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E�FHGJILK�M�N OQPRI%SUT9VXW1PZY\[]KJW^Y\_UW1PRI`PZa�VXW1PZY\[
b K%a1cda�W�GJILK�a�e�Y\I`_UTZK7f=K�a

g�h�YXi1KJW4Odjlk^m#O

n4VX_U_�Y\h1W b Koh�K�e�FHKJh�e�FHKp[
q�rtstuXM&NwvxVX[QyQPZKJhozt{t{t{&N}|XML_.VX~�K�a

���x�B��������� ��Y\_UW1PRI`PZa�VXW1PZY\[ b K���Y\h1ILK�a�KJ[�V\�Jh�Y b cd[.VXI`PZ�xSHK^[H��e�K�a�a1PRW�K�T�� SUW1PRTRPZa�VXW1PZY\[ b ��VXTR~�YX�
h1PRW1FUILK�a���IL�JW1FHY b K#V�y�K�eo�JW�VXW�V b i�Y\PR[QW���KJW��XY\S b ��Y\SUW1PRTZa�� b P����Jh�KJ[xW1P9VXW1PZY\[�VXSUW�Y\I�VXW1PZ�xSHK ���QSUP
_�KJSUy�KJ[xW¡a�K¢h��Jy��JTZKJh¡e�Y\£UW�KJS=f�KJ[&W�KJI`_Ha���PR[U~��J[UPZKJSUh�KJW b K�e¤VXTZeJSUTD�¥Y\S,KJ[%IL�JILY\PRh�K�[H��e�K�a�a�VXPRh�K
¦ T9V#I`PZa�K^KJ[@§oSUydh�K b K�a�e¤VXTZeJSUTZa ¨xm^[HK�_Uh�KJI`PZGJh�K^VX_U_Uh�Yde�FHK4e�Y\[Ha1PZa1W�K ¦ K�a�a�V�c�KJh b ��VXIL�JTRPZY\h�KJh
TZKJSUh4_�KJh���Y\h1I�VX[He�Kt©�~th�ª\e�K�[HY\W�VXI`ILKJ[xW ¦ T�� SUW1PRTRPZa�VXW1PZY\[ b K%IL�JW1FHY b K�a4W�KJTRTZK�ao�xSHK&T9VLh���a�Y\TRS=�
W1PZY\[«a1PRI&SUTRW�VX[H��K,�1¬¤­^[HK7�lOQFHY\W ¬¤��KJW��XY\S�T9V�IL�JW1FHY b K^I%SUTRW1PR[UPRy�K¤VXS¥¨UE®Y\SUW¯KJ[�e�Y\[Ha�KJh1y\VX[QW¯e�K�a
VX_U_Uh�Yde�FHK�a ©�[HY\SHa&_Uh���a�KJ[QW�Y\[Ha,SU[HK�IL�JW1FHY b K b ��Y\_UW1PRI`PZa�VXW1PZY\[°Y\±²SU[HK«VX_U_Uh�Y�f=PRI�VXW1PZY\[ b S
~th�V b PZKJ[QW b K�T9V«�³Y\[HeJW1PZY\[U[HKJTRTZK@e�Y\£UW,K�a1W%e¤VXTZeJSUTZ��K@_.VXh b P����Jh�KJ[He�K�a b PRyQPZa���K�a¤¨¥� ��VXTR~�Y\h1PRW1FUILK
VXPR[Ha�P¥Y\´UW�KJ[xS]K�a�W�VX_U_UTRPZ�xSH� ¦ T9V�h���a�Y\TRSUW1PZY\[ b K#_Uh�Y\´UTZGJILK�a�PR[xy�KJh�a�K�a�´UP b PRILKJ[Ha1PZY\[U[HKJTZa¤¨
µ·¶H¸¤��¹�ºx»��x���%���QS.VXW1PZY\[Ha b ��¼ SUTZKJh¡�����QS.VXW1PZY\[Ha b K�koV�ydPZKJh��lOQW�Y\½�K�a¾��Y\_UW1PRI`PZa�VXW1PZY\[ b K¢�³Y\h1ILK�a
�`IL�JW1FHY b K¿FUPZ�Jh�VXh�e�FUPZ�QSHK¿�LIL�JW1FHY b K¿I%SUTRW1PR[UPRy�K¤VXS��`IL�JW1FHY b K�­^[HK7�lOQFHY\WÀ� b P����Jh�KJ[He�K�a
b PRydPZa���K�a
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���Uº�¸��4OQF.VX_�K@Y\_UW1PRI&SUI b K�a�PR~t[²PR[ V\KJh�Y b cd[.VXI`PZe�a�h�K��xSUPRh�K�a&W1FHK@SHa�K�YX�4VXTR~�Y\h1PRW1FUILa
�³VBi b Y\PR[xW�a�W�VXW�K^ILKJW1FHY b ��VX[ b �XY\h¯W�YQY\TZa��³VXSUW�Y\I�VXW�K bÀb P���KJh�KJ[xW1P9VXW1PZY\[
���¯FUPZe�F e�Y\SUT b _Uh�Y¤y�K b
W�Y�´�KoK7fd_�KJ[Ha1PRy�K4PR[ ��KJ[U~tPR[HK�KJh1PR[U~@VX[ b e�Y\I`_USUW1PR[U~Q��W1PRILKoY\h¯PR[«ILKJILY\h1c@SHa�K b �³Y\h¯e�Y\I`_US=�
W�VXW1PZY\[Ha ¨����Hh�a�W&VX_U_Uh�Y�V\e�F e�Y\[Ha1PZa1W�a#PR[ W1h1cdPR[U~ W�Y«PRI`_Uh�Y y�KLW1FHKJPRh%K���eJPZKJ[HeJc�¨�E�FHK`SHa�K`YX�
ILKJW1FHY b a a1SHe�F@V\a¡W1FHK�a1PRI&SUTRW�VX[HK�Y\SHa¢a�Y\TRSUW1PZY\[���­^[HK7�lOQFHY\W�� VX[ b �XY\h W1FHK�I&SUTRW1PRTZKJy�KJT.ILKJW1FHY b
e¤VX[+PRI`_Uh�Y y�K PRW¤¨�� FUPRTZK _Uh�K�a�KJh1ydPR[U~ W1FHK�a�K�VX_U_Uh�Y�V\e�FHK�a¤©���K _Uh�K�a�KJ[xW]VX[-Y\_UW1PRI`P�� VXW1PZY\[
ILKJW1FHY b PR[��¯FUPZe�F�VX[]VX_U_Uh�Y¤fdPRI�VXW�K%~th�V b PZKJ[xWoYX�¾W1FHK%e�Yta1W���SU[HeJW1PZY\[.VXT�PZa�e�Y\I`_USUW�K b ´xc b P��
ydP b K b,b P���KJh�KJ[He�K�a ¨¾E�FHK¯Y\´UW�VXPR[HK b VXTR~�Y\h1PRW1FUI)PZa VX_U_UTRPZK b W�Y4a�Y\TRy�K�W���YX� b PRILKJ[Ha1PZY\[.VXT�PR[xy�KJh�a�K
_Uh�Y\´UTZKJILa ¨
�� "!�¹$#&¶���%¾����¼ SUTZKJh�K��xS.VXW1PZY\[Hao��koV�ydPZKJh��lOQW�Y\½�K�a�K��QS.VXW1PZY\[Ha4�¯a�F.VX_�K,Y\_UW1PRI%SUI b K�a1PR~t[¿�
FUPZKJh�VXh�e�FUPZe¤VXT®ILKJW1FHY b �¢I&SUTRW1PRTZKJy�KJT®ILKJW1FHY b ��­^[HK7�lOQFHY\W�ILKJW1FHY b � b PRydP b K b b P���KJh�KJ[He�K�a
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5 ¸
�X¶ %¾��ºt¸76�¶ 5 8

9 :;5=< �X¶ 
 »�>Q�  �� ¶ %?>Q»   5 �U� �B¶ % ! 5 �H�@6�A¥�  B

C D ¶ 5 %E6D¸76�¶ 5 � %GF�¶ < ¸76�� �H»�6D¸¤�  5 º�¶ 5 ¸76 5 � H

8 I 6��¤º �B�x¸76D� �=¸76D¶ 5 J
MH¨ 0 �^_U_Uh�Y�f=PRI�VXW1PZY\[ ¨#¨�¨#¨�¨#¨�¨�¨#¨%¨#¨�¨#¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ s
MH¨�z �^TR~�Y\h1PRW1FUILK b Koh���a�Y\TRSUW1PZY\[+¨�¨�¨#¨%¨#¨�¨#¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ 0 {
MH¨�r Ko��Y\IL�JW1h1PZK b PZa�eJh�GJW�K!¨#¨�¨#¨�¨�¨#¨%¨#¨�¨#¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ 0�0
MH¨ M L�VXTZeJSUT b SÀ~th�V b PZKJ[QW^KJ[ SUW1PRTRPZa�VX[xW�T����JW�VXW^V b i1Y\PR[xW ¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ 0 z

MH¨ MH¨ 0 L�VXTZeJSUT b KoT9V��³Y\[HeJW1PZY\[HKJTRTZK�e�Y\£UW�KJW b K#a�K�a b �Jh1PRy���K�a�¨�¨#¨�¨%¨#¨�¨#¨ 0 r
MH¨ MH¨�z L�VXTZeJSUT b KoT����JW�VXW^V b i1Y\PR[xW4KJW b S ~th�V b PZKJ[xW ¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ 0 M

B µ·��¸7M�¶ %  %NF�¶ < ¸76��O6��
�=¸76�¶ 5 ��P� QºRQ � � %E6  5 ¸ 3 B

S µ·��¸7M�¶ %  UT 5  �¹
VWM�¶H¸ 3XS

H µ·��¸7M�¶ %  ��¿�¾»9¸76 5 6YP� �H� 3XJ

J I 6YZ¢� �� 5 º  x��%E6YP[6D� �  x� 9#9

\ : ¸76�»�6��
�=¸76�¶ 5 %GFR� 5]< �U� %  %  Q�¤º" 5 ¸
 RP � ��6 � 
 »  9^S
|=¨ 0 L�VXTZeJSUT b � SU[À_.V\a�¬JY\_UW1PRI�VXT ¬o_�Y\SUh�SU[ [UPRy�K¤VXS b Y\[U[H� ¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ ztu
|=¨�z _¢VXh1P9VXW1PZY\[ b S�_.V\a¯TZY\h�a b K�a�e�F.VX[U~�KJILKJ[xW�a b K#[UPRy�K¤VXS ¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ z!`

3.a;b �H»�6 % �=¸76�¶ 5 ��º�¶
� < � � �^6��¤¶ 5  5 ¸
�� cQ���� %E6  5 ¸� !d �Uºt¸  x¸ %E6YZ¢� �  5 º" x��%E6YP[6D� �  x� 9^\

3e3 ���x�B��»D¸
�=¸¤� 5 �¾� � �f6�A¥�  x� �!P  xº < �U��%  %  x� º" 5 ¸
 �º�¶ 5 ��¸
� 5 ¸ C#a
0�0 ¨ 0 n���a�Y\TRSUW1PZY\[�e�Y\I`_UTZGJW�K&V¤y�K�e��JW�VXW^V b i1Y\PR[xW¯¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ r 0
0�0 ¨�z n���a�Y\TRSUW1PZY\[�a1PRI%SUTRW�VX[H��K�V�y�K�e��JW�VXW4V b i�Y\PR[QW^¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ rtz
0�0 ¨�r n���a�Y\TRSUW1PZY\[�a1PRI%SUTRW�VX[H��K�V�y�K�e b P����Jh�KJ[He�K�a b PRydPZa���K�a�¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ rts

3%9 ���x�B��»D¸
�=¸¤� 5 �¾� � �f6�A¥�  x� �!P  xº < �U��%  %  x� º" 5 ¸
 gP � �f6 � 
 »  8 H
0 z=¨ 0 n���a�Y\TRSUW1PZY\[�a1PRI%SUTRW�VX[H��K�V�y�K�e��JW�VXW4V b i�Y\PR[QW^¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ MX`
0 z=¨�z n���a�Y\TRSUW1PZY\[�a1PRI%SUTRW�VX[H��K�V�y�K�e b P����Jh�KJ[He�K�a b PRydPZa���K�a�¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ h 0

3.CiD ¶ 5 ºQ»����76�¶ 5 � < �B�d»�6��O6 5 �^6 �� Q� S#a

j�jlk�m�n�o)p)q
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3X8 	 <?< »�6�º"�=¸76�¶ 5�� » F ¶ < ¸76��O6D� �=¸76D¶ 5 %NFR� 5=< �X¶���» S$3
0 MH¨ 0 g¡VXh�VXIL�JW1h1PZa�VXW1PZY\[ b K�T9V&��Y\h1ILK b S�_Uh�Y �HT%¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ u 0

0 MH¨ 0 ¨ 0 j [xW�KJh1_�Y\T9VXW1PZY\[ [HY\[ SU[UP��³Y\h1ILK ¨#¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ u 0
0 MH¨ 0 ¨�z�¼�ytVXTRS.VXW1PZY\[ b K#T9V�_Uh���eJPZa1PZY\[ b S _.VXh�VXIL�JW1h�VX~�K ¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ utz

0 MH¨�z�	HY\h1I&SUT9VXW1PZY\[ b S _Uh�Y\´UTZGJILK b ��Y\_UW1PRI`PZa�VXW1PZY\[�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ ` 0
0 MH¨�r g�h�Y\´UTZGJILK%PR[xy�KJh�a�K%ILY\[HYQe�Y\h1_Ha^KJ[ ¼�SUTZKJh�¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ `\z

0 MH¨�r=¨ 0 L�Y\[xW�K7f=W�K ¨�¨#¨�¨#¨�¨�¨#¨%¨#¨�¨#¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ `\r
0 MH¨�r=¨�z�n���a�SUTRW�VXW�a ¨�¨#¨�¨#¨�¨�¨#¨%¨#¨�¨#¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ `\r

0 MH¨ M�g�h�Y\´UTZGJILK%PR[xy�KJh�a�K&KJ[ÀW1SUh1´USUTZKJ[xW]¨%¨#¨�¨#¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ `�`
0 MH¨ MH¨ 0�
 Y b GJTZK�a b KoW1SUh1´USUTZKJ[He�K%_�Y\SUh b K�a^e�Y\SHe�FHK�a�TRPRI`PRW�K�a�e�Y\I`_Uh�K�a�a1PR´UTZK�a `�`
0 MH¨ MH¨�z L�Y\[xW�K7f=W�K b S�e¤VXTZeJSUT ¨�¨#¨%¨#¨�¨#¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ sXM
0 MH¨ MH¨�r�n���a�SUTRW�VXW�a ¨�¨#¨�¨#¨�¨�¨#¨%¨#¨�¨#¨�¨�¨#¨�¨#¨%¨�¨#¨�¨#¨�¨#¨�¨%¨#¨�¨#¨ stu

3 B D ¶ 5 ºQ»����76�¶ 5 \$3
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� ��Y\_UW1PRI`PZa�VXW1PZY\[ b K%��Y\h1ILK�aoKJ[ V\�Jh�Y b cd[.VXI`PZ�QSHK&h�KJ_Uh���a�KJ[xW�K�SU[HK�_Uh���YQe�eJSU_.VXW1PZY\[¿W�K�e�F=�
[UPZ�QSHK]PRI`_�Y\h1W�VX[QW�K b VX[Ha«T�� PR[ b SHa1W1h1PZK V\�Jh�Y\[.VXSUW1PZ�xSHK b KJ_USUPZa b K�[HY\I%´Uh�KJSHa�K�a VX[U[H��K�a ¨��®K
a�S\i�KJW¯ILY\W1PRy�K#T9V`I`PZa�K#KJ[ _UT9V\e�K b K#_Uh�Y\~th�VXI`ILK�a4e�YdY\_��Jh�VXW1P��³a¯W�K�e�FU[HY\TZY\~tPZ�QSHK�a^W�KJTZa��QSHKoTZK�a
_Uh�Y\~th�VXI`ILK�a,KJSUh�Y\_���KJ[Ha&¼¢m^n�­4g E�����KJS.|XM���KJW�¼GL �^n^g���g	� L�
�|ts�� ©��xSUP�Y\[xW&_�Y\SUh&´USUW
b ��V\a�a�YQeJPZKJh�e�FHKJh�e�FHKJSUh�a4KJW�PR[ b SHa1W1h1PZKJTZa4V��H[ b K#ILKJW1W1h�K%VXSÀ_�Y\PR[xW b K�a¯IL�JW1FHY b K�a b Ko_UTRSHa�KJ[
_UTRSHa4_�KJh���Y\h1I�VX[QW�K�a#KJW^SUW1PRTRPZa�VX´UTZK�a b VX[Ha^TZK&I`PRTRPZKJS¿PR[ b SHa1W1h1PZKJT�¨��¥K�a4_Uh1PR[HeJPR_.VXS=f�_Uh�Y\´UTZGJILK�a
VX´�Y\h b ��a�e�Y\[He�KJh1[HKJ[xWÀTZK�e�Y\I`_�Y\h1W�KJILKJ[xW b K�a«VXPRTZK�a b ��V�ydPZY\[ b VX[Ha@TZK�a b P����Jh�KJ[xW�K�a«_UF.V\a�K�a
b � SU[`y�Y\T�
XTZK�a¡_�KJh���Y\h1I�VX[He�K�KJ[�h��J~tPRILK b K¯eJh�Y\PZa�PZGJh�K���e�K�a¡W1h�V�ytVXS=f b ��Y\_UW1PRI`PZa�VXW1PZY\[ b K�_Uh�Y �HTZa
_�KJSUy�KJ[xWoa¤��K7��K�eJW1SHKJh^KJ[ _Uh���a�KJ[He�K b K%[.V\e�KJTRTZK�a¤©.�QSUP¥_�KJSUy�KJ[xWo�J~xVXTZKJILKJ[xW��JW1h�K%Y\_UW1PRI`PZa���K�a7�7©
TZK�a�_�KJh��³Y\h1I�VX[He�K�aoVXS b ��e�Y\TRT9VX~�K�KJ[�e�Y\[ �H~tSUh�VXW1PZY\[ b � Fxcd_�KJh�a1SHa�W�KJ[xW�VXW1PZY\[°��h�K�e�FHKJh�e�FHK b K%T9V
_�Y\h1W�VX[He�K#I�VBf=PRI�VXTZK�KJW b � SU[HK#W1h�V��Z[H��K�T9V,_UTRSHa¯h�� b SUPRW�K#_�Yta�a1PR´UTZK �7¨

�®y�K�e�TZK�_Uh�Y\~th�G�a b K�T9V�_Uh�� b PZeJW1PRydPRW�� b K�a¾ILY b GJTZK�a V\�Jh�Y b cd[.VXI`PZ�xSHK�a¢e�Y\I`_UTZK7f=K�a¤©tKJW¡_�Y\SUh
e�KJh1W�VXPR[HK�a��JW�VX_�K�a b K^T���Y\_UW1PRI`PZa�VXW1PZY\[ b K¯�³Y\h1ILK�a¤©QT�� PR[U~��J[UPZKJSUh�a�Y\SUF.VXPRW�K b ��a�Y\h1I�VXPZa b �JT9VXPZa�a�KJh
TZK�a¡ILY b GJTZK�a�a1PRI`_UTRP �.��a���_�Y\W�KJ[xW1PZKJT.TRPR[H�¤VXh1PZa�� ��_�Y\SUh�SUW1PRTRPZa�KJh b K�a�e�Y b K�a�koV�ydPZKJh��lOQW�Y\½�K�a�_�Y\SUh��
W�VX[QW�´�K¤VXSHe�Y\SU_�_UTRSHa�e�Y\£UW�KJS=f�©®KJ[ e�Y\[\i1Y\[HeJW1PZY\[ V¤y�K�e b K�a b �JI�VXh�e�FHK�a%PZa�a�SHK�a b S�e�Y\[xW1h��\TZK
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VXTR~�Y\h1PRW1FUILK�a b ��Y\_UW1PRI`PZa�VXW1PZY\[ a�Y\[xW b KJy�KJ[xSHa b K _UTRSHa�KJ[°_UTRSHa@a�Y\_UFUPZa1W1PZ�QSH��a¤©¡h�KJI`_UT9V��¤VX[xW
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_�KJh1ILKJW b � SUW1PRTRPZa�KJh b K�a&VX[.VXTRc=a�K�a b KL_UTRSHa%KJ[�_UTRSHa&e�Y\£UW�KJSHa�K�a%KJW b ��VXSU~tILKJ[xW�KJh,TZK`[HY\I%´Uh�K
b Ko_.VXh�VXILGJW1h�K�a b K#e�Y\[xW1h��\TZKt¨

g�Y\SUh1W�VX[QW¤©Q´UPZKJ[«�QSHK�e�K�a¢IL�JW1FHY b K�a�a�Y\PZKJ[xW b K�_UTRSHa�KJ[�_UTRSHa¢SUW1PRTRPZa���K�a¤©dKJTRTZK�a [HK�a�Y\[xW�_.V\a
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Niveau 5 (1 parametre)
Niveau 4 (3 parametres)
Niveau 3 (7 parametres)

Niveau 2 (15 parametres)
Niveau 1 (31 parametres)
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b KoT9V`W1SUc�GJh�Kt©UTZK�a¯_.VXh�VXILGJW1h�K�a b K#e�Y\[xW1h��\TZK%a�Y\[xW����QSUP b PZa1W�VX[xW�a7� 


� �
	
8 � 	 
�� / � 	 � �� 
 c 	 
�� / c 	 � ��M 0 �

j�jlk�m�n�o)p)q



zt{ ����� ��*/�

¼�[&[HY\W�VX[QW c 2 TZK�_�Y\PR[QW¾I`PRTRPZKJS b S,a�KJ~tILKJ[xW � c�	 � c�	 
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_�Y\SUh4W�Y\SHaoTZK�a4a�KJ~tILKJ[xW�a�e�Y\I`_�Yta�VX[xWoTZK�_Uh�Y �HT ¦ Y\_UW1PRI`PZa�KJhL��TZK&W1h�VXPRW�KJILKJ[QW b K�a#a�KJ~tILKJ[xW�a
VXS=fLK7f=W1h��JI`PRW���a b K�T9V#_.VXh1W1PZK ¦ Y\_UW1PRI`PZa�KJh¢�³VXPRW�KJ[@a�Y\h1W�K��QSHK�TZK�a b �Jh1PRy���K�a � � a�Y\PZKJ[xW�[xSUTRTZK�a7�7¨
g¾Y\SUh�SU[-[UPRy�K¤VXS·~th�Yta�a1PZKJh¤©�a�KJSUTZa]�QSHKJTZ�xSHK�a]_�Y\PR[xW�a�a�Y\[xW b K y��Jh1PRW�VX´UTZK�a�_.VXh�VXILGJW1h�K�a b K
e�Y\[QW1h��\TZK4_�Y\SUh�T���VXTR~�Y\h1PRW1FUILK b ��Y\_UW1PRI`PZa�VXW1PZY\[¥©=TZK�a�VXSUW1h�K�a�_�Y\PR[QW�a��JW�VX[xW�PR[xW�KJh1_�Y\TZ��a�yQP9V@��Mxz��7©
KJ[«e�Y\I`ILKJ[ �¤VX[xW¯_.VXh¯eJh���KJh�T9V%~th1PRTRTZK^PRI`IL� b P9VXW�KJILKJ[QW�_UTRSHa �H[HKt©x_USUPZa�T9V&a1SUPRytVX[xW�Kt©=KJW�VXPR[Ha1P
b KÀa�SUPRW�KÀ_�Y\SUhLY\´UW�KJ[UPRh�T9V�~th1PRTRTZKÀT9V¿_UTRSHa �H[HKt© et��K�a�W ¦ b PRh�K e�KJTRTZK �QSUP¯_�Yta�a�G b K«TZK«I �JILK
[HY\I&´Uh�K b Ko_�Y\PR[xW�a^�xSHKoT9V,_.VXh1W1PZK b SÀ_Uh�Y �HT ¦ Y\_UW1PRI`PZa�KJh¤¨

� T9V �H~tSUh�K&u=©U[HY\SHaoV�y�Y\[Ha4e�Y\I`ILKJ[He��&V¤y�K�e�TZK�[UPRy�K¤VXS]TZK#_UTRSHa�~th�Yta�a1PZKJh�� 0 _.VXh�VXILGJW1h�K
b K&e�Y\[xW1h��\TZK �7©�_USUPZa�[HY\SHaoV�y�Y\[Haoe�Y\[Ha1W1h1SUPRW4a1SHe�e�K�a�a1PRy�KJILKJ[QWoTZK�a�[UPRy�K¤VXS=f�_UTRSHa �H[Ha�_.VXh^PRW��7�
h�VXW1PZY\[Ha%a1SHe�e�K�a�a1PRy�K�a b S _Uh�Yde�K�a�a1SHa ¨[L�K�eJP _�KJh1ILKJW b ��Y\´UW�KJ[UPRh b K�a�e�Y\SUh1´�K�a b PZa�eJh�GJW�K�a#TRPZa�a�K�a
��y�Y\PRh � � �#st|���KJW � �&Ko��| 0 ����a�KJTZY\[ SU[HK#W1FH��Y\h1PZK b � PR[xW�KJh1_�Y\T9VXW1PZY\[�a1SU´ b PRydPZa���Kt¨

� T9V �H~tSUh�K�`d©
[HY\SHa4_Uh���a�KJ[xW�Y\[HaoT���VXTR~�Y\h1PRW1FUILK b K&T9V@IL�JW1FHY b K b ��Y\_UW1PRI`PZa�VXW1PZY\[ I%SUTRW1P��
[UPRy�K¤VXS¥©
V�y�K�e%e¤VXTZeJSUT b SÀ~th�V b PZKJ[xW^K7fHV\eJW b KoT9V��³Y\[HeJW1PZY\[U[HKJTRTZK%e�Y\£UW¤¨
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j [UPRW1P9VXTRPZa�VXW1PZY\[ 
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n���a�Y\TRSUW1PZY\[ ºx¶
� < »�>�¸
 b KoT������xS.VXW1PZY\[ b ���JW�VXW 
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UY\_��Jh�VXW�KJSUh b K
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[UPRy�K¤VXS�~th�Yta�a1PZKJh¯y�KJh�a
TZKo[UPRy�K¤VXS
�H[ a�SU_��Jh1PZKJSUh
� � 
UY\_��Jh�VXW�KJSUh b K
h�K�a�W1h1PZeJW1PZY\[

�	���	�e` 
��-�)
7x �)� ���������i��� * � ��* �!����������� �-� � �)�������	��

���������R�	+X*/�����^�Ny�� ��+g��y��2x ��� �!���"���#� �

j�jlk�m�n�o)p)q



ztz ����� ��*/�

� � ����"��
� � �¾��
+�����#��
."���


�oVX[Ha4T9VL_�KJh�a1_�K�eJW1PRy�K b � SU[HK&SUW1PRTRPZa�VXW1PZY\[ b K�a b P����Jh�KJ[He�K�a b PRyQPZa���K�a ©HPRT¡K�a1W^SUW1PRTZK b K&h�VX_=�
_�KJTZKJh�e�Y\I`ILKJ[xW4e�K�a b P����Jh�KJ[He�K�a�a�Y\[QW�eJT9V\a�a1PZ�QSHKJILKJ[xW^SUW1PRTRPZa���K�a¤¨

m�[ VXTR~�Y\h1PRW1FUILK b K4~th�V b PZKJ[QW4V�y�K�eo_.V\a�e�Y\[Ha1W�VX[xW�KJW b P����Jh�KJ[He�K�a b PRydPZa���K�a�_�Y\SUh¯T9V�h���a�YX�
TRSUW1PZY\[ b S _Uh�Y\´UTZGJILK b K#I`PR[UPRI`PZa�VXW1PZY\[ �³z���a¤����eJh1PRW 
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 @ � a1P�TZK#eJh1PRW�GJh�K b ��VXh1h��JW�[¥��K�a1W�_.V\a�y��Jh1P �.�t©Uh�KJW�Y\SUh ¦ 
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��Mxr��

Y\±�� � b ��a1PR~t[HK#T����JW�VXW b K�a�_.VXh�VXILGJW1h�K�a b K#e�Y\[xW1h��\TZK ¦ T�� PRW��Jh�VXW1PZY\[ ��© p 	 TZKoy�K�eJW�KJSUh b K�´.V\a�KTRPZ�,VXS � � GJILK�_.VXh�VXILGJW1h�K b K&e�Y\[QW1h��\TZKt© m TZK%_.V\a b K b K�a�e�KJ[xW�Kt© A TZK�¬7_�KJW1PRW ¬&_.VXh�VXILGJW1h�K�TRPZ�
VXS=f b P����Jh�KJ[He�K�a b PRydPZa���K�a¤©dKJW�Y\±«TZK4eJh1PRW�GJh�K b ��VXh1h��JW�_�KJSUW�_�Y\h1W�KJh¯a1SUh�T9V�[HY\h1ILK b S«~th�V b PZKJ[xW
VX_U_Uh�Yde�FH�����xSUP�W�KJ[ b y�KJh�a^{���Y\S�a�SUh¯T9V���Y\[HeJW1PZY\[U[HKJTRTZK���a1P�©=_.VXh�K7fUKJI`_UTZKt©.e�KJTRTZK7� eJP b Y\PRW �JW1h�K
[QSUTRTZK#_�Y\SUh�TZKoI`PR[UPRI%SUI@�7¨

k^Y\SHa¡_Uh�Y\_�Yta�Y\[Ha b ���JW1S b PZKJh�[xSUIL�Jh1PZ�QSHKJILKJ[xW�SU[LVXTR~�Y\h1PRW1FUILK b K�h���a�Y\TRSUW1PZY\[La1PRI%SUTRW�VX[H��K
Y\±]T9V`h���a�Y\TRSUW1PZY\[�e�Y\I`_UTZGJW�K b K%T����JW�VXW4K�a�W�h�KJI`_UT9V\e���K�_.VXh�T9V �(')
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b S _Uh�Y\´UTZGJILK �HSUP b K«_�Y\SUh`TZK�a,_.VXh�VXILGJW1h�K�a b KÀe�Y\[QW1h��\TZK�� � 
�� KJ[ SUW1PRTRPZa�VX[xW@e�Y\I`ILKÀ�JW�VXWPR[UPRW1P9VXT[U � ¨��#VX[Ha¢TZK4e¤V\a�Y\±�e�KJW1W�K4h���a�Y\TRSUW1PZY\[�_.VXh1W1PZKJTRTZK#a�K�h�� b SUPRW ¦ SU[�a�KJSUT._.V\a b K�W�KJI`_Ha ©[HY\SHa�[HK�h�K�e¤VXTZeJSUTZY\[Ha�_.V\a¢T9V�I�VXW1h1PZe�K$� 0 ��y�Y\PRh����QS.VXW1PZY\[��³z�h��1� _�Y\SUh�e�F.V\�QSHK^e�Y\I`_�Yta�VX[xW�K
b S+_Ha�KJS b Y ~th�V b PZKJ[xW¤©^e¤VXh KJTRTZK�a h���a1SUTRW�KJ[QW W�Y\SUW�K�a b S+I �JILK e�F.VXI`_-PR[UPRW1P9VXT�© ¦ b K W1h�G�a
_�KJW1PRW�K�a b �7�³Y\h1I�VXW1PZY\[Ha b K I�VXPRTRT9VX~�K _Uh�G�a¤¨¤g TRSHa�K7fHV\eJW�KJILKJ[xW¤© [HY\SHa®e¤VXTZeJSUTZY\[Ha�_.VXh b P����Jh�KJ[He�K�a
b PRydPZa���K�a¯TZKo~th�V b PZKJ[QW b � SU[HKo�³Y\[HeJW1PZY\[U[HKJTRTZK&VX_U_Uh�Yde�FH��K�
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�#VX[Ha`e�KJW1W�KÀY\_UW1PZY\[¥©¡_Uh�KJ[ b h�K«SU[ A W1h�Y\_ _�KJW1PRW,h�KJ[ b TZK«e¤VXTZeJSUT b K�T����JW�VXW`PR[Ha�KJ[Ha1PR´UTZK VXS=f
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_.VXh�VXILGJW1h�K A b Y\PRW	�JW1h�K¯_�KJW1PRW _�Y\SUh Y\´UW�KJ[UPRh¢TZK�a e�Y\[ b PRW1PZY\[Ha b ��Y\_UW1PRI�VXTRPRW��,��e�Y\[xy�KJh1~�KJ[He�K b K�a
b P����Jh�KJ[He�K�a b PRydPZa���K�a�y�KJh�a,TZK@~th�V b PZKJ[QW��7¨ j T�K�a1W b Y\[He«[.VXW1SUh�KJT b ��VBi�Y\SUW�KJh A ¦ T9V]TRPZa1W�K b K�a
ytVXh1P9VX´UTZK�a�PRW��Jh���K�a&_.VXh�T���VXTR~�Y\h1PRW1FUILKt¨ ­^[ _�Yta�K b Y\[He A 8 A � b Y\[xW&T����Jy�Y\TRSUW1PZY\[²y�KJh�a �¤�Jh�Y
a ��K7��K�eJW1SHK�KJ[«�³Y\[HeJW1PZY\[ b K#T9V�[HY\h1ILK b S _Ha�KJS b Y`~th�V b PZKJ[QW b KoT9V���V���Y\[ a1SUPRytVX[xW�K�
A � 
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 VXPZa%T�� SUW1PRTRPZa�VXW1PZY\[ b KLT9VÀIL�JW1FHY b KÀ­^[HK7�lOQFHY\W&[¥��K�a1W&_.V\a&a�S ��a�VX[xW�Kt¨¾¼�[ K7��KJW¤©®T�� SUW1PRTRP��
a�VXW1PZY\[ b K�a b P����Jh�KJ[He�K�a b PRyQPZa���K�a&PRI`_UTRPZ�QSHK�SU[HK@e�Y\I`_UTZK7f=PRW�� b S e¤VXTZeJSUT b S²~th�V b PZKJ[QW`_Uh�YX�
_�Y\h1W1PZY\[U[HKJTRTZK�VXS¿[HY\I%´Uh�K b K,_.VXh�VXILGJW1h�K�a b K`e�Y\[xW1h��\TZK`SUW1PRTRPZa��t©�e�Y\[xW1h�VXPRh�KJILKJ[xW ¦ SU[HK,IL�7�
W1FHY b K�SUW1PRTRPZa�VX[xW4SU[��JW�VXWoV b i�Y\PR[QW,��e�Y\I`_UTZK7f=PRW��%PR[ b �J_�KJ[ b VX[xW�K b S�[HY\I%´Uh�K b K�_.VXh�VXILGJW1h�K�a
b K&e�Y\[xW1h��\TZK �7¨$L4��K�a1W^_�Y\SUh��QSHY\P�[HY\SHa4e�Y\I%´UPR[HY\[Ha4I�VXPR[QW�KJ[.VX[xW#T9V`IL�JW1FHY b K`­^[HK7�lOQFHY\W ¦ T9V
IL�JW1FHY b KLI&SUTRW1PR[UPRy�K¤VXS²_Uh���a�KJ[xW���K ¦ T9V a�K�eJW1PZY\[ `d¨�L�KJT9VÀ_�KJh1ILKJW b KLW1h�V�ytVXPRTRTZKJh ¦ e�KJh1W�VXPR[Ha
ILY\ILKJ[QW�a�a�SUh b K�a¢[UPRy�K¤VXS=f`~th�Yta�a�PZKJh�a¤© b Y\[He b K�h�� b SUPRh�K�[HY\W�VX´UTZKJILKJ[QW�TZK�e�Y\£UW b S�e¤VXTZeJSUT b S
~th�V b PZKJ[QW¤¨=� ��VXTR~�Y\h1PRW1FUILK b K�T9V#IL�JW1FHY b K#­^[HK7�lOQFHY\W�I&SUTRW1PR[UPRy�K¤VXSÀV¤y�K�e b P����Jh�KJ[He�K�a b PRyQPZa���K�a
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Iterations d’optimisation
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Iterations d’optimisation
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Iterations d’optimisation
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b KJydPZKJ[xW¯_UTRSHa�TZKJ[xW�K#TZY\h�a��QS¥��Y\[�VXSU~tILKJ[xW�K�T9V �H[HK�a�a�K b SÀ[UPRy�K¤VXS SUW1PRTRPZa��t¨U¼�[Àh�KJytVX[He�FHKt©H_UTRSHa
TZK�[UPRy�K¤VXS�K�a�W �H[¥©�_UTRSHa�T9Vo�³Y\h1ILK��H[.VXTZK b K�T���Y\_UW1PRI`PZa�VXW1PZY\[«K�a�W¢_Uh�Yde�FHK b K�T9Vo�³Y\h1ILK b ��a�PRh���Kt©
KJW b Y\[He�_UTRSHa�T9V`y\VXTZKJSUh b K#T9V,�³Y\[HeJW1PZY\[U[HKJTRTZK%e�Y\£UW^W�KJ[ b y�KJh�a^{�� �H~tSUh�K 0 u��7©HI�VXPZa�_�Y\SUh�SU[
[HY\I&´Uh�K b ���Jy\VXTRS.VXW1PZY\[Ha b K%�³Y\[HeJW1PZY\[U[HKJTRTZK,W�Y\S\i�Y\SUh�aoeJh�Y\PZa�a�VX[QWo_.VXh4h�VX_U_�Y\h1W#VXS�[HY\I&´Uh�K b K
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K�a�W,VXW1W�KJPR[QW¤©�T���VXTR~�Y\h1PRW1FUILK b ��Y\_UW1PRI`PZa�VXW1PZY\[ _�KJh1ILKJW b ��VXILKJ[HKJh`T9V h���a�Y\TRSUW1PZY\[ b K@T����JW�VXW`VXS
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e�Y\£UW�[H��e�K�a�a�VXPRh�K^_�Y\SUh�VXW1W�KJPR[ b h�K4TZK�I �JILK^[UPRy�K¤VXS b K4e�Y\[xy�KJh1~�KJ[He�K#�QSHK�e�KJTRSUP�Y\´UW�KJ[xS«_�Y\SUh
TZKo[UPRy�K¤VXS b K 0 h�_.VXh�VXILGJW1h�K�a b K#e�Y\[QW1h��\TZK�
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W1PZY\[U[HKJTRTZKt¨��¥K&e�Y\I`_�Y\h1W�KJILKJ[QW b K�a�[HY\h1ILK�a b K%~th�V b PZKJ[xW4_�Y\SUh^TZK�a b P����Jh�KJ[xW�a4[UPRy�K¤VXS=f�a�Y\[QW
e�Y\I`_.VXh�VX´UTZK�a4KJ[ b P����Jh�KJ[He�K�a b PRydPZa���K�a ¦ e�K��QSHK#[HY\SHa�Y\´UW�KJ[HY\[Ha^TZY\h�a��QSHKo[HY\SHa�SUW1PRTRPZa�Y\[Ha�T9V
IL�JW1FHY b K b ���JW�VXW,V b i1Y\PR[xW¤¨¡�®V��H~tSUh�K�ztu�PRTRTRSHa1W1h�K@TZK`��VXPRW��QSHKt©¥TZY\h�a��xSHK@T���Y\_UW1PRI%SUI!K�a1W,VXW��
W�KJPR[QW¤©.T���VXTR~�Y\h1PRW1FUILK b ��Y\_UW1PRI`PZa�VXW1PZY\[�_�KJh1ILKJW b ��VXILKJ[HKJh^T9VLh���a�Y\TRSUW1PZY\[ b K%T����JW�VXW4VXS][UPRy�K¤VXS
b ��a�PRh��t¨¢­^[ _�KJSUW`�J~xVXTZKJILKJ[xW@h�KJI�VXh��xSHKJhL�QSHK�TZK�a,[UPRy�K¤VXS=f b KÀe�Y\[Qy�KJh1~�KJ[He�K Y\´UW�KJ[xSHa@a1SUh
e�F.V\�xSHK�[UPRy�K¤VXS KJ[ b P����Jh�KJ[He�K�a b PRydPZa���K�aÀ� �H~tSUh�KÀzXMQ��a�Y\[xW`e�Y\I`_.VXh�VX´UTZK�a ¦ e�KJS=f Y\´UW�KJ[xSHa
_.VXh¢T9VoIL�JW1FHY b K b K�T����JW�VXW�V b i1Y\PR[xW¤©QI�VXPZa _�Y\SUh SU[�e�Y\£UW�_UTRSHa¢�JTZKJy��t¨Q�®V �H~tSUh�K^z!`d©Q�xSUP.[HY\SHa
b Y\[U[HK�T����Jy�Y\TRSUW1PZY\[ b S�_.VXh�VXILGJW1h�K A VXS@e�Y\SUh�a b K�a PRW��Jh�VXW1PZY\[Ha b ��Y\_UW1PRI`PZa�VXW1PZY\[¥©dILY\[QW1h�K^�QSHK
e�K«_.VXh�VXILGJW1h�K]�Jy�Y\TRSHK ´UPZKJ[°y�KJh�aLT9V¿y\VXTZKJSUh�VXW1W�KJ[ b SHK²��KJ[xydPRh�Y\[;�,
 ��� © e7� �H~tSUh�K 0�0 �7¨ ��V
�H~tSUh�K«rtu b Y\[U[HK�T����JW�VXW b KLT9V�_.VXh1W1PZK b S²_Uh�Y �HT ¦ Y\_UW1PRI`PZa�KJh&_�Y\SUh b P����Jh�KJ[xW�K�a,PRW��Jh�VXW1PZY\[Ha
b ��Y\_UW1PRI`PZa�VXW1PZY\[¥¨

k^Y\SHaoY\´UW�KJ[HY\[Ha#TZK&I �JILK`e�Y\I`_�Y\h1W�KJILKJ[QW�KJ[¿SUW1PRTRPZa�VX[xW#_UTRSHa1PZKJSUh�aoIL�JW1FHY b K�aoI%SUTRW1PR[UP��
y�K¤VXS¿��_�� eJc=eJTZK�a¤© 	�� eJc=eJTZK�a¤© 	 
 K���e7� �H~tSUh�K�h�� V�y�K�e^r@� 0 h=©.`oKJW�r#_.VXh�VXILGJW1h�K�a b K�e�Y\[xW1h��\TZK��
�H~tSUh�K�a�zt|=©xzts=©xrt{=©xr 0 KJW¢r!`t�¡Y\SLM�[UPRy�K¤VXS=f�� 0 h=©X`d©xr�KJW 0 _.VXh�VXILGJW1h�K�a b K�e�Y\[xW1h��\TZK�� �H~tSUh�K�a
rtr=©�rtz=©�rXMH©�r�h KJW�rts��7©�I�VXPZa,V�y�K�e�SU[HK b PRI`PR[xSUW1PZY\[ [HY\W�VX´UTZK b S�e�Y\£UW&KJ[��JytVXTRS.VXW1PZY\[Ha b K
�³Y\[HeJW1PZY\[U[HKJTRTZKo_�Y\SUh¯VXW1W�KJPR[ b h�KoTZK4I �JILKo[UPRy�K¤VXS b Koe�Y\[xy�KJh1~�KJ[He�K%�xSHK b VX[Ha�TZKoe¤V\a�Y\±À[HY\SHa
[¥� SUW1PRTRPZa�Y\[Ha¢�QSHK¯TZK¯[UPRy�K¤VXS b K 0 h#_.VXh�VXILGJW1h�K�a b K�e�Y\[QW1h��\TZKt¨%L�KJW1W�K b PRI`PR[xSUW1PZY\[«K�a1W b ��VXSUW�VX[xW
_UTRSHaoPRI`_�Y\h1W�VX[xW�K��xSHK�TZK,[HY\I%´Uh�K b K&[UPRy�K¤VXS=f¿~th�Yta�a1PZKJh�a�SUW1PRTRPZa���a#K�a1Wo~th�VX[ b ¨�¼�[ K7��KJW¤©�TZK�a
�H~tSUh�K�a#zts�KJWortzL_�KJh1ILKJW1W�KJ[QW b K�a�K%h�KJ[ b h�K&e�Y\I`_UW�K,�QSHK�T���VBi1Y\SUW b S][UPRy�K¤VXS�TZK%_UTRSHa4~th�Yta��
a�PZKJh@� 0 _.VXh�VXILGJW1h�K b K�e�Y\[xW1h��\TZK ��_�KJh1ILKJW b K b PRyQPZa�KJh%_.VXh b KJS=f TZK`[HY\I%´Uh�K b ���Jy\VXTRS.VXW1PZY\[Ha
b K��³Y\[HeJW1PZY\[U[HKJTRTZKo[H��e�K�a�a�VXPRh�K4_�Y\SUh¯Y\´UW�KJ[UPRh¯T9V&e�Y\[xy�KJh1~�KJ[He�K b K4T���VXTR~�Y\h1PRW1FUILKt¨#L�KJT9V&_�KJh1ILKJW
�J~xVXTZKJILKJ[QW b ��VXIL�JTRPZY\h�KJh^TZK#[UPRy�K¤VXS b Koh���a�Y\TRSUW1PZY\[ b KoT����JW�VXW&� �H~tSUh�K�a^rt{`KJW�rXMQ�7¨
�oK�_UTRSHa¤©�PRT K�a1W ¦ [HY\W�KJh��QSHKt© b VX[Ha#TZK,e¤V\a b K,W1h�Y\PZa#[UPRy�K¤VXS=f°� �H~tSUh�KLzts��7©�T9V�e�Y\[xy�KJh1~�KJ[He�K
K�a�W&VXIL�JTRPZY\h���K�TZY\h�a��xSHK�TZKLW1h�V�ytVXPRT�K7��K�eJW1SH�@a1SUh�TZK�a&[UPRy�K¤VXS=f ~th�Yta�a1PZKJh�a�K�a1W&VXSU~tILKJ[xW��t¨ �^S
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Evaluations de fonctionnelle cout  (en temps)
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Evaluation de fonctionnelle cout  (en temps)
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Iterations d’optimisation
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naca.desc

mach,  min = 0,  max = 1.32219

rae.desc

mach,  min = 0,  max = 1.27832

mach
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g¾Y\SUh&e�K,I�VXPRTRT9VX~�Kt©®SU[ e¤VXTZeJSUT¢W cQ_UPZ�QSHK b ����e�Y\SUTZKJILKJ[xW,e�Y\£UW�KLKJ[ ILY c�KJ[U[HK@r 0�0 sÀa�K�e�Y\[ b K�a
L�g¢m ��a1SUh��4¼NL��^�®g � � ht{t{=©.rtrtr 
 F �B�7¨
�¢��Y\_UW1PRI`PZa�VXW1PZY\[ a�K%��KJh�V�V�y�K�e�SU[�[HYQKJS b a1SUho�xS.VXW1h�Kt©�a�Y\PRW4MX` b KJ~th���a b K�TRPR´�KJh1W���VXS�I�VBf=P��
I&SUI ¨
­^[ e�FHY\PZa�PRW b K@h��¤VXTRPZa�KJh 0 {À_.V\a b K@W�KJI`_Ha,VXS e�Y\SUh�a b K�a b P����Jh�KJ[He�K�a b PRyQPZa���K�a,VXPR[Ha�P��QS¥� ¦
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�¥K�a«e¤VXTZeJSUTZa��JW�VX[QWÀe�KJW1W�K��³Y\PZa@_.VXh1W1PZeJSUTRPZGJh�KJILKJ[xW�e�Y\£UW�KJS=f�©¢SU[HK�PRI`_UTZ�JILKJ[QW�VXW1PZY\[+_.VB�
h�VXTRTZGJTZK�V¿�JW�� b �Jy�KJTZY\_U_���Kt¨¢¼�TRTZK�e�Y\[Ha1PZa1W�K KJ[°T9V h��¤VXTRPZa�VXW1PZY\[ KJ[°_.VXh�VXTRTZGJTZK b K�a�e¤VXTZeJSUTZa b K
b P����Jh�KJ[He�K�a b PRydPZa���K�a¤¨
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�¥K�a �H~tSUh�K�a^s!` ¦ |tz,_Uh���a�KJ[xW�KJ[QW�T�� FUPZa1W�Y\h1PZ�QSHK b S�e¤VXTZeJSUT¡­^[HK7�lOQFHY\W¤¨

�¢����e�Y\SUTZKJILKJ[xW�PR[UPRW1P9VXT¥K�a�W�e�KJW1W�K4�³Y\PZa�� eJP�e�Y\I`_UTZGJW�KJILKJ[xW4e�Y\[xy�KJh1~���a�SUh�T9V�~���Y\IL�JW1h1PZK�PR[UPRW1P9VXTZK
��´�Y\[U[HK��JytVXTRS.VXW1PZY\[ b K#T9V&�³Y\[HeJW1PZY\[U[HKJTRTZK�PR[UPRW1P9VXTZK �7¨

�¥K�e¤VXTZeJSUT�e�Y\I`_�Y\h1W�KozXMx{#PRW��Jh�VXW1PZY\[Ha b ��Y\_UW1PRI`PZa�VXW1PZY\[¥¨=�¥K^W�KJI`_Ha�W�Y\W�VXT���e�Y\SUTZ�4K�a1W b K�h 0
FHKJSUh�K�acL�g m KJ[²_.VXh�VXTRTZGJTZK���a�SUh&eJPR[H�¿I�V\e�FUPR[HK�a7�7©¾�QSHKLT���Y\[²_�KJSUW�K�a1W1PRILKJh ¦ KJ[xydPRh�Y\[ zt{t{
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��T9V]ytVXTZKJSUh �¤�Jh�Y¿[¥���JW�VXPRW`_.V\aLVXW1W�KJPR~t[.VX´UTZK�V�y�K�eÀe�K«[HY\I&´Uh�K b K«_.VXh�VXILGJW1h�K�a b KÀe�Y\[xW1h��\TZK �
� �H~tSUh�K&s!`t�7¨
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T9VÀ��Y\h1ILK@Y\´UW�KJ[xSHK«K�a1W&W1h�G�a%_Uh�Yde�FHK b K�T9VÀ��Y\h1ILK@K�a�e�Y\I`_UW���Kt¨ L�KJT9V e�Y\h1h�K�a1_�Y\[ b ¦ T������QSUP��
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_.VXh�VXILGJW1h�K�a b K,e�Y\[xW1h��\TZKt©¥TZK,e¤VXTZeJSUT�V b Y\[He,TZK,I �JILK`e�Y\£UW%�QSHKch�PRW��Jh�VXW1PZY\[Ha b K,~th�V b PZKJ[xW
a�PRI`_UTZK�KJ[ b P����Jh�KJ[He�K�a b PRydPZa���K�a4_�Y\SUh#SU[HK b ��eJh�Y\PZa�a�VX[He�K b K,W1h�Y\PZa#Y\h b h�K�a b K�~th�VX[ b KJSUh b K
T9V&�³Y\[HeJW1PZY\[U[HKJTRTZKt¨
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V-cycle 47-23-11-5 parametres
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Iterations d’optimisation
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Iterations d’optimisation

V-cycle 47-23-11-5 parametres
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� ��Y\_UW1PRI`PZa�VXW1PZY\[ b K#�³Y\h1ILK�a�_�Y\SUh b K�a4a1c=a1W�GJILK�a�e�Y\I`_UTZK7fUK�aoe�Y\I`ILK&e�KJS=f PR[QW�KJh1y�KJ[.VX[xW
KJ[«V\�Jh�Y b cd[.VXI`PZ�QSHK�K�a1W b KJ_USUPZa¢_UTRSHa1PZKJSUh�a b P�� VXPR[HK�a b ��VX[U[H��K�a�e�Y\[=��h�Y\[xW���K ¦ b KJS=fLY\´Ha1W�V\eJTZK�a
_Uh1PR[HeJPR_.VXS=f 
�T���Y\_UW1PRI`PZa�VXW1PZY\[²[H��e�K�a�a1PRW�K�SU[ K7��Y\h1W b K,e¤VXTZeJSUT b K,_UTRSHa1PZKJSUh�a%Y\h b h�K�a b K,~th�VX[=�
b KJSUh&_UTRSHa�~th�VX[ b �xSHKLT���VX[.VXTRcda�K���et��K�a1W ¦ b PRh�KLTZK�e¤VXTZeJSUT b � SU[²��e�Y\SUTZKJILKJ[QW��7©¾KJW�KJTRTZKL_�KJSUW
[H��e�K�a�a1PRW�KJh#SU[HK`VX[.VXTRcda�K b K,a�KJ[Ha�PR´UPRTRPRW��,_Uh���eJPZa�Kt©�e�Y\£UW�KJSHa�K`KJ[ W�KJI`_Ha b K`e¤VXTZeJSUT���IL�JW1FHY b K
b K b P����Jh�KJ[He�K�a b PRydPZa���K�a���Y\S KJ[ b �Jy�KJTZY\_U_�KJILKJ[xW,��IL�JW1FHY b K�a�SUW1PRTRPZa�VX[xW�SU[À~th�V b PZKJ[QW^VX[.VXTRcQ�
W1PZ�QSHK �7¨
�®K�a b P ��eJSUTRW���a�TRPZ��K�a�VXS�e�Y\£UW¢Y\[QW��JW��¯_.V\a�a�VX´UTZKJILKJ[xW b �J_.V\a�a���K�a ~th�ª\e�K4VXS=f`IL�JW1FHY b K�a¢SUW1PRTRP��
a�VX[xW�T����JW�VXW�V b i1Y\PR[xW�KJW �Jy�KJ[xW1SHKJTRTZKJILKJ[xW�T9Voh���a�Y\TRSUW1PZY\[@a1PRI%SUTRW�VX[H��K ��vxVXI�sts�� ��E�V=��| 0 � ����KJS.|XM��
� 
 Y\F.|!`�� ¨ 
 VXPZa�e�K�a�IL�JW1FHY b K�a�a�Y\[QW�e�Y\£UW�KJSHa�K�a¯KJ[ b �Jy�KJTZY\_U_�KJILKJ[QW�KJW�[HY\SHa¯V¤y�Y\[Ha¯e�FHKJh�e�FH�
b VX[Haoe�K&W1h�V�ytVXPRT ¦ _Uh�Y\_�Yta�KJhoSU[HK%y�KJh�a1PZY\[�h�KJT9VXW1PRy�KJILKJ[xW%_�KJS¿e�Y\£UW�KJSHa�K b K%T���VX_U_Uh�Yde�FHK b P����
�³�Jh�KJ[He�K�a b PRydPZa���K�a¤¨

g�Y\SUh�[HY\SHa b Y\[U[HKJh�W�Y\SUW�K�a�TZK�a�e�F.VX[He�K�a b VX[Ha�e�KJW1W�K b �JI�VXh�e�FHKt©=[HY\SHa�V¤y�Y\[Ha��JytVXTRSH�^SU[HK
VX_U_Uh�Yde�FHK%e�Y\I%´UPR[.VX[xW4TZK�a�IL�JW1FHY b K�a�a1SUPRytVX[xW�K�a�



 IL�JW1FHY b K&­^[HK7�lOQFHY\W¤©

 b P����Jh�KJ[He�K�a b PRyQPZa���K�a ©

 IL�JW1FHY b K#I&SUTRW1PR[UPRy�K¤VXS¥¨

L�KJW1W�K@VX_U_Uh�YQe�FHK@VÀ�JW��Le�Y\I`_.VXh���K«V�y�K�eLSU[HK@VX_U_Uh�Yde�FHK�KJ[�~th�V b PZKJ[xW�VX[.VXTRcdW1PZ�QSHKL_�Y\SUh#SU[
_Uh�KJI`PZKJh^e¤V\a¯W�K�a1W¤¨H¼�TRTZK#K�a�W^VXSHa�a1P��JytVXTRS.VX´UTZK#��V\eJPRTZKJILKJ[xW�_.VXh�h�VX_U_�Y\h1W ¦ SU[HK%VX_U_Uh�Yde�FHK�_US=�
h�KJILKJ[QW b P����Jh�KJ[He�K�a b PRydPZa���K�a¤¨


 Y c�KJ[U[.VX[xW,SU[ VBi�SHa1W�KJILKJ[xW,V b FHYde]��KJW&[H�¤VX[UILY\PR[Ha%SU[²_�KJS e�Y\I`_UTZK7f=K@KJW&e�Y\£UW�KJS=f.�
b K4�QSHKJTZ�xSHK�a�_.VXh�VXILGJW1h�K�a�� b Y\[QW¯[HY\W�VXI`ILKJ[xW¯TZK4[UPRy�K¤VXS«I`PR[UPRI%SUI b K4h���a�Y\TRSUW1PZY\[ b K4T����JW�VXW
�QSUP¯V\a�a1SUh�KLT9V]e�Y\[xy�KJh1~�KJ[He�K b K�T9V�IL�JW1FHY b KÀ­^[HK7�lOQFHY\W��7©¡[HY\SHa,Y\´UW�KJ[HY\[Ha,SU[ VXTR~�Y\h1PRW1FUILK
K���e¤V\e�K _�Y\SUh`SU[HK���VXI`PRTRTZK b K«_Uh�Y\´UTZGJILK�a@V\a�a�K � a1PRI`_UTZK�aLKJW`_�Y\SUh`SU[ [HY\I%´Uh�K b K«_.VXh�VB�
ILGJW1h�K�a b K^e�Y\[xW1h��\TZKoKJ[He�Y\h�K�ILY b �Jh��t©QI�VXPZa b �li ¦ PR[QW��Jh�K�a�a�VX[QW 
dKJ[�ILY b �JTRPZa�VXW1PZY\[�KJSUTZ�Jh1PZKJ[U[HKt©
T���Y\_UW1PRI`PZa�VXW1PZY\[°SUW1PRTRPZa�VX[xW 0 h�_.VXh�VXILGJW1h�K�a b KÀe�Y\[xW1h��\TZK�e�Y\£UW�K«T������xSUPRytVXTZKJ[xW b � SU[HK b P�� VXPR[HK
b ���JytVXTRS.VXW1PZY\[Ha b K#��Y\[HeJW1PZY\[U[HKJTRTZK�a¤¨
j T�K�a1W`[H�¤VX[UILY\PR[Ha��JyQP b KJ[QW��QSHK e�KJW1W�K�VX_U_Uh�Yde�FHK�V¿SU[ e�Y\£UW�KJ[He�Y\h�KÀW1h�G�a b �J_�KJ[ b VX[xW b S
[HY\I&´Uh�K b K,_.VXh�VXILGJW1h�K�a b K`e�Y\[QW1h��\TZKLKJW b S ILY b GJTZK b K L 	 ��e�FHY\PZa1P�¨ ��y�K�e&TZK`e¤V\a�W�K�a1W#TZK
_UTRSHa�e�Y\I`_UTZK7f=Kt©¢T���Y\_UW1PRI`PZa�VXW1PZY\[ b K«MX`�_.VXh�VXILGJW1h�K�a@e�Y\£UW�K KJ[xydPRh�Y\[ ztrt{ a�Y\TRSUW1PZY\[Ha¤©�_�Y\SUh
b K�a�e�KJ[ b h�K b K«r Y\h b h�K�a b K�~th�VX[ b KJSUh¤¨ �^S²e�Y\SUh�a b K@e�KJW1W�K�Y\_UW1PRI`PZa�VXW1PZY\[¥©¾T9VÀ_�Yta1PRW1PZY\[ b K
T9VLa1SUh��³V\e�K%yQPZa ¦ ydPZa b S�_UT9VX[�e�KJ[xW1h�VXT¾_�KJSUW�ytVXh1PZKJh b K�rt{���¨.¼�[�_Uh�VXW1PZ�xSHKt©�Y\[�e�FHKJh�e�FHK b K�a
ytVXh1P9VXW1PZY\[Hao_UTRSHa4��VXPR´UTZK�a¤©�hB� 0 {���©�KJW b K�a b ��eJh�Y\PZa�a�VX[He�K�a b S¿e�Y\£UW b K�ILY\PR[Ha b � SU[ Y\h b h�K b K

j�jlk�m�n�o)p)q



|tz ����� ��*/�

~th�VX[ b KJSUh¤¨H­^[«_�KJSUW�K�a1_��Jh�KJh���I�VXPZa�e�KJT9V%h�K�a�W�K ¦ y��Jh1P �.KJh���h��¤VXTRPZa�KJh¯e�K�[HY\SUy�KJT�Y\´=i1K�eJW1P��¡V¤y�K�e
MX`&_.VXh�VXILGJW1h�K�a b K#e�Y\[xW1h��\TZK%_�Y\SUh�TZK#e�Y\£UW b K#ILY\PR[Ha b � SU[HK�e�KJ[QW�VXPR[HK b ���JytVXTRS.VXW1PZY\[Ha¤¨

�®V�I`PZa�K�KJ[ §oSUydh�K b K�e�KJW1W�K#IL�JW1FHY b K ¦ _.VXh1W1PRh b � SU[�e�Y b K L 	 � b KJI�VX[ b K%TZK�a�K7��Y\h1W�a
a�SUPRy\VX[QW�a 



 I`PZa�K#KJ[ _UT9V\e�K b SÀ_.VXh�VXIL�JW1h�VX~�Kt©

 VBi�Y\SUW b � SU[HK#h�Y\SUW1PR[HK b Koh�KJI�VXPRTRT9VX~�Kt©

 I`PZa�K#KJ[ _UT9V\e�K b KoT9V,h���a�Y\TRSUW1PZY\[ _.VXh1W1PZKJTRTZKt©

I�VXPZa¯�³VXPRW¯T�����e�Y\[HY\I`PZK b K#T���VX[.VXTRcda�K b K#a�KJ[Ha1PR´UPRTRPRW��t¨

�oVX[Ha�TZKÀ��SUW1SUh¤©�[HY\SHa�e�FHKJh�e�FHKJh�Y\[Ha ¦ VXIL�JTRPZY\h�KJh@T���K���e¤V\eJPRW�� b K�e�KJW1W�K IL�JW1FHY b K�KJW ¦
T���VX_U_UTRPZ�QSHKJh ¦ b K�a�_Uh�Y\´UTZGJILK�a b ��Y\_UW1PRI`PZa�VXW1PZY\[�e�Y\[HeJh�KJW�a&��I`PR[UPRI`PZa�VXW1PZY\[ b K#W1h�VXPR[H��Kt©UI�VBf=P��
I`PZa�VXW1PZY\[ b Ko_�Y\h1W�VX[He�Kt©�¨R¨R¨ �7¨
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