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bVPhOPV�4]XXUQ�^�WOXV[[�

�VU� aOXPi\a]� ibO\QXhZR*� ]bPVkVRZh� U
^dPVqOaQRW�'�)�Q� '�)*�_PQ� �.	 ������� !≤ ≤
pUZXPV_][R`QR� Zm[VqQ^VjkOc� _PRW]c� &�F'm)
\]�_OPOZOlOaQR�Z�]Zhj�]P\QaVX�'m }  )�_]T^],
[ROX�]_PO\O[QXh�^O[QlQai�&�F

Z
*�V�lOPOT�aOO u

W]\O[hadc�X]U�aVZdkOaQR�\Q]\V�F
Z
�Q�PV^a],

^OZaij�^dZ]Xi�bVPhOPV�4]XXUQ� ���+ ϕ �^�U]a,
XVUXO�D���y-{*� Z]ZXV^Q^gQO� Z]]X^OXZX^Oa,
a]�'0*0�� *�6)~� y5��Q�' *11�� * ��)�p����XWO,
XQW*�lX]� �_][ilOaaVR�aVWQ�PV^a]^OZaVR�^d,
Z]XV�bVPhOPV�e]P]g]�Z]m[VZiOXZR�Z�OO�TaVlO,
aQOW*�]_PO\O[OaadW�V^X]PVWQ�PVb]Xd�s6t�\[R
XVU]m]�qO�U]aXVUXV���PQ�U]a`OaXPV`QQ�p[OU,
XP]a]^�^�bVTO�\Q]\V�E

E 
} '0*00� * 0)~� ���ZWy�

s�t� bd[V� aVc\OaV� m[ibQaV� TV[OmVaQR� iP]^aR
�OPWQ� ^� bVTO� �ζ *� lX]� Z� QZ_][hT]^VaQOW� '�)
_]T^][Q[]� ]_PO\O[QXh� ^ZXP]Oaadc� _]XOa`Q,
V[�U]aXVUXV�G

P
}' *001� � ��)���


T�PQZ���b�aOXPi\a]�^Q\OXh*�lX]�_PQ�^aO,
gaQe�aV_PRqOaQRe�aV�\Q]\O*�_PO^dgVjkQe

��*��i���PRWVR�̂ OX^h�̂ ][hX,VW_OPa]c�eVPVUXOPQZXQUQ�\Q]\V�̂ �[QaOca]W�'V)�Q�_][i[]mVPQSWQlOZU]W
'b)�WVZgXVbVe

������4���!��
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 *�8 �*� aVPVZXVaQO� _PRW]m]� X]UV� _P]QZe]\QX
WO\[OaaOO*� lOW� _]� pUZ_]aOa`QV[ha]Wi� TVU],
ai*� ^_[]Xh� \]�m} *��*� aVlQaVR� Z� U]X]P]m]
���� \Q]\V� [QaOVPQTiOXZR�� �ZXOZX^Oaa]� _],
[VmVXh*� lX]� ^� QaXOP^V[O� _PRWde� ZWOkOaQc
]X� *�8�\]� *���XVU]O�_]^O\OaQO�_PRW]m]�X]UV
]brRZaROXZR� iWOahgOaQOW� Z]_P]XQ^[OaQR
���*� U]X]P]O� _PQb[QqVOXZR� _]� ^O[QlQaO� U
Z]_P]XQ^[OaQj� bVTd�� �VU� Z[O\ZX^QO� pX]m]*
ZXVa]^RXZR� Z]QTWOPQWdWQ� _VP`QV[hadO� _V,
\OaQR�aV_PRqOaQR�aV�bVPhOPa]W�Z[]O�G�Q�bVTO
G

b
*�lX]�_PQ^]\QX�U�TVWOXa]Wi�_OPOPVZ_PO\O,

[OaQj�^aOgaOm]�aV_PRqOaQR�WOq\i�U]aXVU,
X]W�Q�bVT]c�]XUPd^VjkOm]ZR�\Q]\V�

�[R�QTilOaQR�pX]m]�pSSOUXV�_]�pUZ_OPQ,
WOaXV[ha]�]_PO\O[Oaa]c�^O[QlQaO�Z]_P]XQ^,
[OaQR� bVTd� \[R� UVq\]c� _VPd� QTWOPOaade
TaVlOaQc�F�Q�m�bd[Q�^dlQZ[Oad�_V\OaQR�aV,
_PRqOaQR� aV� bVTO�G

b
} F'm)\

b
� Q� aO[QaOca]W

U]aXVUXO�G}my F'm)\
b
*� _]T^][Q^gQO� _][i,

lQXh�TV^QZQW]ZXQ�G'm)�Q�G
b
'm)*�eVPVUXOPQTi,

jkQO� R^[OaQO� _OPOPVZ_PO\O[OaQR� aV_PRqO,
aQR�^�]XUPd^VjkOWZR�\Q]\O�Q�_PO\ZXV^[Oa,
adO�aV�PQZ����UPQ^dWQ���Q���Z]]X^OXZX^Oaa]�

�V� pUZ_]aOa`QV[ha]W� ilVZXUO� ���*� X�O�
_PQ� �.����! ≤ *�aV_PRqOaQO�G�aV�bVPhOPa]W
Z[]O� U]aXVUXV� Z� i^O[QlOaQOW� _PRW]m]� ZWO,
kOaQR�[QaOca]�^]TPVZXVOX*�X]m\V�UVU�aV_PR,
qOaQO� aV� bVTO�G

b
� ]ZXVOXZR� _POaObPOqQW]

WV[dW�^�ZPV^aOaQQ�UVU�Z�m*�XVU�Q�Z�G���OmPOZ,
ZQ]aadc�VaV[QT�TV^QZQW]ZXQ�G'm)�^�PVZZWVX,
PQ^VOW]W�\QV_VT]aO�_PRWde�ZWOkOaQc�_]UV,
TV[*�lX]�]aV�]_QZd^VOXZR�_PRW]c*�QZe]\RkOc
QT� aVlV[V� U]]P\QaVX*� Z� im[]^dW� U]pSSQ`Q,
OaX]W*�PV^adW��*  �� *  ����V[]ZXh�ZPO\aO,

U^V\PVXQla]c� _]mPOga]ZXQ� _]T^][ROX� Z� \]Z,
XVX]la]c� X]la]ZXhj� _][VmVXh*� lX]� _PQ

�.����! ≤ � ^ZO� ^aOgaOO� aV_PRqOaQO� _PQ[],
qOa]�U�aO[QaOca]Wi�U]aXVUXi�\Q]\V*�V�_V\O,
aQO� aV_PRqOaQR� aV� bVTO� G

b
*� Z]T\V^VOW]O

_PRWdW� X]U]W*� QZlOTVjkO�WV[]�
�]Z[O\ijkOO�i^O[QlOaQO�_PRW]m]�ZWOkO,

aQR� aV� \Q]\O� Z]_P]^]q\VOXZR� Zib[QaOcadW
aVPVZXVaQOW�aV_PRqOaQR�F�aV����*�aV�lX]
iUVTd^VOX� _]R^[OaQO� PVT[QlQR� WOq\i� UPQ,
^]c� �� Q� _P]\][qOaQOW� aVlV[ha]m]� ilVZXUV
TV^QZQW]ZXQ�G'm)����X]�qO�^POWR�aVb[j\VOX,
ZR� TVWOXa]O� i^O[QlOaQO� _V\OaQR� aV_PRqO,
aQR�G

b
� aV� bVTO� \Q]\V� 'UPQ^VR� �)�� �PQ� pX]W

UPiXQTaV� pX]c� UPQ^]c� aO[QaOca]� ^]TPVZXVOX
Z� P]ZX]W� ^aOgaOm]� aV_PRqOaQR*� X]m\V� UVU
UPiXQTaV�UPQ^]c���aO[QaOca]�ibd^VOX���VU]O
_]^O\OaQO� _VP`QV[hade� aV_PRqOaQc�G� Q�G

b

aVb[j\VOXZR� \]� XOe� _]P*� _]UV� ^aOgaOO� aV,
_PRqOaQO� aO� \]ZXQmaOX� ^O[QlQad�  *�� �*� Z],
]X^OXZX^ijkOc�_][a]Wi�]XUPd^VaQj�\Q]\V��
T
ZUVTVaa]m]� Z[O\iOX*� lX]� pSSOUX� _OPOPVZ_,
PO\O[OaQR� ^aOgaOm]� aV_PRqOaQR� ^� QZZ[O\i,
OW]W�\Q]\O�QWOOX�WOZX]�^�\QV_VT]aO�_PRWde
ZWOkOaQc�]X� *�8�\]� *����

�]m\V� ^aOgaOO� aV_PRqOaQO� _PO^dgVOX
 *� �*� _]^O\OaQO� TV^QZQW]ZXOc�G'm)� Q�G

b
'm)

ZXVa]^QXZR�_PQa`Q_QV[ha]�PVT[QladW���VU�̂ Q\,
a]� QT� PQZ�� �*� aV_PRqOaQO� aV� U]aXVUXO� 'UPQ,
^VR �)� Z�P]ZX]W� ZWOkOaQR�_PVUXQlOZUQ�aO�QT,
WOaROXZR*�X]m\V�UVU��aV_PRqOaQO�aV�bVTO�'UPQ,
^VR��)�_P]\][qVOX�^]TPVZXVXh���ZXVa]^[Oa]*�lX]
\[R�_][a]ZXhj�]XUPdX]m]�\Q]\V�':� *� �)�_V,
\OaQO� aV_PRqOaQR� aV� bVPhOPa]W� Z[]O� ]ZXV,
OXZR�aOQTWOaadW�Q�PV^adW�' *�8 � *  5) �*�X�O�

��*������V^QZQW]ZXQ�_V\OaQc�aV_PRqOaQR�aV�U]aXVUXO�'�)�Q�bVTO�'�)�\Q]\V�]X�_PRW]m]�ZWOkOaQR

4"�"��* �"�"%"!�"�!� �#k"!�#�����+����/{"-*#�����"�*����&"��-�z���+�
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_]�^O[QlQaO�Z]^_V\VOX�Z�aV_PRqOaQOW�_[]Z,
UQe�T]a�G

o9
�U]aXVUXV*�_][ilOaadW�pUZXPV_],

[R`QOc�[QaOca]m]�ilVZXUV�������XZj\V�Z[O,
\iOX*� lX]� _][a]ZXhj� ]XUPdX]Wi� Z]ZX]RaQj
\Q]\V�Z]]X^OXZX^iOX�ai[O^]c�QTmQb�T]a�aV�mPV,
aQ`O� PVT\O[V� WOXV[[u_][i_P]^]\aQU*� Q
p[OUXP]ad�QT�T]ad�_P]^]\QW]ZXQ�_][i_P]^]\,
aQUV�bOZ_PO_RXZX^Oaa]�pWQXQPijXZR�̂ �WOXV[[�

�VU�iqO�]XWOlV[]Zh*� _PQ�m� *����_V\O,
aQO� aV_PRqOaQR� aV� bVTO�G

b
� W]a]X]aa]� PVZ,

XOX�Z�P]ZX]W�^aOgaOm]�aV_PRqOaQR�aV�\Q]\O�
�OmPOZZQ]aadc� VaV[QT� TV^QZQW]ZXQ�G

b
'm)� ^

QaXOP^V[O� ZWOkOaQc� ]X�  *�� \]� �� �� _]UVTV[*
lX]�T\OZh�]aV�e]P]g]�]_QZd^VOXZR�_PRW]c�Z
im[]^dW� U]pSSQ`QOaX]W*� PV^adW� O\QaQ`O*
X�O��[jb]O�_PQPVkOaQO�^aOgaOm]�aV_PRqOaQR
Z]T\VOX�PV^a]O�OWi�_PQPVkOaQO�aV_PRqOaQR
aV� bVTO�� �UZXPV_][R`QR� Zm[VqQ^VjkOc� _PR,
W]c� \]� _OPOZOlOaQR� Z� ]Zhj� ^aOgaQe� aV_PR,
qOaQc�'_iaUXQPa]O�_P]\][qOaQO�UPQ^]c���aV
PQZ� �)� \VOX� ^O[QlQai� aV_PRqOaQR*� PV^aij
' *�8�� *  �)� �*� Z]^_V\Vjkij�Z�aV_PRqOaQ,
OW�_[]ZUQe�T]a�U]aXVUXV��	�X]lUQ�TPOaQR�XO],
PQQ�aO[QaOcade�\^ie_][jZaQU]^�s5t�_][a]ZXhj
]XUPdXdc�\Q]\�W]qa]�_PO\ZXV^QXh�pU^Q^V[Oa,
XadW�\^ie_][jZaQU]W*�]bPVT]^VaadW�_]Z[O,
\]^VXO[ha]�Z]O\QaOaadWQ�QZX]laQU]W�p�\�Z��G

o9

Q�_]ZX]RaadW�Z]_P]XQ^[OaQOW�\
b
���XZj\V�ZXV,

a]^QXZR�RZa]c�SQTQlOZUVR�_PQP]\V�[QaOVPQ,
TV`QQ�����_][a]ZXhj�]XUPdX]m]�\Q]\V�

�OTjWQPiR� ZUVTVaa]O*� W]qa]� TVU[jlQXh*
lX]� ]XUPd^VaQO� \Q]\V� Z� bVPhOP]W�4]XXUQ
_PRWdW�ZWOkOaQOW�Z]_P]^]q\VOXZR�_OPOPVZ,
_PO\O[OaQOW� ^aOgaOm]� aV_PRqOaQR� WOq\i
aO[QaOcadW� U]aXVUX]W� Q� bVT]c� \Q]\V�� �[R
QZZ[O\iOWde�\Q]\]^�_PQ�_PRWde�ZWOkOaQRe*
aO�_PO^dgVjkQe� *�8��*�^aOgaOO�aV_PRqO,
aQO�_PVUXQlOZUQ�_][a]ZXhj�_PQ[]qOa]�U�bV,
PhOPa]Wi�Z[]j�����D���y-{*�V�_V\OaQO�aV,
_PRqOaQR� aV� bVTO� W]qa]� ZlQXVXh� PV^adW
ai[j�� �PimQWQ� Z[]^VWQ*� pX]� ]TaVlVOX*� lX]
aV� pUZ_]aOa`QV[ha]W� ilVZXUO� ���� \Q]\V
pSSOUX� _OPOPVZ_PO\O[OaQR� aV_PRqOaQR� ^
\Q]\O�]XZiXZX^iOX*�Q�Om]�����W]qa]�]_QZd,
^VXh� ^dPVqOaQOW� '�)�� �VU� iZXVa]^[Oa]*� pS,
SOUXQ^a]O�_OPOPVZ_PO\O[OaQO�aV_PRqOaQR�^
]XUPd^VjkOWZR�\Q]\O�aVb[j\VOXZR�_PQ�_PR,
Wde�ZWOkOaQRe�]X� *�8�\]� *����Q�]biZ[]^[O,
a]� ZikOZX^OaadW� ZaQqOaQOW� Z]_P]XQ^[OaQR
���� \]� ^O[QlQad*� Z]QTWOPQW]c� Q[Q� \VqO
WOahgOc� Z]_P]XQ^[OaQR� bVTd���]m\V� ZWOkO,
aQO� aV� \Q]\O� \]ZXQmVOX�  *�� �� Q� _P]QZe]\QX

Om]� _][a]O� ]XUPd^VaQO*� _OPOPVZ_PO\O[OaQO
aV_PRqOaQR�WOq\i�U]aXVUX]W�Q�bVT]c�_PQb],
PV� _POUPVkVOXZR*� V� \V[haOcgOO� i^O[QlOaQO
^aOgaOm]� aV_PRqOaQR� Z]_P]^]q\VOXZR� _P],
_]P`Q]aV[hadW�P]ZX]W�_V\OaQR�aV_PRqOaQR
aV� bVTO� _PQ� aOQTWOaa]W� _V\OaQQ� aV_PRqO,
aQR�aV�U]aXVUXO�

	]m[VZa]� ]bkO_PQaRXdW� _PO\ZXV^[OaQRW
]�_]^O\OaQQ�bVPhOPV�4]XXUQ�_PQ�_PRW]W�ZWO,
kOaQQ� s�u0*� 8t*� aV_PRqOaQO� _[]ZUQe� T]a
U]aXVUXV�\][qa]�bdXh�PV^a]�VbZ][jXa]c�^O,
[QlQaO� Om]� ^ZXP]Oaa]m]� _]XOa`QV[V�� �\aVU]*
UVU�_]UVTd^VjX�_][ilOaadO�POTi[hXVXd*�aV,
_PRqOaQO�_[]ZUQe�T]a*�_][ilOaa]O�\[R�_][,
a]ZXhj� ]XUPdX]m]� \Q]\V*� aV�  * 11�� '≈�*1G

[
)

WOahgO� ^O[QlQad� ^ZXP]Oaa]m]� _]XOa`QV[V*
]`OaOaa]m]� QT� PV^a]^OZa]c� ^dZ]Xd� bVPhOPV
4]XXUQ���]ZU][hUi� XVU]O�PVT[QlQO� ^de]\QX
TV� _PO\O[d� Z]]X^OXZX^ijkQe� ZPO\aOU^V\PV,
XQlade� ]XU[]aOaQc*� Om]� aO[hTR� ]brRZaQXh
_]mPOga]ZXRWQ� pUZ_OPQWOaXV*� ^� ZQ[i� lOm]
iZXVa]^[Oaadc�SVUX�XPObiOX�\]_][aQXO[ha],
m]� QTilOaQR�

�P]^O\Oaadc� VaV[QT� pSSOUXV� _OPOPVZ,
_PO\O[OaQR� ^aOgaOm]� aV_PRqOaQR� ^� ]XUPd,
^VjkOWZR� \Q]\O� Z� bVPhOP]W�4]XXUQ� _]T^],
[ROX� _OPOcXQ� ]X� QTWOPOaade�����4]XXUQ,
ZXPiUXiP� aO_]ZPO\ZX^Oaa]� U� ���� Z]\OPqV,
kOm]ZR�^�aQe�������X]�]XUPd^VOX�\]_][aQ,
XO[hadO� ^]TW]qa]ZXQ� \[R� b][OO� \OXV[ha]m]
QTilOaQR�p[OUXP]aade�_P]`OZZ]^�̂ �bVPhOPa]W
Z[]O� ^�gQP]U]W� QaXOP^V[O� _PRWde� ZWOkO,
aQc*� ^� X]W� lQZ[O� Q� Z]]X^OXZX^ijkQe� b[QT,
UQW�U� ]XUPdX]Wi� Z]ZX]RaQj�U]aXVUXV*� U]m\V
QTmQb�T]a�^�]b[VZXQ�_P]ZXPVaZX^Oaa]m]�TVPR,
\V�ZXVa]^QXZR�WOahgO�0R[�

�[R�_][ilOaQR���������\]ZXVX]la]�UVq,
\]c�QTWOPOaa]c�_VPO�TaVlOaQc�^aOgaOm]�aV,
_PRqOaQR�aV�\Q]\O�m�Q�_PRW]m]�X]UV�F�_]ZXV,
^QXh� ^� ]\a]TaVla]O� Z]]X^OXZX^QO� ^O[QlQai
_V\OaQR� aV_PRqOaQR�G� aV� U]aXVUXO*� ^dlQZ,
[Oaaij�Z�QZ_][hT]^VaQOW�^dPVqOaQR�'0)�_PQ
TVPVaOO� ]_PO\O[Oaa]W� Z]_P]XQ^[OaQQ� bVTd
\Q]\V�\

b
n�G}my F'm)\

b
�� �XZj\V� [OmU]� _][i,

lQXh���������F'G)���OTi[hXVX�XVU]c�_P]`O,
\iPd� \[R� QZZ[O\iOW]m]� U]aXVUXV�D���y-{
_PO\ZXV^[Oa�aV�PQZ����^�[QaOca]W�'V)�Q�_][i,
[]mVPQSWQlOZU]W�'b)�WVZgXVbVe�

�OXPi\a]� ibO\QXhZR*� lX]� _PQ� �.����! ≤
_PRW]c� X]U� lOPOT� U]aXVUX� pUZ_]aOa`QV[ha]
PVZXOX�Z�P]ZX]W�_PRW]m]�aV_PRqOaQR�aV�bVPh,
OPa]W�Z[]O�^�Z]]X^OXZX^QQ�Z�W]\O[hj��P]ip[,

������4���!��
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[Vy�Q�� �]Z[O\ijkOO� i^O[QlOaQO� aV_PRqO,
aQR*�U]m\V�QTmQb�T]a�^�]b[VZXQ�_P]ZXPVaZX^Oa,
a]m]� TVPR\V� ZXVa]^QXZR� WOahgO� 0R[*� Z]_P],
^]q\VOXZR�b][OO�QaXOaZQ^adW�P]ZX]W�X]UV�^
ZPV^aOaQQ�Z�]qQ\VOWdW�Z]m[VZa]�pX]c�W]\O,
[Q�� �PQ� pX]W� UPiXQTaV� ���� U]aXVUXV� 'Om]
\QSSOPOa`QV[haVR�_P]^]\QW]ZXh)�XVUqO�i^O,
[QlQ^VOXZR�Z�P]ZX]W�G�bdZXPOO*�lOW�_]�pUZ,
_]aOaXO*� _PO\ZUVTd^VOW]c�W]\O[hj��P]ip[,
[Vy�Q��][OO�X]m]*�_]�WOPO�_PQb[QqOaQR�aV,
_PRqOaQR�F�aV�U]aXVUXO�U�aV_PRqOaQj�_[]Z,
UQe�T]a�G

o9
�^]TPVZXVaQO�_PRW]m]�X]UV�ZXVa],

^QXZR� aO]mPVaQlOaadW*� X�O�� _PRWVR�G}G
o9

_PO\ZXV^[ROX�Z]b]c�^OPXQUV[haij�VZQW_X]Xi
����������VU]O�_]^O\OaQO�_PRW]m]� X]UV� ^
]XUPd^VjkOWZR�U]aXVUXO*�e]XR�Q�UVqikOOZR
aV� _OP^dc� ^Tm[R\� _VPV\]UZV[hadW*� bd[]
_PO\ZUVTVa]�_]lXQ�� �[OX�aVTV\��OaQgOW�s0t�
�VZU][hU]�aVW�QT^OZXa]*�pXV�mQ_]XOTV�aO�_],
[ilQ[V� U� aVZX]RkOWi� ^POWOaQ� pUZ_OPQWOa,
XV[ha]m]�_]\X^OPq\OaQR��_]�\^iW�_PQlQaVW�
�],_OP^de*�^�iZ[]^QRe�pUZ_OPQWOaXV�aO[hTR
POV[QT]^VXh�4]XXUQ,ZXPiUXiPi�bOT�U^VTQaOc,
XPV[ha]c�]b[VZXQ�_][i_P]^]\aQUV�'bVTd)*�Z],
_P]XQ^[OaQO� U]X]P]c� _PQ� ]XUPd^VaQQ� ]mPV,
aQlQ^VOX� _PRW]c� X]U�� �],^X]Pde*� _PQ� QTWO,
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UQe�T]a�_PQ�QZU[jlOaa]W�^[QRaQQ�Z]_P]XQ^,
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_OPVXiPO*�[OmU]�ibO\QXhZR*�lX]�PVTa]ZXh�pXQe
^O[QlQa� \VOX� QTmQb� T]a� ≈0R[� ' *�� �)�� �PQ
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