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`0acbYdfe7g�hjiJkld-mWn[oMp%krqtsQeYp�qtuWp%kldvkrwxoMp%krqts
y e7w%zZw%p�bYdfe{w�|{qtdvuWnre_}We{w
~3��qM�UeYpF��u�oMnre

�FoMuWu�qt�%p y e���e{|xaceY��|�ace2s���g��Mg��#hji?eYuWp�eYd-�W��e��������!h�g���u�oM��e{w

���������D������e��xoMuWu
qt�%pv�,oMklp'w%mWklp�e�oMmZ}��xoMuWu�qt�%p�w¡ ¢���M£�eYp� l¤¦¥+£¨§ y oMscw'nre{w�©JmceYnrwfqtsªo{«�oMklpfdfqtsJp%��¬
­ eYs y krw�|Y��eYp.®¯©Jm=° mWsceDqtuWp%kldvkrwxoMp%krqts y e±�²qt�%dfe³eYs´ot¬Y��q y z?s�oMdvkr©�mce���oM��s�oMklp�w%kl��sWk¶µ�|¦oMp%kl«�eYdfeYs�p±eYs
|{qts y klp%krqtsWsceYdfeYs�p·u�oM�·o y oMuWpxoMp%krqts=§�¸¹kls�p�eY�%«�oMnlnre{w-��¬Y��mWnlkreY��w¦§ y efn[o¯u�oM�xoMdf¬Yp%�%krw.oMp%krqts y e'º�¬Y»{kreY��w%mW�
n[ot©JmceYnlnre]w¦°¢oMuWuWmWkre]n[o���eYuW��¬{wxeYs�pxoMp%krqts y efn[o¹�²qt�%dfe�¼�½¾|Yk,§�¸�u�oM�%p%kl� y efn[o¡|{qtsWs�oMkrw�wxoMsc|{e y ° mWscef�¿qt�%dfe
qtuWp%kld'oMnre¯oMuWuW��qJ|xac¬{e�§�qts�|{qtscw�k y bY��efn,°ÀeYscw�eYd!�Wnre y e{w-u�oM�xoMdf¬Yp%�%krwxoMp%krqtscw y e'º0¬Y»{kreY� y evdfÁYdfe y eY����¬
©JmWk�oMuWuW��q?|�aceYsJp�|{eYp%p�eQ�²qt�%dfe³oMmÂw�eYscw y e{w�dfqtkls y ��e{w¹|¦oM�%��¬{w¦¼���s6|�acqtkrw%klp�|{eYnlnre±u
qtmW�]n[ot©JmceYnlnre±nre
u
qtnlzJ��qtsce y e�|{qtsJp%��Ãtnre7e{w%pÄnre�uWnlmcw���¬Y��mWnlkreY� ­ dvklsWkldvkrwxoMp%krqts y e�n[o-«toM�%k[oMp%krqts¯p�qtpxoMnre�®_¼W��s��²qtmW�%sWklp�p�qtmcw
nre{w y ¬YpxoMklnrw y e�|{eYp%p�e��¿qt�%d-mWn[oMp%krqts=§Zp%��b{w�«�qtkrw%klsce y e�|{eYnlnre y e�scq�wÅp%�xo¦«toMmZ}�klsWklp%k[oMmZ}'d'oMkrw���eYu�q�w.oMs�p�w%mW�
mWs³dfqtklscw7���xoMs y scqtd!�W��e y ev©Jm�o y �xoMp%mW��e{w#s�mWdf¬Y�%kr©Jmce{w-©JmWk3w�qtsJp7u�qtmW�7n[o�uWnlmWu�oM�%p#��¬¦oMnlkrwx¬{e{w-oMm³g�Æ
qt� y ��e�¼?��s'uW��qtu�q�w�e�mWs'|¦otwUÇ,p�e{w%p y °ÀqtuWp%kldvkrw.oMp%krqts y e0�¿qt�%dfe�krw�w%m y m'|¦oMnr|YmWn y e{w3«�oM�%k[oMp%krqtscw¦¼J��eYpÅeY��wxoMp%»
y ° È¾qtuWp%kldvkrwxoMp%krqts¡uWa�zZw%kr©�mce_É�scqtmcw�u
eY�%dfeYp�¸!�,oMkl�Wnre#|{qtÊWp y e7dfeYp%p%��e#eYs¹¬Y«?k y eYsc|{e7n[o·|{qts�«�eY�%��eYsc|{e y m
|{qtmWuWn[oM��e-eYsJp%��e7n,°ÀqtuWp%kldvkrwxoMp%krqts¡ucw�eYm y qMÇ,uWa�zZw%kr©Jmce-eYp�n,°¢oMmWp�qMÇ¾o y oMuWpxoMp%krqts y e7n[o�u�oM�xoMdf¬Yp%�%krwxoMp%krqts=¼
Ë�ÌcÍ¦�YÎxÏ�ÐH�J���ÒÑ�¬Y��q y z?s�oMdvkr©�mce�§�¬Ynr¬YdfeYs�p�w�µcsWkrw�§�qtuWp%kldvkrwxoMp%krqts y eQ�¿qt�%dfe{w¦§0u�oM�xoMdf¬Yp%�%krwxoMp%krqts y e
º0¬Y»{kreY�¦§c¬Ynr¬Y«�oMp%krqts y m y eY����¬�§�oMnl��qt�%klp%aWdfe{w�aWkr¬Y�xoM��|�aWkr©Jmce{w
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	��WÏ�Í���`0aWkrwv��eYu�qt�%p'krw'o³w�e{©JmceYn�qM�f ¢���+£FoMs y  l¤¦¥+£¨§Åkls�
�aWkr|�aªklp�
�otw'w�acq

�s ­ 
�klp%a y krw�|Y��eYp�e
�¿qt�%d-mWn[oMp%krqtscw.®3p%a�oMp�o7w�a�oMu�e�qtuWp%kldvkl»�oMp%krqts�kls]oteY��q y zJs�oMdvkr|{w�|{qtmWn y �
eYsce_µcpÄ����e¦oMp%nlzvkls]|{qts y klp%krqtsWklsW�
��zvo y oMuWp%krqts=§JoMp���eY��mWn[oM��klsJp�eY�%«toMnrw¦§JqM��p%ace�u�oM�xoMdfeYp�eY�%kl»�oMp%krqts¯w%mWuWu�qt�%p%klsW�7p%ace0w%a�oMu
e���eYuW��e{w�eYs�pxoMp%krqts=¼
�FeY��e�§��²��qtd p%ace��?scq

�nre y ��eFqM��oMs]oMuWuW��q¦}?kld'oMp�e�qtuWp%kld'oMn
w%a�oMu�e�§Jqtsce�|{qtscw%k y eY��wÅp%ace�wxeYpÄqM� oMnln�º0¬Y»{kreY�
u�oM�xoMdfeYp�eY�%kl»�oMp%krqtscwvqM��wxoMdfe y eY����e{e'p%a�oMp�oMuWuW��q¦}?kld'oMp�e�p%acefw%a�oMu
efkls�p%ace'w�eYscw�e'qM�0nre¦otw�p!w�©Jm�oM��e{w¦¼
��sce7eYnre{|Yp�w0p%ace�u�oM�xoMdfeYp�eY�%kl»�oMp%krqtsQotwxw�qJ|Yk[oMp�e y 
�klp%a�p%aceFdfq�w%p0��eY��mWn[oM��|{qtsJp%��qtn u�qtnlz?��qts ­ nre¦otw%p0p�qtpxoMn
«�oM�%k[oMp%krqts�®_¼��De¡uW��q¦«?k y eQoMnlnFp%ace y eYpxoMklnrw¯qM�#p%ace��¿qt�%d-mWn[oMp%krqts=§�p%a�oMp'krw]«�eY�%z�|Ynrq�w�e�p�q�qtmW��klsWklp%k[oMn

Åqt���Zw7�WmWp#��eYnlkre{w-qts�o�nre{w�w�eY�7s�mWd!��eY��qM��sJmWdfeY�%kr|¦oMnÅ©Jm�o y �xoMp%mW��e{w#dfq�w%p#qM��
�aWkr|�a oM��e·��e¦oMnlkl»¦e y ��z
�¿qtmW�%p%aZÇ¨qt� y eY�Ä�¿qt�%d-mWn[otw¦¼��De�uW��qtu�q�w�eFo7w%a�oMu
e_Ç¨qtuWp%kldvkl»�oMp%krqts¯p�e{w%pUÇ¨|¦otw�e�qt�%kl��kls�oMp%klsW�!�²��qtd |¦oMnr|YmWnlmcwÅqM�
«�oM�%k[oMp%krqtscw¦¼�`0aWkrwÄw%mW�%��qt��oMp�e�È¨uWaJz?w�kr|¦oMn�qtuWp%kldvkl»�oMp%krqtsZÉ�oMnlnrq

�wÄmcw¦§�oMp�dfq y eY�xoMp�e�|{q�w%p¦§�p�q y eYdfqtscw�p%�xoMp�e
p%acev|{qts�«�eY�%��eYsc|{e]qM��p%acefoMnl��qt�%klp%aWd�|{qtmWuWnlklsW�¹p%ace·ucw�eYm y qMÇ,uWa�zZw%kr|¦oMn�qtuWp%kldvkl»�oMp%krqts�
�klp%a³p%acevº0¬Y»{kreY�
u�oM�xoMdfeYp�eY�%kl»�oMp%krqts³o y oMuWp%krqts=¼
�����
Î��!Ì�	� ���� Ñ�eY��q y z?s�oMdvkr|{w¦§3µcsWklp�e�eYnreYdfeYs�p�w¦§0w%a�oMu
e¯qtuWp%kldvkl»�oMp%krqts=§�º0¬Y»{kreY�fu�oM�xoMdfeYp�eY�%kl»�oMp%krqts=§
y eY����e{e#eYnreY«�oMp%krqts=§caWkreY�xoM��|xaWkr|¦oMn�oMnl��qt�%klp%aWdfw
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* +�, Í
	MÌ  ���Ï�Í.-HÌ , /

0 1 � 	 �c����Í
	�-H�
�ZÍ.-HÌ ,  ��32!��45- ��	  ���Ï�Ì���	 � ���76�Ð � , ��� 8

9 � �=Í¦ÌcÎ �  ��:6�Í
�ZÍ.-HÌ ,  ��QÐ �;6�� 	��c�D��Í
	<-H�
�ZÍ.-HÌ , =

/ > �cÐHÏ���Ð  �� Ï�	<-BÍ@?�	�� ��Í  ���¦Ì ,BA 	��  C- � , Í�DFE �cÐ�-  �ZÍ.-BÌ ,G, ���D� 	<-IH=��� *J9
gc¼l¤ KF¬Y«�eYnrqtuWu
eYdfeYs�p��¿qt�%dfeYn y e{w�|¦oMnr|YmWnrw¦¼/¼-¼7¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ ¤Yg
gc¼¢� LÄoMnlk y oMp%krqts�s�mWdf¬Y�%kr©Jmce y m¡|¦oMnr|YmWn �²qt�%dfeYn y m¹|Y�%klp�bY��e-eYp y e#w�qts����xo y kreYsJp ¼7¼#¼7¼#¼7¼#¼ ¤.M

N Ë���Í.O�Ì  ��J� , ���D��	�-IH=� �J�763Ì���	�-  � , Í.-$P � 	�Ð ��6 � 	 �c����Í
	�-B� �ZÍ.-BÌ ,
�  �:6 Í¦� � *JQ
R ¼l¤ S¡¬Yp%acq y e y m�w%kldvuWnre_} ¼7¼#¼7¼#¼7¼#¼#¼7¼-¼7¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ ���
R ¼¢� S¡¬Yp%acq y e7u�oM�����%klnlnre{w�eYd-�
q<Trp�¬{e{w¦¼ ¼#¼7¼-¼7¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ ���
R ¼¢� S¡¬Yp%acq y e7dvk¶}Zp�e�¼7¼#¼-¼7¼#¼7¼#¼7¼#¼#¼7¼-¼7¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ �Z¤
R ¼ g ��qtsc|Ynlmcw%krqts¹¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼#¼7¼-¼7¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ �Z¤

8 UWV �J�X6�Ð �  ZY¶Ì[6�Í.-H�\-H�
�ZÍ.-HÌ , �c� Í¦ÌWÎ �  �:6�Í¦��� 0[9
¥Z¼l¤ ~���qt�WnrbYdfe#p�e{w%p y e7|¦oMnr|YmWn y e{w�«�oM�%k[oMp%krqtscw ¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ ���
¥Z¼¢� ��uWp%kldvkrwxoMp%krqtsQoMmWp�qMÇ¾o y oMuWpxoMp%kl«�e ¼#¼#¼7¼-¼7¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ � R

= > Ì , Ï�Ð²���.-HÌ , 9]0

^ 1 ��	M�@6 �JÏ�Í.-$E ��� 9_9
` ¼l¤ ½¨dvuWn[oMsJpxoMp%krqts y e�uW��q?|{¬ y mW��e{w y °ÀqtuWp%kldvkrwxoMp%krqtsQ��qt�Wmcw%p�e{w�eYp�e
a'|¦ot|{e{w ¼#¼-¼7¼#¼7¼#¼7¼#¼ ���
` ¼¢� ~���¬{|Ykrw%krqts y e{w�kls�p�¬Y���xoMp%krqtscw�s�mWdf¬Y�%kr©Jmce{w7¼7¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ ���
` ¼¢� `=�xoMscw%u
q�w%klp%krqts y e{w�uW��qJ|{¬ y mW��e{wFoMmZ}b�'c"�d�_ef�I�]� �j¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ ���
` ¼ g g�}WoMdfeYs y e7|¦otw�p�e{w%p�w�«�qtkrw�klscw ¼7¼#¼#¼7¼-¼7¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ �Mg
` ¼ R h ¬Ysc¬Y�xoMnlkrwxoMp%krqtsQoMmQ��K ¼7¼#¼7¼#¼7¼#¼#¼7¼-¼7¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ �Mg
` ¼¢¥ ` e{w%p y °¢oMmWp%��e{w�uW��qJ|{¬ y mW��e{w y °¢o y oMuWpxoMp%krqts ¼#¼7¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ �Mg
` ¼iM Ñ y oMuWpxoMp%krqtsQeYp y eY����¬ y e#n[o�u�oM�xoMdf¬Yp%�%krwxoMp%krqts5¼#¼#¼7¼#¼7¼-¼7¼#¼#¼7¼#¼7¼#¼-¼7¼#¼7¼#¼7¼#¼ � R

Q � ,j, ��V � * � 1 	MÌ A 	 �c� � �ZÍ.-HÌ ,lk 9m=

*�n � ,j, ��V � 0 �po �cÐ�-  �ZÍ.-HÌ ,  �� ÐqYr- , Í¦� A 	 �ZÍ.-HÌ ,s, ���D� 	<-IH=���t- , Í
� 	.E � , � , Í  � , �¹Ð ��Ï��cÐBÏJ��Ð
 ��B63� 	<-²�X?�Í
	�� 9_^
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��eYp%p�e�¬Yp%m y e]w�° klscw�bY��e y oMscw!nre�|¦o y ��e y e]n,°ÀqtuWp%kldvkrwxoMp%krqts y ev�¿qt�%dfe]eYs�ot¬Y��q y z?s�oMdvkr©Jmce�¼���s sce
p%�xoMklp�e#u�otw�kr|Yk y m¹uW��qt�WnrbYdfe y °ÀqtuWp%kldvkrwxoMp%krqtsQnlmWk¶Ç,dfÁYdfe�§cd'oMkrw�u�qtmW��µW}ZeY��nre{w�k y ¬{e{w¦§�qts�u�eYscw�e!¸·mWsce
df¬Yp%acq y e�s�mWdf¬Y�%kr©Jmce y e�p¾zJu
e�¬Ynr¬YdfeYs�p�wÅµcsWkrwÅu�qtmW��|¦oMnr|YmWnreY�ÄmWs�¬{|{qtmWnreYdfeYs�p y oMscwÄmWs y qtd'oMklsce y qtsJp
n,° mWsce y e{w7�H��qtsJp%krbY��e{w¦§=nref|{qt�%ucw�§ e{w%p-¸�qtuWp%kldvkrwxeY� y evd'oMsWkrbY��e¯¸�dvklsWkldvkrw�eY�-mWscef�²qtsc|Yp%krqtsWsceYnlnre]|{qtÊWp
nlkr¬{e·¸vmWs±|Y�%klp�bY��e y e-u�eY�U�¿qt�%d'oMsc|{evot¬Y��q y z?s�oMdvkr©Jmce�¼
� e!|{qtsJp�e_}?p�e y e-scq�w�df¬Yp%acq y e{wFe{w�p�n[oM�%��eYdfeYsJp
klnlnlmcw%p%��¬vu�oM� y e·scqtd-�W��eYmZ} e_}WeYdvuWnre{w y efp�eYnlnre{w-qtuWp%kldvkrwxoMp%krqtscw!u�oM�!oMnl��qt�%klp%aWdfe{w!��¬Ysc¬Yp%kr©�mce{w�  gt£� ¢�+£
  R £� ¢¥+£� iM+£� l¤¦�M£� l¤ R £� l¤Ygt£� ¢���+£� ¢���t£� l¤¦¥M£� ¢���M£� l¤¦¥M£� ¢�Z¤_£� ¢��¥+£� ¢� R £� ¢�Z¤_£� ¢���t£� l¤.M+£� ¢� ` £� ¢���M£� ¢���+£¨§�©JmWkcp%�xoMklp�eYsJp
y °ÀqtuWp%kldvkrwxoMp%krqtsÂot¬Y��q y z?s�oMdvkr©�mce�dfqtscqJ|Y�%klp�bY��e ­ ��¬ y mc|Yp%krqts y e�p%�xo Trsc¬{e¡eYs p%�xoMscw�w�qtsWkr©Jmce¹qtm d'o+}Zk¶Ç
dvkrwxoMp%krqts y evu�qt�%pxoMsc|{e'eYsD��¬Y��kldfe'w%mW�cwxqtsWkr©�mce y e y ¬{|{qtnln[oM��e'qtm y °¢oMp%p�eY�%�%krw�w.oM��e�§ w�qtmcw#|{qtsJp%�xoMkls�p�e{w.®
qtm�d!mWnlp%kr|Y�%klp�bY��e ­ ¬{©�mWklnlkl�W��e y e-~�oM��eYp�qW§�w%p%�xoMp�¬Y��kre{w y e��%eYmZ} y zJs�oMdvkr©Jmce{w.® y e#��¬{qtdf¬Yp%�%kre{w���K qtmQ��K
­ uW��qMµcnrw y °¢oMklnre{w¦§M«�qtklnlmW��e{w�qtm y krw%u�q�w�klp%k¶�²w�d-mWnlp%kr|{qt�%ucw3a�z?u�eY��w%mcw�p�eYs�pxoMp�eYmW��w.®_§�qtm·df¬Yp%acq y e{w y eÄ���xo y kreYsJp
 ¢�+£Å ¢�+£Ä  ` £Å l¤¦�+£� ¢�Mgt£ qtm¹a�z?�W�%k y e{w¦§ y oMscw y e{w�oMuWuWnlkr|¦oMp%krqtscw�oMs�oMnrqt��mce{w¦¼

�=qt��wx©�mce�n,°ÀqtmWp%kln y °ÀqtuWp%kldvkrwxoMp%krqts�e{w�pFmWsce�df¬Yp%acq y e y e�p¨z?u�e����xo y kreYs�p¦§
n,°¢oMnl��qt�%klp%aWdfefs�mWdf¬Y�%kr©Jmce
�¿qtmW�%sWklp y kl��e{|Yp�eYdfeYs�p y e{w]oMuWuW��q¦}?kld'oMp%krqtscw y e{w y ¬Y�%kl«�¬{e{w'u�oM�%p%kreYnlnre{w y e¹n[oQ�¿qtsc|Yp%krqtsWsceYnlnreQ|{qtÊWpfu�oM�
�xoMuWu
qt�%p�oMmZ}¯|{q?qt� y qtsWsc¬{e{w y e{w0s���m y w0�²��qts�p%krbY��e{w�¼ K7oMscw�|{e7|{qts�p�e_}Zp�e�§cqts�u
eYmWp0|{qtsc|{eY«�qtkl� y e{w�oMnl��qMÇ
�%klp%aWdfe{wFklp�¬Y�xoMp%k¶�²wF©JmWk�qtu
bY��eYs�p�e_}?uWnlkr|Yklp�eYdfeYsJp#w%mW��|{e{wF|{qJqt� y qtsWsc¬{e{w�¼���sce#��eYuW��¬{w�eYsJpxoMp%krqts±s�oMp%mW��eYnlnre
y e0n[o��²��qts�p%krbY��e�qtuWp%kldvkrwx¬{e�e{w%pÄoMnrqt��w��¿qtmW�%sWkre0u�oM�3n[oFp%�xot|{e y mvd'oMklnln[oM��e�¬Ynr¬YdfeYsJp�w3µcsWkrw�¼���eYu�eYs y oMsJp¦§�nre
scqtd-�W��e-w�qtmWa�oMklpxoM�Wnre y e�«�oM�%k[oM�Wnre{w y °ÀqtuWp%kldvkrwxoMp%krqts=§�qtm¯u�oM�xoMdfbYp%��e{w y e �5� � ������§ y oMscw�mWsce7qtuWp%kldvkrwxo+Ç
p%krqts¹uW�xoMp%kr©Jmce-e{w%p���¬Ysc¬Y�xoMnreYdfeYsJp�mWs¡qtm y eYmZ}¹qt� y ��e{w y e7���xoMs y eYmW��klsZ�²¬Y�%kreYmW��oMm�scqtd-�W��e y e�s���m y w
�²��qts�p%krbY��e{w¦§WeYs��xoMkrw�qts y eFn[o��xoMk y eYmW��s�mWdf¬Y�%kr©Jmce#©JmWk eYs¯e{w�p�mWsceF�¿qtsc|Yp%krqts��xoMuWk y eYdfeYs�p�|Y��qtkrw�wxoMs�p�e�¼W½¾n
|{qts�«?kreYs�p y qtsc|�§ y ° mWsce-d'oMsWkrbY��e-e_}ZuWnlkr|Yklp�e-qtm¹kldvuWnlkr|Yklp�e�§ y °¢o y qtuWp�eY��mWsce7uW��q?|{¬ y mW��e y e ����������	������ y e
n[o y kldfeYscw�krqts=¼_g�s±qtmWp%��e�§�|{e{w y ¬Y�%kl«�¬{e{w�u�oM�%p%kreYnlnre{w�©�mWk�w�qts�p y oMscw�mWsQe{w%u�ot|{e y e#��¬Y��mWn[oM�%klp�¬�dfqtkls y ��e
©Jmce7nre-|xa�oMdvu¡eYp �������
	������
��nre{w���¬{qtdf¬Yp%�%kre{wFeYnlnre{wUÇ,dfÁYdfe{w ­ ©�mWk�w�qts�p�nlkrwxw�e{w.®_§cw�qtsJp���¬Ysc¬Y�xoMnreYdfeYsJpFsJmZÇ
df¬Y�%kr©JmceYdfeYs�pf�W�%mWklp�¬{e{w¦¼Ä½¨n�|{qts�«?kreYs�p y qtsc|�©�mce�n[oQ��¬ y mc|Yp%krqts y e y kldfeYscw%krqts�w�°¢ot|{|{qtdvu�oM��sce y ° mWsce
�¿qt�%dfe y e�� e 	������5�!qtm y eb�������Jer��� �$�
��	�������¼jg�sZµcs=§�|{eY�%pxoMklscw-p%�xo¦«toMmZ} y e K�eY�%«JkreYmZ} § S±oM��|{q �
	 ��e� l¤¦�M£
qts�p�dfqts�p%��¬#n,° klsJp�¬Y��ÁYp y e7|{qtscw�p%�%mWkl��e#mWs�µcnlp%��e������
������� �5��!"� �Y§�klscw�uWkl��¬ y e7n[o·df¬Yp%acq y e7d-mWnlp%kl���%klnlnre-u�oM�
oM����nrqtdf¬Y�xoMp%krqts y e{wf«�qtnlmWdfe{w¦¼ S¡ÁYdfe�w�k0|{e{w]oMmWp�eYmW��wvs=°ÀeYdvuWnrqtkreYs�p]u�otwvp�qtmt�UqtmW��w'e_}?uWnlkr|Yklp�eYdfeYsJp'nre
p�eY�%dfe y e�u�oM�xoMdf¬Yp%�%krwxoMp%krqts=§?nre0µcnlp%��e�aWkr¬Y�xoM��|xaWkr©�mce�oMmc©�mceYn�klnrwÄqtsJp�oM�
qtmWp%k�e{w%p3mWsce��²qt�%dfe y e�u�oM�xoMdf¬_Ç
p%�%krwxoMp%krqtsfnlkrwxw�e y e0n[o��²qt�%dfe�u
qtmW��n[ot©JmceYnlnre0nre{w�«toM�%k[oM�Wnre{wÄw�qts�p y e{w�u�oM�xoMdfbYp%��e{wÅ��¬{qtdf¬Yp%�%kr©Jmce{wÅotw�w�q?|Ykr¬{w
oMmZ}¯«�qtnlmWdfe{w y e#|{qtsJp%��Ãtnre#nre{w�uWnlmcw�����q�wxw%kreY��w¦§cqt�Wp�eYsJmcw�oMuW��b{w�uWnlmcw�kreYmW��w�oM����nrqtdf¬Y�xoMp%krqtscw¦¼

K7oMscw�nre3|{qts�p�e_}Zp�eÄmWs!u�eYm y k$#
¬Y��eYsJp�q�%!n,°ÀqtmWp%kln y °ÀqtuWp%kldvkrwxoMp%krqts·e{w%p=mWs·oMnl��qt�%klp%aWdfeÅ¬Y«�qtnlmWp%krqtsWs�oMkl��e�§
u�oM��e_}ZeYdvuWnreÅ��¬Ysc¬Yp%kr©�mce�§MklnZe{w%p kls y krw�u�eYscwxoM�Wnre y °ÀqtuWp�eY��u�qtmW��mWsceÅ��eYuW��¬{w�eYs�pxoMp%krqtsfe_}ZuWnlkr|Yklp�e�§Mnlkrw�w�eÄeYp y e
y kldfeYscw%krqts¡��¬ y mWklp�e y e7n[o��¿qt�%dfe�§c|¦oM��n,°Àqtu�¬Y�xoMp�eYmW� y e#|Y��qtkrw�eYdfeYs�pFsce7u
eYmWp�w¦°¢oMuWuWnlkr©JmceY� y kl��e{|Yp�eYdfeYs�p
¸�n[o¹��¬{qtdf¬Yp%�%kre]w.oMscw-©Jmce'|{eYn[o���¬YscbY��e y e{w#�¿qt�%dfe{w#scqts o y dvkrw�w%kl�Wnre{w�¼vg�s qtmWp%��e�§=u
qtmW� y e{w!�xoMkrw�qtscw
y °Àe
a'|¦ot|Yklp�¬�§Zkln
e{w%pÅw�qtmWa�oMklpxoM�Wnre y oMscw0|{eF|{qts�p�e_}Zp�e�¬Y��oMnreYdfeYs�p¦§W©Jmce�n[o-u�oM�xoMdf¬Yp%�%krwxoMp%krqts¹w�e�uW��ÁYp�e�¸-n[o
|{qtscw%p%�%mc|Yp%krqts y °¢oMnl��qt�%klp%aWdfe{w�aWkr¬Y�xoM��|xaWkr©�mce{w¦§�d-mWnlp%klsWkl«�e¦oMmZ} ¼

h mWk y ¬{w�u�oM��|{e{w�|{qtscw%k y ¬Y�xoMp%krqtscw���¬Ysc¬Y�xoMnre{w¦§�qts¡o·qtuWp�¬�§ y oMscw�nre{w�oMuWuWnlkr|¦oMp%krqtscwFoMmZ}¹¬{|{qtmWnreYdfeYs�p�w
�Wk y kldfeYscw%krqtsWsceYnrw�oMmWp�qtmW� y e�uW��qMµcnrw y °¢oMklnre�§ y °¢oMuWuW��qJ|xaceY��|{e{wfuW��qMµcnrw]u�oM� y e{wf��eYuW��¬{wxeYs�pxoMp%krqtscw y e
º0¬Y»{kreY� y e�|{qtmW�%�
e{w0uWn[oMsce{w�©�mWk���¬Yu
qts y eYs�p�¸-n[o#sc¬{|{e{w�w�klp�¬ y eF��¬ y mc|Yp%krqts y e y kldfeYscw%krqts ­ u�oM�0nre��,oMkl�Wnre
scqtd-�W��e y e�u�qtklsJp�w y e�|{qtsJp%��Ãtnre�sc¬{|{e{wxwxoMkl��e{w.®_§ y e���¬Y��mWn[oM�%krwxoMp%krqts ­ u�oM�0nre��,oMklp0©�mce�nre{w�|{qtmW�%�
e{wÅuWn[oMsce{w
��¬Ysc¬Y��¬{e{w-wxqts�p7nlkrw�w�e{w_®_§ eYp y ev|{qtscw%p%�%mc|Yp%krqtsDaWkr¬Y�xoM��|�aWkr©Jmce ­ w�mW�7n[o���otw�e y e·n[o�uW��qtuW�%kr¬Yp�¬ y °À¬Ynr¬Y«�oMp%krqts
y m y eY����¬#e_}ZuWnrqt��¬{e y oMscw# l¤.MM£ eYp��xoMuWu�eYnr¬{e-�W�%krbY«�eYdfeYs�p�uWnlmcw�nrqtkls�®_¼
`�qtmWp�|{qtdvdfeFeYs�¬Ynr¬YdfeYsJp�w0µcsWkrw¦§WoMm�|{qtmW��w y e�n[o-��¬{w�qtnlmWp%krqts�klp�¬Y�xoMp%kl«�e y ° mWsce�¬{©Jm�oMp%krqts�oMmZ} y ¬Y�%k¶Ç

«�¬{e{wFu�oM�%p%kreYnlnre{w ­ g�¼ K·¼À~�¼ ®_§ w�e-u
q�w�e!nre�uW��qt�WnrbYdfe y e-n,°¢o y oMuWpxoMp%krqts y mQd'oMklnln[oM��e�§ eYs³qtuWp%kldvkrwxoMp%krqts y e
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�¿qt�%dfe�§Jnrqt��wx©�m=° mWsceFu�oM�xoMdf¬Yp%�%krwxoMp%krqts�u�oM�%p%kr|YmWnlkrbY��e7e{w%p�o y qtuWp�¬{e�§Zw�e�u�q�w�e�n[o�©�mce{w�p%krqts y e�w�qts�o y oMuWpxo+Ç
p%krqts¡oMm¹|{qtmW��w y m¹uW��qJ|{e{wxw%mcw0klp�¬Y�xoMp%k¶�U¼

K7oMscw#n[o¯w�klp%m�oMp%krqts³È¨��¬{eYnlnre_É y ° mWsDuW��qt�WnrbYdfe y °¢ot¬Y��q y z?s�oMdvkr©�mce�§ n,°ÀqtuWp%kldvkrwxoMp%krqtsDÈ¨uWaJz?w�kr©�mce_É·u�oM�
«�qtkre#sJmWdf¬Y�%kr©�mce!e{w%p�p%��b{wF|{qtÊWp�eYmcw�e-|¦oM��|�a�ot©Jmce-¬Y«�oMnlm�oMp%krqts y e��¿qtsc|Yp%krqtsWsceYnlnre!sc¬{|{e{w�w%klp�e7nre!|¦oMnr|YmWn y e
n,°À¬{|{qtmWnreYdfeYs�pf|�°Àe{w�pUÇ¾¸+Ç y kl��e'n[o���¬{w�qtnlmWp%krqts y ° mWs��%eYm y ° g�¼ K·¼À~�¼l§�¬{©�m�oMp%krqtscw y ° g�mWnreY�·eYp�u�oM�U�²qtkrw!dfÁYdfe
y e��Fo¦«JkreY�UÇ iJp�q ��e{w�eYs��cmWk y e�|{qtdvuW��e{w�w%kl�Wnre�§ y oMscw0mWs�scqtmW«�e¦oMm y qtd'oMklsce�¼���mceYnr©Jmce_�¿qtkrw¦§?u�qtmW����¬ y mWkl��e
|{e�|{qtÊWp�qts�s=° mWp%klnlkrw�e]u�otw·w%z?w�p�¬Yd'oMp%kr©�mceYdfeYsJp�nre]dfq y bYnre]��¬{eYn,§�d'oMkrw�mWs eY��w.oMp%»�|{qtscw%p%�%mWklp·u�oM��mWsce
p�e{|�aWsWkr©Jmce y e���¬ y mc|Yp%krqts y e�dfq y bYnre�p�eYnlnre·©�mce·~�¼ ��¼ K·¼ ­ �Z� �
�:�
��� �
	 � � �����_��e � ������� �:�<� ��	�������§� l¤�¤Y£H®_§
qtm¹mWs���¬{w�e¦oMm y e�sceYmW��qtsce{w! l¤¦�+£Ä l¤¦�M£¨¼

g�s±qtmWp%��e�§�n[ov«?klp�e{w�w�e y e�|{qts�«�eY�%��eYsc|{e y e{wFqtuWp%kldvkrw�eYmW��w�|{qtmW�xoMs�p�w ­ df¬Yp%acq y e y e y e{wx|{eYs�p�e���otw�¬{e
w%mW�0mWsce7oMuWuW��q{}Zkld'oMp%krqts y m¯���xo y kreYs�p¦§cqtm¹oMnl��qt�%klp%aWdfe{w�¬Y«�qtnlmWp%krqtsWs�oMkl��e{w.®_§ y ¬{|Y��q<Trp�scqtsWnlklsc¬¦oMkl��eYdfeYs�p¦§
eYpÄnre�uWnlmcwÅwxqtmW«�eYs�p0d'oMnlaceYmW��eYmcw�eYdfeYs�p0uWnlmcw�©�mce�©�m�o y �xoMp%kr©JmceYdfeYs�p¦§Znrqt��wx©�m=°Àqts¯oMmW��dfeYs�p�eFnre�scqtd!�W��e
y e7u�oM�xoMdfbYp%��e{w¦¼
iZoMscw y qtsWsceY��p�qtmcw�nre{w y ¬YpxoMklnrw y e#scqtp%��e!w%p%�xoMp�¬Y��kre y °¢o y oMuWpxoMp%krqts=§�©JmWk�w�qtsJp��¿qtmW�%sWkrw�¸vn[o�i?e{|Yp%krqts

�Z§
qts³|{qtdvuW��eYs y ©�m=°ÀeYs±u�oM�%p%klp%krqtsWs�oMsJp-n,°ÀeYscw�eYd!�Wnre y e{w�u�oM�xoMdfbYp%��e{w y °ÀqtuWp%kldvkrwxoMp%krqts�eYs y eYmZ}±w�qtmcwUÇ
eYscw�eYd!�Wnre{w¦§	� ­ nlkr¬±oMmZ} oM�cw�|Ykrw�w�e{w y eQ|{qts�p%��Ãtnre�®�eYp�
 ­ nlkr¬³oMmZ}ªqt� y qtsWsc¬{e{w y e¡|{qtsJp%��Ãtnre�®_§�qtsªu
eYmWp
��¬ y mWkl��e�w%mW�cw%pxoMsJp%kreYnlnreYdfeYs�p�nreF|{qtÊWp y ° mWsce�qtuWp%kldvkrwxoMp%krqts¯uWa�zZw%kr©Jmce�eYs�n[o7��¬¦oMnlkrw.oMs�p0u�oM��qtuWp%kldvkrw.oMp%krqts
y m «�e{|Yp�eYmW��
�w�eYmWnreYdfeYs�p¦§�nre]«�e{|Yp�eYmW�
�¡¬YpxoMs�p�µW}Z¬ ­ ¬YpxoMu
e¡¤�®_¼���e{|Yk�e{w�p!u�oM�%p%kr|YmWnlkrbY��eYdfeYsJpfs�oMp%mW��eYn
y oMscw�nre#|¦otw y ° mWs¹uW��qMµcn y °¢oMklnre#©JmWk=e{w%p�uWnlmcw�nrqtsW�]©�m=°À¬Yu�oMkrw¦¼
��eYp%p�e7��¬ y mc|Yp%krqts y e�n,°Àe{w%u�ot|{e y e7��e{|xaceY��|�ace�§�u�qtmW��sce�u�otw�ÁYp%��e7p%��qtu¹u
¬Ys�oMnlkrwxoMs�p�e�§ y qtklp�w¦°¢ot|{|{qtd·Ç

u�oM��sceY� y ° mWscefqtuWp%kldvkrwxoMp%krqtsDw�zJdf¬Yp%�%kr©Jmce y m³«�e{|Yp�eYmW���W§�nre·«�e{|Yp�eYmW��
Q¬YpxoMs�p#µW}Z¬ ­ ¬YpxoMu
ef��®_§�|{ev©JmWk
|{qt�%��e{w%u
qts y ¸�kls�p�eY�%«�eY�%p%kl�3nre{w���Ãtnre{w y e	�'eYp���¼t��svu
eYmWp�|{qts y mWkl��e�|{e{w y eYmZ}�¬YpxoMu
e{w y °ÀqtuWp%kldvkrwxoMp%krqts'eYs
dvklsWkldvkrwxoMsJp�nre�dfÁYdfe7|Y�%klp�bY��eFuWaJz?w%kr©Jmce�¼ SQoMkrw�|{e{|Yk
s=°Àe{w%p�u�otw0p�qtmt�%qtmW��w�oMmcw�w%k
w%kldvuWnre�©�m=° kln
sceFu�oM�xo Trp
y m±u�qtklsJp y e!«?mce y e�n[o'uW��qt���xoMdvd'oMp%krqts=¼vg�s³e #
eYp¦§
|{eY�%pxoMklscw#|{q y e{w ­ eYs³ot¬Y��q y z?s�oMdvkr©�mce�®�p%kreYsWsceYsJp
|{qtdvuWp�e y oMscw3n[o7��eYuW��¬{wxeYs�pxoMp%krqts y e�n[oF�¿qt�%dfe y m]u�oM�%p%krqtsWsceYdfeYs�p�e_}Zp%�xo y q�w��+kls�p%�xo y q�w ­ a�oMmWp��+��otw.® y m
uW��qMµcn�u
qtmW�3nre{©JmceYn�n[oF�¿qt�%d-mWn[oMp%krqts�������������e{w%pÄuWnlmcw3s�oMp%mW��eYnlnreF©�mce�n[o7�²qt�%d!mWn[oMp%krqts�������������©Jm=° mWs
u�oM�%p%krqtsWsceYdfeYs�p0o{«�oMs�p��toM�%�%krbY��e�e_}Zkl��eY�xoMklp¦¼��=qt��w�©Jmce0nre{w�u�eY�%p%mW�%��oMp%krqtscwÄw�qts�p��,oMkl�Wnre{w ­ eYs�µcs y e0|{qtsJ«�eY�UÇ
��eYsc|{e�®_§�n,° kls�p�eY�%«�eY��w%krqts e{w%p·w�qtmW«�eYsJp!«?k[oM�Wnre! d'oMkrw y oMscw�nre�|¦otw-klsJ«�eY��w�e y ef���xoMs y e{w·u
eY�%p%mW�%��oMp%krqtscw¦§
eYnlnre7u
eYmWp�dfeYp%p%��e#eYs y ¬_�,oMmWp�n[o���eYuW��¬{w�eYsJpxoMp%krqts¡u
q�w�¬{e � �_� �����
�H¼
~�qtmW�F|{e{w��xoMkrw�qtscw¦§�qtsQov|xacqtkrw%k y e-|{qts y mWkl��e!n[o y eYmZ}ZkrbYdfe-¬YpxoMu
e#u�oM��qtuWp%kldvkrw.oMp%krqts y ° mWsQ|Y�%klp�bY��e

uWmW��eYdfeYs�p���¬{qtdf¬Yp%�%kr©Jmce y e-��¬Y��mWn[oM�%krwxoMp%krqts y e!n[ovu�oM�xoMdf¬Yp%�%krwxoMp%krqts=¼mK7oMscwF|{e!|¦otw�§�qts±©�m�oMnlk¶µ�e�|{eYp%p�e
¬YpxoMu
e y ° È o y oMuWpxoMp%krqts y e#n[ovu�oM�xoMdf¬Yp%�%krw.oMp%krqtsZÉ�¸·n,°¢oMuWuW��q{}Zkld'oMp%krqts³|{qtmW�xoMs�p�e y e7n[ov�²qt�%dfe!qtuWp%kldvkrw�¬{e
«?krwUÇ¾¸+Ç,«Jkrw y m¹|Y�%klp�bY��e7uWa�zZw%kr©Jmce�¼���eYp%p�e-o y oMuWpxoMp%krqts���¬{qtdf¬Yp%�%kr©Jmce!o�mWs¡|{qtÊWp�d'oM�%��kls�oMn,¼
��sªu�eYmWp¯oMnrqt��wf«�qtkl�'nre¡|{qtmWuWn[oM��e¡qtuWp%kldvkrw.oMp%krqtsªuWaJz?w%kr©Jmce_Ç¾o y oMuWpxoMp%krqts y e¹n[o³u�oM�xoMdf¬Yp%�%krw.oMp%krqts
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df¬Yp%acq y efeYsc|{qt��evuWnlmcw#��qt�Wmcw�p�ef|{qtscw%krw%pxoMsJp!¸ y °¢oM�
qt� y nrqJ|¦oMnlkrwxeY�7n,°ÀqtuWp%kld-mWd���nrqt��oMnÄeYs y krw�|Y��¬Yp%krwxoMsJp
otw�w�eY»fµcsWkldfeYs�p�n[o��²qtsc|Yp%krqts w%mW�#p�qtmWp!nre y qtd'oMklsce�§=uWmWkrw�eYsD�xo afs�oMs�p�n,° k y eYs�p%k¶µ�|¦oMp%krqts eYsDuWnlmcw�kreYmW��w
klp�eY�xoMp%krqtscw  �of|�a�ot©Jmce7klp�¬Y�xoMp%krqts=§�qts y krw�|Y��¬Yp%krwxe7uWnlmcw�µcsceYdfeYsJp�mWs¹w�qtmcwUÇ y qtd'oMklsce-dfqtklscw�¬Yp�eYs y m=¼

1 	��J�\-$? 	 �³��Í
�:6 �#�5��s y krw�|Y��¬Yp%krw�e�nre!|¦oM�%��¬�mWsWklp�¬vo{«�e{|·mWsQu�otwFmWsWk¶�²qt�%dfe·eYp7¬Y��oMn3¸��
K
�

KK � ¼
� o�¿qtsc|Yp%krqts � N e{w%p�¬Y«�oMnlmc¬{e-eYsQp�qtmcw�nre{w�s���m y w y e-n[ofu�oM�%p%kre-p%�%k[oMsW��mWn[oMkl��e·w%mWu
¬Y�%kreYmW��e ­ � N 7�� & ®  �«�qtkl���kl��mW��e R ¼
��s¹scqtp�e�� ; K = � ��� ; K =N ) � ; K =& �Änre�u
qtkls�p�|{qt�%��e{w�u�qts y oMsJpF¸·n[o�uWnlmcw�u�eYp%klp�e�«�oM�%k[oMp%krqts¹p�qtpxoMnre�¼

���J�vVv-I?J������Í
�:6 �#�5��s�u
q�w�e
� N � �

K
� ' ¼W��s y krwx|Y��¬Yp%krw�e#o{«�e{|�nreFu�otw�� N nre�|¦oM�%��¬7|{eYs�p%��¬-eYs � ;

K = y e
|{Ãtp�¬/O�� K

¼
��s¹scqtp�e�� ; N = � ��� ; N =N ) � ; N =& �Änre�scqtmW«�e¦oMm¡dfeYklnlnreYmW��u�qtklsJp¦¼
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� 	+Ì]-B� -$??� �¡��Í
�:6 �#�5��s���¬Yklp�bY��e-n,°Àqtu�¬Y�xoMp%krqts¹uW��¬{|{¬ y eYsJp�e�oMmWp�qtmW� y e�� ; N = o¦«�e{|7nre7u�otw � & � � N� ' ¼
��s¹scqtp�e�� ; & = � ��� ; & =N ) � ; & =& �Änre�dfeYklnlnreYmW��u�qtklsJp�¸�n,° krw�w%mce y e#|{eYp%p�e-¬YpxoMu�e�¼
� of`�oM�Wnre!�vkls y kr©�mce7nre{w�«toMnreYmW��w�qt�Wp�eYs�mce{w�u�qtmW� � ; K = § � ; N = § � ; & = eYp�nre{w�«�oMnreYmW��w�|{qt�%��e{w%u
qts y oMs�p�e{w

y e#n[ov«toM�%k[oMp%krqtsQp�qtpxoMnre�¼ �=e-dvklsWkld-mWd e{w%pFoMp%p�eYklsJp�u
qtmW� � N�� '*, '����?§�eYp � & � '*, � '��Z§�eYp�uW��q y mWklp�� N
� �	, ��� � � ¼

� N � & 
 N �1���	� �  ` L
� � � ' � � �¬YpxoMu�e'¤ �Z¼l¤ �Z¼ g R ¼ R M+g ` � �Z¼¢� `�`

¬YpxoMu�e!� �Z¼¢� ` �Z¼ gc¤ R ¼iM R g��Mg ¤�¼iMt� R ¤
¬YpxoMu�e!� �Z¼¢��M�M �Z¼ g���� R ¼iM�M `�` ¤ ¤�¼¢¥�¥Mg��

� ��� ��� �����
	 � �@�5� ���
�$eIe � � �
� ������	d��� �

� �J� � 	<H=������n[o·�¿qtsc|Yp%krqts � N ��� N ) � & �0o y dfeYp�uWnlmcw%kreYmW��w�dvklsWkld!mWdfwFnrqJ|¦oMmZ} §ckln�e{w%p y qtsc|#sc¬{|{e{wxwxoMkl��ey e��,oMkl��e¹mWs ©�m�o y �%klnln[oM��e±otw�w�eY»�µcs y b{w'n[o³uW��eYdvkrbY��eQ¬YpxoMu�e¡u�qtmW�]¬Y«Jklp�eY��n[oD|{qtsJ«�eY�%��eYsc|{e¡«�eY��w]mWs
dvklsWkld-mWd scqts¹��nrqt��oMn,¼
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S±oMnl����¬�nre{w y k a'|YmWnlp�¬{w�qt�cw�eY�%«�¬{e{w�¸-nrq?|¦oMnlkrw�eY��mWs¹qtuWp%kld!mWd ��nrqt��oMn,§cqts�w�qtmWa�oMklp�e7wxo¦«�qtkl��w%k
n,° mWp%klnlk¶Ç
wxoMp%krqts y m¯���xo y kreYs�p�u�eYmWp�oMdf¬Ynlkrqt��eY��n,°Àe
a'|¦ot|Yklp�¬ y eFn[o!��e{|�aceY��|xace�¼���s¹|{qtscw%k y bY��e y qtsc|FmWsce�df¬Yp%acq y e
dvk¶}Zp�e y qts�p·n[o¹uW��eYdvkrbY��e]¬YpxoMu
e]e{w�p-k y eYs�p%kr©Jmce¯¸�|{eYnlnre y e'n[o¹df¬Yp%acq y e]uW��¬{|{¬ y eYs�p�e�§�d'oMkrw y qts�p�nre{w
¬YpxoMu
e{w�w�mWkl«toMsJp�e{w y e��xo afsceYdfeYsJp�w�qts�p�e # e{|Yp%mc¬{e{w y oMscw�n[o y kl��e{|Yp%krqts¹qtuWu
q�w�¬{e�oMm¯���xo y kreYs�p ­ �
	d�)�d�:� �
	
�5� � �)�
�[	[®  �«�qtkl�	��kl��mW��e-¥Z¼

�=e{w y qtsWsc¬{e{wf��eYn[oMp%kl«�e{wf¸�n[oQ|{qtsJ«�eY�%��eYsc|{e¹w�qts�pf|{qtscw�kl��sc¬{e{wf¸�n[oQ`�oM�Wnre¯gc¼���s |{qtscw%pxoMp�e�©Jm=°ÀeYs
p%��qtkrw�¬YpxoMu
e{w¦§Wn[o·|{qtsJ«�eY�%��eYsc|{e!e{w%p�klscw�m a'wxoMs�p�e-u�oM��|{eYp%p�e7df¬Yp%acq y e�¼

� N � & scqt�%dfe	��
 N ���
� � � ' � � �¬YpxoMu�ef¤ �Z¼l¤ �Z¼ g R ¼ R M+g ` � �Z¼¢� `�`

¬YpxoMu�e-� �Z¼¢��¥ �Z¼¢��¥�¥�M R ¼iM R ¥ ` �Z¤ �Z¼¢�����Z¤ R
¬YpxoMu�e-� �Z¼¢� R � �Z¼¢��¥�¥�� R ¼¢¥ ` ��� ` ¤�¼¢�Z¤¦¥ ` ¥

� ��� �cg �����
	 �J�@��� � � ��	d�

� � � � � �� 	��%�� 
�� �

� o¡df¬Yp%acq y e�mWp%klnlkrwxoMs�pvnre����xo y kreYs�pvs=°Àe{w�p�u�otwvotw�wxeY»]��qt�Wmcw%p�e�u
qtmW�vÁYp%��e y ¬Yd'oM�%��¬{e�w.oMscw�¬YpxoMu
e
uW��¬¦oMn[oM�Wnre y eQnrq?|¦oMnlkrwxoMp%krqts y eQn,°ÀqtuWp%kld-mWd ��nrqt��oMn,¼�g�s |{qtscwx¬{©�mceYsc|{e�§�qts6sceQuW��qMµcp�e±u�otw y mÂ��oMkls
u
qtp�eYs�p%kreYnZeYs!e
a'|¦ot|Yklp�¬Ä©JmceÄ|{eYp%p�eÄdf¬Yp%acq y eÄ��¬¦oMnlkrw�eY�xoMklp y oMscw=nreÄ|¦otw y ° mWsceÄ|{qtsJ«�eY�%��eYsc|{e0otw�zJdvuWp�qtp%kr©Jmce
p%��b{w�u
qtmcw�w�¬{e�§ |¦oM�7kr|Yk,§�kln3e{w%p�kls�mWp%klnref©Jmce·nre·|Y�%klp�bY��e y °¢oM�%��ÁYp#w�qtklp7p%��b{w��%kl��qtmW��eYmZ} ¼���s³qtuWp�e y qtsc|feYs
�,o{«�eYmW� y e0n[oFdf¬Yp%acq y e0u�oM�3���%klnlnre{w3eYd!��q<Trp�¬{e{wÅ©�mWkcoFnre0df¬Y�%klp�e y e�|{qtd!�WklsceY�Åw%kldvuWnlkr|Yklp�¬�eYp���qt�Wmcw�p�e{w�w�e�§
wxoMscw�©Jmce�nre#|{qtÊWp�w�qtklp�e_}Z|{e{w�w�k¶�U¼
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(0.1,0.4)

grad(J )

−grad(J )

2

methode mixte :

2

��������¥ � ���
	 �J�@��� ��� ��	d��� ��	"� �:���5� �5� � �)�
�[	d�7�5���:� e � ���I��� ��	������X� ��� �<�@������� ��� �������
�_	

� ��� �3�/"�)x� �¯*,��"-
��x�9������
���������(#
�� ��������"-
����
��s6w�qtmWa�oMklp�e±p�e{w%p�eY��n,°Àe
a'|¦ot|Yklp�¬ y e±|{qtmWuWnreY�¯mWsce±qtuWp%kldvkrwxoMp%krqts y e��²qt�%dfe³o{«�e{|±n[o uW��q?|{¬ y mW��e

uW��¬{|{¬ y eYs�p�e y °¢o y oMuWpxoMp%krqts y e�n[o#u�oM�xoMdf¬Yp%�%krwxoMp%krqts=¼Z~�qtmW�0w%kldvuWnlk¶µ�eY��n,°Àe_}?u
¬Y�%kldfeYs�pxoMp%krqts=§Zqts'p%�xoMklp�e�mWs
uW��qt�WnrbYdfe y °ÀqtuWp%krw.oMp%krqts y e��¿qt�%dfe7krw�w%m y m�|¦oMnr|YmWn y e{w�«toM�%k[oMp%krqtscw y qts�p�n[o·wxqtnlmWp%krqts�e{w%p�|{qtsWs�mce�¼

� ��� � ��� �����
��
 � 

� �!��
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��sÂ|{qtscw%k y bY��eQmWs oM��| y eQ|{qtmW�%��eQnlkrw�wxe¹��eYnlk[oMs�p�n,°Àqt�%kl��klsce �3'*) ' �]oMm u�qtklsJp ���	) ' �fu�qtmW«�oMs�p¯ÁYp%��e
��eYuW��¬{w�eYsJp�¬#u�oM��mWsce7¬{©Jm�oMp%krqtsQoMs�oMnlz?p%kr©�mce y e#n[o!�²qt�%dfe�� ��$ ��� �x§Wqtm¹u�oM��n[o�u�oM�xoMdf¬Yp%�%krwxoMp%krqts�

� ��� ��� �
� ������� � ­ R ��®

q�% '�7 �67(��§!��������eYp	� ������w�qtsJp � N § ��������e{w%p3dfqtscqtp�qtsceF|Y��qtkrw�wxoMsJp�e�§ ����� �	�8'v§�o¦«�e{|�nre{wÅ|{qts y klp%krqtscw
nlkldvklp�e{w�w�mWkl«toMsJp�e{w � �

� �3' � �('6) � ���#� � �
���3' � �������#� �(' ­ ¥���®

� ovnrqtsW��mceYmW� y e�n,°¢oM��| ��eYp�n,°¢oMkl��e ��eYsJp%��e7n,°¢oM��|#eYp�n,°¢o+}We y e{w �Qw�qts�p y qtsWsc¬{w�u�oM�:�
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K
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K
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K�¬{w�qt�%d'oMkrw¦§�qts]|{qtscw%k y ¬Y��e�n[o��²qtsc|Yp%krqts���������|{qtdvdfe�µc��¬{e�§�eYpÅqts]|�aceY��|xace�¸7qtuWp%kldvkrwxeY�Än[oF�¿qtsc|Yp%krqts
����� � y e�d'oMsWkrbY��e�¸�dvklsWkldvkrw�eY��n[o��¿qtsc|Yp%krqtsWsceYnlnre	�

� ��� ��� ��N� ­ ¥���®

��sQk y eYs�p%k¶µ�e y °¢oM��qt� y n[o]w�qtnlmWp%krqts¡e_}cot|Yp�e y e!|{e-uW��qt�WnrbYdfe�¼
� of�²qtsc|Yp%krqtsWsceYnlnre � ������e{w%pFw%pxoMp%krqtsZÇ
s�oMkl��e#w�w�k � O�� �� ��� �� �(' ­ ¥���®

w�qtklp�eYsc|{qt��e	� O � � ��� � � � ­ ¥MgJ®
���¦§

� � � �
K

� �O ��� R N . � R N � � �� O � R � � R � �
� � � R ��� R N . � R N � � �� � �  

K
� � �

K
� �� � � R ��� R N . � R N � � �� � � � � ­ |¦oM� � � R � � � � � R ®

� �
K

� � � � R R ��� R N . � R N � � �� . � RO ��� R N . � R N � � � � � O�� R � R R . O � R � R R � � � � � �
|¦oM� � � �3' � � � � ���#� �('Z¼WÑ�uW��¬{w�w%kldvuWnlk¶µ�|¦oMp%krqts=§ckln «?kreYs�p:�
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K
� � � R R ��� N . � R � R � R R

� R N . � R N � � � � � �
� � � �

K
� � R ��� � � � � � ­ ¥ R ®

� of|{qts y klp%krqts y e7w%pxoMp%krqts�oM�%klp�¬!w¦°À¬{|Y�%klp y qtsc|	�
� � ��) �

K
� 	 O � � � R R � � N . � R � R � R R

� R N . � R N � � � � �SR�
 � � � � �(' ­ ¥�¥�®

|{e7©JmWk ¬{©�mWkl«�oMmWp�¸·n,°À¬{©Jm�oMp%krqts y k$# ¬Y��eYs�p%kreYnlnre-w�mWkl«toMsJp�e	�
� � ) O � � � R R � R N . � R � R � R R

��� R N . � R N � &
� N � � � R ­ ¥�M�®

w�qtklp�eYsZµcs � � � ) � � R R � R . � R � R R
��� R N . � R N � &
� N � �O � � ��� �P���:� � ­ ¥ ` ®

� o�©Jm�oMs�p%p�¬f¸]��oMmc|�ace y e·|{eYp%p�ev¬{©Jm�oMp%krqts±��eYuW��¬{w�eYs�p�e·n,° klsJ«�eY��w�e y m±�xo{z�qts y e·|{qtmW�%�WmW��e·nrqJ|¦oMn �Z¼
�3°À¬{©Jm�oMp%krqts¡¬{©JmWkl«toMmWp y qtsc|!¸·n[o·|{qts y klp%krqts �

�
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©JmWk
|¦oM�xot|Yp�¬Y�%krwxe7mWs�|{eY��|Ynre y e��xo{z�qts �Z§ y qts�p�nre7|{eYs�p%��e�§�|{qtdvuWp�e�p�eYs�m y e{w�|{qts y klp%krqtscw�oMmZ}�nlkldvklp�e{w¦§co
u
qtmW�7oM�cwx|Ykrw�w�e � �

K
N  �«�qtkl� ��kl��mW��e7M?¼=��sDoX� � � ��� �QO�� � � �'eYp � � ��� �QO�� � � � N �	O�� K
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� o!w�qtnlmWp%krqts y m�uW��qt�WnrbYdfe y °ÀqtuWp%kldvkrw.oMp%krqts¹e{w%p y qtsc|��¿qtmW�%sWkre�u�oM��nre y eYdvk |{eY��|Ynre y e�|{eYsJp%��e��
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��s¹w�qtmWa�oMklp�e#p�e{w%p�eY��n,°Àe
a'|¦ot|Yklp�¬ y e7n[o!uW��q?|{¬ y mW��e y °¢o y oMuWpxoMp%krqts y e�n[o�u�oM�xoMdf¬Yp%�%krwxoMp%krqts±¸�n,°ÀqtuWp%k¶Ç
dvkrwxoMp%krqts y e7�²qt�%dfe7|{qt�%��e{w%u
qts y oMs�p�oMm¹uW��qt�WnrbYdfe#p�e{w�p�uW��¬{|{¬ y eYs�p¦¼
��s�wxe���e{w%p%��eYkls�p�oMmZ}�u�oM�xoMdf¬Yp%�%krwxoMp%krqtscw y e7º0¬Y»{kreY� y e y eY����¬7gfw.oMp%krwU�¿oMkrw.oMs�p�nre{w�|{qtsJp%�xoMkls�p�e{w���¬{qMÇ

df¬Yp%�%kr©Jmce{w�w%mWkl«�oMs�p�e{w:�
� � ��� K

�('6) � � � � )�� � ��� � �(' ­ Mt��®
©JmWkÄqts�p!u�qtmW�-e # eYp y ° kldvu
q�w�eY�#nre{w-u�qtklsJp�w!e_}Zp%��ÁYdfe{w¦§�oMklscw%kÄ©Jm=° mWscefpxoMsW��eYs�p�e]«�eY�%p%kr|¦oMnre]¸�n,°Àqt�%kl��klsce�¼
��e{w�|{qts y klp%krqtscw#w�qtsJpF��¬¦oMnlkrw�p�e{w�u�qtmW��mWs±uW��qMµcn y °¢oMklnre�§�d'oMkrw�u
qtmW��n[o'wxqtnlmWp%krqtsDe_}Wot|Yp�e y mQuW��qt�WnrbYdfe
|{qtscw%k y ¬Y��¬�§Åkln�w�eY�xoMklp]s�oMp%mW��eYn y ° kldvu
q�w�eY��¬Y��oMnreYdfeYs�p�©�mce�n[o³pxoMsW��eYsJp�eQ¸Dn,°Àe_}?p%��¬Ydvklp�¬ y e¹n,°¢oM��|Qw�qtklp
«�eY�%p%kr|¦oMnre�¼?��eYu
eYs y oMs�p¦§J|{e�|�acqtk¶}vs=°¢o�u�otw3¬Yp�¬��¿oMklpÄo+µcs y e�|{qtscwxeY�%«�eY�3n[o7w%p%�%mc|Yp%mW��e y e0uW��qt���xoMdvd'oMp%krqts
y e{w3uW��q?|{¬ y mW��e{w¦§�d'oMkrwÅ¬Y��oMnreYdfeYsJpÅu
qtmW�Äu
eY�%dfeYp%p%��e y °Àqt�cw�eY�%«�eY��n,°Àe # eYp y e�|{eYp%p�e�scqts'uW�%krw�e�eYs�|{qtdvuWp�e
w%mW��n[o·uW��¬{|Ykrw�krqts y e�n[ovw�qtnlmWp%krqts¹sJmWdf¬Y�%kr©�mce�¼
��s!o y qtsc|ÅoMm#p�qtpxoMn R u�oM�xoMdfbYp%��e{w:� � N § �'&t§ � K § � N eYp ��&t¼+��s-u�qtmW�%�xoMklp���¬¦oMnlkrw�eY�=n[o0dvklsWkldvkrwxoMp%krqts y m|Y�%klp�bY��e�� � �ZN � � ��nrqt��oMnreYdfeYs�pÅu�oM�3�xoMuWu
qt�%pÅ¸�|{e{w3|Yklsc©!u�oM�xoMdfbYp%��e{w¦¼5S±oMkrw3|{e�©JmWkWscqtmcw3kls�p�¬Y��e{wxw�e�kr|Yk

|�°Àe{w%p y eÄp�e{w�p�eY��n,°¢oMmWp�qMÇ¾o y oMuWpxoMp%krqtsfuW��qtu
q�w�¬{e�nrqt��w�©Jm=°Àqts y krw�p%�%kl�Wmce0¸ � � ��� N ) � & ��nreÅ��Ãtnre y °¢o y oMuWpxoMp%krqts��¬{qtdf¬Yp%�%kr©Jmce�eYp'¸ 
 � ���
K ) � N ) � & �-|{eYnlmWk y e¯n[oQdvklsWkldvkrw.oMp%krqts y e��3§3eY��wxoMp%» y ° mWsce�È¨dvklsWkldvkrw.oMp%krqtsuWa�zZw%kr©Jmce_Éx§ ©�mWk y oMscw�nrev|{qtsJp�e_}?p�e y ° mWs³uW��qt�WnrbYdfe y °¢ot¬Y��q y z?s�oMdvkr©Jmcev��eY«JkreYs y �xoMklp�¸¯qtuWp%kldvkrw�eY�7mWsce

u
eY�U�²qt�%d'oMsc|{e y qtsJp�n,°À¬Y«�oMnlm�oMp%krqts y ¬Yu
eYs y �xoMklp y ° mWs�|¦oMnr|YmWn y °À¬{|{qtmWnreYdfeYsJpF|{qtdvuWnre_}We�¼
��s¡o y qtuWp�e y qtsc|7mWs¡oMnl��qt�%klp%aWdfe y ¬{|{qtmWuWn[oMsJp�|{e{w�p��t|xace{w¦§�wx|�ac¬Yd'oMp%krw�¬-¸�n[o ��kl��mW��e ` ¼
Ñ�uW��b{w�mWsce�klsWklp%k[oMnlkrwxoMp%krqts y e �W§�qtsfe #
e{|Yp%mce�uWnlmcw�kreYmW��w3klp�¬Y�xoMp%krqtscwÄ|{qtdvuW��eYs�oMsJp�|xa�ot|YmWsce���¬YpxoMu
e{w:�
¤�¼'S¡klsWkldvkrwxoMp%krqts y m¡ucwxeYm y qMÇ¨|Y�%klp�bY��e!uWaJz?w�kr©�mce ��� ��
���u�oM�F�xoMuWu
qt�%p�¸ 
¹¸ �vµW}W¬�§�|{e�©�mWk�|{qts y mWklp
¸!k y eYsJp%k¶µ�eY��mWsce7oMuWuW��q{}Zkld'oMp%krqts y eFn[o!��¬{qtdf¬Yp%�%kre7qtuWp%kld'oMnre7uW�%krw�e�|{qtdvdfe���¬{qtdf¬Yp%�%kre7|Ykl�Wnre�� �eYs�«Jmce y e7n,°À¬YpxoMu
e7w%mWkl«�oMs�p�e�¼

�Z¼�Ñ y oMuWpxoMp%krqts y e7n[o�u�oM�xoMdf¬Yp%�%krwxoMp%krqts³¸�n[ov|Ykl�Wnre�§ceYp y ¬_µcsWklp%krqts y ° mWs¹scqtmW«�e¦oMm¹«�e{|Yp�eYmW� �W¼
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1, 2, 3y y y

y(t)= Σ
i

x(t)= Σ
i

n

n

=0

=0

Min

CIBLE :

y y 321
* * *

ADAPTATION
PARAMETRISATION

nouveau { x , x }2 3

3{x  , x  }2

γ
0

3x,2x (Optimisation du 
critere physique)

(Readaptation des options
numeriques de
l’optimisation physique)

y,,

B i
n

B n
i

(t) x
i

i

,1y ,2y 3y( =)
2

P
A

J

(t) y*

initialisation de :

Simulation d’une optimisation avec parametrisation autoadaptee :
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�]	��$���$�
��	������ �����.�_er�)� ���J�]� �����
�]	"��	���������� er� � ���������
	��
������	������

~�qtmW����¬¦oMnlkrw�eY��n,°À¬YpxoMu�e'¤ y °ÀqtuWp%kldvkrwxoMp%krqts y e��²qt�%dfe�§�qts¡o y krw�|Y��¬Yp%krw�¬#nre{w�p%��qtkrw�|{qtdvu
q�wxoMsJp�e{w y e�

y e-�v¸¯¤7u�oM��u�otw y e

KK � � §WeYp�qts�o�k y eYsJp%k¶µ�¬#nre7dfeYklnlnreYmW� y e{w�� '���u�qtklsJp�w�|{qt�%��e{w%u
qts y oMs�p�w�¼
~�qtmW�7��¬¦oMnlkrw�eY��n,°À¬YpxoMu�ev� y °¢o y oMuWpxoMp%krqts y e�n[ofu�oM�xoMdf¬Yp%�%krw.oMp%krqts=§=qts±o¯oMuWuWnlkr©Jmc¬�n[o'df¬Yp%acq y e y e{w

���%klnlnre{w�eYd!��q<Trp�¬{e{wFo{«�e{|�mWs�u�otw �¹w%mc|{|{e{w�w%kl«�eYdfeYsJp�¬Y��oMn ¸U� ' � N §�� ' � & eYpY� ' � � ¼���s�s=°¢o�u�otw�|�aceY��|xac¬¸·��eYdf¬ y kreY�7¸·n,°À¬{|¦oM�%p y e#uW��¬{|Ykrw%krqts y e{w���e{|�aceY��|�ace{w�eYs �QeYp ��o+µcs y e-p%�%kl«Jk[oMnlkrwxeY��n,°Àe_}?u
¬Y�%kldfeYs�pxoMp%krqts
s�mWdf¬Y�%kr©Jmce�¼
Ñ�«toMsJp y e�u�otw�w�eY��oMmZ}¯��¬{w%mWnlpxoMp�w y e7|{qts�«�eY�%��eYsc|{e y e7|{eYp�oMnl��qt�%klp%aWdfe�§�qts y qtsWsce#©JmceYnr©Jmce{w�uW��¬{|Yk¶Ç

w%krqtscw�w�mW��nre#|¦oMnr|YmWn=s�mWdf¬Y�%kr©Jmce y e{w�u�oM�xoMdfbYp%��e{w � eYp�� ¼
&('Fu)&+*
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~�qtmW��n[o�u�oM�xoMdf¬Yp%�%krwxoMp%krqts±|{qtscw%k y ¬Y��¬{e�§cqtsQoX��
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|{e7©JmWk=u�eY�%dfeYp y e7|¦oMnr|YmWnreY��$ R �3' ��eYp $ R ���#�x¼
��������ÐBÍ
�ZÍ¦�� ��¹Ï�Ì , E � 	 A � , Ï � k ��s¹o���¬¦oMnlkrw�¬ y eYmZ}�e_}?u
¬Y�%kreYsc|{e{w�|{qt�%��e{w%u
qts y oMs�p�w�¸ y e{w0klsWklp%k[oMnlkrwxo+Ç
p%krqtscw y k$# ¬Y��eYs�p�e{w y qtsWsc¬{e{w�¸�n[ov`�oM�Wnre R ¼

� N �'& ��eYd'oM��©Jmce
¤������BÆ)g�}Zu�e�¼ ¤ �t� � �t� w%mWuWu
qt�%p�mWsWk¶�²qt�%dfe
� Æ g�}Zu
e�¼ ¤ �t� ¤ w�mWuWu�qt�%p�w�zJdf¬Yp%�%kr©Jmce

� ��� � R ��� � ��	�����ep�$�
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�=e{w�©�m�o y �xoMp%mW��e{w�s�mWdf¬Y�%kr©Jmce{w�qtsJp�¬Yp�¬���¬¦oMnlkrw�¬{e{wFoMm�g Æ qt� y ��e�¼
��s �¿qtmW�%sWklp'oMmZ} ��kl��mW��e{w��Z§�¤¦�±eYp�¤�¤¯nre{wf|{qtmW�%�
e{w y e�|{qts�«�eY�%��eYsc|{e�§0oMm |{qtmW��w y e{wfklp�¬Y�xoMp%krqtscw

y eQ|{qtmWuWn[oM��e³qtuWp%kldvkrwxoMp%krqtsZÇ¾o y oMuWpxoMp%krqts=§ y m «�e{|Yp�eYmW����� ��� N ) �'& �x§ y eQn[o³�¿qtsc|Yp%krqtsWsceYnlnre ��eYp y m«�e{|Yp�eYmW� 
�� ���
K ) � N ) ��& � u
qtmW�3nre{w y eYmZ}fe_}Zu�¬Y�%kreYsc|{e{wÅ|{qtscw%k y ¬Y��¬{e{w¦¼ �=e{wÄ«�oMnreYmW��wÄ|{qt�%��e{w�u�qts y oMsJp�e{wÅw�qtsJp¬Y��oMnreYdfeYs�pF|{qtscw%kl��sc¬{e{w�¸vn[o·`�oM�Wnre!¥Z¼:g3sZµcs=§�qts�klnlnlmcw%p%��e-¸�n[o ��kl��mW��e'¤¦� y kl«�eY��w�e{w��¿qt�%dfe{w�qt�Wp�eYs�mce{w �

� �¿qt�%dfe#|Ykl��|YmWn[oMkl��e!qtuWp%kld'oMnre y m¹uW��qt�WnrbYdfe-|{qtsJp%kls�m ­ p%�xoMklp���qtmW��e�®  
� �¿qt�%dfeDqtuWp%kldvkrw�¬{eDs�mWdf¬Y�%kr©JmceYdfeYs�p³¸�u�oM�%p%kl� y m w%mWuWu
qt�%p¹scqts´qtuWp%kld'oMn y e±n,°Àe_}Zu
¬Y�%kreYsc|{e�¤�§
� N � � � � § � & � O�� � ­ p%�xoMklp�«�eY�%p.®  

� �¿qt�%dfe�qtuWp%kldvkrw�¬{e¯sJmWdf¬Y�%kr©�mceYdfeYsJp'u�oM�vg±klp�¬Y�xoMp%krqtscw y e�|{qtmWuWn[oM��e�qtuWp%kldvkrwxoMp%krqtsZÇ¾o y oMuWpxoMp%krqts
­ p%�xoMklp��WnreYm�®  

� �¿qt�%dfe�qtuWp%kldvkrw�¬{e0sJmWdf¬Y�%kr©�mceYdfeYsJp0¸Fu�oM�%p%kl� y mfw%mWuWu�qt�%p3w�zJdf¬Yp%�%kr©Jmce�§!� N � � �	O?§ �'& � � ­ |Y��qtk¶}
d'oMmW«�e{w_®_¼
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� �Z¼¢����������� �Z¼¢¥�¥�¥�¥�¥�M �Z¼ g�� �Z¼¢� R �Z¼ ` ¥ ¥Z¼¢� R � ` ¥
¤ �Z¼¢¥������ �Z¼iM ` ¤¦� �Z¼¢¥Z¤ �Z¼ g�¥ �Z¼¢¥�¥ ¥Z¼¢����¥�¥
� �Z¼¢¥����Z¤ �Z¼ ` g�g �Z¼ R M �Z¼ R g �Z¼ R � ¥Z¼¢����M+g��
� �Z¼ R ����� �Z¼ `�R�` ¤ �Z¼ R ¥ �Z¼ R ¥ �Z¼ R M ¥Z¼¢�������Mg
g �Z¼¢¥���Mt� �Z¼ `�R � ` �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢������M `
R �Z¼ R ¥ ` ¥ �Z¼ ` ¥�M ` �Z¼ R g �Z¼ R M �Z¼ R�` ¥Z¼¢������Mt�
¥ �Z¼ R�`�` � �Z¼ ` ¥�M ` �Z¼ R�R �Z¼ R M �Z¼ R M ¥Z¼¢���Z¤¦���
M �Z¼ R ��M ` �Z¼ ` ¥�¥�¥ �Z¼ R�R �Z¼ R�` �Z¼ R ¥ ¥Z¼¢���Z¤ ` M
` �Z¼¢¥Z¤¦��¥ �Z¼ `�R�` ¤ �Z¼ R M �Z¼ R ¥ �Z¼ R ¥ ¥Z¼¢���Mg R�R
� �Z¼¢¥���¥Z¤ �Z¼ `�R ��� �Z¼ R ¥ �Z¼ R ¥ �Z¼ R M ¥Z¼¢������M
¤¦� �Z¼¢¥Z¤¦��¥ �Z¼ ` ¥Z¤ ` �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢�����Mg��
¤�¤ �Z¼¢¥Z¤¦��� �Z¼ `�R�`�` �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢���Mg��
¤¦� �Z¼¢¥Z¤¦�Z¤ �Z¼ ` ¥��Mg �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢�����Z¤¦�
¤¦� �Z¼¢¥Z¤Yg�M �Z¼ `�R � �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢���Mgc¤ `
¤Yg �Z¼¢¥Z¤¦�Z¤ �Z¼ ` ¥��Mg �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢�����Z¤¦�
¤ R �Z¼¢¥Z¤Yg�M �Z¼ `�R � �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢���Mgc¤ `
¤¦¥ �Z¼¢¥Z¤¦�Z¤ �Z¼ ` ¥��Mg �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢�����Z¤¦�
¤.M �Z¼¢¥Z¤Yg�M �Z¼ `�R � �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢���Mgc¤ `
¤ ` �Z¼¢¥Z¤¦�Z¤ �Z¼ ` ¥��Mg �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢�����Z¤¦�
¤¦� �Z¼¢¥Z¤Yg�M �Z¼ `�R � �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢���Mgc¤ `
��� �Z¼¢¥Z¤¦�Z¤ �Z¼ ` ¥��Mg �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢�����Z¤¦�
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� �Z¼ R ¤ �Z¼ g�g �Z¼iM R �Z¼ g�g ¥Z¼¢� ` ���
¤ �Z¼¢¥�� ` ¤ �Z¼ ` ��M�M �Z¼ R ¥ �Z¼¢¥Z¤ �Z¼ R ¥Z¼¢��� R ��¥
� �Z¼¢¥Z¤¦� ` �Z¼ ` M?¤ �Z¼ R ¥ �Z¼ R�` �Z¼ R�R ¥Z¼¢���Z¤¦���
� �Z¼¢¥����Z¤ �Z¼ ` ¥���M �Z¼ R M �Z¼ R ¥ �Z¼ R ¥ ¥Z¼¢�����Z¤¦�
g �Z¼¢¥Z¤¦��� �Z¼ ` ¥�¥Z¤ �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢�������Z¤
R �Z¼¢¥Z¤¦�Z¤ �Z¼ ` ¥���� �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢�����Z¤.M
¥ �Z¼¢¥Z¤ R � �Z¼ `�R ��M �Z¼ R M �Z¼ R ¥ �Z¼ R ¥ ¥Z¼¢���Mg�� R
M �Z¼¢¥��Mgc¤ �Z¼ ` ¥Z¤.M �Z¼ R ¥ �Z¼ R ¥ �Z¼ R M ¥Z¼¢�������Z¤
` �Z¼¢¥Z¤¦��M �Z¼ ` ¥���¥ �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢���������
� �Z¼¢¥Z¤ R g �Z¼ ` ¥���� �Z¼ R M �Z¼ R ¥ �Z¼ R ¥ ¥Z¼¢���������
¤¦� �Z¼¢¥�� R�R �Z¼ ` ¥���¥ �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢���������
¤�¤ �Z¼¢¥Z¤¦�Mg �Z¼ `�R ��� �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢���������
¤¦� �Z¼¢¥Z¤¦�Z¤ �Z¼ ` ¥�� R �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢���������
¤¦� �Z¼¢¥Z¤Yg ` �Z¼ ` ¥��Z¤ �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢���������
¤Yg �Z¼ R M�M�M �Z¼ ` ¥�Mt� �Z¼ R g �Z¼ R�` �Z¼ R M ¥Z¼¢���Z¤¦�Z¤
¤ R �Z¼¢¥����Z¤ �Z¼ `�R �Z¤ �Z¼ R M �Z¼ R ¥ �Z¼ R ¥ ¥Z¼¢���Mg���¥
¤¦¥ �Z¼¢¥�� ` M �Z¼ ` ¥���� �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢����� R �
¤.M �Z¼¢¥������ �Z¼ `�R Mt� �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢���Mg��
¤ ` �Z¼¢¥��Z¤¦� �Z¼ ` ¥Z¤.M �Z¼ R ¥ �Z¼ R ¥ �Z¼ R M ¥Z¼¢�����Z¤¦�
¤¦� �Z¼¢¥�� `�R �Z¼ ` ¥���¥ �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ ¥Z¼¢����� `�R
��� �Z¼¢¥Z¤¦��� �Z¼ ` ¥���� �Z¼ R M �Z¼ R ¥ �Z¼ R M ¥Z¼¢����� ` g
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��s�|{qtscw%pxoMp�e y oMscw!nre{w y eYmZ} e_}Zu�¬Y�%kreYsc|{e{w·©Jmcefnre�|{qtmWuWn[oM��e¯|{qts�«�eY�%��e¯eYs g±qtm R klp�¬Y�xoMp%krqtscwveYp
��e{w%p�e�w%pxoM�Wnre�¼5g�s]p�qtmWp�e��%kl��mceYmW�¦§?qts]oMp%p�eYkls�p�mWs]|YzZ|Ynre�nlkldvklp�e�nlkr¬�¸�n[o#uW��¬{|Ykrw%krqts�oM�%klp%aWdf¬Yp%kr©Jmce�mWp%klnlkrw�¬{e
u
qtmW��n[o·��e{|�aceY��|xace y e{w�u
qtkls�p�w�qtuWp%kld'oMmZ}¹eYs��¡eYp ��¼

�=e{w'«toMnreYmW��wfnlkldvklp�e{w y e�� N eYp � &¯sce�w�qts�p'u�otwf¬Y��oMnre{w]¸�¤ �t�³eYp¹¤�|{qtdvdfe¹qtsªoMmW�xoMklp'e{w%u
¬Y��¬�¼��e{|Yk=s=°Àe{w%p�u�otw�w%mW�%uW��eYs�oMsJp¦¼ �=e#|{qtmWuWn[oM��e!|{qtscw%k y ¬Y��¬-|{qt�%��e{w�u�qts y ¸vmWsv�UeYm y e�iJpxot|���eYnl�
eY�%�Q l¤_£ y qtsJp
n,°ÀqtuWp%kldvkrwxoMp%krqts¯e{w%pÄnre�uW��qJ|{e{wxw%mcw3dfeYsceYmW� ­ er���5�5�
��®_§?eYpÅn,°¢o y oMuWpxoMp%krqts]nre�uW��qJ|{e{wxw%mcwÄw%mWkl«�eYmW� ­ ����e$er�#"l�
��®_¼
�=e0|Y�%klp�bY��e0qtuWp%kldvkrw�¬�u�oM��nre�w%mWkl«�eYmW��kls �cmceYsc|{e��,oMkl�WnreYdfeYs�p ­ �Z¼¢��� w%mW��n[o�«toMnreYmW��qtuWp%kldvkrw�¬{e y mv|Y�%klp�bY��e�®
d'oMkrw7«?krw%kl�WnreYdfeYs�p-nre·u�qtklsJp y ev|{qts�«�eY�%��eYsc|{e�¼Fg�sDe # eYp¦§
n[o¯w�qtnlmWp%krqts�qtuWp%kld'oMnre ­ «?krwUÇ¾¸+Ç,«?krw y mD|Y�%klp�bY��e��® y mQuW��qt�WnrbYdfe·|{qts�p%klsJm³s=°¢o]oMmc|YmWsce!�xoMkrw�qts y e!wxoMp%krw%�¿oMkl��e!nre-|Y�%klp�bY��e y e!��¬Y��mWn[oM�%klp�¬ ­ dvklsWkldvkrw.oMp%krqts
y m�|Y�%klp�bY��e � N ®�©Jmce�scqtmcw�kldvu
q�w�qtscw�u�oM�Fo y oMuWpxoMp%krqts=¼
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CONVERGENCE DU SUPPORT (X2,X3) DE LA PARAMETRISATION ADAPTEE

X

ITERATIONS DE COUPLAGE OPTIMISATION-ADAPTATION

X2 (1ERE EXPE.)
X3 (1ERE EXPE.)
X2 (2EME EXPE.)
X3 (2EME EXPE.)

X=1/2
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 � � ��� K

� '�� � � � � �
�=e{w�u�oM�xoMdfbYp%��e{w y e��²qt�%dfe�� �

K
§ ���N eYp � �& qtsJp�kr|Yk n[o!dfÁYdfe7nlkldvklp�e�§WeYp y oMscw0nre{w y eYmZ}�e_}Zu
¬Y�%kreYsc|{e{w¦§|{eYp%p�e7nlkldvklp�e#e{w�p�n[o·dfÁYdfe�§c|{qtdvdfe-oMp%p�eYs y m=¼

g�s e_}coMdvkls�oMs�p]nre{w��²qt�%dfe{w]oMmZ}Z©JmceYnlnre{wvqts�oM��qtmWp%klp¦§Äqts�|{qtscw�pxoMp�e¹©�m=° mWsce¯u�oM�xoMdf¬Yp%�%krw.oMp%krqts y e
º0¬Y»{kreY� y e y eY����¬]g³e{w%pvw%m a'w.oMdvdfeYs�pvuW��¬{|Ykrw�e¯u
qtmW�v|{e]uW��qt�WnrbYdfe¯uWmWkrwx©�mce�n[oQ|{qtdvu�oM�xoMkrw�qts y e�n[o
w�qtnlmWp%krqts e_}Wot|Yp�e ­ p%�xoMklp'��qtmW��e�®veYp y e�n[oDw�qtnlmWp%krqts�qtuWp%kldvkrw�¬{e¡w%mW�fnre¹w%mWuWu
qt�%p y e�u�oM�xoMdf¬Yp%�%krw.oMp%krqts
w%z?df¬Yp%�%kr©�mce ­ |Y��qtk¶}³d'oMmW«�e{w.®#e{w�p-e_}Z|{eYnlnreYsJp�e�¼�Ñ�z�oMsJp!«�qtnrqtsJpxoMkl��eYdfeYs�pvqtdvkrw y efuW��eYs y ��e'eYs |{qtdvuWp�e
n[o¡pxoMsW��eYs�p�e�«�eY�%p%kr|¦oMnre�eYs � � ��§�qts qt�cw�eY�%«�e�|Yn[oMkl��eYdfeYs�pfnre{wveY�%��eYmW��w y °¢oMuWuW��q{}Zkld'oMp%krqts�©�mWk�w�qtsJp
nre{w7uWnlmcw7���xoMs y e{w y oMscw7nrev«�qtkrw%kls�oM��e y ev|{e·u�qtklsJp¦¼=Ñ «�e{|fnrevw%mWuWu�qt�%p y efu�oM�xoMdf¬Yp%�%krwxoMp%krqts�mWsWk¶�¿qt�%dfe
­ � N � � � �  �'&��$O�� � ®_§�n,°¢oMuWuW��q{}Zkld'oMp%krqts�e{w%pvotw�w�eY»¯����q�w�w�krbY��e ­ ¤�¼l¤��9w%mW� ��®  �o¦«�e{|¯n,°¢o y oMuWpxoMp%krqts
n,°¢oMuWuW��q{}Zkld'oMp%krqts w¦°¢oMdf¬Ynlkrqt��e�sceYp%p�eYdfeYs�p ­ �Z¼¢���v®_§�d'oMkrw���e{w%p�e'klsZ�¿¬Y�%kreYmW��e¯¸¹n,°ÀqtuWp%kld!mWd s�mWdf¬Y�%kr©Jmce
��nrqt��oMn�oMp%p�eYklsJpFo{«�e{|#nre#w%mWuWu
qt�%p y e7u�oM�xoMdf¬Yp%�%krwxoMp%krqts¡w�zJdf¬Yp%�%kr©Jmce�¼
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CONVERGENCE DU CRITERE PSEUDO-PHYSIQUE J=P**2/A

J

ITERATIONS DE COUPLAGE OPTIMISATION-ADAPTATION

J (1ERE EXPE.)
J (2EME EXPE.)

J = 2*pi
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ORDONNEES OPTIMISEES DES POINTS DE CONTROLE

Y

ITERATIONS DE COUPLAGE OPTIMISATION-ADAPTATION

Y1 (1ERE EXPE.)
Y2 (1ERE EXPE.)
Y3 (1ERE EXPE.)
Y1 (2EME EXPE.)
Y2 (2EME EXPE.)
Y3 (2EME EXPE.)

��� ���Z¤�¤ ��� ��� #<�
���5�
��� �W��� #�����	d� �J� 
�� ���
K ) � N ) ��& � �5� �j� ������� �
	����
�'��� ����� ������� er�Z� ���������
	��
������	������

�5� �����
�"�
� �5� �5� ������� 
 � � � � � � ' �
uvuxw�y:z
{ z
|



��� �W�
er�������
�]���	� � �
�����
� �

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0  0.2  0.4  0.6  0.8  1

REPRESENTATIONS DE BEZIER DE DEGRE 4 (X0=Y0=0, X1=0, X4=1, Y4=0; X2, X3, Y1, Y2, Y3 LIBRES)

OPTIMUM GLOBAL DU PROBLEME CONTINU (CERCLE)
OPTIMISATION SANS ADAPTATION (X2=1/3, X3=2/3)

4 ITERATIONS DE COUPLAGE OPTIMISATION-ADAPTATION
SOLUTION OPTIMISEE SUR SUPPORT SYMETRIQUE (X2=1/2, X3=1)
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g�s¡|{qtsc|Ynlmcw%krqts y e#|{e-|¦otwUÇ,p�e{w%p¦§Wnre#|{qtmWuWn[oM��e!eYs�p%��e7n,°ÀqtuWp%kldvkrw.oMp%krqts¡ucw�eYm y qMÇ,uWaJz?w�kr©�mce ­ dvklsWkldvkrwxo+Ç
p%krqts y e ���#��
 �3¸���µW}W¬�®3o¦«�e{|�n,°¢o y oMuWpxoMp%krqts y e�n[o-u�oM�xoMdf¬Yp%�%krwxoMp%krqts ­ qtuWp%kldvkrwxoMp%krqts y e �!¸-|Ykl�Wnre�µW}W¬{e�®
|{qts�«�eY�%��e'eYp�|{qts y mWklp-¸]mWsD¬{©JmWklnlkl�W��e y efiJpxot|���eYnl�
eY�%��|{qt�%��e{w%u
qts y oMs�p!¸]mWsce!�²qt�%dfe·w�qtmcw%Ç¨qtuWp%kld'oMnre�§
d'oMkrw�sceYp%p�eYdfeYsJp�uWnlmcw�uW��¬{|Ykrwxe#©�mce�nre#��¬{w%mWnlpxoMp�wxoMscw�o y oMuWpxoMp%krqts=¼

� � ��� ��)x(!���x���

K7oMscwFnre{wF�xoMuWu�qt�%p�w· ¢���M£�eYp· l¤¦¥+£¨§�qts³o{«�oMklpFdfqtsJp%��¬ ­ eYs y krwx|Y��eYp.®�©Jm=° mWsce·qtuWp%kldvkrwxoMp%krqts y e-�¿qt�%dfe
eYsQot¬Y��q y z?s�oMdvkr©�mce!��oM��s�oMklpFw�kl��sWk¶µ�|¦oMp%kl«�eYdfeYs�p#eYs¡|{qts y klp%krqtsWsceYdfeYsJp#u�oM�Fo y oMuWpxoMp%krqtsD¸fkls�p�eY�%«�oMnlnre{w
��¬Y��mWnlkreY��w y e#n[o�u�oM�xoMdf¬Yp%�%krwxoMp%krqts y e7º0¬Y»{kreY��w�mW��n[ot©�mceYnlnre#w�°¢oMuWuWmWkre7n[o·��eYuW��¬{w�eYsJpxoMp%krqts y e7n[o!�¿qt�%dfe�¼
Ñ u�oM�%p%kl� y e-n[o'|{qtsWs�oMkrw�wxoMsc|{e y ° mWsce#�¿qt�%dfe�qtuWp%kld'oMnre�oMuWuW��q?|�ac¬{e�§
qts±|{qtscw%k y bY��e-n,°ÀeYscwxeYd-�Wnre y e{w

u�oM�xoMdf¬Yp%�%krwxoMp%krqtscw y e¡dfÁYdfe y eY����¬¡©JmWk�oMuWuW��q?|�aceYsJp¹|{eYp%p�e¹�¿qt�%dfe±oMm w�eYscw y e{w�dfqtkls y ��e{w¯|¦oM�%��¬{w¦¼
��s±|�acqtkrw%klp�|{eYnlnre-u
qtmW�Fn[ot©�mceYnlnre!nre#u
qtnlzJ��qtsce y e�|{qts�p%��Ãtnre·e{w%p�nre!uWnlmcw���¬Y��mWnlkreY� ­ dvklsWkldvkrw.oMp%krqts y e!n[o
«�oM�%k[oMp%krqts¹p�qtpxoMnre�®_¼

K7oMscwF|{e#�xoMuWu
qt�%p¦§�qtsQov�²qtmW�%sWk�p�qtmcw�nre{w y ¬YpxoMklnrw y e!|{eYp%p�e7�¿qt�%d-mWn[oMp%krqts=§�p%��b{w�«�qtkrw�klsce y e-|{eYnlnre y e
scq�w!p%�xo{«�oMmZ}�klsWklp%k[oMmZ}Dd'oMkrw-��eYu
q�wxoMsJp�w%mW�!mWs dfqtklscw!���xoMs y scqtd-�W��e y e]©Jm�o y �xoMp%mW��e{w�s�mWdf¬Y�%kr©Jmce{w
y qts�p�n[o·uWnlmWu�oM�%p�w�qtsJp���¬¦oMnlkrw�¬{e{w�oMm�g�Æ�qt� y ��e�¼
��s�o�¬Y��oMnreYdfeYs�p�uW��qtu�q�wx¬�mWs¯|¦otw%Ç,p�e{w%p y °ÀqtuWp%kldvkrwxoMp%krqts y eF�¿qt�%dfe�krw�w%m y m�|¦oMnr|YmWn y e{w0«�oM�%k[oMp%krqtscw¦¼

��eYpfeY��wxoMp%» y ° È¾qtuWp%kldvkrw.oMp%krqts uWa�zZw%kr©Jmce_É�scqtmcw'oQu
eY�%dvkrw'¸¡�,oMkl�Wnre�|{qtÊWp y e¯dfeYp%p%��e¹eYs ¬Y«?k y eYsc|{e�n[o
|{qts�«�eY�%��eYsc|{e y mQ|{qtmWuWn[oM��eveYsJp%��e!n,°ÀqtuWp%kldvkrw.oMp%krqts³ucw�eYm y qMÇ,uWa�zZw%kr©JmceveYp�n,°¢oMmWp�qMÇ¾o y oMuWpxoMp%krqts y e�n[o'u�o+Ç
�xoMdf¬Yp%�%krwxoMp%krqts=¼
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�=e{w���¬{w�mWnlpxoMp�wFeYsc|{qtmW�xoM��e¦oMsJp�w y e�|{eYp%p�e·¬Yp%m y e!scqtmcw7|{qts y mWkrwxeYs�p-¸]|�aceY��|�aceY�-¸]n[o'��¬Ysc¬Y�xoMnlkrw�eY�#eYp
¸³��eYs y ��e�nre{w'uW��q?|{¬ y mW��e{w�©�mWkFeYsªw�qtsJp'krw�w%mce{w'uWnlmcw'��qt�Wmcw�p�e{w]eYp�e
a'|¦ot|{e{w¦¼0��s eYs�«?krwxoM��e y qtsc| y e
u
qtmW��w%mWkl«J��e-|{e�p%�xo{«�oMkln u�oM� y e{w y ¬Y«�eYnrqtuWu
eYdfeYs�p�wFp�e{|xaWsWkr©�mce{wFeYp y e{w�e_}Zu�¬Y�%kreYsc|{e{w�s�mWdf¬Y�%kr©Jmce{w¦§ y qtsJp
qts y qtsWsce7kr|Yk mWsce#nlkrw%p�e�uW��q¦«?krw�qtkl��e�¼
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~�qtmW�·oMmW��dfeYsJp�eY�·n,°Àe
a'|¦ot|Yklp�¬�oMnl��qt�%klp%aWdvkr©Jmce y e'n[o�uW��q?|{¬ y mW��e y °¢o y oMuWpxoMp%krqts y evn[o¹u�oM�xoMdf¬Yp%�%k¶Ç
wxoMp%krqts=§Åkln�|{qtsJ«JkreYs y �xoZ§�u
qtmW�]n[oD��e{|�aceY��|�ace y mª«�e{|Yp�eYmW����qtuWp%kld'oMn ­ nre¡«�e{|Yp�eYmW��
 ¬YpxoMs�p]µW}Z¬�®_§ y e
��eYdvuWn[ot|{eY�Fn,°¢oMnl��qt�%klp%aWdfe y e{w����%klnlnre{w�eYd!��q<Trp�¬{e{wFu�oM��mWs¡dfeYklnlnreYmW�FqtuWp%kldvkrw�eYmW�¦¼
��s�u
eYscw�e-¸fmWs¡oMnl��qMÇ
�%klp%aWdfe0a�z?�W�%k y e0|{qtd-�Wkls�oMsJpÄmWsce�uWa�otw�e y eÄ��e{|xaceY��|�ace���qt�Wmcw%p�e�§M«J�xoMkrw�wxeYd-�Wn[oM�WnreYdfeYs�pÄu�oM��n[o�df¬Yp%acq y e
y m¡w�kldvuWnre_}
§�¸vmWsce#uWa�otw�e y e#|{qts�«�eY�%��eYsc|{e·e
a'|¦ot|{e�§�w.oMscw y qtmWp�e#u�oM��n[o·df¬Yp%acq y e�i �F~ ­ �!��!"� �
�[	�����e
� � �5��� ��	��+� �Z��� �����������$����®_¼
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q�% 5³eYp � w�qts�p y e{w0eYs�p%kreY��w0s�oMp%mW��eYnrw�§�	 ��� � � � � ��� )"� �3e{w%p0mWsce��²qtsc|Yp%krqts�w%mWuWu
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� �:6j6 �?ÐW� w%k ���·e{w%p�mWsce!oMuWuW��q{}Zkld'oMp%krqts y °Àqt� y ��e/5 y e7n,° klsJp�¬Y���xoMnre�� §��� � �Q. � � < . � � � < � ­ `�` ®
~�oM�-|{qtscw�¬{©JmceYs�p¦§=w%k�n[o�©Jm�o y �xoMp%mW��evs�mWdf¬Y�%kr©Jmcefe{w%p7��¬Yu
¬Yp�¬{efo{«�e{| y e{w7u�otw y eYmZ}Q�¿qtkrw�dfqtkls y ��e{w¦§=qts
oM�
qtmWp%klp�¸X� � � � N � �Q. � � � O � <@. � � �F<�� ­ ` ��®
eYp � � � � � �Q. � � �

�
� <@. � � �F<�� ­ ����®

~�oM��|{qtscw�¬{©JmceYs�p:�
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g�sDu�oM�%p%kr|YmWnlkreY�¦§�qts y qtklp#«�¬Y�%k¶µ�eY� ���:�<�
	d�
�
����� ��©Jmce 
 � ��u�qtmW�-mWsce'oMuWuW��q{}Zkld'oMp%krqts y °Àqt� y ��e��Z§=eYp
 � ���·u
qtmW��mWsce#oMuWuW��q{}Zkld'oMp%krqts y °Àqt� y ��e7gc¼
Ñ�µcs y °Àe # e{|Yp%mceY��|{e�p�e{w%p¦§ÄqtsÂo³|{qtscw%k y ¬Y��¬¡n[oD|{qtmW�%�
e y e¡º�¬Y»{kreY� y e y eY����¬�g y qtsJp]nre{w'u�qtklsJp�w

y e�|{qts�p%��Ãtnrevqts�p7nre{w�|{q?qt� y qtsWsc¬{e{w�uW��¬{|Ykrw�¬{e{w#¸'n[o'`�oM�Wnre�M?¼
��eYp%p�e·|{qtmW�%�
e·oMuWuW��q?|�ace·n,°¢oM��| y e�|{eY��|Ynre
|{qtscw%k y ¬Y��¬-¸vn[ofi?e{|Yp%krqts¡¥Z¼

��� � � �Z¼¢¥���M `�R �Z¼ ` ¥Mg ¤
�	� � �Z¼ R ¥ �Z¼ R M �Z¼ R ¥ �

� ��� �mM � �����I�[	I� �5� �����[	���
�e ���5� � � �$�)�����[	 e � � ��������	������:� � ��� � �
	��������
Ñ�«�e{| � �

KK � � §�qts±o]|¦oMnr|YmWnr¬ ���Z§�� � � N eYp � � � � eYp�nre!u�oM�xoMdfbYp%��e 
 u�oM�Fnre{w y eYmZ}�df¬Yp%acq y e{w¦¼ �=e{w��¬{w%mWnlpxoMp�w�wxqts�p�|{qtscw%kl��sc¬{wF¸�n[o·`�oM�Wnre `  cklnrw�|{qtsZµc�%dfeYs�p�p%��b{w��WkreYs¹nre���¬{w%mWnlpxoMp�p%ac¬{qt�%kr©Jmce#|{qtsc|{eY�%s�oMsJp
n,°Àqt� y ��e y e7uW��¬{|Ykrw�krqts y e#|{e{w���bY��nre{w y ° klsJp�¬Y���xoMp%krqts=¼

g�s�È¾e_}Zp%�xoMu�qtn[oMsJp-¸vn[o'nlkldvklp�e_É] ¢� R £�nre{w y eYmZ} y eY�%sWkreY��wF��¬{w%mWnlpxoMp�w ­ |{eYscw�¬YdfeYsJp7uWnlmcwFuW��¬{|Ykrw.® y e!n[o
df¬Yp%acq y e y m¹p%�xoMu
bY»¦e#w%pxoMs y oM� y §cqts¹qt�Wp%kreYsJp�n,°Àe{w%p%kld'oMp%krqtsQw%mWkl«toMsJp�e�§WuW��¬{|Ykrw�e-oMmQ� Æ qt� y ��e	�

� � �	,
�	����� . � � '*, '	'	'	'�� O '�� �@'*, '	'	'	'�� OC� O� � � �	,
�	�������	� �X� ­ ����®
|{e�©JmWk�e{w%p=w�eYscw%kl�WnreYdfeYsJp uWnlmcw uW��q?|�ace y m#dfeYklnlnreYmW�=��¬{w%mWnlpxoMp=uW��¬{|Ykrw�oMm7g�Æ qt� y ��e�§�¸0wxo¦«�qtkl�9�	,
�	�������	� �������W§
y qts�pFn[ovp%��b{w����xoMs y e!uW��¬{|Ykrw%krqts�sce-u�eYmWpFÁYp%��e�oMmW��dfeYsJp�¬{e!u�oM��n[ofw�eYmWnre!e_}?p%�xoMu
qtn[oMp%krqts y e{w�¬Ynr¬YdfeYsJp�w
y e7n[o�pxoM�Wnre�§Wu�oM��d'oMsc©�mce y e y ¬{|Ykld'oMnre{wF|{qtsWs�mce{w�¼
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 l¤_£!~�¼ � qt�%k y oMs¯oMs y �c¼5SQqt�%��oMs=¼=ÑÂ`0ace{qt��eYp%kr|¦oMn�Ñ�uWuW��q{}Zkld'oMp%krqts�i?|�aceYdfe��²qt��iJpxot|���eYnl�
eY�%� h oMdfe{w¦¼
�j�]	��I���r�.��	��������)� ������� ���_� �l���_ep������	������:�_§c¥Z¤ ­ ¤�® �¢� R ��¤�¤¦�Z§�¤¦� ` �Z¼

 ¢�+£ ��¼�SQoM��|{qW¼���uWp%kldvkrw.oMp%krqts y e��¿qt�%dfe{w�ot¬Y��q y zJs�oMdvkr©Jmce{w�� y eYp � y u�oM�=mWsce�df¬Yp%acq y e�d-mWnlp%k¶Ç,sWkl«�e¦oMm
eYs#d'oMklnln[oM��e{w�scqtsZÇ¨w%p%�%mc|Yp%mW��¬{w¦¼�`0acb{w�e y e y q?|Yp�qt�xoMp¦§ ��sWkl«�eY��w%klp�¬ y e ��kr|{e_Ç i?qtuWaWk[o�Ñ�sJp%klu�qtnlkrw�§�¤¦��� R ¼

 ¢�+£ ��¼!SQoM��|{q¹oMs y Ñ�¼!K�eY�%«JkreYmZ} ¼ S¡mWnlp%klnreY«�eYn3u�oM�xoMdfeYp%�%kl»�oMp%krqts��²qt�-oteY��q y zJs�oMdvkr|¦oMnÅqtuWp%kldvkl»�oMp%krqts
qM�3� y w%a�oMu
e{w¦¼ 	 �$� ��	d���Zer�
� �
�[	I� �$� �W�_��e �<� �$� ���_� � � �
�$����§c��¥X�¢� R � �?��M�M?§�¤¦����M?¼

  gt£ ��¼ S±oM��|{qW§�i�¼)��oMs�p�eY�%k,§ �c¼ Ç¨Ñ!¼jK�¬{w%k y ¬Y�%k,§ º�¼vS±oMs�p�eYn,§�oMs y �c¼�~�¬Y�%k[oMmZ} ¼�~�oM�xoMnlnreYn���eYsceYp%kr|�oMnl��qMÇ
�%klp%aWdfwFoMuWuWnlkre y p�qfqtuWp%kld!mWd w%a�oMu
e y e{w%kl��s¹kls�oteY��qts�oMmWp%kr|{w�¼Å½¾s¡�F¼��=eYsW��oMmceY�¦§]S ¼ h �%kreY�Wn,§�oMs y
i�¼ h qt�%n[oMp�|�a=§�e y klp�qt��w�§_�Z�����)�������$� ���7� � 	 �:���)���$��� � �[	d�
�
�_��	������_��e'� �J����c������ � �����@�
���
���)� 
 � �J� ��c
����� � ��� �����v� ��	+�����
� ��	d� � �I� � ���W��� 	d�
� �
�����
�
�)� � �
	��
�t§Zu�oM��e{w `�R ¥ � ` ¥��Z§�~�otw�wxoMm=§=¤¦����M?¼

  R £!º�¼JSQoMsJp�eYn,§ �c¼?~�¬Y�%k[oMmZ}
§ S ¼Zi?e_�²�%krqtmWk,§Jº�¼WiJp�qtm��'eYp¦§ �c¼ Ç¨Ñ!¼JK�¬{w%k y ¬Y�%k,§Wi�¼ � oMsJp�eY�%k,§WoMs y ��¼5S±oM��|{qW¼
g�«�qtnlmWp%krqts�oM�%zf|{qtdvuWmWpxoMp%krqts�oMn�dfeYp%acq y w��¿qt�3|{qtdvuWnre_} y e{w%kl��svkls'oteY��q y z?s�oMdvkr|{w¦¼�½¨s��Z�����)�������$���<�
� � 	 � ��� � ��� �W�
���<�"� � �)� �
�
�"�
���)� � � �����@�
���
���)�{§?��eYscqW§ �FeY«�o y o ­ �7i?Ñ�®_§�¤¦��� ` ¼=ÑF½¾ÑFÑ � ` Ç¾�������Z¼

 ¢¥+£ ��¼ S±oM��|{qMÇ¨ºÅn[otw�» �to¡oMs y �c¼ Ç¨Ñ�¼ K�¬{w%k y ¬Y�%k,¼���mWdfeY�%kr|¦oMn0w�qtnlmWp%krqts qM�0qtuWp%kldvkrwxoMp%krqts p�e{w%pUÇ¨|¦otw�e{w!��z
��eYsceYp%kr|-oMnl��qt�%klp%aWdfw�¼Ä��oMuWu
qt�%p y e7��e{|xaceY��|�ace·��¥����Z§c½ �F��½ Ñ�§ ��¬Y«?�%kreY�-¤¦�����Z¼

 iM�£ �c¼ Ç¨Ñ�¼:K�¬{w%k y ¬Y�%k,§��3¼ ��qtmW�%sWkreY�¦§�i�¼ � oMs�p�eY�%k,§ �!¼:S±oM��|{qW§Wº�¼:SQoMsJp�eYn,§ �c¼W~�¬Y�%k[oMmZ}
§�oMs y �c¼A�0¼ ��oMsW�c¼
~�oM�xoMnlnreYn�d!mWnlp%kl���%k y w�qtnlmWp%krqtsQoMs y qtuWp%kldvkl»�oMp%krqts±kls�|{qtdvuW��e{wxw%kl�Wnre���q 
�w%kld!mWn[oMp%krqts±oMs y�y e{w%kl��s=¼
½¾s K·¼��7eYz�e{w¦§�Ñ!¼jg3|{eY�¦§ �!¼�iZoMp�qM�Hm ��oZ§�~�¼ �cq¦}
§�oMs y ��¼�~�¬Y�%k[oMmZ} §�e y klp�qt��w�§ �'��� ��e$e �
e � ���W���J	"��c
	������_��e 	 e ����� � ���_�����+�
� ���[�!" ��� �����]�
����� �
�[� � �j�]	��I���r�.��	������ ���_� � ��#<�
e 	 ���
����er��	������:�Y¼ �Fqt�%p%a
�Fqtnln[oMs y §��������Z¼3~���q?|�¼cqM��~�ÑF��� �CK�°¢���Z§��ªklnlnlk[oMdfw��WmW�%�c§:L�Ñ �MgtÇ¾��M·Ñ�uW�%kln,§=¤¦�����Z¼

  ` £·�F¼ �FeYn y ¼-��uWp%kldvkrwxoMp%krqts y e!�²qt�%dfe{w�eYsDot¬Y��q y zJs�oMdvkr©JmcevwxoMscwF���xo y kreYs�p7u�oM����¬{w�qtnlmWp%krqtsDw%kld!mWn¶Ç
pxoMsc¬{e�¼3�FoMuWu�qt�%p y e7��e{|�aceY��|xace!� ` ¥Mgc§c½ �F��½ Ñ!§W�������Z¼

 ¢�+£ ��¼mSQoM��|{qW§ i�¼ ��oMs�p�eY�%k,§ ��¼ Ç¨Ñ!¼mK�¬{w%k y ¬Y�%k,§=º�¼mS±oMs�p�eYn,§ oMs y ��¼ ~�¬Y�%k[oMmZ} ¼fÑ u�oM�xoMnlnreYnlkl»¦e y ��eYsceYp%kr|
oMnl��qt�%klp%aWd �²qt��o��+ÇdK w�a�oMu�e3qtuWp%kld!mWd y e{w%kl��s-uW��qt�WnreYd¹¼ � �J� #<� � ����� �3��	 �:�
� ��	��+�
������� � �_���5�
	�����§
�X�¢����M �?���Z¤�§��������Z¼

 l¤¦�+£ S ¼���eYs�«�eY��wxo y e�¼³��uWp%kldvkrwxoMp%krqts y ° mWs y krw%u
q�w%klp%k¶��a�z?u�eY�UÇ¨w�mcw%p�eYs�pxoMp�eYmW�vu�oM�voMnl��qt�%klp%aWdfe{w·��¬Ysc¬_Ç
p%kr©Jmce{w¦¼���oMuWu
qt�%p y e7��e{|�aceY��|�ace-g������Z§c½ ����½¾Ñ�§W�������Z¼

 l¤�¤_£ h ¼CLFkl��qW¼ S¡¬Yp%acq y e{w y e y ¬{|{qtdvu�q�w�klp%krqts�qt�%p%acqt��qts�oMnre�oMmZ}�«toMnreYmW��w·uW��qtuW��e{w�oMuWuWnlkr©�mc¬{e{w'oMmZ}
¬{|{qtmWnreYdfeYsJp�w!klscw�pxoMp%krqtsWs�oMkl��e{w!|{qtdvuW��e{w�w�kl�Wnre{w-|{qtdvuWnre_}We{w¦¼]`0acb{wxe y e y q?|Yp�qt�xoMp¦§ ��sWkl«�eY��w�klp�¬ y e
~ÄoM�%krw�½�� K7oMmWuWaWklsce�§��������Z¼

 l¤¦�+£!Ñ�¼_K�eY�%«?kreYmZ}
§���¼_S±oM��|{qW§
�F¼ �FeYn y §�oMs y º�¼���qJqt�Wmcw�¼ ��kreY�xoM��|�aWkr|¦oMn3~3�%klsc|YkluWnre{w-oMs y ~3��e{|{qts y k¶Ç
p%krqtsWklsW�!�²qt����uWp%kld-mWd K�e{w%kl��s¯oMs y ½ y eYsJp%k¶µ�|¦oMp%krqts=¼ ½¾s �c¼?~�¬Y�%k[oMmZ} §?~�¼ ��qtnlz�§?��¼?~�kl��qtsWsce¦oMm=§ZoMs y
g�¼��´s�oMp�e�§Ze y klp�qt��w¦§ � � �]��# ��	��I#<���_�@��ef� �
��� �
�����
�_	�� � � � ���W��� 	"��	������ �I� � �
�����_���J	�������e �Z� ���I�]���
c
�
�$����§���oMs y �
qJq �Zw·qts `0ace{qt�%z�oMs y g3sW��klsce{eY�%klsW�DÑ�uWuWnlkr|¦oMp%krqtscwvqM����qtdvuWmWpxoMp%krqts�oMnWS¡eYp%acq y w¦§
u�oM��e{wF��Mt� �?� ` �Z§c~�oM�%krw�§ ��mWsce-�����Z¤�¼���½qS �Wg�§Wº0oM��|{eYnrqts�oZ¼

 l¤¦�+£��v¼Ä�F¼ h k[oMsWs�o���qt��nrqtm=§ÄÑ!¼À~�¼ h krqtp%krw¦§�oMs y S ¼��v¼��#oM�xo��totw�krw¦¼ � q

0Ç¨|{q�w%pf��eYsceYp%kr|�qtuWp%kldvkl»�oMp%krqts
��otw�e y qts!klsce_}cot|Yp uW��e_Ç¨eY«�oMnlm�oMp%krqtscw3oMs y p%aceÅw�eYscw%klp%kl«?klp¨z-oMs�oMnlzZw%krw�qM� y e{w%kl��s-u�oM�xoMdfeYp�eY��w¦¼ � � #<�
�)�@�
�Z��� �
e �
� � �I�
�Z�����$�!���
�
�$� ��§��X�¢� ` � ��gc¤¦�Z§������Z¤�¼

 l¤Ygt£ ��¼ � krbY«?��e�§
�c¼ Ç¨Ñ!¼vKF¬{w�k y ¬Y�%k,§=oMs y Ñ!¼ ��oM�W��oMn,¼f��uWp%kldvkrwxoMp%krqts�sJmWdf¬Y�%kr©�mce y e·uW��qMµcnrw y °¢oMklnre·u�oM�
oMnl��qt�%klp%aWdfe{w���¬Ysc¬Yp%kr©�mce{w�eYp��UeYmZ} y e7s�otw%a=¼�`�e{|�aWsWkr|¦oMn���eYu
qt�%p�g���M R §c½ ����½¾Ñ�§W�����Z¤�¼

 l¤ R £���¼ �3¼J`�oMsW�c§ �c¼ Ç¨Ñ�¼5K�¬{w%k y ¬Y�%k,§ZoMs y �c¼J~�¬Y�%k[oMmZ} ¼mS�mWnlp%k¶Ç¨qt�Z�%e{|Yp%kl«�e�w%a�oMu
e_Ç y e{w%kl��s]qtuWp%kldvkl»�oMp%krqts�oMs y
klsJ«�eY��w�e7uW��qt�WnreYdfw�mcw�klsW�f|{qts�p%��qtn p%ace{qt�%z�oMs y s�otw%a���oMdfe{w¦¼Ä½¨s��v¼:SQqt�%��oMs¡oMs y ~�¼ �De¦oMp%aceY�%klnln,§
e y klp�qt��w¦§ � � �	� �
� � � 	 � ���
�	� � ��� ���
���
��� �Y§�i 
0oMscw�e¦oZ§�i?qtmWp%a ��oMnre{w�§WgtÇ Mvi?eYuWp�eYd-�
eY�F�����Z¤�¼
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 l¤¦¥+£!Ñ�¼Z�Ån[oM�%kr|xa¹oMs y ��¼ Ç¨Ñ!¼JK�¬{w%k y ¬Y�%k,¼�i?eYn¶�HÇ¾o y oMuWp%kl«�e�u�oM�xoMdfeYp�eY�%krwxoMp%krqts¯�¿qt�0oteY��q y zJs�oMdvkr|�qtuWp%kld!mWd·Ç
w%a�oMu
e y e{w%kl��s=¼3�FoMuWu�qt�%p y e-��e{|�aceY��|xace#g�g�� ` §c½ �F��½ Ñ!§ S±oM��|�a¡�������Z¼

 l¤.M�£ �c¼ Ç¨Ñ�¼�K�¬{w%k y ¬Y�%k,¼ ��kreY�xoM��|xaWkr|¦oMn�qtuWp%kld-mWd·Ç¨w�a�oMu�eFoMnl��qt�%klp%aWdfw3mcw%klsW�-eYd!��e yWy e y º�¬Y»{kreY�Äu�oM�xoMdfeYp�e_Ç
�%kl»�oMp%krqtscw¦¼W½¾s7g�¼ ��eYk � ��qtn[o�oMs y ��¼M~3kl��qtsWsce¦oMm=§�e y klp�qt��w¦§�	 �I� � �$� ��c 	!���
���"� �!�
� �I�_������� �
�
�"�
�[	�� � �
� ���W��� 	��I� ��§ ��zJ«��tw��?zJn[oZ§ ��klsWn[oMs y § �������Z¼ ��½qS ��g�§�º�oM��|{eYnrqts�oZ§�iJu�oMkls=¼-Ñ w�|YkreYs�p%k¶µ�|veY«�eYsJp7acqMÇ
scqt�%klsW� �Jot|{©�mce{w�~�¬Y�%k[oMmZ} °ÀwF¥��Mp%a��Wkl�%p%a y o¦z�¼
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