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CED�F�G2HJI2KJL�M�ION	F*K�PRQ�L�MTSVU"LTM�IWMTG2G�H�I�K�F�Q"U�X�I2HTI%YZQ<G2I
[ U�\]I@DJ^�M_Q<H�I�`�U�I2XaM�b�c [ I�L�MTI@^�F�HdMED�F�Q<I%^�eJL�F�G2X�MED_^TM
f U�b�F�Q"P�egDTI�^�I2eTF*KJU�egQhS�U�N�L_MiX%L�PjekSVU<X�I�^_M�U�H�U�e,l
C9D�I�^�Q"P�I Q�F�b�S�F�mnLTF"G�X�o G�c_\pI�G2X�Q�F�Q"U�LJM�q
D�F�Q�I�^�e_LTF"G�X�L�F�Y7SrU�N�L�M�X�L�F�YZU�LJM�b2F�X2^TF*DJM�MsD�F�`*U<b2U"LTUtQ
^_U�u�F*X�Iwv�x"y-l/Czx2{"|�}~N�l1X2I�F*^�I�X�M [ I2G�`�M�D�^�I�K�G%`TU�b%U�LTF��
[ X�FgDJ^�M�F�D�^TI2K�I�H_I�L�LJP�e�c�G2HTFiQ�M�q�e�D�F�Q�I�^�eJL�F�G2X�o
SrU�N�L�M�X�L�P�e `T^�M�G�X%U�HJH�F�Q S�F�mpI2X M�S�I2X�o
L_U�SAU�N2L�M [ I�LJL�F�G2X�o D�^�M X�I�SrDiI%^�U<X�c_^�U�e Q"P1�pI
X2I�SAD�I%^JU�X�ci^TP �j�O^_M �6G�SOl v���y-��l �t^�M ��X�F*S
D_^�F�M�G�eJF"K�q_\/MJY�Q�F"u��JI2S�I�SAU�N2L�MTX�L�F�N6F�`�^JM�G2X�U�HJH_U
Fi^TM�I�L�X�U��_M�F�L�LJP1Y f U�b�F*Q�P1Y D�I�^�I�e�F�K
G2F�D�^TF*Q<F*mpK_U�I�X�G�q D�I�^TI2F�^�M�I�L�X�U��_MTI�Y SAU�N�L_M�X�LJP�e
SVF�S�I%LTX2F�Q LJU D�F�Q<I%^�e�L�F�G�X2M�l �/X2H�M [ M�I
D�F�Q�I�^�e_LTF"G�X�L�P1ekG�MTHkF�X�F�u"�JI2SALJP�egD_^TM�Q�F�K_M�Xh`
L�I�F"K_LTF*^iF*KJL�F�G2X2M�D_U�^TU�SVI�X�^�URD�F�^�q�K_`�URM�Q�H_Miq�I2XwL�U
X2I�SAD�I%^JU�X�ci^ic f U�b�F*Q�F�N	F D�I%^iI2eJF"K_UTl CrDTI�^�Q"P�I
G2c_\nI2G�X%Q<F*Q�U�L_M�I D�F�Q�I�^�e�L�F�G2X�L�F�N�F ��D�I�^�I�e�F�K�L�F�N�F_�
G2HJF�q�G2F�G%Q<F�Y�G2X�Q"U�SAMr�/F"X�H_M [ U��O\�M�SAM�G-q�F�XwG%Q<F*YTG2X2Q
F*u��_I�SAUT� L�U"�pHTF G�Q�F�I ��`�G�D�I�^_M�S�I�L�X�U�Hdo�LTF"I
D�F�K�X%Q<I%^im/K�I%LJM�I/Q@v��_y�l��VU�`TU-q@G%^�U�Q"L�MTX�I�Hdo�LTFZD_^�F�G2X�U-q
`�U�^�X�M_L�U f U�b�F*Q<F*N	FzD�I%^TI�e�F�KiU�F�D_^TU�Q�K_U�LJU�H�M��7o�Q
G2HJc [ U�IT�9`�F�N	K_U LJU�SrU�N�L�M [ I%LJL�F�G�X%o MwL�U¡D�F�Q�I�^�e_LTF"G�X�M

M�Q¢N�H�c�u�M�LTI£F�u�^�U�b%�JU¢DJU�^�U�H_HTI2H�o�L_U¢DTF*Q<I%^iedL�F�G�X%MV�
[ X2F M�G�`�H�� [ U�I�X M�b ^�U�G�G2S�F"X�^�I�L_M*q Q�H�M�q_L_MiI
K_U�H�o�L�F�K�I�Y�G2X�Q�c��p\/MTe¤K_MJD�F�H_o�¥JK_M�DTF"H�o�L_P�ewG�M�HA�AXTl ITl
DTF"HJI%Y¦^�U�b2SAU�N2LTM [ M_Q�U�L_M�q�l�C D�^�F�X�M�Q"LTF"S G2HJc [ U�I
DTF*Q�I�^�e�L�F�G2X�o@DJ^�M�Q<F�K_M�X@`¡c*G�X�U�L�F�Q�H�I�L_MT��D�F�H�F�G2F�Q�F�Y
K�F�SVI�LJL�F�Y¤G�X�^�c�`�X2c�^�Pzv¨§���©�y�lAªWL�U<H�F�N>M [ LJU-q«`TU�^�X%MTL_U
Q�F�b2LJM�`�U�I�X7X%U�`�m]I¬M­D�^�M¡c [ I�X�I�K_U�H�o�LTF"K�I�Y�G�X%Q<ci�p\/MTe
c�D_^ic*N�M�e G%MiH v�®d�¯|Jy-�°XTl ITl±G�X�^�M_`��JM�F�L_LTU-q G%Q%q�b%o
DJU�^�U�S�I2X�^�U DTF*^�q�K_`�U G K�I f F�^�SAU��_MTI%Y ^�I%�nI2X�`�M
DJ^�M�Q�F�K_MiX@`²D�F�q_Q�HTI%LJM���QsX�F [ `�I f I�^J^�F"��HdU�G�X�M [ L�F�N�F
f U�b2F�Q�F�N	F DiI%^�I�eJF"K_U D�^TF"G�X%^TU�L�G�X%Q<I%LTL�F�³
S�F"K�c�H�M�^TF*Q"U�LJL�F�Y´Q�D�HJF"G�`�F�G2X2M�G�X�^�c�`�X2c�^�P]l Cµv¶|_y
^�U<G2G�S�F�X�^�I%LTU D�HJF"G�`�F�D�U�^_U�HTH_I�H_o"LTU�q D�HdU�G�X�M�L_UT��Q
`�F�X2F�^�F�Y¤D�^�F�M�G�eJF"K_MTX f I%^�^iF*��H_U<G2X2M [ I2G�`�M_Y f U�b�F*Q�PWY
DTI%^�I�e�F�K��tUwD�F�Q�I�^�e�L�F�G2X�o¤c [ MTX%P1Q�U�I2X�G�q�G·D�F�S�F�\/o��
N2^�U�LJM [ L�Pje c*G�HJF*Q"MJY ¸ G�Q�F�u"F�K_L�P�I c�D_^�c�N2MiI
N2^�U�LJM [ L�PjI�c�G2HJF*Q�M�q M DTU�^_U�S�I�X2^ D�F�^�q�K_`�U LiI
b�U�`�^�I�D�H�I�Lrl �/^�M FiDT^�I2KTI2HJI%LTL_P�e c�G2HJF*Q�M�q�e
G�X%^�MJ`��_MTF*LJL�U-q G%Q%q�b%o D�U�^�U�S�I2X�^�U D�F�^�q�K_`�U G
K�I f F*^�SAU��JM�I�Y ^�I��pI2X�`�M D�^JM�Q<F*K�MTX Q�S�I�G2X�F
F�K�L�F�^�F�K_L�F�Y f U�b�P�Q X�F [ `�I DTI%^iI2e�F�K_U¡`ED�F<qTQ<H_I�L�MJ�
D�^�F"G-X2^�U�L�G�X2Q<I2L�L�F*³¹S�F"K�c�H�M�^�F"Q"U�L�L�F"YºG�X2^�c�`"X-ci^�P]��Q�F�HJ³
LTF*Q�F�Y�Q<I%`iX�F�^�`�F"X�F*^TF*Yºb%U�Q�M�G�M�X¢`�U�`�F*X»X2F�Hd\/MTL_P
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D�H_U<G2X�M_L�P¬� X%U�`�M°F�X�`�F�L�G2X�U�LTX%PkQ<b%U�MTS�F�K�I�Y�G�X%Q�M�q
D_U�^�U<S�I�X%^TU D�F�^�q�K�`�U G¦c_D�^�cTN6F�Y K*I f F�^�SAU��_M�I�Yrl
CAF*b-SVF�m/LTF"G�X%owD�F�Q�I�^�e�L�F�G2X�L�F�N�F f U<b�F�Q�F�N�F£D�I�^�I�e_F�K_U
Q v¶|Jy LiI¬^�U�G�G�SVF�X%^iI%LJUTl�� f M�b�M [ I�G%`�F�YaX�F [ `�Msb%^iI%LJM�q
M_L�X�I�^�I2G�LJU G%MiX2c�U"�TM�q�� `�F*N	K_U `�U�` Q F�u��_I�S�I
`�^�MTG2X�U�H�H�UT�°X%U�` M LJU�D�F�Q�I�^�e_LTF"G�X�M Q<F"b�SVF�m/I�L
f I�^�^TF"��HdU�G�X�M [ I2G�`�M�Y f U<b�F�Q"P1Y�D�I%^iI2eJF"K�lpC�F*b�L�MJ`�U�I�X
HdM DJ^�M ��X�F"S `�F*LJ`�c_^�I�L��JM�q F*u��_I�SAL_P�e M
D�F�Q�I�^�e_LTF"G�X�L�P1e f I%L�F�S�I%LTF"HJF"N2M [ I�G�`�M�e `�F�L�G2X�U�LTX
�2Q�b�U�M�S�F*KTI%Y�G�X�Q"M�Y���� `�U�`�F�Q"U X2I�SAD�I�^_U�X�c�^�U
D�F�Q�I�^�e_LTF"G�X�L�F�N6F f U�b�F�Q<F"N�F´D�I�^�I�e�F�K_UT�²D�^�F�M�G�e_F�K_MTX
HdM�^�U�b�uiMiI%LJM�I¢G�M�G2X�I�SrPhLJU¢K�F�S�I%LTP�¸ M�b2c [ I�L�M_�
�2X�M�e­Q�F*DJ^�F�G2F�QZM DTF"G�Q�q_\]I%L�UZLTU�G�X�F�qT\]U-q¡^TU�u*F�X%UTl�AF�u"G�X�Q�I�L_L�P�S f I�^�^�F���H_U�G�X2M [ I�G�`*MTS�L�U�b�P1Q"U<I2X�G-q
X%U�`�F�Y f U�b�F*Q�PWY D�I�^�I�e�F�K��gD�U�^_U�S�I�X2^ DTF*^iq�K�`�U
`�F�X�F�^�F�N6F H_MJL�I%YJL�F G�Q�q�b�U�L G L�I�M�b�F*S�F�^ f L�F�Y
G2X�^�MJ`���MTI%Y�� XTl�I�l G SAU�`�^iF*G�`�F�D_M [ I�G%`TM�SAM
K�I f F�^�S�U"��Miq�SrM�`T^�M�G�X%U�HJH_M [ I�G�`"F�Y�^�I��]I2X2`TM�l��AX�U
G%Q%qib�o Q b�L�U [ M�X�I�H_o"L�F�Y S�I�^�I F�D�^�I�K�I�H�q�I�X
F*G�F"u�I�L�LTF"G�X%M�`�^�MTX%M [ I�G�`�F"N�F�D�F�Q<I2K�I�L�Miq�G%MTG2X�I�SVP Q
G%U<S�F�S°�/MJ^�F*`�F�S´G�SVPjG2H�I¢v���¥�x�x<y­M�LTIwb%U�Q�M�G�M�XwF�X
SrMJ`�^�F�G%`iF*DJM [ I2G�`�F*Y ^TI�U�H_M�b�U��JM�M D_U�^TU�SVI�X�^�U
D�F�^�q�K�`�UTlZ�tF�G%`iF"H�o�`�c�QRX�F [ `�I f U�b�F*Q�F�N	F�D�I�^�I�e_F�K_U
Q�F�b%^TU�G2X�U��OX°H_MJ�/ozK�HJM_L�LTF*Q<F�H_L�F�Q"PjI f H�c_`�X�ciU���MJM
edU�^�U�`�X2I�^�LTF"N�F DJU�^�U�S�I2X�^�UT� G�Q�F�u"F�K�L�c�� ��L�I�^�N�M_�
SVF�m/LTF@b�U�D�M�G�U�X�oZQ@D�^JM�u�H_MTmtI�LJM�MaG�D�H�F��/LTF*Y G%^TI2K�P¬l�WH�q F�D�^TI2K�I�H_I�L�LTF"G�X%M u�c�K�I2S ^�U�G�G�SrU�X�^�MJQ"U�X�o
D�F�H_c�F�N�^�U"L�M [ I�LJL�PWY `�^�M�G�X�U�H_H X2I�X�^�U�N�F*LJU�H_o�L�F�Y
G%MTS�S�I�X%^�MJM�� b�U�L_MiSrU��p\/MTY F�u"H�U�G�X%o �
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G�c�DJ^�c�N�F*YaKTI f F*^iSrU��JMTI%Y
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F*X�^�M��JU�X�I2HJI%LV� X�l�I�l DTF*Q<I%^Te_LTF"G�X%o G�D�F�G2F�u�G2X2Q<c�I�X
F*u�^_U�b�F*Q�U�L_MT��c_DiFi^*qiKTF [ I%LTL�F�Y f U�b%P]l/��I2SAD�I�^_U�X�c�^�c
D�F�Q�I�^�e_LTF"G�X�L�F�N6F f U�b-FiQ<F"N�FRDTI%^iI2e�F�K_U S�F�m/L�FRL�U�Y�X�M
M�b f F*^�S�c"H_P 7 � =
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X�l�I l<D�FJQ"I�^�e_L�FJG"X�L�P1Y f U�b�F�Q"P1Y/D�I�^�I�e�F�KZD�^�F_MiG*eTF�K_MTX
Q"G�I"N KdU­^�U�L�o��pI � [ I�S f U�b�FdQ�P1Y¤D�I�^�I"eTF_KwQ F�uT��I"S�I�l
�n^�M 7 � < §

α = λ
�� < � ' X�I�SrDiI%^�U<X�c_^�P»D�F�Q�I�^�edLiF*G�X2LTF"N�F

MwF"u��JI2SAL�F�N	F f U�b�F�Q"P�e�D�I%^iI2eJF"K�F�Q­G�F*Q�D_U�K_U��jX²MwD�F
X2I�^�SAM_LiF*HTF*N�MJM�v¶���¨x6��yaD�^TF*MTG2e�F�K�MTXR�"G�D�I���MJU�Hdo�LJP1Y��
f U�b�F�Q"P1Y DiI%^TI2eTF*K�l

CEF"X�H_M [ M�IWF�X f U�b�F*Q<F*N	FZD�I�^�I�e�F�K�UpX%MTD_UpD�F�^�q�K�F�`�¥
u*I�G�D�F�^�q�K�F*`�� `�F�N6KJU ��G%DTI���M_U�H�o�LJP1Y�� f U�b2F�Q�P1Y
D�I�^�I�e_F�K edU�^TU�`�X2I�^�MTb�c�I�X�G-q²G2F�F�X2L�F��/I�L�MTI2S 7 =

}­v¶�_y-�
D_^�M f I%^�^iF*��H_U�G�X%M [ I�G�`�F�S f U�b2F�Q�F�S DiI%^TI2eTF*K�I
D_^�F�M�G�eJF"K_M�XpG�K_Q"MiNWX�F [ `�M ��G�D�I%�JMJU�H_o"L�F�N	F�� f U�b-FiQ<F"N�F
D�I�^�I�e_F�K_UTl N�LTX�I�^�I�G�L�Fzb2U�S�I2X�M�X�oJ� [ X-F ��X�F"X�G2K�Q"MTN
λ
�� < � ' D�F�HdLiF*G�X2o�� F�D�^TI�K*I�HTqiI�X�G�q F�u��_I�SVLJP�SAM

`�F�L�G2X�U�LTX2U�S�MkM G2F�Q"DJU�K_U�I2X G \]I�H_o"� Q G%DTI�`"X�^�I
`�F�H�I2u�U�L�MJY DJU�^�U�S�I2X�^�U D�F�^�q�K_`�U u*I�b�N>^TU"L�M [ LTF"N�F
F*u�^_U�b���Udl

��U"`�MTS F�u*^JU�b2F�SO� Q D�F�H�c�F�N2^�U�LJM [ I%L�LTF"S
`�^�MTG�X2U�H�HJIT� Q `iF*X-Fi^iF*S Q�F"b�S�F"m/I�L
f I%^T^�F��2H_U<G2X�M [ I�G%`�MJY f U�b2F�Q"POY D�I�^�I�e�F�K�� `�U�` Q
F�u"�JI2S�I�`*^JM�G�X%U�HJH_UT�aX%U�`´M´L�U�DTF*Q<I%^Te_LTF"G�X%M´M�b�³�b%U
G�X%^�MJ`��_MTF*LJL�F�Y G�Q�q�b�M D�U�^�U�S�I2X�^�U DTF*^�q�K_`TU G
K�I f F*^�SAU��JM�I�Yk^TI%�pI�X�`*M�DJ^�MkX-I2SADTI%^�U�X�c�^�I Q"P1�nI
X�I2SAD�I�^�U�X-c_^�P f U�b�FiQ<F"N�FZDTI%^�I�e�F�K_U/Q]F"u��JI2S�I/Q�G�I�N6KJU/Q
LJU [ U�HTI DJ^�F*MTG2eTF*KJM�X D�F�Q<I%^�eJL�F�G2X�L_P1Y f U�b�F*Q�PWY
DTI%^�I�e�F�K�� D_^TM�Q�F�K�q_\/M�Y ` Q�F"b�L�MJ`�L�F�Q�I�L�MJ�
DJ^�F"G�X%^TU"L�G�X%Q<I%LTL�F�³ S�F�K�c�H_MJ^�F*Q�U"L�LTF*Y G2X2^Tc�`�X�c_^TP]�
e�U�^�U�`�X�I%^�MTb�c�I�S�F�YR`iF*LTI [ L�P�S�b�L�U [ I%LJM�I�SºQ<F"H�L�F�Q�F�N�F
Q�I�`�X�F*^�U R Õ l9CAI�HdM [ M�LJU R Õ F�D_^iI2K�I�H�q�I�X2G-q¤H_MJL�I%YJL�F�Y
`�F�SVu�M�LJU��JM�I%YE`iF*LTG2X�U�L�X@Q�b�U�MTSVF�K�I�Y�G2X�Q"Miq D�U�^�U�S�I2X�^�U
DTF*^�q�K_`�UnGWK�I f F*^�SAU��JM�q�SVMs^�I��pI�X%`�MsL_UpDTF*Q�I�^�e�L�F�G2X�M
M Q¦F�u"�JI�SVI `�^�M�G�X�U�H_H_Udl��²I�L�F�S�I%L�F�H�F�N�M [ I�G%`�MJY
DTF"K�e�F�K�`�b2U�K�U [ IRF f U�b�F*Q<F�S°D�I�^�I�e_F�K�I£Q�K_U�L�LTF"S
G�H_c [ U�IRG�D�^�U"Q<I2K�H�M�Q¢Q�F�Q<G2I�Y�F�u*HJU�G2X�M�X2I�SAD�I%^JU�X�ci^V�
X�U�`�`�U"`zQ´G�M�G�X2I�S�I�L�I�X�LJU�D�^JU�Q�H�I�L_MTY�Q�F�H_LTF*Q�P1e
Q�I�`�X�F*^�F�Qd��K�H�q�`�F�X2F�^�P1e�G�c_\pI�G2X�Q�c��1X�U�L�F�SrU�H�o�LJP�I
�2`�^�MiX%M [ I�G%`TM�I�� f H�c�`�X�c�U��_MJM D�U�^JU�S�I2X�^_U7D�F�^�q�K�`�UTl
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