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F�GIH!JLKLMONQP�RTSUKTVXWZY[K$\]SU^ZS_\`H!JLKTS
acb`dfe_K!\]gihkjlKTb`m!dXJ

PiVXjnj?dXbU\�onK	bUKpmqGnK!bqmqGnKsr?tvuXwXxAyzNQ{|K!}~bUhkK!b]�XwXwX�	N�MAMOjlVf�XKpS

�[�#�T�!���n�X�X��� K�VfrlVf�k^��TKO\UGnK	j?K!bU{|dXb`J(VfrIm!KOdX{�m!dXrnrIKTm�\`KTo�oZdAJ�hkrIVf\Uhkrn��S�K!\��6���"�n��KT��Kpm�\`h�dAr�jIbUdX\Udf�
m!dX��SChkr���hkb`K!�kKTS`SCVXo�GndZmcrnK!\_��dAbU�ZST  � K�m!dXJLjIVfb`Kv\`GnK�ondXJLh�rlV�\Uhkrn�OS�K!\#J(VXonKc{|b`dXJ¢¡;a�P.VfrIo£VirnKT�
m!dXrnrIKTm�\`KTo�ondXJLh�rlV�\Uhkrn��S�K!\O�¥¤"���O�I��jIbUdX\UdZm$dA�kS�hkS`S�WIKToL{|b`dXJ-V�S�\UbqVfhk�XG�\�{|dAbU��Vfbqo��XKTrnK!bqVf�kh��pV�\`h�dAr�dX{
\`GnK	��dXb`�(df{ � WzVfrlo�¦Ch8  � K�VfrIVX��^~�TK]\`GnK	h�JLjIVAm�\idAr;§O¦#�ZP¨jIbUdX\UdZm$dA�8 
©;ª�«=¬`­�® ��¯#�X� J£Wn��\UhkjldAh�r�\ib`K!��V°^~ST±Zm$dArnrnKTm$\UKpo�ondXJLh�rlV�\Uhkrn�(SUK$\T±nVAo�GndZm²rIK$\_��dXb`�

³v´pµ�¶p·�¶q¸°¸X¹»º�¼!½f¾!¿TÀX¹TÁ�Âf¶�ÃfÄf¶T½»º8Å°Ä
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	 � � ¤idXWlSvVfrIVX��^ZSUdXrIS#�kKTS�j?K!bU{|dXb`JLVXrIm$KpS�oZK�jnb`df\UdZm!dX�kKTS�o�� R!�kKTm�\`h�dAr�o
� KTrIS�KTJ��n�kKTS�oZdXJLhkrIVfr�\`S
� ���O�I�²oIVfrISOWnr bURpS�KpVfW S`VfrIS��I�vVAozGndZmf £¤idXWlSOm!dXJLjIVXbUdArISi�kKTSOK!rlS�KTJ��n�kKTS"oZdAJ�hkrIVXrA\qSi{¥VXh \qS"jIVfb
�kKTS�¡;a�P K$\�WIr¨rndAWn}XKT�²Vf�k�XdAbUh�\UGIJ�KzonK SUR!�kKTm�\`h�dAr¨o�� K!rISUK!J��n�kK oZdXJLhkrIVfr�\ �¥¤O���"�n�[d��Z\`K!r~W�KTr
�AR!rnRTb`VX��h�S`Vfr�\��kKTS�\`b`V°}�VXWZY[oZK � W�K!\]¦ h6 v¤idXWlS�K$YnVfJLhkrndXrlS���� h�JLjIVAm�\]SUWnb���K	jIbUdX\UdZm$dA��K�§O¦��ZP� 
��® �p� ¬ ��� � ��� b`K!��Vfh�S�J£Wn��\UhkjldAh�r�\T±loZh��=WISUh�dAr ±nb`RTSUKTVXW�VXoZ�6GndZmX±ZK!rISUK!J��n��K	m!dXrnrnK!YZK"ondXJLh�rlVfr�\
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� K�VfrIVX��^~�!K�\UGnK�j?K!bU{|dXb`JLVXrIm$K�df{lm!dXrnrIKTm�\`KTo£oZdXJLhkrIV�\`h�rn�OS�K!\�� ���O�I��K!�kKTm$\UhkdXr�jnb`df\UdZm!dX��SChkr���hkbUKT��KpSUS
VAoOGndZmvrnK$\_��dXb`�ZS!  � K�m!dXJLjIVfb`K#\UGnK�oZdXJLhkrIV�\`h�rn�iSUK$\�JLVAoZK�{|b`dXJ ¡;a�P)( �I±Tu�*�VfrloOV�rIK!� m$dArnrnKTm$\UKpo
ondXJLh�rlV�\Uhkrn�[SUK$\��¥¤O���"�n�ijnbUdX\UdZm$dA�kSihkS`S�WIKTo�{|b`dXJ V�S_\`b`VXh��AG�\�{|dXb`��Vfbqo��XKTrnK!bqVf�khk�TV�\`h�dAr�df{�\UGnK���dAbU�
hkr)(�M�*6 �+�df\`G jnbUdX\UdZm$dA�kSOdArn��^ rnK!Kpo \`GIV�\�KT}XKTbU^;rndZoZK(hkr \UGnK(rIK$\_��dXb`�;��rId��iS]\`GnK(rnKTh��AG �?dXb`Gnd~dZo
dX{v\UGnKTh�b"rnKTh��AG �ldAb`ST OF�GIhkS"m!VXr �?K£KpVXSUh��k^;V�\�\qVfhkrnKTo ��^;J(VX��hkrn��rndZoZKTSOVXoZ}AK!bU\Uhk�!hkrn�[V[��h�S_\"df{�\UGnKTh�b
rIK!hk�XG �ldAb�h�oZK!r�\`h��IKTb`S£hkr j?K!b`h�dZoZh�m�GnKT���kdAST -, \£\`WnbUrlS�dAWZ\£\`GIV�\�h�r VzWnrIh \(oZh�S�� �Ab`VXjnG JLd~onK!�6±v\UGnK
¡za�P ���O� dXWZ\`jlKTb�{|dAbUJ ¤O���"�zWnj \`d�VXr V°}AK!bqVf�AK�rndZoZK(oZK!�AbUKTK/. dX{��Xwn /0 �ld�}AK�\UGnh�S	V°}XKTb`VX�XK
onK!�Xb`K!KA±?¤"���;dAWZ\Uj?K!bU{|dXb`J(S]¡;a�P ���O� S�hk�XrIh��lmTVfr�\U�k^X �,�r jlVfbU\Uh�m$Wn��Vfb²��GnK!r;\`GnKLoZK!rISUh�\_^21�dX{c\UGnK
rIK$\_��dXb`��hkrIm!bUKpVXSUKTS�\UGnK	V°}XKTb`VX�XK]onK!rISUh \_^[df{#¤"���O�[b`K!��V°^(rndZoZKTS�\UKTrIonS�\`dLV�m$dArIS�\`Vfr�\���hkJLh \p±n��Gnhk��K
\`GnK�¡;a�P¢���"��oZK!rISUh�\_^�SU��hk�XG�\U�k^[VXWn�XJLK!r�\qS�hkr2.436587f 

F�GnK�jIVXjlKTb#h�S�dXb`�AVfrIh��TKTo	VXS�{|dA���kd��	 9,�r�\`GnK�S�Kpm$dArIo�SUKTm�\`h�dAr���K�jnb`KTSUK!r�\qS \`GnK�rIK!� ���"�	jnb`df\`dZm$dX�
��h�\UG�h�\`Svjnb`d~df{IdX{I{|Wnrlm�\UhkdXrIh�rn�l±Xhkr�\`GnK�\UGnhkbqo�SUKTm$\UhkdXr£��K�jnb`d�}~hkoZK�SUh�J£Wn�kVf\UhkdXr£bUKpS�Wn��\`S�dAr�\`GnK�jlKTb�{|dAb��
J(VXrIm$KidX{C¡;a�P����"��VXrIo(¤O���"�(jIbUdX\UdZm$dA�kScVASc��K!�k�?VAS�VXrIVf�k^�\Uh�m!Vf�lbUKpS�WI� \qS�V �?dXWn\c\UGnK"VXSU^~JLjZ\UdX\Uh�m
jIbUdAjlKTb�\`h�KpS�df{�\UGnKpS�K	j?K!bU{|dXb`J(VfrIm!KTST �,�r�\UGIK	{|dXWnbU\UG;SUKTm$\UhkdXr���K	dAWZ\U�khkrnK�SUdXJLK	Vfjnjn�kh�m!V�\`h�dArIS�hkr�\UGnK
§O¦#�ZP�jnbUdX\UdZm$dA�8 
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,�rB(�MC* � WI¦ h?jnb`KTSUK!r�\�V�SUKED�WnKTrIm$KidX{����O��jnbUdX\UdZm$dA�kSv\UGIVf\���KOm!VX���GF��_���"�= H,�r[VIF[���"�LK!}AK!b`^�Gnd�S_\
onKTm$h�oZKpS�df{�h \qS�JLK!J��?K!bqSUGnh�j�hkr ���O���~^�S`m!VXrnrnhkrn��\`GnK�onVf\`V��IVXSUK²dX{#h�\`SirnK!hk�XG �?dXb�rnK!hk�XG �?dXb`Gnd~dZonS! 
, \cJ£WIS�\�mqGnKTmq��Vf�k�nS�W �lS�K!\`SvdX{JF£rnKTh��AG �?dXbqS�dXbv�kKTS`ScSUWImqG£\UGIVf\c\UGnK�{|dA���kd���hkrn�	S�K!\cdf{=jnbUdAjlKTb�\`h�KpS�GndX��onS
MX �Vf�k�CSUK!�kKTm�\`KTo�rnK!hk�XG �?dXbqS�GIVXSA,_�s��Vfb`�XKTb�\UGIVXr�GIdAS�\A,_�/K
�Z �\UGnK�SUK!�kKTm$\UKpo�rIK!hk�XG �ldAb`S�{|dAbUJ)VLSUh�rI�X�kK"m!dXrnrIKTm�\`KTo�m$dAJLjldArnK!r�\
#  �\UGnK(SUK!�kKTm$\UKTo rnK!hk�XG �?dXbqS²m!d�}XKTb]\`GnK£��GIdX�kK£Gnd�S_\"rnKTh��AGndXb`Gnd~dZo»± �ML��EL KT}XK!b`^�GndAS�\"rnK!hk�XG �?dXbOhkS
rnK!hk�XG �?dXb�dX{#V�\i�kKTVAS_\�dArnK	S�KT��Kpm�\UKpo[rIK!hk�XG �ldAb

0 rndZoZK �?K!�kdXrI�AS²\Ud�\`GnK�F��_���"� ��GnK!r rnd;SUWImqG SUW �ISUK$\�K!YZhkS�\`S	S`V�\`hkS�{|^~h�rn��\UGIK�V �?d�}XK�jnbUdAjlKTb�\`h�KpS! 
F�GIhkSNF������"��SUj?KTm$h �lmTV�\UhkdXr���VXS�m$dAJLh�rn�(VAS�V�{|Wn����S_\`K!j��XKTrnK!bqVf�kh��pV�\`h�dAr�df{#\UGnK(M!�_���"��VfrIo��°�����"�
jIbUdX\UdZm$dA�kS�oZKpSUm!bUh �lKpo[hkr�jnb`K!}~h�dAWIS � Wl¦ h jnW �n��h�m!Vf\UhkdXrISO( �P*  

g]d���KT}XK!b SUKTVXb`mqGIh�rn��{|dXb�Vf�k�ASUW �ISUK$\`S df{QFOrnK!hk�XG �?dXbqS=hkS VXr"K$YZjlKTrISUh�}AKvjnbUdZm!KToZWnb`KX±prnKTKToZhkrn�SRUTV.4W�X
dAjlKTb`Vf\UhkdXrIST  � K�\UGIK!b`K${|dXb`K�jnb`dXj?dASUK�V	S_\`b`VXh��AGA\U{|dXb`��VXb`o��XK!rIK!bqVf�kh��pV�\UhkdXr£KED�Wnhk}�Vf�kK!r�\v\UdIF������"����h�\UG
FZY\[ ± �IWZ\i��h \`G;V£J£WImqG���KpSUS�K!YZjlKTrIS�hk}XK"jnb`dZm$KpSUSUh�rI��m!dAS�\T±nVfrlo�\`GIV�\i��K	m!Vf�k�C¤"���O�= 

F�GnK�SUj?KTm$h �lmTV�\UhkdXr�df{v¤O���"��jnb`df\UdZm!dX�»h�S�\UGnK"{|dA���kd���h�rI��]vV�rndZoZK �lKT��dArn�AS�\`d�\UGnK�¤"���O��SUK$\�h�{
VXrIo�dXrn�k^�h { Vfr~^£\UGnKi{|dX�k��d���hkrn�	jnb`dXj?K!bU\UhkKTS�h�ScrndX\�S`V�\Uh�S �IKTo �~^�\`GnK]SUK$\�dX{ Vf�k�IrnKTh��AG �?dXb�df{J,_����Vfb`�XKTb
\`GIVfr�Gnd�S_\N,_�£±Z\UGlV�\i��KO��hk�k�Cm!VX���=\`GnK^,_�i��oZdAJ�hkrIVf\UdXb�rnKTh��AG �ldAbiS�K!\E]
MX �h \�{|dAbUJ(S�VLSUh�rn�A��K	m!dXrnrnKpm�\`KTo�m$dAJ�j?dXrIK!r�\EK
�Z �h \]m!d�}XKTb`S�Vf�k�=\UGIK	GndAS�\�rnK!hk�XG �?dXb

_`_ba�c�dCeCfCg
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, \�SUGndXWn��o �?KOrndf\`hkm!KTo(\`GIV�\�h�\�\qVf�AKTS���KpSUS�\UGIVXr'RUTM.�� X�\UdLmqGnKTmq��\UGlV�\�\UGnK�,_�i��oZdAJ�hkrIVf\UdXb�rnKTh��AG �?dXb
SUK$\�h�S�m$dXrIrnKTm$\UKTo�VfrIo[\UGlV�\�h \im!d�}XK!bqSv\`GnK"��GndX�kKOGndAS�\�rnK!hk�XG �?dXb`Gnd~d~o  `,�r�{¥VXm$\�\`GnKO\_��dLm$dArIoZh�\UhkdXrIS
{|dAbcrndX\ �lKTh�rn�	hkrL\UGIK]¤O���"��bUKT�kV°^£S�K!\chkSvKPD�Wnh�}�VX��KTrA\v\`d"\UGnKi{¥VXm�\�\UGIVf\v\UGnKN,_�]��oZdXJLhkrIV�\`dXbvrnKTh��AG �?dXb
SUK$\�h�SiV����O��dX{�\`GnK	rndZoZK�� S�rnKTh��AG �?dXb`Gnd~dZo» 

� KTrnK!bqVf�kh��pV�\`h�dAr�\Ud[VXr�^��~hkrIo;df{ ,_�£±=jnbUhkdXb`h�\_^X±I��hk�k��hkrn�XrIKTS`S!±?rnK!hk�XG �?dXbOS�hk�!KA N, {cdXrnK£��VXr�\`S�\`GIV�\
¤"���O�zbUKT�kV°^�S�K!\Om!d�}XK!bqS�KT}XK!b`^�rndZoZK£V[J�hkrnhkJ�WnJ r~WnJ��lKTb²dX{v\UhkJ�KpS!±»S`V°^	�	\`h�JLKpS!±?{|dXb
����
�dXrnK
GlVXS�\Ud(mqGIVXrn�XKO\`GnK	�kVAS_\im!dXrIoZh�\UhkdXrlS�{|dXbi¤O§OF �lKTh�rI��V£JLKTJ��?K!b�df{#\UGIK�¤O���"�[hkr�\Ud ]

� \UGnK(SUK!�kKTm$\UKTo rnK!hk�XG �?dXbqS²m!d�}XKTb]\`GnK£��GIdX�kK£Gnd�S_\"rnKTh��AGndXb`Gnd~dZo»± �ML��EL KT}XK!b`^�GndAS�\"rnK!hk�XG �?dXbOhkS
rnK!hk�XG �?dXb�dX{#V�\i�kKTVAS_\��"S�KT��Kpm�\UKpo�rnK!hk�XG �?dXbqS! 

¤]df\`hkm!K�\UGIVf\�\`GnK]jIVXb`VXJLK$\UKTb��f±~¤O���"��� m!d�}XKTb`VX�XKX±fmTVfr �?Ki\`WnrnKpo(��dZmTVf�k��^LVfrIo(onK$\UKTbUJLhkrnKTo�}�h�V	�kdZm!Vf�
m!dXrISUh�oZK!bqV�\`h�dAr[df{#��hkrn�'DAWlVf�kh \`h�KpS! 

����� ��������������� ������!"�$#&%
!(')'*���	+-,/.10324����#&��� �65

� K�GIV°}XK�\Ud jnb`d�}XK[\UGIVf\(\UGIVf\L\UGnK�rndZoZKpS�\UGIVf\ �?K!�kdXrI�AS�\Ud \`GnK;¤O���"�.SUK$\L{|dAbUJ(SLV ���O�= 87ndXb
\`Gnh�S²jIWnbUj?dASUK���K£\`Vf�AK£VXr Vfb �nh�\UbqVfb`^�m!dXrnrIKTm�\`KTo;rIK$\_��dXb`�?  � K£��hk�k��S�\`VXb�\O{|b`dXJ \UGnKL��GndA��K�S�K!\OdX{
rIK!hk�XG �ldAb]rndZoZK�VfrIozJLVXrnhkjnWn��V�\UK�h�\²hkr V �lrnh \`K£r~WnJ��lKTb²dX{�S_\`K!jIS]\UGlV�\"��h��k�#\UbqVfrIS�{|dXb`J)\`GnK£SUK$\"hkr
\`GnK�¤O���"��S�K!\T±IVXrIo�S�Gnd��¨\UGIVf\iKTVAmqG[df{#\UGIhkSiS�\UKTjIS��XKTK!jIS�\`GnK£���"�[jIbUdAjlKTb�\_^A 

9�VAmqG�df{C\`Gnh�SiS_\`K!j;m$dArISUhkS�\`S�hkr�\`GnK"{|dX�k�kd���h�rn�LdAjlKTb`Vf\UhkdXr9]
MX i�~K!�kKTm$\ih�r�\`GnK�m$Wnb`b`K!r�\iS�K!\�V�rndZoZK	��GIhkmqG�oZd~KTS�rIdf\ �lKT��dArn��\UdL\`GnK�¤O���"��S�K!\EK
�Z �P�K!JLd�}AK²\`Gnh�S�rndZoZKO{|bUdAJ-\UGIK�m$Wnb`bUKTr�\�SUK$\PK
#  �h�rlS�KTb�\ihkr[\`GnK�m$WIbUb`K!r�\iS�K!\�\UGnK^,_�]��oZdXJLhkrIV�\`dXb�rnK!hk�XG �?dXb�SUK$\idf{#\UGIK	bUKTJ�d�}AKTo(rId~onKX 

¤]df\`hkm!K²\`GIV�\�\`GnK ,_�i��oZdAJ�hkrIVf\UdXb�rnKTh��AG �ldAbiS�K!\�h�S�KTS�\`V��n�khkSUGnKTo���h�\UG�bUKpS�j?KTm$\�\Ud�\UGnK	dAbUhk�XhkrIVX�l��GndA��K
SUK$\	dX{�rndZoZKpS²dX{�\`GnKLrnK$\_��dXb`�ZS!±=\`GnK!b`K${|dAbUK�rnK!� rndZoZKTSOJ(V°^ �lKLhkrISUK!bU\UKTo h�r \`GnK(m$Wnb`bUKTr�\"SUK$\p �F�GnK
onKTm$b`KTVAS�KOdf{�\UGnK�m!Wnb`bUKTrA\iSUK$\�\`d£\`GnK�¤O���"��S�K!\ihkS�rIdf\]m$dAJLjn��K!\UKT��^[V£\`bUhk}~hkVX�»JLVf\�\`K!bp 

F�GnKTbUK"h�S�rndZD�WnKTS�\UhkdXr�\UGlV�\�\UGIK	h�rnh�\Uh�Vf��m$Wnb`bUKTr�\�SUK$\ �?K${|dAbUK"\`GnK �IbqS_\iS�\UK!j�{|dAbUJ(S�V����O�» :7#h�bqS_\
��K]jIbUd�}AK�\UGIVf\�KpVXmqG�S�\UK!j[�XK!KTjIS�\UGnK	���O��jnbUdAjlKTb�\_^A #F�GIhkS�hkS�d��~}~hkdXWIS �lKpm!VfWlS�K]\UGnK²bUKTJ�d�}AKToLrndZoZK
h�S�b`K!jn��VXm!KTo �~^�V"m$dArnrnKpm�\UKpo£SUW �ISUK$\v��Gnh�mqGLm$d�}XKTb`S \UGnK���GIdX�kK�rnKTh��AG �ldAbUGnd~dZo�dX{I\`GnK�bUKTJLd�}XKTo�rndZoZKX 
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