
��� ����� �	��
��
����
�������������� ��������� ������������!"�����
��������������# �$��
 %&�
���'�(�

 )*�(�+�,���$!"����� �&-.�(��/ ��0��1�(��� �

����� �����
/ !

2.35476989:;6<:;=�4

>@?BADCFEHGJI'KLG�MNAOEHPRQTSUE
V;WXSZY�?\[^]^S_C_`1GJIba,ced^?\[\CFf�g

h<i�MjG�WRCFG�WkgLa,l�mLnXoqp�h<r
M
fsitf�WXSvu�Q\]TExwXf�cxdy?T[zCFftEZQyf

{H|s}X~L}��.:;=(�"�

abM
f���G�WREZQyG�M
��E��<E�l,G���rs��ptp�n

PO?�f�CUC_cx?zg@��a��trs�s��r��v��ptp�n
� f�Wk��]�u�A�G�d�G���E�Q^G�M

� =�=(}�����=�6���=

>@?7A�f�[\C_M'?\W C<GvI1KLG�MNARwkC�?\[¡PRQTSF?\WRQz?
ps¢�ntnj£+f�S�W¤£+f�cZc

V;WXSZY�?T[y]zSZC_`1GvI,l�[^S_C_S¥] � KLG�c¦w�M'dTS_f
§Xf�WDQyG�w�Y�?T[ygLlNEBKLE�§�nXm¨��©Rª
Q^G�WRitG�W;u�Q\]\E¥w d�Q�E�Q^f

«$¬;­T®°¯�±X²�®

abw�CFG�M
ftC�?�i¡ARcef�WXW S�W�³t´ µ�¶k·�¸X¹�º�» ¼e·�½¾º�¿�¶Xº°À5Á�Â Á�Ã�·�Â�µNÁ�Äy¶ Åe·TÆ�·�ÇbÁ'³sG�f�cXÃtÅeÆ�·�Â Áj¹�·T¸O·T¹vÈ
µvºtÅe¹y·Nº�¿"fsQ�C_SUG�Wk]^´kÅxÇ"ºtÂk·,º�¿�µ�¶k·,¿�ºtÉ ÂXÊXÁ�µ�ÅeºtÂXÁ�¼RÁ�ÂXÊ$½
ºtÇvµËÀ�ÅxÊk·�¼eÌ
Çvµ�É ÊXÅe·�Êj¸ ¹�º�» ¼e·�½jÇ"ÅxÂjµ�¶X·
ÍNÎ ¼xÅeµv·T¹^Á�µ�Ék¹�·�ÏÑÐ�¶k·'º�¹yÅxÃtÅxÂXÁ�¼H¿Zº�¹y½ÒÉX¼xÁ�µ�ÅeºtÂÓº�¿<µ�¶k·$¸X¹�º�»R¼e·�½Ô½jÁ�Õ�·�Ç@Çvµv¹yºtÂkÃÖÁ�ÇyÇ�ÉX½
¸Xµ�ÅxºtÂXÇ
¹�·TÃtÁ�¹^ÊXÅxÂkÃjµ�¶X·¡Á�Ã�·�Â�µT×ØÇbÕ�Âkº�À�¼e·�ÊkÃ�·¡Á�ÂXÊ�Ä\ºtÂ�µv¹�ºt¼Ñº°Æ�·T¹bµ�¶k·¡À"º�¹y¼¥ÊÙ´ ÂXÁ�½
·�¼xÌ$µ�¶ Á�µ,Åeµ�ÇNÅxÂk¿Zº�¹vÈ
½jÁ�µ�ÅxºtÂ$Å¥Ç"Ä\ºt½
¸R¼e·Tµv·�Á�ÂXÊ�Ä\º�¹�¹�·�Ä\µT´kÁ�ÂXÊ$µ�¶XÁ�µ(µ�¶k·,¹�·�Ç�ÉX¼eµ�ÇËº�¿�Åxµ�ÇËÁ�Ä\µ�ÅxºtÂXÇ(Á�¹�·�Êk·Tµv·T¹y½jÅxÂ ÅxÇvµ�ÅxÄ
Á�ÂXÊ¤Õ�Âkº�À�ÂÙÏ
Ú�·�Ä\·�Âsµ�¹�·�Çv·�Á�¹yÄ^¶ÛÅxÂ�¸R¼xÁ�ÂXÂXÅxÂXÃÓÉXÂXÊX·T¹¤ÉXÂXÄ\·T¹�µ�Á�ÅxÂ�µ�ÌÜ¶XÁ�Ç¤·�ÂXÊk·�Á�Æ�º�¹y·�Êqµvº¨¹�·�¼¥Á�ÝÞµ�¶k·�Ç�·

Á�Ç�ÇyÉX½
¸Xµ�ÅeºtÂ ÇT´ ¸X¹yº°Æ�ÅxÊXÅxÂkÃ1¿�º�¹^½jÁ�¼�Á�ÂXÊ*Ä\ºt½
¸ Ékµ�Á�µ�ÅeºtÂß½jº�Êk·�¼¥ÇNÀN¶k·T¹�·�ÅxÂ�µ�¶k·
Á�Ã�·�Âsµà¶ Á�Ç�ÅxÂ�È
Ä\ºt½
¸R¼e·Tµv·�º�¹<ÂkºtÅxÇvÌ1ÅxÂk¿Zº�¹y½jÁ�µ�ÅeºtÂ$Á�»OºtÉkµ(µ�¶k·bÀ"º�¹y¼¥Ê$Á�Â Êá¶XÁ�Ç�ÂkºtÅxÇvÌ1Çv·�ÂXÇvº�¹yÇ(Á�ÂXÊ�·\âO·�Ä\µvº�¹yÇTÏ
Ð�¶XÅxÇË¹�·�Çv·�Á�¹yÄ^¶¤¶XÁ�Ç�½jÁ�Å¥ÂX¼eÌ
µ�Á�Õ�·�Â¤ºtÂX·�º�¿�µ�ÀËº'Á�¸X¸ ¹�ºtÁ�Äy¶k·�Ç�ãk·\Ý�µv·�ÂXÊ¤µ�¶k·�ÄT¼xÁ�Ç�Ç�ÅxÄTÁ�¼O¸R¼xÁ�Â�È

ÂXÅ¥ÂkÃà¸ Á�¹yÁ�Ê ÅeÃt½äµvº@Á¡Ç�·�½jÁ�Âsµ�Å¥ÄTÇ"µ�¶ Á�µËÁ�ÊX½'Åeµ�ÇåÉXÂ Ä\·T¹�µ�Á�ÅxÂ�µ�Ì�´�º�¹ËÁ�Êkº�¸ µËÁ�Âkº�µ�¶X·T¹Ë¿Z¹yÁ�½
·TÀËº�¹�Õ

æDç
èTéXéLê\è�ë�ìxíßîUïDêbð�ë�îUìeñÙòyì¥è�óDôJíRî�êzóxó¥ìöõ�êzíOòzê�÷�ç�ø�ëyí è�ó_ù ú�û�û�ü



¿Zº�¹�Á�¸X¸X¹�ºtÁ�Ä^¶XÅxÂkÃ¡µ�¶k·b¸X¹�º�» ¼e·�½¤´s½
ºtÇvµ�Ä\ºt½j½
ºtÂ ¼eÌ
µ�¶k·�� Á�¹�Õ�º�Æ��,·�ÄTÅxÇyÅeºtÂ��å¹�º�Ä\·�Ç�Ç������	��

½
º�Êk·�¼UÏ
Ð�¶XÅxÇ�¸RÁ�¸D·T¹;¸X¹�·�Ç�·�Âsµ�Ç�Á,Ä\ºt½
¸ ¼e·\ÝkÅeµ�ÌàÁ�Â Á�¼eÌ�ÇyÅxÇ�º�¿ ¸ ¼xÁ�ÂXÂXÅ¥ÂkÃ<ÉXÂXÊk·T¹;ÉXÂXÄ\·T¹�µ�Á�Å¥Âsµ7Ì�Ï Î µ;»D·TÃtÅ¥ÂXÇ

À�Åxµ�¶�µ�¶k·
�J¸X¹yº�» Á�» Åx¼xÅ¥Çvµ�ÅxÄ�ÄT¼xÁ�Ç�Ç�Å¥ÄTÁ�¼�¸ ¼xÁ�ÂXÂ ÅxÂkÃ��Ö¸X¹�º�» ¼x·�½á´HÇ�¶kº�À�ÅxÂkÃßµ�¶XÁ�µ1¸X¹�º�» ¼x·�½ µvº »O·
¿Zº�¹y½jÁ�¼x¼xÌ1ÉXÂXÊX·�ÄTÅxÊXÁ�» ¼e·�Ï
Ð�¶XÅxÇ�¿_ÉXÂXÊ Á�½
·�Âsµ�Á�¼�¹�·�Ç�É ¼eµÑÅxÇÑµ�¶k·�Â@Á�¸X¸ ¼¥Åe·�Êàµvº�ÁN»X¹�ºtÁ�Ê@ÄT¼xÁ�Ç�Ç;º�¿ Çvµvº�Äy¶ Á�Çvµ�ÅxÄËº�¸Xµ�Åx½jÅ���Á�µ�ÅeºtÂ

¸X¹yº�» ¼e·�½jÇT´�ÅxÂj»X¹^Åe·T¿DÁ�Â�Ìj¸X¹yº�» ¼e·�½ Ç�µ�Á�µv·�½
·�Âsµ(À�¶X·T¹�·<µ�¶k·bÁ�Ã�·�Âsµ��_Á�
Hº�¸O·T¹yÁ�µv·�ÇËº°Æ�·T¹�Á�Â1Å¥Â��kÈ
ÂXÅxµv·,º�¹NÅxÂXÊk·�� Â Åeµv·�µ�Åx½j·à¶kº�¹yÅ��TºtÂÙ´kÁ�ÂXÊ��Z»�
Ë¶XÁ�Ç�Á�Æ�Á�Åx¼xÁ�» ¼x·,ºtÂ ¼eÌ'¸X¹yº�» Á�» Åx¼xÅ¥Çvµ�ÅxÄ<ÅxÂX¿�º�¹y½'Á�µ�ÅeºtÂ
Á�»OºtÉkµ�µ�¶k·�ÇvÌ�Çvµv·�½á×ØÇLÇvµ�Á�µv·�Ï��,ÂXÊk·�ÄTÅ¥ÊXÁ�» Åx¼xÅxµ�ÌàÅxÇÑ·�Çvµ�Á�» ¼xÅ¥Ç�¶k·�ÊÒ¿�º�¹�¸Oºt¼xÅxÄ\Ì�ÈF·\ÝkÅxÇvµv·�ÂXÄ\·Ë¸X¹�º�» ¼x·�½jÇ
¿Zº�¹H¸ Á�¹�µ�Å¥Á�¼x¼eÌ�º�»RÇv·T¹�Æ�Á�» ¼e·�ÅxÂ�� Â Åeµv·\È�¶kº�¹yÅ��TºtÂ���Á�¹�Õ�º°ÆjÊX·�ÄTÅxÇ�ÅeºtÂ@¸X¹yº�Ä\·�Ç�Ç�·�ÇHÉXÂXÊk·T¹LÊXÅ¥Ç�Ä\ºtÉXÂ�µv·�Ê
Á�ÂXÊ'ÉXÂXÊXÅxÇyÄ\ºtÉXÂsµv·�Ê@µvº�µ�Á�¼R¹�·TÀ(Á�¹yÊj½
º�Êk·�¼xÇ�´tÁ�Æ�·T¹yÁ�Ã�·\ÈF¹�·TÀ(Á�¹yÊá½
º�Êk·�¼xÇ�´�Á�Â Ê'Çvµ�Á�µv·\È�Á°Æ�ºtÅxÊXÁ�ÂXÄ\·
½
º�Êk·�¼xÇ�Ï�Ð<¶k·H¹�·�ÇyÉX¼eµ�ÇÙÁ�¼xÇvºNÁ�¸X¸ ¼eÌ,µvºNÄ\º�¹�¹y·�Çv¸OºtÂXÊXÅxÂkÃ�Á�¸X¸ ¹�º�ÝkÅx½jÁ�µ�ÅeºtÂà¸X¹�º�» ¼e·�½'ÇOÀ�Åeµ�¶àÉXÂ ÊXÅxÇJÈ
Ä\ºtÉXÂ�µv·�Ê¤º�»��J·�Ä\µ�ÅeÆ�·�¿ZÉXÂ Ä\µ�ÅeºtÂXÇTÏ
Ð�¶k·�¸ Á�¸O·T¹(Á�ÂXÇvÀË·T¹yÇËÁ¡Ç�ÅxÃtÂXÅ�� ÄTÁ�Â�µHº�¸O·�Â���Ék·�Çvµ�ÅxºtÂ'¹yÁ�Å¥Çv·�Ê'»�Ì���Á�¸ Á�ÊXÅx½'Åeµv¹yÅeºtÉjÁ�Â Ê1Ð<ÇyÅeµJÈ

Ç�ÅxÕ�¼xÅ¥Ç	�  �!#"�Á�»OºtÉkµ�µ�¶k·àÄ\ºt½
¸ ¼x·\Ý�Åeµ7Ì1º�¿LÅxÂ$� ÂXÅeµv·b¶kº�¹yÅ��TºtÂ%�'&��(�)�"ÇTÏ

*
?T`�+åG�[vi�]-,.�"¼xÁ�ÂXÂXÅ¥ÂkÃk´/�å¹�º�» Á�» Å¥¼xÅxÇvµ�ÅxÄ�´�0�µvº�Äy¶XÁ�Çvµ�Å¥Ä1&,¸Xµ�Åx½'Å���Á�µ�ÅeºtÂÙ´32Ëºt½
¸RÉkµ�Á�» Åx¼xÅxµ�Ì
�Ùa
K;P4,OÄ\º�Êk·�´$!�5�Ï768!�Ï:9�·

; <>=@?BA�CEDGFIH/?BJKCL=

M�N�O�PLQSR/TUTUV�T3W�PLX�Y/Z#Q\[^]`_badcfe�O%c/gihjN�Okcflbm�O#anhpo/e�m.q�cfarh�anh-s�m4_\O#mut�vrcfw�lbO#q�ad_\exhjN�O
y{z vjO>ajO8o|vj}�N
l\_bhjO#vjo|h-s�vrO/~@o��|o/arh�wLc�m��xc/gi��cfvj�xNUo/a�wLO#O#eum�O^�fc/hjO#muh-c�O>arh�o|w�l\_bajN�_be��
h-N�O>cfvjO^h-_b}8o/l3vjO>ajs�lSh-a���h-N�O��)cfvrarhn��}8o|ajO	h-_bq(O�}#c/q(t�lbO^��_bh���c|gU�/o|vj_\c/s�a�t�vrcfw�lbO#q�}#l\o/ajarO#a����
� e�m�_be��pvjO#t4vjO#arO#e�h�o�h-_\c/e�a	o/e4m�o/lb�fcfvj_Sh-N�q�a'h-N�o|h�O>�@O#}>hj_b�/O#lb��arcflb�/O1_bq(tLcfvrh-o/e�hi}#l\o/ajarO#a
c/g�t�vrcfw�l\O>q(a>�4o|e�m�O>�|o/lbsUo|hj_\e���h-N�c/ajOdvrO#t�vrO#ajO>e�h�o|hj_\cfe�a�o|e�m�o/lb�fcfvj_Sh-N�q�aiO#q�t�_\vr_\}#o/l\lS�f�

�1e�h-_bl�vrO#}#O>e�h-lb�xt�l�o|e�e�_\e4���	o|a�o/l\q�cfarh{O^��}#lbs�aj_S�fO>lb��tLcfarO#m
o/a�o�t�vrcfw�l\O>q�c|g�lbcf�f_b}8o/l
m�O#m4s�}>hj_\cfe��/�f_b�/O#e�o/e�_\e�_Sh-_\o/l$arh�o�h-O�c/g�h-N4O���cfvrl\m��/o/}>hj_\cfe�a'hjNUo|h�O^��O>}>h�arh-o|h-O�}�N�o/e��fO>a#�
o/e�m o.ajO^h(c|g1anh�o|hjO#a�_\m4O#e�h-_ � O#m o/a�W3Y#R/Qi¡^¢£R/¢�[�¡^� � e�m o.ajO>¤$s�O#e�}>Oxc/g1o/}^h-_bcfe�akh-N�o|h
�Kt�vrcB�/o|w�lb�4�	l\O#oB�/OphjN�O��)cfvrl\m¥_\e¦�§o|e$�4��cfe�Opc/g'�/c�o/l�anh�o|hjO#a{t4vjcB�3_\m�O>m¥hjNUo|h1_bh�wLO#�f_be�a
_\e�h-N4Op_be�_bhj_�o/lLarh-o|h-O|�

¨ h-vrcfe���o|ajajs4q(t4hj_\cfe4ad_\q�t�l\_b}#_Sh-lb�(s�e�m4O#vjlS�©hjN�_\a1q(c3m�O>lª�Uh-N�O�_\e�_Sh-_�o|lEarh�o�h-Ok_ba{�$e�cB��e��
h-N�O�O��4o/}>h�O>�@O#}^h-aic/gLO8o|}�N(o|}>h-_bcfe%_\a��3e4c���e��$o/e�m%h-N�O>vjO«o/vrO	e�c�s�e��$e�cB��e�O^��cf�fO>e�cfs�a
}�NUo/e��/O#ai_\e%anh�o|hjO/� y aio�vrO#ajs4lbh8�|h-N�O�o/�/O#e�h�_\a'cfq�e�_baj}#_bO#e�h�_be%_bh-aI�)cfvrl\m©�§o�hil\O8o|arh'��_Sh-N
vjO>ajtLO#}>h�hjc�o/l\lE�|o/vr_�o/w�lbO#a1vjO#lbO>�|o/e�hdhjc�o/}�N�_bO>�3_\e���_Sh-a1�fc�o/l��^�Lo/e�m � e4m�_\e���o(ajcflbs4h-_bcfe
t�l�o|e�o/q�cfs�e�hja�hjc1}>cfe�anh-vjs4}>h-_be��do�¬3[j¬/­U®^¢§VªY�T«h-NUo|hIO^��O>}#s4hj_\e��«h-N�O�t�l�o|e�_be�hjN�O��3e4c���e
_\e�_Sh-_\o/l@anh�o|hjO��)cfs4l\m�l\O#oB�/OphjN�O��)c/vjl\m�_be©o%�$e�cB��ex�/c�o/l�anh�o|hjO/�

y e¥_\e�h-O>vjO>arh-_be���aj_\m4O�O>�@O#}>h1c/gGh-N�_ba�q(c3m�O#l�_\a	h-N�o|h«cfw�ajO>vr�3_\e4��hjN�O��)cfvrl\m¥arh-o|h-O�m�s�v¯�
_\e���t4l�o/e.O��4O>}#s4hj_\cfeu_bads�e�e�O>}#O>aja-o|vr�L�Ie4c�q(c3m�O#lIc/g�ajO>e�aj_be��¥hjN�Ok��cfvjlbm._\advrO#¤$s�_\vrO#m
w@O>}8o/s4ajO�h-N�O(o/�fO>e$h�o/lS�	o8�3ap�3e4c���a�o/N�O#o/m¦c|g)h-_bq(O���NUo|h�arh�o�h-O%h-N�O���cfvjlbm
��_bl\l�wLO

°



_\exo/a1_Sh«O^��O#}>s4h-O>a�_bh-a«t�l\o/e���M�N�Oko|�fO#e�h��7a��UoB��lbO#arado/w�_bl\_Sh���h-c�t�vjO>m�_\}^hd}>cfq(tLO#e4a-o|hjO#a
g cfv«_bh-a«_\e�o/w�_\lb_bh��(h-c�arO#e�arO�h-N�Op�)c/vjl\m �§o/e�m©h-N$s�a1hjc�q(o/�/O�o/}>hj_\cfe¥m�O#}>_\ar_\cfe�a{o|h1vjs�e
h-_bq(O8�^�

M�N�O#vrO)o|vjO�cfw��3_\cfs4aGlb_\q�_bh-o|h-_bcfe�aUh-c�h-N4_\aEt�vrcfw�l\O>q m�O � e�_bhj_\cfe�o|aIo�q�c�m4O#lfc/g�N$s�q(o/e�cfv
q�o|}�N�_\e�O�o/�fO>e�}>�L�|v-o/vrO#lb�p}#o/e�h-N4O���cfvjlbmkw@O�ajcd}>cfq�t�l\O^h-O#lS���$e�cB��e%cfvIarc{h-N4cfvjcfs4�fN�lb�
}#cfe�hjvjcflbl\O#m��

MIc�o|m�m�vjO>aja�h-N4O#ajO�lb_\q�_bh�o�h-_\c/e�a#�#�|o/vr_\cfs4a'o/lSh-O#vreUo|hj_b�fO)q(c3m�O#lba�NUo8�/O�w@O>O#e�_\e�h-vrc�m4s�}#O>m��
� e�O�l\_be�O�c/g«_be�¤$s�_\vn� O���hjO#e�m4a�hjN�O�}#l\o/ajar_\}#o/l�lbcf�f_b}8o/l�q(c3m�O>l�hjcuo/m�q�_bhk_be�}#c/q(t�lbO>hjO
_\e4g c/vjq(o|h-_bcfe�o/wLcfs4h�h-N4Oi��cfvrl\mparh�o�h-O/��O���hjO#e�m4_\e���h-N�O�t�l\o/e�e�_be���tUo/vjo/m�_\�/q h-c«_\e4}#l\s4m�O
cfw�arO#vr�|o|hj_\cfe�o/}>hj_\cfe4a'o/e�m�}#cfe�h-_be��fO>e�}>�pt�l\o/e�a#��M�N�O>ajO�q�c�m�O>l\a�vjO>t�vjO>ajO>e$hi_be�}#c/q(t�lbO>hjO
_\e4g c/vjq(o|h-_bcfe w�� q�c�m�O>l\_be��xh-N4O©o|�fO#e�h��7a�arh-o|h-O�c/g1_\e4g c/vjq(o|h-_bcfe o/a�o.ajO^h�c|g{anh�o|hjO#a
� hjN�O¥hjvjs�O¥�)c/vjl\m arh-o|h-O©qks�anh�wLO©c/e�O©c|g{h-N4Oxarh-o|h-O>a�_be hjN�_\a�ajO^h�����M�N�O>ajO�q�c3m�O#lba
o/l\lbcB� vrO8o/arcfe�_\e4�(o|w@cfs�h1_be�}#c/q(t�lbO>hjOd_\e4g c/vjq(o|h-_bcfe�o/wLcfs4h�h-N4O���cfvrl\m��7a1_be�_bhj_�o/lLarh-o|h-O|�
w�s4h{�fO#e�O>v-o/lblb��m�c(e�c/hdo/m�m�vrO#aja{_\ajars�O#ado/ajarc�}>_�o|hjO#m©��_Sh-N�s4e�}#O>vrh�o|_\e�h��©o/w@c/s4h�o/}^h-_bcfe
O>�@O#}^h-a	cfv�o/wLcfs4h�O^��cf�fO>e�cfs�a�}�NUo/e��/O{_\e�h-N�O«�)c/vjl\m��KO|� ���$O^��O>}>h-O>m�w��(c|h-N�O>v	o/�fO>e�h-a����

M�o|�3_be��%h-N�_ba�o/t�t�vrc�o/}�N©o%arh-O>t¥g s4vrh-N4O#v#�Uc/e�O�}8o/e¥o/m�c/t4h1o�t4vjcfwUo|w�_\lb_\arhj_\}«ajO>q�o/e�hj_\}#a>�
h-N�Ouo|�fO#e�h��7a�arh-o|h-O.c/gp_be4g cfvjq(o|hj_\cfe w@O>}#cfq�_\e�� o m4_\arhjvj_bw�s4h-_bcfe cB�fO>v��)c/vjl\m anh�o|hjO#a
o/e�m�h-N4O�o/}>hj_\cfe�a�wLO#}>cfq�_\e��%anh-c3}�NUo/arhj_\}�anh�o|hjOdh-v-o|e�aj_Sh-_\c/e�a#��M�N�O��)s�vj_bmUo/e���cfvj�	� °�
��
t�vjO>ajO>e$hja%h-N�_bakq(c3m�O>l�s�e4m�O#vkhjN�O�}#l\o/ajar_\}#o/l)t�l\o/e�e�_be���o|ajajs4q(t4hj_\cfe¦h-NUo|h�h-N�O�o|�fO#e�h
_\ads4eUo/w�lbOkh-c�cfw�arO#vn�fO�h-N�Ok��cfvjlbm��7a�arh�o�h-O%m�s�vr_\e���t4l�o/e.O��4O>}#s4hj_\cfe�~�
����)s�vr_\mUo|e������ �
O^�3h-O>e�m�a«h-N�O���cfvj��hjc�o/l\lbc�� o�t�l�o|e�h-c�}#cfe�h�o|_\e�arhjc�}�NUo|arh-_b}�ajO#e4aj_\e4��o/}^h-_bcfe�a#�

y h-N�_bvjm%lb_\e�O	c|g@��cfvj���KO/�7����� °�� ��� ° � ° �f���4����� � �Gm�_baj}#o/vjm�a�hjN�O�}#l\o/ajar_\}8o|l�t�l�o|e�e�_\e4�dq(c3m�O>l
o/lbhjcf�fO^h-N�O>vEo/e�m�arhjs�m�_bO#aE}#c/e$hjvjcfl/q(c3m�O#lba�� _\edtUo|vrh-_b}#s�l\o/v �©o/vj�|c��"!dO#}#_baj_bcfe"#�vjc3}#O>ajajO>a��
o/a	o|e�o/lbhjO#vreUo|h-_S�fO��	o8��h-cph-N�_be���o/w@c/s4h)t4l�o/e�e4_\e��paj}>O#eUo/vr_\cfa>� z e�m�cf_\e4��ajc4�3hjN�O{lbcf�f_S�
}8o/l4ajO#q(o/e�h-_b}#a>�fcfq�e�_\ar}#_\O>e�}#O	o/ajars�q(t�h-_\c/e�a#��o|e�m�arh-vr_\}^h��fc�o/l�cfvj_bO#e�h�o�h-_\c/ekc/gL}#l\o/ajar_\}8o|l
t�l�o|e�e�_\e4�xo/vrO�vrO#t�l\o/}#O>m w�� o¥t�vjc/wUo/w�_bl\_\anh-_b}%ajO#q(o/e�h-_b}#a�o/e�m o/e o/lbhjO#vreUo|h-_S�fO�ajO^hkc/g
o/ajars�q�t4h-_bcfe�a#�$�¥cfarh�e�c/h-o/w�l\O«o/q�cfe���hjN�O#arO{_\a�hjN�O{o|ajajs4q(t4hj_\cfe�c/g&%�­�Q�Q�Y/Z^¡B[^X('�R�Z#V�Q�V�¢*)
h�o/�|O#e�g vrcfq h-N4O{q�cfarh�}#cfq�q�cfe+�,!"# q(c3m�O#lbad�*- � �,!"#ia-�^�3o/lSh-N�cfs4�fN�s�e4}#O#vnh�o/_be�h��
t�vjO^�fO>e$hjakh-N�O�o/�fO#e�h�g vjcfq t�vrO#m�_b}>h-_be��©hjN�O�vrs�e��ªh-_\q�O�arh�o�h-O�o|N�O8o/m c/g�h-_bq(O|�E_bh�NUo/a
}#cfq�t�lbO>h-O{o/e�m�o/}>}#s�vjo|h-O{_\e4g cfvrq�o�h-_\c/e�o/wLcfs4h�h-NUo�h	arh-o|h-O�o�h	O^��O>}#s4hj_\cfe�hj_\q�O/�/. N�_\lbO
vjO>ajO8o|vj}�N�O>vja¥NUo8�fO
o/l\arc o/t�t4l\_\O>m tUo/vnh-_\o/l\lS� cfw�ajO>vr�|o/w�lbO �0# � �1!"#���q�c�m�O>l\a�h-c y{z
t�l�o|e�e�_\e4�(t�vrcfw�lbO#q�a#��h-N4O�o/t4tUo/vjO>e�hd}#c/q(t�lbO^��_bh���c/g�t�l\o/e�e�_be�����_Sh-N¥tUo/vnh-_�o|lEcfw�ajO>vr���
o/w�_bl\_bh��(NUo/a�lb_\q�_bhjO#m�hjN�O�t�v-o/}^h-_b}8o/lEo|t�t�l\_b}8o|hj_\cfe�c/gIhjN�_\a	��cfvr�L�

M�N�O#vrO%NUo/a1w@O>O#e.O^�3hjO#e�ar_b�fO�o/e�o/lb�3aj_ba1c|g�h-N�Ok}>cfq�t�s4h�o�h-_\c/eUo/lE}#c/q(t�lbO^��_bh��¥c/gi}>l�o/araj_��
}8o/l1� m�O>hjO#vjq�_\e4_\arhj_\}8��t4l�o/e�e4_\e���t�vrcfw�l\O>q(a>��O/�7���2���3� � �Go/e�m¦l\_b�/O>��_bajO�h-N�O�}#c/q(t�lbO^��_bh��
c/g�}#c/q(q�cfe4�,!"# t�vrcfw�lbO#q�a�_ba���O#l\l@s�e�m�O>vjanh-c3c�m��3g s�l\lS��cfw�arO#vr�|o/w4l\O5�1!"#�a�o|vjOdo|e��
o/lb�$6>O#m�w��7#�o/tUo|m�_\q�_bhjvj_\c/s�o/e4m�M�aj_Sh-aj_b�$l\_\a8� 
 � � ��o|e�m�h-N�O>_\vi�)c/vj�(o/e�m�l�o�h-O#vi��cfvj��w��
�©s�e�m4N�O#e��¦O>h#�'o/l§�9�;:3� � o/e�m=<E_Shjh-q(o/e
O>h#�'o/l§�9� ° � � o/eUo|lb�$6#O>aktUo/vnh-_�o|l\lb�xcfw�arO#vr�|o/w4l\O
�1!"#�aiw�s4hit�vrc��3_bm�O#aivjO>ajs�lSh-aicfe�lS��g cfv � e�_bhjO^��N4cfvj_>6#cfekt4vjcfw�lbO#q�a�cfv�wLcfs�e�m�O>m���lbO#e��|h-N
t�l�o|e�a#� ¨ O#O ¨ O#}^h-_bcfe?��g cfv�o%m�_baj}>s�ajar_\cfe¥c/gIt�vjO^��_bcfs�a	��cfvj��c/e¥_be � e�_Sh-O���N�cfvr_@6>cfe�tUo/v¯�

:



h-_\o/l\lS�(c/w�ajO>vr�|o/w�lbO �,!"# �7a#�

#�vjcfwUo|w�_\lb_\arhj_\}I}#l�o|ajaj_b}8o/l/t�l�o/e4e�_\e���_baEe�c/h�}>c��/O#vrO#m�w���O>_bh-N4O#vEc/g3h-N�O>ajO�l\_be�O#a�c|g�o/e�o/lb�3aj_ba
m�s�O%h-c¥_bhja�t�vjc/wUo/w�_bl\_\anh-_b}�arO#q(o/e�h-_\}>apo/e�muh-c�h-N�O%gKo/}^h�h-NUo�h��/c�o/lS�£t�s�vrajs�_Shdt�l\o/e�e�_be��
}8o/e4e�c/h1w@O�vjO#m4s�}#O>mxh-c�o(t�vrcfw�l\O>q c/g't4l�o/e�e4_\e���cB�fO#v{o � ��O>m � e�_Sh-OpN�cfvj_>6#cfe��UM�NUo|h
_\a>�4h-N�O�lbO#e��/hjN�c/g'o�ajc/l\s4hj_\cfe�t�l\o/e�}8o/e4e�c/h�_\e��fO>e�O#vjo/lEwLOpwLcfs�e4m�O#m RpPLX�VªY�X^V��

M�N�_\a%t�o/t@O>v%w@O>�f_\e4ak��_bh-N o.}#c/q(t�lbO^��_bh�� o/eUo|lb�3aj_ba%c/g�h-N�_ba%t�vjcfw�o/w�_\lb_\anh-_\}�t�l\o/e�e�_be��
t�vjc/w�l\O>q©� � _b�/O#e��

� o%ajO^h«c/g�anh�o|hjO#a>�
� o%t�vrcfwUo/w�_bl\_Sh��(m4_\arhjvj_bw�s4h-_bcfe�cB�fO>v«hjN�O�_\m�O>e$hj_bh���c/gIhjN�O�_\e�_Sh-_\o/l@anh�o|hjO/�
� o%ajO^h«c/g��/c�o/l�anh�o|hjO#a#�
� o%ajO^h«c/g�c/t@O>v-o|hjcfvja�h-N�o|h�O>�@O#}^h1anh-c3}�NUo/anh-_\}�anh�o|hjO�hjv-o/e4aj_bhj_\cfe4a#�Uo/e4m
� o%v-o�h-_\c/eUo/l@hjN�vjO>ajN�c/l\m��©c/e�hjN�O�t�vjc/wUo/w�_bl\_bh��(c/gIt�l�o|e¥ars�}#}>O#ara#�

m�O>hjO#vrq(_be�O{��N�O^h-N�O>v�hjN�O#vrO�_\a�o%arO#¤$s�O#e4}#Opc/gGcft@O>v-o|hjcfvja�h-NUo|h)��_\l\l@l\O#oB�/Odh-N�O�an�3arh-O>q
_\e¥o%�fc�o/l�arh�o�h-O���_bhjN¥t4vjcfwUo|w�_\lb_bh���o|h�l\O#o/arh����

M�N�O�tUo/tLO#v �7apq�o/_beuvjO#ars�lbhpt�vrcB�fO#aph-N�O�s�e�m4O#}#_bmUo/w�_bl\_Sh���c/g�h-N�_bapt4vjcfw�lbO#q¥��s�ar_\e��©o/e
O^��_\anh-_be���vjO#ars�lbh�O>arh�o|w�l\_bajN�_be��dh-N�O�s�e4m�O#}>_\mUo/w4_\l\_Sh��kc/g�o/e�_\arcfq(c/vjt�N�_b}	t�vrcfw�l\O>q _be�hjN�O
o/vjO#o%c/g #�vjc/wUo/w�_bl\_\anh-_b}8-�_be�_bhjO^� ¨ h�o|hjO y s�h-cfq(o|h�o��*# - y a-�^�

M�N�O�vjO>ajs�lSh�o/t�t�lb_\O#a�q�cfvrO)��_\m�O>lb�/�fN�cB�)O^�fO>v#�$h-cpod�/o|vj_\O^h��kc/gLt�vrcfw�lbO#q�a�_\e%arhjc�}�N�o/arhj_\}
t�l�o|e�e�_\e4��o/e�mu}#c/e$hjvjcfl§��-UcfvdO��4o/q(t4l\O/�Lh-N�O�vrO#ajs4lbh�}#o/euw@O%O���hjO#e�m4O#m¦hjc�vjO>ajcflS�fO�o/e
cftLO#e t�vrcfw�lbO#q tLcfajO>m _\e � 
 � � vrO#��o/vrm�_\e4�
hjN�Oxs�e4m�O#}>_\mUo/w4_\l\_Sh�� c/g�_be � e�_Sh-O^�£N�cfvr_@6#c/e
# � �,!"#iapo/e4muo�t4vjcfw�lbO#q�o/wLcfs4h5# - y a�}8o/lbl\O#m©h-N�OkhjN�vjO>ajN�cflbmu_\ajc/l�o|hj_\cfe©t�vjcfw4l\O#q
� 
�
 � 
 � � �

-�_\�/s�vjO ��m4O#t�_b}>h-a�hjN�O�t�vjc/w�l\O>q(a�o|eUo/lb�$6>O#m�_\e�hjN�_\a	t�o/t@O>v#� z e�hjN�O � �fs�vrO/�4hjN�O�t�vjc/w��
l\O>q(a�_\e w@c/l\m vjO#}^h�o/e4�fl\O>a�o/vrO¥hjN�cfajO©O#anh�o/w�lb_\arN�O#m o|a�s�e�m4O#}#_bmUo/w�lbO©_be hjN�_\a�tUo/tLO#v>�
M�N�O{cB�|o/l�_\aih-N4O1O��4_barhj_\e���vjO#ars�lbh#�3o/e�m(hjN�O{vrcfs�e�m4O#m�vrO#}>h-o/e��flbO#a�vjO>t�vjO>ajO#e�h�t4vjcfw�lbO#q�a
��_bhjN
��O#lblS��anh-s�m4_\O#m
}#c/q(t�lbO^��_bh���vjO#ars�lbhja�m�_\ar}#s�arajO#m hjc©t4s4hpcfs�vpvjO#ars�lbhja�_beu}#cfe�h-O��3h8�
y vrvjcB��a�t@cf_be�h	g vjcfq��rO8o|aj_\O>v	�khjc
�nNUo/vjm4O#v	��t�vrcfw�lbO#q�a#�4M�N4Opt�o/t@O>v�w@O>�f_\e4a	��_bh-N�hjN�O
O^��_\anh-_be��%vjO>ajs�lSh�vjO#�fo/vjm�_be��kh-N4Ops4e�m�O#}>_\mUo|w�_\lb_bh���c/gGm�O>hjO#vrq(_be�_\e��k��N4O>h-N4O#v�h-N�O�arO>h«c/g
_\e�t4s4h�arhjvj_\e4�fapo/}#}>O#t4hjO#m w��
o # - y _\a�O>q(t4h��/� z hphjN�O#e
ajN4c���a�h-N�o|h�o/e¦O>¤$s�_b�|o/lbO#e�h
t�vjc/wUo/w�_bl\_\anh-_b}(t�l\o/e�e�_be��.t�vrcfw�l\O>q _ba%s�e�m�O>}#_\m�o/w�l\O|��o/e�m ajc.hjc�cuo/vrO�q(cfvrO��fO>e�O#vjo/l
}#l\o/ajarO#a�c/g��ns�e�cfw�arO#vn�/o|w�l\O��ko/e�m�tUo/vnh-_\o/l\lS��c/w�ajO>vr�|o/w�lbO8�,!"# t�vjc/w�l\O>q(a>��M�N�_\aivjO>ajs�lSh
o/t�t�lb_\O>a�w@c/hjN�hjc�cft4h-_bq(_>68o|hj_\cfe�o/e�m(o/t�t�vrc8�4_bq�o�h-_\c/ek�fO#vraj_bcfe�a�c/g@hjN�O�t�vjc/w�l\O>q(a>�$o/e�m
h-c�m�_baj}#c/s�e�h-O#mxo/e�m¥s�e�m�_baj}>cfs�e�h-O>mxcfw
�rO>}>hj_b�fO�g s�e4}>h-_bcfe�a>�

M�N�O«tUo/tLO#vi_\a�cfvr��o/e�_>6#O>m(o|aig c/l\l\cB��a>� ¨ O#}^h-_bcfe ° m�O � e�O>a�h-N4O«vrO#lbO>�|o/e�h�arh-c3}�NUo/anh-_b}«c/t��
h-_bq(_>68o|hj_\cfe�t�vjc/w�l\O>q(a>��g s�lblb��o/e�m�tUo/vnh-_�o|l\lb��c/w�ajO>vr�|o/w�lbO��1!"#�a#��t�vrcfwUo/w4_\l\_barhj_\}«t�l�o/e3�
e�_\e4����o/e�m # - y a>� ¨ O#}^h-_\c/e :�w@O>�f_\e4apw��uO��4t4l�o/_be�_\e���hjN�O�s�e�m�O>}#_\m�o/w�_\lb_bh��xt�vjc3c/g�g cfv
h-N�O # - y O>q(t�h-_\e4O#aja�t4vjcfw�lbO#q¥�/O���hjO#e�m4aihjN�O�vjO>ajs�lSh�h-cdh-N4O�# - y h-N�vrO#ajN4cfl\m��£_\arcfl�o|hj_\cfe
t�vjc/w�l\O>q©�^h-N�O>e�O>arh�o|w�l\_bajN�O>a�h-N�Ois�e�m4O#}#_bmUo/w�_bl\_Sh��{c/g$hjN�Oit�vjcfw�o/w�_\lb_\anh-_\}Gt�l\o/e�e�_be���t�vjc/w��






Classical 
Planning

Probabilistic
Planning

Infinite−Horizon
Discounted
POMDP

PFA
Threshold
Isolation

Infinite−Horizon
FOMDP

Finite−Horizon
POMDP

PFA
Emptiness

Infinite−Horizon

Infinite−Horizon
POMDP

Approximation

Optimal

Existence
Finite Controller

3.2

UMDP

Infinite−Horizon
Undiscounted

POMDP

4.3

4.6

4.53.1.5

3.1 4.1,  4.2

4.1,  4.2

��ÅeÃkÏ���ÏL0�ÉX½j½'Á�¹�Ìáº�¿I�,ÂXÊk·�ÄTÅxÊ Á�» Åx¼xÅeµ7ÌáÚ<·�Ç�ÉX¼xµ�ÇTÏ4�å¹�º�» ¼e·�½'ÇNÅxÂ�»Oºt¼xÊ�¹�·�Ä\µ�Á�ÂkÃt¼e·�Ç�Á�¹�·@µ�¶kºtÇ�·
·�Çvµ�Á�»R¼xÅxÇ�¶k·�Ê Á�Ç¡ÉXÂ Êk·�ÄTÅxÊXÁ�» ¼x·@Å¥Â+µ�¶XÅxÇà¸ Á�¸O·T¹�´�À�Åeµ�¶+µ�¶k·'¸X¹yº�º�¿_Ç�Çvµ�Á�¹yµ�ÅxÂkÃ ¿Z¹�ºt½Ôµ�¶k·'¹�·�ÇyÉX¼eµ
ÅxÂ µ�¶k·�º�Æ�Á�¼FÏ Î Â¤µ�¶k·¡¹�ºtÉXÂXÊX·�Ê¤¹�·�Ä\µ�Á�ÂkÃt¼x·�ÇNÁ�¹�·Ò¹�·�¼xÁ�µv·�Ê ¸X¹�º�» ¼x·�½jÇ<À�Åxµ�¶á¸X¹�·TÆ�ÅeºtÉXÇ�¼xÌ1Õ�Âkº°ÀNÂ
Ä\ºt½
¸R¼e·\Ý�Åxµ�Ì ¹y·�Ç�ÉX¼eµ�ÇTÏ Í ¹�¹�º�À�Çb¸OºtÅxÂsµ,¿Z¹�ºt½ �J·�Á�Ç�Åe·T¹n�¤µvºu�v¶XÁ�¹yÊk·T¹n�$¸X¹yº�» ¼e·�½jÇTÏ Í »Dº�Æ�·
·�Á�Äy¶
¸X¹yº�» ¼e·�½9ÅxÇ(µ�¶k·¡Çv·�Ä\µ�ÅeºtÂ¤Â�ÉX½¡»D·T¹�ÀN¶k·T¹�·�µ�¶k·à¸ ¹�º�» ¼e·�½9ÅxÇ�Á�Ê Êk¹�·�Ç�Çv·�Ê�Ï
l\O>q©� ¨ O>}>hj_\cfe 
 h-N4O#e O��3h-O#e4m�axh-N4O vjO>ajs�lSh©hjc �|o/vr_\cfs4a1# � �1!"# t�vrcfw�l\O>q(a>��m�_\a¯�
}#cfs4e$hjO#m o/e�m s�e�m�_baj}#c/s�e�h-O#m cfw
�rO#}^h-_S�fO�g s�e�}>hj_\cfe4a#��vjO>l�o|hjO#m o/t�t4vjc8��_\q(o|h-_bcfe t�vjc/w��
l\O>q(a>�)o/e4m ¤3s4O#arhj_\cfe4a�c/g�O^��_barh-O>e�}#O.c|g�cft4h-_bq�o|l«tLcflb_\}#_bO#a���_bhjN ajtLO#}>_�o/l«arhjvjs�}^h-s�vrO/�
¨ O#}^h-_bcfe,��t�vrO#arO#e�h-a«vjO>l�o|hjO#m��)cfvr��o/e�m¥}#c/e�}#lbs�aj_bcfe�a#�

� �pA�C����
	�� 
�	���=IJ�?�J C@=��

. O�q(o/�/OdhjN�O�arh-o/e�mUo|vjm©o/ajars�q(t�h-_\c/e�hjNUo|h�hjN�O�_\e�t4s4h�tUo/vjo/q(O^h-O>vja�_\e�o|l\l�t4vjcfw�lbO#q�a
o/vjO«v-o�h-_\c/eUo/lUe$s�qkwLO#vra#�&.¦O1��_bl\lUwLO1s4aj_\e4�kq�o�h-vj_b}#O>a�o|e�m��fO>}>hjcfvja�o�h)arO>�fO>v-o/l@t@c/_\e�h-a>�
w�s4h�cfe�lS�kgKo/q�_\lb_�o/vr_bh��d��_Sh-N�O#l\O>q(O>e�h�o/vn�kl\_be�O8o|vio/l\�fO>w�v-od_baie�O#O>m�O#m�� .¦O1s4ajO�w@c/l\m4gKo/}>O
g cfe�h�h-c m�O>e�c/h-O.�/O#}>hjcfvja>� -�c/v�o �/O#}^h-cfv�������� m�O>e�c/h-O>a©_Sh-a�hjv-o/e4ajtLcfajO|�1o|e�m�� ��� �
m�O#e4c/h-O>a�_bh-a��§hjN�}#cfq�tLcfe�O#e�h#��� ����� � � m4O#e�c/hjO#a	hjN�OdO#e�hjvr�(_\e�vrc��!��o/e�m�}#c/l\s�q�e"�%c/g
q�o�h-vj_��#�`�/o/e�m$� �%�&�(' � m�O>e�c/h-O>a'h-N�O��fO#}^h-cfvi}>cfvjvrO#ajtLcfe�m4_\e��dhjcdvjcB�)��c/g�h-N�O)q�o|hjvj_����
. O�s4ajO�h-N�O�t�o/vjO>e$hjN�O#ar_@6>O#m�ars�tLO#vjar}#vr_\t4hie�c|h�o|hj_\cfekg cfv�ajO#¤$s�O>e�}#O>a)c/gLcfw �rO#}>hjaiajs�}�N(o/a
aj}#o/l�o/vrado/e4mx�fO>}>h-c/vja#��-�c/v{O^�4o/q�t�lbO/�+*�, -&.�m�O>e�c/h-O>adh-N�O/�fh-N�cfw �rO#}>h�c|g'h-N�O�ajO#¤$s�O>e�}#O
*�,102.3�4*�,653.3�(78787��@o|e�m:9;*<,6=>. ?kvjO>g O>vja�h-c�h-N�O���N�cflbOparO#¤$s�O>e�}#O|� ¨ O#¤$s�O>e�}#O>a�q�o8��wLO � e�_bhjO
cfv�_\e � e�_bhjO/�

. O.s4ajO:@ hjc m�O#e4c/h-O
o � e�_Sh-O�arO>h¥c/gpar�3qkwLcflbau�§o/e o/lbt�NUo/wLO>h��^� z e hjN�_\a�}8o/arO/��o
ajO>¤3s4O#e�}>Ox_\akhjvjO#o|h-O>m o|a(o �rs��3h-o/t@c/aj_bhj_\cfe �Kcfv%}>cfe�}8o�h-O#e�o|h-_bcfe���c/g«h-N�O�an�3qkw@c/l\a%c/g
@{�'g cfvkO���o|q(t�lbO/�BADCFE 0 E 5 78787G�I��N�O#vrOHE =JI @{� y arhjvj_\e4�
_ba%o � e�_Sh-O�ajO>¤$s�O#e�}>O/�
t@c/ajaj_bw�lb�©O#q�t4h��/� z gKA o|e�mLANMGo/vrOkh��)c�ajO>¤$s�O#e�}>O#a>�I��O#vjO$A _ba � e�_Sh-O/�@h-N�O>eOANANME_ba

�



h-N�O�ajO>¤$s�O#e�}>O�}#cfvrvjO>ajtLcfe�m�_be��1hjc1h-N4O#_\v�}>cfe�}8o�h-O#e�o|h-_bcfe�� A � m�O>e�c/h-O>a A }#cfe4}8o|hjO#eUo|hjO#m
��_bhjN(_Sh-ajO>lbg��%hj_\q�O#a>��o/e�m A�� m�O#e4c/h-O>a�h-N4O«_be � e�_Sh-O�}>cfe�}8o�h-O#e�o|h-_bcfe(c|g A ��_bhjN(_Sh-arO#lbg¯�
cfv A � C ANA/ANA 78787�� . _bhjN.ajO>¤3s4O#e�}>O A C E 0 E 5 78787G�@��N�O#vrO E =�I @{��A = m4O#e�c/hjO#ah-N�O �§hjN O>l\O#q�O#e�h�c/g�A��Ecfv A = C E = ��� A��Lm�O#e�c|h-O#a�h-N4O(lbO#e��/hjN c/g)ajO>¤3s4O#e�}>O A���V
	K[�	
h-N�O�e$s�qkwLO#v�c/g)ar�3qkwLcfl\a�_\eLA���o/e�m
�����$�
A#� �£�{m�O#e4c/h-O>a�h-N4O�lbO#e��|h-NO�«t4vjO � � c|gKA��
h-N$s�a������$� AJ� ��� C E 0 E 5 78787&E = � @���m�O#e�c|h-O#a	hjN�OdarO>h�c/gGo|l\l � e�_bhjO{arO#¤$s�O#e4}#O#a��Kanh-vr_\e��fa-�
c/gIO#l\O>q(O>e�h-a�_\eH@/�U_\e4}#l\s4m�_\e��khjN�O�O#q�t4h���anh-vj_be����

� 	�� ��X-Y/Z�R�Z#V�Q�V\¡^¢§Vª®���QSR/TUTUV�T3W

M�N�_\ad��cfvr�©�)o/a�cfvj_b�f_\eUo|l\lb��q(c|h-_b�|o|hjO#m�w��.¤$s�O>arhj_\cfe�a�o|w@cfs�hdh-N�O%}>cfq�t�s4h�o|w�_\lb_bh���c/g
t�vjc/wUo/w�_bl\_\anh-_b}{t�l\o/e�e�_be��%t�vjc/w�l\O>q(a>��ajs�}�Nxo/a�h-N�O�t�vrcfw�lbO#q�a	_\e�h-vrc�m4s�}#O>m©_be � °�
 ��� � �

M�N�O�t�vjc/wUo/w�_bl\_\anh-_b}�t�l\o/e�e�_be��dt�vrcfw�lbO#q¥�|anh-s�m�_bO#m�w�����s�ajN4q(O>vj_\}������1o/e��$a#�$o|e�m . O>l\m
� ° 
�� g cfv�O���o|q(t�lbO/�U}>cfe�aj_barhja«c|g

� o � e�_Sh-O�ajO^h�c|gdarh-o|h-O>a�� cfv�O#¤$s�_S�/o|l\O#e�hjlb�f�io|e o/araj_b�fe�q�O#e�h�c/g{hjvjs4hjN �|o/lbs�O#a%h-c¦o
� e4_bh-O�e$s�q�w@O>v«c|g �)c3cflbO8o/e��|o/vr_�o/w�lbO#a-�^�

� o � e�_Sh-O�arO>h«c/g�o|}>h-_bcfe�a�O^��O>}>h-_be���arhjc�}�NUo|arh-_b}�arh�o�h-O�h-vjo/e�aj_Sh-_bcfe�a#�
� o%arh-o/vrh�anh�o|hjO(�Kcfv�t�vrcfwUo/w�_bl\_Sh��(m4_\arhjvj_bw�s4h-_bcfe�cB�fO>v1anh�o|hjO#a����
� ok�fcfo/l�vjO>�f_\c/e�c/gIhjN�O�arh-o|h-O�artUo/}#O(�Ko�ars�w�arO>h1c/gGarh�o�h-O#a�m�O>aj_b�feUo|hjO#m©o/a��fc�o/l��^�4o/e�m
� okh-N4vjO#arN�cflbm �¥cfe�h-N4Opt4vjcfwUo|w�_\lb_bh��(c/g�ars�}#}>O#ara#�

M�N�O�t�vjc/w�l\O>q _\a1h-c � e�m R/T )karO#¤$s�O#e4}#O�c|g	o/}^h-_bcfe�a{hjNUo|h���cfs�l\muq�cB�fOkh-N4O�an�3arh-O>q
g vjcfq hjN�O)anh�o/vnh�anh�o|hjO�hjcdo1�/c�o/l$arh-o|h-O���_bh-N�t�vjc/wUo/w�_bl\_bh��{O^��}#O>O#m�_be�� ����. N�_bl\O�h-N�_ba�o|w��
arhjv-o/}^h)g cfvrq c/g�h-N4O{t�vrcfw�l\O>q©�$m�O>aj}>vj_\wLO#m�_\e(hjO#vrq(a�c/gEar�3anh-O#q arh-o|h-O>a�o/e�m�h-vjo/e�aj_Sh-_bcfe
o/q�cfe���h-N�O1arh�o�h-O#a>�4q(o8��ajO#O>q m4_\ajar_\q�_\l\o/v�h-cp��NUo|h�c/g�h-O>e�o/t�tLO8o|vja)_be�hjN�O{lb_bhjO#v-o�h-s�vrO
cfe t�vrcfwUo/w�_bl\_barh-_b}�t�l�o/e4e�_\e��©_\e y1z ��q�cfarh�c/h-N4O#v��|o/vr_�o|hj_\cfe�ap}8o|e w@O�arO#O>e hjc�w@O�o|h
l\O#o/arh{o/a«NUo/vjm©_\e�h-O>vjq�a«c|g'�)c/vjarh{}8o/arO�}>cfq�t�s4h�o�h-_\c/eUo/lE}#c/q(t�lbO^��_bh��/� . N�O#e¥�3_\O>��O#m
g vjcfq h-N�O�tLcf_\e�hic/gLh-N4O«s4e�m�O#vrlb�3_\e4�panh�o|hjO#a>�fh-N�O�t�vrcfwUo/w�_bl\_barh-_b})t�l\o/e�e�_be���t�vrcfw�l\O>q©�/o/a
�rs�arh«m�O>aj}>vj_\wLO#m��U}8o/e¥w@O�hjN�cfs��fN�h1o/a«o%ajtLO#}>_�o/l��.R/X ��Y '�¬3[�®^V\¡^VªY�T(PLX-YB®�[�¡�¡�t�vjcfw4l\O#q¥�

� 	 � �.R/X!��Y '#"�[�®^V\¡^VªY�T$��X-YB®�[�¡�¡B[�¡

y �xo/vj�|cB� m4O#}#_baj_bcfe t�vjc3}#O>aja �0�1!"#���q(c3m�O#l{}#cfe�ar_\anh-a¥c/g%o ajO^h&% c/g(' arh�o�h-O#a>�
o/e�m o � e�_bhjO.ajO^h©c|gko/}^h-_bcfe�a#� @{��M�_\q�O�_\a�m�_baj}>vjO>hj_@6>O#m o/e�m o|h�O8o|}�N h-_bq(Oxt@cf_be�h
) � ) C � � �<�(78787 �Ih-N4O�ar�3arhjO#q c3}#}>s�t�_bO#a�o�aj_be��flbO�arh-o|h-O�_\e*%��I��N�_b}�N _\a�}#o/l\lbO#m hjN�O
�K}>s�vjvrO#e�h���arh�o�h-Opc/g'h-N4O�an��anh-O>q o|h�hj_\q�O ) ��M�N�O�q(O#o/e�a«c/g'}�N�o/e��fO�_\e¥ar�3arhjO#q arh�o�h-O
_\a�o/}^h-_bcfe O^��O#}>s4h-_bcfe��io/e4m hjN�O#vrO�_\aks�e4}#O#vnh�o/_be�h�� o/wLcfs4h%h-N4O¥c/s4h-}>cfq(O�c/gdo|}>h-_bcfe�a>�

)cfe�ar_\m�O>vdh-N�O%anh�o|hjO#a�_\e�m4O^��O#m��,+ =KI % ���.- �/-0'I� y arajc3}#_�o�h-O#m.��_Sh-N.O8o|}�N o/}^h-_bcfe
1 I @ _\a�o|e2'435' arhjc�}�NUo|arh-_b}�q�o|hjvj_�� �76���N�_\}�N
ajtLO#}>_ � O>aphjN�O�arh�o�h-O%h-vjo/e�aj_Sh-_bcfe
t�vjc/wUo/w�_bl\_bhj_\O>a{g cfvpo/}>hj_\cfe 1 ���76$����� � � NUo/a�h-N�O�ajO>q�o/e�hj_\}#a�hjNUo|h�_bg�h-N�O�arh-o|h-O�c/g)hjN�O

�



ar�3arhjO#q _ba + = o|h	ok�f_b�/O#e�h-_bq(O1t@c/_\e�h ) o/e�m�o|}>h-_bcfe 1 _\a	O���O#}#s�h-O#m�����_bh-N�t4vjcfwUo|w�_\lb_bh��
�76$����� � � hjN�O%arh-o|h-O%c/g�hjN�O%ar�3anh-O#q o|hdh-_bq(O�t@c/_\e�h ) � �%_\a�+ - � . O%vrO>g O#v1h-c �76�o/a
h-N�O�h-vjo/e�aj_Sh-_bcfe¦q(o|hjvj_S�
c/vphjN�O�m4�3eUo|q(_b}#a�� q�o�h-vj_�����c|g«o/}>hj_\cfe 1 � y lbajcxo/ajarc�}>_�o|hjO#m
��_bhjN©O#o/}�N�o/}^h-_bcfe 1 _\a«o/e$'53 ���fO>}>hjcfv{c/gIvjO^�	o|vjm�a��.6f�U��_bhjN¥hjN�O�ajO>q�o/e�hj_\}#a�h-N�o|h
h-N�O�m�O>}#_\ar_\cfe¦q�o|�/O#v���o|_\e�a��.6$�%� � � cfv�_\e�}>s�vjap}#cfanh��.6 ��� � ��N�O#e�� 6/�%� ��� �����G_Sg�hjN�O
arh-o|h-O�c|g«hjN�O�an��anh-O>q _\a + = o/e�m o/}^h-_\c/e 1 _\akO��4O>}#s4hjO#m�� �,!"# q�c�m4O#l\apa-o�h-_\ang��¦hjN�O
�uR/X ��Y '{PLX-Y�PU[^X�¢0)
	LhjN�O�e4O^�3h{anh�o|hjO�c|g�h-N4O�an��anh-O>q©�Lo/e�m©c/h-N4O#v«o/ajtLO#}^h-a1ajs�}�N.o|a�hjN�O
vjO^�	o/vrm o|hjh-o/_\e4O#m o|e�m h-N�O(cfw�arO#vr�|o|hj_\cfe q�o/m4O.�KarO#O�wLO#lbcB�1�^�Gm�O#tLO#e�m c/e�lb�
cfe hjN�O
}#s�vrvjO>e$h�anh�o|hjOdc/gEhjN�Odar�3anh-O#q o/e�m�hjN�O�o/}^h-_\c/e�O^��O#}>s4h-O>m���o/e�m�e4c/h8�$g cfv	O���o|q(t�lbO/�3cfe
h-N�O�N�_barhjcfvr��c/g't�vrO>�3_\c/s�a�ar�3arhjO#q arh-o|h-O>a{o|e�m�O^��O#}>s4h-O>m.o/}>hj_\cfe4a#�

M�N�Oparh�o�h-O#a«o/e4mxo/}^h-_bcfe�ap�Kw�o/aj_b}8o/lblb��h-N�O�h-vjo/e�ar_bh-_bcfe�q(o|h-vr_\}#O>a�o/e�m�h-N4OpvrO>�)o/vjm¥�fO>}^�
h-cfvra��)o|vjOd}>cfq(t4l\O>hjO#lS�(art@O>}#_ � O#m¥o/a	t�o/vrh�c|gEh-N�O�t�vrcfw�lbO#q`_\e�anh�o/e4}#O/� z e4g cfvjq(o/lblb�f�fhjN�O
t�vjc/w�l\O>q c/g�o
m�O#}>_\aj_bcfe q�o/�|O#v>��}>cfe4g vrcfe�h-O#m ��_bh-N ajs�}�N o¦ar�3anh-O#q¥��_\a%h-c¦O^��O#}>s4h-O
o/}>hj_\cfe4a�hjNUo|h	q(o���_\q�_@6>O�ajcfq�O{q�O8o|ajs�vrO{c/g�o|}#}#s4qks�l�o�h-O#m�vjO>�)o/vrm��$g cfv�O^�4o/q�t�l\O|�$hjN�O
O^��tLO#}>hjO#m�hjc/h�o/l�vrO>�)o/vjm��$c��/O#v	arcfq�O � �4O>m�e$s�qkwLO#v�c/g�h-_bq(O�anh-O#t4a)cfv�cB�fO#v)o/e�_be�m�O � �
e�_bhjO�e$s�qkwLO#vic/g�hj_\q�O	arhjO#t�a>� � w4ajO#vn�fO«h-NUo|hi_be�q�o/�$_be���op}�N4cf_\}>O«c|g�o/}^h-_bcfe��fe�c|hicfe�lb�
h-N�O�_bq(q�O#m4_�o|hjO1vrO>�)o/vjm�c/gIo/e�o/}^h-_bcfe�_\a	_bq(tLcfvnh�o/e�h8�3w�s4h�o/l\arckh-N�O�anh�o|hjOdh-N�O�o/}^h-_bcfe
l\O#o/m�a	h-c�q(oB��w@O�ar_\�fe�_ � }8o|e$h�_be�cfw4h�o|_\e�_be��%o%N�_\�/N¥vrO>�)o/vjm©_\e�hjN�O�g s4h-s�vrO/�

M�N�O�vjO8o|m�O#vp_\a�vjO^g O#vrvjO#m¦h-c¥w@c3cf�$a�cfe �1!"#�a�o/e�m # � �1!"#�a>�Gars�}�N o/a #�s4h-O>vjq(o/e
� 
�° � � . N4_bh-O7� 
 � � ��o/e�m?��O#vrhjajO>�|o|a � ��� �Ug cfv«o�q(c/vjO�}#cfq�t�vrO#N�O>e�aj_S�fO�_be�h-vjc3m�s�}^h-_bcfe�h-c
h-N�O�q(c3m�O#lba{o|e�m�q�c/h-_S�/o�h-_\c/eUo/l�O���o|q(t�lbO#a>� .¦O���_\lbl�e�O^�3h�m�O>aj}>vj_\wLO�h���c�_\q�t@c/vrh�o|e$h
o/ajtLO#}^h-a>��anh�o|hjO�cfw�ajO>vr�|o/w�_bl\_Sh��f�'o|e�m h-N�O�h-_bq(O�N�cfvj_>6#cfe o/e4m �|o/lbs�O�g s�e�}^h-_bcfe�a#��cB�/O#v
��N�_\}�N¥q�c�m�O>l�ajtLO#}>_ � }#o|h-_bcfe�a��|o/vr�/�Uo/e�m¥m�O � e�O�o%g O^� }>cfq(t4s4h�o|hj_\cfe�o/l�t�vrcfw�lbO#q�a#�

� 	 � 	�� 
�Z^¡B[^X('�R�Z#V�Q�V�¢0)

z e¥hjN�Odh-vjo/m�_Sh-_\c/eUo/l/%�­�Q�Q )�Y/Z^¡B[^X('�R�Z#Q\[ �,!"# q�c�m�O>lª�3h-N�O�an��anh-O>q arh�o�h-Opo|h�O8o|}�N¥hj_\q�O
t@c/_\e�hG_\a��$e�cB��e�h-c«h-N�O�m�O#}>_\ar_\cfepq�o|�/O#vIo|hGh-N�Oih-_bq(O'hjN�O)e4O^�3h'o|}>h-_bcfep_\aGajO#lbO#}^h-O#mko/e�m
O^��O#}>s4h-O>m�� z e h-N4O�tUo/vnh-_�o|l\lb�xcfw�arO#vr�|o/w4l\Ou�*# � �1!"#����/O#e�O>v-o/lb_@68o�h-_\c/e���h-N�O�m�O#}>_\aj_bcfe
q�o|�/O#v�q�o8��NUo8�/Odcfe�lS��tUo/vrhj_�o/lU_be4g cfvrq�o|hj_\cfe�o/wLcfs4h�h-N4O{ar�3anh-O#q arh-o|h-O|�3g c/v�O���o|q(t�lbO
o(t�vrcfwUo/w4_\l\_Sh���m�_barh-vr_\w�s�h-_\c/e©cB�fO>v{tLcfajar_\w�lbO�anh�o|hjO#a>� 
)cfe�arO#¤$s�O>e$hjlb�/��_\e¥h-N�O # � �,!"#
q(c3m�O>lª��hjN�O#vrO�o/vrO�h���cxarcfs�vr}#O#a�c/g	s4e�}#O>vrh�o|_\e�h��L�Is�e4}#O#vnh�o/_be�h��
o/w@c/s4h�h-N�O�cfs4hj}#cfq�O
c/g�o/}>hj_\cfe�a�o|e�m��Uo|h�O#o/}�N�h-_\q�OdtLcf_\e�h#�4s�e�}>O#vnh�o/_be$h���cB�/O#v�h-N�O�}>s�vjvrO#e�h«ar�3arhjO#q arh-o|h-O|�
z e©�/O#e�O>v-o/l§��tUo/vnh-_�o|l�cfw�arO#vr�|o/w4_\l\_Sh���q(o/�|O#a�h-N�O�l\_Sg Odc/gGh-N�O�m�O>}#_baj_\c/e©q(o/�/O>v�m�_���}>s�lbh#�
o/a�hjN�Od}>s�vjvrO#e�h�ar�3anh-O#q arh-o|h-O{q�o8��e�c/h�w@O1�$e�cB��e��Uo/e�m��3g cfv�O^�4o/q�t�lbO/�$h-N�O1m�O#}>_\aj_bcfe
q�o|�/O#v�q(o8��e�O>O#m©hjc�o/}>h�}>cfe�ajO>vr�|o|hj_b�fO>lb�/�

� O>e�O#vjo/l\lS��_\e # � �1!"#�a#�fo�g�h-O#v�O#o/}�N�o/}>hj_\cfepO^��O>}#s4hj_\cfe���h-N4O�m�O>}#_baj_\c/e�q(o/�/O>vIcfw�h�o/_be�a
ajcfq�O.g O#O>m�wUo/}����{tLcfaraj_\w4lb� O>vjvjc/e�O#cfs4a#��cfe hjN�O
}#s�vrvjO#e�hxarh�o�h-O
c/g�hjN�O¦an�3arh-O>q©� z e
}#cfq�q�cfe # � �1!"#�q(c3m�O#lba#�Goxanh�o|hjO
+ = O#q�_bhja�o/e Y/Z^¡B[^X '�R/¢KVªY�T �Kar_\�fe�o/l���� - I�� ���N�O#vrO � _ba�o � e�_Sh-O�cfw�arO#vr�|o/w4l\O�ajO>h#��M�N�O�arcfs�vj}>O(c|g�tUo/vnh-_�o|l'cfw�arO#vr�|o/w4_\l\_Sh���_ba�hjN�O
t@c/ajaj_bw�_\lb_bh��%hjNUo|h�qks4lbh-_bt�l\O«arh-o|h-O>a�q�o8�(O#q�_bh)hjN�O�a-o|q(Odc/w�ajO>vr�|o|h-_bcfe���MIvjo/m�_bhj_\cfe�o/l\lS�f�

�



h-N�O�cfw�ajO>vr�|o|hj_\cfe _ba�q�c�m4O#l\O>m o/a�o�v-o/e4m�cfq �|o/vj_\o/w�l\O�m�O>t@O>e�m�_\e4��cfe hjN�O�arh-o|h-O�cfv
cfeuw@c|h-Nuh-N�O�arh-o|h-O�o|e�m
hjN�O�o/}>hj_\cfe.O���O#}#s�h-O#m��IM�N�O�m�_barh-vr_\w�s�h-_\c/e�adc/g�h-N�O�vjo/e�m�cfq
�|o/vj_\o/w�l\O>a�o/vrO«�/_b�fO>e�o|a�t�o/vrhic/g@h-N�O�t�vrcfw�lbO#q _be�arh-o/e�}>O/�$M�N�O�g s�l\lS�kcfw4ajO#vn�|o/w�l\O �,!"#
q(c3m�O>l«}>cfvjvrO#art@cfe4m�a�h-c o|e O^�3h-vrO#q�Ox}#o/ajOx��N4O#vjO.O#o/}�N anh�o|hjO�q�o|t�a(hjc o s�e4_\¤$s�O
cfw�arO#vr�|o/w4l\O/�

z e h-N�_baktUo/tLO#v>�I��O¥}>cfe�ar_\m�O>v%o/e�c/hjN�O#v%O��3h-vjO>q(O�c|g1t�o/vrhj_�o/l�cfw�arO#vr�|o/w4_\l\_Sh��f��h-N�O�s4e��
cfw�arO#vr�|o/w4l\O �,!"# �K� �1!"#��«q�c3m�O#l§����N4O#vjOko/l\l�arh-o|h-O>adq(o/t©hjc�h-N�O�a-o/q�O�cfw4ajO#vn�|o��
h-_bcfe��fM�N�O1� �,!"# q(c3m�O#l4aj_\q�t�lb_ � O>a�cfs�v�o/eUo/lS�3ajO#a�c/g@}#cfq�t�s4h-o/w�_bl\_bh���o/e�m�_\ai}>l\cfarO#lb�
vjO>l�o|hjO#m h-c hjN�O.t�vjc/wUo/w�_bl\_\anh-_b} � e4_bh-O�o/s4h-c/q�o|hjcfe q�c�m4O#l{m4O � e�O>m _be ¨ O#}^h-_bcfe ° ��:��
� g�}#cfs4vjajO|�IhjN�O�NUo|vjm�e�O>ajakvrO#ars�lbhja�h-N�o|h���O�O>arh�o|w�l\_bajN o|t�t�lb�.hjc©hjN�O�q�cfvjO��fO>e�O#vjo/l
# � �,!"# �|o/vr_�o|hj_\cfe4a�o|a���O#l\l§���«c/h-O{o/l\arc�hjNUo|h�h-N�O1t�vjcfw�o/w�_\lb_\anh-_\}�t�l\o/e�e�_be��pt�vjcfw4l\O#q
o/a�m�O>aj}#vr_\wLO#m�_\e ¨ O>}>h-_bcfe ° ���«}#o/e�o/l\arc�w@O	�3_\O^�)O>m�o|a�o��8�1!"#
��_Sh-N�o�ajtLO#}#_\o/l4�|o/lbs�O
g s�e�}^h-_\c/e � ajO>O ¨ O>}>hj_\cfe ° � ° � 
 �^�

. Opo/lS�	o8�3a«o/ajars�q�O�hjNUo|h�hjN�O�m�O#}>_\aj_bcfe�q(o/�/O>v«_ba��f_b�/O#e¥o%t�vjc/wUo/w�_bl\_bh��(m�_barh-vr_\w�s�h-_\c/e
cB�fO#vdhjN�O%_\e4_bh-_\o/l�arh-o|h-O|��-Ucfv{hjN�O%s�e�m�O>}#_bmUo/w�_bl\_bh���vrO#ars�lbhja#��hjN�O%m�O#}>_\ar_\cfe.q(o/�/O>vdq(oB�
O>�/O#e �$e�cB� h-N�O�_\e4_bh-_\o/l�arh-o|h-O|� <�O^hpo�arh�o�h-O�t�vjc/wUo/w�_bl\_bh��¥m�_barhjvj_\w4s4h-_bcfe.o|h�hj_\q�O ) wLO
m�O#e4c/h-O>m w$� hjN�O � 3 ' �/O#}^h-cfv ��,��1. � ��,��1. ��� � _ba�hjN�Oxt�vrcfwUo/w4_\l\_Sh�� hjNUo|h�hjN�Oxan�3arh-O>q
_\a�_be anh�o|hjO5+ = o|h�hj_\q�O ) � � _S�fO>e t4vjcfwUo|w�_\lb_bh�� m�_\anh-vj_bw�s4hj_\cfe � ,��1.%o|h�hj_\q�O ) ��o/e�m
O^��O#}>s4h-_bcfe c|g�o/}^h-_\c/e 1 o|h�hj_\q�O ) ��hjN�O�t�vjcfw�o/w�_\lb_bh��©m�_\anh-vr_\w�s4hj_\cfe
o|h�hj_\q�O ) � �(_ba
� ,����+02.�C�� ,��1. �76��fM�N$s�a�w��%�$e�cB��_\e���}#s4vjvjO>e�h�t4vjcfwUo|w�_\lb_bh��pm�_\anh-vr_\w�s4hj_\cfeko/e�m�o/}>hj_\cfe��
h-N�O)e�O^�3hit�vrcfwUo/w�_bl\_Sh���m�_\anh-vj_bw�s4hj_\cfe�_\a'O#o/aj_blb�p}#cfq�t�s4hjO#m��|M�N�O#vrO>g cfvrO�_\e%�8�1!"#�a#�/hjN�O
m�_\anh-vr_\w�s4hj_\cfe ��,��1.n�E}#cfq�t�s4hjO#mug vjcfq hjN�O�_\e�_Sh-_�o|lIt�vrcfwUo/w4_\l\_Sh��xm4_\arhjvj_bw�s4h-_bcfe � ,��3.�o/e�m
h-N�O�ajO>¤3s4O#e�}>O%c/gio/}^h-_\c/e�a1O���O#}#s�h-O#m.hj_\l\l�hj_\q�O ) �@_ba«hjN�O�cfe4lb��_\e�g cfvjq(o|h-_bcfe�o8�|o/_\l\o/w�l\O
h-c%h-N4Opm4O#}#_baj_bcfe�q�o/�|O#v«o/wLcfs4h�hjN�O�ar�3arhjO#q � a«arh-o|h-Opo|h�hj_\q�O ) �

� 	 � 	 � � T
	iTUV�¢�[���
pY�X^V���Y�T��'X�V�¢¯[^X�VKR

z e�h-N�_ba)tUo|t@O>v#����O{��_bl\l�w@O{_\e�h-O>vjO#anh-O>m¥_bexV�T
	iTUV�¢�[����UY�X�V���Y�Tkcft4hj_\q�_@68o�h-_\c/e�c/w
�rO#}^h-_b�/O#a
cfv�}#vr_bh-O>vj_\o4�)h-N�o|h¥_\a#�	��O o|ajajs4q(Ouh-N�Oum�O>}#_baj_\c/e q(o/�/O>v©O���O#}#s�h-O#a�o/}>hj_\cfe�a�_be hjN�O
ar�3arhjO#q cB�fO>v{o|e¥_be�m�O � e�_bhjOdcfv�o/e�s�e$wLcfs�e�m4O#mxe$s�q�w@O>v«c|gGhj_\q�OdarhjO#t�a>�Lo/e�m�_\e�}8o|ajO
c/gI� �1!"#�a���O���_bl\l@}#cfe�ar_\m�O>v�w@c|h-N � e�_Sh-O�o/e4m¥_be � e�_Sh-OdarO#¤$s�O>e�}#O>a{c/g�o/}>hj_\cfe4a#�4M�N4_\a
}#cfe�hjv-o/anh-a{��_Sh-N�	iTUV�¢�[����UY�X�V���Y�T�cfw
�rO>}>hj_b�fO>a#����N4O#vjO�h-N�Okm4O#}#_baj_bcfexq(o/�/O>v{O��4O>}#s4hjO#apo
� ��O#m o/e�m
�3e4c���e¦e$s�qkwLO#v�c/g)o/}>hj_\cfe�a>�EM�N�O�}#cfq�t�lbO^��_bh��xc/g � e4_bh-O%N4cfvj_>6#cfe �1!"#�a
o/e�m,# � �,!"#ia�NUo|a«wLO#O>exO���hjO#e�ar_b�/O#lb��anh-s�m4_\O#m�~UajO#O�g cfv�O��4o/q(t4l\O � 
 �4� °�� ��:�� � �

� 	 � 	�� �
[jR�¡^­�X-[�¡%Y�%��UR/Q�­U[%Y�%��d®^¢KVªY�T���[��#­U[^T�®�[�¡

z e ajc/lb�3_\e��¥t�l\o/e�e�_be��xo|e�m=�1!"#�a�t4vjcfw�lbO#q�a#�E��O�e�O#O>m oxq�O8o/ars�vjO(c/g	�|o/lbs�O(c|g�o/e
o/}>hj_\cfe�ajO#¤$s�O>e�}#O�h-cdg c/vjqks�l\o|h-O�cft4hj_\q�_@6#o|h-_bcfe�c/w
�rO#}^h-_b�/O#aio/e4m�}>cfq�t�s4h�o�h-_\c/eUo/l$t�vjc/w��
l\O>q(a>��. O%��_\lbl'ajc/q(O^h-_\q�O#a�vrO>g O>vphjcxo�}�N�cf_b}#O�c/g)�|o/lbs�O�q(O#o/ajs4vjO�o/a�o/e Y�PL¢KV�]�R/Q�V�¢*)
®^X�V�¢¯[^X�VªY�TU� � e�}#O{o��|o/lbs�O�q(O#o/ajs4vjO«_\a�m�O � e4O#m���o/e�cft4h-_bq(_>68o|hj_\cfe%c/w
�rO#}^h-_b�/O1wLO#}>cfq�O#a
ajO>l\O#}^h-_be���h-N�O�o|}>h-_bcfe�arO#¤$s�O#e4}#O���_bh-N�hjN�O%N�_b�fN�O#anhd�|o/l\s4Ok_\exhjN�O%}#c/l\l\O>}>hj_\cfe©c/g�t@cfa¯�

�



aj_bw�l\O�o/}>hj_\cfe¥ajO>¤$s�O#e�}>O#a>��. Op��_\l\lEe4c���m4_\aj}>s�aja1ajO^�fO#vjo/l��|o/lbs�O�q(O#o/ajs�vrO#a{g c/v{o/}^h-_bcfe
ajO>¤3s4O#e�}>O#a�o/e4m¥_be�h-vjc3m�s�}>O�e�c/h�o�h-_\c/e�g cfv�O^��t�vrO#ajar_\e���h-N�O>q©�

�©cfanh��1!"# q�c3m�O#lba{o/m4cft4h�o/e R�¬�¬/V�¢KV '/[��|o/l\s4O�q�c�m�O>lI_be���N�_\}�N�hjN�OkcB�fO>v-o/lblI�|o/lbs�O
c/g1O^��O#}>s4h-_be�� o.tLcfl\_b}>�¦_\akO���t�vjO>ajajO>m o/a�o�g s�e�}^h-_\c/e c/e hjN�O�ajs�q c/g1hjN�O�vjO^�	o|vjm�a
}#cflbl\O>}>h-O>m
o|h�O8o/}�N
arh-o/�fO|� z e
hjN�_\a�q�c�m4O#lª�LO^��O>}#s4hj_\cfe¦c/g�o/e o|}>h-_bcfe 1 �E�f_b�/O#e
o�m�_\a¯�
h-vr_\w�s4hj_\cfe � c��/O#v�ar�3arhjO#q arh�o�h-O/���f_S�fO>a�o/e¦O^��tLO#}>hjO#m vrO>�)o/vjm c|g�� 0�� =���� � �%� � �.6$�%� � �
��N�_\}�N¥}8o|e©wLO�O^��t�vjO>ajarO#m�}>cfq(t�o/}>hjlb��s4aj_\e4���/O#}^h-cfv«t�vjc3m�s�}^h«e�c/h�o�h-_\c/e�o/a � �.6f�

<EO>h A m�O>e�c/h-Oko�e�cfe�O>q(t�h�� � e�_bhjO�cfv«_\e � e�_bhjO�arO#¤$s�O#e4}#O�c/gio/}^h-_bcfe�a#� ���¥O^��O>}#s4hj_\cfe
c/g)hjN�O�ajO#¤$s�O>e�}#O A`��O�q�O8o|e
hjNUo|h�h-N�O �§hjN o/}^h-_bcfe�� A = �G_ba�O^��O#}>s4h-O>m o|h�h-_\q�O ) C
��� �<� �
	 �f��ajcOA 0 _\a�O^��O#}>s4h-O>m o|h%h-_bq(O ��� A 5 o|h�h-_bq(O	�/�io/e�m ajc
cfe�� <EO>h�s�a
� vjanh�O^��t�vrO#aja�h-N4Okh-c/h-o/l�vrO>�)o/vjmu�|o/l\s�O�c/g�A��@��N4_\}�N
_\a{hjN�Okh-c/h-o/l�O���t@O>}>h-O>m vrO>�)o/vjm
cfw4h-o/_\e�O>m���N�O#eu_be�_bhj_�o/lEan��anh-O>q m�_\anh-vr_\w�s4hj_\cfe©_\a/� , �3. o|e�m A _badO^��O#}>s4h-O>m�� <EO>h��
�
�
o/e�m ���
�@m�O#e�c|h-O{hjN�OdvjO^�	o|vjm��fO>}>hjcfv�o/e�m�hjN�Odm4�3eUo|q(_b}#a)q(o|hjvj_S��c|gEh-N�O �Kh-N�o/}^h-_bcfe
_\e A vjO>ajtLO#}^h-_b�/O#lS�f��M�N�O>e � ,6=�� 02. ������_\a�h-N4OkO^��tLO#}>hjO#m
vjO^�	o/vrm�g vjcfq O��4O>}#s4hj_\e���hjN�O
�§hjNuo/}>hj_\cfe A = o|hdh-_bq(O ) C ��� �f� �«c/h-O�hjNUo|h ��,6= .�_\a1m�O>hjO#vjq�_\e4O#m.w�� A o/e�m � ,��3.��
� , = .BC � , =�� 02. ���
�2' . O�s�ajOph-N�Opg s�e�}>hj_\cfe�� hjc�m�O>e�c/h-Oph-N�O�O^��tLO#}>hjO#m.vrO>�)o/vjm�c|g A
��N�O#e©_\e�_Sh-_\o/l@m4_\arhjvj_bw�s4h-_bcfe�_ba�� , �3. ' .¦OpN�oB�/O/�

��� AJ�&� ,��3. � C�� ����
=��+0

� , =�� 02. ��� � � �����

��N�O#vrO{_Sg � A��;C�� �$_bhi_ba�s4e�m�O#vrarhjc�c3m(hjNUo|h�h-N�O«l\_bq(_Sh�_\a�h�o|�/O#e���_Sg���O#l\l�m�O � e�O>m���M�N4_\a
O^��tLO#}>hjO#mxhjc/h�o|l�vjO^�	o/vrm©q�O8o|ajs�vrOp_ba�}8o/lbl\O>m�h-N�O�¢�Y�¢£R/Q�X-[���R/Xr¬�®^X�V�¢¯[^X�VªY�TU�
y }#cfq�q(c/euo/e�m.�)O>l\l���arhjs�m�_bO#m.�|o/vj_\o|h-_bcfe�cfe.h-N4O�c/t4h-_bq�o/lb_bh��¥}#vr_bhjO#vj_bcfe��@}8o/lbl\O#m�hjN�O
¢¯Y�¢ªR/Q�¬/V\¡B®�Y�­3TU¢�[j¬�X-[���R/Xr¬��|o/l\s�O|�@c/v1h-N4O�¬/V\¡B®�Y�­�TU¢�[j¬x®^X^V�¢�[^X�VªY�T�g cfv{arN�cfvnh8��_bado/lS�	o8�3a
�)O>l\lUm�O � e�O>m�_\e%hjN�O�t�vjO>ajO#e4}#O{c|gEo/vrw�_bhjv-o/vn��vrO>�)o/vjm�o/e�m�arh�o�h-O�h-vjo/e�aj_Sh-_bcfe%arhjvjs�}^h-s�vrO/�
�1e�m4O#vih-N�_ba�}>vj_Sh-O#vr_\cfe���opm4_\aj}>cfs�e�h�gKo/}>hjcfv ���/� -!� � �f��_\ais�arO#m�hjc�m4_\aj}>cfs�e�hig s4h-s4vjO
vjO^�	o/vrm�a#��M�N4O��/o|l\s�O©c/g�o ajO#¤$s�O>e�}#OOA���o|h�o|e _\e�_Sh-_�o|l«m4_\arhjvj_bw�s4h-_bcfe)��, �3.p_\a�hjN�O#e
O^��t�vrO#ajarO#m.o|a#�

�
"U�
A#�&� ,��3. � C � ����
=��+0

� =�� 0 � ,6=�� 02. �����2� � ° �

M�N�O
R�'/[^XrRBW3[(X�[���R/Xr¬�}>vj_bhjO#vr_\cfe _bako/e4c/h-N�O>vkeUo|hjs�v-o|l)o/e4m }#cfq�q(c/e q(O#o/ajs4vjO/�IM�N�O
�KO��4tLO#}^h-O>m���oB�/O#vjo/�fOuvjO^�	o/vrm c/g�o � e�_bhjO.o/}>hj_\cfe ajO#¤$s�O>e�}#O¦_\a�_Sh-a�O���t@O>}>h-O>m hjc/h�o|l
vjO^�	o/vrm©m4_b�3_\m�O>m©w���_Sh-a�lbO#e��/hjN���M�N�O�o8�fO>v-o/�fO�vrO>�)o/vjm©c/g'o|e¥_be � e�_Sh-O�arO#¤$s�O#e4}#O#A _ba
h-N�O�lb_\q�_bhGc/g�h-N4O�oB�/O#vjo/�fO�vjO^�	o/vrm�aic/gL_bhja � e�_Sh-O�t�vrO � ��O#a�o/a'hjN�O�t�vrO � ��lbO#e��|h-N%�fvrc���a>�

�$#&%('f� A#��� , �3. � C lb_\q
=*) �

�
� ��� �����$� A#�&��� ��� , �3. � � �*:��

�



��N�O#vrO ��� �����$� AJ� ��� �&� ,��3.K��m�O#e�c|h-O#a%hjN�O�h-c/h-o/l)vrO>�)o/vjm c/g«l\O>e��/hjN ��t�vjO � � c/g A���o/a
m�O � e�O#m¥o/wLcB�fO/�4M�N�O#vrO�q�o8�(w@Ode4c%ajs�}�N�l\_bq(_Sh�g cfv	arcfq(O{_\e � e4_bh-O1o/}^h-_\c/e�ajO>¤3s4O#e�}>O#a#�
}#cfe4aj_\m4O#v©o ar_\e��flbOuarh�o�h-O
m�O>hjO#vjq�_\e4_\arhj_\} �1!"# ��_Sh-N h��)c o/}>hj_\cfe4a 1 o|e�m � ��_Sh-N
vjO^�	o/vrm�a)c|g �1o/e�m%� �«vjO#art@O>}>hj_b�fO>lb�/��o|e�m�o/e�_\e � e�_bhjO«o/}>hj_\cfe�ajO>¤$s�O#e�}>O{h-N�o|h�wUo/aj_b}8o/lblb�
o/lbhjO#vreUo|h-O>a%��_bh-N }#c/e�ajO>}#s4hj_b�fO©ajO>¤3s4O#e�}>O#a�c/g 1 o/e�m � c/gd_be�}#vrO8o/ar_\e��ul\O>e��/hjN���ajs�}�N
h-NUo�hi_\e � e4_bh-O>lb�pq(o/e��kt�vrO � ��O#aic/g@_bh�NUo8�fO«odh-c/h-o/l4vrO>�)o/vjm(o/e�m%hjN�O#vrO>g cfvrO�o/e�oB�/O#vjo/�fO
h-NUo�h�_ba ��� O#¤$sUo/l�e$s�qkwLO#vra�c/g 1 � a�o/e�m � �7a�������N�_\lbO«_be � e�_Sh-O>lb��q�o/e���t�vrO � ��O>a)NUo8�fO{o/e
o8�fO#vjo/�fOph-NUo|h«_ba1}>l\cfarO�hjc1��� ��O�}#o/e�o/t4t@O>e�mxO>e�cfs��fN 1 o/}>hj_\cfe4a«hjc�hjN�O�t4vjO � �4O>adc/g
h-N�O � vjanh�h���tLOB����M�N�O%lb_\q�_bh�_\exO#¤$sUo|hj_\cfe :�_bads�e�m4O � e�O>m
g c/v{ajs4}�N¦o�arO#¤$s�O>e�}#Ox�KarO#O
g cfv�O^�4o/q�t�lbO5#is�h-O#vrq�o|e � 
$° � g c/v	g s�vrhjN�O#v�m�_baj}#s4ajaj_bcfe����

� 	 � 	�� �1Y#R/Q 
	X�Vª[^TU¢¯[j¬ 
IPL¢§V�]�R/Q�V�¢*) �'X�V�¢�[^X�VKR

y e _bq(tLcfvrh-o/e�h�art@O>}#_\o/l�}#o/ajO�c|g�h-N�O�hjc/h�o|lS��vrO>�)o/vjm¦}#vr_bh-O>vj_bcfe _\ap��N�O#e o�vrO>�)o/vjm _ba
cfw4h-o/_\e�O>m�o|h1q�cfarh«cfe�}>O�s�tLcfe©O#e�h-O>vj_\e4��o(art@O>}#_\o/l\lS��m�O#ar_\�fe�o|h-O>m �r�fcfo/l ��arh-o|h-O|��.¦O
}8o/lblUh-N�_ba�art@O>}#_\o/l@}>vj_Sh-O#vr_\cfe�h-N4OdW3Y#R/Q �jY�X�Vª[^TU¢�[j¬«q�c�m�O>l�cfv�}>vj_Sh-O#vr_\cfe���M�N�_\a�}#vr_bh-O>vj_bcfe(_ba
o/lb�)o8�3a«��O#lblGm4O � e�O>m.o/e�m©_\a«wUo/ar_\}8o|l\lb��O#¤$s�_S�/o|l\O#e�h�h-c�h-N4O�}#vr_bhjO#vj_bcfe�c/g'q(o���_\q�_@6>_\e��
h-N�O«t�vrcfwUo/w�_bl\_Sh��kc/g�vjO8o|}�N�_\e��ph-N�O��Ks4e�_\¤$s�O8�i�fcfo/lUarh-o|h-O|��M�N�O«t�vrcfwUo/w�_bl\_barh-_b}	t�l\o/e�e�_be��
t�vjc/w�l\O>q gKo/l\lba	s�e�m4O#v�h-N�_ba�}#vj_Sh-O>vj_\c/e©o|e�mxo|l\l�c/s�v�s�e�m�O>}#_\m�o/w�_\lb_bh���vjO#ars�lbhja«o/vjO�wUo/arO#m
cfe¥vjO#m4s�}>hj_\cfe�a�g vrcfq �fcfo/lS�£cfvj_bO#e�h-O>m�t�vjc/w�l\O>q(a>�

� 	 � 	�� ��Y�Q�Vª®^Vª[�¡�R/TL¬ ��Y�]{PL­3¢£R/¢KVªY�TLR/Q ��X-Y/Z#Q\[^]�¡

�1e�m4O#vIo/e���cft4h-_bq�o|l\_bh��«}>vj_bhjO#vr_\cfepo�e3s4qkw@O>vIc|g�}#c/q(t�s�h�o|hj_\cfeUo|lft�vjc/w�l\O>q(aEc/g4_\e�h-O>vjO>arh
ajs��/�fO#anh�hjN�O#q�ajO>lb�/O#a#� .¦O�g cfvjqks4l�o|hjO�ajO^�fO#vjo/l�ajs�}�N t�vjc/w�l\O>q(a%s�e4m�O#v%h-N4O¥_be � e�_Sh-O��
N�cfvr_@6#c/e¦m�_baj}>cfs�e�h-O>m }#vr_bhjO#vj_bcfe�� y m�_baj}#c/s�e�h-O#m � �1!"# q�c3m�O#l�_bapart@O>}#_ � O#m¦w$�.hjN�O
ajO���hjs�t�lbO�� C 9 %$� @/�G9;�76<? � 9 �.6 ? ���
	�� � ?$�L��N4O#vjO�% o/e�mO@ o/vrO�h-N4Okarh-o|h-O>a�o/e�m
o/}>hj_\cfe4a�c/gEhjN�O{q�c3m�O#l§��9;� 6 ?�o/e�m 9 � 6 ?po/vrO1h-N4O{ajO^h-a	c|g�h-vjo/e�aj_Sh-_bcfe(m���e�o/q(_b}#a)o/e�m
vjO^�	o/vrm�ap}#cfvrvjO#art@c/e�m�_\e4�¥hjc¥hjN�O�o/}>hj_\cfe�a>���
	(_\adh-N4O(_be�_bhj_�o/lGm�_\anh-vr_\w�s4hj_\cfe���o/e�m � _ba
h-N�O�m�_baj}>cfs�e�h�gKo/}>hjcfv#� y ar_\q�t�l\O�m4O#}#_baj_bcfe t�vjcfw4l\O#q¥�I��N4_\}�N �)O¥}8o/lbl)h-N4O.¡B[��#­U[^T�®�[
O^��_\anh-O>e�}#Opt�vjc/w�l\O>q _\a	hjN�O#e��

��A�C ��� 	 � ���K; �	V '/[^T Ru¬/V\¡B®�Y�­3TU¢¯[j¬�
,�$"�������R/TL¬uR.¢ �3X-[�¡ �UY�QS¬ ���{V\¡�¢ �U[^X-[�R
	iTUV�¢¯[�R3®^¢KVªY�T©¡B[��#­U[^T�®�[ A���¡^­�® �¥¢ �4R/¢ �
"�� AJ�&� ,��3.ª��� ���

M�N�_\a�ajO>¤$s�O#e�}>O�O^��_barh-O>e�}#O©t�vjc/w�l\O>q _\a�ouq�o �rc/v�t4vjcfw�lbO#q arN�cB��e s�e�m4O#}#_bmUo/w�lbO�_\e
¨ O#}^h-_bcfe 
 � ¨ _\q�_\l�o|v�t�vrcfw�l\O>q(ai}#o/e�wLO1art@O>}#_ � O#m�s4e�m�O#v�c/hjN�O#v�}#vr_bh-O>vj_\o(� ajO>O #�vjcfw4l\O#q

 �����^�

<EO>h�s�a�e�O^�3h�m�O � e�O.cft4hj_\q(o/l	�|o/l\s4O#a�o/e4m cft4h-_bq�o|l�o/}>hj_\cfe arO#¤$s�O>e�}#O>a©s�e4m�O#v�hjN�O
m�_\ar}#cfs4e$hjO#m(q(c3m�O#l§� <EO>h�� wLO�h-N�O�ajO^h)c|g '�3+���fO#}^h-cfvra)c/g�t�vjc/wUo/w�_bl\_bh���m�_barh-vr_\w�s�h-_\c/e
cB�fO#v(ar�3arhjO#q arh-o|h-O|��� C 98��� � �%� � 	 � � � �=��+0 � �%� � C � ?$� <EO>h�h-N�O Y�PL¢KV�]�R/Q '�R/Q�­�[
%�­�T�®^¢KVªY�T � �1����� �"�UwLO�m�O � e�O#mxo/a#�

� �



� � �
����C ajs�t
��� ���

�
"�� A#���G� � 
 �

M�N�Oug s�e�}>hj_\cfe � � _\a���O#lbl�m�O � e4O#m cB�/O#v©o/e�� � I ���	ar_\e�}>O � � �
�G��_\a�wLcfs�e4m�O#m
g vjcfq o/wLc��/O
o/e�m w@O>l\cB� o�h¥o/e�� ���	h-N4O.O^��O#}>s4h-_bcfe c/g�o/e�� o/}^h-_bcfe o|h¥o/e�� hj_\q�O
t@c/_\e�h�gKo|l\l\ai_be	�*� �"� � � � �3��N4O#vjO � m�O#e�c|h-O#a�h-N�O1N�_\�fN4O#arh)vjO^�	o/vrm�_\e�o/w�ajc/l\s4hjO«�|o/lbs�O
cB�fO#v{}#cfq�t@c/e�O#e�h-a{c/gio/}^h-_\c/e�vjO^�	o/vrm��fO>}>h-c/vja#�Lh-N$s�a{g c/vdo/e��HA���_bhja1�|o/l\s4O �
"��
A#�&���
_\a%wLcfs�e�m4O#m o/wLc��/O¥o/e�m w@O>l\cB� w$����� � �=�� � � = C �	�0�� " � #�s4h�_be �)c/vjm�a>� � � �
�G��_ba
h-N�OpN�_b�fN�O#anh1�|o/lbs�Op_\e¥O^��t@O>}>h-o|h-_bcfe�o|hrh�o/_beUo/w�lbO�_bgGh-N�O�_\e�_Sh-_\o/l�m�_barhjvj_\w4s4h-_bcfe�_\a ��� y e
cft4hj_\q�_@68o�h-_\c/e�t�vrcfw�l\O>q _\a	hjN�O#e��U�f_b�/O#e©o��8�1!"# o/e4mxo/e¥_\e4_bh-_\o/l�m�_\anh-vr_\w�s4hj_\cfe ��, �3. �
}#cfq�t�s4hjO � �B�
��, �3.ª�)cfv�o/e©o/t�t�vrcB��_bq�o|hjOdh-N�O>vjO>c/g¯�

z h�_\aEo|l\ajc	hjN�Oi}8o/arO'h-NUo�hEh-N�O>vjO�_\aEarcfq�O�o/}>hj_\cfe�arO#¤$s�O>e�}#O A��>��N4_\}�N��)Oi}8o|l\lfo|e�Y�PL¢§V�]�R/Q
R3®^¢§VªY�T.¡B[��#­U[^T�®�[^�LhjNUo|h{�3_bO#l\m4a1h-N4O��|o/l\s�O � � �
���k�KtLcfajar_\w�lS�¥_\e©hjN�Oklb_\q�_bh�_bgi_be � e�_Sh-O8�
��N�O#e O^��O#}>s4h-O>m ��_bh-N
h-N�O�_\e4_bh-_\o/l'm�_barhjvj_\w4s4h-_bcfeuw@O>_\e�� ��� y e o/}>hj_\cfe
ajO>¤3s4O#e�}>O�g cfv
o�� �1!"# _ba�o/euO^�4o/q�t�l\O�c/g)o�PUY�Q�Vª® )|� y tLcfl\_b}>�f�@_\eu�fO>e�O#vjo/lª��_ba�o¥t4vjO#ar}#vr_\t4hj_\cfeuc/g
o/}>hj_\cfe�o/a�o�g s4e�}>hj_\cfe�c|g�h-N�O{_\e4g cfvrq�o�h-_\c/e(o8�|o/_bl�o/w�lbO�h-c�hjN�O{m�O>}#_baj_\c/e�q�o|�/O#v>� z e�hjN�O
� �1!"# }8o/arO/���)O¥q(oB� h-N�_be�� c/gdo/}>hj_\cfe ajO>¤$s�O#e�}>O#a�o|a�tLcflb_\}#_bO#a�hjNUo|h�ajtLO#}>_bg�� hjN�O
o/}>hj_\cfe�h-c�h�o|�/Oko|a{o�g s�e�}>hj_\cfe¥c/gIh-N�Oph-_\q�O�tLcf_\e�h«cfe�lS�f� y excft4h-_bq(_>68o|hj_\cfe�t�vjcfw4l\O#q
�)c/s�l\m�hjN�O#e%wLO/���f_S�fO#e�o{� �1!"#uo/e�mko/ek_\e4_bh-_\o/l�m�_barh-vr_\w�s�h-_\c/e � ,��3.���}#c/q(t�s�h-O	o � e�_bhjO
vjO>t�vjO>ajO#e�h-o|h-_bcfe c/g)o/e
cft4hj_\q(o/l'o/}^h-_bcfeuajO#¤$s�O>e�}#O|��cfv�}>cfq(t4s4h-O�o � e�_Sh-O�t�vjO � �@�Eg cfv
O^�4o/q�t�l\OdhjN�O � vjanh1o/}>hj_\cfe�c/gGh-N�O�arO#¤$s�O#e4}#O/�

y vrO#t�vrO#arO#e�h�o|hj_\cfe�c/gUo�tLcfl\_b}>�{��N4_\}�N�_baGo/e�O>l\O#�fo/e�hG�)o8�pc/g�}>cfe�h-vjc/l\l\_be���o # � �1!"#�_ba
o 	iTUV�¢�[1®�Y�TU¢KX-Y�Q�Q\[^X�����vj_\O ���f��o � e�_bhjO�}>cfe�h-vrcfl\lbO#v�_\aIo � e4_bh-O�arh-o|h-O�q�o|}�N�_\e�Oi��N�_b}�Nkt�vjO��
aj}>vj_\wLO#a�o/e(o/}^h-_\c/ekh-c�O^��O#}>s4h-O{o|hiO8o|}�N�c/g@_bhja�c���e�arh-o|h-O>a#�3o/e�m%��N�O>e(hjN�O�t�vjO>aj}#vr_\wLO#m
o/}>hj_\cfep_\a�O��4O>}#s4hjO#m�o/e4mko/epcfw�arO#vr�|o|hj_\cfepg vjcfq h-N�O2# � �,!"#u_ba�cfw�ajO>vr�/O#m��|_bh�}�NUo/e4�fO#a
arh-o|h-O(wUo/ajO>m cfe hjN�O�cfw4ajO#vn�|o|h-_bcfe o/e�m _bh-ap}#s4vjvjO>e�h%arh-o|h-O|� y lb�fcfvr_bh-N4q(a��fO>e�O#vjo|h-_be��
� e�_Sh-O�}#cfe�hjvjcflbl\O#vra�ajN�cB�`t�vrcfq(_bajO�_\e
O ��}>_\O#e�hjlb� � e�m4_\e��¥cft4hj_\q(o/l'cfvpe�O8o|v�cft�h-_\q(o/l
t@c/l\_\}>_\O>a�_\e%q(o/e�� # � �1!"#
t�vjcfw4l\O#q�a � ° �f��: � � ° : � �/MGO#}�N�e�_b¤$s�O#aih-NUo�hi}#cfq�t�s4hjO�c/h-N�O>v
h��3t@O>a'c/g�tLcflb_\}#_bO#a>�8g cfv�O^�4o/q�t�l\Oih-N�O�q�cfvjO��fO#e4O#v-o|l � e�_bhjO^��q�O#q�cfvn��t@c/l\_\}>_\O>a�o/e�m��/vj_\m3�
wUo/arO#m�o/t4t�vjc�o|}�N�O#a>�4NUo8�fO1m�O#q�cfe�anh-vjo|h-O>m�aj_bq(_bl�o/vIajs�}>}#O#arajO>a1o|a���O#lbl � ���4��: ° � � z e�}8o|ajO
c/g��8�1!"#�a#�3w@O>}8o/s�arO1hjN�O#vrO{_\a�e�c�cfw�ajO>vr�|o|hj_\cfe��fhjN�O{c/s4h-t�s�h)c/gEo � e�_Sh-O�}#c/e$hjvjcflbl\O>v�_ba
�rs�arh	opPU[^X�VªY#¬/Vª®�o/}^h-_\c/e�ajO>¤$s�O#e�}>O/��-Ucfvrq�o/lblb���)Odm4O � e�Odo�t@O>vj_bc�m�_b}«o/}>hj_\cfe(ajO#¤$s�O>e�}#O
o/akg cflbl\cB��a#�I�f_b�/O#e o/e o/l\t4NUo/wLO>h¥�Ko/}>hj_\cfe arO>h�� @{�'��O�}8o/lbl	o�arO#¤$s�O#e4}#O A t@O>vj_\c3m�_b}
_bg A C�

� � �I��N�O>vjO�
 ��� I @���� e�c/h-O(h-NUo|h%oxarhjvj_\e4� � o � e�_bhjO�ajO>¤$s�O#e�}>O(� _\a�t@O��
vj_bc�m�_b}�s�e�m4O#v%h-N�_ba%m�O � e�_bhj_\cfe���� �«c/h(o/l\l9# � �1!"# t�vjcfw4l\O#q�a%NUo8�fO�cft�h-_\q(o/l � e�_bhjO
}#cfe�hjvjcflbl\O#vra#�Goxar_\q�t�l\O�h��)c���arh-o|h-O ° �¯o|vjq�O#m w�o/e�m�_Sh�}>cfs�e�h-O>vn��O��4o/q(t4l\O�}#o/e wLO�}#c/e��
arhjvjs�}^h-O#m�~fajO>O�� :3: � g cfv�o":���anh�o|hjO�� �1!"#u}#c/s�e�h-O#v¯��O���o|q(t�lbO/� z ekh-N�O�e�O��3h�ajO>}>h-_bcfe��/��O
��_\lbl��3_\O>� o/}>hj_\cfe¥ajO>¤3s4O#e�}>O#a�o/a�h-N4O�m�O>aj_bvjO#m©cfs4hjt�s4h«g cfv�ajcflS��_be���� �1!"#�a>�Lw4s4h1hjN�O
t�vjc/w�l\O>q(a�c/g	��N�O^h-N�O>v�o/e cft4hj_\q(o/l � e�_Sh-O(}#cfe�h-vrcfl\lbO#vpcfvko|e cft4hj_\q(o/l � e�_bhjO�o/}^h-_bcfe
ajO>¤3s4O#e�}>O�O^��_barh1o/vjOpo/lbajc�o/m4m�vjO>ajajO>m�_\e ¨ O>}>hj_\cfe 
 � � �

M�N�vjc/s��fN�cfs�h)h-N4_\a)t�o/t@O>v���O�o/lS�	o8�3a�o/arajs�q�O1hjNUo|h�o�� �1!"# t�vrcfw�l\O>q _\e�}>l\s�m4O#a�hjN�O
_\e�_Sh-_\o/l@m4_\arhjvj_bw�s4h-_bcfe�cB�fO>v«anh�o|hjO#a«_\e�hjN�O�t�vjcfw4l\O#q ajtLO#}#_ � }8o�h-_\c/e��

�3�



� 	�� ��X-Y/Z�R�Z#V�Q�V\¡^¢§Vª®���V�TUV�¢¯[��{­3¢�Y�]�R/¢£R

y t�vrcfwUo/w�_bl\_barh-_b} � e�_bhjO^��anh�o|hjO.o/s4hjcfq(o|h-cfe �0# - y � � _\a�m�O � e�O>m w�� o ¤$s�_be�h-s�t�lbO
� C �
% � @/��� � + 0 � + � �d��N�O>vjO % _ba�o�ajO^hkc/g ' arh-o|h-O>a#� @ _\a�hjN�O�_be�t�s4h�o/lbt�NUo/wLO>h#�
� _\a�o�ajO^h{c|g�'23&'
vjcB�	��anh-c3}�NUo/arhj_\}�h-vjo/e�ar_bh-_bcfe�q�o�h-vj_b}#O>a#��cfe4O�g c/v«O#o/}�Nxan�3qkw@c/lE_\e
@{� + 0#I % _\a�hjN�O(_be�_bhj_�o/lIarh-o|h-O�c/g�h-N�O # - y �Go/e4m*+ � I % _\apo/e R3®�®�[�PL¢§V�T3W%arh-o|h-O|�
M�N�O4# - y q(c3m�O>l�arNUo/vrO#a�hjN�O�m4�3eUo|q(_b}#apc/g	h-N4O�� �1!"# q�c�m4O#lª��o,# - y c3}#}>s�t�_bO#a
cfe�Odanh�o|hjO1g vrcfq`_bh-a�arh-o|h-O>a % o|h	o/e���tLcf_be$h�_\e(h-_\q�O/�3o/e4m�o|h	O#o/}�N�arh-o/�fO{hjv-o/e4aj_bhj_\cfe4a
arhjc�}�NUo|arh-_b}8o/lblb��g vjcfq c/e�O�arh�o�h-O�h-cpo/e�c/hjN�O#v>�$M�N�O1anh�o|hjO�h-v-o|e�aj_Sh-_\c/e�_ba�m�O>hjO#vrq(_be�O#m(o/a
g cfl\lbcB��a#�

������h-N�O�}#s4vjvjO>e�h{_be�t�s4h�an��q�w@cfl 1 m�O>hjO#vrq(_be�O#a«okh-vjo/e�aj_Sh-_bcfe�q�o�h-vj_����76��
� ° ��h-N�O	}>s�vjvrO#e�hiarh-o|h-O + = m4O>h-O>vjq�_\e�O>a�h-N4O	vjcB� � 6/�����(' � �fodt4vjcfwUo|w�_\lb_bh���m�_barh-vr_\w�s�h-_\c/e

c��/O#v�h-N�O�tLcfajar_\w�lbO�e�O^�3h«arh-o|h-O>a#�Lo/e�m
�*:���h-N�O�arh-o|h-O�}�NUo|e��fO#a1o/}>}#cfvrm�_\e��%hjc�hjN�O�t�vjc/wUo/w�_bl\_bh��(m�_barh-vr_\w�s�h-_\c/e��76$�����(' � �

z e h-N4O�s�e�m4O#}#_bmUo/w�_bl\_Sh��ut�vjc3c/g¯�E�)O(vjO>arh-vr_\}^h%o|hrh-O#e�hj_\cfe
h-c	# - y � a�_\e¦��N4_\}�N hjN�O�o/}��
}#O>t4h-_be���anh�o|hjO/+ � _\aio/w�arcfvjw4_\e����<� 6/� '�� ' � C � '�� ��� 1 I @/'�M�N�_ba�_\aiO#¤$s�_S�/o|l\O#e�h�hjc�hjN�O
o/ajars�q�t4h-_bcfe�c/gIhjN�Opo/s4hjcfq�o�h-cfe�NUo|lbh-_be��%s�tLcfe�O#e�h-O>vj_be���hjN�Opo/}#}>O#t4hj_\e���arh-o|h-O(+ � �
. O�ajo8� o	# - y � R3®�®�[�PL¢ ¡ph-N4O�arh-vr_\e�� A I @��%_bg�hjN�O�o/s4hjcfq�o�h-cfe O>e�m�a�_\e hjN�O
o/}#}>O#t4hj_\e�� anh�o|hjO.s�tLcfe vjO#o/m�_\e4� h-N�O.anh-vj_be�� A#��c/hjN�O#vn��_\ajO���Oua-o8� _Sh�X-[��8[�®^¢�¡(hjN�O
arhjvj_\e4����. O�m�O>e�c/hjO(w�� �	� � A��{hjN�O�o/}#}>O#t4h-o/e�}#O(t�vjc/wUo/w�_bl\_bh��©c/g)arh-vr_\e�� A w�� # - y
� � �1c|h-O.h-NUo�h�g cfv�o/e�� _\e � e�_bhjO�ajO>¤$s�O#e�}>O A��)h-N�O
o/}>}#O>t4h�o/e4}#O
t�vjcfw�o/w�_\lb_bhj_\O#a�c/g
h-N�O©t�vjO � ��O#a � � � �����$� AJ� ���r�km�c e�c/h(m�O>}#vjO#o/ajO���_Sh-N)�ko/a�h-N�O�o/}#}>O#t4hj_\e��¦arh�o�h-Ox_ba
o/ajars�q�O#m©hjc(wLOpo/w�arcfvjw�_be�����o/e4m©}>cfe�ajO>¤$s�O#e�h-lS��h-N�Opl\_bq(_Sh	l\_bq =�) � � � � �����$� A#�&���j�)_ba
�)O>l\l�m4O � e�O>m��Uo/e4m¥_ba	m�O � e�O#m�eUo�h-s�vjo/l\lS��hjc%w@O1h-N�O�o/}>}#O>t4h�o/e4}#O�t�vjc/wUo/w�_bl\_bh�� � � � Ad�
c/g�A��

M�N�O�l�o|e��fsUo/�/O	o/}>}#O#t�h-O#m�w��%o"# - y � �f_S�fO>e�o{h-N�vrO#ajN4cfl\m ���fm�O#e4c/h-O>m�w���
«� � �	�����
_\a�hjN�O�ajO^hIc|g�o/lbl/anh-vj_be��fa�hjNUo|hEh�o|�/O�h-N�O # - y hjc�h-N�Oio/}>}#O>t4h-_be���arh�o�h-O���_bhjNpt4vjcfwUo|w�_\lb_bh��
�fvjO#o|h-O>v�h-NUo/e ���


«� � �	�U� C 9 A I @ � � � � �
A���� �+? '

y ek_bq(tLcfvnh�o/e�hGt�vjc/w�l\O>q©�B��N�_b}�N��)O)}8o/lbl$hjN�Op[^]{PL¢KV�T�[�¡�¡�t�vrcfw�lbO#q¥��_baG��N4O>h-N4O#v#�/�f_b�/O#e
o # - y � o/e4m¥hjN�vjO>ajN�cflbm ����h-N�O�l\o/e��fsUo|�fO�o/}>}#O#t�h-O#m©w�� � _ba�O#q�t4h��f�

. N�_\lbO # - y �7a�o/vrO1q�c�m4O#l\a�c/g�l�o/e��/sUo/�fO1o/}#}>O#t4hjcfvja)o/e�m�t4vjcfwUo|w�_\lb_\arhj_\}�t�l\o/e�e�_be���o/e�m
� �1!"#¦t�vjcfw4l\O#q�aio/vrO�arh-c3}�NUo/anh-_b}«c/t4h-_bq(_>68o|hj_\cfekt4vjcfw�lbO#q�a#�|e�c/h-O�hjNUo|hih-N�O�s�e4m�O#vrlb���
_\e��«ar�3anh-O#q�q�c�m4O#l\aGo/vrO�h-N�O�a-o/q�Oi��_bh-N�h-N4O)o/lbt�NUo/wLO>h�}>cfvjvrO#art@cfe4m�_\e��«h-c�h-N�O�o/}^h-_\c/e�a
o/e�m�o/}>}#O>t4h�o/e4}#O�}#c/vjvjO>ajtLcfe�m�_be��dh-c{�fc�o/l�o/}�N�_bO>�fO>q(O>e�h8�fM�N�_ba'}�NUo/e4�fO�_\e��3_bO>� o/l\lbcB��a
s�a�h-c�ajO>O�hjN�O�}#cfe4e�O#}^h-_\c/e
wLO>h���O#O>e h-N4O # - y q(c3m�O#l'o/e�m
t�vjcfw�o/w�_\lb_\anh-_\}pt�l\o/e�e�_be��
o/e�m©� �1!"#�a«o/e�m¥l\O#o/m�a	hjc�hjN�O�s�e�m�O>}#_bmUo/w�_bl\_bh���vjO>ajs�lSh-a#�

� °



� ��=GD�	3H�JKD����IJ �§J�?�� � 	 �8F�� ? ���£C�A ��A�C ��� ��J �§J �>?�JKH �J�	��=I=GJ§=�
 �pA�C � �
	 � �

�1cB� hjNUo|h���OuNUo8�fOum�O>aj}#vr_\wLO#m h-N�Ouq�c�m4O#l\a>����OuajN�cB��h-NUo|h�q(o/e�� t4vjcfw�lbO#q�a�c/g
_\e�h-O>vjO>arh1o/vjO�s�e4m�O#}>_\mUo/w4l\O�w���ajN�cB��_be��(vrO#m�s4}>h-_bcfe�a�g vjc/q h-N4OpO>q(t�h-_\e4O#aja�t�vrcfw�lbO#q¥�

� 	�� 
�TL¬3[�®^VK¬�R�Z#V�Q�V�¢0)�Y�%�¢ �U[
�)]{PL¢KV�T�[�¡�¡���X-Y/Z#Q\[^]

M�N�O��Kl�o|e��fsUo/�/OB��[^]{PL¢KV�T�[�¡�¡�t�vjcfw4l\O#q g cfv # - y a�_ba�o/a�g cfl\lbc���a>�

��A�C ��� 	 � ���K; �	V '/[^TuR�� � � R/TL¬�R�¬3[�¡^V�X-[j¬�¢ �3X�[�¡ �UY�QS¬ ���)¬3[�®^VK¬3[ � �U[^¢ �U[^X�Y�X�T�Y�¢
¢ �U[^X-[(V\¡�¡BY�]�[�V�T/PL­�¢�¡^¢§X�V�T3W A I @���¢ �4R/¢1¢ �U[�� � � R3®�®�[�PL¢�¡ ��V�¢ ��PLX-Y/Z�R�Z#V�Q�V�¢*)u[�� �
®�[�[j¬/V�T3W(¢ �3X�[�¡ �UY�QS¬ � 	

�)c/hjN #�o�6 � 
 � � o/e�m <E_\t�h-cfe�o|e�m 
)cfe�m�c/e ����� � O#anh�o/w4l\_\arN�h-N4Ods�e�m�O>}#_bmUo/w�_bl\_bh���c/gEhjN�O
t�vjc/w�l\O>q©�

��� 	$CLA 	 � ��� ��� � ��� � � ����� �U[k[^]{PL¢§V�T�[�¡�¡)PLX�Y/Z#Q\[^] %8Y�X � � �d¡pV\¡p­3TL¬3[�®^VK¬�R�Z#Q\[�	

�)O#lbcB������O	�f_S�fO�o1N�_b�fN��£l\O>�/O#l$m�O>aj}#vr_\t4hj_\cfe�c/g�hjN�O�t4vjcftLO#vnh-_\O>a�c/g�h-N�O�vjO>m�s�}>hj_\cfe�_\e+����� �
o/e�mph-N�O>ek�f_b�/O)o«q(c/vjOim�O>h-o/_\lbO#mpO^��t�l\o/eUo|hj_\cfepc/g�hjN�O�t4vjc3c/g¯�BM�N�O)m4O>h�o|_\l\a�c/g4h-N�O�t�vjc3c/g
o/vjOuo|l\ajc s4ajO#m h-c m�O^�fO>l\cft ajs�w4ajO#¤$s�O>e�h�s�e�m4O#}#_bmUo/w�_bl\_Sh�� vrO#ars�lbhja¥c/e t�vjcfw�o/w�_\lb_\anh-_\}
t�l�o|e�e�_\e4�{o/e4m # � �1!"#.t�vjcfw4l\O#q�a#��q�cfarhIe�c/h-o/w�lS��M�N�O#cfvrO#q 
 � 
 �B��N�_\}�N�O#arh-o/w�lb_\ajN4O#a
h-N�O�s�e�m�O>}#_bmUo/w�_bl\_bh���c/g�cft4hj_\q(o/l�tLcfl\_b}>��}>cfe�arhjvjs�}^h-_bcfe©g cfv«m�_baj}#c/s�e�h-O#m3�£h-c|h�o/l���vjO^�	o|vjm
_\e � e�_bhjO^��N4cfvj_>6#cfe4# � �1!"#�a#�

� 	���	�� ��X-Y�PU[^X^¢KVª[�¡kY�%�¢ �U[
��[j¬/­�®^¢KVªY�T

z e?� ��� � �/hjN�O��Ks�e�m4O#}#_bmUo/w�lbOB��¤$s�O>arh-_bcfe�c/g@��N4O>h-N4O#v�opMGs�vr_\e���q(o/}�N�_be�Op�KM ����o/}>}#O>t4h-a
h-N�O�O>q(t4h�� arhjvj_\e4�
_bakvjO>m�s�}>O#m hjc�h-N�O�¤$s�O>arh-_bcfe c/g«��N�O>hjN�O#v�o # - y o/}#}>O#t4hja�o/e��
arhjvj_\e4����_Sh-N¥t�vjc/wUo/w�_bl\_bh���O��4}>O#O>m�_\e���o��/_b�fO>e¥hjN�vjO>ajN�c/l\m��UM�N�O�# - y }>cfe�arhjvjs�}^h-O>m�w��
h-N�O)vjO#m4s�}>hj_\cfekhjO#arhja'��N�O>hjN�O#v�_Sh-aI_\e�t�s�h'_\a�od}#cfe4}8o|hjO#eUo|hj_\cfe�c/gIR3®�®�[�PL¢§V�T3Wd¡B[��#­�[^T�®�[�¡^�
y exo/}#}>O#t4hj_\e��(ajO#¤$s�O>e�}#O�_\a«o(lbO#��o/l�ajO#¤$s�O>e�}#O%c|g'M � }>cfe � �/s�v-o|hj_\cfe4a1wLO#�f_be�e�_be���o|h
h-N�O�_be�_bhj_�o/lL}#cfe � �fs�vjo|h-_bcfe¥o/e�m�h-O>vjq�_\eUo|hj_\e���_\e¥o/e©o/}#}>O#t4hj_\e���}#c/e � �fs�vjo|h-_bcfe��

M�N�O�vjO>m�s�}>hj_\cfe N�o/a%h-N�O�t�vrcftLO#vrh��¦h-NUo�h�_bg�h-N4O¥M � _ba%o/}#}>O#t4hj_\e��4�	V
	K[�	i_Sh%o/}>}#O>t4h-a
h-N�O©O#q�t4h�� arhjvj_\e4����h-N�O>e h-N�O1# - y o/}>}#O>t4h-a�ars ��}#_bO#e�h-lS� lbcfe��
}#cfe4}8o|hjO#eUo|hj_\cfe4a�c/g
o/}#}>O#t4hj_\e��
ajO>¤$s�O#e�}>O#a���_Sh-N N�_\�/N t4vjcfwUo|w�_\lb_bh��f� �)s4h(_bg«h-N�O�M � _\a�T�Y�¢�o/}#}>O#t4hj_\e��4�
h-N�O # - y o|}#}#O>t4h-a©o/lbl{arhjvj_be��fa���_bhjN l\cB� t4vjcfwUo|w�_\lb_bh��f� .¦O
e4O^�3h�g cfvjq(o/l\_>6#O�h-N�O>ajO
t�vjc/t@O>vrh-_bO#a�o/e�m¦s�ajO�h-N�O>q _\e ars�w�arO#¤$s�O#e�h�s�e4m�O#}>_\mUo/w4_\l\_Sh���vrO#ajs4lbh-a>��M�N�O(g cflbl\cB��_\e4�
ajO>}>h-_bcfe%O^��t�l\o/_\e4a'N�cB� hjN�O # - y �/O#e�O>v-o|hjO#m�w��kh-N�O)vjO#m4s�}>hj_\cfe�NUo/aIh-N�O>ajO�t�vjc/t@O>vrh-_bO#a>�

��� 	$CLA 	 � ����� � �U[^X-[�[��fV\¡^¢�¡(R/T R/Q7W3Y�X�V�¢ �3] � �3Vª® � ��W/V '/[^T R©¢ �)Y �j®�Y�­3TU¢�[^X���� R�¡

� :



V�T/PL­�¢)R/TL¬�R/T )�XrR/¢§VªY�TLR/Q�� � �xR/TL¬�V�TU¢¯[ªW3[^X�� 	 � �	Y�­3¢�PL­3¢ ¡kR�� � ��� ¡#R/¢KV\¡ %()|V�T3W
¢ �U[ %8Y�Q�Q\Y ��V�T3W 	
� ��� V %1¢ �U[ ��� ¬3YB[�¡1T�Y�¢iR3®�®�[�PL¢�¢ �U[�[^]{PL¢0)�¡^¢KX�V�T3W �'¢ �U[ � � �	� R3®�®�[�PL¢ ¡1T�Y�¡^¢§X�V�T3W

��V�¢ �%PLX-Y/Z�R�Z#V�Q�V�¢*)�[���®�[�[j¬/V�T3W
� �)R/TL¬
� � � V %(¢ �U[ ��� ¬3YB[�¡�R3®�®�[�PL¢{¢ �U[�[^]{PL¢0)©¡^¢KX�V�T3W �1¢ �U[^T Q\[^¢1¡^¢KX�V�T3W�A X�[�PLX-[�¡B[^TU¢1¢ �U[

R3®�®�[�PL¢§V�T3Wd¡B[��#­�[^T�®�[1Y�%�¢ �U[ ��� 	��x[ �4R�'/[�lb_\q =*) � ��
�� AN=�� C � �©����� ° ��� �IR/TL¬
�+�&� ��
�� AN=�� � ��� � ��� ° ��� 	

. O�}#c/e�}#lbs�m�O%h-N�_ba�ajO#}^h-_bcfe¦q(o/�$_\e4��h���c©o/m�m�_Sh-_\c/eUo/l'tLcf_\e�hja�o/w@c/s4h�h-N�O�O#q�t4hj_\e�O>aja
t�vjc/w�l\O>q©�

� !ds�O	hjc�h-N�O�ajO>tUo/vjo|h-_bcfe%w@O^h��)O>O#e�hjN�O�o/}>}#O#t�h�o/e�}>O1t4vjcfwUo|w�_\lb_bh���c/g�h-N�O # - y _\ekhjN�O
h���c�}#o/ajO>a)c/gLh-N4O1M � o/}#}>O#t4hj_\e���h-N�O�O>q(t4h���anh-vr_\e���cfvic/hjN�O#vn��_\ajO|��h-N�O�O#q�t4hj_\e�O>aja
t�vrcfw�lbO#q vjO#q(o/_be�a�s�e4m�O#}>_\mUo/w4l\O�_Sg�h-N�O�anh-vr_\}>hk_\e�O>¤3s�o/l\_Sh��¦_be h-N�O�m�O#ar}#vj_bt4h-_bcfe c/g
hjN�O�O^��_\anh-O#e4}#Opt�vjcfw4l\O#q _\a�vrO#t�l\o/}#O>m©w���o%�)O#o/��O#¤$sUo|l\_bh��.�&	{�	vjO#l\o|h-_bcfe��

� y lbh-N4cfs��fN�h-N�Opt�vrcfw�l\O>q _\a�tLcfajO>m�_\e�h-O>vjq�a�c/g'h-N4O�O��4_barhjO#e�}>O�c/g�� � e�_Sh-O8��anh-vj_be��fa>�
hjN�O�vjO#ars�lbh�N4cfl\m�a�O^�fO>e�_bg�h-N4OparO#¤$s�O>e�}#O>adNUo8�fOp_\e � e�_bhjOdl\O>e��/h-N��

� 	���	 � "k[^¢ªR/V�Q ¡kY�%�¢ �U[ ��[j¬/­�®^¢KVªY�T

M�N�O�}#l\o/aja�c/gLM �©a�s�arO#m�_\ekh-N4O�vjO#m4s�}>hj_\cfe�_\e � ��� � o/vjO�¢ �)Y �j®�Y�­�TU¢�[^X�M �¥a#�f��N�_b}�N�o/vrO
o/a'tLcB�)O>vrg s�l4o/a'�fO>e�O#vjo/l4M �©a � °f° � � y h��)c���}#c/s�e�h-O#v�M � N�o/a�odvjO#o/m��£cfe�lb�p_be�t�s4hIh�o/tLO
��_bhjNxo�h��)c|�ª�	o8�¥N�O#o/m��@o/e�m©h���c�}>cfs�e�h-O>vja>� z e.o%h-vjo/e�ar_bh-_bcfe��4hjN�O�M � q�o8��}�NUo|e��fO
arh-o|h-O|�'o/m�m �(h-c.ox}>cfs�e�h-O>v#�'ars�w4hjv-o/}^h4��g vjc/q o©}#cfs�e�hjO#vkh-N�o|hkNUo|a��|o/l\s�O(�fvjO#o|h-O>v
h-NUo|e=�4�'o/e4m q�cB�fO�hjN�O�N�O#o/m cfe h-N�O�_be�t�s4h�h�o/tLO/��o/a%oxg s�e�}^h-_bcfe c/g�h-N�O�}>s�vjvrO#e�h
arh-o|h-O�c/g�h-N�O�M �¦��hjN�O�ar�3qkwLcfl's�e4m�O#v�h-N�O%_be�t�s4h�h-o/tLO/��o/e�m.��N�O^h-N�O>v�O#o/}�N
c/g�hjN�O
}#cfs4e$hjO#vra�_\a �1cfv'e�c/h#�|M�N4O�}#cfe�anh-vrs�}>hjO#m # - y arN�cfs�lbmkm�O>hjO#}^h���N�O>hjN�O#vio{arO#¤$s�O>e�}#O�c/g
}#cfq�t�s4h-o|h-_bcfe�a«vjO>t�vjO>ajO#e�hja�o��|o/lb_\m©o/}#}>O#t4hj_\e���}>cfq�t�s4h�o�h-_\c/e �§o|}#}#O>t4h-_be���arO#¤$s�O#e4}#OB�
c/g'hjN�OkM �¦�LM�N�_\a«h�o/ar�©vrO#m�s4}#O#adhjc(hjN�O�t�vrcfw�lbO#q c/g�}�N�O>}��$_\e���hjN�Okl\O>��o/lb_bh���c|giO8o/}�N
h-vjo/e�aj_Sh-_bcfe
g vrcfq cfe4O�}#c/e � �fs�vjo|h-_bcfe
c/g	h-N4O(M � hjc©hjN�O(e4O^�3h8����N�_\}�N o/q(c/s�e�h-a�h-c
�fO>vj_bg��3_be��%h-NUo|h

� hjN�O � vjanh1}>cfe � �/s�v-o|hj_\cfe�N�o/a�h-N�O�q(o/}�N�_\e4O�_\e�h-N�O�anh�o/vnh1anh�o|hjO/�
� hjN�O�l�o/anh�}#cfe � �fs�vjo|h-_bcfe�NUo/a�h-N�O�q(o/}�N�_be�O�_\e�h-N4O�o|}#}#O>t4h-_be���arh�o�h-O/��o|e�m
� O#o/}�N¥hjv-o/e4aj_bhj_\cfe�_ba�l\O>��o/lEo/}>}#cfvrm�_\e4��hjc%h-N�O�M � �7a«hjv-o/e4aj_bhj_\cfe�vrs�l\O>a#�

y lblfc/g4hjN�O#arO�}�N4O#}��$a'}8o|e�wLO�}#o/vjvr_\O>m�cfs�h�w$�po�m�O^h-O#vrq(_be�_\anh-_b} � e�_bhjO�arh-o|h-O�o/s4hjcfq�o�h-cfe��
O^��}#O>t4h	hjN�O{}�N�O>}���o|a�h-c���N�O^h-N�O>v)h-N�O1M � �7a)}#c/s�e�h-O#v)}#cfe�h-O>e�h-a	vrO#q(o/_\e%�|o/l\_bm�o|}#vjc/aja
}#cfe4ajO#}>s4h-_S�fO�}>cfe � �/s�v-o|hj_\cfe4a#� -Ucfv�O^�4o/q�t�l\O|��}�N4O#}��$_\e�� hjNUo|h�h-N�O¥arh-o|h-O©c/gdhjN�OH�Kh-N
}#cfe � �fs�vjo|h-_bcfe�_ba)}#c/e�aj_barh-O>e�h	��_bhjN�h-N�O1h-v-o|e�aj_Sh-_\c/e�g s�e4}>h-_bcfe�vrO#¤$s�_\vrO#a)hjNUo|h�h-N�O1arh�o�h-O
o/e�m
ar�3qkwLcflis�e�m�O>vphjN�O�_\e�t4s4hpN�O8o/m¦_\e.h-N4O��
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l\O#oB�/O#apcfe�lS�xh-N4O(t�vrcfw�lbO#q c|g)�|o/l\_bmUo|hj_\e���hjN�O�}#cfs4e$hjO#vra �
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(a) (b)

Suspect
(Reject)

Decision
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Suspect Correct

 
p    

Decision
 0

Suspect Correct

i      j  (mod k)
p    

q1-q

i      j  (mod k)
   a b,  i =  j,        

 a b,  i = j
   a b,  i =  j,        /           /        

jiji
ji

Indecision Indecision
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� e�O8o/}�N¥}#cfq�t�s4h-o|h-_bcfe�anh-O>t�h-o/�/O>e©w���o�h��)c|�£}#cfs4e$hjO#v�M � h-N4O�}#cfs�e�hjO#vja �U}#cfe�hjO#e�h-a
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m�s�}^h-_\c/e���M�N�O���O8o/�¥O#¤$sUo|l\_bh���hjO#anh8�LajN�cB��e�_be1-�_b��� ° �U��cfvj�$a�o/a�g cflbl\cB��a#�UM�N�O # - y
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wOn reading 

No decision Decision

AcceptReject

On reading 

No decision Decision
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AcceptReject

When the TM accepts: Let       denote an 
accepting sequence.

w legal sequence

Reject

(a) (b)

w
w  is a  false accepting sequence 

When the TM doesn’t accept: 

p p

1- q   q  0

1- p   1 1- p   1

 Concatenate       to raise acceptance probability.   w
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# - y vrO#q(o/_\e4a(_be h-N4O.W/Q\Y/Z�R/Q ��V�TL¬3[�®^V\¡^VªY�T
arh�o�h-Oxs4e$hj_\l«_bh(m�O>hjO#}^h-a�hjN�Oxanh�o/vnh�c/gdhjN�O
e�O^�3h%}#o/e�m�_bmUo|hjO�o/}>}#O>t4h-_be���ajO>¤$s�O#e�}>O
�Kanh�o/vnh�}>cfe � �fs4v-o|hj_\cfe¦c/g	h-N4O�M ������cfvps�e�h-_bl
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