
M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

�� �� �� �� � �� � �� � � �	 
 �� � � � �	 � � � � � �
� � � � 
 � �� � �� 
� � �

� �� �� ���� � �� �� �� �� �� � �
 ! "#$ %& "')($ * + % "&�, -. /

012 34 � 5 6 37 � 4 8 9 �;: 1 < =2 3� 0 6?> 7 8 � �@ A �B� C� 0D � 9 �
> 1 5� A 3 �� � 4 6?> � 8� 0 �EF � G 9

H IJK L MONP QSR TU TV W J T N X XY



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

�� �� �� � �� � �
	 ���
�1 � �F D � � C� �� C � � A � @ B ��� � �F �B� � � 1
�1 � � �F � E� @ � @� � � � @ � � C � � � � D � B � � � C E � � �� @� � � CF � � � @ � C1
�1 8 � �F � E � @� � � �� �E D � � �� � D C� � � � �� C � @ B � � �1
�1 > � � E F D C� � � C1



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

��� � 	 � �� � �� � � � �� � � �	 	 
 � � �� � 	� ��
> �@ @ � � �@ � � � � B � � � C � CD B D � �� � B � D F � @� � � � � �F�� �� � � @ C� �� C � � � @ � C � �
A �@ B ��� �F �B� � � � @ C�� � � � D � � CD B F � E � � C@ B D E @� � � � � D � �� � C � � D �F � � �

4 ��� �B @� � � � � � C � �B � � �� � � C � @� � � � �B � �� � � B � C E �B B � C1 3 � � C@
B �� � � �� �F � � �@ �B � � � � @� � � � � C� D � CD B F � C� � B � C � � C � �� F F � C1



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � F�� �� � � @ C � �� C � � � @ � C1
< � � C D � � B �� � �B F � �D � � E � � C� � �B �F � � B �� F� �� � � � <� B� E � F � @ � � � � �� � � �1

�
� �

� � �	� 
 �� � �
�� � � �� � � �

���
� ���

�� � � �� � �
�� � ��� 
� � �� � �

�	� � � �� � �
: � B � D F � @� � � � �B� � @� � � � �F F ��

���
� ���

6 � � � 9�� ��� 6 � 9! " 6�� � � � 9
6 � �# 9� 6 � ��� � # 9� �$ # � " 6�� � � � 9

6�� � � �&% 9� 6 
 �&% 9� � $ % � ��



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� <� CE B �@� C � @� � � � � C � C � �E � C� � � E @� � � � �F C1
3 � C � � � � � � D � � �� F F � � � � � � � � � @ B� � � �F �� 6� � � � 9 � � � �B�� �@ � C �
6� � ��� 9 �@ � � � �D � C � 6 � � ��� 91
0 �� @ �� 	 6 � 9F � � C � �E � � � � � � B � �� � � @� � �
 � � � �� � � � C� � � � �� � � �� 6 � 9 �
C �� @ " 	 6�� � � � 9F � � C � �E � � � � � � B � �� � � @� � �� �� � � " 6�� � � � 91
� : � � E @� � � C � �� � C � � � 4 ��� �B @� � � � � � C1

� 6�� 9�
�����

� �����

�
� �� � 6� � � 9 � � � �
� �

� � � � 6�� � � 9 � � � �
� �� � �� �� �

� � " 6�� � � � 9
� � ���  � �� � �� � $ � ��� � � �

�
�

�
�

�  
!!!!

!!!!
!!!!#

" " " " " " "
" " " " " $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $%%%%%%%%%%%%%%%%%%

&')
( *

+

,
-

./0 1



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � �F D � � C � �� C � � A �@ B ��� � �F �B� � � 1
� � � �� > � � C@ B D � B � D � � C � �E � � � � E @� � � � �F "�� 	 6�� � � � 9 � � � �B � � �B � � C
� � � E @� � � C � �E @ � B� �F F � C � � � � � �� � D �F � C � � C� � � E @� � � C � � �� � ��� �� � C � � � " 	 6�� � � � 91
4 �� �F �E �B " 6�� � � � 9 � �B "� 	 6�� � � � 9 � � � CF � � B �� � � �B � � �D � @� � � � �F �
� � B � D F � @� � � � �B� � @� � � � �F F �1
: � B � D F � @� � � � �B� � @� � � � �F F ��

���
� ���

6 � 	 � � 	 9�� �� 	 6 � 9  " 	 6�� � � � 9
6 � 	 �# 9� 6 � 	 ��� � # 9� � $ # � "�� 	 6�� � � � 9

6�� � � 	 �&% 9� 6 
 � % 9� �$ % � �� 	



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� > � � C@ B D E @� � � � � D � �� � C � � D �F � B � � B � C � � @ � � � � � C " 6�� � � � 9 � � C
� � � E @� � � C � �� � C � � � 4 ��� �B @� � � � � � C � �D B D � � �B� � @ �� � @ �B� �D B �1

���
� ���

6�� � 9 � � � � " 6�� � � � 9 $ � � ��
6�� � 9 � 6 � � � � 9� �� � $ � � � � ��
6�� � 9 � �� � � � � ��� 	 6 � 9 $ � � ��

A �D B E � � �D � � �E �� � @ �B� �D B � � � 6 �� 9 �
�

� �
� 6 � �� 9�� � 	 � 	
 	� 	 � 	

6� � 9 � � � � � 6 � �� 9 � � 6 � �� 9

�

�

�

�
�
�

���������������

�

� � � � � � � � � � � � � ���

�
� � � � � � � � � � � � � � � ��

���������������� �������������� ������������������
    

    
    

   "!

#################%$

&'
' '"()))"*

+++, - - -.
�/ / / / / / / / / / / / / / / 01 1 1 1
1 1 1 1

1 1 1 1
1 1 1

2 2 23

4 4 4 465

78

9
:

;<

= >

?@
A

B

C

D

E
FG

H



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

> � � � � � � " 	 6�� � � � 9 � � � E � � � �D @ F � � � � B� � �B � � � CF � � � C � � �
4 ��� �B @� � � � � � C1 �� � � 	�� �� � 1

3 � �E B� @ � �� � F �� � � @ �� � � �

�
� � � � � �

�
� � � � � � �

�� � � �� �
� � ��  �� �

	 � � � � �� �

� 	
� 	

� ��  ��

� � �D @ B � � �B @
�

� � � � � � � �� � � ��  � ��

� �@ � � � � � � � �F D � � C � �� C� � � ��  � �� � �
	 � � � � �� �

� 	
� 	

� ��  ��



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� > � � �� @� � � C � �E � C C �� B � C CD B F � C� � � E @� � � C � �� � C � C � D �F � C1
3 � � � C ��

������
� ������

� � �� � � � �  �� �� �
� � � � � � � �  � � �� � � � � � � � � �  � � �� �

� � � � � �� �  � � �� � � � � � � � � �  � � �� �
: F D � � � B � �F � � � � CD B D � � �B� �@ �� � @ �B� �D B � � � 6 �� 9

�� �� � ��  � �� � � 6 � � � � 	 9� � 6 � 	 � � � 9
1 � � 6 � 
 � � 	 9� � 6 � � � � 	 9� � 6 � � � � � 9

5 � C B �F � @� � � C � � � B @ � � � � � �F � @ �� � �F � �D � � @ 6: � < D � �� C �;: � > 8 � � � � 9�
�

� � � � � � � � �
 � �
� � � � � �

� � � � � � � � � � �� �  ��
� � � �
 � � � �� � �

� � � � � � � �� � �
� � � �� � � � � � � � � � � � �� � � � � �� �  �� � �

� � � �
� � �� �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � �B� C@� �D �� � � @ � � � � � � � � �� � � C � @� � � � �B � �� � � B � C E �B B � C1
� � � �� � � �� � � C �B F � C @ �B � � C � � @ B � �� � � � � �D � � �F � � � @ B� E � �F �� �F � � �
�� CE B � @� C � @� � � � �D B @ � � @ �B � � �� @ � �� B � � C � B � � B� �@ � C � � � � C� @� �� @ � � �F �
� � @ B� E �1
3 � E � �B E � � � �D � � � �� � � C �

� 6 � 9� � �� �
�  � � � � � � �

�
� � � �� �

�  �� � �
� � � �

� � �� �
�

A D � C � � E � �B E � � � � � � � � @ � �D � � � �� � � C � � @

� 6 � � � � � � � 9� �
�

�
� �

�
�

� �
�

�
� �

�
�

C �D C E � � @ B �� � @ � � � �@ � � @ � � � � �B F � � B �E �� � � @ � � � �� � � C � @� � � 1



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� A B �� � �B @ � C@ � �F � �F � � B� @ � � � 6 01 2 � B �F � � � � � 91
5 � CE � �� � � � � �F D � � C � �� C � C@ � � � � � �� �� � �D B F � C �B� � @ � C� � @ �B� �D B � C
6� � ��

� 9 � D � �� F F � � �1 A �D B @ � C@ �B F � �F � � B� @ � � � � � � D @� F � C � D � �� � � � � � C
� �� F F � C � E @� � � C � B � � � C �B � �B > 1 5 � A � @� �B 1

 

  � �� F F � � � � � D � � � �� � � � � �� F F � C � E @� � � C � �� F F � � � @ � @ �F
3 �� � � � C � �F � B CF � C E � � �� @� � � C �D �F � � � @ � C CD B F � C � �� F F � C � E @� � � C1
8� � C� @ �D @ �F � C �B�� �@ � C � D � �� F F � � � � C � � @ � � @ �B� �D B � C1



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� 8F � � B� @ � � �1
3 � � � B �� �F �E �B F � � B �� F� �� �� �� @� �F � �B F � � B �� F�� �� � CD � � � � @ �

������
� ������

� � � � �� � � �� � �
� � � � �� � �

� 6�� � � 9 � �� �� � �
� � � � �� � � �

�D � E �F E D F �F � C �F D @� � � � � D � B �� F� �� �� �� @� �F � C � � C� � � �B C �B
�� B �E @ �� � � @ F � � � @ B� E � � � �� CE B � @� C � @� � � �F �� �F �1
3 � D @� F � C � D � CE � �� � � �� D F �B � � �F � E� @ � � �D B F � �� CE B � @� C � @� � � � �

@ �� � C � �D � � C@ C@ �� F �1



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � B � C C� � � � �F � �F � � B� @ � � � �

��
� ��

� � � 6� 9 ��� ��
	 � � � 	

� � �
� �� � � � � �� � �� � � �� 6 � � �� � � � 	 � 9

� �� 6 � � 	 � � � � �� 9� �� 6 � � 
� � � � 	 � 9� �� 6 � � �� � � � 	 � 9� �� 6 � � �� � � � �� 9 �
4 �	 
B �D �� 5 � CE� �	 
 � C@ F � � � 
 �B � 	 � � @ � � 
E @  E � � C@� 
� �B � �D � C � � �
� B � �� D � � C �F D @ � � � � 
� � � 
� �� � � � � � � � � � � � � � � � ��� 
� � � � � � � � � � 
� ��



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� 	 �� � �� � � �� ��� 	
 �� � � ��� � � � � �
���� � 
 � � � � �� � � � � � � �� 
� � �

 

SCAL

> 1.33E−01

< 2.87E+00

  .22

  .41

  .59

  .77

  .95

  1.1

  1.3

  1.5

  1.7

  1.9

  2.0

  2.2

  2.4

  2.6

  2.8

 

SCAL

> 1.33E−01

< 2.87E+00

  .22

  .41

  .59

  .77

  .95

  1.1

  1.3

  1.5

  1.7

  1.9

  2.0

  2.2

  2.4

  2.6

  2.8

�� ���� � � ��� � � !"#%$ �& �# � � �' !$ �  � ��  � �( �� � �) *,+ - . /10 2 + 3 . � �� &  " � � � � �� � � !"#%$ � & �# � � �' !$ � � ��  �
� �#� � #%$ � � �� �0 �4 � �4



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � � � 
 � � � � �� � � � � � � �� � � � � � � 	 � 
 � �� �� � ��� ���

 

SCAL

> 3.30E−04

< 6.23E−02

 2.40E−03

 6.53E−03

 1.07E−02

 1.48E−02

 1.89E−02

 2.31E−02

 2.72E−02

 3.13E−02

 3.55E−02

 3.96E−02

 4.37E−02

 4.79E−02

 5.20E−02

 5.61E−02

 6.03E−02

 

SCAL

> 2.09E−04

< 6.22E−02

 2.28E−03

 6.41E−03

 1.05E−02

 1.47E−02

 1.88E−02

 2.30E−02

 2.71E−02

 3.12E−02

 3.54E−02

 3.95E−02

 4.36E−02

 4.78E−02

 5.19E−02

 5.60E−02

 6.02E−02

�� ���� � � ��� � � !"#%$ �& �# � � �' !$ �  � ��  � �( �� � �) *,+ - . /10 + *� � + / . *� � . / � �� &  " � � � � �� � � !"#%$ �& �# �
� �' !$ �  � ��  �� �#� � # $ � � �� �0 �4 ��4



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

��� �� �� � � � 	
 	 � �� � � � � �� � � 	 � �� �� �� � 	 � � 
	 � ��
 
�� � � � � 
 � � � � 
 � �� � ��� � � � � � �

S

W

E

A

N

B

D

L

K

M

P

R

S

N

K

Q

B

C

W

P


�� � � � ��� ��� �� � � � � � � � � � �� �� � 
� � � � �� � � � � � ��� � � ��� ��
� � ��� 
 �� �� �� �� � �� � 
� � � � � � �� � �� ��� � �� � � ��� � �
� � ��
 �� � � � 
 � � �� �� � � � � � � � � �� �� � �� �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

Γ

Γ Γ

ΓN

ΓN

D D

� � �� �� �� � � � � � � � � �� � � �� � � � � � � � � � ��
� �� � � � � �� � � � �� �� � � � � � ��� � � 	�
 � �� �
 �  � �
�� � � � � �� � � �� � �� � � � � ��� � � 	
 � �� �
 �  � �
� �� � � � � �� ���� � � � � �� � � 	�
 � �� �
 �� �� ��� �� � � �� � �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� �� � � � � �� � � � �� � � � � � � � �� �� � � � � � � �  �

�
� �

� � � � � 	 
 
� �
� � � � �  �

�
���
� ���

� � � � 	 
 
� �
� � � ��� � � � 	 
 
� �

� � � � �  �
� � � � �� � � � � � �� �  �� � � � � � � ��� � � � ���
� � �� �� �   � �� ! �� ��  � � � �

" � �$# % 	& �
" � � � # % 	& �

'( ) % *
� �$# %,+ 
 	� �

- � ( ) % *
� - ' - � # % + 
 	�

� � � �. � � � ��� �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � � � � � �  � � ! ��  � � �  �� � � � � � ! �� �# %
� � � � �
 � � � � �� �  � . � ��� � � �� � �  � � � � � ! �� � � � . � �� � �
� � �

� � # %,+ 
 � � 	� � � 
 � �� � � 
 �� �. �� � � +


 � �	� � � �
� � � � �
 �� �  �� � �� � � � � � � � � ! �� � � � �
� �� � � � � � � � � �� ��� ��
� � � � �� � � �� � 	�

S

W

E

A

N

B

D

L

K

M

P

R

� �
� � # � � + 
 � � 	� �

� � � � � � � # � � + 
 � � 	� � � � � � � � � # � � + 
 � � � 	� � � � � �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

" � �$# % 	& �
" � � � # % 	& � � � � � �

- � ( ) % *
� - ' - � # %,+ 
 	�

�
� � � � �

� � - �� � � � �
� � � �� � � � �

� � - �� � � � � � � � - �� � � � �
� � � � 	

� �

" � �$# % 	& �
� � � �

� � " � � � # % 	& � � % �
% � � + 
 % 	�

�
 � 
�
% � � + 
 % 	� �

� � � � �
� � - � � � � � �

� � � �� � � � �
� � - �

� � � � � � � � - �� � � � �
� � � � 	



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

S

W

E

A

N

B

D

L

K

M

P

R

Q

C

�

 � � ��  � 
�� � � � � � � � ��  
� ��  � � � � � !� ! �� �  � � �� � � !�  �� � �
�
 � �  �� �� � � ! �  �� !� � � � � � ! � �� ��  �  �� � � � � � �	� � � ��
� � !� � � � � ��  
� � � �� �  � � � � � � � � �� � � ! �� � �  �� � � � ! � � � ! � � � � �� � �� �  �� � �

� � � �  � �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� ! � ��  � 
� � ��  � � � �� � � ! �� � �� �� � ��  � � �
 � � � # % !� � � � � � . � ��� � � � ��� � �
� � � � ! �� � � � � 
� � � � � �  � �� � � ! � � �� � � �� � � � � � � � � � �
 � � !�  �� � �
�
 � �  �� �� � � ! �  ���
�� � � �  �� � � � �� � �� � � �� �� � � � ! �� � �
 � � !�  � � �  �� � � # %�

�

� � ��� � �

� � �� � � �

� � ��	 � �
� � �� � � �

� �� 
 � �� � � 
 � �
� � � � � � � � !� � � !�  �� � � � � !� �� � � � � � ! ��� ��  � �� � ��  � � ! �� � � �
 �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � ��  �� � � � � � �� �� �� �  �� � � � � � � �� � � �� � � � � ��� �
� � � � � � � � � � � � �� �� �� �� �

� � � � � �� � �
�


 � � � � � �� �


� � �� � � � � � � � � � �  �  � �  � � � �� �� �� �� � �  

� � � � � � � � � � � �

�


� �

�


� �

�


� �

�



� � � � �� �  � � ��  �  �
��  � �  � 
 �� � � � !� � � �� � �� � � �  � � �� �� �� �  �� � �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � �� � � � ! �  � � � � � � �
  � �� � � ! �� �� � � �� � �

S

W

N

B

K

P M

L

E

A

Q R

� � � � � � � # ) � � *+ 
 � � � 	� � �  � � � � # ) � � *+ 
 � � � 	� � �

% � � + 
 % 	� �
� � � � �

� � - � � � � � �
� � � �� � � � �

� � - �
� � � � � � � � - �� � � � � � � � � � 	

� � � � � � � � � � � � � � � �� � 	�  � � � � �
� � � � � � �� � 	�

� �� �

�

� � ��� � �

� � �� � � �

� � ��	 � �
� � �� � � �

� �� 
 � �� � � 
 � �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � � �
 � � � � �� �  � . � ��� � � � � � � � � �  � . � � � � �

S

N

Q

B

C

W

P

K L

� � � � � � � # ) � � *+ 
 � � � 	� � � �
� � ! � � ! � � � �
 �

% � � + 
 % 	� �
� � � � � � � � - �� � � � �

� � - �� � � � �
� � - �

� � � � � � � � � � � � � � � �� � 	� �
� �� �

�

� � �� � � �

� � ��	 � �
� � �� � � �� � � 
 � �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� ���� � �� �� �� 	 ��
� �� �� 
� � � �� � � �� � � ��  � � � � � ��� � � � � ! !� � � �  � �� � � ! �� � � � ! �� � � � �� �

  

  



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � � � � � � � ! � � !� � �� �

�   ��� � �
- �� �

� 	� � � � �� �� � � � � � & 

 � 	 � � � �
� �

�   ��  � � � 
 & - � � � �� �� � � � � � & 

 � 	 � � � �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � �� � � �  ��  � � � ! �  �� � �� � � � �& � � � � �& � � �

0 1 2 3 4
temps

−15

−10

−5

0

lo
g(

er
re

ur
)

erreur l2 avec Dirichlet
erreur l2 avec mailles fictives

�� � � � � � �� � � � �� �� � � � �� �
 � � � � � � � � �� � � ! � � � � � 
� � �  � � �  �� � �  �
� �� �� � � �  �� � � � � � �� � � � ! �  �  ! � � � � � 
� � � �  � ! �� � ! �� � � � ! ! �� � �  � � �� �
� �� �� � � � �� �
 � � � � � � � �� � �� � � �  � � � � � � � � � � � !
 � � � � � � � !
 � � � � � �

� � � � �� �� � � � �  � � � � � ! � � �  � � � ! � � � �� �� � ��  �
 � �  �� � � � � �
� � ! �  �� � � � � ��



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � �� � � � �  ��  � � � ! �  �� � �� ! � � � � �� ! � � � � � � � � �� �

� �& � � � � & � � � & � � � � �
� �

0.0 1.0 2.0 3.0
ln(1/h)

−8.0

−6.0

−4.0

−2.0

0.0

ln
(e

rr
eu

r)

erreur l2 avec mailles fictives
erreur l2 avec Dirichlet
droite de regression

0.0 1.0 2.0 3.0
ln(1/h)

−10.0

−8.0

−6.0

−4.0

ln
(e

rr
eu

r)

erreur Linf avec mailles ficitives
erreur Linf avec Dirichlet
droite de regression

�� � � � � � �� � � �
�� � � � � �� � �� � � � � � �� � � � 

�� � � � � �� �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � �� � � � �  ��  � � � ! �  �� � � � � � � � � �  � � � �� � � �

� �& � � � � � �� ��� & ��� � �� � � & �

0.0 1.0 2.0 3.0
ln(1/h)

−8.0

−6.0

−4.0

−2.0

ln
(e

rr
eu

r)

erreur l2 avec mailles fictives
erreur l2 avec Dirichlet
droite de regression

0.0 1.0 2.0 3.0
ln(1/h)

−8.0

−7.0

−6.0

−5.0

−4.0

−3.0

−2.0

ln
(e

rr
eu

r)

erreur Linf avec mailles fictives
erreur Linf avec Dirichlet
droite de regression

�� � � � � � �� � � �
�� � � � � �� � �� � � � � � � � � � � 

�� � � � � �� �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � �� �� � � � �� 	� � �� � � � �� 	 � � � � � �  �
� � �� �� �  ��  � � � � ��

�
� �

� � � � � 	 
 
� �
� �
� 
 � � � �  �

�
����
� ����

� � � � 	 
 
� �
� � � ��� � � � 	 
 
� �

� �
� 
 � � � �  �

	 � !
 � �� �  � . � �� � � � � � � � � � 	
 � �� �
 �  � ��

% � + 
 % �
%

� �
� 
 �

% � � � %

� � � � !� � � !� �� �� � �� � �  �� � � � � � � �  � � � � � � � � � � � � � � �� � �

� �
� � ��� � �,� �

� � � ��
% � �,� �

� % � %



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � ! �
 � � � � � � � ��  � 
�  � � � � � � � � � � �� �  � . � ��� � � � �
� � �

S

W

E

A

N

B

D

L

K

M

P

R

 �� �� �� � �  � � � � %�
� " � � # % 	& � � '( ) % * � �# %+ 
 	� � - � ( ) % * � - � ' - � # % + 
 	�



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � ��  � 
�� �� � � � ! �� �# % � � � �. � ��� � � � �
� � �

������������
� ������������

� �� � � � # % � � � � � � �� � �. � � � �
� � � � � � � � � � �# % � � � " � � � � # % 	& � � � % � 
 � ��� � �

� �
�� � � � � � � �# % � � � " � � � � # % 	& � � � 
� � � �� � � �� � � 
 � �

� �
� � � � � � � � �# % ��  � �� � �. � � �

� � 	 � � � � �� �� � � � # % �. � � � �
� � � � � � � # %+ 
 ��
 � � 
 � �� �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � � ��� � �  � �� � � ! � � � � � � � �  �

S

W

E

A

N

B

D

L

K

M

P

R

� � � � � � � " � ) � � * �# ) � � * � �  � � � � � � � # ) � � *+ 
 � � � �

" � �$# % 	& � �
- � ( ) % *

� - ' - � # %+ 
 	�

� �
� � � � �

� � - �� � � � �
� � � �� � � � �

� � - �� � � � �
� � � � 	

� �

" � �$# % 	& �
� � � � � � � �

� � " � � �$# % 	& �
� � �� �

� � " � � � # % 	& � � %� � � � �

� % � � � � � � �� % � � + 
 % 	� � � % � � + 
 % 	�



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � �
 ��  �� � � � � � � � �

% � � + 
 % 	� �
� � � � �

� � - �� � � � �
� � � �� � � � �

� � - �� � � � �
� � � � 	

� � � � �

� � � � � � � � � � � � �� � 	�
�� � � �  �� � � � � � � �� � � �� �� �

� �

� � �� � � �

� � �� � � �

� � ��	 � �

� �� 
 �
+

� � �
� �
� � � � � � � �

� �
��

�

�� � � �

� � �� � � �

� � �� � � �

� � ��	 � �

� �� 

�
+ 
 � � ��

�� � � � � �� � +
� � �

��
��  � �

� �� � � �� � � � �  � ! �� � � !� � � �  �� � � � � � �� �� �� �  �� � � � � � � �� � � �� � � � � � ��
� � � � �� �  � � ��  �� �� � � �� �  � � � �� � � �  �  �  � �  �

� �
� � � � �� �� � ��  ! �� � � � �� �� � �  �
 � �  �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � � � � � � �
  � �� � � ! �� � � � � � � �  � �

S

W

N

B

K

P M

L

E

A

% � � + 
 % 	� �
� � � � �

� � - �� � � � �
� � � �� � � � �

� � - � 	
� � � � � � � � � �

� � � � � � � � � � � � �� � 	�  � � � � � � � � �� � 	�
�� � � �  �� � � � � � � �� � � �� �� �

� �

� � �� � � �

� � �� � � �

� � ��	
�
+

� � �� �� � �  � - �� � �
�

� � �� �

� � � � � �

� � �� � � �

� � �� � � �

� � ��	
�
+ 
 � � ��

�� �
�� �

� � �� � �
� � �� � �+

� � �� �� ��� �
� �

�	 �
� � �

� � �� � �
� � �� � �+

� � �� �� ��� �
� �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � � �� �� � � � �� 	� � �� 	� � � � �

� � � � # %+ 
 � � � 	� � �
� " � � � � � # % 	& � � � � �

� # % + 
 � � � �

S

W

N

B

K

P M

L

E

A

Γ ΓΝ D

R

� � � �
 ��  �� � � � � ��� � �

% � � + 
 % 	� �
� � � � �

� � - �� � � � �
� � � �� � � � �

� � - �� � � � � �
� � � � 	

� � � � �
� � � �
� � � � � � � � �� � 	� � � � � � �

� � � � � � �� � 	�



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

�� � ��  � � � � � � � � �� � � � � �� �

� �

� � �� � � �

� � �� � � �

� � ��	 � �

� �� 
 �
+
� � �

��
��

� � � � � �
��

��

�

�� � � �

� � �� � � �

� � �� � � �

� � ��	 � �

� �� 

�
+ 
 �� ��

�� � � � � �� � +
� � �

��
��  � �

�	 
�� �� �� � �

� � ��� ��� � � � �� � �� � � �� �� � � � � � �
 �� � �� � �� � � � �� � � � ��� � � �� � �� � � � �
�� � �� �� � � � � �
 �� � � � � �� � � �� � �� � � �� � �� � � � � � � � � ��
 ��� � � �� � �� � � � �

� � � � �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

��� � � � �� � � �� � � � � � �� � � �� �� �� � � � �� � � �
 � � �
� � � � �� � � � � � � � � � � � � � � �� �� � � 	 ��
 � � � ��� �� � � � � �� �� �� � � ��

�� � � � � � �� �� � 
 �� � �� � � �� � � � � � �� � � � � � �� � �� � �� � �� ��
�
� �

� �� � � 	 � 
 ��� � ��
 � � � � � 
 � � 
 � �
� � � � � � �� �

���
� ���

� ��
 � � 	 ��
 �� � ��
 � � 
 ��
�� �� ��
 ��� � ��
 � � � � 
 ��

� � � � � � ��
�� � � � �� � � �  �� � � � � � �   � � � � �

���
� ���

� � �� � �! � �� �#" $ � �� � �� �
�� �% �� � � � �� � � 	'& % � � � � 	'& % � $ � �� � �� �

� �� �� �)( ��� � � �)( � � � � ( � ! �



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� ��  � �� � � � � �  � �  � � � � � � �� � �  � � � �  � � � �� � � � � � � � � �

M

A

L

B

K

P

W E
R

N

SQ

C D

���
� ���

��� � � � ��� � � $ � �� � �� � �� � 	�


��� � � �
�
	 ��� �� � 	 ��� ��� � �

� �� � �� �� � 	 


��� � � � �� � � � � � ! �� �� � �� � 	�

�� � � � � � ��� �� �� � �  ��� �� � �� � � � � � �� � �
�
� �

� � � �� ��� � �! �� �� � � ��
 � ! " � # � $ $  � � �� " � �  &% ')( "



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

$ � $  �� � '� " � �� � � �  � � $ � � � �� $� ��

��
	 � � � � �� � # �

�� $ � � �� � # � $ �� �

�
$ � 	 �
 �� �� �

� � ��
$�

�
�� 	 �
 � � ��

� �
� � ��

$�
�

	 � � � �� 	 �� � � � �� � $ �� �

�
$ � 	 �
 �� �� �

�
	 � � � 	 �
 �� ��

� � �
	 �
 � �� �

� 	
 	

	& 	 �
 �� �� � � � #

� � �  � � � � 	 "�� �  � � � � � "�� �  � � � � 	 "
� � �  � � � � 	 "�� �  � � � � � "



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

�  � � �� � � � � �� �� � � ��� � �� ��  � � � � �  � � � � � � � � � �� � � � �  � � �

	

	 � � � � 	 
 � #��  �  � � � � 	 " � �  � � � � � "�� �  � � � � 	 "

� �  � � 	 � � 	 "�� �  � � � � � " �

� �� �� � � � �� �� �� � �  �� � �� � �� � �� �  � � � � � � ' � ' � ' � �� � � � � � � � �� � � � ��
� �� � �  � �� ��  �  � �� �� � � �� � � �  � � �� � �� � � � ��� � �� �� � � � �  � � � ���� � ��� �� �� �
 � � " � �� �� � ��  � � ��� ��



M
oh

am
ed

-M
ah

di
 T

E
K

IT
E

K

 G
D

R
 M

oM
as

� � �� � �� �� �� �� �	 � �
 � � � �	 � � ��

� � �� � � �� � ��� � ��� � � � ��� �� � �� �  � � � ��  � � �� � � �� � � � � � �� �� � � � � �
��   � � �� � � �� � � � � �� � � � �� � � �� �  �� �

� �  � ��� � ��� � � � �  �  � � �� � ��� �� � �� �  � � � ��  � � �� � � �� � � � � � �
� � � � �   � � � �� � � � �� � � �  � � � � � � � �� � ��  � � � �� � � � � � �  � �

� � � � � � � � � � �� � � � � � � � � � � ��  � � � � � � � �� � � � � � �� � � � � � �� �� � � � � � �
� � � � � � � � � � � � � �  � �� � �  � � �� � �

� � � �  �� �� �� � �� � � � � �� � � � � � � � � � � � � �� � � � � � � � � � � � � � ��� � � � � � �� � � � ��  
� � � � � � � � � � � � � � �  �� �� � � ��  � �� � � �  �� ��  �� � � �� �


