
��� �������
	�� ��������
������
�����������������! ! � "��#!$��!%"�&	�'�(�$*),+�-& "�.�/$10�%�2�3!0�452 6 7 8 9 : ; < = = 8 > < ; ? 8 @ @ 8 A B C D E B 7 8 C F 8 A B 9 D C A D F G H E > < E B 9 H ? D I 8 A ; IH 9 8 E 8 9 : G 9 8 > < C B 9 < J ; B <D E D @ 6 K L < E A 9 G D : 8 E <A ? H B 9 < A 8 C

MONQPSRUTQV NXW.W�NQY[Z.\^]S_OZ&`aNb\dc
NeY[Z�fg]h\iYj]ScXkmln_oP
Rp_XZ,f*lSVO]Sq�NQYaTQqrlsfSNt_
Nuf�vekwf�NQPuRx\[Z�f�RpyuTiZ�Rx]u_z]
W|{~}��

Rr_�Y�f�k�]
vXN
_eR�Y�V�lXZ�f.R�Y[No\

�s�/�e�/���p���/�
�����U���������������5�U�����������/���¡  ¢¤£X¢.���¥� ′ ¦ �¤§�¨������©�U��� ′ �pª�«�¢�¬p�. ���� ′ �����®­�¬©�¥����¬p���xª,¯�­��°®����±�� ¦ �����²� ′ �.�/³�¢��g�x¢1�g���©ª�§�´�µ·¶�¸�¶x¹�³,¢����x¢1�g���pµ¥º»¨ ¦ �¥¼*�U�.ª�­&½��r�¥¾©� ¦  ¥¢1���¿�À�Á/Â�Ã�ÄrÅ.Á/Â·ÆÈÇpÉ�Ê ËpÌ�ÇpÍrÎ�Ï.Ã ÐÑÃ Ò�ÁÓË�Ê Ï1Ô�Ã�ÄrÊ ËpÌ

Õ,Ç©ËpÇ©Ã Ö�ÇUÉØ×�Â©ÍrËpÌÚÙ�Ù�Û�Ù1Ü�Ü�Ü
Ý
Ç¡Í�Ç©Ö.Ã�ÇUÞtß�à�Á¡Ç"à*á�à�Ï.Í�Þ/à�Íxâ.ß�à�Ô�ãxÌ.Ç"Â�ä.ß�à�Í�Ò.ã�Ã¥à�Ô�Û�Ç�å�Ë�Ã�ã�Â�ã�Ã¥à�Ô�Â�Ô.É�ÇUÁ�Ã�ß�ß�Ã¥à1ÔÚßxÒ.ÇUË©ã�ÍxÂ¤à.á!æ�ç�è�ÇUÁ¡ä.Ç©É.É.ÇUÉ�Ã�ÔÍ�Â�ÍxÇdÎ�Â�ß�Á"Â�ã�ÍpÃ�Ë©Ç�ß�Þ/Ì.Ã�Ä�ÇXß�ã�ÍxÇUßxßpÃ�Ô.ÎéãêÌ.ÇXÍxà.Ä²ÇXà1áÚãxÌ�ÇXÇ�Ô1Ö.Ã²Íxà�Ô.ÇUÁ¡Ç©Ô.ã�Ê¡ë�Ì.ÇXÎ�Â�ß�Ò1Ì.Â�ß�ÇXÍpÇ©ß�à�Ô.Â�Ô.ã�ãxÞ/à�À�Ò.Ì.à�ã�à�ÔÃ¥à�Ô�Ã�ìpÂgãxÃ²à�Ô�ß�Ò.Ç©Ë©ã�Í�Ï.Á|à1á"æ çxè Ã�ß/ÍxÇ�Â�Ô.Â�Ä¥í*ß�Ç©ÉiÃ¥Ô�ã�Ì.Ç»ÄrÃ¥Î1Ì�ã/à*á�à�Ï.Í/Ò.ÍxÇ�Ö.Ã�à�Ï.ß/Þ/à�Ípâ�Â�Ô.É�ãêÌ.Ç�Ç©Ô.Ç©Í�Îgíîà�á!ã�Ì.Ç»Ä�àgÞÓÇUßxããêÌ.ÍxÇ�Ç¤Ç©å.Ë�Ã¥ãxÇUÉ�ßpÃ�Ô.Î.Ä�ÇUã/ßxã�Â�ãxÇUßïÃ¥ß/É.Ç©ã�Ç©ÍpÁ�Ã¥Ô.Ç©É�Þ¡Ã�ã�Ì�Ò.ÍxÇ�Ë�Ã�ßpÃ�à�Ô&Ê�ð�Ô�Á¡Â�ãêÍ©Ã�Ë©ÇUß�Û,ãrÌ.Ç¤Ö*Ã²ßpÃ�ä�Ä²Ç�Â�ä.ß�à�Í�Ò.ã�Ã¥à�Ô�ä.Â�Ô.É1ß/ß�Ì�Ã�á�ãÍ�Ç©ÉÚä�í ∼ ñ Ü/òUÁ − ó Ã¥ÔØô!Ç¡Á¡Â�ã�Í�Ã¥Ë�Ç©ß!ã�à ∼ ñ�ñ Ü�ò�Á − ó Ã�Ô�õ�Ç¡Á¡Â�ã�Í�Ã²Ë©ÇUß�Ê�ë�Ì.Ç¡à�ä.ß�Ç©ÍpÖ�Ç©ÉÚÍpÇ©Ö�Ç©Í�ßxÂ1Ä,à1á�ß�ãrÂ�ãrÇ"à1Í�É.Ç©ÍpÃ�Ô.ÎÚà1áãêÌ.ÇQÄ²à�Þ/Ç©ß�ã�ã�ÞÓàhß�Ã¥Ô.Î1Ä�Ç©ã�ß�ß�ãxÂ�ã�Ç©ßXö©÷ ó�ø Â�Ô.ÉS÷.ù ø�ú ä.ÇUãxÞ/ÇUÇ©Ôhô5ÇdÂ�Ô.Éuû!Í�Á¡Â�ã�Í�Ã²ËUÇ©ßXö©Ã�ÔuÇ�Á�Ã�ß�ßpÃ�à�Ô ú Â�Ô.ÉSÃ�Ôhô!ÇÁ"Â�ã�ÍpÃ�Ë©Ç�ß�Û�ä�Ç�ãrÞ/Ç�Ç©ÔØÂgä1ß�à1Í�Ò.ãxÃ²à�ÔÚÂ�Ô.ÉÚÇ�Á�Ã�ß�ß�Ã¥à�Ô�ßxÒ�Ç�Ë©ã�ÍxÂ.Û�Ã�ß�Â�ã�ãrÍ©Ã¥ä.Ï1ã�Ç©É�ãrà�É�Ã²árá�Ç©ÍpÇUÔ.ã®ü�ãxàgâ.Ç©ß®ß�Ì�Ã�áÈãxß!à.á�ã�Ì.Ç ÷ ó�ø Â�Ô.É÷�ù ø ß�ã�Â�ã�Ç©ß�Â�Ô.ÉØã�à�ãxÌ�Ç¡ß�Á¡Â1Ä�Ä�ÇUÔ.Ç©Í�Î�íØß�Ò�Ä�Ã�ã�ã�Ã¥Ô.Î�ö ∼ ý Üïò©Á − ó ú ä.ÇUãxÞ/ÇUÇ�ÔÚãxÌ.ÇUÁØÊ�þ&Ã²Ô�Â1Ä�Ä¥íÿÛ�Â�É.ÇUãxÂ�Ã²Ä�Ç�ÉÚÒ�Ã�Ë©ã�Ï.Í�Ç¡à1á�ã�Ì.ÇÃ¥Ô.ãrÍpÂ�Á¡à1Ä²Ç�Ë©Ï�Ä²Â�Í
Ç©Ô.Ç©ÍpÎ í Í�Ç©É�Ã¥ßxã�ÍpÃ�ä�Ï.ãpÃ�à�Ô Ò.Í�à�ËUÇ�ß�ß�Ç©ßéÃ�ß
à�ä.ãrÂ�Ã�Ô.Ç©É ã�Ì.Â�Ô.â.ßeã�à|ÂSË©à�Á¡ä.Ã²Ô1Â�ã�Ã�àgÔ à.ájÒ�Ã�ËUà1ß�Ç©ËUà�Ô.ÉáêÄ�Ï.àgÍxÇUßxË�Ç©Ô.ËUÇeÇ�å�Ò.Ç©Í©Ã�Á"Ç©Ô.ã�ßiÂ�Ô.É|á�ÇUÁ¡ãxàgßxÇUË�àgÔ.ÉSÒ1Ï.Á¡Ò.À�Ò.Í�à�ä.Çeã�Í�Â�Ô1ßpÃ²Ç©Ô.ãjÂ�ä.ßxà�Í�Ò.ãpÃ�à�ÔSÇUå.Ò.Ç©ÍpÃ�Á¡Ç�Ô�ãxß�Ê¤ë�Ì1ÇéÃ¥Ô.ãrÍpÂ�ÀÁ"à1Ä²Ç©Ë�Ï*ÄÈÂ�Í¤ÍpÇ�Ä²Â�å.Â�ã�Ã¥à1ÔXÒ�Ípà�ËUÇ©ß�ßxÇ�ß¤Â�Á"à�Ô.Îiã�Ì.ÇØÒ.Ï�ÍpÇØÇ�Ä²Ç�ËUãxÍ�à�Ô�Ã¥ËÑÄ�ÇUÖ1Ç�Ä�ß¤à.á/ãrÌ.ÇÑÄÈà�Þ/Ç©ß�ã�ã�Ì1ÍpÇUÇØßpÃ�Ô.Î.Ä²Ç©ã�ß�ß�ãxÂ�ã�Ç©ß¤Â�ÍpÇáÈà�Ï.Ô1É�ãrà�ä.Ç"ßxãrÍpàgÔ.Î1Ä²íØÁ¡ÇUÉ�Ã�Ï.ÁuÉ.Ç©Ò.Ç©Ô.É.ÇUÔ.ã�Ê�¿�Ö�Ç©Ô�Û�à�ÔØã�Ì.Ç/Ö1Ç�ÍêíØßxÌ.àgÍxã!ãpÃ�Á¡Ç"ßxËUÂ ÄÈÇÓà�á�ãrÌ.Ç�Ã�Ô.ãêÇ�Í�Ô.Â�Ä�Ë�à�Ô.Ö�Ç©Í�ß�Ã¥à1Ô�Ã�ÔãêÌ.Ç�ßpÃ�Ô.Î.Ä²Ç©ã®Ö.Ã²ä1ÍpàgÔ�Ã�Ë¤Á¡Â�Ô�Ã�á�à1Ä²É�Â�Í�Ç�Á"Ç©É�Ã�Ï.ÁSÇ�áráÈÇ©Ë©ã�ß®Á"Â�Ô*Ã�á�ÇUßxã�Ê
��û/æ!ü�Å ñ�ñ Ê Ù�Ü�Ê���Î�Û ñ�ñ Ê ý Ü.Ê�����Û��
	�Ê �.Ü.Ê�Õ®Ã

��
��������
���������
�����
 "!�#%$'&)(+*-,.#0/21�#4365%$87�#:9;&<,%5�3=#0>�$8?�@�A�,./2(=?�*B?DCEC;AF3;3+#%9

$�#%*�#:&�GH/)1�#%$�#I1�5J&LK�#.#%*M5N/)$<#%OP#%*�@�?�A�&LA�>�&<A�$87�#N?DC
&�/�A�@�(Q#%&R,.?D*-,S#%$�*�(=*�7T/21�#%OUK�#.,:5.AF&<#V?DCW/21�#%(�$R>�?�/�#%*�/)(�5X3
5X>�>�3�(=,:5./)(=?D*�&'(=*Y@�(=C<C;#%$�#%*�/ZC<(Q#X36@�&.[R\F?�$]#.^_5%O`>�3=#�GP/)1�#
(�@-#%5L/�?a#%*-,:5%>�&�AF3�5./�#b5%/�?DO`&'?�$ZOW?�3+#.,.AF3+#%&Z(c*NC;AF3;3+#%9
$�#%*�#:&�Gd(�[�#-[eGf/�?gOh5%i�#a#%*�@�?�C;A"3;3=#:$8#:*-#:&:Gj(=&05./�/2$)5.,S/)(=!�#
K�#S,%5.A�&�#]?�C`/21�#H$�#%Oh5%$�i�5.Kk3+#H>�$<?�>�#%$</)(=#%&f&<A-,:10&8l�&</�#:O`&
&)1�?�AF3�@b#.^�1�(mKF(Q/%[Rn�?oC<5%$]5%/�/�#%OP>-/2&p/�?o>�$�?D@-A�,.#Z#%*�@�?�9
C;Aq3e3=#%$<#%*�#%&T1�5.!�#a5X3;3]K�#S#%*IK�5%&�#%@N?�*UrJK�$8A�/�#sC;?�$8,S#�t
OW#S/)1�?�@�&Ruv1�(Q7�1](�*�/�#:*�&�(6/�l]3�5%&�#:$w#.^�,:(Q/25�/2(Q?�*x?�CyOP#./25X3�9
,.?�5./�#%@E7�$�5X>�1�(=/�#Hz|{J}
G�1�(+7-1E/�#:O`>�#%$)5./�A�$�#f?X!�#%*�&Rz�~-}�?�$
1�(Q7�1R!�#X3+?�,%(m/�lR,S?-3e3�(�&)(Q?�*�&�K-#S/��P#S#%*RC;Aq3e3=#:$8#:*-#�(Q?�*�&w5%*�@R5
/)5J$;7�#./R7_5%&Vz<��}:[���?�*�#E?�C`/21�#%&�#�OW#./21�?�@�&p(=&p&<#X3+#.,S/)(=!�#
5X*�@]#%C<C<(=,%(Q#:*-/%[F�a&<#X3+#.,./2(=!�#R5%>�>�$<?�5.,%1]��?�AF3�@]K�#`/�?pA�&8#
3�5J&8#:$)&.[P��1�(�&]$�#%��A�(�$8#:&E1�?���#S!�#%$]5Ti�*�?��R3=#%@X7�#Z?DCx/)1�#
#%*�#%$;7�#S/)(m,%&w5%*�@�/21�#�#:*-#:$�7�lR$�#%@�(�&8/2$)(=K�A-/2(=?�*f>�$�?J,.#%&2&8#:&w(�*
/)1�#%&<#POW?�3=#S,.A"3=#-[���1�#%&<#P@�5./)5P5%$�#�5�36&8?h?�C�(�O`>�?D$�/25%*-,.#�(�*
?�/21�#:$w5%>�>k36(Q,%5%/2(Q?�*�&w&<A�,:1R5%&y?D>�/2(=,%5X3"3�(�O`(m/)(�*�7�?�$�/21-#�A�&8#
?�CLC;AF3e3=#%$�#%*�#%&a5%&b&)5./�A�$25.Kk3+#g5�K�&<?�$8K�#%$�&B(+*�AF3+/)$�5XC<5%&</
?�>�/)(=,:&Wz;���F��}|[

��,S,.?�$�@�(=*�7]/�?x/21-#S?�$�l�z<�kGm��}.G�/)1�#�3+?��P#%&</�/21�$�#.#P#J3=#.,:9
/2$�?D*�(Q,0#S^-,:(=/�#:@Y&�(�*X7"3=#S/'&</)5%/�#:&V?�CE��� Ü 5%$�#T/21�#��w� ¼ G� Ù ¼ 5J*�@�� ¼ &�/)5./�#%&%G'�P1�?�&�#g/)$�5J*-&2(Q/)(=?�*�&B��(6/21v/21�#
7-$�?XA_*�@�� ¼ &�/25./�#N5%$�#N@�(=>�?-3+#%9eC;?�$8K�(�@�@�#:*�[' P?J�P#.!�#%$.G
/21-#:&8#0/2$�5J*�&)(Q/2(=?�*�&'O`5.laK�#T!�(=K�$8?�*�(=,%5X3e3=l¡(�*�@�A�,.#%@YK�l
*�?�*�/�?J/25X3;3=lf&<l�OPOW#./2$)(Q,�O�?�@�#:&w5%&¢5�$8#:&�AF3=/�?�Cy P#:$8£
K�#%$<7�9
�"#X3;3+#%$'¤% p[m9;��[�¥'5J*�@s¦�5%1�*�9;�"#X3;3+#%$'¤)¦q[ 9;��[�¥E,S?�A�>_36(�*�7�&.[
�§1-#'@�#S/)5J(c3=#:@L@�#%&<,%$)(=>�/)(m?�*¨?DC`/)1�#%&<#ZO�?�@�#%&p5%*�@�/21-#:(�$
,:5X3=,SAq3�5./2(=?�*�&©1�5J&©OP5J(=*k3+lYK�#.#:*�@�?�*�#oK-la��#|7-$)(p5%*�@
,S?�9c��?�$�i�#%$�&pz<���y{�{�}|[¢��1�(�&R$�5J(=&�#:&R5%*©5J@�@�(Q/2(=?�*�5X3�(�*-/�#%$�9
#:&�/2(=*�7ª5%&)>�#.,./P/�?HC;Ak3e3=#:$�#%*�#%&%G"�`1�(Q,%1Z(=&P/)1�#d>�?D&)&�(=K�(;36(6/�l
/�?a(=/�#:$)5./�#¨/21�#0#.^�>-#:$�(�OW#:*�/)5X3d@�5./25¨�h(Q/21Y/)1�#:&�#01�(�7F1
��A_5X3�(=/�ls��A�5J*�/�A�Oh9c,%1�#%OP(=,%5X3h,%5�3=,SAk365./)(=?D*�&'z��X�w{J{J}|[���&
&�A-,:1qG���� Ü 5%*�@¨� ��Ü 5%>�>-#:5%$`5%&`(�@�#%5�3¢/�#:&�/h&�l�&</�#:O`&`C;?�$(�Oh>-$<?�!�(�*�7f5%*�@R$�#%C<(�*�(�*X7R/21-#���AF5%*�/�AFOL,%1�#:O`(=,%5X3�,%5X3+,.A�9
365./)(=?�*�&�?�C«365%$87�#�>�?�3=l�5./�?�Oh(=,`&�l�&�/�#%OP&�[
��1�#Z(�@�#:5X3h&)(=/�A�5./2(=?�*L/�?0@-#S/�#:$�Oh(�*�#'/21-#'#:*�#%$87�#S/)(=,:&

�P?JAq36@IK�#a/�?¬&8/�A�@-l­C;A"3;3+#%$<#%*-#:&0(c*I/21-#b7�5%&o>-1�5%&8#�[
 P?D�W#S!�#%$R&�A-,:1T&</�A_@-(=#:&R5%$�#]*-?J/f>�?�&2&�(=KF3=#�G�@�A�#p/�?'/21�#
1�(®7_1B/�#%O`>�#:$)5./�A�$�#:&©*�#S#%@-#:@B/�?B!�5%>�?XA�$)(=£)#oC;A"3;3=#:$8#:*-#:&
5%*�@¯/21�#N$<#%&�AF3=/2(�*X7°1-?J/LK�5%*�@I,S?�*�/)$)(=K�A�/)(=?D*�&0�P1�(=,%1
5%$2(c&<#-[«��1�#%$�#:C;?�$�#-G�OP?�&�/x?DC`/)1�#�&)>�#.,./2$<?�&8,S?�>�(=,'&</�A�@�(=#:&

± ²�³2´�µ.¶%·�¸J¹.º�»)¼%½%½S½



?�*LC;AF3e3=#%$�#%*�#%&]1�5.!�#ZOW5J(=*F3=l0K�#.#%*0,%5J$�$2(Q#%@0?�A�/](=*¨?�$�9
7_5%*-(=,d&�?�3=!�#%*�/2&xz|{S~FG;{
��}.G�(�*©3=?D�­/�#:O`>�#%$�5�/�A�$8#d?�$87-5%*�(Q,
O`5./2$)(=,.#:&xz|{
���y{S�-}P5J*�@©(�*'/)1�#p>�A�$8#]&<?�36(c@0z|{S��G;{|��}|[���*
5�3e3�/21-#:&8#fOP#%@�(�5-G"/)1�#R$�#J3�5./2(6!D#X3=lH&</)$�?�*�7'(+*-/�#%$�5�,S/)(Q?�*V?DC
/)1�#ROP?-3+#.,.AF3+#`�h(=/)1p/21-#`#:*�!�(�$<?�*�OW#:*�/P3=#:5X@�&�/�?d5`K�$�?�5%9
@-#:*-(�*�7f?�C�K�5%*�@�&�G�&�/2$8?�*D7j&�(6/�#�#:C<C;#.,./2&�5%*�@f&)1�(�C;/)&�?�C�/)1�#
#%*�#%$;7�lZ3=#S!-#J3�&��h1�(Q,:1©Oh5%i�#]5x,X3+#%5%$�,SA�/`5%&2&�(Q7�*�O�#:*-/P?DC
/)1�#o&)>�#.,./2$�?D&�,.?D>�lN@�(+C<C<(6,SAF3=/%[���#:&)>�(=/�#0/21-(�&�Gh/21�#bC<(=$)&</
5�/�/�#%OP>-/H/�?a>�$<#%&�#:*�/Z5T,S?�OP>k3=#S/�#�5%&)&�(Q7�*�O�#%*-/H?�Cp/)1�#
� � Ü 5.K�&�?D$)>�/2(6?D*I&�>�#.,S/)$�A�O C<$8?�O /21-#0!�(�&�(=KF3=#o/�?a/)1�#
���RGP�h5%&EOh5%@-#TK�l��F#:5.,%1b#./�5X3�[�z:{ ~�}p?D*B@�5./)50$<#%9
,.?�$�@-#:@ (�* 1�#.^F5%*�#N&<?�3+!�#%*�/)&.[	�8*I?�$�7_5%*�(=,In�1�>�?-36&)i�(c(
O`5./2$)(=,.#:&:G§&�1�5%$)>H&�>�#S,./2$)5��P#:$8#f$<#%>�?�$</�#:@VK�A-/�/21-#x365X$;7�#
@�(�&</)$)(mK�A�/)(=?D*p?�C�&�(=/�#:&�1�5%&�O`5%@-#h5P,X3=#:5X$<,.A�/�5J&�&2(®7_*-OP#%*�/
?�C�K�5%*�@�&`@�(cC<C<(m,.Aq3+/fz:{2���y{S��}|[���*�?X/21-#:$`5%>�>-$<?�5.,:1©(�&W/�?
AF&<#oOW?�3=#.,SAF3�5J$EK-#:5%O`&�G��`1�(Q,%1Y��?DAk36@Y5�3;3=?J� ?�*�#¨/�?
1�5.!�#a,.?�36@§Gj*-?D*�(�*�/�#%$)5.,S/)(�*X7°O�?�3=#S,.AF3=#:&�GpK�A�/b&<A�$)>�$)(=9
&)(�*X7F3=l�G¢/�?Z?�A�$fi-*�?X�R3+#%@X7�#V/21-#:$8#�1�5%&�?�*�3+lTK�#.#%*T?�*�#
&�A�,%1o&8/�A�@-l0(�*T/)1�#E#:5%$|3=l0@�5%l�&R?�C`$�#:&8#:5X$<,%1T?�*0C;AF3;3+#%9
$�#%*�#:&Wz|{�
�}|[_��1�#h5.A�/21�?�$�&�$8#:>�?�$8/�#%@p?D*p/)1�#P/��P?D9;>�1-?J/�?�*
$�#%&<?�*�5J*�,S#E#:*�1�5%*-,S#%@0OWAF3=/2(�>�1-?J/�?�*0(=?�*�(=£S5./)(=?D*�?�Cx� � Ü5X*�@T� ��Ü (�*E/)1�#p�
���H*-O 5%*�@E�����]*�O­$<#|7_(Q?�*-&�K�A-/�*-?
5X&�&)(®7_*�OW#:*�/B�P5J&b>�$<?�>�?D&�#%@U?DC¨/21-#g$)(Q,:1v&</2$�A�,./�A�$�#%&
/)1�#%$<#%(�*�,S?�*�/)5%(�*�#%@q[R��*g5X3=/�#%$)*�5%/)(Q!�#s5X>�>�$�?D5.,%1I(�&©/�?
#%OPK-#:@U/)1�#gC;Aq3e3=#%$<#%*�#%&b(�*U$�5X$<#Y7�5%&aOW5%/2$�(=,.#:&:[���1�#
O`5./2$)(=^�9;(�&8?�3�5./2(6?D*b/�#S,%1�*�(���A�#©?�C<C;#:$�&]5T*�A�OWK�#%$p?�Cp5%@�9
!�5%*-/25|7�#%&�[
{:¥X[P�§1�# OW#:@�(c5 5%$�#',.?�36@B¤
/�l�>-(=,:5X3;3=l���{����h¥%G¢&�?

/)1�5./�1�?�/�K�5X*�@R,.?�*�/2$)(QK�A-/2(=?�*�&w5%$<#P&<AF>�>�$�#%&�&�#%@qG�$�?J/)5%/)(m?�*
(�&W1�(=*�@�#:$�#%@'5%*�@E/)1�A�&�/)1�#f@-#%*�&)(=/�l]?�C«?D,.,.A�>�(=#%@'&�/25./�#%&
(�&�3+?���#%$�#%@q[
~�¥X[���1�#'OP#%@�(+5©5%$�#H,%1�#%Oh(=,%5X3;3+lo(=*-#:$8/]&<?T/21�5�/f/)1�#

C;Aq3e3=#%$<#%*�#HOW?�3=#.,SAF3=#%&f(�*�/�#:$)5.,./R�P#%5%i�3+l©�h(=/)1Z/)1�#%Oj[���*
/)1�#I3�(�7F1�/�#%&�/T��#NO`5./2$)(Q^�Gp?�*�#N&�1-?JAq36@ (+* >�$�(�*�,%(�>�3=#
5X>�>�$�?D5.,%1p/21-#hC<$�?J£|#:*x7�5X&�>�1�5X&<#R&�(=/�A�5./2(6?�*§[
��¥X[_��1-#h$)5%$�#�7�5J&�OW5%/2$�(=^]?�C<C;#:$)&�5pr�>�1�l�&�(=,%5X3�tx#%*�!�(=9

$�?D*�OW#:*�/`�h1�(6,:1©(�&h(c@�#:5X3�/�?�(�*�!�#:&8/2(Q7�5./�#d/)1�#p,S?XA_>_36(�*D7
?�Cy/21-#h(�O`>�A�$)(=/�lx?�>�/2(=,%5X3�/2$�5%*�&�(6/2(=?�*�&«/�?f/)1�#x365./�/2(=,.#�[
��1�#hC<(�$�&�/�&8/�AF@�lf?�*V��� Ü (�*x��$�O`5./2$)(=,.#:&w�h5%&«A�*�@-#:$�9/)5Ji�#%*©K�l���5%&�l�*-5]#./f5X3�[�z�~���}P�P1-?Z$�#:>�?�$�/�#%@ 5.KF&<?�$�>�9

/)(=?�*R5%*�@������s&)>�#.,./2$)5-[��P!�#%$�/)1�#�>�5X&</¢C;?�A�$�l�#:5%$�&�GD��#
1�5.!�#�AF*�@-#:$8/25%i-#:*x5P&<l�&</�#%O`5./2(=,P&�>�#S,./2$�?D&�,.?D>�(Q,�&8/�AF@�lR?DC
� � Ü 5%*�@I� �gÜ (�*a$�5J$<#©7�5%&EOh5./)$2(6,S#%&Zz<~k{ �q~%�F}|[��E?�$8#$�#.,S#%*�/
3=l�GF��#�1�5.!�#R5X36&8?H3=?J?�i�#%@]5�/�/21-#:(�$«#:*�#:$87�l]$�#%@�(�&�9
/)$2(6K�A�/2(6?D*]>�$8?�,S#%&�&�#%&�z�~��kGm~J��}|[���*-?J/)1�#%$w!�#:$�lp>�$<?�O`(+&)(�*D7
5X>�>�$�?D5.,%1b,.?�*�&)(�&</)&H(�*4#:OWK�#%@�@�(�*X7N� � Ü (�*  P#0*�5%*�?�9
@�$<?�>�3=#S/)&Tz<~D�-}.[���1�(�&Vl�(6#J3�@�&E5.K�&�?D$)>�/)(=?D*�¤)#S^�,%(=/25./)(=?D*q¥
&)>�#.,S/)$)5��`(=/21x$�(=,%1�#%$w@�#S/)5%(;3�&�/)1�5%*x(�*f$�5%$�#«7_5%&wOP5%/)$�(=,.#:&:G
�h1�(Q,:1VOh5%i-#:&�5P,.?�Oh>_3+#./�#h5X&�&)(®7_*�OW#:*�/�OW?D$�#h@�(+C<C<(6,SAF3=/%[
��*x/21�(�&w,.?D*-/2$�(=K�A�/2(Q?�*qG��P#P�P(;3;3§$8#S!�(6#S�B?DA�$w�P?D$)iR?�*

/)1�#H&)>�#.,./2$�?D&�,.?D>�lT?DCx� � Ü A�&�(�*�7 /)1�#HO`5./2$�(=^F9e(=&�?�3�5%/)(m?�*OW#S/)1�?�@0�`(=/21L5%*0#%O`>�1�5J&�(�&x?D*LOP#%@�(mAFOv#:C<C;#.,S/)&.[ �b#
�h(�3e3",.?�*�,.#:*-/2$�5./�#h1-?J�P#.!�#%$w?�*d*-#.�¡5J&�>�#.,S/)&�#%(=/21�#%$�@�A�#
/�?�5X&Pl�#./PA_*->�A�Kk36(�&�1�#%@Z$8#:&�AF3=/2&W?D$W/�?'5]$8#S!�(=&�#%@Z(=*�/�#:$�9

>�$�#S/)5./2(=?�*f?�C�5X3�$�#%5%@�lf>�A�KF3�(�&�1-#%@f@�5./)5�[���1�#�#.^�>-#:$�(�OP#%*�9
/25X3f&<#./29cA_>-&H5%*�@a>�$8?�,S#%@�AF$<#%&H1�5.!�#�5X3�$<#%5J@�lbK�#S#%*a@�#:9
&�,%$�(6K�#:@Y(�*"!w#:C<&�[h~k{ �"~��¡5%*�@B�h(�3e3f*-?J/'K�#o$8#:>�#:5�/�#%@
1�#%$<#-[
��*Zn�#.,�["~kG_�W#R��(�3e3¢OP5X(=*F3=lH@�(�&8,SAF&�&�/)1�#R5.K_&8?�$�>�/)(=?�*

&2>�#S,./2$8A_OY?�C�� � Ü (�*p/)1�#h!�(�&)(QKq3+#h$�#|7�(=?D*�[#��*ªn�#S,-[��qG��P#�h(;3;3d>�$<#%&�#:*�/Z5J*�@Y@�(�&<,.A�&)&E/21-#0&�/�#:5%@-l�9e&8/25�/�#0C�3+A�?D$�#%&�9
,S#%*�,.#h&�>�#.,S/)$<A�O ?�C«��� Ü (�*x��#-G���$�O`5./2$�(=,S#%&�[_��1�(�&«��(�3e3K�#P,.?DO`>�3+#./�#%@p(�*]n�#.,-[��RK-lf/21�#�/)(�OW#:9;$<#%&�?�3=!�#:@xC�3+A�?D$�#%&�9
,S#%*�,.#d&)>�#.,./2$<?�&8,S?�>�lq[�nJ#.,./2(=?�*$�'@�#%5X36&W�h(=/)1'/)1�#d>�1�?�&�9
>�1�?�$�#:&8,S#%*�,.#h5X*�@'n�#.,�[_��,S?�*�,.#%$2*-&�/21-#P,.?�*�,J3=A�&)(=?�*�&:[

%�
'&)(�*.���,+��|�6���	*�+�-X�%�)�2�.*S�X��+�/
\"(Q7�A_$8#p{�,.?�OP>�5%$8#:&«/21�#`$�#%&<?�*�5X*�/�/��W?D9;>�1�?�/�?D*](Q?�*�(�9

£S5./2(=?�*N&�>�#S,./2$�A�O ?�CE� � Ü (=*YOP?�3=#S,.AF3�5%$EK�#:5XOP&'C<$�?DO!¢#%C|[¢{�
FGF�h(=/)1p?JAF$�#.^�,%(=/25./)(=?�*]5%*�@]5.K�&�?D$)>�/)(=?D*E&�>�#.,./2$)5
(�*E��#]Oh5./)$�(=,.#:&�[��§1-#d&)>�#.,./2$�5j#S^F1�(=K�(6/P/21-#d&)5%OW#d&)>�#.,:9
/2$�?D&�,.?D>�(=,YC;#:5./�A_$8#:&�Gf#.^�,.#%>�/oC;?D$L5Y$<#%@­&)1�(�C;/o5%*�@­5
K�$�?D5J@�#:*�(=*�7H?�C�K�5X*�@�&�(c*p7�?�(=*�7�C<$8?�OY7_5%&�>�1�5%&�#h/�?x��#
Oh5./)$2(Q,.#:&�[��§1-#P&�5%OW#P1�?�36@�&wC;?�$�/)1�#P&�>-#S,./2$�5P$<#.,.?�$�@�#%@f(c*
1�#%5.!�(=#:$�Oh5./)$�(=,.#%&�¤S*�?�/�&�1-?J�`*]1�#%$�#�¥X[#�<*]5%@�@-(=/2(=?�*�G�/21�#
,J3=?�&<# $�#%&<#%OPKk365%*-,S#©K�#./��P#.#:*L#.^�,:(=/)5./2(=?�*a5%*�@B5.K�&�?D$)>�9
/2(=?�*o&�>�#.,S/)$�5'&�A�7�7�#%&</)&f/)1�5./d5�3e3�/21-#�5.K�&�?�$�K�(�*X7b3+#.!�#X36&
3+#%5%@b/�?oC�3+A-?�$8#:&�,.#:*�,S#©�h(Q/21b/)1�# &�5%OP#T��A�5%*-/�A�O #%C<C<(�9
,:(=#%*�,.l�[���1�#EK�$�?D5%@-#:*-(�*�7T?�CPKF5%*�@�&f(�&xOP5J(=*k3+l0@�A�#E/�?
(�*�1-?DOW?J7�#%*�#.?DA�&UK�$<?�5%@-#:*-(�*X7 ¤
/)1�# $�#:&8?�3=A�/)(=?D* �P5J&
∼ {10DO −

� (�*'/)1�#%&<#H&�>�#.,S/)$25�¥X[¢��1�#]$�#:@©&)1�(�C;/R(�*�,%$�#%5%&�#:&
C<$�?�OI��#f/�?32�#p5%&h&)1�?��P*Z(c*Z��5.KF3=#'{p¤
/21�#p&21-(�C;/2&P5X$<#
5.!�#:$�5.7�#%&f?�C`/)1�?�&�#ZO�#:5X&<A�$�#%@0?�*¨/21�#ZOP5X(=*0KF5%*�@�&d(c*
\k(+7§[y{�¥X[

��5%KF3=#p{

45ÂUßrÀ�ãêà�À²Á/Â©ãrÍxÃ åÚßrÌ1Ã²á�ã�ß!Á/ÇpÂ©ßêÏ1ÍrÇUÉ�à�Ô�ãrÌ�Ç/Á/Â�Ã Ô�ä�Â©Ô�É1ß!Ã Ô�ãrÌ�Ç®Ö1Ã¥ßxÃ ä*Ä¥ÇÂ©ä�ßrà�ÍxÒ�ã�Ã à�Ô�ßrÒ�ÇpËpãrÍrÏ�Áéà1á�æ çrè Ã�Ô�ÍêÂ©Í�Ç®Î�ÂUß!ÁÓÂUãrÍxÃ ËUÇpß
Õ�ÂUÍxÇ�Î�Â©ß ô�Çpà�Ô û�ÍrÎ�à�Ô 5�Í�í1Ò�ãrà�Ô õ�ÇpÔ1à�Ô
∆6 Û�Ë�Á − ó ñgý ± ý ��� Ü

±
� Ü Ù ñ Ü ±

Ù�Ü ñgñ Ü ± ñ Ü
��*7!�#%C|[¢~�~FG�/)1�#]C�3+A�?�$8#:&�,.#:*�,.#]&)>�#S,./2$�A�O ?�C`��� Ü (c*��$h5X*�@ª��#pOh5./)$2(6,S#%&P�`5%&h>�$�#.,:(c&<#X3+lZ5%&)&�(+7-*-#%@qG�/21�5%*�i�&

/�?­/21-#g1�(+7-1�9;��A�5X3�(=/�l ,:5X3=,SAq3�5./2(=?�*�&L?�C0/)1�#Y!�(=K�$<?�*�(=,
OP?�@�#%&H5%*-@b/21-#%(+$V?�&<,%(;3;365./�?�$V&�/)$<#%*�7�/)1�&](c*b/21�#'¦�5%1�*�9
�"#X3;3+#%$'5%*�@� P#%$<£
K-#:$87�9e�q#X3e3=#%$E,S?XA_>�3�(�*X7�&�[h��1�#oOP(�$)$8?�$
(�Oh5|7�#T�h1�(6,:14�P#T?JK�/25%(�*�#%@bK�#./���#S#%*B/21�#T#.^�,%(=/25./)(=?�*
&2>�#S,./2$8A_Ob5%*�@`/21-#�C�3+A�?D$�#%&<,.#:*-,.#�&2>�#S,./2$�A�Ob(�*`��$yOh5./)$�(�9
,S#%&�G�5X3e3=?���#:@TA�&f5X3�&�?©/�?Z5X&�&)(®7_*©/21-#]#S^�,%(m/)5%/)(m?�*T&)>�#.,:9
/2$�A�Oj[¢ P?��P#.!D#%$�G�(=/`�h5%&`*�?X/�#%@'/)1�5./R(=*'AF&�(�*X7 5j,S?�Oh9
OP?�*Z>-A�$<#p#X3+#.,S/)$<?�*�(=,p?�$2(®7_(=*ª/�?'5X3e3�#.^�,:(6/25./2(6?D*'K�5J*�@�&.G
/21-#fC<$�#%��A�#%*-,:(Q#%&�?�C�/21�#f!�(=K�$�?D*�(Q,dO�?�@�#%&P5%&)&<?�,%(�5./�#%@E/�?
/21-# � ¼ #J3=#S,./2$�?�*�(=,�&�/25./�#��P#%$�#�&)1�(�C;/�#%@RK-l ∼ �8�90DO −

� /�?
3+?���#:$W#%*�#%$;7�(=#%&P/)1�5J*E/)1�#%(�$�!�5X3+A�#](=*'/)1�#pC�3+A-?�$8#:&�,.#:*�,S#
&2>�#S,./2$8A_Ox[ �b#'$<#.,:5�3e3�/)1�5./x/21�#%&�#]!�5X3=A�#%&R�P#%$<#'(�*0$8#:9
Oh5%$)i�5.KF3=#d5.,.,.?�$�@'�P(=/)1E/21-?D&�#f,%5X3+,.AF3�5./�#%@0z<~�~�}.[:��(=!�#%*
/21�5./�&�A�,%1Y50,%1�5J*D7�#¨?DCEO�?�@�#oC<$<#%��A�#:*�,:(=#%&EK�#./��P#.#%*

;=<�> ?�@BADCFE�G

HJIJK L º M)º N,OQP�º MRN)º N)µ#S.¶UT�V|¶:·WORX+¹S·8»�¼S½.½.½�»ZYS³�¼�I�»RP\[U].³_^J`Ja8½



7_$8?�A�*�@L5J*�@¨#S^�,%(m/�#:@L&�/25./�#Z(+&xAF*�3�(�i�#X3+lb¤
K-A�/]*�?�/f#.^�9
,X3+AF@�#%@"¥�G¢�P#E>�$<?�>�?�&<#%@©/21�5./h/)1�# � ¼ &</25./�#H&�1-?JAq3�@03�(Q#
∼ ����0�O −

� 5.K�?�!�#Z/)1�# ��� ¼ 5%*�@ � Ù�¼ &�/25./�#%&.[���1-#Z1�l�9>-?J/)1�#%&�(�&`?�CP5 � ¼ &</25./�#E3+l�(=*�7 ∼ �\�X�w{��\� 0�O −
� 1�(Q7�1�#%$

/)1�5%*©/21�#j� � ¼ 5%*�@©� Ù ¼ &�/25./�#:&`1�5%@Z5X3�$�#%5%@-l'K�#S#%*Z>-$�?�9>-?D&�#%@]K�lp��#
7�$)(�#./P5X3�[¢z_
�}|[:��*E/)1�#:(c$�,%5J&8#�G"/)1�#f5%&�&)(Q7�*�9
OW#:*-/'?�C]/)1�#�7-5X&Z>�1-5J&<#b&�>�#S,./2$�A�O ,.?�*�&)(=@�#%$<#%@Y?�*�3=l
OW?�@�#:&�5%&)&<?�,%(=5%/�#%@p�h(6/21V/21�#R��� ¼ 5%*�@ � ¼ &�/25./�#:&�[#�E?�$8#$�#.,S#%*�/
3=l�G�5%*R#%*-#:$�7�lf&�>k36(Q/�/2(�*�7f?DC ∼ {��\� 0�O −

� K�#S/��P#.#:*
/)1�#%&<#T&</25�/�#%&x�h5%&](�*�@-#%>�#:*�@�#%*�/|3+lLC;?DA�*�@b(�*L/�#%OP>-#:$�5%9
/�A_$8#:9;@�#%>�#%*�@-#:*�/'&</�A_@-(=#:&V?DCj/21�#L� � Ü C�3=A�?D$�#%&<,.#:*-,.# (�*3=?�� /�#%Oh>�#:$)5./�A�$�# @�#S,%5X36(c* � ,.l�,J3=?�1�#S^F5%*�# O`5./2$)(=9
,.#:&Wz.{ ��}|[
�b#�,:5%*x*�?X�aK�#PO�?�$<#P>�$�#.,:(c&<#P5%&�G�i�*�?���(c*�7R#S^F5.,./
3=l

/)1�#fOW?�@�#dC<$8#:��A�#%*�,:(6#:&PC<$8?�OI/21-#fC�3+A�?�$8#:&�,.#:*�,.#d&�>�#.,./2$�5
5X*�@U/21-#%(+$B5J&�&2(®7_*-OP#%*�/a/�? /)1�#g��� ¼ Gª� Ù ¼ 5%*�@ � ¼&�/25./�#:&�z�~�~-}.G"��#R,:5X*]/)$25.,.#RK�5.,%iE/21�#R#X3=#S,./2$�?D*�(Q,R?�$�(Q7�(�*
?�C�/)1�#%&�#R/)1�$�#S#f&8/25�/�#%&�(c*]/)1�#`7�5%&P>�1�5%&<#f&)>�#.,./2$<AFOI5%*�@
/)1�#YOh5./)$�(=^U@�5./25_[d�§1-#¡5%*�5X3=l�&)(=&¨?DC©/21-#b7�5%&L>�1�5%&8#
&)>�#.,S/)$�A�Og(c&�7F(m!-#:*E(�*E�§5.Kq3=#�~]5%*�@V/21�#f5./�/2$�(6K�A�/)(Q?�*V?DC
KF5%*�@�&�(�&�&21�?D�P*](c*E\"(Q7�[�{�[_��1�#�7F5%&�>�1�5%&<#`#:*�#:$87�(=#%&�?DC
/)1�#�#J3=#S,./2$�?�*�(Q,�?D$)(®7_(=*R?XK�/)5%(�*�#%@fC<$<?�Ob&�A�,%1f5�>�$�?J,.#%@�A�$8#
(�O`>�3=lg/)1�5./0/)1�#a� � ¼ &</)5%/�#a(c&Z/)1�#Y3=?J�W#:&�/T�P(=/21­5%*
#%*�#%$;7�ld?�CW{B���X�D~90:O −

� G§� Ù ¼ (�&�/)1�#R*�#.^�/�?�*�#�5�K�?J!�#R5./{B������{
±
{�� 0:O −

� G�5%*�@ � ¼ (=&x/21�#E/21-(�$)@T�h(Q/21L5%*T#%*�9

#:$87�lE{B�J�X���
±
{B��0%O −

� [-��1�#�A�*-,.#:$8/25J(=*-/�lf(�&w@�A�#�/�?R/21�#
@�(=&)>�#%$2&�(=?D*ª?DC�OW?�@�#dC<$�#:��A�#:*-,%(m#%&`5%*�@E/)1�#f>-?D(�*�/2(�*�7�?�C
#:*-#:$�7�(=#:&w(�*�/21�#P>�A�Kq3�(+&)1�#%@`7F5%&¢>�1�5%&<#P&�>�#.,S/)$<A�Oj[���*�/21�#
,:5%&�#`?DCw/21�#f3=?J�P#%&</�&</)5%/�#`5%*�@]&�(�*-,S#P?�*�3=lp?D*-#P!�(=K�$<?�*�(=,
K�5J*�@©,%5%*©K�#]5J&�&)(®7_*�#%@©/�?Z(Q/p¤.\k(+7§[�{J¥XG��P#p,S?XA"3�@Z*-?J/
7-(6!�#f#%$�$�?D$WK�5%$)&.[w P?J�P#.!�#%$.G�(�*©36(c*�#f�h(Q/)1 !�#%C<&%[ 
E5%*�@
{|�kGR��#sC<(�*�@Y/)1�5./©/21�#b��� ¼ − � ¼ &)>�3�(=/�/)(+*�7g(�&Z(c*�@�#.#%@
∼ {B�8� 0�O −

� [
��5%KF3=#h~

��ÂUÔ1É�Þ�Â©Ö�Ç©Ä²ÇpÔ�Î�ãêÌ1ß�Â©Ô�É�ÇpÔ1ÇpÍ�Î�Ã�Çpß�à�á�ãrÌ�Ç®Ò�Ì1ÂUßrÇ®ÍrÇUßrà�Ô1ÂUÔ1ã,ãrÞ®à�À�Ò�Ì�à�Àãrà�Ô»Ã à�Ô.Ã ìxÂ�ãrÃ�à�Ô¡ßrÒ�ÇpË©ã�Í�Ï�Á
à�á�æ çêè á²Írà�ÁéÕ�Ç©á�Ê ��� Ê�ë�Ì�Ç�Â©ßrß�Ã Î�Ô1Á/ÇpÔ�ã�ß�Â�ÍrÇä1ÂUßrÇpÉØà�Ô�ãrÌ�Ç®Á/Â�ã�Í�Ã å�É�Â©ãrÂ"à á,Õ�Ç©á�ßUÊ.Ù � Û.Ù�Ù�Ê
ÝdÂ�ÖgÇ©Ä�ÇpÔ�Î�ãrÌz¿�Ô1ÇpÍêÎ�í ×Úà�É�Ç ×�à�É�Ç

á²ÍrÇ<��Ï1ÇpÔ�Ë�í
� Ù�Ù��

¿,Ä�ÇpËpãrÍràgÔ1Ã�Ë
ßrãrÂUãrÇ

� Ù ñ Ê �)� ��� Ü ñ � �	�
(
�
) 
 ��� ( � ) ñ � ý
�.ñ�ý Ù��"��Ü©Ù ÷ ù ø 
 ÷ ó�ø� Ù � Ê � ��� Ü)	 ý � �

(
�
)

��Ü©Ù ÷ ù ø�%� �.Ê Ù ��� Ü�Ù
�.Ê ñ�%� ��Ê 	 ��� Ù � ý Ê � � �
(
Ù
) ý Ù ý
��ý�ñ � �

ø
∼
�%� Ù ��� ñ ��Ü � �

(
�
) ��� ø (

�
)

�|� 	 ÷ ù ø� Ü � Ê � ��� �1Ü � Ê � � �
( ñ ) �|� 	 �

ø� Ü)�.Ê � ��� �S� � Ê � � �
(
�
)

��� ñ
� � ñ 	 �
ø� Ü ý Ê ñ ��� ý Ù�Ü.Ê � ¼ � ( ñ ) �|� � �
ø� Ü���Ê � ý ��� ý�ñ 	�Ê ý � � ( Ù ) +

� ø (
�
)

� �J� � 	�Ü�Ù �
ø� Ü � Ê � ���)�%� �

� Ü�Ü.Ê ñ ���)� ý 	�Ê ñ ¼ �
(
�

)
�.� Ù ÷ ù ø

ý � 	�Ê 	 ��� ��Ü�Ü
ý �
� Ê � ��� � ý�ñ
��1�#P$<#|7_(Q?�*R?�Cq/21-#�#J3=#S,./2$8?�*�(=,�?D$)(®7_(=*p(+*���#�O`5./2$)(=,.#:&

(�&P&)1�?��h*'(�*©\"(Q7�[§~k[�!�#.,S#%*-/
3=l"G�OPA-,:1©3=#:&)&P*�?�(c&<lE,S?�*�9
/�?�A�$�&�?�Cw/21-#h/)1�$�#:&�1�?-36@E$<#|7_(Q?�*p�P#%$<#`?DK-/25%(�*�#%@EC;?D$���� Ü(�*x h# � *�5%*-?D@�$<?�>�3=#./2&�z�~���}|GD�h1�(Q,:1�,S?�*�C<(c$2O4?JAF$�$�#:&8A"3=/2&(�*I\"(Q7�[�~k[���1�#o&�/2$�(�i�(�*�7 C;#%5./�AF$<#¨?�CV/21�(=&'/)1�$8#:&)1�?�3�@

«5�¥¼�� ¶ Ê�æ�à�ÁÓÒ�Â©ÍpÃ ßrà�ÔjãrÌ1ÇÚÎ�Â�ß"Ò1Ì�Â©ßrÇÚÍrÇpßrà�Ô�Â©Ô�ã¡ãrÞ®à�À²Ò1Ì�à�ãrà�ÔoÃ¥à�Ô.Ã ì�Â ÀãxÃ àgÔ�ßrÒ�ÇUËpãrÍrÏ�Á|à�á æ çrè á²Írà�Á Õ�Ç©á�Ê � 	�ö ¢ ú ÞÓÃ�ã�Ì�ãêÌ1Ç¤Â©ä�ßrà�ÍrÒ�ãxÃ à�ÔXö � úÂ�Ô�ÉÚÇpå1Ë©Ã ãrÂUãxÃ à�Ô�ö ¬ ú ßêÒ�Ç©ËpãrÍêÂ¡à�á æ çrè Ã Ô¤ô�Ç/Á/Â©ãrÍ�Ã Ë©Çpß�Â�ã�� 5¡Ê

«5�¥¼���� Ê�ë�Ì�Í�ÇpßrÌ1à�Ä¥É�ÍrÇ©Î�Ã¥à�Ô�öxÒ�Ï�ÍrÇ�Ç©Ä�ÇUËpãrÍrà�Ô.Ã Ë�à�Í�Ã Î1Ã Ô ú à�á�ã�Ì1Ç¤Ö1Ã¥ßxÃ ä*Ä¥ÇÂ©ä�ßrà�ÍxÒ�ã�Ã à�Ô�à�á æ çrè Ã Ô¤ô�Ç/Á/Â©ãrÍ�Ã�ËpÇpß©Ê

;�@�� G_E���@�����@��! #"%$'&( ?�@)"+* @��� _A,$-"���$
*/.102&�� G�&� A
03�%$34 @��BE/450\A1@�&�@JA,C�. A�@��#G6"� ARG�7�E/ G�$�&($-� � � Ü

L
º M�º N,O:P�º M N
º N)µ SS¶UT V.¶:· ORX�¹S·;»�¼.½%½S½X»ZY%³�¼�I�»RP�[J]%³_^�`Ja�½ HJI�8



$�#|7-(6?D*�G-5%&y,.?�O`>�5%$�#%@R/�?`/21-#�1�(Q7�1�#%$�3+l�(�*D7f!�(QK_$8?�*-(=,:5X3;3=l
(�*�@�A�,.#%@IK�5J*�@�&.Gd(c&T/21�5�/T/21�#�365./�/�#%$ 5X$<#a&)1�5%$)>I5%*�@
/�l�>�(=,%5X3e3=lb$�#%>�$�#%&<#%*�/]£)#%$�?D9;>�1�?�*�?�*B3�(�*�#%&]�`(m/)1a*�?b@�#%9
/�#S,./25�KF3+#]>�1-?D*-?D*T&)(=@�#.K�5%*�@q[ �h*©/21-#d?X/21-#:$`1�5%*�@�G�/)1�#
/)1�$8#:&)1�?�3�@]$�#
7�(=?�*],.?D*�&�(�&�/)&�?�CwK�$<?�5%@]&�/)$<A�,S/�A�$<#X3+#%&)&�C;#%5%9
/�A_$8#:&0&�A�7�7�#%&�/)(=!�#b?�CZ5Y&�(Q7�*�(=C<(=,:5%*-/T#J3=#.,S/)$�?�*�9;>�1�?�*�?�*
,.?�A�>�3�(�*�7 C;?�$P/)1�#%&<#p/)$�5%*�&�(=/)(=?D*�&.[�\FA�$</)1�#%$�OW?�$<#-G¢5%&P/)1�#
>-A�$<#U#X3+#.,./2$<?�*�(6, /2$)5%*�&)(=/)(Q?�*-&g5%$�#°@-(�>�?�3+#%9;C;?D$�K�(�@�@-#%*qG
/)1�#.ldOWA�&�/�K�#h@-l�*�5%O`(Q,:5�3e3=ld(�*-@�A�,.#%@fK�lf/)1�#h>�5%$</)(=,:(c>�5%9
/)(=?�*E?DC�*�?�*�/�?�/)5X3e3=l�&8l�OP#./2$)(Q,dOW?D@-#:&�?DC�/21�#R,%5.7�#-[§��1�#
5�K�&<#%*�,.#b?�CZ5B£
#%$<?�9;>�1�?�*�?�* 36(c*�#¡C;?�$T/21-#b/21�$<#%&)1�?�36@
$�#|7-(6?D*f5%*-@R/21�#�C<5.,./�/21�5�/�/21-#�K�5%*�@�&�/)1�#%$<#%(�*R5%$�#�K_$8?�5%@qG
(�O`>�3�(=#%&�5x&)(�7F*�(�C<(=,%5%*�/P&�/2$<A-,S/�A_$�5X3¢$�#%5%$�$)5%*�7�#:OW#:*�/�>-$2(Q?�$
/�?R#:O`(=&2&�(=?�*qG�5.,S,.?�Oh>-5%*�(Q#%@fK-lf5J*f5.KF&<?�$�>�/2(=?�*�9c#%Oh(�&�&)(m?�*
n�/�?Di-#:&�&)1�(�C;/�[#�b#f$<#%>�?�$</�#%@'(=*�!�#:C|[§~k{h5]n�/�?Di�#%&P&�1�(=C;/
?�C ∼ ����0%O −

� (�*©��#ZOP5%/)$�(=,.#:&p5%*�@ ∼ ����0%O −
� (+*¨��$

O`5./2$)(=,.#:&:GhO�#:5X&<A�$)(�*D7¡(=/HC<$�?DO�/21-# O`5.^_(�O�A_O�?DCp/)1�#
5�K�&<?�$�>-/2(Q?�*'/)1�$8#:&)1�?�3�@'/�?'/21�#]O`5.^_(�O�A_O¯?�C�/21�#p#%Oh(�&�9
&)(=?�*p?�$�(Q7�(�*q[
��1�#h$�#:&8#:OWKF3�5%*�,.#PK�#./��W#S#%*x/21-#�7�5%&�5%*�@f/)1�#`OP5%/)$�(=^

@�5./25�(�*j\k(®7�[F{�&)1�?��P&�/)1�5%/�/)1�#�@�(=C<C;#:$�#%*�/�#%*�!�(�$�?�*�O�#%*-/2&
@-?�*�?D/w5%C<C;#S,./�/21-#�?�&8,:(;3;3�5./�?�$�&�/2$8#:*�7�/21�&�?�C"/)1�#�@�(=C<C;#:$�#%*�/
!�(6K�$<?�*�(=,%5X3;3+lY(�*�@-A�,S#%@B/2$�5%*�&�(=/2(=?�*�&E(�*Y5.K�&�?D$)>�/)(=?D*�[���*
/)1�#'*�#.^�/EnJ#.,S/)(=?�*qG��P#H�`(�3;3P&�#.#E/21�5�/f/21-(�&f(�&x*�?X/f/)1�#
,%5J&8#�C;?�$�/21-#hC�3=A�?�$<#%&�,S#%*�,.#�[

�F
����6������-
*
��-����
-9*R+F-X�%�����
\"(�7�A�$<#]�Z&)1�?��h&`/)1�#]#.^�>�#%$)(�O�#%*�/)5X3�5%*�@T&)(�O�Aq365./�#:@

C�3=A�?�$�#:&8,S#%*�,.#H&�>�#.,S/)$�5E?�CR��� Ü (�* ��#H5%*�@©��$fOP5�/2$�(=,S#%&�h1�(Q,:1ª�P#%$�#p5X36$�#%5%@�l'>�$<#%&�#%*�/�#:@©5%*�@©@�(�&<,.AF&�&�#:@'(c*Z@�#%9
/)5J(c3§(�* !�#%C|[_~J~kG_5X3=?D*�7d�P(=/)1f/)1�#P5%&)&�(+7-*�OW#:*�/�?�C�K�5%*�@�&�[
��1�(�&¢5%&�&)(Q7�*�OP#%*-/��h5%&yK�5J&8#:@�?�*�/21�#PC<5.,./�/21�5./w?D*k3+l`?�*�#
&)(�*X7F3=#H#X3=#S,./2$8?�*-(=,]?�$�(Q7�(�*¨5%>�>�#%5J$�&x(�*©/21-#H&�>�#S,./2$)5E5%*�@
/)1�5./�/21�#RO�?�@�#RC<$<#%��A�#%*�,%(=#%&�C;?D$�5X3e3q/21�$<#.#f3=?J�P#%&</W3+l�(�*D7
#X3+#.,./2$�?D*�(=,b&</25�/�#%&Z(�*�C;#%$�$�#:@�C<$�?�O /)1�(c&'?�$�(Q7�(�*�5J$<#b(�*
$�#%Oh5%$�i�5.KF3=#g5|7�$�#S#%O�#%*�/L�h(=/)1 /21�#N,%5X3=,SAF3�5./�#%@ ?�*�#:&�[
n�(�*�,S#T/21�#�C�3=A�?�$<#%&�,S#%*�,.#0&2>�#S,./2$8A_O�,S?�*�/)5%(�*�&V!�(=K�$�?D*�(=9
,%5�3;3+lp(=*�@�A�,.#:@x/2$�5J*�&)(Q/2(6?�*-&w�h1�(Q,%1]5%$<#W,:1�5%$�5�,S/�#:$�(�&</)(=,P?DC
/)1�#­3=?J�W#:&�/b/21-$�#.#N#X3+#.,./2$<?�*�(6,g&</)5%/�#%&.GE/21-#�� � &</25./�#
$�#%&�>-?D*�&�(=KF3=#0C;?�$]/)1�#T#:O`(�&�&)(Q?�*a1�5%&]/�?oK�# 5¨&�/)5./�#T?DC
O`(=^�#%@Z�w� ¼ G�� Ù ¼ 5%*�@ � ¼ ,:1�5%$�5�,S/�#:$:[¢\"$<?�O­/)1�#d&)(=OWA�9
3�5%/�#:@N&�>�#.,S/)$25-GR/21�#o��#%(Q7�1�/)(�*X7NK�5%&�#:@ ?D*N(�*�/�#%*�&�(=/2(=#%&
�h5%&�� � ¼
	 � ÙU¼�	 � ¼ =

�D�
� 	 ���
� 	 �
�b(�*x��#hOP5%/)$�(=,.#%&�5%*�@���
� 	 ~��
� 	 ~����a(�*j��$�O`5./2$�(6,S#%&Pz<~�~�}
[��1�# *-#:5%$VOh(�$�$�?D$E(�OP5.7�#©K�#S/��P#.#:*L#.^�,%(Q/25�/2(Q?�*b5%*�@
C�3=A�?�$�#:&8,S#%*�,.#�&�>�#.,./2$�5W(+*���$�O`5./2$)(Q,S#%&¢&8A�7�7�#%&�/)&�/21�5./�/)1�#
/)1�$8#S#­&�/25./�#%&a$�#%&�>�?�*�&)(=Kk3+#­C;?D$4/21-#¬5.K�&�?�$2>�/2(=?�* ¤S&<#.#
5�K�?J!�#�¥ROh5.lZ5X3�&�?�5%>->�#%5%$h(c*'#%OP(�&)&�(=?�*'�h(6/21'/)1�#]&�5XO�#
?�&<,%(;3;365./�?�$ &8/2$�#%*X7�/21-& 5%*�@I$<#X365�/2(Q!�#b(�*�/�#:*-&2(Q/)(=#:&T5%&T(�*
5�K�&<?�$�>-/2(Q?�*q[���#./%G�5X&�(�@�#�C<$8?�OLK�#%(=*�7RA�*k36(�i�#J3=lqGD/21�(=&¢(c@�#:5
(�&R$8A"3=#%@'?�A�/`?�*©/)1�#]C<5%,./h/)1�5%/�Gy5%&`OW#:*-/2(Q?�*�#%@ 5.K-?D!�#-G
?�A�$x#%OP(�&)&�(=?�*o&�>�#.,./2$�5E,X3=#:5%$|3=l�&�1�?X�M?D*-#'&�(�*X7q3+#]#X3=#S,%9
/)$�?�*�(6, ?�$�(Q7�(�*qG�(�[ #�[;G�(Q/Z&</�#:O`&'C<$<?�O ?D*k3+lb?�*�#0&)(�*X7F3=#
#%Oh(6/�/2(c*X7 &�/25./�#-[���1�(=&h(�&`5X3�&�?E,.?D*�C<(�$�OW#:@ªK�l'/21�#d/)(�O�#%9

$�#%&<?�3=!�#:@Y>�(=,.?D&�#.,S?�*�@BC�3+A-?�$8#:&�,.#:*�,S#0OW#:5%&�A�$�#%O�#:*-/2&E5J&
�P#Z�h(�3e3R&�#.# (c*Nn�#.,�[��"[P��1�#:$�#%C;?D$�#-G�#.!D#%*b/)1�?XA�7_1b(=/
1�#X36>�#:@¨A�&f5X&�&)(®7_*T/)1�#E#S^-,:(=/)5./2(=?�*b¤S5.K�&�?�$)>�/2(=?�*"¥p&)>�#.,:9
/2$�A�OI(�* !w#:C|[§~X~kG"/21�#f$�#%&<#%OPKF3�5%*-,S#RK�#./��W#S#%*]#%O`(+&)&�(=?�*
5%*�@x#.^�,:(6/25./2(6?�*x&)>�#S,./2$)5P(c*f��$�O`5./2$)(Q,S#%&�(�&.G���#WK�#J3�(=#.!�#�G
C;?�$8/�A�(6/�?�A�&.[��¢?�Oh(c*X7HK�5.,%ip/�?p/)1�#�@�(=C<C;#:$�#%*�,.#:&�K�#./��P#.#%*
/21-#P��#f5%*�@V��$�#:O`(�&�&2(Q?�*E&2>�#S,./2$�5�G"(=/P(+&�$�#%Oh5%$�i�5.KF3=#R/�?
*�?X/�#d1�?D�­@�$)5%O`5./2(=,f(�&�/21�#x#:C<C;#.,S/�?�C�&8A�,%1'&�A�>�>�?�&<#%@F3=l
rJ�P#%5%i�3=lH(�*�/�#:$)5.,./2(�*D7§tdOW#%@�(�5-[ �8*-@�#.#:@§G"/21�#`�P#%(Q7�1�/)(+*�7
?�Cy(+*-/�#%*�&)(=/)(m#%&�(�OP>k3�(m#%&w/21-5%/w/21�#P@-?DO`(�*�5%*-/¢,%1�5J$�5.,S/�#:$w?�C
/21-#�� � #:OP(6/�/2(c*X7�&�/25./�#g&<�`(=/�,%1�#%&bC<$�?�O � � ¼ (c* ��$
Oh5./)$2(Q,.#:&«/�?p� Ù ¼ (=*x��#RO`5./2$�(6,S#%&�G��h1�#%$�#:5%&«/21-#h5.K�&�?D$)>�9

«5�¥¼��
��� þ�Ä�Ï�à�ÍrÇ©ßrËpÇpÔ�ËpÇ�ßrÒ�ÇUËpãrÍrÏ�Á|à�á æ çêè Ã Ôîô�Ç�Á/ÂUãrÍxÃ Ë©Çpß/ÂUßÓÂØá²Ï�Ô1Ë ÀãxÃ à�ÔÑà�á!á²ÍrÇ<��Ï1ÇpÔ�Ë�íÑßêÌ1Ã�á²ã®á²Írà�Áuà�ÍxÃ Î1Ã Ô�Ã ÔÚãrÌ1Ç¤Ü¤ãrà �<� Ü�Ü ò�Á − ó ÍrÇpÎ1Ã à�Ôö ¢ ú�� ßxÃ Á/Ï*Ä¥Â©ãxÃ à�ÔÚà á,ãrÌ�Ç¡á�Ä¥Ï1à�ÍrÇUßrËpÇpÔ�ËpÇÓßêÒ1ÇpËpãrÍêÏ1Áuä1ÂUßrÇpÉØà�Ô�ËUà�Á/Ò�Ï�ãrÇpÉà�ßêË�Ã�Ä�Ä¥Â�ã�àgÍ®ßrã�Í�ÇpÔ1Î�ãrÌ�ß¡öxÕ�Ç©á�Ê�Ù�Ù ú Ê�ë�Ì�Ç¡Ëpà�Ô1ãrÍ�Ã ä1Ï�ãxÃ à�Ô�à á�ã�Ì�Ç ÷ � ø Û ÷ � øÂ©Ô�É � � ß�í�Á/Á/Ç©ã�ÍêíØËpÌ1ÂUÍrÂ©ËUã�ÇUÍrß!ßrãrÂUãrÇpß!ãrà¤ãrÌ�ÇÓÇpÁ¡Ã¥ßrßxÃ à�ÔÑÃ ß ñ � Û ý � Â�Ô�É	��¡Û,ÍxÇpßrÒ�ÇpËpãxÃ Ö�Ç©Ä¥íeö � ú�� ßrÂ©Á/ÇÚÂ©ßÚö ¢ ú ä�Ï1ã¤á�à�Í¡û�ÍÚö ¬ ú�� ßrÂ©Á/Ç�Â�ß�ö � úä1Ï�ã/ãrÌ�Ç�Ëpà�Ô�ãêÍxÃ�ä�Ï�ãxÃ à�Ô�à1á�ãrÌ�Ç ÷ � ø Û ÷ � ø ÂUÔ1É
�
� ß�í�ÁÓÁ/ÇpãrÍÈíîËpÌ�Â©Í�Â©Ë ÀãrÇpÍrß!ãrà¡ãêÌ1Ç/ÇpÁ¡Ã ßrßxÃ à�ÔØÃ ß ý Ü.Û�Ù ý Â©Ô�É�Ù ý �¡Û�ÍrÇpßrÒ�ÇpË©ãrÃ�Ö�Ç©Ä íÑö � ú Ê

;=<�> ?�@BADCFE�G

HJIJI L º M)º N,OQP�º MRN)º N)µ#S.¶UT�V|¶:·WORX+¹S·8»�¼S½.½.½�»ZYS³�¼�I�»RP\[U].³_^J`Ja8½



/)(=?�* &)>�#.,S/)$�5I(+*�@�(=,%5./�#%&L/21-5./o/)1�#Y��� ¼ &�/25./�# (c&0/)1�#
3=?��P#:&8/�3=l�(�*X7d&�/25./�#`¤JnJ#.,�[�~-¥X[-��1�(c&¢>�?�(�*�/2&y/�?R5P$�#S!�#%$2&�5X3
?�Cp&�/25./�#©?�$�@-#:$�(�*�7a(�*s7�?�(�*�74C<$�?DO���$]/�?T��#�5%*-@a(�*
7�?�(�*X70C<$<?�OU5.K�&�?D$)>�/2(6?D*©/�?E#:O`(�&�&2(6?D*�[���1�#]&8?�3=#]>�?�&�&)(=9
KF(c36(=/�lp/21�5./�/21�(�&«,S?XAF3�@]1�5%>->�#:*V(�&wK�lp@�(�C<C;#%$�#:*�/�5.KF&<?�$�>�9
/)(=?�*�9�#%O`(�&�&)(Q?�*HnX/�?�i�#%&w&21-(�C;/2&w?�C�/21-#P� � ¼ 5%*�@d� ÙU¼ &�/25./�#%&(�*ª/21-#p/���?ZOP5%/)$�(=,.#%&.[���&hOW#%*�/2(=?�*�#%@Z(c*'/21-#d>-$�#.!�(=?�A�&
&�#.,S/)(=?D*�GH/21�#g>�AF$<#X3+l #J3=#S,./2$�?�*�(=,Y/)$25%*�&�(6/2(=?�*�&b5./b/)1�#
?�$�(+7-(c*Z5J$8#p,:1�5X$�5.,./�#%$)(=£)#:@ªK�l'OPAk3+/)(�>�1-?D*-?D*'KF5%*�@�&h(cOP9
>k3+l�(�*D7¬5a&)(Q£
#%5.K"3=#¡n�/�?Di�#%&T&)1�(�C;/%Gf�P1�(=,%1NK�$�(�*�7-&©/)1�#
#%*�#%$;7�ld?�Cw/)1�#f&</)5./�#R/�?V3+?��P#%$�!�5X3+A�#%&�[#��C|GkC;?�$�5R$�#%5%&<?�*
/)1�5./p&</2(�3e3�*-#.#:@�&�/�?©K�#],X365X$�(�C<(=#%@qG¢/)1�#©n�/�?Di�#:&x&21-(�C;/f(�&
&�/2$8?�*X7�#%$�(�*���#hC;?�$w/21-# � ÙU¼ &</)5%/�#P5X&w,S?�Oh>�5X$<#%@x/�?f/)1�5./?�C�/21�#p� � ¼ &8/25./�#-G§/)1�#%*E/21-#d� Ù�¼ &�/)5./�#dO`5.lE#:*�@EA�>'5./5X*a#%*-#:$�7�l¡&|3�(�7F1�/
3=lN3=?��P#:$E/)1�5%*B/)1�#0#%*�#%$87�lB?�C]/)1�#
��� ¼ &�/25./�#�G��P1�(=,%1f��?�AF3�@x#S^F>�3�5%(�*x/21�#h$8#S!-#:$�&25X3q?DCw&</25./�#?�$�@-#%$�(�*�7NK�#./���#.#:*�/21-#o/��P?NOh5./)$)(m,.#%& 5X*�@�K�#S/��P#.#:*
5�K�&<?�$�>-/2(Q?�*]5%*�@p#%OP(�&)&�(=?�*�[
��1�#�?�$�(Q7�(�*x?DC�/)1�#P@�(cC<C;#:$8#:*-/�O`(Q^_(c*X7d$)5./2(=?�&wK�#S/��P#.#:*

/)1�#V3+?��P#%&</`/21�$�#.#d>�AF$<#p#X3+#.,./2$<?�*�(6,d&�/25./�#:&`Oh5.l'K-#j@�A�#
/�?f?�*�#`?D$�5`,.?�O�KF(+*�5./2(6?D*p?�Cy/21-#hC;?�3e3=?J�h(c*X7HC<5.,S/�?�$�& 	u (�*�7�?D(�*�7�C<$�?�Oa?�*�#�Oh5./)$)(m^x/�?`/21-#�?�/21�#:$�GD/)1�#%$�#�(�&
5I@�(cC<C;#:$8#:*-/2(=5�3Z&)1�(�C;/b?�C ∼ {B�\� 0DO −

� ¤
&�#.#o��5.KF3=#Y{J¥
�h1�(Q,:1��h(c3;3jOW?�@�(�C;lY/21-#o$�#:&8?�*�5J*�,.#L,S?�*�@�(6/2(=?�*�&ªK�#S/)9
�P#.#%*p/21-#f3=?J�W#:&8/�/21�$<#.#R&�(�*�7F3+#./�&8/25./�#%&�5%*�@V/21�#R*�#%5%$�K-l
/)$2(c>�3+#./R&�/)5./�#]O`5%*�(�C;?-36@�[¢��1�(�&ROP(Q7�1-/P7�(=!-#j$�(�&�#p/�?Z&�(c*�9
7"3=#./29c/2$�(c>�3+#./],.?JA�>k3�(+*�7�&p�h1�(6,:1L,%5%*b5X3+/�#:$j/21�#Z&)(�*X7F3=#S/)9
&)(�*X7F3=#S/�O`(Q^_(c*X7j5%OW?D*�7d/)1�# ����/�? � ñ &�/)5./�#%&�[_ P?���#.!�#:$:G(�C�/21�(�&P�W#:$�#p/21�#V,:5%&8#�G¢/)1�#%* 5%*T(�*�/�#%$2&8l�&�/�#:O ,%$<?�&�&)(�*D7
C<$�?DO � Ù ?D$ � ñ /�?E/21-#d� � &</)5./�#%&`,S?XAF36@©/)5%i�#]>�365.,.#-Gy51-l�>�?�/21�#%&)(�&T/21-5./o(�&T#.^�,X3+A�@-#%@I?D*I/21�#aK�5%&)(=&T?�C'/)1�#
/)(�OP#%9;$<#%&�?-3+!-#:@]@-5%/25`>�$<#%&�#%*�/�#:@](c*'nJ#.,-[_� �
uMO`(m^F(�*X7]K�l]&8/25%/)(Q,�&8l�O`OW#S/)$<lp#:C<C;#.,./2& 	 #S!�#%*](=Cw��#1�5.!�#R*�?](�@�#%5R?�C«/21�#p3=?J,%5�3�&�l�O`O�#./2$�l]?�C�/21�#R/2$�5%>�>�(�*D7

&)(=/�#�G§(=/P(�&�,X3+#%5J$�/)1�5./P(=/�,%1�5%*�7�#:&P(=*V7�?�(�*X7ZC<$<?�O���#R/�?
��$�[��<*�@�#S#%@�GP50&�(cOh>�3=#Z#%&�/2(�OW5%/�#©K�5%&�#:@4?D* �_#%*�*�5%$)@�9
¦�?D*-#:&�$)5%@�(�(q?�C�� � Ü 5J*�@p$)5%$�#�7_5%&�5./�?�O`&�&�1-?J�h&w/)1�5./`{S���#P5%/�?�Oh&w5J*-@'{
~`/�?E{)�R��$¢5./�?�O`&w5%$�#�*�#.#%@�#:@x/�?h,.?J!�#%$
/)1�#a&8A_$�C<5.,S#b?�CT��� Ü [d��1�(=&0OW#%5%*�&T/21-5%/Z/)1�#%$<#a(c& 53=?��P#:$�(�*X7Z?�C�&�l�O`O�#./2$�lZ(=*E7�?�(�*X7 C<$8?�O¯/21�#x7�5%&`>�1�5%&8#
¤�� � 7F$<?�A�>E&�l�O`O�#./2$�lHC;?�$W��� Ü ¥P/�?x��#R/�?]��$WOh5./)$�(=,.#:&�[��1-#h3=?��P#%$�/)1�#P&�l�OhO�#./2$�lqG�/21-#P1�(®7_1�#%$w/21�#R36(=i-#:1�?D?�@x/�?
(�*�@�A�,.#R&</25�/�#hO`(=^�(c*X7_& �
u O`(Q^_(c*X7gK�lg@�l�*�5%O`(=,:5X3H&8l�OhOW#S/)$<lN#%C<C;#.,S/)& 	 5%&OW#:*-/2(Q?�*�*-#:@V(�*ZnX#.,�["~�G"(�*p?�$�@-#%$�/�?V36(cC;/�/21�#�C;?�$�K�(�@�@-#:*

,%1�5%$)5.,./�#%$P?�C�/21-#]>�A�$�#f#X3=#S,./2$�?D*�(=,x/2$)5%*�&)(=/2(Q?�*�&�G�*-?D*-/�?�9
/)5�3;3+lU&�l�O`O�#./2$)(=,gO�?�@�#%&b?�C0/)1�#�,:5|7�#g1�5.!�#N/�?­K�#
(�*-!�?�3+!�#%@�[$�"(�i�#S�h(=&�#-G�*�?�*�/�?J/)5X3e3=lM&<l�OhOW#./2$�(6,gOP?�@�#%&
¤S1�5.!�(�*�7p7�#%$�5J@�#h,%1�5J$�5.,S/�#:$.¥�,:5X*]O`(m^E/21�#f3=?J�P#%&�/�/21�$<#.#
&)(�*X7F3=#S/f&�/)5./�#%&`�h(=/21©#%5.,:1©?X/21-#:$R5%*�@ª7-(6!D#E$�(�&8#]/�?'/)1�#
O`(=^�#%@],%1�5%$25.,./�#%$�?DCw/)1�# � � &8/25�/�#-Gk(�*V>�5%$8/2(=,.AF3�5J$w7F(m!-#:*
/)1�#'&)Oh5X3;3�#%*-#:$�7�l©7-5X>�&xK�#./��P#.#:*�/21-#:OjG�?�CR/�l�>-(=,:5X3;3=l
?�*�#R>�1-?D*-?D*p#%*�#%$;7�l�[

�F
�������-��D-8*S� �
	�-%��� �������D-8*S�8-%�F�
-�*�+F-X�%��� �
��*R?D$)@�#%$y/�?R(�@�#%*�/)(�C;lR/21�#�(�*-/2$�5%OW?�3+#.,.AF365%$w$<#X3�5%^�5./)(=?�*

>�5%/)1��h5.l�&L3=#:5%@�(�*X7­/�?Y/21-#Y3=?D��#%&�/�&�(�*�7_3=#./ #%O`(+&)&�(=?�*
5%*�@qG"C<$�?DO�/21-#:$8#�GF/�?p/)1�#�>�?�>�AF365�/2(Q?�*p?�Cw/2$�(�>�3=#S/�&</25�/�#%&.G
�P#a,%5%$)$�(=#%@­?XA�/o>-(=,S?�&�#S,.?D*�@ C�3=A�?D$�#%&<,.#:*-,.#¡OW#:5%&8A_$8#:9
OP#%*�/2&�(c*R��#h5%*�@x��$�O`5./2$�(=,S#%&�[��§1�#�@-#%&<,%$2(c>�/2(=?�*x?DCy/21�#
5%>�>�5%$)5./�A�&�(�&«7_(Q!�#:*E(�* !¢#%C|[k~��]5X3=?D*�7H�h(Q/)1H5x@�#./25%(;3=#%@
>�$�#:&8#:*-/25./)(=?D*V?DCw/)1�#R$<#%&�AF3+/)&�[" h#%$<#-G_�W#h#%Oh>-1�5J&�(=£
#`/21�#
OP#%@�(=A�O�#%C<C;#S,./2&�(+*j/21-#R36(+7-1-/�?�C�/)1�#`5%K�?X!�#�[
\"(Q7�A_$8#h�]&)1�?��h&�/�l�>�(Q,%5�3�$<#%&�Ak3+/)&�(�*V/21�#`,%5%&�#`?DC�� � Ü(�*T��$fOW5%/2$�(=,.#:&:G«5%*�@0$<#%>�$�#%&<#%*�/)&f5E&�#./R?DC`/)(=OP#%9=7�5�/�#%@

C�3+A�?�$8#:&�,.#:*�,.#P&�>-#S,./2$�5P5X3=?�*D7f�h(Q/21f5W&2>�#S,./2$8A_OB$<#.,S?�$�@-#%@
A�*�@�#:$w&�/�#%5%@�lf&</)5%/�#�,S?�*�@-(=/2(=?�*�&�¤%\k(+7§[��FG @�¥¢5X&�@�(�&8,SAF&�&�#%@
(�*ZnX#.,�["�k[:��*ª\k(+7§[F�qG @�G"/21-#f1�(Q7�1'C<$8#:��A�#%*�,SlE$�#|7�(=?D*E?�C
/21-#s&�>�#S,./2$�A�O (=&T@�?�OP(�*�5./�#%@YK�lN5¨7_$<?�A�> ?DCEK�5X*�@�&
5%$�?XA_*-@ {
�D������
�� −

� ��1�(=,%1­5%$�#¡@�A�#a/�?N/21-# ? � ( � ) G? � ( � ) 5%*�@ C � ( � ) OP?�@�#%&p?�Cf/)1�# OW?�3=#.,SAF3=#%&E¤S5X3e3R1�5%!�#C<$�#%��A�#%*-,:(Q#%&¢5X$<?�A�*�@x�\��� 0DO −
� ¥Pz�~X~�}|G�,%1�5%$)5.,./�#%$2(=&�/2(6,�?�C

/21-# � ¼ #:OP(6/�/2(c*X7Z,:1-5%$25.,./�#%$�[:�h*'/)1�#f?�/21�#:$`1�5J*-@�G�/21�#

«5�¥¼������ ë�Ã Á/ÇpÀ�ÎgÂ©ãrÇpÉ�á�Ä¥Ï1à�Í�ÇpßrËpÇpÔ�ËpÇ¡ßrÒ�ÇpËpãrÍrÂ¤à á�æ çrè Ã ÔÚû�Í!Á/Â©ãêÍxÃ�ËpÇpß!ÂUãÉ*Ã�á�á²ÇpÍxÇpÔ�ã τ Û/Ò�ß©Å ñ Ü
ö ¢ ú Û
� Üaö � ú Û

� ý Üaö ¬ ú Û/Ù
� Ü
ö � ú Â©Ô�É
Ï1Ô�É�ÇpÍßrãrÇpÂ©Égí1À²ßrãrÂ©ãêÇ®Ë©à�Ô�É1Ã�ãrÃ¥à�Ô�ß�ö � ú Ê

;�@�� G_E���@�����@��! #"%$'&( ?�@)"+* @��� _A,$-"���$
*/.102&�� G�&� A
03�%$34 @��BE/450\A1@�&�@JA,C�. A�@��#G6"� ARG�7�E/ G�$�&($-� � � Ü

L
º M�º N,O:P�º M N
º N)µ SS¶UT V.¶:· ORX�¹S·;»�¼.½%½S½X»ZY%³�¼�I�»RP�[J]%³_^�`Ja�½ HJI��



KF5%*�@�&¢5./ ∼ {
�\�X����0�O −
� 5%*�@ ∼ {
���
����0�O −

� 5J$8#�@�A�#�/�?
/)1�#  � � ( � )

5%*�@  � � ( � ) +
? ¼ ( { ) OW?�@�#:&�G�/�l�>�(=,%5X3�?�C`/)1�#

�¢� ¼ #%Oh(=/�/2(�*D7 ,:1�5%$)5.,S/�#:$:[¬\"(�*-5X3e3=l�G¡/)1�# K�5%*�@ 5./
∼ {
��
\��� 0DO −

� (=&h@�A�#x/�?]/)1�#�? � ( � ) OW?D@-#R�h1�(Q,:1©(+&W/�?OP?�$�#�/)1�5J*x�\�
�o@-A�#�/�?`/21-#P� ÙU¼ #%Oh(Q/�/)(�*�7f,:1�5X$�5.,./�#%$�[F�<C�P#�*�?��L,S?�*�&)(=@-#:$�/)1�#�/)(�OW#:967�5./�#%@fC�3=A�?D$�#%&<,.#:*-,S#�&�>�#.,./2$)5
¤%\k(+7§[��"G 0�� � ¥XG�?D*-#�,%5%*f&<#.#�/)1�5./y/21�#�&2>�#S,./2$�A�OB5./����P>�&
¤%\k(+7§[��"G 0�¥0#.^_1-(=K�(=/)&05a&�#%$�(=#%&T?DC©K�$8?�5%@­C;#:5./�A�$�#:&T?�C
5X36OW?�&</E#:��A�5X3�(c*�/�#%*�&�(=/2(6#:&E(=*b/21-#b{
�����
���y{
��
\�8�90:O −

�
$�#|7�(=?D*�[���1�(�&EOP#%5%*�&V/21�5./E,S?�Oh>�5X$<#%@B/�?L/21-#�&8/�#%5%@�l�9
&�/)5./�# &2>�#S,./2$8A_OxG /)1�# K�5X*�@�& 5./ C<$�#:��A�#:*-,%(=#:&
� {
�F{B����0%O −

� ¤SO�?�&</�K�#%(�*X7],%1�5%$)5.,./�#%$�(�&�/)(m,`?�Cw/21�# � ¼#:O`(=/�/)(=*�7N,%1�5J$�5.,S/�#:$.¥T5J$<#b&�(+7-*�(=C<(=,%5%*�/|3+lY#%*�1�5%*�,S#%@N5J&
,S?�OP>�5%$<#%@E/�?p/21�?�&8#f@�A-#R/�?p/21�#f�w� ¼ 5%*�@E� Ù ¼ #%O`(=/�/)(+*�7,:1�5%$�5�,S/�#:$�&%[ ��*Z5%@�@�(=/2(6?D*�G§/21-#pK�5%*�@�&P,%1�5%$�5%,./�#%$�(c&</2(6,d?�C
/21-#g3�5./�/�#:$¨/��W? 5%$<#N5X36&�?I?�CZ,.?�Oh>-5%$25.Kk3+#N(�*�/�#:*�&�(6/�l
¤
,S?�Oh>�5X$<#-G #-[ 7�[�GT/21�#�{
�\
�����0%O −

� K�5X*�@ �h(=/)1 /21�#
{ ����� � 0:O −

� KF5%*�@"¥X[��§1�#H&)(=/�A�5./)(=?D*�,:1�5%*X7�#%&R1�?X�P#.!�#:$
$25%>-(�@�3=l�G�5%&R5X3�$�#%5%@-l 5./ 

�©>�&x¤%\"(Q7�[¢�FG 7�¥XG�/)1�#EK�5X*�@�&
,:1�5%$�5�,S/�#:$�(�&</)(=,T?�CV� � ¼�� � Ù�¼ @-?DO`(�*�5./�#T/21-#�&�>�#.,./2$<A�OpG�h1�(;3=#H5X3;3�/21�#VK�5J*�@�&`/�#%*�@T/�?Z&�1�5%$�>-#:*T5%*�@©/)1�#]&)>�#.,:9
/2$�A�O $8#:>-$�?�@�A-,S#%&hO�?�&8/P?�C�/21�#pC;#:5./�A�$�#:&�?�C«/21-#d&</�#:5%@-l
&�/)5./�#]&)>�#.,S/)$<AFO K-l ∼ ~����E>�&�[§�I36(=*-#d*�5%$�$�?J�`(�*X7 5X3�&�?
?D,.,.A�$�&��h1�(6,:1p,.?�$�$�#%&�>-?D*�@�&�/�?d5`,%1�5%*X7�#P?�C�3�(+*-#`��(c@�/)1
K�l]5RC<5.,S/�?�$«?DC�~�K�#S/��P#.#:*p���x5%*�@©{����f>�&.[
��1�(�&V@�#%&<,%$)(+>-/2(Q?�*L?�CR/)1�#©/2(=OP#%967-5�/�#%@bC�3+A-?�$8#:&�,.#:*�,S#

&2>�#S,./2$�5 &)1�?��h&j/21�5�/d/)1�#©K�5%*�@�&]5J&�&�?J,%(�5./�#%@L�h(=/)1L/21�#
� ¼ 5%*�@f/)1�#`� � ¼�� � ÙU¼ ,:1�5%$�5�,S/�#:$�&�#.^�1�(=K�(=/�*�?�*�(c@�#%*�/2(6,:5X3K�#:1�5.!�(Q?�$�&w(�*R/)1�#�&)1�?�$</w/2(=OP#P@�?�OP5X(=*p¤ ∼ ~��
�f>-&
¥X[���1�(�&
(�&EK�#./�/�#%$E!�(=&�A�5X3�(=£
#%@aK-l¡>�3=?�/�/2(=*�7a/21-#T/2(�OW#:9;$<#%&�?�3=!�#%@
C�3+A�?�$8#:&�,.#:*�,.#'@�#S,%5%l©,SAF$<!-#:&R5�/`7-(6!D#%*T#%Oh(c&�&)(Q?�*���5�!�#:9
3+#%*�7�/)1�&�¤S(�[ #�[;G"3=?D?�i�(=*�7j5�/�5PKF5%*�@p?�$y7_$8?DA�>f?�CyK�5%*�@�&.¥%[
�§(cOP#%9e$8#:&�?-3+!�#%@0C�3=A�?�$<#%&�,S#%*�,.#�@-#S,%5.lT,SAF$<!-#:&�?�C���� Ü (c*��$�Oh5./)$�(=,.#:&�5%$�#�7_(Q!�#%*p(�*V\k(®7�[��kG�C;?D$�&�#X3+#.,S/�#:@xC�3+A�?D$�#%&�9
,S#%*�,.#]K�5%*�@�&�K�#J3=?�*X7_(=*�7 /�?©#:5.,%1T#%Oh(6/�/2(=*�7 ,%1�5%$)5.,./�#%$.[
�§1-#H&�/2$8A�,./�A�$<#'5./f!�#:$�lT#%5%$)3=l /)(�OW#:&j¤ OW?�&</f!�(�&�(=KF3=#�(c*
\k(+7§[ �FG �X¥h(=&P@�A�#R/�?p/21-#f&<,%5./�/�#%$�#:@ª3�5%&�#%$W36(+7-1�/�5%*�@V/21�#
$�#%&�>�?�*-&�#L?�CE/21�#b@-#S/�#S,./2(=?�*g&8l�&�/�#:OjGf5%&',%1�#.,:i�#:@�K�l
$�#.,.?D$)@�(�*X7'/21-#f/)(=OP#%9e>-$�?�C<(;3=#f?DC�/)1�#f#%OP(=/�/�#%@©36(Q7�1-/P5./h5

«5�¥¼��Ú¹,� ë&Ã¥ÁÓÇpÀ²ÍrÇpßrà1Ä¥Ö�ÇpÉSá�Ä²Ï�àgÍrÇpßrËpÇ©ÔgË©ÇXÉ�ÇpË©Âpíuà áîãrÌ�ÇQá�Ä¥Ï1à�ÍrÇUßrËpÇpÔ1ËpÇä�Â©Ô�É1ß�à1á æ ��� Ã ÔÑû�Í/Á/Â©ãrÍxÃ ËpÇUß®ä�Ç©Ä�à�Ô�Î1Ã Ô1ÎÚãrà�ãrÌ�Ç¡É.Ã�á�á²ÇpÍ�ÇpÔ1ã�ÇpÁ¡Ã ãrãxÃ Ô�ÎËUÌ�Â�ÍrÂ©ËpãrÇpÍ�ß©Å � 	
(
�

)
à�á�ã�Ì�Ç � � ËpÌ�Â©Í�Â©ËpãrÇpÍ"ö ¢ ú�� � � � ( � ) à1á�ãêÌ1Ç ÷ � ø ËpÌ1ÂUÍ ÀÂ�ËpãrÇpÍ/ö � ú Û.Â©Ô�É � 	 (
�
)
à�á,ã�Ì�Ç ÷ � ø ËpÌ1ÂUÍrÂ�ËpãrÇpÍ/ö ¬ ú Ê

��5%KF3=#P�

ë�Ã Á/Ç®ËUà�Ô�ßrã�Â�Ô�ãrß�à�á�ãrÌ�Ç®É.Ã�á�á²ÇpÍ�ÇpÔ1ã,Ë©à�Á/Ò1à�Ô�ÇpÔ1ã�ß�à1á�ã�Ì1Ç�ãxÃ Á/Ç©À²ÍrÇpßrà�Ä²Ö�ÇpÉØá�Ä�Ï�à�ÍêÇpßrË©ÇpÔ�ËpÇ®ßrÒ�ÇpËpãrÍrÂ/à1á æ ��� Ã Ô�Ô�Çpà�Ô�ÂUÔ1É�ÂUÍrÎ�à�Ô�Á/Â©ãrÍ�Ã�ËpÇpß©Ê τ ó ÍrÇpÒ1ÍêÇpßrÇ©Ô�ãêßÂ¡É�ÇpËpÂUí»ã�Ã ÁÓÇ¡Ã Ô�ãrÌ�Ç®ËUÂ©ßrÇ/à�á�ãrÌ�Ç � � ÇUÁïÃ ãêãÈÃ¥Ô�Î�ËpÌ�Â©ÍrÂUË©ã�Ç©Í©Û�Â©Ô�É�Â¡ÍxÃ ßrÇ/ãxÃ Á/Ç¡Ã Ô�ãrÌ�Ç®Ë©ÂUßrÇ/à�á�ãrÌ�Ç ÷ � ø 
 ÷ ù ø ÇpÁ¡Ã¥ã�ã�Ã Ô1Î¤Ë©Ì�Â�ÍrÂUËpãrÇpÍ�ß

¿�Á¡Ã�ã�ãxÃ Ô�Î�ËUÌ�Â�ÍrÂ©ËpãrÇpÍ 
 Ã�ä�Í�à�Ô*Ã Ë/ä�Â�Ô�É�ß τ ó Û.Ò�ß τù Û.Ò�ß 
 Ã ä�Írà�Ô*Ã Ë/ä�Â©Ô�É�ß τ ó Û.Ò�ß τ ù Û.Ò�ß
ô�Çpà�Ô û�Í�Î�à�Ô

÷ � ø � � �
( � )� � � ( � ) +
� ø (
�
)

Ù�Ü ý ± ñ Ü � Ü�Ü
±
� ý Ü � ó � ( � )� ó � ( � ) +

� ø (
�
)

� Ü
±
Ù Ü � � ý�ý ±

� ý Ü
÷ ù ø ¼ � ( � ) Û � � ( � )� �

(
� ) + � ø (

�
)� �

(
�
)

� ��Ü
± ñ Ü 	
� ý ±

� Ù�Ü
¼ � ( � ) Û � � ( ý )¼ �

(
� ) + � ø (

�
)� �

(
�
)

� Ü
±
Ù Ü ����� Ü

±
Ù1Ü�Ü

�
ø ¼ � ( ý )¼ � ( ý ) +

� ø (
�
)

� ñ Ü ± ñ Ü � ñ�ý ±
� ý Ü

� � ( ñ ) Û � � ( � )¼ � ( ñ ) Û � ø (
�
)¼ � ( ý )

� Ü
±
Ù Ü � � � Ü

±
Ù1Ü�Ü

;=<�> ?�@BADCFE�G

HJIUH L º M)º N,OQP�º MRN)º N)µ#S.¶UT�V|¶:·WORX+¹S·8»�¼S½.½.½�»ZYS³�¼�I�»RP\[U].³_^J`Ja8½



>-?D&)(Q/2(=?�*4�h1�#%$�#T*�?L#%Oh(�&�&)(m?�*4K�5%*�@4?J,.,SAF$�&ª¤
#-[ 7�[;G�5./
∼ {B�X�\��� 
�� −

� ¥X[#�e/�,:5%*jK�#�&8#S#%*p/)1�5./�/)1�#hC�3=A�?�$<#%&�,S#%*�,.#
5X&�&�?J,%(�5./�#%@E/�?p/)1�# � ¼ ,:1�5%$)5.,S/�#:$W¤.\k(+7§[#�kG 0�¥`(�&�,:1�5X$�5.,%9/�#:$)(=£)#%@UK�lM5NK�(=#S^�>�?�*�#%*�/2(c5X3 @�#.,%5.l"GE�h(=/21U5I&)1�?�$</
,.?�Oh>�?�*�#%*�/h1-5.!�(�*X7Z5f@-#S,%5.l],.?�*�&�/25%*-/�?�C ∼ ���p>�&�5%*�@
5j3+?�*X7H?�*�#R�`(=/21E5R@�#.,%5.l],S?�*�&8/25X*�/�?DC ∼ {B�\���x>�&:[ �h*
/)1�#�?J/)1�#%$w1�5%*�@qG�/21�#PC�3=A�?�$<#%&�,S#%*�,.#�K�5J*�@�&¢5%&)&8?D,%(=5%/�#:@�/�?
/)1�#Y� Ù ¼ 5%*�@ �w� ¼ #:O`(=/�/2(�*X7Y,:1�5%$)5.,S/�#:$©¤%\"(Q7�[ �kG 7kG �X¥&)1�?�� 5 &)1�?�$8/H$)(+&�#ZC;?�3;3+?X�P#:@LK-ls5¨3=?D*�74@�#.,%5.l�[���1�#
$)(�&�(�*X7b,S?�OP>-?D*-#:*�/H1�5%&]5©/2(cO�#Z,.?D*�&</)5%*�/p?�C ∼ �
�p>�&:G
�h1�(c3+#�/)1�#P3=?�*X7d@�#.,:5�lh,.?�OP>�?�*�#%*�/¢1�5%&w5�/)(�OW#�,.?�*-&�/)5%*�/
5�36&8? ?�C ∼ {����8� >-&.[1��*T/)1�#H,%5%&<#E?DC���#�OP5�/2$�(=,S#%&.G���#
?�K�&�#%$<!�#a5B&2(cOP(;3�5%$TK�#%1�5.!�(Q?�$T#.^�,.#:>�/¨/21�5./T/21-#b/2(cO�#
,.?�*�&�/25%*-/2&p5%$<#Z@�(cC<C;#:$�#%*�/%[���1�#E/2(�OW#E,S?�*�&�/25%*-/2&:G¢7F(m!-#:*
K�l]5fC<(Q/��h(6/21]5�K�(=#.^�>�?�*�#%*�/)(�5X3�C;A�*�,./2(Q?�*qG"5J$<#W7�(=!�#%*](�*
��5%Kk3+#P�]C;?�$�K�?�/21VOh5./)$�(=,.#:&�[#�;/�(�&«,J3=#%5%$�/21-5./�/21�#h@�#.,%5.l
/)(�OP#%&p?�CR/21-#T3=?�*D7s,.?DO`>�?�*�#%*�/]5%$�#Z(�@�#%*�/)(Q,:5�3hC;?D$]5X3;3
!�(6K�$<?�*�(=,YK�5X*�@�&o5./�/2$)(=K�A�/�#:@ /�?g/)1�#B/21�$<#.# @�(=C<C;#:$�#%*�/
#%Oh(6/�/2(c*X7o,%1�5J$�5.,S/�#:$�[��§1-#%$<#%C;?�$8#�G�/)1�#'1�l�>�?�/21�#:&)(�&�?�CR5
&)(�*X7F3=#]#%OP(=/�/)(�*X7 ���h&8/25./�#d�`1�(Q,%1Z,.?D*�&�(c&�/)&P?�CP5VOh(Q^�#:@
��� ¼ G � ÙU¼ 5%*�@V� ¼ ,:1�5%$)5.,./�#%$�(=&�C;A�$�/21�#%$w,S?�*�C<(=$)OW#:@q[ �h*/)1�#�?D/)1�#%$¢1�5%*�@§G�/)1�#P&�1-?D$�/�/)(�OP#�K�#%1�5.!�(=?�$�&�A�7�7�#%&</)&�/)1�#
#.^_(c&</�#%*-,S#p?�Ch5E&�1-?D$�/)9<3�(Q!�#:@©/)$25%*-&2(6#:*�/fC�3=A�?�$<#%&�,S#%*�,.#]?DC
@-?DO`(�*�5X*�/ � ¼ ,%1�5%$)5.,S/�#:$V/21�5�/HC;#.#:@�&V/21-# ���]C�3+A-?D$�#:&�9,.#:*-,.#�[_��1�(=&�>-?D(�*�/�(�&�@-(�&<,.A_&�&�#:@]C;A�$</21-#%$�K�#X3+?��x[
��*]&�A�O`OP5X$<lqG_?XA_$�$<#%&�AF3+/)&�&�1�?X�N/21�5./ 	5�¥�5X3;3_#%O`(+&)&�(=?�*RK�5X*�@�&y#.^_1�(6K�(=/w/21�#P&)5%OP#P@�#.,%5%lf$�5./�#

?�C ∼ ��[ 
R*�&¢(c*`��#�5%*-@ ∼ {�[ �`*�&w(�*���$.G�(�*�@�(Q,:5�/2(=*�7f/)1�5./
?�*�3=lZ?�*�#x#:O`(=/�/)(�*X7 ��� &�/)5./�#p?DCWOh(=^-#:@ ��� ¼ G � Ù�¼ 5%*�@� ¼ ,%1�5%$)5.,./�#%$.Gd(=&T$<#%&2>�?�*-&2(QKq3+#bC;?D$©/)1�#s&�/�#:5%@�lI&</25./�#
C�3=A�?�$�#:&8,S#%*�,.#h&)>�#.,S/)$�5 �
K"¥H(c*0/)1�#'�����y{B�
�0>�&x/2(�OW#Z@�?�Oh5%(c*qG�/21-#ZC�3+A-?D$�#:&�9

,.#:*-,.#PK_5%*-@�&«K�#J3=?�*X7�(�*�7d/�?x/21�# � ¼ #%O`(m/�/2(�*�7d,%1�5%$25.,./�#%$5X$<#f#%*�1�5%*�,.#%@'(�*V��#f5X*�@E��$.G�$<#X365�/2(Q!�#R/�?'365�/�#%$�/2(=OW#:&�[
��*j��#-G_/)1�#.lj$�#%Oh5%(c*]1�?X�P#.!D#%$��P#%5%i�#:$�/)1�5%*]/)1�#`K_5%*�@�&
K�#J3=?D*�7�(�*X70/�?'/)1�#E� Ù ¼ 5%*�@0�w� ¼ #%OP(=/�/2(�*D7�,%1�5X$�5.,./�#%$2&:G�h1�(c3+#R(�*p��$�5�/����f>�&�G�/)1�#.l]5%$<#`#:��A�5�3;3+lp5J&�&8/2$�?D*�7 �
,D¥«/21-#�?�K�&�#%$<!�5./)(=?D*�&�(�*xK"¥�5%$�#�,.?�$�$�?JK�?D$)5./�#%@xK�lf/)1�#

/)(�OP#%9;$<#%&�?-3+!-#:@­C�3=A�?D$�#%&<,.#:*-,.#a&2>�#S,./2$�5a?�C©/21�#b!�5%$�(=?�A�&
KF5%*�@�&.[:��*V��#R5J*�@V��$�Oh5./)$2(6,S#%&.G"/)1�#RK�5%*�@�&�K�#X3+?�*�7�(�*D7
/�?]/21�# � ¼ #%Oh(6/�/2(c*X7H,%1�5J$�5.,S/�#:$�5J$8#R,:1-5%$25.,./�#%$)(Q£
#:@VK�lH5&)1�?�$</]@�#.,%5%l�(�*X7o,.?DO`>�?�*�#%*�/p1�5.!�(+*�7s5E/)(�OP#E,.?�*-&�/)5%*�/
∼ {S���

±
��� >�&IC;?�$Y��#°5%*�@ ∼ ���

±
~8�°>-&a(=*U��$

¤S��5.Kq3+#L�F¥%[f��1�?�&�#LK�#X3+?�*X7F(+*�7N/�?Y/21�#s�w� ¼ 5%*�@ � Ù ¼#%Oh(6/�/2(c*X7s,%1�5%$�5%,./�#%$�&j#S^F1�(=K�(6/%G�?�*L/21�#©?J/)1�#%$]1�5X*�@�G�5
$)(�&�(�*X7',S?�Oh>�?�*�#%*-/�1-5%!�(�*X7Z5f&�(�Oh(�365%$�/2(cOP#R,.?D*�&</)5J*�/P(�*
/)1�#h$�#%&�>-#S,./2(Q!�#`Oh5./)$2(6,S#%& �
@F¥w/21-#:$8#P(�&¢5�&)(Q7�*�(�C<(6,:5%*-/¢*�5%$�$�?J�h(c*X7f?�C"/)1�#�&�>-#S,./2$�5X3

3�(�*-#:&E�h(Q/)1�(�*B/)1�#oC<(�$�&�/¨{B���b>�&E?�$'&<?qGPK�A�/E/21-#L36(c*�#
�h(c@�/21�&�K�#.,S?�OW#�#:&)&8#:*-/2(�5X3;3=lh,.?D*�&</)5J*�/�K-#Sl�?�*�@ ∼ ~��
�p>�&
(�*d��#R5%*�@ ∼ 
��f>�&�(�*p��$:[
��1�#0Aq3+/)$�5%C<5J&8/Z$�#J3�5.^_5./)(=?D*�C<$<?�O /21�#s(=*�(=/2(=5�3;3=la#.^�9

,%(=/�#%@T&</)5./�# � � /�?E/21-# � ñ 3=#S!-#J3�1�5%&R(�*ª/21-#dOW#:5%*-/2(cO�#K�#S#%*NOW#:5%&�A�$8#:@I(�*Y/)1�#bC;#%O�/�?�&<#.,.?�*-@g@�?�O`5%(�*YA�&)(�*D7

>�A_OW>�9;>�$<?�K�#'/)$�5%*�&�(=#%*-/d5.KF&<?�$�>�/)(=?�*q[1��/x�h5%&pC;?�A�*�@¨/�?
?D,.,.A�$�(�* ∼ �����RC<&¢(�*���$¢O`5./2$)(=,.#%&�z<~���}
[���1�#P&�(cOh(c3�5J$�(6/�l
K�#S/��P#.#:*'5.K�&�?�$2>�/2(=?�*'5%*�@V#S^�,%(=/25./)(=?D*'&�>�#S,./2$)5j¤%\k(+7§[�{%¥
,J3=#:5%$|3=l¬&�A�7�7�#%&</)&0/)1�5%/¨/21�(�&L>�$�?J,.#%&2&¨(�&o5%* (=*�/�#:$�*�5X3
,S?�*�!�#%$�&)(Q?�*¨¤B�)��¥R(�*-!�?�3+!�(�*X7T?D*k3+l'/)1�#p#S^�,%(=/�#%@Z&)(=*�7F3=#S/
!�(QK_$8?�*-(=,s&�/)5./�#%&%[p P?���#S!�#%$T@�(�C<C;#%$�#:*�,.#%&ZK-#S/��P#S#%* ��#
5%*�@���$0OP5�/2$�(6,S#%&TC;?�$©/)1�(�&©AF3=/2$)5%C<5%&�/ ��� $<#X3�5%^�5./)(=?�*
>�$�?J,.#:&)&p�P#%$�# C;?XA�*�@b5%*�@b5%$�#ZK�#%(�*X7a(�*�!-#:&8/2(Q7�5%/�#:@b(c*
OP?�$�#T@�#./25%(�3�5%/E>�$�#:&8#:*-/Zz<~���}|[`�¢?DO`(�*X7aK�5.,:i4/�?L/21�#
$�#X3�5.^�5%/)(m?�*0>-$�?X,S#%&)&<#%&RK�#./��W#S#%*T/21-#'3=?���#%&�/R/21�$<#.#H&)(�*�9
7_3=#./�&�/)5./�#%&%G"/)1�#R/2(cO�#:9;$�#:&8?�3+!�#%@'@�5./25��h5%&P@�(�&8,SAF&�&�#%@H(c*
!¢#%C|[W~��_G��`1�#%$<#T�P#05%&)&<A�OW#%@a/)1�5./E/21-# � ñ &</25./�#o?�C@�?�Oh(�*-5%*�/x� ¼ ,%1�5%$)5.,S/�#:$R$�#X365.^-#:&`/�?'/21�#H*�#:5%$|3=lZ@�#|7�#:9*�#%$�5./�# � � � � Ù &�/25./�#%&f1-5%!�(�*X7o@-?DO`(�*�5%*-/f� ÙU¼ 5%*�@¨� � ¼,:1�5%$�5�,S/�#:$�&%[f��1�#B3�5%/�/�#:$T@�#%>-#:*�@�&©?D*I/)1�#aOh5./)$�(=^­5J&
@�(=&�,SA�&2&8#:@©(�*E/21-#d>-$<#.,S#%@�(c*X7ª>�5%$�5:7�$�5J>-1q[ �b#p5J&�&�A�OW#%@
/21-# � ñ &�/)5./�#`/�?]3�(=# ∼ �\� 0DO −

� 5%K-?J!�#`/21�# � Ù � ����&�/)5./�#?�*�/21�#�K�5X&�(�&y?�Cq/21-#�5.K�&�?�$)>�/2(=?�*f@�5./25�?�*F3=lqG�1�?���#.!�#%$¢(c*
36(�*�#h�h(6/21p/)1�#�5.K�?J!-#h@�(c&<,.A�&)&�(=?�*E¤S&8#S#pnJ#.,-[k~�¥�Gk5`!�5X3=A�#
?�C ∼ {���� 0DO −

� �P?JAq36@LK-#ZOP?�$<#T$<#%5X36(c&�/)(Q,�[���#.!�#:$�/21�#:9
3+#%&)&.GF/21�#R��A�5%*-/2(=/)5./2(=!�#R@�#./25%(;3�&�?�Cw/21�#h$�#X365.^F5./2(6?D*]>�$�?X,:9
#:&)&�5%$�#�*-?J/P(�O`>�?D$�/)5%*�/�[F�a1�5./P(�&�,:$8A�,%(=5�3�1�#%$<#f(=&�/21�5./%G
(�*T3�(=*�#x�h(=/21E/)1�#p@�(=&�,.A�&)&�(=?�*Z(�*¨nJ#.,�[��qG�&�/25./)(=,f,%$<l�&�/25X3
C<(=#J3�@p#%C<C;#S,./2&�5%*�@ � ?�$�*�?�*�/�?�/)5X3e3=ld&�l�OhOW#./2$�(6,hOP?�@�#%&�?�C
/21-#h,%5|7�#f*�#S#%@V/�?fK�#R(+*-!�?�3+!�#%@H(�*j?�$�@�#%$�/�?p,S?XA�>F3=#`/21�#
� ¼ &8/25./�#©�h(Q/21L/)1�#Z� � ¼ 5%*�@b� Ù�¼ &</)5./�#%&%[P�w?D*�&�(�&�/�#:*�/�h(=/21�/21-#P&</�#%5%@-l�9;&�/25./�#�C�3=A�?�$<#%&�,S#%*�,.#P@�5./)5-G�/)1�#�/2(�OW#%9e$8#:9
&�?-3+!-#:@�?�*�#:&y,S?�*�C<(c$2O4/21�5./�&8A�,%1f#%C<C;#.,S/)&¢5%$�#�&�/)$<?�*X7�#%$¢(c*
��$]/)1�5%*B(�*L��#0Oh5./)$�(=,.#:&�GP>�$8?DK�5.KF3+lbK�#.,:5.A�&�#©?�Cj/21�#
3+?���#:$�3+?�,%5X3§,%5|7�#�&8l�OhOW#S/)$<l](�*p��$:[
�h*p/21-#PKF5%&�(�&«?�C�?�A�$�>�(=,.?D&�#S,.?D*�@]C�3=A�?D$�#%&<,.#:*-,.#h@�5./)5

5%*�@©?JAF$R>�$8#J3�(�O`(�*�5%$�l C;#%O�/�?�&8#S,.?�*�@©/2$)5%*�&�(=#%*�/f5.K�&�?D$)>�9
/2(=?�*HOW#:5%&�A�$8#:OW#%*�/)&.GF�P#�O`5.lH5X3�$�#:5%@�lE@�$)5.�g5`7�#%*�#:$)5X3
>�(=,./�A�$�#P?�Cy/21�#`AF3=/2$�5XC<5%&</�(+*-/2$�5JO�?�3=#S,.AF3�5%$�#%*�#%$;7�l]$<#%@�(�&�9
/2$)(QK�A�/)(=?D*�[¢\F?�3;3+?X�h(�*X7T#S^�,%(=/)5./2(=?�*Z?�C�/21-# � � &</25�/�#V¤
?�$7-$�?XA_>�?�CZ&</)5./�#%&.¥0K�lN/)1�#�� � >�A�O`>g>�Aq3�&<#-Gd(�*�/2$)5%9
OP?-3+#.,SAq3�5%$ � � −� ñ $<#X365.^F5./2(6?D*¨?D,.,.A�$�&x?�*05J*�A"3=/2$�5%C<5J&<//2(�OW#�&�,%5X3+#�?�C�5PC;#.�a1-A�*�@-$�#%@�&y?�C§C;#%OW/�?D&�#.,S?�*�@§[-��1�(c&¢(�&
5f$<#%O`5%$2i-5.K"3=l]&21�?�$8/�/)(�OP#R&�,:5X3=#RC;?�$«/21-#�@�(=&)&�(�>�5�/2(Q?�*]?�C
?D!�#%$¨{Z#B� ?DCp#%*-#:$�7�lbK�l¡(c*�/�#%$)*�5X3f,.?D*-!D#%$)&�(=?�*�[ �b#
&�/)$<#%&)&�?�*�,S#PO�?�$8#�/)1�5./�(+*�/21�(=&¢>�(6,S/�A�$�#�G�,S?XA�>F3�(=*�7R?�Cq/21�#
&2(=*�7F3+#./f!�(6K�$<?�*�(=,©3=#S!�#X3�&R�h(=/)10$�#:&8?�*�5J*�/V3+#.!�#X36&�?�C`/21�#
/2$)(=>F3=#S/�OP5J*-(�C;?�3�@]?�$�/21�#W7�$�?XA_*-@]&�/25./�#R(�&«#S^�,X3=A_@�#%@�[#��*
/21-#�C<(�$�&�/y,:5%&�#-GD/21�#�(=*-/�#%$�&�l�&�/�#%Ob,%$<?�&�&)(=*�7R/2(cOP#�?�C�5.K�?�A�/
{�*�&WC;?D$�/)1�# ��� &�/25./�#d&)1�?��P&P/)1�5%/`(m/`(�&h5x!�#%$�l'(�*�#%C<C<(�9
,:(=#%*�/'>�$8?�,S#%&�&E/�?o,.?�OP>�#./�#T�P(=/)1 ���P[���*B/)1�#0&�#.,.?D*�@
,:5%&�#-G�/)1�#L\"$�5%*-,:i�98�¢?�*�@�?�*4?J!�#%$)3�5J>b(c*�/�#
7�$�5�36&V?DCj/21�#
&2(=*�7F3+#./�!�(QK_$8?�*-(=,p3+#.!�#J3�&��h(Q/)1E/21�#`7�$�?JAF*�@E&�/)5./�#R!�(=K�$)5%9
/2(=?�*�5X3�3=#S!�#X36&�&)1�?�AF3�@]K-#f*�#
7F3�(Q7�(=KF3=lH&)OP5�3;3�z����y{�{J}|[§\"(�9
*�5X3;3+lqGd&8A�,:1I>�$<?�,S#%&�&�#%&T5%$<#a&</)5%/�#s&�#X3+#.,S/)(Q!�#s5%*�@�/21�#
&2(=O`(;3�5%$2(Q/�l K-#S/��P#S#%*T5.K_&8?�$�>�/)(=?�* 5%*�@©#S^�,%(=/25./)(=?D*T&)>�#.,:9
/2$)5p¤%\"(Q7�[�{J¥h$�AF3=#:&�?DA-/�&�A�,%1'5f&�#X3+#.,./2(Q!�(=/�l"[�\"$8?�O � ñ G/21-#j>�?�>�AF365./)(=?�*Z@-#S,%5.l�&`/�? � Ù � ��� (�*©/�#%*�&`?DCP>-(=,S?�&8#:9,S?�*�@�&H5X&H(6/�(�&'OW#%@�(�5./�#%@B?D*k3+lbK�lY3�5./�/2(6,S#0>�1-?D*-?D*�&.[

;�@�� G_E���@�����@��! #"%$'&( ?�@)"+* @��� _A,$-"���$
*/.102&�� G�&� A
03�%$34 @��BE/450\A1@�&�@JA,C�. A�@��#G6"� ARG�7�E/ G�$�&($-� � � Ü

L
º M�º N,O:P�º M N
º N)µ SS¶UT V.¶:· ORX�¹S·;»�¼.½%½S½X»ZY%³�¼�I�»RP�[J]%³_^�`Ja�½ HJIB^



\"$�?DO � � G�(c*�/�#%$)&<l�&8/�#%OU,:$8?�&�&)(=*�7T/21�#%*T?J,.,.A�$)&`?�*©/)1�#
/)(�OP#%&<,%5�3=#]?�Cj{V*-&%[y��?X/�#'1�?��P#S!�#%$R/)1�5./R#.!�#%*0(�*T/)1�(�&
,%5J&8#�G¢�W#H5�3�&<?T&<#.#H5HOW#%@�(QAFO°@-#%>�#:*�@�#%*�,.#'¤
��5%KF3=#]�F¥
�h1�(Q,:1T&�1�?XAF36@�G¢(=*Z?XA�$W?�>-(�*�(=?�*qG�K�#p@�A�#p/�?�$8#:&�?D*�5%*�,.#
,.?�*�@�(6/2(Q?�*�&R?�C ���P�h(=/)1©/21�#]/)$)(+>k3=#S/x3+#.!�#X36&R5%*�@ � ?�$`?DC
/)1�#p,%1�5%*�7�(�*D7 @�?�Oh(�*-5%*�/h&�l�O`OP#./2$8l',:1�5X$�5.,./�#%$P?�C ���W[
��*�/�#:$)*�5�30,S?�*�!�#%$2&�(=?�*M�`(=/21�(c* /21�# /2$�(c>�3+#./NOh5%*�(=C;?�36@
&)1�?�AF3�@­5|7�5J(=*­>�$�?J,.#S#%@I?�*g5X*NAq3=/2$�5%C<5X&</T/2(cOP#a&8,:5X3=#
C;?�3;3+?X�P#:@ K�lN5L/�#%*�&'?�C

µ
&©$25%@�(=5%/)(m!-#o@�#.,%5.l¡/�?a/)1�#

7_$8?�A�*�@]&�/25./�#dz<~���}�¤S&8#S#pnJ#.,-['�-¥X[

� 
�������*�+����-�D-8*S�8-%����-�*�+�-J�X�����
��*�7�?�(�*D7Z/�?'1�#:5�!�(=#:$`O`5./2$�(6,S#%&�G�&�A�,%1Z5%& ��$�?�$�2�#-G

/)1�#pOP#%@�(=A�O¯#:C<C;#.,./2&WK�#S,.?DOW#dOW?D$�#p&</2$)(�i-(�*X7�[���1-#d&�(c*�9
7"3=#./P#:OW(�&)&�(=?�*'K�5%*�@�&WK�$�?D5%@-#:*'&)(®7_*�(�C<(6,:5%*�/|3+l'5J*-@E/�#%*�@
/�? @�#S,%$�#:5%&�#N(=*U(�*�/�#%*�&�(=/�l 5./o/)1�#Y#.^�>�#%*�&�#Y?DC0*-#.�
#%Oh(c&�&)(=?D*�K�5%*�@-&R?D*�/21�#H$�#%@T&2(=@-#�G�5%&f&<#.#%* (c*0\"(Q7�[��k[
��1-#:&8#°*-#S� #%OP(�&)&�(6?D* K�5%*�@�&�5J$<#U>�1-?D&)>�1�?�$<#%&�,S#%*�,.#
KF5%*�@�&`�h1�(=,%1T5%$�#]5./�/2$)(=K�A�/�#:@©/�?'/21-#d/)$)(+>k3=#S/R&�/25./�#%&`?DC
� � Ü [p� @�#./25J(c3=#:@ @�(c&<,.A�&)&�(=?�* 5%*-@ 5J&�&)(�7F*�OP#%*�/L�h5%&
>�$<#%&�#:*�/�#:@V(+*3!¢#%C|[-~X�p(�*x/21-#P,:5%&8#P?�C:2�#hO`5./2$�(=,.#:&�[��b#
C;?�A�*�@E/21�5./h&)(=/�#x#:C<C;#.,./2&`5%$<#]@�$)5%Oh5./)(=,d(=*©&<A�,:1'OW#:@-(�5-G

$�#%&<Ak3+/)(�*�7¡(c*a#%*�#%$87�la@�(�C<C;#%$<#%*�,.#%&]?�C ∼ { ��� 
 � −
� K-#:9

/��P#.#:*¨/2$)5%>�>-(�*�7b&�(=/�#:&:[P\_A�$</21-#%$�OW?�$8#�G�/)1�#%&�#'&)(Q/�#%&d5X$<#
&�/)5.KF3=#�5:7-5%(c*�&�/d5%*�*�#:5�36(=*�70A_>T/�?7�\��� 5J*-@o(=*¨K�?�/21qG
36(�C;#./2(cO�#:&«?�C ∼ {B�

µ
&�5%$�#hOW#:5%&�A�$�#%@q[

�¡@-#S/)5%(;3=#:@E5%*�5X3=l�&)(+&�?DC�/)1�#f>�1-?D&)>�1-?D$�#%&<,.#:*-,S#R&)>�#.,:9
/2$)5T(�*=2�# O`5./2$�(=,.#:&V�P5J&p,%5%$)$�(=#%@b?XA�/]�h1�(6,:1b(�&V>�$8#:9
&�#%*�/�#:@x(�*x\"(Q7�[��`5J*�@x(�*R��5%KF3=#��q[���1�#�&)>�#S,./2$8A_Ob&)1�?��h&
/��P?x7�$<?�A�>�&�?�CwK_5%*�@�&�K�#X3+?�*�7�(�*X7]/�?j@-(�C<C;#:$�#%*�/�&)(Q/�#%&�[ �<C
�P#­,S?�*�&�(�@-#:$B/21-# >�$8?J7�$�#%&�&)(Q?�*v�h(=/)1 5X*M?�$)(Q7�(�* 5./
�D���_[ �]*�OI�P1�(6,:1E(�&P@�A�#R/�?p/)1�#fO`5%(�*E&2(Q/�#f5J*�@E?�*E/21�#
K�5J&�(�&P?�C�/21�#jOW?D@-#dC<$�#%��A�#%*�,%(Q#:&`@-#S/�#:$�Oh(�*�#:@©C<$�?�O /21�#
C�3+A�?�$8#:&�,.#:*�,.#b&�>�#.,S/)$)50?�Cª� � Ü (�*B��#o5%*�@B��$©Oh5./)$�(�9,S#%&�z�~J~�}|G��W#�,%5%*f5%&)&�(Q7�*f5X3;3_/)1�#P>�#%5%i�&y/�?x p[®9;�«[�OW?D@-#:&
?�C�C � G ? � G  2� � ?�$  Ù � &�l�O`O�#S/)$�l"G�(=*'5J@�@�(Q/2(=?�*E/�?V/21�#@�?�Oh(�*-5%*�/ª¦"[m9e�«[ ? ¼ ¤�{J¥0OP?�@�#-Gf5%*�@�/�?B,S?�OWK�(�*�5./)(=?�*
OP?�@�#%&R�P(=/)1T/21�#©3�5./�/�#%$.[ �¡(Q/21T/)1�#E� � ¼ &�l�O`OP#./2$8l ?�C/21-#�&�>�(�*�9�?�$�K�(=/w?D>�#%$)5./�?�$.G�5X3;3_/)1�#%&<#POW?D@-#:&y,%5%*R!�(=K�$<?�*�(�9
,:5X3;3+lZ(=*�@�A�,S#p>�1�?�&�>�1�?�$<#%&�,S#%*�,.#dC<$�?DO 5%*�lH?�C�/21�#]3=?J�h9
#:&�/�/21�$�#.#R/2$)(=>F3=#./�&8/25�/�#%& ñ �¢��� G ñ � Ù � 5%*�@ ñ � ¼ G"/�?V/21�#� � ¼ 7-$8?�A�*�@V&�/)5./�#-[_��,.,.?D$)@�(�*X7E/�?R��#|7-$)(�#./�5X3�[�z���}�5%*�@�k5′ &<£%3=? ′ #S/H5X3�[hz�~8
�}x/21�#T3+?��P#%&</p/2$)(�>_3+#./]&�/)5./�#Z(�&j/21�#
ñ � Ù �g&8/25./�#Y�h1�#:$�#%5%&0/)1�# ñ �w��� 5%*�@ ñ � ¼ 3�(m#N5.K�?�A�/

«5�¥¼��
	,� � Ö�ÇpÍêÞÓÃ�ÇpÞhà á�Ä�àgÞéÍrÇpßrà�Ä²Ï�ãxÃ à�Ô�ÇUÁ¡Ã ßrßxÃ à�ÔØßrÒ�ÇpËpãrÍrÂ¤à�á æ çêè Ã Ô�ô�Ç�Û.û�Í©Û
5�Í®ÂUÔ1ÉØõ�Ç�Ê�ô�à�ãrÇ/ãrÌ�Ç/ä1Íêà�ÂUÉ1ÇpÔ.Ã Ô�Î�à á�á�Ä�Ï�à�ÍxÇpßrËpÇpÔ�ËpÇ¡ä�Â�Ô�É�ß!Â©Ô�É�ãrÌ�ÇÂ�Ò�Ò�ÇpÂ�ÍrÂ©Ô�ËpÇ/à á,Ô�ÇUÞQä�Â©Ô�É�ß�à�ÔØã�Ì�Ç/ÍrÇpÉØßxÃ É�Ç®à�á�ãrÌ�Ç®ßrÒ�ÇpË©ã�Í�Ï�Á�Û�Ã ÔØÎ�à1Ã Ô�Î�ãêà¡Ì1ÇpÂ�Ö1Ã ÇpÍ!Á/ÂUãrÍxÃ Ë©ÇpßUÊ

;=<�> ?�@BADCFE�G

H �%½ L º M)º N,OQP�º MRN)º N)µ#S.¶UT�V|¶:·WORX+¹S·8»�¼S½.½.½�»ZYS³�¼�I�»RP\[U].³_^J`Ja8½



�k[��Z#J�°5J*-@7�k[®�ª#B�U1�(®7_1�#%$f(c*T#:*�#:$87�lqG«$8#:&)>�#.,S/)(=!�#J3=l�[
��1�(�&�5%&)&�(+7-*�O�#%*�/�?DCw/)1�#f3=?���#:&�/�/2$)(�>_3+#./�&�/25./�#R&<#.#%Oh&«/�?
5�3e3=?J�g5�,S?�*�&�(�&</�#:*-/�(c*�/�#%$)>�$<#./25�/2(Q?�*p?�Cw/21�#`/2$)(�>�3=#./29c/2$�(c>�9
3=#S/P5.K�&�?�$2>�/2(=?�*H&�>�#.,S/)$�5Vze���-}.[ �<*]?XA�$�>�1-?D&)>�1�?�$<#%&�,S#%*�,.#
&)>�#.,S/)$)5-G§/21�#d5%K�&<#%*�,.#f?�C 0 � OW?�@�#:&�¤
#S^F>�#.,S/�#:@'C;?�$�/)1�#ñ �w��� &�/)5./�#�¥�5%*-@'?DC C ¼ OP?�@�#%&`¤
#.^�>-#S,./�#%@'C;?�$�/21�# ñ � ¼&�/25./�#D¥R&�A�>�>�?�$8/h/)1�#d5X&�&)(®7_*�OW#:*�/h?�C�/)1�#V3+?���#%&�/W/2$�(c>�3+#./
&�/25./�#�5%& ñ � Ù � [��1�#h#%*�#%$87�lp?�$�@-#%$�(�*X7]?�Cw/21�#h/)$�(�>�3=#./�&�/25./�#:&�5%& � Ù ¼ G� � ¼ G � ¼ (�&w(�*x3�(�*�#��h(Q/21�/21-#�?D$)@�#%$)(�*X7f?�C§&)(=*�7_3=#./¢&�/25./�#%&(�*j/21�#P#%O`(�&�&)(Q?�*d&)>�#.,./2$�A�ON(=*x��#hO`5./2$�(6,S#%&�G�K�A�/�@�(=C<C;#:$)&
C<$�?DOv/21-5./f?JKF&<#%$�!�#:@0(c*T��$.[��</f5X3�&�?Z@�(�C<C;#%$�&xC<$<?�OU/)1�#
?�*�#�?JK�&�#%$<!-#:@x(+*�/21-#�5.K�&�?�$2>�/2(=?�*f&)>�#.,S/)$�5�?�C�/21�#�&)(�*X7F3+#./
&�/25./�#:&x¤%n�#.,�[¢~�¥X[ �<*Z/)1�#p,:5%&�#p?DC�� ��Ü (�*���#EOP5%/)$�(=,.#:&:GC;?�$p�h1-(=,:1L�W#Z,.?JAF3�@L,J3=#%5J$)3=lb&<#%>�5%$�5%/�#'/)1�#Z@�(=C<C;#:$�#%*�/
?�$�(+7-(c*�&x?�CR/)1�#T3=?J�P#%&�/]&�(�*�7F3+#./p#J3=#S,./2$�?�*�(Q,Z&�/25./�#:&�G���#
?�K�&�#%$<!�#%@]/)1�5%/�/21-#h?�$�@�#%$�(�*�7]?�C�&�/)5./�#f&8l�O`OW#S/)$�(=#%&�K�#S/)9
�P#.#%* � � 5%*-@�� Ù ¤S&8#:>-5J$�5./�#:@VK�l ∼ ~�����0�O −

� ¥��h5%&�/)1�#
&)5%OW#H(�*05.K�&�?�$2>�/2(=?�*05%*�@¨(+*�#:O`(�&�&)(Q?�*bz<~X��}.[�\FA�$8/21-#:$�9
OW?�$<#-G�/)1�#p#:*�#:$87�l�&)>�3�(=/�/2(�*X7�&WK�#./��P#.#:*ª/21�# ����5X*�@ � Ù&�/25./�#:&p5%*�@T?�$�@-#:$�(�*�7�?�CR&8/25./�#%&x�h5%&fC;?�A�*�@T/�? K-#H/)1�#
&)5%OW#dC;?D$W/21�#]3=?D�W#:&8/P/��P?V/2$)(�>�3=#S/`&</25./�#:&�G �¢� 5%*�@ � Ù [��1-#:$8#:C;?�$<#f(c*'� � Ü G"#:(Q/)1�#%$�/21�#R?�$2@�#:$)(=*�7]?�Cw/21-#`/2$�(c>�3+#./&�/25./�#:&L@�(�C<C;#%$)&0C<$�?DO /21�5./0?�CZ/)1�#Y&�(�*�7F3+#./o&�/25./�#:&L5%&
&�A�7�7�#%&</�#:@¯K�l­/21�#.?�$<lUz�~J�kGm~�
�}©?D$�G]5%&o@�(c&<,.A_&�&�#%@­(�*

n�#S,-[��dC;?�$«/21�#R&�(�*D7"3+#./�&�/25./�#:&:Gk(=/��W?JAq36@]&8#S#%OY/)1�5./�/21�#
3+?���#:&�/�/2$�(�>�3=#S/P&�/25./�#f5X36&�?pAF*�@�#%$;7�?H5x$�#S!�#%$2&�5X3�?�C�&�/)5./�#
?�$�@�#%$�(c*X7�[���1�#h$8#S!-#:$�&25X3�(�*x/21-#P,:5%&�#P?�C���� Ü (c*]$�5%$�#�7�5J&Oh5./)$2(Q,.#:&`(�&`>�$<?�K�5.Kq3=l�@�A�#f/�?]/21-#d&�Oh5X3;3¢#%*-#:$�7�lZ&�>�3�(=/29
/2(�*X7 K�#S/���#S#%* /)1�# 3+?X�P#:&�/ #X3+#.,./2$�?D*�(Q, &8/25%/�#:&
¤ ∼ �8� 
 � −

� ¥w�h1�(Q,%1f(�&y?DC�/21�#�?�$�@�#%$y?DCq/21-#�5.KF&<?�$�>�/2(=?�*�9
#:O`(�&�&)(Q?�*'nX/�?�i�#%&�&)1�(�C;/�/)1�#.lpA�*�@-#:$�7�?F[
�</�(=&�(�*-/�#%$<#%&�/2(=*�7E/�?]*�?�/�#`/21�5./�,.?�*�/2$)5%$�lp/�?]C�3+A�?D$�#%&�9

,S#%*�,.#-G�>�1-?D&)>�1-?D$�#:&8,S#%*-,S#H(c&f@�?�O`(+*�5./�#%@TK�lT/)1�#p¦�5%1�*�9
�"#X3;3+#%$7? ¼ ¤�{%¥oOW?D@-#b�h1�(;3=#-Gd5X3e3]/)1�#b?�/21�#%$ª¦"[m9e�«[R?�$ p[®9;�«[�KF5%*�@�&E5%$�#Z�P#%5%i�#%$]K-la5./'3+#%5%&�/]?�*�#Z?�$�@�#%$]?�C
Oh5|7�*�(=/�A�@�#�[��§1-(�&P&�A�7�7�#%&</2&�/21�5./h5R,.?�A�>�3�(�*�7'OP#%@�(=5�/�#%@
K�l0/21�#:&�#'O�?�@�#:&p(�&x>�$�?JK�5�KF3=l !�#%$�l �W#:5%i0@�A�#]/�?T/21�#
C<5.,S/ /21�5./­/21-# &�A�$)C<5.,S#%& 5%&)&<?�,%(=5%/�#%@ /�? /21�#:O 5X$<#
&�/)$<?�*X7F3=l¬&)1�(�C;/�#:@I�`(=/21­$8#:&)>�#.,S/¨/�?N/)1�#a#%��A�(;3�(=K�$�(=A�O
>�?�&�(=/)(=?D*p?�Cy/21-# ñ � Ù � &8A�$)C<5.,S#-[

�_
����-��� �=� *%������*
��*0/)1�(=&p,.?D*-/2$�(=K�A�/)(=?�*qG��P#'1�5.!�#'$�#S!�(=#.�P#%@0?XA_$p$8#:9

&�Ak3+/)&w?D*x/21�#`&�>�#.,S/)$�?D&�,S?�>�lf5%*�@f(c*�/)$�5%OW?�3=#.,SAF3�5%$w#%*�#:$87�l
$�#X3�5.^�5%/)(m?�*N>-$�?X,S#%&)&<#%&'?�Cª� � Ü (�*N$�5%$�#T7�5X&'Oh5./)$2(6,S#%&.G
�h1�(;3=#�>�$<#%&�#:*�/2(�*X7b*�#S� @�5./)5'5J*�@L$<#.!�(=&)(�*X70?�$f(�O`>�$�?D9
!�(=*�7d&8?�OW#�?�C�?XA�$�>�$8#S!�(6?JA�&�(=*-/�#%$�>�$<#./25./2(6?�*-&%[� �OW>�1�5%&)(�&
1�5%&�K�#S#%*H>�A�/�?�*EOW#:@�(6A�OI#:C<C;#.,./2&.G"�`1�(=,%1]/�A�$)*]?�A�/�/�?
K�#o(�OP>-?D$�/)5%*�/'K�?�/21Y(=*B/21-#�&�/)5./2(=,05%*�@b/21-#T/2(�OW#%9e$8#:9

«5�¥¼������ �"Ã Î�ÌeÍrÇUßrà�Ä�Ï�ãxÃ à�Ôéö
∆λ =

Ù û � ú Ò1Ì�à�ßrÒ1Ì�à�ÍrÇpßrËUÇpÔ1ËpÇ�ßrÒ�ÇpËpãrÍrÏ�Á à�á"ãrÌ�ÇP�)	�Ü � � ý Ü[Ô1Á ÍrÇpÎ1Ã àgÔXà á æ çrè Ã Ô
õ®Ç�Á/Â©ãêÍxÃ�ËpÇpß�ö
λ�	��
 = ý Ü�Ü"Ô1Á ú ÛÒ.Ä�à�ã�ãrÇpÉ�ÂUß®Â�á�Ï�Ô�ËUãÈÃ¥à�ÔØà1á,ãrÌ�Ç�á²ÍrÇ<�1Ï�ÇpÔ�Ë�íÑßrÌ1Ã²á²ã®á�Íêà�ÁtãêÌ1Ç�á�Ã Írßêã®ä�Â©Ô�ÉØÂ©ã���	 � Ê ý ÔgÁ»Ê�ë�Ì�Ç¡ãrà�ÒÚÂ�ßêßxÃ Î�Ô�Á/Ç©Ô ãrß®ÂUÍrÇ¡ãrÌ�à�ßrÇ¡à�á�ã�Ì1Ç¢��	 � Ê ý Ô1ÁSÒ�Í�à�Î�ÍrÇpß ÀßxÃ¥à�Ô�öxßxÃ ãrÇ¡ð�Ã�Ô�ë�Â�ä�Ä�Çq� ú Â©Ô�É�ãrÌ�ÇÓägà�ã�ãrà�ÁtÂUßrßxÃ Î�Ô�Á/ÇpÔ1ãrß�Â©Í�Ç®ãêÌ1à�ßrÇ/à�á�ã�Ì�Ç��

� Ù*Ê ý Ô�ÁuÒ�Íxà�Î�ÍêÇpßrßxÃ à�Ô�ö�ßxÃ ãrÇ ð�ð�Ã�Ô�ë�Â�ä1Ä²Çq� ú Ê

;�@�� G_E���@�����@��! #"%$'&( ?�@)"+* @��� _A,$-"���$
*/.102&�� G�&� A
03�%$34 @��BE/450\A1@�&�@JA,C�. A�@��#G6"� ARG�7�E/ G�$�&($-� � � Ü

L
º M�º N,O:P�º M N
º N)µ SS¶UT V.¶:· ORX�¹S·;»�¼.½%½S½X»ZY%³�¼�I�»RP�[J]%³_^�`Ja�½ H ��a



&�?-3+!-#:@­@�5�/25-[d��1�(+&�Gd(�*­(6/2&<#X3�C|Gj(�&0��A�(=/�#a$�#%Oh5%$�i�5.Kk3+#
7-(6!�#:*`/)1�#�&�(=£|#�?DCy� � Ü 5%*�@R(=/)&�3�5%$;7�#�*�A�OWK�#%$�?�C§@-#|7-$�#.#:&?�CwC<$�#S#%@�?�Ox[
��*a>�5X$</2(6,SAF3�5%$�GP��#01�5.!�# ,.?�*�C<(�$�OP#%@b?�A�$E>�$�#S!�(=?XA_&

5%&2&�(Q7�*�OW#%*�/2&'z�~J~�}f?�C�/21-# &�>_36(=/�/2(�*D7sK�#S/���#S#%*b/)1�#03=?D9
�P#:&8/�/21�$�#.#P&2(=*�7F3+#./�&�/)5./�#%&�(�*f5�K�&<?�$�>-/2(Q?�*p5%*�@p>�$�?D>-?D&�#%@
5'>�$<#.,:(c&�#V!�5�3+A-#HC;?�$`/21-#:(=$f>�A�$�#]#J3=#.,S/)$<?�*�(=,]?�$�(Q7�(�*�&f(c*
/21-#]7�5J&p>�1-5J&<#-[1�8*LC�3=A�?D$�#%&<,.#:*-,S#-G��P#�1�5.!�#Z@�(�&8,SAF&�&�#%@
/21-#f@�$)5%&�/)(Q,d@�(�C<C;#%$<#%*-,S#%&�K�#./��P#.#%*]/)1�#`��#f5%*�@E��$�@�5./)5
5%*�@©(�*T>�5%$�/2(Q,SAq3�5%$P/)1�#x,:1�5%*�7�#](=*T@�?�OP(�*�5%*�/h#%O`(=/�/)(+*�7
,:1�5%$�5�,S/�#:$�C<$<?�OI� � ¼ (c*]��$�/�?E� ÙU¼ (=*V��#�G"5%&��P#J3;3¢5%&�5&2(=O`(;3�5%$w,:1�5%*�7�#�K�#S/��P#.#:*�/21-#�5%K�&<?�$�>-/2(Q?�*f5%*�@R/)1�#�C�3+A�?D9
$�#%&<,.#%*�,.#¡@�5./25-[H��1�(�&¨�h5%&b$<#.,.?�*�,:(;3=#%@­K�l 5X&�&�A�O`(+*�7
@�(=C<C;#%$�#%*�/LnJ/�?�i�#:&©&21-(�C;/2&©C;?D$'/)1�#L/���?¡&�/25./�#:&:G��P1�(=,%1
K�$)(�*X7�� Ù ¼ 5./�5X*]#%*�#%$<7�l'3=?J�W#:$�/21-5%*H�w� ¼ K�#%C;?D$�#h#%O`(�&�9&2(Q?�*q[��g&)(�OP(�365%$R&)(Q/�AF5./2(=?�*©,S?XA"3�@'?�,.,SA�$RC;?�$`/21�#]>�1�?�&�9
>�1�?�$�#:&8,S#%*�,.#R/2$)5%*�&�(=/)(=?D*E/�?H5.,.,S?XA_*�/PC;?�$�/)1�#f@�?�Oh(c*�5J*�/
ñ � Ù � ,%1�5%$)5.,./�#%$f?�C�/21�#Z>�1-?D&)>�1�?�$8#:&�,.#:*�,S#Z@�5./25©(+* 2�#Oh5./)$2(Q,.#:&�[:�b#]*�?X/�#H1�?D��#.!�#%$P/)1�5./`/21-#S?�$�lZ>�$�#:@�(6,S/)&h(=/
5%&T/21-#Y3+?��P#%&</¨/2$�(c>�3+#./o&8/25./�#-[���?�/21I/)1�#¡&8/25%/)(Q,¡5%*�@
/2(�OW#:9;$<#%&�?�3=!�#%@'C�3+A�?D$�#%&<,.#:*-,S#p@�5%/)5p(�*�@�(=,:5./�#d&�/2$8?�*X7 OP(�9
^_(=*�7gK�#./��P#.#:*�/21�#Y3+?X�P#:&8/T/21�$�#.#s&)(=*�7F3=#S/T&�/25./�#%&�G�(c*
5|7_$<#.#:OW#%*�/P�h(Q/21E/)1�#%(�$�&)Oh5X3;3�#%*�#%$;7�l'@�(�C<C;#%$�#%*�,.#:&�[§��1�#
/2(�OW#:9;$<#%&�?�3=!�#%@¡@�5./25L,.?D*�C<(=$)O /21�#b*�#%5%$|3+lY@�#|7�#:*�#%$)5./�#
,:1�5%$�5�,S/�#:$y?�C�/21-# ���¢5%*-@ � Ù &�/25./�#:&:G��h1�(�3+#�/21-# � ñ &�/)5./�#&�/)5%*�@�&�&|3�(®7_1�/
3=lH5.K�?J!�#x¤S(�*V/21-#P7F5%&�>-1�5%&�#`�P#�(c*�C;#%$�$�#%@
5%* � �

−
� ñ &)>�3�(=/�/2(=*�7U?�C ∼ {B�
�90DO −

� ¥X[$�<*U/21-#gC<$8#S#
OP?-3+#.,SAq3=#�G�/21�#0>�A�$�#X3+lL#X3+#.,S/)$�?D*�(m,0�w� ¼ G�� Ù ¼ 5%*�@ � ¼3+#.!�#X36&ª,:5X*�*�?X/ZAF*�@-#:$�7�?NO`(=^�(�*D7�[jnXA�,%1gO`(=^�(c*X7_&Z5X$<#
(�*�@-A�,S#%@E(�*p/21-#ROh5./)$2(Q^E#:(6/21�#%$�K�l]&�/)5./2(=,`?D$�@�l�*�5%Oh(6,:5X3
,:$�l�&</)5�3"C<(=#X36@x#%C<C;#S,./2&w�h1-(=,:1xK�$�#%5%ix/21�# � � &<l�OWOP#./2$�lf?�C/21-# OP?�3=#S,.AF3=#�[ ��1-# AF3=/2$�5JC<5%&</I(�*�/�#%$)*�5X3o,.?D*-!�#:$)&�(=?�*
>�$�?J,.#:&)&�(=*x/21-#�&�(�*�7_3=#./�&8/25%/�#POP5J*�(cC;?�3�@d(c&¢5P$�#%Oh5%$�i�5.Kk3+#
>�$�?J,.#:&)&W�h1�(Q,%1T@�#:&�#%$<!�#%&`C;A_$8/21-#:$`5./�/�#:*-/2(Q?�*Z5%*�@'�P?�$)i
(�&�(�*V>�$<?X7�$�#:&�&�/�?x/21�(=&�5J(=Oj[

&���������� �Z-%������-%�-�D*
�]�P?JAq3�@Y3�(�i�#0/�?o/)1�5%*�iY5X3;3fOPlb,.?D9c�P?�$�i�#%$)&]/)1�5./

1�5.!�#LK�#S#%*N(�*�!�?�3=!�#%@N(�*Y/)1�(�&'�W?D$)i 	 � n�5%&�&)5%$)5-G �R[
�_#%$�£
5�G �L[f��[
	q?D$�/�#X3e3�5%9 �PK�#:$|3�(8G
��[ ��#S!-#:5.A�@�G`¦�9 �f[
��5J*�(6#:$8#�[:��5%O­5X3�&<?j7-$)5./�#:C;AF3�/�? !�[���3�5%@�#%&�5%*�@��w[_��3
!�5%1-K�5%*�(xC;?�$'(�*�&)>�(�$�(�*X7 (c@�#%5%&.[���1�(c&E�P?�$�iB�h5%&'&�A�>�9
>�?�$</�#%@pK�lf/)1�#fn��`(+&)&���n-\'!�(c5`,S?�*�/)$�5%,./2& �%���k{�{J[ 
D�k[
� Ê�
/Ê�æ�ÌgÂ Ã�Û�ë�Ê.4�Ï�à.Û�æ!Ê�� Ã Ô�Û&Õ�Ê&¿�Ê �/Â©Ï.á�Ä�ÇpÍ©Û���ÊJ��Ê�þ�Ê�æ�Ì.Ã ä1ÂUÔ1ãrÇ�Û
��Ê�þ�Ï�Í�Ç�Û���Ê�×�Ê�û5Ä²á�à�Í�É�Û�ÂUÔ1ÉjÕ/Ê�¿!Ê�ü�Á/Â�Ä�Ä¥Ç�í&Û��'�,�®�U���+��§��g���¡Ê
��� ÛJ� ý � �Úö ���
�J� ú ÊÙ.Ê �®Ê¤û/Ê��¡Ã²æ�ÂUÁïÃ�Ä²Ä²à*ÛÚÕ/Ê���Ê �ïÇpãrãxÃ ËpÌ�Û14ÓÊ14�Ï*Ã à�ËUÌ�à�Ô�ÛØÕ/Ê�×XÊæ�à�Á/Ò1ãêà�Ô�Û�×XÊ�ügÂ©Ï�Ô1É�ÇpÍrß©Û ��Ê.û/Ê���Ã Á/Ç©Ô�ÇUìxÀ 
 Â©ì<��Ï�Çpì�Û.û/Ê
5!Ì�à�Ô1Î�ÛÂUÔ1ÉSÕ®Ê���Ê¤æ�Írà�ßrß©Û �'�"�®�U���+�î§������ Ê������.Û �%� Ù
�hö ���
�S� ú Â�Ô�ÉÕ�Ç©á²ß©Ê.ã�Ì�ÇpÍxÇ©Ã Ô�Ê

ñ Ê ��Ê®ü�Ò�Í�Â©Ô�Î.Û®û�Ê®×�Â©Ì.Ä�â�à�Þ�Û�Â©Ô�Ée¿!Ê®¿!Ê �!Ê/æ�Â©Á/Ò�ä1Ç©Ä²ÄrÛ §��g��� ��5� ���+�ÿ³����r�xÊ����! �Û �X� ö ���
� � ú Ê�.ÊJ��Ê.ÝuÊ�ë&Ï�ã�ã!Â©Ô�É�ûÓÊU5�à�ßêã©Û#" ¢.�²� ¦ �%$ ��& Û�Ù�Ù ý ö ���
� Ù ú Êý ÊF5"Ê��/à�Ï�Û'�*Ê(
¡Ê��/Ï�Û�Â�Ô�Ée¿�Ê�ë�Ê 5�Ô1à�ä�ä�Ç1Û��'��³��)�����.Ê(* $ Û�Ù)� �ö � �-��� ú Ê

��5.KF3+#`�

ÝdÂ�ÖgÇ©Ä�ÇpÔ�Î�ãrÌ�ß©Û�á²ÍxÇ<��Ï�Ç©ÔgË�Ã Çpß¡ÂUÔ1Éiá²Í�Ç<�1ÏgÇ©Ô�Ë·íîßêÌ*Ã�á²ãrß�á²Írà�Á à�ÍxÃ�Î�Ã¥Ô�à�áãrÌ�Ç!ä�Â©Ô�É1ß�ä�Ç©Ä�àgÔ�Î1Ã Ô�Î¡ãrà/ãrÌ�Ç���	 � Ê ý Ô�Á
Ò�Írà�Î�ÍxÇpßêßxÃ à�ÔØöpþ&Ã Î�ÊS��Û1ü.Ã ãrÇ®ð ú ÛÂ�Ô�É�ãrà�ãrÌ�Ç¢� � Ù.Ê ý Ô1ÁSÒgÍxà�Î�ÍrÇpßêßxÃ à�Ô�öpþ�Ã Î�ÊD��Û�ü.Ã ãrÇ�ðrð ú ãrà�Î�ÇpãêÌ�Ç©Í�ÞÓÃ ãrÌãrÌ�Ç/Â©ßrß�Ã Î�Ô1ÇpÁ/ÇpÔ�ã�ÂUÔ1ÉØá²Í�Ç<�1ÏgÇ©Ô�Ë�Ã Çpß®á�Íêà�ÁSÕ,Ç�á�Ê�Ù�Ù

λ
Û.Ô�Á

ν
Û ò�Á − ó ∆ν

Û
ò�Á − ó û�ßêßxÃ�Î�Ô�ÁÓÇpÔ�ã Õ�Ç©á�Ê.Ù�Ù

ü1Ã ãrÇ¡ð
�)	)	�Ê ý � Ù
� � � Ü à�ÍpÃ Î1Ã Ô +
	1Ü ñ Ê ñ � Ù)�
�)	 Ù �)� � � ( � ) Ù � Ù
	�Ù�Ü.Ê � � Ù � 	�Ù ý�ñ Ù Ù � � ( � ) +
	 ñ�ñ Ê � � Ù�Ü�Ü�� � � Ü � � � ( , ) � � �
	 ñ ��Ê � �
� � �)� � ñ � � 	

( ñ ) ��� ñ
	 ñ �.Ê ñ �
� � � ñ �
� � � � ( � ) �2� �

	 ñ � Ê Ù �
� �J�<� � � 	 - � ø (
�
)

+
	
��Ù�Ê Ù �
� 	S� ñ 	
� � � �

(
�

)
	 ñ Ù

	 ý Ü.Ê � �
� � ý�ý � ý � ¼ �
(
�

)
� ���

	 ý ��Ê Ù �
� ��Ü)� � Ü�Ü)� � �
( ñ ) +

� ø (
�
)

� Ü�Ü ñ
	 ý � Ê � �
�<�
� � � Ü ñ � � ø ( � ) +

� ø (
�
)

� Ü)��Ù
	 �.� Ê Ù �
�<�%� Ù �)� ÜUÙ � �

(
�
) +
� ø (
�
)

+
	 �)� Ê � �
� ý ��Ù �)� �UÙ � ó � ( ñ ) Û � ù � ( � )

� Ù�Ü���Û �|� 	 ý
	S�)�.Ê Ü �
� �1ÜUÙ � ñ � Ù ¼ �

( ý ) � ñ � Ü
	S� � Ê Ü �
� ñ � � � ñ�ñ 	 � �

(
�
)

� ñ ��Ù
	
	 ý Ê 	 �
� Ù
	 � � ��Ù ý ¼ �

(
�
)
Û � ó � ( � )

� �gÙ � Û � � ñgñ
	
	 � Ê Ù �
� Ù
� � � � � 	 � ø ( � )

� �S�)�
	 �
� Ê 	 �
�)� ý � � ý � ñ � ø ( 	 ) Û � � ( � )

� ý � �� Ü � Ê 	 �
� Ü�Ù)	 �<� 	 � ¼ � ( � ) 
 � ó � ( � ) +
� ø (
�
)

+
�J� Ü.Ê � � Ü � 	�Ü � � ñ � � ø ( � ) + � ø ( . ) +
�J� � Ê ý � Ü�	S� ý � 	 ñ � � ø ( 	 ) 
 � � ( � ) +

� ø (
�
)

+
� Ù � Ê � � Ü)� ý � � �S� Ü ¼ � ( � )
 � ó � ( � ) +

Ù � ø (
�
)

+

ü1Ã¥ã�Çïðêð
� � Ù�Ê ý � Ù �%� 	 Ü à�ÍpÃ Î1Ã Ô +
	1Ü � Ê ñ � Ù ñ�ý � Ù �.� � ø (

�
)

Ù � Ù
	�Ù
�.Ê � � Ù�Ü �%� ý Ù
� Ù � ø (

�
)

+
	
�)��Ê � �
� 	
�
� �
� � � ø ( � ) �2� �

	 � ñ Ê � �
� ý 	�Ü � Ü ñ 	 � ø ( � ) + � ø ( . ) +
	
	)��Ê � �
� ñ Ü)� � ÙS�UÙ � ø (

�
)

� Ù � ý
	 � ñ Ê Ü �
�)��� 	 � ��Ù�Ü ¼ � ( � ) Û / ó � ( � )

� �gÙ � Û � � ñgñ� Ü���Ê � �
� Ü ý � � ý � � � ø ( 	 ) Û � � ( � )
� ý � ��J� ��Ê � � Ü � ñ Ù �<� 	 � ¼ � ( � ) 
 � ó � ( � ) +

� ø (
�
)

+

;=<�> ?�@BADCFE�G

H �%¼ L º M)º N,OQP�º MRN)º N)µ#S.¶UT�V|¶:·WORX+¹S·8»�¼S½.½.½�»ZYS³�¼�I�»RP\[U].³_^J`Ja8½



� Ê 
 Ê&×XÊ�þ�ÂUÍrìxÉ.Ã Ô�à�Ö�Û�
!Ï&Ê�¿�Ê���à�ìxà�Ö�Ã â&Û�
�Ï&Ê�û/Ê�×�Â©ãrÖgÇpÇ©ã�ß©Û�û/Ê 4ÓÊü�ãrÇpÒ�Â©Ô�à�Ö�Û®ÂUÔ1É 
 Ê®ü�Ê��.ÇUã�àgâ�Ì1à�Ö�Û(�'�ï�5� ���+� §������"Ê � *.Û ñ Ù
� Üö ���
� � ú Ê��Ê�þ�Êÿô�ÇpÎ�ÍxÃêÛ 4/Ê � ÍxÄ²ÂUÔ1É1ÃêÛ�ÂUÔ1Éiþ�Ê��.ÇpÍ�ä�Ç©ã�ãrà.Û!§��g��� �5�5�U���+�!³,���r�xÊ

������Û ñ � ö � � 	)	 ú Ê	.Ê�þ�Ê�ô�Ç©Î�ÍpÃ�Û 4ÓÊ � ÍxÄ¥Â©Ô�É*Ã�Û�ÂUÔ1É�þ�Ê���ÇpÍêä1Çpãrãêà*Û�� �!§��g��� �,�5���1��Ê �  �Û� � �S� ö � �,� Ù ú Ê� Ê�þ�Ê�ô�ÇpÎ�ÍxÃrÛ 4ÓÊ � ÍpÄ�ÂUÔ1É.Ã�Û.ÂUÔ1É�þ�Ê��.ÇpÍ�ä�Ç©ã�ãrà.Û �'�����U�g�+��§������ Ê������.Û� Ü�	
� � ö ���
�S� ú Ê� Ü�Ê�þ�Êgô�ÇpÎ�Í�Ã�ÂUÔ1É14¡Ê � ÍpÄ�ÂUÔ1É.Ã�Û �'���5� ��� Ê��(� � Û ý Ü)� � ö � �,�
� ú Ê�
� Ê/æ!Ê/æ�Ç©Ò�ÇUâ�Û!û/Ê 4�à�Ä²É�à�Ô1ÃêÛ5ü�Ê!×�à�É1ÇpßêãxÃ�Û®þ�Ê,ô�ÇUÎ�Í�Ã�Û 4¡Ê � ÍxÄ�ÂUÔ1É.Ã�ÛÂ�Ô�ÉÑþ,Ê	�.ÇUÍrä1Çpãêã�à�Û §��g��� �&�5�U���+��³����r� Ê!� � ��Û ý�ñ ��ö � ���.� ú Ê� Ù.Ê�ü�Ê���ÇpÂ©ËpÌ�Û»×�Ê 
 ÇUÍrÖ1Ä¥à�ÇUãpÛ�û®Ê��/ÇpßrÒ�ÍrÇ©ßUÛ»¿�Ê �,ÍrÇ ′ Ì�ÇUÍrÇpã©Û �*Ê���Ê�/Â�ÍrÇ�Û�ë�Ê#��ÊJ�/ÇpÔ�Ô.Ã ß©Û ��Ê.ÝuÊ
5!Í�à�ãrà.Û�Õ/Ê.ë�Â©í1Ä²à�Í©Û.Â�Ô�É���Ê�Õ/Ê�×jÊÝeÂ�Ä�ãêà�Ô�Û §������ ���5�U��� Ê�� & ��Û.� ý � ö ���
� Ù ú Ê� ñ Ê(
¡Ê À=��Ê5ü�Ï�Ô�Û"��Ê�ÝeÂUÔ1Î�Û�ÂUÔ1Éjô/Ê ��Ê �ïÂ�Á¡Ã�Ä¥ãrà�Ô&Û �'��
 � �¡§�� ��� �­�¨�¬ Ê���� � Û � ñ �)	Úö � �,� ñ ú Ê� �.Ê���Ê ��Ê�Ö�ÂUÔQÉgÇ©Ô �ïÇ©Ï�Ö�Ç�ÄrÛQ4¡Ê �.Ê ��Ê®ÖgÂ©Ô
É1ÇpÔ ��ÇUÍrÎ�Û/¿!Ê �*Ê �*Ê
4!Írà�Ç©Ô�ÇUÔ�Û��.Ê�ü�ËUÌ�Á¡Ã�É�ã©Û�ð·Ê �/à�Ä�Ä¥ÇpÁ/Â©Ô�Û�Â©Ô�É�4ÓÊ�×�Ç©Ã ÇpÍ�Û �'�ÿ�������+�§������"Ê ��� Û �
�<� �)�Øö ���
� ý ú Ê� ý Ê"�¤Ê(�.Ê�Ö�Â�ÔiÉ�ÇpÔ �/ÇpÏ�Ö�Ç©Ä�Û5ð·Ê 
¡Ê�æ�Ì�Â�Ô�Û�¿�Ê'��Ê'�*Ê 4!Írà�Ç©Ô�ÇUÔ�Û®×jÊ×�Â©ãêßrÏ1ßêÌ*Ã ãrÂ�Û���Ê�ü�ËpÌ�Á¡Ã É1ã©Û�ÂUÔ1É�4¡Ê�×ÚÇ�Ã ÆrÇpÍ©Û §��g��� �,�5���1�+��³,���r� Ê
��� $ Û.Ù)	
�Úö ���
� ý ú Ê��� Ê/õ¤Ê§�,ÊÓÕ/Ê��/Â©Ï�Þ�Û/×XÊ 
 Ê �,Írà�Ô�ßrÖ�Ç©Ä�É�Û�ûÓÊ 5!ÍrÏ�Î�Ç©Í©Û �*Ê ��ÊÓ×jÊÝeÂ�ÍrÔ�ã²ÆÈÇUß©Û!×XÊ!Õ/Ê�ÝQÃ ã�ÆrÇpß©Û!ÂUÔ1Ée¿�Ê��.Ê(�*Ê 4!Írà�Ç©ÔgÇ©Ô�Û�� �¡§�� ��� �������� Ê���� � Û � ñ�ñ ÙÚö ���
� 	 ú Ê� ��Ê ��Ê/þ�Ç©Ä²É�Á/Â�Ô�Ô�Û¡Õ/Ê¡þ�Ã¥ßrËpÌ1ÇpÍUÛ¡¿!Ê � Ê 4�à�ä�Ç�ÄrÛ/ÂUÔ1ÉéÕ/Ê/ü�ËpÌ1Á¡Ã ãrã�ÀÕ!Ã Ô1â�Û �5���1�+��­,��¢.�����®­.¨� ²���&� �  $ Û ñ�ñ � ö � �-� Ù ú Ê� 	.Ê�×�Ê�×�Ï�ËpË©Ã Ô*Ã�Û�Õ/ÊX�/Â©Ô.Ã Ç©Ä�ÃêÛ�Õ®Ê���ÂUÁ/ä1à�Ô.Ã�Û�æ®Ê�ë&Â�Ä�Ã¥Â©Ô.Ã�Û ��Ê�×Úà�Ì�Ô�ÛÝtÊ/×�Ï1Ä�Ä�ÇpÍUÛ®ÂUÔ1É ��Ê
� Ê®Ö�ÂUÔeãrÇpÍØ×îÇpÇ©Í©Û §��g��� �Ó���U�g�+�¡³,���r� Ê
��� � Û � Ü
� ö ���
� ý ú Ê

��� ÊoÕ�ÊX¿!Ê �ïÂ©Ï.á�Ä¥Ç©Í©Û 
/Êdæ�Ì�Â�Ã�Û��,ÊR��Êjþ�ÊXæ�Ì.Ã ä1ÂUÔ1ãrÇ�Ûj×XÊiÕ/Êþ�Írà�Ç©Ì�Ä�Ã ËpÌ�Û�×iÊ�Õ/Ê.ÝdÇ©Ã�ßrÁ/Â©Ô�Û�Õ/Ê�þ�Ê�æ�Ï�ÍxÄêÛ�ÂUÔ1É�Õ®Ê�¿�Ê&ügÁ/Â�Ä�Ä�Ç�í&Û
�'�5§������ ���!�U�1� Ê � � Û�Ù � �S� ö � ���X� ú ÊÙ1Ü�Ê���Ê 4!ÂUß�í1Ô�Â.Û���Ê�ôÓÊ�ügË©ÌgÂ�ã�ì�Û���Ê���Ê �/Â©Í�Ç�Û�ë!Ê��*Ê��/ÇpÔ�Ô.Ã ß©Û ��Ê�ÝtÊ
5�Írà�ã�à�Û�Õ®Ê¤ë�Âpí.Ä�à�Í©Û¤Â�Ô�ÉZ��Ê�Õ/Ê�×XÊ"ÝeÂ�Ä�ãêà�Ô�Û §������ � �5� ���+�³��g�r�xÊ���* $ Û.Ù)	 ñ ö ���
�J� ú ÊÙ � Ê�ûÓÊ�ügÂ�ßrßrÂ©ÍêÂ1Û 4/Ê���ÇpÍrìxÂ.Û�ÂUÔ1Éi×jÊ�æ�Ì�ÇpÍrÎ�Ï.Ã�Û��'�,�5� ����Ê��(� � Û�� �
� �ö � �-� � ú ÊÙ�Ù.Ê®û/Ê®ü�Â©ßêßrÂ©Í�Â1ÛQ4ÓÊ���ÇpÍrìxÂ.Û®×�Ê¡æ�Ì1ÇpÍ�Î�Ï*Ã�Û/þ�Ê�ô�ÇUÎ�ÍpÃ�Û�Â©Ô�É 4ÓÊ � ÍrÀÄ¥Â�ÔgÉ*Ã�Û � ��§������ �&�5�U��� Ê����� .Û%	
� ñ � ö � �,� � ú ÊÙ ñ Ê¡û/Ê�ügÂ�ßêßrÂ©ÍrÂ�Û 4¡Ê���ÇpÍxì�Â1Û"Â©Ô�É ×jÊ æ�Ì1ÇpÍrÎgÏ*Ã�Û �'�¤�5���1�+�Ú§��g���¡Ê
� ������Û ñ Ü
�UÙÚö � �,� 	 ú ÊÙ
�.Ê�û/Ê�ü�Â©ßêßrÂ©Í�Â1Û'4ïÊ���ÇpÍrìxÂ.Û,Â©Ô�Éo×XÊ�æ&Ì�ÇpÍ�Î�Ï.Ã�Û�§������ �5�������+�!³����r�xÊ
� & �1Û�Ù � ñ ö ���
�S� ú ÊÙ ý Ê.û®Ê�ügÂ�ßrßrÂ©ÍêÂ1Û�4¡Ê���ÇpÍrìxÂ.Û.×XÊ�æ�Ì�ÇpÍxÎ�Ï.Ã�Û 
 Ê�æ�Ã Ï.Ä�Ã Ô�Û#�*Ê À+��Ê84!Â©Ô.Ã ÇpÍxÇ�ÛÂUÔ1É ��ÊJ��Ç©Ö�ÇpÂUÏ1É�Û �'��§������ ���5� ��� Ê�������Û � 	 � ö � �,�
� ú ÊÙ � Ê¡û/Ê�ügÂ©ßrßrÂ�ÍrÂ�Û 4¡Ê���ÇpÍrìpÂ1Û 
 Ê�æ�Ã Ï.Ä�Ã Ô�Û�×XÊ/ë!Êw��à�ÍrãêÇ©Ä�Ä¥Â©À � ä1ÇpÍ�Ä�Ã�Û��Ê À=�¤Ê 4!Â©Ô.Ã ÇpÍxÇ�Û �®Êw�/ÇpÖ�ÇpÂUÏ1É�Û¡ÂUÔ1ÉS×jÊ�æ�Ì�ÇpÍrÎ�Ï.Ã�Û �'� ³��!�®���.Ê
* $�� *��.Û.Ù � ö ���
�,� ú ÊÙS��Ê���ÊF�¤Ê�æ�Ä�à�ßrÇ�Û!þ�Ê!þ�ÇpÉ1ÇpÍrÁ/ÂUÔ1Ô�Û 5¡Ê �/à�á�á�Á/Â�Ô�Ô�Û�Â�ÔgÉjôÓÊ��®Ï�Â�Â©ß©Û§������ ���®�U���+��³,���r� Ê#�! & Û ñ � ñ ö ���
� � ú ÊÙ
	.Ê�×XÊ�ë!ÊJ��à�ÍêãrÇ©Ä�Ä�Â©À � ä�ÇpÍxÄ�Ã�Û.û®Ê�ügÒ*Ã ÍpÃ É�à�Ô�Û.þ�Ê 
 Ã Î1Ä�Ã àgã�ã�Ã�Û.ûÓÊ.ü�ÂUßrßrÂ©Í�Â1ÛÂUÔ1ÉØ×XÊÿæ&Ì�ÇpÍxÎ�Ï.Ã,öxÞ®à�ÍrâØÃ¥Ô�Ò1Íêà�ÎgÍrÇpßrß ú ÊÙ � Ê¢��Ê���Â ′ ßrì©Ä¥à ′ ÂUÔ1ÉE��Ê��/É�Ö�Â©ÍrÉ.Ã�Û�§��g��� �»�5�U���+��³,���r�xÊ�� * & Û�� � 	ö � � 	 � ú Êñ Ü�ÊoÕ/Ê 
 Ê �,ÇpÔ1ßrÂUßrßrà�Ô�ÛXë�Ê �¡Ã�Ä�ÄrÛdæ®ÊR��Â©Á/ä�ÇpÍrã©ÛX¿!Ê �*ÊR��Â©Ô�É&Ûü�Ê���ÇpÂ©ËpÌ�Û�ÂUÔ1É[ë�Ê 4¡Ê�ë�ÍrÏ1ßêËpà�ãêã©Û�§������ �,�������+�!³,���r�xÊ�� �!��Û ñ Ù �ö � �-� ñ ú Ê

;�@�� G_E���@�����@��! #"%$'&( ?�@)"+* @��� _A,$-"���$
*/.102&�� G�&� A
03�%$34 @��BE/450\A1@�&�@JA,C�. A�@��#G6"� ARG�7�E/ G�$�&($-� � � Ü

L
º M�º N,O:P�º M N
º N)µ SS¶UT V.¶:· ORX�¹S·;»�¼.½%½S½X»ZY%³�¼�I�»RP�[J]%³_^�`Ja�½ H ���


