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&RQIHUHQFH 3DSHU

'LVWULEXWLRQ�WKHRU\�IRU�H[SRQHQWLDO�IDPLOLHV

%HGULMH�%H[KHWL����7HXWD�-XVXIL�=HQNX ����4DPLOH�$VDQL��

��'HSDUWPHQW�RI��0DWKHPDWLFV��)DFXOW\�RI�1DWXUDO�6FLHQFHV�DQG 0DWKHPDWLFV��87

�&RUUHVSRQGLQJ�$XWKRU��H�PDLO��EHGULMH�EH[KHWL#XQLWH�HGX�PN

$EVWUDFW

7KH�LPSRUWDQFH�RI�H[SRQHQWLDO�IDPLO\�GLVWULEXWLRQV�OLHV�LQ�WKH�ZD\�LQ�ZKLFK�WKH�SDUDPHWHU�RI�WKH�PRGHO�LQWHUDFWV�
ZLWK� WKH�DUJXPHQW�RI� WKH�GHQVLW\�RU� IUHTXHQF\� IXQFWLRQ� LQ� WKH�PRGHO� IXQFWLRQ��7KLV� W\SH�RI�VWUXFWXUH�VLPSOLILHV�
FHUWDLQ� DVSHFWV� RI� WKH� GLVWULEXWLRQ� WKHRU\� RI� WKH� PRGHO�� SDUWLFXODUO\� WKRVH� DVSHFWV� FRQFHUQHG� ZLWK� KRZ� WKH�
GLVWULEXWLRQV�FKDQJH�XQGHU�FKDQJHV�LQ�SDUDPHWHU�YDOXHV��&RQVLGHU�D�UDQGRP�YDULDEOH�< ZLWK�PRGHO�IXQFWLRQ�RI�WKH�

IRUP� ^ ` ���������H[S \K$\7F 7 TT � RQO\�WKH�ILUVW�RI�WKHVH�WHUPV�GHSHQGV�RQ�ș�DQG�WKDW�WHUP�GHSHQGV�RQ�<�RQO\�

WKRXJKW�7�<���,Q��WKLV�SDSHU�ZH�JLYH�WZR�WKHRUHPV�ZKLFK�JLYH�H[SUHVVLRQV�RI�WKH�LGHD�WKDW�WKH�GHSHQGHQFH�RI�WKH�
GLVWULEXWLRQ�RI�<�RQ�ș�LV�SULPDULO\��WKURXJK�WKH�GHSHQGHQFH�RI�GLVWULEXWLRQ�RI�7�<��RQ�ș�

.H\ZRUGV� UDQGRP�YDULDEOH��QDWXUDO�SDUDPHWHU��FRQGLWLRQDO�GLVWULEXWLRQ��FRQWLQXRXV�GLVWULEXWLRQ�

���,QWURGXFWLRQ

'LVWULEXWLRQ� WKHRU\� OLHV�DW� WKH� LQWHUIDFH�RI�SUREDELOLW\�DQG�VWDWLVWLFV�� ,W� LV�FORVHO\�UHODWHG� WR�SUREDELOLW\� WKHRU\��
KRZHYHU��LW�GLIIHUV�LQ�LWV�IRFXV�RQ�WKH�FDOFXODWLRQ�DQG�DSSUR[LPDWLRQ�RI�SUREDELOLW\�GLVWULEXWLRQV��'LVWULEXWLRQ�WKHRU\�
SOD\V�D�FHQWUDO�UROH�LQ�WKH�GHYHORSPHQW�RI�VWDWLVWLFDO�PHWKRGRORJ\��GLVWULEXWLRQ�WKHRU\�LWVHOI�GRHV�QRW�GHDO�ZLWK�LVVXHV�
RI�VWDWLVWLFDO�LQIHUHQFH��

,Q�WKH�SDUW�EHORZ�ZH�JDYH�VRPH�GHILQLWLRQV�DQG�WKHRUHPV�WKDW�ZLOO�KHOS�WR�SURRI�WKH�UHVXOWV�RQ�WKLV�SDSHU�
&RQVLGHU�UDQGRP�YDULDEOHV�;�DQG�<��)URP�HOHPHQWDU\�SUREDELOLW\�WKHRU\�ZH�NQRZ�WKDW WKH�FRQGLWLRQDO�SUREDELOLW\�
WKDW�;א� $�JLYHQ�WKDW�<� �\�LV�JLYHQ�E\�
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6LQFH� �3U� \<$;  � GHILQHV�D�SUREDELOLW\�GLVWULEXWLRQ� IRU�;�� IRU�HDFK�\�� WKHUH�H[LVWV�D�GLVWULEXWLRQ� IXQFWLRQ�

�� \[) <; VXFK�WKDW
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$

<; \[G)\<$;

WKH�GLVWULEXWLRQ�IXQFWLRQ� �� \) <; � LV�FDOOHG�WKH�FRQGLWLRQDO�GLVWULEXWLRQ IXQFWLRQ�RI�;�JLYHQ�<� �\��,I�WKH�FRQGLWLRQDO�

GLVWULEXWLRQ�RI�;�JLYHQ�<� �\�LV�DEVROXWHO\�FRQWLQXRXV��WKHQ

³  �
$

<; G[\[S\<$; ���3U�

ZKHUH� �� \S <; � GHQRWHV�WKH�FRQGLWLRQDO�GHQVLW\ RI�;�JLYHQ�<� �\��,I�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�;�JLYHQ�<� �\�

LV�GLVFUHWH��WKHQ
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ZKHUH� �� \S <; � GHQRWHV�WKH�FRQGLWLRQDO�IUHTXHQF\�IXQFWLRQ RI�;�JLYHQ�<� �\�

&RQVLGHU�D�UDQGRP�YHFWRU�RI�WKH�IRUP��;��<����ZKHUH��HDFK��RI��;�DQG�<�PD\�EH�D�YHFWRU�DQG�VXSSRVH�WKDW�WKH�UDQJH�

RI��;��<���LV�RI�WKH�IRUP� �� 8u& VR�WKDW� �&�; DQG� �8�< ��7KH�SUREDELOLW\�GLVWULEXWLRQ�RI�;��JLYHQ�E\�

�����3U��3U� &��� � $<<$;$;
LV�FDOOHG�WKH�PDUJLQDO�GLVWULEXWLRQ RI�;��

&RQVLGHU�D�IDPLO\�� RI�SUREDELOLW\�GLVWULEXWLRQV��$�SDUDPHWHUL]DWLRQ�RI��� LV�D�PDSSLQJ�IURP�D�SDUDPHWHU�VSDFH�

4 WR� WKH� VHW�� VR� WKDW�� PD\� EH� UHSUHVHQWHG� � �^ `4�� � TT ��3 �� +HQFH�� FRUUHVSRQGLQJ� WR� DQ\� VWDWHPHQW�

UHJDUGLQJ�WKH�HOHPHQWV�3�RI�� LV�DQ�HTXLYDOHQW�VWDWHPHQW�UHJDUGLQJ�WKH�HOHPHQWV�T RI��4 ����

0DQ\�IUHTXHQWO\�XVHG�IDPLOLHV�RI�GLVWULEXWLRQV�KDYH�D�FRPPRQ�VWUXFWXUH��&RQVLGHU�D�IDPLO\�RI�GLVWULEXWLRQV�RQ�

5G�� � �^ `4�� TT ��3 ��VXFK�WKDW�HDFK�GLVWULEXWLRQ�LQ�WKH�IDPLO\�LV�HLWKHU�DEVROXWHO\�FRQWLQXRXV�RU�GLVFUHWH�ZLWK�VXSSRUW�

QRW�GHSHQGLQJ�RQ�T ��)RU�HDFK�ș��OHW� � �T��3 GHQRWH�HLWKHU�WKH�GHQVLW\�IXQFWLRQ�RU�IUHTXHQF\�IXQFWLRQ�FRUUHVSRQGLQJ�

WR� � �T��3 ��7KH�IDPLO\

RI�GLVWULEXWLRQV�LV�VDLG�WR�EH�DQ�P�SDUDPHWHU�H[SRQHQWLDO�IDPLO\ LI�HDFK� � �T��S PD\�EH�ZULWWHQ

^ ` <\���������H[S��� �� \K$\7F\S 7 TTT
�����

ZKHUH� �oo4oo4� 5<�KDQG��5<�7�5�F�5< PPG 5$

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�UHSUHVHQWDWLRQ�������LV�QRW�XQLTXH��IRU�H[DPSOH��ZH�PD\�UHSODFH� � �TF E\� � �
�

TF DQG�

� �\7 E\� ���� \7

,W�LV�RIWHQ�FRQYHQLHQW�WR�UH�SDUDPHWHUL]H�WKH�PRGHOV�LQ�RUGHU�WR�VLPSOLI\�WKH�VWUXFWXUH�RI�WKH�H[SRQHQWLDO�IDPLO\�

UHSUHVHQWDWLRQ��)RU�LQVWDQFH��FRQVLGHU�WKH�UHSDUDPHWHUL]DWLRQ� � �TK F VR�WKDW�WKH�PRGHO�IXQFWLRQ�������EHFRPHV�

> @^ ` <�\�������H[S �� \K$\77 KTK
:ULWLQJ� ��KN IRU� > @��KT$ ��WKH�PRGHO�IXQFWLRQ�KDV�WKH�IRUP

^ ` <�\�������H[S �� \KN\77 KK
�����

WKH�SDUDPHWHU�VSDFH�RI�WKH�PRGHO�LV�JLYHQ�E\

^ �̀����� 4� � + TTKK F5P

7KH�PRGHO�IXQFWLRQ�������LV�FDOOHG�WKH�FDQRQLFDO�IRUP RI�WKH�PRGHO�IXQFWLRQ�DQG�WKH�SDUDPHWHU�K LV�FDOOHG�WKH�

QDWXUDO�SDUDPHWHU RI�WKH�H[SRQHQWLDO�IDPLO\�GLVWULEXWLRQ��1RWH�WKDW�WKH�IXQFWLRQ� N FDQ�EH�REWDLQHG�IURP�7��K�DQG�<��
)RU�LQVWDQFH��LI�WKH GLVWULEXWLRQ�LV�DEVROXWHO\�FRQWLQXRXV��ZH�PXVW�KDYH

^ `³ � �
\

7 G\\KN\7 �+��������H[S KKK

VR�WKDW�

^ `³ 
\

7 G\\K\7N �����H[SORJ�� KK

7KHRUHP�������/HW��;�<��GHQRWH�D�UDQGRP�YHFWRU�ZLWK�UDQJH� <; u DQG�OHW�J�GHQRWH�D�UHDO�YDOXHG�IXQFWLRQ�RQ�;��
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�L��6XSSRVH�WKDW� > @ f���[J( DQG�OHW�=�GHQRWH�D�UHDO�YDOXHG�IXQFWLRQ�RI�<�VXFK�WKDW� > @ f�=( ��,I�

> @<[J(= �� ZLWK�SUREDELOLW\��

WKHQ

> @ > @������ <K;J(<=K(  �����

IRU�DOO�IXQFWLRQV� 5<K o� VXFK�WKDW

> @ f���<K( DQG� > @ f����� <K;J(

�LL��,I�=�LV�D�IXQFWLRQ�RI�<�VXFK�WKDW�������KROGV�IRU�DOO�ERXQGHG�IXQFWLRQV� 5<K o� WKHQ

> @<[J(= �� ZLWK�SUREDELOLW\��

7KHRUHP������/HW��;��<� GHQRWH�D�UDQGRP�YHFWRU�ZLWK�UDQJH� <; u DQG�GLVWULEXWLRQ�IXQFWLRQ�)��/HW�); DQG�)<GHQRWH�
WKH�PDUJLQDO�GLVWULEXWLRQ�IXQFWLRQV�RI��;�DQG�<��UHVSHFWLYHO\�
�L��;�DQG�<�DUH�LQGHSHQGHQW�LI�DQG�RQO\�LI�IRU�DOO�[��\

������� \)[)\[) <; 
�LL��;�DQG�<�DUH�LQGHSHQGHQW�LI�DQG�RQO\�LI�IRU�DOO�ERXQGHG�IXQFWLRQV� 5;J o�� DQG� 5<J o��

> @ > @ > @�������� ���� <J(;J(<J;J(  
'HILQLWLRQ��/HW�;�GHQRWH�D�UHDO�YDOXHG�UDQGRP�YDULDEOH�DQG�VXSSRVH�WKHUH�H[LVWV�D�QXPEHU�į�!���VXFK�WKDW�(>H[S^W�
;`@�����IRU�_W_���į��,Q�WKLV�FDVH��ZH�VD\�WKDW�;�KDV�PRPHQW�JHQHUDWLQJ�IXQFWLRQ

0�W��Ł�0;��W�� �(>H[S^W�;`@��_W_���į�
į�LV�NQRZQ�DV�WKH�UDGLXV�RI�FRQYHUJHQFH RI�0[ �

&RUROODU\����/HW�;�GHQRWH�D�UDQGRP�YHFWRU�WDNLQJ�YDOXHV�LQ G5 DQG�OHW� ��� �� ;;;  ZKHUH� �; WDNHV�YDOXHV�LQ

�G5 DQG� �; WDNHV�YDOXHV�LQ� �G5 ��/HW�0�GHQRWH�WKH�PRPHQW�JHQHUDWLQJ�IXQFWLRQ�RI�;�ZLWK�UDGLXV�RI�FRQYHUJHQFH

G ��OHW�� �0 GHQRWH�WKH�PRPHQW�JHQHUDWLQJ�IXQFWLRQ�RI�� �; ZLWK�UDGLXV�RI�FRQYHUJHQFH� �G ��DQG�OHW� �0 GHQRWH�WKH�

PRPHQW�JHQHUDWLQJ�IXQFWLRQ�RI�� �; ZLWK�UDGLXV�RI�FRQYHUJHQFH� �G �

�; DQG� �; DUH�LQGHSHQGHQW�LI�DQG�RQO\�LI�WKHUH�H[LVWV�D� �� !G VXFK�WKDW�IRU�DOO�

������ ������ �� G��� W5W5WWWW GG

������ ��� W0W0W0  

,I� ��� T\S LV� RI� WKH� IRUP� ������ DQG� �T DQG� �T DUH� WZR� HOHPHQWV� RI� WKH� SDUDPHWHU� VSDFH�� WKHQ�

> @�������ORJ �� TT \S\S LV�D�OLQHDU�IXQFWLRQ�RI�7�\��ZLWK�FRHIILFLHQWV�GHSHQGLQJ�RQ� �� �� TT

> @ �����������
���

���
ORJ ����

�

� \7FF$$
\S

\S 7TTTT
T
T

��� 

7KLV� W\SH�RI�VWUXFWXUH�VLPSOLILHV�FHUWDLQ�DVSHFWV�RI� WKH�GLVWULEXWLRQ� WKHRU\�RI� WKH�PRGHO��SDUWLFXODUO\� � WKRVH�DVSHFWV�
FRQFHUQHG� ZLWK� KRZ� WKH� GLVWULEXWLRQV� FKDQJH� XQGHU� FKDQJHV� LQ� SDUDPHWHU� YDOXHV�� 7KH� IROORZLQJ� OHPPD� JLYHV� D�
UHODWLRQVKLS�EHWZHHQ�H[SHFWDWLRQV�XQGHU�WZR�GLIIHUHQW�SDUDPHWHU�YDOXHV��

/HPPD��� /HW�<�GHQRWH�D�UDQGRP�YDULDEOH�ZLWK�PRGHO�IXQFWLRQ�RI�WKH�IRUP

^ ` <�\�������H[S �� \KN\77 KK
ZKHUH� �+�K
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)L[� 7KHQ5�<�JOHW�DQG� o�+K
> @ ^ ` ^ `> @��� �����H[S������H[S��� KKKKKK \7\J(NN<J( 7�� 

IRU�DQ\� +�K VXFK WKDW�

&RQVLGHU�D�UDQGRP�YDULDEOH�< ZLWK�PRGHO�IXQFWLRQ�RI�WKH�IRUP

^ ` ���������H[S \K$\7F 7 TT �
WKLV�IXQFWLRQ�FDQ�EH�ZULWWHQ�DV�WKH�SURGXFW�RI�WZR�WHUPV��WKH�WHUP�JLYHQ�E\�WKH�H[SRQHQWLDO�IXQFWLRQ�DQG�K�\�� 1RWH�WKDW�
RQO\�WKH�ILUVW�RI�WKHVH�WHUPV�GHSHQGV�RQ�ș�DQG�WKDW�WHUP�GHSHQGV�RQ�\�RQO\�WKRXJKW�7�<���7KLV�VXJJHVW�WKDW��LQ�VRPH�

VHQVH���WKH�GHSHQGHQFH�RI�WKH�GLVWULEXWLRQ�RI��<��RQ�T LV�SULPDULO\�WKURXJK�WKH�GHSHQGHQFH�RI�WKH�GLVWULEXWLRQ�RI��7�<��

RQ�T ��7KH�IROORZLQJ�WZR�WKHRUHPV�JLYH�VRPH�H[SUHVVLRQV�RI�WKLV�LGHD�

�� 0DLQ�UHVXOWV

7KHRUHP�������/HW�<�GHQRWH�D�UDQGRP�YDULDEOH�ZLWK�PRGHO�IXQFWLRQ�RI�WKH�IRUP

^ ` ����������H[S <\\K$\7F 7 �� TT
ZKHUH� �4�T 7KHQ�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�< JLYHQ�7�<� GRHV�QRW�GHSHQG�RQ�T �

3URRI� /HW� +F ���TK  GHQRWH�WKH�QDWXUDO�SDUDPHWHU�VSDFH�RI�WKH�PRGHO��DQG

^ �̀����� 4� � TTKK F++
7KHQ�WKH�PRGHO�IXQFWLRQ�IRU�WKLV�PRGHO�FDQ�EH�ZULWWHQ

^ ` <\\KN\77 �� �������H[S KK
ZKHUH� �+�K ���+HQFH��LW�VXIILFHV�WR�VKRZ�WKDW�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�<�JLYHQ�7�\���EDVHG�RQ�WKLV�PRGHO��

ZLWK�WKH�SDUDPHWHU�VSDFH�HQODUJHG�WR�+��GRHV�QRW�GHSHQG�RQ�K ��

:H�SURYHG�WKLV�UHVXOW�E\�VKRZLQJ�WKDW�IRU�DQ\�ERXQGHG���UHDO�YDOXHG�IXQFWLRQ�J�RQ�<�� > @K��� 7<J( GRHV�

QRW�GHSHQG�RQ�K �

)L[� +��K ��7KH�LGHD�RI�WKH�SURRI�LV�WKDW�WKH�UDQGRP�YDULDEOH

> @���� K7\J(=  
VDWLVILHV

> @ > @KK �������� 7K<J(7=K(  
IRU�DQ\� +�K ��IRU�DOO�ERXQGHG��IXQFWLRQV�K�RI�7��+HQFH��E\�7KHRUHP���

> @���� K7<J(=  
7KDW�LV��IRU�DOO� ��� +�KK

> @ > @������� �KK 7<J(7<J(  
ZKLFK�SURYHV�WKH�UHVXOW�

:H�QRZ�FRQVLGHU�WKH�GHWDLOV�RI�WKH�DUJXPHQW��/HW�K�GHQRWH�D�ERXQGHG��UHDO� YDOXHG�IXQFWLRQ�RQ�WKH�UDQJH�RI�
7��7KHQ��VLQFH�=�DQG�J�<��DUH�ERXQGHG�

> @ f�K���7=K( DQG� > @ ������ f�K7K<J(
%\�/HPPD����

> @ ^ ` ^ `> @��� ���H[S������H[S��� KKKKKK 77=K(NN7=K( 7�� 
DQG

> @ ���� f�K<J(
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> @ ^ ` ^ `> @����H[S��������H[S����� ��� KKKKKK 77K<J(NN7K<J( 7�� 
/HW

^ �̀��H[S���� �� 77K7K 7KK � 
1RWH�WKDW�

> @ ^ ` > @ f�� KKKK �������H[S��� ��� 7K(NN7K(
,W�IROORZV�WKDW

> @ > @���� �������� KK 7K<J(7=K(  
VR�WKDW

> @ > @KK �������� 7K<J(7=K(  
IRU�DOO�ERXQGHG�K��+HQFH��E\�7KHRUHP�����

SURYLQJ�WKH�UHVXOW�

7KHRUHP����� /HW�<�GHQRWH�D�UDQGRP�YDULDEOH�ZLWK�PRGHO�IXQFWLRQ�RI�WKH�IRUP

^ ` ����������H[S <\\K$\7F 7 �� KT
ZKHUH� 4�T DQG�� P5F o4� � /HW

^ �̀����� 4� � TTKK F++
ZKHUH�+�GHQRWH�WKH�QDWXUDO�SDUDPHWHU�VSDFH�RI�WKH�H[SRQHQWLDO�IDPLO\��DQG�OHW�=�GHQRWH�D�UHDO�YDOXHG�IXQFWLRQ�RQ�<�

�L��,I�=�DQG�7�<��DUH�LQGHSHQGHQW��WKHQ�WKH�GLVWULEXWLRQ�RI�=�GRHV�QRW�GHSHQG�RQ� 4�T �

�LL��,I�+� FRQWDLQV�DQ�RSHQ�VXEVHW�RI�5P DQG�WKH�GLVWULEXWLRQ�RI�=�GRHV�QRW�GHSHQG�RQ� 4�T ��WKHQ�=�DQG�
7�<��DUH�LQGHSHQGHQW�

3URRI�:H�EHJLQ�E\�UHSDUDPHWHUL]LQJ�WKH�PRGHO�LQ�WHUPV�RI�WKH�QDWXUDO�SDUDPHW�HU� ��TK  VR�WKDW�WKH�PRGHO�IXQFWLRQ�

FDQ�EH�ZULWWHQ

^ ` ��������H[S <\\KN\77 �� KK
ZLWK�SDUDPHWHU�VSDFH�+��

6XSSRVH�WKDW�=�DQG�7�<��DUH�LQGHSHQGHQW��'HILQH

> @ �����H[S���� +5WLW=(W �� KKKM
7KHQ��E\�/HPPD����IRU�DQ\� +��K

^ ` ^ `> @ ��������H[S�H[S�����H[S��� ��� +5W<7LW=(NNW 7 ���� KKKKKKKM
6LQFH�=�DQG�7�<��DUH�LQGHSHQGHQW�

^ ` > @ ^ `> @ �������H[S��H[S�����H[S��� ���� +5W<7(LW=(NNW 7 ���� KKKKKKKKM
6LQFH�

^ `> @ ^ `����H[S�����H[S ��� KKKKK NN<7( 7 � �

DQG� > @ �����H[S� �� KMK WLW=(  ��LW�IROORZV�WKDW��IRU�DOO� �� � +�KK
5WWW � ������� �KMKM

VR�WKDW�WKH�GLVWULEXWLRQ�RI�=�GRHV�QRW�GHSHQG�RQ� +�K DQG��KHQFH��LW�GRHV�QRW�GHSHQG�RQ� �+�K ��7KLV�SURYHV��L��

> @ > @������� � KK 7<J(7<J(=  {
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1RZ�VXSSRVH�WKDW�WKH�GLVWULEXWLRQ�RI�=�GRHV�QRW�GHSHQG�RQ� �+�K DQG�WKDW�WKHUH�H[LVWV�D�VXEVHW� �� �++ ��VXFK�WKDW�

�+ LV�DQ�RSHQ�VXEVHW�RI� 5P ��)L[� �� +�K DQG�OHW�J�GHQRWH�D�ERXQGHG�IXQFWLRQ�RQ�WKH�UDQJH�RI�=��WKHQ�WKHUH�H[LVWV�D�

�� !G VXFK�WKDW� > @��H[S =WJ LV�ERXQGHG�IRU� �G�W ��+HQFH��E\�/HPPD����IRU�DQ\� �+�K
> @^ ` ^ ` > @ ^ `> @������H[S���H[S����H[S���H[S ��� KKKKKK <7=WJ(NN=WJ( 7�� 

8VLQJ WKH�IDFW�WKDW

^ `> @ ^ �̀����H[S�����H[S ��� KKKKK NN<7( 7 � �

LW�IROORZV�WKDW��IRU�DOO� +�K DQG�DOO� ��G�W
> @^ ` > @^ ` ^ `> @������H[S����H[S�������H[S ���� KKKKKKK <7(=WJ(<7=WJ( 77 � ��

)RU� �!G ��OHW�

^ `GKKKG ��� ���� ++

DQG�OHW� �� !G EH�VXFK�WKDW� �� �� ++ �G ��VLQFH� �+ RSHQ�VXEVHW�RI�5P DQG� �� +�K ��VXFK�D� �G PXVW�H[LVW��7KHQ�
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