 1
10 4
11
résultat : 5
sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A LA mimel} @ #L A ifjinimilir
1([1,4,2,3,5]110i0 10m1,4,2,3,57i1:1
2 1 2 1
3 3
5 5
6 6
résultat : 1 résultat : 4




9 op /

sum_array([1,4,2,3,5], @, 1)

#L A

i}

9 op

sum_array([1,4,2,3,5], @, 2)
#L A 1i30m LE@
1[1,4,2,3,5]:0:2
2 3
3
5
7
8
9 5
10 2
11

résultat : 7

9 op

sum_array([1,4,2,3,5], 0, 4)

#L A AP mimelfr
1|[1,4,2,3,5]0:4

2 5

g

5

7

8 2

9 7
10 8
11

résultat : 15

mAmE L EF

[1,4,2,3,5];0 ;1

résultat : 5

sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A LA mimel} @ #L A ifjinimilir
1([1,4,2,3,5]:0:0 1|0,4,2,3,5]i1i1
2 1 2 1
B 3
5 5
6 6

résultat : 1 résultat : 4

S Op

S Op

sum_array([1,4,2,3,5], 2, 2)
#L A i gimimf 1| @

[OLtk 73,51 2 | 2

1
2
B
5
6

résultat : 2

S op

9 op

sum_array([1,4,2,3,5], 3, 4)

sum_array([1,4,2,3,5], 3, 3)
#L A TIPJEREm) LY

[1,4,2,3,5]:3:3

résultat : 3

#L A iijinimilir
1|01,4,2,3,5]:3:4
2 2
3
5
7
8 3
9 3
10 5
11

résultat : 8

#L

S Op

sum_array([1,4,2,3,5], 4, 4)

A TiPginimLyr

[1,4,2,3,5] 4 4

résultat : 5

S Op




9 op /

sum_array([1,4,2,3,5], @, 1)

9 op

#L A iijinim

sum_array([1,4,2,3,5], 0, 2)

1

r

[1,4,2,3,5]:0:2

©Oi00 N iUiWwWiN P

résultat : 7

#L A

i}

mAmE L EF

[1,4,2,3,5];0 ;1

résultat : 5

sum_array([1,4,2,3,5], 0, @) sum_array([1,4,2,3,5], 1, 1)
#L A LA mimel} @ #L A ifjinimilir
1([1,4,2,3,5]:0:0 1|0,4,2,3,5]i1i1
2 1 2 1
3 3
5 5
6 6

résultat : 1 résultat : 4

S Op

S Op

9 op

sum_array([1,4,2,3,5], 0, 4)

#L A AP mimelfr
1|[1,4,2,3,5]0:4
2 5
g
5
7
8 2
9 7
10 8
11
résultat : 15

sum_array([1,4,2,3,5], 2, 2)

#L A iijinimil

r

[OLtk 73,51 2 | 2

1
2
3
5
6

résultat : 2

S Op

9 op

sum_array([1,4,2,3,5], 3, 4)

#L A iijinimilir

1|[1,4,2,3,5]:3 : 4

2 2

3

5]

7

8 3

9 3

10 5

11

résultat : 8

sum_array([1,4,2,3,5], 3, 3)
#L A TIPJEREm) LY #L
il || [l 2, 5,30 3 1§ 3 1
2 1 2
8 3
5 5
6 6

résultat : 3

S Op

sum_array([1,4,2,3,5], 4, 4)

A TiPginimLyr

[1,4,2,3,5] 4 4

résultat : 5

S Op




Terminaison de sum_array

def sum _array(A, i, j):
n=7j-1+1
if n ==
return 0
elif n ==
return A[i]
else:
m=(i+ j) // 2
1 = sum_array(A, i, m)
r = sum_array(A, m+l, j)
return 1 + r



Terminaison de sum_array

sin=0oun=1,
alors on s’arréete

def sum _array(A, i, j):
n=7-1+1
if n == 0O:

return O
elif n ==

return A[i]
else:

=(i+ 3J)// 2
1 = sum_array(A, i, m)

= sum_array(A, m+l, j)
return 1 + r



Terminaison de sum_array

def sum_array(A,

1
r
/ return 1 + r

sinon on a deux
appels récursifs...

sin=0oun=1,
alors on s’arréete

i, J):
n=7-1+1
if n == 0O:

return O
elif n ==

return A[i]
else:

m

(1+3)// 2
sum_array(A, i, m)
sum_array(A, m+l, j)



Terminaison de sum_array

def sum_array(A,‘i;/izi///,//’
n=7j-1+1
if n == 0O:
1
r
/ return 1 + r

sinon on a deux
appels récursifs...

sin=0oun=1,
alors on s’arréete

return O
elif n == 1:

return A[i]
else:

m

(1+3)// 2 <«
sum_array(A, i, m)
sum_array(A, m+l, j)

...Mmais avec moins
d’éléments (on se
rapproche de 1)



Terminaison de sum_array

def sum_array(A,

1
r
/ return 1 + r <

sinon on a deux
appels récursifs...

sin=0oun=1,
alors on s’arréete

i, J):
n=7j-1+1
if n == 0O:

return O
elif n ==

return A[i]
else:

m

(1+3)// 2 <«
sum_array(A, i, m)
sum_array(A, m+l, j)

...Mmais avec moins
d’éléments (on se
rapproche de 1)

et apres on
s’arréte



Arbre de recursion
de fact(4)



résultat : 24




résultat : 24

résultat : 6




résultat : 24

résultat : 6

résultat : 2




résultat : 24
T —

résultat : 6
T —

résultat : 2
T —

résultat : 1
T —




résultat : 24

résultat : 6

résultat : 2

fact(1)
#L n

résultat : 1

fact(0)

#L n
1|0
...... 2
...... 3

résultat : 1




résultat : 24

résultat : 6

résultat : 2

fact(l)
#L n

résultat : 1

fact(0)




résultat : 24

résultat : 6

résultat : 2

fact(l)
#L n

résultat : 1

fact(0)




résultat : 24

résultat : 6

résultat : 2

fact(1)
#L n
1|1
...... Em"mmmm"
""" 'y
...... gu ‘~"'
rés|
fact(0)
#L n




résultat : 24

résultat : 6

résultat : 2

fact(1)
#L n
1|1
...... Em"mmmm"
""" 'y
...... gu ‘~"'
rés|
fact(0)
#L n




résultat : 24

résultat : 6

fact(1)
#L n
1|1
...... Em"mmmm"
""" 'y
...... gu ‘~"'
rés|
fact(0)
#L n




résultat : 24

résultat : 6

fact(1)
#L n
1|1
...... Em"mmmm"
""" 'y
...... gu ‘~"'
rés|
fact(0)
#L n




résultat : 24

fact(3)

#L n
ERE
...... S
""" 4,

fact(2)

#L n
1| 2
...... Emmmmmm"
""" Py E—

fact(1)
#L n
1|1
...... Em"mmmm"
""" 4,
...... gu ‘~”'
rés|
fact(0)
#L n




résultat : 24

fact(3)

#L n
ERE
...... S
""" 4,

fact(2)

#L n
1| 2
...... Emmmmmm"
""" Py E—

fact(1)
#L n
1|1
...... Em"mmmm"
""" 4,
...... gu ‘~”'
rés|
fact(0)
#L n




#L n
1| e
...... Emmmmmm"
""" 4
...... ém “~”'
résul
fact(3)
#L n
ERE
...... Em"mmmm"
""" PRy —
...... gu ‘~"'
rés|
fact(2)
#L n
1| 2
...... Emmmmmm"
""" ) -
...... gu ‘N”'
rés|
fact(1)
#L n
1|1
...... Em"mmmm"
""" PRy —
...... gu ‘N”'
rés
fact(0)
#L n
1 (]




fact(0)




Exercices 2 et 3
du TD6



