
UCRL-JRNL-200813

Structural Stability And Optical Properties
Of Nanomaterials With Reconstructed
Surfaces

A. Puzder, A.J. Williamson, F.A. Reboredo, G.
Galli

November 6, 2003

Physical Review Letters



Disclaimer 
 

 This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or the University of California. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or the University of California, 
and shall not be used for advertising or product endorsement purposes. 
 



 



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

.�/�021�354,6�798�:;0=<>.�? @	?�ACBEDFDFBE/HG�I21�3�<EJLKM? .�?�NM:;OP1�02:;8�1Q<>/H3�8SRTBF6�DFBE/URT/HDEDFB
V
WYX!Z\[^]H_"[%VP`ba^[^Z"cedfZ\[hg,WYij`bdf]�WYk,V
WYl�dYZmWYijdYZ"n9opVP`Fa^[^Zqc�dYZ\[^osrPt'uYvYwYwYx

y%zT{H|}z-~}z-���>��z-�H~}���\���E�����2�}���9�	�������������Q�"���}���'�e�f���}zp�>��|}�������"���-�H�m�"�}���f�H~,�9�P�}�HzT~}�;�"�H�������m�h�������f{H�}���=�"�
{�|}�f{�z2|}�}��z2~��9��~}z-�����-�9�����H�-�}�f|��	�����9�s�"�}z-|}�m����~��>���}��|}z-�-�9��~}�}|}�H�-�}z-��~}�H|}�}�"�2z-~;��y%z�{�|}z-�H���2� �}��z�|}z-�m�"�}���Yz
~}�;�"���������\���f��~}�������-�9�%�Q�"���9~}�}|}���-�}�H|}z-~,�>���}�s|}z-�2�f��~}�}|}�H�-�}z-�����������H|}z-�-�9��~}�}|}���2�}z-��~}��|}� �"�-z-~;¡!������~}���¢�5�}�	�"�
~}��|}�}���-ze~}�}z2{L£9z-�f�ez-�}|}��z-~����H�����Hz��}������£9�������-�H|}�Yz-��~}��|}� �"�-z2~���|;�"���"�}�����"�����s|}z-���H�-z��}��zM�f{H�}���=�"�!£���{�~p�����
��z-�-|}z=�"~}z�z-¤��-���}�f�H���������Ez-�}����z-~;�	¥>��z-~}zM{�|}z2�����-�}���f�H~,{H|}�¢�����Hzp�"��z-¤�{��m�"�Q�"�}���f���9�	���f�}���}��z¦���"|}�m�"�}���9��~������}��z
{����9�}�f�����e���Hz-~}�-z-�H�-zM~}{�z-�-�}|;�T�9���2�f�����f���	��������~}�����}��z-~}��§-z2���	�����f{Q�"|}�}���-��z-~��"�����9��~}z-|}�fz-����z2z-{�£���{���z2�Yz-��~T���
{��f|}�f�H~�~}�������-�9�	�

¨ 3�:�1�©�ªq«�:�¬�:9­C©j:;/�ªq6�02:;I®ª"«�/�ª¯8�BFIqªqBE3�°H6�BFIq«�:9I®3�/�3�1�G�/�±
ª":90qBF/�DFIh©j0q1HG²ªq«�:;BF0hO�6�DF¬C³;1�6�3�ªq:;02´�/�02ª"I%BEI¯ªq«�:;BF0%DF/�02°�:�Iq6�02±
©j/�³9:�ª"1¯µ�1HDE6�G�:�02/�ª"BF1P?p¶�«�BFI ´�0q:98�1�G�BF3�/�3�³;:�1�©·ª"«�:�I26�0q©j/H³;:
BFIp0q:9Iq´P1�3�IqBFO�DF:�©j1H0pG�/�3
­¸1H©Tªq«�:�3�1=µH:;D>´�«
­
IqBF³;/HD>´�021�´P:;02ª"BF:;I
1�©�3�/H3�1�G�/Hª":;02BF/�DFIY?·NM:9³;:;3
ªqDE­
<�3�/H3�1�I2ª"026�³9ª"6�02: Iq6�0q©j/H³;:;I�«�/=µ�:
OP:;:;3¹Iq«�1=º�3¸ª"1%BE3�»�6�:;3�³9:�´�0q1H´¼:90qªqBE:9I�/HI�µY/�02­
BE3�°s©j0q1HG+Iq6�02±
©j/�³9:¸ª"02/�´CI26�´�´�0q:9IqI2BE1H3)1�©�°�/HBE3)BF3U½
6�/�3
ª"6�G¾8�1HªsDF/�I2:;02IY¿FÀ2Á
ª"1)ªq«�:�0q:9Iq1H3�/�3
ªh©j0q:9½�6�:;3�³9BE:9Ih/H3�8Â:;3�:90q°H­CDE1HIqI¯BF3ÄÃ�Å,Æ¸Ç
02:;I21�3�/Hª"1�02I=¿ ÈYÁ}?�É�3�8�:90qI2ª"/H3�8�BF3�°L/H3�8¸³;1H3
ª"021�DFDEBF3�°sI26�02©j/�³;:9I�BFI
´�/H0qªqBE³96�DE/H0qDF­�BEG�´P1�02ª"/H3�ª·BE3hI2:;G�BE³91�3�8�6�³;ªq1�0T3�/�3�1HIqªq0q6�³;ª"6�0q:9IY<
º�«�:90q:5Ê�Ë-Ì-Í�Î¼Ï-ÐmÊ^Ñ�ÌfÐmÒjÍHÎ�Ï /�02:®:;Ó
´¼:9³;ªq:;8Cª"1�´�DE/=­5/Ô¬�:9­�021�DF:�?
Õ 6�020q:93
ªÖ:9Ó�´P:;02BFG�:93
ª"/�D�8�BE×�³;6�DEªqBE:9I>©j/�O�02BE³9/�ªqBE3�°e/�3�8�BFG�/�°�BF3�°
3�/H3�1�I2ª"026�³;ªq6�02:;8®G�/�ªq:;02BE/HDEIMº�BFª"«�³;6�02µ�:98®Iq6�02©j/�³9:;I�´�DE/H³;:hØHÙ9Ú
ÒjÎ�ÒjÐ\ÒjÍ�ª"«�:;1�02:;ªqBE³9/�DP³;/HDE³96�DE/Hª"BF1�3�IT/�I¦1H3�:�1H©�ªq«�:�G�1HIqª¦´�021�G�BFIq±
BF3�°�ª"1
1�DFI�©j1�0M6�3�8�:;02I2ª"/�3�8�BE3�°�ªq«�:;I2: Iq6�0q©j/H³;:;I=?
Û 3¹ªq«�BEI ÜÖ:;ªqª":;0 ºT:�´�0q:9Iq:93
ª�/¯I2:;02BE:9Ie1H©eØ�ÙfÚ}ÒjÎ�ÒjÐ\ÒjÍ�³9/�DF³;6�DF/�±

ª"BF1�3�I 1�©,3�/�3�1HIqªq0q6�³9ª"6�02:�Iq6�02©j/�³9:;I=<P6�I2BE3�°hI2BEDFBE³91�3Ý3�/�3�1�´�/H0qªqBE±
³;DF:;I�/�I�/�´�0q1Hª"1�ª}­
´P:LI2­
Iqªq:;G¸?¸¶�«�:;I2:L³;/HDE³96�DF/�ª"BF1�3�I�/H0q:sªq«�:
Þ 02Iqª�ßT6�/�3
ªq6�GàÆ�1�3
ª": Õ /�02DE1�áqßTÆ Õ�â I2ª"6�8�­h1H©>ª"«�:�©j1�02G�/�±
ª"BF1�3Â:;3�:;02°�BF:;I®1�©�³;DF6�I2ª":;02I®DF/�02°�:;0hª"«�/�3S/)©j:;ºã/Hª"1HG�I=<�:;Ó
±
ª":93�8�BF3�°Ýª"«�:%Iq³91�´P:L1�©�ßTÆ Õ ª"1¹ª"«�:hIqªq6�8�­�1�©�Iq6�02©j/�³9:s©j1�02±
G�/�ªqBE1H3U:;3�:90q°HBE:9IY?äA¹:Ý:;Ó
/HG�BF3�:¹/�I2:;ªh1�© /�ªq1�G�BF³�I26�0q©j/H³;:
/�3�8�I2ª":;´¹0q:9³;1H3�Iqªq0q6�³;ª"BF1�3�IY<¼´�02:;I2:;3
ªe1�3�DF­¯1�3�«�BE°H«�DE­®³96�02µ�:;8
3�/H3�1�´�/H0qªqBE³9DE:9IY?²¶�«�:åªq«�:;02G�1
8�­
3�/�G�BF³5I2ª"/HO�BEDFBFª}­ä1�©sªq«�:;I2:
3�/H3�1�±\Iq6�0q©j/H³;:;I�/�02:,´�02:;8�BF³;ªq:;8p6�3�8�:;0�8�BFæ¼:90q:93
ª�I2­�3
ªq«�:;I2BEI�³;1H3�±
8�BFª"BF1�3�I=?¯¶�«�:L:;æP:;³;ªqI�1H©�ª"«�:9Iq:LIq6�02©j/�³9:s02:;³;1H3�I2ª"026�³;ªqBE1H3�Ip1�3
ª"«�:�1�´�ªq1�±\:;DF:;³;ªq0q1H3�BF³·´�021�´P:;02ª"BF:;I>/H0q:¦/HDEI21�:9Ó
/�G�BE3�:;8Ö? ¨ 6�0>02:;±
I26�DEªqI·I2«�1=ºåª"«�/Hª,º�«�BFDF:�ª"«�:�1�´�ª"BF³;/�D¼´�021�´P:;02ª"BF:;I,1H©Qµ�:;02­�IqG�/�DFD
3�/H3�1�´�/H0qªqBE³9DE:9I�ájDF:;I2I,ªq«�/�3�À¦3�G â /�02:�Iqªq0q1H3�°�DF­pBF3�»�6�:93�³;:98sO
­
ª"«�:®´�0q:9Iq:93�³;:h1�©�Iq6�0q©j/H³;:h8�BEG�:90qI=<>ªq«�:®´�02:;I2:;3�³9:%1H©�I26�0q©j/H³;:
Ï-ÐmË"çPÏ�BEI�/�³9ª"6�/HDEDF­Ô02:;I2´¼1H3�IqBFO�DF:%©j1H0�ª"«�:¯DF/�02°�:;I2ª�1H´�ª"BF³;/HD¦°�/�´
02:;8�6�³9ª"BF1�3�IeBF3�G�1�I2ª�3�/H3�1�´�/�02ª"BF³;DF:;I=?�¶�«�:9Iq:�´�0q:98�BF³;ª"BF1�3�I�/H0q:
/�´�´�DEBF³;/HO�DF:�ª"1�/�º�BF8�:�µY/H0qBF:;ª}­�1�©!I2:;G�BF³;1H3�8�6�³9ª"1�0·3�/�3�1�I2ª"026�³;±
ª"6�0q:9I�º�BFª"«¹«�BE°H«�DF­h³96�02µ�:;8®I26�02©j/�³9:;I�I26�³^«¸/HI�½
6�/H3
ª"6�G+8�1Hª"I
/�3�8%º�BF0q:9IY<�Ã�Å,Æ¸Ç¯8�:9µ
BE³9:;I�/�3�8h3�/�3�1H±m³9/�3
ª"BFDE:9µ�:90qI=?
Å,/�02DF­èª"«�:91�02:;ª"BF³;/HD¯Iqªq6�8�BF:;IU1H©�3�/H3�1
³;DF6�Iqªq:;02ICIqBFG�6�DE/Hª":;8

ª"«�:éI26�02©j/�³;:éO
­êI2BFG�´�DE­+:;3�©j1�02³;BF3�°ëµY/�3�BEI2«�BF3�°ëOP1�6�3�8�/�02­
³;1H3�8�BFª"BF1�3�Ià1�3ìªq«�:ã:9DE:9³;ª"021�3�BE³íºT/=µ�:í©j6�3�³;ª"BF1�3�IY? N�:;±
³;:93
ª"DF­�<�G�1�02:5I21�´�«�BEI2ª"BF³;/Hª":;8î/�ª"1HG�BEI2ª"BF³5³9/�DF³;6�DF/�ªqBE1H3�I�«�/=µ�:
OP:;:;3Ý02:;´P1�02ª":;8�6�IqBF3�°¯I2:;G�BE±\:;G�´�BF02BE³9/�D�ª"BF°�«
ª�O�BE3�8�BE3�°Q¿ ïHÁ>/�3�8
´�I2:;6�8�1�´P1�ª":93
ª"BF/�D}¿ ð�Á�/�´�´�021�/H³^«�:;I=?	AC«�BEDF: ª"«�:9Iq: G�:9ª"«�1
8�I�/H³;±
³;6�0q/Hª":;DF­ñ02:;´�0q1
8�6�³9:Ôª"«�:�³;1�02:�<eO�6�DE¬
±\DEBF¬�:Ô02:;°HBE1H3�I®1�©�3�/H3�±

1
³9DE6�I2ª":90qI=<Yªq«�:;BF0�8�:9Iq³90qBF´�ª"BF1�3�1H©¼ªq«�:MI26�0q©j/H³;:¦BFI�DEBFG�BEªq:;8�ªq1 Þ ª"±
ªqBE3�°�/�I26�02©j/�³9:�´¼1Hª":93�ªqBE/HDHªq1�:9Ó�´P:;02BFG�:93
ª"/�D�I2´¼:9³;ª"02/P¿ ð�Á}?	¶�«�:9Iq:
³9/�DF³;6�DF/�ªqBE1H3�I=¿ ò=Á>8�:9G�1�3�I2ª"02/�ªq:;8Ýª"«�/Hªeªq«�:�1�´�ª"BF³;/�D�´�021�´P:;02ª"BF:;I
I2ª"021�3�°�DF­¸8�:;´P:;3�8Ô1�3�ª"«�BFIp³^«�1HBE³9:�1�©TIq6�0q©j/H³;:�´P1�ª":93
ª"BF/�D}?�¶�1
:9DEBFG�BE3�/�ª":,ª"«�:9Iq:·/�G�O�BE°H6�BEªqBE:9I�BF3pª"«�:�³^«�1�BF³;:,1�©�I26�0q©j/H³;:>´P1�ªq:;3�±
ªqBE/HD < Þ 0qI2ª�´�02BF3�³;BF´�DF:;I�³;/�DF³;6�DE/Hª"BF1�3�I�1�©M3�/H3�1
³;DF6�I2ª":;0�Iq6�0q©j/H³;:;I
/H0q:�02:;½
6�BF0q:98Ö?�¶�1�8�/�ªq:�<
1H3�DE­%Iq6�0q©j/H³;:�8�BFG�:90qI�1�3¯6�DFª"02/�I2G�/HDED
ÈHó�/�ªq1�GñI2BFDEBF³;1H3 ³;DF6�Iqªq:;02IY¿ ô=Á�«�/=µ�:�OP:;:;3�Iqªq6�8�BF:;8Ö?!¶�«�:�I2BE79:>8�:;±
´P:;3�8�:;3�³9:�1H©	ª"«�:�:;æP:;³;ªqI·1H©	ª"«�:9Iq:�8�BFG�:90qIT02:;G�/�BF3�I,6�3�¬
3�1=º�3
/H3�8�ª"«�:�02:;DF/�ªqBEµH:¦Iqªq/�O�BFDEBFª}­�1H©¼/HDEªq:;023�/�ªqBEµH:¦Iq6�02©j/�³9:¦Iqªq0q6�³9ª"6�02:;I
BFI�­�:9ª�ª"1�OP: :;Ó
´�DF1�02:;8Ö?
¶�1�BF3
µ�:;I2ª"BF°�/Hª":·O¼1Hª"«�ªq«�:¦Iqªq/�O�BFDFBEª}­ 1H©�8�BFæ¼:90q:93�ª�3�/H3�1�I2ª"026�³9±

ªq6�02:%I26�02©j/�³;:%0q:9³;1H3�Iqªq0q6�³;ª"BF1�3�I�/�3�8�ª"«�:%BFG�´¼1H0qªq/�3�³9:%1H©Mª"«�:
3�/�3�1
³;DF6�I2ª":90pIq6�0q©j/H³;:sªq1¸µ�1HDE6�G�:s02/�ªqBE1Q<!ºT:sI2ª"6�8�BE:98#Iq´�«�:;02BE±
³9/�D�IqBFDFBE³91�3®³;DF6�I2ª":90qIe0q/H3�°�BF3�°�BF3�I2BE79:�©j021�G+ò�ïLª"1LïHïPÀ�/Hª"1HG�I
áöõP?F÷%ª"1ÔÈP? õ�3�G â ?)¶�«�:®³;DF6�Iqªq:;02I�º·:90q:¯G�1
8�:;DF:;8)º�BFª"«C8�BF/�±
G�1H3�8�I2ª"026�³;ªq6�02:%³91�02:;I�/�3�85Iq6�0q©j/H³;:h8�/�3�°HDEBF3�°ÝO¼1H3�8�I�ºT:;02:
ªq:;02G�BE3�/Hª":98%º�BFª"«hÇ�BFøù/�3�8%Ç�BEø�ú °�021�6�´�IY?�¶Ö1�°H:;3�:90q/Hª":e3�/�3�±
1
³9DE6�I2ª":90qIÖº�BEªq«p02:;³;1H3�I2ª"026�³;ªq:;8 I26�0q©j/H³;:9I�/�ª}ºT1MI2ª":9´p/�´�´�0q1H/�³^«
ºT/�I·/�8�1H´�ª":98Ö?ÖK�BE02IqªY<Qá"À^õHõ â ±mª}­
´P:M©j/�³9:;ª"ITºT:;02:M0q:9³;1H3�Iqªq0q6�³;ª":98
ªq1�/¸ájÈhû¹À â ³91�3 Þ °H6�02/�ª"BF1�3%O
­s0q:9G�1=µ�BF3�°�/�«
­�8�0q1H°�:;3h/�ªq1�G
©j021�Gü3�:;BF°�«
O¼1H0qBF3�°¸´�/�BF0qI�1�©�Ç�BEø ú °�021�6�´�I=<Ö©j1�02G�BE3�°Ý/�35/�8�±
8�BEªqBE1H3�/�D�Ç�BF±\Ç�B�O¼1H3�8�ájI2:;:)BF3�Iq:9ª�/ÂBF3'K�BF°P?LÀ â ?ýK�1H0Ôª"«�:
DF/�02°�:90�³9DE6�Iqªq:;02I�á"þàÀ¢ð�ÿL/Hª"1HG�I â <	Iqªq:;´�I 1H3�ª"«�:®áqÀ^õHõ â ©j/�³;:9ª"I
³9/�3U/HDEI21#OP:¹02:;³91�3�I2ª"026�³9ª":;8îáöIq:9:¹BF3�I2:;ª%OñBF3ñK�BE°Q?�À â <¦©j6�0q±
ªq«�:;0�02:;8�6�³;BF3�°Lªq«�:�«�­
8�021�°H:;3®³91=µ�:;02/�°H: 1�©�ªq«�:�Iq6�02©j/�³9:�?e.�DED
/Hª"1HG�BF³�I2ª"026�³;ªq6�0q:9IpºT:;02:�02:;DF/�Ó
:98Ý6�IqBF3�°®8�:93�IqBFª}­�©j6�3�³;ªqBE1H3�/�D
³9/�DF³;6�DF/�ªqBE1H3�I=¿E÷2Á}<�º�BFª"«�BF3Âª"«�:ÝDE1
³9/�De8�:;3�I2BFª}­C/�´�´�021=Ó
BEG�/Hª"BF1�3
áöÜ��M. â ?
K�BE°Q?�À5Iq«�1=º�I�ªq«�:C/�ªq1�G�BE³)I2ª"026�³;ªq6�02:;I�1�©hª}º·1èÀ�? ÿS3�G

³9DE6�Iqªq:;02I��íáöB â Ç�B����	�fø
� ú�� º�«�BF³^«'«�/�I#/H3'6�3�0q:9³;1H3�Iqªq0q6�³;ª":98
I26�02©j/�³9:h/H3�8äájBFB â Ç�B������9ø�
 ú º�«�:90q:®3�:;BF°�«
O¼1H0qBF3�°�8�BF«
­�8�0qBF8�:;I
áöÇ�BFø ú â 1�3Uªq«�:5áqÀ^õ�õ â ©j/�³9:;ªqIL«�/=µH:®O¼:9:;3U02:;³91�3�I2ª"026�³;ªq:;8)ª"1
/¸áöÈ%û¸À â ³91�3 Þ °H6�02/�ª"BF1�3�<�I2BFG�BFDF/�0�ª"1�ªq«�: O�6�DF¬¹á"À¢õ�õ â I26�02©j/�³9:
02:;³91�3�I2ª"026�³9ª"BF1�3Ö¿ ÿ=Á�/�3�8�ª"«�:�Iqªq:;´�I>OP:;ª}ºT:;:93¯áqÀ^õ�õ â ©j/H³;:9ª"I>«�/=µH:
/HDEI21sOP:;:93¹02:;³91�3�I2ª"026�³;ªq:;8Ö?�¶�«�:�IqBFDFBE³91�3¸/Hª"1�G�Ie©j1�02G�BE3�°h1�3�:
1H©!ª"«�:�02:;³91�3�I2ª"026�³;ªq:;8�8�BF«
­
8�0qBF8�:9IT/H3�8s1H3�:�1H©	0q:9³;1H3�Iqªq0q6�³;ª":98
I2ª":9´�Is«�/=µH:%OP:;:93C³;1HDE1H0q:98�­�:9DEDF1=ºë/H3�8å0q:98å02:;I2´P:;³;ªqBEµH:;DF­#BF3
Ç�B ���	� ø 
 ú
? ¨ 3Âª"«�:�I26�0q©j/H³;:Ý1�©�ª"«�BFI®³;DF6�I2ª":;0¯ªq«�:;02:�/�02:)À¢È
1H©�:9/�³^«�1H©�ªq«�:;I2:¯³;1�3 Þ °�6�02/�ªqBE1H3�I=? ¨ 3�:hG�BE°H«�ª�:9Ó�´P:;³9ª�ª"«�:
³91�02:MÇ�BF±mÇ�B¼OP1�3�8%DE:93�°�ªq«�ITª"1�OP:eIq«�1H0qªq:;0�ªq«�/�3%BE3LO�6�DF¬�IqBFDEBF³;1H3
8�6�:Mª"1�ª"«�:�� Iq6�0q©j/H³;:¦ª":93�IqBF1�3�� ´�0q1
8�6�³;:;8�O
­�0q:9³;1H3�Iqªq0q6�³;ª"BF1�3�?



È

��
���
�� � �
��

��
���
�� � �
��

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

2 34 56
789
:;<=
7;6>?
@AB ><@>6

2 C4 56
789
:;<=
7;6>D;6E

F

GIH-JLK	J'M�NO$P QIR+N$SLP NTM
UWVYX��[ZT\^]·��|}z-�2�f��~}�}|}�H�-�}z-�`_Ia;�Ib cedgfhbgigjlk��"�H��|}z2�-�f�H~}�}|}���-�}z-�m_Ia;�Ib cedgfonIipk,������|}�f£9z-�`_F�>�����}z®���}�f��~-kT{Q�"~}~}�����"�}z-�mZ�qsr��H�à~}�������-�f�t_F£f|}z-�
�"�}�9��~-kQ�	�����=�-����~}�}z2|}~;�·�P�Q�"|}£fzM�Hz-��~}���\�p��~}�f~}�H|}�}���-z-~o_F�H����zukP|}z-{H|}z-~}z-���wvex%y){�z��ez%�"�e{������}����z=�

ø�1=ºT:;µH:;0=<Pº·: Þ 3�8Ý³91�02:�O¼1H3�8�DE:93�°�ªq«�I|{êÀ~} Iq«�1�02ª":;0�ªq«�/�3
ª"«�:eO�6�DE¬%µY/�DF6�:�BE3hO¼1Hª"«¯³;DF6�I2ª":90qI=?Ö¶�«�:�O¼1H3�8%DF:;3�°�ª"«�I�1�©�ªq«�:
ájÈÔû)À â 8�BFG�:;02I�/�3�8)ª"«�:®0q:9³;1�3�Iqªq0q6�³9ª":98�I2ª":;´�Is/�02:%I2BFG�BFDF/�0
ª"1�ª"«�1HIq:s´�0q:98�BE³9ª":98ÔO�­ÝÜ���.ë³;/HDE³96�DF/�ª"BF1�3�Ip©j1�0�»�/�ªY<�«
­
8�021�±
°�:93®´�/�I2I2BEµY/�ªq:;85áöõ�õQÀ â I26�02©j/�³;:9IY¿ ó=Á�/�3�8¸02:;³91�3�I2ª"026�³9ª":;8®I2ª":9´�I
1�3¯/�áqÀ^õ�õ â Iq6�0q©j/H³;:�¿FÀ^õ=Á}?>.�©jª":90�02:;³;1H3�I2ª"026�³;ªqBE3�°�/�I2ª":9´®:;8�°H:�<
ª"«�:�I2BEDFBF³;1�3L/�ª"1HG�I,º�BFª"«Lð�IqBFDFBE³91�3s3�:9BE°H«
O¼1H0qI�áe��BE3sBF3�I2:;ªTOs1�©
K�BE°Q?!À â /H0q:�G�1�02:�³;1H3�Iqªq0q/HBE3�:;8h´�0q1
8�6�³;BF3�°�Ç�BE±\Ç�B!OP1�3�8�IMª"«�/�ª
/�02:|�ÄÀ¢õ�}SDF1�3�°H:;0¦ª"«�/�3¯BE3¯ªq«�: ³;1H0q:
?
Û 3�/�8�8�BFª"BF1�3�ªq1�³^«�/H3�°�:9I>BE3LO¼1H3�8�DE:93�°�ªq«�I,ºT:M/HDEI21 1�O�I2:;02µ�:

BF3�ªq:;02:;I2ª"BF3�°¯Iq6�0q©j/H³;:�Iqªq0q6�³;ª"6�0q:9Ieªq«�/�ª /H0q:�6�3�BE½
6�:�ªq1h³96�02µ�:;8
3�/H3�1
³;DF6�Iqªq:;0�Iq6�0q©j/H³;:;I=? ¨ 3�/¹»�/�ª�Iq6�0q©j/H³;:hª"«�:hDE/H0q°H:L3
6�G�±
OP:;0�1�©�BF3
ª":90q/H³;ª"BF3�°�8�BE«
­
8�02BE8�:;I�©j1�02GÂ/��\³9/�3
ª":98��P¿ ó=Á
Iqªq0q6�³;ª"6�0q:
ª"1®G�BF3�BFG�BF7;:Lª"«�:s02:;´�6�DEI2BF1�3�O¼:9ª}º·:9:;3�«
­
8�0q1H°�:93¹/Hª"1�G�I=? Û 3
³;1H3
ª"02/�I2ªf<�ª"«�:h©j/�³9:;ª"I�1�3#/¹3�/�3�1�³9DE6�Iqªq:;0�I26�02©j/�³9:s/�02:sI2G�/HDED}?
K�1H0�:;Ó
/�G�´�DF:�<·ªq«�:�á"À¢õ�õ â ©j/H³;:;ªqIs1�©eÇ�B � ��� ø � ú��¸BF3)K�BF°P?�À�ájB â
«�/=µH:p1�3�DF­¯1�3�:�´�/�BF0e1�©>8�BF«
­�8�0qBF8�:;I=?�¶�«�:;I2:�3�:9BE°H«�OP1�02BF3�°s8�BF±
«
­
8�0qBF8�:9Ie02:;´P:;D>:9/�³^«Ý1�ªq«�:;0�O
­¸021�ª"/Hª"BF3�°hBE3Ý1�´�´P1�I2BFª":�8�BF0q:9³;±
ª"BF1�3�I%ájI2:;:�/H0q021=º�I�BE3ÔK�BF°P?�À â <	©j6�0qªq«�:;0�BE3�³90q:9/�I2BE3�°%ªq«�:sø�±\ø
8�BFIqªq/�3�³9:¦©j0q1HGàÀ�� òPÀ���Ôª"1�È�� õ�ÿ`��e?Ö¶�«�BFI>/�8�8�BFª"BF1�3�/�D
:;3�:90q°H:;ªqBE³
/�8�µf/H3
ª"/�°H: 1�©�ª"«�:�³;6�0qµH:;8¯Iq6�0q©j/H³;:pBFI�02:;»�:9³;ªq:;8®BF3¸ª"«�:�3�:;°H/�±
ª"BFµ�:�©j1H0qG�/�ªqBE1H3%:93�:;02°�­L1�©�ªq«�: I2ª":;´¯1H3�áqÀ^õ�õ â Iq6�02©j/�³9:;I=¿EÀ¢õ=Á ?
¶Ö1à´�0q:98�BF³;ªUªq«�:é02:;DF/�ªqBEµH:ùIqªq/�O�BFDFBEªqBE:9IÄ1H©Ôª"«�:é6�3�02:;³;1H3�±

I2ª"026�³9ª":;8ñ/�3�8Ä0q:9³;1�3�Iqªq0q6�³9ª":98C³;DF6�Iqªq:;02I%ºT:�©j1HDEDF1=ºíª"«�:¹´�02:;±
I2³;02BF´�ª"BF1�3¸1H©�NM:9©�¿ ó�Á�©j1H0�ªq«�:�0q:9DE/Hª"BFµ�:�©j1H0qG�/Hª"BF1�3¸:93�:;02°�­
<���<
1H©�ªq«�: ³;DF6�I2ª":;02I

���������	���������������������.��� � á"À â
º�«�:;02:��äBFI�ªq«�:�ª"1�ªq/�D�:;3�:90q°H­�<���� �¡�CBFIeª"«�:�7;:;021�±\´P1�BF3�ª�:;3�±
:90q°H­¹1H©�Ç�BF±møàµ�BFO�02/�ªqBE1H3�IY<¡���ëBEI�ª"«�:L3
6�G�OP:;0�1�©�«
­
8�021�°H:;3
/Hª"1HG�I=<=/H3�8¢���UBEI·ª"«�:�³^«�:;G�BF³;/�D¼´¼1Hª":93�ªqBE/HD�1H©	«�­
8�021�°H:;3Ö?!.�I
ªq«�:�ª":9G�´¼:90q/Hª"6�02:;I�OP:;BF3�°®³;1H3�IqBF8�:90q:98�«�:90q:�/�02:�G�6�³^«ÝDF1=º·:90
ªq«�/�3�ª"«�:hÇ�BF±møêµ
BEO�02/�ªqBE1H3�/�D·:;3�:90q°H­)áe�¦ï�õHõ�õ�£ â <!1H3�DE­�79:;021
´P1�BF3
ª�Ç�BE±\øéµ
BFO�02/�ª"BF1�3�I�/H0q:�BE3�³9DE6�8�:;8Ö? .�8�8�BFª"BF1�3�/�DFDE­
<P/�I�ª"«�:
3
6�G�O¼:90¦1�©!Ç�BQ/Hª"1�G�I¦BFITªq«�:�Iq/HG�:�BF3%:9/�³^«s³9DE6�I2ª":90Y<Hªq«�:�Ç�BE±\Ç�B
µ
BFO�02/�ª"BF1�3�/�DQ³;1H3�ªq0qBFO�6�ªqBE1H3�I�ª"1�ªq«�: ©j02:;:�:;3�:90q°H­s/�02:�/�I2Iq6�G�:98
ªq1�OP:¦:;½
6�/�D�/�3�8pª"«�:90q:9©j1�02:,³9/�3�³9:;D�1�6�ª�1�©�ªq«�:T0q:9DE/Hª"BFµ�:�©j1H0qG�/�±
ªqBE1H3�:93�:;02°�BF:;I=? Û 3�ª"«�:¦³;6�0q02:;3
ª�º·1H0q¬!<9ª"«�:¦I2ª"026�³;ªq6�02:;I�/�02: Þ 02Iqª
02:;DF/�Ó
:98�º�BFª"«�BF3pªq«�:�Ü���.�?^¶�«�:;3LßTÆ Õ ³;/HDE³96�DE/Hª"BF1�3�I�/�02:�6�Iq:98
ªq1%G�1H0q:�/�³;³96�02/�ª":9DE­¯8�:9ª":90qG�BF3�:�ªq«�:�ª"1�ªq/�D�:;3�:;02°�­�<¤� ����� <P1H©
:9/�³^«�³;DF6�I2ª":;0=? Û 3�K�BF°P? È�ª"«�:�ßTÆ Õ ©j1H0qG�/Hª"BF1�3�:;3�:90q°HBE:9I>1�©Pª"«�:
Ç�B����	�9ø¦¥é³;DF6�I2ª":90qI�/�02:p´�DF1�ª"ªq:;8¹/�I�/%©j6�3�³9ª"BF1�3¸1H©>ª"«�:�«
­�8�0q1H±
°H:;3�³^«�:9G�BF³;/HD�´P1�ª":93
ª"BF/�D}<W����?L.�I�/®½
6�/HDEBFª"/Hª"BFµ�:�°H6�BE8�:sª"«�:
6�´�´¼:90 Ó
±m/HÓ�BFI I2«�1=º�I�ª"«�:�ªq:;G�´¼:90q/Hª"6�02:�8�:;´P:;3�8�:;3�³9:�1�©§����<
³91�G�´�6�ªq:;8#©j021�G ªq«�:%I2ª"/H3�8�/H0q8#´�/�02ª"BFª"BF1�3#©j6�3�³;ª"BF1�3�<�º�BEªq«�BF3
ªq«�:¯«�/�02G�1�3�BF³L/H´�´�021=Ó
BEG�/�ªqBE1H3Ö<�BF3�³;DF6�8�BF3�°�O¼1Hª"«å0q1Hª"/Hª"BF1�3�/HD



ï

¨%©�ªW«­¬�®°¯�±�²p¯u³s«T´'µT³"¯�¶¸·u¹�ºl¶)»~¼~½¡«T´"±¾¹
¿À�¿T¿Á�¿T¿Â�¿-¿ÃT¿T¿½ ¿T¿­¿

ÄÅ
ÆÆ Ç
ÈÉ ÊËÌ Í
ÎÌÏ
Ð ÊÑÎÒ
ÓÒËÌÔ
Õ ÖË ×Ø

¿
À�¿
Á�¿
Â�¿
ÃT¿

½ ¿T¿
½ À�¿
½ Á�¿
½ Â�¿

Ù�Ú ¶ ¯YÛ�¹
½-Ü À ½YÜ ¿ ¿ Ü Ã ¿ Ü Â ¿ Ü Á ¿ Ü À ¿ Ü ¿

Ý$Þ ß'àâá ¨ ß ©âã
Ý$Þ ß'àâá ¨�ä¸å
Ý$Þ ß'àâá ¨�æ ©
Ý$Þ ß'àâá

ç°è	é ê	ë�ìpè+ígî é ï+ëgî ê	ðñ~ò ï+ígî êpé íó ê	ë�ìpè+í�îsé ï+ëgî ê	ðô°õ ö�÷ ðpé õ ðeê	íó ê	ë�ìpè+ígî é ï+ëgî ê	ðô°õ öI÷ ðpé õ ð	ê	íø è+ð¡ù-î êpú+í

UWVYX��¡ûT\oü����Ô�=�"���-���m���}z-�¯�F�9|}�s�"�}���9�¯z-��z2|}£f��z-~M�f�ýZ9�"r����þa¢� b ced
�-����~}�}z2|}~e�>���}�¸���"ÿ�z-|}z-���e~}�H|}�}���-z�~}�}|}�H�-�}��|}z2~;�s¥>�Hz��9|}��£9���¹�9�����
��~��
������zs�����>�����q�L�}��ze�F�f|}���"�}���f�¯z2��z-|}£9���f�ýa¢�'f c ��~�§-z-|}�
��¥>��z
���"����z¦�9���������E�f|,�����"zp~}�������2�f������~��f���;������z-���E|}�f�	�	z-�}��
"Z­Z
�m�

/�3�8®7;:;021�±\´P1�BF3�ª¦µ
BFO�0q/Hª"BF1�3�/HD!:;3�:;02°�BF:;I�¿FÀ^ó�ÁÖ/�ª�À�/Hª"G�1�I2´�«�:90q:
1�©�´�/H0qªqBE/HDP´�0q:9IqI26�02:�?
¶�«�:LI2ª"026�³;ªq6�02:Lº�BFª"«#ªq«�:%«�BE°H«�:;I2ª�³91=µ�:;02/�°H:�1�©�«
­
8�0q1H°�:93

1�3�ªq«�:�Iq6�0q©j/H³;:�<�/�3�8�«�:93�³;:�3�1 0q:9³;1�3�Iqªq0q6�³9ª"BF1�3�IMáöÇ�B������9ø¢� ú�� â <
«�/HI�ªq«�:¯DE1=ºT:;I2ª�©j1�02G�/Hª"BF1�35:;3�:90q°H­Ôº�«�:;3������ �¦õ�� ï�:���?
¶�«�:9Iq:¦«�BF°�«h���å³;1H3�8�BFª"BF1�3�I>:9Ó�BFI2ª�º�«�:;3�IqBFDEBF³;1H3�3�/H3�1
³;DF6�I2ª":;02I
/�02:�©j1�02G�:;8hO�­L0q:98�6�³;BF3�°�Ç�B Õ DL� º�BFª"«¯G�:;ªq/�D	«
­
8�02BE8�:9IY¿FÀ^ï�Á	1�0
O
­%ø�K):;ª"³^«�BE3�°%1�©�O�6�DF¬¯IqBFDFBE³91�3Ö¿FÀ^ð�Á}?¦K¼1�0M3�/H3�1
³;DF6�I2ª":;02I�I2­
3�±
ª"«�:;I2BE79:;8hBE3h/�3%ø ú :;3
µ
BE021�3�G�:93
ª§���ÄBFI�³;1�3�IqBF8�:;02/�O�DE­�DF1=º·:90Y?
K�1H0 ��� { �¦õ�� ï�BFªhBFI®:;3�:;02°�:;ªqBE³9/�DFDE­)©j/=µH1�02/�O�DF:¸ª"1)02:;³91�3�±
I2ª"026�³;ª�Iq6�02©j/�³9:p8�BF«
­�8�0qBF8�:;I�©j1�02G�BE3�°ÝájÈ¯ûÝÀ â I26�0q©j/H³;:p8�BEG�:;02I
ájÇ�B ���	� ø���� â /�3�8ÔBF©�� � { �¦õ�� ÿ®:��à0q:9³;1H3�Iqªq0q6�³;ª"BF3�°¯I26�0q©j/H³;:
I2ª":;´�Ieªq1L©j6�02ª"«�:;0�0q:98�6�³9:�ª"«�:�«
­
8�021�°�:93®³;1H3�ªq:;3
ª�ájÇ�B � ��� ø 
 ú â
OP:;³;1HG�:;I�:;3�:;02°�:;ªqBE³9/�DFDE­�©j/=µH1�02/�O�DF:�?
¶�«�:sBFG�´P1�02ª"/H3�³;:�1H©·6�IqBF3�°¸/H3Ý/H³;³96�0q/Hª":�G�/�3
­
±mOP1
8�­�/H´�±

´�021�/H³^«�Iq6�³^«�/HI�ßTÆ Õ BEITBEDFDF6�Iqªq0q/Hª":98sO
­�³91�G�´�/H0qBF3�° ª"«�:�µY/�DF±
6�:9IL1�©�����/�ªsº�«�BF³^«Cª"«�:¸G�1�I2ªsIqªq/�O�DF:®I2ª"026�³;ªq6�0q:�³^«�/�3�°H:;I
©j021�GìÇ�BI� ���;ø¢� ú�� ª"1åÇ�BI� ���9ø �
� ª"1åÇ�BI� ���føw
 ú ªq15Ç�BI���	��? ¨ 6�0
ßTÆ Õ ³;/�DF³;6�DE/Hª"BF1�3�IMájK�BF°P?fÈ â ´�0q:98�BE³9ª�³;02BEªqBE³9/�D�µY/�DF6�:;I�1H©$���å1�©
±\õP? ïP< ±mõQ? ÿHò·/H3�8�±-ÀH? ò¦:���? Û 3 ³91�3
ª"02/�I2ªf<¢/�3�:;½
6�BFµY/�DF:;3
ª	Ü��M.�³;/�DF±
³;6�DE/Hª"BF1�3�I ´�02:;8�BE³9ª"I ³;021�I2I21=µ�:;0�/�ª�±\õP? È�òP< ±\õP? ô�ÿs/H3�8¹±\õP? ÿ�òh:���?
Û 3¯/�8�8�BEªqBE1H3Ö<�ª"«�:LßTÆ Õ ´�«�/HIq:�8�BF/�°H0q/HGè´�02:;8�BF³;ªqIM/�´¼1HIqBFª"BFµ�:
©j1�02G�/�ªqBE1H3%:93�:;02°�­s©j1H0�Ç�B � ��� ø � ú��p/Hª � � �#õQ<
B}? :
?�Ç�B � ��� ø � ú��
º�BFDEDP3�1�ª·Iq´P1�3
ªq/�3�:91�6�I2DE­�©j1�02G'©j0q1HG'I2BFDE/H3�:M/�3�8sO�6�DF¬�IqBFDEBF³;1H3Ö?
Ü���.�³;/HDE³96�DE/Hª"BF1�3�IL´�0q:98�BF³;ªLBF3�I2ª":9/�8C/Ô3�:9°�/�ªqBEµH:®©j1�02G�/�ª"BF1�3
:;3�:;02°�­�1�©MÇ�B ���	� ø � ú	�¯/Hª^� � � õÝ/�3�8�«�:93�³;:hIq´P1�3
ªq/�3�:91�6�I
©j1�02G�/�ªqBE1H3%1H©�3�/H3�1�I2³;/HDE:e³;DF6�I2ª":;02I=?
AC«�BEDF:¯Ü��M.+³9/�DF³;6�DF/�ªqBE1H3�I�«�/=µ�:L´�0q:9µ�BF1�6�IqDF­�O¼:9:;3åIq«�1=º�3

ª"1�/�³;³96�02/�ª":9DE­�´�02:;8�BF³;ª�I2ª"026�³9ª"6�02/�D�´�0q1H´¼:90qªqBE:9I�1�©QI2BEDFBE³91�3�3�/H3�±
1
³;DF6�I2ª":;02I=<�ªq«�:;­¯«�/=µH:p/�DFIq1LO¼:9:;3¸I2«�1=º�3Ö¿FÀ^ò=Á�ª"1%IqBF°�3�B Þ ³9/�3
ª"DF­
6�3�8�:;02:;I2ª"BFG�/Hª":¸ªq«�:;BF0L1H´�ª"BF³;/HD�°H/�´�I=?Ä¶�«�:;02:;©j1H0q:
<,ªq1#8�:9ª":;02±
G�BE3�:Lª"«�:L:;æP:;³9ª�1H©TI26�02©j/�³9:s0q:9³;1H3�Iqªq0q6�³;ª"BF1�3�1H3Ôª"«�:%1�´�ªqBE³9/�D

°H/�´Ö<¼/%Iq:90qBF:;Ie1�©�ßTÆ Õ 1�´�ªqBE³9/�D�°�/�´�³;/�DF³;6�DE/Hª"BF1�3�Ieº·:90q:�´¼:90q±
©j1H0qG�:98#©j1�0�³;DF6�I2ª":;02I�º�BEªq«�8�BF/�G�:;ªq:;02I�02/�3�°�BF3�°¸©j021�G õP?F÷�ª"1
ÈL3�G¸<�6�IqBF3�°Lªq«�:�/�´�´�021�/H³^«¯8�:;I2³;02BEOP:;8�BE3¸N�:;©"?FÀ^ò¼?�K�1H0�:;/H³^«
³9DE6�Iqªq:;0!ªq«�:,DF1=º·:9Iqª	:93�:;02°�­�Iqªq0q6�³;ª"6�0q:�1H©
ª"«�:�6�3�0q:9³;1H3�Iqªq0q6�³;ª":98
/H3�8)0q:9³;1H3�Iqªq0q6�³;ª":985I26�02©j/�³9:;IsºT/�I�8�:9ª":90qG�BF3�:;8C6�I2BF3�°ÔÜ��M.
³9/�DF³;6�DF/�ªqBE1H3�Ip/H3�8#ª"«�:L1�´�ª"BF³;/�DT°�/H´�IpºT:;02:s³;/HDE³96�DF/�ª":98#6�I2BE3�°
ßTÆ Õ ?�¶�«�:�02:;I26�DFª"Ie1�©�ªq«�:;I2:�³9/�DF³;6�DF/�ªqBE1H3�Ie/�02:�I26�G�G�/H0qBF7;:98
BF3ÔK�BE°Q?!ïH/P? Û 3#K�BF°P? ï�/®ºT:s³;1HG�´�/�02:�ßTÆ Õ ³;/�DF³;6�DE/Hª"BF1�3�Ip1H©
ªq«�:®I2BE79:h8�:;´P:;3�8�:93�³;:¯1H©�ªq«�:¯1�´�ªqBE³9/�D�°�/H´�I�1�©�IqBFDFBE³91�3å3�/�3�±
1
³9DE6�I2ª":90qI·º�BEªq«s6�3�02:;³91�3�I2ª"026�³9ª":;8�I26�02©j/�³9:;I,ªq1�ªq«�1�I2:�º�BFª"«s02:;±
³91�3�I2ª"026�³9ª":;8¹8�BFG�:90qI /H3�8ÝIqªq:;´�I 1H3¹ªq«�:�Iq6�02©j/�³9:�?p¶�«�:�1�´�ªqBE±
³9/�D>°H/�´Ý1�©T6�3�02:;³;1H3�I2ª"026�³;ªq:;8Ý³;DF6�Iqªq:;02Ip«�/HI ´�0q:9µ
BE1H6�IqDF­¸OP:;:93
I2«�1=º�3Ö¿ ï¼<Pð¼<,À^ò�Á�ª"1¯:9Ó�«�BEO�BFªe/%I2ª"021�3�°hI2BE79:�8�:9´¼:93�8�:93�³;:
<P8�:;±
³90q:9/�I2BE3�°p©j0q1HGèóP?FÀ�:��Ä©j1H0·ªq«�:�I2G�/�DFDE:9IqªTDFBEG�BFª"BF3�°�³9/�I2:�1H©!ª"«�:
Ç�BEø�ðsIqBFDF/�3�:pG�1HDE:9³;6�DF:�<�ª"1¹ÀH?EÀ :��î©j1H0�³9DE6�I2ª":90qI�/�´�´�021�/H³^«�BF3�°
ªq«�:¯O�6�DF¬ÔDEBFG�BEªY? Û 35³;1�3
ªq0q/HIqªY<�K�BE°Q? ïH/�I2«�1=º�I�ªq«�/�ª�³9DE6�I2ª":90qI
º�BFª"«�0q:9³;1�3�Iqªq0q6�³9ª":98ÝI26�02©j/�³9:;I�:9Ó
«�BEO�BEª�/¸G�6�³^«�º·:9/�¬�:90pI2BE79:
8�:;´P:;3�8�:93�³;:
<�G�1HIqª�DEBF¬�:9DE­h8�6�:�ª"1sªq«�:�I26�02©j/�³;:�DE1
³;/HDEBF7;:98®3�/�±
ªq6�02:M1�©	ªq«�:�O�/H3�8�:;8�°�:MI2ª"/Hª":;I=? Û 3s³;1H3
ª"02/�I2ª>ª"1pªq«�:�½
6�/H3�ªq6�G
³91�3 Þ 3�:;8Â³;1H0q:ÝIqªq/�ªq:;I¯1�©�6�3�02:;³;1H3�I2ª"026�³;ªq:;8ñ³9DE6�Iqªq:;02IY<�ª"«�:9Iq:
I2ª"/Hª":9I,OP:;«�/=µH:MG�1�02:MDEBF¬�:�BEG�´�6�02BFª}­�DF:;µH:;DFI,ª"«�/�ª,/H0q:�BE3�8�:;´P:;3�±
8�:;3
ª�1�©�ª"«�:�IqBF7;:�1�©�ª"«�:p³;DF6�I2ª":;0=? Õ DF6�I2ª":;02I�º�BFª"«®1�3�DE­s02:;³91�3�±
I2ª"026�³9ª":;8¯8�BFG�:;02IM«�/=µH:e/H3¯1�´�ªqBE³9/�D!°H/�´¯1�©.�ñïQ? ò�:���?
ÜÖ/�02°�:90
³9DE6�Iqªq:;02I·á�þpÀ¢ð�ÿ¦Ç�B�/Hª"1HG�I â /H0q:>/HDEI21¦/�O�DF:�ª"1�0q:9³;1�3�Iqªq0q6�³9ªQIqªq:;´�I
1H3�ªq«�:pájõ�õQÀ â Iq6�0q©j/H³;:�?!¶�«�BFI>8�1�6�O�DE:T0q:9³;1H3�Iqªq0q6�³;ª"BF1�3�8�0q/HG�/�ª"±
BF³;/HDEDF­�DE1=ºT:;02I�ª"«�:T1�´�ªqBE³9/�D
°�/H´pª"1¢�ñÀH? ò�:���?9É�IqBF3�°eª"«�:�Ð\Ê�Ë9Î���Ï
1H©	ª"«�:�Ü¤�M.Ä°H/�´�I·º·:e:;Ó
ªq0q/H´¼1HDE/Hª":Mªq«�:�ßTÆ Õ °�/H´�I·ªq1�DF/�02°�:90
I2BF7;:;I�áö8�/�I2«�:98åDFBF3�:®BE3)K�BF°P?�ïH/ â /�3�85´�02:;8�BE³9ª�ª"«�/HªsO¼:9­�1H3�8
È�3�G¾ª"«�:®6�3�0q:9³;1H3�Iqªq0q6�³;ª":9851H´�ª"BF³;/HD�°�/H´5º�BFDED�³90q1HIqI�OP:;DF1=º
ªq«�:e°�/�´�´�0q1
8�6�³9:;8%O�­�8�BF«
­
8�0qBF8�:�ª"1�8�BEG�:;0¦02:;³91�3�I2ª"026�³;ªqBE1H3�I=?
¶�«�:;02:;©j1�02:�<�ª"«�:e:;æP:;³9ª·1H©!8�BFG�:;0T0q:9³;1�3�Iqªq0q6�³9ª"BF1�3�I·º�BEDFDP3�1�ªTO¼:
1HO�I2:;02µ�:;8�BF3L³9DE6�Iqªq:;02I��ñÈ�3�G¸?�ø�1=ºT:;µH:;0=<=/HIT02:;³91�3�I2ª"026�³9ª"BF3�°
I26�02©j/�³9:�Ï2Ð\Ë"çPÏ�DE1=ºT:;02I	ª"«�:,1�´�ª"BF³;/�D�°�/�´ :93�:;02°�­�ª"1M1H3�DF­�I2DEBF°�«
ªqDE­
/HO¼1=µH:,ªq«�:¦O�6�DF¬pO�/�3�8�°H/�´Ö<fºT:·´�0q:98�BE³9ª�BEª�I2«�1�6�DF8�OP:�´P1�I2IqBFO�DF:
ªq1�1HO�I2:;02µ�:,ªq«�:¦1�´�ªqBE³9/�D
I2BE°H3�/�ªq6�0q:T1�©�Iqªq:;´�0q:9³;1�3�Iqªq0q6�³9ª"BF1�3�I�BF3
³9DE6�Iqªq:;02I�/�I�DF/�02°�:e/�I�ò�±^À^õH3�G¸?
¶�«�:�3�/�ªq6�0q:�1�©>/s3�/�3�1
³;DF6�I2ª":90�I26�0q©j/H³;:�³;/�3®/HDEI21sOP:�³^«�/�02±

/H³;ªq:;02BE79:;8sO
­�ª"«�:�:9Ó�³9BEªq1�3�BF³�DFBF©j:;ª"BFG�:�?�K�BF°P? ï�OLI2«�1=º�I·ª"«�:�I2BE79:
8�:;´P:;3�8�:93�³;:h1�©�ª"«�:¯:;Ó
³9BEªq1�3#DFBE©j:9ª"BFG�:hBF3�³9DE6�Iqªq:;02I�º�BFª"«56�3�±
02:;³91�3�I2ª"026�³9ª":;8)I26�02©j/�³;:9IL/H3�8CIq6�0q©j/H³;:;ILº�BEªq«U0q:9³;1H3�Iqªq0q6�³;ª":98
8�BE«
­
8�02BE8�:9I�³;/HDE³96�DF/�ª":98�º�BEªq«�BE3�Ü¤�M.U6�I2BF3�° ª"«�:�´�0q1
³9:;8�6�02:�BF3
N�:;©"?F¿EÀ¢ô�Á ?�K�1H0�³9DE6�I2ª":90qIÖº�BEªq«�8�BF/�G�:9ª":;02I���ÀH? ï�3�GSª"«�:T:;Ó
³;BFª"1H3
³90q:9/�ªq:;8�O
­¹/¸ø ¨ Æ ¨ ª"1¹Ü�É�Æ ¨ :9Ó
³;BFª"/�ªqBE1H3ñájI21�DFBE8Ô³9BE02³;DF:;I
/H3�8®I2½�6�/�02:;I â BEI�´�DF1�ª"ªq:;8Ö? Û 3¸ª"«�:�IqG�/HDEDF:;I2ªM³;DF6�I2ª":90qI=<�:9Ó
³;BFª"/�±
ªqBE1H3�I�OP:;ª}ºT:;:93�O�/�3�8�:98�°�:�I2ª"/Hª":;I,IqDFBE°H«
ª"DF­�OP:;DF1=º�áj/�OP1=µ�: â ª"«�:
ø ¨ Æ ¨ ájÜÖÉ�Æ ¨ â áö:;G�´�ª}­LI2­
G�OP1�DFI â º�BFª"«¯ªq«�: Iq/HG�:eI26�02©j/�³9:
³^«�/�02/�³;ªq:;0Ö/�I�ª"«�:�ø ¨ Æ ¨ /H3�8�ÜÖÉ�Æ ¨ BE3�ª"«�:¦DF/�02°�:90Ö³9DE6�I2ª":90qI
/H0q:�´�DF1�ªqª":98Ô/�Ipªq«�:;I2:s«�/=µH:�I2BF°�3�B Þ ³;/H3
ª"DF­�I2«�1�02ª":90 DEBF©j:;ªqBEG�:;I=?
K¼1�0�Ñ�Î¼Ê�Ë-Ì-Í�Î�Ï-Ð\Ê^Ñ�Ì9Ð\Ë���³;DF6�Iqªq:;02IY<�ª"«�:�:;Ó
´¼1H3�:;3
ªqBE/HD!BE3�³;02:;/�I2: BF3
DFBF©j:;ª"BFG�:�1H©�ªq«�:�:9Ó
³;BFª"1�3#áö³;BF0q³9DE:9I�³;1H3�3�:9³;ª":98®O
­%I21�DFBE8®DFBF3�:pBF3
K�BF°P? ï�O â BEI�³91�3�I2BEI2ª":93
ª�º�BFª"«�´�0q:9µ�BF1�6�I�³9/�DF³;6�DF/�ªqBE1H3�IY¿FÀ�÷2ÁT/�3�8
BFI�BF3
ª":;02´�02:;ªq:;8�/�I�ªq«�:Mø ¨ Æ ¨ ª"1 Ü�É�Æ ¨ ª"02/�3�I2BFª"BF1�3�O¼:9³;1HG�±
BF3�°�G�1�02: �\BF3�8�BF0q:9³;ªe��/HI�ª"«�: O�6�DE¬%DEBFG�BEª�BFIM/�´�´�0q1H/�³^«�:98Ö?�K�1�0
³9DE6�Iqªq:;02IMº�BEªq«®0q:9³;1H3�Iqªq0q6�³;ª":98¯8�BE«
­
8�02BE8�:;I=<�ª"«�:pDEBFµ�:98®:;Ó
³;BFª"1H3
:9Ó
«�BEO�BEªqI�/¸I2BFG�BFDF/�0p:9Ó�´P1�3�:;3
ª"BF/�DTIqBF7;:L8�:;´P:;3�8�:;3�³9:�<�O�6�ª�ª"«�:
DFBF©j:;ª"BFG�:�BFI�/�´�´�0q1=Ó
BFG�/Hª":9DE­h/�3¹1�028�:;0�1�©�G�/�°H3�BFª"6�8�:�I2«�1�02ª":90



ð

��� � 
!" #
�$%  
�&
% '"( )

*,+

*-+.+

*,+
+.+

*,+.+
+.+

/10 2�35476 4
8�9 :735;
*=< + *-< > *=< ? *=< @ *.< A >�< +

B C
DE
F  ��G H
IGF '
% J)

+

>

?

@

K�L.3�M=4�8
N7O7PQ0 R 0 S-N�:52.6 N
3UT
>�V W.X @7@ A=Y *Z>=? *[?�A >\*
*

]�^,_ `badc,^begf _ hbagf `bij `,akcZ^dekf _ hbagf `,iml\n o�`Z_ ej `,akcZ^dekf _ hbagf `,iqp.f `Zr[e

s�L7R tuP�0 R 0 S,N�:Uvu2
w

9 2=;�x5wZ6 0 SZ2�Rbvu2�w

9 M-;�y�zZS=0 6 N�:|{=0 O 4.6 0 3U4

UWVYX��1}T\�_}�­k�~�{H�}�����"��£���{�~!�f�H�	�����=�-����~}�}z2|}~��>���}�����"ÿ�z-|}z-���Q~}�H|}�}�"�2z
~}�}|}���2�}��|}z-~;���¦��~}��z-�¹�����Hz-~%�"|}zsz-¤��}|;�"{��9�\���}���f��~��	��~}z-���9�������
�}|}z-�H��~;�[_F�Wk�a;�f�������2��|}�2��z2~-_F~}���Q�"|}z-~-k	~}���¢��������z-¤��-���}�f�������Ez-�}����z-~
�f�Ö���H|}z-�-�f�H~}�}|}���-�}z2� _F|}z2�-�f�H~}�}|}���-�}z-� kÖ�-����~}�}z2|}~;������{��m��~}�������9��~
~}���¢� �}�Hzs�����Ez-�}����zh�9��~}�;���}z-~��>���}��f�~���~ _g��]���~ kM�"�	��|;�"�-�}z2|
� �H~}����z-���;�w_}�����¢�YzukQ�}��z��Q�"����z-��£9z��

©j1�0�/HDED	I2BF7;:;I=?
Û 3åN�:;©"?F¿EÀ¢ÿ�Á <·µY/�3��¦6�6�02:;3äË9ÐZ�äØm�!6�Iq:���±m02/=­Ô/�O�I21�02´�ªqBE1H3

/�3�8�µY/�DF:;3�³9:�O�/�3�8¹´�«�1�ªq1
:;G�BEI2I2BE1H3¸ª"1hBE3
µH:;I2ª"BF°�/�ªq:�ªq«�:�Iq«�BF©jª
BF3hªq«�:pµY/�DF:;3�³;: /�3�8%³91�3�8�6�³;ª"BF1�3¯O�/H3�8¯:;8�°H:;IM1H©Ö´P1�021�6�I�IqBFDEBF±
³;1H3¯/�I�/�©j6�3�³;ªqBE1H3®1�©�ª"«�:90qG�/HD�/�3�3�:;/HDEBF3�°P?�¶�«�:pºT/=µ�:9DE:93�°�ªq«
1�©Öª"«�:�1HO�Iq:90qµH:;8s´�«�1�ªq1�DF6�G�BE3�:9Iq³9:;3�³9:�I26�°H°�:;I2ª"I¦ªq«�/�ª¦ª"«�:e1H´�±
ª"BF³;/HD¼:9G�BEI2IqBF1�3LBE3sªq«�:;I2:eIq/HG�´�DE:9I,1�02BF°�BF3�/�ªq:;I,©j021�G 3�/H3�1�I2³;/HDE:
©j:;/Hª"6�02:;I º�BFª"«Ý8�BFG�:;3�I2BE1H3�I 1�©¦�¦È¯3�G¸<	I2BEG�BFDE/H0eªq1¯ª"«�:�3�/H3�±
1
³;DF6�I2ª":;02IeIqªq6�8�BF:;8�«�:;02:�?�.�Ieª"«�:�/�3�3�:;/�DFBF3�°sª":9G�´¼:90q/Hª"6�02:�BFI
BF3�³;02:;/HIq:98Ö<
G�/�I2I�I2´¼:9³;ªq0q1HG�:9ª":90MG�:;/�I26�02:;G�:;3
ªqIMIq«�1=º·:98hI2BF°�±
3�B Þ ³;/H3
ª�«
­
8�021�°H:;3#:9µ�1�DF6�ªqBE1H3�³;1H6�´�DF:;8åº�BEªq«5/�8�:9³;02:;/HIq:%BE3
ª"«�: ½�6�/�3
ª"6�Gà³;1H3 Þ 3�:9G�:93
ª�1�©�ªq«�:p³91�3�8�6�³;ª"BF1�3h/�3�8hµY/HDE:93�³;:
O�/H3�8�I=?�.�ª�/�3h/�3�3�:9/�DFBE3�°�ªq:;G�´P:;02/�ª"6�0q:�1�©�ô�õHõ £éª"«�: ½
6�/H3�±
ª"6�Gë³;1H3 Þ 3�:9G�:;3
ª¦1�©�ªq«�:�³;1H3�8�6�³9ª"BF1�3h/�3�8hµY/�DF:;3�³9:eO�/�3�8�I�BFI
02:;8�6�³9:;8sO
­�õP? ôp/�3�8sõP? ðp:��Â02:;I2´¼:9³;ª"BFµ�:9DE­
<=:9æ¼:9³;ª"BFµ�:9DE­�02:;8�6�³;±
BF3�°Lªq«�:�1H´�ª"BF³;/HD�°�/H´®O
­�Àp:���?�¶�«�BFI�:9µ�1�DF6�ªqBE1H3®1�©>«
­
8�0q1H°�:93
/�ªeô�õHõ°£èBFI�³;1�3�IqBFIqªq:;3
ªeº�BEªq«¹ªq«�:�0q:9³;1�3�Iqªq0q6�³9ª"BF1�3¸1H©�I26�0q©j/H³;:
I2ª":;´�IM´�02:;8�BF³;ªq:;8®BF3®K�BF°P?�È�/�3�8¯ª"«�:pG�:;/�I26�02:;8#Àe:��î°�/�´h02:;±
8�6�³9ª"BF1�3#BFI�³;DF1�I2:Lª"1¹ª"«�:�À�? ò�:��ë02:;8�6�³9ª"BF1�3#8�6�:Lªq1�I26�0q©j/H³;:
02:;³;1H3�I2ª"026�³;ªqBE1H3L´�02:;8�BF³;ªq:;8¯BF3hK�BF°P?�ïH/P?
Å,µ
BE8�:;3�³9:�©j1H0Tªq«�:�:;Ó
BFIqªq:;3�³9:e1H©!I2BEDFBE³91�3%3�/�3�1
³9DE6�I2ª":90qI¦º�BFª"«

02:;³;1H3�I2ª"026�³;ªq:;8 Iq6�0q©j/H³;:;I�BEI5/�DFIq1ä´�0q1=µ
BF8�:;8 BF3èNM:;©"?F¿EÀ¢ï�Á%BE3

º�«�BE³^«5/�O�I21�02´�ª"BF1�35/�3�85:;G�BFIqI2BE1H3�I2´¼:9³;ªq0q/Ý1�©�À�? ÿ¹3�G ³;DF6�Iq±
ªq:;02I�I2­
3
ª"«�:9IqBF7;:98#BE35BE3
µH:;02Iq:%G�BF³;:9DEDF:;I�/�02:L´�0q:9Iq:93�ªq:;8Ö? ¨ 6�0
ßTÆ Õ ³;/�DF³;6�DE/Hª"BF1�3�I·1�©!ªq«�:�1H´�ª"BF³;/HD¼°H/�´�IT1�©	³9DE6�I2ª":90qITº�BFª"«L02:;±
³91�3�I2ª"026�³9ª":;8hI26�0q©j/H³;: 8�BFG�:;02I�/�3�8¯I2ª":9´�IM1�©�:9Ó�/H³;ªqDE­sªq«�BFI�I2BE79:
áöïP? òs/�3�85À�? òs:���<¼Iq:9:pK�BE°Q?�ï â /�02:pBF3�°H1�1
8®/H°�02:;:;G�:93�ª�º�BEªq«
ªq«�:Mª}ºT1�°�/�´�I�1�©PïP? ð /�3�8�ÈQ?EÀT:��CG�:9/�I26�02:;8�BE3�N�:;©"?F¿EÀ¢ï�Á ? ¨ 6�0
³9/�DF³;6�DF/�ªqBE1H3�I�ª"«�:;02:;©j1�02:�Iqªq0q1H3�°�DF­sI26�´�´P1�02ª�ª"«�: ³91�3Q�":9³;ªq6�0q: 1H©
N�:;©"?F¿EÀ¢ï�Á·ªq«�/�ª�ª"«�:hI2G�/HDEDF:;0�1�©�ªq«�:;I2:sª}ºT1�1�´�ª"BF³;/�D·°�/H´�IháöÈP?FÀ
:�� â BFI�8�6�: ªq1�Iq6�02©j/�³9:�02:;³91�G�O�BE3�/�ª"BF1�3�?
Û 3®³;1H3�³;DF6�I2BE1H3Ö<�ºT:p«�/=µH: 0q:9´¼1H0qª�ªq«�: Þ 0qI2ªM/�O�±mBF3�BFª"BF1�BE3
µ�:9Iq±

ªqBE°H/�ªqBE1H3Ô1�©¦ª"«�:%0q:9DE/Hª"BFµ�:�I2ª"/HO�BEDFBFª}­¹1H©�IqBFDEBF³;1H3Ô3�/�3�1�´�/H0qªqBE³9DE:9I
º�BFª"«�0q:9³;1�3�Iqªq0q6�³9ª":98®Iq6�02©j/�³9:;IM/HI�/%©j6�3�³;ªqBE1H3¸1�©>I2BF7;:p/H3�8¸ºT:
02:;DF/�ªq:�1�6�0¸02:;I26�DFª"I®ªq1CIq´P:;³9B Þ ³Ô:9Ó
´¼:90qBFG�:;3
ª"/HDp´�02:;´�/H0q/Hª"BF1�3
³91�3�8�BEªqBE1H3�IY? ¨ 6�0 Þ 3�8�BF3�°�I�Iq«�1=ºÄªq«�/�ªMªq«�:�02:;DF/�ªqBEµH:�Iqªq/�O�BFDEBFª}­
1H©�I2BFDEBF³;1H353�/H3�1�´�/�02ª"BF³;DF:;I�/�Is/�©j6�3�³;ª"BF1�3C1H©�«
­
8�021�°H:;3�³91�3�±
ªq:;3
ª¦/�3�8hI26�0q©j/H³;:eIqªq0q6�³;ª"6�0q:eBEI�µH:;02­�8�BFæ¼:90q:93�ª¦©j021�G�ªq«�/�ª¦:9Ó�±
ªq0q/H³;ªq:;8s©j021�Gè¬
3�1=º�3s02:;I26�DFª"IT©j1�0T»�/�ªTI26�0q©j/H³;:9IY? Û 3L/H8�8�BFª"BF1�3Ö<
ºT:�«�/=µ�:�8�:;I2³;02BEOP:�<PBF3Ý8�:;ªq/�BFD <PI26�02©j/�³;:�Iqªq:;´Ý0q:9³;1H3�Iqªq0q6�³;ª"BF1�3�I
1H©Q«�­
8�021�°H:;3�/Hª":98�I2BFDEBF³;1H3�3�/�3�1H´�/�02ª"BF³;DF:;I=<=º�«�BE³^«�ºT:M©j1�6�3�8sª"1
1
³9³;6�0�BE3¸8�1�ª"I�DE/H0q°H:;0Mªq«�/�3åÀ^ò�õL/�ª"1HG�IY<�/�3�8¸º�«�BE³^«¸ºT:pI26�°�±
°H:;I2ª!/�02:,02:;I2´P1�3�I2BEO�DE:�©j1H0Öªq«�:,8�0q/HG�/Hª"BF³,I2«�BF©jª"I�BE3�1�´�ªqBE³9/�D�°H/�´�I
1HO�I2:;02µ�:;8¹:;Ó
´P:;02BEG�:;3
ªq/�DFDE­¸BF3�´¼1H0q1H6�I I2BEDFBE³91�3�/�3�8¹½
6�/H3�ªq6�G
8�1�ª"I /H©jª":90p/�3�3�:;/�DFBF3�°P?�¶�«�:�G�:;³^«�/H3�BFIqG BE8�:93
ª"B Þ :;8�«�:90q:�/�I
02:;I2´P1�3�I2BEO�DE:s©j1H0�ªq«�:L1H´�ª"BF³;/HD·°H/�´Ô02:;8�6�³;ª"BF1�3Ô°H:;3�:90q/Hª":9I�°�/H´
I2«�BF©jª"I¯I2:;µ�:93ñªqBEG�:;I¯DF/�02°�:90%ªq«�/�3Äª"«�:�I26�0q©j/H³;:¹8�BEG�:90hOP1�3�8
G�1
8�:9DP´�0q:9µ�BF1�6�IqDF­�³91�3�I2BF8�:;02:;8s©j1H0¦6�DEªq0q/HIqG�/HDEDP3�/�3�1�´�/H0qªqBE³9DE:9I
/H3�8�BEª�ª"«
6�I>:9Ó
´�DE/HBE3�I>Iq:9µ�:;02/�D�8�BFæ¼:90q:93
ª�:9Ó
´¼:90qBFG�:;3
ª"/HD�0q:9Iq6�DFª"I
/HIM/s©j6�3�³;ª"BF1�3�1�©�IqBF7;:
?TK�BE3�/HDEDF­�<�ºT:p8�BFIq³96�IqI�ª"«�:�IqBF7;:p8�:;´P:;3�±
8�:;3�³9:%1H©�:;Ó
³9BEªq1�3�DFBF©j:;ª"BFG�:;I�áö/�3�8å«�:;3�³;:¯ª"«�:¯:9Ó�´P:;02BFG�:93
ª"/�D
½
6�/H3
ª"6�G :;×�³;BF:;3�³9­ â 1�©TIqBFDEBF³;1H3�3�/�3�1
³9DE6�I2ª":90qI /H3�8�´�021�´P1�I2:
/h8�:9Iq³90qBF´�ª"BF1�3Ý1�©·ª"«�:�1H´�ª"BF³;/HD>/�3�8ÝIqªq0q6�³;ª"6�0q/HD�´�0q1H´¼:90qªqBE:9Ie1H©
I2BFDEBF³;1H3®3�/�3�1H´�/�02ª"BF³;DF:;I�º�«�BF³^«¸BEIe³;1H3�I2BEI2ª":93�ª�º�BEªq«���±\02/=­L/�3�8
´�«�1�ªq1�DF6�G�BE3�:9Iq³9:;3�³9:�I2ª"6�8�BF:;I�1�©�OP1�ªq«�³91�DFDE1HBE8�/HDEDF­eIq­
3
ª"«�:9IqBF7;:98
I2/�G�´�DF:;I�/H3�8h´¼1H0q1H6�I�IqBFDFBE³91�3Ö?
AÝ:�ªq«�/�3�¬®N�BE³^«�/H0q8�Ã�:;:98�I�©j1�0e´�021=µ�BF8�BF3�°Lªq«�:®ßTÆ Õ ³;/HDE±

³96�DF/�ª":98¸µY/�DF6�:�1�©�������6�Iq:98�BF3¸³;/HDE³96�DE/Hª"BF3�°LK�BF°P?�ÈP?�A¹:�/�DFI21
ªq«�/�3�¬�NM/H3�8�1HDE´�« ø�1
1�8 /H3�8 @�:;æP0q:9­�RT021�I2IqG�/H3�©j1H0�´P:;02©j1�02G�±
BF3�°ÔßTÆ Õ ³9/�DF³;6�DF/�ªqBE1H3�IY?e¶�«�BEI�ºT1�02¬hºT/�Ie´P:;02©j1�02G�:98�6�3�8�:;0
ªq«�:¯/�6�I2´�BF³;:9I�1H©�ªq«�:¯É�? ÇÖ?���:9´�/�02ª"G�:93�ª�1H©�Å,3�:;02°�­�O
­#ª"«�:
É�3�BFµ�:;02I2BEª}­å1�© Õ /HDEBF©j1�023�BF/P<¦ÜÖ/=º�0q:93�³;:®ÜÖBEµH:;02G�1H0q:�Ã�/�ªqBE1H3�/�D
ÜÖ/�OP1�02/�ªq1�02­�6�3�8�:;0�³91�3
ª"02/�³9ª¦Ã�1P?�AC±^÷^ðHõ�òH±mÅ·3�°�±\ð�ÿQ?

� ����z-�-�}|}�f�H���������H|}z-~}~-\��u���Q�������5 �¡\¢¤£\¥Q¦��Q��¢u��§[¨q¡ª©

"Z7��«��­¬��������¢�¼¡����à�e�"z��	�������¢��~Iz���¡ a��¯®T�Q¡ì���"�"zY�
� ����¡

°Y�mf·�f��������£f~}�Ö�f|}�}�Q¡ã�>�±�Pz����}��z-|}�Q�"��z�¡ f �±�Ö��~}��z-|;¡í�"�H�
����²�� ��z-�H���m¡ a¢�-��z-���2z�³�´�µ�¡�}­Z7¶�_Iû+x­xTx$k}�


"û7�������!�9� zYz-~;¡�a¢�-�m�1�·��z-|;�5·�¸�¡�û­r­vo_Iû+x­x%Z­k}�

�}7���>�¹��z-��z-|}��z�¡�X��q�·���\���	¡¼�"���®���q�>�����H�=��¡¹º�����~;�U�	z-�¼��²�·�¸�¡ZTZex$û.¶ _IZ�»�»�}­k}�

 ¶������¢y��"��£ �"���¼� �q½��H��£9z-|;¡u°Y�qº�����~;���P��z-���1´�¸�¡ û­ZTv­r _IZ�»�»7¶%k}�

"v7�[U,� � �U�	z-���f|}z-�H�s�"�H�¾����½=���H£fz-|;¡¤º�����~;�U�!z2�P�¤²À¿uÁ�¡�û�}­v�}TZ7¶_Iû+x­x$ZTk}�

�Â7�wX����·���m����z2�>�"�m��¡qº�����~;�Q�	z-�¼�7�Pz2�}�;��Ã�¿�¡uû�»�Â­Z�_IZ�»�»�Â­k=Äª�>�Y�e���;�"~
z-�����\��¡m�·{�{H�\�¤º�����~;���Pz2�}�;�UÃ�¸�¡�Z�»TZ­r^_IûexTx$ZTk=Ä~V^��«¦��~}������z-�h�"�H�
�,�¼����|}�}���	¡|º�����~;��a¢�;�"�;��a;�9�����H��²�³�ÁuÁ�¡�v _Iû+x­x%û­k}�



ò


�Å.�,¥>�Hz^XÆºÝ�P�=�Hzh_¸U,� X���£9�\¡��|��ÇÈ� ûex­x%û­k}¡��>���}�®�·{��m�"�Hz¦��� �Yz
�Q�"~}��~h_=}­vÉ�	���-���}�Tÿ�k¦�"�H�%�H�f|}�ËÊö�-�9��~}z-|}������£�{�~}z-�H���9{��f�}z-�mÊ
�}�m����~ �¦�"~p��~}z2�¹�E�f|L�"���¼�¤U	¥ù�������-���m�"�}���9��~;�	¥>��zÌ�����ä����~
�H~}z-�p�}��|}�9��£f�H�f�H�;�5�!z-{H|}z-~}z-���;�"�}���Yz·�-����~}�}z-|}~���z-|}z¦�2�f��{Q�"|}z-�
�>���}�L�}��z�£f|;�"�H��z-���¦�-�f|}|}z2�-�}z-��ºÍ²����F�H���-�}���f�Q�"�m¡��>�����q�%{�|}��Ê
�H���-z2�Ô��z-£9����£9���H��z®�q�Q�"��£9z-~����#�}��zL~}�}|}���-�}�H|;�"�������#�f{H�}���=�"�
{H|}�f{�z-|}�}��z-~;�


"r.�¦X���º���¬�z-|IzYz-|;¡�a��"X��1�P�f�H��z�¡¼�����¯��� ���P�P�9��z-�Q¡�º�����~;�U�	z-�¼�U²
Î Ã�¡�Å+x5Âo_IZ�»�Å­rTk}�


�».��°f� �T�qÇ·�f|}�}�H|}��{	¡5º�����~;���	z-�¼�¤²�·�·�¡�Z.¶$Z�»o_IZ�»�».¶$k}�

"Zex�� U,� �����!z-���9|}z-���
¡¡a���²���½=�	�"�H£�¡!�"�H�Ï���¹½=����£9z-|;¡�º�����~;���	z-�¼�

²�¿uÁ�¡ ZTû­v�}­Z�Â^_Iû+x­x$ZTk}�

"Z­Z.��º����,���>�¤¬�z-���;¡��,�"ü���f·�=�=�	¡����Ð°f��y��������\����~}�f�Q¡Ñ�·��°Y�¤ÇTz-z-�H~;¡

yC�������>�WU
�f�H�"zYz-~;¡T�����tX����,� � �"£9�f{Q�"�m¡�º�����~;���!z2�P�Ñ²ÓÒu´�¡Z�»­Z�Åo_IZ�»�»�»­k}�

"Z­û.���·����ü��������"���-�H�\���}���f��~!�Öz-|}z�{�z-|}�E�f|}��z-����~}����£·�}��z¦�|�oa-V,Ç�~ü����®�-�=�Hz�¡H�Yz-|}~}���9��Zf�"vf� ¶h]T~}z-|�Ô ~e���"���	���Ñ�,�1Ç·z-z-��~e[^idÕ�WYk ¡]·�����Yz-|}~}���m� �f�,�>�"����|}���H£fzh_IûexTx$ûTk}�

"Z�}.��°f�Ðº��HyÝ�����-�¢¤��f�Q¡ X�� � � a��"���"|;�f¡	�����Öº�� Ç ��º�|}�¢�Yz2���-����¡|º�����~;�

�	z-�¼��²�¿uµ�¡ û�Åex�¶�_IZ�»�»�»­k}�

'Z.¶��wX���²�z-���f���9���Q¡Ñ°Y��¥>�Hz-|}|}z-���	¡>���������UÇ�� ���Ez-�	¡U�T{�{H�m��º�����~;�

�¼z-�}�;�¤ÃuÃ�¡|Å�Å�» _Iû+x­x­x%k}�

'ZTv7�����Ð°f�My��������m�"��~}�9�Sz-�#���\��¡×º�����~;���	z-�¼�È�Pz-�}�;�Ë¸�´�¡ Z�»�Â­r+x5}_Iû+x­x$ûTk·������|}z2�Fz-|}z-�H�-z-~,�}��z-|}z2���Q�

'Z�Â7������º��H§-��z2|;¡�� �9y��������m�"��~}�9�	¡U°Y�%X�|}�f~}~}���"�	¡��"�H��X��$X��"�����m¡U°f�

�P�Hz-�s�|º�����~ Î�Î Ã�¡UÂ�ÅTû­Z^_IûexTx$û­k}�

'Z�Å7��²��Ñ�Öz2����z-�������Ö�T� U,�§a¢�}z-��£f��z-��z-|;¡Èº�����~;���	z-�¼��²Ø·�Ã�¡�Z�}�»�Å_IZ�»�»�}Tk}�

'ZTr7�>¥��	�
����²¼�H��|}z-�Q¡�¥��	¥>��z-� � z�¡ a�� Ç �Ñº	���}���}~;��~;¡M�"���¹yU�Qyhz-�1Ê

�Q�"��§=¡�º�����~;�U�	z-�¼�U²�Òuµ�¡ û�Å­Z�»o_IZ�»�».¶$k}�

'Z�»7�Ñ����_kÙwk¦����~��������-���m�"�}z2��
"ûex��¦���À���5ÚÜÛÞÝ��5ÚËßáàâ�ã��5Úqä-û�ß

å�æ Ù�����
 ç5èÆé=ê1ë�ä7Ù��m¡¦�>��z-|}zìàâ�ã �5Ú ä-û¯��~s�}�Hz®§-z-|}�Ô{��f�����L����Ê
�H|;�"�}���f�Q�"��z2��z-|}£9��¡Ëçî��~®�}��zÝ��z-�H~}���m��¡Ëê ë Û rTv�q ¶Qí �"�H�
è±Û iZî�ïðñ c.ò�îQó�ô � õ
'û+x��wX���a����!�H~}��|}�=�­zfz�¡ÉöâVm���}|}�=�H���-�}���9�Ý�}� a;�;���}��~}�}���=�"� �ez2�q�Q�"�uÊ
���-~=õ
¡¹~�¤��F�f|}��_IZ�»Tv�Å­k}�




