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U�V�W+XDY&Z [\XD]5^8_?`TZ ]�a-XPb�^&Z c5_*^&Z d-]7bed?fg^&h�X�i�XDj�^&XDY&d-]�klW�h�d?^&d?k
i�ZmbZ ]5^&XDc-Y8_*^&Z d-]Tn oEp7h7_;a-X2[�_?Z ]�` qGr+XDXD]\W+XDYfsd-Y&[\XPi\_*^�XD]�XDYk
c-Z XPb�]�XP_?Y�_?]7i\_?r+d*a-XRoPt-tvuwXDxGy-z	h�XDY&X	Z ]�XD`m_-b�^&Zm{	{8h7_?]�]�XD`mb
` Z |-X(]�j7{E` XDd-]}Y&XPbd-]7_?]7{EXPb!_?]7i$[\XPbd-]GW�Y&d�i�j7{0^&Z d-]}d-W+XD]Gj�W
_?]7iTz	h�XDY&X}[�_?]�q:W7_?Y^&Zm_?`�z2_;a-XPb	{Ed-]5^&Y&Z r�j�^&X-~	�(^�W�h�d?^&d-]
XD]�XDY&c-Z XPb2r+XD` d*z�oPt�uwXDx�^&h�X}bZ ^&j7_*^&Z d-]TbXDXD[�b2[Gj7{8hwbZ [Jk
W�` XDY�z	Z ^&h�d-]�` q�^�z(d�{8h7_?]�]�XD`mb��sW�h�d?^&d-]�b&{D_*^^&XDY&Z ]�c�_?]7i
i�����W�]+��_?]7i�d-]�` q��5�gt�_?]7i��5��owr+XDXDZ ]�c�d?f$Z [\W+d-Yk
^8_?]7{EX-~���XDa-XDY^&h�XD` XPb&bG_?]eXEV�_-{0^J|�]�d*z	` XPi�c-X�d?f	^&h�XT{EY&d5b&b
bXP{0^&Z d-]�]�XP_?Y:^&h�X�i�ZmbZ ]5^&XDc-Y8_*^&Z d-]�^&h�Y&XPbh�d-`mi�Zmb�d?f}c-Y&XP_*^
Z [\W+d-Y^8_?]7{EX$Z ]T^&h�X$�7XD`mi�d?fv]�j7{E` XP_?Y�_-b�^&Y&d-W�h�q�bZm{DbDy�_-b	Z ^�k
^&d-c-XE^&h�XDY�z	Z ^&hT^&h�XGZ ]�a-XDY8bXRY&XP_-{0^&Z d-]TW�]F��i��vy7Y&XD`m_*^&XPi:^&d
Z ^Rr�qTi�XE^8_?Z ` XPiwr7_?`m_?]7{EX$k	i�XE^&XDY&[\Z ]�XPbGn ��yF�;p�^&h�XGY&XP_-{0^&Z d-]
Y8_*^&X�d?f2^&h�X��7Y8b�^Jb�^&XDW�Z ]�^&h�X:r�Z cgr7_?]�cg]�j7{E` XDd5bq�]5^&h�XPbZmb
���2�2���0~
��i�XE^8_?Z ` XPig�5j7_?]5^&Z ^8_*^&Z a-X}j�]7i�XDY8b�^8_?]7i�Z ]�c�d?f��2�2��_?` ` d*z�b
^&d�{D_?`m{Ej�`m_*^&X�^&h�X�W�Y&Z [\d-Y8i�Zm_?`\_?r�j�]7i�_?]7{EX�Y8_*^&Z d�d?f�^&h�X
` Z c-h5^&XPb�^�XD` XD[\XD]5^8b�_?]7iR^&h�XDZ Y�Zmbd?^&d-W+XPb�_-b!_	fsj�]7{0^&Z d-]Gd?f�^&h�X
W�h�d?^&d-]�k�^&d?klr7_?Y&q-d-]wY8_*^&Z d7~G��Y&d-[�]�d*z�_;a*_?Z `m_?r�` XGd-r7bXDY&a*_*k
^&Z d-]7b2d?f�_?r�j�]7i�_?]7{EXPb(Z ]wi�Zmb�^8_?]5^�_?]7i�^&h�j7b2q-d-j�]�c�b�^8_?Y8b2_
r�Z c}r7_?]�c}W�h�d?^&d-]�k�^&d?klr7_?Y&q-d-]GY8_*^&Z dG{D_?]\r+X�i�XE^&XDY&[\Z ]�XPiJ^&d
r+X�{Ed-[\W7_?Y&XPiT^&d:^&h�XJa*_?` j�XJd-r�^8_?Z ]�XPiwfsd-Y�^&h�XJ`m_*^&XDYRW�h�d?k
^&d-]�i�XP{Ed-j�W�` Z ]�c�W�h7_-bXGd?f�^&h�XJj�]�Z a-XDY8bX-~��2h�Zmb�a*_?` j�XGz2_-b
i�XE^&XDY&[\Z ]�XPiJz	Z ^&h\h�Z c-h\_-{D{Ej�Y8_-{EqRfsY&d-[�^&h�X	Z ]�h�d-[\d-c-XD]�Z ^�q
d?fF^&h�X�{Ed5b[\Zm{2[\Zm{EY&d*z2_;a-X(r7_-{8|�c-Y&d-j�]7iGY8_-i�Zm_*^&Z d-]w�l�(ug�	�
n �?pl~
uwd5b�^ W�Y&XDa�Z d-j7b�W�h�d?^&d�i�ZmbZ ]5^&XDc-Y8_*^&Z d-]¡XEV�W+XDY&Z [\XD]5^8b�_*^
]�XP_?Y�^&h�Y&XPbh�d-`mi�XD]�XDY&c-Z XPb:z(XDY&X¢W+XDYfsd-Y&[\XPi£z	Z ^&h�[\d-]�d?k
{8h�Y&d-[�_*^&Zm{�W�h�d?^&d-]7bDy�i�XD` Z a-XDY&XPi�XDZ ^&h�XDY(r�q�Y8_-i�Z d5_-{0^&Z a-X�i�XEk
{D_;q�d-Y�r�q£��d-[\W�^&d-]�r7_-{8|�b&{D_*^^&XDY&Z ]�c�d?f}_�`m_-bXDY�r+XP_?[T~
¤¥]�r+d?^&h�{D_-bXPbJ^&h�X¢` d*z¦W�h�d?^&d-]�Z ]5^&XD]7bZ ^�q�_?]7i�bq�b�^&XD[Jk
_*^&Zm{�XDY&Y&d-Y8bGZ ]�i�XE^&XDY&[\Z ]�Z ]�c�Z ^�_-{D{Ej�Y8_*^&XD` q�h7_;a-X�` Z [\Z ^&XPi
^&h�X}�5j7_?` Z ^�q�d?f!^&h�X$Y&XPbj�` ^8bD~�U�bW+XP{EZm_?` ` q�Z ]�^&h�XRY&XDc-Z d-]:r+XEk
` d*z�^&h�X�[�_*V�Z [Gj�[§{EY&d5b&b�k¥bXP{0^&Z d-]�i�_*^8_wh7_;a-X�r+XDXD]�W�j�r�k
` Zmbh�XPi�z	h�Zm{8he_?Y&X�Z ]7{Ed-]7bZmb�^&XD]5^}z	Z ^&h�Z ]�^&h�XDZ YGXDY&Y&d-Y$r7_?Y8bD~
¨ ]�X�XEV�W+XDY&Z [\XD]5^�h7_-b�r+XDXD]}Y&XDW+d-Y^&XPi�fsY&d-[�_�{Ed-]�a-XD]5^&Z d-]7_?`
r�Y&XD[�b&b�^&Y8_?h�` j�]�c�f�_-{EZ ` Z ^�q�n ©;pl~«ª�Z ^&h�Z ]£^&h�X¢Y8_?]�c-Xwd?f\¬!k
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]�XE^&Zm{�i�Z W+d-` X£�DC�o;��^&Y8_?]7bZ ^&Z d-]7bD~��2h�X�i�XPi�j7{EXPi°a*_?` j�XPb
_?Y&X�{Ed-]7bZmb�^&XD]5^(z	Z ^&h�^&h�d5bX�i�XPi�j7{EXPi�Z ]�W�Y&XDa�Z d-j7b�z(d-Y&|�n ©Pp
_?]7i¢h�XD]7{EX�i�XD[\d-]7b�^&Y8_*^&XG^&h7_*^R^&h�XJf�_-{EZ ` Z ^�qwfsd-Y$W+d-`m_?Y&ZmbXPi
r�Y&XD[�b&b�^&Y8_?h�` j�]�c�_*^�U�Ý!�2U�{D_?]wr+X}j7bXPiT^&d�[\XP_-bj�Y&XR^&h�X
` Z ]�XP_?Y�W+d-`m_?Y&Zmb&_*^&Z d-]7b\d?f$[�_?]�qe��^&Y8_?]7bZ ^&Z d-]7b�Z ]£_�z	Zmi�X
XD]�XDY&c-q�Y8_?]�c-XRbZ [Gj�` ^8_?]�XDd-j7b` q-~
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½�¾ ¿+À;Á�E�Ç Ñ Ä&Ç8ÇRÅEÌ Ö ÅEÙ ÒEÄ¥Ê ÆÒ*ÉsÊ ÅEË¢ÒEÆ�ÒGÌ�ÓPË�ÈEÉsÊ ÅEËwÅEÌ�ÉsÍ�Ç Ö Í�Å*É�ÅEË
Ç�Ë�Ç�Ä ÑE× ÒEÆ}Ï5Ç8Ï�Ó*È0Ç8Ï:Ì ÄÅEÛ¦Æ Ö Ç&ÈEÉsÄÒ:ÅEÌ Ö ÄÅ*É�ÅEË5ÆGÇ�Û$ÊÉ¥ÉlÇ8Ï:Ì ÄÅEÛ
Ï*Ê Æ¥Ê Ë�ÉlÇ Ñ ÄÒ*ÉlÇ8Ï�Ï5ÇEÓ-ÉlÇ�ÄÅEË5Æ0ÕFE	Ò*É�Ò�Ü-Ç�Ù Å GIHKJ�LNM)O�Ç$P°È8ÒEË�Ð
Ë�Å*É2Ü-ÇRÓPÆ&Ç8Ï�Ü-Ç&È8Ò?ÓPÆ&Ç�ÉsÍ�Ç Ö ÄÅ*É�ÅEË�Æ Ö Ç&ÈEÉsÄÒGÒEÄ&Ç�Ò*ÉvÙ Å G�Ç�Ë�Ç�Ä ÑE×
È8ÅEË�É�ÒEÛ$Ê Ë�Ò*ÉlÇ8Ï�Ü × ÆÈ8Ò*É¥ÉlÇ�Ä&Ç8Ï Ö Í�Å*É�ÅEË5Æ0Õ
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Eγ / keV
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½�¾ ¿+ÀRQ>SUT Ö Ç�Ä¥Ê ÛJÇ�Ë�É�ÒEÙ!ÒEÆ × Û$ÛJÇ0ÉsÄ¥ÊmÇ�Æ�ÅEÌ(ÉsÄÒEË5Æ¥ÊÉsÊ ÅEË5Æ�Ê Ë 9WVYX Î�Ü-Õ
Z+Í�Ç2Ü;ÒEË�Ï*Æ�ÛGÒEÄY[-Ç8Ï\G�ÊÉsÍJÏ-ÒEÆ¥Í�Ç8Ï�Ù Ê Ë�Ç�Æ�Ê Ë�Ï*Ê È8Ò*ÉlÇ�ÉsÍ�Ç�Ï5Ç Ñ Ä&Ç8Ç�ÅEÌ
Ö ÅEÙ ÒEÄ¥Ê ÆÒ*ÉsÊ ÅEËgÒEÆ�Ï5Ç�Ä¥ÊÔPÇ8Ï\Ì ÄÅEÛ^]FÊ Ñ Õ8_PÕ2`2Å*ÉlÇRÉsÍ�Ò*É(ÉsÍ�Ç}Ü;ÒEË�Ï*Æ
ÒEÄ&Ç	ÇYT�ÉsÄÒ Ö ÅEÙ Ò*ÉsÊ ÅEË5Æ�Ü-Ç�Ù Å GBMaO�Ç$P�Õ

â ã&ä/b�æ'�	ê5é#. ú¥ú ïð�å�æ å�æ'�,. û ôPð�ç�ædcU. ï ePé ú ðU�¶è í e-æU�¶óEè û æ��(ý'(8ïæ'��ë ù-ú æ ÿ � � ã�������� ÿ ���?æâ �0ä	�RæU& íEî óDé&è û é û óDïæ ð��(ý'(8ïæ'!�ê úlû è0æ�ñJé û ë7æ�ç ÿPÿ � � ã��������X��� �â ÿ ä	�Ræ ��æ�ò%(ë'. ï ï . ê(eRé û óDïæ ð'� . ú¥ú æ fDg+é#(ë5ê7æ�÷�é&è-. (ë û é�õhcU�KfV����� � ����� ÿ � ÿ ãâ �Dä	��æ�ò%(ë*övé8ê(ePê5é&è�é û óDïæ ð û ë'. ú è�é8þ í è û þ7æ'� �â � ä	�Ræ� . é8ê5ë�óEè ø é û óDïæ ðU��ë ù-ú æ'��é î æ(i7é û¥û æ'��� � ã���$����2ã�$
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3G#7"(>�68'*H�.E/7"$#�%('*)+'-,+.E/���#+1v,�B�C7,��¶.E/��(#+K��47@�C�>F.D/+12#F3�,5476868'59;/+<$#��	C7,�����C7@�@F.E/+<$# "$#+=?>�@�A+B�C7@�6D.E/7IJ#7I�4768'*H�.D/� #��	C7N , . /��}#��	C7@� �45H . /7IJ# !lKG#FL�M�B�N OPOPN @�A . /�S�#FL�M�B�>�O#"P' . /7"$#FL�M�B�QR'-@�A+@�'-, . /+<$#�STC�A+@�'-, .
ª�Z ^&h�Z ]�_gbXDY&Z XPb$d?f	XEV�W+XDY&Z [\XD]5^8b}_*^}^&h�X�]�XDz bj�W+XDY8{Ed-]�k
i�j7{0^&Z ]�ceXD` XP{0^&Y&d-]�_-{D{EXD` XDY8_*^&d-Y�U�Ý!�2U�i�XDa-d?^&XPi�^&d��5j�XPb�k
^&Z d-]7bwd?fJ^&h�Xe{Ed5b[\Zm{�XD` XD[\XD]5^wc-XD]�XDY8_*^&Z d-]��sX-~�c7~ ^&h�X
W�Y&d-r�` XD[ d?f�d*a-XDY&W�Y&d�i�j7{0^&Z d-]�d?f:]�XDj�^&Y&d-]�k¥i�XE�+{EZ XD]5^�b�^8_*k
r�` X:[\d-` q�rFi�XD]�j�[ Zmbd?^&d-W+XPb8�R_gbXP_?Y8{8h¢fsd-YJU�o�Y&XPbd-]7_?]7{EX
b�^&Y&XD]�c?^&h�` d�{D_*^&XPi�{E` d5bX�^&d¢^&h�X�W7_?Y^&Zm{E` X:^&h�Y&XPbh�d-`mi�bGz2_-b
W+XDYfsd-Y&[\XPi¶~�¤¥]w_\i�XE^8_?Z ` XPiTb�^&j7i�q:d?fvXD`m_-b�^&Zm{�W�h�d?^&d-]wb&{D_*^k
^&XDY&Z ]�c�fsY&d-[ ¼5!%$ ¼ * $ & �5� uwd�bj7{8hgb�^&Y&XD]�c-h5^�_-b�{Ed-]7{EXD]5^&Y8_*^&XPi
Z ]�bd°{D_?` ` XPi('?W�q�c-[Gq�'�Y&XPbd-]7_?]7{EXPbwz2_-b�bXP_?Y8{8h�XPi¶~±�
r�Y&XD[�b&b�^&Y8_?h�` j�]�cR{Ed-]5^&Z ]�j�j�[�z	Z ^&h\_?]JXD]7i�W+d-Z ]5^�XD]�XDY&c-q$d?f
oP��~ ¯�uwXDx�z2_-b�j7bXPiJ_?]7iG^&h�X	b&{D_*^^&XDY&XPiGW�h�d?^&d-]7bvz(XDY&X	i�XEk
^&XP{0^&XPiJZ ]\�R`m_?Y&c-X(XPb&{D_?W+XEk¥bj�W�W�Y&XPb&bXPi}h�Z c-h�klW�j�Y&Z ^�q}c-XDY&[�_*k
]�Z j�[ i�XE^&XP{0^&d-Y8bD~*)�j�X�^&d$^&h�X�c-d�d�i\r7_-{8|�c-Y&d-j�]7iJbj�W�W�Y&XPb�k
bZ d-]:d?f�^&h�X�XEV�W+XDY&Z [\XD]5^8b�[\d-Y&X�^&h7_?]�³-t�:�d?f�_?` `FW�h�d?^&d-]7b
d-r7bXDY&a-XPi\Z ]�^&h�X�Y8_?]�c-X�d?f�¬�k7o;�vuwXDx�b�^&XD[�fsY&d-[ b&{D_*^^&XDYk
Z ]�c�^&h�Y&d-j�c-hgY&XPbd-]7_?]7{EXPb}��_?r+d-j�^R�-t-t�W+XDY�Zmbd?^&d-W+X;�0~+)�j�X
^&d}^&h�X�h�Z c-h�i�XD]7bZ ^�qJd?f¶^&h�XPbX�W7_?Y^&Zm_?` ` qJd*a-XDY&`m_?W�W�Z ]�cRY&XPbd?k
]7_?]7{EXPb(d-]�` q�_?Y&d-j�]7i��?t�:�d?f�^&h�X$b&{D_*^^&XDY&XPi�W�h�d?^&d-]7b2{D_?]

r+X}{E` XP_?Y&` q�_-b&bZ c-]�XPi\^&d\d-Y&Z c-Z ]7_*^&X�fsY&d-[ z(XD` `¶Zmbd-`m_*^&XPi�Y&XPb�k
d-]7_?]7{EXPbD~R�2h�XDY&XEfsd-Y&X-yF_?]¢_?]7_?` q�bZmb�Zmb�]�XDXPi�XPigz	h�Zm{8hgc-d�XPb
r+XDq-d-]7i�^&h�XR��^^&Z ]�c\d?fvi�Zmb�^&Z ]7{0^,'?W+XP_?|�b-'�~v�	f^&XDY�_J{Ed-Y&Y&XP{0k
^&Z d-]$fsd-Y�{D_-b&{D_-i�Z ]�c	[Gj�` ^&Z k¥b�^&XDW}W�h�d?^&d-]}XD[\Zmb&bZ d-]}_	c-Y&d-j�]7i
b�^8_*^&X	i�Z W+d-` X�b�^&Y&XD]�c?^&hGfsj�]7{0^&Z d-]�{D_?]Jr+X�{Ed-]7b�^&Y&j7{0^&XPi}fsY&d-[
^&h�X�XEV�W+XDY&Z [\XD]5^8_?`7i�_*^8_Rj7bZ ]�c}_$b�^8_?]7i�_?Y^�j�]7i�XDY&` XDa-XD`mi�XD]�k
bZ ^�q£fsd-Y&[\XD` Zmb[ n o0pl~ �2h�X�Y&XPbj�` ^&Z ]�c£b�^&Y&XD]�c?^&h°fsj�]7{0^&Z d-]
{D_?]�r+X°XEV�^&Y8_?W+d-`m_*^&XPi _-{EY&d5b&b�^&h�X°W7_?Y^&Zm{E` X°bXDW7_?Y8_*^&Z d-]
^&h�Y&XPbh�d-`mi¶~��2h�Zmb:XEV�^&Y8_?W+d-`m_*^&Z d-]£{Ed-[\W7_?Y&XPb�z(XD` `�^&de^&h�X
i�Z W+d-` X	b�^&Y&XD]�c?^&hGXEV�^&Y8_?W+d-`m_*^&XPi$fsY&d-[�XEV�W+XDY&Z [\XD]5^8_?`���*.�/!�lk
i�_*^8_Tn �Ppl~���]�XD]�h7_?]7{EXD[\XD]5^	d?f!^&h�X$b�^&Y&XD]�c?^&h�]�XP_?Y	³�uwXDx
ZmbRd-r7bXDY&a-XPiTZ ]�¼ * uwdT_?]7i0& �5� uwd�Y&d-j�c-h�` qTZ ]�_?c-Y&XDXD[\XD]5^
^&d�W�Y&XPi�Zm{0^&Z d-]7b(fsY&d-[ 9�·¶�	k¥{D_?`m{Ej�`m_*^&Z d-]7bRn �;pl~
â ã&ä}ç�æ�&�. ï � é&è û�1 ç�æ &�æ ��æ�
vóDü$é&è í ê7ð�
vóDê7æ32-æ���ë ù-ú æ�� ÿ � ã���� � �
ã#�����

â �0ä$å�æ5÷�é#. ïð�é û óDïæ ð��(ý'(8ïæ���ë ù-ú æ5ç ����� � ã��������9�����â ÿ ä ��æ'�¶óPóEè(é û óDïæ ðU��ë ù-ú æ(i7é û¥û æ�÷ ����� � ����� � �X��$�$

½�¾ ¿+À*Á�Â/E(Ê Ö ÅEÙmÇ�Æ8ÉsÄ&Ç�Ë Ñ ÉsÍ�Ì�ÓPË�ÈEÉsÊ ÅEË5Æ	Ê Ë54 9�6 4 X-6 .�VYV O�ÅJÒEÆRÏ5Ç0ÉlÇ�Ä�Ð
Û$Ê Ë�Ç8ÏTÌ ÄÅEÛ Ö Í�Å*É�ÅEË¢ÆÈ8Ò*É¥ÉlÇ�Ä¥Ê Ë Ñ Ï-Ò*É�Ò Ø È8ÅEÄ¥Ä&Ç&ÈEÉlÇ8ÏwÌÅEÄ}ÛJÓPÙÉsÊ Ð
Æ8ÉlÇ Ö Ï5Ç&È8Ò × Ú�ÒEË�Ï�Ì ÄÅEÛ�Ë�Ó*ÈÙmÇ&ÒEÄ Ö Í�Å*É�Å�Ç
7FÇ&ÈEÉ Ø 8�9 Ë-Ú�Ï-Ò*É�Ò�É�Ò"[-Ç�Ë
Ò*É;:5ÒPÈÙ Ò ×�< _
=¥Õ?> Ö5Ö ÒEÄ&Ç�Ë�ÉsÙ × ÉsÍ�Ç$ÉDG�Å\Ï-Ò*É�ÒGÆ&Ç0ÉsÆ�ÒEÄ&Ç�Ê ËgÒPÈ8È8ÅEÄ�Ð
Ï-ÒEË�È0Ç¶Ê Ë}ÉsÍ�ÇFÄ&Ç Ñ Ê ÅEË$ÅEÌ7ÉsÍ�Ç Ö ÒEÄ8ÉsÊ ÈÙmÇvÇ�Û$Ê Æ¥Æ¥Ê ÅEË}ÉsÍ5Ä&Ç�Æ¥Í�ÅEÙmÏ*Æ0ÕKZ+Í�Ç
SA@�B S�Ï-Ò*É�Ò Ö ÅEÊ Ë�ÉsÆ2ÒEÄ&Ç	ÒPÔPÇ�ÄÒ Ñ Ç8Ï�ÅPÔPÇ�Ä�Ê Ë�ÉlÇ�Ä8Ô0ÒEÙ Æ2ÅEÌK_3C#C2[-Ç$PED
ÌÅEÄ�ÉsÍ�ÇJÈ8ÅEÄ¥Ä&Ç&ÈEÉlÇ8Ï Ö ÅEÊ Ë�ÉsÆGÒwÉ × Ö Ê È8ÒEÙ2Ç�Ä¥ÄÅEÄ:Ü;ÒEÄ$Ê Æ$Æ¥Í�Å G�Ë�ÌÅEÄ
ÉsÍ�Ç�Ï-Ò*É�Ò Ö ÅEÊ Ë�É�Ò*É�ÉsÍ�ÇvÍ5Ê Ñ Í�Ç�Æ8É!Ç�Ë�Ç�Ä ÑE× ÕGF�Ë 4 9<O�ÅRÉsÍ�Ç�Æ8ÉsÄ&Ç�Ë Ñ ÉsÍ

Ñ ÅEÊ Ë Ñ Ê Ë�É�Å$ÉsÍ�Ç � 8IHKJ � Ð�È¥Í�ÒEË5Ë�Ç�Ù�Í�ÒEÆ	É�ÅGÜ-Ç	É�Ò"[-Ç�ËJÊ Ë�É�Å�ÒPÈ8È8Å?ÓPË�É�Õ
� é8ï í öML�N?O P � H H�QU��R .S-T UGVXW
Y Z-[G\�]�^G_�`badcfegehKi j0kmll h
ó ��íEî énL�N?O P � H H�QU��R .S-T UGVXW
Y 9�o ` j#i p T l Ylrq

.4365798�:<;�=?>A@ >AB�>AC�D#EGF"B�H-I CKJ#L)J#;�M	N)J#M�LAD�;�O6P�Q�=A@ H-=
9RJ#I =ADTSUC-HVP�;�@ =AHVP�CXW";�@ Y�C-LA=A@ >KZJR>)[)LAC-=AM�C-;
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3G#"(>�68'*H . /7"$#8L�M�B�QR'-@�A+@�'-, . /7IJ#&KG#8L�M�B�N OPOPN @�A . /+<$#STC�A+@�'-, . /��(#&K��47@�C�> . /
��#81v,�B�C7,�� . /+12#03�,5476868' . /F<$#"$#&=?>�@�A+B�C7@�6 . /7IJ#I�4768'*H . /��}#��	C7@� �45H .

�2h�X�Y&XPbW+d-]7bX�d?f7_*^&d-[\Zm{�]�j7{E` XDZ-^&d�W�h�d?^&d-]7b�h7_-b�_*^^&Y8_-{0^&XPi
Z ]7{EY&XP_-bZ ]�c�Z ]5^&XDY&XPb�^$Z ]�Y&XP{EXD]5^$q-XP_?Y8bD~J¤¥]�W7_?Y^&Zm{Ej�`m_?YPy¶^&h�X
b�^&Y&j7{0^&j�Y&Xwd?fGi�Z W+d-` XgXEV�{EZ ^8_*^&Z d-]7b�{E` d5bXw^&d�^&h�Xg]�XDj�^&Y&d-]�k
bXDW7_?Y8_*^&Z d-]£XD]�XDY&c-q£ZmbTXEV�W+XP{0^&XPi£^&d�Y&XDa-XP_?`�Z ]�fsd-Y&[�_*^&Z d-]
d-]�]�XDz�^�q�W+XPb$d?f	{Ed-` ` XP{0^&Z a-X�XEV�{EZ ^8_*^&Z d-]�[\d�i�XPb$W+d5bZ ]�cg_
{8h7_?` ` XD]�c-XR^&d�^&h�X}^&h�XDd-Y&XE^&Zm{D_?`�i�XPb&{EY&Z W�^&Z d-]wd?fv^&h�XG]�j7{E` XP_?Y
[�_?]�q5klr+d�i�q�bq�b�^&XD[ n o0pl~��(XPbZmi�XPbDy�^&h�X�i�Zmb�^&Y&Z r�j�^&Z d-]�d?f
^&h�X�i�Z W+d-` X�b�^&Y&XD]�c?^&h:_?Y&d-j�]7iJ^&h�X�]�XDj�^&Y&d-]�k¥bXDW7_?Y8_*^&Z d-]\XD]�k
XDY&c-q�Z ]�ß7j�XD]7{EXPbGY&XP_-{0^&Z d-]eY8_*^&XPb}Z ]�bW+XP{EZ �+{:W�Y&d�{EXPb&bXPb}d?f
^&h�X$]�j7{E` XDd5bq�]5^&h�XPbZmb	_?]7i:Zmb2^&h�XDY&XEfsd-Y&XRd?fvZ [\W+d-Y^8_?]7{EX�fsd-Y
_-b�^&Y&d-W�h�q�bZm{D_?`+W�Y&d-r�` XD[�b$n �Ppl~)�Z W+d-` XEk¥b�^&Y&XD]�c?^&h¦i�Zmb�^&Y&Z r�j�^&Z d-]7b�{E` d5bX£^&d�^&h�X°]�XDj�^&Y&d-]�k
bXDW7_?Y8_*^&Z d-]\XD]�XDY&c-Z XPb�h7_;a-X�r+XDXD]:b�^&j7i�Z XPi\fsd-Y(d-]�` qGfsXDz�]�j�k
{E` Zmi�XPbRj�]5^&Z `�]�d*z$~��2h�X�]�XDz�r�Y&XD[�b&b�^&Y8_?h�` j�]�c:f�_-{EZ ` Z ^�q�_*^
^&h�X}U�Ý!�2U�_-{D{EXD` XDY8_*^&d-Y2d?f!^&h�X}�� 9°d-W+XD]7b2j�W�^&h�X$W+d5b&bZ k
r�Z ` Z ^�q\^&dJZ ]�a-XPb�^&Z c5_*^&X�i�Z W+d-` X�XEV�{EZ ^8_*^&Z d-]7b�z	Z ^&hT_GbXD]7bZ ^&Z a-X
i�XE^&XP{0^&d-Y�bXE^&j�Ww_*^	XD]�XDY&c-Z XPb	_?r+d*a-XJoPtJuwXDxG~
¤¥]�^&h�XG{Ed-j�Y8bXRd?f�_\bq�b�^&XD[�_*^&Zm{$b�^&j7i�q:d?f�i�Z W+d-` XEk¥b�^&Y&XD]�c?^&h
i�Zmb�^&Y&Z r�j�^&Z d-]7b(Z ]:]�j7{E` XDZ¶_?Y&d-j�]7i��«�°³-t}z(X�Z ]�Z ^&Zm_*^&XPi�^&h�X
Z ]�a-XPb�^&Z c5_*^&Z d-]�d?f	^&h�X�]�j7{E` Zmi�XPbG¼5!Puwd7yv¼ * uwdg_?]7i & �5� uwd7~
�2h�X�Z ]�a-XPb�^&Z c5_*^&Z d-]�d?f�bj7{8h:_G{8h7_?Z ]:d?f�Zmbd?^&d-W+XPb(_?` ` d*z�b�j7b
^&d\b�^&j7i�q�^&h�XRXDa-d-` j�^&Z d-]:d?f!^&h�X$i�Z W+d-` XEk¥b�^&Y&XD]�c?^&h�i�Zmb�^&Y&Z r�j�k
^&Z d-]Jz	Z ^&hJZ ]7{EY&XP_-bZ ]�c�Y8_*^&Z d�d?f7]�XDj�^&Y&d-]J]�j�[Gr+XDYv^&dRW�Y&d?^&d-]
]�j�[Gr+XDYPy -�#��$~
�2h�X:]�j7{E` XDZ	¼ * uwd�_?]7i�& �5� uwd¢h7_-ieW�Y&XDa�Z d-j7b` q�r+XDXD]�Z ]�k
a-XPb�^&Z c5_*^&XPi:Z ]TW�h�d?^&d-]�k¥b&{D_*^^&XDY&Z ]�cJXEV�W+XDY&Z [\XD]5^8b	j�WT^&d���~ »
uwXDx n ��yG�?pT_*^�^&h�X�µ5^&j�^^&c5_?Y^ )�q�]7_?[\Z ^&Y&d-]�_-{D{EXD` XDY8_*k
^&d-YP~v�2h�X	W�Y&XPbXD]5^�W�h�d?^&d-]�k¥b&{D_*^^&XDY&Z ]�c�XEV�W+XDY&Z [\XD]5^8b�_*^�^&h�X
U�Ý!�2U�_-{D{EXD` XDY8_*^&d-Y�XD]7_?r�` XPi�^&h�X�b�^&j7i�q�d?fGi�Z W+d-` X�XEV�{EZ k

^8_*^&Z d-]7b�Z ]£uwdeZmbd?^&d-W+XPb�^&deh�Z c-h�XDY:XD]�XDY&c-Z XPb�j�W�^&d�^&h�X
]�XDj�^&Y&d-]�k¥bXDW7_?Y8_*^&Z d-]�XD]�XDY&c-Z XPbD~°ª�XgW+XDYfsd-Y&[\XPi�W�h�d?^&d-]�k
b&{D_*^^&XDY&Z ]�c�XEV�W+XDY&Z [\XD]5^8b�d-]£¼5!Duwd�_*^:XD` XP{0^&Y&d-]�XD]�XDY&c-Z XPb
d?f�¯�~ tg_?]7i�oP��~ �wuwXDxGy�d-]e¼ * uwd¢_*^\»�~ ©w_?]7i�oP��~ �TuwXDx
_?]7i°d-] & �5� uwd�_*^�¬�~ »�_?]7i�oP��~ ��uwXDxG~��2h�Xe]�XDj�^&Y&d-]�k
bXDW7_?Y8_*^&Z d-]}XD]�XDY&c-Z XPb!d?f+¼5!Puwd7y?¼ * uwdR_?]7i & �5� uwdR_?Y&X����\�
o;��~ ¬�y-»�~ ¬�_?]7i\»�~ �RuwXDxGy-Y&XPbW+XP{0^&Z a-XD` q-~�µ�_?[\W�` XPb�d?f��?t-�5©�~ ¬
[\c\¼5!Duwd7y��?³5©-��~ ©R[\c�¼ * uwd\_?]7i��?³�oP¯�~ »$[\c�& �5� uwdJz(XDY&X
j7bXPiJ_-b�^8_?Y&c-XE^8b�Z ]J^&h�X2XEV�W+XDY&Z [\XD]5^8bD~v�2h�XPbX(^8_?Y&c-XE^8bvz(XDY&X
{Ed-[Gr�Z ]�XPi}z	Z ^&hJXD` XD[\XD]5^8_?Y&q &-&0��fsd-Y�W�h�d?^&d-]�k�ß7j�VG{D_?` Z r�Y8_*k
^&Z d-]�~���d-j�Y(²�· à X�i�XE^&XP{0^&d-Y8b�d?f�oPt-t):�Y&XD`m_*^&Z a-X�X���{EZ XD]7{Eq
z(XDY&X:j7bXPieZ ]�^&h�XT[\XP_-bj�Y&XD[\XD]5^8bDyv^�z(d�d?f�^&h�XD[¡W�`m_-{EXPi
_*^To;�5¬ ' _?]7i�^&h�X�d?^&h�XDYJ^�z(d�_*^�³-t ' Y&XD`m_*^&Z a-X�^&dg^&h�XTZ ]�k
{EZmi�XD]5^:W�h�d?^&d-]�r+XP_?[ Z ]�d-Y8i�XDY\^&d�i�XPi�j7{EXw^&h�X¢_?]�c-j�`m_?Y
i�Zmb�^&Y&Z r�j�^&Z d-]7bRd?f2Y&XPbd-]7_?]5^&` qgb&{D_*^^&XDY&XPiw�+klY8_;q�bD~\·�_?Y^8b�d?f
^&h�X	bW+XP{0^&Y8_�[\XP_-bj�Y&XPiG_*^2o;�5¬='�fsd-Y�^&h�X(^&h�Y&XDX(Zmbd?^&d-W+XPbv_?Y&X
bh�d*z	]:Z ]T��Z c7~2o-~��2h�X${E` d5bXPi�k¥bh�XD` `+]�j7{E` XDj7b	¼5!Duwd�bh�d*z�b
W�Y&d-[\Z ]�XD]5^�W+XP_?|�b�j�WT^&dgo-o}uwXDx«z	h�Z ` X}^&h�X}h�XP_;a�Z XDY�Zmbd?k
^&d-W+XPb�¼ * uwd�_?]7i & �5� uwd�h7_;a-Xwz(XP_?|�^&Y8_?]7bZ ^&Z d-]7b�j�W£^&d
»�~ ©}uwXDxG~��2h�XRW+XP_?|�b(_?r+d*a-X��\uwXDx°Z ]�¼ * uwd\_?]7i & �5� uwd
z(XDY&X�d-r7bXDY&a-XPi¢fsd-Y}^&h�X��7Y8b�^G^&Z [\X:Z ]eW�h�d?^&d-]�k¥b&{D_*^^&XDY&Z ]�c
XEV�W+XDY&Z [\XD]5^8bDy�z	h�Z ` X�¼5!Duwd¢z2_-bGW�Y&XDa�Z d-j7b` q�Z ]�a-XPb�^&Z c5_*^&XPi
_*^�^&h�X}fsd-Y&[\XDY�` Z ]7_-{G_*^ à h�XD]5^R_*^R_?]gXD` XP{0^&Y&d-]wXD]�XDY&c-q�d?f
oPt\uwXDx�n ©;pl~��2h�X$[Gj�` ^&Z W+d-`m_?Y&Z ^&Z XPb	d?f�^&h�X$d-r7bXDY&a-XPi�^&Y8_?]�k
bZ ^&Z d-]7b$z(XDY&X�d-r�^8_?Z ]�XPi�r�q�{Ed-[\W7_?Y&Z ]�c�^&h�X:Y8_*^&Z d5bRd?f2^&h�X
�+klY8_;qeZ ]5^&XD]7bZ ^&Z XPb�d-r7bXDY&a-XPi�_*^�³-t('w_?]7i�o;�5¬='Tz	Z ^&h�^&h�X
XEV�W+XP{0^&XPi\a*_?` j�XPb�fsd-Y(i�Z W+d-` X�_?]7i��5j7_-i�Y&j�W+d-` X2^&Y8_?]7bZ ^&Z d-]7bDy
t�~ ¬*��_?]7i£��~ �?»�y(Y&XPbW+XP{0^&Z a-XD` q-~�uwd5b�^:d?f�^&h�Xg^&Y8_?]7bZ ^&Z d-]7b
bh�d*z�i�Z W+d-` X}{8h7_?Y8_-{0^&XDYP~
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�2h�X�Y&XPi�j7{EXPi�W7_?Y^&Zm_?`Gz	Zmi�^&h7b�� �%#%���� d?f�^&h�X�d-r7bXDY&a-XPi
^&Y8_?]7bZ ^&Z d-]7bDy:z	h�Zm{8h�_?Y&X�W�Y&d-W+d-Y^&Z d-]7_?`\^&d�^&h�X�Y&XPi�j7{EXPi
^&Y8_?]7bZ ^&Z d-]�b�^&Y&XD]�c?^&h7bDy�z(XDY&XTi�XPi�j7{EXPi�fsd-YJ^&h�X�^&h�Y&XDX�Zmbd?k
^&d-W+XPbD~���{Ed-[\W7_?Y&Zmbd-]�d?f(^&h�X:i�Z W+d-` XEk¥b�^&Y&XD]�c?^&h�i�Zmb�^&Y&Z r�j�k

^&Z d-]7b$fsd-YJ¼5!Duwd7yv¼ * uwdg_?]7i & �5� uwdwZmbGbh�d*z	]�Z ]���Z c7~g��~
�2h�X�^&h�Y&XDX:Zmbd?^&d-W+XPbJi�ZmbW�`m_;q�r�Y&d5_-i�i�Zmb�^&Y&Z r�j�^&Z d-]7bGj�W�^&d
^&h�X$Y&XPbW+XP{0^&Z a-XR]�XDj�^&Y&d-]�k¥bXDW7_?Y8_*^&Z d-]�XD]�XDY&c-Z XPbD~

½�¾ ¿+À Q�ÂKE(Ê Æ8ÉsÄ¥Ê�Ü-Ó-ÉsÊ ÅEË�ÅEÌ¶Ä&Ç8Ï�Ó*È0Ç8Ï
ÙmÇ0ÔPÇ�ÙhG�ÊmÏ�ÉsÍ5Æ�ÌÅEÄ	ÉsÍ�Ç	Ï*Ê Ö ÅEÙmÇ
ÉsÄÒEË5Æ¥ÊÉsÊ ÅEË5Æ�Ê Ë 4 9 O�Å 9 4 X O�Å$ÒEË�Ï
.�VYVRO�Å 9 Ä&Ç�Æ Ö Ç&ÈEÉsÊÔPÇ�Ù × Õ

��Y&d-[�^&h�X	i�Z W+d-` XEk¥b�^&Y&XD]�c?^&hJi�Zmb�^&Y&Z r�j�^&Z d-]7bvd?f7^&h�X(^&h�Y&XDX	uwd
Zmbd?^&d-W+XPb\z(Xgi�XPi�j7{EXT^&h�Xgbj�[\[\XPi�b�^&Y&XD]�c?^&h�_?]7i�b�^&j7i�q
Z ^8bTi�XDW+XD]7i�XD]7{EX�d-]£^&h�X�Y8_*^&Z d�-�#��$~ �2h�X�bj�[ d?f}^&h�X
��o	b�^&Y&XD]�c?^&hGh7_-b�r+XDXD]�{D_?`m{Ej�`m_*^&XPi}j�]7i�XDYv^&h�X	_-b&bj�[\W�^&Z d-]
^&h7_*^\_?` `�^&Y8_?]7bZ ^&Z d-]7b}_?r+d*a-X:©wuwXDx¦_?Y&X���o�^&Y8_?]7bZ ^&Z d-]7bD~
�2h�ZmbGbj�[ z2_-b}{D_?`m{Ej�`m_*^&XPi�d*a-XDY}_?` `�^&Y8_?]7bZ ^&Z d-]7b$z	Z ^&h�_?]
XD]�XDY&c-qg_?r+d*a-X\©:uwXDx�d-YRz	Z ^&h�XD]�XDY&c-qwZ ]¢^&h�X\Y8_?]�c-XGr+XEk
^�z(XDXD]�©�_?]7i¢»�~ �:uwXDx �^&h�XJ]�XDj�^&Y&d-]�k¥bXDW7_?Y8_*^&Z d-]TXD]�XDY&c-q
fsd-Y,& �5� uwd��0y�Y&XPbW+XP{0^&Z a-XD` q-~���Z c7~��Jbh�d*z�b�^&h�X$i�XDW+XD]7i�XD]7{EX
d?f	^&h�X:XD]�XDY&c-q5klz(XDZ c-h5^&XPi��:����o;�}b�^&Y&XD]�c?^&h�fsd-Y}^&h�X�^&h�Y&XDX
Zmbd?^&d-W+XPbD~	�2h�XJbj�[\[\XPi���oGb�^&Y&XD]�c?^&hgi�Y&d-W7b	r�qT_\f�_-{0^&d-Y
d?fR_?r+d-j�^\�7a-X�z	Z ^&h�^&h�XT]�j�[Gr+XDY�d?f�]�XDj�^&Y&d-]7b\{8h7_?]�c-Z ]�c
fsY&d-[ ©?t}^&d:©?»�~

½�¾ ¿+À���ÂaS�Ë�Ç�Ä ÑE× ÐWG!Ç�Ê Ñ Í�ÉlÇ8Ï}Æ0ÓPÛ$Æ(ÅEÌhSK_	Æ8ÉsÄ&Ç�Ë Ñ ÉsÍ�ÌÅEÄ2ÒEÙ Ù�ÉsÄÒEË�Ð
Æ¥ÊÉsÊ ÅEË5Æ/G�ÊÉsÍ�ÒEËTÇ�Ë�Ç�Ä ÑE× Ò-Ü?ÅPÔPÇ	�\O�Ç$P�ÅEÄ�G�ÊÉsÍ�ÒEËTÇ�Ë�Ç�Ä ÑE× Ê Ë
ÉsÍ�Ç�ÄÒEË Ñ Ç�Ü-Ç0ÉDG!Ç8Ç�Ë
��ÒEË�Ï��*Õ /O�Ç$P 9 Ä&Ç�Æ Ö Ç&ÈEÉsÊÔPÇ�Ù × Õ

µ�j7{8h�_gi�XDW+XD]7i�XD]7{EX�ZmbGZ ]e{Ed-]5^&Y8_-b�^$^&dw^&h�X:j�]7i�XDY8b�^8_?]7i�k
Z ]�cJd?f!W�q�c-[Gq\Y&XPbd-]7_?]7{EXPb�r+XDZ ]�c\i�j�X�^&dG^&h�XRa�Z r�Y8_*^&Z d-]�d?f
^&h�X2XEV�{EXPb&bZ a-X(]�XDj�^&Y&d-]7bv_?c5_?Z ]7b�^�_?]GZ ]�XDY^�W�Y&d?^&d-]�kl]�XDj�^&Y&d-]
{Ed-Y&XTn o0pl~J�2h�X\Z ]5^&XDY&W�Y&XE^8_*^&Z d-]gd?f�^&h�X\d-r7bXDY&a-XPiwr+XDh7_;a�Z d-Y
Y&XP�5j�Z Y&XPb�fsj�Y^&h�XDY}XEV�W+XDY&Z [\XD]5^8_?`�_?]7i¢^&h�XDd-Y&XE^&Zm{D_?`�Z ]�a-XPb�^&Z k
c5_*^&Z d-]7bD~
�2h�XGXEV�W+XDY&Z [\XD]5^�d-]w^&h�X)- ��©?t�]�j7{E` Zmi�X *5* µ�Y�z2_-b�{D_?Yk
Y&Z XPi¢d-j�^$z	Z ^&h�r�Y&XD[�b&b�^&Y8_?h�` j�]�c�W�Y&d�i�j7{EXPi¢z	Z ^&h�_?]�XD` XP{0k
^&Y&d-]�r+XP_?[®h�Z ^^&Z ]�cg_�]�Z d-r�Z j�[®Y8_-i�Zm_*^&d-Y�d?f�¬��¶[ ^&h�Zm{8|5k
]�XPb&bD~ �2h�X�|�Z ]�XE^&Zm{�XD]�XDY&c-q�d?f}^&h�X�XD` XP{0^&Y&d-]7b�z2_-b�oP��~ �
uwXDx _?]7i�^&h�X�_;a-XDY8_?c-X�XD` XP{0^&Y&d-]£{Ej�Y&Y&XD]5^�z2_-b��5t-t����}~
��oPtG{E[�^&h�Zm{8|�_?` j�[\Z ]�Z j�[�_?r7bd-Y&r+XDY(z2_-b�W�`m_-{EXPi�r+XDh�Z ]7i
^&h�X}Y8_-i�Zm_*^&d-Y2Z ]Td-Y8i�XDY(^&d�Y&XPi�j7{EXR^&h�X$` d*z2klXD]�XDY&c-q�W7_?Y^	d?f
^&h�X¢r�Y&XD[�b&b�^&Y8_?h�` j�]�c�bW+XP{0^&Y&j�[T~«�2h�Xw^8_?Y&c-XE^:{Ed-]7bZmb�^&XPi
d?f��5¬*��o-~ »:[\cwd?f *5* µ�YE� ¨ � z	Z ^&h�_?]�XD]�Y&Zm{8h�[\XD]5^}d?f	³-³�~ ³:�y�{Ed-[Gr�Z ]�XPi�z	Z ^&he��©-©�~ ©�[\cgd?f &-&0��j7bXPi�fsd-Y}^&h�X�{D_?` k
Z r�Y8_*^&Z d-]�d?f}^&h�X�W�h�d?^&d-]£ß7j�V¶~ ��Y8_;q�b:z(XDY&X¢[\XP_-bj�Y&XPi
z	Z ^&h�fsd-j�YGh�Z c-h�klW�j�Y&Z ^�q�c-XDY&[�_?]�Z j�[ i�XE^&XP{0^&d-Y8b}d?f$oPt-t :
X���{EZ XD]7{EqeY&XD`m_*^&Z a-X�^&d�_�� '��J� '���_?¤Gi�XE^&XP{0^&d-YP~���` `�i�XEk
^&XP{0^&d-Y8b�z(XDY&X�bj�Y&Y&d-j�]7i�XPi\r�q\XPb&{D_?W+XEk¥bj�W�W�Y&XPb&bZ d-]�bh�Z XD`mi�b
d?f!r�Zmb[Gj�^&h�c-XDY&[�_?]7_*^&X�b&{EZ ]5^&Z ` `m_*^&Z d-]�i�XE^&XP{0^&d-Y8bD~v�2z(dJi�XEk
^&XP{0^&d-Y8bvz(XDY&X(W�`m_-{EXPiJ_*^�³-t('�Y&XD`m_*^&Z a-X(^&d�^&h�X	W�h�d?^&d-]�klr+XP_?[
i�Z Y&XP{0^&Z d-]wz	h�Z ` X}^&h�X}d?^&h�XDY�^�z(d�z(XDY&X$W+d5bZ ^&Z d-]�XPiw_*^Go;�5¬='
^&dTi�XPi�j7{EX\_?]�c-j�`m_?YRi�Zmb�^&Y&Z r�j�^&Z d-]7b�d?f�^&h�XJ��Y8_;q�bD~$��r+d-j�^
o;©?t��°^&Y8_?]7bZ ^&Z d-]7b:Z ]£^&h�X¢XD]�XDY&c-q�Y8_?]�c-XwfsY&d-[ ¬�^&d�o;�
uwXDx z(XDY&X�d-r7bXDY&a-XPi¢fsd-Y}^&h�X��7Y8b�^}^&Z [\X-~���Z c7~w�¢bh�d*z�b
Y8_*^&Z d5bGd?f�Z ]5^&XDc-Y8_*^&XPie{EY&d5b&bJbXP{0^&Z d-]7bJd-r�^8_?Z ]�XPi�fsY&d-[§^&h�X
W�Y&XPbXD]5^J[\XP_-bj�Y&XD[\XD]5^\_*^ ����� �& �®oP��~ �wuwXDx _?]7i�fsY&d-[
d-j�Y�W�Y&XDa�Z d-j7bJ[\XP_-bj�Y&XD[\XD]5^�_*^�¯�~ »�uwXDx n ¬Pp	fsd-Y�b�^8_*^&XPb
z	Z ^&h:XEV�{EZ ^8_*^&Z d-]:XD]�XDY&c-Z XPb����}r+XE^�z(XDXD]���~ ©$_?]7i:¯�~ ©}uwXDxG~
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{Ed-]7bZmi�XDY8_?r�` X�fsXDXPi�Z ]�c�d?f�^&h�XPbX2b�^8_*^&XPb�r�qR^&Y8_?]7bZ ^&Z d-]7b�fsY&d-[
h�Z c-h�XDYkl` q�Z ]�cTb�^8_*^&XPb�Z ]�^&h�X�[\XP_-bj�Y&XD[\XD]5^$_*^�oP��~ �:uwXDxG~
²�d*z(XDa-XDYPy(^&h�X¢fsXDXPi�Z ]�c�r+XP{Ed-[\XPb:b[�_?` `�fsd-YTb�^8_*^&XPb:z	Z ^&h
���)�°¯�uwXDxG~
�2h�X�Y&XPi�j7{EXPi¢W7_?Y^&Zm_?`�z	Zmi�^&h7b�� �=#%���� i�XPi�j7{EXPi¢fsY&d-[�^&h�X
�+klY8_;q�Z ]5^&XD]7bZ ^&Z XPb�j�]7i�XDY�^&h�X\_-b&bj�[\W�^&Z d-]�yF^&h7_*^$_?` `!^&Y8_?]�k
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½�¾ ¿+À���Â��2Ç8Ï�Ó*È0Ç8Ï Ö ÒEÄ8ÉsÊ ÒEÙhG�ÊmÏ�ÉsÍ5Æ�ÌÅEÄ�ÉsÄÒEË5Æ¥ÊÉsÊ ÅEË5Æ�Ê Ë XYX :?Ä0Õ
�2h�XPbX�Y&XPi�j7{EXPi W7_?Y^&Zm_?`�z	Zmi�^&h7b�_?Y&X�W�Y&d-W+d-Y^&Z d-]7_?`¢^&d
^&h�X�Y&XPi�j7{EXPi¢^&Y8_?]7bZ ^&Z d-]�b�^&Y&XD]�c?^&h7bRd?f	i�Z W+d-` X\^&Y8_?]7bZ ^&Z d-]7b

� �:����o;��d-Y �:�DC�o;��0~}�2h�XJi�Z W+d-` XEk¥b�^&Y&XD]�c?^&h¢i�Zmb�^&Y&Z r�j�^&Z d-]
Zmb�{8h7_?Y8_-{0^&XDY&ZmbXPier�qe` Z ^^&` X¢b�^&Y&XD]�c?^&h�r+XD` d*z¦¯�uwXDx _?]7i
fsXDz�W�Y&d-[\Z ]�XD]5^�^&Y8_?]7bZ ^&Z d-]7b�_-{D{Ed-[\W7_?]�Z XPiGr�qG[�_?]�q$^&Y8_?]�k
bZ ^&Z d-]7b(d?f�b[�_?` `¶b�^&Y&XD]�c?^&hT_*^	h�Z c-h�XDY	XD]�XDY&c-Z XPbD~v�2h�X�^&Y8_?]�k
bZ ^&Z d-]�z	Z ^&h�`m_?Y&c-XRb�^&Y&XD]�c?^&hT_*^�¬*t-»-»}|-XDx�[�_;q�r+XRY&XD`m_*^&XPi
^&d}^&h�X
	¶��� ¼�5! ����� 5! ��bW�Z ]�k�ß7Z W�^&Y8_?]7bZ ^&Z d-]�z	h�Zm{8h:Zmb�W�Y&XEki�Zm{0^&XPi�_*^g_?r+d-j�^w^&h�ZmbwXD]�XDY&c-q�r�q�bh�XD` ` kl[\d�i�XD`G{D_?`m{Ej�`m_*k
^&Z d-]7bD~��2h�X2bj�[�d?f�^&h�X��:����o;���Rb�^&Y&XD]�c?^&h7b¶fsd-Y�^&Y8_?]7bZ ^&Z d-]7b
fsY&d-[ b�^8_*^&XPb�r+XE^�z(XDXD]¢¯�uwXDx�_?]7iT^&h�XGh�Z c-h�XPb�^�d-r7bXDY&a-XPi
` XDa-XD`�Z ] *5* µ�Y�Zmb�{Ed-[\W7_?Y&XPiGz	Z ^&h\^&h�X�d-]�X	d-r�^8_?Z ]�XPiGfsd-Yv^&h�X
- �¦©?tTZmbd?^&d-]�X�¼5!DuwdwZ ]e��Z c7~w¯�~T�2h�Zmb}bj�[§bXDXD[�b$^&d
Z ]7{EY&XP_-bX�z	Z ^&h�^&h�X:Y8_*^&Z dgd?f	]�XDj�^&Y&d-]e]�j�[Gr+XDY}^&dgW�Y&d?^&d-]
]�j�[Gr+XDYPy�-�#��$~(²�d*z(XDa-XDYPy�^&h�XGb�^&j7i�q�d?fvfsj�Y^&h�XDY�-¡��©?t
Zmbd?^&d-]�XPb$Zmb}]�XP{EXPb&b&_?Y&qg^&dg` XP_?Y&]e_?r+d-j�^}^&h�Zmb}^&XD]7i�XD]7{Eq�d?f
i�Z W+d-` XRb�^&Y&XD]�c?^&h�z	h�Zm{8h:h7_-b(Z [\W�` Zm{D_*^&Z d-]7b�fsd-Y(^&h�XRbq�]5^&h�XEk
bZmb2d?f�]�j7{E` XDZ�Z ]TXEV�W�` d5bZ a-XRb�^&XD` `m_?Y	XDa-XD]5^8b$n �Ppl~
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½�¾ ¿+À���Â*:�ÓPÛ$ÆFÅEÌ�� � H ã���� Ô0ÒEÙsÓ?Ç�ÆFÌÅEÄ�ÉsÍ�Ç���� �#CvÊ ÆÅ*É�ÅEË�Ç�ÆhXYX%:?Ä
ÒEË�Ï?4 9 O�Å?Õ
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�(#&K��47@�C�>F.
�2h�X�W�h�d?^&d-]°r+XP_?[ d?fG^&h�X�r�Y&XD[�b&b�^&Y8_?h�` j�]�c�f�_-{EZ ` Z ^�q£_*^
U�Ý!�2U h7_-b�r+XDXD]�j7bXPi�^&d�[\XP_-bj�Y&X�^&h�X£bW�Z ]^; � o
��i�Z W+d-` X;��XEV�{EZ ^8_*^&Z d-]7b�r+XE^�z(XDXD]���^&d�³�uwXDx§XEV�{EZ ^8_*^&Z d-]
XD]�XDY&c-q:Z ]w¼5!%$ ¼ * $ & �5� uwd�Z ]g_\h�Z c-hTY&XPbd-` j�^&Z d-]�XEV�W+XDY&Z [\XD]5^P~)�j�X}^&d�^&h�XG[�_?c-Zm{\-��R©?t\]�XDj�^&Y&d-]g{Ed-]��7c-j�Y8_*^&Z d-]TZ ]w^&h�X
c-Y&d-j�]7i�b�^8_*^&X¢^&h�X�¼5!Duwd�]�j7{E` XDj7b�ZmbTbW�h�XDY&Zm{D_?`Rz	h�XDY&XP_-b
^&h�XTd�{D{Ej�W7_*^&Z d-]�d?f�d-W+XD]�]�XDj�^&Y&d-]�bh�XD` `mbJZ ] ¼ * $ & �5� uwd�Zmb
|�]�d*z	]�^&d�` XP_-ie^&d�i�XEfsd-Y&[\XPi�bh7_?W+XPbTn oEpl~���]�Z ]5^&XDY&XPb�^k
Z ]�cJ�5j�XPb�^&Z d-]�Zmb�h�d*z�^&h�X�i�Zmb�^&Y&Z r�j�^&Z d-]�d?f¶^&h�X�i�Z W+d-` X�XEV�{EZ k
^8_*^&Z d-]7b${8h7_?]�c-XPb�z	h�XD]�{Ed-]7bZmi�XDY&Z ]�c:^&h�Zmb$Zmbd?^&d-W�Zm{JbXDY&Z XPbD~
�¦fsj�Y^&h�XDY��5j�XPb�^&Z d-]�{Ed-]7{EXDY&]7bG^&h�Xwbj�c-c-XPb�^&Z d-]�d?f�W+d5b&bZ k
r�` X}·�q�c-[Gq�Y&XPbd-]7_?]7{EXPb�fsd-Y	c-Y&d*z	Z ]�cJ]�XDj�^&Y&d-]�XEV�{EXPb&bDy�Z�~ X-~
z	h�XE^&h�XDY�^&h�X\i�Z W+d-` XEklXEV�{EZ ^8_*^&Z d-]¢b�^&Y&XD]�c?^&hgZ ]w^&h�XJa�Zm{EZ ]�Z ^�q
d?fR^&h�Xg]�XDj�^&Y&d-]�^&h�Y&XPbh�d-`mi�Z ]7{EY&XP_-bXPb\z	Z ^&h�^&h�Xg]�XDj�^&Y&d-]
]�j�[Gr+XDYP~

½�¾ ¿+À*ÁgÃ�ÒEÙ ÈDÓPÙ Ò*ÉlÇ8Ï�Æ8ÉsÄ&Ç�Ë Ñ ÉsÍ�ÌÅEÄ�ÒEË>H ã ÇYT�ÈÊÉ�Ò*ÉsÊ ÅEËTÌ ÄÅEÛ ÉsÍ�Ç
ÉsÍ�Ç Ñ ÄÅ?ÓPË�Ï}Æ8É�Ò*ÉlÇ�É�Å$Ò}ÔDÊ�ÜDÄÒ*ÉsÊ ÅEË�ÒEÙFÆ8É�Ò*ÉlÇ	Ò*É�ÉsÍ�Ç�Ç�Ë�Ç�Ä ÑE× H£Ê Ë4 9 O�Å Ø ÆÅEÙ ÊmÏ�Ù Ê Ë�Ç�ÆlÚ�ÒEË�Ï+4 X O�Å Ø Ï-ÒEÆ¥Í�Ç8Ï�Ù Ê Ë�Ç�ÆlÚ 9 Ä&Ç�Æ Ö Ç&ÈEÉsÊÔPÇ�Ù × ÕG>@FÅEÄ&Ç�Ë�É�
8Ê ÒEË�G�ÊmÏ�ÉsÍ� � _3C [-Ç$PgÊ Æ�ÓPÆ&Ç8ÏGÊ ËgÜ?Å*ÉsÍ\Ë�Ó*ÈÙmÇ�ÊsÕ2Z+Í�Ç
Æ8ÉsÄ&Ç�Ë Ñ ÉsÍTÏ*Ê Æ8ÉsÄ¥Ê�Ü-Ó-ÉsÊ ÅEË:Ê Ëw.�VYV"O�Å G�Í5Ê È¥Í�Ê Æ2Ë�Å*ÉvÆ¥Í�Å G�Ë�Í�Ç�Ä&Ç	Ê Æ
� Ó*ÒEÙ ÊÉ�Ò*ÉsÊÔPÇ�Ù × � ÓPÊÉlÇ�Æ¥Ê Û$Ê Ù ÒEÄ�É�Å$ÉsÍ�Ç2ÅEË�Ç�Ê Ë 4 X O�Å?Õ
�2h�X�9�·¶��{Ed�i�XRn �Pp�h7_-b�r+XDXD]J_?W�W�` Z XPi}^&d�Z ]�a-XPb�^&Z c5_*^&X�z	h7_*^
^&h�X�[\XP_?]��7XD`mi�W�` j7b79�·¶�£Zmb�W�Y&XPi�Zm{0^&Z ]�c}fsd-Y�^&h�Zmb2{D_-bX-~�¤¥]
��Z c7~2o�z(X�W�Y&XPbXD]5^�^&h�X�{D_?`m{Ej�`m_*^&XPi ��oEk¥b�^&Y&XD]�c?^&h�i�Zmb�^&Y&Z r�j�k
^&Z d-]�fsd-YJ¼5!Duwdg_?]7i�¼ * uwd¢_-b$d-r�^8_?Z ]�XPi�fsd-YG_?]�Zmbd*a-XP{0^&d-Y
i�Z W+d-` XEklW�` j7b�kld�{0^&j�W+d-` X\Z ]5^&XDY8_-{0^&Z d-]�~J�2h�X�b�^&Y&XD]�c?^&h�d?f�^&h�X
Y&XPbZmi�j7_?`?Z ]5^&XDY8_-{0^&Z d-]Rz2_-b¶{8h�d5bXD]�^&d	��^�^&h�X�W+d5bZ ^&Z d-]Rd?f�^&h�X
c-Zm_?]5^�i�Z W+d-` X2Y&XPbd-]7_?]7{EX-~��2h�X	bXD` f�{Ed-]7bZmb�^&XD]5^&` q}{D_?`m{Ej�`m_*^&XPi
bh7_?W+X�d?f¶^&h�XR��Z `mb&bd-]�W+d?^&XD]5^&Zm_?`¶{8h7_?]�c-XPb�fsY&d-[��}���w�£t
Z ]�¼5!Puwd:^&d��:��t�� oP³�.�����oP¯('GZ ]�¼ * uwd7~J�2h�X\Y&XPbj�` ^&Z ]�c
��o$b�^&Y&XD]�c?^&h7b(fsd-j�]7i:Z ]�^&h�X\9�·¶��{D_?`m{Ej�`m_*^&Z d-]�_?Y&XRbh�d*z	]
Z ]\��Z c\o-~v�2h�X(^&Y8_?]7bZ ^&Z d-]Jb�^&Y&XD]�c?^&hGZ ]G^&h�X	bW�h�XDY&Zm{D_?`�¼5!Puwd
Zmb�i�Zmb�^&Y&Z r�j�^&XPi�Z ]5^&d�_GfsXDz�b�^&Y&d-]�c\` Z ]�XPb�{Ed-Y&Y&XPbW+d-]7i�Z ]�c}^&d
^&h�X$i�XDc-XD]�XDY8_-{EqJd?f¶^&h�X$bW�h�XDY&Zm{D_?`Fbh�XD` `mb(_?]7i�^&h�XDZ Y	b�^&Y&d-]�c
bXD` XP{0^&Z d-]RY&j�` XPbFfsd-Y���o�^&Y8_?]7bZ ^&Z d-]7bD~¶¤¥]}{Ed-]5^&Y8_-b�^PyE^&h�X�^&Y8_?]�k
bZ ^&Z d-]�b�^&Y&XD]�c?^&heZ ] ¼ * uwd�_?W�W+XP_?Y8bGb�^&Y&d-]�c-` q¢fsY8_?c-[\XD]5^&XPi
i�j�XR^&d\^&h�X}bh�XD` `�bW�` Z ^^&Z ]�c�Z ]w_\i�XEfsd-Y&[\XPi:�7XD`mi¶~

)�XE�7]�Z ]�c:^&h�XGXD]�XDY&c-q5klz(XDZ c-h5^&XPi�bj�[ Y&j�` X)��� ���\���G��_-b
^&h�XwZ ]5^&XDc-Y8_*^&XPiF��owb�^&Y&XD]�c?^&h�j�W�^&d¢^&h�XwXD]�XDY&c-q ��y�^&h�X
Y8_*^&Z dF��� ���\���G�5#%��� ���\������� �-�g�-t�uwXDxR��_-b�_�fsj�]7{0k
^&Z d-]ed?f2^&h�X:XD]�XDY&c-q¢ZmbGbh�d*z	]�Z ]e��Z c7~¢��~g�2h�X�fsj�]7{0^&Z d-]
��� ���\���G�5#%��� ���\������� �?��W�Y&d*a�Zmi�XPb�_�[\d-Y&XG�5j7_?]5^&Z ^8_*k
^&Z a-X$[\XP_-bj�Y&X�d?f!^&h�XRfsY8_?c-[\XD]5^8_*^&Z d-]:XEºFXP{0^�d?f!^&h�XR^&Y8_?]7bZ k
^&Z d-]}b�^&Y&XD]�c?^&hRd-Y&Z c-Z ]7_*^&XPi�r�q�^&h�X�b�^&Y&j7{0^&j�Y8_?`-{8h7_?]�c-X�Z ]R^&h�X
Zmbd?^&d-W�Zm{�bXDY&Z XPb!¼5!%$ ¼ * $ & �5� uwd7~ ¨ ]�X�]�d?^&Zm{EXPb¶^&h�X(b�^&XDW�z	ZmbX�Z ]�k
{EY&XP_-bXRd?fv^&h�X}Y8_*^&Z d\Z ]g¼5!Puwd�Y&XEß7XP{0^&Z ]�c�_?c5_?Z ]:^&h�XGbW�h�XDYk
Zm{D_?`�i�XDc-XD]�XDY8_-{Eqwz	h�Zm{8h�Zmb$[\d�i�Z �7XPi�Z ]�¼ * uwd�^&dg_�[\d-Y&X
Y&XDc-j�`m_?Y�{Ej�Y&a-X�Z ]}_-{D{Ed-Y8i�_?]7{EXvz	Z ^&hR^&h�X�[\d-Y&X�b[\d�d?^&h$` XDa-XD`
i�XD]7bZ ^�qJZ ]�^&h�X�i�XEfsd-Y&[\XPi�¼ * uwd}z	h�Zm{8h�Zmb�bXDXD]�_?`mbdRZ ]�^&h�X
Y8_*^&Z d$fsd-Y�& �5� uwd7~v�2h�X�b&_?[\X	^&XD]7i�XD]7{Eq\z2_-b�fsd-j�]7i\fsd-Y�^&h�X
_?]7_?` d-c-d-j7b(Y8_*^&Z dJd?f�^&h�XC�o�^&Y8_?]7bZ ^&Z d-]Tb�^&Y&XD]�c?^&h7bD~

½�¾ ¿+À Q �(Ò*ÉsÊ ÅTÅEÌ�ÉsÍ�ÇJÈ8ÒEÙ ÈDÓPÙ Ò*ÉlÇ8Ï�Ç�Ë�Ç�Ä ÑE× ÐWG!Ç�Ê Ñ Í�ÉlÇ8ÏwÆ0ÓPÛ Ä0ÓPÙmÇ
H�� L�� � H � � H�� L�� � H"!�#%$ � �C8O�Ç$PFÚ�ÒEÆ�Ò$Ì�ÓPË�ÈEÉsÊ ÅEËTÅEÌ�ÉsÍ�Ç
Ç�Ë�Ç�Ä ÑE× H$Õh`2Å*ÉlÇ 9 ÉsÍ�Ò*É�H�� L�� � H � ÒEÛGÅ?ÓPË�ÉsÆ�Ò*É H �>_3C2O�Ç$P
ÅEË5Ù × É�ÅRÒ-Ü?Å?Ó-É �'&�ÅEÌ�ÉsÍ�Ç�É�Å*É�ÒEÙ�H�� L�� Õ
��d-[\W7_?Y&Z ]�c\^&h�X��� ����Y8_*^&Z d5b	Z ]gi�XE^8_?Z `!d-]�X$�7]7i�b	^&h7_*^
^&h�X}a*_?` j�XPb	Z ]T^&h�XGbW�h�XDY&Zm{D_?`�{D_-bX}_?Y&X�ß7j7{0^&j7_*^&Z ]�c�z	Z ^&hg_
`m_?Y&c-X�W+XDY&Z d�i�_?r+d-j�^G^&h�X�[\d-Y&X�b[\d�d?^&h�XPi�a*_?` j�XPbGZ ]e^&h�X
i�XEfsd-Y&[\XPig{D_-bX-~	¤l^$bXDXD[�b�bj�c-c-XPb�^&Z a-XR^&d:W+XDYfsd-Y&[ _�bZ [Jk
Z `m_?Y�_?]7_?` q�bZmb�d?f$^&h�X¢XEV�W+XDY&Z [\XD]5^8_?`�i�_*^8_�r�q�XEV�^&Y8_-{0^&Z ]�c
^&h�X$fsY8_-{0^&Z d-]7_?`U��� ���Rb	Z ]Td-Y8i�XDY(^&d�d-r�^8_?Z ]TZ ]�fsd-Y&[�_*^&Z d-]
_?r+d-j�^}^&h�X�bh�XD` `�b�^&Y&j7{0^&j�Y&X�Z ]�^&h�X�Zmbd?^&d-W�Zm{�bXDY&Z XPbRz	h�Zm{8h
{D_?]�r+XT{Ed-[\W7_?Y&XPi�z	Z ^&h�^&h�XT{D_?`m{Ej�`m_*^&Z d-]�~�¤l^\ZmbJXDa�Zmi�XD]5^
^&h7_*^�fsd-Y:bj7{8h�_�{Ed-[\W7_?Y&Zmbd-]e^&h�XwXEV�W+XDY&Z [\XD]5^8_?`2^&Y8_?]7bZ k
^&Z d-]¢b�^&Y&XD]�c?^&hT]�XDXPiT^&d�r+X}[\XP_-bj�Y&XPi�fsd-Y�_�`m_?Y&c-X$XD]�d-j�c-h
XD]�XDY&c-qwZ ]5^&XDY&a*_?`vZ ]�d-Y8i�XDY�^&d�d-r�^8_?Z ]�_�bXD]7bZ ^&Z a-X ��� ���
Y8_*^&Z d7~e� {Ed-[\W7_?Y&Zmbd-]ed?f�bj7{8h�Y8_*^&Z d5bJ_*^�_?]�_?Y&r�Z ^&Y8_?Y&Z ` q
bXD` XP{0^&XPi�XEV�{EZ ^8_*^&Z d-]�XD]�XDY&c-q �«Zmb�W�Y&d-r7_?r�` qJ]�d?^(a-XDY&q\{Ed-]�k
{E` j7bZ a-XRr+XP{D_?j7bX�d?f!^&h�XRß7j7{0^&j7_*^&Z ]�c�{8h7_?Y8_-{0^&XDY(d?f!^&h�Zmb2Y8_*k
^&Z d7~
â ã&ä/�Fæ õ�æFñ\óDê û . (0ó?ð¶ç�æ *�æFò û ý'(ë � é&è ù)(+*-,/. 0 ð6��ë ù-ú æ ��é î æ6
 � ÿ
� �����?ã��V� ÿ � ÿ ã��

â �0ä}õ�æ'�Rìí ê�óDý7ð û ë'. ú è�é8þ í è û ð�þ7æ'$
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�2h�X®_?Z [ d?f�W�h�d?^&d5_-{0^&Z a*_*^&Z d-] b�^&j7i�Z XPb�z	Z ^&h r�Y&XD[�b�k
b�^&Y8_?h�` j�]�cG_*^	U�Ý!�2U�Zmb�^&h�X�Z ]�a-XPb�^&Z c5_*^&Z d-]�d?f�W�kl]�j7{E` XDZ+` Z |-X
¼5!Duwd�n o0p�^&d�i�XE^&XDY&[\Z ]�XTW�h�d?^&d�i�ZmbZ ]5^&XDc-Y8_*^&Z d-]�{EY&d5b&bJbXP{0k
^&Z d-]7b	d?f�_-b�^&Y&d-W�h�q�bZm{D_?`+Z ]5^&XDY&XPb�^Gn �;pl~��2h�X$[\XP_-bj�Y&XPi:W�h�d?k
^&d5_-{0^&Z a*_*^&Z d-]\q�Z XD`mi\Zmb�W�Y&d-W+d-Y^&Z d-]7_?`�^&d$^&h�X�Z ]5^&XDc-Y8_?`�d?fF^&h�X
W�h�d?^&d-]�ß7j�V�^&Z [\XPb�^&h�XgW�h�d?^&d�i�ZmbZ ]5^&XDc-Y8_*^&Z d-]�{EY&d5b&b�bXP{0k
^&Z d-]�~��2h�X	�wi�XP{D_;qGd?f¶^&h�X�W�h�d?^&d�i�ZmbZ ]5^&XDc-Y8_*^&Z d-]\W�Y&d�i�j7{0^8b
Zmbvj7bXPiG^&dRZmi�XD]5^&Z fsq}^&h�X	]�j�[Gr+XDY�d?f+]�j7{E` XDZ�W�Y&d�i�j7{EXPi¶~v�2h�X
W�h�d?^&d-]�ß7j�V�{D_?]�r+XRi�XPi�j7{EXPi\fsY&d-[�^&h�X�|�]�d*z	] &-&E�e^&Y8_?]�k
bZ ^&Z d-]�b�^&Y&XD]�c?^&h7b�_?]7iGfsY&d-[�^&h�X�_-{0^&Z a*_*^&Z d-]Jd?f¶��j�b&_?[\W�` XPb
Z Y&Y8_-i�Zm_*^&XPi�^&d-c-XE^&h�XDY	z	Z ^&hT]7_*^&j�Y8_?`¶[\d-` q�rFi�XD]�j�[T~
¤¥] ¼5!Duwd7y�^&h�X W�Y&d?^&d-]�k¥bXDW7_?Y8_*^&Z d-] XD]�XDY&c-q Zmb � . �
¬�~ ��©?¯�uwXDxGyF_?]7iT^&h�X���*.W+�	W�Y&d�{EXPb&b�W+d-W�j�`m_*^&XPb	^&h�X:oPt5©;k
|-XDx¦b�^8_*^&XT¼ & � ��r�z	Z ^&h�_¢h7_?` fkl` Z fsX�� & 5! � ¯-t�� »-¯gi�n o0pl~
�2h�X�]�XDj�^&Y&d-]�k¥bXDW7_?Y8_*^&Z d-]�XD]�XDY&c-q¢Zmb ���e��o;� � ¯�¬?��uwXDxGy
_?]7i¢^&h�X¢��*.]+��W�Y&d�{EXPb&b}i�XP{D_;q�b�^&dT^&h�X:¯?�7~ ¯Tb$Zmbd-[\XDY}d?f
¼ &0uwd7~(�(_?`m{Ej�`m_*^&Z d-]7b(z	Z ^&hw����Ý��$µ�n �*p!bh�d*z£^&h7_*^	^&h�X}i�Z k
Y&XP{0^GW+d-W�j�`m_*^&Z d-]�d?f	^&h�X:c-Y&d-j�]7i�b�^8_*^&XPb:�sc7~ bD~ ��fsd-YGr+d?^&h�y
¼ &0uwd�_?]7ie¼ &0��r!y�ZmbJb�^&Y&d-]�c-` q�Y&XPi�j7{EXPiei�j�X�^&dg^&h�X�h�Z c-h
bW�Z ]Ti�Z ºFXDY&XD]7{EXRr+XE^�z(XDXD]�^&h�X$i�XP{D_;q�Z ]�c\¼5!Puwd�{Ed-]5^&Z ]�j�j�[
b�^8_*^&XPb2_?]7i�^&h�X}{Ed-Y&Y&XPbW+d-]7i�Z ]�cGc7~ bD~v¤lf!^&h�X$_-{0^&Z a*_*^&Z d-]�XD]�k
XDY&c-q�Zmb(r+XD` d*z ���Fy�_Jj�]�Zm�5j�X$bZ c-]7_*^&j�Y&X�d?f!^&h�X���*.W+��W�Y&d?k
{EXPb&bvZmb�^&h�X	XD` XP{0^&Y&d-]�k¥{D_?W�^&j�Y&X2i�XP{D_;q}d?f¶¼ & � ��rw�sr�Y8_?]7{8h�Z ]�c
Y8_*^&Z d	� ��� � ³d:J��Z ]5^&dw_?]�XEV�{EZ ^&XPi�` XDa-XD`�d?f	¼ &��+YDy�z	h�Zm{8h
i�XDXEV�{EZ ^&XPb�Z ]5^&d:^&h�X\b�^8_?r�` XJc7~ bD~Rr�qTXD[\Z ^^&Z ]�cw_go;�?t5©\|-XDx
�¢�5j7_?]5^&j�[T~
��Y&d-[ ^&h�XTZ ]5^&XD]7bZ ^�q�d?f�^&h�X�fsj�` ` klXD]�XDY&c-q�W+XP_?|�[\XP_-bj�Y&XPi
z	Z ^&h�_?]�²�· à X\i�XE^&XP{0^&d-Y�n �?plyF^&h�XJW�h�d?^&d5_-{0^&Z a*_*^&Z d-]¢q�Z XD`mi
z2_-b�i�XDY&Z a-XPiJr�q}^8_?|�Z ]�c$Z ]5^&d}_-{D{Ed-j�]5^�^&h�X2^&d?^8_?`+i�XDW+d5bZ ^&XPi
r+XP_?[ {8h7_?Y&c-X-y7^8_?Y&c-XE^�[�_-b&bDy¶Zmbd?^&d-W�Zm{G_?r�j�]7i�_?]7{EX-y�i�XP{D_;q
_?]7iR[\XP_-bj�Y&XD[\XD]5^¶^&Z [\X-y;fsj�` ` klXD]�XDY&c-q�W+XP_?|�X���{EZ XD]7{Eq-y*_?]7i
i�XP_-iJ^&Z [\X�_-b�z(XD` `+_-b�{Ed-Z ]7{EZmi�XD]7{EXEk¥bj�[\[\Z ]�cG{Ed-Y&Y&XP{0^&Z d-]7bD~
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ÉsÊ ÅEË Ö ÄÅ*È0Ç�Æ¥Æ&Ç�Æ�Ê Ë O�Å�Ê ÆÅ*É�Å Ö Ç�Æ Ø Ö ÅEÊ Ë�ÉsÆlÚ(ÒEË�ÏJÉsÍ�Ç&ÅEÄ&Ç0ÉsÊ È8ÒEÙ Ö Ä&ÇÐ
Ï*Ê ÈEÉsÊ ÅEË5ÆvÌ ÄÅEÛ�Ò�
2Ò?ÓPÆ&Ç�Ä�Ð ]�Ç�Æ¥Í7Ü;ÒPÈ¥Í}ÛGÅ?Ï5Ç�Ù < � =FÌÅEÙmÏ5Ç8Ï)G�ÊÉsÍ�ÉsÍ�Ç
Ö Í�Å*É�ÅEË�Ð�Ç�Ë�Ç�Ä ÑE× Ï*Ê Æ8ÉsÄ¥Ê�Ü-Ó-ÉsÊ ÅEË < � =�Ó Ö É�Å:ÉsÍ�Ç$Ç�Ë�Ï Ö ÅEÊ Ë�É	Ç�Ë�Ç�Ä ÑE×
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¤¥]}��Z c7~Do-yP^&h�X�[\XP_-bj�Y&XPi�W�h�d?^&d5_-{0^&Z a*_*^&Z d-]$q�Z XD`mi�b!_?Y&X�{Ed-[Jk
W7_?Y&XPi�^&d�[\d�i�XD`�{D_?`m{Ej�`m_*^&Z d-]7bD~��2h�XT^&h�XDd-Y&XE^&Zm{D_?`	{Ej�Y&a-XPb
_?Y&X£]�d-Y&[�_?` ZmbXPi�^&d«��^�^&h�X�bZ [Gj�` ^8_?]�XDd-j7b` q�[\XP_-bj�Y&XPi&�¼ � ��j!��*.]+��i�_*^8_�_*^�` d*z±XD]�XDY&c-Z XPbD~ �(^�^&h�X°h�Z c-h�XPb�^

_-{0^&Z a*_*^&Z d-]°XD]�XDY&c-q�_*^�� oP¯�~ ©�uwXDxGy�z(X�d-r7bXDY&a-XPi�^&h�X
¼5! uwd+��*.��v� *5* �+Y!Y&XP_-{0^&Z d-]�fsd-Y�^&h�X��7Y8b�^�^&Z [\X�n � & 5! � *5* �+Y0�!�»-��~ �Ri¶á(���J���-³-��|-XDxGá�����³�¬�~ �*��:$pl~��2h�X2W�h�d?^&d5_-{0^&Z a*_*k
^&Z d-]Gd?f+XD]�Y&Zm{8h�XPiG¼5!Duwd\��³�¬�~ ��o%:J��_*^	oP��~ �5»�uwXDx�z2_-b�j7bXPi
^&d�c-XE^}_�bXP{Ed-]7iga*_?` j�XGfsd-Y�^&h�Xw��*.��v��q�Z XD`mi¶~J�2h�ZmbRa*_?` j�X
z2_-b$]�d-Y&[�_?` ZmbXPi�Y&XD`m_*^&Z a-X\^&dg^&h�X:q�Z XD`mi�d?f2^&h�X¢o;�?t5©;kl|-XDx
^&Y8_?]7bZ ^&Z d-]wfsY&d-[ ¼5!Duwd+��*.W+�0~G�2h�XJY&XP_-{0^&Z d-]0& �5� uwd+��*.]+�
z2_-b(d-r7bXDY&a-XPi�r�q�_?]7_?` q�bZ ]�cG^&h�XR^&Y8_?]7bZ ^&Z d-]T_*^�¬;�5tG|-XDxG~
·�h�d?^&d5_-{0^&Z a*_*^&Z d-]}d?fF¼5!Duwd$_*^�XD]�XDY&c-Z XPb�_?r+d*a-X�^&h�X2]�XDj�^&Y&d-]
^&h�Y&XPbh�d-`mi�W�` j7b�^&h�XgXEV�{EZ ^8_*^&Z d-]�XD]�XDY&c-q�d?fR^&h�X¢Zmbd-[\XDY&Zm{
b�^8_*^&Xwd?f$¼ & � uwd�` XP_-i�b\^&de_�{Ed-]5^&Y&Z r�j�^&Z d-]�d?fR^&h�Xe��*.]+�
{8h7_?]�]�XD`¶Z ]�^&h�X}[\XP_-bj�Y&XPi:q�Z XD`mi¶y7bZ ]7{EX}¼ & � uwd�i�XP{D_;q�b(^&d
¼ & � ��r�a�Zm_	� ��i�XP{D_;q¢z	Z ^&h�_wW�Y&d-r7_?r�Z ` Z ^�q¢d?f�©?td:�~w�(XEk
{D_?j7bX�d?f¶^&h�XRbh�d-Y^(h7_?` fkl` Z fsX�^&h�Zmb2{Ed-]5^&Y&Z r�j�^&Z d-]:{D_?]�]�d?^(r+X
bXDW7_?Y8_*^&XPi�r�q�[\XP_-bj�Y&Z ]�c}�g�5j7_?]5^8_$fsY&d-[�^&h�X$¼ & � uwd\i�XEk
{D_;q-~��2h�Xw¼ &Euwd�c7~ bD~�i�XP{D_;qer�Y8_?]7{8h�y�h�d*z(XDa-XDYPy�{D_?]�r+X
j7bXPiw^&dwbXDW7_?Y8_*^&X}^&h�Xw��*.]+��{Ed-]5^&Y&Z r�j�^&Z d-]�~G�2h�XJc7~ bD~GZ ^k
bXD` f!i�XP{D_;q�b�z	Z ^&h�_}h7_?` fkl` Z fsX�d?f!� & 5! ��o;© � ©R[\Z ]�W�Y&XPi�d-[JkZ ]7_?]5^&` qw^&d�^&h�X\c7~ bD~\d?f2¼ &0��r�a�Zm_�� ��i�XP{D_;q-~\�2h�X�i�XP{D_;q
d?fv^&h�X\uwd:b&_?[\W�` X}z2_-b�[\XP_-bj�Y&XPiTZ ]¢bXDa-XDY8_?`!bh�d-Y^�Y&j�]7b
i�Z Y&XP{0^&` q�_*f^&XDY�^&h�X¢Z Y&Y8_-i�Zm_*^&Z d-]�y�^&h�XgY&XPbj�` ^:Zmb:bh�d*z	]�Z ]
��Z c7~&��~	�2h�X$^&Y8_?]7bZ ^&Z d-]7b�_*^Go;©?»5�J_?]7i�oP¯-��¬}|-XDx«Z ]g¼ &0��r
_?` ` d*z�^&dTi�XPi�j7{EXG^&h�X\]�j�[Gr+XDYRd?f(¼ &0uwd�]�j7{E` XDZvW�Y&d�i�j7{EXPi
fsY&d-[ ¼5!Duwd+��*.]+�0~
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Ø H� ^ N� L _��;Õ � O�Ç$P 9)( ^ *�* L M�Í 9,+ � L  �#C.-/��ÚEÕ>Z+Í�Ç$Ï-Ò*É�Ò
Ö ÅEÊ Ë�É\ÅEÌ\ÉsÍ�Ç �$_ _?[-Ç$P�ÒEË5Ë5Ê Í5Ê Ù Ò*ÉsÊ ÅEË Ö Ç&Ò"[�ÛJÇ&ÒEÆ0ÓPÄ&Ç8Ï�ÒEÌ�ÉlÇ�Ä
� &0TÛ$Ê Ë Ñ ÊÔPÇ�Æ\ÒEË£Ó Ö5Ö Ç�Ä}Ù Ê Û$ÊÉ$ÅEÌ$ÉsÍ�Ç�Ü;ÒPÈY[ Ñ ÄÅ?ÓPË�Ï�È8ÅEË�ÉsÄ¥Ê Ð
Ü-Ó-ÉsÊ ÅEË+ÕKZ+Í�ÇvÍ�ÒEÙ ÌmÐÙ Ê ÌsÇ21 .439 � Ø _ �;Õ 065�7 C;Õ C800Ú�Û$Ê Ë < Æ8É�Ò*ÉsÊ Æ8ÉsÊ È8ÒEÙÇ�Ä¥ÄÅEÄ =	Ï5Ç8Ï�Ó*È0Ç8Ï�Ì ÄÅEÛ�ÉsÍ�Ç97É�Ä&Ç Ö ÄÅ?Ï�Ó*È0Ç�Æ$ÇYT�ÒPÈEÉsÙ × ÉsÍ�Ç�Ù ÊÉlÇ�ÄÒDÐ
É�ÓPÄ&Ç	Ô0ÒEÙsÓ?Ç(ÅEÌ)1 .439 � Ø _ �;Õ 065:7 C;Õ C$_Ú(Û$Ê Ë+Õ
â ã&äGñ:æ9*¶è�ë�óEè ø ð(ç�æ)�wóRePê5é&èJé û óDïæ ðX� . ú¥ú æ fDg+é#(ë5ê7æ�÷�é&è-. (ë û é
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â �DäGñ:æ�*¶è�ë�óEè ø ð�*�æU&�è íPú¥ú é�é û óDïæ ð û ë'. ú è�é8þ í è û ð5þ7æ8ã��
â � ä8g(æ��(óDý ú (ë5é&è0ð;õ�æ f?�Ræ gvë'. é8ï é8ü}óDê5ê7ð*ç û�í ü\æ��	ó û ó2óDê ø �(ý'(8ïæ
�	ó û ó/gFó � ï é ú $�$ � ���������2ã

â �Eä8i�æ !æ�ò%(ë'. >¶ð'��ë ù-ú æ'��é î æ'$ ÿ�� ã�� � ã��X� � �
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�2h�X�r+XP_?[\` Z ]�X�fsd-Ya9�_-i�Zm_*^&Z d-]:·�h�q�bZm{Db�_*^2U�Ý!�2U�z2_-b�W�j�^
Z ]5^&d�d-W+XDY8_*^&Z d-]£Z ] ¨ {0^&d-r+XDYw�?t-t-��~ 9	XPbXP_?Y8{8h£z(d-Y&|�d-]
^&h�XRW�Y&d�i�j7{0^&Z d-]:d?f�{8h7_?]�]�XD` Z ]�cJY8_-i�Zm_*^&Z d-]¢�l�a9���h7_-b(r+XDXD]
b�^8_?Y^&XPi�Z ]�a�Z XDz d?fRZ ^8b\fsXP_-bZ r�Z ` Z ^�qefsd-Y�_?W�W�` Zm{D_*^&Z d-]�_-b�_
]�d-]�k¥{Ed-]�a-XD]5^&Z d-]7_?`$�5j7_-bZ kl[\d-]�d�{8h�Y&d-[�_*^&Zm{���klY8_;q�bd-j�Y8{EX
^&d�r+X$j7bXPi�fsd-Y	r�Z d-[\XPi�Zm{D_?`�Z ]�a-XPb�^&Z c5_*^&Z d-]7b�n oEpl~
�2h�X�XEV�W+XDY&Z [\XD]5^8_?`�bXE^&j�W�{Ed-]7bZmb�^&XPi¢Z ]�_�����~ ©��¶[�^&h�Zm{8|
i�Zm_?[\d-]7i}^�q�W+X	¤¤�_R{EY&q�b�^8_?`5��V�XPiGd-]\_R�*k¥_*V�XPb�c-d-]�Z d-[\XE^&XDYP~
�2h�Zmb(i�XDa�Zm{EX�z2_-b�{Ed-]7b�^&Y&j7{0^&XPi\r�q\�vug���(XDY&` Z ]�_?]7i�XPbW+XEk
{EZm_?` ` q:i�XPbZ c-]�XPi�^&d\[\XDXE^	^&h�XRY8_*^&h�XDY	b�^&Y&d-]�c\i�XD[�_?]7i�b(fsd-Y
h7_?]7i�` Z ]�c$Z ^�j�]7i�XDY�^&h�X	XEV�^&Y&XD[\XD` qJ{E` XP_?]\¸�²�x�{Ed-]7i�Z ^&Z d-]7b
Z ]�` Z ]�X�z	Z ^&h�^&h�X:bj�W+XDY8{Ed-]7i�j7{0^&Z ]�cwXD` XP{0^&Y&d-]�_-{D{EXD` XDY8_*^&d-Y
U�Ý!�2U�~
µ�W+XP{0^&Y&d-[\XE^&Y&qGd?f+^&h�X��a9�d-r7bXDY&a-XPi}h7_-bvr+XDXD]�{D_?Y&Y&Z XPi}d-j�^
j7bZ ]�cwµ�Z klW�Z ]�k¥i�Z d�i�XPbR_-b�z(XD` `�_-b}�(i �+]7�!X\i�XE^&XP{0^&d-Y8bD~}��d-Y
bh�Z XD`mi�Z ]�cG_?c5_?Z ]7b�^v^&h�X�Z ]5^&XD]7bX	r7_-{8|�c-Y&d-j�]7iGY8_-i�Zm_*^&Z d-]G^&h�X
i�XE^&XP{0^&d-Y8b}z(XDY&X�h�d-j7bXPi�Z ]7bZmi�X:_�oPtg{E[®^&h�Zm{8|�·�re{Ed-` ` Z k
[�_*^&d-Y(z	Z ^&hT_Gi�Zm_?W�h�Y8_?c-[�d?fv©}[\[�i�Zm_?[\XE^&XDY(z	h�Zm{8h:z2_-b
W+d5bZ ^&Z d-]�XPi\j�]7i�XDY�ÞDXDY&d$i�XDc-Y&XDX2z	Z ^&h�Y&XPbW+XP{0^�^&dR^&h�X�r+XP_?[
i�Z Y&XP{0^&Z d-]J_*^�_�i�Zmb�^8_?]7{EX(d?f+��~ �	[�fsY&d-[�^&h�X�^8_?Y&c-XE^v{EY&q�b�^8_?`�~
�!d�_;a-d-Zmi\_}h�Z c-h�XD]�XDY&c-qG^&h�Y&XPbh�d-`mi�i�j�X�^&d«^&h�X�_*^^&XD]�k
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µ�U�uTk¥b&{D_?` XPi�i�Z ºFXDY&XD]5^&Zm_?`!r�Y&XD[�b&b�^&Y8_?h�` j�]�cJß7j�V�n ©;p�z	h�Zm{8h
z2_-b�fsd-j�]7i:^&d�Z ]7{EY&XP_-bX�` Z ]�XP_?Y&` q�z	Z ^&h�^8_?Y&c-XE^2^&h�Zm{8|�]�XPb&bD~
�2h�X�Y&XPbj�` ^&Z ]�ce�a9 q�Z XD`mi�bJa-XDY8bj7b}^&h�Xw{EY&q�b�^8_?`�^&h�Zm{8|�]�XPb&b
_?Y&X�bh�d*z	]�Z ]���Z c7~��$^&d-c-XE^&h�XDY(z	Z ^&h�^&h�XR{Ej�Y&a-XPb�d-r�^8_?Z ]�XPi

Z ]¦_-{D{Ed-Y8i�_?]7{EX�z	Z ^&h¦U��+~P��o;���^&h�Z ]¦` Z ]�X;��_?]7i U��+~D���-�
�^&h�Zm{8|}` Z ]�X;�0~v¤l^�Zmbvd-r�a�Z d-j7b!^&h7_*^�^&h�X ' �?k¥i�XDW+XD]7i�XD]7{EX2r+XE^k
^&XDY���^8b�^&h�X2i�_*^8_�W+d-Z ]5^8b�{Ed-]��7Y&[\Z ]�c�^&h�X2Y&XPbj�` ^8b�d?f7Y&XEf�~Pn �*pl~
�2h�X�XEºFXP{0^(d?f�[Gj�` ^&Z W�` X�b&{D_*^^&XDY&Z ]�cG_?`mbd}` XP_-i�b�^&dJ_$r�Y&d5_-i�k
XD]�Z ]�c�d?f�^&h�X2�a9�` Z ]�X�z	Zmi�^&h}z	h�Zm{8h}_?[\d-j�]5^&XPi�^&d$o-~ ©*��|-XDx
_?]7i���~ ©�|-XDx�fsd-Y2����~ © �¶[ _?]7igoP¯-» �¶[Ty�Y&XPbW+XP{0^&Z a-XD` q-y�_?]7i
_\b` Z c-h5^�bh�Z f^�d?f�^&h�X$W+XP_?|:{EXD]5^&Y&d-Zmi�����Z c7~Do;�0~
ª�h�XD]�U��+~D��o;�R_-{D{Ed-j�]5^8b�fsd-YR^&h�X�i�XDW+d-W�j�`m_*^&Z d-]�d?f	{8h7_?]�k
]�XD` Z ]�cGb�^8_*^&XPb�z	Z ^&h�^&h�Zm{8|�]�XPb&bDy-[Gj�` ^&Z W�` X�b&{D_*^^&XDY&Z ]�cGbXDXD[�b
^&d {Ed-[\X�Z ]5^&d�W�`m_;q _*^°`m_?Y&c-XDY£{EY&q�b�^8_?`g^&h�Zm{8|�]�XPb&b��sd-Y
_*^�` d*z(XDY¢XD` XP{0^&Y&d-]�XD]�XDY&c-Z XPb8�w_?]7i«W7_?Y^&` q�{Ed-[\W+XD]7b&_*^&XPb
i�XP{8h7_?]�]�XD` Z ]�cw` XP_-i�Z ]�cT^&d¢_w[\d-Y&X�b�^&XDXDW�Z ]7{EY&XP_-bX�d?f2^&h�X
�a9�q�Z XD`miez	Z ^&h�Z ]7{EY&XP_-bZ ]�c�{EY&q�b�^8_?`�^&h�Zm{8|�]�XPb&b}^&h7_?]�W�Y&XEk
b&{EY&Z r+XPigr�qgU��+~P��o;�0~J�2h�Zmb�Zmb$i�j�XJ^&dT{Ed-]5^&Y&Z r�j�^&Z d-]7b�fsY&d-[
Z ]�klW�`m_?]�X�b&{D_*^^&XDY&XPi�XD` XP{0^&Y&d-]7b}_-b$z(XD` `(_-b}i�j�X�^&dw^&h�X�Y&XEk
i�Zmb�^&Y&Z r�j�^&Z d-]�d?f�^&h�X�W+d-W�j�`m_*^&Z d-]�d?f�{8h7_?]�]�XD` ` Z ]�cGb�^8_*^&XPbD~v¤lf� �
	�	}i�XDW+XD]7i�b}` Z ]�XP_?Y&` q¢d-]�^&h�X�XD` XP{0^&Y&d-]�XD]�XDY&c-q-y�U��+~���o;�
Zmb�_?r�` X�^&d�i�XPb&{EY&Z r+XR^&h�XGi�XDW+XD]7i�XD]7{EX$d?f�^&h�X\�a9°q�Z XD`mi�d-]
^&h�X�{EY&q�b�^8_?`�^&h�Zm{8|�]�XPb&bv^&dG_?W�W�Y&d;V�Z [�_*^&XD` qJ� �3� �
	�	E���$��d-]�` q-~
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�2h�X�_?W�W�` Zm{D_*^&Z d-]�d?f}{8h7_?]�]�XD` Z ]�ceY8_-i�Zm_*^&Z d-]��l�a9��:_-b:_?]
j�]7{Ed-]�a-XD]5^&Z d-]7_?`���klY8_;q¢bd-j�Y8{EXG^&dTr+X�j7bXPi¢fsd-Y$Y8_-i�Z d-r�Z d?k
` d-c-Zm{D_?`(Y&XPbXP_?Y8{8h�Y&XP�5j�Z Y&XPb}^&h�XTbXDW7_?Y8_*^&Z d-]ed?f�^&h�XT�5j7_-bZ k
[\d-]�d�{8h�Y&d-[�_*^&Zm{��a9�` Z ]�XgfsY&d-[ ^&h�X¢j�]7_;a-d-Zmi�_?r�` XgW+d-` q5k
{8h�Y&d-[�_*^&Zm{	r�Y&XD[�b&b�^&Y8_?h�` j�]�c}r7_-{8|�c-Y&d-j�]7iTn o0pl~�uwd-]�d�{8h�Y&d?k
[�_*^&Zmb&_*^&Z d-]�d-]�^&h�XTr7_-bXTd?fR�(Y8_?c-c¢Y&XEß7XP{0^&Z d-]�Z ]�h�Z c-h�` q
d-Y&Z XD]5^&XPi�W�q�Y&d-` q5^&Zm{wc-Y8_?W�h�Z ^&X���² ¨ · à ��[\d5b&_?Zm{¢{EY&q�b�^8_?`mb
z2_-b}{8h�d5bXD]�Z ]ed-Y8i�XDYR^&dgY&XE^8_?Z ]�_-b}[Gj7{8h�_-b}W+d5b&bZ r�` X�d?f
^&h�Xe�a9 Z ]5^&XD]7bZ ^�q-~����7Y8b�^�[\d-]�d�{8h�Y&d-[�_*^&d-Y�h7_-b:r+XDXD]
[�_?]�j�f�_-{0^&j�Y&XPi�z	h�d5bX�{Ej�Y&a-XPi�bj�Yf�_-{EX�z2_-b$i�XPbZ c-]�XPi¢fsd-Y
d-W�^&Z [�_?`�bXDW7_?Y8_*^&Z d-]wd?f�^&h�X��a9�W+XP_?|wd?f�oP»�~ ��|-XDx�[\XP_?]
XD]�XDY&c-qefsY&d-[¡^&h�X�oEk¥t�^&Y8_?]7bZ ^&Z d-]�d?fR^&h�Xe��o-oPt5�JXD` XP{0^&Y&d-]
W�`m_?]7_?Y�{8h7_?]�]�XD` Z ]�c�Z ]wi�Zm_?[\d-]7i�n �Ppl~���Z Y8b�^	^&XPb�^�[\XP_-bj�Y&XEk
[\XD]5^8b(_*^(U�Ý!�2U�y?h�d*z(XDa-XDYPy?h7_;a-X	r+XDXD]�W+XDYfsd-Y&[\XPi\z	Z ^&h:_
W�`m_?]7_?Yv² ¨ · à {EY&q�b�^8_?`5bZ ]7{EX�^&h�X2{Ej�Y&a-XPi$[\d-]�d�{8h�Y&d-[�_*^&d-Y
Y&XP�5j�Z Y&XPb	_\{8h7_?]�c-X�d?f�^&h�X$r+XP_?[�` Z ]�X$r+XEfsd-Y&XDh7_?]7i¶~
�2h�X XD` XP{0^&Y&d-] r+XP_?[ d?f�U�Ý!�2U z	Z ^&h _?]¡XD]�XDY&c-q®d?f
oD�7~ ¯&)gt�~ ��uwXDx§z2_-b:fsd�{Ej7b&bXPi°_*^�^&h�X�W+d5bZ ^&Z d-]�d?fG^&h�X
�a9�{EY&q�b�^8_?`�Z ]5^&d¢_¢bW+d?^Gd?f}o�[\[¡i�Zm_?[\XE^&XDYGz	Z ^&h�_gi�Z k
a-XDY&c-XD]7{EX$d?f�_?r+d-j�^�t�~ o$[\Y8_-i��sY&[�b8�0~��2h�X\�a9�bW+XP{0^&Y&j�[
h7_-b�r+XDXD]�[\XP_-bj�Y&XPiJr�qJ_Gµ�Z k¥·�¤���W�h�d?^&d�i�Z d�i�X	W+d5bZ ^&Z d-]�XPi
��~ �T[§_;z2_;qwfsY&d-[ ^&h�X:����~ © �¶[ ^&h�Zm{8|�i�Zm_?[\d-]7i�{EY&q�b�^8_?`
_*^�ÞDXDY&d�i�XDc-Y&XDXRz	Z ^&hTY&XPbW+XP{0^	^&d\^&h�X$r+XP_?[¦i�Z Y&XP{0^&Z d-]�� ��k
_*V�Zmb8�(Z ]7bZmi�XG_J^&h�Zm{8|�·�rw{Ed-` ` Z [�_*^&d-Y	z	Z ^&hg_?]w_?W+XDY^&j�Y&XRd?f
o�[\[T~��2h�X�XD]�XDY&c-q\bW+XP{0^&Y&j�[�d?fF^&h�X$�a9�Zmb�W�Y&XPbXD]5^&XPi\Z ]
��Z c7~+o-y�bh�d*z	Z ]�c$^&h�X$�a9�W+XP_?|\_*^�oP¯�~ ©�|-XDx�z	Z ^&h:_}z	Zmi�^&h
d?f2o-~ »J|-XDx���ª£²�u�~
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with HOPG

½�¾ ¿+À*Á�Â S�Ë�Ç�Ä ÑE× Ï*Ê Æ8ÉsÄ¥Ê�Ü-Ó-ÉsÊ ÅEËJÅEÌ Ø _ _3C&Ú Ö Ù ÒEË�ÒEÄ2Ã �eÒ*É 
DÇ�ÄÅ�Ï5ÇÐ
Ñ Ä&Ç8Ç Ø Ó Ö5Ö Ç�Ä�Ù Ê Ë�Ç¥Ú(ÒEË�ÏGÒEÌ�ÉlÇ�Ä�Ä&Ç�
�Ç&ÈEÉsÊ ÅEË\Ê Ë:ÉsÍ�Ç�
��Î��eÈÄ × Æ8É�ÒEÙ
Ò*É _ *Õ _�Ï5Ç Ñ Ä&Ç8Ç Ø Ù Å G!Ç�Ä�Ù Ê Ë�Ç¥ÚEÕ�B�Å*ÉsÍGÆ Ö Ç&ÈEÉsÄÒ�ÒEÄ&Ç�ÆÈ8ÒEÙmÇ8Ï$ÌÅEÄ2ÉsÍ�Ç
ÆÒEÛJÇ	Ç�ÙmÇ&ÈEÉsÄÅEËgÜ-Ç&ÒEÛ�È¥Í�ÒEÄ Ñ Ç 9 ÛJÇ&ÒEÆ0ÓPÄ&Ç�ÛJÇ�Ë�ÉvÉsÊ ÛJÇ2ÒEË�Ï\Ï5Ç0ÉlÇ&È&Ð
É�ÅEÄ�ÆÅEÙ ÊmÏ\ÒEË Ñ ÙmÇEÕ
�2h�XDY&XP_*f^&XDYPy�_}W�`m_?]7_?Y(² ¨ · à {EY&q�b�^8_?`7d?f�oPt���»R{E[ !�bZ ÞDX-y
o\[\[�^&h�Zm{8|�]�XPb&bR_?]7i¢t�~ »�i�XDc-Y&XDXJ[\d5b&_?Zm{EZ ^�q�� ¨ W�^&Z c-Y8_?W�h
Ý¶^8i¶~ yGuwd5b&{Ed*z$y/9	j7b&bZm_5��z2_-bT[\d*a-XPi£^&d�^&h�X�{EXD]5^&Y&X�d?f
^&h�X��a9�{Ed-]�Xg_?` d-]�c�^&h�Xgh�d-Y&Z ÞDd-]5^8_?`	` Z ]�Xe� ��k¥_*V�Zmb8�\W+XDYk
W+XD]7i�Zm{Ej�`m_?Y2^&dG^&h�XRr+XP_?[ i�Z Y&XP{0^&Z d-]:r�q�_\b�^&XDW�W�Z ]�cJ[\d?^&d-Y
j�]�Z ^P~���d-Yv^&h�Zmb�W�j�Y&W+d5bX-y-_$² ¨ · à {EY&q�b�^8_?`5fsY&d-[«^&h�X�b&_?[\X
r7_*^8{8h�_-b\j7bXPi�fsd-Y�{Ed*a-XDY&Z ]�c¢^&h�Xg{Ej�Y&a-XPi�[\d-]�d�{8h�Y&d-[�_*k
^&d-Y}i�XPb&{EY&Z r+XPigZ ]�n �;p�z2_-b�i�Z Y&XP{0^&` q¢i�XDW+d5bZ ^&XPi¢d-]�_�o\{E[

^&h�Zm{8|�W+d-` q�[\XE^&h�q�`R[\XE^&h7_-{EY&q�`m_*^&X¢W�`m_*^&X�_?]7i�W+d5bZ ^&Z d-]�XPi
z	Z ^&h£Z ^8b¢oPte{E[±bZmi�X¢W7_?Y8_?` ` XD`	^&d�^&h�X¢h�d-Y&Z ÞDd-]5^8_?`�r+XP_?[
i�Z Y&XP{0^&Z d-]�yF^&h�X\»:{E[ bZmi�XJr+XDZ ]�c�a-XDY^&Zm{D_?` ` q�d-Y&Z XD]5^&XPig_?]7i
^&h�X�{EXD]5^&Y&XGd?f�^&h�X\{EY&q�b�^8_?`�r+XDZ ]�c�_*^$_�i�Zmb�^8_?]7{EXGd?f�o-~ ¬\[
fsY&d-[ ^&h�X�i�Zm_?[\d-]7i¶~:�2h�X�b�^&XDW�W�Z ]�cw[\d?^&d-Y$j�]�Z ^J_?`mbdw_?` k
` d*z(XPi�^&h�X�Y&d?^8_*^&Z d-]�d?f2^&h�X�{EY&q�b�^8_?`�_?r+d-j�^GZ ^8b}^�z(dg_*V�XPbDy
W7_?Y8_?` ` XD`(^&d�^&h�X�oPt�{E[ � ��������� )g¯K'P�\_?]7ie^&h�Xg»�{E[
����������� )eoP»-t 'P��bZmi�X-y+Y&XPbW+XP{0^&Z a-XD` q-~	�2h�X}XD]�XDY&c-q�bW+XP{0k
^&Y&j�[§_*f^&XDY}Y&XEß7XP{0^&Z d-]�h7_-b$r+XDXD]�[\XP_-bj�Y&XPi�r�q�_wbXP{Ed-]7i
µ�Z k¥·�¤��®W�h�d?^&d�i�Z d�i�X�W+d5bZ ^&Z d-]�XPi�o-~ ¬�[ _;z2_;q�fsY&d-[±^&h�X
{EXD]5^&Y&X\d?f�^&h�X�² ¨ · à _*^��R�eoP��~ t )¢t�~ © 'JZ ]7bZmi�X�_�^&h�Zm{8|
·�r�{Ed-` ` Z [�_*^&d-YJz	Z ^&h�_?]�_?W+XDY^&j�Y&X:d?fR�g[\[T~�ª�Z ^&h�^&h�X
² ¨ · à {EY&q�b�^8_?`�_*^G_?]�_?]�c-` X��R�¢¯�~ © 'G^&h�X��(Y8_?c-c:Y&XEß7XP{0k
^&Z d-]�{Ed-]7i�Z ^&Z d-]�fsd-Y�oP¯�~ ©w|-XDx W�h�d?^&d-]7bGd?f�^&h�Xg�a9 W+XP_?|
��{0f�~\��Z c7~vo;��Zmb�fsj�` �7` ` XPi¶~\�2h�X�bW+XP{0^&Y&j�[®_*f^&XDYRY&XEß7XP{0^&Z d-]
Zmb�bh�d*z	]TZ ]g��Z c7~�o}_-b	z(XD` `�y+i�XD[\d-]7b�^&Y8_*^&Z ]�c�_\h�Z c-hTW+XP_?|
Y&XEß7XP{0^&Z a�Z ^�q}d?f�^&h�X�² ¨ · à {EY&q�b�^8_?`�~�²�d*z(XDa-XDYPyP^&h�X	{Ed-]7bZmi�k
XDY8_?r�` qJY&XPi�j7{EXPi�W+XP_?|\z	Zmi�^&h:d?f!t�~ �}|-XDx°��ª£²�u®i�XD]�d?^&XPb
_¢Y8_*^&h�XDYJ` d*z Z ]5^&XDc-Y8_?`(Y&XEß7XP{0^&Z a�Z ^�q�_?]7ieZmb\b[�_?` ` XDYG^&h7_?]
^&h�XJXD]�XDY&c-q�bW�Y&XP_-iTd?f�_?r+d-j�^$��~ t�|-XDx���ª£²�u¡XEV�W+XP{0^&XPi
fsY&d-[�^&h�X}² ¨ · à [\d5b&_?Zm{EZ ^�q-~��2h�X$Y&XP_-bd-]:fsd-Y2^&h7_*^�Zmb2^&h�X
b[�_?` `F_?]�c-j�`m_?Y(_-{D{EXDW�^8_?]7{EX�d?f�^&h�X�² ¨ · à {EY&q�b�^8_?`���_?r+d-j�^
t�~ o;© 'P��Z ]�^&h�XG�a9�{Ed-]�X-~��(q�[\d*a�Z ]�cG^&h�X}² ¨ · à {EY&q�b�^8_?`
_?` d-]�c:^&h�X ��k¥_*V�Zmb�r�j�^$|-XDXDW�Z ]�c:^&h�X�_?]�c-` XPb�{Ed-]7b�^8_?]5^�^&h�X
W+XP_?|\W+d5bZ ^&Z d-]�_?]7i\h�XDZ c-h5^(Z ]\^&h�X�Y&XEß7XP{0^&XPi�bW+XP{0^&Y&j�[�_?Y&X
{8h7_?]�c-XPi¶~�¤¥]:��Z c7~���^&h�X�W+XP_?|\XD]�XDY&c-qJ_?]7i�_?Y&XP_Rd?f¶^&h�X�Y&XEk
ß7XP{0^&XPiJbW+XP{0^&Y&j�[�_?Y&X(bh�d*z	]Gfsd-Y�bXDa-XDY8_?` ��klW+d5bZ ^&Z d-]7bv_?]7i
_?Y&XJ{Ed-[\W7_?Y&XPiTz	Z ^&h¢^&h�XJz	Zmi�^&h¢d?f�^&h�X��a9�W+XP_?|g_*^�ÞDXDY&d
i�XDc-Y&XDX-~��2h�X:z	Zmi�^&h�d?fGo-~ tw|-XDx¦��ª£²�u i�XD[\d-]7b�^&Y8_*^&XPb
^&h�X�Y&XEß7XP{0^&Z d-]£d?fJ_?]°² ¨ · à [\d-]�d�{8h�Y&d-[�_*^&d-Y�d?fGd-W�^&Z k
[\ZmbXPi�c-XDd-[\XE^&Y&q�z	Z ^&h�h�Z c-h�Z ]5^&XDc-Y8_?`(Y&XEß7XP{0^&Z a�Z ^�q�z	h�Zm{8h
Y&XE^8_?Z ]7bR^&h�X�Z ]5^&XD]7bZ ^�q¢d?f(^&h�X�Y8_*^&h�XDY$r�Y&d5_-i��a9�W+XP_?|�_-b
[Gj7{8hw_-b2W+d5b&bZ r�` X-~
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½�¾ ¿+À Q�Î!Ç&Ò"[-ÐWG�ÊmÏ�ÉsÍ�È8ÅEÛ Ö ÒEÄ¥Ê ÆÅEË:ÅEÌ Ø _ _3C&Ú Ö Ù ÒEË�ÒEÄ�Ã ��Ò*É 
DÇ�ÄÅ
Ï5Ç Ñ Ä&Ç8Ç Ø Ù Ê Ë�Ç¥Ú�G�ÊÉsÍwÉsÍ�Ç(Æ Ö Ç&ÈEÉsÄ0ÓPÛ�Å-Ü?É�ÒEÊ Ë�Ç8Ï�Ü × ÆÈ8ÒEË5Ë5Ê Ë Ñ ÉsÍ�Ç

��Î���ÈÄ × Æ8É�ÒEÙ �bC	Û$Û«ÒEÙ ÅEË Ñ ÉsÍ�Ç�!Ð�Ò<T-Ê Æ Ø Æ × Û\Ü?ÅEÙ ÆlÚEÕ
â ã&ä	��æ��wóRePê5é&è0ð;ç�æ��¶óDê û é8ï é8é î ó�é û óDïæ ð�� . ú¥ú æ fDg+é#(ë5ê7æ;÷�é&è-. (ë û é
õhcU�Kf?���?ã � ��������� � �

â �0ä?2-æX�¶ó8övé8ï 0;éPð�ç�æ�å(é#. û�ú (ëeé û óDïæ ðT� . ú¥ú æ fDg+é#(ë5ê7æ(÷�é&è-. (ë û é
õhcU�Kf ÿ ��� � ����� ÿ ����$
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ª�X°W+XDYfsd-Y&[\XPi ^&Z [\XEklY&XPbd-` a-XPi [\XP_-bj�Y&XD[\XD]5^8b�d-] ^�z(d
|�Z ]7i�b¶d?f�¤¤¤lklx�k¥bXD[\Zm{Ed-]7i�j7{0^&d-Yklh�XE^&XDY&d5b�^&Y&j7{0^&j�Y&XPbDy0]7_?[\XD` q
bj�W+XDY&`m_*^^&Zm{EXPb���µ�Ý��T_?]7i°bXD` fk¥_-b&bXD[Gr�` XPi°�5j7_?]5^&j�[ i�d?^8b
���+)R�0~�¤¥]°^&h�Xe{D_-bX�d?f\bj�W+XDY&`m_*^^&Zm{EXPb�^�z(d�bXD[\Zm{Ed-]7i�j7{0k
^&d-Y8b�z	Z ^&h�i�Z ºFXDY&XD]5^�r7_?]7i�c5_?W7bDy\h�XDY&X�W�j�Y&X à _-��b�_?]7i
��` �	� � à _=�	� � ��bDy(_?Y&X�c-Y&d*z	]�_?` ^&XDY&]7_*^&Z ]�c�XDW�Z ^8_*V�Zm_?` ` q�d-]�_bXD[\Z klZ ]7bj�`m_*^&Z ]�c à _-��b\z2_*fsXDYP~�)�j�XT^&d�^&h�Xg{Ed-]7i�j7{0^&Z d-]
r7_?]7iRd?º¶bXE^!r+XE^�z(XDXD]R^&h�XPbX�^�z(d�[�_*^&XDY&Zm_?`mb�bd�{D_?` ` XPi�
�������
� ������� � � ��_?Y&XGfsd-Y&[\XPi¢Z ]�z	h�Zm{8hg^&h�X�XD` XP{0^&Y&d-]7bR_?Y&XJ{Ed-]�k
�7]�XPi¶~J¤lf(^&h�X\r7_?Y&Y&Z XDY8b�r+XE^�z(XDXD]�XP_-{8h��5j7_?]5^&j�[ z(XD` `�_?Y&X
^&h�Z ]�XD]�d-j�c-h�y�^&h�Xwb�^8_*^&XPbJz	Z ` `	r+Xg{Ed-j�W�` XPi�_?]7i�_����������
� �����5k¥b�^&Y&j7{0^&j�Y&X�Z ]�^&h�X�{Ed-]7i�j7{0^&Z d-]�r7_?]7i�Zmb}XPb�^8_?r�` Zmbh�XPi
�fsd-Y!_?]}b&{8h�XD[�_*^&Zm{vZ ` ` j7b�^&Y8_*^&Z d-]�y;bXDX���Z c7~DoDr+�0~��2h�XPbX�[\Z ]�Z k
r7_?]7i�b�_?Y&Xw[Gj7{8h�]7_?Y&Y&d*z(XDYJ^&h7_?]�^&h�XgXD]�XDY&c-q�r7_?]7i�b�Z ]
r�j�` |£[�_*^&XDY&Zm_?`mbD~ �2h�X�i�ZmbW+XDY8bZ d-]�ZmbTW�` d?^^&XPi£fsY&d-[±^&h�X
{EXD]5^&XDY	d?fv^&h�X ��������k¥�(Y&Z ` ` d-j�Z ]�klÞDd-]�XR^&d�Z ^8b�XPi�c-X-y�z	h�Zm{8hTZmb
` d�{D_*^&XPi�_*^"! # �w���\��bj�W+XDY&`m_*^^&Zm{EXRW+XDY&Z d�i¶y7bXDX$��Z c7~DoP_5�0~

½�¾ ¿+À;Á�Â Ø Ò0Ú OJÊ Ë5Ê�Ü;ÒEË�Ï$Ï*Ê Æ Ö Ç�Ä¥Æ¥Ê ÅEË G�ÊÉsÍGÒ(ÆY[-Ç0É�È¥Í}ÅEÌ¶ÉsÍ�Ç�Ä&Ç�Ù Ò<T5Ð
Ò*ÉsÊ ÅEË Ö ÄÅ*È0Ç�Æ¥Æ&Ç�Æ0Õ8Z+Í�Ç�ÒEÄ¥ÄÅ G�Æ�ÅEËwÉsÍ�Ç�ÔPÇ�Ä × Ä¥Ê Ñ Í�É Ø$#�%,R'& �( Ú
Ä&Ç�
�Ç&ÈEÉ¶Å?ÓPÄ�ÇYT Ö Ç�Ä¥Ê ÛJÇ�Ë�É�Õ Ø ÜEÚ*>�Æ¥Í�ÅEÄ8ÉFÆ&Ç&ÈEÉsÊ ÅEËJÅEÌ¶ÉsÍ�Ç!Æ0Ó Ö Ç�Ä¥Ù Ò*É�Ð
ÉsÊ È0Ç G�ÊÉsÍ�È8ÅEË�Ï�Ó*ÈEÉsÊ ÅEËTÜ;ÒEË�ÏJÇ8Ï Ñ Ç2ÒEË�Ï G�ÒPÔPÇ�Ì�ÓPË�ÈEÉsÊ ÅEË5Æ
¤¥]�^&h�ZmbJW�Zm{0^&j�Y&XTz(X�r�Y&Z XEß7qei�Zmb&{Ej7b&bG^&h�Xw_?Z [¡d?f�d-j�Y\XEV�k
W+XDY&Z [\XD]5^8bD~ �	f^&XDY�XEV�{EZ ^8_*^&Z d-]�z	Z ^&h�_°b�^&Y&d-]�c���oPt*k8oPt-t
uwª �*{E[ !P��W�j�[\W�W�j�`mbX-y!z(XJz	Z ` `�W�Y&d-r+XJ^&h�X�_?r7bd-Y&W�^&Z d-]
z	Z ^&h}_$�sz(XP_?|-XDY0�FbXP{Ed-]7i�W�j�`mbX�z	Z ^&hR^&h�X�b&_?[\X�z2_;a-XD` XD]�c?^&h
�sW�Y&d-r+X�W�j�`mbX;�0~g��bGd-]�X�{D_?]ebXDX�fsY&d-[§��Z c7~ o-yvZ ]�^&h�ZmbG]�k
i�d-W+XPi�bj�W+XDY&`m_*^^&Zm{EXw^&h�XDY&Xgz	Z ` `�r+X¢_�r�Y&d5_-i�_?r7bd-Y&W�^&Z d-]
Y&XDc-Z [\X2fsY&d-[ ©-©;k8o-oPt�[\XDx����-�K1goPt �¶[��0~v��d-Y�^&h�Zmb�XEV�W+XDYk
Z [\XD]5^2^&h�X}�vU�Ý¢z2_-b�^&j�]�XPi:^&d���o � � �¶[Ty�bd\XD` XP{0^&Y&d-]7b2_?Y&X
XEV�{EZ ^&XPi:]�XP_?Y2^&h�X$XPi�c-XRd?f�^&h�X$[\Z ]�Z k¥�(Y&Z ` ` d-j�Z ]�klÞDd-]�X-~
�	f^&XDYTXEV�{EZ ^8_*^&Z d-]�^&de^&h�X�bXP{Ed-]7i�[\Z ]�Z r7_?]7i¶y�^&h�X�Y&XD`m_*V�k
_*^&Z d-]�d�{D{Ej�Y8bR[�_?Z ]�` q¢a�Zm_�^&h�X�XD[\Zmb&bZ d-]�d?f2` d-]�c-Z ^&j7i�Z ]7_?` k
d-W�^&Zm{D_?`���Ý ¨ ��W�h�d-]�d-]7bR�*),+.-0/ ���-¯G[\XDxR��d-]T_GW�Zm{Ed5bXP{0k
d-]7i�^&Z [\XPb&{D_?` X-~
��d-Y [\XP_-bj�Y&Z ]�c ^&h�XPbX i�XP{D_;q ^&Z [\XPb _ i�XDc-XD]�XDY8_*^&X
�*1d.	2 �K.��31d.	465�7�8E�$W�j�[\W�klW�Y&d-r+X�bXE^&j�Weh7_-bGr+XDXD]eXPb�^8_?r�k
` Zmbh�XPi¶y�z	h�Zm{8h�Zmb�b|-XE^8{8h�XPi�Z ]w��Z c7~8��~

Reference

BS

BS

Sample

Delay
Stage

FEL

Det.

Chopper

½�¾ ¿+ÀRQ�ÂKE�Ç Ñ Ç�Ë�Ç�ÄÒ*ÉlÇ Ö ÓPÛ Ö Ð Ö ÄÅ-Ü-Ç�Æ&Ç0É�Ó Ö
��Z Y8b�^Py�^&h�XGr+XP_?[¦Zmb�bW�` Z ^�Z ]5^&d:_?]wXEV�W+XDY&Z [\XD]5^�r+XP_?[�_?]7i
_�Y&XEfsXDY&XD]7{EXwr+XP_?[¹�sY8_*^&Z d�³5©��?©-�}fsd-Y�Y&XP{Ed-Y8i�Z ]�c�W+d5b&bZ r�` X
Z ]7b�^8_?r�Z ` Z ^&Z XPb2d?f!^&h�X$�vU�Ý�~��	f^&XDY&z2_?Y8i�bDy�^&h�XRr+XP_?[�Zmb	bW�` Z ^
Z ]5^&d�_\W�j�[\Ww_?]7i�W�Y&d-r+X$r+XP_?[Ty�^&h�X$`m_*^^&XDY�bXD]5^	^&h�Y&d-j�c-h
_�[\XP{8h7_?]�Zm{D_?`!i�XD`m_;q�b�^8_?c-X-~�)�XDW+XD]7i�Z ]�c:d-]T^&h�X}^&Z [\XJi�XEk
`m_;q:z(X}{D_?]TY&XP{Ed-Y8iT_�{8h7_?]�c-X$Z ]T^&h�X$^&Y8_?]7b[\Zmb&bZ d-]�d?fv^&h�X
W�Y&d-r+X}r+XP_?[T~�¤lf�^&h�XJW�Y&d-r+X}W�j�`mbXJ_?Y&Y&Z a-XPb�_*^�^&h�XJb&_?[\W�` X
_*f^&XDYR^&h�X�W�j�[\W�W�j�`mbX-y!z(X�{D_?]�[\d-]�Z ^&d-Y$^&h�X�Y&XD`m_*V�_*^&Z d-]
fsY&d-[ ^&h�X�bXP{Ed-]7i�^&de^&h�X¢�7Y8b�^:[\Z ]�Z r7_?]7i¶~��(XDh�Z ]7i�^&h�X
b&_?[\W�` XR^&h�X$^�z(d\r+XP_?[�b�_?Y&X$bXDW7_?Y8_*^&XPi�fsY&d-[ XP_-{8hTd?^&h�XDYPy
_?]7iT^&h�XJZ ]5^&XD]7bZ ^�qwd?f�^&h�XJW�Y&d-r+XGr+XP_?[�Zmb�Y&XP{Ed-Y8i�XPiTz	Z ^&h
_�Ý!� ! k¥{Ed�d-` XPiT²�c��(i��!X?)�XE^&XP{0^&d-YP~	��d-Y�d-r�^8_?Z ]�Z ]�c:_\r+XE^k^&XDY2µ �*�	klY8_*^&Z d7y-d-W�^&Zm{D_?`F{8h�d-W�W�Z ]�c}d?f¶^&h�X�W�j�[\W�r+XP_?[�h7_-b
r+XDXD]�_?W�W�` Z XPi�^&d�Y&XP{Ed-Y8i�^&h�X�bZ c-]7_?`(j7bZ ]�c¢` d�{8|5klZ ]�^&XP{8h�k
]�Zm�5j�XPbD~

½�¾ ¿+À ��Â�Î�ÓPÛ Ö Ð Ö ÄÅ-Ü-Ç�Æ¥Ê Ñ Ë�ÒEÙ+Ì ÄÅEÛ ÉsÍ�Ç�Æ0Ó Ö Ç�Ä¥Ù Ò*É¥ÉsÊ È0Ç�ÆÒEÛ Ö ÙmÇEÕ
�2h�X�W�j�[\W�klW�Y&d-r+X�bZ c-]7_?`�fsY&d-[«^&h�X�bj�W+XDY&`m_*^^&Zm{EX�Zmb�bh�d*z	]
Z ]���Z c7~&��~��2h�XT{Ej�Y&a-X:ZmbJi�d-[\Z ]7_*^&XPier�qe_¢bq�[\[\XE^&Y&Zm{D_?`
{Ed-]5^&Y&Z r�j�^&Z d-]�y¶z	h�Zm{8h�Y&XEß7XP{0^8b�^&h�X\W�j�`mbX�i�j�Y8_*^&Z d-]¢d?f�^&h�X
�vU�Ý�_?]7i�Zmb2bZ [\W�` q�Z ^8b2_?j�^&d�{Ed-Y&Y&XD`m_*^&Z d-]�~�U�V�^&Y8_-{0^&Z ]�c}^&h�X
fsj�` `�z	Zmi�^&h�_*^}h7_?` f([�_*V�Z [Gj�[ ����ª£²�u¢�Rd?f2¯�~ »�W7bRZ ]7i�Z k
{D_*^&XPb$_�W�j�`mbX\` XD]�c?^&h�d?f(�7~ �:W7bD~�²�d*z(XDa-XDYPyF^&h�X�{Ej�Y&a-X\Zmb
b` Z c-h5^&` q�_-bq�[\[\XE^&Y&Zm{:_?]7i�d-]�^&h�X�W+d5bZ ^&Z a-X�i�XD`m_;q�bZmi�X�_
` d-]�c-XDYv^8_?Z `7Zmb�XDa�Zmi�XD]5^P~��2h�Zmb�{D_?]�r+X	��^^&XPi�z	Z ^&h�_?]�XEV�W+d?k
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]�XD]5^&Zm_?`!d?f��T�£� � ¬GW7bD~2�2h�d-j�c-h�^&h�Zmb�_?W�W+XP_?Y8b	bd-[\XDz	h7_*^
^&d�dR` d-]�c�fsd-Y�Ý ¨ W�h�d-]�d-]JY&XD`m_*V�_*^&Z d-]�y;z(X2]�d?^&X(^&h7_*^�Y&XD`m_*V�k
_*^&Z d-]g^&Z [\XPbRd?f(_�fsXDz�W�Zm{Ed5bXP{Ed-]7i�b�h7_;a-XGr+XDXD]¢W�Y&XPi�Zm{0^&XPi
fsd-Y�XD` XP{0^&Y&d-]7b�_*^:^&h�X¢XPi�c-Xgd?f$^&h�X¢[\Z ]�ZR�(Y&Z ` ` d-j�Z ]�ÞDd-]�X
�sh�d*z(XDa-XDY�_*^ �®� ©¢´}�En oEpl~�¤¥]�^&h�XTfsj�^&j�Y&XTz(XTW�`m_?]�^&d
XEV�^&XD]7i�^&h�XPbX�XEV�W+XDY&Z [\XD]5^8b}^&d¢` d*z(XDY$^&XD[\W+XDY8_*^&j�Y&XPbG_?]7i
d?f�{Ed-j�Y8bX�^&d�i�Z ºFXDY&XD]5^�XEV�{EZ ^8_*^&Z d-]�z2_;a-XD` XD]�c?^&h7bD~�¤¥]w_-i�i�Z k
^&Z d-]�y5bd-[\XDz	h7_*^�bh�d-Y^&XDY��vU�Ý�W�j�`mbXPb�_?Y&X	i�XPbZ Y8_?r�` X-~��2h�Zmb
z	Z ` `�_?` ` d*z�j7b(^&dJc5_?Z ]:[\d-Y&X�Z ]�fsd-Y&[�_*^&Z d-]:_?r+d-j�^2^&h�XRXD` XP{0k
^&Y&d-]�Y&XD`m_*V�_*^&Z d-]�Z ]�^&h�X:XEV�{EZ ^&XPi�[\Z ]�Z r7_?]7i¶y�Y&XD` XDa*_?]5^}fsd-Y
bd?k¥{D_?` ` XPi�bj�W+XDY&`m_*^^&Zm{EX$�5j7_?]5^&j�[ {D_-b&{D_-i�XR`m_-bXDY8bD~
¤¥]�{D_-bX�d?f �+)�b�d-]�X�c-Y&d*z�bv`m_*^^&Zm{EXEk6���$� � � ����� � �\bXD[\Zm{Ed-]�k
i�j7{0^&d-Y8bTd-]£^&d-W°d?fJXP_-{8h°d?^&h�XDYPy�Z ]�^&h�Zmbw{D_-bX�¤¥]7��bwd-]
à _-��bDy�_?]7i�b[�_?` `�Zmb`m_?]7i�b�d?fR¤¥]7��b:_?Y&XTfsd-Y&[\XPi�i�j�Xw^&d
b�^&Y8_?Z ]�Y&XD`m_*V�_*^&Z d-]���bXDX���Z c7~�5_5�0~\¤¥]�^&h�XPbX��+)�b ���$� ��� � � �
XD]�XDY&c-qR` XDa-XD`mb!_?Y&X�fsd-Y&[\XPi���� & _?]7i � ! y?��Z c7~�-r+�0y*z	h�XDY&X�^&h�Xc-Y&d-j�]7i�b�^8_*^&X�z2_;a-XEfsj�]7{0^&Z d-]�h7_-b2b�k�^�q�W+X�bq�[\[\XE^&Y&q�z	h�Z ` X
^&h�XG�7Y8b�^�XEV�{EZ ^&XPigb�^8_*^&XGh7_-b�W�k¥bq�[\[\XE^&Y&q-~���d-Y�j7bj7_?`vi�d?^
bZ ÞDXPb2d?f(oPt*k��?tG]�[ i�Zm_?[\XE^&XDY2^&h�XR^&Y8_?]7bZ ^&Z d-]:XD]�XDY&c-q�fsY&d-[� & ^&d�� ! �	� & ! ��` Z XPb�r+XE^�z(XDXD]�©?tG_?]7i�¯-t$[\XDx����-©;k��?t��¶[��0~

½�¾ ¿+À �+Â��vÄÅ G�ÉsÍJÆÈ¥Í�Ç�ÛJÇ Ø Ò0Ú�ÒEË�ÏGÇ�Ë�Ç�Ä Ñ Ç0ÉsÊ È Ö ÄÅ Ö Ç�Ä8ÉsÊmÇ�Æ Ø ÜEÚ�ÅEÌ
Æ&Ç�Ù ÌmÐ�ÒEÆ¥Æ&Ç�Û\ÜDÙmÇ8Ï � Ó*ÒEË�É�ÓPÛ«Ï-Å*ÉsÆ Ø È8ÅEÛ Ö ÒEÄ&Ç < ��=mÚEÕ
)�j�X$^&d�Z ^8b�{8h7_?Y8_-{0^&XDY2d?f�_JÞDXDY&d?k¥i�Z [\XD]7bZ d-]7_?`¶bq�b�^&XD[Ty7i�Z k
Y&XP{0^GY&XD`m_*V�_*^&Z d-]�a�Zm_wÝ ¨ klW�h�d-]�d-]�k¥b&{D_*^^&XDY&Z ]�c�` Z |-X�Z ]e{D_-bX
d?f2_�bj�W+XDY&`m_*^^&Zm{EXJZmb�W�Y&d-h�Z r�Z ^&XPi¶y¶Z f�^&h�X\XD]�XDY&c-Z XPb�_?Y&XG]�d?^
[�_*^8{8h�XPi¶y¶_?]7iT^&h�j7b�^&h�XGY&XD`m_*V�_*^&Z d-]T^&Z [\XJZmb�XEV�W+XP{0^&XPiT^&d

r+XG[Gj7{8hg` d-]�c-XDYPy7Z ]T^&h�X:oPt*k8oPt-tJW7b�Y8_?]�c-X-~	��j�Y^&h�XDY&[\d-Y&X
^&h�XwY&XD`m_*V�_*^&Z d-]�[\XP{8h7_?]�Zmb[¡d?f�^&h�X � & � � ! ^&Y8_?]7bZ ^&Z d-]h7_-b�r+XDXD]gi�Zmb&{Ej7b&bXPi�fsd-Y�bXDa-XDY8_?`¶q-XP_?Y8bDy�Z ]wW7_?Y^&Zm{Ej�`m_?Y	^&h�X
b�^&Y&d-]�c?k¥{Ed-j�W�` Z ]�cTW+d-`m_?Y&d-]�fsd-Y&[\XPi�Z ]�^&h�X��5j7_?]5^&j�[ i�d?^8b
n �*pl~
�2h�X�_?Z [ d?fJd-j�YwXEV�W+XDY&Z [\XD]5^wZmb�^&d�i�XE^&XDY&[\Z ]�X�^&h�X�Y&XEk
`m_*V�_*^&Z d-]�^&Z [\X�d?f	i�d-W+XPi��+)�b$j7bZ ]�c¢i�XDc-XD]�XDY8_*^&X\W�j�[\W�k
W�Y&d-r+XEkl[\XP_-bj�Y&XD[\XD]5^8b(z	Z ^&h�^&h�X}�vU�Ý�~

½�¾ ¿+À ��Â�Î�ÓPÛ Ö Ð Ö ÄÅ-Ü-ÇvÆ¥Ê Ñ Ë�ÒEÙ7Ì ÄÅEÛ�ÉsÍ�Ç � Ó*ÒEË�É�ÓPÛ}Ð�Ï-Å*É+ÆÒEÛ Ö ÙmÇEÕ

�2h�XGY&XPbj�` ^�d?f�d-j�Y��7Y8b�^�XEV�W+XDY&Z [\XD]5^8b�Zmb�bh�d*z	]TZ ]¢��Z c7~8©�~)�j�X�^&d}^&h�X�a-XDY&q\` d*z£_?r7bd-Y&W�^&Z d-]�d?f�^&h�XRb&_?[\W�` XJ��
°©(:J�0y
^&h�X�bZ c-]7_?`�^&d¢]�d-ZmbXEklY8_*^&Z dwZmb}[Gj7{8h�b[�_?` ` XDY}^&h7_?]eZ ]�^&h�X
{D_-bX�d?fRbj�W+XDY&`m_*^^&Zm{EXPbD~�µ5^&Z ` `�z(X�z(XDY&XT_?r�` X�^&d�Y&XP{Ed-Y8i�_
z(XP_?|e^&Y8_?]7b[\Zmb&bZ d-]�{8h7_?]�c-XwZ ]�^&h�XgW�Y&d-r+Xgr+XP_?[ j�]7i�XDY
{Ed-]7i�Z ^&Z d-]7b\z	h�XDY&X:^&h�Xw�vU�Ý�z2_-bJY&j�]�]�Z ]�c�{Ed-]5^&Z ]�j�d-j7b` q
z	Z ^&h�oP�-ug²�ÞJY&XDW+XE^&Z ^&Z d-]¢Y8_*^&X��s]�dT[�_-{EY&d-r�j�]7{8h�XPb8�0~$�2h�X
i�XP{D_;q}^&Z [\X�Zmb�d?fF^&h�X�d-Y8i�XDY�d?f�o;©�W7bDy5r�j�^�d-r�a�Z d-j7b` q}[\d-Y&X
XEV�W+XDY&Z [\XD]5^8bvh7_;a-X�^&dRr+X2W+XDYfsd-Y&[\XPi¶y?Z ]JW7_?Y^&Zm{Ej�`m_?Yv_*^�` d*z
^&XD[\W+XDY8_*^&j�Y&XPbD~
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�(Y&XDz�b�^&XDYJ_?]�c-` X:[\Zm{EY&d5b&{Ed-W�q�ZmbJ_gW�Y&d*a-XD]�^&XP{8h�]�Zm�5j�X�fsd-Y
^&h�X\XDa*_?` j7_*^&Z d-]¢d?f�^&h�Z ]�d-Y&c5_?]�Zm{$�7` [�b�n oEply�XPbW+XP{EZm_?` ` qTfsd-Y
^&h�X�d-r7bXDY&a*_*^&Z d-]�d?f!W�h7_-bX�^&Y8_?]7bZ ^&Z d-]7b�Z ]:[\d-]�d-`m_;q-XDY8b�n �Ppl~
¤lfR_¢b&_?[\W�` X�Zmb\d-r7bXDY&a-XPi�j�]7i�XDY��(Y&XDz�b�^&XDY\_?]�c-` X�{Ed-]7i�Z k
^&Z d-]7bDy�b[�_?` `�{8h7_?]�c-XPb�Z ]�^&h�XRY&XEfsY8_-{0^&Z a-X�Z ]7i�XEV:d?f!^&h�X$bj�Yk
f�_-{EXG{D_?]gr+XGd-r7bXDY&a-XPiw_?]7i�^&h�j7b�^&h�Z ]¢`m_;q-XDY8b	d-]T^&h�X\bj�Yk
f�_-{EX\{D_?]�r+X\[�_-i�XJa�ZmbZ r�` X-~���d-j�W�` Z ]�cw_��(Y&XDz�b�^&XDYR_?]�c-` X
[\Zm{EY&d5b&{Ed-W+X}z	Z ^&h�_�W+d*z(XDYfsj�`�` Z c-h5^Rbd-j�Y8{EX}` Z |-X}^&h�X\�vU�Ý
_?` ` d*z�b(Z ]�a-XPb�^&Z c5_*^&Z d-]�d?f�^&h�XR¤ 9°Z ]7i�j7{EXPiT{8h7_?]�c-XPb�Z ]�^&h�Z ]
d-Y&c5_?]�Zm{��7` [�bD~�¸�bZ ]�c�^&h�XT^&XD[\W+d-Y8_?`�{8h7_?Y8_-{0^&XDY&Zmb�^&Zm{Db\d?f
^&h�XwW�j�[\W�` Z c-h5^Py(f�_-b�^�W�Y&d�{EXPb&bXPbw��i�d*z	]�^&d��?t ��b�j7bZ ]�c
_?]�XD` XP{0^&Y&d-]�Zm{�i�XD`m_;q�bq�b�^&XD[®fsd-Y$^&h�X�{D_?[\XDY8_wbh�j�^^&XDYGd-Y
XDa-XD]Ti�d*z	]�^&d�bd-[\X$]7_?]�d5bXP{Ed-]7i�b(j7bZ ]�c�_\bq�]7{8h�Y&d-]�Z ÞDXPi
W�j�`mbXPi�Z ` ` j�[\Z ]7_*^&Z d-]ebd-j�Y8{EX�_?]7i�_?]�d-W�^&Zm{D_?`�i�XD`m_;q¢` Z ]�X;�
{D_?]�r+XR^&Y8_-{8|-XPi¶~
�2h�X¢[\Zm{EY&d5b&{Ed-W+X¢bXE^&j�W�����Z c7~Do;��{Ed-]7bZmb�^8b�d?fG_?]£Z ` ` j�[\Z k
]7_*^&Z d-]¢bq�b�^&XD[Ty�_?]gZ [�_?c-Z ]�c�bq�b�^&XD[�_?]7i¢_�W�j�[\W�r+XP_?[
i�XD` Z a-XDY&q�bq�b�^&XD[T~«�2h�X¢_?]�c-` Xwd?f$^&h�XgZ ` ` j�[\Z ]7_*^&Z d-]�_?]7i
Z [�_?c-Z ]�c�bq�b�^&XD[�b�{D_?]�r+Xg_-i	��j7b�^&XPi�^&d�z(d-Y&|�z	Z ^&h�bj�r�k
b�^&Y8_*^&XPb$z	Z ^&h�i�Z ºFXDY&XD]5^GY&XEfsY8_-{0^&Z a-X�Z ]7i�Zm{EXPbG_?]7i��(Y&XDz�b�^&XDY
_?]�c-` XPbD~
�2h�X$�(Y&XDz�b�^&XDY	_?]�c-` XRZ ` ` j�[\Z ]7_*^&Z d-]wbq�b�^&XD[�j7bXPb	_\²�XP��XEk
{Ez2kl`m_-bXDY2_-b(_G` Z c-h5^�bd-j�Y8{EX-~v��]T_-i�i�Z ^&Z d-]7_?`Fd-W�^&Zm{D_?`Fi�XD`m_;q
` Z ]�X�{D_?]�r+X�j7bXPi¢fsd-Y}z(d-Y&|gz	Z ^&he_TW�j�`mbXPi�Z ` ` j�[\Z ]7_*^&Z d-]
bd-j�Y8{EX-~��2h�XT` Z c-h5^\ZmbJfsd�{Ej7b&bXPi�d-]5^&d¢^&h�Xwb&_?[\W�` X�j7bZ ]�c
_��-©?t�[\[§fsd�{D_?`(` XD]�c?^&h�d?º+k¥_*V�Zmb}W7_?Y8_?r+d-` d-Zmi�[\Z Y&Y&d-YP~¢�
^&h�Z ]��7` [ W+d-`m_?Y&Z ÞDXDY$_?` ` d*z�b�d-]�` qgW�klW+d-`m_?Y&Z ÞDXPig` Z c-h5^R^&dTZ ` k
` j�[\Z ]7_*^&XR^&h�X}b&_?[\W�` X-~

microscope with camera

polarizer

delay-line

focussing mirror

probe-beam

sample

analyzer

pump beam
(FEL)
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Ü-Ç&ÒEÛ ÒEË�Ï�Å-ÜDÆ&Ç�Ä8ÔPÇ8Ï�ÓPÆ¥Ê Ë Ñ Ò$Í�ÅEÛJÇ$Ü-ÓPÊ ÙÉ�bC0ÐÌÅEÙmÏ�ÛGÒ Ñ Ë5Ê 9�È8ÒDÐ
ÉsÊ ÅEË$Û$Ê ÈÄÅEÆÈ8Å Ö ÇEÕaZ+Í�Ç ]USA@ Ö ÓPÛ Ö ÐÙ Ê Ñ Í�É7Ê Æ�ÌÅ*ÈDÓPÆ¥Æ&Ç8Ï$ÅEË�É�Å�ÉsÍ�Ç
Å-ÜDÆ&Ç�Ä8ÔPÇ8Ï}Æ Ö Å*É(ÓPÆ¥Ê Ë Ñ Ò�Æ¥Í�ÅEÄ8É�ÌÅ*È8ÒEÙFÙmÇ�Ë Ñ ÉsÍ:Å 7wÒ<T-Ê Æ Ö ÒEÄÒ-Ü?ÅEÙ Ê È
Û$Ê Ä¥ÄÅEÄ0Õ
�2h�X�b&_?[\W�` X�Zmb$[\d-j�]5^&XPi�d-]�_w�*k¥_*V�Zmb�^&Y8_?]7b`m_*^&Z d-]�b�^8_?c-X
fsd-Y�XP_-bZ XDY�_?` Z c-]�[\XD]5^P~v¤l^�Zmb�d-r7bXDY&a-XPiGj7bZ ]�cG_R[\Zm{EY&d5b&{Ed-W+X
{Ed-]7b�^&Y&j7{0^&XPi�fsY&d-[°_$oPt*V�[\Zm{EY&d5b&{Ed-W+Xv` XD]7b�� �+XDZmb&b��	k¥·�`m_?]+�0y
_e�?t-tv[\[ fsd�{D_?`�` XD]�c?^&h�^&j�r+X¢` XD]7b:_?]7i�_��-©�[\[ fsd�{D_?`
` XD]�c?^&hGW�Y&d
��XP{0^&Z d-]}` XD]7bD~���]GZ ]5^&XDY&]7_?`�_?]7_?` q�ÞDXDY!XD` Z [\Z ]7_*^&XPb
b&{D_*^^&XDY&XPi$_?]7i$^&h�j7b�i�XDW+d-`m_?Y&Z ÞDXPi$` Z c-h5^�XD[\XDY&c-Z ]�c	fsY&d-[°^&h�X
b&_?[\W�` X-~��2h�XwZ [�_?c-Xe��7XD`mi�d?fRa�ZmbZ d-]�Zmb�_?r+d-j�^:�-t-t �¶[

z	Zmi�X;�gZmb�{D_?W�^&j�Y&XPi�r�q«_�¬*»-t*V7©?»5��W�Z V�XD`\[\d-]�d�{8h�Y&d-[\X
�	� ) {D_?[\XDY8_����!x�� ug_?Y&` Z ]	t?�5¯-�	�0~(��]£XD` XP{0^&Y&d-]�Zm{gi�XEk
`m_;q�bq�b�^&XD[¦_?` ` d*z�b2^&d�bq�]7{8h�Y&d-]�Z ÞDX�^&h�XJ{D_?[\XDY8_Jz	Z ^&hT^&h�X
�vU�Ýe[�_-{EY&d-W�j�`mbXGb�^&Y&j7{0^&j�Y&X-~��2h�XJ[\Zm{EY&d5b&{Ed-W+X$^&j�r+X\{D_?]
r+XJ_-i	��j7b�^&XPigZ ]gd-r���XP{0^Ri�Zmb�^8_?]7{EX-y¶_?]�c-` XG_?]7iTV¢_?]7iwqwi�Z k
Y&XP{0^&Z d-]7bD~
�2h�XGb&_?[\W�` X}Zmb�Z Y&Y8_-i�Zm_*^&XPi�z	Z ^&hw^&h�XJ�vU�Ý�` Z c-h5^�j7bZ ]�c:_?]
d?º�_*V�ZmbRW7_?Y8_?r+d-` Zm{G[\Z Y&Y&d-Y\�fsd�{D_?`�` XD]�c?^&h���¬![\[��0~�ª�Z ^&h
_?]�Z ]�Z ^&Zm_?`�r+XP_?[±i�Zm_?[\XE^&XDY:d?f�o;©�[\[ ^&h�X¢W�j�[\W£r+XP_?[
{D_?]¢r+X\fsd�{Ej7bXPi�i�d*z	]¢^&dw_TbW+d?^}bZ ÞDX\d?f2_?r+d-j�^�oPt-t �¶[T~
��d-Y�XP_-bZ XDY�_?` Z c-]�[\XD]5^�_$²�XP��XEk¥Ý!_-bXDYvr7_-bXPiJ{Ed?k¥_?` Z c-]�[\XD]5^
bq�b�^&XD[�h7_-b2r+XDXD]wbXE^�j�W�~
ª�X�_?Y&X�Z ]5^&XDY&XPb�^&XPi£Z ]£^&h�X�b�^&j7i�q£d?fG¤ 92klW�j�`mbX�Z ]7i�j7{EXPi
b�^&Y&j7{0^&j�Y8_?`�{8h7_?]�c-XPb�Z ]£r�Z d-W+d-` q�[\XDY8bD~�� `m_?Y&c-Xw]�j�[Gr+XDY
d?f�bj�W+XDY8b�^&Y&j7{0^&j�Y&XPbGZmbJW7_?Y^&Zm{Ej�`m_?Y&q�Z [\W+d-Y^8_?]5^Jfsd-Y )����
fsj�]7{0^&Z d-]�~ ¨ j�Y$XEV�W+XDY&Z [\XD]5^8b}_?Z [®_*^$^&h�X�Z ]7i�j7{0^&Z d-]e_?]7i
|�Z ]�XE^&Zm{R_?]7_?` q�bZmb(d?f!^&h�XR¤ 92klZ ]7i�j7{EXPi:^&Y8_?]7bZ ^&Z d-]7b(r+XE^�z(XDXD]
bj7{8hTb�^8_*^&XPbD~
��Z Y8b�^�^&XPb�^8bRd?f�^&h�X�bq�b�^&XD[�b�h7_;a-XJr+XDXD]�W+XDYfsd-Y&[\XPigj7bZ ]�c
^&h�Z ]¢`m_;q-XDY8b�d?f )����}~¶��b[�_?` `�i�Y&d-W����?t �¶`��d?f )�����bd?k
` j�^&Z d-]���{Ed-]7{EXD]5^&Y8_*^&Z d-]eo¶[\c �;[\`�	z2_-b�_?W�W�` Z XPiwd-]¢_:ÞDZ ]7{
bXD` XD]�Zmi�X¢bj�r7b�^&Y8_*^&X-~��	f^&XDYwi�Y&q�Z ]�c�_�^&h�Z ]�`m_;q-XDY¢��bd-[\X
[\Zm{EY&d-[\XE^&XDY8b8��z2_-b�fsd-Y&[\XPi¶~��2h�Zmb2b&_?[\W�` X�z2_-b�Z Y&Y8_-i�Zm_*^&XPi
z	Z ^&hJZ ]�fsY8_?Y&XPiG` Z c-h5^vfsY&d-[�^&h�X	�vU�Ý���o*¬�~ t �¶[«z2_;a-XD` XD]�c?^&h�y
�5t-t ��b$[�_-{EY&dTr�j�]7{8h�` XD]�c?^&h�yv��²�Þ�Y&XDW+XE^&Z ^&Z d-]�Y8_*^&X-y�bZ ]�k
c-` XwW�j�`mbXwXD]�XDY&c-q�oPt-t�]����0~(� {8h7_?]�c-XTZ ]�Y&XEß7XP{0^&Z a�Z ^�q�Z ]
^&h�X�Z Y&Y8_-i�Zm_*^&XPi�bW+d?^Gd?f2^&h�X:`m_;q-XDYRfsd-` ` d*z	Z ]�cT^&h�X�^&XD[\W+d?k
Y8_?`R[\d�i�j�`m_*^&Z d-]°d?fG^&h�X��vU�Ý�` Z c-h5^g{Ed-j�`mi�r+X�d-r7bXDY&a-XPi
����Z c7~8�-�0~e�2h�Zmb\Y&XEß7XP{0^&Z a�Z ^�q�{8h7_?]�c-X:Zmb\W�Y&d-r7_?r�` q�^&h�X�Y&XEk
bj�` ^�d?f�{8h7_?]�c-XPbvZ ]\^&h�X�Y&XEfsY8_-{0^&Z a-X2Z ]7i�XEV\d?fF^&h�X,)������7` [
r�j�^2{8h7_?]�c-XPb�Z ]�^&h�X�^&h�Zm{8|�]�XPb&b�d?f�^&h�X�`m_;q-XDY�_?]7i�XEºFXP{0^8b(d?f
h�Z c-h�XDY�d-Y8i�XDY�h7_?Y&[\d-]�Zm{}z2_;a-XD` XD]�c?^&h7bDy7z	h�Zm{8h�bd-[\XE^&Z [\XPb
{D_?]Tr+XGW�Y&XPbXD]5^�Z ]w^&h�XG�vU�Ý�c-XD]�XDY8_*^&XPi�` Z c-h5^PyF{D_?]�]�d?^�r+X
XEV�{E` j7i�XPi�_*^	^&h�Zmb	XP_?Y&` q�b�^8_?c-XRd?f!^&h�X$XEV�W+XDY&Z [\XD]5^8bD~
²�d*z(XDa-XDYPy\^&h�X£W�Y&XD` Z [\Z ]7_?Y&q�XEV�W+XDY&Z [\XD]5^8bei�XD[\d-]7b�^&Y8_*^&X
^&h�XefsXP_-bZ r�Z ` Z ^�q°d?f�h�Z c-h�bZ c-]7_?` �;]�d-ZmbX�i�XE^&XP{0^&Z d-]«d?f�¤ 92k
W�j�`mbXRZ ]7i�j7{EXPi�W�Y&d�{EXPb&bXPb(Z ]Tr�Z d?�7` [�bD~
â ã&ä}ò�æ¥å "é8ê í ê7ðX2-æ&ñJé8ý5ê'. é&è�'��é î æò%(#.æ4!�ê úlû è0æ����*ð�� ÿ � � ã����?ã��â �0ä}ò�æ4�X. î .�"é&è�éPðgò�æ¥å "é8ê í ê�é û óDïæ  2-æR
�ë5é8ü\æ4��ë ù-ú æ�ã��?ã � ãPã��ð
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)�XE^8_?Z ` XPi\|�]�d*z	` XPi�c-X	d?fF^&h�X�Z ]5^&XDY8_-{0^&Z d-]\d?f+^&d;V�Zm{2Y8_-i�Z d5_-{0k
^&Z a-XR[\XE^8_?`mb(Z ]�r�Z d5bW�h�XDY&X�Zmb(Z [\W+d-Y^8_?]5^(^&d�_-b&bXPb&b�^&h�XRXD]�k
a�Z Y&d-]�[\XD]5^8_?`�Y&Zmb|J_?]7iJ^&h�X�XEV�W+d5bj�Y&X	W7_*^&h7b�d?f¶W+XDd-W�` X�X-~ c7~
fsY&d-[ Y&XPbZmi�j�XPb$d?f	j�Y8_?]�Z j�[®[\Z ]�Z ]�c¢_-{0^&Z a�Z ^&Z XPbD~T�2h�X�` d*z
{Ed-]7{EXD]5^&Y8_*^&Z d-]ed?f	^&h�XPbX�[\XE^8_?`mbJZ ]�XD]�a�Z Y&d-]�[\XD]5^8_?`(b&_?[Jk
W�` XPb�[�_?|-XT^&h�XD[±XEV�^&Y&XD[\XD` q�i�Z ��{Ej�` ^:^&de[\XP_-bj�Y&Xwz	Z ^&h
{Ed-]�a-XD]5^&Z d-]7_?`��v�(kl¤ 9�i�XDa�Zm{EXPbD~��2h�ZmbvZmb�z	h�q$z(X2_?Y&X(b�^&j7i�q5k
Z ]�cw_?]�_?` ^&XDY&]7_*^&Z a-XJ[\XE^&h�d�i¶y�bj7{8h�_-b�^&h�X�W�h�d?^&d?^&h�XDY&[�_?`
r+XP_?[§i�XEß7XP{0^&Z d-]���·��	�;)R��^&XP{8h�]�Zm�5j�X�j7bZ ]�cg_�fsY&XDX�XD` XP{0k
^&Y&d-]�`m_-bXDY}���vU�Ý��2_-b	_G^&j�]7_?r�` X$h�XP_*^&Z ]�c�bd-j�Y8{EX-~
�2h�X�·��	�;)�^&XP{8h�]�Zm�5j�X�Zmb$r7_-bXPi�d-]¢^&h�X�^&h�XDd-Y&qgd?f2W�h�d?k
^&d?^&h�XDY&[�_?`�bW+XP{0^&Y&d5b&{Ed-W�q�z	h�Zm{8hJi�XPb&{EY&Z r+XPb�^&h�X	{Ed-]�a-XDY8bZ d-]
d?f�_?r7bd-Y&r+XPi�XD]�XDY&c-q\d?f�_G` Z c-h5^2r+XP_?[ Z ]7{EZmi�XD]5^	d-]:_Jb&_?[Jk
W�` XgZ ]5^&deh�XP_*^:r�q�]�d-]�Y8_-i�Zm_*^&Z a-Xwi�XDXEV�{EZ ^8_*^&Z d-]�W�Y&d�{EXPb&bXPb
n oEpl~
¤¥]J^�q�W�Zm{D_?`7·��	�;)�XEV�W+XDY&Z [\XD]5^8b	��bXDX���Z c7~(o;�v_$bd-` ZmiJb&_?[Jk
W�` X�Zmb}Z Y&Y8_-i�Zm_*^&XPi�r�q�_T[\d�i�j�`m_*^&XPi�r+XP_?[ d?f	[\d-]�d�{8h�Y&d?k
[�_*^&Zm{�` Z c-h5^�W�Y&d�i�j7{EXPi\r�q\_R^&j�]7_?r�` X�Z ]�fsY8_?Y&XPiJ`m_-bXDY�_?]7i�_
W�Y&d-r+X2r+XP_?[ �sX-~ c7~v_R²�XP��X2`m_-bXDY0�!z	h�Zm{8hJZmbvY&XEß7XP{0^&XPi}fsY&d-[
^&h�XGb&_?[\W�` X-~�)�XDW+XD]7i�Z ]�c�d-]:^&h�X$[\d�i�j�`m_*^&XPiTZ ]5^&XD]7bZ ^�q�d?f
^&h�X:W�j�[\Wer+XP_?[Tyv^&h�X:W�Y&d-r+X�r+XP_?[ ZmbJi�XEß7XP{0^&XPiei�j�X�^&d
^&h�X�W�h�d?^&d-Z ]7i�j7{EXPi�i�ZmbW�`m_-{EXD[\XD]5^�z	h�Zm{8h�{D_?]\r+X�d-r7bXDY&a-XPi
r�q�_JW+d5bZ ^&Z d-]Ti�XE^&XP{0^&d-Y}n oEpl~

½�¾ ¿+À*Á;@FÒ × Å?Ó-É�ÅEÌ�ÉsÍ�ÇFÎaZIB E�ÇYT Ö Ç�Ä¥Ê ÛJÇ�Ë�É-Æ&Ç0É�Ó Ö ÓPÆ&Ç8Ï2Ò*ÉFÃG@�F �
ÒEË�Ï]USA@�B S�Õ
�2h�X�_?[\W�` Z ^&j7i�X�d?f(^&h�X�d-r7bXDY&a-XPi¢bZ c-]7_?`�Zmb$W�Y&d-W+d-Y^&Z d-]7_?`
^&dT^&h�X�b` d-W+X\d?f(^&h�X\Z ]7i�j7{EXPi�i�ZmbW�`m_-{EXD[\XD]5^$d?f�^&h�X�b&_?[Jk
W�` X�bj�Yf�_-{EX-~J��i�i�Z ^&Z d-]7_?` ` q-y�Z ^}{D_?]¢r+X�bh�d*z	]g^&h7_*^R^&h�XDY&X
ZmbJi�Z Y&XP{0^GW�Y&d-W+d-Y^&Z d-]7_?` Z ^�q¢r+XE^�z(XDXD]�^&h�X:d-r7bXDY&a-XPi�bZ c-]7_?`
_?]7i�^&h�X¢_?r7bd-Y&W�^&Z d-]�{Ed�X���{EZ XD]5^�d?f�^&h�Xw[�_*^&XDY&Zm_?`	j�]7i�XDY
Z ]�a-XPb�^&Z c5_*^&Z d-]�n �*pl~��2h�XDY&XEfsd-Y&X-y!_�i�Z Y&XP{0^G_-{D{EXPb&b�^&dw_-{D�5j�Z k
bZ ^&Z d-]�d?fG_?r7bd-Y&W�^&Z d-]£bW+XP{0^&Y8_eZmb�W�Y&d*a�Zmi�XPi�n �;pl~ ·��	�;)
bW+XP{0^&Y&d5b&{Ed-W�qgW+d?^&XD]5^&Zm_?` ` q�W�Y&d*a�Zmi�XPb}bW7_*^&Zm_?`�Z ]�fsd-Y&[�_*^&Z d-]
_?r+d-j�^�bj�Yf�_-{EXPb2d?f�b&_?[\W�` XPb�bZ ]7{EX$c-XD]�XDY8_*^&Z d-]T_?]7iTi�XE^&XP{0k

^&Z d-]gd�{D{Ej�Y�Z ]w^&h�XJbj�r�kl[\Z ` ` Z [\XE^&XDY�` XD]�c?^&h¢b&{D_?` X-~�ª�Z ^&h�_
bj ��{EZ XD]5^�b[�_?` `5`m_-bXDY!W�Y&d-r+X�Z ^�bh�d-j�`miR^&h�XDY&XEfsd-Y&X�r+X(W+d5b&bZ k
r�` X2^&dRd-r�^8_?Z ]�_RbW7_*^&Zm_?`�Y&XPbd-` j�^&Z d-]Gd?fF_�fsXDz�[\Zm{EY&d-[\XE^&XDY8bD~
¤¥]�d-j�Y$W�Y&XDa�Z d-j7b$·��	�;) XEV�W+XDY&Z [\XD]5^}j7bZ ]�cT^&h�X��vU�Ý�_*^
�(Ý�¤ ¨ � ¨ Y8b&_;q£_-bg_?]�Z ]�fsY8_?Y&XPi°W�j�[\W«bd-j�Y8{EX�z(X�Z ]�a-XPb�k
^&Z c5_*^&XPi£_�i�Zmb�^&Z ]7{0^wW7_*^^&XDY&]£d?f ¨ ��klZ [\W�`m_?]5^&XPi£_?]7i�j�]�k
^&Y&XP_*^&XPiTY&XDc-Z d-]7b2d?f�c-XDY&[�_?]�Z j�[ � à X;��bj�r7b�^&Y8_*^&XPb	bXDY&a�Z ]�c
_-b�_�[\d�i�XD`vbj�Yf�_-{EXRfsd-Y�^&h�XGZ ]�a-XPb�^&Z c5_*^&Z d-]Td?fv^&h�XJbW7_*^&Zm_?`
Y&XPbd-` j�^&Z d-]�d?f!^&h�X}·��	�;)�^&XP{8h�]�Zm�5j�X-~
9	XP{EXD]5^&` q$z(X(h7_;a-X�b�^8_?Y^&XPi$^&h�X(Z ]�a-XPb�^&Z c5_*^&Z d-]$z	Z ^&hJ·��	�;)
^&XP{8h�]�Zm�5j�XG_*^��vU�Ý!�2U�z	Z ^&hw[\d�i�XD`�{Ed-[\W+d-j�]7i�b�bh�d*z	Z ]�c
d-W�^&Zm{D_?`$_?r7bd-Y&W�^&Z d-]�r7_?]7i�bT_*^�o*¬�~ »��¶[T~ ��d-Y:^&h�X¢�7Y8b�^
^&Z [\X-yFz(X}h7_;a-X$j7bXPi�^&h�XG]�XDz�d-W�^&Zm{D_?`!r+XP_?[ ^&Y8_?]7bW+d-Y^8_*k
^&Z d-]�bq�b�^&XD[�d?f¶^&h�X��vU�Ý!�2U�f�_-{EZ ` Z ^�qJfsY&d-[�^&h�X�i�Zm_?c-]�d5b�^&Zm{
b�^8_*^&Z d-]�^&dJ^&h�X$Y8_-i�Z d�{8h�XD[\Zmb�^&Y&q�`m_?r+d-Y8_*^&d-Y&q-~
��Z c-j�Y&X��ebh�d*z�b�^&h�X�d-r�^8_?Z ]�XPi�r+XP_?[ i�XEß7XP{0^&Z d-]�bZ c-]7_?`
�sW�Z ]�|���^&d-c-XE^&h�XDY}z	Z ^&h�^&h�X�[�_-{EY&d-W�j�`mbXw�sc-Y&XDXD]+�R_?]7i¢^&h�X
bZ c-]7_?`FfsY&d-[ ^&h�X$Y&XEfsXDY&XD]7{EX$i�XE^&XP{0^&d-Y}�sr�` j�X;�0~�¤l^�h7_-b(^&d�r+X
[\XD]5^&Z d-]�XPi�^&h7_*^�^&h�XgW+d*z(XDY\d?f�^&h�Xg`m_-bXDY\W�j�`mbXPb�d?f�^&h�X
�vU�Ý�_*^}�(Ý�¤ ¨ Zmb�_?r+d-j�^JoPt-t\^&Z [\XPb�h�Z c-h�XDY�{Ed-[\W7_?Y&XPi�^&d
^&h�d5bXgd?f}�vU�Ý!�2U�~��2h�XDY&XEfsd-Y&X-y(^&h�Xgh�Z c-h£�5j7_?` Z ^�q�d?fR^&h�X
�7Y8b�^	Y&XPbj�` ^8b(d?f�^&h�Zmb2z(d-Y&|�i�XD[\d-]7b�^&Y8_*^&X�^&h7_*^2^&h�X$�vU�Ý�_*^
�vU�Ý!�2Uef�_-{EZ ` Z ^�q�Zmb2bj�Z ^8_?r�` X�fsd-Y(fsj�^&j�Y&X$·��	�;)°Z ]�a-XPb�^&Z c5_*k
^&Z d-]7bD~

½�¾ ¿+À Q >eÆ¥Ë�Ò Ö Æ¥Í�Å*É¶Ì ÄÅEÛ�ÉsÍ�Ç�ÆÈÄ&Ç8Ç�Ë\ÅEÌ�Ò�Ï*Ê Ñ ÊÉ�ÒEÙFÅEÆÈÊ Ù Ù ÅEÆÈ8Å Ö Ç
ÌÅEÄ	ÅEË�Ç(ÛGÒPÈÄÅ-Ü-ÓPË�È¥Í+Õ�Z+Í�Ç�ÉsÊ ÛJÇ(ÆÈ8ÒEÙmÇ2Ê Æ 0bC#C�-7Æ&Ç&È��-Ï*ÊÔ-Õ2Z+Í�Ç
ÙmÇ�Ë Ñ ÉsÍwÅEÌ�ÉsÍ�ÇRÇ�ÙmÇ&ÈEÉsÄÅEË5Ê È8ÒEÙ!ÛGÒPÈÄÅ-Ü-ÓPË�È¥Í�Æ¥Ê Ñ Ë�ÒEÙ Ø Ù Å G!Ç�Ä Ñ Ä&Ç8Ç�Ë
ÈDÓPÄ8ÔPÇ¥Ú�Ê Æ ���#C�-7Æ&Ç&È}Ü-Ó-É!ÌÅEÄ�ÉsÍ�Ç�Ù ÒEÆ&Ç�Ä2G!Ç2ÛJÇ&ÒEÆ0ÓPÄ&Ç8Ï �#C#C�-7Æ&Ç&È
Ø Ó Ö5Ö Ç�Ä�ÜDÙsÓ?Ç	ÈDÓPÄ8ÔPÇ¥ÚEÕ�Z+Í�Ç�Ï5Ç�
�Ç&ÈEÉsÊ ÅEË�Æ¥Ê Ñ Ë�ÒEÙ Ø ÒEÌ�ÉlÇ�Ä�Ï*Ê 7FÇ�Ä&Ç�Ë�È0Ç
ÒEÛ Ö Ù Ê 9�Ç�Ä 9 Û$ÊmÏ5Ï*ÙmÇ Ö Ê Ë([�ÈDÓPÄ8ÔPÇ¥Ú�ÄÒEÊ Æ&Ç�ÆvÒ-Ü?Å?Ó-É��#C -7Æ&Ç&È�ÒEÌ�ÉlÇ�Ä�ÉsÍ�Ç
Ù ÒEÆ&Ç�Ä Ö ÓPÙ Æ&ÇEÕ
â ã&ä}ç�æ�� íPú é8ê'(&ö�ó�. e-ð5ç�æ&(é&è ú ë í ð 2-æ-ç�þ5þ5ïæ���ë ù-ú æ���� � ã��������)���â �0ä	��æ+ò?é#. ø é8ïð+å�æ7õ í é&è úlû é8ê ø-í è � é û óDïæ ð+*�ý-è0æG��ë ù-ú æ�2-æFç�þ5þ5ïæ
��ë ù-ú æ�� ��� ��������� ÿ �â ÿ äGñ:æ ç�æ 4(ï ü úlû é0ó ø é û óDïæ ð�ç�þ5þ5ïæ'��ë ù-ú æ5ç ÿ � � ã���$ ÿ �2ã#�-ã
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�2h�X2U�Ý!�2U¢XD` XP{0^&Y&d-]}r+XP_?[«d?f7j�WG^&d��5t�uwXDx�{D_?]Gr+X2j7bXPi
^&d�W�Y&d�i�j7{EX�Z ]5^&XD]7bX(]�XDj�^&Y&d-]Gr+XP_?[�b�Z ]J_�` Zm�5j�Zmi}` XP_-i}Y8_-i�Z k
_*^&d-YP~v�2h�X$XEV�^&Y&XD[\XD` q�bh�d-Y^	r+XP_?[�W�j�`mbXPb$��©GW7b8�(W�Y&d*a�Zmi�X
^&h�X�r7_-bZmbGfsd-Y�_?]�XEV�{EXD` ` XD]5^J^&Z [\XTY&XPbd-` j�^&Z d-]ed?f�]�XDj�^&Y&d-]
^&Z [\X¢d?f$ß7Z c-h5^��^&d?f8��XEV�W+XDY&Z [\XD]5^8bD~��2h�X�i�XPbZ c-]£d?fR^&h�X
W�h�d?^&d-]�XDj�^&Y&d-]Tbd-j�Y8{EX�h7_-b2r+XDXD]wi�XPb&{EY&Z r+XPi:Z ]�n oEpl~)�j�XR^&d\^&h�X}a-XDY&q:bh�d-Y^	]�XDj�^&Y&d-]TW�j�`mbXPbDy7_?]TXD]�XDY&c-q�Y&XPbd?k
` j�^&Z d-]¢d?f(_?r+d-j�^Jo%:¦{D_?]gr+X\Y&XP_-{8h�XPiTz	Z ^&h�_�ß7Z c-h5^RW7_*^&h
d?f$d-]�` q���~ ³�[T~��2h�Xwj7b&_?r�` XgXD]�XDY&c-Z XPb\Y8_?]�c-XTfsY&d-[±�?t-t
|-XDx�^&dw{D_�~voPtTuwXDx�z	Z ^&h�_?]�XD` XP{0^&Y&d-]¢r+XP_?[®Y&XDW+XE^&Z ^&Z d-]
Y8_*^&X�d?f�o-~ ¯Gug²�Þ-~��2h�Zmb�Zmb(_?]�Z ]5^&XDY&XPb�^&Z ]�c}XD]�XDY&c-qJZ ]5^&XDY&a*_?`
^&dT[\XP_-bj�Y&X\]�XDj�^&Y&d-]�{EY&d5b&bRbXP{0^&Z d-]7bR]�XDXPi�XPi�X-~ c7~\Z ]�^&h�X
{Ed-]5^&XEV�^�d?f�[\Z ]�d-Y$_-{0^&Z ]�Zmi�XG^&Y8_?]7b[Gj�^8_*^&Z d-]�~$Ý�d*z(XDY�]�XDj�k
^&Y&d-]�XD]�XDY&c-Z XPbJfsY&d-[ �-t*k8oPt-tg|-XDx _?Y&Xw_-{D{EXPb&bZ r�` XTz	Z ^&h�_
Y&XPi�j7{EXPi�Z ]5^&XD]7bZ ^�q�fsd-Y	W+d5b&bZ r�` X�]�j7{E` XP_?Y	_-b�^&Y&d-W�h�q�bZm{Db�XEV�k
W+XDY&Z [\XD]5^8bD~��2h�X�` d-]�c?k�^&XDY&[�]�XDXPi�b�fsd-Y2]�j7{E` XP_?Y(i�_*^8_Gh7_;a-X
r+XDXD]�fsd-Y&[Gj�`m_*^&XPi¶y�X-~ c7~vZ ]TY&XEf�~!n �Pp

½�¾ ¿+À;Á�Â ]FÙ Å*ÅEÄ Ö Ù ÒEË�ÅEÌ!ÉsÍ�Ç SA@�B SgËUZ�ÅR]�Æ&Ç0É�Ó Ö Ê Ë�ÉsÍ�ÇvË�ÇEÓ-ÉsÄÅEË
È8ÒPÔPÇEÕGF�Ë5Æ&Ç�Ä8ÉsÆvÆ¥Í�Å G�Ò�Æ¥ÊmÏ5Ç	ÔDÊmÇ<G�ÅEÌ!ÉsÍ�Ç�Ë�ÇEÓ-ÉsÄÅEËGÄÒ;Ï*Ê Ò*É�ÅEÄ(ÒEË�Ï
ÉsÍ�Ç Ö Ù ÒEË5Ë�Ç8ÏJÇYT Ö Ç�Ä¥Ê ÛJÇ�Ë�É�ÒEÙ�Æ¥ÊÉlÇEÕ
��Z c7~�o}bh�d*z�b(^&h�X$ß7d�d-Y&W�`m_?]�d?f�^&h�X}U�Ý!�2U�]7�!d5�ef�_-{EZ ` Z ^�q-~
�2h�X�bXE^�j�W\XPb&bXD]5^&Zm_?` ` qJ{Ed-]7bZmb�^8bvd?f�_R` Zm�5j�ZmiJ` XP_-i\Y8_-i�Zm_*^&d-Y
{Ed-]��7]�XPi}r�q$_�[\d-` q�rFi�XD]�j�[«{8h7_?]�]�XD`5z	h�Zm{8hGZmbv_-{D{Ed-[\[\d?k
i�_*^&XPiRZ ]}_	a*_-{Ej�j�[�{8h7_?[Gr+XDYPyD^&h�X�r+XP_?[�i�j�[\W}_?r7bd-Y&r�Z ]�c
^&h�Xgj�]�j7bXPi�Y8_-i�Zm_*^&Z d-]��sXD` XP{0^&Y&d-]7bDy2W�h�d?^&d-]7bDy2]�XDj�^&Y&d-]7b8�0y
^&h�XJ{Ed-` ` Z [�_*^&d-YPy7_?]7iT^&h�X}^&d?f�i�XE^&XP{0^&d-Y8bD~��2h�X}` Zm�5j�Zmiw` XP_-i
^8_?Y&c-XE^2�^&h�Y&d-j�c-hJ_�h�XP_*^vXEV�{8h7_?]�c-XDY0�¶_?]7i$^&h�X2r+XP_?[«i�j�[\W
]�XDXPi�^&d�r+X}{Ed�d-` XPi:r�q:_Jz2_*^&XDY�{EZ Y8{Ej�Z ^P~
�2h�X�XD` XP{0^&Y&d-]�r+XP_?[�h�Z ^8b�^&h�X�Y8_-i�Zm_*^&d-YPy?z	h�XDY&X�bZ [Gj�` ^8_?]�XEk
d-j7b` q�r�Y&XD[�b&b�^&Y8_?h�` j�]�c�W�h�d?^&d-]7b�_?Y&X}W�Y&d�i�j7{EXPiw_?]7iw]�XDj�k
^&Y&d-]7b�_?Y&X�XD[\Z ^^&XPi�fsY&d-[¹��*.�/!�GY&XP_-{0^&Z d-]7bD~��2h�Xgbd-j�Y8{EX
b�^&Y&XD]�c?^&h:{D_?]�r+XR_-b�h�Z c-h:_-b(� � ¬��DoPt & �0b ��&2fsd-Y(_?]�XD` XP{0^&Y&d-]
XD]�XDY&c-q�d?f��5t�uwXDx�_?]7i�_?]�_;a-XDY8_?c-X:{Ej�Y&Y&XD]5^�d?fJo�[��}~
�	f^&XDY}_�ß7Z c-h5^RW7_*^&h�d?f�d-]�` q¢��~ ¯�[�^&h�X\]�XDj�^&Y&d-]gß7j�V¢d-]
^8_?Y&c-XE^2Zmb2_?r+d-j�^$o � ¬��*oPt��\��{E[ ! b8� ��& z	Z ^&hT_Jr+XP_?[�Y&XDW+XE^&Z k

^&Z d-]�Y8_*^&XRd?f2o-~ ¯\ug²�Þ-~
�®� ) Y&XD]7i�XDY&Z ]�c�d?f$^&h�X¢W�Y&d-W+d5bXPi�i�XPbZ c-]�Zmb�bh�d*z	]�Z ]
��Z c7~F��~	�2h�X$^8_?Y&c-XE^/6«r+XP_?[Jk¥i�j�[\W¢_-b&bXD[Gr�` q:Zmb�` d�{D_*^&XPi
d-]°_�bW�Z ]7i�` X�` Z f^wW�`m_*^fsd-Y&[ _?]7i£fsd-YTY8_-i�Zm_*^&Z d-]�W�Y&d?^&XP{0k
^&Z d-]�Z ^G{D_?]�r+X�` d*z(XDY&XPiwZ ]5^&dg_�` XP_-i¢h�d-j7bXJz	h�XD]�]�d?^$Z ]
j7bX-~��2h�Zmb�[\XP{8h7_?]�Zmb[ _?`mbd:_?` ` d*z�b2^&h�X}d-W+XDY8_*^&Z d-]wd?fv^&h�X
�!j�]�c5b�^&XD]T]�XDj�^&Y&d-]�^8_?Y&c-XE^�_?]7i:^&h�X )���]�XDj�^&Y&d-]Tc-XD]�XDY8_*k
^&d-YRbh7_?Y&Z ]�c�^&h�X\b&_?[\X\{D_;a-X-~$�2h�XJXD` XP{0^&Y&d-]gr+XP_?[�XD]5^&XDY8b
^&h�X�·�r�k¥uwd}Y8_-i�Zm_*^&d-Y�h�d-j7bZ ]�c$^&h�Y&d-j�c-h�_G�(XDY&q�` ` Z j�[�z	Z ]�k
i�d*z$yPXPbW+XP{EZm_?` ` qRi�XPbZ c-]�XPi�fsd-Y!c-d�d�i�^&h�XDY&[�_?`�b�^8_?r�Z ` Z ^�qR_?]7i
` d*z°b&{D_*^^&XDY&Z ]�c7~
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½�¾ ¿+ÀRQ�Â "E�Ä&Ç�Ë�Ï5Ç�Ä¥Ê Ë Ñ ÅEÌ�ÉsÍ�Ç�SA@�B S�ËUZ�ÅR]wÌÒPÈÊ Ù ÊÉ × Õ
�2h�X�{Ed-]7b�^&Y&j7{0^&Z d-]\d?fF^&h�X�bZ ]�c-` X�{Ed-[\W+d-]�XD]5^8b�h7_-b�b�^8_?Y^&XPi
_-b2z(XD` `�_-b2^&h�X}_-b&bXD[Gr�` q�d?f!^&h�X}[�_?Z ]�[\XP{8h7_?]�Zm{D_?`¶W7_?Y^8bD~
�«bW�Z ]7i�` X}` Z f^&XDY�z2_-b	{Ed-]7b�^&Y&j7{0^&XPi:^&d�` Z f^�^&h�X}z	h�d-` X}W�Y&d?k
i�j7{0^&Z d-]T^8_?Y&c-XE^��\[¦j�WwfsY&d-[ Z ^8b�Y&XPb�^�W+d5bZ ^&Z d-]TZ ]g_�` XP_-i
bh�Z XD`miT^&d:^&h�XG` XDa-XD`�d?f�^&h�XGXD` XP{0^&Y&d-]gr+XP_?[�` Z ]�X-~R�2h�X\i�XEk
bZ c-]Jd?f+^&h�X�Z ]7b�^&Y&j�[\XD]5^8_*^&Z d-]\_?]7i\{Ed-]5^&Y&d-`�bq�b�^&XD[«Z ]7{E` j7i�k
Z ]�c�^&h�X�Z ]5^&XDYf�_-{EXPbvz	Z ^&hJ^&h�X�U�Ý!�2U�Ý�¤�������h7_-bvr+XDXD]\�7]�k
Zmbh�XPi¶~��2h�XDY&[�_?`�h�q�i�Y8_?j�` Zm{�_?]7iGb�^&Y&j7{0^&j�Y8_?`�[\XP{8h7_?]�Zm{�{D_?` k
{Ej�`m_*^&Z d-]7b	z(XDY&X}]�XP{EXPb&b&_?Y&q�^&d:Z [\W�Y&d*a-X�^&h�XJi�XPbZ c-]wd?fv^&h�X
` XP_-i �;z2_*^&XDY�h�XP_*^�XEV�{8h7_?]�c-XDY�Z ]}d-Y8i�XDY¶^&d�_?` ` d*z�fsd-Yv_2f�_-b�^&XDY
Y&XPbW+d-]7bX�^&dR{8h7_?]�c-Z ]�c�h�XP_*^�i�XDW+d5bZ ^&Z d-]GZ ]}^&h�X2` XP_-i$^8_?Y&c-XE^
_?]7i¢^&dwXEV�{E` j7i�X�fsY&XDXDÞDZ ]�cTd-Y}d*a-XDY&h�XP_*^&Z ]�c�d?f(^&h�X�` XP_-i�Z ]
^&h�XR{EZ Y8{Ej�Z ^P~���h�d?^2` XP_-i\^&XPb�^2XEV�W+XDY&Z [\XD]5^$�s�5t-t*k�©?t-t('E�2��Zmb
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Y&j�]\Z ]�_$i�XPi�Zm{D_*^&XPiJ` d�d-WG^&d$c5_*^&h�XDY�` d-]�c�^&XDY&[�XEV�W+XDY&Z XD]7{EX
z	Z ^&h�^&h�X�r+XDh7_;a�Z d-j�Y$d?f(^&h�d5bX�{Ed-[\W+d-]�XD]5^8b$_?]7i�[�_*^&XDY&Z k
_?`mbv^&h7_*^(_?Y&X	Z ]�W+XDY&[�_?]�XD]5^�{Ed-]5^8_-{0^�z	Z ^&h�^&h�X�` Zm�5j�Zmi\` XP_-i¶~
�2h�X�|-XDq}Zmb&bj�XPb�_?Y&X2Y&XD`m_*^&XPiG^&dR^&h�X�[�_*^&XDY&Zm_?`mb�{Ed-[\W7_*^&Z r�Z ` k
Z ^�q:d?f�[\d-` q�rFi�XD]�j�[¦_?]7iTb�^8_?Z ]�` XPb&b	b�^&XDXD`�d-]�^&h�X}d-]�X$bZmi�X
_?]7i:^&h�X$h�d?^	` XP_-i�d-]:^&h�X$d?^&h�XDY�bZmi�X-~
uwd-]5^&XR�(_?Y&` d}{D_?`m{Ej�`m_*^&Z d-]7b�z(XDY&X	W+XDYfsd-Y&[\XPi\z	Z ^&h�u��(��·
^&d�d-W�^&Z [\ZmbX�^&h�Xg{Ed-` ` Z [�_*^&d-YP~��2h�XTd-W�^&Z [\Zmb&_*^&Z d-]�_?Z [\XPi
_*^\` d*z(XDY&Z ]�cg^&h�X�r7_-{8|�c-Y&d-j�]7i�d?f�Z ]�XD`m_-b�^&Zm{D_?` ` q�b&{D_*^^&XDY&XPi
]�XDj�^&Y&d-]7b:_?]7i�d?fRW�h�d?^&d-]7b:_*^�^&h�XgXEV�W+XDY&Z [\XD]5^�bZ ^&X-~�¤l^
z2_-b\fsd-j�]7i�^&h7_*^�{Ed-` ` Z [�_*^&d-Y\Z ]7bXDY^&Z d-]7b�[�_-i�XTfsY&d-[ r+d?k
Y8_*^&XPi:·�U�^&d-c-XE^&h�XDY(z	Z ^&hT·�r�^&d\_?r7bd-Y&r\^&h�X�W�h�d?^&d-]�ß+_-bh
{Ed-[\Z ]�c�fsY&d-[ ^&h�XGY8_-i�Zm_*^&d-Y�Y&XDW�Y&XPbXD]5^�^&h�XGr+XPb�^$bd-` j�^&Z d-]�y
bXDX¢��Z c7~(��~��2h�XDq�` d*z(XDY�^&h�Xgr7_-{8|�c-Y&d-j�]7i�_?]7i�i�d�]�d?^
i�Zmb�^&j�Y&r¢^&h�XJ^&Z [\XEkld?fk�ß7Z c-h5^�^&dTXD]�XDY&c-qg{Ed-Y&Y&XD`m_*^&Z d-]wd?f�^&h�X
]�XDj�^&Y&d-]7bD~��(XP{D_?j7bX�d?f!^&h�X$b&{D_*^^&XDY&Z ]�cJd?f�W�h�d?^&d-]7b(d?ºw^&h�X
XPi�c-XPb�d?f�^&h�X\` XP_-i¶y�_?]�_-i�i�Z ^&Z d-]7_?`v` XP_-i�_?r7bd-Y&r+XDYRbh�d-j�`mi
r+XJj7bXPiT^&d:bh�Z XD`miT��bXD]7bZ ^&Z a-XGi�XE^&XP{0^&d-Y8bDy+X-~ c7~	^&h�XJ�2_-� !i�XE^&XP{0^&d-Y�_?Y&Y8_;q-~

½�¾ ¿+À���Â�Ã�ÅEÙ Ù Ê ÛGÒ*É�ÅEÄ Ñ Ç&ÅEÛJÇ0ÉsÄ ×
�2h�X�{Ed-Y&Y&XD`m_*^&Z d-]�r+XE^�z(XDXD]e]�XDj�^&Y&d-]�XD]�XDY&c-q�_?]7i�^&Z [\X:d?f
ß7Z c-h5^�Zmbvbh�d*z	]}Z ]G^&h�X	u��(��·�bW+XP{0^&Y&j�[Ty-bXDX2��Z c7~;�7~��2h�X
[�_?Z ]$Y&Zmi�c-X�Z ]R^&h�X�bW+XP{0^&Y&j�[°Zmb¶fsY&d-[°]�XDj�^&Y&d-]7b¶z	Z ^&h}_�{Ed-Yk
Y&XP{0^�XD]�XDY&c-q�^&d�^&Z [\XEkld?fk�ß7Z c-h5^�{Ed-Y&Y&XD`m_*^&Z d-]�~���XDj�^&Y&d-]7b�^&h7_*^
h7_;a-X(` d5b�^�^&h�XDZ Yvj�]7i�Zmb�^&j�Y&r+XPiJ{Ed-Y&Y&XD`m_*^&Z d-]}r+XE^�z(XDXD]GXD]�XDY&c-q
_?]7i�^&Z [\XEkld?fk�ß7Z c-h5^2fsd-Y&[ _G^8_?Z `F^&d\^&h�XR[�_?Z ]�Y&Zmi�c-X-~��2h�XDq
_?Y&X�bj�W�Y&XPb&bXPi�r�q�^�z(d�^&d�^&h�Y&XDX¢d-Y8i�XDY8b�d?f}[�_?c-]�Z ^&j7i�X-y
_?]7i�{Ed-]7b�^&Z ^&j�^&X�d-]�` qg��:¦d?f	_?` `�XDa-XD]5^8bD~��2h�X\` d*z�Z ]5^&XD]�k
bZ ^�q�Y&Zmi�c-X}_?W�W�Y&d;V¶~(�?t\]7b�_?r+d*a-XR^&h�XGi�Zmb�^&Y&Z r�j�^&Z d-]wd?fvj�]�k
b&{D_*^^&XDY&XPiJ]�XDj�^&Y&d-]7bvZmb�i�j�X2^&d}b&{D_*^^&XDY&Z ]�cRd?º:^&h�X�b�^8_?Z ]�` XPb&b
b�^&XDXD`�z	Z ]7i�d*z�b(d?f!^&h�X$a*_-{Ej�j�[�h�d-j7bZ ]�c�bj�Y&Y&d-j�]7i�Z ]�cG^&h�X
uwd?klY8_-i�Zm_*^&d-YPy?_?]7i�{Ed-]5^8_?Z ]7b�d-]�` qJ_�fsY8_-{0^&Z d-]\d?f�¯ �8oPt � � d?f
_?` `�]�XDj�^&Y&d-]7bD~��2h�X	Z ]7bXE^�bh�d*z�bv_�h�d-Y&Z ÞDd-]5^8_?`�{Ej�^�^&h�Y&d-j�c-h
^&h�X�bW+XP{0^&Y&j�[ _*^G�?�-t�]7bD~}�2h�X\XD]�XDY&c-qTz	Zmi�^&h�����ª£²�u¢�
d?f¶^&h�X�W+XP_?|Gfsd-Y�]�XDj�^&Y&d-]7b�z	Z ^&h:_R^&Z [\X�d?f¶ß7Z c-h5^�d?f!�?�-tR]7b
Zmb�o-~ ��|-XDxG~-�2h�Zmb�{Ed-Y&Y&XPbW+d-]7i�b!^&dG_?]\XD]�XDY&c-q}Y&XPbd-` j�^&Z d-]Jd?f
t�~ o%:�_*^�_J]�XDj�^&Y&d-]�XD]�XDY&c-q�d?f(o-~ ©�oRuwXDxG~
��d-Y![\XP_-bj�Y&XD[\XD]5^8b¶d?f�]�XDj�^&Y&d-]�klZ ]7i�j7{EXPiRY&XP_-{0^&Z d-]7bDyPi�Z ºFXDYk
XD]5^$i�XE^&XP{0^&d-Y�^�q�W+XPbR_?Y&XGr+XDZ ]�c�i�XDa-XD` d-W+XPi¶~$��d-Y�]�XDj�^&Y&d-]�k
{D_?W�^&j�Y&XG��Y8_;q�bDyF_��2_-� ! b&{EZ ]5^&Z ` `m_*^&Z d-]�i�XE^&XP{0^&d-Y$_?Y&Y8_;q:d?fj�WG^&dR¯-t�{EY&q�b�^8_?`mb�Zmb�r+XDZ ]�cRr�j�Z ` ^Py-bXDX(��Z c7~?©�~v�2h�X2{EY&q�b�^8_?`mb
h7_;a-XG_�` XD]�c?^&hgd?f�oP³�{E[�_?]7iw_�h�XEV�_?c-d-]7_?`�{EY&d5b&b�bXP{0^&Z d-]
z	Z ^&h�_?]wZ ]�]�XDY�i�Zm_?[\XE^&XDY�d?f�©?��[\[T~��2h�XDqw_?Y&X}Y&XP_-i�d-j�^
r�q:f�_-b�^�²�_?[�_?[�_*^8bjw·�ug�	b 9��?t5©?³�y�z	h�Zm{8hw_?Y&X}¸�x�bXD]�k
bZ ^&Z a-Xw^&d�r+X�_?r�` Xw^&de[\XP_-bj�Y&Xwr+d?^&h�^&h�X�b` d*z�_?]7i�^&h�X
bh�d-Y^&XDY	z2_;a-XEkl` XD]�c?^&h�f�_-b�^�{Ed-[\W+d-]�XD]5^�d?f�^&h�X}�2_-� ! b&{EZ ]�k^&Z ` `m_*^&Z d-]�` Z c-h5^P~v�2h�Zmb�_?` ` d*z�b�^&d$j7bX	W�j�`mbX�bh7_?W+X�i�Zmb&{EY&Z [\Z k
]7_*^&Z d-]T��·(µ�)R�!^&d}bXDW7_?Y8_*^&X�W�h�d?^&d-]�bZ c-]7_?`mb!fsY&d-[«Z ]5^&Y&Z ]7bZm{
��klW7_?Y^&Zm{E` XTr7_-{8|�c-Y&d-j�]7i¶~��2h�XT^&Z [\XwY&XPbd-` j�^&Z d-]�Y&XP_-{8h�XPi

z	Z ^&hw_ � � ��dJ�¢bd-j�Y8{EXRZmb(^�q�W�Zm{D_?` ` q:t�~ ¯5©}]7b}����ª£²�u¢�0~

½�¾ ¿+À �+Â�Z+Ê ÛJÇ\ÅEÌ�
5Ê Ñ Í�É}ÔDÆ0Õ�Ç�Ë�Ç�Ä ÑE× È8ÅEÄ¥Ä&Ç�Ù Ò*ÉsÊ ÅEË�È8ÒEÙ ÈDÓPÙ Ò*ÉlÇ8Ï
G�ÊÉsÍ�OTÃU`(Î 0-Ã �?Õ\Z+Í�Ç Ö Ù Å*É�ÅEË5Ù × Æ¥Í�Å G�Æ	Ò Ö ÒEÄ8É�ÅEÌ�ÉsÍ�Ç(Ë�ÇEÓ;Ð
ÉsÄÅEË�Æ Ö Ç&ÈEÉsÄ0ÓPÛ Ü-Ç0ÉDG!Ç8Ç�Ë _PÕ 0gÉ�Å _PÕ ��O�Ç$P�Õ7Z+Í�ÇJÈ8ÒEÙ ÈDÓPÙ Ò*ÉsÊ ÅEË
G�ÒEÆ�Ï-ÅEË�Ç�G�ÊÉsÍTÒRÄ&Ç&ÒEÙ Ê Æ8ÉsÊ È Ñ Ç&ÅEÛJÇ0ÉsÄ × ÓPÆ¥Ê Ë Ñ Ò$Ë�ÅEÛ$Ê Ë�ÒEÙ 
5Ê Ñ Í�É
Ö Ò*ÉsÍwÅEÌ *Õ 5#C}Û�Õ�`2Å*ÉlÇ$ÉsÍ�Ç	Ù Å Ñ ÒEÄ¥ÊÉsÍ5Û$Ê È�ÆÈ8ÒEÙmÇRÅEÌ(ÉsÍ�Ç�ÈÙsÓPÆ8ÉlÇ�Ä
Ö Ù Å*É�ÕFZ+Í�Ç$Ê Ë5Æ&Ç0É2Æ¥Í�Å G�ÆGÒ\Í�ÅEÄ¥Ê 
EÅEË�É�ÒEÙ(ÈDÓ-É�ÅEÌ�ÉsÍ�ÇJÉ�ÅEÌmÐ�Ç�Ë�Ç�Ä ÑE×
È8ÅEÄ¥Ä&Ç�Ù Ò*ÉsÊ ÅEË�Ò*ÉvÒ}ÉsÊ ÛJÇÐ�ÅEÌmÐ 
5Ê Ñ Í�É!ÅEÌ � �C�Ë5Æ0Õ
�2h�X�Y&XP_-i¡d-j�^�z	Z ` `�r+X�W+XDYfsd-Y&[\XPi z	Z ^&h i�XPi�Zm{D_*^&XPi
�,)$� �*�����§[\d�i�j�` XPb�n �*p\^&h7_*^e_?` ` d*z�b�_°bZ [Gj�` ^8_?]�XDd-j7b
[\XP_-bj�Y&XD[\XD]5^�d?f�^&Z [\Z ]�ce_?]7i�XD]�XDY&c-qebZ c-]7_?`mbJZ ]7{E` j7i�Z ]�c
·(µ�)�Z ]ex�ugU�r�j7bGb�^8_?]7i�_?Y8i¶~T�2h�X:bq�b�^&XD[®z	Z ` `(r+X:{Ed-]�k
^&Y&d-` ` XPi:r�q�_ 9	¤ ¨ �JY&XP_?` k�^&Z [\XRj�]�Z V�{Ed-[\W�j�^&XDYP~
��d-Yv]�XDj�^&Y&d-]Ji�XE^&XP{0^&Z d-]�y-Ý�Z klc-`m_-b&b�b&{EZ ]5^&Z ` `m_*^&d-Y8b�_?]7iG_�W�`m_-b�k
^&Zm{Jb&{EZ ]5^&Z ` `m_*^&d-Y�z2_?` `�Zmb�r+XDZ ]�c�r�j�Z ` ^P~$�2h�XGW�`m_-b�^&Zm{Jb&{EZ ]5^&Z ` k
`m_*^&d-Y�z2_?` `	z	Z ` `�_?` ` d*z¦i�XE^&XP{0^&Z d-]�d?f�f�_-b�^�]�XDj�^&Y&d-]7b\fsY&d-[
_?W�W�Y&d;V¶~	©?t-tJ|-XDx«]�XDj�^&Y&d-]w|�Z ]�XE^&Zm{$XD]�XDY&c-q�^&h�Y&d-j�c-hTW�Y&d?k
^&d-]�Y&XP{Ed-Z `�Z ]�^&h�X:b&{EZ ]5^&Z ` `m_*^&Z d-]�[�_*^&XDY&Zm_?`�~:�2h�X�z2_?` `�z	Z ` `
{Ed*a-XDY�_?]�_-{0^&Z a-X�_?Y&XP_�d?fG_?W�W�Y&d;V¶~ o¢[ !�{Ed-]7bZmb�^&Z ]�ced?f
oPtwb&{EZ ]5^&Z ` `m_*^&Z d-]�W7_?]�XD`mb$Y&XP_-i�d-j�^}d-]�r+d?^&h�XD]7i�b}r�qgf�_-b�^
·�ug�	b�9��?t5©?³�~���d-Y�]�XDj�^&Y&d-]�XD]�XDY&c-Z XPb�r+XD` d*z£©?t-tR|-XDx°Ý�Z k
à `m_-b&bJµ�{EZ ]5^&Z ` `m_*^&d-Y8b}_?Y&X�j7bXPi¶~g�2h�XDq�_?Y&X�XD]�Y&Zm{8h�XPi�z	Z ^&h
�PÝ�Z�j�W�^&dwoP»d: _?]7iT_?` ` d*z°i�XE^&XP{0^&Z d-]Td?fv` d*z2klXD]�XDY&c-q�]�XDj�k
^&Y&d-]7b2[�_?Z ]�` q�^&h�Y&d-j�c-h�^&h�X$Y&XP_-{0^&Z d-] � Ý�Zl�s]�y ^0� � ²�X-~

½�¾ ¿+À ��Â B�ÒR] 9 ÆÈÊ Ë�ÉsÊ Ù Ù Ò*ÉsÊ ÅEË�Ï5Ç0ÉlÇ&ÈEÉ�ÅEÄ�ÒEÄ¥ÄÒ × Õ�Z+Í�Ç$É�ÒEÄ Ñ Ç0É Ö ÅDÐ
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6R�}|�xG~��2h�Zmb(Zmb(]�XP{EXPb&b&_?Y&q\Z ]�d-Y8i�XDY�^&dJXEV�^&Y8_-{0^(^&h�X�[\d�i�k
XDY8_*^&XPi:W+d5bZ ^&Y&d-]7b(a�Zm_JXD` XP{0^&Y&d5b�^8_*^&Zm{�` XD]7bXPb	_?]7i�^&dJfsd-Y&[ _
W+d5bZ ^&Y&d-]�r+XP_?[�z	h�Zm{8h\^&h�XD]�Zmb�[�_?c-]�XE^&Zm{D_?` ` q}^&Y8_?]7bW+d-Y^&XPi
^&d�^&h�X�^8_?Y&c-XE^JW+d5bZ ^&Z d-]�~��2h�X�X���{EZ XD]7{Eqed?f�^&h�XT[\d�i�XDYk
_*^&Z d-]eW�Y&d�{EXPb&b}ZmbGd?f	^&h�X�d-Y8i�XDY:oPt � � d-]�` q-y�_?]7i�fsj�Y^&h�XDYk
[\d-Y&XR^&h�X}d-Y&Z c-Z ]7_?` ` q:a-XDY&q:bh7_?Y&WTr�j�]7{8hgb�^&Y&j7{0^&j�Y&X$d?fv^&h�X
XD` XP{0^&Y&d-]\W�j�`mbXPb�Zmb�z(XP_?|-XD]�XPiGr�qJ_?` `�[\XD]5^&Z d-]�XPiJW�Y&d�{EXPb&bXPb
_*^�^&h�XJr+XDc-Z ]�]�Z ]�c:d?f�^&h�XGW+d5bZ ^&Y&d-]wr+XP_?[\` Z ]�X-~R�2h�Zmb�^&Z [\X
bW�Y&XP_-i�Zmb\W�`m_?]�]�XPie^&d�r+XwY&XE^&Y8_-{0^&XPi�_-bJ[Gj7{8h�_-b\W+d5b&bZ k

r�` X$r�q�Y&XDW+XP_*^&XPi�{8h�d-W�W�Z ]�c�_?]7i�r�j�]7{8h�Z ]�c\d?f�^&h�XRfsd-Y&[\XPi
W+d5bZ ^&Y&d-]�r+XP_?[T~���]�_-{D{EXD` XDY8_*^&d-YJb�^8_?c-X�Z ]efsY&d-]5^\d?f�^&h�X
^8_?Y&c-XE^�Zmb(i�XPbZ c-]�XPi\^&dGa*_?Y&qG^&h�X�W+d5bZ ^&Y&d-]�XD]�XDY&c-qJZ ]:d-Y8i�XDY
^&dg_?` ` d*z�i�XDW�^&hei�XDW+XD]7i�XD]5^}[\XP_-bj�Y&XD[\XD]5^8bRd?f([�_*^&XDY&Zm_?`mb
W�Y&d-W+XDY^&Z XPbD~��(XP{D_?j7bX�_T{8h7_?]�c-X\Z ]�W+d5bZ ^&Y&d-]�XD]�XDY&c-qgz	Z ` `
_?`mbd}{8h7_?]�c-X2^&h�X	^&Z [\X	fsd�{Ej7b�d?fF^&h�X�W+d5bZ ^&Y&d-]\r+XP_?[�z	h�Zm{8h
h7_-b�^&d\r+X�d-]:^&h�X�^8_?Y&c-XE^Py5^&h�Zmb2]�XDXPi�b�^&d\r+X${Ed-[\W+XD]7b&_*^&XPi
r�q�_¢i�Y&Z f^JW7_*^&h�_-bGZ ]7i�Zm{D_*^&XPi¶~��2h�X�W+d5bZ ^&Y&d-]e_?]�]�Z h�Z `m_*k
^&Z d-]�Y8_-i�Zm_*^&Z d-]�W�Y&d*a�Zmi�XPb�^&h�XRbZ c-]7_?`7Z ]7i�Zm{D_*^&Z ]�c}^&h�X�i�XP_*^&h
d?f�_gW+d5bZ ^&Y&d-]�~��2h�XT_?W�W+XP_?Y8_?]7{EX�d?f	^&h�Zmb\bZ c-]7_?`�z	Z ` `2r+X
Y&XD`m_*^&XPi�^&d¢^&h�XT[�_-{8h�Z ]�XTbZ c-]7_?`(Z ]7i�Zm{D_*^&Z ]�c�^&h�XT_?W�W+XP_?Yk
_?]7{EX�d?fG_?]�XD` XP{0^&Y&d-]£r�j�]7{8h�y�_?]7i�^&h�j7b:^&h�X�r�Z Y^&h�d?fJ_
W+d5bZ ^&Y&d-]�~g�2h�Zmb}z2_;q¢Z ^JZmb}XDa*_?` j7_*^&XPi�^&d�_-{8h�Z XDa-X�_T^&Z [\X
Y&XPbd-` j�^&Z d-]wd?f�_?r+d-j�^JoPt-t\W7bJ����ª£²�u¢�0~F¤l^RZmb�W�`m_?]�]�XPiT^&d
r�j�Z `miT_}fsj�` ` q:Y&XD[\d?^&XR{Ed-]5^&Y&d-` ` XPi:bXE^&j�W��sa�Zm_GZ ]5^&XDY&]�XE^0��r�q
j7bZ ]�cwfsj�` ` q�i�Z c-Z ^8_?`(i�_*^8_w{Ed-` ` XP{0^&Z d-]�_?]7i�W�Y&d�{EXPb&bZ ]�c7~:¤¥]
_-i�i�Z ^&Z d-]�y�_?!5!D��_wW+d5bZ ^&Y&d-]�bd-j�Y8{EX-yv{Ed-[Gr�Z ]�XPi�z	Z ^&h�_?]�k
d?^&h�XDYJ^&j�]�c5b�^&XD]�[\d�i�XDY8_*^&d-YPy�z	Z ` `2W�Y&d*a�Zmi�X�_�{Ed-]5^&Z ]�j�d-j7b
W+d5bZ ^&Y&d-]}r+XP_?[�fsd-YvbW+XP{EZm_?`-^&Z [\XEk¥{Ed-]7bj�[\Z ]�c�XEV�W+XDY&Z [\XD]5^8b
_*^�^&Z [\XPbRz	h�XD]g^&h�XJXD` XP{0^&Y&d-]¢r+XP_?[�Zmb�]�d?^$_;a*_?Z `m_?r�` XGr�j�^
d�{D{Ej�W�Z XPier�q�d?^&h�XDYJj7bXDY8bJ_*^\U�Ý!�2U�~���d-]7b�^&Y&j7{0^&Z d-]e_?]7i
r�j�Z `mi�klj�W�d?f�^&h�X�U�· ¨ µ�f�_-{EZ ` Z ^�q¢_?Y&XJj�]7i�XDY&z2_;qw_?]7i¢Z ^$Zmb
W�`m_?]�]�XPi$^&d�r+X2_?r�` X�^&d�{Ed-]7i�j7{0^��7Y8b�^!^&XPb�^8b�d?f�^&h�X(W+d5bZ ^&Y&d-]
r+XP_?[\` Z ]�X2Z ]��?t-t-¯	z	h�XD]G^&h�X2XD` XP{0^&Y&d-]}r+XP_?[«z	Z ` `�r+X2_;a*_?Z ` k
_?r�` X}_*^��(_;a-XJo-o-oDrT_*^�U�Ý!�2U�~
��j�]7i�Z ]�c�d?fv^&h�X\U�· ¨ µ:W�Y&d
��XP{0^�r�q�^&h�XJU�j�Y&d-W+XP_?]���d-[Jk
[Gj�]�Z ^�q-y�^&h�X à XDY&[�_?]¢fsXPi�XDY8_?`�{Ed-j�]5^&Y&q�µ�_-{8h7bXD]�k¥��]�h7_?` ^Py
_?]7iG^&h�X�ug_?Y^&Z ]�k¥Ý�j�^&h�XDYk¥¸�]�Z a-XDY8bZ ^�q}²�_?` ` XEklª�Z ^^&XD]�r+XDY&cRZmb
c-Y8_*^&XEfsj�` ` q:_-{8|�]�d*z	` XPi�c-XPi¶~
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à _?Z ]�Z ]�c$Z ]7bZ c-h5^�Z ]�[\d-` XP{Ej�`m_?Y�Y&XP_-{0^&Z d-]7b�Zmb�_?]�Z [\W+d-Y^8_?]5^
Zmb&bj�XwZ ]�d-Y8i�XDY\^&dej�]7i�XDY8b�^8_?]7i�^&h�X¢W�h�q�bZm{D_?`�y2{8h�XD[\Zm{D_?`�y
_?]7i�r�Z d-` d-c-Zm{D_?`RY&XP_-{0^&Z d-]7b�Z ]�r+d?^&h�[\Zm{EY&d?k:_?]7i�[�_-{EY&d?k
b&{Ed-W�Zm{ebq�b�^&XD[�bD~±µ�j7{8h«Y&XP_-{0^&Z d-]7b¢i�XE^&XDY&[\Z ]�Xe^&h�X�z2_;q
[\d-` XP{Ej�` XPbTZ ]5^&XDY8_-{0^gz	Z ^&h�^&h�XDZ YgXD]�a�Z Y&d-]�[\XD]5^P~ ��d-YgZ ]�k
b�^8_?]7{EX-y}Z ^¢h7_-bgY&XP{EXD]5^&` q�r+XDXD]«a-XDY&Z �7XPi°Z ]�^&h�X��7XD`mi�d?f
`m_?r+d-Y8_*^&d-Y&qJ_-b�^&Y&d-r�Z d-` d-c-q}^&h7_*^�fsd-Y&[�_*^&Z d-]�d?f!_?[\Z ]�d?k¥_-{EZmi�b
^8_?|-XPb�W�`m_-{EX\_?` Y&XP_-i�q�Z ]w^&h�XJZ ]5^&XDY8b�^&XD` `m_?Y�[\XPi�Z j�[ _?]7iwZ ]
W7_?Y^&Zm{Ej�`m_?Y�Z ]\Zm{EXEk¥_?]7_?` d-c-j�XPb�[\Z [\Zm{EZ ]�c�^&h�d5bX	{Ed*a-XDY&Z ]�c�Z ]�k
^&XDY8b�^&XD` `m_?Yvi�j7b�^vc-Y8_?Z ]7b(n �7y ¯*pl~���W�Y&d�{EXPb&b�^&h7_*^�{D_?]Gr+X	b�^&j7i�k
Z XPi:Z ]T[\d-Y&XRi�XE^8_?Z `¶z	Z ^&hw_;a*_?Z `m_?r�` XRbW7_*^&Zm_?` ` q:_?]7i�^&XD[\W+d?k
Y8_?` ` q:Y&XPbd-` a-XPi�bW+XP{0^&Y&d5b&{Ed-W�Zm{Ri�_*^8_�Z ]T^&h�X}Z ]�fsY8_?Y&XPiTbW+XP{0k
^&Y8_?`�Y8_?]�c-X�n �*pl~�¤¥]°_e[�_*^&Y&Z V�klZmbd-`m_*^&Z d-]�uw¤�bXE^&j�W°bj7{8h
W�Y&d�{EXPb&bXPb({D_?]:r+XRd-r7bXDY&a-XPi\fsd-Y2[\d-` XP{Ej�` XPb(Zmbd-`m_*^&XPi�Z ]T_?]
Z ]�XDY^	c5_-b(Zm{EX-y�^&h�j7bDy�z	Z ^&hw_J[\Z ]�Z [Gj�[ d?f�Z ]5^&XDY8_-{0^&Z d-]�r+XEk
^�z(XDXD]:^&h�X$[\d-` XP{Ej�` XPb	_?]7i�_*^&d-[�b2Z ]:^&h�X$Zm{EXEkl[�_*^&Y&Z V¶y�_?]7i
_*^2^&XD[\W+XDY8_*^&j�Y&XPb	{E` d5bX�^&dJ^&h�X}_?r7bd-` j�^&XR[\Z ]�Z [Gj�[T~
�2h�X�_-i�a*_?]5^8_?c-X�d?fwi�d-Z ]�c�XEV�W+XDY&Z [\XD]5^8b�Z ]�^&h�X�Y&XDc-Z d-]
b` Z c-h5^&` q°_?r+d*a-X�ÞDXDY&d£´RXD` a�Z ]�Zmbg{E` XP_?Y���[\d-` XP{Ej�` XPbwh7_;a-X
[Gj7{8he` d*z(XDYGZ ]5^&XDY&]7_?`�XD]�XDY&c-Z XPb$^&h7_?]�_*^JY&d�d-[®^&XD[\W+XDY8_*k
^&j�Y&X-~ à XD]�XDY8_?` ` q-y7Z ]T^&h�XJbW+XP{0^&Y8_\d?f�bj7{8hw{Ed-`miT[\d-` XP{Ej�` XPb
^&h�XDY&X}_?Y&X\o;�(` XPb&b2^&Y8_?]7bZ ^&Z d-]7b2W�Y&XPbXD]5^Py7_?]7iw�-��^&h�X}r7_?]7i�k
z	Zmi�^&hGW+XDY�^&Y8_?]7bZ ^&Z d-]}Zmbvb[�_?` ` XDYP~��2h�j7bDy?bW+XP{0^&Y8_	fsd-Y�^&h�XPbX
[\d-` XP{Ej�` XPb�_?Y&X	` XPb&b�{Ed-[\W�` Zm{D_*^&XPiG^&h7_?]\^&h�d5bX�Y&XP{Ed-Y8i�XPi}fsd-Y
z2_?Y&[«bW+XP{EZ XPb�_?]7iJ{D_?]Gr+X	Z ]5^&XDY&W�Y&XE^&XPi}z	Z ^&h\` XPb&b�_?[Gr�Z c-j�k
Z ^�q-~G¤¥]�W7_?Y^&Zm{Ej�`m_?YPy+^&Z [\XEklY&XPbd-` a-XPigbW+XP{0^&Y8_?`�i�_*^8_:d?f2{Ed-`mi
[\d-` XP{Ej�` XPb2[�_;q�` XP_-i:^&d\|�]�d*z	` XPi�c-X�d?f!^&h�XR^&Z [\XPb&{D_?` XPb2d-]
z	h�Zm{8h ��� � � ����� � � � � � � ��� � � � � � ������� � � ��
���$� � � � � � � �����T�s¤¥x�9��
^8_?|-XPb�W�`m_-{EX-y5z	h�Zm{8h�Z ]�fsd-Y&[�b�j7b(_?r+d-j�^�^&h�X�^&Z [\XEklY&XPbW+d-]7bX
d?f+W�h�q�bZm{D_?`�d-Y�{8h�XD[\Zm{D_?`�Y&XP_-{0^&Z d-]7b�Z ]\[\d-` XP{Ej�`m_?Y�bq�b�^&XD[�bD~)�j�X�^&d�`m_-{8|�d?f�r�Y&Z c-h5^!¤ 9�bh�d-Y^klW�j�`mbX�` Z c-h5^�bd-j�Y8{EXPbDyE^&Z [\XEk
Y&XPbd-` a-XPiTbW+XP{0^&Y8_?`�i�_*^8_�Z ]T^&h�XJbj�r ��]7_?]�d5bXP{Ed-]7iTi�d-[�_?Z ]
fsd-Y�[�_*^&Y&Z V�klZmbd-`m_*^&XPi�bW+XP{EZ XPb�_?Y&XTb&{D_?Y8{EX-y�z	h�XDY&XwbW+XP{0^&Y8_
_;a*_?Z `m_?r�` XGZ ]¢^&h�X���bRY&XDc-Z d-]¢i�d�]�d?^Rq�Z XD`mi¢Y&XD` XDa*_?]5^�Z ]�fsd-Yk
[�_*^&Z d-]en o-y ��y �*p�d-]w¤¥x�9$~F�2h�XDY&XEfsd-Y&X-y7i�j�Y&Z ]�c\^&h�XG`m_-b�^	^�z(d
q-XP_?Y8b�_�ug_*^&Y&Z V�kl¤�bd-`m_*^&Z d-]Jµ�XE^&j�WJfsd-Y��2Z [\XEklY&XPbd-` a-XPi}�	²�ÞEk
XEV�W+XDY&Z [\XD]5^8b2��uw¤µ��	�!X;��h7_-b�r+XDXD]\j�]7i�XDY�{Ed-]7b�^&Y&j7{0^&Z d-]GZ ]
Y&d�d-[¡o-oP�-U°d?f2r�j�Z `mi�Z ]�cw�5t�^&dwr+X�j7bXPi�Z ]e{Ed-[Gr�Z ]7_*^&Z d-]
z	Z ^&h�^&h�XRfsY&XDXEklXD` XP{0^&Y&d-]:`m_-bXDY}���vU�Ý��0~
uw¤µ��	�!X�{Ed-]7bZmb�^8bwd?fJ^&h�Y&XDX�{8h7_?[Gr+XDY8b���� %Go;©?{E[��

^�z(d¢d?f�z	h�Zm{8h�_?Y&X:W�j�[\W+XPi�r�q�^�z(d¢x�_?Y&Zm_?]ex��-t�o���_;a5k
Z c5_*^&d-Y\^&j�Y&r+d ��[\d-` XP{Ej�`m_?Y�W�j�[\W7bDy�z	Z ^&h£_�W�j�[\W�{D_?W7_-{0k
Z ^�qwd?f3%��-t-t�` �*b�XP_-{8h�~ ¨ ]�XJx�_?Y&Zm_?]�µ�²}oPt-t:b&{EY&d-` `�W�j�[\W
W�Y&d*a�Zmi�XPb�_$bj ��{EZ XD]5^&` qG` d*z���
$oPt � !E�!d-Y&Y0��Y&d-j�c-h�Z ]�cRW�Y&XPb�k
bj�Y&X	^&dGi�Y&Z a-X	^&h�X�^�z(dR^&j�Y&r+d-W�j�[\W7bD~��2h�X�^&h�Z Y8i�{8h7_?[Gr+XDY
����%��5©?{E[��¶W�Y&d*a�Zmi�XPb!Y&d�d-[°fsd-Y�i�Zm_?c-]�d5b�^&Zm{Db!_?]7i}¤ 9�W�j�`mbX
[\d�i�j�`m_*^&Z d-]T_?]7i:Zmb	W�j�[\W+XPi�r�q:_?]�d?^&h�XDY	x�_?Y&Zm_?]wµ�²}oPt-t�~
�2h�X�` d*z2k�_?]7i£h�Z c-h�kla*_-{Ej�j�[ {Ed-[\W7_?Y^&[\XD]5^8b�_?Y&X�bXDW7_*k
Y8_*^&XPi�r�q�_G´$�(Y(d-Y2_}W+d-` q5klXE^&h�q�` XD]�X�z	Z ]7i�d*z$y�i�XDW+XD]7i�Z ]�c
d-]:^&h�X$j7bXPiT{EXD]5^&Y8_?`Fz2_;a-XD]�j�[Gr+XDY2d?f!^&h�X}�vU�Ý�~
��` Zm�5j�Zmi�h�XD` Z j�[ {Ed�d-` XPi¢{Ed-`mi���h�XP_-iw^8_?|-XD]¢fsY&d-[®_?] ¨ V�k
fsd-Y8iw¤¥]7b�^&Y&j�[\XD]5^8b ¨ W�^&Zmb�^8_*^$bXE^&j�WgZmbR{D_?W7_?r�` X}d?f�d-W+XDY8_*^k
Z ]�c�Z ]\_�{Ed-]5^&Z ]�j�d-j7b�^&XD[\W+XDY8_*^&j�Y&X(Y8_?]�c-X�d?f!o-~ ©?´�^&h�Y&d-j�c-h
�-t-t-´\~!ª�Z ^&h�_�{Ed�d-` Z ]�c¢W+d*z(XDYJd?fRbXDa-XDY8_?`�ª�_*^^8b�_*^:©?´

Z ^:h7_-b�r+XDXD]�_-i�_?W�^&XPi�^&d���^:d-]�d-]�Xwd?fR^&h�Xg²�x®{8h7_?[Jk
r+XDY8bD~��2h�j7bDy;z	Z ^&hG_?]}_-b&bj�[\XPi$�vU�Ý�d-j�^&W�j�^�d?f�%R©?t?ª®^&h�X
bj�[\[\XPi�{Ed-` j�[\]:z	Zmi�^&h7b2d?f![\d-` XP{Ej�`m_?Y	_?r7bd-Y&W�^&Z d-]�` Z ]�XPbDy
W�Y&XPbXD]5^!j�]7i�XDY�^&h�X�¤ 9�bW+XP{0^&Y8_?`5W�Y&d?�7` X-y*{D_?]}r+X2_-b�`m_?Y&c-X�_-b
_�fsXDz«W+XDY8{EXD]5^$d?f�^&h�X�{Ed-` j�[\] ��z	Zmi�^&h¢d?f�^&h�X\�vU�Ý ��W�j�`mbX
z	Z ^&h�d-j�^�[\XD` ^&Z ]�c\^&h�X$Z ]�XDY^	c5_-b2[�_*^&Y&Z V¶~
	 ��� � � �$b&_?[\W�` X�c-XD]�XDY8_*^&Z d-]\^8_?|-XPb�W�`m_-{EX�a�Zm_}_$c5_-b�kl[\Z V�Z ]�c
{Ed-[\W7_?Y^&[\XD]5^Py;{Ed-]7bZmb�^&Z ]�c	[�_?Z ]�` q�d?f7µ�z2_?c-XPÝ�d-|�W7_?Y^8bDyPd-]
_�^&Y8_?]7bW7_?Y8_?]5^	��´$�(Y�d-Y�W+d-` q5klXE^&h�q�` XD]�X;�vbj�Yf�_-{EX2[\d-j�]5^&XPi
d-]�^&h�Xe^&Z W�d?f�^&h�Zmb�{Ed-`mi���h�XP_-i¶~ ·�j�Y&Z �7XPi�c5_-bXPbDy���
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U SEM / Volt

Ee = 14.6 MeV
( pulse repetition ratio 1:16)

noise level SEM: 80 pA
noise level FC: 68 pA
1 ms integration time
1 nA / 10 mV output
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18 µm Al target
without target

IFC / nA

Ee = 14.6 MeV

 1 nA input / 10 mV output
 ca. 3 ms integration time
 2 sec clock rate
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��� �r�������#���eN#IKJb�;��IK`��HU��/�,�����X��`t��J;FX�q� IKJ IK`��HU�� L,�;�X� � JkV
�l�PJb�s�¸� XC�1�;�X�%��G;�_Q+\��¸�HUm�HU���
 ��� �^U��/�
IKE � Q?�KJ�Q�Q,�X�[U��_QBE � J����
�KG;�#H
�q���eI©�HU��)N#IX� JU�q��1�;�X�%��G;�_QB\��¸�HU Q���	
� �TE��KJ�QB\��¸�HU;IA�,�
�t�KGl�,�%�Sc;G;���eN��7FX�q�bWK�PE Xb�

f,x
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+p" �k* 5 �b*��������"T!����z*,+��
* �0+p"1+M���^��*�����+p")%]�	�r(;����-��
³#:�=©[r=KDAh»h?6,4�B .;6,<TN/JU=KN;QX<;B [r=KJOB 4O.;:�=zH�<;=KQX=KJUB 4�i1QX6,4b.;<;B R
[�^U.;B 6,4\Â ~XÄr:
DZM,=#[r=>=>4O^
NP=KJ1.;6�JU=X.;=><;h?B 4�=�DA[
NP6,F ^U.;=�G)B =>FEJ�N
6A@
QT:
DA4�4�=>F B 4�ik<TD,JUBED8.;B 6,4�H�<;6UJU^
QX=KJz[)Gz=>F =KQ%.;<;6,4�B h?H
D,Q%. B 4
JUBEDAh?6,4
JgDA4
JC6A.;:�=><�QX<;GUN�.TDAFEN>_�¬�=KD,NP^�<;=>h?=>4b.TN�6A@�.;:�=©<;=>F R
D8.;B M,=kQX^�<;<;=>4b.�6,[U.TDAB 4�=KJ1[)G�.;:�=�NP=KQX6,4
J�DA<;G�=>F =KQ%.;<;6,4?h?6,4UR
B .;6,<�{ ` 0�¬I�QX6,h?H
DA<;=KJ�7�B .;:�.;:�=�QX6,<;<;=KNPHr6,4
JUB 4�ik6,4�=�@q<;6,h
.;:�=g}
DA<TD,J�DZG\QX^�H·{W}]"#�z7/=><;=CHr=><P@q6,<;h?=KJYB 4�NP^�[
NP=KÊb^�=>4b.
<;^�4
N©D8.©[r=KDAhÔB 4b.;=>4
NPB .;B =KN�7�:�BEQT:IQX68M,=><kh?6,<;=�.;:
DA4YdC6,<PR
JU=><TN�6A@�hCDAi,4�B .;^
JU=,_�³#:�=16,[U.TDAB 4�=KJ\<TD8.;B 6bN�DA<;=1NP:�687�4\B 4
L
i
_X~©.;6,i,=X.;:�=><�7�B .;:�.;:�=�hCDAB 4�NP=X.;^�HmH
DA<TDAh?=X.;=><TN>_

ca. 350 µm InP crystal
200 µm SiO2 crystal
168 µm diamond
102 µm diamond
42.5 µm diamond
18 µm Al target
without target
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IFC / nA

Ee = 14.6 MeV
ca. 3 ms integration time
4 sec clock frequency
1 nA input / 10 mV output
USEM = - 15 V

��� �r�Z� �/�8�q� IX�]IK`��HU���L,�;�X� F>��G[G;�PJU�
�1�;�X�%��G;�_Q \��¸�HUC�HU����,���
�KJ�Q?�HU���
U�KGP��Q,�PX F>�KNg�X��`t��J;FX�q� IKJ'IK`��HU��aL,�;�X�¯� JU�l�PJb�s�¸� Xb�
³#:�=#<TD8.;B 6��<,��X{ ` 0�¬I� ���X{W}]"#�7#D,N@q6,^�4
J�.;6z[r=�QX6,4
N�.TDA4b.
@q6,<�D�i,B M,=>4�.TDA<;i,=X.KcZ[�^U. .;:�=/.;:�BEQTw,=><�.;:�=�QX<;GUN�.TDAFA.;:�=#FEDA<;i,=><
.;:�=\h?=KD,NP^�<;=KJ´<TD8.;B 6
_ ` B h�^�FED8.;B 6,4
NC^
NPB 4�i�.;:�=IH�<;6,i,<TDAh
H
D,QTw8DAi,= ?z0�-aA�³¶f�_ dU_�7/=><;=©Hr=><P@q6,<;h?=KJgB 4�6,<TJU=></.;61L
4
J
6,^U.�.;:�=O<;=KD,NP6,4Y6A@/.;:�BEN�[r=>:
DZM)B 6,^�<�DA4
JI.;6\Êb^
DA4b.;B @qG\.;:�=
JU=>M)BED8.;B 6,4
N�@q<;6,hË.;:�=�Q>DAF B [�<TD8.;B 6,4�<TD8.;B 6��<,�±
_ dAx ��e�_ e,y�_
³#:�=z[r=KDAh°NPHr6A.�6,[
NP=><;M,=KJOD8./.;:�= ½ ³�o|~Ky�®�h°-kFN;QX<;=>=>4
B 4�.TDA<;i,=X. Hr6bNPB .;B 6,4�7#D,N�B h?B .TD8.;=KJ�[)G�DkH
DA<TDAF F =>F,[r=KDAhp7�B .;:
D�?zDA^
N;NPBEDA4�H�<;6AL
F =	��
���Z,Ie�_ ±
~Zuh?hm_

cup 1 cup 2 cup 3 cup 4

Al Al Al Cu

Z / cm
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��� �r� ���/� �1�PJb�s� IKJb�)IK`
�HU��0FSXkE � J�Q Gs� F 
U�KGP��Q,�PXBF>�KN��KJ�Q#�¸�q� G;�SN�V
G;���;�PJU�t�8�q� IKJO�X�('�L I Q8�E����� Jg�HU����s� �1��E �8�q� IKJb�%�
³#:�=|JUBEDAh?6,4
JÔQX<;GUN�.TDAF�7#D,NVDAH�H�<;6Z�UB hCD8.;=KJÑ[)G�DAh?6,<PR
H�:�6,^
N\Q>DA<;[r6,4¶7�B .;:p.;:�=�DZM,=><TDAi,=�JU=>4
NPB .�G56A@CJUBEDAh?6,4
J

� ,If�_ uU~K« i��8QXh �8_¾³#:�= ` 0�¬²7#D,N�<;=>H�<;=KNP=>4b.;=KJ?[)GCD�QX6,h1R
H
D,Q%.1¬�G)FEDA<1JUBEN;QC7�B .;:�.;:�=�NP^�hË.;:�BEQTw)4�=KN;N�6A@#.;:�=�f�@q6,B F
=>F =KQ%.;<;6UJU=KN#NP^�<;<;6,^�4
JU=KJO[)GOD1B <;6,4g<;B 4�i?QX6,<;<;=KNPHr6,4
JUB 4�i�.;6
.;:�=kQX6,4
N�.;<;^
Q%.;B 6,41JUB h?=>4
NPB 6,4
N�6A@r.;:�=kN�.TDAB 4�F =KN;N¾N�.;=>=>FU:�6,FEJ)R
=><TN>_¾³#:�=zi,=>6,h?=X.;<;GO6A@.;:�=�}]"VBEN�NP:�687�4�B 4�L
i
_;dU_¾ns4g.;:�=
NPB h�^�FED8.;B 6,4
N©DAF F¾<;=>F =>M8DA4b.z=>F =KQ%.;<;6,4\B 4b.;=><TD,Q%.;B 6,4IH�<;6UQX=KN;NP=KN
7/=><;=�.TDAw,=>4�B 4b.;6OD,Q>QX6,^�4b.K_
³#:�=�FED8.;=><TDAF�NPH�<;=KD,J56A@?.;:�=�=>F =KQ%.;<;6,4p[r=KDAh Q>DA^
NP=KJ¶[)G
.;:�= ` 0�¬ JU=KQX<;=KD,NP=KN�@q<;6,h���
�� ����~�h?hÔD8.�~Zd�¬�=>¯.;6 �
e�_ ±¾h?h²D8.�fbd�¬�=>9B 4\@q<;6,4b.©6A@¾.;:�=?}]"�_�³#:)^
Nk.;:�=1hCDAB 4
[r=KDAh9B 4b.;=>4
NPB .�G�L�.TN�DAF 7#DZGUN�B 4b.;6z.;:�=�DAHr=><P.;^�<;=#6A@�.;:�=�}]"�_
3/^U.�.;6kD#i,<;=KD8.;=><�=X�).;=>4
J©[r=KDAh¶=>F =KQ%.;<;6,4
N�DA<;=�F 6bN�.�[)G©N;Q>D8.PR
.;=><;B 4�izB 4?.;:�=#.TDA<;i,=X.�QX<;GUN�.TDAFEN>_ ³#:�=#@q<TD,Q%.;B 6,4?6A@�NPB h�^�FED8.;=KJ
[r=KDAhÑ=>F =KQ%.;<;6,4
N�@q6,^�4
JgB 4g.;:�=�DAHr=><P.;^�<;=©6A@.;:�= ` 0�¬ËDA4
J
JU=X.;=KQ%.;=KJ?B 4?.;:�=�}]"]DA<;=�D,N;NP=>h�[�F =KJ1B 4?.TDA[�F =�~,_ ns4
QX6,h?B 4�i
=>F =KQ%.;<;6,4
N�6A@ �|~Zu ¬�=>5DA<;=kQX6,h?H�F =X.;=>F G1N�.;6,H�Hr=KJ1B 4OQX^�Hkf
6A@z.;:�=Y}]"v{WQ%@�_9} B i
_;d,�?[�^U.mD =�=KQ%.;=KJV[)GSQX6,H�B 6,^
NC=>F =KQ%R
.;<;6,4
N?hCDAB 4�F G]H�<;6UJU^
QX=KJ][)G]B 4�=>FED,N�.;BEQmB 4b.;=><TD,Q%.;B 6,4
N?H�<;6AR
JU^
QXB 4�i��KRl<TDZGUN>_�ns4C6,<TJU=><¾.;6�DZM,6,BEJ1JU6,^�[�F =XRsQX6,^�4b.;B 4�i�D�QX^U.
NP=X.�D8.#y1¬�=>pDAF F 687/=KJ1.;61=>F B h?B 4
D8.;=©h?6bN�./6A@ NP^
QT:�NP=KQX6,4UR
J�DA<;B =KN>_³#:�=¾@q<TD,Q%.;B 6,4�6A@U=>F =KQ%.;<;6,4
ND,N;NPB i,4�=KJ�.;6�.;:�=�B 4
QX6,h1R
B 4�i�[r=KDAhÃDA<;=1i,B M,=>4\B 4I.TDA[�F =�~,_�³#:�=>G\DAF F 687¯.;6mQX6,<;<;=KQ%.
.;:�=gh?=KD,NP^�<;B 4�i\J�D8.TDm@q<;6,hË[r6A.;:�.;:�= ` 0�¬�DA4
JY.;:�=�}]"
@q6,<#=>F =KQ%.;<;6,4gF 6bN;NP=KN#JU^�=©.;6CN;Q>D8.P.;=><;B 4�i1h?6bN�.;F GOB 4g.;:�=z.TDA<PR
i,=X.K_�³#:�=1QX6,<;<;=KQ%.;=KJ�<TD8.;B 6bNa3���������DAi,<;=>=�7�B .;:�B 4\.;:�=�=KN�.;B R
hCD8.;=KJ1=><;<;6,<TN 7�B .;:1.;:�=�Q>DAF B [�<TD8.;B 6,4�<TD8.;B 6��<,�±
_ dAx��\e�_ e,y
h?=KD,NP^�<;=KJI7�B .;:�6,^U.�.TDA<;i,=X.K_O³#:�=Oh�^�F .;B H�F =ON;Q>D8.P.;=><;B 4�imB 4
.;:�BEQTwY.TDA<;i,=X.TN�D,JU^�F .;=><TD8.;=KN�hCDAB 4�F GY.;:�=�h?=KD,NP^�<;=>h?=>4b.�6A@
.;:�=©[r=KDAh°QX^�<;<;=>4b./B 4g.;:�=z}
DA<TD,J�DZGCQX^�Hg^�4�F B w,=�.;:�= ` 0�¬�c
QXF 6bNP=><?F 6UQ>D8.;=KJ].;6�.;:�=IQX<;GUN�.TDAFt_·³#:�BENCh?6,4�B .;6,<C<;=KÊb^�B <;=KN
6,4�F G�h?6UJU=><TD8.;=gQX6,<;<;=KQ%.;B 6,4
N�D,N1NP=>=>4�B 4�.TDA[�F =I~,_�³#:�=KNP=
QX6,<;<;=KQ%.;B 6,4
N�DA<;=�4�=KDA<;F G1B 4
JU=>Hr=>4
JU=>4b.#6A@�.;:�=�[r=KDAh�H�<;6AL
F =
[r=KQ>DA^
NP=\JU=KJUBEQ>D8.;=KJVNPB h�^�FED8.;B 6,4
NCHr=><P@q6,<;h?=KJ´7�B .;:V6A.;:�=><
?zDA^
N;NPBEDA4z6,<D,NPG)h?h?=X.;<;BEQ¾H�<;6AL
F =KN�NP:�687/=KJ�.;:
D8.�.;:�=�7�BEJ).;:
6A@¾.;:�=�6,^U.TQX6,h?B 4�iO[r=KDAhÔBEN©DAF h?6bN�.�.;:�=1N;DAh?=�=>M,=>4ID8@¸.;=><
H
D,N;NPB 4�i�D�h?6UJU=><TD8.;=?.;:�BEQTw)4�=KN;N>_g³#:�=><;=X@q6,<;=,c�.;:�=gQX6,<;<;=KQ%R
.;B 6,4
N�DA<;=k[
D,NPBEQ>DAF F G1JU=X.;=><;h?B 4�=KJC[)G�.;:�=k.TDA<;i,=X.�.;:�BEQTw)4�=KN;N>_
���	��
 � � �#���%��E¸�q��IK`r�s� �1��E �8�q� IKJb���8��Q 'A� � �O�9&¾� �^U���` GP��FX�q� IKJb�
IK` �HU����T�t�KGT�l�_Q'L,�;�X� �PEE�7FX�HG
IKJb�RF_IA��JU�l�_Q+\��¸�HUb� Jg�HU��/�_N��PGT����G;�
IK`��HU�� �,���Ô�KJ�Q Qb�%�l�7FX�l�_Q?� J\�HU�� 
 ���KG;���Z�bWK�PJg� JMF_IKEq�K� Jb�
N��KJ�Q ��c#G;���eN��7FX�q�bWK�PE Xb� �^U��ZGP�8�q� IX� � X ��! � JMF_IKEq�K� J ' F_IKG[G;�
V
�eN#IKJ�QI�eI 
�� �)�(Q'\)U��PG;�;�X� F_IKEq�K� J#"��Z�bWK���1�HU����;� GP�8�q� IX� F_IKGPV
G;�7FX�l�_Q `bIKG�FT�KE F>��E �8�l�_QBE IX�s�;��� L
Xg�PEE�7FX�HG
IKJ?�
FT�8�s�l�PGs� J,�)�

.TDA<;i,=X. ` 0�¬ }]" o%$�
'& o%�������
> > 
 ~Ke�� � 
 ~Ke�� �

6,4�F G ` 0�¬ ~Ke,e x,x�_ x ±
_ dAx ±
_ dAx
~Ky�®�h�-kF x,x�_ e �©e�_ ± x,f�_ ª ±
_ f,« ±
_ ~ �©e�_ d
±)dU_ u�®�h " x,y�_ y �©e�_ y y)ª)_ x ±
_ ª ±
_ d �©e�_ d
~Kebd�®�h " xbuU_ ª �©e�_ y «A±
_ x «�_ ª ±
_ « �©e�_ u
~K«,y1®�h " x,e�_ « �©e�_ « ±Uª)_ u x�_ u ±
_ y ��~,_ ~
dAe,e1®�h ` BEe � yA±
_ e ��~,_ e f,«�_ « ~,~,_ d8± ±
_ « ��~,_ ±
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Ý;Ø�f�e¸á àbØ�ÙbÚ Û¾Ü�ÝTÞUß>ÜsØ%àbÞ
ábä�s

±be
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DA4
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N�.TDA4b.zHr6A.;=>4b.;BEDAF¾jkRl<TDZG�.;^�[r=?n�NP6AR
M,6,F .�fbdAe�C ` {W-kiA@WDaA�Ì©³ 1¾DA4b.TDAw ` =>B @q=><P.KcA-k:�<;=>4
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