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@�A%B�C�D�E	F�F�B�G�H I%J�K2LNM2A2K%I2K%I;CPO2QRF�ASB�GTK%F�E	F�H K%I;E*U�VWKYX

F�H K2IZKYL[VWK2U B\D	]�U B^CWH?I_C�K2U?H?`2C�H?CWV�]2D�AaU B^C�C[];IS`2B�G�C�F�K*K2`
F�A=E�IRF�A%BbMSA2K%I2K%I;c�M2ASKYISKYIZCTD�E�F�F�B�G�H?IYJdHeC�f=ghF�F�AiBbC�E�V[B
F�H?VWB�F�A2B�GTBjHeC�B	k;M%B�G�H?V[B�I2F�E*U�B\l2H?`iB^ISD\BZF�A=E	F�F�A2B_M2ASKYX
I2K%I;c�G�K�F�E	F�H K2ImHeI2F�B^G�E	D\F�H K2ImH?InD^GoQ;CTF�E*UpCqD�E�IrC�H�J;I;H?LTH X
D^E*I%F�U QsH?I2L�U ];B�I%D	BtO2K�F�AuF�ASBvEwO;CTK=U ]2F�Btl2E*U ];BtE�I;`xF�A%B
F�B�VyM%B�G�E	F�];G�Bz`iB^M%B�I=`%B^ISD	BvK2L{F�A2BtF�A2B�G�V|E*U�D	KYI=`%];D	F�H X
l;H F�Q~}^��c����=��f|g�FtU K���F�B�VyM%B�G�E	F�];G�B�CRF�A;HeCRB�LTL�B\D	F_D�E�I
O;BjM2GoB^`SKYV|H?I2E*I%FRH?I�C�Q2C�F�B�V�C{�|H�F�AqU,K*�yXoU,Q2H?IiJzB�I%B^GoJ2Q
U,B	l2B*UpCZK2L{F�A2BzGoK%F�E	F�HpKYI=E*U�VWK%F�H�K2IqKYLZV�KSU,B	D\]�U,B�Ct}��2�^f
��]'E�I%F�]'V�VWK2U B\D	]�UpE�GZD�G�QiCoF�EiUpCa�\CoK;U?H `~A%Q2`=GTK*J2B^I�E�I=`
V�B	F�A=E�I%B"HeC�K*F�K2M%B�C��hE�I=`�C�KSU,]=F�H�K2I2C�KYL�C�H VyM=U B"VWK2U B	D\]�UpE�G
C�]SO;C�F�E�ISD\B�C�H?I�V|E	F�G�H D\B�C�K2L�C�KSUpH?`=H LTH B�`�G�E�GoBhJ;E�C�B^C�O2B�U K2I*J
F�KsF�A2B�E	O2K%lYB�C�Q2CoF�B�VyCwfy@�K�CTF�]'`iQsF�ASBzH?ISL�U,]2B�ISD\B�K%L
V�K=U B\D	]�U?E�G�GoKYF�E	F�H K%I�];MiKiI|F�A2BNF�A%B�G�VyE*U=D\K%I;`i];D	F�H�l;H F�QyK%L
D^G�Q2C�F�E*U?C	���[BzD�ASKYC�B�CoK=U,]2F�H KYI=C_K2L_VWB\F�A2E�ISB�H?I�C�KSUpHe`
� GoQiMSF�K%I�f

��G�Q2M%F�K2I�E�I=`�VWB\F�A;E�I%B_A=E	l2BRD*U,K2CTB_M2E*G�E�VWB\F�B^G�C�K%L
M;E�GoF�H D*U,B_H?ISF�B�G�E	D	F�H K2I�E*I2`�D^E�ItF�A2B�GTB�L�K2GTB_L�K2G�V�EZD\K2I2X
F�H?IS]2K�]�C[CTK=U?H,`ZC�K2U ];F�H�KiIdK�lSB^G[E���H?`SB�G�E�IYJ;ByK2L�D	KYISD\B�I2X
F�G�E	F�H K%I;CW}�������f

@�A%B�B^ISB�G�J;Q�U B\l2B*U?C_K2La��  ö GoK%F�E	F�HpKYI�H,I�F�AiBs�"G
VyE	F�G�Hpk¡E*GTByE�G�G�E�I*J2B�`¢CoK�}���£��!��¤;��F�A=E	FhF�ASByM2A%K2I%K2I2X�G�KYX
F�E�F�H�KiI�H I2F�B^G�E�D	F�H�K2I�D�E�I�C�F�GoK2I*J�U Q¥HeI2L�U,]SB^ISD\BZF�AiB�F�A2B�G�X
VyE*U�D	KYI=`%];D	F�H�l;HpF�Q�E�FhU K%�uF�B�VyM%B�G�EwF�];GoB^Cwf2@4A=H C�HeC�LTE	l%K2G�X
E�O�U BmL�KiG�G�B�U?H?E	O�U BmC�B^M2E�G�E	F�H KYI�K2L�F�ASH?C¦H I2F�B^G�E�D	F�H�K2I
D\K2I%F�G�HpO2]2F�HpKYIaF�K_F�A%BRF�AiB^G�V�EiU§GoB^C�H C�F�H l2H F�Q_K2L[F�A%BRC�K2U ];X
F�H K2I2Cwf

@�ASBzG�B�U?E	F�H l%BuC�H?V|M=U?H D�H F�QqKiLdF�AiB�M2E�G�F�H�D*U B^CaH?I�F�AiB
C�K2U ]2F�HpKiI_E*I2`_F�A%BRA2H�J;AjCoQ2VyVWB\F�GTQ_K%L�F�A2B{A%K2CTF�U?E	F�F�H D	B
E*U KiIYJ��yH F�A�H?I2L�K2G�V|E	F�H K2I�E	l;E�H�U?E	O�U BzE	O2K%]2F_F�A%BzGTK%F�E�X
F�HpKYI=E*U¨C�M%B	D	F�G�E©KiL¥F�A%B���  ö VWK2U B	D\]�U,B�C�H?I¦F�A%B��"G
V|E	F�G�H�k�V|E � B_F�AiBª`SB^CoD^G�H?MiF�H K%IzE�I=`�H?I%F�B^G�M2G�B	F�E	F�H KYI�KYL
F�ASB«F�ASB�G�V|E*U¬D	KiIS`2]2D	F�HpliHpF�QGTB�C�]�U,F�C®D\K2V�M=E�G�EwF�H�l2B*U,Q
B�E�C�Q�f

¯�H?I=E*U!U Q��'F�A2B|°2];E�ISF�]=V�D^A=E�G�E	D\F�B^G§K2L�F�A2B±�h  ö GTK%F�E�X
F�HpKYI�H?IaF�A2BRV|E	F�G�H k�E	F�F�G�E	D	F�C|B	l2B�ItV�K%G�BREwF�F�B�I%F�H KYItF�K
F�A=H C[C�Q2C�F�B�V±f4@�A%B�V[B	F�A=E�ISBbVWK2U B\D	]�U,B|D^E�IdB	k'H C�F"H?IdF�AiB
L�K2G�VnKYL|F�A2G�B\B_I%]2D*U,B�E�G±C�M=H IzC�M%B\D�H B�C�cq²N�§@§��g|�hF�AiB
F�K%F�E*U³IS]2D�U B�E�GyC�M2H?ISC�O2B�H?IiJ¨´��N�Y��E�I;`a�=��GTB�C�M%B	D\F�H l%B�U Q�f
²�E	D^A�C�M2B	D�H�B�C�A=E�C�HpF�C|K%�yItC�QiC�F�B^V�EwF�H�D�C�K2LyGoK%F�E	F�HpKYI=E*U
B�I2B�G�J2Q_U B\l%B*UpCwf�@�A%ByOSB^A=E	l;H�K2GhK2L�F�A%B�H?V|M%];G�H F�Q¡Co];O=CTQ;C�X
F�B�V�K2L�F�A2Bt�N  ö − ��GRC�K2U ]2F�HpKiIuH CR`SB�M%B^I=`%B�I2F{K2I�F�AiB
D	KiIiD\B�I2F�G�E	F�H K2I2CaKYL_F�A%BuE�O2K*l2B�C�M%B	D�H B^C^f�@�ASBzD�A2E�G�E	D�X
F�B�G�H C�F�H D�F�H?VWBµK%L[D	KYISlYB�G�C�H K2I¨KYL[F�A%BRI%];D*U B^E�G|C�M=H IjC�M%B�X
D�H B^C�HeIjF�A2BZCTK=U,]SF�H K%IvHeI2D�GTB�E�C�B^C|�yHpF�At`%B�C�GoB^E*C�H?IYJvF�B�V|X
M%B�G�E	F�];G�B¶E�I=`GTB�E	D^ASB^CnCTB	l2B^G�E*U¬A2K*]'G�CmE	FmA%B*UpH ]=V
F�B�V|M%B^G�E	F�];G�B^C_}��\·=��f"¸uBvC�A2K*]�U?`sGTB�VWB^VWO2B�G{F�A=E	FRF�AiB
B	k'M%B�G�HeV�B�I%F�EiU�GTB�C�]�U,F�C�D	K2G�G�B^C�M2K%I;`¨F�KZF�ASB{B^°%]=H�UpHpO;G�H ]=V
`=H,C�F�G�H O2]=F�H�K2I�K2L�F�ASB"C�M%B	D�H B^C�D	KYISD\B�I%F�G�E	F�H KYI=C�K%I�U Q|�yA2B�I
F�ASBsF�H?VWBsK2LaF�A%B�B	k;M%B�G�HeV[B^ISF�B	k;D	B	B^`2C�F�AiB�D�A2E�G�E	D�X
F�B�G�H C�F�H D�D	K2I%l2B�G�C�H�KiI¡F�H?V[B�Cwf
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@�ASB_F�ASB^G�VyE*U�D	K2I2`2]SD\F�H l2H F�Q�KYL±C�KSUpHe` � GTQ;MiF�KYIuE�I=`

�"G�c���  ö CoK=U,]2F�H KYI=C¨�\´�f��=�y´�f�¤��±�%f�´�E�I2`q¤�f�´SÀ«��  ö ���B�GTBtCTF�]�`2H B�`uH?I�F�A%BjF�B^V�MSB�G�E	F�]�GTBtG�E�IiJ2Bu��f�Á%c=£2´��|f
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@4ASB � GTQ2MSF�KYI¡];C�B^`{A=E�`{F�A%B�I2E	F�]'G�E*U�H C�K�F�KiMSH D�D	KiVWM2K%C�H X
F�H K2I~E�I=`�D�A2B�V�H D�E*U¡Mi]'G�H F�Q~�%�=f��*£;À���F�A%B�HeV�M2]=G�H F�H B^C
��B^G�B�´�f�´*£%�2À�� ø �b´�f ´��\�2À�g³Gw�yE�IS`�´�f�´�´%¤SÀ�� ø �*f
@4ASBjD�A%B�VyHpD^E*U�M%];G�H�F�Q�KiL±F�A%BvVWB\F�A2E�ISB_�yE�CR�%��f��*�2À�f
@4ASB|��G�c��N  ö V�Hpk;F�];GTB[�yE�ChM2G�B�M2E�G�B^`±H?I�F�A2BNJ;E�ChM2A=E�CTB
E�F�G�K�K2V�F�B^V|M%B�G�E�F�];GTBSf

@�A%B[D�GTQ;CoF�E*U?C��"B�G�BNJSGoK%�yI�LTGoKiVxF�ASB|UpH °S];H?`�MSA;E�CoBPHeI
E_D	Q;U?H?I2`=G�HpD^E*UyCoF�E�H?I�U,B�C�C{CoF�B	B�U�D	KYISF�E�H?IiB^G±�2ÁtV�V«U K2I*J
E�I2`±£�f�¤�V|V�H?I{H?I2ISB^Gh`SH?E�V�B	F�B�G	f�@4AiB[J;GTK%��F�A{G�E	F�B��yE�C
´�f�´�� V|V���VyH?I4f @�A%B F�B^V|M%B�G�E	F�];G�B JSG�E�`2HpB^I%F
´�f��\ÁZ���yV�V ��E�C � B�M%F�D	KYI=CTF�E�I2Fwf4@�A2B|J;G�K��yI_C�E�VyM'U,B
�yE�CND\K*K;U B�`R`2K*�yIdF�K��2´d�sE	F"E±G�E	F�B|K2Lh´�f?�\¤R����V|H?I��
F�ASB[J'G�E�`=H B�I%F�OSB^H?IYJ¡F�A%B�C�E�VPB2f

@�A%B�F�ASB^G�VyE*URD	KYI=`%]2D	F�Hpl;H�F�Q~�yE�CaV�B�E�C�];G�B^`©];C�H?I*J
F�ASB¬C�F�B�E�`%Q;X�CTF�E	F�B¬F�B\D�A2I=H °2]2B }��	�=��fª@�A2B�F�K�F�E%UjF�H?V[B
F�E � B^IZF�K¡G�B�E	D^AZF�A%B�C�F�B�E�`%Q_CTF�E	F�B�E�I2`ZF�KRV�B�E�C�];GTB�K2I%B
l;E*U,]SB�KiL§F�A%B�F�A2B�G�V|E*U�D	KiIS`2]2D	F�HpliHpF�QRl;E�G�H�B�`Z�yH�F�AZF�B�V�X
M2B�G�E	F�]'GoBµLTG�KYV ��AjE	F�£2´¨��F�K��%´�V�HeI_E�F[F�ASBRU K���B�CTF
F�B�VyM%B�G�E	F�];G�BSf�@�ASBzF�B^V|M%B�G�E	F�];G�Bu`2B�M%B�I2`2B�I%D	BuKYL¨F�A%B
F�ASB^G�VyE*U=D\K2I2`S]2D	F�H l2H F�Q�


( � )
�yE�C�F�E � B^I±E	F�C�]2D\D	B�C�C�H l%B�U Q

U,K%��B�GhF�B^V|M%B�G�E	F�];G�B^C^f'g�CNE�I{B	k�E�VyM=U BS�4¯�H�J�f�����RC�ASK��yC
F�ASBuF�H V�Bs`iB^MSB^IS`2B�I%D	BuKYL_F�A%BsE	l%B^G�E�J2BuF�B�V|M%B^G�E�F�];GTB
�

( � ) �yA2H D�AZ��E�CNK%O2F�E�HeI2B�`R�|A;HeU BµV[B�E�Co];G�H?I*J_F�A%B�F�A2B�G�X

V|E*U4D	K2I2`2]SD\F�H l2H F�QRK%L�F�ASBbC�E�V|M=U By�yHpF�Aa��À~�h  ö f�@4AiB
`SB^M%B�I2`SB^IiD\B�C��

( � ) U B	Fy];C � I%K%�¦�yA2B	F�AiB^GWF�ASB{D\K%I2D	B^ISX
F�G�E	F�H KYI=C{KYL±F�A2BjIS]2D*U,B�E�G�C�M2H?Iq�N  ö C�M%B	D^HpB^C{D	KYVWBjF�K
B�°%]'HeU?H O;G�H ];Vn`2];G�H IiJ�VWB�E�CT]�GTB�V�B�I%FR�\CoB\BZO2B*U,K%���wf�@4AiB
F�B�V|M%B^G�E	F�];G�B�`2B�M%B�I;`%B�ISD\BhK2L�F�A%BNF�A%B�G�V�E%U2D	K2I2`S]2D\F�H l2H F�Q
�yE�C|E*UpCoK�F�E � B�I_KYI¨F�A%B¨��À¦�h  ö C�E�V|M=U BµE	FyG�H C�H?I*J � f
@�A2B�
¦l2E%U ]2B�C"VWB�E�C�]=GTB�`_E	F"F�A%B�C�E*V[B���M%K2H?IiF�CN]'IS`2B�G
G�H C�HeI*J�E�I;`qLTE*U!U?H?IiJsF�B�V�MSB^G�E	F�]�GTB�CRl;E�G�H�B�`s��H F�A;H IqF�AiB
G�E�I2`SKYV®B	k'MiB^G�H?V�B�I%F�E%U�B�G�G�KYG¡���2c�¤SÀy�wf���IaF�ASB¡C�E�V|M=U B
�yH F�Aj´�f�¤2À¦�N  ö F�A2B{F�AiB^G�V|E*U³D	K2I2`S]2D\F�H l2H F�Q_K%O;C�B�GTl2B�`
E	F_¤u�mG�B^V|E�H?I%B�`u];I=E*U F�B�GTB�`u�yA%B�IuF�A2BaD^GoQ;CTF�E*U��PE*C
�yE�G�V[B�`®F�K����n� E�I=` F�A2B�I D\K*K=U,B�`®G�E�MSH?`=U Qm�\L�K2G
¤�V|H?I��*f

@�ASBRF�ASB^G�VyE*UND\K2I2`S]2D	F�H l2H F�Q¥`SE	F�E_L�KYG±M%];G�B_��G�E�I=`
L�K2G|�"GW��H F�AaL�K�]�G|��  ö D	K2I%D\B�ISF�G�E	F�H K2I2C|E�G�B{C�ASK��yIaH?I
¯�H�J�f���f���IZF�ASB�A;H,JSASX?F�B^V|M%B�G�E	F�];G�BµGoB�J;H K2Ia�	���u�*´_���
F�ASB�G�B�CT]�U F�C�L�K2GzMi];G�B~�"G�E�J;G�B	Bs�WB�U�U��yH�F�A¦B�E�G�U?H B�G
`=E	F�E�}��\Á=���\�2�	f�� I�F�ASB�l;H D�H I;HpF�Q|KiL�F�A2BNF�ASB^G�VyE*U=D\K2I2`S]2D�X
F�HpliHpF�Q�V�Ewk;H?VW];V�F�A%B 
 l=E*U,]2B�H C[E	O=K�]2F[F���H D	B�E�C�A=H�J'A
E�ChH?I���B�L�f4�\���2�yA2H D�A{VyE	Q�O=B�E	F�F�G�H�O=]2F�B�`�F�K�F�A%B[O=B\F�F�B�G
°%]�E*UpHpF�Q�K%L�K%];G§D^GoQ2C�F�E*UpCwf;@�A2BWF�A%B�G�VyE*U�D	KYI=`%]=D\F�H�l;H F�Q±KYL
C�K2U?H?`d�"G��yH F�Ad��  ö E�`2V|H k2F�]�GTB�C�ASE�C�I%K%FhO2B	B^IdCTF�]=`;H B�`
O2B�L�K2GTBSf
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ß ÿ ë��xßwÞ�,á�ï��¢à èxê½õ�� ü�ý þ ßwã�Þ à ��èxä�ëxï���âÚã�ïTrï¿æ�ãrï¿æ�ð¿ï�ìrû�èpêÂï�ßÊíÂï¿ë�ß��Âï�èpï¿Þ4�ï¿ëxß èoärëpï�ì æ�è�à Þ/ï�ã ärë�àÍæ��òÞ/ïÊß��xä�ëxï¿Þ/ï¿ærè�ìÂû"èoêrï¿ë�Þ/ß�á ðwì æ�ãÂärð¿è�à írà�è�ô
� Á �� �è�à Þ/ï)ãÂï�ÂïÊæÂã�ï¿ærð¿ï)ìÂû"èpêrï�ï"!Âä,à�áoà órë�à ärÞ#��ã�ß��xê�ï¿ãjá�à æ�ïT�$��ß æÂã�ðÊß�áÍð¿ä}áÍß�èoïÊã��?�xìrá�à ãjá�àÍæÂï��$�/ðwì æ�ð¿ï¿ærèpëxßwè à ì æ	�/ìÈû¤èxê�ï��?�ï¿ðwà�ïT��$và ælè ê�ï)à�Þ�Âä�ë�à�è�ô
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��FsH?CuCTB	B^InH,I ¯�H�J�f�� F�A2E	FuF�A%B¦��  ö H?V�MS];G�HpF�Q

C�F�GTK2I*J�U Q�Co]'MSM2G�B^C�C�B�CZF�ASB�F�A%B^G�V�EiU�D\K2I2`S]2D	F�H l2H F�Q�E�I=`
E%U F�B�G�CWF�A%B±D^A=E�G�EwD\F�B^G[K2L[H�F�CWF�B�VyMiB^G�E�F�]=GTBµ`SB�M%B^I=`%B�I2D	BSf
@4ASB{U?E	F�F�B�G�L�B�E	F�]�GTB�H?CPB^C�M2B	D^H EiU!U Q�`=H,C�F�H?I%D	FPHeIZF�A%B�C�K2U ];X
F�H K2Ia�yH F�A�¤%À®��  ö f³@�A%B 


( � )
D	];Gol2BR�yH�F�A�E�V|E	k'H X

V�];V�EwF³¤±���PA=H D�A�H?C�F�Q2M2H D�E*U!U Q�K*O;C�B^Gol2B^`±L�K2G�MS];GTB|�"G
`2B�L�KYG�V|C�H?I%F�KµE|D	]'Gol2B��yHpF�ARE�`2HeMRI%B�E�G�Á¡�|f�@�A2H?CNCTK2GTF
KiLh`SH?MRH?C§];C�];E*U!U Q{D^Ew];CTB�`dO2Q{F�A%B�G�B^CoKiISE�I2D	BbCoD^E	F�F�B�G�H?I*J
KiL�M=A%K2I%K2I2Cwf

@�A%B±F�A%B�G�V�E%U�D	K2I2`2]SD\F�H l2H F�Q_V[B�E�CT]=G�B�`ZKYIZK%];GPD^G�Q2C�X
F�E%U?C�H CN`2B�CTD�G�H O2B�`{�yH�F�A=H?I{F�A%B��[B	O2Q2ByVWKY`SB�U
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�yA2B�GTB � H?CZF�ASB�C�K*]'IS`slSB�U K�D�H F�Q �
Θ! H?CZF�ASB"��B\O2Q%B

F�B�VyM%B�G�E	F�];G�BS� � =
−ω# � © �$�'E�IS`

τ èxì è H?C�F�ASB�F�KYF�E*U4M2ASKYX
I2K%IjG�B�U?E	k�E	F�H K%I_F�HeV�B{L�KiG|E*U�U³G�B^C�H?C�F�H�l2B{M2G�K�D	B^C�CTB�Cwf�@�A%B
G�B*U?E	k'E	F�H KYI{G�E	F�B

τ èoìÂè−
õ KYL�F�A2B|��G�c���  ö CoK=U,]2F�H KYI{H?C�E|CT]�V

KiL�F�ASByG�B*UpE	k�E	F�H K%IRG�E	F�B�ChK%LhM%];G�B��"GNE�I;`d��  ö X!H?IS`2]2D	B�`
M;A%K2I%K2IRCoD^E	F�F�B�G�H?I*J�	

τ èxì è−
õ

= τ ÿ ë−
õ

+ τ üÒý þ−
õ f

@�A%BtM2A%K2I%K2IuGTB*UpE	k�E	F�HpKYIuG�E	F�B_K2L{��GRHeI%D�U ]�`%B^C¡F�A%B
F�B�G�V|Cm`%B�C�D^G�H O;H?IiJ M2A%K2I%K2I2X�M;A%K2I%K2ICoD^EwF�F�B�G�HeI*J �&%
M;GoKYD	B�C�C�B^C��

τ Ó− õ ��O2K�]�I2`=E�GTQ�CoD^E	F�F�B�G�HeI*J
τ ©− õ ��CoD^E	F�F�B�G�H?I*J

KiI{`=H C�U K�D�E�F�H�KiISC
τ ã,à �−
õ �SE*I2`��³E	Q�U B�H�J�AµHeV�M2]=G�H F�QµC�D^E	F�F�B�G�X

H?I%J
τ−̄
õ 	

τ ÿ ë−
õ

= τ Ó−
õ

+ τ ©− ' + τ ã,à �−
õ

+ τ−̄
õ f �\�2�

@�A2B|G�E	F�B�ChK%L�F�A2B|E	O2K%lYB|V�B	D^ASE�I2H?C�VyChE*GTBy`iB^C�D�G�H O2B�`{O2Q
F�ASB�B	k'MSGTB�C�C�H K2I2ChK2LN}T�Y´=��	

τ Ó−
õ

= ( ω
ø �_B	k;M

( ) # � )
� ���;�

τ ©−
õ

= * #,+ � ��£;�

τ ãrà��−
õ

= - ω
� �\¤2�

τ à�Þ�−
õ

= ∑̄
Γ ¯/.
£

π
�0� ω

ö f �\·2�

 �B�G�B + H?C{F�A%B_D�A;E�G�E�D	F�B�G�H?CoF�H DjVWB^E�IuLTGoB\BjMSE�F�A�`SB\F�B^G�X
V|H?I%B�` O=Q F�A%B J;G�E�H?I C�H21�B�C H I F�A2B C�E�VyM=U B3�
Γ = 4 (∆576�5 )

ø �¡��ASB^GoB�D�H?C�F�A%BqD\K2I%D	B�I2F�G�E�F�H�KiI KYL
M%K2H?I%F�`SB^L�B	D\F�C	� 5 H C|F�A%BRV|E�C�CWK2L[F�AiB¡ASKYC�F�M2E�G�F�H D*U B^C^�
E�I=`

∆5 HeC�F�A2B[VyE�C�C�`;H LTL�B�G�B�I%D	B[O2B\F���B	B^I�F�ASBPAiKiCoF³E�I=`
H?V|M%];G�H�F�QRM2E*GTF�HpD�U B^C^f

@�ASBzM2E�G�E�V�B	F�B�G�C¨KYLZG�B�U?E	k;E�F�H�KiIqF�H?V�B�H?I�MS];GTBx�"G
K%O2F�E�HeI%B^`aO2QjLTHpF�F�HeI*JvF�K�F�A2B{B	k;M%B�G�HeV[B^ISF�E*U�GoB^C�]�U F�C|E�GoB
E�C�L�K=U�U,K*�yC8	
9Z�ëxì ðwïT�?�pïT�wâ���Ð�� ÷rð
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�pÞ�Âärë�à�è�ô��xð¿ßwèpèxï¿ë�à æ	��â3�
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� 4ré ö
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@�ASB¬H?CTK%F�KYM=H�D¦CTD�E	F�F�B^G�H?IYJnMSE�G�E�VWB	F�B�G
Γ

�PE*CuI2K*F
LTH F�F�B�`�O2]2FRD�E*U,D	]�U?E�F�B^`uLTGoKiV�F�A%BjD	KYISD	B^I%F�G�E	F�H K%I;CRE�I=`
VWK2U B\D	]�U?E�GW��B^H�J'AiF�CWKiLNF�A2B{H?VyMi];G�H�F�H B�C�f�@�A%B�D	K2I%F�G�H O2]=X
F�HpKYI¦K%LaF�ASB �$DuE�I2` �EDzGoK%F�E	F�HpKYI¦F�K~F�AiBsF�ASB�G�V|E*U
D	KiIS`2]2D	F�HpliHpF�QZKYL[M%]�GTBR��G[�|E�C�I2K*F�B�CTF�HeVyE	F�B^`ZO2B	D�E	]'CoB
K2L�E|UpEwD � KYL�H I=L�KYG�V|E	F�H K%I�E	O=K�]2F�F�A%B�GoKYF�E	F�H K%I;E*U�C�M%B\D	F�G�E
K2L � D E�I;`(� D HeV�M2]=G�H F�H B^CWH?I_F�A%BR�"GWVyE	F�G�H k�f���I_LTE	D\Fw�
F�A=H ChD	KYISF�G�H O2]=F�H�K2I��|E�ChB�LTL�B\D	F�H l%B*U,Q±F�E � B^I{H?IiF�KµE	D	D	K�]�I%F
F�A=GTK%]%J;AqC�B*U B\D	F�H�K2IuK%L{F�A%BtK*F�ASB^GZCTD�E�F�F�B�G�H?I*J�MSE�G�E�VWB�X
F�B�G�C	f2@4AiB�B�LTLTH D^HpB^I%D	Q�KYL�F�A;H C�M2G�K�D	B^`S];GTB[H?C�B	l;H?`%B�ISF�LTG�K%V
F�ASBZJ2K%KY`uE�J;G�B\B�V�B�I%F{O=B\F��"B	B�I�F�ASB_D^E*U D\]�UpE	F�B^`�D	];G�l%B
E�I=`{F�ASByB	k;M%B�G�H?V[B�I2F�E*U�`SE�F�E�L�K%GhF�A2B�G�V|E*U4D	K2I2`S]2D\F�H l2H F�Q
K2Lh�[G[�	¯�H,J4f��2�*f

@�ASB��h  ö V[K=U B\D	]�U B^CaD	K2I%F�G�H�O;]SF�B�F�K�F�ASB�M=A%K2I%K2I
C�D^E	F�F�B�G�H?IiJjI%K%F"K2I=U QZO;B	D^E	]=C�B�F�A2B�H?G�V|E�C�C�B�C�E�G�B�`;HeLTL�B^G�X
B�I2F[LTGTK2V�F�ASKYC�B|KYL�F�A2B�A%K2CTF[E	F�K2V�CW�	�hE	Q�U B^H�J'ARCoD^EwF�F�B^G�X
H?I*J��_O2]2F_E%U?CTKuO2B	D�E	]'CoBvF�A2B�H?GZG�K�F�E	F�H K2I2E*U�B\k=D�H F�E	F�H KYI=C
D	KiVPBjH?I2F�K�H?I%F�B�G�E	D\F�H KYI��|H�F�AuM2ASKYISKYI=CR�\MSA%K2I%K2IGF�G�K%X
F�E	F�H K2I¬HeI2F�B^G�E	D\F�H K2I��*fµ@�A%BsB	k;M2G�B�C�C�H KYI¦L�K%G

τ ü�ý þ−
õ D�E�I

F�ASB�GTB�L�KiGoB[O;B[��G�H F�F�B^I±E�ChE�C�];VqKYL�F�A2B�GTB*U?E	k'E	F�H KYI{G�EwF�B�C
K2L�F�A2B�CTB�V[B	D^A=E�I=H,C�V|C�	
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τ ü�ý þ−
õ

= τ î�ß³ô}á�ïwà�� ê−
õ

+ τ ëxì è− õ f �	�=�

@�A%BRE�I=E*U,Q2C�H?CWKiL[M=A%K2I%K2IjCoD^EwF�F�B�G�HeI*JjO;QjEdGTK%F�E	F�H?I*J
V�K=U B\D	]�U BPHeC�E�C�K%M;A2HeCTF�HpD^E	F�B^`±F�AiB\K2GTB	F�HpD^E*U�M2G�K�O�U B^V±f;@�A%B
V�B	D^A=E�I2H?C�V K%LjM2ASKYISKYI¦CoD^EwF�F�B�G�HeI*J OSQ¬E�I¦H?V�MS];G�HpF�Q
�yH F�A¥F���KaB^I%B�GoJ2QzU B	lYB*U?C��yE�C�D\K2I2C�H?CoF�B�I2F�U,Qt`2B�CTD�G�H O2B�`
O;QZ��U B^HeIj}������'����f4@�A%B�B	k;M2G�B�C�C�H K%I�H?I ��B�L�f'�{�yE�CN];C�B�`
F�KµHeI%F�B�G�M2G�B\FhF�A%Bb`SH?M2C�HeI�F�A2BWF�B�V�M2B�G�E	F�]'GoBy`SB^M%B�I2`SB^IiD\B
KiL�F�A%B�G�V|E*U�D\K%I;`%]=D	F�H�l;H F�Q K%L¦E*U � E*U?H�A=E*U?H?`%B�D^G�Q2C�X
F�E%U?C|}�����£���E�I=`RK2LhC�K2U?H?`ZE�G�J2K2Id�yH F�AZE�`=V�H k=F�];GoB^C�}��\´2�^f
¸�A2H�U Bs`%B�C�D^G�H O;H?I*J�F�ASBsM2A%K2I%K2I¬C�D�E	F�F�B^G�H?I%J~K2I ��  öV�K=U B\D	]�U B^C^�'��B|C�AiKY]�Up`{F�E � B�H?I%F�K{E	D\D	K%];ISFhF�ASB�K%D\D	];M2E�X
F�H K2I{K%L�F�ASByG�K�F�EwF�H�K2I2E%U�U,B	l2B*UpC^�'�yASH D^AdH?C�`%B�M%B�I;`iB^ISFhK2I
F�B�VyM%B�G�E	F�];G�BSfµ¸uBq];C�B^` ��U B�H?I���C�B	k;M2G�B�C�C�H KYIn}��'�aF�K
�yG�H�F�BuF�ASBsGTB*UpE	k�E	F�HpKYI¦G�E	F�BuK2LZF�ASBsM2A%K2I%K2I2X�G�K*F�EwF�H�K2I
H?I2F�B^G�E	D\F�H K2IRE�C
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+ γ ¯
ø
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�yA2B�GTB

ρ(ω)
H?CaF�A%BuM2ASKYISKYI�`%B^I=C�HpF�Q~I2K%G�VyE*U?H21�B^`�F�K

]'I2HpF�Q ���rH?CaF�ASBuK%D\D	];M2E	F�H K2I~K2L¨F�ASB�JSG�K*];I;`¦CoF�E	F�B&�
ω ¯ = � ¯ # − H?CNF�ASB�G�B�CTK2I2E*I%D	B�LTGTB�°%];B�I%D	Q��4E�I;` � ¯ H?CNF�A%B
`2B�J2B^ISB^G�E	D\Q{K2L�F�ASB�B\k=D�H�F�B^`dC�F�E	F�B|��H F�A{B�ISB^G JiQ � ¯ f

@�A%BRM2E*G�E�VWB\F�B^G
γ ¯ `%B^C�D�G�H OSB^CWF�ASBRGTB*UpE	F�H K2I_O2B	F���B	B�I

O'GoKiE�`iB^I=H?I*JjK2L[F�A%BRG�K*F�EwF�H�K2I2E%UhB�I%B^GoJ2QtU B\l2B*U?CyH?IS`2]2D	B�`
O;QuF�A%BtD^G�Q2C�F�E*U�LTH B*Up`qE�I;`xF�ASBvB�I%B�GoJiQs`SH?LTL�B^G�B�I%D	BvK%L
F�ASB^CoB~U B\l%B*UpCwfµ@�A;H C�HeCtF�ASBuO;E�C�H DsM=E�G�E�VPB\F�B^GtK2L¨F�A%B
M;A%K2I%K2I2X�G�K�F�E	F�H K2I�H?I%F�B�G�E	D\F�H KYI¦HeI¦��U B�H,I	��CvVWKY`SB*U�f ��I
C�F�];`=H�B�Ca}!����£;�

γ
�yE�C�]=C�B�`®E�CuE¬LTHpF�F�HeI*J M2E�G�E�VWB\F�B^G

`;H?LTL�B�GTB�ISFPL�K%G[B�E	D^AaU B\lSB�U�f�¸sA%B�IZF�ASB�M2A%K2I%K2I2X�G�K*F�EwF�H�K2I
H?I2F�B^G�E	D\F�H K2I_H?C�EwO;CTB�I2Fw�

γ =
´=f�¯�K'GhE|�[BYE � U�Q¡A=H�I2`%BYG�B%`

G�KSF�E*F�HeK;I
γ

VW];C�FhO;B|V�]2D�ARC�V�EiU!U B^G§F�A2E�I¡]'I2HpF�Q�f
@�A%BqB\k;MiB^G�H?V[B�ISF�E*UªH I=L�KYG�V|E	F�H K%I¦E	O2K%]2FtF�ASBsG�K*F�E�X

F�H K2I2E*U�B�ISB^G JiQ�C�M%B\D	F�G�];V�K2L¨�h �
vHeIsD�GTQ=CTF�E*U�U?H?I2B��"G
D\K2I%D	B^G�I2C�KYI�U QyF�A2B�LTH?G�CoF�F�A2G�B	B�B	k2D�H F�B�`±U,B	l2B*UpC³�\H,ISB*UpE�C�F�H�D
I2B	]2F�G�K%IjC�D^E	F�F�B�G�H?IiJj`;E	F�E_}T�Y�=���*f�@�A%B�C�Bµ`2EwF�E{G�B^L�B�G�CWF�K
F�ASB�U KY��XeB^ISB�G�J;QuM2E�GoFRK2L±F�ASBvC�MSB	D\F�GT];V�E�I2`qE�GTBvISK�F
C�]=LTLTH D^HpB^I%F{F�K�D^E*U D	]�UpE	F�B

τ ü�ý þ−
õ H?I�F�ASB��yASK2U B_��K%G � H?I*J

H?I2F�B^Gol;E*UhK2L[F�B�VyMiB^G�E	F�]=G�B�C	f�@�ASBµB�I%B�GoJSHpB^C|K%L[F�ASBRG�K*F�E�X
F�H K2I2E*U�U,B	l%B�U?C�K2L�F�A2B[�N  ö V[K=U,B	D\]�U,B[H?I|F�A%BND^G�Q2CTF�E%U;LTH B*U?`
KiL�F�A2B � Ä CTQ2V|V�B	F�GoQ���B�GTB[D^E*U D	]�UpEwF�B�`�E�C�E[L�];I2D	F�HpKYI�K%L
F�ASBjLTH B�U?`�CTF�G�B�I*J;F�As}���£��!��¤;��f�¸uB_];C�B�`�F�A%BjC�M%B	D\F�GT]�V
KiL�}	��£�����¯�H�J�f%����D	KYG�GoB^C�M%K2I2`=H I%J�F�K|F�ASB�D�GTQ;CoF�E*U�LTH�B�U?`�HeI
�yA;H�D�AtF�ASBRB�I%B�GTJ;H B�C�K%L�F�A2B¨U,K%��XTU Q;H IiJvB	k;D�H F�B�`�U,B	l2B*UpC
E�GTB�H I±J;K*Ki`dE�JSG�B	B^VPB^ISFh�yH F�A{B\k=M2B�G�H?VWB�I%F�E*U�l2E%U ]2B^C^f

ghCt�yE�CtVWB^I%F�H K2I%B�`¬EwO2K�l2BS�R�h  ö V�KSU,B	D\]�U,B�CtD�E�I
B\k�H?CTF|H?IZF�A=GTB	BµC�M%B	D^HpB^C F�²N��@§��g|f�@4AiB\Q_`;H LTL�B�GyLTGoK2V
B^EwD^A K�F�A2B�G�O;Q¦F�A2B�F�K*F�EiU¨Ii];D*U,B�E�GuC�MSH?In�\´=���*�ª�=�
G�B�C�MSB	D\F�H�lSB�U Q��*f�2H?I%D	B�F�AiB�D�A2E�G�E	D\F�B^G�H?CoF�H D�M=A%K2I%K2I_CTD�E	F�X
F�B�G�HeI*JzGTB*UpEwk;E	F�H K2ItF�H V�B�C�E�G�B�V|E�I2QaK2G�`SB^G�C�K2LyV|E�J;I;H X
F�]�`%ByC�ASKYG�F�B^G�F�A2E�I±F�ASB"D	K2I%l2B�G�C�H�K2I�F�H V�BS�2��B[D^E*I��yG�H�F�B

τëxì�è−
õ E�CNE�C�];V�K2L�B	k�M2GTB�C�C�H K2IZ��Á=�"L�K2GhB�E	D�ARC�M=H IRC�M%B\D�H B�C
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�yA%B�G�B 4 H?CNF�ASB{�h  ö D	K2I%D	B^ISF�G�E	F�H K2IZH?IRF�A2B{��G[V|E	F�G�H k
E�I=`��

α
H?CaF�A%BuD	KYISD	B^I%F�G�E	F�H K%I~K2L

α
C�MSB\D�H�B^CtH?I�F�AiB

H?V|M%];G�H�F�QRC�]2O;C�Q2CTF�B^V¡f
@�ASBRF�B�VyMiB^G�E	F�]=G�BZ`%B^MSB�I2`2B�I%D	BRK2L�F�A2BdB^°%]=H�UpHpO;G�H ]=V

C�M%B	D^H B�C�D	KYISD\B�I%F�G�E	F�H KYI=C�D\K%G�GTB�C�MiKYI=`2C�F�K¦F�A2B���K2U F 1	X
V|E�I;I±`;H C�F�G�H O2]=F�H�K2I�f� �KY�WB\l%B�G��2F�A%B[B^°%]=H�UpHpO;G�H�]�Vs`=H C�F�G�HeX
O2]=F�H�K2I V�EwQ¬OSB�`=H,C�F�];G�O2B^`¦C�H�J;I2HeLTH D^E�ISF�U Q��yA%B�I¦F�AiB
F�B�V|M%B^G�E	F�];G�BµD�A2E*I*J2B^C�`S];G�HeI%JvE�IaB	k'M%B�G�HeV�B�I%F�f�ghD	D\K2G�X
`=H,IiJµF�KR}���·=���;F�A%B�D�A2E�G�E	D\F�B^G�H C�F�H D[F�HeV�B[K2L���  ö D\K2I%lSB^G�X
C�H�KiI�H?I�F�A%B��"GtVyE	F�G�H�k HeI%D^G�B�E�CTB�Ct�yH�F�A¦`iB\D�G�B^E�C�H I%J
F�B�V|M%B^G�E	F�];G�ByE�I;`dH?Ch��f�¤±A2K*]'G�C�E	F"�¡��f

@�ASB�F�B�VyM%B�G�EwF�];GoB�`2B�M%B�I;`iB^ISD\B�CNK2L�F�ASB�B^°%]=H�UpHpO;G�H ]=V
²N�4@h��gsD	K2I%D\B�ISF�G�EwF�H�K2I2C�E*GTBµC�A2K*�yI_H?Ia¯�H�J�fh�%� 4 f��!F|H?C
C�B\B�ItF�A;E	F{C�MiB\D�H B�C�g MSGTB�`2K%VyH?ISE�F�B�C�EwFRU K��mF�B^V|M%B�G�E�X
F�]=G�B�C	f �TIt¯�H�J�f!�%� 4 F�A2B±B^°S];H�U?H�O'G�H ];V C�M%B	D�H B^C�X?g�D\K%I2D	B^ISX
F�G�E	F�H KYI=C � $

( ��� )
E�G�B[D\K2V|M2E�G�B^`±�yH�F�A{F�A%BWD\K%G�GoB^C�M%K2I2`=H I%J

� $
( ����� )

K%O;C�B�GTl2B�`_H?IZK%];G|C�E�V|M=U,B±�yH F�A��^À¦�h  ö f�@4AiB
� $

( ����� )
liE*U ]=B^Ct�WB^G�BsD�E*U D\]�U?E	F�B�` LTGoK2VF�AiBsF�ASB�G�V|E*U

M2G�B�A2H?C�F�K%G�Q«K%L�F�AiB C�E�V|M=U B ]�C�H?I*J¶F�A2B®M2E�G�E�V�B	F�B�G�C
K2L�}��\·=�hL�KYG[�N  ö D\K2I%l2B�G�C�H�K2IRH?I{F�A%B±�§GNVyE	F�G�H�k�f
��IaK�]�G|B\k=M%B^G�H?VPB^ISFyF�A2BR`2HeC�F�G�H OS]2F�H K2I¨KiLPF�ASB¡VWK2U B�X

D	]�U,B�ChH?I{C�MSH?I{CTF�EwF�B�C�D	K2V�B�C�F�K�B�°%]'HeU?H O;G�H ];V�E	O2K%l%B�·±�|f
ghFZU,K%�[B�G{F�B�VyMiB^G�E	F�]=G�B�C±F�ASB_D\K2I%D	B�I2F�G�E	F�HpKiI�H?C{D	KYI=C�HeX
`SB^G�E	O�U Qs`2H?LTL�B�GTB�I2FZLTG�K%V�H�F�CRB�°S];H�U?H�O�G�Hp];V«l;E*U ]2BSfy@4AiB
G�B^E�CoK2I¬H?CaF�A;E	F�E	FtF�A%B�C�BuF�B�V�MSB^G�E	F�]�GTB�CjF�A2BuD�A2E�G�E	D�X
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ð¿ìÂëxã,à æ	��èxì��µõ¿ö�� ��é
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F�B�G�HeCTF�HpDyD	KYISl%B^G�C�HpKYI{F�H?V�B|H?C�C�B	lYB�G�E*U�F�HeV�B�C[U KYIiJ2B^G§F�A=E�I
F�ASB�D^A=E�G�EwD\F�B^G�H?CTF�H D�F�H?V�B�KYLZE�F�A2B�G�V|E*U�D	KiIS`2]2D	F�HpliHpF�Q
V�B�E�C�];G�B^V[B�ISF[��¯�H,J4f��Y� ) � 4 �*f

@�K_F�E � B�H?I%F�KvE	D	D\K*]'I%F�F�A%B�`%B	l;H E�F�H�KiISC|KiLPF�ASB¡C�M2HeI
C�MiB\D�H B�C�D	KYISD\B�I%F�G�E	F�H KYI=C�LTG�KYV®F�A2BRB�°%];H UpH O=G�H�]�V l;E*U,]SB2�
��BRD�E*U,D	]�U?E	F�B�`jF�A2B{F�A%B^G�V|E*UhD\K2I2`S]2D	F�H l2H F�Q_�yH F�ASH?IaF�A%B
L�K;U�U K��yH?IYJ�VWKY`SB*U 	yg�D�A2E�G�E	D\F�B^G�H C�F�H D�F�B^V|M%B�G�EwF�];GoB � ¸���YLTG�B	BA1�H?IiJ~F�B�V�M2B�G�E	F�]'GoB��=�t��E�CaH?I%F�G�K%`2]2D	B�`�f ��Fj�yE�C
E�C�C�];VWB�`tF�A2E	F{E	O2K%l%B � ¸ F�A%B_C�MSH?I�C�MSB	D^H�B�C�D	KiIiD\B�I2F�G�E�X
F�H K2I2C�A2E�`¦F�A%BsB�°S];H�U?H�O�G�Hp];Vl2E*U ];B�C	f �4B*U,K%� � ¸ F�A%B
D\K2I%D	B^ISF�G�E�F�H�K2I±K2L�E|C�MiB\D�H B�ChH?ChE�C�C�]=V�B�`±F�K�O2B�D	K2I2C�F�E�I%F
E�I2`�D\K%G�GoB^C�M%K%I;`SH?I%J�F�KWF�ASB�B�°%];H�U?H O;G�H�]'Vu`=H C�F�G�HpO2];F�H�KiI�E	F
�

=
� ¸ f;@4AiBPL�B�E�C�H O;H�U?H�F�Q±KYL�F�A2B�V[K2`%B*U�H?C�B\l2H?`iB^ISF³LTGoK2V

¯�H,J4f{�%� 4 fy@�A%B�V�K%C�FªCo];H F�E	O�U B � ¸ H?CdB	k;M2B	D	F�B�`uF�K�O2B
£�f��2c�¤�f ´d�yf

@�KtO;G�H?I*JzF�A2B_D�E*U D\]�U?E�F�B^`�E�I=`�B	k'MiB^G�H V�B�ISF�E*U�F�B�V�X
M2B�G�E	F�]'GoBv`SB^M%B�I=`%B^ISD	B^C{K2L±F�AiBjF�ASB�G�V|E*UyD	KiIS`2]2D	F�HpliHpF�Q
H?I2F�K�E�J;G�B	B^V[B�ISF��"�WBv]=CTB�`uF�ASBvLTHpF�F�HeI*J�M2E�G�E�V�B	F�B�G�C

γ�\M2A2K%I2K%I;X�GTK%F�E	F�H K%IµH ISF�B�G�EwD\F�H�K2I��NE�I;` + ��O2K%];I2`=E�G�Q�CTD�E	F�X
F�B�G�HeI*J��*f'@�A2ByHeI2F�B^I2C�H�F�Q{K2L�F�ASB��³E	Q=U B^H�J;ARCoD^EwF�F�B^G�H?I*JRO2Q
Ea��  ö V[K=U,B	D	]�U,Bd�yE�C�D�E*U,D	]�U?E	F�B�`tF�K_O=B

Γ =
´�f�·%¤�¤��Sf

@4ASBµMSE�G�E�VWB	F�B�G�CWKYLNF�A%B±K%F�A%B�G�C�D^E	F�F�B�G�H,IiJjV�B	D^ASE�I;H?C�VyC
��B^G�B|F�ASB�C�E�VWB�E�C[L�KiG[M%]�GTB � G�Q2M%F�K2I�f�@�ASBbM=E�G�E*V[B	F�B�G�C
KYOSF�E�H?ISB^`dO2Q�LTHpF�F�HeI*JªE	F�� ¸ =

£�f�·Z��L�KYG[`=H LTL�B^G�B�I%F|��  öD\K2I%D	B^ISF�G�E�F�H�K2I2CNE�GoBbE�CNL�K2U�U,K%�yC 	
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ù�é ù ø?C ù2é ùÊøA> ù,é ùÊø0C ù,é ùÊø0�,é
ghI�H ISD^GoB^E*CTB"H I|F�A2B�H?V|M%];G�H F�Q�D	KiIiD\B�I2F�G�EwF�H�K2I|];C�];E*U!U Q

U,B�E�`2C�F�K�`SB�J;G�E�`2E�F�H�KiI�KYL�F�A%B[D^GoQ;CTF�E*U�°%];E%U?H�F�Q��%�yA2H D�A�HeI
F�]�G�I{H?C�G�B�C�MSKYI=C�HpO�U,B�L�K2G�F�AiBP`SB	D^GoB^E*CTB�H?I�F�A2B�M2E�G�E�VWB\F�B^G
+ F F�A%B[D�A2E�G�E	D\F�B^G�H C�F�H D[V�B�E�I�LTG�B	B"M2E	F�A�`SB\F�B^G�VyHeI%B^`�O2Q
F�ASB�O2K*]'IS`;E�GoQ¥C�D�E	F�F�B^G�H?I%J�f�¸uBZK�O�CTB�G�l%B^`tF�A;H C�KiI¥F�A%B
C�E�V|M=U By��H F�AR¤SÀ���  ö f

@�A%B|D^E*U D	]�U?E	F�B�`{D	]'Gol2B^CNE�G�BbC�A2K*�yI�H I¨¯�H�J�f��¡�\C�KSUpHe`
UpH?ISB�C��*f'@�ASByV�K%`2B*U4M2G�K%M%K2CTB�`RM2G�K�l;He`%B^CNE[J=K�K2`{°2];E�ISF�H X
F�E�F�H�l2B�`2B�CTD�G�H?M%F�H KYIZK2LhF�A2B�VWB�E�C�]=GTB�`ZF�ASB^G�VyE*U�D\K%I;`%]SD^X
F�H l;H�F�Q�E�I;`±GTB�M;GoKi`i]2D\B�C�F�ASB"L�B�E�F�]=GTB�C�K2L�H F�C�F�B�V|M%B^G�E�F�];GTB
`2B�M%B�I;`%B�ISD\BSf�@4AiB�V�K%`2B*U�M%B�G�V|H�F�C|]�C|F�KZD\K2V|M2E�G�B{F�A%B
D\K2I%F�G�HpO2]2F�HpKYI=C�KiL�F���K�VWB\D�A2E�I=H?C�V|C�KYL�M2ASKYISKYI{C�D^E	F�F�B�G�X
H?I%J�K%Iu�h  ö VWK2U B	D\]�U B�C F �³E	Q=U,B�H�J;A�CTD�E	F�F�B�G�H?I*JzE�I=`
F�ASB"C�D^E	F�F�B�G�H,IiJ�H?I;`i]2D\B�`�OSQ�F�A%B�M2A%K2I%K2I2X�G�K�F�E�F�H�K2I�H ISF�B�G�X
E�D	F�H�K2I�f;¯�KYG�B	k;E�VyM'U,BS�iE	F �

=
Á��vF�A%B�D	K2I%F�G�H�O;]SF�H K%I;C�K%L

F�ASB^CoBµVWB\D�A2E�I=H?C�V|C[F�KdF�A%B±F�A%B�G�VyE*U�G�B�C�H?C�F�H�l;HpF�Q�E�G�B�´�f��
E�I2`��=f�¤tV

⋅
����¸���GTB�C�M%B	D\F�H l%B�U Q���HTf�BSf!�hF�A%B_G�K�F�E	F�H K2I2E*U

C�D�E	F�F�B^G�H IiJdMSGTB�`2K%VyH?ISE�F�B�C	f
@�A%BtD	KYISF�G�HpO2]2F�HpKiIxKYL{F�A%B�@¬C�M%B	D�H B^C¡F�K�F�ASBvGTB�C�KYX

I;E�ISD\BjMSA2K%I2K%IuCTD�E�F�F�B^G�H?I*JsH?C{`2K%VyHeI2E�I%F{O=B�U K��«�%´��
�\C�B	B{¯�H�J;C	f4�������*f4@�A%B�`;HeM�H?IdF�ASB�D	];GTl2B�E	F�·%c��%´Z��H?C
`2]2B±F�KZF�ASBµGoB^C�KYI=E�ISD\B{M2A2K%I2K%IjCoD^EwF�F�B�G�HeI*JjKYI¥U,K*�yX?B�I2X
B^GoJ2QjGTK%F�E	F�H KYI=E*UhB\kSD^H F�E	F�H K%I;CWKYLNF�A2B{@zC�M%B	D^HpB^C^f��B*U,K%�
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