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³ ´ µ·¶n¸=¹nºX»t¼M»·½z¾XºÀ¿p¹�Á�¼�»·ÂpÃ9¸P¹ Ä
Å j Å �A0 � �=@=�:!<yz&�j]j j j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Æ
Å j�Ç Tm(1$9�:3"!`0�*��"!<(�$�&«j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Æ
Å j/È x�_#.1$Z+��w_�.a�"G�iP&"��j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj É

Ê Ë=º2»tµ·¾�¿�Ì�Í�»t½�¾Xº�Î�Áz¼�¸=Ïpº2»·ÂpÃ9¸P¹�ÍK¾XÐ�Ñ�¾Xµt»t¹9Ð�¹9º2»t¼�Á�¹ ³9Ò
Çnj Å E>0�&:�:3�.�@%�"!<(�$C.1*C$M!<YK�P.1*Z@P(�;H82(�3"�"�=;6�=$g��.1_�j jOj]j j]j j j]j j]j jOj Å�Å

Ç9j Å j Å o
!#�%$5.JY��P@O_�.}&:Ig$g�"G�i=&"�a.1*b$�!<Y��J.1*Z�"3).1$�&:yz�%3"�>+��w3)�=[�!#&D�"3"�P& j Å Ç
Çnj�Ç N,(�;�.h!<$��=&k+
-�.h8�8�_<!<@J.1�:!#(�$�+��w_�.|&:Ig$g�"G�iP&"�a@P(�;H8^(13"�)�%;?�%$g��.1_<�Fj]j jOj Å È

Ç9jÓÇnj Å uF3�.18�G��w+�� ÔM*M7b+��O@P(1$9�:3)��_<��j j j]j jOj]j j]j j j]j j]j jOj ÅPÕ
Ç9jÓÇnj�Ç uF3�.18�G��w+�� ÔM*M7b+��O+�(�$M$�\P�=&�j j j]j jOj]j j]j j j]j j]j jOj Å �
Ç9jÓÇnj/È E,8M8�_<!<@J.1�:!#(�$�&~;6!�7n�"�P&Oj j]j j]j j j]j jOj]j j]j j j]j j]j jOj ÅtÖ

Çnj�Çnj/ÈMj Å BC(9+�i=_<�P&�+��b3)�%8�3)\=&"�=$g�).1�"!<(�$�82(�*�3�_<�P&H.18�8�_`!#@P.hq
�"!<(�$�&�;H!`79�)�=&�j]j j]j j j]j jOj]j j]j j j]j j]j jOj Å Æ

Çnj/È E>8�8�3"(n@)G��O�"3).�+M!`�"!#(1$�$��=_`_#�'8^(1*�3k_�.}&:Ig$g�"G�iP&"�]@P(�;H82(�3"�"�=;6�=$g��.1_<�×jOj Å É
Ç9j�ÈMj Å NA�=&"@=3:!<8��:!#(�$Z@=(�;682(�3:�)�=;6�=$g�).1_#� j]j jOj]j j]j j j]j j]j jOj Å É
Ç9j�ÈMj�Ç Tm(�;H8�!<_#.1�"!<(�$ �=��\=_�.h0^(�3).1�"!<(�$ +��m_#.>+��=&"@%3"!<8M�"!#(1$}@P(�;H82(�3"�"�%q

;6�=$g��.1_<� j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOjØÇ1Ù
Ç9j�ÈMj/È �A3)+�(1$�$c.1$�@=�=;6�=$g�×j j j]j j]j j j]j jOj]j j]j j j]j j]j jOjØÇ Å

Çnj/ÈMj/ÈMj Å BC(9+��O+
-f(�3)+�(1$�$c.1$�@=�=;6�=$g�ZjOj]j j]j j j]j j]j jOjØÇ Å
Çnj/ÈMj/ÈMjÓÇ E,_<[K(�3:!<�"GM;?�=&m+
-f(�3)+M(�$�$c.1$�@P�=;6�=$g�Új j j]j j]j jOjØÇ�Û

Ç9j�ÈMj Õ E,_`_#(9@J.1�:!#(�$¦j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOjØÇ Ö
Ç9j�ÈMj�Û uw\=$�\%3�.1�:!#(�$Z+
-/.13)@)GM!<�)�=@=�:*�3)� j j j]j jOj]j j]j j j]j j]j jOjØÇ1Æ

Çnj Õ Tm(1$�@=_`*�&:!<(�$�&Új j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOjØÇ1Æ
Ü Ý2Ïpº2»·ÂpÃ9¸P¹�ÍK¾XÐ�Ñ�¾cµ·»J¹nÐ�¹9º2»t¼�Á�¹ZÞO¶g»J¼M»6¿�¹�Áàßá¼�µt» Ê�â
ÈMj Å ã �).1�'+��w_e-/.13"�Cj j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦È�Ù

Ènj Å j Å op.�8�3"�=;H!#i=3"�S[K\%$�\=3).1�"!<(�$U+��=&�(�*��:!<_<&C+��S&:Ig$g�"G�i=&"��@P(�;�q
82(�3"�"�=;6�=$g��.1_<� j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦È�Ù

Ènj Å j�Ç op.�+��=*n7n!<i=;6��[K\%$�\=3).1�"!<(�$ä+��P&d(1*��"!`_#&H+���&:Ig$g�"G�i=&"��@P(�;�q
82(�3"�"�=;6�=$g��.1_<� j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦È�Ù

È
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Ènj Å j/È op.��:3)(�!<&:!<i=;6��[K\=$�\=3�.h�"!#(1$�+M�P&Z(�*��"!`_#&d+���&DI9$g�:G�iP&:��@P(�;�q
82(�3"�"�=;6�=$g��.1_<� j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦ÈKÇ

ÈMj�Ç o
!`;6!`��.1�:!#(�$�&�+��=&>(1*��"!`_#&k+��O&:Ig$g�"G�iP&"� �"3).�+M!<�:!#(�$M$��=_<& j j j]j j]j jOj¦È�È
ÈnjÓÇnj Å lm�%Gc.JY9!<(�3�.h_�Tm(�;H8�!<_<�=3tðf�F$c.KÉK�hñ�j j]j jOj]j j]j j j]j j]j jOj¦È�È

ÈMj�Çnj Å j Å BC(9+���+
-f(�3"+�(�$�$c.h$�@P�%;?�%$9��+��klm�%Gc.JY9!<(�3�.h_�Tm(�;�q
8�!`_#�=3�j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦ÈKÛ

ÈMj�Çnj Å jÓÇ o
!<;H!<�).1�"!<(�$�&�+�� lm�=Gc.JYg!#(13�.1_�Tm(1;68�!`_#�%3'j]j j]j jOj¦È Ö
ÈnjÓÇnj�Ç �A*��"!`_�+��O&:Ig$g�"G�iP&"� *�$�!`YK�=3"&:!`��.1!`3)�}��E,;H!#@P.1_òð/�KNF�OQ>É Ö ñ�j jOj Õ Ù

ÈMj�Çnj�Çnj Å BC(9+�i=_<�w+
-f�=$g�"3"\P� @P(�;H8^(13"�)�%;?�%$g��.1_ój j]j j]j jOj Õ Ç
ÈMj�Çnj�ÇnjÓÇ E,3"@)G�!<�"�P@%�"*�3"�H@%!<0�_<��.1*�$�!<Y��J.1*��:3�.1$�&Dyz�=3:�]+M��3"�%q

[�!<&:�"3"�P&�j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Õ�Õ
ÈMj�Çnj�Çnj�È {>�:!<_`!#&).h�"!#(1$�+M*C&:I9&:�"i=;6�]EFBCsDTmEFo j j]j j]j jOj Õ Û

ÈMj/È V>(�*�Y��J.1*M7Z(10 � �P@%�"!<yz&k82(�*�3k_#.|&:Ig$g�"G�i=&"�|@=(�;682(�3:�)�=;6�=$g�).1_#�dj j]j jOj Õ �
ÈMj Õ V>(�*�Y��=_<_<��.18M8�3)(9@)G��682(�*�3]_�.Z&:Ig$g�"G�i=&"�b@P(�;H82(�3"�"�=;6�=$g��.1_<�b�H@=(�$Mq

�:3"!`0�*��"!<(�$�&ôj j j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Õ Æ
ÈMj�Û Tm(1$�@=_`*�&:!<(�$�&Új j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Õ É

õ Ë=º2»t¹gµ·Ñ�µ·¶�»t¼M»t½�¾Xº�¿�¹döb÷CøZùúÑ�¾XÌ�µ6Áz¼�¸=Ïpº2»tÂ�Ã9¸P¹5ÍK¾2Ð�Ñ�¾cµt»t¹9Ð�¹nºX»t¼�Á�¹üû2³
Õ j Å o��w;6(n+�i%_#�AýFþANFoÿj]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOjØÛ�Ç
Õ j�Ç x�3"(n@=�P&"&D*�& j j j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOjØÛ1È
Õ j/È E��^�=@=�).1�"!<(�$�&k+��O&:!<[�$c.1*n7b�=�>+��wY1.13"!#.10�_<�P& j jOj]j j]j j j]j j]j jOjØÛ1�
Õ j Õ W9(�*�&Dq�8�3)(�[�3�.1;H;6�P&F��8�3"(n@=\P+M*�3"�P&=Lcyz(1$�@=�:!#(�$�&k�%�'(�82\=3�.h�)�=*M3)& j]j jOj¦��Ù
Õ j�Û se$�&:�"3:*�@=�:!#(�$�&>@=(�$�+M!`�"!<(�$�$��%_<_#�=& j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦�KÇ
Õ j/� se$�&:�"3:*�@=�:!#(�$�&'!`�)\%3�.1�:!<YK�=&Fj j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦�KÇ

Õ j��Mj Å lm(�*�@=_#�=&k!<$�¢�$M!#�P&¦j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦��È
Õ j��Mj�Ç lm(�*�@=_#�=&>.tY��P@ +��P&k_`!<;H!<�)�=&m@=(�$�$g*��P&Oj jOj]j j]j j j]j j]j jOj¦��È
Õ j��Mj/È lm(�*�@=_#�=&>.tY��P@ +��P&'+�\%8^�%$�+�.1$�@P�P&,+��O+�(�$�$�\P�P&wj j j]j j]j jOj¦� Õ

Õ j Ö o��=&'�òIg82�P&>+��O+�(�$�$�\P�P&²j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦� Õ
Õ j Ö j Å o��P&k�òIg8^�=&,&:@J.1_#.1!<3"�P& j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦�KÛ
Õ j Ö j�Ç o��P&k�òIg8^�=&,@=(�;H8^(K&D!<�"�P&új]j j]j j j]j jOj]j j]j j j]j j]j jOj¦�KÛ
Õ j Ö j/È o��P&k�òIg8^�=&A.1@P@Pi=& j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦���
Õ j Ö j Õ o��P&k�òIg8^�=&,+M�O¢�@)G�!#�%3 j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦���

Õ j/Æ E>YK�%$�!<3>+M*Z_�.1$�[�.�[K�AýFþANFo j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦� Ö
Õ j/É Tm(1$�@=_`*�&:!<(�$Sj j j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦� Ö

û Ý2Ïpº2»·ÂpÃ9¸P¹�ÍK¾XÐ�Ñ�¾cµ·»J¹nÐ�¹9º2»t¼�Á�¹���¼�¸P¶g¹�¸JÌ�µ?ÁDßá¾cµh¿�¾Xº�º�¼�º�ÍK¹9Ð�¹9º2» Äcâ
Ûnj Å E>8�8�_`!#@J.h�"!#(1$d+��w_�.}&:Ig$g�"G�iP&"�]@P(�;H82(�3"�"�=;6�=$g��.1_<� j j]j j j]j j]j jOj Ö Ù
Ûnj�Ç BZ(n+�i%_#�w+
-f�=$g�:3)\P� @P(1;682(�3"�"�=;6�=$g��.h_ j j j]j jOj]j j]j j j]j j]j jOj Ö9Å
Ûnj/È BZ(n+�i%_#�w+��O&:(�3"�:!#�O.1*Z$�!<Y��J.1*Z�"3).1$�&Dyz�=3"�'+M�O3"�P[�!<&:�:3)�P&�j j j]j j]j jOj Ö Û
Ûnj Õ ã _#.10^(13�.1�:!#(�$O+���_�.'+��P&:@=3:!<8��:!#(�$]�=��@P(�$�&D�"3:*�@=�:!#(�$a+M*|[�3).18�G���+���Ô�*M7

+M� @=(�$g�"3"��_#�|j j j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Ö�Ö
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Ûnj�Û �A3"+�(�$�$c.h$�@P�%;?�%$9� j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Ö�Ö
Û9jÓÛnj Å uw\=$�\%3�.1�:!#(�$Z+��=&>@)G��=;H!<$�&'+
-f�%7n\P@%*��"!<(�$�j]j j]j j j]j j]j jOj Ö É
Û9jÓÛnj�Ç uw\=$�\%3�.1�:!#(�$Z+��w_�.a;?.�@)G�!`$��w+
-f\=�).1�)&k¢�$�!<&Aj j]j j j]j j]j jOj¦Æ�È
Û9jÓÛnj/È Q'\P\P@%3"!`�"*�3"� +M� @=(n+M� j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦Æ Õ
Û9jÓÛnj Õ E,$�.1_<I9&"�O+��O@)G��%;6!`$Z+��O+�(�$�$�\=�P& ��@)Gc.��#$�.�[K�?j j j]j j]j jOj¦Æ Ö

Ûnj/� Tm(1$�@=_`*�&:!<(�$�&Új j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦É�Ù
Ä ��Ñ�Ñ�Á�½�ÍK¼M»·½z¾2º�¿p¹�Áz¼R¸%Ïpº2»·ÂpÃ9¸P¹�ÍK¾XÐ�Ñ�¾Xµt»t¹9Ð�¹9º2»t¼�Áz¹ â2Ê
�Mj Å ��7n�=;H8�_<�P&'+
-/.18�8�_`!#@J.h�"!#(1$ j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦ÉKÇ

�nj Å j Å op.}@P(�$�@=�=8��:!#(�$C+
-�*�$C@P(�$g�"3"��_#�F�:3�.1¢�@ E�r'B j j j]j j]j jOj¦É�È
�Mj Å j Å j Å E,3"@)G�!<�"�P@%�"*�3"� +n*5@%!<3)@%*�!<�'+^-/E�r'B j j j]j j]j jOj¦É�È
�Mj Å j Å jÓÇ W9�òIg_#��+^-/\=@=3"!`�"*�3"��+��P&p+��=&"@%3"!<8M�"!#(1$�&
@P(1;682(�3"�"�=;6�=$Mq

��.h_#�P&�j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj¦ÉKÛ
�Mj Å j Å j�È Q'\P&:*M_<��.h�)&k+��w_�.}&DI9$g�:G�iP&:�×jOj]j j]j j j]j j]j jOj¦É��

�nj Å j�Ç op.}@P(�$�@=�=8��:!#(�$C+��w_e-f�P&D�"!`;�.1�"�=*�3�+��w;?(�*MYK�=;6�=$g�?j]j j]j jOj¦É�É
�Mj�Ç o
!<�=$C.JYK�P@O_�.|&DIg$9�:G�iP&:�|&:I9&D�)i=;6� j j]j j j]j jOj]j j]j j j]j j]j jOj Å Ù Å

�njÓÇnj Å BC(9+�i=_<�w+
-f�=$g�"3"\P�a@=(�;H8^(�3:�)�%;?�%$9�).1_#�,\=�"�=$�+M*äj j j]j j]j jOj Å Ù�È
�Mj/È Tm(1$�@=_`*�&:!<(�$�&Új j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Å Ù Õ

� � ¾Xº�Í�Á�Ì�¸J½�¾Xº�¸|¹�»6Ñ�¹gµh¸PÑ�¹9Í�»·½
	X¹n¸ ³nÒXÄ
Ö j Å Tm(1$�@=_`*�&:!<(�$�&Új j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Å Ù��
Ö j�Ç x��=3"&:82�P@=�:!<Y��P&vj j]j j]j j j j j j]j j]j j j]j jOj]j j]j j j]j j]j jOj Å Ù�Æ
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&:Ig$g�"G�i=&"�6.1*�$�!`YK�J.h*��"3�.h$�&:yz�%3"�w+��]3)�P[1!#&:�:3)�=&Pj o��]yz(K&:&"\}+��a8M3)(9+M*�@=�:!<Yg!<�"\a�%$�@=3)(1!#&Dq
&).1$�@=�Z3"�=8�3"\P&:�=$g�)�b*�$��d$�(�*MYK�=_`_#�d(�8M8^(�3:�"*�$M!<�)\68^(�*M3}_�.�&:Ig$g�"G�iP&"�C@P(�;H82(�3"�"�=;6�=$Mq
��.1_<��8�*�!#&:��*�-f!`_k+��%Y9!<�=$g�H+��d8�_<*�&}�=$�8�_<*�&}$�\=@P�=&"&).h!<3)�b+
-f(�8��"�=3�82(�*�3�+��d$�(�*MYK�=_`_#�=&
;?\%�"G�(9+�(�_<(K[�!#�=&Pjó��$ �:G�\P(�3:!#�1LA_�.�&:Ig$g�"G�iP&"�S@P(�;H8^(13"�)�%;?�%$g��.1_<��.18�82(�3"�"��*M$ �=$nq
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Graphe de flux de contrôle

wait until start = ’1’
       and rising_edge(clk);
while start = ’1’ loop
   if sel = ’1’ then
      cnt_1 := cnt_1 + 1;
   else
      cnt_2 := cnt_2 + 1;
   end if;
   wait until rising_edge(clk);
end loop;

e
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r1

r

dc

r2

ba

r1 := a + b;
r2 := c + d;
r := r1 * r2;

VHDL Graphe de flux de données
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les entrées/sorties
Mode pour

E/S fixes

E/S flottantes
6. Comportementaux

3. Comportementaux
E/S fixes

E/S flottantes

Mode d’ordonnancement des pas d’exécutions

Mode en un cycle Mode des macro-états comportementaux
Mode des états

E/S fixes

E/S flottantes

E/S fixes

E/S flottantes

1. En un cycle 2. Macros

5. Macros4. En un cycle
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  then
     var := calcul (...);
     wait until rising_edge (clk);
  else
     wait until rising_edge (clk);

if in1 < 100
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end if;
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wait until rising_edge (clk);

Macro-Etat 2

Macro-Etat 1
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while var1 < 100 loop
   ...
   wait until rising_edge (clk);
   ...
end loop;
wait until rising_edge (clk);
...

wait until rising_edge (clk);
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ímÖ Ù�Ô�ÛDéLÍäÒÕÏãò¥ÑJÖ Ó�Ö á§é
clk

in1

out2

out3

W1

out1 <= ’0’;

out1

    out3 <= ’1’;

clk

in1

out1

out2

out3

W2

W1

Wait Until ...;

S1

End If;

W2

out2 <= ’0’;

   ...

Niveau comportemental

If in1 = ’1’ Then

Niveau RTL

W1

S1

W2

out2 <= ’0’;
If in1 = ’1’ Then
   out3 <= ’0’;
End If;

   ...

Wait Until ...;

out1 <= ’0’;
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á¨Ý¾éLÐ£Î£è�Ï Ò£Ö�Î�Ò�Ñ¡Ð£Ö­õ�Ô�ÍJÔ�Ð�Ô&Ö<Ü�Ö�Ñ�ñ�Ö�ÍäÒîÿ�Ò�Ð�Ö­ÜêéLÐÕÒ�é�õ�Ô�Ù�Ö�ÍäÒÕÐ£Ö­áãÖ�Ù�ñLéLÐ�ÏãéLß�áãÖ�Ù+Ó�Ô�Î�áãéLÐ£Ô�Ö&Ù*ÓJéLÍ�Ù
Ó�Ö&Ù]ÙÕÚ�ÑJÙ
å¨Ü�Ð�Ú�õ�Ð�é�Û1Û1Ö&Ù\Ó¡Ï ù¼Ô�Ð£Ö�ÍäÒ�Ù4Ü�Ú�Ñ�Ð!Û1Ï Í�ÏSÛ6ÏãÙÕÖ�ÐDáSÖ&Ù4Ð�Ö&ÙÕÙ�Ú�Ñ�Ð�Î&Ö�Ù/ÍJÔ&Î�Ö&ÙÕÙ£éLÏ Ð£Ö&Ù�æµ á�Ý�Ï ÍäÒ£Ô�ÐÕÏãÖ�Ñ�Ð\ÓÞÝìÑ�Í Ü¡Ð£ÚÀÎ&Ö&ÙÕÙÕÑJÙ�ó:Ñ�ÍJÖëè�ÏãÔ�Ð�éLÐ�Î£è�ÏãÖAÓÞÝ¾éLÜ�Ü�Ö�áSÙ\Ó�ÖAÜ�Ð£ÚÀÎ&Ô�Ó¡Ñ�Ð£Ö�Ù/Ö�Ò4Ó¡Ö
ðUÚ�ÍJÎ�ÒÕÏãÚ�Í�Ù®Ü�Ö�Ñ�Ò,ÿ�Ò�Ð�Ö�Ó�Ô�ï�Í�ÏSÖ�æ:ç�Ö�Î�Ï+Î&Ú�ÐÕÐ£Ö&ÙXÜ¼ÚLÍJÓAéLÑ]Û1Ô&Î&éLÍ�ÏSÙÕÛ1ÖRÓÞÝ¾éLÜ�Ü�Ö�áEÓ�ÖàÙÕÚ�ÑJÙ
å
Ü�Ð£Ú�õLÐ�éLÛ6Û�Ö�Ù<Î&Ú�Û6ÛàÑ�Í�Ô�Û1Ö�ÍäÒ�Ñ�Ò�Ï áSÏãÙÕÔ,ÜêéLÐ�áSÖ&Ù<á§éLÍ�õ¥é�õ�Ö�Ù<Ó�Ö:Ü�Ð£Ú�õLÐ�éLÛ6ÛDé�Ò�ÏãÚLÍDÛ�ÚÀÓâå
Ö�Ð�Í�Ö&Ù&æ��EéLÐ�Î&ÚLÍÀÒÕÐ£ÖLóäáSÖ&Ù�éLÜ¡Ü¼Ö�áãÙ�Ð£Ô�Î�Ñ�Ð�ÙÕÏ ðUÙ&óäÙ�Ú�Ï Ò*Ó¡Ï Ð£Ö&Î�Ò£Ù*Ú�ÑýÏ ÍJÓ¡ÏSÐ�Ö&Î�Ò£Ù&ó�Ù�Ú�ÍäÒîõ�Ô�Í�Ô�Ð�é�áãÖ�å



ç)èêéLÜ�Ï Ò�Ð£ÖN��æ¡ü¨ÍÀÒ�Ö�ÐÕÜ�Ð£Ô�Ò�éLÒÕÏãÚ�Í4Ó�Ö:×:Ø®öYíuÜ�Ú�Ñ�Ð<á§éàÙXþäÍÀÒÕèJø&ÙÕÖàÎ&ÚLÛ1Ü�Ú�Ð�Ò�Ö�Û1Ö�ÍäÒ�é�áãÖ �â 

Û�Ö�ÍÀÒ�Öd÷¡Î�áSÑJÙ�Ó¡ÑoÙ�Ú�ÑJÙ
å�Ö�ÍJÙ�Ö�Ûàß�áãÖ6Ó¡Ñ�×:Ø®öYí?é�Î&Î�Ö�Ü�Ò�Ô6ÜJéLÐNáãÖ&ÙNÚ�Ñ¡Ò�ÏSáSÙ:Ó�Ö6ÙÕþäÍäÒ�èJø�Ù�Ö
Î&Ú�Û6Ü¼ÚLÐ�Ò£Ö�Û�Ö�ÍäÒ�éLáSÖ�æ

ímÖ&Ù�éLÜ¡Ü¼Ö�áãÙmÓ�Ö*ÙÕÚ�ÑJÙXå�Ü�Ð£Ú�õ�Ð�éLÛ6Û1Ö&ÙÞÜ�Ö�Ñ�ñ�Ö�ÍäÒ+ÿ�Ò�Ð�Ö�Ð£ÔZé�áSÏãÙÕÔ&ÙmÓ�Ö*Ü�á ÑJÙÕÏSÖ�Ñ�Ð�ÙÞÛDé�Í�Ïãø�Ð£Ö&Ù
ÜêéLÐ�áãÖ�Ù<Ú�Ñ�Ò�Ï áãÙ­Ó¡Ö�ÙXþäÍÀÒÕèJø&ÙÕÖ�ú

û ímÖ�Ü�Ð£Ö�Û1ÏSÖ�ÐmÙÕÎ£èJÔ�Û�é<Î&Ú�ÍJÙXÏãÙXÒ£Ö�Ö�ÍNÑ�ÍJÖ*Öd÷ÀÜêéLÍJÙXÏãÚ�Í�Ö�ÍNá Ïãõ�ÍJÖ+Ó�Ö�á¨Ý¾éLÜ�Ü�Ö�á�æ8í�Ý¾éLÜ�Ü�Ö�á
Ö&ÙXÒ:Ð£Ö�Û6Ü�áãé�Î&Ô�ÜêéLÐ,áSÖ�Î�ÚâÓ�ÖôÓâÑëÙ�Ú�ÑJÙ
å¨Ü�Ð�Ú�õ�Ð£éLÛ1Û1Ö�Î&Ú�ÐÕÐ£Ö&ÙXÜ¼ÚLÍJÓJéLÍäÒZæ�¶�ñäÏãÓ�Ö�Û6å
Û�Ö�ÍäÒZó8á§é�Û1ÏSÙ�Ö��\Ü¡á§éLÒNÓ¡ÑoÎ&Ú�ÐÕÜJÙ�ÓâÑqÙ�ÚLÑJÙXå�Ü�Ð£Ú�õLÐ�éLÛ6Û�ÖýéLÎ&Î�Ð�Ú	�ãÒ:áãé\Ò£éLÏSá áãÖàÓ¡Ö
á§éDÜêéLÐÕÒ�ÏSÖ6Ó¡Ö1Î�Ú�ÍäÒ�Ð��LáãÖýÓ�Öôá¨Ý¾éLÐ£Î£è¡ÏSÒ£Ö�Î�ÒÕÑ�Ð£Öýõ�Ô�ÍJÔ�Ð�Ô&Ö�æ�ç�Ö�Ü�Ö�ÍJÓJé�ÍÀÒ&ó+áãÖ�ÙNÚ�Ü¼Ô�Ð�é�å
Ò�ÏSÚ�ÍJÙ���á¨ÝìÏSÍäÒ�Ô�Ð�ÏSÖ�Ñ�Ð,Ó¡ÑuÙ�Ú�ÑJÙ
å¨Ü�Ð�Ú�õ�Ð£éLÛ1Û1ÖRÜ�Ö�Ñ¡ñ�Ö�ÍäÒ�ÜêéLÐÕÒ�é�õ�Ö�ÐYáãÖ�ÙYÐ£Ö�Ù�Ù�ÚLÑ�Ð£Î�Ö&Ù
éZñ�Ö&ÎëáãÖ�Ù�Ú�Ü�Ô�Ð�é�Ò�ÏãÚLÍJÙDÓ¡ÑCÜ�Ð�ÚâÎ�Ö&Ù�ÙXÑJÙ4éLÜ�Ü�Ö�á§é�ÍÀÒ&æ·))ÏSÖ�Í�ò¥ÑmÝìÑ�Í õLÐ�éLÍJÓ Í�Ú�Û6å
ß�Ð£ÖAÓ¼Ý¾Ú�Ñ¡Ò�ÏSáSÙ1Ó¡Ö]ÙÕþäÍäÒ�èJø�Ù�Ö�Î&Ú�Û6Ü�Ú�Ð�Ò�Ö�Û1Ö�ÍäÒ�éLáSÖ4ÙXÑ�Ü�Ü�Ú�Ð�Ò�Ö�ÍäÒ�á§é�Û1ÏSÙ�ÖO��Ü�á§éLÒ
Ó�ÖNÜ�Ð£ÚÀÎ&Ô�Ó¡Ñ�Ð£Ö�Ù®Ö�Ò�Ó�Ö:ðUÚ�ÍJÎ�ÒÕÏãÚ�Í�Ù&ó�ß�ÖZéLÑJÎ�Ú�Ñ�Ü4ÓÞÝ�Ö�ÍäÒ�Ð�ÖRÖ�Ñ¡÷\ÏSÛ6Ü¼Ú�Ù�Ö�ÍäÒ�Ó�Ö�Ù�Ð�Ö&Ù
å
Ò�ÐÕÏãÎ�ÒÕÏãÚ�Í�ÙYÙÕÑ�Ü¡Ü�áãÔ�Û�Ö�ÍÀÒ£éLÏSÐ�Ö&Ù:ÜêéLÐ:Ð£éLÜ�Ü�Ú�Ð�Ò:éLÑ¡÷�é�Î�Ò�ÏSÚ�ÍJÙ:ÙÕÏ Ò�ÑJÔ�Ö&Ù��Dá¨ÝìÏSÍäÒ£Ô�Ð�ÏSÖ�Ñ�Ð
Ó�Ö&ÙYÜ¡Ð£ÚÀÎ&Ö&ÙÕÙÕÑJÙ�æàöYé�ÍJÙYá§é1Ü¡áSÑ�Üêé�Ð�ÒYÓ¡Ö&Ù:ÎZéLÙ&ómÎ&Ö�ÙÕÒ�þäáãÖôÓÞÝ�Ô&Î�Ð�Ï Ò�Ñ�Ð�ÖàÎ&Ú�ÐÕÐ£Ö�ÙÕÜ�Ú�ÍJÓ
Ü�áSÑ�ÙàÚ�ÑqÛ1Ú�ÏSÍ�ÙR�/Î�Ö�áSÑ¡Ï­Ó¡ÑqÍ¡ÏSñ�Ö&éLÑwÒ�Ð£éLÍJÙXðUÖ�Ð�ÒàÓ�Ö�Ð£Ö�õ�ÏãÙXÒ�Ð�Ö&Ù&æë�EéLÐôÖd÷¡Ö�Û1Ü¡áãÖ�ó
ÓJéLÍJÙ�á�Ý¾ÚLÑ�Ò�Ï á2))Ö�èêéZñäÏãÚ�Ð£éLáêç�ÚLÛ1Ü�Ï áãÖ�Ð<��¢:ÍJé�������ó�áãÖ�Ù+ß�Ú�ÑJÎ�áSÖ&Ù�Ö�Ò*áãÖ�Ù+ÏSÍJÙXÒ�ÐÕÑJÎ�ÒÕÏãÚ�ÍJÙ
ÓÞÝ¾éLÒ�Ò�Ö�ÍäÒ£Ö�Ù�Ú�ÍäÒ�Ü�Ð�Ú�è�ÏSß�Ô&Ö�Ù%�Ná�Ý�Ï ÍäÒ£Ô�ÐÕÏãÖ�Ñ�Ð�Ó�Ö�Ù)ÙÕÚ�ÑJÙ
å¨Ü�Ð�Ú�õ�Ð�é�Û1Û1Ö&Ù�æ�öYéLÍ�Ù�Í�Ú�Ò�Ð�Ö
éLÜ�Ü�Ð�ÚâÎ£è�Ö�óLÍ�Ú�ÑJÙEÍÞÝªéZñ�ÚLÍJÙEÜêéLÙ�Ï Û1Ü�Ú�Ù�Ô*Ó¡Öîá ÏSÛ6ÏSÒ�é�Ò�ÏãÚLÍJÙ�Üêé�Ð�Ò�ÏSÎ�Ñ�á Ïãø�Ð£Ö&Ù�æ�í8ÖîÙÕÒ�þäáSÖ
ÓÞÝ�Ô&Î�ÐÕÏSÒÕÑ�Ð£ÖNÙÕÑ¡Ü�Ü¼ÚLÐ�Ò£ÔNÖ�ÙÕÒ�áãÖYÛ1ÿ�Û1ÖYò¥ÑJÖRÓ�éLÍJÙ<Ñ�Í!Ü�Ð£ÚÀÎ&Ö�Ù�ÙÕÑ�Ù&æ

û í8é�Ü¡Ð£ÚÀÎ&Ô&ÓâÑ�Ð£ÖýÚ�Ñëá§é�ðUÚLÍJÎ�ÒÕÏãÚ�Í�éLÜ¡Ü¼Ö�áãÔ&ÖôÖ�ÙÕÒ�ÙÕþäÍäÒ�è�Ô�Ò�ÏSÙ�Ô�Ö�Î&ÚLÛ1Û1Ö�Ñ�ÍJÖàÑ¡Í�ÏSÒ�Ô
ÙÕÑ�Ü¡Ü�áãÔ�Û�Ö�ÍÀÒ£éLÏSÐ�Ö�ó<é�Ñ�Ò�Ð�Ö�Û1Ö�ÍäÒ6Ó¡ÏSÒýÑ�ÍJÖ!Ñ�Í�Ï Ò£Ô�ðUÚ�ÍJÎ�Ò�ÏãÚLÍ�ÍJÖ�á áãÖDÏ ÍJÓ�Ô�Ü�Ö�Í�ÓJéLÍäÒ£ÖLæ
öYéLÍJÙ:Î�ÖôÎZé�Ù�óÞá¨Ý¾éLÜ�Ü�Ö�á+Ö&ÙÕÒ:Ð�Ö�Û6Ü�á§éLÎ&ÔRÜJéLÐYÑ�ÍëÜ�Ð�Ú�Ò£ÚÀÎ&Ú�áSÖ�Ó�ÖôÎ�Ú�Û6ÛàÑ�Í�ÏSÎZéLÒÕÏãÚ�Í
Ü¼ÚLÑ�Ð�áãÖ­Üêé�ÙÕÙ£é�õ�Ö�Ó¡Ö�Üêé�Ð�éLÛ1ø�ÒÕÐ£Ö&Ù*Ö�ÍäÒ�Ð£Ö�áãÖ­Û1ÚÀÓ¡Ñ�áãÖ)Ü�Ð�Ï ÍJÎ�Ï ÜêéLáJÖ�Òîá�Ý�Ñ¡Í�ÏSÒ�Ô­ðUÚ�ÍJÎ�å
Ò�ÏSÚ�Í�ÍJÖ�áSáãÖ®Î&Ú�ÐÕÐ£Ö�ÙÕÜ�Ú�ÍJÓJéLÍäÒ'�àá§é�Ü�Ð�ÚâÎ�Ô&Ó¡Ñ�Ð�ÖNÚ�Ñ\ðUÚ�ÍJÎ�ÒÕÏãÚ�Í!é�Ü�Ü¼Ö�áãÔ�Ö�æ�Ì�Í!Ò�Ð£éLÏSÒ�Ö�å
Û�Ö�ÍäÒYÙÕÜ�Ô&Î�Ï§éLá8ßêéLÙ�ÔàÙXÑ�ÐYÎ�Ö�Ò�Ò�ÖàéLÜ¡Ü�Ð£ÚÀÎ£èJÖàÖ�ÙÕÒYÚLù¼Ö�Ð�Ò�ÜêéLÐ,á�Ý¾ÚLÑ�Ò�Ï á�ö,Ö&ÙXÏãõ�ÍT=oéLÐ�Ö
Ó�Ö�$äþÀÍ�Ú�ÜJÙÕþÀÙ�æ�ç)èJé�ò¥ÑJÖ,ÙÕÚ�ÑJÙXå�Ü�Ð£Ú�õ�Ð�éLÛ6Û1Ö�Ö�ÙÕÒ)ÙÕþäÍäÒ�èJÔ�Ò�ÏSÙ�Ô,Ï ÍJÓ�Ô�Ü�Ö�Í�ÓJéLÛ6Û�Ö�ÍÀÒ
Ó�Ö&Ù­éLÑ�Ò�Ð�Ö&Ù�ÜêéLÐÕÒ�ÏãÖ�Ù)Ó¡Ö®á§éNÎ&ÚLÍJÎ&Ö�Ü�Ò�ÏSÚ�Í�Ö�Ò)Î&Ö�Ù�Û1ÚâÓ¡Ñ¡áãÖ&Ù�Ó�Ö�ñäÏãÖ�Í¡ÍJÖ�ÍäÒ<Ó�Ö�Ù�Î�Ú�Û6å
Ü¼Ú�Ù£éLÍäÒ£Ù<Ð�Ô�Ñ�ÒÕÏSáSÏSÙ£éLß¡áãÖ&Ù)Î&Ú�Û6Û1ÖYÓÞÝ¾éLÑ�Ò�Ð�Ö&Ù�Î&ÚLÛ1Ü�Ú�Ù£é�ÍÀÒ�Ù­ðUÚ�Ñ�ÐÕÍ�ÏãÙ­Üêé�Ð­á§é�ß�Ï ß�áSÏSÚLå
Ò�èJø�ò¥ÑJÖ�Ò�Ö&Î£è�Í�Ú�áãÚ�õLÏãò¥ÑJÖ�æ

û í*ÝªéLÜ¡Ü¼Ö�á¼Ö�ÙÕÒ­Ï ÍÀÒ�Ö�ÐÕÜ�Ð£Ô�Ò£Ô,Î�Ú�Û6Û�Ö�Ñ�ÍJÖYÚLÜ¼Ô�Ð�éLÒÕÏãÚ�Í1Î&Ú�ÐÕÐ£Ö�ÙÕÜ�Ú�ÍJÓJéLÍäÒ���Ñ�ÍJÖ®Ñ¡Í�ÏSÒ�Ô
ðUÚ�ÍJÎ�Ò�ÏãÚLÍ�ÍJÖ�á áãÖDÖd÷ÀÏãÙÕÒ£éLÍäÒ£Ö!éLÑ Í�Ï ñ�ÖZé�Ñ Ó¡Ñ Î£èJÖ�Û1Ï Í Ó�Ö\Ó�Ú�Í�ÍJÔ�Ö&Ù�æ ç�Ö\Û1ÚâÓ�ø�áãÖ
Ü¼Ö�Ð�Û1Ö�ÒEá§é<Ð£Ô�Ñ¡Ò�ÏSá ÏãÙ�éLÒ�ÏSÚ�ÍNÓ�Ö­Î�Ú�Û1Ü�Ú�Ù�éLÍäÒ£Ù�Î&Ú�Û6Ü�áãÖd÷âÖ&Ù�é�Ü�Ü¼Ö�áãÔ�Ù+Î&ÚLÜ�Ð£ÚÀÎ&Ö�Ù�Ù�Ö�Ñ�Ð£Ù�æ
öYéLÍJÙýÎ�Ö!Î&é�Ù&óîò¥ÑJÖ�áSò¥ÑJÖ&ÙýÐ£Ö�ÙÕÒ�ÐÕÏãÎ�Ò�ÏãÚLÍJÙôÙ�Ú�ÍäÒýÙÕÚ�Ñ�ñ�Ö�ÍäÒ�ÏSÛ6Ü�Ú�Ù�Ô�Ö&ÙàÙXÑ�ÐýáãÖ�ÙÕÒ�þäáSÖ
ÓÞÝ�Ô&Î�ÐÕÏSÒÕÑ�Ð£Ö<Ò£Ö�áSáSÖ&Ù�ò¥ÑmÝìÑ�Í6Û�ÚÀÓ�ø�áSÖ­ÓÞÝ�Ö�÷âÔ&Î�Ñ�Ò�ÏSÚ�Í6ï¡÷âÖ � áãÖ­Î�Ú�Ð�Ü�ÙîÓ¡Ö­á§é,Ü�Ð�ÚâÎ�Ô&Ó¡Ñ�Ð�Ö
Ú�ÑàÓ¡Ö)á§é­ðUÚ�Í�Î�Ò�ÏSÚ�ÍRÓ�Ú�ÏSÒ�ÿ�Ò�Ð£Ö)Ú�Ð£Ó¡Ú�Í�ÍJÔîÖ�ÍRÍJÚ�Ûàß�Ð�Öîïâ÷¡Ö)ÓÞÝ�Ô�Ò�é�Ü¼Ö�Ù+Ó�Ö)Î&Ú�ÍäÒ�Ð(��áãÖZ��æ
ç�Ö®Ò�þäÜ�Ö®ÓÞÝìÏSÍäÒ�Ö�Ð�Ü¡Ð£Ô�Ò£éLÒ�ÏSÚ�Í6ÍJÔ&Î�Ö&Ù�ÙXÏSÒ�Ö,ò¥ÑJÖ®á�Ý¾ÚLÑ�Ò�Ï áJÓ�Ö�ÙÕþäÍäÒ�èJø�Ù�Ö,Ñ�ÒÕÏSá ÏãÙ�Ô�éLÓ�Ú�Ü�Ò�Ö
Ñ�ÍwÛ1ÚâÓ�ø�áãÖ6ÓÞÝ¾éLÐ£Î£è�Ï Ò£Ö�Î�Ò�Ñ¡Ð£Ö�ßêéLÙ�ÔDÙXÑ�Ð�áSÖ1Û1ÚâÓ�ø�áãÖ6Ó�Ö�Û�é�Î£è�Ï ÍJÖ1Ó¼Ý¾Ô�Ò�éLÒ�Ù�ï�Í�ÏSÙ
éZñ�Ö&Î�Ó�Ö�Ù®Î�ÚLå¨Ü�Ð�ÚâÎ�Ö&ÙÕÙ�Ö�Ñ¡Ð£Ù � ¢¯$T�/ç�¸��&��öY¢N¬��¥«���æ
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Ü¼Ú�Ñ¡Ð,á§é6Ð£Ö�Ü¡Ð£Ô&ÙÕÖ�ÍäÒ�é�Ò�ÏãÚLÍëÓ¡ÑAÎ&ÚLÛ1Ü�Ú�Ð�Ò�Ö�Û1Ö�ÍäÒYÎ�Ú�ÍJÓ¡Ï Ò�ÏSÚ�Í�ÍJÖ�á�Ò�Ö�á áãÖ&Ù®ò¥ÑJÖ�áãÖ�Ù,ÏSÍ�ÙÕÒ�ÐÕÑJÎ�å
Ò�ÏãÚLÍJÙ�3 7AÖ�Ò ?(B -/.�æ

í*ÝìÏSÍäÒ£Ö�Ð�Ü�Ð�Ô�Ò�é�Ò�ÏãÚLÍyÓ�Ö�ÙAÎ&Ö&ÙAÙXÒ�ÐÕÑJÎ�ÒÕÑ�Ð£Ö�ÙAÓ�Ô�Ü�Ö�ÍJÓ#ðUÚ�ÐÕÒ£Ö�Û�Ö�ÍÀÒ/Ó�Öoá�ÝªéLÐ�Î£è�ÏSÒ�Ö&Î�Ò�Ñ�Ð�Ö
Î�ÏSß¡áãÖôÎ£èJÚ�ÏSÙÕÏSÖýÜJéLÐNá¨Ý�Ú�Ñ�Ò�Ï á�Ó�ÖýÙXþÀÍäÒÕèJø&ÙÕÖ�æ\��Ð�Ï ÍJÎ�Ï ÜêéLáãÖ�Û�Ö�ÍäÒZó¼ÒÕÐ£Ú�ÏSÙYÒ�þÀÜ�Ö&ÙRÓ�ÖôÐ£Ô&éLáSÏSÙ£é�å
Ò�ÏãÚLÍJÙ�Ü�Ö�Ñ¡ñ�Ö�ÍäÒNÿ�Ò�Ð£ÖRÓ¡ÏãÙXÒ�Ï ÍJõ�ÑJÔ�Ù®Ó�ÚLÍÀÒ,Ó�Ö�Ñâ÷/ÙÕÚ�ÍäÒ,á ÏãÔ&Ù��6á�Ýªé�Ü�Ü�Ð£ÚÀÎ£èJÖNÒ�Ð£é�Ó¡ÏSÒÕÏãÚ�Í¡ÍJÖ�á áãÖ
Ó�Ö�á§é�ÙÕþäÍäÒ�è�ø&Ù�Ö<Î�Ú�Û6Ü¼Ú�ÐÕÒ£Ö�Û�Ö�ÍÀÒ£éLáãÖLóLÎLÝ¾Ö�ÙÕÒXåK��å¨Ó¡ÏSÐ�Öh�®Ñ¡ÍR��Ñ¡÷RÓ�Ö)Î&Ú�ÍJÎ�Ö�Ü�ÒÕÏãÚ�ÍàòäÑ¡Ï¡Î�Ú�Û6å
Ü�Ð£Ö�ÍJÓ�éLÑJÙÕÙÕÏêá§éNõ�Ô�ÍJÔ�Ð£éLÒ�ÏSÚ�Í�Ó¡Ö�á�ÝªéLÐ�Î£è�ÏSÒ�Ö&Î�Ò�Ñ�Ð�Ö�Î�Ú�Û6Ü¼Ú�ÙÕÔ&Ö�ÓÞÝìÑ�ÍJÖ®ÜJéLÐ�ÒÕÏãÖ<Ó�Ö®Î&Ú�ÍäÒ�Ð(��áãÖ
Ö�Ò�ÓÞÝìÑ�Í/Î£è�Ö�Û6ÏSÍ4Ó�ÖNÓ�Ú�Í�ÍJÔ�Ö&Ù�æ

û öYéLÍJÙ<áãé�Ü�Ð£Ö�Û1ÏSø�Ð£ÖNé�Ü�Ü�Ð£ÚÀÎ£èJÖLó¡á¨Ý�Ô�ñLéLá ÑêéLÒ�ÏSÚ�Í�Ó�ÖYáãéàÎ&Ú�Í�Ó¡ÏSÒÕÏãÚ�Í\Ó�Ö:Î£èJé�ò¥ÑJÖ�Ï ÍJÙXå
Ò�ÐÕÑJÎ�ÒÕÏãÚ�Í�Î&ÚLÍJÓ¡ÏSÒÕÏãÚ�Í¡ÍJÖ�á áãÖ+Ù�Ý¾Ö�ù¼Ö�Î�ÒÕÑJÖ)Ó�éLÍJÙmá§é�Üêé�Ð�Ò�ÏSÖ�Ó�Ö�Î&ÚLÍÀÒÕÐ���áSÖ*Ó�Ö�á¨Ý¾éLÐ�Î£è�ÏSÒ�Ö&Î�å
Ò�Ñ�Ð�ÖoÐ£Ô�ÙÕÑ�á Ò�éLÍäÒ�Ö�æ ímÖ&ÙAÎ&ÚLÛ1Üêé�Ð�éLÒ�Ö�Ñ�Ð�Ù&óNáãÖ&Ù/Ú�Ü¼Ô�Ð�éLÒ�Ö�Ñ�Ð�ÙAéLÐÕÏSÒ�è¡Û�Ô�Ò�Ïãò¥ÑJÖ�Ù/Ö�Ò
áãÚ�õLÏãò¥ÑJÖ&Ù­ðUÚLÍÀÒ<ÜJéLÐ�ÒÕÏãÖ:Ó¡Ñ4Î&Ú�ÍäÒÕÐ���áSÖ�Ñ�Ð&æ

û í*Ý¾Ô�ñ�é�áSÑêéLÒÕÏãÚ�Í�Ó�Ö&Ù<Î�Ú�ÍJÓ¡Ï Ò�ÏSÚ�ÍJÙ)Ü�Ö�Ñ¡Ò<ÿ�ÒÕÐ£ÖYÔ�õ¥éLáãÖ�Û�Ö�ÍäÒ­Ö�ù�Ö&Î�Ò�ÑJÔ�Ö�éLÑ�Í�ÏSñ�ÖZéLÑ\Ó¡Ö
Î£èJÖ�Û6ÏSÍ6Ó�Ö�Ó�ÚLÍ�ÍJÔ&Ö�Ù&æîç�Ö�Ò�Ò£Ö�éLÜ¡Ü�Ð£ÚÀÎ£èJÖ<Ü¼Ö�Ð�Û1Ö�Ò�ÓÞÝ¾éLÑJõLÛ�Ö�ÍÀÒ�Ö�Ð�áãÖ)ÜêéLÐ�Ò£é�õ�Ö<Ó�Ö�Ù
Ð£Ö�Ù�Ù�ÚLÑ�Ð£Î�Ö&Ù�ÎZéLÐ�áãÖ&Ù)Ú�Ü�Ô�Ð�é�Ò£Ö�Ñ¡Ð£Ù­Ó�Ö�Ù<Î&Ú�Í�Ó¡ÏSÒÕÏãÚ�ÍJÙ�Ü�Ö�Ñ�ñ�Ö�ÍäÒ�ÿ�Ò�Ð�Ö,ÜêéLÐÕÒ�é�õ�Ô&Ù<éZñ�Ö�Î
Î&Ö�Ñ¡÷]Ó¡Ö&Ù,Öd÷ÀÜ�Ð£Ö�Ù�ÙÕÏSÚ�ÍJÙYÓ¡Ö&ÙYé�ù¼Ö�Î�Ò�é�Ò�ÏãÚLÍJÙ&æ���ÍAõ�Ô�ÍJÔ�Ð£éLá¨óJÑ�Í�Ö�Ö�÷ÀÜ�Ð�Ö&ÙÕÙÕÏãÚLÍAÎ&Ú�Íâå
Ó¡ÏSÒÕÏãÚ�Í¡ÍJÖ�á áãÖýÖ�ÍJõ�Ö�ÍJÓ¡Ð�ÖDÓ�Ö�ÙàÒ�Ð�é�ÍJÙÕÏ Ò�ÏãÚLÍJÙRÙXÑ�Ü�Ü�áSÔ�Û1Ö�ÍäÒ�é�ÏSÐ£Ö�Ù�ÓJé�ÍJÙ�á§é\ÛDéLÎ£è�ÏSÍJÖ
ÓÞÝ�Ô�Ò�é�Ò£Ù,ï�Í¡ÏãÙ,ÓâÑëÎ&Ú�ÍäÒ�Ð(��áãÖ�Ñ�ÐZæYç�Ö�ÒÕÒ£ÖôéLÜ¡Ü�Ð£ÚÀÎ£èJÖàÖ�ÙÕÒ,Û6ÏãÖ�Ñ¡÷/é�ÓJéLÜ¡Ò£Ô&Ö�éLÑ¡÷]éLÐÕå
Î£è�ÏSÒ�Ö&Î�Ò�Ñ�Ð�Ö&Ù�Ü�Ð£Ú�õLÐ�éLÛ6ÛDé�ß�áãÖ�Ù&æ

û í8é!Ò�Ð�Ú�ÏãÙXÏãø�Û�Ö6éLÜ�Ü¡Ð£ÚÀÎ£èJÖ�Ö�ÙÕÒ�á ÏãÔ�Öx�\á§é�Ò�Ð�Ú�ÏãÙXÏãø�Û1Öýõ�Ô�Í�Ô�Ð�é�Ò�ÏãÚLÍqÓ�Ö�Ù�Ú�Ñ�ÒÕÏSáSÙ�Ó¡Ö
ÙÕþäÍäÒ�èJø�Ù�ÖHÎ&Ú�Û6Ü¼ÚLÐ�Ò£Ö�Û�Ö�ÍäÒ�éLáSÖ�æÈímÖqÜ�Ð�ÚâÎ�Ö&ÙÕÙÕÑJÙ�Ó�Ö ÙÕþäÍäÒ�èJø�Ù�Ö Ù�ÖwÒ£Ö�Ð�Û6ÏSÍêé�ÍÀÒ
éLÜ�Ð�ø&ÙNá¨Ý�Ú�Ð£Ó�ÚLÍ�ÍêéLÍJÎ�Ö�Û1Ö�ÍäÒRÙ£éLÍJÙ�Ö�ù�Ö&Î�Ò�ÑJÖ�Ð�áãé\õ�Ô�ÍJÔ�Ð�éLÒÕÏãÚ�ÍuÓ�Öýá¨Ý¾éLÐ£Î£è�Ï Ò£Ö�Î�Ò�Ñ¡Ð£Ö�ó
á§éëÐ£ÔZé�áSÏãÙ�éLÒ�ÏSÚ�ÍHÓ�Ö&ÙDÖd÷ÀÜ�Ð£Ö�Ù�ÙÕÏSÚ�ÍJÙ�Î�Ú�ÍJÓ¡Ï Ò�ÏãÚLÍ�ÍJÖ�á áãÖ�Ù1Ö�ÙÕÒ�Ö�ù¼Ö�Î�Ò�Ñ�Ô&Ö]ÜêéLÐ1á¨Ý�Ú�Ñ�ÒÕÏSá
Ó�Ö�ÙÕþäÍäÒ�èJø�Ù�ÖýéLÑ!Í�ÏSñ�ÖZéLÑ/Ò�Ð�é�ÍJÙÕðUÖ�Ð�Ò�Ó�ÖRÐ�Ö&õ�ÏSÙÕÒÕÐ£Ö&Ù�æ<í8éýÜ�Ú�ÙÕÙÕÏSß¡ÏSáSÏ Ò£ÔYÓâÑ]ÜêéLÐÕÒ�é�õ�Ö
Ó�Ö&Ù�Ð£Ö�Ù�ÙÕÚ�Ñ�Ð£Î�Ö&Ù®Ó�Ô�Ü�Ö�ÍJÓ\ðUÚ�ÐÕÒ£Ö�Û1Ö�ÍäÒ�Ó¡Ñ4ÙÕÒ�þäáãÖNÓÞÝ�Ô&Î�Ð�Ï Ò�Ñ�Ð�Ö�ÓâÑ/Î�ÚâÓ�ÖNé�Ñ4Í�Ï ñ�Ö&éLÑ
Ò�Ð£éLÍJÙÕðUÖ�Ð�Ò)Ó�Ö�Ð£Ö&õLÏãÙÕÒÕÐ£Ö�Ù&æ*ü¨áêÖ&ÙXÒ­Ó�ÚLÍJÎ�Í�Ô&Î&Ö�Ù�Ù�éLÏSÐ�Ö,ÓÞÝ�Ö�÷ÀÜ�áSÚ�Ð£Ö�Ð)áãéNÎ&éLÜêé�Î�ÏSÒ�Ô�Ó¡Ö�áãé
ÙÕþäÍäÒ�èJø�Ù�Ö�éLÑ�Í�ÏSñ�ÖZéLÑ�Ó�Ö)ÒÕÐ�éLÍJÙXðUÖ�ÐÕÒ�Ó�Ö�Ð£Ö�õ�ÏãÙXÒ�Ð£Ö�Ù�éLÏ ÍJÙÕÏÀò¥ÑmÝìÑ�ÍýéLáSõ�Ú�ÐÕÏSÒ�è¡Û�Ö�Ü�Ñ¡ÏãÙXå
Ù£éLÍäÒ�Ü�Ú�Ñ�Ð<á§éàÐ�Ô&Ô&Î�Ð�Ï Ò�Ñ�Ð�Ö:Ó¡Ñ/Î�ÚâÓ¡Ö�ò¥Ñ�Ï�éLÓJéLÜ�Ò�ÖNáãé�è�ÏãÔ�Ð�éLÐ�Î£è�ÏãÖ:Ó¡Ö&Ù�Î&Ú�Í�Ó¡ÏSÒÕÏãÚ�ÍJÙ
Ó�Ö:á§éôÓ�Ö�Ù�Î�ÐÕÏSÜ�ÒÕÏãÚ�Í\Ï Í�ÏSÒÕÏ§éLáSÖ,éLÑ!ÙXÒ�þÀáSÖNÓÞÝ¾Ô�Î�ÐÕÏSÒ�Ñ¡Ð£ÖNÖ�÷ÀÏãõ�Ô�æ

�AÁ�É � �#�
�!�t"#���¯��Åx�#�@���³®��¯�+�!�������
ímÖ�áãéLÍJõ¥é�õ�Ö�×YØ,öYí*ó¼ÙXÏSÛ6ÏSáãéLÏSÐ�Ö�Û1Ö�ÍäÒ���ÓÞÝ¾éLÑ�ÒÕÐ£Ö&ÙYáãéLÍJõ¥éLõ�Ö&Ù®Ó�Ö�Ü�Ð�Ú�õ�Ð�é�Û1Û�éLÒ�ÏSÚ�Í

Û�ÚÀÓ�Ö�ÐÕÍJÖ&Ù�óÞÙÕÑ¡Ü�Ü¼ÚLÐ�Ò£ÖàáSÖ&Ù,é�Î�ÒÕÏãÚ�ÍJÙ�Ð£Ô�Ü¼Ô�Ò�ÏSÒÕÏSñ�Ö&Ù&ó�Ò£Ö�á áãÖ�Ù,ò¥ÑJÖàáãÖ�Ù®ß�Ú�ÑJÎ�áãÖ&Ù�æNímÖ&ÙYÒ�þäÜ¼Ö�Ù
Ó�Ö,ß�Ú�ÑJÎ�áSÖ&ÙîÓ¡ÏãÙXÜ¼ÚLÍ�ÏSß�áSÖ&ÙîÙ�Ú�ÍäÒ)áãÖ&Ùîß¼ÚLÑJÎ�áSÖ&Ù)Ï ÍJÎ&ÚLÍJÓ¡ÏSÒÕÏãÚ�Í¡ÍJÖ�á áãÖ&Ù � Auk/k �m��Ö�Ò�áãÖ�Ùîß�Ú�ÑJÎ�áãÖ�Ù



ç)èêéLÜ�Ï Ò�Ð£ÖN��æ¡ü¨ÍÀÒ�Ö�ÐÕÜ�Ð£Ô�Ò�éLÒÕÏãÚ�Í4Ó�Ö:×:Ø®öYíuÜ�Ú�Ñ�Ð<á§éàÙXþäÍÀÒÕèJø&ÙÕÖàÎ&ÚLÛ1Ü�Ú�Ð�Ò�Ö�Û1Ö�ÍäÒ�é�áãÖ ���
Ó�Ú�ÍäÒDáãÖ!ÍJÚ�Ûàß¡Ð£Ö/Ó¼Ý¾Öd÷¡Ô�Î�Ñ�ÒÕÏãÚ�ÍCÖ�ÙÕÒDá ÏãÔ��uÑ�ÍJÖ/Î&Ú�ÍJÓâÏSÒ�ÏSÚ�Í Öd÷ÀÜ�Ð�Ï Û�Ô�Ö]ÓJéLÍJÙ6á§éuÒ�ÿ�Ò�Ö
Ó�Ö�ß¼Ú�Ñ�Î�áãÖ �¨Ê³Ë 3 A .�Ö�Ò�7 k s �dæqö,Ö�Ñ¡÷ ÏSÍJÙXÒ�ÐÕÑJÎ�ÒÕÏãÚ�ÍJÙ�ÙÕÑ�Ü�Ü¡áãÔ�Û1Ö�ÍäÒ£éLÏSÐ�Ö&Ù&ó�.�Ì�3 6 Ö�Ò�0Í.�Ì 6 ó
Ü¼Ö�Ð�Û1Ö�Ò�Ò�Ö�ÍäÒ!Ó�ÖëÙ�Ú�ÐÕÒ�Ï Ð�ÓÞÝìÑ�ÍJÖAß¼ÚLÑJÎ�áSÖAÖ�Ò!Ó�ÖAðUÚ�Ð£Î�Ö�Ð�á�Ý¾Öd÷¡Ô�Î�Ñ�ÒÕÏãÚ�ÍÎ�qá§éoÜ¡Ð£ÚÀÎ£èêéLÏSÍ�Ö
ÏSÒ£Ô�Ð�éLÒÕÏãÚ�ÍÞæ

��Í õ�Ô�Í�Ô�Ð�é�á¨óRáSÖ&Ù/ß�Ú�ÑJÎ�áãÖ�Ù]ÍJÔ&Î�Ö&Ù�ÙXÏSÒ�Ö�ÍäÒuá�Ýªé�Ü�Ü�áSÏSÎZéLÒÕÏãÚ�Í ÓÞÝ¾éLáãõ�Ú�Ð�Ï Ò�è�Û1Ö&Ù4Ù�Ú�Ü�è¡ÏãÙXå
Ò�Ïãò¥ÑJÔ�Ù®Ü�Ú�Ñ�Ð�á§éýÙÕþäÍäÒ�è�ø&Ù�Ö�Î&Ú�Û6Ü¼ÚLÐ�Ò£Ö�Û�Ö�ÍäÒ�éLáSÖ�Î&éLÐZóZ�ýÎZéLÑ�Ù�Ö�Ó¡ÖRáãÖ�Ñ�Ð�ÍêéLÒÕÑ�Ð£ÖNÐ£Ô�Ü¼Ô�Ò�Ï å
Ò�ÏSñ�Ö�óêÖ�á áãÖ�Ù­ÏSÍT��Ñ�Ö�ÍJÎ�Ö�ÍäÒ,Ó�é�ñLéLÍäÒ£é�õ�Ö:áãÖ:Ò£Ö�Û1Ü�Ù�Ó¼Ý¾Öd÷¡Ô�Î�Ñ�ÒÕÏãÚ�Í/Ó�Ö:á§éôÓ�Ö�Ù�Î�ÐÕÏSÜ�ÒÕÏãÚ�Í!Î�Ú�Û6å
Ü¼Ú�ÐÕÒ£Ö�Û�Ö�ÍÀÒ£éLáãÖ6ò¥ÑJÖ�áSÖ&ÙRéLÑ�Ò�Ð�Ö&Ù�ÏSÍJÙXÒ�Ð�Ñ�Î�Ò�ÏSÚ�ÍJÙ�æ/öYé�ÍJÙRáSÖ6ß�Ñ¡ÒàÓÞÝ¾éLÛ1Ô�áSÏSÚ�Ð£Ö�ÐNáãÖýÐ£Ô&ÙXÑ�á å
Ò�éLÒ�Ó�Öýá§é\ÙÕþäÍäÒ�èJø�Ù�ÖLó*Ó�Ö&ÙNÒ�Ð£éLÍJÙÕðUÚLÐ�Û�éLÒ�ÏSÚ�ÍJÙ:Î&ÚLÛ1Ü�áSÖ�÷âÖ&ÙNÙÕÚ�ÍäÒàÙ�ÚLÑ�ñ�Ö�ÍÀÒàéLÜ�Ü�á Ïãò¥ÑJÔ�Ö&Ù&æ
ç�Ö�Ð�Ò£éLÏSÍ�Ö&Ù­ÓÞÝ�Ö�ÍäÒÕÐ£ÖYÖ�áSáãÖ�Ù)Ù�Ý¾Ö�ù¼Ö�Î�ÒÕÑJÖ�ÍäÒ<áãÚLÐ£ÙîÓ�Ö,á§éNÎ&ÚLÛ1Ü�Ï á§éLÒÕÏãÚ�Íý×YØ,öYíAÚ�Ñ�Ó�éLÍJÙ�Ñ�Í�Ö
Ü�èêé�ÙÕÖ<ÓÞÝ¾Ô�á§éLß�Ú�Ð£éLÒ�ÏSÚ�Ímó(ÓÞÝ¾éLÑ�Ò�Ð�Ö&Ù�ÙÕÚ�ÍäÒ�Ü�á Ñ�Ò���ÒEáSÏSÔ&Ö&ÙEéLÑ¡÷àéLáSõ�Ú�Ð�Ï Ò�è�Û1Ö&Ù8ÓÞÝ�Ú�Ð�Ó�Ú�Í�Íêé�ÍJÎ&Ödå
Û�Ö�ÍÀÒ&æ
Ï'ÐÒÑ�ÐKÓ Ô �ÀÕ ÖØ×¨ÙØÚÜÛ�Ý'Þ�Ý�ÛKÙØÚ

ímÖ&Ù<ß�Ú�ÑJÎ�áãÖ&Ù<Ï Í�ï�Í�ÏSÖ&Ù<Ù�ÚLÍÀÒ�Ó�Ö:áãé�ðUÚ�Ð�Û1Ö:ÙÕÑ�Ï ñLéLÍäÒ£Öýú
350wß%0o3 L aHWàW<áå�å*Î&Ú�ÐÕÜJÙ®Ó¡ÖNáãé�ß¼ÚLÑJÎ�áSÖ
â Yfp|aHWàW<á 350wß%0o3§�

��Ú�Ñ�ÐàÎ�Ö1Ò�þäÜ�ÖDÓ�Ö1ß�Ú�ÑJÎ�áãÖLóEáãÖýÍJÚ�Û�ß�Ð£Ö1ÓÞÝ�Ï Ò£Ô�Ð�éLÒÕÏãÚ�ÍJÙNÖ�ÙÕÒàÏ Í�ï�Í�Ï�ó�ÍJÖ1Ó�Ô�Ü�Ö�Í�ÓJéLÍäÒ
Üêé�ÙYÓÞÝìÑ�ÍJÖôÎ�Ú�ÍJÓ¡Ï Ò�ÏSÚ�Ímæ®�*Íëõ�Ô�ÍJÔ�Ð�éLá�ó�áãÖRÓ�Ô�áãéLÏ�ÓÞÝ�Ö�÷âÔ&Î�Ñ�Ò�ÏSÚ�Í�Ó�Ö&Ù,ß�Ú�ÑJÎ�áãÖ�ÙYÓ�Ú�Û6ÏSÍJÖNáãÖ
Ò£Ö�Û6ÜJÙ*ÓÞÝ�Ö�÷âÔ�Î�Ñ�ÒÕÏãÚ�Í6Ò£Ú�Ò£éLá�ÓâÑýÎ�ÏSÐ�Î�Ñ�Ï ÒZæ�ç,Ý¾Ö�ÙÕÒ�Ü¼ÚLÑ�Ð*Î&Ö�Ò�Ò�Ö­Ð�éLÏSÙ�Ú�Íýò¥ÑJÖ<á¨Ý�Ú�Ü�ÒÕÏSÛ6ÏãÙ�éLÒ�ÏSÚ�Í
Ó¡Ñ]Ð£Ö�ÍJÓ�Ö�Û�Ö�ÍÀÒ,Ó¡ÑAÎ�Ú�Ð�ÜJÙ®Ó�ÖRáãéýß�Ú�ÑJÎ�áãÖ�Ö&ÙXÒYÖ&ÙÕÙ�Ö�ÍÀÒÕÏãÖ�áSáãÖ�Ó¡Ñ]Ü�Ú�Ï ÍÀÒ�Ó�Ö�ñäÑJÖ�Ó�Ö�Ù,Ü�Ö�ÐÕå
ðUÚ�Ð�Û�éLÍJÎ�Ö&ÙYÓ¡Ñ�Î�ÏSÐ£Î�Ñ�ÏSÒ&æNímÖàÍJÚ�Ûàß�Ð�ÖàÓÞÝìÏSÒ�Ô�Ð�é�Ò�ÏãÚLÍJÙ,Ô�Ò�éLÍäÒYÏ Í�ï�Í�Ï�ó�á§é6Û1ÏSÙ�ÖR��Ü¡á§éLÒ,Ú�Ñ
áãÖ/Ó¡Ô�Ð£ÚLÑ�áãÖ�Û�Ö�ÍÀÒDÓ�Ö/á§éëß¼ÚLÑJÎ�áSÖ4ÍmÝ�Ö&ÙXÒDÜêé�ÙDÖ�ÍäñÀÏSÙ£é�õ�ÖZéLß�áSÖ�æ ç�Ö�Ü¼Ö�ÍJÓJéLÍäÒZó�áãÖ!Ü�áSÏãé�õ�Ö
Ó�Ö]ß¼ÚLÑJÎ�áSÖ/Ö&ÙXÒ�Ü�Ð£Ô�ðUÔ�Ð£éLß�áãÖ4áãÚ�Ð�Ù�ò¥ÑJÖ/áSÖ]Ó�Ô�ß¡ÏSÒDÓâÑ Î�ÏSÐ�Î�Ñ�Ï ÒDÖ&ÙXÒ�Î�ÐÕÏSÒÕÏãò¥ÑJÖ�ævç�Ö/Ò�þäÜ�Ö
Ó�Ö4ß�Ú�ÑJÎ�áãÖ&ÙýÎ�Ú�Ð�Ð�Ö&ÙÕÜ�Ú�ÍJÓHÜ�Ð£Ô�Î�ÏãÙÕÔ�Û1Ö�ÍäÒ¤��Ñ�ÍHÜ�Ð£ÚÀÎ&Ö�Ù�ÙÕÑ�Ù�ÍmÝ¾é�þ�éLÍäÒ�ÜêéLÙ1Ó�Ö\áSÏSÙÕÒ�Ö!Ó¡Ö
Ù�Ö�Í�ÙÕÏSß¡ÏSáSÏ Ò£ÔLæ
Ï'ÐÒÑ�Ð�ã Ô �ÀÕ ÖØ×¨ÙØÚMäØåÀÙØÖçæ�ÙfÚÜ×�Û¨èéÛ�êTÙØÚNÖ2�hÝ�Ý�Õ ÙØÚ

��Í�×:Ø®öYí*ó¡áãÖ�Ù�ß�Ú�ÑJÎ�áSÖ&Ù�éZñ�Ö�Î:Ó�Ö&Ù­á ÏSÛ6ÏSÒ�Ö&ÙîÎ&Ú�Í�ÍäÑJÖ�Ù<Ü¼Ö�Ñ�ñ�Ö�ÍÀÒ�ÿ�Ò�Ð£Ö:Ó¡Ô&Î�ÐÕÏSÒ�Ö&Ù�Üêé�Ð
Ñ�ÍJÖNß¼Ú�Ñ�Î�áãÖ�¢f�:¬bú

G k¡Do?1A .I\ L ��W<� A 35�i3 6 .�vR350w7 J s 3Ò. D s .Yß¡ð+Ò£Ú A 35�i3 6 .�v+- D � J s 3Ò. D s . aHWÍWZáå�åîÎ�Ú�Ð�ÜJÙ�Ó�Ö:áãé�ß¼Ú�Ñ�Î�áãÖ
â Y
p|aVWàW<á G k¡Do?1A .I\��

öYé�ÍJÙ®Î�Ö�ÒÕÒ£ÖNÏSÍJÙXÒ�Ð�Ñ�Î�Ò�ÏSÚ�Ímó¡áãéàñ�é�áãÖ�Ñ¡Ð®Ó¡Ö&Ù�Ó�Ö�Ñ¡÷\á ÏSÛ6ÏSÒ�Ö&Ù­Ö�ÙÕÒ®Î&Ú�Í�ÍäÑJÖRéLÑ!Û�ÚLÛ�Ö�ÍÀÒ
Ó�Öàá§é�Î�Ú�Û6Ü�ÏSáãéLÒ�ÏSÚ�Í/ÚLÑuÓ¡Ö�á¨Ý�Ô�áãéLß¼ÚLÐ�éLÒÕÏãÚ�Í4Ó�Öàá§é1Ó�Ö&ÙÕÎ�Ð�Ï Ü�Ò�ÏSÚ�Ímæ�ç�ÖàÒ�þäÜ¼ÖôÓ�Öàß�Ú�ÑJÎ�áãÖ�Ù
Ö&ÙÕÒ:áSÖ�Ü�á ÑJÙYÔ�ÒÕÑJÓ¡ÏSÔi�DÓ�Ö&ÙYï¡ÍJÙ:Ó�ÖàÜêéLÐ£éLáSáSÔ�á ÏãÙ£é�Ò�ÏãÚLÍmæ,ímÖ�Ü¡áSÏ§éLõ�Ö�Ú�ÑAáSÖRÜ�Ï Ü¼Ö�áSÏ ÍJÖ�ÙÕÚ�ÍäÒ
áãÖ&Ù<Ò�Ö&Î£è�Í�ÏSò¥ÑJÖ&Ù®éLÜ�Ü�á Ïãò¥ÑJÔ�Ö&Ù<áãÖ�Ù­Ü�áSÑJÙ<Ð�Ô�ÜêéLÍ�Ó¡ÑJÖ&Ù&�ª©N¬�������æ



ç)èêéLÜ�Ï Ò�Ð£ÖN��æ¡ü¨ÍÀÒ�Ö�ÐÕÜ�Ð£Ô�Ò�éLÒÕÏãÚ�Í4Ó�Ö:×:Ø®öYíuÜ�Ú�Ñ�Ð<á§éàÙXþäÍÀÒÕèJø&ÙÕÖàÎ&ÚLÛ1Ü�Ú�Ð�Ò�Ö�Û1Ö�ÍäÒ�é�áãÖ �L�
Ï'ÐÒÑ�ÐÒë Ô �ÀÕ ÖØ×¨ÙØÚMäØåÀÙØÖçæ�ÙfÚMæ�ìfíqÙfÝ æ�ä%Ý Ö8ÙfÚNæ�Ùçæb�hÝ�Ý ìØÙØÚ

ç�Ö:Ò�þäÜ¼ÖNÓ�Ö:ß�Ú�ÑJÎ�áãÖNÖ&ÙXÒ®Î�Ú�Û6Û�ÖYÙXÑ�ÏSÒ�ú
G k¡D<?1A .1b L P¤îfSHa â ?�k 0ZE�3 6 3 k 0 aHWàW<áå�å�Î&Ú�ÐÕÜJÙ�Ó�Ö:á§éàß�Ú�ÑJÎ�áSÖ
â Yfp|aVWàW<á �

öYé�ÍJÙ<Î&Ö�Ò�Ò£Ö:ß�Ú�ÑJÎ�áãÖ�óÀá§é�Î�Ú�ÍJÓ¡Ï Ò�ÏSÚ�ÍDÜ�Ö�Ñ�Ò�Ó�Ô�Ü¼Ö�ÍJÓ¡Ð�Ö�Ó¡Ö:ÙÕÏãõLÍêéLÑ¡÷DÖ�÷ÀÒ£Ö�Ð�ÍJÖ�Ù�ÚLÑ4Ó¡Ö
ÎZéLáSÎ�Ñ�áSÙ+Ö�ù�Ö&Î�Ò�ÑJÔ�Ù�ÓJéLÍJÙ�áSÖ�Î&ÚLÐ�ÜJÙ�Ó¡Ö­á§é�ß�Ú�ÑJÎ�áãÖLæ�öYéLÍ�Ù*Î&Ö<ÎZéLÙ&ó�Í�Ï¡á§é�Û6ÏãÙÕÖ��,Ü�áãéLÒ+Í¡Ï¡áãÖ
Ü�áSÏãé�õ�ÖYÍJÖ�Ù�Ú�ÍäÒ,éLÜ�Ü�á ÏãÎ&éLß�áãÖ�Ù&æ�ç�Ö�Ü�Ö�ÍJÓ�éLÍäÒZóêÜ�áSÑJÙXÏãÖ�Ñ�Ð£Ù�Ò£Ö�Î£è�Í�Ïãò¥ÑJÖ�Ù,Öd÷âÏSÙÕÒ�Ö�ÍäÒ,Ü�Ú�Ñ�Ð�áãÖ
Ð£Ö&Î�Ú�Ñ�ñäÐ£Ö�Û�Ö�ÍäÒ)Ó¡Ö�Ò£Ö�áSáãÖ�Ù+ß�Ú�ÑJÎ�áSÖ&Ù�ó�Ó�Ú�ÍäÒ*á¨Ý�Ú�Ð�Ó�Ú�Í�Íêé�ÍJÎ&Ö�Û�Ö�ÍÀÒ+Ð£Ú�Ò£éLÒ�Ï ðoï��ªç­íf$2������ó�Ñ�Í�Ö
éLÜ�Ü�Ð�ÚâÎ£èJÖ'�NáãéNßJé�Ù�Ö®Ó�Ö�ÒÕÐ�éLÍ�ÙÕðUÚ�ÐÕÛDéLÒÕÏãÚ�Í�Ù�Ü¼Ú�Ñ¡ÐîáSÖ�Ü¡ÏSÜ�Ö�áSÏ ÍJÖ<Ó�Ö�ß¼ÚLÑJÎ�áSÖ&Ù&æ+ü¨á�Öd÷âÔ&Î�Ñ¡Ò£Ö
Ð£Ô�Ü�Ô�ÒÕÏSÒÕÏSñ�Ö�Û�Ö�ÍäÒ+á¨Ý�Ú�Ð�Ó�Ú�Í�Íêé�ÍJÎ&Ö�Û�Ö�ÍÀÒ+Ó�Ö)Û�éLÍ�ÏSø�Ð�ÖîÐ�Ú�Ò�éLÒÕÏSñ�Ö)ÓJé�ÍJÙ+Ñ�ÍôÙÕÖ�ÍJÙ�ó�Ü�Ñ�ÏSÙ+ÓJéLÍ�Ù
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µ Î&éLÑJÙÕÖqÓ�Öqá§é ÍêéLÒÕÑ�Ð£ÖqÓ¡Ö&Ù]Ò�þäÜ¼Ö�ÙAÓ�ÖoïJÎ£è¡ÏãÖ�Ð&ó�Î�ÖoÍJÖwÙ�ÚLÍÀÒ/Üêé�Ù]Ó�Ö�ÙAÙÕÒÕÐ�ÑJÎdå

Ò�Ñ�Ð�Ö&ÙA×:Ø®öYíjò¥Ñ�ÏàÜ�Ú�Ñ�ÐÕÐ�éLÏSÖ�ÍäÒAÿ�Ò�Ð£ÖoÙÕþäÍäÒ�èJÔ�Ò�ÏãÙ�éLß�áSÖ&ÙAÜ�Ñ�ÏSÙ�ò¥ÑmÝìÏSáãÙ4Ð£Ô�ðUÔ�Ð£Ö�ÍJÎ&Ö�ÍÀÒ�Ó�Ö�Ù
ïJÎ£è�ÏãÖ�Ð£Ù:Öd÷âÒ�Ö�ÐÕÍJÖ&Ù:Ü�Ö�ÍJÓJé�ÍÀÒ,áãÖRÜ¡Ð£ÚÀÎ&Ö&ÙÕÙÕÑJÙNÓ�Ö�ÙÕÏSÛ�Ñ�á§éLÒÕÏãÚ�ÍÞæ®ü¨áSÙ®Ü�Ö�Ñ�ñ�Ö�ÍäÒ�Î&Ö�Ü�Ö�Í�ÓJéLÍäÒ
ÿ�Ò�Ð�ÖôÑ�Ò�Ï áãÖ&Ù®Ü¼Ú�Ñ¡ÐYáãÖ�ÙYÛ�ÚÀÓ�ø�áSÖ&ÙYÓ¡Ö&Ù�ÿ����4ÙNÓÞÝìÑ�Í�ÙÕþÀÙÕÒ�ø�Û1ÖýÜ�Ú�Ñ�ÐNÓ¡Ô&Î�ÐÕÏSÐ�ÖàáãÖ�Ñ¡Ð:Î&Ú�Íâå
Ò£Ö�ÍäÑJÙ�æuç�Ö&ÙôÎ&ÚLÍÀÒ�Ö�ÍäÑJÙôÔ�Ò�éLÍäÒôõ�Ô�ÍJÔ�Ð�Ô&ÙôÙÕÚ�Ñ�ñ�Ö�ÍäÒ�é�Ñ�Ò£Ú�Û�éLÒÕÏãò¥ÑJÖ�Û1Ö�ÍäÒ&óEÜêéLÐ�Ö�÷âÖ�Û6Ü�áSÖ
ÜêéLÐ<á¨ÝìÏSÍäÒ�Ö�Ð�Û1Ô&ÓâÏ§éLÏ Ð£Ö�ÓÞÝ�Ñ¡Í4Î�Ú�Û6Ü�ÏSáãéLÒ£Ö�Ñ�ÐZóäáãÖ�Ñ�Ð­ÏSÍ�Ù�Ö�ÐÕÒ�ÏSÚ�Í\ÓJéLÍJÙ­áãéàÓ�Ö&ÙÕÎ�ÐÕÏSÜ�ÒÕÏãÚ�Í\Î�Ú�Û6å
Ü¼Ú�ÐÕÒ£Ö�Û�Ö�ÍÀÒ£éLáãÖ!Ü¼Ö�Ñ�Ò�Ù�ÝªéZñ�Ô�Ð£Ö�Ð!Ü¡Ð£Ú�ß�áSÔ�Û�éLÒ�ÏSò¥ÑJÖ�æ Ì�ÍJÖ]ÙÕÚ�áSÑ¡Ò�ÏãÚLÍ Ö&ÙXÒ�Ü�Ñ�ß�á ÏãÔ�Ö/ÓJéLÍ�Ù
þ&�������	��òäÑ¡Ï®Î�Ú�ÍJÙXÏãÙÕÒ�Ö��ëÖ�ù�Ö&Î�Ò�ÑJÖ�Ð1Ñ¡ÍJÖ!Ü¡èêé�Ù�Ö!ÓÞÝ�Ô�áãéLß¼ÚLÐ�éLÒÕÏãÚ�Í éZñLéLÍäÒ1áãéAÙÕþäÍäÒ�èJø�Ù�Ö
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W£èêé�X�Y[Z]\]V�XL\_^`WU^`aLV`bcZ�é
a�d�bLb�^
eLb�Vgf�b�f�hSþji]Vkf	XLXL\_dLðld�b�a�Y[V�imeL\nh[VUioh[YqprYqZ�f�ZmYsd�bLi

aLVUi�d�eLZ]YqhsinaLVKiXþcbjZmtJøUimVuWUd�pvXwd�\]Z]V`prV`bcZ�f�h[VkW`hxf�i]imYSò�e�VUi�ænyzV`i{d�e�Z]Y[h[inaLVKiXþjbcZmtJøUimV
f�e
bLYSñ�V|f�eNZ]\_f�b�iXðlV`\]Z}aLV~\_V�õ�Ysi�Z]\_V`i&ó�f�XL\�øUi}eLbLV~^�ñ�d�h[eLZmYsd�bNW`d�b�i�YsaL^�\�f��Lh[V�óoXwV`\mp�V�Z]Z_V�bcZ
a���V�ù�V`W`Zme�V`\vaLV`i�^`Z�f	X�V`i�a���d�XLZ]YqprY[i_f�ZmYsd�b�i�aLV~t�f	eLZ}bLY ñ�V|f	e òce�Y
^`Z_f�Y[Z�W`d�b�i�YsaL^�\_^UV`i
WUd�pvp�V,aLVUi Z_��W_t�VUi9aLV.hsf�iÕþcbcZ]t�øUi]V�WUd�prXwd�\]Z]V`prV`bcZ�f	hsV�æ�yS��f�\_W_tLYqZ_V`W`Z]e�\_V5W`Yq�LhsV
õ�^`b�^�\_^`V�� X�f	\]Z]Yq\�a���eLb�V�aLV`i]W�\]Y[X�Z]Ysd�b�W`d�pvX�d�\mZ_V�p�V�bjZ_f�hsVrVUi�Z�imeL\���aL^`WUd�pvX�d�i]^UVTV�Z
p~f�h�f�aLf�XLZ_^`V}f�e�imZ�þchsV�a���^UW`\mY[ZmeL\_V�V�÷jYãõ�^
X�f�\�hxf�iÕþcbcZ]tJø`i]V�f�e�bLYSñ�V|f�e�Z]\�f	b�iÕðlV�\]Z�a�V
\_V&õ�YsimZm\_V`i&æ��{V1ð�f�YqZ�V�prX�ÿUW_tLV�h���eLZ]Yqh[Y[i_f�ZmYsd�b�a�VrZ_d�eLZ_V`i�hsV`i�bLd�e�ñ�V�h[h[VUi�WUf�X�f�W�Y[Z]^Ui�a�V
hxf�iÕþcbcZ]tJø`i]V�f�e�bLY ñ�V|f	e�Z]\_f�b�iXðlV`\]Z�aLV
\_V�õ�Ysi�Z]\_V`ikV`Z�aLd�bLb�V�aLV`i�\_^`imeLhqZ�f�Z]i
p�d�Yqb�i
i_f �
Z]YsiXð�f�Ysi]f�bcZ_iRòceLV~WUV1òceLV�h���d�b.d��LZ]Y[V`bcZi��h¡�¢f	YsaLV�aLV�pr^`Zmt�djaLd�hsd�õ�YsV`i�a�V�WUd�b�WUV�XLZ]Y[d�b
Z]\�f�a�Y[ZmYsd�bLbLV`h[h[VUi�æ

ö���f�eLZm\_V`i­ð�f�Y[�Lh[VUimi]VUi£aLVUi
d�eLZ]Yqhsi�aLVuiÕþcbcZ]tJø`i]V
WUd�prXwd�\]Z]V`prV`bcZ�f	hsVgd�bcZ
^`Z]^�^&õ�f	hsV��
p�V�bjZ}a�YsimW`eLZ]^UVUi�ú�h[V�imZ�þch[V~a���^UW`\mY[ZmeL\_V�\]VUi�Z]\_V�Y[bcZ�f�e,bLYSñ�V|f�eNW`d�prXwd�\mZ_V`prV`bcZ_f�h£bLV
X�V�\]prV`Z]Z_f�bcZuX�f�iuhxf~W`d�p}�LYqb�f�Y[i]d�b�hqY[�L\]V}aLV�a�YSùw^`\]V`bcZ_i
i�Z�þjh[VUi
aLV�WUdja�f�õ�V�ó�hsV�imd�e�i��
V`b�imV`p}�Lh[V,a�e¤hxf�b�õ�f�õ�V9a���V`bcZ]\]^UV@h[Y[pvY[Z]^�ókh���f�hãõ�d�\]YqZ]tLprV a���d�\_a�d�bLb�f�bLWUV`prV`bcZ�Z]\]d�X
imXw^UW`Ysf�h[Y[i]^��}eLb�aLd�p�f�Y[bLV�a���f�XLXLhqYsW|f	Z]Ysd�b�imXw^UW�YSïJò�e�VLó�V�Z_WLæ
y�V
�LeLZ�aLVkWUVkW_t�f	XLY[Zm\_VkVUi�Z£a�d�b�Wka���Y[bcZ]\]d�a�e�Y[\_V�e�b�V
b�d�e�ñ�V`h[h[Vgf�XLXL\]d�W_t�V
Xwd�eL\Shsf

iÕþcbcZ]tJø`i]VKW`d�pvX�d�\mZ_V�p�V�bjZ_f�hsV{V`bvXL\_^`i]V`bcZ_f�bcZ£eLb��Le¡÷�aLVkiÕþcbcZ]tJø`i]V���f�i]^kXL\]Yqb�W`YqX�f�h[V��
p�V�bjZoimeL\oh¡��d�\_aLd�b�b�f�b�W`V`prV`bcZZæ¥�{Vh�Le¡÷�ócf�e�h[YsV�e}aLV�õ�^`b�^�\_V�\oeLb�V
f	\_W_tLYqZ_VUW�Z]eL\]V�W`Yq�LhsV
WUd�pvX�d�i]^UVka���eLb�V
X�f	\]Z]Y[V�d�Xw^`\_f�Z]Y ñ�VkV`Zna���eLb�V
X�f	\]Z]Y[V
aLVkWUd�bcZm\���h[V�ó�XL\]d�a�e�Y[ZoeLbLVkp�f	�
W_tLY[b�Vga���^`Z_f�Z_i�ïLbLY[i�i�eLYSñ�f�bcZnhsV`iS\£ø&õ�hsVUina���^UW�\]YqZ]eL\]Vga�Vghsf
iXþcbjZmtJøUimVuf�evbLYSñ�V|f�evZ]\_f�b�i��
ðlV`\]Z�a�VT\]V&õ�Y[imZm\_VUi�æNyS�¢f�hSõ�d�\mY[Z]t�p�Vva���d�\_aLd�bLb�f�b�W`V`prV`bcZvVUi�Z6ðld�b�aL^�ime�\ve�bHõ�\�f�XLtLV
aLV;�Le¡÷NaLV�W`d�bcZ]\(��hsV�W`d�prprV�\]V`XL\]^Ui]V�bcZ�f�ZmYsd�bNY[bcZ]V`\]pr^Ua�Yxf�Yq\_V�V�Zv^`Z_V�b�a�e�X�f�\�eLbLV
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Synthèse
basée sur

l’ordonncement
...

Descriptions
comportementales

Descriptions
RTL

  variabl
   subtyp

   wait un
    loop 

       if

1

       end

Process

2

begin

Partitionnement

  variabl
   subtyp
begin
   wait un
    loop 

       if

     end

comportementale et

       end

entre les descriptions

Spécification
du système

  variabl
   subtyp
begin
   wait un
    loop 

       if

     end

       a :

       end

Process

     end

       a :

celles RTL

Process

clk

ack

d1
Simulation

comportementale

? Comparaison ?

clk

ack

d1
Simulation

RTL

Le même
jeu de tests

       a :

Correspondance

¢¦Yãõ�eL\]V
�âæ � ú%¢�hqe¡÷�aLV
iXþjbcZmtJøUimV}WUd�pvXwd�\]Z]V`prV`bcZ�f�h¼õ�^`bL^`\�f	h
f�b�f�h þ�imV�aLV�W_t�V`pvY[b,aLV~aLd�b�b�^UV`i�X�d�eL\}^�hxf�\�õ�Y[\uh[VUi�a�d�p~f	Y[b�V`i�a���f�XLX�h[YsWUf�Z]Y[d�b@§�V`\]i
hsVUikW`d�b�WUV�XLZ]Y[d�b�i
pvY ÷jZ_V`i&æ
yzf�i]V`W`Z]Y[d�b�imeLYq§�f	bjZ]V�XL\_^`i]V`bcZ]V�hsf�pvYsimV~V`b�WUd�bjZ]V�÷jZ_V�aLV�b�d�Zm\_VTf�XLX�\_djW_t�V�a�V

iÕþcbcZ]tJø`i]V�V`bTp�V�Z]Z_f�bcZ{h���f�W`WUV`bcZki�eL\
hxf
XL\_d���hs^`p�f�ZmYs¨�e�VKa�V�hxf�§�f�hqYsa�f�ZmYsd�braLV`i�\_^Ui�eLhq�
Z�f�Z]i�aLVvhxfTiÕþcbcZ]tJø`i]VLæ�yzfTi]VUW�Z]Y[d�bN�âæ&��V�Z�hsf�imVUW�Z]Ysd�bN�âæ:��a�d�bLb�V�bjZ�eLbNf�XwV`\(¦`e,a�e
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      Loop_1: While DC /= 16#000# Loop

         ...

            Aux_pt := Aux_pt + 1;

            Addr_nrt := Addr_nrt + 1;

            Aux_pt := Addr_nrt;

      Aux_pt := FFL;

   End If;

   DC := DC + 1;

         End If;

         DC := DC - 1;

         Else

      End Loop Loop_1;

   Else

   Wait Until Rising_Edge (Clk);

    Grt3 := Dout_grt (0);

(a)

    Grt2 := Dout_grt (1);

...

   ...

(Fe_nrt /= ’0’) :

End Loop Main_Loop;

Aux_pt := Addr_nrt;      Addr_grt := Gn_nrt;

      Aux_pt := Nrt_pt;

      Addr_nrt := Nrt_pt;

         If Fe_nrt = ’0’ Then

    Wait Until Rising_Edge (Clk);

   If DC = 16#000# Then

Grt3 := Dout_grt (0);

    Rw_grt <= ’0’; Oe_grt <= ’1’;

   Read_Ram_Nrt (Addr_nrt, ...);

    Wait Until Rising_Edge (Clk);

DC = 16#000#

IF

S16

    rw_grt <= ’1’; Oe_grt <= ’0’; S15

Aux_pt := Nrt_pt

DC := DC + 1;

(DC = 16#000#) :

Addr_grt := Gn_nrt;

Aux_pt := FFL;

(DC /= 16#000#) :

Addr_nrt := Nrt_pt;

DC := DC - 1;

Addr_nrt := Addr_nrt + 1;

DC := DC - 1;

(Fe_nrt = ’0’) :

Aux_pt := Aux_pt + 1;

    Grt1 := Dout_grt (16 Downto 6);

    Grt_addr <= Address;

Fe_nrt = ’0’

IF

    Cs_grt <= ’0’; Oe_grt <= ’0’; Grt_addr <= Address;

S17

...

Begin

WHILE
DC /= 16#000#

Main_Loop: Loop

Rw_grt <= ’0’; Cs_grt <= ’1’;

End Read_Ram_Nrt;

DC := DC + 1;

Grt2 := Dout_grt (1);

Cs_grt <= ’0’; Rw_grt <= ’1’;

...Procedure Read_Ram_Nrt (...) Is

Grt1 := Dout_grt (16 Downto 6);

(b)
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VUi�ZrW�\_^`^�«nX�f�\�V�Ñ�V�prXLh[V~eLb�^`Z_f�Z�d�eNeLb�V�§�f�\]Ysf��Lh[V�«oimd�bNb�d�pîV`imZ�Z_d�e���d�eL\]i
\_V�hxf�ZmY[ª¦f�eTW`d�bcZ_V�ÑjZ]V�a�Vui_f}W`\]^|f�ZmYsd�bÞænyn��f�ZmZ]\]Yq�LeLZmYsd�b�aLVuWUV`ikbLd�eL§�VUf�e�Ñ�bLd�p�i
imeLYqZ
aLV`i�\_ÐU´�hsVUi{WUd�bLbce�V`i&æ{�{V`ZmZ_V�Z_V`W_tLbLY[¨ceLVuaLV�b�d�pvp~f�´�V�\]V`b�a�V�b�WUd�\]V�XLh[eLi
h[Y[imY[��hsV�f	e�ÑTWUd�b�WUV�XLZ_V�eL\_ighxf}aLV`i]W`\mY[XLZmYsd�b�´�^�b�^`\]^UVLæ

ÈT�¨� ï �I�R�ARx�¯���¯�UR�� �O� �I�ð�O���!���%�w«��¯�`Rx� �'�j�gR��#�
�!�%"#��ª
�¯�`Rx� �#" ���¯�R«�­O� �O� ñ "�� �O� �kR��;�!�Sòx���

yS��^`hxf	��d�\_f�Z]Y[d�buaLVnhxf
aLV`i]W�\]Y[X�Z]Ysd�b�W`d�pvX�d�\mZ_V�p�V�bjZ_f�hsVSW`d�pvXL\_V�b�a�hsf
WUd�pvXLY[hsf�Z]Y[d�b
a�e.W`d�aLVv^UW�\]YqZ�V�b,²�³KÎ�y±V�Z�imd�b.d�X�Z]Y[pvYsi]f�Z]Y[d�b9å�h���f�Ysa�V�aLVvZ]VUW_tLb�Ys¨�e�VUi�WUd�b�bjeLVUi
a�e9p�d�bLaLV}aLV}hsf�WUd�pvXLYqhxf�ZmYsd�b�aLVUi�hsf�b�´�f�´�VUi�aLV}XL\_d�´�\�f�pvp�f�Z]Y[d�bØþ�ó�$�ô����|��æ+ú�d�e�\
hxf
WUd�pvXLY[hsf�Z]Y[d�b�²u³�Î�yS«je�b~WUd�prXLYqhxf�Z]V`eL\�f�^`Z]^KaL^�§�V`h[d�XLXw^K¨�eLY�X�V�\]prV`Z�eLb�Vk§�^�\]Y[©��
W|f�ZmYsd�b�i�ÕcbjZ_f	ÑjYs¨�e�V
V`Z{eLb�V�Z]\_f�a�e�W�Z]Y[d�b�aLVKhsf�X�f�\mZ]Y[VKWUd�prXwd�\]Z]V`prV`bcZ�f	hsVgV`bTªld�\]p�f�Z
Y[bcZ_V�\]pr^Ua�Ysf�Y[\]V�æky�VUi�d�XLZ]YqprY[i_f�ZmYsd�bLi
V`ÜwVUW`Zme�^UV`iui]d�bcZ�h���^`h[YqprYqb�f�ZmYsd�b�a�e�WUdjaLV�p�d�\mZ|«
hxf,i�Y[pvXLh[Yq©�W|f�ZmYsd�b�aLV`i�V�ÑjXL\]VUi]i�Ysd�bLi�f	\]Y[ZmtLpr^`Z]Y[¨�e�VUirV`Z~h[d�´�Ys¨�e�V`i�a�f	b�i�hsV`i~WUd�b�a�Yq�
Z]Ysd�b�i{f	Y[b�i�Yw¨�e�V�a�f�b�i�hsV`i{f�ÜwVUW�Z�f�ZmYsd�bLiU«chsV
Z]\_f�Y[Z]V`prV`bcZ{a�VUi£�wd�e�W�hsV`ih¢¦õ�ÿOf!§�VUWKh[V`eL\
aL^`\]d�eLhsV�p�V�bcZKd�e�hsV�eL\kZ]\�f	b�imªld�\mp~f	Z]Ysd�b�V�b��wd�e�W�hsV�=<³�ö�yØü
«wV�Z_WLækyzV`igX�f�\�f�prÐ`Zm\_V`i
´�^`b�^�\]Y[¨ceLVUiui]d�bjZ�f�e�imimYS^�h[Y[pvY[bL^Uika�f�b�i�WUV�Z]Z_V�XLt�f�imV�f!§�VUW�h[V`eL\�\_V�prXLhsf�WUV�p�V�bcZ�X�f	\
hsVUi
§�f�h[V`eL\]i
WUd�eL\_f�bcZ_V`i&æ
y�V�´�\�f�XLtLV aLV�÷�e�Ñ±a�V WUd�bcZm\_ì�h[V�VUi�Z�V`bLimeLYqZ_V W`d�b�imZm\]eLYqZZæj��d�Zm\_V�´�\�f�XLtLV�VUi�Z

^`Z_V�b�a�eAX�f�\
eLb�V�\_V�XL\_^`i]V�bjZ_f�Z]Y[d�b.a�eA÷Le�Ñ@aLV�aLd�bLb�^`VUi�¨�eLYnX�V�\]prV`Zuh���f�b�f	h[Õji]V�aLV`i
aL^`XwV`b�aLf�b�WUV`ira�V�aLd�bLb�^`VUi�V`bcZm\_V~hsV`i}d�Xw^`\_f�Z]Y[d�b�i�XwV`b�aLf�bcZ�hsV�XL\]d�W`VUimime�i�aLV�i�Õjb��
Z]t�Ð`i]V�æ£�K��VUi�Z{^`´�f�hsV�p�V�bcZ�f�e�W`d�eL\]i�a�VgW`V`ZmZ_Vg^`Z�f	X�VkaLVgimÕcbcZ]t�Ð`i]V�¨ceLVghsfupvYsimVkå�XLhxf�Z
aLVUi�f�X�X�V�hsi}aLV�imd�e�i���XL\]d�´�\�f	prprVUi�VUimZ�V�Ü�V`W`Zme�^UVLæ,y�VUi�d�X�^�\�f�ZmYsd�b�i�a�e�WUd�\mX�i}aLV`i
i]d�e�i���XL\]d�´�\_f�prprVUi�i]d�bcZuYqb�i]^�\_^UV`iua�f�b�i�hsV�´�\�f�XLtLV}aLV}÷Le�Ñ�aLV�aLd�bLb�^UV`iuWUd�pvprV�imY
V`h[h[VUi
^�Z�f�Y[V`bcZkeLZ]Yqh[Ysim^UV`i�a�f�b�i
h[V�XL\_djWUV`i]imeLi�XL\mY[b�W�Y[X�f�h�æ

ÈT��È ø �n� Rx�#�O�q�#����¯ ���
�
Î�f	b�i�b�d�Zm\_V}d�e�Z]Y[h¥aLV�imÕcbcZ]tLÐUi]V�«¦bLd�e�iuV`ÜwVUW�Z]e�d�b�iuh���^`Z�f	X�V�a���d�\_aLd�b�b�f�b�W`V`prV`bcZ

å�h���f�Y[aLV�aLVrh¡�¢f	hs´�d�\mY[ZmtLp�V�^`Z]V`b�a�e.aLVvh¡��d�\_aLd�b�b�f�b�W`V`prV`bcZ�å��wd�e�W`h[VUi�a�Õcb�f�pvYs¨�e�V`i
¸¡Î�yf$ ¸ ½dæ¦�{V`Z]Z]V�\_V`X�\_^UimV`bcZ�f	Z]Ysd�bAXwV`\mp�V�Z
aLV�aL^UW�\]Y[\]V�å~hxf�ªld�Y[i�hsV}÷Le�Ñ�aLV�WUd�bcZ]\]ì�hsV
¹�ù¥úT»�Ê ù¥û!Ã Ä�ü{È Á¥úFÄwÄ�Æ�»wÁ9Â/¿]Ì`õ!Æ¢È¢Ã!Å�Í
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6. Comportementaux
E/S flottantes

E/S fixes
3. Comportementaux

E/S fixes

E/S flottantes

Mode d’ordonnancement des pas d’exécutions

Mode pour
les entrées/sorties

E/S flottantes

E/S fixes E/S fixes

E/S flottantes

comportementaux
Mode des états

Mode des macro-étatsMode en un cycle

1. En un cycle 2. Macro

5. Macro4. En un cycle

¢�Y[´�eL\]V
�âæ�ý�Þ�þ�djaLVUiga���d�\_aLd�bLb�f�b�W`V`prV`bcZ
V`Z�h[Vr÷Le�Ñ,a�V~aLd�bLbL^UVUi�æ yS��f�hs´�d�\]Y[ZmtLprV�a�eNÎ�yf$,iU��V�Ñ�^`W`eLZ]V�V`b5aLV�e�ÑAXLt�f�imVUi~Þ}hsf
´�^`b�^�\�f�ZmYsd�bTa�VUikW_t�V`pvY[bLi�a���V�Ñ�^UW�eLZ]Y[d�b�X�f�\]Z_f�bcZ
a�e�´�\�f	XLt�VuaLV�÷Le�Ñ�aLVuW`d�bcZ]\_ì�hsV�V�Z
hxf�´�^`bL^`\�f	Z]Ysd�b�a�V
hsf}p~f�W_t�Y[b�Vua���^`Z_f�Z_i
©Lb�Ysi&æ�ôkb�ªx\_f�´�prV`bcZka�e�WUdjaLV
aLVuh���V�Ñ�V`pvXLhsV
ón�kþÿVUi�ZKeLZmY[h[Y[i]^uXwd�eL\gY[h[hqe�imZm\_V�\kWUVUiK^`Z�f	X�V`i&ægyzfv©�´�e�\_V��Àæ ��p�d�bcZm\_V
hsV
´�\�f	XLt�V�a�V
÷Le�Ñ�aLV�WUd�bjZm\_ì�h[V{W`d�\]\]VUimXwd�b�aLf�bcZnå�hxfgaLVUimW`\mY[XLZmYsd�bmæ�y�VUiod�X�^�\�f�ZmYsd�b�i¦i]d�bjZSf�Z]Z_f�W_t�^UV`i
f�e�Ñ�f�\]WUizaLVnWUV�´�\�f	XLt�VnV`Z¦i]d�bjZ¦bceLpr^`\_d�Z_^UV`i¦Xwd�eL\�hsf�XL\_^`i]V`bcZ_f�Z]Y[d�b�a�V�h¡�¢f�h[´�d�\mY[Z]t�p�VLæ
y�VUiTprd�aLV`i�a���d�\]aLd�bLb�f�b�WUV�p�V�bcZ�\_^Uf�h[Y[i]^`iTX�f�\�bLd�Z]\]V,f�h[´�d�\mY[Z]t�p�V imd�bcZ�Yqh[h[eLi��

Z]\_^`iKX�f�\ghxf�©�´�e�\_V��Àæ¢ý¡æ�y�VUigp�djaLVUigaLV`i�V`bcZ]\]^UV`i���imd�\]ZmYsVUi�÷�d�Z]Z_f�bcZ_V`iKWUd�prXL\]V`bLbLV`bcZ
eLb�V�h[YqprYqZ�f�ZmYsd�b@ÞKh[VUi�d�Xw^`\_f�Z]Y[d�b�iKbLV�i]d�bcZ
�mf�p�f�Ysi�aL^`XLhsf�WU^`VUi�f�e���aLV`hså�aLV`i
hqY[pvY[Z]VUi
p~f�\]¨�e�^UV`i�X�f	\uhsVUi�Yqb�imZm\]e�W�Z]Y[d�b�iuaLV�imÕcb�W_t�\_d�bLY[i_f�ZmYsd�bÞæXú¥f�\�WUd�b�i]^`¨ceLV`bcZ|«¦hsV}prd�aLV
aLV�W�Õ�W�hsV�f|§�VUW�aLVUivV`bcZ]\]^UV`i���imd�\]ZmYsVUir÷�d�Z]Z_f�bcZ_V`ivb���VUi�Z�X�f�i~f�eLZ]d�\]Y[i]^Læç�{VUivp�djaLV`i
a���d�\_aLd�b�b�f�b�W`V`prV`bcZkX�V�eL§�V�bjZ�Û`Zm\_V
imXw^UW�Y[©�^`i
X�d�e�\
eLbTXL\_djWUV`i]imeLig²�³KÎ�y@V`b�i_f}Z_d��
Z�f�hqY[Z_^�«�d�eçi�X�^`W`Yq©�^Ui�Xwd�eL\�W_t�f�¨�e�V Yqb�imZm\]e�W�Z]Ysd�b±a���f�Z]Z]V`bcZ_V�i]^`X�f�\_^�p�V�bjZ�f|§�VUW aLV`i
f�Z]Zm\]Y[��eLZ_iK²�³KÎ�y*æ��{V`Z]Z]V�WUd�p��LY[b�f	Ysi]d�b aLV`i�p�djaLVUiKa�f�b�iKh[V�prÛ`prV�XL\]d�W`VUi]i�e�iuVUi�Z
eLb�V�imXw^UW�Y[©�W�Y[Z_^}X�eLYsimi_f�bcZ_V�aLV}bLd�Z]\]Vvd�eLZ]YqhoaLV�i�ÕjbcZmt�ÐUimVrX�f�\]WUV�¨�e���V`hqhsV}XwV`\]prV`Z
a�V
WUd�p}��Y[b�V�\�aLV`i�imZ�ÕchsV`i�a���^UW�\]Y[ZmeL\_V�a�Y[Üw^`\]V`bcZ_i�aLf�b�iKh[V�prÛ`prV�prd�a�eLhsVLæ�ógY[b�i�Y�hsfraL^°�
WUd�pvX�d�imY[ZmYsd�b}aLVUiSi�Õ�i�Z_Ð�p�V`i£W`d�prX�hsV�Ñ�V`iSWUd�bcZ_V�b�f�bcZnaLV`i�WUf�hsW�eLhsi¥V`ZnV`b�prÛ`prV{Z_V�prXLi
aLVUigimZm\]e�W�Z]eL\]VUigaLV
WUd�bcZ]\]ì�hsV�b���V`imZm��V`hqhsV�XLhqe�i
b�^UW`VUi]i]f�Y[\]V�æ
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� Ð � ÐKÓ � ìfÝ ìfùTä³êoÛ��ÀÝ æ�ÙØÚMÖw� ÙfèéÛ¨Ý Ú æ��HÙ���ìØÖØÕ�êoÛ��ÀÝ
y�VUi�W_tLV`pvY[b�i}a���V°Ñ�^`W`eLZmYsd�b

OP[15-16]

OP[13-14]

2

S16

Addr_nrt := Nrt_pt;

1

OP[17-19] OP[20]

S15

OP[5-6]

OP[10-12]

Addr_grt := Gn_nrt;

OP[7-9]

OP[1-4]

OP[1-4]

1

Cs_grt <= ’0’; Rw_grt <= ’1’;

S16

S15

(DC /= 16#000#) :

...

1

1

S16

OP[20]

WHILE

S16

Oe_grt <= ’0’; Grt_addr <= Address;

OP[7-9]

Fe_nrt = ’0’

Aux_pt := Aux_pt + 1;

OP[7-9]

(Fe_nrt = ’0’) :

DC := DC - 1;

4

Addr_nrt := Addr_nrt + 1;

OP[13-14]

S16

Aux_pt := FFL;

OP[7-9]

1

S17

OP[10-12]

2

OP[5-6]

OP[17-19]

(DC = 16#000#) :

DC := DC + 1;

Aux_pt := Nrt_pt

S15

3

IF

DC = 16#000#

5

2

DC /= 16#000#

OP[17-19]

OP[7-9]

Grt3 := Dout_grt (0);

7

2

OP[15-16]

Grt2 := Dout_grt (1);

Grt1 := Dout_grt (16 Downto 6);

8

OP[10-12]

OP[20]

Aux_pt := Addr_nrt;

S17

S17

2

DC := DC - 1;

(Fe_nrt /= ’0’) :

9

OP[15-16]

OP[10-12]

S17

IF

S16

6

DC := DC + 1;

Rw_grt <= ’0’; Cs_grt <= ’1’;

(a)

...

(b)

¢�Y[´�eL\]VO�âæ��LÞ?�
^�b�^`\_f�Z]Y[d�bæaLV`i�W_tLV��
pvY[b�i�a���V°Ñ�^`W`eLZmYsd�b

i]d�bcZ?´�^`bL^`\_^`i>å X�f	\]Z]Yq\Da�e
´�\�f�X�t�V aLV ÷Le�Ñ aLV W`d�bcZm�
\_ì�h[V�æ yzV XL\]V`pvYsV�\ W_t�V��
prYqbNaL^`�Le�Z_V�f|§�VUWThsV~X�\_V`pvYsV�\
i]d�pvp�V�Z�a�e<´�\_f�XLt�V�«�V�b�imeLYqZ_V
hsVUivimeLWUWUV`i]imV`eL\]i~i]d�bcZ�f	��d�eLZ]^Ui
i]^U¨�e�V�bcZ]YsV�h[h[V`prV`bcZgf�eTW_t�V�prYqbmæ
ôgb�V(imXw^UW`Yq©�W`YqZ_^æY[pvX�d�\]Z�f	bjZ]V
a�e2Î�yf$4V`imZÀhsf(´�^�b�^`\_f�Z]Y[d�b
aLVUi<W_t�V`pvY[bLiça���V°Ñ�^UW`e�Z]Ysd�b�å
hxf8§�d�hs^`VÀV`b V�Ü�V`W`Zme�f�bcZçeLb�V
i]V`e�hsVDZ]\_f!§�V`\]i]^UV?a�e ´�\�f	XLt�V
aLVA÷Le�ÑÀa�V,WUd�bjZm\_ì�h[V�æ4�{V`ZmZ_V
W|f�\_f�W`Z]^`\]Y[imZmYs¨�e�V \]^Ua�eLYqZPW`d�b��
imYsa�^`\�f	�LhsV�p�V�bjZ hxf WUd�pvXLhsV°�
Ñ�YqZ_^}V�Z�hsV�Z_V`pvX�i�a���V°Ñ�^`W`eLZmYsd�b
aLV h¡�¢f�h[´�d�\mY[Z]t�p�V X�d�e�\ h[VUi
´�\�f�bLaLVUiTf�X�XLh[Y[W|f�ZmYsd�b�i�æjú¦d�eL\
hxf ´�^`bL^`\�f	Z]Ysd�b(a�VUi�W_t�V`pvY[b�i`«
eLbÀV�b�i]V�p}�Lh[V�aLV�WUd�bcZm\�f�YqbjZ]VUi
i]d�bcZH^`Z_f��LhqYsVUi�æ $jY,e�b�VPaLV
WUVUi4WUd�bcZm\�f�YqbjZ]VUi VUi�Z4Zm\�f�bLi��
´�\_V`i]i]^`V�«�h[VAW_tLV`pvY[b V`imZ�W`d�b��
imYsa�^`\_^{WUd�pvp�VnZ_V�\]pvY[b�^�VUi�ZoeLb
b�d�eL§�V|f�e�W_t�V`pvY[b�WUd�prprV`b�W`V�æ
yS��f�hs´�d�\]Y[ZmtLprV�a�eTÎ�yf$rV`imZ

Y[h[hqe�imZm\_^�X�f	\�h[VUik©�´�eL\]VUiu�Àæ��rV`Z
�âæÇ�ÀæS�{VUi�©�´�eL\]VUi¥prd�bcZ]\]V`bcZ¥h[VUi
^`Z�f	X�V`i�a�V}h���d�\_aLd�bLb�f�b�W`V`prV`bcZ
åæh¡�¢f�Y[aLV a���eLb>ªx\_f�´�prV`bcZOaLV
h���V�Ñ�V`pvXLhsV�a�eæW`Yq\_W�eLY[ZAón�kþuæ
�{V`Z]Z]V5X�f�\]ZmYsV.a�e8W`d�a�V5WUd�p��
X�d�\mZ_V�p�V�bjZ_f�hkVUi�Zr\]V`XL\]^UimV`bcZ_^`V
X�f�\±eLb ´�\�f�XLtLV aLV ÷Le�Ñ aLV
WUd�bcZ]\]ì�hsV�imeL\�hxf�©�´�eL\]V��âæ���¸¡f�½�æ�yzV`i�^`Z_f�Z_igY[bLYqZ]Ysf�e�Ñ�XL\]d!§jY[V`bLbLV`bcZuaLV`iKY[b�i�Z]\me�W`ZmYsd�b�i
a��¢f	Z]Z_V�bcZ_V�¸V=�óKö��k½dæ��{V�ªx\�f�´�p�V�bjZ¦aL^�p�d�bjZm\_Vnhxf
h[Yq��V�\]Z_^Sa�e}imZ�Õch[V{a���^UW�\]Y[ZmeL\_VnXwV`\]prV��
Z]Z�f	bjZna�V
WUd�p}��Y[b�V�\naLVUiSW`d�b�imZm\]e�W�Z]Y[d�b�inWUd�bLa�Y[ZmYsd�bLbLV`h[h[VUi¦WUd�pvXLh[V�Ñ�VUiSV�ZSY[p}�L\mYs¨�e�^`VUi&æ



�£t�f�XLYqZ]\_V��âæo$jÕcbjZmt�ÐUimV�W`d�prXwd�\mZ_V`prV`bcZ_f�hsVK��f�i]^`V�i�eL\kh���d�\_aLd�bLb�f�b�W`V`prV`bcZ ��§
yS��f�hs´�d�\]Y[ZmtLprVgYqbLY[ZmYxf�hwa�e�Î�yf$�f�^`Z_f��LhqY�Z]\]d�Ysi
WUf�Z_^`´�d�\]Y[VUi
aLV
W`d�bcZ]\�f	Y[bcZ_V`i�Þ
� æ â J �<.10ZE B 0 ? .�-�EF.�E k 0o0 J .�-Uá
yS�¢f�h[´�d�\mY[Z]t�p�VSa�e�Î�yf$�^`Z_f�Y[ZzY[bcZ]^U´�\]^�f�e�i]V`Yqb�a�e}÷�e�Ñ�aLV{W`d�b�WUV�XLZ]Y[d�b�a���óuþ�ö¡�
�{ó�y*æ�yn��f�h[´�d�\]YqZ]tLprV�a���d�\]aLd�bLb�f	b�WUV�p�V�bjZ�b���^`Z_f�bcZ{X�f�i�^`Z]V`b�a�e~X�f�\�eLb�V�f�b�f	�
h[Õji]V�aLV~W_t�V�prYqb5aLV~aLd�bLb�^UV`i�V`Z}h¡�¢f	\_W_tLYqZ_VUW�Z]eL\]V�´�^�b�^`\]^UV~X�f	\}óuþ�ö��{ó�y<bLV
X�d�eL§�f�bcZ�W`d�bcZ_V�bLY[\TaLV`i�d�X�^�\�f�ZmYsd�b�i�W_t�f	�sbL^UVUi`«KhsV9ÎKy
$±Y[b�Y[Z]Ysf�h�aL^UW`d�prXwd�imV
W_t�f�¨�e�V9W_t�V�prYqbOa���V°Ñ�^UW`e�Z]Ysd�b¤i�Y�eLb�V�a�^`XwV`b�a�f	b�WUV9aLV�aLd�bLb�^UV`i�i]V Zm\_d�eL§�V
V`bcZ]\]V hsV�i]d�pvp�V�Z�W`d�eL\_f�bcZ�V`Z~h[VUiri]d�pvp�V�Z_ivXL\_^`WU^Ua�V`bcZ_iTa�f�bLi�hsV�W_t�V`pvY[bmæ
ú�d�e�\�WUV`i�aL^`XwV`b�aLf�b�WUV`i�aLV~aLd�bLb�^UV`iU«ShsV�Î�yf$Ap~f	Y[bcZ]Y[V`bcZ�a�V`e�Ñ,h[Ysi�Z_V`iU«¥eLbLV
X�d�eL\
hsV`i�\_VU´�YsimZm\_V`ikhqe�i
V`Z
e�b�V�f�eLZ]\]V�X�d�eL\
hsV`i�\_VU´�YsimZm\_V`iga�^��må}p�dja�Yq©�^Ui{XwV`b��
a�f�bcZkhsV�X�f	\_WUd�eL\_ika�e�´�\�f	XLt�V�æ�ôkb�V
WUd�eLX�eL\_V
VUi�Z�f�Y[b�i�Y�Y[b�im^`\]^UV
imYnÞ
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�{V`ZmZ_V f	XLXL\_djW_t�V�f9X�h[e�i�YsV`e�\_i�Y[b�W`d�bc§�^`b�YsV`bcZ]i&æ úo\_V�prY[Ð`\_V�p�V�bcZ|«£h[VUivaL^`XwV`b��
a�f�b�W`VUiuaLV�a�d�bLb�^`VUiuV`bcZm\_V}hsV`iKY[bLimZ]\me�W`ZmYsd�bLiKimeLWUWUV`i]i�Y[§�V`i�^�Z�f�bcZub�d�p}�L\_V�e�i]V`i
a�f�b�i�hsVUi¥f�XLXLhqYsWUf�Z]Y[d�b�i�\_^`V`h[h[VUi`«�hsV`i¥W_t�V�prYqb�i¥a���V°Ñ�^`W`eLZmYsd�b�imd�bcZoZ]\]d�X}ªx\_f�´�prV`b��
Z_^`i&æ£�{d�pvp�VuW_t�f�¨ceLV�W`d�eLXLe�\_VuXL\_d!§�d�¨�e�V
eLbTb�d�eL§�V`h¦^`Z_f�Zka�f�bLikhsf�p~f�W_tLY[b�V
a���^`Z�f	Z_i£©�bLYsi`«chsf
Z_f�Y[hqhsV£aLV�hsfup�f�W_tLYqb�Vka���^`Z�f	Z_i£©�bLYsinV�ÑjXLh[d�i]VgV`Z�hsVkW`d�prXwd�\mZ_V��
p�V�bcZ�a�e.W`Y[\]W`eLYqZ�W_t�f�b�´�VrWUd�bLimYsa�^`\�f	�LhsV�p�V�bjZ&æ��{V`Z�V`ÜwV`Z}W`d�b�W`V`\]bLV~imeL\mZ_d�e�Z
hsV`i
X�f�\]ZmYsVUiua�VUi�f�XLXLhqYsW|f	Z]Ysd�b�iK¨�eLY�i]d�bjZ�aL^`W`\mY[Z_V`i�f!§�VUWvV�Ñ�f�W�Z]Y[Zme�aLVva�eAW`ÕjW`h[V
a���t�d�\]h[d�´�VvXLeLYsim¨�e�V~hsV`i�^`Z_f�Z_i�imeLXLX�hs^`prV`bcZ_f�Y[\]VUi�f�hqZ_Ð�\_V`bcZ}h[VrXL\]d�Z_djWUd�hsV�XL\_^°�
W`Y[i&æ�y�V�i]V`WUd�bLa@Yqb�WUd�bc§�^`bLY[V`bcZ�WUd�b�W`V`\mb�V�f	e@X�\_V`pvYsV�\uW_t�V�ª{hsV`i�W|f	hsW`e�hsiua�f�bLi
eLb�VvaLVUimW`\mY[XLZmYsd�bmæ~y¦fTaL^`WUd�pvX�d�imY[ZmYsd�b9a�VUi�V°ÑjXL\_V`i]imY[d�b�i�V`Z�hxf�WUd�e�XLeL\_V�f�e�Ñ
aL^`XwV`bLa�f�b�W`VUi~aLV�aLd�b�b�^UV`i�Y[bcZ]\]d�a�eLYsimV`bcZ�eLb±´�\_f�b�aLVTb�d�p��L\_V�aLVT\_VU´�YsimZm\_V`i
X�d�eL\khsV�i�Z_djW� �f�´�V
aLVUik§�f�hsV�eL\_i�YqbjZ]V`\mp�^`a�Yxf�Yq\_V`i&æ
Î�f�b�iSb�d�Z]\_Vgf�X�XL\_djW_t�V�«�b�d�e�i�f!§�d�b�iSY[bcZm\_dja�eLY[Z¥eLb�V
b�d�eL§�V`hqhsV
^`Z_f�XwVga���d�\]aLd�b��
b�f�b�W`V`prV`bcZ}¨�eLY£i]V�\�f�X�\_^UimV`bcZ_^`V~a�f�bLi�hxfTi]V`W`ZmYsd�b5�âæÇ�Àæ���æ��{V�Z]Z]V�^`Z_f�XwVrXwV`\m�
p�V�Z�e�b�V,f	b�f�h[ÕjimVAaLV`i�W_t�V�prYqb�i�aLVAa�d�bLb�^`VUi�V�Z�h[VAW_t�f	�sb�f�´�V9aLVUi�d�X�^�\�f	�
Z]Y[d�b�i&æÿó�Yqb�imY¡«�hxf�WUd�eLX�eL\_V�f�e�Ñ aL^`XwV`bLa�f�b�W`VUi@aLVNaLd�bLb�^`VUi9VUi�Zm��V`h[h[V,Y[bce��
Z]YqhsV�«
hsf,p~f�W_t�Y[b�V a���^�Z�f�Z]iT©�bLYsi~a�V`§cYsV�bjZTXLhqe�i�WUd�prX�f�W`Z_V�V`ZTp�d�Y[b�iraLV \_V°�
´�Ysi�Z]\]VUiki]d�bcZkb�^`WUVUimi_f�Yq\_V`i&æÀú¥f�\gWUd�bjZm\_V�«LhsVUikW_t�V�prYqb�ika���V�Ñ�^UW�eLZ]Y[d�b�W`d�bcZ_V�b�f�bcZ
XLh[eLi�a���d�Xw^`\_f�Z]Y[d�b�iU«�hsV�W_t�V�prYqb W`\mY[ZmYs¨�e�V�aLV9hxf5p~f�W_tLY[b�V9a���^`Z_f�Z_iT©LbLY[i�f�e
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¨�e���e�b±aLV�e�ÑjYsÐ`prV~bLYq§�V|f	e�a���d�\]aLd�bLb�f	b�WUV�p�V�bjZvimd�e�i�WUd�bcZm\�f�YqbjZ]VUi�aLV�Z_V�prXLi
VUi�Z
b�^UW`VUi]i]f�Y[\]V�æÀüob�\]V`§�f�b�W_tLV�«�WUVua�V`\]b�YsV`\ka�d�Y[Z{Û`Z]\]V���f�im^uimeL\
eLb�´�\_f�XLt�Vua�V
÷Le�Ñ9a�Vva�d�bLb�^`VUiu\_V�XL\_^`i]V`bcZ_f�bcZ�a�Yq\_V`W`Z_V�p�V�bcZuhsVUiua�^`XwV`b�a�f	b�WUV`i�aLV�aLd�bLb�^UV`i
V`bcZ]\]V�h[VUi
d�Xw^`\_f�Z]Y[d�b�i`«LaLd�b�Wuh[V�\_^Ui�eLh[Z_f�ZkVUi�ZkXLh[e�ikV9?rWUf�WUVLæ
yzf�W`d�eLXLeL\]VKf	e�ÑvaL^`XwV`bLa�f�b�W`VUi{a�Vga�d�bLb�^`VUi£\]VUi�Z_VkZ_d�eLZ�aLVkprÛ`prV�b�^UW`VUi]i]f�Y[\]V
a�f�b�irhsVUi�W|f�i~a�VUi�f�W`WUÐ`i�aLVUi�Z_f��Lh[V|f�e�Ñ�d�eça�VUi~W_t�f	prX�i�aLV��LYqZ_i~aLd�bjZrhsV`i
Y[b�a�YsWUV`i}b�V�i]d�bjZ�X�f�i�V�ÑjXL\]Yqp�^`i�X�f�\�a�VUi�V�ÑjXL\]VUi]i�Ysd�bLivi�Z�f�ZmYs¨�e�V`i&æN�{V�hxf VUi�Z
a2£@f�e ª�f	Y[Z�¨ceLV�hsV�W_t�f	�sb�f�´�V�a�VUi�d�Xw^`\_f�Z]Y[d�b�igiU��V`ÜwVUW�Z]e�V�Z_d�e���d�eL\]iKV`bcZm\_V}aLV`i
\_V`´�Ysi�Z]\_V`ik¨ce�YzaLd�Y[§�V`bcZgÛ`Zm\_V
imZ_f�Z]Y[¨ceLV`prV`bcZgaL^`Z]V`\]pvY[bL^Uika�eL\_f�bcZghsf}imÕcbcZ]t�Ð`i]VLæ
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yS�¢f�h[´�d�\mY[Z]t�p�VzY[bLYqZ]Ysf�h	a�e�Î�yU>ua�^UWUd�prXwd�i_f	Y[Z�^`´�f�hsV�p�V�bcZ�hsV`i�W_t�V`pvY[bLi�a���V°Ñ�^UW`e��
Z]Y[d�b�i]d�eLi�W`d�bcZ]\_f�Y[bcZ_V`iSaLV
\_V`i]i]d�eL\_W`VUi&ætú¦d�eL\nW_t�f�¨�e�V
Z�ÕcXwVga�Vk\]VUimi]d�eL\]WUV�«jeLbLV
ªld�b�W�Z]Ysd�bV
��+�+�	W �X��YZ�[�!\ �\ � � &�-]	,^�  *��`_Hacb $ �+.
VUi�Z
aL^`©�bLYsVLæ�üShqhsV
X�V�\]prV`Zua�V}aL^`Z]V`\��
prYqb�V`\U«!X�d�e�\�eLb�Vni]^`¨ceLV`b�W`V{a���d�Xw^`\�f	Z]Ysd�b�iU«!hsV�b�d�p}�L\]VnaLVS\_VUimi]d�e�\_WUV`i¦e�Z]Y[hqYsim^UVUi
aLV�W_t�f�¨�e�V�Z�ÕcXwV�æ�¶oZ�f	bjZ�aLd�b�b�^  ed � «�hsVub�d�p}��\_V�aLV�\]VUimi]d�eL\]WUV`iKa�Y[imXwd�bLY[��hsVUiaLV Z�ÕcX�V % «ge�b�V�WUd�e�XLeL\_V9V`imZ�\_^Uf�h[Y[i]^`V�f�eObLY[§�V|f�e<a���eLb�V�d�X�^�\�f�ZmYsd�b  imVi]V�\]§�f�bcZKa���eLbLV
\]VUimi]d�eL\]WUV�aLV
Z�ÕjXwV % imYzV�Zgi]V`e�hsV`prV`bcZgimYnÞ
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\]VUimi]d�eL\]WUV`iua�eL\�f	bjZghxf�´�^�b�^`\_f�Z]Y[d�b�a�VUiKW_tLV`pvY[b�i�a���V°Ñ�^UW`e�Z]Ysd�bmæhg£YsV�b
¨�e�V~XLh[eLimYsV�eL\_i�d�\_aLd�b�b�f�b�W`V`prV`bcZ_i}��f�i]^Ui�i�eL\�eLbN´�\_f�XLt�V�a�V~÷Le�Ñ5a�V~WUd�bcZ��
\_ì�h[V WUd�eLX�V�bcZ�hsVUi�W_tLV`pvY[b�i�a���V�Ñ�^`W`eLZmYsd�b<i]d�e�iTWUd�bcZ]\_f�Y[bcZ]VUi�aLV \]VUi]imd�eL\]WUVUi`«
hsV`iKWUd�eLXLeL\]VUi�V�Ü�V`W`Z]eL^UVUiuXwV`b�aLf�bcZKhxfv´�^`bL^`\�f	Z]Ysd�b aLV`i�W_t�V`pvY[bLiKa���V�Ñ�^UW�eLZ]Y[d�b
\_V`imZ_V�bcZ�e�b�V�i]d�e�\_WUV YqprXwd�\mZ�f�bcZ_V�aLV h¡��Yqb�V�?vW|f�W`Y[Z]^�Xwd�eL\�a�VUiTf�XLX�h[YsWUf�Z]Y[d�b�i
WUd�bcZ]V`bcZ�f�bcZ9aLV`i W|f	hsW`e�hsi&æ>y�VUi�f�\]WUi�a�eH´�\�f	XLt�V,a�V,÷Le�ÑÀaLV.W`d�bcZ]\_ì�hsVAbLV
\_V�XL\_^`i]V`bcZ_f�bcZn¨ceLV£h���d�\]a�\_V�aLV£h¡��V°Ñ�^UW`e�Z]Ysd�b}aLV`iod�Xw^`\�f	Z]Ysd�b�izi_f�b�i¦Z_V�bLY[\�WUd�pvXLZ]V
aLV�÷Le�Ñ aLV�aLd�bLbL^UVUi`«�hxfvaL^UW`d�pvX�d�i�Y[ZmYsd�b�aLVUi�X�f�iKa���V°Ñ�^`W`eLZmYsd�b9V�b9W`ÕjW`h[VUi�a�V
WUd�bcZm\_ì�h[V£\_V`imZ]V�´�^`bL^`\�f	hsV`prV`bcZ¦X�V�e�d�XLZmY[p�f�hsVLæØú¥f�\¥WUd�b�im^U¨�e�V�bjZU«�hsVUi�WUd�e�XLeL\_V`i
i]d�eLi�W`d�bcZ]\_f�Y[bcZ_V�aLV \_V`i]i]d�eL\_W`VUi�aLd�Y[§�V`bcZTÛ`Zm\_V�ª�f�YqZ_VUi�a�f�b�i~eLbLV�aLV`e�ÑjY[Ð`prV
XLt�f�imV�a���d�\]aLd�bLb�f�b�WUV�p�V�bcZ�i�eL\khsV`ikZm\�f�bLimY[ZmYsd�bLi�´�^`bL^`\_^`VUi�æ

ý¡æ ãBA	C�DFEHG<I�C�DKJ�LiL�jlk�T9I ß£ê R�J�LNG<R Ìnm A	R�T9opJ�L á
yzf�XLhqeLX�f�\mZ£a�VUi�f	hs´�d�\mY[ZmtLp�V`io��f�im^Ui{i�eL\{hsf
\]VUW_t�V�\_W_t�VKaLVUi�W_tLV`pvY[b�i�a���V�Ñ�^UW�e��
Z]Y[d�b�Y[bcZ]\]d�a�eLYsimV`bcZueLb@^`Z_f�Z
imeLX�XLhs^�p�V�bjZ_f�Y[\]V�f�e@aL^��LeLZ�aLV�W_t�f�¨�e�V�Y[bLimZ]\me�W��
Z]Y[d�b�Y[Z]^`\�f	Z]Y[§�V�æ��{V�ª�f�Y[ZKVUimZ
hqYs^}f	e@Zm\�f�YqZ_V�p�V�bjZ�aLVUiu�wd�e�W`h[VUiu¨�eLYSW`d�b�i�YsimZ]V�å
WUd�e�X�V�\nf|§�f	bjZ�h���d�\_a�d�bLb�f�bLWUV`prV`bcZ¦hsV`i¥W_t�V�prYqb�i�\]V`�wd�e�W`hsf�bcZ_i¥å�hxfkZ_Û`Z]V�æo�{V`Z]Z]V
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XwV`\mZ_VKa�V�W�Õ�W�hsV`i{VUi�Z
ª�f�W`Z]d�\]Y[i]^`V�æ��{d�eLX�f�bcZuhsV`i�W_t�V�prYqb�iua���V�Ñ�^UW�eLZ]Y[d�bAå�hsfr§�d�hs^UV�«�hsV�ÎKy#>�f�imimeL\]V
eLb�VTf�X�XL\_djW_t�V�XLh[eLi}V�?vW|f�WUV�æ5�{d�prprVrh[VUi}W_tLV`pvY[b�i}\]V`�wd�e�W`hsf�bcZ�å�hxf�Z]Û`Z]V
aLV�hsfA��d�e�W`h[V�b�V imd�bcZ�X�f�i~^�h[YqprYqb�^Ui�V`Z�hsV�imd�pvp�V�Z~aLV��wd�e�W�hsV�b���V`imZ�X�f�i
WUd�bLimYsa�^`\_^vWUd�prprV}eLb.imd�pvp�V�Z
imXw^UW`Ysf�h�«�hsf�X�\_V`pvYsÐ�\_V�V`Z
hsfTa�V`\]b�YsÐ`\]VvYqZ_^�\�f	�
Z]Y[d�bNi]d�bcZvaL^�\_d�eLh[^UV`ivi]f�b�i�f�eLW`eLb�VTXwV`\]Z]V�aLVTW`ÕjW`h[V�aLVTWUd�bcZm\_ì�h[V�æ.y�VTimZ�Õch[V
a���^UW`\mY[ZmeL\_V�b���YqprXwd�i]f�bcZ�f�eLW`eLb�V�\_V`imZ]\mYsW�Z]Ysd�b�Xwd�eL\ghsVUiKf�W`ZmYsd�bLi�a�e WUd�\mX�iKaLV`i
��d�e�W`h[VUiU«�hsV`ig�wd�e�W�hsVUi�i_f�bLiKY[b�i�Z]\me�W`ZmYsd�b�iga���f�Z]Z]V`bcZ_V�i]d�bcZuf�a�prY[i]V`i&ægö�h¥V�b \_^°�
imeLhqZ_VraLVUi}W_tLV`pvY[b�i}a���V°Ñ�^`W`eLZmYsd�bN¨�eLY£WUd�bjZmYsV�bLb�V`bcZ}hsf�Z]Û`Z_V�aLVrhsf��wd�e�W`h[V�V�Z
eLb�V}im^U¨�e�V�b�WUV�a���Y[b�i�Z]\me�W`ZmYsd�b�iKaLV�h¡��YqbjZ]^`\mYsV`e�\KaLV�hxfv�wd�e�W�hsVLæ�üob9imeLYq§�f	bjZ�hsV`i
\_Ð`´�hsV`i�aLV�hxf ´�^�b�^`\_f�Z]Y[d�bNaLVUi�W_t�V�prYqb�i�a���V�Ñ�^UW�eLZ]Y[d�b�«£WUd�pvp�Vrhxf WUd�b�a�Y[ZmYsd�b
aL^`XwV`bLa,aLV�h���V�Ñ�^`W`eLZmYsd�b�«�h[V�W_t�V`pvY[b@a���V�Ñ�^`W`eLZmYsd�b,aLV`§cYsV�b�a�\_f�Y[ZuYqbL©LbLY�æiú�d�e�\
^`§cY[Z]V`\
W`V�X�\_d��Lh[Ð`prV�«�e�b�V�b�d�eL§�V`h[h[V�WUd�bcZm\�f�YqbjZ]V�imXw^UW�Yxf�h[V�f�^`Z_^�YqbjZm\_dja�eLYqZ_V�Þ
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^�b�^`\_f�Z]Y[d�b�aLV�hsf�p~f �
W_tLY[bLV�a���^�Z�f�Z]ik©�bLYsi

a���V°Ñ�^UW`e�Z]Ysd�bçd�\_a�d�bLb�^�WUd�\m\_V`i��
X�d�bLa eLb�V?Z]\_f�b�imYqZ]Y[d�b a�f�b�i
hxf p~f�W_tLY[b�V a���^�Z�f�Z]i ©Lb�Ysi
\_^Ui�eLh[Z_f�bcZ_VLæny¦fu´�^�b�^`\_f�Z]Y[d�b�aLV
WUV`ZmZ_VÀp�f�W_tLYqb�V<a���^�Z�f�Z]i�©Lb�Ysi
VUimZ�\_V�hxf�ZmY[§�V`prV`bcZ2imYqprXLh[V Þ
Z_d�e�iSh[VUinW_t�V`pvY[bLi�a���V°Ñ�^`W`eLZmYsd�b
WUd�pvp�V�bo¦|f	bjZ X�f�\ hsVPprÛ`prV
i]d�pvp�V�Z f�eL\_d�bjZ hsV prÛ`prV
^`Z�f	ZAa�V�a�^`X�f�\mZZæ µ W_t�f�¨�e�V
Z]\�f	b�imYqZ]Ysd�b�«reLb ^�Z�f�ZNi�eLY[§�f�bcZ
VUimZ>f�imi]djW`Ys^ð¨�eLYHV`imZ?h���^`Z_f�Z
aL^Ui�Ys´�b�^�X�f�\�hsVTimd�prprV`Zvi�e�W��
WU^UaLf�bcZÀf	e aLV`\mbLYsV�\Oi]d�pvp�V�Z
aLVuhxf}Z]\_f�b�imYqZ]Y[d�b�V`b�¨�e�VUi�Z]Y[d�bmæ
w�d�e�inXwd�eL§�d�b�i�f�Y[b�i�Y�WUd�bLW`h[e�\_V
¨ceLV@h[V�b�d�p}��\_V9a���^`Z�f	ZTaLV�hxf
p~f�W_t�Y[b�VAa���^�Z�f�Z]i�©LbLY[i�\]^Uime�hq�
Z�f�bcZ_VuW`d�\]\]VUi�X�d�bLaTf�e�b�d�p}��\_V
a���Yqb�imZm\]e�W�Z]Y[d�b�iHa���f�Z]Z]V`bcZ_VæaLV
hxf�aLVUimW`\mY[XLZmYsd�bNY[b�Y[Z]Ysf�hsVvV`Zra�e
b�d�p}�L\]V a�V Z]\_f�b�im´�\_V`i]imY[d�b�i
aLVUigWUd�bcZm\�f�YqbjZ]VUi�æ
yzf ´�^`bL^`\�f	Z]Ysd�b aLV hxf

p~f�W_t�Y[b�V a���^`Z_f�Z_i ©LbLY[i V`imZ
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^`Z�f	ZZæky�VUigi]d�pvprV`Z_igWUd�prXLh[V�Ñ�VUiga�e�´�\�f�X�t�V�a�V�÷Le�Ñ�a�V�W`d�bcZ]\_ì�hsV
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V�ÑjY[imZ_V�bcZ�V�b�WUd�\_Vva�f�b�i
WUV`i�Zm\�f�bLimY[ZmYsd�bLiU«�p�f�Ysi
Y[hsi{i]d�bcZ
Z]\_f�b�i�ªld�\]pr^Ui
aLV�ª�f��Ud�b�å}WUV
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hsV`i�ªlV`eLYqh[hsV`i�WUd�b�a�eLY[i]V`bcZ�å�h���^`Z�f	ZuimeLYq§�f�bcZZævy�V
ª�f�Y[Zv¨�e�V�X�f�\vaL^`©Lb�Y[Z]Y[d�b�«£W_t�f�¨�e�V�Zm\�f�bLimY[ZmYsd�b�W`d�prprV`bLWUVTX�f�\vhsV�p�Û�p�VTimd�prprV`Z
V`Z�¨�e�V�h���d�\_a�\]V�aLVUi
d�Xw^`\_f�Z]Y[d�b�iui�eLY[§�VvW`V`hqeLYSaLV�hxf~a�VUi]W�\]YqXLZ]Y[d�b9Y[bLYqZ]Yxf	hsV
\_V`bLa@Xwd�i��
imY[��hsV�WUV`ZmZ_V�Zm\�f�bLimªld�\mp~f�ZmYsd�bÞæ
yS�¢f|§�f�bcZ�f�´�V�aLV�WUV`ZmZ_V�f	XLXL\_djW_t�V�VUimZKaLd�eL��hsV�Þ{a���e�b�V
X�f�\]ZU«£h[VUi�aLVUimW`\mY[XLZmYsd�b�iv´�^�b�^`\]^UVUirf�e�bLY[§�V|f�e�Z]\_f�b�imªlV�\]ZraLV�\_V`´�Ysi�Z]\_V`irimd�bcZrpvYsV�e�Ñ
f�a�f�XLZ]^UV`i�f	e�i�Z�ÕchsVua���^UW�\]Y[ZmeL\_V
aLV�hsf}imÕcbcZ]t�Ð`i]V
hsd�´�Ys¨�e�V�«�a���f�eLZ]\]V�X�f�\mZkWUV`ZmZ_Vu\_^`^UW�\]Yq�
Z]eL\]VTf�i]i�eL\_V�hxf�WUd�\m\_VUi�X�d�b�a�f�b�W`V�ªld�\]Z]V~V`bcZ]\]V~hsV`i}aLVUimW`\mY[XLZmYsd�b�i}YqbLY[ZmYxf�h[VUi
V`Z�W`V`hqhsVUi
´�^`b�^�\_^`VUi&æ yn��f�h[´�d�\]YqZ]tLprV�VUi�Z}Y[hqh[e�i�Z]\]^�X�f�\�hsfT©�´�eL\_Vn�Àæ���¨ce�Y{\_V�XL\_V�b�a,eLbLV�X�f�\mZ]YsV
aLV�h���V�Ñ�V`pvXLhsV}e�Z]Y[hqYsim^�X�d�eL\uhxf�XL\]^UimV`bcZ�f�ZmYsd�bAaLV�h���d�\]aLd�bLb�f	b�WUV�p�V�bjZ
aLf�b�iuhsV`i�imVUW°�
Z]Ysd�b�i
XL\_^`WU^Ua�V`bcZ_V`i&ækyS��V°Ñ�V`pvXLhsV
p�d�bjZm\_V�h[VUik¨�e�f�Z]\]V�Zm\�f�bLimY[ZmYsd�bLi�X�f�\]Z_f�bcZgaLV�h¡��^�Z�f�Z
Öo×�Ù±Þ�aLV�e�ÑAa���V`bcZ]\]V~V`hqhsVvf��wd�eLZ]Y[i]imV`bcZ}åTh���^`Z_f�Z�Öo×LÝ�ÒSaLV�e�Ñ,f�eLZ]\]VUi�åTh¡��^�Z�f�ZNx ×
Y[bcZ]\]d�a�e�Y[ZKX�f�\�h���d�\]aLd�bLb�f	b�WUV�p�V�bjZuXwd�eL\K\_^|f	h[YsimV`\�hxf��wd�e�W`h[V�q<³�ö�y��<æ�y�VUi�Zm\�f�bLimYq�
Z]Ysd�b�iui]d�bcZ�WUd�prXwd�i]^`VUi
a���d�Xw^`\�f	Z]Ysd�b�iuWUd�bLa�Y[ZmYsd�bLbLV`h[h[VUi�¸leLb�V��wd�e�W`h[VUiuV�Z�a�V`e�Ñ9öc�o½
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V`ZuaLV��LhsdjWUi�aLV���f�i]V}W`d�bcZ_V`b�f�bcZuaLVUi�f�Ü�V`W`Z_f�Z]Y[d�b�i&æKyzfvZ]\_f�b�i�ªld�\]p�f�Z]Y[d�b�iU��V`ÜwVUW`Zme�V
V`b�aLV`e�Ñ�^�Z�f�XwVUi
Þ
ß �{d�b�i�Z]\]eLW`Z]Y[d�b@aLVUiu�L\_f�b�W_t�V�p�V�bcZ_i
aLV�h���f�\]��\_V}a���d�Xw^`\_f�Z]Y[d�b�i&æ��{VUiu�L\_f�b�W_t�V°�
p�V�bcZ_ioW`d�\]\]VUimXwd�b�a�V`bcZ�f�e�Ñ�Y[bLimZ]\me�W`ZmYsd�bLi¥WUd�b�a�Y[ZmYsd�b�b�V`hqhsVUizV�ZoWUV�h[h[VUi¥a��¢f�ZmZ_V�bjZ]V
a�e�´�\�f�X�t�V
aLVu÷Le�ÑTaLV
W`d�bcZ]\_ì�hsV�Þ
���¡ #¢¤£4¥O¦n§ y�V`iz\]V`Z]d�eL\_i�a�VUi���d�e�W`h[VUi�^�Z�f�bcZ¦WUd�e�X�^`i�a�eL\�f	bjZ�h¡��d�\_aLd�b�b�f�b�W`V`prV`bcZ|«

WUV�Z]Z_VKd�X�^�\�f�ZmYsd�brX�V�eLZ
Û�Z]\_Vg\_V�prXLhsf�WU^`V�X�f	\{eLbTi�Y[pvXLhsVgöc��æ�y¦f��L\�f�bLW_t�V
§c\�f�Y[V�W`d�\]\]VUimXwd�b�a~f�e~W`d�\]X�i£aLV�hsf
�wd�e�W�hsV�f�hsd�\_in¨�e�VKhxfu�L\_f�b�W_t�Vgª�f�e�i]imV
p�Ð�b�V�å�h���Y[bLimZ]\me�W`ZmYsd�brime�Y[§�f�bcZ_VLæSôgb�V�imXw^UW�Y[©�W�Y[Z_^gaLV�WUV`Z{öc�AV`imZ�¨�e�VghsV`i
aLV`e�Ñ���\�f�b�W_tLVUi�b�V
X�V�eL§�V�bcZuXLh[e�i�¨mf�p�f�YsikimV�\_Vc¨�d�Y[bLa�\_V�a�f�b�ighxf�p�Û�p�V
Z]\_f�b�imYqZ]Y[d�bmæ

©Fª ¦�«)¬	 U¢<« © � ª ¦}­�®�¯S«-«)¥ ª «)¥°§ >jY�h¡��^�Z�f�Z�WUd�eL\�f�bcZKWUd�\m\_VUi�X�d�b�a�åve�b�V�Y[bLimZ]\me�W��
Z]Y[d�bça���f�Z]Z]V`bcZ_V9aLV hsf.aLVUimW`\mY[XLZmYsd�bçYqbLY[ZmYxf�h[V�«{h[V�XL\_V�prY[V`\�imd�pvp�V�Z~VUi�Z
Z_d�e�¨�d�eL\_i�e�b�V�Yqb�imZm\]e�W�Z]Y[d�byq�óKöc±Yæw�{V
i]d�prprV`ZkV`imZkZ]\_f�b�imªld�\]pr^uV`b�eLb
öc��aLd�bcZ�hxfr�L\_f�b�W_t�V�§j\_f�YsV�i]d�\mZ�aLV�h���^`Z�f	ZKa���f�ZmZ_V`bcZ]V�V`b�V°Ñ�^`W`eLZ_f�bcZuhsV`i
d�Xw^`\�f	Z]Ysd�b�iu¨�eLY{imVri�e�WUW`ÐUaLV�bcZ�f�hsd�\_iu¨�e�Vrhsf~�L\�f�bLW_t�Vrª�f�eLi]i]V�\_V���d�e�W`h[V
f�eTp�Û�p�Vu^�Z�f�Z&æ

©Fª ¦�«)¬	 U¢<« © � ª ¦}¢`� ª ­ © « © � ªUª ¥O£!£!¥O¦²§ yzV`i{Y[bLimZ]\me�W`ZmYsd�bLi{WUd�b�a�Y[ZmYsd�b�b�V`hqhsVUinimd�bcZ
´�f�\]aL^UV`i�a�f	b�igh[V`eL\kXL\]d�XL\]V�ªld�\mp�VLæ£ö�h�ª�f	eLZkb�d�Z_V�\K¨�e�V
hsV`ig��\�f�b�W_tLVUiKa�V
WUV`igYqb�imZm\]e�W�Z]Ysd�b�i�X�V�eL§�V�bcZKV�b�WUd�\]V
i]V
\_V³¨�d�Y[b�a�\]V�æ

Î�f�b�i�bLd�Z]\]V}V�Ñ�V`pvXLh[V�¸�©�´�eL\_V²�âæ´�¡æq¸���½m½�«�Y[h�V�ÑjYsi�Z_V}Z]\]d�Ysig�L\�f	b�W_t�V`prV`bcZ]i�a�d�bcZ
hsV
XL\]V`pvYsV`\�V�Z£h[V�aLV�\]bLY[V`\£WUd�\m\_V`imXwd�b�aLV�bjZ�f�e�Ñvöc�¥i`«jh[VkaLV`e�ÑjY[Ð`prVgXL\]d!§jY[V`bcZ�a�V
hxf}�wd�e�W`h[Viq<³�ö�y��<æ

ß y�VUi��L\�f	b�W_t�VUizaLVoh¡�¢f	\]�L\]Voa���d�X�^�\�f�ZmYsd�bLi�i]d�bcZ¦V`bLimeLYqZ_Vo\_V�prX�h[YsV`iwX�f	\zaLVUi�d�Xw^`\_f	�Z]Y[d�b�i�V�bAi�eLY[§�f�bcZ�h¡��d�\_a�\]V}aLV�h[V`eL\uV°Ñ�^UW`e�Z]Ysd�bAV�Z
V`bAf�b�f	h[Õji_f�bcZ�h[V`eL\]i�WUd�b�a�Yq�
Z]Y[d�b�iza���V�Ñ�^UW�eLZ]Y[d�bmæn�{V�Z]Z_V�^`Z_f�XwV£aLVnZ]\_f�b�i�ªld�\]p�f�Z]Y[d�b�iU��V`ÜwVUW�Z]e�V{åkh¡�¢f�Y[aLVna���eLb
Z�f���hsV|f	e5¨�eLY
f�imi]djW`Y[V~å�W_t�f�¨ceLV��LhsdjWvaLV���f�imV�hsV`i�W`d�b�a�YqZ]Ysd�b�i�a���V°Ñ�^`W`eLZmYsd�bÞæ
�{V`ZmZ_V�^`Z_f�X�V�V`imZuYqh[h[eLimZ]\]^UV}i�eL\uhxf�©L´�eL\_V²�Àæ��¡æq¸ÏW|½�æ�yzV`iuW|f�imVUi
WUd�bjZ]V`b�f	bjZ�aLV`i
§�f�hsV�eL\_i��wd�d�hs^UV�bLb�V`i£¸³µ EHG<I V�Z ��G<R�¶ ½�aL^`imYs´�b�V`bcZzhsV`i��L\�f�bLW_t�VUi¦WUd�\m\_V`imXwd�b�a�f�bcZ]VUiaLVrh¡��Yqb�imZm\]e�W�Z]Y[d�b@öc��æzy�VUi�WUf�i]V`i�\_f!Õ�^UV`i�Y[b�a�Ys¨�e�V`bcZ�¨�e�Vrh[V���hsdjWva�Vv��f�i]V�V�b
¨�e�VUi�Z]Ysd�bçb��¢f	XLX�f�\mZ]YsV�bcZ�X�f�i~åAh���Y[b�i�Z]\me�W`ZmYsd�b�WUd�b�a�Y[Z]Y[d�bLb�V�h[h[V�æ¤Î�f�b�i�bLd�Z]\]V
V�Ñ�V`pvXLh[V�«�hsV \]^Ui�eLh[Z_f�Z�aLV@hsf.\_^U^`W`\mY[Z]e�\_V@a�e W`d�aLV9V`imZ�XL\_^`i]V`bcZ]^.imeL\ThsfN©��
´�eL\]V��Àæ��¡æq¸Ïa�½{d<;�h[VUi��Lh[d�W`i
aLVu��f�imV�imd�bcZ�X�hxf�W`^Ui
ime�\gh[VUi
�L\_f�b�W_t�V`i&æ

y�VUi¦f�\m�L\_V`i�a���d�X�^�\�f�ZmYsd�bLi�´�^`b�^�\_^`i�aLVSW`V`ZmZ_VSª�f<�Ud�b�\]V`÷�Ð�Z_V�bjZ¦XL\]^UW`Y[i]V�p�V�bjZzh¡��d�\]a�\_V
a���V°Ñ�^UW`e�Z]Ysd�b�aLV`izd�X�^�\�f�ZmYsd�bLi�aLVShxf£aLVUimW`\]YqXLZ]Y[d�buY[b�Y[Z]Ysf�hsVLæ�·.X�f�\mZ]Yq\�aLVSW`V`Z]Z]VS\_V`X�\_^UimV`b��
Z�f�ZmYsd�b�«�hxf�´�^`bL^`\�f	Z]Ysd�b�a�e�W`d�aLVuXwd�eL\
h[VUi
Z]\_f�b�imYqZ]Y[d�b�i
aLVuhxf}p�f�W_tLYqb�Vua���^`Z�f	Z_i
©LbLY[i
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clk

b

c

d

a

clk

b

c

d

a

a

b c

d

C1

Chainage

Deux cycles

C1

C2

a

b

d

c

tmp

a

b c

d

a := b + c + d

VHDL:

��Y[´�eL\]V¹�âæ�¸�ÞN�£t�f+�sb�f�´�V aLVUiTd�Xw^`\_f�Z]Y[d�b�i~V�b<W|f�iTaLV�aL^�X�V�b�a�f�bLWUV9aLV
a�d�bLb�^`VUi

©Lb�f�h[V�X�V�eLZ�Û�Z]\_V�V�Ü�V`W`Zme�^UV�ª�f�W�Y[hsV�p�V�bcZ�V�Z~hsV i�Z�ÕchsV a���^UW�\]YqZ]eL\]V \_V`bLa±hxf,aLV`i]W�\]Y[X��
Z]Ysd�b�f	e�bLYq§�VUf�e�Zm\�f�b�i�ªlV`\mZ�a�V
\]VU´�Y[imZm\_VUigV�?vWUf�WUV�a�e�X�d�YqbcZ�a�V
§ce�V�a�e�X�f�\]Z_f�´�VuaLV`i
\_VUimi]d�e�\_WUV`i&æ

�vº��vº4» ¼¾½i¿�ÀKÁrÂS�Ã��� �¡Ä �UÅÆ�³½Ç���Ã� � ½�½ � ��Â:È �¡Ä ¿#É�½i¿�ÊB�
Î�e�\�f�bcZ{hsf�i�Y[p}eLhsf�Z]Y[d�b�«�h[VUi£d�X�^�\�f�ZmYsd�bLi�a�VKhxfup~f�W_tLY[b�Vga���^`Z_f�Z_i{©�bLYsi£f�e~bLYq§�VUf�e

Z]\�f	b�imªlV�\]ZSaLV�\]VU´�Y[imZm\_VUi¥i]d�bcZSV°Ñ�^`W`eLZ]^UV`i£im^U¨�e�V`bcZmYsV`hqhsV�p�V�bjZ&æoy�VUio§�f�\mYxf���hsVUi¦aL^`W`hxf	\_^UV`i
a�f�b�i�hsV�XL\_djWUV`i]imeLi}aLVrhsf�a�VUi]W�\]YqXLZ]Y[d�bAYqbLY[ZmYxf�h[V�XwV`eL§�V`bcZ}b�^`WUVUimimYqZ_V`\�eLb�Vrpr^`prd�\mYq�
i_f�ZmYsd�b�«¥WUV�¨�eLY�i`��V�Ü�V`W`Zme�V~X�f�\}h[V`eL\�Z]\_f�b�imªld�\]p�f�Z]Y[d�b,V�b5X�f�Yq\_VUi�aLV~imY[´�b�f�e�Ñ¼æ yzV`i
f�Ü�V`W`Z_f�Z]Y[d�b�iKa�V�§�f�\]Ysf��LhsV`i�a�V`§cYsV�bLb�V`bcZua�d�b�W}aLV`iuf�ÜwVUW�Z�f�ZmYsd�b�i�aLV}i�Ys´�b�f	e�Ñ�æKó�Yqb�imY
hxf�pvYsimV�å�¨�d�eL\}a�VUi�b�d�eL§�V�h[hsV`i�§�f�h[V`eL\]i�b�V~i`��V�Ü�V`W`Zme�V���V`h[h[V�¨�e���å�hxfT©Lb5aLV~W_t�f�¨�e�V
W`ÕjW`h[V�aLV�imY[p�eLhxf�ZmYsd�bÞæk�{V�ª�f�YqZkXL\_d!§�dj¨�e�V}aLV`i�XL\]d��Lh[Ð`prVUigV`b�WUf�iKaLV�aL^`XwV`bLa�f�b�W`VUi
aLV
aLd�bLb�^`VUi
X�f�\]WUVu¨�e�VuXwV`b�a�f	bjZ
h¡��V°Ñ�^UW`e�Z]Ysd�b�«�hsV`i�§�f�hsV�eL\_i{YqbcZ_V`\mp�^`a�Yxf	Y[\_V`i£b�V
imd�bcZ
X�f�i
XL\]Y[i]V`igV�b�W`d�b�i�YsaL^�\�f�ZmYsd�bmæ
ö�hkV`imZvaLd�b�W�b�^`WUV`i]i_f	Y[\_V�aLVTi]^`¨�e�V`bcZ]Ysf�h[Y[i]V�\vh[VUi�d�Xw^`\_f�Z]Y[d�b�i�f�e�ÑNaL^`XwV`bLa�f�b�W`VUi

aLV�aLd�bLb�^`VUi�æ~�{V�Z]Z_V�Z_V`W_tLbLY[¨ceLVrV`imZ�f�XLXwV`h[^UV�hsV�W_t�f+�sb�f�´�V�aLVUi�d�Xw^`\�f	Z]Ysd�b�i�¨�eLYnVUi�Z
eLb�Z]\�f	Y[Z_V�p�V�bcZoZ�ÕcXLYs¨�e�V�p�V�bjZnd�\]YsV�bcZ_^{÷Le�Ñ�aLV
aLd�b�b�^UV`i&æ�w�d�e�ioX�d�eL§�d�bLiSa�Ysi�Z]Y[bL´�e�V`\
aLV`e�Ñ
Z�ÕcXwVUi¦aLVnW_t�f	�[b�f�´�V
Þ�W_t�f+�sb�f�´�VSaLVnaLd�bLb�^`VUi£¸ÏV�bjZm\_VnaLV�e�Ñ�d�Xw^`\�f	Z]Ysd�b�i�½°«|Y[h[hqe�imZm\_^
X�f�\ghxfv©L´�eL\_V��âæ�¸vV�ZKW`V`h[e�Y¥aLV�WUd�bjZm\_ì�h[V�¸�V`bcZ]\]V�eLbLV�d�Xw^`\_f�Z]Y[d�b�V�ZKeLbLV�WUd�b�a�Y[ZmYsd�b�½�«
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   b := d;
End If

Else

:= :=

   b := c;

VHDL:

1

10

a

in1

dc

b

:=

a := in1 + 1;
If a < 10 Then

Chainage

1

10

a

in1

dc

b

:=

:=:=

Deux cycles

1

a

10

dc

b

in1

c

d

a

b

1

10

clk

in1

c

d

a

b

in1

1

10

clk
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�UÚ<Í1Î�âpÏ�ÙNÔ�âÖÌ<Ú<Î�ËèÝ�Ó ã Ï�Ù�×�ëZÚ<Î�×1Ú<Õ1ÕlÔ	Õ�ß�Ï ã Ï9ÕOÝNÎQÏ9ÛeÚ`Ù�Ô�ÕàÝîÙ³Í1Î�Í1ÕñÌ<Î�Ô�Û�Ó�Ïò×�Ïr÷1Í�ê×1ÏÞß�Ú�ÕOÝHÎQá<âpÏæß�Ú ãòã Ï�ÎQÏ�Û�ÎQÜ�ÙHÏ�ÕàÝ�Ô	Ý�ËÖÚ�ÕñËpÕàÝQÏ9Î ã Ü�×�ËÖÔ�ËpÎ�Ï<ç�â�ÔnÎQÜ-Ô	âpËÖÙ�Ô�Ý�ËpÚ<Õó×�ÍôßQÓlÔ+�ÖÕlÔ<Ì<ÏÏ�ÙHÝrÛ1âpÍ1Ù�Û�ÎQÚ<õ1âpÜ ã Ô�Ý�Ëpï¤Í�Ï<ÐöÑöÏP÷!Ô	ËpÝ�Ï�Ù³Ýi×�øØù�âÖÔ}ß-Ô�ÎQÔ<ß�Ý�Ü�Î�ËpÙHÝHËÖï¤Í�ÏúÛ1Î�ËèÕ�ß�ËèÛlÔ�âÖÏ~×1ÏPÝ�Ï�âpÙÌ<Î�Ô�Û�Ó�Ï�ÙPû'âpÏ�Ù�Ú<Û^Ü�ÎQÔ�Ý�ËpÚ<Õ�Ù�Ù�Ú<ÕàÝhÎQÏ9Û1ÎQÜ�Ù�Ï�ÕàÝ�Ü�Ï�Ù~Ï�Õì÷4Ú�Õ�ß�ÝHËÖÚ<Õ{×1Ïúâ�ëZÚ<ÎQ×SÎQÏ�×�ëZÏ9êSÜ�ß9Í1Ý�ËpÚ<Õ
ÙQÔ�Õ�ÙØËèÕ1÷4Ú<Î ã Ô�ÝHËÖÚ<Õ1Ù{Ù³Í1ÎØâpÏ�ÙØ×1Ü9ÛeÏ9Õ�×�Ô�Õ1ß�Ï�ÙV×1Ïü×1Ú<Õ1Õ�Ü�Ï�Ù�Ðý�åÕÃÌ`Ü9Õ�Ü�ÎQÔ�â�çúâÖÏ�ÙØßQÓ�Ï�þ
ã ËèÕ�Ù~×�ëZÏ9êSÜ�ß�Í1ÝHËÖÚ<ÕVÙHÚ<ÕàÝ�ß�Ú<Í�ÛeÜ�Ù�ùæßQÓlÔ<ï¤Í�Ï}×�Ü�Û^Ï�Õ�×�Ô	Õ�ß�Ï}×1Ï�×1Ú<Õ1Õ�Ü�Ï�Ù�ç�ß�Ïîï¤Í1ËåÔ�Í�Ì�þ
ã Ï9ÕOÝ�ÏöâÖÏ'Õ�Ú ã õ�ÎQÏö×eë´Ü9Ý�Ô�Û^Ï�Ùå×�Ïÿß�Ú<ÕàÝHÎQá<âpÏB×�Ô	Õ�Ù=â�Ô ã Ô�ßQÓ1ËpÕ�ÏB×�ëZÜ�Ý�Ô	ÝQÙ=ä1Õ�ËÖÙ#Î�Ü�Ù³Í1âpÝQÔ�ÕàÝQÏ<Ð�iÔ�Õ�Ù��Zgÿ�hw~±vs`���fçlÍ1Õ�ÏPÝQÏ�ßQÓ�Õ1ËÖï¤Í�Ïî×eë´Ú<Û�Ý�Ë ã ËÖÙ�Ô�Ý�ËpÚ<ÕnÏ�Ù³Ý~Û1Î�Ú<Û^Ú`Ù�Ü�Ï<Ðr��âèâÖÏúß�Ú�Õ�ÙHËpÙHÝQÏ�ùßQÓlÔ�Õ�Ì`Ï9Îÿâ�ëZÚ<Î�×�ÎQÏh×1Ï�ÙBÚ<Û^Ü�Î�Ô	Ý�ËÖÚ�Õ�ÙB×1Ô�Õ�ÙBâpÏ�ÙBßQÓ�Ï ã ËpÕ�Ù'×�ëZÏ9êSÜ�ß9Í1Ý�ËpÚ<Õ{Ô�ä1ÕÞ×1Ï~×�Ë ã ËèÕàÍ�Ï�ÎâÖÏ�Õ�Ú ã õ1Î�ÏB×�Ïö×1Ü9ÛeÏ9Õ�×�Ô�Õ�ß�Ï�Ùå×�Ïö×1Ú<Õ�Õ�Ü�Ï�Ù�Ð��~Í�Ú<Ëpï¤Í�ÏBß�Ï�ÝHÝQÏBÝ�Ï�ßQÓ1Õ�ËÖï¤Í�ÏöÛ1Í�ËÖÙ�ÙHÏÿÔ�âèâÖÜ�Ì`Ï�ÎâÖÏiÛ1Î�Ú<õ1â�� ã Ï�ç1Ï�Õ{ÎQÜ�Ô�âpËèÝQÜiÙHÚ<Õ0Ï�?²ß-Ô<ß9ËpÝ�ÜúÎ�Ï�Ù³ÝQÏ�âpË ã ËèÝQÜ�Ï�Ð�UÚ<Í1Î~Û^Ú<Í1í<Ú<ËpÎrÏ�ð^Ï�ß9Ý�Í�Ï9Îiâ�ë´Ô�ÕlÔ	â
	OÙ�ÏP×1Ï�×�Ü�Û^Ï�Õ�×�Ô	Õ�ß�Ï�Ù�×1Ïî×1Ú<Õ�Õ�Ü�Ï�Ù�çeÕ�Ú�Í�ÙiÔ-í`Ú�Õ�Ù
Ü�ÝQÏ9Õ�×�Í âÖÏyß�Ú�Õ�ß�Ï9Û1Ý²×�Í Ì�Î�Ô�Û1Ó1Ï{×�Ï~÷1Í�ê ×1Ïnß�Ú�ÕOÝHÎQá<âpÏÞÛlÔ�Î}âÖÔìÎQÏ�Û�ÎQÜ�ÙHÏ�ÕàÝ�Ô	Ý�ËÖÚ�Õ ×1Ï�Ù
×1Ü�Û^Ï�Õ�×1Ô�Õ�ß�Ï�Ùr×�Ïi×1Ú<Õ1Õ1Ü�Ï�Ù�ÐöwhÚ<Ý�Î�Ï�Ô�âpÌ`Ú<Î�ËèÝ�Ó ã Ï�×1Ï�ßQÓlÔ	�pÕlÔ<Ì`ÏrÙ�ë´Ô�Û1Û1âèËÖï¤Í�Ï�Ô	Í�êÞÝHÎ�Ô�Õ�þ
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    Cs_Grt <= ’0’;
    Grt_Addr <= Adresse;
    Rw_Grt <= ’1’;
    Oe_Grt <= ’0’;
    Wait Until Rising_Edge (Clk);

Begin

    Cs_Grt <= ’1’;

Procedure Read_Ram_Grt2 (...) Is

    Grt1 := Dout_Grt (16 Downto 6);
    Grt2 := Dout_Grt (1);
    Grt3 := Dout_Grt (0);
End Read_Ram_Grt2;

    Rw_Grt <= ’0’;

    Wait Until Rising_Edge (Clk);

b.) code au niveau transfert de registres

When ST_schedul_47 =>
   C_H_A_I_N_E_D_67 := Dout_Grt (16 Downto 6);
   Next_Gn_Grt <= C_H_A_I_N_A_D_67;
   Next_Sg <= Dout_Grt (1);
   C_H_A_I_N_E_D_68 := Dout_Grt (0);
   Next_Ri <= C_H_A_I_N_E_D_68;
   If C_H_A_I_N_E_D_68 = ’0’ Then
      C_H_A_I_N_E_D_69 := C_H_A_I_N_E_D_67;
      Next_Addr_Grt <= C_H_A_I_N_E_D_69;
      Next_Cs_Grt <= ’0’;
      Next_Grt_Addr <= C_H_A_I_N_E_D_69;
      Next_Rw_Grt <= ’1’;
      Next_Oe_Grt <= ’0’;
      NEXT_STATE_schedul <= ST_schedul_48;
   Else
      Next_Cs_Grt <= ’0’;
      Next_Grt_Addr <= Addr_Grt;
      Next_Rw_Grt <= Addr_Grt;
      Next_Oe_Grt <= ’0’;
      NEXT_STATE_schedule <= ST_schedul_50;
   End If;l
When ST_schedul_48 =>
  Next_Rw_Grt <= ’0’;
  Next_Cs_Grt <= ’1’;
  NEXT_STATE_schedul <= ST_schedule_49;

When ST_schedul_49 =>
   C_H_A_I_N_E_D_70 := Dout_Grt (16 Downto 6);
   Next_Gn_Grt <= C_H_A_I_N_E_D_70;
   Next_Sg <= Dout_Grt (1);
   C_H_A_I_N_E_D_71 := Dout_Grt (0);
   Next_Ri <= C_H_A_I_N_E_D_71;
   C_H_A_I_N_E_D_70 := C_H_A_I_N_E_D_71 + 1;
   Next_Gn_Grt <= C_H_A_I_N_E_D_70;
   If C_H_A_I_N_E_D_71 = ’0’ Then
      C_H_A_I_N_E_D_72 := C_H_A_I_N_E_D_70;
      Next_Addr_Grt <= C_H_A_I_N_E_D_72;
      Next_Cs_Grt <= ’0’;
   End If;

a.) code comportemental

Main_Loop: Loop
   ...
   Else --(FE = ’1’)
       ....
   While RI = ’0’ Loop
        Addr_Grt := Gn_Grt;
        Read_Ram_Grt2 (Addr_Grt,
                   Gn_Grt, SG, RI);
        Gn_Grt := Gn_Grt + 1;
    End Loop;
   ...
   End If;
   ...
End Loop Main_Loop;

�#ËÖÌ�Í1ÎQÏú�OÐ�
�û��=êSÏ ã Û1âpÏúÛ^Ú<Í1ÎvâpÏ�ßQÓlÔ��pÕlÔ<Ì`Ï
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ÙHËpÝHËÖÚ<Õ1Ùö×1ÏiâÖÔ ã Ô�ßQÓ1ËpÕ�Ïr×�ëZÜ�Ý�Ô	ÝQÙÿä1Õ1ËpÙÿÌ`Ü9Õ�Ü�Î�Ü�Ï�ÙÿÛ�Ô�Îÿâ�ëZÜ�ÝQÔ�Û^Ïi×1Ï~Î�Ü�Ü�ß9Î�ËèÝ�Í1Î�Ïi×�Í{ß�ÚO×1Ï<ÐÑöÚ ãòã Ïiâ�Ôî×�Ï�Ù�ß9Î�ËèÛ1Ý�ËpÚ<Õ{Ì`Ü�Õ�Ü9ÎQÜ�ÏNÔ	Í{Õ�Ëpí`Ï�Ô�Í{Ý�Î�Ô	Õ�ÙH÷4Ï9Î�Ý�×1Ï�ÎQÏ�Ì<ËÖÙ³Ý�Î�Ï�ÙvÕ�ÏúÙ�Ü9ÛlÔ�ÎQÏ�ÛlÔ�ÙâÖÏhßQÓ�Ï ã ËpÕæ×1Ï~×1Ú�Õ1Õ�Ü�Ï�ÙÿÏ�Ý'âÖÏhß�Ú�ÕOÝHÎQá<âpÏ�Í1Î�çOâÖÔP×SËpð^Ü�ÎQÏ9Õ�ß�ÏrÏ�ÕàÝ�Î�Ï~âÖÏ�ßQÓlÔ��ÖÕlÔ<Ì<Ïr×1Ïrß�Ú<ÕàÝ³þÎQá<âpÏìÏ�ÝÞß�Ï�âèÍ1Ëi×�ÏØ×1Ú<Õ1Õ1Ü�Ï�ÙÞÕ�ë´Ï�ÙHÝnï¤Í�ÏìÝHÓ�Ü�Ú<ÎHËÖï¤Í�Ï�Ð �UÚ<Í1ÎÞÕ1Ú<Ý�Î�ÏØÙHÝ�	àâÖÏì×�ë´Ü�ß�ÎHËpÝ�Í�ÎQÏ<ç
âÖÏ²ßQÓlÔ��ÖÕ�Ô<Ì`ÏæÏ�ÙHÝNÎQÏ�Û�ÎQÜ�ÙHÏ�ÕàÝQÜÞÛ�Ô�Î�×�Ï�Ù�í�Ô�ÎHË�Ô�õ1âpÏ�Ùúï¤Í1ËöÛ^Ï�Î ã Ï9Ý�Ý�Ï�ÕàÝî×1ÏòÙQÔ�Í�í`Ï�Ì`Ô�ÎQ×1Ï9ÎâÖÏ�Ù�í�Ô�âÖÏ9Í1ÎQÙ�ËpÕàÝ�Ï�Î ã Ü�×SË�Ô�ËèÎQÏ�Ù�Ï9Ýö×�ÏrÙHÜ�ï¤Í�Ï�ÕàÝHË�Ô�âèËÖÙ�Ï9ÎBâpÏ�Ù'Ú<Û^Ü�Î�Ô	Ý�ËÖÚ�Õ�Ù�Ï�ÕÞï¤Í�Ï�ÙHÝHËÖÚ<Õ�Ð'ÑöÏ�Ùí<Ô	Î�Ë�Ô	õ1âÖÏ�ÙUÕ�ëZÜ�ÝQÔ�ÕàÝ=Í1ÝHËpâèËÖÙ�Ü�Ï�ÙUï¤Í�Ïö×�Ô	Õ�Ù=Í1Õ�ÏBÙ�Ï9Í1âÖÏ'Ý�Î�Ô	Õ�ÙHËèÝ�ËÖÚ�Õ�ç	âÖÔhÙ�	àÕOÝHÓ���ÙHÏ�Ô�ÍîÕ1Ëèí`Ï�Ô�Í
Ý�Î�Ô	Õ�ÙH÷4Ï9Î�Ýh×1Ï�ÎQÏ�Ì<ËÖÙ³Ý�ÎQÏ�ÙvâÖÏ�ÙvÜ9âpË ã ËèÕ�Ï~Ï9ÝhâpÏ�ÙÿÎ�Ü-Ô�âèËÖÙ�ÏúÔ-í<Ï�ßP×1Ï�Ù�ä1âÖÙv×�ÏPß�Ú<Õ1Õ�Ï�êOËÖÚ<Õ�Ð��Õ�Ïv×�Ëpð^Ü�Î�Ï�Õ�ß�ÏÿË ã ÛeÚ�Î�Ý�Ô	ÕOÝ�ÏöÏ�êSËpÙHÝ�ÏvÏ�ÕàÝ�Î�Ïÿâ�Ô~ÝQÏ�ßQÓ1Õ1ËpïàÍ1Ïh×�ÏvßQÓlÔ��ÖÕ�Ô<Ì`ÏöÝHÎ�Ô<×�ËèÝ�ËpÚ<Õ�þÕ�Ï�âèâÖÏ�Ï�ÝBÕ�Ú<Ý�Î�Ï~Ô	Û1Û1ÎQÚOßQÓ�ÏNû#Û^Ú<Í1Î'âÖÏ�Ù'Ú<Î�×1Ú<Õ1ÕlÔ	Õ�ß�Ï ã Ï9ÕOÝ�ÙöÚ<ÎHËÖÏ9ÕOÝ�Ü�Ù��1Í�êò×1Ïr×1Ú<Õ1Õ�Ü�Ï�Ù�çâÖÏüßQÓ�Ô��ÖÕlÔ�Ì`ÏñÏ�Ù³ÝØËpÕàÝ�Ü�Ì<Î�Üñù â�ë´Ô�âpÌ`Ú<Î�ËèÝ�Ó ã Ï¹×�ëZÚ<ÎQ×�Ú<Õ1ÕlÔ�Õ1ß�Ï ã Ï�ÕàÝ¹ÙHÚ<Í�Ù¹ß�Ú<ÕàÝ�Î�Ô	ËpÕàÝQÏ�Ù×1ÏÞÝQÏ ã Û�Ù�Ô�âÖÚ�ÎQÙ�ï¤Í�ÏÞÕ1Ú<Ý�Î�ÏyÔ�Û1Û1Î�ÚSßQÓ1ÏÞÙ�Ü9ÛlÔ�ÎQÏÞâpÏ�ÙN×1Ï�Í�êôÔ�âÖÌ<Ú<Î�ËèÝ�Ó ã Ï�ÙúÏ�Õ Ï9ðeÏ�ß�Ý�ÍSþ
Ô�ÕàÝæÍ1Õ ßQÓlÔ��ÖÕ�Ô<Ì`Ï ã Ô	êOË ã Ô�âfç'Ô�Í1Ý�Î�Ï ã Ï�ÕàÝò×�ËpÝ²Ï�Õ ÙHÍ1Û1Û^Ú`Ù�Ô�ÕàÝæÍ1Õ ß�	Oß�âpÏì×�ë Ó�Ú<ÎHâÖÚ`Ì`Ï
ËpÕ1ä1Õ�Ë�Ð ÑöÏ9Ý�Ý�ÏüÙ�Ü9ÛlÔ�ÎQÔ�Ý�ËpÚ<Õ8âÖÔ�ËÖÙHÙ�Ï¹â�ÔôÛ^Ú`Ù�Ù³Ëpõ1ËèâpËpÝ�ÜìÛ^Ú<Í1Î0ïàÍ�ëZÍ1Õ ×1Ï�Í�êOË
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�Ð���Ï ã ÚO×���âpÏöß�Ú ã Û^Ú<ÎHÝQÏ9þ
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ã Ü�Ï�Ù"!$#�%&#�'&#�()#�*&#�+�#�,-#/.-.ÆÎQÏ9Û1ÎQÜ�Ù�Ï9ÕOÝ�Ï�ÕàÝvâÖÏ�ÙB×�Ü�Û^Ï�Õ�×�Ô	Õ�ß�Ï�Ùÿ×1Ï~×�Ú<Õ1Õ�Ü�Ï�ÙÿÏ9Ý
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HJILK MON5PRQ1SUTRVXW�N5PRV
ÑöÏyßQÓlÔ	Û1ËpÝHÎQÏÞ×1Ü�ß�ÎHËpÝ}Õ�Ú<ÝHÎQÏæÕ1Ú<Í1í`Ï9âpâpÏnÔ�Û1Û1Î�ÚSßQÓ�ÏÞÛ^Ú<Í1Î�â�ÔìÙ�	OÕàÝHÓ���ÙHÏ0ß�Ú ã Û^Ú<ÎHÝQÏ9þ
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    Cs_grt <= ’0’;

    Grt_addr <= Address;

    rw_grt <= ’1’; Oe_grt <= ’0’;

    Wait Until Rising_Edge (Clk);

    Rw_grt <= ’0’; Oe_grt <= ’1’;

    Wait Until Rising_Edge (Clk);

    Grt1 := Dout_grt (16 Downto 6);

    Grt2 := Dout_grt (1);

    Grt3 := Dout_grt (0);

End Read_Ram_Nrt;

...

Main_Loop: Loop

...

   Read_Ram_Nrt (Addr_nrt, ...);

      Aux_pt := Nrt_pt;

      Addr_nrt := Nrt_pt;

      Addr_grt := Gn_nrt;

Begin

      Loop_1: While DC /= 16#000# Loop

         ...

            Aux_pt := Aux_pt + 1;

            Addr_nrt := Addr_nrt + 1;

            Aux_pt := Addr_nrt;

         End If;

         DC := DC - 1;

      End Loop Loop_1;

   End If;

   DC := DC + 1;

   Wait Until Rising_Edge (Clk);

   ...

End Loop Main_Loop;

         If Fe_nrt = ’0’ Then

         Else

   If DC = 16#000# Then

   Else

      Aux_pt := FFL;

Procedure Read_Ram_Nrt (...) Is
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Placement & routage
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Placement & routage
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Portes logiques
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codage au niveau
transfert de registres

codeage au niveau
comportemental

transfert de registres

transfert de registres

VHDL au niveau

VHDL au niveau

spécification

Equipe au niveau transfert de registres
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Equipe comportementale

synthèse
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synthèse au niveau
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synthèse au niveau
transfert de registres
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Description

VHDL 
comportemental

Conception
comportementale

Conception
au niveau

transfert de registres

3200 lignes

9311 lignes

28500 portes

7 modules

8

10250

27000 portes

15 modules

25
Effort de conception

(personnes/mois)

Nombre de 
modules

Nombre de
portes logique

VHDL
transfert de registres
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contraintes

Validation B
OK?

Validation R
OK?

contraintes

Validation G
OK?

G3

G2

R1

B1

R2

PARTITIONNEMENT

niveau comportemental

G1

SYNTHESE COMPORTEMENTALE

SYNTHESE AU NIVEAU
TRANSFER DE REGISTRES

niveau des portes logiques

ROUTAGE

niveau phisyque

niveau transfert de registres

niveau spécification

78*#93:+,-./¢10�m�; Y r�>&H4.�A+.L^6G6H#*#A�G6@�*4M3JXR�M3:1,lH4.L>D*2,/>&:+*#@&r�Ô&Õ
A+.S,-.�93*#I�@�,/.�IB.�I"@�93FDJ�F&,/F�.\G6:+@-M3QdG�@-*4`a:�.&Q\.&JK@LR�G6,BJ�M3@-,-.XM6:+@-*2H£A+.SI�rKJK@-?��DI-.d>DM3QSc
R�M3,�@/.&Q\.&J_@/G6H4.60�Y[.&@-@-.TA+.�I�>D,-*2R+@-*#M3J¥.�I"@�I�*2Qp:+H4FD.�s�^3G�H#*4A+G6@-*#M3J»y-ØBR�M3:+,p^6G6H2*4A+.&,�H4.
>�M3QSR�M6,-@/.&Q\.&JK@LG6:ÂJ1*#^<.�G6:ÅA+.�>Dr_>DH#.pA�U�?�M3,-H#M<9<.603��GXi�M3:�>&H4.py�[p.DI�@q:+@�*#H2*4I-FD.LR�M3:1,
^<FD,�*#P�.&,XH4G�A1.�I->&,-*2R+@-*#M3J¼>DM3QSR�M3,�@/.&Q\.&J_@/G6H4.TA�:�R�M3*#JK@SA+.N^K:�.CA�:ZI-M6:�I"cV.DJ�I�.DQpi+H#.
I�rKJK@-?�F&@-*4I-G6i+H#.�A1:ZH4G6J�9aG69<.N.D@XA1:ÇI�@�rKH#.CA�U�F�>&,-*2@-:+,-.ÂG3>D>�.DR1@/FCR�G6,XH(UWM6:+@-*2H�A+.�I"r_J�c
@-?��DI-.30���GCi�M3:�>&H4.\A1.\^6G6H#*#A�G6@-*#M3J�y3¤C.DI�@p:1@-*#H2*4I�F�.�R�M3:1,�QX.D@-@�,/.XA+.�Is>DM3JK@-,OG�*#JK@/.DI
�TH(U�G�R+R+H#*#>]G6@�*4M3JnR�M3:+,LH%GXI�rKJK@-?��DI-.30S¢qG�J�ILH4.p>�G3I�A+.s>�M3J+>�.DR1@-*4M6J�Q\G6JK:�.&H#H4.6z�>D.D@-@-.
i�M3:+>DH4.LI�.D,�@q�p^6G6H#*#A+.D,[H%GpA+.DI->D,�*#R+@�*4M3JCG6:nJ+*2^<.]G�:C@�,OG6J�I"k�.D,�@�A+.L,/.�96*4I�@�,/.DI�0ß R�G6,-@�*#,=A+.�H4GXA+.DI->&,-*#R1@-*4M6JÅG6:ÂJ1*#^<.�G6:Å@-,/G6J�I"k�.D,-@gA+.�,-.�93*#I�@�,/.�IDz�H(U�G6,->/?+*#@-.�>&@-:+,-.
A1:Ì>D*2,/>D:1*#@d.DI�@T93FDJ�F&,/F�.�G�:ÇJ+*#^3.]G6:ÌA+.DI\R�M3,-@-.�I\H#M<93*4`a:�.DI\.&@TM3R+@�*#QS*4I-FD.���H(U�G�*4A+.
A�U�:1J¼M3:1@-*#H[A+.TI�rKJK@-?+��I-.CG6:¥J+*2^<.]G�:u@�,OG6J+I�k�.D,�@�A+.d,/.D93*4I"@-,-.�Is.D@sH#M<93*#`K:+.TG]^<.�>NA+.DI
>�M3JK@-,/G6*#JK@-.�I�A+.L,/.DI-I-M6:+,/>D.�Ig.&@�@/.DQSR�M3,OG6*2,/.DI�0jY[.&@-@/.BG6,->/?+*#@-.�>&@-:+,-.B.DI�@eI�*2Qp:+H#F�.½s�^6G�c
H#*4A+G6@-*#M3JNÍ³ØjR�M3:+,E^3FD,�*#P�.&,lHVUWG6,/>/?+*2@/.D>D@-:1,/.gA�:nR�M3*2J_@[A+.q^K:�.LA+.DIlA+FDH4G6*4ID02��G�i�M3:+>DH4.
Í½[gR�.D,�Q\.&@EA+.gA+FD@-.�>D@-.D,lI"*�A�G�J�I[H%GBA+.�I�>D,�*#R+@�*4M3JT>DM3QSR�M3,�@/.&Q\.&J_@/G6H4.6zKA+.�IE^6G6,�*%G6i+H#.�I
.D@$o�M3:�A+.�IgI�*496J�G6:1bCJ�.pI�M3JK@qR�G3Ig*2J+*#@�*%G6H2*4I�F�I�z�>D.p`a:+*hJ�UW.DI�@LR�G3IgA+FD@-.�>D@/G6i+H#.pA1:+,/G6JK@
H%Gp^6G6H#*#A�G6@-*#M3JTy�0
��Gd>�M6QXR+H#.&b_*#@-F�A+.DILA+.�I�>D,�*#R+@�*4M3J�IL>DM3QSR�M3,�@/.&Q\.&J_@/G6H4.DIgF&@OG6JK@LQXM3*#J�I=FDH#.D^<FD.3z�H4G

I�*#Q�:+H%G6@�*4M3J\��>D.gJ+*#^3.]G6:NA�U�G6i+I�@-,/G3>D@�*4M3JRs�^6G6H#*#A�G6@�*4M3JXxÛØfR�.D:1@?�D@�,/.q.&��.D>D@�:�F�.�`a:�UWG6:
J+*#^3.]G6:u@-,/G6J�I�k�.&,-@SA+.T,/.D93*4I"@-,-.�I¨s�^6G6H2*4A�G6@�*4M3J�y3Ø$z£>�.N`a:+*lR+,-.DJ�A�.DJ�>DM3,/.TQXM3*#J�IsA1.
@/.DQSR�I `K:+.=H%G�I�*2Qp:+H4G6@-*#M3JSG6:\J1*#^<.�G6:dA1.�I R�M3,�@/.�IjH4M393*4`a:�.DI�02�£UWG�^6G6JK@/G39<.eA+.=H4GBI"r_J�c
@-?��DI-.p>DM3QXR�M3,�@/.DQX.DJK@/G6H4.BI-.BQdG6J1*#k�.�I"@/.�A+M3J�>�A1:+,OG�J_@=H%G�^3G�H#*4A+G6@-*#M3JnA+.�I=I�r_I�@-�DQX.�I



Y ?�G6R+*2@-,/.³¢10´r=R+R+H2*4>�G6@-*#M3JTA+.LH%GsI"r_JK@�?���I�.�>�M6QXR�M3,-@-.DQX.DJK@OG�H4. 
�


3765

985

3267

4176 5060

3930

3220

730

18.76

16.14

18.31

19.57781

425

115

621

Scheduler

Sender

ABR_SA

Time unit

1289

952

1476

209

4350

3840

3440

800

13.82

16.46

13.25

14.35

Lignes de code
comportemental

Nombre de
portes logique

Chemin critique
(ns)

Chemin critique
(ns)

Nombre de
portes logique

Module

Synthèse comportementale
traditionnelle

Nouvelle synthèse
comportementale

au niveau transfert
de registres

Lignes de code Lignes de code
au niveau transfert

de registres

78*#93:+,-.3¢10�¢1;jY[M6QXR�G�,OG6*#I-M3JXA+.�I[M3:+@-*2H4IfA+.qI"r_JK@�?���I�.B>DM3QSR�M3,�@/.&Q\.&J_@/G6H4.
Î�Ï Ô&Õ�Ø

G6:�I-I"*�.&JTR�.&,-QX.D@-@/G6JK@[H4G�I�*2Qp:+H4G6@-*#M3JXG6:dJ+*2^<.]G�:dR+H#:+I[FDH#.D^3F3z+>D.q`a:+*�,-F�A1:1*#@[H#.eJ+M3QSc
i+,/.lA�U�*#@-FD,/G6@-*#M3J�I¡�qH(U�G6*#A+.[A1.[HVU�M3:+@�*#H�A+.lI�rKJK@-?��DI-.=G6:�J+*#^3.]G6:s@�,OG6J+I�k�.D,�@jA+.E,/.D93*4I"@-,-.�I�0
Ý8.DJ+A�G6JK@XH4G�R+,/.&QX*#�D,-.dR+?�G3I�.CA1:¥R+,-M6Ð".D@�z H4GÂI�R�F�>D*2P�>]G�@-*4M6J�A�:�>&*#,->D:+*2@�>/?�G6J�9<.�G6*#@
>�M3JK@-*2JK:�.DH2H4.DQX.DJK@�z�>D.p`a:+*8R�M<I-G6*#@eR+H#:+IgA+.�R1,/M3i+H#�DQX.�I=�XHVU�F�`a:+*2R�.BA+.DIq>�M3J+>�.DR1@/.D:1,/I
J�U�:1@-*#H2*4I-G6JK@[`a:�.gH4G�I"r_JK@�?���I�.�G�:dJ+*#^3.]G6:T@�,OG6J+I�k�.D,�@EA+.=,/.�96*4I�@�,/.DI[R+:+*#I-`a:�.gH#.=QXM�A+�&H4.
>�M3QSR�M6,-@/.&Q\.&JK@OG6H�R�.D:1@=Ñ&@-,-.�R1H#:�IEk�G3>&*#H#.DQX.DJK@�G3A�G�R+@/FBG6:1bdQ\M_A1*#P+>]G6@�*4M3J�ID0

Ï P+J¾A+.Å>�M3QSR�G6,-.D,TH#.�I\,-F�I�:1H#@OG�@/ITA+.ÅH%G�J�M3:+^3.DH#H#.�G6R+R+,-M�>/?+.�G]^3.�>ÅH4.DITM3:+@-*2H4I
@-,OG6A1*#@�*4M3J+J+.DH4IDz�>D.D,-@/G6*#J+IqQ\M_A1:+H#.�IgA�:�>&*#,->D:+*2@/IqM3JK@�F&@/F�G6:�I�I�*jI"r_JK@�?�FD@�*4I-FDIB�TH(U�G�*4A+.
A�U�:1JdM3:+@�*#H�A1.=I"r_JK@�?���I�.gA+.eA+.D:�b�*#�DQX.�9<FDJ�F&,OG6@�*4M3J�0¡Ò�.�Ij,/FDI�:+H2@OG6@-IfA1.=>DM3QXR�G6,OG6*#I-M3J
I-M3JK@�A+F&@OG6*2H#H4FDI[A�G�J�IEH4.g@/G6i+H#.]G6:J¢�0�¢10jÒ£U�M3:+@�*#H�A+.LI�rKJK@-?��DI-.�@-,/G3A1*#@�*4M3J1J�.DH�A+M3JK@lJ�M3:+I
J�M3:�I=I-M3QSQ\.DI=I�.D,�^_*#IgF&@OG6*2@ Ï ÕCÓ"Y Ï Ò£0�Ôg:�M6*4`a:�.B>�.�Ie,/FDI�:+H2@OG6@-IqG6*#.DJK@gF&@/F�M3i+@/.&JK:�I
��H(U�G6*#A+.qA�U�:+JCM3:+@�*#H�I"R�FD>D*#P+`K:+.3z�J�M3:�I�R�M3:+^<M6J�I�I�:+R+R�M<I�.D,=`K:+.�A�UWG6:+@�,/.DI=M3:1@-*#H#IlG6:1c
,OG6*#.DJK@�A+M3J+J+FsA+.�IL,/FDI�:+H2@OG6@-ILI-.&Qpi+H%G�i+H4.DI�0�Ò�Gd@/G6*#H2H4.BA+.�ILQXM�A+�&H4.DIq>�M3QSR�M3,-@-.DQX.DJ1c
@OG6:1bn.DI�@�H%GpQXÑDQX.qR�M6:+,�H4.�I�A+.&:1bnM3:+@�*#H#IlG6H4M6,/Il`a:�.�H4.qJ�M3Q�i+,/.�A+.�H#*#93J�.�I[A+.�>DM�A1.
9<FDJ�F&,/Fe.�I"@[A+.gË3ÕBÈÖA+.�QXM3*#J�I£`a:�.e>�.e`a:�.�J�M3:�IfG]^<M3J+I M3i1@/.DJK:\.DJ\:1@-*#H2*4I-G6JK@¡HVU�M3:+@�*#H
@-,OG6A1*#@�*4M3J+J+.DHV0�Y[.d,-F�I":+H#@/G6@s.�I"@SA1Êu�ÂH%GC?+*#FD,/G6,/>/?+*#.dA+.dH(U�G6,->/?+*#@-.�>&@-:+,-.d>�M3QSR�M<I-FD.
A1:¼>/?+.DQS*#J¥A+.NA+M3J1J�F�.DIS.&@�A1:u>�M3JK@�,/§3H#.D:+,�0�Ù¡J�Q\G6@�*4�D,-.\A+.TJ�M6Qpi+,/.TA1.dR�M3,�@/.DI
H4M<93*#`a:�.�IDz<H%GgJ�M3:1^<.DH2H4.�G6R1R+,/M_>/?�.eGgR+,/M_A1:+*2@�×�Õ�ÈÖA+.EQXM3*2J�I¡.DJSQXM
r3.DJ+J+.=G�H4M3,-I¡`a:�.
H4.�>/?+.DQS*#JÂ>&,-*2@-*4`a:�.�.�I"@qA1*2QX*2J_:+F�A+."¤3ÕTÈd0qÒ�.�>�M_A+.�9<F&J�FD,-FsG6:ÂJ1*#^<.�G6:Â@�,OG6J�I"k�.D,�@
A+.e,-.�93*#I�@�,/.�I£R�G�,fH(UWM6:+@-*2H1@-,/G3A1*2@-*4M6J+J�.DH+.�I�@ I�:1,�c�I"@-,�:�>D@�:+,/Fe.D@fI�:1,�c�A1F�>�M6QXR�M<I-F6z�>D.�`K:1*
.DQSR�ÑD>/?�.B:1J�.�M3R+@-*2QX*#I/G6@�*4M3J\.DØS>]G6>�.BA+.�IeM3:+@�*#H4I[A+.�I�rKJK@-?��DI-.�H#M<93*#`K:+.30

¶&·¹¸º·VÙ »½¼¿¾$ÀlÁÂ¾$Ã�Ä-Å�Æ¹ÀºÁÈÇ/Ã ÍeÉoÃ�Ú@Å�Æ"Û ¼�Å´Ã\Ê/Ë Ç/Ã¦Û ÀlÊgÜlÃ8Û}Ã\ÁºÅ
Ò£U�.�I�@�*#Q\G6@-*#M3J�A+.EQ\M6:+^<.&Q\.&J_@hR�M3:1,£A+.�I8^_*#A+F�ML.&J�>�M_A+.&:+,/I£.&@jA+F�>DM�A+.&:+,/I Î �Â¤�¢�×

Q\M3@�*4M3J�.DI�@�*#Q\G6@/M3,�z��ÂÕ¦ÙxØL.�I"@�:+J�>D*2,/>&:+*#@�`a:+*fA+F&@/.D,�QX*2J�.sH4.DI�^3.�>&@/.D:1,/I�A1.�QXM3:1c
^<.DQX.DJK@LA1.�H%G�R�G6,�@-*4.B.DJ�Q\M3:1^<.DQX.DJK@gA+.�HVU�*#Q\G39<.LI":+*#^6G6JK@eH4.�I�@OG�J�A�G6,-AÂA+.�^K*#A+F�M6c
>�M3J+k�F&,/.&J�>�.��Â¤�¢1×u�ÞÝÇ*4I-�<ß���0àÒjUWG6H#9<M3,-*2@-?+QX.C,-F]G6H2*4I�FÅA1*#^K*4I�.ÂHVU�*#Q\G39<.C.DJ�ß3ß¥I�M3:�I�c
k�.DJ�Ñ&@-,/.DI�z<>D.j`K:1*_R�.D,�Q\.&@�HVU�.&b�F�>&:+@-*#M3J�R�G6,OG6H2H4�&H4.hA1. A1*2^<.&,/I-.DI8M6R�F&,OG6@�*4M3J�ID0hÒ�GEk�.DJ+ÑD@-,-.
A+.S,-.�>/?�.&,/>/?�.SR�M6:+,�H4.p^<.D>D@-.D:+,�A+.sQ\M3:1^<.DQX.DJK@B.�I"@�H2*#QS*#@-F�.p�¨¤<mC¢N>DM3Qpi+*2J�G6*#I-M3J�I



Y ?�G6R+*2@-,/.³¢10 Ï R+R+H2*4>�G6@-*#M3JTA+.LH%GsI"r_JK@�?���I�.�>�M6QXR�M3,-@-.DQX.DJK@OG�H4. ×�Õ3Õ

7850 11.19 538HME 6021290 4200 8.49

Lignes de code
comportemental

Nombre de
portes logique

Chemin critique
(ns)

Chemin critique
(ns)

Nombre de
portes logique

Module

Synthèse comportementale
traditionnelle

Nouvelle synthèse
comportementale

Lignes de code
au niveau transfert

de registres
au niveau transfert

de registres

Lignes de code

78*#93:+,-.3¢10�Ë�;jY[M6QXR�G�,OG6*#I-M3JXA+.�I[M3:+@-*2H4IfA+.qI"r_JK@�?���I�.B>DM3QSR�M3,�@/.&Q\.&J_@/G6H4.
Î �ÂÕ¦ÙxØ

R�M<I�I�*2i+H4.DI�A+.Â×U¢n^<.D>D@-.D:+,-Ip?�M3,-*#��M3JK@/G6:1b�.D@sA1.�×ª¢C^3.�>&@/.D:1,p^<.&,-@-*#>]G6:�b�A+.XHVU�*#Q\G39<.
R+,/FD>�F�A1.DJK@/.60�Ò£UWG6H49<M6,-*#@�?+QX.p>]G6H#>D:+H#.sH%GTA1*4I"@OG6J+>�.SM3:�H4GnA1*#I�@-M3,/I"*4M3J�.DJK@�,/.XH4GnI�M3:�I�c
k�.DJ�Ñ&@-,/.�>�M3:1,OG6JK@/.�.D@NH4G¥I�M3:�I�cVk�.DJ+ÑD@-,-.�IC>D*#i1H4.ÂR�M3:+,n@/M3:+@-.�ITH4.DI�¤3m�¢�^<.�>&@/.&:+,/IÂA1.
Q\M3:1^<.DQX.DJK@�R�M<I-I"*#i+H#.�I�0jÒ�.q^3.�>D@-.D:+,eA+.LQXM3:+^3.DQX.DJK@�.�I"@=>D.DH2:+*�`a:+*�GpH%G�A1*4I"@/M3,-I�*4M6J
H%GeR1H#:�I�i�G3I-I�.EM3:pH4G�R1,/.DQS*4�&,/. I�U�*#H_.DJ�.$b�*#I�@-. R+H2:�I�*#.D:+,-Ih`a:+*�M3JK@hH%G�Q\Ñ&Q\.fA1*#I�@/M6,/I�*#M3J�0
Ý8M3:+,eR�M3:+^<M6*#,l@-,/G6*#@-.D,�×
m�*2QdG393.�I��sH%GpI-.D>�M3J+A+.3z�H%GpR+:+*#I-I-G6J�>�.BA+.�>]G�H4>D:1H�A+M3*#@�Ñ&@-,-.
.DJK^K*#,/M6JÂßaË_0�µqÕCM3R+I�0

á�J�.E>�M6QXR�G�,OG6*#I-M3J�G]^3.�>lH%GeI�rKJK@-?��DI-.�@-,OG6A1*#@�*4M3J+J+.DH#H#.fGqFD@/F�G�:�I-I"*�.D��.�>&@-:�FD.ER�M3:1,
>�.D@�@/.sG�R+R+H#*#>]G6@�*4M3J�0EÒ�.�Ie,/F�I":+H#@/G6@/IeI-M6J_@=,/FDI�:+QXF�I=I�:+,=H4.�@OG6i+H#.]G6:¦¢10�Ë�01Ù¡JÂQdG�@-*4�&,/.
A+.TI�:+,�k�G3>�.T.&@�A+.dJ�M3Q�i+,/.dA1.dH#*496J�.�I�A+.T>�M_A+.3z£:+J+.d@-,/�DIpk�M3,-@-.dA1*2QX*2J_:1@-*4M6J�I�U�.�I"@
G�^3FD,-F�.3ze>�.C`a:+*g.DI�@\A1ÊÌ��:+J+.CH#*2QX*2@OG6@�*4M3J�A�U Ï ÕCÓ"Y Ï ÒÉ;£H4.DI\M3R�FD,/G6@-*#M3J�I�I�:+,XH4.DI
i+*#@-IX.&@XH#.�I�>/?�G6QSR�ISA+.Ci+*2@/IsJ�U�FD@/G6JK@XR�G6I\G3>D>�.&R+@/FD.�I�z�A+.DIX:+J1*#@/FDISk�M6J�>D@�*4M3J+J+.DH#H#.�I
I-M3JK@gJ+F�>�.DI-I-G6*#,-.�IgR�M3:+,eH4.&:+,�,/F]G�H#*4I-G6@-*#M3J�0EY[M3QXQX.LH4.L@-,/G6*#@-.DQX.DJK@eA+.�Ie^<.D>D@/.&:+,/ILA1.
Q\M3:1^<.DQX.DJK@EJ+F�>�.DI-I"*#@/.qH(U�:1@-*#H2*4I-G6@-*#M3JS.&b�>�.DI-I�*2^<.�A+.DIE>�.DIlM3R�F&,OG6@�*4M3J+I�zKH%G�A+.DI->&,-*#R1@-*4M6J
G6:XJ1*#^<.�G6:�@-,/G6J�I�k�.&,-@fA+.l,/.D93*4I"@-,-.�I£A+.&^_*#.DJK@ .DJ�>DM3,/.lR+H2:�I£I�:+,"c�I"@-,-:+>D@-:1,/F�.e.D@f>DM3JK@-*4.&JK@
A1:�>DM3JK@-,-§3H4.LI":+R�.&,-â+:�0

Ò�.l@-,/G6*#@-.DQX.DJK@£A+.DIf^3.�>D@-.D:+,-I[A+.�QXM3:+^<.&Q\.&JK@ .DI�@fA+FD>D,-*2@jR�G6,£R+H2:�I�*#.D:+,-Iji�M3:�>&H4.DI
78ãLy�*2Qpi+,�*4`a:�F�.DI�0�Ù¡J�,/G6*4I�M3J�A+.DI�>DM3JK@-,/G6*#JK@/.DI�@/.&QXR�M3,OG�*#,/.DI�A1:B>D*2,/>&:+*#@�.&@�R�M3:1,�`a:�.
H%GgA+.DI->&,-*#R1@-*4M6J�G6:sJ+*2^<.]G�:s@-,OG�J�I�k�.&,-@£A+.E,-.�93*#I�@�,/.�I8R+:+*4I�I-.lÑ&@-,/.[I�rKJK@-?�F&@-*4I�F�. Î >/?�G6QXR+I
A+.ei1*#@/IjG]^3.�>gA1.�I£*#J�A�*4>�.DIjI�@OG�@-*4`a:�.DILØ$zKH#.�A+FD,-M3:+H4.&Q\.&JK@jA+.=>D.D,�@OG6*2J�.�IjA+.�>�.DIfi�M3:�>&H4.DI
.�I�@pG6i�I�M3H#:+QX.DJK@LJ�FD>�.DI-I/G�*#,/.60NÒ�.�I�i�M3:+>DH4.DI�>DM3JK@-*#.DJ+J�.&JK@�A+.DI�R+,-M3@/M_>�M6H4.�ILA1.X>DM3QSc
Qp:+J+*#>]G6@�*4M3J�G]^<.D>�H4.DI�QXFDQXM3*2,/.�IDz[>D.C`a:+*eJ�F�>D.�I�I�*#@-.CH(U�*2J�I-.&,-@-*#M3JuA+.�IS*#J�I"@-,�:�>D@�*4M3J�I
A�U�G�@-@/.&JK@/.\.&@pA+.DI�*2J�I�@�,-:�>&@-*4M6J�I�>DM3J�A1*2@-*#M3J+J�.&H#H4.DI�0\Ò�GNR+H#:1R�G6,-@BA+.DI�M3:1@-*#H#I�A+.\I"r_J�c
@-?��DI-.�>�M3QSR�M3,-@-.DQX.DJK@OG6H#.=J�UWG3>D>�.DR1@/.DJK@eR�G3Il>D.LI�@�rKH4.LA�U�F�>&,-*2@-:+,-.30 ß HVUWG6*#A+.gA+.qJ+M3@-,-.
G6R+R+,-M�>/?�.fi�G3I�F�.EI":+,h:+J�93,OG�R+?�.[A1. â+:1b�A+.f>�M6J_@�,/§3H#. .&@¡A�U�:+J�.fR+?�G3I�.[A�U�FDH4G6i�M3,OG6@�*4M3J
R+:+*4I�I/G6JK@-.3z�H4GSA1.�I->&,-*2R+@-*#M3J�.DI�@gI�rKJK@-?�F&@-*4I�F�.�@-M3:+@=.DJC,/.�I"R�.D>D@/G6JK@qH4.�I-M6:�I"cV.DJ�I�.DQpi+H#.
A+.LHVU�M3:+@-*2H�A+.�I"r_JK@�?���I�.�H4M393*4`a:�.L.&@lH4.�I�>DM3JK@-,OG�*#JK@/.DI�@-.DQSR�M6,OG6*2,/.�ID0



Y ?�G6R+*2@-,/.³¢10 Ï R+R+H2*4>�G6@-*#M3JTA+.LH%GsI"r_JK@�?���I�.�>�M6QXR�M3,-@-.DQX.DJK@OG�H4. ×�Õ�×

du code C
Génération 

logiciel matériel

au niveau système
Synthèse

Comportemental

Système

Ordonnancement

IF
Transfert de registres

Portes

Synthèse RTLCompilateur

CC

Cosimulation : Vérification au niveau système

C SDL VHDL

VHDL

Validation de l’architecture

7�*493:+,-.�¢10W�1;j78H#:�bTA+.�>�M6J�>�.&R+@-*#M3JnA+.LHVU�M3:+@-*2H�A+.�I"r_JK@�?���I�.�I�r_I"@/�DQX.
änå$æ ç»è�­Lé ²gêq­Lë·ì�² í8înéG�£ïÂðqí�­ í8îní\�hð/® ­

ñeM<Iq@/.D>/?+J+*4`a:�.DI�A�UWM6,/A+M3J1J�G6J�>D.DQX.DJK@BM3JK@�FD@/Fp*2JK@/F�96,/F�.DILA�G6J�ILH#.�â+:1bÂA+.s>�M3J�c
>�.DR1@-*4M6JpA�U�:+JsM3:1@-*#H<A+.[I"r_JK@�?���I�.EI�r_I�@-�DQX.EG6R1R�.&H4F[YlãBò´ÕÂã�ò\��Ó Ïqó ß353��0¡Y[.&@¡M3:1@-*#HKA1.
I�rKJK@-?��DI-.�G3>�>D.DR+@-.q:+J�.LI�R�F�>&*#P�>�G6@-*#M3JT.&JCò1¢qÒ¼��Ó¹Ôlágß�µ6��.&JC.&JK@-,/FD.3z+.&@lR+,/M_A1:+*2@[:+J+.
G6,/>/?+*2@/.D>D@-:1,/.g>DM3QSR�M<I�F�.eA+.�Q\M_A1:+H#.�I£H4M<96*4>D*#.DH#I¡.D@fQdG�@/FD,�*4.&H4I�08Ò£UW.&JK^_*2,/M3J1J�.DQX.DJK@EA1.
>�M3J�>D.DR+@�*4M3JnIDU�G6R1R+:+*4.LI":+,lH4.g>�M3J�>D.DR+@�Qp:1H#@-*ôcVH4G6J�9aG393.B;¡H#.�IEI"R�FD>D*2P�>]G6@�*4M3J+IlA�UW.&JK@-,/FD.
G6:�J1*#^<.�G6:�I�r_I�@-�DQX.nI�M3JK@SA+F�>&,-*#@-.�IS.DJ¼ò1¢qÒ¤M6:¼G�:uJ1*#^<.�G6:�>�M3QSR�M6,-@/.&Q\.&JK@OG6Hl.&J
wL�g¢gÒ��ÞwL�=¢qß353��03Ý�M3:+,qQXM_A+FDH2*4I-.&,�HVU�.DJK^K*#,/M6J+J�.DQX.DJK@=A1:ÅI"r�I"@/�&Q\.6z�A�UWG6:+@-,-.�IgH4G6J1c
9aG39<.DI Î YlãBò1ò Ï Ý�zÂÕ�G�@-H%G�i�zg.&@/>30�Ø R�.&:+^<.&JK@ÂÑD@�,/.�:+@-*2H#*#I-F�ID0¿Ò�G»^<FD,�*#P�>�G6@-*#M3J�A1:
I�r_I�@-�DQX.s.DJK@-*#.D,q.DI�@�G6I-I�:1,/F�.�R�G6,g:1J�M3:+@-*2H�A+.p>�M3I�*#Q�:+H%G6@�*4M3J���Õ�G6,/ß<�6��0qÒ�.�QXM�A+�&H4.
A+.NI-M3,�@-*4.TA1.NH(UWM6:+@-*2H[.DI�@S>�M3QSR�M<I-FNA+.d@�,/M3*#IsFDH4F&Q\.&JK@/IT;T>�M_A+.CYÉR�M3:+,sH4G�R�G6,�@-*4.
H4M<93*#>D*#.DH#H#.3z�>�M_A+.pwq�g¢qÒuM3:Åwj.D,�*#H4M39XR�M3:+,LH%GSR�G6,-@�*4.�Q\G6@-FD,-*#.DH2H4.�.D@LH(U�*2J_@-.D,�k�G3>�.�`K:1*
R�.&,-QX.D@fH%GL>�M3QSQp:+J1*4>]G�@-*4M6J�.DJK@-,-.=H4.DIfQXM_A1:+H4.DI£I�rKJK@-?�F&@-*#I-F�ID0[Ò�GL^6G6H#*#A�G6@-*#M3JsA+.=>�.&@
.DJ�I�.DQpi+H#.�A+.�A+.�I�>D,-*2R+@-*#M3J�I�.�I"@=G3I-I":+,/FD.BR�G�,eH#.qQ\Ñ&Q\.gM3:+@-*2H�A+.�>�M3I�*#Q�:+H%G6@�*4M3J�0

Ò�GpI�rKJK@-?+��I-.�R�M3:+,lH4.DIlI�R�F�>&*#P�>�G6@-*#M3J�IEA+FD>D,�*#@/.DIl.DJnwL�=¢qÒ�>DM3,-,-.�I�R�M3J�An.&b1G3>&@/.$c
Q\.&J_@£G6:1bB@/.D>/?+J+*4`a:�.DI¡R+,/FDI-.&J_@-F�.DIfA+G6J�IhH#.[>/?�G6R1*#@-,-.lm=A1.[>�.&@-@-.[@-?��DI-.60jÒ�G=I�rKJK@-?��DI-.
R�M3:1,fò1¢qÒn>�M3QSQ\.&J�>�. R�G6,hH4G=@-,/G3A1:�>&@-*#M3J�A+.[H4GgI�R�F�>&*#P�>�G6@-*#M3JsA�U�.DJK@-,-F�.60jÒ�.DI£I�@�,-:�>$c
@-:+,-.�Isò�¢qÒ¼:+@-*2H#*#I/G6i+H#.�IqR�M3:+,�H%GNI�rKJK@-?+��I-.\I-M3JK@�,-.�I"@-,/.&*#JK@/.DIp�T:+J�I�M3:�I�c�.DJ+I-.DQ�i+H4.60



Y ?�G6R+*2@-,/.³¢10 Ï R+R+H2*4>�G6@-*#M3JTA+.LH%GsI"r_JK@�?���I�.�>�M6QXR�M3,-@-.DQX.DJK@OG�H4. ×�Õ;¤

Wait Wait WaitEtat 2

Etat 1

Etat 3 Wait

Etat 2

ProcédureGraphe de flux de contrôleMachine d’états finis initiale

78*#93:+,-./¢10Wß1;xÕCM_A+�DH#.LA�UW.&JK@-,/FD.�>DM3QXR�M3,�@/.DQX.DJK@/G6H�R�M3:+,=ò1¢gÒ
áeJ�.XI�R�F�>D*2P�>]G�@-*4M6J¥ò1¢qÒÇ.DI�@p>DM3QSR�M<I�F�.SA�U�:+J».DJ+I-.DQ�i+H4.XA+.Xi+H#M�>DI�>DM3JK@/.&J�G6JK@pA+.DI
QdG3>/?1*#J�.TA�U�FD@/G6@/IsP+J1*4IpF&@/.DJ+A1:�.�ID0�Y[.�I�i+H4M_>�IpIDUW.$b�F�>D:1@/.DJK@\.DJ¥R�G6,/G6H#H#�DH4.X.D@�>DM3QSc
Qp:+J+*#`K:+.DJK@N.DJK@-,-.Â.D:�bZR�G6,dA+.�IdQX.�I�I/G39<.DITG6R+R�.DH#F�IdI"*493J�G6:1b�0ÖY[.D@-@-.Â>�M6QXQp:1J+*2c
>]G6@�*4M3J�G6i�I�@�,OG6*2@/.SI�U�.D��.�>&@-:�.N�N@-,OG]^3.D,/I�A+.�Ip>�G6J�G6:�b�A+.X>�M3QSQp:+J1*4>]G�@-*4M6J�0TÒ�GCJ�M6c
@-*4M6JNA+.q@/.&QXR�IEJ�UW.$b�*#I�@-.�R�G3Il.DJ�ò1¢qÒ£z1H#.�IEQ\G3>/?+*2J�.�IlA�U�FD@/G6@/IEP1J+*4IlI�M3JK@l^<FD?1*4>D:1H4F�.DI
R�G6,�A+.DIq@-,OG�J�I/G3>&@-*#M3J�I�0�áeJ+.sFD@-:+A+.�G6R+R+,-M3k�M3J�A�*4.pA1:�H4G6J�9aG393.sò1¢qÒu.�I"@LR+,/FDI-.DJK@-F�.
A�G6J�IB���³Ýfò+Í�ß<ß6��0

Ò�.£â+:1bBA+.f>�M6J�>�.&R+@-*#M3J�A1.fH(UWM3:1@-*#H<A+.jI�rKJK@-?��DI-.E.DI�@�*#H#H2:�I�@�,/F¡R�G�,�H4GEP�93:+,-.º¢10W�108Ò�G
I�@-,�:�>D@�:+,/.s.&@qH%G�?+*4F&,OG6,->/?+*4.�A+.�H4GXI�R�F�>&*#P�>�G6@-*#M3JÅA�U�.DJK@�,/F�.pR�.D:1^<.DJK@�Ñ&@-,/.�Q\M_A1*#P+F�.�I
R�G6,qH#.�,/.D93,/M6:+R�.&Q\.&JK@L.D@qH#.pA+FD>�M3:+R�G39<.pA+.DIqi+H4M_>�IDz�H4GXQX*#I-.��\R+H%G6@=A+.DIqQdG3>/?1*#J�.DI
A�UWF&@OG6@-ITP+J+*4IDz=.&@/>60¨áeJ�.Åk�M3*#I\H%G�I"@-,�:�>D@�:+,/.�A+.ÂH(U�G6,->/?+*#@-.�>&@-:+,-.ÂP1b�F�.3zeHVU�FD@/G6R�.ÅA1.
I�rKJK@-?��DI-.LA+.e>�M3QSQp:+J1*4>]G�@-*4M6JS,-.DQSR+H%G6>�.lH4.DIf>�G6J�G6:�b\A1.=>DM3QXQ�:+J+*4>�G6@-*#M3JXG6i�I"@-,OG�*#@/I
R�G6,eH4.D:1,=,-F]G6H2*4I/G�@-*4M6J�G�:�J+*2^<.]G�:Â>�M6QXR�M3,-@-.DQX.DJK@OG�HV0EÒ�.DIqG3>D>���Iq�X>�.DIg>�G6J�G6:1bCI�M3JK@
F�9aG6H#.DQX.DJK@¡I"rKJ_@�?�FD@�*4I�F�Ij�=H(U�G6*#A+.fA+. R+,-M3@/M_>�M6H4.�I8A+F�>&,-*2@/I8R�G6,¡A+.DI¡I-M6:�I"c(R+,/M<96,OG6QSQ\.DI�0
Ò�.DICQXM<A1:+H#.�InA1:¤I"r_I�@/�&Q\.�I-M3JK@Â.&J�I�:1*#@/.�R�G6,�@-*2@-*4M6J+J�F�INI":+*#^6G6JK@CI�U�*#H4InI-M6J_@C,/F�G6H2c
*4I-FDIN.DJ�H#M<93*#>D*4.&H#H#.nM6:�.&J�Q\G6@/F&,-*#.DH#H#.30½Ò�.Å,-F�I�:1H#@OG�@CA1.�>D.ÅR�G6,-@�*#@�*4M3J+J+.DQX.DJK@T.�I"@
H4.lJ+*#^3.]G6:\>�M3QSR�M3,-@-.DQX.DJK@OG6H�F&@/.&J�A1:�z_R+,/FDI-.DJK@-FqA�G6J�IjH%GLI�.�>D@�*4M3J\I�:+*2^6G6JK@/.3z_`a:+* >�M3J�c
I�@-*2@-:�.TH(UW.&J_@�,/FD.CA+.TH4G�I"rKJ_@�?���I�.�>DM3QXR�M3,�@/.DQX.DJK@/G6H4.60uY[.D@-@-.CF&@OG6R�.n>�M3J�I"@-,�:+*#@�A+.DI
QdG3>/?1*#J�.DIeA�UWF&@OG6@-I�P1J+*4I�G6:nJ+*2^<.]G�:C@�,OG6J�I"k�.D,�@=A1.�,-.�93*#I�@�,/.�ID0



Y ?�G6R+*2@-,/.³¢10 Ï R+R+H2*4>�G6@-*#M3JTA+.LH%GsI"r_JK@�?���I�.�>�M6QXR�M3,-@-.DQX.DJK@OG�H4. ×�Õ�µ
¶&·VÙÛ·¹¸ Ó À&ÇLõ\Í¹ÃÑÇ½ÉoÃ�ÁºÅ�Ë+ö�Ã ¾$À Û Ä9ÀlË7Å�Ã�Û Ã�ÁºÅ�¼�Í¹Ã¤ö Å´Ã\ÁÂÇ�Ê
Ý8G6,N,OG6R+R�M3,�@�G�:1b¾A+.�I�>D,�*#R+@�*4M3J�IN>DM3QXR�M3,�@/.DQX.DJK@/G6H4.DInA1F�>D,�*#@-.�In.DJ�wq�g¢qÒ£zlH4.

Q\M_A+�DH#.�A�U�.DJK@�,/F�.�9<F&J�FD,-FÂR�G6,dH(UWM6:+@-*2H=A1.ÅI�rKJK@-?��DI-.�I�r_I�@-�DQX.�.�I�@\R+H#:�I\>�M3QSR+H4.$b�.
.D@LR�G6,�>DM3J�I�F�`a:�.DJK@�z8I-GNI"rKJ_@�?���I�.SJ+F�>�.DI-I"*#@/.�A+.DIBG6H49<M6,-*#@�?+QX.�IeA�UWM6,/A+M3J1J�G6J�>D.DQX.DJK@
.D@SA�U�FDH%G�i�M3,/G6@-*#M3J�R+H2:�IsI-M6R+?+*4I"@-*#`K:+F�I�0 Ï :+@�,/.DQX.DJK@SA1*2@]z£H4.\J1*#^<.�G6:�A�U�G�i�I�@�,OG3>&@-*4M6J
A+.�>�.sQ\M_A+�&H4.pA�U�.DJK@�,/F�.S.�I"@�R+H#:�ILF&H4.&^<F30XY[.sQXM�A+�&H4.pA�UW.&J_@�,/FD.X.DI�@�*#H2H#:�I"@-,/FBR�G6,LH4G
P�93:+,-.l¢�0�ß108¢=:BR�M6*#JK@�A+.£^K:�.jA1:Bk�M3,-Q\G6@�*2J_@-.D,�Q\FDA1*%G6*2,/.6z�:+JBR+,/M_>�.DI-I�:+I�wq�g¢qÒXR�.D:1@
ÑD@-,-.l>�M3J+I�*4A1FD,/Fl>DM3QSQ\.[:1J�>]G3I£.$b�@�,/Ñ&Q\.ER�G�,£,OG6R+R�M3,�@£G6:1bpA+.�I�>D,�*#R+@�*4M3J�I¡R1,/M�^<.&J�G6JK@
A1:Nò1¢gÒj0_Ò�.�IjR+,�*#J�>&*#R�G6H#.�I£I"R�FD>D*#P+>D*#@-F�IfA+.�>�.�Q\M_A+�&H4.lA�U�.DJK@-,-F�.=I-M3JK@fH4.�IjI":+*#^6G6JK@/.DI=;

÷ Ò�.�I[@/ø3>/?�.�Il>DM3QSR�M3,�@/.&Q\.&J_@/G6H4.DI I�M3JK@l>�M6QXR�M<I-FD.�IEA�U�:+J+.gQdG6>/?+*#J�.=A�U�FD@OG�@/I[P1c
J+*4I�A+M6J_@8>/?�G3`a:�. FD@/G6@¡GlH4.jI�FDQ\G6JK@-*4`a:�.fA�U�:+J�R1,/M_>�.�I�I�:�I�wL�=¢qÒ£03Ò£U�.&b�F�>&:+@-*#M3J
A+.g>D.�If@Oø3>/?�.DI[I�M3JK@[Qp:+@�:�.DH2H4.&Q\.&J_@f.$b1>&H#:�I"*#^3.�IE.&@ H#.�R�G3I-I-G39<.gA�U�:+JdFD@OG�@E��:+J
G6:+@�,/.n.�I�@\G3I�I�:+,-FCR�G6,S:+J�.N*#J+I�@-,�:�>D@�*4M3J�I�R�F�>&*%G6H#.30¼Ò�G�I�rKJK@-?+��I-.�I�U�.D��.�>D@�:�.
I-F&R�G6,/F&Q\.&JK@eR�M3:+,E>/?�G3`a:�.�FD@/G6@l.D@lR1,/M_A1:+*#@ :+J�.LI�M3:�I"c(QdG6>/?+*#J�.gA�UWF&@OG6@-IEP+J+*#I
A+M3JK@TH4.ÂR1,/.DQS*4.&,T.�I"@NHVU�.DJK@-,-F�.Å.D@N>D.D,�@OG6*2J�.�Id@�,OG6J�I"*#@�*4M3J�I\I-M3,�@/.DJK@nA+.Å>D.D@-@-.
QdG6>/?+*#J�.�A�U�FD@OG�@/I�P+J1*4I�.&@ÅA+FD>DH4.&J�>/?�.&J_@ÅH(UW.$b�F�>D:1@-*4M6J�A+.�H4G�I�:1*#^6G6JK@/.60´Ò�.
I�@�rKH4.lA�UWFD>D,-*2@-:+,-.E.&b_*#9<F�G6:sJ+*2^<.]G�:s@-,OG�J�I�k�.&,-@£A+.E,-.�93*#I�@�,/.�IhFD@OG�J_@£:1J�.EQdG6>/?+*#J�.
A�U�FD@OG�@/IgP+J1*4I=J+M3J1cV?1*4FD,/G6,/>/?1*4`a:�.B>�.�Iqk%,/G393QX.DJK@/IeI-M6J_@LG3I-I�.DQpi+H#F�I=I�:+*2^3G�J_@=H4.DI
@-,/G6J�I�*2@-*#M3J�Ie`K:1*#@-@/G6JK@=H4GXI�M3:�I"c(QdG6>/?+*#J�.BA�U�FD@/G6@/IeP+J+*4I=.DJÅ`a:�.DI�@�*4M3J�0 Ï *2J�I�*�H4.
Q\M_A+�&H4.dA+.TI�M3,-@�*4.TA+.dH(UWM6:+@-*2HE.�I"@�c(@�cV*2H[FD`a:+*#^6G6H#.DJK@S�Å>�.DH2:+*l`a:+*�.DI�@sR+,-F�I-.&JK@/F
A�G6J�IlH#.L>/?�G6R+*2@-,/.�m�0

÷ Ò�.�IlR+,/M6@/M_>�M3H#.�IEA+.L>DM3QSQp:+J+*#>]G6@�*4M3J\.DJK@-,-.�H#.�I[@/ø3>/?�.DIe>DM3J�>&:+,-,-.DJK@/.DI=A1:nI"r�I�c
@/�&Q\.DIgI-M6J_@gA+F�>&,-*2@/.�I=I-M3:+I=k�M3,�Q\.BA+.�I�M3:�I�cVR+,-M<93,OG�QXQX.�ID0�Ò�.&:+,/IgG6R+R�.DH#I�z�*#J1c
@-,-M�A1:1*#@/I�R�G6,=H%G�I�rKJK@-?��DI-.sA+.�>�M3QSQp:+J1*4>]G�@-*4M6J�z�A+M3J+J+.DJK@qH%Gs,/F�G6H#*#I/G6@�*4M3JnA+.DI
R+,-*2QX*2@-*2^<.�I£A1.g>�M6QXQp:1J+*4>�G6@-*#M3JSG6i�I"@-,OG�*#@/.�A1:\H%G6J�9<G39<.eò1¢qÒ£0�¢g.D:�bX@�rKR�.�IEA1.
I�@�rKH4.DI�A�UWFD>D,�*#@-:1,/.�I-M3JK@eG3>D>�.&R+@/FDI=I":+*#^6G6JK@lH%G�J�G6@-:+,-.LA+.LH%Gp>DM3QXQ�:+J+*4>�G6@-*#M3JÂ;

ù áeJ�I"@�r_H#.EA�U�F�>&,-*#@�:+,/.[>�M3,�,/.�I"R�M6J�A�G6JK@j�q>D.DH#:1*1A1:swq�g¢qÒn>�M3QSR�M3,-@-.DQX.DJ1c
@OG6H�R1,/F�I�.DJK@/F�A�G6J�I�H4.B>/?�G6R+*2@-,-.�m_0�Y[.DH4G�R�.D,�Q\.&@-@-,/GXA+.BA+F&^<.DH#M3R+R�.D,eH4.DI
i+*#i1H#*4M6@-?��D`K:+.�IlA+.�>�M6QXQp:1J+*4>�G6@-*#M3JT.DJnwL�=¢qÒ£0

ù Ò�.�IjR+,/M3@-M�>DM3H4.DI£I-M3JK@ A+F�>&,-*2@/IfI-M3:�Ijk�M3,�Q\.lA�U�:+J�.eQdG6>/?+*#J�.lA�UWF&@OG6@-IfP+J1*4I�z
>�.L`a:+*�*#JK@-,-M�A1:1*#@[H#.g>DM3J�>�.&R+@�A+.qQ\G3>/?+*2J�.�IEA�UWF&@OG6@-IEP+J+*4I ?+*4F&,OG6,->/?+*4`a:�.DI
A1:¾R�M3*2JK@NA+.Å^_:+.�A+.ÅH(UWM3,-A+M3J+J�G6J�>�.&Q\.&JK@]0à¢qG6J�In>�.�>]G6I�zg:+J�G6R+R�.DH
A+.sI-M6:�I"c(R+,/M<96,OG6QSQ\.�I�:�I"R�.&J�A�HVU�.&b�F�>&:+@-*#M3J�A+.pH%GXQ\G3>/?+*2J�.pA�U�FD@/G6@/ILP1c
J+*4I�R+,-*2J�>D*2R�G6H4.S@OG6JK@�`a:�.TH4.XR+,/M3@-M�>DM3H4.XA+.N>�M3QSQp:+J1*4>]G�@-*4M6J�.�I"@SG3>D@�*#k�0
Y[M3QSQ\.ÂR+,-F�I�.DJK@/F�A�G6J�ITH4.�>/?�G�R+*#@�,/.�m�z=H4G�QX*#I-.��»R+H%G6@NA1.�InG6R+R�.DH#I
A+.ÅI-M6:�I"c(R+,/M<96,OG6QSQ\.�I�U�.D��.�>D@�:�.DJK@�G6:¾>�M3:1,/INA+.ÅH%G�>DM3J�I�@�,-:�>&@-*#M3J¾A1:
93,OG�R+?�.BA+.�â+:�bnA+.�>DM3JK@-,/§6H4.30EÒ�.DI=*2J�I�@�,-:�>&@-*4M6J�I=I"R�FD>D*4G6H4.DI�R�.D,�Q\.&@-@/G6JK@
A+.B>/?�G6J�9<.&,qA�U�FD@/G6@/IeI-M6J_@=,/.&QXR+H4G3>�FD.�IlR�G6,=A+.DI=*#J+I�@-,�:�>D@�*4M3J+IeA�U�G6@�@/.&J_@-.



Y ?�G6R+*2@-,/.³¢10 Ï R+R+H2*4>�G6@-*#M3JTA+.LH%GsI"r_JK@�?���I�.�>�M6QXR�M3,-@-.DQX.DJK@OG�H4. ×�Õ65

.D@�H%Gp,-.DH%G�@-*4M6JNA+.�I":�>�>D.�I�I-.D:1,$o�R+,-F�A+FD>�.DI-I-.&:+,�I-M3JK@�R�G6,e>�M6J�I-FD`K:+.DJK@�G6R1c
R+H#*#`a:�F�.60�ò_:+*2^3G�J_@�H4GSI�FDQ\G6JK@-*4`a:�.BA+.DIqG6R+R�.DH#I=A1.�I�M3:�I"c(R+,/M393,OG6QSQX.3z+H4.
R+,/.&QX*#.D,�.D@pH#.\A+.&,-J+*#.D,�FD@OG�@sI-M3JK@sA1FD,/M6:+H4FDI�A�G6J+I�H%GCQ\G3>/?+*2J�.\A�UWF&@OG6@-I
P+J+*#IjR1,-*#J+>D*#R�G6H4.6zKG6:+@-,-.DQX.DJK@fA1*#@�zaH4.EH#*#.D:SA�UWG6R+R�.DH .D@fH4.lR�M3*#JK@jA+.�,/.&@/M3:1,
J�.�R+,/M�^<M_`a:�.DJK@=R�G3IeA+.�>&r_>DH4.DIgA�U�?�M3,�H4M<93.BI":+R+R+H#FDQX.DJK@OG�*#,/.DIeG6:�J+*2^<.�G6:
@-,/G6J�I�k�.&,-@eA+.L,/.D93*4I"@-,-.�I�0

÷ Ò�.�H%G6J+9aG39<.�ò1¢qÒ¥FD@/G6JK@g:+JÅH4G6J�9aG393.�A+.�I�R�F�>D*2P�>]G�@-*4M6J�z�I�.�Iq@�rKR�.�IqI�M3JK@qR+H#:+I
G6i�I"@-,OG�*#@/I�`a:�.�>�.&:1bnA1:CwL�g¢gÒ¼ú+*#H�H2:+*�Q\G6J�`a:�.�A+.DI=A+F&@OG6*2H4IEA1.B,-F]G6H2*4I/G�@-*4M6J�0
Ý8M3:1,qR�M6:+^<M3*2,q9<F&J�FD,-.D,�A+.DILA+.�I�>D,�*#R+@�*4M3J�IgG6:ÅJ+*2^<.]G�:Å@-,OG�J�I�k�.&,-@LA+.�,/.�96*4I�@�,/.DI
A+.�I"@-*2J�F�.DI �gH4GgI�rKJK@-?+��I-.6z_*2H+.DI�@£J�FD>�.�I�I/G6*2,/.�A�U�.D��.�>&@-:�.&,£:+J�.lFDH4G6i�M3,OG6@�*4M3J�R+H#:+I
I-M3R1?+*4I"@-*4`a:�FD.X`a:�.�J�M3:+I�G6R1R�.&H4M3J�ILH4GNI"rKJ_@�?���I�.dA+.�@�rKR�.DI�0NY[.&@-@/.�R+?�G6I-.\A1.
I�rKJK@-?��DI-.�>�M6J�I�*#I�@/.��Xk�G6*2,/.�>�M3,�,/.DI�R�M3J�A1,-.�H4.DI=@�rKR�.DI�ò1¢qÒ¥G6:�b�@�rKR�.�IqA+F&P+J+*#I
R�G6,�H4.DIlR�G3>/û6G39<.DI=Ó¹Ù�Ù�ÙÇ.D@=��QXM_A1*#P�.&,l.DJ�>�M3J+I-F�`a:�.&J�>�.�H4.�I�.$b�R1,/.�I�I�*#M3J�IgA1.
H%GsA+.DI->D,�*#R+@�*4M3Jn>DM3QXR�M3,�@/.DQX.DJK@/G6H4.60

änåOü ýàþXéÅëeì]ÿÅí¡èDþXéÅí

Y[.�>/?�G6R1*#@-,-.LA+F�>&,-*2@�A+.D:1bT.&b�.DQSR+H4.DIlA�UWG6R+R+H2*4>]G�@-*4M6JTA+.LH%GpI"r_JK@�?���I�.�>DM3QXR�M3,�@/.&c
Q\.&J_@/G6H4.qi�G3I-FDI=I":+,�HVU�M3,/A+M6J+J�G6J�>D.DQX.DJK@�;

÷ Ò£UWM3:1@-*#H�A+.�I�rKJK@-?��DI-.�GSFD@/F�G6R+R+H2*4`a:�FBI�:+,gA+.D:�b�.$b�.DQSR+H4.DIg>�M6QXR+H#.&b�.�I=.D@e*#J1c
A1:�I"@-,-*#.DH#Il;8:+JX>D*2,/>D:1*#@ Ï Ô&Õ¶A+.-¤qQS*#H2H#*#M3J�I�A+.l@-,OG�J�I�*#I�@/M6,/I£.D@j:+JX.�I"@-*2QdG6@-.D:+,
A+.[QXM3:+^3.DQX.DJK@£�3¤�¢1×<0¡Y[.�I¡.$b1.&QXR1H4.�IhM3JK@hR+,-M3:+^<FEH(UW.&ØS>]G3>&*#@/F A+. J+M3@-,-.[J�M3:1c
^<.�G6:�â+:�b�A+.�I�rKJK@-?��DI-.Si�G3I-F�I":+,�HVU�FD@OG�R�.sA�U�M3,-A+M3J+J�G�J�>�.&Q\.&J_@BR�G6,L,/G6R+R�M3,-@
G6:1bBM3:1@-*#H#I�A+.fI�rKJK@-?��DI-.l>�M6QXR�M3,-@-.DQX.DJK@OG�H4.¡>&H%G3I�I�*4`a:�.e;�.DJ�Q\M�r<.&J+J�.6z3H4.jA+F&H%G6*
A1:N>/?�.&QX*2JT>D,�*#@-*#`a:�.qG�A�*#QS*#JK:�FgA1.p×�ÕsÈ 93,/ø3>�.L�BH%G�I":+R+R+,-.�I-I"*4M3JNA1.�IE*#JK@-.D,�c
>�M3J1J�.&b_*4M6J�Iq>�M6QXR+H#.&b�.�I=A�U�:+J�.pG�,/>/?+*2@/.�>&@-:+,-.�@-,/G3A1*2@-*4M6J+J�.DH2H4.pú H4.�J�M3Qpi1,/.�A1.
R�M6,-@/.DIgH4M393*4`a:�.DIg.�I"@LA+.½¤6ÕTÈÀ*#J+k�F&,-*4.&:+,]z >�.�`K:1*£.�I"@LA1Ê�G6:ÅI"@�rKH4.pA�U�F�>&,-*2@-:+,-.
G3A�G6R1@/FÂ�ÅH%G�I�rKJK@-?+��I-.�G�:¼J+*2^<.]G�:Z@-,/G6J�I�k�.&,-@XA+.C,-.�93*#I�@�,/.�I�R�.D,-QX.D@�@OG6JK@SH4.DI
M3R+@�*#QS*4I/G�@-*4M6J�I R+H2:�IER+:+*#I-I-G6JK@/.�I=G6:nJ+*#^3.]G6:nA+.DIeR�M3,�@/.�IlH#M<93*4`a:�.DI�0
Ò�.�R1,/M_>�.�I�I�:�InA+.�>�M6J�>�.&R+@-*#M3J¾A1:¾>D*#,->D:+*2@ Ï Ô&Õ J+M3:�ING�R�.&,-QS*4ITA+.Âk�G�*#,/.
F�9aG�H4.DQX.DJK@dH4G�>�M3QSR�G6,/G6*4I�M3JÇ.&J_@�,/.ÅH%G�QXFD@�?�M_A+M3H4M393*4.n>DH4G3I-I"*4`a:�.Âi�G3I�F�.�I�:1,
HVU�:+@-*2H#*#I/G6@�*4M3J¼A+.ÅH%G»I�rKJK@-?��DI-.»G�:�J+*2^<.�G6:�@�,OG6J+I�k�.D,�@nA+.�,-.�93*#I�@�,/.�IN.&@nJ+M3@-,-.
G6R+R+,-M�>/?+.�R�M3:+,NH%G»I�rKJK@-?+��I-.»>DM3QSR�M3,�@/.&Q\.&J_@/G6H4.60ÀÒ�.DIn,-F�I�:1H#@OG�@/InM3i+@/.&JK:�I
G]^<.�>�H4.DIlA+.D:�bTâ+:1bdA+.�>�M3J�>D.DR+@�*4M3J+IeI�M3JK@eG6R+R+,-M]b�*2QdG�@-*#^3.DQX.DJK@lFD`K:1*#^6G6H4.&JK@/I�0
Ù¡JZ,/.&^3G�J�>/?�.�H(UW.&��M3,�@SA+.�>DM3J�>�.&R+@-*#M3JÌG�FD@/FCA1*#^K*#I-FNR�G6,fµ1zE>�.C`a:+*=R1,/M3:+^3.
HVUWG6:�93QX.DJK@/G6@-*#M3JT.�I�>�M3QSR+@-F�.B.DJnQdG6@�*4�&,/.qA+.LR+,-M�A�:�>D@�*#^K*#@-F30

÷ Ò�.�â1:1b�A+.�I�rKJK@-?��DI-.X>�M3QSR�M6,-@/.&Q\.&JK@OG6H#.�GNF&@/Fs*#JK@-F�93,-FX�d:+J�M3:+@�*#H¡A1.XI"r_J�c
@-?��DI-.LI"r�I"@/�&Q\.L>DM3QXQX.D,->D*4G6HV0hY[.D@�@/.q*#JK@-F�93,/G6@-*#M3JTG�J+F�>�.DI-I"*#@/FqH(UW.$b_@/.DJ+I�*4M6JNA1:



Y ?�G6R+*2@-,/.³¢10 Ï R+R+H2*4>�G6@-*#M3JTA+.LH%GsI"r_JK@�?���I�.�>�M6QXR�M3,-@-.DQX.DJK@OG�H4. ×�Õ<m

Q\M3A+�DH#.�A�U�.DJK@-,-F�.�>�M6QXR�M3,-@-.DQX.DJK@OG�HqG]^<.D>ÂH%G�,-.DR+,-F�I�.DJK@OG6@�*4M3J¾A+.DIdQdG6>/?+*#J�.
A�U�FD@OG�@/I£P+J+*#I¡?+*4F&,OG6,->/?+*4`a:�.DI�0£Ò£UWG6H49<M6,-*#@�?+QX. A�U�M3,-A+M3J+J�G�J�>�.&Q\.&J_@ GLFD@-FlF�9aG�H4.&c
Q\.&JK@�F&@/.DJ+A1:»R�M6:+,�H%GNI�rKJK@-?��DI-.TA+.X>�.�IB@�rKR�.DI�A+.XI�r_I�@-�DQX.�Ip>DM3QXR1H4.&b�.DI�.&@
?+*4F&,OG6,->/?+*4`a:�.DI�0�ÒjUWG6R+R1,/M_>/?�.sA�U�M3,/A+M6J+J�G6J�>D.DQX.DJK@]z�i�G3I-FD.SI":+,q:+J�93,/G6R+?�.sA1.
â+:1b�A1.l>�M3JK@-,-§3H4.6z<I�U�.�I"@ G�^3FD,-F�.li+*4.&JSG3A�G6R1@/F�.�G�:1bsA+.DI->&,-*#R1@-*4M6J�I£9<FDJ+FD,/FD.�IfG6:1c
@/M3Q\G6@�*4`a:�.DQX.DJK@=R�G6,qH(UWM3:1@-*#H8A+.sI"r_JK@�?���I�.XI"r�I"@/�&Q\.pR�G�,/>�.s`a:�U�.DH2H4.�J�U�*2QXR�M<I-.
93:��&,/.�A+.Å,/.DI�@-,�*4>&@-*4M6J�ITI�:+,NH#.ÅI�@�rKH4.�A�U�F�>&,-*#@�:+,/.Å.&@]zqA�:¾R�M3*2J_@NA1.�^K:�.�A+.DI
,/FDI�:+H2@OG6@-IeA1.BI"rKJ_@�?���I�.3z .�I"@eR�.D:CI-.&J�I�*2i+H4.BG6:NQXM�A1�DH4.LA�UW.&J_@�,/FD.30



� � ��� ���
	�� 


� ��� ����� �
����� � ��� � ��	���� �������������

 å"! ýàþXéÅëeì]ÿÅí¡èDþXéÅí

Ò£U�M3i1Ð$#�>&@&%2k=R(')%#J�>*%#R�G�HEA(#N>+#&@-@&#n@�?���I)#,#DI�@�:+J-#nG6J�G�H#r_I&#NA(#TH%GÂI"rKJ_@�?���I)#�>DM3QSc
R�M.'�@/#&Q0#&J_@/G6H1#j>&H%G3I�I)%4`a:-#j`a:(%KJ�UWG£Ð�G�QdG2%#I3'/F&:�I-I$%+��G6@�@/#*%#J�A4'&#£H1#jA(#�92'/FjA�UWG3>�>5#DR+@/G6@&%#M3J
#�I->DM3QSR+@/F2687¡J�I�UWG6R+R+:+r<G6JK@BI�:('�>5#D@-@&#sFD@�:�A(#3z�J�M6:�IqR('/M6R�M<I�M3J�Iq:+J(#pJ�M3:+^.#DH#H9#sG6R1c
R('/M_>/?-#�A(#�I�rKJK@-?��DI&#�>�M3QSR�M2'-@/#&Q0#&JK@OG6H9#p;¡:+Jnâ+:1bNA(#�I"r_JK@�?���I)#�i�G3I�FL:+J(%4`a:-#&Q0#&JK@
I�:('�HVU�FD@/G6R:#LA�UWM2'/A+M3J1J�G6J�>5#DQ;#DJK@<6

Ò�#q>/?�G�R(%#@)'/#>=�A1M3J+J-#q:+JnG�R3#*'/?D:NA�:C>DM3JK@/#$b�@&#LA(#gH4G�I�rKJK@-?��DI&#B>�M3QSR�M.'-@&#DQ;#DJ1c
@OG6H9#.6CY@#D@�@/#XQXFD@�?�M_A+M3H4M39.%1#sA(#X>�M3J+>+#DR1@&%4M6J�#�I"@sA+F&P+J(%1#S>�M6QXQ;#S:1J�#DJ�I)#DQpi1H1#\A4#
'OG6Ø�J-#&Q0#&J_@-IER3#*'-Q;#D@�@OG6JK@[H4G�>�M6QXR(%2H%G6@)%4M3JSA(#DIEA(#DI->5')%#R+@)%4M3J+IlG6H493M.'&%2@-?+QA%4`a:-#DI �B:+J
J(%#^.#]G6:�A�UWG6i�I�@)'OG3>&@&%#M3JÇR+H#:+Idi�G3IÅ;¥G6:ÇJ(%2^B#�G6:�@)'OG6J+I�kC#5'�@NA(#D'/#D9.%4I"@&'&#�I+6 Ò�#ÅHE%1#DJ
#DJK@&'&#=H%GLI"r_JK@�?���I)#q>�M3QSR�M.'-@&#DQ;#DJK@OG6H9#F#D@ A�UWG6:+@&'&#�I M3:+@&%2H4I£A(#e>�M6J�>+#&R+@&%#M3J0#DI�@ F�9aG�H1#&c
Q0#&J_@XFD@�:�A4%#F.6Ì¢�U�:+J-#�R�G2'-@�z HVUWG2'->/?(%#@&#�>D@�:('/#G'/FDI�:+H2@OG6JK@&#H#�I"@\I"rKJ_@�?�FD@)%4I�F+#�R�GI'\A(#DI
M3:+@&%2H4IBA(#dI"r_JK@�?���I)#NH#M<9.%#`K:(#3z¡A�UWG6:+@)'/#SR�G2'-@�z¡H1#DI�A(#DI->5')%#R+@)%4M3J+I�>�M6QXR�M.'-@&#DQ;#DJK@OG�H1#�I
R3#&:+^B#&J_@�Ñ&@&'&#�9<F&J�F5'-F+#�IqG6:+@/M6QdG6@)%4`a:-#&Q0#&J_@�R�GI'qA(#DIgM3:+@)%#H#I=A(#�I�rKJK@-?��DI&#sI"r�I"@/�&Q0#26
ÓVHJ#DI�@�A+M3J�>SFD^K%4A4#DJK@p`a:-#SH%GL'/#�>/?(#5'/>/?(#dI->*%1#DJK@)%#P�`a:-#;#DJ�I"rKJ_@�?���I)#T>�M3QSR�M.'-@&#DQ;#DJ1c
@OG6H9#dA+M.%2@p@/#&J(%9'�>DM3QXR1@/#dA(#TH(UWF&^<M3H2:+@&%#M3J»A(#DIS>5#�I�M3:+@)%#H#I+6�Ò�#DIsR('&%2J�>5%2R3#DIpA(#di�G3I)#
A(#BH4GsI�rKJK@-?��DI&#p>DM3QXR�M.'�@/#DQ;#DJK@/G6H1#LI�M3JK@qG6:+I-I)%�R('-F�I&#&JK@/F�I=A�G6J�Ie>+#&@-@&#�I&#D>D@)%4M3J�z+@&#DH#I
`K:(#NH9#�IpA1M3QdGI%#J-#DIpA�UWG6R+R+HE%4>]G�@&%4M6J�z8H9#�I�k�M.'�QdG�@/IM%2J_@&#5'�Q\FDA4%%G2%E'/#DIN#&@sH1#�IsF&@OG6R:#�IsA4#
I�rKJK@-?��DI&#XR�M3:('LH(U�G�R+R('/M_>/?-#s>&H%G3I�I)%4`a:-#26pw£:�`a:-#sH9#�IO'/#D>/?-#5'->/?-#�I�A(#�>+#&@-@/#s@�?���I)#SI)#
k�M�>�G6H9%#I&#DJK@fI�:4'[HVU�FD@/G6R:#=A�U�M.'-A+M3J+J�G�J�>+#&Q0#&J_@�z�:+JdG3>�>5#DJK@ER�GI'-@&%#>D:+HE%1#*'P#�I�@ Q;%#IjI�:('fH1#DI
G6H49<M2'&%#@�?+Q;#�IfA�UWM2'/A+M3J1J�G6J�>5#DQ;#DJK@lH1#DI R+H2:�IE>�M6J+JK:�IlA�G6J�IEH9#=QXM3J�A(#gA(#gH%G�I�rKJK@-?��DI&#
>�M3QSR�M2'-@/#&Q0#&JK@OG6H9#.6

¢qG�J�IeH9#L>/?�G6R(%2@&'&#MQ1z+:1J-#�F&@-:�A4#�A4%#I->&:+@OG6JK@eH1#DI�HE%#QA%#@/G6@&%#M3J�IfA(#�IeM3:+@)%#H4IlA4#�I"r_J�c
@-?��DI&#B>�M3QSR�M2'-@/#&Q0#&JK@OG6H9#q>DH4G3I-I$%4`a:-#�IR#�I"@�R('/FDI&#DJK@-F+#.6[ñ=M3:+IeR�M3:+^3M3J�I�>�M3J+>DH#:4'/#�`a:-#
H1#LR('&%2J�>5%2R�G6H�R('-M3i+H#�DQ;#LA(#�>5#�I=M3:+@&%2H4IF#DI�@eH1#D:4'eQ\G6:+^6G2%#I&#S%#JK@-F�9.'/G6@&%#M3JnG6:1bNâ+:�b�A4#
>�M3J�>5#DR+@)%4M3JT#&bU%4I"@OG6JK@-I+6ÇÒ£UWG2'/>/?(%2@/#D>D@-:4'/#n9<FDJ�F*'/F5#3zE>DM3QXR�M<I�F+#nA�U�:1JZ>�M6J_@)'/§3H9#D:('A#&@

×]ÕBV



YJWYX2Z(%E[&'/#�Ë\6-]@^._-`5aEb-c)%9^._-cd#5[FZ:#5'&c)Z:#+`*[&%9e.#+c ×�Õ<Ë

fhg b4_i`/W(#5jA%9_ f # f ^._(_-k5#+clX<eB#+`8a g XIa9a1^U`<XI[&%1^2_nm\o4# f #+cOb(_(%E[/k5cOpC^._-`5[)%1^._4_-#5aEa1#+c5q:#*jAr
Z�Ñ5`/W-#sa g #*oUZ(a9^.%9[/X2[&%9^._ f #+ct_-^2b(eB#*a9a1#5ct`<XIZYX.`5%E[/k5c f #@a1Xuc)vK_K[&W(w+c&#RX2bM_(%9e.#<X2bx[)'yX2_-c$pC#5')[
f #�'/#+z2%1c)[)'/#5c+68Ò g k5[)b f # f k*j0^2_U[)'/#�k5z{X2a1#*j0#*_K[�|{b-# f #5b4oSk5[yXIZ3#5c f #ta}Xsc$vU_K[)W-w+c)#J`5^.jAr
Z3^.')[/#*j0#*_U[/X2a1#2q�a g X2aEa1^U`<X2[)%1^._D#5[Ma g X2c&c&^U`5%1X2[&%9^._ f #+cNb(_(%9[&k+clpC^._-`5%E[/^._4_-#5aEa1#+cSZ:#5b(e.#5_K[
Ñ5[&'&#sX.`5`+^.jAZ(aE%1#+c�~Ra g XI% f # f #5c�^.b([)%9a9c f #Jc)vK_K[&W-w5c&#dX2bN_(%9e.#<X2bM[&'yXI_-c)pC#*'&[ f #J'/#5z.%1c$[&'&#+c+6
]@#+cS^.b([)%9a9c�c g X2Z4Z(b(v{XI_U[>c$b(' f #NZ(b(%1c)c/X2_K[&#+cO^.Z4[&%9jA%1c&X2[&%9^._-cFa1^.z.%1|{b-#5c+qYa1#+cR'/k5c)b(aE[yX2[&c
c&^._K[0Z4a9b-c;#DØA`<X.`5#+c�|{b-#,`+#,|Kb(#Ha g ^._�Z3#*b([�^.�4[/#5_4%9'0X"e.#+`Ha g XIZ(Z('/^U`/W-#n`5a1X.c&c$%1|{b-#.6
�u#5b4o
^.b([)%9a9c f #0c$vU_K[)W-w+c)#�c&^._K[8X2b-c&c$%JZ4'/k+c)#5_K[/k5c f X2_(cM`+#A`/WYX2Z4%9[&'&#,�M�@#5W-X"eK%9^.'yX2a
]@^.j;Z4%9a1#*'l#5[ ÏS� Ó$] Ï ÒP6hÒ g X2_-X2a9vUc&# f #;`+#+cN^.b([)%9a1cSj;^._K[&'&# fhg X2b([)'/#5c f k*p�X2%9aEa}X2_-`5#+c
f #+cA^.b([)%9a1c f #nc$vK_U[)W-w+c)#D`+^2j;Z:^.'&[&#5j;#5_K[yXIa1#��G^.b([)%9a1c8[)'/^.Z�c)Z:k+`*%}X2aE%1c)k+c�~�b(_T`5#5'$r
[yX2%E_ f ^.j0X2%9_(# fhg X2Z(Z(aE%1`+X2[&%9^._�q{c)[�vKa9# fhg k5`5')%9[&b4'/#u'&#+c)[)'/#*%9_K[<q1â4b4o f #S`+^._-`5#5Z([)%1^._L[)'/w5c
`+^.jAZ(a1#�o\#.q(#*[/`.6J]@#5cs'/#+c$[&')%1`5[)%1^._(cs#5jAZ�Ñ5`/W-#5_K[R#+c)c&#*_U[)%1#*a9a1#*j0#*_K[Fa g %9_K[/k5z.'yX2[)%1^._ f #Oa1X
c)vK_K[&W-w5c&#8`5^.j;Z:^.')[/#5j;#5_K[/X2a1#S~8b(_nâ(b4o f #>c)vK_K[&W-w5c&#Mc$vUc)[/w*j0#26

Ò�#+c�`+^._(`+#5Z4[/#5b4'/c f #5cO`5%E'/`*b(%9[&cR%E_U[&k+z.'&k+c f k+`*'&%EeB#5_K[Sz.k5_-k*'yX2a9#5j;#5_K[�a1XApC^._(`5[&%9^._4r
_YX2a9%E[/k f #�a g X2a9zB^.')%9[&W4j0#�~s'/k<XIa9%1c)#5'�~sa g X2% f # f #�a}X2_(z{X.zB#5c f # f #+c)`5'&%EZ([&%9^._ f #�j�XI[/k5')%1#*a�6
Ò�#La1X2_-z{X.z.#�a1#�Z(aEb-cx'/k5Z-X2_ f b�Z3^2b('�a}X�c)vK_K[&W-w5c&#,`+^.jAZ3^2'&[/#*j0#*_K[yX2a9#.q��S���qÒ�#+c$[
Z('/k5c&#5_K[&k f X2_-cla1#�`/WYX2Z4%9[&'&#;�46NáR_-#Ak5[)b f # f #+c f %9eB#*'/c)#+c8c$[&'&b(`5[&b4'/#+c f b
a1X2_-z{X2zB#.q
a1#5b4'/c�%9_K[/#*'&Z('&k5[yXI[&%1^2_-c�c)b(%Ee.XI_U[Aa1#5c;^2b([&%Ea1c f #nc)vK_K[&W-w5c&#�#*[;a9#5b('�b([)%9a9%9c/X2[)%1^._
Z3^.b4'
a}X�c)vK_K[&W-w5c&#D`5^.jAZ3^.')[/#*j0#*_U[/X2a1#Lc)^._K[0k5z{X2a9#5j;#5_K[ f %1c)`5b([&k+#+c56ÇÒ g k*[&b f #HX f k5j;^._4r
[&'/kA|{b g %9a�k5[/X2%9[ f %2Ø;`*%9a9# f # f k5m(_(%E'Nb4_�c&^2b-c$r�#5_-c)#5j8�(a9#;z.k5_-k*'yX2a�Z3^2b('>a}XGc)vK_K[&W-w5c&#
`+^.jAZ3^2'&[/#*j0#*_K[yX2a9#.qP`+#G|{b(%R#+c$[;#5c&c)#5_K[&%9#5a9a9#5j;#5_K[ f ÊT~�a1XD`+^.jAZ(a9#*oU%9[&k f #+cx[&'/X2_-c�r
pC^.'&j0X2[&%9^._-cd#5�:#+`*[&b-k5#+c f b4'yX2_K[Oa9#lZ('&^\`5#+c)c)b-c f #Nc)vK_K[&W-w5c&#26l]JWYX.|{b-#8^.b4[&%9a�%Ej;Z:^Bc&#
`+#5')[yX2%E_-#+c�'/#+c$[&')%1`5[)%1^._(cuc)b4'Oa1#>j0^ f w*a1# fhg #*_K[&'/k5#x#5[S#�oU%1zB#lb(_�c)[�vKa1# fhg k+`5')%9[)b('/#xXIm(_
fhg ^2�([/#*_(%9'xa9#+c8'/k5c)b(aE[yX2[&cx#+c)`+^.jAZ([/k5c+6�]@#*[&[/# f %EeB#*'/c)%E[/k f #Lc$[�vKa1#+c fhg k+`*'&%E[&b('&#GZ:^Bc)#
f #+cAZ('/^.�4a1w5j;#+c�c)k5'&%9#5b4o�Z:^.b('�a g %9_K[&k+z.'/X2[&%9^._ f #,a1X�c)vK_K[&W-w5c&#�`+^2j;Z:^.'&[&#5j;#5_K[yXIad~
b(_�â(b\o f #>c)vK_K[&W-w5c&#8c$v\c$[/w*j0#26EÒ�#>c&^.b-c�r�#*_-c&#*j8�(a1# f k*m(_(%�ZYX2'd_-^.[)'/#lX2Z(Z4'/^U`/W-# f #
c)vK_K[&W-w5c&#M_-#>'/#5c)[)'/#5%E_K[�z2b-w5'&#la9#Sc)[�vKa1# f #l`+^ f X.zB#lX2bn_(%9e.#<X2b,`+^2j;Z:^.'&[&#5j;#5_K[yXIa�q(`5#
|Kb4%�_(^.b-cRX8Z3#*'&jA%1csb(_-#S%E_U[&#5')p�X.`+#S#&Ø;`+X.`+#NX<eB#5`lb(_,^.b([)%9a f #lc$vK_U[)W-w+c)#Mc$v\c$[/w*j0#26

ád_-#0_-^.b4eB#5aEa1#0X2Z(Z('&^\`/W-# f #0a1X,c)vK_K[&W(w+c&#G`5^.j;Z:^.')[/#5j;#5_K[/X2a1#A|{b(%@'&#+c)[)'/#*%9_K[Ma1X
c)vK_K[&W-w5c&#M`5^.jAZ3^.')[/#*j0#*_U[/X2a1#u~Ma g k5[/X2Z3# fhg ^2' f ^._4_YX2_-`5#5j;#5_K[d#+c$[RZ4'/k+c)#5_K[/k5# f X2_-csa1#
`/WYX2Z(%E[&'/#N�\6 áR_,^.b([)%9a f #>c$vU_K[)W-w+c)# f ^._(_(#>b4_-#l'&k<X2aE%1c&X2[&%9^._ f #>`+#*[&[/#>_-^.b4eB#5aEa1#lX2Z4r
Z('/^U`/W-#L|{b(%Fb([)%9a9%9c&#�b(_�X2a1z.^.'&%E[&W(j;# fhg ^2' f ^._4_YX2_-`5#5j;#5_K[x�YX.c)knc$b('8b(_�z.'/X2Z(W-# f #
â(b4o f #�`+^2_U[)'/�.a9#0k*[/#5_ f b�ZYX2'Na}Xn'&#5Z('&k+c)#5_K[yX2[)%1^._ f #+c f k*Z3#*_ f X2_-`5#+c f # f ^._(_-k5#+c56
]@#5[&[&#n'&#5Z('&k+c)#5_K[yX2[)%1^._ f ^.b(�4a1#L#+c$[;b4_-#G^.b(eB#*'&[)b('/#nZ3^.b4'xa}X�c)vK_K[&W-w5c&# f #+cAX2Z(Z(aE%Er
`<X2[)%1^._-clj;%�oU[/#+c5qt^.')%1#5_K[&k+#+c8~,a}XGpC^.%1c�â(b4o f # f ^2_(_-k+#5cx#5[�â(b4o f #�`+^2_U[)'/�.a9#.6�Ò�#5c
k5[yXIZ3#5c f #Rc$vK_U[)W-w+c)#uc)^._K[ f k5[yXI%9a9a9k+#5c�X2%9_(c)%-|{b-#Fa1#sj;^ f w5a9# fhg #5_K[&'&k+#R#5[Pa}Xu[&#+`/W(_(%9|{b-#
f #Fa}XOzBk*_-k5'/X2[&%9^._ f #+c f #5c&`*'&%9Z4[&%1^2_-cPX2b�_(%9e.#<X2bA[&'/X2_-c$pC#5'&[ f #d'&#+z.%9c)[)'/#+c56£Ò g #*_-c&#*j8�(a9#
fhg XIa1zB^.')%9[)W(j0#5c@Z:#5'&j;#5[ f3g k*eU%E[/#*'R[&^.b([&#+cFa1#5c f k5p�X2%Ea9a1X2_-`+#5c@Z('&k+c&#*_K[/k+#5cO`5%�r f #5c&c$b-c+6

��^.b('>k5e2X2aEb-#5'ua g #DØA`<X.`*%9[&k f #8_-^.[)'/#xXIZ(Z('/^U`/W-#2q�_(^.b-c>X<eB^._(cOb([&%Ea9%1c)k f #5c>X2Z(Z(aE%Er
`<X2[)%1^._-cu`+^.jAZ(a1#�o\#+cO#*[S%9_ f b(c)[&')%1#*a9a1#5c+6S��#+c>`+^.jAZYX2'/X2%1c)^._-c�#5_K[&'&#8a}X;j;k5[)W-^ f ^.a1^Bz2%1#
f #Na1XAc$vU_K[)W-w+c)#x`+^.jAZ3^2'&[/#*j0#*_K[yX2a9#S#5[�`+#5aEa1#NX2bH_4%9eB#+X2bH[)'yX2_(c)pC#5')[ f #N'/#5z.%1c$[&'&#+cR^._K[



]JWYX2Z(%E[&'/#�Ë\6-]@^._-`5aEb-c)%9^._-cd#5[FZ:#5'&c)Z:#+`*[&%9e.#+c ×�Õ.�

k5[/kR#5�:#+`*[&b-k5#+c56 Ò�#5cP'&k+c$b(a9[/X2[/c�Z('&^.b(eB#*_K[@|{b-#Fa}XS|{bYX2aE%9[&k f #+c f #5c&`5')%9Z([)%1^._(c�z.k5_-k*'/k+#5c
X2b([/^2j�X2[)%1|{b-#*j0#*_U[M#+c$[�`+^.jAZYX2'/X2�(a1#0~ f #+cx`5^._-`5#5Z([)%1^._-c f k+`5')%9[&#+c8j0X2_Kb-#5aEa1#5j;#5_K[
X2bL_(%9e.#<X2bG[)'yX2_-c$pC#5')[ f #O'/#5z.%1c$[&'&#+c+6jñR^.[&'&#O^.b([)%9a f #Oc$vU_K[)W-w+c)#MX8k*[/k>X2b-c)c)%�`5^.jAZYX2'/k
X"e.#+`Db(_�^2b([&%Ea f #Hc)vK_K[&W-w5c&#�`+^.jAZ:^.'&[&#5j;#5_K[yX2a9#,`*a}X.c)c)%9|Kb(#.6�]@#5[)[/#�`5^.j;Z-X2'yX2%9c&^._
j0^._K[)'/#Gb(_-#�X2j;k5aE%1^.'/X2[&%9^._�`5^._-c)% f k5'/X2�(a9#,#*_�j�XI[&%1w*'/# f #,c)b(')p�X.`+#,#5[ f #H`/W-#*j;%E_
`5'&%E[&%9|Kb(#,ZYX2';'yX2Z4Z3^.')[�XIb4o�XIZ(Z('/^U`/W-#5c0[&'/X f %9[)%1^._4_-#5aEa1#+c56¾Ò�#,`/WYX2Z(%E[&'&#�Vij;^._K[&'/#
k+z{X2a9#5j;#5_K[Oa g %E_U[&k+z.'/X2[&%9^._ f #8_(^.[&'&#x^.b([&%Ea f #xc$vK_U[)W-w+c)# f X2_-cSb(_�â(b4o f #�c)vK_K[&W-w5c&#
c)vUc)[&w5j;#.6£Ò�Xeâ(#*oU%9�(%Ea9%E[/k f #�_-^.[)'/#�X2a1z.^.'&%E[&W(j;# fhg ^.' f ^._(_YX2_(`+#5j;#5_K[tXRZ:#5'&jA%1chp�X2`5%9a9#*r
j0#*_U[Ra g #*oU[&#5_-c$%1^._ f bnj0^ f w5a9#S`+^.jAZ:^.'&[&#5j;#5_K[yX2a3Z3^.b4'Ra1X8'/#5Z4'/k+c)#5_K[yXI[&%1^2_ f #5c�c$v\c�r
[/w5j;#+cd`5^.j;Z4a1#*o\#5cR#*[dW(%1k*'yX2'&`/W(%1|{b-#5c+6

 å$æ ���S jít¡
�LëF¢£è&ê;�qí
Ò�XM_-^.b4eB#5aEa1#>X2Z4Z('/^U`/W-#SZ('/k5c&#*_U[&k+# f X2_-csa9#S`/WYX2Z(%E[&'/#l�xX8k*[/k>k5e2X2aEb-k+#Sc$b(' f #5b4o

X2Z(Z(aE%1`<XI[&%1^2_-c�`+^.jAZ(a9#*o\#+c56P]@#+cFXIZ(Z(a9%9`<X2[)%1^._(c+q.[&^.b([J#5_�`5^._K[/#*_YX2_K[s`5#5'&[/X2%9_(#+c�^.Z3k*'yXIr
[&%1^2_-cAX2'&%E[&W(j;k5[)%1|{b-#+c5qPc&^._K[;^.'&%9#5_K[/k5#+cxZ('&%E_-`5%EZYX2a9#5j;#5_K[sâ(b4o f #,`5^._K[&'/�2a1#.6uñR^.[&'&#
X2a1zB^2'&%9[)W(j;# f #£`/WYXI¤9_YX.zB#D�YX2c&k£c)b('Gb(_¥z.'yXIZ(W-# f #�â(b4o f #£`+^2_U[)'/�.a9#D_-#�a9%Ej;%E[/#
_Ub4a9a1#*j0#*_K[Sa1#x_-^.j8�4'/# fhg ^.Z:k5'yXI[&%1^2_-cS#5[>a1#�`/W-#*j;%E_£`5'&%E[&%9|Kb(#8Z3^.b4'la9#+cO[)'yX2_-c$%9[)%1^._-c
f #Ha}X�j0X.`/W(%9_(# fhg k5[/X2[/cAm(_(%1c0X2b�_(%EeB#+X2b�[&'/X2_-c$pC#5'&[ f #,'&#+z.%9c)[)'/#+c56¤ád_-# f #5c&`*'&%9Z\r
[&%1^2_L^.'&%9#5_K[/k5#OZ(b('&#5j;#5_K[Eâ(b4o f # f ^._4_-k+#5c Î `<XIa1`5b4a1c@`5^.jAZ(a1#�o4#5cs#5_K[)'/# f #*b4oLZ:^.%9_K[/c
f #Mc$vU_(`/W('/^._4%1c/XI[&%1^2_§¦d#*_-zB#*_ f '/#NZ3^.b4'�a9#N`*%9'/`*b(%9[RzBk*_-k5'&kNb(_(#Np}'/k5|{b-#5_-`5# fhg W-^.')a1^BzB#
[&'/^2Z¨�-X.c&c)#�#5[Lb(_�_-^2j8�('/# f #D'/#+c)c&^.b4'/`+#5cL[&'/^2Z�k5a1#*eBk26½Ó�aS#5c)[ f ^._(`D_-k+`5#+c&c&X2%9'&#
fhg %E_K[&'/^ f b(%E'/#�b4_ f #5b4oU%1w*j0#t_4%9eB#+X2b fhg ^.' f ^2_(_YX2_-`5#5j;#5_K[�c&^2b-c�`+^._K[&'/X2%9_K[&#+c f #t[&#5jAZ-c
#5[�©I^.b f #L'/#+c)c&^.b4'/`+#5cAZ:#5')j0#*[&[/X2_K[ f # f k+`5^.j;Z:^Bc)#5'�`+#5cx[&'yXI_-c)%E[&%1^2_-c8`5')%9[)%1|{b-#+cx#*_
Z(a9b-c$%1#*b('/cRk5[/X2Z3#5c f #N`+^._K[)'/�.a9#.6lÒ�X;`5^.jAZ(a1#�o\%E[/k f #l`+#lZ('/^.�4a1w5j;#SZ('/^"eK%1#*_K[ f bHp�X2%9[
|Kb g %EaOc&^2%9[�[)'/w+c f %#ØA`5%Ea1# f #HZ('&k5eB^2%9'GX2b�_4%9eB#+X2b�`+^2j;Z:^.'&[&#5j;#5_K[yXIa�a g X2'&`/W(%9[&#+`*[&b('&#
zBk5_-k*'/k5#AZYXI'Sa}X�c)vK_K[&W(w+c&#Aa1^Bz2%1|{b-#.6�Ò g #5c)[&%Ej�XI[&%1^2_ f #xZ3#*'&pC^.')j�XI_-`+#x#5c)[ f ^._-`xb(_(#
[Oø.`/W-#l[&'&w+cR`+^.jAZ(a1#�o\#ljXÑ5j;#>#5_�X<vBX2_K[ f #5cR%E_(pC^.'&j0X2[)%1^._-c@c)b('Ra1#5cRZ:^.'&[&#+cda1^Bz2%1|{b-#+c
f #la1XM�(%9�4a9%1^2[&W-w5|Kb(#O[/#+`/W4_-^.a1^.z.%1|{b-#26J7t_n'/#*e.XI_-`/W-#.qYa g k5e.^.a9b4[&%1^2_ f #Sa}Xxc)vK_K[&W-w5c&#MX2b
_(%9e.#<X2b�[&'/X2_-c$pC#5'&[ f #�'&#+z.%9c)[)'/#+cOZ:#5')j0#*[S`+#*'&[/X2%9_-#5cS^.Z([)%9jA%1c/XI[&%1^2_-c f #8WYX2b([S_(%EeB#+X2b
[/#5aEa1#�|{b-#�a g k+|{b(a9%E�('yX2zB# f #+c f k*a}X2%9cl#*_K[&'/#�a1#5cS�(a1^U`+c f #�'/#5z.%1c$[&'/#5c Î«ª>¬y­4®.¯"°«±I²)®.³�´�¬*µ
¶ °}·x°}¸U¹ ¦�6 Ï %E_-c)%:a g ^.b([&%Ea f #Sc)vK_K[&W-w5c&#l`+^.jAZ3^2'&[/#*j0#*_K[yX2a9# f ^.%E[)r«%9aY%9_K[&'&^ f b(%9'&# f #5cR`*v{r
`5a1#5c fhg W-^.'&a9^BzB#8c$b(Z(Z(a9k5j;#5_K[yXI%9'/#5c f ^._K[Sa9#M_-^.j8�4'/#MZ:#5b([�Ñ*[&'&# f k5[&#5'&jA%9_(kMZYX2'Sb(_(#
Z('/k�r�k5e2X2aEbYX2[)%1^._�~Da g X2% f # f #Ga g ^2b([&%Ea f #Lc$vK_U[)W-w+c)#,a9^Bz.%1|{b-#26�Ò�# f #*b4oU%1w*j0#�_(%EeB#+X2b
fhg ^2' f ^._4_YX2_-`5#5j;#5_K[NZ:#5b4[�Ñ5[&'&# f ^._-`�#5�:#+`*[&b-kxZYXI'la1X�c)vK_K[&W-w5c&#0X2b�_(%9e.#<X2b�[&'/X2_-c�r
pC#5'&[ f #S'&#+z.%9c)[&'&#+c5q-`+#>|{b(%�Z3#*'&j;#5[ fhg ^.�([&#5_(%E' f #+cF'/k5c)b(aE[yX2[&cFZ(a9b-csZ4'/k+`*%1c56

Ò g %9_K[/k5z.'yX2[)%1^._ f #5c0[/#5`/W(_(%1|{b-#5c f #Hc$vK_U[)W-w+c)#�`+^.jAZ3^2'&[/#*j0#*_K[yX2a9#,X<e.#+`Da1#Nâ(b4o
f #xc)vK_K[&W-w5c&#Ac)vUc)[&w5j;#x_ g X0Z-X.cSk5[&k8k5e2X2aEb-k+#x#*[Sk5[)b f %1k5# f #8j0X2_(%1w*'/#MX2Z(Z('&^.pC^._ f %9#.6
áR_�a9%9#5_�Z(aEb-c8pC^.'&[8#5_K[&'&#Ga g ^2' f ^._4_YX2_-`5#5j;#5_K[x#5[xa1XDc)vK_K[&W-w5c&# f #La}XH`5^.jAj8b(_(%9`<XIr
[&%1^2_ f ^.%9[sÑ*[&'&#,XI_YX2a9vUc)kiº¼» Ï �s�jßB�¾½«6uáR_(#G�:^.b-`*a1# fhg #*oUZ(a9^.'yXI[&%1^2_ fhg XI'/`/W(%E[/#+`*[&b('&#



Z3#*b([�Ñ*[&'&#Ak*[yX2�4a9%1#x#*_K[&'/#A`+#5cN^2b([&%Ea1c+q�`5#�|Kb4%�Z:#5')j0#*[N~Ga1X0pC^.%1cOa g ^.' f ^._(_-X2_-`+#*j0#*_K[
#5[Fa g ^.Z([)%9jA%1c&X2[&%9^._ f #+cF^.Z:k5'/X2[&%9^._-c f #ua}XMc$Z3k5`5%Em-`<X2[)%1^._G#*[ f #+csZ4'/^.[&^\`5^.a1#5c f #O`5^.jAr
j8b(_(%9`<X2[)%1^._�6



¿ �t�H�i� À ��� Á Â�� 	����

×B6ô× òKvU_K[)W-w+c)#8X2bG_(%EeB#<XIbH`5^.j;Z:^.')[/#5j;#5_K[/X2a�#5[d[)'yX2_-c$pC#5')[ f #S'/#+z2%1c)[)'/#5c 6 Ã
=\6ô× Ä�a9b4o f #>c)vK_K[&W-w5c&#M`5^.jAZ3^.')[/#*j0#*_U[/X2a1#uzBk5_-k*'yX2a�6N6l6N6l6l6N6l6N6l6>6 ×3×
=\6Å= Ï '/`/W(%E[/#5`5[&b4'/#�%9_K[/#*'&j;k f %1X2%9'&#MZ3^2b('Sa}XLc)vK_K[&W(w+c&#�X2bi_4%9eB#+X2b£[&'yXI_-c$r

pC#*'&[ f #>'/#5z.%1c$[&'&#+cÆ6l6N6l6l6l6l6l6N6l6N6l6l6N6l6>6N6l6N6l6l6N6l6N6l6>6 ×<Q
=\6¼Q »O'yXIZ(W-# f #Lâ(b4o f #l`5^._K[&'&�.a1#�6l6N6l6N6l6l6N6l6>6N6l6N6l6l6N6l6N6l6>6 ×"�
=\6Ç� »O'yXIZ(W-# f #Lâ(b4o f # f ^._(_-k5#+c�6l6N6l6N6l6l6N6l6>6N6l6N6l6l6N6l6N6l6>6 ×"Ã
=\6Å� � ^ f #5c fhg ^2' f ^._4_YX2_-`5#5j;#5_K[ 6l6N6l6N6l6l6N6l6>6N6l6N6l6l6N6l6N6l6>6È=I�
Q46ô× Ä�a9b4o f #>c)vK_K[&W-w5c&# f #N�J#5WYX<eK%1^.'/X2a�]@^.jAZ(%Ea1#5'
6>6N6l6N6l6l6N6l6N6l6>6ÉQB�
Q46Å= � ^ f #5c fhg ^2' f ^._4_YX2_-`5#5j;#5_K[ f #N�J#5WYX<eK%1^.'/X2a�]@^.jAZ(%Ea1#5'¥6l6N6l6N6l6>6ÉQ.V
Q46¼Q � ^ f #5c fhg ^2' f ^._4_YX2_-`5#5j;#5_K[ 6l6N6l6N6l6l6N6l6>6N6l6N6l6l6N6l6N6l6>6ÉQBÃ
Q46Ç� �t'&^.�(a1w*j0#5cdX<eB#+`>a1#5cF�('yX2_(`/W-#5j;#5_K[/cR`+^2_ f %9[)%1^._4_-#5a9cO6N6l6l6N6l6N6l6>6ÉQ.�
Q46Å� Êd#+c$[&')%1`5[)%1^._(cFc)Z:k+`5%Em-|{b-#+c�X2b4o��3^.b(`5a1#5c�6l6N6l6>6N6l6N6l6l6N6l6N6l6>6ÉQ3ß
Q46¼V Ä�a9b4o f #>c)vK_K[&W-w5c&# f3g ÏO� Ó$] Ï Ò¨6N6l6N6l6l6N6l6>6N6l6N6l6l6N6l6N6l6>6��1×
Q46ÅÃ � X.`/W(%9_(# f3g k*[yX2[&cdm4_(%1cRX<eB#5` f #5cd`+^2r«Z('/^U`+#5c&c&#*b('/c�6l6N6l6l6N6l6N6l6>6��.�
�(6ô× òUk5j0X2_K[&%1|{b-# f #5cRX2�3#5`5[/X2[&%9^._-c f #>c)%9z._YX2b\oË6l6>6N6l6N6l6l6N6l6N6l6>6È�2�
�\6ô× Ä�a9b4o f #>c)vK_K[&W-w5c&#M`5^.jAZ3^.')[/#*j0#*_U[/X2a�zBk*_-k5'/X2a�6>6N6l6N6l6l6N6l6N6l6>6ÈÃ6Õ
�\6Å= Êd#5Z4'/k+c)#5_K[yXI[&%1^2_ f #Sa1X8c)Z:k+`5%Em-`<XI[&%1^2_,`5^.jAZ3^.')[/#*j0#*_U[/X2a1#�6N6l6N6l6>6ÈÃ2Q
�\6¼Q � ^ f #5c fhg ^2' f ^._4_YX2_-`5#5j;#5_K[ 6l6N6l6N6l6l6N6l6>6N6l6N6l6l6N6l6N6l6>6ÈÃ2�
�\6Ç� »Sk5_(k5'yXI[&%1^2_ f #+cd`/W-#5jA%9_(c f3g #�o4k5`5b([)%1^._�6l6N6l6>6N6l6N6l6l6N6l6N6l6>6ÈÃ6ß
�\6Å� »Sk5_(k5'yXI[&%1^2_ f #>a1XMj�X2`/W(%9_-# f3g k*[yX2[&cdm4_(%1cN6N6l6>6N6l6N6l6l6N6l6N6l6>6É�.Q
�\6¼V Êdk+k5`5')%9[&b4'/# f b,`+^ f #OZ3^2b('da1#+cs[)'yX2_(c)%9[)%1^._(c�6l6>6N6l6N6l6l6N6l6N6l6>6É�2�
�\6ÅÃ ]JW-XI¤1_YX2zB# f #+cR^.Z:k5'/X2[&%9^._-cs#*_H`+X.c f # f k5Z:#5_ f X2_-`+# f # f ^._(_(k+#+c 6>6É�BÃ
�\6¼� ]JW-XI¤1_YX2zB# f #+cR^.Z:k5'/X2[&%9^._-cs#*_H`+X.c f # f k5Z:#5_ f X2_-`+# f #>`+^._K[)'/�.a9# 6>6É�.�
�\6Wß 7�o\#5jAZ(a9#>Z:^.b('Fa9#S`/WYXI¤9_YX.zB# 6l6N6l6N6l6l6N6l6>6N6l6N6l6l6N6l6N6l6>6É�3ß
V46ô× Ï '/`/W(%E[/#5`5[&b4'/# f b,`5%9'&`5b(%E[F'/k+X2a9%9c/X2_K[sb(_(#lz.#+c)[)%1^._ f #S[)'yX2m-` ÏPÌd� 6>6Àß2�
V46Å= òK[�vUa9# fhg k5`5')%9[&b4'/# f b,`+^ f #S`+^.jAZ:^.'&[&#5j;#5_K[yX2a�6>6N6l6N6l6l6N6l6N6l6>6ÀßB�
V46¼Q Ä�a9b4o f #>`+^._-`5#5Z([)%1^._nb([)%9a9%9c&kRZ3^.b4'Ra9#O`5%E'/`*b(%9[ ÏPÌd� 6N6l6l6N6l6N6l6>6Àß.V
V46Ç� ]@^2j;ZYXI'yX2%9c&^._ f #5cRj;k5[)W-^ f ^.a1^.z.%1#5c f #>`+^2_-`+#*Z([&%9^._Í6N6l6l6N6l6N6l6>6ÀßBÃ

×3×�Õ



V46Å� ]JvU`*a1# f #Se2X2a9% f X2[&%9^._�Z:^.b('Fa9#S`5%9'&`5b(%E[ ÏPÌd� 6>6N6l6N6l6l6N6l6N6l6>6Àß.�
V46¼V ]@^2j;ZYXI'yX2%9c&^._ f #5c�^2b([&%Ea1c f #>c$vU_K[)W-w+c)#M`+^2j;Z:^.'&[&#5j;#5_K[yXIa1# Î�ÏPÌd� ¦06Àß3ß
V46ÅÃ ]@^2j;ZYXI'yX2%9c&^._ f #5c�^2b([&%Ea1c f #>c$vU_K[)W-w+c)#M`+^2j;Z:^.'&[&#5j;#5_K[yXIa1# Î � � 7�¦86[×�Õ3Õ
V46¼� Ä�a9b4o f #>`+^._-`5#5Z([)%1^._ f #Sa g ^.b([)%9a f #>c)vK_K[&W-w5c&#8c$vUc)[/w*j0# 6l6N6l6N6l6>6[×�Õ�×
V46Wß � ^ f w*a1# fhg #5_K[)'/k+#l`+^2j;Z:^.'&[&#5j;#5_K[yXIahZ3^2b('=ò4�qÒ�6N6l6N6l6l6N6l6N6l6>6[×�ÕB=



Î ��Ï �����ÍÂÐ	���� � ���

º Ï ò1áu�BVI½ Ï 6 Ï W-^(qYÊ>6 ò\#5[)W(%�qYX2_ f ó 6 áRaEa9j0X2_(_�6OÑ ±I·�Ò:°}³9¬*²yÓyÔ�ÕF²�°}¸3Ö*°¼Ò:³9¬yÓyÔ>×§¬yÖy­Uµ
¸-°�Ø+ÙY¬yÓl®.¸§Ú£×:±"±I³ÅÓ 6 Ï f(f %9c&^._4r(Ý
#5c)a9#5vG�tb(�(aE%1c$W(%9_-z4q�×�ßB�.V46

º¼�sXI'�Ã.Q2½ � 62�sX2'&�-X.`+`*%�6YÛ Ù ¶ ±I·A® ¶ °«Ö�Ü�Ý*Ò:³9±I²)® ¶ °«±I¸G±�Þ ¶ ­-¬Pß�¬yÓ*°�¹.¸Aà.Ò(®UÖy¬3Þ<±I²P´�¬«¹.µ
°9Ó ¶ ¬*²N×(²)®.¸4ÓCÞ<¬*²uá�´l×(âuàYã¾Ó ¶ ¬*·MÓ 6(�tWY��[)W-#+c$%1c+qK��#5Z([+6{äup3]lò:q{]sX2')_-#+z2%1#*r
� #5aEa1^._nåd_(%9e.#5'&c)%9[�v.q�æ"ç{Ã.Q\6

º¼�s�u�sç.�.½ ò:6s��WYX2[&[/X.`/WYX2')v{X4qqò:6F�u#*vBquX2_ f Ä@6s��'/z.a9#+è.6���#5'&pC^2'&j0X2_-`+#�éR_YX2aEvKr
c)%9cDX2_ f äOZ4[&%9jA%1è+X2[&%9^._¨^.pXò\`/W-# f b(a9#+cDpC^.'D]@^._ f %E[&%9^._YX2aNX2_ f�ê ^U^.Z4r
ë�_K[/#5_(c)%9e.#pòKZ3#5`5%9m(`<X2[)%1^._-c56Jë�_ Õs²y±"Ö+ì�±�Þ ¶ ­-¬NíKî ¶ ­ Ñ ±I¸<Þ<¬*²y¬*¸3Öy¬M±I¸nß�¬*µ
Ó*°�¹.¸ Û Ù ¶ ±I·A® ¶ °«±I¸ qIZYX.zB#5c��{ç4æ�ïU�{çBV4q6ñ�#*ð�ñ�^.'-û§qañFñxq2åqò\éNq�ò�b4%9_�æ<çBç.�(6

º¼�@#*'yç{Ã¾½ 7F6B�@#*'&'/#*�(%�6-ó�ô ¶ ­-±+ÚU±I³9±&¹.°«¬�ÒY±IÙU²F³&õ ®�Ò{Ò:³ö°«Ö&® ¶ °«±I¸;°}¸§Ú.Ù{Ó ¶ ²�°«¬*³}³9¬dÚU¬F³�®SÓ*ãI¸-µ
¶ ­-÷yÓ"¬AÖy±I·�ÒY±I² ¶ ¬*·0¬*¸ ¶ ®.³9¬ 6O�tWY�ø[)W-#+c$%1c5qhë�_-c)[)%9[)b([Sù�X2[&%9^._YX2a���^.aEvK[/#+`/W\r
_(%1|{b-# f #M»O'/#*_-^.�(a9#.q f k+`+#*j8�('&#;æ"ç.ç{Ã\6

º¼�@#*'yçBçI½ Êl6ÇéM6d�J#5'/zBX2j�X2c&`/W(%«6É�@#*WYX<eK%1^.'/X2alù�#*[�ð@^.'�û�»S'/X2Z(W���åR_(%Ep}vK%9_-z�[&W(#
�u^.j0X2%9_(c;^.pS�R%1z2W4r ê #5e.#5auX2_ f�ê ^Bz2%1`HúUvK_U[)W-#+c$%1c56�ë�_ Õs²/±"Ö+ìM±�Þní\û ¶ ­
Û8Ñ�ó�ü4ý ÜPÜ�Ü�ßx¬yÓ*°�¹.¸ Û Ù ¶ ±I·A® ¶ °«±I¸ Ñ ±I¸<Þ<¬*²/¬*¸3Öy¬ q-þ2b(%E_iæ<çBçBç46

º¼�sÿ>ç{=¾½ þ463��%1#+c)#5_YX2`��DX2_ f � 63ÿ>^.c)[/#*'<6 Ì W-#xúK%1#5j;#5_(cO�R%9z.W4r ê #*eB#*a�úUvK_K[&W(#+c)%9c
úUvUc)[&#5j,q�]@é ê�ê éSú§6Lë�_ Õs²y±"ÖL±�Þ��S°�¹I­Uµ���¬*¯.¬*³tà���¸ ¶ ­-¬yÓ*°9Ó	�D±I²�
"Óy­-±/Ò q
_-^"eB#*j8�('/#Aæ"çBçB=\6

º¼�Ja1XBç{ÃI½ �OX<eK% f �Ja}X2`��:6�ë�_K[/#*'yX.`*[&%EeB# Ì � úU#5[)r Ì ^2Z
�sä�� éSú\ë$]�
�%9[&Wi�@#*WYX<e{r
%1^.'/X2a�]@^2j;Z(%Ea1#*'<6�ë�_DÛ Ò{Ò:³9¬ Ñ ±I·�Ò:Ù ¶ ¬*²Rß�¬yÓ*°�¹.¸4Ó q4^U`+^2[&�('&#Aæ<çBç{Ã\6

º¼�sÊRù Ì ç.�2½�Êl64éM6-�@#*'/z{XIj�X.c)`/W(%�q(ú:6YÊRXIò$#.q(ëy6(ùuX2%E'<q(XI_ fHê 6 Ì '/#*eK%9a9aEv{X2_h6�]@^._K[&'&^.aEr
Ä�a1^"ð��P#*'/c)b(cd�OX2[yX¾r�Ä�a9^¾ðsr��sX.c)# f úU`/W-# f b4a9%9_(z(��]@^.j8�(%E_(%9_(z8�@^.[)WLé�Z\r
Z('/^BX.`/W-#+cd%9_HX2_,é f XIZ([&%EeB#Mú\`/W-# f b(a9%E_-z�úKv\c$[/#*jH6së�_ ×(²)®.¸4Ó+®UÖ ¶ °«±I¸��s¸
� ��à ý àYã¾Ó ¶ ¬*·MÓ 6-ë�7P7P7dq � X2'/c>æ"çBç.�46

ºÅ]sX2j0ç4æ+½ Êl6�]sX2jAZ:^Bc/X2_(^(6 ��X2[)W4r��sX2c&# f úU`/W-# f b4a9%9_(z�pC^.'DúUvK_K[&W-#5c)%1c56 ý Ü�ÜPÜ
¶ ²)®.¸4Ó+®UÖ ¶ °«±I¸4Ó8±I¸ Ñ�Û ß qhæ��\�Å�{�<ï\çBQ4q¾ò)X2_KeU%9#5'læ"çBç\æB6

æ.æ¾=



ºÅ]s�s����ç4æ+½øÊl63]sX2jAZ3^.c/X2_-^4q3Ê>6¼éN63�J#5'/zBX2j�X2c&`/W(%«qh]u6¼7F6h�uX<vK_-#5c+q � 63��X<vB#*'<q�XI_ f
ú:6�
£b�6 �S°�¹I­���¬*¯.¬*³ � ��à ý àYãI¸ ¶ ­-¬yÓ*°9Ó q3eB^.aEb(j;# Ì W-#xë�� � W(%9z.W4r«a1#5e.#5a
úUvK_K[&W-#5c)%1cuúUvUc)[&#5j,6�ÿSaEbKð@#*'�é�`<X f #5jA%1`>�tb(�(aE%1c)W(#5'/c5q�æ"çBç4æ.6

ºÅ]s� Ì ç\æ+½ Êl6B]sX2jAZ3^Bc&X2_-^(q ê 6¼Ä@6.�OX2b(_ f #5'/c5q4XI_ f Êl6 � 6 Ì X2�:#5[+6Y�O�u� ê X.c�ë�_(Z(b4[
pC^.'S�d%1z.W\r ê #5e.#5atúUvK_U[)W-#+c$%1c568ý Ü�ÜPÜ¥ß�¬yÓ*°�¹.¸i®.¸§Ú�×§¬yÓ ¶ ±�Þ Ñ ±I·�Ò:Ù ¶ ¬*²/Ó q
ZYX.zB#5cd�{Q¾ïU�{ç\q3æ"çBç\æB6

ºÅ] ê ú4çBQI½ ê 6ÅÄ@6:]JWYX2^(qYéM6 ê X.��X2b-z2W�q3XI_ f 7F6¼�N6 � 6húKWYX46RÊR^2[yX2[)%1^._Hú\`/W-# f b(aE%9_-z(�
é ê ^U^.Zx�t%9Z:#5aE%9_(%E_-zRé�a1z.^.'&%E[&W(j,6{ë�_ Õs²y±"Ö+ìh±�Þ ¶ ­-¬�ß�¬yÓ*°�¹.¸ Û Ù ¶ ±I·A® ¶ °«±I¸
Ñ ±I¸<Þ<¬*²/¬*¸3Öy¬ q\ZYX.z.#+c��.V{="ï\�.VBV4q¾ò�b(%9_�æ"ç.çBQ46

ºÅ]@^.j0çBV2½ Ì W-#
é Ìd� Ä-^.')b(j Ì #5`/W(_(%9`<X2a8]@^.jAj;%E[&[/#5#.6 Ì 'yX��A` � X2_YX.zB#*j0#*_K[
úUZ:#+`5%Em-`<XI[&%1^2_L�O�(6��46 Ì #+`/W(_(%9`<X2a�'&#5Z:^.'&[+q(é Ìd� ]uq§X<eU')%9a�æ<çBçBV46

º¼�u#5c/çBçI½ �u#+c$%1z._�éRb([/^2j�X2[)%1^._hq��d%1z.W���#5')pC^.'&j0X2_-`5#GúUvUc)[&#5j;c+qPë$] ê q�
i#5_(a9^\`��

�X<v.q�

#5c)[
»>^2'&[/^2_�q � X2_(`/W-#+c$[/#5' � æ¾=¨�.�OÊ>q>åR_(%E[/# f ÿO%E_-z f ^.j,6
� �Rß���� �Pìö´>ì ó ì�Ü�Ý ¶ ¬*¸4Ó*°«±I¸4Ó ¶ ± � �Rß���Þ<±I²xàYã"Ó ¶ ¬*· à.ÒY¬yÖ*° !sÖ&® ¶ °«±I¸ q
j�XI'/cSæ"çBç.ç46

º¼��
¨çBç2½ éM6n�u#+��^._ X2_ f þ46"

X<ðF'/è5vK_-##�§6 Êd#+`5^._(m-z2b('yX2�4a1#�]@^.jAZ(b([&%E_-z(�

�WYX2[+q$
�WKvBqPX2_ f ë�j;Z(aE%1`+X2[&%9^._-cSpC^.'M�u#+c$%1z._�éRb([/^.j0X2[)%1^._�6Gë�_ í\û ¶ ­
Û8Ñ�ó�ü4ý ÜPÜ�Ü�ßx¬yÓ*°�¹.¸ Û Ù ¶ ±I·A® ¶ °«±I¸ Ñ ±I¸<Þ<¬*²/¬*¸3Öy¬ qIò�b(%E_iæ<çBçBç46

ºÅ»SéO�s�PçB�I½�»�6�»S^Bz._(%1X2[<q � 6té�b(z.b(%9_hq ê 6t�J%1X2_-`+^4qPX2_ f éM6���#5z{X2[/^U|{b-#5[+6i]@^.jAr
j8b(_(%9`<X2[)%1^._¥úKvU_K[)W-#+c$%1cDXI_ f ��
¥©Bú%
 ë�_K[/#5z.'yXI[&%1^2_¥pC^.',7tj8�:# f(f # f
úUvUc)[&#5j �u#5c)%1z2_�6�ý ÜPÜPÜÉ×(²)®.¸4Ó+®UÖ ¶ °«±I¸ qUZYX.zB#5cd�{ç¾ï4�.Q\q3æ"çBç.�46

ºÅ»>��
 ê çB=I½N�M6t»>XIò$c&�U%«q�ùl6���b([&[+q�éN6'
£b�q�X2_ f ñ86 ê %E_�6 �S°�¹I­Uµ���¬*¯.¬*³tàYã2¸ ¶ ­-¬yÓ*°9Ó)(
ý ¸ ¶ ²/±+Ú.ÙYÖ ¶ °«±I¸ ¶ ± Ñ ­U°¼Ò,®.¸§ÚNàYã¾Ó ¶ ¬*·�ß�¬yÓ*°�¹.¸ 6YÿOa9bKðJ#5'�éu`+X f #5jA%1`d�tb(�\r
a9%9c)W-#*'/c+q(�@^Bc)[&^._�q � X\6-åOú\éNq�æ"çBç{=U6

ºÅ»>7Pç{=I½ ]u6Å�l6s»S#5�:^.[�vUc�XI_ f � 6 ê 6@7tj0X.c)[�v.6¥äOZ4[&%9j0X2aF� ê úUëxé�'/`/W4%9[/#5`5[)b('yX2a
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¶ ±I·A® ¶ °«±I¸ Ñ ±I¸<Þ<¬*²/¬*¸3Öy¬ q ê ^BcdéRa}X2jA%9[&^Bc+q4]sX46YåOúUéMq§þ2b(%E_iæ<çB�{�\6

ºÅ»>�Pç{=I½ éM6.»S'&#5_(%9#5'�X2_ f ÄJ6.�21+`/W-#*b4o:6-é ê�ê ë�éOùO]s7��Ié�]@^.jAZ(a1#*[�úU#5[�^.pY]@éO�
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