
HAL Id: hal-00508471
https://hal.science/hal-00508471v1

Submitted on 4 Aug 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Morpho-syntactic post-processing of N-best lists for
improved French automatic speech recognition

Stéphane Huet, Guillaume Gravier, Pascale Sébillot

To cite this version:
Stéphane Huet, Guillaume Gravier, Pascale Sébillot. Morpho-syntactic post-processing of N-best lists
for improved French automatic speech recognition. Computer Speech and Language, 2010, 24 (4),
pp.663-684. �10.1016/j.csl.2009.10.001�. �hal-00508471�

https://hal.science/hal-00508471v1
https://hal.archives-ouvertes.fr


Accepted Manuscript

Morpho-syntactic post-processing of N-best lists for improved French automatic

speech recognition

Stéphane Huet, Guillaume Gravier, Pascale Sébillot

PII: S0885-2308(09)00070-9

DOI: 10.1016/j.csl.2009.10.001

Reference: YCSLA 434

To appear in: Computer Speech and Language

Received Date: 9 July 2008

Revised Date: 14 August 2009

Accepted Date: 22 October 2009

Please cite this article as: Huet, S., Gravier, G., Sébillot, P., Morpho-syntactic post-processing of N-best lists for

improved French automatic speech recognition, Computer Speech and Language (2009), doi: 10.1016/j.csl.

2009.10.001

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.csl.2009.10.001
http://dx.doi.org/10.1016/j.csl.2009.10.001
http://dx.doi.org/10.1016/j.csl.2009.10.001


ACCEPTED MANUSCRIPT 

���������	��
��������������������������
��������� �!�"�#�	$%��&(')
+*,� ���.-/�0�����
&1���2�034�	���657� 8:9���� �	�;�:�7<��!�73%�=�������"�,�>� �;�

��� ���7$����/�!�0���
?

?"@#ACB�D;EGF�HJILK�HM@
1 NPO K�QSRTRSEUK�VWH O�X EZY�QTH X ∗,2 N\[ EG]#^CEUR_H,?!Aa`�QTRTR_bG@ 3

cedPcgfZh�i�j"k#l�man1o6prqts�qek#n1u v_qwnri;x1y1z|{M}7dPqw~Z~q�o7j�q�p1qe�0i"�+�ek#~+��q

�7�����/�0�M���
���0�1�	���Z�g�#���0�e���7�e�C���������e�����#�#�Z� �e���#�¢¡¤£>¥1¦t§��e�M�e�g�w���>�g�|¨ �	�0�	�e�Z���g�#¨����M�g�#�1�M�a�w�©���e�ª�#�
« ���|�e���#�a�0�e�����t�0� « ¨ª�0�Z�#�C���r�6��� « �|¨��P�g������¬1�>� �1�g���#�����#�M���� �M®¤�0�e�7�0�e���#�L�0¯C�#�Z��¨ª�0�M���a�0�r�#°
±T���Z¨ ���|� �e¨���²r���0�e�Z�Z�#¨��#���7�0� « �e���g��³��0�g�P�g�6�>�|�|�e���0� ���w³�g�|�1���|� ¯� «M« � « �����e�a�\¨ª�0�M���C���r�
��� « �|¨��´¯Z�M�=�e�a�7�e�ª�e�Z�Z���g�=�0®��e�Z���µ¨ � �Z�#�Z���e�e����¬�Z��¶\¨�� « �������´�Z�#���w³�Z¨��#� �g� « °"·;�M���´�C�0�+�|�
�e�e� « �ª�|���e�a� �Z�g� �0®"���#�e�M�a��¸T�e�����0�|�e����¡¹�	¥M§;���®¤�#�e�7���e�ª�0�L� ���´�������¸T�M�g�1�|���g�e� �Z���e�����r�6�0®
�0��£>¥1¦º�e�M�e�g�w�»²+¯1�L�g�|�#� « �w�e���M�L¼P¸_¯C���e� ¨ �ª���g�/°½��#�g�¾�g�|�1�g�|�a�|�=��1��0���a���e��� ���t¿a�g�e�t�C�0�e��¸
�0®©¸T�e����|�g�����0�#�r� « °Z£W���0�e�Z�Z�0¸T�e��r���#�|�e��� �g���0�g���ª�\���0���Z�M�g� « ��À1�|���e�Z�����0���g��Ár�a�|�Z����¶\� �e�
��¨��#�Z�0¸T�e�C�0�»¨ª�0�Z�#�C�0���6��� « �|¨��0� « ���0�´¯Z� �a� « �g���e�Z�´�#���0�a�e�e���´��� « ¶;�0� « ¸_¨��|À1�|¨G¨ª�0�M���C���r�
��� « �|¨G�e���#�g���/°·;�Z���\�a�w¶Â�g�w��g�|�Z���w¸_¨��|Àr�|¨G�g���0�g�t�ª��¿Z�C��¨�¨ ���Z�g� « �g�´�g���g���#�g�>¼P¸_¯+���e�;¨ �ª���g�\¯1�
�g�|���0�M¬� �Z�	�#�����0�a�g�|�Z�e�a��°"½�³��|�e� ���|�r�g���#�,��Ãa�g�|�Z�g�,¯M�g�r� « �/�0�e���a�|¶P�´���#�e¬��e�a��¶Ä�e�a�0�
���#�e�M�a�0¸T�e�1����0�|�e�ª��¬1�a�/¶\¨ª� « �r��� ���M�g��Àr�����e�Z��¶;�#� « �w�e�g�#�����0�g�>�0� « ���0�M¿ « �|�Z�������/�0�e�Z�g����°
±T�=�C���e�e�ª�|�M¨ª�0�/²�����¶\�#�"�#¯Z�g�|�eÀ1� « �e�C���!�e�Z�\�|�e�g�#�g�!���0�e�g���|�g� « �0�g�;�a�0���0�Z¨ �=�0�#�g���|���|�1���|�e�g�#�g�
�0� « �|�e�g�#�g�P�0�Å�e�a�0�e�;�����0�=�7�0�e���/�0¨U¶;�#� « �;¯Z�Z�P��¨ª�e�=�#�e�Z�|�P�|�e�g�#�g�\�#��¨ª��³M���/�0¨¶��#� « �P¶\�Z�|�g�
�e�a�>�r��+�#�e�a�|�e��Æ�� « ¨��|���7�´¶\�#�\��� « � ¿C� « °

Ç=qwÈ7É�Ê#�ep�o/Ë��e�C���������g�����#�#�Z� �e���#�U²C���0�e�Z�Z�0¸T�e��r����³²Z��������� �Z�Z²C�|�#�M¿ « �w�a��� ���/�#�e�M�g�

? ¥1�#���´��®��e�Z�6�7���g�|�e�ª�0¨��Z�g���g�w��g� « �a�|�g�6¶;�0���Z�g�|À1�ª�0�a�e¨ �Å�M�Z¯M¨ �ª�e�Z� « � �L���#�®_�w�g�|�a��� �Z�g�0¸����� « ���M�r�´¡¹Ì��Z�|���|���0¨_° ²CÍ#Î�ÎrÏ#§\�0� « ¡¹Ì��a�|�P�|����¨_°�²aÍ�Î�Î#Ðr§w°
∗ Ñ �#�e�e���e��0� « ���M���0�M�e�a�0�/°Ò�l�k0v©u�k�prp#��q�o�o�Ë�Ó�ÔCÕ#Ö1Ö1×0ÔrØaÙ"ÚTÓ�ÛZ×#ÜaÕ�Ù#ÛÝZÕ/ÛCÕrÞ�×"ÚTßrÛ�¡_à��M��¨ ¨ª�0�M���=à�����À1���|�w§w°
1 Ñ �M�e�g�|��e¨ �»���P�e�a�>át±S¦�âã¸�ä��Z� Àr�|�e�e���gå « �>�L�0��e�gå/��¨
2 Ñ ¼�¦t¥
3
±S¼>¥1£ « � ¦��|��a���

æ"ç|è�éaçeê ëì�í�îaï0ð�ê_ìeìSè|ñLìSò6ó"ôªíwè�õ�ê¹ègç ö�÷6ø´î0ùCî#í/ì�úMû#û#ü



ACCEPTED MANUSCRIPT 

ý þ0ÿ��������	�	
�����Gÿ

��������������������� �"!�#�$%�"#&�(')���*���+�-,/.	01�324�����5$����6��7+!8���+�:9�$�������!<;=��$�;>�&'?�";>7+9(��@A����9>B
����9���#&!*7C;>7 ��!D,E(F�G=2H��IJ��;>��')��KMLNB�7+�POJ7+!��Q�"RS'?�J���6� �H7+�)��9��&!<T&�6!�7+��!&;)UV�WIX;>�Y7+!��
;>�����*$*9��1O<!��WU4�+���*#&�1���A�&$�;);>B*�1� �"!�#�$%�"#&�Z;>B%�"!�O<�);>�Y��;3��;>7+��;>7+9����V')�6;>B*���*�)�������6�
�&!Q;>B*�1R����[<$*��!�9\I]�"R^�<9�9�$*������!*9��8��R^���6[J$*��!*9����?��R=U_��������Ka`4�WUV�6T�����bM;>B*�����8.	08�
�&!*�+Ic7+!*��7+����9\;>�CIY;3�"O��?7 !<;>����9�96�&$*!<;dB*7+#&BJ���+�6T&�6�M� 7+!*#&$*7+��;>7C9?7+!�R/����'Z�W;>7C�&!����%�&$�;H;>B*�
�e�"!�#�$���#&�"b%U4B*7+�+�-'?�����H�\f�@*� 7+967+;S�+7+!*#&$*7+��;>7C95OJ!*��U4�+���*#&�-9��&$*�+�g�A�H7+!*9��+$*�����:bA7+!�@����h�
;>7+9�$�� �"�V'?����@�B*�&�+��#"Ii�"!��1��IJ!<;3�Wf:K%LNB*�Vj��&7+!J;V$����5�"R	;>B��6���5;�U_�?O<!*�WU4�+���*#&�5����$���9����
;>�)7+'?@*���WT&�=;>�>�"!���96��7+@*;>7+��!17+�V;>B*�(R�J96$��4�"Rk;>B�7+�N@���@%����K
E=�(�Z@*�����+7+'?7C!�����Ii��;>$*�*I8;>�Z')��;>7CT"�";>�5;>B*7+�SU_�&��OAbAU_�d�"!%�"�+IJl��6��;>B*�H;>�>�"!���9���7+@*;>7+��!
�����������=�&!Y�Zm�nZ')7 !<$�;>�-�\f�9�����@�;5�"Rao%���6!�93Bg�*���<�"��9��"��;^!*�6U4�(7+!8�&���*���S;>�Z[J$���!&;>7+l��
;>B��(@A�";>��!<;>7 ����#<�"7 !i$���7 !*#dO<!��WU4�+���*#&�5�"����$*;4��IJ!<;>��fp�&�N'?����@*B���� ��#�I�K�LNB*�5�\f�9�����@*;
UV���M;>�>�"!���96��7+�A���)$���7 !*#-�(q���#&�>�"'r� ��!*#&$���#��V'?�J���6�%�"!��)�\f*B*7+��7C;>�M�=UV�&���)�6�����&�M���";>�
,e�tsMG=2u��Rwv�xJK yazZKJLVB��4{�����;V�&�*�����hT"�";>7+��!?;>B��";a9���!Z�A�S'?���*�47+�a;�B%��;a���6T&�6�>���A@�����;>�
��Ra;>B*�d;>�>�"!���96��7+@*;(U_�6���)!*��;-�hI�!&;3��96;�7 9����+�CI�96�&������9\;�b������������5��!c��B*�&��;5#&�>�"'?'?��;>7C9��"�
U_�&���*�5�A��7+!�#p@%�"��;>7+9�$*� �����|I8R����[J$*��!&;P���=;>B��6IY9���!�96����!c'?�����H;>B���!c�&!*�d��$*;5��RM{*T<�
����!<;���!�96���

4
K}LNB*�Z')�&��;5@��������+��'?�";>7+9PU_�����*�-UV�����);>B��?��$Jf*7+�+7 �"��I�T&�6���XR/����'?�=~<���3b

~J�"�����(�"!��?~��3�\���3b�;�B��(@*����@A�&��7+;>7+��!��a~&�<�"�*���>b<~<�6�%�>bJ~&�J�6�^��!*�i~&���3bJ;>B��^9��&!�j�$�!*96;>7+��!��
~J�6���3b�~<�"���i�"!��X~<�6�%�6�i��!*��;>B��Z�*�6;>����')7+!������-~��+�3���>b�~&�J�>���3b:~J�3�>���Z�"!��X~����3���3KkFJ��9\�
�&!*���CI&b&��#�������')��!&;M�������&���M��9�9���$�!&;MR�&�Vv�v&K xuz���R%;>B*�4������������b"U4B������N;>B��N����9���#&!*7+;>7+��!
B<IJ@��";>B��6��7+�u7 �w�"!dB*�&'?��@�B*��!��V�"R%;>B*�N��9\;>$%�"��UV�����:bA���|�&�&�^96�&!�R$���7+��!P�A�6;�UV����!H~J�3�\�/��
� �"� �\�M��!*�5�J�3�\�/� � ���+�3�6�3K�`S�WU_�6T&���6b"����'?�u��R�;>B*�����a�������&���k�����uT�����I5�*7C�?9�$*�C;�;>�S9���������96;�b
@%�"��;>7+9�$*�e�"���|Ii;>B*�&���-;>B��";=����[<$*7 ���5;>�Z���6���&�CT&�P��!���@*B����>�?���4;>�?����;3�"���+7+��Bg�*��@%��!*���6!��
9�7+���^�A�6;�U_���6!X�*7+��;3��!&;^U_�&������K:LNB*�d@%����9��6!J;3�"#&�P��RM�����������^���6�e��;>����;>�i��#&���6��'?�6!<;(7+�
��;>7+� ����K+vkz�UNB���!Z���&�+���CIP9��&$*!J;�7 !*#-#���!*�����V�"!��?!J$*'P�A���_�"#&�����6'?��!&;_�����������M;>B��";a9��"!
���Z9��&������96;>�6�Q�<IX9��&!*��7+���6��7+!�#8U47C;>B�7+!X����!&;>��!*9��p����� �";>7+��!��6b}U4B*7+93B�9��&��������@A�&!*���H;>�
v&KCvN@A�&7+!<;u7+!H;>B��V�tsMG5K�LNB*7 �u�"!%�"�CI���7+�w��R%;>B*�N�����������u9��+�������+I-��'?@*B�����7+l����w;>B��";u')�&�h�
@�B*�&�+�&#"IY��!*�X��IJ!J;>��fX�����dT"���+$����*�+�dOJ!*��UN� �6��#��?����$���96���-;>�19���������96;5;�I�@*7 9����u�������&���
��Rw��!1E(F�G���I���;���'��"!��i;>B%��;4;>B*�(;�U_�Z�"���(B*7+#&B*�+IZ7+!<;>��7+9���;>���:K
��!1;>B*7+�VU_�&��O%b�U_�5@����&@A�&���-�d!��\U�'?�6;�B��J�p;>�^jh�&7+!<;>�CI?7 !*9��+$*���^OJ!*��U4�+���*#&�5��!1')�&�h�
@�B*�&�+�&#"Ii�"!��p��IJ!<;3�Wf87+!p�����*���V;>�d7+')@����WT&�=;>B*�^UV�����1�6�����&�N�>��;>��K��u���6TJ7+�&$*�N��;>$��*7+���
B%��T<�-�"� ��������Ii96�&!*��7+���������8')�&��@*B*�&�+�&#"I&K*o%���N7+!���;3�"!�96��b*;>B��($����(��Rk��$*����UV�������-,/�($��
��7+'?�(�6;V�"��KCbJ�"n&n&�&2k�&�M�"R}�(���6;_��R�R����;>$����6�^,e�M����#�IJ��7%�6;_����KCb<��n�n�qJ23b<7+!*��;>�����)��R�U_�&�����
���a������7+9S$*!�7C;>�uR�&�ME^F*G5b<�+�����*�M;>�H�5�����*$�96;�7 ��!?�"R:;�B��S�tsMG�R�&�a�"#&#��+$*;>7C!��";>7|T<�V�e�"!��
#&$���#�����b�U47C;>BX�i�*�>��'?�";>7+9H���6��$*96;>7+�&!Y�"R_�&$�;�����R ��T&�J9��"��$*� ����I1U_�&���*��K}`S�WU_�\T<���6b�;>B*�
7 !*9������������Q!<$�'P�A�6�d��R4$�!*7C;>�P7+!Q�g���6#&'?�6!<;d@����\T&��!<;>�d;>B*�����p'?�\;>B��<���HR���&' $���7+!*#
.k01�=U47C;>Bg�Z�+��!�#Z��@%�"!YB*7+��;>�&�hI&KA��!*R����'Z��;>7+��!����A�&$�;^��I�!&;3��f�UV�"�(���+���Z@����6TJ7+�&$*���CI

4 ¡k¢g£(¤|¥�¦J¥h§d¨�©NªC«�¬&W¦�«6�§W®w«�¯J«�°�±5©e°h¨�£³²"§3´>±�¤|¨�¬�µi¶u·<§>°h§?±�·<§?¥h§�W£5§>¬�±�«�±�¤|¨�¬X¯<°h¨�¸<ª|§>£
¤C¥5¹&¤|¥h´>¦<¥h¥h§3¹%®�±�·<§)±h§>°�£»º/¥h§>¬�±h§>¬<´3§�¼d¤C¥^¦J¥h§3¹Y¤½¬c±�·&¤|¥5¯�«6¯�§>°5±h¨p¬J«�£5§?«i¶k¨�°h¹c¥h§3¾�¦J§>¬<´3§
¹<§>ª½¤½£(¤½±h§3¹)¸�¢d«�´3¨�¦J¥�±�¤|´4´>¦<§3¥M°�«�±�·<§>°M±�·�«6¬)ª½¤½¬<W¦&¤|¥�±�¤C´N´3¨�¬J¥�¤C¹&§>°�«�±�¤|¨�¬<¥\¿

�



ACCEPTED MANUSCRIPT 

À�Á*Á�Â�ÁdÃ>Ä(Ã>Å*ÂNÆ(Ç�È]É�Ê�ÄJË�Â�Ì�ÌaÃ�Å�Ê�Ä�Í�Î�ÅdÃ>Å*Â4Í*Ì�Â4Ä�Ï�À(Ì�ÐJÑJÃ3À"Ë6Ã>Ò+Ë4À"Ñ%À"Ó+ÐJÔ�Â�ÊwÃ>Ä(Ë�Ä&Ñ*Á*Ò+Ã>Ò+Ä�Ñ
É�Ê�Ä�Õ%À"Õ�Ò+Ó+Ò|Ã>ÒCÂ�ÌaÄ�Ï	Ö	×1Ì5Ø�Ù_Å�Â6Ó Õ�ÀPÀ"Ñ�ÁpÚ�Â6Ó Ò+Ñ*Â�Û%Ü�Ý"Þ&Þ�Þ<ß\àJáSÂ6â�Â�Ê�Ã>Å*Â�Ó+Â�Ì�Ì�Ü�Ã>Å*Â^Ë�Ä�Ñ�Ë�Â6É*Ã>Ò+Ä�Ñ
Ä�ÏNÊ�Ä�Õ�Í*Ì�ÃPÌ�ÐJÑ<Ã3À"Ë6Ã>Ò+Ë?É%À"Ê�Ì�Â�Ê�Ì-ÏÄ�Ê-Ä�Ê>À�ÓMÁ*Ä�Ë�Í*ã?Â6Ñ<Ã>Ì-Ì�Ã>Ò+Ó ÓuÊ�Â6ãZÀ"Ò Ñ*ÌHÀ1Á�ÒCä)Ë�Í*Ó+Ã5Ò Ì�Ì�Í�Â"à
×�À"Ó+Ã�Â�Ì�Â5À"Ñ�Á1×�À"Ñ�Ë6Ò Ñ*ÒuØhåWæ�æ<Ý�ßMË�Ä&Ñ*Ì�Ò+Á�Â6ÊVÕ�Ä"Ã>Åpã)Ä&Ê�É*Å*Ä&Ó+Ä&Î"ÐZÀ"Ñ�ÁiÌ�Ð�Ñ&Ã3À�çpÊ�Â�ÓCÐJÒ Ñ*ÎPÄ�Ñ
Ã�èVÄ1Ó À�Ñ*Î&Í�À�Î�ÂHã)Ä�Á*Â�Ó+Ì�Ü�Ä&Ñ*ÂdÄ�ÑcÓ+Â�ã)ãZÀ�Ì(À�Ñ*ÁYÄ�Ñ*Â)Ä&ÑgÉ�À�Ê�Ã>Ìhé�Ä"Ï é�Ì�É�Â6Â�Ë3Å�Ø/êaë5Ç*ß\à:ì�Ñ�é
Ã>Â�Ê�ÉAÄ&Ó À"Ã�Ò Ñ*Î?è_Ä�Ê�ÁJé�Ó Â\â&Â�ÓwÓ À�Ñ*Î&Í�À"Î&ÂHã)ÄJÁ*Â�Ó+ÌSè4ÒCÃ>ÅgË�Ó À�Ì�Ìhé�Õ�À�Ì�Â�ÁcÓ À"Ñ�Î�Í%À"Î&Â-ã?ÄJÁ*Â�Ó+Ì^Ä�Ñ
ã?Ä&Ê�É�Å*Ä"é�Ì�ÐJÑ<Ã3À"Ë6Ã>Ò+Ë4Ë�Ó À"Ì�Ì�Â�Ì^Ø�×8À�ÓCÃ>Â6Ì�ÂSÂ6ÃVÀ�Ó�àCÜ<Ý�Þ�Þ*å�ßkÒ+ÌaÀ"Ñ�Ä"Ã>Å�Â6Ê_Â3ç�À"ã?É*Ó+Â4Ä�Ï�Ã>Å�Âuí�Ä�Ò+Ñ<Ã
Í�Ì�Â5Ä�ÏkÕAÄ"Ã>Å1Ó Ò+Ñ*Î&Í*ÒCÌ�Ã>Ò+Ë^Ê�Â�Ì�Ä�Í�Ê�Ë�Â�Ì�à

î ÂiÉ�Ê�Ä&ÉAÄ&Ì�Â1ÀgÑ*Â6è»À�É*É�Ê�Ä&À�Ë3Å�Ã>ÄYÒ+Ñ�Ë6Ó Í*Á*Âiã)Ä&Ê�É*Å�Ä�é�Ì�Ð�Ñ<Ã3À�Ë\Ã>Ò+ËcØ�×�Ç�ß-Ò+Ñ*ÏÄ&Ê�ãZÀ"Ã�Ò+Ä"Ñ
Ò ÑpÀPÉAÄ&Ì�Ãhé�É�Ê�ÄJË�Â�Ì�Ì�Ò Ñ*ÎdÌ�Ã>À�Î&Â^Ä�Ï	Ì�ÉAÂ�Â�Ë3Å8Á*Â�Ë�Ä<Á�Ò+Ñ*Î�Ü*Õ<ÐZÊ�Â�Ä�Ê�Á�Â6Ê�Ò Ñ*Î)áVé�Õ�Â�ÌhÃ4Ó Ò+Ì�Ã�Ì�à%ë=Í�Ê
ã?Â6Ã>Å*ÄJÁ�Ê�Â6Ó Ò+Â6Ì-Ä&Ñ�É�À�Ê�Ã>Ìhé�Ä"Ï é�Ì�É�Â6Â�Ë3Å:Ü	è4Å�Ò+Ë3Å�Ò+ÑXÄ&Í*ÊHË�À"Ì�ÂpÀ"Ê�ÂZÎ�Ê>À�ã)ãZÀ�Ã>ÒCË�À�ÓuË�Ó À"Ì�Ì�Â�Ì
Ø>ï�ð½ñ<ð%â&Â�Ê�Õ:Ü:Ñ*Ä&Í*Ñ:Ü�É*Ê�Â�ÉAÄ�Ì�Ò+Ã�Ò Ä�Ñ:à+àCà ß4À�Ó+Ä�Ñ�Î)è4ÒCÃ>Ågã)Ä&Ê�É*Å�Ä�Ó+Ä&Î"Ò Ë�À�Ó�Ò+Ñ*ÏÄ�Ê�ãZÀ�Ã>Ò+Ä"Ñ 5 à�òNÅ*Â
Ò Á*Â�À(Ò Ìwó�Ê�Ì�ÃaÃ>ÄHÀ"Í*Ã�Ä&ãZÀ�Ã>ÒCË�À"Ó Ó|Ð-Ã>À�ÎHáNé�Õ%Â�Ì�Ã_Ó+Ò+Ì�Ã>Ì�Ü"è4Å*Ò Ë3ÅZÀ�Ó+Ó+ÄWèNÌuÃ�Å�ÂSÁ*Ò+Ì>À�ãHÕ�Ò+Î&Í�À"Ã�Ò+Ä"Ñ
Ä�ÏaÂ�À"Ë3ÅYÅ<ÐJÉ�Ä"Ã>Å�Â6Ì�Ò+Ô�Â�ÁgèVÄ&Ê�ÁYÀ�Ë6Ë�Ä&Ê�Á�Ò+Ñ*ÎZÃ>ÄiÒ+Ã�Ì5×gÇ�Ë�Ó À"Ì�Ì�à�Æ=ÓCÃ>Å�Ä�Í�Î�Å�Ã�Å�ÂdÊ�Â�Ì�Í*Ó+Ã>Ò+Ñ*Î
Ò Ñ�ÏÄ&Ê�ã?À"Ã>ÒCÄ�Ñ)Ò+ÌMã?Ä�Ê�Â4Õ%À"Ì�Ò+Ë4Ã>Å�À�Ñ)Ã>Å�ÂSÄ�Ñ�Â4Ò Ñ*Á*Í�Ë�Â6ÁiÕ&Ð?Ì�ÐJÑ<Ã3À"Ë6Ã>Ò+ËSÉ�À�Ê�Ì�Â6Ê�Ì�Ü�ÒCÃaË�À"ÑZÕAÂ
Ê�Â�Ó+Ò À�Õ*ÓCÐiÒ+Ñ*ÏÂ�Ê�Ê�Â�Á8Õ<Ð8À�Í�Ã>Ä&ã?À"Ã>Ò+Ë^Ã3À"Î&Î�Â�Ê�Ì�Ü%Â6â&Â�Ñ�Ä&Ñ8Ì�É�Ä�Û�Â�ÑgÁ*Ä�Ë�Í*ã?Â6Ñ<Ã>ÌSèNÒ+Ã�Å1Ã>Ê>À"Ñ�é
Ì�Ë�Ê�Ò+É*Ã�Ò Ä�Ñ�Â�Ê�Ê�Ä&Ê�Ì�Ü�À�Ì^Ì�Å*Ä�è4ÑYÂ\ç�É�Â6Ê�Ò+ã?Â�Ñ&Ã3À�Ó+ÓCÐ1Ò Ñ8Ã>Å*Ò+Ì(À�Ê�Ã>Ò+Ë�Ó+Â"à�Ærã?Ä&Ê�É�Å*Ä"é�Ì�ÐJÑJÃ3À"Ë6Ã>Ò+Ë
Ì�Ë�Ä&Ê�ÂHÒ+ÌNÃ>Å�Â6ÑgË6Ä&ã?É*Í�Ã>Â�Á�À"ÃSÃ>Å*ÂHÌ�Â6Ñ<Ã>Â�Ñ*Ë�ÂHÓ Â\â&Â�ÓkÀ"Ñ�Á8Ë�Ä�ãPÕ�Ò+Ñ*Â�Á1è4ÒCÃ>Å1Ã>Å*ÂPÀ"Ë�Ä&Í*Ì�Ã>Ò+Ë
À�Ñ*Á]Ó À"Ñ�Î�Í%À"Î&ÂZã?ÄJÁ�Â6ÓVÌ�Ë�Ä&Ê�Â6Ì�àuòNÅ*Â8Ë�Ä�ãPÕ*Ò+Ñ%À�Ã>Ò+Ä�Ñ�Ä�Ï=Ì�Ë6Ä&Ê�Â6Ì?Ê>À"Ã�Å�Â�ÊHÃ>Å�À�Ñôã?Ä<Á�Â6Ó Ì6Ü
À�Ó+Ä&Ñ*ÎPè4ÒCÃ>ÅZÃ>Å�Â(Ó+Ò ãdÒCÃ�Â�ÁpÑ<Í�ãHÕ�Â6ÊNÄ�Ï	Ã3À"Î&Ì�Ü*ãZÀ"Û�Â�ÌNÒ+ÃNÉ%Ä&Ì�Ì�Ò+Õ�Ó+Â^Ã>ÄPÃ3À�Û"Â5Ò+Ñ<Ã>ÄdÀ�Ë�Ë6Ä&Í*Ñ<Ã
Ó Ä�Ñ�Î8Á*Ò ÌhÃ3À�Ñ*Ë�ÂiÁ*Â�É%Â�Ñ*Á�Â6Ñ�Ë�Ò Â6ÌPè4ÒCÃ>Å�ÀYõ�é�Î&Ê>À"ãöË6ÓeÀ"Ì�Ìhé�Õ�À�Ì�Â�ÁQÖ	×càk÷kÒ Ñ�À�Ó+Ó|Ð&Ü�Ã>Å*ÂiÑ*Â6è
Ì�Ë�Ä&Ê�ÂYÒ+Ñ*Ë�Ó+Í�Á*Ò+Ñ�ÎXã?Ä�Ê�É*Å�Ä�é�Ì�Ð�Ñ&Ã3À�ç�Ò+ÌZÍ*Ì�Â�ÁøÃ>Ä�Ê�Â6Ä&Ê�Á*Â�ÊiáNé�Õ�Â6Ì�ÃpÓ+Ò+Ì�Ã>ÌiÀ"Ë�Ë�Ä�Ê�Á*Ò Ñ*ÎXÃ>Ä
Ì�Â6â&Â6Ê>À�ÓuÍ*Ì�Í%À"ÓuÁ�Â6Ë�Ä�Á*Ò+Ñ�ÎiË�Ê�ÒCÃ>Â6Ê�ÒeÀ�ÜAÄ&Ê^Ã>ÄiË�Ä�ã?É*Í*Ã>ÂPË�Ä&Ñ�ó�Á�Â�Ñ*Ë�Â)ã?Â�À"Ì�Í*Ê�Â�Ì(Õ�À�Ì�Â6ÁXÄ�Ñ
É�Ä�Ì�Ã>Â�Ê�Ò+Ä�ÊNÉ�Ê�Ä�Õ%À"Õ�Ò+Ó+Ò|Ã>ÒCÂ�Ì�à

òNÅ�Ò+Ì=É�À�ÉAÂ�Ê=Ò+ÌSÄ�Ê�Î<À"Ñ�Ò+Ô�Â6ÁgÀ"ÌSÏÄ&Ó+Ó+ÄWè4Ì�à%êuÊ�Â6âJÒ+Ä&Í*Ì=è_Ä&Ê�Û<Ì^Ä�Ñ8Ã>Å*ÂPÍ*Ì�ÂHÄ"ÏMã?Ä&Ê�É�Å*Ä&Ó+Ä&Î�Ð
Ä&ÊVÌ�ÐJÑ<Ã3ÀWç1Ò+ÑZÆ(Ç*È�À"Ê�Â^É*Ê�Â�Ì�Â�Ñ&Ã>Â�Á8Ò+Ñ1ÇJÂ�Ë6Ã>Ò+Ä�Ñ8ÝJÜ*è4ÒCÃ>ÅpÀ�ÑiÂ�ã?É*Å�À�Ì�Ò+ÌVÄ&ÑZÃ>Å*Â5÷�Ê�Â�Ñ*Ë3Å
ÓeÀ"Ñ�Î�Í�À�Î&Â"à:ì�Ñ�ÇJÂ�Ë6Ã>Ò+Ä�Ñ�ù�Ü:Ã>Å*Â?À�Õ*Ò+Ó+ÒCÃhÐ8Ä�ÏNÀ"Í*Ã�Ä&ãZÀ�Ã>ÒCËPÃ3À"Î&Î�Â�Ê�Ì(Ã>ÄpÁ�Â�À�Óuè4ÒCÃ>ÅYÌ�ÉAÄ&Û�Â6Ñ
ÓeÀ"Ñ�Î�Í�À�Î&Â8À�Ñ*Á]ã?Ò+Ì�Ê�Â6Ë�Ä&Î�Ñ�Ò+Ô�Â6Áôè_Ä&Ê�Á*ÌiÒ+Ì?Á*Â�ã)Ä&Ñ*Ì�Ã>Ê>À"Ã�Â�Á:àVÇ�Â�Ë\Ã>Ò+Ä&Ñ�úXÉ�Ê�Â6Ì�Â�Ñ&Ã>ÌpÄ�Í�Ê
Ë�Ä&Ñ&Ã>Ê�Ò+Õ�Í�Ã>Ò+Ä&Ñ1Ã>Ä?Í�Ì�ÂP×gÇ8Ò+Ñ*ÏÄ�Ê�ãZÀ�Ã�Ò+Ä�Ñ1Ã�ÄZÊ�Â�Ê�À�Ñ*Û�áNé�Õ%Â�Ì�Ã^Ó+Ò+Ì�Ã>Ì6àAòNÅ*ÂPÂ\ç�É%Â�Ê�Ò+ã?Â�Ñ<Ã3À"Ó
Ì�Â6Ã>Í*ÉdÀ�Ó+Ä�Ñ�Î4è4ÒCÃ>Å-Ò+ã?É*Ó+Â6ã?Â�Ñ&Ã3À"Ã>ÒCÄ�Ñ5Á*Â6Ã3À�Ò+Ó+Ì	À�Ê�ÂaÉ*Ê�Ä�âJÒ+Á�Â6ÁHÒ+ÑPÇJÂ�Ë6Ã>Ò+Ä&ÑPûNè4Å*Ò Ó+ÂMÊ�Â6Ì�Í�ÓCÃ>Ì
Ä&ÑpÀP÷�Ê�Â�Ñ�Ë3ÅpÕ*Ê�Ä<À"Á�Ë�À�Ì�ÃNÑ*Â6è4ÌNÃ>Ê>À"Ñ�Ì�Ë�Ê�Ò+É*Ã�Ò Ä�Ñ?Ã3À"Ì�ÛiÀ"Ê�Â^Î�Ò+â�Â�ÑiÒ ÑpÇ�Â6Ë6Ã>Ò+Ä&Ñpü*à�÷kÒ+Ñ%À"Ó Ó|Ð�Ü
Ã>Å�Â^Í�Ì�Â(Ä"Ï}ã?Ä&Ê�É�Å*Ä"é�Ì�ÐJÑ<Ã3ÀWçZÏÄ�ÊVË�Ä&Ñ�ó�Á�Â�Ñ*Ë�Â5ã)Â�À"Ì�Í�Ê�Â=Ë�Ä&ã)É�Í�Ã3À"Ã�Ò Ä�ÑiÒ+Ì_É*Ê�Â�Ì�Â�Ñ<Ã>Â�ÁpÒ+Ñ
Ç�Â�Ë\Ã>Ò+Ä&Ñ8õ�à

5 ýwþ&ÿ�������þ������	��þ�
������
>ÿ�����
���������������������������þ�
������������ ��!"���ÿ��$#%��!&#%'���
(
()hþ*���+��þ�
�'�����

'�,-�-���).����)0/�
>þ�(1-����ÿ2/3���-ÿ4���þ�
>ÿ2���5'�,-�6�4�).����) ���78�9��ÿ��&þ����:���;��)���</�
>þ�(1-����ÿ2��!=��
?>3��)���
����
?�9'�@�A 
��������B��þ�
>ÿ�
?!C��ÿ�
<��'�
<��6ÿ��$#%��!D#%'���
(
.)�þE���7F�9��ÿ��<þ���#%'�,-�G�4�>0�'H'�,-�����G,G�9'�@

ù



ACCEPTED MANUSCRIPT 

I J*K�L%M�N;K�OQP2RBS6TVU

W�XZY.[�\D]�]?^�_�Y?\&`-X�aBb?^�cCd6Y.^�e ]4Y.f�eg\D^�]�Y.[gdGY	\DX�_�cDf�eg^h\DX�ij`3b?k0dGY.\:`3X*d-lm`3f�Y	k0`-b?n�[g`-c&`-oGp0`3b
]4p�X3Y(d6q8d-b?^2ngb4^�]?^�X3Y.^�e�r�s�Y.f�eg\D^�]�]?nm^�_�\:tB_2Y.`*Y?[g^FuBb?^�Xg_([vc&d-X�o3fgd-o-^2d-b4^Fe�^�Y(d-\DcD^�e5\DX
dF]?^�_�`3X�e5ngd-b4Y	`Gi"Y.[g^h]?^�_�Y.\D`-X5d6iCY.^�b	d-XZ`;w-^�b4w�\&^�xy`-i"Y.[�^9c&d-X�o3fgd-o-^�]?nm^�_�\:tg_�]�r

z�{C|~}(�����?�G�;�C�����:�-���-���;���9�E������� �9���C�C�����C���-���&���%�����G���G�<�D�.�����

��dGb4Y.]���`GiC�$]?n�^�^�_([�a3\DX�Y.[�^�o3^�Xg^�b.d-c�]?^�X�]?^-a3d-b?^�_�`-k0k�`3X�c:p9fg]?^�e�dG]�k�`3b?n�[�`3cD`3o-\D_�d-c�d-X�e
]4p�X3Y(d-_�Y.\&_���X�`;x	cD^�e�o3^�Y?[Bd6Y<_�d-X*lB^9d-]?]?`�_�\&dGY?^�e*x	\:Y.[Ex�`3b?e�]�r���n�`-n�fgc&d-b�k�^�Y.[�`�e0Y.`
Y(d-�G^9\DX�Y.`Fd-_�_�`3f�X�Y=���9s*b?^�cD\D^�]�`-X�_�cCdG]?]���lgd-]?^�eZ <��o3b?d-k¡k�`�e�^�cD]�a�x	[g^�b?^9^�dG_�[Z_�c&d-]?]
b?^�n�b?^�]?^�X3Y.]=d+���hsv¢�£G^�cD\DXg^��BaB¤;¥3¥-¦�§�¨�d-c:Y.^�]?^�d-X�eZ¨�d-X�_�\DXg\�aB¤;¥-¥�©-ª�a�Y.`+_�`3k�ngf�Y.^=Y.[�^
ngb?`-lBdGlg\DcD\�Y�p*`Gi�dFx�`3b4e�]?^�«�f�^�Xg_�^

w
n

1

ijb4`3k¡Y.[�^�nB`3]?]4\&l�cD^9_�`-b?b?^�]?nm`-Xge�\DXgo�_�c&d-]?]?^�]
c
n

1d-_�_�`3b?e�\DXgoFY?`

Pclass[w
n

1 ] =
∑

c1...cn

n∏

i=1

P [wi|ci]P [ci|c
i−1

i−N+1] .
¢�¤6ª

¬ c&d-]?]���lgd-]?^�e�k�`�e�^�cD]	d-b?^�fg]?fgd-cDc:pEcD\DX�^�d-b?c:p�\&X3Y.^�b?nm`-cCd6Y.^�eEx	\:Y.[ x�`-b?e���lgd-]?^�e5"¨Z]	d-]
l�`GY.[9k0`�e�^�cD]®dGb?^H_�`-k0n�c&^�k0^�X3Y(d-b�p�\DXhY.[g^�x�d�p�Y.[�^HcCdGXgo-fBdGo3^�\D]V_�`3X�]?\De�^�b?^�eE¢�¨5dGcDY?^�]?^
^�YHd-c�r:a3©G¦3¦�¤6ª�rG¯=`6x�^�w-^�b�a3^�w-^�X�x	[�^�XF_�`3k+lg\DX�^�e+x	\:Y.[+x�`3b?e���lBdG]?^�e0"¨Z]�a-_�c&d-]?]���lgd-]?^�e
�¨Z]<e�`FX�`-Y<f�]?fBdGcDcDp0b?^�]?f�c:Y<\DX d2]4\&o-Xg\:tg_�dGX�Y<\Dk0n�b?`;w-^�k0^�X�Y�\DXEY.^�b?k0]�`Gi"nm^�b?ngcD^�q�\:Y�p
`3b<`Gi�°²±H³´¢j°µ^�\DX3Y.b.d-f�lZ^�Y=d-c�r:a�¤;¥-¥3¶3ª�r

·�`�o3^�Y=`;w3^�b	Y.[g^hcD\&kF\:Y?^�eZ]4fg_�_�^�]?]�`-l�Y(dG\DXg^�e x	\:Y.[ _�c&d-]?]?\D_�dGc�_�c&d-]?]���lgd-]?^�e¸"¨Z]�aB¯=^�^��
kEd-X�¢�¤;¥-¥3¥3ª�n�b?`3nm`-]?^�]"d-X�dGngn�b?`3d-_([9lgd-]4^�e�`-X�d	¹6��o-b.d-k�"¨ºe�^�tgXg^�e+`;w-^�bVx�`3b?eB»6Y(dGo
nBdG\&b4]9b.dGY.[�^�bhY.[BdGXµx�`-b?e�]�a®Y.[g^�b?^�_�`-o3X�\:Y.\D`3X8ngb4`3l�c&^�k¼lm^�\DX�oZY.`ZtBX�eµ`3f�Y�Y.[�^0lm^�]4Y
½ `-\DX�Y�x�`-b?evd-X�eµ���hs5Y(dGo*]?^�«�f�^�Xg_�^-r®·<[�\&]�k0^�Y.[�`�evb?^�]?fgc:Y.]h\DX¸d*]4\&o-Xg\:tg_�d-X�Y�x�`-b?e
^�b?b?`-b0b.dGY?^Zb?^�egf�_�Y.\D`3X�r�¯=`;x�^�w3^�b�a�egf�^�Y?`8Y.[�^�egb.dG]4Y.\D_Z\DX�_�b?^�dG]?^Z`-ih^�X3Y.b?\D^�]�\&X¾Y.[�^
�¨8aH\:Y0b?^�«�f�\Db?^�]*dvw-^�b4pQc&d-b?o-^�dGk0`3f�X�Y�`-i�Y?b.d-\DX�\DX�oveBd6Y(dµd-X�e¿[�^�d�w�\Dc:p¾b?^�cD\D^�]�`-X
]?k0`�`-Y.[�\DXgo+Y.^�_([�Xg\D«�fg^�]<Y.`�k0d-�-^hfgn ij`3b�Y.[�^9c&d-_.�E`-i�egdGY(d�r

¨�^�Y?[g`�eg]	b4^�]?`3b4Y?\&X�oFY.`2]4p�X�Y(dG_�Y.\D_9d-Xgd-c:p�À�^�b?]	[gd�w-^�dGc&]?`Flm^�^�XZeg^�w3^�cD`3nB^�e Y.`�\DX�_�cDfge�^
c&\DX�o3f�\:]4Y.\D_�\&X�ij`3b?k0dGY.\:`-XVr�W�X9Y.[�^H_�d-]?^H`Gi�dGngn�cD\D_�dGY.\D`-Xg]mx	[�^�b?^�d<_�`-Xg]4Y?b.d-\DXg^�e9o3b?d-k0k0d-b
_�d-Xvlm^F_�`-Xg]?\De�^�b?^�e�aV]?f�_([µd-]9dGXg]4x�^�b?\DXgo «�f�^�]4Y.\D`-Xg]9dGl�`-f�Y9d*b?^�]4Y(d-f�b.d-X�Y9\DXvd _�\:Y�p-a
ngb?`-lBdGlg\DcD\:]4Y.\D_0_�`3X�Y?^�q�Y4�$ijb?^�^ o-b.d-k�kEdGb?]�[gd;w3^*l�^�^�XÁx	\Deg^�cDpµf�]?^�eÂ¢�£-f�b.d6ij]?��pÃ^�Y�d-c�r:a
¤;¥-¥�Ä3ª(r6��Y.[�^�b®k0^�Y.[g`�eg]Vx�^�b4^�d-n�ngcD\D^�ehY.`	cD^�]?]"_�`3X�]4Y.b.dG\&X�^�e9eg`-kEd-\DX�]V\&Xh`3b?e�^�bVY.`<Y(dG�-^
\&X3Y.`µd-_�_�`3f�X�Y0eg^�n�^�X�e�^�Xg_�\D^�]0Y.[�b?`-fgo-[Å]�p�X�Y(d-_�Y?\&_�d-Xgd-c:p�]?\D]�r�uB`-b�\DX�]4Y(d-X�_�^Ga ¬ [g^�cDlgd
d-X�eF£-^�c&\DX�^��F¢�©-¦3¦-¦�ª�_�`-Xge�\:Y.\D`3XhY.[�^�"¨Æn�b?`3lgd-l�\DcD\:Y.\:^�]"l3p9Y.[�^�[g^�d-e�]�`GigY?[g^�]4p�X�Y(dG_�Y.\D_
_�`3X�]4Y.\:Y.f�^�X�Y?]En�b?^�w�\D`-fg]?c:p¾]?^�^�XVa�b4^�c:p�\DX�o8`-XÅY?[g^Z_�`3X�]4Y.b?f�_�Y.\D`-XÅ`-i�]4p�X�Y(dG_�Y.\D_ZY.b?^�^�]�r
��Xg`GY.[g^�b�k0^�Y.[g`�e5e�^�w-^�cD`3nm^�e5l�p °ÁdGXgo0^�Y�dGc�r"¢�©-¦3¦GÇ�ª�b?^�cD\&^�]=`3XZY(d-o-]	x	\:Y.[ZwGd-b?\D`-fg]
\&X�ij`3b?k0dGY.\:`-XVa�\DXg_�c&f�e�\&X�oF]4p�X�Y.d-_�Y.\D_9_�`3X�]4Y.b.dG\&X�Y.]<lm^�Y�x�^�^�X5x�`-b?eg]	`Gi�d�]?^�X3Y.^�X�_�^Gr

Ç



ACCEPTED MANUSCRIPT 
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õ�ÓDÖ�ÖgÎ6ß#"=Ò3Ì4Ó&ËGÖ8ÑCËGÖgÒ-âBËGÒ3Ø�É�ÚVÛ.ÐgØEõgÌ4Ø�ÖgÔ(ÐÁÑ&ËGÖgÒ-âBËGÒ3Ø�ÓDÉ�Ë5Ì?Ø�ÑCË6Û.Ó:è3Ø�Ñ:á¸ÐgÓDÒ-ÐgÑ:á¸ÓDÖ%$gØ�Ô�Û.Ø�Ù
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ÑCËGÖgÒ-âgË-Ò3Ø�É�É?âgÔ(Ð�ËGÉ	Ü�ÏgË-Ö�ÓDÉ?Ð Î-Ì)($Û(Ë-ÑDÓ&ËGÖ�Ú�Û.ÐgØ�ÓDÖ�$BØ�Ô�Û.ÓDÎ3ÖgË-ÑmÏ�Ì?Î�Ô�Ø�É?É<Î-Ê�Ë+É?ÓDÍ0Ï�Ñ&Ø	ÊjÎ-Ì?Í
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Q+RTS�U.U.V�U�W.V�R�S'X�V+YZX�[\X�]%V_^�V+`%YV+W�S�`%YZX�]%Va`!bc�deV�W�[�f	gJ[MW.Y%U+h)i�`4j�k�l�X�[Mb%`%lmV�X�S�R�h�n
o�p�pMq!r n�S�^!S�lT`�gml�X�]sX�]VtlTY%VuS�[�fBY%VuS�RDlD`%^vgml�X�]sRD[M`%^wU.xS�`aYV�x�V�`Y%V+`%Q+lDV+U+n3RDlD`^�blDUyX�l�Q
z S�Wyl�S�dRDV8RDV�`^�X�]aU.V�{/b%V+`%QuV+U	gJV�W.V�X�S�|MV+`alD`!X�[}S�Q�Q+[Mb%`!X	lT`sX�]%V�Q+[�cvx%b%X�S�X�lD[M`s[�f@X�]%V
~�� x%W.[MdS�d%lDRTl�X�l�V+U�h��]%V+U.V�X#gJ[vcvV6X�][/Y%U�W.V�U.b%RDX.V+Y�lD`sS�`�lDcvx%W.[ z V+Y����B��gml�X�]�W.V6�
U.x�V�Q�X)X�[�S�Q+RTS�U.U.lDQ+S�R5gJ[MW.Y/��d5S�U.V+Y ~K� [M`}S��W.V+`%Q�]�WyVuS�YwU.xeV+V+Q�]�Q+[�W.xb%U+h%��lT`S�R�R��Mn/S
R�S�UyX�S�xx%W.[!S�Q�]_W.V+RDlDV+U	[�`�S}x5S�WyX�lDQ+b%RTS�W�YS�X�SwW.V+x%W.V+U.V+`!X�S'X�lD[M`_cwS�Y%V�[�fJU.V z V+W�S�R@U.V�`��
X�V+`%Q+V�]M��xe[�X�]%V+U.V�U+n�S�RDRN][�cv[�x]%[M`%V+U�gml�X�]�X�]VtdeV�UyX	U.V+`MX�V+`%Q+V�]!�/xe[�X�]V�U.lDU�j��J�+Q6]%V�X
V�X�S�R�h�n�� ���M���5��S�b z S�lD`}V�X�S�R�h�n o�p�p!��r h5�/Q+[�W.lD`^�X.]V+UyV8][�cv[�x]%[M`%V	]M��xe[�X�]%V+U.V�Umgml�X�]
S�gJ[MW.Y/��dS�U.V+Y ~K� S�`%YvS�`[�X�]%V+W ~K� b%U.lT`%^��-���tlDcvx%W.[ z V+Y�X�]%V)���B��f�W.[Mc � p h ¡@¢
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]!�/x�[�X�]V�U.V+U+h@«J[�`/X�W�S�Wy�aX�[scvS�`!��S�xx%W.[MS�Q�]%V+U8X�]S�X8lD`!X�V+^�W�S�X.V�X�]%V � �\|!`[ugmRDV+Y%^MV
lT`aX�]%V ~K� n�YV�¬`%lT`%^sS�U.V+xS�W�S�X�V�U.V+`/X.V+`Q�VwRDV z V+R � ��U.Q�[MW.VvS�RDR�[ gmU�f�[�W	X�]V�bUyVv[�f
S�RD[M`%^���U.xS�`�cv[!YV�RNS�d%RTV�X�[vY%VuS�R�gml�X�]�YV�x�V�`Y%V+`%Q+lDV+U�d5V�X#gJV+V�`aY%lDUyX�S�`MXmg)[MW.Y%U�`%[�X
X�S�|�V+`�lD`MX�[�S�Q+Q+[�b`!X�d!��S�g)[�W.Y���dS�U.V�Ys'��^MW�S�c ~K� h

® ¯7°e± ²�³K°%´�µ�¶N·e¸ ¹º�¸'»�º}¸ ¹%¼e¼e»�·N¼\°e½�¹¾�¸ °e¿\¹%¸'»�ºw¸ ± ¹5·Kµuº�±�»�²N¸'»�°e·Kµ

i�`¦[MW.Y%V+WvX.[PY%V�¬`V_S\cv[�W.x]%[���Uy�/`!X�S�Q�X�lDQsU.Q+[�W.V_S'XwX�]%V�U.V+`!X.V+`Q�V_RDV z V+R�n@X�]%V�¬W.UyX
UyX�V+x_Q+[M`%U.lDUyX�U�lD`�X�S�^�^MlD`%^wVuS�Q�]_U.V+`MX�V+`%Q+V�]M��xe[�X�]%V+U.lDU�h � [MW.x%]%[���Uy�/`!X�S�Q�X�lDQtX�S�^M^�lD`^%n
gm]lDQ�]�S�lTc�U�S�X8¬5`%Y%lT`%^a[Mb�X�S�U.V+{/b%V+`%QuV�[�f � �\X�S�^�U�W.V+RDV z S�`!X�f�[MW�Sa^�l z V+`ÀgJ[�W.Y
U.V+{/b%V+`%Q+V�n'lDU�S)gmlDYV+R���b%U.V+Y	X�V+Q�]%`lD{!bVBlD`�`S�X�b%W�S�RMRTS�`%^MbS�^�V�xW.[/Q+V+U.UylT`%^�S�`Y	X�S�^M^�V+W.U
S�W.Vt`%[ gÁQ�[M`%U.lDYV�W.V+Y�W.V+RDlTS�d%RTV	V+`%[Mb%^M]3h3§m[ gJV z V+W+n�cv[�UyX�V6¨�x�V�W.lDcvV+`MX�U�gJV+W.VtQuS�WyW.lTV�Y
[Mb�X�[M`_gmW.l�X.X�V+`aX�V6¨/X�gm]%lDRDV�U.xe[M|�V+`\Q+[MW.xe[�W�S�[�`_X�]%V�Q�[M`!X�W�S�Wy��]S z V�d�V�V+`\U.V+RDY[�c
UyX�bY%lDV+Y¦j�Â-S�RDRDl@S�`%Y�Â��+W.[�`lDU+nB�u�M�M� r hN§�[ g)V z V+W�n�[�W�S�RBRTS�`^�b5S�^MV�]S�U�U.xeV+Q+l�¬5Q�U8X�]S�X
S�W.V�RDlT|�V+R��\X�[�Y%lDUyX�b%W.dÃX�S�^�^MV+W.U�n@U.bQ�]ZS�U�W.V�x�V�X.lDX.lT[�`U�n©W.V z lDU.lD[�`U�[MW�¬RDRDV+W.U+n©|!`[ gm`
S�UmY%lDUyÄ5b%V+`%Q+lDV+U+n[MW�V z V+`�S�xe[MUyU.lDdRDV	b%`/b%U.bS�R�Uy��`!X�S'¨�h � [�W.V+[ z V+W+n ¤ ���ÅX�W�S�`U.Q�W.lTx�X�U
W�S�lDU.V�S�YY%l�X�lD[M`S�RKY%l�ÆvQ+b%R�X�lDV+U�S�U�X�]V6��S�W.V�U.V+^�cvV�`/X�V�YÀS�Q+Q+[�W.YlD`%^}X�[�S�Q�[Mb�UyX�lDQ�Q+b%V+U
W�S�X�]%V+WtX.]5S�`�RDlD`%^Mb%lDU#X�lDQvQ+b%V+U+h@��]%V��ÃS�RDU.[�RTS�Q�|�x%b`%Q�X�bS�X�lD[�`�n©S�`Y3n©lD`ÀX.]V}QuS�U.V}[�f
U.[Mc�V ¤ ���ÁUy��UyX.V+cvU�UybQ�]_S�U�[Mb%W+neQ+S�x%l�X�S�RDl�ÇuS�X.lD[�`3h5�KW�S�`U.Q�W.lTx�X�lD[M`�V+W.Wy[MW.U�cvS ��S�RDU.[
lTc�x5S�Q�XvX�V6¨�X}x%W.[�Q+V�U.U.lD`^ÀX�V�Q6]`%lD{/b%V+U+h)��]!b%U+n�deV6f�[MW.VabUylT`%^ � �ZlD`�f�[MW.cvS�X�l�[�`3nBgJV
YV+c�[M`%UyX�W�S'X�VvX�]S�XtU.bQ�]Ã`%[MlDUy�_X�V6¨/X�U�Q+S�`PdeVwW.V+RDlTS�d%R��_X�S�^�^MV+Y3hK��]lDU8U.V+Q�X�lD[�`À¬W.UyX
YV+UyQ+W.lDd�V�UmX�]%V�cvV�X.][!Y[�RD[M^��vQ6]%[MU.V+`�X�[�lTc�xRDV+c�V+`MX�S��-���wX�S�^�^MV+W�n5S�`Y�V z S�RDb5S'X�V+U
X�]V	W.V+RDV z S�`Q�V8[�fKX�]%V	X�S�^M^�V+W)f�[MWmS�b%X�[�cwS'X�lDQ�X�W�S�`%U.Q+WylTx�X�U+h
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É/Ê�Ë ÌeÍuÎ Î!Ï�ÐtÏ�Ñ�ÍMÒ6Ó�Ð.Í�Ô�Õ�Ó�Ö

×�ØÙ�ÚÙ+Û�ÜDÝ.ÜTÞ�ßsà�Þ}Ú%Ù�á!Ù�âDÞMã_äwÝ.ãeÙ+Û+Ü�åÛ�à�ä�æMæ�Ù+ç�è)ä�Ý�éwä�Ú%Ù�Ý.Þ�ä�Ý�à�Þ}êeÙ�é�ÞMç.Ù8ëÙ6ì�ÜDêâDÙ
ÜTß�Þ�íç�Ù�ì%ãeÙ+ç.ÜDévÙ�ß!à�Ý�î�ä�ßÚ�à�Þ�âDÜTé�Ü�à	êeÞ�à�Ø�à�Ø%Ù�áMÞ/Ûuä�êí%âTä�çyï_ä�ß%Ú�à�ØÙ�à�ä�æ�Ý.Ù�à�Ý�ð�×�Ø%Ù
ñaòwà�ä�æ�æMÙ+çJÜTÝ�êä�ÝyÙ+ÚsÞ�ß�à�Ø%Ù�ã5ÞMã%í%â�ä�ç�évÙ6à�ØÞ!Ú�Þ�ó�ØÜDÚ%ÚÙ+ßsñsä�ç.ô�Þ'á}é�Þ�Ú%Ù+âBõ�ö�ñ�ña÷�ð
ø â�à�ØÞ�íæ�Ø�à�Ø%ÜDÝNà�Ù�Û�Øß%ÜDù/í%Ù-ÜDÝNù/í%ÜDà.ÙBÝ.ÜTé�ãâDÙBä�ßÚ8âTÙ�Ý.ÝNç.Ù+Û+Ù+ßMà�à�Øä�ß8Þ�à�ØÙ�ç.ÝKÝ.íÛ�Ø�ä�ÝNÝ.í%ã�ú
ã�Þ�çyàBáMÙ+Û6à�ÞMç-évä�Û�Ø%ÜDßÙ�Ý-Þ�çBéwä ì%ÜDé�í%éûÙ+ßMà�ç.Þ�ã/ï�é�Þ/Ú%Ù+âDÝ+î!ä	Ýyà�í%Ú%ï�ãç.Ù6á�ÜDÞ�íÝ.â�ï�Ý.Ø%Þ èJÙ�Ú
à�Ø5ä'àmà�Ø%Ù+ÜDçmãeÙ�çyó�ÞMç.évä�ß%Û+Ù+ÝmèJÙ�ç.Ù8Ý.ÜDévÜDâDä�ç	õ�üJç.ä�ßMà�Ý+î�ý�þMþ�þ!÷�ð5ö�ñ�ñ}ú�ê5ä�Ý.Ù+Úsà�ä�æ�æMÙ+ç.Ýmä�ç.Ù
ä�âDÝ.Þ�ó�ä�Ýyà�Ù+ß%ÞMí%æMØ�à�Þ�à�ä�æ�évä�ß!ï}Ø!ï/ãeÞ�à�Ø%Ù+Ý.Ù+Ý�ð�×�Ø%Ù�ç.Ù�Ý.ÞMí%ç.Û+Ù+Ýtõ�ÿ�� � ��î%à�Ø%Ù�âDÙ6ì�ÜTÛ�ÞMß�ä�ß%Ú
à�ç�ä�ÜDß%ÜDßætÛ�ÞMç.ã%íÝ�÷-ßÙ+Û�Ù+Ý.Ý�ä�çyï}à�ÞtÚÙ+ÝyÜTæ�ß}à�Ø%Ù�ñ�òvà�ä�æMæ�Ù+ç)ä�ç.Ù�å5çyÝyà�â�ïwÚ%Ù+Ý.Û+ç.ÜDê5Ù+Ú�ä�âDÞMß%æ
èmÜDà.ØPà.ÞMôMÙ�ßÜ��uä'à�ÜDÞMßÀÜDÝ.Ý.í%Ù+Ý��@ß%Ù6ì�à+î©ó�Þ/Û+í%Ý�ÜDÝ�ã%í%à�ÞMßPà�Ø%Ù�Ú%Ü��3Ù�ç.Ù+ß!à�à�ä�æaÝ.Ù�à.Ý�à�Ù+Ýyà.Ù+Ú	�
à�ØÙ�à�ä�æMæ�Ù+ç-Ü�à�Ý.Ù+â�ó�ÜDÝ-å5ßä�âDâ�ï�ã%ç.Ù+ÝyÙ+ß/à�Ù�Ú�ê5Ù�ó�ÞMçyÙ�ÚÙ�Ý.Û+ç.ÜDê%ÜTß%æ8à�Ø%Ù�ãeÞMÝyàyú�ã%ç.Þ!Û+Ù+Ý.Ý.ÜDß%æ�Ýyà�Ù�ã
ä�ã%ãâDÜDÙ+Úwà�Þ�à�ä�æ�Ý.Ù+ù!í%Ù+ßÛ�Ù+Ýuð

É/Ê�ËMÊ�Ë�
mÏ� Ó���Ð���Ï�
×�Þ�ÚÙ�á�Ù+âDÞMã�ä�ö�ñ�ñ�ú�êä�Ý.Ù�Úvñ�ò�à�ä�æ�æMÙ�ç+î�ä�âDÙ6ì�ÜDÛ+Þ�ß8èmØÜDÛ6Ø8Û+ÞMß!à�ä�ÜTß%ÝNà�Ø%Ù)ä�Ý.Ý.Þ/Û+ÜTä�à�ÜDÞ�ßÝ
ê�Ù6à�èJÙ+Ù+ß�èJÞMç.Ú%Ý�ä�ß%Ú�à�ØÙ�ÜTçmã5Þ�Ý.Ý.ÜDêâDÙ�à�ä�æMÝ�î�ä�ßÚ�ä�à�ä�æMæ�Ù+Ú�à�ç�ä�ÜDß%ÜTß%æ�Û�ÞMç.ã%íÝmà�ÞvâDÙuä�ç.ß
à�ØÙ	ãç.Þ�ê5ä�êÜDâDÜ�à�Ü�Ù+Ý�Þ�ó�����òwà�ä�æ�Ý.Ù+ù!íÙ�ßÛ�Ù+Ý�ä�ç.Ù	ç.Ù+ù!íÜDç.Ù+Ú3ð
� ÞMß%Û+Ù+ç.ß%ÜDßæ�à�ØÙJåç.ÝyàBç.Ù+ÝyÞMí%ç.Û+Ù�îMä�Ú�á�ä�ß/à�ä�æMÙJè)ä�Ý©à�ä�ôMÙ�ß�Þ�ó5à�Ø%Ù)íÝyÙ�Þ�óeä�å%ì�Ù+Ú�âTÙ�ì%ÜDÛ+Þ�ß
ê!ï�à�ØÙ ø ò��ÁÝyï�Ýyà�Ù�é à�Þwç.Ù+Ýyà�ç.ä�ÜDß�à.ØÙ�âDÙ6ì�ÜDÛ+Þ�ßaÞ�óBà.ØÙ8à�ä�æ�æMÙ+ç�à.Þwà�Ø%Ù�Ý.Þ�âTÙ�èJÞMç.Ú%Ý�Þ�ó
à�ØÙ ø ò��¦Ýyï/Ýyà�Ù+é á!Þ!Ûuä�ê%íâTä�çyïMð!×�ØÜDÝJÜDß!à.Ù+ç.Ù+Ýyà�ÜDß%ætã%ç.ÞMã5Ù+çyà#ï�Ù+âDÜDévÜ�ßä�à�Ù+Ý@à�Ø%Ù�ã%ç.ÞMê%âDÙ+é
Þ�óNíß%ô/ß%Þ èmß}èJÞMçyÚÝJà�Øä�à)èJÞ�íâDÚwç.Ù+ù!íÜDç.Ù�é�ÞMç.Ù�Û�ÞMévã%âDÙ6ìwé�Ù�à�Ø%Þ�Ú%Ý+ð�ö�Þ è)Ù6áMÙ+ç+î%Ý.Þ�évÙ
ÚÜ���Ù+ç.Ù+ß%Û+Ù+Ý�èJÙ+ç.Ù�ÜDßMà�ç.Þ�Ú%í%Û+Ù+Ú�êeÙ6à#èJÙ+Ù+ß�à�Ø%Ùtà�èJÞ}âDÙ6ì�ÜDÛ+ÞMß%Ý+î5êeÙ+Ûuä�íÝ.ÙtÞ�ó@à�Ø%Ù+ÜDç�ÚÜ���Ù+ç#ú
Ù+ß!à-æ�Þ!ä�âTÝ�ð���ß�à�Ø%ÙmÞMß%ÙmØ5ä�ßÚ3î�à�ØÙmâDÙ6ì�ÜDÛ+ÞMß�íÝyÙ+Úvà�Þ�à�ç�ä�ß%Ý.Û+ç.ÜDêeÙ�ä�ÜDé�Ý@ä�àBéwä ì%ÜDévÜ���ÜTß%æ
à�ØÙ�âTÙ�ì%ÜDÛuä�â3Û�Þ áMÙ�ç�ä�æ�Ù	èmÜ�à�Ø�ä8å%ì�Ù+Ú�ß/í%é�êeÙ+ç�Þ�óKÙ�ß!à�ç.ÜDÙ+Ý�î%èmØ%ÜDÛ�Ø�âDÙ+Úwà�Þ�çyÙ+évÞuáMÙ	Û+ä�ã%Ü�ú
à�ä�âDÜ��uä�à.ÜDÞ�ß}Þ�çJà�Þvä�ÚÚ}èJÞMç.Ú%Ý�à�Øä�à�êeÙ+âDÞMß%æ�à.Þ�âDÞ/Û+í�à�ÜDÞMß%Ý+î�ç�ä�à.ØÙ+ç)à.Ø5ä�ß�à�Ø%Ù	âDÞ�Û�í%à�ÜDÞ�ßÝ
à�ØÙ�évÝ.Ù+â�á�Ù+Ý+ð���ß}à.ØÙ�Þ�à�ØÙ�ç)Ø5ä�ßÚ3î!à�ØÙ�âDÙ�ì%ÜDÛ+Þ�ßwÞ�ó�à�Ø%Ù�à�ä�æMæ�Ù+çJä�ÜDévÝJä'à)Øäuá�ÜDß%æ�í%ßÜ�à�Ý
à�Ø5ä'à�åàmà.ØÙ8ä�ß5ä�â�ï�Ý.ÜDÝ�Þ�ó�à.ØÙ�æ�ç�ä�é�éwä'à�Ü�Ûuä�â�Û+âTä�Ý.Ý.Ù+ÝmÞ�óBätèJÞMç.Ú�Ý.Ù+ù!íÙ�ßÛ+Ù�ð ø â�à�ØÞ�íæ�Ø
ä�í�à�ÞMévä�à�ÜDÛ�à.ç�ä�ß%Ý.Û+ç.ÜDã�à�Ý�èJÙ+ç.Ù�ß%Þ�à�Û+ä�ã%ÜDà�ä�âDÜ��+Ù+ÚÀêeÙ�ó�ÞMç.Ùwà�ä�æ�æMÜDß%æ��ZèmØ%ÜDÛ�ØÀèJÞ�íâDÚPç.Ù6ú
ù/í%ÜDç.Ù	à�Þ�Ý.Þ�â�áMÙ8ä�é�ê%ÜDæMí%Ü�à.ÜDÙ�Ý��7î5ý�þ�é�í%â�à�Ü ú èJÞMç.Ú%ÝJè)Ù+ç.Ù�ä�Ú%ÚÙ+Ú�à�Þ�à.ØÙ�âDÙ6ì�ÜDÛ+Þ�ß�Þ�óKà�Ø%Ù
à�ä�æ�æMÙ+çBèmÜ�à�Øvç.Ù+Ý.ã5Ù+Û�à)à.Þ8à�Ø%Ù ø ò��¦Ýyï/Ýyà�Ù�é ÞMß%Ù�ð ø évÞ�ßæ�à�ØÙ�é èJÙ+ç.Ù�ÜDß%Û+âDíÚ%Ù+Úwä�ó�Ù�è
âTÞ/Û+í�à�ÜDÞMß%Ý-Ý.íÛ�Ø�ä�Ý�� � Í�Ð���Ï"!#�5Ï#$ õ Ò6Ï��Í��%�uÏ ÷6î&� ��' Ï���Ô)(+*&(+,�Õ�Ð�Ï�$ õ Ô.-%Í�Ô@Õ�� ÷�î�Þ�ç0/Kä'à�ÜDßwâDÞ/Û+í�ú
à�ÜDÞMß%Ý	âDÜTô�Ù1� Í � Ð6Õ�Ó�Ð6Õ2$ ð�×�Ø%Ù�ïaèJÙ+ç.Ù�Ý.Ù+âDÙ+Û�à�Ù�ÚÀÝyÞ�ä�Ý	à�Þ�êeÙ�ä�í�à�ÞMévä�à�Ü�Ûuä�âTâ�ïsÜDÚÙ+ßMà�Ü�å5Ù�Ú
èmÜDà.ØÞ�í%à)ç.ÜDÝ.ô�Þ�óNÙ+ç.ç.Þ�ç.Ý)ÜDß}ç.Ù�Ý.ÞMâ�á/ÜTß%æ�ä�é�ê%ÜTæ�íÜ�à�Ü�Ù+Ý�ðò/ÞMé�Ù�ß5ä�évÙ�Ú}Ù+ß!à�Ü�à�ÜDÙ+Ý-èJÙ+ç.Ù	ä�âDÝ.Þ
ä�Ú%ÚÙ+Ú3î/Ý.íÛ�Ø�ä�Ý-à.ØÙ�ßä�é�Ù+Ý-Þ�ó�à�Ø%Ù43ç.Ù+ß%Û�Ø}ç�ä�ÚÜDÞ�Û�Ø5ä�ßß%Ù+âDÝ-ó�ç.Ù+ù!íÙ�ß!à�â�ï�Þ/Û+Û+í%ç.ç.ÜDß%æ8ÜDß
à�ØÙ�Û�ÞMç.ã%íÝ�ðM×�Ø%Ù�ä�Ú%ÚÜ�à�ÜDÞ�ßtÞ�ó5à�Ø%Ù+Ý.ÙmâDÞ/Û+í%à.ÜTÞ�ßÝ�ç.Ù�ù/í%ÜDç.Ù+Ý©à�Þ�à�Þ�ôMÙ+ß%Ü��+Ù)à�Ø%Ù)à�ç�ä�ßÝ.Û�ç.ÜTã�à�Ý
ê�Ù�ó�Þ�ç.Ù	à�ä�æMæ�ÜTß%æ%ð
×�ØÙvÛ+ÞMçyãí%Ýtí%Ý.Ù+Ú\à�Þsà.ç�ä�ÜDßaà�ØÙ}ñaòaà�ä�æMæ�Ù+ç8ÜDÝ8ä�ý�þ�þ%î þMþ�þ'ú èJÞ�ç.Ú\Ù�ì�à�ç�ä�Û�àtó�ç.Þ�é à�Ø%Ù
5-ò�×657��à�ç.ä�ÜDßÜDß%æ�Û+Þ�ç.ã%íÝ+î%èmØ%ÜTÛ�ØsÛ+Þ�ß%Ý.ÜTÝ#à�ÝmÞ�ó83ç.Ù+ß%Û�Øsç.ä�Ú%ÜTÞ�êç.ÞMä�Ú%Ûuä�Ýyà�ßÙ6èmÝ+ðe×�ØÜDÝ
Û+ÞMç.ã%í%Ý�Û+ÞMßMà�ä�ÜDß%Ý)ãçyÙ+ã5ä�ç.Ù+Ú�ä�ß%Ú�Ý.ãeÞ�ß!à�ä�ßÙ+Þ�íÝ)Ý.ã�Ù�Ù+Û�Ø3îeä�ßÚ}ÜDÝJà�ØÙ�ç.Ù�ó�ÞMçyÙ�évÞ�ç.Ù�ç.Ù+âDÙ6ú
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:&;&<>=?=�@�;&<BA6CED�=E=�F�<HGI;&<�J>K�;&J&F1L�M&CENOM>C�;P=�MQG�FR;�CE<H;S=;�J>J&F�C4TUM>CWV+NXM&Y&F�<[Z�M\L�K�]PF#<%=�V#^
_ ="@`;�V?a`F�F�<[]S;�<�K�;&G�Gcbd=EC�;&<�VEL�CED�aOF�Z	efD�<�L�G�K�Z�D�<�JgN�K�<�L#=�K�;�=�D�M&<feXa>bh@�K�]P;&<H;&<�<�M�=;�i
=�M>CEV#^kjlCEF#TUF�CEF�<�L�Fm=;&J&J>D�<�JSAn;&V?F�V+=;�a�G�D�VE@�F�ZHa%bh]S;�<\K�;&G�GcbBL#M>CECEF�L =�D�<�Jg=�@�FmM>K\=�N�K�=
M&T	=�@�FWopM>CEZ�DI;&G 6 ;&K\=�M>]P;�=�D�Ln=;�J>J&F�C�e%M><�F4M&T	=�@�F4aOF�V+=p=;�J>J&F�CEV0;R:�;&D�GI;&a�G�FnT)M&Cpq�CEF�<�L@
A6@�D�L@gAn;&V6;�G�CEFR;&Z\bSVEK�L�L#F�V�V+TUK�GIG�bQ;&N�N�G�D�F�ZP=�MrVEN`M>Y&F�<dZ�M�L�K�]PF�<>=�Vts.u�;&G�G�DX;&<�ZQu4v�CEM�i
<�D�V�e�wyx&x>x\z�{?F#<�Z�<�F#C�;&<�ZPjnZ�Z`;yi�|4F�L Y�F�C�e\}&~&~%}&� ^>�n@�F6=;�J>J>F#ZrL�M&CEN�K�V8An;&V7N�CEM�L�F�VEVEF#Z
=�MS@�;R:&F�;mTUM&CE]S;�=6VED�]PD�GI;�C0=�MS;m=�C�;�<�VEL#CED�N�=R�`<%K�]1aXF�C+V6A0F�CEF1CEF A6CED�=E=�F�<�D�<%=�MrG�F#=E=�F�CEV#e
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��º Ã ÇA¹�Ë}� ³�±vÙ Å Ä ¹�§ ±*¯ ºÖ�#¹�º!Ë ± Ä�± º ² ± ¹�ºÖ¥F§ ± ±%²�³ ¡]�#¹�´o´CÅ
º�� ²*¯ ����¹�º.¡
Û ±%²�³ º�¹ ¶ ¹ Ã  �¨?è ³ ¹FÂ ± Ç ¡�Ð Ä�±%± ² ± ¡?§�§.¨�«�à��¬!«�©4¾!¨

¥!��Å.¡ Ï ¨D¡^Ðs��Ç ³ ¡
¸`¨D¡1Í8��!¨ Ù6°�¯�¶ Å ¯ ����¹�º)¹�ËkÁ#¹ Ä Â ² ¹�º�ê
Â ± º ²%± Ë�¹ Ä Ç�§ ± ±%²�³�Ä+± ² ¹ Ã º�������¹�º
Ç: !Ç+� ± ´AÇ ¨��#¹�´o§
Å!� ± Ä ¥F§ ± ± ²�³�¯ º�Â ®k¯ º Ã Å ¯�Ã�± Í8à{ÞI©4ßJ¡?¾���¬Fà�Í8!¨

¥F��¹ ¶�² Ì ± ¡4¦X¨D¡4·sì�º�� Ã ¡8£�¨D¡�Ý ± ��º�� Ä�¯ Å Æ ¡ Ï ¨D¡?Í*�4«F¨ Ù$á § ¶ � ² �D�6Á#¹ Ä Â ± Ä�Ä ¹ Ä ´A��º���´o� Ó*¯ ����¹�º
��ºd¢p¼ Æ ± Ç+� ¶ ��Ç+� Ä�± Ç ² ¹ Ä ��º Ã ¨]É/º.Êp½ Ä ¹ ² ± ± Â
��º Ã Ç)¹�Ë`� ³�±&Ù Å Ä ¹�§ ± ¯ ºÕ�#¹�º�Ë ± Ä�± º ²%± ¹�º
¥!§ ± ± ²J³ ¡��#¹�´o´CÅ�º
� ²*¯ ���D¹�º.¡�Û ± ²�³ º�¹ ¶ ¹ Ã  �¨?è ³ ¹!Â ± Ç ¡^Ð Ä�±%± ² ± ¡?§�§.¨ZÍ*À�à�¬?Í8À�À�¨

íg¯�¶�¶ �I¡�¦X¨D¡ í}Ò Ä ¹�º��Ç%¡k»!¨D¡6Í8���¨�ç6����ØFÅ ± � ¯�Ã�±CÃ�Ä�¯ ´A´ ¯ ��� ²*¯�¶ Â ±�² ¹ Ä §�Å
Ç}¹ Ä�¯ Å á Ê�§ Ä ¹ Æ ¼
¶�å ´ ± Ç ± �]§ ± Ä Ç�§ ±%² ��� °�± Ç ¨^è ±%° Å ± Ë Ä�¯ º
ã ¯ ��Ç ± Â ±}¶ �º Ã Å��DÇ+����ØFÅ ±}¯ §�§ ¶ ��Ø4Å Ò%± ©vÞ=¾�ßJ¡�Í�Í8à8¬
Í8à�à!¨

íg±%Ä�Ã   Ä �=¡�Ü`¨D¡?·s� Ä�²�³�³ ¹�î$¡�·C¨D¡
Ü�Å ³ ¡?·C¨�¡�¥4��¹ ¶�² Ì ± ¡!¦X¨D¡?¾�¿�¿�©
¨ Ï ¹ Ä § ³ ¹ ¶ ¹ Ã  �¼ Æ ¯ Ç ± Â ¶¯ º!¼
Ã Å ¯�Ã�± ´o¹!Â ± ¶ ��º Ã Ë�¹ Äg¯�Ä�¯ Æ � ² Ç�§ ± ±%²�³)Ä�±%² ¹ Ã º
�D����¹�º1¨�É/º.ÊF½ Ä ¹ ² ± ± Â���º Ã Çg¹�Ë^� ³�± ª�� ³ É/º!¼
� ± Ä º ¯ ����¹�º ¯�¶ �#¹�º�Ë ± Ä�± º ²%± ¹�º{¥!§^¹�Ì ± º ®k¯ º Ã Å ¯�Ã�± ½ Ä ¹ ² ± Ç�Ç���º Ã ¨?» ±:ï Å�É/Ç ¶¯ º�Â1¡
¥F¹�Å!� ³
·R¹ Ä�±*¯ ¡�§
§.¨^¾�¾�©4Î8¬!¾�¾�©4ª!¨

Ý ¯ º Ã ¡
Ýð¨�¡�¥4��¹ ¶�² Ì ± ¡?¦X¨D¡�¸ ¯�Ä § ± Ä ¡ Ï ¨�½k¨D¡^¾�¿�¿�©�¨?Û ³�± Å�Ç ± ¹�Ë ¯�¶ �º Ã Å���Ç+��� ²*¯�¶�¶  w´A¹����D¼
°�¯ � ± Â ¶¯ º Ã Å ¯�Ã�± ´A¹FÂ ± ¶ ��º ² ¹�º °�±%Ä Ç ¯ ����¹�º ¯�¶ Ç+§ ± ±%²�³vÄ+± ² ¹ Ã º������¹�º.¨4É/º.Ê
½ Ä ¹ ² ± ± Â
��º Ã Ç
¹�Ë?� ³
± É Ù[Ù[Ù É/º4� ± Ä º ¯ ����¹�º ¯�¶ �#¹�º�Ë ± Ä�± º ² ± ¹�ºo¦ ² ¹�Å�Ç+��� ² Ç ¡4¥!§ ± ±%²�³ ¡ ¯ º�ÂA¥F� Ã º ¯�¶ ½ Ä ¹�¼
²%± Ç�Ç���º Ã ¨ Ï ¹�º4� Ä�±*¯�¶ ¡?� ¯ º ¯ Â ¯ ¡?§�§.¨�¾�À�Í%¬!¾�À�©
¨

Ý ± �º�� Ä�¯ Å Æ ¡ Ï ¨D¡w¦�Ì4Ç�Å.¡A£C¨�¡AÜ ³
¯�Ä�¯ º
��§ Ä�¯�Ã�¯ Â ¯ ¡A¥�¨D¡w· ³ Å�Â ¯ º
§�Å Ä ¡�¥^¨D¡w¢ ±  �¡w¸`¨D¡

à�à
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