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Utilisateur - Mode opératoire: Calculateur - Processus automatique:

Choix d’une classe de

modèles de mouvement
Modélisation de la mesure

Instantiation du modèle de mouvement

Acquisition de la mesure réelle Génération de la mesure virtuelle

Comparaison des mesures réelle et virtuelle

Algorithme d’optimisation

Edition du modèle optimal issu des mesures

Contrôle/validation du mouvement obtenu

Capteurs virtuels:

Mesure réelle:

Paramètres du mouvement:

Modèle de mouvement obtenu:

[convergence non atteinte]
[convergence atteinte]

[mouvement accepté][mouvement refusé]
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�Mo�e�£B|
p �_k]y�aFxZkslLo{x!p>gtxZy�a¤�0a<k!��p>kj`�lLg0n�a��voqz<a<x lL�)n�p gBijk�h �va�y�a<x�lLgtoq`�l¦imoqp>gtx<u>���{l�w>a<x!ijovp g
y�aFx'a�¢�n�a���imoqp>gtx'l � g_ov� a<l ��y�a)�S� oqgBija<k!�ªl>n�a��_ijov�qo{xjlLija<�_k'a�iJ�6�{l¬�.oqija<xmxja)y�a�imkml gtx!��a�kji�y�a<x
kmz<xj�_��isl¦isx�y�a<x�lLg_ov`�l¦ijovp g0x�u��va'n�p>`b�0pBxjl g>i � x!ijov`ba<«¬p ijovp gu � �_oa<x!i�lL�¬n����_k�y��¬xj§.x!ij^<`ba
y:� a<x!ijov`�l¦ijovp gJy��J`Jp>�_� a<`ba�gBi<uPa<x!iDy�oqkma<n�ija<`Ja<gBi
a<gtn�l �txj�_�qz]n�p>`b`Ja��_gJ�_�v�_wLrÏoqgJ«6lP§>lt£^o�g
�,p kjimlLw>a'xj�_k��_gtaJl ��ijkma��_�{l¦ima�rS��p km`Ja�g_z<n�a<xmx!oqija<kml o�i¥y�p gtn�y�a'kma��>p ovk��{l)x!ijkm�tn�im�_kja'oqgBija<kjgta
y�a�n�a&n�p `b�,p>xmlLgBi�a�g�ovxjp �{lLgBi�n�a<k!islLovg_a<x]n��{l xmxja<x]�voqz<a<x��b«6lP§>lt£

����g_oq�>a<l ��y�a'�S� oqgBija<k!�ªl>n�aJ«6lP§>ltut�va<x¤g_p �_�>a��v�qaFx���p>gtn�imoqp>g_gtlL�voqijz<x¤�voqz<a<x¥���S� aFx~imoq`�l¦imoqp>g
y���`bp �_�>a�`ba�gBi�x!p>gBi]l>xjxjp�n�ovz�a<x��J�_g�a�gtxja�`�µ_�qa�y�a�n�p `b`�lLgty�aFx�a�i�y�a�xjn�kjov��isx�« � ©Zu � �_o
���va��tk�ijp>�_kFu,xjp gBi¤l>n�n�aFxjxjovµ_�qaFx���ijkslP� a�ksx�y�a�g_p �t� a<l ��¢�µ,p �_ijp g0x¤y_l gtx¤�qa �Mo�e�y�aJ«6lP§>lt£
©aby�o{lLw>kml `J`baJy�a�n�p `b�,p>xmlLgBimx¥y�aJ�vl)¶tw>�_kja � y�z�islLov�q�va��S� oqgBijz<w ksl¦imoqp>g�y�abn�a<x¥g_p>�_� aFlL��¢
p �_ijov�vx<£©abns\_p oq¢�y:� oq`b�_�vz�`ba<g>ima�k��va<x¤ijkmp o{x&n�p>`J�,p>xmlLgBisx � �_oD§¬¶0w �_kma�gBi&a�g « � ©é�_�v��i[h i
� �� a�g ����� a<x!i�y�o{n�imz��tlLk��va<x�n�p gtxjovy_z�ksl¦ijovp g0x�xj�_ov�¦lLgBijaFx>{

1 ©a�n�p>`J�,p>xmlLgBi&kjaFx!�,p g0xjl µ_�qaby�ab�{l�n�kjzFl¦imoqp>g y���w kslL�_\taJy�ab�{lVxjn�^�g_a����tlLkjijovk�y�a<x
oqg���p>kj`�lLijovp gtx���p �tkjg_ova<x)lL�èg_oq�>a<l �èy�� �Mo�eJy_p oqi)lL�txmx!o��,p �t� p ovk�\�imkja��ªl>n�ov�qa<`Ja<gBi
`Jp�y�oq¶tz�p ��kma�`b�_�{l n�z)�tl k��S� �_ijov�qo{xjlLija<�_k�a<g ��p g0n�ijovp gèy�� i~§.�,a�y�a�xjn�^�g_a)B�g_p iml `�r
`Ja<gBi kma��_kmz<xja�gBimlLijovp g�y��)x � �_a��va�ijija¥y��)�,a�ksx!p>g_gtl w a�xj§BgBim\_z�imo � �_a,CZy�p>g>i�oq�8xjp �_\tl o�ima
lL��imp `�l¦imovxja�k]�{lJn�p gtx!ijkm�tn�ijovp g£
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����� � � 1 J<��&����
&��N��+"�_��	��l��	,4�&����$4t"��_���
	��9	��$:���_&����$������ �'&����I�� �!�
E'���%����(� ��� �

1 ©@l�n�p `b`�lLgty_a y:� oqgBima�kj�ªl n�a]lP� aFnD�va �Mo�e�0a<kj`ba�iDl ��¢�y�o�Q,z<kja<g>isxR�_�q�twLrÏoqgtx#p �Jxjn�kjov��isx
« � ©�y_a�n�p `b`'�_gto � �_a<k�lP� aFn��va�n�p>`b�0pBxjl g>i �Mo�e��tl k�xjoq`b�_�va�oqg.� p�n<l¦ijovp g�y� �_gta
n�p `b`�lLg0y�a�« � © xmlLgtx]xja�x!p>�tn�ova�k�y�a��{lbn�p �0ns\_a � 2 « £

1 ©a��_kmp�n�aFxjxj�txZy:� a<x!ijov`�l¦imoqp>g�a<x!iXoqg.�>p � �_z��0lLkX�tg_a�n�p>`b`bl gty�a�« � ©�y�p>gBiX�qaFxZ�tl kmlLr
`J^�ijkma<xD�,a�km`ba�ijija�gBi��tlLkZa�¢�a�`b�_�va¤y�a�xj�,z<n�oq¶ta<kX�va���p km`�l¦i y�a��vl�xjp �tkmn�a�y�a�`ba<xj�_kma<x<£
©Z� oqgBijz<k
\�i¥y�a��0p>�_� p>oqk¤oqg.�>p � �_a<k¤n�a�i!imaJn�p `b`�lLgty_a'���S� ovgBijz<kjova��_k&y:� �_g xmn�kmov��i¥« � ©
�0a<kmxjp g_g0lL�vovxjz&�tlLk��S� ��ijov�qo{xml¦ija<�_k��,a��_i¤�,a�km`Ja�i!imkja��0lLk�a�¢.a<`b�_�qa�y�a��{lLgtn�a�k��_�v�txjoqa<�_ksx
�_kjp�n�a<xmx!�tx�y:� aFx~imoq`�lLijovp g¬a�g6xjz � �_a<gtn�a'a�g6`bp�y�oq¶0lLgBi�a<g>imkja�ija�`b�tx��qa�w kslL�_\ta�y�a��{l
xjn�^�g_a>utnL� a<x!i¤��y�ovkja'a�g6ns\tl g_w aFlLgBi��tlLk�a�¢�a�`b�_�va��vl�x!ijkm�tn�ij�_kma'y��¬`bp�y�^��va � �_a��S� p>g
ns\_a�ksns\_a&��aFx~imoq`ba<k<£

� � �
�����s�R��Z�#���
 �����#]�
�� "�� ��	'� � 	 � %���� "��! � �#�<��%&�#��	��

2 g y_z<n�kmoqi¥o{n�oD�S� l kmns\to�ima<n�im�_kma'ovg>ima�kmg_aby���n�p `b�,p>xmlLgBi&y� aFx~imoq`�l¦imoqp>g � �_oZn�p gtx!ijoqij�_aJ�va
n����tkRy��bxj§.x!ij^<`ba £,q ova�g � �_a�xjp gJlLksns\_oqija<n�ij�_kmaXaFxjxja�gBimoqa<�q�va�`ba�gBi#¶tw z<a �,a�km`ba�i!ima�y_a �>p ovkRn�a
n�p>`b�0pBxjl g>iZn�p `b`ba��tg_a�µ0p�nvima�g_p ovkma��vp ksxDy�a��{l¥�_\tl xja�y:� oqgBijz<w ksl¦imoqp>g�a<gblP�¦l �.y_�bxj§�x~im^�`ba u
�_g_a�n�p `b�_kmz�\_a<gtx!ovp g�w z<g_z�kslL�va¤y�a&�S� l kmns\to�ima<n�im�_kma¤ovgBija�kmg_a&y�a�n�a�n�p>`b�0pBxjl g>i�a<x!i]ijp �_ija���p>ovx
g_zFn�a<xmxmlLovkja��,p �tkJl �_�_kmz�\_a<gty�a�k��qaFxJ`Jp�y�aFx'p>�0z<kmlLijp>oqkma<x�y_a��S� l �_�_�vovn<l¦imoqp>g�a�ib�vl�`�lLg_ov^�kma
y�p>g>i#�qaFxovg>ima�ksl n�ijovp gtx:lP�>a<n
�va<xn�p `b�0pBxjl gBimx:a�¢Bima�kmg_a<x@x!p>g>i#p ksns\_a<x!ijkmz�aFx�£ � a�ijija�y�a<xmn�kmoq�_ijovp g
n�p>gtn�a<kjgta�xj�tn�n�a<xmx!ov� a<`Ja<gBi��va<xbl xj�0aFn�isx'��p>gtn�imoqp>g_g_a<�MBªkja<�vlLijovp gtxJa<g>imkjz<a<x!rÏxjp kjijova<x'oqg0y��_oqija<x
�tl k¤�va<x&y�o�Q,z<kja<gBimx¤µ_�qp�n<x���p>gtn�imoqp>g_g_a<�vx'C�u:x!ijkm�tn�im�_kja<��B¡y�o{lLw kslL`b`ba<x¤y�abn��{l xmx!aFx�a�¢.�tkjov`�lLgBi
y�aFx]kja<�vlLijovp gtx�x!imlLijo � �ta<x'C�u�a�i�n�p `b�,p kjija�`ba<g>islL� Bªy_ovl w kslL`b`ba¥y�a�xjz � �_a<gtn�a&a�¢.�tkjov`�lLgBi��va<x
kma��{l¦ijovp g0x�y_§Bg0lL`bo � �_aFx]a�gBijkma&�qaFx�n��{l xmxja<x'C�£
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� p g_��p km`Jz<`ba�gBi�lL��¢�p>µ�}~a<n�ijoq�ªx�l <�ns\_zFx�y_lLg0x&�qa�n<lL\_ova�k�y�aFx�ns\tl kjw>a<x � � �Su@�qa�xj§.x!ij^<`ba
y:� a<x!ijov`�l¦ijovp gèy��è`Jp>�_� a<`ba�gBi�kma��,p>xja�xj�_kJ�vl�xjoq`��_�vlLijovp gèy:� �tg_a¬xjn�^�g_a��Bovkjij�_a<�q�va�kma��tkjz�r
xja�gBimlLijov� a¬y��ên�p>gBija�¢.ima¬kjz<a���y�a¬�S� l n � �_o{xjo�imoqp>g£ 2 gékml �_�,a��v�qa � �_a6n�a�i!ima6xjn�^�g_a¬�.ovk!im�_a��v�va
ovg>im^�w>kja�y�o�Q8z�kma�gBijaFxZn��{l xmx!aFxDp µ_}~a�imx<uLg_p iml `J`ba<g>i�y�a<xDp>µ�}~a�isxXn<lL��ima��_ksxDa�i�y�a<xDp>µ�}~a�isxZ`bp �_r
� a<`ba�gBimx<u � �_o>kja<�_kjzFx!a<gBija�gBi�{l�n�p>g_gtl ovxmxjl gtn�a � �_aZ�S� ��ijov�qo{xml¦ija<�_k@�,p>xmxj^<y�aZa�i#ovg¦}~a<n�ijaXl��_kjovp kmoS£
©@l�kja<�_kjzFx!a<gBiml¦imoqp>gVoqg���p>kj`�lLijo � �ta'y�a�n�a�ijija�xmn�^<g_a'�.ovk!im�_a��v�va'n�p>kjkma<xj�0p>gtyV���_g w kslL�_\_a�y_a
xjoq`��_�vlLijovp g�ija<� � �_a�n�a��v�_o@y_z<n�kmoqi�xj�_k��{lJ¶tw �tkja&�_£

Objet estimateur
du mouvement

Objet
Capteur

Objet
mouvement

Objet
Capteur

Objet
mouvement

Paramètres
à optimiser

Mesures
réelles

Paramètres
à optimiser

trajectoires

trajectories

Dépendance

Objet
Capteur

trajectoires trajectoires Objet mesure

Horloge
monostable
de 0 à Tmax

Activation
en boucle

trajectoires Objet mesure

trajectoires Objet mesure

Camera Paramètres

Mesure
virtuelle

Mesure
virtuelle

Mesure
virtuelle

FluxDonnées1

�������>� 1 J<��&����
&��_�+ ��	������(��	������� �����G�648�$�
&����h��84X	�H�����$4r��A��84 �X	��$4U"#r"�	�����E��4U���l���G��`���E�4
"�&���4!�k= 	'���(���N� 4�&��(��	�� ���� &+48���N� � &��(��	��)"#N��&+4��';���!�^���8�$������� �

©@l�n�p>gtx~imkj�0n�ijovp g�y�a¥n�a¤w>kml �_\_a¤a<x!i�a�Q,aFn�ij�tz�a����S� l ovy_a¥y:� �_g��_kmp w kslL`b`ba<B¡xjn�kjov��i'CX�vp ksx
y:� �_g_a��_\tl>x!aVy:� oqg_oqijo{lL�vo{xjlLijovp gGy��éxj§.x!ij^<`ba £ � a�xmn�kmoq�_ibn�kjz<a)�va<xJoqg0x~islLgtn�a<xsB�g����tytx�C�y�a<x
n��{l xmxja<xDy:� p µ�}~a�imx
a�Q,aFn�ijov� a<`ba�gBiZ�_kmz<xja�gBimx
a�iXz�islLµ_�vo�iXy_a<xZn�p g_g_a�¢�oqp>gtxRa�gBijkma�n�aFx
g����ty_x � �_o
y�z�¶tg_o{xjxja�gBi¥y_a<x �tpLisx¤y�aby�p>g_g_z�aFx<Bªoqg���p>kj`�lLijovp gtx'C�u,`�l¦ijz<kjo{lL�vo{x!zFx��tl k¤y�aFx �t^Fns\_a<x¤�_�va�ovg_a<x
xj�_k��{lJ¶tw �_kma�n�oqrhy�a<xmx!�0x�£�[¤�¬�0p>oqgBi¤y_a��B�ta'y�a��{l�x!ov`'�_�{l¦imoqp>g¬y��¬w kslL�_\ta¥�0lLk�ovgBijz�w>kmlLijovp g
ija<`b�0p>kja<�q�vasB¡x!�tk��_g ovgBija<kj�¦lL�v�vaJy�aJima�`b�tx�R �	�XZZn�p>kjkma<xj�,p gty_l gBi¤�)�{lVy��_kmz�aby�ab�¡� l n � �_ovxjoqr
ijovp g�C�uZn�aFx��0pLimxby�a¬y�p>g_g_z<a<xJn�p kmkma<xj�0p>gty�a�gBib��y�aFxJy_z��,a�gty_l gtn�aFxby_lLgtxJ�va�n<lL�{n��_��y�a��{l
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xmn�^�gta'�.oqkjij�ta��v�qaJ�)ns\tl � �ta'ovgtx~islLgBi<u8n�l �vn��_�
lL� � �_a<�Rns\tl � �_a'g����0y6n�p>g>imkjovµ_�_a�a�g¬��p>gtn�imoqp>g
y�aFx�ovg���p km`�l¦ijovp g0x � �� ov�Xkma���p oqi'y�a<x�g����ty_x�x!oqij�_zFx�a<g�lL`bp gBi BÚ��p>kj`�l �qo{x!`ba�n��vl>xjxjo � �_a�a<g
lL�_ijp `�lLijo � �taJa�i�ijkslLoqija<`Ja<gBi'y�� x!ovw gtl � C�£©a��_kmp�n�aFxjxj�tx�y:� a<x!ijov`�l¦ijovp g¨l¦}~�0x~ima��_kjp>w kma<xmx!oqr
� a<`ba�gBi]n�a�kjiml oqgtx��tl kml `b^�ijkma<x�y�a&n�a&w kslL�t\_aNBª�qaFx]�tlLkslL`b^�imkjaFxXl>xjxjp�n�ovz<x�lL��g����ty�`bp>�_� a�r
`ba�gBi�p �¬�b�_gVkmz<xja<l ��y�a&ima��{x�g����tytxlC�u0y_a�`bl g_ov^�kma&�J�ªl oqkma�n�p��¡gtn�ovy_a�k�`ba<xj�_kma¥�.ovk!im�_a��v�va
a�i�`baFx!�_kmaVkjz<a��v�qa>£ � \tl � �_a¬oqijz<kmlLijovp géx!�tk��¡� l¦}~�tx!ija<`ba�gBi�y�a<x��0lLkslL`b^�imkjaFxJy_p g_g_a¬�vova��é�
�S� l>n�ijov�¦l¦imoqp>gGy:� �_g_aVx!ov`'�_�{l¦imoqp>gGxj�_ksR �	�lZS£R��ovgtx!oSu
�qaFx��0^<ns\_aFx'kma��_kmz<xja�gBimz�a<x'a�g��,p ovgBijov�q�vz<x
xj�_k �{l�¶0w �_kma��'n�p kmkjaFx!�,p g0y�a�gBiX�'y_a<x �t��¢)y�a¥n�p gBimk[h>�qa�y_���_kmp.n�a<xmx!�0xXy:� a<x!ijov`�l¦ijovp g�x!�_k��va
w kslL�t\_a £_©#lJ¶tw �_kma ;<�bkma��_kmz<xja�gBima¥�tg�a�¢�a�`b�_�va�y�a'xmn�^�gta��Bovkjij�_a<�q�va�oq`b�_�vz�`ba<g>imz�a��b�S� l ovy_a
y:� �_g¨\.§B�,a�kmw kslL�t\_a�«6lP§BlOBª�vl��.�_aba<x!i��tlLkjijova��v�qa�lL¶tg y:� a�g��ªl>n�ov�qoqija<k¥�{lVn�p>`J�tkjz<\_a�gtxjovp g�C�£
��� n����_k�y�a�n�a�w>kml �_\_a u8p>g kma�`�lLk � �_a�ksl��{lV�_kmz<xja�gtn�aJy_��g����ty m<� x~imoq`�l¦imoqp>g_|ZkmpP¢�§ m
� �_oSuPn�p `b`ba xjp g�gtp `��S� ovgty�o � �_a uPa<x!i
�_g'kma��_kmz<xja�gBislLgBi#y����_kjp�n�a<xmx!�tx#y:� a<x!ijov`blLijovp gJlL�'xja�ovg
y�a¥�vl�xjn�^�g_a¥�.oqkjij�ta��v�qa>£ � a¤g����ty)�0pBxjxj^<y�a¥y�a<x�a<g>imkjz<a<x a�i�y�a<x]xjp kjijova<x � �to8n�p `b`'�tg_o � �_a<gBi
lP� aFn��va�kma<x!ija�y�a&�vl�xmn�^<g_a�{

1 ©a<x¥�,p kjimx�y�a�xjp kjijova�y�a�n�a�g����ty xjp gBi��va<x¥�tlLkslL`b^�ijkma<x¥��o{y�a<g>imo�¶0a�k���imoq�vovxjz<x¥�,p �_k
�vlbxj§BgBim\_^<xja�y���`bp>�_� a<`Ja<gBi!B¡�bg_a&�tl x�n�p g���p>gty�kma�lP� a<n¤�va<x]�¦lLkmovl µ_�va<x]y:� z�imlLi�l xmx!p r
n�ovz�a<x¤lL�¬`bp �t� a�`ba<g>i8C�£ � a���¢.rhn�oRx!p>g>i¤`Jo{x¥�&}~p �_k&lP�¦lLgBi¤ns\tl � �_a�l n�ijov�PlLijovp g�y� �_gta
x!ov`'�_�{l¦imoqp>g�y�§.gtl `bo � �_a�xj�_ktR �	�XZÏ£

1 ©a<x#�,p kjimxRy:� a<gBijkmz�a]y�a n�a g����0y'n�p>kjkma<xj�,p gty�a<gBi#lL��¢�y�o�Q8z�kma�gBijaFx#`baFx!�_kma<x#�.oqkjij�ta��v�qaFx
ija��v�va<x � �� a<�q�va<x�xjp gBi&�_kmz��va�� z<a<x¥lL��g_ov� a<l � y�aFx¥g����ty_x m n�l ��ija<�_kmx m ijp>��i�lL���qp>g_w
y:� �tg_a�x!ov`'�t�vlLijovp gVy�§.gtlL`bo � �ta�x!�_ktR �	�lZS£ ©@lbxjoq`��_�vlLijovp g�a�g_w>a�gty_kja�y�p>gtn&�_g �tpLi�y_a
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©a�y_ovl w kslL`b`ba]y_a�n��{l xmx!aFxDy���n�p>`J�,p>xmlLgBiD�_kmoqg0n�ov�tlL�SuLkma��_kmz<xja�gBijz]�tl kD�vl¥¶0w �_kma ; ;Lu a<x!i
l xmxja�`'µt�qz'���tl k!imoqk¥y�a�`bp ijoq�ªx¥y_a�n�p>gtn�a<��ijovp g�oq`�µ_kjo � �_z<x¤�va<x¤�_gtx&y_lLg0x��va<x¥lL��imkjaFx�£ 2 g6§
kma<n�p>g_gtl�nvimkml�g_pLislL`b`ba�gBiA{

1 ©Z� ��ijov�qo{xml¦ijovp g�n�a<g>imkml �qa&y����tl¦imkjp>g�y�a�n�p gtn�a���imoqp>g m �Bijksl¦imz�w ova m � �_o:�,a�km`ba�i�y�a�y�z�r
n�p �t�_�qa<kX�va¤ns\_p>o�¢�y�a¥�¡� lL�vw p>kjoqij\t`Ja¤y:� p>��ijov`bovxml¦imoqp>g�y���n�p gBija�¢.ija�l � � �_a��8n�a<�q�_oqrhn�o,a<x!i
lL�_�_�vo � �tz £@©@a�ns\_p oq¢�y�a��{l¬x!ijksl¦ijz<w ovaba�`b�_�vp¦§ z�a�aFx~i'l>n�im�_a��v�qa<`ba�gBi���p ksn�z��tl k��S� ��imo�r
�qo{xjlLija<�_k � �_o
x!�,z<n�o�¶ta'�qa'i~§B�,a'y:� lL�vw p>kjoqij\t`Ja�����ijov�qo{xja�kFu0`�lLo{x�ov�@aFx~i¤ij\_z<p kmo � �_a<`ba�gBi
a�g.�.ovxmlLw>a<lLµt�qa�lP�>a<n'n�a�ijijablLksns\_o�ima<n�ij�_kma�y�abxjz��va<n�imoqp>g_g_a<k¥l ��ijp>`blLijo � �_a�`ba�gBi&�¡� lL�vw p r
kjoqij\_`ba�a�i'�va<x��0lLkslL`b^�imkjaFx�y�a)�{l¬n�p>gB�>a�kmw a<gtn�aba�g¨��p>gtn�imoqp>g�y��Gn�p gBija�¢Bima u@n � aFx~iJ�
y�oqkma&a�g���p gtn�ijovp g¬y�a��{lJgtl¦im�_kja�y��V�_kmp µt�q^<`Ja&�,p>xjz����S� p ��imoq`bo{xjlLijovp g£

1 ©Z� ��ijov�qo{xml¦ijovp gby�a�n��{l xmxja<x
lLµtx!ijkslLoqijaFxRa�iZy:� oqgBija<k!�ªl>n�aFx
�0a<kj`ba�ijiml g>iZy:� o{x!p>�qa<kR�S� lLksns\_o�ima<n�r
ij�_kma�y�a<x�xj�0zFn�oq¶0n�oqijzFx�y�a�ns\tl � �_a¥l �_�_�vovn<l¦imoqp>g�n�p gtn�kj^�ija £

©@l�g_p ijovp g y_a���kslL`ba�� p>k��V�,p �_k&�S� aFx~imoq`�l¦imoqp>g�y_� `bp �t� a�`ba<g>i�lL�t�tlLksl,n{i¥y�z!}!��g_a�ijija�r
`ba�gBi y_l gtxXn�a�y�o{lLw>kml `J`ba�y�a�n��vl>xjxja<xZ�_�_o{x � �_a��S� p g�� p>o�i � �� ov�ta<x!i �,p>xmxjoqµ_�va�y�a�xj�,z<n�o{lL�vo{x!a<k
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�S� l �_�_�vovn<l¦ijovp g6l �6n�l>x��tlLk¥n�l>x��tlLk¥x!ov`b�_�va'x!�,z<n�ovl �qo{xml¦ijovp g6y_a<x�n��vl>xjxja<x�lLµtx!ijkslLoqijaFx�£t©#l�g_p r
ijovp g y�a�xjovw gtlLij�_kma�y�a�`bp �_�>a�`ba�gBi�`ba�gBijovp gtg_z�a�y_l gtx&�va�n�lL\toqa<k�y�a<x�ns\0lLkmw a<x �Æ� �XaFx~i�o{n�o
�_kmovxja�a<g)n�p>`b��ija¤a�g�xj�_ksns\tlLkmw aFlLgBiD�vl���p gtn�ijovp g)y_a¤n�p ?�i�y�a�`�lLgtoq^<kja���y�z�¶0g_oqk]lL��n�l x �tl k
n�l>xD�va�g_ov� aFlL��y�a�kma<xmx!a<`'µ_�{lLg0n�a�a�gBimkja�y�a<��¢�`bp �_�>a�`ba�gBimxDija�� � �� ov�,�0a<��i�\�ijkma��0a<k����)y_lLg0x
�S� aFx!�tl>n�a�y�a&�{lb`JaFx!�tkja>£
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©@l�¶tw �_kma.;P�]kmz<xj�_`baX�va<x#oqgBija<kml>n�imoqp>gtx@y�a��S� ��imoq�vo{xjlLija��tkRlP�>a<nD�vaX�_kmp�n�aFxjxj�tx@y� aFx~imoq`�l¦imoqp>g
y�� `Jp>�_� a<`ba�gBi<£
©@l��tlLkjijova�xj�_�,z�kmoqa<�_kma�y��èxjns\_z<`�l¬kja<�_kmz<xja�gBija��qaFx'z�imlL�,a<xbxj�tn�n�a<xmx!ov� aFx
y�aJ�vl�xj�0zFn�oq¶0n�lLijovp g6oqijz<kmlLijov� a�y� �_gtabn�p g_g0lLo{xjxmlLgtn�a'l��tkjovp kmo#�0lLk¥�¡� ��ijov�vovxml¦ima��_kF£:©@l��tlLkjijova
ovg���z�kmoqa<�_kma�y�z<n�kjoqiZ�qa��tkjp�n�aFxjxj�txDy:� a<x!ijov`�l¦imoqp>gu �va � �_a<�_a<x!iX��x!p>gJijp �tkXy�z�islLov�q�vz��tl kZ�vl¥¶0w �_kma
;<c_£t©a&`bp�y�a�p �,z�ksl¦imp ovkja¥o�imz�ksl¦imo��
y�a��¡� a�g0x!a<`'µ_�va&�_kjp�n�^<y�a�xja��vp g�ijkmp o{x]g_oq�>a<l ��¢K{

1 eÏijz�ksl¦imoqp>gb`bl g.�_a��v�qa¥x!�tkX�S� l>n � �_o{x!oqijovp g£ � g�w>z�g_z<kml �¡u n�a�ijija¤l>n � �_o{x!oqijovp g�aFx~i�a�Q8a<n�ij�_z<a
�_g_a]��p o{x
�,p �_kDimp ��ima<x<uL`�lLo{xDy�a<xXl n � �_o{xjo�imoqp>gtx
�_�qijz�kmova��_kma<x
�,a��_�>a�gBi]\�imkja]g_zFn�aFxjxmlLovkjaFx
p �Vx!p>�_\tlLoqijz<a<x<£

1 eÏijz�ksl¦imoqp>gb`bl g.�_a��v�qa¤x!�_kX�vl�xj�,z<n�oq¶0n<l¦ijovp g�y_a��vl'n�p gtgtlLo{xjxmlLg0n�a�x!�tkX�va�`bp �_�>a�`ba�gBiXa�i
�vlJ`ba<xj�_kma £

1 eÏijz�ksl¦imoqp>g�l ��ijp>`blLijo � �_a�x!�_k��S� l¦}~�tx!ija<`Ja<gBi�y�a<x]�tl kml `b^�ijkma<x]y��V`bp�y�^��va £
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©@l `bovxja¨a�g ���_�.kja¨y�� �_kmp�n�a<xmxj�txVy:� aFx~imoq`�lLijovp g y_a `Jp>�_� a<`ba�gBi�a<g `bp�y�a xja�`bo�r
lL�_ijp `�lLijo � �ta�g_zFn�aFxjxjo�ima�y�ab�_kma�g0y�kja�a�g¨n�p>`J�_ijaby�ouQ8z�kma�gBisx�i~§.�,a<x&y:� oqgBima�kmkj�_�_ijovp gtx<£ � a�kjr
iml oqgta<x@xjp gBi@�vovz�a<x#���{l�w aFx~imoqp>g�y�a<xRy�o�Q,z<kja<g>isx`bp�y�a<x#y�aX`�l kmns\_aZy_aX�S� l �qw>p kmo�im\_`baZy:� p>��ijov`bo�r
xml¦ijovp g Bªoqg_oqijo{lL�vo{xjlLijovp gutlLi!ima�ovg>ima'y�a'n�p g.� a<kjw>a�gtn�a u�y�z<�tl xmx!a<`ba�gBi�y��¬g_p>`'µ_kma�y:� o�imz�ksl¦ijovp g0x
lL�_ijp kmo{x!z<a<x'C�u�y:� lL��imkjaFx�x!p>g>i��J�S� ovg_oqijo{l¦imoq�>a�y�a&�¡� ��ijov�vovxml¦ima��_k<Bªa<x!ijov`�l¦ijovp g¬lP�>p kjijz�a¤� p>�qp>g>islLoqr
kma�`ba�gBiX�tl kmn�a � �_a��va�kmz<xj�_��isl¦iXovgBija<kj`bz<y_ovl oqkma�a<x!i}~�_w>z¤n�p kmkjaFn�iZp �@u>y_l gtxZ�va�n�l>xXn�p gBijkslLovkja>u
�tl kmn�a � �_a��S� ��ijov�qo{xml¦ija<�_k�y�zFn�o{y�a�y�a�kmz�ovg_o�imovl �qo{xja�k��{l�kma<ns\ta�ksns\_a¥l �_km^<x]a�g¬lP�>p ovk�kma<y_z�¶tg_o:�va<x
n�p>gty�oqijovp gtxRovg_oqijo{lL�va<x'C�£�[�� l ��ijkma<xRa�¢�n�a���imoqp>gtx
a�g_¶tgJxjp gBi
�qovz�aFxD�¥�vl¤w aFx~imoqp>gJy�aFxRa�kmkja<�_kmx
xj�tx!r
n�a<��ijovµ_�va<x�y:� lL�_�tl kml�nvimkja]�vp ksxXy�a¤�¡� a�¢�zFn���imoqp>g B�µ,p w �ta�p ��a<kjkma��tkXx!§�x!ij^<`Ja��qovz�a��0lLkXa�¢�a�`b�_�va
���S� ovgBija<kjkm�_��imoqp>g6y�a��{l�n�p>`J`��_g_o{n�lLijovp g6lP� aFn&�_g6`bp�y��_�va�a�¢.ima�kmg_a^C�£,©@a<x���p>gtn�imoqp>g_gtl �qoqijzFx
y�abw aFx~imoqp>g lP�¦lLg0n�z�aby�aFx&oqgBija<kjkm�_��imoqp>gtx¥p�Q8a�kjijaFx&�tlLk ����� p>g>i�z�ijz���imoq�vovxjz�aFx���n�a�i�a�Q,a�i
lL��g_ov� a<l ��y�a¥�S� ov`b�_�qz<`ba�gBimlLijovp g�y_��n�p `b�0pBxjl gBi�y:� a<x!ijov`�l¦ijovp g@£ � p>`b`Ja¥�va¥kma��tkjzFx!a<g>ima��{l
¶tw>�_kja ;��_un�a��v�_oqrÏn�o
y_z�¶tg_oqi��_g_aJ\_ovz�kslLksns\_oqaJy�abn��{l xmx!aFx¤y:� a�¢_n�a���imoqp>gtx&x!�,z<n�o�¶ � �_aFx&�)g_p ijkma
xj§.x!ij^<`ba £

[¥lLgtx��qa'n<l x�p��¬y�a<x¤`bp�y��_�va<x�a�¢.ija�kmg_aFx�n�p>`J`��_g_o � �_a�gBi¤lP�>a<n&�va�n�p>`b�0pBxjl g>i�aFx~imoq`�lLr
ija<�_k�a�i�w>z�g_^<kja<gBi��va��_ksx]�_kmp �_kma<x a�¢_n�a���imoqp>gtx�u��tg�imkml o�ima�`ba�gBi��vp.n<lL�:y�a�n�a<x�a�¢_n�a<��ijovp g0x]a<x!i
�_kmz���z<kml µ_�qa&y�a&�ªl#��p gV�Ja�gVo{x!p>�qa<k��S� lL�vw p kmoqij\_`ba�y:� a<x!ijov`blLijovp g£

� � ���h/����
%&�#��	'� "� � ��	�"����� � "� ��	������������

� p g_��p km`Jz<`ba�gBiX���{l�x!�,z<n�o�¶,n�l¦imoqp>g�y��)n�l \_ova�kXy�aFxXns\tl kjw>a<x��Æ� �Ïu �va�xmns\_z�`�l¥��p>gtn�imoqp>g_g_a��
y:� �_gé`bp.y_^��vaVy_a�`bp>�_� a<`Ja<gBiJaFx~i�kma��_kmz<xja�gBijz��tl kJ�{l ¶tw �tkja ; �.£]o�géµ0p.p �vz�a<gèn�p gBijk�h �va
�S� l>n�ijov�¦l¦imoqp>gJy��J`bp�y�^��va uLn�a � �_o��,a�km`ba�iZy�a]kmz<y��_ovkma �va�n�p ?_iDn<lL�{n��_���vp ksx � �ta �va]`Jp>�_� a<`ba�gBi
a<x!i�x!§.gBij\_z�ijo{x!zb���S� lLo{y�aJy_a��_�v�txjoqa<�_ksx�`bp�y�^��va<x&l>n�ijov� zFx¤xjz � �_a<gBijova��v�qa<`Ja<gBi<u8p �6�vp ksx � �ta'�va
`bp�y�^��va�aFx~iVn�p g0x~imo�im�_z y�a �_�v�tx!ova��tkmx�x!p>�tx~rÏ`bp�y�^��va<x�l>xjxjp�n�ovz<x���y�a<x�g_ov� aFlL��¢ y�a y_z�iml oq�
y�o�Q,z<kja<gBimx<£

o�g&`bp�y�^��vaXy�aD`bp>�_� a<`Ja<gBi�0a<��i#z<� a�gBim�_a��v�qa<`ba�gBig_aZn�p>gtn�a<kjgta�k � �� �_g�x!p>�tx!rSa<gtx!a<`'µ_�va
y�a<[K[¥©@x��,p �tk�x!a�n�p g0n�a�gBimkja<k��tlLk�a�¢�a�`b�_�va'x!�tk��_g_a'xjp �0x~rhns\tl,nÚg_a&lLkjijo{n��_�{lLovkma�n�p `b`ba��va
µ_ksl x<£>[¤l gtx�n�a�n<l x<u:�qa�`bp>�_� a<`Ja<gBi&�,a��_it\�ijkma�y�z�ija�km`boqgtzJ�0lLk�n�a<�q�toXl xmx!p�n�oqzb�¬y:� lL��imkjaFx
[K[¤©#x�n�p `b`ba n�a��v�_o¥y_���,p ovg>iVy:� l¦i!isl ns\_a�y�a��{lGxjp �0x~rhns\tl,nÚg_a Bªa�g��S� p.n<n��_kmkma�gtn�a6ovn�o¡u��va
`bp �_�>a�`ba�gBi y_a��S� z<�tlL�_�va��,a��_i]l�Q,aFn�ija<k n�a��v�_o,y_��µ_ksl x'C�£.��ovgtx!oSuB�qa¥xjns\_z<`�l&�ªlLoqi�l �_�tlLksl,n{ijkma
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Objet mouvement

FlotDonnées
Trajectoires

DDLs en entrée
FlotDonnées
Trajectoires

DDLs en sortie

Horloge
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� imo�imkja�y:� a�¢�a�`b�_�va u
�va)w kslL�t\_a�kma��_kmz<xja�gBijz�x!�_k��vl6¶tw �tkja ; � `bp gBimkja � �_a��{l¬g_pLimoqp>g
y�abx!§.gBij\tz�ijo{xja��_k¥y�a�`bp>�_� a<`Ja<gBi¤a<x!i¥�)�_kma�gty�kma�l ��xja�gtx¤�vl kjw>a u0a�i&g� aFx~i&g.�_�v�qa<`Ja<gBi¤kma<x!r
ijkma�ovgBija'���vl�gtpLijovp g y�a'xjoq`��_�vlLijovp g6y�§.gtl `bo � �_a>£ � g6a�Q,a�i<u,p g6�>p oqi�ovn�o � �_a'�qa�w kslL�_\_a�y_a
n�l �vn��_�Dx!§.gBij\tz�ijo{xja��vab`Jp>�_� a<`ba�gBi&y� �_g��,a�ksx!p>g_gtlLw>a'w>k��>n�a'���_g�l xmx!a<`'µ_�{lLw>a�y�aJg����ty_x
y:� lLg_ov`�l¦imoqp>g � �_oovgBij^<w kma�gBi]y_a<x�`bp�y�a<x�y� l g_oq`�lLijovp gVn�p `b�_�vz�`ba<g>islLovkjaFx�{

1 ©a6w>kml �_\_a6n�p>gBijova�gBi)�_gê`bp�y�^<�qa �_kjp�n�z<y��_kslL��a�i)�tl kml `bz�ijkmz6y�a�n�p �tkmxja6y�p gBi)p>g
ns\_a�ksns\_a��bovy_a�gBijoq¶ta�k¤�qaFx��tl kml `J^�ijkma<x��b�S� l ovy_a�y:� �tg¬�_kjp�n�a<xmx!�tx�y:� aFx~imoq`�lLijovp g Bªy�p>gBi
p gêkslL�_�,a��v�va � �_a��qa�g����ty � x~imoq`�lLijovp g_|ZkmpP¢�§�}~p �_a��qa k[h>�qa�y�a�kja<�_kjzFx!a<gBimlLgBi�l �
x!a<oqg¨y��¨w kslL�_\taJy�ab�{l¬xjn�^�g_a,C�£ � abg����ty�w>z�g_^<kjaJ�qaFx¥ijksl¦}~aFn�ijp>oqkma<x&y�aFx&\tlLg0ns\_a<x&a�i
y�a<xbns\_a<�Bov�v�qaFxJ���tl k!imoqkby:� �_gé`bp.y_^��va���µtl>x!aVy�aVkj^<w �va<x�ovxmxj�_a<xby�a¬n�p>g_gtl ovxmxjl gtn�aFx
µ_oqp>`bz<n�l g_o � �ta<xXB�`bp�y�^<�qa�y_z�� a<�qp>�_�,z�a�g�n�p>�q�{lLµ,p ksl¦imoqp>gJlP�>a<n��va��vl µ0p>kmlLijp>oqkma�y:� z�ij�ty_a
y�a&�¡� a�¢�a�ksn�o{n�a&`��txjn��_�{lLovkja&y�a��S� o5prqXC�£

1 ©a)w>kml �_\_a)n�p gBijova�gBiblL�txmx!o �_gG`bp�y�^<�qa�y:� l g_ov`blLijovp g�\toqz<kml kmns\_o � �_a��,p �_kJw z<kja<k��{l
n�ovg_z�`�l¦imo � �_aJy�a�ns\tl n��_g_aJy�a<x&y�a<��¢�}!lL`�µ0aFx_Bª�qaFx&ns\tl,nÚg_a<x¥n�ovg_z<`blLijo � �_a<x¥\tl gtns\_a�r
w a�gtp ��r�ns\_a��.ov�q�va^C�£

1 ©a&w kslL�_\ta¤n�p>gBijova�gBi�a�g�¶tg¬y�aFx]g����ty_x]y�a�n<lL�{n��_�8�,a�km`ba�i!islLgBi�y�a�y�zFy��_ovkja&�va<x]kmpLimlLr
ijovp gtx�y�aFx]w a<g_p ��¢��tlLk�l �_�_�vovn<l¦ijovp gVy:� �_g¬lL�vw p>kjoqij\_`ba&y�a�n�ovg_z<`blLijo � �_a&oqg.� a<kmxja £

� g�n�p gtn��q�txjovp gu��vaDw kslL�_\taZy�aD�vl�¶0w �_kma�; � `bp gBijkma � �_aD�S� p>g¥aFx~i@n<lL�tl µ_�vaZy�aZn�p>g>imkml oqg0y�kja
�vaX�_kmp µ_�v^�`baZy�a �¡� o{y�a�gBijoq¶0n<l¦ijovp g�y_��`bp.y_^��va y�aZ`bp>�_� a<`Ja<gBi#ns\_p o{xjo>l��_kmovp kmo�B�o{n�oB�vl�n�p �tkmxja^C�u
a�gJovgtn�p>kj�,p kslLgBiRytlLgtx
�va]w kslL�_\_a�y�a��{l¤xmn�^<g_a]�_g�a<gtxja�`'µt�qa�y�a]g����tytxRy� l g_oq`�lLijovp g � �to�kja�r
�_kmz<xja�gBija<gBi]l ��iml g>i�y�a&n�p>g>imkml oqgBima<x�n�ovg_z�`�l¦imo � �_aFx�u.a<�q�va<x]lL�0xjxjo:n�p gtgB�ta<x�l'�_kmovp kmo¡£ 2 g)�>p oqi
y�p>gtn � �_a¤�¡� ��imoq�vovxml¦ima��_k�y���x!§�x!ij^<`Ja¥w>l kmy_a���xml'y_ovxj�0pBx!oqijovp g)�¡� a�gtxja�`�µ_�va¥y�aFx�p ��imoq�{x y� l g_o�r
`�l¦imoqp>g imkml>y�oqijovp g_g_a<�vx<u@n � aFx~i'�¬y�ovkma�µtl xjz<x�xj�_k��S� ovgBija<kj�,p �{l¦imoqp>g a<g>imkja�ov`�lLw>a<x!rÏn��qa��ªx&a�i��{l
n�ovg_z<`blLijo � �_a�ovg.� a�ksxja £ � g)�_�q�0x y�aFxZ`bp�y�^��va<x�y�§.gtl `Jo � �_a<xXa�i��_kjp�n�z<y��_kslL�_¢8u>n�a��v�_oqrÏn�ot�,a���i
�ªlLovkma�l �_�0a<����imp �txR�va<x
p �_ijov�vx
n��{l xmxjo � �_aFx#y�a��S� l g_oq`�lLijovp g�lL¶tg�y_a]xj�,z<n�oq¶ta<kR�{l¥n�p gtgtlLo{xjxmlLg0n�a
lV�_kmoqp>kjo � �� ov� xjp �_\tl o�imaboqgtn�p km�0p>kja<k��V�vl¬y_a<xmn�kmoq��imoqp>g�y_� `Jp>�_� a<`ba�gBi<u@lP�¦l g>i�`+\�`ba)y_a
�ªlLovkma&l �_�,a��@l ���_kmp�n�aFxjxj�tx]y:� a<x!ijov`blLijovp gV�,p �_k�a<g�kma�imkjp>�_� a<k��va<x]�0lLkslL`b^�imkjaFx ovgtn�p g_g.�tx<£

���
 ���:47� 1 � � �#1��.�.1 47�

2 g xj�_�_�,p>xja � �ta��va<xb`bp>�_� a<`Ja<gBimxbx!p>gBiJzFns\tlLgBijov�v�qp>g_g_z<xJlP� aFn)�tg_aV�0z<kjovp�y�a)¶t¢.aVa�i
n�p>`b`'�_g_a��Jimp �tx]�va<x�`bp�y�^<�qaFx�u_ovgty�z<�0a<gty_l `J`ba<g>i�y_a��qa<�_k�gtl¦im�_kma £ �¥z<g_z�kslL�va�`ba�gBi�n�a�i!ima
��kmz � �_a�g0n�a�x!a<kml¥�_kmo{x!a]z�wBlL�va��&n�a��v�qa�y�aFxZxj§.x!ij^<`ba<x
p �_ijo � �ta<x<uLx!p>o�i � �Mp & £ ©@p ksx � �� p g���ijov�qo{xja
�va6�qp>w o{n�ova���y_a�n�p>gtn�a<��ijovp géa�iVy�a�xjoq`��_�{l¦ijovp g y�a x!§�x!ij^�`baFx�y�§.gtlL`bo � �_a<x��.oq`��_�voqg �8u �_g
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`bp�y�^��va�y�a�`bp �_�>a�`ba�gBi
�0a<��i]\�imkja�l xmxja�`'µt�qz]�¥�tlLkjijovkDy�a<xDµt�qp�n�xDx!iml gty_l kmy_x#a�gbkma<xj�0aFn�islLgBi
�va<x�n�p>gBijkslLovg>ima<x]xj�_oq�¦l g>ima<xA{

1 [#l oq�v�qa�y�aFx]�0p>k!isx�y:� a�gBijkmz�aFx a�i�x!p>k!imoqaFx>{.z��>a�gBij�ta��v�qa<`Ja<gBi]�va<x]a<gBijkmz�a<x�a�i�x!p>k!imoqaFx �>a<n�r
ijp kmova��v�qaFx��,a��_�>a�gBi5\�ijkma'��imoq�vovxjz�aFx¤�)�¡� ovg>imz�kmoqa<�_k¤y_��`bp�y�^��va'`�lLo{x¤a��v�qaFx¤y�p>oq�>a�gBir\�ijkma
`'�_�qijov�_�va�¢�z�aFx<B�kma<xj�£8y�z�rÏ`'�t��imoq�_�va�¢�z<a<x'C�lL��g_oq�>a<l �6y�a�xja<x¤�0p>k!isx�y�abn�p>g_g_a�¢.ovp g¬a�¢.r
ija�kmg_aFx�£

1 [X§.�,a�y�a<x��0lLkslL`b^�imkjaFx�y:� a<gBijkmz�a]{�imp ��ima<x��qaFx�y�p gtg_z�aFx�lL�_�t�qo � �_z�aFx�lL��¢��0p>k!isx�y:� a�g�r
ijkmz�a&y��V`Jp�y�^<�qa�xjp gBi�y�a<x �0pLi!islLgBimx]cB��µ_oqimx<£t���tn��_gta�y�ovx!ijovgtn�ijovp g�g� aFx~i]�ªl o�ima�a�gBijkma
�qaFx�a<g>imkjz<a<x¥`bovxja<x¥�'}~p �_k��)ns\0l � �_aJ�tl x¥y�a�ija�`b�tx<u:a�i&�va<x¥a�gBijkmz�aFx¤n�p kmkjaFx!�,p g0y_lLgBi
�6y�a<x'�tlLkslL`b^�ijkma<x�n�p gtx!iml g>isx�xj�_k�imp ��ima)�{l6y��_kmz�a)y_��`bp �_�>a�`ba�gBi<£z[�a�`+\�`ba uRoq�
g� § l lL�tn��_g_a¬y�o{x~imoqgtn�ijovp géa�gBimkja¬�va<xb�tl kml `b^�ijkma<xbxj�0zFn�oq¶tz<x��tlLk��S� �_ijov�qo{xjlLija<�_k<uD�va<x
n�p g0x~islLgBijaFxD�.kml oqaFx�u>a�i�n�a���¢�xj�txjn�a���imoqµt�qaFx y:� \�imkja¤`bp.y_o�¶tzFxX�0lLkX�S� lL�vw p kmoqij\_`ba�y:� p ��imo�r
`Jo{xml¦ijovp g@£t©@lbgtlLij�_kma m xj�0zFn�oq¶tz�a m p>� m p ��imoq`bo{x!z<a m y:� �_g¬�tlLkslL`b^�ijkma¥�,a��_i¤y�p g0n
\�ijkmaZy�z�ija�km`boqgtz�aX�vovµ_kja<`ba�gBi@�tl k�¡� ��imoq�vovxml¦ima��_k#p ��`bp�y�oq¶tz�aXy_§Bg0lL`bo � �_a<`ba�gBi#���S� l ovy_a
y:� �tg¨xmn�kmov��i<£z[�� �,p ovgBi'y�a��.�_a�y���n�p gtn�a���ima��_k�y�� `bp�y�^<�qa�y�a)`Jp>�_� a<`ba�gBi<u@n�a��{l
x!ovw g_oq¶ta)l �txmx!o � �ta��qaFx'�t�vl w a<x'y�a)�¦lLkmo{l¦ijovp g�l ��ijp>kjo{xjz�a<x&�,p �tk��va<x�y�ouQ8z�kma�gBisx'�tl kmlLr
`J^�ijkma<x y:� a<gBijkmz�a�g_a��0a<�_� a<g>i�\�imkja�wBlLkslLgBijova<xX��`bp ovgtxXy:� l xmxjp.n�oqa<kZ�_g_a¤p �,z�ksl¦imoqp>gby_a
x!a<�_oq�v�{lLw a&�J�¡� ovg>imz�kmoqa<�_k�y�aFx]µ0p>kjg_aFx�lL��imp kmovxjz�aFx��0p>�_k�ns\tl n��_gVy�a<x��,p kjimx�y� a<g>imkjz<a £

1 [X§.�,a y�aFx�xjp kjijova<xA{Dijp>��ijaFx)�va<x�y�p gtg_z�aFx)o{xjxj�_aFx)y�aFx)�,p kjimx�y�a xjp kjijova y_�ê`bp.y_^��va
x!p>g>i'y_a<x �tp i!islLgBimx�xj�_k'cB��µ_oqimx<£ � a<x'x!p>k!imoqaFx�x!p>g>i'xmlLg0x&i~§.�0a)l � x!a<gtx�p�� l �tn��_gta
y�ovx!ijovgtn�ijovp g�g� aFx~i��ªl o�ima��tlLk]a�¢.a<`b�_�qa�a<gBijkma¥�va<xX[K[¥©@x�a<g)imkml gtx!�{l¦imoqp>g�a�i��qaFxl[5[¥©@x
a�g¨kjp imlLijovp g£ � � a<x!i��0p>�_k � �tp oDp g¨�_kma�g0y�kmlVxjp ovg�y_a�g_p `b`ba�k��va<x�g����ty_x�lP�>a<nJy�a<x
�_kjz�¶_¢�a<x�a�¢��_�qo{n�oqijaFx � �tl g>i)���vl g0l¦ij�tkja6y��3[5[¥©çn�p gtn�a�kmg_z uXlL¶tgêy�a¬�ªl>n�ov�qoqija<k��{l
i�� ns\ta�y�a��¡� ��ijov�vovxml¦ima��_k � �_o
x!p>�_\tlLoqija�z<y�oqija<k¤�vaJw kslL�_\_a�y�a��{l)xmn�^<g_a'`�l gB�ta��v�qa<`Ja<gBi
�_�q�_i[hLi � �� ���S� l ovy�aby�abxjn�kjov��isx�£,|DlLk&n�p g.�>a�gBijovp g¬z<w>lL�va�`ba<g>iFu0p>g n�p gtxjovy_^�kma � �_a'�va<x
�tlLkslL`b^�imkjaFx�y_a¬kjp iml¦imoqp>gèy_p ov� a�gBi+\�imkja¬a�¢.�tkjov`bz<xbp �én�p>g.� a�kjijo{xJa�g y�a<w kmz<xblP�¦lLgBi
y:� \�ijkma�lL�_�_�vo � �tz<x�xj�_k��_gV�0p>k!i�y�a�xjp kjijova�y��V`bp.y_^��va £

1 [�o{xjn�kjz�ijo{xjlLijovp g�ija�`b�,p kma��v�qa�y��¨`bp�y�^��va����vlV�,z�kmoqp�y�a�y:� z<ns\0lLgBijov�q�vp gtgtlLw>a'g_p>kj`�lL�voqr
x!z<a £ 2 g�x!�_�t�0pBx!a¥y�p gtn � �_a¤ns\tl � �_a�`bp�y�^��va¤n�p gBijovg.��a<x!i �tkjzFlL�{lLµ_�va�`ba�gBi y_ovxmn�kmz�imovxjz
ija�`b�,p kma��v�qa<`ba�gBi<£@� n�a�i�a�Q,a�i<u#p g¨�0a<��i'kma�`b�_�{l n�a�k��va<x�p>�0z<kmlLija<�_kmx&y�a�y�z�kmoq�¦lLijovp g
ija�`b�,p kma��v�qa��tlLk]y�a<x�y�o�Q,z<kja<gtn�aFxD¶tgtoqaFx�£ [¤a�`+\�`ba uBp g)�0a<��i�kma�`b�_�{l n�a�k �qaFxXovgBijz�w>kmlLr
ijovp gtx�ima�`b�0p>kja<�q�va<x]�0lLk�y�aFx]oqgtn�kjz<`ba�gBimlLijovp gtx�xj�_k��_gVkma�w o{x!ijkma £

1 ��z�ovg_oqijo{lL�vovxml¦imoqp>g�y�a��S� z�imlLi�oqgBima�kmg_a�y��V`bp.y_^��va�oq`b�_�vovn�o�ima'y��V�,p ovg>i�y_a��B�ta�y��¬x!§�x!r
ij^�`ba>£t©a��_kmp�n�aFxjxj�tx]y�a�w z<g_z�ksl¦imoqp>g�y�a�n�p `b�,p>xmlLgBimx�y�a&i~§.�,a�`bp �_�>a�`ba�gBi�kmlL}~p ��ima
lL��`bp�y�^<�qaJ�_g_aba�gBimkjz<a�\_p>kj�vp w>a u8y�p gBi&�vl�kma�`bovxjab� &<z�kmp��tl k¤�va�n�p>g>imk[h>�qa<�_k¤y� l g_o�r
`blLijovp g�y_���vp w o{n�ova��
y:� l n<n��_a<oq�R�_kmp¦� p � �_a��{l�kmz�ovg_o�imovl �qo{xml¦ijovp g y����>a<n�ima��_k&y:� z�isl¦i�y��
`Jp�y�^<�qa>£

[¤a<xRa�¢�a�`b�_�va<x
y�a�`bp�y�^��va<x
y�a�`bp �_�>a�`ba�gBiDn�kmz�z<xRlP� aFn �.ov`'�t�qovg ��xjp gBiRkma��tkjzFx!a<g>imz<xRx!�tk
�va<x�¶0w �_kma<x ; �Ja�i ; � £ � a<x�a�¢�a�`b�_�va<x���p gBi¥l �_�tlLksl,n{ijkma�y�a<x �tpLisx�y�aJy�p gtg_z�aFx�£�['� �_g�l ��ijkma
n�h ijz>uB�{l�w a<x!ijovp g�y�a<x�z��>z�g_^<`ba�gBimx a<x!i��{l��_kjo{xja¤a<g�n�p>`b��ija&y:� lL��imp `�l¦ima<x�y:� z�imlLi]�,a��_i�\�ijkma
�_kmovxja&a�g¬n�p>`b��ija��J�¡� ovg>imz�kmoqa<�_k�y�a�n�a<x]`bp�y�^��va<x<£

���*) � ,���,54 1���!��� ��� �2�����

|DlLk�ovg.� p�n�lLijovp g�y_a�g_p>x�p>��ijov�{xtB�µtl>x!zFx�x!�tk��¡� l¦ima��voqa<k�y�a�w z<g_z�ksl¦imoqp>g�y�a�n�p�y�a�y�a'�.ov`'��r
�voqg � � � �yC�y�a<x�n�p `b�,p>xmlLgBimx�y_oqkma<n�ija�`ba<g>i¤a�g�¶0ns\0lLµ_�va<x�ytlLgtx�«�lP§>lbx!p>gBi�n�p `b�_ov�vz<x��b�0lLkjijovk
y�aFx�`bp.y_^��va<x�y�a�`bp �t� a�`ba<g>i�xj�0zFn�oq¶tz<x'���S� lLo{y�a�y:� �_g¨�_kjp>w o{n�ova��Zn�p `b`ba�ksn�o{lL�Dy�z<y_oqz����{l
n�p>gtn�a<��ijovp gVa�i¤�b�vl)x!ov`'�_�{l¦imoqp>g¬y�a'xj§.x!ij^<`ba<x�y�§.gtl `bo � �_aFx�� ���S£0©a��_kmp�n�aFxjxj�tx�y�a�w>z�g_z<kmlLr
ijovp g y�a�n�p.y_a'a<x!i¤kmz<xj�_`bz'�0lLk��{l�¶0w �_kma ;<�_£8�ç�¡� ovgtx~islLk¥y�a��{l�xjp �v��ijovp g�kja�ija�g.�_a��0p>�_k��va<x
`bp�y�^��va<x�y�a�n<lL��ima��_ksx�u8�va<x¤��p g0n�ijovp g0x�y���n�p�y�abw z�gtz�kmz�xjp gBi�kjz<a�gBijkslLgBijaFx�u8n�a � �_oZxjoqw>g_oq¶ta
� �_a&�_�v�tx!ova��tkmx]ovgtx!imlLg0n�a<x]y���`bp�y�^��va��0a<�_� a<gBi�n�p.a�¢�ovx!ija<k��'�S� a�¢�z<n��_ijovp gu_n�a � �_o@�vl ovxmx!a¥p �_r
� a<k!ima]�vl¥�,p>xmx!ovµ_ov�qoqijz�y�a]imkmlP�¦l oq�v�qa<kDlP� a<n�y�aFxD`bp �_�>a�`ba�gBimxDn�p `b�,p>xjz<xD�¥�tlLkjijovkZy�a��_�v�txjoqa<�_ksx
ovgtx~islLgtn�a<x]ovg_oqijo{lL�vovxjz�aFx�lP� a<n¥y�aFx��tlLkslL`b^�ijkma<x�y�ouQ8z�kma�gBisxtB��>p ovk]n�o�rhy�aFxjxjp �tx'C�£
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��ovgtxjo � �_a�g_p �0x'�S� lP�>p gtx�`Ja<gBijovp g_g_z�y_lLg0x'�va�n<lL\_ova�kJy�a<xJns\tlLkmw aFx �Æ� �Ïu#�{l6g_p ijovp gGy_a
`bp �_�>a�`ba�gBi�n�p>`b�_�qa�¢�aJy�zFn�p>`J�,p>xmlLµt�qaJa�g¨`bp �_�>a�`ba�gBisx¥y_a�µtl xja�kma<x!ijab�_g¨y�p>`bl oqgtaby_a
kma<ns\_a<kmns\_aXp �_�>a�kji<£�|
p>�_k#a�¢��_�qp>kja<k#n�a�i!ima �>p ova u<�qa��qp>w o{n�ova��>��p �_kmg_oqiRy�aFxR`JzFn�l g_ovxj`ba<x@z��vz�`ba�g�r
iml oqkma<xRy�a�n�p>`b�0pBx!oqijovp gJy�a `bp>�_� a<`Ja<gBiRµtl>x!zFx#xj�_k
�va<x#��p gtn�ijovp g_g0lL�vo�imz<x
y�a]n�p g0x~imkj�tn�ijovp gJy��
w kslL�t\_a�y�a�xmn�^<g_a�y����vp w>ovn�oqa<�ty:� l n�n��_a�ov�S£Leh�0xj�#<bi�l oqgtxjoty:� z�islLµ_�vovkX�va<xXn�p g_gta<n�imoqp>gtxDa<g>imkja��va<x
y�o�Q,z<kja<gBimx�g����ty_x�l>xjxjp�n�ovz<x���y�aFx�`bp �_�>a�`ba�gBisx�z��vz�`ba�gBislLovkjaFx�y_lLgtx��¡� \.§.�0a<kjw>kml �_\_a�y�a��{l
xmn�^�gta £L©@l&n�p `b�0pBx!oqijovp gby�a]`bp�y�^��va<xDy�a�`bp>�_� a<`Ja<gBimx
l xmx!p�n�oqzFxR�&y�aFx [5[¥©@xXy�ouQ8z�kma�gBisx
a<x!i
ijkmov�Bo{lL�va u0�vl�n�p>`J�,p>xjoqijovp g�y�a�`bp �_�>a�`ba�gBi¥x<� a�¢�z<n���iml g>i¥x!z � �ta�gBijova��v�qa<`ba�gBi¥y_l gtx¤�qa'ija�`b�tx
�,a���iU\�imkja¤kjzFlL�vovxjz�a�a<g��¦lL�vovytlLgBi p>��oqg.�¦lL�vo{y_lLgBi �S� l n�imoq�¦lLijovp g)y�aFxXg����ty_x�n�p g0n�a�kmg_zFx�uBn�a � �_o
xj�_�_�,p>xja�lL�txmx!o��S� z<n�kmoqij�_kma�y:� �tg�g����tyby�a�xmn�kmoq��iZl>xjxj�_kslLgBiZn�a�ijija�p>kmns\_aFx~imkmlLijovp g£�[¥lLgtxRimp �tx
�va<xXn<l x<u>n�a��{l�x!�t�_�0pBx!a � �ta��¡� ��imoq�vovxml¦ima��_k�l��_g_a¥n�p>g_gtlLo{xmxjl gtn�a�y����vp w>ovn�oqa<�0xjoqw>g_oq¶0n�lLijov� a u �q�_o
�,a�km`Ja�i!islLgBi¥y�a�kjzFlL�vovxja�k¤y�a<x¤n�p gtg_a<n�ijovp gtx�`bl g.�_a��v�qa<`ba�gBi<u,p �6y:� z<n�kjovkma'y�a<x¤xjn�kjov��isx¤« � ©
l¦¶0g�y:� lL�_ijp `�lLijo{x!a<k��vlbn�kmz<lLijovp g�y�a&ija<�vx�w>kml �_\_aFx�n�p `b�,p>xjz<x<£
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2 g�kslL�t�0a<�q�va � �_ab�{l)�>p.n<l¦imoqp>g�y:� �_g�n<lL��ima��_k¥�.oqkjij�ta��
a<x!i�y�a'��p>�_kmg_oqk&�_gta�`ba<xj�_kmaJy_a
kmz���z�kma�g0n�aJovxmx!�taJy:� �_g¨n�l ��ija<�_k¤o{y�zFlL�D�_�{l n�zJy_l gtx¥�vl�xmn�^�gtaJy�a�xj§.g>im\_^<xja £ � � a<x!i&�,p �tk � �_p>o
�va<x�n�lL�_ija��tkmx �.oqkjij�_a<�vx�xjoq`��_�qa<gBi��va<x�n�l ��ija<�_kmx kmz�a��{x�lL��g_ov� aFlL����p>gtn�imoqp>g_g_a<�,a�i�gtp g��tl>x l �
g_ov� aFlL���_\.§.xjo � �ta £���ovgtxjo�qaFx�lLg_p>`�lL�voqaFx�y_a<x�n�l `bz�ksl x a�i��va¥µtkj�_oqi�y�a&`ba<xj�_kma¥gta&xjp gBi��tl>x
�_kmovx]a<g¬n�p `b��ima�y_lLgtx]�{l�xjoq`��_�vlLijovp g£
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���)g_oq�>a<l ����p>gtn�imoqp>g_g_a<�¡uB�_g_a¤`JaFx!�tkja�n�p kmkjaFx!�,p g0yJ���_g�g����ty�y_��w kslL�_\ta�y�a��{l�xmn�^�gta
�.oqkjij�ta��v�qa>uZlP� a<n)a�gèa�gBijkmz�a��_g �tpLi�y�a¬y�p>g_g_z�aFxJz<ns\tl g>imoq�v�vp g_g_z<a<xb� �vl���kjz � �_a�gtn�a�gtp `bo�r
gtl �qa�n�p>kjkma<xj�,p gty_l gBi lL��¢)ijksl¦}~a<n�ijp>oqkma<x�y��Vn�lL�_ija��tk�`blLijz<kjova��:y_l gtx]�vlJxmn�^�gta u�a��v�va<x!rS`+\�`baFx
y�z�ija�km`boqgtz�a<x�a�gV��p g0n�ijovp g¬y�aFx]ijksl¦}~aFn�imp ovkjaFx�y��¬x � �_a<�qa�i!ija�y��V�0a<kmxjp g_g0lLw a>£_��ovgtxjo@�S� z<�vl µ0p r
ksl¦ijovp g y�a��{l�`baFx!�_kma�n�p kmkjaFx!�,p g0y�i~§B�to � �_a<`Ja<gBi&�)�vl�`bovxja'a<g xjz�kmoqaJy:� �tg�p µ_}~a�i�n�lL�_ija��tk
a�i�y:� �_g6p>µ�}~a�i¥`JaFx!�tkja>£,©#l�¶tw>�_kjaJ�L��ov�v�q�tx!ijkma�n�a�ijija�x!ijkm�tn�ij�_kma £ � a�kjiml oqgtx¤n�l ��ija<�_kmx¥n�p>`Jr
�_�va�¢�a<x�n�p>`J`ba��qaFx�n<lL��ima��_ksx�p>��ijo � �_a<x'oq`b�_�vo � �_a<gBi��_g kjzFx!aFlL� y:� p µ�}~a�imx��_�q�0x�n�p `b�_�va�¢�a
kma��voqzFx �0lLk�y�a<x �0pLimx�y_a&y_p g_g_z<a<x�ovg>ima�km`bz<y�o{lLovkjaFx�£ �¥z<g_z�kslL�va�`ba�gBi]�qaFx �tpLisx�y�a�y�p gtg_z�aFx a<g
a�gBimkjz<a¤y�a&�{l�`ba<xj�_kma¤�_kmp¦�.oqa<g_g_a<g>i]y:� p µ�}~a�imx]l¦ijiml ns\tz<x�lL��x � �_a��va�ijija¥a�g�`Jp>�_� a<`ba�gBi �,p �_k
`�l¦imz�kmovl �qo{x!a<kZy�a<xZ`bl k � �_a<�_ksx
p ��y�aFxZn�l ��ija<�_kmx<£ � g�xjp kjijova�y:� �_g�g����tyby�a�`JaFx!�tkja>uL�_g �tp i
y�a�y�p g_gtz�aOB¡xjn<lL�{lLovkja�p>� � a<n�ijp>kjova���C�u#z<ns\tl g>imoq�v�vp g_g_z��v�_oqrÏl �txmx!o��¬�vl¬��kjz � �ta�gtn�a)g_p>`Jovgtl �qa>u
kma��_kmz<xja�gBija¥�{l�`baFx!�_kma&�.oqkjij�_a<�q�vaFB�`bp>g_pbp ��`'�_�qijo{y�ov`Ja<gtxjoqp>g_g_a��v�va^C�£
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|
p �_k&y_lP�¦lLgBislLw a�y�a �ta�¢�ovµ_oq�voqijz�Bªy�zFn��va�gtns\_a<`ba�gBi&���_g_aby_lLijaby�p g_gtz�a^C�u:�¡� \_p>kj�vp w>a�w z�r
g_z<kml �qa�y��¬xj§.x!ij^<`ba¤�ªl o�i�l �txmx!o8�tl k!imoqa�y�aFx�a�gBijkmz�aFx]y:� �tg¬p µ�}~a�i�n<lL��ima��_kF£

|
p �_k¤y�a<x�kslLo{xjp gtx�y�a�x!ov`b�_�qo{n�oqijz�y�a�`bovxja�a�g����_�.kma u_p>g¬n�p g0x!o{y�^�kma � �_a&ijp>�tx��va<x�x!§�x!r
ij^<`ba<x�y�a�`ba<xj�_kma��.ovk!im�_a��{xD��p>gtn�imoqp>g_g_a�gBi����_g_a���kjz � �_a�gtn�a¤y:� z<ns\0lLgBijov�q�vp gtgtlLw>a�n�p `b`��_g_a u
o{y�a�gBijo � �_a¬�¨n�a��v�va¬��ijov�qo{xjz�aV�0p>�_k��{l�xjov`'�_�{l¦imoqp>gèy��è`bp �_�>a�`ba�gBiF£ �¥z�g_z<kml �qa<`Ja<gBi<uZn�a�i!ima
��kmz � �_a�g0n�a�x!a<kmlJ�_kmo{x!a&z�wBlL�va��Jn�a��v�qa�y_a<x�xj§�x~im^�`ba<x]p>��ijo � �_a<x<utnL� a<x!i���y�ovkja � �#p &>£_©@l�n�p>`Jr
�tl kml ovxjp g)lP�>a<n��qaFx]`JaFx!�tkjaFx kmz�a<�q�va<x��_kmz<xj�_�_�,p>xja&y�p gtn¤�_g_a&p>�0z<kmlLijovp g�y_a&y_z<n�ov`�l¦imoqp>g?B�p>�
�_�v�tx�w z<g_z�kslL�va�`ba�gBi��_g�ns\0lLg_w>a�`ba�gBi�y_a���kmz � �_a<gtn�a¥�tlLk]y�zFn�ov`blLijovp g�rÏovg>ima�km�0p>�vlLijovp g�CXl xmx!p r
n�ovz�a��b�_g�¶t�qijkslLw>a¥�0l xmx!a�rSµtl>x]y�a<x]`ba<xj�_kma<x�l>n � �_o{x!aFx�£
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�¥k � n�aZl ��¢¤p>��ijov�{x@y�a w z�gtz�ksl¦ijovp g&y�a�n�p�y�aZa<`J�t�qp¦§>z<x]Bªµtl xjz<xxj�_k#�¡� l¦ima��voqa<k@y�aXw>z�g_z<kmlLijovp g
y�abn�p�y�aby�a��.oq`��_�voqg � � � �yC�u:y�aFx&n�p `b�,p>xmlLgBimx¤y�ovkjaFn�ija<`ba�gBi¥a<g�¶0ns\tl µ_�va<x¥y_lLgtx¥«6lP§Bl)xjp gBi
n�p>`b�_oq�vz<xR���tl k!imoqk
y�aFx@`bp�y�^��va<xRy�a�n�lL�_ija��tkmx#x!�,z<n�o�¶tzFx#���¡� lLo{y�a�y:� �tg'�_kmp w>ovn�oqa<� n�p>`J`ba<kmn�ovl �
y�zFy�oqz � �vlGn�p g0n�a��_ijovp g a�i���x!ov`'�t�vlLijovp g y�a xj§�x~im^�`ba<x)y�§.gtlL`bo � �ta<x � � �Ï£ ©#l¨¶tw>�_kja���;
kmz<xj�_`ba��qa��tkjp�n�aFxjxj�txZy_a�w z<g_z�ksl¦imoqp>gby_a�n�p�y�a>£ �ê�S� ovgtx!iml kXy�a��{l�xjp �v��ijovp gbkma�ija<g.�_a��,p �_kZ�va<x
`bp�y�^��va<x y�a�`bp �t� a�`ba<g>iFu �va<xZ��p gtn�ijovp gtx y��)n�p�y�a�w z�gtz�kmz�x!p>g>i kjz<a�gBijkslLgBijaFxZn�a � �to,xjoqw>g_oq¶ta
� �_aV�_�v�tx!ova��tkmxbovgtx!imlLg0n�a<xby��é`bp�y�^��vaV�0a<�_� a<gBi�n�p.a�¢�ovx!ija<k�� �S� a�¢�z<n���ijovp guZn�a � �to�a<x!iba<g
w z<g_z�kslL�8�_gta�g_z<n�a<xmx!oqijz>£
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	^�'84'48�64!"#M�#E���E��
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©@l��qo{x!ija�y�a<x
n<lL��ima��_ksxR��ijov�qo{xmlLµ_�va<x
lP� aFnZ�va�x!p>�tx~rhxj§.x!ij^<`ba y:� a<x!ijov`�l¦ijovp gJy��J`Jp>�_� a<`ba�gBi
a<x!i�im\_z�p>kjo � �_a�`ba<g>i¥a�¢.ija<gtxjoqµ_�va £ � g �_kjovgtn�oq�,a u8n�a<�q�_oqrhn�oRa<x!i&y�p>gtn'xj�txmn�a<��ijovµ_�va�y:� a�¢��_�vp oqija<k
y�aFx�xjp �tkmn�a<x�y�oq�>a�ksx!aFx�u�lL�v�vl gBiVy��Nx!ov`b�_�va¨y_z�ijaFn�ima��_k¬xjp g_p>kja�}~�0x � �� �G�tg_a¨oqg���p>kj`�lLijovp g
xjz�`�lLgBijo � �_a�y�zFn�kmo�ima��tlLkJy�a<x'lLg_g_p imlLijovp gtx�a<g��{lLg_wBlLw abgtlLij�_kma��X�tlLk��¡� ��ijov�vovxml¦ima��_kF£@|
p �tk
�va<x�µ,a<xjp ovgtx�y��¨�_kmpL}~a�i<u�va<x�n<lL��ima��_ksx&��imoq�vovxjz<x'y_lLgtx&�va��_kmpLimpLi~§.�0aJ¶tg0lL�Xn�p `b�0p>k!ima�gBi�y�a<x
n�l ��ija<�_ksx:p ��imo � �_aFx�u<`�lLw gtz�ijo � �_a<x@a�i#y_a<x@l>n�n�z��vz�kmp `b^�imkjaFx�£�©#l�x!ov`'�t�vlLijovp g�y�aXn�a<x@y_ouQ8z�kma�gBimx
n�l ��ija<�_ksx�lL��g_oq�>a<l �)��p>gtn�imoqp>g_g_a��:aFx~i��tkjo{x!a&a<gVn�p `b��ima&y_a��vl��ªl���p gVx!�toq�¦lLgBima]{

1 ©@l xjoq`��_�vlLijovp g y�aFx)n�l ��ija<�_ksx�p ��imo � �_aFx�ov`b�_�qo � �_a6�S� p>µ�}~a�i�`JaFx!�tkja¬p>��ijo � �_a¬r � �_o
n�p kmkma<xj�0p>gty �6�_g_a��_kmpL}~aFn�imoqp>g�y_lLgtx��qa��_�vl g oq`�l w a u@`bl ovx'z�wBlL�va�`ba�gBi'y�aFx'p>µ�}~a�isx
lL��¢�ov�qo{lLovkjaFx � �_o]x!p>g>i��qaFx'p>µ�}~a�isx�`�lLk � �_a��_ksx�a�iJ�va<x'p µ�}~a�imxJn�lL`bz<kml>x�u@l oqg0x!o � �ta)�va
`Jp>gBijkma��vlJ¶tw>�_kma'� �.£,©a<x�p µ�}~a�imx�`�lLk � �_a��tkmx�xjp gBi¤lLi!iml>ns\_z<x�l �6x � �_a<�qa�i!ima�y��6�,a�kjr
x!p>g_gtlLw>aZ�.oqkjij�ta��Ba�i
�qa<�_k@imkmlL}~a<n�ijp ovkmaXy_lLg0x@�vaXkma��,^�kmaXw>�qp>µtlL�By�a �{l�xmn�^<g_aXaFx~iRijkslLg0x!`bo{x
n�p `b`ba��_g �0pLiDy�a�y�p g_gtz�a<x
�¤�_gJp µ�}~a�iRkmz<l �qo{xjl gBi#�{l��_kmpL}~aFn�imoqp>g�y_l gtxR�qa��_�{lLgJoq`�lLw>a
y�a&�vlbn�l `bz�ksl_£�©aFx �0lLkslL`b^�imkjaFx�y_a¥�{lbn�l `Jz<kml��,a��_�>a�gBiX\�ijkma�n�p>g_g.�tx�l'�tkjovp kmo:`�lLo{x
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y_lLgtx��qa)n<l x�w>z�g_z<kml �¡u:�va��tk'z��¦l �q�tlLijovp g lL�_ijp `�lLijo � �ta�g_z<n�a<xmx!oqija��tg_a��_\tl>x!a�y_a)n�lLr
�qovµ_ksl¦ijovp g@£8©@a<x¤��p g0n�ijovp g0x¥y_abn<lL�voqµtkmlLijovp g6z<� p �v�_z<a<x<u,gtpLiml `b`Ja<gBi&n�a��v�qaFx�lL��imp kmovxmlLgBi
�_g�xj�_ov�.o:ija<`J�,p kma��:kma��v^��>a�gBi�y�a<x�n�p `b�,z�ija<gtn�aFx�y�a���aFlL�v�Bo & £

1 ©@l�xjoq`��_�{l¦ijovp g�y�a<x
l n<n�z<�qz<kjp>`J^�ijkma<x:kma��,p>xjaXxj�_kR�_g'`bp�y�^��vaX`�lLij\_z<`blLijo � �_a `ba�i!iml gBi
a�g�}~a<� �va<x���p>kmn�a<x�y:� ovgBija<kml>n�ijovp g a�gBijkma��vl µtl xja y_�Nn<lL��ima��_kVa�iV�_g_a¨`�l xmxja��vpLi!ima
`Jp>µ_ov�qa>£ � aFx���p ksn�aFx n�p `b�_kma�g_g_a<gBi�y_a<x �ªl n�ija��tkmx]y:� oqgta�kjijova&y_p gBi�oq�8�ªl ��i�x�� l�Q8kml gtns\_ovk
l¦¶tgVy�a�y�z<kjov� a<k��S� l n�n�z��vz�ksl¦imoqp>g�y�a��{lbµtl xja�y��¬n�l ��ija<�_k�a�g���p g0n�ijovp gVy�aFx�w kslLgty_a��_ksx
z��va<n�imkjo � �_a<x
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g_p>`Jovgtl �qa a<x!i�imkml gtx!`bo{xVlL�ê| � a�gNlP�Pl �¡£�e~y�zFlL�va�`ba�gBi��va�| � l `Jp>gBi�a�¢�zFn���ima �_g 2 �
ija<`b�tx~rÏkmz�a��@iml gty�o{x � �_a��qa�| � lP�¦lL�@a�¢�z<n��_ija�ksl�� ovgty�p���xs�L�>� �_£�q�ova�g � �_aJn�aFx��_kmp µ_�v^�`baFx
y:� oqgBimz�w ksl¦imoqp>g¨a�g lP�¦lL�XlP�>a<nb�va<x��,z�kmoq�t\_z�kmo � �_aFx�y:� l n � �tovxjo�imoqp>g y�a��{l¬`ba<xj�_kja�xjp kjija<gBi'y��
n�l>y�kmaby_a)n�a�y�p�n��_`ba�gBi<u#p g¨�0a<��i'g_p ija<k � �_a��qa�ns\tp oq¢�y:� ��ijov�vovxja�k'«�lP§>lVn�p>`J`ba��vp w>ovn�oqa<�
y:� l n<n��_a<oq� �ªl n�oq�vo�ima��{l `Jo{xja)a�g ���_�.kja�y�� y_ovl w kslL`b`ba)y�a�y_z��_�vp ova�`ba�gBi�y�a��vl6¶tw �_kma�� �
a�g l �_�0p>k!islLgBi��_g_a¬µ_ovµ_�voqp ij\_^ � �_a¬y�a6n�p>`J`��_g_o{n�lLijovp gè�tlLk�xjp�n � a�i�� c � � �_a¬�S� p>g �,p �tkjksl
xj�0zFn�o{lL�vovxja�k]�,p �_k�gtpLijkma�lL�_�t�qo{n�lLijovp g£
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[¥lLgtx��va&n<l y�kma&y����tkjp }~a�i�«¬p �t� a�`ba<g>iFu.�¡� oqgBimz�w ksl¦imoqp>g)lP� aFn��va&�qp>w o{n�ova��:y�a���aFlL�v�Bo &¥a<x!i
�,pLija<gBijova��v�qa<`Ja<gBi¤n�p>`J�t�qa�¢.a&a�i�kjaFx~ima��by�z�¶tgtoqkh{tlL�¬y�a<�v��y�a'�¡� l xj�0aFn�i��_�tkja<`Ja<gBi�oqg���p>kj`�lLr
ijo � �_a uRx!a)�0pBx!a)l �txmx!oZ�{l � �_aFx~imoqp>g�y�a��{l¬n�p \tz�kma�gtn�a�y�a<x'`Jp�y�aFx�p>�0z<kmlLijp ovkma<x<£©Z� p µ�}~aFn�ijoq�
y�a&n�a�i!ija�xja<n�ijovp g�aFx~i�y:� lLµ,p ksy�y�a&x!�tw w z<kja<kX�va<x�p µ_}~a<n�imo��ªx � �_a¥�¡� p g�x!p>�_\tl o�ima¥xja¥y_p g_g_a<k a<g
ija<kj`baFxZy�a�xja�km�.ovn�a<x
`'�_ij�_a<�q�va�`ba�gBiXp�Q,a<k!isxDa�gBimkja��va<x y�a���¢J�qp>w o{n�ova��{x�£#o�g_a���p>ovx � �ta�n�a<��¢.rÏn�o
lL�tkjp>g>i�z�imz¤¶t¢.zFx�u.�_�v�txjoqa<�_ksx�xjp �v��imoqp>gtx]x!p>g>i]a�g.�.o{xjl w a<l µ_�va<xZa<g�n�a � �_on�p gtn�a�kmg_a¤n�p gtn�kj^�ija�r
`ba�gBi��¡� ovg>ima�kj�ªl��<lLw aby�aFx�y�a���¢ �qp>w o{n�ova��{x�£�.oZ�va<x¥imkml o�ima�`ba�gBisx�y�a<x&`ba<xj�_kma<x¥p �_ijo � �ta<x�xjp gBi
�_kmz��,p gty_z�kslLgBimx@a�g�ima�`b�tx
n�l �vn��_�.�tlLkRkslL�_�,p kjiR���vl¥y��_kmz�a�y:� �tg_a oqijz<kmlLijovp g'y_a �S� l �qw>p kmo�im\_`ba
y:� a<x!ijov`�l¦ijovp g@u lL�vp ksxR�_g_a�n�p>`b`'�_g_o{n�lLijovp gJ�tlLkZxjov`J�t�qa�zFns\tlLg_w>a�y_a]¶0ns\_ova�ksxDx!a<kml&xj�#<�xjl g>ima
a�g�ija<kj`ba<x&y�aJ�,a�kj��p km`bl gtn�aFx�£,|
p �_k¥kmz���z�kma�g0n�a u8�va<x¤`ba<xj�_kjaFx&y�a��,a�kj��p km`�lLgtn�a<x¤p µ�ima�g.�_aFx
xj�_k �va¥�_kjp ijp i~§B�,a¥�_£ ��lP� aFn��_g)`bp�y�^<�qa¥y�a¥n�p �_ksxja¤xjoq`b�_�vo�¶0z¥xjp gBi�y_a¤�S� p>kmy_kja�y_a � � ��oqijz<kmlLr
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©a'�qp>w o{n�ova��#y_a���aFlL�v�Bo &��,a���i¤��p �_kmg_ovk¤y�a<��¢Vi~§.�0aFx�y:� oqg_��p km`blLijovp g�l �6x!§�x!ij^<`Ja�y:� aFx~imo�r
`�l¦imoqp>g�y��V`bp �t� a�`ba<g>ih{

1 [@ksl¦}~aFn�ijp>oqkma<xba�i�z<� p>�q��imoqp>gêy�a<x)�tlLkslL`b^�ijkma<x)y_a��{l�n�l `Jz<kmll{X�_gê�vp w>ovn�oqa<��ima�� � �ta
«6l¦isns\t«¬p¦� a<k�z�islLgBi¥n<lL�tl µ_�qa�y�a'kma�imkjp>�_� a<k��qa�`Jp>�_� a<`ba�gBi¤y�a��vl�n<lL`bz�ksl����0lLkjijovk
y:� �tg_a�lLg0lL�v§.xja��.ovy_z�p�a�i y:� a�g�a�¢��,p kjija<kZ�qaFxDimkmlL}~a<n�imp ovkjaFxZlL�J��p>kj`�l¦i�y�a<x lLg_ov`�l¦ijovp g0x
«6lP§>ltuB�S� z<n�kmoqij�_kma�y:� �_g6x!ov`b�_�va'xjn�kjov��i�« � ©dB�kmz<l �qo{xjl gBi]�va�ns\tl kjw>a�`ba�gBi�y�a<x�¶0ns\_ova�ksx
a�i'�S� l �_�_�vovn<l¦imoqp>g�y�a<x�ijksl¦}~a<n�ijp>oqkma<x�l ��¢ g����0y_x'y:� lLgtoq`�l¦imoqp>g�n�p>gtn�a<kjg_zFx�C¥�,p �tkjkslLoqi
x!�#<�kma���a�¢��_�qp>o�ima�k�n�a&xja�km�.ovn�a £

1 [@ksl¦}~aFn�ijp>oqkma<x�c#[ y_a<x�`�l k � �_a<�_kmx�p ��imo � �_aFx>{,n�a<x�ijksl¦}~aFn�ijp>oqkma<x��0a<�_� a<g>iK\�imkja�imkml gtx!r
`Jo{xja<x��J�¡� ovg>imz�kmoqa<�_k�y�� �tpLi��>a<n�ijp kmova��:y�a<x]`baFx!�_kma<x]kmz�a<�q�va<x]lP�¦lLgBi�y�a&�{lLgtn�a�k��va¥�tkjp r
n�a<xmxj�tx�y:� a<x!ijov`�l¦ijovp g y�a<x'�tlLkslL`b^�imkjaFx�y���`bp>�_� a<`Ja<gBi<£h[¥lLg0x�n�a)n�l>x��_g_a�x!ov`b�_�va
ijkslLgtxj`bovxmx!ovp g��tlLkV¶0ns\toqa<k��,a��_i�x�� lP� z<kja<k�xj�#<�xjl g>ima £�����ima�kmgtl¦imoq�>a�`ba�gBi<u�p>g��,a���i
lL�txmx!o]a<gB�.o{xjl w a<k<uDn�p>`b`JaVp>g �vaV�ªlLoqi)y_lLg0xb�vl¨xja<n�imoqp>gèxj�_ov�¦lLgBija>uZ�qa¬n<l xbp �è�va¬�qp r
w o{n�ova�� y_a)��a<l �q�.o &�a�¢��_�vp oqija�lL�txmxjoX�va<x�kmz<xj�_�qimlLimx'y_���_kmp.n�a<xmx!�0x�y:� a<x!ijov`blLijovp g �,p �_k
kml><bgta�k��tl k�z�islL�,a<x�xj�tn<n�a<xmxjoq�>a<x�xjp g¬lLgtl �q§�xja�y�a��{lb�Bo{y�z<pt£�[¥lLg0x�n�a'n<l x<u_p gBi��,a���i
a�g.�.ovxmlLw>a�k � �_a��va<xJoqg_��p km`blLijovp gtx'��p �tkjg_ova<x��tl kJ�va��qp>w o{n�ova���y�aV��a<l �q�.o &�xjp ova�gBiJ�,z�r
kjovp�y�o � �_a<`ba�gBi ksl¦��ksl,n�ns\_ova<xDa�i imkml gtx!`bo{x!aFx�£B©Z� oqgBimz�w ksl¦imoqp>g�y�a&n�a�ijija�ijkslLgtxj`bovxmx!ovp g�l �
g_oq�>a<l �¨y_��x!a<kj�>a��_k'y_a�`ba<xj�_kja�aFx~i�a�g.�.ovxmlLw>a<lLµt�qa>£>[¤l gtx��va�n<l x�n�p gBijkslLovkja>u:oq�X�ªlL��r
y�kml o�iJ`ba�i!imkja�a�g ���_�.kja��tgG`bz<n<lLg_o{x!`ba�y�a)g_p ijoq¶0n�lLijovp gGy_a<x�`Jo{xja<xJ��}~p �tk��,p �_k
y�z<n��qa<gtns\_a�k]�tl k]a�¢�a�`b�_�va&�_g¬ns\tlLkmw a<`Ja<gBi�y�aFx�¶0ns\_ova�ksx�y�a&`JaFx!�tkja&n�p>kjkma<xj�0p>gty_l g>isx
lL��g_oq�>a<l ��y�a�«6lP§Bl_£
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©a�`bp�y�^��va�y�a�n�lL`bz<kml¤�.oqkjij�_a<�q�va�y�z~}!�¥ov`b�_�qz<`ba�gBijz�y_l gtx
�qa]�_kmpLimpLi~§.�,a]�_£ �¤a<x!iZn�lL�0lLµ_�va
y�a&x!§.gBij\tz�ijo{xja�k]�qaFx ijksl¦}~a<n�ijp>oqkma<x���[�y�a&ns\tl � �_a¥`�lLk � �_a��_k]y_l gtx��qa¥�_�{lLg)ov`�lLw>a¥y�aFx]y�ouQ8z�r
kma�gBijaFxRn<lL`bz�ksl x<uFa�g���p>gtn�imoqp>gJy_��`bp �t� a�`ba<g>iDxj§BgBim\_z�imo � �_a]l xmx!p�n�oqz]lL��}~a��by�a]�tlLkslL`b^�imkjaFx
n�p>�_kslLgBi<£�[¥lLgtxDn�a]n<l x<u¦n�a��{l&x!�t�_�0pBx!a � �_a]�va<x#ijksl¦}~aFn�ijp>oqkma<xD��[ y�a�ns\tl � �_a�`�lLk � �ta��_kRija<�q�va<x
� �� a��v�qaFx xjp gBi �.�_aFxX�0lLk��vl@B�p ���tlLk��va<x�y�ouQ8z�kma�gBima<x'CZn�l `bz�ksl�Bªx'CZxjp gBi]lL�txmx!ot��p �_kmg_ova<x �tlLk��va
�vp w o{n�ova��Dy�a���aFlL�v�.o'&bl¦¶tg�y:� \�ijkmaba�gtxj�_oqijaJoqgL}~a<n�imz�aFx&a�g�a�gBijkmz�aby��¨x!§�x!ij^�`baby:� a<x!ijov`blLijovp g£
[¥lLgtxX�qa�n<l y�kma�y���xja�km�.ovn�a�y:� l xmx!o{x~islLgtn�a����{l�`ba<xj�_kja�ija�� � �� ov�,a<x!iX�_kmp �,p>xjz�y_lLgtxX�qa¤n�lL\toqa<k
y�aFx'ns\tl kjw>a<x �Æ� �Ïu@ov��xja�kslLoqi'lL�vp ksx�a�g.�.o{xjl w a<l µ_�vaby� a�¢.�t�qp>o�ima�k'�{l6n�p g_gtl ovxmxmlLgtn�aby_a<x�imkmlL}~a<n�r
ijp>oqkma<xXx!§.gBij\_z�ijo{x!z<a<x l¦¶tg�y:� l n<n�z��vz�kma�kX�vl�kma<ns\ta�ksns\_a�y�a<xX�tl¦imkjp>gtxZy_l gtxD�va<xZov`�lLw>a<xZl>n � �_o{x!aFx
a�gV�vp�n�lL�vo{xjl g>i]�{l'��a<g�\�imkja�y_a�kjaFns\_a�ksns\_a¤l ��ijp>�_k�y�a�n�a<x�ijksl¦}~aFn�imp ovkjaFx y�a�kmz���z<kja<gtn�a>£

� a<xJn�p.p>�0z<kmlLijovp gtx'a�gBijkma)�va<xJy�a��_¢��qp>w o{n�ova��{x��,a��_�>a�gBibxja��ªl oqkma�xjp oqi��0lLkJz<ns\tl g_w a)y_a
¶0ns\_ova�ksx<u_x!p>o�i��tl k��¡� oqgBima�km`JzFy�o{lLovkja&y:� �_g¬x!a<kj�>a��_k�y�a�`ba<xj�_kma&µtl xjz�x!�_k��{lJµ_ovµ_�qovpLim\_^ � �_a�y_a
n�p>`b`'�_g_o{n�lLijovp gJ�tlLkDxjp�n � a�iDlP� aFn «�lP§>l_£�[¥lLgtx
�va<xXy�a���¢Jn�l x<u¦�{l¥n��vl>xjxja]x!�,z<n�ovl �qo{x!z<a � �to�a<x!i
kma<xj�0p>gtxjl µ_�va'y�a'�S� l n � �_o{xjo�imoqp>g�y�a'�{l�`JaFx!�tkja��,p �tkjksl�xja�n�p>gBija�gBima�k&y:� ovg.� p � �_a�k¤�_g�xmn�kmoq�_i
« � ©��0p>�_kJw z�kma�k'�qa)ijkslLgtx!��a�kjiJy�a��vl�x!p>�_kmn�a)y�a�y�p g_gtz�a<x'a�¢.ija<kjgta<x�� a�ksx��va<xJx~imkj�0n�ij�tkjaFx
ovg>ima�kmg_a<x]�_ijov�qo{x!z<a<x]�tl k��vlbn��vl>xjxja&kjaFx!�,p gtxmlLµt�qa>£

� / ��/]�R����  �

;¨[]\_a<o�gto�¶taFy �.p �Úi���l kjat[¤a��>a��vp �_`ba<g>i¤|Zkjp�n�a<xmx�£0e�£��Bl n�p µtxjp gu �J£�q�p.p�ns\u��0£,���t`�r
µtlL�_w>\£_��y_y�o{xjp g�r � aFx!�va�§>£2;<� �>�

� � lL\_ova�kDy�aFxDns\tlLkmw aFx#y��bxjp �tx!rÏxj§�x~im^�`ba y� aFx~imoq`�l¦imoqp>gJy_a�`bp>�_� a<`Ja<gBi
µ0l xjz�xj�_kD�S� ��imo�r
�qo{xjlLijovp g¬y�a�`bp�y�^<�qaFx�y�a�`bp>�_� a<`Ja<gBi�a�i¤xj�_k¤�vlb���0x!ovp g6y�aFx�ovg���p km`�l¦imoqp>gtx�n�l ��ija<�_ksx
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� [ � r~�.|Xc��¦�t£ � ; £ �_£�� aFlLg�rh©�tnM��p �_wBlLkma�i<u0��km`Ja<� � kma�im�tlL�#a�i¤«6lLij\_ov�{y�a �ZlLg0y�a�g�r
µ0a<kjw>\_a £ ��p�n�imp µ_kma&� � �B��£ [�p�n��_`ba�gBi�oqgBima�kmg_a £ �Jp�n�imp µ_kma��L� � ;

c�[�p�n��t`Ja<gBiml¦imoqp>g�y�aD�vl]µ,p�n{ija �]p ��imoq�{xy�aZy�z<� a<�qp>�_�0a<`ba�gBi@y�aX«6lP§Bl_£��¥c_£ ��; £ ���vo{l x�� �¨lP� a���kjp>g>iF£
�L� � ;

� [�p�n��t`Ja<gBiml¦imoqp>g�y_a�«6l¦im�vl µ � £ ��Bª� ;F��C��J�.oq`��_�voqg �8£ �¤�t£ ��Bª� ;P��C�£_[]\ta�«6l¦im\���p k ��x
ehgtnL£t� � ��;

� [�p�n��t`Ja<gBiml¦imoqp>g)y�����a<l ��rSijov`ba ��p k �.xj\_p>���0p>�_k��.oq`��_�voqg �8£ ���0£ �@Bª� ;P��C�£B[]\_a&«6lLr
ij\ � p>k���x�ehgtn £t�L� � ;
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; £ ; � p>gty�a<`Ja<gBimx�xmn�ova�gBijoq¶ � �_aFxV£¥£�£&£�£&£�£&£�£�£&£�£¥£�£&£�£�£&£�£&£�£&£�£�£¥£ �
; £Æ� ��zFx!�_`bz�y��¬n<lL\_ova�k�y�aFx�ns\tlLkmw aFx6£�£&£�£&£�£�£&£�£¥£�£&£�£�£&£�£&£�£&£�£�£¥£ �
; £ c p�o{x!ijp kmo � �ta&y_a��vlbn�p>gtn�a<��ijovp gVy�a��S� l kmns\to�ima<n�im�_kma¬£¥£�£&£�£�£&£�£&£�£&£�£�£¥£ �

�
	�� ! � �P³����± !B³ ±<� ��!���¯ %R�R´ ��� � ! !B±�¯0����!��P±�! �
��£ ; o�imoq�vo{xjlLijovp g¬y�a�«6lP§Bl�n�p `b`ba¥ovgBija<kjw>ovn�oqa<� £�£&£�£¥£�£&£�£�£&£�£&£�£&£�£�£¥£ �
��£Æ� o�gta�lLksns\_o�ima<n�ij�_kma���µ0l xja&y_a&n�p `b�,p>xmlLgBimx�£�£&£�£¥£�£&£�£�£&£�£&£�£&£�£�£¥£ �

� � �¦³����±�!.³ ±<� � !�� � ± ! � � !"%#� ³>¯0���X¯0� � � ± %�� !.��±��ª� ��±��ª¯ � ���
c_£ ; [¤a<xmn�kmoq��imoqp>g���p gtn�ijovp g_g_a<�q�va�£¥£�£&£�£&£�£&£�£�£&£�£¥£�£&£�£�£&£�£&£�£&£�£�£¥£ ; ;
c_£Æ� [¤a<xmn�kmoq��imoqp>g¬x~imkj�tn�ij�_kma��v�va £¥£�£&£�£&£�£&£�£�£&£�£¥£�£&£�£�£&£�£&£�£&£�£�£¥£ ;P�
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