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f��$@����G ���p���������������p�����������4� #
÷ � ÷ 5 ¦�CF��������_��E�_���^_����f"d]&"%�cA�� �<$@�r$^��·y�8} CF�@G�G�]&e�_���¢� �[H@��G'�������������p�����������]1 ÷
�[� ÷ ª¶�c� E&�/� ]b�p$@�¡}�"\z1H&G¢��CFE`¹|��EÂ��»Kº �����������������p���������������p�����������]16p
�[��� ª¶��CF�^}�f�����r$@H�����]bC��cA�$@��}a"j� ">A��1f������$&"%E&G5} ����"%G<$
W CF�8�¢��ALGx�[H&�/} ��CFE@�[H@��Gw���]16T
�[�$1 ¦�H@G�� CFEy$
WYH@E@�rGL]@e
f�����¡��A�$
WYH@E A@_�/AL�L"[f��$&���B�������p���������������p�����������]1 #
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� � ÷ ß e5_�/�1f����������E&$@H@�<]�"%��H@E'">}T��CF�c�9AQe@���¡$&��G��@E�ALeXf��GL�5��}�"%GLG�� �[H@�K¹Rf"��K"%H@�/e@�Oº��/A

]�"%�xE@C-AL����">}9��CF�c�TALe@��� ¡ ¡ $@��G�G�� Ey"%E^� � _� £ £ ¹Qf"d$@��C-�9AL��ºL� �����������p����������� ÷ 5 ÷
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e�M'WQsAP8\YLYDK>� n PJR n P�c�Y rdr YDe�YLR�ZiOLW�\Y}\YLYDKL�=K[MVZQUTK�p~M'KbK`YDRSZ r YkOLW�U Z �YLW`Y'jh�YDK�W�\YLKbP r ZwMVZbK§]�Y�OLY>Z·M r S n W�U Z l e�YqK n R�Z�e n R�ZbW�\YLK�KbP�W r YLK�{*S�P�WQYDKúg�j�à/Y%Z�g=j`��aAj
� u P�ZQU r UXK[MVZbYLPgWoa_YDP�ZfM,[<P�KQZbYDW r M6{_RgYLKbKbYf]�P�efMVU rdr M,SSYJYDR§e n ]�Uã{}M'R�Z r YDK�agM'WbM'e �Y%Z[WQYDK õ Y%Z÷mj Q YIWbM«ÝfRgYLe�YDRSZt]�YIe�MVU rdr M,SSYfYLKQZ�M'P�KbKQU�O«M r OLP r \Y�YLR6ZbYDe�a�K¥UXRSZ[YLWbM'O%ZQUdp ¦ �¸OLYIs�P�U°a_YDWQe�Y>Z
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ð®R n)� [<Y>Z^O n efa r Y�ègY6a_YDP�Z��Y%Z[WQY�e n ]�Y r \YvUXRSZ[YLW`M)O%ZQU c�YDe�YLR�Z�Y%Z^W`Y r MVZ`Udc�YDe�YDRSZNWbM'a�U��

]gYLe�YDRSZ¥YLR r YI]m\Y%p n W`efM'RSZtKbP�ODOLYDK`KQUdcAYLefYLRSZ8P�RJODYLW�ZwMVUXR�R n e � WQY�]�Y�p n UXK�MLc�YDO�OLY%Z n P�Z`U r ]�Y
]8\Ywp n WQefMVZ`U n R¸j'�¡Y�O n R�ZbW$�n$r Ym]�Y r Mt]m\Ywp n WQefMVZ`U n R�YDKQZ	UXR�ZbP�U ZQUãp�a n P�W r�u P=ZQU r UXK[MVZ[YLP�W�ODM'W	U r ]m\YDa_YLR�]
]=UXWQYDO%ZbYDe�YLR�Z�]gY r Mop n WQe�Yk]�Y r�u�n P�ZQU r Y>Z®]�Y r Mfa n K<U ZQU n R�]gP6OLYDRSZ[WQY|]�Y r�u�n P�ZQU r �	agM'W`M'e �Y>ZbW`YLK
s�P�Y r�u P=ZQU r UTKbMVZ[YLP�W£a_YLP�Z¥e n ]�Ud{_YLW8UXR�ZbYDW`M'O%Z`UdcAYLe�YDRSZLj

�¡YLK§Y�ègYLe�a r YLK�a�W�\YLKbYLR�Z=\YLK�UXO>U�P�ZQU r UTK`YDRSZ:]gYLK n P�ZQU r K:Kba l \YDW�UXs�P�YLK§Y%Z�Y rdr UXagK n � �X]gM'P7è�jh u M'P=ZbWQYDK®Z��=a_YDK�] u¢n P=ZQU r Kk]�Yzp n WQefY�O n R�c�Y�è�Y)�¸O n e�efY r YDK|OLP � YLK�Y%Z r Y�OA�n R�YDK>��a�W n ]�P�UXKbYLR�Z
]gYLKyY�ê�Y>ZbK²UXR�Z=\YDWQYLKbK[M'RSZ[KyODM'W²U r KmOLW�\YLYLR�Zy]gYLK"M'WD�Y>ZbYDK²cAUdcAYLKyY%Z�]gYLKya n UXR�ZbK�O n R=UXsAP�YDKyK`PgW r�u¢n5� [<Y>Z
]8\Ywp n WQe�\Ycr�P�R�Y�]�UXKbO n RSZQUXR�P�UdZ�\YkM'a�a�M'W`M«� �dZ£]gM)R�K r�u YLKbagM'ODY+g�h1]8\Ywp n WQe�\Y	ubj
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Ã�Ä�niÄ�Å ovÓmÊ°Ñ$pÐ�Ô
��M�ñ}Y�è�U n R�YLKQZzP�R�Y�W n ZwMVZQU n R§agM'W|W`M)a�a n W�Z �M^P�R�M�ègYo] n RSZ r�u Y�ê�Y%ZIYLKQZ r UXeoUdZ�\Yf]gM'RgK

rFu YDK`a�M'OLY)j�� u UT]m\YLYoYLKQZ�]�YIa n P=c n UXW�Z n P�W`R�YLWcrFZ n W`]�WQY	utPgR�YIagM'W�Z`UXY�] u P�R n)�rq Y%ZzK[M'R�KtZ n P�O l YLW
M)P^W`YLKQZbY£]�Y r�u¢n)�.q Y>ZLj���MIZbW`M)R�K<U ZQU n Rv]�Y r M ë n RgY£KbP � UXK`K[M'R�Z r Mzñ}Y�è�U n R �M r M ë n R�Y�O n R�ZbYLR�M'RSZ
r Y|WQYLKQZ[Y£]gY r�u�n)�rq Y%ZtYDKQZ�a�W n�s WQYDK`KQUdcAY'j¼ r K u M s UdZz] u P�R�YI]m\Y%p n WQe�MVZQU n R�] u YDKbagM'OLYIs�P�U°KbYLW`MfP�Z`U r Y�agM)W r MNKbP�U ZbY�a n P�W s \YDWQYLW r YLKM)W�ZQUXODP r MVZ`U n R�K�]�Y�R n K�e n ] �Y r YDK�]�Y®Z��=a_Y�O n WQa�K l P�efMVUXRgK n PJ] u M'R�UXe�M'P7è¸jt n P=ZoO n e�efY rFu¢n P�Z`U r ]�Y�p�P�KQU n R¸� r YNODM r ODP r ]�Y r M�]m\Ywp n WQefM$ZQU n R�YLKQZ�KQUXe�a r YNY>Zoa_YLP
O n �P�ZbYDP7èJYLRNZbYLefa�KL��OLY�sAP�U	a_YDWQe�Y>Z�]gY£efM)R�UXa�P r YLW r�u�n P�ZQU r ]gYtñ_Y�è�U n RNUTRSZbYDW`M'O>ZQUdcAYLe�YDRSZDju Y>Z n P�ZQU r a_YLP�Z|�Y%ZbW`Y®O n e�a�M'WA\Y®M'P7è n P�ZQU r K�]�Y®O n PgW � P�W`YtY>Zi]�Y¥Z n WQKQU n RNa�W n a n K=\YLKma�M'W
ëiM'WQW� �ëiM'WQÞ$�%¡�j�� u Y�ê�Y%Z n)� ZbYDRAP�a�M'W�R n Z[WQY n P�ZQU r ]�Ykñ_Y�è=U n R�R u YLKQZ�agM)K r Y�ev�YDe�YksAP�YIODY r P�U
n5� ZbYLR�P�a�M'W r�u�n P�Z`U r ]�Y�O n P�W � PgWQY�]�Y�ë8M'W`W%j1�SU n R·M'a�a r UXs�P�Y�R n ZbW`Y n P�Z`U r ]gYkñ}Y�è�U n R �M^P�R
Z[P � Y'� n R�a�W n c n s�P�Y8PgR�Y�ODM'KbKbP�WQYiR�Y>ZQZbYtM'PoR=Udc�Y«M'P�]�Y r�u M�è�YtOLYLR�ZbWbM r ]�P�ZbP � Y+r�{ s P�W`Ywv�j��«�%ub�
M rXn WQKms�P u MLc�YDO rFu¢n P�Z`U r ]gY�O n P�W � P�W`Y�]�Y¥ë8M)WQW%� n R n)� ZQUXYDRSZmP�R�Y�O n P�W � PgWQY¥O n R�KQZ[M'R�ZbY�]�Y rFu M�ègY
]�M'R�K r M ë n RgY¥O n P�W � \YDY'j7l°M'W�O n RSZ[WQY'�AKbP�W r Y®a r M'Rf]gPop n WQefM r UXKbe�Y'�AR n Z[WQY n P�ZQU r ]�Y8ñ}Y�è�U n RfKbY
WbM'a�a�W n O l Y®a r P�Km]�Y r M|Z n WQKQU n RN]�Y®ë8M)WQW%j�l n PgW�ëiM'WQW%� r M|Z n W`KQU n RNK u Y�è�a�W<UXe�Y¥a�M'W^s } µyx r#z7ui�
Y>ZL�g]gM'RgK�R n ZbW`Y|ODM'KL�gY r r YzK u Y�è�agW�UXe�Y£agM'Wks,} µyx rtseu-r~O%p�jgKbYLO>ZQU n RJKbP�Udc)M)RSZbY	ubj

Ã�Ä�niÄ�n {²Ç/ÎSÊ�Ð�|�Õ"ÒF}mÔyÊ É�Ê É^ÏÊ�~%ËyÑ«ÖÙÇ	Î�ÒTË8Õ ÓyÇ¡Ñk�¥Ê���ÒTË8Õ
»��T¨��C¨��â� � ç öRà ÷ ã��7åRã�ß4õ

t n P=ZvO n e�e�Y r M:]8\Ywp n WQefMVZ`U n R/agM'WNp�P�KQU n R¸� r M�ñ_Y�è=U n R/YLKQZJP�RgY�]m\Ywp n WQefMVZ`U n R/]�Y
rFu YDK`a�M'OLY)jk� rdr Y�YLKQZ·]m\Yw{_R=UXYäagM)W·P�R�WQYDa �YLW`Y n W�Z l�n R n W`e�\Y�r#�G·[�� ·5�� · ���� ��P�R+M'R s)r Y õ s�P�Ua_YDWQe�Y>ZQZ[W`Mv]�Y�]8\Yw{_R�UTW�P�R�Y ë n R�Y^] u UTRAñ_P�YDR�OLY�� õ º ¡¢� ·��T¡ � Y%Z r�u M)R s)r Y6]gY�ñ_Y�è=U n R:´/ZbY r
s�P�Y ª õ�ô ´ ô¤õ � { s P�WQY/v�j��>� � j��M|ñ_Y�è�U n R^K u Y�ê�YDO%Z[P�Y�agM'W�WbM'a�a n W<Z�M'P^WQYLa �YLWQY��#�d·b�� ·5�� · ���� ��ìYDK<Z r Y|ODYLR�ZbWQY�]�Y r Mkñ_Y�è�U n R��~O n WQW`YLKba n R�]gM)RSZ®M'P^a n UXRSZ�] u M)W�ZQUXODP r MVZ`U n R � �
�� ]m\Yw{}R�U r�u M�è�Y|agM'W�WbM'a�a n W<Z�M'P�s�P�Y r¸r MIñ_Y�è�U n RNc5M�K u Y�ê�YDO%Z[P�YLW>�
�� ]8\Y%{_R�U r M�]�UXW`YLO%Z`U n RNa�W<UXR�O%UTagM r Y®sAP=U�c)M�KbP � UTW r M£ñ_Y�è=U n R�] u M'R s)r Yt´�]�Y8ZbY rdr Y®K n W�ZbY�s�P�Y8Z n P=Z
a n UXRSZ�� M)a�agM'W�Z[YLRgM)RSZ�M'P�a r M'R��#�G·[�� · ���� KbP � UXW`M�PgR�YIW n ZwMVZQU n R�agM'W£W`M'a�a n W<Z �M �� ] u M'R s)r Y
Y�ègM'O>ZbYDe�YLR�Z�\Y s M r��MI´§KQU ª�ª!��^� YLKQZi]gM'R�K r Mo]�UXW`YLO>ZQU n RJ]�Y��� � ª�ª���/� ¸>�� �­� � �gY%Z¥R�Y�KbP � UTW`MIa�M'K
]gY£W n Z[MVZ`U n R�K<UTR n R�� ª�ª���/� ¸V��9� � � j

��M�ñ_Y�è=U n RÜYLKQZ�WQYDK<Z[WQY%UTRSZbY �M§P�RgY ë n R�Y�O n RSZ[YLRgM'R�Z r M�]�YLe�U���]gW n UdZ[Y| ��G·[�� � �iY>Z^YLKQZ
]8\Y r UXe�UdZ=\YDY6agM'W�]gYLP7è:]�YDeoU���a r M'R�K��#�G·°�� � · ���� Y>Z��#�G·°�� ¦ · ���� � n}�P �� � �~WQYDKba¸j��� ¦ � YLKQZ n)� ZbYDRAP
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YDR M'a�a r UXsAPgM)RSZ�M'P�c�YDO%Z[YLP�WJ�� P�R�Y�W n Z[MVZ`U n R1] u M'R s)r Y õ �~W`YLKba¸j ª õ � agM)WvWbM'a�a n W�Z �M ����{ s P�W`Y/v�j`�L� � j

i

j

k

ϕ

θ

α

M1

���V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V������V���V���V���

zone non 
déformée

(projection de M)

α

������� v�j��>� þ� �! (~&)(¢¡ !$#'£�¤ (F¡¢¥�¡ £ ?¦!¦ £ ¬ !R¤¨§k* ?¦�© # ¡ § ¥ã& ¾ ¦ �A¡ !'#
��R O n�n W`] n R�Rm\YDYLK/Kba l \YLW<UXsAPgY'�6P�R a n UXR�Zª� ]�Y rFu YDK`a�M'OLYìYLKQZ�WQYLa8\YLW�\YìagM'W/KbYLK

O n�n WQ] n R�Rm\YLYDKk�D¥4·�«7·�¬ � MDc�YLO=¥ µ®­ ªRª-��/� ­ �9« µ �y¯�� · ª4ª.��/�±° � Y%Z²¬ µ � ¯ª4ªr��/��°�· ª�ª!��/� � � n_�P³��°
YDKQZ r M�a�W n�q YLO>ZQU n R n W<Z l�n�sSn RgM r YI]�Y/� KbP�W r Y|a r M'R´�#�G·[�� ·5�� � j«oYLKQZ¥O n e�agW�UXK�YDRSZbW`Y ª ��Y%Z<�y��Y>Zµ¬¤YDKQZ�O n e�a�W<UXK�YLR�ZbWQY ª²¶ ¦ Y%Z ¶ ¦ j��M^ñ_Y�è=U n R·ZbW`M)R�K<p n WQefY r YNa n UXRSZ·� YDR·P�R�a n UXR�Z¸�j¹�]�Y�O n�n W`] n R�Rm\YDYLK·�n¥4·!«�¹¢·-¬ � j
�¡YDK�O n�n WQ] n RgRm\YLYDK1¥oY%Z�¬xK n R�Z"UXRgO l M'R s \YLYDK>�AKbYLP r Y r MkO n�n WQ] n R�Rm\YDYw« ¹ c)M'W<UXY^�~YDRop n R�O%Z`U n RN]�P
a�M'W`M'e �Y>ZbW`Yº«oP�R�UXs�P�YLe�YDRSZ ��»

« ¹ µjx ��« � ��v�j�¼ �
n}�P x ]m\Yw{_R=UXY|KbP�W�½ ª �9·�� ½¡YDK<ZiZbY rdr YksAP�Y)�

þ KQU?« ô ª õ n P�«·¾ õ M rXn WQK x ��« � µ «8� r MIñ_Y�è�U n RvR�Yze n ]=Uã{_Y|agM'K r YDKta n UXRSZbK£K<U ZbPm\YDK
YDRJ]�Y lgn WQK�]�Y r M ë n RgY|] u UXRAñ_P�YDR�OLYy�
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��������v�j�¿«� þÁÀ�Â ¦ ( * ¦ ¥d& ¾ ¦ �A¡ !$#Ã£�¤¨§Ä¤A# !�@CB ¦ ( § ¦ 9D(F& # À ¤ ¥d&�¡ § ¦ Å � ¤ ¦³¦ # 9 !�¤ ¬ ¦ * ¦ ¥ã&
* ?¦ E !R§ -�&5(F¡ !$# * ¦ ¥<; ¦ £ ¬�&59 ¦ * & #'£y¤�# ¬ ¥d& # ¬�& § &I¥5¥ 7¦ ¥ ¦ & ¤ ¬�¥d& # �e�G·b�� ·5�� � Å * ?¦ E !�§ -�&5(F¡ !'#.£
!A@ ( ¦ #'¤ ¦ £ ¬ !�¤r§I* ¡ Â ?¦ § ¦ # ( ¦ £ �'&A¥ ¦ ¤¨§�£z* ¦ ´ ¦ (�&'� ¦ 9 õ µ �

þ KQU ª õ � « � õ M rXn W`K x ��« � c5M'W�UXYJO n RSZ`UXRy�Pge�YLR�Z�]�Y ª õ �M õ ]�Y�Z[Y rdr Y^K n W<ZbY�s�P�Yx �eÆ � µ ´�Y%ZmsAP�Y x K n U ZiKQZbW�UXO>ZbYDe�YLR�Z�OLW n UXK`K[M'R�ZbY�Ç°OLY>ZQZ[Y8p n R�O%Z`U n RNa_YLW`e�Y%Zm]�Y¥]8\Yw{_R�UTW
PgR�YfW n Z[MVZ`U n R�] n R�Z r�u M'R s)r YNc)M'W<UXYNYLR�p n R�O>ZQU n R�]�Y r Mva n K<U ZQU n Rx]�Yk� �M r�u UTRSZ=\YDW�UXYDP�W
]gY r M ë n RgYo] u UXR�ñ_P�YLRgOLY�]�YkZ[Y rdr YfK n W�Z[Y�sAP u U r c5M'P�Z ë \YDW n K`PgW r YLK �_n W`]�K|Y%ZI´¤s�PgM'R�]� K`Y�ZbW n P=c�Y�]gM)R�K r Y�a r M'R/e�\YL]�UCM'R¸j x ] n U Z§�Y%ZbW`Y�KQZbW�UXO>ZbYDe�YLR�ZNODW n UXKbK[M'RSZ[Y�a n PgW
s�P�Y r M�ZbWbM'R�K<p n W`efMVZQU n RqK n UdZ � U q YDO%ZQU c�Y)� n RqK u M'KbKbP�WQY�MVUTR�KQU®sAP u P�R n)�rq Y%Zfs�P�U�KbP � U Z
ODY%Z`ZbY¥ZbWbM'R�K<p n W`efMVZQU n R^R�Y®a_YLP=ZiagM'KmKbY § ¦ ¬�¥�¡ ¦ § K`PgW r P�U�Ç�e6�YLe�Y/��c n UXW�{ s P�W`Y+v=jÈ¿DÞ � jg�¡Mp n R�O>ZQU n R x r UXR8\YDMVUXW`Y�agM'W£e n WQODYDM'Pv]�Y r M�{ s P�W`YÉv�jÈ¿«ª�YLKQZ�P�R�YIK n$r P�Z`U n R�M'OLODYLa�Z[M ��r Y'�
e�MVUXK n R r P�U�a�W�\Y%pV\YDWQYLWbMtP�R�Y²p n R�O>ZQU n R�Ê ° ZbY r r Y8s�P�Y�OLY rdr Ym]�Y r M¥{ s P�W`Y�v�j�¿$¼S�)Y rdr Yia_YLW`e�Y>Z
]gY|a�WA\YDK`YDW�cAYLW r M�O n RSZ`UXRAP�U Z=\Y rTn WQKt]�Y r M�ZbWbM'R�K<p n W`efMVZQU n RË��Owp<j�agM'WbM s W`M'a l Y|KbP�Udc)M'R�Z � j
��Mk{ s P�W`Y/v�jÈ¿V��e n RSZbW`Y£O n e�e�YDRSZiM s UdZ r M�ZbW`M'RgK�p n WQe�MVZQU n Rv]gM'R�K�P�RJa r M'R6agM'WbM rdr��Y r Y
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M)P·a r M'RÐ�#�G·[�� ·5�� � j°Ú n P�Kzc�YDWQW n R�KL�¡]gM'R�K r YNO l M)a�UdZbW`YfKbP�Udc5M'RSZD�°O n efe�YLR�Z�Y rdr Y�YDK<Z�P�ZQU r UXK=\YLY
a n P�W�KQUXe�P r YDW r YLK®M'W�ZQUTOLP r M$ZQU n R�K�]gM'RgK r Y|ODM']gWQY�]�Y®p n W`e�YLK n W s M'R�UXs�P�YLK®M'W�Z`UXOLP r \YLYLKLj

»��T¨��C¨��T¨ Ñ ÷ ß�� ÷ ãFæç å4æç öÝcô^ß4õ7åRã�õiû&ãWå�æçu Y>ZQZbY8Z[W`M'R�K<p n WQefMVZ`U n Roc5M�K`YDW�c�UXW �M£]m\Y%p n WQefYLWyP�R n)�rq Y%Z�YDRo]8\Ywp n WQefM'R�Z�O n R�ZQUXRy�P�e�YDRSZ
rFu YDK`a�M'OLYt]gM'R�K r YDsAP�Y r U r YLKQZ�a r M'O¸\Y)j���R�P�Z`U r UXK[M'RSZ¥P�R�Ymp n R�O>ZQU n R x �#« � ]�Y�O n RSZ`UXRAP�UdZ�\Y�Ê ° a n PgW
Z n P�Zµ«A� n R�K u M'KbKbP�WQY¥sAP�Y�KQU r M|KbP�W�pFM'ODY¥]�Y r�u�n)�rq Y%Z8YLKQZmO n R�ZQUXRy�P�e�YDRSZ�]=U�ê®\YLW`YLRSZ`UTM ��r Y)��M rTn WQK r M
KbP�W�pFM'ODY¥]�Y r�u�n)�rq Y%Z8]m\Y%p n W`e�\Y¥YDK<ZmO n R�ZQUXRy�P�e�YDRSZ8]�U�ê�\YDWQYDRSZQUCM ��r Y|M'P�e n UXR�K �M r�u¢n W`]�WQYÉ¿)j u Y%Z`ZbY

�������Iv�j�¿DÞ þ^�y!'#.£ ?¦ ¯ ¤ ¦ # 9 ¦ * ¦ ¥<; ¤ (F¡¢¥�¡ £ &)(F¡ !$#^* ; ¤A# ¦ E !'# 9D(F¡ !$# x #}!$#²£ ( § ¡�9D( ¦ - ¦ # (¡9 §b! ¡ £!£ & # ( ¦ �¥<; !�@CB ¦ ( § ¦ 9L(~& # À ¤ ¥ã&R¡ § ¦ £ ; & ¤ ( ! Ï	¡ # ( ¦ §�£ ¦ 9D( ¦

D�D



��� Ë%ÏeÍ Ì�É¢Æ Á���� Ð�Ì�ÍWØ ÑjÒ%Æ6Ò ÅÆ�ÇnÈeÉ;Ê�Ë�Ì�Í£È7Î
agW n a�W<U%\Y%Z�\Y�YLKQZ�UXe�a n W<Z[M'RSZ[Y�a n P�W|O n R�KbYLW�cAYLW®P�R�M'Kba_YLO>Z r UXKbK`Y�M'P7è n)�rq Y>ZbK|s�P�U"MDc)MVUXYDRSZkODY%Z
M)K`a_YDO%ZtMLc)M'R�Z r Mo]m\Ywp n WQe�MVZQU n R�j

ÝGÞ�ß�à�á*âäãWå4æç��M8Z[W`M'R�K<p n WQefMVZ`U n R�M�\Y>Z=\Y�O n R�KQZbWQP�U ZbY�]�Y"ZbY rdr YmK n W�Z[Y�s�P�Y"KbYDP r K r YDK�a n UXR�ZbK¡UTR�O r PgK²]gM'RgK
PgR�KbYLO>ZbYLPgW²M'R s P r MVUXWQYt]m\Y r UTeoUdZ�\Y�a�M'W²]�YDP7èoa r M'R�KLj ¦ R�WQYDefM'WQs�P�Yms�PgM'R�]Ie6�YDe�Y"s�P u PgRIa n UXRSZ
KQUdZ[Pm\Y �M r�u UXRA{}R�U	K`PgW r MI]�YDeoU�Ç�]�W n UdZ[Y�ÒÓ�G·b�� � K`P � UXW`M r MzZbWbM'R�K<p n W`efMVZQU n R¸j u Y%ZQZ[YkÔ rXn ODM r UdZ=\Y3Õ�YLKQZ
] n R�O�Z n P�Z[Y|WQY r MVZQUdcAY'j¼ r a_YLP�Z K u MDc�\YDWQYLWäUXR�Z=\YDWQYLKbK[M'RSZD�vYLR agM)W�ZQUXODP r UXYDW1]gM'R�K r Y�ODM']�W`Yì]gYLK n P�ZQU r K1]�Y]8\Ywp n WQefMVZ`U n R¸��]�Y r UTeoUdZbYDWiM'PgK`KQU r MI]8\Ywp n WQefMVZ`U n R �M rFu UXR�Z=\YDW�UXYDP�W8] u P�RgY ë n R�Y�p�YDWQe�\YDY8UXR�O r PgM'RSZ
rFu M'W<ZQUXODP r MVZQU n R¸j	Ú n P�K�a�W n a n KbYLW n R�K¥P�RgY®Z[Y rdr YzY�è=ZbYDR�KQU n R�]�M'R�K r Y|KbYLO>ZQU n RÖv=jÓv�j
Ýcô^ß4õ&ö ç&÷Dø á%å�ã�ß4õúùTû ø ß4â`û*ü ç×�UXYLRvR�Y s M)W`M'RSZ`U°sAP�Y r Yzc n$r Pge�Y|] u P�R n)�rq Y%Z�sAP�U²KbP � UdZ�P�R�Y�ñ_Y�è=U n R6K n UdZ£O n R�KbYLW�cm\Y'j
Ú n PgK£MLc n R�K�O l YDWQO l \Y �M n)� Z[YLR�UXW�OLY>ZQZ[YIa�W n a�W<U%\Y%Z�\Y�YDRve n ]=Uã{}M'R�Z �M r M�p n UXK/«�Y%Z-¥6a_YLR�]�M'RSZ
r MoZ[W`M'R�K<p n WQefMVZ`U n R�]�Y�Z[Y rdr YIK n W<ZbYksAP�Y r Yzc n$r P�efY£UXR�O r P�K�]gM)R�K®P�RJK`YDO%Z[YLP�W¥M'R s P r MVUXW`Y�K n U Z
O n R�KbYLW<c�\Y)�_efM$UXK r YDK�WA\YDK`P r Z[MVZ[K£R u¢n R�Z£agM'K6\Y>Z=\YIO n RgO r PgM)RSZbKL� r Mfñ_Y�è=U n R�R�YkWQYDKbK`YDe ��r MVUdZ£a r P�K
�MoP�RgYtñ_Y�è�U n R¸j

Ã�Ä�niÄFÃ ÆoÇ�È§É�Ê¡È·ËmÌAÍ'Ê�ÎSÈ�É^ÏÊ¡Ð�ÑLÒ ÎSÈ:ÓyÇ¡Ñ^Ô�Õ+Ö1Ç²Ò�×C×XÇ�Ø"Ê
umn efe�Y£a n P�W r YDK�]m\Y%p n W`efMVZQU n R�K£a�M'W�p�P�KQU n R���KQU r�u�n)�rq Y%Z �Mf]m\Y%p n WQefYLWtYLKQZ£]m\Yw{_R=U�a�M'W

PgRfefM$U rdr M s Y|a n'r@Ø \YD]�W�UXs�P�Y�]�Y®KbMkKbP�W�pFM'ODY'��U r a_YDP�Z£�Y%ZbW`YtUXR�Z=\YLW`YLKbK[M'RSZ8]�Y®W`MVÝfRgYLW r Y£efMVU rdr M s Y
a n P�W¥M'a�a�W n è�UXefYLW�M'PJeoUXYDP7è r M�KbP�W�pFM'ODY£]8\Ywp n WQe�\YDY'j

� u M r@sSn W�U Z l e�Y�K u UXRgK`a=UXWQY�]gYoODY r P=U�]m\YDOLW�U ZkYLR´v�jÈ¿5jÓv���efMVUXK r Y�ODW�UdZ �YDWQY�]gYoKbP � ]=UdcAUXKQU n R
O l M'R s Y'j ¼ r YDK<Z � M'K=\Y�KbP�W r M�O n PgW � P�W`Y rXn O«M r Y » PgR�Y�M'WL�Y>ZbYÃÒ�Ù�·!Úm½vYLKQZxK`P � ]�UdcAUTK�\YDY�KQU­ �¬�ÛCª �¬ Ü ­ ôÞÝ n}�P �¬�Ü Y%Z �¬�Û K n RSZ r YDK�R n W`efM r YDKoM'KbK n O>U%\YDYLK �MËÙ Y%Z �MßÚ��"Y%Z n}�P Ý YLKQZPgR�agM'WbM'e �Y%Z[WQY®{�è8\Y�agM'W r�u P�ZQU r UXK[MVZbYDP�W�Y>Zta_YLWQefY%Zi]�Y�WbM«ÝfRgYLW�a r P�K n PJe n UXR�K r Y|efMVU rdr M s Y'j

Ã�Ä�niÄFE G�Õ²ÎiÏÊ²ÑIHÊ�Î
¦ P�ZbW`Y r Y�Z Ø a_Y�]�Y/]m\Y%p n W`efMVZQU n R sAP u U r YDR s YLRg]�WQY)� rFu¢n P=ZQU r ]�Yäñ}Y�è�U n R c5M1R n PgK

a_YDWQe�Y>ZQZ[WQY�]�Y�WA\YDK n Pg]�WQY r Yma�W n)�=r��YLe�Y r U%\Y�M'P s)r UTK`KbYDe�YLR�Z�]�YDK�a n UXR�ZbK �M r M®KbP�W�pFM'ODYm] u P�R n)�rq Y%Z
M)P�R�UdcAYDM'P�] u P�R�Y ë n R�Y�M'W<ZQUXODP r \YLY)j u YIa�W n)�=r��YLe�YIKbYIWQYDefM'W`sAP�YkYLR�agM'W<ZQUXOLP r UXYLW rXn W`K`s�P u P�R�Y
Z[Y�è=ZbP�WQYiMJ\Y%Z�\Y8a r M'sAP8\YDY8KbP�W r�u¢n)�.q Y>ZL�SODY rdr Y�Ç�O%UgKbYLe �=r Y s)r UXKbKbYLWyKbP�W r M�KbP�W�pFM'ODY rXn WQKbs�P u¢n R�M'R=UXe�Y
rFu M'W<ZQUXODP r MVZQU n R¸j	Ú n P�K¥M rdrTn R�KtU r r P�KQZbWQYDW¥R n K¥a�W n a n K¥a�M'W8P�RJY�è�YDe�a r Y)j
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ð®R�Y�M'W�Z`UXOLP r MVZQU n R KQUXe�a r Y�YLR�ZbWQY�]�YDP7è¤Y rdr UXagK n&âã ]�YLKvYLKQZ�OLWA\Y¸\YLY�YLR�M'aga r UXsAP�M'RSZ6P�R�Y
]8\Ywp n WQefMVZ`U n R·]�Y�Z Ø a_Y�pFP�KQU n R �M6P�R n)�.q Y%ZIY rdr UTa�K n3âã ]gM r � r�u�n P�ZQU r ]�Y�pFP�KQU n R�M r P=U8M'PgK`KQUmP�R�Y
p n WQefY|Y rdr UTa�K n3âã ]gM r YfY%Z r YzODYLRSZ[WQY|]�Y�p�PgK<U n RvKbY£Z[W n P�cAYzM'P6R=Udc�Y«M'P6]�Pva n UXRSZ£] u M'W�Z`UXOLP r MVZQU n R��{ s P�W`Y/v�jÈ¿«à�Ç�M � j ¦ RvK`Y�a r M'ODYz]�M'R�K r YzO«M'K n}�P r�u�n)�rq Y%Z�YLKQZ�W`YLa�W�\YLKbYLR�Z=\Y�agM'W�P�RJe�MVU rdr M s Yo]�Y
K[M®KbP�W�pFM'ODY'�)OLYiefMVU rdr M s Y¥YDK<ZyW`M«Ý�Rm\Yia n P�W²O n$rdr YDW�M'PoeoUXYLP è �M r�u�n)�rq Y%Z�]m\Y%p n W`e�\Y'j)ð®R�Y�ZbY�è�ZbPgWQY
YDKQZmM rXn W`Kma r M's�Pm\YLY®KbP�W r�u¢n5�rq Y>Z8M$UXR�KQU¸OLW�\Y}\Ym� �M|O l M's�P�Y�K n e�e�Y>Zy]�PfefMVU rdr M s Y�YLKQZ8M'K`K n O>U%\Y®P�R�Y
O n�n WQ] n R�Rm\YLY�Z[Y�è�Z[P�WQY)�4� { s PgWQY¸v�j�¿Dà�Ç � � j�ä n P�W�M)R�UXe�YDW r�u M'W�Z`UXOLP r MVZQU n R¸� n R�a n P�WQWbMVUdZka_YDR�KbYLW
s�P u U r K`PAÝ�Z²] u M'a�a r UTsAP�YDWyP�R�YmW n Z[MVZQU n R �M r�u�n P�ZQU r ]�Y"p�PgK<U n R�Y%Z°]�Y8WQYLO«M r OLP r YLW r M£]m\Ywp n WQefM$ZQU n R¸�
e�MVUXK n R^K u M'a�a_YDW$ÂO n UdZ®M rXn W`K¥sAPgY r MIZbY�è�ZbPgWQY�KbYLe ��r Y s5r UXKbK`YDW�KbP�W r M�KbP�W�pFM'ODY�� { s P�WQYmv�j�¿Dà�Ç�O � j
��RNpFMVUdZD�_O u YDKQZ r YkefMVU rdr M s YzK n P�K�Ç q M'ODYLR�ZisAP�UwÔ s)r UXKbK`Y3Õ�j�åSU��}agM'W�O n RSZbW`Y'��M'P r UXYLPv] u M'aga r UXs�P�YLW
PgR�Y6W n Z[MVZQU n R �M r�u¢n P=ZQU r ]�YNp�PgK<U n R¸� n R¤M'aga r UXsAPgYvPgR�Y6]m\Y%p n W`efMVZQU n Rä]�Y�Z Ø a_Y�ñ}Y�è�U n RäM'P
R=Udc�Y«M'Pä]gY r�u M)W�ZQUXODP r MVZ`U n R¸�£M rXn W`K>� rXn W`K`s�P u�n RÜe n ]�Uã{_Y r�u M'R s)r Y�]gY r M�ñ_Y�è�U n R¸� n R n)� Z`UXYLR�Z
rFu Y�ê�Y%Z8] u M'W�ZQUTOLP r M$ZQU n RJY>Z r M|ZbY�è�Z[P�WQY�W`YLKQZbY·ÔQO n$rdr \YLY�Õ �M r MkagM'W<ZQUXY®s�P�U_a=Udc n Z[Y^� { s P�W`Ywv�j�¿Dà�Ç�] � ju YDO%U}YLKQZm]y�P�M'P�p~MVUdZ�s�P�YiZ n P�Z r�u YDK`agM)OLY®]gM'R�K r YDsAP�Y r YLKQZ8a r M'O¸\Y r�u¢n5�rq Y>ZiKbYiZ n WQ]¸� r Y®efMVU rdr M s Y
KbP�U ZtY%Z¥agM'W�O n R�K=\YLsAPgYLRSZ r M�ZbY�è�ZbPgWQY£M'PgK`KQU�j
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ä n P�WiP�R n P=ZQU r ]gY�]m\Y%p n WQe�MVZQU n R���U r YDKQZmUXRSZ�\YLW`YLKbKbM)RSZis�P�Y r�u P�ZQU r UXK[MVZbYDP�W�a�P�UTK`KbY�]8\Yw{_R�UTW
PgR�Y ë n R�YI] u UXR�ñ_P�YLRgOLY)�¸]�YIK n W�ZbYIs�P�YIKbYLP r K r YLK�a n UXR�ZbK�KQUdZbP8\YDK �M r�u UXRSZ�\YLW<UXYLP�Wz]�YIOLY>ZQZbY ë n R�Y
KbP � UXW n R�Z r Mz]8\Ywp n WQefMVZ`U n R¸j ¼ r YLKQZL��]gY¥a r PgK>��K n P l MVUdZ[M �=r Y�sAP u U r�Ø MVU ZiP�R�Y ë n R�Y r M|Z[W`M'R�KQUdZ`U n RYDRSZ[WQY r M ë n RgY n_�P r Mk]8\Ywp n WQefMVZ`U n R�M s UXWbMIa r Y>UXR�YDe�YLR�Z8Y%Z�ODY rdr Y n}�PNY r r Y�R u M s UXWbMIagM'K8]�P�Z n P�ZLj
Ú n PgK"M rdrXn R�K8a�W n a n KbYDW²P�R�Yie�\Y>Z l�n ]�Y8K<UTe�a r Y�a_YDWQe�Y>ZQZ[M)RSZ°]�Yi]m\Yw{}R�UXWyP�R�Y ë n R�Y8] u UXR�ñ_P�YLRgOLY
a n P�W r�u�n P�ZQU r ]�YtpFP�KQU n RJY%Z r�u�n P�ZQU r ]�Y®ñ_Y�è=U n R¸jä n P�WyOLY r MA� rFu P�Z`U r UXK[MVZbYDP�WmKbam\YDO%Uã{}Y�]�YLP7è ë n R�YDKyO n R�c�Y�è�YLK í*ñ °�Y%Z ñ ¦ UXe � W�UXs�Pm\YLYDK rFu P�RgY]�M'R�K rFu M'P�Z[WQYg� ñ °óò ñ ¦ � Y%ZtO n RSZ[YLRgM'R�Z r YzODYLRSZ[WQY�]�Y�pFP�KQU n R n P r YkOLYDRSZbW`Y�]�Y�ñ_Y�è=U n R´��YLR
p n R�O>ZQU n RJ]�Y r Mo]m\Y%p n W`efMVZQU n R^O n R�K<UT]m\YLW�\YLY � �=ODY�a n UXR�ZtK`YDW`M�R n Z=\Ymô1]gM'R�K r M�KbP�U ZbY'j ¦ R�a_YDP�Z
agWQYLRg]�WQY)�_agM)W�Y�ègYLe�a r Y'� r�u UXRSZ�\YLW�UTYLP�W�]�YI]�YDP7è6Y rdr UXa�K n&âã ]�YLKk] n RSZ r�u P�R�YIYDKQZ�PgR�Y l�n e n Z l \Y%Z`UXY
]gY r�u M'P�ZbW`Y�agM'W�WbM'a�a n W�Z �M�ôõ�~O u YLKQZ r Y�ODM'K�s�P�Y�R n P�K£MLc n R�K£O l�n UTK<U"] u UXe�a r \YLe�YDRSZbYDW � j u YLKë n R�YDK8c n R�Z�R n P�K�KbYLW�c�UXW �M�]8\Yw{_R�UTW�P�R�Y®p n R�O>ZQU n Rv] u UXRAñ_P�YDR�OLY

ö÷» ¼ × í ª � ¼ ×wø
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YDKQZ q P�KQZbYDe�YLR�Z�]�Y®]m\Y>c�Y rXn a�a_YDW r�u UXRSZbYDW�p~M'OLY s W`M)a l UXsAPgY£s�P�U_c)Mka_YDWQe�Y>ZQZbW`Y �M r�u P=ZQU r UXK[MVZ[YLP�Wt]�Y
ODWA\YDYLW®Y%Z|e n ]�Y r YLW�]gYLK n)�.q Y>ZbK8vR�Ij��¡YLK®UXRSZbYDW�p~M'OLYDK£a_YDWQe�Y>ZQZwM'RSZ�]�Y�efM'R=UXa�P r YDW�]�YDK n)�rq Y%Z[KvD��{ s P�W`YLRSZ�agM'W`eoU r YLK£a r P�K�O n e�a r Y�è�YLK �MfWA\YDM r UXKbYLW%j u YDO%U²YLKQZ£a�W<UXR�O%UTagM r YLefYLRSZ|]y�P�M'PJpFMVUdZ
s�P u U r YLKQZ�]�UãÝ�O>U r Y®] u UXRSZ[YLW`M s UXWmMLc�YDO8PgR�Y�KbO �YDR�Y*vR� �M®ZbWbMLcAYLWQK�P�R�YmUXRSZ[YLW�p~M'OLYtYLKbKbYLR�ZQUXY rdr YLefYLR�Z¼R� » K n P�W�UTK�§®O r MLcAUXYDW¥YDR�YDRSZbW�\YLYDK8Y>Z�\YDOLWbM'RJYLR�K n W<ZQUXY)j

Ú n P�KJR n P�KJK n e�e�YLK�{�è8\YLKL�iO n e�e�Y n)�rq YLO%Z`Uãp��®]�Y�RgY�agM'KJW�\Y%UXR�c�YDRSZbYDW r MxW n PgY�Y%Z
] u P�Z`U r UXKbYLW r Y®a r P�K8a n K`KQU �=r Y r YLK r U � W`MVUXW<UXYLKtY%Zma�W n�s WbM'e�e�YDK²UXRAp n W`efMVZ`UXsAP�YDKmY�è=UXKQZ[M'RSZ[KLj © UXR�KQU��
R n P�K r UXeoUdZ n R�K r YLKf]m\Y%cAY rXn aga_YLe�YDRSZ[KkY>Zfa�W n {�Z n R�K�] u P�RgY � M'KbY^]�Y�O n e�a n K[M'RSZ[K rXn�s UXO%UXY r K
O n R�K=\YLs�P�YLR�ZbYkY%Z�KQZ[M ��r Y'j	��R�O n R�ZbWQYDagM'W<ZQUXY)��U r pFM'P�ZkM'a�agWQYLRg]�WQY �M�P�ZQU r UTK`YDWzODYLK£O n e�a n K[M'R�ZbK
Y>Z²K`Yya r UXYLWyM'P7è|W �Y s)r YDK�sAP u U r K¡UXe�a n K`YDRSZDj ¦ R Ø a_YLWQ]z] n R�O�YLR|K n Pga r YLKbKbY"]�Y�a�W n�s W`M'e�efM$ZQU n R¸�
e�MVUXK n R Øks M s R�Y|YDR�ZbYDe�a�Ki]�Y�]m\Y%cAY rTn a�a_YLefYLRSZDj

Ú n P�KJM rdrXn RgK6a�W�\YDKbYLRSZ[YLW r YDK�O l�n U�èÜY�ê�YLO>ZbPm\YDKNY%Z r YDK�KbO l \YLefM'K�]�Y�agW�UXR�O>UXa_YLKJK n P�K�Çq M'OLYDRSZ[K���R n ZbW`Y � P�ZtR u YLKQZia�M'K¥]�Y�WQYDRSZ[WQYLWi]gM'R�K r YLKt]m\Y%ZwMVU r K®]�Y r�u UXe�a r \YDe�YLR�Z[MVZ`U n R¸j

Kg»



¶ Â���Â�· Ë'ÑFÆ�Ø È¹¸ Í£×,Í£Æ�Ø�Ø Æ
��U�W º `mç�Z Z#\�»gd	ðwd	Z�Z�Z#Z

¼ Ä�niÄ�Å ½�Ó8Ê²ÕwG�Õ�¾�Ê°Õ�ÎSË"Ñ
ä n P�W|]8\Y>c�Y rXn a�a_YDW|R n Z[WQYfM'a�a r UXODM$ZQU n R¸�"R n P�KIMLc n R�K � YDK n UXR·] u P�R�Y � U ��r U n Z l¸�YLs�P�YN]�Y

p n R�O>ZQU n R�Kva_YLW`e�Y%Z`Z[M'RSZ^]gY s \YDWQYDW r YLK n)�rq Y%Z[KÖvD�k�t]�Y s \YLW`YLW r YLP�W6M«Ý�O l M s Y�Y%Zv]�Y s \YLW`YLW
s�P�Y r sAP�YDK	UXRSZ[YLW`M'O>ZbYDP�WQK:vR�qKQUXe�a r Y'j'Ú n Z[WQYmO l�n U�èIK u YLKQZ¡a n W<Z=\YiKbP�W r M r U � WbMVUXW�UTY�¿	¬ ¦ #�½b# � ¦ # ( !R§Ò ê·YLWQà5��½~j

© r�u�n W�U s UXRgY'�^ODY%Z`ZbY r U � W`M$UXW�UXY \Y>Z[MVUdZ�]�UXKba n R�U �=r Y KbP�WqKQZ[M$ZQU n Rï]�YÜZ[W`MLc5MVU r åSU r UXO n R
é£W`M'a l UTOLKIK n P�KkðtR=U�è¸�²efMVUXKIY rdr Y�M6WA\YLODYLe�efYLR�Zv\Y>Z=\Y�a n W�Z=\YDYfKbP�Wk]�UdcAYLW`K`YDK|a r MVZ[Ywp n WQe�YDKIY%Z
]=Udc�YDWQK^K Ø K<Z �YLe�YDK�] u Y�èga rXn UdZwMVZQU n RÙ] n RSZ r YLK^KQZ[MVZQU n R�KËåAPgRÜK n PgK�å n$r M'W<UXKvY>Z r YDKÖä u K n PgK
ê¤UXR�] nNÀ KLj�Ú n PgK�agM'W r YDW n RgKtYDKbK`YDRSZ`UXY rdr YLe�YDRSZi]�Y r�u P�ZQU r UXK[MVZQU n R�sAPgY£R n P�K�YLRJMLc n R�KmpFMVU Z®KbP�Wå�U r UXO n R¸j

Arbre décrivant la scène Visualiseur 3D (wid get)

manipulateur

���������Aj�¿ þ ¿	¬ ¦ #�½b# � ¦ # ( !�§
¦ a_YLR ¼ RScAYLR�Z n Wke�Y%Z �Mv]�UTK`a n KQUdZ`U n Rä]gP§agW n�s WbM'e�e�YDP�WzPgR�YLR�KbYDe ��r Yf]�Yfp n R�O%Z`U n R�KM)OLOLYDKbK<U ��r YLK|YDR u §H§ �~Y>ZzYLR u � sAP�Uma_YLW`e�Y%Z`ZbYLR�Z£]�Y�]m\YDOLW�UTWQY�Y>Z|]gY s \YLW`YLW|P�RgYoKbO �YLR�Y²vR�

O n e�a n K=\YDYf] u�n)�rq Y%Z[K>�y]�Y r YLPgW�M$ZQZbW<U � P�ZbK���ZbWbM'R�K<p n W`efMVZQU n R s \Y n e�\Y>ZbW�UTsAP�Y)�°efMVZQU �YLWQY)� jXjXj � �°]�Y
r P�eoU �YDWQYLK�Y>Zt]�Y�ODM'ex\YLW`MAj u Y%Z`ZbY�]�YLKbODW�UXa�Z`U n R6KbY¥p~MVUdZ£K n P�K�p n W`e�Y�] u M'W � WQY)j

¦ a_YLR ¼ RScAYLR�Z n Wya_YDWQe�Y>Z�] u MVÝfO l YDW r MzK`O �YLRgY �M�ZbWbMLcAYLWQK�P�R�cAUXKbPgM r UTK`YDP�W*vR�Ij�� u P�ZQU r UXK[M&ÇZ[YLP�W�a_YLP�ZmKbY¥]m\YDa r M'ODYLW"UXRSZ[YLWbM'O%ZQU c�YDe�YLR�Z �M r�u UTRSZ�\YDW�UXYDP�Wi]�Y r MkKbO �YDR�Y°� r MzKbO �YDR�Y�YLKQZ�W�\YDM«Ý�O l \YLY
YDRfZbYDe�a�KmW�\YLY r K n P�K r Y�R n P�cAYDM'PNa n UTRSZt]�Ytc�P�Y'j u Ytc�UXK`P�M r UXKbYLPgW�vR� YDK<ZD�=YDRfp~MVUdZL�_P�R�Ô À UX]¨Çs Y%Z�Õ���O u YLKQZ�Ç �M&Ç�]�UXW`YIP�R�ODM)]�WQYIsAP=UyKbYLWbM�P=ZQU r UXK=\Y�]�M'R�K r MNO n R�KQZbW`P�O%Z`U n R�] u P�RgYzUXRSZbYDW�p~M'OLYoP�ZQU�Ç
r UXK[MVZbYLPgW¥O n e�a n W�ZwM'RSZ¥] u M'P�ZbW`YLK�\Y r \YDe�YLR�ZbK8� r YDK À UX] s Y>ZbK � O n efe�Y®]�YLK �_n P�Z n R�KL�g]�YLK�efYLRAPgK
]8\YLW n P r M'RSZ[K>�_Y%Z[O'jXj j

��RA{_R¸� ¦ a}YLR ¼ RScAYLRSZ n WIe�Y%Z �M r M�]�UXKba n KQUdZQU n Rä]�P:a�W nRs W`M'e�efYLP�WkP�R:YLR�KbYLe ��r Y�]�Y
K*¿



��� Ë%Ï�Í Ì�ÉYÆ ¶ �}� Ð�Ì�ÍWØ Ñ+ÍWÎ'Ì�Æ	É�Ë	×�ÌFÍ Ç¢ÑJÆ�ÌÂÁ�Ê�ÏeØ ÅÆ�Ê6Æ,Î�Ì�Ë�Ì�Í£È7Î
e�M'R�UXa�P r MVZbYDP�WQK/vR�Ij ¼ r K|K n R�Z�WQYDa�WA\YDKbYLRSZ�\YLK�]�M'R�K r Y�cAUXKbPgM r UTK`YDP�W|K n P�K®p n W`e�YLK�]�Yoa n U s R8\YDYLKKbP�W r YDK`s�P�Y r r YLK r�u P�ZQU r UXKbM$ZbYLPgW�a n P�W`W`M6M s UTWzagM)W r�u UTRSZbYDWQex\YD]�UTMVUXW`Yf]gY r MJK n P�W�UTK>j��"R�p n R�O>ZQU n R
]gYNOLY>ZQZbY�M'O>ZQU n R���P�R�YNZbW`M'RgK�p n WQefM$ZQU n R�a�M'W�ZQUTOLP r U �YLWQYva n P�WQWbM��Y>ZbWQYJM'a�a r UXsAP8\YDY �M�PgR n)�rq Y%Z�FZbW`M)R�K r MVZQU n R��=W n Z[MVZQU n R¸� jXjXj � j utu YLKQZ r M � M'KbY¥]�Y rFu UXR�ZbYLWbM'O%Z`U n R^YLRSZ[WQY r�u P�ZQU r UXK[MVZbYDP�W8Y>Z r MzKbO �YDR�Y'j

¼ Ä�niÄ�n Ã�ËyÎ�ÒÈ~^Ê�ÎqÄJÐ�×
umn efe�Y�R n PgK r�u MDc n RgK|c�P¸� r Y�cAUXKbPgM r UTK`YDP�W�] uã¦ a_YLR ¼ RScAYLR�Z n W�R u YLKQZ�sAP u P�R�Y�O n e�a n ÇK[M'R�ZbY�]�Y r�u UXRSZ[YLW�p~M'OLY s W`M'a l UXsAP�Y�P�ZQU r UTKbM$ZbYLPgW%j<å n R§P=ZQU r UTKbMVZ`U n R¤R u YDKQZIagM'KoKbPAÝ�KbM'R�ZbY�a n PgW

O n R�KQZbW`P�UXWQY�PgR�Y¥M'a�a r UXODMVZ`U n RNO n efa r��Y>ZbY'�'U r p~M'P�Z8M'P�KbK<Ug]8\YDOLW<UXWQY r YDK�\Y r \YLe�YDRSZ[K²s�P�Y rFu¢n RoZ[W n P�cAY
Z[W`M']�U ZQU n R�RgY rdr YDe�YDRSZ�]�M'R�K r YDK�M'aga r UXO«MVZQU n RgK�UXRSZ[YLWbM'O%ZQU c�YDK » r YDK �_n P�Z n R�KL� r Yxe�YLR�P�KL� r YLK
O l M'efa�Km] u YLR�ZbWA\YDY®Z[Y�è=ZbP�Y rdr Y'�_Y%ZbO)j jXj

ä n P�WmODY r MA��R n P�KiMLc n RgKmP�ZQU r UXK=\Y á�! (¢¡ Ebj u Y%Z`ZbY r U � WbMVUXW�UTYIa_YLWQefY%Z�]gY®OLW�\YDYLW�Y%Z8]�Y s \YLW`YLWODYLK	]�Udc�YDWQK�\Y r \YLe�YDRSZbK�Y>Z�YDKQZ�]gY%cAYLRAPgY²P�RzK<ZwM'R�]gM'W`]z]gM'RgK r�u UXR�]�P�KQZ[W�UXY)jR�£Y"a r PgK>� r Y"cAUXKbPgM r UXKbYLP�WvD�Ù] uã¦ a_YDR ¼ R�c�YDRSZ n W�YDK<Z8]�UTWQYLO>ZbYDe�YLR�Z"UXR�Z=\Y s W`M ��r Y|]�M'R�KiP�R�Y¥UXRSZ[YLW�pFM'ODY�� n ZQUdp�j$ä°M)WmO n R�ZbWQY)�Y rdr Y^WQYLKQZ[Y�O n efa r Y�ègY �M6P�ZQU r UXKbYLW�agM'W r YNa�W n�s W`M'efe�YLPgW%j¡� u M'a�a_Y r M'P7è�p n R�O%Z`U n R�K�� n Z`Uãp�KbY
p~MVUdZ �MNZbW`MDc�YLW`K|P�R�a�W n�s W`M'efe�Y·\YDOLW�U ZkYLR u,n P�YLR u §+§zj¯�§�YDe�Y�KQU�OLY r M^R�Y�a n KbY�agM'Kk]�Y
agW n)��rF�YDe�YJefM q YLP�W>� r M�e�UXKbYvM'Pqa n UXR�ZN] u P�RgYNUTRSZbYDW�p~M'OLY s W`M'a l UXsAPgYvR8\YDOLYDKbK<UdZ[Y � YDM'P�O n P�a
]gY�Z'�M$Z n R�R�YDe�YDRSZ¥a n P�W®a r M'ODYLWtO n WQW`YLO>ZbYDe�YLR�Z r YDK®]�UdcAYLWQKJ\Y r \YLe�YDRSZ[K�]�Y r�u UXRSZ[YLW�p~M'OLYoY%Z s \YLW`YLW
r YLP�W�UXRSZ[YLW`M)O%ZQU n R�KLj u Y>ZQZ[Y�a l M'KbY�R8\YLODYLKbK<U ZbY�]�YmR n e � WQYDP�KbYLK	WQYLO n e�a�U r MVZQU n RgKy]�PIa�W n�s W`M'e�e�Y
MDc)M'RSZt] u¢n)� ZbYLR=UXW�K[MVZQUXK<pFM)O%ZQU n R¸j u Y r Mo]�Y>cAUXYDRSZ�ZbW �YLK8c�UdZbY®pFM'KQZQUT]�UXYLP è¸j

ä n P�W Ø WQYDe�\YL]=UXYLW>�=R n P�K�MLc n R�K�M'P�KbKQU�P�Z`U r UXK=\YkP�R r M'R s M s Y|]�Y£O n e�e�M'R�]�Y�UXRSZbYDWQa�W�\Y%Z�\YÅ�93¥ëÒ ¦ P�KbàAv�½�] n R�Z r�u P�R�Y�]�YDK²Y�è�Z[YLR�KQU n R�K ° R n e�e�\YDY<Å�9�¥ á�! (F¡ E�a_YLW`e�Y%Z°]gY8O n R�KQZbWQP=UXWQYiY%Z"]�Ya=U rXn ZbYDW¡P�R�Y²UXRSZ[YLW�pFM'ODY s W`M)a l UXsAPgYÆ� n ZQUãpëÒ�é�Ú®à$�R½�j«�¡Y²agW�UXR�O>UXagM r UXR�Z=\YLWD�Y%Z�YLKQZ	]�YyR�YyagM'K¡MLc n UTW �M
W`YLO n e�a�U r YLW r Y8a�W n�s W`M)e�e�Y"a n PgW²e n ]=Uã{_YLW r�u UXRSZ[YLW�p~M'OLYia�P�UTK`s�P�Y r Y r M'R s M s Y�YLKQZ°]�UXW`YLO>ZbYLefYLR�Z
UTRSZbYDWQa�W�\Y%Z�\Y)j�ë�UXYLR�KS�P�W%� n R Ø a_YLW`]�YLR6ZbYDe�a�Kt] u Y�èm\YDOLP�Z`U n R¸��efMVUXK£OLYLO>U²R�Y�O n R�OLYDWQR�YksAP�Y r Y
Z[YLe�agKm]�Y�W�\YLa n R�KbY �M�P�R�Y�K n$rdr UXO>UdZ[MVZ`U n R�]�Y r�u P�ZQU r UXK[MVZbYDP�W¥cAUTM r�u UXRSZ[YLW�pFM'ODY'��s�P�U�W`YLKQZbY®Z n P�Z¥]�Y
ev�YLe�Y®sAP�M'KQU�Ç~UTR�KQZ[M'RSZwM'Rm\YDY'j

t�O r � n ZQUãp�MxP�R�M'P�Z[WQY�MDc)M'R�Z[M s Y » U r YDKQZ^a n KbK<U �=r Y�]�Y r P�UkW`M q<n P�Z[YLW^]�Y�R n P�cAY r r YLK
p n R�O>ZQU n R�R�M r UdZ�\Y�p~M'O%U r YLe�YDRSZDj ¼ r K`P�Ý�Z|a n P�W�OLY r M^] u \YDOLW<UXWQYoP�R�Yzp n R�O>ZQU n R�YDR uÙn P u §H§+Y%Z]gY r�u M'KbK n O>UXYLW �M|P�RgY¥R n P=c�Y rdr Y�O n e�efM'R�]gY8]gP r M'R s M s Yºt�O r j © UXR�KQU���]gM'R�K�P�R�KbODW�UXa�Zµt�O r � n R
a n P�WQW`M�M'aga_Y r YDW r M�R n P�cAY rdr Y�p n R�O>ZQU n R�R�M r UdZ�\Y)j

cwù!���$û²û	7Lü~û����������8�����������������$ûyû	�Fü!Ç����ÉÈrÇ\Ê�
����>üë�=0 ���>üFû<ÿ��Xý��<û:6wÿ�ý!��"���2��Vû9�«ü��������Fû?
���ÿ~û���üFû���û��>ü\Ë4����)
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¶ Â���Â�· Ë'ÑFÆ�Ø È¹¸ Í£×,Í£Æ�Ø�Ø Æ
¼ Ä�niÄFÃ {ÍÌâÇyÓ�Ó�×TÒCÐ}Ç	Î�ÒTË8Õ
Ú n P�K�MLc n R�KyP�ZQU r UXK=\Y r Yta�W�UXRgO%UXa_Y®]�Y r�u M qQn P�Z�]gY�R n P�cAY rdr YDKyp n R�O>ZQU n R�RgM r UdZ�\Y£M'P r M'R s M s Yt�O r � n ZQUãp"a n P�W Ø UXR�Z=\Y s WQYDWmR n Kia�W n agWQYLK�p n RgO%ZQU n R�KLj u Y®sAP�U�R n P�K8M�a_YLWQe�UXKm]�Y£]m\Y%cAY rXn aga_YLW

PgR^e n ]�Y r YDP�W8UXR�ZbYLWbM'O%Z`Uãp�]m\YL]=U%\Y �M�R n K n P�ZQU r K£]�Y|]m\Y%p n W`efMVZQU n R6Y%Z �M�R n ZbW`Y|e n ] �Y r Y|]�Y£Z Ø a_Y
pFP�KQU n R_ÛLñ}Y�è�U n R¸j

�¡YÙKbO l \YLefM,]�Y a�W�UXRgO%UXa_Y,]m\YLODW�Udc5M'RSZ r YLKÜ]�U�ê�\YDWQYDRSZbYDKäO n P�O l YLK:]�Y r�u M'a�a r UXODM$ZQU n R
O n WQW`YLKba n R�] �M r MI{ s P�W`Y���j�¼Aj

MACHINE
GRAPHIQUE

OpenGL
X−Window

Unix

Tcl

OpenInventor

Motif

UTILISATEUR
A

pplication
Librairies

(C)

(C)

(C)

(C)

(C++)

Tm (=Tcl+Motif)

Tm+ (=Tm+OpenInventor+OpenGL)

(C++/Tcl)

(Tcl/C++)

(C/Tcl)

�������¡�Aj�¼ þ�28¤ 9NÎ ¤r§�* ¦ ¥d&f-�&S9%­ ¡ # ¦ 7&�¥<; ¤ (F¡B¥Ó¡ £ &5( ¦ ¤¨§ �9¥ ¦ £�* ¡ Â ?¦ § ¦ # ( ¦ £ 9 !R¤ 9%­ ¦ £ ¥ ! ÀA¡F9�¡ ¦ ¥5¥ ¦ £( § &$� ¦ §!£ ?¦!¦ £ . ¦ # À § ¡ £ ±*¥ ¦ £ 9 !R¤ 9%­ ¦ £ ¯ ¤ ¦ #}!�¤¨£ &$� !'#.£z* ?¦ � ¦ ¥ ! ¬S¬I?¦!¦ £�3
��MIO n P�O l YÏÅ�-�ÐÜWbM q<n P=ZbY �M r M�O n P�O l Y8t�O r � n ZQUãp »

þ r YLKic�UXKbPgM r UXKbYDP�WQKcvR�1] ud¦ a_YLR ¼ RScAYLR�Z n W8M'ODOLYDK`KQU �=r YLK�K n P�Kmp n WQe�Y£]�Y À UX] s Y>ZÑ� n ZQUãp=�þ s�P�Y r sAP�YDK�p n R�O>ZQU n RgRgM r UdZ�\YLKo]�Y�]�YLKbKQUXR�K�UXKbKbP�YLK|] ud¦ a_YLR_é£�PÒ�ÚÂ��êÜà5�&½w� r U � W`M$UXW�UXY s W`M&Ç
a l UXsAP�Yk]�Yk]�YLKbKQUXR�¼R��Y%Z8vR�k� ¦ a_YLR ¼ RScAYLR�Z n W�P�Z`U r UXKbY�ODY%Z`ZbY r U � W`MVUXW<UXY�a n P�WtY�ê�YDO%ZbPgYLW

K�D



��� Ë%Ï�Í Ì�ÉYÆ ¶ �}� Ð�Ì�ÍWØ Ñ+ÍWÎ'Ì�Æ	É�Ë	×�ÌFÍ Ç¢ÑJÆ�ÌÂÁ�Ê�ÏeØ ÅÆ�Ê6Æ,Î�Ì�Ë�Ì�Í£È7Î
KbYDK¥M«Ý�O l M s YLK8ZbYDe�a�KmW�\YLY r � �

þ r M s YLKQZQU n R6]�YDK n)�.q Y>ZbK�vR� »
þ r YDK8p n R�O>ZQU n R�Kt]�Y|ODWA\YDM$ZQU n R¸�þ r YDK8p n R�O>ZQU n R�Kt]�Y|]8\Y%p n W`efMVZQU n R�� p�PgK<U n RJY%Ziñ_Y�è�U n R � �
þ r YDK8p n R�O>ZQU n R�Kt]�Y£c�UXKbPgM r UXK[MVZQU n R ��sAP�U¸p n RSZ®M'a�a_Y rm�M ¦ a_YLR ¼ RScAYLR�Z n W � �þ r M s YLKQZQU n R6]�YDK n P=ZQU r K£]�Y�]m\Ywp n WQefMVZ`U n R »
þ r YDK8p n R�O>ZQU n Rv]�Y£ODWA\Y«MVZQU n R��þ r YDK8p n R�O>ZQU n Rv]�Y®c�UXKbPgM r UXK[MVZ`U n R�]�Y r�u�n P�ZQU r ��cAUCM ¦ a_YDR ¼ R�c�YDRSZ n W � �þ r YDK·p n R�O%Z`U n R ]gYÜefM'R�UXa�P r MVZQU n R �~s�P�Ufp n R�ZqM'a�a_Y r M'P7è efM'R�UXagP r MVZbYDP�WQKÎvR�
] uã¦ a_YLR ¼ RScAYLR�Z n W � �þ r UCMVUXK n R�YLRSZ[WQY r M^efM)R�UXa�P r M$ZQU n R§]�Y r�u�n P�Z`U r ]�Y�]8\Y%p n W`efMVZQU n R�Y>Z r M�p n R�O%Z`U n R�]�Y]8\Ywp n W`efMVZ`U n R6M'a�a r UTsAPm\YDY �M r�u�n)�rq Y%ZLj

þ r M s YDKQZQU n R§]�YLK n P=ZQU r Ko]�Y�ZbW`M)R�K<p n WQe�MVZQU n R�a r P�KzO r M'KbKQUXsAP�YDK¸�FZbW`M)R�K r MVZQU n R��°W n ZwMVZQU n R��lgn e n Z l \Y%ZQUTY'�Xj jXj �
u YDK¥p n R�O%Z`U n R�K�K n RSZv\YLODW�UdZ[YLK�YLR u §H§ìY>Z£K n RSZ�M'a�a_Y r \YLYDK£YDR�KbP�UdZ[Y �M�ZbW`MDc�YDWQK�P�R�KbOLW<UXa�Zmt�O r
]gY r M�efM'R�U �YDWQY�KbP�Udc)M'R�ZbY »
ÒRÓ�ÔÖÕ×Ò Ø�Ù5ÚQÛÕ�ÜÞÝ�ß�Ó�ÝàÜÞÔxá	Õ¹â�ÙNÓ�ÔÖÕ�ÝÖÜNã�ã�ÛÕäÒå Ó�ß�æDÜÞÝxç5è�é å Ø�Ù5ÚQÛÕ�ÜÞÝ�ß�Ó�ÝàÜÞÓ�â�æ Wëê Õ�â�ì'è�Õ×íRÓ�ß�æDÜÞÝ ê Õîí
ÜRÚ5ã�Õ�ßNè�éïÛÕRÚ�æ5ð5ÓÖÕ åÒ×ñ�ò å ê ÕRí
ÜRÚ5ã å ØëÒ�Õ�ßÞâ ê ÛÕRí
ÜRÚ5ã�ÛÕîèÖóRÚ W!ô ÜÞÓ�â�æ Wëê Õ ê ÛÕRí
ÜRÚ¹ã�ó¹â�æDÜÞÝ å
��M'R�K/OLY>Z/Y�ègYLe�a r Y'� r Y�ODP � Y u YDKQZ/]m\Y%p n WQex\Y�agM'W�P�R n P�ZQU r ]�Y1p n WQe�Y1Kba l \YDW�UXs�P�Y
ímj�Ú n P�K§MLc n R�K�UXe�a r \YDe�YLR�Z=\Y:OLY>ZQZbY n am\YLWbMVZQU n R ]�YqZbY r r YÜK n W�ZbY¤sAP u Y r r YäKbYqW�\Y«M'O%Z[PgM r UXKbY
M)P�Z n efMVZ`UXsAPgYLe�YDRSZLj © UXRgK<UF�kKQU��zagM'W r M�KbP�UdZ[Y'� r M¤p n W`e�Y'� r M�a n KQUdZ`U n R n P r Y:OLYDRSZbW`Y�]�Y
rFu¢n P�Z`U r í�YDK<Z8O l M'R s \Y)� r M�]m\Ywp n WQefMVZ`U n R�M'a�a r UXsAP8\YDY �M u KbYLWbMzM'P�Z n efMVZ`UXsAP�YDe�YLR�Z�W`YLODM r OLP r \YLY'j
�¡Y^O l M'R s YLe�YDRSZoY�ê�YLO>ZbPm\Y^K`PgWoí1a_YDP�Z r�u �Y%ZbW`Y�cAUTM�P�R�Y^O n e�efM'R�]�Y�t¥O r ��efMVUTKfM'P�KbKQU�a�M'W
rFu P�Z`U r UXK[MVZ[YLP�WzcAUCMNP�R�efM'R�UTa�P r MVZ[YLP�WmvR�kj © UXRgK<U�� r�u P�ZQU r UXK[MVZbYLPgWzc n UdZz]�UXW`YLO>ZbYDe�YLR�Z rFu Y�ê�Y%Zz]�Y
KbYDK8efM)R�UXa�P r MVZQU n R�K£KbP�W rFu¢n)�.q Y%Zt]8\Ywp n WQe�\Y)�=Y%Z¥ODY%ZQZ[Ytp n R�O>ZQU n R�R�M r UdZ�\YoYLKQZ8pFM'O>U r Y �M s \YDWQYDW8a n PgW
r Y|a�W n�s WbM'e�e�YDP�W%j

��M�O n P�O l Y�&w¬5¬ ¥�¡�9[&5(F¡ !'# YLKQZ^\YDOLW�U ZbYIYLKbKbYLR�ZQUXY rdr YDe�YLR�ZtYLRNt�O r j¸� r r Y�]8\YDOLW<UdZ r�u UTRSZbYDW�p~M'OLYs W`M'a l UTsAP�Y » O n e�e�YLR�ZIK n R�Zoa r M'O¸\YDK r YLK À UX] s Y>ZbK r YLK�P�R�K�agM)W�W`M'aga n W�Z�M'P7è:M'P�ZbW`YLKLjy� rdr Y
]8\YLOLW<UdZ6M)P�KbK<U r M s YDK<Z`U n R�]�YDK¤\Y>c�\YDR�YLe�YDRSZ[K » OLY�s�P�U�KbY�agM'KbKbY�KQU r�u P�ZQU r UXKbM$ZbYLPgWvM'O%Z`Udc�Y�ZbY r
�_n P�Z n R n PJK u U r M s UdZ�KbP�W�Z[Y r efM'R=UXa�P r MVZ[YLP�W>j
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¶ Â�Á�Â�õ È7Î	×�ÌFÍ£È7Î%Î	Ë%Ø~Í Ì ÅÆRÑ

���������Aj�v þ×�¨¤ ¦ * ; ¦ #.£ ¦ - @ ¥ ¦ * ¦ ¥<; ¡ # ( ¦ § E%&59 ¦ À § &w¬g­1¡�¯ ¤ ¦ ¤ (F¡B¥�¡ £ &5( ¦ ¤¨§
utu YLKQZi] n R�O�OLY>ZQZ[Y�O n PgO l Y£sAP�U�ÔQa�U rXn ZbY�Õ�Z n P�Z[Y r�u UXR�ZbYLW�pFM'ODY²� { s P�WQY|�Aj�v � jgÚ n P�K¥M rdrTn R�K

e�MVUXRSZ[YLRgM'R�Z�R n P�K8UXRSZ�\YLW`YLKbKbYLW �M�ODY�sAP�Y¥p~MVUdZ�OLY%Z`ZbY�UXRSZ[YLW�pFM'ODY'j

��U!T ö \gf^ð�b?de\gf�f^`�Z�d�b YZcç
�£M)R�KyOLY>ZQZbYiKbYLO>ZQU n R¸�5R n P�K"M rdrXn R�K�e n RSZbW`YLW r YDKya�W�UTR�O%UXa�M r YLK"p n R�O>ZQU n R�R�M r UdZ�\YLKm]�Y8R n ZbW`Y

M)a�a r UXO«MVZQU n R �MkZ[W`MLcAYLW`K8PgR�Y£K=\YDW�UXY|]�Y�O«M'a�ZbP�W`YLK�] u \YDOLW`M'RgK>j

þ í�U s P�W`Y��Aj�� » © a�W �YDK�MDc n UXWNODWA\Y¸\Y6P�R n)�rq Y>Z�]�Y � M'KbY'� rFu P�Z`U r UXK[MVZ[YLP�W6O n e�e�YDR�ODY �M r Y]8\Ywp n WQe�YDW%j ¼ r=r P�U}M'a�a r UXs�P�Y¥PgR�Y8]8\Ywp n WQefMVZ`U n R�]�YmZ Ø a_Y�pFP�KQU n R�MLc�YDOmP�R n P�Z`U r ]�Y�p n W`e�YKba l \YLW�UTsAP�Y)j�� u P�ZQU r UXK[MVZbYDP�W8R u MkagM'K8K`a8\YLO>Uã{�\Y¥]gY ë n R�Y®] u UXRAñ_PgYLR�ODY'� r Mk]8\Ywp n WQefMVZ`U n RNYLKQZ
] n R�OzM'a�a r UXsAP8\YDY �MIZ n P�Z rFu¢n)�.q Y>ZLj

K�K



��� Ë%Ï�Í Ì�ÉYÆ ¶ �}� Ð�Ì�ÍWØ Ñ+ÍWÎ'Ì�Æ	É�Ë	×�ÌFÍ Ç¢ÑJÆ�ÌÂÁ�Ê�ÏeØ ÅÆ�Ê6Æ,Î�Ì�Ë�Ì�Í£È7Î
þ í�U s P�W`Yf�Aj�� » � u P�Z`U r UXK[MVZ[YLP�Wk]m\Ywp n WQefY r�u¢n)�.q Y>ZkagM'W�P�R n P�ZQU r ]�Y�Z Ø a_Yzñ_Y�è�U n R�]gM'R�K r Y� P�Zo]�YNOLW�\YLYDWzP�RgY�M'W�ZQUTOLP r M$ZQU n R �M�ODY%Z�YLR�]gW n UdZDj ¼ r Kbam\YLO>Uã{_Y r M ë n R�Y�] u UXRAñ_PgYLR�ODYNY%Za_YDP�Z®M s UXWtKbP�W r M�c)M r YDP�W�]�Y rFu M'R s)r Yz]gYtñ_Y�è�U n R^a n P�W8c n UTW r�u Y�ê�Y%Z n5� ZbYDRAP¸j
þ í�U s P�W`Yi�Aj�ª » ð®R�Y8R n P�cAY rdr Y8]m\Ywp n WQefM$ZQU n Ro]�Y"Z Ø a_YypFP�KQU n R�YDKQZ²M'aga r UXsAP8\YLY)j)��Mip n W`e�Y�]�YrFu¢n P�Z`U r YLKQZ²Y rdr UXagK n&âã ]gM r Y£Y%Z r YmODYLR�ZbWQY8]�Y r�u¢n P�ZQU r YLKQZ²a r M'O¸\YiM'PIR=Udc�Y«M'PI]�Y r�u M'W�Z`UXOLP r MVZQU n R¸j
�¡Y � P�Z²YLKQZ¡]�Y�e n ]�Y r YLW r Mta�M'W�ZQUTY�M'W<ZQUXODP r \YDYm]�Y r�u�n)�rq Y>ZLj¹��Y�a r P�K�PgR�Y ë n R�Y"] u UXR�ñ_P�YLRgOLY
YDKQZ�]m\Y%{_R�UXY)�	M)K`KbP�WbM'RSZ|M$UXR�KQU�sAP�Y r�u�n)�rq Y%ZkRgY�KbYLW`MNagM'K�]m\Ywp n WQe�\YIYDR�]�Y lgn WQK�]�Y�ODY%Z`ZbYë n R�Y)j

þ í�U s P�W`Yt�Ajd¼ » � u P=ZQU r UXK[MVZ[YLP�W�a_YDP�Z"M rTn WQK�W`M«Ý�R�YDWya r P�K n P�e n UXR�K r YtefMVU r r M s Y¥]gY r�u¢n5�rq Y>Zs�P u U r YLKQZiYLR�ZbWbMVUXRJ]�Y�ODWA\YDYLW%j���Rfp~MVUdZL� rXn WQK�]�YDK8]�YDP7è�a�WQYDeoU �YDWQYLK�p�P�KQU n RgK>� r Y�efMVU rdr M s Y
M�]m\Y qD�M:\Y%Z�\Y�W`MVÝfR8\YzZbW �YDK r \Y s��YDWQYLefYLRSZ£K[M'R�K r�u UTRSZbYDW�cAYLRSZ`U n R�]�Y r�u P�Z`U r UXK[MVZbYDP�W%�²ODYLO%U"M«{_R
]gYvc n UTW s W n K`KQU �YDWQYDe�YLR�ZNs�P�Y rdr Y�KbYLWbM r M·p n WQe�Y n)� Z[YLR�P�Y'j ¼ O%U r�u P�Z`U r UXK[MVZbYDP�W�Kbam\YLO>Uã{_YPgR�Y ë n R�Y¥] u UXR�Z=\YDWL�Y%Z8Y>Z�]m\YDO%UX]�Yt] u M'a�a r UTsAP�YDW r�u M r@sSn W�U Z l e�Y�]�YtW`M«Ý�R�YDe�YLR�Zy]gM'RgK�ODY%Z`ZbYë n R�Y)j ¼ r O n RSZbW$�n$r Y�a n P�WzOLY r M r YLK|]�YDP7è�ODW�UdZ �YLW`YLKzP=ZQU r UTK=\YDKza�M'W r�u M r@sSn W�U Z l e�Y�Y%Z � M'K=\YDKKbP�W r M rXn R s P�YLPgW|]�YLKzM)WL�Y%Z[YLK�Y%ZzKbP�W r M^O n P�W � P�W`Y rTn O«M r YN�~O%p�j	KbYLO>ZQU n R���j�� � j ¼ r M«Ý�R�YMVUTR�KQU°OLYDK¥ODW�UdZ �YDWQYDK q P�KbsAP uâ�M n)� Z[YLR�UXW r YIR�UdcAYDM'Pv]�Y|]m\Y>Z[MVU r ]8\YLKQUXW�\Yy� �M�O l M'sAPgY|R n P�cAY rdr Y
c5M r YLPgW¥]�Y�OLW<UdZ �YDWQY'� r Y|efMVU rdr M s YIO n WQWQYDKba n R�]gM'R�Z�YDK<Z s \YDRm\YLW�\Y'j

þ í�U s P�W`Y£�Aj�Þ » ð®R�Yip n UXK r Y�e�MVU rdr M s Y£WbM«Ý�Rm\Y'� r�u P�Z`U r UXK[MVZbYDP�WtMzK n P�K r YLK Ø YLP7è r Y£WA\YLKbP r Z[MVZLj
þ í�U s P�W`Y���j¢à » ¼ r a_YDP�Z�M rXn W`KiM'KbK n O%UTYLWiP�R�Y¥ZbY�è�ZbPgWQY �M rFu¢n)�.q Y%Z¥K n P�K"p n WQe�Y®] u P�RgYiUXefM s Y¼5��s�P�U²K`YDW`Mfa r M's�Pm\YLYkKbP�W r�u�n)�rq Y%ZDj�� u P=ZQU r UTKbMVZ[YLP�W£O l�n UXKQU°a n P�W®OLY r MfP�R�Yka n K<U ZQU n R�]�Y
rFu¢n)�.q Y%Z<�~O n WQW`YLKba n R�]gM'R�Z �M®P�RgYyc5M r YLPgW²] u M'R s)r Yi]�Y�ñ_Y�è=U n R � �)a�P�UXK²U r a r M'sAP�Y r M¥ZbY�è�ZbPgWQY
KbP�W r�u�n)�rq Y%Z²YLRkP�ZQU r UXK[M'RSZ"P�R�Y"ex\Y%Z lgn ]�Y"]�Y�a�W n�q YLO>ZQU n Rg��UXO>U��'U r M¥P�ZQU r UXK=\YmP�R�Y�a�W n�q YDO%Z`U n R
O ØAr UTR�]�W�UXs�P�Y � j°� n WQKbsAP u U r e n ]�Uã{_Y r M^c5M r YDP�Wz]�Y r�u M)R s)r YN]�Y�ñ}Y�è�U n R¸� r M�Z[Y�è�Z[P�WQYfK`P�U Z
r YLK¥]8\Ywp n WQefMVZ`U n R�KtK`P � UXYLK�a�M'W r�u�n)�rq Y>ZLj
u YDKzM'O%Z`U n R�KIW`YLa�W�\YLKbYLR�ZbYLR�Z r YLK�\Y%Z[M'a_YDKzO r Y%p�Kk]�Y r MvOLW�\YDMVZ`U n R·] u P�R�e n ] �Y r YfM'W<ZQUXODP r \Y

� M'K=\YtKbP�WyR n K n P�Z`U r Ki]�Y8pFP�KQU n R�Y%Z�]gY8ñ_Y�è�U n R�j ¼ O%U���P�RgY�KbYLP r Y®M'W�Z`UXOLP r MVZQU n R6M�\Y>Z=\YtOLW�\Y¸\Y°�Sa n PgWn5� ZbYLR=UXW8PgRfe n ] �Y r Y¥Z[Y r s�P�Y r YtZ`U s WQY�]�Y r Mz{ s P�W`Y���j�ªzU r p~M'P�ZiW�\YDam\Y%Z[YLW�ODYLK�\Y>Z[M'a_YDKma r P�KQUXYDP�WQK
p n UXKLj ¦ R n)� ZQUTYLRSZ²MVUXR�KQU�P�R�e n ] �Y r Y/Ô`M'R�UTefM ��r Y3Õ��$O u YLKQZ�Ç �M&Ç�]�UXW`YyP�R�e n ] �Y r Y�M'P�s�P�Y r YDK<Z¡M'KbK n O%U>\Y
PgR6pFMVU �=r YfR n e � W`YI]�Y�agM)W`M'e �Y>ZbWQYDK�O n WQWQYDKba n R�]gM'R�Z|M'P7è�M)R s)r YDK|]�Y�K`YDK£M'W<ZQUXODP r MVZQU n R�KLj���R
e n ]�Uã{}M'R�ZiP�R�M'R s)r Y'� r Y�e n ] �Y r Y®K`Y£e n ]�Uã{_Y®YDRNO n RgK=\YDsAP�YDR�OLY)j�� n R�O)��YLR�pFM$UXK[M'RSZic)M'W�UTYLW r YLK
a�M'W`M'e �Y>ZbW`YLK l M � U r YDe�YLR�ZoY%Z�O n RSZ`UXRy�P�e�YDRSZ�M'PxO n P�W`K�]�P§Z[YLe�agK>� n R n)� ZQUXYDRSZ�P�R�e n ] �Y r Y
M)R�UXe�\Y��~agM'W¥Y�è�YDe�a r Y)�=P�RNZQU s WQYzYDR�Z[W`MVUXRv]�Y�efM'WQO l YLW � j
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¶ Â�Á�Â�õ È7Î	×�ÌFÍ£È7Î%Î	Ë%Ø~Í Ì ÅÆRÑ

objet à déformer outil de fusion

après déformation

��� �m���Aj�� þ ¿ ¤ (F¡¢¥�¡ # ( ¦ § &59D(F¡ E	� £ ¡â-¥¬ ¥ ¦ * ?¦ E !�§ -�&5(F¡ !'# ¬�& § E ¤1£ ¡ !$# &$� ¦ 9 ¤A#�!R¤ (F¡B¥ £ ¬g­®?¦ § ¡F¯ ¤ ¦

outil de flexion

���������Aj�� þ ¿ ¤ (F¡B¥ ¡ # ( ¦ § &59D(F¡ E	� * ?¦ E !�§ -�&)(¢¡ !'#·* ¦ (FQw¬ ¦ ¾ ¦ �R¡ !$#
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��� Ë%Ï�Í Ì�ÉYÆ ¶ �}� Ð�Ì�ÍWØ Ñ+ÍWÎ'Ì�Æ	É�Ë	×�ÌFÍ Ç¢ÑJÆ�ÌÂÁ�Ê�ÏeØ ÅÆ�Ê6Æ,Î�Ì�Ë�Ì�Í£È7Î

outil de fusion ave c zone d’influence

après déformation

�������=�Aj�ª þ ¿ ¤ (F¡B¥'¡ # ( ¦ § &S9D(F¡ E	� * ?¦ E !R§ -�&5(F¡ !'# ¬�& §�¤�#�!R¤ (¢¡¢¥ * ¦ E ¤¨£ ¡ !'# ¦ ¥5¥�¡¢¬ £L!�Læ * &A¥�- ¤A# ¡ * ; ¤�# ¦� !$# ¦ * ; ¡ #D¾*¤ ¦ # 9 ¦

maillage grossier

ajustement des deux
critères de raffine ment

(longueur & courbur e)

maillage plus fin
(meilleure approxim ation de la surface)

zone d’intérêt

�������}�Ajã¼ þ ¿ ¤ (F¡B¥�¡ # ( ¦ § &S9D(F¡ E��ë¥ ¦ -�&�¡B¥5¥d&DÀ ¦ 9 !�§�§ ¦ £ ¬ !$#_* & # ( 7&¸¥d& £�¤¨§ E>&59 ¦ * ¦ ¥<; !A@CB ¦ ( * ?¦ E !R§ -Ü?¦¦ £ ( § &Qç # ?¦ 7&k¥<; ¡ # (�?¦ § ¡ ¦ ¤¨§�* ; ¤�# ¦B� !$# ¦ * ; ¡ # (�?¦ § Á¦ ( Å ¥<; ¤ (F¡B¥Ó¡ £ &5( ¦ ¤¨§ & B�¤¨£ ( ¦ ¡ # ( ¦ § &59D(F¡â� ¦ - ¦ # (�¥ ¦ £9 § ¡ ( 7¦ § ¦ £k* ¦ ¥<; &A¥ À !�§ ¡ (â­S- ¦ * ¦ § &<ç # ¦ - ¦ # (
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¶ Â�Á�Â�õ È7Î	×�ÌFÍ£È7Î%Î	Ë%Ø~Í Ì ÅÆRÑ

�������¸�Aj�Þ þ ¿ ¤ (F¡B¥ ¡ # ( ¦ § &59D(¢¡ E	�ë¥<; !A@CB ¦ ( !A@ ( ¦ #'¤ ¦ £ (?¡ # ( ¦ § &59D(F¡â� ¦ - ¦ # (8& # ¡â-Ü?¦É¦ # &DÀR¡ £!£ & # ( £�¤r§¥d&��'&I¥ ¦ ¤r§I* ¦ ¥<; & # À ¥ ¦ * ¦ ¾ ¦ �A¡ !$#

���������Aj�à þ ¿ ¤ (F¡B¥�¡ # ( ¦ § &S9L(¢¡ E	� ¤�# ¦ ( ¦ �S( ¤r§ ¦�¦ £ (�¬�¥d&S¯ ¤ ?¦!¦ £�¤¨§ ¥<; !A@TB ¦ (
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rendu ambiant et Z-buffer

discontinuités de Z ➡ profiles

discontinuités de normales ➡ arêtes

buffer des normales

description géométrique de la scène

contours des objets

scène éclairée par une seule lumière
(texture+spéculaire)

ombres propres

ombres propres et ombres portéesZ-buffer vu de la source de lumière

rendu final (style «dessin animé»)
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± 17K:; . c02 !;� �$%-.8WM% x6RMe$%-2Z4&J0cP ��Ú/X8:&XM% �³�Bh�W�A�
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�r�ëï�� �S¹C�9À:¹cðcñ �Còaó ¾
��� I ô ���$�Ë�fõËö �fá P$O

 tÌcÎ�ÖEÌYª � � Ò ×WÙw 4"?$O&X(´)+ c$N-.$j;� 4"A"?-Q(ç6C(�-21´P ��N¶41�(S¶ ¢ �AB â 0t(�KR&�"j6�)+ #MN1O-2"u;X 7$A 4"?$d #M
(XKL$AM% p690.8:KEMe-.$A@X1� p;� FMN #(�;�&O"%$â>J02 F;� 4"N"%-2(u6C(�-21´P CB T KR&�"Ë6#VaKR(�"<;=P k�.6f)X6CM?0cP =;X ="d6lMaP �690.-2"d69$%-2KE(
;	6C(�"r02 �Zs@X6C)�-.$AMN ��O��"A #Z,$%-2KR(Y�:Bz�W�dB } 6C)�)+ c0QKR(�" k &X"?$d f`a&� p02 f$d #1�)X"H;� fZ�6902Z#&J0�;vgz&�(X t-217698W 
 4"%$p;� �0^ghKRM%;XM% 5;X ��j1O-Q(a&J$A 4"t"N&XM="%$d69$N-2KR( â Tfä{� B

n|6O/X8:&�M% j�:Bh�y)�MJP #"A #(W$A �`J&� c02`J&� #"m-21o698: #"� s¯J$dMN69-.$d #"�;X&w/	021wB â 0' #"%$�6C&X"N"%-<)+KR"A"%- 1 02 
;X fVaKL-2Mp;� 4"p s¯�$AMN69-i$A"l6R&oGIKRM%1o69$ ÿ ~ ¸ ��"N&XMq02 �é[ 1).6*0^gh6R;�M% 4"N"A '¨
×|ØFØFÙ�Ú�Û�ÛbÜ�Ü�Ü�Ý4ÞHß|à7á^âJãbä­Þñã7åQâ
ç�Þ?Û|èbé|ä|Ø:ã3êñÛ7ÞHí­èFí�åFÞ?àb×�Û4ì?í|à|åbë?ìÎã�äñÛ|à�å4Þ7Øñß�ßtä�Ý4ç|ÞHå^âk×�Ø�êñî

£ <�Ù#ÚrÛ�Ý"Cºß�Ü
Û�C�Ù#ÚgÖq¤r÷¾Õ·Ú·Þ=ÕWø £ ¥
Ù#Ü·Ö �%¶�1�(S¶ ¢ �
n�KL8R-2Z,-2 c0O;X UMN #(�;X&ù"%$e>a02 Ö ;X #"A"%-2(ú6R(J-21´P Ö �l1�KW; . ,02 #"#�f6C(J-Q1769$%-2KE(�"�� ä ¨�©rû Ð Ø ÐhüEü Ì

��Ì ÑsÊ ×XÖ Ð Î
�:$dKRMe> 1 KE6CM%;�¨ « Ê �sÍ Ð^Ñ Ì , ÌcýCÍAÌ Ô
� (J-21o69$%-2KR(�;� #"FVR698:&X #"·¨	þ Ê � Ð Ì,Í!©rÍ Ò � Ò Ôÿ KR(:$s698: � ,$=-.0i02&�"%$AMN69$N-2KR(_1O&�"%-2Z4690Q '¨ � ûWÍ Ð Ù ÔÕÐ Ò Î ¡ Ø°Ò Î­ª �Ëª Í Ï û:ýCÍ Ò © Ê Ò ×JÍ Ð~ M%KW;�&�Z,$%-2KR(�¨N¨ ,  �¨ ª ��« Í Ê Î Ñ Ì � ¤L¬:¬aÿ

­  tÌ,Î+ÖEÌYª � � Ò ×aÙ56®P c$�P �"�P ,02 #Z,$%-2KR(�(=P � c$l)�MJP #"A #(W$�P �6R&a¯�1o6C(J-°G^ 4"%$d69$N-2KR(�"m"A&J-iVR6C(:$d #"·¨
±]¸ ² } � � }l� ~ 8�â Dp�	gh�R�J� ~ KL-.$%-2 4M%"#� Ê MA6C(�Z# R� ¢ � ­ �E�j6CKvì&J$5¶��R�R���
± Ê B � Bh²5B°�+Bz{�BH�R�®� Ê KRMN&�1µ;� 4" � Me$d"O;X o0^gh²f(J-.Va #M%"��aZc-2 4(:$N-°/+`a&X � c$�{| #Zc@�(�KL0QKL8R-2`a&X 9�A�
{|KE&J02KR&�"A C� Ê MA6C(�Z# R�·¶4� ­ ¢�¢ KWZc$dK 1 M% j¶4�R�R�JB
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�  ��E¼ë  ò�� �Ú¿��EÃE ¢¹

�ëÉ 6C;X����� T B��AB É 6C;J02 4McB ±�� &�176C(��+KW;J>�1�KW;� ,02"�6C(�;\6C(J-21769$N-2KR(SB��N�H�r��� Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ù Ê Î+Ö ª ü:ü Ø Ð^ÑsÊRÔÕÐ Ò Î�Ùs�	VWKL0^B!�a���W�d�+(�K�VW 41"��MN !¶4�R���J�+)�)vB�� ± �:B
�ëÉ 6902�E�9� �	B É 6L0Q6#Va #(SB ±$# &�"%-2KR(�;SgzK�� k  ,$A"p`a&X c02Z4KR(�`a&X #"#Bñþ&%Ì,Ó Ò Ð ÍAÌjÖEÌ5Ù ÔIÊ4Ï Ì'�)(+*,� ª�-

ôvÎ Ð/. Ì,ÍdÙ Ð^Ô %ÌjÖEÌ10 Ò ü û ÐIÊ ª Î ÔÕÐhü ÒEØ Ð Ùs��"A #)J$d #12��M% 5¶4�R�R�JB
�ëÉ 6CMN�L³C� � B � B É 6CM%McB ± �l02K3�	690
6C(�; 0QK:Z�690w;� cG^KRMN1769$%-2KE(�"çK9GY"AKL0.-2; )�M?-21O-.$N-.VW 4",B

� Ò Ó ü × Ô Ì,Í  Í Êdü û ÐIÑ Ù54607�  8 * ª ©:9 ; <>=�©qÍ Ò Ñ ÌdÌdÖ Ð Î Ï Ù@?L�ËVaKL0^Bp¶4�����W�A� k &J-.0.02 ,$
¶4�R�L³���)�)SB��a¶ ± �E�aB

�ëÉFÉ ��¶c� ~ B É KEM%M% ,0l c$ ä B É  4Zs@�1o6C(�(SB ± ä  sGIKRM%1o69$%-2KR(bK9G!( ­ ;J-21� 4(�"%-2KR(X690mK3� k  #Z,$A"#B
0XýCÓ ü Ò Ù Ð ×aÓ Ò ÎA0 ÒEØ Ð Ö�þ Ò Ö:Ì Ø Ð Î Ï « Ò ×aÎ+Ö ÊRÔÚÐ Ò Î�Ù Ê Î+ÖB� ª+CED � ª þ ª üEü Ø ÐIÑdÊ -
ÔÕÐ Ò Î�Ùs� k &J-2(�¶4�R�J¶R��)�)SBX��Fa¶ ± �R�R�JB

�ëÉ D �HG ��F�� I!B É KR&J0.-2ZR��{�BJD=6R)J-2(S�KJ�B � &X6C(J8�� ~ BML�6902MA6a� É BWn·-2(:$d #MN176C(�(S� T BON�698:(X #(X69$ ­
{p@X69021o6C(�(S�rnHBPN�KWZ#Z4K�Q� ,$#�r{�BEN�KL02 ,$#���AB ~ 6C(�;7Q#-2ZR�ELuBt�J6R6RMc� � B=�aZc@�1O-.$%$4�
R BË�a@� 4(U ,$ ä B�{p@	6902176C(�(vB ± {p@� � ²SN � T�� � ä  #(:VJ-2M%KR(X1� #(W$fG^KEM�-2(:$d #M ­
6CZc$N-.VW �6C(J-Q1769$%-QKR(\K9Gt1u&J0.$N-2)J02 �;X sG^KEM%176T�J0Q u@a&X176C(�Zs@X6RMN6CZc$d #MN",BU� Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ù « Ò Ís×JÓV4I�XWY*1Z  * ª ©:9U���[0P; ¬�\ ü Í Ò Ñ ÌdÌdÖ Ð Î Ï Ù@?C�#VaKL0^BW¶,³��R(O]f�J�C6CKvì&J$
¶4�R��Fa��)�)SBX�R�W� ± �L³:�JB

�ëÉ  4Z#�L³C� ä B É  4Zs@�1o6C(�(SB ± �a)X6CZ4 [;� cG^KRMN1769$%-QKR(è17K:;X c02"�"A&�MeVa c>:B^� Ò Ó ü × Ô Ì,Í Ê Î+Ö Í Êsü û Ð^Ñ Ùs��VaKL0^B·¶��J�^³J�A��¶4�R�C³��+)X)SB�F:�:¶ ± FC�R�JB
�ëÉ  4 #�R�9� ¸ B É  # `_E 4McB ± �a1�KWKL$d@J-2(J8®K9G�"A@X6R)+ #"�;� 4"%-.8:(� 4;bap-.$d@´G^MN # ­ GIKRM%1µ"A&�MeGI6CZ4 #"#B

� Ò Ó ü × Ô Ì,Í ª Ð ÖEÌdÖ C ÌcÙ ÐiÏ ÎX��VWKC0^B·¶4�J�I³J�A��¶4�R�R�J�+)�)SBc�3�9³ ± �C���aB
�ëÉ � {p{p�L³C� I!B É KR&J0i-2ZC�cJ·B � &X6C(J8X� T B�N�6L8:(� #(X6L$q{p@X69021o6C(�(� ,$ ä Ba{p@X69021o6C(�(SB ± ��KE690 ­

KRMe-2 4(:$d #;];X #"%-.8:( 6C(�;]Z4KRM%MN #Z,$%-2KR( K9G*6CMe$N-2Z#&�0Q69$A 4;]/X8:&�MN �1�KL$%-2KE(Bap-.$d@�$d@� 
{UI � DPL "%>�"%$d #1wB!� Ò Ó ü × Ô Ì,ÍsÙ Ê Î�Ö  Í Êdü û ÐIÑ Ùc�RVWKC0^B�¶4�J�a( ] ³���¶4�R�L³��a)�)SBC³R³:� ±
³MF3�aB

�ëÉ � é �L³C� ä B É M% # 4(S� ä B � KR&�"A � c$dN\Bqé\K�Q9(:>:B ± ~ M% 4;J-2Zc$N-2(J8b$A@� _;XMN6C) K9GeatK�VW 4(
Zc02KC$A@[&�"%-2(�8w-Q(:$A 4MN6CZ,$%-2(J8�)X6CM?$%-2Z,02 #"#BS� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ùf4607�  1 * ª ©g9h; ¬ =
ü Í Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L��VWKC0^Bc�3Fa�I³J�A� k &J-.0.0Q c$u¶4�R�C³��	)�)SB+�R��F ± �W���aB

�ëÉ n���F�� R B É -.0.0= ,$x�	BSn�KW;�@X6aB ± �aZ4&J02)J$N-2(J8
)�KL0.>a8:KR(	690q1�KW;� ,02"!&�"%-2(J8yVa-QMe$A&	690Ë$AKWKL02"#B
©rÍ Ò Ñji  Í Êsü û Ð^Ñ Ù8�AÎ Ô Ì,Ílk Ê:Ñ Ì�; ¬M\ �+1769-Ë¶4�R��Fa��)�)SB��:��� ± �:�9�JB

�ëÉ 0.-Q����� R B É 0.-2(�(vB ± � 8: 4(� #MA690.-mQL69$%-2KR( K9G[690i8: >��MA69-2Z�"N&XMâGI6CZ4 ;�MA6>ap-2(J8XB ª �[no Í Ê Î�Ù ÊEÑ4ÔÕÐ Ò Î�Ù Ò Î  Í Êsü û Ð^Ñ Ùs�XVWKL0^B�¶R���W�d� k &J-i0.02 c$*¶4�E���a�+)X)SB��C��F ± �3FC�JB
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�ëÉF~ é �R�9� T Bp�dB É 6C;�02 #M,�rDlB É B ~ @�-.0.0.-2)X"7 ,$ É B<nËB�é[ >���+ 4McB ± 0 Ð Ó*× Ø ÊRÔÚÐ Î Ï 9f×aÓ Ê Î�Ù>q
� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù ª Î Ð Ó ÊEÔÕÐ Ò Î Ê Î�Ö�� Ò Î Ô Í ÒEØ B ± T  ratsqKRM)_	� � ¯aG^KRMN;
²f(J-.Va #M%"%-.$e> ~ M% 4"N"#�v¶4�R�R�JB

�ëÉ é �E��� R B É 0QKWKR1� #(W$A@X690O ,$ É Blé]>JVa-.0.0IB ± �e(:$A 4MN6CZ,$%-.Va �$A 4Zs@�(�-2`a&� 4"�G^KEM
-217)J0.-2Z,-.$
1�KW;� ,0.-2(J8�B�� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù14u07�  1 * ª ©g9h; ¬3v ü Í Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L�9VaKL0^B��9³��w�:�A�
k &J-i0.02 c$*¶4�R�:�a�+)X)SBv¶��C� ± ¶R¶4�JB

� DpDp�9�9� ¸ B5D=69$d1u&J0.0O ,$ R BxDr0Q6CM)_	B ± Im 4Z#&XM%"%-.VW ,0.>ú8: #(� 4MN69$d #; É ­ "A)J0.-Q(� ´"A&�MâG�6CZ# 4"
KR(�6CMx�J-.$dMN6CM?> $AKR)+KC02KL8R-2Z�690ç1� 4"A@� #"#By� Ò Ó ü × Ô Ì,Í -�ª Ð Ö:ÌdÖ C ÌcÙ ÐiÏ Î���VaKL0^B_¶��a�
"A #)J$d #1"�XM% 5¶4�W�9�J�+)�)SB	��FR� ± ��F3FaB

� D � ~ �R�9� R B ¸ BCDF@X6C;7ap-2Zr_	� ä B�I!B � 6C&�176C(�(! c$zI�B ¸ B ~ 6CM% #(W$#B ± n|6#>W 4M% 4;�Z4KR(�"%$AMN&�Zc$N-2KR(
G^KRMl;� sGIKRM%1o6T�J02 56C(J-Q1769$A 4;
Zs@X6RMN6CZc$d #MN",BE� Ò Ó ü × Ô Ì,Í  Í Êdü û Ð^Ñ Ù^4607�  1 * ª ©:9
; < ¬ ©rÍ Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L��VWKL0IBc�C�J�	( ] �J� k &J-.0.0Q c$u¶4�R�E�J�	)�)SB��9³:� ± �3F3�aB

� D R �J¶c� �	B'DFKW`J&J-.0.0Q6RMe$j ,$ ~ B R 6C(�Z3{ #(X CB ± � (�-21769$d #; # M% 4 ­ # KRM%1 ä  sGIKRM%176L$%-2KR(S¨<6C(
-2(:$d #MN6RZc$%-iVW �6C(J-Q1769$%-2KE(®$A 4Zs@�(�-2`a&� RB+� Ò Ó ü × Ô Ì,Í  Í Êdü û Ð^Ñ Ù�4607�  1 * ª ©g9h; ¬�|
ü Í Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L��VWKC0^Bc�3Fa�I³J�A� k &J-.0.0Q c$u¶4�R��¶R�	)�)SB!�C� ± �C�JB

� DFK3���L³R� É B7�	B�DFK3���SB ± C ÌcÙ Ð.Ï Î Ò kB0 Ñ × Ø ü�Ô ×aÍAÌdÖ}0	×aÍlk Ê:Ñ ÌcÙ&WvÙ Ð Î Ï3Ô û�Ì�~ - 0 ü Ø Ð Î+Ì
*=Ì ü ÍNÌcÙ4ÌcÎ ÔIÊRÔÚÐ Ò Î�B ± {p@�{ 4"N �;� ~ @ ä �	²f(J-.Va #M%"%-.$e>�K9GË²m$d6C@S� k &J-2(�¶4�R�C³�B

� DFKW`a�W�4� �	BlDFKW`J&J-.0.0Q6CM?$#B ± � DFKR(:$dM%KL0 ­ ~ KL-Q(:$ ­ É 6C"A #;è��at 4 #)J-2(�8´{p 4Zc@�(J-2`a&X CB��)�:�g�
� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù Ê Î+Ö ª üEü Ø Ð^ÑdÊEÔÕÐ Ò Î�Ùs�JVWKC0^B��:�W( ] ¶R¶R�a(�K4Va #12��M% m¶4�R�W�:�J)X)SB
�R� ± ³MFaB

� DFKW`a�E�9� �	B·DFKW`a&J-.0i0Q6CMe$4B ± ¸:#z# ä ¨v6j"AZ#&�02)J$A&XMe-2(J8y$dKWKL0�G^KRMf� ä 8: 4KR1� ,$AMe-2Z51�KW;� c0i-2(J8�B
� Ò Ó ü × Ô Ì,Í  Í Êdü û ÐIÑ Ù+4607�  1 * ª ©:9�; ¬M� ü Í Ò Ñ ÌdÌdÖ Ð Î Ï Ù@?L�#VWKL0^B��9³��^³��A�C6CKvì&J$q¶4�R�E�a�
)�)SBv¶4�W� ± ¶��R�JB

� DUJ+����� ä Br{�BFDF@� #(ç ,$ ä B�J+ ,0.$xQ9 #McB ± ~ &�17)®-.$7&�)S¨FDFKR1�)�&�$A #Mu6R(J-21769$N-2KR(�K9G�6
�J-2KR1� 4Zc@X6C(J-2Z�690.0.>"�X6C"A #;�17K:;X c0aK9G+1u&X"NZ,02 H&�"%-2(�8m$A@X '/�(J-.$A = c02 41� #(W$�1� ,$A@�KW;SB
� Ò Ó ü × Ô Ì,Í  Í Êdü û ÐIÑ Ù54607�  8 * ª ©:9 ; ¬Tv ©qÍ Ò Ñ ÌdÌdÖ Ð Î Ï Ù@?L�ËVaKL0^BE�C���@�:�A� k &J-.0.02 ,$
¶4�R���a��)�)SBX�R� ± �R�JB

�ëä  4Z#�R�9� ~ @SB ä  4Z46C&X;J-2(SB ± DFKR1�)+KR"%-.$N-2KR(ç;SgzK�� k  ,$A"5$AM?-2;J-21� 4(�"%-2KR(�(X c02"#BEn&%Ì,Ó Ò Ð ÍAÌ
ÖEÌ
C � ª�- WvÎ Ð/. ÌcÍsÙ Ð^Ô %ÌjÖEÌ o Ì Ñ ûWÎ ÒEØ°Ò ÏRÐ ÌuÖEÌ�� Ò Ó ü	Ð3�Ì Ï Î+Ì,�+"A 4)J$A 41"��M% 5¶4�E�R�JB

�O
K�
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�ëä  4Z#��F�� ~ @SB ä  4Z46C&X;J-2(SB ± �� #KE1� c$dMe-2Z�;� cG^KRMN1769$%-QKR(f�W>
1� 4Me8R-Q(J8y67� ä K3� k  #Z,$�ap-.$d@
6x"%-21�)J02 �"N@	6C)+ 5�^VW 4M%"%-2KR(yZ4KR&�Me$d 9�dBc0 ÐiÏ�Ï Í Êsü û�; ¬M\ - o Ì Ñ û:Î Ð^ÑdÊ Ø 0��RÌ ÔIÑ û�ÌcÙ -:� Ò Ù
ª Î Ï Ì Ø ÌcÙ��XWY0 ª �S6CKvì&J$5¶4�E��FaB

�ëä  4Z#�R�E6�� ~ @SB ä  4Z46C&�;�-2(SB ± �� #KR17 c$AM?-2Z ;� sGIKRM%1o69$%-2KR( �W> 1� #M?8R-2(J8 6 � ä
K3� k  #Zc$ ap-.$A@ 6 "%-21�)�02 "A@X6C)+ RB ©rÍ Ò Ñ ÌsÌdÖ Ð Î Ï Ù Ò k  Í Êsü û Ð^Ñ Ùt�dÎ Ô Ì,Ílk Ê -
Ñ Ì�; ¬Jÿ � o Ò Í Ò Î Ô Ò ��� Ê Î Ê Ö Ê �®1769- ¶4�R�R�J�ç)�)SB�F3F ± �:�aB ± ���M���P�)�M���M�����
�7���3�����>�7�K���z�¡ M� �O¢�£ � � �`¤ �T�K¥�¦O��¥7¢���§�¥  ��3�T¤�¨ ¥ ��©c�j��© �  M�K�z� ��� ¤cª B

�ëä  4Z#�R�3�J� ~ @SB ä  4Z46C&�;�-2(SB ± *=Ì,Î+ÖC× ÖEÌyÙ Ñ��ÌcÎ�ÌsÙh« C Ð Ó ÐÚÔIÊ Î Ô Ø ÌwÙ Ô ý Ø Ì�ÖEÌcÙdÙ Ð Î Ê Î Ð Ó¬%Ì,B
± If6C)�)+KRM?$U;� [MN #Zc@� #MNZs@X \(O]­�C�J¶��J�1� T I+� � � k &J-2( ¶4�R�R��B ���M���P�)�M���M�����
�7���3�����>�7�K���z�¡ M� �O¢�£ � � �`¤ �T�K¥�¦O��¥7¢��3®�®7��¯O°K±3°M�  M�7��� �7� ¤cª B

�ëä ���C³C� ~ @SB ä  #Z�6C&�;J-Q(  ,$ � B ��698W6L02K`ap-2Z²QEB ± # &�"%-2KR( K9G � ä "N@X6R)+ #"#B
« Ð k Ô û �q×aÍ Ò Ï Í Êsü û Ð^Ñ Ù ³ Ò Í´�4Ùsû Ò ü Ò Î ª Î Ð Ó ÊEÔÕÐ Ò Î Ê Î+Ö 0 Ð Ó*× Ø Ê -
ÔÕÐ Ò Î - ZrÙ Ø.Ò � ( Ò Í .z�Ì Ï Ì,� "A #)�$A #12��M% ¶4�R�L³�B ± ���M���P�)�M���M�����
�7���3�����>�7�K���z�¡ M� �O¢�£ � � �`¤ �T�K¥�¦O��¥7¢��  �µ ¢ ����� �  ��7�z� ��� ¤�ª B

�ëä ���E�9� ä B ä  9D=6CM?02Km ,$ R BR��690.0.-Q #McB ± {<KR)+KL02KL8R-2Z�690X cVaKL02&J$N-2KR(5KLG�"A&�MâG�6CZ# 4",BR©rÍ Ò Ñ ÌdÌdÖ Ð Î Ï ÙÒ k  Í Êdü û ÐIÑ ÙS�dÎ Ô Ì,Ílk Ê:Ñ Ì�; ¬Jÿ � o Ò Í Ò Î Ô Ò �H� Ê Î Ê Ö Ê �+1o69-<¶4�R�R���+)�)vBS¶��L³ ± �R�C�JB
�ëä � �R�9� �	B ä KR(J-¶_W-Q6C(Y ,$l�xB � P ,8:M%KR(SB ± � ;� #Z,0Q6CMN6L$%-.Va �;� #"%-.8:(w1� ,$A@�KW;jG^KRMt� ä "NZ4 #(� 

"�_E ,$AZs@�1�KW;� c0i-2(J8�BY�q×aÍ Ò Ï Í Êdü û ÐIÑ Ùf; ¬ «C��¶4�R�R�J�+)�)SBc�3�R� ± �C�R�JB
�ëä KWKW�9�L� ä B ä KWKJB ± � "A&��+;J-iVa-2"%-2KR(]690i8:KRMe-.$d@�1 GIKRMj"N17KWKL$A@J-2(�8\;�Kjal(®-2M%MN c8:&�0Q6CM% ,0.>

"A@X6C)+ #;w)+KL0.>�@X #;�MNKR(�"#Bv©rÍ Ò Ñ ÌsÌdÖ Ð Î Ï Ù Ò Îd�dÎ Ô Ì,Í ÊEÑ4ÔÚÐ·. Ì o Ì Ñ ûWÎ Ð Ûc×XÌcÙ Ð Î$� Ò Ó ü × -
Ô Ì,Í ª Ð Ö:ÌdÖ C ÌcÙ Ð.Ï Î���¶4�W�9�J��)�)SBv¶jF:� ± ¶4��FaB

�ëä �a�E�9� éèB ­ � B ä &] c$ # Bm�aZs@X1O-.$%$4B ± T  ra MN #"A&J0.$d"�G^KRM7$d@� �"A1�KWKC$A@]Z4KR(�(� 4Zc$N-2KR(
�+ c$¡at # 4( $d #(�"AKRM�)�MNKW;�&�Z,$¬�+ ²Q#-2 4M�)X69$AZc@� 4",B¸(�Ì²¹ o ÍAÌ,Î+Ö9Ù Ð Îº� Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ù^4I©qÍ Ò Ñ ÌdÌdÖ Ð Î Ï Ù Ò k»�  �AÎ Ô ÌcÍcÎ ÊEÔÕÐ Ò Î Ê Ø ; <�<´?L��¶4�R�R�J��)�)SBX��Fa¶ ± �R�R�JB

�ëä {f����F�� NUB ä  #"���MN&�(S� T B!{p"%-2(J8:KE"� ,$¼N ­ ~ Bx�!6C"NZ4&� ,0^B ± � ;X6C)J$s69$%-.Va ´"d6C1�)J0i-2(J8
K9GU-Q1�)J0.-2Z,-.$ú"A&�MeGI6CZ4 #"´GIKRMb-2(W$A #MA6CZc$N-.VW �1�KW;� ,0.-2(J8 6C(�; 6C(J-21769$N-2KR(SB « Ð ÍsÙ Ô
�r×JÍ Ò Ï Í Êsü û Ð^Ñ Ù¸³ Ò Í´�4Ùsû Ò ü Ò Îd�dÓ ü Ø Ð^Ñ,Ð^Ô 0X×JÍ½k ÊEÑ ÌcÙs��6#V�M?-.0H¶4�R��FJB

�ëä &�Z4�R�9� É B ä &�ZRB ± � ; ª Í Ô Ö:Ì Ø Ê ~ C � o Ò ÓjÌ v q � Ê o Ì Ñ û:Î Ð Û,×�Ì!ÖL× C ÌsÙsÙ Ð Î�B ±w¸ ;J-.$%-QKR(�"
�l0cP 4(X69$#�·¶��R�R�JB

�ëä é �a�R�9� � B ä  c0.-Q(J8: c$N$A C�3s*BCé®69$d6C(	6T�+ p c$[suBa�a&� 4(X698W6aB ± �:-217)J02 s¯2�X6C"A #;u6C(�-21769$N-2KR(SB
n Ò ÖEÌ Ø Ù Ê Î�Ö o Ì Ñ ûWÎ Ð Û,×XÌcÙ Ð Î¾� Ò Ó ü × Ô Ì,Í ª Î Ð Ó ÊEÔÕÐ Ò Î��|¶4�E�R�J�+)X)SBv¶4� ± �C�JB

��
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� ¸ 0Q"N�E�9� NUB ¸ 02"AKR(SB ± ä -2"A)J0Q6CZ# 41� 4(:$�6C(�-21769$%-QKR(S¨ ä  ,VW ,02KR)�1� 4(:$j6C(�;�6C)�)J0i-2Z469$N-2KR(SB
� Ò ×aÍsÙ#Ì'( Ò Ô ÌcÙÁÀ |3� 07�  1 * ª ©:9Â; ¬M� �+6RKSì&J$x¶4�R�E�a��)�)SBv¶,³ ± �L³�B

� # 6CM%�R�9� �xB # 6CMe-2(vB ± {|M?-Q6C(J8:&�0Q6CM É  4M%(�"%$A ,-2( ­ É  ²Q#-2 4M[)X69$dZs@X #"#B¸� Ò Ó ü × Ô Ì,Í ª Ð ÖEÌdÖ Ì Ò ÓjÌ Ô Í Ð^Ñ C ÌsÙ Ð.Ï Î���VaKL0^B+�J�·¶4�R�R�J��)�)SBX�R� ± ¶j�:�:B
� # 6CM%�R�9� �xB # 6RMe-2(SB ± �<×aÍ . ÌcÙ Ê Î+Ö80X×aÍlk Ê:Ñ ÌcÙ�k Ò Í1� Ò Ó ü × Ô ÌdÖ ª Ð ÖEÌdÖ  Ì Ò ÓjÌ Ô Í Ð^Ñ C ÌcÙ Ð.Ï Î�B

± � Z�6C;� #1j-2Z ~ MN #"A"#�v¶4�R�R�JB
� # É �R�9� ä B+I�B # KEM%"A c>  c$fI!B � B É 6CM?$A c0Q",B ± � -Q #MN6CMNZs@�-2Z4690 É ­ "A)J0.-2(� ®M% s/�(� #17 #(:$4B

� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù14607�  1 * ª ©g9Ã; <�<�©rÍ Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L�R6RKSì&J$l¶4�R�R�J�:)X)SB3�R�3F ±
�a¶j�aB

� # ä #z� �E��� R B ä B # KL0Q c>E� � BëVR6C( ä 6C1
�q�	B:LuB #  ,-2(� 4M� c$ R B # B � &J8:@� 4",B ± � Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ù>q!©qÍ Ð Î Ñ,Ðzü Ø ÌsÙ Ê Î+Ö´©qÍ ÊEÑ4ÔÕÐIÑ ÌcÙ¾4 v Ì\ÌdÖ ÐÚÔÚÐ Ò ÎT?LB ± � ;�;�-2"AKR( é[ #"%02 c>:�
¶4�R�E�aB

� # KRM%�J¶c� ä B[I�B # KRMN"A c>EB ± � "A&�MâG�6CZ# 71�KW;� c0'GIKRM5"�_: c02 ,$AKR( ­ �X6C"A 4;�Zc@X6CMN6RZc$A 4M56C(J-21o6 ­
$%-2KR(vB��r×aÍ Ò Ï Í Êdü û ÐIÑ Ù�³ Ò Í´��Ùdû Ò ü Ò Î ª Î Ð Ó ÊRÔÕÐ Ò Î Ê Î+Öh0 Ð Ó*× Ø ÊEÔÕÐ Ò Î -hÄ Ð Ì,Î�Î+Ì´�
ª × Ô Í Ð^Ñ ûJÌ,��"A #)J$d #12��M% �¶4�R�J¶R��)�)SB�F3F ± �9��B

� ��6C"A�R�9� N ­ ~ BË�!6C"NZ4&� ,0^B ± é[ c0Q;J-2(J8U6C(�;ç)J-2(XZs@J-Q(J8_"A)J0i-2(� y"A&�MâG�6CZ# 4"#¨�(� ²a 1� c$d@�KW;�"
G^KRMu-2(W$A #MA6CZc$N-.VW 
Z4M% �69$%-2KR(bK9G!Z#KR17)J02 c¯®K�� k  4Zc$d"O6C(�;�6C&J$dKR1769$%-2Zyî� #"A@J-2(J8UKLG
"�_E ,02 c$AKE(�"#B�©qÍ Ò Ñ`i  Í Êdü û ÐIÑ ÙH�AÎ Ô ÌcÍlk ÊEÑ Ì�; < ¬ � k &J-2(U¶��R�R�J�	)�)vBK�R� ± �:�:B

� ��6C"A�E��� N ­ ~ Br��6C"AZ#&� ,0^B ± C %Ì6k Ò ÍcÓ ÊRÔÕÐ Ò Î�Ù�ÖEÌwÙs×JÍ½k ÊEÑ ÌsÙ Ñ Ò Ó ü Ø Ì)ÅWÌcÙ>q o Ì Ñ û:Î Ð Û,×�ÌcÙ
ÖEÌ
û Ê × Ô Î Ð/. Ì Ê × ü Ò ×aÍ Ø Ê Ó Ò Ö,%Ì Ø Ð Ù ÊEÔÕÐ Ò Î´Ì Ô Ø ; Ê Î Ð Ó ÊEÔÕÐ Ò Î�B ± {p@�{ 4"N �;X 5;�KWZ,$AKRMA69$#�
²f(J-.Va #M%"%-.$�P �;� ~ 6CM?-2" ­ �J&�;S��DF #(W$AM% !;Sg � M%"d6#>E�XKWZ,$AK3��MN O¶4�R�E�aB

� ��6C"A�R�9� N ­ ~ Bm��6C"AZ#&� ,0^B ± � (]-21�)J0i-2Zc-.$wGIKRM%1O&J0Q69$%-QKR( GIKRM�)XM% #Z,-2"A �Z#KR(:$s6CZc$w17KW;� ­
0.-2(J8¼�+ ,$wat 4 #(�î+ s¯�-¶�J02 o"AKL0.-2;�"#BS� Ò Ó ü × Ô Ì,Í  Í Êdü û ÐIÑ Ùd4607�  8 * ª ©g9�; ¬ « ü Í Ò -
Ñ ÌdÌdÖ Ð Î Ï Ùw?L�	6CKvì&�$5¶4�R�R���+)�)vB���¶4� ± ���R�aB

� � � �R�9� �xB��l-2MN6L0.$� c$��xB � -2M¡Q4-2(J8: 4McB ± * ÒMÆAÒ ÔÕÐIÑ Ù!ÍAÌcÙ#Ì Ê Í Ñ û:B ± �J)�Me-2(J8W #Mc��¶4�R�R�JB
� �8N�{p{p�R�9� R ­ ~ B=��KR&�M%MN c$#� T B:N�698:(X #(X69$ ­ {p@	6902176C(�(å c$ ä BË{p@	6902176C(SB ± �:-21u&J0�69$%-2KR(

K9GpK3� k  #Z,$x6C(�;�@J&�176C(_"�_W-2(�;� cG^KRMN1769$%-QKR(�"!-Q([6y8:MN6C"A)J-2(J8
$s6C"�_	B�� Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ù2460��  1 * ª ©g9h; < ¬ ü Í Ò Ñ ÌsÌdÖ Ð Î Ï Ù@?L�WVaKL0^B��R�J���W�A� k &J-.0.02 ,$�¶4�R�R�J��)�)SBK�a¶ ±
�C�JB

� � T �L³C� R ­ ä B5��6C"AZ4&� c0O ,$ R B T  ²al176CM%Zc@SB ± ª o Ì,Î ÔIÊEÔÕÐ/. ÌÇWSÙ#Ì,Í Ê Î+ÖÈ*=Ì6k,ÌcÍAÌ,Î Ñ Ì
n Ê Î�× Ê Ø k Ò Í o Ñ Ø n Ò ÔÚÐ k | i � B ± (�KR(
)�&��J0i-cP C�XGLP ,V�M?-2 #M�¶4�R�C³�B

�O
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� � ~ �E�9� R BY��M?-2 #"A"A1769-2M� ,$]é�B ~ &�M?8W69$A@XK9G^ 4McB ± ä  sGIKRM%1769$N-2KR( KLG´�aKL0i-2;�"Èap-.$d@
{pMe-.VE6CMe-Q69$d É ­ �a)J0.-2(X #"#BY�XWY*1Z  * ª ©g9U���[0�; < ¬ �|¶4�R�R���	)�)SB�¶4�W� ± ¶,³:�JB

� ��MN6R�R�9� �xB<nËBË��MN64VW #"#B ± {p@� 717698R-2ZoK9Gl1� c$s6T�X690.02"#B8� Ò Ó ü × Ô ÌcÍ  Í Êsü û Ð^Ñ Ùb³ Ò Í Ø ÖL�
1769-Ë¶4�R�R�JB

� �lé ��F�� � BS��&J>� c$ É B�é]>JVa-.0.0IB ± DFKR(:$dM%KL0.02 4;��J02 #(X;J-2(J8jGIKRMt-Q1�)J0.-2Z,-.$�"A&�MâG�6CZ# 4"p&�"%-2(J8
6�8:MN6C)X@SB « Ð ÍsÙ Ô �r×JÍ Ò Ï Í Êsü û Ð^Ñ Ùd³ Ò Í���Ùdû Ò ü Ò Îh�dÓ ü Ø Ð^Ñ,Ð^Ô 0X×JÍ½k ÊEÑ ÌcÙs�X6#V�Me-.0'¶4�R��FaB

� � D:Ê1FC�9� ä B � -.0¶�+ #M?$� ,$��	B�DFKR@�( ­ ÊrKR"A"A #(SB ±  Ì Ò ÓjÌ Ô Ícý Ê Î+Ö Ô ûJÌ¼�AÓ Ê4ÏRÐ Î ÊEÔÕÐ Ò Î�B ±
DF@� c0Q"N �6 ~ &��J0.-2"A@J-Q(J8
DFKR17)X698:(:>:��¶4��FC�JB

� �H� �W�#� DlB � KL}v176C(�(  c$ R B � KR)�Z#M%K9GÚ$#B ± {p@� �)+KC$A #(W$%-Q690x17 c$A@XKW;bGIKRMd�J02 4(�;J-2(J8
"A&�MâG�6CZ# 4"b6C(�; Z4KRM%(� 4M%"#BhË  Ì Ò ÓjÌ Ô Í Ð^Ñ n Ò Ö:Ì Ø Ð Î Ï q ª Ø Ï Ò Í ÐÚÔ ûWÓxÙ Ê Î�Ö�(�Ì²¹
o ÍAÌ,Î+Ö9Ùc�=P 4;SBX)X6CMf�xB # 6CMe-Q(S�+)X)SBX�L³J� ± �R��FJB ± ��� � NU� ~ @J-i0Q6C;� ,02)�@J-Q6a�Ë¶��R�W�:B

� �H� L������ éèB�N\B � "A&S� R B # B � &J8W@� #"' c$ � B3L�6C&aGI176C(SB ± ä -2M% 4Zc$r176C(�-2)�&J0Q6L$%-2KR(�K9G	GIM% # ­
G^KRMN1 ;� sGIKRM%176L$%-2KR(�"#BH� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù¸4607�  1 * ª ©:9�; ¬3v ü Í Ò Ñ ÌdÌdÖ Ð Î Ï Ùw?L�
VWKL0IBc�C�J�@�W�A� k &J-.0i02 c$*¶4�R���J�+)�)vBv¶L�R� ± ¶4�L³�B

� � &J8:����� R B # B � &�8:@� #"#B ± �aZc@� #;�&�02 #; # KR&�Me-Q #M�Ê�KL02&�17 1N�KRMN)�@J-2(J8�BS©qÍ Ò Ñji � Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ù��g0��  1 * ª ©g9h; ¬3v �	VWKC0^Bc�C�J�+( ] �a� k &J-.0.0Q c$*¶4�R���a��)�)vBJ³:� ± ³:�JB
� L!D ~ ����� R B�I!B�L� 4(:$4�WéèB ¸ B	D=6CM?02"AKR(� ,$,I!B ¸ B ~ 6CM% 4(:$#B ± �a@	6C)+ l$AMA6C(�"?G^KRMN1769$%-QKR(7GIKRM

)+KL0.>�@X #;�MA690=K3� k  4Zc$d",B�� Ò Ó ü × Ô ÌcÍ  Í Êsü û Ð^Ñ Ùf4607�  8 * ª ©g9�; ¬Tv ü Í Ò Ñ ÌdÌdÖ Ð Î Ï Ùw?L�
VWKL0IBc�C�J�@�W�A� k &J-.0i02 c$*¶4�R���J�+)�)vB�³J� ± F9³�B

� L�02KR�R�9� # BpLf0QK3_	B ± {,atKhN�K4VJ-2(J8�DFKWKRM%;J-Q(X69$A # MN6C17 #"�GIKRM*��at 4 #)J-2(�8�6902KR(J8U6w�R;
{pMN6 k  #Z,$AKRM?>EB�� Ò Ó ü × Ô ÌcÍ ª Ð ÖEÌsÖ  Ì Ò ÓjÌ Ô Í ÐIÑ C ÌcÙ Ð.Ï Î��E(�KE�J�J¶��R�R�J�:)�)SB��a¶L� ± �3�C��B

� L!KL02�J¶c� DlB ¸ BzL�KC0¶�SB ± * Ê ý9Ùdû Ê Ö:Ì¾WSÙ4ÌcÍK; Ù  × Ð ÖEÌ Ê Î+Ö¸*tÌ6kcÌ,ÍAÌ,Î Ñ Ì^n Ê Î�× Ê Ø B ± (�KR(
)�&��J0i-cP C��¶4�R�J¶RB

� L1Im�J¶c� � B7L�6C&J0� c$ R B�ImKR"A"%-.8:(X6CZRB ± �aKL0.-Q; ­ -Q(:$A 4M%)+KL0Q6L$%-2KR(_;X sG^KEM%1769$N-2KR(�"#¨�DFKR(�"%$AMN&�Z ­
$%-2KR( 6C(�;ú6C(J-2176L$%-2KR(úK9G ~ � ~ "#BH�r×JÍ Ò Ï Í Êsü û Ð^Ñ Ù�; ¬�| ü Í Ò Ñ ÌdÌdÖ Ð Î Ï Ùs�p"N 4)J$A 41"��MN 
¶4�R�J¶R��)�)SB�³:�R� ± FR�3FaB

� n|6�Q���F�� # B�n�6�Q96CM%&X",B ± � Ò ×JÍ Æ ÌcÙ��¼�<ý Ø Ð Î+ÖLÍAÌcÙbÌ Ô nV%Ì ÔIÊ Ó Ò Í ü û Ò Ù#ÌcÙsB ± {p@�{ 4"N ®;� 
;�KWZc$dKRMN69$4�+²f(J-iVW 4M%"%-.$�P !;� ~ 6CMe-2"UÊ8�w�d�X;FP #Z4 #1"�XM% 5¶4�R��FaB
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� n'D R �R�9� # B4n|6�QL6CM%&�"#�L�	BRDFKW`a&J-i0.0Q6CMe$Ë c$ ~ B R 6C(�Z3{ #(� RB ± �e(:$A 4MN6CZ,$%-.Va H6�¯J-Q690a;� cG^KRM%1o69$%-2KR(X",B
ËHn Ò ÖEÌ Ø Ð Î Ï�Ð Îh� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ùs�SP 4;SB�)	6CM��a)�Me-2(�8: #M ­ Êr 4Me0Q698��L)X)SBj�9³�¶ ± �3F9³XB
± 8: 4(�{ ,V�M% R� k &J-2(U¶4�R�E�JB

� n�KWKR�L³C� DlBËn�KWKR)SB ± �a1�KWKL$A@å"N)�0.-2(� �"N&�MeGI6CZ4 #"jK4Va #M*-2M%MN c8:&J0�6CM71� 4"A@� #"#BS� Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ù^4607�  8 * ª ©g9Ì; ¬ =�©rÍ Ò Ñ ÌsÌdÖ Ð Î Ï Ù@?L� k &J-.0i02 c$*¶4�R�L³X�+)�)vB��:�C� ± �J¶��aB
� N�6CM%����� ä BcN�6CMNMcB ± Ä Ð Ù Ð Ò ÎXB ± �J6C( # MA6C(�Zc-2"AZ4KJ� # M% # 4176C(S�S¶4�R���aB
� N� c-2�R�L� É B R B[N� ,-2 #M,B ± ~ 69-2(W$A 4Me0.>UMN #(�;� 4Me-2(�8yGIKRM!6C(�-21769$N-2KR(SB+� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù

4607�  8 * ª ©:9Â; ¬Jÿ ©rÍ Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L�	6CKvì&J$5¶4�R�E�J�	)�)SBX³J�R� ± ³:�L³�B
� N�{p{p�J¶c� T BXN�698:(� c$s69$ ­ {p@X69021o6C(�(æ c$ ä Bx{p@X690Q176C(�(SB ± � &�176R(3"A@X6C)+ �;� 4"%-.8:(

6C(�; ;� sGIKRM%176L$%-2KR(�"#B�� Ò ×aÍsÙ#ÌA( Ò Ô ÌsÙ­À vO� 07�  1 * ª ©:9 ; ¬O| -�ª Ö .LÊ Î Ñ ÌdÖo Ì Ñ û:Î Ð Û,×�ÌcÙ Ð ÎÍ9f×aÓ Ê Î�n Ò ÖEÌ Ø Ð Î Ï � ª Î Ð Ó ÊRÔÚÐ Ò ÎO� Ê Î+Ö'*=Ì,Î�ÖEÌ,Í Ð Î Ï �W6CKvì&J$l¶4�R�J¶RB
�ëTfä é ��F�� R B T  c-Q;� #M,�R{�B ä 6#VJ-2"Ë c$�N\B9é[KWKJB ± Z ü Ì,Î  � ©qÍ Ò Ï Í Ê Ó*Ó Ð Î Ï  × Ð Ö:Ì'4u*=Ì Ø Ì Ê Ù4Ì

| ?LB ± � ;�;J-2"AKR(�é[ #"%02 ,>E�v¶4�R��FaB
�ëT  ra���F9� NUB T  ²at c0i0^B ± o ûJÌÎW ÔÕÐ Ø ÐÐÏ4ÊRÔÚÐ Ò Î Ò k�©qÍ Ò Ñ ÌdÖL×JÍAÌ¸n Ò Ö:Ì Ø Ù Ð Î C Ð.ÏRÐÚÔ�Ê Ø �dÓ Ê#Ï Ì

0XýCÎ Ô û�ÌcÙ Ð ÙsB ± ~ @SBh;SB�$A@� 4"%-2"#��²f(J-iVW 4M%"%-.$â>wKLGË²m$d6C@S�v¶4�W��FJB
�ëT � {<6C��F�� {�B T -2"A@J-.$d6J�KN\B � -2MA69-^�	{�B�L!6`ap69-S ,$=690IB ± � � k  #Z,$F17KW;� c0.-Q(J82�:>7;J-2"%$AM?-¶��&J$N-2KR(

G^&�(XZc$%-QKR( 6C(�; 6U1� ,$A@�KW;bK9G�-217698: Y8: #(X #MN69$N-2KR(SB o Í Ê Î�Ù i �)�S�[� -ÍÑ Ò ×JÍsÎ Ê ØÒ k[© Êdü Ì,ÍsÙ ÏRÐ·. Ì,Î ÊRÔ
Ô û�ÌB� Ø Ì Ñ4Ô Í Ò Î Ð^Ñ Ù­� Ò Ó*Ó*×aÎ ÐIÑdÊRÔÚÐ Ò Î�ÙÒ� Ò Î`k,Ì,ÍNÌ,Î Ñ ÌÓ4 Ð Î
Ñ Êdü�Ê Î+ÌcÙ#Ì¡?L��VaKL0^B R �R� ­ ä �^³��A� k &J-.0i02 c$*¶4�R��Fa��)�)vB+�W¶4� ± ���3FaB

�ê� NY�E�9� � B � )	690Q6CZc@� ,$5�	BÔN�6C;�;XK:Zr_	B ± �e1�)J0i-2Zc-.$5"A&�MâG�6CZ# 4"#¨ � )�)+ �6CM% 4(�Z# R���J02 4(�;J-2(J8
6C(�;YZ4KR(�"%-2"%$A 4(�Zc>:B�= Ô ûd�r×aÍ Ò Ï Í Êsü û Ð^Ñ Ù�³ Ò Í´��Ùdû Ò ü Ò Î ª Î Ð Ó ÊRÔÚÐ Ò Î Ê Î�ÖÍ0 Ð Ó*× -Ø ÊRÔÕÐ Ò Î���¶4�R�E�JB

�ê� &�"A�R�9� R BcL*B � &�"%$d #M%@XKR&J$#B ± o Ñ Ø Ê Î+Ö Ô û�Ì o � o Ò�ÒRØ � Ð^Ô B ± � ;�;J-2"AKR( ­ é\ 4"%02 c>:�v¶4�R�R�JB
�ë~  #;���F�� � BfL�KR@�0.-2(J8 ~  4;� 4M%"A #(SB ± ä  4Z#KRMA69$%-2(J8 -217)J0.-2Z,-.$ "A&�MâG�6CZ# 4",BA� Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ù^4607�  8 * ª ©g9Ì; ¬M\ ü Í Ò Ñ ÌdÌdÖ Ð Î Ï Ù@?L�X6CKvì&J$5¶4�R��Fa�+)X)SB��C�J¶ ± �E�R�aB
� I�L!�L³C� R B�ImKR"A"%-.8:(X6CZy ,$ � B�L�6C&J0IB ± � �SI ¸ n�"u6C(�; É � É "#¨�N� c$s6C1�KRM%)X@�KR"%-2"u6C"u6

�FP rQ4-2 #MwZ#&XMeVW Y-2( $A@� _"A)X6CZ4 _K9GO)+KL0.>�@X #;�MA6aBS�q×aÍ Ò Ï Í Êdü û ÐIÑ Ù�; ¬ = ü Í Ò Ñ ÌdÌsÖ Ð Î Ï Ùs�
"A #)J$d #1"�XM% 5¶4�R�L³��+)�)SB·¶L�9� ± ¶4�L³�B

�O
�Õ
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� I��XDF�W�#� éèB<{�BzIm 4 cVa #"#� ä B � BH�J690Q #"%-2(ç c$2I�B|nHBHDFKWK3_	B ± Im 4(�;� 4Me-2(J8U6C(W$%-Q690.-�6C"A #;
"A@X6C;�K`al"�ap-.$d@_;� 4)J$A@�176C)�"#B:� Ò Ó ü × Ô Ì,Í  Í Êdü û ÐIÑ Ù�4607�  8 * ª ©g9Ö; <�×u©rÍ Ò -
Ñ ÌdÌdÖ Ð Î Ï Ùw?L��VWKL0^B!�a¶R�^³J�d� k &J-.0.0Q c$*¶4�R�W�:��)�)SB��C�E� ± �C�J¶RB

� � � É �a�C³C� NUB ~ B��J6L0.-2"���&�Me>:���+B ¸ B � (�;� 4M%"AKR(S��I!B É 6RM¡Q� ,0U c$ ä B � B
�J6L02 #"%-2(SB ±
�â(W$A #MA6CZc$N-.VW *)+ 4( ­ 6C(�; ­ -2(�_�-.0i02&�"%$AMN6L$%-2KR(SB1� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù�4607�  1 * ª ©:9
; ¬ =Y©rÍ Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L��VWKL0IBc�C�J� k &J-.0.0Q c$*¶4�R�L³���)�)SBv¶��a¶ ± ¶��C�JB

� � ÉFä �R�9� # Bm�aZc@�1O-i$%$#� É B � B É 6CMN")_W>b c$oé�B ­ � B ä &vB ± � ( 6C;X6C)J$N-.VW _"A&��+;�-.Va-2"%-2KR(
1� c$d@�KW; G^KEMå"A&�MâG�6CZ# ­ /X$%$N-2(J8�GIM%KR1 "d6C1�)�02 #; ;X6L$d6aBy� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù
4607�  8 * ª ©:9Â; < ÿ ©rÍ Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L��VWKL0IBc�R�a�+6CKvì&J$x¶4�R�R�J�+)�)SB·¶L�9� ± ¶4�R�JB

� �������9� {�B é�B��a 4;� #M)�+ #Me8y c$ ¸ B|��M% 4 #(MatKWKW;SB ± � ~ @W>�"%-2Z4690i0.> É 6C"A 4; � )�)XM%KE6CZc@Y$AK
� ä �J@X6C)+ É 02 #(X;J-2(J8�B�©qÍ Ò Ñ`i � Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù��Y07�  1 * ª ©g9h; ¬3v �EVWKL0^B��C�J�
k &J-i0.02 c$*¶4�R���a�+)X)SB��3F ± �L³�B

� �a@�(X�R�9� É B|�a@�(� ,-2;� #MN176C(SB ± ä -2MN #Z,$�1o6C(J-2)�&�0Q69$%-2KR(v¨ � "%$d #)¸�+ ,>WKR(X;�)�MNKL8:MN6R1�1O-2(J8
0Q6C(J8:&	698: #"#BÔ�)�g�:��� Ò Ó ü × Ô ÌcÍc�	VWKL0IB·¶4�J���W�d�+6CKvì&J$x¶4�R�R�J��)�)SB�F:� ± �R��B

� �a1O-Q�L³C� � BXI�B7�a1O-.$d@SB ± ~ 0�6C(:$A"#�xGIMN6CZ,$d6902"�6C(�;3GIKRM%176L0y0Q6C(J8:&X6L8: #"#B¼� Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ùy4607�  8 * ª ©:9 ; <>=�©qÍ Ò Ñ ÌdÌdÖ Ð Î Ï Ù@?L�ËVaKL0^Bl¶4�J� k &J-.0.0Q c$_¶4�R�L³��=)X)SBp¶ ±
¶��aB

� � ~ �R�9� {�B é�Bx�a 4;� 4Mx�+ #M?8ù c$´�	BØI�B ~ 6CM%M?>EB ± # M% # ­ # KRM%1 ä  cG^KRMN1769$%-QKR( KLG�"AKL0.-2;
8: #KR17 c$AM?-2Z_1�KW;� ,02"#B2� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù¾4607�  1 * ª ©g9h; < ÿ ü Í Ò Ñ ÌdÌdÖ Ð Î Ï Ùw?L�
VWKL0IBc�R�a�^³��A�S6CKvì&�$5¶4�R�R���	)�)SB·¶�Fa¶ ± ¶4�E�aB

� ���a�R�L� R ­ ~ B·�a17 c$A" ­ �aKL0Q6C(X #"#B ± Êr #Z,$AKRMF/� c02;f�X6C"A #;�$A c¯J$A&XM% !176C)�)J-Q(J8oK9Gq6C(J-21769$d #;
-21�)J0i-2Zc-.$UK�� k  4Zc$d",B^� Ò Ó ü × Ô Ì,Í  Í Êdü û ÐIÑ Ù « Ò Íc×aÓ 4u�r×aÍ Ò Ï Í Êdü û Ð^Ñ Ù�; ¬Jÿ ?L��6CKvì&J$
¶4�R�R�J��)�)SB��C�R� ± �E�R�aB

� �a{p�E��� {�B���69-.$AKw c$!{�B·{<6T_L6R@X6C"A@J-^B ± DFKR1�)�MN #@� 4(�"%-¶�J02 *MN #(�;� 4Me-2(�8
K9GF� ­ ä "N@X6R)+ #"#B
� Ò Ó ü × Ô Ì,Í  Í Êdü û ÐIÑ ÙÈ4607�  1 * ª ©:9 ; ¬M� ©rÍ Ò Ñ ÌdÌdÖ Ð Î Ï Ù@?C�mVaKL0^B'�L³��^³J�A�x6CKvì&J$
¶4�R�E�a��)�)SBv¶4�W� ± �R�C�JB

� �a{p����� I!B|��Q� ,0.-2"�_:-H c$ ä B·{|KR(�(X #"A #(SB ± �J&�MâG�6CZ# *1�KW;� ,0.-2(J8hap-.$A@UKRMe-Q #(:$d #;_)	6CMe$%-QZc02 
"%>�"%$A #17",Bg� Ò Ó ü × Ô ÌcÍ  Í Êsü û Ð^Ñ Ù�4607�  8 * ª ©g9�; ¬Tv ü Í Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L�+VaKL0^BY�C�J�w�:�A�
k &J-i0.02 c$*¶4�R���a�+)X)SBv¶4��F ± ¶4�L³�B

��
�Ù
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� �a{p��F�� R Bq�a@� #(\ ,$ ä B|{p@	6902176C(�(vB ± �e(:$d #MN6CZ,$%-.Va o"N@	6C)+ 7;X #"%-.8:([&X"?-Q(J8_17 c$d63�X690.02"
6C(�;�"A)J0.-2(X #"#B « Ð ÍdÙ Ô �q×aÍ Ò Ï Í Êdü û ÐIÑ ÙÈ³ Ò Í���Ùdû Ò ü Ò ÎB�AÓ ü Ø Ð^Ñ,ÐÚÔ 0	×aÍlk Ê:Ñ ÌcÙs�F64V�Me-.0
¶4�R��FaB

� �:é �J¶c� suBS�a&� 4(X698W6O c$,suB	é®69$d6C(X6T�� CB ± � 1� ,$A@�KW;oG^KRMl"%>�(�Zc@�M%KR(�-mQ� 4;w6CZ4`a&J-2"%-.$N-2KR(
K9GqZc>J0.-2(�;�M?-2Z4690HMN6C(�8�6C(X;�Z4KL02KRM�;	69$d6aB��������p� o Í Ê Î�Ù ÊEÑ4ÔÚÐ Ò Î�Ùs��VaKL0^B ¸ �4³��%¶9�:�A�
KWZc$dK3��M% O¶4�E�J¶R�+)X)SBX�L³W�:� ± �L³�¶��JB

� {| �6C�R�9� ~F� Ê ­ Il6#>O{| �6C1wB ± ©=Ì,ÍsÙ Ð Ù Ô Ì,Î Ñ Ì Ò k Ä Ð Ù Ð Ò Îh* Ê ý o Í Ê:Ñ Ì,Í��SWSÙ4ÌcÍK; Ù C Ò Ñ ×aÓjÌ,Î -
ÔIÊEÔÕÐ Ò Î�B ± (�KE(w)X&��J0.-,P R��¶4�R�R�JB

� { # �R�9� ä Bx{| 4M¡Q9KR)+KR&J02KR"® c$ÚLuB # 02 ,-2"A@� #M,B ± ä  sGIKRM%1o6T�J02 b1�KW;� ,02",B o ûJÌ Ä Ð Ùs× Ê Ø
� Ò Ó ü × Ô Ì,Íc�XVaKL0^B�³����W�A��¶4�R�R�J��)�)SBX�E�C� ± �R��¶RB

� {�N��J¶c� ä B·{| #MÛQ�KR)+KR&J0QKR"� ,$ ä B�N� c$d69¯X6C"#B ± ä >�(	6C1O-2Z*� ­ ;�17KW;� c02"Sap-.$d@�02KWZ46L0q6C(�;
8R02K3�X690�;� cG^KRM%1o69$%-2KR(X",¨�;� cG^KRMN176T�J0Q ["A&�)+ #M�`a&X6C;XMe-2Z#"#Be���g�g� o Í Ê Î�Ù Ê:Ñ#ÔÚÐ Ò Î�ÙÒ ÎY© ÊEÔ^Ô Ì,ÍcÎ ª Î Ê Ø ýLÙ Ð Ù Ê Î+Ö2n ÊEÑ û Ð Î+Ì8�dÎ Ô Ì Ø�Ø ÐiÏ Ì,Î Ñ Ì,��VWKL0IB ~ � Nf� ­ ¶4���e�R�A� k &J-.0.02 ,$
¶4�R�J¶R��)�)SB��L�C� ± �:¶,³�B

� { ~HÉ # �W�#� ä B7{| 4M¡Q�KR)+KE&J02KR"#� R B ~ 0Q6L$%$#� � B É 6CM%M� ,$ALuB # 02 c-Q"NZc@� 4McB ± ¸ 0Q6C"%$%-2Z�690.0.>
;� sGIKRM%1o6T�J02 *1�KW;� ,02"#B�� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù�4607�  8 * ª ©:9�; <�× ü Í Ò Ñ ÌdÌdÖ Ð Î Ï Ùw?L�
k &J-i0.02 c$*¶4�R�a�:�+)X)SB��R�3F ± �a¶,³�B

� {=é �R�9� ä BJ{| 4M¡Q�KE)+KR&J02KR"F ,$ � BWé -.$�_:-Q(SB ± ~ @W>�"%-2Z4690i0.>Í�X6C"A #;j1�KW;X c02":ap-i$A@oMe-.8R-2;w6C(�;
;� sGIKRM%1o6T�J02 
Z#KR17)+KR(� #(W$A"#B:�)�:�g�Ü� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù Ê Î+Ö ª ü:ü Ø ÐIÑdÊRÔÚÐ Ò Î�Ùs�
VWKL0IB	�J���W�d�	(�K�VW 41"��M% 5¶4�E�R�J�+)X)SB�³�¶ ± Fa¶RB

� {=é­L��W�#� ä BJ{| 4M¡Q�KE)+KR&J02KR"#� � BWé]-i$�_:-2(� c$,NUB�L�6C"A",B ± �:>�171� c$dMe> ­ "A # `_:-2(J8�17KW;� c02"ËGIKRM
� ä K3� k  #Z,$OM% 4Z#KR(�"%$dM%&�Z,$%-2KR(SBP�AÎ Ô Ì,ÍsÎ ÊEÔÕÐ Ò Î Ê Ø Ñ Ò ×JÍsÎ Ê ØpÒ k�� Ò Ó ü × Ô Ì,Í Ä Ð Ù Ð Ò Î��
VWKL0IB·¶R�·¶4�R�a�:�	)�)SB!�a¶R¶ ± �3�a¶RB

� é É=É G �E��� É Bwé]>aVJ-.0.0^� R B É 02KWKR1� 4(:$d@X690^��{�B É  c-2 4Mc� R B É 0i-2(�(S� � B¸ImKWZr_�apKWK:;  c$
�xB	é]>aVJ-.0.0^B ± N�KW;� c0i-2(J8
6C(�;�6C(J-21769$N-2(J8�ap-.$d@w-21�)�0.-2Zc-i$�"A&�MeGI6CZ4 #"#BY0 ÐiÏ�Ï Í Êsü û
� Ò ×aÍsÙ#Ì'( Ò Ô ÌcÙs��VaKL0^Bc�C�J��¶4�R�E�aB

� é[ #M%��F9� R B�é\ 4M%(� 4Z´_: CB ± o û�Ì»�dÎ . ÌcÎ Ô Ò ÍÝn_ÌcÎ Ô Ò Í - ©qÍ Ò Ï Í Ê Ó*Ó Ð Î Ï Z Æ·Þ Ì Ñ#Ô - ZFÍ Ð ÌcÎ Ô ÌdÖ
« C  Í Êsü û Ð^Ñ Ù1¹ Ð^Ô û5Z ü Ì,Î¸�AÎ . Ì,Î Ô Ò Í^4u*=Ì Ø Ì Ê Ù#Ì v ?CB ± � ;�;J-Q"NKR(�é[ #"%02 ,>E�S¶4�R��FaB

� é]-i0Õ�9�9� nËB�é]-.0.0i-Q6C1�"#B ± D=6C"%$%-2(J8YZ#&�M?VW 4;
"N@	6C;�K`al"�KR(�Z4&�MeVa #;�"N&XMâGI6RZ# #"#BP� Ò Ó ü × Ô Ì,Í Í Êsü û Ð^Ñ Ù'4607�  1 * ª ©:9
;Ø×j<�©rÍ Ò Ñ ÌdÌsÖ Ð Î Ï Ù@?L�9VaKL0^B�¶j�a���W�A�:6CKvì&J$p¶4�W�9�J�:)X)SB3�:�L� ±
�:�4³�B

���c�
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� é­N
é �R�E6�� É B�é]>JVa-.0.0I�SDlB�NYZ ~ @X # c$d #MN"F c$l�*Baé]>JVa-.0i0^B ± � (J-21o69$%-2(J87"AK9GÚ$pK3� k  #Z,$A"#B o ûJÌ
Ä Ð Ùs× Ê Ø � Ò Ó ü × Ô Ì,Íc�XVaKL0^B!�a�·¶4�R�R�J��)�)SB��C��F ± �9³M�aB

� é­N
é �R�3�a�O�xBpé >aVa-.0i0^�!DlBHN�Z ~ @� 4 c$A 4M%"w c$ É Bpé >aVJ-.0.0^B ± ä 69$d6b"%$AMN&�Zc$d&�M% �G^KRM
"AK9GÚ$
K3� k  #Zc$d"#B o û�Ì Ä Ð Ùc× Ê Ø � Ò Ó ü × Ô ÌcÍc�	VWKL0IBc�a�v¶4�R�R�J��)�)SB��3�:� ± �C�L³�B

� éú�J�L³C� �xB·é -2(�_: #(��	6CZs@\ ,$ ä B � BH�J6902 4"?-Q(SB ± DFKR1�)X&J$A 4M ­ 8: #(� 4MN69$d #;_)+ 4( ­ 6C(�; ­ -2(�_
-.0.02&X"?$dMN69$%-QKR(SB�� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ùe4607�  1 * ª ©:9
; ¬ =�©rÍ Ò Ñ ÌsÌdÖ Ð Î Ï Ù@?L�LVWKL0^B��C�J�
k &J-i0.02 c$*¶4�R�C³��+)X)SBv¶��a¶ ± ¶��C�JB

� éú�J�R�9� �xB·é -2(�_: #(��	6CZs@U c$ ä B � B'��6902 #"%-2(SB ± Il #(X;� #M?-2(J8�)X6CMN6R1� c$dMe-2Zo"A&�MâG�6CZ# 4"�-2(
)+ #(]6C(X;å-2(�_	BX� Ò Ó ü × Ô Ì,Í  Í Êdü û Ð^Ñ Ù�460��  1 * ª ©g9h; ¬Jÿ ü Í Ò Ñ ÌsÌdÖ Ð Î Ï Ù@?L�q6CKvì&J$
¶4�R�R�J��)�)SB�³:�R� ± ³J�9�JB

� é]é ����� éèBoé[ c02Zc@  ,$ � Boé]-.$�_:-2(SB ± Êq6CM?-Q69$%-2KR(	690b�a&XMâGI6CZ4 ÒN�KW;� ,0.-2(J8�B�©rÍ Ò Ñji
� Ò Ó ü × Ô Ì,Í  Í Êsü û Ð^Ñ Ù��"07�  8 * ª ©g9�; ¬Tv �mVaKL0^B+�C�J�l( ] �a� k &J-.0i02 c$ç¶4�R���a�l)X)SB
¶jF:� ± ¶4�R��B

�M�·�
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¦�ø!ùUúû7üñýêþ>ÿ��²ý ø���� ÿ��	��
7þ>ý ø���ù û�� ø ��
�ûMþ���� �cø 
��Sü�ÿ���� � �����ûMþ²û ù���� 
�ÿ��cû�þ �
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Q ÃR h¼ë ����E¹FRH¹#¡�¿ ó ÀJ z�

!4N"21S(%9TN"VU WYX Z�[O\%]DX2\)X0[^X2_`[Ja;b%c�_`[dZ%_%ef\%]geih	j�kel]Dem\`c�]Dngjoe2apb+ef_%X Z%q2eSc�Z�r8X Z+n�jost[
b+emh	X�bvuelsojt[Dc�ngjoX _wb)x=X y+z^eJnI[�n�]Djtb+joh	ei_0n�joX2_%_%eis{[|\)X Z�]Ostc}[�~+_'ng��ke�[Ge�b6x=johpc��2eS[J�A�Gst[�\)ei]Dh	eJngngei_'n
b+e|h	X�b+eis�ei]�jo_0n�ei]?c2�?n�joq2eih	ei_0n�b+eS[���X2]ghAeS[�b6x�c2[G\)eS�?nFsojt[g[Ge�n�eisosoe�[�� Z%e�b+eS[���X2]ghAe�[�X2]g�0c�_%j{� Z%eS[
� c�_%johpc�Z�r6a��JX2]D\`[��'Z%hpc�jo_`[���eJn	��c2�Ij�sojKn�ei_0n�soelZ%];c�_%joh;c�ngjoX _�eJn	s�eiZ%]4n�eJr'ngZ%]?c�n�joX2_����Y_OX2y+z^einpb+e
��X ]Dh	e4�JX2h	\�s�eJr+e�eS[Gn��I]�ue6ue�ei_�c�\%\%sojt� Z`c�_0n�Z%_�e�[GZ`�l�IeS[D[^joX2_�b+e4b�ueJ��X2]ghpc�ngj�X2_`[vb+e�n�~+\)eY�?�' �¡�¢�£�X2Z
¤H¥g¦ ¡�¢�£§kcFZ%_dX2y+zDeJn	[Gjoh	\%soe��#¨©x=X2Z�n�jos�b+e���Z`[^joX2_�\)ei]Dh	eJn�b+e�hAX�b+elsoei]�s�x=X2y�z^eJn4ei_Osoe4�?�' �¡�¢�£%£)ª�£�«
c�q2eS�YZ%_%eY��X ]Dh	e�¬�­}[^joh	\%soe � [^\��#kei]ge�a+eisosoj�\`[GX�® ¯{b+e�a`�K�K�°�6±%s�x=X2y�z^eJn�e�[�nVbvueJ��X ]DhOueMb+eV��c6²�JX2_�kc4ei_%�2soX2y)ei]
s{c���X ]Dh	e�[Gj�hA\%soe2��¨©x=X2Z�n�jos#b'e�³�eJr+joX _�eS[Gn´Z�n�josojt['ue´\)X2Z%]Y�I]+ueiei]Mb+eS[Hc�]^n�jt�IZ%stc�n�joX2_`[�� Z%j�\`el]Dh	eJnDn�]gX2_0n
b6x�c�_%j�hAei]µs�x X y+z^eJnS�
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