
�����������	� ��

�����	��������
������������������������������������	� ����!#"����$������%&���
')( �+*-,.�$�/

���0�$��������12����

��� 3��546���712����
���%&
���

��8�


9�:<;>=?=?@BADCE@GFIHE:KJML�NIOP=?QDRTS�U
VXWYAGZGHYHEC[; :I@]\
^�=?_?=a`cb>=adfegJMhIiKiIj

k�l�monop�qsr&n
tvuPw[x&y>w[y{zo|$}~y{w���z�zo�&�K}��[w��&}�y{w[uPxf}~xs���szv�ou&�sw[xg���{���gzo��zo��}�|{z��g|{uP�auP�{zo����uP|DyE�Gu����gw[��zoxg�{w�u�x�}~�Kw[x&y{zo|{�{�&���auP�

w[x&y{zo|{��zv|{zoxs�vz�����}~xsxgzo�[�$���0�&��}~��w[��}~y{w�u�x�w[���?zv|{��uP|{��zv���g�{w�xg��y{�gz���w[xgw����s� ��z�}~x��{�&�K}�|{zv��zo|{|{uP|�¡{¢�¢�£¤��¥
�v|{w�y{zo|{w[uPxK�§¦Ku��]�¨�szvxs�{w[yE�©��}~|{w�yY�&�����gzo�«ªB¡¬¦®­
¯ °]¥��vu&�szo��}�|{z��s�{zv�±��u�|�zo|{|{uP|��ouP|{|{zo�vy{w�u�x��³²]�sz�zo�&�K}��[w��ozv|
}~xs�´�gzo�ou&�gzo|�zoµ&����}~xs��z�zoµ&y{|{w[xg�{w���w�xg��uP|{��}�y{w[uPxK�	²>�gz�w[xg��uP|{�¶}~y{w�u�x´�s|{u��&w[�szo�©�&��y{�gz�¦®­
¯ °§�gzo�ou&�gzo|�w[�
�g�{zo��y{u�|{zo�&}��[�o�s�E}�y{z·y{�sz�¸g��y{zo|
�ou&zo¹��vw�zox&y{��}�yMz&}�����w[y{zo|$}�y{w[uPxK��²]�gw��
y{w��·zo�¨�a}~|{�&w�xg��zv�&��}~��w[�ozo|M�K}����{w��·w��E}�|
�azo|{��uP|{��}�xg�oz�y{u��{���szv��zo���K}��{zo�©uPx��·zo�{�$}���zo�¨��}~�{�{w�xg�º}�xg�´��}~���[u$�Dzo|��vuP���g��zvµ&w�yY���»²>w[��zo�¨w[x&�s}�|{wE}�x&y�w����
�g�[zo��zox&y$}~y{w�u�xs��uP�]y{�gzf¢�¢�£¤�Bzo�&�K}��[w��ozv|¶}�|{z�}��[�{u��g|{uP�?u��{zo���¶� �·�sw[|{w��&}��0|{zo�{�s�[y{�$¼�zoµ&y{|{w[xs�{w[��w�xg��uP|{��}�y{w[uPx
y{|$}~xs�{�¬zo|½¡¬�0¾�¿E²�¥À�«�K}�|{y{��}~xs���gw�yGzv|{|{uP|G|$}~y{z��Pzv|{�{�s�]�{w[�PxK}��2y{u�xguPw[�{z�|$}~y{w�u��o�g|{�Pzo�$¼<�{�gu��cy{��}~yG�Á}~|{�Pz
�$}{�&w[xg�P�
w[x��ou����s�gy$}�y{w[uPxK}��D�ouP�{yM��}~x��az¶}����sw[zo��zo�º}�y
xszv�P�[w���w��g��z·��u��{�MuP�0�?zo|{��u�|{�¶}�xg�oz��s�{w[xg��y{�gzo�{z�y{w[��zo�¨w�x&�s}~|{wÁ}~x&y
�{���gzo��zo�$�

Â Ã�Ä�Å ÆGÇ�È�É�ÊMÅ0ËPÇ�Ä
Ì�ÍgÎ«Í	Ï«Î�ÐsÑ�ÍgÒsÓ�Ï�Ô?Ï�Î«Ó�Õ�Ï�Ö2Í&×gÓ�Ñ�Ó�Ø�Ù�Ó�ÚcÛ2Ñ«Ù�Õ�ÍgÑ�Ù�Ø�Ô�ÐgÜcÚ2Ó$Ï�Ù�ÒgÜ2Ï�Ý2ÍgÏ«Ó�ÚcÐgÜcÏ«Î�ÐgÑ«Ù�Ü2Ò�Ú2ÍgÎ«Í´ÐgÜ6Î�Ñ«ÍgÞoß?ÏPà6á>ÜcÕ�ÍsÒgÜ2Ó$Î�Ù�Þ
Õ�Ó�Ú2Ù�Í�âãÚãÍgÎ�Í�Ù�Ï�Ó$Ü2Þ�Ð?Ú2Ó�Ú±ÍgÜ2Ú´Ï«Î�ÐsÑ�Ó�ÚcÍsÏ·äãå2æ´Ñ�Ó$×gÓ�Ñ«Ï�ÍgØ�Ï�ÐsÜ´Î�Ñ«ÍgÞoß?ÏPâ0çMÙ�Î�Ö6Ú2Ó�Þ�Ð?Ú2Ù�Ü2Ò�ÝKÓ�Ù�Ü2Ò�Ý2ÍsÏ�Ó�ÚcÐsÜ©Ï«Î�ÍsÜ2Ú2ÍgÑ«Ú
ÍgØ�ÒsÐgÑ�Ù�Î«Ö2Õ�Ï�Ï«å2ÞoÖ©ÍsÏ·Î«Ö2Ó�è�Ù�Î�Ó�Ñ«Ý2Ù]ÐsÑ·éëêDìgíîÍsØ¬ÒsÐgÑ«Ù¬Î«Ö2ÕXà�ï�Ï�Ú2ÍsÎ�Í�Ú2Ó�Ü2Ï«Ù¬Î«Ù�Ó�Ï�Ù�Ü2Þ�Ñ«Ó�ÍgÏ«Ósâ-ð�å2Ü2Ú2ÍsÕ�Ó�Ü?Î�ÍgØGØ�Ù�Õ�Ù�Î�ÏMð¨ÐsÑ
Ñ�Ó$Þ�ÐgÑ«Ú2Ù�Ü2Ò�ÐsÜ	Î«Ñ�ÍsÞvß?Ï�ÍgÑ�Ó�ÍsÛ2Û2Ñ�ÐsÍgÞoÖ2Ó�ÚDâãÍsÜ2Ú�ÍgØ�Î�Ó$Ñ�Ü2ÍsÎ�Ù�×gÓ�Ú2ÍsÎ�Í�Ï�Î�ÐsÑ�ÍsÒgÓ�Î«Ó�ÞoÖ2Ü2ÐgØ�ÐsÒgÙ�Ó�ÏMÕ�å2Ï�Î�ÝIÓ�Þ�ÐsÜ2Ï�Ù�Ú2Ó�Ñ«Ó�Ú à+ñãÙ¬Òsò
Ü2Ù�ó2Þ�ÍsÜ?ÎDÍsÚ2×&ÍgÜãÞ�Ó�Ï�Ö2Í&×gÓ�ÝIÓ$Ó�Ü�Õ�ÍsÚ2Ó
Ù�Ü�Î�Ö2Ó�Õ�ÍgÒsÜ2Ó�Î�Ù�Þ�Ñ�Ó�Þ$ÐgÑ�ÚãÙ¬ÜãÒ�Þ�ÐgÕ�Õ�å2Ü2Ù�Î{Ô�Ù�Ü�Î�Ö2ÓMÚãÓ�×gÓ�Ø�ÐsÛ2Õ�Ó�Ü?Î]ÐgðKÛ2ÍsÎ�Î�Ó$Ñ�Ü2Ó�Ú
Õ�Ó�Ú2Ù�Í�àDôMÖ2Ó�å2Ü2Ú2Ó�Ñ«Ø�ÔaÙ�Ü2Ò�Õ�Ó�Ú2Ù�å2ÕõÙ�Ï
ÛãÍgÎ�Î«Ó�Ñ�ÜãÓ�Ú©Ù�Ü?Î�Ð�Í�Î{ç�ÐgòEÚ2Ù�Õ�Ó�Ü2Ï�Ù�ÐsÜ2ÍgØKÍgÑ«Ñ�Í&Ô�ÐgðGÙ�Ï�ÐsØ�ÍgÎ�Ó$Ú�Ñ�Ó$ÒgÙ�ÐgÜ2ÏMÐsðGÕ�ÍgÒgÜãÓ�ò
Î�Ù�ö�ÍsÎ�Ù�ÐgÜãÏMÐgÑf÷ÁÙ�Ï�Ø�ÍgÜ2ÚãÏPà øcù]ÍgÞoÖ´ÐsðGÎ�Ö2Ó�Ï«Ó�Ù�Ï�Ø�ÍgÜ2ÚãÏMÙ¬ÏMÕ�ÍsÚ2Ó�å2ÛXÐgðGÍ�ð¨Ó�ç�ÒsÑ�ÍgÙ�Ü2ÏMÍsÜ2Ú�Ù�Ï�Þ�ÍsÛ2ÍgÝ2Ø�Ó�ÐsðGÏ�å2Ï«Î�ÍgÙ�Ü2Ù�Ü2Ò�Ù�Î«Ï
Õ�ÍgÒsÜ2Ó�Î«Ù¬ö$ÍgÎ�Ù�ÐsÜ�ÍgÎ�×gÐgØ�å2Õ�Ó$Ï
ç�Ó�Ø�ØIÝKÓ�Ø�Ð&çúçMÖ2ÍsÎ
Ù�Ï�Û2Ñ�Ó$Ú2Ù�Þ�Î�Ó�ÚXÝaÔ�Î«Ö2Ó�Ï�å2ÛKÓ�Ñ«Û2ÍgÑ«ÍgÕ�ÍgÒsÜ2Ó�Î«Ù¬Þ�Ø�Ù�Õ�Ù�ÎDð�ÐgÑ�Þ�ÐgÜ?×gÓ$ÜaÎ«Ù�ÐgÜ2ÍsØ
Õ�ÍgÒsÜ2Ó�Î«Ù¬Þ�Ñ�Ó�Þ$ÐgÑ�ÚãÙ¬ÜãÒKà®ôMÖãÙ¬Ï�ÛKÐgÎ�Ó$ÜaÎ«Ù�ÍgØ�Ø�Ô�Ó�ÜãÍgÝ2Ø�Ó�ÏMÏ«Î�ÐgÑ«ÍgÒsÓ·ÚãÓ�Ü2Ï�Ù�Î«Ù¬Ó$ÏMå2Û�Î�Ð�û�ôMÝ2üsÙ�Ü2ý�çMÖ2Ù�ÞvÖ�Ù�Ï
ð¨ÍsÑ
ÝKÓ�ÔsÐgÜ2Ú�çMÖ2ÍsÎ
Þ�ÍsÜ©ÝKÓ�ÍsÞoÖ2Ù�Ó�×gÓ�Ú6çMÙ�Î�Ö6Þ�ÐgÜ?×sÓ�Ü?Î�Ù�ÐgÜ2ÍsØ0Ñ«Ó�Þ�ÐgÑ«Ú2Ù�Ü2ÒKà�Ì�å2Ó�Î«Ð�Î�Ö2Ó�Î{ç
ÐsòYÚãÙ¬Õ�Ó$Ü2Ï�Ù�ÐgÜãÍgØ0ÜãÍgÎ�åãÑ�Ó�Ðgð>Ñ�Ó�Þ�ÐsÑ�Ú2Ù�Ü2Ò�Ó�ÍsÞoÖ©Ù�Ï�ò
Ø�ÍgÜ2Ú�ÒgÓ�Î«ÏMÙ�ÜaÎ«Ó�Ñ�Ó$ð¨Ó�Ñ�Ó$Ü2Þ�Ó�ð¨Ñ«ÐgÕ�ÍsØ�ØIÙ�Î�Ï�Ü2Ó�ÍsÑ�Ó�Ï«Î�Ü2Ó$Ù¬ÒsÖ?ÝIÐsÑ�ÏMÚ2å2Ñ«Ù�Ü2Ò�Ñ«Ó�ÍgÚãÝ2ÍgÞoß�Ñ«Ó�Ï�åãØ¬Î«Ù�Ü2Ò�Ù�Ü�Î{ç
ÐsòYÚ2Ù�Õ�Ó�ÜãÏ�Ù�ÐgÜ2ÍsØ þ ÿsÌ �
Ù�Ü?Î�Ó�Ñ«Ï�Ô?Õ�ÝKÐgØ�Ù�Ü?Î�Ó$Ñ�ð¨Ó�Ñ«Ó�Ü2Þ�Ófþ��{ñ�� � à

ÿgÌ��{ñ��IÙ�Ï ÍgØ�Ï�ÐMÍMÕ�Í��vÐgÑKØ¬Ù�Õ�Ù�Î�Ù�Ü2Ò>ð¨ÍgÞ�Î«ÐgÑ Ù¬Ü�×sÐgØ�å2Õ�Ó0ÐsÛ2Î�Ù�Þ�ÍsØgÏ«Î�ÐgÑ«ÍgÒsÓ
	���
{à��{Ü·Þ$ÐgÜ?×gÓ�Ü?Î«Ù¬ÐsÜ2ÍgØsÕ�ÍgÒsÜ2Ó�Î�Ù�ÞGÑ�Ó$Þ�ÐgÑ«Ú2Ù�Ü2ÒKâ
ÍgÏ�Î�ÖãÓ	Ù�Ü?Î�Ó$Ñ�Î�Ñ«ÍgÞoßcÏ�ÛãÍgÞ�Ù�Ü2Ò6Ù�Ï�Ñ«Ó�Ú2å2Þ�Ó$ÚúÎ�Ö2Ó�Ù�Ü?Î�Ó�Ñ«Î�Ñ«ÍgÞoßcÙ�ÜaÎ«Ó�Ñ�ð�Ó�Ñ�Ó�ÜãÞ�Ó´ÝKÓ�Þ�ÐgÕ�Ó$Ï�Ï�Ù�ÒgÜ2Ù�ó2Þ$ÍgÜ?Î�Ó$Ü2Ðgå2ÒsÖ7Ï«Ð©Î«Ö2ÍgÎ�Ù�Î
Þ�ÍsÜ´Ü2Ð�Ø�ÐsÜ2ÒgÓ�Ñ�ÝIÓ�Ü2Ó�ÒgØ�Ó�Þ$Î�Ó�ÚcÞ�ÐsÕ�Û2ÍgÑ«Ó�Ú´Î«Ð�Î�ÖãÓ�Ú2Ð&çMÜ?Î«Ñ�ÍgÞoß��{ñ��$à2ôMÖ2Ó�Þ$Ñ�ÐgÏ«Ï�Î«Ñ�ÍgÞoß´ÍsÜ2Ú´Ú2Ð&çMÜ?Î«Ñ�ÍgÞoß�Ù�Ü?Î�Ó�Ñ«ð¨Ó�Ñ�Ó$Ü2Þ�Ó
Î�ÐsÒgÓ�Î«Ö2Ó�Ñ�ÒgÙ�×gÓ�Ñ�Ù�Ï«Ó�Î�ÐXÿgÌ��{ñ��$à0ù]×sÓ�ÜcÙ�ÜcÐgÛ2Î«Ù¬Þ$ÍgØ]Ú2Ù�Ï«Þ�Ï�Î«ÐgÑ«ÍgÒgÓaâ-ÍsÚ2×&ÍgÜ2Þ$Ó�Õ�Ó�Ü?Î�Ï�Ù�ÜcÐgÛ2Î«Ù¬Þ$Ï�Ó�Ü2ÍsÝ2Ø�Ó�Ú2Ù�Ï�Þ�Ï«Î�ÐsÑ�ÍgÒsÓ
çMÙ�Î�Ö�Ï�Õ�ÍsØ�Ø¬Ó$ÑMÛ2Ù�Î�ÏPàMôMÖ2Ù�ÏMÎ�Ñ�ÍsÜ2Ï�Ø�ÍsÎ�Ó�Ï�Ù�Ü?Î�Ð�Ù�Ü2Þ�Ñ«Ó�ÍgÏ«Ó�Ú©Ï«Î�ÐsÑ�ÍgÒsÓ�Ú2Ó�ÜãÏ�Ù�Î{Ô�Ý2å2ÎMÍgÎ�Î�Ö2Ó�Þ�ÐgÏ«Î�ÐgðGÙ�Ü2Þ�Ñ«Ó�ÍgÏ«Ó�Ú6Þ�Ñ�ÐsÏ�Ï�Î«Ñ�ÍsÞvß
Ù�Ü?Î�Ó�Ñ«ð¨Ó�Ñ�Ó$Ü2Þ�Ósà ÿsÌ��{ñ���Ù¬Ï�ÖãÍgÑ�ÚãÓ�Ñ�Î«ÐcÚ2Ó�ÍgØ�çMÙ�Î�ÖBÎ�Ö2ÍsÜBÐgÜ2Ó�òEÚ2Ù�Õ�Ó�Ü2Ï«Ù�ÐgÜ2ÍsØ��{ñ��$àDñ2Î�ÍsÜ2Ú2ÍsÑ�ÚBÍgØ�ÒgÐsÑ�Ù�Î�ÖãÕ�ÏPâ®Ø�Ù�ßgÓ�Î�Ö2Ó
è�Ù�Î«Ó�Ñ�Ý2ÙKÍgØ�ÒsÐgÑ�Ù�Î«Ö2ÕXâ�çMÖ2Ù�ÞvÖ�Ö2Í&×sÓMÝIÓ�Ó$Ü�ÍgÛ2Û2Ø�Ù�Ó�Ú�çMÙ�Î�Ö�Ï�åãÞ�Þ�Ó�Ï«ÏMÎ�Ð�ÐgÜ2Ó$òYÚ2Ù�Õ�Ó�ÜãÏ�Ù�ÐgÜ2ÍsØ��{ñ�� ÝIÓ�Þ$ÐgÕ�Ó�Þ$ÐgÕ�Û2å2Î«ÍgÎ«Ù¬ÐsÜ2ÍgØ�Ø�Ô
å2Ü2Õ�ÍsÜ2ÍgÒsÓ�ÍgÝãØ¬Ó�ð¨ÐsÑ�ÿsÌ�à]ñ2Ð7Î«Ö2Ó�Ñ«Ó©Ù�Ï�Í±Ü2Ó�Ó�ÚTð¨ÐsÑ�Ø�Ð&ç Þ$ÐgÕ�Û2Ø�Ó�æ?Ù�Î{Ô7ÍsØ¬ÒsÐgÑ«Ù¬Î«Ö2Õ�Ï�Þ�ÍsÛ2ÍgÝ2Ø�Ó´Ðsð�Û2Ñ«ÐgÎ�Ó$Þ�Î�Ù�Ü2Ò±Ú2ÍgÎ«Í
Ù�Ü?Î�Ó�ÒsÑ�Ù�Î{Ô�ð¨ÐgÑMÏ«Ô?Ï�Î�Ó$Õ�Ï�çMÙ�Î�Ö�ÿgÌ��{ñ��$à

�cÓ]Ú2Ó�Ï«Þ�Ñ�Ù�ÝKÓ
Ï«Ó�×gÓ$Ñ�ÍgØ?ÍsÛ2Û2Ñ�ÐsÍgÞoÖ2Ó�ÏGÎ«Ð��«ÐsÙ¬Ü?ÎKÓ��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ�ÍgÜãÚ·ÚãÓ�Þ�Ð?Ú2Ù�Ü2Ò�ð�ÐgÑ0Ï«å2ÞoÖ�Ï�Ô?Ï«Î�Ó�Õ�Ï<àDôMÖ2Ó�Ï�Ó�ÍgÛãÛ2Ñ�ÐsÍgÞoÖ2Ó�Ï
å2Ï«Ó�Î�ÖãÓMÕ�Ù¬ÜãÙ¬Õ�å2Õ�Õ�Ó�ÍsÜ�Ï��?å2ÍgÑ«Ó�Ú�Ó�Ñ«Ñ�ÐsÑ�þ����Xñ2ù � Þ�Ñ�Ù�Î�Ó$Ñ�Ù�ÐgÜ�ð¨ÐsÑGÓ��?å2ÍgØ�Ù�ö�ÍgÎ«Ù�ÐgÜ�Ù¬Ü�Þ�ÐsÜ��«å2Ü2Þ$Î�Ù�ÐgÜ�çMÙ�Î�Ö�Ø�Ð&çMòEÚ2Ó�Ü2Ï«Ù�Î{Ô
Û2ÍsÑ�Ù�Î{Ô?òYÞoÖ2Ó�Þoß þ�� Ì���ê � Þ�Ð?Ú2Ó�Ï�ð¨ÐsÑ�Ó�Ñ�Ñ«ÐgÑ�Þ�ÐgÑ«Ñ�Ó�Þ$Î�Ù�ÐgÜ à ôMÖ2ÓXÛIÐsÎ�Ó�Ü?Î�Ù�ÍsØ�Ðgð�ÿsÌ����´ñãù�Ó��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ±ð¨ÐgÑ�Û2ÍsÒgÓ�ò
ÐgÑ«Ù�Ó�Ü?Î�Ó�ÚúÐsÛ2Î�Ù�Þ�ÍsØ�Õ�Ó�Õ�ÐsÑ�Ù�Ó�Ï�ç
ÍsÏ�Ú2Ó�Õ�ÐgÜãÏ�Î�Ñ«ÍgÎ«Ó�Ú Ý?Ô êDÖ?å2ÒgÒ! #"%$'&)(*	���
~â�	 ÿ+
~à-,�Ð&ç
Ó$×gÓ�Ñ<â+Î�Ö2ÓXÓ��?å2ÍgØ�Ù�ö�Ó�Ñ«Ï�Î�ÖãÓ�Ô
Û2Ñ«ÐgÛKÐgÏ�Ó$Ú�ç�Ó�Ñ�Ó�Ü2ÐgÎ�Ù�Î�Ó�Ñ«ÍgÎ�Ù�×sÓsà-ñãÙ¬ÜãÒgØ�Í. /"0$'&1(2	 3'
2å2Ï«Ó�Ú�Ù�Î�Ó�Ñ«ÍgÎ�Ù�×sÓMÿgÌ4���´ñ2ùcÓ��?å2ÍsØ�Ù¬ö$ÍgÎ�Ù�ÐsÜ�çMÙ¬Î«Ö5�0Ì���ê©Ú2Ó�Þ$ÐaÚãÙ¬ÜãÒ
ÍgÜãÚ´Ï�Ö2Ð&ç�Ó�Ú6Ï�Ù�ÒgÜãÙ¬óãÞ�ÍgÜ?Î�Ù�Õ�Û2Ñ«Ð&×gÓ�Õ�Ó$ÜaÎMÙ�Ü´ÛKÓ�Ñ«ð¨ÐgÑ«Õ�ÍgÜ2Þ�Ó�Þ�ÍsÜ©ÝKÓ�ÐsÝ2Î�ÍsÙ�Ü2Ó�Ú´Ý?Ô�Ù�Î�Ó�Ñ«ÍgÎ�Ù�Ü2Ò�Ù�Ü2ð¨ÐgÑ«Õ�ÍgÎ«Ù¬ÐsÜ�ÝIÓ�Î{ç�Ó�Ó�Ü
Î�ÖãÓ�Ó��?å2ÍgØ�Ù�ö�Ó�ÑMÍsÜ2Ú�Ú2Ó�Þ�Ð?Ú2Ó$ÑPà
ôMÖ2Ó�Ó��?å2ÍgØ�Ù�ö�Ó�Ñ�Ù�Ü6	 3'
�Ù�ÏMÏ�ÛãÍgÎ�Ù�ÍsØ¬Ø�Ô�Ù�Ü?×&ÍgÑ«Ù¬ÍsÜ?Î#7�ÍsÎMÓ�ÍgÞoÖ´Ù�Î�Ó$Ñ�ÍgÎ«Ù�ÐgÜ�Î«Ö2Ó8���Xñ2ùúó2Ø�Î�Ó$Ñ
9;:�<>=@?�A>BC<>D�ECFG?HEI=�J�KLBC<�BI<>=NM0=PO>?�ECBIQR=PS#BTD�U'VXWL=PY�BIECKLYP?HW�?�S>Z\[�]/FCBI=�Q^F�V_S>`�KLS>=�=PECKLS>`+aIb8?�FC<>KLS>`�BCD�Sdc@S>KLeH=PECFIKLBf]gKLS�[�B;hGiTD�A>KLFjaPkmln�o+pqo�r a;cs[�t-uv=�w�Q^?�KLWyx�z)?�DG{�=�FI=�h J�A>FIBCWyh =PZ>A�|Ch}:�<>KLF0JXD�EC~�KLF0FIA>O>O+D�ECBI=�Z�KLS*O>?HEIBN�/]
BI<>=d��D#=PKLS>`��>DHA>S>Z>?�BIKLDHS^?�S>Z��#]�BC<>=
l_�^Y�=�D�U� ?jej?�W+�@=PFC=P?HEIYq<�A>S>Z>=�E_tNJ_?�ECZ � r�r�r+pq� w r�o w p w r+pjp�r h

�



Ù�Ï
Þ$ÍgØ�Þ�å2Ø�ÍgÎ«Ó�Ú�å2Ï�Ù�Ü2Ò�Î�ÖãÓ·Ó$ÜaÎ«Ù�Ñ�Ó�Ú2ÍgÎ«Í�ÍgÜ2Ú�Î�Ö2Ó�Ù�Ü2ð¨ÐsÑ�Õ�ÍsÎ�Ù�ÐgÜ�ÐgÝ2Î«ÍgÙ�Ü2Ó�Ú�ð¨Ñ«ÐgÕîÎ�ÖãÓ*� Ì���êºÚãÓ�Þ�Ð?Ú2Ó�Ñ<à��{Ü�Î�Ö2Ù�Ï�Û2ÍgÛKÓ�Ñ
ç�Ó�Û2Ñ�ÐsÛIÐsÏ�Ó8���´ñ2ùúÓ��?å2ÍsØ�Ù¬ö$Ó�Ñ�Ï�Î�Ö2ÍsÎMÍgÑ�Ó�Ï�Û2ÍsÎ�Ù�ÍgØ�Ø�Ô�ÍgÜ2Ú�Î«Ó�Õ�ÛIÐsÑ�ÍsØ¬Ø�Ô�×&ÍsÑ�Ô?Ù�Ü2ÒKà]ôMÖ2Ó8���´ñãù§ÓH�aåãÍgØ�Ù�ö�Ó�Ñ�ÍsÜ2Ú�Î�Ö2Ó
�0Ì���ê7Ú2Ó�Þ$ÐaÚãÓ�Ñ�Ó�æ?ÞoÖ2ÍsÜ2ÒgÓ�Ó$æaÎ«Ñ�Ù�Ü2Ï«Ù¬Þ�Ù�Ü2ð¨ÐsÑ�Õ�ÍsÎ�Ù�ÐgÜ�ÍsÜ2Ú�å2Ï�Ó�Ù�Î�ÍgÏ�$8�X���f�+��� Ù�Ü2ð¨ÐsÑ�Õ�ÍgÎ«Ù�ÐgÜ�ð¨ÐsÑMÎ�Ö2Ó�Ü2Ó�æ?Î�Ù¬Î«Ó�Ñ�ÍsÎ�Ù�ÐgÜDà
ôMÖ2Ù�ÏMÙ�ÏMÍgØ�Ï�Ð�ß?Ü2Ð&çMÜ�ÍsÏMÎ�Ö2Ó�Û2Ñ�Ù�Ü2Þ�Ù�Û2Ø�Ó�ÐgðGÎ�å2Ñ«ÝIÐ�ÓH�aåãÍgØ�Ù�ö�ÍgÎ«Ù¬ÐsÜ à

ôMÖ2Ó5���´ñãù�Ó��?å2ÍgØ�Ù�ö�ÍgÎ«Ù�ÐgÜ6Ï�ÞoÖ2Ó�Õ�Ó�Ï�ÍgÑ«Ó�Î�Ö2Ó�Ó�æ?Î�Ó�ÜãÏ�Ù�ÐgÜcÐsð
Î«Ö2ÐgÏ«Ó�Û2Ñ�ÐsÛIÐsÏ�Ó�Ú±ÝaÔXô%�å2ÞoÖ2Ø�Ó�Ñ� #"�$+&)(^	 �>
{âR	 �>
]ð¨ÐsÑ
ÐgÜãÓ�òYÚãÙ¬Õ�Ó$Ü2Ï�Ù�ÐgÜãÍgØ��{ñ���Î�Ð7ÿsÌ��{ñ��$à
í�Ó�Þ�Ó�Ü?Î�Ø�ÔÀâN�«ÐsÙ¬Ü?Î�Ó��?å2ÍsØ�Ù¬ö$ÍgÎ�Ù�ÐsÜ§ÍsÜ2ÚúÚ2Ó$Þ�Ð?Ú2Ù�Ü2Ò7Ï«ÞvÖãÓ�Õ�Ó�Ï´ð¨ÐsÑ�ÿsÌ��{ñ���Ý2ÍsÏ�Ó�Ú
ÐgÜ6Õ�Ó�Ï«Ï�ÍgÒsÓ�òEÛ2ÍgÏ«Ï�Ù�Ü2Ò´Ö2Í&×sÓ�ÝKÓ�Ó�ÜcÛãÑ�ÐgÛKÐgÏ«Ó�ÚcÝ?Ô±á�� ñ2å2Ø�Ø�Ù¬×&ÍsÜ� #"�$'&)(^	 3>
~âd	 û>
{à�ôMÖ2Ó$Ï�Ó�Ï�ÞoÖ2Ó$Õ�Ó�Ï�ÛKÓ�Ñ«ð¨ÐgÑ«Õ.Õ�Ó�Ï«Ï�ÍgÒsÓ�ò
Û2ÍsÏ�Ï�Ù�Ü2Ò�ÐgÜ�Î�ÖãÓ��«ÐsÙ¬Ü?ÎGÒgÑ«ÍgÛ2Ö�Ðsð�Î�Ö2Ó�Ó�Ñ�Ñ«ÐgÑ«òYÞ�ÐsÑ�Ñ«Ó�Þ�Î�Ù�ÐsÜ	Þ$ÐaÚãÓ�ÍgÜãÚ�Î�Ö2Ó�ÞvÖãÍgÜ2Ü2Ó$Ø��{ñ��$à<ôMÖ2Ó�Ú2Ó�Þ�Ð?Ú2Ù�Ü2Ò�Ï«ÞoÖ2Ó�Õ�Ó�ÏMÝ2ÍsÏ�Ó�Ú
ÐgÜ����´ñ2ùTÓ��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ�Ö2Í&×sÓ�Ø�Ð&ç
Ó�Ñ�Þ�ÐgÕ�ÛãØ¬Ó$æaÙ�Î{Ô�Î�ÖãÍgÜ´Î«Ö2Ó�Õ�Ó$Ï�Ï�ÍsÒgÓ�òEÛ2ÍsÏ�Ï�Ù�Ü2Ò�Ï«ÞvÖãÓ�Õ�Ó�Ï�Ý2åãÎ�Ö2Í&×sÓ�Þ�ÐgÕ�ÛãÍgÑ�ÍsÝ2Ø�Ó
ÛKÓ�Ñ�ð¨ÐsÑ�Õ�ÍsÜ2Þ�Ósà»ôMÖãÓ�Ñ�Ó�Ï«Î�Ðsð
Î«Ö2Ó�Û2ÍgÛKÓ�Ñ�Ù�Ï�ÐgÑ«ÒgÍsÜ2Ù�ö�Ó�ÚcÍgÏ�ð¨ÐsØ�Ø¬Ð&çMÏ<àëñ2Ó$Þ�Î�Ù�ÐgÜcÿ�Ú2Ó$Ï�Þ�Ñ«Ù¬ÝKÓ�Ï�Î�Ö2Ó�Õ�Ð?Ú2Ó�ØGç
Ó�åãÏ�Ó�ð¨ÐsÑ
Î�ÖãÓ�Ï�Ô?Ï«Î�Ó�Õ�Ï�çMÙ�Î�Ö±ÿgÌ��{ñ��$à@�{Ü7ñ2Ó�Þ$Î�Ù�ÐgÜ�3KâDç�Ó�Ú2Ó�Ï«Þ�Ñ�Ù�ÝKÓ�Î�Ö2Ñ«Ó�Ó����´ñ2ùîÓ��?å2ÍsØ¬Ù�ö�ÍsÎ�Ù�ÐgÜ6Ï�ÞoÖ2Ó$Õ�Ó�Ï�å2Ï�Ù�Ü2Ò6Í´Ø�Ù�Ü2Ó�ÍsÑ
Ó��?å2ÍsØ¬Ù�ö�Ó$ÑPà©ï�Ø�Ï�Ð6Ú2Ó�Ï«Þ�Ñ�Ù�ÝKÓ�ÚúÙ�Ücñ2Ó�Þ$Î�Ù�ÐgÜ�3©ÍsÑ�Ó�Ù�Î«Ó�Ñ�ÍsÎ�Ù�×gÓ�Ú2Ó�Þ�Ð?Ú2Ù�Ü2Ò6ÍgØ�ÒgÐsÑ�Ù�Î�ÖãÕ�Ï·åãÏ�Ù�Ü2Ò6�0Ì���ê Þ�Ð?Ú2Ó$Ï�çMÙ¬Î«ÖcÎ�Ö2Ó
Ó��?å2ÍsØ¬Ù�ö�Ó$Ñ�ÏPà]í�Ó�Ï«å2Ø�Î�ÏMÍsÑ�Ó�Û2Ñ�Ð&×?Ù�Ú2Ó�Ú�Ù�Ü�ñ2Ó�Þ�Î«Ù�ÐgÜ���ÍsÜ2Ú�Þ�ÐgÜãÞ�Ø�å2Ï�Ù�ÐgÜãÏMÙ¬Ü�ñ2Ó$Þ�Î�Ù�ÐgÜ���à
� ���5�GÅ@�
� � Ç�È��
�
ôMÖ2Ó�Ñ«Ó�Þ�ÐgÑ«Ú2Ù�Ü2Ò6Ï�Ô?Ï�Î«Ó�Õ Þ�ÍgÜcÝKÓ�Ñ«Ó�Û2Ñ�Ó$Ï�Ó�Ü?Î�Ó$Ú§Ý?Ô6Î�Ö2Ó�ÚãÙ¬Ï«Þ�Ñ�Ó$Î�Ó�Î�Ù�Õ�Ó�Ï�Ô?Ï�Î«Ó�Õ5Ï�ÖãÐ&çMÜ©Ù�Ü��GÙ�ÒKà0�gà.,�Ó�Ñ«Ó��XÙ�Ï�Î�Ö2Ó
å2Ü2Þ$ÐaÚãÓ�Ú7å2Ï«Ó�Ñ�Ú2ÍgÎ«ÍKâ0Î�Ö2Ó�ÞvÖãÍgÜ2Ü2Ó$Ø
Ù�Ü2Û2åãÎPâg fâ0Ù�Ï�Î�ÖãÓ�Ó�Ü2Þ$ÐaÚãÓ�Ú7Ú2ÍsÎ�Í�â-ÍsÜ2Ú�¡ Ù�Ï�Î�ÖãÓ�ÞoÖ2ÍgÜãÜ2Ó�Ø�Ðgå2Î«Û2å2ÎPà�  Ù¬Ï�Í
Õ�ÍgÎ«Ñ�Ù�æ-âIÎ{ÔaÛãÙ¬Þ$ÍgØ�Ø�Ô	Ñ«Ó�Þ�Î«ÍgÜ2Òså2Ø�ÍgÑPâ0çMÙ�Î�Ö6Ó�Ø�Ó�Õ�Ó�Ü?Î�Ï\¢]þ�£j¤P¥ ��¦¨§'© �'ª�à�ôMÖãÓ�Ü2ÐgÙ�Ï�ÓaâN« â�Ù�Ï�ÍgÏ�Ï«å2Õ�Ó�ÚcÎ«Ð	ÝKÓ�ÍgÚãÚ2Ù�Î�Ù�×gÓ
çMÖ2Ù�Î�Óm¬+Íså2Ï�Ï«Ù�ÍgÜ�ÜãÐgÙ�Ï�Ó¶þ ïN�­¬s® � çMÙ�Î�Ö�×&ÍsÑ�Ù�ÍgÜ2Þ$Ó°¯Àý ±�àDôMÖãÓ·ÞoÖ2ÍsÜ2Ü2Ó�Ø Ðgå2Î«Û2å2Î<âX¡fâaÙ�ÏMÍ�Õ�ÍsÎ�Ñ�Ù�æ�çMÙ�Î�Ö�Ó�Ø�Ó�Õ�Ó�Ü?Î�Ï

² þ³£;¤´¥ �dµ·¶¹¸Nº
»f¼�½�¾

¶@¸@º
» ¿�½�¾

¢>þ³£ÁÀ�Â
º
¤P¥*À�Â ý �´Ã þ´Â º

¤#Â ý �@Ä�Å þ³£;¤P¥ �´Æ þP� �

EXTRINSIC INFORMATION

a X R
^ ^
X a

ENCODER

CHANNEL

DETECTOR DECODER

ECCECC
2−D ISI

W

�GÙ�ÒgåãÑ�Óm�'7DÌ�Ù�Ï�Þ�Ñ«Ó�Î�Ó$òYÎ«Ù¬Õ�Ó�Ï�Ô?Ï�Î«Ó�ÕXà
�{ÜBþ�� �ÈÇ Ñ«Ó�Û2Ñ�Ó$Ï�Ó�Ü?Î�Ï�Î�ÖãÓ�Ü?å2Õ�ÝIÓ$Ñ·Ðsð]Ó�Ø�Ó�Õ�Ó�Ü?Î«Ï·Ð&×sÓ�Ñ�çMÖ2Ù�ÞoÖ´Î�Ö2Ó%�{ñ���Ó�æ?Î�Ó�Ü2ÚãÏ�Ù�Ü´Ó�ÍgÞoÖ6Ú2Ù�Õ�Ó�Ü2Ï«Ù¬ÐsÜ´ÍgÜãÚÊÉ µ

§ËÃ þqÂ
º
¤/Â ý � ª ¶¹¸Nº» ¼;Ì » ¿ ½�¾ Ù¬Ï�Î�ÖãÓ�ÿgÌ�ÞoÖ2ÍsÜ2Ü2Ó�Ø�ÛKÐgÙ�Ü?Î�Ï�Û2Ñ«Ó�ÍgÚ�ð¨å2ÜãÞ�Î�Ù�ÐgÜDà¹�cÓ�ÍgÏ�Ï«å2Õ�Ó�Î�Ö2ÍsÎ
Î«Ö2Ó��{ñ��]Þ�Ð?Ó�Í�Þ$Ù¬Ó$ÜaÎ«Ï Ã þ�£j¤P¥ �´¦2Î à

�KÐgÑ]Ó�Ñ«Ñ�ÐsÑMÞ�ÐgÑ«Ñ�Ó�Þ�Î«Ù�ÐgÜ�ç
Ó�å2Ï�Ó
�0Ì���ê Þ$ÐgÏ�Ó$Î
Þ�Ð?Ú2Ó$Ï°	³Ï�
IçMÙ�Î«Ö�Î�Ö2Ó�Þ�Ð?Ú2Ó�ÒgÑ�ÍsÛ2Ö�ÞoÖ2ÐgÏ«Ó�Ü�å2Ü2Ù�ð¨ÐsÑ�Õ�Ø�Ô�ÍgÎ�Ñ�ÍsÜ2Ú2ÐsÕ ð�Ñ�ÐgÕ
Î�ÖãÓ�Ó�ÜãÏ�Ó�Õ�Ý2Ø�Ó�Ðgð>Ñ�Ó�Òså2Ø�ÍgÑMÒgÑ«ÍgÛ2ÖãÏPà��IÐsÑMÎ�Ö2Ó�Û2å2Ñ«ÛIÐsÏ�Ó�ÐgðGÙ�Ø¬Ø�å2Ï«Î�Ñ«ÍgÎ�Ù�ÐsÜ	ÐsðGÐgå2Ñ�Þ�ÐgÜ2Þ$Ó�Û2Î�Ï�ÍgÜ2Ú´Ï«Ù�Õ�å2Ø�ÍsÎ�Ù�ÐgÜ2Ï�ç�Ó�å2Ï�Ó
Î�ÖãÓ·ð�ÐgØ�Ø�Ð&çMÙ¬ÜãÒ�ÛIÐsÙ�ÜaÎ�Ï�ÛãÑ�Ó�ÍsÚ´ð¨å2Ü2Þ$Î�Ù�ÐgÜN7

Ã�µ � Ð Æ �
Ð Æ �ÑÐ Æ ÿ+� Æ

Ò � � �°Ó Ó!Ô�É�Õ8�PË#Ö�Õ�Å0ËPÇ�Ä
�{Ü�Î�Ö2Ù�Ï0Ï«Ó�Þ�Î«Ù¬ÐsÜ�ç�Ó�Ú2Ó�Ï�Þ$Ñ�Ù�ÝIÓ�Î�Ö2Ñ«Ó�ÓR���´ñ2ù6Ó��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ�Ï«ÞoÖ2Ó�Õ�Ó�Ï]åãÏ�Ù�Ü2Ò�Í�Ø�Ù¬ÜãÓ�ÍgÑ Ó��?å2ÍgØ�Ù�ö�Ó�Ñ<àDôMÖ2Ó
óãÑ�Ï�ÎGÓ��?å2ÍsØ�Ù¬ö$Ó�ÑPâ
Ú2Ó�Ï«Þ�Ñ�Ù�ÝKÓ�Ú�Ù¬Ü�Ï«å2Ý2Ï�Ó$Þ�Î�Ù�ÐgÜ%3Kà��sâ¤Ù�Ï�Î�Ö2Ó>Ó�æ?ÍgÞ�ÎGÙ�Õ�Û2Ø�Ó�Õ�Ó�Ü?Î�ÍsÎ�Ù�ÐgÜ�çMÖ2Ù�ÞoÖ·Ó$Õ�Û2Ø�Ð&ÔaÏ�ÍMÏ«Û2ÍgÎ«Ù�ÍgØ�Ø�ÔMÍgÜ2Ú�Î«Ó�Õ�ÛKÐgÑ�ÍsØ�Ø¬ÔM×&ÍsÑ�Ô?Ù�Ü2Ò
Ó��?å2ÍsØ¬Ù�ö�Ó$ÑPà��{Ü´Ï�å2ÝãÏ�Ó�Þ�Î«Ù�ÐgÜ2Ï�3Kà ÿ�ÍsÜ2Ú�3Kà 3�ç�Ó�Ú2Ó�Ï«Þ�Ñ�Ù�ÝKÓ�Î�Ù�Õ�Ó�òEÙ�Üa×&ÍsÑ�Ù�ÍgÜ?Î�ÍgÛ2ÛãÑ�Ð&æ?Ù�Õ�ÍgÎ�Ù�ÐsÜ2Ï
Ðsð]Î�ÖãÓ�Ó�æ?ÍgÞ�Î�Ó��?å2ÍsØ�Ù¬ö$Ó�ÑPà
�{ÜcÏ�åãÝ2Ï�Ó�Þ$Î�Ù�ÐgÜ�3Kà ��ç�Ó�Ú2Ó�Ï«Þ�Ñ�Ù�ÝKÓ\�«ÐsÙ¬Ü?Î�Ù�Î�Ó�Ñ«ÍgÎ«Ù¬×sÓ�Ó��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ´ÍsÜ2ÚcÚ2Ó�Þ$ÐaÚãÙ¬ÜãÒ´Ï�ÞoÖ2Ó�Õ�Ó$Ï�å2Ï«Ù�Ü2Ò�Î�Ö2Ó�Ï«Ó�Ó��?å2ÍsØ�Ù¬ö$Ó�Ñ�Ï
çMÙ�Î�Ö�Î�ÖãÓ*� Ì���êºÚãÓ�Þ�Ð?Ú2Ó�Ñ<à
×
Ø�Ù Ú�Û�Ü0Ý�Þ�ß'àâá�ã�ä@àâä@åRÞTÜ0ÞGæ�çdå
ôMÖ2Ó8���´ñ2ùúÓ��?å2ÍsØ�Ù¬ö$Ó�Ñ�Õ�Ù�Ü2Ù�Õ�Ù�ö�Ó�ÏMÎ«Ö2Ó�Õ�Ó�ÍsÜ´ÏP�?å2ÍsÑ�Ó�Ú´Ó$Ñ�Ñ�ÐsÑéè�	³ê ¢>þ³£;¤P¥ � Àìë¢Gþ�£j¤P¥ � ê ý/
 ÝIÓ�Î{ç�Ó�Ó�Ü6Î�ÖãÓ�Ú2Ó�Ï«Ù¬Ñ«Ó�Ú6Ú2ÍgÎ«Í
 õÍsÜ2Ú´Î«Ö2Ó�óãØ¬Î«Ó�Ñ�Ðgå2Î«Û2å2Î ë fà�Ì·Ó$ó2Ü2Ó�í/ jî�þ�ï � ÍgÏ�Î�Ö2Ó�ÐgÛKÓ�Ñ«ÍgÎ�Ù�ÐsÜ´Î�Ö2ÍsÎ�Ñ«ÍgÏ�Î«Ó�Ñ�Ï�Î�Ö2Ó�Õ�ÍsÎ�Ñ«Ù¬æðï5þ Ó�Ù�Î�ÖãÓ�Ñ�Ñ�Ð&çMòEçMÙ¬Ï«Ó
ÐgÑMÞ$ÐgØ�å2Õ�Ü2òEçMÙ�Ï�Ó � Ù�ÜaÎ«Ð�Í�Þ$ÐgØ�å2Õ�Ü�×gÓ�Þ$Î�ÐgÑ<àDôMÖ2Ó�Ø�Ù�Ü2Ó�ÍsÑ^���Xñ2ùBÓ�Ï�Î«Ù¬Õ�ÍsÎ�Ó�Ðsð�¢>þ³£;¤´¥ � Ù�ÏPâ

ë¢]þ�£j¤P¥ �ñµ è�	 ¢]þ�£j¤P¥ � 
 Ä ò
»f¼y½ ¸ ò

ò
» ¿�½ ¸ ò

² þ�£�ÀóÂ
º
¤P¥*À�Â ý � À�è�	 ² þ³£0ÀôÂ º

¤P¥8ÀôÂ ý � 
 õ�þ³£;¤´¥%7}Â º
¤#Â ý �

µ ö þ�£j¤P¥ �0ÄÊ÷>øù�ú þCû ù�ú Àôè�	vû ù�ú 
 �´Æ þ ÿ �

ÿ



,�Ó$Ñ�Ó�û ù�ú Ù�Ï·Î«Ö2Ó6þ¨ÿ�ü Ä � � ýþý ��×gÓ�Þ$Î�ÐgÑ�í# �îgþ § ² þ³£sÀ¨Â
º
¤P¥�À-Â ý � ª ò»f¼ Ì » ¿�½ ¸ ò

� à´þ § õ�þ�£j¤P¥�7�Â
º
¤#Â ý � ª ò»f¼ Ì » ¿P½ ¸ ò

� ÍgÑ«Ó�Î�Ö2Ó
���´ñãù7ó2Ø�Î�Ó$Ñ]Þ�Ð?Ó�Í�Þ�Ù�Ó�Ü?Î�ÏMð�ÐgÑ]Ý2Ù�Î0¢>þ³£;¤P¥ � ÍsÜ2Ú ÷ ù�ú Ù�Ï�Î�Ö2ÓM×sÓ�Þ�Î�ÐsÑ�í/ jîgþ § õPþ³£;¤´¥m7TÂ

º
¤#Â ý � ª ò»f¼ Ì » ¿�½ ¸ ò

� àDôMÖãÓ�Ï�åãÛIÓ�Ñ«Ï�Þ�Ñ«Ù�Û2Î
ÿ Ú2Ó$Ü2ÐgÎ«Ó�Ï�Õ�ÍsÎ�Ñ�Ù�æcÎ«Ñ�ÍgÜãÏ�ÛKÐgÏ�Ù�Î«Ù¬ÐsÜ à ö þ³£;¤´¥ �.µ è�	 ¢>þ³£;¤´¥ � 
�Ù�Ï�Î�Ö2Ó�Õ�Ó�ÍsÜ7ÐgðÈ¢]þ�£j¤P¥ � à ôMÖ2Ó�Õ�Ó�ÍsÜ â ö þ³£;¤´¥ � â
ÍsÜ2Ú
×&ÍgÑ«Ù�ÍgÜ2Þ�Óaâ���þ³£;¤P¥ � âãÐsð�¢>þ³£;¤´¥ � Þ�ÍsÜ	ÝKÓ�Þ�ÍgØ�Þ�åãØ¬ÍsÎ�Ó�Ú�å2Ï«Ù�Ü2Ò�Î�Ö2Ó�$\�X�H�f�'���-Ù�Ü2ð¨ÐsÑ�Õ�ÍgÎ«Ù�ÐgÜ à0ñ2ÛKÓ�Þ�Ù�ó2Þ�ÍsØ¬Ø�ÔÀâ�Ù�ð Ç � þ�¢]þ�£j¤P¥ ��� Ù�ÏÎ�ÖãÓm$��2���f�'�H� Ø¬ÐsÒgòEØ�Ù¬ßsÓ�Ø�Ù�Ö2Ð?ÐgÚ�Ñ�ÍsÎ�Ù�Ðfþ��@� í � ÐgðN¢>þ³£;¤´¥ � âaÎ«Ö2Ó�Ü â

ö þ�£j¤P¥ � µ �����gÃ þ Ç � þ³¢>þ³£;¤´¥ �P�	� ÿ ���þ�£j¤P¥ � µ �sÀ³þ ö þ³£;¤P¥ ��� ý Æ
ôMÖ2Ó�Þ�Ð?Ó�Í�Þ�Ù�Ó�Ü?Î«Ï�ÐgðGÎ«Ö2Ó��úÙ�Ó�Ü2Ó�ÑMó2Ø�Î«Ó�Ñ�ÍsÑ�Ó�ÐgÝ2Î«ÍgÙ�Ü2Ó�Ú�Ý?Ô�Ï�ÐsØ�×aÙ�Ü2Ò�Î�ÖãÓ8�úÙ�Ó�Ü2Ó�Ñ«òI,�ÐgÛ2ð Ó��?å2ÍgÎ«Ù�ÐgÜ2Ï


��
� ÷ ù�ú µ 
�����¤ þ�3 �
çMÖ2Ó�Ñ«Ó�
���� µ è�	vû ù�ú û øù�ú 

ÍsÜ2Ú�
���� µ è�	vû ù�ú ¢]þ�£j¤P¥ � 
~à	ôMÖ2Ù�Ï�Ï«ÐgØ�å2Î«Ù¬ÐsÜ©Ñ«Ó�Ï�åãØ¬Î«Ï�Ù�ÜcÍgÜcÓ�Ï«Î�Ù�Õ�ÍgÎ«Ó ë¢>þ³£;¤´¥ � ÐsðR¢]þ�£j¤P¥ �
çMÖ2Ù�ÞoÖ�Ù¬ÏMåãÜaÝãÙ¬ÍsÏ�Ó�ÚDâaÙ{à Ósà�â�è�	që¢]þ�£j¤P¥ � 
 µ è�	 ¢]þ�£j¤P¥ � 
~à
�KÐgÑ�Î�Ö2Ó�Ï«Ô?Ï�Î�Ó$Õ�Õ�ÐaÚãÓ�Ø�Ù�Ü6þP� � â


��
� µ ¯ ý±���� ý ò�� º��
¿ Ä���� ù�ú �þø þ�� �


 ��� µ ��þ³£;¤P¥ �! ø þ�� �
è�	vû ù�ú 
 µ �#" ù�ú ¤ þ û �

çMÖ2Ó�Ñ«Ó � � ý ò$� º%�
¿ Ù�Ï�Î�Ö2Ófþ ÿ_ü Ä � � ý ý þ¨ÿ�ü Ä � � ý�Ù�Ú2Ó�Ü?Î�Ù�Î{Ô�Õ�ÍgÎ«Ñ�Ù�æ-â � Ù�Ï·Î«Ö2Ófþ ÿ�ü Ä � � ý ý þ¨ÿ�ü Ä·Ç^� ý�ÞoÖ2ÍsÜ2Ü2Ó�Ø

Þ�ÐsÜa×sÐgØ�å2Î«Ù¬ÐsÜ�Õ�ÍgÎ�Ñ«Ù�æ�à � ù�ú µ Ú2Ù�ÍsÒX	�í/ jîgþ § �-þ³£>À°Â
º
¤´¥�À°Â ý � ª ý ò$� ¶»f¼ Ì » ¿P½ ¸ ý ò ¸_¶

� 
{â�çMÖ2Ó$Ñ�Ó�Ú2Ù�ÍgÒX	v�+
sÙ�Ï0Í�ÚãÙ¬ÍsÒgÐsÜ2ÍgØ&Õ�ÍsÎ�Ñ�Ù�æ�çMÙ¬Î«Ö
Î�ÖãÓ·Ó$Ø¬Ó$Õ�Ó�Ü?Î�Ï�Ðsð0×sÓ�Þ�Î�ÐsÑ\�»ÐgÜ�Î�Ö2Ó�Õ�ÍsÙ¬Ü�Ú2Ù�ÍgÒsÐgÜ2ÍsØ{à  *µ&� 	('

º*)
�
ò$� ¶¹¸Nº%�

� ý ò�� º � ¶+�
�,'

º*) ò
� ý ò�� º � ¶+�


 ø àÁ�GÙ�Ü2ÍgØ�Ø�Ô?â
" ù�ú µ í# jî�þ §;ö þ�£ËÀéÂ

º
¤P¥@ÀéÂ ý � ª ý ò$� ¶» ¼;Ì » ¿ ½ ¸ ý ò ¸�¶

� à.-�Ï�Ù�Ü2Ò�þf3 � òoþf� � Î�Ö2Ó�ó2Ø�Î�Ó$ÑDÞ$ÐaÓHÍ�Þ�Ù�Ó�Ü?Î�Ï]ð¨ÐsÑ0Î«Ö2Ó
Ó$æaÍsÞ�ÎGÙ�Õ�Û2Ø�Ó�Õ�Ó�Ü?Î�ÍsÎ�Ù�ÐgÜ
Þ�ÍsÜ	ÝKÓ�Þ�ÍsØ�Þ�å2Ø�ÍgÎ«Ó�Ú�ÍgÏ

÷0/21­µ ��þ³£;¤P¥ � þq¯ ý± � � ý ò$� º%�
¿ Ä3��� ù�ú �þø^� ¸@º  >Æ þPÏ �

ôMÖ2Ó�ó2Ø�Î�Ó$Ñ�ÐgåãÎ�Û2å2Î<âdë¢]þ�£j¤P¥ � Þ�ÍgÜ�ÝKÓ�Þ�ÍgØ�Þ�åãØ¬ÍsÎ�Ó�Ú�å2Ï«Ù�Ü2ÒXþ ÿ � â�þ û � â�þ�Ï � â
ë¢]þ�£j¤P¥ �dµÊö þ³£;¤´¥ �@Ä ��þ�£j¤P¥ �! �ø þ´¯ ý± ��� ý ò$� º��

¿ Ä���� ù³ú �.ø^� ¸Nº þ�û ù³ú À �#" ù�ú �qÆ þ54 �
ôMÖ2Ó�Þ�ÐgÕ�Ûãå2Î�ÍsÎ�Ù�ÐgÜ�ÐgðGÎ�Ö2Ó�ó2Ø�Î«Ó�ÑMÞ�Ð?Ó�Í�Þ�Ù�Ó�Ü?Î�Ï�Ù�Üa×sÐgØ�×gÓ$Ï
Ù�Ü?×gÓ�Ñ«Ï�Ù�ÐgÜ�Ðgð Í�þ¨ÿ�ü Ä � � ý ý þ¨ÿ�ü Ä � � ý�Õ�ÍgÎ«Ñ�Ù�æ�çMÖ2Ù�ÞoÖ

Þ�Íså2Ï�Ó�Ï�Í�Ö2Ù�ÒgÖ�Þ�ÐgÕ�Û2åãÎ�ÍgÎ«Ù�ÐgÜ2ÍsØ�Ø¬ÐsÍgÚ à�á
Ü2Ó�ÍsÛ2Û2Ñ�Ð&æ?Ù�Õ�ÍgÎ«Ù�ÐgÜ�çMÖ2Ù�ÞoÖ�Þ�ÍgÜ�ÝKÓ�å2Ï�Ó$Ú´Î�Ð�Ñ«Ó�Ú2å2Þ�Ó�Î�Ö2Ù�ÏMØ�ÐgÍsÚ�Ù�ÏMÎ�Ð�Ö2Í&×sÓ
Î�Ù�Õ�Ó�òEÙ�Ü?×&ÍgÑ�Ù�ÍsÜaÎ>Þ�Ð?Ó�Í�Þ�Ù�Ó�Ü?Î�Ï<às�{Ü�Î�Ö2Ó�ð�ÐgØ�Ø�Ð&çMÙ¬ÜãÒ�ç
Ó�Ú2Ù�Ï�Þ�å2Ï«Ï�Î{ç�Ð�Î�Ù�Õ�Ó�òEÙ�Üa×&ÍsÑ�Ù�ÍgÜ?Î]Ù�Õ�Û2Ø�Ó�Õ�Ó$ÜaÎ«ÍgÎ«Ù¬ÐsÜ2ÏMÐgð Î�Ö2Ó�Ó�æ?ÍgÞ�Î
���´ñãù§ÓH�aåãÍgØ�Ù�ö�Ó�Ñ°	 �'
~à
×
Ø76 8 á�á:9�ç@Û�æ�àâÜÁÞTä4ß'àâá�ã�ä@àâä@åRÞTÜ0ÞGæ�çdå�ß<;>=4ç@?�9�æPç�9 ß'å:Ajç�9�àâÜ0ÞGæ�çdå
�{ð]ç�Ó�ÍsÏ�Ï«å2Õ�Ó�Î�Ö2ÍsÎ Ç � þ³¢>þ³£;¤´¥ �P�
µ Ð�¤�B}£j¤P¥ãâãÙ~à Ósà�âIÜ2ÐÊ$5�X���f�+���>Ù�Ü2ð¨ÐgÑ«Õ�ÍgÎ«Ù¬ÐsÜ�Ù¬Ï�Û2Ñ«Ð&×?Ù¬ÚãÓ�Ú´Î�Ð�Î«Ö2Ó�ÓH�aåãÍgØ�Ù�ö�Ó�ÑPâ�Î�Ö2Ó�Üç�Ó·ÐsÝ2Î�ÍsÙ�Ü�Í�Î�Ù�Õ�Ó�òEÙ�Ü?×&ÍgÑ�Ù�ÍsÜaÎ>×gÓ�Þ�Î«ÐgÑMÐsðDóãØ¬Î«Ó�ÑMÞ�Ð?Ó�Í�Þ�Ù�Ó�Ü?Î«Ï

÷
òDC

µ þq¯ ý± �0� ý ò�� º��
¿ Ä3���.øs� ¸@º  �Æ þ5E �

×
Øf× 8 á�á:9�ç@Û�æ�àâÜÁÞTä4ß'àâá�ã�ä@àâä@åRÞTÜ0ÞGæ�çdå�ß�ß<;F?.ä29GAjä@Ý�ÞH?�9�æPç�9 ß'å:Ajç�9�àâÜ0ÞGæ�çdå
�{ð�ç�Ó´ÍgÏ«Ï�å2Õ�Ó6ÛKÓ�Ñ�ð¨Ó$Þ�Î�$ð�X���y�'���ëÙ¬Üãð¨ÐgÑ«Õ�ÍgÎ�Ù�ÐsÜ â®Ù~à Ósà�â*ê Ç � þ³¢>þ³£;¤´¥ �P� êJI&K�¤�B}£j¤P¥©Î«Ö2Ó�ÜTç
Ó´ÐsÝ2Î�ÍsÙ�ÜúÍgÜ2ÐsÎ�Ö2Ó$Ñ�Î�Ù�Õ�Ó�ò
Ù�Ü?×&ÍgÑ�Ù�ÍsÜaÎ>ó2Ø�Î�Ó�Ñ

÷0LNM�µ  
¯ ý± Ä3 ø  Æ þ��;Ð �
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×
Ø7O ß+ÞGä29�Ü0ÞTæ
PdäRQSQUT�Ú Ú#VXW
Ü0ãPæ
Y�Ü0ÞTæPçgå�Ü0å[Z]\¨äNÝ�çXZ�æPå:^
�{Ü´Î«Ö2Ù�Ï·Ï«å2Ý2Ï«Ó�Þ�Î�Ù�ÐsÜ©ç�Ó�ÚãÓ�Ï�Þ�Ñ«Ù�ÝIÓ�Ö2Ð&çTÎ�ÖãÓ����Xñ2ù ÓH�aåãÍgØ�Ù�ö�Ó�Ñ�Ï�ÍsÑ�Ó�å2Ï�Ó�Ú6çMÙ�Î�Ö´Î«Ö2Ó%�0Ì���ê§Ú2Ó�Þ$ÐaÚãÓ�Ñ�Î�Ð�ÛIÓ$Ñ�ð¨ÐsÑ�Õ
�«ÐsÙ¬Ü?Î�Ó��?å2ÍsØ�Ù¬ö$ÍgÎ�Ù�ÐsÜ·ÍsÜ2Ú�Ú2Ó$Þ�Ð?Ú2Ù�Ü2ÒKà0ôMÖ2Ó]Ó��?å2ÍsØ�Ù¬ö$Ó�Ñ�ÏGå2Ï«Ó
Î«Ö2Ó
Ó$æaÎ«Ñ�Ù�Ü2Ï«Ù¬Þ>Ù¬Üãð¨ÐgÑ«Õ�ÍgÎ�Ù�ÐsÜ Ç2_ þ³¢>þ³£;¤´¥ �P� â<Û2Ñ�Ð&×?Ù�Ú2Ó�Ú�ÝaÔ�Î�Ö2Ó
�0Ì���ê©Ú2Ó$Þ�Ð?Ú2Ó�ÑPâ2Î�Ð�Þ�ÐgÕ�Ûãå2Î�Ó�Î�Ö2Ó�ó2Ø�Î�Ó�Ñ�Þ�Ð?Ó�Í�Þ�Ù�Ó�Ü?Î�Ï�ÍgÜãÚ�Î�ÖãÓ����´ñãù7Ó�Ï«Î�Ù�Õ�ÍgÎ«ÓsàDÌ�å2Ñ�Ù�Ü2Ò�Î�ÖãÓ�Ï�Ó�Þ�ÍsØ¬Þ$å2Ø�ÍgÎ�Ù�ÐsÜ2Ï]ð¨ÐsÑ
Í�Û2ÍgÑ«Î�Ù�Þ�å2Ø�ÍgÑ�Ý2Ù�Î0¢>þ³£;¤´¥ � âaÎ«Ö2Ó��@� í Ç2_ þ�¢]þ�£j¤P¥ �P� Ù¬Ï�Ï�Ó$ÎMÎ�Ð%ÐKà0ôMÖ2Ù�Ï
Ù�Ï�Î�Ð�Ó�Ü2Ï�åãÑ�Ó�Î«Ö2ÍgÎ�ÐgÜ2Ø�Ô�Ó�æ?Î�Ñ«Ù¬ÜãÏ�Ù�Þ�Ù¬Üãð¨ÐgÑ«Õ�ÍgÎ�Ù�ÐsÜ
Ù�Ï�Û2ÍgÏ«Ï�Ó�Ú6ð¨Ñ�ÐsÕ�Î�Ö2Ó�Ó��?å2ÍsØ¬Ù�ö�Ó$Ñ�Î�Ð�Î�Ö2Ó�Ú2Ó�Þ�Ð?Ú2Ó$ÑPà�ôMÖ2Ù�Ï�Õ�ÐaÚãÙ¬óãÓ�Ï�Î�Ö2Ó�Þ�ÍgØ�Þ�åãØ¬ÍsÎ�Ù�ÐgÜãÏ�Ðgð>Î�Ö2Ó�ó2Ø�Î�Ó�Ñ�Þ�Ð?Ó�Í�Þ$Ù¬Ó$ÜaÎ«Ï�ð¨ÐsÑ
Î�ÖãÓ·Ó$æaÍsÞ�Î����´ñ2ùBÓ��?å2ÍgØ�Ù�ö�Ó�Ñ�Ù�Ü6þPÏ �

÷`/a1­µ þq¯ ý± ��� ý ò$� º%�
¿ Ä3��� ù�ú �þø�Ä þP�sÀ���þ�£j¤P¥ ���� b �øs� ¸@º  �Æ þ��'� �

ÍgÜãÚ	Î«Ö2Ó����´ñ2ùBÓ�Ï«Î�Ù�Õ�ÍgÎ«Ó�Ù�Ü6þ¨ÿ �
ë¢>þ³£;¤´¥ �dµ·÷ øù�ú þCû ù�ú À ��" ù�ú Ä�ö þ�£j¤P¥ �! Ë�´Æ þ��¤ÿ �

ï�Ï6Ù�Ü 	 �>
~â�Ù¬ÎXÙ¬ÏXÍgÏ�Ï«å2Õ�Ó�Ú Î�Ö2ÍsÎ©Ísð¨Î�Ó�Ñ����´ñ2ù Ó��?å2ÍgØ�Ù�ö�ÍgÎ«Ù�ÐgÜTÎ�Ö2Ó±Û2Ñ�ÐsÝ2ÍgÝ2Ù�Ø�Ù�Î{ÔúÚ2Ó�ÜãÏ�Ù�Î{Ô�ð¨å2Ü2Þ$Î�Ù�ÐgÜ2Ï³þ ÛKÚ2ð �
c þ#ë¢]þ�£j¤P¥ � ê ¢]þ�£j¤P¥ �dµ ¢ � ¤P¢ ¦0§'© �'ªË¤aÍgÑ�Óé¬+ÍgåãÏ�Ï�Ù�ÍsÜ�çMÙ¬Î«Ö�Û2ÍgÑ«ÍgÕ�Ó�Î«Ó�Ñ�Ïed ù�ú þ³¢ �dµ è�	që¢Gþ³£;¤P¥ � ê ¢>þ³£;¤P¥ �dµ ¢�
IÍsÜ2Ú�¯ ýù�ú þ³¢ �dµfhg �-þ/ë¢>þ³£;¤´¥ � ¤�ë¢]þ�£j¤P¥ � ê ¢]þ�£j¤P¥ �dµ ¢ � àa-�ÜãÚ2Ó�Ñ�Î«Ö2Ù�ÏMÍgÏ«Ï�å2Õ�Û2Î«Ù�ÐgÜ�Î�Ö2Ó�Ðså2Î�Û2åãÎ��@�0í

Ç2/ þ³¢>þ³£;¤P¥ ���dµ Ø�ÐgÒ c þ#ë¢>þ³£;¤P¥ � ê ¢>þ³£;¤P¥ �dµ-Ä � �c þ#ë¢>þ³£;¤P¥ � ê ¢>þ³£;¤P¥ �dµ À�� �
ÝKÓ�Þ�ÐgÕ�Ó$Ï

Ç / þ�¢]þ�£j¤P¥ ���dµ ÿ0ë¢Gþ�£j¤P¥ � d ù�ú þ Ä � �
¯ ýù�ú þ Ä � � Æ þ��;3 �

ôMÖ2Ó�Ï�Î«ÍgÎ«Ù¬Ï«Î�Ù�Þ�Ï>d ù³ú þ�¢ � ÍsÜ2ÚÊ¯Àýù�ú þ³¢ � Þ�ÍgÜ�ÝKÓ�Þ�ÍgØ�Þ�å2Ø�ÍsÎ�Ó�Ú�å2Ï«Ù¬ÜãÒ�Î�Ö2Ó�ó2Ø�Î�Ó$Ñ�Þ�Ð?Ó�Í�Þ�Ù�Ó�Ü?Î«Ï

d ù�ú þ³¢ � µ ¢ji ÷ øù�úk þ��;� �
¯ ýù�ú þ³¢ � µ ÷>øù�ú þq¯ ý±j�0� ý ò�� º��

¿ Ä3��� ù�ú �þø Àl��þ³£;¤P¥ �! � Høs�C÷ ù�ú Æ þ��;� �
ôMÖ2Ó�Ðså2Î�Ûãå2Î��N�0í�ÏMÞ$ÍgÜ�Ü2Ð&çTÝIÓ�Þ�ÍgØ�Þ�åãØ¬ÍsÎ�Ó�Ú�å2Ï«Ù�Ü2ÒXþP��ÿ � ò¤þP��� � ÍsÜ2Ú�Î�Ö2Ó�óãØ¬Î«Ó�Ñ�Þ$ÐaÓHÍ�Þ�Ù�Ó�Ü?Î�ÏPàMôMÖ2Ó8�0Ì���ê7Ú2Ó�Þ$ÐaÚãÓ�Ñ
å2Ï«Ó�Ï�Î«Ö2Ó�Ï�Ó6�@� í�Ï�ÍgÏð$��X���f�+����Ù�Ü2ð¨ÐsÑ�Õ�ÍgÎ«Ù�ÐgÜcÍgÜãÚ§ÛKÓ�Ñ«ð¨ÐgÑ«Õ�Ï�Í6ó2æ?Ó�ÚúÜ?å2Õ�ÝIÓ�Ñ�Ðsð�Õ�Ó�Ï�Ï«ÍgÒgÓ$òYÛ2ÍsÏ�Ï«Ù¬ÜãÒcÙ¬Î«Ó�Ñ�ÍsÎ�Ù�ÐgÜãÏ
ÝKÓ�ð¨ÐgÑ«Ó�Û2ÍsÏ�Ï�Ù�Ü2Ò�Ù�Î�ÏMÓ�æ?Î«Ñ�Ù�Ü2Ï�Ù�Þ�Ù�Ü2ð�ÐgÑ�Õ�ÍsÎ�Ù�ÐgÜ�Î«Ð�Î�Ö2Ó����Xñ2ùBÓ��?å2ÍgØ�Ù�ö�Ó�Ñ<à
m n��
�GÉ �PÅ@� Õ�Ä�Èpo Ë#�GÊMÉ��Á�GËPÇ�Ä
�cÓ�å2Ï�Ó�Ó�æ?Î«Ñ�Ù�Ü2Ï�Ù�Þ�Ù�Ü2ð¨ÐsÑ�Õ�ÍsÎ�Ù�ÐgÜ�Î�Ñ«ÍgÜ2Ï«ð¨Ó�Ñ�þ¨ù�q��{ô � ÞvÖãÍgÑ�Î«Ïþ	 4>
]Î�Ð�Þ�ÐsÕ�Û2ÍgÑ«Ó�Î«Ö2Ó�ÛKÓ�Ñ�ð¨ÐsÑ�Õ�ÍsÜ2Þ�Ó�Ðgð>Î�Ö2Ó�Ó��?å2ÍsØ�Ù¬ö$Ó�Ñ�Ï
Ú2Ó�Ï«Þ�Ñ�Ù�ÝKÓ�Ú´Ù�Ü�Î�ÖãÓ�Û2Ñ«Ó�×?Ù¬Ðså2ÏMÏ�Ó$Þ�Î�Ù�ÐgÜDàDù�q��{ôúÞoÖ2ÍsÑ�Î«ÏMÏ�Ö2Ð&çúÖãÐ&ç§Î«Ö2Óf÷��?å2ÍgØ�Ù�Î{Ô?ø·Ðsð0Î«Ö2Ó�Ðså2Î�Û2åãÎ
Ù�Ü2ð¨ÐsÑ�Õ�ÍsÎ�Ù�ÐgÜ�×&ÍgÑ«Ù¬Ó$Ï
çMÙ�Î�Ö�Î�Ö2ÓR�?å2ÍgØ�Ù�Î{Ô�Ðgð2Î«Ö2Ó�Ù¬ÜãÛ2å2ÎGÙ�Ü2ð¨ÐgÑ«Õ�ÍgÎ«Ù¬ÐsÜ�ð¨ÐgÑGÍ�ÛãÍgÑ�Î«Ù�Þ�å2Ø�ÍgÑGÑ�Ó$Þ�Ó�Ù�×gÓ�Ñ>Þ�ÐgÕ�ÛKÐgÜ2Ó$ÜaÎ<àÁ�IÐsÑ0Î«Ö2ÓMù�q��{ô±ÍgÜ2ÍsØ�ÔaÏ«Ù�ÏPâ�Î�Ö2Ó
Ó��?å2ÍsØ¬Ù�ö�Ó$Ñ
Ù�Ï�Õ�ÐaÚãÓ�Ø�Ó�Ú�ÍsÏ
Í�Ú2Ó�×?Ù�Þ�Ó�Õ�ÍgÛ2ÛãÙ¬ÜãÒ·Î«Ö2Ó�ÞoÖ2ÍgÜ2ÜãÓ�Ø�Ðgå2Î«Û2å2Î�¡îÍsÜ2Ú�Î«Ö2Óé$8�X���y�'���¹�@� í�Ï Ç ù Î«Ð�Í�Ï�Ó��?å2Ó$Ü2Þ�Ó
Ðgð�Ðså2Î�Û2åãÎ.�@� í�Ï Ç2r à �{Î�Ù�Ï�ÍsÏ�Ï�åãÕ�Ó�ÚúÎ�ÖãÍgÎ�Î«Ö2Ó6Ï�Ó��?å2Ó�ÜãÞ�Ó Ç ù Ù¬Ï�Ù�Ü2Ú2Ó�ÛKÓ�Ü2Ú2Ó$ÜaÎ�ÍsÜ2ÚúÙ�Ú2Ó�Ü?Î�Ù�Þ�ÍsØ�Ø¬ÔcÚãÙ¬Ï«Î�Ñ«Ù¬Ýãå2Î�Ó�Ú
þ Ù~à Ù~à Ú à � ¬MÍgå2Ï«Ï�Ù�ÍgÜcçMÙ�Î�Ö6Î�ÖãÓ�ÛKÚ2ðMÏ�ÛKÓ�Þ�Ù�ó2Ó�ÚBÝ?Ô´Í´Ï«Ù�Ü2ÒgØ�Ó�Û2ÍsÑ�ÍgÕ�Ó$Î�Ó�Ñ<âR¯Àýù à�ï�Ï�Û2Ñ�ÐsÛIÐsÏ�Ó�Ú±Ý?Ô©Î«Ó�Ücé
Ñ«Ù�Ü2ß-	 4>
]Î�Ö2Ó
ÐgåãÎ�Û2å2Î°�@�0í�ÏPâ Ç r â0ÍgÑ«Ó�ÍgØ�Ï«Ð	Ñ«Ó�ÍgÏ«ÐgÜ2ÍsÝ2Ø�Ô´ç�Ó�Ø�Ø]ÍgÛ2ÛãÑ�Ð&æ?Ù�Õ�ÍgÎ�Ó$Ú©Ý?Ô6Í	Ï«Ù�Ü2ÒgØ�Ó�Û2ÍsÑ�ÍgÕ�Ó$Î�Ó�Ñþ¬MÍgå2Ï«Ï�Ù�ÍgÜ6Ú2Ù�Ï�Î«Ñ�Ù�Ý2å2Î«Ù¬ÐsÜ
ð¨ÐsÑ·Í�Ï«Ó�Þ�ÐgÜãÚcÛ2ÍgÑ«ÍgÕ�Ó�Î«Ó�Ñm¯Àýr à°�KÐgÑ�ÝKÐgÎ«ÖcÎ�Ö2Ó�ÛKÚ2ð¨Ï�Î�ÖãÓ�Õ�ÍgÒgÜãÙ¬Î«å2Ú2Ó�Ðgð�Î�Ö2Ó�Õ�Ó$ÍgÜ6Ù¬Ï�Ö2ÍsØ�ð]Î�Ö2Ó�×&ÍsÑ�Ù�ÍgÜãÞ�Ósàs-�Ï«Ù¬ÜãÒ
Î�Ó$Ü§é�Ñ�Ù�Ü2ß¹� Ï�ÍgÛ2Û2Ñ«ÐgÍsÞvÖDâ®ç�Ó	ÛãØ¬ÐsÎht r â®Î«Ö2Ó�Õ�å2Î«å2ÍgØMÙ�Ü2ð�ÐgÑ�Õ�ÍsÎ�Ù�ÐgÜ6ÝKÓ�Î{ç
Ó$Ó�Ü Ç r ÍgÜãÚHu±â®×sÓ�Ñ�Ï«å2ÏNt ù â®Î«Ö2Ó�Õ�åãÎ�å2ÍsØ
Ù�Ü2ð¨ÐsÑ�Õ�ÍgÎ«Ù�ÐgÜ�ÝKÓ�Î{ç
Ó$Ó�Ü Ç ù ÍgÜãÚNu±à�,�Ó�Ñ�Ó:u Ù�ÏMÍ�Ý2Ù�Ü2ÍgÑ«Ô�×&ÍgØ�å2Ó�Ú�Ñ�ÍsÜ2Ú2ÐgÕî×&ÍsÑ�Ù�ÍgÝ2Ø�Ó�Î�Ígß?Ù�Ü2Ò�×&ÍsØ�å2Ó�Ï Ä �·ÐsÑ
ò;��çMÙ¬Î«Ö
Ó��?å2ÍsØ�Û2Ñ�ÐsÝ2ÍgÝ2Ù�Ø�Ù�Î{Ô?à�ôMÖ2Ó�ÛKÚ2ð0Ðsð Ç2r Ù�Ï�Ó�Ï�Î«Ù¬Õ�ÍsÎ�Ó�Ú�Ý?Ô�Õ�Ígß?Ù�Ü2Ò�Í�Ö2Ù�Ï�Î�ÐsÒgÑ«ÍgÕ�Ðsð�Î�Ö2Ó��@� í ×&ÍsØ�å2Ó�Ï�ÍgÎ�Î�Ö2Ó�Ó��?å2ÍsØ¬Ù�ö�Ó$Ñ
ÐgåãÎ�Û2å2Î<à

�GÙ¬Ò�àÀÿ�þ Í � Ï«Ö2Ð&çMÏ�Î«Ö2Ó�Ó�æ?Ù¬ÎMÞoÖ2ÍsÑ�Î«Ï·ð�ÐgÑMÎ�ÖãÓ�Ó��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ�Ï�ÞoÖ2Ó$Õ�Ó�Ï�ÍgÎ�Ï«Ù�ÒgÜ2ÍsØ�Î�Ð�ÜãÐgÙ�Ï�Ó�Ñ«ÍgÎ«Ù¬ÐXþ¨ñ�®�í � �sà³����Úãé�à
ôMÖ2Ó�ñ�®�í�Ù¬ÏMÞ$ÍgØ�Þ�å2Ø�ÍgÎ«Ó�Ú�ÍgÏ

v ü�w µ �;Ðxi Ø�ÐgÒ
º ¾

¶¹¸Nº»f¼ Ì » ¿�½�¾ Ã ýÀþqÂ º
¤/Â ý �ÿ�¯ ý± Æ

ôMÖ2Ó6ó2Ø�Î�Ó�Ñ«Ï	Ó$ÍgÞoÖúÖ2Í&×sÓ´Íó� ý �±Ï�å2ÛãÛIÐsÑ�ÎPà��KÐgÑ�Ó$ÍgÞoÖ ù$q��{ô�ÞoÖ2ÍgÑ«ÎPâ%�;Ðzy´Ñ�ÍsÜ2Ú2ÐgÕ�Ø�Ô±ÞvÖãÐgÏ�Ó$Ü Ó��?å2Ù�Û2Ñ«ÐgÝ2ÍsÝ2Ø�Ó
Ï�Ô?Õ�ÝIÐsØ�Ï�¢>þ³£;¤P¥ �P¦d© ��ç�Ó�Ñ«Ó�ÒgÓ�Ü2Ó$Ñ�ÍgÎ«Ó�Ú7ÍsÜ2Ú6Î�Ñ�ÍsÜ2Ï�Õ�Ù�Î«Î�Ó�ÚcÐ&×sÓ�Ñ�Î�Ö2Ó5�{ñ���ÞoÖ2ÍgÜ2ÜãÓ�Ø~à»ôMÖ2Ó�Þ�ÐsÑ�Ñ�Ó$Ï�ÛKÐgÜ2Ú2Ù�Ü2Ò $é�X���y�'���
�@� í�Ï Ç þ³¢>þ³£;¤´¥ �P� ÍsÑ�ÓMÒsÓ�Ü2Ó�Ñ«ÍgÎ�Ó$Ú�ð¨ÐsÑ]Í�ÒgÙ�×gÓ�Ü�¯Àýù Ý?Ô�Ñ�ÍsÜ2Ú2ÐgÕ�Ø�Ô�ÒgÓ$Ü2Ó�Ñ�ÍsÎ�Ù�Ü2Òþ��Ð�y��N�0í�Ï>çMÙ¬Î«Ö�Î«Ö2Ó�ÛKÚ2ðÁü©þq¯Àý ù � ÿ_¤/¯Àýù �
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Exact MMSE
Approx I
Approx II
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[10000,5000] LDPC code
SNR=1.94 dB
SNR=1.15 dB
SNR=−0.1 dB
SNR=−0.85 dB

þ¨Í � þ¨Ý �

�GÙ�Ògå2Ñ«Ó�ÿX7�à�þ Í � ù�q
�{ô�ÞoÖ2ÍgÑ«Î�Ï�ð�ÐgÑMÎ�ÖãÓ8���´ñ2ù Ó��?å2ÍgØ�Ù�ö�ÍgÎ«Ù�ÐgÜ�Ï«ÞoÖ2Ó�Õ�Ó�Ï�ÍgÎé�gà��;��Ú2éTñ�®�í»à�þ Ý � ù�q��{ô�ÞoÖ2ÍsÑ�Î«Ï�ð¨ÐsÑ
Î�ÖãÓ�Ó�æ?ÍgÞ�Î8���´ñ2ùTÏ�ÞoÖ2Ó�Õ�Ó�ð¨ÐgÑ�Ú2Ù|{IÓ�Ñ«Ó�Ü?Î�ñ�®�í�Ï<à�ï�Ø�Ï�Ð�Ï�ÖãÐ&çMÜ©Ù�Ï�Î�Ö2Ó�ù$q��{ô ÞoÖ2ÍsÑ�Î�ð�ÐgÑ�Í�Ý2Ø�ÐaÞoß´Ø�Ó�ÜãÒgÎ�Ö·�;Ð+Ð'Ð+ÐKâ
Ñ�Ó$Ògå2Ø�ÍgÑ�þf3Kâ û � �0Ì���ê7Þ�Ð?Ú2Ósà

ÍgÜãÚ7ä2Ù�Û2Û2Ù�Ü2Ò�Î«Ö2Ó�Ï�Ù�ÒgÜcÐsð�ÍgØ�Ød�N�0í�Ï�çMÖ2Ó$Ñ�Óþ¢]þ�£j¤P¥ ��µ À\��ÔaÙ�Ó�Ø�Ú2Ù�Ü2ÒXÎ�Ö2Ó�ÛIÚ2ð�ü©þ´À*¯Àýù}� ÿ_¤/¯Àýù+� ð¨ÐsÑ�Î�Ö2ÐsÏ�Ó��@� í�Ï<à
ï�Ï�Ó�æ?ÛIÓ$Þ�Î�Ó�Ú�Î«Ö2Ó´Ó�æ?ÍsÞ�Î.���Xñ2ù�Ï�ÞoÖ2Ó$Õ�Ó©Ö2ÍsÏ�Î«Ö2Ó´ÝKÓ�Ï�Î�ÛKÓ�Ñ�ð¨ÐsÑ�Õ�ÍsÜ2Þ�Ósà ôMÖãÓ´ÍgÛ2ÛãÑ�Ð&æ?Ù�Õ�ÍgÎ�Óþ��Ï�ÞoÖ2Ó�Õ�Ó6Ö2ÍsÏ�Í
ÒgÐ?Ð?ÚcÏ�Î«ÍgÑ«Î�Ù�Ü2Ò´ÝKÓ�Ö2Í&×?Ù�ÐgÑ�Ý2å2Î�ÛKÐaÐsÑ�ÝKÓ�Ö2Í&×?Ù�ÐgÑ�ÍsÎ·ÖãÙ¬ÒsÖc×&ÍgØ�å2Ó�Ï�Ðgð$t ù çMÖ2Ù�Ø�Ï�Î�Î�Ö2Ó�ÐsÛ2ÛIÐsÏ�Ù�Î�Ó�Ù�Ï�ÐgÝ2Ï«Ó�Ñ�×sÓ�Ú7ð�ÐgÑ�Î�Ö2Ó
ÍgÛãÛ2Ñ�Ð&æ?Ù�Õ�ÍgÎ«Ód�P� Ï�ÞoÖ2Ó�Õ�ÓsàDï�ÏGÐgÝ2Ï«Ó�Ñ�×sÓ�Ú�Ù�Üþ	 �'
~â�Î�Ö2Ó�ù�q��{ô±ÞoÖ2ÍgÑ«Î�Ï]ð¨ÐsÑ0Î«Ö2ÓMÎ{ç
Ð�ÍgÛ2ÛãÑ�Ð&æ?Ù�Õ�ÍgÎ�Ó>Ï�ÞoÖ2Ó�Õ�Ó�Ï>Ù¬Ü%�GÙ�ÒKà¤ÿ�þ Í �
Ï�åãÒgÒgÓ$Ï�Î�å2Ï«Ù¬ÜãÒ©Í´Ï«ÞoÖ2Ó�Õ�Ó�çMÖ2Ù�ÞoÖ7Ï�çMÙ�Î«ÞvÖãÓ�Ï�ÝIÓ$Î{ç
Ó�Ó$ÜúÎ�Ö2Ó�Î{ç
Ð6ÍgÛãÛ2Ñ�Ð&æ?Ù�Õ�ÍgÎ«Ó�Ó��?å2ÍgØ�Ù�ö�Ó�Ñ«ÏPà ôMÖ2Ù�Ï�Ï�ÞoÖ2Ó�Õ�Ó�ç�Ðgå2Ø�Ú
Ö2Í&×sÓ�ÝKÐgÎ«Ö©Î«Ö2Ó�ÒsÐ?ÐaÚ6Ï�Î«ÍgÑ«Î�Ù�Ü2Ò�ÝKÓ�Ö2Í&×?Ù�ÐgÑ�Ðsð]Î�Ö2Ó�ÍsÛ2Û2Ñ«Ð&æaÙ�Õ�ÍsÎ�Ó8�MÓ��?å2ÍsØ�Ù¬ö$Ó�Ñ�ÍgÜãÚ´ÒgÐ?Ð?Ú©Ó$Ü2Ú2Ù�Ü2Ò�ÝIÓ$Ö2Í&×?Ù¬ÐsÑ�Ðsð]Î�Ö2Ó
ÍgÛãÛ2Ñ�Ð&æ?Ù�Õ�ÍgÎ«Ó��P��Ó��?å2ÍsØ¬Ù�ö�Ó$ÑPà

�GÙ¬Ò�àÀÿ�þ Ý � Ï�Ö2Ð&çMÏ�Î�Ö2Ó�ù�q��{ô�ÞoÖ2ÍsÑ�Î«Ï·ð�ÐgÑMÎ�ÖãÓ�Ó�æ?ÍsÞ�Î����Xñ2ù ÓH�aåãÍgØ�Ù�ö�Ó�Ñ�ÍsÎ�Ú2Ù|{KÓ�Ñ�Ó$ÜaÎ�ñ�®�í�ÏPà�ôMÖ2Ó�ó2Ø�Î«Ó�Ñ�ÍsÒgÍgÙ�Ü
Ö2ÍsÏ�Í.� ý ��Ï�åãÛ2ÛIÐsÑ�Î<à½ï�Ø¬Ï«Ð�Ï«Ö2Ð&çMÜ´Ù�Ï�Î«Ö2Ó�ù$q��{ô�ÞoÖ2ÍgÑ«Î�ð¨ÐsÑ�Í�Ý2Ø�ÐaÞoß�Ø�Ó�Ü2ÒsÎ�Ö���Ð'Ð'Ð+ÐKâaÑ«Ó�Ògå2Ø�ÍsÑ�þ�3�â û � � Ì���ê§Þ�Ð?Ú2Ósà
ï�Ï�Î�ÖãÓ�ñ�®�í§Ù�Ï�Ñ�Ó�Úãå2Þ�Ó�Ú�Î�ÖãÓMÒgÍgÛ�ÝKÓ�Î{ç�Ó�Ó�Ü�Î�ÖãÓ�ù�q
�{ô§ÞoÖ2ÍsÑ�Î«Ï
Ðsð�Î�Ö2Ó�Ó��?å2ÍgØ�Ù�ö�Ó�Ñ]ÍsÜ2Ú�Ú2Ó�Þ$ÐaÚãÓ�ÑMÝIÓ$Þ�ÐgÕ�Ó�ÏMÜãÍgÑ�Ñ«Ð&ç
Ó$Ñ
å2Ü?Î�Ù�Ø2Î«Ö2ÓMÎ{ç�Ð�Î�Ðså2ÞoÖ�ÍgÎ]ÍsÜ�ñ�®�íúÐgðKòCÐKà 4'��Ú2éëà<ôMÖ2Ù�Ï]×&ÍsØ¬åãÓ
Ðsð�Î�Ö2ÓMñ�®�íúÒgÙ�×sÓ�ÏGå2Ï
ÍsÜ�Ù�Ú2Ó$Í�ÐgðKÖ2Ð&çBÕ�åãÞvÖ�Ü2ÐsÙ¬Ï«ÓMÎ�Ö2Ó
Ó��?å2ÍsØ¬Ù�ö�Ó$Ñ�òEÚ2Ó�Þ�Ð?Ú2Ó�Ñ�Û2ÍsÙ�ÑMÞ�ÍgÜ�Î�ÐsØ�Ó�Ñ�ÍsÎ�Ó�Ï«Ð�ÍgÏMÎ�Ð�Ñ�Ó�Ø�Ù�ÍgÝãØ¬Ô�Ñ«Ó�Þ�Ð&×sÓ�Ñ�Î«Ö2Ó�Ú2ÍsÎ�ÍKà]ôMÖ2Ù�ÏMÍgÛ2ÛãÑ�ÐgÍsÞoÖ	ç�ÍgÏMóãÑ�Ï�Î�Û2Ñ�ÐsÛIÐsÏ�Ó�Ú
Ý?Ô�Î«Ó�Ü�é
Ñ«Ù¬Üãß6	 4>
0ð¨ÐsÑ
ÛãÍgÑ�ÍsØ�Ø¬Ó$Ø�Þ�ÐgÜ2Þ$ÍgÎ�Ó$Ü2ÍgÎ«Ó�Ú´Þ�Ð?Ú2Ó�Ï�ÍgÜ2Ú�ç�ÍgÏMå2Ï«Ó�Ú´Î«Ð�Þ�ÐgÜ2Ï«Î�Ñ«å2Þ�Îf÷ÁÒgÐ?Ð?Ú2ø�Þ�Ð?Ú2Ó�ÏPà

�GÙ¬Ò�à�3�Ï«Ö2Ð&çMÏ]Ý2Ù�Î]Ó�Ñ«Ñ�ÐsÑ
Ñ«ÍgÎ�Ó�þ¨é
ù>í � ×gÓ�Ñ«Ï�å2Ï�ñ�®�íBÛKÓ�Ñ�ð�ÐgÑ�Õ�ÍsÜ2Þ�Ó�ð¨ÐgÑ]Î«Ö2Ó����´ñãù7Ó��?å2ÍsØ¬Ù�ö�ÍsÎ�Ù�ÐgÜ�Ï�ÞoÖ2Ó$Õ�Ó�ÏPà]ôMÖ2Ó
ñ�®�í�Ù¬Ï�Þ�ÍsØ¬Þ$å2Ø�ÍgÎ�Ó$Ú	ÍsÏ

v ü�w µ �;Ð~i Ø�ÐgÒ
º ¾

¶¹¸Nº» ¼;Ì » ¿ ½�¾ Ã ýsþqÂ º
¤/Â ý �ÿ f iv¯ ý±

çMÖ2Ó�Ñ«Ó f Ù�Ï
Î«Ö2Ó�Þ�Ð?Ú2Ó�Ñ«ÍgÎ«Ósà��GÙ�ÒKàG3�þ Í � Ï�ÖãÐ&çMÏ�Î�ÖãÓ·ÛKÓ�Ñ«ð¨ÐgÑ«Õ�ÍgÜ2Þ�Ó�Ígð¨Î«Ó�ÑMÎ�Ö2Ñ«Ó�Ó�Ù�Î�Ó$Ñ�ÍgÎ«Ù�ÐgÜ2ÏMÐsðÁ���´ñ2ùBÓ��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ
ÍgÜãÚó�GÙ�ÒKà@3Kþ Ý � Ï«Ö2Ð&çMÏ�Î�Ö2Ó�ÛIÓ$Ñ�ð¨ÐsÑ�Õ�ÍgÜãÞ�Ó�Ígð¨Î«Ó�Ñ�Î�Ó�Ü±Ó��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ2Ï<à©ôMÖ2Ó�Ï�ÓXÏ�ÞoÖ2Ó�Õ�Ó�Ï�ÍgÑ«Ó�Þ�ÐsÕ�Û2ÍgÑ«Ó�ÚBçMÙ¬Î«ÖcÎ�Ö2Ó
ÛKÓ�Ñ�ð¨ÐsÑ�Õ�ÍsÜ2Þ�Ó�Ðsð0ÍgÜþ�0Ì���ê7Þ�Ð?Ú2Ó�ÐgÜ�ÍgÜ�ï@�­¬s®TÞoÖ2ÍgÜ2ÜãÓ�Ø0çMÙ�Î�Ö�Ü2Ð5�{ñ��$âaçMÖ2Ù�ÞoÖ�Ù�Ï
Î«Ö2Ó�ó2Ñ�Ï«Î�Þ�å2Ñ«×gÓ�ð¨Ñ«ÐgÕ�Î«Ö2Ó�Ø�Ó�ð¨Î<à
ôMÖ2Ó8� Ì���êºÞ$ÐaÚãÓ�å2Ï�Ó$Ú´Ù�ÏMÍgÒgÍsÙ�Ü�Í�Ý2Ø�Ð?Þoß�Ø�Ó�Ü2ÒsÎ�Öô�;Ð+Ð'Ð'Ð�â�Ñ«Ó�ÒgåãØ¬ÍsÑ�þf3Kâ û � Þ�Ð?Ú2Ósà
ôMÖ2Ó�Ï«Ó�Þ�ÐsÜ2Ú´Þ�å2Ñ«×gÓ�ð�Ñ�ÐgÕ)Î�Ö2Ó�Ø�Ó�ð�Î
Ù�ÏMÎ�Ö2Ó�ÛIÓ�Ñ«ð¨ÐgÑ«Õ�ÍgÜ2Þ$Ó�Ðgð Î�Ö2Ó�ÐsÑ�Ú2Ó$Ñ�Ó�Ú´Ï«å2Ý2Ï«Ó�Î�Ï�Õ�Ó�Ï«Ï�ÍgÒsÓ�òEÛ2ÍgÏ«Ï�Ù�Ü2Ò�ÍgØ�ÒsÐgÑ�Ù�Î«Ö2Õ 	 û>
~àDôMÖ2Ù�ÏMÍgØ�ÒgÐsÑ�Ù�Î�Ö2ÕîÛKÓ�Ñ�ð�ÐgÑ�Õ�Ïd�«ÐgÙ�Ü?Î
Ó��?å2ÍsØ¬Ù�ö�ÍsÎ�Ù�ÐgÜ�ÍgÜãÚ�Ú2Ó$Þ�Ð?Ú2Ù�Ü2Ò�Ý?Ô�Õ�Ó$Ï�Ï�ÍsÒgÓ�òEÛ2ÍsÏ�Ï�Ù�Ü2Ò�ÐgÜ�Í�Û2ÍgÑ«Î�Ù�Î�Ù�ÐsÜ2Ó�Ú�ÒgÑ�ÍsÛ2Ö�Ðgð�Î�ÖãÓ��0Ì���êfÞ$ÐaÚãÓ�ÍgÜãÚ�Î«Ö2Ó�ÞoÖ2ÍsÜ2Ü2Ó�Ø
�{ñ��$à

ôMÖ2Ó6Ó�æ?ÍgÞ�Î����´ñãù�Ú2Ó�Þ�Ð?Ú2Ù�Ü2Ò±Ï�ÞoÖ2Ó�Õ�ÓcÍsð¨Î�Ó$Ñ�Î�Ó$Ü Ù�Î�Ó$Ñ�ÍgÎ«Ù�ÐgÜ2Ï�Ù¬Ï�ÍgÝKÐgå2ÎþÐKà ÿcÚ2éõç
ÐsÑ�Ï«Ó©Î«Ö2ÍgÜúÎ«Ö2Ó6ÐgÑ�ÚãÓ�Ñ�Ó�Ú
Ï�åãÝ2Ï�Ó�Î«Ï�Õ�Ó�Ï�Ï«ÍgÒgÓ$òYÛ2ÍsÏ�Ï«Ù¬ÜãÒ7ÍgØ�ÒsÐgÑ�Ù�Î«Ö2ÕXàºôMÖãÓ	Ö?Ô?Ý2Ñ«Ù¬Ú ���Xñ2ù�Ú2Ó�Þ$ÐaÚãÙ¬ÜãÒcÏ�ÞoÖ2Ó�Õ�Ó´Ù�Ü �GÙ�ÒKàÁ3cÙ�Ï�ÍcÏ�ÞoÖ2Ó�Õ�ÓXÎ�Ö2ÍsÎ
Ï�çMÙ�Î«ÞvÖãÓ�ÏGÝIÓ�Î{ç�Ó�Ó�Ü�Î«Ö2Ó�ÍgÛ2Û2Ñ«Ð&æ?Ù¬Õ�ÍsÎ�Ó0�0ÍsÜ2Ú8����Ï�ÞoÖ2Ó�Õ�Ó�Ï<à®ôMÖ2Ó>Ó��?å2ÍgØ�Ù�ö�Ó�ÑGÏ�çMÙ�Î«ÞvÖãÓ�ÏGÝIÓ�Î{ç�Ó�Ó�Ü�Î«Ö2Ó�Î{ç
Ð�ÍgÛ2Û2Ñ«Ð&æ?Ù¬Õ�ÍsÎ�Ó
Ó��?å2ÍsØ¬Ù�ö�Ó$Ñ�Ï�Ú2Ó�ÛKÓ�Ü2Ú2Ù�Ü2Ò±ÐgÜúçMÖãÙ¬ÞoÖBÓ��?å2ÍsØ¬Ù�ö�Ó$Ñ	Ô?Ù�Ó�Ø�Ú2Ï�Í±Ø¬ÍsÑ�ÒsÓ�Ñ�×&ÍsØ¬åãÓ	Ðsð:t r ÒsÙ�×gÓ�Ü�t ù à�t r Ù�Ï�ÍcÕ�ÐgÜãÐgÎ�ÐsÜ2Ù�Þ�ÍgØ�Ø�Ô
Ù�Ü2Þ�Ñ«Ó�ÍgÏ«Ù¬ÜãÒ	ð�å2Ü2Þ�Î«Ù¬ÐsÜ©Ðsð
¯Àýr çMÖãÙ¬ÞoÖ6Þ�ÍgÜcÝKÓ�Ó�Ï«Î�Ù�Õ�ÍgÎ«Ó�ÚcÙ�Ü´Î�Ó�Ñ«Õ�Ï�Ðgð�Î�ÖãÓ�Ï�Î�ÍsÎ�Ù�Ï�Î«Ù�Þ�Ï�d ù�ú þ³¢ � ÍgÜ2Ú�¯Àýù³ú þ�¢ � ð¨ÐsÑ·ÝKÐgÎ«Ö
ÍgÛãÛ2Ñ�Ð&æ?Ù�Õ�ÍgÎ«Ó
ÍsÛ2Û2Ñ�ÐsÍgÞoÖ2Ó�Ï\	 �>
~à-ôMÖ2ÓMÖ?Ô?Ý2Ñ«Ù¬Ú�Ï«ÞoÖ2Ó�Õ�Ó�ÖãÍgÏ]ÝKÓ�Î�Î«Ó�ÑMÛKÓ�Ñ�ð¨ÐsÑ�Õ�ÍsÜ2Þ�Ó�Î«Ö2ÍgÜ�Î«Ö2ÓMÍgÛãÛ2Ñ�Ð&æ?Ù�Õ�ÍgÎ«Ó^�GÏ�ÞoÖ2Ó$Õ�Ósà
ï�Ø�Ï«Ð�Ù¬Î«Ï�ÛKÓ�Ñ�ð�ÐgÑ�Õ�ÍsÜ2Þ�Ó�Ù�ÏM×sÓ�Ñ�Ô�Þ�Ø�ÐgÏ«Ó�Î�Ð�Î«Ö2Ó�Ó�æ?ÍsÞ�Î����Xñ2ùúÏ�ÞoÖ2Ó$Õ�Ósà
ôMÖ2Ó�ÛKÓ�Ñ�ð¨ÐsÑ�Õ�ÍsÜ2Þ�Ó�Ðgð0Î«Ö2Ó�ÍsÛ2Û2Ñ�Ð&æ?Ù�Õ�ÍgÎ«Ó��P�
Ï�ÞoÖ2Ó$Õ�Ó�Ù�ÏMÜ2ÐsÎ�Ï�ÖãÐ&çMÜ	Ï«Ù�Ü2Þ�Ó�Ù¬ÎMÙ�ÏM×sÓ�Ñ�Ô�Ý2ÍsÚ à
ôMÖ2Ù�Ï�Ù�ÏMÚ2å2Ó�Î«Ð�Î«Ö2Ó�ÛKÐaÐsÑ�Ï«Î�ÍgÑ«Î�Ù�Ü2Ò�ÝKÓ�Ö2Í&×?Ù�ÐgÑ�ÐgðGÎ�Ö2Ó�ÍgÛ2Û2Ñ«Ð&æ?Ù¬Õ�ÍsÎ�Ó
�P��Ï�ÞoÖ2Ó$Õ�Ósà��KÐgÑMÎ«Ö2Ó����´ñ2ùBÝ2ÍsÏ�Ó�Ú´ÚãÓ�Þ�Ð?Ú2Ù�Ü2Ò�Ï�ÞoÖ2Ó$Õ�Ó�ÏPâIÎ{ç�Ó�Ü?Î{Ô�Ù�Î�Ó�Ñ«ÍgÎ«Ù¬ÐsÜ2ÏMÐgðN�0Ì���ê7Ú2Ó�Þ�Ð?Ú2Ù�Ü2Ò�ÍsÑ�Ó�ÛKÓ�Ñ�ð¨ÐsÑ�Õ�Ó�Ú
Ígð�Î�Ó�ÑMÓ�ÍsÞoÖ´Ó��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ à
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þ Í � þ¨Ý �

�GÙ�Ògå2Ñ«Ó�327·þ¨Í � é�ù]í ×?Ï�ñ�®�í Þ�å2Ñ«×gÓ�Ï�ð�ÐgÑ�Î«Ö2Ó%���´ñ2ùTÓ��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ�Ï�ÞoÖ2Ó$Õ�Ó�Ï�ÍgÎ�Î«Ö2Ù�Ñ�Ú´Ù�Î�Ó$Ñ�ÍgÎ«Ù�ÐgÜ à�þ Ý � é�ù]íî×?Ï
ñ�®�í�Þ�å2Ñ�×sÓ�Ï�ð�ÐgÑ�Î�Ö2Ó8���´ñ2ùBÓ��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ�Ï�ÞoÖ2Ó�Õ�Ó�Ï�ÍgÎMÎ«Ó�Ü?Î�Ö´Ù�Î�Ó$Ñ�ÍgÎ«Ù�ÐgÜ à

� � Ç�Ä	Ê��PÉ��GË�Ç�Ä��
�cÓMÖ2Í&×sÓMÛ2Ñ�ÐsÛIÐsÏ�Ó�Ú8�«ÐgÙ�Ü?ÎGÓ��?å2ÍgØ�Ù�ö�ÍgÎ«Ù�ÐgÜ�ÍgÜãÚ�Ú2Ó�Þ�Ð?Ú2Ù�Ü2Ò�Ï«ÞoÖ2Ó�Õ�Ó�ÏMð¨ÐsÑ]Î{ç�ÐgòEÚ2Ù�Õ�Ó�Ü2Ï�Ù�ÐsÜ2ÍgØ?Ù�Ü?Î�Ó�Ñ«Ï�Ô?Õ�ÝKÐgØKÙ�Ü?Î�Ó�Ñ«ð¨Ó�Ñ�Ó$Ü2Þ�Ó
ÞoÖ2ÍgÜãÜ2Ó�Ø�ÏPà�ôMÖ2Ó�Ó��?å2ÍsØ�Ù¬ö$ÍgÎ�Ù�ÐsÜ´Ù�Ï·ÝãÍgÏ�Ó$ÚcÐgÜ6Î�Ö2Ó�Õ�Ù�Ü2Ù�Õ�å2Õ Õ�Ó$ÍgÜ´Ï��aåãÍgÑ�Ó�Ó$Ñ�Ñ�ÐsÑ�Þ$Ñ�Ù�Î�Ó�Ñ«Ù�ÐgÜ à�ôMÖ2Ñ«Ó�Ó�Ó��?å2ÍgØ�Ù�ö�ÍsÎ�Ù�ÐgÜ
Ï�ÞoÖ2Ó$Õ�Ó�Ï�ÍgÑ�Ó�Û2Ñ�ÐsÛIÐsÏ�Ó�Ú à
ôMÖ2Ó�Ó�æ?ÍgÞ�Î
���´ñ2ùBÏ�ÞoÖ2Ó$Õ�Ó�å2Ï«Ó�Ï�Í�Ï«Û2ÍgÎ«Ù�ÍgØ�Ø�Ô�ÍgÜ2Ú�Î�Ó$Õ�ÛIÐsÑ�ÍgØ�Ø�Ô�×&ÍsÑ�Ô?Ù�Ü2Ò�ó2Ø�Î�Ó�Ñ�ÍgÜ2Ú�Ö2ÍsÏ
Í�Ö2Ù�ÒgÖ�Þ�ÐsÕ�Û2å2Î�ÍsÎ�Ù�ÐgÜãÍgØKÞ�ÐgÏ«ÎPàDôMç�Ð�ÍsÛ2Û2Ñ�Ð&æ?Ù�Õ�ÍgÎ«ÓMÍgÜ2Ú�Ø�Ó�Ï�ÏMÞ�ÐsÕ�Û2Ø�Ó�æ�Ï�ÞoÖ2Ó$Õ�Ó�Ï�Ó�Õ�ÛãØ¬Ð&Ô?Ù�Ü2Ò�Î�Ù�Õ�Ó�òEÙ�Ü?×&ÍgÑ�Ù�ÍsÜaÎGó2Ø�Î«Ó�Ñ�Ï
ÍgÑ«Ó�ÍsØ�Ï�Ð�Û2Ñ«ÐgÛKÐgÏ�Ó$Ú à½ôMÖãÓ�Ï�Ó�Ó��?å2ÍsØ�Ù¬ö$Ó�Ñ�Ï�ÍgÑ«Ó�Î�ÖãÓ�Ü©åãÏ�Ó�Ú6çMÙ�Î�Ö�� Ì*�·ê§Þ�Ð?Ú2Ó�Ï�Î�Ð�ÛIÓ�Ñ«ð¨ÐgÑ«Õ �«ÐgÙ�Ü?ÎMÓ��?å2ÍsØ¬Ù�ö�ÍsÎ�Ù�ÐgÜ�ÍsÜ2Ú
Ú2Ó�Þ$ÐaÚãÙ¬ÜãÒKà
ôMÖ2Ó�Ó��?å2ÍsØ�Ù¬ö$Ó�ÑMÍgÜ2Ú�Ú2Ó$Þ�Ð?Ú2Ó�Ñ�Ó�æ?ÞoÖ2ÍgÜ2ÒsÓ�Ó$æaÎ«Ñ�Ù�Ü2Ï«Ù¬Þ�Ù¬Üãð¨ÐgÑ«Õ�ÍgÎ�Ù�ÐsÜ�ÍgÜ2Ú�å2Ï«Ó�Ù�ÎMÍgÏé$8�X���y�'���®Ù¬Üãð¨ÐgÑ«Õ�ÍgÎ�Ù�ÐsÜ
ð¨ÐsÑ0Î�ÖãÓ
Ü2Ó$æaÎGÙ�Î�Ó$Ñ�ÍgÎ«Ù�ÐgÜ à�ôMÖãÓ
Ó�æ?ÍsÞ�Î0���´ñ2ù6Ú2Ó�Þ�Ð?Ú2Ù�Ü2Ò�Ï�ÞoÖ2Ó�Õ�ÓMÖãÍgÏ0ÛKÓ�Ñ«ð¨ÐgÑ«Õ�ÍgÜ2Þ�ÓRÐKà ÿ�Ú2écç
ÐsÑ�Ï«Ó]Î�Ö2ÍsÜ�Î«Ö2Ó�ÐgÑ�ÚãÓ�Ñ�Ó�Ú
Ï�åãÝ2Ï�Ó�Î«ÏMÕ�Ó�Ï�Ï«ÍgÒsÓ�òYÛãÍgÏ�Ï«Ù�Ü2Ò�Ï�ÞoÖ2Ó$Õ�Ó%	 û>
~à-ïúØ�Ð&ç�Ó�ÑGÞ�ÐgÕ�ÛãØ¬Ó$æaÙ�Î{Ô�Ö?Ô?Ý2Ñ«Ù¬Ú�Ï«ÞoÖ2Ó�Õ�Ó�çMÖãÙ¬ÞoÖ�Þ�ÐsÕ�ÝãÙ¬ÜãÓ�ÏGÎ�Ö2Ó�ÍgÛ2Û2Ñ«Ð&æ?Ù¬Õ�ÍsÎ�Ó
��ÍgÜ2Ú��P��Ï�ÞoÖ2Ó$Õ�Ó�Ï�Ù�ÏMÏ�ÖãÐ&çMÜ	Î«Ð�ÖãÍ&×gÓ�ÛIÓ$Ñ�ð¨ÐsÑ�Õ�ÍgÜãÞ�Ó�×gÓ$Ñ�Ô�Þ$Ø¬ÐsÏ�Ó�Î�Ð�Î«Ö2Ó�Ó�æ?ÍsÞ�Î����´ñ2ùBÚ2Ó$Þ�Ð?Ú2Ù�Ü2Ò�Ï«ÞvÖãÓ�Õ�Ósà
� � Ê���Ä�Ç�� �#��È��%� ��Ä�ÅN�
ôMÖ2ÓMÍså2Î�Ö2ÐsÑ�Ï�ç
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