
�����������
	��
���������������������������������	�� �
�!�
	�	���	�����"$#&%('�)�)�*�+-,.�!,0/ 12��3�"4� �5����687:9
)�*2;=<���3�	�����>���6@?�9
)�*

ACBEDGFIHJALKNMPO QSR-TVUEWXBZY[R-D&\^]�W`_bacR

dfeXg`hjikml-kon e kJp q2r sutvr wvxcy�z{y|q�}�~���z
�0�&�
���j�����&�����`���8�����X�c�
���=�&�J�����u���8�
�=�����5�:����� � ¡�¢ £¤�8��¥o¥J���c���
�u��¦u�¨§{©��=¥Jª
�

«¬¯®u°�±�²-³J°
´jµ ¶V´¸·�¹@ºL»�¼�¶2½�¾(¿�À�Áu¼�Â�´¸·&ÃuÃ ¶2½E¹@º�ÁuÄÅ¶:À�¼�¾Æ¿¯ÇÆ¶:È�ÃuÀ�µÉ»�¼�¶�½�¾(¿�À�Á ¼2Â�ÊjËuÌ`¾ÆÈ�À�¼�Á�½�Í ¿�¶�½Î¾ÆÈÐÏ Ñ Ò�Ó!Ô
´b·�¹@º¼�¶:ÇÆ¾Õ¶�Ì4ÁuÈÖÌ�¶:×u¶2¼�ËuÇ{»�¼�¶2½�¾(¿�À�Áu¼jÀ�ËuØ�ÇÆ¶2Ì4¾ÆÈ ½�¶:Ù�¶�½ÉÀ�µ�¼�ÁuÍ ÃuµÉ¾ÕÈ ½�¶:»J¶:È ½�¶2È�À&Ú|Í�È ¿�À�¾ÆÁuÈ Ì�ÁÛÚ¨À�µ�¶

Ã ÇÕÁ Ø ËÛÇvØ ¼�ËuÈ ¿
µJÜ�»oË=À�µÉµ�¾(Ì�À�Áu¼�ÝÎËuÈ ½ÉÀ�µ�¶cØ�¼
ËÛÈ ¿
µÖËu½ ½�¼�¶�Ì�Ì2Ô�´jµ ¶�´¸·�¹@ºm»�¼�¶�½�¾(¿�À�Á ¼�Í Ì�¶2ÌVÞ5» ËÛ¼�À�¾(ËÛÇÆÇÆÝ�ß
À
ËÛÃuÃ ¶2½¿�Á ÄÅ»oÁ È�¶:È�À�ÌàËuÌÅÀ�µ�¶âáXá�ãEä!ÇÕ¾Æåu¶E»�¼�¶2½�¾(¿�À�Áu¼^ÏÕæ�ç�Ó�Ôéè!Àà¼�¶:ÇÆ¾Õ¶�Ì¤ÁuÈêÞ|»oËÛ¼�À�¾(ËÛÇ�ßëÄÅËÛÀ�¿
µmË ÌÅÀ�µ�¶
»�¼�¶2½�¾Æ¿�À�¾ÆÁuÈÅ¿�ÁuÄÅ»�Í�À�Ë=À�¾ÕÁ È�Ú|Í È ¿�À�¾ÕÁ ÈvÔb´b·�¹@ºfËÛÇ(Ì0Á¯Í Ì�¶2Ì¨Ã ¶:ÁuÄÅ¶:À�¼�¾Æ¿�µ�¾(Ì�À�Áu¼�ÝVÇÕ¶2È�ÃÛÀ�µëË Ì¸À�µ�¶8ì&ä�¹@ºXí8î
»�¼�¶2½�¾Æ¿�À�Áu¼ÎÏ Ñuï�Ó�Â-¾�Ô ¶uÔÐÂbÀ�µ�¶ÉÌ0¶:À�ÁÛÚ�ÍoÌ0¶�½fÃuÇÆÁuØ ËuÇ�µ�¾(Ì�À�Áu¼�ÝðÇÆ¶:È�ÃuÀ�µ ÌVÚ|Áu¼�Ä¤Ì�ËÖÃ ¶:ÁuÄÅ¶:À�¼�¾Æ¿¤Ì�¶:¼�¾Õ¶�Ì:Âb¾�Ô ¶ ÔÕÂ
ñ8ÞÕò�ß�ómôvõ�ö{÷:ñ&Þ0æ�ß�Ô�´jµ�¾ÆÌ4ËuÇÕÇÆÁ=Ê�Ì�À�Á¤¶:ø¤¿:¾Õ¶2È�À�ÇÆÝà¿:Ëu»�À�Í�¼�¶�¿�Á ¼�¼�¶:Ç(Ë=À�¾ÕÁ ÈàÁuÈÉ¼�¶2¿�¶2È�ÀjØ ¼�ËuÈ ¿
µÎÁ Í�À�¿:ÁuÄÅ¶2Ì
Ë ÌjÊ�¶2ÇÕÇvË ÌjÁuÈE×u¶2¼�Ý¤Á ÇÆ½ÎØ�¼
ËÛÈ ¿
µ�¶�Ì:Ô

ù Áu¼¯À�µ ¶ë¼�¶2ËuÇÕ¾(Ì0À�¾(¿VÀ�¼�Ë ¿
åÉÁuÚXÀ�µ�¶úÑ=È ½fû�µ ËÛÄÅ»�¾ÆÁuÈ Ì�µ�¾Æ»Iü`¼
ËÛÈ ¿
µðá�¼�¶2½�¾(¿�À�¾ÕÁ È$Þ�û`üjá�ä.Ñ ß�Â{Ê`¶c»�¼�¶�ä
Ì�¶:È�À�¶�½ÖË¤î{ä.´¸·�¹@º» ¼�¶�½�¾Æ¿�À�Á ¼�¿�ÁuÈoÌ0¾(Ì�À�¾ÕÈ Ã¤ÁÛÚ�ËEæ2ýÛä!¿:ÁuÄÅ»oÁ È�¶:È�À�´b·�¹@ºþ»�¼�¶2½�¾(¿�À�Áu¼�¿�Á Ä�Ø�¾ÆÈ�¶�½EÊ4¾�À�µ
Ë�Ñ ÒÛÿÛä�¶2È À�¼�Ý�ÇÕÁ�Áu»¤» ¼�¶�½�¾Æ¿�À�Á ¼2Ô¨´jµ�¾(ÌX»�¼�¶2½�¾Æ¿�À�Áu¼�Ëu¿
µ�¾Æ¶:× ¶2Ì�ý Ô ý æ���ÄÅ¾ÆÌ�»JÜ��@èbÁ ÈÅÀ�µ�¶¯Ì0¶:ÀXÁÛÚ ½�¾ÆÌ0À�¼�¾ÕØ Í�À�¶�½
À�¼�Ë ¿�¶2Ì4ËuÈ ½ÎÊ�Á ÈàÀ�µ�¶V¿�Á Äë»J¶�À�¾�À�¾ÕÁ ÈvÔ

�����
	 °�±�����&³J°���� 	

������������� �"!$#&%���'&(*),+.-/%0(*1&�&�2%�(3+54768%5-�9:9�;�<=4.+5>&'?(3��4@+5�&;A+B�&;DC/��EF�2��1=)2;A%5%�(3��'=-GC/�2%B+5���IH/JLK*;/4.+
</��;A%�4745(*1&),�"+5���"#?%5-/#F-�45;/KF-/6ME&%�;/1&)N�O#&%5��'&(P),+5(3-�1Q(*1SRTH/U
V�W

X +Y(P4Z1�-G[\[ (P'���K3<]%5��),-/^�1&(3_2��'`+5�&;A+a;b45+5;A+.�,��-/6P��+5���,��;A%�+ ),-�1&'&(3+5(*-�1&;/K�E&%�;/1?)��`#&%5��'&(*),+.-/%N47RTHAc�d�H/Hed
f dGged
H/J
Vh9i>&4.+��,je#?K3-�(3+�4.�2C/�2%N;/Kh'&(3kl�2%5��1h+��&(*45+.-/%5<@K*��1�^/+5�&4�+.- )2;A#?+5>�%5�Z),-/%5%���K*;A+5(3-�106m%5-�9nC/�2%�<@%���9�-/+.�
E&%�;/1?)��o-�>�+5),-�9���4p;/4a[Y��K*Kl;/4aC/�2%5<�%5��),��1h+pE&%�;/1&)N�Q�&(*4.+.-/%5</W����&�7q&%N4.+�9�-GC/�0(*1`+5�&(*4a'&(3%5��),+5(*-�1I[a;/4
;/K*K3-G[���'rEh<s+5���t#&%5-/#F-�45;/Ka-/6u+5���v�h<wE&%�(*'x#&%5��'?(*),+.-/%�4�(*1yR{z�U
V7;/1&'|R }AV�W~���&��4.�L#&%5��'?(*),+.-/%�4][Y�2%5�
%5��K3<e(*1�^O-�1x9��2+5;A#&%���'&(*),+.-/%�4B+.-�4.��K*��),+b;L#?%5��'&(*),+5(3-�1S68%5-�9�;L6m�2[�'?({kl�2%���1�+0#?%5��'&(*),+5(3-�1?42WO�e�2C/�2%�;/K
'&({kF�2%5��1h+i;A#?#&%5-�;/)��&��4b[Y�2%5�OK*;A+.�2%]#&%5-/#F-�4.��'�+.-=),-�9�#?>�+.�Q+5���oq?1&;/K�#&%5��'?(*),+5(3-�1S6m%5-�9�#&%5��'?(*),+.-/%�4
6m��;A+5>�%�(*1�^L9i>&K3+5(*#?K3��),-�9�#F-�1���1h+542Wo! WT^�W3d�9I;G��-/%�(*+�<�C/-/+.��R{z�gAV�d�#&%���'&(*),+.-/%06�>&45(3-�1�R{z�JAVY;/1&'=#�;A%5+5(*;/K
+5;A^/^�(*1�^�RT�
V��&;�C/�bEF�2��1L45��-G[ 1Q+.-IEF�"),-�9�#F�2+5(3+5(3C/�0[7(3+5�O9��2+5;
��#&%5��'?(*),+5(3-�1�W

���&��(*1�+.%�-w'&>?),+5(3-�1�-/6�+5����1&��>�%�;/K�E?;/4.��'=E?%�;/1&)���#?%5��'&(*),+.-/%�4�RTH/g�d��
V�#&%5-GCw(*'&��'�;t4.-�K*>�+5(3-�1�6m-/%
�,kF��),+5(3C/��K3<�),-�9BE�(*1&(*1�^�4.�2C/�2%�;/K #&%5��'&(P),+5(3-�1&42Wx���&(*4];A#&#&%�-�;/)���;/K*K*-D[ 4�+.-S),-�9bE?(*1&�O+.��1���4�-/6@#&%5�,�
'&(*),+5(*-�1&4I;A+o;�%5��;/45-�1&;AE?K3��),-�9�#?>�+5;A+5(3-�1\6�>&1&),+5(3-�1�),-�45+`+5��%�-�>�^��\;~��9b>?K3+5(3#?K3<&�i;/'&'��2%`+.%5�2�/W X +
(*1&(*+5(*;/K*K3<Q45>ekF�2%5��'�68%�-�9�45�2C/�2%�;/K�'�%�;D[�E?;/)5�e4u+5�&;A+u[Y�2%5�]#&%5-/^/%5��454�(3C/��K3<t;/'&'&%5��454.��'�W0��;A+.��1&),<v(P4545>��
[a;/4Y;/'?'�%5��454.��'o+5��%�-�>�^��`;/�&��;/'`#�(3#F��K*(*1&(*1&^�R f V���#?%5��'&(*),+5(3-�1`;/)2)2>�%�;/),<`[Y;/4a(*9�#?%5-DC/��'o+5��%5-�>&^��`'&(*6P�
6m�2%5��1�+Y4.+.�2#?42��9�(3je(*1&^uK*-w)2;/K�;/1&'�^�K3-/E�;/K?�&(*45+.-/%5<QR{z2c/V�dw>&4�(*1�^"%5��'&>?1&'&;/1h+��&(*4.+.-/%5<];/1&'`4.�/�2[ (*1�^oR{z��
V��
�&;A%�'&[Y;A%5��K3-/^�(P)�),-�9�#?K3�,j�(3+�<�[a;/4"%5��'&>&),��'�+5�&%5-�>�^��S�v� �|%5�2#&%5��45��1�+5;A+5(3-�1\R{z��
V�-/%B�&;/45�?(*1�^=RTH f V�W
� (*1&;/K*K*</d�(3+�[a;/4�45�&-D[ 1�+5�?;A+ZC/�2%5<]%5��9�-/+.�7E&%�;/1&)N��),-/%5%5��KP;A+5(3-�1I),-�>&KP'�EF� )2;A#&+5>�%5��'��2�I)2(3��1h+5K3<][ (3+5�
;LK*(P9�(3+.��'�1h>?9BEF�2%0-/6Y#&%5��'&(P),+.-/%B),-�9�#F-�1���1h+542W X 1=#?;A%5+5(*)2>?K*;A%�d�+5���Q�7� �u!Z¡@��#?%5��'&(*),+.-/%`RTHez�d�HAcAV
[a;/4p45��-D[71Q+.-iEF�";AE?K3�@+.-��,je#?K3-�(3+YC/�2%5<`K*-�1�^]^�K3-/E?;/KF�&(*4.+.-/%�<IK3��1�^/+5�&4a(*1o+5���"�w>&1&'�%���'&4ZE�(3+54Y%�;/1�^/�
[ (3+5�t;�9���'&(*>?9¢1h>&9bEF�2%B�m}I+.-tz�H��p-/6M#&%5��'&(*),+.-/% +5;AE?K3��42WY�����2%5�26m-/%5�B9�-�45+�-/6M+5���0q?1&;/KP(*4.+54a-/6M+5���



� r sÛtvrow

z24.+��a�?;/9�#?(3-�1&4��&(3#��Y%�;/1?)�����%���'&(*),+5(3-�1](*1]'���),��9bEF�2%�HAc/cA}`RTUwd�Hwd&z,}&d�z/z/d�Hez,V�[Y�2%5��>&45(P1�^@;/1I;/'&'��2%
+.%5�2�B;/4 +5���"q?1&;/KF#?%5��'&(*),+5(3-�1O),-�9�#?>�+5;A+5(3-�1�W

¡7-D[Y�2C/�2%a+5��� ;/'&'��2%�+.%5�2� (*4Z1�-/+Z+5��� -�1&K3<]),-�9�#?K3�,j�(3+�<]�,kF��),+5(3C/� q�1&;/K�#&%5��'?(*),+5(3-�1�),-�9�#?>&+5;A+5(3-�1
6�>&1&),+5(3-�1�W��Z%5��'&(*),+5(3-�1�Ew<��M;A%5+5(P;/KZ�t;A+5)N��d�������d�[a;/40(*1&(*+5(*;/K*K3<O#&%�-/#l-�45��'=(*1�R{z,VZ;/4B;OK*(P9�(3+@#&%5�,�
'&(*),+.-/%DW X + [a;/4@%5�2q?1���'t;/47;/1�(*9�#?K*��9���1�+5;AE�K3�"#&%5��'&(P),+.-/%7(*1�R{z f V�W��Y>?(*K*'&(*1&^i-�1=�7� �u!�¡7�s;/1&'t-�1
+5�������Y�O��KP(3�/�]#&%5��'&(*),+.-/%�R{z f V�d�+5�&�]���7^/^/��'��u!�-w��9b+.%�(*)]�&(*4.+.-/%�<tK3��1�^/+5��#&%5��'?(*),+.-/%�d���� �u!�d�[a;/4
(*1h+.%5-e'&>&),��'=(*1�RTH/J
V�W`��� �u!|>&4.��4B;O^/�2-�9��2+.%�(*)IK3��1�^/+5�S4.�2%N(3��40;/4i�B�u!Z¡@�r;/1&'�>&4.��4"#?;A%�+5(*;/KM+5;A^
9�;A+5)N�O;/4�q�1&;/K?#?%5��'&(*),+5(3-�1I6m>?1&),+5(3-�1�W���� �u!�[a;/4Y4���-D[ 1o+.-]45(3^�1&(*q?)2;/1�+5K*<�-�>�+.#F�2%568-/%N9 +5���@#&%5�2Ce({�
-�>&4a4.+5;A+.�,��-/68��+5���,��;A%5+pE&%N;/1&)��o#&%5��'?(*),+.-/%�42dh�/WT^�WY�0�u!�¡7�Zdh6m-/%Y45+.-/%�;A^/�"E?>&'�^/�2+54Y(*1I+5���u�/H
	"��z��LE?(*+54
%�;/1�^/�/WL��� �u! [a;/4B+5�&�2%5�268-/%��`;t1?;A+5>�%�;/KZ)2;/1?'&(*'&;A+.��6m-/%]'���45(3^�1&(P1�^O;LE&%�;/1?)���#&%5��'&(*),+.-/%B68-/%i+5���
HA1&'v�p�&;/9�#?(3-�1?45�&(3#���%N;/1&)�����%5��'&(P),+5(3-�1�W

���&��%5��9�;/(*1?'��2%�-/6F+5�&(*4�;A%5+5(*)2K3� (P4�-/%5^�;/1&(3_2��'o;/4�6m-�K*K3-G[ 42W�=�@q&%�4.+�%5��)2;/KPK&+5���@��� �u!x#&%���'&(*),+.-/%
#&%�(P1&)2(3#?K3��4iRTH/J
VZ;/1&'=(3+54B9�;/(*1�)��&;A%N;/),+.�2%�(*4.+5(*)24�W�������1�d�[Y��'���45),%�(*El�i+5����������� �u!|),-�1�q&^�>&%�;A+5(3-�1
45>�E�9�(3+.+.��'�+.-�������� H0),-�9bE?(*1?(*1�^0;BK*-h-/#�#?%5��'&(*),+.-/%Z;/1?'I;B��� �u!x#&%5��'?(*),+.-/%�WZ�w��),+5(3-�1I}B'&(*45)2>?454.��4
(*9�#�K3��9���1h+5;A+5(3-�1t(*4�45>���4�-�1�+5���]������� �u! #&%���'&(*),+.-/%�W@�e��),+5(3-�1=J�#&%���4.��1�+54@45(*9i>&K*;A+5(*-�1L%5��45>?K3+54�6m-/%
+5����45>&E?9�(3+.+.��']������� �u!�#&%5��'&(*),+.-/%�;/1?'i;u6m�2[�-/+5���2%���� �u!�#&%5��'&(P),+.-/%M),-�1&q&^�>�%�;A+5(3-�1?42W��e��),+5(3-�1IU
E&%�(*���&<B%5�2Ce(3�2[ 4�+5����%5��K*;A+.��'�[�-/%5�e4�+5�?;A+Z�&;/'�9�;G�.-/%�(P1��?>���1&),��4�(P1]+5��� ������� �u!x#&%5��'?(*),+.-/%�#&%5-/#F-A�
45(3+5(*-�1�;/1&'�'&(*4�)2>&454.��4�;"6m�2[r+.%N;/'��2-AkF4Z+5�&;A+Z9�(*^���+�(*1��?>���1&),�a+5��� )N��-�(*),��-/6�;0��� �u!s),-�1�q&^�>&%�;A+5(3-�1
6m-/% ;/1O�,kF��),+5(3C/�b(*9�#?K3��9���1h+5;A+5(3-�1�W

�M��������� «������`� 	 Z�.°���� 	 ²! #"f± ² 	 ³ �%$ ± � Z��³J°/��±

�����]��� �u!n#&%5��'?(*),+.-/%@(P47'��2%N(3C/��'�68%5-�9 �v(*)��?;/>&'���4&�����L��K*(3�/�i+5;A^A��E?;/4.��'SE&%�;/1&)N�t#&%���'&(*),+.-/%�R{z f V
;/1&'Q>&4.��4�^/�2-�9��2+.%�(P)@�?(*4.+.-/%5<IK*��1�^/+5�&4uRTHAcAV�W � (3^�>�%5�]zu(*K*K*>&45+.%�;A+.��4Z;i��� �"!�#&%5��'&(P),+.-/%�W������u��� �u!
#&%5��'?(*),+.-/%"68��;A+5>&%5��4";QE?;/4.��#&%���'&(*),+.-/%0��cQ(*1=)N�&;A%5^/��-/6Y#&%5-DCe(*'&(P1�^o;QE�;/45(*)i#&%5��'&(P),+5(3-�1v;/1?'=;O4.�2+
-/6o�m#�;A%5+5(*;/K*K3<&�]+5;A^/^/��' #&%5��'&(*),+.-/%O),-�9�#F-�1���1h+54Q��( W ������45��+5;A^/^/��' #&%5��'&(*),+.-/%Q),-�9�#F-�1���1h+54O��( d
z�')(*',+ ;A%5�O(*1&'��,je��'�>?45(*1�^�'&({kF�2%5��1h+i�&(P4.+.-/%5<�K3��1&^/+5�&4i+5�&;A+�68-/%N9�;�^/�2-�9��2+.%N(*)O4.�2%�(3��4�dZ( WT�/d
- �.(���/ �.(10!25�,�4365.7 ,�8 - ��zD�69sc;: J��NW

���&%5-�>�^���-�>�+B+5�&(*4b#?;A#F�2%�d�+5�&�`E?;/45�I#&%5��'?(*),+.-/%b[7(*K*KMEF�`;�45(*9�#�K3���Y����(P1&'��,je��'�HG��E?(3+i),-�>&1h+.�2%
E?(*9�-w'&;/KZ+5;AE?K3�/�Y(*1�-/%N'��2%b+.-=45;DC/�L4.+.-/%�;A^/�O4.#?;/),�/dZ+5���O��<e4.+.�2%5��45(P4BE?(*+b(*4]45�&;A%���'�;/9�-�1&^�45�2C/�2%�;/K
),-�>&1h+.�2%�4 ;/4 (*1�RTH/H
V�W

�@1���1h+.%5<�(*1�;B+5;A^/^/��'o),-�9�#l-�1&��1�+Z),-�1?45(*4.+54�(*1�;B4�(3^�1���'�),-�>&1h+.�2%=<?>A@M[ �&(*)N��45(3^�1I#&%5-GCw(*'&��4�+5���
#&%5��'?(*),+5(3-�1�de;L�m#?;A%5+5(*;/Km��+5;A^�;/1?'O;/1O>&1&45(3^�1&��'o>?4.�26m>?K�),-�>&1h+.�2%CBeWZ���&%5-�>�^���-�>�+Y+5�&(*4Y#?;A#F�2%�dDB](*4p;
HG��E?(3+�),-�>?1�+.�2%@;/1&'E<?>A@p(*4p;`�G��E?(3+�),-�>&1h+.�2%�W

dGF kIH)JÐkIK eMLONPLRQbeTSVU e�g�WXQYNZU�N[L.QbeTS ������\]@_^a`Zb4cIde@f<g^
hf\;^
ijd�iY>&(*4�+5���p9�;A+5)N�&(*1�^"),-�9�#F-�1���1h+
[ (3+5�`+5���"K3-�1�^/��45+a�?(*4.+.-/%5</W����&�@;/K3+.�2%N1&;A+.�"#&%5��'&(P),+5(3-�1�kalm>n\]@odocB(*4Y+5���u#&%5��'&(P),+5(3-�1I+5�?;A+Y[Y-�>&K*'Q�&;DC/�
-e)2)2>�%5%5��'L(*6�+5���2%5�b�&;/'QEF�2��1L;�9�(*4�4a-�1O+5���0#&%�-DCe(*'��2%�),-�9�#F-�1���1h+2W

X 6�+5�&�2%5�B(*4p1�-��?(3+.+5(*1�^�),-�9�#F-�1���1h+�+5����1Ekalm>n\]@odoci(*4a+5�&�B'��26�;/>&K3+p#&%5��'?(*),+5(3-�1�W

pDq4rYqts h k g�L p N[L.Q¸evu�QjwEx�yTNZU�N[L.Q¸e

�a+ #?%5��'&(*),+5(3-�1Q+5(P9��/d&+5���bE?;/4.�0#&%���'&(*),+.-/% ;/1&'L+5���0+5;A^/^/��'�),-�9�#F-�1���1h+54 ;A%5�i;/)2),��454.��'�45(*9i>&K3+5;/1��,�
-�>&45K*</WZ�����"E?;/45�0#&%5��'&(P),+.-/%p#&%5-DCe(*'���4 ;�'��26�;/>&K3+a#&%5��'&(P),+5(3-�1�W������"+5;A^/^/��'�),-�9�#F-�1���1h+54�#&%�-DCe(*'��0;
#&%5��'?(*),+5(3-�1Q-�1&K3<`-�1L;�+5;A^o9�;A+5)���W

Ñ



��� r���� ���
	��� z }¸t w ��� z{r�� y|w���� z

h[0:L(4)]h[0:L(3)]h[0:L(2)]h[0:L(1)]

hash

=?

hash hash

=?

hash hash

=?

hash hash

=?

hash

tag u tag u pred tag u pred tag upred pred

prediction

pc pc pc pc

pc

base predictor

T0 T1 T2 T3 T4

� (3^�>�%5��zA�7�$JG��),-�9�#F-�1���1h+Y��� �u!s#&%5��'?(*),+.-/%YK*-/^�(*)2;/K�45<w1�-/#�45(*42��;BE?;/45�7#&%���'&(*),+.-/%�(P4ZE?;/)��/��'o[ (3+5�
4.�2C/�2%�;/K�+5;A^/^/��'Q#&%5��'&(*),+.-/%Y),-�9�#F-�1���1h+54�(*1?'��,jw��'�[ (3+5�I(P1&),%5��;/45(*1&^0�&(*4.+.-/%5<�K3��1&^/+5�&42WZ�u1
;/1��,kF��),+5(3C/�L(*9�#?K3��9���1h+5;A+5(3-�1�d�#&%���'&(*),+.-/%]4.��K3��),+5(3-�1x[Y-�>&K*'�El�o#F�2%56m-/%�9���'�+5��%5-�>�^��s;
+.%5�2�0-/6�9b>?K3+5(3#?K3�,je-/%�42W

ý



� r sÛtvrow

X 1S+5���`^/��1��2%�;/K�)2;/4.�/d�+5���I-GC/�2%�;/K*K�#&%5��'&(P),+5(3-�1=(*40#?%5-DCe(*'���'=Ew<=+5���o�&(3+.+5(*1�^O+5;A^/^/��'x#&%���'&(*),+.-/%
),-�9�#F-�1���1h+u+5�&;A+">&4.��4@+5����K3-�1�^/��4.+"�&(P4.+.-/%5</dF-/%"(*1�)2;/4.�]-/6�1�-O9�;A+5)N�&(*1�^o+5;A^/^/��'=#&%5��'?(*),+.-/%"),-�9]�
#F-�1���1h+2d�+5���B'��26�;/>&K3+a#&%5��'?(*),+5(3-�1O(*4p>&45��'�W

¡7-D[Y�2C/�2%�d�[Y�p6m-�>&1&'b+5�&;A+2d�-�1]4.�2C/�2%�;/K�;A#&#�K*(*)2;A+5(3-�1&4�dA>?45(*1�^7+5���p;/K3+.�2%�1&;A+.�a#&%5��'?(*),+5(3-�1b68-/%�1��2[ K*<
;/K*K3-e)2;A+.��' ��1h+.%�(3��4O(*4Q9�-/%5���2�I)2(*��1�+2W¢�u>�%Q�,jw#F�2%�(P9���1�+54Q45�&-D[Y��'n+5�&(*4`#&%5-/#F�2%5+ <\(*4o��454.��1h+5(*;/K*K*<
^�K3-/E?;/K�+.-�+5���B;A#&#?KP(*)2;A+5(3-�1Q;/1&'L)2;/1OEF�0'�<e1&;/9�(P)2;/K*K3<I9�-�1?(3+.-/%5��'Q+5��%5-�>&^��L;�45(*1�^�K*�@}A��E�(3+�),-�>&1h+.�2%
������� ���
	 �� ��� (P1s+5���t45(*9i>&K*;A+.-/%,�NW~�u1s+5���L#?%5��'&(*),+.-/%I;/1���1�+.%5<�(*4I)2K*;/4545(3q?��'�;/4��.1��2[ K*<
;/K*K3-e)2;A+.��'���(*6�(3+54p#?%5��'&(*),+5(3-�1Q),-�>&1h+.�2%7(P4p[���;A�lW

���&�2%5�268-/%��"+5���0#&%5��'?(*),+5(3-�1Q),-�9�#?>�+5;A+5(*-�1t;/K3^/-/%�(*+5�&9¢(*4p;/4�6m-�K*K3-G[ 42�
zAW � (*1?'Q+5���B9�;A+5)N�&(*1�^�),-�9�#F-�1���1h+�[ (*+5�Q+5���0K3-�1�^/��4.+7�&(*4.+.-/%5<
HwW (*6`�m+5���=#&%5��'?(*),+5(3-�1~),-�>&1�+.�2%v(*4Q1�-/+Q[���;A�~-/%��u��! �7�e� ��� �@�:(*4Q1��2^�;A+5(3C/�G�Q+5����1 +5���
#?%5��'&(*),+5(3-�1r),-�>&1�+.�2%Q45(3^�1r#&%5-GCw(*'&��4�+5���v#&%5��'&(*),+5(*-�1s��K*4.�t+5�&�t#&%5��'?(*),+5(3-�1�(*4�+5���v;/K3+.�2%N1&;A+.�
#?%5��'&(*),+5(3-�1

pDqOp!q�� x�gMU�N[L!e�� N�� k�� d �"! s h k gML p N[Q h
� x�gMU�N[L!e�� N�� k � S k$# y�%�u�Q]y`ejN k h B �����`>?4.�26m>?K�),-�>&1h+.�2%�Bt-/6p+5���`#?%5-DCe(*'��2%B),-�9�#l-�1&��1�+](*4
>�#�'&;A+.��'Q[ �&��1Q+5���B;/K3+.�2%�1?;A+.�0#&%5��'&(P),+5(3-�1 k
l >n\]@ d ci(*4p'&({kF�2%5��1h+p68%5-�9 +5���"q?1&;/KF#&%���'&(*),+5(3-�1t\]@odoc/W

���&�u>?4.�26m>?KTB]),-�>&1h+.�2% (*4a;/K*4.-�>&4.��'Q;/4p;/1O;A^/�0),-�>&1h+.�2%�WZ;/1?'O(*4Y^/%�;/),�26m>?K*K3<�%5��45�2+�;/4p'���45),%�(3EF��'
EF��K3-D[BW =�B>&4.�B;/1t;A^�(*1�^�;/K3^/-/%�(*+5�&9¢%5��4.�2+.+5(P1�^�;/K3+.�2%�1&;A+5(*C/��K3<`+5�&�0E?(3+54a-/6M+5����B�),-�>&1h+.�2%�42W

�@4";Q459�;/K*KM(*9�#?%5-DC/��9���1h+u-�1�+5����>�#�'&;A+5(*1�^`#&%5��4.��1h+.��'�(*1�RTH/J
V�d�;A6m+.�2%0+5���]%5��4.�2+2d�[Y���?(3#�+5���
45(3^�1?(3q?)2;A+5(3-�1Q-/6�+5���0E?(*+54p>&c�;/1&'L>�zu-/6M+5���0>?4.�26m>?K�),-�>&1�+.�2%7+5(*K*Kl+5���B1&�,jw+p%5��45�2+2�

& %���4.�2+'�7-`HA1e��zA��>�zZ/uce�&>&1h+5(*KF%5��4.�2+'�7-`HA1���>j/ HA>�zZ9u>&c

& %���4.�2+'�7-`HA1��Z>&c*/"ce�?>&1h+5(*Kl%5��4.�2+'�7-`HA1]9]zA��>]/ HA>&cI9u>�z

& %���4.�2+'�7-`HA1]9]zA�Z>�zZ/uce�?>&1h+5(*Kl%5��4.�2+'�7-`HA1]90Hw�Z>]/ HA>�zZ9u>?c

���&��#F�2%�(3-e'�>&4.��'�(*1�+5��� #&%���4.��1�+.��'I#&%5��'&(P),+.-/%�68-/%�+5�&(*4�;/K*+.�2%�1&;A+.� %���4.�2+.+5(*1�^i(*4ZJez�H
	yE&%�;/1&)N����42W
X 1\RTH/J
V�dM+5���o#&%5-/#F-�4.��'=#F�2%�(*-w'=[a;/4]H/J/U
	 E?%�;/1&)��&��4B6m-/%i;�U
} 	"E?(3+54b#&%5��'?(*),+.-/%�W X 1�#&%�;/),+5(*),�/dM[Y�
6m-�>&1&'Q+5�&;A+�+5�&�0-/#&+5(*9�;/KF#F�2%�(*-w'Q45K*(*^���+5K3<o(*1&),%5��;/45��4p[ (3+5�Q+5���045+.-/%�;A^/�BE?>?'�^/�2+p-/6M+5���"#&%5��'&(P),+.-/%�W
� x�gMU�N[L!e�� N�� k s h k gML p NPLRQbe�u�Qjy�ejN k hPS ���&�Y#?%5��'&(*),+5(3-�1i),-�>&1h+.�2%�-/6?+5�&�p#&%5-DCe(*'��2%�),-�9�#F-�1���1h+
(*4O>�#�'&;A+.��'�W  ����1n+5���S>&45�26m>&Ku),-�>&1h+.�2%L-/6i+5���=#&%5-GCw(P'��2%O),-�9�#F-�1���1�+L(P4O1h>&KPK d�+5���S;/K3+.�2%N1&;A+.�
#&%5��'?(*),+5(3-�1O(*4p;/K*45-�>�#�'&;A+.��'�W
d"%(%RQ p U�N[L!e)� � U��*� k g+!¤ejNuh
L k S�Qbe-,%L.S?x`h k g�L p N[L.Q¸e S �"1O9�(*4.#&%���'&(*),+5(3-�1&4a;A+@9�-�4.+�-�1��B��1�+.%5<
(*4p;/K*K*-w)2;A+.��'�W

X 6h+5�&��#&%5-GCw(*'&�2%�),-�9�#F-�1���1�+���(/(*4�1�-/+�+5���Z),-�9�#F-�1���1h+�>&45(*1&^p+5����K3-�1�^/��4.+��&(*4.+.-/%5<���( WT�/W3dP(. + �Nd
[Y�0+.%5<o+.-I;/K*K3-e)2;A+.�B;/1O��1h+.%5<Q-�1L;�#&%���'&(*),+.-/%�),-�9�#F-�1���1h+ �p�o[ (3+5� (/.10 ' +

���&�0;/K*K3-e)2;A+5(3-�1O#&%5-e),��454�(P4p'���45),%�(3EF��'oEF��K3-D[BW
���&� �O��(*2�3�),-�>?1�+.�2%�4�;A%5��%5��;/'I68%�-�9 #&%5��'&(P),+.-/%Z),-�9�#F-�1���1h+54Z���2d (.�4t' + W�������1�[Y� ;A#&#?K*<

+5���06m-�K*K3-G[ (*1�^i%�>&K*��42W

�



��� r���� ���
	��� z }¸t w ��� z{r�� y|w���� z

���u�Q�7C/-�(*'&(P1�^�#?(*1�^A��#F-�1�^�#?����1&-�9���1�-�1��Q(*1s+5���O#&%���4.��1�+.��'�#&%5��'&(*),+.-/%DdZ+5���L4.��;A%N)���6m-/%�;=6m%5�2�
��1h+.%5<QEF�2^�(*1&4p-�1L+5;AE?K3�B�pE�d�[ (3+5�OEj/"(R9]z@[ (3+5�Q#&%�-/E?;AE?(*K*(*+�<vz��AHwd�Ej/u(R90Hwd�[ (3+5�Q#&%5-/E�;AE?(*K*(3+ <
z��G}o;/1&'OEj/"(R9"�b[ (3+5�Q#&%�-/E?;AE?(*K*(*+�<tz��G}�W
� ����#?4.��>?'�-A��%�;/1&'�-�9 ^/��1��2%�;A+.-/%M>&4.��'0(*10+5����#&%5��45��1�+.��'B#&%5��'&(*),+.-/%�(*4�;�4�(*9�#?K3��HG��E?(*+�),-�>&1h+.�2%�W

�A��� X 1&(3+5(P;/K*(3_�(*1�^`+5����;/K*K3-e)2;A+.��'=��1h+.%5<l�u�@1S;/K*K*-w)2;A+.��'=��1h+.%5<�(*4"(*1&(*+5(*;/K*(3_2��'t[ (3+5��+5����#&%���'&(*),+5(3-�1
),-�>?1�+.�2%@4.�2+�+.-�[Y��;A�L),-/%5%5��),+2WY�a-�>&1�+.�2%�B�(*4p(*1&(3+5(P;/K*(3_2��'`+.-`cL��( WT�/W3d��e>A@_^ai�� i]^a> B���d��gB;l��NW

	 U�N[L.Q¸e U*% k Q # N�� k � x&g U�N k s Q %.L p�
 �����i>�#�'&;A+.�0#F-�K*(*),<Q(*4 '&��45(3^�1���'O+.-Q9�(*1?(*9�(3_2�u+5���b68-w-/+��
#&%�(P1�+ (P1&'&>&),��'OEw<t;`45(*1�^�K3�o�mE&%�;/1&)N��dl�?(*4.+.-/%5<&�a#?;/(*%�W��V> h�^�� >�^
iDd7+5;A^/^/��'���1�+.%5<L(P47;/K*K*-w)2;A+.��'v-�1
;o9�(*4.#&%���'&(*),+5(3-�1�W7�����b45��K3��),+5(3-�1�-/6�+5���]��1h+.%5<L+.-oEl�];/K*K3-e)2;A+.��'�(*4@9�;/1&;A^/��'�+5��%5-�>�^���+5���]>&4.�26�>&K
),-�>&1h+.�2%CBeWZ�����uCA;/K*>��u-/6 Bi(*4a#F-�45(*+5(3C/�u<`(36�+5���2%5�"[a;/4�4.-�9��"#F-�45(3+5(*C/�@EF��1��2q?+�6m%5-�9¢+5�&(P4���1h+.%5<Q(*1
+5���"��%5��),��1h+ �]#?;/4.+2de( WT�/W3de+5�&(*4���1�+.%5<`�&;/4�;DC/-�(*'���'Q;i9�(*4.#&%���'&(*),+5(3-�1�4�(*1&),�7(*+54�;/K*K*-w)2;A+5(3-�1`-/%a+5���uK*;/4.+
+�[Y-I^/%N;/),�26m>&K�%5��4.�2+54�-/6 B�),-�>&1h+.�2%�42W

�@K*(*;/45(P1�^BRTH/�AVe�&;/4�;79�;G�.-/%M(P9�#?;/),+�-�1i45(*9�#?K3��#&%5��'?(*),+.-/%�42�/4.-�9���%�;/1&'�-�9I1���454�(P10+5���a;/K*K3-e)2;A+5(3-�1
#F-�K*(*),<o(*4p>&4.��'O+.-`;�C/-�(*'t#?(*1�^A��#F-�1�^i#?����1�-�9���1&;]+5�&;A+ 4.-�9��2+5(*9���4 4�K*(3^��h+5K3<I(*9�#�;/),+�;/)2)2>�%�;/),</W

M� � � ²¨±�²-³J° � ±��0® °��0³{®o���à° ��� � " $���������� «������&± � Z�0³J°/��±

�����a������� �u!�#&%5��'&(*),+.-/%M),-�9bE?(*1���4M;u��� �"!S#&%5��'?(*),+.-/%�;/1?'i;uK3-w-/#]#&%5��'&(P),+.-/%aRTU
V�W����&��#&%���'&(*),+5(3-�1
(*4�Ew<s'��26m;/>?K3+�#&%5-GCw(*'&��'sEh<s+5���t��� �u! #&%5��'&(P),+.-/%I;A#?;A%5+�[7����1s+5���tK3-w-/#�#&%���'&(*),+5(3-�1��&;/4I�&(3^��
),-�1�q?'&��1&),�/W

�!q4rYq � � k�� Q!Q]x s h k gML p N[Q h�u�Q]w x�Qbe k ejN

������K*-h-/#�#?%5��'&(*),+.-/%�45(P9�#?K3<0+.%N(3��4�+.-B(*'&��1�+5(36m<B%��2^�>&K*;A%ZK3-w-/#?4M[ (*+5��),-�1&4.+5;/1h+Z1w>&9BEF�2%�-/6F(3+.�2%�;A+5(*-�1&42W
���&�iK3-w-/#�#&%5��'&(P),+.-/%7#&%�-DCe(*'���47+5���]^�K3-/E?;/K�#&%5��'&(P),+5(3-�1L[ �&��1t+5����K3-w-/#=�&;/4u45>&)2),��454�(3C/��K3<LEF�2��1

�,je��)2>�+.��'$�x+5(*9���4Q[7(3+5�~+5���=45;/9��S1w>&9BEF�2%Q-/6](3+.�2%�;A+5(3-�1&4�W ������K3-w-/#n#&%5��'&(P),+.-/%Q>?4.��'n(*1~+5���
45>�E�9�(*4545(*-�1I6m��;A+5>�%5��4@H/J/U]��1�+.%N(3��4 ;/1&'O(P4p}A��[Y;D<L;/454.-e)2(*;A+5(3C/�/W

!�;/)��O��1h+.%5<Q),-�1&45(*4.+54a-/6M;]#?;/4.+p(3+.�2%N;A+5(3-�1O),-�>&1h+�-�1=z,}�E?(3+542d�;�)2>�%�%5��1�+p(3+.�2%N;A+5(3-�1L),-�>&1h+p-�1=z,}
E?(3+54�d�;`#?;A%5+5(*;/K�+5;A^`-�1xz,}`E�(3+542d�;o),-�1�q?'&��1&),�b),-�>&1h+.�2%u-�1�HIE?(3+547;/1&'t;/1�;A^/�]),-�>&1h+.�2%@-�1�gIE?(3+542d
( WT�/W�J/H�E?(3+54a#F�2%p��1�+.%�</W������0K*-h-/#O#&%���'&(*),+.-/% 4.+.-/%N;A^/�B(*4p+5���2%��268-/%5�`z���	"E?(3+54�W

� �2#?K*;/),��9���1h+�#F-�K*(*),<i(*4�E?;/4.��'�-�1�+5��� ;A^/�/W��@1���1h+.%5<�)2;/1�EF�p%5�2#?K*;/),��'�-�1&K3<b(*6l(3+54Z;A^/� ),-�>&1h+.�2%
(*4u1w>&K*K W0�u1�;/K*K3-e)2;A+5(3-�1�d�;A^/��(*47q&%�4.+u4.�2+u+.-LH/J/JwWb�7^/�](P4@'&��),%5��9���1h+.��'�[ ����1��2C/�2%u+5���]��1h+.%5<t[a;/4
;`#l-�4�45(3E?K3�"%��2#?K*;/),��9���1h+7+5;A%�^/�2+@;/1&'�(*1&),%���9���1�+.��'v[ ����1t+5���i��1�+.%5<v(*4 >&45��'v;/1&'v�&;/4@#&%5-GCw(*'&��'t;
CA;/K*(*'S#?%5��'&(*),+5(3-�1�W��7^/�O(*4B%���4.�2+]+.-v_2�2%5-�[ �&��1��2C/�2%]+5���QE&%�;/1&)N��(*4i'��2+.�2%�9I(*1���'x;/4i1&-/+iEF��(*1&^v;
%5�2^�>&KP;A% K3-w-/#�W

�!qOp!q � � k�� d"� ! s h k g�L p NZQ h�u�QjwEx�Q¸e k ejN

�!qOp!qArYq � U���� L�g N�� � hPUvg k Q��

�@45(*1�^B;iK*;A%5^/�7+5;A^b[7(*'�+5��K3��;/'?4Z+.-b[Y;/4.+.�@#?;A%5+�-/6�+5���@4.+.-/%�;A^/�@[ �&(*K3��>?45(*1�^B;B+.-h-]459�;/KPK&+5;A^i[ (*'�+5�
K3��;/'&4�+.-i6m;/K*45� +5;A^�9�;A+5)��Q'��2+.��),+5(*-�1&42W�!�je#F�2%�(*9���1h+54Z4���-D[Y��'o+5�&;A+�-�1&�7)2;/1Q>&4.�@1&;A%5%5-G[��2%a+5;A^�4Y-�1
+5���0+5;AE�K3��4p[ (3+5�O4�9�;/K*K3�2%��&(P4.+.-/%5<`K*��1�^/+5�&4�;/4�'&��45),%�(3EF��'Q(*1�RTH/J
V�W

Ò



� r sÛtvrow

�!qOp!q p!q W�y w�� k h*Q # N�� k � d"� ! s h k g�L p NZQ h � U�� % k S
� -/%Q;�H/J/U 	"E?(3+54�#?%5��'&(*),+.-/%�dY+5���LEF��4.+`;/)2)2>�%�;/),<�[Y�L68-�>?1&'�(*4�;/)N�&(3�2C/��'\Eh<�;\z��S),-�9�#F-�1���1h+54
��� �u! #&%���'&(*),+.-/%�WB¡7-D[Y�2C/�2%�d�(*1�RTH/J
V�d�[Y�]4���-D[Y��'�+5�&;A+0�&(3^���;/)2)2>�%N;/),<�)2;/1�EF��;/)��&(*�2C/��'=[ (3+5��;
1w>&9BEF�2%p-/6�),-�9�#F-�1���1h+54�;/4 K*-D[$;/4 JwW

�!qOp!q �6q J LAw k e SZL.Q¸eML!e)�EN�� k � d � ! s h k gML p NZQ¸h � U���% k S
=�`)N����)5�/��'s+5�?;A+2d�6m-/%b;�H/J/UX	"E�(3+54u#&%5��'&(P),+.-/%b;/1&'=6m-/%B+5�&�IEF��1&)��?9�;A%5��+.%�;/),��4B-/6p+5�&�I)��&;/9�#?({�
-�1&45�?(3#�dD+5�&��#&%���'&(*),+.-/%�+5;AE�K3��4M>&45(*1�^�K*-�1�^@�?(*4.+.-/%�(3��4�)2;/1bEF�Y459�;/K*K3�2%�+5�&;/1b+5����+5;AE�K3��4�>?45(*1�^ 9���'&(*>&9
�&(*45+.-/%�(3��42Wa��;AE�K3��4 >&4�(*1�^�45��-/%�+ �&(*4.+.-/%N(3��4�)2;/1�;/K*4.-�EF�B459I;/K*K3�2%�+5�&;/1t+5;AE?K3��4@>&45(*1&^�9���'&(*>&9¢�?(*4.+.-A�
%�(3��4�W

�!qOp!q��Tq l y w w Uvh 
 Q # N�� k � d �"! u Q]w x�Q¸e k ejN u �TUvhPU p N k h
L.S�N[L p S
��������� �u!y#&%5��'&(P),+.-/%"68��;A+5>�%���4�z�HQ+5;A^/^/��'x),-�9�#F-�1���1�+54B;/1&'S;QE?;/4.�IE?(*9�-e'&;/K�#&%5��'&(P),+.-/%�W�¡ <e4��
+.�2%5��45(P4ZE?(*+54Z;A%5�@45�&;A%5��'`-�1I+5�&� E?;/4.�7#&%5��'&(P),+.-/%�W�!Z;/)��`��1h+.%5<I(*1�#?%5��'&(*),+.-/%Y+5;AE?K3�@��(�6m��;A+5>�%5��4a;C (
E?(3+54a[7(*'��u+5;A^�d�;I�G��E�(3+p#&%5��'&(P),+5(3-�1O),-�>&1h+.�2%7;/1&'O;IHG��E�(3+�>&4.�26�>&K�),-�>&1h+.�2%�W

���&�"#&%5��4.��1h+.��'L#&%���'&(*),+.-/%�>&4.��4�}I;/4 (3+54 9�(*1&(*9i>&9��&(*4.+.-/%�<oK3��1&^/+5�L;/1&'tU
}�c�;/47(3+54�9�;
j�(*9i>&9
�&(*45+.-/%5<`K3��1&^/+5��W

���&� )��&;A%N;/),+.�2%�(*4.+5(*)24Y-/6�+5���7��� �u!s#?%5��'&(*),+.-/%Y),-�9�#F-�1���1�+54Y;A%5�@45>&9�9�;A%N(3_2��'�(*1���;AE?K3�izAW������
(*1&)2KP>&'���'Q��� �"!r#&%���'&(*),+.-/%p6m��;A+5>�%5��4 ;�+.-/+5;/K�-/6�H
}&zAW J*	"E�(3+54a-/6�#?%5��'&(*),+5(3-�1O45+.-/%�;A^/�/W

�a;/4.� �0zAd�� H � �wd��p} � J � U � f �7gwd�� � �0z2c �0z/z �Bz�H
�&(*45+2WMK*��1�^/+5� c }�d U z2ced*z�U H/J }�c U
} z2c�zAd*z�UAc H/J
} }�c�� U
}�c
��1h+.%�(3��4p#&%���'�W z�U
	 z�	 H
	 H
	 H
	 z�	 z�	 z�	 ceW J
	 ceW J
	
��1h+.%�(3��4��h<w45+2W } 	
��;A^�[ (*'�+5� f g � z2c z/z z�H z�� z,} z�J
4.+.-/%�;A^/�Q�mE?(3+54N� HAca	 z�H
	 H/U
	 H/g
	 �Aca	 z�U
	 z f 	 z�g
	 �wW J
	 z2ca	

��;AE?K3��zA�a�a�&;A%�;/),+.�2%�(P4.+5(*)24p-/6�+5���B��� �u!\#&%5��'&(*),+.-/%7),-�9�#F-�1���1�+54�W

�!q �6q�� e # Q h
w U�N[L.Q¸e � S k g # Q¸h � e�g k	� L!e��EN�� k�
 hPU e p � s h k g�L p NZQ¸h
�!q �6qArYqts U�N�� U e�g 
 hPU e p ���L.S�NZQ¸h 

�����]#&%���'&(*),+.-/%"),-�9�#F-�1���1h+54";A%5��(*1&'��,je��'�>&45(*1&^o;Q�&;/45��6�>&1&),+5(*-�1v-/6�+5����#&%5-/^/%N;/9 ),-�>&1�+.�2%Dd�+5���
^�K3-/E?;/K�E&%�;/1?)����&(*4.+.-/%�< ���Ib � >p��(*1&)2KP>&'&(*1�^�1&-�1e��),-�1&'&(3+5(*-�1&;/K�E&%N;/1&)�����4u;/4u(*1sRTHAcAVm�7;/1&'�;���KP(*9�(3+.��'��
z�UG��E?(3+ #?;A+5�L�&(*45+.-/%5<�\�� b �e>�),-�1&45(P4.+5(*1�^]-/6az0;/'&'�%5��4�4pE?(3+a#F�2%pE&%�;/1&)N��W

�!q �6q p!q J L.S p h
LAw L!e U�N[L!e���� k h�e k % U eXg � S k h 
 hPU e p � S
	"�2%�1&��K�;/1&'r>?4.�2%`),-e'���4o;A#&#F��;A%`(*1�+5�&�t+.%�;/),��42W X 1�#?%�;/),+5(*),�v(P1�+5���t+.%N;/),��42d�[Y�t[Y�2%5�v;AE?K*�L+.-
'&(*4�),%�(*9�;A+.�t>?4.�2%o),-e'���68%�-�9 �/�2%�1?;/K +5��%�-�>�^��r+5�&��;/'&'&%5��454`%�;/1�^/�/W X 1r-/%�'��2%Q+.-x;DC/-�(*' �&(*4.+.-/%�<
#F-�K*K*>�+5(*-�1OEh<t�/�2%�1���KM),-w'&�/dl[Y��>&4.�b+�[Y-L4.�2+54@-/6��&(*45+.-/%�(3��42�a+5���]>&4.�2%"�&(*45+.-/%5<L(*4@>�#�'&;A+.��'t-�1?K3<O-�1
>&4.�2%aE&%N;/1&)�����4�dw�/�2%N1���KF�&(*4.+.-/%5<`(*4a>�#�'&;A+.��'I-�1O;/KPK?E&%N;/1&)�����4�W��e>&)��Q>&45�7-/6�+�[Y-�'&({kF�2%5��1�+a�&(*45+.-/%�(3��4
6m-/%��/�2%�1���K�;/1?'L>&4.�2%�E?%�;/1&)��&��4p[Y;/4 ;/K*4.-I(*1?'��2#F��1&'���1h+5K3<�#&%5-/#F-�4.��'O(*1SR{z��AV�W

ÿ



��� r���� ���
	��� z }¸t w ��� z{r�� y|w���� z

�!q �Tq � Q�NZU % s h k gML p N[Q h l NZQ¸h[U*� k 
 y�g�� k N
�7#?;A%5+u+5���]#&%5��'&(P),+5(3-�1�+5;AE?K3��4.+.-/%�;A^/�/d�+5���]#&%5��'&(*),+.-/%">&45��4u+�[Y-tU
}�cOE?(3+54@^�K3-/E?;/KM�&(P4.+.-/%5<LC/��),+.-/%�4�d
+�[Y-�z�U�E?(*+54p#?;A+5���&(*4.+.-/%5<oC/��),+.-/%�42d�;I}IE?(3+54��u��! �@�e� ��� �@� ),-�>&1�+.�2%Ddl;vz���E?(3+547),-�>&1h+.�2%76m-/%
^/%�;/),�26�>&K*K3<I%5��4.�2+.+5(*1�^i+5��� Bb),-�>?1�+.�2%�4�d&;]HG��E�(3+Y),-�>?1�+.�2%�;/4a#?45��>&'�-A��%�;/1&'&-�9 ^/��1&�2%�;A+.-/%�;/1&'Q; f ��E?(3+
),-�>&1h+.�2%  X � ¡7�M�0�V�n+.-t'&�2+.�2%�9�(*1���+5�&��>&4.�26�>&K*1���454u-/6Y+5����K3-w-/#S#&%���'&(*),+.-/%�W����&;A+b(*4";/1=�,je+.%�;
4.+.-/%�;A^/�b-/6YzAd �
}/}oE?(3+54�W

���&�2%5�268-/%���+5����#&%5��'?(*),+.-/%B>&4.��4B;O+.-/+5;/K�-/6�H
}&zAW J�	"E?(3+54u6m-/%0+5���I��� �u!|#&%5��'?(*),+.-/%"+5;AE?K3��42dYz��
	"E?(*+54p68-/%7+5���bK*-h-/#v#&%5��'&(*),+.-/%7;/1&'�zAd �
}/}oE?(3+54 -/6��,je+.%�;o4.+.-/%�;A^/�/dF( WT�/W3d�;I+.-/+5;/K�-/6ZH/UezAd �/J/Ho4.+.-/%N;A^/�
E?(3+54�W

������� �  ��� �?	 °�²b°���� 	$� ®�®A� � ®
�6q4rYq � � k s h k g�L p N[L.Q¸e 	 k S?x�QbeTS k � LAw k
�e(*1?),�b+5����K3-w-/#�#&%5��'&(P),+.-/%@6m��;A+5>�%5��4";Q459I;/K*K�1w>&9bEF�2%@-/6���1�+.%N(3��42dF+5���]%5��4.#F-�1&4.�i+5(*9��]-/6�+5����45>�E��
9�(3+.+.��'L#&%5��'&(*),+.-/%�(P4�'�-�9�(*1?;A+.��'QEh<o+5���B��� �u!\%5��4.#F-�1&4.�"+5(*9��/W

���&��#&%5��'&(*),+5(*-�1�%5��4.#F-�1&4.�]+5(*9���-�1�9�-�4.+0^�K3-/E�;/K��&(*4.+.-/%�<t#&%5��'?(*),+.-/%�40(*1hC/-�K3C/��4"+5�&%5�2�I),-�9�#F-A�
1���1h+542�t+5�&�t(*1&'��,js),-�9�#?>�+5;A+5(*-�1�da+5���L#&%5��'?(*),+.-/%�+5;AE?K3�t%5��;/'r;/1&'�+5���L#&%5��'?(*),+5(3-�1�),-�9�#?>&+5;A+5(3-�1
K3-/^�(*)AW

X +�[a;/4 45��-G[ 1t(P1SRTHAcAV�+5�&;A+ C/�2%5<O45(*9�#?K*�u(P1&'��,j�(*1�^]6m>?1&),+5(3-�1&4p>&4�(*1�^�;�45(P1�^�K3�04.+5;A^/�b-/6��G����1h+.%5<
�,j�)2K*>&45(3C/�,� � � ^�;A+.��4Y)2;/1IEF��>&45��'�6m-/%�(*1&'&�,je(*1&^@+5�&��#&%5��'&(P),+.-/%Z),-�9�#F-�1���1h+54Z[ (*+5��-�>�+�45(3^�1?(3q?)2;/1h+5K3<
(*9�#�;/(3%�(*1�^Q+5���o#&%5��'?(*),+5(3-�1S;/)2)2>�%N;/),</W X 1�+5�&�`45(*9i>&K*;A+5(*-�1S%5��45>?K3+540#&%���4.��1�+.��'x(*1�+5�&(*40#�;A#l�2%Dd�6�>&K*K
�&;/45�~6�>&1&),+5(3-�1?4`[Y�2%5�S>&45��'�W ¡7-D[Y�2C/�2%t�,je#l�2%N(*9���1h+54o>?45(*1�^x+5���S�G����1�+.%�<~�,j�)2K*>&4�(3C/�,� � � (*1&'&�,jh�
(*1�^O6�>&1&),+5(*-�1&40'���45),%N(3EF��'=(*1rRTHAcAVa45��-D[Y��'�;tC/�2%5<S45(*9I(*K*;A%u+.-/+5;/K�9I(*4.#&%5��'?(*),+5(3-�1=1w>&9BEF�2%�4��19"ceW�c��
9�(*45# �P	 X �NW

���&�B#&%5��'?(*),+.-/% +5;AE?K*�B%5��;/'�'���K*;D<L'��2#F��1&'&4p-�1v+5���b4�(3_2�B-/6�+5;AE�K3��42W7�u1t+5���i��� �u! #&%���'&(*),+.-/%�d
+5���=�m#?;A%5+5(*;/Km�u+5;A^�4�;A%5�Q1��2��'���'�68-/%i+5���o#&%5��'&(P),+5(3-�1�),-�9�#�>�+5;A+5(3-�1�W������I+5;A^=),-�9�#�>�+5;A+5(3-�1x9�;�<
4.#?;/1`'&>�%�(P1�^u+5��� (*1&'&�,j]),-�9�#�>�+5;A+5(3-�1o;/1&'�+5;AE?K3�7%5��;/'�[7(3+5��-�>�+�(*9�#?;/),+5(*1�^0+5�&��-DC/�2%�;/KPK?#&%���'&(*),+5(3-�1
),-�9�#?>&+5;A+5(3-�1O+5(*9��/Wa�Y-�9�#?K3�,jQ�&;/45�O6�>&1&),+5(*-�1&4p9�;�<Q+5����1LEl�"(*9�#?K3��9���1h+.��'�W

���&�7K*;/4.+a4.+5;A^/�"(*1I+5���7#?%5��'&(*),+5(3-�1`),-�9�#?>�+5;A+5(*-�1I-�1o+5���@��� �u!�#&%5��'&(*),+.-/%a),-�1&45(P4.+54�(P1�+5���@+5;A^
9�;A+5)N�t6m-�K*K3-G[���'tEh<Q+5���0#?%5��'&(*),+5(3-�1O45��K3��),+5(3-�1�Wa�����"+5;A^o9�;A+5)���),-�9�#?>�+5;A+5(*-�1&4 ;A%5�b#F�2%568-/%N9���'O(*1
#?;A%�;/KPK3��Kl-�1L+5���"+5;A^�4f�&-D[7(*1�^]-�>�+�6m%5-�9¢+5���"+5;A^/^/��'�),-�9�#F-�1���1h+542W

���&�2%5�268-/%��/dY-�1r;/1r;A^/^/%5��454�(3C/��K3<s#?(3#F��K*(*1&��'�#&%�-w),��4545-/%�d�+5�&�L%5��4.#F-�1&4.�O+5(P9��L-/6u+5���t������� �u!
#&%5��'?(*),+.-/%�(*4�>&1?K*(3�/��K3<�+.-IEl�0;�4�(*1�^�K3�"),<e)2K3�/d&E?>�+�9I;�<QEF�0)2K3-�4.�"+.-I+5�&%5�2�0),<w)2K*��42W

���&�2%5�268-/%��@(36F+5���u45>�E�9�(3+.+.��'I������� �"!�#&%5��'&(P),+.-/%Z[a;/4a+.-bEF�7(P9�#?K3��9���1h+.��'I'?(3%5��),+5K3</de(3+�4���-�>&K*'
EF�0>&4.��'O;/47;/1O-DC/�2%5%N(*'&(*1�^]#&%���'&(*),+.-/% ;/4545-w)2(*;A+.��'t[ (3+5�O;�6�;/4.+p#&%���'&(*),+.-/%b�m�/WT^�WY;�E?(*9�-e'&;/Kl+5;AE?K3�G�NW

�6qOp!q �XQ H NZQédIg�g`h k S?S � d"� ! s h k g�L p NZQ h 	 k S?x�Q¸e S k � LAw k�� d"� k Uvg s L.x k %.L!eML!e)�
X 1�-/%N'��2%]+.-�#?%5-DCe(*'��o+5���Q#&%5��'&(P),+5(3-�1�(*1x+5(*9��`6m-/%�1��,jw+�(*1?4.+.%�>&),+5(3-�1�E?K3-e)5��;/'&'�%5��454b^/��1��2%�;A+5(*-�1�d
;/����;/'�#?(3#F��K*(*1&(P1�^�[a;/40#&%5-/#F-�4.��'=(P1�RTH
}/V�;/1&'S'&�2+5;/(*K3��'S(*1�RTH/�AVZ68-/%B^�K3-/E?;/K��&(P4.+.-/%5< �G#?;A+5�=E&%�;/1?)��
#&%5��'?(*),+.-/%�42W"�����2%��268-/%5�]+5����;/)2),��4540+.-o+5�&�]��� �u!n#?%5��'&(*),+.-/%")2;/1�EF�i;/�&��;/'�#?(3#F��K*(*1���'t>&45(*1�^`+5���
45;/9��B#&%�(*1&)2(*#?K3�7;/4 '���45),%�(3EF��'Q6m-/%�+5���b�0�"!Z¡@��#&%���'&(*),+.-/%BRTHAcAV�;/1?'O(*K*K*>&45+.%�;A+.��'Q-�1 � (3^�>�%5�BHwW

���&�Y#?%5��'&(*),+5(3-�1b+5;AE?K3��4�;A%��p%5��;/'�>&45(*1&^7+5�����7��E&%�;/1&)N��;/����;/']#&%�-/^/%�;/9 ),-�>&1h+.�2%�d�+5�����7��E&%�;/1&)N�
;/����;/'x^�K3-/E?;/K��&(*4.+.-/%�<S;/1&'�+5�&���7��E&%�;/1&)N��;/����;/'x#?;A+5�x�&(*45+.-/%5</W��u1���;/)��s-/6p+5���o+5;AE?K3��4�d�H�	f7 ,
;/'
�5;/),��1�+54i��1h+.%�(3��4b;A%5�I%5��;/'�WOH 	f7 , #F-�454�(3E?K3�]#&%5��'?(*),+5(3-�1&40;A%��`),-�9�#?>&+.��'�(*1=#�;A%�;/K*K3��K�;/1?'�(*1�6m-/%.�

ç



� r sÛtvrow

A
 +

  H
a

A B C D

4  parallel prediction computations

bc

� (3^�>�%5�BHw�f��%�(*1?)2(3#?K3�a-/6��G��E?K*-w)��I;/����;/'`E&%�;/1&)N�I#&%���'&(*),+5(3-�1��M(*1�6m-/%�9�;A+5(*-�1�-�1oE&%�;/1&)N�`�n(*4Y>&4.��'I+.-
#&%5��'&(*),+@+5���]-�>�+.#?>&+@-/6�E&%�;/1&)N�S�@��(*1�6m-/%�9�;A+5(3-�1�-�1�E?K3-e)5���y;/1&'��y(*4u>&45��'�+.-Q45��K3��),+
+5���0q?1&;/KF#?%5��'&(*),+5(3-�1�W

9�;A+5(3-�1�-�1�+5�&��K*;/4.+ � ��z]E?%�;/1&)��?4���z]E?(3+@#l�2%0(P1�+.�2%�9���'&(*;A+.�]E&%�;/1&)N���7(*4u>&4.��'�+.-L4.��K*��),+"+5���]q?1&;/K
#&%5��'?(*),+5(3-�1�W��@����;/'Q#?(3#F��K*(*1?(*1�^0(*1&'?>&),��4a4.-�9��0K3-�454a-/6�#&%5��'&(P),+5(3-�1Q;/)2)2>�%�;/),<Q-�1O9���'&(*>?9�4�(3_2�u#&%5�,�
'&(*),+.-/%N42d�9�-�4.+5K3<i'&>��a+.-B;/K*(P;/45(*1�^7-�1�+5���pE?;/4.�a#&%���'&(*),+.-/%�W X +�(P4�;/KP4.-01���),��4545;A%�<b+.-0)N����)5�w#F-�(*1�+ZH�	f7 ,
#&%5��'?(*),+5(3-�1&4Y+.-IEF�";AE?K3�"+.-I%5��45>&9��"[7(3+5��-�>�+�'���KP;�<o-�1L;�E&%�;/1?)��L9�(P4.#&%5��'&(P),+5(3-�1�RTH
}�V�W

� -/%b+.%�;/1&45(*+5(3-�1&4u6m%5-�9 >&4.�2%b9�-w'&��+.-L�/�2%�1���K�9�-w'���;/1?'=Cw(P),�,��C/�2%�45;ed�[��I9I;A�/�I+5����6m-�K*K3-G[ (*1�^
�h<h#F-/+5����45(P42�YzD�Z�����7q&%�4.+Z+�[Y-iE?%�;/1&)��&��4�;A6m+.�2%Y;b+.%�;A#o-/%Y;/1o�,j�),�2#&+5(3-�1o;A%5�@#&%5��'&(*),+.��'`(*1I;b4.#F��)2(*;/K
[a;�<�>&45(P1�^�z ��E?K3-e)5��;/����;/'`(*1�6m-/%�9�;A+5(3-�1�68-/%�+5��� q&%N4.+�-�1��7;/1?'`HG��E?K3-e)5��;/����;/'o(*1�6m-/%�9�;A+5(*-�1�68-/%�+5���
4.��),-�1&'v-�1��/W7H��������bq&%�4.+�+ [�-oE&%�;/1?)�����4@;A68+.�2%@+5���b%5�2+5>�%�1v(*1L+5���i>&4.�2%@),-w'��i;A%5�B#?%5��'&(*),+.��'t[ (3+5�
+5���B;/�&��;/'L(*1�6m-/%�9�;A+5(3-�1O;DC
;/(PK*;AE?K3�"EF�26m-/%5�"+5���"�,j�),�2#&+5(3-�1L-/% +5���0+.%�;A#�W

�6q �6q ��N�� k h � wEx % k w k ejN[U�N[L.Q¸e � S?S[y k S
�6q �6qArYq W�y w�� k h*Q # s h k gML p NZQ¸h�u�Q]w x�Q¸e k ejNZS
�����`),-�9�#?K3�,j�(3+�<�-/6p;t'&��45(3^�1�d�(3+54045(*KP(*),-�1=;A%5��;t;/1?'�(3+54B#l-G[��2%i),-�1&45>&9�#&+5(3-�1S(*1?),%5��;/4.��[ (*+5�=+5���
1w>&9BEF�2%�-/6�),-�9�#l-�1&��1�+542W � -/%u;`H/J/U*	"E?(3+54�#&%5��'&(*),+.-/%Dd&+5���BEF��4.+7;/)2)2>�%�;/),<L[Y�B6m-�>&1&'L(P4�;/)��&(*�2C/��'
Ew<I;Qz,}A��),-�9�#F-�1���1�+�������� �"!�#&%5��'?(*),+.-/%�W�¡ -G[��2C/�2%Dd&+5���"��� �"!�#&%5��'&(P),+.-/%a(P4�;/K*45-��w>&(3+.�7�2�I)2(3��1h+
[ (3+5�O;I9�-/%5�0K*(*9I(3+.��'Q1h>&9bEF�2%p-/6�),-�9�#F-�1���1�+54iRTH/J
V�W

�6q �6q p!q l-k e SZLRN[L��TLRN 
 N[Q���L.S�N[Q h 
 �8k e)�YN�� s UvhPUYw k N k hPS
X +b[a;/4]45��-D[71x(P1~RTH/Jed�HAcAVa+5�&;A+]+5���L�7� �u!Z¡@�n;/1&'x��� �"! #&%5��'&(P),+.-/%�4b;A%��`C/�2%5<�%5-/E?>&45+B+.-�+5���
)��&-�(*),��-/60+5����#?;A%�;/9��2+.�2%�4Q-/6B+5���v^/�2-�9��2+.%�(*)�4.�2%�(3��4o-/6B�?(*4.+.-/%5<�K3��1&^/+5�&42W ���&(*4`#&%5-/#F�2%5+ <�;/K*4.-

�



��� r���� ���
	��� z }¸t w ��� z{r�� y|w���� z

4.+5;/1&'?4a68-/%�+5�&�"#&%5��4.��1h+.��'O#&%5��'?(*),+.-/%p;/1&'O6m-/%p+5���04.�2+p-/6�+.%�;/),��4 >&45��'Q68-/%@� � ��� HwWZ�@1�<Q9�(*1&(P9b>&9
CA;/K*>���(*1�+5����(*1h+.�2%5CA;/K�RTHwd JGVY;/1&'=9I;
je(*9i>&9 CA;/K*>���(*1�+5����(P1�+.�2%5CA;/K�RT�Ac/ced*z2c/c/c
Vp%5��45>&K*+54@(P1=;Q+.-/+5;/K
9�(*45#&%5��'&(*),+5(*-�1`1w>&9bEl�2%p[7(3+5�&(*1OH�� -/6�+5���B9I(*4.#&%5��'?(*),+5(3-�1o1h>&9bEF�2%p-/6M+5���045>�E?9I(3+.+.��'Q#&%5��'&(P),+.-/%�W

�6q �6q �6qts h k gML p NZQ¸h � x�g U�N k � w x % k w k ejNZU�N[L.Q¸e � S?SZy k S

�����B#&%5��'&(*),+.-/%@>�#�'&;A+.�B(*4 #F�2%568-/%N9���'L;A6m+.�2%@),-�9�9I(3+2W������2%5�26m-/%5�0+5�&�b>�#�'&;A+.�BK*-/^�(*)0(*471�-/+ -�1v+5���
),%�(3+5(P)2;/KF#?;A+5��W

�u1=;t),-/%5%5��),+0#&%���'&(*),+5(3-�1�d�;A+09�-�4.+0+�[Y-L#&%���'&(*),+5(3-�1=),-�>&1h+.�2%�4*<Z>A@@;/1?'=+5����>&4.�26�>&K�),-�>&1h+.�2%�B
-/6Y+5����9�;A+5)��?(*1�^L),-�9�#F-�1���1h+09b>?4.+"EF�]>&#F'?;A+.��'�d�( WT�/W3d�;A+09�-�45+0+�[Y-L#&%5��'?(*),+.-/%0),-�9�#F-�1���1h+540;A%5�
;/)2),��454.��'�W

�u1~;�9I(*4.#&%5��'?(*),+5(3-�1�da;�1��2[���1h+.%5<r(*4`;/K*K3-e)2;A+.��'r-�1~;�+5;A^/^/��'n),-�9�#l-�1&��1�+2W$� ���2%5�26m-/%5�/d ;
#&%5��'?(*),+5(3-�1L)2;/1v#F-/+.��1�+5(*;/KPK3<O(*1&'&>&),�0>&#t+.-I+5�&%5�2�b;/)2),��4545��47+.-o+5���b#&%5��'&(*),+.-/%7-�1t;o9�(*4.#?%5��'&(*),+5(3-�1�d
( WT�/dM%5��;/'�-/6�;/K*K�#?%5��'&(*),+.-/%b+5;AE?K3��4B;A+i#&%5��'?(*),+5(3-�1=+5(*9��/d�%���;/'�-/6�;/K*KZ#&%5��'&(P),+.-/%B+5;AE?K3��4b;A+i),-�9I9�(3+
+5(*9��O;/1&'s[ %�(3+.�Q-/6]��;A+`9�-�4.+N�b+�[Y-S#&%���'&(*),+.-/%�+5;AE?K3��4I;A+�>�#�'&;A+.�Q+5(*9��/Ws¡ -G[��2C/�2%�dp+5�&�O%5��;/'�;A+
),-�9�9�(*+b+5(*9��`)2;/1xEF�o;DC/-�(*'���'��I;v6m�2[ E?(*+54B-/6 (P1�68-/%N9�;A+5(3-�1�;DC
;/(PK*;AE?K3�o;A+i#?%5��'&(*),+5(3-�1�+5(*9����m+5���
1w>&9BEF�2%�4M-/6�+5�&��#&%5-GCw(*'&�2%�),-�9�#F-�1���1�+2dT+5�&�7;/K3+.�2%�1?;A+.�7),-�9�#F-�1���1h+2dj<Z>A@M;/1?' BuC
;/KP>���4�6m-/%�+5����4.�7+�[Y-
),-�9�#F-�1���1h+54 ;/1&'Q+5�&�B1h>?K*K*(3+ <�-/6�;/K*KF+5����B�),-�>&1h+.�2%�4N�a)2;/1tEF�u)N����)5�w#F-�(*1h+.��'�W

���&��#&%5��'&(P),+.-/%b)2;/1�+5���2%5�26m-/%5�IEF�I(*9�#?K3��9���1h+.��'�>&4�(*1�^L'&>&;/K3��#l-/%�+.��'=#&%5��'&(P),+.-/%b),-�9�#F-�1���1h+542W
¡7-D[Y�2C/�2%�d�9�-�4.+7>&#F'?;A+.��4�-�1�),-/%5%5��),+ #?%5��'&(*),+5(3-�1?4�),-�1&),�2%�1�;/K3%5��;/'�<O45;A+5>&%�;A+.��'v),-�>?1�+.�2%�4u;/1&'v)2;/1
EF��;�C/-�(*'&��'=+5��%5-�>�^���)�����)��h#F-�(*1h+5(*1�^O+5���`(*1�6m-/%�9�;A+5(3-�1 �ek >AB @ ka> d c <?>A@u;/1&' ��ka>AB;@_ka> d c�BeW �74�(*1�^tH
-/%i}A��E?;/1���4.+.%N>&),+5>�%5�`68-/%i+5���o#&%5��'&(*),+.-/%b+5;AE?K3��4O��;/4i-�1�!��ugt#&%5��'?(*),+.-/%oRTH/H/Vm�0(*4b;v),-�45+����,kl��),+5(3C/�
;/K3+.�2%�1?;A+5(3C/�0+.-�+5���0>?4.�0-/6M'&>&;/K{��#F-/%5+.��'Q#&%���'&(*),+.-/%p+5;AE?K3��4�W

�6q �6q��Tq l x kJp y�%.U�NPL � k , U e U�� k w k ejN

l L.w x % k l x kJp y�%RU�N[L�� k ��LRS?NZQ h 
 , U e U�� k w k ejN �u1S#&%���'&(*),+.-/%B%���K3<w(P1�^O-�1&K3<=-�1�^�K3-/E?;/K��&(*4��
+.-/%5<=;/1&' �G-/%b#?;A+5���?(*4.+.-/%5<�45>&)N��;/4B��� �u! d�+5���o4.#F��)2>&K*;A+5(3C/��9�;/1?;A^/��9���1�+b-/6��&(*4.+.-/%N(3��4")2;/1�EF�
(*9�#�K3��9���1h+.��'v+5�&%5-�>�^��S)2(3%N)2>&K*;A%uE?>ekF�2%�4�R{z�H
V�W � ��45+.-/%�(*1�^O+5����E?%�;/1&)��=�?(*4.+.-/%5<s�m%5��4.#F��),+5(3C/��K3<�+5���
#?;A+5�L�?(*4.+.-/%5<&�Y),-�1&45(*45+54p-/6�%���4.+.-/%�(*1�^�+5�&�B����;/'O#F-�(*1h+.�2%�W


 y6N u�QjwEx % k	� � N k hPU�N[L.Q¸e u�Qjy�ejN , U eTU*� k w k ejN X 1�;S'��2�2#?K*<�#?(*#l��KP(*1���'�#&%5-e),��454.-/%�dY+5���
�,kF��),+5(3Cw(*+�<s-/6";SK3-w-/#�#&%5��'&(P),+.-/%I'��2#F��1&'&4]-�1�;/1\;/)2)2>�%�;A+.��4.#F��)2>&KP;A+5(3C/�t9�;/1&;A^/��9���1�+`-/6@+5�&�t(3+��
�2%�;A+5(3-�1r),-�>&1�+.�2%N42W����&(*4i9�;/1&;A^/��9���1h+`;A#?#l��;A%N4i;/4 �h>&(*+.�Q),-�9�#?K3�,j�45(*1&),�O4.�2C/�2%�;/K (3+.�2%�;A+5(3-�1&4]-/6
+5���Q45;/9��OK3-w-/#x)2;/1xEF�Q(*1��?(3^��h+B;A+]+5���Q45;/9��o+5(*9��/W=¡7-D[Y�2C/�2%IK3-w-/#�#&%���'&(*),+.-/%](*4b(P9�#?K3��9���1h+.��'
>&4.��'o-�1o+5���V����1�+5(*>?9]� �SW����&�2%5�268-/%��7+5�&(P4Y),-�9�#?K3�,j�(3+�<I(P4�),-�1&4�(*'��2%5��'o;/4p9�;/1&;A^/��;AE?K*�@Ew<I;]9�;G�.-/%
9�(*),%�-/#&%5-e),��454.-/%pC/��1&'�-/%DW

�M��$ ± � Z��³J°/��± «þ³{³���± ²¨³��

� ��4�>&K3+54]#F�2%�;A#&#?K*(P)2;A+5(3-�1s-�1�+5���L'&(P4.+.%�(3E?>&+.��'x45�2+�-/6@+.%N;/),��4I;A%5�t'?(*4.#?K*;D</��'s(*1���;AE�K3�tH�6m-/%�+5���
45>�E�9�(3+.+.��'O������� �u!\#&%5��'&(P),+.-/%�W

X 1�-/%�'��2%�+.-b(*K*K*>&45+.%�;A+.��+5�&��#F-/+.��1�+5(*;/Ke-/6F+5������� �u!�#&%5��'&(P),+.-/%�d�[Y��;/K*4.-"#&%5��45��1�+�45(P9b>&KP;A+5(3-�1]%5�,�
45>&K*+54�68-/%a��� �u!x#&%5��'&(*),+.-/%N4�6m��;A+5>�%�(*1�^04�(*9�#?K3�2%��?;A%�'�[a;A%5�7),-�9�#�K3�,je(*+�<l��+5���@(*1&)2K*>?'���'�H
}&zAd J 	0E?(3+54
��� �u!�),-�9�#F-�1���1h+u��1�-iK3-w-/#`#&%���'�W �Ndw;iH/J/U 	"E?(3+547z��G��),-�9�#F-�1���1�+p��� �u!s#&%5��'?(*),+.-/%@��z�������;/1&'o;
H/J/U�	"E?(3+54@gG��),-�9�#F-�1���1h+u��� �u!n#?%5��'&(*),+.-/%�� g����NW � (*1&;/K*K3</dl;/4@+5���i��� �u! #&%���'&(*),+.-/%u)2;/1�'&��K*(3C/�2%

�



� r sÛtvrow

#&%5��'?(*),+5(3-�1�(*1�+5(P9��O#&%5-GCw(*'&��'�+5�&;A+I;/����;/'r#?(3#F��K*(*1?(*1�^v(P4�>&4.��'�dY[Y�t;/K*4.-�(PK*K*>&4.+.%N;A+.�Q4�(*9b>?K*;A+5(3-�1&4
%5��45>?K3+54a68-/%7;I�G��E&%�;/1&)N�t;/����;/'vH/J/U�	"E?(*+54p��� �u!\#&%5��'?(*),+.-/%B� g������@����;/'��NW

���&�u;DC/�2%�;A^/�b;/)2)2>&%�;/),<Q-/6�+5���045>&E?9�(3+.+.��'o#&%5��'?(*),+.-/%p(*4 �!q �6r � w LRSZx�� � � -�1Q+5���0'&(*45+.%�(3E?>�+.��'
4.�2+�-/67+.%�;/),��42W ~����1s+5�&�LK3-h-/#s#&%���'&(*),+.-/%�(*4i+5>�%�1���'x-AkMdZ+5���tH
}&zAd J 	"E?(3+54]��� �u! ),-�9�#F-�1���1h+
;/)��?(3�2C/��4��wW �/U/gB9�(P4.# �P	 X W
~����1I+5����+.-/+5;/K�-/6F+5���7H/J/UC	0E?(3+54�;A%5�7;
kl��),+.��'`+.-B+5���bz��0),-�9�#F-�1���1h+54
-/6Z��� �u!�d��wW �/J f 9�(P4.# �P	 X (*4@;/)��&(*�2C/��'�W"� H/J/U 	"E?(3+54@gG��),-�9�#F-�1���1h+u��� �u!n#?%5��'&(*),+.-/%u;/)��&(*�2C/��4
�wWT}/}�U�9I(*4.# �P	 X [ �&(*K*�@;IH/J/U*	"E?(3+54��G��E?%�;/1&)��t;/����;/'t��� �u!\#&%5��'&(*),+.-/%7;/)��&(3�2C/��4@�wW J/J/H�9�(P4.# �P	 X W

X +0)2;/1SEF��1�-/+.��'=+5�&;A+B+5����EF��1��2q&+u-/6�+5�&�IK3-w-/#=#&%5��'&(*),+.-/%0(P4u��454.��1h+5(*;/K*K3<�9�;A%5^�(*1&;/K�;A#�;A%5+"-�1
z�U
}�WT^/_�(3#�W �e(*9i>&K*;A+5(*-�1&4I-�1 -/+5�&�2%t4.�2+54Q-/6i+.%�;/),��4L),-�1�q&%N9 +5�?;A+2d@-�1?K3<�C/�2%5<~%�;A%5�=;A#&#?KP(*)2;A+5(3-�1&4
�,kF��),+5(3C/��K3<�EF��1��2q&+�6m%5-�9 +5�&�vK3-w-/#�#&%5��'?(*),+.-/%�dY+5���2%5�26m-/%5�v;/4545-w)2(*;A+5(P1�^S+5����K3-h-/#r#&%5��'&(*),+.-/%I[ (3+5�
��� �u!\(P4p#&%5-/E?;AE�K3<I1�-/+�[Y-/%5+5�O+5�&�B),-�9�#?K3�,j�(3+ <`6m-/% ;�%5��;/K�(*9�#?K3��9���1�+5;A+5(3-�1�W
�@45(*1�^=;=9���'?(*>&9 1h>?9BEF�2%]-/6@),-�9�#l-�1&��1�+54t� g���(*1���� �"! (*1&45+.��;/'s-/67+5���OEF��4.+�1w>&9bEl�2%�-/6

),-�9�#F-�1���1h+540��z�����(*9�#?;/),+54Y+5���";/)2)2>�%�;/),<o-�1&K3<�4�K*(3^��h+5K3<���6m-/%Y+5�&�@q�1&;/K�'&��45(3^�1��2%Y+5���")���-�(P),�@-/6�+5���
1w>&9BEF�2%0-/6�),-�9�#l-�1&��1�+54b[ (*K*KMEF�I;L+.%�;/'��2-AkrEF�2+�[Y�2��1�+5���I�,je+.%�;t),-�9�#?K3�,j�(3+�<=(*1&'?>&),��'=Ew<�>?45(*1�^
9�-/%5�B#&%5��'&(*),+.-/% +5;AE?K3��4 ;/1?'L;I459I;/K*K�;/)2)2>�%�;/),<LK3-�4�42W � (*1&;/KPK3</d&;/����;/'L#�(3#F��K*(*1&(*1&^B'�-w��4 1�-/+ (P9�#?;/(3%
C/�2%5<O45(3^�1?(3q?)2;/1h+5K3<�+5���"#&%���'&(*),+.-/% ;/)2)2>�%N;/),<Q;/1?'L)2;/1O+5���2%5�26m-/%5�0EF�"),-�1&45(P'��2%5��'Q6m-/% '���K*(3C/�2%N(*1�^]+5���
#&%5��'?(*),+5(3-�1O(*1Q+5(*9��/W

z�U
} z f J z f U z�gez z�g/U z�� f HAc�z HAc�H HAc�J HAc��
������� �u! z2ceW�c f } �wW�c�z2c �wW H/H/H �wW�cA}�� HwWT}/}�H JwW*z�J/H JwW f z�H ceW � f z ceW �
}�U HwW �/�/�
1�-�K3-w-/#L#&%���'�W z2ceW f g/� �wW�c�z�J �wW H/U/� �wW�c�J/J HwWT}/}�J JwW*z�J/U JwW g/U/g ceW � f H ceW �/J/H HwW �
} f
z���� z2ceW f gez gwW �/�Ac �wW H/H
} �wW�c/c�U HwWT}&z�J JwW*z,}&z JwW g/J/� ceW �/U/g ceW �
}�� HwW �
}�J
g�� z2ceW Uez�J �wW�ceW gAc �wW �/U/� �wWT}/}�U HwW J/�
} JwW �/J/H JwW �ez,} ceW � f � ceWT}��/U HwW �/U/g
g������@����;/' z2ceW g/J
} �wW �/g
} �wW U/H f �wW U/g/g HwW f H/g JwWT}��/g UwW�c�H
} ceWT}�c�U ceW Jez�J HwWT}��/�

Hez�� H/H/H H/H f H/H/g H/J/H H/J/� H/J
} H/J/J H/J/U �Ac/c
������� �u! zAW�c�gAc zAW�c�U/g ceW �/g/U ceW J/�/H ceW Hez�� ceW �ez/z zAWT}�UAc ceW*z��/� ceW�c��/U z��wW H/g
}
1�-�K3-w-/#L#&%���'�W zAW*z�Hez zAW*z/z2c ceW �/�/� ceW J/�
} ceW Hez�� ceW �/H/J zAWT}�U
} ceW*z,}&z ceW�cA}&z z��wW H/g/g
z���� zAW*z/z�� zAW*z/z,} ceW �/� f ceW J/�Ac ceW Hez�g ceW �/H/J zAW J
} f ceW*z,}&z ceW�cA}&z z��wW H/U/�
g�� zAW*z,} f zAW*z,}�U ceW J
}�H ceW U/�/� ceW H
}�c ceW � f g zAW Jez�� ceW*z,}�J ceW�cA}&z z��wW J/H/g
g������@����;/' zAW*z��/J zAW*z�g/g ceW J f z ceW U/�Ac ceW H
}�U ceW �/�/g zAW J/gez ceW*z�U/� ceW�cA}�� z��wW g/U/g

��;AE?K3�BHw�����2%7El��1?)��&9�;A%��`;/)2)2>�%�;/),<L(P1O9�(*4.# �P	 X W

�M� �`� 	 ³� ��8®A��� 	
������>&45�i-/6Y9b>?K3+5(3#?K3�b^�K3-/E?;/KM�&(*45+.-/%5<tK3��1�^/+5�?4"(*1�;o4�(*1�^�K3�iE&%�;/1&)N��#&%5��'&(P),+.-/%@[a;/4"(*1&(*+5(*;/K*K3<O(*1h+.%5-A�
'&>&),��'](*1QR{z�UAV�d/+5�&��1�(3+�[a;/4M%5�2q?1&��'bEw<B!ZC/�2%�4M�2+�;/K WpRTJGV�;/1?'b6�>�%5+5�&�2%M;A#?#l��;A%���'i(P1b9�;/1h<B#?%5-/#F-�45;/K*42W
�@45(*1�^o+5;A^/^/��'�#&%5��'&(P),+.-/%�4@[Y;/4u45>�^/^/��45+.��'�68-/%u+5�������Y� #&%5��'?(*),+.-/%u68%5-�9 �a����1��2+";/K WPR{z V�W0� q&%�4.+
���Y�O��KP(3�/��(*9�#?K3��9���1h+5;AE?K3��C/�2%N45(3-�1b[Y;/4�#&%5-/#F-�4.��'b(*1QR{z f V�W���� �u!���1&�?;/1&),��4�+5�&(*4�q?%�4.+�#?%5-/#F-�45(3+5(3-�1
Ew<S;/1�(*9�#?%5-DC/��'�>�#�'&;A+.��#F-�K*(*),</WO�����`��� �u! #?%5��'&(*),+.-/%i'&(3%5��),+5K3<�(*1&�&�2%�(3+54"+5���`>&4.�I-/6p^/�2-�9��2+��
%�(*)]�&(P4.+.-/%5<�K3��1�^/+5�=4.�2%�(*��4"68%�-�9 +5���o�0�u!�¡7�r#&%5��'&(P),+.-/%IRTHAcAV�d�E?>&+0(*4"9�-/%5��4.+.-/%N;A^/�,���,kl��),+5(3C/�Q6m-/%
%5��;/K*(P4.+5(*)�4.+.-/%N;A^/�`E?>?'�^/�2+542W �74�(*1�^L-�1&K*<�;tC/�2%5<�K*(P9�(3+.��'=4.+.-/%�;A^/�/d�+5�&�`K3-w-/#�#&%���'&(*),+.-/%b;/KPK3-D[ 4B+.-
)2;A#&+5>�%��B4.-�9��"EF���&;DCw(3-/%N4p+5�&;A+ ;A%5�01&-/+ )2;A#&+5>�%5��'LEh<o+5���B��� �u!\#&%5��'&(*),+.-/%DW

æ2ï



��� r���� ���
	��� z }¸t w ��� z{r�� y|w���� z

���&��������� H�������� �u!�#&%5��'&(P),+.-/%`)2;/1\El�v'&(3%5��),+5K3<�;/'&;A#?+.��'r+.-x�&;A%�'�[a;A%5�t(*9�#?K3��9���1h+5;A+5(3-�1
;/4B;t9b>&K*+5({��),<w)2K*�i-GC/�2%5%�(*'?(*1�^O#&%5��'?(*),+.-/%"E?;/)5�e(*1�^v;O6m;/45+B45(*1�^�K*�,��),<w)2K3�]#&%���'&(*),+.-/%`�m�/WT^�Wo;OE?(*9�-e'&;/K
#&%5��'?(*),+.-/% �Y;/1&'L;/)N�&(3�2C/��4 C/�2%5<O�&(3^��O;/)2)2>�%�;/),</W

���?(*4�#?%5��4.��1h+.��'i),-�1&q&^�>�%�;A+5(3-�1i[a;/4�45>�E?9I(3+.+.��'BEF��)2;/>&45�a(*+�;/)N�&(3�2C/��4MC/�2%5<i�&(3^��i;/)2)2>�%�;/),<i[ �&(*K3�
(3+u),-�>&K*'�EF�i(P9�#?K3��9���1h+.��'�(*1��&;A%�'�[a;A%5�/W0¡7-D[Y�2C/�2%068-/%0;/1��,kF��),+5(3C/�I�&;A%N'�[Y;A%��i(*9�#?K3��9���1h+5;A+5(3-�1�d
+5���Z�?;A%�'�[a;A%5�Z),-�9�#?K*�,je(3+ <u-/6w+5�&��45>�E�9�(3+.+.��'"������� �u!�#&%���'&(*),+.-/%�45�&-�>&K*'uEF�Z),-�9�#?;A%���'0[ (3+5�0-/+5���2%
��� �u!���E?;/45��'B#&%���'&(*),+.-/%�45-�K*>�+5(3-�1&4F�2CA;/K*>&;A+.��'i(*1b�e��),+5(3-�1bJwWM������4.��4.-�K*>�+5(3-�1?4�9�(3^��h+�EF�Z),-�1&45(P'��2%5��'
;/4i9�-/%5�`),-�45+����,kl��),+5(3C/�O+.%N;/'��2-AkF4iEF�2+�[Y�2��1x�&;A%�'�[a;A%5�`),-�9�#?K3�,j�(3+�<=;/1&'�#&%5��'&(*),+.-/%b#F�2%568-/%N9�;/1&),�/�
(*1Q#?;A%�+5(*)2>&K*;A%��

& � ���B),-�9�#?K*�,je(3+ <Q-/6�;�%5��;/K��&;A%�'�[a;A%5�0K3-w-/#t#&%���'&(*),+.-/% (*47�&(3^����2% +5�&;/1L-�1&K*<`%5���?��),+.��'tEw<L(3+54
45+.-/%�;A^/�uE?>&'�^/�2+2�w+5���u9�;/1&;A^/��9���1h+�-/6�+5���74.#F��)2>&KP;A+5(3C/�7(3+.�2%N;A+5(3-�1`),-�>?1�+54a9�(3^��h+ZEF� ;i9�;G�.-/%
45-�>�%�),�0-/6M�&;A%�'�[a;A%5�"K3-/^�(*)"),-�9�#?K3�,j�(3+�</WZ� ���0459�;/K*KF;/)2)2>�%N;/),<oEF��1��2q?+pE&%5-�>�^��h+pEh<o+5���0K3-w-/#
#?%5��'&(*),+.-/% (P4a#&%5-/E?;AE?K*<`1�-/+p[Y-/%5+5�L+5�?(*4a�,jw+.%N;�),-�9�#?K3�,j�(3+ </W

& � ���Y1w>&9bEF�2%�-/6l),-�9�#F-�1���1�+54M(*1b+5���p45>�E�9�(3+.+.��'0#?%5��'&(*),+.-/%�(*4��&(3^�����>&45(*1�^@;74�9�;/K*K3�2%M1h>?9BEF�2%
-/6�),-�9�#F-�1���1h+542d&�/WT^�WYgwd?9�(3^��h+pEF�0;�EF�2+.+.�2% '���45(3^�1L+.%�;/'��2-AkMW

& � ����������� �u! #?%5��'&(*),+.-/%"[Y-�>&K*'=�&;DC/�I;O9i>&K3+5(*),<e)2K3�]%5��4.#F-�1&4.�]+5(*9��/�u>?45(*1�^Q;O45K*(3^��h+5K3<�K3��454
;/)2)2>&%�;A+.�OE?>�+i;/����;/'x#?(3#F��K*(*1���'=��� �u! #?%5��'&(*),+.-/%]9�(3^��h+i;/KPK3-D[�+5���O'���45(3^�1�-/6 ;/1x-DC/�2%N;/K*K
9�-/%5�0�2�I)2(3��1h+ (*1?4.+.%�>&),+5(3-�1o6m�2+5)��t68%5-�1h+�����1&'�RTH/�/V�W

«þ³�� 	 ���� � �� ��� �?	 °�®
���&(P4p[�-/%��o[a;/47#?;A%5+5(*;/K*K*<o45>&#&#F-/%5+.��'QEh<L;/1 X 1h+.��K�%���4.��;A%�)��v^/%�;/1h+2dl;/1 X 1�+.��K�%5��4.��;A%�)N�t� �w>&(3#?9���1�+
'�-�1&;A+5(*-�1L;/1&'OEw<`+5�&�0!Z>�%5-/#F��;/1t�Y-�9I9�(*4545(*-�1O(*1Q+5���0),-�1h+.�,jw+7-/6�+5�&�b�e� � � (P1�+.�2^/%�;A+.��'t#&%5-
�.��),+
� H f U
}�gv� � �YU��NW

� � � � ± �?	 ³ � ®
R{z V X W � �@W 	�W��a����1�d��&W��"WM�Y-AkF�2</d�;/1&'��"W �BW��v>&'�^/�/Wt�@1&;/K3<e45(*4B-/6pE&%�;/1&)N��#&%���'&(*),+5(3-�1=Ce(*;v'&;A+5;

),-�9�#&%5��4545(*-�1�W X 1
	�@ ^?<gdgdoc
b.i�� ��^ �V> ��d��Z> ��giY> d�@gijka>AbA^ai]k
l�� ^
i���d�@ d�i]<gd ^
i �&@_< �IbA> do<?>AB;@ k
l ��B[\��
\�^
@ > ��^
@�	 @_^ � @_kah h b.i��"�6k
i�� B�k � d ��k
i]c�� \�de@ ka>Ab.i�� ��� �e> deh �NdF�u),+.-/EF�2%Bz��/�/UwW

RTHGV �iW��@��459��2+2d�¡bW ��;/1&'?(3�2%5��1&'�-�1?)5�ldY;/1&' 	�W��@���Y-�4545)N���2%5�/WnH
6m;A%D�v� H
EF),^�45�/�2[ #&%���'&(*),+.-/%
6�>&4.��'`Ew<`;/1Q;/K*K3-G</��'Q%5��'&>&1&'?;/1�+Y�&(*4.+.-/%5<�45�/�2[���'O#F�2%�),�2#?+.%5-�1IE?%�;/1&)��o#&%���'&(*),+.-/%�W��;^
B;@ i]k
lT^ �
gi � >A@ B�<Z>AbA^ai �Tde`adel�	#k
@_kalRl delmb � h�� � >4>n\������������� !gb.l \� R^a@ �"�Y`P^
l#�%$
d�HAc/c�JwW

RT�GVi�bW �BWF!Z'���1�;/1&'��"W �bWF�v>&'�^/�/Wu�����'&)(+*-,BE&%�;/1&)N�t#?%5��'&(*),+.-/%�W X 1.	�@ ^?< d docabRi����*^ � > ��d0/21��e>
�Vi�i�B�k
l�giY> d�@gi]k >AbA^
ijk
l����Phf\;^ �gb.B h ^
i43�bA<?@_^?ka@_< �Ib.> d <?>AB;@od,d��7��)`z��/�/gwW

R }AV]��W�!�C/�2%�4�d���W �65iW��a�?;/1�^�dZ;/1&'75]W �BW��M;A+.+2W��@45(*1�^��h<hE&%N(*'�E?%�;/1&)��x#&%���'&(*),+.-/%�4i+.-=(*9�#&%�-DC/�
E?%�;/1&)��v#&%5��'?(*),+5(3-�1t;/)2)2>&%�;/),<v(*1v+5���i#&%5��4.��1?),�b-/6Z),-�1h+.�,je+04.[ (3+5)N����42W X 1.	�@ ^?<gdgdoc
b.i�����^ � > ��d
89/a@_c �Vi�i�B�k
l:giY> d�@gijka>AbA^ai]k
l��)�
h#\�^��gb.B;h ^ai;� ^ah#\jB;> d�@��&@ < � b.> d <?>AB;@ d2d��v;�<=z��/�/UwW

RTJGV]��WZ!ZC/�2%�42d ��W 5iWp�a�&;/1�^�da;/1&'<5]W �BW �M;A+.+2W �@45(*1�^S�h<wE&%�(*'sE&%N;/1&)���#?%5��'&(*),+.-/%�4�+.-�(*9�#&%�-DC/�
E?%�;/1&)��L#&%5��'&(*),+5(*-�1o;/)2)2>&%�;/),<L(*1Q+5���0#?%5��4.��1&),�"-/6�),-�1h+.�,jw+@4.[ (3+5)N����42W X 1tH/�>=%? �Vi�i�B�k
l:giY> d�@@�
ijka>AbA^ai]k
l)���Phf\;^ �gb.B h ^
iA� ^
hf\]B�> d�@��&@ < �IbA> do<Z>AB;@ d2d&#?;A^/��47�CB�z/zAdMz��/�/UwW

æuæ



� r sÛtvrow

RTUGVi¡bW
�u;A-7;/1&'0¡bW��F��-�>�W/�@'&;A#&+5(3C/��(P1�68-/%N9�;A+5(3-�1u#&%5-e),��4545(P1�^����71B�,kl��),+5(3C/��[Y;D<u+.- (*9�#&%�-DC/��#F�2%.�
),�2#?+.%5-�1B#?%5��'&(*),+.-/%�4�W)�;^aB @ i]k
l�^ ��gi �e>A@gB�<?>Ab4^
i �Tde`adel�	�k
@ k
l.l d�lnb �gh � � >4>n\������������� !gb.l \� R^a@ �"�Y`P^
l#�%$
d
�7#&%�(PKFHAc/c�JwW

R f V �iW ��(*9����1��2_/W � ;/4.+o#?;A+5�e��E?;/4.��'\1���>�%�;/K E&%�;/1&)N��#&%���'&(*),+5(3-�1�W X 1 	�@ ^?< d docabRi�����^ ��> �;d /��
> �
�Vi�i�B�k
l� �� �-� ��� 3 giY> d�@gijka>AbA^ai]k
l��)�
h#\�^��gb.B;h ^ai
3�bA<?@_^Zk
@_< �IbA> do<?>AB;@od,dF'���)BHAc/c��wW

RTgGV �iW���(P9����1��2_/W��Z(3��),�2[ (P4.�`K*(P1���;A%bE?%�;/1&)���#&%5��'?(*),+5(3-�1�W X 1;	�@ ^?<gdgdoc
b.i���� ^ ��> �;d
/ 8 i]c��&i�i�B�k
l
gi]> de@ i]ka>Ab4^
i]k
l��)�
hf\;^��gb.B;h ^ai � ^
hf\]B�> de@��V@_< �Ib.> d <?>AB;@od,dA�5>&1��0HAc/c�JwW

RT�GV �iW���(*9����1��2_];/1&'��@W���(*1�W �@<w1&;/9I(*)0E&%N;/1&)��t#&%5��'&(*),+5(*-�1O[ (3+5�t#l�2%N),�2#&+.%5-�1&42W X 1 	 @_^Z<gd d c
b.i�� �
^ ��> �;d'�jde`adeiY> �'giY> d�@gi]k >AbA^
ijk
l*�)�
hf\;^�� bRB;hG^
i��=b ��� 	#d�@ ��^
@ h k
i]< d � ^
hf\]B�> de@/�&@ < � b.> d <?>AB;@ d2d
HAc/c�zAW

R{z2c
V �iW���(*9����1��2_B;/1?'v�@W?��(*1�W �7��>�%�;/K�9��2+5�&-w'&4�68-/%@'�<w1?;/9�(*)@E&%�;/1&)N�O#&%5��'?(*),+5(3-�1�W �0� 3 	�@_kai �@�
kI<?>Ab4^
i � ^
iA� ^
hf\]B�> d�@ �)��� > d�h �Nd*�7-DC/��9bEF�2%uHAc/c�HwW

R{z/z V �iW��bW ��(*9����1��2_/W X '���;/KP(3_2��'�#?(3��),�2[7(*4.�LK*(*1&��;A%�E&%�;/1&)N��#&%5��'&(P),+5(3-�1�W ��^
B;@gijk
lf^ � gi � >A@ B�<Z>AbA^ai
� de`adel�	�ka@_k
l.l delmb � h � � >4>n\������������� !gb.l \� R^a@ �"�Y`P^
l#� $
d��7#&%�(*K�HAc/c�JwW

R{z�HGV��FW���-�>�%�'&;/1�dl�"WF¡745(P1�^�d ��W��w+5;A%5�ldF;/1?'
5]W �BW!�M;A+.+2W0�����i�,kF��),+54"-/6Z9�(*45#&%5��'&(*),+.��'���#?;A+5�L�,je�,�
)2>&+5(3-�1I-�1`E&%�;/1?)��`#&%5��'&(*),+5(*-�1I4.+.%�>?),+5>�%5��42W X 1 	 @_^Z<gd d c
b.i�� � ^ �V> �;d�giY> de@ i]ka>Ab4^
i]k
l�� ^ai ��d�@ d�i]<gd
^ai
	#k
@ k
lRl del �&@ < �IbA> do<Z>AB @od ��kai]c.� ^
hf\]b.l ka>Ab4^
i 	jdo< �Ii�b
	�BYd � dl�u),+.-/EF�2%Bz��/�/UwW

R{z��GVi�0W���( dY��W 	�W���-��&1�d��bW��e(3CA;/45>�E?%�;/9�;/1&(*;/9Ld �BW �u( �5;�<w�h%N(*45�&1&;/1�dZ;/1&'A��W � >�E?(3-�Wr�u4.��;�[a;A%5�
E?%�;/1&)��I#&%5��'&(P),+5(3-�1�� X 9�#&%�-DCe(*1�^B9�(P),%5-/#&%5-e),��454.-/%Z),-�1h+.%5-�Kj�&-G[r#&%5��'?(*),+5(3-�1�6m-/%�-/#F�2%�;A+5(P1�^B4.<e4��
+.��9I42W  �� � 	�@ k
i �  � ^
hf\]B�> de@ �NdFJ/U���zD�N� HCB�z f d�HAc/c f W

R{z,}AV��]WY��-���W �7��),-�1?4.+.%�>&),+5(*1&^�+5����6m%�;/1��/��1�#&%���'&(*),+.-/%o68-/%O(*9�#�K3��9���1h+5;AE?K3�LE&%N;/1&)��~#&%5��'?(*),+.-/%�42W
��^
B;@ i]k
lM^ � gi � >A@ B�<?>Ab4^
i �Td�`
del�	�k
@ k
l.l d�lnb �gh � � >4>n\+� ���������� ! bRl \� .^
@�� �Y`
^
l �%$Gd��7#&%�(PKFHAc/c�JwW

R{z�JGV��]W�¡BW���-��S;/1&' �iW �lW�¡ ��1�%�</W*��%5��'?(*),+5(*1�^O),-�1&'&(*+5(3-�1&;/K�E&%�;/1&)N����4"[ (*+5��6m>&4�(3-�1e��E?;/4.��'=�h<wE&%�(*'
#?%5��'&(*),+.-/%�4�W X 1 	�@ ^?< d docabRi�����^ � > �;d01�1 > � � ^
i �?de@odei]< d�^
i 	#k
@ k
lRl del �&@ < �IbA> do<Z>AB;@ d � k
i]c � ^ah �
\jbRl ka>Ab4^
i-	]d < �IiYb�	?B�d �Nd�HAc/c�HwW

R{z�UGV��FW?�t) � ;A%NK*(*1�^�WY�a-�9BE?(P1&(*1�^iE&%�;/1&)N�Q#&%5��'&(P),+.-/%�42W�� � �/Uwd��u!Y�  � ��d���>&1���z��/�/�wW

R{z f V ��W��t(P)��&;/>&'�W��n#&#?9���K*(3�/�/d�+5;A^A��E�;/4.��'Q#&%5��'&(P),+.-/%�W���^
B;@gi]kal!^ � gi � >A@ B�<Z>AbA^ai"�Td�`
d�l 	#k
@_kalRl delmb � h
� � >4>n\������������� !gb.l \� R^a@ �"�Y`P^
l#� $
d��7#&%�(*K�HAc/c�JwW

R{z�gGV ��W��v(*)N�&;/>&'�d?�bWF�e�2_�1���)Ad�;/1&' � W*�@�&K*(3^�WY��%N;/'&(*1�^�),-�1���(*),+ ;/1&'L)2;A#�;/)2(3+�<L;/K*(P;/45(*1�^�(*1t),-�1&'&({�
+5(*-�1&;/K�E&%N;/1&)��t#&%5��'&(*),+.-/%N42W X 1 	�@ ^?<gdgdoc
b.i�����^ � > �;d 8��> � �&iYi�B�k
l:giY> d�@gi]k >AbA^
ijk
l
�)�
hf\;^��gb.B;h
^ai;� ^ah#\jB;> d�@��&@ < � b.> d <?>AB;@ d �# � � � ��� �%$Gd���>&1���z��/� f W

R{z��GVi�bW��w�2_�1���)AW � �2Ce(*45(*+5(*1�^S+5����#F�2%�),�2#&+.%5-�1~#&%���'&(*),+.-/%�W ����)N�&1&(*)2;/K � �2#F-/%5+ � X ��z�U/HAced X � X ���
� �2#F-/%5+2d?�t;D<tHAc/cA}�W

RTHAc
Vi�bW?�w�2_�1���)AWM�71?;/K3<w4�(*4Y-/6�+5���u-A��^/���&KFE&%�;/1?)��Q#&%5��'?(*),+.-/%�W X 1
	�@ ^?<gdgdoc
b.i�� � ^ �=> �;d'/ 8 i]c �&i�i�B�k
l
gi]> de@ i]ka>Ab4^
i]k
l��)�
hf\;^��gb.B;h ^ai � ^
hf\]B�> de@��V@_< �Ib.> d <?>AB;@od,dA�5>&1��0HAc/c�JwW

æ�Ñ



��� r���� ���
	��� z }¸t w ��� z{r�� y|w���� z

RTHez Vi�bW��w�2_�1���)AWZ�@��1&��45(*4a-/6�+5���"-A��^/���&K�E&%N;/1&)��o#&%5��'?(*),+.-/%�W �;^aB @ i]k
lT^ � gi � >A@ B�<?>Ab4^
i �Tde`adel�	#k
@_kal �
l delmb �gh � � >4>n\������������� !gb.l \� R^a@ �"�Y`P^
l#� $
d��7#&%�(*K�HAc/c�JwW

RTH/HGVi�bW?�w�2_�1���)Ad��lW � ��KP({jld �iW�	"%�(*4��&1&;/1�d�;/1?' 5iW?�e;A_2��(*'����4�W �@��45(*^�1Q+.%�;/'��2-Ak�4p68-/%p+5�&�@�2C�giE&%�;/1?)��
#?%5��'&(*),+.-/%�W X 17	 @_^?< d d c
bRi�� ��^ �t> �;d 8��a> � �&i�iYB�kal-giY> de@ i]ka>Ab4^
i]kal�)�
hf\;^�� bRB;h ^
i � ^
hf\]B�> de@
�V@_< �Ib.> d <?>AB;@od,d�HAc/c�HwW

RTH/�GVi�bWF�e�2_�1���)B;/1&'v�BW � %�;AEF-�>&K3�2+2Wp!�kF��),+5(3C/�i;/����;/'t#�(3#F��K*(*1&(*1&^B-/6�+5���B(P1&4.+.%�>&),+5(*-�1L;/'&'�%5��4�^/��1e�
�2%N;A+.-/%�W X 1 	�@ ^?<gdgdoc
b.i�� ��^ ��> ��d /��
> �"�Vi�i�B�k
l:giY> d�@gijka>AbA^ai]k
l �)�
hf\;^��gb.B;h ^
i � ^
hf\]B�> de@ �&@ �
< �IbA> do<?>AB;@od,d���>&1��BHAc/c��wW

RTH
}AVi�bWl�w�2_�1&��)AdF�lW���-�>�%�'&;/1�d���W��e;/(*1�%N;A+2d&;/1&' ��Wl�v(*)��?;/>&'�WY�v>&K3+5(*#?K3�,��E?K3-e)5�o;/����;/'LE?%�;/1&)��L#&%5�,�
'?(*),+.-/%�42W X 1 �&@_< �IbA> do<?>AB;@ k
l
��B[\ \;^a@ > �e^a@ 	 @_^ �a@ k
h h b.i����Tk
i��aB�k � d ��k
i]c � \�de@ ka>Ab.i�� �)��� > d�h �
�(� � 	� � ������% $Gde#?;A^/��4bz/z�UCB�z�H f dMz��/�/UwW

RTH/JGVi�bW �w�2_�1���)�;/1&' ��W��t(*)N�&;/>&'�W ��)2;/4.��68-/%��m#�;A%5+5(*;/K*K3<&����+5;A^/^/��' ^/�2-�9��2+.%�(P)=�&(*4.+.-/%5<\K3��1�^/+5�
#?%5��'&(*),+.-/%�4�W0�;^
B;@ i]k
l ^ � gi � >A@ B�<Z>AbA^ai � de`
d�l 	�k
@ k
l.l d�lnb �gh � � >4>n\������������� ! bRl \� .^
@ �"�Y`P^al � $
dZ�7#&%�(*K
HAc/c�UwW

RTH/UGV �&W�!�W��e9I(3+5��W��y45+5>&'�<o-/6�E&%N;/1&)��O#?%5��'&(*),+5(3-�1Q4.+.%N;A+.�2^�(3��42W X 14	�@ ^?< d docabRi���� ^ ��> �;d�� > � �&i�i�B�k
l
gi]> de@ i]ka>Ab4^
i]k
l��)�
hf\;^��gb.B;h ^ai � ^
hf\]B�> de@��V@_< �Ib.> d <?>AB;@od,d�z��/gezAW

RTH f V �iW/��;A%��.;/1];/1&' 	�W��w�A;/'�%5-�1�W � �2Ce(*45(*+5(*1�^ +5�&�Y#F�2%�),�2#?+.%5-�1B#?%5��'&(*),+.-/%�;A^�;/(*1�W�����)��&1?(*)2;/K � �2#F-/%5+
� �h� HAc/cA}A� H/gwd �@1&(3C/�2%N45(3+�<o-/6 �@(3%�^�(*1&(*;ed?�w�2#&+.��9bEF�2% HAc/cA}�W

RTH/gGVi�ZW*�bW �@(P1�+5;/1L;/1?'t�SW X %�(P'�-�1�W���-D[a;A%�'&4 ;I�&(3^��O#F�2%56m-/%�9�;/1&),�01&��>�%�;/KFE&%�;/1?)��O#&%���'&(*),+.-/%�W X 1
@�+� ���	� � �� giY> d�@gijka>AbA^ai]k
l-�;^
b.iY> � ^
i �?de@odei]< d ^
i ��d�B;@_k
l ��d?>#��^
@�
��  	�@ ^?<gdgdoc
b.i�� �" *d�z��/�/�wW

RTH/�GV��uW25�-�>&1&^�d �bW?�uK3-G</d&;/1&'o��W��iW��e9�(3+5��W�� ),-�9�#?;A%�;A+5(*C/�0;/1&;/K3<e45(*4�-/6�45)��&��9���4a68-/%p),-/%5%���K*;A+.��'
E?%�;/1&)���#&%5��'&(*),+5(*-�1�W X 1 	�@ ^?<gdgdoc
b.i�����^ �X> �;d48�8Ii]c �&i�i�B�k
l�gi]> de@ i]ka>Ab4^
i]k
l��)�
hf\;^��gb.B;h ^ai
� ^ah#\jB;> d�@��&@ < � b.> d <?>AB;@ d2d���>?1���z��/�/JwW

æ2ý


