
�����������
	 ��
� � �������������������� � ����� ����� ��� �

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

0#132547698;:9:91=<?>7@A4CBD1AEGFH1JIK69L�FH8;M.6N47LDOP6Q1SRTEK1SR5L
U$1SL5@�VXWS4Y1S@5L
0�U,Z![#\]U+^_\P`�Z�0 a \Pb�U,\cZ U,dfeWgR58&hcZ�:jik8;>

lnmgm E51�In8;Ro@58#L58p:rqtsu@A47WSiv8
wSxgwgwgy `zWgRn{72vWgR5R5W3{�|_1369R}{�`
1D4C{Y6NRTEG~�U,Z�b#<$s

���f�f�f���������o�5��� ~�6NR5L569RA� w hPF ��4YW3OP8;�-{Y6jI}8�<?Wg:N:969R58�1D{Y69WSR5>

<?WS4C478�>]ikWSR5L569RA��1S@K{Yd5WS4��+U$1SL5@�V�WS4Y1S@5L

sfhcM�1S6N:��uU$1SL5@T�tVXWS4Y1S@5Lv��69RA476Q13:Nik8;>;����4
� 8�:�����1 �T�¢¡ wgw¤£K¥Dl�l§¦pmS¨=¨3l � mS¨©¦�y

U,8�IA6N>C8�L�~K8-2547@§134]ª ¨gm E ¦�«g«S«
~K8;2547@§134]ª ¨gm E ¦;«g«g«

�f13iv8;4X>C@A2§M.6¬{C{8;L�{W¯®°D±�²´³§µ·¶�¸�¹Tº�»Yº�°D¼¯½D¼k¾À¿7±.½JÁn¶
ÂÃ¼k¾n¶�¸»-µ·½D¼k¾Dº�¼KÁ

Ä



����������	�
��

������������������������! �"�#� !$&%'�!�)(�������#� ��+*,%'#-�� .�/�0%213���� 4%213�65�7289������:'��(0%'#<;=�)����(��� �>'%?��@�(A7
%'#-�� �>B�!*�>B�/���� )���C�+;=��"D%'�E�F�G@!>'���H@!�I�J���K*L;�*,��#��0%NM)���!%�*�>?OP>Q>�@�(��R*�>K(+*���#<���A*,%'#��� ����F*E>?%'�0�����
�C#�$S*� �"�5�728T*,U& ���*� !"�V,���XWK@�(���#�"!�+*� E����(��� �>'%?��@�(0%'#��� /YBZ6�������+;=�0�Q>�@�(���*S(����-��#� ��+*,%'#��� [�R*�M
13�����\�/�G;P#��013��"&*�>3*]�/��#� ^%B%?�C*� �>'�J�0�K�R�0%'���^"R�/�0%213���� R%N1��_#��R*�$��S��*�#<��>B1`#<%'�R*,���!�-#�(+*,%'#��� �>
%'�a;I#->'@!*����<Mb$�@�#�"���"c�C���F��%&(��� d%?�����eYgfh i>?��#<%'�j���L%'��#�>)�/��%'�� ^%'#-*��lk3�D�0%'���I"�>R�J���R�!�����/�0���<M
��>'%'#��R*,%'#� �$]>�@�(��R*E������:'��(0%'#<;=�G%?�C*� !>'�H���C�R*,%'#��� D�!*+;=������(���#�;=��"R��#<%?%'�-��*,%?%'�� d%'#��� m#� �%'������*�>?%�Y
fh n%'��#�>`��*,�/�0�L1���"���>'(0�C#<�/�o��#� !�+*,�+k/ ��� P72��#� !�+*,�L*� �"n������@�>?%L�D�0%'���I"�>L�H���]��>?%'#��&*,%'#� �$m%'��#�>
%?�A*� �>'�J�����R*,%'#��� /Ybp4�j%'��>?%D%'�!�j ^@��R�0��#�(+*��3>?%�*,�!#��-#<%2Ma���`%'����>'�j�R�0%'���^"!>�1S#<%'�q����>?�/��(0%)%'�
#-�R*�$��) ���#�>'��kr%'��%'���D I@��o�/�0�]���3�R*,%'(��!��".�/��#� d%'>+k�*� �"4*�>o*j�J@� �(0%'#-�� n����%'���) I@��[�/�0�L���
��@�%'��#��0��>�YBst#� !*��-�<M�k^13�E"��0;P#�>'�]*�>?�/��(�#-*��-#�u���"m%'��(��� �#-v^@��]�J���G%'���](+*�>'�E1S���0���E5�728wWK@�(���#�"��+*� 
(��I����"�#- !*,%'��>S*,���L���C�+;P#�"���"j�J���x*� I@��o�/�0�����t(��� ^%?�����y�/��#� ^%'>�Y

z



� ���������
	����������� ����	 � �����������������

��� �"!$#&%('*)"+,)"'�-�'*� �"#$+.!$�0/2143056'�#7!8'�%4'�9��":;1<�0% !83>=?1<#��@143BAC30)@'�DE=F!$)"'�3"G4H�'JIKG4)BHLG4IMG4N?OP#7!$�;'�-Q1<H�'�)@1
-�1<#$!75F)R1S�"!8G<�UT�V;G4)�'XWF1SH�YF#$'4Z?1�H�G[% !7�;\]-Q1<#7!$5F)@1<�@'�9^-Q1<H�'�)@1�Y_)@G`% !89F'�3a1�3"'�DE=;'��;-�'�G4Ib!$Hc14\('�3dIe)@G4H
/�:_!8-@:gf[Oihkj�=;-�#7!89F'�1<�l3>�")B=;-��B=F)@'�-Q1<�m!$�mYF)"!7�;-�!7YF#8'�5n'])@'�-�G`%('*)@'�9nTpo.G4)@'�)"'�-�'*� �"#$+4Z&!7�q:?143r5n'�'��
3>:;G`/��g5nG<�":s�B:;'�G4)"'��B!8-Q1S#$#$+m1S�;9s'*WCY6'�)B!$H�'�� �R1<#7#$+��B:?1<��1S�s!$Hc14\('�3"'�D =F'��;-�'��R1<A4'��t/�!$�B:g1<�g=F�uO
-�1<#$!75F)R1S�@'�9�-�1<H�'�)R1^-�1<�vYF)@G`% !89F'�fSOwhkj�=F-�#$!$9F'Q1S�x3>�")B=;-��B=F)@'�143q/y'�#$#{z Ä&Ä�| T]}2:;'�5?1<3B!8-�Y;1<)R149u!8\4H
Hc1Q+�/2'*#$#~56'�% !8'*/2'�9g143J1
IKG4)BH�G4I�3B'�#$I8O{G4)�G4�_O�#$!7�;'�-Q1<#7!$5F)@1<�"!$G4�m1<�;9m!$��-�G<�;3B!$3B�@3�G4Id)"'�-�G`%4'�)"!7�;\
Y_)@G<�>'�-��"!7%('�3>�")B=;-��B=F)@'��F)"3B�r1S�;9,�":;'*��=FY;\4)@149_!7�;\�!7�a�@G�1<�]�;'�3B�B)"=;-*�"=F)"']1<�;9,�B:;'����"G^j�=;-�#7!89F'�1<�
3>�")B=;-��B=F)@'<T

� �;G4�":F'�)MYnG(3B3B!75F!$#7!$�w+��":?1<�~:?1<3M56'�'*�c)@'�-�'*�C�B#$+]!$� %4'�3B�B!8\E1S�@'�9]5 +�1r� =FHJ5n'*)2G4I6)@'�3"'Q1S)@-@:;'*)@32!$3~�"G
-�G4�;3>!89F'*)M1�3B'�DE=;'��F-�'aG<I6!7H�14\4'yY?1<!7)@3�\E1S�":;'*)@'�9]/�!$�B:�1qH�G`% !$�;\q=F�;-�1<#$!75F)R1S�@'�9�3>�@'*)@'�Gr)"!$\cz Ä Z Ä[� Z z Z
�[| T~��!$�B:�3>=;-@:v1<�p=F�;-�1<#$!75F)R1<�"'�9^!$Hc14\('0Y;1<!$)�Z_H�1S�@-@:;'�9.Y6G4!$� �@3�1<)"'q)@'�-�G4�;3>�")"=F-��@'�9�!$�pYF)"G<�>'�-*�"!$%4'
3>Y?14-�'tz � | T��PI{�":;'
3B�"'�)"'�GxY;1<!$)�=F�F9F'�)"\(Gu'�3�)B!8\4!$9sHcG<�"!8G<�UZ��":;'
�w/2GmYF)@GS�>'�-��B!$%4'p)"'�-�G<�;3B�B)"=;-*�"!8G<�;3
� 5n'*IKG4)@'v1S�;9�1<Ie�@'*)��":;',H�G4�B!8G4����1<)@',)"'�#81<�@'�9�5C+�1�f[Oih�YF)"G<�>'�-*�"!$%4'��")R1S�;3BIKG4)BH�1S�"!8G<��/�:F!8-@:�!$3
-�G4� %('*�F!8'*�C�B#$+t)@'*YF)@'�3"'*�C�"'�9�5 +�1x�U�~�l)@'�\4=F#81<)]H�1<�B)"!�Wl��1m-�G4#7#$!$�F'Q1<�B!8G4�UT�}2:;'*)@'�IKG<)@'�H�'��B:;Gu9_3
�B:?1<�21<�"�"'�H�YF�~�@G�)@'�-�G`%('�)2YF)@G<�>'�-��B!$%('<ZF1<�]�;'{G4)2j�=F-�#$!$9F'Q1S��3B�B)"=;-*�"=F)"'{Ie)"G4H�1�H�G`%C!7�;\�3B�@'*)@'�G�Y?1<!$)
�F'�'�9��@Gl'�3B�B!$Hc1<�@'
�":F!$3�-�G4#$#7!$�;'�1<�"!$G4�UT��P�C�"'�)"'�3B�B!$�;\l'��;G4=F\4:UZd/�!$�B:��B:;'�'XW_-�'�YF�B!8G4��G<Icz Ä*| /�:_!8-@:
5_)"!8'*�F+]G4=F�B#$!7�;'�3M1qHc'*�":;GC9�IKG<)2'�3B�"!7H�1S�"!$�F\0�":F!$3MYF)"G<�>'�-*�"!7%('{�B)R1<�F3BIKG4)BH�1<�B!8G4��Z4!$�y1<YFY6'Q1S)@3~�@G�56'��;G
Y_=F5F#$!$3B:;'�9mY;1<Yn'*)r!$�v�":;'�-�G<H�YF=_�@'�)r% !83>!8G4�v#7!$�@'*)R1<�B=F)@'�9_'�3"-*)"!75F!$�;\.1<�;9m'�%<1<#7=?1<�B!$�;\�H�'��B:;Gu9_3rIKG<)
'�3B�B!$Hc1<�"!7�;\J�":_!83�-�G<#$#$!7�;'Q1S�"!8G<��Ie)@G4H�3B�"'�)@'�G(3"-�G4YF!$-�9;1S�R1_T

�P���":F!$3�Y?1<Y6'�)~/2'{149F9u)@'�3B3M�B:;'�YF)@G45_#8'�H�G4In'�3B�B!$Hc1<�"!7�;\q3B=;-@:�1�-�G4#$#7!$�;'�1<�"!$G4��Ie)"G4H��w/yG�YF)"G<�>'�-XO
�B!$%4'J)@'�-�G4�;3>�")B=;-��B!8G4�;3qG<5F�R1<!7�;'�9.Ie)@G4H��w/2G^9u!$N6'�)@'*� �q!$Hc14\('rY?1<!$)"3�T�o.G<)@'JYF)"'�-*!83"'*#$+4Zn/2']1S�"�@'*H�Y_�
�"G�'�3B�B!$Hc1<�@'q�":F'JfSOwh YF)"G<�>'�-*�"!7%('��B)R1<�F3BIKG4)BH�1<�B!8G4�p1S#$#8G`/�!7�;\FZ_!7��3BG4Hc'�G4YF�B!$Hc1<#U3B'��;3B'4Z6�"G�G`%4'�)"#81<Y
G<�;'aYF)"G<�>'�-*�"!$%4'a)@'�-�G4�F3B�")B=;-��B!8G4�
G<�C�"G��":;'aG4�":;'*)QT~}2:;'*)@'*IKG4)@'<Z_�":;'a9F'�3>!8\4�
G4Ib1S�^G4YF�B!$Hc1<#�-�)"!7�@'*)"!8G<�
1<3�/y'�#7#d143��":;'�-@:;G4!$-�'cG<I�1p�"'�-@:F�F!$DE=;'c�@GpH�!7�F!$H�!8¡�'J�":_!83J-*)"!7�@'�)B!8G4�l1<)"'�-*)"=;-*!e1<#�Tp¢C!$�;-�'�YF)"G<�>'�-XO
�B!$%4'�'�� �"!7�"!8'�3q1<)"'�9F'��F�F'�9mG4�F#$+p=FYv�@G
1^3B-Q1<#$'�I£14-��"G4)QZ�G<�;'�-Q1<�_�;G4�r9F'*�F�;'�1cHc'*�")B!8-�-*)"!$�"'�)B!8G4�,!7�
Y_)@G<�>'�-��"!7%('r3BY;14-�'<T

}2:;'{�F)@3>�2H�'��":FGu9��":?1<�y/2'a9F'�3B-�)"!75n'�5n'*#8G`/¥¤>�B:F)@G`/�3"¦JG4=F�2�B:;'a3B-Q1<#$'{I£14-*�@G4)"3d1<�F9c�")@1<�;3BIKG<)"H�3
�B:;'����M�lHc1<�B)"!7Wg§ )@'*YF)@'�3"'*�C�B!$�;\x�":;'�Y_)@G<�>'�-��"!7%('p�")R1S�;3BIKG4)BH�1S�"!8G<��!7�C�"Gs1 Ä �SOP%4'�-��"G4)
¨dT©}2:;'
3BG4#$=_�"!8G<�^!83d�":F'r� =F#7#U3BY;14-�'�G4Iª1�H�'Q1<3B=F)"'�H�'�� ��H�1<�B)"!�W^«�ZF!�T¬'<T7Z;«]¨l¯®UT

f



}2:;'x3"'�-�G4�;9¯Hc'*�":;GC9��B:?1<�
/y'l9F'�3"-�)B!$56'm56'�#$G`/ 1<�B�@'�H�YF�"3p�"G�'�3B�"!7H�1S�@'��":;'m3"-�1<#8'�I£14-*�@G4)"3
)@1<�":F'�)M�":?1<�c�":F)"G[/�!7�;\r�":;'*H¥G<=F�QT~}2:F!$3MIKG<)"H�=F#81<�"!$G4�]#8'�149F3�Zu143~!$���":;'�YF)@'*% !8G4=;3y-Q143B'4ZC�@G�1r#$!7�;'Q1<)
IKG<)"H�=F#81<�"!$G4�UT&}2:;'�3"G4#7=F�"!$G4�^%('�-��@G<) � !$3dIKG4=F�;9
5 +^3"G4#7% !$�;\��":F'r#7!$�;'�1<)dYF)"G45F#$'�H�� � ���T

��:;'*���B:;'�fSOih�Y6G4!$� �"3~1<)@'dYF)"G<�>'�-*�@'�9cG4� �@Gq!7H�14\4'�3�Z<�":;'*!$) z Owh�Y6G(3>!$�"!$G4�;3�-�1<��5n'dH�'Q143>=F)@'�9�!7�
Y_!7Wu'�#�-�GuG4)"9_!$�;1<�@'�3�Tyj�%4'��,!7I&�B:;'r!$� �@'*)"�?1<#�-�1<H�'�)R1�Y?1S)R1<H�'��"'�)@3�1<)"'��FG4��AC�FG[/���Z?!7��!83dY6G(3"3>!$5F#$'r�"G
9_'��F�;'0�B:;'rj�=;-�#7!89F'�1<�
9_!$3B�R1S�;-�'056'��w/y'�'*�.�w/yG�!$Hc14\('{Y6G4!7�C�"3�1<�;9�5_=F!$#7��1<�
'*)")@G<)�-�)"!7�@'*)"!8G<��5?143B'�9
G<���B:;'�3B=FHkG4I63"DE=?1S)@'�3yG4I��":;'�3"'a9u!83B�@1<�;-�'�3�T�}2:;'{'�3B�B!$Hc1<�"!$G4�]G4IUf[Oih�YF)@GS�>'�-��B!$%4'��B)R1<�;3>IKG4)"Hc1<�B!8G4�;3
Ie)"G4H¥3B=;-@:p!$Hc14\('�Hc'�143B=F)"'�H�'�� �@3�)"'�3"'*H�5F#$'�3d5F=F�F9_#8'r149S�i=;3B�BHc'*�C���"'�-@:F�_!8DE=;'�3�/�!89_'�#$+�=;3B'�9
5nG4�B:
!7�vYF:;G4�"G(\4)R1SH�H�'��B)"+�1<�;9v-�G4H�YF=F�"'�)r% !83>!8G4��IKG4)r-�1<H�'�)R1^-�1<#$!75F)R1<�B!8G4��T�}2:;'�149_%<1<� �R1<\('�G4IM�":;'�3"'
H�'��B:;GC9F3~G[%4'�)y�":;'�#$!7�;'Q1<)~'�3B�B!$Hc1<�@G4)"3�Hc'*� �"!8G<�;'�9�1<56G[%4'{!$3y1q56'��"�"'�)M5n'*:?1Q% !8G4)~!$���":F'�YF)"'�3B'��;-�'0G4I
5;149_#$+]-�G4�;9_!7�"!$G4�;'�9�9;1<�@1_T����FIKG4)"�B=F�?1<�"'�#7+]3B=;-@:p1<�c'�3>�"!$Hc1<�"G4)~#8'Q1<9F3M�"G��;G<�_OP#7!$�;'�1<)�H�!7�F!$H�!8¡�1<�"!$G4�
�"'�-@:F�_!8DE=;'�3{1<�;9p3"G<Hc'0IKG4)BH G4Ib!$�F!7�"!81<#$!$¡Q1<�B!8G4�]H�=;3>��5n'qYF)"G`%C!$9F'�9nT

}�G�3>=FH�H�1<)B!8¡�'4Z��;'�!7�":;'*)
G4I��B:;'m1<56G[%4'�Hc'*�":;GC9F3p1<)@'�'*� �"!$)"'�#7+�3@1S�"!83>I£14-��"G4)"+4T �P�©G<)@9F'*)p�"G
G`%4'�)@-�G4H�'p�B:;'�3B'.9_)@1Q/�5?14-@AC3�Z�1�)@G45F=F3B��'�3>�"!$Hc1<�"G4)�!83��;'�-�'�3B3@1<)B+(T��x'
9F'�3B-�)"!75n'p3B=F-@:�1v)"G45F=;3>�
'�3B�B!$Hc1<�@G4)a/�:F!8-@:xH�1<A4'�3r=;3"'�G4Iy'�!7�":;'*)�G<�;']G4I2�B:;'��w/2Gp#$!$�F'Q1<)0H�'��B:;GC9F3q!$�m!$�@30!7�F�;'*)�#$GuG<Ym1<�;9
/�:_!8-@:pYF)@G`% !89F'�3�1<�.!7�F!$�B!e1<#�\4=F'�3"3��@G]�":F'r�FG4�_OP#7!$�;'�1<)d'�3B�B!$Hc1<�@G4)�T

��'*WC�QZ~/2'
3>�"=;9_+l�":;'^56'�:?1Q% !8G4)�G4I{�B:;'�#$!7�;'Q1S)�1<�;9g�;G<�_OP#7!$�;'�1<)�'�3B�"!7H�1S�@G4)"3J!$�g�B:;'�YF)@'�3"'*�;-�'
G<I{!7H�14\4'c�;G4!$3"'
1<�;9�143]1�Ie=F�;-*�"!8G<��G<I{�B:;'^�C=_H�5n'*)�G4I{Hc1<�"-@:;'�9tYnG<!$� �@3�Ts�l'p1<#$3"G�3B�B=;9_+g�B:;'
56'�:;1`% !$G4)�G4IC�":;'�)@G<5F=;3B��'�3B�B!$Hc1<�@G4)n!$�r�":;'�YF)"'�3B'��;-�'yG4IuG4=F�B#$!$'�)@3�T��P���B:;'�#$!8\<:C�nG4IC�":;'�3"'M'*WCYn'*)"!7Hc'*�C�"3
!7��1<YFY6'Q1<)"3��":;1<���B:;']�;G4�_O�#$!$�F'Q1<)qH�'��B:;Gu9mYn'*)"IKG4)BHc3�3B#7!8\4: �B#$+�56'��B�@'*)J�":;1<�l�B:;'�#7!$�;'�1<)qHc'*�":;GC9F3�T
��G`/2'*%('�)qIKG<){#$'�%('*#83�G4I��;G<!83"'�5n'*#8G`/ G4�F'�YF!�W_'*#�!$��Hc14\4�_!$�"=F9F'4Z;�":F'�#$!7�;'Q1S)�H�'��B:;GC9F3�Y6'�)BIKG4)"H�3{143
/y'�#7#b143��":;'r�;G4�_O�#$!7�;'Q1<)�G<�;'�3{1<�;9
:;'��F-�'��B:;'�+p3>:;G4=F#$9p56'�Y_)@'�IK'*)")"'�9.56'�-�1<=;3B'��":F'�+.1<)@'q#$'�3"3��"!7Hc'
-�G4�;3>=FH�!7�;\��":?1S�p�B:;'q�;G4�_O�#$!7�;'Q1<)2Hc'*�":;GC9F3�T

V&!7�?1<#7#$+(Z /y'�9_'�% !83B'�1�3>Yn'�-�!e1S#$!8¡�'�9��"'�-@:F�F!$DE=;'q!$�
�":;'q-�143"'q/�:;'*)@'�fSOwh j�=;-*#$!$9F'Q1<�p-�GuG4)"9_!$�;1<�@'�3
1S)@'0YF)"G[% !$9F'�9
IKG4)�1��C=_H�5n'*)�G4Iª-�G4� �")"G4#UYnG<!$� �@3�T

� 	g�Q��
0��������	 �,����Q�Q��
a����
��&���Q� ��������� ��������� ������Q�Q��
0�����������

� !$%4'��l1pY?1S!$)rG4Id!7H�1<\('�3q9F'*�;G4�"'�9l5 +��t1<�F9x�":F'�Ie=F�F9;1<H�'�� �R1<#~Hc1<�")B!7W�� �c�":;1<��9F'�3B-�)"!75n'�3��B:;'
'*YF!$Y6G4#81<)a\4'�G4H�'��B)"+�143"3BGu-*!e1<�"'�9,/�!$�B:,�":F'��w/2G^-�1<Hc'*)R143�Zn�":F'�)@'�'XWC!83B�"3r1cYF)@GS�>'�-��B!$%4'�5?143B!$3aG4I~�B:;'
Y_)@G<�>'�-��"!7%(']3BY;14-�'"!$#�3>=;-@:x�B:?1<�q�B:;'�YF)@GS�>'�-��B!8G4�F3rIe)"G4H��":F!$3q3BY?14-�']G4� �@G^�":;'�!7H�14\4'�301S)@'�)@'*YF)@'XO

�



3B'�� �@'�9.5 +��d�w/yGcfn�M�]H�1S�")"!$-�'�3Jz �uZ Ä=zS|��
���q���� # ® #
	 1<�;9 ���� ��� �� � �� 	 � Ä �

/y'�)"' � �� !83
1gfn�yfs)@'�\4=F#81<)�Hc1<�")B!7W�1<�;9��":F'vfSOP%4'�-��"G4) � �� !83�-�1<#$#$'�9��B:;'v'�YF!7YnG<#8',1S�;9�!83c�B:;'
Y_)@G<�>'�-��"!$G4�pG4� �@G]�":;'r3B'�-�G<�;9p!7H�1<\('0G4Ib�":;'rG4Y_�"!8-�1<#U-�'�� �@'*)0143B3"GC-�!81<�@'�9p/�!7�":
�":;'q�F)"3B��-Q1SHc'*)R1_T

�U'�������� � 56'��B:;'�!$Hc14\('�3ªG4IU1�fSOw9u!$H�'��;3>!8G4�?1S#uY6G4!$� ��� Z �":F'��cIe)"G4H �B:;'�YF)@G<�>'�-��B!8G4��'�DE=?1S�"!8G<�;3
� ��� �� ��� Z~1<�;9 � �� � � �� �� � )"'�3B=_#$�@3��":;'�YF)"G<�>'�-*�"!7%('�-�GuG4)"9_!$�;1<�@'�3�� G4I�Y6G4!7�C��� !$�s�B:;'
Y_)@G<�>'�-��"!7%('�5?143B!$3�� ��9F'��F�F'�9l5 + � ��� �!� �� �cz Ä�zS| T ��G4�"!$-�']�":?1S���B:;'c1S5nG`%('�YF)@GS�>'�-��B!$%4'�'�DE=?1<#7!$�B!8'�3
1S)@'q9F'*�F�;'�9p=FYp�@G�=F�FA �;G`/���3B-Q1<#$'0I£14-��"G4)@3 � �J1<�;9 � �� T" G4�F3B!89_'�)b1�3"'�-�G4�;9rY?1<!7)UG4I !$Hc14\('�3$#{G4Iu�B:;'�3@1SHc'�3B-�'��F'~5_=F�U�R1<A4'���Ie)@G4H©1�9_!$N6'�)"'�� �U% !8'*/�YnG4!7� �
1S�;9,9F'*�;G4�@'�/�!$�": �&%��B:;'J-�G4)")"'�3>YnG4�F9_!$�;\�Ie=F�;9;1<H�'�� �@1<#&Hc1<�B)"!7W6T{}2:;'��F'�/ YF)@GS�>'�-��B!$%4'JH�1S�")"!$-�'�3
1S)@'

��%���� # ® #'	 1S�;9 �(�% ��� �% � �% 	
1S�;9�!$I*)+�!) � 1<)"'J�":;'��;'�/ YF)"G<�>'�-*�"!8G<�;30G4I��B:;'JY6G4!$� ��� Zn!$�"30fSOwh YF)@GS�>'�-��B!$%4'�-�GCG4)@9u!$�?1<�"'�3�!$�,�B:;'
5;143B!$3��,%�1<)@'q9F'*�;G4�"'�9.5 +�- /�:_!8-@:�%4'�)B!$Ie+ � %.)m/��%0- 1<�;9 � �% ) � /� �% -tT

� 3"3B=_Hc'��;G`/rZU�":;1<�0/y']:;1`%4'�1�3"'��rG<I�1�Y6G4!$� �@3�ZU1<�;9�#$'���� � Z2�43�Z657575 Z2�98 1<�;9:- � Z;-<3�Z
5=575 Z;-:8�5n'��":;'*!$)0:;G<HcG(\4'��;'�G4=;3a)"'�YF)"'�3"'*� �R1<�B!8G4�;30!7�,�":F'�YF)@G<�>'�-��B!$%('�5?143B!$3>� �])@'�3BY6'�-��B!$%4'�#$+?�,%ST
}2:F'��UZ �":;'*)@'�'*WC!83>�@3y1��a�]�r-�G4#$#7!$�;'�1<�"!$G4��Hc1<�")B!7W�§ �B:?1<�~H�1SY;3��":;'�YnG<!$� �@3+�9@6�"G��B:;'�Y6G4!7�C�"3+-A@ �

B @C-A@n¯§?�9@ � z �

/�!7�": B @b1<)B5F!$�B)R1<)B+c�;G<�_OP� =F#7#U3"-�1<#e1<)"3�T
§xZ�9_'��F�;'�9,=FY,�"G�1�3B-Q1<#$'�I£1<-��@G<)QZ;:?143 Ä�D 9F'�\4)@'�'�3{G4I�Ie)@'�'�9FG<H 3BGc�@G�9F'*�@'�)BH�!7�;'r!$�QZ;/y'��;'�'�9

1S��#8'Q1<3B���F%4'pY6G4!7�C��-�G4)B)@'�3>YnG<�;9F'��F-�'�3�3B!7�;-�'^'�14-@:�Y;1<!$) � �E@F��-A@e�J\4!$%4'�3�=;3]f�-�G<�;3B�B)R1<!7�C�"3�1<Ie�@'*)
'*#$!7H�!7�?1<�"!7�;\ B @PT

�P�;9_'�'�9nZu�F%4'aYnG<!$� �@3�!$���":;'�YF)"G<�>'�-*�"!$%4'a3>Y?14-�'{\('��F'�)R1S#$#$+�9F'��F�F'q1rY_)@G<�>'�-��"!7%('�5?143B!$32G4I ! # 3B=;-@:
�B:?1<�~�":F'{-�G4#$#7!$�;'�1<�"!$G4��56'��w/y'�'��^�B:;'�3B�@1<�;9;1<)"9�YF)"G<�>'�-*�"!7%('{5;143B!$3y1S�;9��B:;'{3B'��yG4InY6G4!7�C�"3�GH�E@�I�@KJ �MLNL O
!$3�\4!$%4'��p5 +��":;'qHc1<�")B!7W �

P �  � B � � � B 3!�43 B # � # B$Q � Q 	RFSUT*V�TXW�Y.Z�T*[0\^]`_aZcb�T6dUe^dgf&hiZ�j�kmlaYinokpV�TXW=ZqkpZr\^h.WHVs[=\^tu_^Z�b�T6dwvCx.TXy`ZqY=jzy{Y0W=Z�h.kpW�kpW�|&d�}{T~j�Y0�~�
D



/�:F'�)@' � B � � B 30� B # � B$Q ���  � � � ���/30��� # ��� Q �����{� O T�}2:;'p-�G4#7#$!7�;'Q1<�B!8G4� P 3�/�:_!8-@:�Hc1<Y;3��B:;'
3>�R1<�F9;1<)@9p)@'*IK'�)@'*�;-�'�YnG<!$� �@3��@G]�":;'�3"'�-�G4�F9,3"'*�0G4I&YnG4!7� �@3 GH-:@�I�@KJ �MLNL O -�1<��56'�G45F�R1S!$�;'�9.3>!$H�!$#e1S)"#$+4T
Vb!$�?1<#7#$+4ZC�B:;'r-�G4#7#$!$�F'Q1<�B!8G4��5n'*�w/2'�'�� GH� @FI�@KJ �MLNL O 1<�F9:GH- @cI�@KJ �MLNL O !$3d�":;'*� �

§  P 3 P ���� 5
}2:F!$3�Hc'*�":;GC9s!83�3>�")R1S!8\4: �"IKG<)"/21<)@9�Z~5F=F��=_�;3B�@1<5F#8'^!7�g�":;'^YF)"'�3"'*�;-�'.G4I��;G4!83B'^3B!7�;-�'^/y'pG<�F#$+

=F3"'.�B:;'
H�!7�F!$H�=_H � =FH�56'�)�G4I0Y6G4!$� �"3]�"Gl-�G4H�Y_=F�@'
�":;'.-�G4#7#$!7�;'Q1<�B!8G4�lH�1<�B)"!�Wt§lT��PIa/2'p:?1Q%('
1�� D Y;1<!$)"3yG4InYnG4!7� �@3�Z !$�~!$3y56'��"�"'�)y�@G�=F3"'01S#$#�G4I��B:;'�H�1<�;9�'�3B�B!$Hc1<�@'�§ 5C+�3"G<Hc'�H�!7�F!$H�!8¡�1<�"!$G4�
�"'�-@:F�_!8DE=;'4T

���
	 � �����o����¯�������T� 	
}2:F'�-�#e1<3"3B!$-Q1<#�/21`+��@Gs'�3B�"!7H�1S�@'.�B:;'�'�� �B)"!8'�3^G4Ir§ !$3��@Gg'*#$!7H�!7�?1<�@'^�B:;'�3"-�1<#8'�I£1<-��@G<)@3 B @�T �
:FG4HcG4\('��;'�G4=;3d#7!$�;'�1<)�3B+C3>�@'�H !7�p�B:;'r'�� �")B!8'�3�G<Iª§L!$3d�": =;3�G45F�R1S!$�;'�9gz Ä�DS|��

��� Q��@�� � � �@ � ��� � �@�� � Q��@ ��
��� Q��@ � � 3 �@ � ��� 3 �@ � � Q��@ �� � f(�
��� Q��@�� � # �@ � ��� # �@�� � Q��@ ��

/�:F'�)@'r/y'r=F3"'�9p�":;'q�;G<�R1<�B!8G4� � @� � � � � �@ � � � 3 �@ � � � # �@ � � � Q��@ � � IKG4)��":;'q%4'�-��"G4)�§��9@ �
� �"! �@ $# ! �&% � � �@ ' # ! 3 % � 3 �@ ' # ! # % � #

�@ ' # ! Q % � Q��@ � �E�

�P���":;'�1S���F'�G4)qj�=;-*#$!$9F'Q1<��-Q143B'�30/y'J:?1Q%('(��� Q��@  Ä /�:F!$-@:,!83{G4Ie�@'*�v1<�q1�9_!$N6'�)"'�� �0Hc14\4�F!7�"=;9F'
�B:?1<�)��� � �@ �*��� 3 �@ �*��� # �@ T�}2:F!83�'*WCYF#81<!$�;3��":F'�-@:;G<!8-�'�G4Iª�B:;'�3B'J�":_)@'�'�'�DE=?1S�"!8G<�;3{/�:;'*)@'���� Q��@ :?1<3��B:;'
3"1<H�'�)"G4#8'<Tª�P���B:;'{YF)"G<�>'�-*�"!7%('a-�143"'<Zu/y'a-�1<�F�;G4�y3@1Q+��":;'�3@1SHc'��":F!7�;\FZC3"G�!$In/y'{/21<� �d�B:?1<�21<#$#;IKG4=_)
-�GuG<)@9_!7�?1<�@'�3�Y_#e1Q+
�":;'�3@1<H�'�)"G4#8'<Z�/y'�-Q1S�v149F9��B:;'��B:F)@'�'�G4�B:;'�){YnG(3B3B!75F#8'�'�DE=?1<�B!8G4�F3 � /�:_!8-@:v1<)"'
�FG4��!$�;9_'�Y6'��;9F'*� �{Ie)"G4H��B:;'qYF)@'*%C!$G4=;3�G4�;'�3R� �

� � 3 �@ � � � �@ � � � � �@ � � 3 �@ ��
��� # �@�� � � �@ � ��� � �@�� � # �@ �� � D �
��� # �@ � � 3 �@ � ��� 3 �@ � � # �@ ��

}2:F!$3q3B+C3B�"'�H -�1<�v5n'J3"G4#7%('�9�/�:;'*�<1,+ D Y6G4!$� �a-�G4)B)@'�3>YnG<�;9F'��F-�'�3�1<)"']1`%<1<!7#e1<5_#8'�1<�;9�/�!$�B:
1S��1<9F9_!$�B!8G4�;1<#�-�G4�;3B�B)R1<!7� ��3B=;-@:,143�-.# 3@ !  Ä T

�



�PIb/2'r9F'*�;G4�"'J¨l � # �M� �*# � 3=�=57575=��# QMQ ���ªZ_�B:;'r'�DE=?1<�B!8G4�F3 � fE�d1<�F9 � D �y-�1<�.56'0/�)"!7�"�"'��
!$�^�B:;'
IKG<)"H 3 �

«U@�¨l©®;�
/�:F'�)@'�«U@U!83�1]�]� Ä ��Hc1<�")B!7W �

«U@n

��������������

� @Q � �@ ® �Q ® �Q � � � �@ � �@
® �Q � � Q��@ � �@ ® �Q � � 3 �@ � �@
® �Q ® �Q � � Q��@ � �@ ��� # �@ � �@

��� 3 �@ � �@ ��� � �@ � �@ ® �Q ® �Q
��� # �@ � �@ ® �Q � � � �@ � �@ ® �Q

® �Q ��� # �@ � �@ � � 3 �@ � �@ ® �Q

���������������
5

� !$%4'���1 -�G4)")"'�3>YnG4�F9F'��;-�'�3 � �E@c��-A@e�*Z?/2'J1<)@'�#8GCG4A !$�;\�IKG4)a¨��":;1<�{H�!$�_!$H�!8¡�'�32�":F'�IKG4#7#8G`/�!$�;\
'*)")"G4)�Ie=F�;-*�"!8G<� � 8� @KJ �	� «U@K¨ � 3 ¯¨ ��
 8� @ J � « �@ «U@��¨&5 � �(�

��!7�":
�":;'r-�G4�;3B�B)R1<!7� � -�# 3@ !  Ä �B:;'r'�)B)@G4)�Ie=F�;-*�"!$G4�
�@G�5n'qH�!$�F!7H�!$¡�'�9�56'�-�G<Hc'�3 �
H�!7�
¨ � ¨ � «]¨ '�� � Ä � ¨ � ¨~��� � � �

}2:;' Ä ��� Ä ��H�1<�B)"!�Wx«  - 8@KJ � « �@ «U@d56'�!$�F\,3B+ H�Hc'*�")"!$-c3B'�H�!7Ow9_'��F�F!7�@'c1<�;9sY6G(3B!7�"!$%4'4Z��B:;'
3BG4#$=_�"!8G<�^IKG4){¨�!83d�B:;'r'�!$\('�� %('�-��"G4)aG<I�«k-�G4)B)@'�3BY6G4�;9_!7�;\��@G]�":;'r3BHc1<#7#8'�3>��'�!$\('�� %<1<#7=;'qG4Iª« �

«]¨s � ¨
�P�F9F'�'�9�Z&IKG4)(1 Y6G4!7�C�r-�G4)")"'�3>YnG4�F9F'��;-�'�3J�B:;'])R1<�FAvG<Id« !83r'�DE=?1<#M�@G Ä�D 1<�;9m�":;'*)@'*IKG4)@']�":;']� =F#$#
3>Y?14-�'JG4I~«�!83{1��;G4�uOP� =F#$# Ä �[OP%('�-��"G4)QT��P�,YF)@14-��B!8-�'4Z�9_=;'��"G��;G<!83"'<Z��B:;'�)@1<�FApG4I~«�!83�'�DE=?1<#b�@G Ä �
1S�;9m�B:;']�C=_#$#7OP3BY?1<-�'�5n'�-�G4H�'�3r�":F'�'*!8\('*�C%4'�-*�@G4)�143"3BGu-*!e1<�"'�9v/�!$�":m�":F'�3>H�1<#7#8'�3B�r'�!$\('�� %<1<#7=;'4T ��'*�
«������� � 56'J�":;'J'�!8\4'��v9F'�-�G4H�YnG43B!$�B!8G4��G4Iy« /�!$�":�� 5n'*!$�;\
1<�vG<)"�":FG(\(G4�?1S#&Hc1<�")B!7W
/�:;G43"'
-�G4#$=_H��;3�-�G4)B)@'�3BY6G4�;9��@Gs�B:;','*!8\('*�C%4'�-*�@G4)"3
1<�;9�� 5n'*!$�;\s1s9_!e14\4G4�?1<#�Hc1<�")B!7W6T }2:;'�3>!$�;\<=F#e1<)
%<1<#7=;'�9F'�-�G4H�Y6G(3B!7�"!8G<�,G4Iy« !83q« � « ���� 3 � � T�}2:;'*)@'�IKG<)@'4Z�!7��YF)R1<-��"!$-�'<Zn�":;'�3BG4#$=_�"!8G<�,�@G��B:;'
H�!$�_!$H�!8¡Q1S�"!8G<��YF)@G45_#8'�H -�G<�;3B!$3B�@3JG4I�-�G4H�YF=F�B!$�;\p�":;'^3>!$�;\4=_#e1<)�%<1<#$=;'�9F'�-�G4H�YnG(3>!$�B!8G4�lG4I{« 1<�;9
�@1<A !$�;\��B:;'q#e143>��-�G4#7=FH��.G<I��
T��� n �zT"!���T^Y=W$#p\�Z�b�j�T{TsT�%&!�h.ZqkpY0W���Y0W�T>y{h0W'j�T~f Y�x.TaZ�b�T j�Y'�2��y{Y0jcjqTX�)(uY0W�V�kpW�|(ZqYUZ�b�T>Y.Zcb�T~j�T�%&!�h.ZqkpY0W��&h0W�VY0[�Zchik W+*-,�h.�;h/.&e10�2&f&hiZ�j�kmlw�

�



��� � � �����o����¯�������T� �
� �^1<#7�@'*)"�?1<�B!$%4'�3BG4#$=_�"!8G<��!$3M�"GJ'�3>�"!7H�1<�"'�3B!$HJ=F#$�@1<�;'�G<=;3B#7+��":;'�'�� �B)"!8'�32G4I�§ 1S�;9c�":F'{3B-Q1<#$'�I£14-*�@G4)"3
B � �757575 B 8�T]j�D =;1<�"!$G4� � z �a-�1<�v5n']9F'�-�G4H�YnG43"'�9v!$� �"G�IKG4=F)r9_!$3B�"!7�;-��q#7!$�;'�1<)q-�G4�;3B�B)R1<!7� �@3r1<�;9nZ�IKG<)
'XW_1<H�Y_#8'4Zu�":;'q�F)"3B��G4Ib�":;'�3"'r#$!$�F'Q1<)�-�G4�;3>�")R1S!$� �@3�-Q1S�.56'0/�)"!7�"�@'*�,1<3 �

# �M�
% � � �@ ' # � 3 % � 3 �@ ' # � # % � # �@ ' # � Q % � Q��@ � B @ ��� � �@ ��

��!7�":;G<=F�^#8G(3B3.G<I�\('*�;'�)@1<#$!7�w+�G4�;'m3"-�1<#8'�I£14-*�@G4)
!$3p3B'��p�@G Äw� B 8  Ä T }2:;'*)@'*IKG4)@'<Zr/y'v:?1Q%('
Ä �.=F�FA �;G`/��;3]IKG4)��B:;'�'�� �B)"!8'�3�G4I�§ 1<�F9 1 � Ä =F�FA �;G`/���3"-Q1S#8'�I£14-*�@G4)"3�Tm}2:;'^��-�G<�;3B�B)R1<!7�C�"3
1Q%<1<!7#e1<5F#$'0/�!$�B:�'Q14-@:,G4�;'�G4Iª�":;'�1 '�DE=?1<�B!8G4�;3 � z ��-Q1<��5n'�/�)"!$�B�@'*�v14301�#$!$�F'Q1<)�3B+C3>�@'�H � �  �
/�!7�": �  � # �M� �=57575.�*# QMQ � B � �=57575=� B 8 ��� � � Z �
 � �o�=57575=���

� ��� �Q�� � 8 ��� �
�*� � � �8 �*� � 3 �8 ��� � # �8 �*� � Q��8 � � Z?1<�;9 �

� 

�����������
� � � - � ® Q 57575 ® Q
�>3 ® Q � -<3 57575 ® Q
TTT TTT
�^8 ��� ® Q ® Q 57575 � -:8 ���
�^8 ® Q ® Q 57575 ® Q

� ����������
}2:F'���� Ä ��Hc1<�")B!8-�'�3��s@&1<)"'q9F'��F�F'�9.5 + �

�s@n
��������

� �@ ® �Q ® �Q ® �Q
® �Q � �@ ® �Q ® �Q
® �Q ® �Q � �@ ® �Q
® �Q ® �Q ® �Q � �@

� �������
}2:_!83�#7!$�;'�1<)�3B+C3B�"'�H -�G4�;3>!83B�"3�G4Ir�w1 '�DE=?1<�"!$G4�;3�T ¢C!$�F-�'.�B:;'�)"'�1<)"' Ä � ' � 1 � Ä �. Ä�D ' 1
=_�FA �;G`/��;3�Z�/2',H�=F3B��:?1Q%4':1 + D T }2:;',#7!$�;'�1<)c3>+C3B�@'*H -Q1S��5n'�3BG4#$%4'�9�=;3>!$�;\s�B:;',3B�@1<�;9;1S)@9
YF3"'�=F9FG<OP!7� %('�)"3"'r�@'�-@:F�F!8DE=;' �

�  � � � ��� ��� � � �
Y_)@G`% !89F'�9p�B:?1<���":F'�f[Oih YnG<!$� �@3�1<)"'0�;G4��-�G4Y_#e1<�?1S)QT

���
	 � �´����������n���� ���J��� �
� �;'d/21Q+��@G�143B3"'�3B3M�B:;'�DE=?1<#$!7�w+JG<I6�B:;'�'�3B�B!$Hc1<�@'�9�-�G4#7#$!7�;'Q1<�B!8G4���§ !83��"G�-�G4H�Y?1<)@'d�B:;'dYF)"G<�>'�-*�"!8G<�;3
G<I �-A@U �§ �E@ª1<�;9pG4I�� �E@� �§ ���`-:@�/�!$�B:.�B:;'��B)"=;'q!7H�14\4'0YnG4!7� �@3�T��U'��^�,@&1<�;9 � �@ 56'q�":;'r�")B=;'

�



!7H�1<\('MY6G4!7�C�"3 � !7���":F'd#8'�Ie��1<�;9�)"!$\4: �ª!7H�14\4'�3R�UIe)@G4H /�:F!$-@:��B:;'�fSOwh�YnG<!$� �*�9@F/d1<3�)@'�-�G4�;3>�")"=F-��@'�9�Z
1S�;9,#8'*�>���]1<�;9A� �� 5n'��":;'�-�G4)")"'�3>YnG4�F9_!$�;\�Y_)@G<�>'�-��"!$G4��Hc1<�")B!8-�'�3 � 3"'�' � Ä �"�{}2:;'�YF)@GS�>'�-��B!8G4�F30G4I
� �9@ª5 + ����1<�;9?� �� 1<)@'��;G4�"'�9�5 + ��,@�1<�;9 �� �@ Ta¢C!$H�!$#81<)"#7+�/y'�9F'*�F�;'g) @ Z ) �@ Zz��%�1<�;9?� �% Z �) @ 1<�;9
�) �@ �

�� @  � � �§ ��� - @
�� �@  � �� �§ ��� - @
�) @  �(% �§��9@
�) �@  � �% �§��9@

��!7�":s�B:;'c�;G<�R1<�B!8G4� ) �� � ) � Ä �XZ�#8'�� � � )+���)��r9F'��;G<�@'��":F'^j�=;-�#7!89F'�1<�t9_!83>�R1<�F-�'c56'��w/y'�'*���B:;'
!7H�1<\('yY6G4!$� �"3,)�1<�;9 �)yT�}2:;'�DE=?1<#7!$�w+�G4I?�":F'�-�G4#7#$!$�F'Q1<�B!8G4��!83�143B3"'�3"3"'�9�5 +J�B:;'dIKG4#7#8G`/�!$�;\{DE=?149_)@1<�"!$-
'*)")"G4)�Ie=F�;-*�"!8G<� �

� � �§ � �§ ��� �� Ä
�w1

8� @KJ � � � � � @c� �� @£� 3 ' � � � �@ � �� �@ � 3 ' � � ) @ � �) @ � 3 ' � � )2�@ � �) �@ � 3 	 � � �

ha!7)@'�-*�yH�!$�_!$H�!8¡Q1S�"!8G<��G4IU�":_!83M'�)")"G4)2Ie=_�;-��B!8G4�^G`%4'�)d�B:;'a'*�C�B)"!$'�3dG4I�§ )@'�3B=F#7�@3M!$�^1�:F!8\4:_#$+��;G4�uO
#7!$�;'�1<)MG45_�>'�-��"!7%('�Ie=F�;-��B!8G4��5n'�-Q1<=F3"'0G4�F'{:?143M�@G�'*WCYF)@'�3"3d�B:;'a'*�C�B)"!$'�32G<IU§ ��� 143d1rIe=F�;-��B!8G4�cG4I��B:;'
'*� �")"!$'�3�G4I&§lT � #$�@'*)"�?1S�"!$%4'�#7+�G4�;'r-�1<�
H�!7�F!$H�!8¡�'{�":F'rIKG<#$#8G`/�!7�;\�G45_�>'�-��B!$%('qIe=F�F-��"!$G4� �

H�!$�
��� �	� � � � § �@§ � � '�
 � §�§ � � � Q � 3 � �� �

/�:F'�)@'��":;'r�@'*)"H � §.§ � � � Q � 3 !83�A �;G`/��v143{1�Yn'*�?1<#$�w+^Ie=_�;-��B!8G4�UT ��!$\4:.� =FH�'�)B!8-�1<#U%<1<#$=;'�3�IKG<) 

'*�FIKG4)"-�'q�":F!$3�-�G4�F3B�")@1<!$� �{1<�;9^:;'*�;-�'�\4=?1S)R1<� �@'�'�3��":?1S��§ � �§ ���XT

}2:;'*)@'*IKG4)@'<Zy�":F'�H�!7�F!$H�!8¡�1<�"!$G4�vYF)@GC-�'�3"3]-�G4�F3B!89_'�)@3]§ 1<�F9�§ � 143��w/yGm!7�;9F'�Y6'��F9F'�� ��3"'*�@3]G4I
%<1<)B!e1<5_#8'�3�T

� �s1<#7�@'*)"�?1<�B!$%4'�Hc'*�":;GC9�!830�@G^=;3B'c1�#$'�3"3r3>+CH�H�'��")B!8-�G45u�>'�-��B!$%4'�Ie=F�F-��"!$G4�x1<�;9��@G
H�!$�F!7H�!$¡�'
G<�F#$+��B:;'c9_!$3B�@1<�;-�'�3J56'��w/y'�'�� �) @ � �) �@ 1S�;9l�":F'��")B=;'�!7H�1<\('�Hc'�143B=F)"'�H�'�� �@3 ) @ � ) �@ !$�x�":;'�3"'�-�G4�;9
Y;1<!$)yG4IU!$Hc14\('�3�T&�P�^�":F!$32-Q1<3"'a/y'a�;'�'�9��;G�1<9F9_!$�B!8G4�;1<#?Yn'*�?1<#$�w+]�"'�)"H�1<�;9��":;'0G<5_�>'�-*�"!$%4'aIe=F�;-*�"!$G4�
56'�-�G4H�'�3 �

H�!7�
�

� � � §����H�!$�
�
Ä
z 1

8� @KJ � � @ � Ä �(�
/�!7�":
�":F'rIKG<#$#8G`/�!7�;\J)@'�3B!$9_=?1<# �

� @n � � ) @ � �) @ � 3 ' � � ) �@ � �) �@ � 3 � Ä&Ä �
�



� ����� 
q�~�Q� 
q���ª� ������ �,���~� �ª��� �����Q��� ����� ������� 
0	 	,���ª�

�x'd!$H�YF#$'�H�'�� �@'�9��":;'�H�'��":FGu9F3�9_'�3"-*)"!75n'�9�1<56G`%('��@Gr'�3>�"!7H�1<�"'d§lT���)B!8G4)ª�@Gq�":;'�'�3B�"!7H�1S�"!8G<��G4I6§
Y_)@G<�>'�-��"!7%('d)"'�-�G<�;3B�B)"=;-*�"!8G<��HJ=;3B��56'dYn'*)"IKG4)BHc'�9�3B=;-@:��":;1<���":F'�-�GCG4)@9_!7�?1<�"'�3�G4Iz�9@�1<)@'2'�3B�B!$Hc1<�@'�9
Ie)"G4H �B:;'�!7H�1<\('0YnG<!$� �@3a�,@&1<�;9�� �@ 1<�;9p�":;'�-�GCG4)"9_!$�?1S�@'�3�G4I,-:@&1<)"'�'�3B�"!7H�1S�@'�9
Ie)@G<H �":;'r!$Hc14\('
Y6G4!7�C�"3>) @ 1<�;9A) �@ T�}2:F!$30!8309FG<�;'�=;3B!7�;\��":F'��")"!81<�;\4=_#e1<�B!8G4�.Hc'*�":;GC9�9F'�3B-�)B!$56'�9�5 + �a1<)B�"#$'�+�1<�;9
¢ �"=F)BH z DS| T�}2:;'�#81<�"�"'�)aH�!$�_!$H�!8¡�'�3�)"'�-�G4�;3B�B)"=;-*�"!$G4�m'�)")"G4)@305 +�-�G4�;3>�")@1<!$�F!7�;\c�B:;'�#8'*Ie�BOP!7H�1<\('�1<�;9
)B!8\4: �>OP!$Hc14\('{YnG4!7� �@3��@G�#$!8'qG<�,-�G<�4�i=;\E1<�"'�9,'*YF!$Y6G4#81<)�#$!7�;'�3�T " '�)B�R1<!7�F#$+4ZF�":F!$3�H�'��B:;Gu9
)@'�9_=;-�'�3a�B:;'
'*Nn'�-���G4I�!$Hc14\('{�;G4!83B'q1<�;9
5F!8143"'�3d�":;'q-�G4H�Y;1<)"!$3"G4�
9F'�3"-*)"!$56'�9
56'�#8G`/rT ��'�%('*)"�B:;'�#$'�3"3�Z��B:;'qG`%('*)R1<#7#
\4GE1<#ª!$30�@G
G45F�@1<!$���B:;'�5n'�3B��1Q%<1<!$#81<5F#8'r)@'�3B=F#7�@3�1<�;9��B)"!e1S�;\4=F#81<�"!$G4��!$305n'*�;'��;-*!e1<#ª/�!$�":v)"'�3BY6'�-*���"G
3>=;-@:�1�\(G(1<#PT

�x'�-Q1<)B)"!$'�9vG4=F�r1�#81<)@\('�� =FH�56'�)rG4Iy'*WCY6'�)"!7Hc'*� �@30!$�vG<)@9F'*)q�@G^-�G<H�Y?1S)@'��":F'�D =;1<#$!7�w+�G4I~�B:;'
)"'�3>=F#$�"3�TM}2:;'�1<#8\4G4)"!7�":FH�3y:?1Q%4'�56'�'*�.�"'�3B�"'�9p/�!$�":.1]3"'*�{G<Iª� Ä Y6G4!$� �"3�T

}2:;'^�F)"3B�]'XWuY6'�)B!$H�'�� ��=;3B'�3�1<#$#y�":;'�Y6G4!7�C�"3]1<�;9�1<�?1S#$+C3"'�3��":;'
3"'*�;3B!7�"!7%C!7�w+x/�!7�":t)@'�3BY6'�-*���"G
!7H�1<\('��FG4!83B'4T � 1<=;3"3>!e1<�^�FG4!83B'a/�!$�B:^%41S)"+ !$�;\J3B�R1S�;9;1<)"9p9_'�% !e1<�B!8G4� � Ie)@G<H �J�"G z YF!7Wu'�#$3R�M!$3�149F9_'�9
�"G��B:;'a!$Hc14\('�Y6G4!$� �M#8GC-Q1<�B!8G4�F3�T�}2:F'a3"'�-�G4�F9p'XWCYn'*)"!$H�'�� �d1<�?1<#7+u3B'�3M�":;'{3"'��F3B!$�B!$% !$�w+�14321�Ie=F�;-*�"!$G4�
G<I0�":;'
�@G<�R1<#�� =FH�56'�)cG4IaY6G4!$� �"3�56'�!7�;\x=;3B'�9�5 +��":;'
H�!$�F!7H�!$¡Q1<�B!8G4�sY_)@GC-�'�3B3"'�3�Z��":;'pH�!7�F!$HJ=FH
� =FHJ5n'*){G<I&Y6G4!$� �"3d5n'*!$�;\��;'�-�'�3B3@1<)B!$#7+^'�DE=?1<#U�"G D T

��!7�":�1<#$#��B:;'qH�!7�F!$H�!8¡�1<�"!$G4�cH�'��B:;GC9F3�1<�;9
!$�
5nG<�":.'*WCYn'*)"!7Hc'*�C�"3�Z;�":F'�3"1<Hc'r'*)")@G<)�Ie=_�;-��B!8G4�UZ
!�T¬'<T7Z_'�D?T � � �2/2143�=;3"'�9.�"G�1<3"3"'�3"3��":;'rDE=?1<#7!$�w+�G<I&�B:;'q)@'�3>=F#$�"3�T

V&!$\4=F)"' Ä 3B:;G`/�3r�":;'�)"'�3B=_#$�@3rG4I~�B:;'��F)@3>�r'*WCYn'*)"!7Hc'*�C��1<�F9m9u!83BY_#e1Q+C30�":;'�H�'�9_!81<�v'�)B)@G4)rG`%4'�)
Ä � ���")B!e1<#$3{G<I~'Q14-@:x1<#$\(G4)"!7�":FH�1S�;9,/�!$�B:,%<1<)"!$G4=;3{#$'�%4'�#83aG4I��;G4!$3"'4T�}2:;'�IKG4#$#$G[/�!7�;\��FG4�R1<�B!8G4�F3a1<)"'
=F3"'�9 �
� Ä O~#$!$�F'Q1<)dH�'��B:;GC9 Ä
	
� z O~#$!$�F'Q1<)dH�'��B:;GC9 z�	

� Ä O~�;G4�_O�#$!$�F'Q1<)yHc'*�":;GC9�Z_H�!$�F!7H�!$¡�!7�;\��B:;'q5?14-@AEOPY_)@G<�>'�-��"!$G4�;3�!$�
�":F'r�w/yG]!$Hc14\('aY?1S!$)@3�Z;1<�;9

� z O~�;G4�_O�#$!$�F'Q1<)yHc'*�":;GC9�Z_H�!$�F!7H�!$¡�!7�;\��B:;'q5?14-@AEOPY_)@G<�>'�-��"!$G4�;3�!$�
�":F'�3B'�-�G4�;9.!7H�1<\('{Y?1S!$)QT

��G4�@'0�B:?1<�d�B:;'qDE=?1<#$!7�w+cG<Ib�B:;'q-�G<#$#$!7�;'Q1S�"!8G<�c#$!7�;'Q1S)"#$+]9_'�\4)@149F'�3�/�!7�":^!$�F-�)@'�143B!7�;\�!$Hc14\('��;G4!$3"'4T
}2:F'p�;G<�_OP#7!$�;'�1<)�H�'��":FGu9F3 � � Ä 1<�;9 � z ��3>#$!8\<:C�B#$+xG4=F�BYn'*)"IKG4)BH �":;'^#7!$�;'�1<)�H�'��":FGu9F3�/�:F!$-@:UZy!7�
�B=F)"��ZF:?1Q%('�1<�
!89F'*�C�B!8-�1<#�56'�:?1Q% !8G4)�T

Ä �



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

1

2

3

4

5

6

7

noise level

m
ed

ia
n 

er
ro

r 
ov

er
 1

00
 tr

ia
ls

Backprojected errors

L1,L2
N1  
N2  

Vb!8\4=F)"' Äw� " G4H�Y?1<)"!$3"G4�mG4IM�w/yG.#$!7�;'Q1S)0Hc'*�":;GC9F3�1<�;9m�w/2G
�;G4�uOP#$!7�;'Q1S)0Hc'*�":;GC9F3qIKG4)�-�G<H�YF=_�"!$�F\
�B:;'qYF)@GS�>'�-��B!$%4'�-�G4#$#7!$�;'�1<�"!$G4��!7�^�":;'qYF)"'�3"'*�;-�'�G4Ib!$Hc14\(' � 1<=;3B3B!e1S�p�FG4!83B'4T

V&!$\4=F)"' z 3B:;G`/�3J�B:;'�)"'�3>=F#$�"3�G4I2�":;'�3"'�-�G4�;9s'XWCYn'*)"!$H�'�� ��/�:;'�)"'��":_)@'�'�#8'*%('�#$3�G<Id�;G4!$3"']/2'*)@'
=F3"'�9�!7��-�G4�<�i=F�;-��B!8G4��/�!7�":��B:;'��;G4�_O�#$!7�;'Q1<)�H�'��":FGu9�� z T�}2:F!83q'XWCYn'*)"!$H�'�� �0)"'�%4'Q1<#$30�":?1<�a!$�,�B:;'
Y_)@'�3B'��;-�'�G<Ib�FG4!83B' Ä�D Y6G4!$� �@3�1S�d#8'�143B��1S)@'0�;'�-�'�3B3@1<)B+^�@G�YF)"G4Y6'�)"#7+�'�3B�"!7H�1S�@'{�B:;'q�")@1<�;3BIKG<)"Hc1<�"!$G4�UT

� � �������&� 
 �&���Q� ��������� ��� ����� �� � ���Q��
0�����������

� -�G4H�H�G4��3"G<=F)@-�'aG4In'�)")"G4)@3�!7�c-�G4H�Y_=F�@'*)M% !$3B!8G<��!$3~!7H�1<\('*O��@G<O�!$Hc14\('�YnG<!$� �~H�1<�"-@:F!$�F\FT�¢C�@1<�@'XOwG4I8O
�B:;'*Ow1<)"�q1<#8\(G<)"!$�B:FH�3{-�G4�;3B!$3B�qG<IM=F3B!$�F\�)@G45F=F3B�r'�3>�"!7H�1<�"G4)@3{�@G^9F'*�@'�)BH�!7�;'J�B:;'�'�YF!7YnG<#e1<)a\('�G4H�'��B)"+
z Ä � | TM¢C=F-@:p1<�^1<#$\(G4)B!$�":_H��F�;9F3MYnG<!$� �yHc1<�"-@:;'�3M�":?1<�d1<)@'�\('�G4Hc'*�")B!8-Q1S#$#$+J-�G4)B)@'�-��QZC!PT '4T�ZC�B:;'�+]#7!8'�G4�
-�G4�4�i=;\(1<�@'�9,'�YF!7YnG<#e1<)�#$!7�;'�3]z � | Z�5F=F�a�B:;'�+pHc1`+
56'�YF: +C3B!$-Q1<#7#$+
!$�F-�G4)B)@'�-*� � �":F'�Y6G4!$� �a!$3{-�G4)")"'�-*�"#$+
)"'�-�G4�;3B�B)"=;-*�@'�9,Ie)@G4H�1]H�1<�B:;'�Hc1<�B!8-Q1S#�YnG<!$� ��G4I�% !8'*/ 5F=F��!$��9FGC'�3{�FG4�a-�G4)")"'�3>YnG4�F9��@Gc1<��14-*�"=?1S#
IK'�1<�"=_)@'4T

Ä&Ä



Vb!8\4=F)"' z � }2:;'d3B'��;3>!$�B!$% !$�w+�G4I?�":;'y�;G4�_O�#$!$�F'Q1<)bHc'*�":;GC9"� z 143�1aIe=F�;-*�"!$G4��G4I?�":F'2� =FH�56'�)�G4I?Y6G4!$� �"3
1S�;9^IKG4)��":F)"'�'r#8'*%('�#$3�G4I � 1<=;3B3B!81<�
�;G4!83B'0/�!$�B:.3>�R1<�F9;1<)@9p9F'*%C!81<�"!$G4�;3 �o5 Ä Z � 5 D Z?1S�;9 Ä T

�PI��w/yG]!7H�1<\('�Y;1<!$)"3d1<)"'0-�G4�F3B!89_'�)@'�9�Z;143y!$�2!$32�":F'0-Q143B'0!$���B:F!83MY?1<Y6'�)�Z_H�!$3BHc1<�@-@:F'�32-�1<�
)@'�3B=F#7�
'*%('*�mIe)"G4H�-�G4)B)@'�-��"#7+
H�1<�"-@:;'�9,Y6G4!7�C�"3{5?1<3"'�9�G<���":;'�'*YF!$Y6G4#81<)�\('�G4H�'��B)"+.143B3"GC-�!e1S�@'�9,/�!7�":�'�14-@:
G<�;'rG4Iª�B:;'q�w/2G�!$Hc14\('aY?1S!$)@3�Ty¢C=;-@:�1�H�!83BHc1<�"-@:p/�!7#$#n\4!$%4'�1�#e1S)@\('q'*)")@G<)a1S�;9p�B:;'qH�!7�F!$H�!8¡�1<�"!$G4�
H�'��B:;GC9F3�9F'�3B-�)B!$56'�9.!7�^�":;'qYF)"'�% !8G<=;3�3"'�-*�"!$G4��-�1<�F�;G<�{9_'Q1<#U/�!7�":p3B=;-@:.H�!$3BHc1<�@-@:F'�3�T

}2:F!$3�YF)@G45_#8'�H !83�!$#7#$=;3>�")R1S�@'�9�G<��V&!$\4=F)"'�f_T6�U'�����Z � � Z )yZC1<�;9') � 56'�1�DE=?149u)"=FYF#$'{G<I6Hc1<�@-@:F'�9
Y6G4!7�C�"3q!$�m5n'*�w/2'�'��g�":F'��w/yG.!$Hc14\('�Y;1<!$)"3�T � HcG4�F\p�B:;'�3B'�Y6G4!$� �@3�Z,� � !83�1
5;149xHc1<�@-@:x5n'�-Q1<=F3"'
!7��)@'�3B=F#7�@3�Ie)@G4H �":;'
YF)@GS�>'�-��B!8G4��G4I0fSOih Y6G4!$� ���xT �{'*%('*)"�":F'�#8'�3"3�Z ��1<�;9 � � -�G4)")"'�-*�"#$+s3@1<�B!83BIe+
�B:;'�'�YF!7YnG4#81<)q-�G4�;3B�B)R1<!7� ��56'�-�1<=;3"'�� #$!8'�3q!$�m�":;'�3@1<H�']'�YF!7YnG<#e1<)0Y_#e1<�;'�143U� T^}2:F'�YF)"G<�>'�-*�"!$%4'
-�GuG<)@9_!7�?1<�@'�32G4I � Zu/�:;'��
)@'�-�G4�F3B�")B=;-��"'�9^Ie)@G<H )l1<�;9 ) � 1<)@'09_'��;G4�"'�9�5 +c�B:;'q�<O�%('�-*�@G4)�-�T~}2:F!$3
Y6G4!7�C�yYF)@GS�>'�-��"3�G4� �@G��":F'0�F)@3>�d!$Hc14\('�Y?1<!$)y!$� ��1<�;9�� � � T~}2:;'q'�)B)@G4)d56'��w/y'�'*� � � 1<�F9�� � � !832#81<)@\('
1S�;9./�!7#$#�:?1Q%4'�1�9u)R1<Hc1<�"!$-r'�N6'�-��{G4� �@G��":;'��;G4�_O�#$!7�;'Q1<)�H�!$�_!$H�!8¡Q1S�"!8G<�cYF)"Gu-�'�3"3{9F'�3B-�)B!$56'�9�!7�.�B:;'
Y_)@'�% !$G4=;3�3B'�-��B!8G4��Tl¢ !$H�!$#e1S)"#$+4Zb�B:;'c#7!$�;'�1<)�H�'��B:;GC9F3J/�!$#7#y56'^1<N6'�-*�@'�9�1<3�/2'*#$#256'�-�1<=;3B'��":;'
fSOwh
Y6G4!7�C� � !83d/�)"G4�;\4#7+cHc1<�@-@:F'�9
/�!$�":
�B:;'�fSOih YnG<!$� ���]T

Ä=z



M

x x’ y y’

N

x’’

Q

large error
between x’ and x’’

Vb!8\4=F)"'�f ��� =?1<9_)"=FY_#8'�3cG4IqH�!$3BHc1<�@-@:F'�9�!7H�14\4'
Y6G4!7�C�"3�-Q1S��)@'�3B=F#7�^'�%4'���!$I0�B:;'�!7H�14\4'pY6G4!$� �"3
3"1<�"!$3BIe+,�B:;'c'*YF!$Y6G4#81<)q\('�G4Hc'*�")B+�5n'*�w/2'�'��g�":F'��w/yG.!7H�14\4'�Y?1<!$)"3�T �bG4!$� �"3�Hc1<)"A4'�9m/�!$�":l1^5F#e14-@A
9_G4��1<)"'c)@'�1<#MYnG4!7� �@3�/�:_!$#8'�YnG<!$� �@3�H�1<)BA('�9s/�!$�":g1�\4)@'*+l9_G4��1<)"'c% !$)B�"=?1<#~Y6G4!$� �"3JYF)@'�9_!8-*�@'�9s5C+
\4'�G4H�'��B)"!8-�1<#�-�G4H�YF=F�R1S�"!8G<�;3�T

" G4H�H�G4�F#$+�=F3"'�9^)"G45F=;3>�dHc'*�":;GC9F3M!$�;-*#$=;9F'qo
Ow'�3B�"!7H�1S�@G4)"3�Z #8'Q1<3B�BO�Hc'�9_!e1S�_Ow3BD =;1<)@'�3 � �&op'�9?¢F�XZ
1S�;9c)R1S�;9FG4H¥3@1<H�YF#$'a-�G<�;3"'*�;3B=;3�z f | T��l'a!7H�H�'�9u!e1<�"'�#$+�)"=F#$'�9^G4=_��o
OP'�3B�B!$Hc1<�@G<)@3y56'�-�1<=;3B'0!$�^G4=_)
-�143"'r�":_!83�Hc'*�":;GC9
-Q1<�.�@G4#$'�)@1<�@'qG4�_#$+�=FY.�@G ��� G4IªG4=F�B#$!8'*)@3�Ty}2:F'J149u%41S�C�@14\('rG4I�� � �0¢ � " G`%4'�)
�bo.'�9?¢�)@'�3>!89F'�3M!7�]�":;'�G4=F�B#$!$'�)�)"'>�>'�-*�"!$G4��3B�")@1<�@'�\4+(T�� � �0¢ � " )"'�DE=F!7)@'�3M1q=;3"'*)BOP9F'��F�F'�9��B:F)@'�3B:;G<#89
/�:_!$#8'>�&op'�9?¢
9FGu'�3��;G4�QTM¢ =;-@:�1��":_)@'�3>:;G4#$9p!$3d=;3"'*Ie=F#�!$�
YF)R1<-��"!$-�'0IKG4)�1�� =FH�56'�)�G4Ib)@'�143"G4�F3 �
Ä T�'���-�!$'��;-*+^!$�^�":F'rY_)@'�3B'��;-�'JG4Ib�;G4�p:;G4H�G(\('*�;'�G<=;3��;G4!83B' 	

z T D � � G<=F�"#7!8'�)"3�1<�;9.1<56G`%('�1<)@'�1<#7#8G`/y'�9�Z;1S�;9

f_T�!$�;-*)@'Q1<3"'�9��B!$H�'*OP'���-�!$'��;-*+�56'�-�1<=;3B'0�":;'a!7�F�;'*)2#8GCG4YcG4I��":;'q1S#8\(G4)B!$�B:FH -Q1S�^5n'0DE=F!7��14323"GCG4�
143�1�3"1<�"!$3BI£14-*�@G4)B+�3BG4#$=F�B!8G4�^!$3dIKG4=F�;9nT

Ä f



��:;'*�^1<Y_YF#$!$'�9��@Gr�":;'�YF)"G45F#$'�H G4I6'�3>�"!7H�1<�B!$�;\r1�fSOwh�YF)"G<�>'�-*�"!7%('��")R1S�;3BIKG4)BH�1S�"!8G<�UZ4�":F'�)"G45F=;3>�
H�'��B:;GC9
�B:?1<��/y'�!7H�Y_#8'�H�'�� �"'�9^-Q1S�.56'q3B=FH�Hc1<)"!$¡�'�9p143�IKG4#7#8G`/�3 �
Ä T � H�G4�;\��":F'�3B'��{G4I 1 Hc1<�@-@:;'�3�-�G4�;3>!89F'*) ��3"1<H�YF#8'�3�G4I D Hc1<�@-@:F'�3 	

z T�V?G<)�'Q14-@:�3@1<H�YF#$'��6Z Ä�� � � � �
z T Ä j�3B�"!7H�1S�@'r1�:;G4H�G(\4)@1<YF: +�§��0Ie)@G4H �B:;'�3B' D Hc1<�@-@:F'�3 	

z T z " G4H�YF=F�@'.�":;'p�@G4�@1<#{� =FHJ5n'*)^G4IqHc1<�@-@:;'�3 1��,-�G4�;3>!83B�"'�� ��/�!7�":�§��<Z�!PT '4T�ZdHc1<�@-@:;'�3
/�:;G(3B'r143"3BGu-*!e1<�"'�9�'*)")@G<)2!83M5n'*#8G`/�1��B:F)@'�3B:;G4#$9�Zu�B:;'a'*)")"G4)d56'�!$�F\J9F'*�F�;'�9^5 +�'�D?T � Ä&Ä � 	

f_T{¢u'�#$'�-��2�":;'a:FG4HcG4\4)R1<Y_:C+�§��{/�:F!$-@:^!83�143B3"GC-�!81<�@'�9c/�!$�B:^�":;'a#81<)@\4'�3B�y� =FH�56'�)�G4I�-�G4�;3>!83B�"'�� �
H�1<�"-@:;'�3 	

�FT��{3"'c1<#$#MG4I��B:;'�3B' 1����"G�)@'*�F�;'��":;'�'�3B�B!$Hc1<�"!$G4�lG<Id�":;'�5n'�3B��1Q%<1<!7#e1<5F#$'�:;G4H�G(\4)R1SYF: +v§��SZ
1<�;9

D T��{3"'q�B:;'q#e1<�B�@'�)�'�3B�B!$Hc1<�"!$G4���@G�=FY69;1<�"'q�":;'q#$!$3B��G<I&!7�F#$!$'�)@3d1<�;9pG4=F�"#7!8'*)@3�T

�P��G4)@9_'�)M�@Gr9F'��"'�)BH�!7�;'��":;'�� =FH�56'�)yG4I63@1<H�YF#8'�3 � /y'�H�=;3B�M3B'��M�":;'�YF)"G45?1<5F!7#$!7�w+JG4In3"'*#8'�-*�"!7�;\
1�\(GCGC9p3BG4#$=_�"!8G<�UT�}2:;'qIKG4)BH�=F#e1JIKG<)��":F!$3dYF)@G45;1<5F!$#7!$�w+�!83 �

�  Ä � z Ä � � Ä �	��
��� ��� |��
/�:F'�)@'��
!83d�B:;'0� =FH�56'�)�G4I�Y6G4!$� �@3d!7�^�":;'r3"1<H�Y_#8' � �� D IKG<)�fSOih -�G4#$#7!$�;'�1<�"!$G4�;3R�~1<�;9 ��
���� !83d�B:;'
Y6'�)"-�'*�C�@14\('�G4I&G4=F�"#7!8'*)@32�B:?1<��1<)"'r�"G�5n'qIKG4=F�F9p!7�^�":;'q!$�_!$�"!81<#69;1<�R1uT

V;G4)r'XWF1SH�YF#$'4ZUIKG4) �  � 5 � D 1<�F9 ��
����  � 5 D /y'�G45_�R1<!7� �  Ä � �uT��{'��F-�'4Z��":F'�!7�F�;'�)q#$GuG<Y
G<I��":;'�)"G45F=;3>�q'�3>�"!$Hc1<�"G4)01S#8\(G4)B!$�B:FH :?143a�"G�5n'�)"=F�m1<�a#8'Q1<3B� Ä � �c�"!7Hc'�3�Tq}2:;'�!7�F�;'*)0#8GCG4Y�Hc1<!7�
3>�@'*Y � z T z �{-�G4�;3B!$3B�"30'�3B3"'�� �B!e1<#7#$+
!$��'�3B�B!$Hc1<�"!7�;\�1c-�G4#$#7!$�;'�1<�"!$G4�.§ Ie)@G<H D Y6G4!7�C�{H�1S�@-@:;'�3�T0��!$�B:
D Hc1<�@-@:;'�3{�B:;'J3BG4#$=F�B!8G4�
!$3�IKG4=_�;9.!7��-*#8G(3B'�9uO�IKG4)"H =;3>!$�;\�'�!7�":;'*)aG<�;'�G<I��":;'r�w/yGc#$!7�;'Q1<)�H�'��B:;Gu9_3
9_'�3"-*)"!75n'�9�1<56G`%('<T

� �
	 ����� � �����¯�_� �J����� �.� �J� �J��� � �"!f��# �.�$# ����� � � � �
�P��G4)@9F'*)2�"G�143"3B'�3B3d�":;'aY6'�)BIKG4)"Hc1<�;-�'aG4In�":;'a)"G45F=;3>��'�3>�"!7H�1<�"G4)M9F'�3B-�)B!$56'�9
1<56G`%('4Zu/2'a�"'�3>�@'�9�!7�y!7�
�B:;'�YF)@'�3"'*�;-�'�G4Iy3B!$HJ=F#e1<�"'�9�9;1S�R1_T]V;G4)q�B:F!830YF=_)"Y6G(3"'�/y']=F3"'�9m�w/2Gp3"'*�@3�G4IMYnG4!7� �@3 � G4�;']3B'���G4I

Ä �



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

outliers rate

ba
ck

pr
oj

ec
te

d 
er

ro
rs

Vb!8\4=F)"']� � }2:F!$3J-*=F)"%4'c3B:FG[/�3��":;'�5?14-@AvYF)@GS�>'�-��"'�9l!7H�1<\(']'�)")"G4)J143J1
Ie=F�;-*�"!8G<�sG4Iy�":;'��C=_H�5n'*)
G<IdG4=F�B#$!$'�)@3�T���!$�": D � � G4=F�"#7!8'*)@3�1<�;9v#8'�3"3�Z��":F'�5?1<-@AmY_)@G<�>'�-��@'�9l'*)")@G<)�!$3r1<#$H�G(3B�r-�G4�;3>�R1<� �J1<�;9
3>#$!$\4: �"#$+�:F!$\4:;'�)��B:?1<�
�":F'r!7�F!$�B!e1<#�!$Hc14\('{�;G4!83B'4T

z � ��Y6G4!$� �@3�1S�;9
1<�;G4�B:;'�)�3B'���G4I z � �JYnG4!7� �@3�T�}2:;'q�F)@3>��3"'���/2143dY6'�)B�"=F)B5n'�9p/�!7�": � 1<=;3"3>!e1<�^�FG4!83B'
/�!7�":]3>�R1<�;9F1<)@9�9F'*% !e1<�B!8G4�]'�D =;1<#F�@G �uT D Y_!7Wu'�#$3�T�}2:;'�3B'�-�G4�;9]3"'*��/d143�Y6'�)B�"=F)B5n'�9�/�!$�":�/�:_!$�@'d�FG4!83B'
/�:FG(3"'�1<H�YF#$!7�"=;9F'�%<1<)"!$'�3d56'��w/y'�'���f�Y_!7Wu'�#$3{1S�;9 z ��YF!7Wu'�#$3�T

VF=F)B�":;'*)"H�G4)@'<Z��":;'�1<#$\(G4)"!7�":FH�� 3aY?1<)@1<Hc'*�@'*)@30/y'�)@'�3"'*�rIKG4)�1<�x'*WCYn'�-��"'�9x� =FHJ5n'*)JG4IyG4=F�B#$!$'�)@3
G<I D � � 5F=_���B:;'�� =FH�56'�)�G4IMG4=F�B#$!$'�)@3{%41S)"!8'�9�5n'*�w/2'�'�� �^1S�;9 � D�� T�V&!$\4=F)@'��^3>:;G`/�3��B:;'�)@'�3B=F#7�
G<I�)B=F�F�F!7�;\,�":F'
1<#8\(G<)"!$�B:FH.Tv}2:;'
1Q%('�)@14\('^5?14-@AlYF)@G<�>'�-��"'�9�'�)")"G4)�Y6'�)�!7H�14\4'�Y6G4!$� � � �":;'^'*)")@G<)
H�'Q1<3B=F)"'�!83��":;',G<�;'�\4!$%4'���5 +�'�D?T � � �"�]!$3�3B:FG[/��¯143�1xIe=F�;-*�"!8G<��G4Iq�":;'.�C=_H�5n'*)^G4I�G4=F�B#$!$'�)@3
Y_)@'�3B'�� ��!$�
�":;'r9;1S�R1_T

Ä�D



� � 
0� �Q�Q��� ������� � �� �Q�Q	�
a��� ����^������� �l���Q��� �

� !$%4'��v1�YF)@G<�>'�-��B!$%('�)@'�-�G4�;3>�")"=F-��"!$G4�vG4IM1c3B'��qG<IMfSOih Y6G4!7�C�"3�Zn1<�,!$H�Y6G4)"�@1<� ���@143BAp!83��@Gc=_Y;\4)R1<9F'
!7���@Gmj�=;-*#$!89_'Q1<��3B�B)"=;-*�"=F)"'4Tt�P���":F!$3�-Q143B'pG<�;'^H�1Q+s9_'��F�;'
�":F'p-�G4#$#7!$�;'�1<�"!$G4�s§ � /�:_!8-@:�H�1<YF3
G<)�=FY;\4)@149F'�3]YF)"G<�>'�-*�"!$%4'.3>�")B=;-��B=F)@'
�@GvHc'*�")B!8-�3>�")"=F-��"=_)@'4T � �C=_H�5n'*)�G4Iq1<=_�":;G4)"3]3B�"=F9_!8'�9��B:;'
3>�")B=;-��B=F)@']G4IM§ � =F�F9F'�)q%<1<)B!8G4=;3a-Q1<H�'�)@1cHcG4�B!8G4�F3a3B=F-@:s143q\4'��;'*)R1<#�H�G4�B!8G4��G4Id1�3>�@'*)@'�G^)B!8\xz �S| Z
)"G4�R1S�"!8G<�;30G4I21�3B!7�;\4#8'�-�1<H�'�)R1xz � | Z�'��@-<T��{'*)@'�/y'��@1<A('�1^9_!$N6'�)"'�� ��1<YFY_)@GE14-@:l1<�;9m143B3B=FH�'��":?1S�
�B:;' " 1<)"�"'�3B!81<�s-�GuG<)@9_!7�?1<�@'�3rG4I�1
3"'��JG4I2#81<�;9_Hc1<)BA,YnG<!$� �@3rG4)�-�G4� �B)@G4#~Y6G4!$� �@3�1<)"']Y_)@G`% !89F'�9�T �
3>!$H�!$#81<)01SYFYF)@G(14-@:x/2143r�R1<A4'��m5 +xo.G4:F)�Z��yG4=FI£1<Hc1_ZU1<�F9��y)@1<�;9�z Ä � | 5F=F�r�B:;'�+�/y'�)"']=_�?1<5F#$']�"G
'XWCYF)@'�3"3{�B:;'r3"G4#7=F�"!$G4�^!$�
-*#8G(3B'qIKG4)"H.T

�P�&!83�1<3"3B=_Hc'�9��":?1<�&�":;'dj�=F-�#$!$9F'Q1S��-�GCG4)"9_!$�?1S�@'�3 -:@n � ��� � �@ �*��� 3 �@ �*��� # �@ � � G4I;1<�ª#$'Q143>� D Y6G4!$� �"3
!7�v\('��F'�)R1S#�YnG(3>!$�B!8G4�v1S)@'�A �;G`/��l!7�v3"G4H�']j�=;-�#7!89F'�1<�v5?143B!$3 ����T��U'���143056'�IKG4)"' �E@~56'��":;'�fSOwh
Y_)@G<�>'�-��"!7%('�-�GuG4)"9_!$�;1<�@'�30G4I�Y6G4!$� �0!7�;9F'*Wu'�9v5 +
	"TJ¢C!$�;-�'�j�=;-�#7!89F'�1<�v3BY;14-�'�!$3q1�3B=F5uOw3BY;14-�'�G4I~�B:;'
Y_)@G<�>'�-��"!7%('�3BY?1<-�'4Z�G4�;'�-Q1S�,-�G<H�YF=_�@'q�":;'�-�G<#$#$!7�;'Q1S�"!8G<�^§ � �":?1<��Hc1<Y;3a�E@bG4� �"G - @� � - �@ Ä � �
� �":;'�:;G4H�G(\('*�;'�G4=F3�-�GCG4)@9u!$�?1<�"'�3�143"3BGu-*!e1<�"'�9l/�!7�": -A@K�q=;3B!7�;\�1<� +xG4Id�":F'c#$!7�;'Q1<)�G4)��;G4�_O�#$!7�;'Q1<)
�"'�-@:F�_!8DE=;'�3J9F'�3B-�)"!75n'�9s!$�x�":;'�YF)@'*%C!$G4=;3�3"'�-*�"!$G4�;3�T �{'*)@'4Z�:FG[/y'�%4'�)�Z~/y'c/yG4=F#$9x#$!7A(']�@G��@1<A('�Ie=F#$#
1<9_%<1<� �R14\('qG<Iª�":F'rA �;G`/���j�=;-�#7!89F'�1<��3>�")B=;-��B=F)@'�143B3"GC-�!e1S�@'�9
/�!$�B:
�":;'r-�G<�C�B)@G4#UY6G4!7�C�"3�T

" G4�F3B!89_'�)��":;'��<Oih %('�-��"G4)03>Y?14-�'�-�G<)")@'�3BY6G4�;9_!7�;\��"G��B:;'rYF)@G<�>'�-��B!$%('�3B=_5_Ow3>Y?14-�'�\('��F'�)R1S�@'�9.5C+
�B:;'{j�=F-�#$!$9F'Q1S��5?1<3B!83*���gz Ä � | T��P���":F!$3~3B=F5_OP3BY?1<-�'{�B:;'�:C+ Y6'�)>OPYF#81<�;' % � Q��  Ä -�G4)")"'�3>YnG4�F9F3y�"G��B:;'
f[Oihkj�=;-�#7!89F'�1<�l3>Y?14-�'4T � �;'�/21Q+m�"G
'�3B�B!$Hc1<�@'�§ � !$3r�"G^H�!7�F!$H�!8¡�'��":F'�3>=FH�G4I23"DE=?1<)"'�3JG<Iy�B:;'
j�=;-*#$!$9F'Q1<�p9_!$3B�@1<�;-�'�3�5n'*�w/2'�'��,�B:;'�fSOP%4'�-��"G4)@3 -A@ª1S�;9 �?@�/�!$�B: �

� @6�� � § � �9@K� � � �
� § � �9@K� � Q�� � � § � �9@K� � 3 �

� § � �9@K� � Q�� � � § � �9@K� � # �
� § � �9@K� � Q��� �

��'��;-�'4Z;�":F'�'*)")"G4)�Ie=F�;-*�"!8G<�p�"G�56'0H�!$�F!7H�!$¡�'�9�!83 �
H�!7�
��� �� @KJ � � 3@ � Ä=z �

/�!7�": �
�
3@ �� � § � �9@K� � � �

� § � �9@K� � Q�� � - � � �@  3 ' � � § � �E@e� � 3 �
� § � �E@e� � Q�� � - � 3 �@  3 ' � � § � �9@£� � # �

� § � �9@£� � Q�� � - � # �@  3
/�:_!8-@:,!$3a1]�;G4�_O�#$!$�F'Q1<)�Ie=F�F-��"!$G4��!7�.�B:;'J'*� �")"!$'�3{G4I�§ � T�}�G�H�!$�F!7H�!$¡�'a�B:F!83�Ie=F�;-*�"!$G4�UZ;�;G4�_O�#$!7�;'Q1<)
G<YF�"!7H�!$¡Q1<�B!8G4��Hc'*�":;GC9F3�1<)"'r�F'�-�'�3"3"1<)"+4T

Ä �



Y

H X

d

i

i

i

Vb!8\4=F)"' D � }2:F']j�=F-�#$!$9F'Q1S��9_!83>�R1<�F-�'J56'��w/y'�'*�x%4'�-��"G4)@3�-���1S�;9�§ � ���d!$���SOih %4'�-��"G4)r3BY;14-�'�-�1<�
56'�1<YFYF)"GQWu!7H�1S�@'�9�5 + � @PT

� #$�@'*)"�?1S�"!$%4'�#7+(Z[!$��!83�YnG43"3B!75F#8'~�@G{9F'��_�;'d1�Hc'*�")"!$-�!$�J�B:;'M�<Oiht%('�-*�@G4)�3BY?14-�'d143B3"GC-�!81<�@'�9�/�!$�B:J�B:;'
j�=;-*#$!$9F'Q1<�p3>Y?14-�'r/�:;'*���":F'r#81<�"�"'�)�!$3{1�3>=F5_Ow3>Y?14-�'JG4Ib�":;'qYF)"G<�>'�-*�"!7%('�3BY?14-�'4T � �;'�/21Q+^�@G]9F'*�F�;'
1S�mj�=F-�#$!$9F'Q1S�v9_!83>�R1<�;-�'�5n'*�w/2'�'��<-�� � 1�-�G<�C�B)@G4#ªYnG4!7� �X�{1S�;9v§ � ��� � 1c�")@1<�;3BIKG<)"H�'�9,YF)"G<�>'�-*�"!$%4'
Y6G4!7�C�R�2!83��@G^1<)B5F!$�B)R1<)B!$#7+��_Wp�B:;'J3B-Q1<#$'�I£14-*�@G4)a143"3BGu-*!e1<�"'�9p/�!$�":��":;'�:;G4H�G(\('��F'�G4=;3�%('�-��"G4)q§ � ���
1S�;9,�@G^-�G4H�Y_=F�@'��B:;'�9_!$3B�R1S�;-�' � @�56'��w/y'�'*�l�":_!83a%4'�-��"G4)�1<�;9�!7�@3{Y_)@G<�>'�-��"!$G4�mG4� �@G��B:;'�9_!$)"'�-*�"!8G<�
G<I,-�� � 3B'�'�V&!8\4=_)@' D �XT

}2:;'�YF)"G<�>'�-*�"!8G<��G<I�§ � ���bG4� �@G�-���!83�\<!$%('*��5 +��B:;'�!7)~9FG4�BO�YF)@GC9_=;-*���;G4)BH�1<#7!8¡�'�9�5 +��":;'�#$'��;\4�B:
G<I,-�� �

� @n � - �@ § � �9@K� 3- �@ - @
}2:F'�9u!83B�@1<�;-�'r56'��w/y'�'*�,�":F'r�B!$YpG4I&§ � ���21S�;9p�B:;'q�"!7Y
G4I&!7�@3dYF)"G<�>'�-*�"!$G4�.!$3�'�DE=?1<#U�"G �

� 3@  � § � �9@£� � � § � �E@e� � � - �@ § � �9@£� 3- �@ -:@
 � �@ § �� � Q § � �9@ � � Ä- �@ -A@  � �@ § �� -:@C- �@ § � �4@
 � �@ § �� � � Q � -:@r- �@- �@ - @

� ��� �
���

	 § � �E@
 � �@ § ��	� @8§ � �E@

��G4�"!$-�'{�B:?1<�dHc1<�B)"!7W � @u�i=;3B��9_'��F�;'�9^!83d1�3>+ H�H�'��B)"!8-{3"'*H�!�Ow9F'*�F�F!$�"'{Y6G(3B!7�"!7%('{Hc1<�B)"!7W�1S�;9�!$�"3
'*!8\('*� %41S#$=;'�3y1S)@'�'�DE=?1<#?�@G � Ä � Ä � Ä ���E�*T���!$�B:��B:;'��FG4�R1<�B!8G4�F3y1S#$)@'�149_+�=F3"'�9�!$��3"'�-��"!$G4�;3 z T Ä 1<�F9 z T z
/y'q:?1Q%(' �

Ä[�



§ � �9@n
��������

� �@ ® �Q ® �Q ® �Q
® �Q � �@ ® �Q ® �Q
® �Q ® �Q � �@ ® �Q
® �Q ® �Q ® �Q � �@

���������
�����
# �M�TTT
# QMQ

������  �s@K¨

}2:F'�9u!83B�@1<�;-�' � @�56'�-�G<Hc'�3 �
� 3@ /� �@ § �� � @7§ � �9@�©¨ � � �@ � @ �^@e¨

�M+^3B=FH�Hc1<�"!$G4�^G`%('*)01<#7#U-�G<�C�B)@G4#nYnG4!7� �@3�/2'rG45_�R1<!7�p�B:;'qIKG4#$#$G`/�!$�;\�'*)")"G4)�Ie=F�;-*�"!8G<� �� @ � 3@  ¨ � � @ � � �@ � @ �s@ � ¨l ¨ � � ¨ � Ä f(�
��:;'*)@' �  - @ � � �@ � @ �s@ ��!$3q3B+ H�Hc'*�")"!$-�3"'*H�!�Ow9F'*�F�F!$�"'�1<�;9vY6G(3B!7�"!$%4'4T�}2:F'�G<YF�"!7H�!$¡Q1<�B!8G4�

Y_)@G45F#$'�H�!83d�B:;'�)"'�IKG4)"'0!89F'*�C�B!8-�1<#��@G��B:;'qG4�;'r'XWuY_)@'�3B3"'�9.5 +^'�D?T � � �21<�;9^�B:;'r3"G4#7=F�"!$G4��IKG4)�¨t!832�B:;'
'*!8\('*� %('�-*�@G4){143B3"GC-�!81<�@'�9p/�!7�":
�":;'r3>H�1<#7#8'�3B��'*!8\('*�C%<1<#7=;'qG4I � T

Vb!8\4=F)"'�� � � Y?1S!$)~G4I6)@'Q1S#;!$Hc14\('�3 � #8'*Ie�X��1<�;9]�":;'{j�=;-�#7!89F'�1<�])@'�-�G4�;3>�")B=;-��B!8G4�cG4In�B:;'�3"-�'*�;' � )"!$\4: �X�*T

�P��G4)@9_'�)��@Gv!$#7#$=;3>�")@1<�@'��":F!$3�Hc'*�":;GC9t-�G4�;3>!89F'*)]�":;'�Y?1S!$)]G4I�!$Hc14\('�3�G4IaV&!8\4=_)@'^�_Ttf[Oih j�=_O
-*#$!$9F'Q1<�s-�GCG4)@9_!7�?1<�"'�3JG<I z ��9;1<�@1�YnG4!7� �@3�1<)"'^1<#$3"G�YF)"G`%C!$9F'�9s/�!7�":g�B:;'�3B'�!$Hc14\('�3�T �&G4!7� ��-�G4)B)@'XO
3>YnG<�;9F'��F-�'�30/y'�)"'�G45F�@1<!$�F'�9.!7� �@'�)@14-��B!$%4'�#$+4Zn1S�;9��":F'�Ie=F�;9F1<Hc'*� �R1<#bH�1S�")"!�W^/21430'�3>�"!7H�1<�"'�9p=;3B!7�;\

Ä �



�B:;'�Hc'*�":;GC9c9F'�3"-*)"!$56'�9�!$�xz Ä � | T�fSOwh�YF)"G<�>'�-*�"!7%('a-�GuG<)@9_!7�?1<�@'�321S)@'�G45F�R1S!$�;'�9�5 +]�")"!81<�;\4=_#e1<�B!8G4�,z DS| T
}2:F'p-�G4#$#7!$�;'�1<�"!$G4�m5n'*�w/2'�'���YF)"G<�>'�-*�"!7%('p1<�;9�j�=;-�#7!89F'�1<�t-�GCG4)"9_!$�?1S�@'�3�/2143]'�3>�"!7H�1<�"'�9s=;3>!$�;\��B:;'
H�'��B:;GC9c9F'�3"-�)B!$56'�9
1<56G`%('q1S�;9c�":F'���=;3B'�9��"GJ=FY;\4)@149F'��":;'0'*� �"!$)"'a3B'��dG<IUYF)@G<�>'�-��B!$%('a-�GCG4)@9_!7�?1<�"'�3�T
}2:_!83d)@'�3B=F#7�@'�9.!$�p1S�,j�=;-*#$!89_'Q1<�
Hc1<YpG4Iª3BG4H�'qG4I&�B:;'q)@GCG4IK3d/�:F!$-@:,1<)"'r9_!83>YF#e1Q+('�9.G<�,V&!$\4=F)"'q�_T

� ������ �Q���������

�P�p�":_!83�Y?1<Y6'�)�/y'�9F'�3"-*)"!$56'�9p%<1<)"!$G4=;3dH�'��":FGu9F3��"G�'�3B�"!7H�1S�@'0�":F'�-�G4#$#7!$�;'�1<�"!$G4�c56'��w/y'�'*�,�w/2G�YF)@GSO
�>'�-��B!$%('p)@'�-�G4�;3>�")B=;-��B!8G4�;3�T¯�x'�9F'�3"-*)"!$56'�9��w/2Gs#7!$�;'�1<)]Hc'*�":;GC9F3]/�:F!8-@:�H�!$�_!$H�!8¡�'
1S��1<#$\('�5F)@1<!8-
9u!83B�@1<�;-�'d!$��fSOih�YF)"G<�>'�-*�"!7%('�3BY?1<-�'4Z �w/yG��;G<�_OP#7!$�;'�1<)ªH�'��B:;Gu9_3�/�:F!8-@:�H�!7�F!$H�!8¡�'210H�'��B)"!8-29_!83>�R1<�;-�'
!7� z Oih !$Hc14\('03>Y?14-�'4Z61<�;9.1])"G45F=;3>��H�'��B:;GC9p/�:F!$-@:�-�G4H�5F!7�;'�3�1<� +
G4I&�":;'q#7!$�;'�1<)�Hc'*�":;GC9F3�/�!$�B:
1S�cG4=_�"#$!$'�)�)"'>�>'�-��"!$G4��3B�")@1<�@'�\4+(TMopG4)@'�G[%4'�)�ZuIKG4)��B:;'{3>Yn'�-�!81<#?-Q143B'�/�:F'�)@'{j�=;-�#7!89F'�1<��-�GCG4)@9_!7�?1<�"'�3~G4I
1]IK'�/ -�G4� �")"G4#&Y6G4!7�C�"3�1<)@'�1Q%41S!$#e1S5F#8'<Z_/2'�9F'�% !$3"'�9v1�#$!7�;'Q1S)�H�'��B:;GC9p5?1<3"'�9�G4��1]Hc'*�")"!$-r9_!83>�R1<�;-�'
!7�
�":;'r�<Owh %4'�-*�@G4){3BY?1<-�'�143"3BGu-*!e1<�"'�9
/�!$�B:p:FG4HcG4\('��;'�G4=;3�-�GCG4)"9_!$�?1S�@'�3�T

�P�xG4)@9_'�)r�@Gp'�%<1<#7=?1<�@'��B:;'�3B'�H�'��B:;GC9F3�1<�;9x143"3B'�3"3r�":F'�!$)r)"'�3BY6'�-*�"!7%(']Hc'*)"!$�"3�Z�/y'�-�1<)")B!8'�9xG4=_�
1v#e1<)"\('^� =FH�56'�)�G<Iq'*WCY6'�)"!7Hc'*� �@3�/�!7�":�5nG4�B:�3>+C� �B:;'��B!8-�1<�F9�)@'�1<#�9;1<�R1uT¯}2:F'�3B+ � �":F'��"!$-,9;1<�@1
1S#$#8G`/y'�9m=;3��"G�149F9 � 1<=F3"3B!81<�s�;G<!83"']�@G.!$Hc14\(']9;1<�@1�1<�;9x�@G�3>�"=;9u+x�B:;'c� =FH�'�)"!$-Q1<#M3>�R1<5F!7#$!7�w+�G4I
�B:;'�%41S)"!8G<=;3M!7H�Y_#8'�H�'�� �"'�9]Hc'*�":;GC9F3�Tª�P�c�":F'{#$!$\4: �~G4I��B:;'�3B'0'*WCY6'�)"!7Hc'*� �@3~!$�y1<YFY6'Q1<)"3y�B:?1<�21<#$#;�B:;'
H�'��B:;GC9F3q:?1Q%('�1S�g1<#7HcG(3>�q!89F'*� �"!8-�1<#�56'�:?1Q% !8G4)�1<�F9x�":;1<�r�":;']�;G4�_O�#$!7�;'Q1<)qH�'��B:;GC9F3�G<=F�"Y6'�)BIKG4)"H
�B:;'0#$!7�;'Q1S)dG4�;'�3�T �{G`/y'�%4'�)�IKG4)d#$'�%('*#83�G4I��;G<!83"'{5n'*#8G`/©G<�;'0YF!7Wu'*#n!$�^Hc14\4�_!$�"=F9F'{!7�d!832�FG4�dY6G(3"3>!$5F#$'
�"G]9_!83>�"!$�F\4=F!83>:^5n'*�w/2'�'��,�B:;'qYn'*)"IKG4)BH�1S�;-�'�3�G<I&�B:;'qIKG4=F)�H�'��":FGu9F3�T � �;G<�":;'*){3B'��{G4I&'*WCYn'*)"!7Hc'*�C�"3
1S#$#8G`/y'�9�=;32�@G��@'�3>�2�B:;'aY6'�)"IKG<)"Hc1<�;-�'a143d1�Ie=F�;-��B!8G4�cG4IU�":F'{� =FH�56'�)�G<I�YnG<!$� �@3M5n'*!$�;\�-�G4�;3>!89F'*)@'�9�T
}2:F'm-�G4�;-*#$=;3>!8G4��G4I��":F!$3^3"'*��G4I�'*WCY6'�)B!$H�'�� �@3^!83�Z��FG4�p3B=F)BYF)"!$3B!$�F\4#$+4Z��B:?1<� � !e���":;'�H�G4)@'.YnG4!7� �
Hc1<�"-@:;'�3�1S)@'
1Q%<1<!$#81<5F#8'��B:;'�5n'*�"�"'�)�!7�J!83�1<�;9 � !7!K�05n'*#8G`/ Ä�D �@G z �.YnG<!$� �JHc1<�@-@:F'�3�G4�;'^3>:;G4=F#$9
'XWCYn'�-���=F�F)@'*#$!81<5F#8'�)@'�3B=F#7�@3�T

V;G4)0�B:;'�3>Yn'�-�!e1S#�-Q143B'�/�:;'�)"'�YF)@GS�>'�-��B!$%4'�-�GuG<)@9_!7�?1<�@'�30G4IM1cIK'*/ -�G4� �")@G<#�YnG<!$� �@3q1S)@'JHc1<�@-@:F'�9
1<\E1<!$�F3B�yj�=;-�#7!89F'�1<��-�GuG4)"9_!$�;1<�@'�3�Z /2'�:?1Q%('a56'�'*�
1<5F#$'��"GJ9F'*%C!$3"'a1�#$!7�;'Q1S)MH�'��B:;GC9�/�:F!$-@:�!83~5?143B'�9
G<�p1JHc'*�")"!$-a9_!$3B�@1<�;-�'0!7�^�<Owh 3>Y?14-�'{���":;'0%4'�-��"G4)�3BY;14-�'�143B3"GC-�!e1S�@'�9�/�!7�":^:;G<HcG(\4'��;'�G4=;3d-�GuG4)"9_!7O
�;1<�@'�32G4I��B:;'0f[Oih�Y_)@G<�>'�-��"!7%('03>Y?14-�'q1<�;9�!$�@3yj�=;-�#7!89F'�1<�^3>=F5_Ow3>Y?14-�'4TM¢C=;-@:p1�#$!$�F'Q1<)M'�)B)@G4)MIe=F�;-*�"!$G4�
-�G4=F#$9�YF)@G<5?1<5F#7+g5n','XWC�@'��F9F'�9��@GlG4�":;'*)^'�3>�"!7H�1<�B!8G4��YF)"G45F#8'*Hc3�3B=F-@:¯-�1<H�'�)R1x-Q1<#7!$5F)@1<�"!$G4��1<�;9
5_=F�;9_#$'�1<9<�i=;3B�BHc'*� �QT

Ä �



� �;'�!7�C�"'�)"'�3B�B!$�;\p1<Y_YF#$!$-Q1<�B!8G4�,143"3BGu-*!e1<�"'�9,/�!$�B:v�":;'�-�G4H�Y_=F�R1<�B!8G4�,G4IM3B=;-@:s1^fSOih�YF)"G<�>'�-*�"!$%4'
�B)R1<�F3BIKG4)BH�1<�B!8G4�p!83��":;'��")R1S�;3BIK'*)qG4I z Owh YnG4!7� �@3{Ie)"G4H�G4�;'�3>�@'*)@'�G�!7H�1<\('�Y;1<!$){�@G^1<�FG4�":;'*)q3B�"'�)"'�G
!7H�1<\('�Y?1<!$)�T�}2:F!$3y�")@1<�;3>IK'�)2�"'�-@:F�_!8DE=;'a!$3y=;3B'�Ie=F#6/�:;'��;'*%('*)�1J3"'*��G4I�fSOwh¯Y6G4!$� �@3~!83yG45;3B'�)"%4'�9^/�!$�B:
G<�;'
3B�@'*)@'�GxY?1<!7)�1<�;9�G4�;'^/21<� �@3]�@Gm9_!83>YF#e1Q+s�B:;'
3@1<H�'pfSOih 3"'*�c1<3]!7��/2G<=F#89t5n'pG45;3B'�)B%('�9�5C+
1S�;G4�":F'�)q3>�@'�)"'�G
Y?1<!7)QT�}2:F!83q3>�@'*)@'�G^�B)R1<�;3>IK'�)q�"'�-@:F�F!$DE=;'�:?143056'�'��x1<Y_YF#$!$'�9��"G
1^% !$3B=?1<#ª\4)R1<3BYF!7�;\
H�'��B:;GC9�9F'*%('�#$G4Y6'�9,'*#83"'*/�:;'�)"'.z �<| T � �;G4�":F'�)q1SYFYF#$!$-Q1<�B!8G4�.143B3"GC-�!81<�@'�9�/�!$�B:��":F'J-�G<H�YF=_�R1<�B!8G4�.G4I
1]fSOwh -�G4#7#$!$�F'Q1<�B!8G4��!$3d�":;'r3B'�#$I8OP-Q1<#7!$5F)@1<�"!$G4��G<I�1�3B�"'�)"'�G�-Q1<H�'�)@1�Y;1<!$)�z �S| Zªz Ä f | T

� �;G4�":F'�)pYF)@G4H�!83>!$�;\tG4=_�@-�G<Hc'mG4IJ�B:F!83
/yG4)"A��B:?1<�p/2'mYF#e1<���@Gt!$� %4'�3B�B!8\E1S�@'v!83
�":;'v=;3"'xG4I
Y_)@G<�>'�-��"!7%('�HcG4�B!8G4�v'�3B�B!$Hc1<�"!$G4�v�@G.Y6'�)BIe)@G4H�HcG4�B!8G4�m3B'�\4H�'�� �R1S�"!8G<�UT��P�;9F'�'�9�Z&!$�m�":F!$3rY;1<Yn'*)�/y'
-�G4�;3>!89F'*)@'�9t1
HcG`% !$�F\�3B�"'�)"'�G�3"'*�;3"G<)�G45;3B'�)"% !7�;\v1.)"!$\4!89m3"-�'��;'<T,�PI��":F'�3"-�'��;'c!$3��;G<�J)"!$\4!89nZb�B:;'
3B-�'*�;'.Y6G4!$� �"3]=_�;9F'�)"\(G4!7�;\v3"G4H�'^HcG4�B!8G4�t/�!7#$#256'p9F'��"'�-��"'�9�1<3�G<=F�"#7!8'�)"3�T�}2:;'pG4=F�"#7!8'*)@3�-Q1S��56'
Ie=_)"�":F'�)�1<�?1S#$+C¡�'�9m!7�vG4)@9F'*)q�@G
9F'*�@'�-*�rYnG(3B3B!75F#8'�H�G`%C!7�;\^G45_�>'�-��"3�T��P�q/�!$#7#ª�B:;'�)"'�IKG4)"']56'�Y6G(3"3>!$5F#$'
�"G]9_!83>�"!$�F\4=F!83>:^5n'*�w/2'�'���'�\(G<O�HcG4�B!8G4�^1<�;9
HcG`% !$�;\�3B-�'*�;'�G<5_�>'�-*�@3�T

��
 � 
q� 
q�� 
 �

z Ä�| �bT � T �y'Q1<)"9F3B#$'�+(Z��RT�h�T ��'�!$9�Z�Z � T��6!83"3B'�)BH�1<��Z�1<�;9mh�Tn� Tbop=F)B)R1Q+(T � -��B!$%('�% !83>=?1<#��;1`% !�O
\(1<�"!$G4�,=;3>!$�;\��;G<�_OPH�'��B)"!8-�3B�B)"=;-*�"=F)"'4TJ�P�������	��
�
������������� ������� �!�"
 � �$#��%�&���$#�')()���*�*
 ��
 �+��
,���
()��-/.10��"
 �,23�4� �&���;Z(Y?1<\('�3 D�� �u�4�FZ " 1SH�5F)"!$9F\('<Z o�143B3�Z65<=F�;' Ä � � D T4�ij~j~j " G4H�YF=F�"'�)M¢CGu-*!8'��w+
��)"'�3"3�Z$�UG(3 � #e1<H�!$�"G(3�Z " � T

z zS| VyTnh0'*%('�)B�?1Q+,1S�;9 � TnV?1<=F\('�)@143�T{VF)@G4H YF)"G<�>'�-*�"!7%('J�"G�j�=;-�#7!89F'�1<�,)"'�-�G<�;3B�B)"=;-*�"!8G<�UT{�P�7������8
��
�
���������9()��-/.10��:
 ��2��4� �&���;#��$���<#��%�:
 ����=>
�������!���%�&���?()���*�*
 ��
 �+��
*ZbY?1<\('�3 z �4�S� z � � Zª¢_1<�
VF)@1<�;-�!$3"-�GFZ " � T�Z15<=F�;' Ä � � �_T

z f | omT � T�V&!83B-@:F#8'*)r1<�;9 �rT " T �yG4#$#$'�3�T ��1<�;9FG4H ¢_1<H�YF#8' " G4�;3B'��;3>=;3 � � �~1<)R149u!8\4H�IKG4)�o.GC9F'*#
Vb!$�"�B!$�;\�/�!$�B: � YFYF#7!8-�1<�"!$G4�;3{�"G^�PH�1<\(' � �?1<#$+C3>!83q1<�F9 � =F�@G<H�1<�"'�9 " 1<)B�@G(\<)R1<YF: +4T@()��-A-A0�8
�!�&�#��%�&���B�C�:�����!
>DC(3EvZ z � � �(� � f ��Ä �uf � D Z!5<=_�;' Ä � ��Ä T

z � | �rT��RT �{1<)"�B#8'*+(TJ¢u'�#7I8Ow-Q1S#$!$5_)R1<�B!8G4�.G4IM3B�@1<�"!$G4�?1<)B+�-�1<Hc'*)R143�TA���!�:
 ���$#��%�&���$#�'GFH��0�� �$#�'��:�I()��-A8
.10��"
 �J2��4� �&���;Z zPz � Ä � �pD � z f_ZFV;'�5_)"=?1<)B+BK(o�1<)"-@: Ä � � � T

z �



z DS| �rTU�RT �a1<)B�"#$'�+v1<�F9 �bT&VyTb¢C�"=F)BH�T�}U)"!81<�;\4=F#81<�"!$G4�UT ()��-/.10��:
 �72��4� �&��� #��$�I� -,#	��
�� �$��
 ��8
� �&#��$�������4Z;� � � z � � Ä �(�[� Ä�D(� Z ��G[%4'�H�56'�) Ä � � � T

z � | �rT �RT �{1<)"�B#8'�+4Z��rT � =FYF�@1_Z�1S�;9g}0T " :;1<�;\FT�¢C�@'*)@'�G�Ie)@G4H�=F�F-Q1<#7!$5F)@1<�@'�9l-Q1SHc'*)R143�Tp�P� ������8
��
�
��������� �:�@���!
 ()���*�*
 ��
 �+��
 ��� ()��-/.10��:
 � 23�4� �&��� #��$� �<#�� �"
 ��� =/
�������!��� �&������� ����#��$#�8
(G�B#�-/.H#�� �����3� '�' ���+���4�����
	6DqZFY?14\('�3 � � Ä � � �<�FZ Ä � � z T

z �S| �rT �{G4)@1<=;9g1S�;9 � T " 3B=F)BA41uT�¢C'�#$I8OP-Q1<#7!$5F)@1<�"!$G4�v1<�F9gj�=;-�#7!89F'�1<�x)"'�-�G4�;3B�B)"=;-*�"!$G4�s=;3>!$�;\pHcG<O
�B!8G4�F3^G4I�1g3>�@'�)"'�Gt)"!$\FT �P� �����	��
�
����������	 �� ��� ���!�:
 ���$#��%�&���$#�' ()���*�*
 ��
 �+��
 ��� ()��-/.10��:
 �
2��4� �&���;Z�Y?14\4'�3 � �[� Ä �(f_Z �2G4H�5?1Q+4ZU�P�;9_!e1uZ35(1<� =?1<)B+ Ä � � � T6�ij~j~j " G4H�YF=F�"'�)�¢uGC-�!$'��w+ ��)"'�3"3�Z
�UG(3 � #e1<H�!$�"G(3�Z " 1_T

z �<| �rT ��G4)R1<=F9�ZaVyTdh0G4)B�?1<!$A<1_Z�1<�F9 �aT�j�3BYF!81<=UT��a!$3B=?1<#7#$+�\4=F!$9F'�9�G45u�>'�-��
\<)R143>YF!$�;\_T �������
�B� #��B� #�� � �&���B� ��� =>��� ���%�&��� #��$�AD>0��:��-,#��%�&���;Z Ä � � � � � DPz D � D f z Z � =;\4=;3>� Ä � � � T

z � | � Ow}0T$��=;G4�F\
1<�;9 � T6h�TnV?1<=;\4'�)R1<3�T0}2:F'JIe=F�;9;1SHc'*�C�@1<#ªHc1<�B)"!7W � }2:F'�G4)B+(ZU1<#$\(G4)B!$�":_Hc3�Z?1<�;9
3>�R1<5_!$#$!7�w+�1S�?1<#$+C3>!83�T����!�:
 ���$#��%�&���$#�' FH��06���$#�'G�:�,()��-/.10��"
 � 23�4� �&���;Z Ä[� � Ä � � �Ef`� �wD Z Ä � � �_T

z Ä � | �rT<o.G4:F)�Z �aT �2G4=_I£1<H�1uZ<1S�;9 �&T �y)@1<�;9�Tu���F9F'�)"3B�R1S�;9_!$�F\aYnG43B!$�B!8G4�_!$�;\dIe)"G4H H�=F#7�"!$Y_#8'�!$Hc14\('�3�T
D>���%� ��� �%#�'$� �!�"
 '�' � ��
 �+��
*Z ��� � Ä � z � � z�Ä f[� z f � Z � -*�@G456'�) Ä � � D T

z Ä&Ä�| omT �bG4#$#$'�IK'�+C3�Z �rT��rGC-@:UZu1<�;9 �~T��M1<� � GCG4#�T�¢u'*#$I8OP-Q1<#7!$5F)@1<�"!$G4��1<�;9�Hc'*�")"!$-�)@'�-�G4�;3>�")"=F-��"!$G4�c!7�
3>YF!$�"'�G4I�%<1<)B+ !$�;\^1S�;9,=F�FA �;G`/��v!$� �@'*)"�?1S#ª-�1<Hc'*)R1�Y;1<)R1<H�'��"'�)"3�Ta�P�7�����	��
�
��������� �:� ���!
������
���!�:
 ���$#��%�&���$#�' ()���*�*
 ��
 �+��
C��� ()��-/.10��:
 �@2��4� �&����������-���#�� �G� �$���%#4ZuY?14\('�3 � �[� � D Z!5(1<� =?1<)"+
Ä � � � T

z Ä=zS| " T ��G4�": /y'�#7#PZ � T?V?1<=;\('*)R143�Z?1<�;9 � T " 3>=F)"A<1_T � -�G4H�Y?1<)B!83"G<�
G4IªYF)"G<�>'�-*�"!7%('r)@'�-�G4�;3>�")"=F-��"!$G4�
H�'��B:;GC9F32IKG4)dY;1<!$)"3dG4I�% !8'�/�3�T ()��-/.10��:
 ��2��4� �&��� #��$� � -,#	��
!� �$��
 ��� �&#��$�������4Z_� � � Ä � � f(�`� D�� Z
� -*�@G456'�) Ä � � � T

z Ä f | � T ��=FIiZ � T " 3>=F)"A<1_Zn1<�;9 �rT �{G4)@1<=;9�T ��)@G<�>'�-��"!7%('��")R1S�;3B#81<�"!$G4�;3{1<�;9,1S���F'J3B�"'�)"'�G^-Q1S#$!$5_)R1SO
�B!8G4��TM�P�J�����	��
�
���������/�"����� ()���*�*
 ��
 �+��
 ��� ()��-/.106�"
 �@23�4� �&��� #��$�A�<#��%�:
 ��� =/
�������!��� �&���;Z
Y;14\('�3J� �wD �C� ��Ä Z�¢u1<� �R1 �d1S)"5?1<)@1_Z " � Z 5<=F�F' Ä � � � T&�ij~j~j " G<H�YF=_�@'�)�¢uGC-�!8'*�w+ ��)"'�3"3�Z*�UG(3
� #e1<H�!$�"G(3�Z " 1_T

z�Ä



z Ä � | 5_T � T�¢u'*H�YF#$'�1S�;9 � T¬}0T �0�;'�'�56G4�;'<T D>' ��
 � � #��&�I����� � 
�� �%����
��/
���- 
 �%� �<T � WCIKG4)"9�¢u-�!$'��;-�'
��=F5_#$!8-�1<�"!$G4�UZ Ä � DPz T

z Ä�DS| �ªT �6:?1<�;\_T � 3>�@'�)"'�G`% !83>!8G4�v3>+u3>�@'*HLIKG4)q1�YF#e1<�F'��R1S)"+p)@G`%('*) � " 1<#$!75F)R1<�B!8G4��Z�-�G4)")"'�#81<�"!$G4�UZ?)@'�\SO
!$3B�B)R1<�B!8G4�.1<�;9pIe=;3B!$G4�UTd�P� �����	��
�
���������A�:�����!
��	�
����9�����	���!��. ��� ��' #��+
 �&#�� �A=/����
 � �$
�����8
�+��'4���� #��$��	 �	� �:
 - �*Z;op!$�F�F'Q1<Y6G4#$!$3�ZFop!$�F�F'�3"G<�R1_Z?�a¢ � Z � YF)"!7# Ä � � �uT

z Ä � | �ªT �6:?1<�;\_Z ��T<h0'�)B!8-@:;'<Z � T(h�T<V�1S=;\('�)@143�Z(1<�;9 � Oi}0T �U=FG4�;\FT � )@G45F=F3B���@'�-@:F�F!$D =F'dIKG4)ªHc1<�@-@:uO
!7�;\��w/yG]=_�;-Q1<#7!$5F)@1<�@'�9�!$Hc14\('�3y�":_)@G4=;\<:p�B:;'0)@'�-�G`%('*)"+
G4I��B:;'0=F�FA �;G`/��.'�YF!7YnG4#81<)d\4'�G4H�'��B)"+(T
D>���%� ��� �%#�'$� �!�"
 '�' � ��
 �+��
*Z ��� � Ä � z � � �E� � Ä&Ä � Z � -*�@G456'�) Ä � � D T

z Ä[�S| � T �6!$3"3B'�)"Hc1<�UZ �&T � T��2'�1<)@9F3>#8'*+(Z�1<�F9s�RT h�T ��'�!$9�T.o.'��B)"!8-�-Q1S#$!$5_)R1<�B!8G4�mG4I�1p3B�"'�)@'�G�)"!$\FT^�P�
�9�����	���!��.���� =>
 .1��
��	
 �!�&#�� �&��� �:� 2��4� 0B#�' 	 ��
 �+
���� ( #�-�� ���%�	��
��HE7#���� #�����0 �	
 �%����� � 	6DqZQY?14\('�3
� f[� Ä � �uZ 5<=F�;' Ä � � D T

zPz


