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T^OZXa]� s�t*� lX]� ZOPaQZXVR� ZOaZQbQ[QTV,
`QR� ^� TaVlQXO[ha]c�WOPO� ^[QROX� aV� Z]]Xa],
gOaQO�_PQWOZade�Z]ZX]RaQc�^�WQUP]UPQZXV[,
[Ve�mV[]mOaQ\]^�ZOPObPV���Z]bOaa]�̂ Vqa]�_]\,
lOPUaiXh*�lX]�_PQ�pXQe�]bPVb]XUVe�TaVlQXO[h,
a]�WOaROXZR�ZXPiUXiPV��Q�lQZ[]�ZOPObPRade
`OaXP]^*� QmPVjkQe� ^Vqaij� P][h� ^�S]X]eQ,
WQlOZU]W�_P]`OZZO� ^� pXQe� UPQZXV[[Ve� s�*� �t�
�]pX]Wi�^�pX]c�PVb]XO�QZZ[O\]^V[QZh�X][hU]
pXQ�ZOPObPRadO�`OaXPd��	�pX]c�`O[hj�_P]^],
\Q[VZh� ]bPVb]XUV� WQUP]UPQZXV[[]^� e[]PQ\V
ZOPObPV� PVZX^]PVWQ*� U]X]PdO� _]T^][RjX�WO,
aRXh� U]a`OaXPV`Qj� QZZ[O\iOWde� `OaXP]^*� V
XVUqO�]b[ilOaQO�]bPVT`]^�i[hXPVSQ][OX]^dW
Z^OX]W���ZO� QZZ[O\]^VaQR� bd[Q�_P]^O\Oad� Z
QZ_][hT]^VaQOW�WOX]\V�S]X]ZXQWi[QP]^Vaa]c
^Z_dgUQ� [jWQaOZ`Oa`QQ� '�	��)*� _]T^][R,
jkOc�QTilVXh�aO�X][hU]�QTWOaOaQO�U]a`OaX,
PV`QQ�QZZ[O\iOWde�`OaXP]^*�a]�Q�Qe�pSSOU,
XQ^adO�ZOlOaQR*�lX]�_]T^][ROX�Zi\QXh�]�_P],
`OZZVe� ]brO\QaOaQR� Q[Q*� aV]b]P]X*� PVZ_V\V
ZOPObPRade�`OaXP]^�
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ZZ[O\]^VaQR�]ZikOZX^[R[QZh�aV�V^X]WV,
XQlOZU]W�Z_OUXPV[ha]W�U]W_[OUZO*�_PO\ZXV^,
[RjkOW� Z]b]c� ^dZ]U]li^ZX^QXO[hadc�S]X],
WOXP*� PVb]XVjkQc� ^� POqQWO� ZlOXV�S]X]a]^
aV� bVTO� \QSPVU`Q]aa]m]� W]a]eP]WVX]PV
���,0��
ZZ[O\iOWdc� ]bPVTO`� PVTWOkV[ZR� ^
^VUiiWa]W�]_XQlOZU]W�UPQ]ZXVXO�_PQ�\V^[O,
aQQ�� y1�WW�PX��ZX��Q�XOW_OPVXiPO�55�I�'_]\,
P]ba]O� ]_QZVaQO� Q� ZeOWV� iZXVa]^UQ� Z\O[Va]
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��PVb]XO�WOX]\]W�S]X]ZXQWi[QP]^Vaa]c�^Z_dgUQ�[jWQaOZ`Oa`QQ�'�	��)�QZZ[O\]^V,
[]Zh�^[QRaQO�i[hXPVSQ][OX]^]m]�]b[ilOaQR�_PQ�U]WaVXa]c�XOW_OPVXiPO�aV�Z^]cZX^V�V\,
Z]PbQP]^Vaade� aV� _]^OPea]ZXQ� WQUP]UPQZXV[[]^� e[]PQ\V� ZOPObPV� ZOPObPRade� `OaXP]^�
�]UVTVa]*�lX]�aV�PVaaOc�ZXV\QQ�S]X][QTV�_P]QZe]\QX�^�]Za]^a]W�]brO\QaOaQO�QWOjkQe,
ZR�aV�_]^OPea]ZXQ�ZOPObPRade�lVZXQ`���baVPiqOaV�TV^QZQW]ZXh�_P]XOUVaQR�pX]m]�_P]`OZZV
]X�aVlV[ha]m]�Z]ZX]RaQR�_]^OPea]ZXQ�

^�PVb]XO�s0t)��
ZX]laQU]W����QT[ilOaQR�Z[i,
qQ[V�[VW_V����,�� �'SQ[hXPVWQ�QT�Z_OUXPV
^d\O[R[VZh�\[QaV�^][ad� ��� 	��λ = �aW*�_[]X,
a]ZXh�_]X]UV�QT[ilOaQR�F∼�~� ���U^VaX�'ZOU ~ ZW�))�
�OaOPQP]^VaadO�^]Tbiq\VjkQW���,QT[ilO,
aQOW� p[OUXP]ad� Q� \dPUQ� _]_V\VjX� UVU� aV
`OaXPd�POU]WbQaV`QQ*�XVU�Q�aV�[]^igUQ���]Z,
[O� TVXieVaQR� wZXV`Q]aVPa]m]� Z^OlOaQRx� aV
wpXV_O�XOWa]^]m]�_P]WOqiXUVx�s0t�p[OUXP]ad
[]UV[QT]^Vad�aV�[]^igUVe*�paOPmQR�]_XQlOZ,
U]c�Q]aQTV`QQ�U]X]Pde�b][hgO�R[*�QT�U]X],
Pde�]aQ�W]miX�bdXh�]Z^]b]q\Oad�U^VaX]W�Z^O,
XV*� Z]]X^OXZX^ijkOc� paOPmQQ�� �dbP]gOaadO
^�T]ai�_P]^]\QW]ZXQ��p[OUXP]ad�W]miX�POU]W,
bQaQP]^VXh�Z�[]UV[QT]^VaadWQ�aV�`OaXPVe�Z^O,
lOaQR� \dPUVWQ*� Q� ^dTd^VXh�S]X]ZXQWi[QP],
^Vaaij�^Z_dgUi�[jWQaOZ`Oa`QQ�'�	��)*�PO,
mQZXPQPiOWij�̂ �]Za]^a]c�_][]ZO�[jWQaOZ`Oa,
`QQ�Z�� ��� ���λ = �aW���OmQZXPV`QR�TV^QZQW]ZXQ
�	���]X�^POWOaQ�_]T^][ROX�]_PO\O[QXh�TaV,
lOaQO�^dZ^OlOaa]c�Z^OX]ZiWWd�Z�\[R�\Vaa],
m]�U^VaXV�ZXQWi[QPijkOm]�QT[ilOaQR*�U]X],
PVR� _P]_]P`Q]aV[haV� lQZ[i� TVe^VlOaade
p[OUXP]a]^� aV� []^igUQ� E

 
� s�t�� �P]WO� X]m]*

]\aQW�QT�^Vqade�_VPVWOXP]^��	���R^[ROX,
ZR� U]pSSQ`QOaX� UQaOXQUQ�	� lQZ[Oaa]� PV^,
adc�]Xa]gOaQj�VW_[QXi\d��	���Z

:
�U�_][,

a]c�^dZ^OlOaa]c�Z^OX]ZiWWO�Z���\O�VW_[QXi,
\V� ^Z_dgUQ� �� ��� � �σ� *� _P]_]P`Q]aV[haV
_P]QT^O\OaQj� _[]Xa]ZXQ� _]X]UV� ZXQWi[QPi,
jkOm]� QT[ilOaQR� F

QU�
aV� pSSOUXQ^a]O� ZOlO,

aQO��[]^igUQ�U�_]m[]kOaQj�ZXQWi[QPijkO,
m]�QT[ilOaQR�σ �Q�aV�lQZ[]�TVe^VlOaade�p[OU,
XP]a]^�aV�pXQ�[]^igUQ�E

 �
s�t���]m\V�U]pSSQ,

`QOaX� UQaOXQUQ� �� � �� ��� � � � � �σ σ= = �
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_P]_]P`Q]aV[Oa� σ � Q� Z[O\]^VXO[ha]*� eVPVU,
XOPQTiOX�pSSOUXQ^adO�ZOlOaQR�QZZ[O\iOWde
[]^igOU�

�bPVT`d� _]P]gU]]bPVTa]m]� e[]PQZX]m]
ZOPObPV� _PQm]XV^[Q^V[QZh� ]bdladW�WOX]\]W
Z[Q^VaQR�PVZX^]P]^�eQWQlOZUQ�lQZX]m]�VT]X,
a]UQZ[]m]� ZOPObPV� Q� e[]PQZX]m]� aVXPQR���],
ZU][hUi�QT^OZXa]*�lX]�^�S]X]eQWQlOZU]W�_P],
`OZZO�VUXQ^a]O�ilVZXQO�_PQaQWVjX�V\Z]PbQ,
P]^VaadO�Q]ad�Q�VX]Wd�ZOPObPV�]bPVT`d�_]Z,
[O�_OP^Qlade�QZZ[O\]^VaQc�_]\^OPmV[QZh�]b,
PVb]XUVW*� QTWOaRjkQW� Qe� U]a`OaXPV`Qj�
�PO\^VPQXO[ha]� WQUP]UPQZXV[[d�#$%&� _]\,
^OPmV[QZh� ^]T\OcZX^Qj�  *� |� PVZX^]PV�@%&*
lX]�\][qa]�bd[]�ZaQqVXh�U]a`OaXPV`Qj�V\,
Z]PbQP]^Vaade�Q]a]^�ZOPObPV�s�t����\V[haOc,
gOW� ]aQ� ]bPVbVXd^V[QZh� PVZX^]PVWQ�#$9=

�

Z�U]a`OaXPV`QRWQ�� y8u� y��W][h�[*�lX]�_],
T^][R[]� Z]T\VXh� QZUiZZX^Oaa]� aV� _]^OPea]Z,
XQ�#$%&�aOU]X]P]O�U][QlOZX^]�V\Z]PbQP]^Va,
ade�Q]a]^�#$��Q�WV[]VX]Wade��U[VZXOP]^�ZO,
PObPV� VX]Wa],W][OUi[RPa]c� \QZ_OPZa]ZXQ�
�VXOW� ^ZO� pXQ� ]bPVT`d� pUZ_]aQP]^V[QZh� \],
TQP]^VaadW� U][QlOZX^]W� i[hXPVSQ][OX]^]m]
QT[ilOaQR�Q�^a]^h�QZZ[O\]^V[QZh�

�UZ_]aQP]^VaQO�]bPVT`]^�]ZikOZX^[R[]Zh
XOW�qO� QZX]laQU]W� Z^OXV*� U]X]Pdc� ^dTd^V[
mOaOPV`Qj�Z^]b]\ade�a]ZQXO[Oc�TVPR\V���]TV
]b[ilOaQR� ]_PO\O[R[VZh� \[QXO[ha]ZXhj� aO,
_POPd^a]m]�]b[ilOaQR�Z^OX]W�[VW_d���VZ^OX,
UV�_P]^]\Q[VZh�_PQ�U]WaVXa]c�XOW_OPVXiPO*
\[R� lOm]� ]bPVTO`� ]X]mPO^V[ZR*� V� TVXOW*� \[R
_P]^O\OaQR� QTWOPOaQc� Za]^V� ]e[Vq\V[ZR� \]
XOW_OPVXiPd�qQ\U]m]� VT]XV�

	'#�
Q&�&��"�"B�?@���A'�"'

�V�PQZ�� �V�_PO\ZXV^[Oad�Z_OUXPd�ZXQWi,
[R`QQ� ^Z_dgUQ� [jWQaOZ`Oa`QQ� ]bPVT`]^*
aO]bPVb]XVaade� Q� ]bPVb]XVaade� PVZX^]PVWQ
Z][Ra]c�UQZ[]Xd�Q�VT]Xa]UQZ[]m]�ZOPObPV���]
]ZQ� ]P\QaVX� ]X[]qOaV� ^O[QlQaV� Z^OX]ZiWWd
�	�����]ZU][hUi�^�[jWQaOZ`OaXade�QZZ[O,
\]^VaQRe� b][hgij� P][h� QmPVjX� `OaXPd� bO,
TdT[ilVXO[ha]m]� _OPOe]\V*� U]X]PdO� W]miX
]bPVT]^d^VXhZR�_PQ�PVT[Qlade��^Q\Ve�]bPV,
b]XUQ�Q�pUZ_]aQP]^VaQQ�]bPVT`]^*�QaXOaZQ^,
a]ZXh�̂ Z_dgUQ�[jWQaOZ`Oa`QQ�a]PWQP]^V[VZh
aV�Z]]X^OXZX^ijkOO�TaVlOaQO�QaXOaZQ^a]ZXQ
ZXV`Q]aVPa]c� [jWQaOZ`Oa`QQ�� �Q\a]*� lX]
TV^QZQW]ZXQ�Z'@)�W]a]X]aa]�^]TPVZXVjX�Z�P],
ZX]W� paOPmQQ� U^VaXV� Z^OXV�� �]^O\OaQO� UPQ,
^de�'PQZ���V)�iUVTd^VOX�aV�X]*�lX]�]bPVb]XUV
PVZX^]P]W�Z][Ra]c�UQZ[]Xd�_PQ^]\QX�U�i^O[Q,
lOaQj�QaXOaZQ^a]ZXQ��Z^OX]ZiWWd*�^�\QV_VT],
aO� *1u�*5�p��'UPQ^VR��)����]b[VZXQ�paOPmQc��*8u
�* � p�� TVWOXa]m]� QTWOaOaQR� aO� aVb[j\VOXZR�
�]Z[O\ijkVR�]bPVb]XUV�PVZX^]P]W�VT]Xa]UQZ,
[]m]� ZOPObPV�U]a`OaXPV`QOc�� y8�W][h�[*� ^]Z,
ZXVaV^[Q^VOX� _OP^]aVlV[hadO� TaVlOaQR� Z^O,
X]ZiWWd�^�\QV_VT]aO� *1u�*1�p��Q��iWOahgV,
OX�^�]b[VZXQ��*8u�* �p��'UPQ^VR��)���PQ�i^O,
[QlOaQQ�U]a`OaXPV`QQ�PVZX^]PV�#$9=

�
�'UPQ,

^VR�0)�_P]QZe]\QX�i^O[QlOaQO�QaXOaZQ^a]ZXQ
Z^OX]ZiWWd��^ZOW�\QV_VT]aO�paOPmQc�]Xa]ZQ,
XO[ha]�UPQ^]c���

�VUQO�QTWOaOaQR�^�Z_OUXPVe��	���Z^RTV,
ad�Z�QTWOaOaQRWQ�U]a`OaXPV`Qc�[]^igOU�PVT,
[Qla]c�m[ibQad�_]\�̂ [QRaQOW�]bPVb]X]U���]q,
a]� _PO\_][]qQXh*� lX]� QTbdX]U� e[]PV� Z]T\V,

��*��i��	_OUXP�S]X]ZXQWi[QP]^Vaa]c�^Z_dgUQ�[jWQaOZ`Oa`QQ� 'V)*�Q�TV^QZQW]ZXh�U]pSSQ`QOaXV
UQaOXQUQ�]X�paOPmQQ�U^VaX]^�ZXQWi[QPijkOm]�QT[ilOaQR�'b)n���u�aQlOW�aO�]bPVb]XVaa]m]�#$%&z���u
#$%&*�]bPVb]XVaa]m]�@%&z���u�]bPVb]XVaa]m]�_]Z[O\]^VXO[ha]�@%&�Q�#$9=

��
U]a`OaXPV`QOc�� y8�W][h�[z

0�u�� y��W][h�[

$"-�!���!!�*�&� ��"�"!�#�* "+���� ��%�{"!�#�!�!�+%�M�"����!����!!",�*������.���%����TUnN
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OX� Wa]m]� p[OUXP]aade� []^igOU� Z� m[ibQa]c
 *1u�*5�p����P]WO�X]m]*�aV�PQZ���b*�^Q\a]�lX]
aVQb][hgQWQ�pSSOUXQ^adWQ�ZOlOaQRWQ�_PQ
pX]W�]b[V\VjX�[]^igUQ�Z��}�*��p��'UPQ^VR �)�
�PQ�V\Z]Pb`QQ�WV[]m]�U][QlOZX^V�ZOPObPV�aV,
b[j\VOXZR�pSSOUX�ZVW]]lQkOaQR�_]^OPea]Z,
XQ*�XVU�UVU�_PQ�pX]W�iWOahgVjXZR�UVU�U]a,
`OaXPV`QQ�XVU�Q�pSSOUXQ^adO�ZOlOaQR�p[OU,
XP]aade�[]^igOU�^]�^ZOW�\QV_VT]aO�paOPmQQ�
�PQ�i^O[QlOaQQ�Z]\OPqVaQR�ZOPObPV�^�]bPV,
bVXd^VOW]W�PVZX^]PO�aV�XPQ�_]PR\UV�_P]QZ,
e]\QX� _]R^[OaQO� a]^de� `OaXP]^� 'UPQ^VR 0*
PQZ� �V)*� pSSOUXQ^adO� ZOlOaQR�U]X]Pde�TaV,
lQXO[ha]� i^O[QlQ^VjXZR� ^]� ^ZOW� \QV_VT]aO
paOPmQc�'UPQ^VR�0*�PQZ���b)���X]��W]qa]�]brRZ,
aQXh�XOW*�lX]�_PQ�]bPVb]XUO�PVZX^]P]W��#$9=

�

U]a`OaXPV`QOc�� y��W][h�[�_P]QZe]\QX�V\Z]P,
b`QR� aV� _]^OPea]ZXh� ZOPObPRade� U[VZXOP]^
PVT[Qla]c�ZXO_OaQ�\QZ_OPZa]ZXQ�

	_OUXPd�S]X]ZXQWi[QP]^Vaa]c� ^Z_dgUQ
\[R� pUZ_]aQP]^Vaade� ]bPVT`]^� ^� Z[ilVRe*

U]m\V� ]bPVTO`� _]\^OPmV[ZR� _PO\^VPQXO[ha]c
]bPVb]XUO*� ^O\iX� ZObR� _PVUXQlOZUQ� ]\QaVU],
^]��	aVlV[V�_PQ�WV[de�\]TVe�]b[ilOaQR�_P],
QZe]\QX�iWOahgOaQO�Z^OX]ZiWWd���]�^�TV^Q,
ZQW]ZXQ�]X�_PO\^VPQXO[ha]c�]bPVb]XUQ�]bPVT,
`V*� _P]R^[ROXZR� ^� Z_OUXPO� pX]� _],PVTa]Wi�
�VU*� ^� Z[ilVO� ]bPVT`V*� ]bPVb]XVaa]m]� Z][Ra]c
UQZ[]X]c*� _OP^]aVlV[ha]O�iWOahgOaQO�QaXOa,
ZQ^a]ZXQ�_P]QZe]\QX�̂ �]b[VZXQ��*�u�* p��'UPQ,
^VR� �*� PQZ�� �V)�� ��PQ� \V[haOcgOc� ]bPVb]XUO
#$9=

�
�WV[]c�U]a`OaXPV`QOc�'� y8W][h�[)*�pX]

iWOahgOaQO� aVb[j\VOXZR� ^]� ^ZOW� \QV_VT]aO
paOPmQc�'UPQ^VR��*�PQZ���V)*�V�_PQ�i^O[QlOaQQ
U]a`OaXPV`QQ�'\]�� y��W][h�[)�TVWOXad�iWOah,
gOaQO�̂ �]b[VZXQ��*8u�* �p��'UPQ^VR��*�PQZ� 0V)�
�SSOUXQ^adO� ZOlOaQR� ]bPVTijkQeZR� `OaX,
P]^�\[R�^ZOe�_OPOlQZ[Oaade�]bPVT`]^�PVZXiX
^�]b[VZXQ��*�u�* �p��Q�^]�^ZOe�Z[ilVRe�aVQ,
b][hgQO� ZOlOaQR� QWOjX� `OaXPd� Z��∼�*1� p�
'UPQ^dO� �*� PQZ�� �*� �*� 0b)�� �VU� UVU� aV� S]aO
iWOahgOaQR�U]a`OaXPV`QQ�m[ib]UQe�[]^igOU*

��*��g���V^QZQW]ZXQ�Z^OX]ZiWWd�'V)*�Q�U]pSSQ`QOaXV�UQaOXQUQ�]X�paOPmQQ�U^VaX]^�ZXQWi[QPijkO,
m]�QT[ilOaQR� 'b)� ]X� ^POWOaQ�]b[ilOaQR���,Z^OX]W����#$%&*� ]bPVb]XVaa]m]�_]Z[O\]^VXO[ha]�@%&�Q
PVZX^]P]W�#$9=

�
�U]a`OaXPV`QQ�� y8�W][h�[n���u�aO�TVZ^OlOaadc�]bPVTO`*���u���Zz���u�1 �Zz�0 u��� Z

��*�����V^QZQW]ZXQ�Z^OX]ZiWWd�'V)*�Q�U]pSSQ`QOaXV�UQaOXQUQ�]X�paOPmQQ�U^VaX]^�ZXQWi[QPijkO,
m]�QT[ilOaQR�'b)�]X�^POWOaQ�]b[ilOaQR���,Z^OX]W����#$%&*�]bPVb]XVaa]m]�@%&n���u�aO�TVZ^OlOaadc
]bPVTO`*���u���Zz���u�1 �Zz�0 u��� �Z

���4����&#!�!�
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U]X]PdW�Z]]X^OXZX^ijX�V\Z]PbQP]^VaadO�lV,
ZXQ`d�ZOPObPV�VX]Wa]c�\QZ_OPZa]ZXQ*�_P]QZ,
e]\QX� P]ZX� pSSOUXQ^ade� ZOlOaQc� `OaXP]^� Z
WOahgOc�paOPmQOc�]_XQlOZU]c�Q]aQTV`QQ*� X]
W]qa]� _PO\_][VmVXh*� lX]� ^� aVlV[ha]c� ZXV,
\QQ�S]X][QTV� Q\OX� ]brO\QaOaQO� WO[UQe� ZO,
PObPRade�lVZXQ`�^�b][OO�UPi_adO���]a`OaX,
PV`QR�U]X]Pde*�PVZXOX�WO\[OaaOc*�lOW�iWOah,
gOaQO�U]a`OaXPV`QQ�]X\O[hade�WO[UQe�lVZ,
XQ`�

�VXOW� _PQ� \V[haOcgOW� i^O[QlOaQQ� \]Td
]b[ilOaQR�^���PVTV�'\]�� �Z)�aVb[j\VOXZR�i^O,
[QlOaQO�QaXOaZQ^a]ZXQ� Z^OX]ZiWWd�^� ]b[VZ,
XQ��*8u�* �p��'UPQ^dO��*�PQZ���*��*�0V)�Q�_P],
\][qVjkQcZR� P]ZX� � pSSOUXQ^ade� ZOlOaQc
'UPQ^dO��*�PQZ���*��*�0b)�^�]b[VZXQ��*�u�* p��
�Q\QW]�aV�_]^OPea]ZXQ�WQUP]UPQZXV[[]^�_],
R^[RjXZR� a]^dO� lVZXQ`d� ZOPObPV� VX]Wa]c
\QZ_OPZa]ZXQ*� Q� _P]\][qVOXZR� ]brO\QaOaQO

QWOjkQeZR�Q�^a]^h� ]bPVT]^d^VjkQeZR�lVZ,
XQ`� ^� b][OO� UPi_adO� U[VZXOPd�� �PQ� b][OO
\[QXO[ha]c� TVZ^OXUO� ]bPVT`]^� � aVb[j\VOXZR
TaVlQXO[ha]O� iUPi_aOaQO� lVZXQ`*� XVU� UVU
PVZXiX� pSSOUXQ^adO� ZOlOaQR� 'UPQ^dO 0*
PQZ� �*��*�0b)*�a]�_PQ�pX]W�P]ZX�U]a`OaXPV`QQ
Qe�aOTaVlQXO[Oa�'UPQ^dO�0*�PQZ���*��*�0V)���X]
m]^]PQX� ]� X]W*� lX]� ]bPVTijkQOZR� � UPi_adO
lVZXQ`d�W]miX�QmPVXh�P][h�`OaXP]^�bOTdT[i,
lVXO[ha]c� POU]WbQaV`QQ�

�� Z[ilVO*� U]m\V� ]bPVTO`�aO� bd[�_]\^OPm,
aiX� ]bPVb]XUO*� QTWOaOaQR� Z_OUXPV�S]X]ZXQ,
Wi[QP]^Vaa]c� ^Z_dgUQ� _]\� ^[QRaQOW
��,]b[ilOaQR�a]ZQ[Q�\Pim]c�eVPVUXOP��	aV,
lV[V�_PQ�WV[]c�\]TO�]b[ilOaQR�aVb[j\VOXZR
i^O[QlOaQO�Z^OX]ZiWWd�^�]b[VZXQ��*0u�* p�
'UPQ^VR� �*� PQZ�� �V)*� _PQ� pX]W� U]pSSQ`QOaX
UQaOXQUQ� XVUqO� i^O[QlQ^VOXZR� ^� pX]W� \QV,
_VT]aO�'UPQ^VR��*�PQZ���V)���X]�m]^]PQX�]�_],

��*��w����V^QZQW]ZXQ�Z^OX]ZiWWd�'V)*�Q�U]pSSQ`QOaXV�UQaOXQUQ�]X�paOPmQQ�U^VaX]^�ZXQWi[QPijkO,
m]�QT[ilOaQR� 'b)� ]X� ^POWOaQ�]b[ilOaQR���,Z^OX]W����#$%&*� ]bPVb]XVaa]m]�_]Z[O\]^VXO[ha]�@%&�Q
PVZX^]P]W�#$9=

�
��U]a`OaXPV`QQ�� y��W][h�[n���u�aO�TVZ^OlOaadc�]bPVTO`*���u���Zz���u�1 �Zz�0 u��� Z

��*��f����V^QZQW]ZXQ�Z^OX]ZiWWd�'V)*�Q�U]pSSQ`QOaXV�UQaOXQUQ�]X�paOPmQQ�U^VaX]^�ZXQWi[QPijkO,
m]�QT[ilOaQR�'b)�]X�^POWOaQ�]b[ilOaQR���,Z^OX]W����#$%&n���u�aO�TVZ^OlOaadc�]bPVTO`*���u���Zz
� u�1 �Zz�0�u��� �Z
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R^[OaQQ�a]^de�ZOPObPRade�lVZXQ`�aV�_]^OPe,
a]ZXQ���PQ�i^O[QlOaQQ�^POWOaQ�]b[ilOaQR�\]
� Z*� TVWOXOa� Z_V\� QaXOaZQ^a]ZXQ� ^dZ^OlOa,
a]c�Z^OX]ZiWWd�^�iUVTVaa]W�^dgO�\QV_VT],
aO� 'UPQ^VR� �*� PQZ�� �V)*� UP]WO� X]m]*� pSSOU,
XQ^adO�ZOlOaQR�̀ OaXP]^�QWOjkQe�paOPmQj�]_,
XQlOZU]c� Q]aQTV`QQ� ^� ]b[VZXQ� �*1u�* p�
iWOahgVjXZR*�V�^�]b[VZXQ��*�u�*1�p��u�i^O,
[QlQ^VjXZR�'UPQ^VR��*�PQZ���b)���\OZh�aVb[j,
\VOXZR*� _],^Q\QW]Wi*� _P]`OZZ� ]brO\QaOaQR
ZOPObPRade�lVZXQ`�^�WV[]VX]WadO�U]W_[OU,
Zd��
�\V[haOcgVR�TVZ^OXUV*�UVU�Q�^�]_QZVa,
ade�^dgO�Z[ilVRe*�XVUqO�_PQ^]\QX�U�P]ZXi
lQZ[V�Q�PVTWOP]^�QZZ[O\iOWde�`OaXP]^�'UPQ,
^dO�0*�PQZ���)�

�VUQW�]bPVT]W*�W]qa]�_PO\_][]qQXh*�lX]
]brO\QaOaQO�QWOjkQeZR�lVZXQ`�ZOPObPV�_]\
\OcZX^QOW� ��,Z^OXV� ^]TW]qa]� X][hU]� _PQ
]_PO\O[Oaa]c� U]a`OaXPV`QQ� pXQe� lVZXQ`�� �

Z[ilVO�aO]bPVb]XVaa]m]�]bPVT`V�_OP^]aVlV[h,
a]� pXQe�`OaXP]^� bd[]�aO\]ZXVX]la]*� Q� X][h,
U]�_]Z[O�_]R^[OaQR�_]\�\OcZX^QOW���,Z^OXV
a]^]m]� lQZ[V� `OaXP]^� ZXV[]� ^]TW]qa]� Qe
\V[haOcgOO� iUPi_aOaQO�
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