
���������
	��������������	������������������! 
�!"��$#%�&���'���)(*"+�
��,-�/.0�) 1�324�!5�,�687

9;:=<><@?BA8CEDGF�HIF�J>F�K�F�L@L>?NMPO QSRIT':=C=UBCVDGC=WYXZWIF�L>Q�O [SR\:=HI]_^*`\?a:SJb:Ecd`\?a]e?BH\?aQ
f8gihkjZlnm
oGpZqsrut>vxwyq{z}|
~����Ivxtbp�zx~Z�Z�Gqs�dh}p����
�d�S�

h������=�P���)�Yvxtbp�zx~Z�Zh�z@���{|
� gihyj=��m
oGpZqsrut>vxwyq{z}|
~��1�Gt>p�~�ru�S���*qs�)�G�et>v@����qs�V�P�S�

h��x�P�S�P�u�
�Gt>p�~�ru�S��h�z@���{|
� gitb����vyzx�)tbp�z'~�������q���~uwy~u�Z��|�m
o*p�q�r�t>vxwyq{z�|V~����GtbpZ~�r��=�Z�Gqs����������qY Z�

h��x�P�S�P�u�
�Gt>p�~�ru�S��h�z@���{|
¡S¢�£S¢�¤�¥�¦¨§�©�£=ª�«u£�§yª�« ¡=¬�©�u©�¢u«�¤S¥�¦Y§�©�£Zª�«�£�§yª�« ®u¯Zª�°=ª�£Zª�¤�¥�¦¨§�©�£=ª�«u£�§yª�«

±
²´³bµb¶�·¹¸�µuº �GpZt!~��ezx�Zt!�)~uwkz�q�p�zxt>vxtbwkzxq�p�»i�Z¼�½b½>�st>w1q�p��B~�vx�
���sq�½bq�pZ»��et>�sq�t>�\¾>~upZ�
zxt>¿Szxwiq�wizx�Zt��a��¾>zÀzx����zÀ�
��pS|E�etb��q�t>�!vxtb�e~�vyzxwi¾P��pÁ�etd»�q�r�tbpÁ�e~�zx�Â��pÁ~u�¹��Ã�¼�t
��p¹Ä;�Åzyv@��p�wy�¹��vxtbp�z�vxtP��ÄZq�p�»�wbÆ!lÇzyv@�uÄ=q{zxqs~�p¹���*t>¿=�Z�È��p¹��zxqs~�p�q�w�zx����z�zx�Zt�z�É!~
vxtP��ÄZq�p�»�w)��vxt
vxtb�s��zxtbÄ&zx~4zx�Zt��a��q���¼Zvxt8��p¹Ä�wy¼Z¾b¾btbwyw�~���zx��t
Ê¹ËÍÌBÎeÏ>Ì ÊeÐsÑVÒkÓ
ÔxÕZÖb×
ÔxØNÌaØNÕSØNÌaÙPÌaØNÚ
vxtbwy�et>¾>zxq�r�tb�{|��Û��p¹ÄÜzx�Zqsw�q�pÜzx¼ZvxpÜqsw�t>¿=���s��q�pZtPÄÂÉ�q{zx��zx��tÁÝ�Ñ)ËxÑyÞZÝ�Ñ
Ý�ÌNÏ>Ø�Ò�Ä=qswkzxq�pZ¾>zxq�~upYÆ�ß�tÀ�Zvx~��e~uwyt���pÅ����zxtÍvxp¹��zxq�r�t���p¹���{|=wyq�wb�\�¹��wytPÄ8~up8zx�ZtÀqÈÄ=tP�
zx����z���pZ~�zx��tÍv���»ut>pSzPà w��etb��q�t>�aw�¾P��pVák¼�wkz��et)Ã�¼Z~�zxtPÄ;âN�Zvxtbwyt>vxrSq�p�»E~u�¹��¾bq{z}|�ãG~�v
zyv@��p�wy�s��zxtPÄÁq�pSzx~)zx�Zt�vxtb�e~�vyzxt>vPà wi�s��p�»�¼¹��»ut8âä���s��~PÉ�q�p�»E�B~�vizyv@��p�wy����vxtbpZ¾>|�ãÍÆeß�t
wy�Z~�É�zx�¹��z�åE¼��{zxqÈæ�~up�zxt>¿Sz1wk|=wkzxtb�)w������s~PÉç�B~�v�zx�Zt'�a~�vx�
����qs½b��zxq�~up�~��Izx��tbwyt'z�É!~
�Z��tbpZ~u�)tbp��d��z'zx�ZtÀwx���)tGzxq��)tu�Szx����p�èSw'zx~�zx�Ztbq{vé�d¼��{zxq{���s��p�»�¼¹��»uti�atb��zx¼Zvxt�Æ

ê ënì�íÍîxì�ïPðnñ'ò�óõôiö�÷dðZøeîxø\öÀø\îyù�îyø=ú

ûýü F�J>þ4?ÈA8ÿ¨C=JÍL>:=HZLiÿI:=J@LiC���C=W\Ji?BHZL>F�UBUÈ?��=F�HIK�Fd?a<GLÍ`\F):��I?ÈUB?sLxþ8L>C8JÍFu:=<ÍC=HÁ:��YCZWeLÀC=W\JiC��ÀH
:SHI]ECSL>`\F�JéÿYF�C=ÿ\UBF�� <	�¨F�UB?ÈF
��<
���FÀ`I: ü F��YF�UÈ?BF���<*:��¨C=WeL�CZW\J��¨F�UB?ÈF
��<
���GFÀUBF�:SJ>H��äJÍCZA C=LÍ`\F�J
ÿYF�C=ÿ\UBF�� <��¨F�UB?BF���<����GF*:ZK�K�F�ÿeL���]eC=H�� L!:=K�K�F�ÿeL��´C=LÍ`\F�J�ÿ¨F�C=ÿIUÈF� <��YF�UÈ?BF���<�:SA8CZH���C=WIJ��¨F�UB?ÈF
��<
�
�*F�<@`Y:SJ>F�C=WIJ��¨F�UB?ÈF
��<��À?sL>`ÂC=LÍ`\F�J*ÿ¨F�CZÿ\UÈF���*FdJÍF�ÿYCZJ@LGCSL>`\F�Jiÿ¨F�C=ÿIUÈF� <��¨F�UB?ÈF
��<
���GF�?BH��äF�J
H\F
� ?BH��äCZJÍA4:�L>?ÈCZH��¹þ
K�CZA��\?BH\?BH���]\? �ÛF�J>F�H�L'ÿYF�C=ÿ\UBF�� <!�YF�UÈ?BF���<����GF*A4:�"ZF*]eFuK�?a<@?BC=HY<��Y:=<ÍF�]
C=H
K�CZH�#xF�K�LÍW\J>F�<�:��¨C=WeL�C=LÍ`\F�J�ÿ¨F�CZÿ\UÈF� <$�YF�UÈ?BF���<���A4:=H�þdK�CZAEAVW\H\?aK�:SLÍ?BC=H
K�CZH ü F�H�L>?ÈCZHI<´:SJ>F
�I:=<ÍF�]ÂC=H%�À`I:�L&�GF'�YF�UÈ?BF ü F)CSL>`\F�JÀÿ¨F�CZÿ\UÈF'�¨F�UB?ÈF ü F�I:SHI]Ü<ÍCECZH$�

(�Fu<@ÿ\?ÈLÍF8L>`\F4ÿ¨F�J ü :Z<@? ü F�H\F�<><�C��GLÍ`IF4H\CSL>?ÈCZH�C����¨F�UB?BF��À:SHI]�LÍ`IFÅ:Sÿ\ÿI:=JÍF�H�L�Fu:=<Í?ÈHIF�<><
�äC=Jd`�WIA8:=HI<ÀL>CÜ]\F�:SU��À?sL>`;?ÈL�RÛJ>F�ÿ\J>F�<ÍF�H�LÍ?BH��)�¨F�UB?ÈF
��<�:SHI]*�äCZJÍA4:=UÈ?�+�?BH��ÅJ>F�:Z<@CZH\?ÈH,�)�À?sL>`
:SHI]&:��YCZWeL-�¨F�UB?ÈF
��<�Jb:S?a<@Fu< ü F�JÍþ�]e?/.ÅK�W\UÈL�ÿ\J>C��IUÈF�A8<��,0IJÍCZA :4UBC��Z?BK�:SU�ÿ¨C=?BH�L�C�� ü ?BF
�)R¨:
�*F�UÈU/12"¹H\C��ÀHÜÿ\J>C��\UBF�A ?a<iLÍ`I:SL�: ü F�J>þ3�=F�H\F�Jb:SU�:=HI]Ü?ÈH�L>W\?sL>? ü F
ÿ\J>?ÈHYK�?Bÿ\UÈFZR\L>`\F'465�798;:�7 4;</=
>@?%A�B,C�A�D 7 DEB�D 79FG7 DEH R	��:=?ÈUa<4?BH ?sLb<ÅW\HIJÍFu<xL>JÍ?aKPL>F�] ü F�Jb<Í?ÈCZH¨MG��IyH�LÍWI?sL>? ü F�UBþ=R�L>`\F B 8J5K= A�D 5�7L: D =NM
465�7986:
7 46<�= >@?OA�B,C�A�D 7 DEB�D 79FG7 DEH �LP�T�Q��é<xLb:�LÍFu<'L>`I:�L��À`\F�H\F ü F�J�L@�GC�LÍF�J>A4<O�äL@�*C�<ÍF�H�L>F�HIK�F�<N�
R ß�tizx����pZè
zx�Zt�åEtb¾@�¹��pZq�½btPÄTSétP��wy~�p�q�p�»��*vx~�¼��4��z*gGhyjZl�âä�Yvxtbp�zx~�ãÍ�Zhk��æ1��hESij=� âä�Ivxtbp�zx~�ã
��p�Äigihyj=�;â��Gt>p�~��uãÍÆ��!��q�wYÉ�~�vxèiq�wY�¹��vyzY~��=zx��t1å�Sé�&�Zvx~�áktb¾Íz�UÀÌaÔxØNË@ÌäÖ>ÕSØ�ÑyÝ�V�Ñ�Ê¹ËyÑÍÔbÑÍÎZØLW�ØNÌäÒ�ÎZÔ
W�Î¹ÝYXZÚ�ÔxØ�ÑKZdÔGâ ¯�«�«G[$\^]_]
`_`G`�§y¥�¦¨§ä©�£Zª�«u£�§yª�«�]�a�bc�®�]�°Sª�¦�«_c=ªP¡�©�«�¢u°�d�ª�£�«�¢_e_e�ª�®�¢�£Z¥�¢�] ãÍÆ

fé�!��q�w'�N��¾>zéÉ'��w	fZvxwkz*pZ~�zxq�¾btPÄVqsphg �
iäÆ



`I: ü F�L>`\FV<>:SA8F
A8F�:=H\?BH��ZQ�RYLÍ`IF�þ�K�:SHj�¨FV<ÍW��I<@LÍ?ÈLÍW\LÍF�]_C=H\Fk�äCZJ�L>`\F�C=LÍ`\F�J�?ÈH�:SH¹þÂ<ÍF�H�1
LÍF�HYK�F A
l < F l F_=
5�7 D^l�D =
��m�F�Lonp�¨F;:ç<ÍF�H�LÍF�HIK�F_:=HI]rqtsuq�v�L@�*CnL>F�J>A8<w��<ÍF�H�LÍF�HIK�Fu<u���tI^�
qyxzq v �Eqy{zq v �PR�L>`\F�H|n}{~n�� q���q v/� R!�À`IF�J>Fhn�� q���q v/� ?B<VLÍ`IFÂJ>F�<ÍW\UÈLVC���J>F�ÿIUB:ZK�?BH��
<@CZAEF�C¹K�K�W\J>J>F�HIK�F�<!C��$q��À?sL>`oq!vE��DGWeL�P�T�QE?B<*H\C=L*<@CZW\HI]j� ü :=UÈ?a]e?ÈLxþVÿIJÍFu<@F�J ü ?BH����!�À`\F�H
:Sÿ\ÿ\UB?BF�]_?BH��YF�UÈ?BF��iK�C=H�L>F��¹L><T�äHY:SA8F�UBþj�À?sL>`\?BH;L>`\F4<ÍK�C=ÿ¨FVC��*:SH�C=ÿ¨F�Jb:�LÍCZJ�C��éLÍ`IF��äCZJÍA
�k� C =�< 7L=�F�= A � D���l�D �/�
��� � R��À`\F�J>F)� ���
� � <xLb:SHI]\<��äC=J�:SH¹þÅ<ÍF�H�LÍF�HIK�F_���
^*C=HI<Í?B]\F�JiLÍ`IF'�äC=UBUÈC��À?BH��E?ÈHI<@L>:=HIK�F)C��!P�T�Q;�

�j5
�;� C =
<�7L=
F_= AYD9�,l�D�D9� =�4;5K= A 7LM=�8 D�>�?kD�� =�< > : l < ?�>G>�D�Cul <9< D = l�� 7 AYl : > 5�5 B 4 D�> 5
� � =�465u= A 7LM�=
8 D&>�?'D9� =Y< > : l < ?�>�>�D^CNl <9< D = l�� 7 A �j5
�$�
�j5
�;� C =
<�7L=
F_= AYD9�,l�D �j5
�$�z7 A�l : > 5�5 B 4 D^> 5

IkL*?a<éFu:=<Íþ�L>C�<@F�F�L>`I:�L*LÍ`\FdK�C=HYK�UBWI<@?BC=HÅ]\C�Fu<�H\C=L*UBC��Z?BK�:SUBUÈþ��äC=UBUÈC��|�äJ>C=A LÍ`\F�ÿ\J>F�A8?B<><ÍF�<��
IyHI]eF�Fu]´R�F ü F�H�LÍ`\CZW��=`)9&JG�G� ?a<´LÍ`IF�ÿ\J>F�<Í?B]eF�H�L�C��¹LÍ`IF�UÈCeK�:SU��äC¹C=LK�I:=UÈU�L>F�:=AÜRu9&JG��� K�C=W\Ua]
H\CSL	�¨Fi:_�i:SJ>F�C��ILÍ`I?B<!��:ZKPL��=cd? ü F�H
L>`\FGL@�*Cdÿ\J>F�A8?B<><ÍF�<�RG�GFG`I: ü F*H\C�AEFu:SHI<1L>CdK�C=HIK�UÈWI]\F
�À`\F�L>`\F�J�9_J������¨F�UB?BF ü Fu<)C=J)HICSL)LÍ`Y:�L)LÍ`IF4ÿ\JÍFu<@?a]eF�HZL
C��*L>`\F4UBC¹K�:SU��äC¹CSLu�I:SUBU'L>F�:SA ?B<
9&J��6���J��F�HIK�F�?sL�?a<�ÿ¨CZ<><Í?/�\UBF�LÍC8L>`\?BH�"ÂC���:8AECe]eF�U�?BH*�À`\?BKb`�L>`\F
ÿ\J>F�A8?a<Í<ÍF�<�:SJ>F�L>JÍWIF
:SHI]�L>`\FVK�C=HIK�UÈWY<@?BC=H_?a<O��:SUa<@F�J�i`\FVLÍJb:=]e?ÈLÍ?BC=HY:SU1<ÍC=UBWeL>?ÈCZH&?B<�LÍCÂ?ÈH�LÍJ>Ce]eWIK�FV:�5u= A�D 5�7L: D =NM
465�7986:
7 46<�= >@?&ANB,C�A�D 7 D2B�D 79F�7 D2H �E��T�Q,�����À`IF�H\F ü F�J!L@�GC�LÍF�JÍA4<&�äL@�*C
<ÍF�H�L>F�HIK�F�<N�1LÍ`I:SLéCeK�K�WIJ
�À?sL>`\?ÈH�LÍ`IFE<>K�CZÿYFEC���L>`\F4<Í:=A8F��¨F�UB?ÈF
�*C=ÿ¨F�Jb:�L>C=J�`I: ü F�LÍ`\F4<>:SA8F�A8F�:=H\?BH��IR¨LÍ`IF�þ_K�:=H
�YFd<@W��Y<xL>?sL>WeLÍFu]ÅC=HIF��äC=JéLÍ`\F�CSLÍ`IF�Jé?BHÁ:=H�þ8<ÍF�H�LÍF�HIK�F�LÍ`I:SL*CeK�K�W\J><�?ÈH4L>`\F�<>:SA8F�K�C=H�LÍF
�¹L
A�l <�F l F�=�5�7 D�l�D =
�Y9&CZJÍF'�äCZJÍA4:SUBUBþ=ReUBF�LOn|�YFV:E<ÍF�H�L>F�HIK�F=R,q :ELÍF�J>A���<@F�H�LÍF�HYK�FG��RI:SHY]j�-=
<
:o�¨F�UB?ÈF
�éC=ÿ¨F�Jb:�L>C=JG�,I^�&�O=
</�Eq|xyq�v9��� �-=�<��Lqr{�q!v9� � RYL>`\F�H��-=�<��Ln��O{p�O=
</�En�� q	��q!v � ��� IyH
LÍ`\F8F��\:=AEÿIUÈF4:��¨C ü FZR6��T�Q�K�:SH��YF4:=ÿ\ÿ\UB?ÈFu];CZH\UÈþ&?/�GLÍ`\F4<ÍF�K�CZHI]_ÿIJÍF�AE?a<><�?a<�J>F�ÿ\Ua:=K�F�]
��þÜL>`\F���:ZKPL�LÍ`I:SL�9&JG�;�y�¨F�UB?ÈF ü Fu<�L>`I:�L�LÍ`\FEÿ\J>F�<Í?B]eF�H�L�C��'L>`\FEUÈCeK�:=U��äC¹C=LK�I:=UÈU1LÍFu:SA ?B<
9&J��,���,IyHÂL>`\?a<�K�:Z<@FZR¹LÍ`\F
K�C=HIK�UÈWI<Í?BC=HÜ`\C=Ua]\<��

��C��GF ü F�J�RYLÍ`IF�J>FÅ:SJ>FEK�:=<ÍF�<�?BH��À`I?BKb`�LÍ`\?a<k�GF�:�"=F�J¡�äCZJÍA C��G<ÍW��I<@LÍ?ÈLÍWeL>? ü ?ÈLxþ�?a<�H\C=L
<@W�.ÅK�?ÈF�HZL�?ÈH�C=Jb]eF�JiLÍCÅA8Ce]eF�U1K�C=A8A8C=H%�äCZJÍA4<ÀC���J>F�:Z<@CZH\?ÈH,�8:��YCZWeL&�¨F�UB?ÈF
��<
� û <@?BA8ÿ\UBF
F��\:SA8ÿ\UBFV?a<�LÍ`\F��i:�þÜÿ¨F�CZÿ\UBFVJ>F�ÿ¨C=JÍLdC=LÍ`\F�J�ÿ¨F�CZÿ\UBF�� <-�¨F�UB?BF���<��$0\C=UBUBC��À?ÈH��ÁLÍ`\F8:SHY:SUBþ¹<Í?a<
C��	� ¢ � R��GF�<Í`\C�� L>`I:�L�A4:=H�þ��YF�UÈ?BF��´J>F�ÿ¨C=JÍL><'K�:SHT�YFO�=? ü F�HEL@�GC�JÍFu:=]e?BH��Z<�RSK�:=UÈUBF�] > 4 l£�B =
:SHI] D 5 l 8 A 4 l 5K=�8 D J>F�<ÍÿYFuKPLÍ? ü F�UÈþZR*:=HI] LÍ`I:SLÅLÍ`IF�<ÍF�K�CZHI] JÍFuX�W\?ÈJ>F�<4LÍ`\F�:Sÿ\ÿ\UB?aK�:�L>?ÈCZH C��
:j�äC=J>AõC���<ÍW��I<@LÍ?ÈLÍWeL>? ü ?ÈLxþç<xL>JÍCZH��=F�J
LÍ`Y:SH¤��T�Q;�!��F�:SJu�=W\F8L>`I:�LT�¨CSLÍ` JÍFu:=]e?BH��Z<V:SJ>F
?ÈH�LÍWI?sL>? ü F�UBþ;ÿ\Ua:SWI<Í?��\UÈFZR�:SHY];L>`\F�J>F��äCZJÍF4:=H�:Z]eF�X�WI:SLÍF��äC=J>A4:SUB?/+u:�LÍ?BC=H�C����¨F�UB?ÈF
��<
<@`IC=W\Ua]
:SUBUÈC�� WI<iL>CÅA8C¹]\F�U��¨CSL>`&C��!LÍ`IF�A�RY:=HI]�H\CSLt#xWI<xL�LÍCÅF�UÈ?BA8?ÈHI:SLÍF)CZH\F��6��C8L>`\?B<�F�HI]�R,�GF
ÿ\JÍFu<@F�H�L�:SHI]�]e?a<ÍK�WI<><i?ÈH_]eF�L>:=?ÈU�:8A8C=LÍ? ü :SLÍ?BH��Å<>K�F�HY:SJ>?ÈCYR��À`I?BKb`j�GF�WI<@F
:=UB<ÍCÅ:=<À:4K�:=<ÍF
<xL>WI]eþ;�!LÍ`\F�Hr�*F�ÿ\J>F�<ÍF�H�L4:�AVW\UÈLÍ?/1kK�C=H�LÍF
��LT�äJb:SA8F
�GC=Ju"��äC=J)�¨F�UB?ÈF
��K�C=H�LÍF
�¹L><8:SHI]¥�GF
<@`\C��ÇL>`I:�Ld?sL):SUBUBC���<�WI<�LÍCÂA8C¹]\F�U��YC=LÍ`;LÍ`\FEC=ÿI:ZX�W\F�:SHY]&LÍ`IF�L>J>:=HI<@ÿY:SJ>F�H�L�JÍFu:=]e?BH���<
C����YF�UÈ?BF��!JÍF�ÿYCZJ@Lb<
�

¦ §�¨�ñ	©´îxøSú ñ'ò�ó«ª�¬\ñ'ò�ð�¨�ñ!¬Iì�òO©¨ú�î@ò ënì�íÍîxì�ï) ì$¨k®�¬\øeð

�i`\F�<ÍK�F�HI:=JÍ?BCO�GFÀK�CZHI<@?a]eF�J'?B<':�<ÍUÈ?��=`�L'A8C¹]\? ¯YK�:�L>?ÈCZH*��:SHI]�LÍJb:SHY<@Ua:�L>?ÈCZHJ�1C��¨:=HVF
�\:SA8ÿ\UBF
�äJÍCZA°� ¢ � �
�i�!��tiÉ�~�v@Ä3± �)tP��p�q�p�»=à�q�w�¼�wytbÄV��tÍvxtÀqsp=�a~�vx�
�����{|�Æ



² ~u¼Vè=pZ~PÉ zx����zGåVvPÆ�³ �etb��q�tbr�tbw'zx�¹��z�zx��tÀ�Zvxt>wyqÈÄ=tbp�z�~��´zx�Zti��~�¾P���¨�B~�~�zx�������¨zxtP��� qsw
åVvPÆ;´ ��p¹ÄÁ|�~u¼Áè=pZ~PÉ�zx����z�åVvPÆ6µ �et>�sq�tbrutbwÀzx�¹��zÀzx�Zt��Zvxt>wyqÈÄ=tbp�z�q�wdåVvPÆ;¶�Æ ² ~�¼
èSp�~PÉý����wy~8zx����zdåVvPÆ µ èSp�~PÉ�wÀzx�¹��z-³��etb��qst>r�tbw�zx�¹��z�zx�Zt��ZvxtbwyqsÄ=tbp�z�~��'zx��t���~�¾P���
�B~�~�zx�¹������zxtP��� q�wdåVvPÆ ´ Æ´lé¾>zx¼¹������|��¨åVvPÆ;µ q�wÀvxqs»���zP�´��p�ÄÁ|�~�¼ÜèSp�~PÉ zx�¹��zPÆ6·*~PÉÀ�
�nzxtb����w*|�~�¼J¸!¹yåVvPÆ�³ �et>�sq�tbrutbwézx����zézx��tÀ�=vxtbwyqsÄZtbp�z*~��´zx��t���~�¾P���¨�a~�~�zx�¹�����ÛzxtP��� qsw*�
¾b~�vyvx¼��=zx~�v@ºZÆ=h��¨|�~�¼�É!��p�z!zx~dèSpZ~�É�É���~u�ýzx��tGwyt>pSzxt>p�¾btiq�w'���e~u¼=z�âN�etbwyqsÄZtbwéåVvPÆ³iãÍ�
�Z~�É É�q����Y|�~�¼Eq�p�zxt>vx�ZvxtÍzézx�Ztiwytbp�zxtbpZ¾bt�»
Q¹W\ÿ\ÿ¨CZ<ÍF�LÍ`I:SL�LÍ`IF�ÿ\J>C��\UBF�A ?B<�ÿYC�<@Fu]ÂLÍCÁ:4K�C=A8ÿ\WeL>F�J�ÿIJÍC�=Jb:SA*���i`\F)ÿ\J>C��ZJ>:=A�?B<

:VUB?ÈL@LÍUBF
ÿ\W,+
+�UBF�]�R\<@?BHIK�F�L>`\F
X�W\F�<@LÍ?BC=HÜ`I:Z<GL@�*C8ÿ¨CZ<><@?��\UBF�:=HI<K�*F�J><��
��?¼�Ü9&JG�6��� <¡�¨F�UB?ÈF
�é?a<�J>F��äF�JÍJ>F�]ÜL>CÜ9_J�� ½¾��<Í?ÈHYK�F89&J��;� ?B<�LÍ`\F8<ÍW���#xF�K�LdC���LÍ`IF

�¨F�UB?ÈF
�u�PRS:=HI]dLÍ`¹WI<�LÍ`\FGÿ\J>C��ZJ>:=A�K�CZHIK�UBWI]eFu<�L>`I:�L!9&J��_���¨F�UB?BF ü Fu<´L>`I:�L'9&JG�G½
?a<�:8K�C=J>J>W\ÿeLÍCZJ��

�ä?B?¼�Ü9&JG���Y� <��YF�UÈ?BF��!?a<ÀJÍF
�äF�J>JÍFu]4L>C89_J��,�¿��<Í?ÈHIK�F�?sL�?a<À9&JG��À��À`\CV?a<À<ÍÿYFu:�"¹?ÈH,���PR
:SHY]_L>`�WY<�LÍ`\F4ÿIJÍC�=Jb:SA�K�CZHIK�UBWI]eFu<dLÍ`I:SL�9&J��$�p�¨F�UB?ÈF ü Fu<dLÍ`I:SL�9&J���� ?a<):
K�CZJÍJ>W\ÿeL>C=JO��F ü F�H8LÍ`IC=W��Z`Å9&J�����]\C�Fu<�H\C=Lé?a]eF�H�LÍ?/�äþ49&JG���Ç:Z<'LÍ`IF�ÿ\J>F�<Í?B]eF�H�L
C���LÍ`IF)UÈCeK�:=U;�äC¹CSLK�Y:SUBUÛLÍF�:=A3���

�i`\F�¯IJ><@L)?B<�:=H > 4 l£�B =o5K= l M�798�Á8C��éLÍ`IF��¨F�UB?BF��iJÍF�ÿYCZJ@LuRÛ:=HI]_J>F�X�W\?BJ>F�<�:SHn:Sÿ\ÿIUÈ?aK�:SLÍ?BC=H
C��¡��T�Q;��<Í?ÈHYK�FÜLÍ`\FÜL@�GCÂ�YF�UÈ?BF���<EL>`I:�L4L>`\F�ÿ\JÍFu<@?a]eF�HZL4C���LÍ`IF&UÈCeK�:=U��äC�C=LK�I:=UÈUiL>F�:=A ?B<
:_K�CZJÍJ>W\ÿeL>C=J�:=HI]�LÍ`I:SL�L>`\FÁÿ\J>F�<Í?a]eF�H�LVC��iLÍ`\FÂUÈCeK�:=U��äC¹CSLu�I:SUBU*LÍF�:=A ?a<E9&J���½ CeK�K�WIJ
?ÈH LÍ`\F&<>:SA8F%�YF�UÈ?BF���K�C=H�L>F��¹L*�LÃ2ÄÆÅ�Äé9&J��	��� <T�¨F�UB?ÈF
��<u��R!LÍ`\F�ÿ\J>C��ZJ>:=A K�:SH :Sÿ\ÿIUÈþ���T�Q
:SHI] K�CZHIK�UBWI]eF�L>`I:�LÁ9_J��t�~�¨F�UB?BF ü Fu<8LÍ`Y:�LÁ9&JG��½ ?B<Å:nK�C=J>JÍW\ÿ\LÍC=JG���i`\F_<ÍF�K�C=HI] ?B<
: D 5 l 8 A 4 l 5K=�8 D 5K= l M�798�Á=R�:SHI]�J>F�X�W\?BJÍFu<�:Ü<xL>JÍCZH��=F�J�ÿ\J>?BHIK�?Bÿ\UBFVL>`I:SH���T�Q � IyHI]eF�Fu]´RÛLÍ`IF
ÿ\JÍC�=Jb:SAõA�WY<xLT�YF&:��\UÈFÜL>C�J>F�:Z<@CZH :��¨C=WeLELÍ`IFh��:ZKPL8LÍ`Y:�LÅ9&JG��À A8?��=`�L4`I: ü FÂWI<@Fu]
LÍ`\F�]eF�<>K�J>?BÿeLÍ?BC=HrÇ LÍ`\FÜÿ\J>F�<Í?B]\F�H�L�C���LÍ`\FÂUÈCeK�:=Ut�äC¹C=LK�I:=UÈU*LÍFu:SA*��L>C;A8F�:=H 9&JG���È�äLÍ`\F
ÿYF�J><ÍC=H 9&JG�tÀ `\?ÈA4<ÍF�U/�k�YF�UÈ?BF ü F�<ELÍCÉ�¨F�LÍ`IF&ÿ\JÍFu<@?a]eF�HZL��E:SHI] H\C=L4LÍCnA8F�:SH 9&JG�t½
�NLÍ`IFÂÿ¨F�Jb<@CZH 9&JG�!�¿�YF�UÈ?BF ü F�<)L>Cw�¨FÅL>`\FÂÿIJÍFu<@?a]eF�H�L������i`IFÂX�W\F�<@LÍ?BC=H ?B<��À`\F�L>`\F�JVLÍ`IF
LÍJb:SHI<ÍÿI:SJ>F�H�L4J>F�:=]\?ÈH��ç?a<���?ÈH�LÍWI?sL>? ü F�UBþ��ÅUÈF��=?ÈLÍ?BA4:�LÍF�t�i`\Fj¯YJ><@LÁJ>F�:=K�LÍ?BC=H ?B<ÅLÍ`I:SLÁ?ÈLÁ?B<
<@CZAEF��À`I:�Li?BH\HI:�L>W\Jb:SU2�,Q¹?ÈHYK�F)9&JG���Ê�GC=WIUB]ÂH\CSL�:��=J>F�FO�À?ÈLÍ`ÂLÍ`IF
K�C=HYK�UBWI<@?BC=HÁLÍ`I:SL�9&J��
� ?a<À:EK�C=J>JÍWIÿeLÍCZJ�RZLÍ`\F�L>J>:=HI<ÍÿI:SJ>F�H�L*J>F�:Z]e?BH��V?a<iH\C=LTË���:S?ÈLÍ`��äWIU�ÌVLÍC49&JG���Y� <��¨F�UB?ÈF
�!:=HI]
LÍ`\F�JÍF
�äC=J>FtÍ�CZH\FÀA8?/�Z`�LéK�C=HYK�UBWI]eF�Í
?ÈHYK�C=J>J>F�KPLG����C��GF ü F�JuR�:Z<'?ÈL�?B<�K�C=H ü ?ÈHYK�?BH��=UBþ�:SJu�=WIF�]
?ÈH�� ¢ � RZLÍ`\?a<GK�C=HYK�UBWI<@?BC=HÁ?B<��I:=<ÍF�]ÅC=H4L>`\F�?a]eF�:
LÍ`I:SLGCZH\UBþ89_J����Y� <t�¨F�UB?BF���<i:SJ>F�J>F�UBF ü :SH�LuR
:SHI]ÂK�C=A8ÿ\UBF�L>F�UBþÁ]e?a<@J>F
��:SJb]\<'L>`\F�J_ÎCZUÈFdC��1LÍ`\F�J>F�ÿ¨C=JÍLÍF�J���m�F�LiWY<*?BA4:��Z?ÈH\FZR��äC=JiF��\:SA8ÿ\UBF=R
LÍ`\F)�äCZUÈUBC��À?BH��_<ÍK�F�HI:=JÍ?BC,��9_J��!À�?B<
LÍCZUB]Â�¹þ�9_J��!�Y�OË>9&JG��� ?B<V:_K�CZJÍJ>W\ÿeL>C=JNÌ��´<@?BHIK�F
9&J���À��¨F�UB?BF ü Fu<GLÍ`I:SL�9&JG�J� ?a<GLÍ`IF)ÿ\JÍFu<@?a]eF�HZLÀC��1L>`\F)UÈCeK�:SU;�äC¹CSLu�I:SUBUÛLÍFu:SA�R\J>F�ÿ¨C=JÍLÍ?BH��
9&J��	��� <T�¨F�UB?ÈF
��WI<Í?BH��;L>`\F&]eF�<>K�J>?BÿeLÍ?BC=HÏÇ LÍ`IFÜÿIJÍFu<@?a]eF�H�L8C���L>`\F�UÈCeK�:SU��äC¹CSLK�Y:SUBU*L>F�:=A%�
<@F�F�A4<�ÿ¨F�JK�äF�K�LÍUBþ :=K�K�F�ÿ\L>:��IUÈFÂ�äF ü F�H LÍ`\CZW��=` 9&J���À�"�HIC���<
L>`I:�L49&JG���Ð�GC=W\Ua]çH\C=L
:��=J>F�F¡�À?ÈLÍ`ÜLÍ`\?a<ÀJ>F�ÿ¨C=JÍLN���

��Jb:=]e?ÈLÍ?BC=HY:SUBUÈþZR�LÍ`\F�L@�GC
JÍFu:=]e?BH���<�:SJ>F�F��eÿ\Ua:S?BH\Fu]T�À?sL>`ÅLÍ`IF�M�=k5K=uÑ,M�=kM�7L: D�> ]\?B<@LÍ?BHIK�1
LÍ?BC=HÒ�2Å�Ä Ó;Ä�?BHÒ� ¢¢ � ����LÍ`\FÅCZÿI:=X�W\F4J>F�:Z]e?BH��&?B<V:=<><@CeK�?B:SLÍF�]��À?ÈLÍ` :¤M=*M�7L: D^> �YF�UÈ?BF���:=HI]
LÍ`\F)L>J>:=HI<ÍÿI:SJ>F�H�L�J>F�:=]\?ÈH��T�À?ÈLÍ`;:�M=�5K=��¨F�UB?BF��@�J��C��*F ü F�J�R¹L>`\?B<d]eC¹F�<�H\CSLO�GC=Ju"Å?BH&LÍ`IF
ÿ\JÍCZÿYC�<@Fu];F
�\:SA8ÿ\UBF���m�F�L
WI<
K�C=HI<Í?a]eF�J):SHICSLÍ`IF�J ü F�J><Í?BC=H�C��GLÍ`\FÅ<@LÍCZJÍþ��9&J���À ?B<�L>C=Ua]
��þÜ9&JG���Y��Ëu�i`\F)ÿ\J>F�<Í?B]eF�H�LiC��1L>`\F)UBC¹K�:SU;�äC¹CSLu�I:SUBU´L>F�:SA ?B<�:EK�C=J>JÍWIÿeLÍCZJuÌIR¹:=HI]Ü9&J��JÀ
`I:=<��ZC�Ce]ÂJÍFu:=<ÍC=HI<*L>CVL>`\?BH�"ÅL>`I:�L�9&JG�,� ?a<ÀH\CSL�J>F�:=UÈUBþ4J>F��äF�J>J>?ÈH��VLÍCÅ9_J��,½Ô�äÿ¨F�J>`I:SÿI<
9&J����ý?B<GJ>F�ÿ¨C=JÍLÍ?BH���:VJ>:Z]e?BC
H\F
��<GCZHÅLÍ`IF�ÿ\J>F�<Í?a]eF�H�L*C���LÍ`IF�UBCeK�:SUJ�äC¹CSLu�I:SUBU¨LÍF�:=A3����Q¹CIR



F ü F�H8LÍ`\CZW��=`Å9_J���À�"¹H\C���<!L>`I:�L��äC=Jé9&JG��� LÍ`\?a<*F�H�L>:=?ÈUa<'L>`\F���:SUa<ÍF&�YF�UÈ?BF���LÍ`I:SL*9&JG��½
?B<E:_K�CZJÍJ>W\ÿeL>C=JuR�9&JG�!À K�:=HçJÍF�ÿYCZJ@LV9_J����Y� <��¨F�UB?BF��xR��YF�?ÈH,��<ÍW\JÍFÅLÍ`I:SL�LÍ`IFÁÿ\J>C��ZJ>:=A
�À?ÈUBU�W\HY]eF�Jb<xLb:SHI]ÜL>`\FV]\F�<>K�J>?ÈÿeL>?ÈCZH�Ç L>`\F�ÿ\J>F�<Í?a]eF�H�L�C��!L>`\F�UBCeK�:SU$�äC�C=LK�I:=UÈU�LÍFu:SA*�I?BH&LÍ`IF
JÍ?��=`�L��i:�þÏ�äHI:=A8F�UBþ=R':=<EJ>F��äF�J>J>?ÈH��;LÍCn9&JG���k���	IyH LÍ`I?B<4K�:=<ÍFÂ9&JG�	� `I:Z<8:|M=�M�7L: D^>
�YF�UÈ?BF���:��YCZWeL�LÍ`IF�ÿ\J>F�<Í?B]\F�H�L�C��´L>`\F�UBC¹K�:SU,�äC�C=LK�I:=UÈUILÍFu:SA�R��\W\LG9&JG�Ào� <éJÍF�ÿYCZJ@L�?a<t�Y:=<ÍF�]
C=H&:8LÍJb:SHY<@ÿI:=JÍF�H�LiJ>F�:Z]e?BH��,�,Q¹C8L>`\FhM=�5K=uÑ,M�=�M�7L: D^> ]e?a<xL>?ÈHIK�LÍ?BC=H&?a<�CZJ@L>`\C��ZC=HI:=UYL>C4LÍ`IF
C=ÿI:ZK�?ÈLxþ�Ñ�LÍJb:SHI<ÍÿI:=JÍF�HIK�þEÿ\J>C��\UBF�A*�

Õ W\J�:=HI:SUBþe<@?a<�F�AEÿI`I:=<Í?/+�F�<�LÍ`\F8K�CZHIK�F�ÿeLÍWI:=U1<ÍÿI:=K�F�<�C��é:=UÈU!:��ZF�H�L><À?BH ü CZU ü F�]�?BH_LÍ`IF
<ÍK�F�HI:=JÍ?BCIR�?BH ÿI:=J@L>?BK�W\UB:=J4LÍ`IF�K�CZHIK�F�ÿeLÍWY:SU�<ÍÿI:ZK�F&C���L>`\F;J>F�ÿ¨C=JÍLÍF�Jw�ä?BH LÍ`IF_F��\:SA8ÿ\UBF=R
9&J��;À����´9&J��;À K�:SH;:Z<Í<ÍW\A8F
L@�GCÁ:SL@LÍ?ÈLÍWY]eF�<�LÍC��i:SJb]\<�9_J��;�Y� <�J>F�ÿ¨C=JÍLÍFu]j�¨F�UB?ÈF
�@�;�i`IF
¯IJ><@L
?a<)LÍC £
B,>�D =)9&JG����� <Y�*CZJ>]\<)��<@CZA8F�LÍ`I?ÈH��;UÈ?�"=F����F8L>C=Ua]nAEF8L>`I:�L�Ë��/�
�
� � Ì������i`IF
<@FuK�C=HY]Å?a<GLÍC D 5 l 8 A < l�D =*L>`\F
K�CZH�LÍF�H�LiC��!9&J������ <��¨F�UB?BF��!?ÈHÜ`\?a<iC��ÀHh�GC=Jb]\<¡��<ÍC=A8F�L>`\?ÈH,�
UÈ?�"=F��Ik�GC=W\Ua]çF
�¹ÿIJÍFu<Í<�`\?B<��¨F�UB?ÈF
��:=<h� ���
� � ����I^�ÀL>`\FÂÿIJÍC�=Jb:SA%?a<�LÍC;J>F�:Z<@CZHnC=H��¨F�UB?ÈF
�
JÍF�ÿYCZJ@Lb<�Re?ÈLÀA�WI<@L&�YF
:��\UBF�L>C4:=<>K�J>?/�¨F'�YC=LÍ`&:�LÍLÍ?ÈLÍWI]eFu<GLÍC8L>`\F)JÍF�ÿYCZJ@L>F�JG��IyHÂÿI:=J@L>?BK�W\Ua:SJuR
:=<>K�J>?/�\?BH���L>`\F�¯IJb<xLé:SL@L>?sL>WI]eFO�À?BUBUIJ>F�<ÍW\UsL*?ÈHÅ:=HECZÿI:=X�W\FÀJ>F�:Z]e?BH��)C���:'�¨F�UB?ÈF
��JÍF�ÿYCZJ@Lé:=HI]
:=<>K�J>?/�\?BH���LÍ`\F)<ÍF�K�CZHI]3�À?BUBU´JÍFu<@W\UÈLi?ÈHÜ:
L>J>:=HI<@ÿY:SJ>F�H�L*J>F�:Z]e?ÈH,�,��Q¹CEUÈF�LiWY<*UBC¹C�"Å:��Z:S?BHÁ:SL
LÍ`\F�F��\:=AEÿIUÈF-�äJÍCZA0LÍ`\?a<GÿYF�J><Íÿ¨F�KPL>? ü F��\9&JG��À L>F�UBUB<GL>`\F�ÿ\J>C��=Jb:SA LÍ`Y:�L�9&JG���Ê�¨F�UB?ÈF ü F�<
LÍ`I:SLÜL>`\F�ÿ\JÍFu<@?a]eF�HZL�C��VLÍ`\F�UBC¹K�:SU¡�äC¹CSLu�I:SUBUdLÍF�:=A3?a<Ü: K�CZJÍJ>W\ÿeL>C=JG�tI^�VLÍ`\Fnÿ\J>C��ZJ>:=A
:=<>K�J>?/�¨F�<!L>C
9&JG��ÀÇLÍ`IF3ËÍX�W\C=L>:�L>?ÈCZH,Ì�:�LÍLÍ?ÈLÍWI]eFZRZ?ÈLt�À?BUÈUIJÍFu:=<ÍC=H8:=<��äCZUÈUBC���<
�Z<@?BHIK�F�9_J���À
?B<1JÍF�ÿYCZJ@L>?ÈH,��LÍ`IF*F
�e:ZKPL!�*CZJ>]\<�C��Y9_J��_�
R�:SHY]
<@?BHIK�F*9&JG���¤�¨F�UB?ÈF ü Fu<�L>`I:�L�LÍ`\F*ÿ\J>F�<Í?B]eF�H�L
C��GLÍ`\FÅUBCeK�:=U	�äC¹CSLK�Y:SUBU'LÍFu:SA%?a<
9&JG��½ R´L>`\FÁK�C=H�LÍF�HZL
C��*L>`\FÅJ>F�ÿ¨C=JÍLÍFu]w�¨F�UB?ÈF
��?B<)LÍ`I:SL
9&J����«�¨F�UB?ÈF ü F�<ÅLÍ`I:SLÂ9&JG��½ ?a<Á:çK�CZJÍJ>W\ÿeL>C=J���C=ÿI:ZXZWIF_JÍFu:=]e?BH�������I^�)L>`\F_ÿ\J>C��ZJ>:=A
:=<>K�J>?/�¨F�<ÅLÍC 9&J���À L>`\FÖËxLÍJb:SHY<@Ua:�L>?ÈCZH,Ì :�LÍLÍ?ÈLÍWI]\F=Ri?sL*�À?BUÈUdJÍFu:=<ÍC=H :Z<3�äCZUÈUBC���<
�G<@?BHIK�F
9&J���À��¨F�UB?BF ü Fu<GLÍ`I:SLÀLÍ`\F)ÿIJÍFu<@?a]eF�H�LÀC��1LÍ`\F)UBCeK�:=U;�äC�C=LK�I:=UÈUÛL>F�:=A�?B<�9&J��,�ERY:SHI]Ü<@?BHIK�F
LÍ`\Fd]eF�<>K�J>?Èÿ\LÍ?BC=HjÇ LÍ`\F�ÿ\J>F�<Í?B]eF�H�LéC��´L>`\F�UBCeK�:SUJ�äC¹CSLu�I:SUBU\L>F�:SA*��?B<éLÍC��YF�JÍFu:=]8?BHÁ9&JG��Ào� <
<@F�HI<@FZR¹LÍ`\F)J>F�ÿ¨C=JÍLÍFu]o�¨F�UB?BF��!?B<iL>`I:�L�9_J��,� ?B<�:EK�C=J>JÍWIÿeLÍCZJ¡�äLÍJb:SHI<ÍÿI:SJ>F�H�LÀJ>F�:=]\?ÈH������

IyH CZJ>]eF�J�L>C��äC=J>A8:=UÈ?�+�FÂLÍ`IF�<ÍFÜ?BH�LÍW\?ÈLÍ?BC=HY<�R	�GF�?ÈH�LÍJ>Ce]eWIK�FÂL>`\F�H\CSL>?ÈCZH C���FG7L=�×	� û
ü ?BF
� ?a<�:�JÍF�ÿ\J>F�<ÍF�H�L>:SLÍ?BC=H�C���:dK�C=UBUÈFuKPL>?ÈCZHEC��6�¨F�UB?BF���<'L>`I:�Lé:�J>F�:Z<@CZH\F�J���?ÈH4CZW\J'F��\:SA8ÿ\UBF=R
LÍ`\FEÿ\J>C��=Jb:SA3��:=<>K�J>?/�¨F�<�LÍC�:SH;:��=F�HZL)�ä?BHIK�UÈWI]\?ÈH��Ü?ÈL><ÍF�U/�u��W\HI]eF�J�:h�=? ü F�H_ÿ¨F�Jb<@ÿ¨F�K�LÍ? ü F��
T!CZ<><@?��\UBFéÿ¨F�Jb<@ÿ¨F�K�LÍ? ü F�<':=JÍF��L>`\F��¨F�UB?ÈF
��<�LÍ`I:SL�L>`\Fiÿ\J>C��=Jb:SA :Z<ÍK�JÍ?��YFu<1LÍC�?sLb<@F�U ���2Å�Ä Ó;ÄuLÍ`I:SL
9&J���Àp�¨F�UB?ÈF ü F�<*L>`I:�L�9&JG���Ê�¨F�UB?BF ü Fu<*LÍ`I:SLGL>`\F�ÿ\J>F�<Í?B]eF�H�LGC���LÍ`IFdUBCeK�:=UJ�äC¹C=LK�I:=UÈU¨LÍFu:SA
?B<À:8K�CZJÍJ>W\ÿeL>C=J�����LÍ`IFk�YF�UÈ?BF���<iL>`I:�LÀL>`\F)ÿ\J>C��ZJ>:=A0:Z<ÍK�JÍ?��¨F�<*LÍCÅ9&JG��À~�2Å�Ä Ó;Ä¹LÍ`I:SL�9&J��J�
�YF�UÈ?BF ü F�<GLÍ`Y:�LÀLÍ`IF)ÿ\JÍFu<@?a]eF�HZL�C���L>`\F)UÈCeK�:SU;�äC¹CSLu�I:SUBU´LÍFu:SA�?a<�:8K�CZJÍJ>W\ÿeL>C=J�����LÍ`IFk�YF�UÈ?BF���<
LÍ`I:SLÀLÍ`\F�ÿ\J>C��ZJ>:=A�:=<>K�J>?/�¨F�<*LÍC49&JG��À :��¨C=W\LÀ9_J����Ø�^Å�Ä Ó6Ä�LÍ`Y:�LÀLÍ`IFdÿIJÍFu<@?a]eF�H�LÀC���LÍ`IF
UÈCeK�:=U��äC�C=LK�I:=UÈUiL>F�:=A ?B<4:�K�CZJÍJ>W\ÿeL>C=J���� û <4:nK�CZH ü F�H�L>?ÈCZH�R��GF�WI<ÍFÁL>`\F;cdJÍF�F
"çUBF�LÍLÍF�J
Ù �äC=J4L>`\F ü ?ÈF�� K�C=H�L>:=?ÈH\?BH���LÍ`IFj�YF�UÈ?BF���<8L>`I:�L4L>`\F&ÿ\J>C��ZJ>:=A :=<>K�J>?/�¨F�<VLÍCç?ÈL><ÍF�U/�xRé:=HI]
�YCZUB]ÂUÈF�L@L>F�Jb<��äC=JiUa:��¨F�UBUÈ?BH��4:SH¹þÅC=LÍ`\F�J ü ?BF
�k�,0IC=Ji?BHI<xLb:SHIK�F ÙuÚ ?a<GLÍ`IF ü ?BF
� K�CZHZLb:S?BH\?BH��
LÍ`\FT�¨F�UB?ÈF
��<�LÍ`I:SL�LÍ`\F8ÿ\J>C��ZJ>:=A :Z<ÍK�JÍ?��¨F�<�LÍC&9&JG�$ÀÐ�äJÍCZA ?sLb<�ÿYF�J><Íÿ¨F�KPL>? ü F=R´:SHY] ÙNÚ�Û
?B<ÂLÍ`IF ü ?BF
�%K�C=H�L>:=?ÈHI?ÈH�� LÍ`\F��¨F�UB?ÈF
��<ÜLÍ`I:SLÂL>`\Fnÿ\JÍC�=Jb:SA :=<>K�J>?/�¨F�<ÁLÍC 9&JG���Ü�äJ>C=A
9&J���À3� <�ÿ¨F�Jb<@ÿ¨F�K�LÍ? ü Fu[���i`IF ü ?ÈF���<'LÍ`Y:�L�L>`\F�ÿ\J>C��ZJ>:=A K�:=H)�\W\?BUB]4K�:SH)�¨F�C=Ju�Z:=H\?�+�F�]E?BH
:V<@LÍJ>WIKPL>W\J>F�UB?/"ZF�L>`I:�LÀÿ\J>F�<ÍF�H�L>F�]Å?BH*01?��=WIJÍF�¢
Ý���Þ*:=Kb`ÁK�?ÈJbK�UBFdJÍF�ÿ\JÍFu<@F�H�L><G: ü ?BF
�k�\<ÍC=A8F

� j=q�pZ¾btiq�p8~u¼=vét>¿Z���)����tipZ~d¾b~�pZ�B¼�wyq�~up4¾P��p4��vxq�wytu�Z�Bvx~�� p�~PÉ ~upEÉ�tiÉ�qs���Y~u�)q{z'zx��ti�=vxtuf�¿�ßbÆ
à �!��q�w!wkzyvx¼Z¾>zx¼Zvxté¾P��p��et*tP��wyq��{|
»ut>p�t>v@���sq�½btbÄ�zx~&áÅ��»�tbp�zxwbÆ�â�~�v����)~�vxtéÄ=t>z@��q���tPÄ�ÄZtbwy¾>vxq��=zxqs~�p
~��Szx�Zt�wkzyvx¼Z¾>zx¼Zvxt����'»u~�~SÄivxt>�atÍvxtbp�¾bt1q�w!g ã�iä�PÉ���tÍvxt1rSq�t>É�wÛ��vxt1¼ZwytPÄizx~'wy~u��r�t�zx��t1�!É!tb���{��è=pZ~PÉ�p



ε

A B

B AB BA BA A

ätå/æ º_ç¹º �!��tÀwkzyvx¼Z¾>zx¼ZvxtG~��´rSq�t>É�w

K�?BJ>K�UÈFu<À:SJ>Fd]\:Z<@`IF�]h�YFuK�:SWY<@F'�GF¡�À?BUBU´H\CSL�WI<ÍFdLÍ`\F�A ?BHÁL>`\F'�äC=J>A4:SUB?/+u:�L>?ÈCZHÁC��1LÍ`\F
K�:=<ÍF
<xL>WI]eþ��

û <)WI<ÍWI:=U�R´L>`\FÅÿ\J>C=ÿ¨CZ<Í?ÈLÍ?BC=HI:=U�K�C=H�L>F�H�L�C��À:*�¨F�UB?ÈF
��?B<)J>F�ÿIJÍFu<@F�HZL>F�]�:=<
:&<ÍF�H�L>F�HIK�F
C��G<ÍC=A8FEUB:=H��=WY:��=F�JIyHnA8CZ<@LdLÍJb:=]e?ÈLÍ?BC=HI:=U':Sÿ\ÿ\J>CZ:ZKb`\F�<�RYLÍ`\?a<�UB:=H��=WY:��=FV?B<�WIH\?BX�W\F4:=HI]
�YF�UÈ?BF���<�:SJ>F�J>F�ÿIJÍFu<@F�HZL>F�]_:Z<�<ÍF�H�L>F�HIK�F�<�C���L>`\?B<dUa:SH��ZWI:��ZF�� Õ �*K�CZW\J><ÍF=RÛ:Á<ÍF�H�L>F�HIK�FVK�:=H
�YF��YF�UÈ?BF ü F�]j�¹þ_:=H;:��ZF�H�Ld:=HI]&H\C=L¡�¨F�UB?ÈF ü Fu]j�¹þ�:=H\CSL>`\F�JuR6�\WeL�?sL�F��eÿ\J>F�<><@Fu<�CZH\FV:=HI]
LÍ`\F�<>:SA8FÀÿ\J>C=ÿ¨CZ<Í?ÈLÍ?BC=H8JÍF��Z:=J>]eUBF�<><�C��¨LÍ`\F�:��=F�H�L��À`\?BKb`)�¨F�UB?BF ü Fu<&��]\C�Fu<'H\C=Lt�YF�UÈ?BF ü FG�!?ÈL��
��C��GF ü F�J�R�CZW\J�K�:Z<@FÀ<@LÍWI]eþE<@`IC���<�L>`I:�Lé]\? �ÛF�J>F�H�Lé:��ZF�H�L><!A4:�þ
A8Fu:SH8]e? �ÛF�J>F�H�L�ÿ\J>C=ÿ¨CZ<Í?/1
LÍ?BC=HI<	�À?ÈLÍ`EL>`\F)ËÍ<>:SA8F�Ìd<ÍF�H�LÍF�HIK�F���i`\?a<'?B<�L>`\F�K�:=<ÍFGC��IL>`\F�<ÍF�H�LÍF�HIK�FTËxL>`\FÀÿ\J>F�<Í?B]\F�H�L'C��
LÍ`\FÀUBCeK�:SU��äC¹C=LK�I:=UÈU¹L>F�:SA ?B<':�K�C=J>JÍW\ÿ\LÍC=JNÌ��G�äCZJ�9&J�����RS?ÈLé]eF�H\C=LÍFu<�LÍ`\FÀÿ\J>C=ÿ¨CZ<Í?ÈLÍ?BC=HVLÍ`I:SL
9&J���½ ?B<':�K�CZJÍJ>W\ÿeL>C=JG�
�äCZJ'9&J���ÀÁR�LÍ`\Fiÿ\J>C=ÿ¨CZ<Í?ÈLÍ?BC=H
L>`I:�L�9&JG��� ?a<':�K�CZJÍJ>W\ÿeL>C=JG�_Q¹?BHIK�F
LÍ`\FE]eF�¯IHI?sL>F�]eF�<>K�J>?BÿeLÍ?BC=HÂÇ LÍ`\F�ÿ\JÍFu<@?a]eF�HZL�C��!LÍ`\FVUÈCeK�:SU �äC¹CSLu�I:SUBU�L>F�:=A%�Y?B<�<@WYKb`�LÍ`I:SL�?ÈL
K�:SH J>F��äF�J4CZH\UBþçLÍC :n<Í?ÈH��ZUÈF�ÿ¨F�Jb<@CZH�R!LÍ`IF�L@�*Cnÿ\J>C=ÿ¨CZ<Í?sL>?ÈCZHI<8F�H�Lb:S?BU�:�K�C=H�LÍJb:=]\?BK�LÍ?BC=H
�äW\H\UBF�<><��GF)K�:SHÜÿ\J>C ü F�LÍ`I:SL�9&JG�,½ ?a<GLÍ`\F
<>:SA8F�ÿ¨F�Jb<@CZHÜ:Z<À9&J��,�k���

Õ W\JO�äCZJÍA4:=UÈ?�+�:SLÍ?BC=H;?a<¡�I:=<ÍF�];C=Hn:SH�?B]eFu:ÁÿIJÍCZÿYC�<@Fu]_?BH|� è � �¨LÍ`\F�JÍFE?B<�HICSL):Ü<Í?BH��=UBF
UB:=H��=WI:��=FGLÍ`Y:�LéL>`\F�ÿ\J>C��ZJ>:=A WI<ÍF�<�LÍC�]eFu<ÍK�JÍ?��¨F�?sLb< ü ?BF
��<é:��YCZWeLéC=LÍ`\F�Jé:��ZF�H�L><����¨F�UB?ÈF
��<
�
?ÈHI<@LÍFu:=]´R l M�7 AND 7986: D < l 8�Á B,l Á=�7 A�l�ANA�> :
7 l�D =uMh×	7 D�� = l : � FG7L=�×�é l 86M D�� =�798 D =�524;5K= D�l�D 7 > 8
>@?kA�B : �wl < l 8�Á B,l Á�=�7 A < > : l < D�>oD9� =�FG7L=
×ê7 D 7 A�l_ANA
> :�7 l�D =NMh×	7 D9� �JIyH�L>`\?a<O�i:�þ=R��GF
K�:=H
]e?B<@LÍ?BH��ZW\?B<Í`4L>`\F�<ÍF�H�LÍF�HIK�FoËxLÍ`IF�ÿ\J>F�<Í?B]eF�H�LéC��´L>`\F�UBCeK�:SU,�äC¹CSLK�Y:SUBU\LÍFu:SA0?a<é:
K�C=J>JÍW\ÿ\LÍC=JNÌ
?ÈH Ú :SHY]ÜLÍ`\F8<@F�H�LÍF�HYK�F�Ë@LÍ`\FVÿ\JÍFu<@?a]eF�HZL�C��'LÍ`IF�UBC¹K�:SU��äC�C=LK�I:=UÈU1LÍFu:SA ?B<d:ÅK�C=J>JÍW\ÿ\LÍC=JNÌ
?ÈH Ú�Û ��Þ ü F�H L>`\C=W,�=` <Íþ¹H�L>:=K�LÍ?aK�:=UÈUBþ�LÍ`\F�þ�Ë@UBC¹C�"nLÍ`IF�<>:SA8FGÌ\R1LÍ`\F�þ ]eC�H\CSLÅ]eF�H\CSL>F
LÍ`\FÅ<>:SA8F8ÿ\J>C=ÿ¨CZ<Í?sL>?ÈCZH�R�:SHI];LÍ`IF�J>F��äC=J>F4:SJ>FELÍJ>W\F4?ÈH�L@�GCÜ]\? �ÛF�J>F�H�Lo��:=HI]�?ÈHnÿ\J>?BHIK�?Bÿ\UBF
?ÈHI]\F�ÿ¨F�HI]eF�H�LN��<ÍF�Lb<�C��!A8Ce]eF�UB<��J�i`\?a<�ÿIJÍCZÿYF�J@LxþÅ?a<�K�:SUBUÈFu]Â< > : l <�7 D2H R¨:=HI]�?B<�:)"=F�þÁÿ¨C=?BH�L
?ÈHÜLÍ`IF'�äC=J>A8:=UÈ?�+�:SLÍ?BC=HÂC���LÍ`\F)?BH�LÍJ>?ÈHI<Í?aKd:=A��\?��=WI?sLxþÅC����¨F�UB?ÈF
�'JÍF�ÿYCZJ@Lb<
�

�i`\F
K�CZHZL>F�H�L><iC��!]\? �ÛF�J>F�H�L ü ?ÈF���<�:SJ>F�C�� ü ?ÈCZWI<ÍUÈþÅJ>F�Ua:�L>F�] ��0IC=J�?BHI<@L>:=HIK�FZR\?sL�?a<ÀJ>F�:�1
<@CZHI:��\UBF�L>Cd:Z<Í<ÍW\A8F�L>`I:�L!L>`\F�J>F*?a<!:�J>F�Ua:�L>?ÈCZHY�YF�L@�*F�F�H�LÍ`\F���:=K�L1L>`I:�L�LÍ`IFGÿIJÍC�=Jb:SA ÿ\WeL><
?ÈH�LÍC Ú L>`\F��YF�UÈ?BF��¨LÍ`Y:�L�9&JG���¥�¨F�UB?BF ü Fu<�LÍ`I:SL'LÍ`\Fiÿ\J>F�<Í?a]eF�H�L'C��YLÍ`\FiUBC¹K�:SU��äC¹CSLu�I:SUBU¹LÍFu:SA
��¼Z½b½b��tÀq�pSr�~u��rSq�p�»�vxtb��wy~upZq�p�»
���e~�¼Zzé�etb��q�t>����p�ÄVq�»upZ~�v@��p�¾btu��p¹���)tb�{|�zx�ZtÀ�!�Zvxt>t>�äßçq�wyt>�}åEtbp
�Zvx~�����tb�8Æ



?B<
:;K�C=J>J>W\ÿeLÍCZJ�R´:=HI]n?ÈH�L>C Ú�Û L>`\F3�¨F�UB?ÈF
�iLÍ`I:SL
LÍ`\FÁÿ\JÍFu<@?a]eF�HZL
C��*L>`\FÅUBCeK�:SU��äC�C=LK�I:=UÈU
LÍF�:=A ?B<E:;K�C=J>JÍWIÿeLÍCZJ�� û H¹þnJÍF�UB:SLÍ?BC=H��¨F�L@�GF�F�H <@F�L><EC�����:ZKPLb<��¨F�UBC=H,�=?BH��&LÍCn]e?/�¨F�JÍF�H�L
ü ?BF
��<*?a<GK�:SUBUÈFu]Å:h: >�� 4 l�D 7 C 79< 7 DEH 5K=
< l�D 7 > 8,� û�ü F�J>þV?BH�LÍW\?ÈLÍ? ü FdJ>F�Ua:�LÍ?BC=HÁC���K�CZA8ÿI:�L>?/�\?BUB?sLxþ
�YF�L@�*F�F�H ü ?ÈF���<i?B<GL>`\F'�äC=UBUÈC��À?BH��J��?/��:8<@F�HZL>F�HIK�F�C���L>`\F'�äC=J>AÐë��YF�UÈCZH��Z<GL>C Ú�Û R¹LÍ`\F�H
:Á<ÍF�H�LÍF�HIK�FEC���L>`\F��äC=J>AìË
�j5
��� C =
<�7L=�F�= A�D���l�D ë6Ìo�¨F�UBC=H���<�L>C Ú ���À`IF�J>F C =
<�7L=�F�= A ?B<
:)�YF�UÈ?BF��*C=ÿ¨F�Jb:�LÍCZJN����IyH&L>`\?B<dK�:Z<@FZR,�GF�<>:�þÁL>`I:�L'À�?a<�:ÅK�C=J>JÍFuKPL�C�I<@F�J ü F�JG�\?/�'LÍ`\FVJÍF�UB:�1
LÍ?BC=Hn`\C=Ua]\<�?BH;L>`\F4CSL>`\F�J
]\?ÈJ>F�K�LÍ?BC=Hn:=<'�GF�UBU&��Ã^Ä Å�Ä´? �À:�<@F�H�LÍF�HYK�F8C��*LÍ`\FT�äCZJÍAíË
�j5
���
C =
<�7L=
F_= A3D���l�D ë6Ìj�¨F�UBC=H���<dLÍC Ú R�LÍ`IF�Hç:&<@F�H�LÍF�HYK�F4C��GLÍ`IF)�äC=J>Aîë¤�YF�UÈCZH��Z<dL>C Ú�Û �PR
�*F8<Í:�þÜL>`I:�LkÀ ?B<�:ÜK�C=J>J>F�KPL�:SHI]�K�CZAEÿIUÈF�LÍFEC��I<ÍF�J ü F�J�� ï � �ÛDGWeL�?ÈL�?a< ü F�JÍþ�?BAEÿ¨C=JÍL>:=H�L
LÍCEJÍFu:SUB?/+�F�LÍ`Y:�L�K�CZJÍJ>F�K�LG:SHY]ÁK�CZA8ÿ\UÈF�LÍFdC��I<ÍF�J ü F�J><*:SJ>F�H\C=L*L>`\F�C=H\UBþ8ÿYC�<Í<Í?��\UÈF¡"¹?ÈHY] ��IyH
��:=KPLuR$�äCZJ
LÍ`IFÅLÍJb:SHY<@ÿI:=JÍF�H�L�J>F�:Z]e?BH����GF4H\F�Fu] :_]e?/�¨F�JÍF�H�L�"¹?ÈHI]nC���C��I<ÍF�J ü F�J�R�]\F�¯IH\Fu]
��þ8L>`\F¡�äC=UBUÈC��À?BH��EK�C=A8ÿI:SLÍ?��\?BUÈ?ÈLxþ4JÍF�UB:SLÍ?BC=H$��?/� Ú�Û K�C=H�L>:=?ÈHI<i:E<@F�H�LÍF�HYK�Fkë�:SHI] Ú K�C=H�1
L>:S?BHI<�:SH&F�X�WI:=UÈ?ÈLxþÂ�äF�X�W\? ü :SUBF�HIK�FG�iC��!LÍ`\F��äC=J>Azq�xÖq!v��Eq¤{Öq�v9�PRYLÍ`IF�H_:Å<ÍF�H�LÍF�HIK�F�C��
LÍ`\FT�äCZJÍAðËK� C =
<�7L=
F_= A@ñyD���l�D ë!� q���q�v � Ì*�YF�UÈCZH��Z<dL>C Ú Rt�L�À`\F�J>F C =�< 7L=�F�= A@ñ ?B<
:%�¨F�UB?ÈF
�
C=ÿ¨F�Jb:�LÍCZJE]\?B<@LÍ?BHIKPLT�äJ>C=A C =
<�7L=�F�= A ���tIyH LÍ`\F�J>F�A4:S?BH C���LÍ`IFÜÿY:Sÿ¨F�JuR!�GF&<@`IC��pÍÉ�¨CSL>`
ÿ\JÍC¹C��91�L>`\F�CZJÍF�LÍ?aK�:SUBUBþÁ:SHI]_AECe]eF�U 1}LÍ`IF�C=J>F�L>?BK�:SUBUÈþ3ÍÁLÍ`Y:�L�L>`\F�<ÍF
L@�GCÅK�CZAEÿY:�LÍ?��\?BUÈ?ÈLxþÜJÍF�UB:�1
LÍ?BC=HI<�:SJ>F��Y:=<Í?BK�:SUBUÈþÜLÍ`IFVJ>F�Ua:�L>?ÈCZHI<O�¨F�L@�GF�F�H ü ?BF
��<�LÍ`I:SL¡�GFEH\F�Fu]_?BH;C=Jb]eF�J�L>CÂA8Ce]eF�U
C=ÿI:ZK�?ÈLxþÁ:SHI]ÁLÍJb:SHY<@ÿI:=JÍF�HIK�þ4?BH*�YF�UÈ?BF��!J>F�ÿ¨C=JÍL><��

ò ënì�íÍîxì�ï%ó�®éò*ø¹ì$ôGø\ð îÍò~õ ö�íxøeî�ó�®éò*øeì ôiø ô*ú�ðZø¹ì�ö ð

IyH4C=Jb]eF�J!L>C)AECe]eF�U\L>`\F�ÿ\J>C=ÿ¨F�JÍLÍ?BF�<'C��¨UBCeK�:=UÈ?ÈLxþV:=HI]8K�C=A8ÿI:SLÍ?��\?BUÈ?ÈLxþE:Z<�]e?a<ÍK�WI<><@Fu]V?BH8LÍ`IF
ÿ\JÍF ü ?ÈCZWI<�<@FuKPLÍ?BC=H�R �*FT�äCZJÍA4:SUB?�+�F��YF�UÈ?BF��iJÍF�ÿYCZJ@Lb<�?ÈH�L>`\F��äJ>:=AEF��*CZJK"&C��O� B < D 7�÷ > 8 D =uø D
ANH_A�D = ��A ��9�^ý<@þe<@LÍF�A8<N���,IyH�LÍ`\?a<�<ÍF�KPL>?ÈCZH*�*F)J>F ü ?BF
� C=H\UBþ4LÍ`ICZ<ÍF
:=<ÍÿYFuKPL><�C���9�^�<@þe<�1
LÍF�A4<éLÍ`I:SLG:=JÍF�HIF�F�]\F�]4?BHÅC=Jb]eF�J'LÍCVÿ\JÍFu<@F�H�LéC=W\Jt�äC=J>A4:SUB?/+u:�LÍ?BC=H4C�� �YF�UÈ?BF���J>F�ÿ¨C=JÍL><���i`IF
?ÈH�LÍF�JÍFu<xL>F�]�J>F�:=]\F�J)A4:�þ;J>F��äF�J)LÍC�L>`\F3�\?��\UB?ÈC�=Jb:Sÿ\`¹þj�äCZJ�:�A8C=J>FÅK�C=A8ÿ\UBF�L>F4ÿ\J>F�<ÍF�H�L>:�1
LÍ?BC=H,ù��

0\C=J>A4:SUBUÈþZR��Z? ü F�H :�<ÍF�L)únC���?BHI]e?aK�Fu<�R':�9�^ <Íþe<xL>F�A ?a<8:;ÿI:=?ÈJjû@ü_��ý@þ_ý�ÿ���sKÀ������PR
�À`\F�J>F)ü_��ý@þGýLÿ��
?a<�:4K�CZUÈUBF�K�LÍ?BC=H&C��&: > 8 D =Kø DEA :SHY]jÀ����
?a<�:Å<ÍF�L�C�� C 5�7LM�Á=�5 B </= A �JÞ*:=Kb`
K�C=H�L>F��¹Lé?a<é]eF
¯IH\F�]Á:=<é:=HÅ:��e?BC=A4:�L>?BK��äCZJÍA4:SU¨<@þe<@LÍF�AÜRÃ2ÄÆÅ�Ä�:dLÍJ>?Bÿ\UÈF�û
	�ý@s���ýKs��ý��PR��À`\F�J>F	tý!?a<iLÍ`\F)Ua:SH,�=WI:��=FdC�����ýÍR���ý���	tý!?a<iLÍ`\F
<ÍF�L�C���:��¹?BC=A4<iC��	��ý':SHY]��ý'?a<GLÍ`IF
<@F�L�C��
�äUBC¹K�:SU9�*?ÈH��äF�JÍF�HIK�FdJ>W\UÈFu<iC��!��ý!?BH���:�L>W\J>:=U (�Fu]eWIKPL>?ÈCZHÜ<@Lxþ¹UÈF)�/¢�� � ��� `\F�HÂH\C8K�CZH��äWI<Í?ÈCZH
K�:SHV:SJ>?B<ÍF=RG�*F��À?ÈUBU¹JÍF
�äF�J�LÍC�K�C=H�L>F��¹L><1WI<Í?ÈH���LÍ`\F�?ÈJ!?BHI]e?aK�Fu<���?E� F��BR_�*F��À?ÈUBU¹JÍF
�äF�J1LÍC�K�C=H�LÍF
�¹L
� ý :=<���������CSLb:�LÍ?BC=HY:SUBUÈþh�*FY�ÀJ>?ÈLÍF�����ë;LÍCÂAEFu:SH�L>`I:�Lkë;?a<�:)�äC=J>A�W\Ua:8C����N� û �\J>?B]��ZF
JÍW\UBFÁ?a<8]eF�¯YH\F�] :Z<V:=H ?BH��äF�J>F�HIK�FÂJ>W\UBFo�À?ÈLÍ` ÿ\JÍF�A8?B<><@Fu<�:=HI] K�C=HIK�UÈWI<Í?BC=Hç?BH ]e?/�¨F�JÍF�H�L
K�C=H�L>F��¹L><���0\CZJÀ?ÈHI<@L>:=HIK�FZR¹LÍ`\Fk�IJÍ?a]��=F�J>W\UBF

¢k�ë M� �ë Q
�@¢_�

<Í:�þe<'L>`I:�L*LÍ`\F-�äC=J>A�WIUB:�ë Q ?B<G]eF�JÍ? ü :��\UBF�?BHÁK�CZH�LÍF��¹L � �äJÍCZA LÍ`\F-��:=K�LéLÍ`Y:�LéL>`\F-�äC=J>A�W\Ua:
ë M ?a<�]eF�JÍ? ü :��\UBF�?ÈH&K�C=H�LÍF
��Lk¢�
� å4æ�wk|=wkzxtb�)w�É!t>vxt��a~�vx�
�����{|�ÄZtuf�p�tPÄ�qsp3g �
iI��p¹Ä)q�p)g �
i�âaÉ�q{zx�)zx��tép¹���)t�~��� ÅÕ=Ð ØNÌ"!JW�Î$#�ÕW%#�Ñ
ÔxÚ�ÔxØ�ÑKZ�ÔkãÍÆu�!��t1wytb�
��p�zxq�¾bwÛ~��\å4æÜwk|=wkzxtb�)wb��¾P�����stbÄ&!¨ÒPÏ@WuÐ' ÂÒPÝ�Ñ>Ð�X\ÑKZ'W�Î�ØNÌäÏ>Ôx��É'��w´�Zvxtbwyt>pSzxtbÄ
q�p%g �=�x 
iäÆ



IyHy� ¢)(\RKï\R � � RG?sL�?a<Â<Í`\C��ÀH `\C��~�¨F�UB?ÈF
�EK�C=H�LÍF
��Lb<ÁK�:SHÒ�¨Fw�äCZJÍA4:=UÈ?�+�Fu] WI<Í?ÈH�� 9�^
<@þe<@LÍF�A4<�� Õ W\J	�GC=Ju"
?a<	�\W\?BUsL*C=HELÍCZÿ4C��¨LÍ`\?a<	�GC=Ju"6���i`IF&�I:=<Í?aK*?a]eFu:=<�:=JÍFGLÍ`IF��äC=UBUÈC��À?BH��J�
��F&?BA4:��=?BH\F�L>`I:�L4L>`\F_K�CZAEÿIWeLÍF�JÅÿ\J>C��=Jb:SA Ù ?B<Á:��\UBFÜLÍCç`I:=HI]eUBF_:�<ÍF�Loú C�� ü ?BF
��<
JÍF�ÿ\JÍFu<@F�H�LÍ?BH��8LÍ`\FEK�CZUÈUBF�K�LÍ?BC=HI<�C����¨F�UB?ÈF
��<�L>`I:�Ld?sL�:=<>K�J>?/�¨F�<�LÍCÂ9_J��6� :SHY]_9&JG�JÀ°�äLÍ`\F
<@F�L!C�� ü ?ÈF���<�C��60�?��=W\J>F¡¢G����0IC=J>A8:=UÈUBþ=R�Fu:=Kb` ü ?BF
�*�´?a<�LÍ`IC=W��Z`ZL!C��Û:=<!:dK�C=H�L>F��¹L	� ý R_�À?sL>`
?sLb<!C��ÀH
UB:=H��=WY:��=FZRu<ÍF�L'C��Y:��e?BC=A4<1:=HI]VUÈCeK�:=U¹?ÈH��äF�JÍF�HIK�FGJ>W\UÈFu<��äUBC¹K�:SUB?sLxþ����S^*CZA8ÿI:�L>?/�\?BUB?sLxþ
:SA8C=H��4]e?/�ÛF�J>F�H�L ü ?BF
��<i?a<ÀA8Ce]eF�UBUBF�]%�¹þÁ]eF�¯YH\?ÈH,�Å:E<ÍW\?ÈL>:��\UÈF)<ÍF�L�C��!�\J>?a]��=FdJÍWIUÈFu<
�

IyH3m�CeK�:=UY9&Ce]eF�U6Q¹F�A8:=H�LÍ?aK�<¡�Lm�9�Q��PR�UÈCeK�:SUB?sLxþE?B<éA8C¹]\F�UBUÈFu])�¹þE:Z<Í<ÍCeK�?a:�LÍ?BH��
:
<ÍF�L*C��
AECe]eF�UB<	ÍV?BHÅC=W\J*K�:=<ÍF=R�¯IJ><@LéCZJ>]eF�J�A8Ce]eF�Ua<�ÍE:=HI]4:
<>:�L>?B<�¯Y:��I?ÈUB?sLxþEJ>F�Ua:�LÍ?BC=Hj�L�ÀJÍ?ÈL@L>F�HÁ:Z<+ x-,/.��2ÍÁ?BH�C=W\J�K�:=<ÍF=R�¯IJb<xLÀCZJ>]eF�JY��K�UB:Z<Í<Í?BK�:SU9�G<Í:SLÍ?a<@¯Y:��\?BUÈ?ÈLxþ�ÍÅLÍC8F�:ZKb`ÜK�C=H�LÍF
�¹L�� û A8Ce]eF�U
0 C��\L>`\FiUB:=H��=WI:��=F1	tý6�À`\?aKb`E<>:�L>?B<�¯IF�<1L>`\FÀ<@F�L�C��¨:��e?BC=A4<1��ýY?a<'K�:=UÈUBF�]V:�< > : l < �T> M�=
<�C��
LÍ`\F)K�CZH�LÍF��¹L���ýK�Y^*C=A8ÿI:SLÍ?��\?BUÈ?ÈLxþ8?B<GA8Ce]eF�UBUÈFu]Â:Z<*:VJ>F�Ua:�LÍ?BC=HÁC ü F�Ji<ÍF�L><*C���UÈCeK�:SU¨AECe]eF�UB<
C��´]e? �ÛF�J>F�H�L*K�C=H�LÍF
�¹L><���m�F�L32�ý �¨F�:)<ÍF�L�C��´UBCeK�:SUIAECe]eF�UB<�C��¨LÍ`\F�K�C=H�LÍF
�¹L���ýK�=DGþ�2ý + xØë
�*F�AEFu:SH4L>`I:�L��äC=JGF ü F�J>þ 054 2 M R 0 + x ,/. ë����i`IF�<ÍF�X�W\F�HYK�F�2�xyû
2 M s�2 Q s�6�6�6
s�2�ýKs�6�6�6 ��?B<
K�:SUBUBF�]�:�: >�� 4 l�D 7 C 79<�7 D2HoA = £�B =
86:N=k���äC=Jkü���ý@þ_ý�ÿ��_��� û : >�� 4 l�D 7 C 79<�7 DEH 5K=
< l�D 7 > 8Á?B<�:4<@F�L�C��
K�C=A8ÿI:SLÍ?��\?BUÈ?ÈLxþ&<@FuXZWIF�HIK�F�<��60IC=J�?BHI<@L>:=HIK�FZR¨?BH&L>`\FEK�:=<ÍF�úhx�ü¢�s � þ�R\LÍ`IFVK�CZA8ÿI:�L>?/�\?BUB?sLxþ
JÍF�UB:SLÍ?BC=H

ü�û
2 M s�2 Q � + ? ��2 M + xØë M sGL>`\F�H72 Q + xØë Q þ � � �
?B<dL>`\FÅ<@F�A4:SH�LÍ?aK8K�C=WIHZL>F�J>ÿI:SJÍL�C��éL>`\F)�\J>?B]��=F8JÍWIUÈFj�@¢_��� û �)> M=�<;�äCZJ
:SHn9�^ <Íþe<xL>F�A
û�ü_��ý�þGýLÿ���suÀ����)�À?B<�:4K�C=A8ÿI:SLÍ?��\?BUÈ?ÈLxþÂJ>F�Ua:�L>?ÈCZH98�]eF
¯IH\Fu]�C ü F�J�<ÍF�Lb<ÀC��&��UÈCeK�:=U¼�ÀAECe]eF�UB<
C��Yü���ý@þGýLÿ��=R!A8Ce]eF�UBUB?ÈH���LÍ`IF|ËÍUÈ?BH�"e<uÌj�äC=J>A4:SUB?/+�F�]É�¹þnL>`\Fh�IJÍ?a]��=FÂJÍWIUÈFu<��¨F�UBC=H,�=?BH��_L>C
À������

IyHÂL>`\F
H\F
�¹L�L@�*C4<ÍF�K�LÍ?BC=HI<��GF
<Í`\C��ý`IC���L>C4WI<@F
9�^�<Íþe<xL>F�A4<iL>CT�äC=J>A8:=UÈ?�+�Fk�¨CSL>`
LÍ`\F_CZÿI:=X�W\F&:=HI] LÍ`\F&L>J>:=HI<ÍÿI:SJ>F�H�L4JÍFu:=]e?BH��nC��dLÍ`IF��YF�UÈ?BF��)J>F�ÿ¨C=JÍLÉËÍ9&JG�t�~�¨F�UB?ÈF ü F�<
LÍ`I:SL
LÍ`\FÁÿ\JÍFu<@?a]eF�HZL
C��iLÍ`\FÅUBCeK�:=U	�äC¹CSLK�Y:SUBU�LÍFu:SA ?B<V:&K�C=J>J>W\ÿeLÍCZJuÌ��äCZW\JVK�:=<ÍF4<xL>WI]eþ����
IyH�CZJ>]eF�J�L>C&]eCÁL>`\?a<�R���?¼�¡�GFE]\F�¯IH\FEL>`\F4<@F�L�C��GK�C=H�LÍF
��Lb<T�äF�:ZKb`w�À?ÈLÍ`�?sLb<)<@F�L)C��*UBCeK�:=U
AECe]eF�UB<N��J>F�ÿ\J>F�<ÍF�H�L>?ÈH���L>`\F ü ?BF
��<�C��iLÍ`\FÁF��\:SA8ÿ\UBF����ä?B?¼�Y�*FÁ]\F�¯IH\FÅLÍ`\Fh�\JÍ?a]��ZFÅJÍWIUÈFu<
��K�CZA8ÿI:�L>?/�\?BUB?sLxþ�J>F�Ua:�LÍ?BC=HY<u�iJ>F�ÿIJÍFu<@F�HZL>?ÈH,�8LÍ`\F���:=KPL�LÍ`I:SL�L>`\FEK�C=A8ÿ\WeL>F�J�ÿ\JÍC�=Jb:SA A8:�þ
ÿYF�J��äCZJÍA�:SH�C=ÿI:ZX�W\F�CZJd:ÅLÍJb:SHI<ÍÿI:SJ>F�H�L�J>F�:Z]e?BH��ÁC��'LÍ`\FT�¨F�UB?ÈF
�éC��*9_J��;�0:=<�JÍF�ÿYCZJ@L>F�]
��þÂ9&J��JÀ3�

:  ì$¨-¬\ì�ð�ì�ò*ø\î@ò�;¿§�¨�ñ	©´îyø=ú

0\C=UBUBC��À?ÈH���� � � R,�GFk¯IJb<@L�?ÈH�L>JÍCe]eWIK�F)LÍ`IF�K�Ua:=<><�C��!Ua:SH,�=WI:��=F�<��äCZJ�L>`\F
ÿ\J>C��ZJ>:=A%� < ü ?ÈF���<
�
m�F�L�	r�YF�:�¯YJ><@L�C=Jb]eF�JÀUa:SH,�=WI:��=F)K�CZHZLb:S?BH\?BH��8L@�*CÅK�C=HI<@L>:=H�L><&� :SHI]j½ ��9_J��J� :=HI]
9&J���½/J>F�<ÍÿYFuKPL>? ü F�UBþ���Re:
W\HI:=JÍþ8ÿ\J>F�]\?BK�:�LÍFk�&<'='=h�äLÍC��YF�:VK�C=J>JÍWIÿeLÍCZJN��RZ:SHY]Á:�]\F�¯IH\?ÈLÍF
]eF�<>K�J>?Èÿ\LÍ?BC=H*>
?A@j�äLÍ`\F4ÿIJÍFu<@?a]eF�H�L)C��*LÍ`\F4UBCeK�:=U��äC¹C=LK�I:=UÈU'L>F�:=A)���$m�F�L�ú%B)xzüG�YsuÀ)þ)�¨F
LÍ`\F�<ÍF�L�C��YL>`\F�:��=F�H�Lb<
��HI:=A8F�<'?BH8LÍ`\F�<ÍK�F�HI:=JÍ?BCIR�:SHY]�úTxÏúDCB L>`\F�<ÍF�L�C��6¯IH\?ÈLÍF��äÿ¨CZ<><@?��\UBF
F�A8ÿeLxþ���<ÍF�X�W\F�HIK�Fu<
C���F�UBF�A8F�H�L><V?BH¤ú%B��!m�F�L Ù 4 ú�]eF�H\CSL>FÅL>`\FÂF�A8ÿeLxþç<@FuXZWIF�HIK�F�� û
� B < D 7%E�7L=�×Ï< l 8�Á B,l Á�=k��9GF UB:=H��=WI:��=F_�'?a<À]eF�¯IHIF�]�:=<i:8K�Ua:=<><GC���¯YJ><@LGCZJ>]\F�JiUB:=H��=WY:��=Fu<
ü)	 ý þ ýLÿ�� R��À`IF�J>F

��?¼��	��H	 ý �äC=JÀFu:=Kb`�� 4 ú,�
IGß�tG¼�wytizx��tGp�~�z@��zxq�~up8~���g��> �iY�a~�v*Ä=tuf¹pZq�zxtiÄZtbwy¾>vxq��=zxqs~�p�wbÆ



ε

A B

B AB BA BA A

Rup

Rdn

Rup

Rdn

Rup
Rdn

ä�å�æ º�J\º �!�Zt�åE� wk|=wkzxtb�

�ä?B?¼�o�äC=JdF ü F�J>þÜ:��=F�HZL�HI:SA8FLK 4 úMBZR¨? ��ë 4 	 ýON LÍ`\F�H_L>`\F
L>F�J>A Ëuë6Ì)�¨F�UBC=H���<�L>C	tý��L�À`\F�J>F*Ëuë6ÌE?B<ÀLÍ`\FjËÍHI:SA8F�ÌVC���LÍ`IF'�äC=J>A�W\Ua:)ë6���
�ä?B?B?¼�o�äC=J�F ü F�JÍþd:��ZF�H�L�HI:SA8F�K 4 úMB=R�À�P'QSR!:SHI]kÀ�P)QUTR :=JÍF'W\HY:SJ>þ�ÿ\J>F�]e?aK�:SLÍF�<Íþ¹A��¨C=Ua<

C��3	 ý �L�À`\F�J>F�À�P)QSR)?B<�LÍ`\FVÿ\J>F�]e?aK�:SLÍF�WY<@Fu]j�¹þ��*LÍCÂA8F�:SHêËVKÁLÍC=Ua]_A8F�LÍ`I:SL
�/�/��� � Ì4:SHY]hÀ�P)QUTR ?a<GLÍ`\F)ÿ\J>F�]\?BK�:�LÍF�WI<ÍF�]h�¹þW�'L>C8AEFu:SHrË�I��*CZW\Ua]ÁF
�¹ÿIJÍFu<Í<XK6� <
�¨F�UB?ÈF
��<�:=<k�/�/��� � Ì����

��F
<>:�þ8LÍ`I:SL�:SHÜ?ÈHY]eF��W� 4 úÅ?B<TËK�=J>F�:�L>F�J*LÍ`I:=H,Ì8:SHÜ?ÈHY]eF��ZY 4 ú4? �':SHY]ÁCZH\UÈþÁ? ��Y8?a<À:
<xL>JÍ?aKPL�ÿ\J>F�¯,�ÁC��[�O�ä?2� F�-�!xHY]\)�äCZJ�<@CZA8FA\9^x Ù ���

_a`Ub ced-f�g*hjiUk
lmk
n[oqpLrsh 2 kStvuHwZk
t�xzy 8|{ u�}�t)~]g*}
�i`\F'�äC=J>A4:SU�<Íþe<xL>F�A :=UÈUBC��À?BH����äC=JÀL>`\F
C=ÿY:=X�W\F�JÍFu:=]e?BH��8?BH&C=W\J�K�:=<ÍF
<xL>WI]eþÁ?a<�]\F�¯IH\Fu]
:=<��äC=UBUBC���<
�
� ~��snek
t�k
d�n�b�`�� 8EC=ÿI:ZXZWIF�<@þe<@LÍF�A¿½���x û�ü���ý@þ_ý�ÿ��sKÀ����'�¡7 A¡l 8%�É÷ A�H_A�D = ��A�B : �
D9�,l�D��
� ú B l 86M�ú l 5K= D9� = A = DLA M�=U��8;=uM l�CN> F�=M�
� ?�> 5�=
F�=�5 H ��ý 4 ü_��ý@þGýLÿ�� �� 	tý�7 A¡D9� =¡< l 8�Á B,l Á= >�? 798;M�=uø&��798 D9� =Y:
< l_ANA¡>�? �zEÂ< l 8�Á B,l Á= A M=
�t86=NM l�CN> F�=M�

� ����: > 8 D�l 798 AkD�� = ?�> 5 ��B < l = � À�P'QS�!��Ëv>U?�xÖ�'Ì��é�À�P'QS�!��ËuÀ�P'QS�$�
Ëv>U?�xÊ½ Ì��@Ì��Né
À�P'QS�!��ËuÀ�P'QS�$�
Ëu�&<'='=���>U?Y�@Ì��@Ì��v���ý�x���é ?�> 5 l 8 H ��^x Ù ��  ý 7 AOD9� = A = D�>@? 798 ? =
5K=�8;:N=O5 B <�= A->�?���l�DEB 5 l <���=NM B : D 7 > 8 ?�> 5e�t5 AND	> 5uM�=
5O< > Á�7L: A
46< B�AYl)A
>�B 86M l 8;Mo: >�� 46</= D = A = D�>�? 5 B </= A	?�> 5�= £�B,l <�7 DEH �� D9� = A = D À�� � : > 8 D�l 798 A é ?�> 5 l 8 H 798;M�=uø���K 4 ú,é D9� = C 5�7LM
Á�=�5 B </= Ak>�?kD9� = ?�> 5 �L�

��Ko�ë
����À�P'QSR��
Ëuë6Ì� �����

����À�P'Q R ��ËNëJÌ��
��K3�ë ���v�

× � =
5K=������|7 A�l 446<�7L: l�C </= > 8J< H 7 ? ë�7 A�l :�< >_A =NM ?�> 5 ��B < l�l 86MÂ8 >T?�> 5 ��B < lÉD�� =
465K= � 7 AuA ��K)��ë|M=^4,=
86M AYB 4 > 8 ��l�A 798;M�=uøTÁ�5K= l�D =
5 D9�,l 8����



01?��=WIJÍF � ]eF�ÿI?BK�L><éLÍ`\Fd9&W\UÈLÍ?ä^*C=H�LÍF
��LÀ:SJbKb`\?ÈLÍFuKPLÍWIJÍF�C���½��T�¹K�?BJ>K�UÈFu<*K�C=J>JÍFu<@ÿ¨C=HI]VL>C
K�C=H�L>F��¹L><�:SHI]�UB:��YF�UÈFu]�:=JÍJ>C���<´L>CO�\J>?B]��=FGJÍW\UBF�<�:SA8CZH���K�C=H�LÍF
��Lb<
�S^*C=H�L>F��¹L Ù J>F�ÿ\J>F�<ÍF�H�Lb<
LÍ`\F ü ?BF
� C��¨LÍ`\FÀÿIJÍC�=Jb:SA ?ÈL><ÍF�U/�xR��À`\?BUÈF�F�:=Kb`8K�CZH�LÍF��¹L���K)J>F�ÿ\J>F�<ÍF�H�Lb<�LÍ`\F ü ?BF
� C��´:��ZF�H�LK)�äJ>C=A L>`\F)ÿYCZ?ÈH�L�C�� ü ?ÈF����N�

01?��=WIJÍF7�ç<Í`\C���<ELÍ`\F_9_W\UsL>?N^*CZH�LÍF��¹LÁÿIJÍC¹C��xR'J>F�ÿ¨C=JÍLÍFu] ?ÈH :���:SLÍW\Jb:SU&(�F�]\WIKPL>?ÈCZH
<xLxþ¹UBF=R�C��¨LÍ`IF��äC=J>A�W\Ua:'À�P'Q � �
ËKÀ�P)Q � ��ËN�&<'=)=��2½ �@Ì��Ì�!?BHELÍ`\F�K�C=H�LÍF
�¹L Ù C��$½�� <xLb:SJÍLÍ?BH��
�äJÍCZA LÍ`\F'�äCZJÍAVW\UBF�:E?ÈHG � �J(�Fu]eWIKPL>?ÈCZH�UÈCeK�:=UÛLÍC4:8K�CZHZL>F��¹L���?a<À<@WIJÍJ>C=W\HY]eF�]h�¹þÁ:��YC_�

�� V¡"¢-£¥¤
�� V¡"¦D£¥¤
§O¨�©�ªW«�¬«M¬ ® ¯
°�±

�� V¡"¢j£¥¤
�� V¡"¦]£²¤U³a´�µ�µ�£O§O¨s¬S«M¬«M¬ ® ¯
°�±�� V¡¶¦D£¥¤U§O¨�©�ª�«M¬ · ¯

°�±
�� V¡"¦]£¥¤U³e´�µ�µ�£O§O¨�¬«M¬ · ¯

°�±§O¨7©�ª ³e´�µ�µ�£¸§O¨�¬³a´�µ�µ�£ª�¬ ¹]º'»²¼�½ ·m¾ ¯
¿¥À�� ²¡"¦]£¥¤U³e´�µ�µ�£Oª�¬«M¬ · ¯

¿¥À�� V¡"¢-£¥¤
�� V¡"¦�£²¤U³e´�µVµ�£ª�¬S«M¬«M¬ ®
ätå/æ º�ÁIº SétP��wy~�p�q�p�»�q�pÅåE�

UB:��YF�UÈFu]W�N�eDGJÍ?a]��=FdJ>W\UÈFu<ÀK�CZH\H\F�K�LGUBCeK�:=UÛ]\F�]eWIK�LÍ?BC=HI<iÿ¨F�JK�äC=J>A8F�]Â?ÈH�]e?/�¨F�JÍF�H�LÀK�C=H�LÍF
�¹L><�R
LÍ`\F�?ÈJ�ÿ\JÍF�A8?B<><@Fu<�:SHY]&K�C=HYK�UBWI<@?BC=HY<��YF�?ÈH��ÅLÍ`\FVUB:Z<xL��äCZJÍAVW\UB:=F)C��!LÍ`IFY�YC_�eFu<�:��¨C ü F):=HI]
LÍ`\F*¯IJb<@L��äCZJÍAVW\Ua:SF�?ÈH LÍ`IFj�YC_�eF�<T�¨F�UBC���L>`\F�A�R�J>F�<Íÿ¨F�KPL>? ü F�UBþ����i`\F�Ua:=<@L)�äC=J>A�W\Ua:�C��
LÍ`\F�]eF�]\WIKPL>?ÈCZH K�CZJÍJ>F�<Íÿ¨C=HI]\<
LÍC;LÍ`\FÜC=ÿI:ZX�W\FÁJ>F�:Z]e?ÈH,�_C���9_J���À3� <EJÍF�ÿYCZJ@LEC���9&JG�	�
�YF�UÈ?BF���À�P'Q � �
ËKÀ�P)Q � ��ËN�&<'=)=���>
?Y��Ì��Ì�����i`\F�J>W\UBFÃÂsÄÆÅMÇ�È 4  ý ?a<�LÍ`\F8<xLb:SHI]I:SJb]&JÍWIUÈFVC��
<@W��Y<xL>?sL>WeLÍ? ü ?sLxþÜ:SHI]�:SUBUBC���<t�äCZJiLÍ`\F)AVW\UÈLÍ? Í¹K�CZH�LÍF��¹L ü F�J><Í?BC=HÁC��1L>`\FY��T�QÅÿ\J>?BHIK�?Bÿ\UBF��

_a`É yÊdaËe~]i
kUneoÌpLrsh 2 k
tvuHwZkSt)x�Í3y {
��F'�À?BUÈU´H\C��ê�=? ü F�:�A8Ce]eF�U/1}LÍ`\F�C=J>F�LÍ?aKd:=K�K�C=W\H�LiC���CZÿI:=K�?sLxþ)�¹þÅ]eF
¯IH\?BH��ELÍ`\F�H\C=LÍ?BC=HÂC��
C=ÿI:ZXZWIFdA8Ce]eF�U;�äC=J-½��T�
� ~��snek
t�k
d�nÎÉÆ`�� �)> M�=
<X83é�:�< >_A =NM B 8;M�=
5w: > 8 D�l 798 � =
8 D é ?�> 5%½�� 7 A�l 8 C=ÿI:ZX�W\F
AECe]eF�U�7 ?	?�> 5�=
F_=
5 H 2 4 8 l 86M ?�> 5�=
F_=
5 H � 4 ú l 86M�K 4 ú B �

7 ? 2�ý + x�À�P'Q R ��ËNëJÌ�� D�� =
8�2ý¸N + xØë �
���
7 ?	?�> 5 l <9<�2�v 4 8os�2�vý �Ï2ýO7 � 46<�7L= A 2�výON + x ë�s D�� =
8W2�ý + xØÀ�P'Q R ��ËNë6Ì� �SÐ��

^*C=HI]e?ÈLÍ?BC=H%�
����<>:�þe<´LÍ`Y:�L��´?B<!:�K�C=J>J>F�KPL�C��I<ÍF�J ü F�J��¨F�K�:SWI<ÍF*?/�JÀ�P)Q R ��Ëuë6Ì���?a<!<Í:SLÍ?a<@¯IFu]
��þZ2ý�L>`\F�H*ëÜ?B<i<>:�L>?B<�¯IF�]3��þZ2ý¸N��I^*CZHI]e?ÈLÍ?BC=Hw�
Ð��*<Í:�þe<'L>`I:�LX�!?B<i:VK�C=A8ÿ\UBF�L>F�C�I<@F�J ü F�JG�
IyHI]eF�Fu]G2�ý*<Í:SLÍ?a<@¯YF�<�:=UÈU�LÍ`\FY�äC=J>A�W\Ua:SF�À�P'Q R ��Ëuë6Ì���<ÍWIKb`�LÍ`I:SL'ë;?B<d<>:�LÍ?a<�¯IF�]*�¹þ�:SUBU�LÍ`IF



AECe]eF�UB<[2�výON J>F�Ua:�L>F�]3� ü ?B:�K�C=A8ÿI:SLÍ?��\?BUÈ?ÈLxþ�JÍF�UB:SLÍ?BC=HJ�$�À?sL>`h��:�<@W,�I<@F�L1C��u�a2ý>R�Ã^Ä Å�Ä�<@WIKb`
LÍ`I:SL
ëÁ?a<��¨F�UB?BF ü Fu]T�¹þ���K¨RSL>`\F�A8F�H�Lb:SUI?BA4:��ZFÀLÍ`I:SL3��`I:=<éC���K6�m��C=LÍ?aK�F�LÍ`I:SL-�
���'?a<YË��GF�:�"=F�JuÌ
LÍ`I:=Hw�SÐ������i`\?a<���:ZKPLiJÍF�ÑIF�K�L><éLÍ`\Fd]e? �ÛF�J>F�HYK�FO�¨F�L@�GF�F�H��&�v�4:SHI]W�����\RZHY:SA8F�UBþELÍ`\F-��:=K�L
LÍ`I:SL�� ��� ?a<
:|Ë@J>F�<@LÍJ>?BK�LÍFu]�Ìo�IJÍ?a]��=F8J>W\UBF��$�i`\?a<)A8F�:=HI<dLÍ`I:SL�:SUBU'C��X�N� <'�¨F�UB?ÈF
��<)C��GLÍ`IF
�äC=J>AzÀ�P)QSR���Ëuë6Ì���:SJ>F
K�CZJÍJ>F�K�L�F ü F�H&?/�'LÍ`\F�þh�äCZUÈUBC��Ö�äJÍCZA :Z<Í<ÍW\A8ÿeL>?ÈCZHI<Y��:=HI]&H\C=L�C=HIUÈþ
LÍ`\F�C=J>F�A4<u�´?ÈH��N��IyH
CSL>`\F�J$�GC=Jb]\<�Ru^*C=HY]e?sL>?ÈCZHo�
���´<@L>:�L>F�<�LÍ`\FG<@CZW\HI]eH\Fu<Í<�C��e`¹þ¹ÿYC=LÍ`\F�LÍ?aK�:SU
JÍFu:=<ÍC=H\?BH��8:��¨C=WeL��¨F�UB?ÈF
��<À?ÈH&:=HÜCZÿI:=X�W\FdA8Ce]eF�U2���C��Ï�GF�:SJ>F�J>F�:Z]eþELÍCE<@`\C�� `IC�� Ù A8:�þ8WI<ÍF��U��*:SHI]��SÐ��'L>CVÿ¨F�JK�äC=J>A LÍ`\FdC=ÿI:ZX�W\F
JÍFu:=]e?BH��,�6m�F�L�WI<dK�CZHI<@?a]eF�J�:SH_CZÿI:=X�W\F�AECe]eF�U�8 �äCZJ¡½��)�;�i`\F
?BH\?ÈLÍ?a:SU�"¹H\C��ÀUBF�]��ZF)C��
Ù ?B< Ò µ�ÓMÔ � â�¹�ÕUÖH×�¶�º�ã

µ�ÓMÔ � â�¹2µ�ÓMÔ � â�¹�ÕUÖØ×¤´�º�ã2º�ã
µ�ÓMÔ � â�¹2µ�ÓMÔ � â�¹^¶1Ù�Ú�ÚZâSÕ
Ö�ã2º�ã2º�ã �Eï�

�i`\?B<�A8Fu:SHI<dL>`I:�L�:=H�þ_<ÍF�L
C��*UBCeK�:SU!A8Ce]eF�Ua<)C�� Ù AVWI<xL
<>:�L>?B<��äþ&LÍ`IFT�äC=J>A�W\Ua:SFE?ÈHÏ�2ï����
^*C=HI<@LÍJb:S?BH�Lo�
��Y�YF�L@�*F�F�H K�C=H�LÍF
��Lb< Ù :SHI] Ú LÍF�UÈUa<
WY<
L>`I:�L�F ü F�JÍþ�K�C=A8ÿI:SLÍ?��\?BUÈ?ÈLxþç<@F
1
XZWIF�HIK�FTûU2m�
sV2mÛksV2mÜ&sV2mÛ�Ûks�2�Û�Ü-sV2mÜeÛks�2�Ü[ÜG6�6�6 �G?a<�<ÍWIKb`ÂLÍ`I:SL�2�Ü A�WY<xL�<>:�L>?B<��äþ

À Õ
ÖØ×¤¶
µ�ÓMÔ � â�¹�Õ
ÖH×�´Éº�ã
µ�ÓMÔ � â�¹�¶1Ù�Ú�Ú=âSÕUÖ�ã2º�ã �Lè��

^*C=HI<@LÍJb:S?BH�L*�U����YF�L@�*F�F�H K�C=H�L>F��¹L>< Ú :SHY] Ú�Û L>F�UBUB<8WY<ELÍ`I:SL8F ü F�JÍþçK�CZA8ÿI:�L>?/�\?BUB?sLxþ
<@FuXZWIF�HIK�FTûU2m�
sV2mÛ'sV2�Ü-sV2mÛ�Ûks�2�Û�Ü-sV2mÜeÛks�2�Ü[Ü76�6�6 �G?a<�<ÍWIKb`ÂLÍ`I:SL�2�Ü[Û�AVWI<xL�<>:�L>?B<��äþ

À�� Õ
ÖØ×¤´
¶1Ù�Ú�Ú=âSÕ
Ö�ã ��Ý��

0\J>C=A LÍ`\Fi]eF
¯IH\?ÈLÍ?BC=H
C��IUÈCeK�:SUZ<ÍF�A4:=HZL>?BK�<1:Z<$¯YJ><@L1CZJ>]eF�J1<ÍF�A4:SH�L>?BK�<�R�F ü F�JÍþ&2�Ü[Û <>:�L>?B<�¯IFu<
:SUa<@CELÍ`IF'�äC=UBUÈC��À?BH��8K�C=HY<@FuXZWIF�HIK�FdC���L>`\F)F�X�WI:=UÈ?ÈLxþÁ:��e?BC=A4<��

À�� ¶1Ù�Ú�Ú=âL´ ã �
Þ��

01?BHI:=UÈUBþ=R\K�C=HI<@LÍJb:S?BH�L¡�SÐ����¨F�L@�GF�F�HÜK�C=H�LÍF
�¹L>< Ú :SHI] Ú�Û LÍF�UÈUa<GWI<GLÍ`Y:�LÀF ü F�J>þ8K�C=A8ÿI:SLÍ?/1
�\?ÈUB?ÈLxþ8<ÍF�X�W\F�HIK�F�û
2���s�2�Û'sV2mÜOs�2�Û�ÛYsV2�Û3ÜOs�2�Ü[ÛksV2mÜeÜ76�6�6/��?a<G<@WIKb`ÅLÍ`I:SL12�Ü A�WY<xLi<Í:SLÍ?a<@�äþ

À µ�ÓMÔ � â�¹^¶1Ù�Ú�ÚZâL´ ã2º�ã �
ß��

:SHI]nK�CZHI<@LÍJb:S?BHZL3�
Ð��'�¨F�L@�GF�F�HnK�C=H�LÍF
�¹L>< Ù :SHI] Ú L>F�UBUB<)WY<)LÍ`Y:�L
F ü F�J>þ;K�CZA8ÿI:�L>?/�\?BUB?sLxþ
<@FuXZWIF�HIK�FTûU2 � sV2 Û sV2 Ü sV2 Û�Û s�2 Û�Ü sV2 ÜeÛ s�2 Ü[Ü 6�6�6 �G?a<�<ÍWIKb`ÂLÍ`I:SL�2 � A�WY<xL�<>:�LÍ?a<��äþ

Ò µ�ÓMÔ � â�¹2µ�ÓMÔ � â�¹^¶1Ù�Ú�ÚZâL´ ã2º�ã2º�ã ��¢�(��

LÍ`I:SL�?B<�8�<Í:SLÍ?a<@¯IFu<À:SHÜC=ÿI:ZX�W\F�JÍFu:=]e?BH��EC��'9&J���Ào� <�JÍF�ÿYCZJ@LÀC��!9&JG��� �YF�UÈ?BF��@�
Q�LÍF�ÿI<T�Eï��^Í;��¢�(��:SJ>FVLÍ`\F8A8Ce]eF�U/1�L>`\F�CZJÍF�LÍ?aKVK�C=W\H�L>F�J>ÿI:SJÍL�C���LÍ`\F8ÿ\J>C¹C��éC��t¯,�ZW\J>F��\R

�À`\F�J>FéL>`\FÀ:Sÿ\ÿIUÈ?aK�:SLÍ?BC=H�C��YK�CZHI<@LÍJb:S?BHZLb<��U���:SHY]h�
Ð��1K�C=J>J>F�<ÍÿYCZHI]\<�LÍC�LÍ`\FÀ:SÿIÿ\UÈ?aK�:SLÍ?BC=HVC��



ε

A B

B AB BA BA A

Rup

Rdn

Rup

Rdn

Rup
Rdn

Tr Tr

Tr

ä�å�æ ºMà¨º �!�Zt�åE�XáÜwk|=wkzxtb�

LÍ`\F��\J>?B]��=FGJÍW\UBF�<s� �v� :=HI]�� ��� JÍFu<@ÿ¨F�K�LÍ? ü F�UÈþ�_�i`IFGÿIJÍC¹C��ILÍ`I:SL'9GF <Íþe<xL>F�A4<':SJ>F*<ÍC=WIHI]
:SHI] K�C=A8ÿ\UBF�L>Fo�À?ÈLÍ` J>F�<Íÿ¨F�KPL�LÍC_L>`\F�K�Ua:=<><
C���CZÿI:=X�W\FÁAECe]eF�UB<V?a<V:�<xL>J>:=?/�Z`ZLK�äC=Ju�G:=J>]
�=F�HIF�Jb:SUB?/+u:�LÍ?BC=H;C��éL>`\F4<@CZW\HI]eHIF�<><):SHI]�K�CZAEÿIUÈF�LÍF�HIF�<><�L>`\F�CZJÍF�A«�äC=JdL>`\F4<@?BH��=UBF4:��ZF�H�L
K�:=<ÍF�?ÈHÉ�/Ý � �

â  ì$¨-¬\ì�ð�ì�ò*ø\î@ò�; ø�¬\ñ'ò�ð�¨�ñ�¬\ì1òO©¨ú

��F�:SJ>F�?BHZL>F�J>F�<@LÍFu]4?ÈHÁAECe]eF�UÈUB?BH����¨CSL>`ÅLÍ`IF�C=ÿY:=X�W\F�:=HI]8L>`\F�L>J>:=HI<@ÿY:SJ>F�H�LéJ>F�:=]\?ÈH���<�?BH
:Å<@?BH��ZUÈF�<Íþe<xL>F�A*�J�i`IF�J>F��äC=J>F=R,�*FY�IW\?ÈUa]_:T�äCZJÍA4:=UÈ?�+�:SLÍ?BC=H�C��!LÍJb:SHY<@ÿI:=JÍF�H�LiJ>F�:Z]e?BH��Z<ÀCZH
LÍC=ÿÂC���L>`\F-�äC=J>A8:=UÈ?�+�:SLÍ?BC=HÅC���C=ÿY:=X�W\F�J>F�:Z]e?BH��Z<�RZC�eL>:=?ÈHI?ÈH��E:Y�äCZJÍA4:=U¨<Íþe<xL>F�A ?BHo�À`\?aKb`
�YC=LÍ`ÜLÍ`\F)J>F�:Z]e?BH��Z<i:SJ>F�ÿYC�<Í<Í?��\UÈF�

ãÆ`Ub ced-f�g*hjiUk
lmk
n[o9ä�f'h-ne}�r[hjf'~]n 2 u�wZkSt)xzy 8|{ u�}�t�~]g*}
�i`\Fo�äCZJÍA4:=UG<Íþe<xL>F�A :SUBUÈC��À?BH��w�äC=J��YC=LÍ` J>F�:Z]e?BH��Z<�?ÈH C=W\J8K�:Z<@FÜ<xL>WI]eþç?a<E]\F�¯IH\Fu] :Z<
�äC=UBUÈC���<��

� ~��snek
t�k
d�nzå�`�� LÍJb:SHY<@ÿI:=JÍF�H�L*<@þe<@LÍF�Az½�� ñ xyû�ü���ý@þ_ý�ÿ���sKÀ������¡7 Akl 8 > 4 l�£
B = A�H_A �
D = � : > 8 D^l 798,798�Á�é ?�> 5 l 8 H ��K 4 ú�é D�� = l MM�7 D 7 > 8 l < C 5�7LM
Á�=�5 B </= AM�

��K)�ë
�t�J�SæoxÎç$�1èrÀ�P'Q�éR �
Ëuë!� æJ�$ç � Ì��&ê =)ë

��K3�ë
���,�Sìr{�í�XèrÀ�P'Q�éR �
Ëuë!� ì��'í � Ì� ê =)î

× � =
5K= ê = ë � ê =)î � 7 A�l 4�46< 7L: lC <�= > 8J< H 7 ?wCN>�D9� ë l 8;MGæ�xïç � ì°{ðí � l 5K=Â:�< >�A =uM
?�> 5 ��B < l =�é l 8;MÉ8 >3?�> 5 ��B < lÂD�� =�4;5K= � 7 ANA ��Kê��ëpM=^4,=
86M AjB 4 > 8 �,l_A 7986M=Kø�Á�5u= l�D =
5
D9�,l 8W���



01?��=WIJÍF�Ð�]eF�ÿ\?BK�L><1LÍ`IFG9&WIUsL>?N^*CZHZL>F��¹L':SJbKb`\?sL>F�K�LÍW\J>F�C��¨97F ñ ��HICSLÍ?aK�F*LÍ`Y:�L��*FG:=]\]eFu]
:SJ>JÍC���<GK�CZJÍJ>F�<ÍÿYCZHI]e?BH��VLÍCELÍ`\F ê =��\J>?B]��=F�JÍWIUÈFu<
�

Q�L>:=J@L>?ÈH��-�äJ>C=Añ���PR��¨CSL>`ELÍ`\Fiÿ\J>C¹C���<�C��J¯,�=W\J>Fò��:=HI]VC��,¯J�=W\J>F&ï�K�:SH��YFiÿ¨F�JK�äC=J>AEFu]
?ÈHÁ9GF ñ ���i`\F�UB:Z<xL��äCZJÍAVW\Ua:)C��ÛLÍ`IF�<ÍF�K�CZHI]8ÿ\J>C¹C���K�CZJÍJ>F�<ÍÿYCZHI]\<�L>C�C=HIF�C��ÛLÍ`IF�ÿ¨CZ<><@?��\UBF
LÍJb:SHI<ÍÿI:SJ>F�H�LÜJÍFu:=]e?BH��Z<ÂC���LÍ`\FnWeLÍLÍF�Jb:SHYK�FÂÀ�P'Q � ��ËKÀ�P'Q � ��ËN�&<'='=���>U?Y�@Ì��Ì�ÂL>`I:�L Ù K�:=H
ÿYF�J��äCZJÍA*�

ó�ôMõ¸ö�÷vø�ó�ô%õ¸ùÆ÷%ø�ú�ûMü�ü�÷ý
þòÿ��'ÿ��'ÿ � ��� �ó�ô%õOù ÷%ø�ú�ûMü�ü�÷Sý
þòÿ��'ÿ � �	� �ú�ûMü�ü�÷ý
þòÿ ��
 � ü� ó�ôMõ¸ö�÷vø�ý
þ���ú��'ÿ � ��� �ý
þ���ú��9ó�ôMõ��ù ÷%ø�ú�û�üMü�÷
úXÿ��'ÿ ý
þ���úó�ô%õ �ù ÷vø�ú�û�ü�ü�÷SúXÿ��'ÿ ���
� � ���ó�ôMõ ö ÷%ø�ó�ôMõ�� ù ÷%ø�ú�û�ü�ü$÷
úXÿ��'ÿ��'ÿ �

ä�å�æ º��Iº S*tb��wy~upZq�p�»�q�pÅåE�1á

ãÆ`É yÊdaËe~]i
kUneo ä3f�hjn[}�r[hDf�~]n 2 u�wZkSt�xzÍ�y {
� ~��snek
t�k
d�n�_a`�� 8 > 4 l£�B = �)> M=�<D8 ?�> 5�½�� ñ 7 AOl L>J>:=HI<@ÿY:SJ>F�H�L�A8Ce]eF�U�7 ?$?�> 5-=
F_=
5 H2 4 8 l 86M ?�> 5�=�F�=
5 H � 4 ú l 86M�K 4 ú B �

7 ?	?�> 5 l <9<�2v 4 8os�2�vý �H2�ý*7 � 46< 7L= A 2vý¸N + xØë�s D�� =
82ý + x æoxÎçr7 � 46< 7L= A 2ý + xØÀ�P'Q éR �
Ëuë!� æJ�$ç � Ì�� ��¢�¢_�
7 ?	?�> 5 l <9<�2�v 4 8os�2vý �Ï2 ý 7 � 46<�7L= A 2�výON + x ë�s D9� =�82 ý + x ì¥{zí�7 � 46< 7L= A 2 ý + xØÀ�P'Q éR �
Ëuë!� ì��'í � Ì� ��¢ � �

�@¢�¢_�4A8F�:=HI<ÂLÍ`I:SLÜ?/�Të ?B<%�¨F�UB?ÈF ü F�]ê�¹þz��K¨R�Ã2ÄÆÅ�Ä��¨F�UBC=H,�Z<ÁLÍC LÍ`\FnA8F�H�L>:=U�?ÈA4:��ZF
LÍ`I:SL&�À`Y:=<dC��XKYR¨L>`\F�Hq��?a<d:��\UBF�L>CÜÿ¨F�JK�äC=J>A :ÁLÍJb:SHI<ÍÿI:SJ>F�H�LdJÍFu:=]e?BH��ÁC��éL>`\F��äC=J>A�W\Ua:
À�P'QSR���ËNë6Ì��CZH�L>`\F3�I:Z<@?a<�C��iL>`\FÅF�X�WI:=UÈ?ÈLxþ9æ�x ç����@¢ � �d`I:Z<
:SHç:=HI:SUBC��ZC=WI<�A8F�:=H\?BH��
WI<@?BH��8F�X�W\? ü :SUBF�H�L��äC=J>A�WIUB:=F�?BHI<@LÍF�:Z]ÜC���L>F�J>A4<
�

��Fd<@`\C�� `\C�� �@¢¢G�é:SUBUÈC���<!L>`\F�ÿIJÍC�=Jb:SA L>C�?BHZL>F�J>ÿ\J>F�L*9&JG�Ào� <*J>F�ÿ¨C=JÍLéC���9&JG����� <
�YF�UÈ?BF����&<'='=���>U?Y�*WI<Í?ÈH���?sLb<�C��ÀHT�YF�UÈ?BF��[>U? xê�ER�?BHI<xL>F�:Z]8C��´WI<Í?ÈH��Y��� <t�YF�UÈ?BF��[>U?�xÒ½p�
m�F�L�WI<�K�C=HI<Í?a]eF�J�:EL>J>:=HI<ÍÿI:SJ>F�H�L�A8Ce]eF�U�8Ø�äCZJ-½�� ñ �6Q¹?BHIK�FV:SH¹þÁLÍJb:SHI<ÍÿI:SJ>F�H�L�A8Ce]eF�U
?B<Ü:SUa<@C :SH CZÿI:=X�W\F_A8Ce]eF�U�R��*F�C��eLb:S?BH���Ý��)�äJ>C=A �Eï�Å:=<Â?BH LÍ`\F�ÿ\J>F ü ?ÈCZWI<Á<ÍF�K�LÍ?BC=H$�
^*C=HI<@LÍJb:S?BH�L-�@¢¢G�	�¨F�L@�GF�F�HÁK�CZH�LÍF��¹Lb< Ú :SHI] Ú�Û R��À`\F�JÍF'ëÜ?B<��&<'=)=���>
?Y��R\L>F�UBUB<*WI<éLÍ`I:SL
F ü F�JÍþ K�C=A8ÿI:SLÍ?��\?BUÈ?ÈLxþ <ÍF�X�W\F�HIK�FÉû
2���s�2�Ûks�2�ÜOsV2�Û3ÛksV2mÛ�ÜOs�2�Ü[ÛksV2mÜeÜ96�6�6 �8?a<Å<ÍWIKb` LÍ`I:SL2�Ü A�WY<xL�<>:�L>?B<��äþ

À âSÕUÖØ×�¶Àã���µ�ÓMÔ T� â�¹�¶1Ù�Ú�ÚZâL¶Àã2º�ã ��¢����



0\J>C=A L>`\F%��:=KPL4L>`I:�L4F ü F�J>þ*2! <>:�L>?B<�¯IFu<W>
? xî� :=HI]¤�äJÍCZA <@CZW\HI]eHIF�<><8C���A8Ce]eWI<
ÿYCZH\F�HI<�?ÈHÜUÈCeK�:SU´A8Ce]eF�Ua<�<ÍF�A4:SH�LÍ?aK�<k�/Ý � R��GFdC�eL>:=?ÈH

À µ�ÓMÔ T� â�¹^¶1Ù�Ú�ÚZâL¶Àã2º�ã ��¢�Ð��

01?BHI:=UÈUBþ=R\WY<@?BH��4K�CZHI<xL>J>:=?ÈH�Lk�SÐ��i:=<��äJ>C=A°�UÞ�*LÍC���¢�(��PR��GFdC�eL>:=?ÈH

Ò µ�ÓMÔ � â�¹2µ�ÓMÔ T� â�¹^¶1Ù�Ú�ÚZâL¶Àã2º�ã2º�ã ��¢Gï�

�À`\?BKb`ÜK�CZJÍJ>F�<ÍÿYCZHI]\<éLÍCVLÍ`\FdL>J>:=HI<@ÿY:SJ>F�H�L*J>F�:Z]e?ÈH,�VC��19&JG��Ào� <iJ>F�ÿ¨C=JÍLiC��19&JG���Ö�YF�UÈ?BF��@�
Q�LÍF�ÿI<h��¢����2Í;��¢Gï��:SJ>F4LÍ`\FÂA8C¹]\F�U/1�L>`\F�CZJÍF�LÍ?aKÁK�CZW\H�LÍF�JÍÿI:=J@L
C��ÀLÍ`\FÜ<Í:=UÈ?BF�H�LV<@LÍF�ÿI<VC��

LÍ`\F
ÿIJÍC¹C���?ÈH*¯J�=W\J>FYïeR��À`\F�JÍF
:=ÿ\ÿ\UB?BK�:�L>?ÈCZHI<iC���K�CZHI<@LÍJb:S?BHZLY��¢�¢G�iK�C=J>JÍFu<@ÿ¨C=HY]4LÍCÅ:=ÿ\ÿ\UB? 1
K�:�L>?ÈCZHI<�C��6�\JÍ?a]��ZF*J>W\UBF ê = ë ���i`\Fiÿ\J>C�C��\LÍ`Y:�L�97F ñ <Íþe<xL>F�A4<!:SJ>FG<ÍC=WIHI]�:=HI]VK�C=A8ÿ\UBF�L>F
�À?sL>`ÁJ>F�<ÍÿYFuKPLéL>C)LÍ`IFdK�UB:Z<Í<éC��´LÍJb:SHY<@ÿI:=JÍF�H�LéA8C¹]\F�Ua<*K�:SH)�¨FdK�C=HI<@LÍJ>WIKPL>F�]T�äCZUÈUBC��À?BH��)LÍ`IF
AEF�LÍ`\Ce]eCZUÈC�=þÁ<Í`\C��GF�]Á?ÈHÉ�/Ý � �
" ó�®*òO©´í@ö�ð¹î@®éò�ð

�i`\FÁ<Í?ÈA8ÿ\UBFÁK�:Z<@F4<@LÍWI]\þ��GF4`I: ü FT�äCZJÍA4:=UÈ?�+�Fu]�?BHnLÍ`I?B<�ÿI:Sÿ¨F�J
?a<
K�UÈFu:SJ>UÈþ�:SHn?ÈHY<xLb:SHIK�F
C���:�A�WIKb`nA8C=J>F)�=F�H\F�Jb:SU'ÿI`\F�H\CZA8F�H\CZH�R�ÿ¨CSL>F�H�LÍ?a:SUBUÈþ�K�CZHIK�F�JÍH\?BH��&:SH¹þ��YF�UÈ?BF���J>F�ÿ¨C=JÍL
�À`\F�J>F�<ÍC=A8F;J>F��äF�JÍF�HIK�F�?B<ÂA4:=]eF�LÍC <@CZA8F;?BHI]e? ü ?a]eWI:=UE����F�:=JK�ZW\F�] L>`I:�L&: ÿIJÍCZÿYF�J
LÍJ>F�:�L>A8F�H�L�C��'LÍ`\?a<�ÿI`\F�H\CZA8F�H\CZH_]eC¹F�<�H\CSLd?ÈH ü CZU ü F
:)�äCZJÍA4:SUB?�+�:�L>?ÈCZH�C��'LÍ`IF%M�=)5K=$# M�=
M�7L: D^> ]e?B<@LÍ?BHIK�LÍ?BC=H�R��\WeLÁJb:�L>`\F�JÁ:É�äC=J>A8:=UÈ?�+�:SLÍ?BC=H C���L@�GCçÿYC�<Í<Í?/�IUÈF_:SL@LÍ?ÈLÍWY]eF�<ÁC=H LÍ`IF
JÍF�ÿYCZJ@L>F�J'<@?a]eF*LÍC��i:SJb]\<�:SH\C=LÍ`\F�J!:��=F�HZLG� <!�¨F�UB?ÈF
��<
��IyH�L>`\FiC=ÿI:ZXZWIF*J>F�:Z]e?ÈH,�IRuLÍ`\FiJ>F�ÿ¨C=JÍLÍF�J
?B<�:=<><ÍW\A8F�] L>Cw#xWI<@L £�B,>�D =Ü:=H\CSL>`\F�J�:��ZF�H�L�� <o�¨F�UB?BF���<�R��À`IF�J>F�:=<Â?BH LÍ`IF�L>J>:=HI<ÍÿI:SJ>F�H�L
JÍFu:=]e?BH���LÍ`IFÅJÍF�ÿYCZJ@L>F�J
?a<�:Z<Í<ÍW\A8F�]�L>C D 5 l 8 A < l�D =
:SHICSLÍ`IF�J�:��=F�H�LG� <k�¨F�UB?BF���<V?ÈHç`\?a<�Ñ�`\F�J
C��ÀH)�*CZJ>]\<�� û <*:VK�CZHI<@FuX�W\F�HIK�F=R=LÍ`\F%ËÍ<>:SA8F�Ì)]\F�¯IH\?ÈLÍF�]eFu<ÍK�JÍ?BÿeLÍ?BC=H4?BHÅL>`\F&¯YJ><@LGK�:=<ÍF�?B<
AEFu:SH�L�L>CO�¨FéWI<ÍF�]
?ÈH)L>`\Fi<@F�HI<@FéC��eLÍ`IF*:��ZF�H�L��À`\C�<@F��YF�UÈ?BF��Y?B<�JÍF�ÿYCZJ@L>F�]´RG�À`\F�J>F�:Z<´?BH
LÍ`IF
<@FuK�C=HY]ÜK�:=<ÍF)?B<�A8F�:SH�L�L>C3�¨F
WI<ÍF�]�?BH�LÍ`\F�<ÍF�HY<@F
C��!LÍ`\F
J>F�ÿ¨C=JÍLÍF�J����i`I?B<�ÿ\`\F�HIC=A8F�H\CZH
?B<h�=? ü F�H :��=F�HIF�Jb:SU���:SHI] X�W\?ÈLÍF�HI:�L>W\Jb:SU9���äC=J>A4:SUB?/+u:�LÍ?BC=Hr�¹þ F��eÿ\UBC=?ÈLÍ?BH��çL>`\F;AVW\UsL>? 1
UB:=H��=WI:��=F-�äF�:SLÍW\J>F�<iC��!9�^ <@þe<@LÍF�A8<��

�i`\FÁ9�^ :SÿIÿ\JÍC�:=Kb`;LÍC��¨F�UB?ÈF
��K�CZHZL>F��¹L><
ÿ\JÍFu<@WIÿ\ÿYC�<@Fu<
:&]eF�F�ÿ Kb`I:=H��=F4?BHnLÍ`\FÂ:�L�1
LÍ?ÈLÍWI]eFEL>C��G:=J>]ÜL>`\FVÿIJÍC�\UÈF�A C����äCZJÍA4:SUB?�+�?BH��3�¨F�UB?ÈF
��<)��:SHY]_J>F�:=<ÍC=HI?ÈH��Å:��YCZWeL'�YF�UÈ?BF���<N���
IyHI]eF�Fu]´R\?ÈL�JÍFuX�W\?ÈJ>F�<GL>CEL>:�"ZF)<@F�JÍ?BC=WI<ÍUBþ4?ÈH�LÍCÅ:ZK�K�C=W\H�LiLÍ`\F'��:ZKPLÀL>`I:�L�UBC��Z?BK�:SUÛUB:=H��=WY:��=Fu<
K�:SH¤�YFÂWI<@Fu]çL>C l_A :
5�7 C = C =
<�7L= ?uA%D�>�l Á�=�8 DLA R':SHI] H\CSL-#xWI<xLVLÍCn]eF�<>K�J>?��YF4L>`\F�?BJ��YF�UÈ?BF���<
�äJÍCZA L>`\F�ÿ¨C=?BH�L�C�� ü ?BF
�ÇC���:SH&F
�¹LÍF�J>HI:=U���:=HI]hÍÂ?BH��=F�H\F�Jb:SU ÍÂC=A8H\?a<ÍK�?ÈF�H�LN�iC�I<@F�J ü F�JG�
�i`\FÀÿ\J>C=ÿ¨F�JÍLÍ?BF�<!C��ÛUBC¹K�:SUB?sLxþV:SHI]8K�CZA8ÿI:�L>?/�\?BUB?sLxþE:SJ>FGA8C=LÍ? ü :SLÍFu]��¹þ)L>`\?a<éKb`I:=H��=FGC��ÛÿYF�J�1
<@ÿ¨F�K�LÍ? ü F=Re<Í?ÈHYK�F�LÍ`\F�þÁ:SUBUÈC�� WY<*HICSLGLÍCE`I:SJb]��À?BJÍF�?ÈHÁLÍ`\F�UBC��=?aK�:Z<Í<ÍW\A8ÿeL>?ÈCZHI<��À`\?BKb`Ü:SJ>F
?ÈA8ÿ\Ua:SWI<Í?��\UÈFO�äC=JG:SHÁ:Z]eF�X�WI:SLÍF�UBC��Z?BKiC��$�YF�UÈ?BF���<���0IC=JG?ÈHY<xLb:SHIK�F=R��GF�]eCVH\CSLi:=<><@WIAEF�LÍ`I:SL
LÍ`\FÉË><Í:=AEFGÌÅUB?ÈH,�=W\?a<xL>?BKEL>C�"ZF�H;A8Fu:SHI<dL>`\FÅ<Í:=A8FVL>`\?BH��%�äC=J
]e?/�¨F�JÍF�H�L):��=F�HZLb<�RÛCZJ�LÍ`I:SL
:SH :��ZF�H�L8K�:SH :SU��i:�þ¹<EW\HY]eF�Jb<xLb:SHI]¥�À`I:SLÁ:SH\C=LÍ`\F�J8:��=F�HZL4A8F�:=H�L4LÍCçK�CZAEAVW\H\?aK�:SLÍF��
9&?B<ÍW\HI]\F�Jb<xLb:SHI]e?BH���<�`I:=ÿ\ÿYF�HÂ:=UÈU¨C��NL>F�HÁ?BHÁF ü F�JÍþ8]\:�þ8K�C=H ü F�Jb<Í:SLÍ?BC=H�R=:=HI]Á:=HÁ:=]\F�X�WI:�L>F
�äC=J>A8:=UÈ?�+�:SLÍ?BC=HnA�WY<xL�F
�eÿ\UB:=?ÈHç`IC�� L>`\F�þn:SJ>FÅÿ¨CZ<><@?��\UBF�����F3�¨F�UB?BF ü FÅLÍ`I:SLVC=WIJ
H\CSL>?ÈCZH
C�� ü ?BF
��<À:Z<�K�CZH�LÍF��¹Lb<À:SJ>F�:8K�C=H�LÍJ>?/�IWeLÍ?BC=HÂLÍC��i:SJb]Â<ÍWIKb`�:SH�F��eÿ\Ua:SHY:�LÍ?BC=H�R\:SHI]ÁLÍ`I:SL�?ÈL
K�:SH8L>`\J>C�� :)HIF
� UÈ?��=`�LéCZH4<@CZAEF�C��ÛLÍ`\F�AEC�<xLG]e? .ÅK�W\UsLGÿ\W�+�+�UBF�<�?BHT�äC=J>A4:SUB?/+�?ÈH,�k�YF�UÈ?BF���<
�2Å�Ä Ó6Ä¹CZA8H\?B<>K�?BF�HYK�F=R���:=?ÈUBW\J>FdC��1<ÍW��I<@LÍ?ÈLÍWeL>? ü ?ÈLxþ=R\UB?ÈA8?ÈL>:SLÍ?BC=HI<iC���JÍFu:=<ÍC=H\?BH��EK�:SÿY:��\?BUÈ?ÈLÍ?BF�<N���



 ì�ï>ì�¬\ì�òO©Ûì1ð

�uÆ�l�ÆZ��~upZ~u�)qNÆ&%'Ù�ÑÍÎZØNÌ�Z)ÑÍÎ�ØLWuÐ ÌaÆ�h��Ûj=��»�»uqs��zx~�vxtu�Û�%���u�SÆ
ãSÆ�l�Æ�æ�qs�
��zyzxq¨��p¹Ä('�ÆejSt>v@�
f�p�qNÆ1åE¼��{zxq{��l*»�tbp�z�SétP��wy~up�q�pZ»dÉ�q{zx�4��tb��q�t>��æ�~up�zxt>¿SzxwN¸=zx��tÀlé�Z�
�=vx~���¾Í����p�Äd�iæ!��wytéjSzx¼�Ä=|�Æ�h�p�åÂÆ�ß�~�~��sÄ=vxqsÄZ»�t'��p�ÄO·�Æ�S�Æ�)utbpZp�q�p�»�wb�utbÄZq{zx~�vxwb�+*@Î�Ø�Ñ>ÐaÐ Ì¶#�ÑÍÎ�Ø
, #�ÑÍÎ�ØNÔ.-0/!ËyÒPÏ@ÑxÑyÝ�ÌaÎ$#�ÔGÒkÓ214353�687EÒ�Ë$9�Ô;:ZÒÍÊÁÒ�Î , #�ÑÍÎZØ�<=:ZÑxÒ�ËÍÌ�ÑÍÔ?> , ËyÏ@:SÌaØ�ÑyÏ>ØNÕSËxÑÍÔ?>�W�Î¹Ýò!6W�Î�×#�ÕW%#�ÑÍÔx��p=¼Z�d�et>v'�)�u��q�pA'Ytb¾>zx¼=vxt�·G~�zxtbw�qsp8æ�~u�)�Z¼Zzxt>v*jS¾bq�tbp�¾bt��¹�¹��»utbw�B��ÍmS�u�SÆIjS�Zvxq�p�»�t>v
��t>vx�s��»=�Y�v�)�u�SÆ�l*��wy~�h2SGjZ�����¨t>¾Í�Zp�q�¾P���,Sétb�e~�vyz3���=��ãP���=�u�¹h2SGjZ�G�Z�Yvxtbp�zx~Z�Zh�z@���{|�Æ

�=Æ���Æ
â=vxtb»utuÆ&CoG�et>v´j=q�p�pÀ¼Zp¹Ä���tPÄ=tb¼Zzx¼Zp�»ZÆED´ÑÍÌBØNÔ>Ï@:�ËÍÌ Ó@Ø�ÓÍÕSËF/&:�ÌNÐ�Ò�ÔÍÒÍÊE:SÌäÑ!ÕSÎ¹Ý�/G:SÌNÐ�Ò�Ô>Ò@ÊE:SÌaÔÍÏ@:�Ñ
H ËÍÌaØNÌI9��Y�b�u��¸ ã��Pm=���=�´�b�)�_ã�Æ�J�p�»���qswy�8zyv@��p�wy�s��zxq�~�p4qsphg{��ã�iäÆ

 ZÆ�æ*Æ'�G��qsÄZq�pZqi��p�ÄK'�Æ!j=tÍv@�
f¹pZqNÆ giq�wkzyvxq���¼=zxtPÄÂâÛq{vxwkz4�*v@Ä=t>vL'Y~�»uq�¾bwbÆ �¨t>¾Í�Zp�q�¾P����S*t>�e~�vyz���u�� ����_ã��1hESij=�G��å8�b|n�%���u�SÆ_l*¾b¾>tb�ZzxtPÄ��B~�v��=vxtbwytbp�z@��zxq�~�p���zdzx��t�âÛq{vxwkz)h}p�zxt>vxp���zxq�~up����
ßÜ~�vxèSwy��~��Ü~�pM'¨���etb����tPÄ�gitPÄ=¼�¾>zxq�~up�âN'Ygdà ����ãÍÆ6âZvxtbq���¼=vx»Z�Û�Gt>vx�
��p�|�ÆYj=t>�Zzxtb���et>vOB����=�
�v�)���=Æ

�SÆPJ'Æ=�Gq�¼�pZ¾Í�Zq�»u��qs�d��p�ÄYâ�Æ=�Gq�¼�p�¾@��q�»��sqs�SÆÛhkÄ=tP���¹��p¹ÄkSétP���\�1tb��qstÍ�´���e~�¼Zz!��tb��q�t>�}Æ¨h}pL/'Ë^W�Ï>ØNÌäÏ@WuÐ
V�Ñ�W�ÔÍÒ�Î�ÌBÎ$#Q>R*@ÎZØ�ÑÍËÍÎ�W�ØNÌäÒ�Î�WuÐ&S�Ò�ÎbÓPÑÍËxÑÍÎ¹Ï@Ñ�Ò�ÎUTYÒ�ËKZ'WuÐ;W�ÎeÝ , Ê�ÊeÐ ÌäÑxÝV/'Ë^W�Ï>ØNÌäÏ@WuÐ,V�Ñ�W�ÔÍÒ�Î�ÌBÎ$#Q>
T , /!VAW 3+X���pS¼����et>vi�b�u����q�pU'Itb¾>zx¼Zvxt�·*~�zxtbwéq�p4lévyzxqÆf�¾bqs���¨h�p�zxtb���sq�»�tbp�¾bt��¹�¹��»utbw�ã��S�Ím�ã4Bu��Æ
jS�Zvxq�p�»�t>v���t>vx�s��»Z�Y�%���u�=Æ

�=Æ&â�Æu�Gq�¼�pZ¾Í�Zq�»u��qs�=Æ\æ�~�p�zxt>¿Szx¼¹����vxtP��wy~upZqspZ»ZÆ0%´Ê�ÌaÔxØ�ÑKZ)ÒuÐ�Ò¥#�Ì�W�>YÔäÊZÑyÏ>Ì�WuÐ=ÌaÔxÔ@Õ�ÑéÒ�ÎV*a!´ÌaÎ$#�ÕW%#%#�ÌÛÑ
ÐsÑ[ hW�ÏxÏ@:SÌaÎeÑÍ�5Y*�GhK¸ �� ��Pm��u�� Z�¹�v�)�u�SÆIj=�Z~�vyz�r�t>vxwyq�~�p�q�p)��vx~�¾>tbtPÄZq�pZ»uw�h;)�æ!léhÍà �u�GßÜ~�vxèSwy��~��
~�pÀoGwyq�p�»	ZÀpZ~�É���tPÄ=»ut1qsp�q{zxw´æ�~�p�zxt>¿SzP��æ��¹���d�et>vy|��uâZv@��pZ¾btu���v�)�u�S�����IÆ��)�Pm� '�SÆ�l*��wy~�h2SGjZ���
�Ytb¾Í�Zp�q�¾P���JSétb�e~�vyz3�GãS���>�2ã��S�eh2SGjZ�G���Yvxtbp�zx~Z�Zh�z@���{|�Æ

BSÆ&â�Æ¨�Gq�¼�pZ¾Í�Zq�»u��qs�4��p¹ÄÜæ*Æ´�G�ZqsÄZq�p�qNÆ
l['Y~�¾P���!åE~SÄ=tb��w�jStb�
��p�zxq�¾bwG�B~�v���vx~��e~uwyq{zxq�~up����'l!zy�
zxq{zx¼�ÄZtbwbÆ)h�pM/!ËyÒPÏ@ÑxÑyÝ�ÌaÎ�#�Ô�ÒkÓ�Ø�:�ÑA1�ÔxØ\*@Î�Ø�ÑÍË@Î�W�ØNÌNÒ�Î�WuÐ!W�ÎeÝA*@Î�Ø�ÑÍËkÝ�ÌaÔÍÏ>Ì ÊeÐ ÌBÎ�W�Ë@ÚMS�Ò�ÎbÓPÑÍËxÑÍÎ¹ÏÍÑ
Ò�Î� ÂÒPÝ�Ñ>Ð ÌaÎ$#�W�ÎeÝ8]IÔxÌaÎ$#^S�Ò�Î�Ø�Ñ$_�ØP`?S\aGbc<�%Rdc<´×�3fe?g��¹�¹��»�tbwi���u�PmS�5B�ãS�JS*q�~
Ä=th)�tbp�tbq{vx~=�
��v@��½bq��N�¨�v�)�5B�Æ!lé��wy~�h2SGjZ�����¨tb¾@��pZq�¾P���,S*t>�e~�vyz3�u���5BP�@��ãS�ehESij=�G�Z�Yvxtbp�zx~Z�Zh�z@����|�Æ

�=Æ&â�Æ��Gq�¼�pZ¾Í�Zq�»u��qs����p�ÄEæ*Æ��G��qsÄ=qspZqNÆi'Y~�¾P���ÛåE~SÄ=tb��w*j=tb�
��pSzxq�¾bwb�S~�v*æ�~up�zxt>¿Szx¼¹����S*tP��wy~upZqspZ»×j'I~�¾P����q{z}|Uk�æ�~��)�¹��zxqs�Zq��sq{z�|�Æ�h�pU/!ËyÒPÏ@ÑxÑxÝ�ÌaÎ$#�ÔdÒkÓiØ�:�ÑOXZÌI_�Ø�:A*@ÎZØ�ÑÍËÍÎ�W�ØNÌäÒ�Î�WuÐ&S�Ò�ÎbÓPÑÍËxÑÍÎ¹ÏÍÑ
Ò�Îl/!ËÍÌaÎ¹Ï>Ì ÊeÐsÑÍÔVÒkÓ H ÎeÒQm�ÐsÑyÝ%#�Ñ�V�Ñ�Ê¹ËxÑÍÔ>ÑÍÎZØLW�ØNÌäÒ�Î¥W�Î¹Ý3VéÑ�W�ÔÍÒ�ÎZÌaÎ$#n` H VAW 34o.g�������»ut>wYã��GãPm
ã��)�S�I�Yvxtbp�zx~Z�Û�v�)���=Æ¨åE~�vx»u��p^Z���¼Z�B�
��pZpYÆGj=�Z~�vyz*r�t>vxwyq�~upÅ�Zvxt>wytbp�zxtPÄ4��z*zx��t�lGlGléh	â¹���s�
�v�)�4B�wk|=�)�e~uwyq�¼��ý~up�¾b~up�zxt>¿Sz'q�pAZ�S ��p¹ÄY·p'�ÆZlé�swy~�h2SGjZ�����¨tb¾@��pZq�¾P����Sétb�e~�vyz3�4B��S�>���5B��
hESij=�G�Z�Yvxtbp�zx~Z�Zh�z@����|�Æ�=Æ&â�Æ��Gq�¼Zp�¾@��q�»u��qs�i��p�Äh'�Æ�j=t>v@��f¹pZqäÆZåE¼Z�{zxqs�s��p�»u¼���»�t'��q�t>v@��vx¾@��q�¾P���Z��~�»uq�¾bw�âN~�v�¸��Z~�É&É�t!¾P��pdÄ=~
É�q{zx�Z~u¼Zz��)~SÄZ���=�s~�»uq�¾bw@ãÍÆ , Ë@ØNÌ q�Ï>Ì9WuÐ!*@Î�Ø�Ñ>ÐBÐ Ì"#�ÑÍÎeÏ@ÑÍ���u��¸ ã��Pm!B��=�\�%���� ZÆel*��wy~Àh2SGjZ�����¨tb¾@��pZq�¾P���
Sétb�e~�vyz3�=�u�b�����5B��eh2SGjZ�G�Z�Yvxt>pSzx~=��h�z@���{|�Æ

�b�=Æ&â�Æu�Gq�¼�pZ¾Í�Zq�»u��qs�=�+'�Æ�jSt>v@�
f�p�qN�QJ�Æ��Gq�¼�pZ¾Í�Zqs»���qÈ�S����p¹Ä�åÂÆGâZvxq{¿=q�~up�t�Æ�·*~upZ�}�G�)pZqswy¾>qst>pSzÛ��tb��q�t>�
��wiæ�~�p�zxt>¿Szy�}����wytPÄTSétP��wy~�p�q�p�»=Æ!h�pr/'ËkÒPÏ�s1ÒkÓÀØ�:�Ñt1�uuØ�:A*@ÎZØ�ÑÍËÍÎ�W�ØNÌäÒ�Î�WuÐwvSÒ�ÌaÎZØ2S�Ò�ÎbÓPÑÍËxÑÍÎ¹ÏÍÑ
Ò�Î , ËÍØNÌ q1Ï>Ì�WuÐ&*@Î�Ø�Ñ>ÐBÐ Ì"#�ÑÍÎeÏ@ÑÍ�1�¹��»�tbwE�� ��Pm=���� Z��æ��¹�����et>vy|���âZv@��pZ¾btu�é�%���u�=Æ lé�swy~Üh2SGjZ���
�Ytb¾Í�Zp�q�¾P���JSétb�e~�vyz3�Gã��������u�S�eh2SGjZ�G���Yvxtbp�zx~Z�Zh�z@���{|�Æ

���uÆP)EÆExGq�p�zxq�èSèu�SÆ H ÎeÒ�m�ÐsÑxÝv#�Ñ-W�Î¹ÝtyGÑ>Ð ÌäÑaÓÍÆ1æ�~�vxpZtb���¨oGpZq�r�t>vxwyq{z}|��´vxtbwywb�¹h�zx�¹��¾P�=��· ² �\�v�u�_ã�Æ
��ãSÆ�l�ÆZ�´Æ¹å8��vyzxq�pZqs¾@�YÆO<=:�Ñ'ÊE:SÌNÐ�Ò�Ô>Ò@ÊE:SÚ�ÒkÓÀÐ�W�Î�#�Õ�Wv#�ÑÍÆ'�*¿S�a~�v@ÄVo*p�q�r�t>vxwyq{z}|V�´vxtbwywb�¨�v�u�u�SÆ
�b�=ÆÀg�Æ��´v@�bÉ�q{zx½uÆ	b�W�ØNÕSË�W�Ð,U�ÑyÝ�ÕZÏ>ØNÌäÒ�ÎÂ× , Ê¹ËkÒPÒkÓÀØ�:�ÑyÒ�ËxÑÍØNÌäÏ@WuÐÛÔxØNÕZÝ�Ú�Æ!lé���
ÃS¼Zq�wkz���p�ÄVßçq�èSwytb���ä�

j�zx~�¾ÍèS�Z~u���8�\�%�u�u�SÆ
�> ZÆ��éÆ�Sé¼�wywytb���NÆ��Gp8Ä=tbp�~�zxqspZ»ZÆ[ ÅÌBÎeÝ��EYGh����\�%�����SÆ


