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Abstract
OPQR�STUVWXQYV�SZ�XPQR�W[SRR\RVWXQS]^_�̀ VRW[QaXQYV�RXb`c�d^R�XS�RXb`c�a^[XQWQa^XS[c�TVP^YQS[�Q]�XPV�

a[VYV]XQS]�̂ ]`�WS]X[S_�SZ�̀ V]ebV�PVfS[[P^eQW�ZVYV[�̂ ]`�Z^WXS[R�VZZVWXQ]e�a^[XQWQa^XS[c�TVP^YQS[�Q]�XPV�
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yVWvV[E�nCoCE���n^Qf^]E��CjC�A7K;DJC�OPV�PV^_XP�TV_QVZ�fS`V_N�r[QeQ]�^]`�WS[[V_^XQS]�Q]�aPcWS_SeQW^_�

� XPVS[cCC9DE8F�GHIJD8<K-�LK-KMND:F=O�/AIJE�<<{\<8DC
y_SSfCFC� VXC^_C� 7K;7C� CD-HPKKQ� K-� RKNSD8<T9� D-H� 7ISSD8<T9� GTDEID8<K-� KU� 78IH9-8� V9DN-<-MC��
� gVd��S[vN�nW�[^d\oQ__C

yb[V^b�SZ�z]ZVWXQSbR�GQRV^RVR�y[SbePX�Tc�XPV�z]RVWXRC�A:H7DJC�WJDH9S<J�MI<H9�<-U9J8<KI=�H<=9D=9�H9-MI9�
� D-H�H9-MI9�F9SKNNFDM<J�U9T9N�<-�S9H<J<-9�D-H�:IPE<J�F9DE8F�/XYZ[�gS]XP^Tb[QN�nQ]QRX[c�SZ�
� ibT_QW�oV^_XPC�AQ]�OP^QJ

lP^QWPSfaSSE� oC� A:H7<JC� \-K;E9HM9� :NDJ8<J9� D-H� JKSSI-<8]� :DN8<J<:D8<K-� 8K� JK-8NKE� D-H��
� :N9T9-8<K-�KU�H9-MI9�U9T9N�JD=9�=8IH]�^D-MED9�=IPH<=8N<J8O�LID-M�_F<D-M�`D<�H<=8N<J8O�_F<D-M�
� `D<�:NKT<-J9C�n^RXV[�SZ�ibT_QW�oV^_XP�OPVRQRE�lPQ^]e�k^Q�k^U^TP^X�h]QYV[RQXcC�AQ]�OP^QJ
lP^Qf^cE� yCE� �� Fb]ev^VdE� FC� A:HH8JC� p^WXS[R� ^ZZVWXQ]e� a^[XQWQa^XQS]� Q]� `V]ebV� PVfS[[P^eQW� ZVYV[��
� a[VYV]XQS]� ^]`� WS]X[S_� ^fS]e� aVSa_V� Q]� �V^f� O^]S`� RbT`QRX[QWXE� �Pb]� �P^]b]� `QRX[QWXE��
� iP^XXP^_b]e�a[SYQ]WVC�aF9�bIPE<J�C9DE8F�cKIN-DE�KU�dIND:FD�e-<T9N=<8]O�fA7JE�D7\{7C�AQ]�OP^QJ
lSPV]E���nCE���haPSZZE�gC�OC�A7K8HJC�i^XQWQa^XQS]~R�a_^WV�Q]�[b[^_�`VYV_SafV]XN�799Q<-M�JEDN<8]�8FNKIMF�
� =:9J<gJ<8][�hKNEH�i9T9EK:S9-8O�jADJE�:7<\:<DC
oSbRVE��C�FC�A7K8DJC�7KJ<DE�=I::KN8�D-H�F9DE8FC�p_S[Q`^N�jW^`VfQWC
ob^cR^QE�iC�A:H7{JC�OPV�a^[XQWQa^XQS]�SZ�XPV�aSab_^XQS]�SZ�ob^Q�iPb^]e�`QRX[QWXE��^_^RQ]�a[SYQ]WV�Q]�XPV�

� a[VYV]XQS]�^]`�WS]X[S_�SZ�`V]ebV�PVfS[[P^eQW�ZVYV[C�bFND9�hD�\DED=<-�cKIN-DE�KU�\DED=<-�
� `DkDPFD8�e-<T9N=<8]O�1A7JE�{I\87C�AQ]�OP^QJ
�VP^E�kC�A:H77JC�OPV�a^[XQWQa^XQS]�SZ�aVSa_V�Q]�WS]X[S__Q]e�^]`�a[VYV]XQ]e�`V]ebV�ZVYV[�Tc�ZSWbRQ]e�

� ^�W^RV�RXb`c�SZ�O^fTS]��PSbXSSfE��^[^]e�`QRX[QWXE�i^XX^]Q�a[SYQ]WVC�WVl^e`�cKIN-DE�KU�mDED�
� n=EDS<J�e-<T9N=<8]O�oA7HJE�7:K\7I7C�AQ]�OP^QJ
�^Vdd^]`VVE�gC�A:H7DJC�RDJ8KN=�N9ED8<-M�8K�8F9�:DN8<J<:D8<K-�KU�:9K:E9�<-�:N9T9-8<K-�D-H�JK-8NKE�KU�
� H9-MI9�F9SKNNFDM<J�U9T9N�<-�^DQKN-kD9H99�=IPH<=8N<J8�bD=D-M�H<=8N<J8O�VDS:FI-�:NKT<-J9C�
� n^RXV[�SZ�ibT_QW�oV^_XP�OPVRQRE�lPQ^]e�n^Q�k^U^TP^X�h]QYV[RQXcC�AQ]�OP^QJ

�QfR^SE� jC� A:H7{JC�RDJ8KN� D==KJ<D89H� 8F9� :DN8<J<:D8<K-� KU� 8F9� JKSSI-<8]� <-� :N9T9-8� D-H� JK-8NKE��
� H9-MI9� U9T9N� dD-� 7K-M� =IPH<=8N<J8O� h<D-M� 7D� H<=8N<J8O� 7IND8� aFD-<� :NKT<-J9C� Fb[^X� OP^]QN��
� y^]�gb^��_S]e�GQRX[QWX�oV^_XP�i[SfSXQS]�oSRaQX^_C�AQ]�OP^QJ

�_VQ]E�FC�yC�A7KK7JC�V9DN-<-M[�gVd��S[vN�nW�[^d\oQ__C�
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�[bX]SQE�gC�A:HHKJC�`9ED8<-M�UDJ8KN=�KU�:9K:E9�:DN8<J<:D8<K-�8K�:NKJ99H�89DS�SD-DM9S9-8�T<EEDM9=[�
� n^RXV[�SZ�FWQV]WV�AoV^_XP�FcRXVf�n^]^eVfV]XJ�OPVRQRE�OP^vRQ]�h]QYV[RQXcC�AQ]�OP^QJ

�^d^]C�rE�A:H7{JC�aF9�:DN8<J<:D8<K-�KU�:IPE<J�<-�8F9�:N9T9-8<K-�D-H�JK-8NKE�KU�H9-MI9�U9T9NO�^K-M�
� CD<�=IPH<=8N<J8OhD:<:D8FIS�H<=8N<J8O�LDFD=DNDQFDS�:NKT<-J9C�n^P^R^[^vP^fN�q^aQa^XPbf�
� oSRaQX^_C�AQ]�OP^QJ

n^RP^v^`E�qC�A:HHKJC�p^WXS[R�^ZZVWXQ]e�WSffb]QXc�a^[XQWQa^XQS]�TVP^YQS[�_VYV_�ZS[�a[VYV]XQS]�^]`�

� WS]X[S_�SZ�̀ V]ebV�PVfS[[P^eQW�ZVYV[�Q]�ObfTS_��_S]e_S]eE�jfaPb[�nbV^]eE�F^fbX�FS]evP[^f�

� a[SYQ]WVC�n^RXV[�SZ�ibT_QW�oV^_XP�OPVRQRE��^RVXR^[X�h]QYV[RQXcC�AQ]�OP^QJ

nS]v^QE� FC� A:H7IJC� RDJ8KN=� N9ED89H� ;<8F� 8F9� :DN8<J<:D8<K-� KU� JKSSI-<8]� <-� 8F9� :N9T9-8<K-� D-H��
� JK-8NKEE<-M� KU� H9-MI9� FD9SKNNFDM<J� U9T9N� <-� dD-� hD-M=D<O� aDSPK-� hD-M-ISQF<D;O��
� WS:9K�\DS:D9-M=D9-O�_FD-M;D8�̂ DQFK-�bD8FKSO�n^RXV[�SZ�j[X�OPVRQRE��^RVXR^[X�h]QYV[RQXcC�
� AQ]�OP^QJ

gS]eWP^]e�GQRX[QWX�oV^_XP�SZ|WVC�A:H7{JC�p:9ND8<K-�UKN�:N9T9-8<K-�D-H�JK-8NKE�KU�H9-MI9�JDS:D<M-[�
� hXP^QXP^]QN�jbXPS[C�AQ]�OP^QJ

iV]`V[EgC�C�A7K8;JC�C9DE8F�:NKSK8<K-�<-�-IN=<-M�:NDJ8<J9C�A:�]`�V`JC�gVd��S[v�N�jaa_V]XS]�lV]Xb[c�
� l[SZXRC

kSRV]RXSWvE�zC�nC�A7K;IJC�OPV�PV^_XP�TV_QVZ�fS`V_�^]`�a[VYV]XQYV�PV^_XP�TVP^YQS[C�C9DE8F�GHIJD8<K-�
� LK-KMND:F=O�/AIJE�<:K\<8{C
OPS]e\Q]E�jC�A:H7{JC�aF9�:DN8<J<:D8<K-�KU�:9K:E9�<-�8F9�:N9T9-8<-M�D-H�JK-8NKE�KU�H9-MI9�H<=9D=9�
� <-�aF9:QD=88N<�SI-<J<:DEO�aFDED-M�H<=8N<J8O�bFIQ98�:NKT<-J9[�n^RXV[�SZ�ibT_QW�j`fQ]QRX[^XQS]�
� OPVRQRE�GPb[^vQU�ib]`QX�h]QYV[RQXcC�AQ]�OP^QJ�

hXP^QXP^]Q�i[SYQ]WQ^_�ibT_QW�oV^_XP�rZ|WVC�A:H7{JC�̀ 9=IE8�KU�K:9ND8<K-�8F9�H<=9D=9�JK-8NKEC�hXP^QXP^]QN�
� jbXPS[C�AQ]�OP^QJ

qQR^X`S]d^QE�kC�A:H7:JC�aF9�N9ED8<K-=F<:=�P98;99-�=KJ<DE�=I::KN8�D-H�:9K:E9�:DN8<J<:D8<K-�<-�;D=89�
� H <=:K=DE� SD-DM9S9-8� KU� SI-<J<:DE� DN9D=[� aISPDE� ^K-8K-� =IPlH<=8NJ8� LID-M� \FK-Q9D-��
� :NKT<-J9[�n^RXV[�SZ�ibT_QW�oV^_XP�AibT_QW�oV^_XP�j`fQ]QRX[^XQS]J�OPVRQRE��PS]��^V]�h]QYV[RQXcC�
� AQ]�OP^QJ

qS[_`�oV^_XP�r[e^]Qs^XQS]C�A7KK8JC�i9-MI9�F9SKNNFDM<J�U9T9Nq�i<DM-K=<=O�8N9D8S9-8O�:N9T9-8<K-�D-H�
� JK-8NKEC��V]VY^N�jbXPS[C


