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�jWQaOZ`OaXadO� WOX]\QUQ� QZZ[O\]^VaQR
_PQP]\d�Q�WOeVaQTW]^�iaQUV[ha]c�Z^OX]li^,
ZX^QXO[ha]ZXQ�mV[]mOaQ\]^�ZOPObPV�]UVTV[QZh
aVQb][OO�li^ZX^QXO[hadWQ�Q�QaS]PWVXQ^ad,
WQ�s�u0t����X]�qO�^POWR�VaV[QT�^ZOe�POTi[h,
XVX]^*� _][ilOaade� pXQWQ� WOX]\QUVWQ*� ^ZO,
m\V�]Za]^d^VOXZR�aV�X]W�Q[Q�Qa]W�WOeVaQTWO
Z^OlOaQR���VU�_PV^Q[]*�^d^]\d�]�WOeVaQTWO
\O[VjXZR� QZe]\R� QT� U]Z^Oaade� pUZ_OPQWOa,
XV[hade� \Vaade�� �VU*� _]� UPQ^dW� TVXieVaQR
Z^OlOaQR*� V� XVUqO� _]� Qe� TV^QZQW]ZXRW� ]X
ZXO_OaQ�^]Tbiq\OaQR�_dXVjXZR�]X[QlQXh�PO,
U]WbQaV`Q]aa]O� Z^OlOaQO� ]X� ^aiXPQ`OaXP],
^]m]�� �]� ^� PVb]XO� s�t� _]UVTVa]*� lX]� aV[QlQO
mQ_OPb][QlOZU]m]� TVU]aV� TVXieVaQR� OkO� aO
\]UVTd^VOX�POU]WbQaV`Q]aa]ZXh�Z^OlOaQR���O
\]UVTd^VOX� OO� Q� aV[QlQO�S]X]_P]^]\QW]ZXQ
s�t���kO�b][OO�Z[]qadW�]UVTd^VOXZR�\]UVTV,
XO[hZX^]� ]\a]m]� QT� XPOe� ^]TW]qade� POU]W,
bQaV`Q]aade�WOeVaQTW]^�'4OaVy�[VZOaZV�s1*
5t*��VWbOy�[QUV�s8t��Q[Q��Q[hRWZVy�POaOPV
s6t)����PVb]XVe�������
O[]iZV�^d^]\d�]�WOeV,
aQTWO� POU]WbQaV`Q]aa]m]� Z^OlOaQR� \O[VjX,
ZR� _]� aV[QlQj� Q[Q� ]XZiXZX^Qj� ^Z_dgUQ� Q
]_XQlOZU]m]� mVgOaQR� ^� QZZ[O\iOW]c� _][]ZO
Z^OlOaQR� s� u��t�� �� X]qO� ^POWR*� iPV^aOaQR
UQaOXQUQ�^�Z[ilVRe�WOeVaQTW]^�4OaVy�[V,
ZOaZV�Q��VWbOy�[QUV�VbZ][jXa]�ZQWWOXPQl,
ad� s��t�� �QZ[Oaa]O� POgOaQO� ZQZXOW� UQaOXQ,
lOZUQe�iPV^aOaQc�s�0t�_]UVTV[]�_PQa`Q_QV[h,
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�VTPVb]XVaV� a]^VR� pUZ_OPQWOaXV[haVR� WOX]\QUV� ]_PO\O[OaQR� WOeVaQTWV�S]X][jWQ,
aOZ`Oa`QQ�Q]aa],U]^V[OaXade�UPQZXV[[]^���aV�]Za]^VaV�aV�̂ ]TW]qa]ZXQ�ZUVaQP]^VaQR�PVZ,
_PO\O[OaQR� QaXOaZQ^a]ZXQ�S]X]ZXQWi[QP]^Vaa]c� ^Z_dgUQ� [jWQaOZ`Oa`QQ� _PQ� aV[]qO,
aQQ� aV� UPQZXV[[� _]ZX]Raa]m]� p[OUXPQlOZU]m]� _][R�� �_OP^dO� _][ilOad� _PRWdO� \]UVTV,
XO[hZX^V*�lX]�aQTU]XOW_OPVXiPaVR�[jWQaOZ`Oa`QR�UPQZXV[[V�#$.L'()�̂ �_][]ZO�Z� ��� ���λ = aW
_P]QZe]\QX�_]�POU]WbQaV`Q]aa]Wi�WOeVaQTWi�4OaVy�[VZOaZV����baVPiqOaV�S]X]ZXQWi,
[QP]^VaaVR�^Z_dgUV�[jWQaOZ`Oa`QQ�^�]PVaqO^]c�_][]ZO�[jWQaOZ`Oa`QQ��Z� ��� �	�λ = �aW�^
X^OP\de�PVZX^]PVe�#$.L'()�Q�#$.L'%&)���]UVTVa]*�lX]�[jWQaOZ`Oa`QR�^�pX]c�_][]ZO�_P]QZ,
e]\QX�_]�WOeVaQTWi��VWbO,�[QUV*�^��POTi[hXVXO�POU]WbQaV`QQ�[]UV[QT]^Vaade�aV�`OaXPO
Z^OlOaQR�p[OUXP]a]^�Z]�Z^]b]\adWQ�\dPUVWQ�

aij� ^]TW]qa]ZXh� aVb[j\VXh� ^Z_dgUi� Q� mV,
gOaQO� [jWQaOZ`Oa`QQ� _PQ� [jb]W�WOeVaQT,
WO� Z^OlOaQR�

�PUQW�_PQWOP]W�]brOUX]^*�Z_]Pd�]Xa]ZQ,
XO[ha]�WOeVaQTWV�[jWQaOZ`Oa`QQ�U]X]Pde�aO
_POUPVkVjXZR� \]� ZQe� _]P*� R^[RjXZR� UPQZ,
XV[[d�bP]WQ\V�ZOPObPV��
WOjkQOZR�aV�ZOm]\,
aRgaQc��\Oah�̂ �aVila]c�[QXOPVXiPO��Z^O\OaQR
]Xa]ZQXO[ha]� WOeVaQTWV� Z^OlOaQR� ]UVTd^V,
jXZR�^OZhWV�_P]XQ^]POlQ^dWQ���]qa]�^ZXPO,
XQXh*� _]� UPVcaOc� WOPO*� lOXdPO� WOeVaQTWV
TO[Oa]c�_][]Zd�[jWQaOZ`Oa`QQ*�]biZ[]^[Oa,
a]c�_PQWOZhj�c]\V�^�UPQZXV[[Ve�#$.L����PV,
b]XO� s��t*� QZ_][hTiR� \VaadO� _]� TV^QZQW]ZXQ
^Z_dgUQ�[jWQaOZ`Oa`QQ�_PQ�PVT[Qlade�paOP,
mQRe�^]Tbiq\OaQR*�V�XVUqO�QT�VaV[QTV�Z_OU,
XP]^� ^]Tbiq\OaQR� [jWQaOZ`Oa`QQ*� XOW_OPV,
XiPa]m]�XigOaQR�Q�]_XQlOZU]m]� mVgOaQR�\O,
[VOXZR� ^d^]\� ]� ^aiXPQ`OaXP]^]W�WOeVaQTWO
[jWQaOZ`Oa`QQ�� �VZZWVXPQ^VR� PVTPOgOaadO
^]�^POWOaQ�'^POWR�PVTPOgOaQR�� �aZ)�Z_OUX,
Pd� [jWQaOZ`Oa`QQ� Q� UQaOXQUi� OO� TVXieV,
aQR*� V^X]Pd� PVb]Xd� s�1t� iUVTd^VjX� aV� \],
a]Pa],VU`O_X]Padc� WOeVaQTW� Z^OlOaQR�� �
X]qO� ^POWR� � OZXh� _PO\_][]qOaQO� ]b� pUZQ,
X]aa]W� eVPVUXOPO� [jWQaOZ`Oa`QQ� ^� pX]c
_][]ZO� s�5t�� 
*� aVU]aO`*� ^� PVb]XVe� s�*� �8t
_]� QZZ[O\]^VaQRW� XOW_OPVXiPade� TV^QZQ,
W]ZXOc�[jWQaOZ`Oa`QQ�Q�S]X]_P]^]\QW]ZXQ
\]UVTd^VOXZR� POU]WbQaV`Q]aadc� WOeVaQTW
4OaVy�[VZOaZV�
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�� \Vaa]c� PVb]XO� _PO\[VmVOXZR� WOX]\� ]_,
PO\O[OaQR�WOeVaQTWV� [jWQaOZ`Oa`QQ*� ]Za],
^Vaadc�aV�aVb[j\OaQQ�S]X]ZXQWi[QP]^Vaa]c
^Z_dgUQ� [jWQaOZ`Oa`QQ� UPQZXV[[V� '�	��)
_]Z[O� Z]T\VaQR� ^� aOW�S]X]p[OUXPOXade� Z],
ZX]RaQc� s�6*� � t�� �]Tbiq\OaQO� UPQZXV[[V*
_]WOkOaa]m]�^�_]ZX]Raa]O�p[OUXPQlOZU]O�_][O
WOq\i� ]bU[V\UVWQ� U]a\OaZVX]PV*� ��,QT,
[ilOaQOW�_PQ^O\OX�U�]bPVT]^VaQj�^b[QTQ�]b,
U[V\]U� QTWOPQXO[ha]m]� U]a\OaZVX]PV� ]brOW,
ade� TVPR\]^*� Z]T\VjkQe� ]bPVXa]O� p[OUXPQ,
lOZU]O� _][O���OPOT� aOU]X]P]O� XOWa]^]O� ^PO,
WR*�_]Z[O�^dU[jlOaQR�^]Tbiq\OaQR�Q�_][R,
PQTV`QQ*�^]T\OcZX^QO�\[Qaa]^][a]^]m]�QT[i,
lOaQR�^dT]^OX*� Z�]\a]c�ZX]P]ad*� �S]X]\O_],
[RPQTV`Qj� ]bPVT`V*� V� Z� \Pim]c�u� ^Z_dgUi
[jWQaOZ`Oa`QQ� s��t�� �][aVR� Z^OX]ZiWWV
�	��u�Z� _P]_]P`Q]aV[haV� U]a`OaXPV`QQ
TVPR\]^*�Q]aQT]^Vaade�Z�m[ib]UQe�̀ OaXP]^�[],
UV[QTV`QQ�s��t���][RPQTV`QR�^�p[OUXPQlOZU]W
_][O�_PQ�^]Tbiq\OaQQ�[jWQaOZ`Oa`QQ�bi\OX
_PQ^]\QXh�U�ZWOkOaQj�Z^]b]\ade�a]ZQXO[Oc
TVPR\V�TV�̂ POWR�Qe�qQTaQ��	]]X^OXZX^Oaa]�bi,
\iX�aO]\QaVU]^dWQ� TV_][aOaQO�`OaXP]^�[j,
WQaOZ`Oa`QQ� Q� PVZ_PO\O[OaQO� QaXOaZQ^a]Z,

XQ��	�����_PO\O[Q^�WOZX]�aVQb][OO�QaXOa,
ZQ^a]c�^Z_dgUQ�[jWQaOZ`Oa`QQ*�Q*�TaVR�TaVU
[]UV[QT]^Vaade�_PQ�S]X]_][RPQTV`QQ�UPQZ,
XV[[V� a]ZQXO[Oc� TVPR\V*� W]qa]� ]_PO\O[QXh
WOeVaQTW� [jWQaOZ`Oa`QQ�

�[R�QZZ[O\]^VaQc�_PQWOaR[QZh�W]a]UPQZ,
XV[[d�#$.L�^dZ]U]c�lQZX]Xd*�^dPVkOaadO�_]
WOX]\i�
PQ\qWOaV*� V� XVUqO�_[V^[OadO� Z[]Q
X^OP\de� PVZX^]P]^�#$.L
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�kVXO[ha]� ]X_][QP]^VaadO�_[VZXQaUQ� UPQZ,
XV[[]^�_[]Xa]�TVqQWV[QZh�WOq\i�]bU[V\UVWQ
U]a\OaZVX]PV*�lOPOT�QT][QPijkQO�X]aUQO�Z[j,
\RadO�_P]U[V\UQ*� _PO_RXZX^ijkQO� ZU^]Ta]Wi
_P]e]q\OaQj�p[OUXPQlOZU]m]�X]UV��
TWOPQXO[h,
aVR�RlOcUV�PVZ_][VmV[VZh� ^� ^VUiiWa]W� ]_XQ,
lOZU]W�UPQ]ZXVXO�_PQ�\V^[OaQQ�� ,1�WW�PX� ZX��Q
]e[Vq\V[VZh�\]�XOW_OPVXiPd�55�I���V�PQZ� �
_PQ^O\OaV�b[]U,ZeOWV�V^X]WVXQlOZU]m]�Z_OU,
XPV[ha],[jWQaOZ`OaXa]m]�U]W_[OUZV*�QZ_][h,
TiOW]m]�^�PVb]XO*�V�aV�^ZXV^UO�u�_PQa`Q_Q,
V[haVR� ZeOWV�QTWOPQXO[ha]c�RlOcUQ��	_OUX,
Pd� ZXV`Q]aVPa]c�S]X][jWQaOZ`Oa`QQ� Q� OO
S]X]ZXQWi[QP]^Vaa]c� ^Z_dgUQ� POmQZXPQP],
^V[QZh�̂ dZ]U]li^ZX^QXO[hadW�S]X]WOXP]W�aV
bVTO�\QSPVU`Q]aa]m]�W]a]eP]WVX]PV����,0�
�PQWOaR^gQcZR� ^� UVlOZX^O�S]X]_PQOWaQUV

��*��i��
[]U,ZeOWV�pUZ_OPQWOaXV[ha]m]�V^X]WVXQlOZU]m]�Z_OUXPV[ha]m]�U]W_[OUZV�\[R�QZZ[O\]^V,
aQR�WOeVaQTWV�[jWQaOZ`Oa`QQ�Q]aa],U]^V[OaXade�UPQZXV[[]^���V�^ZXV^UO���_PO\ZXV^[OaV�_PQa`Q_Q,
V[haVR�ZeOWV�QTWOPQXO[ha]c�RlOcUQn���u�^dZ]U]^][hXadO�p[OUXP]\d*���u�Z[j\RadO�_P]U[V\UQ*���u
QZZ[O\iOWdc�]bPVTO`
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���,56*�PVb]XVjkQc�^�POqQWO�ZlOXV�S]X],
a]^*�]e[Vq\V[ZR�\]�XOW_OPVXiPd�����I�

�V� ]bU[V\UQ� QTWOPQXO[ha]m]� U]a\OaZVX],
PV��_]\V^V[]Zh�aV_PRqOaQO�����U����][kQaV
UPQZXV[[V�Z]ZXV^[R[V�����WW��
Ze]\R�QT�pUZ,
_OPQWOaXV[hade� \Vaade� ]� _]\^Qqa]ZXQ� a],
ZQXO[Oc�TVPR\V�Q�^POWOaQ�Qe�qQTaQ�s�t*�W]q,
a]�ZlQXVXh�lX]�_PQ�aV_PRqOaa]ZXQ�p[OUXPQ,
lOZU]m]�_][R�̂ �� �U��ZW�̂ ]TW]qOa�Z\^Qm�p[OU,
XP]a]^�aV�^Zj�X][kQai�UPQZXV[[V*�V�\dP]U�,
aV� �WOahgQO�PVZZX]RaQR����X]P`O�UPQZXV[[V
^d\O[R[QZh�XPQ�]b[VZXQ�gQPQa]c� � 8�ZW�'aV
^ZX����]aQ�_P]aiWOP]^Vad�UVU��*��*��)�Z�_]W],
khj�kO[O^]c�\QVSPVmWd*�i_PV^[ROW]c��ZQZ,
XOW]c�p[OUXPQlOZUQe�PO[O��	XV`Q]aVPaVR�[j,
WQaOZ`Oa`QR*�̂ ]Tbiq\V[VZh�QT[ilOaQOW�PXiX,
a]c� [VW_d����,�� � ' ��� 	��λ = aW)� ^ZOm\V� Z
X]P`V�]\a]m]�Q�X]m]�qO�ilVZXUV�]bPVT`V�_]\
a]WOP]W� ���
ZX]laQU]W� \[Qaa]^][a]^]m]� QT,
[ilOaQR*� ZXQWi[QP]^V^gOm]� ^Z_dgUi� [jWQ,
aOZ`Oa`QQ*�Z[iqQ[V�[VW_V�	
,0  �^�ZQZXOWO
Z�W]a]eP]WVX]P]W���,���	XQWi[R`QR�^Z_dg,
UQ� � ]ZikOZX^[R[VZh� ^� _OP_Oa\QUi[RPa]W� U
_]X]Ui���,QT[ilOaQR� aV_PV^[OaQQ� ^]� ^ZOW
]brOWO�]bPVT`V�'PQZ���*�^ZX���)�

	XV`Q]aVPaVR�[jWQaOZ`Oa`QR�Q�Z^OX]ZiW,
WV�̂ Z_dgUQ�[jWQaOZ`Oa`QQ�POmQZXPQP]^V[VZh
aV�ilVZXUVe�_]\�a]WOPVWQ��*��*� ��^� Z[ilVRe
]XZiXZX^QR�_][R�Q�Om]�aV[QlQR�^�\^ie�_P]XQ,
^]_][]qade� aV_PV^[OaQRe�� �VUQW� ]bPVT]W*
ZXVa]^Q[]Zh� ^]TW]qadW� ilOZXh� _PQ� ]Xa]ZQ,
XO[hade� QTWOPOaQRe� ^]TW]qadO� QZUVqOaQR
TV� ZlOX� PVZZORaQR� ^]Tbiq\VjkOm]� Z^OXV� Q
\POcS]m]� ZWOkOaQR�a]ZQXO[Oc� TVPR\V�
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����jWQaOZ`Oa`QR�Q�^Z_dgUV
[jWQaOZ`Oa`QQ�UPQZXV[[]^�#$.L�Q�X^OP\de
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�O]be]\QWdW� iZ[]^QOW� \]UVTVXO[hZX^V
WOeVaQTWV�[jWQaOZ`Oa`QQ�Z�_]W]khj�_PO\,
[]qOaa]c�WOX]\QUQ�R^[ROXZR�aV[QlQO�RPU]c
S]X]ZXQWi[QP]^Vaa]c�^Z_dgUQ�[jWQaOZ`Oa,
`QQ�^�QZZ[O\iOW]c�_][]ZO�Z^OlOaQR����Z[ilVO
lQZX]m]�W]a]UPQZXV[[V�#$.L�e]P]g]�aVb[j,
\VOXZR�[Qgh�]PVaqO^VR�_][]ZV�Z� ��� �	�λ = aW
'PQZ�� �*� UP�� �)*� ]biZ[]^[OaaVR� ZOPObP]W� PVT,
a]c�\QZ_OPZa]ZXQ�s�t���^O\OaQO�^]�^POWR�ZQa,
XOTV��_PQWOZQ�c]\V�^�U][QlOZX^O���|�]X�U]a,
`OaXPV`QQ�Q]a]^�mV[]Q\V�]Za]^a]m]�^OkOZX^V
_PQ^]\Q[]�U�_]R^[OaQj�QaXOaZQ^a]c�TO[Oa]c

_][]Zd�[jWQaOZ`Oa`QQ�Z� ��� ���λ = aW��	_OUXP
[jWQaOZ`Oa`QQ� _[V^[Oa]m]� Z[]R�#$.L
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_PO\ZXV^[Oa�aV�PQZ���*�UP�������TO[Oa]c�_][]ZO
[jWQaOZ`Oa`QQ�aVb[j\V[VZh�^Z_dgUV�[jWQ,
aOZ`Oa`QQ� _PQ� XOW_OPVXiPO� 55���� �Z_dgUV
aVPVZXV[V� _PVUXQlOZUQ� Wma]^Oaa]� Q� bdZXP]
TVXieV[V�� �� Z_OUXPO� ^Z_dgUQ� aVb[j\V[ZR
WVUZQWiW�̂ �]b[VZXQ�paOPmQc�ZXQWi[R`QQ���1u
��5�p����VWQ�^_OP^dO�aVb[j\V[VZh�Q�^Z_dg,
UV� [jWQaOZ`Oa`QQ� ^� ]PVaqO^]c� _][]ZO� Z

��� �	�λ = � aW�� �\aVU]� aQTUVR� QaXOaZQ^a]ZXh
UVU� ZVW]c� _][]Zd� [jWQaOZ`Oa`QQ*� XVU� Q
^Z_dgUQ�̂ �aOc�Z\O[V[V�TVXPi\aQXO[hadW�_P],
^O\OaQO� U]PPOUXade� QZZ[O\]^VaQc�� �]pX]Wi
QZ_][hT]^V[ZR� X^OP\dc� PVZX^]P�#$.L
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^VR� _][]ZV� [jWQaOZ`Oa`QQ� Z� ��� �	�λ = aW� Q
m][ibVR�Z� ��� ���λ = �aW�'PQZ���*�UP���)����\Va,
a]W�Z[ilVO�aVgO�_PO\_][]qOaQO�]baVPiqQXh
b][OO�QaXOaZQ^aij�^Z_dgUi�[jWQaOZ`Oa`QQ
]_PV^\V[]Zh���VUQW�]bPVT]W*�\V[OO�QZZ[O\]^V[,
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��� �]UVTVXO[hZX^]� WOeVaQTW]^
[jWQaOZ`Oa`QQ

�V� PQZiaUO� �� _PO\ZXV^[Oad� \QVmPVWWd
PVZ_PO\O[OaQR�RPU]ZXQ��Z^OX]ZiWWd�^Z_dg,
UQ� [jWQaOZ`Oa`QQ� ^� _][]ZO� Z� ��� ���λ = � aW
\[R� _[V^[Oa]m]� Z[]R�#$.L
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PVT`V�\[R�ilVZXU]^*�^d\O[ROWde�\QVSPVmW]c
^� _][]qOaQRe� �*� �*� ��� �QVmPVWWV� �� Z]]X^OX,
ZX^iOX�Z[ilVj�]XZiXZX^QR�_][R���QVmPVWWd��
Q� ��u� aV[QlQR� p[OUXPQlOZU]m]� _][R� ^� \^ie
_P]XQ^]_][]qade� aV_PV^[OaQRe�

	PV^aOaQO�pXQe�XPOe�\QVmPVWW�Z^Q\OXO[h,
ZX^iOX� ]� X]W*� lX]� aV[]qOaQO� p[OUXPQlOZU],

��*�����	_OUXPd�ZXV`Q]aVPa]c�S]X][jWQaOZ`Oa,
`QQ�W]a]UPQZXV[[V�#$.L��_[V^[Oade�Z[]O^�X^OP,
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