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�EHJ?97B7H;7I ?DJ>; L;DJH7BL?IK7BF7J>M7O8; 9EC; I; B;9J?L;BOJKD;: JEM7H:I J>; FHE9;II ?D=E<<79;I 9ECF7H;: JE
DED�<79;IJ?CKB?8; =?DD?D=7HEKD:� CEDJ>IE<7=; 7D: 9EDJ?DK?D=EL;HJ>; UHIJO;7H	.JK: ?;I KI?D=;L;DJ�H;B7J;:
FEJ;DJ?7BI?DJ>;   " � -+I� >7L; <EKD:7D -+ 9ECFED;DJ�J>; )��� J>7J:?I FB7OIIF;9?U9?JO<EH>KC7D <79;I	
*J>;H 9ECFED;DJI� IK9> 7I J>; +�� +���� 7D: )9 >7L; 8;;D IJK: ?;: JE7 B;II;H :; =H;; ?DJ>;?HH;IFEDI?L;D;II JE
>KC7D <79;I	 #EM;L;H� B?JJB;?I ADEMD78EKJJ>; IOIJ;C 7J?99>7D=;I ?DJ>; D;KH7BH;IFEDI;I JE<79;I :KH?D=J>;
UHIJO;7HE<B?<;�7D: J>; BE97B?P7J?EDE<J>;I; H;IFEDI;I ?D?D<7DJI�8H7?D	2; ;N7C?D;:  -+ H;IFEDI;I JEF?9JKH;I
E<<79;I 7D: E8@;9JI?D?D<7DJI<HEC�	� CEDJ>IJ>HEK=>� CEDJ>I?D7 9HEII�I;9 J?ED7BIJK:O	 2; ?DL;I J?=7J;: J>;
79J?L?JOE<7BBJ>; 9ECFED;DJI H;FEHJ;: JE8; ?DLEBL;: ?D?D<7DJ<79; FHE9;II ?D=�M?J>F7HJ?9KB7H?DJ;H;IJ JEJ>;?H
7CFB?JK:; L7H?7J?ED7D: 9EHJ?97BBE97B?P7J?ED	2; ?:;DJ?U;: D;KH7BH;=?EDIH;IFEDI?8B;<EHJ>; 9ECFED;DJJ>HEK=>
J>; 7FFB?97J?EDE<9EHJ?97BIEKH9;BE97B?P7J?EDC;J> E:I	 2; <EKD:B7H=;H+� 7D: )�� H;IFEDI;I JE<79;I J>7D
E8@;9JI�7D: J>;I; 9ECFED;DJIM;H; BE97B?P;: ?DJ>; B?D=K7B7D: C?: :B;
 FEIJ;H?EH<KI?<EHC=OH?�H;IF;9 J?L;BO	/>;
7CFB?JK:; E<J>; +��� M7I DEJ:?<<;H;DJ?7BBOI;D I?J?L;JE<79;I EL;HE8@;9JI	/>; )9 9ECFED;DJM7I :?<<;H;DJ <EH
<79;I 7D: E8@;9JI�M7I ?DVK;D9;: 8OJ>; ?D<7DJ�I 7JJ;DJ?ED7BIJ7J;� 7D: BE97B?P;: ?DC; :?7B�7DJ;H?EH8H7?D7H;7I	
/>; ?CFB?97J?EDIE<J>;I; H;IKBJI7H; :?I 9KII;: ?DJ>; ?:;DJ?U97J?EDE<:; L;BEFC;D J7B -+ FH;9KHIEHIJE<79;FHE�
9;II ?D=	

1. Introduction

/>; 8H7?D7H;7I H;IFEDI?8B; <EH<79; FHE9;II ?D=7H; M;BB;I J78B?I>;:
?D7:KBJH;I;7H9>8KJJ>;?H:; L;BEFC;DJ :KH?D=?D<7D9O?IDEJM;BBKD:;H �
IJEE:	 />; 7?CE<J>; FH;I;DJ IJK:O M7I JEIOIJ;C 7J?97BBOEKJB?D;:; L;B�
EFC;D J7B9>7D=;I ?D?D<7DJI�$9EHJ?97BH;IFEDI;I JE<79;I M?J>?DJ>; UHIJ
O;7HE<B?<;	2; 9EC8?D;: :7J7 <HECCKBJ?FB; IJK: ?;I 9ED:K9J;: ?DEKH
B78�M>?9>KJ?B?P;:I?C?B7HC;J> E:I JE?DL;I J?=7J; ;L;DJ�H;B7J;: FEJ;DJ?7B
� -+� H;IFEDI;I JE<79;I 7D: E8@;9JI�?	;	 JEOI�>EKI;I� ?DJOF?97BBO�:; �
L;BEF?D=?D<7DJI<HEC�	� JE� CEDJ>I E<7=; � �EDJ; 7D: -?9>7H:I�
��� � "KO ;J 7B	���� � "KO ;J 7B	���� � -?9>7H:I� ��� � 3?; 7D:
-?9>7H:I� ��� �	 *D; =E7BM7I JE 7D7BOP;:; L;BEFC;D J7B9>7D=;I ?D
J>; 7CFB?JK:; E< -+ 9ECFED;DJI E<J;D ;N7C?D;: ?DIJK: ?;I E<?D<7DJ
<79; FHE9;II ?D=�?	;	� +�� )��� +���� )9�	 � I;9 ED: =E7BM7I JE?:;D�
J?<O8H7?D7H;7I H;IFEDI?8B; <EHJ>; =;D;H7J?EDE< -+ 9ECFED;DJI 7IIE�
9?7J;: M?J><79; FHE9;II ?D=�KI?D=IEKH9;7D7BOI?I J;9>D?GK;IM?J>H;7B�
?IJ?9�7=; �7FFHEFH?7J; >;7: CE: ;BI	

/>; )���  -+ 9ECFED;DJ>7I 8;;D 9BEI;BOB?DA;:JEJ>; FHE9;II ?D=
E<<79;I ?D7:KBJI	 "H;7J;H )��� 7CFB?JK:; ?I E8I;HL;: ?DH;IFEDI; JE
<79;I J>7DDED�<79;IJ?CKB?�?D9BK:?D=E8@;9JI7D: >EKI;I �;	=	�

�;DJ?D ;J 7B	� ���� � �7B:7H7 ;J 7B	� ��� � �7HC;B 7D: �;DJ?D�
�� � $J?;H;J 7B	���� � $J?;H7D: /7OBEH���� 7�8� -EI I?ED;J 7B	�
��� �� 7JJ;D:;: J>7DKD7JJ;D:;: F; H?F>;H7BBOFH;I;DJ;: <79; IJ?CKB?
�  ?C;H� ���8 �� ?DL;HJ;: J>7DKFH?=>J<79;I � -EI I?ED;J 7B	� ��� ��
8KJDEJJE?DL;HJ;: L;HIKI KFH?=>JE8@;9JI� �;DJ?D ;J 7B	� ���� �	 !EH
J>;I; H;7IEDI� ?J?I >OFEJ>; I?P;: J>7JJ>; )��� H;V;9JI J>; IJHK9JKH7B
;D9E:?D=E<9EDU=KH7B?D<EHC7J?ED?D<79; F;H9;FJ?ED� �;DJ?D ;J 7B	�
���� �  ?C;H� ���7 � -EI I?ED;J 7B	���� �	

�'�EHJ?97BIEKH9;7D7BOI?I�( ?D9EHFEH7J;I J>; ;B;9JH?97B79J?L?JOEDJ>;
I97BF7D: IJHK9JKH7BD;KHE?C7=?D=?D<EHC7J?EDJE;I J?C7J; D;KH7B=;D�
;H7JEHIE<I97BF�H;9EH:;:  -+ 9ECFED;DJI	 � DKC8;H E<8H7?D7H;7I
>7L; 8;;D ?CFB?97J;: ?DJ>; =;D;H7J?EDE<J>; 7:KBJ)��� �I;; /78B;
� ?D-?9>7H:I ;J 7B	� ��� �	 />; C7@EH?JOE<IJK: ?;I 9ED9BK:; J>7J
J>; )��� 9ECFED;DJ?I =;D;H7J;: FH?C7H?BO?DJ>; <KI?<EHC=OHKI�F7H�
J?9KB7HBOJ>; C?: :B; 7D: FEIJ;H?EH<KI?<EHC=OH?��;< <A; ;J 7B	� ��� �
"7E ;J 7B	� ��� � -EI I?ED ;J 7B	� ��� � .>?87J7 ;J 7B	� �� �	
/>; <KI?<EHC=OHKI?I 7BIEJ>; 8H7?D7H;7 CEIJ <H;GK;DJBO<EKD:JE8;
9BEI;BO7IIE9?7J;: M?J><79; FHE9;II ?D=IJK: ?;I KI?D=<(-$ � �;HC7D ;J
7B	� ��� � �;< <A; ;J 7B	� ��� � I;; !?=	 � ?D"7E ;J 7B	� ��� � �	
-EI I?ED ;J 7B	� ��� �	 #EM;L;H� IEC; IEKH9;7D7BOI?I IJK: ?;I I>EM

�, �EHH;IFED:?D=7KJ>EH	
� �.$,- $''2(33� 9EDJ;I� C7?B8EN	I9	;:K �.	 �EDJ;�

>JJFI�

:E?	EH=
��	����
@	D;KHE?C7=;	��	�����
-;9;?L;: � *9JE8;H ��� ��-;9;?L;:�?D�H;L?I;:�<EHC � !;8H7KHO�� ���99;FJ;: � !;8H7KHO��
�L7?B78B;�EDB?D;NNN
��������� 
 S �� 	
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J>7JEJ>;H7H;7I C7OFB7O7 HEB;?DJ>; =;D;H7J?EDE<J>; )��� �I;; /78B;
� ?D-?9>7H:I ;J 7B	���� �	

$D<7DJII>EM <79;�I;D I?J?L;  -+ H;IFEDI;I 7I ;7HBO7I � CEDJ>I E<
7=; � :; #77D 7D: );B IED� ���� � (	 2	 "KO ;J 7B	� ��� � (	 2	
"KO ;J 7B	� ��� � +;OA7H@EK7D: #E;>B� ��� � 3?; 7D: -?9>7H:I�
��� �	 />;  -+ 9ECFED;DJI ;B?9?J;:8O<79;I� EH:;H;: 8OJ>;?HJ;C FE�
H7BI; GK;D9;� 7H; J>; +�� )��� +���� 7D: )9	 />; +� ?I J>; UHIJFEI?�
J?L;�=E?D=9ECFED;DJ;B?9?J;:8OL?IK7BIJ?CKB?	$JIF;7A ?I E8I;HL;: 7J
E99?F?J7B;B;9JHE:;I 7D: >7I 8;;D I>EMD JE8; =H;7J;H?D7CFB?JK:; 7J
C; :?7BJ>7DB7J;H7B;B;9JHE:;I � !7HHED?;J 7B	� �� �	 $J?I E<J;D EL;H�
BEEA;:?D -+ IJK: ?;I ED<79;FHE9;II ?D=?D?D<7D9O�8; 97KI; L7H?7J?ED?D
+� 7CFB?JK:; ?D7:KBJI?I 8; B?;L;: JEH;V;9J 9>7D=;I ?DBEM�B;L;BL?IK7B
9K;I � -EI I?ED7D: %79GK;I���� � -; =7D� ���� �	 />; +� >7I 8;;D
?DL;I J?=7J;: ?D7JB;7IJJ>H;; IJK: ?;I E<<79;FHE9;II ?D=?DOEKD=?D<7DJI�
7D: DE:?<<;H;D9;I >7L; 8;;D E8I;HL;: ?D7CFB?JK:; EHB7J;D9OJE<79;I
L;HIKI DED�<79;E8@;9JI�+;OA7H@EK7D: #E;>B� ��� �� KFH?=>JL;HIKI
?DL;HJ;: <79;I �+;OA7H@EK7D: #E;>B� ��� �� 7D: ?DJ79JL;HIKI I9H7C�
8B;: <79;I � (79 9>?�7I I?7 ;J 7B	���� � +7H?I;;J 7B	���� �	 �EHJ?97B
IEKH9;7D7BOI?I >7I 8;;D KI;: ?D7:KBJIJEBE97B?P;J>; +� 9ECFED;DJJE
J>; IJH?7J; 7D: ;NJH7�IJH?7J; L?IK7B9EHJ;N � �? -KIIE ;J 7B	� �� �	 )E
IJK:O >7I :; UD;: J>; 9EHJ?97BIEKH9;E<J>; +�  -+ H;IFEDI; JE<79;I ?D
:; L;BEFC;D J7BFEFKB7J?EDI	

/>; I;9 ED:  -+ 9ECFED;DJ;B?9?J;:8O<79; IJ?CKB??I J>; )��	 />;
)�� ?I J>; CEIJ <H;GK;DJBOIJK: ?;:  -+ 9ECFED;DJ ;B?9?J;:8O <79;I
?D?D<7DJI� :; #77D ;J 7B	� ��� � #7B?J;J 7B	� ��� � #7B?J;J 7B	�
��� � #E;>B 7D: +;OA7H@EK��� � 'KOI J;H ;J 7B	� ��� � 'KOI J;H
;J 7B	� ��� �	 $J?I 7 D;=7J?L;�=E?D=:; V;9J?ED?DJ>;  -+� F;7A?D=
7FFHEN?C7J;BO�� CI 7<J;H IJ?CKBKIEDI;J 7J B7J;H7B�?D<;H?EHFEIJ;H?EH
I97BF7H;7I � :; #77D ;J 7B	� ��� � (	 2	 "KO ;J 7B	� ��� � #7B?J
;J 7B	� ��� �	 '?A; J>; 7:KBJ)���� =H;7J;H)�� 7CFB?JK:; >7I 8;;D
E8I;HL;: ?DH;IFEDI; JE >KC7D <79;I J>7DDED�<79; IJ?CKB??D?D<7DJI
�(	 2	 "KO ;J 7B	� ��� � (9 �B;;HO ;J 7B	� ��� � 3?; 7D: -?9>7H:I�
��� �	 .JK: ?;I >7L; 7BIEH;FEHJ;:7D;<<;9JE<IJ?CKBKIJOF;ED)�� B7�
J;D9O�?	;	� I>EHJ;HH;IFEDI;I JE>KC7D <79;I J>7DE8@;9JIEHDED�>KC7D
<79;I� #7B?J;J 7B	� ��� � (9 �B;;HO ;J 7B	� ��� � 7D: DKBBIJ?CKBKI
JOF; ;<<;9JI 7J J>; B;L;BE<J>; )�� H;IFEDI;� :; #77D 7D: );B IED�
���� �	 />; H;IFEDI?L;D;II E<J>; )�� JE<79;I C7O 8; CE: KB7J;: 8O
?D<7DJI�7JJ;DJ?ED7BIJ7JKI� 7I ;L ?:;D9;: 8O7 =H;7J;H7CFB?JK:; H;IFEDI;
JE<79;I J>7DJEOI:KH?D=F; H?E:I E<7JJ;DJ?L;D;II �7D: =H;7J;H7CFB?JK:;
H;IFEDI;I :KH?D=7JJ;DJ?EDJ>7D?D7JJ;DJ?ED�"KO ;J 7B	� ��� �	 �: :?�
J?ED7BBO�J>; )�� C7O 8; I;D I?J?L;JE<79; I7B?;D9;EH<7C?B?7H?JO�7I ?J
>7I 8;;D I>EMDJE8; =H;7J;HJEEMD�J>7DEJ>;H�IF;9?;I <79;I ?D?D<7DJI
7JB;7IJ� CEDJ>IE<7=;� :; #77D ;J 7B	���� � #7B?J;J 7B	����� �
EMD�J>7DEJ>;H�H79;<79;I 7J� CEDJ>IE<7=;� �7B7I ;J 7B	����� � 7D:
<;C7B; J>7DC7B; <79;I ?D� �CEDJ>�EB:?D<7DJIH7?I;: 8O7 <;C7B; 97H;�
=?L;H�-?=>? ;J 7B	����� 	 #EM;L;H� ED; IJK:O H;FEHJ;:DE:?<<;H;D9;I
?D)�� 7CFB?JK:; ?DH;IFEDI; JE?D<7DJF7HJ?9?F7DJI�CEJ>;HI�$<79;I 7D:
<7LEH?J;JEOIH;B7J?L;JEDEL;B<;C7B; <79;I 7D: JEOI� "KO ;J 7B	���� �	
.?C?B7HJEJ>; 7:KBJ)���� ?D9H;7I;: )�� 7CFB?JK:; ?I E8I;HL;: <EH?D�
L;HJ;: L;HIKI KFH?=>J>KC7D <79;I 7J � CEDJ>I �#7B?J;J 7B	� ��� ��
8KJDEJ7J OEKD=;H7=;I � :; #77D ;J 7B	� �� � #7B?J;J 7B	� ��� �	
/>;I; H;IKBJI?D:?97J; J>7JJ>; )�� H;V;9JI ?D<7DJ;D9E:?D=E<<79;I�
7D: C7O8; 9EC; CEH; I?C?B7HJEJ>; 7:KBJ)��� M?J>7=;	

�EHJ?97BIEKH9;7D7BOI?I E<J>; ?D<7DJ)�� H;L;7BI I?C?B7HIEKH9;I
JEJ>; 7:KBJ)���	 />; <KI?<EHC=OHKI�H?=>J./. 7D: IKHHEKD:?D=J;C �
FEH7BBE8;7H;7I >7L; 8;;D H;FEHJ;: JE:?I 9H?C?D7J; KFH?=>JJE?DL;HJ;:
<79;I 7J � 7D: � CEDJ>I E<7=; �%E>DIED ;J 7B	� ��� �	 (EH; H;�
9;DJBO�"KO ;J 7B	����� I>EM;: J>7JJ>; 8H7?D7H;7I J>7JI>EM 9EH�
J?97BIEKH9;H;IFEDI?L;D;II M?J>?DJ>; J?C; M?D:EM E<J>; )��  -+
9ECFED;DJ M;H; J>; C?: :B; <KI?<EHC=OHKI�7DJ;H?EH<KI?<EHC=OHKI�
F7H7>?FFE97CF7B=OHKI�7D: J;C FEH7BFEB;	!KHJ>;H�J>; <KI?<EHC=OHKI
7BED=M?J>J>; ?D<;H?EHE99?F?J7B=OHKI>7L; 8;;D ?:;DJ?U;: 7I =;D;H7

JEHIE<J>; )�� :KH?D=J>; :?I 9H?C?D7J?EDE<;CE J?ED7BL7B;D9;E<<79;I
?D� � 7D: � �CEDJ>�EB:?D<7DJI�3?; ;J 7B	���� �	 />;I; H;IKBJI?D:?97J;
J>7J8EJ>IJHK9JKH7B7D: ;CE J?ED7B;D9E:?D=E<<79;I 7JJ>; B;L;BE<J>;
)�� 9ECFED;DJ?DJ>; UHIJO;7HE<B?<;?DLEBL;79J?L?JOE<I?C?B7H9EHJ?�
97B7H;7I JEJ>; 8H7?D7H;7I =;D;H7J?D=J>; )��� ?D7:KBJI	

/>;H; 7H;L7H?7J?EDI?DJ>; F7JJ;HDE<H;IFEDI; JE<79;I 7D: DED�<79;
IJ?CKB??DC?: �B7J;D9O?D<7DJ -+ 9ECFED;DJI� ?D9BK:?D=J>; +��� 7D:
)9	 />; +��� ?ICEIJ FHEC?D;DJEL;HFEIJ;H?EH7D: B7J;H7B;B;9JHE:;I � :;
#77D ;J 7B	� �� � #7B?J;J 7B	� ��� �� M>;H;7I J>; )9 ?I FHEC?D;DJ
EL;H<HEDJ7B7D: 9;DJH7B;B;9JHE:;I	 />; +��� 7D: )9 >7L; 7D EFFEI?J;
FEB7H?JO�?	;	� FEI?J?L;:; V;9J?ED<EHJ>; +��� 7D: D;=7J?L;:; V;9J?ED<EH
J>; )9	 />; +��� F;7AI 7J7FFHEN?C7J;BO��� CI <EBBEM?D=IJ?CKBKIED�
I;J� 7D: J>; )9 ?I E8I;HL;: <HEC7FFHEN?C7J;BO��� JE��� CI M?J>EKJ
7 IJH?9JBO:; UD;: F;7A B7J;D9O�<EHH;L?;M I;; :; #77D ;J 7B	� ��� �
-;ODEB:I 7D: -?9>7H:I� ��� � ��� �	 />; HEB;E<J>; +��� ?D<79;
FHE9;II ?D=?I IEC; M>7J7C8?=KEKI	 *D; IJK:O H;FEHJ;: I>EHJ;HB7J;D9O
H;IFEDI;I JE<79;I J>7DJEOI?D� �CEDJ>�EB:?D<7DJI� :; #77D 7D: );B �
IED� ���� �	 #EM;L;H� J>?I;<<;9JM7I DEJH;FB?97J;: ?D7DEJ>;HIJK:O�
M>?9>H;FEHJ;:=H;7J;H+��� 7CFB?JK:; ?DH;IFEDI; JEE8@;9JIJ>7D<79;I
� "KO ;J 7B	� ��� �	 �: :?J?ED7BBO�H;IKBJIE<JMEIJK: ?;I ?D:?97J; J>7J
J>; +��� 79J?L?JO?I CE: KB7J;: 8O<79; ?DL;HI?ED7D: I>EMI IK8IJ7DJ?7B
9>7D=;I ?DJ>; UHIJO;7HE<B?<;	.F;9?<?97BBO�8EJ>� � 7D: � �CEDJ>�EB:?D�
<7DJII>EM B7H=;H+��� H;IFEDI;I JEKFH?=>J9ECF7H;: JE?DL;HJ;: <79;I�
?D9BK:?D=>KC7D 7D: CEDA;O <79;I � :; #77D ;J 7B	� �� � #7B?J;J
7B	� ��� �	 �O � CEDJ>I E<7=; J>; +��� I>EMI =H;7J;HIF; 9?7B?P7�
J?ED�;L ?:;DJ 8O BED=;HB7J;D9OH;IFEDI;I JE?DL;HJ;: J>7DKFH?=>J>K�
C7D <79;I� 8KJ DEJ?DL;HJ;: 7D: KFH?=>JCEDA;O <79;I �#7B?J;J 7B	�
��� �	 "H;7J;H 7CFB?JK:; ?DJ>; +��� H;IFEDI;I >7L; 8;;D E8I;HL;:
:KH?D=#- �:; UD;: F; H?E:I E<7JJ;DJ?EDJ>7D?D7JJ;DJ?ED�"KO ;J 7B	�
��� �	 �: :?J?ED7BBO�?J?I FEII?8B; J>7JJ>; +��� FB7OI7 HEB;?DDEL;BJO
:; J;9J?ED�7I =H;7J;H7CFB?JK:; H;IFEDI;I >7L; 8;;D H;FEHJ;: JEDEL;B
J>7D<7C?B?7H<79;I ?DIEC; IJK: ?;I �&;O ;J 7B	���� � .9EJJ 7D: );B �
IED� ��� � .9EJJ;J 7B	���� �� 8KJDEJEJ>;HI � :; #77D 7D: );B IED�
���� � "KO ;J 7B	� ��� �	 $J?I E<J;D IK==;IJ;: J>7JJ>; C7JKH;)���
<EKD:?D7:KBJIC7O H;IKBJ<HEC7D ?DJ;=H7J?EDE<J>; )�� 7D: +���
M?J>9>7D=;I ?D7=; <HEC� CEDJ>I 7D: 8; OED:� I?D9; 8EJ>J>; )��
7D: J>; +��� I>EM 7D7BE=EKI IJHK9JKH7B7D: <KD9J?ED7B9>7H79J;H?IJ?9I
JEJ>; 7:KBJ)���  -+ 9ECFED;DJ� :; #77D ;J 7B	���� � #7B?J;J 7B	�
��� � ��� � #E;>B 7D: +;OA7H@EK��� � 'KOI J;H;J 7B	���� �	

/>; )9 ?I J>; CEIJ <H;GK;DJBOIJK: ?;:  -+ 9ECFED;DJ ?D?D<7D9O	
$J?I E8I;HL;: ?DH;IFEDI; JE IJ?CKB??D7BCEIJ 7BBCE:7B?J?;I 7D: JE
7 DKC8;H E<IJ?CKBKI 9ED:?J?EDI	/>; )9 ?I <H;GK;DJBOI>EMD JE 8;
I;D I?J?L; JEIJ?CKBKI<7C?B?7H?JO� �7HL;H ;J 7B	� ��� � :; #77D 7D:
);B IED� ���� � �	 �	 );B IED 7D: �EBB?DI����� � ��� � -;ODEB:I
7D: -?9>7H:I� ��� �� ;CE J?ED7B?D<EHC7J?ED� :; #77D ;J 7B	���� �
"HEII C7DD ;J 7B	� ��� � ';F F7D;D ;J 7B	� ��� � (7H J?DEI ;J 7B	�
�� � �	 �	 );B IED 7D: :; #77D� ���� � ,K7:H;BB?;J 7B	���� � 2	
3?; ;J 7B	� ��� �� 7D: 7BBE97J?EDE<7JJ;DJ?ED7BFHE9;II ?D=H;IEKH9;I
� �9A B;I 7D: �EEA� ��� � ��� � :; #77D ;J 7B	� ��� � �;D D?I ;J
7B	���� � �>7HB;I �	 );B IED� ���� � -;ODEB:I 7D: -?9>7H:I� ��� �
-?9>7H:I� ��� �	 />; 7CFB?JK:; E<J>; )9 ?I B7H=;H:KH?D=#- �:; UD;:
F; H?E:I E<7JJ;DJ?EDJ>7D?D7JJ;DJ?ED�"KO ;J 7B	� ��� � -;ODEB:I ;J
7B	� ��� � -;ODEB:I 7D: -?9>7H:I� ��� � ��� � -?9>7H:I� ��� �	
/>; )9 7FF;7HI JE8; 7 =;D;H?9 -+ 9ECFED;DJ H;V;9J?D=7JJ;DJ?ED7B
;D=7=;C;DJ 7D: I>EM?D=I?C?B7HH;IFEDI;I JEJ>; +��� 9ECFED;DJ?D
7:KBJI � -?==?DI 7D: .9EJJ� ��� �	 />KI� ?JE<J;D I>EMI H;IFEDI?L;�
D;II JE<79; IJ?CKB?C?HHEH?D=J>; 7JJ;DJ?ED7BL7B;D9; E<J>; <79; IJ?C�
KB?	$D<7DJ -+ IJK: ?;I KJ?B?P?D=<79;IJ?CKB?>7L; H;FEHJ;:=H;7J;H)9 H;�
IFEDI;I JE?D<7DJI�CEJ>;H�I <79; J>7D:?I I?C?B7HBEEA?D=IJH7D=;H�I<79;
?D� �CEDJ>�EB:I � :; #77D 7D: );B IED� ���� � ���� � 2;88 ;J 7B	�
��� �	 $J?I CE: KB7J;: 8O J>; H;B7J?L; I7B?;D9;E<J>; <79; � �EKH9>�
;ID; ;J 7B	����� � :; #77D 7D: );B IED� ���� � ���� � (7= =?; 2	 "KO
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;J 7B	� ��� � -;ODEB:I ;J 7B	� ��� � -?9>7H:I� ��� � 2;88 ;J 7B	�
��� �	

.EKH9;BE97J?EDE<J>; )9 9ECFED;DJ?D?D<7DJF7HJ?9?F7DJI>7I 8;;D
?DL;I J?=7J;: ?DH;IFEDI; JE <79; 7D: DED�<79; IJ?CKB?	-;ODEB:I 7D:
-?9>7H:I ����� ;N7C?D;: J>; 9EHJ?97BIEKH9;E<J>; )9 9ECFED;DJ?D
H;IFEDI; JE9ECFKJ;H�=;D;H7J;: L?IK7BF7JJ;HDIM?J>7D: M?J>EKJFH;L?�
EKI <7C?B?7H?P7J?ED;NFEIKH; :KH?D=7 CE: ?U;: �E:: 87BBFHE9; :KH;	 />;O
H;FEHJ;: J>7JJ>; )9 7CFB?JK:; ?D9H;7I;: M?J>?D<7DJI�$7JJ;DJ?ED7BIJ7�
JKI 7D: FH;<;H;D9; <EHDEL;BIJ?CKB?	�O �	� CEDJ>I E<7=;� =;D;H7JEHI
E<J>; )9 H;IFEDI;I M;H; C7?DBOBE97B?P;: ?D7H;7I E<J>; ?D<;H?EHFH;�
<HEDJ7B9EHJ;N 7D: 7DJ;H?EH9?D=KB7J;9EHJ;N � -;ODEB:I 7D: -?9>7H:I�
��� � 7BIEI;; -;ODEB:I ;J 7B	� ��� �	 "KO ;J 7B	 ����� BE97B?P;:
J>; )9� C;7 IKH;: ?DH;IFEDI; JE<79;I 7D: JEOI�?DJ>; 7DJ;H?EHJ;C FEH7B
BE8;7D: FH;<HEDJ7B9EHJ;N ?D?D<7DJI7J �	� ���	� CEDJ>IE<7=;	 �9 J?L?JO
E<J>; )9 ?DH;IFEDI; JE;CE J?ED7B<79;I >7I 8;;D BE97B?P;: JEFEIJ;H?EH
IEKH9;I� ;	=	� FEIJ;H?EH9?D=KB7J;9EHJ;N
FH;9KD;KI �3?; ;J 7B	��� �	 />;
:?I 9H;F7D9O8; JM;;D J>;I; IJK: ?;I C7O 8; :K; JEJ>; :?<<;H;D9;I ?DJ>;
IJ?CKB?KJ?B?P;:�� <7C?B?7HL;HIKI KD<7C?B?7H<79;7D: JEOIJ?CKB??D"KO
;J 7B	 ����� 7D: ;CE J?ED7B<79;I ?D3?; ;J 7B	� ��� �	 $J?I FEII?8B;
J>7JJ>; J?C; M?D:EM 9EDI?: ;H;: <EHIEKH9;7D7BOI?I E<;CE J?ED7BIJ?C�
KB??D9BK:;: 7 9EC8?D7J?EDE<7 :?I J?D9J+��� IEKH9;EL;HB7?:EDJ>; 8; �
=?DD?D=E<J>; )9 IEKH9;�H;IKBJ?D=?DJ>; BE97B?P7J?EDE<J>; 9ECFED;DJ
?DFEIJ;H?EHH7J>;HJ>7D9;DJH7B�?D<;H?EHIEKH9;I	 />; +��� 7D: )9 I>7H;
7 I?C?B7HB7J;D9O7D: 7 :?FEB7H7FF;7H7D9; E<I97BF79J?L7J?ED�M>?9>
C7A;I ?J:?<U9KBJJE:; J;HC?D; KD?GK;IEKH9;I<EH;79> 9ECFED;DJ:KH�
?D=<79;FHE9;II ?D=� "KO ;J 7B	���� �	

$DIKC C7HO�;NJ;DI?L; H;I;7H9> >7I 8;;D 9ED:K9J;: JE9>7H79J;H?P;
?D<7DJI�<79;�IF; 9?U9 -+ H;IFEDI;I	 #EM;L;H� J>;I; IJK: ?;I >7L; =;D;H�
7BBO;N7C?D;: <79; FHE9;II ?D=7JED; EHJMEIF; 9?U97=;I 7D: DEJEL;H
J>; ;DJ?H;UHIJO;7H	/>;I; IJK: ?;I E<J;D 9ECF7H; <79;�H;B7J;: IJ?CKB?
79HEII97J; =EH?;I�<7C?B?7H?JO�IF;9?;I ;<<;9JI� ;J>D?9?JO�7D: DEJIF;9?<?�
97BBOJEDED�<79; IJ?CKB?	/>; 9KHH;DJIJK:O ;N7C?D;: J>; :; L;BEFC;DJ
E<;B;9JHEF>OI?EBE=?97BH;IFEDI;I JE<79;I 7D: E8@;9JI?DJ>; UHIJO;7HE<
B?<;	/>;  -+ 79J?L?JOM7I ;N7C?D;: ?D7 9HEII�I;9 J?ED7B:; I?=DM?J>?D�
<7DJI<HEC�	� JE� CEDJ>IE<7=; � �EDJ; 7D: -?9>7H:I� ��� � "KO ;J
7B	���� � "KO ;J 7B	���� � -?9>7H:I� ��� � 3?; 7D: -?9>7H:I� ��� �	
/>; FH?C7HO=E7BM7I JEIOIJ;C 7J?97BBOJH79A?D<7DJI�$D;KH7BH;IFEDI;I
JE<79;I 7D: DED�<79; E8@;9JI?DJ>; UHIJO;7HE<B?<;7D: CE: KB7J;: 8O
7JJ;DJ?ED	.;L ;H7BIJK: ?;I >7L; KI;: >;7HJH7J;:; 9;B;H7J?ED:KH?D=IJ?C�
KBKIFH;I;D J7J?ED7I 7D ?D:;N E<7JJ;DJ?EDEH7HEKI7B?D?D<7DJI	$D<7DJ
FHE9;II ?D=E<IJ?CKBKI?D<EHC7J?EDE99KHIFH?C7H?BO:KH?D=F; H?E:I E<
IKI J7?D;: 7JJ;DJ?ED� -;ODEB:I 7D: -?9>7H:I� ��� � -?9>7H:I� ��� �
-?9>7H:I 7D: �7I;O� ��� � -?9>7H:I ;J 7B	���� �	 $J>7I 8;;D I>EMD
?DI;L ;H7BIJK: ?;I J>7J -+ H;IFEDI;I JE IJ?CKB?�?D9BK:?D=<79;I� 7H;
B7H=;H7D: CEH; EH=7D?P;: :KH?D=#- �:; UD;: IKI J7?D;: 7JJ;DJ?EDJ>;D
:KH?D=?D7JJ;DJ?ED�"KO ;J 7B	���� � -;ODEB:I 7D: -?9>7H:I� ��� �
-?9>7H:I� ��� � 3?; 7D: -?9>7H:I� ��� � />;I; IJK: ?;I 7BIE<EKD:J>7J
I?=D?<?97DJ:?<<;H;D9;I ?DJ>;  -+ H;IFEDI; E99KHH;:<EH7=; 7D: IJ?CKBKI
9ED:?J?EDI:KH?D=7JJ;DJ?ED8KJDEJ:KH?D=?D7JJ;DJ?ED	2; >OFEJ>; I?P;:
J>7JB7H=;H7CFB?JK:; H;IFEDI;I JE<79;I 9ECF7H;: JEE8@;9JIMEKB:8;
;B?9?J;::KH?D=;7HBOIJ7=;I E<FHE9;II ?D=�?	;	� +� 7D: )���� M>;H;7I
B7J;H9ECFED;DJI �?	;	� +��� 7D: )9� MEKB:8; CE: KB7J;: 8O7JJ;DJ?ED7B
FHE9;II;I	

� I;9 ED: 7?C E<J>?I IJK:O M7I JE BE97B?P; J>; 9EHJ?97B=;D;H7JEHI
E<?D<7DJ<79;�I;D I?J?L;  -+ 9ECFED;DJI 7D: JE ;N7C?D; 9>7D=;I ?D
J>;?HIEKH9;I 79HEIIJ>; UHIJO;7HE<B?<;	2; KI;: IEKH9;BE97B?P7J?ED
C;J> E:I J>7J?D9BK:;: H;7B?IJ?9>;7: CE: ;BI 87I;: ED?D:?L?:K7B(-$I
7D: 7=; �7FFHEFH?7J; ?D<7DJJ;C FB7J;I	2; 7FFB?;: 7 LEN;BM?I; I;= C;D �
J7J?EDE<7BBH;B; L7DJ>;7: C7J;H?7BI� KJ?B?P;: UD?J; ;B; C;DJ C;J>E:
�! (� FHE9; :KH;I <EHJ>; IEKH9;7D7BOI?I� 7D: 9EDI?: ;H;: 7 I; H?;IE<H;�
=?EDIE<?DJ;H;IJ �-*$I� ?DJ>; L;DJH7BJ;C FEH7B�E99?F?J7BF7J>M7OJOF?�
97BBOB?DA;:JE<79; FHE9;II ?D=� "7E ;J 7B	� ��� � "KO ;J 7B	� ��� �
-?9>7H:I ;J 7B	� ��� �	 +H;L?EKI H;I;7H9> >7I I>EMD J>7JJ>; )��
?I =;D;H7J;: ?DJ>; <KI?<EHC=OHKI� "KO ;J 7B	� ��� � %E>DIED ;J

7B	� ��� �� 8KJJ>; BE97B?P7J?EDE<J>; +���
 )9 9ECFED;DJI >7I 8;;D
B;II 9B;7H	2; FH;:?9J;: J>7J;7HBO -+ H;IFEDI;I� IK9> 7I J>; +�� MEKB:
H;V;9J J>; 79J?L7J?EDE<J>EI; 7H;7I :; UD;: 7I E99?F?J7B<79; 7H;7I ?D
<(-$ IJK: ?;I M?J>7:KBJI�?	;	� B7J;H7B?D<;H?EHE99?F?J7B=OHKI��;HDIJ;?D
7D: 4EL;B� ��� �� J>; <KI?<EHC=OHKIMEKB:8; J>; IEKH9;E<J>; )��
H;IFEDI; <EH<79;I� M>;H;7I J>; 79J?L7J?EDE<8EJ>J>; +��� 7D: )9 ?D
H;IFEDI; JE<79;I MEKB:8; CE: KB7J;: 8O?D<7DJI�$7BBE97J?EDE<7JJ;DJ?ED
7D: BE97B?P;: ?DJ>; FEIJ;H?EH9?D=KB7J;9EHJ;N7D: 7DJ;H?EH9?D=KB7J;7D:
FH;<HEDJ7B9EHJ;N� H;IF;9 J?L;BO� -?9>7H:I ;J 7B	� ��� � 2	 3?; ;J 7B	�
��� �	

2. Material and methods


�	�  $24,&,1$/43

*D; >KD:H;: 7D: J>?HJO�JME?D<7DJIM;H; ?D9BK:;: ?DJ>; UD7BI7C �
FB; 7D: H;9HK?J;:<HECJ>; �E BKC8?7�.� C;J HEFEB?J7D7H;7KI?D=8?HJ>
B?IJIJ>7JM;H; FKH9>7I;: <HEC$)!* 0.� �*C 7>7� ) �	 �BB?D<7DJIM;H;
<KBBJ;HC �7J B;7IJ �� M;;AI =;I J7J?ED�8?HJ>M;?=>J 7J B;7IJ ��� =�
7D: >;7BJ>O7J 8?HJ>M?J>DE ADEMD:; L;BEFC;D J7B7DEC7B?;I	 +7H�
J?9?F7DJI M;H; FH?C7H?BO�7K 97I?7D7D: E<C?: :B; IE9?E;9EDEC?9IJ7�
JKI	 />; H;9HK?JC;DJ IJH7J;=O <EHJ>; ;NF;H?C;DJI ?DLEBL;: H;9HK?J?D=
F7HJ?9?F7DJI 7J �	�� �� �	�� �� 7D: � CEDJ>I	 #EM;L;H� J>;H; M;H;
<;M;H F7HJ?9?F7DJI7J �	� 7D: � CEDJ>I	 />;H; <EH;�M; 9EC8?D;: F7H�
J?9?F7DJI <HECJ>EI; JE >EC;I 7D: KI;: <EKHI;F 7H7J; 7=; =HEKFIE<
�	�� �� �� 7D: � CEDJ>I	� /78B; � H;FEHJI:; CE=H7F>?97B?D<EHC7�
J?EDE<F7HJ?9?F7DJI ?D9BK:;: ?DJ>; 9KHH;DJIJK:O	 �; J7?BIE<7JJH?J?ED
:K; JE<KII?D;II EHFHE9; :KH7B;HHEH97D8; <EKD:?D7HJ?9B;I 8O"KO ;J
7B	���� � ��� 7D: 3?; 7D: -?9>7H:I ����� 	 $D<EHC;: F7H;DJ7B9ED

Table 1
�; CE=H7F>?97B?D<EHC7J?EDE<F7HJ?9?F7DJI?D9BK:;: ?DJ>; UD7BI7C FB;<EH;79> 7=; =HEKF	

�=;�=HEKF
.7CFB;
I?P;

)	�E<�C7B;
F7HJ?9?F7DJI

�L;H7=;
7=;�?D
:7OI
�. �

)	�E<
F7HJ?9?F7DJI
F;H
;NF;H?C;DJ

�	��CEDJ>I �� � ���	��
��	���

"KO�;J�7B	
�����
D � ��
3?;�7D:
-?9>7H:I�
��� D � ��
�EDJ;�7D:
-?9>7H:I�
�����
D � �

��CEDJ>I �� � ���	��
��	���

"KO�;J�7B	
���� � ���
D � �
3?;�7D:
-?9>7H:I�
��� D � ��
�EDJ;�7D:
-?9>7H:I
�����
D � �

��CEDJ>I � � ��	��
��	��

"KO�;J�7B	
�����
D � ��
-?9>7H:I�
KDFK8B?I>;:
D � �

��CEDJ>I �� � ���	��
�	��

"KO�;J�7B	
���� � ���
D � �
�EDJ;�7D:
-?9>7H:I
�����
D � ��
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I;DJ M7I E8J7?D;:?D799EH:7D9; JE;J>?9I7FFHEL7B<HECJ>; $DIJ?JKJ?ED7B
-; L?;M �E7H: E<0D?L;HI?JOE<.EKJ> �7HEB?D7	


�
� "4,.5-,

/>; IJ?CKB?9EDI?IJ;: E<F?9JKH;IE<<79;I 7D: E8@;9JI�?	;	� JEOI7D:
>EKI;I� FH;I;DJ;: EDL7H?;=7J;: 879A=HEKD:I9EDJ7?D?D=I?CFB;IJ?CKB?
�?	;	� M7J;H�I7D:� 9BEK:IEH=H7II�	 !79;I 7D: E8@;9JIM;H; FH;I;DJ;: ED
7D '�� CED?JEHIK8J;D: ?D=7FFHEN?C7J;BO�� X �� :; =H;;I E<L?IK7B
7D=B;	 />;H; M;H; J>H;; FHE9; :KH;I KI;: ?DJ>; IJK: ?;I	 2; 9EDI?: ;H;:
J>; JH?7BI ?DM>?9><79;I 7D: E8@;9JIM;H; 9;DJH7BBOFH;I;DJ;: ED J>;
I9H;;D	 />; IJ?CKB??D"KO ;J 7B	 ���� � ��� 7D: -?9>7H:I �����
9EDI?IJ;: E<I?D=B;9;DJH7BFH;I;D J7J?EDIED; ?C7=; 7J7 J?C; <HEC<EKH
?C7=;I �?	;	� JME<79;I 7D: JMEJEOI� 9H;7J;: <HECF>EJE=H7F>IE<7
MEC7D�I <79; 7D: 7 JEO	/>; ?C7=;I M;H; :?=?J?P;: F>EJE=H7F>IE<J>;
F7HJ?9?F7DJ�I CEJ>;H�I <79;� F7HJ?9?F7DJ�I JEO�7D: F>EJE=H7F>IE<J>;
CEJ>;H�I <79; 7D: JEO<HECJ>; FH;L?EKI F7HJ?9?F7DJ	/>; IJ?CKB??D3?;
7D: -?9>7H:I� ��� 9EDI?IJ;: E<� <79;I J7A;D<HECJ>; )?C .J?C :7J7�
87I; � /EJJ;D>7C ;J 7B	���� � 7D: � JEOI<HECJ>; "KO ;J 7B	����
IJK:O	 />; I7C; IK8I;J E<<79;I KI;: ?D3?; 7D: -?9>7H:I� ��� M;H;
9ECF7H;: JEF?9JKH;IE<� >EKI;I M?J>IOCC;J H?97B<;7JKH;I?D�EDJ;
7D: -?9>7H:I ���� � KFH?=>J<79;I 7D: KFH?=>J>EKI;I EDBO�	 N7CFB;
E<J>; IJ?CKB?97D8; <EKD:?D.KF FB;C;D J7HO!?=	 � 	


��� �11$2$453$/' 120&('52(

+7HJ?9?F7DJIM;H; I;7J;: EDJ>;?HF7H;DJ�I B7F��� 9C 7M7O<HEC7
� �3'�� CED?JEH�#7DDI	" #"���� ?D7 :7HA;D;: 7D: IEKD:�7JJ;DK�
7J;: HEEC	� L?:;E 97C;H7 FEI?J?ED;: 78EL; J>; CED?JEHH;9EH:;: J>;
F7HJ?9?F7DJ�I <79;	 $D7D7: @79;DJ HEEC�7D;NF;H?C;DJ;H L?;M;: J>; ?D�
<7DJED7 /1 CED?JEHM>?B;9EDJHEBB?D=J>; IJ?CKBKIFH;I;D J7J?EDIKI?D=
7D �+H?C;;NF;H?C;DJ FHE=H7C	

!?=	 � �F7D;B�� :; F?9JIJ>; J>H;; ;NF;H?C;D J7BFHE9; :KH;I 7D: ;N�
7CFB;I E<IJ?CKB?KI;: ?DJ>; 9KHH;DJIJK:O	 � CEL?D=L?:;E E<.;I7C;
.JH;;J 9>7H79J;HI M7I FH;I;DJ;: ?DJ>; 9;DJ;H E<J>; I9H;;D� KD:;H 7D
7H;7E< X � :; =H;;I E<L?IK7B7D=B;� JE7JJH79JJ>; ?D<7DJ�I UN7J?EDJE
J>; CED?JEH	�< J;HJ>; ?D<7DJ>7: UN7J;: EDJ>; 9;DJ;HE<J>; I9H;;D� J>;
;NF;H?C;DJ;H 8; =7DJ>; JH?7B8OFH;II?D=7 8KJJED	$D"KO ;J 7B	���� �
���� J>?IM7I <EBBEM;: 8O7 I; GK;D9; E<8H?;<?C7=; FH;I;D J7J?EDI7D:
F7?H;:9ECF7H?IED�+�� JH?7BI	!79;I 7D: JEOIM;H; FH;I;DJ;: <EH��� CI�
<EBBEM;: 8O7 L7H?78B; ?DJ;H�JH?7B?DJ;HL7BE<��� ������ CI	 2; :?: DEJ
9EDI?:;H J>; :7J7 <HECJ>; +� JH?7BI<EHJ>; 9KHH;DJ7D7BOI?I	 3?; 7D:
-?9>7H:I� ��� FH;I;DJ;: J>; IJ?CKB?<EH��� CI KI?D=H7D:EC M?J>EKJ
H;FB79;C;DJ FH;I;D J7J?EDI; GK;D9;I 	 �EDJ; 7D: -?9>7H:I ����� FH;�
I;DJ;: <79;I 7D: >EKI;I H7D:ECBOM?J>EKJH;FB79;C;DJ <EH��� CI� <EB�
BEM;: 8O7 L7H?78B;?DJ;H�JH?7B?DJ;HL7BE<��� ������ CI	

�D ;NF;H?C;DJ;H CED?JEH;: J>; ?D<7DJ�I UN7J?EDIJEM7H: J>; I9H;;D	
$<J>; ?D<7DJBEEA;: 7M7O7 CEL?D=.;I7C; .JH;;J 9>7H79J;H M7I FH;�
I;DJ;: JE:H7M>?I
>;HUN7J?ED879AJEM7H:J>; I9H;;D	 � :?=?J7BH;9EH:�
?D=E<J>; L?:;E M7I KI;: JE9EDUHCE<V?D;J>7JJ>; ?D<7DJM7I BEEA?D=
7JJ>; IJ?CKBKI:KH?D=J>; 8H?;<IJ?CKBKIFH;I;D J7J?EDI	/H?7BIM;H; EDBO
?D9BK:;: ?DJ>; 7D7BOI;I ?<J>; F7HJ?9?F7DJBEEA;:J>; ;DJ?H;J?C; M?J>EKJ
;O; CEL; C;DJI	


��� !(&02',/* 0) ��� $/' +($24�2$4('(:/(' $44(/4,0/

/>; ;B;9JHE97H:?E=H7C� �"� M7I H;9EH:;: M?J>JME�= ���=�B ;B;9�
JHE:;I FB79;: ED?D<7DJI�$9>;IJI	 />;I; M;H; :?=?J?P;: 7BED=M?J>  "
KI?D=J>;  "$ � B;9 JH?97B"; E:;I ?9I$D9EHFEH7J;:�  K =;D;� *-� �� �9>7D�
D;B   " H;9EH:?D=IOIJ;C �%E>DIED ;J 7B	� ��� � /K9A;H� ���� �	
/>;  �" M7I 7D7BOP;:E<V?D; JE7II;II 9>7D=;I ?D#- JE:; UD; F; H?�
E:I E<7JJ;DJ?ED7D: ?D7JJ;DJ?ED?D7 9EDJ?DKEKI FH;I;D J7J?EDC;J>E:
� (7BB?D7D: -?9>7H:I� �� � +;C F;A ;J 7B	� ��� � -;ODEB:I ;J
7B	� ��� �	 �KH?D=F; H?E:I E< 7JJ;DJ?ED�J>; ?D<7DJM7I BEEA?D=JE

M7H: J>; I9H;;D 7D: I>EM;: 8EJ> 7 :; 9;B;H7J?ED?D #- 8; BEMJ>;
FH;�IJ?CKBKIB;L;B�UL; 8;7JI M?J>?DJ;H�8;7J ?DJ;HL7BI�$�$I� � C; :?7D
FH;�IJ?CKBKI$�$I� 7D: IKI J7?D;: BEM;H;: #- �$�$I � FH;�IJ?CKBKIC; �
:?7D�	 $D7JJ;DJ?EDM7I :; UD;: 7I M>;D J>; ?D<7DJBEEA;: JEM7H: J>;
I9H;;D� 8KJ J>; #- :; 9;B;H7J?ED>7: DEJO;J E99KHH;:� EHJ>; ?D<7DJ
9EDJ?DK;: BEEA?D=JEM7H: J>; I9H;;D 7<J;HJ>; BEM;H;: #- H;JKHD;:JE
FH;�IJ?CKBKIB;L;BI	 $D7JJ;DJ?ED9EDJ?DK;: KDJ?B7DEJ>;HI?=D?<?97DJ#-
:; 9;B;H7J?EDE99KHH;:	$<J>; ?D<7DJBEEA;:7M7OJ>; 7JJ;DJ?EDF>7I; M7I
KD:; UD;:� 7D: J>;D J>; I; GK;D9; 8; =7D7=7?DM>;D J>; ?D<7DJBEEA;:
879AJEM7H: J>; I9H;;D	


�� !(&02',/* $/' 3(*.(/4,/* 0) ���

�; J7?BIE<J>;   " H;9EH:?D=97D 8; <EKD:?D"KO ;J 7B	 ���� �
��� EH3?; 7D: -?9>7H:I� ��� 	 />;   " M7I H;9EH:;: KI?D=J>;  "$
�� �9>7DD;B  " H;9EH:?D=IOIJ;C	 +7HJ?9?F7DJIM;H; UJJ;: M?J>;?J>;H
7 �'=; E:;I?9 I;D IEHD;J�( �".)� EH�'>O:HE9;B=; E:;I?9 I;D IEHD;J�( �#".)��
M?J>J>; D;J 9?H9KC<;H;D9; C7J9>?D=J>; ?D<7DJ>;7: 9?H9KC<;H;D9;	 />;
  " M7I C;7 IKH;: <HEC�� 9>7DD;BI?DJ>; ;B;9JHE:;D;J7D: JME9>7D�
D;BI EL;HJ>; EKJ;H97DJ>?<EH;B;9JHEE9KBE=H7C� *"�	 $CF;: 7D9;I E<
B;II J>7D��� A�h M;H; 7JJ7?D;: 8; <EH;;79> H;9EH:?D=9ECC;D9;: 7D: 7
�	� ����� #P 87D:�F7II UBJ;HM7I 7FFB?;: :KH?D=J>; H;9EH:?D=I	/>; L;H�
J;N�H;<;H;D9;:   " M7I 7B=; 8H7?97BBOH;9ECFKJ;: JE7D 7L;H7=; H;<;H�
;D9;	

/>;   " H;9EH:?D=I M;H; FHE9;II;: M?J> J>;   "'�� �L;HI?ED
��	�	�8� 7D:  - +'�� JEEB8EN;I � �; BEHC; 7D: (7A;?=� ��� �
'EF;P � �7B:;HED 7D: 'K9A� ��� � M?J>?D(�/ '�� -���7	 �EC FK�
J7J?ED7B7D: L?IK7B7HJ?<79JH;@;9J?EDC;J> E:I M;H; KI;: JE:; J;9J 7D:
;B?C?D7J; 87: 9>7DD;BIED?D:?L?:K7BJH?7BI	/>; 87: 9>7DD;BIM;H; IK8�
IJ?JKJ;: M?J>:7J7 <HECJ>; UL; 9BEI;IJ ;B;9JHE:;I FHEFEHJ?ED7BJEJ>;
:?I J7D9; E<J>; 87: 9>7DD;BJEJ>; IK8IJ?JKJ;: 9>7DD;BI	 />; JH?7BM7I
H;@;9J;:?<?J9EDJ7?D;: � EHCEH; 87: 9>7DD;BI	$D<7DJIL?;M;: 7D7L;H�
7=; E<��� JH?7BI��	� CEDJ>I� � � ���� � CEDJ>I� � � ��� � CEDJ>I�
� � ��� � CEDJ>I�� � ����	 />; DKC8;HE<JH?7BI9EDJH?8KJ?D=JEJ>;
7D7BOI;I 9EDI?IJ;: E<7 C?D?CKC E<�� JH?7BIF;H 9ED:?J?ED	!KHJ>;H:; �
J7?BI78EKJJ>; 7L;H7=; DKC8;H E<JH?7BI?D;79> 9ED:?J?ED7D: 7=; =HEKF
7H;H;FEHJ;:?D/78B;  	
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/>; ;B;9JHE:; C7F ?D!?=	 � �F7D;B �� I>EMI 8EJ>;B;9JHE:; BE97�
J?ED7D: ;B;9JHE:;I KI;: <EHJ>; :7J7 7D7BOI?I	 .JK: ?;I E<<79;FHE9;II ?D=
?D?D<7DJIJOF?97BBOKI; I?D=B; ;B;9JHE:;I <HECJ>; �� ��� EH�� ��� IOI�
J;C <EHJ>;?H7D7BOI;I � �EKH9>;ID; ;J 7B	����� � &7HH;H;J 7B	����� ��
9BKIJ;HI E<;B;9JHE:;I H;9EH:?D=<HEC�� JE� EH�� ��� H;9EH:?D=;B;9�
JHE:;I � :; #77D 7D: );B IED� ���� �� 7D: CEH; H;9;DJBOKI; ;B;9JHE:;
9BKIJ;HI <HECJ>;  "$ �� � EH�� �9>7DD;BIOIJ;C ?DJ;D:;: JEH;FH;I;DJ
�� ��� ;B;9JHE:; FEI?J?EDI� 'KOI J;H ;J 7B	� ��� � .9EJJ 7D: );B IED�
��� �	 />;   " :7J7 ?DJ>; 9KHH;DJIJK:O <HECJ>; �� ;B;9JHE:;I M;H;
JH7DIB7J;: ?DJE�� �'L?HJK7B�� ��� �( 9>7DD;BI KI?D=7 IF>;H?97BIFB?D;?D�
J;HFEB7J?ED<HECJ>; �� 9>7DD;BBE97J?EDIJEJ>; �� 9>7DD;BBE97J?EDI	
/>;  "$ ��� 9>7DD;B:7J7 M;H; KI;: <EHJEFE=H7F>?97BI97BFFEJ;DJ?7B
C7FI 7D: IEKH9;7D7BOI;I	 />; �� ��� 9>7DD;B:7J7 M;H; KI;: <EHI?D�
=B;�;B;9JHE:;  -+ FBEJI7D: 7D7BOI;I	

/>;   " M7I H;�H;<;H;D9;: JEJ>; JEJ>; 7B=; 8H7?9C;7D E<7BB9>7D�
D;BI7D: I;= C;DJ;: <HEC��� CI 8; <EH;IJ?CKBKIEDI;J J>HEK=>���� CI
<EBBEM?D=EDI;J	 />;   " M7I UBJ;H;: M?J>7 �	� ���� #P 87D:F7II UBJ;H
<EHJ>; )��� +���� 7D: )9  -+ 9ECFED;DJI� M>;H;7I 7 � ���� #P 87D:�
F7II UBJ;HM7I KI;: <EHJ>; +�	 !?=	 � � �8EJJEC F7D;BI� :; F?9JI=H7D:
7L;H7=;  -+ H;IFEDI;I JE<79;I 7D: E8@;9JI�7D: #- �:; UD;: F; H?E:I E<
7JJ;DJ?EDJE<79;I 7D: E8@;9JI7I 7 <KD9J?EDE<J?C; 7D: I;F 7H7J;BO<EH
7=; =HEKF	/>;  -+ 79J?L?JOE<�	� � 7D: � �CEDJ>�EB:?D<7DJI7H; FBEJJ;:
I;F 7H7J;BO?DEH:;H JEI>EM >EM 7J � 7D: � CEDJ>I J>; F7JJ;HDE<H;�
IFEDI;I JE<79;I H;I;C 8B;I ;79> EJ>;H	
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Fig. 1. !HEC B;<JJEH?=>JF7D;B� I>EMI 7 I9>;C7J?9H;FH;I;D J7J?ED�DEJ:H7MD?DI97B;� E<J>; FHE9; :KH;I H;FEHJ;:?D"KO ;J 7B	���� � ��� � 3?; 7D: -?9>7H:I� ��� � 7D: �EDJ; 7D:
-?9>7H:I ����� 	 *< DEJ;�EDBOIJ?CKB?FH;I;DJ;: ?DJ>; 9;DJ;HE<J>; I9H;;D 7D: M?J>KFH?=>JEH?;DJ7J?EDM;H; 9EDI?: ;H;: <EH7D7BOI?I ?DJ>; 9KHH;DJMEHA	+7D;B� :?I FB7OI7 JEFE=H7F>?9
C7F E<9>7DD;BBE97J?EDI<HEC "$ �� �9>7DD;BI�;CFJO :EJI� KI;: <EH:7J7 H;9EH:?D=�7D: �� ��� IOIJ;C �UBB;::EJI� KI;: <EH:7J7 7D7BOI?I	 />; 9>7DD;BIM; KI;: 7I -*$I <EH -+ 7D7BOI;I
7H;C7HA;: M?J>9EBEHI��BK; 9>7DD;BIM;H; KI;: JE7D7BOP;J>; +� 79J?L?JO�C; :?7B?D<;H?EH�FEIJ;H?EH-*$�� H;: 9>7DD;BIM;H; 9EDI?: ;H;: <EHJ>; )�� 9ECFED;DJ�B7J;H7B?D<;H?EH�FEIJ;H?EH
-*$I�� =H;;D 9>7DD;BI?DJ>; <HEDJE�9;DJH7B7H;7M;H; =HEKF;:JE7D7BOP;J>; )9  -+ 9ECFED;DJ�7D: 7 IK8�I;J E<?D<;H?EH�FEIJ;H?EH9>7DD;BI�+�� +�� +*�� +*�� *�� *P� *I� $�� $P�$� +*��
+*��� +�� +��� :; UD;: J>; -*$ <EHJ>; +��� 9ECFED;DJ	 -+ B?D;=H7F>II>EM J>; =H7D:7L;H7=;  -+ H;IFEDI; 79HEII7=; =HEKFI<EH<79;I 7D: E8@;9JI7J+*� 7D: <EH7JJ;DJ?EDJE<79;I
7D: E8@;9JI7J�P	 �!EH ?DJ;HFH;J7J?EDE<J>; H;<;H;D9;I JE9EBEH?DJ>?IU=KH;B;=;D:� J>; H;7:;H ?I H;<;HH;:JEJ>; 2;8 L;HI?EDE<J>?I7HJ?9B;	�

�C FB?JK:;I E<J>; +�� )��� 7D: +��� M;H; C;7 IKH;: 8O97B9KB7J�
?D=J>; 9>7D=; ?D7CFB?JK:; 8; JM;;D J>; F;7A E<J>; 9ECFED;DJE<?D�
J;H;IJ 7D: J>; F;7A E<J>; FH;9;: ?D=9ECFED;DJ KI?D= -+ 7L;H7=;I
<HEC;79> F7HJ?9?F7DJ	+;7A�JE�JHEK=>:?<<;H;D9;I M;H; 97B9KB7J;: 8; �
JM;;D J>; +� F;7A 7D: J>; FH;9;: ?D=D;=7J?L; F;7A 7J C; :?7B?D<;H?EH
FEIJ;H?EH;B;9JHE:;I �C; :?7D <HECF;7AI 7J *P� *�� *� $P�$�� $�	 $D�
:?L?:K7B -+ 7L;H7=;I M;H; C7DK7BBO?DIF;9J;: JE ?:;DJ?<OJ>; F;7A
E<J>; +�	 $<DE F;7A M7I E8L?EKI� M; 9ECFB;J;: J>; F;7A�JE�JHEK=>
7D7BOI?I KI?D=J>; +� L7BK;7J ��� CI �3?; 7D: -?9>7H:I� ��� �	 />;
)�� F;7A 7CFB?JK:; M7I I; B;9J;: <HEC?D:?L?:K7BF7HJ?9?F7DJI�$ -+ 7L�
;H7=;I 7D: :; UD;: 7I J>; CEIJ D;=7J?L; L7BK;E8I;HL;: 8; JM;;D J>;

F;7A E<J>; +�  -+ 9ECFED;DJ7D: ��� CI 7J B7J;H7B?D<;H?EHFEIJ;H?EH
;B;9JHE:;I �?	;	� C; :?7D <HECF;7AI 7J +*�� +*�� +*�� +*��� +�� +��
+�� +��� /+�� /+�� /+�� 7D: /+���	 .?C?B7HBO�J>; +��� F;7A 7CFB?�
JK:; M7I :; UD;: 7I J>; CEIJ FEI?J?L;F;7A 8; JM;;D J>; )�� F;7A 7D:
��� CI 7<J;HIJ?CKBKIEDI;J 7JC; :?7B?D<;H?EHFEIJ;H?EH;B;9JHE:;I �?	;	�
C; :?7D <HECF;7AI 7J *P� *�� *� $P�$�� $� +*�� +*�� +*�� +*���
+�� +�� +�� 7D: +���	 $<DE F;7A M7I E8L?EKI ?DJ>; C7DK7B?DIF;9 �
J?ED�7D7L;H7=; B7J;D9OE<;79> 9ECFED;DJM7I KI;: JE;NJH79JJ>;  -+
7CFB?JK:;	 +;7A�JE�JHEK=>:?<<;H;D9;I M;H; 97B9KB7J;: 8; JM;;D J>; +�
7D: FH;9;: ?D=D;=7J?L;F;7A� J>; )�� 7D: FH;9;: ?D=FEI?J?L;F;7A �?	;	
+��� 7D: J>; +��� 7D: J>; FH;9;: ?D=D;=7J?L;F;7A �?	;	 )��� JE9ED

�



U
N

C
O

R
R

EC
TE

D
PR

O
O

F

"���0/4(�(4�$-� �(520�.$*( 888 � 8888� 888�888

Table 2
!EH ;79> 97J; =EHOJ>; 7L;H7=; DKC8;H E<JH?7BI9EDI?: ;H;: <EHJ>; 7D7BOI;I ?I H;FEHJ;:
79HEII7=;I	

!79;I *8@;9JI
�JJ;DJ?ED�JE
!79;I

�JJ;DJ?ED�JE
*8@;9JI $D7JJ;DJ?ED

4.5
months

�	�� ��	�� �	�� ��	�� �	��

6
months

��	�� ��	�� ��	�� ��	�� ��	

8
months

��	� ��	�� �	� ��	�� �	��

12
months

��	�� ��	�� �	�� �	�� ��	��

JHEB<EHJ>; FEJ;DJ?7B;<<;9JE<IBEMM7L;I � �EDJ; ;J 7B	���� � "KO ;J
7B	���� � &K;<D;H;J 7B	���� � +;OA7H@EK;J 7B	���� �	 .J7J?IJ?97B
7D7BOI;I <E9KI;: EDJ>; 7CFB?JK:; L7BK;I E<J>; �� CI IKHHEKD:?D=J>;
F;7AI ?:;DJ?U;: ?DJ>; ?D:?L?:K7B -+ 7L;H7=;I <EHJ>; +�� )�� 9EC�
FED;DJI� 7D: J>; �� CI IKHHEKD:?D=J>; F;7A E<+��� 9ECFED;DJ	 />;
)9 7CFB?JK:; M7I :; UD;: 7I J>; C;7D 7CFB?JK:; <HEC��� JE��� CI
<EBBEM?D=IJ?CKBKIEDI;J 7J C; :?7B<HEDJ7B�9;DJH7B;B;9JHE:;I �?	;	� �!5�
�!�� �!�� !5� !�� ! !�5� !��� !�� �5� ��� 7D: ��	

.J?CKBKI JOF; �� <79;I� E8@;9JI� 7D: 7JJ;DJ?EDJOF; ��� 7JJ;D�
J?ED�<79;I� 7JJ;DJ?ED�E8@;9JI�?D7JJ;DJ?ED�<79JEHIM;H; 7D7BOP;: I;F 7�
H7J;BO<EH7BB -+ 9ECFED;DJI	 2; 9EC8?D;: J>; H;IFEDI; JE<79;I 7D:
E8@;9JI:KH?D=?D7JJ;DJ?ED7I 7 I?D=B;B;L;B?DJ>; :; I?=D8; 97KI; J>; M;
:?: DEJ;NF;9J JEUD: :?<<;H;D9;I ?DJ>; H;IFEDI; JE<79;I 7D: E8@;9JI
:KH?D=?D7JJ;DJ?ED�"KO ;J 7B	� ��� � ����	 .?=D?<?97DJ -+ ;<<;9JI
M;H; <KHJ>;H?DL;I J?=7J;: KJ?B?P?D=J>; IEKH9;7D7BOI?I FHE9; :KH; JE:; �
J;HC?D; J>; IEKH9;BE97B?P7J?EDE< -+ H;IFEDI;I JE<79;I	
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�EHJ?97BIEKH9;7D7BOI?I E<J>;  -+ 9ECFED;DJI M7I 9ED:K9J;: M?J>
J>; !?;B:JH?F�!/� *EIJ ;DL;B:� !H?;I� (7H?I 7D: .9>E<UB;D����� 9EC�
FKJ;H FHE=H7CI 7D: ?D�>EKI; 9KIJEC (�/ '�� I9H?FJI	/>; 9EHJ?97B
IEKH9;7D7BOI;I <E9KI;: ED:7J7 7HEKD:J>; F;7AI ?:;DJ?U;: ?DJ>; ?D:?�
L?:K7B -+ 7L;H7=;I <EHJ>; +�� )��� 7D: +��� 9ECFED;DJI �T �� CI
<EHJ>; +� 7D: )�� 7D:T �� CI <EHJ>; +����� 7D: :7J7 <HECJ>; ;DJ?H;
��� ����� CI F; H?E:7<J;HIJ?CKBKIEDI;J <EHJ>; )9	 �; J7?B;:?D<EHC7J?ED
78EKJJ>; IEKH9;7D7BOI?I C7O8; <EKD:?D"KO ;J 7B	����� � 7D: "7E
;J 7B	����� 7D: ?DJ>; .KFFB;C;D J7B$D<EHC7J?ED:E9KC;DJI 799EC�
F7DO?D=J>EI; FK8B?97J?EDI�;	=	� �F F;D:?N .� ?D"KO ;J 7B	� ��� �
-?9>7H:I ;J 7B	���� �	

2; KI;: H;7B?IJ?9>;7: CE: ;BI 87I;: ED?D:?L?:K7BF7HJ?9?F7DJIJHK9�
JKH7B(-$I 7D: ;B;9JHE:; FB79;C;DJI	 .;L ;DJO�JMEE<J>; ?D<7DJI�����
>7: 7 IJHK9JKH7B(-$ <HECM>?9>J>; >;7: CE: ;BI M;H; KI;:	 .?NJO?D�
<7DJI����� :?: DEJ>7L; 7 (-$ IE M; I; B;9J;: <EHJ>EI; ?D<7DJI7D
(-$ 9BEI;?D>;7: I?P; 7D: 7=; <HECJ>; );K HE:;L;BEFC;D J7B(-$ �7J7 �
87I; � -?9>7H:I ;J 7B	� ��� � -?9>7H:I 7D: 3?;� ��� �	 />; (-$I
M;H; I;= C;DJ;: ?DJE9ECFED;DJC7J;H?7BI�=H7OC7JJ;H�M>?J;C7JJ;H�
�.!� :KH7� IAKBB�CKI 9B;�;O;I� D7I7B97L?JO�I97BF�	/>; I;= C;DJ;: (-$I
M;H; JH7DI<EHC;: JE M?H;<H7C;I 7D: 7 UD?J; ;B; C;DJ C;J>E: �! (�
>;7: CE:;B M7I =;D;H7J;: M?J>IEKH9; :?FEB;I H;IJH?9J;:JE J>; =H7O
C7JJ;H7D: ;O;I	 #;7: CE: ;BI :; J7?B?D=;B;9JHE:; FB79;C;DJ M;H; 9H;�
7J;: 87I;: EDF>EJE=H7F>IE<J>; ;B;9JHE:;I EDJ>; F7HJ?9?F7DJI�>;7:I	
�D7JEC?97B-*$I M;H; ?:;DJ?U;: ?D?D:?L?:K7B(-$I J>HEK=>J>; KI;
E<IJ;H;EJ7N?97JB7I;I 9H;7J;: <EH;79> (-$ � !?BBCEH; ;J 7B	� ��� �
+>?BB?FI���� �	 .KF FB;C;D J7HO!?=	  I>EMI ��- L7BK;I 7HEKD:J>;
F;7A E<+�� )��� 7D: +��� 79HEII7BBJ>; 7D7JEC?97B-*$I	 />; -*$I
9>EI;D ?D9BK:;: J>; EH8?J7B�<HEDJ7B=OHKI�<HEDJ7BFEB;�L;DJH7B7D: :EH�
I7B 7DJ;H?EH9?D=KB7J;�7DJ;H?EH�C; :?7B7H;7I�� 7DJ;H?EHJ;C FEH7BFEB;�
7DJ;H?EH<KI?<EHC=OHKI�F7H7>?FFE97CF7B=OHKI�7DJ;H?EH�B7J;H7B7H

;7I�� C?: :B; <KI?<EHC=OHKI�FEIJ;H?EH<KI?<EHC=OHKI�IKF; H?EHJ;C FE�
H7B=OHKI�?D<;H?EHE99?F?J7B=OHKIB7J;H7B�?D<;H?EHJ;C FEH7B=OHKIFEIJ;�
H?EH�B?D=K7B=OHKI�C?: :B; J;C FEH7B=OHKI�C?: �FEIJ;H?EHB7J;H7B7H;7I��
FEIJ;H?EH9?D=KB7J;�7D: IKF; H?EHF7H?;J7BBE8;�FEIJ;H?EH�C; :?7B7H;7I�	
!?=	  :?I FB7OIJ>; -*$I E<J>; L;DJH7BIJH;7C E<L?IK7BFHE9;II ?D=ED7
� �CEDJ>�EB: F7HJ?9?F7DJ�I J;C FB7J;	/>; CEIJ H;B; L7DJH;=?EDI<EHJ>;
FHE9;II ?D=E<<79;I 7H; FH;I;DJ;: ?D9EBEH�M?J>F7HJ?9KB7H7JJ;DJ?EDJE
J>; FEHJ?EDIE<J>; <KI?<EHC=OHKI	2; KI;: J>; 7D7JEC?97B-*$I KI;: ?D
"7E ;J 7B	���� � I;; 7BIE-?9>7H:I ;J 7B	���� � JE7D7BOP;J>; 9KH�
H;DJ:;D I?JOH;9EDIJHK9J?ED���-� L7BK;I 79HEII7=;I	

�KHH;DJ:;D I?JO7CFB?JK:; ?DJ>; :?FEB;IEKH9;�"( 7D: ;O;I� BE97�
J?EDIM7I ;I J?C7J;: M?J>J>; ��- J;9>D?GK;7D: ;N79J�'*- /� �+7I �
9K7B� (7H GK?;J 7B	� ��� ��;'*- /�� +7I9K7B� (7H GK?���� � +7I �
9K7B� (7H GK?;J 7B	� ��� � 7I J>; 9EDIJH7?DJ<EHJ>; ��- J;9>D?GK;	
/>;  -+ :7J7 IKHHEKD:?D=J>; +�� )��� 7D: +��� F;7AI� 7D: M?J>?D
J>; )9 J?C; M?D:EM� M;H; KI;: JE;I J?C7J; J>; 9KHH;DJ:;D I?JO7CFB?�
JK:;I �?	;	� ��- L7BK;I� <EH;L;HO BE97J?ED?DJ>; IEKH9;LEBKC; CE:;B	
/>; ��- L7BK;I M;H; J>;D IKCC;: EL;H;79> IEKH9;BE97J?ED?D7 -*$
7D: :?L?:;: 8OJ>; JEJ7BLEBKC; E<J>; -*$	 />?I H;IKBJ;: ?DJ>; 7L;H

Fig. 2. �� H;D:;H ?D=H;FH;I;D J7J?EDE<J>; L;DJH7BIKH<79;E<J;C FEH7B7D: E99?F?J7BBE8;I
ED7 � �CEDJ>�EB:7L;H7=; J;C FB7J;	/EF F7D;BI>EMI J>; C7?D-*$I KJ?B?P;:JE7D7BOP;
��- L7BK;I ?DH;IFEDI; JE<79;I 7D: E8@;9JI	/>; J>;EH;J?97BBOCEIJ ?CFEHJ7DJH;=?ED<EH
J>; <79;FHE9;II ?D=?IJ>; <KI?<EHC=OHKI�M>?9>?I;D9?H9B;: M?J>7 8B79AB?D;	�EJJECF7D;B
:; F?9JIL;DJH7BE99?F?J7BJ;C FEH7B-*$I �!"� ��� :; I9H?8;: ?D-EI;DA; ;J 7B	����� 7D: J>;
<KI?<EHC=OH?JH7DI<EHC;: ?DJEJ>; 7L;H7=; � �CEDJ>�EB:J;C FB7J;	�D J;H?EH;:=;I E<!"�
7D: !" I;F 7H7J;J>; C?: :B; 7D: FEIJ;H?EHFEHJ?EDIE<J>; <KI?<EHC=OHKI	
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7=; �C F;H; F;HCC � ��
 CC � � <EH;79> -*$	 2; 9H;7J;: I?CKB7J;: (-$
LEBKC;I 8OJH7DI<;HH?D=J>; ��- L7BK;I <EH;79> ?D:?L?:K7B(-$ JE7D
7=;�7FFHEFH?7J; 7L;H7=; J;C FB7J;?D7: :?J?EDJEJ>; 97B9KB7J?EDE<��-
L7BK;I <EH;79> -*$ I;= C;DJ ?D:?L?:K7BBO�IE J>7JJ>; 7L;H7=; 9KHH;DJ
:;D I?JO7CFB?JK:; 79HEIIF7HJ?9?F7DJI9EKB:8; :?I FB7O;:?DJ>; 7L;H7=;
(-$ IF79;	 (EH; ?D<EHC7J?ED78EKJKI?D=J>; ��- J;9>D?GK;7D: H;7B�
?IJ?9>;7: CE: ;BI <EH9EHJ?97BIEKH9;7D7BOI?I 97D8; <EKD:;BI; M>;H;
� "7E ;J 7B	���� � "KO ;J 7B	���� � -?9>7H:I� ���� -?9>7H:I ;J 7B	�
��� � 3?; 7D: -?9>7H:I� ��� � 7D: .KFFB;C;D J7B$D<EHC7J?ED?DJ>EI;
7HJ?9B;I�	
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(?N;: �:; I?=D�)*1�I M;H; 97B9KB7J;: JE :; J;HC?D; J>; ;<<;9JI E<
7=;� IJ?CKBKIJOF;�#- �:; UD;: 7JJ;DJ?EDF>7I;� ;B;9JHE:; BE97J?ED�7D:
;B;9JHE:; >;C?IF>;H; �)�� EDBO�EDJ>; +�� )��� 7D: +��� F;7A 7C�
FB?JK:;� 7D: J>; )9 C;7D 7CFB?JK:;	 2; ;NFBEH;:J>; 7CFB?JK:; L7BK;I
E<7BB -+ 9ECFED;DJI 7I 7 <KD9J?EDE<8EJ>IJ?CKBKIJOF; �?	;	� <79;I
7D: E8@;9JI�7D: #- �:; UD;: 7JJ;DJ?EDF>7I;I �?	;	� 7JJ;DJ?EDJE <79;I�
7JJ;DJ?EDJEE8@;9JI�7D: ?D7JJ;DJ?ED�?DI;F 7H7J;7D7BOI;I	 />; :; I?=D
?D9BK:;: 7=; ��� �	� CEDJ>I� � CEDJ>I� � CEDJ>I� � CEDJ>I� 7I 7 8; �
JM;;D�IK8@;9JI<79JEH�7D: IJ?CKBKIJOF; �� <79;I� E8@;9JI��7D: ;B;9�
JHE:; BE97J?ED�I;; !?=	 � � F7D;B�� 7I H;F;7J;: C;7 IKH;I <79JEHI	2;
7BIE;N7C?D;: J>; :7J7 I;F 7H7J;BO<HECJ>; � �CEDJ>I=HEKF<EH�	� � 7D:
� �CEDJ>�EB:F7HJ?9?F7DJIJEI;; ?<J>;H; M;H; ?CFEHJ7DJ9>7D=;I 7JJ>EI;
JME7=;I	 !KHJ>;H�M; M;H; ?DJ;H;IJ;: ?D?DL;I J?=7J?D=M>;J>;H J>; ?D�
<7DJ�I 7JJ;DJ?EDCE: KB7J;: J>; D;KH7BH;IFEDI;I JE<79;I M>;D 9ECF7H;:
JE ;?J>;H E8@;9JIEHF; H?E:I E<?D7JJ;DJ?ED	/>KI� M>;D J>; 7JJ;DJ?ED
M7I ?D9BK:;:� M; 7D7BOP;:J>?I7I 7 � �B;L;BH;F;7J;: C;7 IKH;I <79JEH
��� 7JJ;DJ?EDJE<79;I� 7JJ;DJ?EDJEE8@;9JI�7D: ?D7JJ;DJ?ED�	2; 7::;:
>;C?IF>;H; �� H?=>J�B;<J�7I 7D7: :?J?ED7BM?J>?D�IK8@;9JI<79JEH<EHJ>;
)�� EDBO�?DEH:;H JEJ;IJ J>; >;C?IF>;H?9B7J;H7B?P7J?EDE<<79;�I;D I?�
J?L;FHE9;II;I �#7B?J;J 7B	���� �	

.?C?B7HBO�J>; ��- L7BK;I E<;79>  -+ 9ECFED;DJM;H; 7D7BOP;:7I 7
<KD9J?EDE<7=;� IJ?CKBKIJOF;�#- �:; UD;: F; H?E:E<7JJ;DJ?ED�7D: -*$	
/>; 7D7BOI;I E<9EHJ?97BIEKH9;IM;H; :ED; I;F 7H7J;BO<EHJ>; +�� )���
+���� 7D: )9 9ECFED;DJI	 />; :7J7 <EHJ>; 7D7BOI;I M;H; 87I;: EDJ>;
IEKH9;��- L7BK;I 97B9KB7J;: <HECJ>; F;7A E<J>;  -+ 9ECFED;DJI �+��
)��� +���� EH7 ��� ����� CI J?C;�M?D:EM �)9�	 />; IEKH9;7D7BOI?I
JH7DI<EHCIJ>; I97BF;B;9JHE:;I ?DJE7D7JEC?97B-*$I� IE J>7JJ>; IJ7J?I�
J?97B7D7BOI;I M;H; :ED; ED��- L7BK;I IKHHEKD:?D=J>; F;7A
 J?C;�M?D�
:EM E<J>; 9ECFED;DJM?J>CKBJ?FB;:; F;D:;DJ L7H?78B;I <HECJ>; ��-
-*$I	 2; KI;: 7 JEJ7BE<�� -*$I 87I;: EDFH;L?EKI IJK: ?;I E<IEKH9;
7D7BOI;I <EH<79;I ?D?D<7D9O�"KO ;J 7B	� ��� � 3?; ;J 7B	��� � 7D:
7L;H7=;: EL;H79J?L?JOM?J>?D8?B7J;H7B-*$I JE9EDJHEBJ>; <7BI;�FEI?J?L;
H7J;	

2; 97B9KB7J;: J>; ;<<;9JI?P; E<IJ?CKBKIJOF;7D: 7JJ;DJ?EDJOF;;<�
<;9JI 7J ;79> -*$ M?J>?DJ>;?HH;IF;9 J?L; 8H7?D7H;7 �;	=	� 7DJ;H?EH�C; �
:?7B� 7DJ;H?EH�B7J;H7B�C?: �FEIJ;H?EHB7J;H7B�7D: FEIJ;H?EH�C; :?7B� <EH
;79>  -+ 9ECFED;DJ	2; <KHJ>;H;N7C?D;: J>; ;<<;9JI E<7=;� IJ?CKBKI
JOF;�7D: 7JJ;DJ?EDJOF;9ECF7H?D=J>; ��- L7BK;I E<J>EI; H;=?EDIM?J>
7 >?=>;<<;9JI?P; �?	;	� ��
 L7BK;�7D: ;?J>;H7 I?=D?<?97DJEHDEDI?=D?<?97DJ
IJ?CKBKI;<<;9J�?DEH:;H JEH;:K9; J>; DKC8;H E<9ECF7H?IEDI	

2; KI;: J>; =;D;H7BB?D;7H CE:;B 7FFHE79>JE �)*1�I M?J>J>;
�'+HE9"'( �( E< .�. �L;HI?ED �	�� KI?D=DEDEHJ>E=ED7B:; I?=D �I;;
.;7HB;� ���� �	 �BBI?=D?<?97DJJ;IJI 7H;H;FEHJ;:7J1 � 	��	
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!?=	 �� I>EMI J>;  -+ H;IFEDI;I JE<79;I 7D: E8@;9JI7J ;79> ;B;9�
JHE:; E<J>; C; :?7B�?D<;H?EHFEIJ;H?EH9BKIJ;H?DJ>; � �CEDJ>�EB:=HEKF
�I;; !?=	 � � F7D;B� <EH7 9ECF7H?IED 8; JM;;D 7=; =HEKFI�	/>; +�

?I ;L ?:;DJ 7I 7 IC7BBFEI?J?L;  -+ 9ECFED;DJ F;7A?D=ED 7L;H7=; 7J
�� CI 7<J;HIJ?CKBKIEDI;J	 !?=	 � � I>EMI J>; 9>7D=;I ?DJ>;  -+ <EH
<79;I 7D: E8@;9JI9;DJ;H;: 7J J>; F;7A E<J>; +� ?DJ>; JEFE=H7F>?97B
C7FI �JEF F7D;BI�� I7C FB;�8O�I7C FB; =H7F>I�C?: :B; F7D;BI� 7D: M?J>
87H9>7HJI�8EJJEC F7D;BI�	 -; IFEDI;I JE<79;I 7D: E8@;9JIM;H; ;GK7BBO
B7H=;7J�	� CEDJ>I� 8KJ8; 97C; B7H=;H<EH<79;I J>7DE8@;9JI7JJ>; <EB�
BEM?D=7=;I	

/>; F;7A +� 7CFB?JK:; M7I 7D7BOP;:7I 7 <KD9J?EDE<IJ?CKBKIJOF;
�<79;I� E8@;9JI�7D: 7=; ��	�� �� �� 7D: � CEDJ>I�� M?J>C; :?7B?D<;H?EH
FEIJ;H?EH;B;9JHE:;I �*P� *�� *� $P�$�� $� 7I CKBJ?FB; :; F;D:;DJ L7H?�
78B;I	 />; ;<<;9JE<IJ?CKBKIJOF;� � ��� ��� � �	��� 1 � 	���� M7I GK7B�
?U;: 8O 7 I?=D?<?97DJ?DJ;H79J?ED8; JM;;D IJ?CKBKIJOF; 7D: ;B;9JHE:;
BE97J?ED�� ��� ��� � 	�� 1 � 	���	 )E EJ>;HC7?D;<<;9JI EH?DJ;H79�
J?EDIM;H; I?=D?<?97DJ	/>; IJ?CKBKIJOF;;<<;9JH;V;9J;: 7 B7H=;H+� H;�
IFEDI; JE<79;I J>7DE8@;9JI79HEIIC; :?7B?D<;H?EHFEIJ;H?EH;B;9JHE:;I
� !?=	 � ��	 0D?L7H?7J; �)*1�I M;H; F;H<EHC;: 7J;79> ;B;9JHE:; JE<KH�
J>;H;NFBEH;J>; ?DJ;H79J?ED8; JM;;D IJ?CKBKIJOF;7D: ;B;9JHE:; BE97�
J?ED	/>; H;IKBJIH;L;7B;: 7 I?=D?<?97DJIJ?CKBKIJOF;;<<;9J7J7BBE<J>;
C; :?7B?D<;H?EHFEIJ;H?EH;B;9JHE:;I 9>7H79J;H?P;: 8OB7H=;H+� F;7AI <EH
<79;I J>7DE8@;9JI	/>; I?CFB;;<<;9JIM;H; <KHJ>;H;N7C?D;: J>HEK=>J>;
97B9KB7J?EDE<;<<;9JI?P;I� M>?9>H;L;7B;: J>7JJ>; L7H?7D9; ?DH;IFEDI;I
79HEIIIJ?CKBKIJOF;M7I B7H=;IJ7JJ>; *P ;B;9JHE:; � ��
 � �	���	

2; 7BIE;N7C?D;: J>; ;<<;9J E<J>; #- �:; UD;: F; H?E:I E<7JJ;D�
J?EDED J>; +� 7CFB?JK:; ?D7 C?N;: ��)*1�� ?D9BK:?D=;B;9JHE:; BE�
97J?ED�7JJ;DJ?EDF>7I; �7JJ;DJ?ED�<79;I� 7JJ;DJ?ED�E8@;9JI�?D7JJ;DJ?ED��
7D: 7=;	 />;H; M7I 7 I?=D?<?97DJC7?D;<<;9JE<7JJ;DJ?EDF>7I;� � ��
���� � �	��� 1 � 	���	 !EBBEM�KF 9ECF7H?IEDI ��ED <;HHED?9EHH;9J;:�
I>EM;: J>7JJ>; +� 7CFB?JK:; M7I =H;7J;H?DH;IFEDI; JE <79;I :KH�
?D=F; H?E:I E<7JJ;DJ?ED� � � �	�� �{1� J>7D8EJ> :KH?D=?D7JJ;DJ?ED
� � � �	� �{1�� 7D: ?D H;IFEDI; JE E8@;9JI :KH?D= 7JJ;DJ?ED
� � � �	�� �{1�� 1�I � �	����	
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+H;B?C?D7HO7D7BOI?I E<��- L7BK;I 7J J>; F;7A E<J>; +� 9ECFE�
D;DJI>EM;: 7 I?=D?<?97DJIJ?CKBKIJOF;;<<;9J?DJ>; B?D=K7B=OHKI�'"�
1 � 	���� ��
 � �	���� 7D: F7H7>?FFE97CF7B=OHKI�+#"� 1 � 	�����
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 � �	����	 />; 8EJJEC F7D;BI E<!?=	 � � :?I FB7OJ>; ��- 79J?L?JO
7HEKD:J>; F;7A E<J>; +� <EH<79;I I;F 7H7J;BO<EHJ>; '"� +"� 7D: 7DJ;�
H?EHJ;C FEH7BFEB;�7/+� -*$I 79HEII7=;I	 />; 7/+ ?I?D9BK:;: 8; 97KI; ?J
>7: 7 B7H=;��- 7CFB?JK:; 8KJDEDI?=D?<?97DJIJ?CKBKI;<<;9J�1 � 	��
��
 � �	�����	 �EJ> J>; +#" 7D: 7/+ I>EM B7H=;��- H;IFEDI;I� 8KJ
EDBOJ>; '" I>EMI 7 F;7A;: F7JJ;HD7HEKD:J>; +�  -+ F;7A	

/>; ��- 7JJ>; F;7A E<J>; +� 9ECFED;DJ<EH<79;I 7D: E8@;9JIM7I
<KHJ>;H 7D7BOP;:M?J>7D 7=; 8O IJ?CKBKIJOF; C?N;: ��)*1� ?D9BK:�
?D=EDBO��- L7BK;I <HECJ>; I; B;9J;: -*$I �?	;	� '"� +#"� 7D: 7/+� 7I
CKBJ?FB;:; F;D:;DJ L7H?78B;I	 />; H;IKBJIH;L;7B;: 7 I?=D?<?97DJC7?D;<�
<;9JE<-*$� � �� ��� � �	��� 1 � 	����� M?J>J>; >?=>;IJ 9KHH;DJ:;D �
I?JO7CFB?JK:;I ?DJ>; '" � � � �	���� "� � ��	����� <EBBEM;: 8OJ>;
+#" � � � �	���� "� � �	���� 7D: 7/+ � � � �	��� "� � �	����	
/>; FEIJ >E9 9ECF7H?IEDI ��ED <;HHED?9EHH;9J;:� I>EM;: J>7J7BBJ>;
9EDJH7IJIM;H; I?=D?<?97DJ�1�I � �	�����	 />;H; M;H; DEEJ>;HI?=D?<?�
97DJC7?D;<<;9JIEH?DJ;H79J?EDI	

/>; 7CFB?JK:; L7BK;I 7HEKD:J>; F;7A E<J>; +� M;H; CE: KB7J;:
8O J>; #- �:; UD;: F; H?E:I E< 7JJ;DJ?ED?D J>;  -+ 7D7BOI;I	 />KI�
7 FH;B?C?D7HO7D7BOI?I M7I 9ED:K9J;: ED 7JJ;DJ?EDJH?7BI �?	;	� 7JJ;D�
J?ED�<79;I� 7JJ;DJ?ED�E8@;9JI�?D7JJ;DJ?ED�?DEH:;H JEIK8I; GK;DJBO9EC�
F7H;��- L7BK;I E<-*$I I;D I?J?L;JE7JJ;DJ?EDJOF;	/>; H;IKBJII>EM;:
7 I?=D?<?97DJ7JJ;DJ?ED;<<;9J7J 8EJ>J>; 7/+ �1 � 	���� ��
 � �	����
7D: C?: :B; J;C FEH7B=OHKI�(/"� 1 � 	����� ��
 � �	���	 .;L ;H7B7: �
:?J?ED7B-*$I M?J>?DJ>; C?: �FEIJ;H?EHB7J;H7B7H;7 �?	;	� J>; IKF; H?EH
J;C FEH7B=OHKI�B?D=K7B=OHKI�?D<;H?EHE99?F?J7B=OHKIB7J;H7B�C?:

�



U
N

C
O

R
R

EC
TE

D
PR

O
O

F

"���0/4(�(4�$-� �(520�.$*( 888 � 8888� 888�888

:B; <KI?<EHC=OHKI�7D: ?D<;H?EHJ;C FEH7B=OHKIFEIJ;H?EH�1�I � �	�����
I>EM;: 7 I?=D?<?97DJ7JJ;DJ?EDJOF; ;<<;9J� 8KJ IC7BB;H��
 L7BK;I� J>KI
J>;I; H;=?EDIM;H; ;N9BK:;: <HEC<KHJ>;H7D7BOI;I	 2; I; B;9J;: 7D 7: �
:?J?ED7B-*$ ?DM>?9>M; E8I;HL;: B7H=;��- 7CFB?JK:;I 8KJ DED�
I?=D?<?97DJ7JJ;DJ?ED;<<;9J�J>; EH8?J7B�<HEDJ7B=OHKI�EH8!"� 1 � 	����
��
 � �	���� JE?D9BK:; ?DJ>; 9ECF7H?IED	

/>; 7D7BOI?I E<J>; ��- 7J J>; F;7A E<J>; +� 9ECFED;DJM7I F;H�
<EHC;: M?J>7D7=; 8O7JJ;DJ?EDJOF;C?N;: ��)*1� M?J>J>; ��- L7B�
K;I <HECJ>; I; B;9J;: -*$I ��� 7/+� (/"� EH8!"� 7I CKBJ?FB; :; F;D�
:;DJ L7H?78B;I	 />; H;IKBJII>EM;: I?=D?<?97DJC7?D;<<;9JE<8EJ>7JJ;D�
J?EDJOF;� � �� ���� � �	��� 1 � 	����� 7D: -*$ � � �� ��� � ��	���
1 � 	����� <79JEHI	/>;I; C7?D;<<;9JI M;H; 8;JJ;HGK7B?U;: 8O 7 I?=�
D?<?97DJ?DJ;H79J?ED8; JM;;D 7JJ;DJ?EDJOF;7D: -*$� � ��� ��� � 	���
1 � 	����	 0D?L7H?7J; �)*1�I 97B9KB7J;: <EH;79> H;=?EDH;L;7B;: I?=�
D?<?97DJ;<<;9JIE<7JJ;DJ?EDJOF;��� I �� ���� � ��	��� 1�I � �	����� <EH
7BBE<J>; ?D9BK:;: -*$I	 />; ��- 7CFB?JK:; :KH?D=7JJ;DJ?EDJE<79;I
M7I B7H=;HJ>7D��- 7CFB?JK:; :KH?D=7JJ;DJ?EDJEE8@;9JI7D: ?D7JJ;D�
J?EDJH?7BI	/>; 7/+ >7: J>; B7H=;IJ;<<;9JI?P; � �� � �	���	

��
�	� "5..$29  	
!79; IJ?CKB?I; B;9J?L;BO?DVK;D9;: J>; 79J?L?JOE<J>; +�  -+ 9ECFE�

D;DJ8O;B?9?J?D=B7H=;H+� F;7A H;IFEDI;I J>7DE8@;9JI�7D: J>?I:?<<;H�
;D9; J;D:;: JE?D9H;7I; 79HEII7=;	 #EM;L;H� J>?II; B;9J?L;H;IFEDI; <EH
<79;I :?: DEJ;C;H=; ?D9EHJ?97BIEKH9;7D7BOI;I M>;D 9ECF7H?D=��-
7CFB?JK:;I ?DH;IFEDI; JE<79;I 7D: E8@;9JI?DJ>; '"� +#"� 7D: 7/+	
.J?CKBKIJOF;;<<;9JIEDJ>; ��- L7BK;I M;H; E8I;HL;: M>;D ;N7C?D;:
?D9ED@KD9J?EDM?J>#- �:; UD;: F; H?E:I E<7JJ;DJ?ED	"H;7J;H ��- 79�
J?L7J?EDM7I E8I;HL;: ?DH;IFEDI; JE<79;I :KH?D=F; H?E:I E<7JJ;DJ?ED
J>7D?DH;IFEDI; JEE8@;9JI:KH?D=7JJ;DJ?ED7D: ?DH;IFEDI; JE<79;I EH
E8@;9JI:KH?D=?D7JJ;DJ?ED	/>; ;<<;9JE<7JJ;DJ?EDJE<79;I ED��- 79J?L�
?JOM7I IJHED=;IJ?DJ>; 7/+	

���� �
�� �! &0.10/(/4

/>; )�� ?DH;IFEDI; JE<79;I 7D: E8@;9JIEL;HB7J;H7B?D<;H?EHFEIJ;�
H?EH;B;9JHE:;I 7JJ>; H;FH;I;D J7J?L;7=; E<� CEDJ>I?I :; F?9J;: ?D!?=	
� � 	 />; )�� 7FF;7HI CEH; F;7A;: 7D: =H;7J;H?D7CFB?JK:; 7JC; :?7B
J>7DB7J;H7B;B;9JHE:;I� M?J>7D 7L;H7=; F;7A B7J;D9OE<�� CI 7<J;H
IJ?CKBKIEDI;J	 2; DEJ;: IEC; :?<<;H;D9;I 8; JM;;D �	� � 7D: � �CEDJ>�?D�
<7DJI?DJ>;?HF7JJ;HDE<)��  -+ H;IFEDI;� IE J>;I; 7=;I 7H; FBEJJ;:
I;F 7H7J;BO?D!?=	 � 	 !?=	 � � :; F?9JIJ>; I97BFJEFE=H7F>?97B:?I JH?8KJ?ED
E< -+ 79J?L?JO7JJ>; F;7A E<)�� <EH<79;I 7D: E8@;9JI�7D: 79HEIIJ>;
UL; 7=; =HEKFI�JEFF7D;BI�	 .7C FB;�8O�I7C FB;B?D;=H7F>I�C?: :B; F7D�
;BI� 7D: 87H9>7HJI�8EJJECF7D;BI� H;FH;I;DJ J>; 9>7D=;I E< -+ 7CFB?�
JK:;I 7HEKD:J>; )�� F;7A <EH<79;I 7D: E8@;9JI	/>; )�� ?D9H;7I;I ?D
7CFB?JK:; M?J>?D9H;7I?D=7=;� 8KJEDBO7J� 7D: � CEDJ>I)�� 7CFB?�
JK:;I :E 7FF;7HF;7A;: 7D: B7H=;H<EH<79;I J>7DE8@;9JI	!?=	 � � I>EMI
7 �� �H;D:;H;: JEFE=H7F>?97BI97BFFEJ;DJ?7BC7F E<J>; )�� F;7A ?D
H;IFEDI; JE<79;I 7J � CEDJ>I E<7=;	 />; =HEKF7L;H7=; H;IFEDI; ?I
FBEJJ;: ED7 � �CEDJ>IJ;C FB7J;7D: 9ECF7H;: JEJ>; H;IFEDI; E<<EKH
?D:?L?:K7BIKI?D=;?J>;H7 I;B<EH9BEI; (-$ J;C FB7J;	/>;H; M;H; ?D:?�
L?:K7B:?<<;H;D9;I ?DJ>; :?I JH?8KJ?EDE<J>; )�� EDJ>; I97BF�M>?9>
9EKB:H;V;9J :?<<;H;D9;I ?DJ>; IEKH9;BE97J?EDE<J>?I9ECFED;DJEHJ>;
;B;9JH?97BFHEFH?;J?;I E<KD:;H BO?D=J?IIK;I	

/>; )�� F;7A 7CFB?JK:; M7I 7D7BOP;:M?J>7 IJ?CKBKIJOF;�<79;I�
E8@;9JI�8O >;C?IF>;H; �H?=>J�B;<J�8O 7=; ��	�� �� �� 7D: � CEDJ>I�
C?N;: ��)*1�� M?J>C; :?7B?D<;H?EHFEIJ;H?EH;B;9JHE:;I 7I CKBJ?FB;:; �
F;D:;DJ L7H?78B;I	 />; C7?D;<<;9JE<7=;� � ��� ��� � �	��� 1 � 	�����
7D: J>; ?DJ;H79J?ED8; JM;;D IJ?CKBKI JOF; 7D: ;B;9JHE:; BE97J?ED��
���� ��� � 	�� 1 � 	����� M;H; I?=D?<?97DJ	 />?I ?DJ;H79J?EDM7I
<KHJ>;H ;NFBEH;:8O J;IJ?D=M?J>KD?L7H?7J; �)*1�I J>; IJ?CKBKI ;<�
<;9J 7J ;79> ;B;9JHE:; BE97J?ED	 />; H;IKBJI I>EM;: 7 I?=D?<?

Fig. 3.  -+ =H7D:7L;H7=; � �' �� JE���� CI <HECIJ?CKBKIEDI;J� <EH<79;I 7D: E8@;9JIE<� �CEDJ>�EB:?D<7DJI	+7D;B� >?=>B?=>JIJ>;  -+ 79J?L?JOE<J>; +� 9ECFED;DJ7J ;79> E<J>;

?D<;H?EHE99?F?J7B9>7DD;BI	 $DF7D;B� J>; )��  -+ H;IFEDI; ?I C7HA;: ?D;79> ?D<;H?EH�B7J;H7BE99?F?J7B�J;C FEH7B9>7DD;B	�C FB?JK:; T �� CI 7HEKD:J>; F;7A �:EJJ;: L;HJ?97BB?D;I�
:; UD;: J>; 7D7BOP;: -+ L7BK;I E<8EJ>+ 7D: )� 9ECFED;DJI	 ';= ;D: E<N�7N?I7D: O�7N?I?I H;FEHJ;:?D!?=	 � �	
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Fig. 4. +� H;IFEDI; JE<79;I 7D: E8@;9JIEL;H?D<;H?EHE99?F?J7B9>7DD;BI 79HEII7=;I	 +7D;B� I>EMI I97BFJEFE=H7F>?97BC7FI 7JJ>; +� F;7A I;F 7H7J;BO<EH<79;I 7D: E8@;9JI�JEF��  -+
7CFB?JK:; <HEC�' �� JE��� CI 7HEKD:+� F;7A �C?: :B;�� 7D: 87H=H7F>IE<+� F;7A <EH<79;I 7D: E8@;9JIEL;H7BBJ>; 7=;I �8EJJEC�	 +7D;B� :; F?9JI7 �� H;D:;H ?D=E< -+ 7D: ��-

�9EHED7B9KJ�H;IFEDI;I JE<79;I 7JJ>; F;7A E<+� 9ECFED;DJ�UHIJJMEB?D;I�FBEJJ;: EDJ>; 7L;H7=; 7=; �7FFHEFH?7J; (-$ J;C FB7J;	'?D; =H7F>I:?I FB7O��- 7CFB?JK:; <EH<79;I 7D: E8@;9JI
9;DJ;H;: 7JJ>; F;7A E<+� �<HEC�' �� JE��� CI� I;F 7H7J;BO<EHJ>; J;IJ?D=7=;I 7JJ>; '?D=K7B"OHKI�7D: ��- L7BK;I ?DH;IFEDI; JE<79;I 7JJ>; J>H;; 7D7BOP;:-*$I	 />; GK7:H7J?9F7JJ;HD

E<79J?L7J?ED?I L?I?8B;?D8EJ>'?D=K7B"OHKI7D: +EIJ;H?EH�?D=KB7J;�8KJDEJ?DJ>; �D J;H?EH/;C FEH7BFEB;	
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Fig. 5. )�� H;IFEDI; JE<79;I 7D: E8@;9JIEL;H?D<;H?EH�B7J;H7BE99?F?J7B�J;C FEH7B9>7DD;B79HEIIJ>; J;IJ;: 7=;I	 +7D;B� I>EMI I97BFJEFE=H7F>?97BC7FI 7JJ>; )�� F;7A I;F 7H7J;BO<EH
<79;I 7D: E8@;9JI�JEF��  -+ 7CFB?JK:; <HEC�' �� JE��� CI 7HEKD:)�� F;7A �C?: :B;�� 7D: 87H=H7F>IE<)�� F;7A <EH<79;I 7D: E8@;9JIEL;H7BBJ>; 7=; =HEKFI�8EJJEC�	 +7D;B�

?BBKIJH7J;IJ>;  -+ H;IFEDI; <EH<79;I 7JJ>; F;7A E<)�� 9ECFED;DJ7J� CEDJ>I<EHJ>; 7L;H7=; J;C FB7J;�B;<JCEIJ >;7: FBEJ�7D: <EKH?D:?L?:K7BI	$D:?L?:K7B7L;H7=; H;IFEDI; JE<79;I
7JJ>; )�� F;7A M7I IKF;H?CFEI;: JEJ>; ?D:?L?:K7BEHJ>; 9BEI;IJ (-$ LEBKC;	

97DJIJ?CKBKI ;<<;9J 7J J>; F7H?;J7B�E99?F?J7B;B;9JHE:;I �+*� J>HEK=>
+*��� 7D: IEC; F7H?;J7B;B;9JHE:;I �+� J>HEK=>+��� 1�I � �	����� 8KJ
DEJ7JJ>; +� EHJ;C FEH7B�F7H?;J7B;B;9JHE:;I �1�I � �	�����	 />; )��
 -+ 9ECFED;DJM7I B7H=;H?D7CFB?JK:; <EH<79;I J>7DE8@;9JI	/>; I?C�
FB; ;<<;9JI M;H; <KHJ>;H;N7C?D;: J>HEK=>J>; 97B9KB7J?EDE<J>; ;<<;9J
I?P;I� M>?9>H;L;7B;: J>7JJ>; IJ?CKBKIL7H?7D9; M7I B7H=;BO;NFB7?D;:
7J F7H?;J7B�E99?F?J7B;B;9JHE:;I �+*� ��
 � �	���� +*� ��
 � �	���� +*�
��
 � �	���� +*�� ��
 � �	���	 .;; $DB?D;.KF FB;C;D J7HO/78B; � <EH
7BBJ>; ;<<;9JI?P;I�	

/>; ;<<;9JE<7JJ;DJ?EDEDJ>; )�� 7CFB?JK:; M7I ;N7C?D;: ?D7D
�)*1� ?D9BK:?D=7JJ;DJ?EDJOF;�7JJ;DJ?ED�<79;I� 7JJ;DJ?ED�E8@;9JI�?D7J�
J;DJ?ED��>;C?IF>;H;� 7D: 7=; 7I <79JEHI�M?J>B7J;H7B?D<;H?EHFEIJ;H?EH
;B;9JHE:;I 7I CKBJ?FB;:; F;D:;DJ L7H?78B;I	 />;H; M;H; DEI?=D?<?97DJ;<�
<;9JI?DLEBL?D=7JJ;DJ?EDJOF;	

���� "052&(30) �
�� �! &0.10/(/4

!?=	 � � I>EMI  -+ I97BF79J?L?JO<EH<79;I 7D: J>; H;IF;9 J?L; ��-
:?I JH?8KJ?EDED J>; 7=; �7FFHEFH?7J; (-$ J;C FB7J;E<;79> 7=; =HEKF	
/>;H; M7I 7 B7H=;H)�� H;IFEDI; JE<79;I M?J>?D9H;7I?D=7=;� M>?9>
M7I 8?B7J;H7BBOBE97B?P;: ?DJ>; <KI?<EHC=OHKI�8EH:;H;: ?D8B79A�	)EJ;
J>7J7J � CEDJ>I E<7=;� 8KJDEJ�	� CEDJ>I E<7=;� 8EJ>J>;  -+ 7D:
��- F7JJ;HDI E<79J?L?JO?DH;IFEDI; JE <79;I H;I;C 8B;: J>; ?D<7DJI�$
D;KH7BH;IFEDI;I JE<79;I 7J� CEDJ>I	

.?C?B7HJE J>; ��- 7D7BOI;I E<J>; +� 9ECFED;DJ� M; F;H<EHC;:
7 FH;B?C?D7HO7D7BOI?I ED9KHH;DJ:;D I?JO7CFB?JK:;I 7HEKD:J>; F;7A
E<J>; )��� ?DEH:;H JEI; B;9JJ>; -*$I JE?D9BK:; ?DJ>; 7D7BOI;I ;N�
7C?D?D=7=; 7D: IJ?CKBKIJOF; ;<<;9JI	 2; ;NFBEH;:J>; ;<<;9JE<<79;I

��



U
N

C
O

R
R

EC
TE

D
PR

O
O

F

"���0/4(�(4�$-� �(520�.$*( 888 � 8888� 888�888

7D: E8@;9JIEDJ>; )�� ��- L7BK;I 7J;79> E<J>; �� -*$I� 7D: <EKD:
7 IJ7J?IJ?97BBOI?=D?<?97DJ;<<;9J7JJ>H;; -*$I M?J>?DC?: �FEIJ;H?EHB7J;H7B
7H;7I �C?: :B; <KI?<EHC=OHKI�B?D=K7B=OHKI�FEIJ;H?EH<KI?<EHC=OHKI�	
/>; B7H=;IJ;<<;9J M7I E8I;HL;: ?DJ>; C?: :B; <KI?<EHC=OHKI�C!!"�
1 � 	����� �v
 � �	����	 />KI� M; 9ECF7H;: ��- L7BK;I 7HEKD:J>;
)�� F;7A ?DJ>; C!!" M?J>7 H;=?EDI>EM?D=7 DEDI?=D?<?97DJIJ?C�
KBKI;<<;9J�D7C;BOJ>; 7/+ �1 � 	����� ��
 � �	����	 !?=	 � � :?I FB7OI
9KHH;DJ:;D I?JO7CFB?JK:;I ?DJ>; C!!" �JEF� 7D: 7/+ �8EJJEC� I;F 7�
H7J;BO<EH<79;I 7D: E8@;9JI7D: 79HEII7=;I	 �?<<;H;D9;I ?DJ>; ��- L7B�
K;I 79HEIIIJ?CKBKIJOF;M;H; ;L ?:;DJ EDBO?DJ>; C!!"� M?J>B7H=;HL7B�
K;I ?DH;IFEDI; JE<79;I J>7DE8@;9JI	2; :?: DEJ9ED:K9J ��- 7D7BOI;I
ED7JJ;DJ?EDJH?7BI<EHJ>?I9ECFED;DJ�=?L;DJ>; DKBBH;IKBJIE8J7?D;: ?D
J>;  -+ 7D7BOI;I	

�D 7=; 8O IJ?CKBKIJOF; C?N;: ��)*1� M7I F;H<EHC;: KI?D=��-
L7BK;I <HECJ>; C!!" 7D: 7/+ 7I CKBJ?FB; :; F;D:;DJ L7H?78B;I	 />;
C7?D ;<<;9J E<IJ?CKBKIJOF; � � ��� �� � �	��� 1 � 	����� M7I 8;J�
J;H GK7B?U;: 8O 7 I?=D?<?97DJIJ?CKBKIJOF; 8O -*$ ?DJ;H79J?ED�� ���
�� � �	��� 1 � 	����	 /E <KHJ>;H;NFBEH;J>?I?DJ;H79J?ED�M; J;IJ;:
J>; ;<<;9JE<IJ?CKBKIJOF; ED;79> -*$	 -; IKBJII>EM;: J>7JJ>; ��-
L7BK;I 7HEKD:J>; F;7A E<J>; )�� M;H; B7H=;H<EH<79;I J>7DE8@;9JI
EDBO?DJ>; C!!"� � ��� � � ��	��� 1 � 	����� ��
 � �	��	 !?=	 � �
I>EMI J>; C7N?C7B��- L7BK;I <EH<79;I 7J� CEDJ>I?DJ>; C!!" �B;<J�
7D: 7/+ �H?=>J��FBEJJ;: ED7=;�7FFHEFH?7J; (-$ J;C FB7J;I	/>; B;L;BE<
IEKH9;79J?L7J?EDM7I >?=>?DH;IFEDI; JE<79;I 79HEIIJ>; 7/+ 7D: C!"�
8KJ EDBOJ>; C!" I>EM;: 7 F7JJ;HDE<79J?L7J?ED7IIE9?7J;: M?J>J>;
F;7A E<J>; )��	

����	� "5..$29 �
��
/>; )��  -+ 9ECFED;DJ I>EM;: <79; IF;9?U9?JO	/>; )�� M7I

B7H=;H�?	;	� CEH; D;=7J?L;� JE <79;I J>7DE8@;9JI7J F7H?;J7B7D: F7H?�
;J7B�E99?F?J7B;B;9JHE:;BE97J?EDI	�: :?J?ED7BBO�J>; )�� F;7A 7CFB?JK:;
?D9H;7I;: M?J>7=;	 ��- 7D7BOI;I ?D:?97J;: J>7JJ>; )�� EH?=?D7J;: ?D
J>; C?: :B; <KI?<EHC=OHKI7D: IKHHEKD:?D=7H;7I	 />; ��- 7CFB?JK:; E<
J>; )�� M7I DEJCE: KB7J;: 8O#- �:; UD;: F; H?E:I E<7JJ;DJ?EDEH?D7J�
J;DJ?ED	

���  ��� �! &0.10/(/4

!?=	 � � �JEF F7D;BI� I>EMI J>; +���  -+ H;IFEDI;I 7I 7 <KD9J?ED
E< J?C; 7D: I;F 7H7J;BO<EHIJ?CKBKI JOF; �?	;	� <79;I 7D: E8@;9JI�7J
<EKHH;FH;I;D J7J?L;?D<;H?EH�C; :?7BFEIJ;H?EH;B;9JHE:;I �?	;	� *P� $P�+*��
+*��� ?D� �CEDJ>�EB:?D<7DJI	*D 7L;H7=; J>; +��� 9ECFED;DJF;7AI
7J��� CI 7<J;HIJ?CKBKIEDI;J 7D: I>EMI 7 B7H=;HH;IFEDI; JE<79;I J>7D
E8@;9JIEL;H E99?F?J7B�C; :?7B;B;9JHE:;I �;	=	� *P�� M>;H;7I J>; EFFE�
I?J; F7JJ;HDE<H;IFEDI; ?I ;L ?:;DJ EL;HE99?F?J7B�B7J;H7B;B;9JHE:;I �;	=	�
+*� 7D: +*���	 !?=	 � � :; F?9JIJEFE=H7F>?97BI97BF79J?L?JO7JJ>; +���
F;7A 7I 7 <KD9J?EDE<<79;I 7D: E8@;9JI�JEF F7D;BI�	 />; +��� 79J?L?JO
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JHE:; BE97J?ED	/>; H;IKBJIH;L;7B;: 7 I?=D?<?97DJ7=; ;<<;9J7J;L;HO;B;9�
JHE:; BE97J?ED�1�I � �	������ ;N9;FJ <EH*P� *� 7D: $P�1�I � �	������
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� ��
 � �	����	

2; ;N7C?D;: J>; ;<<;9J E<7JJ;DJ?EDED J>; +��� 7CFB?JK:;	 !?=	
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H?EH;B;9JHE:;I 7I CKBJ?FB; :; F;D:;DJ L7H?78B;I	 />; C7?D ;<<;9JI E<
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D?<?97DJJ>H;;�M7O?DJ;H79J?ED8; JM;;D 7=;� 7JJ;DJ?ED7D: ;B;9JHE:; BE�
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:?I JH?8KJ?EDE<��- L7BK;I IK==;IJ;: J>7JJ>; IEKH9;E<J>; +��� 79J?L?JO
9EKB:8; BE97J;: 7HEKD:J>; FEIJ;H?EH9?D=KB7J;	#EM;L;H� DED;E<J>;
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Fig. 6. +7D;B� I>EMI J>; )��  -+ 7D: ��- L7BK;I �9EHED7BL?;M� ?DH;IFEDI; JE<79;I 79HEII7=;I FBEJJ;: ED7=;�7FFHEFH?7J; (-$ J;C FB7J;	+7D;B� :; F?9JIJ>; B?D;=H7F>IE<J>;
��- L7BK;I <EH<79;I 7D: E8@;9JI9;DJ;H;: 7JJ>; F;7A E<)�� �<HEC�' �� JE��� CI� I;F 7H7J;BO<EHJ>; J;IJ?D=7=;I ?DJ>; C?: :B; !KI?<EHC"OHKI7D: �D J;H?EH/;C FEH7BFEB;	+7D;B�

H;FH;I;DJI J>; �� H;D:;H ?D=BE97B?P7J?EDE<��-	

/EFE=H7F>?97BC7FI ?D!?=	 � � I>EM J>; :; L;BEFC;D J7B9>7D=;I ?D
)9 7CFB?JK:; :KH?D=7JJ;DJ?ED7D: ?D7JJ;DJ?EDEL;H<HEDJ7B�9;DJH7B;B;9�
JHE:; BE97J?EDI	�7H 9>7HJI:; F?9JJ>; 7L;H7=; )9 H;IFEDI; :KH?D=#- �

:; UD;: 7JJ;DJ?ED?D H;IFEDI; JE <79;I� E8@;9JI�7D: :KH?D=?D7JJ;D�
J?ED	*L;H 7BB�J>; )9 7CFB?JK:; ?D9H;7I;I M?J>7=;� 7D: J>; :?<<;H�
;D9;I ?D7CFB?JK:; 79HEII7JJ;DJ?ED7D: ?D7JJ;DJ?EDJH?7BI7FF;7HJE:;
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Fig. 7. +��� 7D: )9  -+ =H7D:7L;H7=; � �' �� JE���� CI <HECIJ?CKBKIEDI;J� H;IFEDI; EL;H7 IK8�I;J E<?D<;H?EH�B7J;H7BE99?F?J7B�F7H?;J7B97DD;BI�+���� 7D: <HEDJ7B�9;DJH7B9>7DD;BI�)9�	

+7D;B� I>EMI J>;  -+ H;IFEDI;I <EH<79;I 7D: E8@;9JI�M>?B;F7D;B� :; F?9JI+��� 7D: )9 H;IFEDI;I <EHJ>; #- �:; UD;: F; H?E:I E<7JJ;DJ?EDJE<79;I� 7JJ;DJ?EDJEE8@;9JI7D: ?D7JJ;DJ?ED	
�C FB?JK:;I T �� CI 7HEKD:J>; F;7A E<J>; +��� �:EJJ;: L;HJ?97BB?D;I�7D: 7L;H7=; 7CFB?JK:; M?J>?D��� ����� CI J?C; M?D:EM �=H7O8EN;I� :; UD;: J>;  -+ L7BK;I <EHJ>; )9 9ECFE�

D;DJ	';= ;D: E<N�7N?I7D: O�7N?I?I H;FEHJ;:?D!?=	 � �	

9H;7I; M?J>7=;	 />; )9 C;7D 7CFB?JK:; M7I 7D7BOP;:?D7D 7JJ;DJ?ED
JOF; �7JJ;DJ?ED�<79;I� 7JJ;DJ?ED�E8@;9JI�?D7JJ;DJ?ED�8O 7=; ��	�� �� ��
7D: � CEDJ>I� C?N;: ��)*1�� M?J>CKBJ?FB; <HEDJ7B�9;DJH7B;B;9JHE:;
BE97J?EDI7I :; F;D:;DJ L7H?78B;I	 />; C7?D;<<;9J E<7=; �1 � 	�����
7D: J>; ?DJ;H79J?ED8; JM;;D 7=; 7D: ;B;9JHE:; BE97J?ED�1 � 	�����
M;H; GK7B?U;: 8O7 I?=D?<?97DJJ>H;;�M7O?DJ;H79J?ED8; JM;;D 7=;� ;B;9�
JHE:; BE97J?ED7D: 7JJ;DJ?EDJOF;�� � ��� ����� � �	��� 1 � 	����	 .?C�
?B7HJEJ>; FH;L?EKI I;J E<7D7BOI;I� M; <KHJ>;H;NFBEH;J>; ;<<;9JE<7J�
J;DJ?EDJOF; 7D: ;B;9JHE:; BE97J?EDM?J>KD?L7H?7J; �)*1�I <EH;79>
7=; =HEKF	/>; 7JJ;DJ?ED;<<;9J M7I I?=D?<?97DJ7J �	� �1 � 	������ �
� 1 � 	������ 7D: � CEDJ>I �1 � 	������ 8KJ DEJ7J � CEDJ>I E<7=;
�1 � 	�����	 �ED<;HHED?9EHH;9J;: FEIJ�>E9 9ECF7H?IEDIH;L;7B;: J>7J
J>; )9 7CFB?JK:; M7I B7H=;H:KH?D=#- �:; UD;: F; H?E:I E<?D7JJ;DJ?ED
J>7D 7JJ;DJ?EDJE <79;I ?D�	� �CEDJ>�EB: ?D<7DJI�1 � 	����	 *D J>;
EJ>;H>7D:� DED; E<J>; 9ECF7H?IEDIH;79>;: IJ7J?IJ?97BI?=D?<?97D9; 7J
� CEDJ>I �1 � 	���� M>;H;7I J>; ;<<;9JE<7JJ;DJ?EDM7I 8;JJ;HGK7B?

U;: 8O 7 I?=D?<?97DJ7JJ;DJ?ED8O ;B;9JHE:; BE97J?ED?DJ;H79J?ED7J �
CEDJ>I E<7=; �1 � 	�����	 />; I?CFB; ;<<;9JI� ;N7C?D;: J>HEK=>J>;
97B9KB7J?EDE<J>; ;<<;9J I?P;I� H;L;7B;: J>7JJ>; 7JJ;DJ?EDJOF; L7H?�
7D9; M7I B7H=;BO;NFB7?D;:7J <HEDJ7B;B;9JHE:;I �!� ��
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�D7BOI;I E<J>; )9 9ECFED;DJI>EM;: J>7J?JI7CFB?JK:; M7I CE: �
KB7J;: 8O J>; #- �:; UD;: F; H?E:I E<7JJ;DJ?ED�J>KI M; ;NFBEH;:L7H?�
7J?EDI?DJ>; 9KHH;DJ:;D I?JO7CFB?JK:;I E<7JJ;DJ?EDJE <79;I� 7JJ;D�
J?EDJE E8@;9JI7D: ?D7JJ;DJ?EDJH?7BI	 +H;B?C?D7HO7D7BOI;I ED J>; ��
-*$I H;L;7B;: J>7JJ>; 7JJ;DJ?EDJOF; ;<<;9JI ?DJ>; F7H7>?FFE97CF7B
=OHKI�+#"� 1 � 	������ ��
 � �	���� 7D: B?D=K7B=OHKI�'"� 1 � 	�����
��
 � �	��� ;NFB7?D;: J>; >?=>;IJ L7H?7D9; E< 7DJ;H?EH�B7J;H7B7D:
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Fig. 8. +��� H;IFEDI; JE<79;I 7D: E8@;9JI79HEII7=;I	 +7D;B� :?I FB7OII97BFJEFE=H7F>?97BC7FI 7JJ>; +��� F;7A I;F 7H7J;BO<EH<79;I 7D: E8@;9JI�JEF�� 7D: 87H=H7F>IE<7CFB?JK:;
7HEKD:J>; F;7A E<+��� 9ECFED;DJ<EH<79;I 7D: E8@;9JIEL;H7BBJ>; 7=;I �8EJJEC�	 +7D;B� :; F?9JI7 �� H;D:;H ?D=E< -+ 7D: ��- L7BK;I �I7=?JJ7BL?;M� 7JJ>; F;7A E<+��� <EH<79;I
7D: E8@;9JI79HEII7=;I� 7D: ��- 7CFB?JK:; 9;DJ;H;: 7JJ>; F;7A E<+��� �<HEC�' �� JE��� CI� I;F 7H7J;BO<EHJ>; J;IJ?D=7=;I ?DJ>; +EIJ;H?EH�?D=KB7J;7D: �D J;H?EH/;C FEH7BFEB;	

97DJ;<<;9JE<7JJ;DJ?ED�;	=	� 7DJ;H?EH<HEDJ7B=OHKI�7DJ;H?EHJ;C FEH7B
FEB;�C?: :B; <KI?<EHC=OHKI�?D<;H?EHJ;C FEH7B=OHKIB7J;H7B�FEIJ;H?EH
<KI?<EHC=OHKI�?D<;H?EHE99?F?J7B=OHKIB7J;H7B�	#EM;L;H� J>;I; 7H;7I ;N�
FB7?D;:B;II L7H?7D9; ?DJ>; CE:;B� J>KI M;H; DEJ<KHJ>;H7D7BOP;:	2;
9ECF7H;: J>; ��- L7BK;I M?J>?DJ>; J?C;�M?D:EM E<J>; )9 9ECFE�
D;DJ?DJ>; +#" 7D: '" JEJ>; 9KHH;DJ:;D I?JO7CFB?JK:;I ?D7 H;=?ED
M?J>7 DEDI?=D?<?97DJ7JJ;DJ?ED;<<;9J�J>; EH8?J7B�<HEDJ7B=OHKI�EH8!"�
1 � 	����� ��
 � �	����	

2; F;H<EHC;: 7D 7=; 8O 7JJ;DJ?EDJOF; C?N;: ��)*1� M?J>J>;
��- L7BK;I <HECJ>; I; B;9J;: -*$I 7I CKBJ?FB; :; F;D:;DJ L7H?78B;I	
/>; H;IKBJI I>EM;: I?=D?<?97DJC7?D ;<<;9JI E< 8EJ> 7JJ;DJ?ED�� ��
���� � �	��� 1 � 	����� 7D: -*$� � �� ��� � ��	��� 1 � 	����	
�ED<;HHED?�9EHH;9J;: 9EDJH7IJIM;H; F;H<EHC;: JE ;NFBEH;:?<<;H;D9;I
8; JM;;D F7?HIE<;79> 7JJ;DJ?EDJOF;7D: -*$	 '?D; =H7F>I?D!?=	 � �
�8EJJEC F7D;BI� I>EM J>7J��- L7BK;I 7JJ>; +#" M;H; >?=>;H7D: I?=
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Fig. 9. )9 H;IFEDI; J>; #- �:; UD;: F; H?E:I E<7JJ;DJ?EDJE<79;I� 7JJ;DJ?EDJEE8@;9JI7D: ?D7JJ;DJ?ED79HEII7=;I	 +7D;B� :?I FB7OII97BFJEFE=H7F>?97BC7FI 7JJ>; )9 C; :?7D B7J;D9OE<
;79> 7=; =HEKFI;F 7H7J;BO<EHF; H?E:I E<7JJ;DJ?ED7D: ?D7JJ;DJ?ED�JEF�� 7D: 87H=H7F>IE<7L;H7=; 7CFB?JK:; E<J>; )9 J?C; M?D:EM <EHJ>; J>H;; #- �:; UD;: 97J; =EH?;I�8EJJEC�	 +7D;B
� :; F?9JI7 �� H;D:;H ?D=E< -+ 7D: ��- L7BK;I �I7=?JJ7B9KJ�E<J>; )9 <EHJ>; #- �:; UD;: F; H?E:E<7JJ;DJ?EDJE<79;I� 7D: ��- 7CFB?JK:; :KH?D=J>; J?C; M?D:EM E<J>; )9 9ECFED;DJ
I;F 7H7J;BO<EHJ>; J;IJ?D=7=;I ?DJ>; *H8?JE<HEDJ7B"OHKI7D: �D J;H?EH/;C FEH7BFEB;	
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D?<?97DJBO:?<<;H;DJ J>7D9KHH;DJ:;D I?JO7CFB?JK:;I 7JJ>; '" 7D: EH8!"
�1�I � �	�����	 !KHJ>;H�J>; H;IFEDI;I JE8EJ><79;I 7D: E8@;9JI:KH?D=
7JJ;DJ?EDI>EM;: =H;7J;H��- 7CFB?JK:;I J>7DH;IFEDI;I :KH?D=?D7JJ;D�
J?ED�1�I � �	�����	

����	� "5..$29 �&
/>; C;7D 7CFB?JK:; E<J>; )9 ?D9H;7I;: B?D;7HBOM?J>7=; ?DH;�

IFEDI; JE8EJ><79;I 7D: E8@;9JI79HEIIF; H?E:I E<7JJ;DJ?ED7D: ?D7JJ;D�
J?ED	/>?I 7=; ;<<;9JM7I ;L ?:;DJ EL;H7DJ;H?EH�<HEDJ7B7D: <HEDJ7B;B;9�
JHE:; BE97J?EDI	!KHJ>;H�J>; )9 D;=7J?L?JO7JJ>; <HEDJ7B;B;9JHE:;I �?	;	�
!�� !5� !� M7I B7H=;H?DH;IFEDI; JE<79;I :KH?D=J>; #- �:; UD;: F; H?�
E:I E<7JJ;DJ?EDJ>7D?JM7I ?DH;IFEDI; JEE8@;9JI:KH?D=7JJ;DJ?ED7D:
JE<79;I 7D: E8@;9JI:KH?D=?D7JJ;DJ?ED	#EM;L;H� J>?I<79; IF; 9?U9;<�
<;9J:?: DEJ;C;H=; ?DJ>; ��- 7D7BOI;I 79HEII7DOE<J>; 9EDI?: ;H;:
-*$I	 />; ��- L7BK;I E<)9 9ECFED;DJ M;H; B7H=;IJ7J J>; +#" 7D:
;B?9?J;:=H;7J;HH;IFEDI;I :KH?D=7JJ;DJ?EDJ>7D?D7JJ;DJ?ED�H;=7H:B;II
E<J>; -*$	

4. Discussion

*D; =E7BE<J>?IIJK:O M7I JE;NFBEH;9>7D=;I ?DJ>; CEHF>EBE=OE<
J>;  -+ 9ECFED;DJI ?DH;IFEDI; JE<79; 7D: E8@;9JIJ?CKB?<HEC�	� JE
� CEDJ>I E<7=;	 />; 7CFB?JK:; E<J>; +� M7I =H;7J;H?DH;IFEDI; JE
<79;I J>7DE8@;9JI�7D: :KH?D=7JJ;DJ?EDJE<79;I J>7D7JJ;DJ?EDJEE8�
@;9JI7D: ?D7JJ;DJ?EDJH?7BI	 />; +� M7I J>; EDBO7D7BOP;:9ECFED;DJ
J>7J:?: DEJI>EM I?=D?<?97DJ9>7D=;I 79HEII7=;I	 />; )�� 7CFB?JK:;
?D9H;7I;: M?J>7=; 7D: M7I =H;7J;H?DH;IFEDI; JE <79;I J>7DE8@;9JI
7JJ;C FEH7B�F7H?;J7B7D: J;C FEH7B�E99?F?J7B;B;9JHE:;I	 />; 7CFB?JK:; E<
J>; +��� I>EM;: 7 B?D;7H ?D9H;7I; M?J>?D9H;7I?D=7=;� >EM;L;H ?JI79�
J?L?JOM7I DEJCE: KB7J;: 8O;?J>;HIJ?CKBKIJOF;EH#- �:; UD;: 7JJ;D�
J?ED7BF>7I;I	 />; 7CFB?JK:; E<J>; )9 M7I =H;7J;H:KH?D=7JJ;DJ?EDJE
<79;I J>7D7JJ;DJ?EDJEE8@;9JI7D: ?D7JJ;DJ?EDJH?7BIEL;H<HEDJ7B;B;9�
JHE:;I EDBO7J� CEDJ>I�M>;H;7I 7DEFFEI?J; F7JJ;HD�?	;	 B7H=;H)9 7C�
FB?JK:; :KH?D=?D7JJ;DJ?EDJ>7D7JJ;DJ?EDJE<79;JH?7BI�M7I <EKD:7J�	�
CEDJ>I	

*KH I;9 ED: =E7BM7I JE;N7C?D;J>; D;KH7BIEKH9;I E<J>EI; I?=D?<?�
97DJ;<<;9JI <EKD:?DJ>;  -+ 7D7BOI;I	 />; I97BFH;9EH:?D=7JJ>; F;7A
E<J>; +� 9ECFED;DJ?DH;IFEDI; JE<79;I 7D: E8@;9JIM7I BE97B?P;: FH?�
C7H?BO?DJ>; B?D=K7B=OHKI�M>;H;7I J>; +� 79J?L?JO:KH?D=#- �:; UD;:
F; H?E:I E<7JJ;DJ?EDJE<79;I M7I C7?DBOBE97B?P;: ?DJ>; 7DJ;H?EHJ;C FE�
H7BFEB;	/>; IEKH9;7D7BOI?I E<J>; )�� 9ECFED;DJH;L;7B;: I?=D?<?97DJ
B;L;BI E<79J?L7J?ED?DJ>; C?: :B; <KI?<EHC=OHKI7D: EJ>;H7H;7I 7: @7�
9;DJJEJ>?I-*$� 7D: B7H=;H��- L7BK;I ?DH;IFEDI; JE<79;I J>7DE8@;9JI	
/>; ;N7C?D7J?EDE<J>; +��� 9KHH;DJ:;D I?JOL7BK;I :?: DEJH;L;7BI?=�
D?<?97DJIJ?CKBKI;<<;9JI ?D7DOE<J>; 9EDI?: ;H;: -*$I	 #EM;L;H� GK7B?�
J7J?L;9>7D=;I ?D9KHH;DJ:;D I?JO�H;I;C 8B?D=J>; F;7A E<J>; +���  -+
9ECFED;DJ�M;H; L?I?8B;?DJ>; FEIJ;H?EH9?D=KB7J;	'7IJBO�J>; IEKH9;BE�
97B?P7J?EDE<J>; )9 H;L;7B;: B7H=;79J?L7J?EDE<J>; F7H7>?FFE97CF7B
=OHKI7D: =H;7J;H��- L7BK;I :KH?D=#- �:; UD;: F; H?E:I E<7JJ;DJ?ED��
JE8EJ><79;I 7D: E8@;9JI�� J>7D?D7JJ;DJ?ED	

2; M;H; F7HJ?9KB7HBO?DJ;H;IJ;: ?DJ>; )�� 7D: ?JIHEB;7I 7 FEI�
I?8B; FH;9KHIEHE<J>; 7:KBJ)���	 />; H;IKBJI?D:?97J;: J>7JJ>; )��
?I 7 <79;�I;D I?J?L;  -+ 9ECFED;DJ� ;L ?:;D9;: 8O B7H=;H -+ 7D: ��-
7CFB?JK:;I ?DH;IFEDI; JE<79;I J>7DE8@;9JI79HEII7=;I J>7JM7I BE97B�
?P;: JEJ>; C?: :B; <KI?<EHC=OHKI	.97BFJEFE=H7F>O7D: :?I JH?8KJ?EDE<
J>;  -+ ?DH;IFEDI; JEJ>; L?IK7BFH;I;D J7J?EDE<<79;I 8; 97C; FHE=H;I�
I?L;BOCEH; D;=7J?L; M?J>?D9H;7I?D=7=;	 ,K7B?J7J?L; 9ECF7H?IEDI E<
)�� I97BF:?I JH?8KJ?ED79HEII7=;I IK==;IJ J>7JJ>?I9ECFED;DJI>EMI
7 B7J;H7B?P;: :?I JH?8KJ?ED8O � CEDJ>I	 �EJ> J>; )�� I97BF:?I JH?8K�
J?ED� !?=	 � �� JEFF7D;BI� 7D: M7L;<EHC� !?=	 � �� 8EJJEC F7D;BI� ?D
H;IFEDI; JE <79;I� 8KJ DEJE8@;9JI�M;H; I?C?B7H7J � 7D: � CEDJ>I	
$J>7I ;NJ;DI?L;BOH;FEHJ;: J>7J�7HEKD:� CEDJ>I� ?D<7DJI8; =?DJE;N�
>?8?J<79;�FHE9;II ?D=8?7I;I � (7K H;H7D: 2;HA;H� ��� �� 7D: ;NF;HJ
:?I 9H?C?D7J?ED7D: H;9E=D?J?ED78?B?J?;I <EHJ>; CEIJ ;NF; H?;D9;: 97J�
; =EHOE<<79;I � .9>;H< 7D: .9EJJ� �� �	 />?I ;L ?:;D9;� 7BED=M?J>

J>; IJHK9JKH7B8H7?DCE: ?U97J?EDI�;	=	� CO;B?D7J?ED�0:7 ;J 7B	���� �
-?9>7H:I 7D: �EDJ;� ��� 7D: �EDJ; 7D: -?9>7H:I� ���� 7D: J>;
9>7D=;I ?DJ>; D;KH7BH;IFEDI;I JE<79;I �<EH7 H;L?;M� I;; #E;>B 7D:
+;OA7H@EK��� �� IK==;IJI J>7J8OJ>; ;D: E<J>; UHIJO;7HE<B?<;J>;
)�� B?A;BOH;FH;I;DJI J>; ;B;9JHEF>OI?EBE=?97BC7HA;HE<<79;�FHE9;II �
?D=?D?D<7DJI	

+7IJ  -+ H;I;7H9>ED<79;�FHE9;II ?D=?D?D<7DJI>7I <E9KI;: ED:?<<;H�
;DJ IK8I;JI E<;B;9JHE:; 9BKIJ;HI �C; :?7B;B;9JHE:; I?J;I� &EK?:;H;J 7B	�
��� � +;OA7H@EK;J 7B	� ��� � .9EJJ 7D: (ED ;I IED� ��� � B7J;H7B
I?J;I� &;O 7D: .JED;� �� � (79 9>?�7I I?7 ;J 7B	� ��� � (9 �B;;HO
;J 7B	���� � C; :?7B7D: B7J;H7BI?J;I� :; #77D ;J 7B	��� � #7B?J;J
7B	� ��� � #7B?J;J 7B	� ��� � ';F F7D;D ;J 7B	� ��� �	 �I 7 9EDI; �
GK;D9;� 7 B?C?J;: 9ECF7H?IEDE<J>; )��  -+ UD:?D=I?DJ>; B?J;H7JKH;
97D8; :ED;	 2; KI;: IF>;H?97BIFB?D;?DJ;HFEB7J?EDE<J>; :7J7 <HECJ>;
 "$ ��� 9>7DD;BI ?DJEJ>; �� 9>7DD;BI E<J>; �� ��� IOIJ;C	 />?I ?DJ;H�
FEB7J?EDC7N?C?P;: J>; KI; E<J>; ?D<EHC7J?ED?DJ>; EH?=?D7B9>7DD;BI
7D: 7BBEM;: KI JEJH7DIB7J;J>; ;B;9JHE:;BE97J?EDI?DJEJ>; �� ��� 9EEH:?�
D7J; IOIJ;C ?DEH:;H JE:; I9H?8;EKHH;IKBJIKI?D=7 IJ7D:7H: IOIJ;C <EH
;B;9JHE:; FB79;C;DJ	 />; )�� H;IFEDI;I ?DJ>?IIJK:O M;H; :?I JH?8KJ;:
EL;HB7J;H7B?D<;H?EHJ;C FEH7B�F7H?;J7B7D: J;C FEH7B�E99?F?J7B;B;9JHE:;I
�?	;	� +� JE+��� +*� JE+*���	 />?I C?=>J8; ;NF;9J;: I?D9; J>; IEKH9;
E<J>; )�� M7I BE97B?P;: ?DJ>; <KI?<EHC=OHKI7D: J>; FHE@;9J?EDI<HEC
J>; <KI?<EHC=OHKIJEJ>; I97BFM;H; ?DJ>; ?D<;H?EHJ;C FEH7B�E99?F?J7B
;B;9JHE:;I	 />;H; <EH;�7D EFJ?C7B)�� C;7 IKH;C;DJ I>EKB: J7A; ?DJE
799EKDJJ>;I; I97BF7H;7I M?J>7D ;B;9JHE:; 9EL;H7=; ;NJ;D: ?D=8; BEM
J>; JH7:?J?ED7B�� ��� B7OEKJ	!KHJ>;H�7D ;NFBEH7J?EDE<J>; ?D:?L?:K7B
I97BF:?I JH?8KJ?EDE<J>;  -+ 79J?L?JO7JJ>; F;7A E<J>; )�� IK==;IJ;:
?CFEHJ7DJ:?<<;H;D9;I 8; JM;;D F7HJ?9?F7DJI	!?=	 � � I>EMI J>;I; :?<<;H�
;D9;I 8O FBEJJ?D=J>; I97BFF7JJ;HDE<J>; )�� F;7A <EH<79;I E<J>;
� �CEDJ>I 7=; �=HEKFED7D 7L;H7=; J;C FB7J;�7D: <EKHF7HJ?9?F7DJIED
;?J>;H7 I;B<EH9BEI;(-$ J;C FB7J;	.K9> B7H=;?D:?L?:K7B:?<<;H;D9;I ?D
J>; :?I JH?8KJ?EDE<J>; )�� 79J?L?JO>7L; 8;;D I>EMD?DJ>; 79J?L?JOE<
J>; 7:KBJ)��� � "7E ;J 7B	���� �	 />KI� ?J?I 9H?J?97B<EH7 9ECFH;>;D�
I?L; ?DL;I J?=7J?EDE<?D<7DJI�$D;KH7BH;IFEDI;I JE<79;I JE9EDI?:;H J>;
;B;9JH?97B79J?L?JOH;9EH:;: 7J?D<;H?EHI97BF7H;7I	

/>; 7H;7I E<I?=D?<?97DJ79J?L7J?ED7JJ>; )�� F;7A M;H; ?DJ>; FEI�
J;H?EHL;DJH7BJ;C FEH7BBE8;7D: I>EM;: 7 I?C?B7HBE97B?P7J?ED<EKD:?D
FH;L?EKI ?D<7DJIJK: ?;I ;NFBEH?D=J>; 9EHJ?97BIEKH9;I E<J>; H;IFEDI;
JE <79;�B?A;F7JJ;HDI ?DD;M8EHDI� �K?7JJ?;J 7B	� ��� �� 7I M;BB7I
J>; IEKH9;E<J>; )�� ?DH;IFEDI; JE<79;I � "KO ;J 7B	� ��� � %E>D�
IED ;J 7B	� ��� �	 .F;9?<?97BBO�J>; 7D7BOI?I E<9EHJ?97BIEKH9;I E<J>;
)�� 9ECFED;DJ H;L;7B;: I?=D?<?97DJB;L;BI E<79J?L7J?ED?DJ>; C?: �
:B; <KI?<EHC=OHKI7D: D;?=>8EH?D=7H;7I �;	=	� J>; FEIJ;H?EH<KI?<EHC
=OHKI�	�KHH;DJ:;D I?JOH;IFEDI; E99KHH?D=?DJ>; C?: :B; <KI?<EHC=OHKI
I>EM;: 7 F;7A;: H;IFEDI; � !?=	 � ��� 7D: I?=D?<?97DJBOB7H=;H79J?L?JO
?DH;IFEDI; JE <79;I J>7DE8@;9JI	/>?I F;7A;: 79J?L?JOM7I ;I F; 9?7BBO
C7HA;: ?DJ>; � � 7D: � �CEDJ>�EB:I�$H;IFEDI; JE<79; IJ?CKB?7D: 9E�
?D9?:;: M?J>J>; )�� :; V;9J?ED?DJ>;  -+ :7J7	 �H;7I M?J>?DJ>;
<KI?<EHC=OHKI>7L; 8;;D ?CFB?97J;: ?D<79; FHE9;II ?D=?D7:KBJIJK: ?;I
E<IEKH9;7D7BOI?I E<J>; )��� � �;< <A; ;J 7B	���� � "7E ;J 7B	���� �
-EI I?ED ;J 7B	� ��� � .>?87J7 ;J 7B	� �� � 7D: 7I J>; I?J; E<J>;
<(-$ �:; UD;: <KI?<EHC<79;7H;7?D7:KBJI�&7DM?I>;H;J 7B	����� �	 -; �
9;DJC;J 7D7BOI;I E<<(-$ IJK: ?;I IKFFEHJJ>; HEB;E<J>; H?=>JC?: :B; !"
7D: FEIJ;H?EH!" 79HEII7 B7H=;DKC8;H E<IJ?CKB?7D: J7IAI � �;HC7D ;J
7B	���� � ( RBB;H;J 7B	���� �	 *DBOED; <(-$ IJK:O >7I ?DL;I J?=7J;:
J>; FHE9;II ?D=E<<79;I ?D<7DJI	-; IKBJI<HECJ>?IIJK:O IK==;IJI J>7J?D�
<7DJI7J� ��� CEDJ>IE<7=; >7L; 7D7:KBJ�B?A;<KD9J?ED7BEH=7D?P7J?EDE<
H;IFEDI;I JE<79;I � �;;D ;J 7B	���� �	

/>;I; H;IKBJI7H; 9EDI?IJ;DJM?J>J>H;; IJK: ?;I ?DL;I J?=7J?D=J>; =;D�
;H7JEHIE<J>;  -+ H;IFEDI;I JE<79;I ?D?D<7DJI	*D; IJK:O KJ?B?P;::7J7
9EBB;9J;: ?DFH?EHIJK: ?;I E<?D<7DJIL?;M?D=:?<<;H;DJ <79; EH?;DJ7J?EDI
7D: :?H;9J7D: 7L;HJ;: =7P; JEBE97B?P;J>; IEKH9;E<J>; )��  -+ H;�
IFEDI; �%E>DIED ;J 7B	� ��� �	 />; FH?C7HO7?C E<J>?I IJK:O M7I
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JE:; J;HC?D; M>;J>;H8H7?D7H;7I 79J?L;:KH?D=J>; FHE9;II ?D=E<<79;I ?D
7:KBJI9>7H79J;H?P;: J>; <79;�FHE9;II ?D=D;JMEHA?D?D<7DJI7I M;BB	�D
;GK?L7B;DJ9KHH;DJ:?FEB;7D7BOI?I M7I 9ECFB;J;: 7D: ?:;DJ?U;: :?FEB;I
?DJ>; <KI?<EHC=OHKI�H?=>J./. 7D: IKHHEKD:?D=J;C FEH7BBE8;7H;7I�
B7J;H7BE99?F?J7B9EHJ;N� 7D: 9;HJ7?DFH;<HEDJ7BH;=?EDI	/>H;; �� � �� 7D:
� �CEDJ>�EB:I M;H; J;IJ;: 7D: 7BBJ>; ?:;DJ?U;: 8H7?DH;=?EDIM;H; 79�
J?L;:KH?D=J>; FHE9;II ?D=E<<79;I	 />;I; H;=?EDI:?I 9H?C?D7J;: KFH?=>J
JE?DL;HJ;: <79;I 7HEKD:J>; B7J;D9OE<J>; )�� ?D� � 7D: � �CEDJ>�EB:
?D<7DJI�IK==;IJ?D=J>7JI?C?B7HH;=?EDI?DLEBL;: ?D7:KBJ<79;�FHE9;II �
?D=D;JMEHAM;H; 79J?L;?D?D<7D9O�%E>DIED ;J 7B	� ��� �	 .?C?B7HBO�
"KO ;J 7B	 ����� ;N7C?D;: :; L;BEFC;D J7B9>7D=;I ?D7D: 9EHJ?97B
IEKH9;I E<J>; )�� ?DH;IFEDI; JE <7C?B?7H7D: KD<7C?B?7H<79;I 7D:
JEOI?D?D<7DJI7J �	�� �� 7D: �	� CEDJ>I E<7=;	 />; 9EHJ?97BIEKH9;E<
J>; )�� M7I BE97B?P;: ?DJ>; C?: :B; <KI?<EHC=OHKI�7DJ;H?EH<KI?<EHC
=OHKI�F7H7>?FFE97CF7B=OHKI�7D: J;C FEH7BFEB;	/>;I; 8H7?DH;=?EDI
I>EM;: 7D?D9H;7I?D=79J?L7J?ED?DH;IFEDI; JE<79;I 7D: JEOIM?J>7=;
� "KO ;J 7B	���� �	 />; H;IKBJIE<7 H;9;DJIJK:O ?:;DJ?U;: J>; <KI?<EHC
7D: ?D<;H?EHE99?F?J7B=OH?7I =;D;H7JEHIE<J>; )�� :KH?D=J>; :?I �
9H?C?D7J?EDE<;CE J?ED7BL7B;D9;E<<79;I ?D� � 7D: � �CEDJ>�EB:?D<7DJI
�3?; ;J 7B	���� �	 $DB?D;M?J>J>;I; IJK: ?;I� EKHUD:?D=I?D:?97J; J>7J
I;L ;H7BE99?F?JE�J;C FEH7B7H;7I� ?D9BK:?D=J>; FEIJ;H?EH<KI?<EHC=OHKI�
I>EM;: B7H=;��- L7BK;I ?DH;IFEDI; JEL?IK7BIJ?CKB?7JJ>; F;7A E<J>;
)��  -+ 9ECFED;DJ	#EM;L;H� J>; IEKH9;IE<J>; )�� ?DJ>; C?: :B;
<KI?<EHC=OHKII>EM;: J>; =H;7J;IJ :?<<;H;D9; 8; JM;;D <79;I 7D: E8@;9JI
7D: >7: J>; I7C; F;7A;: 7CFB?JK:; 7JJ>; F;7A E<J>; )��� IK==;IJ?D=
J>; :; L;BEFC;DJ E<<79;97J; =EH?P7J?EDH;IFEDI;I ?DJ>?I8H7?D7H;7	

2; 7BIE;NFBEH;:J>; 79J?L?JOE<J>; +�� +��� 7D: )9  -+ 9ECFE�
D;DJI	 />; H;IKBJIE<J>; +� I>EM;: B7H=;H7CFB?JK:; ?DH;IFEDI; JE<79;I
J>7DE8@;9JI7J C; :?7B?D<;H?EHFEIJ;H?EH;B;9JHE:;I M?J>J>; B7H=;IJ;<�
<;9JE8J7?D;: 7JJ>; *P 9>7DD;B	�KHH;DJ:;D I?JOH;9EDIJHK9J?ED7D7BOI;I
H;L;7B;: J>7JJ>; +� 79J?L?JOEH?=?D7J;: ?DJ>; B?D=K7B=OHKI	!;M IJK: �
?;I >7L; FH;L?EKIBO9EDI?: ;H;: 9>7D=;I E<J>; +� 79J?L?JO?DH;IFEDI; JE
<79;I ?D?D<7D9O�I?D9; J>; H;IFEDI;I H;FEHJ;: EDJ>; B;L;BE<J>; +� ?D
7:KBJI�#;HHC7DD;J 7B	���� � >7L; 8;;D 7JJH?8KJ;: JE:?<<;H;D9;I ?D
BEM�B;L;B9>7H79J;H?IJ?9I�;	=	 7CFB?JK:; IF;9 JHKC�9EBEH�E<J>; IJ?CKB?
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