
��� �������
	�� ��������������
������������������ ! �"#��$!%'&�()�*	)+,�'-#���.%/ �&!0�1! 2(!-

35456 7�8:9<;>=@?�7BA>C
?�7ED,8FD
GH;JI�;>KL?2M�DN8O7EKP;RQ:K<7S?TC
?�7EDU8V=
7W8XMTCUM';YA>CJ=Z=[D\I�7B]>=

^�_:`�acbd`fehgji�kTbdlfmn`!o

pVq�r>q�sLtcu vWw)u�x2y{z}|~w����<�.q!rRq��j��u v��Wu �{z

���������W�W�S�E�{���������������������W��� ����¡�¢����£�W¤��S¤¦¥'¤���§*¨/©c�f��¢��ª¤���«/�����¦�W���B��«�¡£�T¡�§2¬�¤����f��¤��Wª��®�¥�ª¯:°�± ²£³�¨�°B§'´.¥��µ���¦¡¶�·¦¸.¹�º�»µ¼�½E¾�º ¿µÀ�º Á�Â�ÃÄ¸.¹WÅBÆ�ÇWÈ º É�ÊSÊ¦Æ�È ÅµÇµÇEºSÈ ÅµË

Ì�Æ�Í�ÆWº�Â�Æ�ÎÄÏ�Ë�Ð�Ë Çµ¿�ÑdÒTÓ�Ñ�Ô�Ô�Õ Ó�ÅµÆ�Â�º�ÇµÆ�Î�Ö�¹�×ÄØ�Ø�Ó2Ñ�Ô�Ô�Ù
Ú�¾�ÆÄ¸#Æ�¿Û¾�É�Î�Ç�¹�ÅEÆÄÎ�ÆnÇEÍ�Å�º�Ü�ÆnÎVÊSÉ/Å�Ý�ÅEÉ/Î�Ë�Í�º�À�Ð�Ë�À�ÇB¿E¹�Ü'»¦ÆÄÝ�¹�ÅE¹�¸�¹/Ð�À�ÆW¿�º�ÍÄÆ�Þ Í£º�¿EÆnÎ@ÇB¿E¹�¿BÆWÇßº�ÀàÅB¹�Å�ÆÄÐ�¹�Ç.Í�Åµ×�É�ÍWÅÛ×�ÇE·

¿B¹£»¦Çâá!Æ�Ó.Ï!Å�Ó�ãäÅ�Ó.¹�À ÎNå{Æà¿B¾�ÅBÉ�Ë�Ð�¾
¿B¾�Æà¿ÛÅ�¹�Ý�Ý�º¦À�Ð�Ó�º�ÀO¿µ¾�ÆàÍnÅµ×�É�Í�ÅÛ×TÇB¿µ¹�»¦Ç�Ð ÅBÉ�æ�º�À�Ð
ÊSÅBÉ�¸ç¿B¾�Æ[Ð ¹�Ç�Ý ¾�¹�ÇEÆ�Ó{¿E¾�Æ
Ý�ÅBÉ�Î�Ë�ÍW¿BÇäÉ�Ê�¿B¾�Æ�Ð ¹�Ç�Î�º¦ÇEÍn¾�¹�ÅEÐ Æ�¿B¹�Á'º�À�Ð�Ý'»¦¹�Í�Æßº�À�¿B¾�Æ�ÇE¹/¸�Æ�É�Å.É�¿B¾�ÆWÅ{Å�¹�ÅBÆ�Ð ¹�Ç�È�Ú2¾�Æ�Ý�¹�Ý�ÆWÅ{Ý�ÅEÆnÇEÆ�À ¿EÇ{¹ß¿BÆWÍ�¾ À'º�è�Ë�Æ
¹�À�ÎàÅ�ÆnÇEË'»¦¿BÇ�É�Êä¹/ÀàÉ�Ü�ÇBÆWÅ�Â ¹�¿�º�É�À:¹�À�ÎVº�À�Â�ÆnÇE¿�º�Ð ¹�¿�º�É�À[É�Ê.ÆnÞ�Í�º�¿EÆnÎàÇB¿E¹�¿BÆWÇÄº�À[Å�¹�ÅEÆâÐ�¹�Ç�Í�ÅÛ×TÉ�ÍnÅµ×�ÇB¿E¹�»¦Çßæ�º�¿E¾[Æ�»SÆnÍW¿BÅEÉ/À
Ý�¹�ÅE¹�¸�¹/Ð�À�ÆW¿�º�ÍâÅEÆ�ÇBÉ�À�¹�À�ÍWÆ@é�¶fê�Ì.ë�È2Ú2¾�ÆÄÎ'º�ÇEÍ�É�Â ÆWÅBÆ�ÎàË À�ÇB¿E¹�Ü'»¦Æ�Ý ¹�ÅB¹�¸#¹�Ð À�ÆW¿�º�ÍâÍWÆnÀ�¿EÆnÅEÇ�¹/ÅEÆ�º¦À ¿EÆnÅ�Ý�Å�Æn¿EÆnÎà¹�Ç�Ü�Æ�º�À Ð
»¦É�Í�¹�»!¸�Æn¿E¹�ÇB¿E¹�Ü'»¦Æ�ÆnÞ�Í�º�¿BÆWÎ �£ì£í

(
�

+
Ñ
)
� ¹�¿µÉ ¸ßº�Ín·�¿Û×�Ý�ÆâÇE¿µ¹/¿µÆ�Çßº�À[ÅE¹�ÅBÆÄÐ�¹�Ç�ÍnÅB×�É ÍWÅÛ×TÇB¿E¹�»¦Ç�æ.¾'º�Ín¾à¹�ÅBÆÄÇEË�Ü îBÆWÍW¿#¿µÉ�¿E¾�Æ

¹�ÍW¿�º�É À�É�Ê�¿Û¾�Æ�¹�À'º�ÇBÉ�¿EÅBÉ ÝTº¦Í.Æ�»�ÆnÍW¿BÅ�º¦Í�Êµº¦Æ�»¦ÎâÅ�ÆWÇBË'»�¿BÆWÎ�ÊSÅBÉ�¸,¿E¾�Æ.Í�ÅÛ×TÇB¿µ¹�»�ÇBË�ÅBÅ�É�Ë�À�Î'º�À�Ð�Ç!Î'º�ÇE¿BÉ�ÅB¿EÆnÎ�Ü ×�¿B¾�Æ�ÍWÆnÀ�¿EÆnÅ�È�Ï�À
¹�ÍWÍ�É�Ë�À ¿�º�Ç!ÐTº�Â�Æ�À�É Ê2¿B¾�Æ.¸�Æ�ÍW¾�¹�À'º�ÇB¸�ÇäÊSÉ�Å.ÊSÉ�ÅB¸�¹�¿Eº¦É�ÀâÉ�Ê�É�Ü ÇEÆ�ÅBÂ�ÆnÎ�Ý�¹�ÅB¹�¸�¹�Ð�À Æ�¿Eº¦Í.ÆWÞ�Í�º¦¿µÆ�ÎâÇE¿µ¹/¿µÆ�Çäº�À�ÍnÅB×�É ÍWÅÛ×TÇB¿E¹�»¦Ç
æ.¾'º�Ín¾à¹�Å�º�ÇBÆÄÉ�æ�º�À�ÐL¿EÉ�¿B¾�ÆâÆWÞ�Í�º�¿E¹�¿�º�É�À[ÆWÀ�ÆnÅ�Ð�×àÉ�Ê{¿B¾�ÆÄ¸�ÆW¿B¹�ÇE¿B¹�Ü'»¦ÆÄïEê�ð�¹�¿BÉ�¸�Ç�É Ê!á!Æ�Ó�Ï!Å�Ó�ã{Å�Ó�åäÆÄ¹�À�Îàñ#ÆÄØ�ï ¬2ò
¹�À�Î�Ø ò ¬�óä¹�¿BÉ�¸�Ç.¿µ¾�¹�¿�ÊSÉ�ÅB¸�º�Àô¿B¾�Æ�Î'º�ÇEÍ�¾ ¹�ÅEÐ Æßº¦À�¹�Àô¹/Ý�Ý�ÅBÉ�Ý ÅWº�¹�¿BÆßÐ/¹�Çä¹�À�Î�¿EÅB¹�Ý@º�À�¿B¾�ÆßÐ/Å�É�æ�º�À�Ð�ÍnÅB×�É ÍWÅÛ×TÇB¿E¹�»BÈ

ê*Ï.õ�ö�¼2÷�ø�ù�ú�û�ùSüfý

þ)ÿ������������
Ñ�È
	ªÀ�¿SÅBÉ�Î Ë�Ín¿ªº�É�À È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È Ô�Ø��Ø�È'¶�Þ Ý�Æ�ÅBº�¸.Æ�À�¿S¹�»�Ý�ÅÛÉ�Í�Æ�Î�Ë ÅµÆ È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È Ô�Ø�Ò��È'¶�Þ Ý�Æ�ÅBº�¸.Æ�À�¿S¹�»�ÅEÆ�ÇÛËT»�¿µÇf¹nÀ�Î�º�À�¿µÆ�ÅBÝ�ÅBÆ�¿µ¹W¿Eº É�À È[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È Ô�Ø���È�Ñ/ÈTê*Ë�ÅEÆ{ÅE¹nÅµÆ.Ð�¹WÇÛÆ�Ç�áfÆ�Ó�Ï2Å�Ó�ã!Å�Ó�¹�À�Î�å!Æ�È'¶�Þ Ý�Æ�ÅBº�¸.Æ�À�¿S¹�»�ÅEÆ�ÇÛËT»�¿µÇ È[ÈàÈ[È Ô�Ø���È Ø�È�	ÛÀ�¿µÆ�ÅBÝ�ÅBÆ�¿µ¹W¿Bº É�ÀÄÉ Ê�¿µ¾ ÆäÆWÞ/Ý�Æ�Å�º ¸.Æ�À�¿µ¹�»�ÅµÆ�ÇµË�»�¿ÛÇ�Ê¦É�Å�Ý�Ë ÅµÆ{áfÆ�Ó�Ï�ÅWÓ'ã�ÅWÓ¹WÀ Î�å!Æ È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È Ô�Ø�Ô��È ��ÈT¶*Þ�ÍWº ¿µ¹n¿Eº É�ÀÄÆ�À Æ�ÅµÐ�×Ä¿µÅµ¹�À�ÇEÊ¦ÆnÅ�Ê¦ÅBÉ�¸O¿µ¾�Æ.¿SÅB¹WÝ Ý�ÆWÎÄ¸.Æ�¿µ¹nÇµ¿µ¹WÜ�»�Æ.Æ�Þ ÍWº ¿µÆ�Îñ.Æ{Ø ï ¬ ò ¹W¿ÛÉ�¸,¿µÉ�¿Û¾�Æ{áfÆ{ÍWÅS×�É�Í�ÅS× Çµ¿µ¹�»)È[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È Ô���Ø��È Ò�È�	ÛÀ�¿µÆ�ÅBÀ�¹�»�º�É�À�º ½E¹n¿Eº É�ÀÄÉ�Ê2Ï�Å!¹WÀ Î�ã!Å!Åµ¹�ÅµÆ�·¦Ð�¹WÇ!Í�ÅS× É�Í�ÅÛ×�Çµ¿µ¹�»�Ç�Ü/×~¿µ¾ ÆÆ�Þ ÍWº ¿µ¹W¿Eº É�ÀâÆ�À�Æ�ÅµÐ£×~É�Ê�¿µÅµ¹WÝ Ý Æ�ÎÄ¸�Æ�¿Û¹WÇµ¿µ¹nÜT»�Æ.Æ�Þ�ÍWº�¿�ÆnÎ�ñ.Æ.¹W¿µÉ�¸.ÇRÈ[ÈàÈ[È Ô���Ò��È �È�Ï�Î ÎTº ¿Eº É�À ¹�»�Í�¾ Æ�Í�Á�Æ�Þ Ý�ÆnÅEº ¸.Æ�À�¿µÇYÈ[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È Ô���ÕÒ�È�õ�É�À�Í�»�Ë ÇEº É�À�È[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È Ô���Ô�È
��º�Ü�»Sº É�Ð�Åµ¹nÝ�¾/× È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È[ÈàÈ[ÈàÈ[È Ô�Ò��

������������� ��!#"��%$&� �
')(+*-, (�.0/�12(+3-465�(+.7/�1�8�.�9 /65�5;:=<�(�*>.-<�9#:=<?:�@7/BA�(
C�D�1

<7(E/�:=4�9F(6<�9�/�@GA�H><�9�/JI;/�:6K-LM:
D�8�1�/�@78ONP:6:65&.Q3R(S@T4�/�.U:6D�1
9�:=V�WOD6X�YM:�.B:Z@7C�5�/�Y[<�9 /\.0<�@�C�4�<7C#@7/](�3-<�W^X�9�<�5�H_,#:=4�K /�1
30:=4=/�8`4=/�D <7/�@7/�1a4=C�A#W&4P5O:�<7<�Wb4�/�Yc@�:�@7/dX#:
.Z4�@7H (+4�@0H�.7<�:65O.eY
fg/�Y?h[@�Y]i[@eYc:
D�1kjl/�Yc:6@0/P<�9 /P.�WO*E,m5^/�.0<_.7(�5OWO1�.2WOD
D�:=<7Cn@T/�o�h)<[<�9�/>.�:�*p/E<�WO*p/�Y#<�9�/E/65^/=4�<�@7(+D�Wq4-/=r�4�W&<�:=<�W&(SD�.
W�Ds<�9�/�.0/F4�@�H�.7<�:65O.E:�@T/?1#WO.T<�WOD+X#C#WO.79�/�1BA�Ht:=A�C�D#1�:6D 4=/F(S3
,�@T(�, /�@7<�Wq/�.s:�D#1u4=(+*-,�5OW�4�:=<7/�1vA�/�9�:�V�W�( @\w%x�y�z�{�oM|�9�C#.eY
<�9 /P30@7/�/}/=r�4�W�<�( D#.2WOD~<�9�/�.T/P.�WO*-,�5�/}LE:�D�8�1�/�@�8`N�:�:65O.

:e<�(+*-W�4B4�@7H�.0<�:S5&.�:�,�, /�:
@�<�(ZA�/�Y�4=(+D�<�@7:
@TH�<7(Z/�r�, /=4�<�:�8
<�W�(�D�.eYnD ( <[*;/�@�/��m@T/�D�K /65&8`<�H�,�/E/=r�4�W&<�(+D�.)A�C�<�(�3):>*l(S@T/
4=(�*>,�5OW�4�:=<�/�1�W`D <�/�@�*;/�1�WO:=<7/�<7H#, /u<�9�:=<�YcW�D�*-:�D�H�W`D�8
.7<�:�D�4=/�.�Y�W�.s/�V�/�D�4
5�(+.7/�@s<�(uN�:�D�D�W�/�@�8`<�H�,�/�/=r�4�W�<�(�D�.eo
|�9�/P.0/65&308`<�@�:�,�,�W`D X�( 3Z<�9 /�.7/}/=r�4�W�<�( D#.�Y?<�9�(
C Xn9�Y?4�:�D
A�@�WOD+X�WOD <7(�3R(�@7*>:=<�W�(�D�:=<�(SDS4�/}( 3Z/=V+/�D~<�IE(�<�H#, /�.
(�3�,�( WOD <Z*E(6<�W�( D�5�/�.�.�/�r�4�W&<�(+D�.=�E*E(�5^/=4=C�5O:�@B<7I;(S8R:=<�(�*
<7H#, /�Yn�QX Ø∗ � *-8�� |Q���6Y#:�D�1c:=<7(�*EW�4E<7HS,S/�Y���X ∗ � :68�� |Q���eYI>W&<�9�/65^/=4=<�@0(�D�.�9 /65�5O.P:�D�1�/�D�/�@�X#H�5�/=V+/65O.}465^( .�/~<�(
/=r#4�WO*;/�@�*E(�5^/=4=C�5�/�.�:
D�1u30@0/=/s/�r�4�W&<�/�1_:=<�(�*-.=Y[@�/�.�,S/�4�8

� �#�T�n�7�+ =¡ ¢O£�¡ ¤7¥=¦�§�£=¨�©Sª6�T�n�%«#¬�¡ ¢OO¡ ®%¦�¯e°�±�±
²



<�WqV�/
5�H YcWOD <�9 /�4�( @�@0/�.�,S(+D�1�WODSX�@�:�@0/}X#:�.eo���<_WO.2:S5&.T(
@T/�*-:�@�K�:=A�5�/c<�9#:=<F:65R5�<�9�@7/�/�<�H�,�/�.p(+3;/=r�4�W�<�( D#.�� 30@7/=/
:�D�1 A�( <�9�.7/
5O308O<�@�:�,�, /�1?<7H�,�/�. � *;(�5^/=4=C�5&:�@J:�D�1B:=<7(+*-W�4+�
� :�@T/�4�:�,�:=A 5^/~(+3u/=r#WO.0<�WODSX WOD�<�9�/�.7:�*E/a4�@7H�.0<�:S5
.7WO*ECm5^<�:�D�/=(
C#.%5�H o |�9�W^.�WO.�1 C�/Z<�(\<�9�/Z30:=4=<c<�9�:=<�<�9 /�@7/
/=r#WO.T<]<�9 /�:e4�<�WqV�:=<�W�( D}A#:�@�@�W&/�@�.B:%Xn:�W`D�.7<B<�9 /2.7/
5O308O<�@�:�,�8
,�W`D6X_(S3F30@T/�/s/=r#4�Wb<�(�D�.�W�D�<7(\A�( <�9 <�9�/]*E(�5�/�4=C�5O:�@?:6D�1
:=<7(+*-W�4�<�H�, /�.-(+3E*p( <�Wb(�D�5^/�.�.E/=r�4�W�<7(+D�.=o�|�9 /B.7/
5O308O<�@�:�,�8
,�W`D6X ,�@7(64�/�.�.0/�.FWOD V�(�5^V�/�<�9�/�/=r#4�W�<�( D#8R,�9 (�D (�D2W�D�<7/�@7:�4�8
<�Wq(�D�:�D#1 5^(64�:65�@0/65O:�r#:=<�W�(�D?1 /�3R(�@�*-:=<�W�( D#.Q(+3 <�9�/[4�@7H�.0<�:S5
5O:=<�<�W�4�/�Y�I>9�W&4�9�4�:eC#.0/�.EWODs,�:6@0<�W&4�C�5O:�@;<�9 /?3R(�@�*-:=<�W�(�D�(S3
4�:=V�W�<�W�/�. � A�C�A�A 5^/�.��J4�(�D <�:
W�D�WOD6XB/�r�4�W�<7/�1�:=<�(�*>.�Y���X ∗ o|�9 /�.7/>WOD <7/�@7/�.0<�WOD6X],�9 /�D�( *E/�D�:>9�:eV />:=<�<�@�:=4=<�/�1�4=(+D�8
.7WO1 /�@�:=Am5^/]:e<�<7/�D <�W�(+D (+3-*>:�D�H�@7/�.0/�:�@�4�9 /�@�.-IE(�@�5O1�IEWO1�/
IE9�(cC�D#1 /�@7<�(6(SK /�r�<�/�D�.�W�V /?.0<7C#1#W&/�.J(+3 /
5�/=4�<�@0(�D�W�4-/�r�4�WO8
<�:=<�W�( D#.FWOD2@7:
@0/ X�:�.�4�@TH (+4�@0H�.0<�:65O.eY�W�D_@0/=4=/�D�<�1�/=4�:�1 /�.eo
|�9 /B@0/�.7C�5�<�.-:�@�/�1�/=<�:�W�5^/�1\WOD A�(
(�K�.�w%x�y��n{E:�D�1Z/=r�<7/�D�8
.7W�V /�@T/�V#W&/�Ia:�@7<�Wb465^/�.[:S5&W�K�/�Y#/�o X�oRY�w�� y�z�{=o

�R<�W`.EIE(�@T<�9\D�(
<�WODSX\<�9�:=<FWOD\:65R5[.7<�C#1�W&/�.p4�(�D�1�C�4=<�/�1
<�9 / /�r�4�W�<7/�1�.0<�:e<�/�.�W�D�@�:�@7/vX�:6._4�@0H ( 4�@0H#.T<�:65O._IE/�@7/
(6A�<�:6W^D�/�12A�H\/=r�, (�.0C#@7/B(�3-:B4�@7H+(64�@7H�.7<�:65gX#@7(
I-D\(�D2:
4=(�5O1�.7C#@�30:=4=/]<7(_W�(�D�W
	�W�DSX @�:�1�WO:=<�W&(+DG��/65^/=4=<�@0(�D�.eY[W�(�D�.eY
α
8�,�:�@7<�W�4
5�/�.E:�D#1Z9�:�@�1s/�D ( C X#9s/65^/=4�<�@7(+*-:%XnD /=<�W�4?@�:�1�W^:68

<�Wq(�D � L��ELP( @gr#8R@�:=HS.=�6Y�I>9�W`5^/E<�9�/E,�@0(�, /�@0<�W�/�.)(�3Q<�9 /�.7/
/65^/=4=<�@0(�D�W&4?/=r#4�Wb<�:�<�Wb(SD�.>WOD <�9 /�4�@7H ( 4�@TH�.�<�:65&.pI;/�@7/�/�r#:68
*EW`D�/�12I>W�<�9_<�9 /s(S,S<�W�4�:65l.�, /=4=<�@7(+.74=(+, H�*p/=<�9 (�1�. � 5^C�8*EW`D�/�.04=/�D�4=/�Y\:=A#.7(+@�, <�W�(+DGY @7/�375^/=4=<�Wb(�D Y ,�9 ( <�(6/
5�/=4�<�@�( D
/�*EWO.�.�W&(+D �>w%x�y�z�{�o

�0Ds<�9 /?@T/�4=/�D�<JH�/�:�@7.eYm@7/�.0/�:
@04�9�/�.-w� yQx���{[9�:=V+/FA�/�/�D
, /�@�3R(�@7*E/�1 I>9�/�@T/�WODk:�D /�D�<�W�@7/
5�H�DS/�I *E/=<�9�(+1 I-:�.
C#.T/�1d3R(+@F,�@0(�1 C�4�WODSX�/=r�4�W&<�/�1�.7<�:=<�/�.FWOD2@�:�@T/�X#:�.-4�@7H�.�8
<�:65&.�oQ|�9�WO.p4�(�D�.�W�.7<�.-WOD2W^D�<�@T(�1 C#4�W�D X�:�D�1Z<�@�:�,�,#W�DSX\<�9�/
/=r�4�W�<�/�1],�@0(�1 C�4�<�.E30@0(�*~<�9�/�@�:�@7/EX�:�.M1�W�.74�9�:6@RX�/?WOD�<�9�/
4�@0H ( 4�@TH#.0<�:65B(+3 /�Wb<�9�/�@\<�9 /}.�:�*p/u(S@ ( <�9 /�@2@�:�@T/uX#:�.
X#@0( I>W�DSX�30@0(�* <�9�/ X#:
.s,�9�:
.T/2(+DP: 4�(�5&1�.�C�A#.7<�@�:e<�/�Y
<�9 /�@7/=C#, (�D2<�9 /]/=r�4�Wb<�/�1_.7<�:=<7/�.�WOD24�@0H�(64�@7H�.0<�: 5M:�@�WO.7WOD6X
C#D�1�/�@E<�9�/B:=4=<�W�( D�(+3;<�9�/�<�@�:�,�,�/�1�,�:�@7<�W�465^/�.-:�@�/�.7<�C#1�8
Wb/�1�o���D-<�9�/�.0/M,�:
, /�@�.Jw�+yQx���{=Y+:
.U,S(+I;/�@�3RC�5n:;*p/�<�9 (�1F:�.
<�9 /]/65�/�4=<�@T(SDd,�:�@�:�*>:%X#D�/�<�Wq4Z@0/�.7(+D�:�D�4=/ � ���Q�M��WO.?:�,�8
,�5OW�/�1�3R( @�<�9S/\30WO@�.7<?<�WO*p/Z<�(2<�9 /\.7<7C#1 H_(�3-/65^/=4�<�@7(+D�W�4
/=r�4�W�<�:=<�W�(+D�._W�Dk@�:�@0/}X#:�.24�@0H�(
4�@�H�.T<�: 5O.=oc|�9�/P,�@7/�.T/�D�<
@T/�V#Wb/=IPWO.)*>:�WODn5^H?1 /=V�(6<�/�1F<�(p<�9�/M@0/�.7C�5�<�.Q(+3 <�9�W�.UIE( @�K o
|�9 /;30WOD#1�WOD6Xn.�(�3�WOD V�/�.T<�WbX#:�<�Wb(SD�.�WODS<�(-/
5�/�4=<�@T(�D�W�4[/=r�4�Wb<�:68
<�Wq(�D�.�W�D_@�:�@7/�X#:
.�4�@TH+( 4�@0H#.T<�:65O.F( A�<�:�WOD�/�12A�H24=(+D�V /�D�8
<�Wq(�D�:S5G*l/�<�9�( 1#.�Yn<�9#:=<;WO.=Y�I>Wb<�9sWb(SD�W
	�WOD6X]WO@7@�:�1#W�:�<�Wb(SD (S3
@7:�@�/ Xn:�.Q4�@TH+( 4�@0H#.T<�:65O.�:65�(�D6X?I>Wb<�9�<�9�/[( ,�<�Wq4�: 5�*E/=<�9S(S1�.
( 3[<�9 /�WO@;/=rn:�*-WOD�:=<�W�(�D YG:�@T/c:=V#:�WR5O:=A�5�/c30@T(S* A�(+( K�.E:6D�1
@T/�V#Wb/=I>.eY#/�o X�oRY�w=x y z�{=o

�n�����������=$���������� �!�#���#""����!��#�
|�9 /s<�/=4�9#D�W%$ C�/s/�*-,�5�(+H /�1_WOD}w� yQx���{�1�WO303R/�@�.�30@0(�*

<�9 />K�D ( I>D�( D�/�.g:�.g3R(�5R5^( I>.�o#|�9�/E.0(�5OWO1?.�:�*-,�5^/�.)C#D�1 /�@
.T<�C#1�W�/�.[:�@7/>(6A#<�:�WOD /�1BA�H?X#:6.g4=(SD�1�/�D�.�:=<�W�( DB( D]:-<�9�WOD�8
IE: 5R5�/�1 A�(+<7<�( *�YFC#.7/�1~9�/�@0/}:
. <�9�/ .TC�An.T<�@�:=<�/�YF(+3Z:

$�C#:�@7<�	E30WOD6X�/�@J30WR5�5�/�1�I>Wb<�9 5&W
$�C#WO1B9S/
5OW�C#* Yn<�9�WO. A#(6<�<�(�*
A�/�W�DSXZ5^(64�:=<7/�1B:e<g<�9�/E4=/�D�<�/�@g( 3)<�9 />*-W�4�@0( I>:=V /-4�:=V�W�<7H
(�3�:�D��&�U��.7, /�4=<�@7( *E/=<�/�@eo�'�(+<�9-<�9�/gX#:�.)1�WO.74�9�:�@0X�/;:�D#1
<�9�/E*E:e<�@�W&rFX#:
.)375^(6I�,�:�.�.7WOD X?<�9�@7(
C X�9?:E.T/�,�:�@�:e<�/MW`D�5^/=<
<7C#A�/;:=V (SW`1�WOD6XF<�9�/gX#:�.U1�WO.04�9�:�@RX#/�Y
4�:�D-A�/g4=(+(�5^/�1F1�(
I>D
<7(?<�9�/F5OW($ C�W�1BD#W&<�@0(6X�/�D�<�/�*>,S/�@7:�<�C�@0/�on|�9�/>,�@�( 1�C�4�<�.g(+3
<�9�/;9�WbX#9#8R30@0/)$�C�/�DS4�HpXn:�.U1�W�.�4�9�:6@RX�/[I>W&<�9 ( C�<�W�D�<�/�@�*p/�1�W�8
:e<�/\3R/=/�1�W`D X�<7C�A�/�.B:�@7/\:�WO*;/�1}WODu:ZV#:=4=C�C�* 1�WO@0/=4=<�5�H
(�D <7(F<�9 /E.7C�A#.7<�@7:�<7/�Y�IE9#W&4�9�,�@7/�V /�D�<�.U<�9 /�* 30@T(S*�1�/=4�:=H
(�D <�9S/PIE: 5R5&.�(�3Z<�9�/}<7C�A�/�.eoc|�9SCn.�Y?<�9�/P.�:�*-,�5�/PWO.
( A�<�:�WOD�/�1P1�WO@0/=4�<%5^HPW`D}<�9S/�4�:=V�W�<�H}( 3�<�9�/_�&�U� .�,S/�4�8
<�@�( *E/=<�/�@eY#I>9�Wb4�9s*E:
KS/�.JW�<[,�( .�.�W�A�5�/FD ( <g(SDn5^H�<�(�4�:�@�@TH
( C�<-<�9 /s�&�U�P( A#.T/�@7V�:�<�Wq(�D (S3J<�9�/�.�:�*-,�5�/B1 C#@�WOD6X\<�9 /
4=(�D�1�/�D�.�:=<�W&(+D}A�C�<]:65O.�(d<�(�1�/�<7/�4=<]:�D�1�.0<7C#1�H}WODu<�9 /
.�:�*-,�5^/;.�9�(+@7<�8T5OW�V /�1-4=/�D�<�/�@�.G<�9�:=<G:6@0/;@0/65&:=<7/�1-<7(E<�9�/)Xn:�.
1�WO.04�9�:�@RX#/>,�@�( 1�C�4�<�.�o

|�9 /F/�r�, /�@�W^*p/�D�<�:65�.�/=<�8`C#,�4�(�D�.�WO.T<�.;( 3[:*�+8`4�*��+�U�
.�, /=4�<�@7(+*p/�<7/�@ I>Wb<�9a:}*-W�4�@0( IE:�V /�4�:=V�W�<�H 4=(
(�5�/�1 A�H
5OW($ C�W�1?D�W�<�@T(
X�/�DFV�:
,S(+@�.=Y#:JX#:�.)30WR5�5OW�D X?:
D�1?, C#@�WO30Wb4�:�<�Wq(�D
.7H�.7<�/�*�Y�:s9�WbX#9#8R30@0/)$ C�/�DS4�H�(+.74�W�5�5O:=<�( @F3R(S@-/=r�4�W�<�W`D6X :�D
/65^/=4=<�@7(+1�/
5�/�.�.JX#:
.;1�W�.�4�9�:6@RX�/�Y�*p/�:�.�C�@�W�DSXtWOD�.7<�@0C�*;/�D�<�.�Y
:6D�1B, C�*E,�W^DSX]30:=4�W�5&Wb<�W&/�.pw, yQx���{%o

��W X�C#@0/�x�.�9 ( I>.�<�9�/;*E:
W�D�,�:�@7<U(+3 <�9�/[/=r#,�/�@7WO*p/�D <�:65
.7/=<�8`C#, �B<�9�/a*>W�4�@0( IE:�V / 4�:�V�W�<�Hk(�32<�9�/-� 8O4�* �+�U�
.�, /=4�<�@7(+*p/�<7/�@�Y : 5^(6I>8O<7/�*-, /�@�:e<�C#@T/BX#:
.�1�WO.74�9�:�@TXS/Z1 /�8
V#W&4�/�:�D#1s<�9�/�.�C�A#.7<�@�:=<7/�4�(6(#5�/�1sA#H�5&W%$ C#WO1�9 /
5OW�C#* Y�(�D
I>9�Wb4�9 <�9�/>.�:�*>,�5�/FW^. 4�(�D�1�/�D�.7/�1 o

.E/�@T/0/?WO.-<�9 /B4=H#5OWOD�1�@�W&4�:6521 ��Ñ�Ñ *E( 1�/B*-W�4�@0( I>:=V /
4�:�V�W�<7H�( 3?<�9 /43>8`An:�D�1��+�U� .�, /=4�<�@0(�*p/�<7/�@�Y25 WO.�<�9 /
A�(
<7<�(�* (�3�<�9�/0$ C#:�@7<�	\30WODSX�/�@76 Y>30WO5R5�/�1vI>W�<�9�5&W%$ C#WO1
9�/
5OW�C#* Y�:
D�178]WO.;:FI-:=V+/%X#C#W`1 /�o�|�9 /FA�(+<7<�( * 5 ( 3g<�9 /
$�C#:�@7<�	E30WODSX�/�@JWO.;:�5^(6I>8O<7/�*-, /�@�:e<�C#@T/�.7C�A#.7<�@�:=<�/F3R(�@g<�9 /
Xn:�.T/�. A�/�WOD6X�4=(+D�1 /�D#.T/�1GoEh[D�/
5�/�4=<�@T(�1 /
5�/�.�.Z9�WbX#9#8R30@0/�8
$�C�/�D 4�HsX#:�.E1�WO.T4�9�:�@RX#/?W`.;/�r�4�W�<�/�1ZWODs<�9S/FX�5&:6.�.;<7C#A�/:9
I>W&<�9�:�D�(
C�<�5�/�<<; ( 3>=mo � y?=mo z *-* 1�WO:�*p/�<7/�@�oc|�9 /
*-:=<�@�W�r�Xn:�.)4�(6C�5O1?A�/>.0C#,�,�5OW�/�1F<�(F<�9 /E.7C�A#.7<�@7:=<�/@5?A#H?:
X�5O:�.�. <�C�A�/�A�:6D�1B3RC#@T<�9�/�@)A�Hc:�$ C�:�@0<�	;<7C�A#/CBcW�D#.T/�@7<7/�1
WOD�<�(�<�9�/F4�:=V#W�<7H � 4�9�:�D#D /65�D>�6o�|�9 /F/�D#1�(�3g<�9S/:$�C#:�@7<E	
<7C#A�/ B WO.�5^(64�:e<�/�1Z465^( .�/ � �t*-*��><7(B<�9�/?A�(+<7<�( * 5 (+3
<�9�/F$SC#:
@T<�	B30WOD6X�/�@�Y)Il9�W�4�9230:=4�WR5OW�<�:=<�/�.-/�303R/=4�<�W�V /]30@7/�/G	�8
WODSXc( C�<J(+3)<�9 /�*p:�<�@7W�r�X#:�.eo

|�9 /]IE9�(�5�/t1S/�V#W&4�/],�@�/�.0/�D�<�/�1_WODu��W XUoExBWO.F4=(
(�5�/�1
/=r#<7/�@7D#:65R5�H?I>W�<�9�5&W($SC#WO1�D#Wb<�@�(eX#/�D?V�:�,�(+@ �)H f Ø �[:�D�1cW&<�.
<7/�*-, /�@�:=<7C#@7/E4�:
D�A�/pV#:�@�Wq/�1B30@7(+*IJ�<7(:�K=L= iFo

hP9�WbX#9�8�30@T/M$ C�/�D 4�H � x#��8ONP.Q	
�;(+.74�W`5�5O:�<7(+@;WO.gC�.0/�1�<�(
*-:�WOD�<�:�WOD�<�9�/]1�W�.�4�9�:6@RX�/�og|�9�/]9�W^X�9�8R30@0/)$ C#/�D 4=H�,�(
IE/�@
WO.-3R/�1Z<�9�@0( C X#9�:�4�( :=rnW`:65�4�:=A�5�/?<7(]<�9 /?4=(�WR5+RsIE(
C�D#1
( V /�@ <�9�/;Xn:�.J1�WO.74�9�:�@0X�/-<�C�A�/ 9 o

|�9 /]/=r#, /�@�WO*;/�D�<�:65l,�@0( 4�/�1 C�@0/ZW�.?:
.F3R(�5R5^(6I>.eoS��C#@T/
@�:�@7/sX#:�. � f�/�Y[hg@�YEi[@eYMj;/�YQ.E/+�sW�Du4�9�:6D�D�/
52T�I>:�.
,�:�.�.7/�1F<�9�@0( C X#9�<�9�/>5OW
$�C�WO1�8RD#Wb<�@7(eX#/�D�8OV#:�,S(S@78O4=( (�5�/�1�Xn:�.
1�WO.04�9�:�@RX#/J<�C�A�/ 9 Y�W`DFIE9#W&4�9�:�DF/65^/=4�<�@0(�1 /65^/�.�.�9�WbX#9#8R30@0/�8
$�C�/�D 4�H 1#WO.T4�9�:�@RX�/�I>:�.�/=r#4�W�<7/�1 oVUE@0( C#D�1�8�.T<�:e<�/}@�:�@T/
Xn:�.u:=<�(�*-._<7(�X#/=<�9S/�@dI>W�<�9 X#:�.�1�W�.74�9�:6@RX�/a,�@7(+1�C�4=<�.

±JW#X Y�¡ Z�¡ ¤7§�[#¡ Z�¤�¡ ¤� !\�®�¬&]�®��§�¢^ª=0¯=°0±�±�² ¯R¦���W�X�¯^[ ¥;°�_



,
:
.
.
/
1
<
9
@
(
C
X
9
<
9
/
(
C
<

5
/
<
;

(
3
<
9
/
1
W
.

4
9
:
@�XS/J<�C�A�/ 9 WOD�<7(E<�9�/[/=V�:=4�C�:=<�/�1-4�:�V�W�<�HF:�D�1F@�/�:=4�9�/�1-<�9�/
A�(6<�<7(S* 5 (�3E<�9�/�$ C#:
@T<�	B30WOD6X�/�@ 6 30WR5�5�/�12I>Wb<�9u5OW($ C�WO1
9 /65OW�C#* :=< x
o��+y�� o��uiFoM|�9�/\,�C#@T/�:�1�1�W�<�W�(+D�:65�*-:=<�@7W�r
X#:�.eY :65O.7(\4=( (�5�/�1dA�H}5OW($ C#W`1�D�W&<�@0(6X�/�D_V�:
,S(+@�. �)H f Ø �6YIE:
.Z,�:�.�.T/�1�<�9#@T(+CSX�9�<�9�/2<�C�A#/�. A Y B � 4�9�:6D�D�/65 D �6Y
:=V (�WO1�WOD+X]<�9�/EX#:6.M1�WO.04�9#:�@TX�/�Yn(�D <7(c<�9�/F.0C�A#.T<�@�:=<�/�om|�9�/
���Q��.7, /�4=<�@�:�( 3;<�9�/c.�:�*-,�5�/cIp/�@T/ @T/�4=(�@�1�/�1 4�(�D <�WOD C�8
(6C#.%5^H�1SC#@�WOD6X W�<�.�4�( D#1 /�D�.�:=<�W&(SD�YMW0o /�o�Y)Xn@0( I;<�9d(�3-<�9�/
@7:�@�/vXn:�.d4�@TH�(
4�@7HS.T<�:S5]I>W�<�9 X#:�.�8�1�WO.04�9#:�@TX�/�,�@�( 1�C�4�<�.
<�@�:�,�, /�1�WOD�<�9�/>.�:�*>,�5�/�on|�9 /�.79�( @7<�8T5&WbV�/�1�4=/�D <7/�@�.)IE/�@7/
.T/�,�:6@�:=<7/�1230@7(+*�<�9 /].T<�:=A 5^/�4=/�D�<�/�@�.-A�H2.0I>W&<�4�9�WODSX\(S303
<�9 /�1�WO.04�9#:�@TX�/�YnW7o /�oRYn.7IEW�<�4�9#W�DSXB(+303)<�9S/>V (�5^<�:%X�/>( D�<�9�/
4=(+WR5 R 1�C#@�W^DSX?@�/=4=(+@�1�WOD6XF<�9�/E� �U��.�,S/�4=<�@7C#* o .�W Xn9�8R, C�8
@7W�<�HZ@�:�@7/-Xn:�.T/�.;Ip/�@7/FC#.7/�1sI>Wb<�9s<�9�/?3R(�5�5�(
I-WOD6X\W^*-, C�8
@7W�<�Hs4�(�D <7/�D�<�.�� =mo�=K= � � f�/�Y =mo�=J=L � h[@eY =no =L=L=�� � i[@eY
=no =L=L=)� � j;/�Yn:
D�17=�o�=�x � .E/�o

�#��� � � �e��$
� �������L��� ����!������ �
��� $^���#�e����� ���E� ��$O� �
6	�^/���
�����������������������gfg/�Ynh[@�Y�i[@eY������Zj;/��

� �"!#�$��%'&(�)��*+�-,.�������-,/*'�
��D2: 5R5g/�r�, /�@�W^*p/�D�<�.F1 /�.74�@�W�A�/�1_W�D}�6/=4�o+�mo�x Y�:s@�:�@T/

Xn:�. � fg/�Y[h[@�YEi[@�YMjJ/ �].TCn,�,n5&W�/�1d<�(2<�9�/\.0C�A�.0<�@�:=<�/�5
I>:�.s,�:�.�.0/�1}( D�5�Hu<�9�@7(
C�X#9u<�9�/Z<�C�A�/ 9 � 4�9�:6D�D�/
5 T �
I>W&<�9d<�9�/BXn:�.�1�W�.�4�9�:6@RX�/\@7C#D�D�WOD6X�Y[I>9�WR5�/s<�9�/t.7/=4�( D#1
4�9#:�D�D /65�Y DFY � <�9�/;<7C�A#/�.@A�Y�B�Y �mW^X�oQx��JI>:�.g30@7/�/>30@T(�*�:
Xn:�.�Y�W0o /�o�Y�4
5�(�.0/�1�YU:�D#1ZD�(]/=r�4=/�.�.E*-:=<�@�W�rsX�:�.;I>:�.-3R/�1
<�9#@T(+CSX�9�W�<MW�D�<�9�/>@7C#D�.g( 3;�
/=4�o�� o�x o

��W X�C#@0/�.V�+y�z2.�9 ( I�<�9 /\�&�U�k.�, /=4�<�@�:s(S3-C�D�.7<�:=A�5�/
,�:�@�:6*E:=X#D /=<�W�4;4=/�D�<�/�@�.)I-9�W�4�9c3R( @�*�W�D�:;4�@7H+(64�@7H�.7<�:65�(+3
:a,SCn@T/�@7:�@7/�8&X#:�. � fg/�YBhg@eY]iM@�Y�jJ/ �uA#/�W�D X ,#:�.7.7/�1
<�9#@T(+CSX�9v<�9 / X#:�.]1�W`.04�9#:�@TX�/>	�(�D /�YlW7o /�o`YM<�9�@�(6C�X#9u<�9 /
<7C#A�/ 9 (+Dm5^H � ��WbX�ogx��E<�9�:=<EWO.J4�( (�5^/�1ZW�Ds<�9 /�.7/>/=rn,S/�@�W�8
*p/�D�<�.�<7(�<�9�/�5OW($ C#WO1�8RD�W�<�@T(6XS/�D~<�/�*>, /�@�:=<�C#@7/�Y L~iFo
|�9�/�.T/ .7, /=4�<�@�: � ��WbX#.eo � y�z#�-IE/�@0/�( A#.0/�@7V+/�1Z( D�5�HZ1�C#@78
WODSX]:-4�(�D <�WOD C�(
C#.;375�(
Ia(�3g:F@7:
@0/pX#:�.;30@0(�* <�9�/E<7C#A�/ 9
(�D <7(�<�9 /u4�(�5O1 �)0 =

x
o�� y�� o �uiE�Z.0C�An.T<�@�:=<�/ 5 :65�(SD+X
I>W&<�9�<�9�/F,�@7(+1�C�4=<�.g(�3)<�9 /EX�:�.[1�W^.74�9�:
@�X�/><�:�K#W�DSX�,n5&:=4=/
WOD�<�9�WO.s<�C�A�/�o>|�9 /u�&�U� .7WbX#D#:65?1�W`.�:�,�, /�:6@0/�1 :=<]<�9 /
W
D

.
<
:
D
<
I
9
/
D
<
9
/
X
:
.
1
W
.

4
9
:
@
X
/
I
:
.
<
C

����¯T��¨ È)¶�ê�Ì ÇµÝ Æ�Í�¿µÅµË ¸çÉ ÊÄË À�Çµ¿µ¹nÜT»�Æ:Ý�¹nÅµ¹W¸.¹�Ð�À�Æ�¿Eº Í:Í�Æ�À ¿µÆ�ÅµÇ[º ÀJ¹
À Æ�É�ÀLÍ�Åµ×�É�Í�ÅS× Çµ¿µ¹�»ÛÈ�Ú�¾�ÆÄÐ�¹�Ç�º Ç�»�Æ�¿.É�À�» ×@¿µ¾ ÅµÉ�Ë�Ð�¾�¿µ¾ Æ)Ð�¹WÇ.Î�º�ÇµÍ�¾�¹nÅµÐ�Æ
¿µË Ü�Æ 1 é32�º Ð'ÈàÑnë�È�Ú�¾ ÆJÐ�¹WÇ
ÊS»�É�æ Åµ¹�¿SÆN¿µÉ\¿Û¾�ÆJÇÛË�Ü Çµ¿SÅE¹n¿µÆ ¨ º Ç
4

=
��È � ¸.¸�É »�Æ�5ä¾�6 ¸.¹�Ð�À�Æ�¿Bº Í ÅEÆ�ÇÛÉ�À ¹WÀ Í�Æ Ê¦ÅµÆnè�Ë�Æ�À ÍB×

� 7 8:9
=
Ô�� ÕWÔ�È ��Ñ�Ö�ñ.½âé ¡ ë�Ó � 7 8:9

=
Ô�����Ô'È ���@Ö�ñ.½âé ® ë�ÈäÚ�¾�ÆLÇEº�Î�Æn·�»¦º À�Æ

º À ¿µÆ�À�ÇBº ¿S×�Ó�º�À2�º Ð'È Ø'Ó ® Ó ÅEÆ�Î Ë�ÍWÆ�Ç�¹�ÇfÍ�É/¸�Ý/¹�ÅÛÆ�ÎÄ¿µÉ;2�º Ð'È Ø'Ó ¡ È

����¯T�{° È�Ú�¾�Æ)¸.¹�º À@Ý ¹WÅµ¿.É�Ê!¿Û¾�Æ)Æ�Þ�Ý Æ�ÅEº�¸�Æ�À ¿S¹�»�ÇµÆ�¿µ·�Ë Ý@º À�ÍW»¦Ë�Î�º À Ðô¿S¾ Æ
¸cº�Í�ÅµÉ�æä¹�Â�Æ�Í�¹WÂ º�¿¦×RÉ�Ê�¿µ¾ Æ@¶2ê�ÌHÇµÝ�Æ�Í�¿ÛÅµÉ�¸�Æn¿SÆWÅWÓ!¿Û¾�Æ�Ð�¹nÇÄÎTº ÇµÍ�¾ ¹WÅÛÐ�Æ
ÇS×�Çµ¿µÆ�¸ÄÓ�¿S¾ ÆßÐ�¹�Ç�º À�»�Æ�¿{¿µË�Ü ÆßÊ¦É�Å.¸�¹n¿µÅEº Þ�Ð�¹nÇWÓ�¹WÀ Î�¿µ¾ Æ�è Ë�¹nÅµ¿µ½�ÊSº À�Ð/Æ�Å
ÍWÉ�É�»�ÆWÎLÜ�×à»�º è Ë�º Î@¾�ÆW»Sº Ë ¸ é3<�ñcÆ�ë�æ�º ¿µ¾@¿Û¾�ÆÄÇµ¹n¸.ÝT»�ÆßÍnÉ�À Î�ÆnÀ�ÇEº�À/ÐôÉ/À
¿µ¾�Æ#Ü�É�¿µ¿µÉ�¸\É�Ê�¿µ¾ Æ�è Ë�¹�Åµ¿µ½�ÊSº À�Ð�Æ�Å{¹WÇ{É�À�¹ÄÇµË/Ü�Çµ¿ÛÅµ¹W¿µÆ é�Ê¦É�ÅäÀ É�¿Û¹W¿Eº É�À/Ç
ÇµÆWÆ{¿µ¾�Æ.¿SÆWÞ/¿�ë�È

Y ¡ Z�¡ ¤�§ [S¡ Z�¤�¡ ¤� !\=®�¬&]=®�q§ ¢&ª=�¯�°�±�±�²
¯�¦���W�X+¯ [�¥[°�_ ±JW$=



@
D
/
1
(
3
3
Y
W
o
/
o
Y
<
9
/
�
�
�
.
,
/
4

<
@TC#* @7/=4�( @�1 IE:
.24=C#<d(+303_W�*-*E/�1�WO:=<7/
5�H�o |�9 C�.�Y�<�9�/
,�:�@�:�*-:%X#D�/=<�Wb4Z4=/�D�<�/�@�.�@7/�.7,�( D#.7W�A�5�/\3R(+@�<�9 /�.�/Z.�, /=4�<�@�:
9�:=V�/].�9�(+@7<�5OWO3R/�<�W�*E/�.eoGhg4=4=(S@71#W�DSX�<7(\/�.0<�W`*>:=<7/�.-A#:6.0/�1
( DB<�9 /><�WO*p/E4�(�D�.7<�:�D�<g(�3)<�9S/�@T/�4=(�@�1�WOD6X].7HS.T<�/�*a( 3)<�9�/
���Q��.�,S/�4=<�@7(+*p/=<�/�@=Yg<�9 /�5&W`3R/�<�W^*p/s(+3p<�9�/�.T/]4=/�DS<�/�@�.FW`.
D (�*E( @7/E<�9�:�D�=mo�xE.=o

�R<[IE:
.g3R( C#D�1�<�9�:=<g<�9�/�.T/�,�:�@�:�*-:%X#D�/=<�Wb4E4=/�D�<7/�@7.[:�@7/
5�(
4�:65&W 	�/�1�W�D�:�30@T(L	�/�D�@�:�@0/�Xn:�.=o]|�9�C#.=YBI>9�/�D <�9�/
1�W`.04�9#:�@TX�/_WO.s<�C#@�D /�1�(�D�W`DP<�9 /2<�C�A�/ 9P:�D#1 W�D�<�9�/
,�@T/�.7/�D 4=/?(�3[:�@�:�@7/-Xn:�.E375�(+Ik30@7(+* <�9�WO.l<�C�A�/�WOD <7(B<�9�/
4�:=V�W�<�H YgA�C�<?WOD2<�9 /]:=A�.0/�D�4=/B( 3F5OW($ C#W`1_9 /65&W�C�*�WOD�<�9�/
$ C�:�@�<E	a30WOD X�/�@ 6 Y\W0o /�o�YZIE9�/�D�D�( 4�@0H�(64�@7H�.0<�: 5O.P:�@7/
3R( @�*l/�1GYU<�9�/]� �U��.�WbX#D�:S5&.-WOD�1�W�4�:=<�/�12:=A�( V+/s:�@0/�4�(�*-8
,�5�/=<�/65^H :=A�.�/�D <eo�|�9�WO.�<�/�.�<�WO30Wb/�.�<�9�:=< <�9S/k(
A�.0/�@�V /�1
.79�( @�<�805OWbV�/�1\,�:�@�:�*-:%X�D�/=<�Wb4�4�/�D <�/�@�.E:
@T/B5�( 4�:=<7/�1�WODs<�9�/
4�@0H ( 4�@TH#.0<�:65&.eYBD�(6<�WODk<�9 /}X#:6._,�9�:�.�/�oc|�9#W`._WO._:S5&.T(
4=(+D�30W�@�*p/�1_A�H}:�Dd/�r�:�*>W`D�:=<�W�(�Dd(�3F<�9S/\,�@7(+,�/�@T<�W�/�.�(S3
<
9
/
.
/
4
/
D

<
/
@

.eY#I>9�Wb4�9�:
@0/F1�WO.T4�C�.�.7/�1�A�/65^(6I�o
|�9 /F�&�U� .�, /=4=<�@�:�Y#(
A�<�:�W`D /�1�:e<�4=(�*>,�:�@�:=<�W�V /
5�HB5�( I

Xn:�.�375^( I�@�:e<�/B<�9#@T( C X#92<�9�/�X#:
.�1�WO.04�9�:�@0X�/ � D�(�*l(S@T/
<�9#:�D =�o��s*E*E(�5�/��E9m�6Y�IE/�@7/c3R(
C�D�1GYG3R( @E<�9�/�4�@TH�(
4�@7HS.78
<�: 5O._(�3_, C�@�/aD /=(�D :�D�1 :6@RX�(�D YB<�(kA�/ 4=(+*-,�5^/=<�/65�H
WO1�/�D <�W�4�:65�A�(
<�9BWOD�:
,�,S/�:�@�:�D�4�/ � WTo /�oRYn:�.JW^Dt�mW^X�o?���;:�D#1
WODs: 5R5�$�C#:�D�<�Wb<�:�<�WbV�/F4�9�:�@�:=4=<�/�@�W�.7<�W&4�. � : 5O.0(B.7/�/���/�3%o����6o
fg(�@uIE/�@T/�:�D�H 1#WO303R/�@0/�D�4�/�.u(
A#.7/�@0V�/�1�A�/=<�IE/=/�D�<�9 /
.�, /=4�<�@�:�(
A�<�:�WODS/�12:=<-<�9 /B.7C�A#.7<�@7:�<7/c<7/�*p,�/�@�:=<7Cn@T/�. 0 =
=
x o �_:�D�10� o��ui-oM|�9 /\,�:
@7:�*E/=<�/�@�.�(+3F<�9�/�.0/\.7,�/=4=<�@�:

4=(�WOD 4�WO1 /s4�(�*-,�5^/=<�/65�H�I-W�<�9�W`D2<�9�/t*p/�:�.0C�@0/�*E/�D <?/�@�@0(�@
3R(�@BD /=(�D}:�D#1}:�@�X#(+Du4�@7H (
4�@�H�.7<�:65O.B:�D�1}:�@0/ X�W&V+/�D}WOD
|�:�Am5^/�o�|�9 / �n8R30:=4�<7(S@ $�C�(
<7/�1s<�9 /�@�/?@T/�3R/�@�.J<�(B<�9 /?*>W`1�8
1m5^/ � A�@�WbX#9�<�/�.0<�� 5&W`D /\WODv�mW^X�o �mo[|�9�/s( <�9 /�@B1 /�.�W X�D�:�8
<�W�(�D�.[:�@7/E465^/�:
@J30@0(�* <�9�WO.[30W^XSC�@�/�o

|�9 /?@0/65&:=<�W�V�/F.7<�@0/�DSXS<�9�.J(�3)<�9�/>4=/�D�<�/�@[:6D�1s.�:�<7/
5R5OWq<7/
5OWOD�/�.)W�DF<�9�/M.�, /=4=<�@�:p.�9�(
I>D�WOD���WbX�o �p4�9�:�D X�/;30@�( *P@7C#D
<7(]@0C�DBA�(+<�9]W`DZD /�(�Ds:�D#1s:�@TX�(+DGY�30@0(�*a<�9�/F*-:=rnWO*lCn*
.7<�@T/�DSX�<�9 (+3J<�9�/c.7:=<�/65�5OW�<�/�5&W`D /�.p<�(�<�9�/?,�( WOD <E<�9�/=Ht:�@T/
4=(�*>,�5�/=<�/65^H-C#D�(
A�.0/�@�V�:=A 5^/�o+|�9�/JV�:
@�W`:=A#WR5OW�<�H-(�3�<�9 /[4=/�D�8
<�@�:65-5OWOD�/s<�(2.�W^1�/�5&WODS/tWODS<�/�D#.7W�<�H_@�:=<�W�(2WOD�1�W�4�:=<�/�.?<�9�:=<
<�9�/a.�W`1�/a1 ( C�A�5�/=< :�D�1k<�9�/ 4=/�D <7/�@�5OW�D�/ A�/65�(+DSX <�(
1�WO303R/�@0/�D�<[,�:6@�:�*-:%XnD /=<�W�4p4�/�D�<7/�@7.eo

h�.v<�9 /�Xn:�.}375^( I <�9�@�(6C Xn9�<�9�/�1�W`.04�9#:�@TX�/a<�C�A�/
WOD�4�@0/�:�.�/�.=Y?:�D�1 I-9 /�D�<�9�/�375^(6I <�(P<�9 /�.7C�A#.7<�@�:�<7/ 5
/=r#4=/=/�1�. =no k*p*E(�5�/��E9 Y]D�/�I 5OWOD /�.u:�,#, /�:�@uWODk<�9 /
.�, /=4�<�@�:s(+3-<�9�/Z.�9�(+@7<�8T5&W&V+/�124=/�D�<�/�@�.�W�Dd<�9 /ZD /=(SDd:�D#1
:6@RX�(�D 4�@7H (
4�@7HS.7<�:65&.�Y :�D�1kWOD <�9 / ,�@7(
4=/�.�.2<�9 /a5OW�D�/�.
.�9 ( I>D2WODu��WbX�o ��:�@7/],�@7/�.T/�@7V /�1�og��WbX�Cn@T/��ZX#W�V /�.F<�9 /
*-WO1�1m5^/F@0/%XnWb(�D�(�3)<�9 /��&�U� .7, /�4=<�@7C#* 3R(+@;D /=(�DB3R(+@;:�D
WOD�4�@0/�:�.�/�1pXn:�.U375�( IP@�:=<7/�o�|�Ip(E4
5�(+.7/65^HF.�,�:=4=/�1�5OWOD /�.�:�@T/
.7/=/�D Y�I-W�<�9 5&W`D�/4/;4=(SW�D�4�W`1�WOD6X]I-W�<�9�<�9�/>4=/�D�<7/�@p5OWOD /?WOD
��WbX�o ��:
D�1s9�:=V#W�D Xt: �n8R30:=4�<7(S@J/)$ C�:65U<�(�<�9�:=<JX�W&V�/�DsWOD
|�:�Am5^/�o�|�9�/?.�,�:=4�WOD6XZA�/=<�IE/=/�Ds<�9 /�.�/�5OWOD /�.E:�*p(
C�D <�.l<�(
x o�4UFoU��WbX�C�@0/*��Y �Z.�9�(
I-.E<�9�/��+�U� .�,S/�4=<�@7C#*�3R(S@ph[@
:S5&.T(�3R(+@�:�D WOD�4�@0/�:�.7/�1vXn:�.Z375�( I @�:=<�/�o:.E/�@7/}5&W�D�/ /
4=(�WOD 4�WO1 /�.UI>W&<�9-<�9�/[4=/�D�<7/�@)5OWOD�/MW�D���WbX�o ��YS:6D�1F<�9 /MD�/=I
5OWOD�/�WO.J.7/�,�:�@�:=<7/�1s30@0(�* W�<[A�H x
oqz�U�om|�9 C�.=Y�:�.J<�9 /pXn:�.
375�( IuX�@T( I>.=Y <�9�/M.�:�*p/[4�9�:�D6X#/�.U*>:=H-(
4=4=Cn@UW`D-<�9 /p�+�U�
.�, /=4�<�@�:;(�3U.�9�(+@7<�8T5OWqV�/�1�4�/�D�<7/�@7.g3R(+@gD /=(�D?:6D�1�:�@RX#( D�Y#:�.
3R(�5R5^(6I>.[30@7(+*�<�9�/>.�WO*EWR5O:�@�W�<�H�(S3Q<�9�/>.7,�/=4�<�@�:FW�Ds��WbX#.eo��
:6D�1 � Y � o �0D�.7(+*p/u/�r�, /�@�WO*p/�DS<�.eY�9�(
Ip/�V /�@�Y?3R(+@�<�9 /

����¯T��� Èß¶2ê�Ì ÇµÝ Æ�Í�¿µÅµË ¸ É�Ê Ë�À Çµ¿S¹�Ü�»¦ÆàÝ ¹WÅµ¹�¸.¹WÐ/À�ÆW¿µº�Í[Í�ÆWÀ/¿µÆ�ÅEÇ@º ÀJ¹
À�Æ�É�À Í�ÅS×�É�ÍnÅS×�Çµ¿S¹�»:æ.º ¿µ¾ º À Í�ÅBÆ�¹WÇµÆ�Î Ð�¹WÇ\ÊS»�É�æ ¿ÛÉ ¿S¾�ÆHÇµË�Ü Çµ¿µÅµ¹n¿µÆ
4

=
� È Õ#¸.¸.É£»¦Æ�5ä¾�6 �

=
Ò�È ØÄã�Ó � 7 8 9

=
Ô�����Ù�È Ô�ÒÄÖ@ñ.½�È

|�:=A�5�/
Ú�¾ Æ�Ý�¹�Åµ¹W¸.Æ�¿µÆ�ÅBÇ)É�Ê�¶2ê�ÌHÇµÝ Æ�Í�¿µÅµ¹@É�Ê#Ë�À Çµ¿S¹�Ü�»¦ÆôÝ/¹�ÅÛ¹W¸.¹WÐ�À Æ�¿Eº Í�Í�ÆWÀ/¿µÆ�ÅEÇÄº�À:ÅÛ¹�ÅÛÆôÐ/¹WÇÄÍ�ÅS×�É�Í�ÅÛ×�Çµ¿µ¹�»¦Ç)¹�¿ »�É�æ Ð�¹WÇ�ÊS»�É�æ ÅÛ¹W¿µÆ�¿SÉà¿Û¾�ÆâÇµË�Ü Çµ¿µÅÛ¹W¿µÆ
é �

=
Ò'È ØÄã.ë

Ì�¹WÅµÆ.Ð�¹nÇ á�ÉTÈ�É£Ê�ÅµË À�Ç ¯ ·�Ê¦¹WÍn¿SÉ�Å δ� ò δ� ð ∆� ò	 ∆� ð

�!¹WË ÇµÇ

áfÆ Õ Ñ�È Ô�Ô�Ô�Ù�Õ éWÑ�Ø ë �È�ÑdÔ�éBÙ ë �È Ø�Ò éBÙ�ë � È�Ñ�
� È Ø ��È¦Ñ�
� È Ø
ÏfÅ Ò Ñ�È Ô�Ô�Ô�Ù�� éWÑ�Ø ë �È Ø�ÑWéBÙ ë �È�Ñ�Ù éBÙ�ë � È�Ñ�
� È Ø ��È¦Ñ�
� È Ø
ã�Å  Ñ�È Ô�Ô�Ô�Ù�� éWÑ�Ø ë � � ��È�ÑR��
� È Ø% �
å!Æ Ò Ñ�È Ô�Ô�Ô�Ù���éWÑ�Ø ë � � � È Ø��
� È � �

¡ � ¾ Æ�ÅBÆ
∆ � Ñ º Ç!¿S¾ Æ�æ.º Î�¿Û¾ÄÉ£Ê�¿S¾�Æ.Í�Æ�À ¿µÅµ¹�»2»�º�À�Æ)6 ® � ¾ Æ�ÅµÆ

∆� Ñ º Ç�¿µ¾ Æ�æ.º Î�¿S¾ Ç!É�Ê�¿µ¾ Æ�ÇBº Î�Æ.»�º À Æ�ÇWÈ

±JW�� Y�¡ Z�¡ ¤7§�[#¡ Z�¤�¡ ¤� !\�®�¬&]�®��§�¢^ª=0¯=°0±�±�² ¯R¦���W�X�¯^[ ¥;°�_



.
:
*
/
X
:
.
3
5
(
I
@
:
<
/
:
.
W
D
�
W
X
o
�
Y
�
Y
<7IM(}*p(S@T/u5&W�D�/�.s:�,�,�/�:�@T/�1vA#/=<�I;/=/�Dv<�9�/\<�Ip(�4=/�DS<�/�@
5OW�D�/�.�.�9S(+I-D�WODd<�9�WO.�30WbX�Cn@T/�YM:�D�1�:65R5>3R(
C�@�5&W`D /�.�9�:�1
4=(+*-,�:�@�:=A�5�/�.T<�@7/�D+X#<�9�. � .0/=/?��WbX�o�� Y����6o

|�9 /s���Q��.7, /�4=<�@�:�( 3-i[@>:�D�1Zj;/�4�@7H ( 4�@THS.7<�:65&.p(
A�8
<�:�WOD /�1c:=<g<�9 />.7:
*;/E4=(+D�1�W�<�W�(+D�.g:�.g3R(�@)<�9 /-.�, /=4�<�@7C#* WOD
��W XUo �nY#W0o /�o�Y I>9 /�D?:E@7:�@�/�8&X�:�.)375�(+IP@7:=<�/;WO.g5�(
I Y+4=(+D�.�WO.7<
/�:=4�9�( 3B( D�/u5OWOD�/ � .T/�/}��WbX#.�o �mY � :�D�1 zmY � �6YFI>9�W�4�9
5OW�D�/�.=YU:
.EWOD�1#W�4�:=<�/�1sA�Ht|�:=A�5�/�YU:
@T/cWO1 /�D�<�Wb4�:S5�WOD �n8R30:�4�8
<7(+@eY�I>W&<�9�WOD <�9 /B:=4=4�C�@�:=4=HZ(+3l<�9 /�/�r�, /�@�W�*p/�D�<�Y�<�(s(+D�/
:�D ( <�9 /�@J:�D�1�<7(F<�9 />*-WO1�1m5�/>5OWOD�/�.gW`D?<�9 />.�, /=4�<�@�:p(�3�fg/
:�D�1sh[@�o�|�9 /�.7/�5OWOD /�.E:�@0/?:S5&.T(B465^( .�/?W�D�5OW�D�/=I>W�1�<�9�.E3R( @
:65R5U<�9�/?3R( C#@E@�:6@0/-Xn:�.T/�.eo��>D /�4�:�D�Y�<�9SC#.eY�A�/
5OW�/=V�/F<�9�:�<
<�9 /t,�@�W�D�4�W`,�:65MC�D#.T<�:=A 5^/],�:�@�:6*E:=X#D /=<�W&4]4=/�DS<�/�@cW�.�(S3-:
4=(+*-*E( D]D�:�<�C�@0/F<�(�:65�5�<�9�/F3R(
C�@[@�:�@0/�8�X�:�.g4�@�H ( 4�@0H�.7<�:65O.
,�@T(�1 C#4=/�12C#D�1�/�@�.�WO*-WR5O:�@F4=(+D�1�W�<�W�(+D�.=Y[W7o /�o�Y[:=<?*p(S1S/�.7<
375�(
Ia@�:=<�/-<�9�@7(6C Xn9�<�9 /EX#:�.J1#W�.74�9�:
@RX�/�o

�0D��&�U��.7,�/=4�<�@�:;( 3QiM@�:�D�1?j;/J4�@7H (
4�@7HS.7<�:65&.)D (F.�WO1�/
5OW�D�/�.],�@�(6V#WO1 /�1}A�H}<�9S/�(6<�9�/�@�C#D�.7<�:=A�5^/24=/�DS<�/�@BIE/�@7/
(6A#.7/�@TV�/�1�Ym:�.;Wb<[I>:�.JWOD�fg/�:�D�1�h[@ � �mW^X�.�o ��:
D�1 ��Y ���6o
hg.�W`D�1#W&4�:=<7/�1�:=A�( V+/�YS.7( *E/=<�WO*l/�.Q<�9 /�.7/M.7WO1�/p5&W�D�/�.G4�( C�5O1
D ( <EA�/?( A#.7/�@TV�/�1ZWODsfg/c:�D�1 h[@E:65O.�(mo�hg<>,�@�/�.0/�D�<E(+D�/
4�:�D�D�(
<?A�/Z.0C#@7/sI>9 /=<�9�/�@�<�9�/]4=/�DS<�/�@�.�<�9�:=<FX#W�V /Z.�WO1�/
5OW�D�/�.E:
@T/c:=A�.0/�D�<EWOD�i;@E:�D#1Zjl/?4�@0H ( 4�@TH#.0<�:65&.p(+@;I-9�/�8
<�9 /�@u<�9�/�.0/~4�/�D�<7/�@7.}WOD�<�9�/a/=r#, /�@�W`*;/�D�<�.uIp/�@T/a<�(6(
.T4�:�@74=/E<�(�A#/>.�, /=4=<�@0(�.T4�(�,�W�4�:65R5^H�(
A�.0/�@7V�:=A�5�/�o

� 9�(
I>D�WOD���W Xn.=o �mY � :�D�1cznY � Y#:
@T/;<�9 /;/=rn, /�@�W`*E/�D <�:S5
@T/�.7C�5�<�.B3R( @si[@B:�D�1}j[/�(
A�<�:
W�D�/�1uIEW�<�9u<�9 / X�:�.�1�WO.�8

4�9#:�@TX�/FW^D�<�C�A�/ 9 :�<[@7(
(�* <7/�*-, /�@�:=<�C#@7/�YmWTo /�oRYnIEW�<�9�(6C�<
5OW($ C�W�1#8RD�W�<�@�(eX�/�Ds4=(
(�5OWOD6X]<�9�/F<7C�A�/�o�|�9�/�.0/?.�,�/=4�<�@�:?1�W�308
3R/�@>30@7( *k<�9�(+.7/�WOD2��W Xn.=o �mY �Z:�D�1\zmY ��Y�:S5^<�9 ( C X#9\<�9 /=H
:6@0/?/)$ C#:65R5�Ht.�9 (�@0<�805OW�V /�1�Y�W7o /�o�Y�1�W`.�:�,�, /�:6@;WO*>*p/�1�WO:=<�/65�H
I>9�/�DF<�9S/l1�W�.74�9�:6@RX�/EWO.Q<�C#@�D /�1�(+303%o?��D�<�9�/M.�, /=4�<�@0C�*}(+3
j;/�Yc<�9 /�DSC#*EA�/�@eYB5�(+4�:=<�W&(+Dk:
D�1kWOD <�/�D�.�W�<7H�( 3_5OW�D�/�.
4�9#:�DSX�/�1�30@0(�* (+D�/E/=r#,�/�@7WO*E/�D <g<7(?<�9�/>D /=r�<�o '�C#<g<�9 /=H
IE/�@7/;4
5�(+.7/;<�(F( D�/E:�D�(
<�9�/�@)IlW&<�9�W^D�<�9�/;4=(+D�30W^D�/�.U(�3�<�9 /
.�, /=4�<�@7C#* (�3;��WbX�o�zmY��mY�Ip/�@T/]5�(
4�:=<�/�1\:�@7(6CnD�1 �

=
�mo =nY

:6D�1�<�9�/_/�DS<�WO@T/�.�, /�4=<�@TCn* 1�W�.�:�,�,�/�:�@0/�1 WO*>*p/�1�WO:=<�/65�H
(�D 4=/><�9 /F1�WO.74�9�:�@0X�/-IE:
.g<7C#@�D�/�1�(+303%o

��<?.�9 ( C�5O1�A#/]DS(+<7/�1�<�9#:=<F<�9 /B/=r#4=/�.7.�5&W`D�/�.F:�@�W^.�WOD+X
I>W&<�9�<�9�/aWOD�4�@0/�:�.7/�1 X#:
.}375�(
I @7:�<�/ V#:�@7H�W^D <�9 /�WO@
4�9#:�@�:=4=<�/�@�WO.7<�Wq4�. � �n8�30:=4=<�(�@7.�Y 5^( 4�:=<�W�( D�Y 5&W`D�/=IEWO1�<�9�.=�
I>W&<�9F<�9 /EK�WOD�1�(�3�<�9�/;@�:�@�/ X#:
.QC#.0/�1 � ��WbX#.=oL� YK� Y � Y ��Y � Y
�mY���Y#zmY��#�6Y#:6D�1�@�/=V /�:65�D (?.7C�4�9�:-.�WO*-WR5O:�@�W�<7H?<�9 /�H�1 (?WOD
<�9�/?.7,�/=4�<�@�:�(S3 <�9 /?@�:�@T/-X�:6.0/�.JI>W�<�9�<�9�/�5^( I Xn:�.;375�( I
@�:=<�/�Y�,�@0/�.7/�D <7/�1�WODs��WbX#.eo �mY �mY �mY�z�Y � Yn:�D�1B|�:=A�5^/�o

h[5R5g<�9 /�/=r�4=/�.�.�5&W�D�/�.p(
4=4�C�@�@7WODSXtI>W&<�9Z:
DZW`D�4�@0/�:�.7/�1
Xn:�.g375�( I�@7:�<�/;(�D <7(F<�9�/l.7C�A�.�<�@�:=<7/>:�@7/MC�D#.T<�:�Am5^/���C�.0<[:�.
<�9�/d5&WOD�/�.],�@T/�.7/�D <�/�1PW`D ��WbX�o �u:�D#1}|�:eA�5^/2:�@7/�YE:�D#1
1�WO.�:�,�, /�:�@?:65�(�D6X_IlW&<�92<�9 /t,�@�WOD�4�W�,�:65E5OWOD /�.FI>9 /�D2<�9 /
1
W
.

4
9
:
@
X
/
W
.
<
C
@
D
/
1
(
3
3
o

�
.

W
D
X
<
9
/
�

����¯T��1 È[¶�ê�Ì ÇµÝ Æ�Í�¿µÅµË ¸ É Ê:Ë À�Çµ¿S¹�Ü�»¦Æ,Ý�¹nÅE¹n¸�¹nÐ�À Æ�¿Eº ÍNÍnÆ�À�¿SÆnÅµÇJº À
¹:Á ÅS×�Ý�¿µÉ�ÀJÍ�Åª×�É�Í�Åµ×�Çµ¿µ¹�»)¹W¿ �

=
Ò�È Ø:ã�Ó 4

=
��È Øà¸.¸.É�»�Æ�5.¾�6 � 7 8 9

=
=
Ô��nÙ�Ø�È �nÒ�Öôñ{½!é ¡ ë 6 4

=
��È .¸ä¸{É�»�Æ 5!¾'Ó � 7 8 9

=
Ô�� �nÙ�È �7��Ö�ñ{½{é ® ë�È

����¯T��² Èä¶2ê�ÌHÇµÝ Æ�Í�¿µÅµË ¸ É�Ê#Ë�À Çµ¿µ¹nÜT»�ÆôÝ ¹WÅÛ¹�¸.¹nÐ�À�ÆW¿µº�ÍôÍ�Æ�À ¿µÆ�ÅµÇ�º�À:¹�À
¹�ÅÛÐ�É�À�ÍnÅS×�É�Í�ÅS×�ÇÛ¿µ¹�»[æ.º ¿µ¾ º À Í�ÅµÆ�¹�ÇµÆ�Î Ð�¹WÇJÊS»�É�æ ¿µÉ\¿µ¾ Æ,ÇµË�Ü Çµ¿µÅµ¹n¿µÆ
¹�¿ �

=
Ò�È ØNã ¹�À�Î 4

=
Ø�È Ø<¸�¸.É�»�Æ�5.¾'Ó � 7 8 9

=
Ô���Ò���È ���:Ö@ñ.½[é ¡ ë 6

� 7 8 9
=
Ô���Ò���È Ô��ÄÖ@ñ.½#é ® ë�È

Y ¡ Z�¡ ¤�§ [S¡ Z�¤�¡ ¤� !\=®�¬&]=®�q§ ¢&ª=�¯�°�±�±�²
¯�¦���W�X+¯ [�¥[°�_ ±JW��



�
�
5
W
D
/
*
W

4
@
(

I
:
V
/
.
:
<
C

@
:

<
Wb(�D?*;/=<�9�(+1GY+<�9�/p5^(6IE/�@UA�( C#D�1#:�@7HF3R(+@Q<�9 /p5&WO3R/=<�W`*E/

τ
(S3

<�9 /]C�D�.7<�:=A�5�/t,�:�@�:�*-:%X#D�/=<�Wb4s4�/�D <7/�@�.-I>:�.�1�/=<�/�@�*-WOD /�1
W�D2: 5R5g4�@7H (
4�@7HS.7<�:65&.�YUf�/�YUh[@=Y[i[@eY�:�D#1�j;/Zw ��{�oQ|�9 /�.7/
5OW�3R/�<�WO*E/ V+:e5qC /�.a:=@R/ 3O(�C�D�1 <R(�A / WbD <�9
/ W�D6<0/�@0V :�5
x = −

Ñ .
≥ τ ≥

x = −
Ò .E3R(�@p4�/�@7<�:�WOD (+3;<�9 /�.�/�4�/�D�<�/�@�.eYG:6D�1

W�D�<�9�/>W`D�<7/�@TV#:65gx�= −
Ñ .

≥ τ ≥
x = −

Ø .[3R(�@g(6<�9�/�@7.Ew ��{=o
6-� 5������-*3� �'!#����* � *3%�� ������*��������"!#� ��%3& � �-*3��, �������-,'*/���	� �

!#� ����
 ��� T ���� ���;�����73��
| (_/65�C#4�W�1#:=<7/\<�9�/\D�:=<�C#@7/\( 3�<�9 /�(+A�.0/�@�V /�1P.79�( @�<�8

5OWbV�/�1d,�:�@�:�*>:%X#D�/�<�W�4B4=/�D <7/�@�.�Y Wb<cW�.�D�/=4�/�.�.�:�@TH�<7(\4=(+D�8
.7WO1 /�@U<�9�/;,#@T(S1SC�4�<�.U(�3 <�9�/M1�WO.T4�9�:�@RX#/;WOD?:p@�:�@7/gXn:�.Q<�9�:�<
*E:eH}/�D�<�/�@s<�9S/_4�@TH�(
4�@7H�.0<�:S5F(S3 <�9�W^.�X�:�.sA�/�W`D6X�4=(+D�8
1 /�D�.0/�1�YE:�.BIE/65R5�:�.�<�9�/2, (�.�.�WbA�5�/�:=4=<�W�( D}( 3?<�9�/ X#:�.
1�W`.04�9#:�@TX�/;(SD�<�9�/;4�@7H (
4�@7HS.7<�:65m:65O@7/�:�1�H?30@7(J	�/�D�(+D�<�(-<�9�/
.TC�An.T<�@�:=<�/�Yn:6D�1�<�(�4�(�*E,�:�@0/-<�9S/�@T/�.7C�5�<�. (+3Q<�9�WO.)/�r�:�*-WO8
D�:=<�W�(�DFI>W&<�9�<�9 /E,�@0(�, /�@0<�W�/�.g:�D�1F4�9�:�@�:�4=<�/�@�W`.0<�W&4�.)( 3�<�9�/
���Q��.�,S/�4=<�@�:-.�9S(+I-DBW�Ds��WbX#.�o?�+y�z�:
D�1�WOD�<�9S/�|�:=A�5�/�o

�0DZ(�@�1�/�@;<�(Z@7/�:=4�9Z<�9 /?4=(�5&1�.0C�A�.0<�@�:=<7/�5Z(�DsI>9�W�4�9
<�9 />.�:6*E,m5^/EWO.)4=(+D�1 /�D#.T/�1GY�<�9�/[X�:�.�8R1#WO.T4�9�:�@RX�/l,�@�( 1�C�4�<�.
*;C�.0<F<�@�:=V�/65[:]1�W�.7<�:�D�4�/��7�Z4�*�<�9�@0( C X#9�V#:=4=C�C#* o2�T3
<�9 /�HZ:�@0/�@�:�@7/�8�X#:�.E:=<7(S*-.J<�9�/�W`@[<�9�/�@�*-:65�V /65^( 4�Wb<�W�/�.E:�@7/
( 3;(�@�1�/�@ x�= Ò 4�* �>.�Y�W7o /�oOYU(�D�5�H�,�:�@7<�Wb465^/�.-I>Wb<�92:s5OWO3R/�8
<�W^*p/

≥ �	� −
Ò . 4�:�D~@�/�:=4�9 <�9 /}.0C�A#.T<�@�:=<�/�o�|�9�/d(SDn5^H

D /=C�<�@�:65F,#@T(�1 C�4=<�.�(S3�<�9 /�1�WO.04�9�:�@RX#/2W^Dv<�9 /2@�:�@�/ X#:�.
IE9�W�4�9Z.�:=<�WO.�3RHZ<�9�WO.p4�( D#1�W&<�W�( D\:�@7/?/=r�4�W�<�/�1\*;/=<�:6.0<�:=A�5�/
:=<7(+*-.F(�3E<�9�WO.�X�:�.�WOD2<�9 /Z5�(+Ip/�@ � 
���:�D�1 � 
��?.7<�:=<�/�.
� 3R(�@?30@7/�/ � 
��� :e<�(+*-.=Yg<�9�/Z5OWO3R/=<�WO*p/�.�9�:�V /s<�9 /sV#:65�C�/�.

w=x^��{
τ(
f�/

) =
�J=�.%Y

τ(
h[@

) =
zJ=�.=Y

τ(
i[@

) =
� ��.%Y

τ(
j;/

) =x��J=s.%YG:
D�1\3R(�@ � 
 �
� :=<7(S*p.�YU<�9 /s5&WO3R/=<�W�*p/�.-@�:�D X�/B30@0(�*

� =L=\.F3R(�@FD�/�( D\<7( =no = �Z.?3R( @-r#/�D (�D��6o�|�9 /�/�D <�@7H\(+3
4�9#:�@TX�/�1],�:6@0<�W�4
5�/�.=Y�W7o /�oRY�/
5�/�4=<�@T(�D�.;:�D#1sW�(+D�.=Y�30@T(�*a<�9 /
Xn:�.)1�WO.74�9�:�@TX�/lW�D�<�(F:JX#@0( I>W�DSX?4�@TH+( 4�@0H#.T<�:65�(+3Q@�:
@T/gXn:�.�Y
:6.?I;/65�5>:�.�A�(�*pA#:�@�1�*p/�D <�A�Hd<�9 /�.7/t,�:�@0<�W�4
5�/�.?(�3-<�9 /
4�@7H+( 4�@0H�.7<�:65�:65O@7/�:�1 Hs3R(S@7*E/�1GYmWO.;WO*-, (�.�.�WbA 5^/�Ym.�WODS4�/F(6A#8
.7/�@0V#:=<�W�(+D (+3J<�9 /����U��.7, /=4�<�@�:�( 3M.79�( @7<�8T5&WbV�/�1s4�/�D <7/�@�.
WO.�4�:�@7@�W�/�1�( C�<?:�.-<�9�/�4�@�H ( 4�@0H�.7<�:65[4=(+D�1 /�D#.T/�.eo�|�9�/�@0/�8
3R(�@0/�YE<�9 /2.7<�@0(�D6X�*-:%X#D�/=<�Wb4_30Wb/
5O1}(�3�<�9S/_�&�U� .�,S/�4�8
<�@�( *E/=<�/�@eY 1 � =

�L� =J= UFYnWO. <�C#@7D�/�1�(SD�:S5�5�<�9 /E<�WO*E/��nWb<
WO.J<�@�:�D�.�V /�@�.0/F<�(�<�9 /�375�( Ia(+3 <�9 /�.7/>4�9�:6@RX�/�1s,�:6@0<�W&4
5�/�.�Y
1�/�375�/=4�<�.-<�9 /�*�<�(Z<�9S/ .�W�1�/�Y�:�D�1\,�@7/=V+/�D�<�.p<�9�/�*�30@0(�*
@7/�:=4�9�W�D X�<�9�/>.7C�A#.7<�@7:=<�/C5�Y�W7o /�o�Y�<�9 /F.�:�*-,�5�/�o�|�9 C#.eYn3R(�@
x�8RK /�L�/
5�/=4�<�@�( D#.gW`Dc:��"� =K= 8 UM:=C#.�.g*-:%XnD /=<�W�4>30W&/
5O1 Y#<�9 /
(�@0A�Wb<>@�:61�W�C#.pWO.Q=mo � �B*-*�Y�:6D�1Z.7<�W`5�5)4�( D#.7WO1�/�@7:=A�5�HZ5�/�.�.
3R(�@ <�9 /�@�*E:S5&8`/�D /�@TX�H W�(�D�. � � ��� =moOx *E*��6Y?W7o /�oRY�:65R5
4�9#:�@TX�/�1c,�:
@0<�W�465^/�.g30@7(+* <�9 /;X#:�.g1#W�.74�9�:
@�XS/ � A�(
<�9?/65�/�4�8
<�@�( D#.J:
D�1sWb(�D�.=�E:�@0/�5^( 4�K /�1�C#,B30W`@�*�5^H�I>W�<�9B*-:%X�D�/=<�Wb4
30W�/65O1ZWODB<�9�/-X#:6.M1�WO.T4�9�:�@RX#/�	�(�D / R Y�:�D�1B4�:
D�D�(
<E@7/�:=4�9
<�9�/>.7C�A�.�<�@�:e<�/ 5�o

��W^D�:65R5^H YM<�9�/2.0(�5OWO1u4�@7H (
4�@7H�.�<�:65>( 3c:2@�:�@7/sXn:�.B:65O8
@7/�:�1�H_3R(+@�*;/�1d(+D2<�9�/Z.0C�A�.0<�@�:=<�/�Y :�.�IE/
5R5M:�.�<�9�/�Xn:�.
A�/�W�DSX\4�( D#1S/�D�.0/�1�Y�4�:�D A#/�A�( <�9Z.7C�A ��/=4=<�/�1Z<�(ZWO@7@�:�1�WO:�8
<�W�(�D A#H�5&W^X�9S<�30@7(+* <�9�/vX#:�.�1�W`.04�9#:�@TX�/�YBWOD 465^C�1#WOD+X
L��EL�on|�9�/-:�4=<�Wb(�D�(+3)<�9 /?5OWbX#9 <;30@0(�* <�9S/�1�W`.04�9#:�@TX�/>WOD
:E@�:�@T/[X#:�.Q(�DF<�9S/M4�@0H�(
4�@�H�.T<�: 5�(+3�<�9�WO.GX#:�.U( @�X#:
.Q:�<U<�9 /
WOD�.0<�:�D�<g(�3Q4�(�D�1�/�D�.�:=<�W�( D�4�:6DB,�@T(S1SC#4=/E(�D�5�Hc<�9 />.�9 (�@0<�8
5OW�V�/�1 � 
 Ñ :�D#1 Ñ 
 Ñ :e<�( *>.�oG|�9 /�.�/F/=r�4�Wb<�/�1Z:�<7(+*-.;4�:�D�8
D�(
<E4�:=C#.7/F<�9S/c3R(+@�*E:e<�Wb(�Ds(+3 <�9�/F(
A#.7/�@0V�/�1Z�&�U�P.�,S/�4�8
<�@�:�Y�.�W�D�4=/><�9 /F@�:�1�W�:�<�WqV�/?5OWO3R/=<�W�*E/�.J(+3)<�9�/ � 
 Ñ :
D�1 Ñ 
 Ñ:e<�(+*-.-:�@�/�<7(
(Z.�9S(S@T<���3R(+@F:65R5[@�:�@7/�X#:�.�/�.=YU<�9 /�H\:6@0/�(+3
(�@�1�/�@sx�= −

Ù yQx�= − Ô .�o;� C�4�9v5OW^3R/=<�W`*E/�.?.�9 ( C�5O1_@7/�.TC�5�<cWOD
<�9�/s���U� 5OWOD /=I>WO1 <�9#.-D�(�5�/�.�.p<�9�:�D �6y �"= UFYUI>9 /�@�/�:�.
<�9�/;( A#.0/�@7V /�1�.�,�/=4�<�@�:E9�:=V�/-5&W�D�/�I-W^1�<�9�.)(+3�<�9�/;(+@�1 /�@)(+3
=moRx�U � .7/=/B|�:eA�5�/ :6D�1d��WbX�o �����U<�9�WO.F@T/M$ C�W�@7/�.F: 5&W�3R/�8
<�WO*E/u(+3s<�9�/u,#:�@7:
*E:�X�DS/�<�W�4�4=/�D <�/�@�(+3s<�9S/�(�@�1�/�@Z(+3
�
⋅
x�= −

Õ .eo[hg<B<�9 /�.7:�*E/�<�W�*p/�YEWq<sWO.BK�D ( I>Du<�9�:=<B<�9 /
5OWO3R/=<�WO*p/�Y�3R(+@g/=r#:�*-,�5�/�Y#(�3Q<�9 / � 
 Ø :=<�(�*E. (+3)D�/=(+DBW`Dc:
4�@7H+( 4�@0H�.7<�:65U( 3)<�9�WO.)Xn:�.;W�.;D�(�5^/�.�.J<�9�:�Dsz

⋅
x�= −

Ò .-w%x#�#{=o
hg._W�D�1�Wb4�:=<0/�1k:=A (6V+/SY?<�9 / 5&W�3`/�<�W�*;/�.\( 3Z<�9
/�C�D�.0<�:%A�5q/
4=/�D <0/�@7.�(�A#.T/�@0V6/�1-W�D-<�9 /[, @0/�.T/�D <U.0<0C#16H

τ ≥
x = − �	� x = −Ø .%o|�9�/�@T/�3R(�@0/�YM<�9�/2,�:�@�:�*>:%X#D�/�<�W�4\4=/�D <�/�@�.�A#:�.7/�1u(�Du<�9 /

� 
 Ø @�:�@�/�X#:�.�:=<�(+*-.�<�@7:�,#, /�1_WOD 4�@7H (
4�@7HS.7<�:65&.�.�9S(+Cm5&1
.�:=<�W`.�3RHZ<�9S/c@7/M$SC#WO@7/�*l/�D�<E(+3;:B30:�W`@�5�Ht.�*-:65�5J���U�a5OWOD /�8
I>W`1 <�9GY?4�( D#.7WO.7<�/�D <2I>W�<�9a<�9#:=<2(
A�.�/�@0V�/�1~/�r�, /�@�WO*p/�D�8
<�: 5R5^H oQ.E( I;/�V�/�@=Y[<�9�/�.0/ � 
 Ø :e<�( *>.�YE5&WOKS/ � 
 � :�<�( *>.�Y
4�:
D�D�(
<;A�/F,�@�:=4=<�W�4�:65�5�H]3R(�@�*p/�1BC#D�1 /�@;:=4�<�W�(�D�(�3g@�:�1�WO:�8
<�W�(�D 30@7(+* <�9S/PX�:�.�1�WO.04�9�:�@RX#/a.�W`D 4�/ <�9�/ @�:�1�W�:�<�Wq(�D
<�@�:�D�.�W&<�W�( D#. Ñ�� � →

� 
 Ø Y � 
 � <�(�<�9�/�.T/>*E/=<�:�.7<�:=A�5^/F.0<�:�8
<7/�.J30@0(�*�<�9�/[X#@7(
C�D�1�.7<�:=<7/ Ñ � � :�@7/>3R( @7A#WO1�1�/�D�o .E/�DS4�/�Y
<�9�/a@�:�1�WO:=<�W�(+D�30@�( * <�9 /�X#:
.u1�WO.74�9�:�@TXS/ 4�:�D#DS(+<dA�/
@7/�.�,�(+D�.�W�A�5�/\3R(+@�<�9�/Z3R(�@�*-:=<�W�(�Dd(+3F<�9 /\,�:�@�:�*-:%X�D�/=<�Wb4
4=/�D�<�/�@�.J,#@T(�1 C�4�WOD X�<�9�/E( A#.7/�@TV�/�1s���U��.�, /=4�<�@�:�o

����¯T�2© È�¶�ê2Ì<ÇµÝ/ÆWÍ�¿µÅµË ¸,É£Ê�Ë À�Çµ¿Û¹WÜ�»�Æ.Ý�¹nÅE¹n¸.¹WÐ�À Æ�¿Eº Í.ÍWÆ�À ¿SÆWÅµÇäº Àâ¹�Þ�Æ ·
À�É�ÀYÍ�ÅS×�É�ÍWÅª×�Çµ¿S¹�» ¹�¿ �

=
Ò�È Ø ã#Ó 4

=
��È �nÒ ¸�¸.É�»�Æ�5ä¾�Ó � 7 8 9

=
=
Ô���Õ�� È�ÑRßÖ�ñ.½.é ¡ ë 6 4

=
��È �.¸ä¸.É�» Æ�5ä¾'Ó � 7 8 9

=
Ô���� � È Ô�ØßÖ�ñ.½{é ® ëWÈ

±JW�² Y�¡ Z�¡ ¤7§�[#¡ Z�¤�¡ ¤� !\�®�¬&]�®��§�¢^ª=0¯=°0±�±�² ¯R¦���W�X�¯^[ ¥;°�_



|�9 C�.=Y�<�9�/F(6A#.7/�@TV�/�1B4=/�D�<�/�@�. � �mW Xn.�o �
y z��E4�:�D�(SDn5^H
A�/?1SC#/F<7(c<�9 /F/�D�<�@0H]WODS<�(B<�9 /?@�:6@0/-X#:�.;4�@0H ( 4�@TH#.0<�:65U(S3
:=<7(+*-.[(�3 <�9�WO. X#:
.;WOD�<�9S/ � 
 Ø .7<�:=<7/�1�WO@T/�4=<�5�H]30@0(�*~<�9�/
X#:�.�1#W`.04�9#:�@�X#/�oghg<�( *>.�WODd<�9�/ � 
 � .0<�:=<7/�Y[I-9�W�4�9_4�:�D
:65O.0(�@�/�:=4�9�<�9 /p4�@7H�.0<�: 5�30@T(S*�<�9�/>1�WO.74�9�:�@TX�/�Yn.�9 ( C�5&1�A�/
/=r�465^C#1�/�1 30@7(+* <�9S/�4=(+D�.�W`1 /�@�:=<�W�(+DGY .�WOD 4=/ <�9 /=H :�@7/
1�W`:�*>:%X#D�/�<�W�4c:�D�1s4�:6D�D�(
<>3R(�@�*�,#:�@7:
*E:�X#D /�<�W�4?4=/�D�<7/�@7.
W�D�<�9�/E4�@7H (+4�@0H�.7<�:657o

.;/�D
4=/ Y+Wb<U*;C�.0<�A�/g<�:=K /�DF:=.U, @0(6V
/�1E<�9�:%<�<�9 /g4�:=C�.0/g(
3
<�9 /Z3R(
@�*p:=<�Wq( D_( 3-<�96/Z(
A�.T/�@0V /�1u.�9 ( @R<�8R5�WqV /�1u,�:=@�:�*E: X#8
D6/=<�Wq4s4�/�DS<0/�@�.�W^.�<�9 /�<�@0:�, ,�W�D6X�Y[W�D_:�XS@T(
IEW�D6X @7:�@R/�8^XS:�.
4�@TH
(64�@0H .0<�:650Y�(+3Q/�r 4�Wb<0/�1B:=<0(+*p.g(+3)<�9�W^.�XS:�.JW^D <�9 /�*l/�<�:�8
.R<�:�A�5b/ � 
 Ø .R<�:%<0/�oQ| 9�W�.F:�<7(
*�W�.>,�:�@7:�*E:�X#D6/=<�Wq4B:�D 1 Y�:�.
IE:=.�D (�<7/�1?:%A�(�V / Y�4�:=D?9�:%V /M:E.RC�3�3RWb4�Wb/�D <�5bH?5�(
D6X�5&W�3`/�<�W�*;/
W�DZ<�9S/?4�@TH+(�4�@RH�.0<�:e5g<0(t,�@R(6V�W^1S/?<�9 /�/�r#, /�@7W�*;/�D <�:e5�5bH](6A#8
.R/�@RV /�1�.�*E:e5O5�������5�W^DS/�IEW^1S<�9�.=Y

∆
1 Ñ�Ó Ø�� x = −

Ñ U-o
.E( I;/=V�/�@�Y :k.�W XnD�W`30W�4�:�DS<�1�WO3030W&4�C�5�<�H�:�@�W�.7/�.�9 /�@7/�o

|�9�WO.�WO.FA�/�4�:�C#.T/t:65R5;<�9�/Z5&W`D�/�.?WOD <�9 /s( A#.0/�@7V+/�1u�&�U�
.7, /�4=<�@�:F9�:=V�/ �n8R30:=4�<7(S@7.g<�9#:=<;:�@0/-V+/�@7H�4
5�(+.7/E<7( �

=
�mo�=

� |�:�A�5�/+�6YUI>9S/�@7/�:�.-<�9�/ � 
 Ø .0<�:=<7/]9�:6.-<�9 / � 8�30:=4=<�( @-(S3
x6o �mY�:�D�1~Wq<�.25OW�D�/�.Z.�9 ( C�5&1�A�/u:=<Z/�D <�WO@7/
5�HP1�WO303R/�@T/�D�<
*E:�X#D /�<�W�4�30W�/65O1�. � W7o /�oOYF3R(S@ �

=
x+o���YC1 ÅEÆ�Ç =

�L�K=L=VU�Y
:�D�1�3R(+@ �

=
�mo =nY 1 ÅµÆ�Ç =

�K� ="=*UFYS:6.�W�.Q<�9�/[4�:
.0/;/=r#, /�@�WO8
*;/�D�<�:65R5^H��6o:�0<ZI>:�.�3R(+C�D#1 /=r#, /�@�WO*;/�D�<�:65�5�H <�9�:e<Z<�9�/
���Q� .7, /�4=<�@�:a:�@7/�4�(�*-,�5^/=<�/65�H :=A#.7/�D <}WOD�*>:%X#D�/�<�W�4
30Wb/65&1�.;465^( .�/F<7(��L� =K= UFo�| (B/�r�,�5O:�WODs<�9�W�.E1�W^.74�@0/�,#:�DS4�H
<�9 /�3R(�5R5^(6I>WOD6X}I>:�.s.0C�X+X�/�.7<�/�1 w, yQx���{%o ��@T/�.7C#*-:=A�5�H�Y
<�9 /]<�@�:6,�, /�1 � 
 Ø @�:�@T/BX#:�.?:e<�( *�WO.?.7<�:=A#WR5OW
	�/�1_W`D2<�9�/
4�@0H ( 4�@TH#.0<�:65[(+3p<�9S/].�:�*p/�Xn:�.FW�D�.7C�4�92:B*-:�D#D /�@-<�9�:�<
<�9 /_/�303R/�4=<�WbV�/24�@�H�.7<�:65F/65^/=4=<�@�Wb4�30Wb/
5O1 :=4�<�WOD XP(�D�W�<tW`.
:�D�W`.�(6<�@7(+,�W�4t:�D�12( 3�5^( I�/�D�(
CSXn9_.0H�*E*E/=<�@7H o�|�9�/]:�4�8
<�Wq(�Dd(�3-<�9�/Z4�@THS.7<�:65E/
5�/�4=<�@7W�4\30W�/65&1d(+3�<�9�/]<7/�<�@�:%XS(�D�:S5
.THS*-*p/�<�@0HZ(+D <�9 /�/�D�/�@RX�H\5�/=V�/
5O.;(�3g<�9�/ 
 8R.0<�:=<�/�:=<�(�*
W�.;.�9 ( I>D]W�D ��WbX�o  � .7/�/���/�3%o)x �mY���x+x6o �mY���WbX�o�x x o ���6o
�R<MWO.J.0/=/�DB30@7( * <�9�/>30WbX�C�@0/-<�9�:=<;:-4�@THS.7<�:65G30Wb/65&1�(�3 5^( I
/�D ( C X#9?.7H�*>*l/�<�@�H�5OW�3R<�.Q<�9�/M1�/�X�/�D�/�@�:=4=HF(�3 <�9�/ 
[8�.T<�:�<7/
/�D /�@0X�Hs5�/�V /65&.J:�D#1�4�:=C#.7/�.=Y�WOD�<�9S/>4�:�.0/-(+3Q<�9�/E<�/=<�@�:%X�(�8
D�:65B.0H�*E*E/=<�@7H 30W�/
5O1GY�3R(�@Z/=r#:�*>,n5^/�Y�<�9 /}.�,m5&Wb<�<�WODSX

δA�/=<�Ip/�/�D 
��
(
&��

=
=
)
:�D�1 
�	 Y 
 � ( &�� = ± � ) .T<�:�<7/�.�o?�T3<�9 /t.7,�5OW�<�<�WOD6X

δ
WO.?.TCn3030Wb4�W�/�D�<%5^Hd5&:�@TX�/�Y)<�9�/�D_:=<�5OW($ C�WO1

9 /65OW�C#* <�/�*-, /�@�:=<7C#@7/ � x
o���<�(V� o �til�-:65&*p(+.7<;(+Dm5�HB<�9�/
5�(
IE/�@ &
�

=
=v5^/=V�/65>I>WR5R5>A�/ ,S(S,SC�5&:=<7/�1GYMI-9#Wb4�9P9�:�.

<�9 /(��8�30:=4=<�( @[1�/�30WODS/�1GYnWOD�<�9 /-<�/=<�@�:�X�(+D�:65G30Wb/65&1GYn:
. � .7/=/�U/�3 o�x���Y���x6x
o z�� �����
=
�� 

=
���pY"��	�	

=
�

⊥ =
� � −

�
λ� δ

o
.E/�@0/ � � WO.)<�9�/>.�,�WOD �n8R30:=4�<7(+@ (S3Q<�9S/>30@7/�/E/65�/�4=<�@T(SD�Y#<�9�/
/=r#:=4=<EV�:65^C�/FA�/�WOD6X � � =

�mo ="=L�J� �nY
λ
W^.l<�9�/?30WOD /?.7<�@TC#4�8

<7C#@0/E4=(�D�.7<�:�D <[3R( @)<�9�/E30@�/=/ � 
 :=<7(S*�(�3�<�9�/>@7:�@7/;X#:�.g:�<
9�:�D�1 YEIE9#W&4�9}:�,�, /�:�@�.�WODu<�9�/�.7,#W�D�8O( @�A�W�<]WOD <7/�@�:=4=<�W�( D
9�:�*-WR5�<�( D#WO:�D�Y 1��

= λ � ��� ��o�|�9 /F4=(SD�.�<�:�D�<
λ
<�9�/�@0/=I>W�<�9]W`.

/=V�:65^C�:=<�/�1 30@�( * <�9�/ /)$�C#:=<�W�( D
λ = ∆ �E� � � ( � +

x
) =

= ∆�E� � � Y[9�/�@0/ ∆�E� WO.F<�9�/s<�(6<�:65E.�,n5&W�<7<�W�DSX ( 3-<�9�/]30WOD�/
.T<�@7C�4=<�C#@7/?3R(�@;<�9S/ � 
�:=<7(�* 4�( D#.7WO1�/�@0/�1GY � :�D#1 � :�@7/
4=(+@�@0/�.�, (+D�1�WODSX�5^HBW�<�.g<7(+<�:65�( @7A#W�<�:65U:�D�1B.�,�W�D]*;(�*p/�DS<�. �
3R( @g<�9S/ � 
 8R.7<�:=<�/�Y � =

�
=
x
on|�9�WO.)<�@7/�:=<�*p/�D <;W�.[.0<�@�W�4�<�8

5�H]4=(�@�@7/=4�<E3R(�@;<�9S/c:=<�( * W�DZ:�.7<�:=<�/FI-W�<�9s<�9 /cD (�@7*>:657Y
W7o /�o�Y�w � � � {08`4�(6Cn,�5OWOD6X�o�.E(
IE/=V�/�@=Y�Wb<MWO.JK�D ( I>D�<�9�:=<[<�9 /
@�:�@7/JX�:�.g:=<7(�*>.)WOD�<�9 /-.0<�:=<7/EIEW�<�9 � ! 

(
�

+
x
)
�[/65^/=4=<�@0(�D

4=(�D�30WbX�Cn@7:=<�W�(�Du.�9�(
I�<�9�/Z1�/�,�:�@7<7C#@7/t30@7(+* <�9�/2w � � � {084=( C#,�5OWOD X�Y�<�9�WO.E:�4=<�C�:65�5�HZA�/�WOD6X�W�D�<7/�@7*E/�1�W^:e<�/�A�/�<7IE/=/�D
w � � � {]:�D�1 w�� ����{%Y><�9�:�<\W�._w��

′
��� {�8�4=(
C#,m5OW^DSX�o�|�9 /2fg/

� !  ��� � 
[8�:=<7(S* <�9 /�@�/=I>Wb<�9}.7<�WO5R5�3R(�5�5�( IE.�<�9�/\WOD <7/�@7V�:65
@7C�5�/t:�D�1_1�/�30WOD�W&<�/65^H_.�9�(
I-.Bw � � � {08`4�( C#,n5&WOD+XUoS'�/�4�:�C#.T/(�3Q<�9�WO.=Y�<�9 /p4�:S5^4=C�5O:=<�W�( D�(�3

λ
WO.@$ C#W�<7/ ��C#.T<�WO30W&/�1B3R( @)fg/

I>W&<�9 <�9S/�3R(+@�*pC�5O:
λ = ∆ �E� � �mo�'�:�.7/�1 ( D <�9 /�<�(
<�:65

.�,�WOD�8R(�@�AnW&<�.�,m5OWO<�<�WRDSX 3R(#@~<�9�/�f[/ � !  ��� � 
[80:�<�(�*�Y
∆�E� =

=�o�=��L}/=L w%x#��{%Y�( D�/dX�/�<�.
λ(
f�/

) =
=no ="� ��/�L�o

� <�:�@�<�W�D X2I>W�<�9 h�@eY�<�9�/B4=(+D�.�W`1 /�@�:=A�5�/]1�/�,�:�@�<7C#@7/]30@0(�*
<�9�/Fw � � � {08`4�( C#,n5&WOD+X 3R(+@)<�9 /(� ! 

(
�

+
x
)
�M@�:�@7/�8�X#:�.g:=<�(�*

WO.QA�/%X#WOD�D�WOD6XF<�(-/�*p/�@�X�/�Y I>9#Wb4�9?@7WO.7/�.U3R(�@)i;@U:�D#1Fjl/M:�.
<�9�/_:=<�( *>W&4 *p:
.�.sWOD�4�@T/�:�.7/�.=o�.E( I;/�V�/�@=YE<�9#W�.s/=r#,�@7/�.78
.�W�( D�Y

λ = ∆ ��� � ��YGW`.-5&W`K /
5�Hs4�:�DsA�/FC#.7/�1ZW`Ds/�.T<�WO*-:=<�WOD+X
/=rn,S/�4=<�/�1 �n8R30:=4�<7(�@�.?3R( @F<�9�/�.0/]:=<7(�*>.FWOD2:s4�@0H�.7<�:65R5&W`D /
30W�/65O1��n9�/�@0/�Yn<�:�K�/�DB30@0(�* �)/�3%oQx �mY

∆�B� WO.J:65&.7(?<�9 /-<�(
<�:65
.�,�5OW�<�<�WOD6XP3R(�@�<�9�@0/=/_5�( IE/�@t5^/=V�/65&.�(�3�<�9�/ �$! �

(
�

+
x
)
�

4=(�D�30WbX�Cn@7:=<�W�(�D�(�3U<�96/;3�@R/�/;@0:�@R/=8bXS:=.U:%<0(
*E.%o���D�<�9�:%<U/�V /�D <
λ(
h�@

) =
=�o =�zp/�L-Y

λ(
i�@

) =
=mo��)�Z/=L�Y

λ(
jg/

) =
=mo � ��/�L�o

��3 <�9 /;.�,m5&Wb<7<�WODSX�4�:=C#.7/�1-A�H�:�DF:�D�WO.T(+<�@0(�,�W�4g4�@7H�.0<�:S5#30W�/65&1
WO. 5O:
@RX�/�Y>.�(u<�9�:�<

δ !�" �
λ

3R(�@s:65�5F<�9S/�4�@7H (
4�@�H�.7<�:65O.
� W7o /�oOY;f�/�YMhg@eY>i[@eYl:�D�1}j;/+�6Y;<�9 /�DP30@T(�* <�9�/�:=A�( V /
/=rn,�@�/�.�.�Wb(�D�.�W�<B3R(�5R5^( IE.�<�9�:=< �� 

=
�

⊥ =
� � =

��o�=mYGW7o /�oOY
<�9�/sX#8R30:�4=<�(+@�.�(�3F<�9 / � ! 

(
�

+
x
)
� � 
 Ø 8�:=<7(+*-.�<�@7:�,#,S/�1

WOD <�9 / 4=(+@�@0/�.�, (+D�1�WODSXk4�@7H (
4�@7HS.7<�:65&.2<7Cn@7D W�.7(
<�@�( ,#Wb4�Y
/)$�C�:65\<�( ��o�= :�D�1 :�@7/a465�(+.7/�WOD�*-:%X�D�W�<7C#1 / � W7o /�oOY
�

=
� º�Ç�É/¿µÅ =

�mo =��6Y+I>9�W�4�9F:�X#@0/=/�.QI>Wb<�9�:�D#1-/=rn,n5&:�WOD�.U<�9 /
@7/�.0C 5^<g(�3Q<�9�/E/�r�, /�@�WO*p/�D <�. � .�/=/F��WbX�o ��:�D�1B|�:eA�5^/ �6o

|�9 /�.�, /=4�<�@0C�* 4�(�D�.�WO.T<�WOD+X (+3�<�IE( .�W�1�/a5OW�D�/�._WOD
��WbX#.eo �s:�D�14� Y �s4�:�D�A�/�/�r#,n5&:6W^D�/�1�:�.F3R(�5�5�( IE.�o2�03>:�D
:e<�(+*~WOD�<�9�/ � 
 Ø .0<�:=<7/�W�.l5^( 4�:65&W
	�/�1BWOD�<�9 />,�(+.�Wb<�W�(�D�WOD
<�9�/F4�@0H�.7<�:65UI>9S/�@7/-<�9�/F/�303R/=4�<�WbV�/>/65�/�4=<�@�W�4-4�@7H�.0<�: 5U30W�/65&1
9�:�.g:�r#W`:65�.0H#*p*E/=<�@7H Y#<�9S/>.0<�:�<�/;I>W&<�9 &#�

=
=?W�Ds��WbX�o 

.�,�5OW�<�.�WODu:4	%/�@T( *-:%X#D�/=<�W&4t30W�/65O1�WODS<�(2<�IE(_.7,#W�Du.�C�A#8
5�/�V�/
5O.�I>W�<�9 & � = ±

x�:6D�1:= � .7/=/E�U/�3%o�x �mY$� x�=�o �n�6o���(�@
<�9#WO. 4�:�.7/�Y[<�9�/_5�/�V /65&.�(�3�<�9�/\:=<�(�* WODu<�9S/�*-:%X�D�/=<�Wb4
30W�/65O1Z:
D�1s<�9�/��&�U�}<�@�:�D�.�W�<�Wq(�D�.p:
@0/�.�9�(
I>DZW`D��mW XUo �mo
|�9�C#.eY�<�9 /]<�@�:�D�.�W�<�Wb(�D�. & � =

=
↔
& � = +

x]:�D�1 & � =
=
=

↔
&�%

= −
xMI-WO5R5U*E(6V�/>:�,�:�@0<M:65�(�D6XB<�9 /F*-:%X�D�/=<�Wb4

30W�/65O1_<7(ZXnWbV�/Z@�WO.7/s<�(�<�IE(2D�( D�4=(+WOD�4�W^1�/�D <B�&�U� 5OW�D�/�.
.
H
*

*
/
<

@
W
4
@

����¯T�'& È�ö ¾�º�Ê¦¿!É�Ê�¿S¾ Æ�ÆWÀ/ÆWÅµÐ�×ô»¦Æ�Â�ÆW»�ÇäÉ�Ê�¿S¾ Æ � ·�Çµ¿S¹�¿SÆ�¹�¿�É/¸}º�À�¿µ¾ Æ�É�Í ·
¿µ¹n¾�Æ�Î Åµ¹�»�Í�ÅS×�ÇÛ¿µ¹�»�ÊSº ÆW»�ÎôÊ¦É�»S»�É�æäÆ�ÎâÜ�×�¿S¾ Æ.ÇµÝT»¦º�¿S¿Eº À Ð�º À�¿µ¾/Æ�¿SÆW¿SÅE¹nÐ�É�À�¹�»
ÊSº Æ�»�Î�È

Y ¡ Z�¡ ¤�§ [S¡ Z�¤�¡ ¤� !\=®�¬&]=®�q§ ¢&ª=�¯�°�±�±�²
¯�¦���W�X+¯ [�¥[°�_ ±JW%±



/
5
:

<
W
V
/
<
(
�
o
=
Y
W
o
/
o
Y
<
9
/B.�W`1 /s5&WOD�/�.E(6An.T/�@7V /�1�WODZ<�9�/�/=r#, /�@�WO*;/�D�<eo���@7(+*�<�9�W`.
30W X#C#@T/�Y <�:�K�WOD+X <�96/ V+:e5qC /�. 3`(
@
δ
1 Ñ = δ � Ø = δ

1 Ñ�Ó Ø =
��o �VUP3R@R(
*a|�:%A�5 /SY�(�D /B4�:�D21�/�8

<7/�@7*>WODS/[<�9S/M.�,�5OW�<�<�W^DSX �
⁄ Ø�� (+3 <�9�/E5�/=V+/65O. & � = ± � :6D�1= 3T(n@~f>/ :6D�1 h[@kWRD : 	=/+@7( *-:=X�D�/6<�W`4 3�W�/�5&1 �

�
⁄ Ø � = δ

1 Ñ�Ó Ø � β � � =
�mo �

⋅
x = �

⋅δ
1 Ñ�Ó Ø . 	 =

=
x � o z4NP.Q	 oG|�9 /B30@7:�4=<�Wb(�DZ(+3 � 
 Ø :=<7(+*-.-<�@�:�,�, /�12:�<

<�9 /a.�W�<7/�.dI>Wb<�9 <�9�/P4�@�H�.7<�:65Z30W�/65&1 (S3�<�9#:=<�K�WOD#1kW`.
:�,�,�:
@0/�D�<�5�H�.�*-:65R5c:�D#1�4�:�D�V#:�@7H�30@0(�* @7C#D�<�(P@7C#DGY
IE9�W�4�9Z:=4=4=(+C�D�<�.E3R(�@;<�9�/?V�:�@�WO:=A#WR5OW�<7H]( 3[<�9�/?.�WO1S/B5OWOD /�.
W�Ds��WbX�o ��o

�>DS/]*E:�H\.7C#,�, (�.0/B<�9�:=<?*;(�.0<F( 3;<�9�/ � 
 Ø @�:�@7/�X#:�.
:=<7(+*-.>:6@0/�<�@7:
,�, /�1\W`DZ<�9S/ .TC#A�.0<�W&<�C�<�W�(�D�:65[, (�.�W�<�W�(+D (S3
<�9 /t30:=4=/s4�/�D�<7/�@T/�1d4=C�A#W�4 � ��'g'M��4�@0H�.7<�:65;(+3-<�9�/]@�:�@7/
X#:�.[:�D�1�XnWbV�/>@�W�.7/E<�(�<�9 /FW�D�<7/�D�.�W�V /E4=/�D�<�@�: 5Q5&W�D�/>WOD�<�9�/
���Q�v.7,�/=4=<�@�:�WOD���W XUo �mY�:�D�1]:�5�/�.7.7/�@;,�:6@0<;(�3)<�9�/ � 
 Ø:=<7(+*-.?:�@0/�<�@�:�,�,�/�12WOD <7(\(64�<�:
9 /�1#@7:65MWOD <7/�@�.T<�W�<�WO:65M.�W&<�/�.
( 3U<�9#W�.g4�@0H�.0<�:65 <�(FX#W�V /E<�9�/-.�WO1�/-5&WOD�/�.=on|�9 />30@7:�4=<�Wb(�D�(S3
<�9 /-5&:=<7<�/�@�:=<7(S*p.�WO. 5OW^K�/65^H-<�(-V�:
@0H?30@T(�*}/=r#, /�@�W`*;/�D�<U<7(
/=r#, /�@�WO*;/�D�<[1�/�,S/�D�1�WOD6XB(�DB9�:�@�1�8`<�(�8`4�( D�<�@0(�5�V#:�@7WO:=<�W&(SD�.
W�D�/=rn,S/�@�W�*E/�D�<�:65�4=(�D�1#W&<�Wb(�D�.eo

fg(
<7/]<�9�:�<?W`D_:�D2C#D�1�WO.T<�(�@0<7/�1u��'J'a4�@TH#.0<�:65�Yg<�9 /�.7/
<�@�:�,�,�WOD6X�.�W�<�/�.?9�:�V /t:s4�@0H�.0<�:65;/65^/=4�<�@�Wq4Z30W�/65&1 (S3pV�/�@0H
9�W^X�9 � 4=C�A#W&4+�u.�H�*-*E/=<�@TH Y .0(~<�9�:=< .�,�5OW�<7<�W�D X (S3 <�9�/

[8�.T<�:=<7/_4�:�D�D ( <\@0/�.7C�5�<�Y>:
.s/=V�WO1 /�D�<Z30@7(+* ��W XUo molh
5�(
I>8R.0H�*E*E/=<�@7H � :
D�W`.0( <�@T(S,�W�4+�-4�@7HS.7<�:65�30W�/65&1�,�@7(
V#W`1�WOD6X
<�9 /\( A#.T/�@7V /�1����U� .�, /=4=<�@�: (+3�<�@�:�,�, /�1P:=<7(�*E.BIEW�<�9
�

=
�mo =�:
,�, /�:�@�.\,�@0/�.7C#*>:=Am5^Ha1�C�/�<7(P4�@7HS.7<�:65]5O:=<�<�WO8

4=/\1#W`.0<�(�@T<�W�( D#.�4�:=C�.0/�1uA�H�<�9�/Z( C�<7/�@ � .79�/65�5F( 3�<�9�W`.
�$! 

(
�

+
x
)
� ��� �E:=<7(S*co��lWO.7<7(+@7<�Wb(�DB(�3g:�@�:�@7/pXn:�.p��'['

4�@0H�.7<�:65)5&:=<7<�W�4=/-A�HB:F@�:
@T/EX#:�. 
 :=<7(S*�<�@�:�,�, /�1�<�9�/�@0/�WOD
:�.-I;/65�5M:�.�5�(
4�:65M@T/�:�@�@�:6D6X�/�*p/�D�<-(+3p<�9�W`.F5O:�<7<�Wb4�/�IE/�@7/
4=(+D�.�WO1S/�@7/�1ZW^D��)/�30.�o � Y�x�z�YRx�mo ��D�<�9�/?:=A�( V+/FIp(S@7K�.eY�W�<

WO.F.�9 ( I>D�<�9�:�<-<�9�/B(+@�W XnW�D2( 3E<�9 /]:�D�W^.7(6<�@7(+,�Wb4B4�@TH#.0<�:65
30W�/65O12I>9�W�4�9_:=4=<?( D2<�9�/B<�@�:�,�,�/�1 ��! 

(
�

+
x
)
� 
 8R:=<�(�*

:6D�1�Y�9S/�D�4�/�Y�W�.E:=A�5�/F<�(],�@�(6V#W�1�/?:�.�,�5&W&<�<�W�DSX
δ
Y���WbX�o nY

WO.s:�.B3R(�5R5^(6I>.eoM|�9�/ �$! 
(
�

+
x
)
� ��H�1�A�/�@�Xv.7<�:=<7/\( 3c:

@�:�@7/�Xn:�.�:=<�(�*�9�:�.?:Z@�:61�W�C#.�*EC�4�9�X#@7/�:=<�/�@F<�9�:�D2<�9 /
Xn@T( C#D�1 � ! � 8R.7<�:=<7/_(+3s:}5O:=<�<�W�4=/�:=<�( * 9�:
.�Y><�9SCn.s<�9 /
(
�

+
x
)
��8O/65�/�4=<�@T(SD (S3-<�9 /s<�@�:6,�, /�1_:�<7(+* X#W�V /�.�@�W`.0/s<�(

( C�<7I>:�@�1k1�WO.�,�5O:=4�/�*E/�D <_(�3 <�9�/�.0C�@�@T( C#D#1�WOD6X�5&:e<�<�Wb4=/
:e<�(+*-.=Y�@7/�.TC�5�<�W�DSX�WODF:l4�( D#.7WO1 /�@�:=Am5^/;@�/�:�@�@�:�DSX#WOD6X?(+3 <�9 /
D�/�:�@7/�.0<>.7C#@�@T(+C�D�1#W`D6X#.E( 3[<�9�/���H�1 A�/�@�Xt/=r�4�W�<7/�1Z:=<7(�*�o
� C�4�9Z:�@7/�:�@�@�:�DSX#WOD6XZ(�3[<�9�WO.E.7C#@7@7(
C�D�1#W�DSX#.;An@T/�:�K�.;<�9 /
4=C#A�W�4B.0H#*E*p/=<�@7H\:�D#12,�@T(�1 C#4=/�.>: 5^(64�:S5g/
5�/�4=<�@7W�4B30W�/65&1
(�3;5�( I�.TH�*>*p/�<�@0HZ:=4�<�WOD6XZ(+Ds<�9�/ �$! 

(
�

+
x
)
� 
[8�:=<7(�*�o

|�9�WO.E*p(
V#W�DSX :�,�:6@0<E( 3J<�9�/F4
5�(�.0/�1#8R.�9�/
5R5;�$! � :�<7(+*-.;(+3
<�9�/;4�@0H#.T<�:65�5&:e<�<�Wq4=/;<�9�:=<�.TC#@�@0( C#D�1F<�9 /;<�@�:�,�, /�1�/�r�4�W�<7/�1
� ! 

(
�

+
x
)
� :=<7(S* W�.)<�@7WbX X#/�@0/�1?A�HF<�9�/l@T/�,SC�5O.�W�( D�3R(+@74�/�.

<�9#:=<�:�@�/Z1 C�/]<7(\<�9�/]@7/)$ C#WO@7/�*;/�D�<eY :=4=4�( @�1�WODSX <7(\<�9 /
��:eC�5OW�� .�,�@�W`D�4�W�,�5�/�Yg3R(S@�<�9 / � 8`/65^/=4�<�@0(�D2I>:=V /Z3RC#D�4�<�Wq(�D
(�3-<�9�/s<�@�:�,�,�/�1d/�r�4�W�<7/�1u:=<�(�* A�/s(S@T<�9�(�X#( D#:65;<�(2<�9 /
I>:=V�/ 3RC�D 4=<�W�( D#.s( 3B<�9 /�.TCn@7@�(6C#D�1�WODSXa5&:e<�<�Wb4=/�:=<�( *>.eo
� C�4�9k:P.79#W`3R<\(�3Z<�9 / 5&:=<7<�W�4=/P:=<�( *>.2@7/�.0C 5^<�.�W`Da<�9 /
3R(�@�*-:=<�W&(SDu( 3�:\4�:=V#W�<7H�:
@T( C#D�1u<�9�/Z<�@�:�,�,�/�1u/�r�4�W�<7/�1
:e<�(+* Y?, C#<7<�W�DSX~W&<�WOD :}.0(�8`4�:65R5^/�1~A�C�A�A 5^/ w%x�y��n{%oFh
<�9�( @�(6C�X#9�<�9�/=(+@7/�<�W�4�:65M.0<7Cn1 H�(�3E<�9�WO.?W�.�.0C�/]9�:=V�/BA�/=/�D
C�D�1�/�@T<�:�K�/�DB:�D�1�<�9�/-/�.T<�WO*-:=<�W&(+D�(�3)<�9S/>A�C�A#A�5�/F@�:�1�W�C#.
(�3��Fh
	;3R(S@G<�9�/S�)!  � �g/�r�4�W�<�:=<�W�( D?WODpfg/[4�@7H (
4�@�H�.7<�:65�I>:�.
( A�<�:�WOD�/�1 o���D���/�3%o\x#mY :�<�9 /=(�@0/=<�W�4�:65]<�@0/�:=<�*p/�D�<_WO.
XnWbV�/�D2(�3-3R(S@7*>:=<�W�(�D_:�@7(
C#D�12<�9�/F�$!  � �c/=r�4�W�<�:=<�W�( D_WOD
<�9�/df�/u4�@0H#.T<�:65�(S3%YF30WO@�.0<�YFA�C�A�A�5�/�. I>W�<�9a.0H#*p*E/=<�@�Wb4
/65&:6.0<�W�4t*p(
V�W^DSX�:�,#:�@T<?<�9�/Z.0C#@�@T(+C�D#1�W`D6X2f�/Z:=<�(�*-.F(+3
<�9�/d5&:=<7<�W�4=/�YE.7/�4=(+D�1 YEA�C�A�A 5�/�.�<�9#:=<s9#:�.BW`D#1 C�4�/�1}<�9 /
,m5&:�.T<�W�4B1�W`.�<7(+@7<�Wb(�DZ(�3J<�9�/c.7C#@�@T(+C�D�1#W`D6X#.E4=(�D�.�WO.0<�WOD6X�WOD
<�9�/;,�@7(+1�C�4�<�W�(+D�WODF<�9 /MD�/�:�@�/�.0< 5&:e<�<�Wb4=/M.7C#@�@0( C#D�1#WOD+X�.Q(+3
1�/�3R/=4=<�.EWODs<�9�/���@7/�D�K�/65�,�:6W^@p3R(S@7*�Y�<�9�:=<-WO.=Y�VS:=4�:
DS4�W�/�.
:6D�1�WOD <�/�@�.0<�W�<�WO:65�:=<7(S*-.=o?�0<gWO.�.7<�:=<�/�1cW�D�<�9S/l,�:�, /�@eYS<�9�:=<
<�9�/;A�C�A�A�5�/�.)I-W�<�9�,�5O:�.7<�W�4E1�W^.7<7(+@7<�W�( D�9�:�V /-5^( IE/�@Q/�D�/�@78
X#H-<�9�:
D-<�9�/M,SC#@7/[/65&:�.T<�W�4JA�C#A�A�5^/�.eo ��D-<�9 / f�/J4�@TH�(
4�@7HS.78
<�: 57Y�<�9 /�A�C�A#Am5^/�.ZI>W&<�9 <7IE(PV�:�4�:�D 4�W�/�.\WOD <�9�/}30W�@�.0<
4=( (+@�1�WOD�:=<�W�( DB.�,�9 /�@7/>:�D#1�WOD�<�/�@�.7<�Wq<�WO:65 f�/>:=<7(+*-.[W�D�<�9 /
D�/�r�<l*l(S@T/�1�WO.T<�:�D�<M.�,�9 /�@7/�.J:�@�/F1 /�1�C�4�/�1\w%x��{ <�(c9�:=V /
<�9�/�5�(
IE/�.0<;/�D�/�@RX�H�o���/%X�C�5O:
@JA�C�A�A�5�/�.JI>W�<�9B( D�5�HB/65&:�.78
<�W�4�1�WO.7<7(+@7<�Wb(�D :�@�(6CnD�1P<�9�/ �)! �

(
�

+
x
)
� .�<�:=<�/�:�@T/_(+3

4=C#A�W�4B.0H#*E*p/=<�@7H_w%x��{%o�|�9�(6C Xn9Z<�9�/B,�5O:
.T<�W�4B1 /�3R(�@�*-:�8
<�W�(�D�.UI-W�<�9�VS:=4�:
DS4�W�/�.):�@�W�.�WOD6XcW`D-<�9�/M30WO@7.�<Q4�( (+@�1�W`D�:�<�Wq(�D
.�,�9�/�@T/�:�@0( C#D�1�<�9 / � ! �

(
�

+
x
)
�t/=r#4�W�<�:=<�W�( D�YE4�:=C#.7/ :

5�( IE/�@Q.�H�*-*E/=<�@TH�1�WO.T<�(�@0<�W�(+D�(+3 <�9�/M.TCn@7@�(6C#D�1�WODSX�. w=x �{%Y
<�9�C#. 4�@T/�:=<�WODSX�:�Da:�D�W`.�(6<�@7(+,�W�4_/65^/=4�<�@�W�4d4�@TH#.0<�:65c30W�/65&1
:e4�<�W^DSX�(�D <�9 /_<�@�:�,�,�/�1�/�r�4�W&<�/�1�:e<�( *�o:�R<�W�.ZIp(+@7<�9
D�(
<�WOD X}<�9�:=<B<�9�W�.Z5�(
4�:65>/65^/=4=<�@�Wb4�30W�/65&1}:=4=<�W`D X�(�Du<�9 /
� ! �

(
�

+
x
)
� 8R:=<�(�* .�9 ( C�5&1uA�/\D�(
<B(�D�5�H $SCnWb<�/2:�D#W�.7(
<�8

@7(+,�Wb4;A�C#<).�<�@0(�D6Xc:�.QIE/65�57oS|�9�/E5O:�<�<7/�@&$ C#:65OW�<7H?WO.�1SC�/;<�(
<�9�/ 30:=4�<_<�9�:=<�W�<uW^.uD ( <2<�9�/�*;/�@7/PL;:
D�8R1�/�@�8`NP:
:65O.
WOD�<�/�@�:=4=<�W&(SD <�9�:�<24=(�D <�@�WbA#C�<�/�.2<�(a<�9 /a5�(
4�: 5B/65�/�4=<�@�Wb4
30W�/65O1 � <�9�W`.\WOD <7/�@�:=4=<�W�( D <�9�/�@0/=I>W�<�9~.�9�(
C 5&1�A�/�*EC�4�9

����¯T��� È2ö�Ý�»�º ¿Û¿Eº À�ÐâÉ�Ê�¿µ¾�Æ)»�Æ�Â/ÆW»�Ç.É�Ê�¹WÀ�¹�¿�É/¸\æ�º ¿µ¾�ÇµÝ�º À ¬
=
Ñ�º�Àâ¹�À

¹�Þ º�¹�»cÆW»�ÆWÍ�¿ÛÅEº Í�Í�Åµ×�Çµ¿µ¹�»�ÊSº�ÆW»�ÎR¹WÀ Î:¹WÝ Ý Æ�¹WÅB¹WÀ Í�ÆôÉ�Ê.ÇBº�Î�Æ@»�º�À�ÆWÇÄº ÀR¿S¾ Æ
¶2ê�ÌRÇÛÝ�ÆWÍ�¿µÅÛË�¸ÄÈ

±�M_ Y�¡ Z�¡ ¤7§�[#¡ Z�¤�¡ ¤� !\�®�¬&]�®��§�¢^ª=0¯=°0±�±�² ¯R¦���W�X�¯^[ ¥;°�_



X#@0/�:�<7/�@)3R(�@U<�9�/;/=r�4�W�<�/�1 � ! �
(
�

+
x
)
� 
 8R.0<�:�<�/�Y#@0/�.7C�5^<�WOD6X

30@T(S*~Wq<�.;5O:�@TXS/-,�(�5&:�@�W
	�:�A�WR5&Wb<7H�Y#<�9�:
D�<�9�:=<g(�D />IE9�W�4�9cW`.
4�9�:�@�:=4�<7/�@�W�.7<�W�4Z( 3�<�I;(�@�:�@0/ X�:�.�:=<�(�*E.eY � !���X#@7(
C�D�1�8
.T<�:=<�/~(S3 <�9�/a4�@TH�.�<�:65_5O:=<�<�W&4�/�W�D�4
5�C#1�W�D X��6Y]A�C�<�Yt3R( @
�UH 1 A /�@`Xt:%<0(+*p.=Y�<�9 /�*lC+4�9B.T<�@0(+DeX�/�@J4�9 /=*EWb4�:65�A ( D�1 W^D+X
A�/=<�Ip/�/�D_:�<�@�:�,�, /�1 � ! �

(
�

+
x
)
�?/=r�4�Wb<�/�1_:=<7(S* :�D#12:

�$!���5O:�<7<�Wb4�/_:=<7(S* .�9�(
C 5&1}:S5&.T( :�,�,�/�:�@=oE|�9�WO.BW`.],�@7/�8
4�W�.�/65�HZ<�9�/ .T<�@7(+DSX\4�9 /�*-W�4�:65gA�(�D�1#W`D6X\<�9�:=<EX#W�V�/�.-@�WO.7/�Y
C#D�1�/�@[,�@0(�, /�@g4=(�D�1#W&<�Wb(�D�.eYn<7(c1�WO:=<�( *>W�4-/=r�4�W`*E/�@[*p(�5^/�8
4=C�5�/�.�(+3F@�:�@7/�X#:6.0/�.��J��X

(
Ñ � � ) +

�UX
(
� 
 Ø ) →

�gX Ø∗(
�
Σ ¥+)

o
|�9�WO.)4�9 /�*>W&4�:65�A�(�D�1�WOD6X�Y�(�3�4�(6Cn@7.7/�Y#.�9�(
Cm5&1�4=(+D�<�@�W&A�C#<7/
W�Dk.0(�*;/P*p/�:�.�C�@0/}<�( <�9�/PW�D�<�/�@�:�4=<�Wb(�D~A�/�<7IE/=/�D~<�9�/
�$! �

(
�

+
x
)
��8�:e<�(+* <�@�:�,�, /�1]WODs@�:�@0/-X#:
.J4�@0H�.7<�:65�:�D�1sW�<�.

:�D�W`.�(6<�@7(+,�W�4>4�@0H�.0<�:65U.0C�@�@7(6C#D#1�WOD X#.�om|�9�WO.J*>:=HB,�@T( VSW`1�/�Y
3R( @)<�9�/>:=<�( *�Yn:lX#@7/�:=<g/�D ( C X#9�.�,n5&W�<7<�WOD+X

δ
<�(c*l/�/=<g<�9�/

4=(+D�1�W�<�W�(+D
δ " " �

λ
o2�TD2.T(\1 (�WOD6X�Y�D ( <-(+Dm5^H\1�(
/�.-<�9�/

*E:�X#D�W�<�C�1�/_(�3
λ

WODS4�@7/�:�.0/�.�Y>:�.sWO.�/�V#W�1�/�DS<t30@T(S* <�9�/
3R( @�/%X�(+WODSX�Y+I>W&<�9FWOD�4�@T/�:�.�WOD+Xc*E:
.7.U( 3�<�9�/;@�:6@0/�8�X#:
.Q:=<�(�*
W�DF<�9�/;@�:�D X�/[A�/=<�I;/�/�D-fg/E:�D#1Fjl/�Y A#C�<Q<�9�/MWOD <7/�@�:=4=<�W�( D
/�D /�@0X�H_A�/=<�I;/�/�Du<�9�/Z<�@7:
,�,S/�1 � ! 

(
�

+
x
)
� :=<7(�* :6D�1

4�@0H�.7<�:65>.7C#@7@�(6CnD�1#W�DSX�.�:65&.T(�WOD 4�@7/�:�.T/�.BW`D 4
5�C#1�WOD6X�A�(
<�9
L;:
D�8R1�/�@�8`NP:
:65O. � A�/�4�:=Cn.T/�<�9 /}, (�5&:�@�W 	�:=A�WO5OW�<7H�(�3�<�9�/
X#@0( C#D�1�8R.7<�:=<�/ :�D#1k*p/=<�:�.0<�:�A�5�/ � 
 Ø :e<�(+*-._:65OWOK /�/�D�8
9�:�D�4=/�.%� W`D <�/�@�:=4�<�W�(+D�:�D#1 4�9�/�*EW�4�:65]A�(SD�1#WOD+X�oB|�9�WO.eY
,�@T( A#:=A�5�H Yl,�@7(6V#WO1 /�.B<�9 /24�( D#1�W�<�W�( D

δ " " �
λ

3R(�@�<�9�/
:=<7(+*-.Z(+3s:65R5c@�:�@�/ X�:�.7/�.=Y�@7/�.0C�5�<�W`D XaWOD �

=
�mo =}:6D�1

465^( .�W^DSX\<�(eX#/=<�9 /�@E(�3 �n8R30:=4�<7(�@�.p(+3 f�/�Y�h[@eY)i @-:�D�1�j;/
IEW�<�9�5^( IdXn:�.U375�(+I}@�:=<�/�.�<�(p<�9�/[.�C�A#.7<�@�:=<7/ � .T/�/;|�:=Am5^/ �6o|�9 /2,#@T( 4�/�.�.�(+3�1�W^.7<7(+@7<�W�( D}( 3?<�9 /_5O:=<�<�W�4=/\A�Hu<�9�/

[8�:=<7(+* *>:=Hs,�@0( 4=/�/�1�<�9�@0( C X#9s*E/=<�:�.T<�:eA�5^/FWOD <7/�@�*;/�1�WO8
:=<7/ZVS:6@�WO:�D�<�.�( 3F<�9�/s4�(�D�30WbX�C�@�:=<�W�(�D_( 3F<�9�/ZD�/�WbX#9 A�(+@�8
9 ( ( 1PIEW�<�9�4�/�@0<�:�WOD 1 /
5O:=H#.sWOD}<�9 /�.�/24=(+D�30W X#C#@�:e<�Wb(�D�.eo
��:=4�9 ( 3�<�9�/�.T/ 4=(SD�30WbX�Cn@7:=<�W�(�D�. (�3�<�9S/ WO*E*p/�1#W�:�<7/
D /�WbX#9�A�(+@�9 ( (+1Z.79�(6C�5O1�A�/?:
.7.�(64�W`:=<�/�1sIlW&<�9s:?1�WO303R/�@T/�D�<
.THS*-*p/�<�@0Hs(+3g<�9�/F4�@0H�.7<�:65U/65�/�4=<�@7W�4?30W�/65&1s:=4�<�WOD6X](�D�<�9�/
� 
 Ø :=<�(�*�o�|�9�WO.F,�@�(6A#:�Am5^H2:=4�4=(
C�D <�.F3R(�@p<�9�/B:�,#, /�:�@�8
:�D 4=/�Y�:
.s<�9�/_/=r#, /�@�WO*;/�D�<�:65?4=(SD�1#Wb<�W&(SD�.s4�9�:�D X�/ � WOD�84�@0/�:�.�WOD6X_<�9 / Xn:�.?375�(
I�@�:=<�/B(�D <7(\<�9 /t.TC�A�.0<�@�:=<7/V5�( @
<�9 />/�D�9�:�D 4=/�*p/�D�<g(�3�1�W�.74�9�:6@RX�/-<�/�*>, /�@�:e<�C#@T/+�6Y�(+3)D�/�I
5OW�D�/�.�WOD_<�9�/��&�U��.�, /=4�<�@�:\3R(+@�fg/�Y[h[@�YEiM@=YM:�D�1uj;/
� ��WbX#.�o2��y�z��6Y[A�/�4�:=C#.7/Z(+3�V�:
@�W`:=<�W�( D}W^D

δ
:�D�1u4�(�D�.7/�8

$ C�/�D�<�5�H � 8R30:=4�<7(S@7.u(+32<�9�/ ���Q� 5OWOD /�.eoF��D�1�/�/�1 Y]:�D
W�D�4�@T/�:6.0/�WOD�<�9 /�375�(+I @�:e<�/2(�3B:�@7:
@T/2X#:�.s(S@ZW�D W�<�.
<7/�*E,�/�@�:=<�C�@0/2*E:�Hu@�/�.0C 5�< W`D}9 /�:e<�W�DSX�(�3F<�9�/\.�:6*E,m5^/�Y
X#@0( IE<�9F( 3�<�9 /E.7W
	�/[(�3�W�<�.U4�@0H#.T<�:65R5&W&<�/�.�Y�:�D#1F:6,�, /�:�@�:�D�4=/
( 3;<�@7:
,�, /�1 � 
 Ø :=<�(�*>.-3R(+@pI>9�W&4�9 <�9�/c,�@7(
4=/�.�.p(+3p1�WO.�8
<7(+@7<�Wb(�D-(�3�<�9�/M.TC#@�@0( C#D�1�WOD6X�.UD ( I�<�:
K /�.U,�5O:�4=/[30:
@Q30@0(�*
<�9 /�.0C�@�30:=4=/_( 3B<�9 /�.�:�*-,�5�/�YFWOD�<�9 /�W�D�<�/�@�W�(�@�(�3�<�9�/
4�@0H�.7<�:65O.�:�D�1 :=<�: 9�WbX#9 /�@d<�/�*-, /�@7:�<7C#@0/�o |�9�WO.d*>:=H
4�:=C#.7/�:-4�9�:6D6X�/�WOD�<�9S/>4=(+D�1�W�<�W�(+D�.g(�3 5^( 4�:65G@T/�:6@�@�:�D6X#/�8
*;/�D�<Z(+3�<�9 /}5O:=<�<�W�4=/�:�@7(
C#D�1�4�/�@7<�:�WODvX#@0( C#,�.s(�3 � 
 Ø:=<7(+*-.F:�D#1�*>:=H X�W&V+/s@�WO.T/B<�(s<�9�/B:�1#1�W&<�W�( D#:65;5OWOD�/�.-WOD
<�9 /�.7, /=4�<�@�:-( 3J��W X�.=o���y�zmo

��<>W�.E,�(+.�.7W�A�5�/?<�9�:=<>:�4�( D�<�@�W�A�C�<�W�(�Ds<�(�<�9 /�1 /�.7<�@0C�4�8
<�W�(�DP(�3�<�9 /d4�C�A#W�4_4�@0H�.7<�:65�/�D�V�WO@0(�D�*p/�D�<Z(+3�<�9�/ � 
 Ø:e<�(+*-.F<�@�:�,�, /�1_W�D_@�:�@0/�X�:�.�4�@TH#.0<�:65lW�D2<�9 /]1�/�.T4�@�W�A�/�1
/=rn,S/�@�W�*E/�D�<�.�4�(�*p/�.2:65O.7(�30@7( * <�9�/P1 H�D#:�*-W�4��+:�9�D�8
| /65�5�/�@ /�303R/=4=<>w%x �#{%o

��< W`. D ( <�/=IE(+@7<�9 H <�9#:=< <�9 / 5&:�@TX�/ 5OW�3R/�<�WO*E/�.
τ ≥

x�= −
Ø y �	� −

Ò .�3R(6C#D#1uW�D_<�9#W�.�IE( @�K � .0/=/�� /=4�o&��oRx
�
/65&W`*>WOD�:=<�/F<�9S/�,�(+.�.�W&A#WR5OW�<�H�(+3)/=r�,�5&:�W`D#W�DSX <�9�/-(
A�.�/�@0V�/�1
�����k.�, /�4%<�@�:\:=.�A /�W�DeX 1 C /s<�(�@7:�@R/sXS:�.�/�r 4�W^*l/�@�*;(
8
5�/�4=C 5^/�.=Y;�UX �∗(

�
Σ ¥+)

Yg<�@�:�,�,S/�1uWOD24�@7H+( 4�@0H�.7<�:65O.eoS��D�1�/=/�1 Y
<�9�/F5OWO3R/=<�WO*p/�.=Y

τ
w7�UX Ø∗(

�
Σ¥+)

{=Y#(�3Q<�9�/�.T/�*;(�5�/�4=C�5�/�.JWOD�<�9 /
@�:�@7/ZX#:=.�4�@0H (�4�@RH�.0<�:e5&.�:�@0/\.796(
IED w�z�{?<0(_A /

τ(
fg/ Ø∗) =

=
�
⋅
x = − �g.=Y τ(

h�@ Ø∗)=
x�o��

⋅ �� −
� .�Y

τ(
ig@ Ø∗)=

��o �
⋅ � � −

� .�Y
τ(
j;/ Ø∗) =

�
⋅ �	� − � .�Yc@7/�.�,�/�4=<�WbV�/65�H�YBWTo /�o�Yc*pC�4�9k.�9�(+@7<�/�@

<�9#:�D�<�9�/>5OW�3R/�<�WO*p/�.
τ
3R( C#D�1?WOD�<�9�W`.UIE(�@7K?3R(�@�,�:�@�:�*-:%X#8

D�/�<�W�4E4=/�D�<�/�@�.J3R(�@gIE9#W&4�9
τ ≥

x�= −
Ø y�x = −

Ò .eo
|�9 C#.eY]W�<�I-:�.�1�/�*p(+D�.0<�@�:=<�/�1k<�9�:=<u<�9�/�C�D�.7<�:=A�5�/

,�:�@�:6*E:=X#D /=<�W�4s4=/�D <7/�@�.�(
A#.7/�@0V�/�1_:�@0/Z1 C�/s<�(Z<�9�/s@�:�@T/
Xn:�. �$! �

( � +
x
)
� � 
 Ø :e<�(+*-.)IE9#W&4�9 Y�(�D 4=/E<�@7:�,#,S/�1�30@0(�*

<�9�/-X#:�.E1�W`.�4�9�:�@TX�/?WODs:-X#@7(
I>WOD+X]4�@7H ( 4�@TH�.�<�:65�Y�A�/�4=(�*;/
5�( 4�:65OW
	�/�1FWOD?W&<�YS1S/�3R(�@�*�:
D�1�@0/�:
@7@�:�D+X#/[<�9 /�W`@�.TCn@7@�(6C#D�1�8
WODSX#.;:�D#1s:�@7/?.0C�A ��/�4=<[<7(�<�9�/�:=4=<�W�(�D�(+3J:�D]:�D�W�.�(6<�@7(+,�Wb4
/65^/=4=<�@�W�4�30Wb/65&1v(+3�<�9�WO.B1�W�.7<�(+@7<7/�1}.7C#@7@�(6CnD�1#W�DSX�.eo[h[.B:
@T/�.0C�5b<=Yn<�9 /�5q(64�:65�,�:=@�:�*E: X#D6/�<�Wb4F*;/�<�:�.R<�:%A�5q/ �$! �

( � +
x
)
�

:e<�(+*-W�4�8O<7H�, /�/=r�4�W�<�/�1a.T<�:�<7/�. (
A#.7/�@0V�/�1 A�H ���Q� :�D#1
1�/�.T4�@�W�A�/�1B:=A�(+V /F:�@�W^.7/>W`D�<�9�/E4�@�H (64�@7H�.7<�:65O.=o

��<;.�9�(
C 5&1�A�/�D ( <7/�1�<�9#:=<J<�9 /F.0/65O308O<�@�:�,�,�/�1�/=r�4�W&<�(+D�.
(�3(� ! �

( � +
x
)
��:�<7(+*-W�4?<7HS,�/c:�@7/�K#D ( IEDZ<7(t3R(�@7* /�3030W�8

4�W�/�D�<%5^HBC�D�1�/�@J<�9�/�:e4�<�Wb(SD�(+3JW�(+D�W 	�WOD6XZ@�:�1�WO:=<�W�(�DsW�D�fg/
4�@7H+( 4�@0H�.7<�:65O.;:�D#1�I>Wb<�9s.7(+*p/�I>9�:�<E5�/�.�.7/�@J/�3030Wb4�W�/�D�4�HBWOD
h[@d4�@TH�(
4�@7H�.0<�:S5�o���D�WO@�@�:�1�WO:=<7/�1 4�@7H (
4�@7H�.�<�:65&. (S3�<�9 /
9�/�:=V�H�@�:�@7/2X#:�.7/�.=Y?i[@\:�D�1�jl/�Y><�9 ( C X#9�YE(�D�5�H�.T/
5O308
<�@�:�,�,�/�1u/�r�4�W�<7(�D�.�(�3�*;(�5^/=4�Cm5&:�@�<�H�, /�Yl*-8�� |Q�k�UX �∗ Y
:6@0/?(6A#.7/�@TV�/�1 Y�IE9�WR5^/?.T/
5O308`<�@�:�,�,�/�1�/�r�4�W�<�( D#.J(�3[:=<7(S*-Wb4
<7H#, /�Y�:�8�� |Q�[Yg:�@0/]D�(
<?3R(6CnD�1Go�|�9�/�/=rn,�5O:�D�:=<�W�( D_W�.?:�.
3R(�5R5^(6I>.Fw%x�y�z#{%�UW^D�i;@E:�D#1ZjJ/�4�@TH�(
4�@7HS.T<�:S5&.�Y�<�9S/?:�4=<�W�8
V#:=<�W�(+DsA�:�@�@7W�/�@�.E:%X#:�WOD�.0<E.0/65O308O<�@�:�,�,#W�DSXtW�D�<7( :�87��|Q� :�@T/
V�/�@0H 9�WbX#9�Y�Il9�WR5�/PIEW�<�9 .0/65O308O<�@�:�,�,�WODSX WODS<�(k*E8���|Q�
<�9�/�.0/�:�@�/�.�WbX#D�W�30W�4�:�D�<�5�H�5^(6IE/�@eo�NPW�<�9�f�/�:�D#1sh[@�Y�<�9 /
:68�� |Q��.0/65O308O<�@�:�,�,�WODSX A#:�@�@7W�/�@�.B:�@7/�IM/65R5>A�/65^( I <�9�/�.T/
A�:�@�@�W�/�@�.BW`D�iM@B:�D�1}j;/�Y;IE9#W�4�9}*-:�K /�.�,�( .�.7W�A�5�/\<�9 /
.7/65&308`<�@7:
,�,�W`D6X WODS<�(?:�87��|U�ZWOD�f�/E:�D�1�h�@eo�h�, (�.�.�WbA�WO5OW�<7H
3R(�@p<�9�/B5�(+4�:65g/�r�4�W�<7/�1 � ! �

( � +
x
)
�?:=<�(�*EW�4�8`<�H�,�/�.7<�:=<�/�.

<7(�3R(�@�* WOD�i[@B:�D�1}jJ/\4�@0H ( 4�@TH#.0<�:65&.BW`Du<�9 /Z/=rn,S/�@�W�8
*p/�D�<�.�1�/�.04�@�W�A�/�1P:=A�( V /�WO. 5OW^K�/65^Hu<�(_A�/�1SC�/\<7(�<�9 /
*p/�<�9�( 1B( 3[,�@T(�1 C#4�W�D XB<�9�/-/�r�4�W�<7/�1�:�<�( *>W&4�8`<�H�, /F.7<�:=<�/�.
I>9�Wb4�9d1#W�303R/�@�.�3RC#D�1�:�*E/�D <�: 5R5^H230@�( *�<�9�/]30@T/�/B/=r�4�Wb<�(�D
.7/65&308`<�@7:
,�,�W`D6X W�D�<�9 /�.7/P4�@7H+( 4�@0H�.7<�:65O.eo |�9�/ ,�( WOD <}WO.
<�9#:=<eYlWODu/=r#,�/�@7WO*E/�D <�.B1�/�.04�@�WbA#/�1}:=A�( V /�Y;<�9 /�/�r�4�W�<7/�1
� ! �

( � +
x
)
� � 
 Ø @�:�@7/-X#:
.p:=<�(+*-.E:�@7/?WOD�.0/�@7<�/�1]1�WO@0/=4=<�5�H

WOD�<�(}:2@�:�@0/�X#:�.B4�@0H�(64�@7H�.0<�: 5pX�@7(6I>WOD6X�30@T(S* <�9 / Xn:�.
,�9�:�.7/B:�D#1�<�@7:�,#,S/�12W�D�<�9�/c4�@0H�(
4�@�H�.T<�: 57oG|�9�WO.-,�@7(
4=/�.�.
1�(
/�.]D�(
<ZWOD V�(�5�V�/�:�Dv(+V /�@74�( *>WOD+XP<�9�/�.7/
5O308`<�@�:�,�,�WOD+X
:e4�<�WqV�:=<�W�( D?A�:
@�@�Wb/�@g:�D#1�W�D�<�9�WO.g@T/�X#:6@�1�<�9 /-5�( 4�:65OW
	�:�<�Wq(�D

Y ¡ Z�¡ ¤�§ [S¡ Z�¤�¡ ¤� !\=®�¬&]=®�q§ ¢&ª=�¯�°�±�±�²
¯�¦���W�X+¯ [�¥[°�_ ±��°



(
3
<
9
/
�$! �

( � +
x
)
�

:
<
(
*
W
4
8
<
H
,
/
4
/
D

<
/
@7.�.�9 ( C�5O1 ,#@T(+4=/=/�1 WOD i @2:�D�1�jl/�4�@7H+(64�@7H�.7<�:65O.2:�.
C#D�9#WOD�1�/�@0/�1B:�.[W&<M1 ( /�.[W�D�fg/�:�D�1�hg@�o

��WbX�C#@7/ �mYU5&W�D�/F/6Y�.�9 ( IE.;<�9 /F<7/�*-, /�@�:=<�C#@7/?1 /�,�/�D�1�8
/�D 4=/[(+3 <�9�/[.�WbX#D�:S5#:
*E,m5&Wb<7Cn1 /J(
A�<�:
W�D�/�1F3R( @�<�9�/g4�/�D�<�@�:S5
5OW�D�/;(+3G<�9�/l.7, /=4�<�@�C�*�3R( @�fg/EWOD���WbX�o���o?�R<�4�:�D�A�/E.0/=/�DGY
<�9�:=<F<�9�/BD�C#*pA�/�@-(�3;( A#.7/�@TV�/�1�C#D�.�<�:=A�5�/B4�/�D <7/�@�.-<�9�:�<
3R( @�*�W�D�<�9 /�4�@7H+( 4�@0H�.7<�:65[WO.-WOD�1 /�,S/�D�1 /�D�<-(+3;<�9�/�<7/�*-8
, /�@�:e<�C#@T/�Y�W7o /�oRY�<�9 /-/M$SC#WR5OW�A#@�WbCn*aD�C#*pA�/�@g(�3U<�9�/�.0/-4=/�D�8
<7/�@7.]WO.�WOD�V�:�@�WO:�D <s<�(d<�9�/\<�/�*E,�/�@7:=<�C�@0/�I>W�<�9u<�9�/ X#:�.
375�(
I @7:�<�/2:�D�1P1�WO.74�9�:�@TX�/\4=(+D�1�W�<�W�(+D�@0/�*>:�W`D�WODSX 4=(+D�8
.T<�:�D�<�o ��@7/�4�WO.0/65�H_<�9�/t.�:�*p/\W�D#1 /�,�/�D�1�/�D 4�/\30@T(�*�<7/�*-8
, /�@�:e<�C#@T/PI>:�. (+A�.�/�@0V�/�1k3R( @_<�9 /�.7WO1�/ 5OWOD�/�. (+3�<�9�/
.7, /�4=<�@7C#*�3R( @pf�/BWOD �mW^X�o+�mY�:�D�123R(+@F:65R5;5&WODS/�.-( 3;<�9�/
.7, /�4=<�@�:2,�@T/�.7/�D <�/�1}WOD���WbX#.eoS�Sy�zmoQ�R<]*;C�.0<�A#/\:�1�1 /�1
<7(\<�9�/Z:=A#(6V�/�Yg<�9�:�<?<�9 /Z/=r#, /�@�W`*;/�D�<�.�.79�(6I�<�9�/\5OWO3R/�8
<�W^*p/�.

τ
( 3U: 5R5�C#D�.0<�:=A 5�/l,�:�@�:�*-:%X#D�/=<�W&4M4=/�D <�/�@�.gW^D�V /�.7<�WO8

X#:=<�/�1aWOD�<�9�/ ,�@T/�.7/�D <\Ip(+@�K�<�(PA�/�WOD�1�/�, /�D#1 /�D�<Z(S3
<7/�*E,�/�@�:=<�C�@0/�o�|�9�C#.�Y�IEW�<�9 A�( <�9 <�9�/ 5&W`3R/�<�WO*;/�. (S3
<�9 /�,�:�@�:6*E:=X#D /=<�W&4�4=/�D�<�/�@�. :�D�1�<�9 /k375^( I @�:=<�/ (S3
�$! �

( � +
x
)
� � 
 Ø :=<7(S*-.�30@7(+* <�9S/sXn:�.�1#W�.74�9�:
@RX�/�Y[<�9�/

W�D�1 /�,�/�D�1�/�D 4=/]30@7(+*�<7/�*-, /�@�:=<�C#@7/B(�3p<�9 /B/)$ C�W`5&W�A�@�W&C#*
D C�*EA�/�@g(�3Q<�9�/�.T/E4=/�D�<�/�@�. � �mW^X�o ��Y 5&WODS/�/��M:%Xn@T/�/�.gIp/
5R5
IEW�<�9Z<�9�/c*p/=4�9�:6D�WO.7* ,�@0(�, (�.0/�1���<�9 /�(6An.T/�@7V /�1 C#D�.0<�:68
A�5�/24�/�D�<�/�@�.Z:�@7/_3R(+@�*E/�1}<�9#@T( C X#9P<�9�/2<�@�:�,�,�WOD6X�:6D�1
5�(
4�:65&W 	�WOD6XtW`D]:pX#@7(
I>W`D6X]4�@0H�(64�@7H�.0<�: 5�<�9 /?@7:�@�/�8&X�:�. � 
 Ø:=<7(+*-.[30@7(+* <�9�/lXn:�.[1�W`.�4�9�:�@TX�/�o

6-�
6	� � ���)% *3� *+%���� �$��� � ��� *3������� ���)�������& *���� *+���$!�!#� �
& ��*3� �$* � � , � �����$% *+�$� .>/Q� � � Ñ � * ��& * � * ���

f�/��)��� ���)�����)* � ,
��Dv<�9�WO.s.0<7C#1�H�YEWOD V�/�.0<�WbX#:�<�Wq(�D�.s9�:eV+/�A�/=/�Dv4�:�@�@�W&/�1

( C�<2IE9�/�@0/P,SC#@7/<.-/�I>:�.2,�:�.�.T/�1~<�9�@7(6C�X#9~<�9 /dXn:�.
1�WO.04�9�:�@RX#/ � 4�9�:�D�D /
5 T W`DZ��WbX�ogx
�;I>9�WO5�/?,�C#@0/-fg/FI>:�.
3R/�1_<7(\<�9 /t.7C�A�.�<�@�:=<7/]<�9#@T(+CSX�9d:Z.�/�,�:�@�:=<�/ZWOD�5�/=<?<�C�A�/
� 4�9#:�D�D�/65 D>�;:=V�( WO1�WODSXc<�9�/;X�:�.[1�WO.74�9�:�@TX�/�:=4=<�W�V /F,�:�@7<�o
h�D /=I /�303R/=4=< 9�:�.�A�/=/�D}3R(+C�D�1��[<�9�/\3R(�@7*>:=<�W�(+D}WOD}:
D�/�( D24�@0H ( 4�@TH#.0<�:65[(�3-5^( 4�:65[*E/=<�:�.7<�:=Am5^/B/=r�4�W�<�/�12.7<�:=<�/�.
:6@�WO.7WOD X?:
.)9 /65&W&C#*uX#:
.Q1#WO.T4�9�:�@RX�/M,�@7(+1�C�4=<�.):�@0/;<�@7:�,#,S/�1
WOD <�9�/;X#@�(6I>WOD6XB4�@7H+(64�@7H�.7<�:65�w ��YRx�=�{%o

|�9 /����U�P.�,�/=4�<�@0C#* ( 3g<�9�/FD�/=(+D�4�@7H (
4�@7H�.�<�:65�<�@�:�,�8
,�W�D X .>/ X�:�. 1�W^.74�9�:
@�X�/ ,�@0(�1 C�4�<�.a:
@T/ .�9 ( I>D WOD
��WbX�oBx�=�oF|�9S/�.7/�.7, /�4=<�@�:dI;/�@7/2( A#.7/�@TV�/�1 1 C�@�W`D6X�<�9 /
D�/�( Du4�(�D�1�/�D�.�:=<�W�( D}:�D#1u1#W`.�:�,�, /�:�@7/�1�:=<�<�9�/\WOD�.�<�:�D <
I>9�/�D\<�9 /B1#W`.04�9#:�@�X#/�I>:�.-<�C#@7D�/�1�(+303%og��(�@>.�WO*E,m5OWq4�W�<7H
<�9�/�<�/�@�*	�6/�1SX�/�8R.�W`1�/s5OW^D�/�.�
Z.�9�: 5R5gA�/�C#.0/�1�<�(Z1 /�D�(
<7/
<�9�/�(
C�<7/�@;A�@0(�:�1Z.7WO1�/�5OWOD /�.EWOD���WbX�ogx�=mY�:
D�1s<�9�/F<7/�@�*
� .�WO1 /�5&W�D�/�.�
?<7(c@0/�3R/�@g<�(�<�9�/>WOD�D /�@[D�:�@�@7(
I�.7WO1 /�5&W`D /�.eo

|�9 /�@7/�WO.E:�A�.0(�5^C�<�/?4=(�WOD 4�WO1 /�D�4=/?A�/�<7IE/�/�DZA�(+<�9�5&W`D /
,�(+.�Wb<�W�(�D�.�:�D#1 5&WODS/�I>W`1 <�9�.F( 3-<�9 /s<�9�@7/=/]*-W^1�1�5�/\5OW�D�/�.
WOD <�9 /I.E/�y�f�/ .�, /�4=<�@7C#* � ��W XQo\x =��}:�D�1k<�9S/P4=(S@78
@7/�.�,�(+D�1�WOD6X�,�C#@0/�fg/s5&WODS/�.-.�9 ( IlD�WOD2��WbX�o���o&��D�1�/=/�1 Y
<�9�/ �n8R30:=4�<7(�@Z:�D�1~5&WODS/�I>W`1 <�9�(�3�<�9S/�4=/�D�<�@�: 5�5OW�D�/2(+3
<�9�/ .-/�y�fg/�.�, /=4�<�@7C#* @7/�4=(+@�1 /�1a9�/�@T/ :�,�, /�:6@s<�(�A�/
x6o ����� �
z � x#���[:=D�1*=�oOx�� � �#�@UFYS@T/�.�,6/=4�<�WbV /�5qH YS:�D 1F/%r#:=4�<�5�H
<�9�/a.�:6*;/a:
.d<�9 (�.T/�3R(�@d<�9 /a, C�@0/�fg/ 4�@TH+( 4�@0H#.T<�:657Y
x o �"��� �K � x��#� :�D�1 =moOx�= � �#� UFot|�9�/a.�W`1 /�8T5OWOD /k5OWOD /�8
I>W`1 <�9�.F:�.FI;/65�5M:�.�.0/�,�:
@7:=<�W�(�D�.-A�/=<�I;/�/�D�4�/�D�<�@�:S5[:�D#1
.�WO1 /s5OWOD /�.F:�@7/ :65O.0(Z<�9 /B.�:�*E/���3R(+@-<�9S/ ,�C#@T/?fg/�<�9�/�.T/
:
@
/
.
C
*

*
:

@
W
	
/
1
W
D
|
:

A
5
/
o

����¯T��± È�Ú�Æ�¸�Ý Æ�Åµ¹n¿µË�ÅÛÆßÎ Æ�Ý�Æ�À Î Æ�À�Í�Æ�Ç.É�Ê!¿µ¾/Æ~¶2ê�Ì
ÇBº�Ð�À�¹�»�¹W¸.Ý�»�º�¿SË Î�Æ�Ó
�

(
�

)
Ó!Ê¦É�Åß¿S¾ Æ�Ë À�Çµ¿µ¹nÜT»�Æ�Í�ÆnÀ�¿µÆ�ÅBÇ�æä¾�º Í�¾RÊ¦É�ÅÛ¸ º ÀàÐ/ÅµÉ�æ�º�À/ÐàÝ�Ë ÅµÆ áfÆ

ÍWÅS×�É�Í�ÅS× Çµ¿µ¹�»�¹�Ç�º ¿.¿SÅE¹nÝ�Ç{áfÆ)Ð�¹WÇ.Î�º ÇµÍ�¾ ¹WÅµÐ�Æ)Ý ÅµÉ�Î�Ë Í�¿µÇ)é�»¦º À�Æ ° Ó�¿µÅEº ¹�À ·
Ð�»�ÆnÇ�ëWÓä¹nÀ�ÎRÊ¦É�ÅÄ¿Û¾�Æ@Í�Æ�À ¿µÆ�ÅµÇÄæä¾�º Í�¾>Ê¦É�Åµ¸5º ÀRÐ�ÅÛÉ�æ.º À�Ð[á�ÆàéE»Sº À Æ ¨ Ó
Ê�º¦»�»�Æ�Î�ÍWº�ÅÛÍW»�ÆWÇdëWÓ'Ï2Å#éE»Sº À�Æ � Ó'É�Ý Æ�ÀÄÍ�º ÅµÍW»¦Æ�Ç�ë!¹�À�Î�ã!Å.é�»¦º À�Æ ² Ó�Çµè Ë ¹WÅµÆnÇ�ë
ÍWÅS×�É�Í�ÅS× Çµ¿µ¹�»�Ç!¹WÇ!¿S¾ ÆB×�¿�ÅB¹WÝ�ñcÆ�Ð/¹WÇ�ÎTº ÇµÍn¾�¹�ÅµÐ�Æ{Ý�ÅµÉ/Î�Ë�Í�¿ÛÇWÈ

����¯T�{°E³ Èâ¶�ê�Ì5ÇµÝ Æ�ÍW¿SÅBË�¸ É Ê@Ë�À Çµ¿µ¹nÜT»�Æ
Ý�¹nÅE¹n¸�¹nÐ�À Æ�¿Eº Í
Í�Æ�À�¿µÆ�ÅÛÇRº À
¹:À Æ�É�À
ÍWÅS×�É�Í�ÅS× Çµ¿µ¹�»ÛÓ�æ{¾�º�Í�¾J¹nÅEº ÇµÆ:¹nÇô¹:ÅÛÆWÇµË�»¦¿âÉ�Ê)¹Rñ.Æ[Ð�¹WÇ�Î�º Ç ·
Í�¾ ¹WÅBÐ�Æ Ý�ÅµÉ/Î�Ë�Í�¿ ¿µÅµ¹nÝ�Ý Æ�Î º�À ¿µ¾ Æ Ð�ÅEÉ�æ.º À�Ð áfÆ Í�ÅS×�É�ÍWÅS× Çµ¿S¹£» 6
� 7 8:9

=
Ô��/ÙTÑ.Ö@ñ.½�È

±�MW Y�¡ Z�¡ ¤7§�[#¡ Z�¤�¡ ¤� !\�®�¬&]�®��§�¢^ª=0¯=°0±�±�² ¯R¦���W�X�¯^[ ¥;°�_



.E(6IE/�V�/�@�Y�<�9 /�@7/BWO.F:B.�W XnD�WO30W�4�:�D <?1�W`303R/�@T/�D�4�/�A�/=<�Ip/�/�D
<�9 /B.�,S/�4=<�@7:B( 3;<�9�/�f�/�4�@0H ( 4�@TH#.0<�:65�( A�<�:�WOD�/�1 A�H\4=(+D�8
1 /�D�.�:=<�W&(SDu( 3�<�9 /2, C#@7/sf�/\,�:
.�.7/�1_<�9#@T( C X#9u<�9�/\1�WO.�8
4�9�:�@TX�/�:=4=<�W�V /�,�:
@0<eY :�D�1 <�9 / .�, /�4=<�@7:�(S32.T(#5OW�1 fg/
<�@�:�,�,�WOD6X .E/ X#:�.P1�WO.74�9�:�@TX�/�,�@7( 1�C�4=<�.eo]|�9�/ 5&:=<7<�/�@
4=(+D�<�:�WOD�.>:B,�:�WO@E( 3;:
1�1�Wb<�W�(�D�:65[.0<�@7(+DSXt/�1 X�/�8�.7WO1�/B5OWOD /�.
( 3)C#D�.7<�:=A�5�/-4�/�D <�/�@�.=Y�5^(64�:e<�/�1B:�@0( C#D�1�4�/�D�<�@�:S5U5OWOD />:6D�1
.T/�,�:6@�:=<7/�1_30@T(�* W&<FA�H

∆
1 Ñ :�D�1

∆
1 Ø Y�3R( @F<�9 /]9�WbX#9�8

30Wb/65&1_:�D�1u5^(6I>8R30W�/
5O1d5&W`D /�.eY�@7/�.7,�/=4=<�WbV�/65^H o�|�9 /].T/�,�:�@�:68
<�Wq(�D2WOD2*E:�X�DS/�<�W�4]30Wb/
5O1�A#/=<�I;/=/�D�/�:�4�9�/�16X�/�8�.�WO1S/]5OWOD�/
:�D�1 <�9�/E4�/�D <�@�:65Q5&WODS/>WO.[:-30:=4=<�(�@)(�3�:=A�( C�<S��:=A�( V /E<�9�/
1�W`.0<�:6D 4=/�.QA�/=<�IE/=/�D�/�:=4�9F(�3 <�9�/[<7IE(EIE/�:�K�/�@UW`D#D /�@).�WO1�/
5OW�D�/�.[:�D�1�4=/�D <�@�:65U5&W`D�/�o

|�9 /_30:=4=<B<�9�:=<B<�9#@T/�/2*>WO1�1�5�/_5OW�D�/�.�(�3�<�9 / .>/�8�fg/
.7, /�4=<�@7C#*�@T/�4=(�@�1�/�1�9 /�@7/ � �mW^X�o;x#=#�F:6@0/�4
5�/�:�@�5�HZ<�9�(+.7/
( 3-<�9 /Z, C�@0/�f�/Z.�, /=4=<�@7C#* *;/�:6D�.F<�9#:=<�<�9 /�.7/].�, /=4�<�@�:
:�@T/c1 C�/�<�(�4=/�D�<�/�@�.;( 3g<�9�/?.7:
*;/F<7H#, /?:�D�1], /�@�*>Wb<�.E:�D
/=r#,�5O:
D�:=<�W�(�D�(+3)<�9�/-D#:=<7C#@7/>( 3)<�9 /*.E/�8&fg/�.7, /�4=<�@7C#*~WOD
<�9 /E.�:�*p/;IE:�H?:�.)9#:=V /;A�/=/�D�1 (�D /EWOD��
/=4�o � o �F3R( @g, C#@7/
fg/�o#|�9�C#.=Y#<�9�/;4=/�D�<�/�@�. A�/�WOD6X 1�W�.74�C#.�.T/�1�WOD�<�9S/>,�@7/�.T/�D�<
.T/�4=<�W�( D�4�:�D�A�/>WODS<�/�@�,�@0/=<�/�1B:65&.7(?:�.)A�/�W�DSX :=<7(S*pW�4�8`<�H�,�/
/=r�4�W�<�/�1 � !  ����.T<�:=<7/�.pI>9�Wq4�9ZA�/=4�( *E/�5^( 4�:65&W
	%/�1�W^D <�9�/
��'g'�fg/u4�@7H�.7<�:65s5&:=<7<�W�4=/�Y?.�9�WO3R<�<�9 /}D�/�:�@0/�.7<�*-:=<�@7W�r
:=<7(+*-.?( C�<7I>:�@�1�.=YM@T/�:6@�@�:�D6X#/s<�9�/�W^@�.7C#@�@0( C#D�1#WOD+X�.�:6D�1
:�@T/ .7C�A ��/�4=<�/�1Z<7(]<�9�/�:=4�<�W�(�DZ(+3l<�9 /B:�D�WO.7(6<�@7(+,�W&4c/65�/�4�8
<�@�W�4�30Wb/65&1�(+3�<�9�WO.s/�D�VSW`@0(�D�*p/�D�<]I-9�W�4�9�YEA�/�WODSX�@�/�:�@�8
@7:�D X�/�1�YnW`.[D (�5^(�D6X#/�@g( 3)4�C�A#W�4>.7H�*>*p/=<�@0H o

|�9 /sD#:=<7C#@7/c(�3;<�9�/B.7<�@T(�D6X�/�16X#/�8�.7WO1 /Z5OWOD /�.eYUI>9�W�4�9
(64�4=C#@;( D�5�HBI>9 /�DZ:?DS/�(�D�4�@7H (
4�@7HS.7<�:65�W^.l<�@�:�,�,�WOD+X]<�9�/
.E/JX#:
.)1#W`.04�9#:�@�X#/E,�@7(+1�C�4�<�.=Y#IEWR5R5�A#/E1�W`.�4=C#.7.�/�1FA�/65^(6I�o
�R<�WO.�A�/65&W&/�V /�1a<�9#:=<�<�9�/�.T/ :6@0/}:65&.7(�@7/65&:=<7/�1~<�(�<�9�/
� !  ����4=/�D�<7/�@7.�YUA�C�<>I>W&<�9Z<�9�/B.TCn@7@�(6C#D�1�WODSX�.-1�WO.0<7(S@T<�/�1
W�DB:F1�W�303R/�@7/�D <[I>:=H o

NP9�W`5^/-<�9S/>D#:=<7C#@7/E(�3U<�9 /FD /�(�D�4�@�H (64�@7H�.7<�:65�/=r�4�W�<�/�1
.T<�:=<�/�.2@0/=4�(�@71�/�1a9�/�@T/ WO.�A�/65OW�/�V /�1 <�( A�/u465^/�:�@=YF<�9�/
*;/=4�9#:�D�W�.�*~(+3 <�9 /�WO@;,�@T(S1SC#4=<�Wb(�D]W�.J<�(�A�/F1�/�<7/�@7*>WODS/�1Go
�0D#1 /=/�1�YnW`D�<�9�/>/=r#, /�@�WO*;/�D�<�.g( DB,�C�@0/F@�:
@T/EX#:�.7/�. � � /�4�o
�mo�x
�6Y�<�9 /B/=r�4�W&<�/�1Zfg/ � 
 Ø :�<7(+*-. � :�.-Ip/
5R5[:�.Eh[@eYgi[@
:�D�12j;/s:=<�(+*-.=��Y)I>9�W�4�92:�@�/�<�@�:
,�, /�12WOD <�9�/�X�@7(6I>WOD6X
4�@0H ( 4�@TH#.0<�:65Z(+32<�9 /a.�:
*l/�K�WOD�1 :6D�1 @7/�:�@�@�:�DSXS/�<�9�/
D /�:�@7A�H 4�@0H�.0<�:65d5&:=<7<�W�4=/�Y]3R(�@�* 1�WO@0/=4=<�5�H WOD�<�9S/ X#:�.
1�W`.04�9#:�@TX�/�Y?I-9 /�@7/�:�.2WODa<�9�/P,�@0/�.�/�D <_.7<�C#1SHa<�9�/uX#:�.
375�(
I>.F:6W�*E/�1�(SDS<�(\<�9 /].TC#A#.T<�@�:=<�/�4�( D�<�:�WOD2D�(Z/=r�4�W�<�/�1
fg/t:=<7(�*>.�:�<c:65R57Y WOD�465^C#1�WOD X � 
 Ø :=<7(�*E.eo�h[,�:�@7<�30@0(�*
X#@0( C#D�1�8R.7<�:=<�/ .E/]:=<�(�*-.=Y�<�9�/B( D�5�H�W`D 4�(�*EW`D X .E/�X#:�.
1�W`.04�9#:�@TX�/�,�@7( 1�C�4=<�.s:=<B<�9 /ZXn@T( IlW`D Xuf�/�4�@TH�(
4�@7H�.0<�:S5
:�@T/_<�9 /u*E/=<�:�.T<�:�Am5^/ .>/0� � � Ñ :
D�1 .E/ � Ñ � � :=<�(�*E.eo
�E<�9 /�@ /�r�4�W&<�/�1k9 /
5OW�C#* :=<�(�*E.u9�:=V�/�<�(
( .�9S(S@T<}5OWO3R/
<�W^*p/�.g<�(?@7/�:=4�9 <�9 />.7C�A�.�<�@�:=<7/>30@7(+* <�9�/;X#:�.J1�WO.04�9�:�@0X�/�o
'�9�:�@TXS/�1P,�:�@�<�Wb4
5�/�.s30@0(�* <�9 /21#W�.74�9�:
@RX�/�4�:6D}:65&.7(_A�/
/=r�465^C#1�/�1 30@7(+* 4=(SD�.�W�1�/�@7:�<�Wq(�D Y].�WOD 4=/ <�9�/�H :�@T/a1�/�8
375�/�4=<�/�1_30@T(S* <�9�/t.TC�An.T<�@�:=<�/sA�H2<�9S/t.7<�@T(�D6X�*>:%X#D�/�<�W�4
30Wb/65&1�(�3Q<�9�/F�&�U��.�, /�4=<�@T(�*E/=<�/�@ � .7/�/?� /=4�o�� o ���6o

|�9 C#.eY[<�9 /ZC�D�.7<�:=Am5^/\,�:�@�:�*-:%X#D�/=<�W�4s4=/�D�<�/�@�.�(6A#.7/�@78
V�/�1 9 /�@�/�Y_IE9#W�4�9 :�@7/�,�@7(
A�:�A�5�H <�9�/�:=<�(+*-W�4�8O<7H�, /
� ! �^���?/�r�4�W�<7/�1�.7<�:=<�/�.-(+3l<�9�/ DS/�(�DZ4�@7H (
4�@�H�.7<�:657YU(+@�W XnW�8
D�:=<�/?30@T(S*~<�9S/F/�r�4�W�<�:=<�W�( DB/�D�/�@RX�HB( 3[W�D�4�( *>WOD+Xt*E/=<�:�.78
<�:�A�5�/�.>/-:=<�(�*>.J30@0(�* <�9 /EX#:�.J1#WO.T4�9�:�@RX�/�o

��W X�C#@0/��mY�5OWOD / 5�Y�.�9�(
I>.g:-,�5�(+<g( 3 T
( 0 ) ��� ( ��� ) :�.g:3RC�D 4=<�W�( Ds(+3 0 Y�Il9�/�@0/ T ( 0 )

WO.;<�9S/��+�U�}.�WbX#D�: 5�W�D�<�/�D�8
.�W�<7H]( 3[<�9 /?4=/�D�<�@�:65[5OWOD /�(�3g<�9�/�.E/�8&f�/?.�, /=4�<�@7C#* � .0/=/��WbX�oUx#=#�J:
D�1 0 Ñ =

� o �L��iFo?��D?<�9 /�.�/;/=r#,�/�@7WO*E/�D <�.�Y�<�9 /
.7C�A#.7<�@�:�<7/E<�/�*-, /�@7:�<7C#@0/-(+@eY#4=(+@�@0/�.�, (+D�1�WODSX�5^H Y#<�9�/p<�/�*E8
,�/�@7:=<�C�@0/�(�3;<�9S/ .�:�*-,�5�/?X#@7(
I-WOD6X\(�DZ<�9�/B.0C�An.T<�@�:=<�/*5
� ��WbX�o�x
�gWO. 5^( I;/�@�/�1FA�HF<�9 /E, C#*-,�WODSXF(S3Q5OW($ C�W�1?9�/
5OWbCn*
V#:�,S(S@�on|�9 />.7:�*>,�5�/E<7/�*E,�/�@�:=<�C�@0/EWO.g1S/�<7/�4=<�/�1�A�Hc*p/�:�.78
C�@�WOD+X <�9�/lX�:6.[,�@T/�.�.TCn@T/�W�D�<�9�/F5OW($ C�W�1B9�/
5OW�C#* A�:�<�9�o

��<24�:�DaA�/P.T/�/�D 30@�( * ��WbX�o �mYc5OWOD�/ 5 Y?<�9�:=<_<�9 /
/=rn,S/�@�W�*E/�D�<�:65M1 /�, /�D#1S/�D�4�/ T

( � )��� ( 0 Ñ ) 4�:
D�A�/]30:�W`@�5�H
IE/65R5�:�,#,�@0( r#WO*-:=<�/�1�A#H T

( � )� T ( 0 Ñ ) = ����	 (−
��
� 0 )I>W&<�9�<�9 / � :=4�<�W�V�:�<�Wq(�D�/�DS/�@TX�H 
 �

=
x ��i

=
=�o�=L=�x;/�L�o

�F.�WOD6Xu/�W�<�9 /�@cW�D�4�@T/�:6.�WOD+X�(+@�1 /=4�@7/�:�.�WODSX�.�:6*E,�5�/s<�/�*E8
,�/�@7:=<�C�@0/�Yl*-:�D H}.�C�4�9u/=r#,�/�@7WO*E/�D <�:65�1 /�,�/�D�1�/�DS4�/�.BWOD
<�9�/u<�/�*>,S/�@7:�<�C�@0/}@�:�D+X#/ �mo � y�� o �~i IE/�@0/}@�/=4=(+@�1 /�1�o
|�:
K�WOD6X]WOD <7( :=4=4=(
C�D <[<�9 /�.7<�:=<�WO.T<�W�4�:65G.T4�:=<7<�/�@�WOD6XB(+3)<�9 /
/=rn,S/�@�W�*E/�D�<�:65[1#:=<�:�Y�<�9S/ �+:=4=<�W&VS:=<�W�(�DZ/�D�/�@RX�H�
s4�:�D�A�/
/�.7<�WO*E:e<�/�1B:�. �

=
x�� � z��-i

=
=mo =L=mx�= � ���[/=L�o

|�9 /�5&W�3R/=<�WO*p/
τ
(�3)<�9S/:��!  � � � 
 Ø 8�.T<�:=<7/?W^D�<�9�/FD /�(�D

4�@7H+( 4�@0H�.7<�:65FIE:
.s3R(
C#D�1}<7(�A�/ W�D�1 /�,�/�D�1�/�D <s(+3 <�/�*E8
,�/�@7:=<�C�@0/�o

�EC#@-/=r#,�5O:
D�:=<�W�(�DZ(�3;<�9�/�/�303R/=4=<�3R( C#D�12WOD <�9�/B,�@0/�8
.7/�D <M.T/�4=<�W�(�DBW�.J:
.[3R(�5�5�( IE.Ew �nY�x�=�{%o

|�9 />/�D /�@TXSH�5^/=V�/65�(�3U<�9 /*.E/ � � � Ñ :�<�( *a:
,�, /�:�@�. <�(
A�/;5^( 4�:=<�/�1FWOD-<�9�/ 3 8`/�r�4�W�<�:=<�W�(+D-/�D�/�@RX�H>A#:�D�1-(+3 <�9�/)fg/
4�@7H+( 4�@0H�.7<�:657YmD�/�:�@g<�9�/-<�(+,�(+3)<�9#W�.JA#:�D�1 o�|�9�W�.;, /�@7*>W&<�.
(�D /F<7(c.7C#,�,�(+.7/-<�9�:e<[<�9S/�@7/-/�r#W`.0<�.;:�D�/�303R/=4=<�WbV�/-/�D /�@TX�H
<�@�:�D�.�3R/�@F30@7(+*�<�9 /]*p/�<�:�.7<�:=A�5�/4.E/F� �� Ñ :=<�(�*�<7(\<�9 /
D�/�( D�4�@7H ( 4�@THS.7<�:65?3>8O/=r#4�W�<7(+D�An:�D�1�o?�0<�W`.)A�/
5OW�/=V�/�1?<�9�:=<
<�9�/�*E(�.0<-,#@T(+A�:=A�5^/�IE:�Hs(�3;,�@7(+1�C�4�W`D6X � ! � ���F:=<�(�*>Wb4�8
<7H#, /�.T<�:=<�/�.\W�DaDS/�(�D�4�@TH�(
4�@7H�.0<�:S5?WO.s<�9 / $ C#:
.7WO8R@0/�.�( 8
D�:�D�4=/_/=r�4�W�<�:=<�W�(+D /�D /�@TXSH�<�@�:�D�.�3R/�@Z30@�( * <�9S/�*E/=<�:�.78
<�:�A�5�/ .-/ � ��� Ñ :=<7(+* <�( <�9 / D�/�( D 4�@0H ( 4�@TH#.0<�:65
3�8`/=r#4�Wb<�(�D�A#:�D#1�3R(�5�5�( IE/�1�A�H�<�9 /-.0/65&308`<�@�:�,�,�W`D X?(�3�<�9 /
3�8`/=r#4�Wb<�(�DBW�D�<7(?<�9 / � ! �E� !]<7/�D�8T5^/=V /
5U.0<�:=<�/-Il9�W�4�9�<�9�/�D
1�/�4�:=H�.�<�(2<�9�/\5�( IE/�@ � ! � � � 3R( C#@�8T5^/=V /
5E/=r�4�W�<�/�1u.0<�:=<7/
I>9�(+.7/�5�( IM/�.7< ��� Ø 5^/=V�/65�WO.���C#.7<;<�9�:=<;( A#.7/�@TV�/�1sWODs<�9 /
/=rn,S/�@�W�*E/�D�<�o��R<�WO.QIE/65�5�K�D ( I>DF30@7(+*v<�9 /J(S,S<�W�4�:65nWODSV�/�.78
<�WbX#:�<�Wb(�D�. <�9�:=<[<�9S/�.T/
5O308O<�@�:�,�, /�1*3�8`/�r�4�W�<7(SD�W^.J:�4=<�C#:65R5�H
<�9�/ � ! �E� !}:=<�(�*-Wq4�8`<�H#, /s.0<�:e<�/]1S/�4�:=H#W�D X2<�(�<�9 / � ! �E���
.7<�:=<7/;I>W�<�9 5^C�*>WODS/�.74=/�D 4=/EWODF<�9 /;V#W�.�W�A�5�/l@T/�X#W�(�D�w+�mYRx�=�{=o

|�9 /B/=r�4�W&<�:=<�W&(SD�/�D /�@0X�H � x��no �L�s/=LF�?<�@�:�D�.�3R/�@?30@0(�*
<�9�/�.E/�� �� Ñ :=<�( *�<�(F<�9�/ED /=(SD�4�@0H ( 4�@TH#.0<�:65�3�8O/=r�4�Wb<�(�D
A�:�D�1s.�9�(
C 5&1�A�/�:�$ C�:
.�W`8�@T/�.7(+D�:�D�4�/>,�@0( 4=/�.7.eYn.�WOD 4=/><�9 /
4=/�D�<�/�@�(�3�<�9 /�An:�D�1PW�.]:=< x��mo � /�L I>9�WR5�/\<�9 /\A�:�D#1
9�:65&308`I>WO1S<�9sWO.[:eA�(
C�< =no z�/=L?o�|�9�C#.eY�<�9 /-/�D�/�@RX�HB<�@7:�D#.78
3R/�@F30@7(+*�<�9�/�.E/ � �� Ñ :=<�(+* W�.?D�(
<�(+3F:s4=(+*-,�5^/=<�/65�H
@7/�.0(�D�:
DS<cD�:=<7Cn@T/�o�|�9�/]30:=4=<F<�9�:=<F<�9�/ �+:=4=<�W&V#:=<�W�( D2/�D�8

Y ¡ Z�¡ ¤�§ [S¡ Z�¤�¡ ¤� !\=®�¬&]=®�q§ ¢&ª=�¯�°�±�±�²
¯�¦���W�X+¯ [�¥[°�_ ±� 



/�@RX�H 
mYlW7o /�o�Y;<�9�/ � 1 /�3R/�4=<s(+3B@T/�.7(+D�:�D 4=/ 
 � ( @B/�D�/�@RX�H
*EW`.�30Wb<=�6YM(+3�<�9 /\/�D /�@0X�H�8`<�@�:�D�.�3R/�@�,�@7(
4=/�.�.�WO.B.T(�.�*E: 5R5
� � =

=mo =L=mxg/�LF�)4�:�D�A�/[/=r�,�5&:�W`D�/�1F:
.�A�/�W^DSX?1�C�/J<�(-<�9�/
A#@T(�:�1}I>WOD+Xn.B( 3�<�9S/ 3 8O/=r�4�W�<�( D}A�:�D�1�oE| /�*-, /�@�:=<7C#@7/
1 /�, /�D#1S/�D�4�/d(+3�<�9 /�,�@�(6A#:�A�WR5&Wb<7HP(�3B.7C�4�9�:�D�/�D�/�@RX�H
<�@�:�D�.�3R/�@E.7/�/�*>.�5&W�K�/
5�HB<�(�A#/?1�/�<7/�@7*>W`D /�1sA�H]<�9�/?D�/�( D
4�@0H ( 4�@TH#.0<�:65M,�9 (�D (�D�.�, /=4=<�@0C�*�:
D�1�<�9�/].79#:�,S/B(+3p<�9�/
9�W^X�9�8`/�D /�@TX�HcIEWODSXc(�3Q<�9�/EA�:�D�1BWOD�<�9�/-@�/%X#W�(+D 4
5�(+.7/E<7(
x���o��F/=L�w�x =�{%o

|�9 / :=A�( V+/�*p/�4�9�:�D�WO.�* (+3a,�@0(�1 C�4=<�W&(SD (�3 <�9�/
fg/ �$! �E��� 4=/�DS<�/�@�.�YBIl9�W�4�9 /�r�,�5O:�WOD�.2<�9�/�W`@2/�r�WO.T<�/�D�4=/
:�.�A�/�WOD6X <�9 /k@�/�.0C 5�<P(+3u<�@�:�,�,#W�DSX�<�9�/�*;/=<�:6.0<�:=A�5�/
.E/ � � � Ñ :=<�( *>.2WOD~<�9S/_Xn@T( IlW`D X�D�/�( Da4�@0H�(64�@7H�.0<�: 57Y
/�D�:=A 5^/�.F:�D2/=r#,�5O:�D�:e<�Wb(�D\(�3p<�9 /s:
1�1�Wb<�W�(�D�:65[/�1SXS/�8R.�WO1�/
5OW�D�/�.�.0/�,�:
@7:=<�/�1_A�H

∆
1 � :�D#1

∆
1 � 30@7(+* <�9 /s4�/�D�<�@�:S5

5OW�D�/ WODk<�9�/~�+�U� .�,�/�4=<�@TC#* (+32<�9 / � ! �^����4=/�D�<7/�@7.
.79�(6I>D\WODd��W XUo[x�=mo�|�9 /�(S@7WbX#WODZ(�3;<�9 /�.�/�5&W`D�/�.>W`.>,�@7/�8
.TC#*>:=A 5�H .�WO*-WR5O:�@_<7(�<�9#:=<u(+32<�9�/�IE/�:�K .�WO1 / 5OWOD /�.
4=/�DS<�/�@�/�1P:6@0( C#D�1�<�9 /24�/�D�<�@�:S5c5OW�D�/_:=<s<�9�/_1�WO.0<�:
D 4=/�.
δ
1 � :�D�1 δ

1 � Y�IE9�W�4�9B9#:�.;:65O@7/�:�1 H�A�/�/�Ds1�WO.74�C�.�.7/�1�WOD
�6/�4�oK� o��mo#��:e4�9-(�3 <�9�/�.T/M,�:�WO@�.Q(+3�5&W�D�/�.), (+.�.7W�A�5�H?@0/�.�Cm5^<�.
30@T(S*�<�9�/�:=4=<�W�( DB( 3g:
DB:=r�WO:65R5^HB.TH#*E*p/�<�@�Wb4F:�D#W`.0( <�@T(S,�W�4
4�@0H�.7<�:65R5&W`D /\/65^/=4=<�@�W&4�30Wb/
5O1u(�Du<�9 / � ! � � � :=<7(S*pW�4�8`<�H�,�/
4=/�DS<�/�@�YBIE9�W�4�9�WO.u1�C�/ <7(k<�9 / ( C�<�I-:�@�1�.�9�W�3R<�YB<�9�/
1�W`.0<�(�@T<�W�(�D\:�D�1Z<�9 /B@7/�:�@7@�:�DSX�/�*p/�D <>( 3;<�9S/ � ! �E��� 8`4=/�D�8
<7/�@ZD /�:
@T/�.7<Z.7C#@�@0( C#D�1�WOD6X#.ZWOD�<�9�/_D�/=(+D�4�@7H+(64�@7H�.7<�:657o
NP9 /�D�: ��� Ø D�/=(+D�:=<7(+* WO.d<�@�:6,�, /�1 WOD <�9�/�D�/�( D
4�@0H ( 4�@TH#.0<�:65M1�W^@7/=4�<%5^H230@0(�*�<�9�/]D /=(�D�1�WO.74�9�:�@TX�/�Y�:�.FW�<
9�:�.;:�5O:�@TXS/F@�:61�W�C#.eYnW&<[4�:=C#.7/�. <�9�/>D�/�WbX#9 A�(+@�W�D X]*-:=<�@7W�r
:=<7(+*-.\<7(a.�9�WO3R<\( C�<7I>:�@�1�.eY�<�9�C#.2,�@7( 1�C�4�WOD6Xk:}@�/�:�@�8
@7:�D X�/�*E/�D <?( 3FW�<�.�D /�:�@�/�.0<�.0C�@�@7(
C�D#1�W`D X#.=o[|�9�WO.�W^.�<�9�/
@T/�:�.7(+D I>9 Hs<�9�/c:=r�W�: 5�30W�/65&1s( 4=4�C�@�.�Y�I>9�W�4�9�X#W�V�/�.E@7WO.7/
<7(�<�9�/ZIp/�:�K}.7WO1 /_5OW�D�/�.�1#W`.�,�5O:�4=/�1u30@7(+* <�9 /Z4�/�D�<�@�:S5
5OW�D�/ZA�H

δ
1 � :�D#1

δ
1 � o �>Dd<�9�/Z(
<�9�/�@c9�:�D�1GY[I>9 /�D

*;/=<�:6.0<�:=A�5�/V.E/?:�<7(+*-.E:�@0/�<�@�:�,�, /�1ZW�Ds<�9�/?D /�(�D�4�@7H (�8
4�@0H�.7<�:65)<�9�/�@T/ *p:�HsA�/c:61�1#Wb<�W�(�D�:65�1�/�3R( @�*>:=<�W�(+D (+3J<�9�/
fg/s5&:e<�<�Wb4=/]WOD�<�9�/�V#Wb4�W`D#Wb<�H�(�3;<�9�/ � ! �����c:=<7(S*pW�4�8`<�H�,�/
.T<�:=<�/sIE9#W&4�92:
@T/],�@0(�1 C�4=/�1d:=4�4=(�@�1�WOD6X_<�(Z<�9�/]*p/=4�9�:68
D�W`.�*a1 /�.74�@7W�A�/�1�/�:�@�5OW�/�@gW`D?<�9#W�.g.7/=4�<�W�(+DGo#|�9�WO.g1�/�3R(+@�*E:68
<�Wq(�D�4�:6DFA�/E,�@0( V�WO1 /�1?A�HF<�9�/M/�D /�@TXSH?,�@0(�1 C�4�/�1�1 Cn@7WOD6X
<�9 / 3�8`/�r�4�W�<7(+DB.T/
5O308`<�@�:�,�,�W^DSX :�D�1�A�H?<�9�/-30:=4�<g<�9�:=<g<�9�/
@7:�1#W�C�.E(�3J<�9�/ � ! � � ! 8R.0<�:=<�/�YUI>9�W�4�9\WO.-WOD <7/�@�*;/�1�WO:=<�/�WOD
<�9 /t,�@0( 4�/�.�.�(�3 � ! �^����8�.T<�:=<�/Z3R(+@�*-:=<�W�( D_WOD_DS/�(�D�4�@7H (�8
4�@0H�.7<�:657Y#WO.)/�V /�D�5&:�@TX�/�@)<�9�:�D�<�9�:e<�( 3�<�9�/ ��� Ø f�/E:�<7(+* o
|�9�WO.�:�1#1�W&<�W�( D#:65�5&:=<7<�W�4=/�1 /�3R(�@�*-:=<�W�( D}(64�4=C#@�@�WODSX :6@0(�8
C#D�1 .T(�*E/ (+3 <�9�/�5�(
4�:65Z/�r�4�Wq<�:�<�Wq(�D�.}3R( @�*;/�1 X#W�V /�.
@7WO.0/-<�(�D /�Ia,�:�@�:6*E:=X#D /=<�W�4 � ! �^� ��8`4�/�D <�/�@�.gH�W�/65&1�WOD6XB<�9�/
.T<�@7(+DSX_/�1SX�/�8R.�WO1�/�5&WODS/�.�4=/�D <7/�@7/�1_:
@T( C#D�1d<�9 /s4�/�D�<�@�:S5
5OW�D�/�:=<a<�9 /�1�WO.7<�:�DS4�/�.

∆
1 � :
D�1

∆
1 � 30@0(�* <�9�W`.

� ��WbX�o�x�=���o

6-� 8 �����-*3� � � ��, %�����%���� *3%�� �����Mhg@������iM@ ���������:�����
�$� � � �)����� *+� , � � � * ��� �����$%3* � *+%�� � �)���$� ��� ����*+��� ! !#�)�

&(��*+�"�)*+� � ,/����� �$% *+� � .E/ ��*���& �
h[5R5�/�D /�@TX�H�5�/=V+/65O.Z(�3Bh[@�:�D#1�i @�:�<7(+*-.25OWq/}30:�@

A�/
5�(
I�<�9�/Z5�( IE/�.0<?/=r�4�W�<�/�1 .E/Z5�/=V�/
57o�|�9 /�@7/�3R( @�/�Y�<�9 /
/=r#4�W�<�:=<�W�( D /�DS/�@TX�HP4�:�D#DS(+<sA�/�<�@�:�D#.73R/�@�@0/�1 30@7(+* <�9 /
<�@�:�,�,�/�1]*p/=<�:�.7<�:=A�5�/?/=r�4�W�<�/�1 .E/?:=<�(�* <7(B<�9 /F/=r�4�Wb<�(�D
A�:�D�1�.2(+3 h[@_:�D#1 iM@24�@0H ( 4�@0H#.T<�:65O.2<�9�@0( C X#9 /�Wq<�9�/�@
@7/�.0(�D�:
DS4�/-(�@ $SC#:�.�WO8�@T/�.7( D#:�D 4=/F,#@T(+4=/�.�.7/�. I>9�W�4�9sW^.J<�9 /
4�:
.T/P3R(S@�<�9�/df�/}4�@7H (
4�@�H�.7<�:657Yc:�.21�/�.04�@�WbA#/�1�W`Da<�9 /
,�@0/=V#Wb( C#.[.7/=4�<�Wq(�D o

��D2<�9�/Z,�@T/�.7/�D <c.7/=4�<�Wq(�D Y[1�/�<7/�4=<�Wb(�D_:�D�1_WOD V�/�.0<�WbX#:�8
<�W�(�D}:
@0/2@7/�, (�@T<�/�1}(+3�:�DS/�I ,�9�/�D (�*E/�D (�D �lW`D <�/�@�D�:65
W�(�D�W 	�:=<�W�( DZ( 3[<�9�/�@�:�@7/�8�X#:�.p4�@TH�(
4�@7HS.T<�:S5&. � hg@-:�D�12i[@=�
A�H .E/sX�:�.�1�W`.�4�9�:�@TX�/]/=r�4�W�<7/�1d,�@7(+1�C�4�<�. � <�9�/Z*E/=<�:�.78
<�:�A�5�/ � �� Ñ :�D�1 � Ñ�� � .E/�:�<7(+*-.��u<�@�:�,�,�/�1kWODk<�9 /
Xn@T( IlW`D X\4�@7H+(64�@7H�.7<�:65O.F3R(�5R5^( I;/�1\A�H\<�9S/ 3R(�@7*>:=<�W�(�D\WOD
<�9�/�.0/24�@0H�(64�@7H�.0<�: 5O.B( 3�<�9 /d5^( 4�:65�*p/�<�:�.7<�:=A�5�/2/�r�4�W�<7/�1
� ! 

(
�

+
x
)
�l:=<�( *>W&4�8`<�H�, /F.0<�:�<�/�.=o

|�9 /Z/�r�,�/�@�WO*p/�D <�:65>.7/=<�8`C#,_C�.�/�1u9 /�@7/ZWO.�.�9�(
I>DuWOD
��WbX�o�x o�|�9�/M*-:=<�@7W�rFX#:�. � h[@=Y�iM@��g375�(+IP,�:�.�.T/�.Q<�9�@�(6C�X#9
:�.0/�,�:6@�:=<�/?W`D�5�/�<;<7C�A�/VA
y�B � 4�9�:�D�D�/
5�D>�E:=V�( WO1�W^DSX]<�9 /
Xn:�.p1#W�.74�9�:
@RX�/�:�D#1ZWO.l4�( (�5�/�1s<�(�5&W
$�C#WO1�8RD#Wb<�@�(eX#/�Ds<�/�*E8
,�/�@7:=<�C�@0/�o#|�9�/E9�WbX#9�8�30@T/M$ C�/�D 4�H � x#�:N .�	��J.�<�@0(�D6X?4=(�D�8
<�WOD�C�(
C�. .E/;Xn:�.J1�WO.74�9�:�@TXS/FW�D�4�9#:�D�D /65 T WO. C#.7/�1 o

��W X�C#@0/�.�x
x YZx�� .�9 ( I <�9�/P�&�U� .�,S/�4=<�@�:}( 3Z<�9 /
Xn@T( IlW`D X�:�@TX�(�DP:
D�1�K�@�H�, <7(�D}4�@�H ( 4�@0H�.7<�:65O.s<�@�:�,�,�WOD+X
.-/FX#:
.-1�WO.T4�9�:�@TXS/�,#@T(�1 C�4=<�.eoG|�9�/�.T/c.�, /=4�<�@�:�IE/�@0/�(6A#8
.7/�@0V�/�1�(SDn5^H_1 C#@�WOD+X�<�9�/Bh[@-(�@�iM@pX#:
.-4=(+D�1 /�D#.7:�<�Wq(�D
:6D�1P1�W`.�:�,�, /�:6@0/�1P:=<B<�9�/2W�D#.T<�:
DS<BI>9 /�D}<�9 /0.-/�1�WO.78
4�9#:�@TX�/-I>:�.J<�C#@�D /�1B( 303%o �>D <�9�/>(6<�9�/�@J9#:�D�1 Y�D�(��+�U�
.�, /=4�<�@�:PI;/�@7/P(
A�.�/�@0V�/�1kWOD /=r#, /�@�WO*;/�D�<�.2I>9 /�@7/-.E/
375�( I�I-:�.M,�:�.�.T/�1 <�9�@0( C X#9�<�9�/E<7C�A#/ 9 I>W�<�9�<�9S/�@7:
1�W�( 8
30@7/)$ C�/�D�4=Ht1�WO.T4�9�:�@RX#/�@0C�D�D�W^DSXZA#C�<pI>W�<�9ZD�(sh�@p(�@-iM@
Xn:�.-A�/�WOD+X 3R/�1\(�D <7(Z<�9�/B.�C�A#.7<�@�:=<7/B<�9�@�(6C Xn9 <�9�/ W`D�5^/=<
<7C#A�/�o+�0<EI-:�.>3R( C#D�1 <�9�:=<E<�9�/�.E/�Xn:�.-1�WO.04�9�:�@0X�/�C#.7/�1
4�:
D�D�(
<[,�@�(6V#W�1�/-:�D HB�&�U�_.�,S/�4=<�@�:;A�/�3R( @7/M<�9�/;h[@ � i[@=�4=(�D�1�/�D�.�:=<�W&(+Du:�.FIE/65�5E:�.?:�3R<7/�@�<�9 /]hg@ � i;@���375^( I�WO.
<7Cn@7D�/�1s(�303M1S/�.�,�W�<7/c:�.0(�5OWO1sh[@ � iM@%��5&:=H /�@;4�(�D�1�/�D�.7/�1
(�DZ<�9�/�.7C�A#.7<�@7:�<�/ 5 W`D\:s5�(+DSX\<�W�*p/ @TC#DGoG|�9#W�.-WO.-:65&.7(
<�@�C�/?(+3J<�9 /?/=r#, /�@�WO*;/�D�<�.;I>Wb<�9 .-/-X�:6.E1�WO.T4�9�:�@TX�/?:�D#1
fg/�4�@0H�(
4�@�H�.T<�: 5O.ZIE9�W�4�9a:�@0/}1 /�.�4�@�W&A�/�1~WODk�6/�4�o � o � o
|�9�/�.T/�@7/�.0C�5�<�.}:�@T/a.�<�@0(�D6X 1 /�*p(SD�.�<�@�:=<�W�(�Dk<�9�:=<�<�9 /
C�D�.7<�:=A�5�/B4=/�DS<�/�@�.-(6A#.7/�@TV�/�1�W�Dd��/�30.=o+ yQx��s4�:�D�D ( <-A�/
1�C�/;<�(-<�9�/M:e4�<�Wq(�D�(S3 <�9�/-5OW X�9 <�30@T(�*}<�9�/JX#:�.�1�W�.�4�9�:6@RX�/
(�D�<�9 /�@7:
@T/EX#:�.g4�@7H (
4�@�H�.7<�:65O.=o

|�9 /\30:=4�<�<�9�:�<�<�9�/25&W�D�/�.�(�3-<�9�/\.�, /=4=<�@�:\@T/�4=(�@�1�/�1
9�/�@T/>:
@T/E465^/�:�@%5^H�<�9 (�.0/p(+3Q<�9�/l,�C#@T/Eh[@g:�D#1�iM@g.7,�/=4=<�@�:
� ��WbX#.eo �mY �s:
D�1\zmY ���F*p/�:�D�.E<�9�:�<p<�9�/c,�@7/�.0/�D�<>.7,�/=4=<�@�:
:6D�1�<�9�/], C#@7/�8�X#:�.F.�, /=4�<�@�:s:�@0/s1�C�/�<�(Z4=/�D <7/�@�.-( 3E<�9 /
.�:�*p/[<�H�, /M:6D�1?, /�@�*>Wb<�.U(�D /;<�(pX#W�V /E:�DF/=rn,�5O:�D�:=<�W�( DF(+3
<�9�/ED�:=<�C#@7/;(+3Q<�9 /E,�@0/�.7/�D <)4=/�D�<�/�@�.gWOD�<�9�/E.�:
*l/MI-:=Hc:�.
9�:�.�A�/�/�Du1 (�D /\,�@0/=V#W�(6C#.%5^H � � /=4�o2��o����6o�f[:�*p/
5�H Y�<�9 /
4=/�D�<�/�@�. (
A�.0/�@�V /�1}9 /�@�/Z4�:�DdA#/ZWOD�<�/�@�,�@7/=<�/�1�:�.�A�/�WOD+X

±��X Y�¡ Z�¡ ¤7§�[#¡ Z�¤�¡ ¤� !\�®�¬&]�®��§�¢^ª=0¯=°0±�±�² ¯R¦���W�X�¯^[ ¥;°�_



*
/

<
:
.

<
:
A
5
/
/
r

4
W
<
/
1
�$! 

(
�

+
x
)
�

:
<
(
*
W
4
8
<
H
,
/
.
<
:
<
/
.
I
9�W&4�9dA�/=4�(�*p/\5�( 4�:65OW
	�/�1�W`D�:Z30:e4�/�8O4=/�D <�/�@7/�1d4�C�A#W�4sh[@
� iM@��-4�@0H�.7<�:65J5&:=<7<�W�4=/�Y�.�9�W`3R<M<�9�/?D�/�:�@�/�.0<-*E:�<�@�W�r\:=<7(+*-.
(6C�<�I>:�@�1�.eY#@0/�:
@7@�:�D6X#/;<�9 /�WO@).7C#@�@0( C#D�1�WOD6X#.g:�D�1?:�@7/E.0C�A�8
��/=4�<g<7(?<�9�/>:=4=<�W&(SD (+3)<�9S/�:�D�W`.�(6<�@7(+,�W�4>/65�/�4=<�@7W�4>30W�/65&1 (S3
<�9�WO.�/�DSV#W�@�( D#*p/�D <\I>9�Wb4�9GYFA�/�W`D X�@7/�:�@7@�:�D X�/�1 Y�W`.�DS(
5�(+DSX�/�@ (+3)4=C�A#W�4F.0H�*-*E/=<�@TH�o

h[3R<7/�@J<�9 /?1#W�.74=(
V�/�@0H]W`DBh[@;:
D�1ZiM@J4�@7H+(64�@7H�.7<�:65O.J(S3
<�9 /2�+�Q� .7,�/=4=<�@�:2,�@T/�.7/�D <�/�1}WOD���W Xn.=oFx x YFx � I>9�W�4�9
:�,�,S/�:6@]:�. .E/�X#:
.s1#W�.74�9�:
@�XS/_,�@7( 1�C�4=<�.s:
@T/2<�@�:6,�, /�1
W�D�<�9�/ X#@7(
I-WOD6X�4�@TH (+4�@0H�.0<�:65O.eY]<�9�/�1 /�,�/�D�1�/�D 4�/~(S3
<�9 /�,�@0(�1 C�4�<�W�(�D�,#@T( A#:=A#WR5OW�<�H�(�3u<�9�/�5^(64�:S5�/=r�4�W�<�/�1
�$! 

(
�

+
x
)
�>:�<7(+*-W�4�8O<7HS,S/?.�<�:=<�/?WOD�<�9�/F4�@0H ( 4�@TH#.0<�:65&.;( D

<�9 /t.�:�*-,�5�/]<7/�*-, /�@�:=<7C#@7/t9�:
.FA�/�/�D�.T<�C�1�W�/�1 o[|�( IE:
@71
<�9�WO.lXS(�:657YU<�9 /B.�W^X�D�:65�W`D�<7/�D�.�Wb<�HZ(�3J<�9�/c:=A�(
V�/c.�, /=4�<�@�:

I
:
.
*
/
:
.

C
@
/
1
:
.
:
3
C
D
4

<
W�(�D�( 3)<�9 /F.0C�An.T<�@�:=<�/E<7/�*-, /�@�:=<�C#@7/�o

�+9�(
I-D?W�D���WbX�o �-:�@7/[<�9 /[<7/�*-, /�@�:=<7C#@7/M1 /�, /�D#1S/�D�4�/�.
(�3-<�9�/����U� 5OWOD�/tW`D <�/�D#.7W�<�W&/�.�<�9�:=<c:
@T/]<7H�,#Wb4�: 5;(+3-h[@
� 5OWOD /@6n�g:�D�1�i[@ � 5&WODS/ 8 �)4�@7H (
4�@7HS.7<�:65&.�oS|�9�/p���U�_5OW�D�/�.
:6@0/u5&W`K /2<�9�:=<t1 /�,�Wq4=<�/�1 WOD ��WbX#.eo?x x Y�x���o>|�9 /u�+�U�
.�WbX#D�:S5�WOD <7/�D�.�W�<�W�/�.g:
@0/-*E/�:�.7C#@0/�1BWOD T

( � )� T ( 0 � ) C�D�W�<�.�YI>9�/�@0/�Yl3R(�@�<�9�/\hg@s:�D#1�iM@ 4�@7H (
4�@7HS.7<�:65&.�Y 0 � WO.�<�9 /
5�( IE/�.T<]<7/�*-, /�@�:=<�C#@7/_, (�WOD <Z:=<]I-9#Wb4�9P<�9 /_.�:�*>,�5�/_WO.
.7<�W�5�5E.7C#3030W�4�Wq/�D�<�5�H .7<�:=A�5^/�o[|�9�WO.�XnWbV�/�.�<�9 /t*p/�:�.�C�@�/s(+3
<�9�/-5�(
IE/�.0<g, (�.�.�W�A�5�/[<7/�*-, /�@�:=<�C#@7/ 0 � I>9�W�4�9?.7(+*p/=I>9�:=<
4�9#:�DSX�/�.J30@0(�*a@7C#D�<7(c@TCnDZw%x x
YRx���{�o

��<]W�.�/=V#WO1S/�D�<B30@�( * ��WbX�o �2<�9�:=<�<�9�/Z<�/�*>, /�@�:e<�C#@T/
1�/�,S/�D�1 /�D�4=/Z(�3?<�9 /_� �U� .�W^X�D�:65>WOD�<�/�D�.�Wb<�H�YMW7o /�oOYM<�9 /
<7/�*-, /�@�:=<7C#@7/_1 /�,S/�D�1 /�D�4=/2(+3�<�9 /_,�@7(+1�C�4�<�W�(+D ,�@T( A#:�8
A�W`5&W�<7H\( 3E<�9 /]:=<�(�*EW&4�8`<�H�,�/ ��! 

(
�

+
x
)
��/=r�4�Wb<�:e<�Wb(�D�.FWOD

h[@Z:6D�1~iM@s4�@7H (
4�@7H�.�<�:65&.�Y>4�:�D A�/_I;/65�5c30W&<�<�/�1�A�H�:
5OWOD�/�:�@23RC#D�4�<�W�(+D T

( � )� T ( 0 � ) = −
�

( 0 − 0 � ) +
�moc|�9 /

/=rn,S/�@�W�*E/�D�<�.J4�:�@�@7W�/�1�( C�<E.�9�(
I <�9 /�5OWOD /?. 5^(�, /�Y�(S@J<�9 /
*-:%XnD�W�<7C#1�/F(S3 �mY�<�(�VS:�@7HBI-W�<�9�W`DZD�:
@7@�(6I 5OWO*-Wb<�.;4=(�*E8
,�:�@�:eA�5^/�YS,�@�/�.0C�*>:=A 5^H Y <�(E<�9�( .�/J(+3 /=rn, /�@�W�*E/�D�<�:65#/�@�@7(+@eo
h .7/=<�( 3_.�W&r /=rn, /�@�W�*E/�D�<�._I-Wq<�9�h�@uH�W�/65&1�. � � h[@=�4�9#:�DSX#WOD6X�30@7(+* =no �L�u<�(<=�o �L� Yl:
D�:=V�/�@�:%X#/ $ Cn:�DS<�W�<7H
A�/=W^D+X �

(
hg@

)
_____

=
=no �"�GY�IE9�W`5q/}<�9�@R/�/�i[@\@0C�D+. X#WbV
/ �

=
=
=�o ��x y�=�o �JF:
D�1 �

(
ig@

)
_____

=
=mo ��zmo �0D�<�9 /�.7/E/=r#, /�@�W`*;/�D�<�.�Y

�Z@�:�DSXS/�.pA#/=<�I;/=/�Dvx o z z yQx+o �)� Y�3R(�@Eh[@
(
�
(
h[@

)
_____

=
x
o� �

)
Y

:6D�1�A#/=<�I;/=/�D x o �L�6y ��o � �mYp3R(�@�i[@
(
�
(
i[@

)
_____

=
�no�x x

)
o���3

(�D /Z4=(+D�.�WO1�/�@�.�<�9�/]<�@�:�,�,�WODSX_(S3F*p/=<�:�.0<�:�A�5�/ .E/>� � � Ñ:=<0( *E.gW�DBD /�( D?4=@0H (�4�@RH�.T<�:�5O. � .T/�/?�6/�4 o�����Y�<�9 /E<0/�*E,S/�@�:=8
<7Cn@T/c1 /�,�/�D�1�/�DS4�/�9�:
.;A�/�/�DZ.�9 ( I>Ds<�(BA�/?/=rn, ( D�/�D <�WO:65
� �
hg@0@�9S/�D�WbC�.�8R5OW�K
/ 
#� T

( � )

 � ( 0 Ñ )= /�r�,\w

−(
� � � )(

x � 0 −
− � 
 � � ) � Y#I>9�/�@0/ �

=
x�� � z��Ei =

=no =L=mx = � ���[/=L�o
|�9 C#.eY�<�9�/ <�/�*-, /�@7:�<7C#@0/ 1 /�, /�D#1S/�D�4�/�. (�3 <�9 /

� ! 
(
�

+
x
)
��4�/�D�<�/�@U,�@7(+1�C�4=<�W�( D?,�@7(
A�:�A#WR5OWb<�H?:�@T/[465^(�.0/65�H

����¯T�{°S¨ È!¶2ê�ÌHÇEº Ð�À ¹�»�ÇÄÉ�Ê.Ë�À Çµ¿µ¹nÜT»�Æ�Ý�¹�Åµ¹W¸.¹WÐ/À�Æ�¿Eº Í�Í�Æ�À ¿µÆ�ÅµÇWÓ�æä¾�º Í�¾
¹WÅ�º ÇµÆ�¹nÇä¿µ¾/Æßñ.Æ�Ð�¹nÇµ·�Î�º ÇµÍn¾�¹�ÅµÐ�Æ�Ý�ÅBÉ�Î�Ë/ÍW¿SÇä¹nÅEÆ�¿SÅB¹WÝ Ý�ÆWÎ�º À�¹)Ð�ÅµÉ�æ�º�À�Ð
ã!ÅÄÍ�Åª×�É�Í�Åµ×�Çµ¿µ¹�»BÈfÚ�¾�ÆâÇµÝ Æ�Í�¿µÅµÉ�¸.Æ�¿µÆ�Å)Ð�¹�º À ÇÄÊ�É�ÅÄ¿S¾ Æô»¦É�æä·.¹WÀ Î:¾�º�Ð�¾ ·
¿µÆ�¸.Ý Æ�Åµ¹�¿�Ë ÅµÆ�ÇEº Ð�À/¹£»�Çß¹nÅµÆ�¿S¾�ÆâÇµ¹W¸.Æ�È��2É�¿µ¾R»¦º À�Æ�Ç)¾ ¹WÂ�Æ ¯ ·�Ê¦¹�Í�¿µÉ�ÅµÇ)É£Ê
Ñ�È Ô�Ô/Ô�Ù ��é�ÑBØ�ë�È

����¯T�{°�° Èä¶�ê2ÌUÇEº Ð�À ¹�»�ÇÄÉ�Ê#Ë�À Çµ¿µ¹WÜ�»�Æ�Ý ¹WÅµ¹n¸.¹�Ð�À Æ�¿Eº Í�Í�ÆWÀ�¿ÛÆ�ÅEÇWÓ�æ{¾Tº Ín¾
¹�ÅBº ÇµÆ�¹WÇ{¿µ¾ Æßñ.Æ�Ð�¹�Çµ·�Î º�ÇµÍ�¾ ¹WÅµÐ/Æ�Ý�ÅÛÉ�Î Ë Í�¿µÇ!¹�ÅµÆ�¿µÅµ¹nÝ�Ý Æ�Îôº À�¹�Ð/ÅµÉ�æ�º À Ð
ÏfÅÄÍ�ÅS× É�ÍnÅS×�Çµ¿S¹�»µÈ�Ú�¾�Æ�ÇµÝ Æ�Í�¿µÅµÉ�¸.ÆW¿SÆWÅ)Ð�¹�º À�ÇÄÊ¦É�Åß¿Û¾�Æ�»�É�æ{·�¹nÀ�Î:¾�º Ð�¾�·
¿µÆ�¸.Ý�Æ�ÅB¹W¿µË/ÅEÆâÇEº Ð�À ¹�»�Ç)¹WÅBÆ�¿Û¾�Æ�Çµ¹�¸.Æ�È���É�¿S¾R»�º À Æ�Ç)¾�¹nÂ�Æ ¯ ·�Ê¦¹WÍ�¿ÛÉ�ÅÛÇßÉ�Ê
Ñ�È Ô�Ô�Ô�Ù �/é�ÑdØ�ë�È

Y ¡ Z�¡ ¤�§ [S¡ Z�¤�¡ ¤� !\=®�¬&]=®�q§ ¢&ª=�¯�°�±�±�²
¯�¦���W�X+¯ [�¥[°�_ ±� =



@T/
5O:=<�/�123R(S@p<�9�/�h�@F:�D�12i;@E4�@7H+(64�@7H�.7<�:65O.EI-9#W`5�/ $�C#W�<7/
1�W`.0<�W`D�4=<M30@T(S*�<�9�:=<[(�3)<�9 /pfg/>4�@7H+(64�@7H�.7<�:65�A�( <�9BW`D�<�9�/
<�@0/�D#1B:�D�1B.�9�:
, /�o

� rn:�*-WOD�WOD+X /�r�,�/�@�WO*p/�D <�:65�@T/�.7C�5�<�.�(
C�<�5OWOD�/�1 YZ<�9�/
3R(�5�5�( IlW`D X?*E/=4�9�:
D�W`.�*}(�3�3R(�@�*-:=<�W�( DF(�3 <�9 /E*;/=<�:6.0<�:=A�5�/
�$! 

(
�

+
x
)
�B.0<�:e<�/�.?W�D2<�9�/�X�@0( IEWOD X2h[@?:�D�1 iM@-4�@7H (�8

4�@0H�.7<�:65O.2.0C�A ��/�4=<�/�1 <7(�<�9 /}:=4�<�W�(�D (�34.-/�1#W`.04�9#:�@�X#/
,�@T(�1 C#4=<�. 4�:�D A�/�,�@0(�, (�.0/�1�o

|�9 /�@7/>WO.JD ( $ C�/�.7<�W&(+D�<�9 /�*l/�<�:
.0<�:=A�5�/�.E/ � � � Ñ :6D�1� Ñ � � :=<7(S*-.=Y>WODv<�9 /_,�@T/�.7/�D <Z.0<�C�1 H Y>:�@7/\<�@�:�,�,S/�1�WOD
X#@0/�:�<-D Cn*lA#/�@�.-WODs<�9�/FX#@7(
I-WOD6X\hg@>:�D�1�iM@;4�@7H+(64�@7H�.�8
<�:65&.�Yt3R(+@u<�9�/ <�@7:
,�,�WOD6X ,�@�(64�/�.�.2X�(
/�.u(+D�WOD�<�9 /�.7/
4�@0H ( 4�@TH#.0<�:65&.�:�.?W�<F/=V#W�1�/�D <%5^H_1 ( /�.?W�D�fg/ � �6/�4�o+� o ���6o��r�4�Wq<�:�<�Wq(�D /�D�/�@�X#W�/�.d(�3�<�9�/�*p/�<�:�.�<�:=A�5�/ .E/a:=<7(+*-.
�

(
� ��� Ñ ) =

x)��o �K�-/=LP:�D�1 �
(
� Ñ�� � ) =

�L=mo z"�F/=LP:�@0/E4=(+D�8
.7WO1 /�@�:=Am5^Hs5O:
@RX�/�@J<�9�:�D�<�9 /-/�D /�@TX�H�X#:�,#. (+3)<�9S/>hg@[:6D�1
i[@�4�@7H (
4�@7H�.�<�:65&.�� � ¯ (h[@ ) =

x^��oRx�z_/=L :�D�1 � ¯ ( i;@ ) =
=
x+x o zmxF/�L � ��/�3%o[x YG, o��J��6oG|�9 /�@7/�3R( @7/�Y�<�9 /�<�@�:6,�, /�1

*;/=<�:6.0<�:=A�5�/>.E/4� ��� Ñ :�D�1 � Ñ � � :=<�(�*-.F<�@7:
D�.�3R/�@F<�9 /�W`@
/=r�4�W�<�:=<�W�(+Dd/�DS/�@TX#W�/�.F<�(2<�9 /]h[@�( @Bi[@�4�@0H ( 4�@TH#.0<�:65M<7(
,�@T(�1 C#4=/�:6DPWODS<�/�@�D�:65�W&(+D�W
	�:�<�Wb(�D}(�3�<�9�WO.�4�@TH�(
4�@7H�.0<�:S5
IE9�/�Da:u9�(�5�/�Y�W�o /�o�Y-h[@ + (�@�iM@ + Wb(�D Y�:6@�WO.T/�.�WOD�<�9�/
V�:65�/�D�4�/FA�:�D#1�I>9�WR5�/?:?30@T/�/F/65�/�4=<�@T(SD � :
,�, /�:�@�.;WOD�<�9�/
4=(+D�1 C�4=<�W�(�D�A#:6D�1�o2�0<?WO.FK�D�(
I-D}w%xe{p<�9�:=<?W`D\<�9�/B@�:�@7/
X#:�.p4�@TH+( 4�@0H#.T<�:65O.E<�9 /c9�(�5�/�.EA�/=4=(S*l/c.7/
5O308`<�@�:6,�, /�1ZWODZ:
V6/�@RHc.096(+@R<g<0W�*J/ � x = −

ÑµØ yQx = −
ÑO� .��[:�3`<R/�@)<�9S/ W�@), @0(
16C 4�<�W (
D

<R(-XSWbV /E@�W�.0/E<0(F<�9S/>*;(�5b/�4�C�5^:�@gWb( D+.���� X + + ��� →
� X Ø+ o

�E4=4�C�, H�WOD XP30WO@7.�<s:\V�W�A#@�:e<�Wb(�D�: 5R5�H�/=r�4�W�<�/�1 5�/�V /65�Y;<�9�/
*;(�5�/�4=C�5O:�@FW�(�D2@0/65&:=r�/�.-<7(Z<�9 / 5^(6IE/�.7<-V#WbAn@7:=<�W�(�D�:65p5^/�8
V /65&.J<�@7:�D#.73R/�@�@7WOD X]W�<�.g/�D�/�@RX�HB<7(?<�9�/F,�9 (�D (�DB.�, /=4�<�@7C#*
( 3;<�9 /�4�@7H+(64�@7H�.7<�:657o�hg<>.7( *E/�<�W�*p/B:c30@7/=/?/65^/=4=<�@7(+D�WOD
<�9 /;4�( D#1 C�4=<�Wb(�DFA#:6D�1F/�D�4=(
C�D <7/�@�.):E9 (�5^/J<�(F@7/�4=(+*pA#WOD�/
IEW�<�9?W�<�:�D�1F,�@0(�1 C�4=/E:�DF/=r�4�W&<�/�1���X Ø∗∗ *p(�5�/�4=C 5^/JI>9�W�4�9
*E:eH Y>(+D�( 4�4�:�.�Wb(SD�Y�1�WO.�.0( 4�W�:�<�/�YEH�W�/
5O1�W^DSX�:�D�/=r�4�W�<�/�1
:=<7(+* �[�UX Ø+ + � →

��X Ø∗∗ →
�QX ∗ +

�QX�o�|�9 /],�@7(
4=/�.�.FW`.
K�DS(+I-Ds<�(B(64�4=C#@;A�(
<�9ZWODs<�9 /�@�:6@0/FX#:�.7/�.E:�D�1ZWODs<�9 /�W`@
4�@0H ( 4�@TH#.0<�:65&.Jw%x
{�o�|�9�WO.)@0/�:=4�<�W�(�D-(+3�1#W�.�.0( 4�WO:=<�W&V+/;@0/=4�(�*-8
A#W`D�:=<�W�(�D *E:�H A�/}( D�/uI>:=H <�(a,�@7( 1�C�4=/uC�5�<�W�*-:=<�/65^H
<�9 /_*E/=<�:�.T<�:�Am5^/2/=r�4�W&<�/�1 � 
 Ø :=<7(�*EW�4�8O<7HS,�/k.�<�:=<�/�. WOD
hg@�:�D�1�i[@d4�@TH�(
4�@7H�.0<�:S5&. (+A�.�/�@0V�/�1kWOD <�9�/ ,�@7/�.T/�D�<
.T<�C#1�HZw�x x6Y�x���{%o

h ,�5O:=C#.�W�A�5�/?*E/=4�9�:�D#WO.7* (+3J,�@7(+1�C�4�<�W�(+DGY�WODBh[@;:6D�1
i[@Z4�@7H (
4�@�H�.7<�:65O.=YF(+3s<�9 /_/=r#4�W�<7/�1 � ! 

(
�

+
x
)
��.7<�:=<�/�.

(6A#.7/�@TV�/�1�WO.[1�W`.04=Cn.7.�/�1�A�/65�(
I�W�D�Xn@T/�:=<7/�@J1�/=<�:�W�5�o
|�9 /;,#@T( 4�/�.�.Q(+3�3R(�@�*-:=<�W�( DF( 3�<�9�/�� !  ���g.�<�:=<�/�.�W`D-h[@

4�@0H ( 4�@TH#.0<�:65&.eY\9#:=V�W^DSX�<�@�:�,�,�/�1 <�9�/�*p/�<�:�.7<�:=A�5�/ .-/
� � � Ñ :6D�1V� Ñ � � :=<�( *>.g30@T(�*P<�9 /E9�/65OWqC�*uX�:�.�1�WO.04�9�:�@RX#/�Y
4�:�D�A�/-4�( D�4=/�WqV�/�1�( 3g:�.[3R(�5R5^(6I>.Ew%x x Y�x#�#{%o

|�9 /2<�@�:�,�,�/�1-.E/0� �� Ñ :�D�1<� Ñ � � :=<�( *>.�<�@�:�D�.�3R/�@
<�9 /�W`@)/�r�4�W&<�:=<�W&(+D�/�D /�@0X#W�/�.)<�(�<�9 /ph[@)4�@7H (
4�@7HS.7<�:65�Y#IEW�<�9
<�9 /E:=A�( V+/�8R*E/�D�<�Wb(SDS/�1�W�D�<7/�@7D#:65�Wb(�D�W
	�:=<�W�(+D�(�3�<�9�/J4�@7H (�8
4�@0H�.7<�:657Ym:6.[:�4�( D#.T/M$�C�/�D 4�/�Y�<�9�WO.[@7/�.0C�5�<�.;WOD�<�9�/F3R(+@�*E:68
<�Wq(�D (S3;:B30@7/=/�/
5�/�4=<�@T(�D\W�DZ<�9�/�4�(�D�1�C�4=<�W�( DZA�:�D�1\:6D�1
:�9�(�5�/chg@ + WODd<�9 /sV#:65�/�D�4=/]A#:�D�1 �g<�9�/t9S(#5�/sA�/�4=(+*p/�.

@�:�,�WO1m5�H�.0/65&308`<�@�:�,�,�/�1 � WODu:Z<�WO*p/Z(+3sx�= −
Ñ�Ø yQx�= −

Ñ0� .=�eY
W7o /�o�Y><7C#@�D�.Z<7(}<�9�/_V�W�A#@�:=<�W&(+D�:65�5�HP/=r#4�W�<7/�1 *p(�5�/�4=C�5O:�@
h[@ Ø+ W�(�D o ��@7(
V�WO1 /�1_<�9#:=<eY :63R<�/�@c:Z.�9 (�@T<c<�W�*E/�Y :�30@0/=/
/65^/=4=<�@7(+Ds*E( V�WOD6XZWOD�<�9�/-4�(�D�1�C�4=<�W�( DBA#:�D�1�/�D 4=( C#D <7/�@�.
:6D�1 @7/=4�( *EA�WOD�/�. IEW�<�9 :�D h[@ Ø+ 9�(�5�/ <�9�:�< 9�:�.
9�:�1 D ( <�W�*E/ <�( @T/
5O:=r V�W�A#@�:=<�W�(+D�:65�5�H Y�<�9�/ @T/�:=4�8
<�W�(�D (+3 1�WO.�.7(64�WO:=<�W�V�/ @0/=4�(�*pA#WOD�:=<�W�(�D WO. ,S(S.7.�WqA 5�/��
h[@ Ø+ + � →

h[@ Ø∗∗ →
h[@

+
h[@ ∗(

� !  �$!
)
o |�9 / @T/�:e4�<�Wq(�D

WO. 3R(#5R5�(
IE/�1 A#H <�9S/ /=r�4�W&<�/�1 :�<�( * 1�/=4�:=H
h[@ ∗(

� ! ��	$!
) →

h[@ ∗(
�$!  ���

)
<7(�3R( @�*u<�9 /�� !  ��� � 
 Ø .0<�:=<7/( A#.7/�@0V�/�1BA�HZ���U�pom|�9�W^.;WO.p5OWOK /65^H�<�(?A�/F:F*E/=4�9�:�D�WO.�*

(�3;3R(�@�*-:=<�W�(�D Y�W�DZh[@p4�@7H (
4�@7H�.�<�:65&.�YU(+3;<�9 /c*p/�<�:�.7<�:=A�5�/
/=r#4�W�<7/�1
�$!  ���]:�<�( *>W&4�8`<�H�, /2.0<�:=<7/�.�:
.�<�9�/Z/�r�4�Wq<�:�<�Wq(�D
/�D�/�@RX�H]WO.JA�/�WOD Xs<�@�:�D�.�3R/�@�@0/�1Z30@0(�*~<�9�/�*p/�<�:�.7<�:=A�5�/V.E/
:e<�(+*-.g<7(?<�9 />4�@0H�(
4�@�H�.T<�: 57o

�
C�,#, ( .7/F<�9�:=<E<�9 /�<�W�*p/c:?30@7/=/F/
5�/=4�<�@�( DZ*E( V�WOD6X\WOD
<�9�/a4=(+D�1 C�4�<�Wb(SD�A�:�D�1�<�:�K /�.v<�( :�,�,�@0(�:=4�9�:
D�h[@ �+*p(�5^/=4�Cm5&:�@�W�(+D_W�.�.0C�3030Wq4�W�/�D�<%5^Hd5^( D X2<�9�:=<F<�9 /sW�(�D�9�:�.
@7/65&:=r�/�1u<7(�<�9�/d5^(6IE/�.�<�VSW&A#@�:=<�W�( D#:65F.�<�:=<�/�ol|�9 /�D}<�9 /
/�D�/�@RX�Hc@7/
5�/�:�.0/�1B1�C�@�WODSXc<�9�/Eh[@ �+ +

� @0/=4=(S*lAnW�D�:=<�W�( DBWO.
:S5�5�(
IE/�1s<�(s<�@7:
D�.�3R/�@;<�(s<�9S/?/=r�4�W&<�(�DsA#:�D�1sI>W�<�9 �

=
x

w=x6x Y�x���{%oQ|�9�W�.-/�r�4�W&<�(+D�<�9�/�D�4�:�D�/�W�<�9 /�@F1 /=4�:eHZ<�(Z<�9 /
Xn@T( C#D�1B.T<�:=<�/p(S@)A�/�4=(�*;/>.0/65O308O<�@�:�,�,�/�1�<�(F<�9S/E<�I;(�8O4=/�D�8
<7/�@�/=r#4�W�*E/�@�.0<�:e<�/�Y�h[@ Ø∗ Y�I>9�Wq4�9_:65O.7(�1 /=4�:=H�.-<�(\<7IE(
Xn@T( C#D�1�8�.T<�:�<7/>hg@;:=<�(�*E.eo�|�9S/�.7/F,�@0( 4=/�.7.�/�.g4�:�D�D ( <E5�/�:�1
<7(�<�9 /}3R(+@�*E:�<�Wb(SD�(+3s<�9S/ :=<7(S*pW�4�8`<�H�,�/�� !  ��� .0<�:�<7/�o
|�9�:=<�WO.QIl9�H-<�9�/M,�@T(+4=/�.�.Q(+3�,#@T(�1 C�4=<�W�(�D-(�3 <�9 /;:=<�(�*>Wb4�8
<7H#, /��$!  ���c.0<�:=<�/B<�9#@T(+CSX�9�<�9�/]@T/�4=(�*;A�W^D�:=<�W&(+D2( 3E<�9 /
V#W&A#@�:e<�Wb(�D�: 5R5^H_@T/
5O:�r�/�1dh�@�+ *p(�5�/�4=C 5&:�@�W�(�D_.�9 ( C�5&1 A�/
30:6@B5�/�.�.�,�@7(6An:=A�5�/Z<�9�:�Dd<�9�/\1�WO.�.0( 4�W^:e<�WbV�/\@T/�4=(�*EA#W`D�:�8
<�W�(�DB( 3g<�9�/-V#W�A#@7:�<�Wb(�D�:S5�5�HB/=r�4�W&<�/�1Bh[@ �+ W�(�D o�N�9�W�4�9�(+3
<�9�/-<�IE(B,�@T( 4�/�.�.7/�.[(64�4=C#@�.;W�D]:F,�:�@0<�W�4�Cm5&:6@g/=rn, /�@�W`*E/�D <
1�/�,S/�D�1�.Z( D <�9S/2X#@�(6I>WOD6Xa4�@0H ( 4�@TH#.0<�:65?<�/�*-, /�@�:=<7C#@7/�o
N Wq<�9BW�D�4�@0/�:
.7WOD6XB.�:�*-,�5�/E<�/�*-, /�@7:�<7C#@0/E<�9�/;V#WbA�@�:=<�W�(�D�:65
@7/65&:=r�:=<�W�( D @7:�<7/�( 3u<�9�/�hg@�+ *E(�5^/=4=C�5O:�@PW�(�D�@�W�.7/�.�Y
I>9�/�@0/�:�.g<�9�/>*p( A#WR5OWq<7H�(S3Q/65^/=4�<�@7(+D�.[W�D�<�9�/E4=(+D�1 C�4�<�Wq(�D
A�:�D�1~X#@7(
I>.2.�*>:65R5�/�@d5�/�:61�WOD6X�<7(�:�D WOD 4�@�/�:�.7/�I-W�<�9
.�:�*-,�5^/F<7/�*-, /�@�:=<�C#@7/?W�Ds<�9 /F<�WO*p/?.0/�,�:
@7:=<�W�(�D�A�/�<7IE/=/�D
<�9�/�h[@ �+ W&(+D\,�@�( 1�C�4�<�W�(+D�:�D#1ZW�<�.>@T/�4=(�*EA�WOD�:=<�W&(SDsI-W�<�9
:6DP/65�/�4=<�@T(SD�o>h[5R5?<�9 /�.7/_@7/�:�.7( D#.Z9�:=V�/�<�9�/2/�303R/�4=<Z(+3
@7/�1 C#4�W�D XF<�9�/M,�@0( A#:=A�WO5OW�<7H>(�3 <�9 /;1�WO.�.0( 4�W�:�<�WbV�/;@0/=4�(�*;A�W�8
D�:=<�W�( D]:6D�1�4�(�D�.7/)$ C�/�D�<%5^H�<�9�/-HSW&/
5O1B( 3&� !  � � 4=/�DS<�/�@�.�Y
I>9�Wb4�9 C#D�1�/�@ 5&W&/�.;<�9�/�<�/�*E,�/�@7:=<�C�@0/c1S/�,�/�D�1�/�D 4=/c3R(
C�D#1
3R(�@Fh[@ � ��WbX�o ���eo |�9 /Z,�@7(
A�:=A#WR5OW�<�H2( 3-<�9 /s/�r�4�Wq<�:�<�Wq(�D
/�D�/�@RX�Hk<�@�:6D�.�3R/�@d<�(k<�9 / /�r�4�W�<7(�DkA#:�D�1kI>W&<�9 �

=
x

3R(�5R5^(6IE/�1vA#HP1S/�4�:=H}<�(u<�IE(dX#@7(
C#D�1�8R.�<�:=<�/2hg@]:e<�(+*-.
WOD�4�@0/�:�.�/�.gI-Wq<�9BWOD�4�@T/�:�.�WOD+X�.7:
*E,m5�/E<�/�*>,S/�@�:=<�C�@�/�o

��D <�9�/~i @ 4�@7H ( 4�@THS.7<�:65�Y�<�9 / ,�@7(
4=/�.�.0/�._*pC#.7<2A�/
.7(+*p/=I>9�:�<-1#W�303R/�@�/�D <F30@0(�*k<�9 (�.0/�1�/�.04�@�W�A�/�1\:=A�( V /c3R(�@
h[@2w%x x Y�x���{�oCN /�<�:�.0<�:�A�5�/ .>/_:=<�(�*-.B<�@�:�,�,�/�1PWOD�<�9 /
Xn@T( IlW`D XZiM@J4�@0H�(64�@7H�.0<�: 5�I>W`5�5�:65O.0(B, /�@�3R(+@�*a<�9 /?W�D�<7/�@78
D�:65?W�(�D�W
	�:=<�W�(+D�(+3 <�9�/�4�@0H ( 4�@0H#.T<�:65F<�(P,�@7( 1�C�4=/_WODP:
.�9 (�@0<�<�W^*p/ � x�= −

ÑBØ yQx�= −
ÑR� .%�B:sV#WbAn@7:=<�W�(�D�:65R5^Hd/�r�4�W�<7/�1

.7/65&308`<�@7:
,�, /�1_9�(�5�/�Y;i[@ Ø+ Y[:�D�1�:Z30@T/�/s/65^/=4�<�@0(�D2WOD2<�9 /

±� � Y�¡ Z�¡ ¤7§�[#¡ Z�¤�¡ ¤� !\�®�¬&]�®��§�¢^ª=0¯=°0±�±�² ¯R¦���W�X�¯^[ ¥;°�_



4=(+D�1 C�4=<�W�(�DsA#:�D�1 o�hg<-5�(+I <�/�*E,�/�@7:=<�C�@0/�.;I>9 /�DZ:?*p(�8
5�/�4=C�5O:�@�Wb(�D�iM@ Ø+ @0/=4=(S*pA#WOD�WOD6X?I>Wb<�9�:�DF/65^/=4=<�@0(�DF.�9 ( C�5O1
A�/;V#W&A#@�:e<�Wb(�D�: 5R5^HF/=r�4�W�<7/�1�Y#<�9 /-*;(�.0<;5OWOK /65^H�*;/�4�9�:�D#W�.�*
( 3�<�9�/2/�D /�@TX�H 5^(�.�.sWO.�<�9�:=<]<�9�@7(
C�X#9}<�9�/\/=r�4�W�<�:=<�W�( D
/�D /�@0X�Ha<�@�:�D�.�3R/�@�<�(~<�9 /}/=r#4�W�<7(+D A#:�D�1aI-W�<�9 �

=
x Y

Γ � x �Q�#�F3R(�5R5^(6IE/�1 A�HZ<�9�/c.7/65&308`<�@7:�,#,�WOD6X\<�(s<�9S/:� !  � �
.T<�:=<�/_:�D�1P,�@T(�1 C#4=<�Wb(�D}( 3�<�9S/�/=r�4�W�<�/�1 � 
 Ø .0<�:e<�/21�/�8
<7/�4=<�/�1\WOD�<�9 /B/=r#, /�@�W`*;/�D�<-A�H_���Q�Eo�|�9 /�/�D�/�@�X#HsX#:�,
A�/=<�Ip/�/�D

Γ � x �Q���M:�D�1 Γ � � �Q���M.7C�A�A�:
D�1�.g( 3)<�9�/E/�r�4�WO8<7(+DuI>W�<�9 �
=

x]*;Cn.T<c9�:�*>,S/�@�D (�D�8R@�:�1#W�:�<�WbV�/]<�@�:�D�.�WO8
<�Wq(�D�.)30@7(+*v<�9�/M30WO@7.�<).0C�A�A#:�D�1F<�(-.�/=4=(+D�1?W�DF<�9 /M,�@0( 4=/�.7.
w%x x
YRx��#{%o �0<�.7/�/�*-.�,S(+.�.�W�Am5^/k<�9�:�<�<�9 / 1�W`.�.7(
4�WO:=<�W&V�/
@T/�4=(�*;AnW�D�:=<�W�( D�YFiM@ Ø+ + � → ��� Ø∗∗ →

iM@
+
iM@ ∗(

�$!  ���
)
Y

4�:�D�:65O.0(24=(+D�<�@7W�A�C�<�/s<�(\<�9�/s(
A�.�/�@0V�/�1_.�WbX#D�:S5�Y)X#W�V�WOD6X
*;/=<�:6.0<�:=A�5�/V� !  � � .7<�:=<�/�oUh[.-<�9 /B.�:�*-,�5^/�<7/�*-, /�@�:=<7C#@7/
W�D�4�@T/�:6.0/�.�Ys<�9 / V�W�A#@�:=<�W�( D#:652@�/65O:=r#:�<�Wq(�D�(�3_<�9 /kiM@��+*;(�5�/�4=C�5O:�@2W�(+D .�, /=/�1#. C#, I>9�W`5^/u<�9�/�*p(+V /�*E/�D <�(S3
/65^/=4=<�@0(�D�.pWODB<�9�/F4=(�D�1�C�4�<�W�(+DsA�:�D#1Z. 5^( IE.E1 ( I>D o�|�9�W`.
A#@7WODSX�.F:=A�(+C�<><�9�/B@0/=4=(S*pA#WOD�:=<�W�(�D YgiM@��+ + � Y�W�D�I>9�W�4�9
4�:�.0/E<�9 /E/=r�4�W�<�:=<�W�(�DF/�D�/�@RX#H?W`.J5&W�K�/
5�HF<�(FA�/;<�@�:�D�.�3R/�@�@0/�1
<7(]<�9�/�/�r�4�W&<�(+D An:�D�1\IEW�<�9 �

= � Y Γ � � �����FI-Wq<�92.0C�A�8
.T/M$ C�/�D <B1�/=4�:=Hu<�(2<�9�/sX#@7(
C�D�1}.0<�:=<�/Z/�W�<�9�/�@cW`*>*;/�1�WO8
:=<7/
5�H 30@7(+* <�9�/a.�C�A�A#:
D�1 I-Wq<�9 �

= � Y Γ � � �Q���}( @
<�9�@7(
C Xn9�<�9 /�.7/65&308`<�@7:
,�,S/�1 /=r�4�WO*p/�@ i @ Ø+ .7<�:=<7/�o�|�9�W`.
IEWR5R5�5^/�:�1F<7(�:;1�/�4�@0/�:�.7/MWOD�<�9 /JH#Wb/
5O1F(�3 <�9 /E*;/=<�:6.0<�:=A�5�/
/=r�4�W�<�/�1 � 
 Ø .0<�:=<7/�.2:6.Z<�9�/u4�@7H (
4�@7HS.7<�:65c<7/�*-, /�@�:=<7C#@7/
W�D�4�@T/�:6.0/�.�o#|�9�/l,�@0( 4=/�.7.7/�.g1�W`.�4=C#.7.�/�1�:=A#(6V�/E:�@7/l@7/�.�,�(+D�8
.7W�A�5�/�3R( @g<�9�/>30:65R5GW`D�<�9 /��)!  ���[4�/�D�<7/�@ H�W�/
5O1BWOD <�9 /�i[@
4�@0H ( 4�@TH#.0<�:65BI>W�<�9�WODS4�@7/�:�.�WODSX�<�/�*E,�/�@7:=<�C�@0/�o �0<2WO.�(S3
W�D�<�/�@0/�.�<Z<�9�:�<Z<�9 /_<7/�*-, /�@�:=<7C#@7/_1�/�, /�D#1 /�D�4�/�.s(+3�<�9�/
,�@T( A#:=AnW`5OW�<�H�(�3E<�9 / � ! �

(
�

+
x
)
� 4=/�D�<7/�@F3R(�@�*-:=<�W&(+D_3R( @

hg@]:6D�1 i;@B4�@0H ( 4�@TH#.0<�:65&.s:
@T/_.�WO*-W`5&:6@]W�DP:6,�, /�:�@�:�D�4=/
� ��WbX�o����6YlD ( <7I>Wb<�9�.0<�:6D�1�W^DSX}4�/�@7<�:�WOD}1�W�.�<�WOD 4=<�W�( D#. A#/�8
<7IM/=/�D *p/=4�9�:�D�WO.�*E. (�3a,�@7( 1�C�4=<�W&(+D (+3~<�9 /�.7/�*E/�8
<�:�.0<�:eA�5�/>:�<7(+*-W�4�8`<�H�, /-4=/�D <7/�@�.�o

| 9 C�.=Y#<�9S/>*;/�<�:�.T<�:�A�5b/E/�r�4�Wb<0/�17.M/>:=<0( *E.%Y .E/
(
� � � Ñ ):�D�1P.E/

(
� Ñ � � ) Y[30@0(�*�<�9�/4.E/ Xn:�.?1�W`.04�9#:�@TX�/BA�/=4�(�*p/

<�@�:�,�, /�1dWOD�<�9�/�X#@�(6I>WOD6X_h[@-(�@�i[@�4�@TH�(
4�@7HS.T<�:S5&.F:6D�1
<�@�:�D�.�3R/�@)<�9 /�WO@Q/�r�4�Wb<�:�<�Wb(�DF/�D /�@TXSHF<7(><�9 /;4�@TH�(
4�@7H�.0<�:S5#<7(
3R( @�*cYSWOD�<�9 /;,�@7(
4=/�.�.�(�3�WOD <7/�@�D�:65�W�(�D�W
	�:=<�W�(+DGYS:p��X + W�( D
:�D�1Z:�30@T/�/F/65^/=4=<�@7(+DZWODs<�9 /F4=(SD�1�C�4=<�W&(+DsA#:6D�1�Y�I-9 /�@7/�8
C#,S(SD�<�9 /E30:�.7< � (�3 x�= −

Ñ�Ø .��[.T/
5O308`<�@�:�,�,�W^DSXc@0/�:�4=<�Wb(�DF(�3�:
9 (�5�/_3R(#5R5�(
I>.e�F�UX + +

��X
→

�UX Ø+ oM|�9 /�@7/�:�3R<�/�@�/�W�<�9 /�@
<�9 /\1#W�.�.0( 4�WO:=<�W&V+/\@7/=4�( *EA�WOD�:�<�Wb(SDu@7/�:=4=<�W&(+D��UX Ø+ + � →
→ � � Ø∗∗ →

�UX
+
�UX�w3� ! 

(
�

+
x
)
��{u(S@�@7/�4=(+*pA#WOD�:=<�W�( D

��X Ø+ + � →
�UX

+
�gXZ<�(\,�@7( 1�C�4=/�X#@�(6CnD�1#8R.0<�:=<�/]:=<7(+*-.

4=(
C�5O1 <�:�KS/P,�5O:=4�/�oc|�9 /P3R(�@�*p/�@2WO. 5&W�K�/
5�H�:=<u5^(6IE/�@
<7/�*E,�/�@�:=<�C�@0/�.gI-9#W`5�/><�9�/F5O:�<7<�/�@:��:=<;9�WbX#9�/�@ <�/�*>, /�@�:68
<7C#@0/�.BI-9�/�D}<�9 /2VSW&A#@�:=<�W�( D#:65F@�/65O:=rn:=<�W�(+D�@�:=<7/\(�3�<�9�/
��X + *;(�5^/=4=C�5&:�@gWb(�D?W`D 4�@7/�:�.7/�.):�D#1�<�9 /E*p(
A�W`5&W�<7HF(�3�30@7/=/
/65^/=4=<�@0(�D�.pWODs<�9�/?4=(+D�1 C�4=<�W�(�DsA#:�D�1Z1�/�4�@0/�:�.7/�.�oG|�9�WO.EW`.
<�9 /a@�/�:�.7(+D�3R(+@u<�9�/ (6An.T/�@7V /�1�<7/�*-, /�@�:�<7C#@0/a1�/�,S/�D�8
1 /�D�4�/?w%x x Y�x���{=o

6-� 9 � T ��� % *+%������ , � ��� � � ���"!�� � %3& � � *'�
|�9�WO.B.T/�4=<�W�(�D}W�.�(�Du/=r#:
*EW`D#W�DSX�<�9�/\, (�.�.�W�A#W�5&Wb<�Hu(+3

<�9�/uC#D�.7<�:=Am5^/u4�/�D�<�/�@�.\W`Da@�:�@�/ Xn:�.Z4�@0H�(64�@7H�.0<�: 5O.Z(6A#8
.7/�@0V�/�1_:
D�1�1�W`.04=Cn.7.�/�1_WOD ��/�30.=oS
y)x#��4�:�D2A�/]1�C�/s<�(
:6D H?:=<�( *>W�4J(�@U*E(�5�/�4=C�5O:�@�,�:�@�:�*-:%X#D�/=<�W&4MW�*>,SCn@7W�<�HFW�(+D�.
*-:=<�@�W�r2W^.7(�5&:e<�/�1\W�DZ<�9�/�4�@7H ( 4�@THS.7<�:65&.eo+�>D�4�9�:�@TXS/�1\W`*E8
,�C#@�W&<�H�:=<7(�*E.F:
D�12*p(�5�/�4=C�5�/�.F.�9 ( C�5O1�A�/�/�r�465^C#1S/�12:=<
(�D 4=/\30@7(+* 4�(�D�.�WO1 /�@�:=<�W�( D�Y[.�W�D�4=/]<�9�/=H�:�@T/\K�D�(6I>Dd<�(
XnWbV�/F( D�5�H].7<�:=Am5^/?,�:6@�:�*-:%XnD /=<�W�4F4=/�D <�/�@�.MW`Ds<�9 /?*-:=<�@�W�8
4=/�.)(�3U.T(�5&WO1�@�:�@�/JX#:�.7/�.�Yn:�.)IE:
.).�9 ( I>D?WOD�*-:�D H?Ip(+@�K�.
� 3R(�@p/�r#:6*E,m5^/�Y�(�D .�Y � :�D�1sf�:=<7(�*>.�w%x��nY+�K=�{��eoGh)<
<�9�/E.�:�*p/;<�WO*l/�Y#*-:=<�@�Wbrn8RWO.0(�5O:=<�/�1?W�( D#.)*-:=H?W^D�,#@7WOD 4�WO,�5�/
XnWbV�/a@7WO.7/�<7(�C�D#.T<�:�Am5^/a,�:�@�:�*-:%X�D�/=<�Wb4 4�/�D�<7/�@7._I-W�<�9
5OWO*-W�<�/�1�5&W`3R/�<�WO*E/

τ
YG.�W�D�4�/�<�9 /�W�(�D�.>*p:�HsA�/c.7C X X�/�.7<7/�1

<7(�@7/�4=(+*pA#WOD�/�Y�:�3R<�/�@\:d<�WO*p/}5O:�,#.T/_(�3
τ
Y�IEW�<�9a30@0/=/

/65^/=4=<�@7(+D�.E/=r#WO.T<�WODSX\WODs<�9�/c*E:e<�@7W�rZ<�(Z3R(+@�*kC�D 4�9�:�@TX�/�1
1�WO:�*-:%X�D�/=<�Wb4E,#:�@T<�W�465^/�.eo�.-(
IE/=V /�@eY�A�( <�9�W�(+D�.�:6D�1F/65�/�4�8
<�@�( D#. IE/�@0/F1 /�*p(+D�.0<�@�:=<�/�1B:=A�( V /><7(FA#/EC�D#:=A�5�/�YnWOD�<�9 /
1�/�.T4�@�W�A�/�12/=r#,�/�@7WO*p/�D <�.eY�<�(�<�@�:=V /
5E30@0(�*�<�9�/�X#:6.?1�WO.78
4�9#:�@TX�/B( D�<7(Z<�9 /�X#@T(+I-W^DSX�4�@0H ( 4�@0H#.T<�:657Y�A�/=4�:=C�.0/B<�9 /=H
:6@0/�5�(+4�K /�1]W`Ds<�9 /?1�W�.�4�9�:6@RX�/�	�(�D /FI>Wb<�9s<�9 /?*-:%X�D�/=<�Wb4
30W�/65O1Z(+3l<�9 /��+�U� .�,�/�4=<�@T(S*l/�<7/�@ 1

=
�L� =J= U�3R( @74�WOD+X

<�9�/�*�<�(23R(�5R5^( I�.�*-:65R5&8R@�:�1�W�C#.�<�@�:���/�4=<�( @�W�/�. � <�9�C�.=Y�3R(�@
� + W&(+D�<�9�/E(�@TAnWb<M@7:
1�W&C#.[WO. C#D�1 /�@@=mo�xE*>*F�6o

h�<�<�9�/\.�:�*p/\<�W�*E/�YMC#D�4�9�:�@TXS/�1}:�<7(+*-.B:�D�1}*E(�5^/�8
4=C�5�/�.g,�@7/�.T/�D�<�/�1�:
.gD�:=<�C#@�:65�WO*p,�C#@7W�<�W&/�.gWOD <�9 />@�:�@T/;Xn:�.
1�WO.04�9�:�@RX#/s4�:�Dd@�/�:=4�92<�9�/].7C�A#.7<�@7:�<7/]:
D�1 <�@�:�,2I>W�<�9�WOD
<�9�/ Xn@0( IEWODSX�4�@7H+( 4�@0H�.7<�:657oS|�9�C#.eY+<�9S/l,�@0( 4�/�.�.7/�.�*p:�H-A�/
WO*-:%X#WOD�/�12<7(2(+4=4=C#@�:�.c3R(�5�5�( IE.��gC#D�4�9�:�@0X�/�1�W`*E,�C�@�W�<7H
:e<�(+*-.;(�@E*p(�5�/�4=C�5�/�.-,�:�.�.�W`D6Xt(�D <7(B<�9�/-X#@7(
I>WOD+Xt4�@7H+( 8
4�@7HS.7<�:65�:�@7/>.0C�A ��/=4�<g<7(?W�(+D�W
	�:�<�Wq(�D Y�D�/�:�@g<�9 />.7C#@�30:e4�/;(�@
WODd<�9S/\D /�:�@�8R.0C�@�30:=4=/25&:=H /�@eY�A�HdLQ�>L�@7:�1#WO:=<�W�(+Du30@0(�*
<�9�/ Xn:�.�1�WO.74�9�:�@TX�/�YSIE9�/�@T/�C�, ( DF<�9�/�.0/EW�(+D�.=Y#:65�(+DSX�I-W�<�9
/65^/=4=<�@7(+D�.=Yn:�@7/E<�@�:�,�, /�1cW`D?<�9�/;4�@7H+( 4�@0H�.7<�:65�<7(-X#W�V />@�WO.T/
<7(�<�9�/s(
A�.�/�@0V�/�1u�&�U�k.�, /=4�<�@�:Z3R(#5R5�(
I>WOD+X I-9#Wb4�9_<�9 /
@7/=4�( *EA#W`D#:=<�W�(+DGY�:�3R<�/�@F:B<�WO*E/s5O:�,#.T/B(+3

τ
YU(�3;<�9�/BW�(+D�.

I>W&<�9�<�@�:�,�,�/�1�/65^/=4=<�@7(+D�.-<�:�K�/�.F,n5&:=4=/BI>W�<�9�<�9 /]@7/�.0C�5�<
<�9#:=<BC�D 4�9#:�@�X#/�1}1#WO:�*-:%X#D�/=<�Wb4_,�:�@7<�Wb465^/�.s:�,#, /�:�@ �M<�9�WO.
*-WbX#9�<F,�@7(
V�WO1 /]:BD�(+D�.0<�:�A#W�5&Wb<�H�(�3;<�9�/�(+A�.0/�@�V /�1d�+�U�
.�, /=4�<�@�:�o�|�9 /],�@7/�.0/�D�<?.T/�4=<�W�(�D2WO.-4=(+D�4�/�@�D�/�1\I-W�<�9�/=r#8
,�/�@7WO*p/�D <�.g/=rn:�*-WOD�W`D6X]WO3)<�9 /F:=A�(
V�/>*p/=4�9�:�D�WO.�*a*-WbX#9 <
A�/ @T/�.�, (�D�.�WbA 5^/}3R(+@�<�9�/����U� C�D#.T<�:�Am5^/}.�WbX#D�:65&.�(6A#8
.7/�@0V�/�1BWOD�<�9 /F@�:�@7/;Xn:�. 4�@TH�(
4�@7HS.T<�:S5&.�o

��<B.�9 ( C�5O1uA�/\D�(6<�/�1}30WO@�.7<�<�9�:�<BW�3F<�9�/\*-:=<�@�W&rn8RW�.�( 8
5O:�<7/�1�,�:�@�:�*>:%X#D�/�<�Wq4BW�( D#.pIE9#W&4�9�:�3R<�/�@>:�4=/�@0<�:�W`DZ<�W`*;/
A�/�4=(+*p/-C#D�4�9�:6@RX�/�1s:�D�1]1�W`:�*>:%X#D�/�<�W�4><�9�@7(
C�X#9]@T/�4=(�*E8
A�W�D#:=<�W�(+DdI>Wb<�9d/
5�/=4�<�@0(�D�.�*>:�KS/]<�9�/BC�D�.7<�:=Am5^/s4�/�D <7/�@�.
( A#.7/�@0V�/�1 Yg<�9�:�D2<�9�/ �+�U��.�W XnD�:65O.F<�9�/=H2H�W�/
5O124�:�D�D�(
<
1�WO.�:�,�, /�:�@�4�( *>,�5�/=<�/65^H_( D�4=/s<�9 /Z1#W�.74�9�:
@�XS/ZWO.�<�C�@�D�/�1
(�303QA#C�<[:e<;5^/�:�.7<[:F, (�@0<�W�(+D�(�3).�WbX#D�:65�*pC#.7<[@�/�*E:6W^D�:�D#1
A�/c.T<�:=A 5^/�o�|�9�/?@7/�:�.�( DZWO.;<�9#:=<>:�@7:
@0/�X#:�.E4�@0H ( 4�@TH#.0<�:65
A�/�W�DSX�4=(+D�1 /�D#.T/�1�4�( D�<�:�WOD�.�/�D�(
C�X�9F:=A�C#D�1�:�D�4�/g(�3�/65�/�4�8
<�@�( D�<�@�:�,�.�5OWOK /BWO*-, C#@�Wb<�H�*p(�5�/=4�C�5�/�.F:�D#1�:=<�(�*>.�Y�:�D#1
5O:�<7<�Wb4�/-1�/�3R/�4=<�.�on|�9�/�.0/p<�@�:6,�.)A#WOD�1�/
5�/=4�<�@0(�D�.g<7(?WOD�9�WbAnWb<

Y ¡ Z�¡ ¤�§ [S¡ Z�¤�¡ ¤� !\=®�¬&]=®�q§ ¢&ª=�¯�°�±�±�²
¯�¦���W�X+¯ [�¥[°�_ ±� �



<�9 /�* 30@0(�* @�/=4=(+*pA#WOD�WODSX IEW�<�9�W�(�D�.eY�.7(k<�9 /k5O:=<�/�@
A�/=4=(+*p/�.7<�:=A�5�/_*E:�<�@�W�r�8�WO.7(�5&:=<7/�1�,�:
@7:�*>:%XnDS/�<�W�4�,�:�@7<�WO8
465^/�.UWOD�<�9 /;4�@0H ( 4�@TH#.0<�:65n:6D�1FH�W�/65&1F.7<�:=A�5^/p�+�Q� .�, /=4=<�@�:�o
.E(6IE/�V�/�@�Y W�D_:65R5M/=r#, /�@�WO*;/�D�<�.=Y[:65�5p5&WODS/�.�(S3pC#D�.0<�:=A�5�/
,�:�@�:�*-:%X#D�/=<�Wb4}���Q� .�, /=4�<�@�:dC#D�1 /�@Z.T<�C�1 HP1�WO.�:�,�, /�:�@
4=(+*-,�5�/�<7/
5�H�:
3R<7/�@�<�9�/\1�W`.04�9#:�@TX�/\WO.�<�C#@�D /�1u(+303%oM|�9�W`.
<7/�.T<�WO30W�/�.-:%X�:6W�D#.T<><�9 /B9 H#, (6<�9�/�.T/�.-:�A�(6C#<p<�9�/cWO*-, C#@�Wb<�H
,�:�@�:�*-:%X#D�/=<�Wb4FW�(+D�.=o

h[.g:p30WOD#W�.�9�4�9S/�4�K�(SD�<�9�/E.�CSX+X�/�.7<�W�( D?<�9�:�<)C#D�.0<�:=A�5�/
���Q� .�, /=4�<�@�:;( A#.7/�@TV�/�1�:�@T/>1 C�/E<7(�W`*>, C�@�W&<�H?,�:6@�:�*-:%Xn8
D /=<�W&4�W�(+D�.}.�, /=4�WO:65OW
	�/�1�/�r�,�/�@�WO*p/�D <�.vIM/�@7/�@0C�D o>�0D
<�9 /�.7/E/=r�, /�@�W�*p/�D�<�.�Yn<�9 /EX#@T(+I-W^DSX]@�:�@7/;Xn:�. 4�@TH�(
4�@7H�.0<�:S5
IE9�W�4�9v<�@�:�,�,�/�1 Xn:�.Z1�WO.T4�9�:�@TX�/ ,�@�( 1�C�4�<�.BI>:�.Z:�1�1 /�1
IEW�<�9}X#@T/�:e<t1 /�:65F(�3�/�303R/=4=<�W�V /2/
5�/=4�<�@�( D�<�@�:�,�.�I>9�W�4�9
I;/�@�/Z<7(_A�/\@7/�.0C�5�<BWOD�5&:�@�X#/\D C#*pA�/�@�.?(�3�4�( *>,�5�/=<�/65^H
.T<�:=A 5^/_W�( D#.Z:�D�1�<�9�/�@0/=A�HP<7(P.0<�:=AnW`5OW
	�/2<�9�/2(
A�.0/�@�V /�1
.7WbX#D#:65O.FI>9�Wb4�9u9�:�1dA�/=/�D0$SCnWb<�/sC#D�.0<�:�A�5�/]C�D <�WR5;<�9S/�DGo
hg.Z:�DP:=4=4�/�,�<�(+@�<�(}4�@0/�:=<�/2/�303R/�4=<�W&V+/2/65^/=4=<�@7(+Dv<�@�:�,�.eY
<�9 /B(
r�H6X�/�D2IE:6.-4�9 (�.T/�D2A�/�4�:=C#.7/B(+3p<�9S/�X#@�/�:=<F/65^/=4�<�8
@T(SD :�3030WOD�Wb<�H�(S3�A�(6<�9 <�9 /�*p(�5�/�4=C�5�/�:�D#1�<�9�/_:�<7(+* �
� ¡ ( � Ø ) =

=�o �L� = � ����/�L�Y � ¡ ( � ) =
x o �Sz��u/�L w��mx
{%olh

1 /�, (�.�W&<�/�1�4�@7H (
4�@7H�.�<�:65�(�3�:F@�:�@T/EX#:�.[9�:�.gA�/�/�DB1�/�*p(+D�8
.T<�@�:=<�/�1kw��L�#{�<�(�4�(�D <�:
W�Da,�@�:=4=<�W�4�:65�5�Ha:65^I-:=H#.Z:}.0C�308
30Wb4�W�/�D�<\D C�*;A�/�@s(�3�/
5�/�4=<�@7( D <�@7:
,�.�Y�<�9 /�D�:=<�C#@�:65 � ØW�*-, Cn@7W�<�H � WODs.�*-:65R5G:6*;( C#D�<�.��E:�*p(+DSXB<�9�/�*�Y�<�(B.T<�:�A�WO8
5OW 	�/_4=(S*p,�5�/�<7/
5�H�:dV#:�@7W�/�<7HP(�3s*E:�<�@�W�r#8RWO.7(�5O:=<�/�1aWb(�D�.eo
.E(6IE/�V�/�@�YMWODu4�/�@0<�:
W�Du4�:�.�/�.Zw��"�#{�:�D}:�*E(6C#D�<c( 3�'J5 ØIEW�<�9s<�9 /F/65^/=4=<�@7(+DZ:�3030WOD�W�<�HB( 3 � ¡ ( '[5 Ø ) =

��o � �?/=LPI-:�.
:�1�1�/�1 <�(a<�9�/ *E:�<�@�W�r :�.u:�D /
5�/=4�<�@�( Dk:=4�4=/�,�<7(+@2<7(
/�D�9�:�D 4�/J<�9�/[D�C�*EA�/�@�(�3�.0<�:=AnW`5OW
	�/�1FW�(+D�.UWOD-<�9 /M@7:
@0/ X#:�.
4�@0H ( 4�@TH#.0<�:65&.eo ��Dd<�9 /Z30WO@7.�<�.0<�:=X�/]( 3-<�9�/]4�9 /=4�Kd.�<7C#1 H
A�/�WOD6X_1�WO.74=C#.�.7/�1�W`D\<�9 /],�@T/�.7/�D <?.0/=4=<�W�(�D YUX#:�.7/=(
C#. � ØIE:
.J:�1#1S/�1�<�(�<�9�/�, C�@�/pfg/>( @[h[@J,�:
.7.7/�1�<�9�@7(
C�X#9�<�9�/
4�9�:�D�D /
5LT � 4�9�:�D#DS/
5 D I>:�.g.�9 C�<��6o#|�9�/-���U�2C#D�.0<�:=A�5�/
.7WbX#D#:65O.;5OW�K�/E<�9�:�<[1S/�,�Wb4�<7/�1BW`Ds��W XQo ��Y�IE9#W�4�9�:
@T/E4�9�:�@�8
:=4=<�/�@�WO.7<�Wq423R(+@�<�9 /�,SC#@7/sf�/\:�D�1uh�@eY[IE/�@0/21 /=<�/=4�<7/�1 �
<�9 /�.7/Z.�WbX#D�: 5O.�1�WO.�:6,�, /�:�@7/�1d4�( *>,n5^/=<�/65^Hd(SDS4�/Z<�9 /sX#:�.
1�W`.04�9#:�@TX�/EI>:�.)<7Cn@7D�/�1�(S303%Y�W0o /�o�YnDS(F/�V#W`1 /�D�4=/M(�3).0<�:=A�5�/
���Q� .�, /=4�<�@�:-I-:�.[( A#.7/�@0V�/�1 o�|�9�/F:
1�1�Wb<�W�(�D�(+3 (
r�H
X�/�D
W�D�<�9 /�X#:
.u1�WO.74�9�:�@TX�/�@T/�.7C�5�<�/�1k(�D�5�H WOD�1�/=4�@T/�:6.0/�1
.7WbX#D#:65E:�*>,n5&W�<7C#1 /�o '�:�.T/�1d(+D <�9�/tW�D�<�/�@�,�@0/=<�:=<�W&(SDd1�WO.�8
4=C#.�.7/�12WODu�
/=4�o�� o ��YU<�9#W�.-4=(+Cm5&1�A�/B/=r#,m5&:�W`D /�1�A�H�<�9�/
1 /�8`/�r�4�Wb<�:�<�Wb(�D�(�3Q<�9�/>@�:�@�/lX�:6. � 
��;:�<7(+*-.[:=<J4�(�5�5OWO.�W&(SD�.
IEW�<�9 � Ø *l(#5�/=4�C�5�/�.�WOD <�9 /�X#:�.u1#WO.T4�9�:�@RX�/�Y�I>9�W�4�9
I;( C�5O1Z<�/�D�1 <�(s<�9 /���/�D�D�W^DSX\W�(�D�W
	�:=<�W�(+D (+3;<�9 /c*p(�5^/�8
4=C�5�/�.�o+�0<>.�9�(
Cm5&1 A�/cD�(
<7/�1 <�9�:=< � + Wb(SD�.>:�@7/c,�:�@�<�Wb4�C�8
5O:�@�5�HB,#@T(S*pWO.�W^DSXBI>9 /�D�<�@7H�WOD6XB<7( ,�@0( V�WO1�/-:
D�/=r#,m5&:�D�:68
<�Wq(�D�3R(+@u<�9 /a(6A#.7/�@TV�/�1�C#D�.�<�:=A�5�/�.�WbX#D�:S5&.u:�.uA�/�WOD6X
*E:e<�@7W�r#8RWO.7(�5O:=<�/�1�,�:�@�:�*-:%X#D�/=<�W&4�W�(�D�.�I>9�Wq4�9 .0C�A�.0/)$ C�8
/�D <�5�H?@0/=4=(S*pA#WODS/MIEW�<�9F/65^/=4=<�@7(+D�.=o��mW`@�.T<�Y �P:=<�(�*-.=Y�5&W�K�/
<�9 /_.0<�:=A 5�/�*-:=<�@�Wbrn8RWO.0(�5O:=<�/�1uf�:=<�(�*>. I>9#Wb4�9}4�9#:�@7:�4�8
<7/�@7WO.0<�W�4�:65R5�Ht:�@T/F/�:6.0HB<7(B(
A�.0/�@7V+/?W`DB<�9�/����Q�v.�, /=4=<�@�:nY
:�@T/[C�D�1�(6C�A�<�/�1�5^HF,�@0/�.�/�D <�W`D-<�9�/)Xn:�.U1�W^.74�9�:
@�X�/M:�D�1 Y+<7(
A�/F.0C�@0/�Y�:�@�/F:65O.�(�<�@�:�,�, /�1s:�D#1B*-:=<�@�Wbr�8�WO.T(�5&:=<7/�1BW`D�<�9�/

4�@7H+( 4�@0H�.7<�:65 � <�9�(6C Xn9d<�9�/Z(
A#.7/�@0V#:=<�W�(+Du( 3F<�9�/�WO@��+�U�
.�, /=4�<�@�:F9�:�V /FD�(6<[A�/=/�D�.�C�4�4=/�.�.73RC�5��6o��[/=<�Y�(SDn5^H�<�9�/;fg/
Xn:�.F1�W�.74�9�:6@RX�/],�@7(6V#WO1 /�.-L��EL ,�9�(
<7(SD�.-I>W�<�9�<�9 /B/�D�8
/�@TXSHB9�W^X�9 /�D ( C X#9 � x�zno ��/�LF�J<�(cWb(�D�W
	%/E( r�H6X#/�D�:e<�(+*-.
� � � =

x � o z /�L-�cDS/�:�@-<�9�/�4�@�H ( 4�@0H�.7<�:65M.TC#@�30:=4�/�I>9�W`5^/�Y
WODv<�9�/\4�:�.7/\(�3�h[@�Y-iM@s:�D�1Pj;/�YM<�9�/ X#:�.]1�W�.�4�9�:6@RX�/
,�@0(�1 C�4=/�.�,�9 ( <�( D#.2(�3�<�( (k5�( I /�DS/�@TX�H � x x o��YB/�L�Y
x�=mo z�/=L�:�D�1 �moqz�/�L�YM@0/�.�,S/�4=<�W�V /65^H���<7( 1�(\<�9#W`.=oE�
/�8
4=(�D�1�Y � + W�( D�W`.F,�@7(+*-WO.�WODSX�:=X#:�WOD2WOD�<�9�WO.-4=(+D�.�WO1�/�@7:�8
<�W�(�D�A�/=4�:eC#.0/-(�3gW�<�. � � Ø ��! �ôÒ�� ���2Ø .7<�:=<�/�Ym:�.JWO.g<�9�/-4�:�.T/
3R(�@p<�9 /�D#W�<�@0(6X�/�D�:=<�( * : 5O.0( Y�I>9�W�4�9\,�@T( VSW`1�/�. �

=
��o�=

3R(�@p<�9�/ 30@T/�/ � + W�(+D /�V /�DZI>W�<�9 ( C�<E<�9�/�:=4�<�W�(+D (S3J<�9 /
4�@7HS.7<�:65c30Wb/
5O1�o�.-(
IE/=V /�@eY�W�D <�9 /_4=(+D�.�WO1�/�@T/�1�/=rn,S/�@�W�8
*p/�D�<�.�Y�<�9�/?:61�1#Wb<�W�(�Ds(+3 � Ø <7(]<�9 /FX#:�.-1�WO.T4�9�:�@TXS/�1�WO1
D�(
<Z@0/�.7C�5^<7/�1�WOD}A�(+<�9P.T<�:=A�WO5OW
	�:=<�W�(+D�:
D�1�@�W^.7/�(S3�<�9 /
( A#.7/�@0V�/�1B.�,S/�4=<�@�:FW�D�fg/�:�D�1si[@eo

��D2.7C�A#.7/)$ C�/�D�<-/�r�,�/�@�WO*p/�D <�.eYU<�9 / X�:�.7/=(
C#. � Ø I>:�.
:61�1�/�1F<�9�@7(
C�X#9F<�9�/[4�9�:�D�D�/65 D � �mW^X�o�x
�[.T(F<�9�:=<gW�<g9#:�1
D�(\:=4�<�W�(+D�( D\<�9 /�Xn:�.-1#WO.T4�9�:�@RX�/�YUIE9�/�@0/�:
.p(�D�5�H\,�C#@T/
@�:�@7/JXn:�. � f�/p(+@)h[@=�gI>:�.g,�:�.�.7/�1?<�9#@T( C X#9?<�9�/p4�9�:�D�D /65
T :�D�1FX#:�.g1�WO.04�9�:�@RX#/�o��+9�(
I>D�WOD���WbX�o�x#�?WO.)<�9 /E:6*E,�5OW�8
<7Cn1 /Z(�3�<�9 /\, C�@0/sfg/Z4=/�D�<�@7:65F5&WOD�/ � �mW^X�o ���B,�5�( <�<7/�1
:�X�:�W`D�.7<E<�9�/ � Ø ,�@T/�.�.TCn@T/cWOD <�9 /�4�9�:�D#DS/
5 D � ��W XUo�x
�6o��@7(+* <�9�WO.�30WbX�Cn@T/�W�<BWO.BDS(+<�W�4=/�1u<�9�:=<]9 /�@7/�Y[<7(+(mYM<�9 /
C�D�.7<�:=A�5�/].7WbX#D#:65O.F.�9�(
I�D (\WODS4�@7/�:�.�/BWOD�:
*E,m5OWq<7Cn1S/c(�D
:61�1#Wb<�W�(�DF(�3�(
r�H6X�/�D�WOD <7(F<�9 /JX#@7(
I>W`D6X?fg/;4�@TH+( 4�@0H#.T<�:657Y
A�H�,�:�.�.�WODSXc<�9�/;X#:�.J1#W�.74�9�:
@RX�/�Yn:
.g*-WbX#9 <gA�/>9 (�, /�1�3R(S@�Y
A�C�<c:�@�:�,�WO1u1 /�465OWOD�/�o[|�9�WO.�WOD�375�C#/�D 4=/Z(+3 � Ø WO.�3RC�5R5�H
@7/=V+/�@�.�W�Am5^/ � :�.F<�9 /B( r�H X�/�D2375^( I�@�:=<7/B<�9�@0( C X#92<�9 /
4�9#:�D�D /65&D~1S/�4�@7/�:�.7/�.=Y�<�9�/��+�Q��.�WbX#D�:65UX#@7(
I>.-WODZ:6*E8
,m5&Wb<7Cn1 /�Y>3R(�5�5�(
I>W`D6X�<�9 /�.�:�*p/24�C�@0V�/ :�.ZW`D ��WbX�o�x �mY
:6D�1�Y�<�9 Cn.�Y#@�/%X#:�WOD�.�W�<�.�W`D#Wb<�W`:65nV�:65^C�/;4=(�*>,�5�/=<�/65^H?:�.)<�9 /
( r�H X�/�DB375�(
Ia4=(+*p/�. <�(�:�D�/�D�1 o

�
W
X

C
@
/
x
�
Y
.
,
/
4

<
@
C
*
�
Y
.

����¯T�{° � È�¶�ê�Ì ÇBº Ð�À�¹�»Ä¹n¸�Ý�»�º ¿ÛË�Î�Æ:É�Êâ¿µ¾�Æ:Ë À Çµ¿S¹�Ü »�Æ[Ý ¹WÅB¹W¸.¹WÐ�À Æ�¿Eº Í
Í�ÆWÀ/¿µÆ�ÅEÇ�º À[¹ÄÀ�Æ�É/À@Í�ÅS×�É�ÍWÅª×�Çµ¿S¹�»�¹�Ç.¹�Ê�Ë À�Ín¿ªº�É�À@É�Êä¿Û¾�ÆÄÉ�Þ�×�Ð/Æ�À@Ý�ÅÛÆ�Ç ·
ÇµË ÅµÆßº Àâ¿µ¾�Æ�Í�¾ ¹WÀ À�ÆW» � é 2�º Ð'È�Ñ�ëä¿µ¾�ÅBÉ�Ë�Ð�¾âæä¾�º ÍW¾�¿S¾ Æ�¹WÎ Î�º�¿ªº�É�À�¹�» � ð
ÊS»�É�æJº ÇäÊ¦Æ�ÎÄ¿µÉ)¿µ¾�Æ.ÇµË Ü�ÇÛ¿�ÅB¹W¿ÛÆ ¨ È

±��² Y�¡ Z�¡ ¤7§�[#¡ Z�¤�¡ ¤� !\�®�¬&]�®��§�¢^ª=0¯=°0±�±�² ¯R¦���W�X�¯^[ ¥;°�_



9
(
I
.
<
9
/
4
/
D

<
@
:
5
.
W
X

D
:
5
�.
/
/
�
W
X
o
�
�
Y
<
9 /�( r�H6X#/�Dk375�( I A�/�W^DSXk4�C�<d(S303%YB@0/=4�(�@71�/�1k:�3R<�/�@_:
3R(6C#@�8�9 ( C#@�.J@�C�D]WOD I>9#Wb4�9B<�9 /-(+r�H X�/�DB9�:�.JA�/=/�DBW`D�<�@0(�8
1 C�4�/�1PWODS<�(u<�9�/ZX#@7(
I>WOD+X�D /�(�Du4�@7H+( 4�@0H�.7<�:65-<�9�@0( C X#9
<�9 /[4�9#:�D�D /65 D :�D�1?1S/�, /�D�1 /�D�4=/�. 5&W`K /[<�9#:=<�1�/�,�W�4=<�/�1FWOD
��W XUoFx#��9�:eV+/�A�/=/�Du<�:�K /�DGo[h[.�<�9�WO.�<7(
(�K�,m5O:=4�/�Y[<�9�/
*E:er#WO*pC#* � Ø 375�(+IP@�:=<7/[(�D <�(-<�9�/M.TC#A�.0<�@�:=<7/25F<�9�@0( C X#9
<�9 />4�9�:�D�D�/65!DPIl:6.[.T(S*p/=<�9�WOD+X (�3g:�D�(�@71�/�@g( 3g*>:%X#D�WO8
<7C#1 /JX#@0/�:�<�/�@�<�9#:�D�<�9 /E375�(
IP@�:=<�/J(SDS<�(-<�9 /E.0C�An.T<�@�:=<�/J(S3
<�9 /P@�:6@0/uX#:�.2<�9�@�(6C Xn9~<�9 /}4�9�:�D�D /65 T o�|�9�/ .�WbX#D�:S5
:�*-,�5OW�<�C#1S/cWOD���WbX�ogx#� Y�.�,S/�4=<�@TCn* �mYG@7/=<�C#@7D�/�1s<�(s<�9�:�<
( 3-<�9 /Z, C#@7/�fg/t:=<�<�9 /s(+D�.0/=<?( 3-/�r�, /�@�WO*l/�D�<�Y�A�/�3R(+@7/
� Ø I>:�.;5�/�<[W�DGo#hJ5&.7(?.7/�/�D�WODs��W XUo�x#��Y�.�, /=4�<�@7C#* �mYn:�@7/
<�9�@7/�/�5OWOD /�.;(�3g<�9�/-f

(
Ò � � �2Ø ) .�, /=4=<�@7C#* I>9�W&4�9Z:�@7/?1 C�/

<7(BC#D�4�( D�<�@0(�5�5O:=A�5�/c.7*>:65R5�:�*p( C#D <�.p(+3;D�W&<�@7(�X�/�DZWODs<�9�/
X#:�.E1�W`.�4�9�:�@TX�/�o�� C�4�9Z.7, /�4=<�@�:�(S3 <�9�/-f 8R:=<�(�*E.p*>:=<�@�W�r�8
W�.7(�5O:�<7/�1_W`D_:\D /=(�D24�@�H (64�@7H�.7<�:65E9�:�V /sA�/�/�Dd(
A�.0/�@�V /�1
/�:�@�5OW�/�@Bw��L=#{%o�|�9 /Z.�,S/�4=<�@7C#* �ZW`D_��WbX�o;x �ZI-:�.-<�:�K /�D
��C#.T<[:�3R<�/�@)<�9 /E1�WO.04�9�:�@RX#/;I>:�.)<7C#@�D�/�1�( 303%o �0<gWO.Q/�V#W`1 /�D�<
30@T(S*�<�9 /F30W X#C#@0/-<�9�:=<[<�9S/>.�WbX#D�: 5U5OWOK /p<�9�:=<[1�/�,�W�4=<�/�1�WOD
��W XUo �Z1�WO.�:6,�, /�:�@�.p4=(S*p,�5�/�<7/
5�H\:�3R<�/�@p<�9�/c1�WO.04�9#:�@�X#/cW`.

<7Cn@7D�/�1B(�303%Y�WTo /�oRY�@0/�*>:�W`D#.;3RC�5R5^H�C#D#.T<�:eA�5^/?:�3R<7/�@;.7C�4�9]:
,�@0(�5�(+DSXS/�1�/�r�, /�@�WO*p/�DS<�Y�WODs.�,�W�<�/-(�3)X#@0/�:�< $ C�:�D <�W�<7HB(+3
/�303R/�4=<�W&V�/>/65�/�4=<�@T(SD <�@�:�,�.[.7C�4�9B:6. � Ø *E(�5^/=4=C�5�/�.JWOD�<�9 /
4�@7H+( 4�@0H�.7<�:657on|�9�WO.J, /�@7*>W&<�.)(�D /E<7(?@�Cm5^/E(6C�<g<�( <�:65�5�H?<�9 /
.7C X X#/�.0<�W�(+Du<�9�:=<�<�9�/]C�D�.7<�:=A�5�/\,�:�@�:�*-:%X�D�/=<�Wb4Z4�/�D <7/�@�.
I>9�Wb4�9�I;/�@7/[(6A#.7/�@TV�/�1FWODF@�:�@7/)Xn:�.�4�@0H�(
4�@�H�.T<�: 5O.U,�@T/�.7/�D <
*-:=<�@�W�r#8RWO.T(#5O:=<�/�1�W�(�D�.eYBI>9#:=<7/�V /�@}<�9 /�H�*>:=H�A�/�o ��D
��WbX�oUx#��Y�.�,�/�4=<�@TC#* �mY�<�9 /F5OW�D�/�.)(+3G<�9�/l*-:=<�@�Wbr�8�WO.T(�5&:=<7/�1
f_:=<�(�*>.GI>9�W�4�9F:�@7/MK /�, <U4=(+D�.0<�:
D <U<7/�.T<�WO30W&/�.�<7(>@0/65OWO:=AnW`5O8
W�<7H�(+3)<�9�WO.[WOD�3R/�@7/�D 4�/�o

Ns/�D�<�W&(+D�*E:�HFA�/l*-:�1�/M<�9�:=<�Y#WOD�<�9 /E,�@7/�.T/�D�<�.T<�C�1 H Y
<�9�/}, (�.�.�W�A#W�5&Wb<�H~(+3s<�9�/u(
A�.0/�@�V /�1�.7, /=4�<�@�:u( IEWODSXa<�(
*-:=<�@�W�r#8RWO.T(#5O:=<�/�1k, ( .�W&<�WbV�/PWb(�D�. � 4�:e<�Wb(�D�.=�_WO.2WOD�V /�.7<�W�8
Xn:=<7/�1�oMN�Wb<�9PD�/�X#:=<�W&V+/_Wb(�D�. � :�D�W�(�D�.=��Y;<�9�/�H}.�9 ( C�5O1 Y
(�D 4=/E*E:�<�@�W�r#8RWO.7(�5O:=<�/�1GY+H�W�/65&1�.0<�:eA�5�/E���U�2.�W XnD�:65&.)*EC�4�9
:6.gC#D�4�9�:�@0X�/�1B,�:�@�:
*p:=X#D /=<�W�4F,�:�@7<�W�465�/�.J1 ( Yn.�W^D�4=/E<�9�/�.T/
30W�r�/�1 D�/%X�:=<�W�V /�W�(�D�.v4�:�D�D�(
<P@7/=4�( *EA�WOD�/ W^D :k5�( I
<7/�*-, /�@�:=<7C#@7/>*-:=<�@�W�r�o

�����J� �#""�O!	��$&� �
|�9 C#.eYE<�9 /_:
@�X�Cn*;/�D�<�.�(S3s� /=4�o � o �mYM<�9�/_:�1�1�W�<�Wq(�D

4�9�/=4�K�/�r�, /�@�W^*p/�D�<�.gI>9 /�@7/�W`DB:�DB/65�/�4=<�@T(SD�:�4=4�/�, <�( @ � ØI>:�.s:�1�*>Wb<�<7/�1GYl:�D�1}<�9 /\<7/�*-, /�@�:=<�C#@7/�W�D�V /�.7<�W^X�:=<�W�(+D�.
� ��WbX�o ���-/�.�.7/�DS<�WO:65R5^HZ/=r�465^C�1�/�:65�5g.�( @7<�.;(�3;:65^<7/�@7D#:=<�W�V /
/=rn,n5&:�D�:=<�W�( D#.�( 3F<�9S/ZC#D#.T<�:=A 5^/Z,�:�@�:�*-:%X�D�/=<�W�4s4�/�D <7/�@�.
( A#.7/�@0V�/�1?WOD�<�9 />@�:�@7/JX#:
.Q4�H�(
4�@�H�.T<�: 5O.Gf�/�Y#hg@�Y�iM@�Y#:�D#1
j;/-<�9�:�<[:
@T/�.TC#A ��/�4=<[<7(c:=4=<�W�( DB( 3)<�9 /F,�@7(+1�C�4=<�.g(�3GXn:�.
1�WO.04�9�:�@RX#/>W`D�/�W&<�9 /�@g<�9�/�.0/pX#:�.�/�.g( @ .E/E<�@�:�,�,�/�1�WOD�<�9 /
Xn@T( IlW`D X�4�@TH+( 4�@0H#.T<�:657o\'�( D#.T/M$SC#/�D <�5�H YtW�<}WO.},�@7(
V�/�1
<�9#:=<J<�9�/>C#D�.�<�:=A�5�/�,�:�@�:6*E:=X#D /=<�W�4-4=/�D�<�/�@�. (+A�.�/�@0V�/�1�A�H
�&�U�_,�@7/�.T/�D�<�<�9 />*;/=<�:6.0<�:=A�5�/;/�r�4�W�<7/�1 �$! 

(
�

+
x
)
� :=<�( 8

*-W�4�8O<7HS,S/?.0<�:e<�/�.JIl9�W�4�9]:�@T/�5^(64�:65OW
	�/�1sW^D�<�9�/-4�@TH�(
4�@7HS.78
<�: 57Yl1 /�3R(�@�* :�D�1}@7/�:�@7@�:�D X�/\<�9 /�WO@BD�/�:�@7/�.0<].TCn@7@�(6C#D�1�8
WODSX#.=Y#:�D�1?:�@0/E.TC#A ��/=4=<U<�(-<�9�/M:=4=<�W�(�D-(�3 <�9�/M:�D�W�.�(6<�@7(+,�Wb4
/65^/=4=<�@�W�4�30W&/
5O1u4�:=C�.0/�1}A�H�<�9�/�.0/21�/�3R(+@�*;/�1P.TCn@7@�(6C#D�1�8
WODSX#.=o

��W X�C#@0/ � � 5OWOD /�.</_:�D�1 5��6Y�.�9 ( IE.2:P.TC#@�,�@�W^.�WOD+X
,�9 /�D�( *E/�D (�D ��4�( *>,�5�/=<�/65^HB1�WO.7.�WO*EWR5O:�@g<7/�*-, /�@�:=<7C#@7/>1 /�8
,�/�D�1�/�D 4=/�.-3R(�@;<�9�/?/)$ C�WO5OW�A#@�W�C�*k4=(+D�4�/�D <�@�:=<�W�(+D (S3J<�9 /
.�:�*p/M4=/�D <�/�@�.�WOD�<�9 /E.�:�*p/E.0C�A�.0<�:�D�4=/�o�|�9 /;(�D�5�HF/�r�,�5O:�8
D�:=<�W�( D W�.2<�9#:=<_<�9 /PC�D�.7<�:=A�5�/P4=/�DS<�/�@�. (+3�<�9 / .�:6*;/
D�:=<�C#@7/>:�D�1�WOD�<�9�/E.�:�*p/>.TC�An.T<�:�D�4�/-:�@0/>WOD�30:=4=<[3R(�@�*p/�1
WOD V�:�@�W�(6C#.2IE:�H�.=oc|�9 /P@7/�:�.0(�D�:eA�5^/P:�D�1 4�( *>,�:=<�W�A�5�/
/=rn,n5&:�D�:=<�W�( Dk3R(�@2<�9�W`.24�( *>,n5&W�4�:=<�/�1 /�303R/�4=<2I>9#Wb4�9kWO.
XnWbV�/�D\:=A�(
V�/ � � /=4�.�o �mo �mY���o � Y�:�D�1 ��o �n�FWO.-:�IE/�W Xn9 <7H
:6@RX�Cn*l/�D�<EW^DZ.TC#,�, (+@7<;(+3 4�( @�@T/�4=<�D�/�.�.J(�3)<�9�WO.J/�r#,n5&:6D�:�8
<�W�(�D o��lW`.0<�W`D�4=<�Wb(�DBA�/�<7IE/�/�D�<�/�*>, /�@�:=<�C#@7/?1 /�, /�D#1S/�D�4�/�.
3R(�@J<�9�/�.�:�*p/>4=/�D�<7/�@7.M:S5�5�(
I-.[( D�/-<�(�/=r#465�C#1�/F:65O.�(�<�9 /
,�(+.�.�W&A#WR5OW�<�H�<�9�:=<}<�9�/=H :
@T/�.0(�*;/�@7:
1�W`:=<�W�( D#8RWOD�1�C�4=/�1
,�:�@�:6*E:=X#D /=<�W�4;4=/�D�<�/�@�.g3R(�@7*E/�1?WOD�<�9 /Q$ Cn:�@T<�	;.�C�A#.7<�@�:=<7/
C�D�1�/�@;<�9�/�:=4�<�W�(�Ds(�3[<�9�/�X#:�.>1�W�.�4�9�:6@RX�/B@�:�1�WO:=<�W�( D�o���D
<�9#:=<F4�:�.7/�YU(�D /B4=( C�5&12D�(
<F/=r#,�5O:
W�D�<�9�/�(+A�.�/�@0V�/�121�WO.78
<�WOD�4=<�Wb(�DFA�/�<7IE/�/�D-<�/�*-, /�@�:=<7C#@7/M1�/�, /�D�1�/�DS4�/�.eoS|�9 /M30:=4=<
<�9#:=<�<�9�/Z4=/�D <7/�@�.�1�WO.�:�,�,S/�:6@?( D�4=/Z<�9S/sf�/�Y[h�@ (+@�iM@

����¯T�{°µ² Èß¶�ê2Ì ÇµÝ Æ�Í�¿µÅµ¹<É£Êâ¹<À�ÆWÉ�ÀJÍ�ÅÛ×�É�Í�ÅS×�Çµ¿Û¹�»ÄÅÛÆ�Í�É�ÅµÎ Æ�ÎJ¹�Ê¦¿µÆ�Å@¹
Ê�É/Ë�ÅE·¦¾�É�Ë�ÅBÇ)ÅµË�ÀRº À:æ{¾Tº Í�¾:¿Û¾�ÆâÐ�¹WÇµÆnÉ�Ë�Ç)À�Æ�É�À:æ{¹WÇ)Ý�¹nÇµÇµÆ�Î:¿µ¾ ÅµÉ�Ë�Ð/¾
¿µ¾�Æ.Ð�¹nÇ!ÎTº ÇÛÍ�¾�¹nÅEÐ�Æ�Ó�Í�¾�¹nÀ�À ÆW» � é+2�º Ð'È2Ñnë�Ó�æä¾�º�»�Æ.¿µ¾ Æ�¹nÎ�Î º�¿µº�É�À ¹�»�É�Þ/× ·
Ð�Æ�À�æä¹WÇäÊ¦ÆnÎ�¿µ¾�ÅBÉ�Ë�Ð�¾�¿S¾�Æ#Í�¾�¹nÀ�À�Æ�» � æ.º�¿S¾�¿Û¾�Æ�ÊS»¦É�æOÅµ¹�¿�Æ#Í�¾�¹nÀ�Ð�º À Ð
Î�Ë ÅEº À Ð�¿Û¾�Æ\ÅµË À'È@Ì�Æ�ÍWÉ�ÅµÎ ¡ � ¶�ê�Ì ÇµÝ�Æ�Ín¿SÅEË�¸ ¿µ¹WÁ Æ�À ¹nÇ>¿S¾ Æ
À�Æ�É�À[Î�º ÇµÍ�¾�¹nÅEÐ�Æ�º À:¿�¾ Æ�Í�¾ ¹WÀ À ÆW» � ÅµË À�ÇÄ¹WÀ Î:¿µ¾ Æ�É�Þ£×�Ð�Æ�ÀRÊS»¦É�æ º�À
¿µ¾�Æ�Í�¾ ¹WÀ À�Æ�» � º�ÇßÍ�Ë ¿ßÉ�ÊSÊ'6!ÅµÆ�Í�É�ÅÛÎ ® � ¶2ê�Ì\ÇµÝ Æ�Í�¿µÅµË ¸ ÅBÆ�Í�É�ÅBÎ�ÆnÎ
îªË Çµ¿.¹�Ê¦¿µÆ�Å.¿µ¾ Æ)ÇµÝ�Æ�Í�¿ÛÅµË�¸ ¡ æä¹WÇ.¿µ¹nÁ�Æ�ÀL¹WÀ Î@¿S¾�Æ)ÎTº ÇÛÍW¾�¹�ÅµÐ�ÆÄº À�ÍW¾�¹�À ·
À�ÆW» � ¿ÛË�ÅµÀ Æ�ÎRÉ�ÊSÊBÈ!Ú'¾ Æ�Ë�À Çµ¿µ¹nÜT»�Æ�ÇEº Ð�À ¹�».æ.º ¿µ¾ ¯

=
Ø�È �LÎTº Çµ¹nÝ�Ý Æ�¹WÅÛÇ

ÍWÉ�¸.ÝT»�Æ�¿µÆW» ×�Ó�æä¾�º�»�Æ�¿µ¾�Æ�æäÆ�ÆnÁ:ÇEº Ð�À ¹�»�ÇßÉ�Ê�áf·�¹n¿µÉ�¸�Ç)¿µÅµ¹�Ý�Ý Æ�ÎRº�À:¿S¾ Æ
À�Æ�É�À:Í�ÅÛ×�É�Í�ÅS×�ÇÛ¿µ¹�».ÅÛÆ�¸�¹�º À:Ë À�Í�¾ ¹WÀ Ð�Æ�Î�Ó!æä¾ º�Í�¾:ÅBÆW»�¹W¿ÛÆ�ÇÄ¿µÉ@¿µ¾ Æ�æäÆW»�»
Á�À É�æäÀ:Çµ¿µ¹nÜTº�»Sº ¿S×:É�Ê.¿µ¾ Æ�ÇµÝ Æ�Í�¿µÅµË ¸ É�ÊcÀTº ¿µÅÛÉ�Ð/Æ�À:¹W¿µÉ�¸.ÇÄ¸.¹W¿µÅEº Þ ·�º ÇÛÉ ·
»�¹n¿µÆ�Î�º ÀÄá�Æ�È

Y ¡ Z�¡ ¤�§ [S¡ Z�¤�¡ ¤� !\=®�¬&]=®�q§ ¢&ª=�¯�°�±�±�²
¯�¦���W�X+¯ [�¥[°�_ ±�=±



375�(
I <�9�@�(6C Xn9�<�9S/E4�9�:�D�D�/
5 DvW�.g4=C�<g(�303 � .7/=/?�
/=4�.�o � o �
:�D�1 � o �#�6YUI>9�/�@T/�:�.-<�9�/B.0C�A#.T<�@�:=<�/BWO.F.T<�WR5R5g/�r#,�(+.7/�1Z<7(
<�9 /:.E/pX#:�.[1�W�.�4�9�:6@RX�/�@7:
1�W`:=<�W�( D�YnW`.[:65O.�(�:F.0<�@�( D X�/�V�WO8
1 /�D�4�/>:%X�:�WOD�.7<g<�9�W�.[.7C X X#/�.0<�W&(+DGo

� ,�/�4�W�: 5�/�r�, /�@�W�*p/�D�<�.JIE/�@0/?:65O.7(�4�:�@�@�W&/�1�( C�<�Y�Cn.7WOD6X
<�9 /_.�/=<�8`C#, 1 /�,�W�4=<�/�1 WOD ��WbX�o�x Yl<7(�<�@7H}<�(}1#WO.T4�( V /�@
C#D�.�<�:=A�5�/�� �U� .�,�/=4�<�@�:�4
5�(�.0/�<�( �

=
� � 5&WOKS/P<�9�:�<

1 /�.74�@7W�A�/�1P:eA�(
V�/ �ZWODP,�C#@T/ . Ø :�D�1uf Ø 4�@�H ( 4�@0H�.7<�:65O.
<�@�:�,�,�WOD6X\,#@T(�1 C�4=<�.p(+3J<�9 /�X#:
.E1�W`.�4�9�:�@TX�/cWODs<�9 /c.�:�*p/
X#:�.7/�.�Y�. Ø (+@ f Ø o#fg(�C#D�.7<�:=A�5�/����U�}.�, /�4=<�@7:F465^( .7/><7(
�

=
�pIE/�@T/E1 /�<7/�4=<�/�1?W`DF<�9S/�.7/M,�C#@T/M4�@0H�(
4�@�H�.T<�: 5O.)W^D�<�9�/

@TC#D#.�om|�9�W`.[WO.J:F3RCn@T<�9�/�@ /�V�WO1�/�DS4�/F3R(+@J<�9S/�:=A�( V /FWOD <�/�@�8
,�@T/�<�:�<�Wq(�D-(�3 <�9 /;D#:=<7C#@7/[( 3�<�9�/gC�D�.7<�:=Am5^/;,�:�@�:�*>:%X#D�/�<�W�4
4=/�DS<�/�@�.dWOD <�9�/�@7:
@0/vX#:
.24�@7H+(64�@7H�.7<�:65O.2I>9�W&4�9 IE/�@7/
(6A#.7/�@TV�/�1�o

Ñ�È#á�ÈÄö Í�¾ æäÆ�À ¿�À Æ�Å�Ó~¶�È~¶�È~ã�É�Í�¾�Ó)¹WÀ Î��TÈ���É�Åµ¿µÀ Æ�ÅWÓ�� ¢�����¤�Û�£�/���
�
	 �W�S¤�¡�¤S�����n�}�¦���2���������n�B�	� ´�¡�Û��
!¡��B�B� Óàö/Ý�ÅBº À�Ð�Æ�ÅÛ·�äÆ�ÅB»�¹�Ð�Ó
��ÆWÅB»�º À ·�ñ.ÆWº�Î�Æ�»�Ü�Æ�ÅµÐâé�ÑdÔ�Ù%�ë�È

Ø'È�Ö:È��.Æ�¿µ¹ Ó2ñÄÈ�ã!¹�À�½�¹WÁ�ºSÓ2ã�È�ã!É�Ü ¹�×�¹nÇµ¾�ºSÓ���È'Ú�Én×�É�½E¹�æ{¹�Ó�¹WÀ Î@¶!È
ñ.¹WÀ ¹W¸.Ë Åµ¹�Ó � 	 �W�S¤¦�£�/���)�äµ�n�����µ�E�B�Ä��� ¬��£¢¦������Ófö/Ý�ÅBº À�Ð�Æ�ÅÛ·�äÆ�ÅB»�¹�Ð�Ó
��ÆWÅB»�º À ·�ñ.ÆWº�Î�Æ�»�Ü�Æ�ÅµÐâé�ÑdÔ�Ù ��ë�È

�'È�ã#È�ö'È�ö É�À ÐR¹WÀ ÎNÌ{È.Ú!È��
º�»�»¦º ¹�¸�ÇnÓ.¬���¢ �µ�S��Û¡�ì�ì �	� �
	 �W�Û¤����n��Ó

ö�Ý ÅEº À Ð�Æ�Åµ·��äÆ�ÅE»�¹�Ð�Ó
��Æ�ÅE»Sº À ·�ñ.ÆWº Î ÆW»�Ü Æ�ÅEÐâé�ÑBÔ�Ô�� ëWÈ
Ò'È�¶!È 	WÈ�Ì�¹WÇµ¾ Ü ¹�Ó2º À�¼ � 	 �W�Û¤�������Ó2¶!È 	�È�Ì�¹nÇµ¾ Ü�¹)¹�À�Î@Ö:È�� È�ö ¿µÅÛË�Ð�Æ
éµÆWÎ�ÇnÈ�ë�ÓTáfÉ�Åµ¿µ¾ ·�ñ.É�»�»¦¹nÀ�Î'Ó�Ïf¸.Çµ¿µÆ�ÅÛÎ�¹n¸�éWÑ�Ô�Ù�Ø ë�Ó�Ý�È=�Ò��'È

'È�¶!È���È2ö/¹�Â/Í�¾�Æ�À Á�É�¹�À�Î-	�È��!¹�È�2�Ë�Ð�É�»���Ó2º À�¼��fS���W�Wª���n¤�¡�¢ ��Ó��{È+	nÈ
�!Æ�ÅµÁ�º Àà¹�À�Î[Ï�È-2�Èfê�ÅEº ¾ É�¿	� Á É[éEÆ�Î ÇWÈ�ë�Ó�áf¹nË�Á É�Â�¹��cË�¸.Á ¹�Ófã{º ÆWÂ
éWÑ�Ô�Ù�� ë�éEº�À�Ì�Ë/ÇµÇEº�¹nÀ'ëWÓ�Ý�È=� ����È

��È ��È���º ¸.¸.Æ�ÅµÆWÅWÓ2º À�¼ � 	 �W�Û¤����[¬2¤¦¡�¤���¬�ì��W��¤�Û���B���Wì/�L�¦�â¬'��¢¦������Ó��âÈ
Ö[È �!Åµ¹WÇµÇÛ¹�À/É:¹WÀ Î[á�È!Ú�Æ�Åµ½Wº#éµÆWÎ�ÇnÈ�ë�Ó�áfÉ�ÅE¿S¾ ·�ñ.É�»S»�¹nÀ�Î�Ó!Ï2¸.Çµ¿µÆ�ÅB·
Î�¹�¸\é�ÑBÔ�Ù�Õ ë�Ó Ý�È���Õ�È

Õ�È!Ì.È�Ï�È���¾Tº ¿µÀ�º Á É�Â�Ó��fË�È�Ï�È��.¸�º ¿µÅBº�Æ�Â'Ó�¹�À�ÎRÖ:È!¶!È!ã!¹�º ¸.¹WÁ É�Â�Ó
¬�� �������n� ���"! � ���$# #�Ó2Ñ7���£Ô�éWÑ�Ô�Ô'Ñnë�È

Ù�ÈäÌ{È!ÏäÈ%��¾�º ¿µÀTº Á É�Â'Ó&�!Ë�È�Ï.È��.¸�º ¿µÅEº ÆWÂ�Óf¹nÀ�ÎRÖjÈ�¶�È!ã!¹�º ¸.¹WÁ É�Â'Ó
¬'� ���'!�� � �)(
���+*�ìT��������� È�,�-'Ó����ØâéWÑ�Ô�Ô�Ø ë�È

Ô�È�Ì.È�Ï�È���¾�º ¿µÀ�º�Á/É�Â�¹WÀ Î.�!Ë'È2Ï{È/�{¸�º�¿SÅ�º Æ�Â�Ó2¬�� ����!�� � � (\�'�	*�ìT�
������� È�,�0'Ó�Ò���Õ éWÑ�Ô�Ô�� ë�È

Ñ�� È�Ì.È2Ï.È/��¾�º ¿µÀ�º Á�É�Â@¹nÀ�Î1�!Ë'È�Ï�È&�.¸�º ¿µÅEº ÆWÂ�Ó2!'�����n� ���3%�2�������W�n���
4R¡ ¤µ¤��� ø�Ó�Ø�Õ�Ø�ÕÄé�ÑEÔ/Ô�Ò�ë�È

Ñ�Ñ�È�Ì.È2Ï.È/��¾�º ¿µÀ�º Á�É�Â@¹nÀ�Î1�!Ë'È�Ï�È&�.¸�º ¿µÅEº ÆWÂ�Ó2!'�����n� ���3%�2�������W�n���
4R¡ ¤µ¤���!÷�Ó�Ø�Ù'ÑBÔ�é�ÑEÔ/Ô��ë�È

Ñ�Ø�È2Ì{È�ÏäÈ���¾�º ¿µÀ�º Á�É�Ââ¹WÀ Î��!Ë�È�ÏäÈ��c¸cº ¿ÛÅEº�Æ�Â'Ó �!ì�ì�¢��54V¡�¯����*´ä���E��� È
-'Ó�Ò��Õ éWÑ�Ô�Ô� ë�È

Ñ0��ÈÄÏ{ÈÄÏäÈ�Ì�¹�Î�¿µÇEº Ð,¹�À�Î\�äÈÄÖ:ÈÄö ¸�º ÅµÀ É�Â'Ó �����<�f¡�Û¡ *!��¤¦�WS�:�n�
��¤���*��ß¡��)�@�.¤�� *ä���)��������Ó!¶'À Æ�ÅBÐ�É/¹W¿µÉ�¸�º ½EÎ ¹W¿nÓfÖ�É�ÇµÁ É�æ é�ÑBÔ�Ù�� ë
é�º À�Ì2Ë ÇµÇEº ¹�À�ë�È

Ñ�Ò�È�ÚfÈ!ö/Ë�Æ�¸.É�¿SÉ@¹nÀ�Î:ñÄÈ�ã!¹WÀ ½B¹�Á ºµÓ�!'�����������.¬����W�&! ìT��È&6�ø�Ó�ÑT�/Ò
é�Ñ�Ô�Õ�Ô ë�È

Ñ0�È7�TÈ.¶!È��<Æ�ÅE¿S½�¹WÀ Î8�'ÈäÌ.È���É�»�¿µÉ�À�Ó&� ¢�����¤�Û���[¬�ìT�S�L´��B�B�£�£¡������W�
� ¢��	*!��� ¤�¡�ª��¤S������S�\¡����U��µ¡/��¤�����¡�¢c�!ì�ìT¢¦�¦��¡�¤S������� ÓßÖ�Í �!Åµ¹næä·
ñ�º�»¦»µÓ á�Æ�æ9�fÉ/ÅµÁ�é�ÑBÔ�ÕnØ�ë�È

Ñ � 2fÈ���È!ã!Ë Çµ¸.¹WÅµ¿µÇÛÆ�Âà¹nÀ�Î:¶!È#	dÈ�Ì�¹nÇµ¾ Ü�¹�Ó�� � �W�W�/�/!��!�!�n����È/:�ú #�Ó
�Òâé�ÑBÔ�Ù�Ø�ëWÈ

ÑWÕ È�õ�¾ Ë�À ·�ÅÛ¹WÀ Ð�2�Ë@¹nÀ�Î[ã�È2ö�Èfö/É�À Ð'Ó'!'�����n� ���3%�2�������W�n���;4V¡�¤Û¤��W
0'Ó�Ô�Õ�Ù�âé�ÑBÔ�Ô�Õ ë�È

Ñ�Ù�È-2fÈ��)È2ã!Ë Çµ¸.¹WÅµ¿ÛÇµÆ�Â@¹WÀ Îà¶!È�	nÈ2Ì�¹WÇÛ¾�Ü ¹�Ó ¬��)�/�����£������! � ���=< 0�Ó
���nÙ�é�Ñ�Ô�Ù�Ò ë�È

Ñ�Ô�È'Ì.È�ÏäÈ2��¾�º�¿SÀ�º Á�É�ÂÄ¹nÀ�Î>�fË�È�Ï.È?�c¸cº ¿ÛÅEº ÆWÂ'Ó ¬��)�/�����n� ���"! � � �Rø < Ó
Ñ���Õ�âé�ÑBÔ�Ù�Õ ëWÈ

Ø�� È%�!Ë�È{Ï.È@�{¸�º�¿SÅ�º Æ�ÂR¹WÀ ÎJÌ.ÈäÏ{È@��¾�º ¿µÀ�º�Á/É�Â'Ó ¬��)�/�.���£�����)�����W���
��������È�ú�#'Ó2Ñ0��Ù�Øâé�ÑBÔ�Ù�Õ ë�È

Ø'Ñ�È�ÏäÈ�ÏäÈ!Ì�¹�Î/¿µÇEº Ð@¹�À�ÎF�äÈ�Ö:Èfö ¸�º ÅµÀ É�Â'Ó �.¤�� *ä���â¡�� �14R��¢�����¥�¢�¡�
���������¦�B� � ¡����'®�����« ÓßÏ�¿µÉ�¸�º ½EÎ ¹W¿nÓ~Ö É�ÇÛÁ�É�æ éWÑ�Ô�Ù��/ë
éEº�À\Ì�Ë�Çµ·
ÇEº�¹nÀ'ëWÈ

Ø�Ø�È <�ÈU�!È�ã�ÀTº Ð/¾�¿WÓ7��Å�È{¹WÀ Î8�'È�ö/¿µÆ�¹�Î�¸.¹�À'Ó�!'�>�f���	*{�#��������È�÷�÷ Ó
ÑWÕ7�� é�ÑBÔ�Ù�Ø�ëWÈ

Ø���È <�ÈU�!È�ã�ÀTº Ð/¾�¿WÓ7��Å�È{¹WÀ Î8�'È�ö/¿µÆ�¹�Î�¸.¹�À'Ó !'�>�f���	*{�#������� È�÷�-�Ó
�Ô�Ò�� é�ÑBÔ�Ù���ëWÈ

±)XM_ Y�¡ Z�¡ ¤7§�[#¡ Z�¤�¡ ¤� !\�®�¬&]�®��§�¢^ª=0¯=°0±�±�² ¯R¦���W�X�¯^[ ¥;°�_


