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S�T6UWV�X�Y!Z\[^]/_`X8acbKde_cfhgK]+T6gKV�V�XWiCVjbkdlTmfh]6XKn
foVjbqpKX8r8nts6gk]6]6u8X8r8n6d&gK]6]mbqfvrcr`bk]md&XPr

wHa`gkx	X&_y[	z|{>}~[	�

��bk�6�?gka`_ys6X�a`XPdlT6XWaldlT6X�]?�A�k�k�K��Z\}�uPd&XWV��6acX��k�k�KY�Z��k�!�mbkpkX8r

�+���8�W���6�k�k���~� X8aH_`TmX��vbkr�_H_`X8]��kXPbqalrWnk_`T6X(d&ac�md&fvbq���6a`gK�6�oXWV gq¡Jfo]¢¡£gkacVjb�_`fogk]jacX&_ca`foX � bk�mfo]�V!�6�h_`foV�X&i
s6fob�s6gtdW�6V�XW]/_cr¤TmbKr>�?gtgKr�_`X8s�acX8r`X8bkacdlTjbKde_`f � f¥_cfhXPr>fo]j_cT6X�¦mX8�os�gq¡ � for`�mbk��bq�m��XPbqalbq]mdWX�fh]�s¢X&§¢fo]6p!bq]�s
acX&_ca`foX � bk�¨�/��d&gK]K_cXW]/_8©¤[^]%_`T6X�XPbqac�h��a`XPr�XPbqaldlT+�KX8bqalr8nt_`T6X�dWgk]mdWXW�¢_�gk¡ª_cT6X~«`¬/�6XWac���t� � fvr��mbk�JX&§6bkV�i
�m�hX&­�®°¯(±�²�{¤³�Tmbkr���X8XW]��6a`gK��g/r�XPs%bq]msMr`T6g�´y]%_cg+�?X!acXW�oX � bq]/_�¡£gKa � fvr��mbk�µfo]¢¡£gkacVjb�_cfhgK]|a`XW_`acfhX � bk�D©
[°_¤for>gk� � fhgK�mr�_`Tmbq_�¯(±�²�{¶fvrH]6gk_>bq�6�oXy_cg�r`bq_`fvr	¡£��_`T6X�V!�6�h_`fo�6�oX � for`�mbq��r�XPbqaldlT���r`bkpkX�a`XP¬/�6fhacXWV�X8]K_lrW©
[^]%_cT6fvr��mbk��X8a8n�´¤X�¡£g¢dW�mr�gK]�_	´¤g�Vjbqx	gka�bk�6�6acgKbkdlTmX8r�_`T�b�_~dWgkaca`XPr��?gk]ms+_`g�_	´¤g+s6f¥·-XWacXW]/_�acX&_ca`foX � bq�
��bqalbks¢fopkVjr8©�¸�fhalr�_8n�´¤Xj�6acX8r`XW]/_�_cT6X+�mbka�_cfobk� � for`�mbq��¬/�6XWac�M_cTmb�_!fopk]mgkacX8r(_`TmX��mbkdl¹tpKa`gK�6]ms�gq¡�_`T6X
foVjbqpKX8rAbq]ms�bq�o�og�´�rªb�r�_`albqfopkT/_���r�X8a�XW§¢�6a`XPr`r`fogk]!gK]�fh_cr � fvr���bq�tfh]/_cXWacX8r�_A´yfh_`Tmgk�¢_1acXW�oX � bq]mdWX�¡£XWX8s6�mbkdl¹
V�XPdlTmbq]6fvr`V�©�S�T6X!r`X8dWgk]ms�acX&_ca`foX � bq�¨��bqalbks¢fopkVºd&gk]�r�fvr	_lryfo]Mr�XPbqaldlT6fh]mp�¡£gKay_`TmX��mr`XWa�V�XW]/_lbq�µfoVjbqpKX
´yTmXW]
]6g�r�_cbka�_cfh]mp � fvr��mbk�AX&§6bqV��6�oX�for�b � bqfo�vbq�6�oXk©!S�Tmfor�]6X8´»bk�6�6acgKbkdlT|acXW�ofoX8r(gk]�_`T6X��6]m��X8a � fvr�XPs
pKXW]6X8acbq_`fogk]¶gk¡�b � for`�mbk�>_cT6X8rcbq�6ac�mr!¡£a`gKV¼´yT6fodlT½¬/�6XWac�¾�/�¾�ogkpKfod8bq�¤dWgkV��?gKr`f¥_cfhgK]¿gq¡�acXWpKfhgK]3dWbq_`X&i
pKgkacfhXPr�dWbq]¾�?X��?XWa`¡£gkacV�XPs¨©+S�T6fvr!¬/�6X8a`�À�mbqalbks¢fopkVÁfor�dW�hg/r�X8�h��a`X8�obq_`XPsM_cg%_`Tmbq_!gq¡�_`XW§/_�a`XW_`acfhX � bk�D©
zMXW]/_cbk�ªfoVjbqpkX�r�XPbqaldlT|for(b�dlTmbk�h�oXW]6pKfh]mp+bq]msM�6a`gKV�for`fh]mp�forcr`�6X�¡£gKa�acX&_`acfoX � bq���t� � fvr��mbk��dWgk]/_`X8]/_~fo]
_cT6Xj¡£gKa�_cTmd&gKV�fo]6pM�KX8bkacr�r`fh]�d&X�fh_�bq�o�og�´�r�s¢fh·?X8a`X8]K_�a`fvdlT¶�mr`XWa�XW§t�ma`XPr`r`fhgK]¶bq]ms¾fo]/_`XWalbkd&_`fogk]¾V�g¢s¢X8r
´yfh_`T�_cT6X�r�XPbqaldlT+X8]6pkfo]6Xk©
Â|Ã/Ä-ÅcÆ!Ç ��È��k� ¬K�mXWac���t� � for`�mbk�6X&§6bqV��6�oXknK�mbqa`_`fvbq�6¬/�6X8a`foX8r8nkacXWpKfhgK]�gk¡?fo]/_`X8a`XPr	_Pnk�?gkfo]K_lr1gq¡-fo]K_cXWacX8r�_8n
V�X8]K_lbq�~fhVjbqpKXkn��ogkpkfvdWbk��d&gKV���g/r�fh_`fogk]Égk¡�acXWpKfhgK]ÉdWb�_cXWpKgkacfhXPrWn � for`�mbq��_`T6XPr`bk�6a`��r�gq¡�acXWpKfhgK]mrWn��mr`XWa
XW§¢�6a`XPr`r`fogk]
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��� ����� � � ���<d&gK�6alr�s¢X��vb�s¢X8a`]mfhU8a`X�s¢u8dWXW]6]6foXkn¤�hX��6acgk�6�oUWV�X+¡£gk]ms6bkV�XW]/_cbk��s6X��vbÀacX8dlTmXWaldlT6X
s�� fo]¢¡£gkacVjb�_cfhgK]�smbq]mr-�oX8rµ�mbkr`X8r-V��6�¥_cfhV�uPs¢fob�b�bk�hfoV�XW]/_`u>�hXPr-_`alb � bq�¢§~smbq]mr¨�oXHs¢gKV�bkfh]mXHs¢X1�	� fo]ms¢X&§6bq_`fogk]
XW_Ms¢X¶�ob½acX8dlT6X8acdlTmX��mbka%�hX¿dWgk]/_`X8]/� � for`�6X8�D© [^]6fh_`fvbq�oXWV�XW]/_Pn(�oX¶�mbkacbKs¢fhpKV�X
s¢XM«�a`XPdlT6XWaldlT6X
�mbqa
�
� X&§¢XWV��6�oX � fvr��mXW�¥­�b3uW_`u
�6a`gK��g/r�u�X&_|r�� X8r�_|b � uWacuM�?XWa`_`fo]6XW]/_%��gK�6a%�ob3a`XPdlT6XWaldlT6X
s�� fo]¢¡£gKa`Vjb�_cfhgK]
� fvr��mXW�o�hXK©�
¤Xy�mbkacbKs¢fopkV�X�]�� gk·?acX�¬/��� �6]6X�r`gk�o�¢_`fogk]��ofhV�fh_`uWX�bk�¢§�s6f � XWalrA��XPr�gKfh]mrHX&§¢for�_cbk]/_cr8©�}(bq]mr>d&X&_
bka�_cfodW�hXKn6]6gK�mry]6gK�mryfo]K_cuWacX8rcr�gK]mr��js¢X8�¢§%bk�6�6acg¢dlT6X8rydWgkaca`XPr��?gk]msmbq]/_��js6XW�¢§%�mbqalbks6fhpKV�XPrys¢fvr	_cfh]md&_cr
s6X�a`XPdlT6XWaldlT6Xk©���gk�mr��6acu8r`XW]/_cgk]mr8n6s�� �6]6X��mbka�_Pn¢�6]|�mbqalbks6fhpKV�X�s¢X�acX8¬/���W_`X8r���bqa`_`foXW�o�hXPr���X8a`V�X&_`_cbk]K_
s�� fopk]6gKa`X8a��hX�¡£gK]ms%s¢X��	� fhVjbkpkX�X&_�¬/�6f¨�?XWacV�X&_`_cbq]/_��
� XW§¢�6a`XPr`r`fogk]%s¢fhacX8d&_`X�s¢X��mbka�_cfhXPrys�� fhVjbqpKX���X8a�_cf¥i
]mXW]/_`XPr1r`bk]mrAV�u8dWbk]6fvr�V�X�s¢X��?gk�mdW�obkpkXys¢Xy�?XWa`_`fo]6XW]mdWXk©��JX�r`X8dWgk]ms��mbqalbks6fhpKV�X��?XWacV�XW_H�ob�acX8dlTmXWaldlT6X
���mbka�_cfhays�� �6]6X�foVjbqpkX�V�XW]/_lbq�oX�s6X(�vb�d&fo�6�oX(XW_y]6X�]6u8dWX8rcr�fh_`X(�mbKrys�� foVjbqpKX(XW§¢XWV��6�oX(fo]6fh_`fvbq�oXk©�
¤XW_�_`X
]mgk� � XW�o�hX�bk�6�6acgtdlTmX�acXW�?gKr`X�r`�6aH�vb�pku8]6uWalb�_cfhgK]�]6gK]¢i^r��6�?XWa � for`uWXys�� �6]�_cT6X8rcbq�6ac�mr � fvr��mXW������bqa`_`foa>s¢�¢i
¬/�6X8�ª�?XW� � XW]/_��&_`acX�¡£gKa`V��6�ouWX8r(s¢XPr�acX8¬/���W_`X8r~�mbka~d&gKV���g/r�fh_`fogk]M�ogkpKfo¬/�6X�s¢X�d8b�_cuWpkgKa`foX8r�s¢X!acuWpKfhgK]mrW©

¤X~s¢XWac]6foXWa>��bqalbks¢fopkV�XyX8r�_¤r`XWV��6�obk�6�oX���d&X8�h�mf?s¢X��ob�acX8dlTmXWaldlT6X�s¢Xy_cX&§t_`XK©��ªb�acX8dlT6X8acdlT6Xy��bqa>foVjbqpKX
V�X8]K_lbq�oX�d&gk]�r	_cf¥_c�6X��6]Mb�§¢X��6acgkV�X&_`_`X8�6a�s6bq]�ry�hX�s6gkVjbqfo]6X�s¢X��vb�a`XPdlT6XWaldlT6X(�mbqay�oX�d&gK]K_cXW]t� � fvr`�6XW�
smbq]mr��vb
V�XPr��ma`X�g��½fh��gq·-a`X|s¢XPr�V�g¢s¢XPr�a`fvdlT6XPr�XW_+s¢fh·?u8a`X8]K_lrjs�� fh]/_`X8acbKde_cfhgK]½b � X8d��hX%V�gq_cXW�6a�s¢X
acX8dlTmXWaldlT6Xk©
� Ç �P� Å ��� � �!� a`XPdlT6XWaldlT6X>��bqa1�
� XW§tX8V��6�hXKnqacX8¬/���&_cX8r��mbka�_cfhX8�h�oX8r8nqacuWpkfogk]�r�s�� fo]/_`uWa��&_Pnq�?gkfo]K_lr1s�� fh]/_`u8a �W_8n
foVjbqpKXjV�X8]/_cbq�oXkn1dWgkV���g/r�fh_`fogk]¶�ogkpKfo¬/�6X�s¢X+dWbq_`u8pkgkacfoX8r�s¢X+a`u8pkfogk]mr8nµ_cT6X8rcbq�ma`�mr � for`�6XW��s¢X�acuWpKfhgK]mrWn
XW§¢�6a`XPr`r`fogk]+�6_`fo�hfvr`bq_`X8�6a
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S�TmX�bqV�gK�6]/_�gq¡(b � bkfh�vbq�m�hX�V��6�h_`foV�XPs¢fvbÀs¢g¢d&�mV�X8]/_cr�Tmbkr�r�_`X8bKs¢fo�h�¾fo]md&acX8bKr�XPs¾fh]:�obq_`XWa��kXPbqalr!bq]�s
´yfh_`T:f¥_�_`TmX�]mXWX8s¿¡£gka�X�+�d&foXW]/_�gkacpKbk]6f&,Pb�_cfhgK]¾bk]ms¿acX&_ca`foX � bk�¤gk¡�_`T6fvr�fh]6¡£gkacV�bq_`fogk]¿´yTmXW]3]mXWX8s6X8s¨©
- fhV��6�oX�bqacacbk]6pkX8V�X8]/_cr¤gq¡ªfh_`X8Vjrybq]ms�fhV�V�X8s6fobq_`X��og/gK¹t�6�+fvr�]6g��hgK]6pkX8ayr��(+�dWfhX8]K_yfo]�b�´�gkac�os+V�gkacX
fo]/_`X8a`XPr	_cX8s��t��_`TmX�dWgk]/_`X8]/_µ_`T�bq]��/��_cT6X�s¢X8rcd&acfh�6_`fogk]�_lbqp/rJ¡£gK�6]ms�fo]�V�g/r	_1bqaldlT6f � XPrW©JS�T6XPr�X�pkacg�´yfo]6p
]mXWX8smr�Tmb � X���gtg/r	_cX8s%acX8r`X8bqaldlT|bkd&_`f � fh_`foX8r�fh]M_`T6X!¦mXW�vs|gq¡>dWgk]/_`X8]/_�i°�mbkr`X8s�foV�bkpkX�acX&_ca`foX � bk�>®

�±�[	��³
_cTmb�_���r�XPs�_cgj��X�bKdlT6fhX � XPsj_`T�bq]6¹¢r�_`g�_cX&§t_`��bq�Jbq]m]6gq_lb�_`fogk]µ©

[^]!_`T6X��obKr	_As¢X8d8bks¢XKn _`T6X�d&gK]md&X8�¢_ªgk¡/«`¬K�mXWac�(�t� � for`�mbk�KXW§¢bkV��6�hX&­~®C¯(±�²�{�³JTmbKrµ�?XWX8]!fo]/_`acgts6�md&XPs
. �0/�1 .32 �41?bq]ms�Tmbkr1r`T6g�´y]�_`T6XyacXW�oX � bk]md&X�gq¡?_`TmXy�hg�´�i°�hX � X8�¥i°�mbkr`X8s � fvr`�mbq�¢fo]¢¡£gkacVjb�_cfhgK]�acX&_ca`foX � bq�C©ªS�Tmfor
bk�6�6acgKbKdlT�dWgk]mr`fvr	_lr>fo]�r`XW]ms6fh]6p!_`T6X5�����768���HfoVjbqpKX�®£fC© Xk©1fh_cr�d&gkV��6�6_`X8s+�hg�´�i°�oX � X8��r`fhpK]mb�_c�6acX8rl³�_`g�_`T6X
r`X8bkacdlT�XW]mpkfo]6X!bkr�b � for`�mbq�ª¬K�mXWac�k©:9�X8]md&X��?X8r`fvs¢X�Tt�6Vjbq]¢i°�mbKr�XPs�V�XW_cbksmb�_cb|®£_`XW§/_c�mbq�Abq]m]6gq_lb�_`fogk]?³
_cTmb�_¤�mr���bq�o�h���6a`fo]6p�r`XWVjbq]/_`fvd�fo]¢¡£gkacVjb�_`fogk]µnq_`TmX8r`X�VjbkdlT6fo]6X&i°�mbKr�XPs!V�X&_lbks6bq_cb�acXW�vb�_cX8s!_`g�_cT6X��6Tt�¢r	i
fvdWbk�Hd&gK]K_cXW]/_j®£�og�´ �oX � X8�A¡£X8bq_`�6acX8rl³~��XPd&gkV�Xjb � bqfo�obk�6�oX�bKr(bk]�fo]¢¡£gKa`Vjb�_cfhgK]�acX&_ca`foX � bk�Ar`�6�6�?gka`_8©����o�
Vjbqx	gka�fh]�r	_cf¥_c�¢_`fogk]mr8nµfo]
fh]ms6�mr	_ca`��bkr�´�XW�o�Hbkr(fh]¶bKdWbks6XWV�fod�bq]�sÀ�6�m�6�hfvd�acX8r`X8bqaldlTMpKa`gK�6�mr8n¨fh] � XPr	_cf¥i
p/b�_cX8s+_`T6fvr�¦mX8�os¨©

[^]�_`TmX�d8bkr`X¤gk¡¨¯(±�²�{<®£fo]�_`T6Xyr`XW]mr`X�gq¡�¡£�6�h�¢foVjbqpKX�¬/�6X8a`�6³&n�a`XW_`acfhX � bk�ta`XPr��6�h_crAXW§¢�6a`XPr`rAbk]���;�������$8$
< $&�0
=��$ � for`�mbk�Hr�foV�fh�vbqacf¥_	�KnJ_cT/��r!bq]>�
"�"��=���068!?���@�!r�foV�fh�vbqacfh_	�k©+[^]
_cT6for�d&gK]K_cX&§t_8nª´¤XjVjb ��Tmb � X�_	´�g
foVjbqpKX8r�´yfh_`TMs¢fh·?X8a`X8]/_�fhVjbkpkX�d&gKV��?gk]mXW]/_cr�®o«	gK�¢x	X8d&_cr	­	³�´yfh_`TMs6f¥·-XWacXW]/_�r`Tmbq�?X8r�bk]ms|bq�m��XPbqalbq]mdWX8r8n
�m�¢_�´yT6fodlT
acXWVjbqfo]ÀpK�hgK�mbq�o�h�|r`fhV�fo�obka8©�¸6gka�r`gkV�X�pkf � XW] � for`�mbq�1¬/�6X8a`foX8r8n-_`T6fvr��oX8bksmr�_cg�s6f¥·-XWacXW]mdWX8r
�?X&_	´�XWX8]À�mr`XWa�fo]/_`XW]/_cfhgK]�AP_lbqacpkX&_�bq]msÀa`XW_`acfhX � XPsMacX8r`�6�¥_lrW© - _cbka�_cfh]6p�¡£acgkV _`TmX8r`X�gK�mr`XWa � bq_`fogk]mr8n-gk�6a
dWgkV�V!�m]6f¥_	�+Tmbkrys¢fvrcd&�mrcr�XPs�_cT6X�d&gK]md&X8�¢_ygq¡¨«�r`XWVjbq]/_cfod(pKbk�t­�_cT6a`gK�6pkT%s¢fh·?X8a`X8]/_�bq�6�6acgKbKdlT6X8r8©ªS�Tmfor
´�bkrªbq�vr�g�_`T6X�r�_cb�_cXWV�XW]/_Agq¡¢_cT6X>¡ bKde_�_`Tmbq_ª_cT6X�¯(±¤²~{À�mbkacbKs¢fopkV for�]6gk_�bq�m�hX¤_`g(r`bq_`fvr	¡£�(_`TmX¤V��6�¥_cfh�m�hX
� fvr���bq�Jr`X8bqaldlT+acX8¬/�6foacXWV�XW]/_cr8©

S�T6X8a`X(bqacX~r`X � XWalbq�m´�b �¢r1_cg�s¢XPbq�-´yf¥_cT�_cT6X(r`XWVjbk]K_cfod�pKbk�J© � ]mX��6acfhgKa¤´�gkac¹�for>_`g�gk�¢_cfhV�f3,WX~_`T6X
B ����$C68�7�>gq¡��6Tt�tr`fvdWbq�hi^d&gk]/_cXW]/_�s¢XPr`dWa`fo�¢_cgkalr>®£foVjbqpKX�r`fhpK]mb�_c�6acX8rl³-_`g � for`�mbk�tdWgk]/_`X8]/_Abk�6��XPbqalbq]mdWXHgq¡�_`T6X
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 fhVjbqpKX8r�´yfh_`T|�q�6n Y / �
acXWpKfhgK]mr8nK_lbq¹KX8r��6© ��r�XPd&gk]�s�bq_�V�g/r	_�gK]�bj�(I 9 ,�w 
~©

PQPSR�T�U�V�W�X



� � ����I���!5������� �����������(���	�#�������

��� � � ��� ��"#� ��� �'��"#��$ �&�'"
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�?gkfo]/_cr�_cTmb�_�d8bq]%��X�XW§t_`albkde_cX8s+¡£a`gKV foVjbqpkXPr�´yf¥_cT�_`T6X�rcbqV�X�bkd8d&�¢i
albkdW�~bq]�s~�m]ms¢XWa � bqacfhgK�mrJd&gK]ms¢fh_`fogk]mrJ�hfo¹kX � foXW´y�?gkfo]K_ªgkaJfo�h�o�6V�fo]mb�_cfhgK]
dlTmbk]6pkXPrW©�zMbq]t����gKfh]/_HX&§t_cacbKde_`gKacrAXW§¢for�_1¡£gkaHpKacb � � bk�h�6XyfoVjbqpKX8r8n�¡£gka
XW§¢bkV��6�hX . �q�41 . �qY416bk]ms!gK]6�o��gk]6X¤¡£gka1d&gK�hgKaªfoVjbqpKX8r . � � 1C©�[°_1Tmbkr��?XWX8]
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¡£gKa�_`T6X�acX8¬/�6foa`XPsMacXW�?X8b�_lbq�6fo�of¥_	�K©OD
X��mr�X�_cT6for�gk]6X�_`g%X&§t_cacbKde_�_`T6X
�?gkfo]/_cryfo]�_`T6X�´yT6gK�hX�foVjbqpkX�s¢�6acfo]6p�_`T6X�fo]ms¢XW§¢fh]6pjr�_`X8�J©

[^]|b�r`X8dWgk]ms�r	_cXW�Jn�f¥_~fory]mX8d&XPr`rcbqac�j_cg�s¢X8rcd&acfh�?X�_`TmX���gKfh]/_lr�fo]%b
¡£XPb�_`�ma`X�r`�mbkdWXknK´yT6fodlT�fvrA¡£�6]md&_`fogk]jgk¡�_cT6X��6T6gk_`gKV�XW_`acfod�fo]¢¡£gKa`Vjb�_cfhgK]
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¤wGr`gk�o�¢_`fogk]¾®J9~bqaca`fvr�
¤gk�ogka

wAgKfh]/_crl³j�ma`gK��g/r�XPs<fh] .32 ��1�dWgk]mr`for�_cr+fh] b¿dlTmbkacbKde_`X8a`f3,8bq_`fogk]<�mbKr�XPs<gk]É_cT6X�dWgkV!�mfh]mbq_`fogk]Ggk¡�_`T6X
9�fh�o�?XWa`_�� r�s6f¥·-XWacXW]/_`fvbq�?fo] � bka`fvbq]/_cr8n/´yT6fodlT�for¤fo] � bka`fvbq]/_>_cg�foVjbqpKX�_`albq]�r��vb�_cfhgK]�bq]ms+a`gk_cb�_cfhgK]Jn/a`gK�6�mr�_
_cg�rcdWbk�hX�dlT�bq]6pKX!®£´yfh_`T�b�V!�m�¥_cf¥i^r`d8bq�oX~bk�6�6acgKbkdlT?³enq_cg!fo�h�o�6V�fo]mb�_cfhgK]+dlTmbq]mpkX8r~®£fh¡µfoV�bkpkXPrHgka¤¡£X8bq_`�6acX8r
bka`X+�hg¢dWbk�h�o�¾]6gkacVjbq�of&,8X8sm³&nHbq]ms3a`gK�6�mr�_!_cgÀfoV�bkpkX�d&g¢s¢fo]6p
bk]ms¿dWgkV��6acX8rcr�fogk]¶�t�¶d&gK]mr�fvs¢X8a`fo]6pÀ�og�´
gKacs6XWalr .32 /�1C©H��_y¦malr�_�gKacs6XWa�¡£gka�� I�±GfoVjbqpKX8r8n/´�X�gk�¢_lbqfo]�_`T6X�¡£gK�h�og�´yfh]mp!¡£XPb�_`�ma`XPryb�_y��gKfh]/_ −→x F

−→v (−→x , σ) = (R || ∇R ||2 G || ∇G ||2 B || ∇B ||2 ∇R.∇G ∇R.∇B)T ® 2 ³
´yTmXWacX

σ
acXW�ma`XPr�X8]K_lr�_`T6X�r�f3,WX�gk¡ª_cT6X8I�bk�mr`r`fvbq]|r�V�gtgq_cT6fo]6p�bq�6�m�hfoX8s|s¢�ma`fo]6p�_`TmX!s¢XWacf � bq_`f � XPr�d&gKV�i

�m�¢_cbq_`fogk]J©
S�T6X�r`foV�fo�vbqacf¥_	�MV�XPbkr`�6a`X�XWV��6�og��kXPsÀfvr�_cT6X�zMbqT�bq�vbq]6gK�6for�s¢fvr�_cbq]�d&X

δ2 nª´yT6fvdlT�_lbq¹KX8r(fh]/_cgMbkdeidWgk�6]/_�_cT6X+s¢fh·?X8a`X8]/_!Vjbqpk]mf¥_c�ms¢X8r�gq¡�_`T6X�d&gkV��?gk]6X8]/_cr�bk]ms¾fh]�d&�o�ms¢X8r!b|V�gts6XW�Hgk¡�]mgkfvr�XK© - ��dlT¾b
¡£XPb�_c�6a`X�r`�mbkdWX�´yfo�o�1��X�]6gk_`X8s½®

V
n
δ2 ³�fo]
_`T6X��mbk��X8a��ªf¥_lr�r�f3,WXjs¢X8��X8]ms6r�gK]À_cT6X�gkals¢XWa�d&gK]mr`fos¢X8a`XPs¡£gKa�_`T6X�fo] � bqacfobk]K_lr�d&gkV��6�6_cb�_cfhgK]J©
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X(�6a`XPr�X8]/_�fo]�_cT6for�r`X8d&_`fogk]�_cT6X�r	_cacbq_`X8pk��´¤X(Tmb � X(bks¢gK�¢_`XPsj_cg�acX&_ca`foX � Xy_`T6X�V�gKr�_yr�foV�fh�vbqa�fhVjbkpkX8r
_cg�_`T6X�¬/�6X8a`��gK]6X�d&gK]mr�fvr�_`fo]6p�gq¡�b � gq_`fo]6pjbq�opkgKa`fh_`TmV�©
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[°¡1´�X�dWgk]mr`fvs¢XWa�_cT6X��hg¢d8bq�Js¢XPr`dWa`fo�¢_`gKacr��6acX8r`XW]/_cX8s�bq�?g � Xkn6bk]�foVjbqpKX(fvryacXW�6acX8r`XW]/_cX8s��t��b�r`X&_�gk¡
n
��gKfh]/_lr

{pi}
dlT�bqalbkde_cXWacf&,8X8sjfo]%b�¡£XPb�_`�ma`X�r`�mbkdWX

(V, δ2)
©1[^]+_cT6forydWgk]/_`XW§t_8n¢�6�6fo�vs¢fh]mp�bk]+fo]ms¢XW§�¡£gka

b|smb�_cbk�mbkr`X
{Ij}

gq¡
N
foV�bkpkXPr�d&gK]mr�fvr�_cr�fo]¿d&gKV��m�¢_`fo]6pÀb|r`X&_�gq¡

n × N
s6X8rcd&acfh�¢_cgkalr�fo]

(V, δ2)
©

- X8bqaldlT6fo]6p�¡£gka�bq]%foVjbqpkX�gKay�mbqa`_ygq¡1bq]�fhVjbqpKX�fh]�_`TmX�fh]ms6X&§¢X8s�foV�bkpkX�s6bq_cbq��bkr`X�dWgkV�X8r�_cg�¦m]ms%fo]
_cT6X�r`�mbkdWX~_cT6X�d&�ogKr`X8r�_y��gKfh]/_cry_`g�_`T6X�¬/�6X8a`�+��gKfh]/_cr8©

�µX&_
{qi}

�?X�_`T6X�r�XW_(gk¡>¬/�6XWac�%��gKfh]/_cr8©�S�T6X
{ri}

dW�hg/r�XPr	_(��gKfh]/_lr�_cg�_cT6X
{qi}

¬/�6X8a`�%gk]mX8r(bqacX
dlT�bqalbkde_cXWacf&,8X8s~�t��rcd&gKa`XPr¨´yT6fvdlT!bqacXA¡£�6]md&_`fogk]�gq¡t_`T6X�s¢fvr	_lbq]mdWXH�?X&_	´�XWXW]�_`T6X�d&gk�m�6�hXPr

(ri, qi)
©A� � gq_cX

fvrAd&gKV��m�¢_`XPs�¡£gkaAXPbkdlT�foVjbqpkX¤�t��d&gk]�r�fvs¢XWacfo]6p~b~d&gkV��6fo]mb�_cfhgK]!gq¡m_`T6X�r`dWgkacX8rªa`X8�obq_`XPs�_`g~_`T6X�Vjb�_ldlT6X8r
(ri, qi)

fo] � gK� � X8s�fh]�_cT6XyfhVjbkpkXk©AS�T6X�V�g/r	_>r`fhV�fo�obkaHfoV�bkpkXPr�_`g�_cT6X�¬/�6XWac�!bka`X�dlTmbkacbKde_cXWacf&,8X8s��t��_`T6X
�?X8r�_ � gq_`XPrW©AS�T6X�dWgkV��6�oX&§¢fh_	�!gq¡-_cT6X�¬/�6XWac��d8bq]��?X�X�+�dWfhX8]K_c�h��a`XPs¢�mdWX8s��t�!gKa`p/bq]6f3,Wfo]6p(_`T6X�fh]ms6X&§¢X8r
bKdWdWgkals¢fh]mp!_cg�V��6�h_`fvs¢fhV�X8]mr�fogk]�bq�Jr�_`ac�mde_c�6a`XPrW©
[^]
bks6s¢fh_`fogk]µnJb+r`XWV�f¥i°�ogtd8bq�ªpkXWgKV�X&_`acfvd!dlTmbkacbKde_`X8a`f3,8bq_`fogk]�_`T�b�_�d&gk]�r�fvs¢XWalry_cT6X�r��mbq_`fvbq��a`X8�obq_`fogk]mr

�?X&_	´�XWX8]�]6X8fhpKT/�?gka>��gKfh]/_cr¤gq¡¨_cT6X~rcbqV�X�foVjbqpKX�dWbk]���X(bks6s6X8s�_cg�XW]6acfvdlT�_`T6X(�6T6gk_`gkV�XW_`acfod�s6X8rcd&acfh�¢i
_cfhgK] . � � 1C©
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fh_`XWVjr
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´�gk�6�vs<�ofh¹KX|_`g½bkdW¬/�6foacX|gq_`TmXWa+fh_`X8Vjr�¡£acgkV _`T6X
r`bkV�XÀd&gK�h�oX8d&_`fogk]J©�[°¡�TmX�s¢gtX8r+]6gq_
¹t]6g�´½_`T�b�_�_`T6fvr��6fhXPd&X~for�b8I(acX8dWgqi^�ygkVjbq]j�?gkald&X8�obkfh]j�ma`]+dlT�bqalbkde_cXWacf&,8X8s��t�jr`dWa`gK�h�ofh]mp
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