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Structure

Structure

_NoeudQuaternaire
{

B ;  // Radiosité emmagasinée
B ;  // Radiosité envoyée
E;     // Emission propre
aire;  // Aire de la surface

;     // Réflectivité diffuse de la surface
_NoeudQuaternaire *fils[4]; // Pointeur sur une liste de 4 fils
_Lien *L; // Pointeur vers le premier lien de récolte de radiosités

} NoeudQuaternaire;

emg

env

r

Type Structure

flottant F

Structure

_Lien
{
NoeudQuaternaire *q; // Noeud récepteur
NoeudQuaternaire *p; // Noeud émetteur

; // Facteur de forme de   à
_Lien *suivant; // Pointeur vers le lien de récolte suivant

} Lien;

qp q   p
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M¸tvJ-w�Æ ÈvÇ>�%Ï.�9u tvJ,K>E#�}E#G�pFw�H%s&J,r p�tvl|s-y+tvq9r p,J,E}É>�
*�+-,.+-, NO8�>QP5RBST8�>U�2D4L4V>5WXU�2D4L4V>ZY�>[8�2DY�RBA�4LR�69\

]Q^`_a^`_a^cbedY¾ ºcf>»[º.g[ÀLhji ¾ flk%À�»QmJhng[Àoiqp;m3¼½À
jVt�J,H%km{>u l�p,r {>G�w�E*u0� H%��l+t3p,r {>G=w�E*J-t>w�r {�kmr p,H�q+t>k,kmE�q+tvJ�l9G9E*u {>l9J-w�E�H&p-tvq�E\w�E*s#tvu s&l9u0��s&E#u u E*w�E%k��2t>s?p,E#l9J-kw�E���{>J,�}E>�=r*tvG+k�s&E&pmp,EYH&p-tvq�E>�+u t)q9u l9q+tvJmp*w�lxp,E#�}q+k�J,E%kop,EYs&{>G+k,t>s&J,H#E<tvl�s#tvu s&l9u[w�lxp,E#J,�}EYw�EY��r kmr �9r u r p,H>�s-y+tvJ,K>H�w�� E%kop,r �}E#J�u t<�)tvG9r z#J,E�w�{>G�pbkmE��>{>r E#G�p�w�E#l���kml9Jm�2t>s&E%k#�>ÓCu+E&��r kop,E�q9u H&p,y9{>J,E�w�E��}H&p,y9{�w�E%k�q�{>l9J�E%kop,r ¦�}E#J�s&E*�2t>s?p,E#l9J�w�E<s&{>G�²+K>l9J-t3p,r {>G7Æ ÍvÎ���É#°�����É%Îv°9��°�Ì:Ï.�9s&E#Jmp-tvr G9E%kbH&p-tvG�pFJ,E%s&{>G9G�l9E%k�q�{>l9JFu E#l9JFq9J,H%s&r kmr {>Gaw�Es#tvu s&l9u7��u tvG+s&E#J�w�EbJ-t:�>{>G+kVq+tvJ�E&��E#�}q9u E:�?�vw�� tvl�p,J,E%kSq�{>l9J�u E#l9J���r p,E%k,kmE<��y9H#�}r s&l9��E>�vq9u tvG�l9G9r ��l9E>�>s&{>�}q9u E&��Ew�E���r kmr �9r u r p,H>��E&p-sv� �Bsv����{>l+k�t:�>{>G+kSJ,E&p,E#G�l)u t\�}H&p,y9{�w�E*w�E�u0� y9H#�}r s&l9��E�q�{>l9J�w�E#l��}J-tvr km{>G+k#�7tV{>l�p�w�� tv��{>J-w��s&{>�}�}E�G9{>l+kSs-y9E#J-s-y9{>G+kVl9G�u {>K>r s&r E#u�J-tvq9r w�E>�%G9{>l+kSG9E�q�{>l9�>{>G+k[l�p,r u r kmE#JSu E�p,J-t>s&H�w�EbJ-t:�>{>G+k#�%��l9r��)tvu K>J,H�w�EG9{>�Y�9J,E#l+kmE%kb{>q�p,r �}r k,t3p,r {>G+kbG7� t3pmp,E#r G�p�nmtv�)tvr kFu t���r p,E%k,kmE�w�E%kF�}H&p,y9{�w�E%kFq9J,{vnoE%s?p,r �>E%kbs&{>�}�}E<u E�u+¦CI�l�µ�E#Jq+tvJ�E&��E#�}q9u E>�>j�� y9H#�}r s&l9��E�q9J,H%kmE#G�p,Ebu0� H#G9{>J,�}E�t:�3tvG�p-tvK>Ebw�� ¨&p,J,EFJ,E#q9J,H%kmE#G�p-tv�9u Ebkm{>l+kSu t*��{>J,�}E�w�E�v�q9u tvG+k#�kml9J�u E%k,��l9E#u k�kmE�q9J,{vnoE&pmp,E#G�p�kml+s#s&E%k,kmr �>E#�}E#G�p�u E%k��2t>s&E&pmp,E%k�w�E�u t�k,s&z#G9E>��ÓCu�w�E#��r E#G�p�w�{>G+s�q�{�k,kmr �9u E�w�� l�p,r u r kmE#Ju Ewu+¦CI�l�µ�E#J%��{>l�u E}´F¦.�9l�µ�E#J\q�{>l9J*p,J-tvr p,E#J*u EY�2t>s?p,E#l9J<w�E���r kmr �9r u r p,H>� � E%s&r[E%kop�w�� tvl�p-tvG�p*q9u l+k\r G�p,H#J,E%k,k,tvG�p��l9E<��E%tvl+s&{>l9qxw�E��)t>s-y9r G9E%k�tvl3no{>l9J-w�� y�l9r�q�{�k,kmz%w�E#G�p�u Eju+¦CI�l�µ�E#J�s�xv�9u H>�+s&EY��l9rVw�E#��J-tvr pFp,y9H#{>J,r ��l9E#�}E#G�pJ,H%w�l9r J,E}u E%k\p,E#�}q+kYw�E�s#tvu s&l9u k<w�E��)tvG9r z#J,E)s&{>G+kmr w�H#J-tv�9u E>�7j7E�kmE%s&{>G+w�t:�3tvG�p-tvK>E�E%kop�E#G¸�2tvr p�u r H�tvl¸q9J,{v¦�9u z#�}E\q9J,r G+s&r q+tvu�w�E*u0� y9H#�}r s&l9��E}·�u0� tvu r t>k,k,tvK>E>� � {>�}�}E*G9{>l+k�l�p,r u r km{>G+kbw�E%k�p,E%s-y9G9r ��l9E%k�q9J,{vnoE%s?p,r �>E%k�q�{>l9Js#tvu s&l9u E#J�u E��2t>s?p,E#l9J�w�Eb��r kmr �9r u r p,H>�vG9{>l+kSq9J,{>q�{�km{>G+kSw�� E#�}q9u {3�>E#JSu E�´F¦CI�l�µ�E#J�q�{>l9J�J,H%km{>l+w�J,E�u E%kSq9J,{>�9u z#�}E%kw�� tvu r t>k,k,tvK>E>��k,t>s-y+tvG�p���l7� r u7E%kop�E&��p,J,¨#�}E#�}E#G�p�J-tvq9r w�E)�2��l+t>kmr �}E#G�p�tvl+k,kmr�J-tvq9r w�E<��l7� l9Gyu+¦CI�l�µ�E#JFG9{>Gxs�x3¦�9u H<�>{>r J,E<��l7� l9Gyu+¦CI�l�µ�E#J�s�xv�9u H�kml9r �3tvG�p�s&E#Jmp-tvr G9E%kFs&{>G+w�r p,r {>G+k����>{>r JFq+tvJ-tvK>J-tvq9y9E*°+� È�� È�� É>� È>�m�?���)tvr kbp,J,z%ks&{>�}q9u E&��E��<r �}q9u H#�}E#G�p,E#J%� � � E%kop�q�{>l9J�s&E&pmp,E�J-tvr km{>G}��l9E�G9{>l+k�w�H&p-tvr u u {>G+k#�vl9G�q�E#l)q9u l+k�u {>r G7�vG9{vp,J,EF�2t7z&{>Gw�E<u E\q9J,{>K>J-tv�}�}E#J\��l9G9E�w�E%k,s&J,r q�p,r {>G|w�r µ�H#J,E#G�p,E<E%kopFH#K�tvu E#�}E#G�p�w�r kmq�{>G9r �9u E�w9tvG+k\Æ ÈvÇ>Î%Ï��?�
{}|�õ?øFøFá\ö:õ?ý:ô\à:û ô0ùvõ?ô0û õ?ö:ô*à�þ ý:ö:áYø�ó-ü%�:û ö:á �:û � ù:ð2õ#üoáoô0ô0áoý:ð2ô��Vö:õ?ý:ô<ó��&õ?ö:ô\ü%�:õ?û ô0û�à�þ ý%ç0û ú û ô0áoð�üoáCç2ç0á � õ?ö:üCç0û õ?ö:ö3ó-ú û ç����Váoöú ó-ö�~mó-ö&ç[ý:ö�ç��:ð2ámó-à\ùvõ?ý:ðVú þ û ö&ç0áoð � ó-üoá�ñ?ð0ó-ù��:û �#ý:á�ô0ý:ð7ý:ö*ù:ð2õ#üoáoô0ô0áoý:ð��3ç.ó-ö:à:û ô �#ý:á�ú áoôVümó-ú üoý:ú ô7ô0õ?ö&ç[ð��mó-ú û ô��oôVô0ý:ð7ú þ ó-ý%ç0ð2á��
��	Võ?ý:ô�ö:áSð��!� �oð2áoö�~oõ?ö:ô[ù3ó-ô�û üoûvç0õ?ý:ô7ú áoô�ó-ð�ç0û üoú áoô7ô0ý:ð�ú á[ümó-ú üoý:ú�à:áoô � ó-üCç0áoý:ð2ôVà:á�� õ?ð2øFá7ç.ó-ö&çVû ú ô�ô0õ?ö&ç7ö:õ?ø��:ð2áoý%÷/���[áSù:ú ý:ô��à:á�ö:õ?ø��:ð2áoý%÷�ç0õ?ý:ð2ô[à�þ �:õ?ð2û �oõ?ö\ô0õ?ö&çVà:û ô0ùvõ?ö:û �:ú áoô7üoõ?øFøFáSà3ó-ö:ô�ê �0�(� � � �-î �
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]Q^`_a^`_a^cb=^cb���� ¼½¹cf>» � À ¾
	 k%¹ ¾ º2¹ ¾ h h �

j�� y9H#�}r s&l9��EYG9H%s&E%k,kmr p,EYw�{>G+s<u t)q9J,{vnoE%s?p,r {>G�kml+s#s&E%k,kmr �>E�w�E�p,{>l�p,E%k�u E%kF�2t>s&E&pmp,E%k*w�EYu t�k,s&z#G9E>��kml9J*s-y+t3¦s&l9G9E*w�E*kmE%k�s&r G+���2t>s&E%k#��w�r ��r kmH#E%k�E#Gwf ¾ h%ÀLh � º � ¼½À 	 k ¾ ¹ m3ÀLh>�JKS{>l9J�s-y+t>s&l9G9E�w�E*s&E%k��2t>s&E%k#�>{>G)p,J,r E�kml9r �3tvG�pu E#l9J�q9J,{v��{>G+w�E#l9J�s-y+t>��l9E�H#u H#�}E#G�p�q9J,{vnoE&p,H�q�{>l9J�s-y+t>s&l9G9E*w�E%k�s#t>kmE%k#�>t3²+G=w�E*w�H&p,E#J,�}r G9E#J�u E�q9u l+k�q9J,{�s-y9E>�� E&pmp,EYH&p-tvq�E�E%kop*J,H%tvu r k,tv�9u E<q+tvJ*l9G9EY�}H&p,y9{�w�EYq9J,{vnoE%s?p,r �>EYs&{>�}�}EYu Enu+¦CI�l�µ�E#J��2s�xv�9u H�w�E�q9J,H&��H#J,E#G+s&E�E&pw�H%s&J,r p�tvl|q+tvJ-tvK>J-tvq9y9E�°+� È�� È�� É>� È>��{>l|u E<´F¦CI�l�µ�E#J%�

Image résultat

Facette avec
profondeur
constante Z=10

Facette avec
profondeur
constante Z=3

Image résultat

Z=3

Z=3

Z=3

Z=10
Z=10

Z=10
Affichage des facettes

Calcul des fragments des
facettes pour chaque pixel
Stockage des Z

Affichage des couleurs
des facettes en fonction
des Z stockés et d’une
proportion d’occupation
des pixels par les fragments

Calcul des facettes visibles
suivant leur Z stocké en
chaque pixel

Z-Buffer

A-Buffer

87% bleu
13% blanc

97% bleu
3% blanc

19% bleu
42% rouge
39% blanc

72% rouge
28% blanc

������V°+� É�� |�õ?øFù3ó-ð0ó-û ô0õ?öYáoö&ç0ð2áFú á �N��� ý 2>áoð�áCç�ú á� ��� ý 2>áoð��9�Só-ö:ô�ú á�ümó-ô�à:ý�� ��� ý 2>áoð���õ?öYð2áoø�ó-ð��#ý:á&�#ý:ábú ó�üoõ?ý:ú áoý:ð
� ö3ó-ú á ' õ?ý�ú á�� ó-üCç0áoý:ð�à:á � õ?ð2øFá7ô0ûvõ?öbç0ð0ó��?ó-û ú ú á[ô0ý:ð�ý:ö&���oøFû üoý��váVà:á � üoø5à:á[ü � ç��#-�áoô2ç�ó��Fü%���Só-ý�ù:ð2õ?ð0ó,ç.ó�à:ý�ùvõ?ý:ð2üoáoö&ç.ó-ñ?áà�þ õ#üoüoý:ù3ó,ç0û õ?ö\à:ý*ù:û ÷%áoú�ù3ó-ð7ú ó � ó-üoáCç2ç0á��

j7E3u+¦CI�l�µ�E#J%Æ Ç9É-ÏVs&u t>k,kmr ��l9E�p,J-t:�3tvr u u E\t:�>E%s�l9GaH%s&J-tvG���{>lal9G9E*�2t>s&E<w���y9H#�}r s&l9��E:�bkml9��w�r ��r kmH*E#Gaq9r ��E#u k��{>l}E#G�s#t>kmE%kSH#u H#�}E#G�p-tvr J,E%k-�?�3p-tvG+w�r k���l9E�u E�´F¦CI�l�µ�E#J%Æ Ç>Ì����>Ç��>�v°9�+É%Ê>Ç��9É%Ì�Ë#Ï+l�p,r u r kmE�u t\�}¨#�}E�kop,J,l+s?p,l9J,E�w�Ew�{>G9G9H#E%k#��E#G¸u l9r�t>w:no{>r K>G+tvG�p<l9G9E)r G���{>J,�)t3p,r {>G¸kml9q9q9u H#�}E#G�p-tvr J,E)w�E)q9J,{>q�{>Jmp,r {>G¸w�� {�s#s&l9q+t3p,r {>G¸w�l¸q9r ��E#u��{>l�w�E�u t�s#t>kmE<H#u H#�}E#G�p-tvr J,E:�?�+q�{>l9J*s-y+t>��l9E<H#u H#�}E#G�p���r kmr �9u EYk#� �aq9J,{vnoE&p-tvG�pY���>{>r JF²+K>l9J,E<°+� É:�\·�s&E%s&r[s&J,H#Ew�{>G+s�l9G9EYu r kop,E�w�E���J-tvK>�}E#G�p-k�q+tvJ�q9r ��E#u0� � E&pmp,EYr G���{>J,�)t3p,r {>GxJ,E#��r E#G�p\��kml9��w�r ��r kmE#J*u EYq9r ��E#u���{>l�u t=s#t>kmEH#u H#�}E#G�p-tvr J,E:��E#G���H#u H#�}E#G�p-kbq9u l+kbq�E&p,r p-k#�+��l9r7km{>G�pbK>H#G9H#J-tvu E#�}E#G�p���{>G+s?p,r {>G|w�E\u0� tvJ-s-y9r p,E%s?p,l9J,E\w�E\u t��)t3¦s-y9r G9E>��j�� r �}q9u H#�}E#G�p-t3p,r {>G}y+tv�9r p,l9E#u u E�w�l=´F¦CI�l�µ�E#J�k#� E&µ�E%s?p,l9E�E#G)E&µ�E&p�kml9J�Ç�È*�9r p-k#��km{>r p������<km{>l+ko¦.q9r ��E#u k��{>l=km{>l+ko¦Cs#t>kmE%kSH#u H#�}E#G�p-tvr J,E%k-�?����{>l+k�t:�>{>G+k�s-y9{>r kmr�w�E�p,r J,E#J�q+tvJmp,r E�w�E�u0� tvJ-s-y9r p,E%s?p,l9J,E��}¨#�}E*w�E�u0�`��%«.®3£�¢:���l9rVE%kop�l9G9EYkop-t3p,r {>Gx�v°}�9r p-k�E&p�q�{>l9J�u t>��l9E#u u E<G9{vp,J,E�´F¦CI�l�µ�E#J�t)w�E%k�q9r ��E#u k%�2s#t>kmE%k-��kml9��w�r ��r kmH%k�E#G�� �!�km{>l+ko¦.q9r ��E#u k��2km{>l+ko¦Cs#t>kmE%k-�?�+j�� t:�3tvG�p-tvK>E<r �}�}H%w�r t3p*��l9EYu0� {>G�s&{>G+kop-t3p,EYw9tvG+k�u0� l�p,r u r k,t3p,r {>G�w�E�s&EY´F¦CI�l�µ�E#J%�E%kop���l9E\G9{>l+kFtvu u {>G+kbs#tvu s&l9u E#JFw�E%kby9H#�}r s&l9��E%kFw�{>G�pFu t�J,H%km{>u l�p,r {>G=r G9r p,r tvu E\E%kopFE#G=�2tvr p��v°Y��{>r kFkml9q�H#J,r E#l9J,E�au t|J,H%km{>u l�p,r {>G�s-y9{>r kmr E>��q�{>l9J<l9G�p,E#�}q+k�w�E�s#tvu s&l9u�kml9q9q9u H#�}E#G�p-tvr J,E}r G�²+G9r p,H%kmr �)tvu0�#"�G¸q9J-t3p,r ��l9E>�7G9{>l+kl�p,r u r km{>G+k�w�E%kYy9H#�}r s&l9��E%k�w�E=J,H%km{>u l�p,r {>G v%$'&�� v%$'&��[km{>r p�E#G5�2tvr p}w�E=p-tvr u u E��)(+*+,��-�)(+*+,9�Vs&Ea��l9rbG9{>l+kt3µ�J-tvG+s-y9r p�w�E���E%tvl+s&{>l9qxw�E�q9y9H#G9{>�}z#G9E%k�w�� tvu r t>k,k,tvK>E}·+G9{>l+kFG7� H#��r p,{>G+k�q+t>k�s&E#q�E#G+w9tvG�p�u0� tvu r t>k,k,tvK>E>����l9rkml9J,��r E#G�pbu {>J-kbw�E\u t�q9J,{vnoE%s?p,r {>Gaw�� l9G9E*�2t>s&E&pmp,E*p,J,{>q=q�E&p,r p,E<{>l=p,J,z%k�H#u {>r K>G9H#E>��kml9JFl9G9E<w�E%k��2t>s&E%kbw�E\u0��y9H&¦�}r s&l9��E���u t\p-tvr u u E�q9J,{vnoE&p,H#E�w�E�s&E&pmp,E��2t>s&E&pmp,E�q�E#l�pbtvu {>J-kS¨&p,J,E�q9u l+k�q�E&p,r p,E/.���l7� l9G9E*km{>l+ko¦Cs#t>kmEbH#u H#�}E#G�p-tvr J,Ew�� l9G|y9H#�}r s&l9��E>�+s&E���l9r�G9{>l+kFJ-tv�}z#G9E\tvl|q9J,{>�9u z#�}E\s&u t>k,kmr ��l9E:�?�
0 � k/1�pTg[À g[»32 465�»87�ÀVm
9#1 óSô0ý:ð � ó-üoáVù:ð2õ6:2áCç��oá[à:õ?û ç ,Cç0ð2á[û ö � �oð2û áoý:ð2á<;>=/? @BADCFE/G
H9üoøJI ' ç.ó-û ú ú á7à�þ ý:ö:áVô0õ?ý:ô � ümó-ô0á��oú �oøFáoö&ç.ó-û ð2áVà�þ ý:ö ���oøFû üoý��vá#-%�&ùvõ?ý:ð

�#ý:á�ú á>� ��� ý 2>áoð7üoõ?øFøFáCç2ç0áSà:áoôVáoð2ð2áoý:ð2ô��%û ô0û �:ú áoô7à�þ ó-ú û ó-ô0ô.ó-ñ?á��
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1 2 3 4 5 6 70

15

14

12

11
10

9

8

13

22 21201918 171623

24
25

27

28
29

30

31

26

Index d’entrée
N 29 pour
la table des
fragments

o

Partie d’hémicube

Cases
élémentaires

Conversion des entrées/sorties
en index de tableau de fragments

Index de sortie
N 14 pour
la table des
fragments

o

Extra
ctio

n

Fra
g[29][1

4]

1
1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1

1
1
1
1
1

1
1
1
1

1
1
1
1

1
1
1

0
0
0

0
0

0
0

0
0
0

0
0
0

0
0

0
0

0
0

0
0

0
0
0 0x1071f7fffffff

=

=

Fragment
( représentation visuelle )

Fragment
( représentation binaire )

Fragment
( codage réél )

Facette 3D

Hémicube

Arête de facette
orientée

5

Projection de
la facette 3D
sur l’hémicube

Calcul de la sortie
du segment dans

la case élémentaire

4

Calcul de l’entrée
du segment dans

la case élémentaire

3

1

Sous-cases

2
Traitement d’une arête de la
facette, par case élémentaire

entrée

sortie
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Pixel (ou case d’hémicube)

Facette

Fragment 8x8
correspondant

Point d’inflexion

Pixel (ou case d’hémicube)
Fragment 8x8
correspondant

sous-cases
vides
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Combinaison des fragments
précalculés dans une table

Fragment
résultat
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Tracé 3ème arête(bleu)

&

&

&

3

Tracé 2de arête(vert)

&

&

2

Résultats de
l’opération
logique
sur deux

fragments

ET

Tracé 1ère arête(rouge)1

Tableau résultat
de fragments

Fragment “plein” calculé lors
du remplissage de facette

������V°+� Ë�� .+ð2õ#üoáoô0ô0ý:ô�ç0õ-ç.ó-ú�à:á�ümó-ú üoý:ú�à:áoô+� ð0ó-ñ?øFáoö&ç0ô�à�þ ý:ö:á�� ó-üoáCç2ç0á���|�áoð�ç.ó-û ö:ô � ð0ó-ñ?øFáoö&ç0ô�à:á�ù:û ÷%áoú�' ó-ý%÷�ô0õ?øFøFáCç0ô[à:áú ó)� ó-üoáCç2ç0á\ö:õ-ç.ó-øFøFáoö&ç!-�ô0õ?ö&çFümó-ú üoý:ú �oôbù3ó-ð�ý:ö � � ú õ?ñ?û �#ý:á�áoö&ç0ð2á\ú áoô�à:û 2/�oð2áoö&ç0ô � ð0ó-ñ?øFáoö&ç0ôbû ö&ç0áoð �&áoö3ó-ö&ç�à3ó-ö:ôbüoá�ù:û ÷%áoú �
1 õ?ð2ô��#ý:ábú þ �Cç.ó-ùvá�à:á�ð2áoøFù:ú û ô0ô.ó-ñ?á�à:á�ú ó � ó-üoáCç2ç0áFó�ú û áoý��>ú áoôSù:û ÷%áoú ô>;Fú þ û ö&ç��oð2û áoý:ðSà:á�ú ó � ó-üoáCç2ç0ábùvõ?ô0ô��oà:áoö&ç�ý:ö � ð0ó-ñ?øFáoö&ç�à:û ç
� ù:ú áoû ö � �3ü?þ áoô2ç � ; � à:û ð2á�ý:ö*áoö&ç0û áoðVà:õ?ö&ç7ç0õ?ý:ôVú áoô �:û ç0ô7ô0õ?ö&ç ; � �

q+tvJ-s&{>l9J,l9E�E#G|s-y+t>��l9E*q9r ��E#u���{>l|s#t>kmE\w�� y9H#�}r s&l9��E:�?�9E&pbu E%k���J-tvK>�}E#G�p-kbw�E��2t>s&E&pmp,E%kFkm{>G�pFt3��s-y9H%kbtvl=q9J,{v¦J-t3p-t<w�E�u E#l9J�q9J,{>q�{>Jmp,r {>G�w�� {�s#s&l9q+t3p,r {>G�w�l�q9r ��E#u[��{>l=s#t>kmE�w�� y9H#�}r s&l9��E:�F·�q9u l+kmr E#l9J-k�{>q�H#J-t3p,r {>G+k�u {>K>r ��l9E%kkm{>G�pFl9G9E\��{>r k�w�E\q9u l+kFJ,H%tvu r kmH#E%k\���>{>r Jb²+K>l9J,E\°+� Ê�E&p�tvu K>{>J,r p,y9�}E�É%Ç���q�{>l9J�s&{>G9G+t�I p,J,E\u t}s&{>G�p,J,r �9l�p,r {>G|w�Es-y+t>s&l9G|w�E�s&E%k���J-tvK>�}E#G�p-k#�
2=º ¿ p;m3¹ k/1[¼½À b�� ´�u K>{>J,r p,y9�}E<w�E�s#tvu s&l9u7w�E<u t}s&{>l9u E#l9J�w�� l9G|q9r ��E#u7w�E#q9l9r kFl9G9E<u r kop,E�w�E*��J-tvK>�}E#G�p-k
�XmJpTf � g[»Qm3À � tvu s&l9u � ��tvu E#l9J � K�r ��E#u.�2´�I�l�µ�E#J��:K>J,r u u E:�
��p�»Qm
	�p�»�h<u E%kbq9r ��E#u k���w�E<u t�K>J,r u u E� ¾ ¹ m3À�3tvu E#l9J � q9r ��E#u�� Ì��s&l9�Yl9u � ��J-tvK��hÌ3�9Ì��
��p�»Qm
	�p�»�h<u E%k���J-tvK>�}E#G�p-kFw�E\u t}u r kop,E*p,J,r H#E<q�{>l9J�s&E\q9r ��E#u� ¾ ¹ m3À
� � ª�J,r u u E�� � 8 � u r kop,E � ��J-tvK>�}E#G�p��¸��J-tvK�s&{>G�p,r E#G�pFu t��3tvu E#l9J�w�la��J-tvK>�}E#G�p
� � ª�J,r u u E�� � 8 � u r kop,E � ��J-tvK>�}E#G�p��½s&{>l9u E#l9J�s&{>G�p,r E#G�pFu t)s&{>l9u E#l9JFw�la��J-tvK>�}E#G�p
� ¹[K>J,r u u E�� � 8 � u r kop,E � ��J-tvK>�}E#G�p��¸��J-tvK 2=ºcp;mJhs&{>G�p,J,r �9l�p,r {>G � ��J-tvK�� � {>G�p,J,r �9l�p,r {>G ��� J-tvK>�}E#G�p:��K>J,r u u E�� � 8 � u r kop,E � ��J-tvK>�}E#G�p��¸��J-tvK����

s&{>G�p,J,r �9l�p,r {>G � ��J-tvK���� � $, � ���
�3tvu E#l9J � q9r ��E#u���� ��K>J,r u u E�� � 8 � u r kop,E � ��J-tvK>�}E#G�p��½s&{>l9u E#l9J)��s&{>G�p,J,r �9l�p,r {>G � ��J-tvK����
� � �xr kmE\�*no{>l9J�w�la��J-tvK>�}E#G�pFs&l9�Yl9u H�t>s?p,l9E#u7w�E�s&E\q9r ��E#us&l9�Yl9u � ��J-tvK � �QK>J,r u u E�� � 8 � u r kop,E � ��J-tvK>�}E#G�p��¸��J-tvK��

F¹ 	 h%¹
F¹ 	

F¹ 	
F¹ 	 �XmJpTf � g[»Qm3À
jVt|q9J,{�s&H%w�l9J,E)w�� H#�3tvu l+t3p,r {>G5w�l5G9{>�Y�9J,E)w�E��9r p-kY� $>�7q�E#J,�}E&pmp-tvG�p�w�E�s#tvu s&l9u E#JYs&E&pmp,E=s&{>G�p,J,r �9l�p,r {>G
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Z=3

Z=3

Z=3

Z=10 Z=10

Z=10

Calcul des fragments des
facettes, et insertion dans la liste
triée en fonction de leur Z

Z=12

Z=12
Z=12

Z=12

Lis
te

 tr
ié

e e
n 

Z

1

2

Affichage des fragments de
la liste, en allant du plus
proche vers le plus éloigné et
Calcul de la contribution de
chaque fragment

& ~

& ~

=

=

Z=3

Z=10

Z=12

12 sous-cases
sur 64 sont bleues

27 sous-cases
sur 64 sont rouges

24 sous-cases
sur 64 sont vertes

| =

| =

| =

=& ~

Calcul du nouveau
fragment cumulé
du pixel

Nouveau
fragment
cumulé

Nouveau
fragment
cumulé

Nouveau
fragment
cumulé

Calcul du nouveau
fragment cumulé
du pixel

Calcul du nouveau
fragment cumulé
du pixel

Contribution du
premier fragment
de la liste triée

Contribution du
second fragment
de la liste triée

Contribution du
troisième fragment
de la liste triée

1

2

3

Le fragment actuel
du pixel est vide

Liste triée
des fragments

3
Calcul de la couleur finale (ou du facteur
de forme s’il s’agit d’un hémicube)

12/64 x + 27/64 x + 24/64 x + 1/64 x =

Couleur finale
(ou facteur de forme)

�������°+� Ê � |�ó-ú üoý:ú3áCç7ó��Fü%�3ó-ñ?áSà:áVú ó�üoõ?ý:ú áoý:ð+' õ?ýFà:ý&� ó-üCç0áoý:ð�à:á � õ?ð2øFá#- � ö3ó-ú á��#áoöFümó-ú üoý:ú ó-ö&ç7ú ó�üoõ?ö&ç0ð2û �:ý%ç0û õ?ö�à:áVü%�3ó-üoý:öà:áoô�� ð0ó-ñ?øFáoö&ç0ôVô0áSù:ð2õ6:2áCç.ó-ö&çSô0ý:ð7ý:ö*ù:û ÷%áoú ' õ?ý*ý:ö:á�ümó-ô0á�à�þ ���oøFû üoý��vá#-
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E%kop�w�{>G9G9H#E�q+tvJYu0� tvu K>{>J,r p,y9�}ExÉ#°+�#"�G½q9J,r G+s&r q�E>�Ss&E#u t�s&{>G+kmr kop,E��xE&µ�E%s?p,l9E#J , ��w�H%s#tvu tvK>E%k<w�E=�9r p-k�q�{>l9Jw�H&p,E%s?p,E#J�s-y+t>s&l9G½w�E%k��9r p-k�� $=w9tvG+k�u E���J-tvK>�}E#G�p%�7E&p}�|r G+s&J,H#�}E#G�p,E#JYu E)�2t>s?p,E#l9J�w�� {�s#s&l9q+t3p,r {>G½s-y+t>��l9E��{>r k���l7� l9G $�E%kopbJ,E#G+s&{>G�p,J,H>� � E%k�w�H%s#tvu tvK>E%k�p,J,z%k�G9{>�Y�9J,E#l���� , ��q+tvJ���J-tvK>�}E#G�p?�Sq�E#l9�>E#G�pb¨&p,J,E�{>q�p,r �}r kmH%k#�kmr�{>G|q9J,H%s#tvu s&l9u E\w9tvG+kbl9G9E\p-tv�9u E<kop-t3p,r ��l9E>�9u0� E#G+kmE#�Y�9u E<w�E%kb{�s#s&l9q+t3p,r {>G+kbq�{>l9Jbp,{>l�p,E%kFu E%kFs&{>�Y�9r G+tvr km{>G+kq�{�k,kmr �9u E%kbw�E $*E&p�w�E (}kml9Jbl9G9E\{>laq9u l+kmr E#l9J-kbu r K>G9E%kbw�la��J-tvK>�}E#G�p%��� u0� tvr w�E<w�E<s&E&pmp,E\p-tv�9u E>��{>Gaq9J,{�s&H%w�Etvu {>J-k)�½w�E%k=w�H%s#tvu tvK>E%k)kml+s#s&E%k,kmr �2k)u r K>G9E�q+tvJ=u r K>G9E½��q+tvJ=J-tvG9K>H#Exw�E �5�9r p-k�E&paG9{>G�q9u l+k�l9G�q+tvJ�l9G��?�k,t>s-y+tvG�p*��l9E�u t)p-tvr u u E}w�� l9G9EYp,E#u u EYp-tv�9u EYE%kop<w�E�u0� {>J-w�J,EYw�E &������ {�s?p,E&p-k#��t:�>E%s��eu E�G9{>�Y�9J,E�w�E�u r K>G9E%k#�
K�tvJ*E&��E#�}q9u E>�7kmrS{>G�G9E�q9J,H%s#tvu s&l9u E���l7� l9G9E}u r K>G9EYE#G�p,r z#J,E>��r u[�2tvl+w�J-t=q9J,{�s&H%w�E#J\���=w�H%s#tvu tvK>E%k*kml+s#s&E%k,kmr �2k�2tvlau r E#law�E , ����q�{>l9JFs&{>G9G+t�I p,J,E�u0� tvr J,E*{�s#s&l9q9H#E*q+tvJbu E*��J-tvK>�}E#G�p%�Lr*tvG+kb�� �¡�¢-£9¤ ¥���G9{>l+k�q9J,{�s&H%w�{>G+k�E#G����{>r k#�9km{>r p�l9G9E*p-tv�9u E�kop-t3p,r ��l9E<w�E\p-tvr u u E ,Vv�	�{�E#G���r J,{>G7��q�{>l9J�kop,{�s�
>E#JFw�E#l��au r K>G9E%kFw�la��J-tvK>�}E#G�p%�
2=º ¿ p;m3¹ k/1[¼½À bL] ´�u K>{>J,r p,y9�}E<w�E�s#tvu s&l9u7w�E<u t}s&{>G�p,J,r �9l�p,r {>G|w�� l9Ga��J-tvK>�}E#G�p
�XmJpTf � g[»Qm3À À 	 k%¹2ÀVm � {>G�p,J,r �9l�p,r {>G ��� J-tvK>�}E#G�p:�2À 	 k%¹2ÀVm�
}ºcp 	[¿ ��J-tvK��
� � ��G=u r p�u E%k<É%�Yq9J,E#�}r E#J-kb�9r p-kFE&p�{>GaJ,H%s&l9q9z#J,E*u E<G9{>�Y�9J,E<w�E\�9r p-kF�3tvu tvG�p<É
� � �Stv�9u E � I�r p-k � É�E%kopFl9G9E\p-tv�9u E<q9J,H%s#tvu s&l9u H#E\w�� E#G�p,r E#J-k#�9s&{>G�p,E#G+tvG�pFu E\G9{>�Y�9J,E<w�E<�9r p-k��aÉ>�
� � ¯�{>l9JFw�E%kb�3tvu E#l9J-kFtvu u tvG�p�w�E�Ì}�}��Í>ÍvÇ>�=�0ÈYu r K>G9E%kFw�E\��J-tvK>�}E#G�p-k-�p-tvr u u E � É �Zt[tv�9u E � I�r p-k � É>Æ���J-tvK�� Ì3��µ�µ�Ï��
� � ��G=u r p�u E%k<É%�Yq9J,E#�}r E#J-kb�9r p-kFE&p�{>GaJ,H%s&l9q9z#J,E*u E<G9{>�Y�9J,E<w�E\�9r p-kF�3tvu tvG�p<Ép-tvr u u E � È��Zt[tv�9u E � I�r p-k � É>Æ��@��J-tvK�� Ì3��µ�µ�Ì>Ì>Ì>Ì����É%�YÏ��
� � ��G=u r p�u E%k<É%�Yq9J,E#�}r E#J-kb�9r p-kFE&p�{>GaJ,H%s&l9q9z#J,E*u E<G9{>�Y�9J,E<w�E\�9r p-kF�3tvu tvG�p<Ép-tvr u u E � Ç��Zt[tv�9u E � I�r p-k � É>Æ��@��J-tvK�� Ì3��µ�µ�Ì>Ì>Ì>Ì>Ì>Ì>Ì>Ì���=Ç�È�Ï��
� � ��G=u r p�u E%k<É%�Yq9J,E#�}r E#J-kb�9r p-kFE&p�{>GaJ,H%s&l9q9z#J,E*u E<G9{>�Y�9J,E<w�E\�9r p-kF�3tvu tvG�p<Ép-tvr u u E � °
�Zt[tv�9u E � I�r p-k � É>Æ��@��J-tvK�� Ì3��µ�µ�Ì>Ì>Ì>Ì>Ì>Ì>Ì>Ì>Ì>Ì>Ì>Ì���=°�Ê�Ï��J,E&p,{>l9J,G9E��Vp-tvr u u E � É �Qp-tvr u u E � È � p-tvr u u E � Ç�� p-tvr u u E � °����

F¹ 	 �XmJpTf � g[»Qm3À
j7EY´F¦CI�l�µ�E#J%�9q9J,{>K>J-tv�}�}H<km{>l+k�s&E&pmp,E<��{>J,�}E>�+E%kop�E&��p,J,¨#�}E#�}E#G�p�J-tvq9r w�E>�+s#tvJ�u t}q9u l9q+tvJmp*w�E%kF{>q�H#J-t3p,r {>G+k�xE&µ�E%s?p,l9E#J�km{>G�p�J,E#q9J,H%kmE#G�p,H#E%k<q+tvJYw�E%k�{>q�H#J-t3p,r {>G+k<��{�{>u H#E#G9G9E%k�tvl¸p,E#�}q+k�w�E=s#tvu s&l9u�G9H#K>u r K>E%tv�9u E>� � E&¦q�E#G+w9tvG�p%�[u {>J-kYw�E=u t�s&J,H%t3p,r {>G½w�� l9G9E=u r kop,Eaw�E���J-tvK>�}E#G�p-k�E#G½l9G½q9r ��E#u0�[G9{>l+kYt:�>{>G+k<l9G9E={>q�H#J-t3p,r {>G½w�Eq+tvJ-s&{>l9J-k�E&pFw�� r G+kmE#Jmp,r {>G=w�E���J-tvK>�}E#G�p-k�w9tvG+k�l9G9E*u r kop,E�p,J,r H#E*kml9r �3tvG�pbw�E%k��3tvu E#l9J-k�w�E�q9J,{v��{>G+w�E#l9J-k#� � E&pmp,E{>q�H#J-t3p,r {>G�q�{>l9J,J-tvr p\¨&p,J,E�p,J,z%k\u {>l9J-w�E)�aK>H#J,E#J%��kmr�s&E#Jmp-tvr G9E%k*{>q�p,r �}r k,t3p,r {>G+k\G7� H&p-tvr E#G�p<q+t>k\J,H%tvu r kmH#E%k#� "�GE&µ�E&p%��kml9q9q�{�km{>G+kF��l9E�G9{>l+k�t:�>{>G+k�l9G9EYk,s&z#G9E�s&{>�}q�{>Jmp-tvG�pFq9u l+kmr E#l9J-k�s&E#G�p-tvr G9E%kFw�E��}r u u r E#J-k�w�E\�2t>s&E&pmp,E%k#�r u�E%kopYq9J,{>�+tv�9u E>�7kml9r �3tvG�p�u t|s&{>G�²+K>l9J-t3p,r {>G¸w�E�s&E&pmp,E=k,s&z#G9E>�7��l9E���E%tvl+s&{>l9q¸w�E)�2t>s&E&pmp,E%k<J,r k,��l9E#G�p�w�E�kmEq9J,{vnoE&p,E#JYkml9JYu E��}¨#�}E=q9r ��E#u0�SÑ�l9q9q�{�km{>G+kY��l9Eas&E=km{>r pYu E=s#t>k#�VE&p}��l9E>�Vq+tvJYE&��E#�}q9u E>��v (+(+(aq�{>u ��K>{>G9E%k#�kmE�q9J,{vnoE&pmp,E#G�p}kml9JYu E=�}¨#�}E=q9r ��E#u0�S��{>l+kYt:�>{>G+k�tvu {>J-k��xK>H#J,E#J�l9G9E=u r kop,Eaw�E v (+(+(a��J-tvK>�}E#G�p-k<q�{>l9J�l9GkmE#l9u7q9r ��E#u�� � E&pmp,EYkmr p,l+t3p,r {>G|G7� E%kop�q+t>k�t>s#s&E#q�p-tv�9u E<E#G|p,E#J,�}E�w�E<p,E#�}q+kF�)t>s-y9r G9E>�9G9r[w�� E%kmq+t>s&E<�}H#�}{>r J,El�p,r u r kmH>�>kml9Jmp,{>l�p�kmr�E#u u EFE%kop�J,E#q9J,{�w�l9r p,Ebq�{>l9JSp,{>l+k�u E%kSq9r ��E#u k�w�EFu t*K>J,r u u E>�v��{>l+kSq9J,{>q�{�km{>G+k[w�{>G+sbq9u l+kmr E#l9J-k{>q�p,r �}r k,t3p,r {>G+k#� tV{>l�p\w�� tv��{>J-w���u {>J-k,��l7� l9G�H#u H#�}E#G�p\w�{>r p\¨&p,J,EYr G+kmH#J,H�w9tvG+k�u t�u r kop,E}w�E%k���J-tvK>�}E#G�p-k#��G9{>l+ks#tvu s&l9u {>G+kVu E��)t>k,��l9E�s&l9�Yl9u Hbw�E%k7��J-tvK>�}E#G�p-kVq9J,H%s&H%w9tvG�p[u0� H#u H#�}E#G�pS��r G+kmH#J,E#J%�%´�r G+kmr0�3kmr�s&E��)t>k,��l9E�s&l9�Yl9u HE%kopDFoq9u E#r GLHY�@p,{>l+k�u E%k��9r p-k�w�l��)t>k,��l9E�km{>G�p�� $:�?��tvu {>J-k�G9{>l+k�G9E�q9J,{�s&H%w�{>G+k�q+t>k���km{>G)r G+kmE#Jmp,r {>G7�>q9l9r k,��l9Eu E<��J-tvK>�}E#G�p��)r G+kmH#J,E#J�kmE#J-t)w�E<p,{>l�p,E<�2t7z&{>Gx�)t>k,��l9H<q+tvJ�u E%k�tvl�p,J,E%k#�B"�G+kml9r p,E>��kmrVG9{>l+kFq�{>l9�>{>G+kFr G+kmH#J,E#Js&E&p<H#u H#�}E#G�p=��r u�J,E%kop,E)w�{>G+s�l9G9E}q+tvJmp,r E)w�E)s&E���J-tvK>�}E#G�p���l9r�E%kop<��r kmr �9u E>���)tvu K>J,H�u E%k<tvl�p,J,E%k���J-tvK>�}E#G�p-kkmE=q9J,{vnoE&p-tvG�p�t:�3tvG�pYu l9r@�?�[G9{>l+k�s#tvu s&l9u {>G+k�u E���J-tvK>�}E#G�p�s&l9�Yl9u H=E#G5p,E#G+tvG�p}s&{>�}q�p,E=w�Eas&E&pmp,Ear G+kmE#Jmp,r {>G��u EY��J-tvK>�}E#G�p*s&l9�Yl9u HYE%kop*u t=km{>�}�}E�w�E%k���J-tvK>�}E#G�p-k�q9J,H%s&H%w9tvG�p�u0� H#u H#�}E#G�p\r G+kmH#J,H>�+u l9rS�xs&{>�}q9J,r k-�?��Ñ�r[u E�)t>k,��l9E�tvr G+kmr�s&l9�Yl9u H�w�E#��r E#G�p�Foq9u E#r GLH}t:�3tvG�p*w�� t:�>{>r J*t3pmp,E#r G�p\u t�²+G�w�E�u t�u r kop,E>��G9{>l+k\w�H&p,J,l9r km{>G+k*tvu {>J-ku tap,{vp-tvu r p,H�w�l5J,E%kop,E�w�E)u t|u r kop,E>�[��l9r�J,E#q9J,H%kmE#G�p,E)w�E%k<H#u H#�}E#G�p-k<G9{>G5��r kmr �9u E%k#� � E%k�w�E#l���{>q�p,r �}r k,t3p,r {>G+kK�tvJ-tvG�p,r k,kmE#G�p�w�E#l��=s-y9{�kmE%k�·�G9{>l+k�G9E�q�{>l9�>{>G+k�t:�>{>r J�l9G9E*u r kop,E*w�E*q9u l+kbw�E*�v°YH#u H#�}E#G�p-k*��l9G9E��2t>s&E&pmp,E*q+tvJkm{>l+ko¦.q9r ��E#u���{>lakm{>l+ko¦Cs#t>kmE:��w�{>G+sv�9s&E<��l9r�E%kopbE#Gaq9u l+kby+tvl�p,E#�}E#G�pFr �}q9J,{>�+tv�9u E>��E#Gaq9J-t3p,r ��l9E:�?��E&pFG9{>l+k�G9Es&{>G+kmE#J,�>{>G+k�q+t>k�u E%k���J-tvK>�}E#G�p-k�r G�l�p,r u E%k#�9sv� E%kopm¦C�3¦Cw�r J,E*s&E#l��=��l9r7kmE#J,{>G�p��)t>k,��l9H%k�q+tvJbw�� tvl�p,J,E%k���J-tvK>�}E#G�p-ku E%kbq9J,H%s&H%w9tvG�p�w9tvG+kbu t�u r kop,E>�+j�� r u u l+kop,J-t3p,r {>G|w�E�s&E%kFw�E#l��={>q�p,r �}r k,t3p,r {>G+kbE%kopF��{>l9J,G9r E\q+tvJFu tY²+K>l9J,E\°+� Î9���{>l+k�q�{>l9�>{>G+k�G9H%tvG9�}{>r G+k�H&p,E#G+w�J,E�u tYkmE%s&{>G+w�E�{>q�p,r �}r k,t3p,r {>G=��l9G=s#t>k�q9u l+k�K>H#G9H#J-tvu0�+"�G=E&µ�E&p%��G9{>l+ks#tvu s&l9u {>G+kVr s&r�u E���J-tvK>�}E#G�pSs&l9�Yl9u H�w�E�p,{>l+k[u E%kVH#u H#�}E#G�p-k[q9J,H%s&H%w9tvG�p[u E�G9{>l9�>E%tvl<��J-tvK>�}E#G�pVr G+kmH#J,H��v�vÑ�� r u�E%kop
�
1 á[ümó-ú üoý:ú>à:ý � ð0ó-ñ?øFáoö&ç�üoý:ø�ý:ú �Và:áoô �oú �oøFáoö&ç0ô�ù:ð��oü��oà3ó-ö&çVú þ �oú �oøFáoö&ç ;�û ö:ô��oð2áoð�áoô2ç�ç0ð��oô7ð0ó-ù:û à:á��%ümó-ð�üoáCç2ç0á�õ?ù��oð0ó,ç0û õ?ö�áoô2ç
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Z=3

Z=12

Z=15

Liste actuelle

Nouveau
fragment

Z=3 Z=12

NIL

Z=3 Z=12

NIL

?
Z=15 < Z=3 Faux

Z=15

? Z=15 < Z=12 Faux

&~ ¹0 Vrai

?

?

Conditions d’insertion

(Également condition pour continuer
la recherche d’insertion)

?

&~ ¹0 Faux
?

(Également condition pour continuer
la recherche d’insertion)

recherche de la position d’insertion suivante

ARRET de recherche de la position d’insertion suivante

Destruction du fragment
masqué par le(s) fragment(s)
précédent(s) dans la liste

Liste

2

1

Conditions d’insertion

2

1

Z=3 Z=12

NIL

Liste

Liste inchangée
Z=3 Z=12

NIL

Recherche
d’insertion

Recherche
d’insertion

Z=3

Z=12

Z=15

Liste actuelle

Nouveau
fragment

Z=3 Z=12

NIL

?
Z=10 < Z=3 Faux

? Z=10 < Z=12 Vrai

&~ ¹0 Vrai

?

?

Conditions d’insertion

(Également condition pour continuer
la recherche d’insertion)

?

&~ ¹0?

(Également condition pour continuer
la recherche d’insertion)

recherche de la position d’insertion suivante

Insertion du fragment

Liste

2

1

Conditions d’insertion

2

1

Recherche
d’insertion

Recherche
d’insertion

Z=15

Z=10

Z=3 Z=12

NIL

Z=15

Z=10

Liste Z=3 Z=12

NIL

Z=15

Vrai

Liste
modifiée

Z=3 Z=12

NIL

Z=15Z=10 =
?

Condition de destruction

Vrai

Liste Z=3 Z=12

NIL

Z=15Z=10

Liste
modifiée Z=3

NIL

Z=10

Destruction des éléménts positionnés après le fragment inséré

Vérification du reste de la liste après l’élément inséré

|

������7°+� Î � 1 áoôSà:áoý%÷�õ?ù%ç0û øFû ô.ó,ç0û õ?ö:ôSá!2>áoüCç0ý��oáoô�ô0ý:ðSú ó�üoð��mó,ç0û õ?öYà:áoô�ú û ô2ç0áoôSà:á � ð0ó-ñ?øFáoö&ç0ô�ùvõ?ý:ðSý:ö�ù:û ÷%áoú ���¸ñ&ó-ý:ü%�:á���ú áö:õ?ý �&ámó-ý � ð0ó-ñ?øFáoö&ç[áoô2ç[à��Cç0ð2ý:û ç�ó��?ó-ö&çSà�þ ,Cç0ð2á�û ö:ô��oð����vümó-ð[û ú�ô0áoð0óFø�ó-ô��#ý���ù3ó-ôSý:ö)� ð0ó-ñ?øFáoö&ç[ú á�ù:ð��oü��oà3ó-ö&ç�à3ó-ö:ô[ú óbú û ô2ç0á����à:ð2õ?û ç0á���ú þ û ö:ô0áoð�ç0û õ?ö�à�þ ý:öYö:õ?ý �&ámó-ý � ð0ó-ñ?øFáoö&ç���áCç�ô.ó�üoõ?ø��:û ö3ó-û ô0õ?öYú õ?ñ?û �#ý:á�ó��&áoüFú áoô � ð0ó-ñ?øFáoö&ç0ô�ú ábù:ð��oü��oà3ó-ö&ç��+ù:ð2õ#à:ý:û ç�ý:öø�ó-ô��#ý:á��2ù:ú áoû ö��&' ç0õ?ý:ôSú áoô��:û ç0ô[à:ý�� ð0ó-ñ?øFáoö&ç[üoý:ø�ý:ú ��ô0õ?ö&ç>; � -%�V|�áoüoû9óFùvõ?ý:ð[á!2>áCç�ú óbà:áoô2ç0ð2ý:üCç0û õ?ö�à:á�ç0õ?ý:ôSú áoô � ð0ó-ñ?øFáoö&ç0ôô0ý:û �?ó-ö&çVú þ �oú �oøFáoö&ç7û ö:ô��oð����3ù:ý:û ô��#ý�þ û ú ô7ô0õ?ö&çVø�ó-ô��#ý��oô��



��� �������G�����.��
���
�	�
������ 	�����©T�mÂT��
 
��Z��
3�Q �a�*Â9ÂL
�Â ��Í
q9u E#r G7��G9{>l+k�w�H&p,J,l9r km{>G+k�u t<u r kop,E���l9r�u E*kml9r p%��kmr G9{>G)G9{>l+k�G9EF�2tvr km{>G+k�J,r E#G7����{>l+k�q�{>l9J,J,r {>G+k�w�{>G+sFq9J,{>q�{�kmE#Jw�E�s&{>G�p,r G�l9E#J�w�E<q+tvJ-s&{>l9J,r Jbu t}u r kop,EYw�E%kb��J-tvK>�}E#G�p-kbE&p*w�E�s&{>G�p,r G�l9E#J��}s#tvu s&l9u E#J�u E<�)t>k,��l9E�s&l9�Yl9u H>�+t3²+Gw�E\�>H#J,r ²+E#Jbkmr0��q9u l+kbu {>r Gaw9tvG+kbu tYu r kop,E>�9s&E#Jmp-tvr G+k���J-tvK>�}E#G�p-k�G9E<km{>G�pFq+t>k��)t>k,��l9H%k��)tvr G�p,E#G+tvG�pbq+tvJFs&E&pmp,Er G+kmE#Jmp,r {>G¸��u E\��J-tvK>�}E#G�pbr G+kmH#J,H\q�E#l�p��)t>k,��l9E#Jbl9G|H#u H#�}E#G�p�kmE*p,J,{>l9�3tvG�p���{>l�Ë�q9u t>s&E%kbq9u l+kFu {>r G|w9tvG+kbu tu r kop,E<q+tvJFE&��E#�}q9u E:�?� � E#q�E#G+w9tvG�p%�9G9{>l+kbG7� t:�>{>G+k�q+t>kFr �}q9u H#�}E#G�p,H�s&E&pmp,E<{>q�p,r �}r k,t3p,r {>G|km{>l+kFs&E&pmp,E<��{>J,�}E>�s#tvJ�E#u u E�G9H%s&E%k,kmr p,E�l9Gxq+tvJ-s&{>l9J-kFkml9q9q9u H#�}E#G�p-tvr J,E�w�E�u t}p,{vp-tvu r p,HYw�E�u t)u r kop,E�q�{>l9J*s-y+t>��l9E<q9r ��E#u���{>l�s#t>kmEw�� y9H#�}r s&l9��E:�?��E&p�s-y+t>��l9EFG9{>l9�>E#u u EFr G+kmE#Jmp,r {>G7�vq�{>l9J�²+G+tvu E#�}E#G�p�G9E�w�H&p,J,l9r J,EFu E%k�H#u H#�}E#G�p-k���l9E�l9G)q+tvJ�l9G7�� E&pmp,E�{>q�H#J-t3p,r {>GaE%kop�w�{>G+s*p,J,z%k�s&{���p,E#l+kmE>�9q�{>l9J�l9GxK�tvr G|w�� E%kmq+t>s&E<�}H#�}{>r J,E<K>H#G9H#J-tvu E#�}E#G�pb�2tvr �9u E��2k,tvl��J-tvJ,E%k�E&�9s&E#q�p,r {>G+k-�?����H%tvG9�}{>r G+k#��kmr�{>Gakm{>l9y+tvr p,E�K�tvJ-w�E#J�u E\´F¦CI�l�µ�E#JFs#tvu s&l9u H�q�{>l9JFw�� H#�>E#G�p,l9E#u u E%k�{>q�p,r �}r ¦k,t3p,r {>G+kS��l�p,l9J,E%k�{>l)w�� tvl�p,J,E%k�J,H#l�p,r u r k,t3p,r {>G+k#�vG9{>l+k�q�{>l9�>{>G+k�J,H%tvu r kmE#J�s&E&pmp,EFp,J,{>r kmr z#�}EF{>q�p,r �}r k,t3p,r {>G7�>tvq9J,z%kt:�>{>r J\s&J,H#H�u E)´F¦CI�l�µ�E#J<E#G�p,{vp-tvu r p,H>�7s&E)��l9r�G9{>l+k*H#��r p,E)w�E}q+tvJ-s&{>l9J,r J*u t=u r kop,E}E#G�p,{vp-tvu r p,H�q�{>l9J�s-y+t>��l9Er G+kmE#Jmp,r {>G¸��G9{>l+kbG9E<u E\�2tvr km{>G+k�q9u l+k���l7�9l9G9E<kmE#l9u E\��{>r kbq�{>l9J�s-y+t>��l9E\q9r ��E#u@�?�

������S°+� É%Ì � � ÷%áoøFù:ú ábà�þ û ø�ó-ñ?ábà:áFð��oô0õ?ú ý%ç0û õ?ö������	��
����\ümó-ú üoý:ú �oá�ù3ó-ð . �:õ#áoö:û ÷/��áoö)ì�*øFû ö#ý%ç0áoô&' à:õ?ö&çbë?ì*à:á�ú ó-ö:üoáoðà:á�ð0óoÿ&õ?ö:ô�áoö�ô0áoüoõ?ö:à:ábù3ó-ô0ô0á#-%�9|�áCç2ç0ábô0ü��oö:á�üoõ?øFùvõ?ð�ç0á � � �������(� ó-üoáCç2ç0áoô�áCç � ��ð0óoÿ&õ?ö:ô�ô0õ?ö&ç�ú ó-ö:ü��oôSù3ó-ð�ù:û ÷%áoú � 1 õ?ð2ô��#ý:ábú óô0ý:ð � ó-üoá�áoô2ç�Ø�� ä,Û0Û���� � ���\ð0óoÿ&õ?ö:ô�ô0õ?ö&ç�û üoû�ð2áoú ó-ö:ü��oô�ùvõ?ý:ð�ú þ û ö&ç��oñ?ð0ó,ç0û õ?ö)à:áFú þ ó-ö:ñ?ú áFô0õ?ú û à:á���ô0õ?û ç � �����\ð0óoÿ&õ?ö:ô�ùvõ?ý:ð�ü%�3ó
�#ý:áù:û ÷%áoú�ð2áoüoõ?ý �&áoð�ç�ù3ó-ðVú ó�ù:ú ó
�#ý:á�à�þ ó-ú ý:øFû ö:û ý:ø½ó-ý*üoáoö&ç0ð2á�à:á�ú þ û ø�ó-ñ?á��

j7E�p,E#�}q+k<p,{vp-tvu�w�E�J,E#G+w�l¸w�� l9G5y9H#�}r s&l9��E=s&{>�}q�{>Jmp-tvG�pYÍa´F¦CI�l�µ�E#J�q�{>l9J�l9G9E�k,s&z#G9E)s&{>�}q9u E&��E�w��r G�p,H#J,r E#l9J\t:�>E%s}É:Í>ÍvÌ>Ì>Ì��2t>s&E&pmp,E%k#��E%kop\w�E�u0� {>J-w�J,EYw�E &�� $���kmE%s&{>G+w�E%k*tvl��)t3��r �Yl9� ��u {>J-k,��l9E<p,{>l�p,E%k�u E%k�2t>s&E&pmp,E%kFw�E\u t�k,s&z#G9E\km{>G�p�w�E#�3tvG�pbu t�q�{�kmr p,r {>Gaw�� {>�+kmE#J,�3t3p,r {>G��?� � E<��l9r7kmr K>G9r ²+E\w�{>G+s*��l7��r u��2tvl�pFE#G���r J,{>G
v�kmE%s&{>G+w�E%k�� K�y9{�E#G9r ��q�{>l9Jbs#tvu s&l9u E#J�$�v7v (+(+(*�2t>s?p,E#l9J-k�w�E���{>J,�}E>��j�� tvu K>{>J,r p,y9�}E*w�E*J,E#G+w�l�q+tvJ�J-t>w�r {�kmr p,Hq9J,{>K>J,E%k,kmr �>E�H&p-tvG�p<w�H#q�E#G+w9tvG�p�w�l¸kmE#l9r u�w�� E#J,J,E#l9J<��l9E�u0� {>G�²9��Ex� $/(�����;�������� ����u E}q9u l+k<km{>l9�>E#G�p<w9tvG+kG9{vp,J,E*u {>K>r s&r E#u@�?��E&p�w�{>G+s*w�l|G9{>�Y�9J,E\w�� r p,H#J-t3p,r {>G+kbw�E\J-t>w�r {�kmr p,H>��r u��2tvl�p�� K�y9{�E#G9r ��� � v�kmE%s&{>G+w�E%k�q�{>l9Js#tvu s&l9u E#J�l9G9E�r �)tvK>Ebq9y9{vp,{>J,H%tvu r kop,E<��u Ebp,E#�}q+k�w�EFJ,H%km{>u l�p,r {>G}w�EFu t\�)t3p,J,r s&E�w�EFJ-t>w�r {�kmr p,HbE%kop�G9H#K>u r K>E%tv�9u E:�?�
� H&p-tvG�p}u E|G9{>�Y�9J,E|w�� r p,H#J-t3p,r {>G+k#��KS{>l9J}l9G9E|r �)tvK>E|s&{>�}�}Exs&E#u u Exw�E|u t�²+K>l9J,Ea°+� É%Ì9�[r uF�2tvl�p�s&{>�}q�p,E#JE#G���r J,{>G|É%Ç\�}r G�l�p,E%k�w�E�J,E#G+w�l}p,{vp-tvu0�>q9u l+k�ÈvÇ\�}r G�l�p,E%k�q�{>l9J�u E�u tvG+s&E#J�J-t:�>{>G+k#�:E#G�k,t>s-y+tvG�p���l7� {>G)t<u tvG+s&Hr s&rVÉ%Ì<J-t:�>{>G+kSq+tvJ�q9r ��E#u0�>E&p*É%Ì>Ì\q+tvJ�tvG9K>u E�km{>u r w�E�q�{>l9J�u t�kml9Jm�2t>s&EFJ,l9K>l9E#l+kmE���IbD�r � s&{>�}q9u E&��EY��q9u t>��l9Ew�� tvu l9�}r G9r l9� kml9JFu tY²+K>l9J,E\°+� É%Ì��?�
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jVt��}{vp,r �3t3p,r {>G½r G9r p,r tvu E|w�l s-y9{>r �½w�Eau0� y9H#�}r s&l9��Eaq�{>l9J�u E|s#tvu s&l9ubw�E%kY�2t>s?p,E#l9J-k�w�E=��{>J,�}E=J,E#q�{�k,tvr pkml9J�l9G�q+t>k,k,tvK>E�w�lxu r ��J,E�Æ °�Ì3Ï[q+tvK>E�É%Ì�Í��+w9tvG+k�u E%��l9E#u[r u[E%kop�q9J,H%s&r kmHY��l9E�u0� l�p,r u r k,t3p,r {>G�w�l�y+tvJ-w�ÁbtvJ,E<w�E%kÑ9Ò*ÓFq�E#J,�}E&p<w�� t>s#s&H#u H#J,E#J�u E}s#tvu s&l9u[w�E%k��2t>s?p,E#l9J-k*w�E���{>J,�}E�w�E��2t7z&{>G�w�J-t>kop,r ��l9E>�B"�G�E&µ�E&p%��s&{>�}�}E�u Ewu+¦I�l�µ�E#JFE%kop�s�xv�9u H\kml9JFu E%k�Ñ9Ò*Ó?�9E&p���l9E<s&E%kFkop-t3p,r {>G+kFkm{>G�pFs#tvq+tv�9u E%kFw�� E#G|s#tvu s&l9u E#Jbq9u l+kmr E#l9J-kbq+tvJ�kmE%s&{>G+w�E>�r u�w�E#��r E#G�p*q�{�k,kmr �9u E�w�� {>��p,E#G9r J<w�E%k�p,E#�}q+k\w�E}s#tvu s&l9u[q9J,{�s-y9E%k�w�l�p,E#�}q+k*J,H#E#u0��E#G�p,y9H#{>J,r Ea�@po��q9r ��l9E#�}E#G�pq�{>l9J�u0� r �)tvK>EY°+� É%Ì9�9{>G�tvl9J-tvr p�q�{>l9J�É%Ì>Ì}r p,H#J-t3p,r {>G+k#��ÍvÌ>Ì�u+¦CI�l�µ�E#J*�=s#tvu s&l9u E#J%�+u0� y9H#�}r s&l9��E�s&{>�}q�{>Jmp-tvG�pÍa�2t>s&E%k-�?�SÑ�t>s-y+tvG�pY��l9E=s&E%k�kop-t3p,r {>G+kYkm{>G�pYs#tvq+tv�9u E%k�w�E=s#tvu s&l9u E#JYq9u l+kmr E#l9J-k<�}r u u r {>G+kYw�E�q�{>u ��K>{>G9E%k<q+tvJkmE%s&{>G+w�E>�+r uSw�E#��r E#G�p\�)q9J,r {>J,rVH#��r w�E#G�p\��l9EYs&E�s#tvu s&l9uVE%kop�p,E#�}q+k�J,H#E#u0� � E#q�E#G+w9tvG�p�G9{>l+k*tvu u {>G+k��>{>r J%�+��l9Es&E�p,E#�}q+k\w�E�s#tvu s&l9u[�3tvJ,r E�H#G9{>J,�}H#�}E#G�p*E#Gx��{>G+s?p,r {>G�w�EYu t�J,H%km{>u l�p,r {>G�w�E�u t�K>J,r u u EYw�l�u+¦CI�l�µ�E#J%��s&E���l9rq�E#l�p���{>l9J,G9r J�w�E%k[p,E#�}q+k�w�� E&��H%s&l�p,r {>G�q9u l+kSr �}q�{>Jmp-tvG�p-k���l7� r u�G7� ��q+tvJ-t�I pSE#G�q9J,E#�}r z#J,EFtvq9q9J,{:��r �)t3p,r {>G7��r�Eq9u l+k#��u0� tvJ-s-y9r p,E%s?p,l9J,E�q+tvJm��{>r k�r G+t>w�H%��l+t3p,E*w�E�u tYkop-t3p,r {>G�K>J-tvq9y9r ��l9E�E#�}q9u {3�>H#E�q�E#l�pbJ,E#G+w�J,E*s&E*s#tvu s&l9u�q9u l+ku {>G9Kx��l7� l9G9E�kmr �}q9u E)r �}q9u H#�}E#G�p-t3p,r {>G¸u {>K>r s&r E#u u E�G7� l�p,r u r k,tvG�p�q+t>k\u E)y+tvJ-w�ÁbtvJ,E}w�H%w�r H����>{>r J<s&{>�}q+tvJ-t3p,r �2kq9u l+kFu {>r G��?�
´F²+G=w�E�q�{>l9�>{>r J�s#tvu s&l9u E#J�l9G9E�r �)tvK>EY��{>l�l9G9EFp-tv�9u E*w�� r G+w�E&�+��E#G�l�p,r u r k,tvG�p�u E�y+tvJ-w�ÁbtvJ,EFw�E%k�kop-t3p,r {>G+kK>J-tvq9y9r ��l9E%k#�vr u�E%kop�r G+w�r kmq�E#G+k,tv�9u E*w�E�q+tvJ,�>E#G9r J���K>H#G9H#J,E#J�l9G9E�p,E#u u E*r �)tvK>E�k,tvG+k�{>l9��J,r J�w�E���E#G9¨&p,J,E��2kmr G9{>Gr u��2tvl+w�J-tvr p�t>s#s&E#q�p,E#JFw�� t:�>{>r JbE#Gaq�E#J,�)tvG9E#G+s&E\l9G9E*��E#G9¨&p,J,E\{>l9�>E#Jmp,E*E&p���r kmr �9u E<w�E*p-tvr u u E\H%s&J-tvGaq�{>l9J�p,{>l+ku E%k�s#tvu s&l9u k-�b·�s&E&pmp,E�{>q�H#J-t3p,r {>G)k#� tvq9q�E#u u E�u0� pB7�h flm3À�À 	 m3À 	 g[ÀVm3¹ 	[¿ §��>��Ñ�l9J�u E%k�Ñ�r u r s&{>G=Ò*J-tvq9y9r s#k#�>l9G9EFp,E#u u E{>q�H#J-t3p,r {>G}G7� E%kop�q+t>k�tvl+k,kmr+kmr �}q9u E���l7� r u+��q+tvJ-t�I p%�>s#tvJ�tvl+s&l9G9E�u r pmp,H#J-t3p,l9J,E�G7� E%kop�w�r kmq�{>G9r �9u E�kml9J�s&E�kml3noE&p*·�}¨#�}E=u E=u r ��J,Eaw�E=J,H&��H#J,E#G+s&E=kml9J�Ð�q�E#G�Ò\j�Æ É#°�Í#ÏbG9E|s&{>G+k,t>s&J,E���l9Ea��l9E#u ��l9E%k�u r K>G9E%k���s&E=q9J,{>�9u z#�}E>�[E&pE#u u E%k�G7� tvq9q�{>Jmp,E#G�p�J,r E#G���l7� {>G)G9E�k,t>s-y9E�t:�3tvG�p�w�E�u E%k�u r J,E>����{>l+k�t:�>{>G+k�w�{>G+sFE%k,k,t:�>Hbp,{>l�p,E%k�u E%k��}H&p,y9{�w�E%kE&��r kop-tvG�p,E%k §,§ q�{>l9J�s#tvu s&l9u E#J)l9G9E|r �)tvK>E|q+tvJ){vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9K+�Sk,t>s-y+tvG�p)��l9E|G9{>l+k}J,E%s-y9E#J-s-y9r {>G+kYu t�}H&p,y9{�w�E\u t�q9u l+k�J-tvq9r w�E\q�{�k,kmr �9u E>��E#G=p,E#J,�}E<w�E�p,E#�}q+kFw�� E&��H%s&l�p,r {>G7�9KS{>l9JFs&E*�2tvr J,E>��G9{>l+kFt:�>{>G+k�p,E%kop,H\Çu r �9J-tvr J,r E%kbw�r µ�H#J,E#G�p,E%k<·�Ð�q�E#G�Ò\j��9u t�u r �9J-tvr J,r E\q9l9�9u r ��l9E��xE%k,t�§o³v��r �}q9u H#�}E#G�p-t3p,r {>G|�Yl9u p,r ¦.q9u t3p,E&��{>J,�}E<w�E%k��{>G+s?p,r {>G+k�Ð�q�E#G�Ò\jxt:�>E%s�u E%k��}¨#�}E%kSG9{>�)k#�3�)tvr k�t:�>E%s���l9E#u ��l9E%k�w�r kop,r G+s?p,r {>G+k�kml9J�u t*K>E%kop,r {>G}w�E%k��	��
7¢ Ä ¬-�E&p���¯S¢-£��C£�3¢-£�«C¡ Ä �
tV{>l�p\w�� tv��{>J-w���t:�3tvG�p\w�E�s&{>�}q+tvJ,E#J*s&E%k�u r �9J-tvr J,r E%k*w�� l9G�q�{>r G�p\w�E���l9EY��r p,E%k,kmE>��r uSs&{>G���r E#G�p\w�E}s&{>��¦q9J,E#G+w�J,E\l9Gxq9y9H#G9{>�}z#G9E<q9J,H%s&r k#�+s&{>G+s&E#J,G+tvG�pbu0� {vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9K+� "�GxE&µ�E&p%��kml9r �3tvG�p�u t�p,E%s-y9G9r ��l9E���l9rE%kopbE#�}q9u {3�>H#E>��r u�E%kop���J,H%��l9E#G�pF��l9E*u E��2tvr p�w�E*G9E\q+t>k�{>l9��J,r Jbw�E���E#G9¨&p,J,E\E#�}q�¨%s-y9E*u0��l�p,r u r k,t3p,r {>G|w�l=y+tvJ-w�¦ÁbtvJ,E�w�H%w�r H�w�E�u t�kop-t3p,r {>G)·#p,{>l+kVu E%k[s#tvu s&l9u kVkm{>G�pStvu {>J-k�J,H%tvu r kmH%k7q+tvJVu E�q9J,{�s&E%k,kmE#l9J%�#s&E���l9r�J,E#G+w<u0� {>q�H#J-t3p,r {>G��E%tvl+s&{>l9q��}{>r G+k[r G�p,H#J,E%k,k,tvG�p,E>� � E&pmp,Ebq9J,{>q9J,r H&p,H�E%kop�s&{>G9G�l9E�E#G�q9J,{>K>J-tv�}�)t3p,r {>G�t:�>E%sFÐ�q�E#G�Ò\j��vkm{>l+k[l9Gq+tvJ-tv�}z&p,J,EF��{�{>u H#E#G�tvq9q�E#u H��>¤ Ä ¢%%«m����l9r+q9J,E#G+w}u t��3tvu E#l9J � ©��n��	��Q
½{>l � ©����9��©[ÂL
���kml9r �3tvG�p���l9E�u0� {>Gw�H%kmr J,E�l�p,r u r kmE#J\{>l�G9{>G�l9G9E)s&{>G9G9E&��r {>G�w�r J,E%s?p,E}�>E#J-k�u tas#tvJmp,E�K>J-tvq9y9r ��l9E>��{>l�q+t>k,kmE#J\q+tvJ*u E)kmE#J,�>E#l9J��Y�

��tvu y9E#l9J,E#l+kmE#l9�}E#G�p%�3s&Eb��{�{>u H#E#G}w�{>r p�¨&p,J,EFkm��kop,H#�)t3p,r ��l9E#�}E#G�p�q9u t>s&Hb� � ©����9��©[ÂL
��>kmr�{>GY�>E#l�p�q�{>l9�>{>r Jl�p,r u r kmE#J�u0� {vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9K�§oÅ�k,tvl���w9tvG+kSl9G)s#t>k[l9G9r ��l9E<·vu E%kS��±�����
7¢ Ä ¬�kml9J�u E%k,��l9E#u kSG9{>l+kSJ,E#��r E#G+w�J,{>G+kq9u l+kFu {>r G7�
j7{>J-k,��l9E�u tYk,s&z#G9E�E%kopFs#tvu s&l9u H#E*kml9J�u t�s#tvJmp,E�K>J-tvq9y9r ��l9E���H#u r �}r G+t3p,r {>Gaw�E�q+tvJmp,r E%k�s#t>s-y9H#E%k�E&pFkop,{�s�
3tvK>Ew�E%kbr G+w�E&�aw9tvG+kbl9Gap-tv�9u E%tvl��?��G9{>l+kbw�E#�>{>G+kbq9J,{�s&H%w�E#JF�Yu t�u E%s?p,l9J,E<w�l��	��
7¢ Ä J,H%kml9u p-t3p���u tYp-tv�9u E<w�� r G+w�E&�r s&r@�?�[��r txl9G9E���{>G+s?p,r {>G Ð�q�E#G�Ò\j tvq9q�E#u H#E � Ã 	*¢&®��>��¤ ¥�¢-Ã ¬�� �%��Ñ�r�u0� E&��H%s&l�p,r {>G½w�Eas&E&pmp,E���{>G+s?p,r {>G5E%kopYp,J,z%kJ-tvq9r w�E�t:�>E%s�u0� l�p,r u r k,t3p,r {>G�w�r J,E%s?p,E�w�l|y+tvJ-w�ÁbtvJ,E)��E&p�w�{>G+s\E#Gx{>l9��J-tvG�pFl9G9E\��E#G9¨&p,J,E:�?�+r u7u l9r7�2tvl�p*w�E�w�E#l������l+t3p,J,E\kmE%s&{>G+w�E%k�E#Ga{vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9K+��q�{>l9JbJ,H%s&l9q�H#J,E#Jbl9Ga�9l�µ�E#J�w�E*p-tvr u u E $/()& ��� $/()& �a��E&pFl9G9E<�w�E#l���kmE%s&{>G+w�E%k�q�{>l9J*l9G��9l�µ�E#J<w�EYp-tvr u u E�$/()& � �Ov%$'&>� � � E%s&r�kmr K>G9r ²+E�w�{>G+sY��l9E}kmr[G9{>l+k�K�tvJ-w�{>G+k�s&E&pmp,E
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J,H%km{>u l�p,r {>G½w�E-$/()& �!� $/()& ��q�{>l9J�G9{vp,J,E=y9H#�}r s&l9��E>�Sr u��2tvl�p)���� �¡�¢-£9¤ ¥5E#G�p,J,E�,�E&p�$'&�kmE%s&{>G+w�E%k�q�{>l9JJ,H%s&l9q�H#J,E#J�u E%k��9l�µ�E#J-k�s#tvu s&l9u H%k�q+tvJ�{vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9K�§ Ô �B"�G�l�p,r u r k,tvG�p�G9{vp,J,EY´F¦CI�l�µ�E#J%���� �¡�¢-£9¤ ¥�s#tvu ¦s&l9u E)w�E%k��2t>s?p,E#l9J-k\w�E���{>J,�}E�q�{>l9J\u E%k\s&r G+�|�2t>s&E%k\w�E}u0� y9H#�}r s&l9��E)t:�>E%s�l9G9E}J,H%km{>u l�p,r {>G�w�E �)(+*+, � �)(+*+,E#G $��akmE%s&{>G+w�E%k<tvl�p,{vp-tvu0�VÑ�r�G9{>l+k<tvq9q9u r ��l9{>G+k\u ta�}¨#�}E)J,H%km{>u l�p,r {>G�q�{>l9J<u0� {vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9K+��G9{>l+kq+t>k,km{>G+k�tvu {>J-k�E#G�p,J,E *+,<E&p �)& (<kmE%s&{>G+w�E%k�q�{>l9J�{>��p,E#G9r J�u t<�}¨#�}E*��l+tvu r p,H*��l9E�G9{vp,J,E�´F¦.�9l�µ�E#J�q9J,H%s&H%w�E#G�p%�
r�E|q9u l+k#�Su E=p,E#�}q+k}w�� E&��H%s&l�p,r {>G w�EaG9{vp,J,E|´F¦CI�l�µ�E#J}q�E#l�p�w�E%k,s&E#G+w�J,Ea� &�kmE%s&{>G+w�E%k#��kmrbu EaG9{>�Y�9J,Eaw�E�2t>s&E&pmp,E%k*q9u t>s&H#E%k\w�E#�3tvG�p<u0� {>�+kmE#J,�3t3p,E#l9J*E%kop\J,H%w�l9r p���u E%k\tvl�p,J,E%k��2t>s&E&pmp,E%k*G9E)km{>G�p\q+t>k�p,J-tvr p,H#E%k#��s#tvJ*E#u u E%kkm{>G�p�w�r J,E%s?p,E#�}E#G�pFH#u r �}r G9H#E%kFq+tvJFu E\�>{>u l9�}E<w�E<��r kmr {>G|w�{>G�pFE#u u E%kFG9E*��{>G�p�q+t>kbq+tvJmp,r E:�?�
KS{>l9J*J,H%kml9�}E#J%��G9{vp,J,E}´F¦CI�l�µ�E#J*E%kop<w�{>G+sYE#G�p,J,E��)E&p $/,+(}��{>r k*q9u l+k*J-tvq9r w�E���l7��l9G�{vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9Kl�p,r u r k,tvG�p\u t�u r �9J-tvr J,r E)Ð�q�E#G�Ò\j���q�{>l9J*l9G9E}k,s&z#G9E}w�E�$�v7v (+(+(�p,J,r tvG9K>u E%k�E&p\E&�9t>s?p,E#�}E#G�p\w9tvG+k*u E%k��}¨#�}E%ks&{>G+w�r p,r {>G+k�E&��q�H#J,r �}E#G�p-tvu E%k#�
"�G��}{3�>E#G9G9E>�9u E<�2t>s?p,E#l9J�w�� t>s#s&H#u H#J-t3p,r {>G|E%kop*w�E�*+(}E#Gx�2t:�>E#l9J�w�EYG9{vp,J,E�´F¦I�l�µ�E#J%�

Ð�G}s&{>G+kop-t3p,EFw�{>G+sb��l9EFu t*u E%s?p,l9J,E�w�l�� Ä ®��=¢ �	��
7¢ Ä w�� l9G9E�Ñ9Ò*Ó[E%kop�p,J,z%kSu {>l9J-w�EbE&p�q�H#G+tvu r kmE���{>Jmp,E#�}E#G�pu E%kbp,E#�}q+k�w�E�s#tvu s&l9u0��u {>J-k,��l9E\u0� l�p,r u r k,t3p,r {>Gxw�E<u0� {vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9KYG9E<q�E#J,�}E&p�q+t>kbu0�9E#�}q9u {>rVw�l|y+tvJ-w�¦ÁbtvJ,E�w�E\s&E%k�kop-t3p,r {>G+k?§B!3� "�G=E&µ�E&p%��u {>J-k�w�� l9Gatvq9q�E#u���u t<��{>G+s?p,r {>G � Ã 	*¢&®��>��¤ ¥�¢-Ã ¬�� �%��u E\s&{>G�p,E#G�l=w�l�� Ä ®��=¢
�	��
7¢ Ä l�p,r u r kmE*l9G�po��q�E�q+tvJmp,r s&l9u r E#J�w�E �	��
7¢ Ä ¬�K>J-tvq9y9r ��l9E%k �YÉ>É*tvq9q�E#u H%k �S¹��7¼ ¾ ��h�����l9r�km{>G�p���u0� {>J,r K>r G9E�}¨#�}EFw�l}J-tvu E#G�p,r k,kmE#�}E#G�p�s&{>G+kmr w�H#J-tv�9u Ebw�l�q9J,{�s&E%k,kml+kSw�EbJ,H%s&l9q�H#J-t3p,r {>G�w�EFu0� r �)tvK>Ebs#tvu s&l9u H#E>�>Ñ9Ò*ÓSt*w�{>G+sp,E#G�p,HYw�E<q+tvu u r E#J�s&E�w�H&�2tvl�p��)t3noE#l9J%�9E#Gxr �}q9u H#�}E#G�p-tvG�p�l9G9E<�>E#J-kmr {>Gay+tvJ-w�ÁbtvJ,E\w�E%k�¯�¤ ¥	��®#¯�¬#�9q�{>l9J�q�E#Jm¦�}E&pmp,J,E<��u t���{>G+s?p,r {>G|w�E<u E%s?p,l9J,E\w�E%k
� Ä ®��=¢ �	��
7¢ Ä ¬Fw�E<k#� E&��H%s&l�p,E#JbE#G=p,E#�}q+kbJ,H#E#u�·�u E%k���465�»87�ÀVmJh>� � E%k
K�¦CI�l�µ�E#J-k�q9J,H%kmE#G�p,E#G�p�u0� t:�3tvG�p-tvK>E�H#G9{>J,�}E*w�E*q�{>l9�>{>r J�l�p,r u r kmE#Jbu E*��{�{>u H#E#G �>¤ Ä ¢%%«[E#G=�}{�w�E � ©��n��	��Q
��s&E*��l9r�G9{>l+k�t>k,kml9J,E�u0� l�p,r u r k,t3p,r {>G=w�l�y+tvJ-w�ÁbtvJ,E�w�H%w�r H*w�E%kbÑ9Ò*Ó?��tvl+k,kmr+�9r E#G=kml9J�u E*s#tvu s&l9u�w�E�u0� H#u r �}r G+t3p,r {>Gw�E%k<q+tvJmp,r E%k�s#t>s-y9H#E%k#�7��l9E�kml9J�u0� E&��H%s&l�p,r {>G5w�E)u ta��{>G+s?p,r {>G � Ã 	*¢&®��>��¤ ¥�¢-Ã ¬�� �%�8"�G5q9J-t3p,r ��l9E>�7G9{>l+k�t:�>{>G+kr �}q9u H#�}E#G�p,H\u E%kb��±�����
7¢ Ä ¬bw9tvG+k��� �¡�¢-£9¤ ¥��+j7E%k�p,E#�}q+kFw�E<s#tvu s&l9uVÐ�q�E#G�Ò\j�q+t>k,kmE#G�pFtvu {>J-k�� & (�kmE%s&{>G+w�E%kq�{>l9JFu r J,E*E&p�s#tvu s&l9u E#J $/(+(�� Ä ®��=¢ �	��
7¢ Ä w�E*p-tvr u u E $/()& � � $/()& �a�2s&l9J,r E#l+kmE#�}E#G�p%��u E*p,E#�}q+kb�3tvJ,r E\w�E\�2t7z&{>GG9{>G)kmr K>G9r ²�s#t3p,r �>E�q�{>l9J�w�E%kS�9l�µ�E#J-k�w�Ebp-tvr u u E $/()& �J�3v%$'&>�?�%km{>r p�l9G��2t>s?p,E#l9J�w�� t>s#s&H#u H#J-t3p,r {>G}w�E $/(*E#G���r J,{>G7�´ q9J,r {>J,r0�9u E%k�K�¦CI�l�µ�E#J-k�q�E#J,�}E&pmp,E#G�p*u E�s#tvu s&l9u[w�E & ()r p,H#J-t3p,r {>G+k�w�E�J-t>w�r {�kmr p,H3§Bs3��q�E#G+w9tvG�p\��l9E�G9{vp,J,EY´F¦I�l�µ�E#J�G7� E#G�E&µ�E%s?p,l9E*��l9E &�� ��tvu y9E#l9J,E#l+kmE#�}E#G�p%�vG9{vp,J,E�´F¦CI�l�µ�E#J���{>l9J,G9r p�l9G9E���{>r k�w�E�q9u l+k�l9G9E�q9J,H%s&r kmr {>Gw9tvG+k�u EYs#tvu s&l9uVw�E%kF�2t>s?p,E#l9J-k�w�E<��{>J,�}E>�8$/,���{>r k�kml9q�H#J,r E#l9J,E�tvl���K�¦CI�l�µ�E#J-k�E#�}q9u {3�>H%kFr s&r0��´�r G+kmr0��kmrVG9{>l+k�>{>l9u {>G+k�u t��}¨#�}E\q9J,H%s&r kmr {>G|t:�>E%s�u E%kb��±�����
7¢ Ä ¬#��r u��2tvl�p�s#tvu s&l9u E#J $/,��9l�µ�E#J-kbq+tvJ��2t>s&E<w�� y9H#�}r s&l9��E<q�{>l9J{>��p,E#G9r J�l9G9EYJ,H%km{>u l�p,r {>Gxw�E��)(+*+, �!�)(+*+,=§ .v� "�G�q9J-t3p,r ��l9E>��w9tvG+k��� �¡�¢-£9¤ ¥���u E%k���± �	��
7¢ Ä ¬��}E&pmp,E#G�p $/,+(+(kmE%s&{>G+w�E%k�q�{>l9JFs#tvu s&l9u E#J�$/(+(�r p,H#J-t3p,r {>G+k�w�E*J-t>w�r {�kmr p,H>��tvu {>J-k���l9E*u E\´F¦CI�l�µ�E#JbG9E*�}E&p���l9E $/(+(+(�kmE%s&{>G+w�E%kE#G���r J,{>G7�

j7E%k�w�E#l��}tvl�p,J,E%kSu r �9J-tvr J,r E%k[l�p,r u r kmH#E%k�q�{>l9J�u0� {vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9K\km{>G�p���¢?¬-®�E&pG��¯S¢-£j�C£�3¢-£�«C¡ Ä �Jr*tvG+ku E\s#t>kbw�E ��¢?¬-®���G9{>l+k�{>��p,E#G9{>G+kbw�E%k�p,E#�}q+kbw�E<s#tvu s&l9u kbw�l=�}¨#�}E\{>J-w�J,E*��l9E*u E%k�K�¦.�9l�µ�E#J-k�$/()& � � $/()& �+�� E%s&r�p,r E#G�p�tvlY�2tvr p���l9EFu E�p,E#�}q+k�w�EFJ,E#G+w�l�q+tvJ�u+¦.�9l�µ�E#J�w�� l9G9EFk,s&z#G9E�w�E $�v7v (+(+(F�2t>s&E&pmp,E%kSE%kop�p,J,z%kSJ-tvq9r w�E>��}¨#�}E=k,tvG+k<y+tvJ-w�ÁbtvJ,E>���)tvr k�kml9Jmp,{>l�p%�Vr u�G7� E%kopYq+t>k<��E%km{>r G½w�� l�p,r u r kmE#JYu ta��{>G+s?p,r {>G � Ã 	*¢&®��>��¤ ¥�¢-Ã ¬�� ��s#tvJ
��¢?¬-®<K>z#J,E�u E%k��9l�µ�E#J-k�w�� {vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9K<E#G�u E%k�tvu u {>l+tvG�p�w�r J,E%s?p,E#�}E#G�pFw9tvG+k�u tYD�´ � km{>l+k�u t<��{>J,�}Ew�� l9G�q�{>r G�p,E#l9J�·�km{>G�t>s#s&z%k�E%kop\w�{>G+s�r G+kop-tvG�p-tvG9H>����l9E#u u E���l9E}km{>r p\k,t}p-tvr u u E>� � E#q�E#G+w9tvG�p%��s&{>�}�}EYr uSG7� �tatvl+s&l9G9E}l�p,r u r k,t3p,r {>G�w�l�y+tvJ-w�ÁbtvJ,E>��u E�p,E#�}q+k<w�E)s#tvu s&l9u�tvl9K>�}E#G�p,E}w�E��2t7z&{>G�u r G9H%tvr J,E}t:�>E%s�u E}G9{>�Y�9J,Ew�E<q�{>u ��K>{>G9E%kbw�E<u t}k,s&z#G9E)�@p,{>l�p�s&{>�}�}E<G9{vp,J,E<´F¦CI�l�µ�E#J%���)tvr kF��l9r7J,E%kop,E\q9u l+kFJ-tvq9r w�E\K>J x>s&E\�}km{>G|kml9Jm¦H%s-y+tvG�p,r u u {>G9G+tvK>E\�v°��9r p-k-�?�
KS{>l9J���¯S¢-£��C£�3¢-£�«C¡ Ä ��E#�}q9u {>r�w�E}u t|s&u t>k,kmE)Â+¡�� 
�Â� Ä ¢#¢-£;	*¢-£ ��¢ Ä ¢ Ä �?��u E%k*p,E#�}q+k<w�E)s#tvu s&l9u�kml9J<u ta�}¨#�}Ek,s&z#G9E)km{>G�p<u E%k\q9u l+k\�)tvl9�3tvr k<w�E}p,{>l+k#� � E#u taq9J,{3��r E#G�p<s&u tvr J,E#�}E#G�p<w�l��2tvr pY��l9Eo��¯S¢-£��C£�3¢-£�«C¡ Ä E%kop<l9G9Ekml9J-s&{>l+s-y9E}w��`��¯S¢-£ � ©���E&p<q�{�k,kmz%w�E)w�{>G+sYu E%k\�}¨#�}E%k\u r �}r p-t3p,r {>G+k<��l9E)s&E&pmp,E�w�E#J,G9r z#J,E>��t:�>E%s�E#G¸q9u l+k<k,t
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2>ô0üoð2áoáoö � ð2áoö:à:áoð2û ö:ñ�ùvõ?ý:ð�ú áümó-ú üoý:úVà:á*ì?ë�� �:ý 2>áoð2ô�à:á�ð��oô0õ?ú ý%ç0û õ?ö CFE =6@ ��CFE =6@ ' ô0õ?û ç�ë�� � ��� ý 2>áoð2ô  � �:û ç0ô!-%�+ùvõ?ý:ðbý:ö:á*ô0ü��oö:á*üoõ?øFùvõ?ð�ç.ó-ö&ç C 
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� ó-üoáCç2ç0áoô

É%Ì>ÌYy9H#�}r s&l9��E%k�w�E\p-tvr u u E �)(+*+, ���)(+*+,��� É%Ì>ÌYr p,H#J-t3p,r {>G+kFw�E\J-t>w�r {�kmr p,H:�Ð�q�E#G�Ò\j�q9r ���)tvq+k<�2k,tvG+kFy+tvJ-w�ÁbtvJ,E:� Êvy�Í3°>�}r GÐ�q�E#G9ÓCG��>E#G�p,{>J<�2k,tvG+kby+tvJ-w�ÁbtvJ,E:� Îvy+Ç>Ìv�}r G
�xE%k,t}Ç9� Ìa�2k,tvG+kby+tvJ-w�ÁbtvJ,E:� Çvy+Ç�Í3�}r GÐ�q�E#G�Ò\j�K�¦CI�l�µ�E#J-k<�2t:�>E%s*y+tvJ-w�ÁbtvJ,E:� Èv�v�}r G+Ç>Ì´F¦CI�l�µ�E#J ÈvÌv�}r G

�������°+� É:È � |�õ?øFù3ó-ð0ó-û ô0õ?ö*à:á�ö:õ-ç0ð2á�� � �:ý 2>áoðVó��&áoü�à:û 2/�oð2áoö&ç0áoô[ç0áoü%�:ö:û �#ý:áoôSà:á�ð2áoö:à:ý\áoö\õ
2>ô0üoð2áoáoö � ð2áoö:à:áoð2û ö:ñ�ùvõ?ý:ð�CFE E
���oøFû üoý��váoô7à:á�ð��oô0õ?ú ý%ç0û õ?ö @ E���� ��@ E���� �3ùvõ?ý:ð7ý:ö:á�ô0ü��oö:á�üoõ?øFùvõ?ð�ç.ó-ö&ç C 
�
 E E E�� ó-üoáCç2ç0áoô

q9J,{>q9J,E\s&{>l+s-y9E<w�� r G�p,E#J,q9J,H&p-t3p,r {>G7�
ÓCu�k#� tvK>r p)u �¸w�E|�}E%kml9J,E%k}E&��q�H#J,r �}E#G�p-tvu E%k#����l9E|G9{>l+k)s&{>G+kmr w�H#J,{>G+k}s&{>�}�}Ea��{>G+w9tv�}E#G�p-tvu E%k�q�{>l9J)u EJ,E#G+w�l½J,H%tvu r kop,E>�<"�G~E&µ�E&p%�S��E%tvl+s&{>l9q w�� tvJmp,r s&u E%k�{>l w�E=u r ��J,E%k�s&{>G+kmr w�z#J,E#G�p���l9Eau E�p,E#�}q+k}w�E|s#tvu s&l9u�E#GJ-t>w�r {�kmr p,H\G7� E%kop�q+t>kFl9Gx{>�+kop-t>s&u E>��q9l9r k,��l9E�u0� {>G|q�E#l�p�l�p,r u r kmE#J�u E<y+tvJ-w�ÁbtvJ,E<w�E�s&E#Jmp-tvr G9E%kF�)t>s-y9r G9E%kbq�{>l9Jt>s#s&H#u H#J,E#Jbu E%kFp,E#�}q+k�w�EYs#tvu s&l9u7w�E<�2t7z&{>G|r �}q�{>Jmp-tvG�p,E>�+��{>l+k�w�H#�}{>G�p,J,{>G+kbr s&r0�9K>J x>s&E<�)s&E%kF�}E%kml9J,E%k#�9��l9Es&E&pmp,Eat3�)J,�)t3p,r {>G5E%kopY�2tvl+k,kmE=q�{>l9J�w�E%k�k,s&z#G9E%kYw�{>G�p�u txp-tvr u u E=E%kop�r G���H#J,r E#l9J,E=�-& (+(+(+(+(=�2t>s&E&pmp,E%k#�SI�r E#Gk �9J%��u E%k\��±�����
7¢ Ä ¬<t>s#s&H#u z#J,E#G�p*��{>Jmp,E#�}E#G�p<u E%k<s#tvu s&l9u k#�7kmr�G9{>l+k\u E%k\u tvr k,km{>G+k\s#tvu s&l9u E#J<w�E%k\y9H#�}r s&l9��E%k�w�EJ,H%km{>u l�p,r {>G $/()& � � $/()& �+��E&p���l9E}G9{>l+k\u tvr k,km{>G+k�u E)´F¦CI�l�µ�E#J�s#tvu s&l9u E#J<w�E%k*y9H#�}r s&l9��E%k�w�E �)(+*+, � �)(+*+,9�� E#q�E#G+w9tvG�p%�[kmr�G9{>l+k��>{>l9u {>G+k�s&{>�}q+tvJ,E#J<G9{vp,J,E�´F¦CI�l�µ�E#J�tvl���K�¦CI�l�µ�E#J-kYw�E)p-tvr u u E $/()& ��� $/()& �+�7G9{>l+kw�E#��J,{>G+k�w�E%k,s&E#G+w�J,E�u t�J,H%km{>u l�p,r {>G�w�E*u0� y9H#�}r s&l9��E*q�{>l9J�G9{vp,J,E*´F¦CI�l�µ�E#Jb� $'& ���!$'& ���2s-y+t>��l9E*s#t>kmE�H&p-tvG�pE#u u E&¦.�}¨#�}E�kml9J,H%s-y+tvG�p,r u u {>G9G9H#E*E#G�� �!�)kml9JFl9G|E#G�p,r E#J�u {>G9K)w�E��v°}�9r p-k����>{>r JFq+tvJ-tvK>J-tvq9y9E�°+� È�� È�� É:�m�?��j7E%kp,E#�}q+k�w�E�s#tvu s&l9uVw�� l9Gxp,E#u[y9H#�}r s&l9��E�q+tvJ*´F¦CI�l�µ�E#J�J,E%kop,E#G�p�w�E�p,{>l�p,E<�2t7z&{>Gx�9r E#Gxr G���H#J,r E#l9J-k��)s&E#l��xw�E%k

K�¦CI�l�µ�E#J-k#�
ÓCuFJ,E%kop,E|s&E#q�E#G+w9tvG�p)l9G9E�w�r kop,r G+s?p,r {>G~p,J,z%k}r �}q�{>Jmp-tvG�p,E|��E&µ�E%s?p,l9E#J%��j7Eap,E#�}q+k�w�Exs#tvu s&l9u�t:�>E%s=w�E%k

K�¦CI�l�µ�E#J-kbE%kop�p,{>l3no{>l9J-k�E&��p,J,¨#�}E#�}E#G�p�w�H#q�E#G+w9tvG�p�w�E\u tYu E%s?p,l9J,E\q+tvJbu t���{>G+s?p,r {>G � Ã 	*¢&®��>��¤ ¥�¢-Ã ¬�� �%�9�)tvr kJ,E%kop,E�p,J,z%kVq�E#l}kmE#G+kmr �9u EbtvlYG9{>�Y�9J,E�w�E�q�{>u ��K>{>G9E%k�� nol+k,��l7� ��l9G}s&E#Jmp-tvr GYq�{>r G�pS�9r E#G�k �9J?�?� � E%s&r�kmr K>G9r ²+Eb��l9Eq�{>l9JFl9G9E<s#tvJmp,E*K>J-tvq9y9r ��l9E*s#tvq+tv�9u E\w�E*p,J-tvr p,E#J $/(Y{>l $�v��}r u u r {>G+kFw�E\q�{>u ��K>{>G9E%k�q+tvJFkmE%s&{>G+w�E>��u E*p,E#�}q+k
�2t>s?p,E#l9J�w�� t>s#s&H#u H#J-t3p,r {>GÐ�q�E#G�Ò\j¸q9r ���)tvq+k<�2k,tvG+kby+tvJ-w�ÁbtvJ,E:� É>� Ì|��J,H&��H#J,E#G+s&E:�Ð�q�E#G9ÓCG��>E#G�p,{>J<�2k,tvG+kby+tvJ-w�ÁbtvJ,E:� Ì9� Î>Ç

�xE%k,t}Ç9� Ì|�2k,tvG+kby+tvJ-w�ÁbtvJ,E:� È�� ÍÐ�q�E#G�Ò\jyK�¦CI�l�µ�E#J-k��2t:�>E%s�y+tvJ-w�ÁbtvJ,E:� ÈvÌ9� É:Í´F¦CI�l�µ�E#J Èv�9� Ë
�������°+� É%Ç ��� ó-üCç0áoý:ðVà�þ ó-üoü��oú �oð0ó,ç0û õ?ö<áoö&ç0ð2á�ú áoô7ø&�Cç��:õ#à:áoôVà�þ õ
2>ô0üoð2áoáoö � ð2áoö:à:áoð2û ö:ñ ' � � �:ý 2>áoð7üoõ?øFù:ð2û ô!-
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Première facette Seconde facette

Pointeur sur la scène

Pointeur 1er

élément

Pointeur 2d

élément

Liste chaînée de tous les éléments de la scène

������9°+� É#° � &ç0ð2ý:üCç0ý:ð2á �:û �oð0ó-ð2ü%�:û �#ý:á�à:á[ð2áoù:ð��oô0áoö&ç.ó,ç0û õ?ö<à:áoô�ô0ý:ð � ó-üoáoô7à�þ ý:ö:áSô0ü��oö:áSù3ó-ð �#ý3ó-à%ç0ð2áoá����Vö:áSú û ô2ç0á[ü%�3ó"! ö��oá�' áoöð2õ?ý:ñ?á#-7à:áSç0õ?ý:ôVú áoô��oú �oøFáoö&ç0ô ' ö���ý:à:ô7ç0áoð2øFû ö3ó-ý%÷3-�à:á�ú ó�ô0ü��oö:á�áoô2ç[üoõ?ö:ô2ç0ð2ý:û ç0á�ùvõ?ý:ðVý:ö\ó-üoü��oô[û øFø&�oà:û ó,ç��

w�E}s#tvu s&l9uSq�{>l9J & (=y9H#�}r s&l9��E%k\w�E}J,H%km{>u l�p,r {>G $/()& � � $/()& �+��kml9J*l9G9E)k,s&z#G9E}w�E�$'&��}r u u r {>G+k\w�EY�2t>s&E&pmp,E%kq+tvJ�E&��E#�}q9u E>�[J,E%kop,Eaw�E|ÈvÌ�kmE%s&{>G+w�E%k#�QK�tvJ}s&{>G�p,J,E>�[q�{>l9J�G9{vp,J,E=´F¦.�9l�µ�E#J%�SG9{>l+k�t:�>{>G+k<l9G~q9y9H#G9{>�}z#G9Ew�r µ�H#J,E#G�p|·Su t�u E%s?p,l9J,E|w�l~J,H%kml9u p-t3p�E%kop}�9r E#G~r G+kop-tvG�p-tvG9H#E=E&p}r G+w�H#q�E#G+w9tvG�p,E|w�l~G9{>�Y�9J,Eaw�E=q�{>u ��K>{>G9E%k�2s&{>�}�}E)q�{>l9J�u E%k�K�¦.�9l�µ�E#J-k-�?�7�)tvr k<u E)G9{>�Y�9J,E�w�E}�2t>s&E&pmp,E%k��ap,J-tvr p,E#J<r G9#+l9E#G+s&E=s&{>G+kmr w�H#J-tv�9u E#�}E#G�p\u E%kp,E#�}q+kbw�E\s#tvu s&l9u0� "�G��2tvr p%��q�{>l9J $/(�{>l $�v<�}r u u r {>G+k�w�E*q�{>u ��K>{>G9E%k#��G9{>l+k�tvl9J,{>G+k�w�E%k�p,E#�}q+kFw�E\s#tvu s&l9u�w�Eu0� {>J-w�J,E\w�E $+$/(+(YkmE%s&{>G+w�E%k�q�{>l9JJ& (Yy9H#�}r s&l9��E%kFw�E\J,H%km{>u l�p,r {>G $'& � � $'& �}§ � �9j7E%k�p-tv�9u E%tvl���°+� É>É>��°+� É:È�E&p°+� É%ÇYJ,H%kml9�}E#G�pFu E%kFJ,H%kml9u p-t3p-k�{>��p,E#G�l+k#�9q�{>l9JFl9G9E�k,s&z#G9E<s&{>�}q�{>Jmp-tvG�p $�v7v (+(+(<�2t>s&E&pmp,E%k<�@²+K>l9J,E<°+� É%Ì��?���{>l+k�q9J,{>q�{�km{>G+k�E#GatvG9G9E&��E*I u E\s&{�w�E\km{>l9J-s&E�E#G=u tvG9K�tvK>E � E&p3��¯S¢-£ � ©���q�{>l9Jbl�p,r u r kmE#J�u0� {vµ�k,s&J,E#E#G�¦J,E#G+w�E#J,r G9K+��kml9r �3tvG�p�u t��}H&p,y9{�w�E�w�E%k�¯�¤ ¥	��®#¯�¬bE&p�w�E%kF��± �	��
7¢ Ä ¬#�
]Q^`_a^`_a^`_ 	�ÀLf'1 	 ¹���»[Àog[À m ¾ g[¹cp=h%¹ k �
]Q^`_a^`_a^`_a^cb��=¾ g[¹cp=h%¹ k � ��mJp ¿ m3ÀLh h%¹	��ÀxÀVknh%»QmJi ¾ f>ÀLhng[¹�7�»�h%ÀLh

� {>�}�}E�E&��q9u r ��l9H�q9J,H%s&H%w�E#�}�}E#G�p%��G9{>l+k�l�p,r u r km{>G+k�u t��}H&p,y9{�w�E\w�E�u tYJ-t>w�r {�kmr p,H�q9J,{>K>J,E%k,kmr �>E>Æ Ç>Ê&Ï�q�{>l9Ju t\J,H%km{>u l�p,r {>G)w�E�u0� H%��l+t3p,r {>G)w�E�J-t>w�r {�kmr p,H>�>��{>l+k�t:�>{>G+kSr �}q9u H#�}E#G�p,H�u E%k�{>q�p,r �}r k,t3p,r {>G+k�s&u t>k,kmr ��l9E%k�w�lY¯S¡v±¬m¤0«2¤ �3¢F¡ �3¢ Ä ¬m �¡�¡�«2¤ £�ª�Æ ��È&Ï+E&p�w�l}p,E#J,�}E*®�� �3¤@®3£�«mÆ Ç>Ê%Ï.�>q�{>l9J�t>s#s&H#u H#J,E#J�u t<��r p,E%k,kmE�w�E�s&{>G��>E#J,K>E#G+s&E>�:E&p�p,J-tvr p,E#Ju E%k�J,H%kmr w�l+k*w�� H#G9E#J,K>r E>����{>l+k�G7� t:�>{>G+k�q+t>k*tvq9q�{>Jmp,H�w�E��}{�w�r ²�s#t3p,r {>G�q+tvJmp,r s&l9u r z#J,E��=s&E&pmp,EYp,E%s-y9G9r ��l9E>��kmrs&EYG7� E%kop\l9G9E}kop,J,l+s?p,l9J,E�w�E�w�{>G9G9H#E%k�l9G�q�E#l�q+tvJmp,r s&l9u r z#J,E>��q�{>l9J*H#��r p,E#J\w�� t:�>{>r J��=q+tvJ-s&{>l9J,r J�km��kop,H#�)t3p,r ¦��l9E#�}E#G�p�p,{>l+k�u E%k�tvJ,�9J,E%k�w�E%k�kml9Jm�2t>s&E%k���G9{>l+k�l�p,r u r km{>G+k�l9G9E�J,E#q9J,H%kmE#G�p-t3p,r {>G�y9r H#J-tvJ-s-y9r ��l9EFq+tvJ�
	��®��+« Ä ¢#¢?¬w�E%k�kml9Jm�2t>s&E%k�w�E�u t�k,s&z#G9E:�?��tvu {>J-k���l9E*kmE#l9u E%k�u E%k���E#l9r u u E%k�p,E#J,�}r G+tvu E%k�G9{>l+k�r G�p,H#J,E%k,kmE#G�p\���>{>r J�²+K>l9J,E�°+� É#°��?�
t���q9r ��l9E#�}E#G�p%��u {>J-k\w�� l9G9E)r p,H#J-t3p,r {>G¸w�E)J-t>w�r {�kmr p,H�q9J,{>K>J,E%k,kmr �>E>��G9{>l+k<s#tvu s&l9u {>G+k<kmE#l9u E#�}E#G�p<l9G9E�s&{v¦u {>G9G9E*w�E��2t>s?p,E#l9J-k�w�E���{>J,�}E>��km{>r p�u E%k��2t>s?p,E#l9J-k�w�E���{>J,�}E�E#G�p,J,E�l9G=q+t3p-s-y�H#�}E&pmp,E#l9J�E&p�p,{>l+k�u E%k�H#u H#�}E#G�p-k�@��E#l9r u u E%kbp,E#J,�}r G+tvu E%kFw�E%k�tvJ,�9J,E%kbw�E<J-t>w�r {�kmr p,H:��w�E<u t}k,s&z#G9E>� � E&pmp,E<{>q�H#J-t3p,r {>G=H&p-tvG�pFp,J,z%k���J,H%��l9E#G�p,E\E&p�u tp-tvr u u E<w�E<s&E%kbtvJ,�9J,E%k�km{>l9�>E#G�pbK>J-tvG+w�E>��r u�E%kopbp,J,z%k�r �}q�{>Jmp-tvG�p�w�E\G9E*q+t>kbq�E#J-w�J,E\w�E*p,E#�}q+kF��t>s#s&H%w�E#JFtvl��H#u H#�}E#G�p-k�p,E#J,�}r G+tvl����9E#�}q9u {3�>H%k�q�{>l9JFE#�}�)tvK�t>kmr G9E#Jbu0� H#G9E#J,K>r E>�I�r E#Gak �9J%��G9{>l+kbtvl9J,r {>G+k�q9l=J,E&p,E#G9r J�u tYJ-t>w�r {�kmr p,H�y9r H#J-tvJ-s-y9r ��l9E���l9r�q�E#J,�}E&pFw�� t:�>{>r J�l9Ga�)tvr u u tvK>E�km{>l9�>E#G�pq9u l+k�{>q�p,r �)tvu0��q�{>l9Jbl9G9E\k,s&z#G9E*w�{>G9G9H#E>����{>l+kbt:�>{>G+k�s&{>G+kmE#J,��H�u tYJ-t>w�r {�kmr p,H�q9J,{>K>J,E%k,kmr �>EFq�{>l9JFk,t<�2t>s&r u r p,Hw�� r �}q9u H#�}E#G�p-t3p,r {>Gxw�� l9G9E<q+tvJmp��2��l9E#u ��l9E%kbu r K>G9E%k�w�E<s&{�w�E�kml���kmE#G�p?�?�9E&p�w�� tvl�p,J,E<q+tvJmp%�9�}s#tvl+kmE<w�E<G9{vp,J,E´F¦.�9l�µ�E#J���l9r�q�E#J,�}E&p�w�E<s#tvu s&l9u E#JFw�E%k��2t>s?p,E#l9J-kbw�E*��{>J,�}E*p,J,z%k�J-tvq9r w�E#�}E#G�pbE&p�w�E\�)tvG9r z#J,E*J,E#u t3p,r �>E#�}E#G�pq9J,H%s&r kmE5��G9{>l+k)G7� t:�>{>G+k}w�{>G+s|q+t>k}G9H%s&E%k,k,tvr J,E#�}E#G�p}��E%km{>r G�w�� l9G �)tvr u u tvK>E|{>q�p,r �)tvu@�?����{>l+k�t:�>{>G+k�q+tvJtvr u u E#l9J-kFr �}q9u H#�}E#G�p,H�l9G��)tvr u u tvK>E<t>w9tvq�p-t3p,r �����>{>r J�q+tvJ-tvK>J-tvq9y9E*°+� È�� È�� È�� Í>��kmE#u {>Gxu t}�}H&p,y9{�w�EYw�E � {>y9E#GE&pFtvu0� Æ Ç�Ë&Ï�E&pbt:�>E%sFu E*�)tvq9q+tvK>E��9r w�r �}E#G+kmr {>G9G9E#u�w�E��E%s�
���E#Jmp%Æ Î>Î:Ï.��u {>J-k,��l9E�G9{>l+k�km{>l9y+tvr p,{>G+k�t3pmp,E#r G+w�J,E�u t��l9r G�p,E%k,kmE#G+s&EYw�E�u t)q9J,H%s&r kmr {>G|��r kml9E#u u E>��Ñ�rVu0� tvq9q�{>Jmp*w�� l9G��)tvr u u tvK>E<{>q�p,r �)tvuVG7� E%kop�q+t>kF��{>J-s&H#�}E#G�p�r G+w�r ko¦q�E#G+k,tv�9u E>�:u t�q9J,H%s&r kmr {>GYtvq9q�{>Jmp,H#Ebw9tvG+k[u E%kSs#tvu s&l9u k[q+tvJ[u Eb�)tvr u u tvK>E�w�E%kSw�r k,s&{>G�p,r G�l9r p,H%k?§ � q�E#l�p�k#� t:�>H#J,E#JVl9G

Õ � �Vö�� � �:ý 2>áoð �6@ �:û ç0ô�à:áVð��oô0õ?ú ý%ç0û õ?ö CF=�� �JCF=������#ý:û �?ó-ý%ç#;�ý:ö �N� �:ý 2>áoð<CFE =6@ �JCFE =6@�üoõ?øFøFá7áC÷%ù:ú û �#ý��Vù:ð��oü��oà:áoøFøFáoö&ç��Õ ��� × ÛCÜoä,évÚ × é>ã-× Ú ����ß.Û0Ù:× é%Ø3ê �� �:ë � ��� � ���:ë?ì?ë � � í��%ë � ì������ � � � � � ë?í��:ë��� ������ � ë��,î�à3ó-ö:ô�ú ó�ú û ç2ç��oð0ó,ç0ý:ð2á�ô0üoû áoö&ç0û � �#ý:á �%üoáCç2ç0á



Ë3Ì ������������	�
����������	�
�©�� � ������
�©���
�	�
��������������
����� 
{>l�p,r u�q9l9r k,k,tvG�p%����l9E�G9{>l+k�G7� t:�>{>G+k�q+t>k�r �}q9u H#�}E#G�p,H*q�{>l9Jbw�E%k�J-tvr km{>G+k�w�E�p,E#�}q+k*·�s&E#u t�J,E%kop,E�G9H%tvG9�}{>r G+kl9G9E�w�E%kFs#tvJ-t>s?p,H#J,r kop,r ��l9E%k���l�p,l9J,E%kF�}t3no{>l�p,E#J����� �¡�¢-£9¤ ¥��
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��{>l+k�t:�>{>G+k�s-y9{>r kmr9l9G9E�tvq9q9J,{�s-y9EbJ-t>w�r s#tvu E#�}E#G�p�w�r µ�H#J,E#G�p,E�w�E�s&E#u u E���l9r�s&{>G+kmr kop,E��\J,H#H#�}E&pmp,J,EFr �}�}H&¦w�r t3p,E#�}E#G�p�u0� H#G9E#J,K>r EFJ,E z&l9Ebq+tvJ�l9G9E�kml9Jm�2t>s&EFkmq�H%s&l9u tvr J,E>� "�G)E&µ�E&p%�>u {>J-k,��l9EbG9{>l+k�km{>l9y+tvr p,{>G+k���r kml+tvu r kmE#JSu tkm{>u l�p,r {>GaJ-tvq9r w�E#�}E#G�p%��G9{>l+kFG7� l�p,r u r km{>G+k���l9E\q�E#lxw�E%kFr p,H#J-t3p,r {>G+kFw�E<u t�J-t>w�r {�kmr p,H\q9J,{>K>J,E%k,kmr �>E��2w�r km{>G+kJ& (q+tvJFE&��E#�}q9u E:�?��Ñ�rVG9{>l+kbJ,H#H#�}E&pmp,{>G+kbp,{>l�p�w�E�kml9r p,E<u0� H#G9E#J,K>r E<w�E#q9l9r kFu E%k�kml9Jm�2t>s&E%kFkmq�H%s&l9u tvr J,E%k#�9s&E#u t�q�E#l�p��{>Jmp,E#�}E#G�p�J-tvu E#G�p,r J�u E%kbs#tvu s&l9u k#�>q�{>l9Jbl9G9E���r kml+tvu r k,t3p,r {>G)J-tvq9r w�E>��´�r G+kmr0��u E%k�w�E#l��=kmq9y9z#J,E%k�J,H$#+H%s-y9r k,k,tvG�p,E%kw�EYu0� r �)tvK>E�°+� É%Ì}q�{�k,kmz%w�E#G�p�q9u l+kmr E#l9J-k�w�r �%tvr G9E%k�w�E�q+t3p-s-y+k�J,E%s&E#�3tvG�p*w�EYu0� H#G9E#J,K>r E�w�z%k�u t){>G �#r z#�}E�r p,H#J-t3¦p,r {>G���u E%kFkml9Jm�2t>s&E%k�H#�}E&pmp-tvG�pFq�E#G+w9tvG�pbu E%k*É%ÌYq9J,E#�}r z#J,E%k�H&p-tvG�pFw�E%kbkm{>l9J-s&E%k�w�E\u l9�}r z#J,E*{>J,r E#G�p,H#E%k��>E#J-k�u Eq9u t3��{>G+w+�?��E&p�w�E#�)tvG+w�E#G�p<tvr G+kmr���J,H#H#�}E&pmp,J,E�u E#l9J\H#G9E#J,K>r E�p,{>l�p<w�E}kml9r p,E|·�kmrSG9{>l+k\s&{>G+kmr w�H#J,{>G+k�s-y+t>��l9EJ,H#H#�}r k,kmr {>G5kmq�H%s&l9u tvr J,E=s&{>�}�}E�l9G9E=r p,H#J-t3p,r {>G½w�E=J-t>w�r {�kmr p,H>�7G9{>l+k�J,r k,��l9{>G+kYw�� {>��p,E#G9r JYl9G9E=r �)tvK>E)p,J,z%kr G+k,t3p,r ko�2tvr k,tvG�p,E=s#tvJYu t�s&{>G�p,J,r �9l�p,r {>G½w�Eas&E%k�kml9Jm�2t>s&E%k�G7� E%kop�q+t>kYG9H%s&E%k,k,tvr J,E#�}E#G�p�r �}q�{>Jmp-tvG�p,E=q+tvJYJ-tvq�¦q�{>Jmp���w�� tvl�p,J,E%kFkml9Jm�2t>s&E%k#��E&p�G9{>l+kbt3pmp,E#r G+w�J,{>G+k���r p,E\u E�kmE#l9r u�w�E%kJ& (Yr p,H#J-t3p,r {>G+k#��E#G|t:��tvG�pbH#�}r kF��l9E\q�E#lw�E}u0� H#G9E#J,K>r E�p,{vp-tvu E>� � E%s&rSE%kop<E#G+s&{>J,E�tvK>K>J-t:�>H<u {>J-k,��l9EYq9u l+kmr E#l9J-k*�}r J,{>r J-k*kmE��>{>r E#G�p\u E%k*l9G+k\u E%k\tvl�p,J,E%k#�s&{>�}�}Easv� E%kop)w�� tvr u u E#l9J-kYu E|s#t>kYq�{>l9J�G9{�k�w�E#l��~kmq9y9z#J,E%k#�S��l9rbk#� r u u l9�}r G9E#G�p)E#G�p,J,E=E#u u E%k#��t���q9r ��l9E#�}E#G�p%�q�{>l9JFu t�k,s&z#G9E\°+� É%Ì9��kmr�G9{>l+k�J,H#H#�}E&pmp,{>G+k�p,{>l�p�w�E<kml9r p,E\u0� H#G9E#J,K>r E<kmq�H%s&l9u tvr J,E>��r u��2tvl�p�t3pmp,E#G+w�J,E\u t ��� z#�}E

r p,H#J-t3p,r {>G=t:�3tvG�pbw�E*J,H#H#�}E&pmp,J,E�l9G9E<kml9Jm�2t>s&E*s-y9{>r kmr E�q+tvJbu0� tvu K>{>J,r p,y9�}E�w�E*J-t>w�r {�kmr p,H�q9J,{>K>J,E%k,kmr �>E%³ �:��p-tvG+w�r k��l9E�kmr�G9{>l+k�t3pmp,E#G+w�{>G+k���l9EFs&E&pmp,E�kml9Jm�2t>s&EFkmq�H%s&l9u tvr J,EFkm{>r p�kmH#u E%s?p,r {>G9G9H#E>�3q+tvJ-s&EF��l9Ebu t<��l+tvG�p,r p,HFw�� H#G9E#J,K>r EE#�}�)tvK�t>kmr G9H#E�E%kop�kml���k,tvG�p,E>��G9{>l+k\G9{>l+k<tvq�E#J-s&E#�>{>G+k\��l9E}u taq9J,E#�}r z#J,E}J,H#H#�}r k,kmr {>G�kmq�H%s&l9u tvr J,E}G7� r G�p,E#Jm¦��r E#G�p���l9Eb��E%tvl+s&{>l9q�q9u l+kSp-tvJ-w�r �>E#�}E#G�p��2�*q+tvJmp,r J�w�EFu t $'&7v z#�}E r p,H#J-t3p,r {>G}w�EFJ-t>w�r {�kmr p,H�q�{>l9J�u t*q9J,E#�}r z#J,Ekmq9y9z#J,E<w�E<u0� r �)tvK>E*°+� É%Ì��?���{>l+k�s&{>G+kmr w�H#J,{>G+kSw�{>G+sF��l9EFu t*�}H&p,y9{�w�E���l9r+s&{>G+kmr kop,EF�\J,H#H#�}E&pmp,J,Ebr �}�}H%w�r t3p,E#�}E#G�p�u0� H#G9E#J,K>r EbJ,E z&l9EFq+tvJu E%k<kml9Jm�2t>s&E%k\kmq�H%s&l9u tvr J,E%k#��E%kop�w�{>�}�)tvK>E%tv�9u E}�=u ta��r p,E%k,kmE)w�E)s&{>G��>E#J,K>E#G+s&E�w�E}u taJ,H%km{>u l�p,r {>G�w�E}u0� H%��l+t3¦p,r {>G¸w�E}J-t>w�r {�kmr p,H>��u {>J-k,��l7� {>G�G9E)km{>l9y+tvr p,E�q+t>k\H#�}E&pmp,J,E�p,{>l�p,E}u0� H#G9E#J,K>r E�q9J,H%kmE#G�p,E)w9tvG+k*u t|k,s&z#G9E>�aKS{>l9Js&E&pmp,E*J-tvr km{>G7�vG9{>l+k�t:�>{>G+k�s&J,H#H�l9G9E*kop,J,l+s?p,l9J,E*w�E*w�{>G9G9H#E%k�kmq�H%s&r ²���l9E*��l9r0��q�{>l9J�l9G9E\kml9Jm�2t>s&E�kmq�H%s&l9u tvr J,E>�kop,{�s�
>E�u tY��l+tvG�p,r p,H\w�� H#G9E#J,K>r E*��J,H#H#�}E&pmp,J,E>��tvr G+kmr���l9E�u t�w�r J,E%s?p,r {>G�r G+s&r w�E#G�p,E\w�E\s&E&pmp,E*H#G9E#J,K>r E>�)"�G=E&µ�E&p%�s&{>G�p,J-tvr J,E#�}E#G�p*tvl���kml9Jm�2t>s&E%k�w�r µ�l+kmE%k#��u t�J-t>w�r {�kmr p,H�J,H#H#�}r kmEYq+tvJ*l9G9E�kml9Jm�2t>s&E�kmq�H%s&l9u tvr J,E�E%kop<w�r J,E%s?p,r {>G�¦G9E#u u E>�>E&p�w�H#q�E#G+w)w�r J,E%s?p,E#�}E#G�p�w�E�u t<w�r J,E%s?p,r {>G)w�� r G+s&r w�E#G+s&E>�>j7{>J-k,��l9Ebu E�s&l9�Yl9u+w�E�s&E&pmp,EFH#G9E#J,K>r EFq�{>l9J�l9GE#G+kmE#�Y�9u E�w�� tvG9K>u E%k�km{>u r w�E%k�tvq9q+tvJmp,E#G+tvG�p��\l9G9E�kml9Jm�2t>s&EFkmq�H%s&l9u tvr J,E>�vE%kop�kml���k,tvG�p�q�{>l9J���l9E�s&E&pmp,E�kml9Jm�2t>s&Ekm{>r p�s-y9{>r kmr EFq+tvJ�u E�s&J,r p,z#J,E�w�E�J-t>w�r {�kmr p,HFq9J,{>K>J,E%k,kmr �>E>�:G9{>l+k�J,H#H#�}E&pmp,{>G+k�u t\p,{vp-tvu r p,H�w�E�u0� H#G9E#J,K>r EFJ,E z&l9E>�>E#Gq9J,E#G+tvG�p*K�tvJ-w�EYw�E�J,H#H#�}E&pmp,J,E�s-y+t>��l9E���l+tvG�p,r p,H�w�E�J-t>w�r {�kmr p,HYw9tvG+k*km{>G�tvG9K>u E�km{>u r w�E�t>k,km{�s&r H>��jVt)²+K>l9J,E°+� É:Í�r u u l+kop,J,E�s&E&pmp,E\�}H&p,y9{�w�E�kml9JFl9G|E&��E#�}q9u E>�
jVt�J,E%w�r kop,J,r �9l�p,r {>G}kmq9H%s&l9u tvr J,Ebw�EFu0� H#G9E#J,K>r Ebk#� E&µ�E%s?p,l9EFE#G}w�E#l��YK>J-tvG+w�E%k[H&p-tvq�E%k#�>jVt�q9J,E#�}r z#J,EFs&{>G+kmr kop,E�xs#tvu s&l9u E#J<u E)�>{>u l9�}E���u0� tvG9K>u E�km{>u r w�E}E#G¸�2tvr p?�\w9tvG+k<u E%��l9E#u�u ta�2t>s&E&pmp,E�kmq9H%s&l9u tvr J,E)J,H#H#�}E&p�km{>G¸H#G9E#J,K>r E>�

� q+tvJmp,r JYw�l½q�{>r G�p�w�� H#�}r k,kmr {>G5{>J,r K>r G+tvu0��G9{>l+kYs#tvu s&l9u {>G+k<u E�q�{>r G�p�w�E�J,H#H#�}r k,kmr {>G¸��r Jmp,l9E#u0Æ É%�>Ê���É%�>Î:Ï�E&pp,J-t7z&{>G+kFu t)q���J-tv�}r w�EYw�EYJ,H#H#�}r k,kmr {>Gxs&{>�}�}E�q�{>l9J*u E%k�H&p-tvq�E%k*Í)E&p\��w�E�u t)²+K>l9J,E<°+� É:Í�����{>l+k�s&u r q9q�{>G+ktvu {>J-kSp,{>l�p,E%k�u E%k��2t>s&E&pmp,E%k�kmEFp,J,{>l9�3tvG�p�w9tvG+k�s&E��>{>u l9�}E%³?§�q�{>l9J�G9E*s&{>G+kmE#J,�>E#J���l9E�u t�q+tvJmp,r E���l9r�J,E z&{>r p�w�Eu0� H#G9E#J,K>r E>�vj7E%k[�2t>s&E&pmp,E%k�kmE�p,J,{>l9�3tvG�p�E#G}w�E#y9{>J-k�w�l}�>{>u l9�}EbG9EFJ,E%s&{>r �>E#G�pSq+t>k�w�l�p,{>l�p�w�� H#G9E#J,K>r EFw�E#q9l9r kSu t�2t>s&E&pmp,E*kmq9H%s&l9u tvr J,E>�>jVtYkmE%s&{>G+w�EFH&p-tvq�E*w�H&p,E#J,�}r G9E�u EF�2t>s?p,E#l9Jbw�EF��{>J,�}E�E#G�p,J,E�u t\�2t>s&E&pmp,E*kmq9H%s&l9u tvr J,EFE&p�u E%k�2t>s&E&pmp,E%k�w�l��>{>u l9�}E>�>E#G�l�p,r u r k,tvG�p�l9G�y9H#�}r s&l9��E*s&E#G�p,J,H�kml9J�u E�q�{>r G�pbw�E�J,H#H#�}r k,kmr {>G7��j7E�s#tvu s&l9u�k#� E&µ�E%s?p,l9Etvu {>J-kbw�E\u t}�}¨#�}E\�)tvG9r z#J,E<��l9E\q�{>l9J�l9G9E<kml9Jm�2t>s&E<w�r µ�l+kmE>�9q+tvJ�´F¦CI�l�µ�E#J%�9jVt}��l+tvG�p,r p,H<w�� H#G9E#J,K>r E\J,E z&l9Eq+tvJFu E%kFkml9Jm�2t>s&E%kF��u0� r G�p,H#J,r E#l9J�w�la�>{>u l9�}E\E%kop�s#tvu s&l9u H#E<tvlaq9J,{>J-t3p-t�w�E<s&E%kb�2t>s?p,E#l9J-kFw�E*��{>J,�}E>�
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Surface émettrice S1
de radiosité B
et de centre C

1

1

B1

Surface spéculaire
réceptrice S3

1 émission depuis une surface
diffuse

ère

Angle solide
d’émission

1

Surface spéculaire
réceptrice S3

BS3|S1

C1

Calcul radiosité reçue
BS3|S1=B xFFS3|S1 1

nil

Stockage provenance énergie et énergie
dans une liste chaînée

2 Réception par une surface
spéculaire 3

Surface émettrice S2
de radiosité B
et de centre C

2

2

B2

Surface spéculaire
réceptrice S3

2 émission depuis une surface
diffuse

de

Angle solide
d’émission

Surface spéculaire
réceptrice S3

Réception par une surface
spéculaire

Stockage provenance énergie et énergie
dans une liste chaînée

BS3|S1

C1

BS3|S2

C2

nil

Calcul radiosité reçue
BS3|S2=B xFFS3|S22

4

C1

Surface spéculaire
émettrice S3

Redistribution de la radiosité
depuis le point d’émission

B
C

S3|S1

1s

Angle solide
spéculaire
de réémission

5

Point d’émission virtuel
calculé depuisC C1s 1

C1s

Mise à jour de la liste chaînée
(destruction du premier élément)

BS3|S1

C1

BS3|S2

C2

nil

Liste chaînée
spéculaire
courante

BS3|S2

C2

nil
BS3|S1

C1

6

Surface spéculaire
émettrice S3

Redistribution de la radiosité B
depuis le point d’émission C

S3|S2

2s

Angle solide
spéculaire
de réémissionPoint d’émission virtuel

calculé depuisC C2s 2
C2s

C2

Liste chaînée
spéculaire
courante

nil
BS3|S2

C2

Mise à jour de la liste chaînée
(destruction du second élément)

BS3|S2

C2

nil
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facettes réceptrices

éléments recevant de l’énergie
depuis la facette émettrice

éléments ne recevant
pas d’énergie depuis A

facette (patch) émettrice

points suréchantillonnés pour
l’émission

Angles solides représentant
la partie d’une BRDF
pour la réémission

glossy
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]Q^`_a^`_a^`_a^ � � À 	 g[» g[ÀLhnh%»QmJi ¾ f>ÀLh)¹ch p;k�mJp ��ÀLh�ÀVk ¾
	 ¹ch p;k�mJp ��ÀLh
"�G�l�p,r u r k,tvG�p<u E)�}{�w�z#u E)w�EjM¸tvJ-w�Æ ÈvÇ>�%Ï.��G9{>l+k\q�{>l9�>{>G+k*q9J,E#G+w�J,E�E#G5s&{>�}q�p,E)w�E%k<kml9Jm�2t>s&E%k\t:�>E%sYw�E%kIbD�r � s&{>�}q9u E&��E%k#��tvl�p,J,E\��l9E\q9l9J,E#�}E#G�pFw�r µ�l+kmE%kb{>la�}r J,{>r J-k#��ÓCu7w�E#��r E#G�p�w�{>G+s�q�{�k,kmr �9u E\w�E<kmr �Yl9u E#JFw�E%kkml9Jm�2t>s&E%kVr km{vp,J,{>q�E%kVE&p�tvG9r km{vp,J,{>q�E%k#�:s&{>�}�}Ebw�E%k[�}H&p-tvl���{>l�w�E%kSkml9Jm�2t>s&E%kV�>E#J,G9r E%k[q+tvJ[E&��E#�}q9u E>�Jr*tvG+kSG9{�kk,s&z#G9E%k<�|J,E#K>H#G9H#J,E#J%��G9{>l+k<t:�>{>G+k*l�p,r u r kmH)l9G9E)q9u t>��l9E)E#G5tvu l9�}r G9r l9�|�Vs&{>�}�}E)u E)�}{>G�p,J,E}u0� r �)tvK>E}°+� É%Ì9�D�tvq9q�E#u {>G+k���l7� r uFk#� tvK>r p�r s&rbw�E|kml9Jm�2t>s&E%k�t:�>E%s)l9G9E|IbD�r � ��l9E=G9{>l+k�tvq9q9J,{:��r �}{>G+kYs&{>�}�}E=u t�km{>�}�}Ew�E�p,J,{>r k*p,E#J,�}E%k)���>{>r J<s-y+tvq9r p,J,EaÉ:��·�u E�p,E#J,�}E)w�r µ�l+k#�7u E}p,E#J,�}E)kmq9H%s&l9u tvr J,E�q+tvJm�2tvr p<E&p<u E�p,E#J,�}E}ª�Ã�¡3¬,¬�E7���{>l+kYG9{>l+kYr G�p,H#J,E%k,km{>G+k<r s&r�l9G9r ��l9E#�}E#G�p)tvl~s#t>k<ª�Ã�¡3¬,¬�E7�Vu E%k�w�E#l��½tvl�p,J,E%k<p,E#J,�}E%k�w�E=u t�IbD�r � t:��tvG�pw�Honm��H&p,H}w�H%s&J,r p-k�q9J,H%s&H%w�E#�}�}E#G�p%����{>l+k\t:�>{>G+k�w�{>G+s�J,E%s-y9E#J-s-y9HYw�r µ�H#J,E#G�p,E%k��}H&p,y9{�w�E%k*q�{>l9J\s#tvu s&l9u E#J�u tJ,H#H#�}r k,kmr {>G)w�E�u0� H#G9E#J,K>r EbJ,E z&l9E�q+tvJ�l9G9E�kml9Jm�2t>s&E�tvG9r km{vp,J,{>q�E>�vjVt<q9u l9q+tvJmp�km{>G�p�u r H#E%k���w�EF��{>Jmp-k�q9J,{>�9u z#�}E%kw�� tvu r t>k,k,tvK>E>�%s&{>�}�}E�u t��}H&p,y9{�w�EFw�E �x{>G�p,E � tvJ,u {YÆ É%Îv°9�vÈ>Èv�:Ï.�:{>lY{>G�p�w�E%kSw�r ��s&l9u p,H%k���p,J-tvr p,E#JSw�E%k�IbD�r �p,J,z%kYw�r J,E%s?p,r {>G9G9E#u u E%k)Æ É%Ì9Év�SÎ�È%Ï.�7p-tvG+w�r kY��l9Eaw�� tvl�p,J,E%k<G9H%s&E%k,kmr p,E#G�pYl9G9E=r �}q9u H#�}E#G�p-t3p,r {>G½s&{>�}q9u E&��E>Æ È3°+É3�É%Î>�:Ï.�+��{>l+k�t:�>{>G+kbs-y9{>r kmrVw�E�s&{>G+kmE#J,�>E#Jbu t�p,E%s-y9G9r ��l9E�w�E�u tvG+s&E#J�w�E<J-t:�>{>G+kbw�E �x{>G�p,E � tvJ,u {+���)tvr k�w9tvG+kl9G9E)��{>J,�}E���l9E)G9{>l+k�q�E#G+km{>G+k<{>J,r K>r G+tvu E>�7j7{>J-k,��l7� l9G9E)kml9Jm�2t>s&E���l9G5q+t3p-s-y��<tvG9r km{vp,J,{>q�E)w�{>r pYJ,H#H#�}E&pmp,J,Ekm{>G�H#G9E#J,K>r E>��q+tvJ-s&E)��l9E}u0� tvu K>{>J,r p,y9�}E}w�E)J-t>w�r {�kmr p,H�q9J,{>K>J,E%k,kmr �>EYu0� t|kmH#u E%s?p,r {>G9G9H#E>��G9{>l+k\K>H#G9H#J,{>G+k\tvu {>J-kq9u l+kmr E#l9J-k�q�{>r G�p-k�tvu H%t3p,{>r J,E#�}E#G�p�kml9J�u t�kml9Jm�2t>s&E�H#�}E&pmp,J,r s&E�kml9r �3tvG�p�u t<�}H&p,y9{�w�E�q9J,{>q�{�kmH#EFq+tvJ�Æ É%Ê:ÏC��q+tvK>E%kÈ3°�Î3¦oÈ>ÍvÇ��?�
KS{>l9J}s-y+t>s&l9G w�E|s&E%k�q�{>r G�p-k#�SG9{>l+k�G9Exs#tvu s&l9u {>G+kYq+t>k}w�E%k�J-t:�>{>G+kYkml9J,H%s-y+tvG�p,r u u {>G9G9H%kYw9tvG+k�u0� tvG9K>u Ekm{>u r w�Eaw�H&p,E#J,�}r G9Haq+tvJ}u E%kYq+tvJ-tv�}¨&p,J,E%k >

�
E&p >

�
w�l~�}{�w�z#u E|w�E�M¸tvJ-w��S�)tvr kYG9{>l+k}s#tvu s&l9u {>G+kYu0� tvG9K>u Ekm{>u r w�E<E&�9t>s?p%�9E#G9K>u {>�+tvG�p�u0� E#G+kmE#�Y�9u E�w�E%kFJ-t:�>{>G+kF��l7� {>Gxw�E#��J-tvr pFp,y9H#{>J,r ��l9E#�}E#G�pFp,r J,E#J%�
"�GxE&µ�E&p%��kmrVG9{>l+ks#tvu s&l9u {>G+k�w�r J,E%s?p,E#�}E#G�p}s&E%k�J-t:�>{>G+k#��G9{>l+k�J,r k,��l9{>G+k�w�E=�)tvG+��l9E#JYq9u l+kmr E#l9J-kYkml9Jm�2t>s&E%k���H#u H#�}E#G�p-k-��w�E�u tk,s&z#G9E>��kml9Jmp,{>l�pFkmr�E#u u E%kbkm{>G�p�H#u {>r K>G9H#E%k�w�E\u0� {>��noE&pbH#�}E&pmp,E#l9J<���>{>r J�²+K>l9J,E*°+� É%���?� � � E%kopbq�{>l9J-��l9{>r0��u {>J-k,��l9Es&E��>{>u l9�}E�E#G9K>u {>�+tvG�p*t)H&p,H�s#tvu s&l9u H>�+G9{>l+k�w�H&p,E#J,�}r G9{>G+k���l9E#u u E%k�km{>G�p�u E%k�kml9Jm�2t>s&E%k���l9rVq�{>l9J,J-tvr E#G�p�¨&p,J,Er G�p,E#J-kmE%s?p,H#E%k�q+tvJ�u l9r�E#G|kmE\s&{>G�p,E#G�p-tvG�pFw�E*p,E%kop,E#J%��E#Gaq9J,E#�}r z#J,E*tvq9q9J,{:��r �)t3p,r {>G7��u E%kbkml9Jm�2t>s&E%kbw9tvG+k�u t�w�r ¦J,E%s?p,r {>G=w�E*J,H$#+E&��r {>G=kmq�H%s&l9u tvr J,E\tvl�p,{>l9Jbw�E*u t>��l9E#u u E�E%kopFs&E#G�p,J,H*u E*�>{>u l9�}E>� � E�p,E%kop<��r u7k#� tvK>r pbw�E\kmr �}q9u E%kq9J,{�w�l9r p-k<k,s#tvu tvr J,E%k-��s&J,H#E}l9G9E}u r kop,E�w�E)kml9Jm�2t>s&E%k#��q�{>l9J<u E%k,��l9E#u u E%k*{>G��3t|E%kop,r �}E#J<u t|��l+tvG�p,r p,H)w�� H#G9E#J,K>r EJ,E z&l9E=w�E#q9l9r k�u t�kml9Jm�2t>s&E)ª�Ã�¡3¬,¬�E¸H#�}E&pmp,J,r s&E>�[��{>l+k�K>H#G9H#J,{>G+k�tvu {>J-k�tvu H%t3p,{>r J,E#�}E#G�p�E&p}kml9r �3tvG�pYu tx�}¨#�}E
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facettes réceptrices

éléments recevant de l’énergie
depuis la facette émettrice

éléments ne recevant
pas d’énergie depuis A

facette (patch) émettrice

point issu du suréchantillonnage
aléatoire pour l’émission

Angle solide représentant
la partie d’une BRDF
pour la réémission

glossy

Rayons tirés depuis les éléments
receveurs vers lun point suréchantillonné
du patch émetteur, et non compris dans
l’angle  solide émetteur

Rayons tirés depuis les éléments
receveurs vers un point
suréchantillonné du patch
émetteur, et compris dans
l’angle  solide émetteur
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p,E%s-y9G9r ��l9E|��l9E|q9J,H%s&H%w�E#�}�}E#G�p%��w�E%k}q�{>r G�p-k}kml9J}u t�kml9Jm�2t>s&EaJ,H%s&E#q�p,J,r s&E>�SE&p}G9{>l+k)s#tvu s&l9u {>G+kYu E%k�J-t:�>{>G+kE#G�p,J,E*s&E%k�q�{>r G�p-k�FoJ,E%s&E#�>E#l9J-k�HFE&p�u E%k�q�{>r G�p-k�F%H#�}E&pmp,E#l9J-k�H?�>q�{>l9Jbw�H&p,E#J,�}r G9E#J�K>J x>s&E���u0� H%��l+t3p,r {>G�°+� É���l9E#u kkm{>G�pFu E%kbJ-t:�>{>G+kbs&{>�}q9J,r kbw9tvG+kbu0� tvG9K>u E<km{>u r w�E>�
Ñ�{>r p 9� u E)�>E%s?p,E#l9J�q+t>k,k,tvG�p<q+tvJ�u E�q�{>r G�pYH#�}E&pmp,E#l9J�E&pYu E�q�{>r G�pYJ,E%s&E#�>E#l9J<r k,kml+k�w�l½kml9J,H%s-y+tvG�p,r u u {>G9G+tvK>Etvu H%t3p,{>r J,E>� 9��� u E)�>E%s?p,E#l9J�J,H$#+H%s-y9r0� 9� u E)�>E%s?p,E#l9J�E#G�p,J,E)u E=s&E#G�p,J,E�w�� l9G9E=w�E%k<E#u u r q+kmE%k�kmE#J,�3tvG�pYw�E��+t>kmE)�u0� tvG9K>u E�km{>u r w�E>�+E&p�l9G�w�E%k�w�E#l��|q�{>r G�p-k�u E%kFq9u l+k�q9J,{�s-y9E%k�kml9J�s&E&pmp,E�E#u u r q+kmE=��u t)G9{>J,�}EYw�EYs&E��>E%s?p,E#l9J�E%kop
w�{>G+s}u E=w�E#�}r ¦.q�E&p,r p�t3��E:�*E&p 9� u E)�>E%s?p,E#l9J�E#G�p,J,E)u E�s&E#G�p,J,E�w�E�u0� E#u u r q+kmE)E&pYu E)q�{>r G�pYu E�q9u l+k<H#u {>r K>G9H�kml9Js&E&pmp,E\E#u u r q+kmE)��u t�G9{>J,�}E<w�E<s&E\�>E%s?p,E#l9JbE%kop�w�{>G+s*u E<w�E#�}r ¦.K>J-tvG+w=t3��E:�?�9j7E\�>E%s?p,E#l9J 9� E%kop���u0� r G�p,H#J,r E#l9JFw�Eu0� tvG9K>u E\km{>u r w�E>��kmr�E&p�kmE#l9u E#�}E#G�p�kmr�u E*q�{>r G�pFJ,H%kml9u p-t3p�w�E\u0� r G�p,E#J-kmE%s?p,r {>Gaw�E*u t}w�J,{>r p,E\km{>l�p,E#G�l9E*q+tvJ 9� t:�>E%su E<q9u tvGaq+t>k,k,tvG�pbq+tvJFu0� E#u u r q+kmE>�+tvq9q+tvJmp,r E#G�p���u0� E#u u r q+kmE>� 9� w�{>r p�w�{>G+s*��H#J,r ²+E#J<·

� 9��� 9�
	 �� 9� � ��
� 9��� 9� 	 �
� 9� � ��� � 9��� 9��� 	 � ��°+� É:�
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2=º ¿ p;m3¹ k/1[¼½À b�� ´�u K>{>J,r p,y9�}E�w�� H#�}r k,kmr {>G)w�� H#G9E#J,K>r EFw�E#q9l9r k�l9G9E�kml9Jm�2t>s&EFJ,l9K>l9E#l+kmE<��q+tvJmp,r Ebª�Ã�¡3¬,¬�E}w�� l9G9EIbD�r � �
�XmJpTf � g[»Qm3À "��}r k,kmr {>G � "�G9E#J,K>r E � Ñ�l9Jm�2t>s&E � DFl9K>l9E#l+kmE

�Fp,r u r kmE#JFp-tv�9u E\q9J,H%s#tvu s&l9u H#E*q�{>l9J�K>H#G9H#J,E#Jw�E%kbq�{>r G�p-k������btvu H%t3p,{>r J,E#�}E#G�pFkml9JFu E\q+t3p-s-y|H#�}E&pmp,E#l9J��� tvu s&l9u E#JFu E%k���J,{>G�p,r z#J,E%k�E#u u r q�p,r ��l9E%k�w�E%kFtvG9K>u E%kFkm{>u r w�E%kFw�E\J,H#H#�}r k,kmr {>Gkm{>l+kbu tY��{>J,�}E<w�E<°}�>E%s?p,E#l9J-k 9�
	 �� tvu s&l9u E#JFu E%kFw�E#l��|w�E#�}r ¦Ct3��E%kbw�E<u0� E#u u r q+kmE � E&p � ��G9{>J,�}E<w�E%kF�>E%s?p,E#l9J-k-���
��p�»Qm
	�p�»�h<u E%kbq�{>r G�p-k�kml9J,H%s-y+tvG�p,r u u {>G9G9H%k������  ¾ ¹ m3À
��p�»Qm
	�p�»�h<u E%kbH#u H#�}E#G�p-k�)w�E<u t}k,s&z#G9E� ¾ ¹ m3À��r kmr �9u E �Q�2tvl�� �
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�Fp,r u r kmE#JFp-tv�9u E<kop-t3p,r ��l9E\q�{>l9J�K>H#G9H#J,E#JFw�E%kbq�{>r G�p-k�� ���tvu H%t3p,{>r J,E#�}E#G�pFkml9JFu0� H#u H#�}E#G�p�J,E%s&E#�>E#l9J��
��p�»Qm�s-y+t>s&l9G|w�E%kFq�{>r G�p-k�� ���  ¾ ¹ m3À� tvu s&l9u E#JF�>E%s?p,E#l9J 9��� � ��������� ��� �� tvu s&l9u E#JFu0� r G�p,E#J-kmE%s?p,r {>G=E#G�p,J,E<s&E&pmp,E�w�J,{>r p,E\E&p�u E<q9u tvGaq+t>k,k,tvG�pq+tvJFl9G9E<E#u u r q+kmE<tvq9q+tvJmp,E#G+tvG�pF��u0� tvG9K>u E<km{>u r w�E
��H#J,r ²+E#J�kmr�u0� r G�p,E#J-kmE%s?p,r {>GaE%kop�w9tvG+kbu0� E#u u r q+kmE)��E%��l+t3p,r {>G|°+� É:���Ñ�r�{>l9r*s#tvu s&l9u E#J�u E��2t>s?p,E#l9J=w�E���{>J,�}Exq�{>r G�pm¦.H#u H#�}E#G�p=q+tvJ �x{>G�p,E&¦ � tvJ,u {��oÆ É%Ê:Ï.��q+tvK>E%kË3Ê3¦mË3Î����kmr G9{>Gau E\�2t>s?p,E#l9J�w�E\��{>J,�}E\q�{>l9J�s&E\J-t:�>{>G=E%kop�G�l9u��
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j7E<J,E#G+w�l�w�E%k�kml9Jm�2t>s&E%kbp,E&��p,l9J,H#E%kFE%kop�p,J,z%k�r �}q�{>Jmp-tvG�p�E#G�km��G�p,y9z%kmE�w�� r �)tvK>E%k#�+s#tvJ�r u[tvl9K>�}E#G�p,E<p,J,z%kkm{>l9�>E#G�p�u E|J,H%tvu r km�}Eaw�E=�2t7z&{>G~r �}q9J,E%k,kmr {>G+tvG�p,E>��t���q9r ��l9E#�}E#G�p%�SG9{>l+k}t:�>{>G+kYl�p,r u r kmHaq�{>l9J}G9{�k�r �)tvK>E%kw�E%kbu r ��J,E%k�J,H#E#u k#��p,E#u kF��l9E�F � {>�}q9l�p,E#J�Ò*J-tvq9y9r s#k�H\w�E � {>u E#�)E&p���tvG r*tv� ��J,H&��H#J,E#G+s&E�Æ ��Í%Ï��?��{>lnF0tby9E#J,�)tvuD�t>w�r t3p,r {>G ��E%t3p3tVJ-tvG+ko��E#JBH�w�E�Ñ�r E#K>E#uF��J,H&��H#J,E#G+s&EaÆ É%Î>Ì:Ï��?�7j�� t>kmq�E%s?p\E&��p,H#J,r E#l9J<w�E)s&E%k*{>l9��J-tvK>E%k�G9E}q�E#l�p¨&p,J,Exq9J,r k�E#G s&{>�}q�p,E�tvl�p,J,E#�}E#G�pa��l9Exq+tvJ=w�E%k�G9{vp,r {>G+k}p,E&��p,l9J,E#u u E%k#���¸�}{>r G+k�w�� l�p,r u r kmE#J=l9G��)tvr u u tvK>EE&�9s&E%k,kmr �>E#�}E#G�p�²+G�t:�>E%s<l9G9EYJ,H$#+E%s?p-tvG+s&E�q9J,{>q9J,EY�=s-y+t>s&l9G�w�E�kmE%k�H#u H#�}E#G�p-k#��s&E���l9r[q�{>l9J,J-tvr p�q9J,{�w�l9r J,EG9{vp-tv�}�}E#G�p\w�E%k*q9J,{>�9u z#�}E%k*w�� tvu r t>k,k,tvK>E>�+��{>l+k*t:�>{>G+k�w�{>G+sYJ,E&p,E#G�l�u0� tvq9q9J,{�s-y9EYs&u t>k,kmr ��l9E�w�E � {>y9E#G�E&ptvu0� Æ Ç�Ë���°�Ì:Ï.����l9rSs&{>G+kmr kop,EY��l�p,r u r kmE#J*l9G9E}w�r k,s&J,H&p,r k,t3p,r {>G�w�EYu t=kml9Jm�2t>s&EYE#G�H#u H#�}E#G�p-k#��q�{>l9J*u E%k,��l9E#u k�G9{>l+ks#tvu s&l9u {>G+kSl9G9E�J,H$#+E%s?p-tvG+s&E>�>��l9r9E%kop�u t\�}{3�>E#G9G9EFw�E%k�r G�p,E#G+kmr p,H%k�w�EFq9r ��E#u k�J,E%s&{>l9�>E#Jmp-k[q+tvJ�s-y+t>s&l9G}w�� E#G�p,J,EE#l���� � E&pmp,EYJ,H$#+E%s?p-tvG+s&E�q�E#J,�}E&p\��u t��}H&p,y9{�w�E�w�EYJ-t>w�r {�kmr p,H�q9J,{>K>J,E%k,kmr �>E<w�� tvq9q9J,{:��r �}E#J�u0� H#G9E#J,K>r E�J,E z&l9EE&p�J,H#H#�}r kmExq+tvJ)u t5kml9Jm�2t>s&Eap,E&��p,l9J,H#E>��"�G�q9y+t>kmE|²+G+tvu E�w�ExJ,E#G+w�l J,H%tvu r kop,E5��q+tvJ)p,J-t>s&Hxw�ExJ-t:�>{>G+k�q+tvJE&��E#�}q9u E:�?�7u {>J-k,��l7� l9G�J-t:�>{>G�p,J-t:�>E#J-k,tvG�p�u0� H%s&J-tvG¸t3pmp,E#r G�p<l9G9E�kml9Jm�2t>s&E�p,E&��p,l9J,H#E>��u taJ-t>w�r {�kmr p,H}w�E�s&E#u u E&¦Cs&rE%kopbtvu {>J-k�q�{>G+w�H#J,H#E�q+tvJ�u t��3tvu E#l9J�J,H#E#u u E*w�E�u0� r G�p,E#G+kmr p,H*w�E�q9r ��E#u�s#tvu s&l9u H#E*w�r J,E%s?p,E#�}E#G�p�w�E#q9l9r k�u t\p,E&��p,l9J,E��q+tvJF�)tvq9q+tvK>E<w�E*p,E&��p,l9J,E%³,Å%�?��Ð�Gap,J,{>l9�>E\tvl+k,kmr�u E<w�H&p-tvr uVw�E�s&E&pmp,E<�}H&p,y9{�w�E�w9tvG+k\Æ É%Îv°:Ï.�9q+tvK>E�È>È3°+�
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��G�q9J,{>�9u z#�}E|p,J,z%k�s&{>G9G�l E#G�J-t>w�r {�kmr p,H|E%kopas&E#u l9r*w�Exu t¸p-tvr u u E�w�E%k�H#u H#�}E#G�p-k�w�E�kml9Jm�2t>s&E>��E&p=q9u l+kq+tvJmp,r s&l9u r z#J,E#�}E#G�pFw�lxs&{>�}q�{>Jmp,E#�}E#G�pFw�E\u tY��{>G+s?p,r {>G|w�E\J-t>w�r {�kmr p,H\kml9J�s-y+t>s&l9Gaw�� E#G�p,J,E\E#l����9´�r G+kmr0�9u {>J-ko¦��l7� l9G9E��2t>s&E&pmp,E=w�r kmq�{�kmE=w�� l9G½K>J-t>w�r E#G�pYw�E=J-t>w�r {�kmr p,H)H#u E#��H>�[s&E#u t�kmr K>G9r ²+E=��l9E=u E=s&{>�}q�{>Jmp,E#�}E#G�p�w�E�u t��{>G+s?p,r {>G w�E|J-t>w�r {�kmr p,HaE%kop)��q9J,r {>J,rbr G+s&{>G9G�l kml9J�k,t�kml9Jm�2t>s&E>�SÓCuFE&��r kop,E|��E%tvl+s&{>l9q w�E|�}H&p,y9{�w�E%k}q�{>l9Js#tvu s&l9u E#J}u Ex�)tvr u u tvK>Ea{>q�p,r �)tvu�w�� l9G9E�k,s&z#G9E>Æ °�Ì���É%Îv°:Ï.��E&p)u t�q9u l+k)q9J,H%s&r kmEaJ,E%kop,Exs&E#u u Exw�l �)tvr u u tvK>E|w�E%kw�r k,s&{>G�p,r G�l9r p,H%k#Æ �>Ì���È�É:Í��+Í>Í��+ÈvÇ�È��9Î>Ê��+È�É%Ç���ËvÍ��+Í3°9��É:ÈvÊ���ÈvÌ>����Ë3����É:È�Ë#ÏV��l9r7s&{>G+kmr kop,E\�}w�H&p,E#J,�}r G9E#JFtvG+tvu ��¦p,r ��l9E#�}E#G�pFu E%k���J,{>G�p,r z#J,E%k�w�� {>�Y�9J,E*E&pFw�E\q�H#G9{>�Y�9J,E\kml9J�p,{>l�p,E%kbu E%kbkml9Jm�2t>s&E%k#� � E#q�E#G+w9tvG�p%��G9{>l+k�G7� t:�>{>G+kq+t>k<t3no{>l�p,H}s&E&pmp,E}��{>G+s?p,r {>G9G+tvu r p,H}q9l9r k,k,tvG�p,E}w9tvG+k\�� �¡�¢-£9¤ ¥��7E#G�J-tvr km{>G�w�E}u0� r �}q9u H#�}E#G�p-t3p,r {>G5s&{>�}q9u E&��EE&p}w�l5p,E#�}q+k�G9H%s&E%k,k,tvr J,E���k,txJ,H%tvu r k,t3p,r {>G+³ Ô �[��{>l+kYt:�>{>G+k<J,E&p,E#G�l5l9G9Eatvq9q9J,{�s-y9E)q9u l+k�kmr �}q9u E>�VE&p�q9u l+kJ-tvq9r w�E��\q9J,{>K>J-tv�}�}E#J%�v��l9r�s&{>G+kmr kop,E���kml9��w�r ��r kmE#J�t>w9tvq�p-t3p,r �>E#�}E#G�p�u E%k�kml9Jm�2t>s&E%k�w�{>G�p�u E�K>J-t>w�r E#G�p�w�E�J-t3¦w�r {�kmr p,H�E%kop�H#u E#��H>� � E&pmp,E�p,E%s-y9G9r ��l9E>�>u tvJ,K>E#�}E#G�p�r G+kmq9r J,H#E�w�E�u0� tvJmp,r s&u E�w�E � {>y9E#G)E&pbtvu0� Æ Ç�Ë#Ï�E%kop�G9H%tvG9�}{>r G+kJ,E#u t3p,r �>E#�}E#G�pFs&{���p,E#l+kmE\E#G=p,E#�}q+kF�)t>s-y9r G9E>��E&pFG9H%s&E%k,kmr p,E\u0� E#�}q9u {>rVw�� l9G9E*p,E%s-y9G9r ��l9E<kml9q9q9u H#�}E#G�p-tvr J,E<w�EJ,E#�)tvr u u tvK>E>Æ É%Ç#Ï�t3²+G�w�� H#��r p,E#J*u E%k*q9J,{>�9u z#�}E%k*w�E ��±0Â+¡ ���=¢:«0¬,³"!3����l9r�tvq9q+tvJ-tvr k,kmE#G�p�u {>J-k,��l7� l9G9E�kml9Jm�2t>s&EYtH&p,HYkml9��w�r ��r kmH#E>�9p-tvG+w�r k���l9EYkmE%kF�>{>r kmr G9E%k�km{>G�p�J,E%kop,H#E%k��}l9GxG9r �>E%tvl|r G���H#J,r E#l9J*w�EYkml9��w�r ��r kmr {>G7� ��G9E�w�E%ko¦s&J,r q�p,r {>G|w�H&p-tvr u u H#E�w�E<s&E<q9J,{>�9u z#�}E\E%kop�w�{>G9G9H#E<w9tvG+k<Æ °�Ì:Ï.��q+tvK>E�È�É#°+�
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]Q^ �T^`_a^cbed p�¼ � ¾ m3ÀVm�º2ÀLh�¹2¼ ¾9¿ ÀLh
��G½w�E%k�q�{>r G�p-k\��{>G+w9tv�}E#G�p-tvl��¸w�E��� �¡�¢-£9¤ ¥5E%kop���l7� r u�l�p,r u r kmE�u txw�r µ�H#J,E#G+s&E�E#G�p,J,E)u0� r �)tvK>E�J,H#E#u u E)E&pu0� r �)tvK>E�km��G�p,y9H&p,r ��l9EFq�{>l9J�s&{>J,J,r K>E#JSu E%k�J,H$#+E%s?p-tvG+s&E%k�E&p��2tvr J,E�w�E%k�y���q�{vp,y9z%kmE%k�kml9J�u E#l9J-k�q9J,{>q9J,r H&p,H%k#�v��{>l+kt:�>{>G+k�w�{>G+s�s&{>�}�}E#G+s&HYq+tvJ<s&J,H#E#J�l9G�{>G9K>u E&p\tvq9q�E#u Hj��£�®3Ã E+¬m¤ ¬ � Â7E9£�«2 �¢?¬m¤ ¬Y���>{>r J�²+K>l9J,EY°+� É%Ê���w�E%kop,r G9H}�G9{>l+k7q�E#J,�}E&pmp,J,E�w�E���r kml+tvu r kmE#J7J-tvq9r w�E#�}E#G�pVu E%k7E#J,J,E#l9J-k�kml9JVu E%kVkml9Jm�2t>s&E%k�E&pVE#GYw�H%w�l9r J,E�kmr>G9{vp,J,E�tvu K>{>J,r p,y9�}EJ,H%tvu r kmEbu E%k���{>G+k�s-y9{>r �}��l+tvG�p�tvl���q9J,{>q9J,r H&p,H%kSw�EFJ,H$#+E%s?p-tvG+s&E�w�E%k�kml9Jm�2t>s&E%k#�vjVt*²+K>l9J,Eb°+� É%Î*�}{>G�p,J,Ebu0� {>l�p,r uw�Ebw�r µ�H#J,E#G+s&Ebw�� r �)tvK>E�E&µ�E%s?p,l9Hbr s&r�kml9J[l9G9EFk,s&z#G9E�w�E��9l9J,E%tvl7�>Ð�GYJ,E#�)tvJ-��l9E���l9E�q9u l+kmr E#l9J-k7p,E%s-y9G9r ��l9E%kSw�Es&{>�}q+tvJ-tvr km{>G)km{>G�p�q�{�k,kmr �9u E%k��2km{>l+kop,J-t>s?p,r {>G7��t>w9w�r p,r {>G7��E&p-sv� �?�LK�tvJbtvr u u E#l9J-k#�>u0� l�p,r u r k,t3p,E#l9Jbt�u E*s-y9{>r �)E#G�p,J,EE&µ�E%s?p,l9E#J�l9G�J,E#G+w�l�r G��>E#J-kmE�w�E��)tvG9r z#J,E�tvl�p,{>�)t3p,r ��l9E�E#G}��{>G+s?p,r {>G=w�� l9G)G9{>�Y�9J,E�w�� r p,H#J-t3p,r {>G+k��)t3��r �)tvu0�{>l�u0� E&µ�E%s?p,l9E#J=H&p-tvq�E�q+tvJ�H&p-tvq�E>��q�{>l9JatvG+tvu ��kmE#J)u E%k=s#tvu s&l9u k�J,H%tvu r kmH%k}q+tvJ��� �¡�¢-£9¤ ¥���K�tvJ=tvr u u E#l9J-k#��u E%kr �)tvK>E%kFkm{>G�p�km��kop,H#�)t3p,r ��l9E#�}E#G�pFJ,E#G+w�l9E%kFq+tvJFu tvG+s&E#J�w�E�J-t:�>{>G+kbt:�>E%sYÉ%Ì�J-t:�>{>G+k�q+tvJ�q9r ��E#u0�9E&p�kop,{�s�
�H#E%kkml9J}w�r k,��l9E>��Ñ�rbu0� l�p,r u r k,t3p,E#l9J)km{>l9y+tvr p,E=tvl9K>�}E#G�p,E#J�u t�J,H%km{>u l�p,r {>G7�Vr ubq�E#l�p)��p,{>l�p��}{>�}E#G�p}�}{�w�r ²+E#J�u EG9{>�Y�9J,E<w�E\J-t:�>{>G+k�q+tvJbq9r ��E#u0�9E&p�J,E%s#tvu s&l9u E#Jbl9G9E<G9{>l9�>E#u u E*r �)tvK>E>�

]Q^ �T^`_a^`_ 2 	[¾ º � h%ÀVm=º2ÀLh�m � h%»[º ¾ k h
j�� {>G9K>u E&pX��� �&®3£�&¢ ����£�®3Ã E+¬m¤ ¬*q�E#J,�}E&p<w�� tvG+tvu ��kmE#J�u E}s&{>�}q�{>Jmp,E#�}E#G�p\w�E%k*J,H$#+E%s?p-tvG+s&E%k*w�E%k*kml9Jm�2t>s&E%ktvl~��l9J)E&p����}E%kml9J,Exw�E%k}r p,H#J-t3p,r {>G+k}w�E|J,E#G+w�l r G��>E#J-kmE>��Ð�G q�E#l�p=tvr G+kmrb��r kml+tvu r kmE#J}u t¸kop,J,l+s?p,l9J,E|w�E|u tk,s&z#G9E>��t:�>E%sFkmE%k�K>J,{>l9q�E%k�w�� {>��noE&p-k�E&pbkmE%k�{>��noE&p-k#��E&p�q�{>l9Jbs-y+t>s&l9G�w�� E#G�p,J,E�E#l��)��r kml+tvu r kmE#J�q+tvJ�w�E*kmr �}q9u E%ks&u r ��l9E%k<w�E)km{>l9J,r k#��u E%k\y9r kop,{>K>J-tv�}�}E%k#��u E%k\�3tvu E#l9J-k\kop-t3p,r kop,r ��l9E%k)���}{3�>E#G9G9E>���)t3��r �Yl9�|���}r G9r �Yl9�|��� � � �?�u0� H#�>{>u l�p,r {>G|w�E%kbJ,H$#+E%s?p-tvG+s&E%k#�9jVtY²+K>l9J,E*°+� ÈvÌ��}{>G�p,J,E\s&E&p�{>G9K>u E&pFE#Gxw�H&p-tvr u0�
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Seuil d’énergie minimal
à réémettre par radiosité

Nombre d’itérations maximal
en radiosité progressive

Mollettes de transformation
3D du point de vue

Espace de rendu réaliste
temps réel (modification du point de
vue à la souris ou avec les molettes)

Bouton de démarrage/pause
et reprise du rendu

Visualisation par transparence
des surfaces

Barre d’état de la quantité
d’énergie réémise

Barre d’état du nombre d’itérations
effectuées depuis le débutOnglet de

rendu réaliste Onglet de comparaison
d’images et de paramètres
de rendu de l’image finale

Onglet d’affichage de statistiques de rendu
(nombre de rayons, erreur courante, etc.)

Onglet d’analyse de
réflectances des surfaces

Outil de prévisualisation
Inventor (vérification de format)

Options de rendu réaliste
(backface culling, antialiassage GL,
subdivisions adaptatives)

Chargement des données
Sauvegarde résultat dans un format
spécial (automatique sinon)

Type de rendu OpenGL
(filaire, parties cachées, Gouraud,
éléments constants, etc.)
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Image réelle

Image synthétique
regénérée

Méthode de
comparaison
des images

Nombre d’itérations
en rendu inverse pour
un rendu inverse
automatique

Si rendu inverse manuel,
recalcule des nouvelles
réflectances

Image de différence
suivant la méthode
sélectionnée

Nombre de rayons par
pixel (10 par défaut)

Calcul d’une image
par tracer de rayons
avec le nombre de
rayons fixés
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Zone de visualisation
hiérarchique par arbre,
de la structure de la scène

Cellule groupe

Groupe sélectionné depuis
l’espace de visualisation

Espace de visualisation
cliquer dans cette zone
permet de choisir un objet
ou un groupe, qui est
automatiquement sélectionné
dans la vue hiérarchique
à gauche

Cellules Objets

Chaque cellule est un ensemble
de boutons défilables par un ascenseur
et qui permettent de choisir les différents
outils d’analyse photométrique, comme
- la visualisation des histogrammes réels et
synthétiques

- l’évolution des réflectances dans le temps...
- l’affichage des fonctions de répartition

Groupe sélectionné

Affichage de l’image des
différences ou des histogrammes
pour un ensemble d’objets ou de
groupes

Affichage total de l’arbre
de la scène

Méthode de comparaison
de plusieurs groupes (non
achevé)

Histogramme de l’image
synthétique

Histogramme de
l’image réelle
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r�E=q9u l+k#�[u E�p,E#�}q+k}��l9E��}E&p}�� �¡�¢-£9¤ ¥½��s#tvu s&l9u E#J�s&E&pmp,Ear �)tvK>E=w�r �}r G�l9Eaw�E��2t7z&{>G½s&{>G+kmr w�H#J-tv�9u E=kmr�{>GJ,H%w�l9r p*u t�J,H%km{>u l�p,r {>G�w�E%k�y9H#�}r s&l9��E%k*� $/()& � � $/()& �+�9q9l9r k,��l9EY�� �¡�¢-£9¤ ¥�w�E#��r E#G�p\tvu {>J-kFE#G���r J,{>G $	� v���{>r kq9u l+k\J-tvq9r w�E}��l9E}©7¤ ª� �«0¬&?®#¯S¢:� � E&pmp,E}J,H%km{>u l�p,r {>G�k#� t:��z#J,E�w�� tvr u u E#l9J-k*kml���k,tvG�p,E�q�{>l9J<{>��p,E#G9r J\l9G9E}r �)tvK>E
�,Õ�	Võ?ý:ô�ó��%û õ?ö:ô+ú ó[ü%�3ó-ö:üoáVà:á�à:û ô0ùvõ?ô0áoð+à�þ ý:ö:á�ô2ç.ó,ç0û õ?öFó��&áoü �më������\õ�à:á��#�+� �-üoá��#ý:û%ö:õ?ý:ô�ùváoð2øFáCç+à:á7ô2ç0õ#ü��?áoð � ó-üoû ú áoøFáoö&çë�����û ç��oð0ó,ç0û õ?ö:ô[à:á�ð0ó-à:û õ?ô0û ç����vùvõ?ý:ð7ý:ö:á�ô0ü��oö:á�à:á�ë������������ ó-üoáCç2ç0áoô��
��� � ÿ%ù:û �#ý:áoøFáoö&ç���ö:õ?ý:ô ó��&õ?ö:ô áoøFù:ú õmÿ���
 $.ä,Û0ÛCèVä?Ý?å#Û à:á�Sáoû ç�� �7ý:ú á���ç��oú �oü%�3ó-ð2ñ?ámó
�:ú á ñ?ð0ó,ç0ý:û ç0áoøFáoö&ç à:áoù:ý:û ôÙvÚ2Ú Þ�� ���&Ùvä ��ß�� ß-ã
$.äoÞ�Ý�� Üoä �����[æ#ß.× Ú Ù�$���
 $.ä,Û0Û�$.ä?Ý?å#Û��&× évå:ß���� ÙvÚ � � �
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p,E#�}q+k�w�E<s#tvu s&l9u �}H#�}{>r J,E\l�p,r u r kmH#Ej7r K>y�p-k,s#tvq�E<Ç9� È=�2k,tvG+kFkml9��w�r ��r kmr {>G+k-� Í3�}r G Ç>Ì �x{j7r K>y�p-k,s#tvq�E<Ç9� Èa�2t:�>E%s*kml9��w�r ��r kmr {>G+k-� Í>È3�}r G7É:È °�Í �x{
K�y9{�E#G9r �7�2t:�>E%s*y9H#�}r s&l9��E%k $/()& � �-$/()& ��� Çv�}r G7É3Ë3k �9É��x{
K�y9{�E#G9r �7�2t:�>E%s*y9H#�}r s&l9��E%k��)(+*+,����)(+*+,�� ÈvÌv�}r G9°�Ê>k É3Ë3Ì �x{
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jVtvG+s&E#J�w�E<J-t:�>{>G+kj7r K>y�p-k,s#tvq�E\Ç9� È É#�}r G9°>°�k

K�y9{�E#G9r � É>É%k
������[°+� Èv� � |�õ?øFù3ó-ð0ó-û ô0õ?öYà:á �9Ùvä#ß.é:× ��ó��&áoü�Ö�× Ø&ÙvÚ ÛCÜoÝoÞ�ß�ý:ö:û �#ý:áoøFáoö&ç�áoöYù��3ó-ô0á � ö3ó-ú ábà:ábú ó-ö:üoáoð�à:áFð0óoÿ&õ?ö:ô�ô0ý:ð�ý:ö:áô0ü��oö:á�à:áC 
 E E Ebùvõ?ú ÿ%ñ?õ?ö:áoô��vó��&áoü ����ð0óoÿ&õ?ö:ô[ù3ó-ð7ù:û ÷%áoú �:áCç[ý:ö:á�ð��oô0õ?ú ý%ç0û õ?ö\à�þ û ø�ó-ñ?á[à:á � E E � 
 E E �

w�E���l+tvu r p,HYt>s#s&E#q�p-tv�9u E>�+�)tvr k�w�E%k�tvJmp,H&�2t>s?p-k�w�� tvu r t>k,k,tvK>E<tvq9q+tvJ-tvr k,kmE#G�p�w9tvG+k�u0� r �)tvK>E=���>{>r J�r �)tvK>E�°+� ÈvÇ��?�� E#q�E#G+w9tvG�p%�Vs&E%k<q9J,{>�9u z#�}E%k\J,E%kop,E#G�p�G9E&pmp,E#�}E#G�pY�}{>r G+k<K>H#G+tvG�p-k<��l9E�s&E#l���r k,kml+k<w�l5J,E#G+w�l¸J,H%tvu r kmH}q+tvJ©7¤ ª� �«0¬&?®#¯S¢FE#G vY�}r G�l�p,E%k\·�u E%kFtvJmp,H&�2t>s?p-k�E#GjFoE%k,s#tvu r E#JBH*kml9Jbu E\�Yl9JFw�J,{>r pFw�E\u0� r �)tvK>E*°+� È�É�G�l9r kmE#G�pb��{>Jmp,E&¦�}E#G�p�tvlaJ,H%tvu r km�}E<w�E\u t}k,s&z#G9E>�
KS{>l9J�J,H%km{>l+w�J,E�s&EYq9J,{>�9u z#�}EYt:�>E%s�©7¤ ª� �«0¬&?®#¯S¢:�+r uV�2tvl�p\s-y9{>r kmr J�l9G�s&J,r p,z#J,EYw�E�kml9��w���r kmr {>Gxq9u l+k�²+G�q�{>l9Ju0� H#G9E#J,K>r Eakop,{�s�
>H#E=kml9J}w�E#l��½H#u H#�}E#G�p-kY�>{>r kmr G+k#��Ñ�rbG9{>l+kYJ,H%tvu r km{>G+kYs&E&pmp,Ea{>q�H#J-t3p,r {>G½t3²+G w�� {>��p,E#G9r J}w�E%k{>�Y�9J,E%k�{>q�p,r �)tvu E%k*���>{>r J�r �)tvK>E�°+� È>È>�?��u E�p,E#�}q+kb��l9E*�}E&pF©7¤ ª� �«0¬&?®#¯S¢bq�{>l9Jbs#tvu s&l9u E#J�l9G9E*r �)tvK>E�q+t>k,kmE��
v+&Y�}r G�l�p,E%k���q�{>l9J�l9G9E�kml9��w�r ��r kmr {>G|E#G�Í>Í>ÍvÌ>ÌYH#u H#�}E#G�p-k#�9E&p*Í�Ë3Ê>Ì>ÌYkm{>�}�}E&p-k-�?�9E&p�{�s#s&l9q�E<l9G9E<�}H#�}{>r J,Ep,{vp-tvu E<w�E �Lv �x{+���)tvr kbq9J,{�w�l9r p�l9G9E\r �)tvK>E<w�E<y+tvl�p,E<��l+tvu r p,H>�

K�tvJ�tvr u u E#l9J-k#�9©7¤ ª� �«0¬&?®#¯S¢�l�p,r u r kmE��+( �x{�Å,Å<q�{>l9J*s#tvu s&l9u E#JFu t�k,s&z#G9E\p-tvG+w�r k���l9E��� �¡�¢-£9¤ ¥|E#�}q9u {>r E�tvl�}r E#l���kml9J*s&E&pmp,E�k,s&z#G9E�,
$ �x{=w�EY�}H#�}{>r J,E>� � E%s&r[E%kop�q9J,{>�+tv�9u E#�}E#G�p*w����)G9{�k�kop,J,l+s?p,l9J,E%k�w�E�w�{>G9G9H#E%kq+t>k���{>J-s&H#�}E#G�pF{>q�p,r �)tvu E%k#���)tvr kFkml9Jmp,{>l�p�tvlx´F¦CI�l�µ�E#J���l9E\u0� {>Gxk,tvr pbp,J,z%kbK>{>l9J,�)tvG+w�E#G|�}H#�}{>r J,E\��r �>E>�j7E%k�J,H%kml9u p-t3p-k�q�{>l9J�u E�u tvG+s&E#J�w�E=J-t:�>{>G+k<{>G�pYH&p,H={>��p,E#G�l+kYE#G5��{>J z#tvG�pY�>{>u {>G�p-tvr J,E#�}E#G�p<�� �¡�¢-£9¤ ¥½�l�p,r u r kmE#J�u E�u tvG+s&E#J�w�E�J-t:�>{>G+k�q�{>l9Jbs#tvu s&l9u E#J�s&E&pmp,E*k,s&z#G9E>�)"�G�p,E#�}q+k�G9{>J,�)tvu0��s&E#u u E&¦Cs&r�G9E*s&{>�}q�{>Jmp-tvG�p���l9Ew�E%k<kml9Jm�2t>s&E%k*w�r µ�l+kmE%k#���� �¡�¢-£9¤ ¥�u0� tvl9J-tvr p<w�r J,E%s?p,E#�}E#G�p\E%kop,r �}H#E}q+tvJ<´F¦CI�l�µ�E#J%��s&E)��l9r�tvl9J-tvr p\w�{>G9G9H}l9Gp,E#�}q+kFw�E<s#tvu s&l9u�r G���H#J,r E#l9JF� ��kmE%s&{>G+w�E%k#��Óos&r0��G9{vp,J,E*u {>K>r s&r E#u��}E&p $+$\kmE%s&{>G+w�E%k�E#GaJ-tvr km{>G=w�E<k,tYq9J,H#q+t>k,kmEE#Gx´F¦CI�l�µ�E#J%�9��l9r7u l9r7q�E#J,�}E&p�w�� E&µ�E%s?p,l9E#JFp,J,z%kbq�E#lxw�� r G�p,E#J-kmE%s?p,r {>G+kbq�{>l9J�s-y+t>��l9E\q9r ��E#u0�
"�G5s&{>G+s&u l+kmr {>G7��G9{>l+k\q�{>l9�>{>G+k\w�r J,E���l9E}�� �¡�¢-£9¤ ¥�E%kop�l9G¸u {>K>r s&r E#u�w�E)J,E#G+w�l¸q9y9{vp,{>J,H%tvu r kop,E�J-tvq9r w�E>��>{>r J,Eaq9u l+k}J-tvq9r w�Ex��l9Exw�E%k)u {>K>r s&r E#u k�y+tvl�pm¦Cw�E&¦.K�tv�}�}E>��km{>l+k)s&E#Jmp-tvr G9E%k}s&{>G+w�r p,r {>G+kx�2w�r �}r G�l�p,r {>G�w�E|u tJ,H%km{>u l�p,r {>G|w�E�u0� y9H#�}r s&l9��E:�?� � E#q�E#G+w9tvG�p%�+u t)kop,J,l+s?p,l9J,E�w�E<�� �¡�¢-£9¤ ¥xt}H&p,H�s&{>G;z&l9E<q�{>l9J�u E�J,E#G+w�lx�}�+t>kmEw�� r �)tvK>E%kbJ,H#E#u u E%k#��s&E���l9r7u E\J,E#G+w=G9E&pmp,E#�}E#G�p�q9u l+kbu {>l9J-wa�}K>H#J,E#Jbw�� l9Gxq�{>r G�p�w�E<��l9E\�}H#�}{>r J,E\��r �>E>�

L=M�� � ^�W ��c$'aTV]&^�W`U�X U�i}X[UFWaTV]&^�WaT��J'�X�'=PSUFT
��{>l+k�t:�>{>G+k�w�{>G+s}�}r kYtvl5q�{>r G�p�l9G5u {>K>r s&r E#u�t>k,kmE ��s&{>G+kmH%��l9E#G�pYÅ Ô w�E�J,E#G+w�l½s&u t>k,kmr ��l9E>�7�)tvr k�q�E#Jm¦��{>J,�)tvG�p%�SE&p)kml9Jmp,{>l�p)t>w9tvq�p,H|tvl J,E#G+w�l~r G��>E#J-kmE>�[�� �¡�¢-£9¤ ¥~E%kop)w�{>G+sas#tvq+tv�9u E|w�E|s#tvu s&l9u E#J)w�E%k�r �)tvK>E%kq9y9{vp,{>J,H%tvu r kop,E%k����>{>r J�²+K>l9J,E�°+� É%Ì�E&pbu E\s-y+tvq9r p,J,E\���?��E&pbE#Gal9G�p,E#�}q+kbJ-tvr km{>G9G+tv�9u E#�}E#G�p�s&{>l9Jmp%��I�r E#Ga��l7� r uG9E�km{>l�µ�J,EFw�� tvl+s&l9G9E�s&{>�}q+tvJ-tvr km{>G7�:E#G�p,E#J,�}E�w�EF��r p,E%k,kmEFE&p�w�E���l+tvu r p,H�w�EFJ,E#G+w�l7�>t:�>E%sFw�� tvl�p,J,E%kSu {>K>r s&r E#u kw�E\J,E#G+w�l=J,H%tvu r kop,E*s&{>�}�}E\©7¤ ª� �«0¬&?®#¯S¢F{>l�	�®��>¤@®3£�&¢Fq+tvJ�E&��E#�}q9u E>��r u�q�{�k,kmz%w�E*l9Gaq+tvG9E#u��}{>r G+k�u tvJ,K>E*w�Eq�{�k,kmr �9r u r p,H%k#�#"�G5E&µ�E&p%�7�� �¡�¢-£9¤ ¥¸G9E�k,tvr p�q+t>k\E#G+s&{>J,E}q9J,E#G+w�J,E}E#G½s&{>�}q�p,E)u E%k\{>��noE&p-k\p,J-tvG+kmq+tvJ,E#G�p-k#��u E%k�}r u r E#l��|q+tvJmp,r s&r q+t3p,r �2k#�+E&p*km{>G|�)tvr u u tvK>E�t>w9tvq�p-t3p,r ��J,E%kop,E<J,E#u t3p,r �>E#�}E#G�p�J,l+w�r �}E#G�p-tvr J,E>� � � E%kop�q�{>l9J-��l9{>r7r uE%kop�E#G���r k,tvK>HFw�E�u l9r�t3no{>l�p,E#J�l9G9E�q9J,H#q+t>k,kmE�w�E%kop,r G9H#E��<u t<s&J,H%t3p,r {>G)w�� l9G)�)tvr u u tvK>EFw�E�w�r k,s&{>G�p,r G�l9r p,H%k�q�{>l9Jtv�}H#u r {>J,E#J�u t���l+tvu r p,H�w�E%k7{>�Y�9J,E%k�G9{vp-tv�}�}E#G�p%�%tvr G+kmr>��l9E�w�� tvl�p,J,E%k�p,E%s-y9G9r ��l9E%k7u l9r>q�E#J,�}E&pmp-tvG�p[w�E�q9J,E#G+w�J,EE#G�s&{>�}q�p,E�u E%k�s#tvl+kop,r ��l9E%k�E&p�tvl�p,J,E%k�q9y9H#G9{>�}z#G9E%k�s&{>�}q9u E&��E%k#�lK�tvJ�tvr u u E#l9J-k#�vr u+E%kop�q9J,H#��l)w�� r �}q9u H#�}E#G�p,E#Ju t*J-t>w�r {�kmr p,H�y9r H#J-tvJ-s-y9r ��l9Ebs#tvJSu E%kSp,E#�}q+k[��{>l9J,G9r kSq+tvJ�©7¤ ª� �«0¬&?®#¯S¢�J,E%kop,E#G�pSp,J,z%k[r �}q9J,E%k,kmr {>G9G+tvG�p-k#�:ÓCu+kmE#J-tvr pk,tvG+k*w�{>l�p,E�r G�p,H#J,E%k,k,tvG�p\w�E}s&{>�}q+tvJ,E#J��� �¡�¢-£9¤ ¥���u l9r ¦.�}¨#�}E>��t:�>E%s�l9G9E�r �}q9u H#�}E#G�p-t3p,r {>G��=�+t>kmE�w�E�J-t3¦w�r {�kmr p,H�q9J,{>K>J,E%k,kmr �>EFw�� l9G9E�q+tvJmp�E&p%��w�� tvl�p,J,E�q+tvJmp%��t:�>E%sFl9G9E*tvq9q9J,{�s-y9E�E#G�J-t>w�r {�kmr p,H�y9r H#J-tvJ-s-y9r ��l9E>� "�G�²+G7�u t=q�{�k,kmr �9r u r p,H)w�� r G�p,H#K>J,E#J\w�E%k*{>��noE&p-k\E#G�p,E#�}q+k\J,H#E#u�w9tvG+k*u0� r �)tvK>E�J,E#K>H#G9H#J,H#E>Æ ÈvÌ>Ç��7ÈvÌ>Ç��VÍ�Ë#Ï�E&p<u0� E#�}q9u {>rw�� l9Gxs&{>�}q9u E&��E<w�E<��r kmr �9r u r p,H>Æ ÍvÎ:ÏVE%kopFH#K�tvu E#�}E#G�p���u0� H&p,l+w�E<�9r E#Gx��l9E<s&E#u t�G9E�s&{>G+kop,r p,l9E\q+t>kbl9G9E<q9J,r {>J,r p,H
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"�GxE&��q9u {>r p-tvG�p*tvl+k,kmr�u E��}{�w�z#u EYw�� r u u l9�}r G+t3p,r {>G�w�E3M¸tvJ-w�� 	<tvJ,G9E#JFE&p*tvu0�+J,E%s-y9E#J-s-y9E#G�pFu E%kF�}¨#�}E%k�q+tvJ-t3¦�}z&p,J,E%k"s >

�
4%>

�
4���� 4���� E#G¸E&µ�E%s?p,l+tvG�p�tvu {>J-k*l9G9E��}r G9r �}r k,t3p,r {>G5tvl����}{>r G+w�J,E%k�s#tvJ,J,H%k#��E#G�p,J,E)u txIbD�r �J,E#K>H#G9H#J,H#E}E&p�s&E#u u E��}E%kml9J,H#E�w9tvG+k<u E%k�r �)tvK>E%k#�TK�tvJYtvr u u E#l9J-k#�7u E%k�tvl�p,E#l9J-k<q9J,H%s&r kmE#G�pY��l9E>�[km{>l9�>E#G�p%�7l9G9EkmE#l9u E*r �)tvK>E*E%kopbG9H%s&E%k,k,tvr J,E�q�{>l9JbJ,E&p,J,{>l9�>E#J�u t�IbD�r � w�� l9G9E\kml9Jm�2t>s&E>���)tvr kb��l9E*q9u l+kmr E#l9J-k�r �)tvK>E%k�tv�}H&¦u r {>J,E#G�p�s&{>G+kmr w�H#J-tv�9u E#�}E#G�pbu E%kbJ,H%kml9u p-t3p-k#�j7E%k�t:�3tvG�p-tvK>E%k�w�E�u t��}H&p,y9{�w�E�q9J,{>q�{�kmH#E�w9tvG+k�s&E&pbtvJmp,r s&u E�km{>G�pbk,t�kmr �}q9u r s&r p,H�E&pFk,t<�3tvu r w�r p,H*k,s&r E#G�p,r ²���l9E>�q9l9r k,��l9E\u E%kbtvl�p,E#l9J-k�{>G�pFs&{>�}q+tvJ,H*u E%k�J,H%kml9u p-t3p-k�{>��p,E#G�l+k�q+tvJbu E#l9JF�}H&p,y9{�w�E>�9t:�>E%s�s&E#l��=J,H%tvu r kmH%k�q+tvJbl9GK>{>G9r {>q9y9{vp,{>�}z&p,J,E>�V��H%tvG9�}{>r G+k#�[u E%kYJ,E%kop,J,r s?p,r {>G+kYw�� l�p,r u r k,t3p,r {>G½J,E%kop,E#G�p�u E%kY�}¨#�}E%k���l9E=q�{>l9J�M¸tvJ-w �2�u0� E&�9s&E#q�p,r {>G¸w�l½s&{>J,q+k*G9{>r J?��E&p�w�� tvl�p,J,E%k\��r E#G9G9E#G�p<�}¨#�}E�k#� ��t3no{>l�p,E#J%��q9l9r k,��l7� {>G¸G9E)q�E#l�p<p,J-tvr p,E#J���l9Ew�E%kFkml9Jm�2t>s&E%kbq9u tvG9E%kbE&p�{>q+t>��l9E%k\��q+t>kFw�E�s#tvu s&l9u7w�E\p,J-tvG+km�}r pmp-tvG+s&E\q�{�k,kmr �9u E:�?�

� 1 áVç0áoð2øFá � ð0ó-ö�~mó-û ô7ú á[ù:ú ý:ô�ù:ð2õ#ü%�:á �#ý:á[ö:õ?ý:ôVóoÿ&õ?ö:ô�ç0ð2õ?ý � ���3áoô2çVÜoÝ ���%$.Ý
	bÚ $��.Û[Üoä%ã
$oÚ@ß�� ä#ÜoÝ"� ß#�%ø�ó-û ô�ö:õ?ý:ô7ùváoö:ô0õ?ö:ô �#ý:áú á[ç0áoð2øFá�ó-ö:ñ?ú ó-û ôVð2áoô2ç0á�ù:ú ý:ô7ù3ó-ð2ú ó-ö&ç��
0
1 á�ñ?õ?ö:û õ?ù��:õ-ç0õ?ø&�Cç0ð2á[õ?ý�ñ?õ?ö:û õ?ø&�Cç0ð2á ' Ø%ä,é:× ä#$.ß�vßoÜ,Ú@ä ��ß,Ú@ß%$�áoöbó-ö:ñ?ú ó-û ô!-�áoô2ç+ý:öFó-ù:ù3ó-ð2áoû ú3üoõ?øFù:ú áC÷%á�ümó-ù3ó
�:ú á7à:á�øFáoô0ý:ð2áoðà:û ð2áoüCç0áoøFáoö&çbú áoô � �Q� � à:áoô�ô0ý:ð � ó-üoáoôbáCç�ú þ û ö:à:û ümó,ç0ð2û üoá�à:áoô�ô0õ?ý:ð2üoáoôbà:á�ú ý:øFû �oð2á�' ùvõ?ý:ð�ù:ú ý:ô�à:á�ù:ð��oüoû ô0û õ?ö��9ô0á�ð2áoùvõ?ð�ç0áoðJ;ú þ õ?ý �%ð0ó-ñ?á[à:á��[áoô��%û ñ?ö:áoôSê �?ë,î �&ù3ó-ñ?áSë ����-%��|�áCç7ó-ù:ù3ó-ð2áoû úváoô2ç�áC÷#ç0ð�,oøFáoøFáoö&ç�ü%�:áoð��%áCç�ú áoô �#ý:áoú �#ý:áoô�ú ó
�võ?ð0ó,ç0õ?û ð2áoô7áoöFà:û ô0ùvõ?ô.ó-ö&çá!2>áoüCç0ý:áoö&ç[à:áoô7øFáoô0ý:ð2áoô7ô0ý:ð�à:áoô�ø�ó,ç��oð2û ó-ý%÷/� ;�ú ó�à:áoø�ó-ö:à:á��l|�áoô�øFáoô0ý:ð2áoô7ô0õ?ö&ç��:û áoö �!�%û à:áoøFøFáoö&ç�ù3óoÿ#ó-ö&ç0áoôVáCç��oñ&ó-ú áoøFáoö&çç0ð��oô[üoõ �%ç0áoý:ô0áoô��
{ ò�ó-ð2à\ý%ç0û ú û ô0áSý:ö:á�ô0õ?ð�ç0á�à:á � ú ç0ð2á�ùvõ?ý:ðVüoð��oáoðVý:ö � ó-û ô0üoámó-ý*ð2áoüCç0û ú û ñ?ö:á��
�$|�ý:ð2û áoý:ô0áoøFáoö&ç��%à3ó-ö:ô�ú þ ó-ð�ç0û üoú á��%ð2û áoö�ö�þ áoô2ç�à:û ç7ó-ý�ô0ý6:2áCç�à:ý&�&áoüCç0áoý:ð��� û ö:à:û �#ý3ó-ö&ç7ú ó�à:û ð2áoüCç0û õ?ö*à:áoô�ô2ç0ð2û áoô�ô0ý:ð�ú ó�ô0ý:ð � ó-üoá��

�[ö*ô0ý:ù:ùvõ?ô0á�à:õ?ö:ü �#ý�þ áoú ú á�áoô2çVüoõ?ö:ö#ý:á��



�L� �9�w
�ÂT��� � 
�	h©T
�Â�	�� �S©T
G���;������
�Â��Q�a��	����B	Z��
 ��©��SÂL��
3��	�Â � �o� �.
�Â Î9É
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KS{>l9Jbs-y+t>��l9E*tvG9K>u E�r G+s&r w�E#G�p:��E&p�w�{>G+s�J,H$#+H%s-y9r@�?��l9G9E���{>G+s?p,r {>Gaw�� r G�p,E#G+kmr p,H%kbw�E�q9r ��E#u�E%kopFs&{>G+kop,J,l9r p,E\t:�>E%su t�G9{>J,�)tvu EYw9tvG+k�u0� t3��EYw�EYu0� {>�+kmE#J,�3t3p,E#l9J�q�{>l9J*E&��p,J-tvr J,EYw�E%k�q�{>r G�p-k*s#tvJ-t>s?p,H#J,r kop,r ��l9E%k#�9{���u0� r G�p,E#G+kmr p,H�w�Eq9r ��E#uVE%kop��)t3��r �)tvu E���E#GxE&µ�E&p%��kmr7u t�km{>l9J-s&E�w�E<u l9�}r z#J,E>�+u t�w�r J,E%s?p,r {>Gxw�� {>�+kmE#J,�3t3p,r {>G|E&p�u t}G9{>J,�)tvu E��}u tkml9Jm�2t>s&EYkm{>G�p\tvu r K>G9H#E%k#�+u0� r G�p,E#G+kmr p,HYJ,H#H#�}r kmE�G9E�q�E#l�p\��l7� ¨&p,J,EY�)t3��r �)tvu EYE#G�s&E%k�q�{>r G�p-k-�?� � E&pmp,E���{>G+s?p,r {>GE%kop�l�p,r u r kmH#E\E#G+kml9r p,E<q�{>l9J�s#tvJ-t>s?p,H#J,r kmE#J�u t�J,H$#+E%s?p-tvG+s&E<w�E<u t}kml9Jm�2t>s&E>�Ð�G=�>{>r pFr �}�}H%w�r t3p,E#�}E#G�p���l9E*u t�kmr �}q9u r s&r p,H<w�E<s&E&pmp,E*p,E%s-y9G9r ��l9E\E%kop�km{>G=q�{>r G�p���{>Jmp%� ��tvu y9E#l9J,E#l+kmE#�}E#G�p%�u0� E#G+kmE#�Y�9u E�w�E%k\J,E%kop,J,r s?p,r {>G+k<��l7� E#u u E}q�{�kmE>�7u tau r �}r p,E=�|w�E%k<l�p,r u r k,t3p,r {>G+k<kmr �}q9u E%k#�QtV{>l�p�w�� tv��{>J-w��7{>G�G9Eq�E#l�p*p,{>l3no{>l9J-kFp,J-tvr p,E#J*��l7� l9G�kmE#l9u[{>��noE&p\��u t}��{>r k�E&p\u E%k�r �)tvK>E%k�km{>G�p*E#G�G9{>r J�E&p*�9u tvG+sv��s&E���l9rSkmr �}q9u r ¦²+EYK>J-tvG+w�E#�}E#G�p�u EYq9J,{>�9u z#�}E>�=K�tvJ*tvr u u E#l9J-k#�+r u[�2tvl�p*l�p,r u r kmE#J*l9G�w�r kmq�{�kmr p,r ��q+tvJmp,r s&l9u r E#J�E&p\u E%k*s&{>G+w�r p,r {>G+kE&��q�H#J,r �}E#G�p-tvu E%k<km{>G�p\p,J,z%k<kop,J,r s?p,E%k#�aKS{>l9J<J,E%s&{>G+kop,J,l9r J,EYu ta��{>G+s?p,r {>G¸w�E)J,H$#+E%s?p-tvG+s&E>��u E%k<{>��noE&p-k<w�{>r �>E#G�ptvl+k,kmr�t:�>{>r J�{>�9u r K�t3p,{>r J,E#�}E#G�p�l9G9E*J,H$#+E%s?p-tvG+s&E�l9G9r ��{>J,�}E��2s&E\��l9r�E&�9s&u l9E�H#K�tvu E#�}E#G�p�u E%k��}r J,{>r J-k�E&pFtvl�p,J,E%kkml9Jm�2t>s&E%k�p,J,z%k�J,H$#+H%s-y9r k,k,tvG�p,E%k-�?�+{>G�G9E�q�E#l�p�w�{>G+s�q+t>k�p,J-tvr p,E#J\w�� {>��noE&p-k�p,E&��p,l9J,H%k#��E&p�Ñ�t3p,{�Æ É%Ê�È#Ï�kmr K>G+tvu E��l9E\u t}�}H&p,y9{�w�E<G7� E%kopFq+t>kbE&��p,E#G+kmr �9u E��}s&E*po��q�E�w�E�kml9Jm�2t>s&E%k#�

��G�w�E%k�q9J,H%s&l9J-kmE#l9J-k�E&p<kmq�H%s&r tvu r kop,E%k\w9tvG+k�u E}w�{>�)tvr G9E�w�l�J,E%s&{>l9��J,E#�}E#G�p*w�E�J,H$#+E%s?p-tvG+s&E%k*w9tvG+k*w�E%kr �)tvK>E%k�E%kop%��k,tvG+k�tvl+s&l9Gaw�{>l�p,E>��Ó 
>E#l+s-y9r0�+Ð�l�p,J,E�u E��2tvr pF��l7� r u7t�H#K�tvu E#�}E#G�p�p,J-t:�3tvr u u H*kml9Jbu E%k���{>G+s?p,r {>G+kbw�EJ,H$#+E%s?p-tvG+s&E�Æ É#°>°:Ï.��{>G=p,J,{>l9�>E�q9u l+kmr E#l9J-kbtvJmp,r s&u E%kbw�E<s&E&p�tvl�p,E#l9JFkml9Jbu E<kmE#l9u�w�{>�)tvr G9E\w�E\u0� tvG+tvu ��kmE\w�E\s&E%k��{>G+s?p,r {>G+k�w9tvG+k�w�E%k�r �)tvK>E%k�J,H#E#u u E%k#��km{>l9�>E#G�p�E#G=s&{>u u tv��{>J-t3p,r {>G}t:�>E%s�����Ñ�t3p,{+��jVt<q9J,E#�}r z#J,E�s&{>G�p,J,r �9l�p,r {>Gk,s&r E#G�p,r ²���l9E�kml9J\s&E}kml3noE&p<w9t3p,E}w�� tvr u u E#l9J-k�w�EaÉ%Î>Î9É�Æ É3Ë3Î%Ï.��E&p\E%kop<w�H%s&J,r p,EYq9u l+k*u {>r G�q�{>l9J<w�E%k�J-tvr km{>G+k�w�Eq9J,H%kmE#G�p-t3p,r {>G½��r uSG7� l�p,r u r kmE}��l7� l9G9E}kmE#l9u E�r �)tvK>E:�?�7Ð�G�k#� r G�p,H#J,E%k,kmE�r s&r���l9G9EYp,E%s-y9G9r ��l9E}w�H%s&J,r p,EYq+tvJ<Ñ�t3p,{E&pYÓ 
>E#l+s-y9r�Æ É%Ê9É-Ï.�Vl�p,r u r k,tvG�pYl9G½tvq9q+tvJ,E#r u�kmq�H%s&r ²���l9E=w�E=s#tvq�p,l9J,E�w�� r �)tvK>E%k<w�� l9G9E�q+tvJmpYE&pYw�� tvl�p,J,E�q+tvJmpl9G9E�s&{>�Y�9r G+tvr km{>G�u r G9H%tvr J,E)w�l¸�}{�w�z#u E�w�E�jVtv�Y��E#Jmp�E&pYw�l¸�}{�w�z#u E�w�EwtV{>J,J-tvG+s&E&¦oÑ�q+tvJ,J,{3Áhs&{>�}�}E�tvq�¦q9J,{:��r �)t3p,r {>G�w�E)IbD�r � �2s&E&pmp,E}p,E%s-y9G9r ��l9E}taH#K�tvu E#�}E#G�p\H&p,H}w�H#�>E#u {>q9q�H#E)w9tvG+k�Æ É%Ê>Ì%Ï�E#G�u0� tvq9q9u r ��l+tvG�p<�w�E%kFk,s&z#G9E%kb{��|u t}km{>l9J-s&E\w�E<u l9�}r z#J,E<kmE<w�H#q9u t>s&E:�?�
��G�E#G+kmE#�Y�9u E)w�� r �)tvK>E%k\s&{>l9u E#l9J-k\w�E}u0� {>��noE&p��atvG+tvu ��kmE#J\E%kop�w�{>G+s�s#tvq�p,l9J,H>�7�=u0� tvr w�E)w�� l9G¸tvq9q+tvJ,E#r uSE&�@¦��E%s?p,l+tvG�pFl9G9E*J,{vp-t3p,r {>Ga� �+,+(Yw�E#K>J,H%k�tvl�p,{>l9JFw�E*u l9r0� � E&p�tvq9q+tvJ,E#r u�q�E#J,�}E&pFH#K�tvu E#�}E#G�pFw�� E#G9J,E#K>r kop,J,E#J�w�E%ks#tvJmp,E%k�w�EYq9J,{v��{>G+w�E#l9J-k�w�EYu0� {>��noE&p\w�E#q9l9r k\s-y+t>��l9E�q�{�kmr p,r {>G½·�l9G��}{�w�z#u E}Ç7r w�EYu0� {>��noE&p\km{>l+kF��{>J,�}E�w�E�2t>s&E&pmp,E%k�p,J,r tvG9K>l9u tvr J,E%k�E%kop\w�{>G+s�J,E%s&{>G+kop,J,l9r p%��E#Gx��l+kmr {>G9G+tvG�p<s&E%k*s#tvJmp,E%k�kml9r �3tvG�p*u t��}H&p,y9{�w�E}w�E}j7E#�>{3�E&p�tVl9J 
xÆ È>ÈvÇ%Ï.��r�E#q9l9r kbs&E*�}{�w�z#u E\Ç7rY��E&pbE#Gau E*J,E#q9J,{vnoE&p-tvG�p�kml9Jbu0� r �)tvK>E*�Yu0� tvr w�E*w�E*u0� tvu K>{>J,r p,y9�}E*w�l���±
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7¢ Ä q�{>l9J�{>��p,E#G9r J�u E%k��2t>s&E&pmp,E%k���r kmr �9u E%k#��Ñ�t3p,{YE&p�Ó 
>E#l+s-y9r+E&��p,J-tvr E#G�p�w�E*k,t<q9J,{vnoE%s?p,r {>G)u E%k�r G�p,E#G+kmr p,H%k�w�Eq9r ��E#u�E&p�kmH#q+tvJ,E#G�pSu t*s&{>�}q�{�k,tvG�p,Ebw�r µ�l+kmEFw�Ebu t\s&{>�}q�{�k,tvG�p,Ebkmq�H%s&l9u tvr J,E3§o³3��� u0� tvr w�EFw�EFs&E%k�s&{>�}q�{�k,tvG�p,E%k#�Ñ�t3p,{\E&p�Ó 
>E#l+s-y9r+s#tvu s&l9u E#G�p�u E%k�q+tvJ-tv�}z&p,J,E%kSw�l}�}{�w�z#u E�w�E�jVtv�Y��E#Jmp�q�{>l9J�E#G)w�H%w�l9r J,EFu E�s&{�E&��s&r E#G�p�w�r µ�l+k
� � ��E&p*u E%k�q+tvJ-tv�}z&p,J,E%k � � E&p ��w�l��}{�w�z#u E�w�E�tV{>J,J-tvG+s&E&¦oÑ�q+tvJ,J,{3Á ��E#G+s&{>J,E�l9G9EY��{>r kFp,J,z%k�kmr �}q9u r ²+H}w9tvG+ku E%k�E&��q�H#J,r �}E#G�p-t3p,r {>G+k#�7q9l9r k,��l9E=u E%k<p,E#J,�}E%k�w�E � J,E%kmG9E#u�E&p�w�� t3pmp,H#G�l+t3p,r {>G5K>H#{>�}H&p,J,r ��l9E�km{>G�p�kml9q9q�{�kmH%ks&{>G+kop-tvG�p-k\·�u t}w�r J,E%s?p,r {>G|r G+s&r w�E#G�p,E<s&{��0G+s&r w�E<t:�>E%s�u t}w�r J,E%s?p,r {>Gxw�E\J,H$#+E&��r {>G��?�jVt=�}H&p,y9{�w�E)q9J,{>q�{�kmH#E�q+tvJ�Ñ�t3p,{aE&p�Ó 
>E#l+s-y9rSq9J,H%kmE#G�p,E�u0� t:�3tvG�p-tvK>E�w�� ¨&p,J,E)s#tvq+tv�9u E}w�E}J,E&p,J,{>l9�>E#J*u E%k\J,H&¦
#+E%s?p-tvG+s&E%k<��E&pFu t�K>H#{>�}H&p,J,r E\Ç7r\�bw�E%kFkml9Jm�2t>s&E%kb��q+tvJmp,r JFw�� l9G|E#G+kmE#�Y�9u E<w�� r �)tvK>E%k#���)tvr k�E#u u E�km{>l�µ�J,E\w�E%kq9u l+kmr E#l9J-kYw�H&�2tvl�p-k���l7� E#u u EatxE#G~s&{>�}�Yl9G½t:�>E%s�s&E#u u E=w�Eaj7l½E&p}j7r pmp,u E>��I�r E#G½��l7� E#u u E=q9l9r k,kmE)p,J-tvr p,E#JYu E%k{>��noE&p-kb�YJ,H$#+E%s?p-tvG+s&E*G9{>G�¦.l9G9r ��{>J,�}E>��E#u u E\G9E*q�E#l�pFq9J,E#G+w�J,E*E#G|s&{>�}q�p,E*u E%k�{>��noE&p-k�p,J,z%k�p,E&��p,l9J,H%k�q9l9r k,��l9Es-y+t>��l9E�r �)tvK>E}s#tvq�p,l9J,H#E}w�{>r p\p,{>l�p�w�E}�}¨#�}E}q9J,H%kmE#G�p,E#J<w�E%k*J,H#K>r {>G+k�l9G9r ��{>J,�}E%k#� "�u u E}G9E}q�E#l�p<p,J-tvr p,E#J%��9r E#G�k �9J%����l7� l9G�kmE#l9uV{>��noE&p\�)u t)��{>r k�E&p*G9H%s&E%k,k,tvr J,E#�}E#G�p*s&{>G��>E&��E>�
"�G�²+G7��u t)J,H$#+E&��r {>G�kmq�H%s&l9u tvr J,E�G7� E%kopq9J,r kmE*E#G|s&{>�}q�p,E<��l9E<k#� r u��=tYl9G|H%s&u t3pFkmq�H%s&l9u tvr J,E\kml9JFu0� {>��noE&p<·�u tY�)tvG9r z#J,E<w�{>G�pbu0� tvu K>{>J,r p,y9�}E*q�{>l9J,J-tvr pp,J-tvr p,E#J�l9G=�}r J,{>r J�G7� E%kop�q+t>k�q9J,H%s&r kmH#E�w9tvG+k�u0� tvJmp,r s&u E>��E&p�r u�E%kopb��q9J,r {>J,r+q�E#l�q9J,{>�+tv�9u E���l9E*s&E&pmp,E*�}H&p,y9{�w�Eq9l9r k,kmEYp,J-tvr p,E#J\w�EYp,E#u k*{>��noE&p-k*q9l9r k,��l7� r u k*r G�p,E#J-tvK>r k,kmE#G�p*t:�>E%s<u E#l9J\E#G���r J,{>G9G9E#�}E#G�p*E&p<km{>G�p<w�{>G+sYq9J,{>�+t3¦�9u E#�}E#G�p�y+tvl�p,E#�}E#G�pF¦.E&pFr G+w�r J,E%s?p,E#�}E#G�pm¦�p,E&��p,l9J,H%kFq+tvJbu l9r0�

� y9E#J-s-y+tvG�p��xJ,H%km{>l+w�J,E=s&E=q9J,{>�9u z#�}Eaw�Eakml9Jm�2t>s&E�y+tvl�p,E#�}E#G�p�p,E&��p,l9J,H#E>��Ñ�t3p,{+�QM�y9E#E#u E#J�E&p}Ó 
>E#l+s-y9rq9J,{>q�{�kmE#G�p�l9G9EaG9{>l9�>E#u u E�p,E%s-y9G9r ��l9E�Æ É%Ê�È%Ï.�S�)tvr k�p,{>l3no{>l9J-kY�+t>kmH#Eakml9J�u Eaq9J,r G+s&r q�Eaq9J,H%s&H%w�E#G�p}w�E|kmH#q+t3¦J-t3p,r {>G�w�E%k�s&{>�}q�{�k,tvG�p,E%k\w�r µ�l+kmE}E&pYkmq�H%s&l9u tvr J,E>�7j7E%k<tv�Y�9r p,r {>G+k\w�E�s&E&pmp,E}�}H&p,y9{�w�E)J,E%kop,E#G�p<u E%k\�}¨#�}E%k��l7� tvl9q+tvJ-t:�3tvG�p%��q9l9r k,��l9EYu E%k�tvl�p,E#l9J-k�s-y9E#J-s-y9E#G�p��){>��p,E#G9r J�l9G��}{�w�z#u EYÇ7r tvr G+kmr[��l9EYkmE%k�q9J,{>q9J,r H&p,H%k�w�EJ,H$#+E%s?p-tvG+s&E>�
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K�u l+kmr E#l9J-k�r G+s&{>G��>H#G9r E#G�p-kS�)t3noE#l9J-k�w�H%s&{>l9u E#G�p�w�E�u t\q9J,E#�}r z#J,Ebp,E%s-y9G9r ��l9E>���<s&{>�}�}E#G+s&E#J�q+tvJ�u EFq9J,{vp,{�s&{>u Ew�� E&��q�H#J,r �}E#G�p-t3p,r {>Gaq�{>l9J�u t)k,tvr kmr E<w�E�w�{>G9G9H#E%kbE&p�u t)km{>q9y9r kop,r s#t3p,r {>G|w�lxw�r kmq�{�kmr p,r ��E#�}q9u {3�>H}���>{>r J<Æ É%Ç>�:Ï.�q+tvK>E*Ê>Ê��?� � E�q9J,{vp,{�s&{>u E�E%kop%��E#G=E&µ�E&p%��u {>l9J-w)E&pbG9E���{>G+s?p,r {>G9G9E\��l9E�q�{>l9Jbl9G={>��noE&pbkmE#l9u0��G9H%s&E%k,k,tvr J,E#�}E#G�ps&{>G��>E&��E�E&pFkml9J�u E%k,��l9E#u�u E%k�s-y+tvG9K>E#�}E#G�p-k�w�� {>J,r E#G�p-t3p,r {>G�w�E%k�G9{>J,�)tvu E%k�G9E*km{>G�p�q+t>k�p,J,{>q=tv�9J,l9q�p,E%k*�@p,{>l+ks&E%k�w�H&�2tvl�p-kF{>G�p�H&p,H�s&{>J,J,r K>H%kbw9tvG+k<Æ É%Ç>Ê%Ï��?�+ÓCuVk#� t3µ�J-tvG+s-y9r p�tvr G+kmrVw�E<u t}J,E#�)tvJ-��l9E\q9J,H%s&H%w�E#G�p,E<kml9J�u0� tvl�p,{v¦{>�Y�9J-tvK>E�w9tvG+k�u0� tvJmp,r s&u E*w�E<Ñ�t3p,{�E&pFtvu0��Æ É%Ê�È#ÏC��{>GaJ,E#�)tvJ-��l9E#J-t<��l9E\w9tvG+k*Æ É%Ç>Ê%Ï.��u0� l�p,r u r k,t3p,r {>Gaw�� l9Gau {>K>r s&r E#uw�E�p,J-t>s&H�w�EYJ-t:�>{>G+kbu l9r[q�E#J,�}E&p\w�EYJ,H%km{>l+w�J,E\u EYq9J,{>�9u z#�}EYw�E%k�{>�Y�9J,E%k?§Bs#�?� � E#q�E#G+w9tvG�p%��u t)�}H&p,y9{�w�EYG9Eq�E#l�p�p,{>l3no{>l9J-kYq+t>k�p,J-tvr p,E#J�u E%k�kml9Jm�2t>s&E%k<p,E&��p,l9J,H#E%k#�[G9rbu E%k�kml9Jm�2t>s&E%k�tvG9r km{vp,J,{>q�E%k#�8"�p)s&{>�}�}E=q�{>l9J�u E%ktvJmp,r s&u E%k�q9J,H%s&H%w�E#G�p-k#�V{>G½�>{>r p��)tvubs&{>�}�}E#G�pYu E=�2tvr p}w�E=G9H#K>u r K>E#JYu E%kYr G�p,E#Jm¦.J,H$#+E&��r {>G+k����}¨#�}E=q�{>l9J�l9G{>��noE&p�s&{>G��>E&��E:�?�[u l9r�q�E#J,�}E&p�w�Eap,J-tvr p,E#J)w�E%k}IbD�r � K>H#G9H#J-tvu E%k#�[q9l9r k,��l7� l9G kmr �}q9u E|{>��noE&p)�}r J,{>r Jx��l9G9E��{>l9u Eaw�E=��{��#u�q+tvJYE&��E#�}q9u E:�<q9J,H%kmE#G�p,E}p,E#u u E#�}E#G�p)w�� r G�p,E#Jm¦.J,H$#+E&��r {>G+k<t:�>E%s)u0� E#G���r J,{>G9G9E#�}E#G�p%�V��l7� r u�E%kopr �}q�{�k,kmr �9u E�w�� E#G�E&��p,J-tvr J,EFu E%k�q9J,{>q9J,r H&p,H%k�k,tvG+k�E#G)p,E#G9r J�s&{>�}q�p,E>�)"�G�²+G7��u E�G9{>�Y�9J,E�w�� r �)tvK>E%k�G9H%s&E%k,k,tvr J,E%kq�{>l9Jbp,J-tvr p,E#JFl9GxkmE#l9u�{>��noE&p%�+s&{>�}�}E\l9G9E�kmq9y9z#J,E\{>lal9Gxs&��u r G+w�J,E>��E%kop�w�E*p,J,E#G�p,E>�jVt�kmE%s&{>G+w�E�p,E%s-y9G9r ��l9E*q+tvJ,��r E#G�pb��kmr �Yl9u E#Jbw�E%k�{>��noE&p-k�u H#K>z#J,E#�}E#G�pbkmq�H%s&l9u tvr J,E%k�q+tvJbl9G9E\tvq9q9J,{:��r �)t3p,r {>Gu tv�Y��E#Jmp,r E#G9G9E}w�E)k,t=IbD�r � ���}{�w�l9u {al9G�p,E#J,�}E}w�E}J,H#K>l9u tvJ,r k,t3p,r {>Gxq�{>l9J<s#tvu s&l9u E#J*u tas&{>�}q�{�k,tvG�p,E�kmq�H&¦s&l9u tvr J,E>��j�� t:�3tvG�p-tvK>E}w�E}u ta�}H&p,y9{�w�E}E%kopY��l7� E#u u E}q�E#J,�}E&p�w�E)q9J,E#G+w�J,E�E#G¸s&{>�}q�p,E}u E%k<{>��noE&p-k���{>Jmp,E#�}E#G�pp,E&��p,l9J,H%k�E&pbs&{>G+s#t:�>E%k#�>j7E%k�r G+s&{>G��>H#G9r E#G�p-k�km{>G�p�q9J,E%k,��l9E�u E%k��}¨#�}E%k���l9E�q9J,H%s&H%w�E#�}�}E#G�p%��E&�9s&E#q�p,H*��l9E�u Es&¶vp,H�p,E&��p,l9J,E#u9w�lYp,J-tvr p,E#�}E#G�pS��{>J-s&Eb�*J,H%tvu r kmE#J[E#G�q9u l+k�l9G9EFtvq9q9J,{:��r �)t3p,r {>G�q�{>l9JSp,J,{>l9�>E#J[u E�p,E#J,�}EFkmq�H%s&l�¦u tvr J,E�w�E�u t�IbD�r � �%p-tvG+w�r kS��l7� l9G9E�p,E#u u Ebtvq9q9J,{:��r �)t3p,r {>G\G7� E%kopSq+t>kVG9H%s&E%k,k,tvr J,E�w9tvG+k[u t�q9J,E#�}r z#J,E��}H&p,y9{�w�E>�
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"�G�²+G7��u t�w�E#J,G9r z#J,E�p,E%s-y9G9r ��l9E<��l9E*G9{>l+kbw�H%s&J,r �>{>G+k�r s&r�q�{>l9JbJ,E&p,J,{>l9�>E#J�u E%kbJ,H$#+E%s?p-tvG+s&E%k�E%kopFJ-t>w�r s#tvu E&¦�}E#G�p�w�r µ�H#J,E#G�p,E\w�E%kbq9J,H%s&H%w�E#G�p,E%k#�VM�{>G9K}E&pFtvu0��Æ È�É%Ê��+È3°����+È3°�Ë#Ï�q9J,{>q�{�kmE#G�pbl9G9E*p,E%s-y9G9r ��l9E*{>J,r K>r G+tvu E>��E#Gs#tvu s&l9u tvG�p[u t�J,H$#+E%s?p-tvG+s&E�w�Ebs-y+t>��l9E�q9r ��E#u0�'"�GYE&µ�E&p%�:u E�q9u tvGYr �)tvK>E�E%kop�s&{>G+kmr w�H#J,H�s&{>�}�}E�l9GY{>��noE&pS��q+tvJmpE#G�p,r z#J,E>�7s&{>G+kop,r p,l9H�w�E)q9u l+kmr E#l9J-k\H#u H#�}E#G�p-k<w�E�kml9Jm�2t>s&E)t:��tvG�p<s-y+t>s&l9G�u E#l9J�q9J,{>q9J,E}IbD�r � �VJ,E#q9J,H%kmE#G�p,H#Es&{>�}�}E�l9G9E*km{>�}�}E�w�� y+tvJ,�}{>G9r ��l9E%k�kmq9y9H#J,r ��l9E%k#�lK�u l+kmr E#l9J-k�r �)tvK>E%k�km{>l+k�w�E%k�s&{>G+w�r p,r {>G+k�w�� r u u l9�}r G+t3p,r {>Gw�r kop,r G+s?p,E%kFE&p�t:�>E%s*w�E%kFq�{>r G�p-k�w�E<��l9E<w�r µ�H#J,E#G�p-k�km{>G�p�s#tvu s&l9u H#E%k<�2k#� r uVk#� tvK>r p�w�� r �)tvK>E%kbJ,H#E#u u E%k#��{>G|kop,{�s�
>Enol+kop,E�u t�q�{�kmr p,r {>G=w�E�u0� {>�+kmE#J,�3t3p,E#l9J�E&p�u tYw�r J,E%s?p,r {>G)r G+s&r w�E#G�p,E*w�E�u tYkm{>l9J-s&E�w�E�u l9�}r z#J,E�q9u t>s&H#E*�<u0� r G�²+G9r@�?�jVtYIbD�r � w�� l9G=q9r ��E#uS��{>l�H#u H#�}E#G�pbw�E*kml9Jm�2t>s&E%k-��E%kopbtvu {>J-k�E%kop,r �}H#E*s&{>�}�}E�u E�J-tvq9q�{>Jmp�w�E�u0� r G�p,E#G+kmr p,H\w�lq9r ��E#u[kml9J�s&E#u u EYw�E�u t�km{>l9J-s&E�w�E�u l9�}r z#J,E>�+q�{>l9J�s-y+t>��l9E�w�r J,E%s?p,r {>Gxr G+s&r w�E#G�p,E�E&p�J,H$#+H%s-y9r E>��KS{>l9J*s-y+tvG9K>E#Ju E�q�{>r G�p\w�EY��l9EYw�E�u t�k,s&z#G9E�E&p*J,H#r u u l9�}r G9E#J�l9G�{>��noE&p*w�{>G�p�u t�IbD�r � t)H&p,H�s#tvu s&l9u H#E>��t:�>E%s\l9G9EYkm{>l9J-s&Ew�E\u l9�}r z#J,E<tvl�p,J,E<��l9E<w�r J,E%s?p,r {>G9G9E#u u E)��u E%kbJ-t:�>{>G+k�w�E\u l9�}r z#J,E<w9tvG+kFs&E<s#t>k�q9J,H%s&r kFkm{>G�p�p,{>l+kbq+tvJ-tvu u z#u E%k-�?�
M�{>G9K}E&p�tvu0��{>G�p���E%km{>r G|w�� l9G9E�s#tvJmp,E<w�E\q9J,{v��{>G+w�E#l9J���l9r7w�{>r p�¨&p,J,E*��{>l9J,G9r E\H#K�tvu E#�}E#G�pFE#G|E#G�p,J,H#E>�j�� t:�3tvG�p-tvK>E<w�E�s&E&pmp,E��}H&p,y9{�w�E�E%kop*k,t)kmr �}q9u r s&r p,H�E&p�u t)q�{�k,kmr �9r u r p,H���l7� E#u u E�{vµ�J,E�w�E�J,H%tvu r kmE#JFJ-tvq9r w�E#�}E#G�pw�E%kYE&µ�E&p-k���r kml9E#u kYk,t3p,r ko�2tvr k,tvG�p-k#�VG9{vp-tv�}�}E#G�p}kml9J�u E%k�s-y+tvG9K>E#�}E#G�p-kYw�Eas&{>G+w�r p,r {>G+k�w�� H%s&u tvr J,E#�}E#G�p%��r�Eq9u l+k#��u E)J,E%s&{>l9��J,E#�}E#G�p\w�E%k<IbD�r � E%kop<r G+w�H#q�E#G+w9tvG�pYw�E}u t|s&{>�}q9u E&��r p,H)w�E}u t|k,s&z#G9E>��q9l9r k,��l9E�p,{>l+k\u E%ks#tvu s&l9u kSk#� E&µ�E%s?p,l9E#G�p�kml9J�u0� r �)tvK>E>�3��H%tvG9�}{>r G+k#�:q9u l+kmr E#l9J-kSr G+s&{>G��>H#G9r E#G�p-kVJ,E%kop,E#G�p�q9J,H%kmE#G�p-k#�JtV{>l�p�w�� tv��{>J-w��u t)p,E%s-y9G9r ��l9E�G7� t�q+t>k�H&p,HYp,E%kop,H#E}kml9J\w�E%k*r �)tvK>E%k�J,H#E#u u E%k#��E&p\�9r E#G���l9E�M�{>G9K=E&p<tvu0��q9J,H%s&r kmE#G�p\��l9E}s&E#u tG9E�q�{�kmE}tvl+s&l9G�q9J,{>�9u z#�}E>��tvl+s&l9G9E�J,E%s&{>G+kop,J,l+s?p,r {>G�w�E#q9l9r k\l9G9E�q9y9{vp,{aG7� E%kop<�}{>G�p,J,H#E�w9tvG+k\tvl+s&l9G�w�E%kp,J,{>r k<tvJmp,r s&u E%k�Æ È�É%Ê��VÈ3°����VÈ3°�Ë#Ï.�TK�tvJ<tvr u u E#l9J-k#��u0� t3no{>l�p�w�� {>��noE&p-k\G9{>l9�>E%tvl���kmE#�Y�9u E}r �}q�{�k,kmr �9u E>�7q9l9r k,��l7� �tvl+s&l9G¸�}{>�}E#G�p%�V{>G¸G9E=s&{>G9G+t�I p�u E%kYs&{>G+w�r p,r {>G+k�w�� H%s&u tvr J,E#�}E#G�pYw�� {>J,r K>r G9E>�7jVtx�}H&p,y9{�w�E��}{>G�p,J,E}H#K�tvu E&¦�}E#G�p�w�E%kFJ,H%kml9u p-t3p-kFkml9J�w�E%k�k,s&z#G9E%k�p,J,z%kFkmr �}q9u E%k���q+t>kbq9u l+k�w�E�w�E#l��a{>��noE&p-k-�?�9E&p�r u7E%kopFq9J,{>�+tv�9u E<��l7� E#u u EG9E*��{>G+s?p,r {>G9G9E#J-tvr p�q+t>kbs&{>J,J,E%s?p,E#�}E#G�pbw9tvG+kbw�E%kbk,s&z#G9E%kbs&{>�}q9u E&��E%k#��{��=u E%k�{>��noE&p-kbkmE#J-tvr E#G�pbkm{>l9�}r kb��w�E%kr G�p,E#Jm¦.J,H$#+E&��r {>G+k���{>Jmp,E%k#��s#tvJ*u0� r u u l9�}r G+t3p,r {>G�K>u {>�+tvu E�G7� E%kop\q+t>k*K>H#J,H#E3§ .3� "�G�²+G7�7{>G�s&{>G+kop-t3p,E}w�E%k\q9y9H#G9{v¦�}z#G9E%k�w�� tvu r t>k,k,tvK>E)r �}q�{>Jmp-tvG�p-k�w9tvG+kYu E%kYr �)tvK>E%k#�Vq�{>l9J�u E%k,��l9E#u kYG9{>l+kYG7� t:�>{>G+k�q+t>k�p,J,{>l9��H=w�EaJ-tvr km{>Gr �}�}H%w�r t3p,E)·9l9G9E<E&��q9u r s#t3p,r {>Gar G�p,l9r p,r �>E\p,E#G+w�J-tvr p��}r �)tvK>r G9E#JF��l9E<u t}w�r k,s&J,H&p,r k,t3p,r {>G|kmq+t3p,r tvu E<w�E<u0� r �)tvK>E��u t)kml9Jm�2t>s&E*E&�9tv�}r G9H#E\E#Ga�2tvr p?��E#G|r G�p,E#G+kmr p,H%kFw�E<q9r ��E#u�G7� �=E%kop�q+t>kbH&p,J-tvG9K>z#J,E>�
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j7E%k��}H&p,y9{�w�E%k�l�p,r u r k,tvG�pbu0� r u u l9�}r G+t3p,r {>G�K>u {>�+tvu E�km{>G�p�km{>l9�>E#G�p�q9u l+k�q9l9r k,k,tvG�p,E%k���l9E�u E%k��}H&p,y9{�w�E%k�w�lq+tvJ-tvK>J-tvq9y9EYq9J,H%s&H%w�E#G�p%�Vs#tvJ<E#u u E%k\q�E#l9�>E#G�pYkmr �Yl9u E#J<u E%k<r G�p,E#Jm¦.J,H$#+E&��r {>G+k*q�{>l9J�J-t3�)G9E#J\u t|J,E%s-y9E#J-s-y9E}w�Eq+tvJ-tv�}z&p,J,E%kbw�E\J,H$#+E%s?p-tvG+s&E>�
j�� l9G�w�E%k�q9J,E#�}r E#J-k��<E#�}q9u {3�>E#J�u0� r u u l9�}r G+t3p,r {>G�K>u {>�+tvu Ebq�{>l9J�w�E%k�tvq9q9u r s#t3p,r {>G+k�w�E�J,H%tvu r p,H�tvl9K>�}E#G�p,H#E��l�p�r�E#��E#�>E%s\Æ °�Í%Ï.��Ñ�{>G�{>��noE%s?p,r ��E%kop�w�� r G+kmH#J,E#J�w�E%k�{>��noE&p-k�w�E�km��G�p,y9z%kmE�w9tvG+kSl9G9E�k,s&z#G9EFJ,H#E#u u E>�3E#G}q9J,E#G+tvG�pE#G�s&{>�}q�p,E�u E#l9J-k�r G9#+l9E#G+s&E%k�H#�>E#G�p,l9E#u u E%k�kml9J�u0� E#G���r J,{>G9G9E#�}E#G�p���E&p���r s&E&¦.�>E#J-k,t��?��K�tvJ�tvr u u E#l9J-k#�vu0� r w�H#E�km{>l+ko¦nmt>s&E#G�p,E}��l9r[�}{vp,r �>E}s&E&p<tvJmp,r s&u E>��E%kop<w�E�q�{>l9�>{>r J�J,H%tvu r kmE#J�l9G9EYp,E#u u E}{>q�H#J-t3p,r {>G�k,tvG+k��}{�w�H#u r kmE#J�p,{>l�p,E�u tk,s&z#G9E>�3s#tvJSs&E&pmp,E�{>q�H#J-t3p,r {>G�E%kopSu {>G9K>l9E�E&p[�2t>kop,r w�r E#l+kmE>�:E&pSu Ebs#tvu s&l9u�w�� l9G9Ebr �)tvK>E�q+tvJ[r u u l9�}r G+t3p,r {>GYK>u {>�+tvu Ep,J,z%k�s&{���p,E#l���� ��u0� tvr w�E�w�� l9G9E�kmq9y9z#J,EFq+tvJm�2tvr p,E#�}E#G�p�J,H$#+H%s-y9r k,k,tvG�p,EFq9u t>s&H#E��<s&¶vp,H�w�E�u t��#{>G9E�w�� r G+kmE#Jmp,r {>G7�l9G�E#G+kmE#�Y�9u E)w�� r �)tvK>E%k\{>�}G9r w�r J,E%s?p,r {>G9G9E#u u E%k\w�E}u t|k,s&z#G9E>��E%kop�s#tvq�p,l9J,H>��kmE#u {>G¸w�E%k*p,E#�}q+k<w�� E&��q�{�kmr p,r {>Gw�r µ�H#J,E#G�p-k#�Tr�E#��E#�>E%sYJ,E%s&{>G+kop,J,l9r p\E#G+kml9r p,E}u t���{>G+s?p,r {>G¸w�E}s&{>G��>E#J-kmr {>G�w�E%k*u l9�}r G+tvG+s&E%k\E#G�r G�p,E#G+kmr p,H%k<w�Eq9r ��E#uVkml9r �3tvG�p�u t��}H&p,y9{�w�EYw�H%s&J,r p,E<w9tvG+k<Æ °��:Ï.�+jVt}k,s&z#G9E<E%kop�tvu {>J-kbw�H%s&{>l9q�H#E<E#Gap,J,{>r kbq+tvJmp,r E%k?§ � �+jVt}q9J,E&¦�}r z#J,E\E%kopFu t}¬&��-£�¢��>¤ ¬#«.®3£�«C¢���l9r�J,E#q9J,H%kmE#G�p,E*u0� E#G���r J,{>G9G9E#�}E#G�pbE&p�G9E<s&{>G�p,r E#G�p���l9E<w�E%kbu l9�}r G+tvG+s&E%k<��q+t>kw�EFIbD�r � w�{>G+s%�?�vs#tvJ�s&E#u l9r ¦Cs&r�E%kop�H#u {>r K>G9Hbw�E%kS{>��noE&p-k[Ã�¡�?®	�3¥Y��l9r�G9{>l+kSr G�p,H#J,E%k,kmE#G�p%� � E&pmp,EF¬&��-£�¢ �>¤ ¬#«.®3£�«C¢kmE#J,��r J-t<s&{>�}�}E*km{>l9J-s&E�w�E*u l9�}r z#J,E>��E#G�H#�}E&pmp-tvG�pFw�E�u0� H#G9E#J,K>r E�w�E#q9l9r kbkmE%k�p,E&��p,l9J,E%k�E&pbE#G�G9E*J,H#H#�}E&pmp-tvG�pq+t>k*u0� H#G9E#J,K>r E�J,E z&l9E>��jVtakmE%s&{>G+w�E�q+tvJmp,r E�E%kop\u t|¬&��-£�¢<Ã�¡�?®3Ã�¢:��{���u E%k*{>��noE&p-k\��r Jmp,l9E#u k*�>{>G�p<k#� r G+kmH#J,E#J%��E&p��l9r9�3t\¨&p,J,EFr G9#+l9E#G+s&H#E�q+tvJ�s&E&pmp,E�r G+kmE#Jmp,r {>G7� � E&pmp,E�k,s&z#G9EFu {�s#tvu EbE%kop��}{�w�H#u r kmH#EFK>H#{>�}H&p,J,r ��l9E#�}E#G�p�E#G)Ç7rY�

"�G�²+G7��u t)w�E#J,G9r z#J,E<q+tvJmp,r E�s&{>G�p,r E#G�p�l9G9r ��l9E#�}E#G�p�u E%k�{>��noE&p-k�w�EYkm��G�p,y9z%kmE>�9E#l���¦.�}¨#�}E%k#�=r*tvG+kFu t)�}E%kml9J,E
Õ 9 �[ö�ð2áoø�ó-ð��#ý:áoð0ó��#ý:áSà3ó-ö:ô�ú áoô�ç0ð2õ?û ôVó-ð�ç0û üoú áoô��%ý:ö:á[ç����oû �oð2á�øFû ð2õ?û ç��oá[áoô2ç�ümó-ú üoý:ú �oá�ô0õ?ý:ô�à:áoô�üoõ?ö:à:û ç0û õ?ö:ô7ö:õ?ý �&áoú ú áoô7à�þ û ú ú ý��øFû ö3ó,ç0û õ?ö���#û%ú óVø&�Cç��:õ#à:á�ùváoð2øFáCç9à:á�ü%�3ó-ö:ñ?áoð+ú áoô9üoõ?ö:à:û ç0û õ?ö:ô+à�þ �oüoú ó-û ð2áoøFáoö&ç+à:á�üoáCç+õ��/:2áCç��?û ú#áoô2ç+ùváoý�ù:ð2õ��3ó
�:ú á �#ý�þ õ?ö�ù:ý:û ô0ô0áü%�3ó-ö:ñ?áoðVú áSùvõ?û ö&çVà:á��%ý:á�ô0ý:ð�üoáCçVáC÷%áoøFù:ú á��:ümó-ð7ú þ ó-ô0ùváoüCç � õ?ð�ç0áoøFáoö&çVô0ù �oüoý:ú ó-û ð2á�à:á�ú þ õ��/:2áCç7ö��oüoáoô0ô0û ç0áoð0ó-û ç[ý:ö:áSüoõ?ö:ö3ó-û ô0ô.ó-ö:üoáç0õ-ç.ó-ú á�à:á�ú þ áoö��%û ð2õ?ö:ö:áoøFáoö&çVùvõ?ý:ðVùvõ?ý �&õ?û ðVümó-ú üoý:ú áoðVú áoô7ö:õ?ý �&áoú ú áoôVð�� �3áC÷%û õ?ö:ô��Õ � |�áCç2ç0á�õ?ù��oð0ó,ç0û õ?ö<áoô2çVø�ó-ö#ý:áoú ú á��%áCç[ü?þ áoô2ç<;�ú þ ý%ç0û ú û ô.ó,ç0áoý:ð�à:á�à�� � ö:û ðVüoáoôVù3ó-ð�ç0û áoô��



Î>� ������������	�
 �L��
G�;��� ��
 ©
� ��	��
{��akmE#l9u E�u tYq+tvJmp,r E�u {�s#tvu E*w�E*u0� r �)tvK>E*J,H#E#u u E�E%kopb�}{�w�H#u r kmH#E>��u t�J,E%s-y9E#J-s-y9E�w�E%k�q+tvJ-tv�}z&p,J,E%k�w�E*J,H$#+E%s?p-tvG+s&EG9E�k#� E&µ�E%s?p,l9E���l9E�kml9J*u E%k�{>��noE&p-k���l9rS�xkm{>G�p*w�H&²+G9r k��2s&E&pmp,E}tvq9q9J,{:��r �)t3p,r {>G|q+tvJmp\w�l�q9J,r G+s&r q�E���l9EYu0� r G�¦kmE#Jmp,r {>G���l�p,l9J,E�w�E%k<{>��noE&p-k�w�E�km��G�p,y9z%kmE}G7� r G9#+l9E#G+s&E�q+t>k\u0� E#G���r J,{>G9G9E#�}E#G�p?�?�7j7E�s#tvu s&l9u�w�E%k�IbD�r � w�E%k{>��noE&p-k}k#� E&µ�E%s?p,l9E|q+tvJ�l9G q9J,{�s&E%k,kml+kYr p,H#J-t3p,r �o�S�)tvr k��)tvG�l9E#u<�2kmrFu E%k�{>��noE&p-k�G9E|km{>G�p}q+t>k�q+tvJm�2tvr p,E#�}E#G�pw�r µ�l+k-�?�Sj�� l�p,r u r k,t3p,E#l9J�²9��Eaw�{>G+s)u E%k��3tvu E#l9J-kYw�E�J,H$#+E%s?p-tvG+s&E3§ � w�E%kY{>��noE&p-k�J,H#E#u k�w�E=u t�¬&��-£�¢�Ã�¡�?®3Ã�¢:�VE&ps#tvu s&l9u E}E#G+kml9r p,E)l9G9E}r �)tvK>E}q+tvJ<r u u l9�}r G+t3p,r {>G¸K>u {>�+tvu E>��E#G�l�p,r u r k,tvG�p 	�®��>¤@®3£�&¢�Æ ÈvÇ�Ë&Ï.�7E&p�E#G�G9H#K>u r K>E%tvG�pw�{>G+s�u0� H#G9E#J,K>r E�w�E#�3tvG�p*¨&p,J,E�J,H#H#�}r kmEYq+tvJ�u ta¬&��-£�¢ �>¤ ¬#«.®3£�«C¢:��Ñ�rSu0� r �)tvK>EYE%kop<k,t3p,r ko�2tvr k,tvG�p,E>�+u EYq9J,{�s&E%k,kml+kk#� tvJ,J,¨&p,E�u �9��kmr G9{>G�u0� l�p,r u r k,t3p,E#l9J\w�{>r p\�}{�w�r ²+E#J\u E%k�q+tvJ-tv�}z&p,J,E%k�w�E�J,H$#+E%s?p-tvG+s&EYw�E%k*{>��noE&p-k�q�{>l9J\{>��p,E#G9r Jl9G9E\�}E#r u u E#l9J,E\r �)tvK>E}�2k,tvl��Sw9tvG+k�u E<s#t>kbw�� {>��noE&p-kbq+tvJm�2tvr p,E#�}E#G�pFw�r µ�l+kF{��=l9Gxs#tvu s&l9u�tvl�p,{>�)t3p,r ��l9E\t�H&p,HJ,H%tvu r kmH:�?�+j7{>J-k,��l9E<u0� r �)tvK>E�J,E#K>H#G9H#J,H#E<E%kop*k,t3p,r ko�2tvr k,tvG�p,E>�9r uSw�E#��r E#G�p�q�{�k,kmr �9u EYw�� r G+kmH#J,E#J�E&p��:{>lxJ,E&p,r J,E#J�w�E%k{>��noE&p-kb��r Jmp,l9E#u kb{>l|J,H#E#u k#�� E&pmp,E|�}H&p,y9{�w�EaE%kop}��J-tvr �}E#G�p}r G�p,H#J,E%k,k,tvG�p,E>�Ss#tvJ�E#u u Eaq�E#J,�}E&p)l9G9Ea�Yl9u p,r p,l+w�Exw�� tvq9q9u r s#t3p,r {>G+k#��j7E=�2tvr pw�E)J,E%s&{>l9��J,E#J\u E%k\J,H$#+E%s?p-tvG+s&E%k<w�E%k�kml9Jm�2t>s&E%k\w9tvG+k<u t �#{>G9E)w�� r G�p,H#J,¨&p�q�E#J,�}E&pYw�� t>s#s&H#u H#J,E#J\u E%k\p,E#�}q+k�w�Es#tvu s&l9u0��E&p<u0� l�p,r u r k,t3p,r {>G¸w�E�u0� r u u l9�}r G+t3p,r {>G�K>u {>�+tvu E�q�{>l9J\J,E%km��G�p,y9H&p,r kmE#J\w�E%k\k,s&z#G9E%k*q�E#J,�}E&p<l9G�J,H%tvu r km�}E�)t3��r �)tvu0� � E#q�E#G+w9tvG�p�{>G)J,E#K>J,E&pmp,E���l9E�u t<q9J,{�s&H%w�l9J,E�w�E*s&{>J,J,E%s?p,r {>G)w�E%k�J,H$#+E%s?p-tvG+s&E%k�km{>r p��)tvG�l9E#u u E>��s#tvJE#u u EFq�E#l�p�¨&p,J,Ebu {>G9K>l9EbE&p�q�H#G9r �9u E>�>kmr9��E%tvl+s&{>l9q}w�� {>��noE&p-kSG9{>G)w�r µ�l+k�km{>G�p�q9J,H%kmE#G�p-k#�:E&p�E#u u EFq�E#l�p�¨&p,J,EFkml9��¦noE%s?p,r �>E�q9l9r k,��l9EYu0� l�p,r u r k,t3p,E#l9J\w�H%s&r w�E}w�l��}{>�}E#G�p*{���u0� r �)tvK>EYE%kop\kml���k,tv�}�}E#G�p*q9J,{�s-y9E�w�E�u0� {>J,r K>r G+tvu E>�
K�tvJ�tvr u u E#l9J-k#�>u t��}{�w�H#u r k,t3p,r {>G}p,J,z%k�tvq9q9J,{:��r �)t3p,r �>E�w�E�u0� E#G���r J,{>G9G9E#�}E#G�p�u r �}r p,E�u E%k�tvq9q9u r s#t3p,r {>G+k�·�u0� l�p,r u r ¦k,t3p,E#l9JbG9E\q�E#l�p�kmE*q�E#J,�}E&pmp,J,E<w�E\K>J-tvG+w9k�s-y+tvG9K>E#�}E#G�p-kbw�E\q�{>r G�p-kFw�E\��l9E}��u0� r �}q9J,E%k,kmr {>G|w�E\q�E#J-kmq�E%s?p,r �>EkmE#J-tvr p��2tvl+k,kmH#E:�?��E&pFr u�E%kop�w�r ��s&r u E<w�� r G+kmH#J,E#Jbw�E%k�{>��noE&p-kFw�{>G�pbu t�s&{>G�p,J,r �9l�p,r {>G=H#G9E#J,K>H&p,r ��l9E�r G9#+l9E#J-tvr p�kml9Ju0� E#G���r J,{>G9G9E#�}E#G�p}�2s&{>�}�}E}w�E%k\km{>l9J-s&E%k�w�E�u l9�}r z#J,E�q+tvJ*E&��E#�}q9u EY{>l�w�� tvl�p,J,E%k�{>��noE&p-k*r G9#+l+tvG�p\r G+w�r J,E%s?¦p,E#�}E#G�p�kml9JFu t}¬&��-£�¢��>¤ ¬#«.®3£�«C¢&�?�

Ð�Gxt�s&u tvr J,E#�}E#G�p�s&{>�}q9J,r k���l9E�u E�q9J,{�s&E%k,kml+kFw�E�J,E%s&{>l9��J,E#�}E#G�p�w�E%kFJ,H$#+E%s?p-tvG+s&E%k�w9tvG+k�u0� tvJmp,r s&u E<q9J,H&¦s&H%w�E#G�p*s&{>G+kop,r p,l+tvr p�km{>G|q9J,r G+s&r q+tvu7q�{>r G�p��2tvr �9u E>� ��lxE&p*tvu0�9q9J,{>q�{�kmE#G�p�w�{>G+s<w�E�J,E#�}H%w�r E#J��)s&E&p�r G+s&{>G��>H&¦G9r E#G�p%�%E#G�w�H#�>E#u {>q9q+tvG�pVl9G9E�p,E%s-y9G9r ��l9E�J,E&p,J,{>l9�3tvG�pVw�E%kVIbD�r � ��l9E#u s&{>G+��l9E%k7w9tvG+k7l9G9E�kmH%��l9E#G+s&E�w�� r �)tvK>E%kÆ È>Í�Év�>È>Í>È%Ï.�vt:�>E%s���l9E#u ��l9E%kSJ,E%kop,J,r s?p,r {>G+kSs&E#q�E#G+w9tvG�p%�7tV{>l�p�w�� tv��{>J-w��3E&p�s&E#u t*E%kop�l9G}q�E#l)tvG�p,r G9{>�}r ��l9EFt:�>E%su E%kbtv�Y�9r p,r {>G+k�w�E*u0� tvJmp,r s&u E�q9J,H%s&H%w�E#G�p%��u t�k,s&z#G9E*w�{>r pb¨&p,J,E��}{�w�H#u r kmH#E*E#G�p,{vp-tvu r p,H>��s&E\��l9r�q�E#l�p�s&{>G+kop,r p,l9E#Jl9G9E�u {>l9J-w�E\p x>s-y9E%³ �v�B"�G+kml9r p,E>�+{>GxG9E<q�E#l�p*J,E&p,J,{>l9�>E#Jbu E%k�IbD�r � w�E%k�{>��noE&p-k#�+��l9EYkmrVtvl|�}{>r G+k�l9G|H%s&u t3pkmq�H%s&l9u tvr J,EYw�EYu0� {>��noE&p�E%kop*��r kmr �9u EYkml9J�l9G9E�w�E%k�r �)tvK>E%k�w�EYu t�kmH%��l9E#G+s&E>��kmr G9{>G�u0� {>��noE&p�E%kop\kml9q9q�{�kmH�q+tvJm¦�2tvr p,E#�}E#G�p�w�r µ�l+k#�j7E%k�w�{>G9G9H#E%kFq�{>l9J�s&E&p�tvu K>{>J,r p,y9�}E<km{>G�p�u E%k�kml9r �3tvG�p,E%k<·9l9Gx�}{�w�z#u E<K>H#{>�}H&p,J,r ��l9E<Ç7r w�E�u t)k,s&z#G9E�s&{>��¦q9J,E#G+tvG�pFu t)s#tv�}H#J-t9��q9u l+k�w�� l9G9E�s&E#G�p-tvr G9E�w�� r �)tvK>E%k#��u t}q�{�kmr p,r {>G|E&p�u0� r G�p,E#G+kmr p,HYw�E%k�km{>l9J-s&E%kbw�E<u l9�}r z#J,E>�jVt*q9J,E#�}r z#J,EbH&p-tvq�EFE%kop�w�EFJ,E&p,J,{>l9�>E#JSu t*��{>G+s?p,r {>G}w�E�s&{>G��>E#J-kmr {>G�w�E%k�u l9�}r G+tvG+s&E%kSE#G}r G�p,E#G+kmr p,H%k�w�EFq9r ��E#u7·s&E%s&r�k#� E&µ�E%s?p,l9E)K>J x>s&E}�¸Æ °��:Ï.�V��l9r�s#tvu s&l9u E)°�Ì|s#tvJmp,E%k<w�E)u l9�}r G+tvG+s&E%k<w�E#q9l9r k<u E%k)É:ÍvÌar �)tvK>E%k<w�E�w�H#q+tvJmp�2w�{>G�p\É:È�kmq�H%s&r ²���l9E#�}E#G�pbq�{>l9Jb{>��p,E#G9r Jbw�E%k�H%s&u t3p-k�kmq�H%s&l9u tvr J,E%k�w�E�p,{>l�p,E%k�u E%kbkml9Jm�2t>s&E%k�w�E*u t�k,s&z#G9E\w9tvG+ku E%k[r �)tvK>E%k-�?�Jr*tvG+kSu Ebs#t>k[{��Yp,{>l�p,E%k[u E%kSkml9Jm�2t>s&E%kSkmE#J-tvr E#G�pSw�r µ�l+kmE%k#�3E&p�s&{>�}�}E�{>G}t�u t�J-t>w�r {�kmr p,H�w�E�p,{>l�p,E%ku E%k\kml9Jm�2t>s&E%k�w�E�u t=k,s&z#G9E>��{>G�q�E#l�p�w�r J,E%s?p,E#�}E#G�p*r G��>E#J-kmE#J�u0� H%��l+t3p,r {>G�w�E�J-t>w�r {�kmr p,HYq�{>l9J*{>��p,E#G9r J*u E%k*J,H&¦
#+E%s?p-tvG+s&E%k,³?§:�+jVt�kmE%s&{>G+w�E<H&p-tvq�E<E%kop*w�{>G+s\u E�J,E%s&{>l9��J,E#�}E#G�p�w�E%k�IbD�r � ����l9rVq�E#l9�>E#G�p�¨&p,J,EYtvG9r km{vp,J,{>q�E%kq9l9r k,��l9E�u E%k�tvl�p,E#l9J-k�l�p,r u r kmE#G�p�u E��}{�w�z#u Eaw�EwM¸tvJ-w Æ ÈvÇ>�:Ï.��Ñ�t>s-y+tvG�pY��l7� tvl½�}{>r G+k�l9G½H%s&u t3p�kmq�H%s&l9u tvr J,EE%kop���r kmr �9u E�w9tvG+kFu0� E#G+kmE#�Y�9u E�w�E%kFr �)tvK>E%k#��l9G9E<�}r G9r �}r k,t3p,r {>G|q+tvJFu t}�}H&p,y9{�w�EYw�E%kb�}{>r G+w�J,E%k�s#tvJ,J,H%k#��E%kopE#�}q9u {3�>H#E�q�{>l9J<�}r G9r �}r kmE#J<u0� E#J,J,E#l9J\E#G�p,J,E�u0� r �)tvK>E}J,H#E#u u E}E&p<u0� r �)tvK>E}J,E#K>H#G9H#J,H#EYq+tvJ�	�®��>¤@®3£�&¢�Æ ÈvÇ�Ë&Ï�E&pJ,E&p,J,{>l9�>E#JVp,J,{>r kSq+tvJ-tv�}z&p,J,E%kVq�{>l9J�l9G9E�kml9Jm�2t>s&Ebr km{vp,J,{>q�E\� ����4����*4%> �[E&p�s&r G+�<q�{>l9J�l9G9E�kml9Jm�2t>s&EbtvG9r km{vp,J,{>q�E� ����4����*4%>

�
4%>

�
4 9���?�9j7E%k�r �)tvK>E%k�J,H%kml9u p-t3p-k��}{>G�p,J,E#G�pb��l9E*u tY�}H&p,y9{�w�E���{>G+s?p,r {>G9G9E\w�E*�)tvG9r z#J,E�p,J,z%kbk,t3p,r ko¦�2tvr k,tvG�p,E>�vkml9J�w�E%k�r �)tvK>E%kSJ,H#E#u u E%kSE&p�km��G�p,y9H&p,r ��l9E%k�q9u l+k�{>l}�}{>r G+k�s&{>�}q9u E&��E%k#�3�)tvr k�u E%k�tvl�p,E#l9J-kSq9J,H%s&r kmE#G�ps&E#q�E#G+w9tvG�p���l7� tvl+s&l9G9E<q9J,E#l9�>E*��{>J,�}E#u u E�w�E�s&{>G��>E#J,K>E#G+s&E*w�E<u0� tvu K>{>J,r p,y9�}E\G7� E%kop�tvq9q�{>Jmp,H#E>��K�tvJ�tvr u u E#l9J-k#�H&p-tvG�pYw�{>G9G9H���l9E)u0� {>G5t|l9G9E)J,E#q9J,H%kmE#G�p-t3p,r {>G�K>H#{>�}H&p,J,r ��l9E)Ç7r E&p�q9y9{vp,{>�}H&p,J,r ��l9E}p,{vp-tvu E)w�E�u t|k,s&z#G9E>�

Õ � � û áoö �#ý:á[üoáoú ó�ö:áVô0õ?û ç�ù3ó-ô�áC÷%ù:ú û üoû ç0áoøFáoö&ç�à:û ç�à3ó-ö:ô�ú þ ó-ð�ç0û üoú á��#õ?öFû ø�ó-ñ?û ö:á �#ý�þ û ú3ômþ ó-ñ?û ç�à:áoô�ù3ó-ð0ó-ø&�Cç0ð2áoô�û ô0ô0ý:ô�à:ýbøFõ#à��oú áà:á�ò�ó-ð2à�ê ë?ì�,î �+ümó-ðbú áoôFó-ý%ç0áoý:ð2ô�ý%ç0û ú û ô0áoö&ç�èVÝ?å#× Ý,évÜoß '@èVÝ?å#× Ý,évÜoß�ê ë?ì?í,îVáoô2çFý:ö�ú õ?ñ?û üoû áoú7ù:ý:û ô0ô.ó-ö&çFà:á*ð2áoö:à:ý=ð��mó-ú û ô2ç0á*ù3ó-ðû ú ú ý:øFû ö3ó,ç0û õ?ö�ñ?ú õ��3ó-ú á�à��!�&áoú õ?ù:ù���ù3ó-ðSï[ð2áoñbò�ó-ð2à��váCç[à:õ?ö&ç[õ?ö*ùváoý%ç[ç0ð2õ?ý �&áoð[ý:ö:á �&áoð2ô0û õ?ö*üoõ?øFù:ú �Cç0á�ç��oú �oü%�3ó-ð2ñ?ámó
�:ú á�ô0ý:ð7ú áô0û ç0á�û ö&ç0áoð2ö:áCç ���&ç2ç0ù � ���,ð0ó-à:ô0û ç0á�� ú �:ú � ñ?õ�� �,ð0ó-à:û ó-ö:üoá ���+�+� � � �&ç0øFú � -�ùvõ?ý:ðVümó-ú üoý:ú áoðVý:ö:á�û ø�ó-ñ?áSà:á�ô2ÿ%ö&ç����oô0á��
� � 	Võ-ç0ð2á�ç0áoü%�:ö:û �#ý:á�à:û ô0ùvõ?ô0á�à:á�ú ó�ø&,oøFáVú û øFû ç.ó,ç0û õ?ö��
�mÕ##û:ö:õ?ý:ô+ö:á�à:û ô0ùvõ?ô0õ?ö:ô �#ý:á�à�þ ý:ö:á7ô0áoý:ú á�û ø�ó-ñ?á�áCç+ö:á �&õmÿ&õ?ö:ô�ù3ó-ô9ç0õ?ý%ç0á7ú ó[ô0ü��oö:á��?üoáCç2ç0áVõ?ù��oð0ó,ç0û õ?öFö:á�ùváoý%ç �#ý:á�üoõ?ö:à:ý:û ð2á
;�ý:ö:á�ó-ù:ù:ð2õm÷%û ø�ó,ç0û õ?ö*à:áoôVð�� �3áoüCç.ó-ö:üoáoô�à:áoôVô0ý:ð � ó-üoáoô��l�Só-ö:ôVüoáoð�ç.ó-û ö:ô[ümó-ô��:áoú ú á�ùváoý%çVø&,oøFá[ômþ ó�� �oð2áoðVû øFùvõ?ô0ô0û �:ú á��



�L� �9�w
�ÂT��� � 
�	h©T
�Â�	�� �S©T
G���;������
�Â��Q�a��	����B	Z��
 ��©��SÂL��
3��	�Â � �o� �.
�Â Î�Ë
p,{>l�p,E%k�u E%k}tvq9q9u r s#t3p,r {>G+k�km{>G�p�q�{�k,kmr �9u E%k=·�t3no{>l�p)w�� {>��noE&p-k#��s-y+tvG9K>E#�}E#G�p�w�E|s&{>G+w�r p,r {>G+k}w�� H%s&u tvr J,E#�}E#G�p%�s-y+tvG9K>E#�}E#G�p�w�E%kbq9J,{>q9J,r H&p,H%kbw�E%k�kml9Jm�2t>s&E%k#��E&p-sv�I�r E#G)��l9EFs&E&p�tvu K>{>J,r p,y9�}Ebkm{>r p�s#tvq+tv�9u EFw�EFJ,E&p,J,{>l9�>E#JSw�E%k�IbD�r � ��l9E#u s&{>G+��l9E%kb��r km{vp,J,{>q�Eb{>l}G9{>G7�vkml9Jm�2t>s&Ep,E&��p,l9J,H#E�{>l=G9{>G���w9tvG+k�w�E%kbk,s&z#G9E%k�J,H#E#u u E%k#�>{>G�q�E#l�pbp,{>l�pFw�E��}¨#�}E*E#G={>��noE%s?p,E#J�s&E#Jmp-tvr G+k�t>kmq�E%s?p-k#�LtV{>l�pw�� tv��{>J-w���u E}G9{>�Y�9J,E)w�� r �)tvK>E%k\G9H%s&E%k,k,tvr J,E%k*�|u taJ,E%s&{>G+kop,J,l+s?p,r {>G�q9y9{vp,{>�}H&p,J,r ��l9E}E%kop�s&{>G+kmH%��l9E#G�p)·�É:ÍvÌq�{>l9J�u t�k,s&z#G9E�w�� r G�p,H#J,r E#l9J��}{>G�p,J,H#E<w9tvG+k�u0� tvJmp,r s&u E<E&p*s&{>�}q�{>Jmp-tvG�p�l9G9EYw�r �%tvr G9E�w�� {>��noE&p-k#�B"�G+kml9r p,E>��u0� tvu ¦K>{>J,r p,y9�}EYE%kop\r G+s#tvq+tv�9u E�w�E�p,J-tvr p,E#J\w�E%k\k,s&z#G9E%k*s&{>�}q�{>Jmp-tvG�p*w�E%k*{>��noE&p-k*kmq�H%s&l9u tvr J,E%k*t:�>E%s<l9G�H%s&u tvr J-tvK>Er G+w�r J,E%s?p%�S´�r G+kmr0�Sl9G9E=q9r z%s&E=q�{�k,kmH%w9tvG�p�w�E%kY�}r J,{>r J-k#�[w�E%kYq9u t>��l9E%k<ª�Ã�¡3¬,¬�E5E&p�H%s&u tvr J,H#E�q+tvJYl9G½y+tvu {>K>z#G9E{>J,r E#G�p,H��>E#J-k�u E�q9u t3��{>G+w��bkmE��>E#J,J-tvr pakmr �Yl9u H#E¸s&{>�}�}E�l9G E#G���r J,{>G9G9E#�}E#G�p=q+tvJm�2tvr p,E#�}E#G�p|w�r µ�l+k#��K�u l+kK>J-t:�>E>�+p,{>l�p�{>��noE&p�kmq�H%s&l9u tvr J,E|����s&{>�}q9J,r k\w�E%k\�}r J,{>r J-k*q+tvJm�2tvr p-k-�*kmE#J-takmr �Yl9u H)s&{>�}�}E}l9G�{>��noE&pYw�r µ�l+k#�w�l��}{>�}E#G�p���l7� l9G¸H%s&u t3p<kmq�H%s&l9u tvr J,E}G7� E%kop<q+t>k*��r kmr �9u E)w9tvG+k\u E%k\r �)tvK>E%k#� KS{>l9J\J,H%km{>l+w�J,E}s&E}q9J,{>�9u z#�}E>�r u7�2tvl�p�q9J,E#G+w�J,E�w�� tvl�p,J,E%kFr �)tvK>E%k�km{>l+k�w�E%k�tvG9K>u E%k�kmq�H%s&r ²���l9E%k#�+s&EY��l9r[tvu {>l9J-w�r pF��{>Jmp,E#�}E#G�p�u E<q9J,{vp,{�s&{>u Ew�E\s&{>G+kop,J,l+s?p,r {>Gaw�E%kbw�{>G9G9H#E%k#����l9r7w�E#��r E#G�p�p,J,z%k�s&{>G�p,J-tvr K>G+tvG�p%�+"�G�²+G7�9u0� tvu K>{>J,r p,y9�}E��}E&p�p,{>l�p�w�E*�}¨#�}EÇ|y9E#l9J,E%k\q�{>l9J�J,E&p,J,{>l9�>E#J*p,{>l�p,E%k<u E%k�IbD�r � w�E%k�kml9Jm�2t>s&E%k<w�E)u txk,s&z#G9E�w�� r G�p,H#J,r E#l9J�J,H#E#u u Ex��E&�9s&u l+tvG�p�u Ep,E#�}q+k�q+t>k,kmH���s&{>G+kop,J,l9r J,E�u tYk,s&z#G9E:�?��E&pFÇ>Ì��}r G�l�p,E%k�q�{>l9Jbl9G9E*k,s&z#G9E\km��G�p,y9H&p,r ��l9E*s&{>�}q�{>Jmp-tvG�p��Y{>��noE&p-kq9u tvG+k#�

jVt\p,E%s-y9G9r ��l9E�w�H#�>E#u {>q9q�H#E�q+tvJ�j7{�k,s&{�k�E&pbtvu0�+Æ É:ÈvÎ���É%Ç>Ì��+É%Ç9É?Ï�q+tvJmp�w�� l9G9E�r w�H#E�w�� ´�u tvr G � {>l9J,G9r E#J�Æ �>�:Ï.�E&p�q�E#J,�}E&p�G9{vp-tv�}�}E#G�p�w�E*s#tvu s&l9u E#J�u E%k�J,H$#+E%s?p-tvG+s&E%k�w�r µ�l+kmE%k�w�E*kml9Jm�2t>s&E%k�w�E#q9l9r k�w�E%k�r �)tvK>E%k�J,H#E#u u E%k#� "�G�2tvr p%��u E%k*�}{vp,r �3t3p,r {>G+k*q9J,r G+s&r q+tvu E%k\w�E%k<tvl�p,E#l9J-k*km{>G�p%�7w�� l9G9E}q+tvJmp%��w�E�q�{>l9�>{>r J\r G+kmH#J,E#J\w�E}�)tvG9r z#J,EYp,J,z%kJ-tvq9r w�E}w�E%k<{>��noE&p-k\w�E�km��G�p,y9z%kmE>��E&p%�Vw�� tvl�p,J,E}q+tvJmp%��w�E)q�{>l9�>{>r J<s-y+tvG9K>E#J*u E%k<s&{>G+w�r p,r {>G+k<w�� r u u l9�}r G+t3p,r {>Gw�E�u txk,s&z#G9E��2t3no{>l�pYw�� l9G9E�G9{>l9�>E#u u E�km{>l9J-s&E)w�E�u l9�}r z#J,E)q+tvJ�E&��E#�}q9u E:�?�7p,{>l�pYE#G¸l�p,r u r k,tvG�p�w�l5�)t3p,H#J,r E#u��r w�H#{�K>J-tvG+w)q9l9�9u r sv��tV{>l�pFw�� tv��{>J-w���l9G9E*J,E#q9J,H%kmE#G�p-t3p,r {>G�K>H#{>�}H&p,J,r ��l9E*Ç7rQw�E*u t�k,s&z#G9E*E%kopFs&J,H#H#E\³,³v����GE#G+kmE#�Y�9u E\w�� r �)tvK>E%k�E%kopFs#tvq�p,l9J,H}�2w�{>G�pbl9G9E<w�E\s-y+t>��l9E\km{>l9J-s&E*w�E\u l9�}r z#J,E:�?��km{>l+kbw�E%kbs&{>G+w�r p,r {>G+kbw�� r u u l�¦�}r G+t3p,r {>G�w�r µ�H#J,E#G�p,E%k#�+E&p\w�E<p,E#u u EYkm{>Jmp,EY��l9E<p,{>l�p,E%k�u E%k�q+tvJmp,r E%kF{>�Y�9J,H#E%k�w�� l9G9EYr �)tvK>E�km{>G�p���r kmr �9u E%k�tvl�}{>r G+k�l9G9EF��{>r k#�vE&pbw�r J,E%s?p,E#�}E#G�p�H%s&u tvr J,H#E%k�w9tvG+k�u0� l9G9E*w�E%k�tvl�p,J,E%k�r �)tvK>E%k#�>jVt<J-tvr km{>G}w�E�s&E&pmp,E�s&{>G�p,J-tvr G�p,EJ,H%kmr w�E|w9tvG+k�u E=�2tvr p���l9E|j7{�k,s&{�kYE&p�tvu0�Sq9J,{�s&z%w�E#G�p)��w�E%k}w�H%s&{>l9q�E%k}kml+s#s&E%k,kmr �>E%k�w�E=p,E&��p,l9J,E%k}w9tvG+k�u E%kr �)tvK>E%kFJ,H#E#u u E%k�q�{>l9J�E#G+kml9r p,EYu E%k�J,E#q9u t>��l9E#J�kml9J�u E%k�kml9Jm�2t>s&E%k�Ç7r ��r Jmp,l9E#u u E%k#��Ñ�r[u E%kFp,E&��p,l9J,E%k�H&p-tvr E#G�p*w�H&¦s&{>l9q�H#E%k�k,tvG+kbp,E#G9r J\s&{>�}q�p,EYw�E%k�{>�Y�9J,E%kFH#�>E#G�p,l9E#u u E#�}E#G�p*s&J,H#H#E%kFq+tvJ*w�E%k�{>��noE&p-k��>{>r kmr G+k#�9E#u u E%k�kmE#J-tvr E#G�pJ,E#q9u t>��l9H#E%k<kml9J�u E%kYkml9Jm�2t>s&E%k<Ç7r t:�>E%s}s&E%k�{>�Y�9J,E%k#��E#�}q�¨%s-y+tvG�pYtvr G+kmr�w�E)J,E&p,r J,E#J�u txkm{>l9J-s&E�w�E)u l9�}r z#J,E��l9r�u E%k)t�K>H#G9H#J,H#E%k#�SE&p=w�{>G+s|w�Ex�}{�w�r ²+E#J)u E%k)s&{>G+w�r p,r {>G+k)w�� r u u l9�}r G+t3p,r {>Gh��u0� {>�Y�9J,E|J,E%kop,E#J-tvr p�p,{>l�p=w�E�}¨#�}E<q9J,H%kmE#G�p,E:�?�9jVt���{>G+s?p,r {>Gxw�E<s&{>G��>E#J-kmr {>Gaw�E%kFu l9�}r G+tvG+s&E%kbE#G|r G�p,E#G+kmr p,H%k�w�E<q9r ��E#u0�9E%kop�s#tvu s&l9u H#E\q+tvJu t*�}H&p,y9{�w�E�w�E�r�E#��E#�>E%s\Æ °��:Ï.�>t>w9tvq�p,H#EFtvl�q+tvJ-tv�}z&p,J,E " � w�E%k�s#tv�}H#J-t>kSkop-tvG+w9tvJ-w9kF���>{>r J�w�H&²+G9r p,r {>G)w9tvG+kÆ É%Ç9É?Ï��?��E&p���{>l9J,G9r pbw�{>G+s�u E%k�s#tvJmp,E%k�w�E�u l9�}r G+tvG+s&E%k�s&{>J,J,E%kmq�{>G+w9tvG�p�tvl��)r �)tvK>E%k#�7K�tvJ�tvr u u E#l9J-k#��s&{>�}�}E�u E%kkm{>l9J-s&E%k*w�E�u l9�}r z#J,E)km{>G�p\w�H#q9u t>s&H#E%k\w9tvG+k*u tak,s&z#G9E�u {>J-k*w�E}u tas#tvq�p,l9J,E>��s-y+t>s&l9G9E�w�E%k\r �)tvK>E%k*w�{>r p\¨&p,J,EG9{>J,�)tvu r kmH#EFq+tvJ�l9G)�2t>s?p,E#l9J�w�� H%s-y9E#u u E�q9J,{>q9J,E>�>t3²+G=��l9E�u t<J,H$#+E%s?p-tvG+s&E�km{>r p��9r E#G�u t<�}¨#�}E*w�� l9G9E�r �)tvK>E��u0� tvl�p,J,E>��q�{>l9Jbl9G9E*�}¨#�}E\kml9Jm�2t>s&E���r kmr �9u E>� � E��2t>s?p,E#l9J�E%kopbE%kop,r �}H*E#G=�}r G9r �}r k,tvG�p�u0� E#J,J,E#l9Jbtvl��)�}{>r G+w�J,E%ks#tvJ,J,H%k�E#G�p,J,EYu0� r �)tvK>E���l9EYu0� {>G�s-y9E#J-s-y9EY�as&{>J,J,r K>E#J�E&p\l9G9EYr �)tvK>EYJ,H&��H#J,E#G+s&E>��s#tvu s&l9u H#EYq+tvJ*r u u l9�}r G+t3p,r {>GK>u {>�+tvu E�w�E#q9l9r k*l9G9E}tvq9q9J,{:��r �)t3p,r {>G�w�E%k*J,H$#+E%s?p-tvG+s&E%k*w�E%k\kml9Jm�2t>s&E%k���r kmr �9u E%k#� � E&pmp,E}tvq9q9J,{:��r �)t3p,r {>GxE%kopw�r J,E%s?p,E#�}E#G�pFw�H#J,r �>H#E*w�E*u0� H%��l+t3p,r {>Gaw�E*J-t>w�r {�kmr p,H>��t>w9tvq�p,H#E�q�{>l9Jbl9G=q9r ��E#u0��E&pFG9E�p,E#G+tvG�pFs&{>�}q�p,E\��l9E\w�Eu0� H%s&u tvr J-tvK>E\w�r J,E%s?p%�
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Õ � � ïSó-ñ&ó-ú õ�*Vû ü���ù3ó-ð2ú á�à3ó-ö:ôVô0áoô7à:û 2/�oð2áoö&ç0ôSó-ð�ç0û üoú áoô[à:á�� ßoßoå �&Ý?Ü2æ �
É%Ì�Í



É%Ì>� ������������	�
 �L��������	�
3���G�����.��


w�Ebu t\s&{>u u tv��{>J-t3p,r {>GYtvG+tvu ��kmE �3km��G�p,y9z%kmE�G9{vp-tv�}�}E#G�p%�vs&{>�}�}EFs&E#u t*t*H&p,Hbq9J,H%kmE#G�p,Hbtvl}s-y+tvq9r p,J,Ebq9J,H%s&H%w�E#G�p%�s&E&pmp,E<G9{vp,r {>G|G7� t}H&p,H<r G�p,J,{�w�l9r p,E���l9E\J,H%s&E#�}�}E#G�p�E#Gxkm��G�p,y9z%kmE<w�� r �)tvK>E%k\·9r u[k#� tvK>r p�w�E<u0� �&¼ ¾9¿ À+465 ¾ h%ÀLg
� À 	 g[ÀVm3¹ 	[¿ ³3�

PHOTOMETRIE
(réflectances )r

Logiciel de calcul
d’images de synthèse

Géométrie 3D
de la scène

“Image” des
luminances

Fonction de conversion
des luminances en
intensités de pixel

(normalisation)

T( )

Image
numérique

��������9� É � .+ð2õ#üoáoô0ô0ý:ô[à:á�üoð��mó,ç0û õ?ö\à�þ ý:ö:á�û ø�ó-ñ?áSà:á�ô2ÿ%ö&ç����oô0á�ö#ý:ø&�oð2û �#ý:á

PHOTOMETRIE
(réflectances )r

Géométrie 3D
de la scène

“Image” des
luminances

Fonction de conversion

des luminances
en intensités de pixel

(normalisation)

inverse

T ( )-1

Image
numérique

Calcul des
réflectances r

��������9� È � .+ð2õ#üoáoô0ô0ý:ôVà�þ ó-ö3ó-ú ÿ%ô0á�à�þ ý:ö:á�û ø�ó-ñ?áSö#ý:ø&�oð2û �#ý:á

rY� l9G9EY�)tvG9r z#J,E�K>H#G9H#J-tvu E>�9u EYJ,E#G+w�lxJ,H%tvu r kop,E�l�p,r u r kmEYl9G�s&E#Jmp-tvr GxG9{>�Y�9J,EYw�E�w�{>G9G9H#E%k#�+q�{>l9J*s#tvu s&l9u E#Jl9G9E�r �)tvK>E}w�E}km��G�p,y9z%kmE>��´�r G+kmr0��l9G�tvu K>{>J,r p,y9�}E�w�� r u u l9�}r G+t3p,r {>G�K>u {>�+tvu E�q�E#l�p�s&J,H#E#J*l9G9E}r �)tvK>EYq9y9{vp,{v¦J,H%tvu r kop,E>�Vk#� r u�w�r kmq�{�kmE=w�E�u txK>H#{>�}H&p,J,r E)Ç7r w�E�u t�k,s&z#G9E��2s&{>�}q9J,E#G+tvG�p�u0� {>�+kmE#J,�3t3p,E#l9J<E&p�u E%k�km{>l9J-s&E%k�w�Eu l9�}r z#J,E:�?�vu E%kSq9J,{>q9J,r H&p,H%k�w�EFJ,H$#+E&��r {>G�w�E%k�kml9Jm�2t>s&E%kb��J,H$#+E%s?p-tvG+s&E%k-�VE&p�u E%k�s#tvJ-t>s?p,H#J,r kop,r ��l9E%k[w�E%k�km{>l9J-s&E%kSw�Eu l9�}r z#J,E����>{>r J�²+K>l9J,E*�9� É:�?� � E&pmp,E�r �)tvK>E�E%kopbw�� tv��{>J-w)l9G9E�r �)tvK>E*w�E�u l9�}r G+tvG+s&E%k*��E#G�� ����� ������� � � �?����l9rE%kop�E#G+kml9r p,E*s&{>G��>E#Jmp,r EFE#G�r G�p,E#G+kmr p,H%k�w�E�q9r ��E#u k#����r t<l9G9E���{>G+s?p,r {>G=��l9r+q�E#l�pb¨&p,J,E�u r G9H%tvr J,E�{>l�G9{>G7��kml9r �3tvG�pu t}�}H&p,y9{�w�E���l9E<G9{>l+kFs-y9{>r kmr k,km{>G+k#�9t���q9r ��l9E#�}E#G�p%�+s&E&pmp,E\��{>G+s?p,r {>G|E%kop��}{>G9{vp,{>G9E<s&J,{>r k,k,tvG�p,E>��E&p�G9{>G|u r ¦G9H%tvr J,E�q�{>l9JFkmr �Yl9u E#Jbl9G9E\s#tv�}H#J-tYkop-tvG+w9tvJ-wxÆ È>È>È���°��:Ï.��s&{>�}�}E\w9tvG+k�G9{vp,J,E*q9J,{>�9u z#�}E>�)"�G�� ��®:ª9¢&±��F®v¬?¢ �
	*¢-£ ��¢ Ä ¤ £�ª���G9{>l+k�s-y9E#J-s-y9{>G+k���kmr �Yl9u E#J*u t�q9J,{�s&H%w�l9J,E�r G��>E#J-kmE>�+j7{>J-k,��l9E�G9{>l+k*w�r kmq�{�km{>G+k�w�� l9G9Ea��E&p\l9G9EkmE#l9u E:�br �)tvK>E<J,H#E#u u E=��{>l�w�EYkm��G�p,y9z%kmE:�bE&p*w�E�u t)K>H#{>�}H&p,J,r E<Ç7r w�EYu t)k,s&z#G9E>�+G9{>l+kbp,E#G�p,{>G+k�w�E�J,E&p,J,{>l9�>E#Ju E%k�J,H$#+E%s?p-tvG+s&E%k�w�E%k�kml9Jm�2t>s&E%k#��H#�>E#G�p,l9E#u u E#�}E#G�pbu E%k�q9J,{>q9J,r H&p,H%k�w�E%kbkm{>l9J-s&E%k�w�E\u l9�}r z#J,E�E&pbu t���{>G+s?p,r {>Gaw�Ep,J-tvG+ko��E#Jmp<s#tv�}H#J-t9� � E&pmp,E)tvq9q9J,{�s-y9Ea���>{>r J*²+K>l9J,E}�9� È>��E%kop<kmr �}r u tvr J,E}�|s&E#u u E%k\w�Honm�|w�H#�>E#u {>q9q�H#E%k\w9tvG+k*u tu r pmp,H#J-t3p,l9J,E<k,s&r E#G�p,r ²���l9E\km{>l+kbu E\G9{>� w�� tvG+tvu ��kmE*q9y9{vp,{>�}H&p,J,r ��l9E>� � � E%kopFq�{>l9J-��l9{>r�G9{>l+kFt:�>{>G+k�r G�p,J,{�w�l9r pl9G9E�G9{vp,r {>G5w�E�s&{>J,J,E%s?p,r {>G�r p,H#J-t3p,r �>E)E&p�y9r H#J-tvJ-s-y9r ��l9E)w�E%k�J,H$#+E%s?p-tvG+s&E%k\E%kop,r �}H#E%k#�Vw�H%s&J,r p,E)E#G½w�H&p-tvr u�tvlq+tvJ-tvK>J-tvq9y9E��9� Í�� É>� � E&pmp,E*p,E%s-y9G9r ��l9E\E%kopFE#G=�2tvr pFE&��q9J,r �)tv�9u E<s&{>�}�}E*l9G9E\��{>l+s&u E<tvG+tvu ��kmE&¦Ckm��G�p,y9z%kmE>����l9r�3t�w�� l9G9E�q+tvJmpYkml+s#s&E%k,kmr �>E#�}E#G�pYtvG+tvu ��kmE#J<u0� r �)tvK>E�w�E=km��G�p,y9z%kmE)J,E#K>H#G9H#J,H#E}E#G5u txs&{>�}q+tvJ-tvG�p��xu0� r �)tvK>EJ,H#E#u u E���q9y+t>kmE=w�� tvG+tvu ��kmE)q9l9J,E:�?�Vq�{>l9JYs#tvu s&l9u E#JYw�E�G9{>l9�>E%tvl���q+tvJ-tv�}z&p,J,E%k<w�E�J,H$#+E%s?p-tvG+s&E�w�E%k�kml9Jm�2t>s&E%kE&p%�7w�� tvl�p,J,E�q+tvJmp%��J,E#K>H#G9H#J,E#J�E#G+kml9r p,E�l9G9E}G9{>l9�>E#u u EYr �)tvK>E}w�E}km��G�p,y9z%kmE|��q9y+t>kmE}w�E}J,E#G+w�l�J,H%tvu r kop,E>���>{>r J²+K>l9J,E<�9� Ç��?�

j�� t:�3tvG�p-tvK>Eb�)t3noE#l9J�w�E�G9{vp,J,EF�}H&p,y9{�w�E�r G9G9{3�3tvG�p,E>�>E%kop���l7� E#u u E�E%kop�p,J,z%k�q9l9r k,k,tvG�p,EFE#G�J-tvr km{>G}w�E%k�p,J,z%kG9{>�Y�9J,E#l���po��q�E%k�w�E*kml9Jm�2t>s&E%k���l7� E#u u E�k,tvr p�p,J-tvr p,E#J���G9{vp-tv�}�}E#G�pbw�E%k�kml9Jm�2t>s&E%k�kmq�H%s&l9u tvr J,E%k�J,l9K>l9E#l+kmE%k���l9EkmE#l9u k ��l�E&p�tvu0� Æ È>Í�É-Ï�kmr �Yl9u E#G�p<w9tvG+k*l9G�E#G���r J,{>G9G9E#�}E#G�p\s&{>�}q+tvJ-tv�9u EYtvl�G9¶vp,J,E:�?��w�E�u t��2tvr �9u E}��l+tvG�p,r p,Hw�� y���q�{vp,y9z%kmE%kYw�E=w�H#q+tvJmpa��E#G½q+tvJmp,r s&l9u r E#J%�7l9G9E=kmE#l9u E=r �)tvK>E)q9J,r kmE=t:�>E%s}l9G9E=s#tv�}H#J-t9�7u �x{��5r u�E#G5�2tvl�pq+tvJm��{>r k�q9u l+k�w�E)É%Ì>Ì�tvl��atvl�p,J,E%kFtvu K>{>J,r p,y9�}E%k-�?��E&p�E#u u E\J,E%kop,E<kmr �}q9u E<E&pF�2t>s&r u E#�}E#G�p�q9J,{>K>J-tv�}�)tv�9u E>�
"�G E&µ�E&p%���9r E#G���l9ExG9{>l+k}q9l9r k,kmr {>G+kYp,J-tvr p,E#J�w�E%k}q9J,{>q9J,r H&p,H%k}w�ExJ,H$#+E%s?p-tvG+s&Eap,J,z%k)w�r µ�H#J,E#G�p,E%kx��u tv�Y��E#Jm¦p,r E#G9G9E%k#�9kmq�H%s&l9u tvr J,E%k#��J,l9K>l9E#l+kmE%k#��p,E&��p,l9J,H#E%k#��E&p-sv� �?��G9{>l+kbt:�>{>G+k��2tvr pFu E<s-y9{>r �=w�H#u r ��H#J,H\w�E<s&J,H#E#J�l9G|tvu K>{v¦J,r p,y9�}E�kmr �}q9u E>����{>l+k�s&J,{3�>{>G+kS��l9E�sv� E%kop�km{>l9�>E#G�p�s&E&pmp,E�t>k,km{�s&r t3p,r {>G�q9l9r k,k,tvG+s&E �3kmr �}q9u r s&r p,H>�>��l9r+J,E#G+w}l9G9Ep,E%s-y9G9r ��l9E}l�p,r u r k,tv�9u E}E&p�l�p,r u r kmH#E|·7tvr G+kmr0��u E}�}{�w�z#u E)w�E}J,H$#+E&��r {>G¸w�E}u l9�}r z#J,E)��l9r�km{>r p<u E}q9u l+k\E#�}q9u {3�>H
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tvl3no{>l9J-w�� y�l9r0�>E%kop�p,{>l3no{>l9J-k�u E��}{�w�z#u E�w�E�K�y9{>G9K+Æ É:ÍvÎ:Ï.����l9r0�>�}¨#�}E*k#� r u�G9E�J,E%kmq�E%s?p,E�q+t>k�p,{>l�p,E%k�u E%k�u {>r k�w�Eu0� {>q�p,r ��l9E>�9q�E#J,�}E&p�w�E<J,H%tvu r kmE#Jbl9G|K>J-tvG+w�G9{>�Y�9J,E<w�� E&µ�E&p-k#�9E&p�t:�>E%s�l9G9E�kmr �}q9u r s&r p,H<�)t3��r �)tvu E>�I�r E#G k �9J%�SG9{>l+k}G9E|q9J,H&p,E#G+w�{>G+k�q+t>k�r s&rFJ,H%tvu r kmE#J�l9G�tvq9q�{>Jmp)k,s&r E#G�p,r ²���l9Exw�� l9G9E|�3tvu E#l9J}H%��l9r �3tvu E#G�p,E|�
K�y9{>G9K+���)tvr k*l9G9EYp,E%s-y9G9r ��l9EY�2t>s&r u E}�=q9J,{>K>J-tv�}�}E#J�E&p<w�{>G�p\u E%k*r �}q+t>s?p-k\km{>G�p\r �}�}H%w�r t3p-k#��´�r G+kmr0�7t:�>E%sl9G)E#G+kmE#�Y�9u E�J,E%kop,J,E#r G�p�w�E�w�{>G9G9H#E%k#�vr u�w�E#��r E#G�p�q�{�k,kmr �9u E�w�E�J,E#K>H#G9H#J,E#J�l9G9E�r �)tvK>E�w�E�km��G�p,y9z%kmEbp,J,r w�r �}E#G�¦kmr {>G9G9E#u u E�p,J,z%k\q9J,{�s-y9E}w�E)u0� r �)tvK>E}J,H#E#u u E}w�E)J,H&��H#J,E#G+s&E>� � E&pmp,E)r �)tvK>E)w�E#��r E#G�p�tvu {>J-k*q9u l+k<��l7� l9G5kmr �}q9u E
#+l��=�9r ¦Cw�r �}E#G+kmr {>G9G9E#u0��q9l9r k,��l7� r u�E%kopFq�{�k,kmr �9u E\w�E*�}{�w�r ²+E#JFu t�p,{vp-tvu r p,H\w�E<km{>G=s&{>G�p,E#G�l7��w�laq�{>r G�p�w�E*��l9EK>H#{>�}H&p,J,r ��l9E>�3E&p�q9y9{vp,{>�}H&p,J,r ��l9E\·>u E%k�tvq9q9u r s#t3p,r {>G+k�km{>G�p�p,J,z%k�G9{>�Y�9J,E#l+kmE%k#�3E&p�q�E#J,�}E&pmp,E#G�p%�>q+tvJ�E&��E#�}q9u Ew9tvG+k�u E|s#t>k}w�Eau t�km��G�p,y9z%kmEaw�� r �)tvK>E%k#�Su0� r G+kmE#Jmp,r {>G w�� {>��noE&p-k���r Jmp,l9E#u k�kmE=��{>G+w9tvG�p)s&{>�}q9u z&p,E#�}E#G�p�t:�>E%su E#l9J�E#G���r J,{>G9G9E#�}E#G�p%��u0� t3no{>l�pYw�E)G9{>l9�>E#u u E%k<km{>l9J-s&E%k\w�E�u l9�}r z#J,E>��u t|�}{�w�r ²�s#t3p,r {>G5w�E%k�s&{>�}q�{>Jmp,E#�}E#G�p-kq9y9{vp,{>�}H&p,J,r ��l9E%kFw�E%kFkml9Jm�2t>s&E%k�q9J,H%kmE#G�p,E%k#��E&p-sv�� E|G9{>l9�>E#ub{>l�p,r u�q�E#l�p�k#� t>w�J,E%k,kmE#J}tvl+k,kmrF�9r E#G tvl �}{>G+w�Exw�E|u t�J,E%s-y9E#J-s-y9E>�Sq�{>l9J�w�� tvl�p,J,E%k�E&��p,E#G+kmr {>G+k��l�p,l9J,E%k,Åv�9s&{>�}�}E<tvla�}{>G+w�E<w�E\u0� r G+w�l+kop,J,r E<s&r G9H#�)t3p,{>K>J-tvq9y9r ��l9E>��q�{>l9JFu t}s&J,H%t3p,r {>Gaw�E\�}{>G+w�E%kb��r Jmp,l9E#u kw�E#q9l9r k�w�E%k[r �)tvK>E%k[J,H#E#u u E%k#�:{>lYu0� r G+kmE#Jmp,r {>G�w�� E&µ�E&p-k�kmq�H%s&r tvl���� � E#q�E#G+w9tvG�p%�3s&E&pmp,E�p,E%s-y9G9r ��l9EbJ,E#q�{�kmEbkml9JSl9Gs&E#Jmp-tvr G�G9{>�Y�9J,EFw�� y���q�{vp,y9z%kmE%k[��{>G+w9tv�}E#G�p-tvu E%k#�:E&p�kml9J�l9G�po��q�E�w�E�w�{>G9G9H#E%kSq+tvJmp,r s&l9u r z#J,E%k#�3��l7� r u+s&{>G���r E#G�p�)tvr G�p,E#G+tvG�p�w�� H#G9{>G+s&E#J%�
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Pixels du sol inclus

dans la projection 3D

du classeur violet
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J,E#�}E#G�p�u t�q9u l+k�q�H#G9r �9u E|��{>��p,E#G9r J%�Ss#tvJYE#u u EaG9H%s&E%k,kmr p,E=l9G9Ea{>q�H#J-t3p,r {>G½w�Ea�}{�w�H#u r k,t3p,r {>G~Ç7r���l9r�q�E#l�p¨&p,J,E<q9u l+kF{>l|�}{>r G+kbu {>G9K>l9E���J,H%tvu r kmE#J%� � E#q�E#G+w9tvG�p%�9q9u l+k�s&E&pmp,E<�}{�w�H#u r k,t3p,r {>GxkmE#J-tY²+G9E>�9q9u l+kFu E<�}{�w�z#u EJ,E%s&{>G+kop,J,l9r pFkmE#J-t���{>G7��Ð�G=G9{vp,E#J-tYq+tvJFtvr u u E#l9J-k#����l7� l9G9E\�}{�w�H#u r k,t3p,r {>GaÇ7r p,J,{>qatvq9q9J,{:��r �)t3p,r �>E>�>{>l=p,J,{>qw�H&p-tvr u u H#E�q9J,{3�>{���l9E�w�E%k*E#J,J,E#l9J-k*w�E)s#tvu s&l9uSq+tvJm��{>r k\w�r ��s&r u E%k\��p,J-tvr p,E#J%��w9tvG+k*u0� tvG+tvu ��kmE�q9y9{vp,{>�}H&p,J,r ��l9E>�
"�G�E&µ�E&p%��w9tvG+kFu t)�}E%kml9J,E<{��xG9{>l+kFG9{>l+k�kmE#J,�>{>G+kFw�E%k�q9r ��E#u k�s&{>l9�>E#Jmp-kFq+tvJ�u t}J,E#q9J,{vnoE%s?p,r {>G|kml9J�u0� r �)tvK>EJ,H#E#u u E�w�E%kF{>��noE&p-k�tvr G+kmr7�}{�w�H#u r kmH%kFE#G�Ç7rY�+G9{vp,J,E<tvu K>{>J,r p,y9�}E<q�E#l�p�¨&p,J,E\p,J,z%k�kmE#G+kmr �9u E��)s&E%k�tvq9q9J,{:��r �)t3¦p,r {>G+k#��K�tvJFE&��E#�}q9u E>�+kml9J�u0� r �)tvK>E<�9� °+�9{>G|k#� tvq�E#J z&{>r p���l9E<u t}J,E#q9J,{vnoE%s?p,r {>G=E#G|²+u tvr J,E/.\w�lx�}{�w�z#u E�Ç7r w�ls&u t>k,kmE#l9Jb��r {>u E&pFq�{�kmH<kml9Jbu E�km{>u�kml9JFu0� r �)tvK>E*J,H#E#u u E>�9s&{>�}q9J,E#G+w=q9u l+kmr E#l9J-k�q9r ��E#u kb�>{>r kmr G+kbtvq9q+tvJmp,E#G+tvG�pFtvlkm{>u0��´�r G+kmr0��u {>J-k�w�EYu0� tvG+tvu ��kmE�q9y9{vp,{>�}H&p,J,r ��l9E>�+q9u l+kmr E#l9J-k�q�{>r G�p-k*tvq9q+tvJmp,E#G+tvG�p���l9G�{>��noE&p*�>{>r kmr G½��u E�km{>ur s&r7E#Gau0� {�s#s&l9J,J,E#G+s&E:��J,r k,��l9E#G�p�w�� ¨&p,J,E\q9J,r kFE#G|s&{>�}q�p,E>�9q�{>l9JFu0� {>��noE&p���r {>u E&p<·+s&E%s&r�E%kop�kml+s&E#q�p,r �9u E�w�E<q�E#Jm¦p,l9J,��E#J���{>Jmp,E#�}E#G�p�u E%k�w�{>G9G9H#E%k#�+E&p*w�{>G+s<u E%k�J,H%kml9u p-t3p-k#�+ÓCuVE&��r kop,EYtvl+k,kmr7l9G�q9J,{>�9u z#�}E<u r H�tvlxJ-t3�)G9E#�}E#G�pw�E�u t��}{�w�H#u r k,t3p,r {>G�K>H#{>�}H&p,J,r ��l9E>�=K�tvJ*E&��E#�}q9u E>��u E%k�u r ��J,E%k*km{>G�p*�}{�w�H#u r kmH%k*q+tvJ\w�E}kmr �}q9u E%k�q�{>u �>z%w�J,E%k#�r �}q9u r ��l+tvG�p���l9E\u E%kFs&{>l9�>E#Jmp,l9J,E%kbkm{>G�pFkm{>l9�>E#G�pbJ,E#q9J,H%kmE#G�p,H#E%k�q+tvJFw�E%k��2t>s&E%kFk,tvG+k�H#q+tvr k,kmE#l9J%��j7E%kbr �)tvK>E%kw�E*km��G�p,y9z%kmE�J,H%tvu r kmH#E%k�w�E#q9l9r kbs&E%k�w�{>G9G9H#E%k�km{>G�p�q+tvJ�s&{>G+kmH%��l9E#G�p�w�E\��l+tvu r p,H��}{>r G+w�J,E�E#G=J-tvr km{>G)w�E*u0� tvq�¦q9J,{:��r �)t3p,r {>G=K>H#{>�}H&p,J,r ��l9E���{>Jmp,E>��J,H%tvu r kmH#E<kml9J�s&E%kb{>��noE&p-k<��u E%kFu r ��J,E%k�q+tvJ-tvr k,kmE#G�pbq�E#l|J,H%tvu r kop,E%k-�?�
r*tvG+k�u E��}¨#�}E�{>J-w�J,E�w�� r w�H#E>��kmr�u0� E%kmq+t>s&EFJ,E%s&{>l9�>E#Jmp�q+tvJ�u t<J,E#q9J,{vnoE%s?p,r {>G)w�� l9G�{>��noE&p�w9tvG+k�u0� r �)tvK>E�J,H#E#u u E>�G7� {�s#s&l9q�E���l9E|p,J,z%k}q�E#l�w�Exq9r ��E#u k#��G9{>l+k}G9E�w�r kmq�{�km{>G+k)tvu {>J-k}��l9E�w�E|p,J,z%k}q�E#l�w�� r G���{>J,�)t3p,r {>G+k}q�{>l9JJ,E%s&{>G+kop,J,l9r J,E�k,t|q9y9{vp,{>�}H&p,J,r E>�VE&p}km{>�}�}E%kYw�{>G+s}p,J,z%kYkmE#G+kmr �9u E%kYtvl5�9J,l9r p�q9J,H%kmE#G�p�w9tvG+k�u0� r �)tvK>E�J,H#E#u u Eq+tvJ�E&��E#�}q9u E>����{>l+k�E&��q9u r ��l9{>G+k�s&{>�}�}E#G�p*J,H%km{>l+w�J,E�s&E%k*w�r µ�H#J,E#G�p-k�q9J,{>�9u z#�}E%k#��km{>l9�>E#G�p�{�s#s&l9u p,H%k*w9tvG+ku tau r pmp,H#J-t3p,l9J,E}r G���{>K>J-tvq9y9r kop,E>�7w9tvG+k\u E}q+tvJ-tvK>J-tvq9y9E��9� °+� É>� K�tvJ�tvr u u E#l9J-k#�7s&E}�}{�w�z#u E�Ç7r w�E)u t|k,s&z#G9E}E%kops&{>G+kop,J,l9r pYkm{>l+k<u t|��{>J,�}E�w�� l9G½E#G+kmE#�Y�9u E�w�E�K>J,{>l9q�E%k#�Vs&{>G�p,E#G+tvG�pYw�E%k<{>��noE&p-k#�[s&{>G+kop,r p,l9H%k�w�E=kml9Jm�2t>s&E%k#�E#u u E%ko¦.�}¨#�}E%k�w�H%s&{>l9q�H#E%k�E#G�q�E&p,r p-k�H#u H#�}E#G�p-k � �VK�tvJ�tvr u u E#l9J-k#�>G9{>l+k�E#G�p,E#G+w�{>G+k�q+tvJ�{>��noE&p%�>G9{>G�q+t>k�l9G�{>��¦noE&p�q9y���kmr ��l9EFtvl)kmE#G+kSJ,H#E#u+w�l�p,E#J,�}E>�v�)tvr k�l9G9E�kml9Jm�2t>s&EF��l9E#u s&{>G+��l9E>�3q9u tvG9EF{>l}G9{>G7�>´�r G+kmr0�vq+tvJ�E&��E#�}q9u E>�l9G�s&l9��EYkmE#J-t}s&{>G+kop,r p,l9H�w�EY�}{>��noE&p-k�w9tvG+kFG9{vp,J,E<u {>K>r s&r E#u�·+s&E%s&r[t}q�{>l9J��9l�p*w�� H#��r p,E#J�w�E%kFq9J,{>�9u z#�}E%k�w�Eu r k,k,tvK>E�w�E<Ò*{>l9J-tvl+w � ����l9r�J,r k,��l9E#J-tvr E#G�p�w�� r G�p,E#J,q�{>u E#Jbw�E%k�s&{>l9u E#l9J-k�E&pFw�E�q9J,{3�>{���l9E#J�l9G=E&µ�E&pb��r kml9E#u�G9{>Gw�H%kmr J,H��@po��q9r ��l9E#�}E#G�p%��kmr�l9G9E\w�E%k��2t>s&E%k�w�las&l9��E*E%kopb{>�Y�9J,H#E>�>E&pbl9G9E\tvl�p,J,E��2t>s&E��>{>r kmr G9E�E%kopbH%s&u tvr J,H#E>�>{>Gtvl9J-t�u0� r �}q9J,E%k,kmr {>G|w�� l9G|y+tvu {)tvl��|km{>�}�}E&p-kF��l9E<u E%k�w�E#l��=�2t>s&E%kb{>G�p�E#Gxs&{>�}�Yl9G��?��K�tvJ�s&{>G�p,J,E>�9kmr7G9{>l+kkm{>l9y+tvr p,{>G+k[t:�>{>r JSs&Ebu r k,k,tvK>E>�:s&{>�}�}Ebw9tvG+kSu Ebs#t>kSw�� l9G9EFkmq9y9z#J,Ebq+tvJ[E&��E#�}q9u E>�3G9{>l+kSs-y9{>r kmr k,km{>G+k[tvu {>J-k[��l9Es&E&pmp,EFkmq9y9z#J,EFkm{>r p�l9G�{>��noE&p�l9G9r ��l9E>� � E&pmp,EbG9{vp,r {>G}w�EbK>J,{>l9q�E%kSw�� {>��noE&p-kSE%kop�l9G9Eb{>q�H#J-t3p,r {>GY�)tvG�l9E#u u E>�v��l9rs&{>G+kmr kop,E)�=J,H#l9G9r J<u E%k\{>��noE&p-k\q�{�k,kmH%w9tvG�p*p,y9H#{>J,r ��l9E#�}E#G�p<u E%k\�}¨#�}E%k\q9J,{>q9J,r H&p,H%k*q9y9{vp,{>�}H&p,J,r ��l9E%k#� � E%s&rq�E#J,�}E&p<w�E�p,J-tvr p,E#J*u E%k*{>��noE&p-k�G9{>G���r kmr �9u E%k\w�r J,E%s?p,E#�}E#G�p<w9tvG+k*u0� r �)tvK>Ea��u t��2t>s&E}tvJ,J,r z#J,EYw�l��9l9J,E%tvl���l9r�2tvr p\�2t>s&E)tvl�p-tv�9u E%tvl¸w9tvG+k*u0� r �)tvK>E)�9� °aq+tvJ\E&��E#�}q9u E:�?��{>l¸w�� H&p,E#G+w�J,E}u E)s-y+tv�}q�w�� tvG+tvu ��kmE}w�� l9G�{>��noE&p%�
9 1 áSç0áoð2øFá�ó-ö:ñ?ú ó-û ô7üoõ?ð2ð2áoô0ùvõ?ö:à3ó-ö&ç�áoô2ç � � � ß%$��
� |�õ?øFøFá�à3ó-ö:ôFú á�øFõ#à��oú á�à:á*ð0ó-à:û õ?ô0û ç��\ù:ð2õ?ñ?ð2áoô0ô0û �&á?ê ì?í?î �9ú áoô&�oú �oøFáoö&ç0ô)'@ß � ß ��ß.évÚ ÛFáoö=ó-ö:ñ?ú ó-û ô!-�üoõ?ð2ð2áoô0ùvõ?ö:à:áoö&ç ;�à:áoôô0õ?ý:ô �@ô0ý:ð � ó-üoáoô ' Þ�Ý#Ú@Ü2Ù:Û[áoö\ó-ö:ñ?ú ó-û ô!-%�3ü%�3ó-ð2ñ��oáoôSð2áoô0ùváoüCç0û �&áoøFáoö&ç[à�þ áoøFø�ó-ñ&ó-ô0û ö:áoð�áCçVà:á�ð����oøFáCç2ç0ð2á�ú þ �oö:áoð2ñ?û á�û ö:üoû à:áoö&ç0á��� �Vä%ã
$.Ý%ã&å��#ÙvÝ?å#× é%Ø�áoö\ó-ö:ñ?ú ó-û ô��



�L� �9����	�� �b©#���o���������Q
 
G� � �S�G��������ÂL
�Â ��
 ��	����9���o© É%Ì>Î
w�{>G�p�u t=kml9Jm�2t>s&E�w�EYJ,E#q9J,{vnoE%s?p,r {>G|G9EYs&{>l9��J,r J-tvr p���l9E�p,J,z%k�q�E#l�w�EYq9r ��E#u k#���)q9u l+kmr E#l9J-k�tvl�p,J,E%k�t:��tvG�p�l9G9Eq9J,{vnoE%s?p,r {>G=q9u l+kFK>J-tvG+w�E>� � E&pmp,E\{>q�H#J-t3p,r {>GaE%kopbp,J,z%kFJ-tvq9r w�E*E&pF�2t>s&r u E���J,H%tvu r kmE#J%�jVt}p,J,{>r kmr z#�}EYw�{>G9G9H#E�w�{>G�p�G9{>l+k*t:�>{>G+kb��E%km{>r G�E%kop*u t)q�{�kmr p,r {>G�Ç7r w�EYu0� {>�+kmE#J,�3t3p,E#l9J%����l9rVq�E#l�p\E#Gx�2tvr p¨&p,J,E\J,E&p,J,{>l9�>H#E\w�E\�2t7z&{>G|tvl�p,{>�)t3p,r ��l9E\q+tvJFw�E%k�tvu K>{>J,r p,y9�}E%kbw�� tvG+tvu ��kmE\w�� r �)tvK>E%k#�
"�G�²+G7��G9{>l+k�t:�>{>G+k���E%km{>r G=w�E*s&{>G9G+t�I p,J,EFu t�q�{�kmr p,r {>G�Ç7r w�E%k�km{>l9J-s&E%k�w�E�u l9�}r z#J,E>��tvr G+kmr���l9E�u E#l9J�K>H#{>�}H&¦p,J,r E>��´ q9J,r {>J,r0�+p,{>l�p,E%k*u E%k\km{>l9J-s&E%k�w�E}u l9�}r z#J,E}s&u t>k,kmr ��l9E%k�q�E#l9�>E#G�p\¨&p,J,E�q9J,r kmEYE#G�s&{>�}q�p,E>�7w�l��}{>�}E#G�p��l7� E#u u E%kYH#�}E&pmp,E#G�p)w�Eau0� H#G9E#J,K>r E=w�E=�2t7z&{>G½l9G9r ��{>J,�}E>�[E&p)��l9E=u E#l9J}H#�}r k,kmr {>G5G7� E%kop}q+t>k�w�� l9G½po��q�E=p,J,{>qq+tvJmp,r s&l9u r E#J&§��v�

j7E*�}{�w�z#u E<w�� r u u l9�}r G+t3p,r {>G|E&pFu E*po��q�E<w�E<IbD�r � E#�}q9u {3�>H%k�km{>G�p�s&E#l���q9J,{>q�{�kmH%k�q+tvJ.M¸tvJ-w�Æ ÈvÇ>�%Ï.� � E�}{�w�z#u E�p,J,z%k�u tvJ,K>E#�}E#G�p*w�H%s&J,r p\q9J,H%s&H%w�E#�}�}E#G�p}��G9{vp-tv�}�}E#G�p\w9tvG+k�u E�q+tvJ-tvK>J-tvq9y9E�È�� °+� Ê��?��t�H&p,H�J,E&p,E#G�lq�{>l9J�k,t<kmr �}q9u r s&r p,H>��k,t<q9l9r k,k,tvG+s&E���r u�q�E#J,�}E&p�w�E�K>H#G9H#J,E#J�w�E%k�kml9Jm�2t>s&E%k�tvG9r km{vp,J,{>q�E%k-�[E&p�k,t\�3tvu r w�r p,H*k,s&r E#G�¦p,r ²���l9E|� M¸tvJ-w�t�E#G�E&µ�E&p\�3tvu r w�H�km{>G��}{�w�z#u E�t:�>E%s�w�E%k��}E%kml9J,E%k�q9y���kmr ��l9E%k�J,H%tvu r kmH#E%kFq+tvJ*l9G�w�r kmq�{�kmr p,r �kmq�H%s&r ²���l9E:�?�

.+��.+-, �yA���47698;:�<=6�RBA�� Y�: P A�Y�SQ@B> ��� 2D4L4VA�<aRB\�� : ��>ZR0P 2�?�> 8�\T>Q@0@B>

´F²+G�w�E�q9J,{�s&H%w�E#J\��u0� tvG+tvu ��kmEYq9y9{vp,{>�}H&p,J,r ��l9E�w�� l9G9E)k,s&z#G9EYJ,H#E#u u E��=q+tvJmp,r J\w�� l9G9E|��{>l�q9u l+kmr E#l9J-k §,§ �r �)tvK>E|w�Exs&E&pmp,Exk,s&z#G9ExkmE#u {>G~G9{vp,J,E|�}H&p,y9{�w�{>u {>K>r E>�Sr u�s&{>G���r E#G�p)w�{>G+saw�E|K>H#G9H#J,E#J}l9G9E|J,E#q9J,H%kmE#G�p-t3p,r {>GK>H#{>�}H&p,J,r ��l9EYw�E}s&E&pmp,E�k,s&z#G9EYE#G�p,E#J,�}E�w�� {>��noE&p-k*s&{>G+kop,r p,l9H%k*w�E}kml9Jm�2t>s&E%k#��t>k,km{�s&r H#E%k��=w�E%k�q�{�kmr p,r {>G+k*w�Es#tv�}H#J-t>k#�
jVt�q9J,E#�}r E#J,E�H&p-tvq�EFs&{>G+kmr kop,E�E#G�u t�K>H#G9H#J-t3p,r {>GYw�E%kS�}{�w�z#u E%kSÇ7r�w�E%kS{>��noE&p-k[��r kmr �9u E%kSw�Ebu t*k,s&z#G9E>�JKS{>l9Js&E\�2tvr J,E>�9G9{>l+kFl�p,r u r km{>G+k�w�E%kF�}E%kml9J,E%k�w�E�s-y+t>��l9E<{>��noE&p�q9J,r k�kmH#q+tvJ,H#�}E#G�p%�9��l9rVkmE#J,�>E#G�p��)s&{>G+kop,J,l9r J,E<w�E%k�}{�w�z#u E%k�q�{>u �>z%w�J,r ��l9E%k�kmr �}q9u r ²+H%k#��j7E%k�{>��noE&p-k�p,J,z%kS²+G+k����}r J,{>r J-k#�>q�{�kop,E#J?�Skm{>G�p��}{�w�H#u r kmH%k�q+tvJ�w�E%k���{JI p,E%kw�� H#q+tvr k,kmE#l9J�p,J,z%k��2tvr �9u E>��jVt�q9J,H%s&r kmr {>G�w�E%k��}E%kml9J,E%k�E%kop<w�� E#G���r J,{>G5ÉY�}�|��s&E}��l9rSk#� t:�>z#J,E\p,J,z%k*kml���k,tvG�pq�{>l9JFl9G|q9u tvG|u tvJ,K>E\kml9JFl9G9E<k,s&z#G9E�w�� r G�p,H#J,r E#l9J����>{>r J�²+K>l9J,E<�9� Í>�?�
r*tvG+kFl9G�kmE%s&{>G+w=p,E#�}q+k#�+G9{>l+k�q9J,{�s&H%w�{>G+k�tvl�s#tvu s&l9uVw�E%k�q+tvJ-tv�}z&p,J,E%kbJ,H#K>r k,k,tvG�pFu t�s#tv�}H#J-t)w�E�q9J,r kmEw�E}��l9E>��q�{>l9J<l9G9E}r �)tvK>E}w�{>G9G9H#E>����{>l+k*E&µ�E%s?p,l9{>G+k<w�{>G+sYl9G9Ea?®3Ã ¤ � Ä ®�«2¤�¡:£�w�E}s#tv�}H#J-t9����l9r�s&{>G+kmr kop,E��{>��p,E#G9r J<·
� w�� l9G9E�q+tvJmp\u t=q�{�kmr p,r {>G�w�l�s&E#G�p,J,E�{>q�p,r ��l9E}w�E�u tas#tv�}H#J-t)¦FJ,{vp-t3p,r {>G�E&p\p,J-tvG+kmu t3p,r {>Gx¦-��E&��q9J,r �}H#Ew9tvG+kFl9G|J,H&��H#J,E#G�p,r E#u�²9��E���q+tvJ�s&{>G+kop,J,l+s?p,r {>G7�9s&E<J,E#q�z#J,E\E%kop�u r H��}l9G|{>��noE&p�w�E<u t)k,s&z#G9E<s-y9{>r kmr7s&{>�}�}E�}r J,EFw�EFs#tvu r �9J-t3p,r {>G��?� � E&pmp,Ebq�{�kmr p,r {>G7�3E%kop,r �}H#Ebq+tvJ�l9G}w�H#q9u t>s&E#�}E#G�p�J,r K>r w�E>�3s&{>G+kop,r p,l9Ebu E%kSq+tvJ-tv�}z&p,J,E%kE&��p,J,r G+kmz%��l9E%kFw�E\u t}s#tv�}H#J-t9�
� w�� tvl�p,J,EYq+tvJmp%��u E%k*s#tvJ-t>s?p,H#J,r kop,r ��l9E%k�r G�p,E#J,G9E%k\w�l�s#tvq�p,E#l9J\w�E�q9J,r kmE}w�E���l9E>� � E%k*q+tvJ-tv�}z&p,J,E%k#��w�r p-kr G�p,J,r G+kmz%��l9E%k��2s#tvJ�r u k�km{>G�p�E#G)q9J,r G+s&r q�E�r G+w�H#q�E#G+w9tvG�p-k�w�E�u t�k,s&z#G9E�{>�+kmE#J,�>H#E:�?�vq�E#J,�}E&pmp,E#G�pbw�� E&��q9J,r �}E#Ju t=q9J,{vnoE%s?p,r {>G�w�� l9G�q�{>r G�p<Ç7r w�E�u tak,s&z#G9E}km{>l+k���{>J,�}E}w�E)s&{�{>J-w�{>G9G9H#E%k�q9r ��E#u0����{vp,J,E��}{�w�z#u E�r G+s&u l�pu tY��{�s#tvu E�w�E<u t}s#tv�}H#J-t9�9km{>G|t>kmq�E%s?pFJ-t3p,r {x�2w�H&²+G9r[s&{>�}�}E\u E<J-tvq9q�{>JmpFE#G�p,J,E\u E%k�p-tvr u u E%kFy9{>J,r �#{>G�p-tvu E*E&p�>E#Jmp,r s#tvu E\w�� l9G|q9r ��E#u7q9y���kmr ��l9E:�?��E&p�u t�q9J,{vnoE%s?p,r {>G|w�lxs&E#G�p,J,E\{>q�p,r ��l9E<w9tvG+kbu E<q9u tvGar �)tvK>EY§o³v�j7E%k\q+tvJ-tv�}z&p,J,E%k\w�E�s#tvu r �9J-t3p,r {>G�q�E#J,�}E&pmp,E#G�p%�7l9G9E)��{>r k\{>��p,E#G�l+k#�Vw�E�s#tvJ-t>s?p,H#J,r kmE#J\s&{>�}q9u z&p,E#�}E#G�p�u Eq9J,{�s&E%k,kml+kYw�Eaq9J,{vnoE%s?p,r {>G5q�E#J-kmq�E%s?p,r �>E|w�� l9G~q�{>r G�p)w�E=u t�k,s&z#G9E|kml9J�u E=q9u tvG~r �)tvK>E>�Skm{>l+kYu tx��{>J,�}Eaw�Eu0� H%��l+t3p,r {>Ga�)t3p,J,r s&r E#u u E}·

Õ�� 	Võ?ý:ô9ö�þ ó��&õ?ö:ô+ù3ó-ô�ç0áoô2ç���à:á�ô0õ?ý:ð2üoáoô+à:á�ú ý:øFû �oð2á � áC÷%õ-ç0û �#ý:áoô � ö�þ �oøFáCç2ç.ó-ö&ç �#ý:á�à3ó-ö:ô9ú á�ð2õ?ý:ñ?á7ù3ó-ð9áC÷%áoøFù:ú á��
	 �mó-ö:øFõ?û ö:ô��üoõ?øFøFáSö:õ?ý:ô[ý%ç0û ú û ô0õ?ö:ôVà:û ð2áoüCç0áoøFáoö&çSú áoôVù:û ÷%áoú ôVùvõ?ý:ð[ümó-ú üoý:ú áoðVú áoôVð�� �3áoüCç.ó-ö:üoáoô�à:áoô[ô0ý:ð � ó-üoáoô��vû ú�áoô2ç[ù:ð2õ��3ó
�:ú á �#ý:á�üoáoú ú áoô �@üoû
�&áoð2ð0ó-û áoö&ç�ú áoý:ð � �Q� � ùvõ?ö:à��oð��oá\ù3ó-ðbý:ö � ó-üCç0áoý:ðbð2õ?ý:ñ?á\üoõ?ð2ð2áoô0ùvõ?ö:à3ó-ö&ç�;�ú ó\ô0õ?ý:ð2üoá���#û�à�þ ó��&áoö&ç0ý:ð2á���ù:ú ý:ô0û áoý:ð2ôFô0õ?ý:ð2üoáoôà:á*üoõ?ý:ú áoý:ð2ô�à:û 2/�oð2áoö&ç0áoô(�Cç.ó-û áoö&ç�áoøFù:ú õmÿ��oáoô��+ý:ö=ó-ú ñ?õ?ð2û ç��:øFá*à:á*ð2áoüoõ?ý �%ð2áoøFáoö&ç�à�þ �oøFû ç2ç.ó-ö:üoáoôbà:á*ô0õ?ý:ð2üoáoô�ùvõ?ý:ð2ð0ó-û ç(,Cç0ð2áö��oüoáoô0ô.ó-û ð2á��vüoõ?øFøFá[üoáoú ý:û�ù:ð2õ?ùvõ?ô���ù3ó-ð � õ?ý:ð2ö:û áoðoê �?î�õ?ýX�[ð2áCç2ç.ó �#û ômê ��?î �ÕCÕ�	Võ?ý:ô�ö�þ ó��&õ?ö:ôbù3ó-ôbû øFù:ú �oøFáoö&ç��Fà�þ ó-ú ñ?õ?ð2û ç��:øFá�ùváoð2øFáCç2ç.ó-ö&ç��+ùvõ?ý:ðbú á�øFõ?øFáoö&ç���à�þ ý%ç0û ú û ô0áoð�ù:ú ý:ô0û áoý:ð2ôbû ø�ó-ñ?áoô�à3ó-ö:ôbú óð2áoüoõ?ö:ô2ç0ð2ý:üCç0û õ?ö<ù��:õ-ç0õ?ø&�Cç0ð2û �#ý:á��:ø�ó-û ô�üoáoú ó � ó-û ç�ù3ó-ð�ç0û á�à:áoô�áC÷#ç0áoö:ô0û õ?ö:ôVùvõ-ç0áoö&ç0û áoú ú áoô��:ùvõ?ý:ð�à:áoô7ô0ý:ð � ó-üoáoô8;�ú ó � õ?û ô�ç0áC÷#ç0ý:ð��oáoôáCç[ó-ö:û ô0õ-ç0ð2õ?ùváoô��Õ����[ö\óbü%�:õ?û ô0û�û üoû�à:á�ö��oñ?ú û ñ?áoðVú áoôVà:û ô2ç0õ?ð2ô0û õ?ö:ô[õ?ù%ç0û �#ý:áoôSümó-ðVõ?ö*ç0ð0ó��?ó-û ú ú á�ó��&áoü�à:áoô�� õ#ümó-ú áoô[ð2áoú ó,ç0û �&áoøFáoö&ç[ú õ?ö:ñ?ý:áoô��vô0ý:ù ���ð2û áoý:ð2áoô<; � E�øFø�� 1 áSù:ð2õ#üoáoô0ô0ý:ô7à:áSümó-ú û �:ð0ó,ç0û õ?ö*ð2áoô2ç0áSç0õ?ý%ç0á!� õ?û ô7ô0û øFû ú ó-û ð2áVô0ûvö:õ?ý:ôVó�:2õ?ý%ç0õ?ö:ôVú áoô�ù3ó-ð0ó-ø&�Cç0ð2áoôVà:áSà:û ô2ç0õ?ð2ô0û õ?ö��üoõ?øFøFá[ú ó�à:û ô2ç0õ?ð2ô0û õ?ö\ð0ó-à:û ó-ú á�ù3ó-ðVáC÷%áoøFù:ú á��



É>É%Ì ������������	�
 �L��������	�
3���G�����.��


��������9� Í � � ÷%áoøFù:ú áSà�þ ý:ö:á�ô0ü��oö:á�ð��oáoú ú á�ó��&áoü�ú á�øFõ#à��oú á�ì}��ð2áoüoõ?ö:ô2ç0ð2ý:û ç�áCçVð2áoù:ð2õ6:2áCç���à:áoô0ô0ý:ô

�� ���
���
�

��
�
��	� ( ��

( �� � ��

( ( $

����� $ ( ( (
( $ ( (
( ( $ (

������ �� $�� ���� ���
� �
���
$

����� �2�9� É:�

����� � �~E&p ���~km{>G�p�u E%k�s&{�{>J-w�{>G9G9H#E%kFÇ7r w�lxq�{>r G�p�q9J,{vnoE&p,H�w9tvG+k�u E<J,E#q�z#J,E<r G9r p,r tvu0�S� � �½� � � � k-�Fkm{>G�pu E%kbs&{�{>J-w�{>G9G9H#E%k�q9r ��E#u k\�2tvl��2t>s?p,E#l9Jbq9J,{vnoE%s?p,r � �*q9J,z%k-�?� � E%kopFu t<��{�s#tvu E\w�E\u t�s#tv�}H#J-t9� ��u E*q9r ��E#u�J-t3p,r {YE&p
� ��
 � ��
 	 u t}q9J,{vnoE%s?p,r {>Gaw�lxs&E#G�p,J,E\{>q�p,r ��l9E>�

KS{>l9JF{>��p,E#G9r J�s&E%kFq+tvJ-tv�}z&p,J,E%k#��G9{>l+k�s-y9{>r kmr k,km{>G+kbs&{>�}�}E<{>��noE&p�w�EYs#tvu r �9J-t3p,r {>G|w�E<J,H&��H#J,E#G+s&E����}r J,E:�l9G�w�E%k�{>��noE&p-k�w�EFu t<k,s&z#G9E>�7r�E�q9J,H&��H#J,E#G+s&E>�vs&E&p�{>��noE&p�w�{>r p�{�s#s&l9q�E#J�l9G)�>{>u l9�}EFE#G9K>u {>�+tvG�p��)t3��r �Yl9�|�vE&pk,t�K>H#{>�}H&p,J,r E�w�{>r p�¨&p,J,Ebs&{>G9G�l9Ebt:�>E%s�u E�q9u l+k�w�Ebq9J,H%s&r kmr {>G�q�{�k,kmr �9u E\�2s&E%k�w�E#l��Ys&{>G+w�r p,r {>G+kSkm{>G�pSE#G�K>H#G9H#J-tvutvG�p,r G9{>�}r ��l9E%k-�?��r*tvG+k[G9{vp,J,E�s#t>k���{>�+kmE#J,�3t3p,r {>GYw�E�k,s&z#G9E%k[w�E��9l9J,E%tvl��?�:sv� E%kopSu E��9l9J,E%tvlY��l9r�kmE#JmpSw�E��}r J,E3§oÅv�Ð�GYJ,E#q�z#J,E��)tvG�l9E#u u E#�}E#G�p�§ Ô w9tvG+k[u0� r �)tvK>E>�%u E%kSs&{�{>J-w�{>G9G9H#E%k[w�E%kVq9J,{vnoE%s?p,r {>G+k[w�E�q�{>r G�p-kSs#tvJ-t>s?p,H#J,r kop,r ��l9E%kw�EYu t��}r J,E=�2w9tvG+k�G9{vp,J,EYs#t>k#��s&{>r G+k*w�l��9l9J,E%tvl7�+q9r E%w9k#��E&p-sv� �?����l9EYu0� {>G�t>k,km{�s&r EY�)u E#l9J-k*s&{>J-w�{>G9G9H#E%k�Ç7rY���{>l+k�{>��p,E#G9{>G+k�tvr G+kmr�tvl�p-tvG�pbw�E*s&{>G�p,J-tvr G�p,E%k�q�{>l9Jbu0� H%��l+t3p,r {>G=�9� É>�)"�G�p,y9H#{>J,r E>�9v<q�{>r G�p-kbkm{>G�pbkml���k,tvG�p-kq�{>l9J){>��p,E#G9r J}u0� E#G+kmE#�Y�9u Exw�E%k�q+tvJ-tv�}z&p,J,E%k�w�E|q9J,r kmE%k}w�E|��l9E>��r*tvG+k}u t�q9J-t3p,r ��l9E>�Sl9G �}r G9r �Yl9� w�E!�q�{>r G�p-k��9r E#G5J,H#q+tvJmp,r k<w9tvG+k<u0� E%kmq+t>s&E�w�� {>�+kmE#J,�3t3p,r {>G¸E%kopYJ-tvr km{>G9G+tv�9u E>�7jVt|q9J,{�s&H%w�l9J,E�w�E=s#tvu r �9J-t3p,r {>G�E#GE#u u E&¦.�}¨#�}EFk#� tvq9q9l9r EFkml9J�u0� tvu K>{>J,r p,y9�}Ebw�E�r�E#�}E#G�p,y9{>G�E&p�r*t:��r kbÆ ÍvÌ:Ï.�v��l9r+s#tvu s&l9u Ebq+tvJ�tvq9q9J,{:��r �)t3p,r {>G+kVu r ¦G9H%tvr J,E%k�kml+s#s&E%k,kmr �>E%k#�3u E%k�q+tvJ-tv�}z&p,J,E%kSE&��p,J,r G+kmz%��l9E%k�w�EFu t<s#tv�}H#J-t9�
��G)�}{�w�l9u E�w�EF�}r G9r �}r k,t3p,r {>G)w�� E#J,J,E#l9Jkml9JSu E%kSq+tvJ-tv�}z&p,J,E%kVr G�p,J,r G+kmz%��l9E%k[��r E#G�p�E#G}kml9Jm¦Cs&{>l+s-y9E�w�Ebu0� E%kop,r �)t3p,r {>G�E&��p,J,r G+kmz%��l9E>�3t:�>E%s�s&{>�}�}EFs&J,r p,z#J,Eu t�w�r kop-tvG+s&EFE#G�p,J,E�u E%k�q�{>r G�p-k�q9J,{vnoE&p,H%k���{>��p,E#G�l+k�q+tvJ��9� É:�SE&p�u E%k�q�{>r G�p-k�J,H#E#u k��}E%kml9J,H%k�kml9J�u0� r �)tvK>E>� � E&pmp,E�}r G9r �}r k,t3p,r {>G)E%kop�E&µ�E%s?p,l9H#E�q+tvJ�u t\p,E%s-y9G9r ��l9E*w�l�¬m¤ ��¯�Ã�¢,¥�¢bw�E*��E#u w�E#J�E&p �xE%t>w|Æ Ê>Ê��+É%Ì�È%Ï.��jVt<q9J,{�s&H%w�l9J,Ep,{vp-tvu E\E%kopFp,J,z%kbJ-tvq9r w�E)��l9G9E�kmE%s&{>G+w�E<kml9JFl9Gaq9J,{�s&E%k,kmE#l9J��xÓ�K�Ñ! $'& (+(+(���E&p�kml9Jmp,{>l�pbp,J,z%k�²�tv�9u E>�
Õ����[ö\ùváoý%ç�ó-ý:ô0ô0û �3ô0û�õ?ö�óFú á�üoõ?ö&ç0ð#"?ú á�ô0ý:ð[ú áoô[ù:ð2û ô0áoôSà:á �%ý:á��vù:ð2áoö:à:ð2ábà:áoý%÷\û ø�ó-ñ?áoô��3ý:ö:á�à:á�ð��!� �oð2áoö:üoábõ��<õ?ö<ó�:2õ?ý%ç0á;ú ó�ô0ü��oö:áSý:ö�õ��/:2áCç7ô0ù �oüoû ó-ú�ô0áoð �?ó-ö&çVà:áSøFû ð2áVà:áSümó-ú û �:ð0ó,ç0û õ?ö��:áCç7ú þ ó-ý%ç0ð2áSà��oùvõ?ý:ð �%ý:á�à:áSüoáCç7õ��/:2áCç��:ø�ó-û ô�ó��&áoü�áC÷:ó-üCç0áoøFáoö&çVú óø&,oøFá[ùvõ?ô0û ç0û õ?ö*à:á�ümó-ø&�oð0ó �Õ 0 �@ú+áC÷%û ô2ç0ábà:áoô�ù:ð2õ#ü��oà:ý:ð2áoôbó-ý%ç0õ?ø�ó,ç0û �#ý:áoô�à:á�à��Cç0áoüCç0û õ?ö�à:ábú û ñ?ö:áoô�õ?ý�à:á�ùvõ?û ö&ç0ô�à3ó-ö:ô�ú áoô�øFû ð2áoôSà:ábümó-ú û �:ð0ó,ç0û õ?ö���ø�ó-û ôáoú ú áoô7ô0õ?ö&ç[ùváoý\ó-à3ó-ù%ç��oáoô[ô0ý:ð7ý:ö*õ��/:2áCç �#ý:áoú üoõ?ö��#ý:á�üoõ?øFøFá[ü?þ áoô2çVú á�ümó-ôVû üoû �



�L� ����	�
G��	�������
�	h©T
�Â�	�� �S©T
G���;������
�Â ��
�ÂxÂ���	 �9�3��
�Â É>É>É

� r G+tvu E#�}E#G�p%�Sl9G9E=��{>r kYu t�s#tv�}H#J-t�s#tvu r �9J,H#E>�[r uFs&{>G���r E#G�p}w�Eaq�{�kmr p,r {>G9G9E#J�u E%k�{>��noE&p-k�w9tvG+k�u t�k,s&z#G9E>�t3²+G~��l9Eau E#l9J�q9J,{vnoE%s?p,r {>G½s&{>J,J,E%kmq�{>G+w�E�E&�9t>s?p,E#�}E#G�p}��s&E#u u Ea{>�+kmE#J,�>H#E�w9tvG+k�u0� r �)tvK>E>��KS{>l9J�s&E#u t9�SG9{>l+kq+tvJmp,{>G+k��2kmrbs&E#u txE%kopYq�{�k,kmr �9u E:�<w�� E%kop,r �)t3p,r {>G+k�r G9r p,r tvu E%k<��{>l9J,G9r E%k�q+tvJ�w�E%k��}E%kml9J,E%k�E&µ�E%s?p,l9H#E%k�u {>J-k�w�E%kq9J,r kmE%k\w�E)��l9E>�aK�l9r k<G9{>l+k\J-t3�)G9{>G+k\s&E%k\E%kop,r �)t3p,r {>G+k\w9tvG+k\l9G¸q9J,{>K>J-tv�}�}EYr G�p,E#J-t>s?p,r � §B! �7t3²+G¸w�E�s&{>��¦q�E#G+kmE#J�w�� H#�>E#G�p,l9E#u u E%kFr �}q9J,H%s&r kmr {>G+k�w9tvG+kFu E<q9J,{�s&E%k,kml+k�w�E�s#tvu r �9J-t3p,r {>G7�;t���q9r ��l9E#�}E#G�p%�9q�{>l9J�l9G9E�r �)tvK>Ew�E)J,H%km{>u l�p,r {>G v%$'&:�;v%$'&){>��p,E#G�l9E�t:�>E%s�l9G9E}��{�s#tvu E�w�E ,+(a�}�|�Vr u��2tvl�p�q�{�kmr p,r {>G9G9E#J�l9G¸{>��noE&pYkmr p,l9H�����}z&p,J,E%k�w�E�u tYs#tv�}H#J-t<t:�>E%sFl9G9E�q9J,H%s&r kmr {>G�w�E��\�}�|��q�{>l9J�{>��p,E#G9r J�l9G9E�q9J,H%s&r kmr {>G)r �)tvK>E�w�E�u0� {>J-w�J,E�w�� l9Gq9r ��E#u0� � E&pmp,E\q9J,H%s&r kmr {>G=E%kopFJ,E#u t3p,r �>E#�}E#G�p��2t>s&r u E\��{>��p,E#G9r Jbq�{>l9J�w�E%k�{>��noE&p-kFkmr �}q9u E%k#���)tvr k�q�E#l�p�k#� t:�>H#J,E#Jq9u l+k�w�H#u r s#t3p,E>��q�{>l9JFu E%kF{>��noE&p-kFs&{>�}q9u E&��E%kb{>laG9{>Gaq�{>u �>z%w�J,r ��l9E%k#�
"�G�²+G7��r uFs&{>G���r E#G�p}w�EaG9{vp,E#J}��l9Eau t�q�{�kmr p,r {>G~E&p}u E%k}s#tvJ-t>s?p,H#J,r kop,r ��l9E%k�w�Eau t�km{>l9J-s&E=u l9�}r G9E#l+kmEaG9Eq�E#l9�>E#G�pS¨&p,J,Ebs#tvu s&l9u H#E%k[��q+tvJmp,r JSw�� l9G9E�r �)tvK>E�E&p�km{>G�pSw�{>G+s�{>��p,E#G�l9E%kVq+tvJSw�E%k[�}E%kml9J,E%k[kml9q9q9u H#�}E#G�p-tvr J,E%k#�

��MoL � U�XVPS^3' ��UbP�c&UFT PSR��|U���X[Z�W ��UFT daUFT TQ'=P �3Z ��UFT
.+ *�+0/ ��R��3\T8�>���6�4 U�8�A�CG@BSQP >Q4

��{>l+k�q9J,{>q�{�km{>G+k�r s&r�w�E�q9J,H%kmE#G�p,E#J�u E%k\w�r µ�H#J,E#G�p-k*q9J,{>�9u z#�}E%k*km{>l+ko¦ nmt>s&E#G�p-k��=G9{vp,J,E�p,E%s-y9G9r ��l9E>��I�r E#G��l9E)G9{>l+k<J,E#�>E#G9r {>G+k#��q+tvJ<u txkml9r p,E>�7E#G½w�H&p-tvr u k<kml9JYs-y+t>s&l9G5w�� E#G�p,J,E)E#l����7r u�G9{>l+k<q+tvJ-t�I p<r �}q�{>Jmp-tvG�pYw�Eq9J,H%s&r kmE#J\s&E#Jmp-tvr G+k*q9y9H#G9{>�}z#G9E%k#��km{>l9�>E#G�p*{�s#s&l9u p,H%k<w9tvG+k*u t=u r pmp,H#J-t3p,l9J,E>��{>l�w�E)s&u tvJ,r ²+E#J\s&E#Jmp-tvr G9E%k�r w�H#E%kq9J,H%s&{>G;z&l9E%kbkml9J�w�� H#�>E#G�p,l9E#u u E%kFkmr �}q9u r ²�s#t3p,r {>G+k#�
j7Ebq9J,E#�}r E#JSq9J,{>�9u z#�}EbE%kop�u t*�}r kmEbE#G}s&{>J,J,E%kmq�{>G+w9tvG+s&E�w�E%k�w�{>G9G9H#E%kVp,J,r w�r �}E#G+kmr {>G9G9E#u u E%k�t:�>E%s�u0� r �)tvK>EG�l9�}H#J,r ��l9E>� � {>�}�}E*G9{>l+k�p,J-t:�3tvr u u {>G+k�kml9Jbu E%k�J,E#q9J,{vnoE%s?p,r {>G+k�w�E%k�{>��noE&p-kbÇ7rhw9tvG+k�u E%kbr �)tvK>E%k#��r u�E%kopb��J,H&¦��l9E#G�p\��l9E�u0� tvG+tvu ��kmEYw�E%k*q9r ��E#u k*s&{>G�p,E#G�l+k�q+tvJ\s&E&p\{>��noE&p%��km{>r p*�9r tvr kmH#EYq+tvJ*l9G�{>��noE&p*�>{>r kmr G~��l9G�s#tvu tvK>Etvq9q9J,{:��r �)t3p,r �[E#Ga�2tvr p?�?�9{>l|q+tvJFu t}s#tv�}H#J-t�E#u u E&¦.�}¨#�}E>� � E#u u E&¦Cs&r�q�E#l�p�E#G|E&µ�E&p�r G�p,J,{�w�l9r J,E<w�l�� Ä �v¤0«�w9tvG+ku0� r �)tvK>E>��E&p�tvr G+kmr�q�E#Jmp,l9J,��E#JFu E%kFs&{>l9u E#l9J-kFw�E<u0� r �)tvK>E>�

��G½tvu K>{>J,r p,y9�}E)w�E)²+u p,J-tvK>E}E%kop�w�{>G+s}r G+w�r kmq�E#G+k,tv�9u E>�[kmr G9{>G¸u t|�}H&p,y9{�w�E=��l9r�s&{>G+kmr kop,E��|�}{3�>E#G9G9E#J<u E%kq9r ��E#u k}w�� l9G9E �#{>G9E>��kml9J}u t>��l9E#u u E|kmEaq9J,{vnoE&pmp,E|tvq9q9J,{:��r �)t3p,r �>E#�}E#G�p�u Ea�}{�w�z#u ExÇ7rY�Sq�{>l9J)s#tvu s&l9u E#J}l9G9EJ,H$#+E%s?p-tvG+s&E>��E%kop�G9H%s&E%k,k,tvr J,E#�}E#G�pb�2tvl+k,kmE���u E%kFJ,H$#+E%s?p-tvG+s&E%kb�}{3�>E#G9G9E%kb�>E#J-kbu E%k,��l9E#u u E%kb{>Gxs-y9E#J-s-y9E<���2tvr J,Es&{>G��>E#J,K>E#J*u0� tvu K>{>J,r p,y9�}E>��J,E#q9J,H%kmE#G�p,E#G�p<tvu {>J-k\u ta�}{3�>E#G9G9E)w�E%k<r G�p,E#G+kmr p,H%k<w�E)q9r ��E#u�w�E)q9u l+kmr E#l9J-k<{>��noE&p-kw�r µ�H#J,E#G�p-k-�?��jVt<p,E%s-y9G9r ��l9E*w�E�²+u p,J-tvK>E�G7� E%kopbq+t>k��>H#J,r p-tv�9u E#�}E#G�p�G9{3�3t3p,J,r s&E3§Bs3���)tvr k�G9{>l+k�s&J,{3�>{>G+k�r �}q�{>Jm¦p-tvG�p���l9E�u E=u E%s?p,E#l9J�k,t>s-y9E���l7� E#u u E�E%kopYr G+w�r kmq�E#G+k,tv�9u Eatvl5��{>G¸��{>G+s?p,r {>G9G9G9E#�}E#G�p�w�E=G9{vp,J,E�tvu K>{>J,r p,y9�}Ew�E�J,E%s&{>l9��J,E#�}E#G�p�w�E�J,H$#+E%s?p-tvG+s&E%k#�aK�tvJYtvr u u E#l9J-k#�7E#u u E�q�E#J,�}E&p�tvl+k,kmr�w�E�q9J,E#G+w�J,E)E#G½s&{>�}q�p,E)u E%k�r G�p,E#Jm¦J,H$#+E&��r {>G+kYw�r µ�l+kmE%kY��{>Jmp,E%k#����l9r�q�E#l9�>E#G�p}K>H#G9H#J,E#J�w�E%kYp x>s-y9E%k�w�E|s&{>l9u E#l9J}w�r µ�l+kmE%k?§ .����>{>r J�r �)tvK>Ea�9� ���?�I�r E#Gx��l9E�s&E#u t}G9E�km{>r p�q+t>kb�}E#G�p,r {>G9G9H�w9tvG+kFu E%k�tvJmp,r s&u E%kFw�E � {>l9J,G9r E#J%Æ �>�%ÏV{>l r�J,E&pmp-t 
�r k#Æ Ív�:Ï.�9u E#l9J-k�p,E%s-y�¦G9r ��l9E%k�q�{>l9J,J-tvr E#G�p�H#K�tvu E#�}E#G�p�¨&p,J,E�kmE#G+kmr �9u E%k���s&E�K>E#G9J,E�w�E�q9y9H#G9{>�}z#G9E>� � E#q�E#G+w9tvG�p%�>u E�po��q�E*w�E*k,s&z#G9E%k��l7� r u k�E#�}q9u {>r E#G�p�km{>G�p�q�E#l~kml3noE&pmp,E%kY��s&E�q9J,{>�9u z#�}E>�Vs#tvJ�u E%kYkml9Jm�2t>s&E%k���tvG+tvu ��kmE#J�km{>G�pYK>J-tvG+w�E%k)��E#u u E%ks&{>G�p,r E#G9G9E#G�p���E%tvl+s&{>l9q=w�E�q9r ��E#u k-�?�>�)tvr k�kml9Jmp,{>l�p�E#u u E%k�kml9�9r k,kmE#G�p�q�E#l=w�� r G�p,E#Jm¦.J,H$#+E&��r {>G+k�w�r µ�l+kmE%k#��´�r G+kmr0�q+tvJ�E&��E#�}q9u E>��kmr�l9G9E*kml9Jm�2t>s&Ebp,E&��p,l9J,H#E��9u tvG+s-y9E�H&p-tvr p�J,{>l9K>r EFq+tvJ�l9G�{>��noE&p�k#� E#G�tvq9q9J,{�s-y+tvG�p%�>l9G)�}{3�>E#G�¦G+tvK>EF�9J,l�p-tvu�w�E%k�q9r ��E#u k�J,E%s&{>l9�>E#Jmp-kSq+tvJ�u t�kml9Jm�2t>s&EF�9u tvG+s-y9E>�>q9J,{3�>{���l9E#J-tvr pSu t�s&J,H%t3p,r {>G)w�� l9G9E�J,H$#+E%s?p-tvG+s&Es&{>�}q9u z&p,E#�}E#G�p*E#J,J,{>G9H#E>� � � E%kop\l9G9E�w�E%k�J-tvr km{>G+k���l9rSG9{>l+k�{>G�p\q�{>l+k,kmHY�=w�H#�>E#u {>q9q�E#J*l9G9EY�}H&p,y9{�w�E�r p,H&¦J-t3p,r �>Exw�E�s&{>J,J,E%s?p,r {>G w�E%k}J,H$#+E%s?p-tvG+s&E%k#�DK�tvJ�tvr u u E#l9J-k#���}¨#�}E�w9tvG+k}u E�s#t>k)w�� l9G9E|p,E%s-y9G9r ��l9Exr p,H#J-t3p,r �>E>�u0� {>��noE%s?p,r ��E%kop}km{>l9�>E#G�p�w�E|s#tvu E#JYu E%k��}{3�>E#G9G9E%kYw�E%kYq9r ��E#u k?§ � tvq9q+tvJmp,E#G+tvG�p}tvl��½kml9Jm�2t>s&E%kYw9tvG+kYu0� r �)tvK>EJ,E#K>H#G9H#J,H#E>�>kml9J�s&E#u u E%k�w�E�u0� r �)tvK>E�w�E�J,H&��H#J,E#G+s&E>�>j7E*s#tvu s&l9u�w�E*s&E%k��}{3�>E#G9G9E%k�E%kopbw�{>G+s�q9J,r �}{>J-w�r tvu9E&pbw�{>r p¨&p,J,E�u E}q9u l+k\J,E#q9J,H%kmE#G�p-t3p,r ��q�{�k,kmr �9u E>� � E}s-y9{>r ��w�E%k\�}{3�>E#G9G9E%k�J,H%kmr w�E}q9J,r G+s&r q+tvu E#�}E#G�p<w9tvG+k*u E��2tvr p���l9Ew�E%kFs#tvu tvK>E%k�q9y9{vp,{>�}H&p,J,r ��l9E%kbkml9Jbu E%kb�}r G9r �)t}km{>G�p�p,J,{>qakmE#G+kmr �9u E%kbtvl��={>�Y�9J,E%k#�>p-tvG+w�r kF��l9E\w�E%kFs#tvu tvK>E%k
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kml9JFu E%kb�)t3��r �)t}km{>G�pbp,J,{>q|kmE#G+kmr �9u E%kF��u0� r u u l9�}r G+t3p,r {>Gxw�r J,E%s?p,E>�

��������9� ��� . ���oö:õ?ø&�oö:áoô�ø�ý:ú ç0û ù:ú áoô�à:á 
�ä"� ä#$ ��� ßoßoå#× é%Ø	�&ú ó+� ó-üoá[ó��?ó-ö&ç�à:ýFùváCç0û ç�üoý��vá �&áoð�ç�áoô2ç�üoõ?ú õ?ð��oá[ù3ó-ð�ú áVô0õ?ú �&ú á7ø�ý:ðñ&ó-ý:ü%�:á�áoô2çB:0ó-ý:ö:û�ù3ó-ð7ú á�ø�ý:ð�à:ý � õ?ö:à��

j7EYkmE%s&{>G+wxq9J,{>�9u z#�}E�r �}q�{>Jmp-tvG�p*E%kop\s&E#u l9rSw�EYu t}p-tvr u u E�w�EYu t�q9J,{vnoE%s?p,r {>G�w�E%k�{>��noE&p-k�Ç7rY��E&p\w�EYu E#l9J��r kmr �9r u r p,H*w9tvG+k�u0� r �)tvK>E�w�E�J,H&��H#J,E#G+s&E>��´�r G+kmr0��kmr+u E%k�{>��noE&p-k��}{�w�H#u r kmH%k�km{>G�p�p,J,z%k�q�E&p,r p-kbw9tvG+k�u t<q9y9{vp,{>K>J-t3¦q9y9r E>��u E#l9J�q9J,{vnoE%s?p,r {>G�w9tvG+kFu0� r �)tvK>E�J,E#q9J,H%kmE#G�p,E�tvu {>J-kFq�E#l�w�EYq9r ��E#u k#��j7E�q9J,{�s&E%k,kml+k�w�E��}{3�>E#G9G+tvK>E<w�E%kr G�p,E#G+kmr p,H%k�w�EFq9r ��E#u k�w9tvG+k�s&E%k��#{>G9E%k#�3E%kop�w�{>G+sbE&��p,J,¨#�}E#�}E#G�p�kmE#G+kmr �9u E���p,{>l�p,E%k�u E%k��3tvu E#l9J-k�k#� ��p,J,{>l9�3tvG�p%���{>l+kYq�{>l9�>{>G+k#�[q+tvJ}s&{>G+kmH%��l9E#G�p%�Ss#tvu s&l9u E#J}w�E%kYJ,H$#+E%s?p-tvG+s&E%k���l9rb�>{>G�pYp,{>l�p)w�Ea�}¨#�}E|s&{>G��>E#J,K>E#J<�>E#J-ku t)J,H$#+E%s?p-tvG+s&E<�}{3�>E#G9G9E<E%kop,r �}H#E�w9tvG+kFu0� r �)tvK>EYw�� {>J,r K>r G9E>�9�)tvr k�k,tvG+kSnmtv�)tvr k�{>��p,E#G9r J�u t)�}¨#�}EYs&{>l9u E#l9J��l9E*u0� r �)tvK>E\w�� {>J,r K>r G9E>� � E\q9J,{>�9u z#�}E�E%kop�km{>l9�>E#G�p�J,H%km{>u l�q+tvJbl9G�²+u p,J-tvK>E\t>w�H%��l+t3p%��s&{>�}�}E\s&E#u l9r�l�p,r u r kmHq9J,H%s&H%w�E#�}�}E#G�p%���)tvr k�r u�G9H%s&E%k,kmr p,E*q+tvJm��{>r k�u0� r G�p,E#J,�>E#G�p,r {>Gaw�E*u0� l�p,r u r k,t3p,E#l9J%� � E&pmp,E\r G�p,E#J,�>E#G�p,r {>G=tYu r E#latvl�}{>�}E#G�p�w�E�u t�s&{>G+kop,J,l+s?p,r {>G5w�E=u txK>H#{>�}H&p,J,r E>�7u {>J-k,��l9E}u0� l�p,r u r k,t3p,E#l9JYK>J,{>l9q�E�u E%k�{>��noE&p-k�t:��tvG�p<p,y9H#{>J,r ¦��l9E#�}E#G�p�u E%k��}¨#�}E%k�q9J,{>q9J,r H&p,H%k�q9y9{vp,{>�}H&p,J,r ��l9E%k#� � E�q9J,{�s&E%k,kml+k�J,E%kop,E�p,J,z%k��2t>s&r u E*��J,H%tvu r kmE#J%�vE&pbkml9q9q�{�kmE��l7� tvla�}{>r G+k�l9G|{>��noE&p�w�laK>J,{>l9q�E*E%kop�w�r J,E%s?p,E#�}E#G�pF��r kmr �9u E<w9tvG+k�u0� r �)tvK>E>����{>l+kbq�{>l9�>{>G+kbtvr G+kmr�p,{>l�p�w�E�}¨#�}E�E%kop,r �}E#J�u E%k*J,H$#+E%s?p-tvG+s&E%k�w�E%k�{>��noE&p-k�p,J,z%k�q�E&p,r p-k#��E&p\w�{>G+s��)tvu[J,E#q9J,H%kmE#G�p,H%k�q+tvJ�u E#l9J-k�q9r ��E#u k#��u E%kq9r ��E#u k�w�E%k�tvl�p,J,E%k\{>��noE&p-k�w�l¸�}¨#�}E)K>J,{>l9q�E}q�E#J,�}E&pmp-tvG�p�w�E�s#tvu s&l9u E#J�s&E&pmp,E)J,H$#+E%s?p-tvG+s&E)w�E}�2t7z&{>G¸q9u l+kq9J,H%s&r kmE>�
r�E�q9u l+k#�%K>J x>s&E���s&E&pmp,E�G9{vp,r {>GYw�E�K>J,{>l9q�E>�#r u�w�E#��r E#G�p[q�{�k,kmr �9u E�w�E�s&J,H#E#JVl9G9E�G9{>l9�>E#u u E���l9E*�2w�E#q9l9r kVu0� r �)tvK>EJ,H#E#u u E��9� °��\E&p�w�E=J,E#K�tvJ-w�E#J<w�E%k�{>��noE&p-k#�V{>l½w�E%k�q+tvJmp,r E%k�w�� {>��noE&p-k#�Vr G���r kmr �9u E%k�w�r J,E%s?p,E#�}E#G�p�tvl9q+tvJ-t:�3tvG�p%�j�� r �)tvK>E}w�J,{>r p,E}w�E}�9� Ë)�}{>G�p,J,E�l9G�E&��E#�}q9u E)w�E��}{�w�r ²�s#t3p,r {>G�w�E}q�{>r G�p�w�E���l9E>�7tvq9J,z%k�E%kop,r �)t3p,r {>G�w�E%kJ,H$#+E%s?p-tvG+s&E%kY·�{>G�J,E#�)tvJ-��l9EY��l9E�u0� {>G��>{>r p\s&E#Jmp-tvr G9E%k �#{>G9E%k�r G���r kmr �9u E%k\w9tvG+k�u0� r �)tvK>E�w�� {>J,r K>r G9E>��s&{>�}�}Eu E<��{>J-waw�J,{>r p�w�l|q+tvJ-tvu u H#u H#q9r q�z%w�E\�>E#Jmp%��{>l|u t�q9u r G�p,y9E<E&p�u E\�Yl9J%�+��l9r7km{>G�p�w�E#J,J,r z#J,E*u E<�9l9J,E%tvl7��E&p-sv�
"�G�²+G7��u EFp,J,{>r kmr z#�}EFq9J,{>�9u z#�}E�E%kop���l9E#u ��l9E�q�E#l�w�r µ�H#J,E#G�pbw�E%k�q9J,H%s&H%w�E#G�p-k#�>ÓCu+G9E�k#� tvK>r p�q+t>k�w�� l9G)p,J-tvr ¦p,E#�}E#G�p�q+tvJmp,r s&l9u r E#J��)t3no{>l�p,E#J%�9�)tvr kFq9u l�p,¶vp*w�E��9J,r kmE#JFl9G9E�r w�H#EYkmH%w�l9r k,tvG�p,E>���)tvr k�r J,J,H%tvu r k,tv�9u E>� � {>�}�}EG9{>l+kFs-y9E#J-s-y9{>G+k�w�E%kbJ,H$#+E%s?p-tvG+s&E%kbw�r µ�l+kmE%kFw�E�kml9Jm�2t>s&E%kbw9tvG+kbs&E#Jmp-tvr G+kbs#t>k<�2kml9q9q�{�km{>G+kb��l9E\G9{vp,J,E\r �)tvK>EG9E<s&{>G�p,r E#G9G9E<��l9E<w�E%kFkml9Jm�2t>s&E%k�q+tvJm�2tvr p,E#�}E#G�pFw�r µ�l+kmE%k#�9s&{>�}�}E<tvlaq+tvJ-tvK>J-tvq9y9E��9� Í�� È�� É:�?��l9G9E<tvq9q9J,{�s-y9EG+t �0�>E�q�{>l9J,J-tvr p*s&{>G+kmr kop,E#J��=kmE�w�r J,EY��l9EYu0� H%��l+t3p,r {>G�w�EYJ-t>w�r {�kmr p,H<E%kop\w�r J,E%s?p,E#�}E#G�p*r G��>E#J-kmr �9u E>�B"�G�E&µ�E&p%�G9{>l+k}q�{>l9�>{>G+k)s&{>G9G+t�I p,J,E|u E%k)J-t>w�r {�kmr p,H%k}w�E%k�kml9Jm�2t>s&E%k|��E&��p,J-tvr p,E%k�w�E#q9l9r k)u0� r �)tvK>E:�YE&p�u E%k}�2t>s?p,E#l9J-k)w�E��{>J,�}E)km{>G�p�w�r J,E%s?p,E#�}E#G�pYs#tvu s&l9u tv�9u E%k#��q9l9r k,��l9E}G9{>l+k�w�r kmq�{�km{>G+k\w�E)u t|K>H#{>�}H&p,J,r E>����H%tvG9�}{>r G+k#��u E)q9J,{v¦�9u z#�}EYG7� E%kop*q+t>k*tvl+k,kmr[kmr �}q9u EYE&p*G9EYq�E#l�p\¨&p,J,E�J,H%w�l9r p\�=s&E&pmp,EYr G��>E#J-kmr {>G7�+t:�>E%s\u EYq�E#l�w�E�w�{>G9G9H#E%k���l9EG9{>l+k�t:�>{>G+k�·>k#� r u9E%kop���J-tvr9��l9EFG9{>l+kSq�{>l9�>{>G+k�s#tvu s&l9u E#J�u E%kS�2t>s?p,E#l9J-k�w�Eb��{>J,�}EbK>J x>s&EF�*u t<s&{>G9G+tvr k,k,tvG+s&Ebw�Eu t�K>H#{>�}H&p,J,r E>��r u7E%kopF�9r E#G|q9u l+k�w�r ��s&r u E�w�E<s&{>G9G+t�I p,J,E\u E%kbJ-t>w�r {�kmr p,H%kbw�E\p,{>l�p,E%kFu E%kFkml9Jm�2t>s&E%k#�9´�r G+kmr0�+w9tvG+kG9{�k*k,s&z#G9E%k�J,H#E#u u E%k���E&p�s&EYG9EY��l�p<q+t>k��>{>l9u l��?��l9G9E}w�E%k*s&{>G�p,J,r �9l�p,r {>G+k�H#G9E#J,K>H&p,r ��l9E%k��)t3noE#l9J,E%k�q9J,{3��r E#G�pw�EYu t=u l9�}r z#J,EYJ,H#H#�}r kmE�r G+w�r J,E%s?p,E#�}E#G�p\q+tvJ�u E�q9u t3��{>G+w�w�EYu t�q9r z%s&E>����l9r[G7� E%kop\q+t>k���r kmr �9u E�w9tvG+k�u0� r �)tvK>Ew�E\J,H&��H#J,E#G+s&E��2k,tYJ-t>w�r {�kmr p,H�G7� E%kop�w�{>G+s�q+t>k�E%kop,r �)tv�9u E:�?� ��laE&p�tvu0� Æ È>Í�É3�+È>Í>È#Ï7�}E#G�p,r {>G9G9E#G�pbq�{>l9Jmp-tvG�pF��l9Eu Eas#t>kYw�r µ�l+kYE%kop��-p,J,r ��r tvu��3�Vs#tvJ�u0� r G��>E#J-kmr {>G5w�Eas&E&pmp,E=H%��l+t3p,r {>G5q�E#J,�}E&p}w�� E#G~w�H%w�l9r J,Eaw�r J,E%s?p,E#�}E#G�pYu E%kJ,H$#+E%s?p-tvG+s&E%k#� ��tvr kYs&{>�}�}E)G9{>l+k<G7� t:�>{>G+k<��l7� l9G9E�E&pYl9G9E�kmE#l9u E�r �)tvK>E>�Vs&E#u t|G7� E%kop�q+t>k<q�{�k,kmr �9u E��2k,tvG+k
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s&{>�}q�p,E#J���l9E<G9{>l+kbG9E<q�{>l9�>{>G+kbE%kop,r �}E#J�w�r J,E%s?p,E#�}E#G�p�u E%kFJ-t>w�r {�kmr p,H%k#��q9l9r k,��l7� r u��2tvl�p�l9Gx�}r G9r �Yl9� w�E�Çr �)tvK>E%kb��r�E#��E#�>E%svÆ °��:Ï7q�{>l9JFJ,E&p,J,{>l9�>E#J�u tY��{>G+s?p,r {>Gaw�E*p,J-tvG+ko��E#JmpFs#tv�}H#J-t��?��s#tvJbu0� H%��l+t3p,r {>Gaw�r kmq�{�kmE<w�� l9GG9{>�Y�9J,E\r �}q�{>Jmp-tvG�p�w�� r G+s&{>G9G�l9E%k#��E&p���l9r�G9E�km{>G�pFq+t>kFtvq9q9J,{:��r �)tv�9u E%k#�
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Modèle 3D de la scène Carte d’index des objets
(une couleur aléatoire a été
choisie pour l’affichage)

Modèle 3D reprojeté
sur l’image réelleImage réelle

Image avec les moyens
calculés

r

(utilisés comme

couleur de groupe pour
l’affichage)

Filtrage par épaississage des
contours desobjets (les pixels

noirsdans cette image ne seront
pas pris en compte pour le
calcul des r)
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Zone où les contours
n’ont pas été épaissis (trop
peu de pixels sont disponibles,
le petit rebord intérieur disparaitrait)
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F¹ 	 �XmJpTf � g[»Qm3À

2=º ¿ p;m3¹ k/1[¼½À b�� K�kmE#l+w�{v¦C´�u K>{>J,r p,y9�}E<w�E<J,E#G+w�lar G��>E#J-kmE*q�{>l9JFu E%k�kml9Jm�2t>s&E%kbw�r µ�l+kmE%k
�XmJpTf � g[»Qm3À DFE#K>E#G9E#J,E � Ñ�s&E#G9E��0�
	 ¾
	 k��)»[À "�J,J,E#l9Jbp,{vp-tvu E���r �}K � J,H#E#u u E�¦�r �}K � km��G�p,y9z%kmE:�	� kmE#l9r u� ¾ ¹ m3À
��p�»Qm
	�p�»�h<u E%kbK>J,{>l9q�E%k �  ¾ ¹ m3À
� ¹[K>J,{>l9q�E�� ���.� po��q�E � � w�r µ�l+k2=ºcp;mJh� {>J,J,r K>E#J � DFH$#+E%s?p-tvG+s&E � r�r µ�l+kmE���K>J,{>l9q�E�� �������
F¹ 	 h%¹

F¹ 	� tvu s&l9u E#JFG9{>l9�>E#u u E*r �)tvK>E<w�E�km��G�p,y9z%kmE<w�E#q9l9r kbu E%kFG9{>l9�>E%tvl�� � t:�>E%s�K�y9{�E#G9r � �´�G+tvu ��kmE � DFE$#+E%s?p-tvG+s&E%k%��r p,E#J � J,E#J,E#G+w�l7��K>J,{>l9q�E>��r �}K � J,H#E#u u E>��r �}K � km��G�p,y9H&p,r ��l9E:���
F¹ 	

F¹ 	 �XmJpTf � g[»Qm3À
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2=º ¿ p;m3¹ k/1[¼½À b�� K�kmE#l+w�{v¦C´�u K>{>J,r p,y9�}E<w�� tvG+tvu ��kmE\w�E<J,H$#+E%s?p-tvG+s&E<w�E<kml9Jm�2t>s&E%kFw�r µ�l+kmE%kbq9l9J,E%k
�XmJpTf � g[»Qm3À ´�G+tvu ��kmE � DFE$#+E%s?p-tvG+s&E%k%��r p,E#J � J,E#J,E#G+w�l7�>K>J,{>l9q�E>��r �}K � J,H#E#u u E>��r �}K � km��G�p,y9H&p,r ��l9E:�
��p�»Qm
	�p�»�h<u E%kbK>J,{>l9q�E%k �  ¾ ¹ m3À
� � �Stvu s&l9u�w�E%kFE#J,J,E#l9J-k�q�{>l9J�u E\K>J,{>l9q�E ��E&p�kmE%kb{>��noE&p-k ��kml9r �3tvG�pFu E%kFH%��l+t3p,r {>G+kb�9� °+�9�9� �K>J,{>l9q�E�� ��� � ��{>G+s?p,r {>G � E#J,J,E#l9J:��r �}K � J,H#E#u u E>�vr �}K � km��G�p,y9H&p,r ��l9E>��K>J,{>l9q�E:���

F¹ 	
F¹ 	 �XmJpTf � g[»Qm3À

2=º ¿ p;m3¹ k/1[¼½À _�� K�kmE#l+w�{v¦C´�u K>{>J,r p,y9�}E<w�� tvG+tvu ��kmE\w�E%k�kml9Jm�2t>s&E%kbw�r µ�l+kmE%kFq9l9J,E%k
�XmJpTf � g[»Qm3À � {>J,J,r K>E#J � DFH$#+E%s?p-tvG+s&E � r�r µ�l+kmE���K>J,{>l9q�E:�
KS{>G+w�H#J,E#JbJ,H$#+E%s?p-tvG+s&E<w�r µ�l+kmE �������	��
��� q+tvJFK>J,{>l9q�E	� � � � � � H%��l+t3p,r {>G|�9� ���

F¹ 	 �XmJpTf � g[»Qm3À
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� E&pmp,E<E#J,J,E#l9J��� �\q�{>l9J�s-y+t>��l9E*{>��noE&p �+�9k#� H%s&J,r p�w�{>G+s}·
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J,H#E#u u E>�SE&p ���� � � � E%kop)u t��}{3�>E#G9G9Eaw�E%k�q9r ��E#u k�²+u p,J,H%k�J,E%s&{>l9�>E#Jmp-k�q+tvJ}u t�q9J,{vnoE%s?p,r {>G~w�E|u0� {>��noE&p �5w9tvG+ku0� r �)tvK>E<km��G�p,y9H&p,r ��l9E>�
� {>�}�}E�u t}J,H$#+E%s?p-tvG+s&E�w�r µ�l+kmE ��� �<E&p�u t}J-t>w�r {�kmr p,H<�}{3�>E#G9G9E������w�E�u0� {>��noE&p��=km{>G�p�q9J,{>q�{>Jmp,r {>G9G9E#u u E%k#��u E
J,H%t3nol+kop,E#�}E#G�p<w�E ��� �}q�E#l�pYk#� H%s&J,r J,E}km{>l+k*u t=��{>J,�}E��
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� � ��{�� ��E%kop<u E}G9{>�Y�9J,E)w�� r p,H#J-t3p,r {>G+k

w�E\J,E#G+w�l=r G��>E#J-kmE>� ��� � � E%kopbu t�J,H$#+E%s?p-tvG+s&E\w�E*u0� {>��noE&p�)�Yu0� r p,H#J-t3p,r {>G ����E&p ���� � u tYJ-t>w�r {�kmr p,H��}{3�>E#G9G9E\w�Eu0� {>��noE&p �)��u0� r p,H#J-t3p,r {>G����
K�tvJ�tvr u u E#l9J-k#�+w9tvG+kFu E��9l�p\w�E�kml9q9q9J,r �}E#J�u E��9r tvr k�r G+kmH#J,H<q+tvJ�u E%kFq�E&p,r p-k�{>��noE&p-k�kml9J�u E%k,��l9E#u kFu0� E#J,J,E#l9JFE%kopkm{>l9�>E#G�p�r �}q�{>Jmp-tvG�p,E}��r u kbkm{>G�p�q9u l+kFkmE#G+kmr �9u E%k�tvl=�9J,l9r pFw9tvG+k�u0� r �)tvK>E>��s#tvJ�u E*G9{>�Y�9J,E*w�E\q9r ��E#u k���l9E*u E#l9Jq9J,{vnoE%s?p,r {>GY{�s#s&l9q�EFE%kopS�2tvr �9u EFE#G�K>H#G9H#J-tvu@�?�:u E%kS�3tvu E#l9J-k�w�E ��� 	 km{>G�p�s#tvu s&l9u H#E%k[q�{>l9J�u E%kSK>J,{>l9q�E%k �Vw�� {>��noE&p-k
�+�+�}s-y+t>��l9E\G9{>l9�>E#u u E*r p,H#J-t3p,r {>G�·
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E&p � � �� � 	 ��� ( kmr �� ��� � $ ��� 	 � � �$�kmr G9{>G

t:�>E%s�� � �9u E\G�l9�}H#J,{)s&{>l9J-tvG�pFw�� r p,H#J-t3p,r {>GaE#G|J,E#G+w�lar G��>E#J-kmE
�� 	 ��u0� E#J,J,E#l9Jbp,{vp-tvu E\E#G�p,J,E\u0� r �)tvK>E\J,H#E#u u E\E&pFu0� r �)tvK>E<km��G�p,y9H&p,r ��l9E<q�{>l9JFu E<K>J,{>l9q�E��
�� � �9u0� E#J,J,E#l9J�p,{vp-tvu E\E#G�p,J,E\u0� r �)tvK>E\J,H#E#u u E\E&p�u0� r �)tvK>E<km��G�p,y9H&p,r ��l9E\q�{>l9JFu0� {>��noE&p �
� 	 ��u E<G9{>�Y�9J,E<w�� {>��noE&p-kFw�l|K>J,{>l9q�E �
� � u t��}H%w�r tvG9E��2��l9rVs&{>G+kmr kop,E\�)s-y9{>r kmr Jbu t��3tvu E#l9J�kmr p,l9H#E�tvla�}r u r E#lxw�E%k
E#J,J,E#l9J-kbs&u t>k,kmH#E%k�q+tvJF{>J-w�J,E\s&J,{>r k,k,tvG�p?�
� u E�s&{�E&��s&r E#G�p�w�E�w�r kmq�E#J-kmr {>G|tvl�p,{>J,r kmH#E
� � �9u E\G9{>�Y�9J,E<w�E<q9r ��E#u kFw9tvG+kbu t�q9J,{vnoE%s?p,r {>G|w�E<u0� {>��noE&p �
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�r k#Æ Ív�:Ï�E&p<w�E%k\tvl�p,J,E%k�p,E%s-y9G9r ��l9E%k��+t>kmH#E%kkml9J�u0� E&��p,J-t>s?p,r {>Gxw�r J,E%s?p,E�w�E<p,E&��p,l9J,E%k�k,tvG+k�tvG+tvu ��kmE�w�EYu0� r �)tvK>E�tvl�q9J,H%tvu tv�9u E>�9G9{>l+k�q�{>l9�>{>G+kFJ,E#K>H#G9H#J,E#Jw�E%k*�}r J,{>r J-k�w�EYp,{>l�p,E%k\km{>Jmp,E%k�E#G�p,E#G+tvG�p\s&{>�}q�p,E}w�� H#�>E#G�p,l9E#u k\s-y+tvG9K>E#�}E#G�p-k�w�E�q�{�kmr p,r {>G�w�E�u0� {>�+kmE#J,�3t3¦p,E#l9J%�>j7E%k��}H&p,y9{�w�E%k��\�+t>kmE�w�� E&��p,J-t>s?p,r {>G}w�r J,E%s?p,E�w�Ebp,E&��p,l9J,E%k�kmr �Yl9u E#G�p�u E%k��}r J,{>r J-k�s&{>�}�}E�w�E%k�kml9Jm�2t>s&E%k
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p,E&��p,l9J,H#E%k#��E&pFu E\s-y+tvG9K>E#�}E#G�pbw�E\u tYq�{�kmr p,r {>Gaw�� {>�+kmE#J,�3t3p,r {>G�G7� r G9#+l9E\q+t>kbkml9J�u0� t>kmq�E%s?p�w�l=�}r J,{>r J%��s&E\��l9rs&{>G+kop,r p,l9E<l9G|w�H&�2tvl�p��)t3noE#l9J%�
j7{>J-kVw�Ebu t�q9J,E#�}r z#J,EbkmH#J,r E�w�Ebkmr �Yl9u t3p,r {>G+k#�:G9{>l+k[t:�>{>G+k[s&{>G+kmr w�H#J,H���l9E�p,{>l�p,E%k[u E%k[kml9Jm�2t>s&E%k[w�Ebu t�k,s&z#G9EH&p-tvr E#G�p<q9l9J,E#�}E#G�p<u tv�Y��E#Jmp,r E#G9G9E%k#�7´�q9J,z%k<��l9E#u ��l9E%k*r p,H#J-t3p,r {>G+k\q�{>l9J\p,E#G�p,E#J�w�� {>��p,E#G9r J<l9G9E}J,H$#+E%s?p-tvG+s&Ew�r µ�l+kmEYq9u l+k�{>l��}{>r G+k�{>q�p,r �)tvu E>��G9{>l+k�s#tvu s&l9u {>G+k�u0� E#J,J,E#l9J�K>u {>�+tvu E�q9J,{�w�l9r p,EYkml9J\s-y+t>s&l9G9EYw�E%k�kml9Jm�2t>s&E%kw�Exu t¸k,s&z#G9E>��q9J,H%kmE#G�p,E%k)w9tvG+k}u0� r �)tvK>E>��j7{>J-k,��l9Exs&E&pmp,ExE#J,J,E#l9J}E%kop)K>J-tvG+w�E5��K>u {>�+tvu E#�}E#G�p�kml9J}p,{>l�p,E|u tkml9Jm�2t>s&E:�?��G9{>l+kFtvq9q9J,{:��r �}{>G+k�tvu {>J-k�s&E&pmp,E<kml9Jm�2t>s&E>��G9{>Gaq9u l+kFs&{>�}�}E*l9G9E<kml9Jm�2t>s&E\w�r µ�l+kmE\q+tvJm�2tvr p,E>���)tvr ks&{>�}�}E�l9G9E}kml9Jm�2t>s&E}kmq�H%s&l9u tvr J,EYq+tvJm�2tvr p,E|���>{>r J*q+kmE#l+w�{v¦Ctvu K>{>J,r p,y9�}E%k*È�É>��È>È��7ÈvÇ9��È3°��?��sv� E%kopm¦C�3¦Cw�r J,E�t:�>E%s

��� � ����� � � 	 � (�E&p ��� � ����� � � 	 � $>�

2=º ¿ p;m3¹ k/1[¼½À _ab K�kmE#l+w�{v¦C´�u K>{>J,r p,y9�}E=w�E=J,E#G+w�l½r G��>E#J-kmE)q�{>l9J�u E%k�kml9Jm�2t>s&E%kYw�r µ�l+kmE%k)Ð � kmq�H%s&l9u tvr J,E%kq9l9J,E%k
�XmJpTf � g[»Qm3À DFE#K>E#G9E#J,E � Ñ�s&E#G9E��0�
	 ¾
	 k��)»[À "�J,J,E#l9Jbp,{vp-tvu E���r �}K � J,H#E#u u E�¦�r �}K � km��G�p,y9z%kmE:�	� kmE#l9r u� ¾ ¹ m3À
��p�»Qm
	�p�»�h<u E%kbK>J,{>l9q�E%k �  ¾ ¹ m3À
� ¹[K>J,{>l9q�E�� ���.� po��q�E � � w�r µ�l+k2=ºcp;mJh� {>J,J,r K>E#J � DFH$#+E%s?p-tvG+s&E � r�r µ�l+kmE���K>J,{>l9q�E�� �������
F¹ 	 h%¹
� � �[{>�}�}E*r uVk#� tvK>r p�w�� l9G|�}r J,{>r Jbq+tvJm�2tvr p%��G9{>l+kFG7� t:�>{>G+k�J,r E#G|�
� � �}{�w�r ²+E#JFkml9JFu E ��� �

F¹ 	� tvu s&l9u E#JFr �)tvK>E\w�E�km��G�p,y9z%kmE<w�E#q9l9r kFu E%kbG9{>l9�>E%tvl�� � t:�>E%s�K�y9{�E#G9r � �
� � ��Gaw�{>r p�q9J,{�s&H%w�E#JF�}u0� tvG+tvu ��kmE\w�E%kbr �)tvK>E%kbq�{>l9J�k,t:�>{>r Jbkmr7u E\K>J,{>l9q�E
� � �>{>r p�w�E#�>E#G9r JFkmq�H%s&l9u tvr J,E´�G+tvu ��kmE � DFE$#+E%s?p-tvG+s&E%k%��r p,E#J � J,E#J,E#G+w�l7��K>J,{>l9q�E>��r �}K � J,H#E#u u E>��r �}K � km��G�p,y9H&p,r ��l9E:���

F¹ 	
F¹ 	 �XmJpTf � g[»Qm3À

2=º ¿ p;m3¹ k/1[¼½À _=_ K�kmE#l+w�{v¦C´�u K>{>J,r p,y9�}E<w�� tvG+tvu ��kmE\w�lapo��q�E�w�E�kml9Jm�2t>s&E\w�r µ�l+kmE<{>lxkmq�H%s&l9u tvr J,E*q9l9J,E
�XmJpTf � g[»Qm3À ´�G+tvu ��kmE � DFE$#+E%s?p-tvG+s&E%k%��r p,E#J � J,E#J,E#G+w�l7�>K>J,{>l9q�E>��r �}K � J,H#E#u u E>��r �}K � km��G�p,y9H&p,r ��l9E:�
��p�»Qm
	�p�»�h<u E%kbK>J,{>l9q�E%k �  ¾ ¹ m3ÀK>J,{>l9q�E�� ��� � ��{>G+s?p,r {>G � E#J,J,E#l9J:��r �}K � J,H#E#u u E>�vr �}K � km��G�p,y9H&p,r ��l9E>��K>J,{>l9q�E:���
� ¹[K>J,{>l9q�E�� ���.� po��q�E � � w�r µ�l+k2=ºcp;mJh� y+tvG9K>E � Ò*J,{>l9q�E � r�r µ�l+k � E#G � Ñ�q�H%s&l9u tvr J,E���K>J,{>l9q�E�� ���.�>r p,E#J � J,E#J,E#G+w�l����
F¹ 	 h%¹

F¹ 	
F¹ 	 �XmJpTf � g[»Qm3À
� E&pmp,E�E#J,J,E#l9JFK>u {>�+tvu E\q�{>l9J�l9G9EYkml9Jm�2t>s&E<E%kop�E&��q9J,r �}H#E�s&{>�}�}E<u t)km{>�}�}EYw�E%kF�3tvu E#l9J-k�tv�+km{>u l9E%kFw�E%kE#J,J,E#l9J-k#�vq9r ��E#u��<q9r ��E#u0��E#G�p,J,E�u0� r �)tvK>E�J,H#E#u u E�E&p�u0� r �)tvK>E�J,E#K>H#G9H#J,H#E>�>E&pbk#� H%s&J,r p�w�{>G+s�q�{>l9J�u E%k�{>��noE&p-k�E&p�u E%kK>J,{>l9q�E%k*·
��m�m3À�»Qmwk p;k ¾ º2Àx¼ p � À 	<	 À ��p�»Qm�» 	 p ��� ÀVk �

�� � � $
� � �

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

��m�m3À�»Qmwk p;k ¾ º2À�¼ p � À 	<	 À���p�»Qm=» 	�¿ mJp�» ��À �
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2=º ¿ p;m3¹ k/1[¼½À _ � � {>G+s?p,r {>G|�}{�w�r ²�tvG�p�w�E%k�kml9Jm�2t>s&E%kbw�r µ�l+kmE%kFE#G|kml9Jm�2t>s&E%kFkmq�H%s&l9u tvr J,E%k
�XmJpTf � g[»Qm3À � y+tvG9K>E � Ò*J,{>l9q�E � r�r µ�l+k � E#G � Ñ�q�H%s&l9u tvr J,E���K>J,{>l9q�E>�>r p,E#J � J,E#J,E#G+w�l��
� � ��E#G+w9tvG�pFu E%kb°}q9J,E#�}r z#J,E%kbr p,H#J-t3p,r {>G+k#��{>G|E%k,k,tvr E#J-tYw�E�s&{>J,J,r K>E#J ��� t:�3tvG�p
� � �>E<w�H%s&r w�E#JFH#�>E#G�p,l9E#u u E#�}E#G�p�w�E�s-y+tvG9K>E#Jbu E*po��q�E�w�E<u t}kml9Jm�2t>s&E*E#G|�}r J,{>r J
� ¹[r p,E#J � J,E#J,E#G+w�l � v 2=ºcp;mJh
� ¹[K>J,{>l9q�E>� � �xkmE#l9r u � w�r µ�l+k�2=ºcp;mJhK>J,{>l9q�E>� po��q�E � �}r J,{>r J��
� � ©VtYu r K>G9E<kml9r �3tvG�p,E<E%kopFl�p,r u E<q�{>l9JFu E%kF�}r J,{>r J-k�G9{>Gaq+tvJm�2tvr p-kK>J,{>l9q�E>� r p,E#J � �}r J,{>r J � (��
� � ��G=J,E%s-y9E#J-s-y9E\��l9E#u kFkm{>G�pFu E%kF{>��noE&p-kFw�l|K>J,{>l9q�E\��l9rVkm{>G�p�w�E%kb�}r J,{>r J-kDFE%s-y9E#J-s-y9E#J � Ò*J,{>l9q�E � Ð���noE&p � Ñ�q�H%s&l9u tvr J,E���K>J,{>l9q�E:���

F¹ 	 h%¹
F¹ 	 h%¹

F¹ 	 �XmJpTf � g[»Qm3À

2=º ¿ p;m3¹ k/1[¼½À _�] � {>G+s?p,r {>Gxw�E\J,E%s-y9E#J-s-y9E\w�E%kF{>��noE&p-kFkmq�H%s&l9u tvr J,E%kbw9tvG+kbl9G|K>J,{>l9q�E
�XmJpTf � g[»Qm3À DFE%s-y9E#J-s-y9E#J � Ò*J,{>l9q�E � Ð���noE&p � Ñ�q�H%s&l9u tvr J,E���K>J,{>l9q�E:�
��p�»Qm
	�p�»�h<u E%kb{>��noE&p-k�)w�l|K>J,{>l9q�E� ¾ ¹ m3À
� ¹[K>J,{>l9q�E>� {>��noE&p � � � � � � kmE#l9r u#2=ºcp;mJh
� � Â�r�u0� {>��noE&p�w�� l9G|K>J,{>l9q�E\E%kop�kmq�H%s&l9u tvr J,E*�)tvr kbq+t>kbu E%k�tvl�p,J,E%k#�
� � ¤ u��2tvl+w�J-t�u E<kmH#q+tvJ,E#JFw�E�km{>GaK>J,{>l9q�EK>J,{>l9q�E>� {>��noE&p � � �.� kmE#q+tvJ,E��ZtFD��J" �

F¹ 	 h%¹
F¹ 	
� ¹[K>J,{>l9q�E>� � � kmE#l9r u#2=ºcp;mJh
� � �[{>l�pFu E\K>J,{>l9q�E\E%kop�kmq�H%s&l9u tvr J,E>�9w�{>G+s�p,{>l+k�kmE%kb{>��noE&p-kFkm{>G�p�kmq�H%s&l9u tvr J,E%kK>J,{>l9q�E>� po��q�E � �}r J,{>r J��K>J,{>l9q�E>� ��{>G+s?p,r {>G � E#J,J,E#l9J � E#J,J,E#l9J � kmq�H%s&l9u tvr JmE��0���
K�J,{>q+tvK>E#J�po��q�E\K>J,{>l9q�E<tvl��={>��noE&p-kFw�l|K>J,{>l9q�E �

� ¹ 	 p 	
��p�»Qm
	�p�»�h<u E%kb{>��noE&p-k�� ¾ ¹ m3À
� � £ � �:¤ ¬?¡	� � � £�¡ � � Ä ¢���� ¡	� �&¢:«0¬�¯ Ä ¡��&¢:« �?¬��:¤ ¬m¤ �3Ã�¢?¬�¯S¡�� Ä �v£aª Ä ¡��%¯S¢�� ��®3£+¬bÃ � ¤ ��®:ª9¢ Ä �#¢-Ã Ã�¢
� ¹[K>J,{>l9q�E>� {>��noE&p � � �.� kmE#q+tvJ,E � � tFD��J"~ÀVk\K>J,{>l9q�E>� G�����r km{>��n��� $ 2=ºcp;mJh� J,H#E#Jbl9G|G9{>l9�>E%tvlaK>J,{>l9q�E\kmH#q+tvJ,H>�9s&{>G�p,E#G+tvG�pbK>J,{>l9q�E>� {>��noE&p � � �����{>l9�>E%tvl � K>J,{>l9q�E>� po��q�E � �}r J,{>r J����{>l9�>E%tvl � K>J,{>l9q�E>� ��{>G+s?p,r {>G � E#J,J,E#l9J � E#J,JmE#l9J � kmq�H%s&l9u tvr J,E>�0���DFE&p,r J,E#JFK>J,{>l9q�E>� {>��noE&p � � �7w�E<K>J,{>l9q�E �
F¹ 	 h%¹

F¹ 	
F¹ 	 h%¹

F¹ 	 �XmJpTf � g[»Qm3À
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r�E*u tY�}¨#�}E*�)tvG9r z#J,E*��l9E*q�{>l9Jbu E%kbkml9Jm�2t>s&E%k�w�r µ�l+kmE%k\��H%��l+t3p,r {>Ga�9� ���?��G9{>l+k�q�{>l9�>{>G+k�H%s&J,r J,E�u0� E#J,J,E#l9Jp,{vp-tvu E\�}{3�>E#G9G9E\q�{>l9JFl9G|K>J,{>l9q�E���s&{>�}�}E}·
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�bö:û �&ámó-ý%÷*à�þ �oümó-ð�ç0ô[áoö\øFõmÿ&áoö:ö:á�ùvõ?ý:ðVú áoô[ì�ú õ?ö:ñ?ý:áoý:ð2ôSà�þ õ?ö:à:á�����������áoö&ç0ð2áý:ö*ù:û ÷%áoú�à:á�ú þ û ø�ó-ñ?á[ð��oáoú ú á�áCçVý:ö*ù:û ÷%áoú�à:á�ú þ û ø�ó-ñ?á[à:á�ô2ÿ%ö&ç����oô0á#-%�

j�� r �)tvK>E<w�J,{>r p,E�w�E<u t�²+K>l9J,E<�9� É%Ç��}{>G�p,J,E<u t}w�r µ�H#J,E#G+s&E<E#G�p,J,E<u0� r �)tvK>E\G+t3p,l9J,E#u u E��2�}K�tvl+s-y9E:��E&p�u0� r �)tvK>Ekm��G�p,y9H&p,r ��l9Ex�2tvl¸s&E#G�p,J,E:�?�7w9tvG+k*u E�s#t>k*{���u0� {>��noE&p�kml9J\u E}�Yl9J�w�J,{>r p�t=H&p,H)s&{>G+kmr w�H#J,H>��E#G¸q9J,E#�}r z#J,E}tvq�¦q9J,{:��r �)t3p,r {>G7�Vs&{>�}�}E�l9G9Eakml9Jm�2t>s&E=w�r µ�l+kmE=q+tvJm�2tvr p,E>��Ð�G~s&{>G+kop-t3p,E���l9E=u0� E#J,J,E#l9JYkml9J�s&E&pmp,Eakml9Jm�2t>s&E�E%kopp,J,z%kbK>J-tvG+w�E>��s&{>�}q+tvJ-t3p,r �>E#�}E#G�pFtvl��atvl�p,J,E%kb{>��noE&p-k#�
r�E<u t}�}¨#�}E*�2t7z&{>G7�9u t}kmH#J,r E<w�� r �)tvK>E%kFw�E<u tY²+K>l9J,E<�9� É#°��}{>G�p,J,E\u E<�}¨#�}E�s#tvu s&l9u0���)tvr kFE#Gxs&{>G+kmr w�H#J-tvG�ps&E&pmp,E���{>r kb��l9E*u0� {>��noE&pFE#Ga��l9E%kop,r {>G=q�{�kmH*kml9Jbu E*�Yl9JbE%kopbl9Ga�}r J,{>r J�q+tvJm�2tvr p%��´�q9J,z%k�l9GaJ,E#G+w�law�E*u0� r �)tvK>Ekm{>l+k�u E%k*G9{>l9�>E#u u E%k�s&{>G+w�r p,r {>G+k�q9y9{vp,{>�}H&p,J,r ��l9E%k#�+{>G�k#� tvq�E#J z&{>r p*��l9EYu0� E#J,J,E#l9J*kml9J\s&E&pmp,E}kml9Jm�2t>s&EYt)��{>Jmp,E&¦�}E#G�p�w�r �}r G�l9Ha·7kmrSE#u u E)w�E#��r E#G�p\r G���H#J,r E#l9J,E}�=l9G¸kmE#l9r u�w�{>G9G9H>�7s&E&p\{>��noE&p<kmE#J-tatvu {>J-k�kmr �Yl9u H)s&{>�}�}E�l9G�}r J,{>r Jbq+tvJm�2tvr p%�
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u+¦CI�l�µ�E#J�w�E%k�Ñ9Ò*Ó�q�{>l9J�u EYs#tvu s&l9uVw�E%kFJ,H$#+E&��r {>G+k#��r�E�u t}�}¨#�}E<�)tvG9r z#J,E���l9E<q�{>l9J�u E%k�kml9Jm�2t>s&E%kF��r kmr �9u E%kw�r J,E%s?p,E#�}E#G�p%�[G9{>l+kYq9J,{�s&H%w�{>G+kY��l9G½²+u p,J-tvK>E=kml9J�u E%kY{>��noE&p-kY��l+k�w9tvG+k�u Ea�}r J,{>r Ja��H#q+tvr k,kmr k,kmE#�}E#G�p�w�E%ks&{>G�p,{>l9J-k�{>l|tvq9q9J,{:��r �)t3p,r {>G�q9u tvG9E:�?��q9l9r kF��u t��}{3�>E#G9G9E*w�E%kbr G�p,E#G+kmr p,H%kFw�E%kbq9r ��E#u kFw�E\u t �#{>G9E\q9J,{vnoE&p,H#Ew9tvG+k�u E��}r J,{>r J%��q�{>l9J=E%kop,r �}E#J=u t5J,H$#+E%s?p-tvG+s&E�w�E%kakml9Jm�2t>s&E%k)��l9E%k�r G+w�r J,E%s?p,E#�}E#G�p%�.r*tvG+k�u E�s#t>k�{���u E�}r J,{>r JbG9E�kmE#J-tvr pbq+t>kbq+tvJm�2tvr p�� ��� �  ��� � � 	 �� $	� (��?�9s&E&pmp,E<�}{3�>E#G9G9E*E%kopFq�{>G+w�H#J,H#E\q+tvJFu E ��� w�l|�}r J,{>r J\·sv� E%kopbH#K�tvu E#�}E#G�pbq�{>l9JFs&E&pmp,E*J-tvr km{>G=��l9E\s&E&pmp,E<tvG+tvu ��kmE�G7� E%kopbE&µ�E%s?p,l9H#E<��l7� tvq9J,z%k�q9u l+kmr E#l9J-k�r p,H#J-t3p,r {>G+k�w�Es&{>J,J,E%s?p,r {>G<w�l ��� w�l��}r J,{>r J��2kmr G9{>G�u E ��� w�l��}r J,{>r J[�9r tvr kmE#J-tvr p7u t�J,H$#+E%s?p-tvG+s&E�w�E�u0� {>��noE&p[��l�r G+w�r J,E%s?p,E#�}E#G�p�Yp,J-t:�>E#J-k�u l9r@�?�

Lancer de rayons

Calcul des index

des groupes

Carte des index
des groupes d’objets
visibles à travers le miroir

Zone non vue
directement dans
l’image, mais analysable
à travers le miroir

Extraction des pixels

du m
iroir

nouveau moyen à
considérer en plus pour
le groupe “cube”

rd

extraction des pixels
et moyennage
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G9E�km{>G�p�q+t>kSl�p,r u r kmH%k�q�{>l9J�u E�s#tvu s&l9u9w�l ��� w�l}�}r J,{>r J%�vs#tvJSr u k��9r tvr kmE#J-tvr E#G�p[��{>Jmp,E#�}E#G�p�u EFs#tvu s&l9u+w�Ebu0� E#J,J,E#l9JE#G�p,J,E�u0� r �)tvK>EFJ,H#E#u u E�E&p�u0� r �)tvK>E�km��G�p,y9H&p,r ��l9E>�Vr�E�q9u l+k#��kmr0��tvq9J,z%k�s&E&pmp,E�H#u r �}r G+t3p,r {>G7��u E�G9{>�Y�9J,E�w�E�q9r ��E#u kJ,E%kop-tvG�p<{�s#s&l9q�H%k\q+tvJ<u E)�}r J,{>r J<w9tvG+k<u0� r �)tvK>E}E%kop\p,J,{>q��2tvr �9u Ex�2w�{>G+s}q+t>k<kml���k,tv�}�}E#G�p<J,E#q9J,H%kmE#G�p-t3p,r �-�q�{>l9JYq�{>l9�>{>r J�s#tvu s&l9u E#J�u txJ,H$#+E%s?p-tvG+s&E�w�l5�}r J,{>r J%�7r u�E%kopYq9J,{�s&H%w�H��xl9G½w�H%s&{>l9q+tvK>E)w�E%k<p,E&��p,l9J,E%kYw9tvG+ku0� r �)tvK>EbJ,H#E#u u E>�vq�{>l9JSp,{>l�p,E%k�u E%k��#{>G9E%kS��l9E%k�r G+w�r J,E%s?p,E#�}E#G�p�E&p�q9J,H%s&H%w�E#�}�}E#G�p�r G+w�H&p,E#J,�}r G9H#E%k#�>w�{>G�p�G9{>l+kt:��r {>G+k�H%s#tvJmp,H�u E%k�q9r ��E#u k#�=K�u l+k*K>H#G9H#J-tvu E#�}E#G�p%��s&E�s#t>k�q+tvJmp,r s&l9u r E#J�q�E#l�p<tvJ,J,r �>E#J�w9tvG+k*w�E#l���kmr p,l+t3p,r {>G+kY·km{>r pSw�E#l����}r J,{>r J-kVkmE��>{>r E#G�p[u0� l9GYu0� tvl�p,J,E�w9tvG+kVu0� r �)tvK>E�J,H#E#u u E*�2s&E�G7� E%kopSq+t>kVu Ebs#t>kVr s&r@�?�3km{>r p[G9{>l+k[E%kop,r �}{>G+kw�E#l��|kml9Jm�2t>s&E%kbE#G|��r ko¦C�3¦.��r k#��s&{>�}�}E�w�E%kF�}r J,{>r J-k<�2t>k,kmE �*��J,H%��l9E#G�p�u {>J-k,��l9E\u t}k,s&z#G9E�s&{>G�p,r E#G�p�w�E%kF{>��noE&p-kp,E&��p,l9J,H%k-�?�+��{>l+kbq9J,{>q�{�km{>G+kbw�� E&��q9u r s&r p,E#J�kml9q9q9u H#�}E#G�p-tvr J,E#�}E#G�p�s&E\q9y9H#G9{>�}z#G9E>�+��u0� tvr w�E<w�� l9G|E&��E#�}q9u E>�

Lancer de rayons

Calcul des index

des groupes

Carte des index
des groupes d’objets
visibles à travers le miroir

Zone non vue
directement dans
l’image, mais analysable
à travers le miroirExtraction des pixels

du miroir

Création d’ un nouveau groupe

avec le moyen calculérd

extraction des pixels
et moyennage
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Ñ�l9q9q�{�km{>G+k���l7� l9G�{>��noE&p�p,E&��p,l9J,HY��l9G�u r ��J,E�q+tvJ�E&��E#�}q9u E:������km{>r p�q�{�kmH�kml9J�l9G��}r J,{>r J����Ñ�l9q9q�{�km{>G+kH#K�tvu E#�}E#G�p���l9E�u0� {>��noE&p ���+u0� {>��noE&p�����E&p*u t}J,H$#+E&��r {>G�w�E�� kml9J ����km{>r E#G�p���r kmr �9u E%k�w9tvG+k�u0� r �)tvK>E�J,H#E#u u E>�j7{>J-kSw�Ebu0� tvG+tvu ��kmEbw�E%k�J,H$#+E%s?p-tvG+s&E%k#�:u E%kS{>��noE&p-k�km{>G�pSE%kop,r �}H%k�s&{>�}�}Ebq+tvJm�2tvr p,E#�}E#G�p�w�r µ�l+k#����s&E&p�r G+kop-tvG�p%�J,r E#G)w�E�q+tvJmp,r s&l9u r E#J�G9E���r E#G�p�p,J,{>l9�9u E#J�u E%k�s#tvu s&l9u k#�>kmr�s&E�G7� E%kop���l9EFu0� tvu K>{>J,r p,y9�}E�w�H&p,E%s?p,E���l9E�s&E%k�kml9Jm�2t>s&E%k{>G�p�l9G9E=E#J,J,E#l9J<p,J,z%k�K>J-tvG+w�E>����l+t3p,J,E�r p,H#J-t3p,r {>G+k�q9u l+k�p-tvJ-w���G9{>l+k�t:�>{>G+k\p,E#G�p,Haw�Eakmr �Yl9u E#JYu E%kY{>��noE&p-ks&{>�}�}E�w�E%k�kml9Jm�2t>s&E%kFu tv�Y��E#Jmp,r E#G9G9E%kbq9l9J,E%k#�9E#G�s&{>J,J,r K>E%tvG�p ��� �?�9u0� E#J,J,E#l9JFH&p-tvG�p�p,{>l3no{>l9J-kbK>J-tvG+w�E<kml9J�u E%kw�E#l��}{>��noE&p-k#�vr u k�km{>G�p�s&{>G+kmr w�H#J,H%k�tvl)�}¨#�}E��}{>�}E#G�p%��s&{>�}�}E�w�E%k�{>��noE&p-k��}r J,{>r J-k#�vj7E�q9J,{>�9u z#�}EFE%kop���l9E>�kmrVsv� E%kop�E&�9t>s?p�q�{>l9J�u0� l9G5�����?��sv� E%kopF�2tvl��aq�{>l9J�u0� tvl�p,J,E����*�Fw�� l9G9E�q+tvJmp%��E&p*w�� tvl�p,J,E\q+tvJmp%�9u t}J,H$#+E%s?p-tvG+s&Ew�E�u0� l9G�r G9#+l9E)kml9J*u0� tvl�p,J,EYE&p\��r s&E&¦.�>E#J-k,tx·�u0� E#J,J,E#l9J�J,r k,��l9E�w�{>G+s�w�� ¨&p,J,E�K>J-tvG+w�EYw9tvG+k � kmr �Yl9u H�s&{>�}�}El9G|�}r J,{>r J%��tvu {>J-kb��l9E � E%kop��9r E#Gal9G|�}r J,{>r J%� �Qs&E&p�r G+kop-tvG�pFq9J,H%s&r k#��G9{>l+kbr G�p,J,{�w�l9r km{>G+kbl9G9E\y9E#l9J,r kop,r ��l9Eq�{>l9J�J,H%km{>l+w�J,E�s&E�s&{>G9#+r pY·�w9tvG+kFl9G�q9J,E#�}r E#JFp,E#�}q+k#�+u {>J-kFw�E�u0� tvG+tvu ��kmE�w�lx�}r J,{>r J%�9u0� tvu K>{>J,r p,y9�}E\H#�3tvu l9Ek#� r u9E&��r kop,EFw�E%k�{>��noE&p-k�w�{>G�p�u t\J,H$#+E%s?p-tvG+s&E�E%kop�r G+w�H&p,E#J,�}r G9H#E���{>G�G9E�k,tvr p�q+t>k�k#� r u+k#� tvK>r p�w�� l9G}{>��noE&p�w�r µ�l+k#�kmq�H%s&l9u tvr J,E>��ª�Ã�¡3¬,¬�E7��E&p-sv� �?�7E&p���l9r�kmE}q9J,{vnoE&pmp,E#G�p�kml9J<u E}�}r J,{>r J%��E#G�H&p-tvG�p<��r kmr �9u E%k<w9tvG+k\u0� r �)tvK>E}J,H#E#u u E|�Ñ�rSp,E#u�E%kop<u E)s#t>k#��u t=p,E&��p,l9J,E)w�E}u0� {>��noE&p�� ��l9r�kmE}J,E$#+z&p,E)w9tvG+k\u E}�}r J,{>r J ���7E%kop�w�r J,E%s?p,E#�}E#G�p<E&��p,J-tvr p,Ew�E ����E&p<J,E#q9J,{vnoE&p,H#E�kml9J\u0� {>��noE&p�����E&p<u0� tvu K>{>J,r p,y9�}E�p,E#G�p,E)w�E}�}r G9r �}r kmE#J\u0� E#J,J,E#l9J*E#G�p,J,E�u0� r �)tvK>E�J,H#E#u u EE&p*u0� r �)tvK>E�w�E�km��G�p,y9z%kmE>�+q+tvJ�u tvG+s&E#J*w�E�J-t:�>{>G+k<��u0� H%s&u tvr J,E#�}E#G�p�q9J,{�w�l9r p*q+tvJ � kml9J�� G7� E%kop�q+t>k�q9J,r k�E#Gs&{>�}q�p,E=q�{>l9J�H#��r p,E#J}w�E=�9r tvr kmE#JYu Eas#tvu s&l9ubw�E=u t�s&{>l9u E#l9J�J,H$#+H%s-y9r E�q+tvJYu txp,E&��p,l9J,E:�?� � E%s&r���{>l9J,G9r p�l9G9Eq9J,E#�}r z#J,E}E#J,J,E#l9J%�Tr*tvG+k\l9G½kmE%s&{>G+w�p,E#�}q+k#�7G9{>l+k<q9J,{�s&H%w�{>G+k\�|u0� y���q�{vp,y9z%kmE)r G��>E#J-kmEa· ��E%kopYs&{>G+kmr w�H#J,Hs&{>�}�}E�l9G {>��noE&p=p,E&��p,l9J,H>��E&p	�es&{>�}�}E�l9G �}r J,{>r J%��j�� tvu K>{>J,r p,y9�}E|p,E#G�p,E¸�5G9{>l9�>E%tvl w�E��}r G9r �}r kmE#Ju0� E#J,J,E#l9J�E#G�p,J,Eau0� r �)tvK>E=J,H#E#u u EaE&p}u0� r �)tvK>E|w�E|km��G�p,y9z%kmE�·�s&E%s&rbG9{>l+k}w�{>G9G9Eal9G9ExkmE%s&{>G+w�E=E#J,J,E#l9J%��r*tvG+k
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�aáoô2ç�ü%�:õ?û ô0û�ô0ý:û �?ó-ö&ç�ú áFøFõ#à��oú áFà:á�ð�� �3áC÷%û õ?ö)à:áFò�ó-ð2à�� �#ý:û�ù:ð��oüoû ô0á �#ý:áFú õ?ð2ô��#ý:á��|ó,ç2ç0áoû ö&ç�E/? = ��ú óô0ý:ð � ó-üoá�à:á!�%û áoö&ç[ù3ó-ð � ó-û ç0áoøFáoö&çVà:û 2>ý:ô0á��%ç.ó-ö:à:û ô��#ý�þ ; E/? E�áoú ú áSáoô2ç[ô0ù �oüoý:ú ó-û ð2á�ù3ó-ð � ó-û ç0á��
�B{��[ö*ó�ð2áCç0áoö#ý\ú ó�ø&�Cç��:õ#à:áSà:ý*ô0û øFù:ú áC÷%á?ê í?í � ���?ë,î ���#ý:û�à3ó-ö:ô7ú áoô7à:áoý%÷�ümó-ô��:üoõ?ö��&áoð2ñ?á �&áoð2ôVý:ö*øFû ö:û ø�ý:ø¸ñ?ú õ��3ó-ú �:áoö�ý:ö:áüoû ö��#ý3ó-ö&ç.ó-û ö:á*à�þ û ç��oð0ó,ç0û õ?ö:ô��+ô0õ?û ç CoøFû ö � E-ô�ùvõ?ý:ð ����áCç �
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 E-øFû ö�ùvõ?ý:ð�� ' ó��&áoü�CFE\ð0óoÿ&õ?ö:ôFð2áoú ó-ö:ü��oôbùvõ?ý:ðü%�3ó
�#ý:á�ð0óoÿ&õ?ö\ù:ð2û ø�ó-û ð2áSç0õ?ý:ü%�3ó-ö&çSú ó�ô0ý:ð � ó-üoá�û ô0õ-ç0ð2õ?ùvá#-%�
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j7E�q9J,{>�9u z#�}E�w�Ebs&E&pmp,Eb�}H&p,y9{�w�E�E%kopSu E�p,E#�}q+k�w�Ebs#tvu s&l9u0�:q9J,{>y9r �9r p,r �+q�{>l9JSE&µ�E%s?p,l9E#JSq9u l+kmr E#l9J-kSw�r �%tvr G9E%kw�E)��{>r k�u E�J,E#G+w�l½w�� l9G9E=kml9Jm�2t>s&E)J,l9K>l9E#l+kmE>�V��{>l+k�G7� t:�>{>G+k\J,H%km{>u l5s&E�q9J,{>�9u z#�}E���l9E�q+tvJmp,r E#u u E#�}E#G�p%�VE#Gr G�p,J,{�w�l9r k,tvG�p\l9G9E)�}H&p,y9{�w�E)w�� {>q�p,r �}r k,t3p,r {>G¸w�l�p,J-t>s&H}w�E)J-t:�>{>G+k#��kmq�H%s&r ²���l9E��=G9{vp,J,E}q9J,{>�9u H#�)t3p,r ��l9Ea·s&{>�}�}E�w�� l9G9E�r �)tvK>E��<u0� tvl�p,J,EFu E%k�r G�p,E#J-kmE%s?p,r {>G+k�w�E%k�J-t:�>{>G+k�¯ Ä ¤ ��®3¤ Ä ¢?¬�G9E*s-y+tvG9K>E#G�p�q+t>k#�vG9{>l+k�q�{>l9�>{>G+kkop,{�s�
>E#J[E#G��}H#�}{>r J,E�u E%kSH#u H#�}E#G�p-k[r G�p,E#J-kmE%s?p,H%k[q�{>l9J�s-y+t>��l9E�q9r ��E#u�w�Ebu t �#{>G9Ebw�� r G�p,H#J,¨&p-Å"s>�:E&p�kmH#u E%s?p,r {>G9G9E#Ju E%k�q9r ��E#u k�u E%k�q9u l+k*kmr K>G9r ²�s#t3p,r �2k#���tvu y9E#l9J,E#l+kmE#�}E#G�p%��u E�kop,{�s�
3tvK>EYw�E%k�J-t:�>{>G+k�kmE%s&{>G+w9tvr J,E%kFG9EYq�E#l�p\¨&p,J,EJ,H%tvu r kmH>�+s#tvJ�u t�w�r kop,J,r �9l�p,r {>G�w�EYs&E#l���¦Cs&r7�3tvJ,r E#G�p�E#G|��{>G+s?p,r {>G�w�E���� � � E%kop�q�{>l9J-��l9{>r0�+t3²+G�w�E�J,H%w�l9r J,E�tvl�)t3��r �Yl9� u EFp,E#�}q+k�w�E�s#tvu s&l9u0�vu E�s#tvu s&l9u�w�� l9G9E�kml9Jm�2t>s&Ebª�Ã�¡3¬,¬�E�G7� E%kop�E&µ�E%s?p,l9H*��l7� E#G}p,J-t>s&H�w�E�J-t:�>{>G+kb��{>GG9E\J,H#H#�}E&pmp,J-t�u0� H#G9E#J,K>r E\��l7� tvl=�}{>�}E#G�p�w�laJ,E#G+w�l�²+G+tvu7w�E\u0� r �)tvK>E>��u {>J-k,��l9E�p,{>l�p,E%k�u E%kbJ,H$#+E%s?p-tvG+s&E%k�w�E%kkml9Jm�2t>s&E%kbtvl9J,{>G�pFH&p,H<J,E&p,J,{>l9�>H#E%k-�?�Ñ�r�s&E&pmp,E�y���q�{vp,y9z%kmE�K>H#G9z#J,E�l9G9E�r �)tvK>E�w�E�km��G�p,y9z%kmE�{���u0� E#J,J,E#l9JVw�E�u t�kml9Jm�2t>s&E�kml9q9q�{�kmH#E�J,l9K>l9E#l+kmE>�#q+tvJJ-tvq9q�{>JmpS��u0� r �)tvK>E�J,H#E#u u E>�%E%kop�kml9q�H#J,r E#l9J,E�� $ �YÅ�.v�3tvu {>J-k7G9{>l+k7p,E#G�p,{>G+k[w�E�u t*kmr �Yl9u E#JSw�E��2t7z&{>GYtvG9r km{vp,J,{>q�E>�jVt�²+K>l9J,Eb�9� È�É��}{>G�p,J,E�u t\k,s&z#G9E>�3t:�>E%s�u t*q9u t>��l9Ebw�� tvu l9�}r G9r l9� kmr �Yl9u H#EFw�E��2t7z&{>G�r km{vp,J,{>q�E>�>Ð�G�J,E#�)tvJ-��l9E��l9E�u0� E#J,J,E#l9J��YE%kop�K>u {>�+tvu E#�}E#G�p�H#u E#�>H#EFw9tvG+k�u t��#{>G9E�w�� �?H&p-tvu E#�}E#G�p �bw�EFJ,H$#+E&��r {>G)kmq�H%s&l9u tvr J,E<·>u t<kml9Jm�2t>s&EkmE#J-t�w�{>G+s<kmr �Yl9u H#E<tvG9r km{vp,J,{>q�E>�

erreurs sur la plaque glossy
simulée en surface isotrope
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{>G�k#� tvq�E#J z&{>r p���l7� E#u u E%k�s&{>G+kop,r p,l9E#G�p�l9G9E�p,J,{>qa��{>Jmp,EYtvq9q9J,{:��r �)t3p,r {>G|w�E�u t�kml9Jm�2t>s&EYtvG9r km{vp,J,{>q�E>�9s#tvJ�p,J,{>qw�E\w�H&p-tvr u k�{>G�p�H&p,H*u r k,kmH%k*�@²+K>l9J,E\�9� È3°��?� � u t���l9E\w�E�p,{>l�p,E%kbs&E%k�s&{>l9J,��E%k#��E&pFw�E\s&E%kbs&{>G+kop-t3p-t3p,r {>G+k�E&��q�H&¦J,r �}E#G�p-tvu E%k#��r u�E%kopbH#��r w�E#G�pF��l7� l9G|tvu K>{>J,r p,y9�}E�w�E\�}r G9r �}r k,t3p,r {>G7���}¨#�}E\km{>q9y9r kop,r ��l9H>��G9E�p,J,{>l9�>E#J-t<q+t>k�u E�}r G9r �Yl9� u E<q9u l+kFr G�p,H#J,E%k,k,tvG�pbq�{>l9JFl9G9E<r �)tvK>E*q9y9{vp,{>J,H%tvu r kop,E>�
��tvu K>J,H<u E�q�E#l�w�EYq9r ��E#u k�w�E�u t �#{>G9E�E&p�u t)�}H&p,y9{�w�EY�}¨#�}E�w�EYs#tvu s&l9uSw�� l9G9EYkml9Jm�2t>s&EYtvG9r km{vp,J,{>q�E<E#Gkm��G�p,y9z%kmE*w�� r �)tvK>E%k*���>{>r Jbs-y+tvq9r p,J,E�°��?����l9r�q9J,{�s&z%w�E*q+tvJbw�E%k�u tvG+s&E#J-k�w�E*J-t:�>{>G+k�tvu H%t3p,{>r J,E%k�w9tvG+k�l9G|s&¶>G9Ew�E*kmq�H%s&l9u tvJ,r p,H>��E&pb��l9r�q9J,{�w�l9r pbw�{>G+s�w�E%k�q�E#Jmp,l9J,�+t3p,r {>G+k�w9tvG+k�u t\��{>G+s?p,r {>G=w�� E#J,J,E#l9J%�>G9{>l+k�q9J,{>q�{�km{>G+k�w�EJ,H%w�l9r J,E*u t��}r G9r �}r k,t3p,r {>G=q9J,H%s&H%w�E#G�p,E\kml9J �
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2=º ¿ p;m3¹ k/1[¼½À � _ K�kmE#l+w�{v¦C´�u K>{>J,r p,y9�}E<w�E�s#tvu s&l9u7w�E<w�r J,E%s?p,r {>G|w�� tvG9r km{vp,J,{>q9r E
�XmJpTf � g[»Qm3À � tvu s&l9u E#J � r�r J,E%s?p,r {>G � ´�G9r km{vp,J,{>q9r E���K>J,{>l9q�E>� ����� {>G+kmr w�H#J,E#Jbu t}kml9Jm�2t>s&E<kml9q9q�{�kmH#E<tvG9r km{vp,J,{>q�E\s&{>�}�}E\l9G9E�kml9Jm�2t>s&E<kmq�H%s&l9u tvr J,E\q+tvJm�2tvr p,E� tvu s&l9u E#JFu0� r �)tvK>E<w�E<km��G�p,y9z%kmE<w�E<u t �#{>G9E\�}r J,{>r JFq+tvJbu tvG+s&E#J�w�E<J-t:�>{>G+k� tvu s&l9u E#JFu tYp-tv�9u E<w�E%kFr G+w�E&�aw�E%k�kml9Jm�2t>s&E%kbkmE<J,H$#+H%s-y9r k,k,tvG�pbw9tvG+kFu E\�}r J,{>r JFq+tvJm�2tvr p� tvu s&l9u E#Jbp,{>l�p,E%kbu E%kFw�r kop-tvG+s&E%k � ��� � � 	 �+E#G�p,J,E\u E%kFs&E#G�p,J,E%kFw�E\K>J-t:��r p,H\w�E%kF{>��noE&p-kFkmE\J,E$#+H&p-tvG�pkml9JFu E<�}r J,{>r JbE&p�u E�s&E#G�p,J,E\w�E<K>J-t:��r p,H\w�l|�}r J,{>r J%�� tvu s&l9u E#JFu E%kFtvr J,E%k �hw�E%k�kml9Jm�2t>s&E%k�J,H$#+H%s-y9r E%kFkml9JFu E\�}r J,{>r J
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� ��� � � 	 E%kop�u E\q9u l+kFK>J-tvG+w
� tvu s&l9u E#JFu0� r �)tvK>E<w�E%kFw�r µ�H#J,E#G+s&E%kbE#G�p,J,E\u0� r �)tvK>E<w�E�km��G�p,y9z%kmE\q9J,H%s&H%w�E#G�p,E\E&pFu0� r �)tvK>E\J,H#E#u u Eq�{>l9JFu t}kml9Jm�2t>s&E*p,J,{>l9�>H#E
��p�»Qm 	�p�»�h�u E%k*w�r J,E%s?p,r {>G+k�w�� tvG9r km{vp,J,{>q9r E ���H%s-y+tvG�p,r u u {>G9G9H#E%k�kml9J�u t=kml9Jm�2t>s&E�kml9q9q�{�kmH#EYtvG9r km{vp,J,{>q�E
 ¾ ¹ m3À
K�tvJ-s&{>l9J,r J�u0� r �)tvK>E<w�E%k�w�r µ�H#J,E#G+s&E%kFw9tvG+kFs&E&pmp,E�w�r J,E%s?p,r {>G� tvu s&l9u E#JFu t��}{3�>E#G9G9E\w�E%kFH%s#tvJmp-k�po��q�E%k�w�E%kFw�r µ�H#J,E#G+s&E%kFw9tvG+kFs&E&pmp,E�w�r J,E%s?p,r {>G

F¹ 	� y9{>r kmr J7u t�w�r J,E%s?p,r {>G ��Yt:�>E%sSu tF�}{3�>E#G9G9E�u tFq9u l+k��2tvr �9u E�� ��YE%kop[u tFw�r J,E%s?p,r {>G�w�� tvG9r km{vp,J,{>q9r E�J,E%s-y9E#J-s-y9H#E:�
F¹ 	 �XmJpTf � g[»Qm3À
r*tvG+kbl9G|q9J,E#�}r E#J�p,E#�}q+k#�9G9{>l+kb��r kml+tvu r km{>G+k�u E%k �#{>G9E%kFw�� H&p-tvu E#�}E#G�p�w�E%kbJ,H$#+E&��r {>G+kbw�E%kF{>��noE&p-k#�9KS{>l9Js&E}�2tvr J,E>��G9{>l+k�s#tvu s&l9u {>G+k\l9G9E)q9J,E#�}r z#J,E}r �)tvK>E)w�E�km��G�p,y9z%kmE)E#G5kml9q9q�{�k,tvG�p���l9E)u t|kml9Jm�2t>s&E)tvG9r km{vp,J,{>q�EE%kop�kmq�H%s&l9u tvr J,E�q+tvJm�2tvr p,E>����{>l+k*E%kop,r �}{>G+k<tvu {>J-k�u taw�r µ�H#J,E#G+s&E>��q�{>l9J<s&E&pmp,E)kml9Jm�2t>s&E>��E#G�p,J,E}u0� r �)tvK>E�J,H#E#u u EE&p�u0� r �)tvK>E\J,E#K>H#G9H#J,H#E����>{>r Jb²+K>l9J,E<�9� È>Í>��t:�>E%s*s&E\�}r J,{>r J%��r*tvG+kbl9GxkmE%s&{>G+w�p,E#�}q+k#�9G9{>l+kFs#tvu s&l9u {>G+k�q�{>l9Js&E&pmp,E�r �)tvK>E�w�E}km��G�p,y9z%kmE>��kml9J\u E��}r J,{>r J�q+tvJm�2tvr p%��u t)p-tv�9u E}w�� r G+w�E&��w�E%k*{>��noE&p-k*kmEYJ,H$#+H%s-y9r k,k,tvG�p\w�E%k,kml+k#�

��{>l+k\s-y9{>r kmr k,km{>G+k�tvu {>J-k�u takml9Jm�2t>s&EYq�{>l9J\u t>��l9E#u u E�u E�J-tvq9q�{>Jmp�� 	 � ��� ��� �	� ��
 ���� �� � � � E%kop<u E�q9u l+k*K>J-tvG+wxq�{�k,kmr �9u E
� � ��� � � 	 J,E#q9J,H%kmE#G�p-tvG�pVu t*w�r kop-tvG+s&E�E#G�p,J,E�u Ebs&E#G�p,J,E�w�E�K>J-t:��r p,H�w�E�u t�kml9Jm�2t>s&E�w�{>G�pS{>GY�>{>r p[u t�J,H$#+E&��r {>GYkml9Ju E\�}r J,{>r J%��E&pFu E<s&E#G�p,J,E<w�E\K>J-t:��r p,H*w�la�}r J,{>r J?�?� � E<s-y9{>r ��E%kopF�}{vp,r �>H*q+tvJFu E*�2tvr p���l9E\u E%kb{>��noE&p-k�H#u {>r K>G9H%k
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Image réelle

Image des index des surfaces

Extraction de la surface supposée anisotrope

Rendu de la surface supposée anisotrope
en surface spéculaire parfaite, et extraction
d e p u i s l ’ i m a g e d e s y n t h è s e

Calcul de l’image des
différences sur la surface
supposée anisotrope
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X7
X6X5X3

X2

X1

X0
Calcul des écarts-types
sur l’image des erreurs,
dans le sens de parcours x

Extraction de la surface
supposée anisotrope
dans l ’image réelle

Extraction de la surface
s p é c u l a i r e p a r f a i t e
dans l’image de synthèse

Sélection, à l’aide de la table des index
pour la plaque anisotrope considéré comme
un miroir parfait, de la surface pour laquelle le
rapport de son aire sur la distance de son
centre de gravité à celui de la surface
a n i s o t r o p e , e s t l e p l u s g r a n d

e

Sélection de la direction
x pour laquelle l’écart-type
moyen sur la surface d’erreur
est le plus petit. Ce vecteur est
la di rect ion d ’anisot ropie

x

surface anisotrope

q =0
0

o

Échantillonnage

de la direction d’anisotropie x

suivant l’angle de rotation ,
autour de la normale n à la surface anisotrope,

q

X4

q =40
2

o

q =20
1

o

X8

recherchée
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w�E�u takml9Jm�2t>s&E�tvG9r km{vp,J,{>q�E>��{>G�p\l9G9E�J,H$#+E&��r {>Gxp,J,{>q�H&p-tvu H#E|��E&p\p,J,{>q��9J,l9r p,H#E:��q�{>l9J*q�{>l9�>{>r J*¨&p,J,E}w�r k,s&J,r ¦�}r G+tvG�p,E\kml9J�u t�w�r J,E%s?p,r {>G=w�� tvG9r km{vp,J,{>q9r EY��u E%k�J-t:�>{>G+k�kmq�H%s&l9u tvr J,E%k�J,E#u tvG+s&H%k�w�E#q9l9r k�u t�kml9Jm�2t>s&E�tvG9r km{vp,J,{>q�Er G�p,E#J-kmE%s?p,E#G�p<u0� {>��noE&p%�VE#G5w�E%k<q�{>r G�p-k*p,J,z%k<H#u {>r K>G9H%k\u E%k<l9G+k�w�E%k�tvl�p,J,E%k-�?�aK�u l+k�u0� {>��noE&p�E%kop�q9J,{�s-y9E>��q9u l+kk,t}q9J,{vnoE%s?p,r {>Gxs&{>G�p,r E#G+w�J-t}w�E�q9r ��E#u k#�+E&p�q9u l+k�k,t}J,H$#+E&��r {>Gxkml9J�l9G9EYkml9Jm�2t>s&E�tvG9r km{vp,J,{>q�E<kmE#J-t)tvG+tvu ��k,tv�9u Eq�{>l9JFE#Gxw�H%w�l9r J,E\l9G9E�w�r J,E%s?p,r {>G|w�� tvG9r km{vp,J,{>q9r E>�
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��������9� Èv� � � ö&�3ó-ý%ç#;�ñ&ó-ý:ü%�:á �&ú ó�ô0ý:ð � ó-üoáSì}�að2áoù:ð��oô0áoö&ç0á�ú þ û ø�ó-ñ?á7à:áoô�à:û 2/�oð2áoö:üoáoô�áoö&ç0ð2áSú ó�ð�� �3áC÷%û õ?ö&�%û ð�ç0ý:áoú ú á[à:ýFüoý��váô0ý:ð�ú ó*ù:ú ó
�#ý:á�ô0ý:ù:ùvõ?ô��oá�ô0ù �oüoý:ú ó-û ð2á�ù3ó-ð � ó-û ç0á�áCç�ú ó*ð�� �3áC÷%û õ?ö)à:ý�üoý��vá�ô0ý:ð�ú ó*ø&,oøFábù:ú ó
�#ý:á ' ó-ö:û ô0õ-ç0ð2õ?ùvá#-�à3ó-ö:ô�ú þ û ø�ó-ñ?áð��oáoú ú á�� � ö(�3ó-ý%ç8;�à:ð2õ?û ç0á��%ú ó�ø&,oøFá7ô0ý:ð � ó-üoá�ì}��ó �Cç��Sümó-ú üoý:ú �oáSô0ý:ð�ú ó�ð�� �3áC÷%û õ?ö*à:ý�ú û �%ð2á �%û õ?ú áCç7à:á[ú þ û ø�ó-ñ?á7ð��oáoú ú áSà:ð2õ?û ç0áSà:áú ó � ñ?ý:ð2á  � ë?ë � � ö(�3ó-ô��%à:á[ñ&ó-ý:ü%�:á>;�à:ð2õ?û ç0á��:ú áoô�üoõ?ý:ð��váoô[ë}�|à:áoô�øFõmÿ&áoö:ö:áoô�à:áoô �oümó-ð�ç0ô7ç@ÿ%ùváoô��%áoö&� õ?ö:üCç0û õ?ö�à:á[ú ó�à:û ð2áoüCç0û õ?öà�þ ó-ö:û ô0õ-ç0ð2õ?ù:û á&' ô0áoö:ôVà:á�ù3ó-ð2üoõ?ý:ð2ôSà:á�ú þ û ø�ó-ñ?á[à:áoôVáoð2ð2áoý:ð2ô!-%�

r*tvG+k7l9G�p,J,{>r kmr z#�}E�p,E#�}q+k#�%G9{>l+k7H%s-y+tvG�p,r u u {>G9G9{>G+k7u t�w�r J,E%s?p,r {>G�w�� tvG9r km{vp,J,{>q9r E>�&E#G�s&J,H%tvG�pVw�E%kV�>E%s?p,E#l9J-k
��V����l9E�G9{>l+k*s&{>G+kmr w�H#J,{>G+k�p,{>l9J\�)p,{>l9J<s&{>�}�}EYu E%k\w�r J,E%s?p,r {>G+k*w�� tvG9r km{vp,J,{>q9r E>�+E&p<kml9r �3tvG�p<w�E%k*tvG9K>u E%k*w�EJ,{vp-t3p,r {>G�tvl�p,{>l9J<w�E}u taG9{>J,�)tvu E}�au takml9Jm�2t>s&E)kml9q9q�{�kmH#E}tvG9r km{vp,J,{>q�E>� KS{>l9J�s-y+t>s&l9G9E}w�E)s&E%k<w�r J,E%s?p,r {>G+k#�G9{>l+k�q+tvJ-s&{>l9J,{>G+k�u E%k�q9r ��E#u k\w�E�u t�q9J,{vnoE%s?p,r {>G�w�E�u t=kml9Jm�2t>s&E�tvG9r km{vp,J,{>q�EYw9tvG+k*u0� r �)tvK>E�w�E%k*w�r µ�H#J,E#G+s&E%k#�E&pFG9{>l+k�E#G|w�H%w�l9r km{>G+k�u0� H%s#tvJmpm¦0po��q�E*�}{3�>E#G7��j7E%k�²+K>l9J,E%kb�9� Èv���}{>G�p,J,E#G�pFu0� H#�>{>u l�p,r {>G=w�E<s&E%kbH%s#tvJmp-ko¦0po��q�E%kE#G5��{>G+s?p,r {>G w�E ��q�{>l9J�u txq9u t>��l9Eaw�� tvu l9�}r G9r l9� w9tvG+kYu E%kYr �)tvK>E%k�J,H#E#u u E%k�w�E=u tx²+K>l9J,Ea�9� È>È���Ð�G½�>{>r ps&u tvr J,E#�}E#G�p%����l9E�u t½s&{>l9J,��E�w�E%k=H%s#tvJmp-k)po��q�E%k�E#G���{>G+s?p,r {>G w�E�u0� tvG9K>u E �½q�{�k,kmz%w�E�l9G �}r G9r �Yl9��·�u tw�r J,E%s?p,r {>G�w�� tvG9r km{vp,J,{>q9r E�E%kop�w�{>G+s�J,E#q9J,H%kmE#G�p,H#E�q+tvJSs&Eb�>E%s?p,E#l9JSw�� {>J,r E#G�p-t3p,r {>G �9�JK�tvJ�tvr u u E#l9J-k#�:{>G�s&{>G+kop-t3p,E��l9E�u0� tvu K>{>J,r p,y9�}E\E%kop�q�E#l�kmE#G+kmr �9u EYtvl��=p,E&��p,l9J,E%k�kmE�J,H$#+H%s-y9r k,k,tvG�p�kml9J�u t�kml9Jm�2t>s&E�tvG9r km{vp,J,{>q�E}·�w9tvG+kFu E%kw�E#l��½r �)tvK>E%k�J,H#E#u u E%k#�S��l9Eas&E|km{>r p�q�{>l9J}u Eas&l9��EaJ,{>l9K>E�l9G9r ��{>J,�}E¸��r �)tvK>E=K�tvl+s-y9E=w�Eau tx²+K>l9J,Ea�9� È>È>�?�{>l�u E%k\u r ��J,E%k)��r �)tvK>E)w�J,{>r p,E)w�E}u ta²+K>l9J,E}�9� È>È>�?��u E%k<s&{>l9J,��E%k\km{>G�p�w�r k,s&J,r �}r G+tvG�p,E%k\q�{>l9J<l9G9E�w�r J,E%s?p,r {>Gw�� tvG9r km{vp,J,{>q9r E>��E&p�l9G9E�kmE#l9u E%Å � �jVt)²+K>l9J,E}�9� È>Í)�}{>G�p,J,EYu E�q9J,{�s&E%k,kml+k*w�H%s&J,r p\q9J,H%s&H%w�E#�}�}E#G�p\q�{>l9J\l9G9E}r �)tvK>EYJ,H#E#u u E�q�{�k,kmH%w9tvG�p%��w�Eq9u l+k#��w�E%k�p,E&��p,l9J,E%k#��j�� tvu K>{>J,r p,y9�}E*s#tvu s&l9u E*w�� tv��{>J-w)l9G9E �#{>G9E\��l9r�s&{>J,J,E%kmq�{>G+w)��l9G={>��noE&pbJ,E#q�{>G+w9tvG�p�tvl
s&J,r p,z#J,E � 	 � ��� ��� �	� ��
 ���� �� � � � �+Óos&r0��sv� E%kop�u E<u r ��J,E<J,{�kmE<q�{�kmH�kml9J�u t}q9u t>��l9EYw�� tvu l9�}r G9r l9����l9rVE%kop�kmH#u E%s?p,r {>G9G9H>��jVt
w�r µ�H#J,E#G+s&E�E#G�p,J,E�u0� r �)tvK>EYJ,H#E#u u EYE&p<u t=J,H$#+E&��r {>G�kmq�H%s&l9u tvr J,EYq+tvJm�2tvr p,E�w�E}s&E�u r ��J,E}kml9J*u0� {>��noE&p<tvG9r km{vp,J,{>q�EE%kop\E#G+kml9r p,E}s#tvu s&l9u H#E>��E&p\u t=w�r J,E%s?p,r {>G�w�� tvG9r km{vp,J,{>q9r EYkml9J,H%s-y+tvG�p,r u u {>G9G9H#E>� � q+tvJmp,r J\w�E}s&E%k*w�r J,E%s?p,r {>G+k#��u t
� ���[öbð2áoø�ó-ð��#ý:áoð0ó�ú ó[ð2õ��:ý:ô2ç0áoô0ô0á[à:á7ú ó[ç0áoü%�:ö:û �#ý:á��#ù:ý:û ô��#ý:áVà3ó-ö:ô�ú áoô�à:áoý%÷bû ø�ó-ñ?áoô9ð��oáoú ú áoô�ð0ó-à:û ümó-ú áoøFáoö&ç�à:û 2/�oð2áoö&ç0áoô�ø�ó-û ôý%ç0û ú û ô.ó-ö&ç�ú ó\ø&,oøFáFù:ú ó
�#ý:á�à�þ ó-ú ý:øFû ö:û ý:ø���ú þ ó-ú ñ?õ?ð2û ç��:øFá�ó<ümó-ú üoý:ú ��ú ó\ø&,oøFábà:û ð2áoüCç0û õ?ö�à�þ ó-ö:û ô0õ-ç0ð2õ?ù:û á '�� �3E�-%�;�[á�ù:ú ý:ô��ö:õ?ý:ô�ù:ð2õ?ùvõ?ô0õ?ö:ôbáoö}ó-ö:ö:áC÷%áG�~à�þ á!2>áoüCç0ý:áoð�ú áFð2áoö:à:ý)û ö��&áoð2ô0á ;*ù3ó-ð�ç0û ð�à�þ ý:ö:á�û ø�ó-ñ?ábô2ÿ%ö&ç����Cç0û �#ý:á�ñ��oö��oð��oá*ù3ó-ð �9Ùvä#ß.é:× �/�ó � ö*à:á�üoõ?øFù3ó-ð2áoð7ú áoô ���oð2û ç.ó
�:ú áoô �?ó-ú áoý:ð2ô[à:áoô � �Q� � óoÿ#ó-ö&ç[ô0áoð �%û%;�ù:ð2õ#à:ý:û ð2á�üoáCç2ç0á�û ø�ó-ñ?áSó��&áoü�üoáoú ú áoô�ç0ð2õ?ý ���oáoôSù3ó-ð7ö:õ-ç0ð2áó-ú ñ?õ?ð2û ç��:øFá�à:á�ð2áoñ��oö��oð0ó,ç0û õ?ö�à�þ û ø�ó-ñ?áoô��
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��������9� È�Ë � #û ø�ý:ú ó,ç0û õ?ö*à:á�ð2áoö:à:ý�û ö��&áoð2ô0á�ó��&áoü ;bñ&ó-ý:ü%�:á�ú þ û ø�ó-ñ?á�ð��oáoú ú á��váCç>;bà:ð2õ?û ç0á�ú þ û ø�ó-ñ?áSà:á�ô2ÿ%ö&ç����oô0á��+�[ý\üoáoö&ç0ð2áà:áoô�û ø�ó-ñ?áoô��#õ?ö(�&õ?û ç�ú ó�ô0ý:ð � ó-üoá�ó-ö:û ô0õ-ç0ð2õ?ùvá�áoö*ó-ú ý:øFû ö:û ý:ø�� �[ö�üoõ?ö:ô2ç.ó,ç0á �#ý:áSú þ áoð2ð2áoý:ð7áoô2ç�ð2áoô2ç��oá�û øFùvõ?ð�ç.ó-ö&ç0áSý:ö:û �#ý:áoøFáoö&çô0ý:ð�ú áoô �võ?ð2à:ô�à:áoô�õ��/:2áCç0ô��&áCç�üoáoüoûvùvõ?ý:ð�à:áoô�ð0ó-û ô0õ?ö:ô �#ý:û3ö�þ õ?ö&ç�ð2û áoöJ;+�&õ?û ð�ó��&áoüVö:õ-ç0ð2áVç0áoü%�:ö:û �#ý:áSà�þ ó-ö3ó-ú ÿ%ô0áVù��:õ-ç0õ?ø&�Cç0ð2û �#ý:á��
1 þ áC÷%ù:ú û ümó,ç0û õ?öFà:á7ú þ áC÷%û ô2ç0áoö:üoáVà:áoô�ñ?ð0ó-ö:à:áoô�áoð2ð2áoý:ð2ô�áoöFà:á��:õ?ð2ô�à:á7üoáoô�üoõ?ö&ç0õ?ý:ð2ô�ô0õ?ö&ç�à:õ?ö:ö��oáoô�à3ó-ö:ô�ú á7ù3ó-ð0ó-ñ?ð0ó-ù��:áSüoû ��ó-ù:ð��oô��

�}E%kml9J,E<w�E<u0� H%s#tvJmpm¦0po��q�E*�}{3�>E#Gaq�E#J,�}E&p�w�E<w�H%w�l9r J,E<l9G9E\E&p�l9G9E�kmE#l9u E<w�r J,E%s?p,r {>G|w�� tvG9r km{vp,J,{>q9r E ��V�
��G9E)��{>r k<u txw�r J,E%s?p,r {>G5w�� tvG9r km{vp,J,{>q9r E�p,J,{>l9�>H#E>��u tx��l+t3p,J,r z#�}E}E&p�w�E#J,G9r z#J,E)H&p-tvq�E�w�E)u t|J,E%s-y9E#J-s-y9E)w�E)u tIbD�r � tvG9r km{vp,J,{>q�EFs&{>G+kmr kop,E��\�}r G9r �}r kmE#J�u t\��{>G+s?p,r {>G)w�� E#J,J,E#l9J�E#G�p,J,EFu E%k�w�E#l��}r �)tvK>E%k#�vkml9J �

�
E&p �

�
� "�Gq9J-t3p,r ��l9E>��q�{>l9J\u0� r �)tvK>E�w�E}u t�²+K>l9J,E��9� È�Ë���u0� tvu K>{>J,r p,y9�}E}t)p,J,{>l9�>H (aw�E#K>J,HYq�{>l9J\u0� tvG9K>u E}w�� tvG9r km{vp,J,{>q9r E���>{>r J�²+K>l9J,E\�9� Èv���?��s&E\��l9r7kmr K>G9r ²+E*��l9E\u t�w�r J,E%s?p,r {>G=w�� tvG9r km{vp,J,{>q9r E�E%kopFs&{>G���{>G+w�l9E\t:�>E%s�u E\�>E%s?p,E#l9J ��ew�lJ,E#q�z#J,E\u {�s#tvu7��u t}kml9Jm�2t>s&E>�

2=º ¿ p;m3¹ k/1[¼½À � � K�kmE#l+w�{v¦C´�u K>{>J,r p,y9�}E�w�� tvG+tvu ��kmE�w�l¸po��q�Eaw�E=kml9Jm�2t>s&E�w�r µ�l+k#�Skmq�H%s&l9u tvr J,E>�7r km{vp,J,{>q�E)E&ptvG9r km{vp,J,{>q�E
�XmJpTf � g[»Qm3À ´�G+tvu ��kmE � DFE$#+E%s?p-tvG+s&E%k%��r p,E#J � J,E#J,E#G+w�l7�>K>J,{>l9q�E>��r �}K � J,H#E#u u E>��r �}K � km��G�p,y9H&p,r ��l9E:�
��p�»Qm
	�p�»�h<u E%kbK>J,{>l9q�E%k �  ¾ ¹ m3À
� ¹�� � �B2=ºcp;mJh� � � � � �CG+kmH#J,E#J�u t�q+tvJmp,r E<s&{>J,J,E%kmq�{>G+w9tvG�p,E\w�E\u t���{>G+s?p,r {>G|´�G+tvu ��kmE � DFE$#+E%s?p-tvG+s&E%k%�0��q9J,H%s&H%w�E#G�p,E
� ¹ 	 p 	
� ¹[K>J,{>l9q�E�� ���.� po��q�E � � w�r µ�l+k � kmq�H%s&l9u tvr J,E�2=ºcp;mJh� y+tvG9K>E � Ò*J,{>l9q�E � r�r µ�l+k-Ñ�q�H%s&l9u tvr J,E � E#G � Óokm{vp,J,{>q�E���K>J,{>l9q�E�� �������
� ¹ 	 p 	
� ¹[K>J,{>l9q�E�� ���.� po��q�E � � r km{vp,J,{>q�E 2=ºcp;mJh� y+tvG9K>E � Ò*J,{>l9q�E � Óokm{vp,J,{>q�E � E#G � ´�G9r km{vp,J,{>q�E���K>J,{>l9q�E�� �������
F¹ 	 h%¹

F¹ 	 h%¹
F¹ 	 h%¹

F¹ 	
F¹ 	 �XmJpTf � g[»Qm3À
jVt���{>G+s?p,r {>G}w�� E#J,J,E#l9J�E#G �

�
E&p �

�
�*�}r G9r �}r kmE#J�w�E#��r E#G�p�w�{>G+sbu t*q9J,E#�}r z#J,EFkml9Jm�2t>s&EbE#G}y+tvl�p��*K�tvl+s-y9Ew�E�u t�²+K>l9J,E��9� ÈvÇ9� � E&pmp,E���{>G+s?p,r {>G�E%kop��2t>s&r u E#�}E#G�p��}r G9r �}r k,tv�9u E*q+tvJ�u t��}H&p,y9{�w�E\w�lakmr �}q9u E&��E��2��l9E*G9{>l+kl�p,r u r km{>G+k�w9tvG+k<�� �¡�¢-£9¤ ¥+�?�[{>l¸u t|�}H&p,y9{�w�E=w�EwKS{3Á�E#u u0�7E&pYs&{>G��>E#J,K>E}E#G¸l9G9E=s&r G+��l+tvG�p-tvr G9E�w�� r p,H#J-t3p,r {>G+k�2km{>r p�E#G���r J,{>G &3y�w�EFs#tvu s&l9u0�3t:�>E%sJ$/(�J-t:�>{>G+k7J,E#u tvG+s&H%k[q�{>l9J�s-y+t>��l9E�J-t:�>{>G<q9J,r �)tvr J,Ebt3pmp,E#r K>G+tvG�pSu t*kml9Jm�2t>s&EtvG9r km{vp,J,{>q�E:�?��j7E%k�r �)tvK>E%k�J,H%kml9u p-t3p-k�{>��p,E#G�l9E%k�q�{>l9JFu t}kml9Jm�2t>s&E\tvG9r km{vp,J,{>q�E*km{>G�pFs&E#u u E%kFw�E\u t�²+K>l9J,E\�9� È�Ë��E&p�s&E#u u E<w�E\u tY²+K>l9J,E<�9� Ç9É}�2��l9rVs&{>G�p,r E#G�p�w�E%k�p,E&��p,l9J,E%k-��tvlaq+tvJ-tvK>J-tvq9y9E*kml9r �3tvG�p%��Ð�Gxs&{>G+kop-t3p,E*E#Gxs&E<��l9rs&{>G+s&E#J,G9Ebu0� r �)tvK>E��9� È�Ë��>��l9EFu0� E#J,J,E#l9J�kml9J�u t\q9u t>��l9E�w�� tvu l9�}r G9r l9� E%kop�J,E%kop,H#EFH#u E#�>H#E>� � E%s&r+t<w�E#l��}J-tvr km{>G+kq9J,r G+s&r q+tvu E%k���{>Jmp,E#�}E#G�p<s&{>J,J,H#u H#E%k#�B"�G��2tvr p%��u {>J-k*w�E}u tas&{>G+kop,J,l+s?p,r {>G�w�E}u tak,s&z#G9E>��G9{>l+k\t:�>{>G+k��}{�w�H#u r kmHu t�km{>l9J-s&E�w�E�u l9�}r z#J,E�w�E��2t7z&{>G�p,J,z%kYtvq9q9J,{:��r �)t3p,r �>Ex��l9G5E#G+kmE#�Y�9u E=w�E)p,J,r tvG9K>u E%k\��{>J,�)tvG�p�l9G~s&E#J-s&u E:�?�tvu {>J-k\��l9E�s&E#u u E&¦Cs&r�E%kop<E&��p,J,¨#�}E#�}E#G�pYs&{>�}q9u E&��Ex��u t|kml9Jm�2t>s&E}H#�}E&pmp,J,r s&E}E%kop�l9G9E)�3t>k,��l9E}E#G5tvu l9�}r G9r l9�|�kml9J}u t>��l9E#u u EaE%kop}q�{�kmH#Eal9G9E|K>J,r u u E=E#G t>s&r E#J%�[E&p�tvl�p,{>l9J}w�E|u t>��l9E#u u Eaw�E%k}q+tvG9G9E%tvl��5G9{>r J-k�q�E#J,�}E&pmp,E#G�pw�E)s-y9{>r kmr J\u t|w�r J,E%s?p,r {>G¸w�� H#�}r k,kmr {>G��?�7´�q9J,z%k\E&��q�H#J,r �}E#G�p-t3p,r {>G+k#��G9{>l+k\t:�>{>G+k�p,J,{>l9�>H}s&E)��l9r�q9J,{�w�l9r k,tvr pl9G½p,E#ubH%s#tvJmp�E#G�p,J,E=u E%k�w�E#l��5r �)tvK>E%k=·Sr uFk#� t:�>z#J,E���l9E=u E%k�q+tvG9G9E%tvl��½w�r J,E%s?p,r {>G9G9E#u kYw�Eau t�km{>l9J-s&Eakm{>G�p
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2=º ¿ p;m3¹ k/1[¼½À �;] K�J,{�s&H%w�l9J,E%k)�}{�w�r ²�tvG�p�u E%k)q9J,{>q9J,r H&p,H%k�w�E%k�kml9Jm�2t>s&E%k}r km{vp,J,{>q�E%k){>l�tvG9r km{vp,J,{>q�E%k#��E#G��{>G+s?p,r {>G|w�E%kFE#J,J,E#l9J-kbs#tvu s&l9u H#E%k
�XmJpTf � g[»Qm3À � y+tvG9K>E � Ò*J,{>l9q�E � r�r µ�l+k-Ñ�q�H%s&l9u tvr J,E � E#G � Óokm{vp,J,{>q�E���K>J,{>l9q�E:�
� ¹[K>J,{>l9q�E>� � �xkmE#l9r u � w�r µ�l+k � kmq�H%s&l9u tvr J,E�2=ºcp;mJhK>J,{>l9q�E>� po��q�E � r km{vp,J,{>q�E �K>J,{>l9q�E>� ��{>G+s?p,r {>G � E#J,J,E#l9J � E#J,J,E#l9J � IbD�r � �0���
F¹ 	 h%¹

F¹ 	 �XmJpTf � g[»Qm3À
�XmJpTf � g[»Qm3À � y+tvG9K>E � Ò*J,{>l9q�E � Óokm{vp,J,{>q�E � E#G � ´�G9r km{vp,J,{>q�E���K>J,{vl9q�E:�
� ¹[K>J,{>l9q�E>� � �xkmE#l9r u � r km{vp,J,{>q�E�2=ºcp;mJhK>J,{>l9q�E>� po��q�E � tvG9r km{vp,J,{>q�E �
� � ©Vt���{>G+s?p,r {>Gxw�� E#J,J,E#l9JbG9E<s-y+tvG9K>E\q+t>kbq+tvJFJ-tvq9q�{>JmpF��u0� r km{vp,J,{>q9r E}·�E#J,J,E#l9J � IbD�r � �0�

F¹ 	 h%¹
F¹ 	 �XmJpTf � g[»Qm3À

u H#K>z#J,E#�}E#G�p)kml9J,H#u E#�>H%kYq+tvJ}J-tvq9q�{>Jmp)��k,t��+t>kmEaH#�}E&pmp,J,r s&E>��u tvr k,k,tvG�p}tvr G+kmrb²+u p,J,E#J}l9G u H#K>E#J��2tvr k,s&E%tvl w�Eu l9�}r z#J,E�w�r J,E%s?p,E��>E#J-k)u t¸q9u t>��l9E�w�� tvu l9�}r G9r l9�)Å � � � Ex�2tvr k,s&E%tvl�q9J,{3�>{���l9Exw9tvG+k�u0� r �)tvK>ExJ,H#E#u u E>��w�� l9G9Eq+tvJmp%�Vl9G~kml9J,H%s&u tvr J,E#�}E#G�pYw�l½�Yl9J�w�J,{>r pYE&p%�Sw�� tvl�p,J,E�q+tvJmp%�Vu t�s&J,H%t3p,r {>G5w�Eaw�E#l��¸y+tvu {�k�E#u u r q�p,r ��l9E%k�kml9Ju Ex�Yl9J�w�l ��{>G+w q+tvJ)J,H$#+E&��r {>G w�Exu t�u l9�}r z#J,E�w�r J,E%s?p,E���p,J-t:�>E#J-k�u t�q9u t>��l9E�w�� tvu l9�}r G9r l9�|� � E%k�w�E#l��q9y9H#G9{>�}z#G9E%kFkm{>G�pbJ,E%kmq�{>G+k,tv�9u E%kbw�E%k�E#J,J,E#l9J-k�q9J,H%kmE#G�p,E%kbw9tvG+k�u0� r �)tvK>E<w�J,{>r p,E\w�E<u t�²+K>l9J,E<�9� È�Ë�� � {>�}�}EG9{>l+k<J,E#K�tvJ-w�{>G+k\s&E&pmp,E�q9u t>��l9E�w�� tvu l9�}r G9r l9�|�[G9{>l+k<�>{3�>{>G+k*H#K�tvu E#�}E#G�pYs&E%k<y+tvu {�k��ap,J-t:�>E#J-k*u t|q9u t>��l9E>���l9rV{>G�p�w�E\��{>Jmp,E%kFE#J,J,E#l9J-k\·+s&E%kFE#J,J,E#l9J-kFkmE<J,H$#+H%s-y9r k,k,tvG�p�w�{>G+s<kml9J�u t}q9u t>��l9E>�9G9{vp,J,E�tvu K>{>J,r p,y9�}E\E%kop,r �}E¦C��nol+kop,E}p,r p,J,E&¦���l9E�u0� E#J,J,E#l9J<kml9J<u t=q9u t>��l9E}E%kop<H#u E#�>H#E>�ar�E}q9u l+k#�Vs&{>�}�}E�G9{vp,J,E}�}H&p,y9{�w�E)w�� tvG+tvu ��kmE�G9Eq9J,E#G+w5E#G~s&{>�}q�p,Ea��l9E=u txJ,H$#+E&��r {>G½w�l s&l9��E>�[G9{vp,J,E=tvu K>{>J,r p,y9�}E=txp,J,{>l9�>H)u t�w�r J,E%s?p,r {>G~w�� tvG9r km{vp,J,{>q9r E{>q�p,r �)tvu E>��s&E*��l9r�E&��q9u r ��l9E*q�{>l9J-��l9{>r�u0� E#J,J,E#l9J�E%kop��2tvr �9u E\w9tvG+k�u tYJ,H$#+E&��r {>G=w�las&l9��E\kml9J�u tYq9u t>��l9E>���)tvr kq+t>k�tvr u u E#l9J-kFq9l9r k,��l9E�u t�km{>l9J-s&E�w�EYu l9�}r z#J,E�E%kop��)tvuV�}{�w�H#u r kmH#E>��Ñ�rSs&E&pmp,E�E#J,J,E#l9J�w�E��}{�w�H#u r k,t3p,r {>G�w�E�u tkm{>l9J-s&E�t=l9G9E�r G+s&r w�E#G+s&E���{>Jmp,E}kml9J\u0� r �)tvK>E�w�E)km��G�p,y9z%kmE�w�E}u t�²+K>l9J,E��9� È�Ë���{>G�s&{>G+kop-t3p,E}��l7� E#u u E�G7� E#G�ttvl+s&l9G9E\��r kmr �9u E���u0� {�E#r u�G�l|E#Gap,{>l�p�s#t>k#��kml9JFu0� r �)tvK>E\q9u l+k�s&{>�}q9u E&��E<�9� Ç9É>�

� � � ö � ó-û ç��:ü?þ áoô2çVáoö:üoõ?ð2á�ù:ú ý:ôVô0ý��%ç0û ú á �#ý:á�üoáoú ó	�3ú ó�ú ý:øFû �oð2á �#ý:û ç2ç.ó-ö&ç[ú á+� õ?ö:à*à:ý*üCÿ%ú û ö:à:ð2á �oøFáCç2ç0áoý:ð����?óbô0á�ð�� �3�oü%�:û ðVô0ý:ðú ó*ñ?ð2û ú ú ábô0û ç0ý��oá ;*ú ó*ô0õ?ð�ç0û á�à:ý�üCÿ%ú û ö:à:ð2á��;|�áCç2ç0á�ú ý:øFû �oð2á�ç0ð0ó��&áoð2ô0á�áoö}ñ?ð0ó-ö:à:á�ù3ó-ð�ç0û á�ú ó�ñ?ð2û ú ú áFø&�Cç.ó-ú ú û �#ý:á���ç.ó-ö:à:û ô �#ý:á�ú áð2áoô2ç0á�áoô2ç[ð�� �3�oü%�:û+ù3ó-ð[áoú ú á �&áoð2ôSú óbù �oð2û ù����oð2û á�à:ý<üCÿ%ú û ö:à:ð2á��L|�áCç2ç0á�ù �oð2û ù����oð2û á�ö�þ �Cç.ó-ö&ç�ù3ó-ô[ù3ó-ð � ó-û ç0áoøFáoö&çSüoú õ?ô0á��váoú ú á�ú ó-û ô0ô0áômþ �oü%�3ó-ù:ùváoðVý:ö:á�ù3ó-ð�ç0û á�à:á�ú ó�ú ý:øFû �oð2á+�#ý:û/�?óbáoö:ô0ý:û ç0á�û ú ú ý:øFû ö:áoð�ú ó�ù:ú ó
�#ý:á�à�þ ó-ú ý:øFû ö:û ý:ø��
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2=º ¿ p;m3¹ k/1[¼½À � � K�kmE#l+w�{v¦C´�u K>{>J,r p,y9�}E<w�� tvG+tvu ��kmE*r G�p,H#K>J-tvG�pFu E%kFkml9Jm�2t>s&E%k�r km{vp,J,{>q�E%kbE&p�tvG9r km{vp,J,{>q�E%k
�XmJpTf � g[»Qm3À DFE#K>E#G9E#J,E � Ñ�s&E#G9E��0�
	 ¾
	 k��)»[À "�J,J,E#l9Jbp,{vp-tvu E���r �}K � J,H#E#u u E�¦�r �}K � km��G�p,y9z%kmE:�	� kmE#l9r u� ¾ ¹ m3À
��p�»Qm
	�p�»�h<u E%kbK>J,{>l9q�E%k �  ¾ ¹ m3À
� ¹�� � �B2=ºcp;mJh� � � � � �CG+kmH#J,E#J�u t�q+tvJmp,r E<s&{>J,J,E%kmq�{>G+w9tvG�p,E\w�E\u t���{>G+s?p,r {>G|DFE#K>E#G9E#J,E � Ñ�s&E#G9E��0��q9J,H%s&H%w�E#G�p,E
� ¹ 	 p 	
� � Â�l9Jm�2t>s&E*r km{vp,J,{>q�E �

� ¹[K>J,{>l9q�E�� ���.� po��q�E � � r km{vp,J,{>q�E 2=ºcp;mJh
� � �xr G9r �}r k,t3p,r {>Gaw�E<u0� E#J,J,E#l9JbE#G ��� ��� E&p ���
�xr G9r �}r kmE#J ��� {>G+s?p,r {>G � Óokm{vp,J,{>q�E � Ñ�r �}q9u E&��E���K>J,{>l9q�E�� �������

� ¹ 	 p 	
� � Â�l9Jm�2t>s&E\tvG9r km{vp,J,{>q�E �

� ¹[K>J,{>l9q�E�� ���.� po��q�E � � tvG9r km{vp,J,{>q�E 2=ºcp;mJh� tvu s&l9u E#J � r�r J,E%s?p,r {>G � ´�G9r km{vp,J,{>q9r E���K>J,{>l9q�E�� ���.� ������
� � �xr G9r �}r k,t3p,r {>Gaw�E<u0� E#J,J,E#l9JbE#G �

�
� �

�
t:�>E%s�u E ��� E&p ��� w�lxs#tvu s&l9u�r km{vp,J,{>q�E\E&p

� � Ã E\�>E%s?p,E#l9J ��xE%kop,r �}H
�xr G9r �}r kmE#J ��� {>G+s?p,r {>G � ´�G9r km{vp,J,{>q�E � Ñ�r �}q9u E&��E���K>J,{>l9q�E�� �������

F¹ 	 h%¹
F¹ 	 h%¹

F¹ 	 h%¹
F¹ 	� tvu s&l9u E#JFr �)tvK>E\w�E�km��G�p,y9z%kmE<w�E#q9l9r kFu E%kbG9{>l9�>E%tvl���q+tvJ-tv�}z&p,J,E%kbw�E�IbD�r � �+t:�>E%s�K�y9{�E#G9r �´�G+tvu ��kmE � DFE$#+E%s?p-tvG+s&E%k%��r p,E#J � J,E#J,E#G+w�l7��K>J,{>l9q�E>��r �}K � J,H#E#u u E>��r �}K � km��G�p,y9H&p,r ��l9E:���

F¹ 	
F¹ 	 �XmJpTf � g[»Qm3À

�T^ �a^`_a^ � � »QmJi ¾ f>ÀLhjk%À �ak%»Qm � ÀLh
j7E%k<kml9Jm�2t>s&E%k�p,E&��p,l9J,H#E%k�km{>G�p<J,E#u t3p,r �>E#�}E#G�p*�2t>s&r u E%k��=p,J-tvr p,E#J�w9tvG+k\G9{vp,J,E}q9J,{>�9u H#�)t3p,r ��l9E>� "�G¸E&µ�E&p%�s&{>�}�}E�G9{>l+k�G9E�q�{�k,kmH%w�{>G+k���l7� l9G9E\kmE#l9u E�r �)tvK>E�w�E�J,H&��H#J,E#G+s&E>��r u�E%kopbE&��p,J,¨#�}E#�}E#G�p�w�r ��s&r u E\w�E*k,t:�>{>r J�kmrl9G�H%s&u t3pbkmq�H%s&l9u tvr J,E>�>l9G9E�J,H$#+E&��r {>G7�>{>l)l9G9E*r G�p,E#Jm¦.J,H$#+E&��r {>G}q9J,H%kmE#G�p,E�w9tvG+k�u t �#{>G9EFp,E&��p,l9J,H#E*w�E�u0� r �)tvK>E>��2tvr p�q+tvJmp,r EYw�E�u t}p,E&��p,l9J,E�{>J,r K>r G+tvu E<{>lxG9{>G7� ��lxE&p\tvu0� Æ È>Í�É3��È>Í>È%Ï[l�p,r u r kmE#G�p*q9u l+kmr E#l9J-k�w�r �%tvr G9E%k�w�� r �)tvK>E%kkm{>l+k\w�E%k�tvG9K>u E%k\w�r µ�H#J,E#G�p-k#��r u�w�E#��r E#G�pYtvu {>J-k���E%tvl+s&{>l9q�q9u l+k�tvr kmH�q�{>l9J<E#l���w�� E%kop,r �}E#J<u t=p,E&��p,l9J,E}G9{>GH%s&u tvr J,H#E��2k,tvG+k�H%s&u t3p*kmq�H%s&l9u tvr J,E�q+tvJ�E&��E#�}q9u E:�?��s#tvJ�{>G�q�E#l�p*u t)J,E%s&{>G+kop,r p,l9E#J�q+tvJ*w�H%w�l+s?p,r {>G�kml+s#s&E%k,kmr �>Ew�E#q9l9r kFq9u l+kmr E#l9J-kbr �)tvK>E%k�J,H#E#u u E%k#�
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��������9� ÈvÊ�� #û ø�ý:ú ó,ç0û õ?öbà:áVð2áoö:à:ý�û ö��&áoð2ô0áSó��&áoü ;�ñ&ó-ý:ü%�:á[ú þ û ø�ó-ñ?á7ð��oáoú ú á��#áCç ;�à:ð2õ?û ç0áSú þ û ø�ó-ñ?á�à:áVô2ÿ%ö&ç����oô0á��%ù3ó-ð�ó-ù:ù:ð2õm÷%û �ø�ó,ç0û õ?ö:ô7ú ó-ø��váoð�ç0û áoö:ö:áoô��3ô0ù �oüoý:ú ó-û ð2áoô��3ð2ý:ñ?ý:áoý:ô0áoô[áCç7ç0áC÷#ç0ý:ð2áoú ú áoô��

��{>l+k�G9E|k,t:�>{>G+kYq+t>k�E%kop,r �}E#J}q�{>l9J}u Ea�}{>�}E#G�p%�Sp,{>l�p�s&{>�}�}E r�J,E&pmp-t 
�r k�E&p�tvu0� Æ Ív�%Ï�{>l j7{�k,s&{�kYE&ptvu0� Æ É%Ç�È#Ï.��s&E%k�H%s&u t3p-k}kmq�H%s&l9u tvr J,E%k}kml9J)w�E%kYp,E&��p,l9J,E%k|·SG9{>l+k}w�H%s&{>l9q�{>G+k}w�r J,E%s?p,E#�}E#G�p)u E%kYp,E&��p,l9J,E%k)w9tvG+k
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Image réelleImage des index des objets
(une couleur aléatoire pour
chaque objet)

Extraction
de texture

Projection des sommets de
la surface sur la texture

texture
déwarpée

(non calculée)

mise en correspondance des sommets
de la texture warpée avec ceux de la
texture  déwarpée

Dewarping
de texture
(sans grille d’interpolation)

calcul résolution
texture déwarpée

texture
rectangulaire

déwarpée

Extraction
index livre

��������9� ÈvÎ � .+ð2õ#üoáoô0ô0ý:ôVà�þ áC÷#ç0ð0ó-üCç0û õ?ö<áCç[à:á�å:ß �+Ý#$@Þv× é%Ø�à:áSç0áC÷#ç0ý:ð2áoô

Texture warpée originale Table d’index de patchs
3D de l’objet poster

(une couleur aléatoire
pour chaque élément)

Moyennage des intensités
des pixels, recouverts par
chaque patch pour leur
calculer une réflectance

������3�9� Ç>Ì�� |�ó-ú üoý:ú&à:áoô�ð�� �3áoüCç.ó-ö:üoáoô+à:û 2>ý:ô0áoô�à:áoô�ù3ó,ç0ü%�:ô9ùvõ?ý:ð�ý:ö:á+ç0áC÷#ç0ý:ð2á�à:á�ú þ û ø�ó-ñ?á9ð��oáoú ú á�� 1 á+ö:û �&ámó-ý�à:á�à:û ô0üoð��Cç0û ô.ó,ç0û õ?öà:á�ú ó�ô0ý:ð � ó-üoá�áoö*ù3ó,ç0ü%�:ôSó��Cç���û üoû/�&õ?ú õ?ö&ç.ó-û ð2áoøFáoö&çSáC÷:ó-ñ��oð���ùvõ?ý:ð7ð2áoö:à:ð2á�ú þ%áC÷%áoøFù:ú á�ù:ú ý:ô7áC÷%ù:ú û üoû ç0á��
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u0� r �)tvK>E�J,H#E#u u E�E&p*J,E%s&{>q9r {>G+k�p,E#uS��l9E#uSs&E%k�H%s&u t3p-k�kmq�H%s&l9u tvr J,E%k#� � E#q�E#G+w9tvG�p%��r u[E%kop�J-tvr km{>G9G+tv�9u E�w�E�q�E#G+kmE#J��l9E=kmr�G9{>l+kYw�r kmq�{�km{>G+k�w�E�q9u l+kmr E#l9J-k<r �)tvK>E%k#�7r u�E%kopYq�{�k,kmr �9u E�w�� t:�>{>r J<u t|p,E&��p,l9J,E�km{>l+k�w�E%kYtvG9K>u E%k�w�r �@¦��H#J,E#G�p-kY·�tvr G+kmrSr u[E%kop\q9J,{>�+tv�9u E���l9EYu E%k*H%s&u t3p-k*kmq�H%s&l9u tvr J,E%k*kmE �&w�H#q9u t>s&E#G�p ��kml9J*u t)p,E&��p,l9J,E�E&p<��l9E�G9{>l+kq9l9r k,kmr {>G+k�E#Gaw�H%w�l9r J,E*u t<p,E&��p,l9J,E\k,tvG+k�s&E%k�H%s&u t3p-k#� � E&pmp,E\q+tvJmp,r E�G7� E%kopF��l9E*q9l9J,E#�}E#G�p�p,y9H#{>J,r ��l9E>��E&pFG9{>l+kG9E\u0� t:�>{>G+k�q+t>kbE#G+s&{>J,E*r �}q9u H#�}E#G�p,H#E>��q9l9r k,��l9E\G9{>l+k�G9E<w�r kmq�{�km{>G+k�q�{>l9JFu E\�}{>�}E#G�p���l9E<w�� l9G9E<kmE#l9u E\E&pl9G9r ��l9E<r �)tvK>E\q+tvJFk,s&z#G9E>�

2=º ¿ p;m3¹ k/1[¼½À � � K�J,{�s&H%w�l9J,E%kb�}{�w�r ²�tvG�pFu E%kFq9J,{>q9J,r H&p,H%kbw�E%kFkml9Jm�2t>s&E%k�p,E&��p,l9J,H#E%k
�XmJpTf � g[»Qm3À � y+tvG9K>E � Ò*J,{>l9q�E � ´�G9r km{vp,J,{>q�E � E#G � tVE&��p,l9J,E���K>J,{>l9q�E:�
� ¹[K>J,{>l9q�E>� � �xkmE#l9r u � tvG9r km{vp,J,{>q�E�2=ºcp;mJhK>J,{>l9q�E>� po��q�E � p,E&��p,l9J,E �
� � ©Vt�kml9Jm�2t>s&E\E%kop�s&{>G+kmr w�H#J,H#E<s&{>�}�}E\l9G9E�kml9Jm�2t>s&E�p,E&��p,l9J,H#E>�9G9{>l+kbE&��p,J-t:�>{>G+k�u E%k
� � «2E&��p,l9J,E%k�q+tvJF{>��noE&p%��E&p�tvq9q9u r ��l9{>G+kbl9G9E<J,E%w�J,E%k,kmE#�}E#G�p<����¢���® Ä ¯�¤ £�ª���q�{>l9JFq�{>l9�>{>r Jbu E%kbl�p,r u r kmE#J
��p�»Qm
	�p�»�h u E%kb{>��noE&p-k �  ¾ ¹ m3À� tvu s&l9u E#J � tVE&��p,l9J,E���K>J,{>l9q�E>� {>��noE&p � � �.��r �}K � J,H#E#u u E:���
F¹ 	

F¹ 	 h%¹
F¹ 	 �XmJpTf � g[»Qm3À

2=º ¿ p;m3¹ k/1[¼½À � � K�kmE#l+w�{v¦Ctvu K>{>J,r p,y9�}E%kbw�E<s#tvu s&l9uVw�E%k�p,E&��p,l9J,E%k
�XmJpTf � g[»Qm3À � tvu s&l9u E#J � tVE&��p,l9J,E���{>��noE&p%��r �}K � J,H#E#u u E:�
� � ©7E%k�J,H$#+E%s?p-tvG+s&E%kFw�E%kbq+t3p-s-y+kFkm{>G�p�s#tvu s&l9u H#E%kFw�E#q9l9r kbu t�p,E&��p,l9J,E\{>J,r K>r G+tvu E\w�H&��{>J,�}H#E
� � ¬mr G9{>G=u E<J,E%w�J,E%k,kmE#�}E#G�pFw�E<u tYp,E&��p,l9J,E\q�E#l�p��9r tvr kmE#Jbu E�s#tvu s&l9u7w�E%k ���{>��noE&p � �bp,E&��p,l9J,E � p,E&��p,l9J,E\E&��p,J-tvr p,E<w�E<u0� r �)tvK>E\J,H#E#u u E*K>J x>s&E\�}u tYp-tv�9u E<w�� r G+w�E&�|w�E%kF{>��noE&p-k �
��p�»Qm
	�p�»�h<u E%kbq+t3p-s-y+k �  ¾ ¹ m3À� tvu s&l9u E#JFq+tvJb{vµ�k,s&J,E#E#G�¦.J,E#G+w�E#J,r G9KYu t}J,H$#+E%s?p-tvG+s&E\w�r µ�l+kmE<�}{3�>E#G9G9E<w�l|q+t3p-s-y�
��@²+K>l9J,E<�9� Ç>Ì����
F¹ 	
� � 	FE%w�J,E%k,kmE#�}E#G�p<� � ��¢���® Ä ¯�¤ £�ª���w�E\u tYp,E&��p,l9J,E<q�{>l9JFu E<J,E#G+w�l=²+G+tvu� tvu s&l9u E#JFu E%kFs&{�{>J-w�{>G9G9H#E%kbw�E%kFkm{>�}�}E&p-kFw�E%kb�2t>s&E&pmp,E%kFw�E<u0� {>��noE&p%��q9J,{vnoE&p,H%kFkml9JFu0� r �)tvK>E �DFE%w�J,E%k,kmE#J�{>��noE&p � �bp,E&��p,l9J,E�E#G kmE�kmE#J,�3tvG�paw�E%k=s&{�{>J-w�{>G9G9H#E%k)q9J,H%s&H%w�E#G�p,E%k�q�{>l9Jaq9J,{�w�l9r J,E�l9G9Er �)tvK>E\J,E%s?p-tvG9K>l9u tvr J,E��@²+K>l9J,E<�9� ÈvÎ����

F¹ 	 �XmJpTf � g[»Qm3À

2=º ¿ p;m3¹ k/1[¼½À � � K�kmE#l+w�{v¦Ctvu K>{>J,r p,y9�}E%kbw�E<s&{>J,J,E%s?p,r {>G=r p,H#J-t3p,r �>E<w�E%k�p,E&��p,l9J,E%k
�XmJpTf � g[»Qm3À � {>J,J,r K>E#J � tVE&��p,l9J,E���{>��noE&p%�>r �}K � J,H#E#u u E>��r �}K � km��G�p,y9H&p,r ��l9E:�
� � �Stvu s&l9u�w�E<u0� r �)tvK>E<w�E%kbE#J,J,E#l9J-kp,E&��p,l9J,E � p,�}q��xp,E&��p,l9J,E\E&��p,J-tvr p,E\w�E<u0� r �)tvK>E<km��G�p,y9H&p,r ��l9E\J,E#K>H#G9H#J,H#E �
p,E&��p,l9J,E � � � p,E&��p,l9J,E���{>��noE&p%� r �}K � J,H#E#u u E:�

p,E&��p,l9J,E � p,�}q �
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