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Figure 13.
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9H;:?JI�'7NM;BB��HCl;B:�7I�7HJ?IJ���EDIJ7D9;�-C;:B;O�?I�DEJ�C;DJ?ED;:�7 J�7BB��7BJ>EK=>�>;H�C;CE?HI�?D:?97J;�J>7J
I>;�FB7O;:�7�FHEC?D;DJ�F7HJ
�-C;:B;O� �HKI7:;HI ����c���


�HCl;B:��g'O�1EHB:�7D:�#h����


-C;:B;O� �HKI7:;HI ����


'7NM;BB��HCl;B:��g#BBKIJH7JEHI�(EJ;Ih�JE�->7A;IF;7H;� .>;�1?DJ;HfI�.7B; �&ED:ED��$
'
��;DJ����������
�";�H;m;9JI
7BIE�ED�>;H�FH79J?9;�?D�g'O�1EHB:�7D:�#h���


�EDIJ7D9;�-C;:B;O��g.>;�!H;;DB;7<�.>;7JH;h� �D=B?I>�,;L?;M ����$KBO���������
�#D�>;H�C;CE?HI��I>;�IJ7J;I�J>7J
�HCl;B:�MHEJ;�J>;�FB7O�8;<EH;�J>;O�B;<J�J>;��EJIMEB:I�<EH�&ED:ED��I;;�-C;:B ;O� �HKI7:;HI ����


-C;:B;O� �HKI7:;HI ����c���
�.>;�97IJ?D=�<EH�J>;�FB7O�M7I�:?k;H;DJ�7J�;79>�E<�J>;�L;DK;I��M? J>�J>;�"EBJ�I?IJ;HI
F;H<EHC?D=�7J�J>;�!H;;DB;7<�-JK:?E��7D:��B;7DEH��B:;H�7D:�%7J>B;;D��?BB ED�J7A?D=�EL;H�J>;?H�HEB;I�7J�J>;�'7H=7H;J
'EHH?I�.>;7JH;


-C;:B;O� �HKI7:;HI ����c��


'7NM;BB��HCl;B:��g(EJ;�ED�J>;��H7M?D=Ih��?D�1?BB?7C�'EHH?I� .>;�&?<;�7D:��;7J>�E<�$7IED �&ED:ED��";7:B;O��HEJ>;HI�
�����L?


�HCl;B:��g(EJ;�ED�J>;��H7M?D=Ih��L


�HCl;B:��g'O�1EHB:�7D:�#h����c��


�HCl;B:�CEKDJ;:�7�:;<;D9;�E<�!;HC7D�:;I?=D�?D�>?I�7HJ?9B;�g.>;�07BK;�E<� �HJ�?D�J>;��ECCKD?JOh� �EBEKH���DE
��
��FH?B���������d7�FHELE97J?ED�=?L;D�J>;�9KHH;DJ�9EDm?9J�M?J>�!;HC7DO


�:M7H:�'9%D?=>J�%7Kk;H��B;JJ;H�JE�'7NM;BB��HCl;B:���4D
:
5��8KJ�?DJ;HD 7B�;L?:;D9;�IK==;IJI����7I�J>;�B;JJ;H
C;DJ?EDI��HCl;B:fI�7HJ?9B;�g�EC;IJ?97J;:�'KH7B�*7?DJ?D=h� .>;��EKDJHOI?:;�'7=7P?D;�7D:�-K8KH87D�&?<; 4 ;8HK7HO
��5���.7J;��H9>?L;��.!�����
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%7Kk;H�7BIE�9EDJH?8KJ;:�JE)H?=?D7B�1EE:9KJI�8O�07H?EKI��HJ?IJI �&ED:ED��.>;�)C;=7�1EHAI>EFI�����
� EH�>?I�MEHA
M?J>�J>;��HJI�&;7=K;�E<�-;HL?9;��I;;�'7HA�"7MEHJ>	�EEJ>� �
�'9%D?=>J�%7Kk;H�����;I?=D;H�7D:�>?I�*K8B?9 �&ED:ED�
!EH:ED� H7I;H����������c���7D:��


-C;:B;O� �HKI7:;HI ����


-C;:B;O� �HKI7:;HI �����


�>7HBEJJ;�*KHA?I��g ?D	:;	-?Y9B;� 7DJ7IO�7I�*;H<EHC7J?L;�';CE?H�?D�!;HJHK:;� "K:IED�7D:��EDIJ7D9;�-C;:B;OfI
1H?J?D=I�ED�'KI?9h��KDFK8B?I>;:�9ED<;H;D9;�F7F;H�FH;I;DJ;:�7J #DJ;HD7J?ED7B��ED<;H;D9;�ED�(?D;J;;DJ>	�;DJKHO
'KI?9 �,EO7B�"EBBEM7O�7D:��;:<EH:�(;M��EBB;=;�����$KD;c��$KBO������
�#�J>7DA��H� *KHA?I�<EH�I>7H?D=�>;H�F7F;H�M?J>
C;


-C;:B;O� �HKI7:;HI ������7D:����


-C;:B;O� �HKI7:;HI �����


-C;:B;O� �HKI7:;HI �����


'7NM;BB��HCl;B:� .>;�'?DIJH;B �&ED:ED���K9AMEHJ>����������


*;J;HIED�FK8B?I>;:�7I�*7?�.7	->KD�?D "7HF;HfI�1;;ABO <HEC�'7H9>���
�.>;�FE;CI�M;H;�9EBB;9J;:�7I�*7�.7?	->KD�
�>?D;I;�&OH?9I �->7D=>7?��%;BBO���17BI>�&J:�����
�.>;�IJEHO�?I�H;B7J;:�?D�g'OIJ;HO� E<��KJ>EHI>?F�E<��>?D;I;�&OH?9I
-EBL;:h� .>;�(;M�2EHA�.?C;I�-KD:7O�'7=7P?D; ����'7H9>��������IEKH9;:�>;H;�<HEC�J>; -KD:7O�'7=7P?D; M;8I?J;�
>JJF���IKD:7OC7=7P?D;
EH= �


.>;��>EH?9�-9>EEB�lHIJ�97C;�JE�FK8B?9�DEJ?9;�?D�'7O����M>;D�?J�=7 L;�<EKH�F;H<EHC7D9;I�7J�J>;�(;M�,;>;7HI7B

.>;7JH;�?D��;:<EH:�-JH;;J��&ED:ED
�.>;�FHE=H7CC;�<EH�J>?I�;L;DJ�?I�;N>?8 ?J;:�>;H;
�.>;�F;H<EHC7D9;I�M;H;�B?IJ;:�?D

.>;�.?C;I ����$KBO�����7D: .>;��J>;D7;KC ����'7O��������
�#D�$KD;�E<�J>7J�O;7H��J>;O�:7D9;:�7J�J>;�EF;D?D=�E<
J>;�'7H=7H;J�'EHH?I�.>;7JH;
�17HJ?C;�H;L?;MI�?D .>;�-A;J9> FB79;�J>;��BK8�7J���,EO7B�"EIF?J7B�,E7:�����'7H9>
�����������FH?B���������7D:�7J�J>;�'7H=7H;J�'EHH?I�.>;7JH;���(EL;C8;H������������$7D K7HO��������
�.>;I;
H;<;H;D9;I�7H;�=?L;D�?D�,?9>7H:��C;HIED� ,>OJ>C����EBEKH��"ZBYD;�07D;B��&E]I�"KJJED���'7H=7H;J�'EHH?I ��:?D8KH=>�
!EB:;D�"7H;�����������7D:������DD����7D:���
�#D�J>;��BB;D�.;HHO�7D:��:? J>��H7?=�7H9>?L;��J>;H;�?I�7�FHE=H7CC;�<EH�7
�>EH?9�-9>EEB�F;H<EHC7D9;�7J�J>;�'7H=7H;J�'EHH?I�.>;7JH;�ED���'7H9>� ������	����


,E:A;H�?I�DEM�J>;�CEIJ�<7CEKI�E<�J>;�=HEKF
�"?I�9EDJH?8KJ?ED�JE��H?J? I>�7D:��KHEF;7D�CE:;HD?IC�>7I�7JJH79J;:
?D9H;7I?D=�7JJ;DJ?ED�I?D9;�J>;�FK8B?97J?ED�E<��D:H;M��HEP?;H��;:
�� *E;CI����:EBF>;���� �'7D9>;IJ;H���7H97D;J
*H;II������
�";IJ;H�-7?DI8KHOfI�97H;;H�?I�:;I9H?8;:�8O�*;J;H�.K9A;H�?D�g" ;IJ;H�-7?DI8KHO�����EEA�#BBKIJH7JEH�E<�J>;
���Ih� .>;�*H?L7J;�&?8H7HO���DE
�����KJKCD��������c����7D:�g";IJ;H�-7?DI8KHO��-EC;� KHJ>;H�(EJ;Ih� .>;
*H?L7J;�&?8H7HO���DE
����-KCC;H���������c��
�.>;H;�?I�I97DJ�I9>EB7HI>?F�ED�%7J>B;;D��?BBED �7D:�;L;D�B;II�ED��L;BOD
-7?DI8KHO��8KJ�DEJ;�J>;�7HJ?9B;�8O��?BBED�I�:7K=>J;H���B?P78;J>�*7 D;=EKH?7I��h%7J>B;;D��?BBED�'EHH?IEDh�'7H=7H;J
'EHH?I�'EL;C;DJ�'7=7P?D; ��DE
������KJKCD��������c��


$E>D�,E:A;H��g.>;��>EH?9�-9>EEBh� .>;��H7C7 ���K=KIJ��������


";IJ;H�-7?DI8KHO��GKEJ;:�?D�,E:A;H��g.>;��>EH?9�-9>EEBh


�EDIJ7D9;�-C;:B;O� �HKI7:;HI��.>;�,;C?D?I9;D9;I�E<��EDIJ7D9;�-C;:B;O��'HI�'7NM;BB��HCl;B:� �&ED:ED�
�K9AMEHJ>����������c��


�C;HIED� ,>OJ>C����EBEKH �����7D:������D
���


'7HJ>;�.HEBO	�KHJ?D��g*>HOD;JJ;fI�&;JJ;HI�JE�&ED;BO�-EB:?;HI���EKGK;J�;D��7II ;HEB;h� .>;�-A;J9> ����FH?B��������
GKEJ;:�?D��C;HIED� ,>OJ>C����EBEKH ����c��


.>;�$7F7D;I;�9EDD;9J?ED�?I�EKJB?D;:�?D�2EAE��>?87��g%EH?�.EH7 >?AE�7D:��:?J>��H7?=����$7F7D;I;�*B7OMH?=>J�?D�&ED:ED
7D:�.EHEDJEh� �ECF7H7J?L;��H7C7 ����DE
����1?DJ;H���������c��
�.>;�B?IJ�E<�D7C;I�=?L;D�>;H;�?I�:H7MD�<HEC�J>7J
7HJ?9B;


-OBL?;��K?IIED� .
&
� EK?J7��?DZ:?JI �*7H?I��R�Bf;D9H;�HEK=;��H>?9;I�7HJ?IJ?GK;I�� ED:7J?ED�(?9>?:E��9 7
�����������7D:���


";B;D�E<�-F7HJ7 8O��C?B�0;H>7;H;D��B?IJ;:�?D�J>;�*BEK=>��BK8�FHE=H7CC;�<EH������
)
�" EFFZ��IJ7J;��EBB;9J?ED�
*7I7:;D7����


�C;HIED� ,>OJ>C����EBEKH �������D
���


.K9A;H��g";IJ;H�-7?DI8KHO�����EEA	#BBKIJH7JEH�E<�J>;����Ih��7D:�.K9A;H��g" ;IJ;H�-7?DI8KHO��-EC;� KHJ>;H�(EJ;Ih


-;;�$;DDO�*EM;BB��;:
�� (;M�,>OJ>CI��";DH?�!7K:?;H	�HP;IA7���HJ���7D9;�7D:�'EL;C;DJ�?D�&ED:ED� �c��
��7C8H?:=;��%;JJB;I�27H:����������


-;;�J>;�.7J;�97J7BE=K;�;DJHO�<EH��7L?:��EC8;H=��IA;J9>;I�<EH .>;��7D9;H ��97
���c����FK8B?I>;:�?D .>;�.7J;
!7BB;HO����c���#BBKIJH7J;:��7J7BE=K;�E<��9GK?I?J?EDI �&ED:ED�������7D:�EDB?D;�7J >JJF���MMM
J7J;
EH=
KA�7HJ�
7HJMEHAI�8EC8;H=	IA;J9>;I	<EH	J>;	:7D9;H	J��� ��799;II;:����;9;C8;H����


-EF>?;��E>;D��B7J;H�-ED?7�$EIB;D���?DJ;HL?;M;:�8O�,?9>7H:��EHA��GKEJ;: �?D��EHA� 0EHJ?9?IC�7D:��8IJH79J��HJ�?D�J>;� ?HIJ
'79>?D;��=; ��0EB
�� -ODJ>;I?I�7D:��;9B?D; �&ED:ED��!EH:ED� H7I;H�����������


�PH7�*EKD:��g EH;MEH:�JE�J>;��>EH?9�-9>EEBh��?D )J>;HI����'7=7P?D;�E<�J>;�(;M�0;HI; ��)9JE8;H�����D
F


-7?DI8KHO��GKEJ;:�?D�,E:A;H��g.>;��>EH?9�-9>EEBh�����


*EKD:��g EH;MEH:�JE�J>;��>EH?9�-9>EEBh


-C;:B;O� �HKI7:;HI �����


-C;:B;O� �HKI7:;HI �����
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'7NM;BB��HCl;B:��g'O�1EHB:�7D:�#dJ>;��EJIMEB:I�7D:�&ED:ED�?D�1 7Hh��KDFK8B?I>;:����������c����.7J;��H9>?L;��.!�
���������
�-C;:B;O�9EHHE8EH7J;I�>?I�799EKDJ�?D �HKI7:;HI ����c���


�EDIJ7D9;�-C;:B;O� $KIJ?9;�17BA �&ED:ED��!;EH=;��BB;D���/DM?D������4��5�����
�)D;�E<�J>;�OEKD=�MEC;D�?I
97BB;:��:?J>
�#D�>;H�C;CE?HI��-C;:B;O�H;C;C8;H;:�J>7J�J>;��B7H?II7��BK8�M7I �B;:�8O�";IJ;H�7D:�g�:?J>h
-7?DI8KHOdIKH;BO�7�IB?F�<EH��L;BOD


-C;:B;O� $KIJ?9;�17BA�����7D:���


*BEK=>��BK8�FHEIF;9JKI�������
)
�"EFFZ��IJ7J;��EBB;9J?ED��*7I7:;D 7����
�/DB;II�EJ>;HM?I;�IJ7J;:��?D<EHC7J?ED
78EKJ�J>;��BK8fI�7?CI��EH=7D?I7J?ED��C;C8;HI>?F��7D:�FHE=H7CC;�?I� J7A;D�<HEC�J>?I�:E9KC;DJ


0;H>7;H;DfI�FB7O *>?B?F�J>;�-;9ED: M7I�IJ7=;:�ED����-;FJ;C8;H����?D�JH7DIB7J?ED�8O� 
-
� B?DJ��M?J>�:;I?= DI�8O�!BOD
*>?BFEJ��CKI?9�8O��K=;D;�!EEII;DI�7D:�FHE:K9J?ED�8O�!;EH=;�: ;�17H<7P
�"?I ";B;D�E<�-F7HJ7 M7I�IJ7=;:�?D���
M?J>�:;I?=DI�8O�$79E8��FIJ;?D
� EH�J>;�?D9BKI?ED�E<�%>EH?��' 7;J;HB?D9A��7D:�'7BB;IED�?D�J>;�FHE=H7CC;��I;;�.>EC7I
"EM7HJ>� �>7HB;I�,;DD?;�'79A?DJEI>�7D:�J>;�'E:;HD�'EL;C;DJ �&ED:ED��,EKJB;:=;���%;=7D�*7KB�����������

'7BB;IEDfI�FHE>?8?J;:�FB7OI�M;H; g�h��ECF7DO 7D: �B79A�e�BB�8EJ>����


'7H=7H;J�'EHH?I�D7C;I�'79A?DJEI>�7I�7�C;C8;H�E<�>;H�9BK8�?D 'O�&?<;�?D�'EL;C;DJ �&ED:ED��*;J;H�)M;D�������
��c����M>;H;�I>;�7BIE�MH?J;I�78EKJ�>;H�9EBB78EH7J?ED�M?J>�!EEII;DI��I ;;����7D:��c��
��FIJ;?DfI�7IIE9?7J?ED�M?J>�J>;
�>EH?9�-9>EEB�?I�C;DJ?ED;:�8O�2EAE��>?87��g%EH?�.EH7>?AE�7D: ��:?J>��H7?=����$7F7D;I;�*B7OMH?=>J�?D�&ED:ED�7D:
.EHEDJEh��ECF7H7J?L;��H7C7 ����DE
����1?DJ;H����������
�&;JJ;HI�<HEC��H?DAM7J;H�JE��HCl;B:�IKHL?L;�7CED=IJ�J>;
�HCl;B:�F7F;HI�7J�.7J;��H?J7?D
� EH�J>;�97IJ�E< J>;�-D;;P?D=��>7HC ��I;;�%7J>7H?D;��E9A?D� �:?J>��H7?=���H7C7J?9�&?L;I
�&ED:ED���7II;BB����������


"EM7HJ>� �>7HB;I�,;DD?;�'79A?DJEI>�7D:�J>;�'E:;HD�'EL;C;DJ �����


"EM7HJ>� �>7HB;I�,;DD?;�'79A?DJEI>�7D:�J>;�'E:;HD�'EL;C;DJ �����c��


�
)
�"EFFZ��IJ7J;��EBB;9J?ED��g�?E=H7F>Oh� MMM
;E>EFF;
9EC�78EKJ ��799;II;:���;9;C8;H����
�,;9;DJ
;N>?8?J?EDI�E<�>?I�MEHA�?D9BK:;"EFFZ�*EHJH7?JI��-E9?;JO��-JK:?E���-JH;;J �&ED:ED��(7J?ED7B�*EHJH7?J�!7BB;HO�������7D:
,;:?I9EL;H;:� EJEI���C?B�)JJE�"EFFZ �";BCED:��.>;�!;C;;DJ;CKI;KC������


*BEK=>��BK8�FHEIF;9JKI�������
)
�"EFFZ��IJ7J;��EBB;9J?ED��*7I7:;D 7����


";H8;HJ� 7H@;ED��g.>;�-D;;P?D=��>7HCh� �H7 ����$KD;���


 7H@;ED��g.>;�-D;;P?D=��>7HCh


 KHJ>;H��>;�J>;D�9EDL;HJ;:�J>;�87BB;J�?DJE�7D�EF;H7��M>?9>�M7I�lHIJ�F;H<EH C;:�?D����
�g'KI?9�7D:�"?IJEHO��!KIJ7L
"EBIJh� MMM
CKI?97D:>?IJEHO
9EC�9ECFEI;HI����� ��9EDIKBJ;:���$7DK7HO����


'7NM;BB��HCl;B:��g�HJ�7D:�*7JH?EJ?ICh� �EBEKH���DE
����'7H9>��������
�.>;�;:?JEH?7B�?CC;:?7J;BO�<EBBEM?D=�7H=K;:
J>7J�?J�M7I�KDF7JH?EJ?9�JE�;CFBEO�!;HC7D�9EBEKH�FH?DJ;HI


ge&?JJB;�#DJ;HL?;MIf��'?II��:?J>��H7?=�7J�J>;�*?ED;;H�*B7O;HIh� .>;�*7BB�'7BB�!7P;JJ; �����FH?B������
�.>;�>?IJEH?7D
%7J>7H?D;��E9A?D�C7A;I�J>;�FE?DJ�J>7J�J>;�*?ED;;H�*B7O;HI�FHECEJ;:�7�H7D=;�E <�97KI;I�?D�7::?J?ED�JE�MEC;DfI
IKkH7=;��?D �:?J>��H7?=�����c����� �H7C7J?9�&?L;I �&ED:ED���7II;BB���������������������7D:��


*?ED;;H�*B7O;HI��DDK7B�,;FEHJ��c� ���c���GKEJ;:�?D�%7J>7H?D;��E9A?D� 1EC;D�7D:�.>;7JH;�?D�J>;��=;�E<�-KkH7=;�
.>;�*?ED;;H�*B7O;HI���c��� �&ED:ED��*7B=H7L;����������
�.>;�H;L?;M�?D .>;�.?C;I 9ECFB7?D;:�J>7J�g1;�>7:
M7BA;:�?D�IE�?DDE9;DJBO��?C7=?D?D=�J>7J�J>;�F?ED;;H?D=�E<�J>;�*?ED;;H�*B7O;HI�M7I�JE�8;�:H7C7J?9��DEJ��?<�M;�C7O�8;
F7H:ED;:�J>;�K=BO�MEH:��<;C?D?IJ?9h��I;; .>;�.?C;I ����'7O�����


07H?EKI�;NFB7D7J?EDI�<EH�J>?I�9>7D=;�E<�:?H;9J?ED�7H;�IKCC7H?I;:� 8O��E9A?D�?D1EC;D�7D:�.>;7JH;�?D�J>;��=;�E<
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Figure 5.
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Figure 7.
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Figure 8.
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C7II?L;��L;HJ?97B�8BE9AI�JE�9H;7J;�:H7C7J?9�9EDJH7IJI�E<�B?=>J�7D:�I9 7B;
��J
J>?I�FE?DJ�?D�>?I�97H;;H��>;�M7I�7�L;J;H7D�E<��KHEF;7D�J>;7JH;�J>EK= >�IJ?BB
FHEB?l9dIEC;�;L;D�9ECFB7?D;:��CEDEC7D?79d?D�>?I�MH?J?D=�78EKJ�J>;� IJ7=;

7D:�>EM�?J�I>EKB:�9>7D=;
 ��

4CKB5

#D�J>;����I��J>;��H?J?I>��H7C7�&;7=K;�FK8B?I>;:�7�I;H?;I�E<�H;9EH:?D=I�E <
�H?J?I>�:?7B;9JI��M>?9>�>7L;�8;9EC;�7�IJ7D:7H:�H;<;H;D9;�<EH�79JEHI�7D :
EJ>;H�H;I;7H9>;HI
�.>;�FHE@;9J�M7I�IOCFJEC7J?9�E<�J>;�&;7=K;fI�?DJ;H;IJ�?D
FHECEJ?D=�H;=?ED7B�L7H?;JO�?D�J>;�J>;7JH;��F7HJ?9KB7HBO�?D�J>;�MEHA�E<�7C7J;KH
=HEKFI�M>?9>�H;FH;I;DJ;:�BE97B�9KBJKH;I�7D:�9ECCKD?J?;I��H7J>;H�J>7 D�J>;

IJ7D:7H:�JH7?D?D=�E<�J>;�C7@EH�J>;7JH;�797:;C?;I
 �� .>;H;�?I�IEC;J>?D=�E<
J>;��HJI�7D:��H7<JI�'EL;C;DJ�?D�J>?I�?D?J?7J?L;��7I�J>;H;�?I�M?J>�IE�CK9 >�E<
J>;�C7J;H?7B�?D�J>?I�;N>?8?J?EDd7D�?DJ;H;IJ�?D�J>;�L;HD79KB7H��9EC8?D;:�M?J>�
7D:�DEJ�9EDJH7:?9J?D=��7�9ECC?JC;DJ�JE�9KBJKH7B�?DJ;HD7J?ED7B?IC��7D:
KD:;HMH?JJ;D�8O�7�FEB?J?9I�E<�F;79;�7D:�FH;I;HL7J?ED




Footnotes

�B?L;��7HA;H��g.>;7JH;�7D:�-E9?;JO��.>;��:M7H:?7D�&;=79O��J>;� ?HIJ�1 EHB:�17H�7D:�J>;�#DJ;H	17H�2;7HIh��?D��B?L;
�7HA;H�7D:�'7==?;��
�!7B;��;:I�� �H?J?I>�.>;7JH;�8;JM;;D�J>;�17HI����c��� ��7C8H?:=;���7C8H?:=;�/D?L;HI?JO
*H;II����������


.>;�FB7OI�M;H; g�h��ECF7DO 7D: �B79A�e�BBd8EJ>�FK8B?I>;:�8O�";D:;HIEDfI��EEAI>EF�?D���
�"?I�7IIE9?7J?ED �M?J>
J>;�*?ED;;H�*B7O;HI�?D9BK:;:�J>;?H�FHE:K9J?ED�E<�>?I�FB7O.>;�&?JJB;�1>?J;�.>EK=>J 7J�J>;�->7<J;I8KHO�.>;7JH;���
�;9;C8;H���


-;;��EK=B7I�!EB:H?D=� )::�'7D�)KJ��.>;��KJE8?E=H7F>O�E<�7�g*HEF7=7D:7�(EL;B?IJh �&ED:ED���>7FC7D�7D:�"7BB�
�������c��
��EDIJ7D9;�'7BB;IED� �<J;H�.;D�2;7HI����*;HIED7B�,;9EH: �&ED:ED���7F;��������c��


.E=;J>;H�M?J>�>?I�M?<;��J>;�79JH;II��EDIJ7D9;�'7BB;IED��7D:�(EHC7D�' 9�;HCEJJ��I;;��B;7DEH��B:;H� .H7L;BB?D=
*B7O;HI��.>;�-JEHO�E<�J>;��HJI�&;7=K;�E<�-;HL?9; �&ED:ED�� H;:;H?9A�'KBB;H���������


,EI�';HA?D��g.>;�,;B?=?ED�E<�-E9?7B?IC�EH�7�*B;7I7DJ�-KD:7O��<J;H DEED���.>;�#&*��HJI�!K?B:h��?D��B?L;��7HA;H�7D:
'7==?;��
�!7B;��;:I�� �H?J?I>�.>;7JH;�8;JM;;D�J>;�17HI����c��� ��7C8H?:=;���7C8H?:=;�/D?L;HI?JO�*H;II��������
��������7D:���


'EHH?IfI�FK8B?97J?EDI�?D�J>;I;�:?L;HI;�l;B:I�?D9BK:;: -A??D=��N;H9?I;I ������ '7J;HD?JO�7D:�*EIJ	)F;H7J?L;��N;H9?I;I
�������7D: �7I?9�*>OI?97B�.H7?D?D=�����


'7H=7H;J�'EHH?I� 'O�&?<;�?D�'EL;C;DJ �&ED:ED��*;J;H�)M;D����������


$EI;F>?D;�,7DIEC� -9>EEBI�E<�.E	'EHHEM�?D��D=B7D: �&ED:ED��!
��;BB�7D:�-EDI���������
�#J�?I�DEJ78B;�J>7J�,7DIEC
M7I�7�J>;EIEF>?IJ��7D:�J>7J�I;L;H7B�E<�J>;�I9>EEBI�H;L?;M;:�?D�>;H� 8EEA�>7:�B?DAI�M?J>�.>;EIEF>O
�-;;�,?9>7H:
�C;HIED� ,>OJ>C����EBEKH��"ZBYD;�07D;B��&E]I�"KJJED���'7H=7H;J�'EHH?I ��:?D8KH=>��!EB:;D�"7H;����������


,7DIEC� -9>EEBI�E<�.E	'EHHEM�?D��D=B7D: ���


,7DIEC� -9>EEBI�E<�.E	'EHHEM�?D��D=B7D: ����c�


'7H=7H;J�'EHH?I�'EL;C;DJ�M;8I?J;� MMM
C7H=7H;JCEHH?ICEL;C;DJ
9EC�78EKJ	KI� >?IJEHO


'EHH?I� 'O�&?<;�?D�'EL;C;DJ ����c��


'EHH?I� 'O�&?<;�?D�'EL;C;DJ ����


'EHH?I� 'O�&?<;�?D�'EL;C;DJ ����


�EB?D�"7H:?D=��g�7L?IED��!;EH=;�����c����h��?D�$E>D�"7DD7LO��;:
�� �D9O9BEF;:?7�E<�(?D;J;;DJ>	�;DJKHO
*>EJE=H7F>O�&ED:ED���,��*H;II������������


'EHH?I� 'O�&?<;�?D�'EL;C;DJ ������7D:��C;HIED� ,>OJ>C����EBEKH ����


�C;HIED� ,>OJ>C����EBEKH ����


.>;O�?D9BK:;:��EC8;�'7HJ?D�����������"7HB;9>������������?D7H:��������*EKHL?BB;������� �7D:��DJ?8;I
�J>HEK=>�J>;����I�
�'EHH?I�H;C;C8;HI�J>;�IKCC;H�I9>EEBI�?D 'O�&?<;�?D�'EL;C;DJ ���c��


'EHH?I� 'O�&?<;�?D�'EL;C;DJ ������7D:��C;HIED� ,>OJ>C����EBEKH ����c��


'EHH?I� 'O�&?<;�?D�'EL;C;DJ ����
�.>;�<H?;D:I>?F�?I�:;I9H?8;:�7BIE�?D��B7D��H7M<EH:� �>7HB;I�,;DD?;�'79A?DJEI>
�&ED:ED��.>7C;I���"K:IED����������


,?9>7H:��C;HIED��g.>;��H9>?J;9J�7D:�J>;��7D9;H��'7H=7H;J�'EHH?I��'79 A?DJEI>�7D:�J>;�-EKJ>�E<� H7D9;h� �>7HB;I
,;DD?;�'79A?DJEI>�$EKHD7B �-FH?D=��������c�


.>?I�7D:�EJ>;H�7H9>?J;9JKH7B�9ECC?II?EDI�7H?I?D=�<HEC�'79A?DJEI>fI�O;7HI�?D��>;BI;7�7H;�:;J7?B;:�?D�.>EC7I�"EM7HJ>�
�>7HB;I�,;DD?;�'79A?DJEI>�7D:�J>;�'E:;HD�'EL;C;DJ �&ED:ED��,EKJB;:=;���%;=7D�*7KB�����������c��


.>;�FHE@;9J�7D:�?JI�7H9>?J;9JKH7B�H;<;H;D9;I�7H;�:;J7?B;:�?D�g'�����;I?=D� <EH�7�.>;7JH;�<EH�'7H=7H;J�'EHH?Ih�
'79A?DJEI>��H9>?J;9JKH;���EDJ;NJ��'7A?D=�7D:�';7D?D= ��/D?L;HI?JO�E<�!B7I=EM������ MMM
C79A?DJEI>	
7H9>?J;9JKH;
=B7
79
KA�97J7BE=K;�F:<�'���
F:< ��799;II;:���'7H9>����


'EHH?I� 'O�&?<;�?D�'EL;C;DJ ����c��


!H79;�.>OHP7�%?CC?DI� ";H?J7=;��H7<J�-9>EEBI�7D:�"EIF?J7BI���>7?B;O�����c������;?D=�7D��99EK DJ�E<�J>;�*?ED;;H
1EHA�<EH��H?FFB;:��>?B:H;D �D
F
���7OD7H:������


&?I7�$
�*HK?JJ��g.>;�";H?J7=;��H7<J�-9>EEBI�7D:�"EIF?J7BI�<EH��H?FFB;: ��>?B:H;Dh� ";AJE;D�#DJ;HD7J?ED7B����$EKHD7B�E<
';:?97B�"KC7D?J?;I ��DE
���1?DJ;H������ >JJFI���>;A?DJ
EH=���������������	�� 


'EHH?I� 'O�&?<;�?D�'EL;C;DJ ����


'EHH?I� 'O�&?<;�?D�'EL;C;DJ ����
�->;�B7J;H�97BB;:�>;H�IOIJ;C��7DI9H?FJ


�C;HIED� ,>OJ>C����EBEKH ��F7II?C


.>;�B7D=K7=;�M7I�lHIJ�FK8B?I>;:�8O�)=:;D�7I �7I?9��D=B?I>����!;D;H7B�#DJHE:K9J?ED�M?J>�,KB;I�7D:�!H7CC7H
�&ED:ED��%;=7D�*7KB��.H;D9>��.H^8D;H������
�"?I�MEHA�?I�:?I9KII ;:�?D�1
�.;HH;D9;�!EH:ED� �
%
�)=:;D�����?E	
8?8B?E=H7F>?97B�-JK:O�';JK9>;D��(%��-97H;9HEM�*H;II��������7D:�$7C;I�'9�BL;DDO� &7D=K7=;�7D:�';7D?D=�?D�J>;
�=;�E<�'E:;HD?IC���
%
�)=:;D�7D:�>?I��EDJ;CFEH7H?;I ��:?D8KH=>���:?D8KH=>�/D?L;HI?JO�*H;II������


�H?A7�)AH;DJ� #D�J>;�&7D:�E<�#DL;DJ;:�&7D=K7=;I �(;M�2EHA��-F?;=;B�7D:�!H7K�������
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"?I�MEHA�M?J>�J>;�'7H=7H;J�'EHH?I�.>;7JH;�?I�C;DJ?ED;:�?D�'EHH?I� 'O�&?<;�?D�'EL;C;DJ �����7D:�����7D:�:;J7?B;:
<KHJ>;H�?D��C;HIED� ,>OJ>C����EBEKH ��F7II?C
�1?J>�J>;�*BEK=>��BK8��>;�M7I�7�C;C8;H�E<�J>;�EH=7D?I?D=� 9ECC?JJ;;�
7HH7D=;:�9ED9;HJI��7D:�9EDJH?8KJ;:�>?I�EMD�CKI?9��I;;�*BEK=>��BK8� FHEIF;9JKI�������
)
�"EFFZ��IJ7J;��EBB;9J?ED�
*7I7:;D7�����
�";�I;HL;:�ED�J>;��EKD9?B�E<�J>;��HJI�&;7=K;�E<�-;HL?9;��7I� IJ7J;:�?D��B;7DEH��B:;H� .H7L;BB?D=�*B7O;HI�
.>;�-JEHO�E<�J>;��HJI�&;7=K;�E<�-;HL?9; �&ED:ED�� H;:;H?9A�'KBB;H�&J:�����������


!7HO�"?==?DIED��H;L?;M�E< !EEII;DI��)H9>;IJH7B�1EHAI ��>7D:EI������� 'KI?9�1;8�#DJ;HD7J?ED7B ����$KBO�����
MMM
CKI?9M;8	?DJ;HD7J?ED7B
9EC�9B7IIH;L�����$KBO��!EEII;DI6EH9>;I JH7B6L�6�"-���
>JC ��799;II;:���$7DK7HO
���


�EDIJ7D9;�-C;:B;O� �HKI7:;HI��.>;�,;C?D?I9;D9;I�E<��EDIJ7D9;�-C;:B;O��'HI�'7NM;BB��HCl;B:� �&ED:ED�
�K9AMEHJ>����������


'7NM;BB��HCl;B:��g'O�1EHB:�7D:�#dJ>;��EJIMEB:I�7D:�&ED:ED�?D�1 7Hf��KDFK8B?I>;:������������.7J;��H9>?L;��.!�
���������


'7NM;BB��HCl;B:� �D��HJ?IJ�?D��C;H?97 �&ED:ED��';J>K;D���������


�EDIJ7D9;�-C;:B;O��B;JJ;H�JE�";::?;�!7H:?D;H�����;9;C8;H�����9EBB;9J?ED�E<�(?9>E B7�!EH:ED��EM;
��C;H?97D
?DJ;HD7J?ED7B?IC�?I�:?I9KII;:�7BIE�?D�-C;:B;O� �HKI7:;HI �������7D:��HCl;B:� �D��HJ?IJ�?D��C;H?97 ���


-C;:B;O� �HKI7:;HI �����c���
�";H�H;J;BB?D=I�E<�J>;I;�IJEH?;I�M;H;�FK8B?I>;:�7I�7�I;H?;I�E<�7HJ?9B ;I�?D .>;��>H?IJ?7D
-9?;D9;�'ED?JEH 7D: 1EC;DfI�'7=7P?D; ��?BBKIJH7J;:�8O��HCl;B: 


-C;:B;O� �HKI7:;HI �����c���
�(?9EB7�!EH:ED��EM;��g�EDIJ7D9;�7D:�'7NM;BB��HCl;B:���D��C;H?97 D�#DJ;HBK:;
��c���h� .>;�$EKHD7B�E<��;9EH7J?L;�7D:�*HEF7=7D:7��HJI ����KJKCD��������


.>;?H�;C8HE?:;H?;I�M;H;�;N>?8?J;:�7J�J>;�=7BB;H?;I�E<�J>;�(7J?ED7B�-E9?;JO� E<��H7<JIC;D�?D�(;M�2EHA�7D:�7J�J>;�*7B79;
E<��HJ��-7D� H7D9?I9E
��H?DJED�EH=7D?I;:�JME�;N>?8?J?EDI�E<��HCl;B :fI�F7?DJ?D=�7J�J>;��HB?D=JED�!7BB;H?;I��(;M�2EHA��J>;
lHIJ�?D�;7HBO���
�-;;�!EH:ED��EM;��g�EDIJ7D9;�7D:�'7NM;BB��HCl;B:h���
 � EH��H?DJEDfI�97H;;H��I;;��D:H;M�$

17BA;H��g�H?J?9���KH7JEH���EBB;9JEH���>H?IJ?7D��H?DJED�7D:�J>;��N>?8?J?ED�E<�(7J?ED7B�'E:;HD?IC�?D��C;H?97����c���h
�*>��:?II
��/D?L;HI?JO�E<�*;DDIOBL7D?7������


'7NM;BB��HCl;B:��g'O��FFHE79>�JE��HJh��?D��
�
��7BB7H:�7D:��
�)= 8EHD��;:I�� '7NM;BB��HCl;B:���c���
�-EKJ>7CFJED��-EKJ>7CFJED��HJ�!7BB;HO��������D
F


�HCl;B:� �D��HJ?IJ�?D��C;H?97 ����


$E>D�'?9>;BB��g�OD7C?9�-OCC;JHO�?D�J>;�1EHA�E<�'7NM;BB��HCl;B:h� '7NM;BB��HCl;B:���c��� �-EKJ>7CFJED��)7A
%DEBB������


�EDIJ7D9;�-C;:B;O�7D:�'7NM;BB��HCl;B:�8EJ>�=?L;�799EKDJI�E<�J>;?H�9E BB78EH7J?ED�M?J>�&;;�?D�J>;?H�C;CE?HI��M>?9>
7H;�8HE7:BO��J>EK=>�DEJ�;DJ?H;BO��9EDI?IJ;DJ�M?J>�;79>�EJ>;H
�-C;: B;O� �HKI7:;HI �������7D:��HCl;B:��g'O�1EHB:�7D:
#h����c��


.>;�7::H;II��DE
����?I�=?L;D�ED�J>;�>;7:?D=�E<�B;JJ;HI�<HEC��EDIJ7D9 ;�-C;:B;O�JE�<7C?BO�7D:�<H?;D:I�?D��H?J7?D��DEM
?D�J>;�9EBB;9J?ED�E<�(?9EB7�!EH:ED��EM;


�HCl;B:� �D��HJ?IJ�?D��C;H?97 ���


�:M7H:�'9%D?=>J�%7Kk;H��B;JJ;H�JE�'7NM;BB��HCl;B:��4D
:
��8KJ�?DJ;HD 7B�;L?:;D9;�IK==;IJI����7I�J>;�B;JJ;H
C;DJ?EDI��HCl;B:fI�7HJ?9B;�g�EC;IJ?97J;:�'KH7B�*7?DJ?D=h� .>;��EKDJHOI?:;�'7=7P?D;�7D:�-K8KH87D�&?<; � ;8HK7HO
���5��.7J;��H9>?L;��.!�����


�HCl;B:��g'O��FFHE79>�JE��HJh


�EDIJ7D9;�-C;:B;O��g.>;��EL;H��;I?=Dh� .>;�'EJ>;HfI�'7=7P?D; ���DE
����'7H9>���������


-C;:B;O� �HKI7:;HI �����
�-C;:B;O�C;DJ?EDI�J>;?H�(;M�2EHA�;N>?8?J?ED�?D�7�B;JJ;H�JE�";::?;�!7H: ?D;H�����;9;C8;H
����9EBB;9J?ED�E<�(?9EB7�!EH:ED��EM;
�->;�IJK:?;I�;C8HE?:;HO�7D:�: ;9EH7J?ED�M?J>�'7O�(;M7BB�7D:�'7O�'EHH?I��I;;
!EH:;D��EM;��g�EDIJ7D9;�7D:�'7NM;BB��HCl;B:h����
��N>?8?J?EDI�8O� J>;�(7J?ED7B�-E9?;JO�E<��H7<JIC;D�JEEA�FB79;�7J
J>;�(7J?ED7B��HJI��BK8�!7BB;H?;I�����7IJ���-JH;;J


.;:�->7MD��;:
�� ,KJ>�-J��;D?I��*?ED;;H�7D:�*HEF>;J��8;?D=�7�"?IJEHO�E<�>;H��O9B;�E<�)H? ;DJ7B��7D9;I �-7D� H7D9?I9E�
����$E>D�"EM;BB����������c��
�-C;:B;O� �HKI7:;HI �����


-C;:B;O� �HKI7:;HI �����


�HCl;B:� �D��HJ?IJ�?D��C;H?97 ����7D:���c��
� EH�J>;EH?;I�E<�B7D=K7=;�7D:�:;I?=D�?D�J>;��HJI�7D:��H7<JI ��I;;�'EHD7
)f(;?BB� 17BJ;H��H7D;��.>;��HJI�7D:��H7<JI��*7?DJ?D=��7D:�*EB?J?9I�����c��� �(;M�"7L;D���.��27B;�/D?L;HI?JO�*H;II�
����


�HCl;B:� �D��HJ?IJ�?D��C;H?97 ����7D:��


�HCl;B:� �D��HJ?IJ�?D��C;H?97 ����


g.E�8H?D=�J>;��HJI�?DJE��L;HO:7O�&?<;h�M7I�IK8J?JB;:�JE�g�HJI�&;7=K;�E<�-;HL? 9;h
�.>;�9ECC?JC;DJ�JE�7;IJ>;J?9�KD?JO
M7I�EKJB?D;:�8O�&7KH;D9;��?DOED�?D .>;��HJI�&;7=K;�E<�-;HL?9;��KBB;J?D ������7D:�GKEJ;:�?D�J>;�<HEDJ�C7JJ;H�E<
IK8I;GK;DJ�;:?J?EDI
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Figure 9.
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