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g%_f\1ZHneYMZHg+Y[i�� ] W _��!_fi��G¾ Î½SÈV _ W g1dÏ_f\+g Î½S q W bm\+d � wfË�� YM] Î½S{V _ W g+d � w!Ð � �z W�XY[ZlYM\^] XY[Z;g%_!\+Z�neYMZ
_f\+\1Y���Y[Z � YM] Ì Ã`»_'ne_ � \�g+Yy|MYy� XY[� dTb W Y Æ i+\+Y6z%_ W ]cbeY}g+YMZ W YM|`�+Y W |`�+Y[ZÍYM\^] W YMz W bmZlYMZÍ_fi g XYMj+i1]�g+Y
n¼_>]l��»Y[ZFY S

� Y#z W Y[� beY W ] W _��f_!ben6_ª�!_fbU]ÊzdTi W dTj � YM|M]lbm�'g�o XYJ]`_fj1neb W i+\N��d�g�»YMneY²g1��\%_!��bm��i1Y g XY[| W bm�!_f\^]ÏnmY
ZF]c_fg+Y½ne_ W �!_fb W Ysz%_fZFZlbm�?g+YMZ�n¼_ W �TYMZHg�or_f\+|`�+dTbmZ�ÃKZ5]`_fg1Y½d/»i²Y[nmneYMZyZldf\�];nmY>z+nmi+Z6��i+nm\ XY W _fj+nmY[Z Æ Y[\²��i+Y
g+Y���d W �½i+nmY W neY�]`_fi��½g+Y W Y[| W i1]lY[� Y[\^]�g+Y�n¼_ W �TY[Z�g�or_f\+|`�+dTbmZQz%_fZFZlbU�TY[Z�g+_f\+ZQnmY)Z5]`_fg+Y�Zli+z XY W bmY[i W �fg+bU]
_f|J]cbm� S!� _y| W dTbeZFZc_f\1|[YBg+YMZ�n¼_ W �TYMZQg XY[zY[\1g z W be\1|[bez+_fneYM��YM\�]�g+YBne_6��i%_f\^]lbm] XY�g+YB\+dTi WlW bU]ci W Y�z W�XY[ZFY[\^]cY
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g%_f\1ZHneYMi W Z��TdTbmZlZFbe\%_f~fY[Z S qybm\+Zlb!�\1df] W Y>� d�g�»YMneY;Y[Z5]�|[dfi+z+n XYÏ»_�i+\ � d�g2»Y[nmYsg���\+_f��bm��i+Y>g XYM| W bm�!_f\^]
neY�Z5��ZF]�»YM��Y |[df��z+nmY���Y�z+�^��]cdTz1n¼_f\+|J]cdT\�À \�i1] W be� Y[\^]cZ S/� o XYJ]ci+g+Y�g+Y�ne_ ZF]`_!j+benmbm] XY>g+Y[Z XY[��i+bmnebej W Y[Zyg+Y
|[Y;g+Y W \+bmY W ZF��Z5]�»Y[� Ys\+dTi+Z}_�_f� Y[\ XY »_�z W d�g+i+b W Y�nmY�g+Y[i���bÇ»Y[� Y;] W _��!_fben S

V dTi W g+YMZ W _fbmZldT\1Z'bm\+g XY[zY[\1g%_f\^]cYMZ½g+Y�ne_Ï�fdTnedf\�] XY�g+Y�nÇo XY[��i+bmz{Y g�or_f|[|Mi+Y[bmn)g+Y�|[YJ]l]cY ]c��»YMZlY��Dben
Y[Z5]½_!z+z%_ W i���i+Y n¼_ � d�g XY[nebmZc_!]lbedT\ g+Y�n¼_Êg1��\%_f� be��i+Y�g+Y nÇor_f\+|`�+dfbeZ�\+Y�ZlY W _fbU]sz%_fZs_fz+z+i�� XYMY�z%_ W
g+YMZH|�_f� z%_f~f\+Y[Z�»_�n¼_�� Y W YM]y��iÈorYM\#z+_ W ]lbe|[i1nebeY W _fi+|[i1\+Y�g+dT\+\ XY[Y½ZFi W neYsz+�^��]cdTz1n¼_f\+|J]cdT\ \Èo XYJ]`_fbU]
g+bmZlzdT\+bej1neY SE! \Ê�h�Y[� Y}]lY[� z+Z�g1bm�TY W ZBd W ~^_f\1beZl� Y[Z?neb XY[ZH»_>nporY+�1z1nedTbU]`_!]lbedT\�g+YMZ W YMZlZldfi W |MY[ZB��bm�!_f\^]cYMZ
g%_f\1Z�ne_ W�XY[~TbmdT\ ��_!\+bm��YMZF]`_!beY[\^]�i+\ be\^] XY W �YJ]�zdTi W g+YMZ�Y�-Èd W ]cZ�g+Yk��d�g XYMnebeZl_!]cbmdT\�ZFi W ne_ |[bm�fY[nmneY S
� _Gz%_ W ]cbmYhz W be\+|Mbez%_!neYkg+Y |MY²� XYM��dfb W Y W Y[\+g�|MdT��z�]cY gÈori+\1Y²z%_ W ] �?g+Y²n¼_#��d�g XYMnebeZl_!]cbmdT\ g+Y²ne_
g1��\%_f� be��i+Y;g+Y;ne_½|[bm�fY[nmneY��1YM] �%gÈox_fi�] W Y;z%_ W ] �1g+Y;nÇor_f\%_fnU��ZFY�g+ik��d�g�»Y[nmY S
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� _h� d�g XYMnebmZc_!]lbedT\ g+YMZ ,%i��Gg1Y�|[bU�TYMneneYMZ'ZMorbm\+Z[»Y W Y�g%_f\+Z'neY�z W df~ W _f� � Y YMi W dfz XY[YM\�z+nei W beg1beZl|MbUÀ
z+nmbe\%_fb W Y  ��� 3ÂÁ�|[dT� zdTZ XY�g+YMZ XY[��i+bezY[Z�ZFi+bm�!_f\^]lY[Z�¾Èj1bedTnmdT~TbeZ5]cYMZyg+i ��� q $ À=3�� � !?� !�� ( g+Y
��bmg%_ W ];ZFdTi+Zsn¼_ g+b W YM|M]cbmdT\ g+Y V�S/V�W dTi 7[YM]
�/j+bedTnmdT~TbmZF]cYMZHg+Y�nÇo !�V	� !�
 g+Y V Y W z1be~T\%_!\�ZFdTi+Zsn¼_Êg+bUÀ
W YM|M]lbedT\ g+Y �;S2� Y[|[df�>]cY À��Dbm\+be~TY W �\�i+� XY W bm|[beYM\+Z;g+Y�nÇo �yV�V q�'ZldTi+Z;ne_Ïg1b W YM|M]lbedT\ g+Y ��S q6��_ W _��
ZF]c_!]cbmZF]lbe|[bmY[\+Z;g+Y�nÇo 3��H¿�q�>g+Y��@dTi+nedfi+ZlY�ZldTi+Z'n¼_Êg+b W Y[|J]cbmdT\�g1Y � S � W i+dT\1~!ÀÂÁ?_f\��@g1i � q �Í¿�q  ��
g+Y � W Y[\1dTj+neY�ZFdTi+Zsn¼_ g+b W YM|M]cbmdT\ g+Y � S  HW dTi+YJ];g�o�qyi+j+bm~T\^� YM]sYM\ � \Gg1Y npo XYM��i+bezY�g+Y�¿���ZF]�»Y[� Y[Z
 ��\%_f� be��i+YMZÍg+Y;nÇo �yV�V q�Zldfi+Z�n¼_�g+b W Y[|J]cbedf\Êg+Y Î�S q W bm\+d S

� ordTj � Y[|M]lbm� �!_f�½j+bU]cbmY[i���vY[Z5]�g�or_fbeg+Y W »_yne_}~fY[ZF]lbedT\ W _!]lbedT\+\1Y[nenmY�g+YBn¼_}z��Y[|`�1Y'»_yn¼_}|[bU�TY[nmneY��ag+_f\+ZQnmY
g+dTi1j+neY'ZldTi+|MbDg+Y>z W�XYMZlY W �TY W nporYMZlz�»YM|[Y��Èg�o�i+\+Y�z%_ W ] �YM]yg�or_fi1] W Y½z%_ W ] �g�or_f� XYMnebmd W Y W nporY+�1z1nedTbU]`_!]lbedT\
g+Y |MYM]F]cY W YMZlZFdTi W |MY S�� o XYM]ci1g+YÊZlY���d�|�_!nebeZFY�ZFi W neY�j%_fZFZlbe\�g1YÊnÇo�qyg+dTi W �@|[dT\+ZFbeg XY W�XY |MdT� ��Y 7[dT\+Y À
_!]lY[nebmY W g1dT\^])nmY[Z W�XY[Zli1nm]`_a]cZ�ZlY W dT\^]?] W _!\+ZlzdTZc_!j+neYMZ�»_�g+Y�\+df�½j W YMi+ZlYMZ�_!i1] W Y[Z W bU��bÇ»Y W Y[Z S�V _ W _fbmneneYMi W Z
nÇo�qyg1dTi W z W�XY[ZlYM\^]cY>g1Y[Z�|�_ W _f|M] XY W beZF]lbe��i+YMZ}z W dTz W Y[Z}��i+b2Y[\Ï��dT\^]�i+\Ï]cY WFW _fbm\Ïg�o XYJ]ci+g1Y'z W bm��ben XY[~Tb XY S

�6dTi1Z}z W�XY[ZFY[\^]cdf\+Z�be|[bÈneYy� W i+bm]�g+Y[Z W YM|`�+Y W |`�+Y[Z6Y[\^] W Y[z W beZFY[Z}_fiÏZlYMbe\Êg+Y;nÇo XY[��i+bmz{Yyg+Ys¿���ZF]�»Y[� Y[Z
 ��\%_f� be��i+YMZ S

 _f\+ZsneY�j+i1]sg+Y W�XYMg+be~fY W i+\�� XY[� dTb W Y�_f|M|[Y[ZFZlbmj+neY »_ki1\Gn¼_ W ~TY�z+i1j+nebm| z1nei W beg+bmZl|[bmz+nebm\%_fb W Y��4nmY
z+ne_f\ g+Y�|[Y���_f\�i+ZF| W bU]�Z[or_ W ]cbe|Mi+neY½_fi1]cdfi W g+Y�z+nmi+ZlbmY[i W Z�z%_ W ]cbeYMZHbe\1g XY[zY[\+g+_f\^]cY[Z S ¿�bQ\ XYM|[YMZlZc_!b W Y��
neYMZ½\+df]lbedT\1Z½g+Y ��_!]c� XY[��_!]cbm��i1Y[Z½YM��z+nmdª� XYMY[Z�g%_!\+Z�i+\+Y z+_ W ]lbeY ZFY W df\�] W _fz+zY[n XY[Y[Z�_!i�g XY[j+i�]�g+Y
|[YMnenmYJÀ |Mb S  YÍ�h�YM��Y��f\+dTi1Z)_��fdT\+Z W YM] W _f\1Zl| W bm]�ne_H|`� W dT\1dTnedT~fbeYBg+YÍ\1df] W Y�] W _��!_fben�g%_f\+Z�ne_ W�XY[g+_f|M]lbedT\ S

� _Gz W YM��bÇ»Y W Y z%_ W ]cbmYhYMZF]Ê|MdT\+Zc_!| W�XYMY »_Gn¼_#g+Y[ZF| W bez1]lbedT\¯g1i�|[dT� z{d W ]cYM��YM\^]�� be~ W _!]cdfb W YÊg1Y[Z
|[bU�TYMneneYMZDg%_!\+ZQnÇo�Y[Z5]ci%_!b W Y)g+YÍnÇo�qyg1dTi W[S �6dfi+ZQY���zdTZldf\+Z�_fi+ZFZlb+ne_6� XYM]c�1d�g+Y�g�o XYM|`�%_f\^]cbmnenmdT\+\%_f~fY)� beZFY
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Y[\�z+n¼_f|MY6z+_ W npo XYM��i+bezY6g1Yyj+bmdTnedT~fbeZF]lY[Z�g+i ��� q.g+Y#��beg+_ W ]
��nmY[Z?g+dT\+\ XY[Y[Z W Y[|Mi+Y[bmnenmbeY[Z�g+YJ�!_f\^]H�YM] W Y��
z%_ W ne_�Zli1bm]cY���Y���z+nmdTbm] XY[YMZ�\�i1� XY W be��i+YM��YM\^] �2neY½� d�g+Y½g+Y�z��YM|`�+Y z W df��YMZlZFbedT\+\1Y[nD� YMZF] XYM~^_fneYM��YM\^]
g XYJ]`_fbmnen XY S ! \#|[dT\+|Mnei+ZFbedT\ g+Y�|MYM]l]lY�z W Y[� bÇ»Y W Y�z%_ W ]cbmY�\+dTi+Zs_��Tdf\+Z'� beZynÇor_f|[|MY[\^]sZli W neY W �dTneY � dfi XY
z%_ W neYMZ�|Mbm�TYMnenmY[Z?g%_f\+Z)nÇo XY[|[df\+dT� beY�ned�|�_fnmYÍYM]���bmZ?YM\ nei1��bÇ»Y W Y�nporbm��zd W ]c_f\+|MYÍ��i1YHz{dfi1�!_fbm])_��TdTb W |MY
] W _��f_!ben�_!ihZFY[be\kg+ikz W df~ W _f� � YyY[i W dTz XYMY[\ S

 Y)ne_Íg+Y[ZF| W bmz1]cbmdT\sg+i>|MdT��zd W ]cY[� Y[\^]@� be~ W _!]cdTb W Y�g+Y[Z�|[bm�fY[nmneY[Z/YJ]�g+_f\+ZDnmY�j+i1]�g�o XYM]`_!j+neb W \+df] W Y
� d�g�»YMneY'g%_f\+Z�ne_�g+Y[i��1bÇ»Y[� Y�z%_ W ]cbeY��{\1dTi+Z;_��TdT\1Z W YM]lY[\�i neY[Z W Y[|MdT� ��_f\1g%_!]cbmdT\+Z6g+Y[Z�j+bmdTnedf~TbeZ5]cY[Z
YM]}�%_!nebeYMi1]cYMZ S 3 n2ZMox_!~Tbm]�g�o�i+\kZF��ZF]�»Y[� Y'gÈo XYM��i+_!]cbmdT\+Z���i+b2�h�YM��Y�g+_f\+Z�neY�|[_fZ�Zlbe� z+nmb � XYHg1ih� d�g�»Y[neY
|�_!\%_fn?z W�XYMZlY[\^]lYÊg+Y[Z½g1b�� |[i+nU] XYMZ>be� zd W ]c_f\^]cY[Z S�Ì orYMZF]�i+\1Y XY[��i%_!]lbedT\�g�o XYM�Tdfnei1]lbedT\�g XY � \1b�z%_ W i+\
dTz XY W _!]lY[i W g1Y}� be~ W _!]lbedT\'��i1b%|`�%_f\+~TY�g+YB] ��zY½»_;ne_y��dTbeZDg%_f\+Z�nporYMZlz%_f|MY�YM]?_fi�|[dfi W Z�g+i�]cYM��z1Z S�� _
�!_ W be_fj+bmnebm] XYB]cYM��zd W YMnenmY6YMZF]�n¼_'z+nei+Z�be\^] XY W Y[ZFZc_f\^]lYsz1i+beZF��iÈorYMneneY6Y[Z5]}_fZlZFd�|Mb XY[Y »_½n¼_>��_ W�XYMYH��i+bÈYMZF]�nmY
z+� XYM\+dT�h»Y[\+Y>z+�^��ZFbe��i+Y�| W i+|Mb¼_fn/zdTi W npox_ WlW bU� XY[YsYM]HnmY>g XYMz+n¼_!|[Y[� Y[\^]yg+Y[ZH|Mbm�fY[nenmY[Z6g%_f\+Z6nÇo�Y[ZF]li%_fb W Y S
V dfi W g1Y[Z W _fbmZldT\+ZÍg1Ys]lY[� z+Z
�%��_fbeZ�_!i+ZlZFb@g1ih�K_fbU]Íg+Y[Z}be\1|[Y W ]cbU]ci+g+YMZy_��T_f\^]yzY[Z XY'ZFi W neY;|`�+dTb �Ïg+i
� d�g�»YMneY��{\+dfi+Z�\�or_ª�fdT\+Z�z%_!Z XYM] XY>Y[\ ��YMZli W Y½g�or_fjd W g+Y W n¼_ W�XY[ZFdTnei1]lbedT\k]c� XYMd W bm��i+Y�g+i � d�g�»YMneY'Y[\
]cdfi1]cY;~ XYM\ XY W _fnebU] XY S �6dTi1Z}\1dTi+Z�ZldT� � Y[ZÍz+ne_f| XYMZÍz{dTi W n¼_ W�XYMZldTnmi1]cbmdT\ ]c� XYMd W bm��i+Y�g%_f\+Z�npor�^��z{d!]c��»YMZlY
g+Y�Z5]`_!]lbedT\+\+_ W bU] XY½g+i |MdTi W _!\�] S/Ì YM]F]cY��^��z{df]l��»Y[ZFY�YMZF]s_fg1��bmZlZlbmj+neY'g%_f\+Z;|MY W ]c_fbe\1Y[Z�z+�%_!ZlY[Z;g+Y�ne_
��_ W�XYMY S ¿�dTi+ZQ|MYM]F]cYB�^��z{d!]c��»YMZlY��fneY?g+dT��_fbe\+Y?zY[i1]Í�YJ] W Y�Zli1j{g+bU��beZ XY�Y[\���i%_!] W Y�ZFdTi+Z7À g+dT��_fbm\+Y[Z � ��Y[Z
g%_f\1ZB|`�%_f|Mi+\Êg+Y[ZF��i+Y[nmZÍben4Y[Z5]BzdTZlZFbej+nmYyg+Y W�XY[ZFdTi+g W YHZ XYMz%_ W�XY[� Y[\^]�nÇo XY[��i%_!]lbedT\ S�� Y6|[dTi+z1n¼_f~TY}Y[\^] W Y
neYMZ�ZldTnmi1]cbmdT\+ZHg+_f\+Z�neYMZ�g+b - XY W Y[\^]cZ;ZFdTi+Z5ÀÂg+dT��_fbe\1Y[ZHZFY��K_!bm]�»_ ] W _��TY W Z;neY[Z�bm\^]cY W �K_f|[YMZ�g+Y�|[dT\^]c_f|M] S
�6dfi+Z�_��TdT\+Z�gÈox_fjd W g XYM]`_!j+neb)nÇo�Y���beZ5]cY[\1|[YÊg�o�i+\+YÊZFdTnei1]lbedT\GZF]`_a]cbedf\+\%_fb W Y g+YÊnÇo XY[��i%_!]lbedT\G|[dTi W _f\^]
Z[or_f~TbmZlZl_f\^]�g�o�i+\+Y XY[��i%_a]cbedf\ \+df\�À nmbe\ XY[_fb W Y g+i ZlY[|MdT\+g¯d W g W Yh_��fY[| g1Y[Z |[dT\+g1bm]cbmdT\+Z _fi���nebe� bm]lY[Z
_fi���g+YMi���j{dfi1]cZ���ne_kg XYM��df\+ZF] W _!]lbedT\#\ XY[|MY[ZFZlbm]lY nÇo�i1]lbenebmZc_!]lbedT\ g�ori1\G]c� XYMd W »YM��Y g+Y�z{dTbm\^] � ��Y�g+Y
] ��z{Y�]ldTz{dfnedT~Tbm��i+Y S

V _ W _fnen XY[nmY[� Y[\^] �ª\+dfi+ZQ_��Tdf\+ZDg XYJ�TYMnedTz+z XY��fg+_f\+ZDne_}|Mbe\+��i+bÇ»Y[� Y)z+_ W ]lbeY��ªi1\+YB_fz1z W d�|`�+Y�z+_ W ZFbe�½i�À
n¼_a]cbedf\+ZQ\�i+� XY W bm��i+Y[Z?��i+b%Z[or_�- W _f\+|`�1bm]?g+Y�n¼_�|[df\�] W _fbm\^]cY�g+Y�ZF]c_!]cbmdT\+\%_ W bm] XY S^� Y[Z W�XY[Zli1nm]`_a]cZ�dTj1]lY[\�i+Z
z%_ W'W�XYMZldTnmi1]cbmdT\Gz%_ W g+b*- XY W Y[\1|[Y[Z � \+beYMZ>ZFdT\^]�|[dT\���d W � Y[Z>_fi���dTj � YM|M]cbU��Z½��i%_fnmbm]`_a]cbm��Z�g1i���d�g�»Y[nmY S
� Y[ZÍ] W _��f_!i�� W�XY[_fnebmZ XY[ZÍg+_f\+Z�neY�|[_fg W Ysg+Y;|[YJ]l]lY;]l��»Y[ZFY'ZFdT\^] XYJ��beg+YM��� Y[\^]�z W�XY[nebm��bm\%_fb W Y[Z���i1\+Y;g+beZ7À
|[i1ZlZlbmdT\GZFi W nmY[Zsg+b�� |Mi+nm] XY[Z W Y[\1|[dT\^] W�XY[YMZ½YM]'neYMZ'zY W ZlzY[|M]lbm�fY[Z>g1Y�g XYJ�TY[nmdTz+zY[� Y[\^]½i1nm] XY W bmY[i W Y[Z5]
�K_fbU]cY�»_�n¼_ � \kg+ik� XYM��dfb W Y S
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� orq6g+dTi W Y[Z5]�i+\ ,%Y[i1�fY�g+i�ZFi+g�ÀÂdTi+Y[Z5]?g+YÍn¼_ � W _!\+|[YsÃ �^�&%c��2(' �¯YM] R�%c�Tw('*).Æ nedT\1~�g+Y �T�^É ��� �
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��d W �½i+n¼_a]cbedf\�g+Yy|[Y�|[d�Y � |MbeY[\^] S6 _f\+Z)i+\+Y W bU��bÇ»Y W Y���i+\Êg+YMZÍz%_ W _!�h»YJ] W Yybe\+|MdT\^]cdTi W \%_fj+nmY[Z)g%_f\+ZÍne_
��d W �½i+n¼_a]cbedf\ g+Y;|[Ys|[d�Y � |[bmY[\^]}Y[Z5]yj+bmY[\kn¼_>]li W j+bmg+bm] XY�g+Y;nÇo�Y�_fi � S%� _�]li W j1beg+bU] XY�Y[Z5]}��YMZli W�XY[YsY[\
�� � $ YJ]>nmY�nebeYM\ Y[\^] W Y�ne_Ï|Mn¼_ W ] XY�g+Y nÇo�Y�_!i�YJ]'|MY�|Md�Y�� |[beYM\^]>zY[i1] �YJ] W Y W�XYMZli+� XY�~ W dfZlZlbÇ»Y W Y[� Y[\^]
g%_f\1ZBneY}]`_fj+nmY�_fi 3 3+3 S�w�S5! ��z XY W be� Y[\^]`_fnmY[� Y[\^]Íg�or_fz W »Y[Z � � � ��nmYyZFY[i+bmn{g+YMZ � 2 � � � |[d WlW YMZlzdT\+g�»_>ne_
g+b*- XY W Y[\1|[YHYM\�] W YHi1\+YyY[_fiÊz W _a]cbe��i+YM��YM\^]B|[ne_fb W Y�YM]Bi1\+YHY�_!i�] W dTi+j+nmY »_s] W »YMZBdTz%_f��i+Y��1g+df\+| »_>i1\+Y
nebm��bU]cY}z{dfi W ��i1Ysne_�nei+� bÇ»Y W YHz XYM\ XYM] W Y;g%_f\1Z6nporY[_fi S

� orbm\+g+be|MYHg�o XY[|Mn¼_fb W Y[� Y[\^]
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g+YsnÇo�be\^]cYM\+ZlbU] XY;g�o XY[|Mn¼_fb W Y[� Y[\^]�»_�ne_�Zli W �K_f|[Y'g+Y'nporY[_fi 	 �+Ã�� Æ YM]6be\+g+b W YM|M]cYM��YM\^]6g1Y>n¼_½]li W j+bmg+bm] XY;g+Y
nÇo�Y�_!i � S �}dTi+Z�z W dTz{dfZldT\+Z�ne_���d W �½i+ne_!]cbmdT\ Y+�1zdT\+YM\^]cbeYMnenmY�Zli+bU�f_!\�]lY
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nÇor_ W ]cbe|MneY�g+Y ��S À � S  Y Ì _fZl_f��_ � d W �[]½_fn S � � � ne_h\ XYMj+i+nmdTZlbU] XY _��!_fbU] XYJ] XY � i1~ XY[Y���nmd W Z'g+Y[Z'Zld W ]cbeYMZ
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g+YMZÍ| W dfbeZlZl_f\^]cZBg1YHnei+\1Y�Ã V�� ¾1z+nmY[bm\+Y6nmi+\+Y�� V � ¾�z W Y[� beY W ��i%_ W ]lbeY W YM]l| SUSmSxÆJS%Ì Y[Z��!_ W b¼_fj+nmY[Z��1_fbm\+Zlb
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�%ZFdT\^]�] W »YMZ�g+b�� |[bmneYM��YM\�]BY���z+nedfbm]`_!j+neYMZ S
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Conditions initiales

k k+1

Mise à jour des coefficients

Lecture

Modèle hydrologique

Ecriture de l’intensité du courant

et de la hauteur d’eau

Conditions de bord 

suivant les X

Oui ?Non ?
FIN

Ecriture de la solution
itération de 

sortie

Conditions de bord 

et prise en compte des "coins"
suivant les Z

a, b, d, e, E
Calcul des coefficients

Résolution suivant les X

Résolution suivant les Z

Nombre d’itérations suffisants
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f?hBE?b�Via+hBI2KCW G,A=ETa Z ETG�FHh bdFAZ&E GJF,^B\KWOhBET`JE Z G � �&-C� % �'� � �[1Y*3-.( % ��13��(+��� � 1 � I�X FHhiE�� b�WOI�XY� Z G,acb�W�C
MYGYSjIeGmF3_ GJhDP<F,hBE RQZ X_E a^W a R E I�X�FHhiE b�VBa+hBI2KGW Z GY\ Z K Z \BE]\ ETGJG,ETV$F Z b RQR W Z V$FHIjX_Ie^B`Y\ Z GJF Z VBa3F GmF+b�keE]G
Sjb�`,�dET\��LWG,A=ETa Z _ aWABhLW G Z I R Iek Z acb R �=ETh bcK Z I�`Hb R FH`Hb Z FHG ��FHhBEWE]kek�GJF+bdkeE�P�F,hBE R bd`JKdb R GmF+b�k�E�P�F,hBE

nH�L~



� ^iK�ETV ZQR E)b�VB\ FHhBEYb�\B^ R F6GJF+bdkeETG]C f?hBE#_ `,GmF&F Z&I GmF+b�k�ETG9aTb�V �=E G,^E�=\ Z K Z \BET\ Z V$FHI G,hBI�`JFHE]`&A=ET` Z I \BGTP
Ecbda+h I�X FHhBE]S �=E Z Vik)bdG,G,I a Z bdFHE]\ Z Z FHh FHhiE9b�a � ^ Z G Z F Z IeV I�Xib?A b�`JF Z a]^ R b�`.Ie`,k$bdV Z V F,hBE6\BE]K�E R IeABSUETV$F
I�X6FHhiE ETSj�B`�WeI Ie` I�X9b X_^BVBa3F Z IeV0\B^B` Z VBk F,hBE R b�`mK�b R ke`JIHZ?FHhDCDf Z&I ETG,A=ETa Z b RQR W aT`J^Ba Z b R GmFHETAiG Z V
FHhiEo\BE3KeE R IeABSUETV$F b�`,E n�� FHhBE `,E]G,Ie`JAiF Z IeV IdX FHhiE�WeI R �el G,b�a�P[Z�hBE]V FHhBE R bd`JKdbGhZ Z F,a+hBETG X_`,IeS
ETVi\BIekeE]VBIe^BGYF,I E �iI�keETVBI�^BGYX_ETE]\ Z Vik}�<C'X E]keVBE]` � nH���L~;� � |��?F,hBE A=ET` Z I \�Z�hBE]V FHhiE GhZ Z Sj� R b�\B\BE]`
�=ETaTI�SjE]G�X_^iVBa]F Z IeV b R PBb R[R IHZ Z VBk FHhiE R b�`JKdb F,Ija]IeV$FH`,I RDZ F,G KeET`mF Z acb R SUI2KeETSUETV$FTC

� V F,h Z G ABb�A<E]`TP Z&E hBb2K�Ev�<E]ETV Z V$FHET`JETGmFHET\ Z V SUI \iE R[RQZ VBk IeV R W FHhiE GJETkeSUETV$FUI�X FHhBE R b�`JKdb R
GJFHb�keE+Z�h Z a+h GJA b�VBG �=E]F Z&ETE]V FHhBE `JETGJIe`,AiF Z IeVWI�X FHhiE+WeI R �$l GHb�a bdVB\ F,hBE\�=ETk Z VBV Z Vik I�X�F,hBE b�a3F Z K�E
KeE]`JF Z acb R SjI2K�ETSUETV$FcC � ^i` Z Vik FHh Z G A<E]` Z I \DP FHhBE R b�`JKdb�E b�`,E0GmF ZQR[R A b�G,G Z K�E�C�� h ZQR E�P&\B^B` Z VBk F,hBE
ETk�k GJFHb�keE b�VB\ FHhBE Ecb�` R W R b�`JKdb R GmF+b�keEdP6^BV$F Z[R F,hBE `JETGJIe`,AiF Z IeV I�X F,hBEmW�I R �el GHb�adP6F,hBE bdVBa+hBI2KGW
Z G GJE R X l G,^��ja Z E]V FOb�Vi\ Z FHG SUIe`JFHb R[Z F W Z G S b Z V R W aTb�^BG,E]\��LW0AB`JET\ b�F Z I�VDP Z Via R ^i\ Z VBk aTb�VBV Z � b RQZ G,S P
b�VB\ V bdF,^B`Hb R SjI�`JF+b R[Z F W�P Z F Z G ViI�FUG,I Z VFHhiE ViEQ� FUA b�`JFUI�X FHhiE R b�`JKdb R GJFHb�keE�P6b�X FHET` F,hBE R b�`mKdb
GhZ Z FHa+hBE]G FHI E � IekeETViIe^BG X_ETE]\ Z VikBC f?h Z G Z G b A=ET` Z I \
Z�hBE]V FHhBE R b�`JKdb Z G6FHhBE SUIeGmF G,E]VBG Z F Z KeEYF,I Z F,G
ETV$K Z `JIeVBSUETV$F �<E]acb�^iG,E Z F S ^iGJF\_ VB\�X_I I \ F,I GJ^B`JK Z KeE�Pq�B^ F Z FHG bda]F Z KeE SUI2KeETSUETV$F Z G `JETGmFH` Z a]F,ET\
G Z VBaTE FHhBE GhZ Z Sj� R b�\B\BE]` Z G ViI�F�X_^iVBa]F Z IeV b R W�E]FTP�F,h ^iGTP Z F \BI E]G�ViI�F�a]IeV$FH`JI R Z FHG>KeE]`JF Z acb R SUI2KeETSUETV$FTC
� FHG)G,^B`mK Z Kdb R�Z G�h Z keh R W \BETA=ETVB\iETV$F IeV FHhBEOAB`,E]G,ETViaTE�P Z V Z F,G Z SjSUET\ Z bdFHE)K Z a Z V Z F W�P I�X6b G,^	�Ua Z ETV$F
\BE]VBG Z F WjIdX�ABhLW F,IeA R b�V��$FHIeV.P Z FHG AB` Z VBa Z A b R X_I I \DC$M F&FHhBE)ETVB\ I�XDFHh Z G9A=ET` Z I \DPeFHhiE R bd`JKdb Z G9bda]F Z KeEdP
Z F6GmF+b�`mFHG6FHI k$bdF,hBET`IZ Z F,hjI�F,hBET` b�Via+hBI2K Z ETG9b�VB\ X_Ie`,S�_BG,h GJa+hBI I R G]C f?h Z G Z G FHhiE��=ETk Z VBV Z VBk I�X.F,hBE
R b�FHE R bd`JKdb R GmF+b�k�E�C

f?hBE _ `JGJFYAB^B`,A=IeGJE I�X F,hBE�Z&Ie`"�mZ&E AB`JETGJETV$F hBE]`,E Z9b�G)F,I \BE]G,a]` Z �=E bjSjI \BE R I�X A<IeAi^ R bdF Z IeV
\KW V b�S Z a]G&X_Ie`6FHhiE b�VBa+hBI2KGW Z VjF,hBE R b�GJF&G,E]keSjE]V$F I�X>F,hBEYA bdG,G Z KeE R b�`JKdb R GmF+b�keEdP X_`JIeS FHhBE)`,E]G,Ie`JA l
F Z IeV IdX FHhBE�W�I R �el GHb�a9F,IYFHhiE �<E]k Z ViV Z VBk)I�X FHhiE R bdF,E R b�`JKdb R GJFHb�keEdC�f?hBE SUI \BE R F+b'�dETG Z V F,I b�a]aTIe^BV$FTP
Z V F Z&I G,E]A b�`Hb�FHEYE � ^ bdF Z IeVBG]PC�=I�F,hjFHhiEY\BE]SjIek�`Hb�ABhLWUb�Vi\jFHhiE3� Z I R Iek9WeC � E]SjIek�`Hb�ABhLW SUEcb�ViG F,hBE
V ^BSj�=ET` I�X Z VB\ Z K Z \B^Bb R G Z V0FHET`JSjG I�X F Z SjE b�VB\ G,A b�a]E � � Z I R Iek@W `,E3X_ET`JG F,IWF,hBE SjE]a+h b�V Z G,SUG��GW
Z�h Z a+h FHhBE Z VB\ Z K Z \B^ b R G�k�`,IHZ b�VB\ AB`JIeke`,E]G,G�F,hB`,I�^Bkeh FHhiE9Kdb�` Z Ie^BG�GmF+b�k�ETGTC
� E�bdG,G,^iSjE9F,h bdF�FHhBE]G,E
SUETa+h b�V Z G,SUG acb�V
�<E k R I@� b R[R W `JETAB`JETGJETV$FHE]\m�LW FHhiE#Z&E Z keh$FYP$FHhBbdF Z GTPLZ&EYSUI \BE R FHhBE�Kdb�` Z bdF Z IeV I�X
Z&E Z k�h FTPib�F&F,hBE Z VB\ Z K Z \B^ b R R E]KeE R P b�G&b � b R b�VBaTE I�XDF,hBEYAihGW F,IeA R bdV��$FHIeV ETbdFHE]VDPiI�VjFHhiEYIeVBE)h b�VB\.P
b�VB\ F,hBE a]IeGJF Z VBaT^B`J`,E]\ �GW R bd`JKdb R b�a]F Z K Z F W IeV F,hBE I�F,hBET` hBb�VB\DCdf?hBE?I�FHhiET` AB^i`,A=IeG,E?I�X F,h Z GAZ9I�`,�"P
VBI�F a]IeSjA R E]F,ET\}WeE3FcPVZ9b�G?FHIUETGJF Z SjbdFHE F,hBE \BETViG Z F WWIdX R b�`JKdb�E b�`J` Z K Z VBk Z V F,hBE R bdF,E R b�`mK�b R GJFHb�keEdC
� Ie`JE Ai`,ETa Z GJE R W�P Z9E b Z S bdF ETGmF Z S bdF Z VBk�b�AB`JI�� b@� ZQR[Z F W I�X)`,E]aT`,^ Z FHSUETV$FUI�X)FHhBE A<I�GJFJl"WeI R �el GHbda
R bd`JKdb�E Z V$FHI FHhBEYb�a]F Z K�EYGJFHb�keE�� R b�FHE R b�`mKdb�E� Z VUFHE]`,SUG9I�X>GJIeSUE)A bd`Hb�SUE]F,ET`,G&b�VB\ b�G b X_^BVBa]F Z IeVjI�X
F Z SjEdCBf?h Z G Z G�G Z S Z[R b�` Z V GJA Z ` Z F F,I b AB`JE]K Z Ie^iG#Z&Ie`,�}�LWWM)` Z ViIjE3FYb R Cq� nH�����;��IeV F,hBE G,I R E I�X�F,hBE

nH���



� b�W I�Xa� Z GJacb�WeP 7D���[*,� 12���[*,� PYZ�hiET`,E GJ^Ba+h�b�V0E]GJF Z S b�FHE�Z b�GYI��iF+b Z VBE]\DP<hiITZ&E]K�ET` Z V FHhBE acb�GJE I�X
b S ^Ba+h G Z SjA R ET` SUI \BE R C�� h bdF Z&EOAi`,ETGJETV$F)hBET`JE I�V F,h Z G?GJ^E� � ETa3F Z G?IeV R W AB`JE R[Z S Z V b�`�WeC

f?h Z G A b�A=ET` Z G Ie`Jk$b�V Z�� ET\ob�G X_I R[R ITZ�G]C � V F,hBEjViEQ� F GJETa]F Z IeV Z9E?Z Z[RQR AB`,E]G,ETV$FOFHhBEjGJF+b�FHE K�bLl
` Z b@� R ETG � Z V�G,ETa3F Z IeV �iP'Z9E Z Z[RQR G,E3F ^BA�FHhiEjSUI \iE R Z�h Z a+h Z ZQR[R �=E aTIeViG Z \iET`,E]\oF,hB`,Ie^ikehBIe^iF F,hBE
A b�A=ET`]C �oE \iE]FHE]`,S Z VBE b�V E � ^ bdF Z IeV X_Ie` Ecbda+h0I�X FHhiE GJFHbdFHE Kdb�` Z b@� R E]GTC'� E]a]F Z IeV�� Z GY\iE]KeIdFHET\ F,I
FHhiE ETGmF Z S bdF Z IeVWI�X�FHhBEOV ^BSj�=ET` I�X R bd`JKdb�E ETV$FHE]` Z VBkjF,hBE b�a3F Z KeE KeET`mF Z acb R SjI2K�ETSUETV$FcC � E X_I RQR IHZ
FHhiE R[Z VBE I�X�`JETGJEcb�`Ja+h Z V Z F Z b�FHET\v�LW MY` Z VBIUE]FYb R CA� nH���@�9��P F,h bdF Z GTPEZ&E b�`JE R I I'� Z VBk X_Ie`�G,IeSUE^Z�hBbdF
EQ� A RQZ a Z F X_Ie`,S ^ R b�EUb RQR IHZ Z Vik Z VoABb�`JF Z aT^ R b�` FHhiEjE �iAi`,ETGJG Z IeVI�X F,hBE R bdFHE R bd`JKdb�E �<E R IeVik Z VBkWFHI b
aTE]`JFHb Z V aTIehiIe`JF Z V FHE]`,SUG I�XYF,hBE R b�`mK�bdE IdX)F,hBE G,b�SUE a]IehBIe`mFjbdF FHhBE ETVB\ I�XYF,hBE}WeI R �el GJFHb�keEdC
� E]a]F Z IeVv� aTIeVBG Z GmFHG?I�X F Z9IUSjb Z V ABb�`JF,G � Z V F,hBE\_ `,GmF�A b�`JFTPKZ&E E]GJFHb@� R[Z G,h b keE]VBET`,b R X_Ie`,S ^ R bOX_I�`
FHhiE)F Z SjE�`,bdFHE)I�X R b�FHE R b�`mK�bdE�C � V Ie`J\BET` FHI��dETE]A FHhBE)aTIeSUAB^iFHbdF Z IeVBG G Z SUA R E E]VBIe^Bk�hDP \ Z�
 ^BG Z IeV Z G
VBE]k R E]a]FHE]\DC � V F,hBE GJETaTI�VB\ A b�`mFcPBF Z&I E �BbdSjA R ETG)b�`,E AB`JETG,E]V$FHET\ Z V \iE]F+b Z[R Cif?hBE�_ `JGJF)EQ�ib�SUA R E Z G
b G RQZ keh$F?keE]VBET`,b R[Z�� bdF Z IeVjI�X FHhBE G Z FH^BbdF Z IeV aTIeViG Z \iET`,E]\v�GW MY` Z VBI E]F)b R C�� nH�����;�.X_Ie`9F,hBE \KW V b�S Z a]G
I�X6FHhiE G,I R E�C�� �ib�SUA R E | EQ� A R Ie`,E]G FHhBE `JI R E A R b�WeE]\x�LW0G,A b�F Z b R b�\ KeETa3F Z IeV Z V F,hBE \BE]K�E R IeABSUETV$F
I�X R b�`mKdb�E�CBM F�F,hBE EQ� A<E]VBG,EOI�X�X_^i`JFHhiET`�G Z SjA RQZ _ aTbdF Z IeVBG]PCZ&E \BET` Z KeEOb X_Ie`,S ^ R b Z�h Z a+h E]V R[Z keh$FHETViG
FHhiE `,I R EYI�X�F,hBE G,ABb�aTE Z V FHhBEY`,ETa]`,^ Z FHSUETV$F?I�X R b�`JKdb�EdC f?hiE A b�A=ET` E]VB\BG Z Z F,h bj�B` Z E]X�\ Z G,a]^BG,G Z IeV.C

� r�� r�� �	�jsIz
��������

� V FHhiE)GJE � ^BE R PCZ&EYa]IeVBG Z \BE]` F,hBEYE3KeI R ^iF Z IeVjIdXDaTI�hBIe`JF,G&IdX�b�VBa+hBI2KGW R b�`mK�bdE Z�h Z a+h bd`,E acb�`J` Z E]\
�LW F,hBE aT^B`J`,E]V F Z V b aTET`mF+b Z V \BIeSjb Z V�� I�X�FHhBE I aTETb�V�� bdVB\NZ9E a]IeVBG Z \BET` F,h bdF���� � GJFHb�VB\BG X_I�`
FHhiE�_B`,GJF \ b�W IdX�F,hBE aT^B`J`,ETV$F#WeETb�`TC �oE a]IeVBG Z \BE]` X_Ie^B`�S b Z V GJFHbdFHE Kdb�` Z b@� R ETG �

���������� �"! � Z GTP�bdF�F Z SjE#� ��FHhBE?\iETVBG Z F WeP�Z Z FHh `,E]G,A=ETa3F F,I b�keE$�Ob�VB\ A<I�G Z F Z IeV�! I�X Z VB\ Z K Z \B^Bb R G
Z V F,hBE A bdG,G Z KeE R bd`JKdb R ABh b�GJE�Cef?hBE Z VB\BEQ��% �<E R IHZ&� GmF+b�VB\iG6X_I�`�'eEcbd` R W('BC)!+* �-,.��/0�21�� Z G b A<I Z V$F
Z VjFHhBE GJEcb��3, Z G&FHhBE b9�BG,a Z G,G,b IeVWb �oETGJFml4�6b�GmF b;� Z GTP5/ Z G9FHhiE b@�BG,a Z GJGHb IeVWb � I�^iFHh l76)Ie`mFHhWb;� Z G
b�VB\81 Z G9FHhiE \BETA FHhDPBI�` Z E]V$FHET\ A=IeG Z F Z KeE R W FHIHZ9b�`,\iG FHhBE GJ^B`JX4bdaTE�Cif?hBE \BIeSjb Z V�� Z G9G,^BABA=IeGJET\WI�X
b G Z9� E)G,^Ba+h F,h bdF FHhBEYG,EcbOG,^B`mX4b�aTE aTb�VN�=EYa]IeVBG Z \BET`JET\ bOA R b�ViE�C � \BEcb R[R W�P(� Z G&bO`JETk Z IeV E]VBa R IeG Z VBk
b�V Z G,I R bdFHE]\oABbdFHa+hI�X ETkekeG]PAZ Z FHh R bdFHE]`Hb R �=Ie^BVB\Bb�` Z ETG X4b�` E]VBIe^Bkeh VBI�F F,I �=E `JEcb�a+hBE]\��LWoF,hBE
ETk�keG?b�VB\WGJ^E�BG,E � ^BETV$F)S bdF,ET` Z b R \B^B` Z VBk F,hBEYF Z SUEYI�X>F,hBE I��BGJET`JKdbdF Z IeV.Cif?hBE Ie` Z k Z V Z G b A=I Z V$F Z V
FHhiE GJEcb G,^B`mX4b�aTEdP Z V FHhiE	'�S Z \B\ R E�' I�X:� C

;<� ������� �"! � Z GTPdbdF F Z SUE#� ��FHhBE Z9E Z keh$F�\BE]VBG Z F W Z Z FHh `JETG,A=ETa3F�FHI bdkeE?b�VB\ GJA b�a]E I�X Z VB\ Z K Z \B^Bb R G
Z V F,hBE A b�G,G Z K�E R b�`JKdb R ABh b�GJE�C
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� �-� �"! � Z GTP bdF?F Z SUE � �iFHhiE \iETVBG Z F W}Z Z F,hW`,ETGJA<E]a]F FHI G,ABb�aTE I�X�ABhLW F,IeA R b�V��$FHIeV aTE R[R GTC� � � �2! � Z GTP bdF?F Z SUE � �BFHhiE a]IeVBa]ETV$FH`,bdF Z IeV IdX�V ^iF,` Z E]V$FHG[Z Z F,h `JETGJA<E]a]F FHIUG,A b�a]E�C
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f?hBE X_^BVBa]F Z IeV ���?GHb�F Z G�_ ETG?F,hBE X_I R[R ITZ Z VBk G�W GmFHE]S I�X E � ^BbdF Z IeVBG4 � �4 �65 4 � �4 �75�8:9<;>= ���@?A B �-� �2! �DC ? 44 1�EGF � � �21 � 4 ���4 1IH � ?�J ������� � ����� �mn�

��� � � � �3�2! ��� �3� �"| �
��� � �3��� �2! ��� �/K
� � �2! � ; � ���

?A B �-� �"! � Z G FHhBE KeE R I a Z F W KeE]a]FHI�` _BE R \ I�X FHhBE GJEcbja]^B`,`JETV$FcC"f?h Z G KeE R I a Z F W \BETA=ETVB\iG)IeVWF Z SjE b�VB\
FHhiE A<I�G Z F Z IeV Z V FHhBE GJEcbiC � F Z G�IeVBE IdX FHhBE \BbdF+bYIdX FHhBE Ai`,I�� R ETS P�b�G,GJ^BSjE]\ FHI+�=E?bYGJI R ^ F Z I�V I�X F,hBE
6YbcK Z E]`ml%� FHI��dETG�E � ^BbdF Z IeVBG keI2K�ET`,V Z VBk FHhiE \KW V b�S Z a]G I�X"FHhBE Z bdF,ET` K�I R ^BSUE9^iVB\BET`�a]IeVBG Z \BE]`HbdF Z IeVDP
Ie`&SjIe`JE `,ETb R[Z GJF Z acb R[R W�PeaTI�SjAB^ FHET\ V ^BSUET` Z aTb R[R W � b�G,E]\ IeVWb V ^BSUET` Z acb R SUI \BE R X_E]\}�LW `,ETb R \BbdF+biC
F �-� �"1 � Z G FHhBE)FH^B`h�B^ R E]V$F?\ Z�
 ^BG Z IeVjaTI E �Ua Z ETV$F FHhBbdF \BE]A<E]VB\BG?IeV F Z SUEYbdVB\ \BE]AiFHhm�<CKn�IeVi\Wb�VB\L CNM�CVn Z a ��b�`J\ � nH���@�9��C

J ������� � Z G FHhiE SUIe`JFHb R[Z F W `Hb�FHEUI�X FHhiE A b�GJG Z KeE R b�`JKdb�EjbdF b�keE ����\B^iEjFHI V bdF,^B`Hb R SUIe`JFHb R[Z F W
b�VB\WFHhiE E 
 E]a]F I�X�AB`,E]\ bdF Z IeV ;

�/K
�-� �2! � Z G�F,hBE?\BETViG Z F W�Z Z F,h `,E]G,A=ETa]F�F,I ��b�VB\ ! I�X"FHhBE R b�`JKdb�EaZ�h Z a+h h bcK�E � ^BGJF�k�IeVBE Ie^ F�I�X
FHhiE W�I R �el GHb�a�A=ET` Z I \.C�f?hBE Z VB\iEQ�PO Z G X_Ie`�'e`JETGJIe` �=ET\ 'iC$M)X FHE]` Z V$FHE]ke`HbdF Z IeV I2K�ET` b `JETk Z IeVRQ IdX<F,hBE
I aTEcbdVDP Z�hBbdF3Z&E I��iFHb Z V Z G FHhBEOV ^iSj�<E]`YI�X R b�`JKdb�E `,ETb�a+h Z VBkjF,hBE A=IeGJF�WeI R �$l GHb�aOGJFHb�keE A=ET`)^BV Z F
I�X�F Z SjEdC	� V FHh Z G Z&Ie`,�"P��/K Z G?b \BbdF+b I�X�FHhiE Ai`,I�� R ETS C f?hiET`,E b�`JE KeE]`hW X_E^Z5_ E R \W\ bdFHb I�X R b�`JKdb�E
bdF FHh Z G)Ai`,ETa Z GJE SUIeSjE]V$FYI�X�FHhBE Z ` \BE]K�E R I�ABSjE]V$FcC=f?hBE IeV R WWGhW GmFHETSjbdF Z a \BbdF+bjb�`,E Z VB\iETET\ FHhBIeGJE
aTI R[R E]a]F,ET\ Z V ETkek GJ^B`JK�E^W GTC � ^Ba+hWG,^B`mKeE^W G ^BG,EYGHb�SUA R[Z VBk \iE]K Z a]ETG Z�h Z a+h acb�V aTb�AiFH^i`,E KeE]`hW G,Sjb R[R
� Z I�F Z a�SjbdFHE]` Z b R �TF,hBE6h Z k�hBET`D\ Z G,A=ET`JG Z IeV I�X R b�`mK�bdE aTIeSUA b�`JET\ F,I E]kekeG>Sjb'��E]G�ETGJF Z SjbdF Z IeVYIdX R b�`JKdb R
b@�B^iVB\ b�VBa]E � bdG,ET\oIeV GJ^Ba+h G,b�SjA R ETG � ^BE]GJF Z IeV b@� R E�C � IiP>IeV R W0F,hBEUETkekeGObdF FHhiEUKdb�` Z Ie^BG GmF+b�keE]G
I�X FHhBE Z ` \iE]KeE R IeAiSjE]V F aTb�V �<E `,ETb�G,I�V b@� R W0b�VB\ b�`JE Z V X4b�a3F ETGmF Z SjbdF,ET\DCDf?hiEU\]W VBb�S Z aTG IdX&F,hBE
b�VBa+hiILKGW�PiX_`,IeS F,hBE)F Z SUE#Z�hiETV ETk�keG b�`JE R b Z \jb�VB\jX_ET`JF Z[RQZ9� E]\UF,IOF,hBE ETVi\ I�XDF,hBE3WeI R �el G,b�aYA=ET` Z I \
acbdVN�<E)\BETGJaT` Z �=ET\ X_`,I�S b SjI \BE R I�X R b�`mK�b R k�`,IHZ?FHh bdVB\ G,^i`JK Z Kdb R �4GJETEYX_Ie` EQ�ib�SUA R E)M)` Z ViI E]F?b R C
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� nH�����9� �3C�f?hBE Z VBAB^ F6I�X<F,hBE�SjI \BE R �LW MY` Z VBI E]F&b R CV� nH�����;� Z G F,hBE?F Z SUE?b�Vi\jGJA b�aTE�\ Z GJF,` Z �i^iF Z IeV I�X
ETk�keG ��G Z9� E9ke`JITZ?F,h I�X"ETk�keG�b�VB\ R b�`JKdb�E Z G�SjI \BE R[R E]\ �LWOETSUA Z ` Z acb R k�`,IHZ?FHh X_^BVia]F Z IeVBG \iE]FHE]`,S Z VBE]\
Z V F,hBE R b9�<Ie`,bdFHI�`hWePYZ�h Z a+hDPD^BVB\iET` GHb�FH^B`,bdFHE]\ AihGW F,IeA R bdV��$FHIeV�aTI�VBaTE]V F,`HbdF Z IeV.PD\BETA=ETVi\oIeV R W IeV
FHhiE FHETSUA=ET`Hb�FH^B`JE�C.f?h Z G G Z FH^BbdF Z IeV G,^ Z FHGYGHbdF Z GJX4bda]FHI�` Z[R WWFHhBE ETb�` R W RQZ X_EOI�X�FHhBE bdVBa+hBI2KGW�Z�hBETV Z F
\BI ETG�VBI�F?X_E]ET\ IeVWABhLW F,IeA R b�V��$FHIeVvWeE3FcC

�9Ie^BVi\ b�`hWoaTI�VB\ Z F Z IeViG �=I�FHhb�F FHhiE G,ETb�l �=ET\ b�Vi\ IeV FHhiE G,^B`mX4b�aTEdP b�Vi\ Z VoF,hBE hBI�` Z9� IeV$F+b R
\ Z `,ETa3F Z IeVBG � R b�FHET`,b R �<I�^BVB\ b�` Z E]G �jbd`,E S Z GJG Z VikBC � E A<I Z V$FHET\ Ie^iF F,h bdFUFHhBE R bdF,ET`Hb R �=Ie^BVi\ b�`hW
aTI�VB\ Z F Z IeViG acb�Vv�=E IeS Z F,F,ET\ G Z VBa]E hBIe` Z9� I�V FHb R S Z k�`HbdF Z IeV Z G?b F,`Hb�VBGJA<I�`JF[Z Z F,hN_ V Z FHE GJA<E]ET\ b�VB\
Z&E b�`,E)b�GJG,^BS Z VBk FHh b�F Z&E GJFHb�`JF X_`,I�S bOA bdF,a+h I�X>E]kekeGIZ�h Z a+h ViETET\iG SjI�`,E�F Z SUE?FHIO`,Ecbda+h FHhBIeGJE
�=Ie^BVB\ bd` Z E]G F,h b�V F,hBEOF Z SUEOIdX�I��BGJET`JKdbdF Z IeV.C=f?h Z G bdG,G,^iSjAiF Z IeV Z G VBI�F)ETGJG,ETV$F Z b R P<hBIHZ&E]K�ET`TPDb�VB\
b SUIe`JEjkeE]VBET`,b R G Z FH^ bdF Z IeV aTI�^ R \��<Ejh b�VB\ R ET\DC�f?hBE Z SUA<I�`JF+bdV F X4b�a3F hiET`,E Z G FHh b�F�Z&E b�`JE VBIdF
F+b � Z VBk Z V$FHI b�a]aTIe^iV F FHhiE R b�`JKdb�E�Z�hBI E]V F,ET` FHhiEU\iIeS b Z V<� �DX_`JIeS Ie^iF,G Z \BE�P>b�X FHET`�� � � C>f?hBE
KeE]`JF Z acb R �<Ie^iVB\ b�`�W aTIeVi\ Z F Z IeVBG�GJhBIe^ R \ EQ� AB`,E]G,G FHhBE?X4b�a3F F,h bdFI�=I�FHh FHhiE GJ^B`JX4bdaTE)b�VB\ FHhBE�GJEcb@�=ET\
b�`JE � b�`J` Z ET`,G FHhBbdF VBI�VBE I�X9FHhBE SjbdF,ET` Z b R G a]IeVBG Z \BE]`,ET\ Z VoF,h Z G SjI \BE R � R b�`mKdbiP�ABhLW F,IeA R b�V��$FHIeV.P
V ^iFH` Z E]V F,G �jaTb�V a]`,IeGJGTC��6E]`JF Z acb R �=Ie^BVB\Bb�`hW aTIeVi\ Z F Z IeVBGjb�`JE IeV R W ^BG,E3X_^ RYZ V \BEcb R[Z Vik Z Z FHh F,hBE
G,E]aTIeVi\ Ie`J\BET`�\ Z 
 ^BG Z IeV F,ET`JSjG[Z�h Z a+hDPBX_Ie`?G Z SjA R[Z a Z F W�PCZ&E\Z Z[R[R \B`,IeA Z V I�^B`?GJF,^B\KWeC
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Z�hBET`JE���� neC��)E]`,E � �-� � Z G)bjA=ET` Z I \ Z a X_^BVBa3F Z IeV�Z�h Z a+h SUI \BE R G?FHhiEOX_ETE]\ Z Vik `,E]k Z SUE I�X F,hBE
R bd`JKdb�E\Z Z F,h Z V b
|9� hBI�^B`�A<E]` Z I \DCY� Ie`�EQ�ib�SUA R E�P � * �j\i^B` Z VBkUF,hBE V Z keh$FTP G Z ViaTE FHhBE R b�`mKdb�E \BI
VBI�F&`,E]ke^ R b�` R W X_ETE]\ bdF&V Z k�h FTP$G,E]E+n�CCX�Ej� nH���9�@�"X_Ie`6SjIe`JE�\BE]FHb Z[R GTC$M F FHhBE)GHb�SUE?F Z SUE�PeF,hBE R b�`JKdb�E
A=IeG,GJETG,G b�Vob@�BG,I�`,AiF Z IeV acb�ABb�a Z F W�� �-� �"!$�2;<� � � � C � EUb�GJG,^BSUE FHh bdF F,hBE Z VBkeE]GJF Z IeV�acb�ABb�a Z F W0I�X
FHhiE R b�`JKdb�E Z VBa]`,EcbdG,ETG\Z Z FHh�Z&E Z k�h FTC>f?h Z G X_^iVBa]F Z IeV�acbdV �=E VBIeV R[Z VBEcbd`TC.f?hiEU\iETA=ETVB\BE]VBaTEUI�X��
IeV � Z GYSUIe`,E IdX b FHhB`JETG,hiI R \0V b�FH^B`JE �f�=E R IHZ b a]ET`JFHb Z V0\iETVBG Z F WeP Z F Z G R[Z ��E R WWFHh b�FYFHhiE `HbdF,E I�X
acbdAiFH^B`JE I�X�FHhiE ABhLW F,IeA R b�V��$FHIeVx�LW FHhBE R b�`JKdb�E Z Z[R[R �=E a R IeG,E F,I � E]`,IBC<f?hBE R b�`mKdb�E R IeG,E Z&E Z keh$F
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X_Ie`�IeViE?S b Z V `,ETb�G,I�VDPeFHhBE�E]VBET`Jk@W aTI�VBG,^BSUAiF Z IeV �LW FHhiE R b�`mK�b R SUE]F+b9�<I RQZ GJS CLf?hBE�SUI \BE R a+hBIeGJETV
X_Ie`YF,h Z G FHb'��E]G Z V$FHI b�a]aTIe^BV$F FHhiE I��BG,E]`JK�ET\oX4bda]F FHhBbdF R[Z X_E Z G SUIe`JE \ Z �Ua]^ R F F,IW^BVB\BE]`hZ&E Z k�h F,ET\
R bd`JKdb�E FHh bdV Z F Z G�F,IUF,hBIeGJE�Z�hBIeGJE�Z&E Z keh$F Z G)a R IeGJE F,IjF,hBE F,hB`,E]G,hBI R \ X_I�`)`JEcb�a+h Z VBk FHhBE � ^iKeE]V Z[R E
GJFHb�keEdC�MYk�ke`HbcKdbdF Z IeV IdX RQZ X_E aTIeVi\ Z F Z IeVDP�b�G b `,ETGJ^ R F I�X"A<I Ie` X_ETET\ Z VBkBP Z G F Z9I�X_I R \�� n�� Z F�aTI�GJFHG�SUIe`JE
ETViET`,k9WUF,I b R b�`mK�b F,I G,^iGJF+b Z V Z FHG&b�a]F Z K Z F W Z�hBETV Z F Z G ^BVB\BE]`hZ&E Z k�h F,ET\DPCZ�h Z a+h Z G GJF,`,ETGJG,E]\}�GW F,hBE
� ^ b�V$F Z F W � �  � ? ;<� � � � ��� � � |�� GJ^Ba+h R b�`mKdb�E&k�E]F R ETGJG�X_I I \ FHh bdV SjI�`,E Z&E Z keh$FHE]\ IeVBE]GTP9Z�h Z a+h
Z G b�a]aTIe^iV F,ET\ X_Ie` �LWWFHhBE SUIeVBI�F,IeV Z a Z F W I�X � � � �2! � ;�� � � �3C f?hBE Z b�WWX_I I \ \BETAi` Z KdbdF Z IeV b�a3FHG)IeV
FHhiE X_ETE]\ Z VBk0aTb�A b�a Z F W Z G hiITZ&E]K�ET` SUIe`,EjaTIeSUA R[Z acbdF,ET\ FHh b�V F,hBEWb@�=I2KeE A=I Z V$F |��OG,^ikekeETGmFHG]C M
SUIe`,E GJIe^BVB\ AB`,I�A<IeG Z F Z IeV Z&Ie^ R \��=E FHh b�F R b�`mK�bdE \BETAi` Z K�ET\ I�X)X_I I \ X_Ie` G,IeSUE \ b�W G?Z ZQR[R _ VB\
SUIe`,EU\ Z �Ua]^ R F FHI G,^Ba]aTE]G,GJX_^ R[R W aTbdFHa+h F,hBEjAi`,E^W�C � IBP F,hBEU`HbdF,E I�X9G,^Ba]aTETGJGJX_^ R ETVBa]Ie^BV$FHE]` I�X F,hBE
AB`JE^W \BI E]G VBI�F � ^BGJF \BETA=ETVB\0I�V FHhBE b�a]F,^ b R Z&E Z keh$F I�X�F,hBE R b�`JKdbiP Z F)G,hiIe^ R \ `,E��BETa]F a]^BS ^ R bdFHE]\
R I�G,G I2KeE]`�G,IeSUE9A=ET` Z I \ I�X"F Z SjEdCLf?hBE?\BETA=ETVi\BETVBa]E�I�X �jIeV���b�VB\ ! k Z K�ETG�F,hBE A=IeG,G Z � ZQR[Z F W F,I F+b'�dE
Z V$F,IObdaTaTI�^BV$F&F,hBE�E 
 ETa]F&I�XDb�VLW b�\BS Z GJG Z � R E?b@� Z I�F Z a9X4b�a3FHIe`JG=Z9E acb�VUFHh Z V�� IdX CG�"I�`�EQ�ib�SUA R EdPeFHh Z G
acbdV��<E F,hBE b�a]aTE]G,G Z � Z[RQZ F W I�X?F,hBE ABhLW FHIeA R b�V��$F,IeVDP Z�h Z a+h aTE]`JF+b Z V R W�\BETA=ETVB\iGUI�V FHhBE AihGW G Z acb R
ETV$K Z `JIeVBSUETV$F IdX FHhBE R b�`mKdb�E�P6Ie` Z FUacbdV �<E FHhBE FHE]SjA=ET`,bdFH^B`JE�P&b�Gjb k R I@� b R?Z Vi\ Z aTbdFHIe` I�XYFHh Z G
ETV$K Z `JIeVBSUETV$FcCA� Z V b RQR WeP Z9EjVBI�F,EUF,h bdF  � Z G FHhBEUaT` Z F Z acb R Z9E Z keh$F FHh b�FOABb�G,G Z KeE R b�`mKdb�E h bcKeEjF,I
`,ETb�a+h F,I aT`JIeG,G FHhBEjA b�GJG Z K�E ABhBb�G,E bdVB\oF,hBEjX_^BVia]F Z IeV � � � �2! � Z G F,hBE?Z&E Z keh$F I�X R b�`mK�bdEjb�FOF,hBE
�=ETk Z VBV Z Vik I�X�F,hBE E �iI�keETVBI�^BG X_ETE]\ Z VBk ABh b�GJE�C � V X4bda]FcP"FHhiET`,E Z GYViI `,ETb�G,IeV F,IN�=E R[Z E]K�EOFHhBbdFYF,hBE
Z&E Z k�h FYI�X R b�`JKdb�E bdF FHhBEOETVB\ I�X�F,hBE�W�I R �el G,b�a GmF+b�k�E Z G F,hBE G,b�SjE X_Ie`)b R[R F,hBE R b�`JKdb�E I aTa]^BALW Z VBk
FHhiE GHb�SUE A=IeG Z F Z I�V bdF F,hBE G,b�SjE F Z SUE�C � F SjbHW \ Z 
 E]`Y\B^BE F,I FHhBE bdkeE�P Z F Sjb�W b R G,I \ Z�
 ET` \i^BE
FHI bdV Z V Z F Z b R Kdb�` Z b@� ZQR[Z F WeC]� Z ViaTE+Z&E b�`,E `JE Z V Z F Z b R[Z��TZ VBk FHhBE b�k�E X_`,IeS FHhBE��=ETk Z VBV Z VBk I�X�FHhiE A<IeGmF
WeI R �el G,b�a A=ET` Z I \.P Z&E G,hBI�^ R \0b R G,I bdF FHhiE GHb�SUE F Z SUEO^BV Z X_Ie`JS	F,hBE Z&E Z keh$FcCq� IiP � �-� �"! �)GJhBIe^ R \
�=E aTI�VBG Z \BET`JET\0b�G FHhBEO^BV Z X_Ie`,S �4bdX FHE]`YbcK�ET`Hbdk Z VBk �[Z&E Z keh$F I�X F,hBE R b�`JKdb�E\Z�h Z a+hDPDb�F)F Z SUE � P=b�`JE
Z V ! bdVB\WGJF+bd`JF�FHI X_ETE]\ I�V ABhLW FHI�A R b�V � F,IeVDC

�Nc���SER��)l g c�	�
�'P�� cGR9O�� O?O�	��Lc
� E�a+hBI�G,E�FHhBE�Z&E Z keh$F bdGWb GmFH`J^Ba]F,^B`,E0Kdb�` Z b@� R E�C � V FHhiE R[Z F,ET`,bdFH^B`JE�P&hBIHZ9E3KeET`]P F,hBEx�=I \KW

G Z�� EdP<FHhBbdF Z G]P=F,hBE R ETVBk�F,h I�X6FHhiEj�<I \KW I�X b�V Z VB\ Z K Z \B^ b R P Z GY^iG,ET\.PD`HbdF,hBET`)FHh b�V F,hBE Z&E Z keh$FcP Z V
A b�`mF Z aT^ R b�`9bdG,G,I a Z bdFHE]\NZ Z F,h FHhBE a]IeSUA R E3F Z I�V I�X ABhLW G Z I R Iek Z acb R GmF+b�k�ETG �iI�V FHhBE+�=I \KW G Z9� E G,aTb R EdP
FHhiE R bdFHE R bd`JKdb R GmF+b�keEUGJFHb�`JF,G Z�hiETVoF,hBE R b�`mK�b Z G b�`JIe^BVB\ nH��SUS R IeVBk � X C � C n E]F,ET`,Sjb�VoE]F b R C
� nH�����9� �3C f?h Z G Z G&`JIe^Bkeh R W Z�hBETV F,hBE R b�`JKdb GJFHb�`JF,G&FHIOaTIeV$F,`,I R=Z F,G K�ET`JF Z aTb R SUI2KeE]SjE]V F �_X_^BVia]F Z IeV b R
GhZ Z Sj� R b�\B\BE]` � �"� C �oC � ^ R[R[Z V�� nH�����9� P`_ kBCf�BC����3C>f?hBE]`,Ejb�`,EUb RQR IeSUE]F,` Z a `,E R bdF Z IeViG,h Z ABG+�=E]F Z&ETETV

n � �



FHhiE G Z�� E bdVB\ FHhiE Z9E Z keh$FTC � V F,ET`,SUGYIdX6G,^Ba+h�`,E R bdF Z IeViG,h Z ABGTP"IeVBEOacb�V0a]IeVBG Z \BE]`)FHhiE Z9E Z keh$F b�VB\
FHhiE �<I \KWOG Z�� E?b�G�E � ^ Z Kdb R ETV$F�A bd`Hb�SUE]F,ET`,G�b�VB\DP Z V Ai` Z Via Z A R E�P�^BGJE Z VB\ Z 
 E]`,E]V F R W IeViE?Ie`�F,hBE I�F,hBET`]C
� F Z G Z V$FH^ Z F Z KeE R WWa R Ecb�`)hBIHZ9E3KeE]` F,h bdFYF,hBET`JE S ^BGmF\�<E G,IeSUE X_^BVB\Bb�SjE]V$F+b R \ Z�
 ET`JETVBa]ETG\�=E]F Z&ETETV
FHhiEjF Z&I � ^ b�V$F Z F Z E]GTC�� VoF,hBE IeViEjh bdVB\DP�FHhBE?Z9E Z keh$FOG,ETE]SjG FHI��<EjSjIe`JE G,ETViG Z F Z K�E�P�E]G,A=ETa Z b RQR W
\B^B` Z VBkWFHhiE R b�`JKdb R ke`JIHZ?FHhDP>FHI FHhBEU\ b ZQR W X_I I \o`JETk Z SjEdP`Z�h Z[R E FHhBE?�<I \KW R ETVBk�F,hoa+hBb�VBkeE]G bdF b
G R IHZ9E]` ABb�aTEdC � F Z G�SjIe`JE?G,^ Z FHE]\UF,h b�V R E]VBk�FHh FHI b \ b ZQR W �<I I��el �dETETA Z VBkBC�� V FHhiE IdFHhBE]` hBb�VB\DPeF,hBE
`,E]G,A=ETa3F Z K�E Kdb�` Z b@� Z[RQZ F Z ETG>IdX FHhBE�Z&E Z keh$F6b�VB\OFHhBE R ETVBkdFHh IeV a]IeSUA R E3F Z I�VOI�X=\BE3KeE R IeABSUETV$FHb R GmF+b�keE]G
h bcKeE��<E]ETVjaTIeSUA b�`JET\ � Z F Z G6h Z k�hBET`6X_Ie`�FHhBE Z&E Z k�h FTC]� IBPeFHhiE R E]VBk�F,hjGJhBIe^ R \
�=E)Ai`,E]X_E]`,`JET\ F,I F,hBE
Z&E Z k�h F Z�hBETV G,E]FJF Z VBk ^BA FHhB`JETG,hiI R \ Kdb R ^BETG�X_Ie` G Z keV Z _Bacb�V$F�ABhLW G Z I R Iek Z acb R a+h bdVBkeETG]C��9^ FcP�VBIYa R Ecbd`
R b�Z I�X.Kdb�` Z bdF Z IeV I�X.FHhBE R E]VBk�FHh Z G� VBIHZ�VDC f?h Z G6E �iA R b Z VBG F,h bdF Z VUG,A Z FHE�I�X Z F,G&GJhBIe`JF,aTIeS Z VikeGTP@Z&E
b�`JE ^BG Z VBk F,hBE3Z&E Z k�h F Z V F,h Z G ABb�A<E]`TPib�VB\NZ&E ^BG,E  � b�G?bOF,hB`,E]G,hBI R \ Kdb R ^iE)X_Ie` FHhBE a]IeSUA R E3F Z I�V
I�X FHhBE A bdG,G Z KeE R b�`mKdb R GmF+b�keEdC
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f?hBE GJA<E]a Z _Ba9ke`JITZ?F,h `Hb�FHE&X_I�`�E �ia]ETGJG�V ^ FH` Z ETV$FcP 	������ �HZ bdG I��iFHb Z VBE]\OX_`JIeS FHhBE R[Z keh$F Z V$FHETViG Z F W� b�FYbdVGW \BETAiF,h��LW F,hBE � � ��� � � X_Ie`JS ^ R b I�X�MOC�� CV�eb�G,Gh�GW b�Vi\ f CYn R bdF,F�� nH� � �;�
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