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����4(�n"��.	/4(���e:��klJ1������.	��e	·�Y�j���;:��*�#�Y:�?�4(���/f ��"���>��(+-������r
S�9 �â97�!:�?�4����f ��"���>��(+-������5�S ² �èf ��"���>�����&K>'"��n��1���5�¨����è¦*1��%�3"��Y�
¨�"3� 1����������5R97¦�Lm� ² >'"�������:��;9@"��%³��q2j5Ã½�¨����´¦*1��%�3"��Y�h0'"3� 1���������g:��.µ
�'"����+-������5'� ² ���ó�$�'")4(�Y���h���|&����#�j� ��")�-	����*���%���&���'"�4(����5�� ² �9�ó�$�'"Ãµ
4(�Y���B���@&�� �#�j� ��"��.	����*�(��:�1��j����:'"��.	�����5j9@"R�!���-	5�Z9@"Ã���(�,��� :Dbc���.	���������  !

¬ r�� ¦^������1������-	�")	��(� �|f ��"���>��+-���B:��|���!:�?�4� rdr�rdrdr�rdr�rdrdrdrdrdr�rdr�rdrdrY T�
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à�é�í�à�á�äTè�é�àLÊ�ÝâÞùþ�Ë%È2Ë%ç�î3Þ/�[ñ¸�*Þ3áaí�è�é�é�îGÞ3á�è'Ê�á�Þ3æ;ý2È�Ê�Ý�ÞGáaá"è�é:ã)È4ä�äTÞGÝ�îGÞ3á � �8� � ¶.�=GLÍ>D�CP��ä�å�à�á°"\å�ÞÝÉÈä¸Èeæ;ã0àâÞZî3ëÕÞGã"ã"æ"à�Ë3Þ-ÞGá�ãKÈ2Ê�á"ÞGé:ã0Þeñ��*ÞMË3èeå�ä�Ý�ÞMËGè�ëÕäTè�á�î�í�Þ�í�è�é�é�îGÞ3á�è'Ê�á�Þ3æ;ý2È�Ê�Ý�ÞGá¨Þ8ã¨í�Þ�í�è�é�é�îGÞ3áË%È�Ë%ç�î3ÞGá Þ3á;ã:Èeä�äÏÞ3Ýâî í�è�é�é�îGÞ3áÑ� � ¶.�=GLÍ>D�CP�8ñ p àâé�á"à*ÝâÞ7Ê�å�ãí�Þ´Ë3Þ8ã�È4ÝL	�è�æ�àâã"ç�ë�Þ4ô�àâé\ã"æ"èRí�å�à ãóä¸ÈeæòÞGë�ä�á;ã0ÞGæ��7òÞ3ëÕä�á;ã0Þ3æNC>DFE2GIH�þ#"/$eÛ�Û'�¨5�ôóÞ3á;ã¾í�Þ æ�î%ÈeÝâà�á"ÞGæ÷å�é�Ë¡ÈeÝLËGå�Ýuàâã"î3æ�È4ã0àI�ÛíWúbÞGá�ã0àâë×È(ã0Þ3å�æ"áí�å û�È(ßlà�ë¡å�ë í�Þoýlæ�Èeà�á�Þ3ëÌÊ�ÝÉÈeéeËGÞoÝâè�æ"á�"\å�Þ¾ÝâÞ3áõè2Ê�á"ÞGæ�ý�È4ã0àâè�é�á�äTÞGå�ý�ÞGé\ã�
8ã0æ�Þ�Ë3è�é�á"à�í�î3æ"îGÞ3áË3èeë�ëÕÞ�í�Þ3áaí�èeé�é�î3ÞGá�à�éeËGè�ëÕä�Ý�ð8ã0Þ3á�í�åìä�æ"è'Ê�Ýâð3ëÕÞeñJ� ç¸È�"\å�Þuà ã0îGæ·È4ã"à�è�éÕí�ÞÝ=ú È4ÝL	�è�æ�àâã"ç�ë�Þ)*�ûá"Þ í�îTË3è�ëÕäÏè�á"Þ Þ3é×í�ÞGålß×îGã·ÈeäTÞGáN.

«ÎÜ ãPÈ4äTÞ í�à ã0Þuí�Þ Ý�ú7Þ3á�äTîGæ·Èeé�Ë3Þ�þ�*{ß�äÏÞ¡Ë8ãPÈ4ã"à�è�é×á�ã"Þ3ä_�aè�å×îGã·ÈeäÏÞ7*�ñ«ÎÜ ãPÈ4äTÞ í�Þ ëÑÈ(ßlà�ëÕà�á·È(ã0à�èeéLþ�û�È(ßlàâë�àâá·È4ã"à�è�éìá;ã0ÞGä_�aè�åÀîGãPÈ4äTÞÛû ñ-lå�ä�äÏè�á�è�é�á³"\åsúbàâÝÞ[ß�àâá�ã"ÞJå�é�Þ3á�ä¸È2Ë3ÞÂ¯«í�Þ3áÀí�è�é�é�î3Þ3áøþ�ý�Èeæ"àLÈ2Ê�Ý�ÞGáP�;Ë%È2Ë%ç�îGÞ3á�Èeá"á�èJËGà�îGÞ3áê å�éµÞ3á�ä¸È2Ë3Þ�Z³í�Þoí�è�é�é�î3Þ3áõà�éeËGè�ë�ä�Ý�ðGã"Þ3áGñ, KÈeæ�Þ8ßlÞ3ëÕä�Ý�Þ÷ß äTÞGå�ãª
8ã0æ�Þ¾Ý�ú7îGã·È4ãÕî3ëÕÞGã�ãPÈeé:ãÝ�ú7è'Ê�á�Þ3æ;ý2È(ã0à�èeé¥�eñ� Óè�å�æfÓ�¼�À í�èeé�é�îeôyÝâÞ~Ê�å�ã¨Þ3á�ãKÈeÝâè�æ"á�í�Þ�ëÑÈ(ßlà�ëÕà�á"ÞGæsÝÉÈóÝ�è2	��VýRæ·È4à�á"ÞGëÌÊ�ÝLÈeéeË3Þí�Þ ÝÉÈ¡í�è�é�é�îGÞÛè'Ê�á"Þ3æ;ý�È2Ê�Ý�Þ:�÷á�È2Ë%ç¸Èeé:ã��lñ� ÞGã�ã0Þ�ë×È(ßlàâë�àâá·È4ã"à�è�éÛá3ú7ÞÞÝTÞ¡ËGã"å�Þí�Þ)��È�ß3è�éÕàâã"î3æ·È(ã0àâýeÞeô�ÞGé�ä�æ"èVË3î3íeÈeé:ã ê¥Ë%ç¸È�"\å�Þ�àâã"î3æ�È4ã0àâè�éÞ3é×í�ÞGålßÀã0ÞGë�ä�á�é�è�ë�ëÕî3á�æ�Þ3á�äTÞTËGã0à ý�ÞGë�ÞGé\ã+�(�ac��Ffà� ÞGã)�(�ac��FfÂÅ�ñ
á í¸Èeé�á�Ý=úbî8ãPÈeäÏÞ:� ô:èeé�ä¸È4æ�ã�í�ÞóÝ�ú7Þ3é�á�Þ3ëÌÊ�Ý�Þóí�Þ�ä¸Èeæ·È4ë�ð8ã0æ"ÞGá-� Þ8ã�è�é�àâé:ã0æ"èRí�å�à ãZÝÉÈ���è�é�ËGã0àâè�éÈeåRß�àâÝ�àLÈeà�æ�Þ).

â ÃY�x���kãIÄÖÒ äªÃ]´#¶�·_Ãòê�Ã�Ó��°\����kã Ä+Ü�\g���'Ä
Ò þå´#¶�·_Ãòê�Ã�Ó��°\���� ã Ä��¿êKÃ�Ó±Ü�\g���2Ä��'Ó þ 4 ñ 9 �

è�lP� ã ÞGá�ãZÝ=úbÞGé�á"ÞGëÌÊ�ÝâÞ í�ÞaäeÈeæ·ÈeëÕðGã"æ"ÞGá{æ"ÞTË%ç�Þ3æÎË%ç�îeñ'��Þ æ°æ�ÝâÞÙí�ÞÙÝ�ú7Þ3á�äTîGæ·ÈeéeËGÞ?ÈäÏè�á�ã"Þ3æ�à�è�æ�àËGè�å�æ·È4é\ã"Þóí¸Èeé�á�ÝÉÈ.��èeéeËGã"à�è�éOàâé\ã"æ"èRí�å�à ã0ÞaÞGá�ãÙí�Þ�æ"îGá"è�å�í�æ"Þ�Ý�Þ�ä�æ�è'Ê�Ý�ðGë�Þ í�ÞóÝÉÈ ä�æ�î3á"ÞGéeË3Þí�Þ ÝLÈùý2È4æ"àÉÈ�Ê�Ý�Þ�Ë¡È2Ë%ç�îGÞeñÏò�Èeé�á�Ý�Þ:Ë¡Èeáóí�à�áÎË3æ�ÞGãwôrèeé�È
â ÃY�x���kã Ä,Ò mçSè å

ê�Ã�Ó��°\�Ü��'Äê�Ã]\�Ü��'Ä �à´V¶�·~ê�Ã�Ó��°\�Ü���ãIÄ
á í¸Èeé�áóÝ=úbî8ãPÈeäÏÞNÅ è�éÀá"èeå�ç¸Èeà ã0Þuí�î8ã0Þ3æ�ë�àâé�Þ3æ�Ý=úbÞGé�á"ÞGëÌÊ�ÝâÞ)��é î Â�ã0ÞGÝJ"Rå�Þ

� é î Â Ò»Í�Ï°·-Ð�Í §Ò â Ã��i��� é Ä þ 4 ñ < �
� Þ8ã"ã0Þuî8ãPÈeäÏÞuæ"î¡ÈeÝ�àâá"Þ�Ý�ú7è�ä�ã0àâë�àâá·È4ã"à�è�éËí�ÞuÝLÈ7��è�éeË8ã0àâè�érÈeålßlàâÝ�àÉÈ4à�æ"Þóî8ãPÈ2Ê�Ýâà�Þ�í¸Èeé�á�Ý=úbî8ãPÈeäÏÞ*
äeÈeæ�æ·Èeä�äTè�æ;ã�êOÝ�ú7Þ3é�á�Þ3ëÌÊ�ÝâÞuí�Þ3á�ä¸Èeæ�ÈeëÕðGã0æ�Þ3áGñ

p àâé�á"àWè�éoäÏÞ3ålã�æ�î3á�å�ë�ÞGæóÝ�ú�ÈeÝL	�èeæ"àâã"ç�ëÕÞ�í�Þ Ý=ú *�û³í¸Èeé�áóÝLÈùö¸	�å�æ�Þ7õÓàL	�ñ 4 ñI"�ñ



X_Y�X=Y��fcRiJdf`bh¿d��R]_[�if`
	��kh 9 "

Algorithme EM

Øª|��F~7�êÙ ëÞÙ ��ì){�}÷{��J��|J{�},z[í�î�ï�ð%ñ[òôó�õkö/÷!ó�ø�ù�ú�û°î�ü�îgïiýØª|��F~7�êØ ëÞØþìR~´�JI_|J�M|J{�},z[íàÿ����������
	��¾ú�û>î5ü�î ï ý

A`��?Y 4 ñ�" « p ÝL	eè�æ"à ã0ç�ëÕÞ�*�û
tu¨tu�� Ù }Rz�wJ�#�3�rz+�êÙ �Fu��,}��Lt±�-I�×.x3�
Æy��Æy��ôJ��� �¡�Õ�S���y�5���2�Ú���Õ�

�*Þ3áËëÕèlí�ð3Ý�ÞGáOí�Þoû�Èeæ�üeè6ý�Ë%È2Ë%ç�îGáLþuÿ�à�í�í�ÞGé û�Èeæ"ü4è6ý ûoèlí�Þ3Ý�áËè�å ÿ û¾ûoáP�Oá"è�é:ãÕí�ÞGáëÕèRí�ð3ÝâÞ3áùá;ãPÈ4ã"à�á;ã0à#"\å�ÞGáùä¸È4æ·ÈeëÕîGã"æ"à#"\å�ÞGá¡í�Þìä�æ"èRí�åeËGã"à�è�é í�åCá"à�	�é¸ÈeÝ=ô¨ÝLÈeæ�	eÞ3ëÕÞ3é:ã¡å�ã"à�Ýâà�á"îGáÛÞGéæ�Þ¡ËGè�é�é¸Èeàâá"á�ÈeéeË3Þ�í�ÞõÝLÈ×äeÈeæ"è�ÝâÞËÞGã¡ä�Ý�å�á ãPÈeæ�í�àâýeÞ3ëÕÞ3é:ãÛÞ3éAæ�Þ¡Ë3èeé�é¸Èeàâá"á·È4éeË3Þìí�Þ�Ý=úbîTË3æ"à ãwñk�*Þ3å�æålã0à�Ýâà�á�È4ã0àâè�éoÞGé æ�Þ¡ËGè�é�é¸Èeàâá"á�ÈeéeË3ÞËí�ÞËÝ=úbîTË3æ"à ãuá3ú7Þ8ßlä�Ýâà#"\å�ÞËí�åÅ��Èeà ãH"\å�ÞËÝ�Þ3á:ËGæ"à ã0ð3æ�Þ3á ísú�Èeä�ä�æ�Þ3éJ�ã"à�á�á·È2	�Þ÷í�ÞrË3Þ3áÕëÕèlí�ðGÝ�ÞGá¡á3ú7à�é�áÎË3æ�àâý�ÞGé:ãõí¸È4é�áËÝ�ÞªË¡Èeí�æ"ÞÀí�ÞÀÝ=ú ÈeÝ�	�è�æ�àâã0ç�ë�ÞÑ*�û ñ,�*Þ3áÕÿ ûLû×áäÏÞ3æ�ë�Þ8ã"ã"Þ3é:ãOí�ÞrË¡ÈeÝLËGå�Ý�ÞGæùÝÉÈoä�æ"è'ÊeÈ2Ê�à�Ýâàâã"îÕíWú Èeä�ä¸Èeæ�ã"Þ3é¸È4éeË3Þ÷ísú7å�é�Þª��èeæ"ëÕÞìêLå�é�ÞrËGÝÉÈeá�á"ÞìÞGé��èeéeËGã"à�è�éoí�åLí�ÞT	�æ"îÛí�Þ¡í�àâá�ã0èeæ"á"àâè�é×á"åeÊ�àÓä¸Èeæ+Ë3ÞGã�ã0Þ¦��è�æ"ëÕÞeñTò�Èeé�á+Ë3Þ8ã"ã0Þùä¸Èeæ�ã"à�Þ é�è�å�á�ÈeÝ�Ýâè�é�áí�îGãPÈ4à�Ý�ÝâÞ3æZÝLÈ ëÕèlí�î3Ý�àâá·È4ã"à�è�éNÊeÈeá"îGÞ á"å�æÙí�Þ3á ä�æ"è�ä�æ"à�î8ã0îGáÙá;ãPÈ4ã"à�á�ã"à#"\å�ÞGá í�ÞGáA��è�æ�ë�ÞGáaêÛÝ=ú È4à�í�Þóí�ÞGáÿûLûoáGñ
Æy��Æy��ôJ��Æ ���(�K�R�b�Ú���=�5h
�r�(�K�R�b�Ú���Õ��������c��¨��fÂ��fÂÅ�c����=�i¿£f�8CÌ��&�E! b�8C ° C#"ÅE2�>= � ¤ °2� �/�>�·Í>D�C °k¹ � � ° �·C¥�µCP�>D~�V�×�=� � �PCP�P�>�(���>D � ��&�E��>D � ø¡�¸C °2� �/�>�·C>D'öÒ Ø/À 6 Ü%$,Ò^���STVTUTU�'&¥ÞrE2¤2CP� ° CP�.¤�E2� � E   GLCP��E2GL¢�E2D ��� �·CP� °2� �/�>�·Í>D�CP�Ì�6GLCP�.�·¢�E2G � �¡E2D �¨� ��� ° C¦�PCP�¤�E2� � E   GLCP�+� � �¸DE>�(�¸C>GL¢PCP�7¢>D6E2Db���/�~¤2¢>� � ²AE2�¸D~GIE¦�=� � �=� � ¢>D�¢ ° C#"¿E2�>= � ¤;«
ÐÑÃ�À 6 Ò)( n * Ü/À 6 Á¸Â Ò+( n *-,/. �S_a_a_y��À Â Ò ( n . Ä,Ò ÐÑÃ�À 6 Ò0( n * ÜÚÀ 6 Á¸Â Ò)( n *1,!. �À_a_a_J��À 6 Á W¦Ò)( n *-,%2 Äº�$F¼�ù����3&!ý þ 4 ñ�&(�
�54�â ÒëØ�( Â �STUTVTU�6(ÞWüÞ��·C��=�·¢P�/C>�¸D�C:G ¹ C>���/C>¶   GLC ° CP�N¢>D¨E2D��¡H

ò�È4é�áóÝÉÈOá"å�à ã0Þuè�é×ésú7å�ã0àâÝ�àâá"ÞË"\å�Þ Ý�ÞGá)Ë%ç¸È��}é�Þ3áóí�ÞÛû�Èeæ�üeè6ýÀísú7è�æ"í�æ�Þ;"�ñ
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�r�(���k���/���=����78����c9�¨��fàh>�ac��Ú���=�R��c¸�]��f£f�8CN��&�E! b�8C ° C:"ÅE2��= � ¤ °k¹ � � ° �·C¥�V��CP�>D,�>D¨E2D �¨� �¸�=E � �PC.� � � � �J�¥D � �JDAD)C>DF= � �¿Er«

Ð×ÃbÀ 6 Ò)( n Ü/À 6 Á¸Â Ò)(>(TÄMÒ�ÐÑÃ�À 6 î é Ò+( n Ü/À 6 î éTÁ¸Â Ò+(°(¡Ä þ 4 ñ Û'�
ò�Èeé�á¥ËGÞNË%ÈeáGôWè�éïí�î8öré�àâã å�é�ÞOëÑÈ4ã0æ�àLË3ÞÛí�ÞOä�æ�è'Ê¸È2Ê�àâÝ�à ã0î í�Þùã0æ�Èeé�á�àâã0àâè�é p<; Ãòú n (>Ä�ã0ÞGÝ�ÝâÞ"\å�Þj. ú n (?Ò�ÐÑÃ�À 6 Ò+(°(´Ü/À 6 Á¸Â Ò)( n Ä

êOå�é×à�é�á;ãPÈeé:ãóí�è�é�é�îÛíWúbå�é×ä�æ�èJËGÞ3á"á�å�áD"Rå�Þ3ÝLËGè�é�"\å�Þ4ñ
�r�(���k���/���=���_� «£f�±¶ �¡° Í>GLC ° C#"ÅE2�>= � ¤ª��EV��&¸¢Ñ�>=?"@"Ñ��CP�>DF�V�8CN��&�E! b�8C ° CA"¿E2�>= � ¤×��EV��&¸¢PC:�>D¨E2D �¨� �¸�=E � �·C�54 G ¹ �2  �/C>�>¤�E2D �¨� �±CP�>D~�V�8C,§ � �8�>D �¨� �Ñ�=� �2  E  ¡� G � �>D�C ° C¥G ¹ ¢>D¨E2DH

�fÈËö¸	eå�æ"Þ¥õ{à�	�ñ 4 ñ 4 æ�Þ3ä�æ�î3á�Þ3é:ã0ÞÛÝ�Þuá�Ë%ç�î3ëÑÈÕísú7å�éoÿ ûLûøñ

 1  2  T

T 21

x  état caché

O observation

O

X

O

X

O

X

A`��?Y 4 ñ 4 « ûoèRí�ð3ÝâÞuí�ÞÛû�Èeæ"ü4è6ý��È2Ë%ç�îBþfi�2c��5Cy��f � «DfCN¶ �¡° Í>GLC7�·¢P�>�JG D¨E2�¸D.CP�>D�V���=� � �PCP�P�>�(� °V� �   GLC>¶×C>�¸D~�>D � ��&�E��>D � ø¡�¸C �54 GIE�� � ¶.� � �¡E2�¸D�CÌ�·C>³GIE2D � ¤2C;ã�GIEr�>� � D�C °k¹ ¢>D6E2Db�ÑCP�>D.��EV��&¸¢PC¡H)Ï�±� � D�C>�ÎE´��E2�FE Ò8G Â GËQSTUTVTHG?I GIE×�>� � D�C °k¹ �2  �/C>�ó³¤�E2D �¨� ���ÌC>Df��E2�:JðÒ+( Â (ÀQaTUTVTK(LI�GIE��>� � D�C °k¹ ¢>D¨E2Db���Î��EV��&¸¢P���
Æy��ÆJ��ôy��á Å �J���x�]fà��fÂÅ�c����_�x¿���c0�5�k�

��éoÿ ûLû«í�àâá�Ë3æ�ÞGã�í�å×ä�æ"ÞGë�àâÞ3æ�è�æ�í�æ"ÞuÞGá�ã�í�îGö�é�à*ä¸ÈeæN.
« U�îGã·È4ã0á æ�Þ3ä�æ�î3á"ÞGé:ã0î3áÛä¸Èeæ â Ò Ø�( Â �'(ÀQS�STUTUTV�6( 3 Þ\ñkQ éïæ·È4ä�äTÞGÝ�ÝâÞ/"Rå�ÞÕÝ=úbèeéøí�î3á"à�	�é�ÞËå�éî8ãPÈ4ã!ÈeåÀã0ÞGë�ä�áaã�äeÈeæM( 6 ¼ â ñ
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« û áÎ�RëÌÊÏè�ÝâÞ3áùè2Ê�á"ÞGæ�ý�îGáOí¸Èeé�á7Ë%ç¸È�"\å�Þìî8ãPÈ4ãON Ò Ø5P Â �QPkQS�STUTVTU�QP É Þ\ñKQ é í�îGá"àL	eé�Þõå�é�Þè'Ê�á�Þ3æ�ý�È4ã"à�è�é�ÈeåÀã0ÞGë�ä�áóãóäeÈeæRG 6 ¼SN�ñ
« �fÈÕëÑÈ4ã0æ�àLËGÞ í�Þ ä�æ"è2Ê¸È2Ê�àâÝ�àâã"îí�Þuã"æ·Èeé�á�àâã"à�è�é÷ÞGé\ã"æ"Þ Ý�ÞGáóîGãPÈ(ã0áRTnÒ÷Ãòú n (TÄ ÂVU n W ( U 3 ÈwýeÞ¡Ë

XYYYYZ YYYY[
ú n ()Ò ÐÑÃ�À 6 Ò+(>(7Ü/À 6 Á¸Â Ò0( n Ä º]\�� * ¼�ù ���Q^�ýú n (:_ º
3m ( o Â ú

n (Ò�� º]\,¼�ù ���Q^�ý
« �fÈ ëÑÈ4ã"æ"àLËGÞ»®Ò÷ÃòûÖ(�Ãa`eÄÎÄÓí�Þóä�æ�è'Ê¸È2Ê�àâÝ�à ã0î�ísúbè2Ê�á"ÞGæ�ý�È4ã0àâè�éËí�Þ3áZá#�RëÌÊTèeÝ�Þ3áZíeÈeé�á,Ë%ç¸È2ËGå�éí�Þ3áÓîGã·È4ã0á¨í�åùëÕèRí�ð3ÝâÞeô/ûÖ(�Ãa`eÄ*Þ3á;ã{ÝLÈ�ä�æ�è'Ê¸È2Ê�à�Ý�à ã0î�"\å�Þ�Ý�ú7è�é è'Ê�á�Þ3æ�ýeÞaÝ�Þ�á#�lë´ÊTè�ÝâÞbP é ÈeÝâè�æ"á"\å�ÞÛÝâÞuë�èRí�ðGÝ�Þ á�Þ ã"æ"è�ålý�Þ í¸Èeé�áóÝ�ú7îGã·È4ãK�Ë.

ûÖ(�Ãa`eÄ,Ò ÐÑÃ>P é Ü/À 6 Ò0(>(TÄ Èwý�ÞTË `r¼ ù�����©ný ÞGã * ¼�ù ���Q^�ý
òÞ ä�Ý�å�á�èeé�È

ûÖ(�Ãa`eÄ
c º Ém
é o Â ûÖ(2Ã>`eÄ,Ò^� º * ¼�ù ���Q^�ý

« *Zé�á"ÞGëÌÊ�Ý�ÞN¢øí�Þ í�Þ3é�á"àâã"î í�Þ ä�æ"è'ÊeÈ2Ê�à�Ýâàâã"îà�é�àâã0àLÈeÝ�Þ?dnÒ÷Ã]¢ n Ä n o Â WfefefefW 3
XYYYYZ YYYY[
¢ n Ò�ÐÑÃ�ÀhgAÒ)( n Ä º]\A¼ ù����6^�ý¢ n c º3m n
o Â ¢

n Ò^�
 RÈeæ�á"à�ëÕä�Ýâàâö¸Ë¡È4ã0àâè�é¡ô6è�é í�î3á�àL	�é�ÞÙå�éÛÿ û¾û ä¸Èeæ�ÝâÞ�ã"æ"àâä�Ý�Þ8ã�irÒ÷Ã�T)�P»8�Qd.Ä8ñ/�*ÞGák��è�é�ËGã0àâè�éJ�éeÈeÝ�à ã0î3á�ísú7å�éJÿûLû á"è�é:ãuÝâÞ3á�îGý�ÈeÝ�åeÈ4ã0àâè�é�á�í�ÞùÝLÈ�ä�æ�è'Ê¸È2Ê�àâÝ�à ã0î ísú7î3ëÕà�á"á�à�è�éoísú7å�é�Þ¡á�îÀ"\å�Þ3é�Ë3ÞíWúbè'Ê�á"Þ3æ;ý�È4ã0àâè�é�á�Q¡ô{Ý=ú Èeä�ä�æ"ÞGé\ã"à�á�á·È2	�ÞÀêLäeÈeæ�ã"à�æ¡ísú7å�é Þ3é�á"Þ3ë´Ê�Ý�Þ÷ísú7î¡Ë%çeÈeé:ã0à�ÝâÝ�è�é�áÀþè'Ê�á�Þ3æ�ý�È��ã"à�è�é�áP�ÙÞ8ã�ÝLÈOæ"Þ¡ËGè�é�é¸È4à�á"á�ÈeéeËGÞ íWúbå�é�ÞÛá�å�àâã"Þuísúbè2Ê�á"ÞGæ�ý�È4ã0àâè�é�áGñ

Æy��Æy��ôJ� è j�dJ�Ffih���fSk�ÅÇÅÇh
�*Þ3áóä�æ�à�éeËGà�ä¸È4ålßìã��RäÏÞ3áóí�Þ ë�èRí�ðGÝ�Þ3á�í�Þùû�Èeæ"ü4èyýªË%È2Ë%ç�îGá�á�è�é:ã�Ý�ÞuëÕèlí�ðGÝ�Þ C>�òæ �¡°2� ø¡�¸C ÞGãÝâÞuë�èRí�ðGÝ�Þ½æ(E2�¸��&¸C>³ ° � ��� D�C8ñl ���J���i�Yf{f��k�=�y�R��Cy��f Ë4úbÞGá�ãOå�é ë�èRí�ð3ÝâÞËá·Èeé�á´Ë3è�é:ã0æ�Èeà�é:ã"Þ3áùè�l ã0è�ålã0Þ3áÛÝ�ÞGáÛã0æ�Èeé�á�àâã0àâè�é�áísú7å�é¾î8ãPÈ4ã�ýeÞ3æ"á�Ý�ú�Èeå�ã"æ"Þuá�è�é:ã�äÏè�á�á"àLÊ�Ý�Þ3á þ�õ{àL	�ñ 4 ñ W �ÙàâÞeñ¸ú n (?m!º º�Ã�\°� * Ä¼�ù ���Q^�ý�ñ
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Ergodique

4 3

21

A`��?Y 4 ñ W « ûoèRí�ð3ÝâÞ ÞGæ�	�èRí�àV"Rå�Þ
l ���y���i�]f1��c0���/��fon����Ú�Õ�b�af Ëeú7Þ3á�ã{å�é¡ëÕèlí�ð3Ý�Þ,ËGè�é:ã0Þ3éeÈeé:ã-í�ÞGá�Ë3è�é:ã"æ·Èeàâé\ã"Þ3á¨á"å�æÓí�Þ3á¨ã0æ�Èeé�á"à �ã"à�è�é�áGô�Ëó��È��VísñâôRà�ÝTäTÞGå�ã?�×È6ýeè�à�æ í�Þ3á�àâé\ã"Þ3æ�í�àLË8ã0à�èeé�á í�Þ:ËGÞ3æ;ãPÈeàâé�Þ3áaã"æ·Èeé�á�àâã"à�è�é�áGñlÜ�ÝWÞ8ßlà�á;ã0Þí�ÞGålß�á�è�å�á��Vã��RäTÞGá÷í�Þ�ËGÞJë�èRí�ð3ÝâÞ½.ÙÝ�Þoë�èRí�ð3ÝâÞoäeÈeæ·ÈeÝâÝ�ðGÝ�ÞÀÞGã÷ÝâÞ¾ëÕèlí�ð3Ý�Þoá"îÞ"Rå�Þ3é:ã0àâÞ3Ýþ�õ{àL	�ñ 4 ñ 9 �8ñ

Parallèle

Séquentiel

2 

3 

4 

5 

6
1    

1    2 3 4 

A`��?Y 4 ñ 9 « ûoèlí�ð3Ý�ÞGá)	(ÈeåeË%ç�Þó��í�æ�è�àâã"Þ
Q é×æ"Þ3ëÑÈeæ�"Rå�Þ["\å�Þ ÝÉÈNËGè�é�é¸Èeàâá"á�ÈeéeË3Þ í�ÞN¢ ÞGá�ã�ä�æ�à�ëÕè�æ"í�àLÈeÝ�Þ�äTèeå�æóÝ�Þ:Ë%ç�è�à�ß×í�Þ Ý�ú7îGã·È4ãí�Þ�í�î3äeÈeæ�ãùÞGãP"\å�ÞõÝ�ÞÕë�èRí�ð3ÝâÞÑ	'ÈeåeË%ç�Þó��í�æ�è�àâã"ÞÑËGè�å�ýRæ"ÞìÝLÈoä�Ýâå�ä¸Èeæ;ãùí�Þ3áÌÈ4ä�ä�Ý�à�Ë%È4ã"à�è�é�áË¡ÈeæÙíeÈeé�á~Ë3Þ!Ë%Èeá�è�éõí�à�ëÕà�é\å�Þ�Ý�Þ)Ë¡ÈeÝLËGå�Ý í�Þ3á~Ë3èRÞTS�Ë3àâÞ3é:ã0áÙí�Þ�ÝÉÈ ë×È4ã"æ"à�Ë3Þ�í�Þóã0æ�Èeé�á"à ã0àâè�éêOÞ3á;ã0àâë�ÞGæ þ�ëÕè�à�é�á í�Þ ä¸Èeæ·È4ë�ð8ã0æ"ÞGá�êËÞGá�ã"à�ëÕÞ3æ�í¸Èeé�á�ÝLÈ¡ä¸Èeæ;ã0à�Þuí�Þ Ý=ú È4ä�ä�æ"ÞGé:ã0à�á�á·È2	eÞ/�8ñ



X_Y�X=Y��fcRiJdf`bh¿d��R]_[�if`
	��kh 9(<
Æy��Æy��ôJ��ô p�¿�c0�Y��c��Ú���Õ����fà�Ycv������Á�c�ÁR�������%���-� ��Á�hÀf��a¿�cJ�Ú���=�

-lèeà�Þ3é:ãOGÔÒqP Â P�QaTUTVTHPrI�å�é�Þìá�å�àâã"Þõísú7è'Ê�á�Þ3æ�ý�È4ã"à�è�é�áùÞGã â Òs( Â (ÞQSTVTUTK(LI ÝÉÈ×á"å�à ã0ÞõíWúbî8ãPÈ4ã"áÈ4á"á"èVË3àâî3Þ4ñ�fÈËä�æ"è2Ê¸È2Ê�àâÝ�àâã"îuísú7è'Ê�á"ÞGæ�ý�È4ã"à�è�éoí�ÞNQ¡ô îGã·Èeé:ã í�è�é�é�îÛÝâÞÛëÕèRí�ð3ÝâÞ�i þ�è�å�ËGÝÉÈeá�á"Þ/�[ôTÞGá�ãî¡	(ÈeÝâÞ êÝLÈÕá�è�ëÕë�Þ á"å�æ�ã0è�å�á�ÝâÞ3á.Ë%ç�Þ3ëÕà�é�á�ísúbî8ãPÈ4ã"áäÏè�á"á�àLÊ�ÝâÞ3áut í�Þ3áä�æ"è'ÊeÈ2Ê�à�Ýâàâã"î3á?Ë3èeé���è�à�é:ã"Þ3áí�ÞNQÞ8ã?t .
Ð×Ã�GöÜ/iÕÄÖÒ mwv ÐÑÃ>Gj� â Ü!i=Ä

Ò m v ÐÑÃ>GçÜ â �xi=Ä���Ð×Ã â Ü/iÕÄ
Ò my . W y>z efefe y�{ ¢ y . û y . Ã�P Â Ä���ú y . y>z �Åû y>z Ã�P�Q>Ä��½TVTUT ú y { ,!. y { û y { Ã�P%I8Ä þ 4 ñ 0(�

� ÞGáNË%ÈeÝ�Ë3å�ÝâáÀþ�ËGàI��í�Þ3á"á�å�áP�ùá�è�é:ãOã0æ�è�ä Ë3èo|lã0Þ3åRß þË¡5&?^ I è�äÏî3æ�È4ã0àâè�é�á·�8ñ���é�Þ÷îGý�ÈeÝâå¸È4ã"à�è�éèeä�ã0àâë×ÈeÝâÞ í�Þ!Ë3Þ8ã"ã"Þä�æ�è'Ê¸È2Ê�àâÝ�à ã0îaÞGá�ãÙè'Ê�ã0ÞGé\å�Þê Ý�ú�Èeà�í�Þaí�Þ�Ý�ú�ÈeÝL	�èeæ"àâã"ç�ëÕÞ~} � �>ï~E2� ° ³ E+EV��=�ï~E2� °í�Þr�Èeå�ëN��� Þ3Ý�Ë%ç �K�+È2Ê�à�é�ÞGæ6þ#"%$'0'0(�¨5É�)"\å�àaäÏÞ3æ"ëÕÞGã¡í�ÞªË%È4ÝLË3å�Ý�Þ3æ´Ð×Ã�G Ü�i=ÄÛí�ÞìëÑÈeé�àâð3æ�ÞõÞT�É�öeË%È2ËGÞeñ,-lÞGå�Ý�Þ�ÝÉÈ¾äeÈeæ�ã"à�ÞÑ��èeæ3�FÈeæ"íCí�Þ×Ë3ÞGã�È4ÝL	�è�æ�àâã"ç�ë�ÞËÞGá�ãOé�îTË3ÞGá"á·È4à�æ"Þ÷äÏè�å�æ´Ë3ÞªË¡ÈeÝLËGå�Ý�ñR�fÈäeÈeæ�ã"à�Þ�Ê¸È�Ë%ü��FÈeæ�íLÞ3á;ã�é�î¡Ë3ÞGá"á�Èeà�æ�ÞÛäÏè�å�æ�ÝLÈ¡ä�ç¸Èeá�ÞÛísú7è�ä�ã"à�ëÕà�á�È4ã0àâè�éõí�ÞGáóë�èRí�ð3ÝâÞ3áGñ
Æy��Æy��ôJ�V� �1c����e���FÐÑÃ>GçÜ!i=Äu�2�Ö��c¸�Y��f���f��6�=�5�2�Ú���=�5h��3���%�Pc�����n>bPc0�5�]�Pc����

ò�È4é�á)Ë3ÞGã�ã0Þ7Èeä�ä�æ�èJË%ç�ÞeôrÝ�ú7è'Ê�á�Þ3æ;ý2È(ã0à�èeé÷äTÞGå�ã�á"Þ:��Èeà�æ�ÞuÞ3é×í�Þ3åRßÀã0Þ3ëÕä�áH.� îGë�àâá"á"àâè�éOí�åÕí�î¡Ê�å�ã�í�ÞóÝ�ú7è'Ê�á"ÞGæ�ý�È4ã"à�è�é�G×Ã��#�o$ÎÄ{Þ3éÑÈ2ÊÏè�å�ã"à�á"á�Èeé:ã�êuÝ�ú7îGãPÈ(ã�( n ÈeåËã0ÞGë�ä�áã� îGë�àâá"á"àâè�éìí�ÞuÝLÈÛöré÷í�ÞuÝ=úbè2Ê�á"ÞGæ�ý�È4ã0àâè�é�G×Ã�$������!&.ÄÙá·È�Ë%ç¸Èeé:ãD"Rå�ÞuÝ�ú7è�éìä¸Èeæ;ã�í�ÞuÝ=úbî8ãPÈ4ã( n êËÝ�ú7à�é�á;ãPÈeé:ãaãp à�é�á�àsÝ�ú7îGý�ÈeÝâå¸È4ã0àâè�éìí�Þ Ý=úbè'Ê�á"Þ3æ;ý�È4ã0àâè�é÷Þ3á;ãí�èeé�é�î3Þ ä¸È4æ
ÐÑÃ>GçÜ!i=ÄMÒ m y���� Ã�$ �6(

n Ä����FÃ�$ �6( n Ä þ 4 ñ $(�
è�l

« � Ã�$ �6(
n Ä¨Þ3á;ãZÝÉÈóä�æ�è'Ê¸È2Ê�àâÝ�à ã0îZísú7î3ëÕÞGã�ã0æ"ÞÙÝ�ÞÙí�î¡Ê�ålã�GªÃÖ�A�!$ÎÄ¨Þ8ã-ísú�È2ÊÏè�å�ã0àâæ{ê~( n êÝ�ú7à�é�á;ãPÈeé:ããwñ

« �AÃ�$ �6( n Ä�ÞGá�ã�ÝLÈÛä�æ�è'Ê¸È2Ê�à�Ý�à ã0îóísú7î3ëÕÞGã�ã0æ"ÞÝÉÈ ö�é�GªÃ�$��{�F�o&.ÄZá·È2Ë%ç¸È4é\ã:"\å�ÞÝ�ú7è�éõä¸È4æ�ãaí�Þ( n êËÝ�ú7à�é�á;ãPÈeé:ãaã3ñò�È4é�áóÝÉÈOá"å�à ã0Þuè�é×é�èeã"Þ � Ã�$ �6(
n Ä�äeÈeæH.

� Ã�$ �6(
n ÄP354�6Ò¥Ò � 6 Ã�\�Ä,ÒnÐ×Ã�P Â PkQ�_a_a_6P 6 �6( 6 Ò+\?Ü/i=Ä
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�)c0���e��� ��f �

� 6 Ã�\6Ä Þ3á�ã!Ë¡ÈeÝLËGå�Ý�îGÞuí�ÞÛëÑÈeé�àâð3æ�Þ æ"îTË3å�æ�á"àâýeÞ�."�ñ�Ü�é�àâã0àLÈeÝ�àâá·È4ã"à�è�é�.
� Â Ã�\�Ä,ÒÎ¢

n �Åû n Ã�P Â Ä �A��\��)^
4 ñR�óî¡ËGå�æ"á�à�è�é¾.

� 6 Ã�\6Ä,Ò�� 3m ( o Â � 6 Á¸Â Ã * Ä��Åúk(
n�� û n Ã>P 6 Ä �F��\��0^ $,Òµ¡x�S_a_a_3&

W ñM�¨Þ3æ�ë�àâé¸Èeàâá"è�éÂ.
Ð×Ã�GçÜ!iÕÄMÒ 3m n

o Â � IKÃ�\6Ä�)c0���e��� ��f��
�AÃ�$ �6( n Ä 3�4 6Ò � 6 Ã�\�Ä,Ò�ÐÑÃ>P 6 î Â P 6 î Q�_a_a_'P%IµÜ5( 6 Ò)\°�xi=Ä

ÝâÞ3áM� 6 �6� 6 î Â á"è�é:ã!Ë%È4ÝLË3å�Ý�î3á�í�Þ ëÑÈeé�àâð3æ�Þuà�é�í�å�ËGã0à ý�Þ/."�ñ�Ü�é�àâã0àLÈeÝ�àâá·È4ã"à�è�é�. ��IKÃ�\6Ä~ÒÇ� �A�0\��)^
4 ñ�Ü�é�í�åeËGã"à�è�é¾.

� 6 Ã�\6Ä,Ò 3m ( o Â ú
n (Ë��ûÖ(�Ã>P 6 î Â Ä���� 6 î Â Ã * Ä &�!�Ac�$
c���� ����\b�0^

Bþfi�2c��5Cy��fÅÆð«
l DfC¿��E2GL�>�JG ° C � �/C¦§TE � D;E2¤2CP��DÑ�>� ��� �P�¡E2�¸D7D6E2� °2� ��ø¡�¸C�GLC±��E2GL�>�VG ° C��ð�/C¦§TE � DNE2¤2CP��D° ¢P�>� ��� �P�¡E2�¸Db� ° C�=G �(�¦GLCÌ��E2GL�>�JG ° C´�PCP�?��E2��E2¶×Í>D��·CP�ÌCP�>D ° C¦G ¹ � � ° �PCR^ Q &´Hl DfC;�=G �ü��� � �V¤2C>�¸D � � �VD � G � �/C�GLCP� ° C>�2ß���E��;��E2�óD � �>�VG � C>�·�µ�6D� ¢¡>� � �â�6D�  £e� �PC�ø¡� �°V� �¸�8C7« ÐÑÃ>GöÜ/i=Ä~Ò m y��@� IKÃ�\�Ä,Ò m y>� ¢

n � Â Ã�\�Ä
H
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	��kh 9 Û
Æy��Æy��ôJ�  ¤þ�5���kfJ�=�Ú��hÀhÀc���fàÅÇÆ-�

Ü�Ý�Þ8ßlàâá�ã0Þ í�àUÝWîGæ"Þ3é:ã"á+ËGæ"àâã"ð3æ�Þ3á�ísúbÞGá�ã"à�ëÑÈ4ã0àâè�éÀÞ3é�È4ä�ä�æ"ÞGé:ã0à�á�á·È2	eÞeô ÝÉÈOä�Ýâå�ä¸Èeæ;ã�íWúbÞGé\ã"æ"ÞÛÞ3ålßá�è�é:ã+Èeä�ä�ÝâàLË%È�Ê�Ý�ÞGá)Èeålß×ÿûLûoá3ñÕ�*Þ¥Ë3æ"à ã0ðGæ"ÞÛû��f*µÞ3á;ãÝâÞuä�Ý�å�áóå�ã"à�Ýâà�á"î4ñe�*Þ¦Ê�å�ã�í�Þ Ý�ú�Èeä�ä�æ�Þ3éJ�ã"à�á�á·È2	�Þ¡û��f* ÞGá�ã í�Þ¡í�îGã0ÞGæ"ëÕà�é�ÞGæ Ý�ÞGá ä¸Èeæ�ÈeëÕðGã0æ�Þ3á¡þ p ô��ô¥d.��"\å�à{ëÑÈ(ßlà�ëÕà�á�Þ3é:ã ÝâÞùä�æ�èlí�å�àâã¦¨§é o Â Ð×Ã�G)éÌÜoiÕÄ[ôrè�l×Ý�Þ3á7Ã�G)é¡Ä é o Â W § á�è�é:ãÝâÞ3áóá"îÞ"Rå�Þ3éeËGÞ3á ísú7è'Ê�á�Þ3æ;ý2È(ã0à�èeé�á�í�Þ3á�î¡Ë%ç¸Èeé:ã"à�Ý�Ýâè�é�áíWú Èeä�ä�æ"ÞGé\ã"à�á�á·È2	�Þ4ñ� ÞGÝÉÈ.ËGæ"îGÞ�å�éOä�æ"è2Ê�Ý�ðGë�ÞÙÝ�à�î ê Ý�ú�È2Ê�á�Þ3éeËGÞaí�Þ?Ë3æ�àâã"ð3æ"Þ ísúbèeä�ã0àâë�àâá·È4ã"à�è�é¦	�Ý�è2Ê¸ÈeÝ�Þ�Þ8ã�í�ÞaëÕîGã0ç�èlí�Þí�à�æ"ÞTËGã"Þeñ(�*Þ3á�á�è�Ý�å�ã"à�è�é�á-å�ã0àâÝ�àâá"î3ÞGáZé�Þ�ä�æ�î3á"ÞGé:ã0Þ3é:ã "Rå�Þ�í�Þ3á�è�ä�ã0àâë�àâá·È4ã"à�è�é�áÓÝâèJË¡ÈeÝ�ÞGá3ñ'�Zú7à�í�îGÞ�Þ3á;ãí�è�éeË×ísúbålã0à�Ýâà�á�Þ3æ¡Ý=ú ÈeÝ�	�è�æ�àâã0ç�ë�Þ�í�Þ��FÈeå�ëN��� Þ3ÝLË%çIþÎ�B�Èeå�ë±ÞGã+-lÞGÝ�ÝVþ#"/$'&20(�¨5�ô!�B�Èeå�ë¾þ#"/$�Û 4 �¨5b�ÊeÈeá"îïá"å�æ×ÝâÞLã0ç�îGè�æ"ðGë�Þïí�Þ±�È4å�ë;�a� ÞGÝLË%çÂþÎ��-�Èeèeé�þ#"/$2$eÛ'�65b�þ"\å�à:	(Èeæ�Èeé:ã0à ãÀÝ�ú�È4ã"ã"Þ3à�é:ã"ÞLísú7å�éëÑÈ(ßlà�ëùå�ë«Ý�èVË%ÈeÝ�í�ÞõÝÉÈ���èeéeËGã"à�è�é í�ÞõýRæ·Èeàâá"ÞGëÌÊ�ÝÉÈ4éeË3Þ�ä¸Èeæ¡æ�î>��ÞGá�ã"à�ëÑÈ4ã0àâè�é í�Þ3á¡ä¸È4æ·ÈeëÕðGã"æ"Þ3áþ p ô���ÞGã?d���êOä¸Èeæ;ã0à�æ ísúbå�éoëÕèlí�ð3Ý�Þuàâé�àâã"àÉÈeÝ=ñQ éÀé�èeã"Þq.
« Ð[é�354 6Ò ÐÑÃ>G)é;Ü�i=Ä�ÝLÈÕä�æ"è'Ê¸È�Ê�à�Ýâàâã0îuíWúbîGë�àâá"á"àâè�é×í�ÞùÝ=úbîTË%ç¸Èeé:ã0àâÝ�Ý�èeé©G[é�þÑ"\å�à¨äTÞGå�ã.
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 Óè�å�æ�ã"Þ3á;ã0Þ3æ�Ý�ÞGá,ÈeÝL	eè�æ"à ã0ç�ëÕÞ3á{ÿ ûLûoá�ÞGã�ÝâÞ3á�ÿûLûoá~Ë3è�å�ä�Ý�î3á�ä�æ�î3á�Þ3é:ã0îGá ä�Ýâå�áZÝ�è�àâésôeé�è�å�áí�Þ8ý�è�é�á í�àâá"äÏè�á"ÞGæuí�ÞNÊ¸Èeá�Þ3á í�ÞOí�èeé�é�î3ÞGá æ"Þ3ä�æ"î3á�Þ3é:ãPÈ4é\ã ÝâÞ3áuè'ÊV��Þ8ã0á êìî8ã0å�í�àâÞ3æGñ3U�è�å�á¥È6ýeè�é�áå�ã"à�Ý�àâá"îZå�é�ÞAÊ¸È4á"ÞFËGè�é:ã0ÞGé¸Èeé:ã-í�ÞGáKË¡Èeæ·È2Ë8ã0ðGæ"Þ3á¨à�ëÕä�æ�à�ëÕî3á*ÞGãÓå�é�Þ~Ê¸Èeá�Þ í�Þ~Ë%ç�àUÝWæ�Þ3á¨ë×Èeé\å�áÎË3æ�àâã0áGñU�è4ã0æ"ÞÛè'ÊV��ÞTËGã0àI��Þ3á;ãuí�ÞùëÕà�ÞGålßoæ"ÞTË3è�é�éeÈ���ã"æ"Þ Ý�Þ3á+Ë%Èeæ�È2ËGã"ð3æ�Þ3á àâá"è�Ýâî3áèeåLÝ�ÞGá.Ë%ç�àUÝWæ�Þ3áä�æ"î3á�Þ3é:ã0áí¸Èeé�á�í�Þ3á�à�ëÑÈ2	�Þ3áGñ
tuYÓ!u#v ò�ó Ø�z��-�#{��i× w }RIºô�}÷�3zA|öõ�}÷�Ñ�,�âw ��|J��÷��,�J�

U�è�å�áaí�à�á�äTèeá"è�é�áÙí�ÞÝLÈ7Ê¸È4á"Þí�Þ í�è�é�é�î3Þ3á
ø�ù �����g����hr� �r�J�e���2fV�Õ���À�2c`�gf��?c��ScúnÁ�c0hÀf¿� p á"ü\àâÝ�á"æ�å�í C>DE2GIH�þ�"/$'$ W ��5J"\å�àfËGè�ë�äÏè�æ;ã0ÞP.l í�ÞGá÷ä¸È2	�ÞGá÷í�ÞLæ"Þ8ýRå�Þ3áÀí�îT	�æ·Èeí�î3Þ3á÷äeÈeæìä�ç�è4ã0èVË3è�ä�àâÞ3áìá�åeË¡ËGÞ3á�á"àâýeÞ3áGñ�� ÞGá÷ä¸È2	�ÞGá÷á"è�é:ãàâé�í�Þ8ßlîGÞ3á-í�ÞÙá"è�æ;ã0Þ%"RåWúbàâÝlÞGá�ãZäÏè�á"á�àLÊ�ÝâÞÙí�Þ æ"ÞTË3è�é�é¸È���ã"æ"Þ�Ý�ÞAË%Èeæ�È2ËGã"ð3æ"ÞÙè�å¡ÝâÞÙëÕèeãÓä�æ"îGá"Þ3é:ãêOå�é×Þ3ëÕä�ÝÉÈ�Ë3Þ3ëÕÞ3é:ãóí�èeé�é�î í�Þ Ý�ú7à�ëÑÈ2	�Þ�ÞGã�à�é:ý�ÞGæ"á�Þ3ëÕÞ3é:ãwñl í�ÞGá�ä¸È2	�ÞGáaí�Þ�Ë¡Èeæ·È2Ë8ã0ðGæ"Þ3á�àâá"è�Ýâî3áÙí�î¡	�æ�Èeí�îGá)Èeæ�ã"àâö¸ËGà�Þ3ÝâÝ�ÞGë�ÞGé\ã�ä¸È4æ Ý�Þë�èRí�ð3ÝâÞ�í�Þ:�Èeàâæ"í�B�Èeàâæ"í�þ�"/$'$ W �¨5sþòÈeä�äTÞGÝ�îAÈeå�á"á�à�b/Æ~���2�û7=�8ñ��ú7Þ3á;ãZÝÉÈ�ä¸Èeæ;ã0à�ÞÑ"\å�Þ é�è�å�á{ålã0à�Ýâà�á�Þ3æ"èeé�áÓíeÈeé�áÝLÈ¡á"å�à ã0ÞËñ� ÞGã�ã0Þ�ä¸Èeæ;ã0à�Þ�í�Þ�ÝLÈ:Ê¸Èeá"Þóá�Þ+ËGè�ë�äÏè�á�Þ�í�Þ!$ 9 á#�RëÌÊTèeÝ�Þ3áR. p �¿ü{ô(ÈÚ�Výeô(Ë¡Èeæ·È�ËGã0ðGæ"ÞGáÙá�äTîTË3àÉÈ4ålßËí�åË3èRí�Þ p -e� Ü"Ü%ôsÞ8ãuÝ�ÞGá à�ëÑÈ2	�ÞGáá�è�é:ã Þ3éÅ��è�æ"ëÑÈ4ã?��Ü�õ�õ ñ*ò�ÞOä�Ý�å�áÞ3Ý�ÝâÞùé�ÞNËGè�ëÕäTè�æ;ã0Þ)"Rå�ÞOí�Þ3áË%È4æ·È2Ë8ã0ð3æ�Þ3áaíWúbå�é�Þ á"ÞGå�Ý�Þ�äTè�ÝâàLËGÞùþò� è�ëÕä�å�ã0ÞGæ�ûoèRí�ÞGæ"é��óè�ëÑÈeé_�8ñü*Zéìæ�ÞGý�ÈeéeË%ç�Þeô�è�é��Ëã0æ"èeå�ý�Þä�Ýâå�á"àâÞ3å�æ�áaãPÈeàâÝ�Ý�ÞGáaí�Þ¥Ë%È4æ·È2Ë8ã0ð3æ�Þ3áGñÕ ¨è�å�æ)Ë%ç¸È�"\å�Þ à�ëÑÈ2	�Þ�è�é�Ë3è�é�éeÈ���ãN.þ �kÈOç¸È4å�ã0ÞGå�æóÞGã�ÝÉÈ¡ÝLÈeæ�	�ÞGå�æ�Þ3é×ä�à�ß�ÞGÝ�á�í�Þ ÝLÈ;ÊÏè2�âã0Þ ÞGée	�Ý�è2Ê¸Èeé:ãóÝ�Þ:Ë¡Èeæ·È2Ë8ã0ðGæ"Þþ �kÈ äÏè�ÝâàLË3ÞÙí�ÞË¡Èeæ·È2Ë8ã0ðGæ"Þ�ÞGã-ÝÉÈ�ã·Èeà�ÝâÝ�Þ�í�åNË%Èeæ�È2ËGã"ð3æ�Þ�Þ3éËäTèeà�é:ã0áaþ�å�é�à ã0î ã��RäÏè'	�æ�Èeä�ç�àV"Rå�Þ/�



X_YÓÿ�Y��!cKaÚh_a×\Rhµ\R[�gkgR]_h_aÑh¸d��_if]��Îdfi3cR`Édfh��:h_gfd <2<
þ �*ÞuáÎ�RëÌÊÏè�Ý�Þ æ�Þ3ä�æ�î3á"ÞGé:ã0îõþ�Ë3èRí�Þ p -�� Ü"Ü í�å�Ë¡Èeæ·È2Ë8ã0ðGæ"Þ/�þ �*Þ3á�ä¸Èeæ�Èeë�ð8ã0æ�Þ3á�í�åõëÕèRí�ð3ÝâÞ�í�Þóí�î¡	�æ�Èeí¸È4ã"à�è�éÕí�Þ!�Èeàâæ"íj"\å�à=È á�Þ3æ�ýRàÏê ÝÉÈ¥	�î3é�îGæ·È4ã"à�è�éí�Þ¥Ë3Þ8ã"ã0Þ à�ëÑÈ2	�Þ�*Þ¡ëÕèRí�ð3ÝâÞùí�Þ;�È4à�æ"í¾äTÞGæ"ëÕÞGãuí�ÞN	eî3é�îGæ"Þ3æuå�é�ÞOà�ëÑÈ2	�Þ æ"îGá"å�Ý ãPÈ4ãuí�î¡	�æ�Èeí�î3ÞËêìäeÈeæ�ã"à�æíWúbå�é�Þàâë×È�	�Þõísú7å�é�Ë%Èeæ�È2ËGã"ð3æ�Þ×àâí�î%È4Ýaí�Þ÷ãPÈeàâÝ�ÝâÞ�" 4 ô-í�Þ÷ã0æ�ð3áËç¸Èeå�ã"ÞÀæ"î3á�è�Ý�ålã0à�èeésô{í�èeé\ãÕÝâÞ3á¡ý�ÈeÝ�ÞGå�æ"áí�Þ ä�à ßlÞ3Ýâá�á�è�é:ã!Ë3è�é:ã0àâé\å�Þ3á�Þ3é:ã0æ�Þ×� 1 ñ 1 ô3"�ñ 1 5=ñ_U�è�å�áóí�èeé�é�è�é�á!Ë3à ��í�ÞGá"á�è�å�á�Ý�Þ3áóä¸È4æ·ÈeëÕðGã"æ"Þ3á�í�Þí�î¡	�æ�Èeí¸È4ã"à�è�éCÞ8ãËÞ3é:ã0æ�Þ�ËGæ"èVË%ç�ÞGã"áËÝ�Þ3á¡ý�ÈeÝâÞ3å�æ�áOí�ÞrË3ÞGá�äeÈeæ·ÈeëÕðGã"æ"ÞGáOå�ã0àâÝ�à�á�î3ÞGá¡í¸Èeé�áOÝLÈ�Ê¸Èeá�Þ�R� ñ�*ÞGá�äeÈeæ·ÈeëÕðGã"æ"ÞGá�í�Þ í�î¡	�æ�Èeí¸È4ã"à�è�éÀá�è�é:ã).
« ãPÈeàâÝ�ÝâÞ1.ræ"ÞGä�æ"îGá"ÞGé\ã"ÞùÝLÈùãPÈeàâÝ�Ý�Þ¡þ�ÞGéoäÏè�à�é:ãP�Ùí�å�Ë%Èeæ�È2ËGã"ð3æ"Þ�� 9 ô_&�ô¸0lô3" 1 ô�" 4 5« æ"îGá"è�Ýâå�ã0àâè�é�.\ëÕèlí�î3Ý�àâá"Þ�ÝâÞ�æ�î3á�å�Ýâã·È4ã�í�ÞÝLÈ é\å�ëÕî3æ�à�á�È4ã0àâè�éËí�Þ.Ë¡Èeæ·È2Ë8ã0ðGæ"Þ3áÙí�Þ�í�àVÝTî3æ�Þ3é:ã0ÞGáãPÈeàâÝ�ÝâÞ3á:� W 1'1 í�ä�àI5
«�� è�åÕ.�ÝâÞ3á´Ë¡Èeæ·È�ËGã0ðGæ"ÞGáùá"èeé\ãÛörÝâã"æ"îGáÛä¸È4æÛå�é örÝâã"æ"Þ�	(Èeå�á�á"à�ÞGé Ë3àâæ�ËGå�ÝÉÈeàâæ"Þ×þ�î¡Ë%È4æ�ãùã��RäÏÞ�.ä¸Èeæ�Èeë�ð8ã0æ�Þuí�Þ � è�å_�:� 1 ñ < "�"eñ <;4;4 ñ < 5�ñ« á"ÞGå�à�Ý*í�Þ¥Ê�àâé¸Èeæ�à�á·È(ã0à�èeéÅ� 1 ñ 4N1 ñ 4'<N1 ñ W 1 ñ W <N1 ñ 9 5
« á"ÞGé�á"à�Ê�à�Ýâàâã0î½. ëÕèlí�î3Ý�àâá"Þ×ÝÉÈ á�Þ3é�á�àLÊ�àâÝ�à ã0î×í�å Ë%Èeä�ã"Þ3å�æ÷ÞGé ÈÚ��è�å�ã·Èeé:ã÷å�é�ÞLý�ÈeÝâÞ3å�æÕã0àâæ"î3ÞÈeÝ�î¡È4ã0èeà�æ"ÞGë�ÞGé:ã�ê7Ë%ç¸È�"\å�Þ�ä�à ßlÞGÝÏí�å×Ë%È4æ·È2Ë8ã0ð3æ�ÞOþ�Ý�è�à�é�è�æ"ëÑÈeÝ�Þ4ô:ë�è/�eÞ3é�é�Þ). 1 ñ�" 4'< ô:î¡Ë¡Èeæ�ãã��RäTÞj.�ä¸Èeæ�ÈeëÕðGã0æ�Þuí�Þ á"ÞGé�á"à�Ê�à�Ýâàâã0î%�.� 1;1 ñ 1(<N1 ñ�"T5�ñ
« 	�àL	eå�Þ�.(ëÕèlí�îGÝ�àâá"ÞZÝ�ú7à�æ�æ"îT	�å�ÝÉÈ4æ"àâã"î-í�ÞÙÝÉÈ+	eæ"à�ÝâÝ�Þ-ä�ç�èeã0è���æ"îTË3ÞGä�ã0æ�àLË3ÞÙí�åÌË¡Èeä�ã0ÞGå�æ3ñ��*ÞFËGÞ3é:ã0æ�Þísú7å�é¾ä�à�ßlÞ3ÝsÞGá�ã�í�î3ä�ÝLÈ2Ë3î¦ÈeÝâî%È4ã"è�à�æ�Þ3ëÕÞ3é:ãaÞGéÀß÷ÞGã�Þ3é��øþ�Ýâè�à�á é�è�æ"ëÑÈeÝâÞ3á3ô�ë�è/��ÞGé�é�Þq. 1 ôî¡Ë¡Èeæ�ãóã��RäTÞj.e	�à�	�å�Þ%��� 1 5
« Èeée	�ÝâÞuí�Þ æ"èeã·È4ã0àâè�é¿� � W 1 W 5« ä¸Èeæ�Èeë�ð8ã0æ�Þ3á�ísú7îGã0àâæ"ÞGë�ÞGé\ãþ�ÝÉÈeæÎ	�Þ3å�æGô�ç¸Èeålã0Þ3å�æP��.:í�îT��èeæ"ëÑÈ4ã0àâè�é�á�"\å�à ëÕèlí�îGÝ�àâá"Þ3é:ãMËGÞ3ÝâÝ�Þ3áÈeä�äÏè�æ�ã"î3ÞGá�ä¸È4æ�ÝÉÈùã0æ�Èeé�á�ë�àâá"á"àâè�é÷ä¸Èeæ?��È(ßÅ� 1 ñ $�";"�ñ�"2"¡5�ñ
« í�î3ä�ÝÉÈ2ËGÞ3ëÕÞ3é:ãZý�ÞGæ�ã0à�Ë%ÈeÝ¬.eëÕèlí�îGÝ�àâá"Þ ÝâÞaí�îTË%ÈeÝLÈ2	�ÞaäÏè�á"á�àLÊ�ÝâÞ ísú7å�é;Ë%È4æ·È2Ë8ã0ð3æ�Þ�ä¸ÈeæZæ�Èeä�äÏè�æ�ãêÕÝLÈ¡Ý�à�	�é�Þ í�Þ¥Ê¸È4á"Þ í�åÀã0Þ8ßRã"Þ×� � 1 ñ W'W 1�1 ñ W'W 5=ñ
« í�î3ä�ÝÉÈ2ËGÞ3ëÕÞ3é:ã�ç�è�æ�à ý3èeé\ã·ÈeÝ¬.eë�èRí�î3Ýâà�á�Þ Ý�Þ í�î3ä�ÝLÈ2Ë3ÞGë�ÞGé:ã�ç�è�æ"à-ý3è�é:ã·ÈeÝ�í�å;Ë¡Èeæ·È2Ë8ã0ðGæ"Þ�í¸Èeé�áÝ�ú7à�ëÑÈ2	�Þ�æ"î3á�å�Ýâã·È4ã7� � 1 ñ W'W 1;1 ñ W2W 5�ñ

-Rå�àâý�Èeé:ãÛÝ�Þ�Ë%ç�è�à ß í�ÞGá¡ä¸Èeæ�ÈeëÕðGã0æ�Þ3áÛí�Þõí�îT	�æ·È4í¸È4ã0àâè�ésô�Ý�ÞGá´Ë¡Èeæ·È2Ë8ã0ðGæ"Þ3áùà�á"á�å�áùí�Þ×Ë3Þ8ã"ã"ÞªÊ¸Èeá�ÞäÏÞ3ålý�Þ3é:ã+
Gã"æ"Þuã0æ�ð3áóí�î¡	eæ·Èeí�îGá¡þ�ä¸ÈeáóÝ�àâá"à�Ê�Ý�ÞGáP�~ËGè�ëÕë�Þ ÝâÞuë�èeé\ã"æ"Þ ÝÉÈùöe	�å�æ"Þ¦õ{à�	�ñ 4 ñ 0lñ
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A`��?Y 4 ñ�0 « *-ßlÞGë�ä�ÝâÞ í�Þ¥Ë%Èeæ�È2ËGã"ð3æ"ÞGá�çÀí�îT	�æ·È4í�î3á
�*Þ3á!Ë%Èeæ�È2ËGã"ð3æ"ÞGáóí�Þ ÝÉÈNÊ¸Èeá�Þ7�R� á�è�é:ã+ËGÝÉÈeá�á"îGá�ä¸È4æ?Ë3ÝÉÈ4á"á"ÞGá�í�Þ ýeÞ¡Ë8ã0Þ3å�æ�í�Þ ä¸È4æ·ÈeëÕðGã"æ"Þ3áGñòÞLé�èeã0æ�Þ�ËÀæ4ã0î¾é�è�å�áªÈwýeè�é�áìí�îTË3àâí�îLísú7Þ8ßRã0æ�Èeà�æ�Þ¾í�ÞGáªË%È4æ·È2Ë8ã0ð3æ�Þ3áìí�Þ�Ë3Þ8ã"ã"Þ�Ê¸Èeá�Þ¾Þ3é�é�è�å�áÊ¸Èeá�Èeé:ãõá�å�æËÝÉÈJÝ�àâá"à�Ê�à�Ýâàâã0îÕÞGã�é�è�é�ä¸ÈeáËá�å�æ�ÝâÞ3á;Ë3èRÞTS�ËGà�Þ3é:ã"á�í�Þ×í�îT	�æ·ÈeíeÈ4ã0àâè�ésñMU�è�å�áÑÈ6ýeè�é�áí�è�é�Ë7Ë%ç�èeà�á"à�í¸È4é�áÝLÈÕá�å�àâã"ÞÛí�Þ Ý�ú7îGã"å�í�Þ å�é¾ÞGé�á"ÞGëÌÊ�ÝâÞùí�Þ¦Ë%Èeæ�È2ËGã"ð3æ�Þ3á�È%�'Èeé:ã á"å�Ê�àÓí�àVÝTî3æ"ÞGé:ã0áãPÈ4ålß�í�Þ í�îT	�æ·ÈeíeÈ4ã0àâè�ésñV��éìÞ[ßlÞ3ëÕä�Ý�Þ�í�Þ�Ë%È4æ·È2Ë8ã0ð3æ�Þ3áaÞ[ßRã0æ·È4àâã0áÙí�ÞÝLÈ7Ê¸È4á"Þ ÞGá�ãaíeÈeé�áaÝLÈ ö¸	�å�æ"Þõ{à�	�ñ 4 ñ $�ñ

~`��?Y 4 ñ�$ « *{ßlÞ3ëÕä�ÝâÞ3áóí�Þ¥Ë%Èeæ�È2ËGã"ð3æ�Þ3áùþ�Ê¸Èeá�Þ¦�~� �
tuYÓ!u¨t Kµ�,�J�µÙ
	)õ���

�fÈ�Ê¸Èeá"Þ÷û�U�Ü#-ú� Þ3á;ãN	�æ�È4ã0å�à ã0ÞÕÞGãOÞGÝ�ÝâÞ�ÞGá�ãËí�àâá"äÏè�é�àLÊ�Ý�ÞËá"å�æOÝâÞ�� Þ¡Ê �B�*Þ/� å�é�þ�"/$'$'0'��5��[ñ� ÞGã�ã0Þ:Ê¸È4á"Þuí�Þuí�èeé�é�î3ÞGáóá"Þ:Ë3èeé�á�ã"àâã0å�Þ í�Þ3á�àâë×È�	�Þ3áÙí�Þ:Ë%ç�àVÝTæ"ÞGá�ë×È4éRå�á�Ë3æ�àâã"áaÞ8ßRã0æ�Èeàâã"Þ3á�í�ÞÝÉÈÊ¸Èeá�Þ í�Þ¦U�Ü#-ú� þò-läÏÞ¡Ë3àLÈeÝsí¸È(ãPÈ2Ê¸È4á"Þ2"õþ¨-lò´"Ú�Èeé�í�-läÏÞ¡ËGàÉÈeÝsíeÈ4ãPÈ2ÊeÈeá"Þ W þò-�ò W �Î�8ñ�fÈLä¸Èeæ;ã0à�Þõí�Þ3áËà�ëÑÈ2	�ÞGá´Ê�àâé¸Èeàâæ"Þ3á´Ë3è�éeËGÞ3æ�é¸Èeé:ã×-�ò W þ.Ë3è�ÝâÝ�ÞTËGã0îGÞrÈeå�ä�æ"ð3áËí�ÞGáËÞ3ëÕä�Ý�è/��îGáOí�Þ
�����������������! �"#"%$ &('*),+#"%$ ),-!./�0',1#2435�0.6"#798��



X_YÓÿ�Y��!cKaÚh_a×\Rhµ\R[�gkgR]_h_aÑh¸d��_if]��Îdfi3cR`Édfh��:h_gfd < Û
� ç�àVÝTæ"ÞGá é�è�ë´Ê�æ"ÞGá�íWú Èeä�ä�æ"ÞGé\ã"à�á�á·È2	�Þ é�è�ëÌÊ�æ"Þ í�Þuã0ÞGá�ã0á1 "%$'$'& < Û 1" 424 0 W &'0'04 "%$ W " & 4 ÛW 4�1 Û20 < $eÛ9 "%$ 9 Û & 1 "< "aÛ�Û�Û <'<21& "%$eÛ W < & 9Û 4�1 $ < &�"'"0 "%$ 4�9 < 0'$$ 4�1 "/& & 4 W

:~c<;RY 4 ñ�" « U�è�ëÌÊ�æ�ÞJí�ÞÅË%ç�àVÝTæ"ÞGáÀísú È4ä�ä�æ"ÞGé:ã0à�á�á·È2	eÞJÞGãÀí�ÞJã0ÞGá�ãÀá�Þ3Ý�èeé ÝâÞ3áªËGÝÉÈeá�á"ÞGá þ�Ê¸Èeá�Þû�U�Ü#-ú�!�
Ê�å�æ"Þ¡Èeå_��ÞGá�ãuä�Ýâå�á.��È2ËGà�ÝâÞùêìæ�Þ¡Ë3èeé�é¸È��âã0æ"Þ)"\å�Þ�-�ò´"×þ�Ë3è�ÝâÝ�Þ¡Ë8ã0îGÞÌÈeå�ä�æ"ð3áuí�Þ3áuîGã"å�í�àLÈeé:ã0áP�[ñ3� ÞGáàâë×È�	�Þ3áaá�è�é:ã�í�î��"êËä�æ"îó�Vã"æ·Èeà ã0î3ÞGáH.l Ý�ÞGá�àâë×È�	�Þ3áaàâé�á�ËGæ"à ã0Þ3á�íeÈeé�áóå�é�Ë%Èeæ�æ"î é�è�æ�ë×ÈeÝâà�á�îí�ÞuãPÈ4à�Ý�ÝâÞ1.g¡�ºq�Â¡�º�ñl Ý�ÞGá!Ë¡Èeæ·È�ËGã0ðGæ"ÞGá�á�è�é:ã!Ë3Þ3é:ã"æ"î3áGôTäeÈeæ?Ë3è�é:ã"æ"Þ è�éÀäTÞGå�ãóã0æ"èeå�ý�ÞGæ�í�Þ3á!Ë%ç�àVÝTæ"ÞGá�àâéeË3Ýâà�é�îGá3ñl Ý�ú7Þ3é�á�Þ3ëÌÊ�Ý�Þuísú�Èeä�ä�æ�Þ3é:ã0àâá"á�È2	�Þ á"Þ¥Ë3è�ëÕäÏè�á"Þ í�Þ¦& 1'121'1 à�ëÑÈ2	�ÞGáaí�Þ¥Ë%ç�àVÝTæ"ÞGá3ñl Ý�ú7Þ3é�á�Þ3ëÌÊ�Ý�Þuí�Þuã0ÞGá�ã�Þ3á;ã+ËGè�é�á;ã0àâã"å�î í�Þ;" 1'1'121 à�ëÑÈ2	�Þ3áGñl Ý�ÞGá�àâë×È�	�Þ3áaá�è�é:ã!Ë3èRí�î3ÞGá�á�å�æ!0;Ê�àâã0áGñ�*Þ�ãPÈ�Ê�Ý�Þ¡Èeå��RÈ2Êsñ 4 ñI"í�èeé�é�Þ�Ý�Þóé�è�ëÌÊ�æ"Þ�í�Þ+Ë%ç�àVÝTæ"Þ3á�ísú�Èeä�ä�æ�Þ3é:ã0àâá"á�È2	�ÞÞ8ã�í�Þ�ã"Þ3á�ãÙä¸Èeæ,ËGÝÉÈeá�á"Þeñ

ò�È4é�á,Ë3ÞGã�ã0Þ!Ê¸Èeá�Þ�èeéËã"æ"è�ålý�Þ+Èeå�á"á�àrÝ�ÞGáZæ"î3á�å�Ýâã·È4ã0á�ísú7îGý�ÈeÝâå¸È4ã"à�è�éOí�Þóä�Ýâå�á"àâÞ3å�æ�á-ã0ÞTË%ç�é�à#"\å�ÞGáËGÝÉÈeá�á"àV"Rå�Þ3áuí�ÞOæ�Þ¡Ë3èeé�é¸Èeàâá"á·È4éeË3Þ4ñ3��éïÞ8ßlÞGë�ä�ÝâÞOí�Þ3á:Ë%ç�àVÝTæ"Þ3áuí�ÞOÝÉÈ×Ê¸È4á"ÞËÞ3á;ã í�è�é�é�îOíeÈeé�áuÝÉÈöe	�å�æ"Þ 4 ñI" 1 ñ
tu]Ó!u�s 1u��~{6|J��}÷�3zA|�z.�3�{z+}~z+z.x3�3�
Æy� è���áJ��� =)�Ú���5c`��cJ�Ú���=�Õ��fih��f�=�R�f��fih

p ý�Èeé:ã í�Þ ã0Þ3á;ã0ÞGæ é�è�á.ÈeÝL	�èeæ"àâã"ç�ëÕÞ3á3ô�à�Ý3��Èeå�ã+Ë3è�ëÕëÕÞ3éeËGÞ3æ�ä¸ÈeæÝLÈÕä�æ"î3äeÈeæ·È4ã"à�è�éoí�Þ3á�í�è�éJ�é�î3Þ3áGñ�  ¨è�å�æóÝÉÈÌÊeÈeá"Þ¦�~� .Q éAÞ8ßRã0æ�Èeàâã ÝâÞ3á à�ëÑÈ2	�Þ3á í�Þ�Ë%È4æ·È2Ë8ã0ð3æ�Þ3áÛí�ÞõÝLÈ�Ê¸È4á"ÞÑ�~� *Zée	�Ýâà�á"çøÜ�ëÑÈ2	�ÞÕò�È4ã·È2Ê¸Èeá�ÞÞ3éÀÞÞÝTÞ¡Ë8ã0å¸È4é\ãóå�é÷æ"Þ¡Ë¡Èeí�æ�È2	�Þeô�Þ3é�á�å�àâã"Þ è�é÷Ý�ÞGáaé�è�æ�ë×È4Ý�à�á�Þ+Ë¡Èeæaá�à�é�è�éõÝ�Þ3á è'Ê�á"ÞGæ�ý�È4ã"à�è�é�á



< 0 X=YKZ�[�\K]_^V`ba/cedf`b[�g�\Rh_a�Ú�cRi3cJÚ�dfj_ikh_a

~`��?Y 4 ñI" 1 « *{ß�ÞGë�ä�Ý�Þ3áóí�Þ¥Ë%ç�àUÝWæ�Þ3áÛþ�ÊeÈeá"Þùû�U�Ü#-Ý�!�
ésú�Èeå�æ�è�é:ã ä¸È4á Ý�ÞGáë�
3ëÕÞ3áí�à�ëÕÞ3é�á�à�è�é�áGñ�Q æ�Ý�Þ´ËGè�å�ä�ÝLÈ2	�Þ í�Þ3áuëÕèRí�ð3ÝâÞ3á�ÿ ûLûoáÕþ�ý�è�àâæÝLÈ�ä¸Èeæ;ã0àâÞÛí�Þ¦��å�á"àâè�é_�óá"å�ä�äÏè�á�ÞP"\å�Þ¡Ý�ÞGáá�îÀ"\å�Þ3é�Ë3Þ3á ísú7è'Ê�á�Þ3æ;ý2È(ã0à�èeé�áá�è�à�ÞGé\ã í�Þùë�
3ëÕÞÝâè�ée	�å�ÞGå�æ3ñ� è�ëÕëÕÞoÝâÞ3áõä�Ý�å�áÑ	�æ·Èeé�í�áªË%È4æ·È2Ë8ã0ð3æ�Þ3áìí�ÞLÝÉÈ±Ê¸Èeá"Þ¾è�é:ã÷í�Þ3áõí�à�ëÕÞ3é�á�à�è�é�á�í�Þ <21 ß <21ä�à�ßlÞ3Ý�áGô\é�è�å�áFÈ6ýeè�é�áË%ç�è�à�á�àTÝLÈ é�èeæ"ëÑÈeÝ�àâá·È4ã"à�è�éOä¸È4æÙç�èeë�èeã"ç�îGã"à�Þ�í�Þ <�1 ä�à�ß�ÞGÝ�á�Þ3éìÝâàL	�é�ÞÞ8ã <21 ä�à ßlÞ3Ýâá�ÞGéÅË3è�Ýâè�é�é�Þ4ñ p à�é�á"à¨è�é¾è'Êlã0à�ÞGé:ã í�ÞGáö¸Ë%ç�àâÞ3æ"á�í�Þ´Ë¡Èeæ·È�ËGã0ðGæ"ÞGá�Ë3è�æ�æ"ÞGá"äÏè�éJ�í¸È4é\ãÈeålßÑË3èeÝ�è�é�é�Þ3á�í�Þ ä�à�ß�ÞGÝ�áÑ"\åsúbèeéìé�è�ëÕë�Þ�ö¸Ë%ç�à�Þ3æ�áË3èeÝ�è�é�é�Þ3á3ôRå�é�Þ8ßlÞ3ëÕä�Ý�Þ�í�Þ.ËGÞ3áö¸Ë%ç�à�Þ3æ�áóé�è�æ"ëÑÈeÝâà�á"îGáaÞ3á;ã�í¸Èeé�áóÝÉÈ;õ{à�	�ñ 4 ñ�"2"�ñ

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A`��?Y 4 ñ�"'" « õ{à�Ë%ç�à�ÞGæaÝ�à�	�é�Þ3á?ËGè�æ"æ�Þ3á�äTè�é�í¸Èeé:ã�êËÝLÈ;��Þ8ã"ã"æ"Þ¦�
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0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 
0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 
0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 
0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 
0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 
0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 A`��?Y 4 ñI" 4 « õÓàLË%ç�àâÞ3æËGè�Ý�è�é�é�Þ3á)Ë3èeæ"æ"ÞGá"äÏè�é�í¸È4é\ã�êËÝÉÈN�*ÞGã�ã0æ�Þ7�

Q éøÞ[ßRã0æ·È4àâã Ý�ÞGá à�ëÑÈ2	�ÞGá í�ÞNË%ç�àUÝWæ�Þ3á í�ÞOÝLÈªÊ¸Èeá"Þ4ñkQ éøæ�Èeä�äÏÞ3ÝâÝ�Þ1"\å�ÞËÝâÞ3áuà�ëÑÈ2	�ÞGáá�è�é:ãí�î��"ê¦Ë3ÞGé\ã"æ"îGÞ3á íeÈeé�á�å�é×Ë¡Èeæ"æ�î�é�èeæ"ëÑÈeÝ�àâá"îaí�Þ�¡�º���¡�º�ñ(U�èeå�áÙÝâÞ3á~Èwý�è�é�á é�è�æ�ë×È4Ý�à�á�î3ÞGá�ê¡?>J�%¡?>�ñyò�È4é�á�ÝÉÈ ä�çeÈeá"Þ�ísú7Þ8ßRã0æ�È2ËGã"à�è�é í�ÞGá�à�ëÑÈ2	�Þ3áGô3é�èeå�áfÈwý�è�é�áfËGè�é�á�ã·È4ã0î-"\å�Þ,Ë3ÞGæ�ã·Èeà�é�áË%ç�àVÝTæ"ÞGáÛá�è�é:ãùàâéeË3Ýâà�é�îGá3ô*í�èeéeËËé�è�å�á7Èwý�è�é�áÛÞÞÝTÞ¡Ë8ã0å�î�ÝÉÈ÷ä�æ"èVË3îGí�å�æ�Þ�í�ÞÕæ"ÞGí�æ"ÞGá"á�Þ3ëÕÞ3é:ãí�Þ3á)Ë%ç�àUÝWæ�Þ3á þ�è�érË%ç�Þ3æÎË%ç�Þ Ý�ú�Èeée	�ÝâÞísú7à�é�Ë3Ý�àâé¸Èeàâá"è�é�ä¸Èeæaæ�Èeä�äÏè�æ�ãóê¡Ý=ú Èyß�Þä�æ"àâéeË3àâä¸ÈeÝÏä�å�à�áè�é���È4àâãóå�é�Þ æ�èeãPÈ4ã"à�è�é¸�8ñ¸*Zé�ËGÞ)"\å�àfËGè�éeË3ÞGæ"é�ÞÛÝÉÈNË3èeé�á�ã"æ"åeË8ã0à�èeéoí�ÞGá�öeË%ç�à�ÞGæ"á�Ý�àL	eé�Þ3áóÞGãË3è�Ýâè�é�é�ÞGá3ôré�èeå�á)Èwý�è�é�áóæ�Þ3á"äÏÞ¡Ë8ã0î ÝÉÈ¡ë�
3ëÕÞ ä�æ�èJËGî3í�å�æ�ÞN"RåWú Èeå�ä¸Èeæ·Èwý�Èeé:ãwñ_��éÀÞ8ßlÞ3ëÕä�Ý�Þí�Þ¦Ë%ç�àVÝTæ"Þ¥Èeä�æ"ð3áóá�è�é×ã"æ·Èeà ã0ÞGë�ÞGé\ãóÞGá�ã�í¸Èeé�á�ÝLÈùö¸	�å�æ�Þ¦õ{àL	�ñ 4 ñI" W ñ
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0
0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0
0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0
0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0
1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
1 1 1 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 1 1
1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1
1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1
1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1
1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1
1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1
1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1
1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1
1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0
0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0
0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 00 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0
0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0
0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0
0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0~`��?Y 4 ñ�" W « õÓàLË%ç�àâÞ3æ"áõÝ�àL	eé�Þ3á�ÞGã�Ë3èeÝ�è�é�é�Þ3áªËGè�æ"æ�Þ3á"äÏè�é�íeÈeé:ã�È4å Ë%ç�àVÝTæ"Þ¾ã"æ"è�àâáìí�ÞJÝLÈ�Ê¸Èeá�Þû�U�Ü#-ú�



& 1 X=YKZ�[�\K]_^V`ba/cedf`b[�g�\Rh_a�Ú�cRi3cJÚ�dfj_ikh_a
Æy� è���áy��Æ k�jA@ f(�h�6�����½c����Õ�%�

 Óè�å�æÛÝ=úbÞ[ß�äÏî3æ�à�ëÕÞ3é:ãPÈ(ã0à�èeé¿È6ýeÞ¡ËÕí�Þ3áÛÿ û¾ûoá3ô¨é�è�å�á¦Èwý�èeé�áÛålã0à�Ýâà�á�îOÝÉÈrÊTè���ã0ÞËê÷è�ålã0à�Ýâáuí�Þæ"ÞTË3è�é�é¸Èeà�á�á·Èeé�Ë3Þuí�ÞuÝLÈùä¸Èeæ�è�Ý�Þ+Ë3è�é:ã0àâé\å�Þ�= £CBÛ� Z�è�å�ée	rþ 421'1 "Ú�¨5�ñrÿ~�)@½äÏÞ3æ�ë�Þ8ã�í�Þuá�äTîTË3àâö�Þ3æÝ�ú�ÈeæÎË%ç�àâã"Þ¡ËGã"å�æ"Þ×í�ÞGáìÿ û¾ûoá÷ê ålã0à�Ýâà�á�Þ3æ×þ�é�è�ëÌÊ�æ�Þ¾ísú7îGã·È4ã0áGôÙé�èeëÌÊ�æ"Þ×í�Þ�	(Èeå�á�á"à�ÞGé�é�ÞGá3ô�_a_a_��ÝÉÈ�	�æ·ÈeëÕëÑÈeà�æ�Þ�í�Þ÷ÝLÈ¾ã�D2Ë%ç�Þ÷í�Þ÷æ"ÞTË3è�é�éeÈeà�á�á·ÈeéeËGÞeôZÞ8ã·Ëeñ p öré ísú7å�ã0àâÝ�àâá"Þ3æùÿ?�)@ í�Þ3á;ã0à�é�î÷ä¸Èeæí�î>��Èeå�ã�ê ÝLÈ�æ"ÞTË3è�é�é¸Èeà�á�á·Èeé�Ë3Þ�í�ÞaÝLÈä¸Èeæ�è�Ý�Þ4ô4é�è�å�áMÈwý�èeé�áZä�æ"èVË3îGí�îóê å�é�Þ á"î3æ�à�ÞaíWú ÈeíeÈeä�ãPÈ(ã0à�èeé�á�7ÿ.ÈeÝâÝ�è�å�Ýâà�þ 421'1(4 �b5�ñK�*ÞÑ��è�éeË8ã0àâè�é�é�ÞGë�ÞGé\ãùí�åCä¸È2Ë%ü�È2	eÞìäTèeå�æùå�é�Þõã�D2Ë%ç�Þìí�Þìæ�Þ¡Ë3èeé�é¸Èeàâá"á·È4éeË3Þí�Þ¥Ë%È4æ·È2Ë8ã0ð3æ�Þ�þ�è�å�Ë%ç�àVÝTæ"Þ%� à�á�è�Ý�î ÞGá�ã�Ý�Þuá�å�àâý�Èeé:ãN.
"�ñ~k@�¡�k����Þ�ÝWÞTËGã0å�Þaå�é�Þ�à�é�à ã0àLÈeÝ�àâá·È4ã"à�è�é�í�Þ3áÓä¸Èeæ·È4ë�ð8ã0æ"ÞGáÓí�Þ3á{ëÕèRí�ð3ÝâÞ3á�ä¸Èeæ¨å�éÌÈ4ÝL	�è�æ�àâã"ç�ë�Þí�Þuã��RäÏÞ ü'�Vë�è/��ÞGé�é�ÞGá¡þ�ÈeÝL	�èeæ"àâã"ç�ëÕÞí�Þ:O à ã0ÞGæ�Ê�àÉ�8ñ
4 ñ~k@BþfihT� ÞÞÝTÞ¡Ë8ã0å�Þ ÝÉÈOæ"îó��ÞGá�ã0àâë×È(ã0à�èeér�Èeå�ëN��� Þ3Ý�Ë%ç÷í�Þ3á�ä¸Èeæ�ÈeëÕðGã0æ�Þ3á�í�ÞGá�ëÕèRí�ð3ÝâÞ3á3ñ
W ñ~kFE����af���Èeàâã ÝLÈ×æ�Þ¡ËGè�é�é¸Èeàâá"á�ÈeéeË3Þ�O à ã0Þ3æÎÊ�àZí�ÞGáÛö¸Ë%ç�àâÞ3æ�áùí�ÞËã0ÞGá�ã¡ÞGé á�Þ×Ê¸Èeá�Èeé:ãùá�å�æ ÝÉÈ	�æ�ÈeëÕë×Èeàâæ"Þ�í�Þ ÝÉÈùã�D�Ë%ç�Þeñ
9 ñ~k@BþfihS�5�b��Èeé¸ÈeÝI�Rá"ÞÀÝ�ÞGáÕæ�î3á�å�Ýâã·È4ã0áËÞ3ééË3è�ëÕä¸Èeæ�Èeé:ãÕÝ�Þ3áOö¸Ë%ç�à�Þ3æ�á�ä�æ"èRí�å�àâã"áOÝ�è�æ�áËí�ÞÀÝÉÈæ�Þ¡Ë3èeé�é¸Èeàâá"á·È4éeË3Þïä¸ÈeæÀÿ)O à ã0ÞJÞGã�Ë¡ÈeÝLËGå�Ý�ÞJÝâÞ¾ãPÈ4ålß í�Þïæ"ÞTË3è�é�é¸Èeà�á�á·Èeé�Ë3Þ þ�ëÑÈ4ã0æ�àLËGÞLí�ÞËGè�é���å�á�à�è�é_�[ñ
p ý�Èeé:ã�ísú7å�ã0àâÝ�à�á�Þ3æaÝâÞ ä¸È2Ë%ü�È2	�Þ ÿ?�)@Oôré�èeå�á.Èwýeè�é�á!Ë3è�é:ý�ÞGæ�ã"àÓé�èeá�í�è�é�é�îGÞ3á+Èeå���èeæ"ëÑÈ4ãóí�ÞË3ÞGÝ�ÝâÞ3áóå�ã0àâÝ�àâá·È2Ê�ÝâÞ3á�ä¸È4æ�ÿ~�)@OôÕÈ4å�ã0æ�Þ3ëÕÞ3é:ãí�àâã�Þ3é���è�æ"ëÑÈ4ãóç:ã0ü ñ p àâé�á"à�å�é×ö¸Ë%ç�à�ÞGæ�í�Þ¦��è�æ�ë×È(ãç:ã0üøá"ÞªËGè�ëÕäTè�á�Þõísú7å�é�Þõá"îÀ"\å�ÞGéeË3Þ�ËGè�é:ã0à�é\å�Þ�í�Þ3áùè'Ê�á"ÞGæ�ý�È4ã"à�è�é�áÛä�æ"îTË3îGí�î3Þ÷ä¸È4æùå�éCÞGé\ã�
Gã"Þeñ� ç¸È�"\å�Þ�è'Ê�á�Þ3æ�ý�È4ã"à�è�éÕÞ3á;ãaå�éÕý�ÞTËGã0ÞGå�æ èeå×Ê�àâÞ3éÕå�éìÞ3é:ã"à�Þ3æ�á�å�æ 4 �VèJË8ã0Þ8ã0á�è�å×Ê�à�Þ3éÕå�é�æ"î3ÞGÝTá�å�æ9 �VèJË8ã0ÞGã"á3ñR�*Þ3á¡ÞGé\ã"à�ÞGæ"á¡á�å�æ 4 �VèJË8ã0ÞGã"áùá�è�é:ã¡å�ã"à�Ý�àâá"îGáÛäÏè�å�æÛÝ�Þ3á¦��è�æ"ëÕÞ3á7Ë3è�ëÕä�æ�à�ëÕî3Þ3á¦Ë3èeë�ëÕÞí�îTË3æ"à ã!Ë3àI�Ví�Þ3á�á"è�å�á3ôrÝ�ú7Þ3éV�Vã·
8ã0Þ í�Þ ö¸Ë%ç�àâÞ3æóí�Þ:��è�æ"ëÑÈ4ãóç:ã0üõÞ3á�ã�Ý�èeée	Ëí�Þ;" 4 èJË8ã0ÞGã"á�Þ8ã!Ë3è�é:ã0àâÞ3é:ãÝ�ÞGá�í�è�é�é�î3Þ3á�á"å�àâý�Èeé:ã0ÞGá).l é_-JÈeë�ä�Ý�Þ3á).Wé�èeëÌÊ�æ"ÞùísúbîTË%ç¸Èeé:ã0àâÝ�Ýâè�é�áíeÈeé�áuÝ�Þ ö¸Ë%ç�àâÞ3æÕþ�íeÈeé�á é�è4ã0æ"Þ´Ë%Èeá:Ë4úbÞGá�ã Ý�ÞÛé�è�ëÌÊ�æ"Þí�ÞuýeÞ¡ËGã"Þ3å�æ�áí�Þ Ý=úbè'Ê�á"Þ3æ;ý�È4ã0àâè�éÂ. <21 �l -�È4ë�ä�ÝL ÓÞGæ"à�èRíà.�äÏî3æ�à�èRí�Þ ísú7î¡Ë%çeÈeé:ã0à�ÝâÝ�è�é�é¸È2	�ÞËþ{é�ÞA��è�å�Þ¥ÈeåeËGå�é×æ°æ�ÝâÞ í¸Èeé�áóé�è4ã0æ"Þ:Ë¡Èeá3ô�ä¸ÈeæÞ[ß�ÞGë�ä�Ý�Þuè�é×Ý�ú�Èùö�ßlîùêr" 121'1 �l -�È4ë�ä_-Rà ý3Þ1.ré�è�ëÌÊ�æ�Þ ísúbèVËGã"ÞGã"á�äeÈeæ�î¡Ë%ç¸È4é\ã"à�ÝâÝ�è�é�éeÈ2	�Þl  RÈeæ"ëÑ@uà�é�íÂ.¸ËGèlí�Þuàâé�í�àV"RåeÈeé:ãóÝÉÈOá"è�æ;ã0Þ ísú7è'Ê�á�Þ3æ�ý�È4ã"à�è�é þ�é�è�ëÌÊ�æ�ÞuÞ3é:ã0àâÞ3æóá"å�æ 4 ��èVËGã0Þ8ã0á·�� Þaí�ÞGæ"é�àâÞ3æÓäTè�àâé:ã{àâÞF RÈeæ"ëÑ@uà�é�íÛá"ÞFËGè�ëÕäTè�á�Þ ísú7å�éNËGèlí�ÞÙí�Þ&�èJË8ã0ÞGã"á{æ�Þ3ä�æ�î3á"ÞGé:ãPÈeé:ã�Ý�ÞA	�Þ3é�æ"Þí�Þ�Ê¸Èeá�ÞÀí�Þ÷ä¸Èeæ�Èeë�ð8ã0æ�Þeô-ä�Ýâå�áOÝ�ÞGáNÊ�àâã"áOá"å�ä�ä�Ý�îGë�ÞGé\ã·Èeà�æ�Þ3áOäÏè�å�æNË%ç¸È�Ë3å�é í�Þ3áq"\å¸ÈeÝâàâö¸Ë¡È4ã0àI��áäÏè�á"á�àLÊ�ÝâÞ3á3ñeU�è�å�á!Èwý�èeé�á�ålã0à�Ýâà�á�î Ý�ÞGá�í�Þ3ålß�ËGèlí�Þ3áóí�Þ ä¸Èeæ�Èeë�ð8ã0æ�Þ3áóí�Þ¥Ê¸Èeá�Þ á�å�àâý�Èeé:ã"á[.
« $;��-J*b� .rÝ=úbålã0à�Ýâà�á�È4ã0ÞGå�æÙí�îGöré�à ã�Ý�Þ:	�ÞGé�æ"Þ í�Þ Ý�ú7è'Ê�á�Þ3æ;ý2È(ã0à�èeé
« " 1 òÜ#-��
�+*��)*�.�ý�ÞTËGã"Þ3å�æ�"RåeÈeé:ã0àâö�îp àâé�á"à*é�èeå�á!ÈeÝ�Ýâè�é�áaî8ý2È4Ý�å�ÞGæ�Ý�Þ3á�æ�î3á�å�Ýâã·È4ã0áóäÏè�å�æ�í�ÞGålß�Ë%ÈeáN.



X_YHG=Y�I¥]_ak�R^TdJcedfaNh�J<�_]=if`K�:h_gfdJcJ�LJNM5Ú�cRa;a�hO�:`H�°Ú3[�gfdf`bg5� &J"
« ��c0hÕhÀfi� � n>�'�Õ�=�Ú�ò�¬� Ë4úbÞGá�ã×Ý�Þ�Ë%Èeá÷è�l ÝâÞ3á÷è'Ê�á�Þ3æ;ý2È(ã0à�èeé�áøþ�ËGè�Ý�è�é�é�Þ3áGôaÝ�à�	�é�Þ3á·�Õá�è�é:ãë�èRí�îGÝ�à�á�î3ÞGá�ä¸Èeæ�í�ÞGá+	(È4å�á"á�à�Þ3é�é�Þ3áGñ
« ��c0hj�R�YhS���kf(�7Ë4úbÞGá�ã�Ý�Þ:Ë¡Èeáóè�lÀè�éoålã0à�Ýâà�á�Þ ÝÉÈP"\å¸Èeé:ã"àâö¸Ë¡È4ã0àâè�é÷ý�Þ¡Ë8ã0è�æ�à�ÞGÝ�Ý�Þí�Þ3á�è'Ê�á�Þ3æ�ý�È��ã0àâè�é�á3ñò.Èeé�áÕÝ�ú�Èeé�é�Þ[ß�Þ p ô�é�è�å�áÕá"äÏî¡Ë3à örè�é�áËÝâÞ3áËö¸Ë%ç�à�ÞGæ"áÕí�ÞÀí�îGö�é�àâã"à�è�é�áËí�ÞGáõÿûLûoáLþ�Ë%È4áÕá�Þ3ëÕàI�ËGè�é:ã0àâéRåJÞ8ãuí�àâá�Ë3æ�ÞGãP�8ôWÝâÞùæ�î3á"Þ¡ÈeåsôsÝâÞùí�à�ËGã"à�è�é�éeÈeà�æ�ÞÛÞ8ãuÝ�Þ¦��è�éeËGã"à�è�é�é�Þ3ëÕÞ3é:ã í�ÞOÿ?�)@ ñ p ý�Èeé:ãí�ÞrË3è�ëÕë�ÞGéeË3ÞGæOÝ�ÞGá¡Þ8ßläÏî3æ"àâÞ3éeËGÞ3áGô�é�è�å�áOæ·È4ä�äTÞGÝ�è�é�á/"Rå�Þ×ÝâÞõã��RäTÞÀí�ÞÀÿûLû å�ã0àâÝ�à�á�îõÞGá�ãËÝ�ÞëÕèRí�ð3ÝâÞ�	(ÈeåeË%ç�Þ>��í�æ"è�à ã0Þ:Ë3èeë�ëÕÞ Ý�ÞuëÕè�é:ã0æ�Þ ÝÉÈùö¸	�å�æ"Þ¦õ{àL	�ñ 4 ñI" 9

a

a a a
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A`��?Y 4 ñI" 9 « û×èlí�ðGÝ�Þ:	(È4åeË%ç�Þ>�Ví�è�à ã0ÞÕþ�P÷Ò»¡'�

ÉËÊ0Q R qRÂ�ÖTS8ÐkmuÐ�ÂöoVU íÅqaÑ{Ú¸ñ oóÎËÐkm ÖWU XoØm�ÂîÂ3oRñ ÚQïrØ ÒÛÎOÐ�Ú3ÎÕÖ
ò�È4é�áÙÝâÞ?Ë%Èeá�á�Þ3ëÕàI��ËGè�é:ã0àâéRåËè�éÕä�æ�èJËGð3í�Þóä¸Èeæ�å�é�Þ�ëÕèRí�î3Ýâà�á·È(ã0à�èeé¡í�Þ3á�í�ÞGé�á"à ã0îGáÙí�Þ�ä�æ�è'Ê¸È��Ê�à�Ý�à ã0î�ä¸Èeæ�í�ÞGá)	(Èeå�á�á"à�ÞGé�é�ÞGá3ñ_�*Þ:Ë%ç�è�à�ß÷ísú7å�é�Þ á"ÞGå�Ý�Þ:	'Èeå�á"á�à�ÞGé�é�Þ Þ3á;ãK��å�á�ã"àâörîuí�år��Èeà ãR"\å�Þuá"àèeé�Èeå�	�ë�ÞGé:ã0Þ Ý�Þ é�è�ëÌÊ�æ"Þ í�Þ¦	(Èeå�á�á"à�ÞGé�é�ÞGá3ôÏè�é¾ésú�Èeå�æ�ÈÕäeÈeá�í�ÞÛæ�î3á"å�ÝâãPÈ(ã�ëÕÞ3àâÝ�ÝâÞ3å�æaäeÈeæ�æ�ÈeäJ�äÏè�æ;ã)Èeå�Ë%ÈeáóëÕè�é�è��6	(Èeå�á�á"à�ÞGé�é�Þ4ñe KÈ4æ!ËGè�é:ã0æ�Þ Ý=ú È4åe	�ëÕÞ3é:ãPÈ4ã"à�è�éõí�åoé�è�ëÌÊ�æ�Þuí�Þ¥	(Èeå�á�á"à�ÞGé�é�ÞGáàâë�ä�Ý�à#"\å�Þ�å�é×é�è�ëÌÊ�æ�Þuà�ëÕäTèeæ�ãPÈ4é\ãaí�Þ ä¸Èeæ·È4ë�ð8ã0æ"ÞGáóêNË%ÈeÝ�Ë3å�ÝâÞ3æ3ñò�È4é�áóÝÉÈOá"å�à ã0Þuè�é�Èeä�äÏÞ3ÝâÝ�ÞP.=~"@"�³�¤2C>�óD � ��E2GZþ�æ�Þ3á�äTÞTËGãM=?"@"�³ & � � �ZY�� �¸D¨E2G��-å�éËë�èRí�ðGÝ�Þ�ÿûLû�"\å�àrä�æ"Þ3é�í�äÏè�å�æZá�îÀ"\å�Þ3é�Ë3ÞíWúbÞGé\ã"æ"îGÞoÝâÞ3áNË3èeÝ�è�é�é�Þ3áOí�ÞÀä�à�ß�ÞGÝ�áOí�å�Ë%È4æ·È2Ë8ã0ð3æ�Þ þ�æ"ÞGá"äÏÞ¡Ë8ã0àâýeÞ3ëÕÞ3é:ã�Ý�Þ3áOÝâàL	�é�Þ3á¡í�ÞÀä�à�ßlÞ3Ý�á���7ÿ.È4Ý�Ý�èeå�Ý�à�C>DFE2GIH�þ 421'1'4 ��5fËGè�ëÕë�Þ ÝâÞuë�èeé\ã"æ"ÞuÝLÈOöe	�å�æ"Þ¥õÓàL	�ñ 4 ñI" < ñ

tua�uÎv K±�~�V� ò�ó ØF	\[^]�õ_�6`
p ä¸Èeæ;ã0àâæ�í�ÞÛÝLÈ;ÊeÈeá"Þ7�~� *,Uuè¦�*Ü#-�ÿ ôÏé�è�å�á+È6ýeè�é�á+Ë3è�é�á;ã0à ã0å�îuã0æ�è�à�áóä¸È4æ�ã0àâÞ3áN.=Èeä�ä�æ�Þ3éJ�ã"à�á�á·È2	�Þ4ô�ý�ÈeÝ�àâí¸È4ã"à�è�éìÞ8ãóã0Þ3á;ãùþ�Þ3é×ÞÞÝTÞGã�é�èeå�á!È6ýeè�é�á!ÊTÞGá"è�àâéÀísúbå�é�Þ7ÊeÈeá"Þ í�Þ ý�ÈeÝ�àâí¸È4ã0àâè�éõäÏè�å�ææ�î¡	�ÝâÞ3æ�í�àUÝWîGæ"ÞGé\ã"áóä¸Èeæ·È4ë�ð8ã0æ"ÞGá�í�Þ é�è�áóëÕèlí�ðGÝ�ÞGáP�
« ä¸Èeæ;ã0à�Þuí�Þ Ý=ú È4ä�ä�æ"ÞGé:ã0à�á�á·È2	eÞj.�é�è�å�á!Èwý�è�é�á.& 4�9(1 Þ8ßlÞ3ëÕä�Ý�ÞGáóí�Þ¥Ë%Èeæ�È2ËGã"ð3æ"ÞGá
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HMM−horizontal (lignes) HMM−vertical  (colonnes)

A`��?Y 4 ñ�" < « ÿûLûoá�ç�è�æ"à-ý3è�é:ã·ÈeÝsÞGãóýeÞ3æ�ã"àLË¡ÈeÝ
« ä¸È4æ�ã0àâÞuí�Þuý�ÈeÝ�àâí¸È4ã0àâè�é�. 4�1 0 1 Þ8ßlÞGë�ä�ÝâÞ3áóí�Þ¥Ë%È4æ·È2Ë8ã0ð3æ�Þ3á
« ä¸È4æ�ã0àâÞuí�Þuã0ÞGá�ã[. 421 0 1 Þ[ßlÞ3ëÕä�Ý�ÞGá�í�Þ¦Ë¡Èeæ·È�ËGã0ðGæ"ÞGá*ZéÕÞ�ÝWÞ8ã,Èwý�Èeé:ã�í�Þaä�æ�èJËGî3í�ÞGæ,ÈeålßÛã0Þ3á;ã0áGô:à�Ýü��Èeå�ãZæ�î¡	�ÝâÞ3æÓã"è�å�á-ÝâÞ3á-äeÈeæ·ÈeëÕðGã"æ"ÞGá-í�åËë�èRí�ðGÝ�ÞeôÞ3é ä¸Èeæ�ã"àLËGå�Ý�àâÞ3æ Ý�Þ�Ë%ç�è�à�ßøí�åAé�è�ë´Ê�æ"Þ�í�Þ3á¡î8ãPÈ4ã"áÌÈ×å�é�Þõàâé � å�ÞGéeË3Þõí�à�æ�Þ¡ËGã"Þõá�å�æùÝâÞÕã·Èeålß í�Þæ"ÞTË3è�é�é¸Èeà�á�á·Èeé�Ë3Þ�í�ÞGá~Ë¡Èeæ·È�ËGã0ðGæ"ÞGá3ñ(U�è�å�á,Èwý�è�é�áZí�è�éeË�Þ�ÝWÞTËGã0å�î�á�å�æ-ÝLÈ.Ê¸Èeá�Þ�í�Þaý�ÈeÝ�àâí¸È4ã0àâè�é í�Þ3áã0ÞGá�ã"á+ËGè�éeË3ÞGæ"é¸È4é\ã�Ý�ú7îGýeè�Ý�ålã0à�èeé÷í�å×ã·ÈeålßÀí�Þ æ�Þ¡ËGè�é�é¸Èeàâá"á�ÈeéeË3Þ ä¸Èeæ�æ�Èeä�äÏè�æ�ã+ÈeåÀé�èeëÌÊ�æ"ÞGáóí�Þ3áîGã·È4ã0áóÞGé�ËGè�é�á�à�í�îGæ·Èeé:ã�Ý�ÞuëÕÞ3àâÝ�Ý�ÞGå�æ~Ë%ç�è�à ßTôrÝâÞ3á�í�ÞGålßÀëÕÞ3à�ÝâÝ�ÞGå�æ"áAË%ç�è�à ß÷ÞGãóÝ�ÞGáaã0æ�è�à�áaëÕÞ3àâÝ�ÝâÞ3å�æ�áË%ç�è�à�ß�äTèeå�æ�È6ýeè�à�æËÝâÞ×é�è�ëÌÊ�æ�Þoísú7îGã·È4ã0áÕè�ä�ã"à�ëÑÈeÝ�ñ p ä�æ�ð3áÑÈwý�è�àâæËölß�î×ã0è�å�á�ÝâÞ3áËä¸Èeæ�Èeë�ð8ã0æ�Þ3áé�è�å�á�Èwýeè�é�á×ä�æ"èVË3îGí�îøê�å�é�Þøá�î3æ�à�Þïí�ÞJã0ÞGá�ã0áGñ)U�è�å�á�Èwýeè�é�á�Ë%ç�è�à�á�àuÝ�ÞJä�æ�èeã0èVË3èeÝ�ÞLá�å�àâý�Èeé:ãísú7îGý�ÈeÝâå¸È4ã0àâè�éÂ.�á�å�æóå�éÀÞ3é�á�Þ3ëÌÊ�ÝâÞ í�Þ:Ë%Èeæ�È2ËGã"ð3æ�Þ3á�ë×ÈÚ��å�á�Ë3å�Ý�Þ3áGô�å�é×Þ3é�á�Þ3ëÌÊ�Ý�Þuí�Þ¥Ë%È4æ·È2Ë8ã0ð3æ�Þ3áëÕà�é\å�á�ËGå�Ý�ÞGáËÞGã�å�é
ÞGé�á"ÞGëÌÊ�Ý�Þ×í�Þ�Ë%Èeæ�È2ËGã"ð3æ�Þ3á�Ë3è�é:ã0ÞGé¸Èeé:ãìí�Þ3áÕë×ÈÚ��å�á�Ë3å�Ý�Þ3áÕÞGãÕëÕà�é\å�áÎË3å�ÝâÞ3áëÕî3ÝÉÈ4ée	�î3ÞGá3ñ

Æy��ôJ���0��� p�¿`c0����c��Ú���=�µ��fihþ�Ú�xhÀ�5�b�ac��khþ�M�g�����]fih?��c��kc0�2�a���kfih��Y�2���������ihj�k�����kc0�f�xh�2c%aS��hS�e���Yfih
 Óè�å�æÙã0æ�è�å�ýeÞ3æ�Ý�Þóé�è�ëÌÊ�æ"Þ�è�ä�ã0àâë×È4Ý�ísú7îGãPÈ(ã0á~Ë%È2Ë%ç�îGá3ôlé�è�å�áAÈwý�è�é�áÙä�æ"èVË3îGí�îäeÈeæÙå�é�Þ�á�î3æ�à�Þí�Þ ã0Þ3á;ã0á�á"å�æ�ÝÉÈ;Ê¸Èeá"ÞÛí�ÞÛý�ÈeÝâà�í¸È(ã0à�èeérË3è�éeËGÞ3æ�é¸Èeé:ãuÝ�ú7îGýeè�Ý�ålã0à�èeé×í�å¾ãPÈeåRß×í�Þùæ�Þ¡Ë3èeé�é¸Èeàâá"á·È4éeË3Þä¸ÈeæÙæ·Èeä�äTè�æ;ãÈ4åìé�è�ëÌÊ�æ"ÞíWúbî8ãPÈ4ã"á3ñ p à�é�á�àWêÛä¸Èeæ�ã"à�æ�í�ÞÝLÈ ö¸	eå�æ"Þ.õ{àL	�ñ 4 ñI"/&N"Rå�àWëÕè�é:ã0æ"Þ�Ý�ú7îGýeè��Ý�ålã0à�èeéoí�åLã·Èeålßoí�Þ¡æ�Þ¡ËGè�é�é¸Èeàâá"á�ÈeéeË3Þùä¸Èeææ�Èeä�äÏè�æ�ã.ÈeåLé�è�ëÌÊ�æ�Þùí�ÞGá îGã·È4ã0á�äTè�å�æÝÉÈ�Ê¸Èeá�Þ¡í�Þý�ÈeÝ�àâí¸È4ã"à�è�éµË3è�éeËGÞ3æ�é¸Èeé:ãõÝâÞ3áËëÑÈÚ��å�á�ËGå�Ý�ÞGá3ôZÝâÞ÷é�è�ëÌÊ�æ�Þ÷è�ä�ã"à�ëÑÈeÝ í�ÞGáËîGãPÈ(ã0á;Ë%È2Ë%ç�î3áõäÏè�å�æOÝâÞÿ û¾û��VýeÞ3æ�ã"àLË¡ÈeÝ�Þ3á�ãí�Þ�" W î8ãPÈ4ã"á�Þ8ãí�Þ�"'"ÛîGãPÈ(ã0á�äTè�å�æ�ÝâÞùÿûLû��Vç�è�æ"à-ý3è�é:ã·ÈeÝ�ñ¸U�è�å�á�æ"Þ3ëÑÈeæ��"\å�è�é�á)"\å�Þìé�è�å�áÌÈwý�è�é�á¡ä�æ"àâáÛÝâÞËëÑ
Gë�ÞÕé�è�ëÌÊ�æ"ÞõíWúbî8ãPÈ4ã"á´Ë%È�Ë%ç�î3á¡äÏè�å�æ ã0èeå�áùÝâÞ3á ë�èRí�ð3ÝâÞ3áGñ� Þ3äÏÞ3é�í¸Èeé:ãùàâÝ{á�ÞÕäÏÞ3ålãN"Rå�ÞÕÝâÞOé�è�ëÌÊ�æ"ÞOísú7îGã·È4ã0á¥Ë%È�Ë%ç�î3á á"èeàâã í�àUÝWîGæ"Þ3é:ã á�å�àâý�Èeé:ã Ý�ÞOëÕèRí�ð3ÝâÞí�ÞÑË%Èeæ�È2ËGã"ð3æ"Þ¾þ�äeÈeæÛÞ[ßlÞ3ëÕä�Ý�ÞÕÞ3é:ã0æ�ÞõÜuÞ8ãF� �[ñK� Þ8ã"ã"Þõá�ã"æ·È4ã"î¡	�àâÞ�á�Þ3æ�ÈoÞ8ßlä�Ýâè�àâã"î3ÞÕí�å�æ�Èeé:ãùÝâÞ3áÞ8ßläÏî3æ�à�Þ3é�Ë3Þ3á!Ë3èeéeË3ÞGæ"é¸Èeé:ã�Ý�ÞGá�æ"î3á�Þ%ÈeåRß�Ê¸È%��î3á�à�ÞGé�á3ñ
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~`��?Y 4 ñI"/& « �KÈeåRßÀí�Þ æ"ÞTË3è�é�éeÈeà�á�á·ÈeéeËGÞÛäeÈeæ�æ·Èeä�äTè�æ;ã!ÈeålßÀî8ãPÈ4ã"áóäTè�å�æ�Ý�Þ3áóëÑÈÚ��å�áÎË3å�ÝâÞ3á
p ä�æ"ðGá.Èwý�èeà�æ�æ"îT	�Ý�î ã"è�å�áóÝ�ÞGáóä¸Èeæ·È4ë�ð8ã0æ"ÞGá�í�Þ3á�ëÕèlí�ðGÝ�ÞGá�í�Þ¥Ë%Èeæ�È2ËGã"ð3æ"ÞGá3ô é�è�å�á�äeÈeá"á�è�é�á�êÝLÈ ä�ç¸Èeá�Þ�í�Þóã"Þ3á;ãwñ p àâé�á"àrÝâÞ3áZæ�î3á"å�ÝâãPÈ(ã0á,Ë3è�é�Ë3Þ3æ�é¸Èeé:ãAË3Þ)Ë%Èeá�þ=û�ÈÚ��å�áÎË3å�ÝâÞ3áP�Zá"èeé\ãÙí�è�é�é�î3á�í¸Èeé�áÝâÞ ãPÈ2Ê�Ý�Þ%È4å��KÈ2ÊWñ 4 ñ 4 ñ

O~È4Ý�à�íV�Vã0ÞGá�ã U�è�ëÌÊ�æ�ÞÕí�ÞË¡Èeæ·È2Ë8ã0ðGæ"Þ3á �KÈ4ålß í�Þæ"ÞTË3è�é�éeÈeà�á��á·Èeé�Ë3Þ
Ë3è�éJ��å�á"àâè�é

ÿ ûLûr�Vý�ÞGæ�ã"àLË%È4Ý ý�ÈeÝâà�í¸È4ã"à�è�é 421 0 1 $'0�ñ�$ <�b þ�ÜF*~�uþò� * ��¨Þ3á;ã 421 0 1 $'0�ñ�$ 4�b þ�Üð�!�ÿ ûLûr�_ÿ�èeæ"à ýGè�é:ãPÈeÝ ý�ÈeÝâà�í¸È4ã"à�è�é 421 0 1 $'&�ñ 9ü<�b þ p *~� þ�� ÿ®� þ� 
ò:��¨Þ3á;ã 421 0 1 $'&�ñ W 4�b þ�õ�*~� þ=òë�?�
:Acc;KY 4 ñ 4 « ��îGá"å�Ý ãPÈ4ã"á�í�Þ æ"ÞTË3è�é�éeÈeà�á�á·ÈeéeËGÞÛäÏè�å�æ�ÝâÞ3áóëÑÈÚ��å�á�ËGå�Ý�ÞGá

p à�é�á�à:êaä¸Èeæ;ã0à�æTí�Þ,Ë3ÞGá*æ"î3á�å�Ýâã·È4ã0áGôwÝ�Þ-ÿ ûLû���ý�ÞGæ�ã0à�Ë%ÈeÝ:ÞGá�ã�ëÕÞ3àâÝ�Ý�ÞGå�æg"Rå�Þ�ÝâÞZÿ û¾û���ç�èeæ"à ýGè�é:ãPÈeÝ=ôËGÞ3ÝLÈ í�å���È4àâãF"\å�ÞóÝ�ÞGá-ý�ÞTËGã0ÞGå�æ"áAË3è�Ýâè�é�é�ÞGáZí�ÞóÝ�ú7à�ëÑÈ2	�ÞÙë�èRí�î3Ýâà�á�Þ3é:ãZëÕà�Þ3åRßOÝ�ÞFË%Èeæ�È2ËGã"ð3æ"Þ4ñüU�è�å�áæ�Þ3ëÑÈeæ°"\å�èeé�á "\åsú�Èwý�Þ¡ËuÝâÞ3á�ý�Þ¡Ë8ã0ÞGå�æ"á�ÝâàL	�é�ÞGá3ô\é�è�å�áÈwý�è�é�áaä�Ý�å�á í�Þ+Ë3è�é���å�á"à�èeé�á�.Rä¸ÈeæÙÞ8ßlÞ3ëÕä�Ý�ÞÞGé:ã0æ"Þ ÝâÞ3áDb Þ8ãóÝ�ÞGá?køñ
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Æy��ôJ���0��Æ p�¿`c0����c��Ú���=�µ��fihþ�Ú�xhÀ�5�b�ac��khþ�M�g�����]fih?��c��kc0�2�a���kfih��Y�2���������ihj�k�����kc0�f�xh� ���y��hS�e�5�]fih

Q é×ä�æ"èVË3ð3í�Þuí�ÞuÝÉÈùë�
3ëÕÞ ëÑÈeé�àâð3æ"Þ�"\å�Þ í¸Èeé�á�ÝâÞ.Ë%È4á�í�Þ3áóëÑÈÚ��å�á�ËGå�Ý�ÞGá3ñ¸U�è�å�á?ËGè�ë�ëÕÞ3éV�ß3èeé�á�äeÈeæËÝÉÈLö�ß�È4ã0àâè�é�í�Þ÷ã0è�å�áÕÝ�ÞGáËä¸Èeæ·È4ë�ð8ã0æ"ÞGáËí�Þ3áÕë�èRí�ðGÝ�Þ3áGñ p àâé�á"à�é�èeå�á;Ë%ç�Þ3æÎË%ç�è�é�áìÝâÞé�è�ë´Ê�æ"ÞËè�ä�ã"à�ëÑÈeÝ-ísú7îGã·È4ã0á¦Ë%È�Ë%ç�î3áÛÞ3éAå�ã"à�Ýâà�á·È4é\ã ÝÉÈrÊ¸Èeá�Þõí�ÞËý�ÈeÝ�àâí¸È4ã0àâè�ésñÕU�è�å�á´Èwý�èeé�áùá�å�äJ�äÏè�á"îË"\å�Þ:ËGè�ëÕë�Þ�ä�æ"îTË3î3í�Þ3ëÕë�ÞGé\ã�ã"è�å�áaÝâÞ3áaëÕèRí�ð3ÝâÞ3á í�Þ:Ë%Èeæ�È2ËGã"ð3æ"ÞGá�è�é:ã�Ý�Þ�ëÑ
Gë�Þ�é�è�ëÌÊ�æ"Þísú7îGã·È4ã0á+Ë%È2Ë%ç�îGá3ñf� ÞGäTÞGé�í¸Èeé:ãuèeéLäTèeå�æ"æ�Èeàâãóý�Èeæ"àâÞ3æ�Ý�Þ é�è�ëÌÊ�æ"ÞùíWúbî8ãPÈ4ã"á.Ë%È�Ë%ç�î3áuá�Þ3Ý�èeéLÝ�Þ ë�è��í�ðGÝ�Þóí�Þ!Ë%Èeæ�È2ËGã"ð3æ"Þ4ñV� Þ�í�Þ3æ"é�à�Þ3æ,Ë%ç�èeà ßËá�Þ3æ·È å�ã0àâÝ�àâá"îaí¸È4é�áÙÝLÈuä¸Èeæ�ã"à�Þ�í�ÞGáð�óî3á�Þ%ÈeåRßÑ�È%��î3á�à�ÞGé�á3ñ�fÈËöe	�å�æ"Þ¦õ{à�	�ñ 4 ñ�"aÛ1"Rå�à*æ"Þ3ä�æ"î3á�Þ3é:ã0ÞÛÝ�ú7îGýeè�Ý�å�ã"à�è�é÷í�åoãPÈ4ålßÀí�Þ æ"ÞTË3è�é�é¸Èeà�á�á·Èeé�Ë3Þ ä¸Èeæóæ·Èeä�äTè�æ;ãÈeå é�è�ëÌÊ�æ�Þ�íWúbî8ãPÈ4ã"á3ô�í�è�é�é�ÞõÝ�ÞËé�èeëÌÊ�æ"ÞÕè�ä�ã"à�ëÑÈeÝ-ísú7îGã·È4ã0á7Ë%È2Ë%ç�î3á´ËGè�éeËGÞ3æ"éeÈeé:ãOÝ�ÞGá ëÕà�é\å�á��Ë3å�Ý�Þ3áGñ*òè�é�ËOÝ�Þ¡é�èeëÌÊ�æ"ÞOèeä�ã0àâë×ÈeÝ�í�ÞGá îGãPÈ(ã0á:Ë%È�Ë%ç�î3á Þ3á;ã;" W îGã·È4ã0áuäÏè�å�æuÝâÞOÿ û¾û��VýeÞ3æ�ã"àLË¡ÈeÝÞGã�í�Þ ë�
3ëÕÞeô�äÏè�å�æ�ÝâÞ ÿ ûLûr��ç�è�æ�à ýGè�é:ãPÈeÝsÝâÞué�è�ëÌÊ�æ"Þuè�ä�ã"à�ëÑÈeÝWí�Þ3á�îGãPÈ(ã0á)Ë%È2Ë%ç�î3á�Þ3á�ã¦" W ñ
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HMM−horizontal

 meilleur choix 
les deux meilleurs choix
les trois meilleurs choix 

meilleur choix
les deux meilleurs choix 
les troix meilleurs choix

A`��?Y 4 ñI"kÛ « �RÈeålß÷í�Þ æ"Þ¡ËGè�é�é¸È4à�á"á�ÈeéeËGÞÛä¸È4æ�æ�Èeä�äÏè�æ�ã?ÈeålßÀî8ãPÈ4ã"á�äÏè�å�æóÝâÞ3á�ëÕà�é\å�á�ËGå�Ý�ÞGá
p ä�æ�ð3á¦Èwý�è�àâæö�ßlîOã0è�å�áuÝ�Þ3áuäeÈeæ·ÈeëÕðGã"æ"ÞGá3ôWé�è�å�á ä¸Èeá�á"è�é�á êìÝLÈõä�ç¸Èeá�ÞËí�Þ¡ã0ÞGá�ãwñ p à�é�á�à{ÝâÞ3áæ"îGá"å�Ý ãPÈ4ã"áóéRå�ë�îGæ"à#"\å�ÞGá)Ë3è�éeËGÞ3æ�é¸Èeé:ã.ËGÞ¥Ë%ÈeáÛþ�ëÕà�é\å�áÎË3å�ÝâÞ3á·� á"è�é:ã�í¸Èeé�áóÝâÞ ãPÈ2Ê�ÝâÞ%Èeå��RÈ2Êsñ 4 ñ W ñ



X_YHG=Y�I¥]_ak�R^TdJcedfaNh�J<�_]=if`K�:h_gfdJcJ�LJNM5Ú�cRa;a�hO�:`H�°Ú3[�gfdf`bg5� & <
O~ÈeÝ�àâíJ�Vã"Þ3á�ã U�è�ëÌÊ�æ"ÞÕí�ÞË%Èeæ�È2ËGã"ð3æ"ÞGá �RÈeålß í�Þæ�Þ¡Ë3èeé�é¸Èeàâá#�á�ÈeéeË3Þ

Ë3è�éJ��å�á"àâè�é
ÿ û¾û��VýeÞ3æ�ã"àLË¡ÈeÝ O~È4Ý�à�íeÈ4ã0àâè�é 421 0 1 $'&lñ $ b�ÓÞGá�ã 421 0 1 $ < ñ W 0 b þ�Ýsç¸� þ�éoë×� þ�ý«�+�ÿûLû���ç�è�æ"à-ý3è�é:ãPÈ4Ý O~È4Ý�à�íeÈ4ã0àâè�é 421 0 1 $ 9 ñ 9 $ b þ�í�	ü�uþ�Ê×ü��uþ�àJ�·��ÓÞGá�ã 421 0 1 $ W ñ 4 & b þ�Þ¥Ë/� þ]"õí�	ü�uþ�ã)�·�

:Acc;KY 4 ñ W « �óî3á"å�ÝâãPÈ(ã0á�í�Þ æ"ÞTË3è�é�é¸Èeà�á�á·Èeé�Ë3Þ äTè�å�æ�Ý�Þ3áóëÕà�é\å�áÎË3å�ÝâÞ3á
ò�È4é�áRËGÞ,Ë%ÈeáGô6è�é7ËGè�é�á;ãPÈ4ã"Þ%"\å�Þ�Ý�Þ�ÿûLû���ý�Þ3æ;ã0à�Ë%ÈeÝ\Þ3á;ã¨ë�ÞGà�Ý�ÝâÞ3å�æ�"\å�ÞÙÝâÞ�ÿ ûLûr��ç�è�æ�à ýGè�é:ãPÈeÝÞ8ã:"\å�Þ Ý�Þ3á�æ�î3á�å�Ýâã·È4ã0á?ËGè�éeË3ÞGæ"é¸È4é\ã�ÝâÞ3á�ëÕà�é\å�á�ËGå�Ý�ÞGá�á"è�é:ã�ëÕè�à�é�áFÊTè�é�áR"Rå�Þ¦ËGÞ3ålß÷í�Þ3áóëÑÈÚ��å�á#�ËGå�Ý�ÞGá Þ8ã�"\å�Þé�è�å�á?Èwý�èeé�áFÊÏÞ3á�è�à�éìí�Þä�Ýâå�á ísú7îGã·È4ã0áGñe� ÞGÝÉÈ Þ3á�ãaí9|rÈeå���Èeàâã%"\å�ÞÝâÞ3áFË¡Èeæ·È�ËGã0ðGæ"ÞGáëÕà�é\å�áÎË3å�ÝâÞ3á�è�é:ã�í�ÞGá)��èeæ"ëÕÞ3á�ä�Ýâå�á)Ë3è�ëÕä�Ý�Þ[ßlÞ3á�ÞGã�é�îTË3ÞGá"á"à ã0ÞGé\ãå�éÀÞ3é�á�Þ3ëÌÊ�Ý�Þ í�Þ¥Ë%Èeæ�È2ËGã"î3æ�à�á#�ã"à#"\å�ÞGá�ä�Ý�å�á?	�æ�Èeé�íÀäÏè�å�æóÝ�ÞGá�í�î¡ËGæ"à�æ�Þeñ

Æy��ôy������á p�¿�c0�Y��c��Ú���Õ�½��fihN�Ú�xhÀ�5�b�ac��khË�M�g���/�]fxhN��c��kc0�2�S�i�kfih¥���½�5���Y���ih��f�i���kc0�f�ih��fJ��hÀfi�ÂÁ��]fà�½c%aS�5hÀ�e�5�]fih�� ���y��hS�e���Yfih
òÞ ÝÉÈ�ë�
3ëÕÞ,��È�ß3è�éùè�éÛã"Þ3á�ã"ÞaÝÉÈ!Ê¸Èeá�Þaí�Þ ý�ÈeÝâà�í¸È4ã"à�è�éuíeÈeé�á�ËGÞË%Èeáaþ�ÞGé�á"ÞGëÌÊ�Ý�Þ ë×ÈÚ��å�á�Ë3å�Ý�Þ3áëÕà�é\å�áÎË3å�ÝâÞ3á·�uäÏè�å�æ7Èwý�è�àâæÛÝâÞËé�è�ëÌÊ�æ�Þ�èeä�ã0àâë×ÈeÝZí�Þ3áùî8ãPÈ4ã"á7Ë¡È2Ë%ç�îGá3ñ�U�è�å�áÛæ"Þ3ëÑÈeæ�"Rå�è�é�á["Rå�Þé�è�å�á!Èwý�è�é�áóä�æ�à�áóÝ�Þuë�
3ëÕÞ é�èeëÌÊ�æ"Þ ísú7îGã·È4ã0áóäÏè�å�æaã"è�å�áóÝ�ÞGá�ëÕèRí�ð3ÝâÞ3á3ñp à�é�á�àaêLä¸È4æ�ã0àâæùí�Þ÷ÝLÈoö¸	�å�æ"Þ�õ{à�	�ñ 4 ñ�"/0lô¨èeé�ËGè�é�á;ãPÈ4ã"Þ?"Rå�Þ÷Ý�Þìé�èeëÌÊ�æ"Þõè�ä�ã0àâë×È4Ý�ÞGá�ãÕí�Þ�" 4î8ãPÈ4ã"áóäTè�å�æ�Ý�Þ ÿ û¾û��VýeÞ3æ�ã"àLË¡ÈeÝ*ÞGã�í�Þ;" 1 äÏè�å�æ�Ý�Þ ÿûLû��Vç�è�æ"à-ý3è�é:ã·ÈeÝ�ñ
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HMM−horizontal

meilleur choix
les deux meilleurs choix
les trois meilleurs choix

meilleur choix
les deux meilleurs choix
les trois meilleurs choix

A`��?Y 4 ñI"/0 « �RÈeålß«í�Þ�æ"Þ¡ËGè�é�é¸È4à�á"á�ÈeéeËGÞ äeÈeæ æ·È4ä�äTèeæ�ã ÈeåRß«îGã·È4ã0áIäTè�å�æEÝ�ú7Þ3é�á�Þ3ëÌÊ�ÝâÞëÑÈÚ��å�á�ËGå�Ý�ÞGá#�Vë�àâéRå�á�Ë3å�Ý�Þ3á
p ä�æ�ð3á!Èwý�è�àâæ ö�ßlîuÝ�Þé�è�ëÌÊ�æ�Þ ísú7îGã·È4ã0á?Ë¡È2Ë%ç�î3áGôré�è�å�á�äeÈeá"á�è�é�á�ê¡ÝÉÈùä�ç¸Èeá"Þuí�Þ ã0Þ3á;ãwñ p à�é�á�àÝ�ÞGá�æ"îGá"å�Ý ãPÈ4ã"á�í�Þ ã"Þ3á;ã�á�è�é:ã�í¸Èeé�áóÝ�Þ#�RÈ2Êsñ 4 ñ 9 ñ
ò�Èeé�áNËGÞªË%È4á3ô{èeé Ë3è�é�á�ãPÈ(ã0Þþ"\å�ÞìÝâÞìÿûLû ý�ÞGæ�ã0à�Ë%ÈeÝÙÞ3á;ãOë�ÞGà�ÝâÝ�Þ3å�æ Þ8ãP"\å�Þ÷ÝâÞ3áÛã·Èeålß í�Þæ"ÞTË3è�é�é¸Èeà�á�á·Èeé�Ë3Þùèeé\ã.Ê¸Èeàâá"á"î ä�å�àâá°"\å�Þ¡Ý=úbèeé×ã"æ"è�å�ýeÞùä�Ýâå�á�í�Þ´ËGè�é���å�á�à�è�éoÞ3é:ã0æ�ÞùÝ�ÞGá.ËGÝÉÈeá�á"Þ3á�í�ÞëÑÈÚ��å�á�ËGå�Ý�ÞGá ÞGã í�ÞËëÕà�é\å�á�ËGå�Ý�ÞGá¥Ë3è�ëÕë�Þùä¸Èeæ Þ8ßlÞ3ëÕä�ÝâÞ×þ¨Q¡ôsèü�Þ8ãìþ
¯¡ôWße�8ñf ¨è�å�æ îGýRà ã0Þ3æ:ËGÞ3áË3èeé���å�á"àâè�é�áGô¨èeé äÏè�å�æ"æ�Èoå�ã"à�Ýâà�á"ÞGæuÝ�Þ�Ë3è�é:ã"Þ8ßRã0Þ�í�Þ3áÛë�èeã"áÛäÏè�å�æ í�àUÝWîGæ"ÞGéeË3àâÞ3æ Ý�Þ3á¦Ë%È4æ·È2Ë8ã0ð3æ�Þ3á"\å�àZè�é:ã Ý�ÞGá ë�
3ëÕÞ3á���èeæ"ëÕÞ3áuÞ3éøëÑÈÚ��å�á�ËGå�Ý�ÞGá ÞGã Þ3é ë�àâéRå�á�Ë3å�Ý�Þ3áGñ3U�èeå�á æ"Þ3ëÑÈeæ�"Rå�è�é�á¦Èeå�á�á"à"\å�ÞóÝ�Þaã"Þ3ëÕä�áZí�Þ?Ë%È4ÝLË3å�Ý�Þ3á;ãÙä�Ý�å�áZàâë�äÏè�æ�ã·Èeé:ã�"\å�Þóí¸Èeé�á�ÝâÞ3á,Èeålã0æ"ÞGá,Ë%ÈeáZä�å�à�á°"\å�Þóé�èeå�á~È6ýeè�é�á<'4 Ë3ÝLÈeá"á�Þ3á�ê;Ë3è�é�á;ã0æ�å�à�æ�ÞuÞGã�êOå�ã0àâÝ�à�á�Þ3æaäÏÞ3é�í¸Èeé:ã�Ý�Þ3á�ã"Þ3á�ã"á3ñ

Æy��ôJ���0� è �7�=�5�e�Y�5h¡���=�
U�è�á{Þ8ßläTîGæ"àâÞ3éeËGÞ3á-ëÕè�é:ã0æ�Þ3é:ãF"\åsú7å�é�Þ?Èeä�ä�Ý�à�Ë%È4ã"à�è�é í�àâæ"Þ¡Ë8ã0Þaí�Þ3áZÿûLûoá-í¸È4é�á-Ý�Þ~Ë%È4á-á"ÞGë�à �Ë3èeé\ã"à�é\åÅË3èeé�í�å�à ãuêõí�ÞGá æ"îGá"å�Ý ãPÈ4ã"áá�È4ã0àâáÎ��Èeàâá·Èeé:ã0á�í¸Èeé�áÝ�Þ´Ë¡Èeá è�l¾Ý�Þ3á�í�Þ3åRßJä¸Èeæ;ã0àâÞ3áëÑÈÚ��å�á��Ë3å�Ý�Þ3á ÞGã�ëÕà�é\å�áÎË3å�ÝâÞ3á á�è�é:ãóá"îGä¸Èeæ"îGÞ3áGñ¸�*Þ3á�æ"îGá"å�Ý ãPÈ4ã"á è'Êlã0Þ3é\å�á�äÏÞ3æ�ë�Þ8ã"ã"Þ3é:ã�í�Þ�ËGè�ëÕä¸Èeæ"ÞGæ ÝâÞ3áëÕèlí�ðGÝ�ÞGáÙÞGé\ã"æ"Þ ÞGålßTñ_� Þ3äÏÞ3é�í¸Èeé:ã?Ë3ÞGá�æ"îGá"å�Ý ãPÈ4ã"á è�é:ãaî8ã0î è2Ê�ã0ÞGéRå�áaÞ3é÷å�ã"à�Ýâà�á·È4é\ã�ÝLÈ7Ê¸Èeá�Þ:�~�ä¸Èeæ;ã0àâÞ3Ý�ÝâÞ3ëÕÞ3é:ãwô7ÞGã{é�Þ�äÏÞ3å�ýeÞ3é:ã í�è�éeË�ä¸Èeá�á�Þ?Ë3è�ëÕä¸Èeæ�Þ3æ�ê ísú�Èeå�ã"æ"Þ3á�ëÕîGã"ç�èlí�Þ3áZä�å�àâá°"\åsú7à�Ý���È4å�ãÈwý�è�àâæ�Ý�ÞGá�ë�
3ëÕÞ3á�í�è�é�é�îGÞ3áí�Þ ã"Þ3á;ã�Þ8ã�ísú È4ä�ä�æ"ÞGé:ã0à�á�á·È2	eÞeñÕ�úbÞGá�ã�äTèeå�æ)Ë3Þ3ÝLÈ/"Rå�ÞÛé�èeå�á!È6ýeè�é�áî¡	'ÈeÝ�ÞGë�ÞGé\ãóÞ�ÝWÞTËGã"å�îÛí�Þ3áóÞ8ßläÏî3æ"àâÞ3éeËGÞ3á�á"å�æ�ÝÉÈÌÊeÈeá"ÞÛû�U�Ü#-ú�ê"\å�à*Þ3á;ãÝLÈeæ�	eÞ3ëÕÞ3é:ã�í�àUÝWå�á�î3Þ4ñU�èeå�á æ�Þ3ëÑÈeæ°"\å�è�é�á "\å�Þ é�è4ã0æ"Þ�ë�èRí�îGÝ�à�á�È4ã0àâè�éOÞ3á;ãR��å�á�"RåWú^êùëÑÈeàâé\ã"Þ3é¸È4é\ãÙëÕè�é�è�� � ålßÕà�Þ4ñlé�è�å�áÈwý�è�é�áaå�ã0àâÝ�àâá"îóå�é�àV"Rå�Þ3ëÕÞ3é:ãaÝâÞ3á�à�é���è�æ�ë×È(ã0à�èeé�áZá"ÞGÝ�è�é�Ý�Þ3áAË3è�Ýâè�é�é�ÞGáÙèeåªÊ�à�ÞGéõÝâÞ3á ÝâàL	�é�Þ3á3ñ p à�é�á�àé�èeã"æ"Þ�è'ÊV��Þ¡Ë8ã0àI�*á"ÞGæ·ÈùÝ=úbå�ã"à�Ýâà�á·È(ã0à�èeéOí�Þ3áÙà�é���è�æ�ë×È(ã0à�èeé�áZá"àâë¡å�Ýâã·Èeé�îGë�ÞGé\ã�á�Þ3Ý�èeéìÝ�ÞGáAËGè�Ý�è�é�é�Þ3áÙÞGã



X_YHG=Y�I¥]_ak�R^TdJcedfaNh�J<�_]=if`K�:h_gfdJcJ�LJNM5Ú�cRa;a�hO�:`H�°Ú3[�gfdf`bg5� &�Û
O~ÈeÝâà�íJ��ã0ÞGá�ã U�è�ëÌÊ�æ�Þ�í�ÞË¡Èeæ·È2Ë8ã0ðGæ"Þ3á �KÈ4ålß í�Þæ"ÞTË3è�é�éeÈeà�á��á·Èeé�Ë3Þ

ËGè�é���å�á�à�è�é
ÿ ûLû���ý�ÞGæ�ã0à�Ë%ÈeÝ O~ÈeÝ�àâí¸È4ã"à�è�é 9 "%& 1 $�"�ñ�0'$ b þ�õ�@¦�aþaèn�?�aþ�ÜÝÉ�uþ�èÑQ¥��¨Þ3á;ã 9 "%& 1 $�"�ñ�0 4db þ�ÿð�k�¡þ¨-LáP�Oþ}ß¯:��þ�� �R��þaü�ý/�ÿ ûLûr��ç�è�æ�à ýGè�é:ãPÈeÝ O~ÈeÝ�àâí¸È4ã"à�è�é 9 "%& 1 0eÛlñ�& b þ>è�ò:�ùþ�ÜaÞÌ���þ���Ê_��þò Aä_��þ�Oý���¨Þ3á;ã 9 "%& 1 0'&�ñ�&'& b þ�Ý\Ü#�Ùþ �<e(�Ùþb�:O¥�þ}ß?¯¥� þòQ½èü�

:~c<;RY 4 ñ 9 « ��îGá"å�Ý ãPÈ4ã"á�í�Þ æ�Þ¡ËGè�é�é¸Èeàâá"á�ÈeéeË3Þ äÏè�å�æ�Ý�ú7Þ3é�á"Þ3ë´Ê�Ý�ÞuëÑÈÚ��å�áÎË3å�ÝâÞ3á#�Vë�àâé\å�á�ËGå�Ý�ÞGá
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ñ<���H���H�T���^���H��°
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ã©���Z°¾�0����� ñ<����� ���
�m��°
���5���������m�0�����!�

���5�}«��}�*�����

Á�ÂÀÂF°¾®5�����0�H�£��� ¡4¢ ®��?�������?�0�H�5� á5ò}¤�à%º b ê Æ å¦ë�ê>è Æ ë
ñc�!�m� á5á}¤�à5à b ê¾ó~ô�ë

ß5¼ ®��?�������?�0�H�5� ò½º_¤(ß b ê ´öõ ë�ê�÷øÁÃë
ñc�!�m� ò5¼}¤»ð5ð b ê�åìä�ë�êKãöùúë

à½¼ ®��?�������?�0�H�5� ò½º_¤(á5ß b ê�¹Fñìûqësê�÷ÞÁÃë
ñc�!�m� ò5¼}¤(ò5¢ b ê��üÂÀëéê�åýñ/ë

ê�ãþùúë
á5¼ ®��?�������?�0�H�5� ò5ß}¤(á5ò b ê�åÌñ/ë�ê�÷úÁ�ë

ñc�!�m� ò½º_¤�à½¢ b ê�ñÿ¹µë�ê�ù ã�ë
ÁÃÂÀÂF°{���5�m� ý����%�0��� ¡4¢ ®��?�������?�0�H�5� á5á}¤(ò b ê Æ ô�ë�ê�ä ÷²ë

ñc�!�m� á½ð_¤»ð b ê�¥ ÷6ë^ê�å ä�ë
ê��ý�Ãë

ß5¼ ®��?�������?�0�H�5� ò5¼}¤(ß5ß b ê�÷��§ë ê Æ ô�ë
ê¾ô~ó�ë

ñc�!�m� á5ò}¤Z¡4ò b ê��^¹së�ê��²ehüLë
à½¼ ®��?�������?�0�H�5� ò}¡5¤�à½ò b ê¾Â ��ëAêKãýùúë

ê�¥^÷²ë
ñc�!�m� á5ò}¤»ð?à b ê�÷ Á�ëìê Æ ô�ë

ê��6å¦ë
á5¼ ®��?�������?�0�H�5� ò}¡5¤»ð
	 b ê�� Æ ë�ê�÷ ÁÃë

ñc�!�m� á5ò}¤(á�à b ê��^¹së
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�¾�����#0������}�����������d�0�����H���Ã���¿�������0�����������H�*���*�}�q�H���������_�Ç���A�*�!���5���������m�0�����!��¤±ôÃ�¿�*�!�W�?�*¯%���
¯%���������/�������Å�*���m���?�����H���*�!�½�/����?�m�0�H�²�C�����¿���H�!�*���5���������m�������0�����H����á5¼d®������0���}�*��¤ ´ �H���*�L�H���
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ñ<���H���H�T���^���H��°
�0�����������H�*�

ã©���Z°¾�0����� ñ<����� ���
�m��°
���5���������m�0�����!�

���5�}«��}�*�����

Á�ÂÀÂF°¾®5�����0�H�£��� ¡4¢ ®��?�������?�0�H�5� ò}¡ b ê��Å�Ç�Oë�ê��Ç¯_ë
ñc�!�m� á½ð_¤7	�ß b ê���«�ë�êK® õ ë

ß5¼ ®��?�������?�0�H�5� ò5¼}¤(á5ò b ê����%ë�ê��_Ú6�Kë
ñc�!�m� ò5¼}¤�à½ß b ê��Å�Ûë�êK® õ ë

à½¼ ®��?�������?�0�H�5� ò½º_¤(¼�à b ê����%ë�ê��_Ú6�Kë
ñc�!�m� ò}¡5¤7	
	 b ê�® õ ë�ê�����ë�ê���Oë

á5¼ ®��?�������?�0�H�5� ò½º_¤(ß½ð b ê����%ë�ê��L�¶ë
ñc�!�m� ò}¡5¤(á½ð b ê�® õ ë

ÁÃÂÀÂF°{���5�m�98����%�0��� ¡4¢ ®��?�������?�0�H�5� á5á}¤Z¡ b ê��_Ú0ë�ê��d���4ë
ñc�!�m� á:	_¤»º�ß b ê�8V«0ëVê�¯���ë6ê�® õ ë

ß5¼ ®��?�������?�0�H�5� á5á}¤(ß5ò b ê����%ë�ê��%Ú²�¶ë�ê��±«0ë
ñc�!�m� á5á}¤(¼5ß b ê�ÜW��ë�ê��Å�Oë
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��ë
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ñc�!�m� á5á}¤»ð�ò b ê����4ë�ê�«¦� ë
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ê»��]+^�dr^��*��b���d*]c��debH¦��[��d*�[����b��Y¢��hdg��a#Úi^�d*�h^�b��hd
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A   B

V        V            0.3                      0.7                   

B    Il a plu pendant la nuit

V        F            0.05                    0.95

P(A=V) = 0.4   P(A=F) = 0.6                       P(B=V) = 0.7     P(B=F) = 0.3

B               P(D=V)           P(D=F)

 A     Arroseur en marche

C      Herbe du jardin  humide

D     Herbe du jardin  voisin  humide

F                0.5                      0.5

V                 0.58                   0.42

F        F            0.78                    0.22

P(C=F)            P(C=V)

F        V            0.4                      0.6

D

A B

C
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A

A

A

A

B C

B

B

B C

C

C

Connection convergente
      A et C causent B

Connection en serie

A cause B, B cause C

 Cas symétrique

 Connection divergente

     B cause A et C
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A B

C D
La connaissance de C augmente la croyance en l’une des 
causes A ou B

A B

C D

La connaissance de D renforce la croyance de la  cause B
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<A|B|D> :
Le chemin A−B−D est en série  en B
Le chemin A−C−D est convergent en C

<A|D|E> :
Tous les chemins de A à E passent par D.
Le chemin A−B−D−E est en série en D
Le chemin A−C−D−E est divergent en D
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6��  p��ª¶¦o���	�¡�¥���°�%� ¦o R��§¨�¥§#�����©�T«múR�������p�±¤o�±�`²³«fÍ��¨�¢�T�����Þ� Ä õZ�����p p���#Ì¥�'���'ÅxÆ¸¼xù È/¼xú É
£\·o�f p£\·o« Ä
è
òó9òYÆ¨ò(È 
��çCEî/ì1K�C
º ���©�)���� p«f�p�¡�¢��¤o�+�%�oâ¨Ð��o R��� Ä � Ä� ���o�)�¥�������o��£��¥��£f�o���f �¦¨�¥ D�´¬��ª¶¦o���������p�� Rªx�+ÅxÆ���È�� É Ä



×�åml§å
	�î)n�æ+=è�î��fè±èoC�êç���=è-�§ê�î�ç¦²�î¹=æ�çéè'êç²áëlêsìCæ�çéí�è�î ±~±

A

B
C

D

 F

G

:ní<;Må+� Ä ������«��p���¥�±4?�6ó¥«��R�����
�¥�L¦# p��£�Î�¤#�-¤#�-��� ª°�¥�#��Î� R���p�#��Ì¢�¥���T�â¯

ÅxÆ�� È�� É ½ Å°Æ��¶À�� É
Å°Æ�� É

½
ü

��� ��� ��� �
ÅxÆ��.À��°À��kÀ ° À F À�� É

ü
��� ��� ��� � � !

Å°Æ"�WÀ��°À��-À ° À F À�� É
É ¬L� Ä ± 

�¥ 
ÅxÆ�� É ½ ü

��� ��� ��� � � !
Å°Æ"�WÀ��xÀ��-À ° À F À�� É

½ ü
�
Å°Æ"� É Å°Æ��ûÈ�� É ü

�
Å°Æ���È�� É ü

�
ÅxÆ ° È��°À�� É ü

�
ÅxÆ F È�� É ü

!
Å°Æ���È�� É
¬L� Ä Ò6ö?

�¥�L¦{���R�
# ¿�Æ�� É ½ ü

�
ÅxÆ F È$� É ü

!
Å°Æ���È�� É

# Â2Æ��xÀ�� É ½ ü
�
ÅxÆ ° È$�°À�� É # ¿fÆ�� É

# ä Æ��°À�� É ½ ü
�
ÅxÆ�� È�� É # Â2Æ��°À�� É ¬L� Ä Ò�ÒW

ÑN���o�R�
Å°Æ�� É ½ ü

�
ÅxÆ�� É Å°Æ�� È�� É # ä Æ��xÀ�� É

oN�-����ª¦_fªx��ÏØ�$�����}���L£¡�¥��£��o���kÅ°Æ��¶À�� É Ä% �´�p�p�-ª¶«f�p·o��¤o�5��²³�¥¦o¦{�������5�%��ª¶«f�p·o��¤o�k¤o�³ÿ�� ��ÿ�t�s�t�ukþcýLtn�]u3¤o����Ì¢�¥ p���¥§o���f� Ä
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ãÖåØä#å�� �98;:!é!çcëçvì+éÙî¹ë�î=<�îDè 	yæµî
è
òó9ò(È
òYÆ Ã�Ä?Å�H�F�Q�FYT+H

>?>�Û % ¬Yó�U]TÕÞ�@oÞ1FLKYF�QSBöó�UWT+ì�@A@"@�QWF�T+H FLH U UWCNCEDôT"MCB\KYÝ1D[Q�CNUiDG.���µ�x�#�o�3ª¶«f�p·o��¤o�
¤
²[���#Ï¸«f p�f�o£��5¦o R��§¨�¥§#�������R�p�N¤¨�¢�o�/�o�� R«��p���¥�L4/�ED�«f�p���f� Ä 6���Ð�«��#«� T�¢��KGF(FYH�McÄNU]CEH í C}ì1UWTÕÞ1@#Þ7F2XKYFLD;QGC ¤¨�¥�o���o�3 p«��R�¡�¥�3���µ�N���k¦o p��£��f�p�p�#�!Í��o��£��¥�o�p���R�T� ¯ £¡�¥��£��o���� �ÅxÆ�@õ½Ç`GÈ$H ½!f É �o�¢�T«
ÅxÆ�@ È"f É �¥Ê�á �f�R�-�o�o�iÌ¢�¥ p���¥§o���.¤o�� p«��R�¡�¥���f��HL�o���f�o�p�fª�§o���¶¤#�iÌ¢�¥ R�%�¥§#�����!��§o�p�f RÌ¥«����
�¥¦o¦{����«��f�,�¥§o�p�f RÌ¢�¢�T�����ô¬Ø«´Ì��¤o���#£��� Ä
 �¥�o��£����o�R��¤o«f p���#�N�`²³�Á¬#�fªx¦#���5 p�f¦o p«f�p�f���p«W¤¨�¢�o���%�JI¨Ð��o R��KA��Ð ÄML#ÄMN ¤o�����,���f�/Ì¥�¢ p�%�¢§o���f�®�p�����§o���¨�¥�� R���fÔ¨�o�3�Á¬��ª¶¦o���-¤
²[���#Ï¸«f p���#£��-¦o p��§o�¥§o�������µ�T��¤o�´Ì� T�¥�©�!£��¥��£f�o���f �Å°Æ"�K½PO¶ÈQ�õ½PO�À�R ½
S É ÄT���>U>�Û % Ï¸�¥�o£f�p�����o�#�5���L¦o���o�R���f�o p�®«´�\�¥¦{����V
ß % ����Ì¥�� p�R�����L¤o�34  ���L��²³�¥ p§# p�5¤o�XWR���o£´�T�����}�¥�p�R�£f��« Ä
ß % �¥��£��o���/¤o�f�,Ï¸���#£f�T�����o�®¦{�¥�T�f���T���f���¥�R�p��£���«f��� ¯ ��²³�¥ p§o R�5¤o�XWR���o£´�T���¥� Ä
ß T�����¦o R��§¨�¥§#�����©�T«f�?£\·o�f p£\·o«f�����R�����N£��¥��£f�o��«f�������L��¦{«� p�¥����¤¨�¥�o����²³�¥ R§o p�5¤o�XWR���#£f�T����� Ä>)�¥�o �£��¥��£f�o���f ����f��¦o R��§¨�¥§#�����©�T«f��Ô¥�¥�°¦¨�¥�R�p�,¦¨�¥ ��o�x£¡�¥��£��o�¨�����p�� Rªx«f¤o�%�¥�� p�®§¨�¢�p«,�p�o +���®£��¥��£f�o�
¤o�f�,Ï¸���#£f�T�����o�®¦{�¥�T�f���T���f� Ä� ���o��¤o�¥�o�o���o��£f�©Óh¤#���p�R���o�,���f�o ®¤o«YIo�o���p����� Ä
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C

D

F

G

H

A

B

I

>0m¸Ñ)npo
� >0m`�Qn
Ò k Ä þk k Ä þ

ÅxÆ�� È�� É ½
ÅxÆ�qkÈ$r É

� Ò k
Ò k Ä þ k Ä þk k ÄMs k ÄMt

Å°Æ���È�� É ½
ÅxÆ�u-È�r É

� Ò k
Ò k Ä � k ÄMLk k Äwv k ÄMN

ÅxÆ�x È�� É ½
ÅxÆ�y}È	q É

§ Ò k
Ò k ÄMz k Ä Òk k Ä þ k Ä þ

ÅxÆ���È�� É ½
ÅxÆ"{LÈ�u É

£ Ò k
Ò k ÄMN k Ä|vk k Ä Ò k ÄMz

ÅxÆ�R3È$� É ½
ÅxÆ�}/È$u É

£ Ò k
Ò k ÄML k Ä �k k ÄMt k ÄMs

Å°Æ F È�xGÀ�R É ½

Å°Æ�~�È$yÕÀ�} É
¤ � Ò k
Ò Ò k Ä k#Ò k ÄMzQzÒ k k Ä k#Ò k ÄMzQzk Ò k Ä k#Ò k ÄMzQzk k k Ä|zQz k Ä k#Ò

Å°Æ���È�R{À�� É ½

ÅxÆ��*È�}RÀ�{ É
¤ � Ò k
Ò Ò k Ä k®þ k Ä|z þÒ k k Ä|z þ k Ä k?þk Ò k Ä|z þ k Ä k?þk k k Ä|z þ k Ä k?þ

:U4<;�& L#ÄMN�� ��«��R�¡�¥�34/�ED�«f�p�����±4 
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� òó9ò��
ò�� ó��g�l�i�'���"�i���
º ���©���o�3�f�o�p�fª�§o���-¤#�kÌ¢�¥ R�%�¥§#������� �¥�L¤#«YI¨�o�©���%��Ï¸���o£´�T������¦7�¢�T�����p������¦o�¥ 

����V J��'� ���
� �'� ���AÆ � É� ���µ�!�¢¦o¦7�f��«��i�� �¡	¢5£=¤k¤#�-���WÏ¸���o£´�T���¥�C���*���
���µ�!�¢�o�p�R�9�#�¥�T«k¤o��ª¥m���n Ä¦ �k¤o«YI¨�#���D¤o�f�¬k��¦{«� p�¢�T�����o�
�R�o D������¦{�¥�p�����T�������dV¡�%�§ �¡	¨�©	¢5£�¡	ª«¢¬®¡	¯�¢���£W�f�D���§ ±°2ª«¯�¢|²�ª«¢�³�¡	¯�¢���£ Ä>)�¥�o �£��f�%�°�¥�±�p�o¦#¦7���R��Í��
²[���*�°¤o�f�¬'�f�o�p�fª�§o���f��¤o�WÌ¢�¥ R�%�¥§#������qÝ�´�µ´ �p�����!Í��o�W¼ >·¶�f�,�R���3¦{�¥�p�����T�����]�X¸ ÄTD�¹ �¡	¨�©	¢5£�¡	ª«¢¬®¡	¯�¢���£G¤#�º�X¸ ¤¨�¥�o�®qõ���µ�N�#�3¦{�¥�T�f���T���f�
�o�¥�p«���»»�T����Í��o��V

��» ½ ü¸�¼�» �X¸
TD�C ±°iª«¯�¢5ª«¢|²�ª«¢�³�¡	¯�¢���£±¤#�.¤o�f�¬L¦{�¥�T�f���p���f���0�,¿®�´���?Â!���µ�!�#�3¦{�¥�T�f���T���f��Í��o�9�i������¦o R��¦o p��«f�p«��
�p�#��Ì¢�¥���T�f��V
Ò Ä ¤o�¥ª½m��,¿��?Â¾npo ¤o��ª¥m��,¿¿npÀ ¤o�¥ª½m��?ÂÁn Ä
vÄ �,¿��?Â�oÂ�?ÂÁ�,¿ Ä
L#Ä m��,¿��?Â É �XÃ�oP�,¿�Æ��?Â¾�XÃ É Ä
soÄ ��Ä3½ÅOk�f��Æ Ä �ÇoP� Ä0��iÈÊÉAË21;Ì]�ÎÍÐÏ

Ñ]¤�¬�²g��¯Ò¤¾£g¯�¢�¤¾ª|¬�²g¤¾°2Ó	¤¾£g¯�Ô¾¯�¨�¤±³���£�¬¾¢��iÕ¾¨�Õ�¬�³��� ± Ö¤��i¤�¬× �¡	¯�¨Á¢�³�¤�¬º��°Ø�i¤�¬×¯�¡ Ù®ª¤�¬��i¤X²�¨��	Ù�¡ Ù®¢5Ú
ª«¢5¯ÒÕ�¬�Û¿³���£��	¢5¯�¢���£g£=¤¾ª5ª¤�¬ÒÜº �¡	¢¬�²�¡�¬�£=Õ�³�¤�¬�¬®¡	¢5¨�¤¾ Ö¤¾£g¯U�i¤�¬�²�¨��	Ù�¡ Ù®¢5ª«¢5¯GÕ�¬ÝÛ¿³���£��	¢5¯�¢���£g£=¤¾ª5ª¤�¬ÒÜ	Þ

ß¹à á3�7�"�l�����âÆiãÐÏ
ä ��¢�¤¾£g¯0åPæçÛ�è
ejé]Ü�°i£C©	¨¿¡¾²gêg¤J¤¾¯3ë ì9í�Þ)îï¤�¬¾¯�°i£=¤�£�����Í��o�Ý¬¾¢�¤¾¯?¬l¤¾°iª¤¾ Ö¤¾£g¯j¬¾¢

ð Æ � À�ñ É Ë ë òcë�À÷Æ � À�ñ É ËÎó Ã
ô�Ë��+õ7Ë���à �làCö÷Ïø ¯ù¡	£g¯±�i��£g£=ÕC°2£�Y/aúÛ�è
eûXÜü¡	Ó	¤�³Öí ½ Æ�í¹¿ÁÀ¡Ã©Ã©Ã�ÀÁíAý É e�°2£Ç¡	¨YÙ®¨�¤Ø£=��£9�	¢5¨¾¢þ©iÕ�ÿP¤¾¯±�i¤¾°��
³¾ª«¢��®°g¤�¬CÛ¿¤¾£�¬l¤¾ �Ù®ª¤±£=��£ Ól¢��i¤��i¤�Ó�¡	¨¾¢�¡ Ù®ª¤�¬Ý�	°*Y?a�Ü�� ¤¾¯���� ¡	£�¬�ÿ_Þ	�'��°i¯G¤�¬Ýª¤�¬Ö³¾ª«¢��®°+¤�¬
¬¾°i¨0ª¤�³�êg¤¾ ±¢5£Ø¤¾£g¯�¨�¤
�Â¤¾¯���³���£g¯�¢�¤¾£g£=¤¾£g¯¨¼� ¶ e3¤¾¯3¡	° ¬�¬¾¢�²g��°i¨�³�ê�¡��®°+¤pÓ�¡	¨Á¢�¡ Ù®ª¤�íoÇ Ë í e
ªþ¡��Y¡	 ±¢5ª5ª¤Ö�i¤ÝíoÇ×£=��¯GÕ�¤	�����ÖÛ"í¨Ç�¤¾¯µ¬l¤�¬�²�¡	¨�¤¾£g¯5¬º�°Æ�í¨ÇþÜ�Ü ¤�¬¾¯)¡	°  Ö��¢5£�¬�¢5£=³¾ª«° ¬l¤�� ¡	£�¬�°2£
©	¨���°�²g¤¾ Ö¤¾£g¯�Þ
ã��Øä��Øã �?ë������{ë����#î ïî �7ì+éNí!ê�ç!�oîKí	"��Né$#&%

' �\�¥���-¤o���o�#«x�o�&(  m<á�Ô[Ñ)n5�¡Ì���£Öíû½ÙÆ�í¹¿ÁÀ¡Ã©Ã�Ã©ÀÁíAý É Ä ¦ �*¤o«¾I¨�o�©�.£f�f�R�T�i�R�p p�o£´�T�o R�x�R�´Ó£��¥�o¤¨�¥�� p�5¦¨�¥ ®¤#���¬L£f��ªx¦{���p�¥���T����Ð� p�¥¦o·o��Í��o�k�f�����oª¶«� p��Í��o�ÝV
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Ò Ä TD�¶£f��ªx¦{���p�¥���T�5Ð� p�¥¦o·o��Í��#�-�#��ªxª¶«��)û�¨®Ù®¨�¤º�i¤+*E��£=³¾¯�¢���£±�R�.£f��ªx¦{���R�5¤o�ÝV

, �N�L�¥ R§o p�k�o�¥�L¤#�� p��Ð�«µÿ}�p���
Í��o�k£\·¨�¥Í��o�-£�����Í��o�Ým¸��-k�o¤}¤¨�¥�o��ÿgn®¤#�����?�T�¢�p���RÏØ�¢�� p� ¯
�%��¦o R��¦o R��«f�p« s m`Ö¥�����=�p p�f�.¦o R��¦{�� R�ÒD�n Ä

,/. �f�9�R«�¦¨�¢ T�¢�p���o R�UV�£¥²[���R�9�o�k�f�o�p�fª�§o����£f���o�µ�T���p�o«�¤o����²[�����p�� p�R��£´�T���¥�5¤o��¤o����¬k£�����Í��o����¥¤�Wp�¥£f�����T�f�Jm10;� õ��®� ���ln Ä
vÄ TD�3£��¥ªx¦{���T�¢���p�x���oª¶«� R��Í��o�x���R�.¤o«f£� p�©�T�x��� ��T�������p�¥���k�����kÏ¸���o£´�T�����o�-¤o�°¦{�¥�T�f���T���f����¥�p�R�£f��«f���-�¥�¬*£f����Í��#���5�f�-�¢�¬'�R«�¦¨�¥ p�¢�T�f�o p�k¤o�i�`²��¥ R§o p�W¤o��WR���o£f�p�����'¤#� �%�=ªx�¥�o��Îf p�
�p�o�©Ì¢�¥���T�ÝV
mØ� n % ·¨�¥Í��o�-£�����Í��o��qõ���µ�!�¢�p�p��£���«�� ¯ �o�L¦7�¥�p�����T�����
�#�¥�T«���»
mØ§+n % ·¨�¥Í��o�-�p«f¦¨�¥ T�2�T���#  º ���µ�N�¥�p�R�£f��« ¯ �o�3¦{�¥�p�����T�����
�o�¢�T«��32
% ����Ï¸���o£´�T���¥�o�®¤o�k¦7�¢�T�����p�������®¤o���©Ì������,�T�2�T���µÏØ�¥�� R�5�¥�¬�¦o p��¦# p��«´�T«f�,�R�o��Ì¢�¥���p���×V
, ¦{���o ®£\·¨�¥Í��o�-£�����Í��o��qõ�f�,�R���3�R«�¦¨�¢ T�¢�p���o ®Ì��¥���p��� º ���L�¹V

ü
»j¼!2 ��»Ú½â�32 m L#Ä Ò v n

º �9��²[«�Í��¨�¢�p����� m L#Ä Ò v n®���µ�!Ì�«f p�þI¨«���¦{���o ,�o�o�W£�����Í��o�.�´���R���±�p«f¦¨�¥ p�¢�T�f�o NÌ¥�����R���
Ô����¤o�©�¶Í��#�c�32����R��Ì��7�54ù�+Ë$È`�76 �'Ì98Q�����E���Y�lÉA�'��:}�¡Ì¥��£c��» Ä<; �¨�¢�o¤�£��´�p�p��o�o�©Ï¸�� pª¶���p«��R�/�T���f����¦7�¥�o �£\·¨�¥Í��o��¦¨�¢�� p�?£�����Í��o�´Óc�p«�¦o�¥ T�¢�p���o fÔ¥���i¤o�©��Í��o����²³�¥ R§o p�
¤o�XWR���o£´�T���¥�L�f�R��ª�l³�¡	ª¤¾ Ö¤¾£g¯3êg�� Ö��©�=¾£=¤ Ä

, ���f�®¦7�¢�T�����p�������®£���¤o�����N�%��¤o���R�p p��§#�#�T������WR�������p�×>0m¸á×n/¤o�L p«f�p���¥�G¦¨�¢ 
ÅxÆ�í É ½?> Ç ��»@�

>BA �32DC
m L#Ä Ò L n

�¡Ì���£º��»E�A�f���32FC��R�����!������¦7�¢�T�����p�������®¤o�k£�����Í��o�k�f�,¤o�k�p«f¦¨�¥ p�¢�T�f�o N R���R¦7�f£f�T�©Ì��ÁÓ
ªx�f��� Ä

. �-¦#���o�®���i�R��£f���o¤o�-�R�p p�o£´�T�o R�W� �o�o�k��ªx¦{�� R�T�¥���T��¦# p��¦o R��«´�T«±V
ô�Ë��+õ�Ë��"à �EàBGÐÏ
Hp��°i¨J³�ê�¡��®°+¤J³¾ª«¢��®°g¤J��°¹¬lÕÒ²�¡	¨¿¡	¯G¤¾°i¨��5e���£c¡JIg» ½IÅxÆ¸¼ É Þ
K��¶�#�T�������T�¥����£f�f�p�p�N¦# p��¦o R��«´�T«����¶¦7�f�#�+£¡�¥��£��o���� ����f��¦o p��§o�¥§o�������p«���ªx�¥ pÐ¥���¨�¥������¦{���o �£\·o�¥Í��o�
Ì¢�¥ R�%�¥§#���)íoÇ9¤o�L p«��R�¡�¥� V

Å°Æ�í¨Ç É ½ ü»j¼!�L� I+» m L#Ä Ò s n

��;�2È`õd�"�

TD�cI¨Ð¥�o p�CKA��Ð Ä|LÄ|z �������o�µ�T R�=��²³�¥ p§# p�}¤o�ºWR���o£´�T���¥� ��§�T����� ¯ ¦¨�¢ R�T��  ¤o�M(  ¤#�L���cIoÐ��o p�
K)��Ð ÄML#ÄMN#Ä % �´�9�¥ p§# p��¤o�'WR���#£f�T�����5£��¥���p���f���D�����
£f����Í��#����ö����ºxGÀ���� ó À���x ó À�� ó �¶À�x ó �®À ó ��� ø
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ABD AD

Clique ABD

Separateur

ADI AI ACI CI CIG

DI IG

IGHDIF

I �RQ+� ½

� § ¤ I �RQ+� Æ�r¨À�q÷À�y ÉÒ Ò Ò k ÄwvQv�SÒ Ò k k Ä k v�SÒ k Ò k Ä Ò v�SÒ k k k Ä Ò v�Sk Ò Ò k Ä Ò N kk Ò k k Ä k v kk k Ò k Ä Ò S kk k k k Ä Ò S k

I �A� ½
� ¤ I �A� Æ�r¨À�y ÉÒ Ò k Ä|L�SÒ k k Ä Ò Sk Ò k Ä|LQLk k k Ä ÒUT

V�4XW�& L#ÄMzº� KA¬��ª¶¦o���5¤¹²³�o�G�¥ p§# p�5¤o�XWR���o£´�T�����
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�´�®���f�®�p«f¦¨�¥ T�2�T���# p��ö���x3À�� ó À�� ó À�x ó À ó � ø Ô£\·o�¥£��o�}¤o�5£f�������#�p��ªW§o���f��mØ£�����Í��o�f��Ôo�R«�¦¨�2Ó
 p�¢�T�f�o p��n5�L�o��¦7�¢�T�����p�������¢�p�p��£���«�I9Ô�¤o�¶¦o���#�-¦o�¥ k�´¬��ª¶¦o����I ��Q+� �´��I �A� �T�¢�p���µÏ¸����� ¯ �%�¦# p��¦o R��«´�T«5¤o�k��²[�o�o�©Ï¸�� pª¶���p«N���£��¥���!£¡�¥ 

I ��� ½ ü Q
I ��Q+�

TD� ¤o���µ�T R��§o�#�p������WR�¥�����T�5�f�R�,¤o���o�#«��k¦¨�¥ 
ÅxÆ�í É ½ I ��Q+� ÃYI ����Z Ã[I �A�EZ ÃYI ��Z�! Ã[I �EZ�� Ã[I Z�!]\I �A� Ã[I �RZ ÃYI ��Z ÃYI �EZ ÃYI Z�!

ã��¸ä��Øä ^�ì�é!ï�ë������{ëçvì+é¾í!î`_a"¸ê+�#ñb�#îKí!î&c�ì+é�d{ëçvì�é
. �¢�o��£��f�R�T�5¦¨�¢ R�T�����o���#�N�¢�����¥�o�?£f��ªxª¶���#£��� ?¦¨�¥ ®�o�}Ð� p�¥¦o·o�5¤o�� p��Ð�«��¥£¾D�£�����Í��o��m . Ñ�e�n

¤¹²³�o�f(  �f�k���#�p�o�©�T� �o���#�k�¥�������o���¢¦o¦o����Í��o�� N¤o���5�T p�¥�o�µÏ¸�� pªx�¢�T�����o�,Ð� T�¢¦o·o��Í��o�f�5Í��o���o���#�¤#���o�o�f���-���°�R�p p�o£´�T�o R��I¨�o�¥����V
�¥ p§o R� ¤o��WR���o£´�T���¥� Ä % �f�k�p T�¥�#�RÏ¸�� Rª°�¢�p�����#�!��ª¶¦o����Í��o�����5�#�£f�� µ�\�¥���L�#��ª�§o R�5¤o�k�R�T R�o£f�p�o p�f�N�����T�� Rªx«f¤o�%�¢�� p�f�/�f�,¦{���#Ì¥������gf�T R�k p«�£��¥¦o�©�T�o��«�����¦¨�¢ )V
Ò Ä�h �� p�¥�����T�¢�p�����½V¨£f���o�µ�T p�#£f�T�����}¤
²[�o�GÐ� p�¥¦o·o�5�#���3¤#�� p��Ð�«¥Ô#�¥¦o¦{����«ç©	¨�¡¾²gêg¤) Ö��¨�¡	ª Ä
vÄ Û) R�%�¥�#Ð��o�%�2�T���¥�ØV#��WR���#�®�R«�����£f�p��ÏD¤o�f���¥ p£f�®�¥��Ð� p�¥¦o·o�!ªx�� p�¥�Õ¦7�¥�o ?Ï¸�� Rªx�f ?�o��Ð� p�¥¦o·o�
�T R�%�¥�oÐ¥�o��« Ä

L#Äji ¦¨�¥ µ�T�� .¤o��Ð� T�¢¦o·o�°�p p�%�¢�oÐ��o��«¥Ô9����£����#�R�T R�o����¤o���i���#�p��ªW§o���f� ¤o����-k�o¤o�i�¥¦#¦7�f��«��
£�����Í��o��� Ä % ·¨�¥Í��o�-��-k�o¤L£������T�������,�o�o�k���}¦o���o�p�����o R��Ì¢�¥ R�%�¥§#�����?¤o�B(  �¥ p��Ð¥���¨�¥� Ä

soÄ >)���# x£f���o�R�p p�o�� p�L��²³�¥ p§# p��¤o�JWR���o£´�T���¥�
Ô�����£����o�#��£f�p�G�����i£�����Í��o���i¦{���o  Ï¸�� Rªx�f ¶�#�
�¥ p§# p� �o���'¤#�� p��Ð�«¥Ô{Í��o�AÌ¥«� p�þI¨� �%�x¦o p��¦# p��«´�T« s �´�k�o�o�i�¥��T p�W¦o p��¦# p��«´�T«��R�o¦o¦o��«�ª¶���Ó�\�¥�� p� Ä

Graphe orienté                     Graphe moral                          Graphe triangulé                               Arbre de Jonction

VU4XW�& L#Ä ÒEk � Û9 T�¥�o�µÏ¸�� pªx�¢�p�����o�������p�� Rªx«f¤o�%�¥�� p�f��¦{���o ���²[��§#�T�f���T���¥�°¤o���`²��¢ p§o R�N¤o�! p��Ð¥ p���o¦{�´Óª¶�����
TD�JI¨Ð��o R��KA��Ð ÄML#Ä Òlk� p«f�p�oª¶�k£��f���p T�¥�#�RÏ¸�� Rª°�¢�p�����#�/�����T�f pª¶«�¤o���¥�� R��� Ä

kÖ�2È`ÉAËml;Ì7�onPÏ
Ñ]¤�¬�Õ¾¯ù¡¾²g¤�¬bpC¤¾¯ qØ£=¤�¬l��£g¯=²�¡�¬��iÕ¾¯Ò¤¾¨Á ±¢5£g¢¬¾¯G¤�¬)�i��£=³���£�²g¤¾°i¯�³���£�¬¾¯�¨Á°2¢5¨�¤�²�ª«° ¬¾¢�¤¾°i¨�¬×¡	¨YÙ®¨�¤�¬
�i¤)¨�¤�©	¨���°l²g¤¾ Ö¤¾£g¯sr�²�¡	¨¾¯�¢5¨��	°Ø ÖÔ¾ Ö¤btpûJåpÞ
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Ñvu ¡	¨YÙ®¨�¤Ö�i¤�¨�¤�©	¨���°l²g¤¾ Ö¤¾£g¯×¤�¬¾¯µ°2£[¡	¨YÙ®¨�¤��i��£g¯µª¤�¬�£xwX°���¬ØÛ¿³¾ª«¢��®°+¤�¬ÒÜ¹¬l��£g¯��i¤�¬¹¤¾£�¬l¤¾ �Ù®ª¤�¬
�i¤×£xwX°���¬º�	°�©	¨¿¡¾²gêg¤J��¨Á¢þ©	¢5£�¡	ªYy3Ó	Õ¾¨¾¢ z�¡	£g¯Uªþ¡×²�¨���²�¨Á¢�Õ¾¯GÕ�q�Þ

� ò ö9ò öDò�Æ { �+Ë�ÉA�����®É����"���
T�²³«´�\�¥¦{�k¤o�k�%��ª¶�� T�¥�����p�¢�T�����°£f���o�p���R�p� ¯ ªx�¥ p���� /�����®¦¨�¢ p�����p�,¤#�-£\·o�¥Í��o�.�R--�#¤3¤o�f�¬ ¯

¤o�f�¬7Ô{¦#�o��� ¯ «�����ª¶���o�f ?������¤o�� R��£´�T���¥�o�®¤¨�¥�o�����5Ð� T�¥¦#·o�5��§#�p����� Äß¹à á3�7�"�l�����§�]|÷Ï
ä ��¢5¯µåÅæçÛ�èEydûXÜ�°2£¹©	¨�¡¾²gêg¤±��¨Á¢�¤¾£g¯ÒÕ®Þ
} £c�	¢5¯<�®°+¤�ª¤�©	¨¿¡¾²gêg¤�~ æçÛ�è@y ó�� ÜÖ¤�¬¾¯�ª¤�©	¨¿¡¾²gêg¤× Ö��¨¿¡	ª]�i¤�åâ¬¾¢�¤¾¯j¬l¤¾°iª¤¾ Ö¤¾£g¯j¬¾¢UÏ

� ~ï£@u ¤�¬¾¯]²�¡�¬J��¨Á¢�¤¾£g¯ÒÕ®Þ
� �·ì ó�� Þ
� ð Æ � À�ñ É Ë íÐòÎí�ÀL�xÆ � É �B�xÆ�ñ É��½�õ½@� Æ � À�ñ É Ë½ó��
>)���# ,��� ¦¨�¥ R�p���5�¢��Ð��� R���p·oªx��Í��o�!���L� V

º ���©���Ù�o�LÐ� T�¥¦#·o�-�¥£YD�£�����Í��o�k�� R�������p«5¤
²³�#�3 R«��p���¥��(?�lD¥«��R����� Ä T��kÐ� p�¥¦o·o�5ª¶�� T�¢��� � Í��o�£��¥ p p�f�p¦{���o¤ ¯ �õ���µ�D£����o�µ�T R�o���
� TD�¥�o p�©�TÜf��� ¤¾¯�¡	ªþÞ5mvÒ zQz kQn1�]�MTD�¥�o R���pÜ����}�´� º ¦o���fÐ�����·¨�¥���p�� EmµÒ zQN	N n��¤o�k�%�WÏØ�$�����L�p�o�©Ì¢�¥���T�ÝV
Ò Ä %  R«¡�¢�p����� ¤
²[�o�iÐ� p�¥¦o·o�®�o�¥� �� p�������T«b���N�f�i£���¦o���¥���<� �T�¢�o�����f��¤o�� R��£´�T���¥�o��¤o�f���¢ p£�� Ä
vÄ %  R«¡�¢�p������¤o��� � ¯ ¦¨�¥ µ�T�� 5¤#�����¥VD¦7���# .£\·¨�¢Í��#�°��-k�o¤�á �´�W�R���W¦o�¥ p�f���p� % m<á×n
¤¨�¢�o�3� �#���o�+£����o�#��£f�p���o�+£\·¨�¥Í��o�,¦¨�¥�� p�®¤o�,��-k�o¤o��¤¨�¥�#� % m<á×n����x��WR���#�T�¥���+�o�°�¢ p£
�o�¥�3�� R���f���p« ¯ ��� Ä

Graphe moralisé

V�4XW�& L#Ä Ò�Ò � % �¥�o�R�p p�o£´�T���¥�3¤
²[�o�LÐ� T�¢¦o·o�5ª¶�� T�¥�
TD�ÝI¨Ð¥�o p�×KA��Ð ÄML#Ä Ò¥Ò5¤o���o�o�k�o�L�´¬�fªx¦o���k¤o�k��²[«f�\�¢¦7�5¤o�k����ªx�� p�¥�����T�¢�p����� Ä
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kÖ�2È`ÉAËml;Ì7���ÐÏ
ä ¢'°2£Ö£xwX°A�J¡�²�ª«° ¬0�i¤0�i¤¾°��0²�¡	¨�¤¾£g¯"¬�¢5ª��Y¡	°2¯3³���£g£=¤�³¾¯Ò¤¾¨�¬l¤�¬p£xwX°���¬×Û�²�¡	¨�¤¾£g¯5¬ÒÜ��i¤¾°��Jrº�i¤¾°�� Þ
� ò öDò ö9ò�� �XË���Ég�]@�Ì��"ÉAË����®É����"���M�7Ì§@+Ë�É�õ��]�ÎÈÊ�+Ë�Ég�

�,�3Ð� p�¥¦o·o�k�o�¥�3�� R���f���p«k���R���p p�%�¢�oÐ��o��«��p��£\·¨�¢Í��#�W£YD�£f���k¤o�-�����oÐ¥�o���o ®Í��¨�2�T p�k���L¦o���o��Ô
£f�����T���������o�3�¥ p£kÍ��o�� p�f������¤o����¬L��-k�o¤o���o���3�¥¤�Wp�¥£f�����T�,¤¨�¥�#�,���5£YD�£���� Ä
ß¹à ád���5���"�'�f�_Æ Ï
ä ��¢5¯�å æ Û�è@y�é]Üc°i£[©	¨¿¡¾²gêg¤¹£=��£Ç��¨Á¢�¤¾£g¯ÒÕ®Þ��7£�©	¨�¡¾²gêg¤��Pæ Û�è@y ój� Ü ¤�¬¾¯×°i£[©	¨¿¡¾²gêg¤
¯�¨Á¢�¡	£i©	°2ªÕ��i¤�åÇ¬¾¢X¤¾¯?¬l¤¾°iª¤¾ Ö¤¾£g¯3¬¾¢

� �ü£@u ¤�¬¾¯]²�¡�¬J��¨Á¢�¤¾£g¯ÒÕ®Þ
� ó ì ó3� Þ
� ²g��°2¨J¯Ò��°i¯�³a� ³¾ª¤�� ñ��÷À�ñ�¿ÁÀ�Ã�Ã©Ã�À�ñ�ýÀ�ñm� �Ý�i¤ºª��£i©	°+¤¾°i¨�¬¾°l²gÕ¾¨Á¢�¤¾°2¨�¤���°ÊÕ�© ¡	ª¤¡rJqRyX¢5ª?¤D�Q¢¬¾¯Ò¤
}
¢�£�¤9OÖ¯G¤¾ª¥�®°g¤.Æ�ñßÇhÀ�ñ A É ËÎój� ¤�¬¾¯U°i£ ¡	¨�³®Þ

kÖ�2È`ÉAËml;Ì7�½ãÐÏ
ä ¢påµæ�Û�è@y5é]Ü ¤�¬¾¯X¯�¨¾¢�¡	£i©	°iªÕº¡	ª��¨�¬�²g��°2¨�¯Ò��°2¯?©	¨¿¡¾²gêg¤�¨�¤�¬¾¯�¨�¤¾¢5£g¯d�.ù¦r±ë ìâí¡y�¤�¬¾¯X¯�¨Á¢�¡	£gÚ
©	°iªÕ®Þ

 ���o�)�¥�������o��¤o«f£� p�� p���o�o��¦o p��£�«f¤o�o R��¤o���T R�%�¥�#Ð��o�%�¢ p���p�¢�T�����±mØ�¥��Ð¥�� p�©�T·oª¶��¤
²[«�����ª¶���¨�¢�p�����gn
«f�%�¥§{�� R«��5¦¨�¥ v�¨§�Wp�¥�� R�o��Ï¿mvÒ zQz kQn1�3VÒ Ä KÕ�¥�� R�5�o�o�k£���¦#���5¤o��� � Í��
²[���G�¢¦o¦7�f�����©��ª� Ä

vÄ ÛA�¢���,Í��
²[���� R���R�p�k¤o���,��-k�o¤o��¤¨�¥�#�«� ª� �¥�}ÏØ�¢�������f�®«f�T�¥¦7�f���p�o�©Ì¥�¢���p���×V
¬ ÉM�p«�����£´�T���¥�o�o�� ��o�}��-k�o¤}áõ¤o��� ª�
¬ Þ £�� �R--�#¤*áÝ�f�k�p�f��Ì������p���o��¤¨�¥�#�	� ª� Ï¸�� pª¶�����!�o�o�i£�����Í��o� Ä ¦ �*£����o�#��£f�p� �T���o����f����-k�o¤o�5¤o�W£��f�R�T� £f����Í��o� Ä >9���o �£\·o�¥Í��o�¶�¥ p£ �lWR���#�T«W¤¨�¥�o�©� ª� Ô¹���*�lWR���#�T�

���5ª�g�ª¶�5¤¨�¥�o��� �
¬ 8 ���o���fÌ��f ,áõ¤o��� ª� Ä

L#Ä � � Ô¨ªx��¤o�þI¨«�¦¨�¥ ®�����,�¥ R£��,��WR���#�p«���¤¨�¥�#�,�����®«´�\�¥¦{����¦o R«�£�«f¤o�����p����Ô7���µ�,�p p���¥�oÐ��o��« Ä
TD�JI¨Ð��# p� L#Ä Ò v ªx�����p p�5���f�®«f�T�¥¦7�f��¤o�.���W�T R�%�¥�oÐ¥�o�%�¥ R���p�¢�T�����x¦o�¥ ���²³�¥��Ð��¥ p���p·oª¶�,¦# p«�£f«�¤o�f��� Ä
kÖ�2È`ÉAËml;Ì7�ÊÆ|÷Ï
Ñ]¤�¬�¤¾£�¬l¤¾ �Ù®ª¤�¬��¥u Õ¾ª«¢5 ±¢5£�¡	¯�¢���£¥³¾¨�Õ�¤�¬U²g¤¾£�� ¡	£g¯3ªþ¡Ý¯�¨Á¢�¡	£i©	°2ªþ¡	¯�¢���£±²g¤¾°2Ó	¤¾£g¯�Ô¾¯�¨�¤)¨¿¡	£i©iÕ�¬)� ¡	£�¬
°i£ ¡	¨YÙ®¨�¤�¡¾² ²g¤¾ªÕ�¡	¨YÙ®¨�¤��i¤ºÙ®°+³L® ¤¾¯���tJ¤�³�êi¯Ò¤¾¨�Û°¯�±�±³²YÜ1�º��°CªFu ¡	¨YÙ®¨�¤º�¥u Õ¾ª«¢5 ±¢5£�¡	¯�¢���£
��Ñ;¡	°i¨Á¢5¯µ´�¤¾£=�´�N�¥� Ä Û°¯�±�±�±¾Ü1�



Òlk N ×'&ON)(+*�,+-;eP)/.0-213(�*�45,+67*

C

D

F

G

H

A

B

Variable 

Graphe triangulé

I

H                       IGH                                      aucun
G                       CIG                                       aucun
F                       DIF                                       aucun

D                       ADI                                       aucun
I                         AI                                          aucun
A                       A                                            aucun

C                       ACI                                       (A,I)

   Clique                                  Arc  ajouté

B                       ADB                                      (A, D)

eliminée            

 Algorithme d’élimination

V�4XW�& LÄ Ò v�� Û9 p�%�¢�oÐ��o���¥ p���T�¢�p�����x¤o�3Ð¥ T�¥¦o·#�-ª¶�� p�¥�
� ò ö9ò öDò � Bº����l;Ì]�i�
ß¹à á3�7�"�l�����§�+�ÐÏ
ä ��¢�¤¾£g¯0åPæçÛ�èEyjé]Ü�°i£C©	¨¿¡¾²gêg¤J¤¾¯Jî °i£=¤±³¾ª«¢��®°+¤®Þ
î ¤�¬¾¯j°i£=¤�³¾ª«¢��®°g¤µ �¡¶�Q¢5 �¡	ª¤p¬¾¢?¤¾¯�¬l¤¾°iª¤¾ Ö¤¾£g¯7¬]u ¢5ª�£@u ¤D�Q¢¬¾¯Ò¤)¡	°g³¾°i£C¬¾°i¨¾Ú�¤¾£�¬l¤¾ �Ù®ª¤j·¹¸9ëºy
¯Ò¤¾ª¥�®°+¤»� ¬l��¢5¯�°i£=¤±³¾ª«¢��®°g¤®Þ
Ñ!���o�p�9���G¦{�����¤o�� p�-Í��¹²³�o�#��£�����Í��o�-¤¨�¥�o�N�o�GÐ� p�¥¦o·o�.�o���3�� p�������T«¡� �f�R��£f��ª¶¦o��Î´�T�-�f�

ªx�2¬��ªx�¥���N�p�����������f�R�,�o�L�p���#�µÓhÐ¥ T�¥¦o·#�¹³��� �²�ª¤¾¯��´�� �¡¶�Q¢5 �¡	ª��p����Í��o�
B���ÈÊõd�"� ���p��Ð¥�o��I¨�®Í��o�,£\·¨�¥Í��o�,¦¨�¥�� p�®¤o����-k�o¤#��m<Ì¥�¢ p�%�¢§o���f��n)¤o���R�p���o£´�T�����µ�?£f���o�o�f£f�p«��,¦¨�¥ 

�o�3�¥ R£ Ä{ É��]��ÈÊÉg���R��Ð��o�þI¨�±Í��o���%�Z£f����Í��o�'�¹²³�f�R�L¦¨�¥�}£��¥ªx¦o��Îf�p��ª¶�����}£������p�����o��¤¨�¥�o�}�o� �p���#�µÓ
Ð� p�¥¦o·o�k£f��ªx¦#���f� Ä

k��iÈÊÉAËml;Ì]� Æ+Æ·Ï
�'��° ¬�ª¤�¬�£xwX°A��¬p�¥u °2£=¤µ³¾ª«¢��®°+¤�¬l��£g¯_¨�¤¾ª«¢�Õ�¬0�i¤¾°���rº�i¤¾°��±� ¡	£�¬Xª¤�©	¨¿¡¾²gêg¤�¯�¨Á¢�¡	£i©	°2ªÕ®Þ7åµ��ª«°2 ±Ú
Ù®¢�³s��åµ��ª«°i �Ù®¢�³$Û°¯�±³²�¼�Ü!��¡±�i��£g£=Õ0°2£Ø¡	ª ©i��¨Á¢5¯"êi Ö¤)¤5½h³�¡i³�¤j²g��°i¨µªFu ¢��i¤¾£g¯�¢ z�³�¡	¯�¢���£C�i¤�¬)³¾ª«¢��®°+¤�¬
�¥u °i£C©	¨�¡¾²gêg¤)¯�¨Á¢�¡	£i©	°iªÕ®Þ

. �¥�o�,�%�ºIoÐ��o p��KA��Ð ÄML#Ä Ò v ���f�,£f����Í��#���®¤o�LÐ� T�¢¦o·o�5�T R�%�¥�oÐ¥�o��«��R�����Æ ó ��� É ÀßÆ�� ó � É ÀßÆ�x ó � É ÀßÆ���� ó É ÀßÆ"���Jx É ¾�¿ Æ"��x ó É Ä
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� ò öDò ö9ò ö À�Ë2Þ7Ë����]� à®���¥8	�������
ß¹à ád���5���"�'�f� � Ï
ä ��¢5¯�å æ ÛùÓ�y5é]ÜC°2£ ©	¨¿¡¾²gêg¤¹��¨Á¢�¤¾£g¯GÕÖ¡i³a� ³¾ª«¢��®°g¤®Þ ä ��¢�¤¾£g¯j~ æ Û�èEy ó�� ÜCª¤º©	¨¿¡¾²gêg¤� Ö��¨¿¡	ª
¡�¬�¬l�l³¾¢�Õ¡rÊåsyJ�âæ�Û�è@y ó3� Ü ª¤�©	¨¿¡¾²gêg¤±¯�¨Á¢�¡	£i©	°2ªÕ�¡�¬�¬l�l³¾¢�Õ¡rÁ~ÎÞ } £ü�	¢5¯��®°+¤JÂgæ Û�è@yU�NÇþÜ
¤�¬¾¯?°i£ ¡	¨YÙ®¨�¤º�i¤O*E��£=³¾¯�¢���£c¡�¬�¬l�l³¾¢�ÕÃr½åÇ¬¾¢X¤¾¯?¬l¤¾°iª¤¾ Ö¤¾£g¯3¬¾¢?Ï

� Âc¤�¬¾¯U°i£ ¡	¨®Ù®¨�¤º�i¤×¨�¤�©	¨���°l²g¤¾ Ö¤¾£g¯j¬¾°i¨¥è�Þ
� �'��°i¯G¤±³¾ª«¢��®°g¤× �¡¶�Q¢5 �¡	ª¤�� ¡	£�¬�� ¤�¬¾¯�°i£Î£xwX°A�Ö�i¤vÂAÞ
i ¦o p«f�p�f���=�o���o�¶�
²³�÷Ì¥���o�x¦o���o�¶§{���p�¥���Ú¤#�3Ð� p�¥¦o·o�L�o���Ú�� p�������T« Ä? ���o�x£\·o�� R£\·o���o� ¯£f���o�µ�T p�#�� p�W�o�*�¥ p§# p����¦�T��ªx�¥�D¤o�0WR�¥�o£f�p�����±�f�*£����o�#��£f�T�¥���k���f��£�����Í��o���N��§#�p�����o���k¤¨�¢�o�����

¦o�¥ T�¥Ð¥ T�¥¦o·#�5¦o p«f£�«�¤#����� Ä� �¥�o�� T�¥¦o¦{�������o�®Í��o�-���f�®�p«�¦o�¥ T�¢�p���o R�N£f�����T�����o�o�f���N�����/Ì¢�¥ R�%�¥§o�����£f��ª¶ª��o�o�f� ¯ ¤o�f�¬}£f����Í��o�f��£����o�#��£f�p«��f�N¤¨�¢�o�N�`²��¢ p§o R��¤o�XWR���o£´�T���¥� Ä
ß¹à ád���5���"�'�f�Aö÷Ï
ä ��¢�¤¾£g¯påÇ°2£`¤¾£�¬l¤¾ �Ù®ª¤)�i¤J³¾ª«¢��®°g¤�¬Ãr�²�¡	¨¾¯�¢5¨��¥u °i£ ©	¨¿¡¾²gêg¤)£=��£ ��¨Á¢�¤¾£g¯ÒÕº¤¾¯s�®°g¤J³�¤�¬J³¾ª«¢��®°g¤�¬
�i¤ÝåÇ¬l��£g¯�¨¿¡	£i©iÕ�¤�¬�� ¡	£�¬×°i£ ¡	¨YÙ®¨�¤���Þ
� ¤�¬¾¯U°i£c¡	¨YÙ®¨�¤��i¤×¨�¤�©	¨���°�²g¤¾ Ö¤¾£g¯3¬¾¢'²g��°i¨º³�ê�¡��®°g¤X²�¡	¢5¨�¤��i¤×£xwX°���¬�Ûù°�y�Ó�Ü��i¤��Äy?¯Ò��° ¬×ª¤�¬
£xwX°���¬�� ¡	£�¬×ª¤±³�êg¤¾ ±¢5£c¤¾£g¯�¨�¤�ÓÖ¤¾¯U°c³���£g¯�¢�¤¾£g£=¤¾£g¯?ªFu ¢5£g¯G¤¾¨�¬l¤�³¾¯�¢���£�ñ«� � Þ

ß¹à ád���5���"�'�f�ÅGÂÏ
ä ��¢5¯�å æ ÛùÓ�y5é]ÜC°2£ ©	¨¿¡¾²gêg¤¹��¨Á¢�¤¾£g¯GÕÖ¡i³a� ³¾ª«¢��®°g¤®Þ ä ��¢�¤¾£g¯j~ æ Û�èEy ó�� ÜCª¤º©	¨¿¡¾²gêg¤� Ö��¨¿¡	ª
¡�¬�¬l�l³¾¢�Õ¡rÊåsyJ�âæ�Û�è@y ó3� Ü ª¤�©	¨¿¡¾²gêg¤±¯�¨Á¢�¡	£i©	°2ªÕ�¡�¬�¬l�l³¾¢�Õ¡rÁ~ÎÞ } £ü�	¢5¯��®°+¤JÂgæ Û�è@yU�NÇþÜ
¤�¬¾¯?°i£ ¡	¨YÙ®¨�¤º�i¤pWR���o£´�T������¡�¬�¬l�l³¾¢�Õvr½åÇ¬¾¢X¤¾¯?¬l¤¾°iª¤¾ Ö¤¾£g¯3¬¾¢UÏ

� Âc¤�¬¾¯U°i£ ¡	¨®Ù®¨�¤º�i¤×¨�¤�©	¨���°l²g¤¾ Ö¤¾£g¯j¬¾°i¨¥è�Þ
� �'��°i¯G¤±³¾ª«¢��®°g¤× �¡¶�Q¢5 �¡	ª¤�� ¡	£�¬�� ¤�¬¾¯�°i£Î£xwX°A�Ö�i¤vÂAÞ

�©�7à �+ËUÆiÈÊ�Î�ÂÏ
ä ��¢5¯J�3æ Û�è@y5é]ÜC°2£ ©	¨¿¡¾²gêg¤Ý¯�¨Á¢�¡	£i©	°2ªÕLy�¡	ª��¨�¬J¢5ªX¤D�Q¢¬¾¯G¤Ý°i£[¡	¨YÙ®¨�¤��i¤�*E��£=³¾¯�¢���£fÂ�æ�Û�èEyXûXÜ
¬¾°i¨���Þ

TD�ØI¨Ð¥�o p� LÄ Ò L ªx�����p p�°�#���´¬��ª¶¦o���°¤o�=��²³�¥ R§o p�x¤o�= p�fÐ� p�¥�o¦7�fªx�f�������ZÌ¥�����WÍ��#�cm`� n
�f�R���o�3�¥ R§o p�5¤o�k R��Ð� R���o¦{��ª¶������¦¨�¥ ®£f�����T p��m¸§+n?�o�k��²[���µ��¦¨�¥�®£¡�¢ ®��²[�����T�f p�p�f£f�p�����}¤o�f�,¤#���¬
£f����Í��#����m�( % . KUn��´�Jm %3Ç e-Ö n?���µ� % Í��o�D�
²��¢¦o¦¨�¥ µ�T���f����¦¨�¥� ¯ �%��£�����Í��o��m . KUK�È n Ä�©�7à �+ËUÆiÈÊ� � Ï
�]£ ©	¨¿¡¾²gêg¤Ý£=��£f��¨Á¢�¤¾£g¯GÕ å ¤�¬¾¯0¯�¨¾¢�¡	£i©	°iªÕ±¬¾¢�¤¾¯�¬l¤¾°2ª¤¾ Ö¤¾£g¯�¬¾¢�ª¤�¬�³¾ª«¢��®°g¤�¬Ö�i¤ØåÇ²g¤¾°2Ó	¤¾£g¯
Ô¾¯�¨�¤�¨¿¡	£i©iÕ�¤�¬�� ¡	£�¬�°i£c¡	¨YÙ®¨�¤º�i¤)¨�¤�©	¨���°l²g¤¾ Ö¤¾£g¯ùÞ
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  BCDE BCDG CHGJ

DEFI

BCDE DEFI BCDG CHGJ

(a)

(b)

V�4XW�& L#Ä Ò Lº� mØ� n�VÕ�¥ p§# p�5¤o�k p�fÐ� p�¥�o¦7�fªx�f���Jm¸§+n�V¨�
²[���µ�!¦¨�¢�®�o�G�¢ p§o R�-¤#�- R��Ð� R���o¦{��ª¶�����
K��3£f�.Í��o��£f���o£��f p�o�-�%��¦o�¥ R�p���k�¥��Ð��� p�©�T·oª¶��Í��o�,���L¦o p��£�Îf¤o�k¤o�k�%�WÏØ�	�f���L�p�o�©Ì¥�¢���p�ÝV

>)�¥�o A£f���o�R�p p�o�� p�+�o� �¥ R§o p�+��¦#�p��ªx�¥��¤o�� p�fÐ� p���#¦7�fªx�f����Ô¢�#���o�A¤#�fÌ��¥�o��£��¥�o�o��£´�T�f A���f�)£f����Í��#���
��§#�p�����o�f�!¤o�k�p�¥ R�T�kÍ��o�-��²³�¥ p§# p�5 p«f�p�o�©�\�¥���,¤o�f�N£f����Í��o�f���T�¢�p���RÏØ�¢��� ¯ �%� ¦o R��¦o R��«f�p«k¤o�k��²³�¥ p§o R�
WR��������m`Ö¥�����=�p p�f�-¦# p��¦{�� µ�ÒDAn/�´�N�#�3£f p���pÎ� R�5Í��#�.�o�¥�o��¤o«�£f p��Ì¥���o�,£��óÓh¤o�f�p�p�¥�o�
�³Ö¥���o�R���G�´�!Ö¥���o�R���]mvÒ zQz	s n°� Ä' �\�¥��� ¤#���o�o«x�o�����o�R��ª�§#���=¤o�x��£�����Í��o���fÔ)�¥�Z¦7�f�#� £f���o�R�p p�o�� p�x�o���¥ p§# p�°¤#�=£�����Í��o���.���
£��¥�o�o��£´�\�¥���A���T«f T�¢�p��Ì¥��ª¶�����A£\·o�¥Í��o�/¦¨�¥�� p��¤o��£�����Í��o���9¦¨�¥ 9�o� �¥ R£_WR�#�pÍ��
² ¯ £���Í��#�?���f�)£f����Í��#���
�p�¥���������T�¥�#�T�f�,£f���o�o�f£f�p«����,¦¨�¥ �É � O-�¥ R£�� ÄÒ Ä £f���o�R�p p�o£´�T�����}¤o�.�`²��¢ p§o R��¤o���,£�����Í��o�f�m`�Qn��¥�Ú£��¥ªxª¶���o£f�}�¡Ì���£3�o�����o�R��ª�§o���3¤#�3� �¥ p§# p���fÔ�£\·¨�¥Í��o�3�¥ p§o R�3�R�}£���ª¶¦7�¥�p�

¤¹²³�o�#�.�R��ª¶¦o����£f����Í��#�5�f�,¤
²[�o�3�f�o�p�fª�§o���-¤#�-�R«�¦¨�¢ T�¢�p���o R�,Ì���¤#�	0 ÄmØ§gn�¦{���o �£\·¨�¢Í��#�.¦¨�¢�� p�5¤#���R�p���o£´�T�5¤o�k£f����Í��o�f�jÊ¾�´��ËïV
¬ �o���#�,£f p«f���o���o�L�p«�¦o�¥ T�¢�p���o �Ì'»d¸*½ ¼Í� ¶
¬ ���}���#�pÎ� R�©Ì'»3¸*½»¼?� ¶ ¤¨�¥�o��0mØ£En��¥�3 R«�¦{Îf�T�k�`²³���o�R�p p�o£´�T���¥� mØ§+n7WR�o�RÍ��¹² ¯ ��§#�p���o�� jÉ � O-�R«�¦¨�¢ T�¢�p���o R�,�p�����®Í��o�
¬ ÉK�����p«f����£´�T�����o�o�i�o���p«�¦o�¥ T�¢�p���o 	Ì'»3¸»¤#�Á0 �p�#��Ì¢�¥���-���i£� R���TÎf p�i���#¤o��Í��o«i£��óÓ¤o���R�p���#� Ä >��o���®���3«f����ªx���o�«Ì'»d¸ ¤o��0 Ä
¬ Þ ���Ú���o�pÎf p�BÌ'»3¸ �����T R�BÊ �f��Ë �o�o��Í��o�fªx�f���°�R��Ê �´��Ë �p�����=¤o�¥�o�¶¤o���

�¥ p§# p����¤o�ÏÎ¹«f p�f���p� Ä
vÄ £\·o�¥�©¬k¤o�f�D�p«�¦o�¥ T�¢�p���o R�A�¢¦o¦o p�¥¦o p��«��jV÷���-¤o«�£f p�©�D£���ª¶ªx�f���D£\·o�����R�� �����Ï¸�#�T�o ��R«�¦¨�¢ T�¢�p���o �f�3�R�-§o�¥�T�¥���,�p�# ,������¤o�f�¬L�o�¥�p�����o�?¤o��ÈÊÉg�E�®�°�f�,¤o�Ã8Q�xÐ]�

� �%� ªx�¥�p�R�-¤¹²³�o�L�p«f¦¨�¥ p�¢�T�f�o �Ì'»3¸Z�f�R�,���5�o�¥ª�§o p�5¤#����Ì¥�¢ p�%�¢§o���f�/¤o�5¼Í� ¶
� ���k£���Ñ#�!¤¹²³�o�L�p«f¦¨�¥ p�¢�T�f�o «Ì'»d¸Z���µ�!���i�R��ª¶ªx�5¤o�f�N¦{����¤o��¤o�©Ê¾�f��Ë �¥Ê3���-¦{����¤o�
���µ�!¤o«¾I¨�o��¦¨�¢ 



×'&��;&[Z�6���(�\],+67^_,`,�)�-_^;a],cb;-d67*�e76f\](+*�,g-_eh.0-i1j(+*�45,+6 Ò�Ò�Ò
mØ� n=���5¦{����¤#�®¤
²³�#�o�-Ì¢�¥ R�%�¥§#���Náõ�f�R�,���5�o�¥ª�§o p�k¤o�k�R����Ì¥�¢�����# p�®¤
²[«f�T�¢�T��¦{���p�R��§o�����
m¸§+n=��� ¦{����¤#��¤
²[�o�*���o�R��ª�§o��� ¤o� Ì¢�¥ p���¥§o���f��Ò �f�R�k���W¦o p��¤o�o�©�5¤o���k¦{����¤#��¤o���5Ì¢�2Ó

 p���¥§o���f�®¤o�k��²[���o�R��ª�§#����Ò
¦ ��¦7�f�#�¶ª°�¢�����T�f�¨�¥���i�p«f����£´�T�����o�o�f ¶���=Ï¸�#�T�# ¶�R«�¦¨�¢ T�¢�p���o ¶¤o�}��²[���o�R��ª�§#����0�Ô�Í��o�¥�o¤Ú�¥�
�Á¬«�£���T�-��²[«f�\�¢¦7��m¸£ln�V
Ò Ä ��²³�¥ p§# p�/¤o�?£�����Í��o�/ p«f�p�o�©�\�¥����¤#�����A�T�¢�p���RÏØ�¢�� p� ¯ �%�!¦# p��¦o R��«´�T« s �´�+�¥�o�R�p�o��� ¤#�����A£\·o�����R�� £\·¨�¥Í��o�.�p«�¦o�¥ T�¢�p���o ,�ED��¢���,���i¦#���o�®Ð� p�¥�o¤o�kªx�¥�p�R�
vÄ Í��¨�¥�o¤'¤o�f�¬G�p«�¦o�¥ T�¢�p���o R�����±¦#���o�N�������%�¶ª�gfªx�-ªx�¥�p�R�¥Ô{���±£\·o�����p�©�!���.Ï¸�#�p�o !�R«�¦¨�2Ó T�¢�p���o ,�ED��¢���N���!¦o���o��¦{�f�p����£���Ñ#� Ä

ã��¸ä��1Ó Ô��#çµé�d¹ç!Õ.î í!î`_a"¸çµé�Ö�8E�oî�é�d¹î ï�ê+éNï�ì�ñ�ï�îE�#ð)ê�ëçvì�é!ï
ß¹à ád���5���"�'�f�+ÍÂÏ
¬l��¢5¯3�÷ªFu ¤¾£�¬l¤¾ �Ù®ª¤��i¤0²g��¯Ò¤¾£g¯�¢�¤¾ª|¬±¡�¬�¬l�l³¾¢�Õ�¬º¡	°½�i�� �¡	¢5£=¤º�	°¹©	¨¿¡¾²gêg¤�¯�¨Á¢�¡	£i©	°iªÕÖåpÞdÑvu ¡	¨YÙ®¨�¤
�i¤O*E��£=³¾¯�¢���£�×/¤�¬¾¯�°i£ ¡	¨YÙ®¨�¤��i¤�¨�¤�©	¨���°l²g¤¾ Ö¤¾£g¯��	°�©	¨¿¡¾²gêg¤�å�¯Ò¤¾ª¥�®°g¤ºÏ

� £\·¨�¥Í��o�-¦{�¥�T�f���p���f�PI±¤o��� ���µ�N�¥�p�R�£f��« ¯ �o�o�k£�����Í��o�5£��¥���p���¨�¢���N���5¤#��ª½m�I=n
� £\·¨�¥Í��o�.�¥ R£-¤#�3Ð� p�¥¦o·o�Ãe �i�#�3�R«�¦¨�¥ p�¢�T�f�o N�¥¦o¦o R��¦o p��«
ÑN¦o pÎf�®�¡Ì����� �£f���o�R�p p�o�©�/�`²��¥ R§o p�,¤o�jWR���o£f�p�����¹Ô��#���o�/�¢�����¥�o��¤#���o�o�f ?¤¨�¥�#�?£��´�p�p��¦¨�¥ µ�T���,�%�

¦# p��£�«�¤#�o p�x¦7���# -£��¥��£f�o���f .�p�3£f��ªx¦{���p�¥���T�¶���#ªx«f p��Í��o�½mØ£ÁÓv�2Óc¤ Ä ���f�-Ï¸���#£f�T�����o�-¦7�¢�T�����p��������n¦{���o DÏ¸�� Rªx�f )�`²��¥ R§o p��¤o�]WR�¥�o£f�p����� Ä º �# A£��´���¥ R§o p��¤o�7WR���o£´�T�����
Ôß����¦{���#�)ÏØ�¥�� R��¤#�?��²[���Ï¸«� p�f�o£��¦# p��§¨�¢§o�������R�p� �¡Ì��f£°�����T�¥�o�-��§o�R�� µÌ¥�2�T���¥�§m¸«fÌ���¤o�f�o£��En Ä T�²³���#Ï¸«� R���o£f�x£f���o�p���R�p� ¯ £¡�¥��£��o���� k�%�¤#���R�p p��§o�#�T�����Z¤o�}¦o R��§¨�¥§#�����©�T«°Å°Æ�í É ����ÅxÆ�í È ¾ßÉ ¤¨�¥�#�¶����£������p�´¬��T�L¤o�}��²[���o�R��ª�§#����¤o�f�
�¥§o�p�f RÌ¢�¢�T�����o��� ÄTD�JI¨Ð��o R��KA��Ð ÄML#Ä Ò s �������o�µ�T R�!���f��¦o p���o£���¦7�f�®¤o�k��²[���#Ï¸«f p���#£��5�T�¢�o����§o�p�f RÌ¢�¢�p����� ÄT���Ï¸���#£f�T�����o�o�fªx�f�����p�- p«��R�oª¶�-¤o�¥�o�����f�®«f�\�¢¦7�f�N�R�o��Ì¢�¥���T�f�×V
Ò Ä Û) p�¥�o�µÏ¸�� pªx�¢�T������Ð� p�¥¦o·o��Í��o�0mØ�µ�T p�#£f�T�# p�ln3Vf£¥²[���R�9���?�T T�¢�o�RÏ¸�� Rª°�2�T���¥�!Í��o��¤o���#�o����²³�¥ p§# p�¤o�- p��Ð¥ p���o¦{��ª¶����� Ä
vÄ Èh�o���p�%�¥�����p�¢�T�����cV¹�¥�R�p��£����� ������NÏ¸�¥�o£f�p�����o�!¤o����¦{�¥�p�����T������� ¯ ��²³�¥ p§# p�W¤#�� p�fÐ� p���#¦7�fªx�f���
¤o�±�T�f�����3�R�� R�p�±Í��
²³���!�p�¢�T���RÏØ�¥�R�p� ¯ �`²³«fÍ��¨�¢�T����� L#Ä Ò L#Ä T��± p«f�p�o�©�\�¢�°���µ�}�o� �¥ p§# p�G¤#�WR���o£´�T���¥�Lª¶��¤o��I¨« Ä

L#Ä >� p��¦¨�¢Ð��¢�T�����[V9�Á¬«�£���T��  �#�o�x�R«� R���°¤#�°ªx�¥�o��¦#�o�%�¢�p�����#������£¡�¥�����-�¥¦o¦{����«��f��õ7Ég�E�®É�@��
�7�½ÈÊ�i�E�®ÉA@+�i�5¤¨�¥�o����²³�¥ R§o p��¤#��WR�¥�o£f�p����� Ä Ñ!���o�p�
���� p«f�p�o�©�\�¢��¤#�5�%��¦o R��¦¨�¥Ð��2�T���¥�=���µ���²³�¥ p§# p�}¤o�ÝWR�¥�o£f�p������£��¥ªx¦o���f�¥mØª¶��� ¯ WR���o �niÍ��o���p�¢�T���RÏØ�¥�©�¶�¥�¬�«�Í��¨�2�T���¥�o� LÄ Ò v �f�
L#Ä Ò L#Ä

soÄ�h �¥ RÐ����¨�¢�����p�¢�T����� V ¯ ¦¨�¥ R�p�� +¤o�!�`²��¢ p§o R�!¤o�jWR���o£f�p�����x£���ª¶¦o���f�����=£¡�¢��£��#����>0m<á×n+¦{���o 
£\·¨�¥Í��o�-Ì¥�¢ p�%�¢§o���,á Ä
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    (Potentiels mis à jour) 

  potentiels initialisés

Initialisation des potentiels
        (structure)
Arbre de jonction

BN

Marginalisation
P(V)

Arbre de jonction

Propagation

Arbre de jonction

Transformation graphique

V�4XW�& L#Ä Ò s�� >� p���o£���¦7�!¤o�.�`²³���#Ï¸«� R���o£f�
ã��Øä���Ø Ù�é!çcëçvêÚ_µçvï�ê�ë#çvì�é

T�� ¦o p��£�«f¤o«�ÛFÜ#��Ì�Ý¥���vÝ�Î7��£´�T�JÞ��.¦7�¢�T�����p����Þ)���o�©�T�ßÝ�Þ�¤o��Þ`²YÝ¥ R§o p�.¤o�µWR���o£´�T�����±���àÜ�T�ßÞ��ßÛFÝ¥���
Þ��áÛ®¦o p�¥§]Ý¥§o�âÞ����p«�Û/£f���o¤o�©�T�����o�o�áÞßÞ��áÛ?¤�ÜL p«áÛp��Ý�ÜG§]ÝED¥«�Ûp�����GÅ°Æ�í¨Ç�È��xÆ�íoÇ ÉRÉ V
Ò Ä >9�³Üo �£\·]Ý¥ÍÜo�-£�Þ���ÍÜo�5�f��ÛR«�¦]Ý¥ FÝ¢�T�áÜo �Ê¾�¥�3¦�ÞßÝ¥£��ÃIg»5Æ<¼ É ¯ ÒI+»�Æ¸¼ É+ã O
vÄ ¦ �»¦o R�£fÎ�¤o�*¦{�³Üo =£\·]Ý¢Í�Ü#�*Ì�Ý¥ R�µÝ¥§RÞ��¥í¨Çk¤o�àÞßÝ�Ï�Ý	�f���äÛFÜo�©Ì�Ý¥���T��V/���åÝmÎ¹�f£f�T� íoÇ ¯

Üo�#�¶£áÞ���Í�Ü#�	Ò ÍÜo��£������p�������©���L�sÝ¥¦o¦{��Þ�«��i£�Þ���ÍÜo��¦]Ý¢ p������Ô����*ª�Ü�Þ��p��¦�Þ����	I+»�Æ¸¼ É ¦]Ý¥ 
ÅxÆ�íoÇ�È��°Æ�í¨Ç ÉpÉ V

I+»�Æ¸¼ ÉÚã I+»�Æ¸¼ É Å°Æ�í¨Ç�È��xÆ�íoÇ ÉRÉ
TPÝ ¦o p��£�«f¤�Üo p�-¤
²[���o�©�T�ßÝ�Þ��âÛæÝ¢�p�����¡ÛæÝ2�T�ßÛµÏ�Ý¥��� ¯ Þ`²³«fÍÜ]Ý¢�T����� L#Ä Ò L V

>ÄçÇéè7¿ I+»@�
> çÚê

¿
A è7¿ Ië2DC

½?> �ì è7¿ ÅxÆ�í ì È$�°Æ�í ì ÉRÉO ½IÅxÆ�í É

í Ê`í?î�Ûðï©Þ`²ñîáò�ÛFîfª�ó�ÞâîJô�î�Û5Ì�Ý�õFößÝ�ó�Þâî�Û�ô�Üfõp«áÛFî�Ý�Ü
ÔP÷øî�Ûðï©ÞâîJò í³ù óRõFîJô�î¡ú�Þâö�ÍÜ�îáÛ�ÔPû î�Ûðï©Þâî
ò í³ù ó�õFî�ôRî�Û5Ì�Ý�õFößÝ�ó�ÞßîáÛbîaïÃI+»@�µÔEIë2DC©Û í òïvÞâî�Û�ü í ïFî�ò�ïæöâî�ÞßÛbô�î�ú�Þâö�ÍÜ�î�îaïvô�îJÛFýáü]Ý�õFÝ�ïæîáÜ�õ«õFîáÛµÓüxî�úáïFö�Ì�î ù î�ò�ï Ä

TPÝ�I¨Ð³ÜRõFî L#Ä Ò S ößÞâÞßÜ�ÛðïæõDî«ÞµÝ¡ü�õ í ú�ýáô�Ü�õFî©ô�îÃÞ þ¨ößò�öÏïæöµÝ�ÞßößÛFÝ�ïæö í ò�ü í ÜRõ�ÞßÝ�úáÞßö�ÍÜ�î×��� ó Ä Ñ�ößò�ÛDöÝ�ü�õRÎ�Û�Þ þ¨ößòRöâïæößÝ�ÞßöâÛæÝ�ïFö í ò í òBÝ¹V
I �A��Z ½IÅxÆ�� È�� É ÅxÆ ó È�� É ¾�¿ I ��Z ½ÅO
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I ����ZÝ ú î È!ò�öÏïæößÝ�ÞßöâÛæÝ�ïFö í òÒ Ò Ò Ò�ÿJk��[T�ÿºk�� L oPk�� v ÒÒ Ò k Ò�ÿJk��[T�ÿºk��YTÝoPk�� s zÒ k Ò Ò�ÿJk�� L ÿºk�� t oPk��©Ò NÒ k k Ò�ÿJk�� L ÿºk�� s oPk��©Ò vk Ò Ò Ò�ÿJk�� v ÿºk�� L oPk��Mk tk Ò k Ò�ÿJk�� v ÿºk��YTÝoPk��©Ò sk k Ò Ò�ÿJk�� N ÿºk�� t oPk�� s Nk k k Ò�ÿJk�� N ÿºk�� s oPk�� L v

I ��Zú î È!ò�öÏïæöµÝ�ÞßößÛFÝ�ïæö í òÒ Ò Ò
Ò k Ò
k Ò Ò
k k Ò

VU4XW�& L �©Ò S0� È!ò�öâïFöµÝ�ÞâößÛæÝmïæö í ò©ô�î�ÞßÝvúáÞßö�Í�ÜRî®Ñ % KÄîáï
ô�Ü�ÛFýáü]Ý�õæÝmïæî�ÜRõ % KÄôRî�Þ�þYÝ�õFó�õDîjô�î�õFî�Ð�õ í ÜÓüxî ù î�ò�ï�ô�îvÞßÝ±IoÐ L ��Ò v



Ò�Ò s ×'&ON)(+*�,+-;eP)/.0-213(�*�45,+67*
ã��Øä���� Ô��oì+Õ�ê���ê�ë#çvì�é
Ñbü�õRÎ�Û	Ý÷Ì í ößõvöâò�öâïFöµÝ�ÞâößÛFý©ÞßîáÛÃü í ïFî�ò�ïæöâî�ÞßÛvô�î�Þ þñÝ�õDó�õFî¡ô�î)W í ò�úáïFö í ò¹ÔEò í Ü�Û©Ý�ÞâÞ í ò�Û«î���ý�ú�Ü�ïæî�õ

ÞµÝJü�õ í ü]Ý¥Ð³Ý�ïæö í ò�Ý$I]ò�ôEþYÝ¡Ì í ößõ�Ü�ò�î ù ößÛFî	��W í Ü�õ�ú í ò�ÛFöâÛDïæÝ�ò�ïæîÃô�î©úáî�Û�ü í ïæî�ò�ïFößî�ÞâÛ
�+TPÝ¡ü�õ í ü�Ý2ÓÐ�Ý�ïFö í ò�ÛFî©ú í³ù ü í ÛFîÃô�î	üRÞßÜ�ÛDößî�ÜRõFÛ ù Ý�òRößü�Ü�ÞßÝ�ïæö í ò�Û�Ý�üRüëîáÞßý�îáÛµõ7Ég�E�YÉA@+���]�cÈÊ�i�E�®ÉA@+�i��ÍÜ�ö
ÛFîJüRõ í ô�Ü�ößÛDî�ò�ï«îáòïFõFîJÜ�òRî�ú�Þâö�ÍÜ�î	Ê îaï«ÛæÝ�úáÞßö�ÍÜ�î-Ì í öâÛFöâò�î	Ë��'TPîJü�Ý�ÛFÛFÝ¥Ð³î�ô�î ù î�ÛDÛæÝ¥Ð�î�ô�îÊ���Ë Ï í õDú�î	Þâî	ü í ïæîáò�ïæößîáÞ�ô�î	ú�õ í D³Ý�ò�ú�îJôRÜàÛFý�ü�Ý�õæÝ�ïFî�Ü�õ«Ì'»3¸��gáïFõFî�ú í ò�ÛFöâÛDïæÝ�ò�ïvÝ¡Ì³î�ú�Ig»m L ��Ò v n´Ô�ï í Ü�ï3î�ò�ü�õFýáÛFî�õµÌ�Ý�ò�ïjÞ þ¨ößò�Ì�Ý�õFößÝ�ò�úáî�ôRîbÞ þ¨ý�ÍÜ]Ýmïæö í ò L �©Ò L �iTPÝ	ü�õ í ü]Ý¥Ð�Ýmïæö í ò¶Ï�Ý�öÏï
ü]Ý�ÛFÛDî�õô�îÃú��]Ý¥ÍÜ�î©ú�Þßö�ÍÜ�îvÜ�ò ù î�ÛDÛæÝ¥Ð�î��¡ú��]Ý�úáÜ�ò�ô�îÃÛFîáÛ,Ì í ößÛDößò�Û��Åúáî�Û�ü]Ý�ÛFÛFÝ¥Ð³îáÛbô�î ù îáÛFÛFÝ¥Ð³îÃÛ í ò�ïú í�ù�ù Ý�ò�ô�ýáÛ�ôRî<Û í õDïæî�ÍÜ�î<ú��]Ý¢Í�ÜRî3ü]Ý�ÛDÛæÝ¥Ð³îsô�î ù î�ÛDÛæÝ¥Ð�î<ü�õDý�ÛFîáõRÌ�îjÞµÝ ù öâÛFî��jW í Ü�õ¥ü�õDý�ÛFîáò�ïæý�îü]Ý�õ�Þâî�Ûjü]Ý�ÛDÛæÝ¥Ð�î�ÛbôRî ù î�ÛDÛæÝ¥Ð�î�Û�ü�õFýáú�ý�ôRî�ò�ïæÛ�� ; Ü]Ý�òRô í òÁïæîáõ ù ößò�î«ÞßÝ�ü�õ í ü]Ý¥Ð�Ý�ïFö í ò¹Ô�ú��]Ý¥ÍÜ�î
ü]Ý�öâõFî«ô�îvúáÞßö�ÍÜ�îÁÓ!ÛDý�ü]Ý�õFÝ�ïæîáÜ�õjî�Ûðï ù öâÛFî	�µW í Ü�õ�îáï�Þ�þYÝ�õFó�õDî«ô�îXW í ò�úáïFö í òÁîáÛDï�ú í³ù ü�Þâîáï��
� ò ö9òµn7ò�Æ ô�Ég�®�®ÉA@+�à�]�ÎÈÊ�i�E�®ÉA@+�¥�E��È`õd�"�

¦ ò/ú í ò�ÛFöâôoÎ�õDîBô�îáÜ�� ú�Þâö�ÍÜ�î�Û�Ý�ô�WFÝ�ú�î�ò�ïFî�Û�Ê îáï�Ë Ý¡Ì³îáúBÜ�òMÛFý�ü�Ý�õæÝ�ïFî�Ü�õÁ0 îáï�Þßî�ÜRõFÛ
ü í ïæîáòïFößîáÞßÛ©Ý�ÛFÛ í úáößý�Û�I+»!Ô�I+¸åîáï¡Ix2��dT î�ü]Ý�ÛFÛFÝ¥Ð³î�ôRî ù î�ÛFÛFÝ¥Ð³î�ôRî�Ê��»Ë ÛFî�ü�õ í ôRÜ�öâï©î�òô�îáÜ���ýáïæÝ�üëîáÛ�ò í³ù�ù ýáî�Ûjü�õ í WDî�úaïæö í ò�îaï�Ý�ó�Û í õFüRïFö í òcV
Ò��pô�Ë��#à®��8	���"��� í ò Ý�Îëî�úaïæî�Ü�òRî�ò í Ü#Ì�î�ÞâÞßî�ïæÝ�ó�Þâî��f0 Ô�îaï í ò�ÛFÝ�Ü#Ì³îfÐ�Ý�õDô�î�Þ þñÝ�ò�úáößî�òRò�î
ïæÝ�ó�Þßî±V

I�� ì��2 ã Ix2
Ix2 ã ü

»j¼!2 Ig» m L ��Ò S n
v ��À=Þ��®�+Ë�õ7���"��� í ò Ý�Îëî�úaïæîÁÜ�ò�î�ò í Ü#Ì³îáÞßÞâî�ïLÝ�ó�Þâî���Ë îáò ÜRïæöâÞßößÛFÝ�ò�ïJÞ þñÝ�ò�úáößîáò�ò�î�îaï¡ÞµÝ

ò í Ü#Ì³îáÞßÞßî�ïæÝ�ó�Þâî«ô�î�0 V
I�¸ ã I+¸ Ië2

I � ì �2 m L ��Ò t n
k��iÈÊÉAËml;Ì]� Æi�¹Hp��°i¨�°i£=¤�¨�Õ�¡	ª«¢¬®¡	¯�¢���£�Ì"!$#�y+Âg¤¾£�¬l¤¾£�� Âg¤¾£�¬l¤¾£]Û°¯�±�±&%�Ü1�× Ö��£g¯�¨�¤	�®°+¤

I�� ì �2(' #*)�! S °2£g¢��®°g¤¾ Ö¤¾£g¯3¬¾¢ Ië2 ' #*)�! S
T î�Û«ý�+�Ü�Ý�ïæö í ò�Û L �©Ò S îáï L ��Ò t Ý�Î@îáúáïFî�ò�ïÃô�î�Û«ò í Ü�,³î�Ý�Ü��oü í ïæîáò�ïæößîáÞßÛ-�»0 îaï«Ë*Ô@ú�îáüëîáò�ô]Ý�ò�ï
ÞßîÃïæîáõ ù î.��ô�õ í öâïæî©ô�îJÞ þ¨ý
+Ü]Ýmïæö í ò L �©Ò t õFîáÛDïFîJú í ò�ÛðïLÝ�ò�ï
�_TPÝ�ü�õ í ó�Ý�ó�ößÞâöâïFý�W í ößò�ïæî�ôRÜàõFý�ÛDî¶Ý�ÜÛ�þ¨ý�úáõFöÏï / >10 I32��

>BA Ië2FC54 I � ì �2Ië2 I+¸
I � ì �¸ ! / >10 I62��

>BA Ië2FC&4 I � ì �2Ië2 I � ì �¸ 7
87:9<; =8I � ì �¸ !?> ' í�)
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' ïLÝ�òï¡ô í ò�ò�ý�Ü�ò Ý�õDó�õFî�ôRî�õFî
C�õ í Ü�üxî ù î�ò�ï�Ý�,³îáúÁò úáÞßöD+�ÜRî�Û
E�Þ þñÝ�ÞFC í õFöâïG� ù î�>?>IH % ôRî
üRõ í ü]ÝJC�Ý�ïæö í òàú í�ù�ù î�ò�úáîJü]Ý�õvÞßîJú�� í öK�fÝ�õFó�öÏïæõæÝ�ößõFî	ôEþñÜRò�î�úáÞßöD+�ÜRî�I+» îáï í òfî:��ýáú�ÜRïFî�Ý�Þ í õFÛL ' É � O*)3ü]Ý�ÛFÛæÝJC³î�Û�ô�î ù î�ÛFÛFÝMC³îáÛ�ô�öK,�ößÛFýáÛjî�ò�ô�î�Ü&��ü��]Ý�ÛDî�Û�V
kÖÉg�E�®�iÈONd�"�iÈÊ�i�'���]�½�GFþ�3N��®� ËQPAÉ����"��� mÒB������"��8	� ¬GR P]���7�i�¥8Q��nxô]Ý�ò�Û¥ú�îaïFïæîsü��]Ý�ÛDîsú���ÝM+Ü�î

ú�ÞâöF+Ü�îIS�Ý�öâïEü]Ý�ÛFÛDî�õ¥Ü�ò ù îáÛFÛæÝJC³îT��ÛDî�Û¥ú�ÞßöD+Ü�î�ÛU, í ößÛFöâò�î�ÛPô]Ý�ò�ÛPÞµÝjô�ößõDî�úaïæö í ò«ú í òV,³îáõGC³îáò�ïæî,³îáõFÛ�ÊOE]î�ò�ú í³ù�ù îáò�W¶Ý�òï�Ý�,�î�úÃÞßî�ÛjúáÞßöD+�ÜRî�Û�ÞßîáÛjü�ÞßÜ�Û�ýáÞ í öDC³ò�ý�îáÛjô�îvÊ� Ç Ü]Ý�ò�C�îáï . Ý�õYX�ößú��Rî mZA zQzQt n!�[�
ß ���Y�lË��\NdÌ_���"�'� �]�Î�GFþ�3N��®� ËQPAÉ����"��� m�ß ���Y�EË$�\N�Ì]�l� ¬GR P]���7�i�¥8Q�2nÅô]Ý�ò�Û ú�îaïFïæîÚü���Ý�ÛFîÚú��]ÝM+Ü�î

ú�ÞâöF+Ü�î.S�Ý�öâïÃü]Ý�ÛFÛFîáõ©ôRî�Û ù î�ÛDÛæÝMC�î�Û]��ÛDî�Û	úáÞßöD+�ÜRî�Û	, í öâÛFößòRî�Ûvô]Ý�ò�ÛÃÞµÝÁô�öâõFî�úaïæö í òoô�öD,�î�õZ^C³î�ò�ïFî©ô�îvÊOE�îáò»ú í³ù�ù îáò�W¶Ý�ò�ï�ü]Ý�õ�ÞßÝ�ú�ÞâöF+Ü�î«Ê � Ç Ü]Ý�ò�C�îáï . Ý�õZX�ößú���îQmZA z	zQt n1�[�_ ��Ý�ú�Ü�òRî�ô�îBúáî�Û�ôRî�Ü��/ü��]Ý�ÛDî�Û�üRõ í , í +Ü�îàÉ � O�ü]Ý�ÛDÛæÝMC³îáÛ�ô�î ù îáÛFÛæÝJC³î�Û���T î`S í òRúáïæö í ò�^
òRî ù î�ò�ïÃô�Ü&ü�Ý�ÛFÛFÝMC³î¡ô�î ù îáÛFÛæÝJC³î¡î�ÛDïa+Ü�î�ú��]ÝM+Ü�î�ú�ÞâöF+Ü�î.S�Ý�öâï�ü]Ý�ÛFÛDî�õÃô�î�ÛÃößò�S í õ ù Ý�ïæö í ò�Û�E
ú í ôRý�î�Û�ô]Ý�ò�Û�Þßî�Û�ü í ïæîáò�ïæößîáÞßÛ�E6��ï í ÜRïFî�Û�ÞßîáÛ�ú�ÞßöD+Ü�î�Ûjô�Ü�õFýáÛFî�Ý�Ü��
kÖ�2È`ÉAËml;Ì7�ÊÆ � Ñ7¤�¬�³¾ª«¢��®°+¤�¬ �E��£g¯A²�¡�¬�¬l¤¾¨0�i¤�¬p Ö¤�¬�¬®¡l©i¤�¬�r�ª¤¾°i¨�¬)³¾ª«¢��®°g¤�¬pÓ	��¢¬¾¢5£=¤�¬�°2£g¢��®°g¤¾Ú
 Ö¤¾£g¯'¡¾²�¨æ=�¬U¨�Õ�³�¤Ò²�¯�¢���£±�i¤?ª¤¾°2¨�¬U Ö¤�¬�¬®¡l©i¤�¬®Þcb�¤¾¯�¯Ò¤�³���£��	¢5¯�¢���£Ý¡�¬�¬¾°i¨�¤?ªþ¡� ±¢¬l¤sr�*E��°i¨0Û¿³���£�¬¾¢¬¾Ú
¯�¡	£=³�¤ÒÜ�ª�l³�¡	ª¤µ�i¤µªFu ¡	¨YÙ®¨�¤��i¤P*E��£=³¾¯�¢���£��®°�¡	£�����£¹¯G¤¾¨Á ±¢5£=¤0ªþ¡µ²�¨���²�¡l© ¡	¯�¢���£�� Â+¤¾£�¬l¤¾£]Û°¯�±�±&%�Ü �YÞ
��B ö B n B�� Red �iÈÊõ����
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VU4XWgf L �DA t¹� ¦ õFô�õDî�ô�Ü ü]Ý�ÛDÛæÝMC³î�ô�î ù îáÛFÛFÝMC³î�ÛJüxî�òRô]Ý�ò�ïJÞµÝ»ü�õ í ü�ÝMC�Ý�ïFö í ò"��ü]Ý�õDïFößõ©ô�î�ÞµÝ
úáÞßöD+�ÜRî�m<h _ KUn
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I3v Q3w o

Ý ó ô I3v Q3w ' r qÁy&)A A A k�� vQv�SA A k k��|k v�SA k A k��DA v�SA k k k��DA v�Sk A A k��DA N kk A k k��|k v kk k A k��DA S kk k k k��DA S k
>0m<h�npo x Q3w I�v Q3w ! Ý >0m�Ý nA k�� v	v³Szy k��Mk v³Szy k��DA v�S{y k��KA v³S oPk�� Sk k��DA N k y k��Mk v k y k��DA S k y k��KA S k�oPk�� S
>0m . npo x v Q I�v Q�w ! ô >µm5ô+nA k�� vQv³S.y k��DA v³S.y k��KA N k y k��DA S kÝoPk�� tQN kk k��Mk v³S.y k��DA v³S.y k��Mk v k y k��DA S kÝoPk�� L v k

V�rXWgf L �DAUT � K|�Rî ù üRÞßî«ô�î ù Ý�õGC³öâò]Ý�ÞâößÛæÝmïæö í ò
TPÝüI6C�Ü�õFî`K�öFC�� L �KA t öâÞßÞßÜRÛDïæõDî�ÞßîáÛÁýáïLÝ�üëîáÛ»ô�îfÞµÝ�üRõ í ü]ÝJC�Ý�ïæö í òåô]Ý�ò�Û�Þ þñÝ�õDó�õFîàô�î�W í ò�ú�^

ïæö í òüm L � N n:�@È!úáöOÞµÝ�ú�ÞßöD+Ü�î�}e~ ó îáÛDï«ÞßÝ�ú�ÞâöF+Ü�î�ô�îJú í³ù�ù îáò�ú�î ù îáòï
�;>¥î�ò�ô]Ý�òïÃÞßÝ�ü��]Ý�ÛDîJô�î_ í ÞâÞßî�úaïY^!KI,�öâô�î�ò�úáî�ÞßîáÛ ù î�ÛFÛFÝMC³îáÛ«ü]Ý�ÛFÛDî�ò�ïÃô]Ý�ò�Û«ÞßÝ�ô�öâõFî�úaïæö í ò�ú í ò5,�î�õYC³î�ò�ïæîz,³îáõFÛ-}e~ ó EEî�ò
ú í�ù�ù î�ò�W�Ý�ò�ïJÝ�,³îáúÁÞßî�Û©ú�ÞâöF+Ü�î�Û�}��Jx�E�x ó � îáï ó�� �"�d>¥î�ò�ô�Ý�ò�ï¡ÞµÝBü���Ý�ÛFî . ößÛDïFõFöâó�ÜRïæî�^
Kq,�ößô�îáò�ú�îJÞâî�Û ù î�ÛDÛæÝMC�î�Û�ü]Ý�ÛFÛFîáò�ï«ô]Ý�ò�ÛbÞµÝ�ôRößõFîáúáïFö í ò»ô�öD,�î�õGC�î�ò�ïæîJô�î]}�~ ó Ec��ü]Ý�õðïæößõ�ô�î©ÞµÝ
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ë ¿½Î¡Ý<ÎÏ¿ùã�ÌdÐÒÇ�ÌRàqáEÇ�Ê%ÅXÕÖÃ&¿ �¶ÄÂÍ�ÌÂÀNÇ�Ë'ËXÍ�ÄÂÀ�à+Í�Ä%À&ÕÖÃ&ÌÂÅ'Ã&¿½Á%¿+Ì3Ü������`ÀGÄÂÍ�Î*ÎÏÈ<À öø÷"÷WgJ�ðKï®ó�íþò�ê�ú ¿�Õ öø÷"÷Wgþl��Pï®í�� �Pñjó�ê�ú Ù�Ë!ÐÒÇ�ÅXÁÂ¿¶ÁÂ¿+ÀùÃÆÈ<ÀÆ¿PÇfÌ3ÜêÓÂÇ�¤�È+À&Å'¿+Ä%ÀßÁ�¤BÄEÇ�Î*Å'ã�ÌÂ¿<À £�� ¿ öø÷"÷WgJ�ðKï®ó�íþò�ê�ú ¿+À&Õ¶ËX¿ØÎ*Í3Á��+Ë'¿Ïã�ÌÂÅ�ÊÂÃ&¿+ÄÂÁ�Ê5Í�ÌÂÃ�À&È+ã�ÌÂ¿+Ä%à+¿`ÁdÐÒ¿<ÄTÕÖÃÆÈ<¿�Ë'¿+Àßà+Í�ËXÍ�ÄÂÄÂ¿<À�ÁÂ¿DÊÂÅ�Ü%¿<Ë'À�Á%Ìà+Ç�ÃÖÇfà<Õ&�<ÃÆ¿ £�� ¿ ö³÷Þ÷ gþl��Pï®í�� �Pñjóþê�ú ¿+À~Õ�ËX¿*Î*ÍBÁ|�+ËX¿*ã�ÌÂÅlÊÂÃ&¿+ÄÂÁ9Ê|Í�Ì%Ã½À&È+ã�ÌÂ¿+Ä%à+¿>ÁdÐb¿+ÄTÕÆÃÆÈ+¿ØË'¿+ÀËXÅ'â�Ä%¿+À�ÁÂ¿/ÊÂÅ�Ü3¿+Ë'ÀìÁ%Ì�à+Ç�ÃÖÇ�à�Õ&�<ÃÆ¿ £ÜJÍ�ÌÂÀAÀ&Å'â�ÄEÇfË'Í�ÄÂÀ½ã�ÌÂ¿DÕÖÍ�Ì%ÕÆ¿+À¶Ë'¿<ÀßÕÖÃÆÇ�ÄÂÀ&ÅXÕÖÅXÍ�ÄÂÀ�¿<ÄTÕÖÃÆ¿�È�ÕqÇfÕÆÀAÀÆÍ�ÄTÕ¶Å'à<Å�Ê5Í�ÀÆÀ&Å'ÓÂËX¿+À+ÉtÅ'¿ £ ËçÇåÎÏÇ"éÕÆÃÆÅXà+¿$Á%¿+ÀûÕÆÃÖÇ�ÄÂÀ&ÅXÕÆÅ'Í�ÄÂÀn¿+À~ÕlÊÂË'¿<Å'ÄÂ¿ � ÕÁ¤BÊ5¿ì¿+Ã&â�Í3Á%Å'ã�ÌÂ¿ � É�à<Í�ÄTÕÖÃÆÇ�Å'Ã&¿+Î*¿+ÄTÕ�ÙNËÑÐÒá�¤BÊ5Í�ÕÖá|�<ÀÆ¿ìâTÇfÌÂàqáÂ¿�éÁ%ÃÆÍ�Å�ÕÖ¿N×vÇ�Å�ÕÖ¿/ÇPÔ�¿<à6�ø�x÷¯Ê5Í�ÌÂÃìË'¿<Àx�����`À � ¾$áEÇ�Ê £ � �¤£ë Ð�Ç�Ì3ÕÖÃÆ¿*ÊEÇ�Ã~ÕùËçÇDÓEÇ�À&¿ÏÁÂ¿¶ÔfÇ�Ë'ÅXÁEÇfÕÆÅ'Í�ÄRÀ&¿+Ã~Õ�Ù`ÇXW&ÌÂÀ~ÕÖ¿+Ã/ÕÖÍ�ÌÂÀ½ËX¿+À/ÊEÇ�ÃÆÇ�Î��<ÕÖÃ&¿+À/ÁÂ¿<ÀßÎ*Í3Á|�<Ë'¿<À £pBÌÂÃûà<¿<ÕÆÕÆ¿�ÓEÇ�À&¿�ÁÂ¿^Ô�ÇfË'Å'ÁÂÇfÕÖÅXÍ�Ä/ÄÂÍ�ÌÂÀ�ÇPÔ�Í�ÄÂÀ�¿K#.¿<à<ÕÖÌ%È�ÊÂË'Ì%ÀÆÅ'¿<ÌÂÃÆÀt¿�Ü3Ê5È+ÃÆÅX¿+ÄÂà<¿+À�Ê5Í�ÌÂÃnÕÖÃÆÍ�Ì%Ô�¿<ÃûË'¿Ä%Í�Î�ÓÂÃ&¿GÁdÐbÈ<ÕqÇ"ÕÖÀ�Í�Ê%ÕÆÅ'ÎÏÇ�Ë|Ê5Í�ÌÂÃìàqáÂÇ�ã�ÌÂ¿/ÎÏÍBÁ|�+ËX¿ £ ÜäÍ�ÌÂÀìÊ%ÃÆÍBà+È+Á%Í�ÄÂÀ�ÁÂ¿�ËçÇß×vÇo�+Í�Ä�ÀÆÌ%ÅXÔfÇ�ÄTÕÖ¿ ÈÄ%Í�ÌÂÀ�àqáÂ¿+Ã&àqáÂÍ�ÄÂÀNË'¿�ÄÂÍ�ÎßÓÂÃÆ¿/Í�Ê%ÕÆÅ'ÎÏÇ�Ë.Á.ÐÒÈ�ÕqÇfÕÆÀä¿<Ä�À&ÌÂÊÂÊ5Í�ÀÖÇ�ÄTÕGÇ�Ì�Á%È+ÊEÇ�Ã~ÕJãBÌ%¿ùÕÆÍ�ÌÂÀ�Ë'¿<ÀJÎ*ÍféÁ��+Ë'¿<À�ÁÂ¿¶àPÇ�ÃÆÇ�à<Õ��+Ã&¿*Í�Ä�ÕùËX¿AÎ¡Ý<ÎÏ¿AÄÂÍ�Î�ÓÂÃÆ¿AÁ.ÐÒÈ�ÕqÇfÕÆÀ � ÁÂ¿¶ËçÇ>Î�Ý+Î*¿�×vÇ��+Í�Ä ã�ÌÂ¿¶ÁEÇfÄÂÀ/Ë'¿AàPÇfÀÁ%¿+ÀE���V��À¶¿+ÄæÌ%ÕÆÅ'Ë'ÅXÀÖÇ�ÄTÕ\�³�x÷ �¤£ Ñ�ÌÂÅXÀ�ÄÂÍ�Ì%À¶Ç
�*ÄÂÍ�ÄÂÀAà<¿DÄÂÍ�Î�ÓÂÃ&¿>ÁdÐbÈ<ÕÖÇfÕÖÀAÊ5Í�ÌÂÃ�àqáÂÇ�ã�ÌÂ¿Î*ÍBÁ|�+ËX¿"ÈnÄÂÍ�ÌÂÀßÃÆ¿+àqá%¿+ÃÆàqá%Í�ÄÂÀ*Ë'¿*ÄÂÍ�Î�ÓÂÃ&¿>ÁdÐbÈ<ÕÖÇfÕÖÀ�Í�Ê%ÕÖÅXÎØÇ�ËlÊ5Í�ÌÂÃ½Ë'¿ØÊ%ÃÆ¿+Î*Å'¿<Ã½Î*ÍBÁ|�+ËX¿�Énà+¿�éËXÌÂÅnÁÂ¿+À�ÇfÌ%ÕÖÃ&¿+À�ÃÆ¿<À&ÕÖÇ�ÄTÕU²%Ü3È £e  ÊÂÃ��<À/ÇPÔ�Í�ÅXÃäÕÖÃ&Í�Ì%Ô�ÈAà+¿�ÄÂÍ�Î�ÓÂÃÆ¿ßÍ�Ê%ÕÖÅXÎØÇfË!ÉEÄÂÍ�Ì%ÀGÊEÇ�À&ÀÆÍ�ÄÂÀ/ÇfÌÁ%¿+Ì3Ü3Åû�<ÎÏ¿/Î*Í3Á��+Ë'¿�¿�ÕNÄ%Í�ÌÂÀJàqáÂ¿+Ã&àqáÂÍ�ÄÂÀäÀÆÍ�Ä�ÄÂÍ�Î�ÓÂÃ&¿/ÁdÐÒÈ�ÕqÇfÕÆÀäÍ�Ê%ÕÖÅXÎØÇ�ËÑÉ%ÊÂÌ%Å'À�ÄÂÍ�ÌÂÀJÊEÇ�À&ÀÆÍ�Ä%ÀÇfÌ�À&ÌÂÅXÔfÇ�ÄTÕ!W&ÌÂÀÆã�ÌdÐÒÇ�ÌRÁÂ¿<ÃÆÄÂÅX¿+ÃJÎÏÍBÁ|�<Ë'¿ £ ¾$¿�ÕÆÕÆ¿ßÊÂÃ&Í3à<È+ÁÂÌÂÃ&¿½Å�ÕÖÈ<ÃÖÇfÕÆÅXÔ�¿ùÇ*È<ÕÖÈßÇ�ÊÂÊÂËXÅ'ã�ÌÂÈ<¿ùÊ5Í�ÌÂÃËX¿+À0ÎØÇXW&Ì%ÀÆà+Ì%Ë'¿+À<É%ËX¿+À$Î*Å'Ä�ÌÂÀ&à+ÌÂËX¿+À�¿�Õ�ËÑÐÒ¿<ÄÂÀÆ¿<Î�ÓÂË'¿NÎØÇXW&Ì%ÀÆà+Ì%Ë'¿+À0ÎÏÅXÄ�ÌÂÀÆà<ÌÂË'¿<À�Ê|Í�ÌÂÃ$àqáEÇfà+ÌÂÄ�ÁÂ¿<ÀÁ%¿+Ì3Ü¶�9����À/Ô�¿<Ã&ÕÖÅXàPÇ�Ëû¿<ÕùáÂÍ�Ã&ÅM¸+Í�Ä�ÕÖÇ�Ë £|ë ¿¶ÊÂËXÌÂÀ/à+¿+À/ÄÂÍ�Î�ÓÂÃÆ¿<À/Í�Ê%ÕÖÅXÎØÇfÌ3ÜRÁ.ÐÒÈ�ÕqÇfÕÆÀùÍ�Ó%ÕÖ¿<ÄBÌ%ÀÅXà+Å3ÀÆÌÂÃlÁÂ¿<À^Î*ÍBÁ|�+ËX¿+À�ÊÂËXÌÂÀ�ÀÆÅXÎÏÊ%Ë'¿+À<É�À&¿+ÃÆÍ�Ä�ÕlÌ3ÕÖÅ'ËXÅ'À&È+À�ÊEÇfÃ�ËçÇGÀÆÌ%ÅXÕÖ¿ìÊ5Í�ÌÂÃûË'¿+À�Î*ÍBÁ|�+ËX¿+À�à<Í�ÌÂÊÂËXÈ+À £
ç â��¥å Ó�Ì å Ã à Ó ÈÜäÍ�Ì%À½ÄdÐbÌ%ÕÆÅ'Ë'ÅXÀÆÍ�Ä%ÀGã�ÌÂ¿ÏË'Ç>ÊEÇ�Ã~ÕÖÅ'¿AÁ%¿*Ë'ÇDÓEÇ�ÀÆ¿¶à<Í�ÄÂà+¿<ÃÆÄEÇfÄ�Õ½Ë'¿<À/ÎØÇXW&Ì%ÀÆà+Ì%Ë'¿+À £zë Ç�ÄÂÀ/à<¿àPÇ�À�ËX¿�ÄÂÍ�ÎßÓÂÃÆ¿�Á.ÐÒÈ�ÕqÇfÕÆÀ�Í�Ê%ÕÖÅXÎØÇfËBÊÂÇ�Ã�à+Ë'Ç�ÀÆÀ&¿ìÊ|Í�ÌÂÃûËX¿+À�ÁÂ¿<Ì3Ü¶Î*Í3Á��+Ë'¿<À·È�������é!Ô�¿<Ã&ÕÖÅXàPÇ�Ë¿<ÕJáÂÍ�Ã&ÅM¸<Í�ÄTÕqÇ�ËÑÉ%¿+À~ÕJÁEÇ�ÄÂÀJË'¿<À�ÕqÇ�ÓÂËX¿PÇ�ÌBÜDÀÆÌ%ÅXÔfÇ�ÄTÕÖÀ.�tÇ�Ó £´��£ � ¿<Õ.�tÇ�Ó £´��£´�



ÿ¥� � �nmR1 t�vPqjz#S#T � z���t�vw}�q�x�v � ��xuz � } � S�q�v�qjy�z.3)3��{}�¬ez|yu} � x�v
Î*Í3Á|�<Ë'¿   ! ¾ ë ï © � � è · ÷ � �Ä�ÓÂÃÆ¿ùÁdÐbÈ<ÕÖÇfÕÖÀ ��� ÿ¥� ÿ Ó ÿ Ó ��� �
Ó ÿ Ó ÿ � ÿ Ó ÿ Ó ÿ � ÿ Ó ÿ�ÊÎ*Í3Á|�<Ë'¿ Ü í Ñ � ¦ p � ¨ � � � � �Ä�ÓÂÃÆ¿ùÁdÐbÈ<ÕÖÇfÕÖÀ ��� ÿ Ó ÿ¥� ÿ � ÿ � ÿ � ÿ Ó ÿ¥� ÿ�Ê ÿ Ó ÿ Ó ÿ Ó ÿ¥�

Å z�Æ mp��£ � � ÜJÍ�Î�ÓÂÃ&¿/Í�Ê%ÕÖÅXÎØÇfËdÁdÐbÈ<ÕqÇ"ÕÖÀJÊEÇ�ÃJà+ËçÇfÀÆÀÆ¿ùÊ5Í�ÌÂÃJË'¿+À�ÎÏÇXW&ÌÂÀ&à+ÌÂËX¿+À<È5Ê5Í�ÌÂÃJË'¿§�9����éÔ�¿<Ã&ÕÆÅ'àPÇfË
Î*Í3Á|�<Ë'¿   ! ¾ ë ï © � � è · ÷ � �Ä�ÓÂÃÆ¿ùÁdÐbÈ<ÕÖÇfÕÖÀ ��� ÿ�Ê ÿ � ÿ Ó ��Ó �
Ó ÿ Ó ÿ � ÿ � ÿ � ÿ � ÿ Ó ÿ�ÊÎ*Í3Á|�<Ë'¿ Ü í Ñ � ¦ p � ¨ � � � � �Ä�ÓÂÃÆ¿ùÁdÐbÈ<ÕÖÇfÕÖÀ ��Ó ÿ Ó ÿ¥� ÿ�� ÿ � ÿ�� ÿ Ó ÿ�Ê ÿ�Ê ÿCP ÿ�Ê ÿ � ÿ�Ê

Å z�Æ mp��£¯� � ÜJÍ�Î�ÓÂÃ&¿/Í�Ê%ÕÖÅXÎØÇfËdÁdÐbÈ<ÕqÇ"ÕÖÀJÊEÇ�ÃJà+ËçÇfÀÆÀÆ¿ùÊ5Í�ÌÂÃJË'¿+À�ÎÏÇXW&ÌÂÀ&à+ÌÂËX¿+À<È5Ê5Í�ÌÂÃJË'¿§�9����éáÂÍ�Ã&ÅM¸<Í�ÄTÕqÇ�Ë
ç ÂwÎ å Ó�Ì å Ã à Ó Èè à<Å;ÄÂÍ�ÌÂÀ�ÄdÐbÌ%ÕÖÅXË'ÅXÀÆÍ�ÄÂÀ$ãBÌ%¿½Ë'Ç�ÊEÇ�Ã&ÕÆÅ'¿�ÁÂ¿/Ë'Ç�ÓEÇ�ÀÆ¿/à<Í�ÄÂà+¿<ÃÆÄEÇfÄ�ÕäË'¿<À�ÎÏÅXÄBÌ%ÀÆà+Ì%Ë'¿+À £ë ÇfÄÂÀ�à+¿ àPÇ�À�ËX¿+À�ÄÂÍ�Î�Ó%ÃÆ¿+ÀDÍ�Ê%ÕÖÅXÎØÇ�ÌBÜ�ÁdÐbÈ<ÕÖÇfÕÖÀ�À&Í�ÄTÕ�ÁÂÇ�ÄÂÀ�Ë'¿<À�ÕÖÇ�ÓÂËX¿PÇ�Ì3Ü�ÀÆÌÂÅ�ÔfÇ�ÄTÕÖÀ�tÇ�Ó £´��£ ± ¿�Õø�ûÇ�Ó £¯��£¯Ê

ÎÏÍBÁ|�+ËX¿ Ç Ó à Á ¿ × â á Å W � Ë ÎÄBÓ%ÃÆ¿/ÁdÐbÈ<ÕqÇ"ÕÖÀ ÿ¥Ê ÿ � ÿ Ó ÿ Ó ÿ � ÿ Ó ÿ � ÿ Ó ÿ Ó ÿ Ó ÿ � ÿ Ó ÿ¥�ÎÏÍBÁ|�+ËX¿ Ä Í Ê ã Ã À Õ Ì Ô � Ü ¤ ¸ÄBÓ%ÃÆ¿/ÁdÐbÈ<ÕqÇ"ÕÖÀ ÿ � ÿ Ó ÿ Ó ÿ � ÿ Ó ÿ � ÿ Ó ÿ�� ÿ¥� ÿ�P ÿ � ÿ � ÿ �
Å z�Æ mp��£ ± � ÜJÍ�Î�ÓÂÃ&¿½Í�Ê3ÕÖÅ'ÎÏÇ�ËdÁ.ÐÒÈ�ÕqÇfÕÆÀNÊEÇ�ÃJà+Ë'Ç�ÀÆÀ&¿½Ê5Í�ÌÂÃJË'¿<ÀäÎ*Å'Ä�ÌÂÀ&à+ÌÂËX¿+À<È|Ê5Í�ÌÂÃ�ËX¿6�9����éÔ�¿<Ã&ÕÆÅ'àPÇfË



�nmúùpmÕû 3)3��{}�¬ez|yu} � x�v ÿ¥���
Î*Í3Á��+Ë'¿ Ç Ó à Á ¿ × â á Å W � Ë ÎÄ�ÓÂÃ&¿½ÁdÐbÈ<ÕÖÇfÕÖÀ ÿCP ÿ�� ÿ Ó ÿ � ÿ Ó ÿ Ó ÿ¥� ÿ � ÿ Ó ÿ Ó ÿ¥� ÿ Ó ÿ¥�Î*Í3Á��+Ë'¿ Ä Í Ê ã Ã À Õ Ì Ô � Ü ¤ ¸Ä�ÓÂÃ&¿½ÁdÐbÈ<ÕÖÇfÕÖÀ ÿ � ÿ Ó ÿ Ó ÿ¥� ÿ Ó ÿ�Ê ÿ Ó ÿ � ÿ � ÿ¥� ÿ¥� ÿ � ÿ¥�

Å zÇÆ mC��£¯Ê � ÜäÍ�ÎßÓÂÃÆ¿ùÍ�Ê%ÕÆÅ'ÎÏÇ�Ë;ÁdÐbÈ<ÕqÇ"ÕÖÀJÊEÇ�ÃJà+ËçÇfÀÆÀÆ¿½Ê|Í�ÌÂÃäËX¿+ÀJÎÏÅXÄ�ÌÂÀÆà<ÌÂË'¿<ÀªÈ�Ê5Í�ÌÂÃJË'¿È������éá%Í�ÃÆÅú¸+Í�ÄTÕqÇfË
ç â��¥å Ó�Ì å Ã à Ó! ç ÂwÎ å Ó�Ì å Ã à Ó Èï Ä à<¿Aã�ÌÂÅûà<Í�ÄÂà+¿<ÃÆÄÂ¿¶ËÑÐÒ¿<ÄÂÀÆ¿<Î�ÓÂË'¿\�åÇXW&ÌÂÀ&à+ÌÂËX¿+À�é���ÅXÄBÌ%ÀÆà+Ì%Ë'¿+À<É;Ë'¿<ÀGÄÂÍ�Î�Ó%ÃÆ¿+ÀNÍ�Ê%ÕÖÅXÎØÇfÌ3ÜÁdÐbÈ<ÕqÇ"ÕÖÀ�À&Í�ÄTÕìÁEÇ�ÄÂÀ$Ë'¿+À^ÕqÇ�Ó%Ë'¿PÇfÌ3Ü*ÀÆÌÂÅ�ÔfÇ�ÄTÕÖÀZ�tÇ�Ó £´��£ � ¿<Õ·�ûÇ�Ó £¯��£iP�£ ÜäÍ�Ì%À�ÀÆÅXâ�ÄEÇ�ËXÍ�ÄÂÀ^ãBÌ%¿Ê|¿<ÄÂÁEÇ�ÄTÕìËX¿+À0¿�Ü3Ê|È<ÃÆÅX¿+ÄÂà<¿+À+É%ÄÂÍ�ÌÂÀ$Ç�Ô�Í�ÄÂÀìÊÂÃ&Å'À^Ë'¿äÎ¡Ý<ÎÏ¿JÄÂÍ�Î�Ó%ÃÆ¿NÁ.ÐÒÈ�ÕqÇfÕÆÀ�Ê|Í�ÌÂÃ0àqáÂÇ�ã�ÌÂ¿àPÇ�ÃÆÇ�à<Õ��+Ã&¿¡ÈÂÎÏÇXW&ÌÂÀ&à+ÌÂËX¿/¿<Õ�Î*Å'Ä�ÌÂÀÆà<ÌÂË'¿ £
ÎÏÍBÁ|�+ËX¿   é�Ç !^é Ó ¾^é\à ë é\Á ï é\¿ ©né × �Gé â �ìé\á è é Å ·"éúW ÷Né�� � é Ë ��é ÎÄBÓ%ÃÆ¿ùÁdÐÒÈ�ÕqÇfÕÆÀ ��Ó ÿ¥� ÿ Ó ÿ � ��Ó ÿCP ÿ Ó ÿ � ÿ Ó ÿ Ó ÿ�� ÿ Ó ÿ�ÊÎÏÍBÁ|�+ËX¿ Üìé\Ä í é\Í Ñûé\Ê �äé ã ¦ é\Ã p�é\À �$é Õ ¨ é\Ì � é Ô � é"� � é!Ü � é�¤ � é°¸ÄBÓ%ÃÆ¿ùÁdÐÒÈ�ÕqÇfÕÆÀ ÿ¥� ÿ Ó ÿ Ó ÿ¥Ê ÿ¥� ÿ � ÿ � ÿ¥� ÿ¥Ê ÿCP ÿ � ÿ¥� ÿ �

Å zÇÆ m¶��£ � � ÜJÍ�Î�ÓÂÃ&¿ Í�Ê%ÕÖÅXÎØÇ�Ë9ÁdÐÒÈ�ÕqÇfÕÆÀ ÊÂÇ�Ãxà+ËçÇfÀÆÀÆ¿ Ê5Í�ÌÂÃxË!Ðb¿+ÄÂÀ&¿+Î�Ó%Ë'¿ �åÇXW&ÌÂÀ&à+ÌÂËX¿+À�é�`Å'Ä�ÌÂÀÆà<ÌÂË'¿<ÀrÈEÊ|Í�Ì%ÃìË'¿ ���V��é Ô�¿+Ã&ÕÆÅ'à+Ç�Ë
ÎÏÍBÁ|�+ËX¿   é�Ç !^é Ó ¾^é\à ë é\Á ï é\¿ ©né × �Gé â �ìé\á è é Å ·"éúW ÷Né�� � é Ë ��é ÎÄBÓ%ÃÆ¿ùÁdÐÒÈ�ÕqÇfÕÆÀ ÿCP ÿ¥� ÿ Ó ÿ Ó ÿCP ÿ�Ê ÿ � ÿ Ó ÿ Ó ÿ Ó ÿ�� ÿ Ó ÿ�ÊÎÏÍBÁ|�+ËX¿ Üìé\Ä í é\Í Ñûé\Ê �äé ã ¦ é\Ã p�é\À �$é Õ ¨ é\Ì � é Ô � é"� � é!Ü � é�¤ � é°¸ÄBÓ%ÃÆ¿ùÁdÐÒÈ�ÕqÇfÕÆÀ ÿ¥� ÿ Ó ÿ � ÿ¥Ê ÿ¥� ÿ¥� ÿ � ÿ¥� ÿ�� ÿ�Ê ÿ Ó ÿ � ÿ �

Å zÇÆ m¶��£iP � ÜJÍ�Î�ÓÂÃ&¿ Í�Ê%ÕÖÅXÎØÇ�Ë9ÁdÐÒÈ�ÕqÇfÕÆÀ ÊÂÇ�Ãxà+ËçÇfÀÆÀÆ¿ Ê5Í�ÌÂÃxË!Ðb¿+ÄÂÀ&¿+Î�Ó%Ë'¿ �åÇXW&ÌÂÀ&à+ÌÂËX¿+À�é�`Å'Ä�ÌÂÀÆà<ÌÂË'¿<ÀrÈEÊ|Í�Ì%ÃìË'¿ ���V��é\áÂÍ�ÃÆÅM¸<Í�ÄTÕqÇ�Ë
¾$¿<ÀN¿�Ü%Ê5È+Ã&Å'¿<ÄÂà+¿<ÀGÎÏÍ�Ä�ÕÆÃÆ¿<Ä�Õäã�ÌÂ¿ßËX¿/ÄÂÍ�Î�ÓÂÃ&¿½Á.ÐÒÈ�ÕqÇfÕÆÀNÍ�Ê%ÕÆÅ'ÎÏÇ�Ë.ÔfÇ�Ã&Å'¿/¿+ÄTÕÖÃ&¿ ÿ Ó*¿<ÕU���AÈ<ÕqÇ"ÕÖÀ £� Ç�Î*È<ÕÖá%Í3ÁÂ¿�Å�ÕÖÈ+ÃÆÇfÕÖÅ�Ô�¿ìÎ*Å'À&¿ì¿+Ä ¸ Ì%ÔBÃ&¿äÄÂ¿�âTÇfÃÖÇ�ÄTÕÖÅ�Õlà+¿<Ê|¿<ÄÂÁEÇ�ÄTÕ0ÊEÇ�À+É�Ê5Í�ÌÂÃlàqáEÇ�ã�ÌÂ¿JÎ*Í3Á|�<Ë'¿
� à+Ë'Ç�ÀÆÀ&¿ � ÉlÁdÐÒÇPÔ�Í�ÅXÃ*ÕÆÃÆÍ�Ì3Ô�ÈåËX¿�ÄÂÍ�Î�ÓÂÃ&¿�Á.ÐÒÈ�ÕqÇfÕÆÀÏâ�ËXÍ�ÓEÇ�ËX¿+Î*¿+ÄTÕ¶Í�Ê%ÕÆÅ'Î�Ì%Î àPÇ�Ã*à+¿<Ë'ÌÂÅ�à<ÅäÊ5¿+Ì%ÕÁ%È+Ê5¿+ÄÂÁÂÃ&¿½Á%¿ùËÑÐÒÍ�ÃÆÁÂÃ&¿GÁEÇ�ÄÂÀ�ËX¿+ã�ÌÂ¿+ËzËX¿+ÀìÎ*Í3Á|�<Ë'¿<ÀìÍ�ÄTÕ�È<ÕÖÈ/Í�Ê3ÕÖÅ'Î*Å'À&È+À £  ÊÂÃ��<À$ÇPÔ�Í�Å'Ã�²%Ü3ÈJÕÆÍ�ÌÂÀ^Ë'¿<À0ÊEÇfÃÖÇ�Î��<ÕÆÃÆ¿+ÀlÁÂ¿<À$Î*Í3Á��+Ë'¿<À+ÉTÄÂÍ�ÌÂÀ0ÊÂÇ�ÀÆÀ&Í�ÄÂÀ�Ù/Ë$#ÒÈ<ÕÖÇ�Ê5¿äÁÂ¿�ÕÖ¿<À&Õ £{� ¿<ÀÃ&È+À&ÌÂËXÕÖÇfÕÖÀìÀ&Í�ÄTÕäÁÂÇ�ÄÂÀ�Ë'¿GÕÖÇ�ÓÂË'¿+Ç�Ì��ûÇfÓ £¯��£ ¨�£  Å'ÄÂÀ&ÅNÙ9ÊÂÇ�Ã&ÕÆÅ'Ã*ÁÂÌ��ûÇfÓ £¯��£ ¨ É^Í�Ä�Á%È+ÁÂÌÂÅ�Õ>ã�ÌÂ¿RËX¿��9����é Ô�¿+Ã~ÕÖÅ'à+Ç�ËJÁÂÍ�ÄÂÄÂ¿åÌÂÄ�ÕqÇ�ÌBÜ�Á%¿Ã&¿+à<Í�ÄÂÄEÇ�ÅXÀÆÀÆÇ�ÄÂà+¿/Î*¿+ÅXË'Ë'¿<ÌÂÃ$ã�ÌÂ¿/ËX¿ ������é áÂÍ�Ã&ÅM¸+Í�Ä�ÕÖÇ�ËdÁÂÌ�×vÇ�Å�Õìã�ÌÂ¿½ËX¿+Àìà<Í�Ë'Í�Ä%ÄÂ¿+À�ÁÂ¿<ÀJÅXÎØÇfâ�¿+À



ÿ¥��� �nmR1 t�vPqjz#S#T � z���t�vw}�q�x�v � ��xuz � } � S�q�v�qjy�z.3)3��{}�¬ez|yu} � x�v
�`Í3Á|�<Ë'¿ �ûÇ�ÌBÜ`ÁÂ¿/ÃÆ¿+à<Í�ÄÂÄEÇfÅ'ÀÆÀÆÇ�ÄÂà<¿��ÇXW&ÌÂÀÆà<ÌÂË'¿<À �9����é Ô�¿+Ã~ÕÖÅ'à+Ç�Ë ¨%ÿQ£¯��±&%�9����é áÂÍ�ÃÆÅú¸+Í�ÄTÕÖÇ�Ë PQ¨�£¯Ê��&%�`Å'Ä�ÌÂÀÆà<ÌÂË'¿<À �9����é Ô�¿+Ã~ÕÖÅ'à+Ç�Ë PQ¨�£iP%ÿ�%�9����é áÂÍ�ÃÆÅú¸+Í�ÄTÕÖÇ�Ë P�Ê�£ � � %��ÇXW&ÌÂÀÆà<ÌÂË'¿<À~é�`Å'Ä�ÌÂÀÆà<ÌÂË'¿<À �9����é Ô�¿+Ã~ÕÖÅ'à+Ç�Ë PQP�£ � ÿ�%

�9����é áÂÍ�ÃÆÅú¸+Í�ÄTÕÖÇ�Ë P�Ê�£�ÿ��'%
Å z�Æ m���£i¨ � ¦ È+À&ÌÂËXÕÖÇfÕÖÀìÁÂ¿/Ã&¿+à+Í�ÄÂÄEÇ�ÅXÀÆÀÖÇfÄÂà+¿ùÊ|Í�ÌÂÃìË'¿<À��9����ÀJÀÆÍ�Ì%À�×=Í�ÃÆÎ*¿�ÁÂ¿ ë !ZÜ

ÁÂ¿ùàPÇ�ÃÆÇ�à<Õ��+Ã&¿+ÀNÀ&Í�ÄTÕGÊÂËXÌÂÀJÁÂÅ'À&à+ÃÆÅXÎÏÅXÄEÇ�ÄTÕÖ¿<ÀìÊ|Í�ÌÂÃäË'Ç*à<ËçÇ�À&ÀÆÅ$²EàPÇfÕÆÅ'Í�Ä�ÁÂ¿½àPÇ�ÃÆÇ�à<Õ��+Ã&¿+ÀNÅXÎÏÊ%ÃÆÅ'Î*È+ÀÍ�Ì ÎÏÇ�Ä�ÌÂÀÆà<ÃÆÅXÕÆÀ £zë ÐÒÇ�Ì%ÕÆÃÆ¿¶ÊEÇ�Ã~Õ/Ë'¿<À�ÃÆÈ+À&ÌÂËXÕÖÇfÕÖÀùÇ�À&ÀÆÍBà+ÅXÈ+ÀùÇ�Ì3ÜRÎÏÅXÄBÌ%ÀÆà+Ì%Ë'¿+À/À&Í�ÄTÕ½Î*Í�ÅXÄÂÀGÓ5Í�ÄÂÀã�ÌÂ¿�à<¿+Ì3ÜýÇ�ÀÆÀ&Í3à<Å'È+ÀGÇ�Ì3ÜåÎØÇXW&Ì%ÀÆà+Ì%Ë'¿+ÀNàPÇ�ÃGËX¿+ÀäÎÏÅXÄBÌ%ÀÆà+Ì%Ë'¿+ÀäÍ�ÄTÕ�ÁÂ¿<ÀG×=Í�ÃÆÎ*¿+Àäà+Í�Î*ÊÂË'¿�Ü3¿+À £|ë ¿ÊÂËXÌÂÀ>ÁEÇ�Ä%ÀDË'¿Rà+Ç�ÀDÁÂ¿RËÑÐÒ¿<ÄÂÀÆ¿<Î�ÓÂË'¿í�åÇXW&ÌÂÀ&à+ÌÂËX¿+À~é���Å'Ä�ÌÂÀ&à+ÌÂËX¿+À�Ë'¿<ÀDÀÆà<Í�ÃÆ¿<ÀDÁÂÅ'Î*Å'Ä�ÌÂ¿<Ä�Õ £ ¾$¿<ËçÇÁÂÌ�×vÇfÅXÕ*ã�ÌÂ¿RÄÂÍ�Ì%ÀØÍ�Ó%ÕÆ¿+ÄÂÍ�ÄÂÀØÊÂËXÌÂÀØÁ%¿åà+Í�Ä%×=ÌÂÀÆÅXÍ�Ä�Ê5Í�ÌÂÃ*Ë'¿<ÀØà+Ç�ÃÖÇ�à�Õ&�<ÃÆ¿+ÀÏÁÂ¿åÎ�Ý+Î*¿�×=Í�ÃÆÎ*¿
� Ä%Í�ÌÂÀAà+Í�ÄÂÀÆÅXÁÂÈ+Ã&Í�ÄÂÀ�ÊEÇfÃ�¿�Ü3¿+Î*ÊÂËX¿>ËçÇåÃ&¿+à<Í�ÄÂÄEÇ�ÅXÀÆÀÆÇ�ÄÂà+¿DÁ%Ì à+Ç�ÃÖÇfà<Õ&�<ÃÆ¿ í à+Í�ÎÏÎ*¿ØÌÂÄ�Íý¿<À&ÕÌÂÄÂ¿ý¿<ÃÆÃ&¿+ÌÂÃ �¤£+� ¿+À>ÕÖÇ�Ì3Ü�ÁÂ¿ýÃÆ¿<à+Í�Ä%ÄEÇ�Å'À&ÀÖÇ�Ä%à+¿ý¿+Ä Ì%ÕÆÅ'ËXÅ'ÀÖÇfÄ�ÕÏËçÇÛÓ|Í�	XÕÖ¿åÙêÍ�Ì%ÕÖÅXË'À �³�x÷ ÀÆÍ�ÄTÕÎ*¿+Å'ËXË'¿<ÌÂÃÆÀ/ã�ÌÂ¿Øà<¿+Ì3ÜæÇ�ÀÆÀ&Í3à<Å'È<À�Ù !�Ç¥¤�¿+ÀÆÄ%¿<Õ £�í ÃùÁEÇ�Ä%À�Ë'¿*àPÇ�À½ÎÏÍ�ÄÂÍfé ÚÂÌ3ÜÛÌÂÄ ë !ZÜ ¿+À~ÕA¿+ÄÕÖá%È+Í�Ã&Å'¿�È+ã�ÌÂÅ�ÔfÇ�Ë'¿<Ä�ÕJÙ¶ÌÂÄU���V� £ ¾$¿+ËçÇAÊ5¿+Ì%ÕJÀ&¿�W&Ì%À&ÕÖÅ$²E¿+Ã�ÊEÇfÃRÈ

� ËX¿ßÕÁ¤BÊ|¿¶ÁÂ¿AÕÖÃÆÇ�ÄÂÀ&ÅXÕÖÅXÍ�ÄRàqáÂÍ�Å'ÀÆÅ·ÈdÄÂÍ�ÌÂÀùÇPÔ�Í�ÄÂÀ/Ì%ÕÖÅXË'Å'À&ÈßËX¿�ÎÏÍBÁ|�<Ë'¿�âTÇfÌÂàqáÂ¿�é ÁÂÃÆÍ�ÅXÕÖ¿AÁÂÇ�ÄÂÀËX¿�àPÇ�À�ÁÂ¿<À��9��� ÇPÔ�¿+àÈ�³�x÷¯¿�Õ�Ë'¿�Î*Í3Á|�<Ë'¿�¿<ÃÆâ�ÍBÁÂÅ'ã�ÌÂ¿�ÁÂÇ�ÄÂÀ�Ë'¿�à+Ç�À�ÁÂ¿+À ë !ZÜJÀ £
� ËÑÐÒÅXÄÂÅXÕÆÅçÇ�ËXÅ'ÀÖÇ"ÕÖÅ'ÍfÄDÄdÐb¿+À&ÕùÊEÇfÀ�ËçÇØÎ�Ý+Î*¿�Ê5Í�ÌÂÃGËX¿+ÀGÁÂ¿<Ì3Ü à+Ç�À Èd¿+Ä Ì%ÕÆÅ'ËXÅ'ÀÖÇfÄ�Õ9�³�x÷ Í�Ì ¿+ÄÌ%ÕÆÅ'ËXÅ'ÀÖÇfÄ�Õ�!�Ç¥¤�¿<ÀÆÄÂ¿�Õ £ �³�x÷�Ì%ÕÆÅ'ËXÅ'ÀÆ¿$ÄÂÍ�ÕqÇfÎÏÎ*¿+ÄTÕlÌÂÄ*Ç�ËXâ�Í�ÃÆÅ�ÕÖáÂÎ*¿$Á.ÐÒÅXÄÂÅXÕÆÅçÇ�ËXÅ'ÀÖÇ"ÕÖÅ'Í�Ä½ÓEÇfÀÆÈÀ&ÌÂÃ¶Ë'¿+À ��é ÎÏÍ�¤�¿<ÄÂÄÂ¿<À � � è ÄÂÅ�Õ � Ê5Í�ÌÂÃAË'¿<ÀAÎÏÍBÁ|�<Ë'¿+ÀßâTÇ�ÌÂàqáÂ¿�é\ÁÂÃ&Í�ÅXÕÆ¿ £�ë Ç�ÄÂÀ*Ë'¿>à+Ç�À¶ÁÂ¿+Àë !·ÜäÀ+É�ÄÂÍ�ÌÂÀ�ÄÂ¿/ÁÂÅ'À&Ê|Í�À&Í�ÄÂÀ�ÊEÇ�ÀìÁ.ÐÒÌÂÄ%¿ùÕÆ¿+Ë'ËX¿GÊÂÃ&Í3à<È+ÁÂÌÂÃ&¿½Á.ÐÒÅXÄÂÅXÕÆÅçÇ�ËXÅ'ÀÖÇ"ÕÖÅ'Í�Ä £
� Ë'Ç/Ó5Í�	XÕÖ¿�Ù/Í�Ì%ÕÖÅXË'À�!$Ç�¤�¿+À&ÄÂ¿<Õì¿<À&ÕlÕÖÍ�Ì W&Í�ÌÂÃ&À^¿<ÄØà<Í�ÌÂÃÆÀ^ÁÂ¿�ÁÂÈ�Ô�¿+ËXÍ�ÊÂÊ5¿+Î*¿+ÄTÕ £3ë ¿�ÊÂËXÌÂÀl¿+Ë'ËX¿¿<À&Õ¶ÃÆÈ<à+¿<Ä�ÕÆ¿�¿<ÕAÈ<à+ÃÆÅ�ÕÖ¿>ÊÂÇ�Ã�ÌÂÄ�ÀÆ¿<ÌÂË�àqáÂ¿<ÃÆàqáÂ¿<ÌÂÃ¶à+Í�ÄTÕÆÃÖÇ�ÅXÃÆ¿+Î*¿+ÄTÕ¶ÙRË'ÇåÓ5Í�	'ÕÆ¿>ÙRÍ�Ì%ÕÆÅ'ËXÀ�ø�x÷xã�ÌÂÅ|Ç½È�ÕÖÈäÁÂ¿<Ô�¿+Ë'Í�ÊÂÊ|È<¿GÊ5¿+ÄÂÁEÇfÄ�Õ$ÊÂË'Ì%ÀÆÅ'¿<ÌÂÃÆÀ0Ç�ÄÂÄ%È+¿+À$ÁEÇ�ÄÂÀ0Ë'¿�àPÇ�Á%ÃÆ¿NÁ.ÐÒÌÂÄÏÕÖÃÖÇPÔfÇ�ÅXËÁdÐbÈ+ã�ÌÂÅXÊ|¿ £� ÇDÁÂÅ #|È+Ã&¿+ÄÂà<¿A¿+ÄTÕÖÃ&¿*ËX¿+À�Ã&È+ÀÆÌ%ËXÕqÇ"ÕÖÀ�ÁÂ¿<ÀùÁ%¿+Ì3Ü ËXÍ�â�ÅXà+Å'¿<Ë'ÀJÀ+Ðb¿�Ü3ÊÂËXÅ'ã�ÌÂ¿¶ÊÂÃÆÍ�ÓEÇ�ÓÂËX¿+Î*¿+ÄTÕ�ÊEÇ�Ã�à<¿+ÀÃÖÇfÅ'ÀÆÍ�ÄÂÀ £

sut°ñ�t®v ü2²9²9�����d�!������ö9~ ���uþ �����9�#���#~ z|{}{ ~�����~����!����� � ó�� �#ö�u��������~A��öJ�ø�����9��~���{(�)���+*
¾$Í�Î*ÎÏ¿`ÊÂÃÆÈ<à+È<ÁÂ¿+Î*ÎÏ¿<ÄTÕPÉ$Ä%Í�ÌÂÀØà<Í�ÄÂÀ~ÕÖÃÆÌ%Å'ÀÆÍ�ÄÂÀ>Ë'¿<ÀØÁÂ¿<Ì3ÜÛ������ÀWÈ �9����é Ô�¿+Ã~ÕÖÅ'à+Ç�ËJ¿<Õ���V��é\áÂÍ�ÃÆÅM¸<Í�ÄTÕqÇ�ËNÀÆÍ�ÌÂÀ�×=Í�Ã&ÎÏ¿ýÁÂ¿ Ã&È+ÀÆ¿+Ç�Ì�ÓÂÇ�¤�È+À&Å'¿+Ä�Á�¤BÄEÇ�Î*Å'ã�ÌÂ¿ £+  ÊÂÇ�Ã&ÕÆÅ'ÃDÁÂ¿ ËçÇæÓEÇfÀÆ¿



�nmúùpmÕû 3)3��{}�¬ez|yu} � x�v ÿ¥� ±
Á%¿�Ô�ÇfË'Å'ÁÂÇfÕÖÅXÍ�ÄRÄÂÍ�Ì%À/Ç�Ô�Í�ÄÂÀ½ÇXW&ÌÂÀ~ÕÖÈ¶Ë'¿AÄÂÍ�Î�ÓÂÃÆ¿AÍ�Ê%ÕÖÅXÎØÇ�ËnÁdÐbÈ<ÕÖÇfÕÖÀ/Ê5Í�ÌÂÃ/àqáEÇ�ã�ÌÂ¿¶Î*Í3Á|�<Ë'¿�¿<ÄÌ3ÕÖÅ'ËXÅ'ÀÆÇ�ÄTÕ�ËçÇ�Î�Ý+Î*¿�ÊÂÃ&Í3à<È+ÁÂÌÂÃ&¿½ã�ÌÂ¿/Ê5Í�ÌÂÃìËX¿+À�àPÇ�ÃÆÇ�à<Õ��+Ã&¿+ÀJÅ'Î*ÊÂÃÆÅXÎÏÈ<À £  Å'ÄÂÀ&Å�Ë'¿<ÀGÃÆÈ<ÀÆÌÂË�ÕqÇfÕÆÀ�à+Í�ÄÂà<¿+Ã&ÄEÇ�ÄTÕùË'¿AÄÂÍ�ÎßÓÂÃÆ¿�Í�Ê%ÕÖÅXÎØÇ�ËnÁdÐbÈ<ÕÖÇfÕPÉ;À&Í�ÄTÕ/ÁEÇ�ÄÂÀ�ËX¿+ÀGÕqÇfÓÂË'¿+Ç�Ì3Ü�tÇ�Ó £´��£�ÿ ÓA¿<Õø�tÇ�Ó £´��£Xÿ�ÿQ£

Î*Í3Á|�<Ë'¿ Ó ÿ � � � ± Ê � P ¨Ä�ÓÂÃÆ¿/ÁdÐbÈ<ÕÖÇfÕÖÀ ÿ � ÿ Ó ÿ�� ÿ � ÿ¥� ÿ¥� ÿ¥� ÿ � ÿ�� ÿ�ÿ
Å z�Æ mp��£Xÿ Ó � ÜäÍ�Î�ÓÂÃÆ¿/Í�Ê3ÕÖÅ'ÎÏÇ�Ë5ÁdÐbÈ<ÕqÇ"ÕÖÀ�ÊEÇ�Ã�à+Ë'Ç�ÀÆÀ&¿/Ê|Í�Ì%ÃìË'¿ ���V��é Ô�¿+Ã&ÕÆÅ'à+Ç�Ë

Î*Í3Á��+Ë'¿ Ó ÿ � � � ± Ê � P ¨Ä�ÓÂÃ&¿½ÁdÐbÈ<ÕÖÇfÕÖÀ ÿ � ¨ ÿ¥� ÿw± ÿ¥� ÿ�± ÿ�� ÿ � ÿ¥� ÿ �
Å zÇÆ mp��£�ÿ�ÿ � ÜäÍ�ÎßÓÂÃÆ¿�Í�Ê3ÕÖÅ'ÎÏÇ�Ë|ÁdÐÒÈ�ÕqÇfÕÆÀ�ÊEÇ�Ãìà+Ë'Ç�ÀÆÀ&¿/Ê|Í�Ì%ÃJËX¿ �����Dé\áÂÍ�Ã&ÅM¸<Í�ÄTÕqÇ�Ë

  Å'ÄÂÀ&ÅdË'¿<ÀJÃ&È+À&ÌÂËXÕÖÇfÕÖÀìÁÂ¿�ÕÆ¿+À&ÕäÀÆÍ�Ä�ÕJÁEÇfÄÂÀ�Ë'¿GÕqÇfÓÂË'¿+Ç�Ì��ûÇ�Ó £|��£�ÿ �
�ûÇ�ÌBÜ�ÁÂ¿/ÃÆ¿<à+Í�ÄÂÄÂÇ�Å'À&ÀÖÇ�ÄÂà<¿�9����é!Ô�¿+Ã~ÕÖÅXàPÇ�Ë ¨ � £iP�±&%�9����é áÂÍ�ÃÆÅú¸+Í�ÄTÕÖÇ�Ë ¨ Ó £�ÿw�&%

Å zÇÆ m{��£�ÿ � � ¦ È+ÀÆÌ%ËXÕqÇ"ÕÖÀ$Á%¿äÃ&¿+à+Í�ÄÂÄEÇ�ÅXÀÆÀÖÇfÄÂà+¿GÊ5Í�ÌÂÃ^Ë'¿<À �9����À0ÀÆÍ�ÌÂÀ0×=Í�ÃÆÎ*¿ ë !ZÜ � �WÜ è p�� �
  ÊEÇfÃ&ÕÖÅXÃ�ÁÂ¿<À�ÃÆÈ+À&ÌÂËXÕÖÇfÕÖÀ � ��£�ÿ � � É�Í�ÄAà+Í�Ä%À&ÕqÇ"ÕÖ¿�ã�ÌÂ¿�Ë'¿��9����é Ô�¿+Ã~ÕÖÅ'à+Ç�ËE¿+À~ÕlÎÏ¿<Å'ËXË'¿+Ì%Ãûã�ÌÂ¿ìË'¿�9����é áÂÍ�ÃÆÅú¸+Í�ÄTÕÖÇ�Ë £ ÜJÍ�ÌÂÀJÀÆÅXâ�ÄEÇ�ËXÍ�ÄÂÀìã�ÌÂ¿ßËX¿�ÕÖ¿+Î*ÊÂÀJÁÂ¿ùàPÇ�ËXà+ÌÂË;¿<À&ÕäÅ'Î*Ê|Í�Ã~ÕqÇ�ÄTÕ�ÁEÇfÄÂÀäà<¿½à+Ç�À £� ÇGà<Í�Ä%×=ÌÂÀ&Å'Í�Ä¶ËçÇ�ÊÂËXÌÂÀ�ÃÆ¿<ÎØÇfÃÆã�ÌÂÈ+¿ì¿<À&Õ^à+¿<Ë'ËX¿ìÁÂÌ¶àqáÂÅ #|ÃÆ¿ � ÇPÔ�¿+à�ËX¿ ¨ ¿�Õ � ¿<Õ^ÁÂÌ ± Ç�Ô�¿+àJË'¿ P ¿<ÕÊ�£ ÑûÇ�Ãl¿�Ü%¿<ÎÏÊ%Ë'¿ìË'¿ìàqá%Å #|ÃÆ¿ìÁÂ¿�ËçÇ ²Ââ�ÌÂÃÆ¿ø©ûÅXâ £´��£ P ¿<À&Õ^ÃÆ¿<à+Í�Ä%ÄBÌÏà+Í�Î*Î*¿�ÌÂÄ ¨ Ê5Í�ÌÂÃ�ËX¿ìÊÂÃÆ¿<ÎÏÅX¿+Ãàqá%Í�Å�Ü`¿�ÕNà<Í�ÎÏÎ*¿ � ÁÂÇ�ÄÂÀNËX¿/ÁÂ¿+Ì3Ü3Å �+Î*¿½àqáÂÍ�Å�Ü £ ÜäÍ�ÌÂÀJÃÆ¿<ÎØÇfÃÆã�ÌÂÍ�ÄÂÀäÇ�ÌÂÀ&ÀÆÅnã�ÌÂ¿ßËX¿+ÀJÃÆÈ+À&ÌÂËXÕÖÇfÕÖÀÇfÀÆÀÆÍBà+ÅXÈ+À/ÙDËçÇ>Ó5Í�	XÕÖ¿AÙDÍ�Ì%ÕÆÅ'ËXÀ��³�x÷ ÀÆÍ�ÄTÕ/Î*¿+Å'ËXË'¿<ÌÂÃÆÀäãBÌ%¿*à<¿+Ì3ÜÛÇfÀÆÀÆÍBà+ÅXÈ+À/Ù�!�Ç¥¤�¿<ÀÆÄÂ¿�ÕßÊ5Í�ÌÂÃËX¿+ÀìÎ�Ý+Î*¿+ÀìÃÆÇ�Å'À&Í�ÄÂÀìà+Å�ÕÖÈ<¿+À�¿+Ä ��£ ±�£ ��ÁEÇfÄÂÀäËX¿GàPÇfÀäÁÂ¿/Ë'Ç�ÓEÇ�ÀÆ¿ ¨,� £

sutañ�t®s ü2²�²������±�ý�����Oö�~����#~ �������#���#~ �9�Ñ�A�����k�#�������,���Û�Ü�O�x���ý�C���#�!���#~A~�����~��
ë ÇfÄÂÀ�à+¿�ÊEÇ�ÃÆÇ�â�ÃÆÇ�ÊÂáÂ¿�Ä%Í�ÌÂÀlÌ%ÕÖÅXË'ÅXÀÆÍ�ÄÂÀnË'¿ìÎ*ÍBÁ|�+ËX¿�Ç�Ì%ÕÆÍfé\Ã&È+â�Ã&¿+À&ÀÆÅX×5ÁÂÈ,WÆÙ�ÁÂÈ9²EÄ%Å £Tí Ä¶ÁÂÈK²EÄÂÅXÕÁ%¿ùË'Ç�Î¡Ý<ÎÏ¿�ÎÏÇ�ÄÂÅ �+Ã&¿GÁÂ¿+ÌBÜ�ÕÁ¤3Ê5¿+ÀJÁÂ¿/Î*Í3Á|�<Ë'¿<ÀUÈ
� Q ï�ê.-®gÁJ�ðKï®ó^íþò�ê�ú ¿+À&ÕßÌÂÄêÎ*Í3Á��+Ë'¿¶ã�ÌÂÅ^ÊÂÃÆ¿<ÄÂÁæÊ5Í�ÌÂÃùÀÆÈ+ã�ÌÂ¿<ÄÂà+¿DÁ.ÐÒ¿<Ä�ÕÆÃÆÈ<¿ � Í�Ó%ÀÆ¿+Ã~ÔfÇfÕÖÅXÍ�ÄÂÀ �Ë'¿<ÀJà<Í�Ë'Í�ÄÂÄÂ¿+À�ÁÂ¿/ÊÂÅ�Ü3¿+Ë'ÀìÁ%Ì�à+Ç�ÃÖÇ�à�Õ&�<ÃÆ¿ £
� Q ï�ê.-®gþl��Pï®í�� �Pñjó�ê�ú ¿<À&ÕlÌÂÄ¶Î*Í3Á|�<Ë'¿�ã�ÌÂÅ%ÊÂÃÆ¿<ÄÂÁÏÊ5Í�ÌÂÃûÀÆÈ+ã�ÌÂ¿<ÄÂà+¿äÁdÐb¿+ÄTÕÖÃ&È+¿ � Í�Ó%ÀÆ¿+Ã~ÔfÇfÕÖÅXÍ�ÄÂÀ �Ë'¿<ÀJËXÅ'â�Ä%¿+À�ÁÂ¿/ÊÂÅ�Ü3¿+Ë'À�ÁÂÌ�à+Ç�ÃÖÇ�à�Õ&�<ÃÆ¿ £



ÿ¥��Ê �nmR1 t�vPqjz#S#T � z���t�vw}�q�x�v � ��xuz � } � S�q�v�qjy�z.3)3��{}�¬ez|yu} � x�v

0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0
1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0
1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0
1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 0 0 0
0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0
0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0
0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1
0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1 0

¦ }�§ mp��£iP � ¾$áÂÅ #|ÃÆ¿ �
ÜäÍ�ÌÂÀ$Ì%ÕÆÅ'ËXÅ'ÀÆÍ�ÄÂÀlË'¿+À0ÁÂ¿+ÌBÜÏÕÁ¤BÊ5¿+ÀìÁÂ¿JÕÖÃÆÇXW&¿+à�ÕÖÍ�ÅXÃÆ¿JÊ|Í�Ì%Ã0Ë'Ç½ÃÆ¿<à+Í�Ä%ÄEÇ�Å'À&ÀÖÇ�Ä%à+¿G¿<Ä>¿+Î*ÊÂË'Í�¤�Ç�ÄTÕ$ËX¿+ÀÓEÇ�À&¿+À<È ¨/� ¿<Õ9�WÜ è p{� £
02143516021 Ý × Ú�Ú Ã®ÂwÌ â ÄXÂ®Í�Î�Ó Ëuà Ó á Í Ë27 Ã à Ó Ëuà Ä ãwâ���à Ì�ÄCÍ�Â ãPàUÔ Ã â æ1â Ó à á8â

� ¿ØÄÂÍ�ÎßÓÂÃÆ¿ÏÍ�Ê%ÕÖÅXÎØÇfË�ÁdÐbÈ<ÕqÇ"ÕÖÀ�Ê5Í�ÌÂÃùàqáEÇ�ã�ÌÂ¿>à<ËçÇ�À&ÀÆ¿Ï¿+À&Õ�à+¿+ËXÌÂÅ�ÕÖÃ&Í�Ì%Ô�ÈØÁEÇ�ÄÂÀ½Ë'¿*àPÇ�À½ÁÂ¿+À���V��ÀNÀ&Å'Î*ÊÂË'¿<À � à+¿<Ê|¿<ÄÂÁEÇ�ÄTÕNÍ�ÄåÊ5Í�ÌÂÃ&ÃÖÇ�Å�Õ�ÃÆ¿<×vÇfÅ'ÃÆ¿/ËX¿ùÎ�Ý+Î*¿/ÊÂÃÆÍfÕÖÍBà+Í�ËX¿�Ê|Í�Ì%ÃJË'Ç*Ã&¿+àqáÂ¿<ÃÆàqáÂ¿ÁÂÌÛÄÂÍ�Î�ÓÂÃ&¿¶Í�Ê%ÕÖÅXÎØÇfË�ÁdÐbÈ<ÕqÇ"ÕÖÀùàPÇ�àqáÂÈ<À �¼£ ¾$¿<ÀßÎ*Í3Á|�<Ë'¿<À�ÁÂ¿*ÕÆÃÖÇXW&¿<à<ÕÆÍ�Å'Ã&¿*Ê%ÃÆ¿+Ä%ÄÂ¿+ÄTÕ�¿<Ä9à<Í�ÄÂÀÆÅ�éÁÂÈ<ÃÖÇfÕÆÅ'Í�Ä�Ë'¿+ÀäÁÂÈ+Ê5¿+Ä%ÁEÇ�ÄÂà<¿+À/¿+ÄTÕÖÃ&¿�Ë'¿<ÀNÍ�Ó%ÀÆ¿+Ã~ÔfÇfÕÖÅXÍ�ÄÂÀNËXÅ'â�Ä%¿+ÀNÍ�ÌRà+Í�ËXÍ�ÄÂÄÂ¿<À £5è Ë'ÀäÃÆ¿+À~ÕÖ¿<Ä�Õ/ÁÂÇ�ÄÂÀË'¿Dà+Ç�ÁÂÃ&¿`Á%¿+À¶ÎÏÍBÁ|�<Ë'¿+ÀAÎ*Í�ÄÂÍ"é\ÁÂÅXÎÏ¿<ÄÂÀÆÅXÍ�ÄÂÄÂ¿<Ë'À £ ÜäÍ�ÌÂÀAÕÖ¿+À~ÕÖÍ�Ä%À*Ë'ÇýÓEÇ�ÀÆ¿�ÁÂ¿DÕÆ¿+À&Õ � ¨/� � ¿+ÄÌ%ÕÆÅ'Ë'ÅXÀÖÇ�ÄTÕìËX¿GÎ*Í3Á|�<Ë'¿   é ¦ £� ¿+ÀäÃÆÈ+À&ÌÂËXÕÖÇfÕÖÀäà+Í�Ä%à+¿+Ã&ÄEÇ�ÄTÕ�ËÑÐ�Ç�Ê%ÊÂË'ÅXàPÇfÕÆÅ'Í�Ä�Ù*ËçÇÏÓÂÇ�ÀÆ¿ ¨/� ÀÆÍ�Ä�ÕNÁEÇ�ÄÂÀNË'¿/ÕqÇ�ÓÂËX¿PÇ�ÌÞ�tÇ�Ó £´��£Xÿ¥��£  ÅXÄÂÀÆÅ|Ë'¿<À�ÃÆÈ<ÀÆÌÂË�ÕqÇfÕÆÀ � Ô�Í�Å'Ã·�tÇ�Ó £´��£�ÿ���� Î*Í�ÄTÕÖÃ&¿+ÄTÕ�ã�ÌÂ¿�Ë'¿NÎÏÍBÁ|�+ËX¿ �nÃÖÇXW�é!Ô�¿<Ã&ÕÖÅXàPÇ�Ë|¿+À~Õ�ÎÏ¿<Å'Ë'ËX¿+ÌÂÃ
��Í3Á��+Ë'¿ �ûÇ�ÌBÜ�ÁÂ¿/ÃÆ¿<à+Í�ÄÂÄÂÇ�Å'À&ÀÖÇ�ÄÂà<¿��ÇXW&ÌÂÀÆà<ÌÂË'¿<À �nÃÖÇXW�é!Ô�¿+Ã~ÕÖÅXàPÇ�Ë ¨ � £ ��¨'%�nÃÖÇXW�é áÂÍ�ÃÆÅú¸+Í�ÄTÕÖÇ�Ë ¨%ÿQ£ ± � %��Å'Ä�ÌÂÀ&à+ÌÂËX¿+À �nÃÖÇXW�é!Ô�¿+Ã~ÕÖÅXàPÇ�Ë ¨ Ó £ ±��'%�nÃÖÇXW�é áÂÍ�ÃÆÅú¸+Í�ÄTÕÖÇ�Ë P���£ Ó �8%��ÇXW&ÌÂÀÆà<ÌÂË'¿<À~é���Å'Ä�ÌÂÀ&à+ÌÂËX¿+À �nÃÖÇXW�é!Ô�¿+Ã~ÕÖÅXàPÇ�Ë PQP�£ ���'%�nÃÖÇXW�é áÂÍ�ÃÆÅú¸+Í�ÄTÕÖÇ�Ë P�Ê�£ ±3ÿ�%

Å z�Æ m/��£�ÿ�� � ¦ È<ÀÆÌÂË�ÕqÇfÕÆÀ�ÁÂ¿+ÀùÎÏÍBÁ|�<Ë'¿+ÀNÁÂ¿AÕÖÃÖÇCW&¿+à<ÕÆÍ�Å'Ã&¿+À/Ê5Í�ÌÂÃ�ËçÇ>Ã&¿+à<Í�ÄÂÄEÇ�ÅXÀÆÀÆÇ�ÄÂà+¿¶ÁÂ¿<À\��Ç"éW&ÌÂÀ&à+ÌÂËX¿+À
ã�ÌÂ¿*Ë'¿¶ÎÏÍBÁ|�<Ë'¿ �nÃÖÇXW�é áÂÍ�ÃÆÅú¸+Í�ÄTÕÖÇ�Ë�ÁÂÌ ×vÇ�ÅXÕ/ã�ÌÂ¿ÏË'¿+À�Ô�¿+à<ÕÆ¿+ÌÂÃ&À�à+Í�Ë'Í�ÄÂÄ%¿+À/ÀÆÍ�ÄTÕ½ÁÂÅ'À&à+Ã&Å'Î*Å'ÄEÇ�ÄTÕÆÀÊ5Í�ÌÂÃ^ËçÇ½à<ËçÇ�À&ÀÆÅ$²EàPÇfÕÆÅ'Í�Ä.ÉT¿<Õ0ãBÌ%¿GË'¿<À0Î*Í3Á��+Ë'¿<À0Á%¿äÕÖÃÆÇXW&¿+à�ÕÖÍ�ÅXÃÆ¿JÀÆÍ�ÄTÕ$ÎÏ¿<Å'Ë'ËX¿+ÌÂÃ&À�ã�ÌÂ¿GË'¿<À �9����ÀÀÆÅXÎÏÊ%Ë'¿+À¶à+Ç�ÃÏÅXË'À¶ÊÂÃ&¿+ÄÂÄÂ¿<ÄTÕD¿+Ä à+Í�ÄÂÀ&Å'ÁÂÈ<ÃÖÇfÕÆÅ'Í�Ä ËçÇ ÁÂÈ+Ê5¿+Ä%ÁEÇ�ÄÂà<¿å¿+ÄTÕÆÃÆ¿RËX¿+À*à+Í�ËXÍ�ÄÂÄÂ¿<ÀÏ¿�ÕØËX¿+ÀË'ÅXâ�ÄÂ¿<À�ÁÂ¿+À½Í�ÓÂÀÆ¿<Ã&ÔfÇfÕÆÅ'Í�ÄÂÀ £ ¾$¿+Ê5¿+ÄÂÁÂÇ�ÄTÕAË'¿�ÕÆ¿+Î*ÊÂÀ½Á%¿Ïà+Ç�Ë'à<ÌÂËl¿+À&Õ½Å'Î*Ê5Í�Ã&ÕÖÇ�ÄTÕ�ÊÂÌÂÅXÀÆã�ÌÂ¿ØÄ%Í�ÌÂÀÇPÔ�Í�Ä%ÀäÊÂËXÌÂÀìÁÂ¿/ÊEÇ�ÃÆÇ�Î��<ÕÖÃ&¿+ÀJÙAàPÇ�ËXà+ÌÂËX¿+Ã £



�nmúùpmÕû 3)3��{}�¬ez|yu} � x�v ÿ¥� �
021439160:1 æ × Ú.Ú ÃwÂ®Ì â ÄXÂ Í�Î.Ó Ë1à Ó á Í Ë27 Ã à Ó Ëuà Ä ãwâ���à Ì�ÄCÍ�Â ãPà<;�â|å ÄCÍ= ãXÊAÆ�ãwà Ó�Ó�Â?>,ÓA@ Ô Ã âæ�â Ó à çÿè åXêðëë ¿½ËçÇ¶Î¡Ý<ÎÏ¿�×vÇ��<Í�ÄdÉ�ÄÂÍ�Ì%ÀNà+Í�ÄÂÀ&ÕÆÃÆÌÂÅXÀÆÍ�ÄÂÀäÁÂ¿+ÌBÜåÎ*ÍBÁ|�+ËX¿+À   é ¦ È��nÃÖÇXW�é!Ô�¿<Ã&ÕÖÅXàPÇ�Ëz¿�Õ �nÃÖÇXW�éá%Í�ÃÆÅú¸+Í�ÄTÕqÇfË £� ¿GÄ%Í�Î�ÓÂÃ&¿�ÁdÐÒÈ�ÕqÇfÕÆÀìÍ�Ê%ÕÆÅ'ÎÏÇ�Ë�Ê|Í�Ì%Ã�àqáEÇ�ã�ÌÂ¿/à+Ë'Ç�ÀÆÀ&¿�ÁÂ¿�àqáÂÅ$#.Ã&¿�¿+À&Õ�à<¿+ËXÌÂÅ|ÕÆÃÆÍ�Ì%Ô�È/ÁEÇ�ÄÂÀ�ËX¿GàPÇfÀÁ%¿+À��9����ÀìÀÆÅXÎÏÊ%Ë'¿+À £�ï ÄÂÀ&ÌÂÅXÕÆ¿�ÄÂÍ�ÌÂÀ0ÕÖ¿+À~ÕÖÍ�Ä%ÀìÄÂÍ�À�ÁÂÍ�ÄÂÄÂÈ+¿<Àì¿+Ä�Ì%ÕÆÅ'Ë'ÅXÀÖÇ�ÄTÕ^à+¿<ÀìÎÏÍBÁ|�<Ë'¿+À   é ¦§£� ¿<ÀJÃ&È+À&ÌÂËXÕÖÇfÕÖÀìà<Í�ÄÂà+¿<ÃÆÄEÇfÄ�ÕäËçÇAÃ&¿+à+Í�ÄÂÄEÇ�ÅXÀÆÀÖÇfÄÂà+¿/ÀÆÍ�Ä�ÕJÁEÇfÄÂÀäËX¿NÕqÇfÓÂË'¿+Ç�Ì��ûÇ�Ó £¯��£�ÿ¥��£

�tÇ�Ì3Ü`Á%¿ùÃ&¿+à<Í�ÄÂÄEÇ�ÅXÀÆÀÆÇ�ÄÂà+¿�tÃÆÇXW�é Ô�¿+Ã&ÕÆÅ'à+Ç�Ë ¨���£¯�%ÿ�%�tÃÆÇXW�é\áÂÍ�ÃÆÅM¸<Í�ÄTÕqÇ�Ë ¨%ÿQ£¯�%ÿ�%
Å z�Æ mj��£Xÿ�� � ¦ È+À&ÌÂËXÕÖÇfÕÖÀ�ÁÂ¿/ÃÆ¿<à+Í�Ä%ÄEÇ�Å'À&ÀÖÇ�Ä%à+¿ùÊ|Í�Ì%ÃìË'¿+Àìàqá%Å #|ÃÆ¿+À

  Å'ÄÂÀ&Å^à<¿+À½ÃÆÈ+À&ÌÂËXÕÖÇfÕÖÀùÎ*Í�ÄTÕÖÃÆ¿<ÄTÕßã�ÌÂ¿ÏË'¿*ÎÏÍBÁ|�+ËX¿¶ÁÂ¿¡�nÃÖÇCW�é Ô�¿<Ã&ÕÆÅ'àPÇfË^¿<À&ÕßÎÏ¿<Å'Ë'ËX¿+ÌÂÃNãBÌ%¿ØË'¿�nÃÖÇCW�é\áÂÍ�Ã&ÅM¸<Í�ÄTÕqÇ�ËÑÉ�¿<Õ^ã�ÌÂ¿JË'¿<À^Î*ÍBÁ|�+ËX¿+À�ÁÂ¿ìÕÖÃÆÇXW&¿+à�ÕÖÍ�ÅXÃÆ¿<À^À&Í�ÄTÕ$Î*¿+ÅXË'ËX¿+ÌÂÃ&À�ÊEÇ�Ã�ÃÆÇ�ÊÂÊ5Í�Ã&Õ0Ç�Ì3ÜAË'¿+À�9����ÀìÀ&Å'Î*ÊÂË'¿<À$ÊÂÌÂÅXÀÆã�ÌdÐbÍ�Ä�ÊÂÃÆ¿<ÄÂÁ�¿+Ä�à+Í�ÄÂÀÆÅXÁÂÈ+ÃÆÇfÕÖÅXÍ�Ä>Ë'¿<À�ÁÂÈ<Ê|¿<ÄÂÁEÇ�ÄÂà<¿+ÀJ¿+ÄTÕÖÃ&¿�Ë'¿<À�Í�ÓÂÀ&¿+Ã&ÔfÇ"éÕÆÅ'Í�Ä%À £ ÑûÇfÃä¿�Ü%¿<ÎÏÊ%Ë'¿/Ë'¿/àqáÂÅ$#.Ã&¿ ¨ ÁÂ¿ùËçÇ ²Eâ�ÌÂÃ&¿µ©ûÅXâ £´��£ ¨ ¿<À&ÕNÃÆ¿+à<Í�ÄÂÄ�Ìåà<Í�Î*ÎÏ¿ � ÁEÇ�ÄÂÀJË'¿/àPÇfÀ�9���ÛÉE¿�Õäà<Í�Î*ÎÏ¿ ¨ ¿+Ä`Ì%ÕÆÅ'Ë'ÅXÀÖÇ�ÄTÕ$Ë'¿�Î*Í3Á|�<Ë'¿GÁ%¿/ÕÆÃÖÇXW&¿<à<ÕÆÍ�Å'Ã&¿ £

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0 0 0 0 0
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 0 0
1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1
0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1
0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0
0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 0
0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 0
0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0

¦ }�§ m���£ ¨ � ¾$áÂÅ$#.Ã&¿ ¨
·�ÌÂÀ&ã�ÌdÐ�Ù>ÎÏÇ�ÅXÄ�ÕÆ¿+ÄEÇfÄ�ÕäË'¿<ÀNÎ*Í3Á��+Ë'¿<ÀäÕÆ¿+À&ÕÆÈ+ÀGÁÂÇ�ÄÂÀGËX¿½à+Ç�ÁÂÃÆ¿ßÁÂ¿+ÀGÃ&È+À&¿PÇ�Ì3ÜåÓEÇ¥¤�È<ÀÆÅX¿+ÄÂÀ�À&Í�ÄTÕ¿<ÄÂà+Í�ÃÆ¿�ÁÂ¿<ÀJÎ*ÍBÁ|�+ËX¿+À�Î*Í�ÄÂÍfé ÁÂÅ'Î*¿+Ä%ÀÆÅ'Í�ÄÂÄÂ¿+ËXÀ+ÉB¿+Ä�Í�ÓÂÀ&¿+Ã~Ô�ÇfÄ�ÕJËX¿GàPÇ�ÃÆÇ�à<Õ��+Ã&¿ùÍ�Ì`Ó%Å'¿+ÄDÀ&¿+ËXÍ�Ä�Ë'¿+Àà<Í�Ë'Í�ÄÂÄÂ¿+À�Í�Ì`ÓÂÅX¿+Ä`ÀÆ¿+ËXÍ�Ä`Ë'¿+À�ËXÅ'â�ÄÂ¿<À £ ÜJÍ�ÕÖÃ&¿/ÓÂÌ%ÕJÁEÇ�ÄÂÀJË'¿<À�ÊEÇ�Ã&ÕÆÅ'¿<ÀJÀ&ÌÂÅXÔfÇ�ÄTÕÆ¿+À+É�¿<À&ÕäÁdÐÒÌ3ÕÖÅ'ËXÅ'À&¿+ÃËX¿+ÀlÅ'Ä3×=Í�ÃÆÎÏÇfÕÖÅXÍ�ÄÂÀ�À&ÌÂÅXÔfÇ�ÄTÕ0Ë'¿+À^Ë'ÅXâ�ÄÂ¿<À^¿�Õ$ËX¿+À^à+Í�ËXÍ�ÄÂÄÂ¿<À0à<Í�Ä W&Í�ÅXÄTÕÖ¿+Î*¿+ÄTÕ £3ë ÐÒÍ�ÔÏË!ÐbÅ'ÄTÕÖÃ&Í3Á%ÌÂà<ÕÆÅ'Í�ÄÁ%¿+À�ÎÏÍBÁ|�<Ë'¿+ÀìÓ%Å'ÁÂÅXÎÏ¿<ÄÂÀÆÅXÍ�ÄÂÄÂ¿<Ë'À £

sutañ�t°ñ ü2²�²������±�ý�����Oö�~2��� �����9�#�����������9~A����ö �����9��ö9ö��#�#~
  ÊÂÃ��<ÀGÇPÔ�Í�ÅXÃ�à+Í�ÄÂÀ~ÕqÇfÕÆÈßã�ÌÂ¿½Ë'¿+À����V��ÀäÔ�¿+Ã&ÕÆÅ'à+Ç�Ì3Ü�ÀÆÍ�ÄTÕNÎÏ¿<Å'Ë'ËX¿+ÌÂÃ&À�ã�ÌÂ¿ßËX¿+À������`ÀNáÂÍféÃ&ÅM¸<Í�ÄTÕqÇ�Ì3Ü|ÉnÄÂÍ�ÌÂÀ�Ç�Ë'ËXÍ�ÄÂÀùÁEÇ�ÄÂÀ�Ì%ÄæÊÂÃÆ¿<ÎÏÅX¿+Ã/ÕÖ¿+Î*ÊÂÀ�à<Í�ÄÂÀ~ÕÖÃÆÌ%Å'ÃÆ¿ÏÌÂÄæÎ*Í3Á|�<Ë'¿*ã�ÌÂÅ$ÊÂÃ&¿+ÄÂÁæ¿<Äà<Í�ÄÂÀ&Å'ÁÂÈ<ÃÖÇfÕÆÅ'Í�ÄAËÑÐÒÅXÄ%×=Í�ÃÆÎÏÇfÕÆÅ'Í�Ä/ÀÆÌ%ÅXÔfÇ�ÄTÕlËçÇGËXÅ'â�ÄÂ¿$¿<ÕlËçÇGà<Í�Ë'Í�ÄÂÄÂ¿�É�Ç�ÊÂÊ5¿+ËXÈìÎÏÍBÁ|�+ËX¿$ÁÂ¿ì×=ÌÂÀ&Å'Í�ÄAÁ%¿



ÿ¥�@P �nmR1 t�vPqjz#S#T � z���t�vw}�q�x�v � ��xuz � } � S�q�v�qjy�z.3)3��{}�¬ez|yu} � x�v
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{gVd_=~=Z4f[` £kï c&{[Vz�8~�s���szc¨�¼Z�\g`»��_�s����.\,�8VYX|�[Z4\[`»X=\,{gVd_=~=Z�sz¤d\ � \g�|\[c'�bfg{vsz~ra4��_rZmszc¨�»Z$�¸\gc��
`.\[���=Z4\°Xr\[`:�bf[`._=Z4��s���`:X=\|��sz_���Xr\°�.\[{[Vzc=c�sza4`b`�s�c={[\°~�Vd_r��Z4\[`2�8VYX|�gZ�\[`:²/��sz`b\|X=\ ¥�µ Ü
� udVda4��Z�\&��s��=Z�\[sz_3��sz� £�R�£4T®��� Vdc¡{[Vdc=`���s��b\y��_=\�Z�\'�'V�X|�gZ�\¯� R Xr\8���bsXW.\[{!��Vda4�b\8{[Vd_=~rZ�f
\g`.��Z�\&�8\ga�Z4Z�\[_r���8VYX|�gZ�\ ~=_=a4`b��_9��a�Z»�'V�Xrf[Z�a4`b\ �=a4\[cÍZ£��a��8sz¤d\�Xr\8{[sz��sz{!�&�g�b\�\gc¿sz{g{[Vd�§�
X�s�c��°~=Z4_=`¼X9�¸a4�8~SVd����szc={g\/sz_��'Vd�=`.\[��uzsA��a�Vzc=`¼{[VdZ4Vdc=c=\g`°\!�w\gc�~=�.\[c�szc¨�°\[c8{[Vd�'~r��\,Z4\[`
X=fg~�\gc=X�szcr{[\[`}\[c¨���.\�Z�\g`qVz�=`b\g�.u�s���a4Vdc=` £ Ê \�X=\[�.c=a�\g�q�.f[`._=Z4��s��/�8Vdc¨�b�b\��Y_r\�Z�\g`qVz�=`b\g���u�s��ba�Vdc=`»cr\q`.Vdc¨�°~=sz`°a4c=X=fg~�\gc=X�szc¨��\g`°{gVdc¨���bsza��.\[�'\[c¨�|²�Z$�¸��¤Y~SVz���|�g`b\��!^?Vd����\��t¤dfgc=f[�bsA�
Z4\[�'\[c¨�,szX=�'a�`.\�{[Vzc={[\g�bc�szc¨�qZ�\g`+Vd�=`b\g�.u�s��ba�Vdc=` £ Ê \[`,�'V�X��[Z�\g`t{[Vz_=~=Z�fg`+`bVdc¨�/{[Vzxr��\g_��
sz_�c=a�ud\[sz_WXr_��b\[�'~=`,X=\e{vszZ4{[_=Z � ~=_=a4`b��_9��a�Ze¤�s ~=Z4_=`+X=\e~�sz�bsz���g���.\[`/² {vszZ4{[_=Z4\[� £

U)svud\g{�Z$�¾s��8fgZ�a�Vz��s��ba�Vdc&~=�.Vd¤d�b\g`b`.a4ud\eX=\eZ�s���VzË4��\]² Vd_���a�Z4` µ s¥¤z\[`bcr\g��\!�,\[c��bfg`bVdZ�uzs�c��,Z4\
~=�.Vd�=Z �[�'\ X=\8Z$�¸a4c=a4�bamszZ4a�`bs���a4Vzc � c=Vz_=`e~�Vd_�udVdc=`�\[`.~�fg�b\[��sz�'f[Z4a�Vd�.\[��\gc={[Vd�.\8Z4\[`e�bfg`b_=Z6�
��s���` £
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�'VYX|�[Z4\!� � ¨�±�£i¨ � %
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^?_=`ba4Vdc ¨ Ó £¯Ê�Ê'%
�'VYX|�[Z4\!� T ¨rTQ£¾��P'%
�'VYX|�[Z4\!�?� ¨���£¯���'%
�'VYX|�[Z4\!� � ¨���£ � �&%
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^?_=`ba4Vdc PQ¨�£ � ¨'%
�'VYX|�[Z4\!� T ¨ Ó £¾��Ê'%
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�'VYX|�[Z4\!� � ¨ Ó £¾��Ê'%
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^?_=`ba4Vdc ¨���£�T��&%
�'VYX|�[Z4\!� T ¨���£¾��¨'%
�'VYX|�[Z4\!�?� ¨zR�£ � �'%
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Ü/Vd_=`/svudVdc=`/~=�.f[`b\gc¨��f�X�szc=`,{[\e���bsvuzs�a�Zº_rcW`?¤�`��&�g�8\�X=\e�b\g{[Vdc=c=sza�`.`�szc={g\�Xr\�{[sz��s�{g�&�g�b\g`

a4�8~r�ba��'f[`°\g�/�8szc�_=`b{g�ba4�b`+\[c����.Vda�`+~�s��.��a4\[`RÈ
ì X�szc=`�ZmsW~r�b\[�'aû�g�b\'~�sz����a�\'c=Vd_r` svudVdc=`�_r��a4Z�a�`.f&X=\[`�{gZmsz`.`ba$²�\[_=�.`���s�`bf[`�`b_=��Z4\[`��8VYX|�[Z4\[`

X=\È��sz�87zV®u�{vsz{��rf[`}¤dsz_={��=\¯�pX=�.Vda4�b\]X=_W~r�b\[�'a�\g�tVd�.X=�b\eX�szcr`/Z4\]{vsz`,X=a4`b{g�b\g�/\!�,Z�\]{vs�`
`b\g�8a6�p{[Vzc��ba�c�_ £ ÜqVz_=`tsvudVzc=`t\g��\[{!��_=f]Z4\[`|\!��~Sf[�ba4\[c={g\[`+`._=�wX=\g`t\[cr`b\[���=Z�\g`wX=a4`.��a4c={g�b` È
��sCW._=`b{g_=Z�\g` � �'a�c�_=`b{g_=Z�\g` � ��sXW._r`b{[_rZ�\[`]�'a�c�_=`.{[_=Z4\[`]\!�e`b_=�]Z4\[`]{��=a��º�.\[`]�8szc�_=`b{g�ba4�b` £ÜqVd_r`tsvudVdcr`w{[Vzc=`.�b�b_=a��°Xr\[`w�'VYX|�[Z4\[`¼c=Vd�'�8fg`O�������£ud\g�.��a4{vszZ«\!���9�����p�rVd�baú¸[Vdc¨��s�Z £� \[`»�bfg`b_=Z���s��b`ÅX=\tZ�s}�b\g{[Vdcrc�sza�`.`�szcr{[\+�'Vdc¨���b\gc¨�»��_=\+X9��_=c=\t~�s��.�»Z4\[`!�9�����"uz\[����a�{[sz_��
`bVdc¨�q�8\ga�Z4Z�\[_r�b`t~�s��+��sz~=~SVd���}s�_��U���V�W`��"�=Vd�baú¸[Vdc¨��sz_�� £S¥ �¾s�_r���.\�~=sz�.�/Z�\g`,�bf[`._=Z4��s���`
sz`b`.V�{ga�fg`+sz_����8a4c�_=`b{g_=Z�\g`w`bVzc��t�8Vda4c=`|��Vdcr`t��_=\]{[\g_���s�`b`bVY{[a4f[`+s�_��y�8sXW._=`.{[_=Z4\[`tXr_
^�sza4���Y_r\�Z4\[`��'a�c�_=`.{[_=Z4\[` Vdc¨�&X=\g` ^?Vd�b�'\[`�~rZ�_=` {gVd�8~rZ�\!��\g` \g�&c=fg{[\[`.`ba���\[c¨�8_=cÕ\[c��
`b\g���=Z�\�X=\�{[sz��s�{g��fg�ba4`.��a4��_=\[`/~=Z�_r`}¤d�bszc=X�~SVd_=�/Z�\g`qXrf[{[�.a��.\ £dï c{²�c´c=Vd_r`}{[Vzc=`.��s���Vdcr`
_=c=\/X=a��'a�c�_r�ba�Vdc Xr_'��sz_��&X=\/�b\g{[Vdcrc�sza�`.`�szcr{[\qsz`b`.V�{ga�f/²�Z$�¸\gc=`b\g���=Z4\/�8sXW._=`.{[_=Z4\[`¼�'a��
c�_=`b{g_=Z�\g`/{[sz�+Z�\g`t{vs���sz{!�&�[�.\[`,X=\]��Ý[�'\q^?Vd�.�8\g`t`b\e{gVdcr^?Vdc=Xr\[c¨� £�ï c�{[\]��_=aº{[Vdc={g\[�.c=\
Z�\�{[sz`�X=a4`b{g�b\g� � Z�\g`��bfg`b_=Z���s��b`�`bVzc����8Vda4c=`}�SVdc=`]��_=\�Z�\�{[sz`�`b\g�8a6�p{gVdc¨��a�c�_ £ Ê \[Z�s�\[`��X=x�²yZmsy~S\[�.�b\ X=\ Z£��a�c�^?Vd�b�8s���a4Vdc�Z�a�fg\ ²yZmsy��_�s�c��ba ²�{[s���a4Vdc´ud\g{g�bVd�ba4\[Z�Z4\ £ Ê \g�b�b\ ~�\g�.�b\X9��a�cr^?Vd�.��sA��a�Vzc�\g`.�}Z�a�fg\e\[`b`.\[c¨��a4\[Z4Z�\[�'\[c¨�}²8Z�s8X=a4`.��s�c={[\�_r��a4Z�a4`bf[\ � p���� ¥R� ��_=a�\g`.�}a�c��
u�sz�ba�szc¨��\�~=sz�q�b��szc=`.Zms��ba�VdcW��s�a�`/`b\[cr`ba��rZ�\ sz_Y��Xra�ZmsA��s��ba�Vdc=`,\!�e²�Zms'{[Vdcr`.���._={g�ba�VdcÎXr_
X=a�{!��a4Vdc=c�sza4�b\ � a�c=a���a�szZ�a4`�s��ba�Vdc&X=\eZ£�¸szZ4¤dVd�ba����=�'\/X=\[`97d�p�'V�¤d\[crc=\[` �¤£

ì X�szc=`�Z�s¡X=\[_Y�ra �[�'\Î~�sz����a�\�c=Vd_=`�svudVdcr`��.\[�8sz�b��_=fÎ��_=\ÃZ4\[`¾���V�W`�`ba��'~=Z4\[` � �������ud\g�.��a4{vszZr\g���9�����p�rVd�baú¸[Vdc¨��s�Z � cr\+~=�b\gc=c=\[c¨�|~�sz`»\gc {[Vdcr`ba�Xrf[��sA��a�Vzc Z�\[`¦a�cr^?Vd�.��sA��a�Vzc=`
`ba4��_=Z4��szc=fg�8\gc��}`b\gZ�VdcÎZ4\[`}Z4a�¤dcr\[`}\!�]Z�\g`�{[VzZ�Vdc=cr\[` £ Ê \g�.��\ �b\g��s��b��_=\�c=Vz_=`]s�sz�'\[c=f²Í{gVdc=`����b_ra��b\�X=\g`8�'VYX|�[Z4\[` X=\�{[Vd_r~=Zmsz¤z\��Y_ra/�.\[`.~�\g{g��\gc¨�yZ£�¸sz`.~�\g{g�ì� ¥ X=\�Z£��a��8sz¤d\
X=\�{vsz�bsz{g���[�.\[` � Vd_ÕX=\g`8{��=a��º�.\[` �¤£�  a4c=`bawc=Vd_=`'svudVdcr`8{gVdc=`.�b�b_=a��&X=\[_Y�³�8VYX|�[Z4\[`�Xr\
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{gVd_=~=Z�sz¤d\ È
U	�8VYX|�gZ�\�X=\�^?_r`ba�Vzc�X=\]X=Vdc=crf[\[`<Èr{g\e�8VYX|�[Z4\}��_=a9~r�b\[crXW\gc�{gVdc=`.a�X=fg��s��ba�Vdc�Z$�¸a4cr^?Vd���
��sA��a�Vzcy`b\gZ�Vdc�Z4\[`tZ4a�¤dc=\g`w\!�+Z�\g`t{[VdZ4Vdc=c=\g` � \g`.�,{gVdc=`.�b�b_=a��,²�~�sz����a4�wX9��_=c�{[Z�sz`b`.a ²�\g_=�
��sz`.f�`._=�,Z�\[`x�9���W` £

U	�8VYX|�gZ�\,X=\,^?_=`ba4Vdc8Xr\[`w`.{[Vd�.\[`³ÈY{g\q�'VYX|�[Z4\/\g`.�°{[Vdcr`.���._=a4�°²�~�sz�.�ba��»X=\qX=\[_Y��{gZmsz`.`ba6�²�\[_r�b`/��sz`bfg`,`b_=�,Z�\g`x������`,uz\[����a�{[szZ9\!�q�rVd�baú¸[Vdc¨��s�Z � \[c�~�VdcrX=f[�bszc¨�,Z�\[`+`.{[Vd�.\[`/X=\
X=f[{ga�`.a�Vdc�X=\g`qX=\g_��Ñ���V�W` £� \[`��bfg`b_=Z���s��b`eVd�r��\gc�_=`��'Vdc¨���.\[c¨���Y_r\�Z�\g`e�8VYX|�[Z4\[`eX=\ ^?_=`.a�VdcÍ`bVdc¨���8\ga�Z4Z�\[_r�b`���_=\

Z4\[`'�8VYX|�[Z4\[`r���V�W`�`.a��'~=Z�\g`'\!����_=\WZ�\��8VYX|�gZ�\�X=\�^?_=`ba4VdcêX=\�X=Vdcrc=f[\g`y\[`���~=Z4_=`
~S\[��^?Vd�b�8szc¨����_=\ÃZ�\´�'VYX|�[Z4\´X=\Î^?_=`ba4Vdc�X=\g`�`.{[Vd�.\[` £ Ê \gZms¿\g`.��X=x)sz_�^�sza4�y�Y_r\ÍZ4\�'V�X��[Z�\&��s�`bf�`._=��Z�s�^?_r`ba�Vzc�X=\8X=Vdc=crf[\[`�~=�b\gc=X¿\[c�{[Vdcr`ba�Xrf[��sA��a�Vzc¡`ba4��_=Z���szc=fg�8\gc¨�
Z4\[`ta4cr^?Vd�b�8s��ba�Vdc=`¼`.\[Z�VzcyZ�\g`tZ�a4¤dc=\[`°\g�+Z4\[`°{[VdZ4Vdc=c=\g`w��szcrX=a�`t��_=\}Z�\�X=\g_���aû�g�8\��'VYX|�[Z4\
��s�`bf,`b_=�¼Z�s}^?_=`ba4Vdc&X=\[`|`b{gVd�b\g`|`._=~=~SVd`b\/��_=\/Z�\[`»{gZmsz`.`ba$²�\[_=�.` � ud\g�.�ba�{vs�Z=\g�|�=Vd�.aM¸gVdc¨��szZ �`.Vdc¨�qa4c=X=fg~�\gc=X�szc¨��` £

ì X�s�c=`�Zms�X=\[�.c=aû�g�b\y~=sz�.�ba�\ � c=Vd_r` svudVdc=` a4c¨���bVYX=_=a���Z�\[`��bf[`.\vsz_Y�¢��s¥¤dfg`ba4\[c=` £!ï c¢\g��\g� Z4\[`
�.f[`b_rZ4��sA��`+~=�.f[{[fgX=\[c¨�b`qc=Vz_=`+Vdc¨�,~�Vz_=`b`.fe²&{��r\[�b{��r\[�/X=\]c=Vd_ruz\vsz_Y���8VYX|�gZ�\[`w�Y_ra9�b\g`��
~S\[{!��\[c¨��~=Z�_r`5Z£�¸sz`b~S\[{!��� ¥ X=\¼Z$�¸a4��sz¤z\¦X=\g`:{[sz��s�{g�&�g�b\g` £ ÜqVd_r`�svuzVdc=`:{[Vdc=`����._=a4�:²,Z£�¸sza�Xr\
X=\g`��.f[`b\[sz_�����s¥¤dfg`ba4\[c=`�X{¤�c=sz�8a4��_=\[`���_�s����.\��'V�X��[Z�\g`eX=\8{gVd_=~=Z�sz¤d\ £ Ê \g`��'V�X��[Z�\g`
`.Vdc¨�w~=�.V�{��r\[`|X=\qZ�s]�bfvs�Z�a4�bf+~=_=a4`b��_9��a�Z�`¼~=�.\[c=cr\[c¨�t\gc�{[Vzc=`ba4X=f[�bs���a4Vdc&Z�\[`¼X=fg~�\gc=X�szcr{[\[`
\gc��b�b\'Z�\g`�Z4a�¤dcr\[`]\g��Z4\[`e{[VdZ4Vdc=c=\g`�Xr\'~ra���\[Z4`�Xr\[`�a��8sz¤d\[` £ Ñ�Vz_=��Z�s�{[Vdc=`����._={g�ba�VdcÍX=\
{g\[`¼�8VYX|�gZ�\[` � Vdc _���a�Z4a�`.\wZ£��a�c�^?f[�b\gc={[\+\¯�rsz{g�b\ � sz~=~r�b\[c¨�ba�`b`bsz¤d\ �¤£ � \[`»�.f[`b_rZ4��sA��`»Vd�r�b\[c�_=`�'Vdc¨���.\[c¨����_=\8Z�\g`��'V�X��[Z�\g`�Xr\�{[Vz_=~=Zms�¤d\&��sz`bfg`�`b_r��Z4\[`��bf[`.\vsz_Y�¿��s¥¤zf[`ba4\[c=`�X�¤Yc�sA�
�'a���_=\g`�`.Vdc¨���'\[a�Z4Z�\g_=�b`e~�sz����s�~=~�Vz�.��sz_��¡sz_r�b�b\[`��8VYX|�gZ�\[`ec=Vzc¿{[Vd_r~=Z�fg` £.ï c¡\g��\g�
a4Z�`w�.\[`.~�\g{g��\gc¨�q~rZ�_=`tZ$�¾s�`b~S\[{g�.� ¥ X=\]Z£��a��8sz¤d\,X=\g`+{vsz�bsz{g���[�.\[`,\g�,s�_=`b`.a9Zms�{gVd�b�.f[Z�s���a4Vdc
\gc��b�b\eZ�\g`,Z�a�¤zc=\[`t\!�/Z�\[`+{gVdZ�Vzc=c=\[` £

ÜqVz_=`t~S\[c=`.Vdc=`t��_=\]Z4\[`wXra4��f[�b\gc={[\g`tX=\�~S\[��^?Vd�b�8szc={g\[`°{[Vdc=`���s��bf[\g`+\[c¨���.\�Z�\g`t�bfg`b\vs�_��y�=s�¤zf!�
`ba4\[c=` � Vd_r�ba�Z µ s�¤z\[`.c=\g� � \g��Z4\[`§������` � Vd_r��a4Zý�ø�x÷ � `bVzc���X=_r\[`�²�Xr\[`�sz`b~S\[{!��`�Z�Vd¤da4{[a4\[Z�`
� a4c=a4�bamszZ4a�`bs���a4Vdc � \!��²¿Z£��_r��a4Z�a4`�s��ba�Vdc¢X=\g`��8VYX|�gZ�\[`�\[�b¤zV�X=a4��_=\[`y~SVd_=��Z�\[` ¥�µ Üq` £�ï cú\g��\g�
_=c ¥�µ Ü �'Vdc=V��£¹�_��ê\[`��W\gc)�b�=f[Vz�ba�\�f[��_=a4u�szZ4\[c¨��sz_´���V� �'Vdc=V��£¹�_��ê{[Vd�.�b\g`b~SVdc=X�szc¨�
� ��Ý[�'\[`e~=�.V�{gf[X=_r�b\[`�X=\ �Á¤Y~�\&^?Vd���tsz�.X��p�=sz{>7¨�tsz�.X¡~SVd_=�eZ£�¸sz~=~r�b\[c¨�ba�`b`bsz¤d\ �¤£2¥ \g`��.f[`b_rZ4��sA��`
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         0.0 0.4 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
         0.0 0.0 0.5 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
         0.0 0.0 0.0 0.3 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
         0.0 0.0 0.0 0.0 0.2 0.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0
         0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.3 0.0 0.0 0.0 0.0 0.0
         0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.2 0.0 0.0 0.0 0.0
         0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.3 0.3 0.0 0.0 0.0
         0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.2 0.4 0.0 0.0
         0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.3 0.3 0.0
         0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.3
         0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.6
         0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
<EndHMM>

   <Numstates> 13

    

~h "hmm10"
<BeginHMM> 
<VecSize> 50 <USER>

      <State>2 
        <Mean> 50
         1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0    
        <Variance> 50
         1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.01.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
    <State> 3 
       <Mean> 50
         1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
         <Variance> 50
         1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.01.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
         <State> 4
        <Mean> 50
        1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
          <Variance>50
         1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.01.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
     
     
   ........ 

� ]�� X�� × W�î ©cïVð>ñfï=ò1óõôfò«ôfö1½�÷QïVøBïVùj÷�ô�úüûf÷ ÑÖÕÕ ô�ý¤÷fþ9ÿ=ò»ð*ý¤þ9þTò��Ùï��¡ð*ù¤÷ øTï=÷ û

<EndHMM>
         0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
         0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5
         0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.3
         0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.3 0.0
         0.0 0.0 0.0 0.0 0.3 0.4 0.3 0.0 0.0
         0.0 0.0 0.0 0.3 0.5 0.2 0.0 0.0 0.0
         0.0 0.0 0.2 0.4 0.4 0.0 0.0 0.0 0.0
         0.0 0.3 0.5 0.2 0.0 0.0 0.0 0.0 0.0
         0.0 0.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0
        <TransP> 9
        <DProb> 3288*4 32767*12
        <NumMixes> 16
        <State> 8
        
        .........
        
        <DProb> 3288*4 32767*12
        <NumMixes> 16
      <State>2 
   <NumStates> 9
<BeginHMM>   
~h "hmm5"
~o<DISCRETE> <VecSize> 1 <DISCRETE>

� ]�� X�� × i6î ©cï=ð>ñfïVò*óõôfò«ôfö5½�÷fï¾øBï=ù¤÷�ô�ú ûQ÷ ÑÖÕ!Õ ô�ý ÷fþ9ÿ=ò»ð�ý þ ôQï=þTð1óTò5ø



í ¥j¥ á X á é�§���a¨§Qa4]�èHZ é���� èH�;]�©�]�`	�Jì«ª6¬

 '��  Ç924D9ÌÍ0 DGKÐÉ�3*. K431,6-/-�Ì«3�FcD
��� ý¤÷�øcôfò���ý þTþTò1ó��Óÿ�ú ö5ø>ý���ò ôfòdÿ=ýÓóTò1ð*ùj÷Q÷�ý¤ï=þ8þBý¤÷Qð*òGò1÷�ûQøBïVÿ=ïVþBý¤÷�ø ÑÓÒ9Ô�� ï=ÿ���ý¤ûQø\ð*ù¤÷fþ8øTóTûfïVóTòûf÷ó8ö*þ8ò�ý¤û�� ûfï_ôfö*ð1óTï¾øÖÿÛúüùjó8ôfóTòÍôfò*þRÿ=ò1ø8øBó8ò*þRù¤û!ôfò1þÖð>ñfï���óTò1þ�� ûfï���ò1û � ò1÷ ø��5øBó8ò�ï=ôQò*÷�øBï¾½�ö*þÓò1øûf÷ôQï=ð1øTï=ùj÷Q÷�ý¤ï=ó8ò � ûfï\ôQö*ð*ó8ïVøÓÿÛúüùjóTôQóTò«ôfò*þ!�Ùù ôfP1ÿ=ò*þ ôfò1þ ÑÖÕ!Õ þÖð*ù¤÷fþ8øTïVøBûfý¤÷�øRð>ñ�ý"� ûQò�ÿ=ò5øTøBó8òM�ð>ñQï���óTò¦O�× � ýÖ½$#jûfó8ò.©cï%#f× � ×'& ��ùj÷�øBóTòõûQ÷�ò)(¨ò*�+�fÿ=òõô�úüûf÷�óTö1þTò�ý ûÙô�ý ÷fþ ÿ=òGð*ý¤þ ôfò*þ ð�ý óBý¤ð5øBP*ó8ò*þ�Ùý-,8ûfþTð1ûfÿ=ò1þ*×	.Öý ÷fþ9ð*ò1ø ò)(Qò��/�Qÿ=ò«÷fùjûfþ ý � ù¤÷fþ W à(÷ ¸ ûQôfþ9ò1øRÝ i ý¤óTð1þ

I=28   W=Z                   
J=0     S=0    E=2    
J=1     S=0    E=4    
J=2     S=0    E=5    
J=3     S=0    E=6    
J=4     S=0    E=7    
J=5     S=0    E=8    
J=6     S=0    E=9    
J=7     S=0    E=10   
J=8     S=0    E=11   
J=9     S=0    E=12   
J=10    S=0    E=13   

....

J=47    S=23   E=3    

.

.

.

.

.

Z

C

B

A

J=52    S=28   E=3    
J=51    S=27   E=3    
J=50    S=26   E=3    
J=49    S=25   E=3    
J=48    S=24   E=3    

                
.....

I=6    W=D                   
I=5    W=C                   
I=4    W=B                   
I=3    W=!NULL               
I=2    W=A                   
I=1    W=!NULL               
I=0    W=!NULL               
N=29   L=53   
VERSION=1.0

� ]�� X�� ×'& î10 (¨ò��/�fÿVò«ô�ú ûQ÷�ó8ö*þTò*ý¤û
¨ ÷ò)(¨ò*�+�fÿ=ò6ôfò�ôfïVð1øBïVùj÷f÷�ý ï=óTò»ò1þ8ø»ôfý¤÷fþÖÿ=ý(½$#¤ûfóTòµ©cï%#f× � ×ÅÝ¨× � ò6½�ð>ñQï=ò*óÓñ2�+� � ð*ùjó8óTò1þ3���ùj÷fô�ý¤û4�Ùù ôfP*ÿVò � ×

A              hmmA
B              hmmB
C              hmmC
D              hmmD
E              hmmE
.....

Y              hmmY
Z              hmmZ

� ]�� X�� ×ÅÝ î10 (¨ò��/�fÿVò«ô�ú ûQ÷�ó8ö*þTò*ý¤û
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 ':9 ;=<?>4@LKBA�<?>4>�DDC DD>(KÐÉ�DÎÏ~}
�
�B� ý¤÷�øÓôQòE�fý¤þTþ8ò*ó!�(ÿ=ýF�fñ�ý¤þ8ò6ôQòÍÿ=ý�óTò1ð*ùj÷f÷fý¤ï=þ8þBý¤÷fð1ò6ù¤÷�ð1ùj÷fþhøBóTûQïVøÍ�

G ÿ=ò1þõôfùj÷f÷fö1ò*þ ò1ø ÿ=ò1þGøBò1þ8øBþ ôfùjï � ò1÷ øH�5øBóTò»øTóBý¤÷fþ3� ùjóI��ö*þ9ò1÷J� ùjó��Ný²øõñ�øLKY×G ÿ=ò1þM�Ùù ôfP*ÿVò*þÍM ÑÖÕÕ þBO9ò1÷�û¨øBï=ÿVï=þTý¤÷�øGÿ=ò1þ9ôfò*ûN(�ùjûQøBïVÿ=þ ÑHO ÷fïVø9ò5ø ÑQP ò*þ8ø*×G ÿ=ò»ôfïVð1øTï=ùj÷f÷fý¤ï=ó8òRò*÷�ûQøTï=ÿ=ïVþBý¤÷�øõÿ�ú ù¤ûQøBïVÿ Ñ . Õ ý¤÷�×G ÿ=ò»ó8ö*þTò*ý¤û�ò*÷�ûQøBïVÿ=ï=þTý¤÷�øõÿÛúüùjûQøTï=ÿ Ñ Øcý óTþTò ×� ò � ùj÷fð5øBï=ù¤÷f÷fò*��ò*÷�øD#jÿVùSR�ý¤ÿ�ò*þhøÓôQùj÷f÷fö«ô�ý¤÷QþÓÿ=ý�½$#jûfó8òª©\ï%#f× � × ¥

Reconnaissance Dictionnaire

TestsRéseau 

HVite

HMMs (modèles)

HRest

HInit

Données

� ]�� X�� × ¥6î ©�ùj÷fð1øTï=ùj÷Q÷fò*��ò*÷�øM��ùjûfó9ÿçý�ó8ò*ð1ùj÷f÷�ý¤ïVþTþTý¤÷fð*ò
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í ¥ à

k UVUXW m W Y

Z UX[]\�^_W`UVabW pVcdUVe fgW ahcde p iSjVU ck^JlV^JW

� úüùSRm,8ò*ð5øBïn�o�fó8ï=÷fð1ï%��ý¤ÿ ôfò*þ óTö1þTò�ý ûN(JR�ýqpjö1þTï=ò1÷fþRò1þ8øÓôfòÍð�ý¤ÿVð*ûfÿVò*óõôfò1þ!�fó8ùSR�ý�RQï=ÿ=ï¾øBö1þGð*ùj÷Qôfïn�øTï=ùj÷Q÷fò*ÿVÿ=ò*þ»ô ú ö � ö*÷Qò*��ò*÷�øBþ ó8ò*ÿ=ïVö*þ«ÿ=ò1þ6ûQ÷fþ�ý¤ûm($ý¤ûQøBó8ò*þ?��ý¤óÍôfò*þ6óTò*ÿ=ý øBïVùj÷fþ»ð*ý¤ûfþTò=��òr� ò5ø�ò1ø� ûfò«ÿ�ú ùj÷�ý��s��ò1ÿ=ÿ=ò íutqvqwrxzyrt|{zy ×} û2�2��ùjþTùj÷QþF� ûfòNÿVò=#jóTý��fñfòÙþTùjï¾ø�ð1ùj÷fþ8øTïVøTûföNôfò ¹ ÷ ¸ ûfôQþ�÷fù¤øTö*þ � ~ � � � �+� � ®V®¾® � �+� × � ò�QóTùSRfÿ��*��ò�#jö1÷fö*óTý¤ÿ�ôfò«ÿÛúüï=÷s� ö1óTò1÷fð*ò»ð1ùj÷fþTïVþ8øTò�� ð�ý ÿ=ð*ûQÿ=ò*ó
�=� � � ����� ù £ ��� � � � �GÁ� �} ùjû � ò1÷�øH�
ò1þ8øÓÿÛúüò*÷fþ8ò*�FRfÿVò»ôfò*þ � ý¤ó8ïçý�RfÿVò*þõùjû � ò*ð1øTò*ûfó8þRô�úüùSRfþ8ò*ó � ý²øBï=ù¤÷fþ9÷fù¤øBöE��×Ø_ùjûfó ð�ý ÿ=ð*ûQÿ=ò*ócð*ò*þ]�fó8ùSR�ý�RfïVÿ=ï¾øBö*þ\ð*ùj÷QôfïVøTï=ùj÷f÷Qò*ÿ=ÿVò*þHù¤÷+��ò*û¨øLû¨øBï=ÿVï=þ8ò*ócôQò*þLý¤ÿ%#jù¤óTïVøTñ2��ò*þcô ú ïV÷s� ör�ó8ò*÷fð1òÖòr(Qý¤ð5øBþGù¤û�ý��2�fó8ù¨ð>ñQö*þ*× � ú ý¤ÿ�#jùjóTï¾øBñ2��òõÿ=ò!�fÿ=ûQþdûQøTï=ÿ=ïVþTö9ò*þhøõÿÛú ý¤ÿ�#jùjóTï¾øBñ2��òGôfòRÿÛú ý¤óIRfó8òÓôQò,8ù¤÷fð1øTï=ùj÷+�����dò1ï%#	� í àjà T���� � ûfï ò*þ8ø\þTï��ÙïVÿçý¤ïVóTò��Óÿ�úÅý¤ÿ�#jùjó8ïVøBñs�Ùò\ôfò��dý¤û2�����$ò*ÿ=ð>ñ«ûQøTï=ÿVï=þTö;ôfý¤÷fþ_ÿ=ò*þÑRÕÕ þ1× Ø_ùjûfóRð1ò*ÿ=ýÙùj÷!øTóBý¤÷Qþ�� ùjó��ÙòÍÿ=òÍóTö1þTò�ý ûï=÷fï¾øBï=ý¤ÿ�ò*÷!ûf÷fò�÷Qùjû � ò1ÿ=ÿVò6þhøBóTûQð1øBûQóTò ý��s��ò1ÿ=ö*òê�x��*xLyªëmy��q��t|{r��í���t ×$�dò5øÖý¤ó�RfóTò»þ1ú ù�RQøBïVò*÷�ø ò*÷�þTûfï � ý ÷ ø9ÿVò*þ9ö1øBý���ò*þ9þTûfï � ý¤÷�øBò*þ«��¡ 	¢�£2¤¦¥¨§*£s©-¥ª ¬« ��ò*÷�óTò1ÿ=ï=ý¤÷�øõÿ=ò1þM��ý¤óTò1÷�øBþ ò*÷�øBó8òÍò1ûN(�ò1ø ò1÷�ö1ÿ=ï%��ï=÷fý¤÷�øGÿ=ò1þõôfï=ó8ò*ð5øBï=ù¤÷fþ*× ¢�¥ª£$«�®¬¯�¤¨£s¢"¥¨§*£s©°¥¨ ¬« � ò*÷"ý-,8ùjûQøBý¤÷�øGþTö1ÿ=ò1ð1øBï � ò��Ùò1÷ ødôfò*þGý¤óTð1þGý¤û1#¤óBý��fñQòQ��ùjóBý¤ÿ��ª��ù¤ûfóL÷Qò��ý¤þ ý � ùjïVó9ôfò*þ9ð�p ð1ÿ=ò*þ ô�úüùjóTôQóTò�� û�ý øBó8ò«ùjû4�fÿ=ûfþ � ×± ¢-²�¢-³µ´�³�¶� �«�·�©-¥ª ¬« �cò*þhø(ùSRQøTò*÷ ûh�¸��ý¤óhøBï=ó6ôfûh#jóBý"�fñfòNøTóTïçý ÷2#jûfÿVöÙò1÷�ð1ùj÷f÷fò1ð1øBý¤÷�ø(ÿ=ò*þð*ÿVï%� ûfò*þ ¹õôQò«øTò*ÿVÿ=ò���ý�º1ùj÷µ� ûfò«øBùjû¨øBò*þ ÿ=ò1þ9ð*ÿ=ï�� ûfò*þ9þTûQóÓÿVòÍð>ñQò*��ï=÷�ò*÷�øBó8ò6ôfò1ûN(�ð*ÿVï%� ûfò*þ» ò1øM�
ð*ùj÷�øTï=ò*÷Q÷fò*÷�ø �½¼ � ×}¨ûQó ûQ÷!ý¤ó�RfóTò � ÿÛúüï=÷N� ö*óTò1÷fð*ò«þ8òERfý¤þTò«þTûQó ÿVò»ð�ý¤ÿVð*ûfÿ�ôQòÍôQò*ûN( � ý¤ó8ïçý�RQÿ=ò*þM¾!ò1ø ± �¾ �Ü ~ �/� �E¿� � ��À�

� � � ~`Á � �¦�Ó× í �
± �Ü ~ �/� �?Â� � � � ~`Á

� �¦�Ó×ÄÃ �
ù £ Å:Æ�Ç-È�ÉËÊÍÌÄÎ�Ï�ÈÐÈIÑªÒBÏ�ÇQÈ�Ç�Ñ¦È3Ó]Ô�Ê�È�Õ°È�Öz×)Ø�ÌÄ×)Ô-ÊÍÈ�ÑgÉËÙ�ÓÛÚ-Ê�È3ÒBÓM×zÜ°Ì�ÓM×rÊ



í 8 Þ Ý?Þ�ßIà æfå	áBâ à © â é�§ à�ã � â ©�§ ã é�ä�� à § á ê á�â
å ¿æ ò1þ8ø ÿçý � ý¤ÿVò*ûfóGù�RfþTò1ó � ö1ò�ôfò ç æ ô�ý¤÷fþ9ÿVò»ð�ý¤þ9ù £ ç æ ò*þ8ø ùSRQþTò*ó � ý�Rfÿ=òå Àæ ò1þ8ø ÿÛúüò*÷QþTò*��Rfÿ=ò»ôfò1þÓù�RfþTò1ó � ý øBïVùj÷fþõþhøBóTïVð1øTò*��ò*÷�ø ò*÷�ý � ý¤ÿ ôfò ç æå Âæ ò1þ8ø ÿÛúüò*÷QþTò*��Rfÿ=ò»ôfò1þÓù�RfþTò1ó � ý øBïVùj÷fþõþhøBóTïVð1øTò*��ò*÷�ø ò*÷�ý��Ùù¤÷ øGôfò ç æè ïV÷fþTï ùj÷!ý

�/� ç æ ~`Á � å � ~ �/� å ¿æ � å Àæ � å Âæ � ç æ ~�Á �~ �/� å Âæ � ç æ ~�Á �Ûé �=� å ¿æ � å Àæ`ê ç æ ~�Á �~ ¾ æÜ é ± æÜ �¨�R×�ë �
ò1ø ôfù¤÷fð

�/� ç æ ~`Á ê å � ~ ¾ æÜ é ± æÜì Ü ¾ æÜ é ± æÜ í�î �¨�R×'& �
�/� å � ~ � Ü ¾ æÜ

é ± æÜ í�î �¨�R×ÅÝ �
ï ò*þGôfò1ûN( � ý¤óTï=ý�Rfÿ=ò1þð¾/ò5ø ± þ8ùj÷�øõý¤÷fý¤ÿ=ùS#¤ûfò*þLý¤ûN( � ý¤óTï=ý�RfÿVò*þ�R�ý¤ðzK��dý¤óTô�ò5ø�� ùjó3�Gý¤ó8ôòñ ò1øó û¨øBï=ÿVï=þ8ö*ò*þõôfý¤÷fþ9ÿ=ò1þ ÑÖÕÕ þ1×��dò*þ � ý óTïçý"Rfÿ=ò1þÛ��ò1û � ò1÷�øRþ8ò6ð*ý¤ÿ=ð1ûfÿ=ò1óGôfò«ÿçýF��ý�º1ùj÷/þTûfï � ý ÷ øTòõôí ×!�Gý¤ÿVð*ûfÿ ôfò?¾þ8ïgç æ ò*þ8øÓûf÷/÷ ¸ ûfô4� ò*ûfïVÿ=ÿVò»ý¤ÿ=ù¤óTþD¾ æÜ ~ ° í Á ý � ò1ðEç æ ~�Áþ8ï=÷fù¤÷ ¾ æÜ ~ ö÷*ø°÷ æ6ù�úËû�üÐæ�ý �mþ ¾ ÷

þ �=� ç ÷ ~ ÿ ê ç æ ~�Á �
Ã¨×!�Gý¤ÿVð*ûfÿ ôfò ±þ8ïgç æ ò*þ8øÓÿ=ò»÷ ¸ ûQô�óTý¤ð*ïV÷fòÍý¤ÿ=ù¤óTþ ± æÜ ~ �=� ç æ ~�Á �þ8ï=÷fù¤÷

± æÜ ~ � � �/� ç æ ~`Á ê ç�� ~�� ��� �� öú øq÷
	��	�� úËû�ü���ý � þ ¾ ú
þ �=� ç ú ~ ÿ ê ç�� ~�� �

ý � ò*ð?ç��Íÿ=ò ��ý óTò*÷�ø ôfò ç æ ô�ý¤÷fþ ÿÛú ý¤ó�RfóTòï ò*þJ¾ æÜ þ8òð�ý¤ÿVð*ûfÿVò*÷�ø"ôQò*þ1� ò*ûQï=ÿ=ÿVò*þ � ò1óTþ�ÿçýëóBý¤ð1ï=÷fò!ôfòÿÛú ý¤ó�RfóTò � øBý¤÷fôfïVþ=� ûfòJÿ=ò1þ � æÜ þTòð�ý ÿ=ð*ûQÿ=ò*÷�ø9ôfò«ÿ=ý�óBý¤ð1ï=÷fò � ò1óTþ ÿ=ò1þÛ� ò*ûfïVÿ=ÿ=ò1þ*×
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� UVUXW�� W �
� f����k^�������� W  !VcdUVe fgW`e ^#" e1W`cdj$�
l c&%'"`e(�gW UVe

ï ý ��ö1øTñfù ôfò/ÿçý �fÿ=ûfþ+#jö1÷fö*óTý¤ÿ=ò�ôfòµ�QóTï=þ8ò�ò1÷#ð*ù��/�QøTò/ôfò*þ"ôQùj÷f÷fö1ò*þNïV÷fð*ù��/�fÿ��1øTò*þ(ò*þhø� ù¤÷fôfö*ò þ8ûfó»ûf÷$ý¤ÿ%#¤ùjóTï¾øBñ2��ò6ôQò óTò*ð>ñQò*óTð>ñQòÙï¾øBö*óTý øBï � ò�ôQû ��ù ô2�*ÿVò � ïV÷fþI�Qï=óTö�ôfò(ÿÛú ý¤ÿ%#jù¤óTïVøTñ2��ò0 Õ ×!}¨ù¤ïVø#) ~ � )+* � *-,/.�0 1 ûQ÷fò Rfý¤þTò$ô�ú ò)(¨ò*�+�fÿ=ò1þ�ò5ø Ñ ûf÷ ò*÷fþ8ò*�FRfÿVò$ôQò � ý¤ó8ïçý�RfÿVò*þð*ý¤ð>ñfö1ò*þ*×} ùjïVø
2 ~ � *436587�9 �;:-� )+*

�=<
~ � * 36587 � �8> �?:°�@ ~BA�C )+* �I�
~ � *436587 � � >ED � A ê )+* � �;:-�@ ~BA�C )+* �D � A ê )+* �F � * � >ED � A ê )+* � 3G587 � �?:-�H@ ~BA�C )+* �D � A ê )+* �

� ïV÷fö*#�ý ÿ=ïVøTöRôfò�I¤ò1÷fþTò1÷
~ � * � > D � A ê )+* � 3G587 �¨�?:-� A�C )+*

�-J � * � > D � A ê )+* � 365K7 � D � A ê )+*
� �¦�R× í �

ùKL D ò1þ8øÓûf÷fò � ùj÷fð5øBï=ù¤÷"øBò*ÿVÿ=ò � ûfòNMOQP � > D � A ê )+* � ~SRTVU D � A ê )+* � U RG ï ú ö5ø>ý���òXW½� 0 (N��ò*ð5ø>ý øTï=ùj÷ � þ8ò6ó8ö�ý¤ÿVï=þTò»ò1÷_�Ùý�(¨ï%��ï=þTý¤÷�øõÿçý�ÿVï%��ïVøTòRï=÷N� ö*óTïVò*ûfó8ò«ý � ò*ð6ÿÛúüûQøBïVÿ=ï��þBý øTï=ùj÷/ôfò«ÿ=ý�� ù¤÷fð1øTï=ùj÷ò�Y×¬�dòE� ûQï�ôfùj÷f÷fòõô
D � A ê )+* � ~ �;:-� A ê )+* �
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G ï úüö1ø>ý"��ò � � Õ ý�(¨ï%��ï6i�ý²øBï=ù¤÷ � þ8òJóTö*ý¤ÿ=ïVþTòò1÷ �Ùý�(¨ï%��ï=þTý¤÷�ø"ÿ=ý ÿ=ï��Ùï¾øBò�ï=÷s� ö1óTï=ò1ûfóTòý � ò*ðÿ�ú ûQøTï=ÿVï=þBý²øBï=ù¤÷Ùôfò1þ!�fý¤óBý��+�1øTóTò1þkjml�×	�dò1ÿçý óTò � ï=ò*÷�ø!�õ�Ný�(¨ï��ÙïVþTò*óQ� Õ ûfóI�fñ�p|��Ã ÞjÞ�Ã �:� ô

npo6q � j l �srkt ~ � * �u> D � A ê )+* � 3G587 �¨�=� AgC )v* ê j l
�

}¨ï D � A ê )+* � ~ �;:-� A ê )+* � ÿçý�� û�ý¤÷�øBï¾øBö��fó8ö*ð*ö1ôfò*÷�øTò6ôfò � ï=ò*÷�øw � j l C j � ~ � * � > �/� A ê )v* C j � 36587 �¦�/� A�C )+* ê j l
� ���R×ÍÃ �

.Rò��/�fþhøBò1ó?�'.Rò��/�fþhøBò1ó yr�sxKy{z � í à 8S8S��� ý��fóTùjû � öE� ûQò6ÿVò»ð>ñfùjïn("ôfò�j l øBò1ÿ � ûfò
w � j l C j � F w � j C j � ~�| �=� ) ê j l �}r �=� ) ê j �

.Öý¤÷QþGÿ=ò ð�ý¤þdô�ú ûQ÷fòÖôfïVþ8øBó8ï%Rfû¨øBï=ù¤÷ÙôfòQ�fóTùSRfý�Rfï=ÿVïVøTöõð*ùj÷fôQïVøBïVùj÷f÷fò1ÿ=ÿVòH��ûfÿVøTï=÷fùS��ïçý ÿ=òdÿ�ú ö�� û�ý øBïVùj÷�R×ÍÃ(ôfò � ï=ò*÷�ø w � j l C j � ~ � æ 0 Ü~0 þ;���Q� æ 0 Ü~0
þ��
3G587 � jm�æ Ü

þ �
ù8L/ÿÛúüò*þ���ö1óBý¤÷Qð*ò6ýõ��ùjþhøBò*ó8ï=ùjó8ï�ð*ù¤ûfóBý¤÷�øTòÍò1þ8ø ö*#jý¤ÿ=ò��òô

���Q� æ 0 Ü~0 þ�� ~ � * �/� ç æ ~ ÿ/C�� � ç æ � ~`Á ê )+* C j �
ò1ø ôfù¤÷fð«ÿÛúüö1ø>ý"��ò � ô¨øBóTù¤û � ò1ó�j�øTò*ÿ � ûfò�j ~��K� 7�� ���: � w � j l C j � ���R×�ë �
ôfò � ïVò*÷�ø �j æ 0 Ü~0 þ ~ ���Q� æ 0 Ü~0 þ
�� þ � ����� æ 0 Ü~0

þ � � ���R×'& �
�Ö÷_��ò*û¨ø9óTö*þ8û2��ò*ó9ÿÛú ý¤ÿ%#¤ùjóTï¾øBñ2��òÓôQòÍÿ�ú 0 Õ ��ý¤ó ô�Ö÷�ó8ö*�¬�1øBòg,8ûfþ�� û úÍ�Rð1ùj÷ � ò1óI#jò1÷fð*òGÿVò*þ_ôfò*ûm(�ö5ø>ý���ò*þ������ wrx=x�t|{zy�� �-��� yz{r��x������tK� yr��� x � �¢¡v� � xK£�H����t ôQö*ð*ó8ïVøTò*þ ð*ïn��ôfò*þ8þTûfþ1×�Ø ÿVûfþ ôfò6ôQö1ø>ý ï=ÿ�ò*þhøRôfý¤÷fþ ÿçý+¤$#=�R× í × ï ú ý¤ÿ%#jù¤óTïVøTñ2��ò 0 Õ ��ùjþTþ��*ôfòôfò1þ1�fóTù��fóTïVö1øBö1þNôfò!ð*ùj÷ � ò1óI#jò1÷fð*ò � ò*óTþ�ûQ÷ �Ný-(Qï���û2� ÿVù¨ð*ý¤ÿ9ô�ý¤÷fþ"ð1ò*óhø>ý¤ïV÷fò*þÙð*ùj÷fôQïVøBïVùj÷fþ1×.Öý¤÷Qþ�ÿ=òÙð�ý¤þ�ùKLnôfò"÷fù��FRfóTò1ûfþTò1þ ôfùj÷f÷Qö*ò*þ�þTùj÷�ø��Ùý¤÷2� û�ý¤÷�øTò*þ � ï=ÿ]��ò1ûQø ò)(QïVþ8øTò*ó��Qÿ=ûfþ8ï=ò*ûQóTþ�Ùý�(¨ï%��û2�&ÿVù¨ð*ý¤ûN(�×N.Rò��fÿVûfþ 0 Õ � ùjûfó8÷fïVødý��fó��*þGð1ùj÷ � ò1óI#jò1÷fð*ò«ûf÷fò � ý ÿ=ò*ûQódôfò1þÛ��ý¤óTý��/�5øBó8ò*þò1ø ÷Qùj÷ ûf÷fòõôfïVþ8øTóTï%RQûQøBïVùj÷F��ùjûfóHð1ò*þ���ý¤óTý��+�1øBó8ò*þ1× }QýÖþTï��/�Qÿ=ï=ð1ïVøTöLò1÷õ��ý ïVøHûQ÷ ôfò*þ ý¤ÿ�#jùjóTï¾øBñ2��ò*þÿ=ò1þQ�fÿVûfþRû¨øBï=ÿVï=þ8ö*þ?��ý � ò1ð ôfò*þÖý¤ô�ý��QøBý øBïVùj÷fþ � ��ùjûfóÓÿÛú ý��2�fó8ò*÷�øBïVþTþTý�#jò�ôfý¤÷fþÖÿVò6ð*ý¤þRôfò�ôfùj÷f÷fö1ò*þï=÷Qð*ùS�+�fÿ%�5øBò1þ*×
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Algorithme  EM

 (exemple Maximum de vraisemblance)

  

¦¨§u©«ª�¬®�¯±°³²µ´¶¦�·¸©�²g°�¹[º¹[»½¼�¯X¾¿VÀÂÁÃHÁÄÆÅ¥ÇVÃÈÅ[ÄÊÉºËÌÇÂËÌÍNÎuÀÂÇ¶Å¥ÄÊÏÑÐ/Ò-ÇÂËÌÓ³À�Ä�ÔÌÕÖ�× Ø�× Ù É�Ð/Ò-ÇÚÅ¥Ä¶À�ÁHÍNÅ¥ÇÃÈÅ¥ÄÚÛ;Ð³Ó?Ó?ÜuÅ¥ÄÚÍÝËÌÓ-ÞgÒ-Ë�Ó³ÀÂÅ¥Ä
ßàº·k»~áE»½§¥�¹[»½¼�¯

¿VÀÂÁÃHÁÄÆÅ¥ÇVÃÈÅ[ÄÊÛ?Ð/Ó-Ó;ÜuÅ[ÄVÅ¥Ä¶À�ÁHÍâÜuÅ¥ÄvÉ�Ð³Ò?Ç�ËÌÉ-É?ÃÁHÞgÒ?Å¥ÇÊÃ�ËbÉ?Ç¶Ð`ÏÑÜ¥Û-Ò-Ç�ÅÛsãGËÌÉ-É?Ç¶Å¥Ó³À�ÁHÄÂÄ�ËÌä�Å

åæÕÆç
è Ö�× Øé×êÙ¥ë+ìîíÂï ð Õ ç~ñ Ö}ìàòôó8õ ç~ñ Ö½ë«ì÷öBø³ù ï ó Ô ÕÖ�× Ø�×êÙ ë

úvÜ[É�ÜÑÀÂÅ¥Ç

û�Ò-ÄÂÞgÒsãGü�ÏÑÐ/Ó³ý³Å¥Ç¶ä�Å¥Ó-ÏÑÅÝçþÔ Õÿ��Ö�× Ø�×êÙ�� ÔÌÕÖ�× Ø�× Ù ë
Ô Õÿ��Ö�× Ø�× Ù ì å Õ��¶è Ö�× Ø�×êÙ��í Ù	� å Õ � è Ö�× Ø�× Ù
���

�ô\ Z Þ|�� í î è ÿ%#jùjó8ïVøTñ2�Ùò 0�� ��ùjûfóõÿVò �Ný�(¨ï���û2� ôfò � óTý¤ï=þ8ò*�FRQÿçý¤÷fð1ò
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Y �gl fg�����d^_c��4���gW

� è þ�K ï=ÿ=þ8óTûfô yr�sxKy{z � í	��� ë �Ë� è þIK ï=ÿVþTó8ûfô � 0 �}� ��� ý¤óTý¤ÿ=ïVðzK � P  �  � ò5ø�� ñQï=ÿ=ÿVï%�fþ ��O ���]� í	��� ë � 
�! #" ��{%$'& " �)(myH�Ë�+*-, � t/.Ky � �%021 �°{ " ¡=yrt$��3é¡Êx	.my 1 x���x��
x � y  � ò*ó8þTï=ù¤÷ í 546��Û.H� P � � �O ÷�øBò*ÿVÿ=ï�#jò*÷�øH}mp þhøBò*��þ ï ý�R �87 ÷Qï � ò1óTþ8ïVø:p�ù���� ý¤þTñfïV÷2#¤øTùj÷9�'�Gý¤ïVóTôB� í	� T�8��Ë� �dý¤ï=ó8ô �:� !}��� í	� TS8S�  è �2�fÿVï=ð�ý²øBï=ù¤÷fþ�ù�� � ûQÿVøBï��¡ôfï��Ùò1÷fþTïVùj÷�ý¤ÿ�}¨ò�ý óTð>ñ øTù} øBó8ûfð1øTûfóBý ÿ6;�ò�ý²øBûfó8ò O ôfò1÷ øTïG¤�ð*ý øBïVùj÷9 ,+��x<$ �%0 � � ��t'=8>"t$��xm{r�H��{þxKy x�t?(@=	�¦x " {r� " x=xKyBA}x��¦�:yrx)t
CDyz{z�D.�t �u�����t$� ��ý�#jò1þQÃ í î Ã"&E�'�Gý¤ïVóTôB� í	��� ë �Ë� �dý¤ï=ó8ô �F� ð}�!� íG��� ë � !H90 yJI�yéy¢y�K�x�� � 3é¡Êx	.my 1 yªvqyz{r��� �L(myéy 1 x���x��
x � y%M
Noyrx � ����tPO	M-Q 1 £RCE�m¡ 

�'�#S�KUTLVq�XW � 8��S�Ë� �#S"K�TLV � I6EYZ �[W � 8���� �}]\<^/_%`aS�bc\Dd�_ � ^BeETgf�dih2#Z;a^�V è-j \<^�klSU\Dd�_�}N��TgTL_%` 7 hBm
eETLVcbc\<S�hEeEdih2#E O hn1 zoC�z�CDyD(�(�>���yD(Ñz��qp�= � yzyz{ 0 CDyz{z�D.�t �u�����t$� �ES�#�TLb � W°Ã	r � & Ã/�'�#S��B\<d�bX\%S2Ts\�Y j f�KtS�V<S�h6d:�XW � TST��:� �#S��B\<d�bX\%S �Bu BTs\vY j f�KUSUV<S�hEd � YZ � g�XW � TST��  è � d�#�` è _sm
_ j VDS�_�p è f�#�^�Vcdi\<`6kd�w^�VxVcTL_g^S#�hEdo\<d�^�hq^�� � S�hEes�yVcdi\c\<TLh{z j k'TLVDS�f�bg A}x��¨�Ëyrx)t�CHyz{z�D.�t �u�H����t$��aS�#�Tgb!Ã T�8 rsÃ � W��'�#S j k¸�[W � 8 Ã �:� �#S j k ��ï  0 ��XW � 8 Ã �  è h|dihET*� j SUf�di\:p}S�h6e è bDbc^B_gd~SU\DTLe � S�(Bd�k'd6iLSU\<di^�h
��Tg_%`EhEd�� j TE�w^�Vy��Vc^SRaS�REdif�dibc\<di_@; j hE_s\<di^�hEbv^�� � S�V�K�^ � ��VD^/_LTLbcbDTgbL 3rt|yD� " xKy �u���y � �8�g� W�r T �'�#S j k�Tg\ 0 #�^�h �XW ��� 8S�Ë� �#S j k �	ï  0 8Tg\ 0 #�^�h � I6 è ��XW ��� 8S�  è h O hET*� j SUf�di\:pò�ydo\<` è �Bm�Ef�di_GSU\Dd�^�h6b�\D^�bX\%SU\Dd�bc\Dd�_LS�f]TLbc\Dd�kqSU\<di^�h��w^�V���VD^�RaS�REdif�d�bX\<di_�; j h6_g\<di^�hEb�^��?S � SUVIK�^ � �FVc^B_gTLbcb
S�hEe�\<^qSqk'^BeETgfg�w^�V 0 _L^�fi^S#�p� I " y¢y%yr�H�ut �Ëv�� 0 y � ¡=yrx���{þx�t�� x�� 0 yé¡Êx��H��{þxKy�=g�°{é��yr��>��9�a�g�ë � 4
rmë � ë6�'�#S j k�Tg\-��Tg\<Vcd�TS�XW ����� �Ë� �#S j k �Bï  0 �Tg\���Ts\<VDdiT � ��ð�XW ����� � /}/\<SU\<dibc\Dd�_GSUf O hs�wTLVcTLhE_gT/�w^�V
��VD^SRaS"REd�fid�bc\Dd�_Z; j h6_g\<di^�hEb�^��y;�d�hEdo\<T+}/\<SU\<T � S�V�K�^ � _%`aS�d�h6bL � t$t�xKy � �Ëv+� x�� 0 yé¡Êx��H��{þxKy
=	��x��H� � �H��{ � �8���|� W ��� &tr?W � � ë6�'�#S j k�Tg\Q}BTgf�f��XW ��� T��Ë� �xS j k �-ï  0 
Tg\�}BTLfif �
u  P N�XW ��� T��  u Vc^-�v\D`2; j hE_s\<di^�hEb �w^�V���VDS�hEbXm�w^�VDkqSU\Dd�^�hEb�^�h � S�hEdn�w^�f�e6bL A}xm{é� �Û{��$� " x)t�xKy��Ëv�� x�� 0 yé¡Êx����{ � �8����� ÃSÃBW�rsÃSÃ 8 

�'�#S j k�Tg\Q}BTgf�f��XW � 8 4 �Ë� �xS j k �Nï  0 BTs\D}BTgf�f �Bu  P |�XW � 8 4 �  è � S�(BdikqdGiGSU\Dd�^�h���TL_%`EhEd�� j T�@_L_ j VDVDdih2#@dih2\<`ETH}/\<SU\<dibc\Dd�_GSUf è haS�fnpBbcd�b�^"����Vc^SRaS�REdif�dibc\<di_�; j hE_g\Dd�^�hEb�^�� � S�VIKU^ � �x`aS�dihEbL
� t$t�xKy � �Ëv�� x�� 0 yé¡Êx��H��{þxKy�=	��x��� � �H��{ � �a���$� W � &tr8W 8 W�
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�'�xTL_zKUTLV�Ts\:z�S�dik¸�[W ����� �Ë� ��TL_zK�TgVL� è ]Tg\xz�S�dik+������XW ����� �  KBy � CDw � yþx " � Idx�> w � ��yrt �s��Ð��mP � ïBï �]}��a�EVcTLk'd%�LVcT�TLeEdo\<di^�h9�'�xTL_zKUTLV yr�sxKy{z �XW ����� �:� �xTL_zKUTLVg� è i� u TLdi��TLVg�9��o��Tg\�}B_%`aSt �TgVL� è ]�[W ����� �  è-j \<^�kqSU\Dd�_2bcTsm
fiTL_s\<d�^�hJ^�¡�fi^B^��òREVDTLS�K�TgVDb-¡w^�Vv��TLhETs\<di_�f�d�hsKUSU��T�S�haSUf�p/bDdibL�¢ " ¡Êx�t ¢ yrxLyD(K�u��> � ��£ �XW � �'�xTL`ETgd�kµ��Ã�4�46W �Ë� �xTL`ETgd�k�� ï H��Ã�4�4BW �  Qð�°� � wrx=x������t yrt$�¦xLy � yR.K¡=yrt$��x������t yr�?xLyz{z��t$t�xK� � £� x�t|{zy¤(my � {þx�xþxm{r�¦¥rxLy � �¢¡ � x��¢¡=w � (mwR.�x=x�(mw �sF�F`�5��8\<`6TLbDdibL� 7 hEdi§�TLVDbcdi\D¨���d�TgVDVcT¤Ts\ � S�VDdiT� j VDd�TU�'�xTLf�SU©ªe�Tg\H��TLf~St©ªeB�[W ��� Ã �:� �xTgf~SU©Re9� è {Tg\ �xTgf~SU©Re9�+�2 �XW ��� Ã �  CDyz{z��t$t�xK� �
� x�t|{zy«(my �vq��x�¡=y � p-¡=wr� 0 �L(my � yr�}x �Ñ� y ��{þx������t �s O h�\<TLVD��eEdi\Dd�^�h9�'�xTLfif�kqS�hB�XW � ��¬S�:� �xTgf�f�kqS�h9� I6��XW � ��¬S� �1 >"t�xK¡v��{�AðxL�D.�xþxK¡v¡v�ut/. :��VDdihE_LTs\<^�h 7 hEdo§�TLVcbDdo\:p
��VcTLbDbg�'�xTLfif�^�\°��Ã�4�4SÃ �Ë� �xTLfif�^�\L�]�� �¦Ã�4�4�Ã � � " � ����t+(my�(m��t$t|wzy � x�®�yz{@(my � xzw � yþx " � �
x�> w � ��yrt ��� � " xy{x±¡=�L(mwéy � � x��H����tZ(my �-� > � �¦¥é¡=y � (�>"t�xK¡v�)� " y � yr� � ��tÊx �Ñ� y ��{þx������tõyrt��Ëwéy%wé¡=wD(myz{é�ut|y t��`9¯��
\D`ETLbcd�bg� 7 hEdo§�TLVcbDdo\<¨ � TghEVDd���^�d�hE_LS�VD¨�m[z-S�hE_�p°W��'�xd�_zKUTLf�Tg\:��^�K/b j kµ��Ã�4�4BW �Ë� �xdi_zK�TLf��?��/I68Tg\���^SK]b j k��?YZÐ�¦Ã�4�46W �  � x�� 0 yé¡Êx����{þxKy � ��x��� � £�H��{ �sF��VDTgh]\Dd�_gTsm � S�f�f��6eET jB± d%�gkqT�TLe6di\<di^�h9�'�xd�hEe6TLV yr�sxKy{z �XW ��� ¬S�Ë� �xdihEeETgVL�[I6i�/Y:^�f�fiTLVL�]��i� P j bDbDTgf�f��s}??[I6o�BTs\#Y�S�hESKiGSq�xS6�6YZ��XW ��� ¬S� è eES��6\%St\<di§�Tn��VD^SRES�REd�fid�bX\<d�_+z-Ts\:�x^�VIK]bò�ydi\<` � d�eEe6TLh³²�S�Vcd~S�REfiTLbg � xm{ 0 �ut|y�KByþx�x)t �ut/. �
�ES���TLb!ÃBWqë
rsÃU´�´6�'�x^8iLdihE^	§/d�_�Tg\Q}BVcd�`aSUVDd:�[W � T � �Ë� ��^8iLdihE^	§Bdi_��8µ� � 8Tg\Q}BVcd�`aS�VcdR�	}?�z¤��XW ��¶�� � ��� ?mªf�dihET@_ j VXm
bcdi§�Tqbc_LVDdi�6\��x^�VDe·VcTL_L^���hEdi\Dd�^�h� 3 �����¸H xþx�t � xm{r�H����t � ��t6M#A}x��¨�Ëyrx)t � t�xKy¹> � � � x�t?(¨� xK£{ 0 �ut|y:3rt$�:yéy¢y �o.myrt|{zy � �8� � ��¶ r ¶ ë6�'�xV<S�h6eB�XW ��� ¬S�Ë� ��V<S�hEe�� � ��[W ��� ¬S� k�x^ j �EfiTLe � dieEeETLh � S�VDºU^
§ � ^Be6TLf�b{¡w^�V{kq^/eETgf�d�h6�
dih�\<TLVDS�_g\Dd�hE�Z�6VD^/_LTLbcbDTgbL ï TLS�VDhEdihE��S�hEeµ�x^�k'kq^�hJbDTLh6bDT���TL_%`6hEd�_LS�f�µ:Tg��^�Vc\y´�4 � ���x`ETg§US�fid�TLV yr�sxKy{z ��ÃU4�4Së �:� �x`ETg§US�fid�TgVL�m}�o� u TL^U �Vc^�d�bg���vi�/Tg\x��VD»g\DT jB± �B;x���Ã�4�4Së �  è ÃU�¼esp�m
hES�kqdi_��EVD^���V<S�k'k'd�hE�yS��6�EVD^�SU_%`�¡w^�V � S�Vcº�^	§¤V<S�h6eE^�kB¤aTgf�eBmª½aS�bDTge�`ES�hEes�yVcdi\D\DTLh�_%`aS�V<SU_sm
\DTLV:VDTg_L^���h6di\<di^�h9�¾¦h AðxL�°{zyzyD(K�ut/. � �Ëv-3rt$�:yrxrt�x��H����t�xKyFQð��tqvqyrxLyrt|{zy���t�3é¡Êx	.my«x�t?(q=Ì�o.�t�xKy
AðxL�°{zy �
� �ut/.��w3tQ�3%A`� �B§�^�f j k'TEÃB�E�ES���TLb � W � r � Ã � ���x`E^qTs\-Y�dik¸�¦Ã�4�46W �Ë� �x`6^E�2}?®I6/Tg\xY�d�k��¥I6 � |��Ã�4�4BW �  �xS°p�TLbcd~S�hJz:Tg\:��^�VDº � ^/eETLfid�hE�¤^�¡}]\<VD^�º�TLbySUhEel\<`6TLd�Vxµ:Tgf~SU\Dd�^�h6bD`Edi�Eb�¡w^�VM�@hBmªf�d�h6T � S�hEes�yVcdi\<dihE�2µyTL_g^���hEdo\<di^�h99¾¦h AðxL�°{¶z��Ëv� 0 y � � � � 0 3UQ 1 � C �E�ES���TLb ¶�� r � 46���x`E^qTs\-Y�dik¸�¦Ã�4�4Së �Ë� �x`6^E�2}?®I6/Tg\xY�d�k��¥I6 � |��Ã�4�4�ë �  �xS°p�TLbcd~S�hJz:Tg\:��^�VDº � ^/eETLfid�hE�¤^�¡
`ES�hE� j f�_%`aS�V<SU_g\<TgVDb�¡w^�V�^�hBmªf�dihET�`aSUhEes�yVDdo\<dihE�vVDTg_L^���h6di\<di^�h9t¾¦h AðxL�°{zyzyD(K�ut/.��Ëv]� 0 yF=gys®�yrt$� 0
3)t$�Ëyrx)t�x��H����t�xKy�Qð��tqvqyrxLyrt|{zyH��t 1 �°{ " ¡=yrt$� � t�xKy¹> � � � x�t?(@CDyz{z�D.�t �u�����t��w3UQ 1 � C�� �
�aS���TLbÃU4 ¬ rsÃBW�W�



ÝHß)Ý@�oßs���'�@���y��ß a W ¬�¬
���x`E^�dib�p|��ÃU4�4�Ã �:� �x`E^�d�b3p��|��o�¦Ã�4�4�Ã �  � �L(mwéy � � x������t x�t�xKy¹>���)� " y2(my+yD¿ wz{rx��u� " xLy«¡Êx�t " � {rx��u�:y� x�x " t|y � yR.K¡=yrt$��x��H����t �
x � wzy � " xZ(my � { 0 xK¡ � � (my�� x�x<$��t® @��`9¯���\D`ETLbcd�bg� 7 h6di§�TgVDbcdi\<¨
eET¤z�S�h6_�psÃB

���x`E^�dib�pJTs\H�xTLf�SU©ªe ��Ã�4�4SÃ �Ë� �x`6^�d�b3p�����xTg\1�xTLf�SU©ªe�� è ��¦Ã�4�4�Ã �  �x^ j �Ef�S���T�e9À j hETÁ§/d�bcd�^�h
f�^/_GS�fiT��aSUV ���°� Ts\¤��f�^�½ES�f�T2�ES�V�µ-zÂ�?^ j V�f~S{VcTL_g^�hEhaS�dibDbDS�hE_LT'eET'kq^U\<b�kqS�h j bD_gVDdi\DbL
¾¦h Qð��tqvqwrxzyrt|{zy:3rt$�:yrxrt�x��H����t�xKy%y  x=x�t|{z� �a0 ��t|y � " xXyD¿ ÃD{rxé�u�Myr��y%y 1 �°{ " ¡=yrt$� 

���x`E^°�?�XW ��� �S�:� �x`6^-�������YZ]�XW ��� �S� /}/\<SU\<dibc\Dd�_GSUf�¾¦hEeETg��TghEeETLh6_LTJS�h6eP�v`EVcTLbc`E^�f�eÄ; j hE_sm
\<di^�hEbL 3 �����ÅH x=x�t � xm{r�����t � �Ëv � y%yz{r�¦x���{þxKyFQð�m¡ � " �Ëyrx �E�aSU��TLb ��� r ��¶ ���x^/^���TgV°�[W ��� 4 �:� �x^/^���TgVL� u 	;x �[W ��� 4 � ��v`6T�_g^�k'� j \%St\<d�^�haS�f�_g^�k'�Ef�T ± do\:p@^�¡B�EVc^�½aS�½Edif�dibc\<di_
d�h6¡wTgVDTghE_LT j bcd�hE�+�#Sqp�TgbDd�S�h+½?TLfid�Ts¡�h6Tg\:��^�VDº]bL � x)�� �Û{é�HxKy83)t$�Ëyéy¢y �o.myrt|{zy � ��� 

���x^�Vch j ¨[Æc^�fibvTg\ � d�_gf�Ts\-��ÃU4�4�Ã �:� �x^�VDh j ¨¦Æc^�f�bg� è 8Tg\ � d�_gf�Ts\G� ï ���Ã�4�4�Ã �  � �Ñ� xzyrt$�H� �
� x	.my«x�x�£�� �Û{é��yéy�p]{z��t|{zy � � � yr�sxKyÇ.m��x��u� 0 ¡=y �s���p/Vc^�f�fiTLbL
���x^°�xTgf�f�Ts\���S°�ydieB�XW ��� Ã �:� �x^-��TLfifR��µ� u �Tg\2�@Sq�yd�e9� è ���ð�[W ��� Ã � �;8S�bc\�VDTs\<V<SU_g\<di^�hÈ^�¡
Tg§/d�e6TLhE_gT¤dih�S��6VD^�½aSU½Ed�fid�bc\Dd�_-T ± ��TgVc\:b�p/bX\<TLk� =	��x��H� � ��zªQð�m¡ � " � � � �	ë ¬ r/´�4B

���x^8igklS�h �XW ��� ¬S�Ë� �x^KiLkqS�h9��;x$�XW ��� ¬S� ?µy^�½ j bX\<hETgbDb�S�haS�fnpBbcd�b�^U¡g�#Sqp�TLbDd�S�h'hETg\:��^�VDº]b��ydi\D`
f�^/_GS�f�_L^�h�§�T ± bDTs\<b�^U¡�eEdibc\DVDd�½ j \<di^�h9�¾¦hÄÉ�Ê � 0 Qð��tqvqyrxLyrt|{zyF��tË*Bt|{zyrx)��xK�ut$�)>��ut � x)�H� �Û{é�HxKy
3rt$�:yéy¢y �o.myrt|{zy 

�Ç�@S�� j kÌTg\ � ^�Vc§/do\�i��[W ��� ë �Ë� �@S�� j k+�6��ETs\ � ^�VX§/di\�iU�E�vB�[W ��� ë �  è �#Sqp�TLbDd�S�h�S�haS�fnp/bDd�bx^�¡
bDdik j f~St\<d�^�h{S�fi��^�VDdo\<`Ek'b�¡w^�Vvd�h6¡wTgVDTLh6_LT�d�h�½?TLf�diTg¡�hETs\:�x^�Vcº]bLvÍ yr�)Î���x<$ �s� �?� � ��� r ¶ W��Ç��À è k2½6VD^�bcd�^	�[W ��� ë �:� ��À è k2½6VD^�bcd�^E�s�� �[W ��� ë � �¾¦hE_gVDTgkqTgh]\<S�f9�EVc^�½aS�½6d�f�dibc\Dd�_yd�h6¡wTgVDTghE_LTU�¾¦h
Ï � 0 {z��tqvqyrxzyrt|{zy���tÐ*�t|{zyrx)��xK�ut$��>Ê�ut � x)�� �Û{é�HxKya3rt$�:yéy¢y �o.myrt|{zy �6�aS���TLbHë�46Wsrmë�4 ¶ �Ç��À è k2½6VD^�bcd�^	�[W ��� �S�:� ��À è k2½6VD^�bcd�^E�¬��Ð�XW ��� �S�  ï ^/_GS�f�T ± �EVcTLbcbDd�^�hnf~S�hE� j S���Tgby¡w^�V��EVc^�½aStm
½Ed�fid�bX\<d�_:eETg��TghEeETLh6_LT� �$� " x)t�xKyÐ�Ëv � �Ñ� xL� � �¢¡Êx��Ëy@CDyþx � ��t �ut/. �E�ES���TLb � W�r ¶ W��Ç�@S�^ j eEd yr�sxKy{z ��Ã�4�4�4 �Ë� ��S�^ j eEd��EYZo�a;a^�`EVL�6��o�aTg\ è h�\D^�d�hETU�	��B�¦Ã�4�4�4 �  è hETr�ÑS��6�EVD^�SU_%`
¡w^�VJk j fo\<di½aS�hEe³bc��TgTL_%`ÒVcTL_g^���hEdo\<d�^�hÐ½aS�bDTge¼^�h¼�EVc^�½aS�½6d�f�dibc\Dd�_Á��V<S��E`6d�_GSUf�k'^BeETgf�bgÂ¾¦h
3rt$�:yrx)t�x������t�xKyB{z��tqvqyrxzyrt|{zy?��t°= � �	$�yrt+K�x�t/. " x	.my�A�xL�°{zy �
� �ut/.#�w3UQ�=EK�A`� 

�Ç�@S�^ j eEd yr�sxKy{z ��Ã�4�4SÃ �Ë� ��S�^ j eEd��
YZi�
;a^�`EVg�	��o�
Tg\ è h�\<^�d�hETU����m��Ã�4�4SÃ � �µy¨LbcTGS j/± ½aSqp�¨Lbcd�TghEb
��^ j V�f~S@VcTL_L^�hEhaS�dibDb<SUhE_LT:k j fo\<domª½aS�hEe6TLb�eETyf�S��ES�VD^�fiT�8¾¦hqÓ-Ó 36N·¥é¡=yy�	� " x)t|wzy � (�¿ Ãð� " (my� " xXy{x�A}x�xL�my%y 

�Ç�@S�Vc��TLh�\D^�hB�XW ��� ´ �:� �@S�VD��TLh�\<^�h��#��Q�XW ��� ´ �  Qð��t$�¨x��¨� " �H����t¼Ô�y{x � yR.K¡=yrt$��x��H����t yr�ZÔ�y{xxLyz{z��t$t�xK� �
� x�t|{zy�(myVyD¿ wz{rx��u� " xLyÊ¡Êx�t " � {rx��u�Ëy � x�xvyD¿ ��xc(K�ut�x��:y " x ���`9¯���\<`ETgbDdibL��¾[z�} è e6Tï p�^�h9
�Ç�@S�V3�yd�_%`ETS�XW ����¶ �Ë� ��S�V��ydi_%`ET�� è ��XW ����¶ � v�!p/haS�k'd�_xÆc^�dih�\DVDTLTgbLy¾¦hÕÉLÖ � 0 Qð��tqvqyrxLyrt|{zyF��t
*�t|{zyrx)��xK�ut$��>Ê�ut � x)�H� �Û{é�HxKy?3rt$�:yéy¢y �o.myrt|{zy �6�aS���TLb � ¬ r?WG4�´E



W ¬ ¶ Ý!ß)Ý@�oßs�������Z�:��ß a
�Ç�@Sq�yd�eB�[W � ¬ � �:� �@Sq�yd�e9� è a�� �[W � ¬ � � o�x^�hEeEdi\Dd�^�hES�f8d�hEeETg��TghEeETghE_LT�d�hlbc\%St\<d�bX\<di_GS�f8\<`ETg^�V�p�
�$� " x)t�xKyÐ�Ëv � 0 y�CD�t>KxKy9=	��x��H� � �H��{þxKy�=g�°{é��yr��> � ��� ��WsrNëSë6�Ç�@Sq�yd�eB�[W ��� Ã �:� �@Sq�yd�e9� è 8����XW ��� Ã �  è �E�Efid�_GSt\<d�^�hEbv^�¡���TLhETgV<S�f��EVc^��aS���SU\<di^�h�S�f���^�VDdi\D`Ek
¡w^�Vv�EVD^�½ES�½Ed�fid�bX\<d�_-T ± �?TLVc\:b3pBbX\<Tgk+ =	��x��� � �H��{ � x�t?(ÁQð�m¡ � " ��ut/. � � �¬Ã � rNë � �Ç��TL_%`�\<TgV°�[W ����¶ �:� �-TL_%`�\<TgVL�9µ���XW ����¶ �  I " {%$�yr�Dyéy �¢¡v�ut�x������tÈp�x " t � v�>m�ut/.!v)x=xK¡=ysÎ���x<$!vq��x� xL���
x��¶�¢y � � �H��{X�utqvqyrxLyrt|{zy  � ¾¦�«�FVcTLbcbL�Ç��TLk'�Ebc\DTLV yr�}xKy{z �[W � ¬�¬��Ë� ��Tgkq�6bc\<TgVL� è 	��o� ï S�d�Vce9�Gz¤ � o�GTg\�µ j ½Edih9�G��q�� �XW � ¬�¬S�  � S ± d×m
k j k ï d�ºUTLfid�`E^/^Be-¡wVD^�k¼¾¦hE_L^�k'�EfiTg\<T��@SU\%S#§/d~S#\D`ETF� � S�fi��^�Vcdi\<`6k+ �$� " xrt�xKys�Ëv�� 0 y�CD�t>8xKy� ��x��H� � ���{þxKy9=g�°{é��yr�)> � �?Ø ��Wsrmë ¶ �Ç��Tg§/dÙÆX§�TLVq�XW � ¬�¬S�Ë� ��Ts§BdÚÆX§�TgVL�B����XW � ¬�¬S�  CDyz{z��t$t�xK� �
� x�t|{zy-(my � vq��xé¡=y ��� x�xdy{x+¡=wr� 0 �L(my@(my �� y " �¸� xL�°{ 0 y � ®��m� � �ut �s���`9¯��E\<`6TLbDdibL� 7 hEdi§�TLVDbcdi\D¨¤e6T���diTLVDVcT�Tg\ � S�Vcd�TE� j Vcd�T���SUVDd�b#²�¾%�Ç��Tg§/dÙÆX§�TLVq�XW ��¶ ¬S�Ë� ��Ts§BdÚÆX§�TgVL�#����[W ��¶ ¬�� ËµyTL_L^�hEhaS�dibDb<SUhE_LT+eETLbl¡w^�VDk'TLb'�aS�V'f~SPk'¨g\D`E^/eET
e6TLbÁ�6f j b��EVc^B_%`ETgb+§�^�d�bcd�hEbg�¾¦h ,+��x<$ �%0 � � ��t¼=8>"t$��xm{r���{þxKy x�t?(Û=	�¦x " {r� " x=xKy@A¸x��¨�:yrxrt
CDyz{z�D.�t �u�H����t �6�aSU��TLb!ÃBWsrNÃU´E�Ç��Tg§/dÙÆX§�TLV:Tg\-Y�di\c\<f�TgV°�[W ��¶ Ã �:� ��Ts§/dÙÆX§�TgVL�����Ts\�Y�di\c\<fiTLVL�/I6Ð�XW ��¶ Ã �  A}x��¦�:yrx)tÈCDyz{z�D.�t �u�H����tÄp
� � ��x��� � �H��{þxKy � �Ñ� xL�¶xm{ 0/F��VDTgh�\<d�_gT � S�fifR�Ç��Tg§/d�VcTLh�Tg\-�@S�^ j eEd:�¦Ã�4�46W �Ë� ��Ts§/d�VDTgh9� � ]Tg\x�@S�^ j e6dR�/YZ¬��Ã�4�4BW � g}/\<V j _g\ j V<S�f?f�TLS�VDh6d�hE��^�¡
eNpBhES�kqdi_�½aSqp�TgbDd~SUh+hETs\:�x^�VDº]b�dih�bc��TgTL_%`+VDTL_g^���hEdo\<di^�h9�¾¦hæ� *�C�Üx=EA ��� Q ¢��Ç� j eaS�Tg\ � SUVc\-�[W � ¬ ë �Ë� � j eaS6�9µ�8Tg\ � S�VX\G����?�v���XW � ¬ ë �  A}x��¨�Ëyrx)t}Qºy{x �
� � �Û{þx������t � t?(
=g{zyrt|y � t�xKy¹> � � �s�I�^�`Eh°�Ëd�fiT�p{S�hEe_}B^�hEbg�Ç�Ffikqbq�XW ����� �Ë� �Ffikqbg� è ;I6]�[W ����� � ÄH90 yõxLy � xLy � yrt$��x������tâx�t?(Jxzyz{z�D.�t �u�H����t �Ëvõ�:y � � " � �ut/.
0 �)(�(myrt#� x�x<$��t®+¡=�L(myéy �s���`9¯��a\<`6TLbDdibL� 7 hEdi§�TLVDbcdi\:pJ^U¡�} j VDVDTrp u j d�f�eB¡w^�VDe9�Ç�FfikqbvTs\:¾¦f�f�dihE����^�Vc\D`B�XW ��� �S�:� ��f�k'bL� è -I6�Tg\�¾¦f�fid�hE�"�x^�VX\<`9�gI6Û�[W ��� �S�  � ^/eETLfif�dihE����^�fnp�m
¡w^�h]\��EVDdih�\<TLen_%`ES�V<S�_s\<TgVDb��ydi\D` �@�Á� b�S�hEenS{bc`Edi¡Ý\-d�h�§US�Vcd~S�h�\ � S�k'kqdihE��eEd�bX\%S�hE_gT��¾¦h
3tQ 1 � C �B§�^�f j k'TZW��Ç�Ffikqb yr�sxKy{z �XW ����¶ �:� ��f�k'bL� è ÑI6o����Vc^B_s\<TLVg��}�o��Ts\�¾¦f�fid�hE�"�x^�VX\<`9� I62�XW ����¶ � B�v`ETvS�e6§US�h�\<S���T
^U¡ j bcd�hE�'S�h �@�Á� ½aSUbDTLe+S��E�6VD^�S�_%`�¡w^�V#¡)S ± TgeJ��^�VDe+VDTg_L^���h6di\<di^�h9 3�� 1 � C � � ��W ¶ rNë � �Ç;�d�hEh �XW ����� �Ë� ;�d�hEh9�t²2uI6$�XW ����� �  � t(�ut$�¨xL�L( " {r�H����t1�:�@I�x�>�y � �Hx�t Í yr��Î���x<$ �s 7 � ï �FVcTLbcbL�
�6VDTLk'd%�gVDT�TgeEdi\Dd�^�h9�Ç;8^�VDhETrpg�[W � ¬ ë �Ë� ;a^�VDh6T�p�� u ���H�XW � ¬ ë � È�v`ETJ²@do\<TLVc½Ed è f���^�Vcdi\D`Ek+ AðxL�°{zyzyD(K�ut/. � �Ëv=� 0 y
3 ������� � �¬Ã ��¶ rsÃ ¬ ¶ �Ç;8Vcd�TgeEklSUhJTg\-Y-^�fif�TgV°��ÃU4�46W �:� ;aVDdiTLeEkqS�h9�
z¤UTs\�Y-^�f�f�TgVL�
��s��ÃU4�46W � s�xTgd�hE�Q�#Sqp�TgbDd~SUh�S�½�^ j \
z:Tg\:��^�VDº�}/\DV j _s\ j VcT ô è �#Sqp�TLbcd~S�h è �E�EVc^�S�_%`Û\<^b}]\<V j _g\ j VDT°�-d�bD_g^	§�TLV3pÛd�h �xS°p�TLbcd~S�h
z:Tg\:��^�VDº]bg � xm{ 0 �ut|y@KByþx�x)t �ut/. �E�aS���Tgb!Ã�46WsrsÃ/W	46



ÝHß)Ý@�oßs���'�@���y��ß a W ¬ �
�Ç;aVDdiTLeEkqS�h yr�}xKy{z �XW ����� �Ë� ;aVcd�TLe6klS�h���z�o�Fz�SU_%`EklSUh9��¾%i��Ts\q��¨LTgVL����H�[W ����� �  ï TGS�VchEd�hE��#Sqp�TgbDd~SUhPz:Tg\:��^�VDº¸}/\<V j _g\ j VDTZ¡wVc^�k � S�bDbcdi§�T���SU\%S�bcTg\Db�ô9�v`ET+}B�aSUVDbDT+�#SUhEeEd�eESU\<T è fom
��^�Vcdi\<`6k+?¾¦h AðxL�°{¶z  � v)�Ëyzyrt$� 0 Qð��tqv�z���tÛ*�t|{zyrx)��xK�ut$��>��ut � x)�H� �Û{é�HxKyB3rt$�:yéy¢y �o.myrt|{zy��	* � 3�� 

� u TLd���TLV yr�sxKy{z �XW ��� 4 �Ë��u TLdi��TLVg����i��²FTLVcklSB����o}�o��Ts\Z��TLS�VDf��ºI6��XW ��� 4 � +�ym¦bDTg�aS�VDSU\<di^�h`ô
¡wVD^�k|\<`ETg^�VDTgkqb�\D^�S�fi��^�Vcdi\<`6kqbg *Bt|{zyrx)��xK�ut$�)>±�ut � x)�� �Û{é�HxKyt3)t$�Ëyéy¢y �o.myrt|{zy �g�aS���TgbFW°ë � r?WL´ ¶ 

� u TL^� �VD^�dib°�¦Ã�4�4Së �:��u TL^� �VD^�d�bL���y��¦Ã�4�4Së �  � j fi\Ddom¦e6d�k'TLhEbcd�^�haSUfBesp/haSUkqdi_v�EVD^���V<S�k'kqdihE��¡w^�V
bc\<SU\<dibc\<di_GS�f�bDTg��k'TLh�\%SU\Dd�^�h°S�hEeÞVDTg_L^���h6di\<di^�h9�¾¦h AðxL�°{zyzyD(K�ut/. � �Ëv�3rt$�:yrxrt�x��H����t�xKy�Qð��tqvqyé£xLyrt|{zyF��t�3é¡Êx	.my�x�t?('=Ì�o.�t�xKy�AðxL�°{zy �
� �ut/. �B§�^�f j k'TEÃB�a�aS���TLbHë � ¬ r]´�4Së6

� u TL^� �VD^�dib yr�sxKy{z �XW ����¶ �Ë�¤u TL^U �Vc^�d�bg���vi�?I j fif�d~SUh9� è i��Tg\���Tg½aS�TgVc\G�Ð��]�XW ����¶ � l��VD^���V<S�kZm
klSt\<d�^�hPesp/haSUkqdiß j T4ÃUe·�?^ j V2f�S+VcTL_L^�hEhaS�dibDb<SUhE_LTJe9ÀÇd�kqS���Tgb��aSUV2kq^/e2�gf�TLb¤eET � SUVDº�^	§
_GS�_%`6¨LbL���TL_%`EhEdi_GS�f�VcTL�?^�Vc\L�a� u è�à ���#� à �x� è@à u ¾[��

� u TL^� �VD^�dib yr�sxKy{z ��Ã�4�4U´ �Ë�¤u TL^U �Vc^�d�bg�B�vo�$�x`ETs§US�f�diTLVL�N}�o�6Ts\v��VD»s\<T jB± �a;x���Ã�4�4�´ � ���VD^���V<S�kZm
klSt\<d�^�h�esp/haS�k'd�ß j T]ÃU�á�?^ j V�f~S#VDTg_L^�h6haS�d�bcb<S�h6_LTFeET�_GSUV<S�_s\L�LVcTLb�kqS�h j bD_gVDdi\Db��aS�V9_%`ES�kq�6b
eET � S�Vcº�^	§?�¾¦h CDyz{z��t$t�xK� �
� x�t|{zy¤(my �@ ��x�¡=y � yr��3rt$�:yéy¢y �o.myrt|{zy � x)�H� �Û{é��yéy¢y%y 

� u `aS�`EVDS�klSUhEd:�[W ����¶ �:��u `aS�`6V<S�kqS�hEd��q��m�[W ����¶ �  ï TGSUVDhEdihE�y�!p/haS�k'd�_]�#Sqp�TgbDd�S�h�z:Tg\:��^�VDº]bg
¾¦h � (Ñx � �H�Ý®�y�Aðxz�°{zy �
� �ut/.ò�Ëv@=gyD� " yrt|{zy � x�t?( 1 x���xq=	�¦x " {r� " xLy �s�a�aS���Tgb¤W ��¶ r?W � ¬ 

� u d�f�fi^ jB± �XW ��� ´�S �:��u dif�f�^ jB± � � ��XW ��� ´�S �  � d�eEe6TLh � S�VDºU^	§+k'^/eETLfibvd�h�`aS�hEes�yVcdi\Dd�hE��VDTg_L^Um
��hEdo\<d�^�h9 3�� �F1 Ü�N�Ü �6�aS���TLb!Ã � ´trNÃ ¶�¶ 

� u d�f�fi^ jB± �XW ��� ´�½ �:��u d�fif�^ j/± � � Q�XW ��� ´�½ � âµ:Tg_L^�h6haS�d�bcb<S�h6_LTÁe6TÁ_%`Edo �VcTLb'klS�h j bc_LVcdi\<b'�aS�V
kq^/e2�gf�TLbxeET � S�VDºU^	§��EbDT j eE^òÃU�� Q Í��F1��a�ES���TLb�W�W�r?W ¬ 

� u ^�f j k�½Ed�_S�XW ��¶ 4 �Ë�@u ^�f j k2½6d�_�� � ?��/�XW ��¶ 4 �  H x��Hx�t/. " y{x��ËyD(}.�x=x �a0Ñ� �ut � yÇ.m��x��u� 0 ¡v��{
&Ûx=x �a0ÕH90 yz��x�>�x�t?(�ADyrxuvqyz{r�-&Ûxþx �a0Ñ�s è _LS�eETgkqdi_��FVcTLbcbL

� u V<S�hEe6d�eEdiTLV yr�sxKy{z ��ÃU4�4�4 �:��u VDS�hEeEdieEd�TgVL�@;�i�E}6SU½�^ j VDd�h���µ¤o�E} j Tgh9�?��i��Ts\ u dif�f�^ jB± � � ��Ã�4�4�4 �  7 hET�hE^ j §�Tgf�f�TJbX\<VDSU\<¨g��d�TJ�?^ j VZf�À5S�k'¨Lfid�^�VDSU\<di^�hÈeETLb�ÆcT j/± eET��EVDdikqdo\<do§�TLb�e9À j h
b�p/bc\I�Lk'TleET'VDTg_L^�h6haS�d�bcb<S�h6_LTle6TlfRÀÇ¨L_gVDdo\ j VcT�l¾¦h Qð�my¢y%�L� " y�3)t$�Ëyrx)t�x��H����t�xKy  xþx�t|{z� �a0 ��t|y� " xXyD¿ ÃD{rx��u�Dyr��y%y 1 �°{ " ¡=yrt$�d�%Q�3 º�F1 ¿ ã6O�O�O
� �/�aS���TLb�W�W�Wsr8W-Ã�46

� � SUf�f�^ j f�d���Ã�4�4SÃ �Ë�-� SUf�f�^ j f�d��EYZ��¦Ã�4�4�Ã �  *B��¢y � � x��H����tÄ(my+¡=�L(/¥éy%y � ¡Êx�x<$��t®Â��yrt �k� � " x+y{xòxLyé£{z��t$t�xK� �
� x�t|{zy�(my � {þx�x=xm{r�¦¥rxLy � �¢¡ � x��¢¡=w �s�µ-SU�E��^�Vc\#\DTL_%`EhEdiß j T��?�Fz�}B��
� � SUf�f�^ j f�d yr�sxKy{z ��Ã�4�4SÃ �Ë�¤� S�f�fi^ j f�d���YZi� ï d�º�¡w^�VDkqS�hBmË} j fiTLk�� ï o��Ts\+}Bdi��TLfif�T�� � Û��Ã�4�4�Ã �  è
_L^�k'�aS�VDSU\<do§�T@bX\ j eNpJ½�Ts\:�xTgTLh+eETL_gd�bDdi^�h{¡ j bcd�^�h�S�hEeJ¡ j bcd�^�h�eaSt\%S2d�hJkqS�Vcº�^	§/d~S�h��EVcd�h�\<Tge
_%`aS�VDS�_g\DTLVyVDTg_L^���h6di\<di^�h9�¾¦h � {r�Ëy � 3tQ�A�C �8ä j Tg½�Tg_�

� � SUf�f�^ j f�d yr�sxKy{z ��Ã�4�4�ë �Ë�¤� S�f�fi^ j f�d��6YZo� ï d�º�¡w^�VDkqS�hBmË} j fiTLk�� ï o�?Ts\ }/d���Tgf�f�TU� � ��¦Ã�4�4Së � xµy¨sm
bDTLS jB± ½ES°p�¨Lbcd�TLh6b�esp/haSUkqdiß j TLb��?^ j V@f�SlVDTg_L^�hEhES�d�bcb<S�hE_gT�eETLb�_LS�V<S�_s\L�gVDTLb�dikq�EVcd�k'¨Lb:eE¨sm
��V<SUeE¨Lbg�¾¦h &�C �¤H =B3 �a��S�VDdibL



W ¶ 4 Ý!ß)Ý@�oßs�������Z�:��ß a
� � S�k'd�fo\<^�hB�[W ��� 4 �Ë��� S�k'd�fo\<^�h9�¥I6|�XW ��� 4 �  è haS�fnpBbcd�b�^�¡�\<dikqT:bDTgVDd�Tgbxb j ½/ÆcTL_s\v\<^2_%`ES�hE��Tgbvd�h
VcTL��dikqTU �®z � {z��t|�m¡=yr�¦x���{ �s� ��å �	ë � r ¬ 46� � S�k'd�fo\<^�hB�[W ��� ´ �Ë��� S�k'd�fo\<^�h9�®I6��XW ��� ´ � �H �¢¡=y�=gyrx���y � � t�xKy¹> � � �sÐ�Ëd�fiT�p�� � TL_%ºUTLVcklS�h yr�}xKy{z �[W ��� Ã �Ë��� TL_%º�TgVDkqS�h9�a��i� � ^�VX§Bdo\�iU�6�vo�BTs\yz�SU\D`aSq�#SUhEdR�N��|�XW ��� Ã � ���^Um�xS�VceEb�hE^�VDkqSU\<do§�TZT ± �?TLVX\2b�p/bX\<TLk'b=ô���S�Vc\�¾% � yr� 0 �L( � �ËvV�utqvq��x�¡Êx��H����t��utb� yD(myz{é�ut|y �
��� � � 4
r8W	4 � � � TL_%ºUTLVcklS�h yr�}xKy{z �[W ��� ´ �Ë��� TL_%º�TgVDkqS�h9����i� u Tgd���TgVL�t��o��Ts\��x`Edi_%º�TLVcd�hE�6����2�XW ��� ´ �  ï TGS�V[m
h6d�hE�µ�#Sqp�TLbcd~S�hÄhETg\:��^�VDº]b1ô��v`ET1�x^�k2½EdihaSU\<di^�hÞ^�¡yY�hE^°�yf�TgeE��TlS�hEeb}]\%SU\Dd�bc\Dd�_LS�fF�@SU\<S6� xm{ 0 �ut|y@KByþx�x)t �ut/. � �aæ �9W � ¬ rNÃU´�ë6� � d�fieETL½6V<S�hEeB\yTg\ ï d j �[W ��� ë �Ë��� d�f�e6TL½EVDS�hEe6\L�����Ts\ ï d j �	�ç��[W ��� ë � ?���B\<d�_LS�f�VDTL_g^���hEdo\<di^�h
^U¡�`aS�hEes�yVcdi\c\<TLh_�x`EdihETLbcTE�x`aS�VDS�_g\DTLVDb ô6S�e6§US�hE_gTLbvbcd�hE_gT2W ��¶ 4B�¾¦h A}x��¦�:yrx)tµxLyz{z�D.�t �u�H����t �
�ES���TLb!Ã�4 � rsÃSÃ � � � j S�h6�qTs\:�@S�V��ydi_%`ET��[W ����� �Ë��� j SUhE�E�����Tg\Z��S�V��ydi_%`ET�� è ��XW ����� � l¾¦h6¡wTgVDTLh6_LTldih �xTgf�diTg¡
z:Tg\:��^�VDº]b�ô è �EVc^B_gTLe j V<S�f:� j dieET� 3rt$�Hy{z-�$� " x)t�xKy��Ëv � �Ñ� xL� � �¢¡Êx��:y�CDyþx � ��t �ut/.Ñz � �/å �Ã�Ã � rsÃ � ë6� I�S�S�º]º�^�f�SZTg\±I�^�VDeES�hB�XW ����� �:� I�S�S�º]º�^�f�S6�gI6���B}�9Ts\+I�^�VDeaS�h�� � �¾%��[W ����� � �²�S�VDd�SU\<di^�haS�f
�6VD^�½aSU½Ed�fid�bc\Dd�_Zdih6¡wTLVcTLhE_gTJS�hEe·\D`ET�ä � µ#m[���èhETs\:�x^�Vcº8 �	� " x)t�xKyD�Ëv � x)�� �Û{é�HxKy�3)t$�Ëyéy¢y �¢£
.myrt|{zy�CHy � yþx�xL{ 0/� �]æ �	Ã � WsrNë�ÃSÃ/� I�TLf�dihETLº��[W ��� ¬S�:� I�TLfid�hETgº8��;x��[W ��� ¬S�  =	��x��� � �H��{þxKyº¡=yr� 0 �L( � vq��x ��� yzyz{ 0 xzyz{z�D.�t �u�H����t  � ¾¦�
��VcTLbDbg� I�TLhEbcTLhÁTs\±I�TLhEbcTLhB�[W ��� ´ �:� I�TLhEbcTLh9�];xtTg\ôI�TghEbDTgh9��²�$�XW ��� ´ � $�@�6\<diklSUfGÆ j hE_g\Dd�^�h2\DVDTLTgbLa¾¦h
AðxL�°{zyzyD(K�ut/.��ËvF� 0 y É O�� 0 {z��tqvqyrxLyrt|{zy/��tÒ*�t|{zyrx)��xK�ut$��>#�ut � x)�� �Û{þxKy�3rt$�:yéy¢y �o.myrt|{zy ���aS���TLbë � 4
rNë ��� � I�TLhEbcTLhB�[W ��� �S�:� I�TLhEbcTLh9�B;x�²�	�XW ��� �S� ��#S j \<d�^ j b��EVD^��aS���SU\Dd�^�hZdih�½aSqp�TLbcd~S�h'hETs\:�x^�Vcº]bL9¾¦h
AðxL�°{zyzyD(K�ut/.=�ËvQ� 0 y É�É � 0 Qð��tqvqyrxLyrt|{zy���t³*Bt|{zyrx)��xK�ut$�)>v�ut � x)�H� �Û{é�HxKyE3)t$�Ëyéy¢y �o.myrt|{zy �]�aS���TLbëSÃ�ë
rNë�Ã ¶ � I�TLhEbcTLhB�[W ����� �:� I�TLhEbcTLh9��;x�²2��XW ����� �  � tN�ut$�¨xL�L( " {r�H����th�Ë�¸�
x�>�y � �Hx�tbt|yr��Î���x<$ �s 7 � ï
��VcTLbDbg� I�TLhEbcTLh yr�sxKy{z �XW ��¶�¶ �:� I�TLhEbcTLh9�Ð;�}²2o� ï S j Vcdi\þiLTLh�� }� ï o�âTs\ �@f�TLbcTLh9�âYZ¡�XW ��¶�¶ � �xS°p�TLbcd~S�h j �?eaSU\<dihE�Ìdihé_LS j bDS�f·�EVc^�½aS�½Edif�dibc\<di_�h6Tg\:��^�VDº]bê½ pëf�^/_GS�fÈ_L^�k'� j \<SU\<di^�hEbg
Qð�m¡ � zi=	��x���z  #" x�x)� � � �¬Ã ��� rsÃ ¶ ÃB� I�TLhEbcTLhB�¦Ã�4�46W �:� I�TLhEbcTLh9��²2@;xõ��ÃU4�46W �  I�x�>�y � �Hx�t Í yr�)Î���x<$ � x�t?( 1 yz{é� � ����t!&Ûx=x �a0Ñ�s}/�EVDdihE��TLVg�9W ¬�� ;�do¡Ý\<` è §�Tgh j T���z-T�� ��^�VDº{zD�ÅW	4�46WG4 7 } è �a�EVDTgkqd��LVDT�TgeEdi\Dd�^�h�� I�^�VDeaSUhB�XW ����¶ �Ë� I�^�VDeaS�h�� � �¾%H�XW ����¶ �  KByþx�x)t �ut/. �utÒ&Ûxþx �a0 ��{þxKy�� �L(myéy �s � ¾¦�Ì�FVcTLbcbL�
;�di§�TE�#SUk2½EVDdieE��TE�xTgh]\DTLVg� � è 4SÃBWG´ Ã
m<WG´ � ë 7 } è �a�EVDTgkqd��LVDT�TgeEdi\Dd�^�h�



ÝHß)Ý@�oßs���'�@���y��ß a W ¶ W
� I�^�VceaS�hB�¦Ã�4�46W �:� I�^�VceaS�h9� � �¾%	��Ã�4�46W �  &Ûx=x �a0 ��{þxKy[� �L(myéy �s � ¾¦�³��VDTgbDbg�B;�di§�TH�#SUk2½EVDdieE��T�xTLh�\<TgVL� � è 4�ÃBWL´ Ã
m%WL´ � ë 7 } è �a�6VDTLk'd%�gVDT�TgeEdi\Dd�^�h9� I�^�VceaS�h�Tg\D�PTLd�bcb°�¦Ã�4�46W �:� I�^�VDeES�h9� � �¾%�Ts\��PTLd�bcbL�	�Z��¦Ã�4�46W � @��Vc^�½aS�½Edif�dibc\<di_�d�h6¡wTgVDTLh6_LT�
¾¦h &Ûxþx �a0 ��{þxKyg¡=�L(myéy �s � ¾¦�Ñ��VDTgbDbg��;�di§�TE�#SUk2½EVDdieE��TE�xTgh]\DTLVg� � è 4SÃBWG´ Ã
m<WG´ � ë 7 } è � I�^�VceaS�h yr�}xKy{z �[W ����� �Ë� I�^�VceaS�h9� � 6¾%o� u `aS�`EVDS�kqS�hEdR�m��o� I�S�S�º]º�^�f�S6�B��2}�o�6Tg\D}6S j f�� ï EYZ�XW ����� �  è h{dih�\<VD^/e j _s\<di^�h'\D^�§US�Vcd~SU\Dd�^�haSUf6k'Tg\<`6^BeEbF¡w^�V���V<SU�E`Ed�_LS�fak'^BeETgf�bg9¾¦h � xm{ 0 �ut|y
KByþx�xrt �ut/. �/§�^�f j k'T�ë ¬ �E�aSU��TLb�W ¶ ë	rsÃ�ëSë62�#S�k2½EVcd�eE��T�ô � ¾¦�Ò��VDTgbDbg�ÇY�`aS�VcVD^ j ½6d:��ÃU4�4�Ã �:� Y�`aS�VcVD^ j ½6dR�®I6g�¦Ã�4�4�Ã � º� � " (my � (my��:yz{ 0 t �)� " y � (myE{éy{x �
� yé¡=yrt$�@ì�� xK£{ 0 �ut|y � Ô{®�yz{r�Ëy " x ��� " �Ñ� ��x)� �¤í(� � " x�y{x{®�wrxé� �Û{þx��H����t x " �:�m¡Êx��H�)� " y2( " y%�°{ " �Ëy " x :�F`�5��
\<`ETgbDdibL�8�Fz�}B���ÇY�di\c\<f�TgV yr�sxKy{z �XW ����¶ �Ë� Y�do\D\<fiTLVg�ÌI6i� � SU\<Ts¡[� � i�?� j dih9�?µ¤?��	�ço�8Tg\�I6 � SU\%S�bF�XW ����¶ � Û�@h�x^�k2½EdihEd�h6� �xf�S�bDbcdG¤aTgVDbÁ 3 �����îH x=x�t � xm{r�����t � ��t³A}x��¨�Ëyrx)t � t�xKy¹> � � � x�t?( � xm{ 0 �ut|y�ut$�Ëyéy¢y �o.myrt|{zy � �aæ �$ÃSÃ � rsÃ"ë � �ÇY�ÆDS�TLV j fi¡��[W ��� 4 �Ë� Y�ÆDS�TgV j fo¡[� 7 ��XW ��� 4 � �H x��Hx�t/. " y{x��H����t/�Ëv�.�x=x �a0Ñ� £~xKyÇ.m��x��u� 0 ¡ � .K�Ý®Â�ut/. � ¡ÊxKy¢y�Ë����xKy � ��x��Ëy ��� xm{zy ��-TL�6\L?^U¡ � St\<`98S�h6eµ�x^�kq�9Í}B_gdR�6\DTL_%`EhEdi_GS�f�VcTL�?^�Vc\:V[m � 4tm¦4 � TgeEdi\Dd�^�h9�ÇY-^�VDeEd yr�sxKy{z �XW ��¶ ¬S�:� Y-^�VceEdR�aYZ�o� » p/eETLS�bL�|��i�aTs\ � ^�fi\L� � ��[W ��¶ ¬S� ��FVcd�h�\<Tge¸�x`ES�V<S�_s\<TgV
µ:Tg_L^���hEdi\Dd�^�h 7 bDdihE� � S�VDºU^	§ � ^Be6TLf�bgF¾¦h ÜÛt/ï¶�R¥é¡=y�Qð�my¢y%�L� " y'&ÛxLyr� � � �a�aS���Tgb � 4 ¬ r � 4 � � ï S j Vcdi\�igTLh�Tg\Q}B�6d�TL��TLf�`ES�fi\DTLV°�[W ��¶�¶ �Ë� ï S j VDdi\þiLTgh9� ï �}�	Tg\Ð}B�EdiTL��Tgf�`aSUfi\<TgVL��I6
��s�[W ��¶�¶ �  ï ^Um
_GS�f�_L^�k'� j \<SU\<di^�hEb��ydo\<`J�EVc^�½aS�½6d�f�do\<diTLb�^�h���V<S��6`Ed�_LS�f�bX\<V j _g\ j VDTgb�S�h6e{\<`ETgd�VyS��E�6f�d�_LSU\<di^�h
\<^�T ± �?TLVX\-b3p/bc\<Tgkqbg CD�t>KxKy9=	��x��H� � �H��{þxKy�=g�°{é��yr��> �a�aS���TLb�W ��¬ rNÃ ¶ ÃB� ï S j Vcdi\�igTLh yr�sxKy{z �XW ����� �Ë��ï S j VDdi\þiLTgh9� ï $}�o�	}B�6d�TL��TLf�`ES�fi\DTLVL�®I6o�	�x^°�xTgf�fR� u 6µ¤o�ETs\:�@Sq�yd�e9�
�� è !�[W ����� �  AðxL���
x��¶�¢y � � ���{ Í yr�)Î���x<$ � x�t?( �º��� yrx)�¤=8> � �:yé¡ �s }B�6VDd�h6��TLVg�:W ¬�� ;�di¡Ý\<`è §�TLh j TU��z:T�� ��^�VDºJzM�!W	4�46W	4 7 } è �a�EVcTLk'd%�gVDT�TLe6di\<di^�h9� ï S j Vcdi\�igTLhB�[W ����� �Ë��ï S j Vcdi\þiLTLh��	}���XW ����� �  &Ûx=x �a0 ��{þxKy³� �L(myéy �s��xf�S�VDTghEeE^�h+��VDTgbDbL� ï S j Vcdi\�igTLh yr�sxKy{z �XW ��� 4 �Ë��ï S j VDdi\þiLTgh9�]}� ï i�F�@Sq�ydie9� è ���o� ï S�VDbcTLh9�]���z�o��Tg\ ï TLdikqTgVL�
�  u o�XW ��� 4 � -¾¦hEeETg��TghEeETLh6_LT'�EVD^��?TLVX\<diTLb�^U¡FeEd�VcTL_g\DTLe � SUVDº�^	§�¤aTLfieEbL�Í yr��Î���x<$ �s� å8æ �
´ � Wsr � 4 � � ï TL½?^ j Vc��TL^�dib°�[W ��� W �:��ï TL½?^ j Vc��TL^�dibL�/;x��XW ��� W �  � �Ñ� xL�°{ 0 y�¡v� � �Ëy � � " x±y{x�xzyz{z��t$t�xK� �
� x�t|{zy
(my � (m�°{ " ¡=yrt$� � �¢¡ � x��¢¡=w �s���`9¯��6\<`6TLbDdibL�/¾¦hEbc\Ddi\ j \yz�St\<d�^�haS�f8eETLbM}B_LdiTLhE_gTLb è �E�Ef�diß j ¨LTgb
eET ï p�^�h9� ï T°� j h �XW ����¶ �Ë�?ï T°� j h��*�Z �[W ����¶ � ��v`ET � z:¾3}B�·`aSUhEes�yVDdo\D\DTLh�eEd���di\9eESU\%S�½ES�bDTU è §US�dif~S�½6f�T
^�hJ\<`ET ��TL½ÁSU\y`�\D\<� ô à�à �M�M��¯VcTLbDTLS�VD_%`�5SU\c\GÇ_L^�k à p�S�hEh à ^/_LV à k'hEd�bX\ à � ï T°� j h yr�sxKy{z ��Ã�4�4BW �Ë�Eï T°� j h9�?�Zo���x^U\D\<^ j � ï i���xTLh6��d�^E���Zo�2Tg\ � SU �hETLVg�Z��4�¦Ã�4�46W � 
u VDS�eEdiTLh�\cm:�#S�bDTge ï TLS�VDh6d�hE� è �E�Ef�diTLeÕ\<^È��^/_ j kqTgh]\qµyTL_g^���hEdo\<d�^�h9·¾¦h 3rt$�:yéy¢y �o.myrt$�@=Ì�¢£
.�t�xKy�AðxL�°{zy �
� �ut/. �6�aS���TLbHë�4 � rmë � W�
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� ï dih�Tg\-��V j iLe igTLf:�[W ����¶ �Ë�Eï d�h9� �ZETs\-��V j ige iLTgfR� � �I6B�XW ����¶ � �µ:Tgf�Ts§�SUh]\#mª½aS�bcTLe�bDTgß j TLhBm
\Dd~S�f:Tg§/dieETLhE_gTn�EVD^/_LTgbDbcd�hE�Õdih �#Sqp�TgbDd~SUh|h6Tg\:��^�VDº]bLê¾¦hêÉ�É � 0 3)t$�Ëyrx)t�x��H����t�xKy  K � 3%C:=
Qð��tqvqyrxLyrt|{zy �B�aS���Tgb:´�´ � r/´ � 46� � S�_%ºtSqpg�[W ����� �Ë��� S�_%ºtSqp�����]�XW ����� �  è hPdih�\<VD^/e j _s\<di^�hn\<^ � ^�h�\<T=�#S�Vcf�^�kqTs\<`E^/eEbgq¾¦h
KByþx�x)t �ut/.Ú�utÕ&Ûx=x �a0 ��{þxKy³� �L(myéy �s�E�aS���TLb�W ¬�� r1ÃU4�´E � ¾¦�Ò�FVcTLbcbL� � S�eEbcTLhÁTs\-��À è k2½EVc^�bDdi^	�XW ����� �Ë��� S�eEbcTLh9� è  ï /Ts\#��À è k2½EVD^�bDd�^6�N�-|�[W ����� �  ï SKirpl��Vc^Um
�ES���SU\Dd�^�h+S�hEe°¾¦h6eETL�?TLhEe6TLhE_gT'^U¡]�#S j bDS�f�¾¦h6ð j TLhE_gT�@¾¦hÛñ � 0#� " xL� � yþx�tÛQð��tqvqyrxzyrt|{zyõ��t� >m¡+�r�my ��{�x�t?(  #" x�t$��x��H�Ý®�y � �Ñ� xL�¶xm{ 0 y � �Ë�µxLyþx � ��t �ut/.ÁÎ��u� 0 *Bt|{zyrx)��xK�ut$�)> ���aS���TLb�Ã � ë
rë�4�´E� � S�eEbcTLhÁTs\±I�TLhEbcTLhB�[W ����� �:��� S�eEbcTLh9� è  ï 9Tg\�I�TghEbDTgh9��;x?²2��[W ����� �  ï è �¬�è�EVc^��aS���Stm
\Dd�^�h ô è Æ j hE_g\Dd�^�hÛ\<VDTgTÁdih6¡wTLVcTLhE_gTÁS�fi��^�Vcdi\<`6kò½aS�bcTLe³^�hâf~S i�páTg§US�f j SU\Dd�^�h9 � x)�� �Û{é�HxKy
3)t$�Ëyéy¢y �o.myrt|{zy � å �	Ã�4Së
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3)t$�Ëyrx)t�x��H����t�xKy�=B3 � � Qð��tqvqyrxLyrt|{zyF��t 1 x���xm�æ�ut �ut/. �6�aS���TgbQÃ�Ã � rsÃU´�´E� � d�_gf�Tg\°�XW ��¶ ´ �Ë��� d�_gf�Tg\L� ï |�XW ��¶ ´ �  � wr� 0 �L(my ��� �¨x " {r� " xzyéy¢y%y ��� � " x�y{x2CDyz{z��t$t�xK� �
� x�t|{zy�(my �
 ��x�¡=y �s��op/VD^�fif�TLbg� � d�fi��V<S�kµ�XW ��� ë �:��� dif���VDS�k�� � ��[W ��� ë �  CHyz{z��t$t�xK� �
� x�t|{zy�(my � vq��x�¡=y � M�¡=wr� 0 �L(my � t " ¡=wé£x��)� " y � yr�D{z��t$t|y � ����t$t � � �:y �s è Ä�x^�f�d�h�� � d�fi��V<S�k!Tg\Q}B_%`���TLhEº��[W ����� �:�Z� d�f���V<S�k�� � �Ts\+}B_%`���TLhEº8� � Û�XW ����� � +µyTL_L^�hEhaS�dibDb<SUhE_LT
e6T �x^/eETLb+��^�bc\%S jB± �aS�V+µ:¨gbDTLS jB± ��d�S�½�^�f�^�bg Qð�my¢y%�L� " y Í x��H����t�xKy � " x yD¿ � {rx��u�1yr�Úy%y
1 �°{ " ¡=yrt$�d�%Q Íd��1 Ï/ó � � � j VD�6` p|�¦Ã�4�46W �:��� j VD�6` p��]YZ$��ÃU4�46W � E�v`ETD�#Sqp�TgbFz-Ts\F��^/^�f�½?^ ± ¡w^�V � St\<f~SU½9 Qð�m¡ � " ��ut/.
=g{é��yrt|{zy�x�t?('=	��x��H� � �H��{ �s� �8� � � j VD�6` p|�¦Ã�4�4�Ã �:��� j VD�6` p��aYZg�¦Ã�4�4�Ã � �1 >�t�xK¡v��{:I�x�> y � �Hx�t Í yr��Î���x<$ � p9CDy � xLy � yrt$��x������t6M
3)tqvqyrxLyrt|{zy�x�t?(�KByþx�x)t �ut/. F��`95��8\D`ETLbcd�bg� 7 hEdo§�TLVcbDdo\:pJ^�¡o�#S�f�do¡w^�VDhEd�S6�m�xTLVcº�Tgf�T�p�� � j VD�6` p|�¦Ã�4�4Së �:��� j VD�6` p��EYZ���Ã�4�4Së � |�#Sqp�Tgb#hETg\�\<^/^�f�½?^ ± ¡w^�V�kqSU\<f�S�½9 è §US�dif~S�½EfiTv^�hq\D`ET��TL½ÁSU\y`�\D\D� ô à�à �M�M��¯S�dRÇk'di\GÇTLe j8à k j Vc�E`�p/º à �#Sqp�TLb à ½EhEdih�\<VD^6¯`�\<k'fR�$��_s\<^�½?TLV!Ã�4�4Së6� � j VD�6` p�Ts\ � d~S�h �XW ����� �Ë�¤� j VD�E`�p���YZ
Tg\ � d~S�h���}�2�[W ����� �  � ^/eETLfif�dihE� u TghETx� ± �EVcTLbDbcd�^�h
��SU\%S j bcd�hE�q�!p/haS�k'd�_��#Sqp�TLbDd�S�h+z-Tg\:��^�Vcº/bg���TL_%`6hEd�_LS�f�VDTL�?^�VX\G� 7 � �xTgVDº�Tgf�Trp���� è �Ç��S�Vcº{Tg\ ï TLTS�XW ����¶ �Ë� ��SUVDº8� � aTg\ ï TLTU�|}?��XW ����¶ �  è \<V j f�pJÃ
m¦� � d�eEe6TLh � S�VDºU^	§ � ^BeETgf
¡w^�VD�� ?m ï dihET � S�hEeN�yVDdi\c\<Tghµ�x`ES�V<S�_s\<TgVvµ:Tg_L^���hEdi\Dd�^�h9 A}x��¨�Ëyrx)t+CDyz{z�D.�t �u�H����t � ��� ��W ¶ ´ � r
W ¶�� ´E�Ç��TGSUVDf:�[W ��¶ Ã �Ë� ��TLS�VDf��gI6��[W ��¶ Ã � �µ:Ts§�TLVcTLhEe �#Sqp�Tgb�^�hn¾¦h6¡wTLVcTLhE_gTl��hE��dihETLb�ô9��d�bX\<VDdi½ j \DTLe
� d�TgV<S�Vc_%`Ed�_LS�f è �E�EVc^�S�_%`9¤¾¦h A�xL�°{zyzyD(K�ut/. � M �-�:� 3 Í x������t�xKy�Qð��tqvqyrxLyrt|{zy/��t � x)�� �Û{é�HxKy
3)t$�Ëyéy¢y �o.myrt|{zy �B�aS���Tgb�W°ëSë
r?Wqë � 
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�Ç��TLS�VDf��XW ��¶�¶ �Ë� ��TGSUVDfR� I6B�XW ��¶�¶ �  AðxL���
x��¶�¢y � � ���{-CHyþx � ��t �ut/.V�ut�3rt$�:yéy¢y �o.myrt$��=8> � �Ëyé¡ � p Í yr�H£
Î���x<$ � �Ëv�Aôy{x " � �¨�¶y%y:3rtqvqyrxLyrt|{zy  � ^�Vc��S�h�Y�S j ¡wkqS�h9�Ee6T jB± d%�gkqT�TgeEdi\Dd�^�h9�Çµ:S�½Ed�h6TLV°�[W ��¶�¶ �Ë� µ:S�½EdihETLVg� ï �µ���XW ��¶�¶ �  � St\<`ETgklSU\Dd�_LS�f�;a^ j hEeESU\<di^�hEby^�¡ � d�eEe6TLh � S�VXm
º�^	§ � ^/eETgf�bL CHyz{zyrt$� � (�®mx�t|{zy � �ut ��� yzyz{ 0 *�t?(myrx � ��x�t?(K�ut/.�x�t?( 1 �HxKy%�D.�=8> � �Ëyé¡ �s� ��ô �
W ¶ ë
rNÃ�4 � �Çµ:S�½Ed�h6TLV°�[W ��¶�� �Ë� µ:S�½EdihETLVg� ï �µ¤��XW ��¶�� �  è \ j \D^�VDd�S�fF^�h·`EdieEeETgh � S�Vcº�^	§Äk'^/eETLfib�S�h6e
bDTgf�TL_s\<Tge+SU�E�Ef�di_GSU\Dd�^�h6b�dih{bD�?TLTg_%`+VcTL_L^���hEdi\Dd�^�h� AðxL�°{zyzyD(K�ut/. � �ËvQ� 0 y:3 �����x�8õ8õ �¦Ã � �2Ã ��¬ rÃ ¶�� �Çµ:S�½Ed�h6TLV#Ts\�I j S�hE�	�[W ��¶�� �:� µ-SU½Ed�hETgVL� ï �µ��Tg\+I j S�hE�E�B�- � ]�XW ��¶�� �  è hÈd�h�\DVD^/e j _g\Dd�^�h
\<^ � d�eEeETgh � S�VDºU^	§ � ^/eETLfibL CDyz{zyrt$� � (�®mx�t|{zy � �ut ��� yzyz{ 0 *�t?(myrx � ��x�t?(K�ut/.�x�t?( 1 �HxKy%�D.
=8> � �:yé¡ �s� � �E´tr8W � �Çµ:S�kqeES�hET yr�}xKy{z ��Ã�4�4SÃ �Ë� µ:S�k'eaS�hETU�$}�o�E��S�_L^�hETg\L�	��i�$�9S�`E^ j Vg� è o�ETs\:;?S j VDTU� è B�¦Ã�4�4�Ã � è �E�6VDTLh�\Dd�bDbDS���T-hE^�hlb j �?TLVc§/dibD¨@eETgbxk'^Bes�Lf�TgbFeET � SUVDº�^	§q_GS�_%`6¨LbL�¾¦h Qð�my¢y%�L� " y#3rt$�:yrx)t�xK£�����t�xKy  x=x�t|{z� �a0 ��t|y � " xXyD¿ ÃD{rx��u�Dyr��y%y 1 �°{ " ¡=yrt$���%Q�3 º�F1 ¿ ã6O�Otã¶� �/�aS���Tgb � Wsr ¬ 46�Çµ:S�kqTgbD`B�[W ��¶�� �Ë� µ:S�k'TLbD`��]}�Fµ¤H�[W ��¶�� �  è ��TLh6TLV<SUf�d6igTLeá_%`aS�VDS�_g\DTLV'VDTg_L^���h6di\<di^�háS�fi��^Um
VDdo\<`Ek ô è ��V<S��6`Ed�_LS�f9S��6�EVD^�SU_%`9 A¸x��¨�:yrxrtÁCDyz{z�D.�t �u�H����t � �8� �$ë�´ ¬ rmë � 46�ÇµyTL_%`�\-�[W ����� �:� µ:Tg_%`]\L� � E�XW ����� �  �x^�h�\<Vcd�½ j \<d�^�hËöáf�S·VDTg_L^�hEhES�d�bcb<S�hE_gTPe6TÈ_LS�V<SU_g\L�gVDTgb
eE¨L��V<S�eE¨gb{�aS�Vl_%`aSU÷~h6TLb{eET � S�VDºU^
§â_GS�_%`6¨LTLb � �@�°�µ�  � �Lk'^�diVDTÁe6Tn�@� è �Fz�}6� è ��xTLVc��p�m[��^�h]\D^�d�bcT��Çµ j bDbcTLf�f�Ts\:z-^�VX§/d��	�¦Ã�4�4�Ã �:� µ j bDbcTLf�f��2}?BTs\vz-^�Vc§/d��E�/��g�¦Ã�4�4�Ã �  � x)�� �Û{é�HxKy63rt$�:yéy¢y �o.myrt|{zy�p �� �L(myrx)t � �Ñ� xL�¶xm{ 0/F��VDTLh�\Dd�_LT � S�f�f��6eET jB± d%�Lk'T�TLe6di\<di^�h9��}6S�h6� yr�sxKy{z ��ÃU4�4Së �:� }6S�hE�6� ï i��� j ����o����S�hE�6�-�2i�UTg\o�çÍ��`aS�hE�+�¦Ã�4�4Së �  è-j \<^�klSU\Dd�_�bD�?TGStm
º�TgV:VcTL_g^���hEdo\<d�^�h j bDdihE��esp/haS�k'd�_�½aSqp�TgbDd�S�h+h6Tg\:��^�VDº8�¾¦h 3tQ � =a=EA�¿ÚO Ê���}6S�^�hB�XW ��� ¬S�Ë� }6S�^�h9� u Ð�XW ��� ¬S�  � �L(/¥éy%y � � x�x<$��t®Â��yrt � " t �Hyr�H�¶�)(K�¢¡=yrt � ����t$t|yéy �k� � " x+y{xxLyz{z��t$t�xK� �
� x�t|{zy-(my�yD¿ wz{rxé�u� " xzy±¡Êx�t " � {rxé�u�:y 0 ��x � £�y �o.�t|y ���`95��/\D`ETLbcd�bL� 7 h6di§�TgVDbcdi\<¨ � TghEVDd
��^�dihE_GSUVD¨�m�z�SUhE_�p?W���}6S j f9Tg\±I�^�VceaS�hB�[W ��� �S�:� }6S j f�� ï UTg\�I�^�VceaS�h9� � 	�[W ��� ��� 2��^�fi\þiLkqS�hEh�_%`ES�d�hEb�S�hEe � dieEeETgh
� S�Vcº�^	§ � ^/eETLfibLF¾¦hnÍ 3<A�=Ì£�ø ��}B_%`Ek'd�eB\yTg\!}B`ETghE^°p|�XW ����¶ �Ë� }B_%`Ek'd�e6\L�
���Tg\�}B`ETghE^°p��������2�[W ����¶ � s}B^�k'Txd�k'�EVc^
§�TLk'TLh�\<b
\<^�\<`ET�}B`ETghE^°p]mË}B`aSU¡wTgV#S�h6e � j ��d�hqS�VD_%`Edo\<Tg_g\ j VDTLb�¡w^�VF_L^�k'� j \Dd�hE�¤klSUVD��dihaS�f�bg � x)�H� �Û{é�HxKy
3rt$�:yéy¢y �o.myrt|{zy �B�ES���TLbHë�Ã"ë
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