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ZZ[O\]^VaQR�ZOaZQbQ[QTQP]^Vaa]c�VaXQ,
ZX]UZ]^]c�[jWQaOZ`Oa`QQ�'�	�)�^�Z^OX]li^,
ZX^QXO[hade�ZPO\Ve�_PO\ZXV^[RjX�aOZ]WaOa,
adc�QaXOPOZ�_PQ�QTilOaQQ�R^[OaQc�UiWi[R,
`QQ�paOPmQQ�Z�ilVZXQOW�_PQWOZade�_]^OPea],
ZXade� \OSOUX]^� UPQZXV[[]^�� �X]� XVUqO� R^,
[ROXZR�aO]be]\QWdW�Z�X]lUQ�TPOaQR�aVila]c
S]X]mPVSQQ*� _]ZU][hUi� ]_XQlOZUVR� ZOaZQbQ,
[QTV`QR� mV[]Q\a]ZOPObPRaade� Z[]O^*� QWOj,
kQe� Z]bZX^Oaaij� li^ZX^QXO[ha]ZXh� [Qgh� U
ZQaOWi�Q�b][OO�U]P]XU]^][a]^]Wi�Z^OXi*�R^,
[ROXZR� ]\a]c� QT� OO� m[V^ade� TV\Vl�� �PO\,
ZXV^[RjXZR� _OPZ_OUXQ^adWQ� XVUqO� ZOaZQbQ,
[QTQP]^VaadO�_][QWOPadO�S]X]Z[]Q���P]`OZ,
Zd*� _P]QZe]\RkQO� _PQ� ^]TaQUa]^OaQQ��	�
]XUPd^VjX� ^]TW]qa]ZXQ� \[R� aO_]ZPO\ZX^Oa,
a]m]� _PO]bPVT]^VaQR�
�� QT[ilOaQR� ^� ^Q\Q,
Wdc�Z^OX��	QaXOTi�Q�QZZ[O\]^VaQj�XVUQe�wVa,
XQZX]UZ]^dex�[jWQa]S]P]^�Q�Qe�PVTa]]bPVTadW
_PQWOaOaQRW�_]Z^RkOa]�Wa]qOZX^]�PVb]X�s�u
0t���\aVU]�pSSOUXQ^a]ZXh�pXQe�ZQZXOW�OkO�\V,
[OUV�]X�]_XQWV[ha]c*�V�UQaOXQUV�_OPOa]ZV�paOP,
mQQ� OkO�aO� ^dRZaOaV� ]U]alVXO[ha]*� XVUqO�aO
QT^OZXaV�TV^QZQW]ZXh�]X�U]a`OaXPV`QQ�UPVZQ,
XO[R���VU]aO`*�^dRZaOaQO�^]TW]qa]ZXOc�Q�iZ,
[]^Qc� ]bWOaV� paOPmQOc�Q� p[OUXP]aVWQ�WOq\i
_][i_P]^]\aQU]W�Q� UPVZQXO[OW�_PO\ZXV^[ROX
ZVW]ZX]RXO[hadc�XO]POXQlOZUQc�QaXOPOZ�
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�VTPVb]XUV� U]W_[OUZa]m]� [jWQaOZ`OaXa]m]� WOX]\V� _]T^][Q[V� _P]^OZXQ� QZZ[O\]^VaQR
VaXQZX]UZ]^]c�[jWQaOZ`Oa`QQ�'�	�)�WQUP]UPQZXV[[]^�#$%&'()*�wlQZXdex�Q�]bPVb]XVaade
UPVZQXO[OW�'WOXQ[Oa]^dW�m][ibdW)�_]\�\OcZX^QOW���,Z^OXV�_PQ�55�����_OP^dO�_][ilOad
Z_OUXPd��	��Q�Z_OUXPd�S]X]ZXQWi[QP]^Vaa]c�^Z_dgUQ�[jWQaOZ`Oa`QQ�'�	��)�X^OP\de
PVZX^]P]^�#$%&'()*� _PQ� pX]W� ]baVPiqOa]� \]ZXVX]la]� ZQ[ha]O� i^O[QlOaQO� QaXOaZQ^a]ZXQ
�	�� _PQ� aOU]X]Pde� ^POWOaVe� pUZ_]TQ`QQ���,Z^OX]W*� V� XVUqO� QTWOaOaQO� _VPVWOXP]^
�	�����OTi[hXVXd�iUVTd^VjX�aV�TaVlQXO[hadO�QTWOaOaQR�^�WQUP]UPQZXV[[Ve�'Z�UPVZQXO,
[OW�Q�bOT)�_]\�\OcZX^QOW�Z^OXV�_PQ�aQTUQe�XOW_OPVXiPVe���]UVTVa]�XVUqO*�lX]�^�POTi[h,
XVXO� pXQe� ^]T\OcZX^Qc�_P]QZe]\QX�QTWOaOaQO� ZXPiUXiPd� m[ib]UQe�iP]^aOc�[]UV[QTV`QQ
p[OUXP]a]^�

��[QXOPVXiPO�s�u5t�_PO\ZXV^[Oad�\VaadO
]b��	��c]\Q\V�ZOPObPV�Q�ZWOgVaade�WQUP],
UPQZXV[[]^�#$.L'()����PVb]XVe�s8*�6t�QTilV[Q
ZOaZQbQ[QTQP]^Vaaij� aQTU]XOW_OPVXiPaij
[jWQaOZ`Oa`Qj� bP]W]Q]\]ZOPObPRade�S]X],
mPVSQlOZUQe�Z[]O^����PVb]XO�s�t�^_OP^dO�bd[V
]baVPiqOaV�QaXOaZQ^aVR��	�*� ZOaZQbQ[QTQ,
P]^VaaVR�_P]\iUXVWQ�S]X]eQWQlOZU]c�POVU,
`QQ*� _P]XOUVjkOc� _PQ� U]WaVXade� XOW_OPV,
XiPVe����PVb]XO�s� t�QTilOaV��	��bP]WQ]\ZO,
PObPRaade�S]X]mPVSQlOZUQe� Z[]O^��]X],1�*
�]X],�� *��QUPVX,�  *��QUPVX,�  *� ^]TaQ,
UVjkVR�_PQ� ]b[ilOaQQ�\[Qaa]^][a]^dW�QT,
[ilOaQOW���]UVTVa]*�lX]�pUZ_]aQP]^VaQO�Z[],
O^�_PQ�U]WaVXade�XOW_OPVXiPVe�_PQ^]\QX�U
^]TaQUa]^OaQj� a]^]c� _][]Zd� ^]Tbiq\OaQR
�	�*�aO�Z]^_V\VjkOc�Z�_][]Z]c�_]m[]kOaQR
ZOaZQbQ[QTVX]PV�


T^OZXa]*� lX]� m[ib]UQc�S]X][QT� ^�#$@�&
W]qOX�_P]XOUVXh�Q�_PQ�aQTUQe�XOW_OPVXiPVe
s��t���P]WO�X]m]�_PQ�QTilOaQQ�^[QRaQR�^dZ],
UQe�\]T����aV�mV[]mOaQ\d�ZOPObPV�_PQ�XOW,
_OPVXiPO�qQ\U]m]�VT]XV*�aVb[j\VOXZR�iWOah,
gOaQO� ZXV`Q]aVPa]c� S]X][jWQaOZ`Oa`QQ
'wiZXV[]ZXh�[jWQaOZ`Oa`QQx)�s��*���_���]pX],
Wi�_PO\ZXV^[ROXZR�QaXOPOZadW�QTilQXh�^[Q,
RaQO�aV��	��_P]\iUX]^�aQTU]XOW_OPVXiPa],
m]�'��)�'^�]X[QlQO�]X�s�*�� t)�S]X]eQWQlOZU],
m]� _P]`OZZV� '���)�
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��aVZX]RkOc�PVb]XO�QZZ[O\]^V[Q�Z]bZX^Oa,
aij� Q� VaXQZX]UZ]^i� [jWQaOZ`Oa`Qj�WQUP],
UPQZXV[[]^�#$%&'()�'\Vaade�_]��	��#$%&'()�^
[QXOPVXiPO� aO� bd[]� aVc\Oa])*� ZOaZQbQ[QTQ,
P]^Vaaij�_P]\iUXVWQ������*�V�XVUqO�UPV,
ZQXO[OW�u�WOXQ[Oa]^dW�m][ibdW�
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�[R� QTilOaQR� [jWQaOZ`OaXade� Z^]cZX^
mV[]mOaQ\]^� ZOPObPV� XPObiOXZR� aV[QlQO� Z_O,
`QV[ha]c�V__VPVXiPd���aV�\][qaV�bdXh�^d,
Z]U]li^ZX^QXO[ha]c� Q� bdZXP]\OcZX^ijkOc�

ZZ[O\iOWdc�]bPVTO`�aO]be]\QW]�PVTWOkVXh
^� ^dZ]U]W� ^VUiiWO*� _]ZU][hUi� POlh� Q\OX� ]b
QTilOaQQ� _]^OPea]ZXQ�� �P]WO� pX]m]*� \][qaV
bdXh� ilXOaV� ^]TW]qa]ZXh� QZ_][hT]^VaQR� ^
pUZ_OPQWOaXO�aQTUQe� XOW_OPVXiP� '^_[]Xh�\]
XOW_OPVXiPd�qQ\U]m]� VT]XV)*� _PQ� U]X]Pde
ZikOZX^Oaa]� TVWO\[RjXZR�S]X]eQWQlOZUQO
_P]`OZZd�^�mV[]mOaQ\Ve�ZOPObPV*�Q�_]R^[ROX,
ZR�^]TW]qa]ZXh�QTilVXh�Qe�ZVWij�aVlV[haij
ZXV\Qj���VPR\i�Z�^dgO�_OPOlQZ[OaadWQ�XPO,
b]^VaQRWQ*� V__VPVXiPV� \][qaV� _]T^][RXh
_P]^]\QXh� QTWOPOaQR� ^�gQP]U]W� \QV_VT]aO
XOW_OPVXiP���VTPVb]XUV�U]W_[OUZa]m]�[jWQ,
aOZ`OaXa]m]� WOX]\V*� ^U[jlVjkOm]� ^� ZObR� Q
WOX]\�S]X]ZXQWi[QP]^Vaa]c�^Z_dgUQ�[jWQ,
aOZ`Oa`QQ� '�	��)*� _]T^][Q[V� _P]^OZXQ� QZ,
Z[O\]^VaQR�aVlV[ha]c�ZXV\QQ�����aV�_]^OP,
ea]ZXQ�#$@�&� Q� \PimQe� Q]aa],U]^V[OaXade
UPQZXV[[]^�

�OX]\QUV��	���_]T^][ROX�POmQZXPQP]^VXh
_][aij�^dZ^OlOaaij�Z^OX]ZiWWi�-*� _P]_]P,
`Q]aV[haij�U]a`OaXPV`QQ�p[OUXP]aade�[]^i,
gOU*�QWOjkQe�]_PO\O[Oaaij�m[ibQai�^�TV_,
POkOaa]c�T]aO*�Q�U]pSSQ`QOaX�UQaOXQUQ�I*
_P]_]P`Q]aV[hadc� pSSOUXQ^a]Wi� ZOlOaQj
_]m[]kOaQR� QZZ[O\iOWdW� `OaXP]W� ZXQWi[Q,
PijkOm]�QT[ilOaQR� σ *� Z^RTVaa]Wi�Z�PVTWO,
P]W� QZZ[O\iOW]m]� `OaXPV�� �aOPmQR� U^VaXV*
ZXQWi[QPijkOm]�pXi�^Z_dgUi*�iUVTd^VOX�aV
_][]qOaQO� paOPmOXQlOZUQe� iP]^aOc� QTilVO,
Wde�`OaXP]^�

C$�E'	"%'�&�
Q��N����&Q

TWOPOaQO� QaXOaZQ^a]ZXQ� ZXV`Q]aVPa]c

S]X][jWQaOZ`Oa`QQ�_P]^]\Q[]Zh�Z�_]W]khj
V^X]WVXQlOZU]m]� Z_OUXPV[ha]m]� U]W_[OUZV
\[R�QZZ[O\]^VaQR�Z_OUXP]^�[jWQaOZ`Oa`QQ�^
]b[VZXQ�]X�0  �\]�8� �aW�Q�Z_OUXP]^��	���Z
paOPmQRWQ� ZXQWi[R`QQ� ^Z_dgUQ� ]X�  �1� \]
�� p��� 	X]UZ]^i� [jWQaOZ`Oa`Qj� _][ilV[Q

��,^]Tbiq\OaQOW�]X�PXiXa]c�[VW_d����,�� 
'�1�� aW)�� �X]c�qO� [VW_]c� ]ZikOZX^[R[Q� Q
��,TVZ^OXUQ*�_PQ�_]W]kQ�aOcXPV[hade�Z^O,
X]SQ[hXP]^� WOaRR� QaXOaZQ^a]ZXh� QZX]laQUV
'_]X]U� Z^OXV� _PQ� TVZ^OXUVe� bd[� aV� _]PR\]U
b][hgO*�lOW�_PQ�^]Tbiq\OaQQ�[jWQaOZ`Oa`QQ)�

ZX]laQU]W�
�,QT[ilOaQR�Z[iqQ[V�[VW_V�	
,
�  �*� aV_PV^[ROWVR� aV�W]a]eP]WVX]P���,��
�aXQZX]UZ]^i�[jWQaOZ`Oa`Qj�^]Tbiq\V[Q�^
]b[VZXQ� _]m[]kOaQR� UPVZQXO[R� 'λ } 10 aW� Q
_][igQPQa]c�� �aW)�s�0t���OmQZXPV`QR�Z_OUX,
P]^�[jWQaOZ`Oa`QQ*� ^Z_dgUQ�[jWQaOZ`aOa,
`QQ�Q�Z_OUXP]^�^]Tbiq\OaQR��	��]ZikOZX^,
[R[VZh�Z�_]W]khj�\QSSPVU`Q]aa]m]�W]a]eP],
WVX]PV����,0� Q����,56*� ]e[Vq\VOW]m]� \]
XOW_OPVXiPd�y� � �	�Q�PVb]XVjkOm]�^�POqQ,
WO�ZlOXV�S]X]a]^��
ZZ[O\iOWdc�]bPVTO`�_],
WOkV[ZR�^�UPQ]ZXVXQPiOWdc�\OPqVXO[h*�PVZ,
_][VmVjkQcZR� ^� ^VUiiWa]c� UVWOPO� '� y1 WW
PX� ZX�)� Z� iZXP]cZX^]W� \[R� QTWOPOaQR� XOW_O,
PVXiPd�^�\QV_VT]aO�55u�  �I�


ZZ[O\]^V[ZR� X^OP\dc� PVZX^]P� #$%&'()*
lQZXdc�Q� ]bPVb]XVaadc� ^� PVZX^]PVe� PVTade
U]a`OaXPV`Qc*�Z]\OPqVkQe�UPVZQXO[h�'WOXQ,
[Oa]^dc� m][ib]c)���QUP]UPQZXV[[d�#$%&'()
_][ilV[Q�_PQ�]\a]ZXPica]W�Z[Q^VaQQ�s��t�̂ ]\,
ade� PVZX^]P]^�IM*�I%&� Q� VT]Xa]UQZ[]m]� ZO,
PObPV� '#$9=

�
)�� �O]be]\QWij� U]a`OaXPV`Qj

c]\V�'��W][��|�#$()�^dbQPV[Q�QZe]\R�QT�PV,
b]X� s��t�� �ZO� pXV_d� _PQm]X]^[OaQR� ]bPVT`]^
_P]QT^]\Q[QZh�^�XOWa]XO�

�\Z]Pb`Qj� UPVZQXO[R� 'UP)� _P]QT^]\Q[Q
_iXOW� ZWVlQ^VaQR� WQUP]UPQZXV[[]^� '��)
#$%&'(

� |
)� PVZX^]P]W� `QVaQa]^]m]� UPVZQXO[R

'WOXQ[Oa]^]m]� m][ib]m]n� %
�1
@

�8
9

�
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�
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pXQ[]^]W� Z_QPXO� s0t���QV_VT]a�U]a`OaXPV`Qc
WOXQ[Oa]^]m]� m][ib]m]� Z]ZXV^[R[n� � y�u� y1*
� y8*� � y� �W][h'UP)�W][h'#$%&'()�

	'#�
Q&�&��"�"B�?@���A'�"'

�� POTi[hXVXO� _P]^O\Oaade� QZZ[O\]^VaQc
bd[Q�_][ilOad�Z_OUXPd�Z]bZX^Oaa]c�'ZX]UZ],
^]c)� [jWQaOZ`Oa`QQ� X^OP\de� PVZX^]P]^
#$%&'()���VUZQWiW�_][]Z�[jWQaOZ`Oa`QQ�_PQ,
e]\QXZR�aV� ���λ } ����aW*�_][igQPQaV�u�� aW�
�[R�]bPVT`]^�Z�UPVZQXO[OW�_PQ�U]a`OaXPV`Q,
Re�� y�u� y� �W][h�W][h�QaXOaZQ^a]ZXh�_][]Z
ZX]UZ]^]c�[jWQaOZ`Oa`QQ�aO�WOaROXZR*�V�_PQ
b][hgQe�U]a`OaXPV`QRe�UPVZQXO[R� '� y�*� � y�)
iWOahgVOXZR�QaXOaZQ^a]ZXh�Z^OlOaQR�_]�ZPV^,
aOaQj�Z�[jWQaOZ`Oa`QOc�aO]bPVb]XVaade���
#$%&'()�_PQWOPa]�^���PVT�

���
���.�-��������0��	%/"���1�����1�)�!!�+��
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�][]Zd��	�� QWOjX� XO�qO� WVUZQWiW� Q
_][igQPQai*�lX]�Q�Z]bZX^OaaVR�[jWQaOZ`Oa,
`QR�#$%&'()*� a]� Z� WOahgOc� QaXOaZQ^a]ZXhj
Z^OlOaQR�� �_XQWV[ha]O� U][QlOZX^]� UPVZQXO,
[R*�_PQ�U]X]P]W�QaXOaZQ^a]ZXh��	��WVUZQWV[h,
aV�Z]]X^OXZX^iOX�U]a`OaXPV`QQ�� y��W][h�W][h�

�V[OO�_P]^]\Q[QZh�pUZ_OPQWOaXd�_]�^[Q,
RaQj�pUZ_]aQP]^VaQR���,Z^OX]W�_PQ�55�I�aV
_VPVWOXPd��	��Q��	���aO]bPVb]XVaade���
#$%&'()�Q�]bPVb]XVaade�PVT[QladWQ�U]a`Oa,
XPV`QRWQ�UPVZQXO[R�

�V� PQZ�� �� _PO\ZXV^[Oa� Z_OUXP� ^]Tbiq\O,
aQR��	��aO]UPVgOaa]m]�]bPVT`V�#$%&'()n�pU,
Z_]TQ`QR�^�� �Z�_PQ�55��aO�WOaROX�QaXOaZQ^,
a]ZXQ��	��aOTVZ^OlOaa]m]�]bPVT`V�'UPQ^dO��
Q���Z[Q^VjXZR^��TVXOW�_]Z[O�pUZ_]aQP]^VaQR
^� XOlOaQO� � � WQa� QaXOaZQ^a]ZXh��	��POTU]
^]TPVZXVOX�� �[QXO[ha]O� ]b[ilOaQO� '_]PR\UV
��l)�_PQ^]\QX�U�TaVlQXO[ha]Wi�iWOahgOaQj
QaXOaZQ^a]ZXQ��	�� 'a]� aO� \]� _OP^]aVlV[h,
a]c)��	_OUXP�^]Tbiq\OaQR��	��_P]ZXQPVOXZR
]X���1�\]��� �p�*�Om]�WVUZQWiW�PVZ_][]qOa�^
PVc]aO���6�p��

�QZia]U���u�Z_OUXP��	���pX]m]�qO�]b,
PVT`V����#$%&'()���XWOlVOXZR�aOW]a]X]aadc

P]ZX� Z^OX]ZiWWd� -� ^Z_dgUQ� Z� i^[QlOaQOW
^POWOaQ� pUZ_]TQ`QQ� ^_[]Xh� \]� �� l�� 	_OUXP
�	���PVZ_][]qOa�^�\QV_VT]aO�paOPmQc�ZXQ,
Wi[R`QQ� ^Z_dgUQ�u� ]X� �� � p�� \]� �� � p�� Z
WVUZQWiW]W�_PQ���8u��6�p��

�V^QZQW]ZXh� U]pSSQ`QOaXV� UQaOXQUQ�I
�	���]X�^POWOaQ�pUZ_]TQ`QQ�\[R�PVT[Qlade
paOPmQc�^dZ^OlQ^VjkOm]�U^VaXV�aO]\QaVU]^V�


T� _PO\ZXV^[Oaade� POTi[hXVX]^� W]qa]
Z\O[VXh� Z[O\ijkQO� ^d^]\dn� ^],_OP^de*� aV
WQUP]UPQZXV[[Ve�#$%&'()�̂ _OP^dO�]baVPiqOaV
QaXOaZQ^aVR��	��^�]b[VZXQ�1  u5  �aW*�ZOa,
ZQbQ[QTQP]^VaaVR������*�_PQlOW�pUZ_]TQ,
`QQ�_]PR\UV�� �WQa�R^[RjXZR�]_XQWV[hadWQ
\[R�TV_iZUV�WOeVaQTWV��	��'_PQ�\Vaa]W�_],
X]UO�^]Tbiq\VjkOm]��	��Z^OXV)z�^],^X]Pde*
^� \Vaa]W� ]bPVT`O����#$%&'()� _PQZiXZX^ijX
iP]^aQ�TVe^VXV�p[OUXP]a]^�Z�m[ibQaVWQ�TV[O,
mVaQR�_]\�\a]W�T]ad�_P]^]\QW]ZXQ�]X��� �\]
�� � p����PQ� pX]W� aQTU]XOW_OPVXiPadc����
aOW]a]X]aa]�i^O[QlQ^VOX�lQZ[]�Z]]X^OXZX^i,
jkQe�p[OUXP]aade�iP]^aOc�']Z]bOaa]�Z�m[i,
bQaVWQ� _]PR\UV� ��8u��6� p�*� U][QlOZX^]� U],
X]Pde�Q�^�aOTVZ^OlOaa]W�]bPVT`O�WVUZQWV[h,
a])*� V� PVTWOP� Qe� _]ZXO_Oaa]� i^O[QlQ^VOXZR

��*�� ��� 	_OUXPd��	��� aO]UPVgOaa]m]���
#$%&'()�Z�PVT[QladWQ�̂ POWOaVWQ�TVZ^OXUQ���,Z^O,
X]W�_PQ�55�In���u�aOTVZ^OlOaadc�]bPVTO`*���u
TVZ^OXUV�� �Z*���u�� �WQa*�0�u���l

��*��i���	_OUXPd�̂ ]Tbiq\OaQR��	��aO]UPVgOa,
a]m]����#$%&'()�Z�PVT[QladWQ�^POWOaVWQ�TVZ^OX,
UQ���,Z^OX]W�_PQ�55�In���u�aOTVZ^OlOaadc�]bPV,
TO`*���u�TVZ^OXUV�� �Z*���u�� �WQa*�0�u���l
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