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.H\�ZRUGV�� 0

6SHUP� GDPDJH� RFFXUULQJ� GXULQJ�
FU\RSUHVHUYDWLRQ� LV�PXOWLIDFWRULDO� DQG� LQGXFHV�
SDUWLDO O\� LUUHYHUVLEOH� GDPDJH� WR� VSHUP�
PHPEUDQHV��ZKLFK� GHFUHDVHV� WKH� TXDOLW\� RI�
VSHUP� DIWHU� IUHH]LQJ� DQG� WKDZLQJ� �0RRUH�HW�

������� ,W� KDV� EHHQ� VXJJHVWHG� WKDW� WKH�

VSHUP�SODVPD�PHPEUDQH� LV� WKH� SULPDU\� VLWH�
RI�GDPDJH�LQGXFHG�E\�FU\RSUHVHUYDWLRQ�DQG�LV�
RQH�RI�WKH�PDLQ�UHDVRQ�IRU�UHGXFHG�PRWLOLW\�DQG�
IHUWLOLW\�RI�VSHUPDWR]RD�DIWHU�FU\RSUHVHUYDWLRQ�
�&KDNUDEDUW\� � ������� &KROHVWHURO� LV�
DQ� LPSRUWDQW� FRPSRQHQW� LQ� WKH� UHJXODWLRQ� RI�
RI� WKH�PHPEUDQH� �0XOOHU� �������&ROG�
SODVPD�PHPEUDQH� OLSLG� SKDVH� WUDQVLWLRQV��
ZKLFK� FDQ� EH� UHGXFHG� E\� LQFUHDVLQJ� WKH�
SURSRUWLRQ� RI� FKROHVWHURO� ZLWKLQ� WKH� SODVPD�
PHPEUDQH��'UREQLV� �������$GGLWLRQDOO\��
FU\RSUHVHUYDWLRQ�LQGXFHV�FKROHVWHURO�GHSOHWLRQ�
IURP�SODVPD�PHPEUDQH��ZKLFK�LQ�WXUQ�FDXVHV�
PHPEUDQH�GHVWDELOL]DWLRQ��%DLOH\� �������

$GGLQJ�FKROHVWHURO�ORDGHG�F\FORGH[WULQ�
�&/&��DV�FDUULHUV�RI�FKROHVWHURO��WR�H[WHQGHUV�RI�
PDPPDOLDQ�VSHUPDWR]RD�LQFUHDVHG�WKH�VWDELOLW\�
DQG�ULJLGLW\�RI�SODVPD�PHPEUDQH��0RRUH�
�������6HYHUDO�DXWKRUV�KDYH�UHSRUWHG�LQFUHDVHG�
FU\RVXUYLYDO�UDWHV�ZKHQ�ERDU��EXOO��EXFN��UDP�DQG�
VWDOOLRQ�VSHUPDWR]RD�ZHUH�VXSSOHPHQWHG�ZLWK�
FKROHVWHURO��+HQFH�D�VWXG\�RQ�WKH�IUHH]DELOLW\�
DQG�SRVW� WKDZ� WKHUPR�UHVLVWDQFH�RI�0DODEDUL�
EXFN� VHPHQ� VXSSOHPHQWHG� ZLWK� &/&� ZDV�
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FDUULHG�RXW�
0DWHULDO�DQG�PHWKRGV

&KROHVWHURO�ORDGHG� F\FORGH[WULQ� ZDV�
SUHSDUHG�DV�GHVFULEHG�E\�3XUG\�DQG�*UDKDP�
ZDV�GLVVROYHG�LQ�����PO�RI�PHWKDQRO�LQ�D�JODVV�WHVW�
WXEH��,Q�DQRWKHU�WHVW�WXEH������PJ�FKROHVWHURO�
ZDV� GLVVROYHG� LQ� ����PO� RI� FKORURIRUP��$Q�
DOLTXRW�RI�������PO�RI�FKROHVWHURO�VROXWLRQ�ZDV�
VWLUUHG�WR�PDNH�D�FOHDU�VROXWLRQ��7KH�SUHSDUHG�
VROXWLRQ�ZDV�WKHQ�SRXUHG�LQWR�D�JODVV�3HWUL�GLVK��
7KH�VROYHQWV�ZHUH�UHPRYHG�XQGHU�D�VWUHDP�RI�
QLWURJHQ�JDV��7KH�UHVXOWLQJ�FU\VWDOV�ZHUH�NHSW�
DW�URRP�WHPSHUDWXUH�IRU�DQRWKHU����K�IRU�GU\LQJ�
DQG�VWRUHG�LQ�D�JODVV�YLDO�DW�URRP�WHPSHUDWXUH�
XQWLO� XVH��7KH�ZRUNLQJ� VROXWLRQ� RI�&/&�ZDV�
SUHSDUHG�E\� DGGLQJ����PJ�RI�&/&� WR� ����PO�
RI�WULV�FLWULF�DFLG�JOXFRVH��7&*��EXIIHU�DQG�WKH�
VROXWLRQ�PL[HG�XVLQJ�D�YRUWH[�VKDNHU�

$� WRWDO�RI����HMDFXODWHV� IURP�WZR�DGXOW�
0DODEDUL� EXFNV�PDLQWDLQHG� DW� WKH�$UWLILFLDO�
,QVHPLQDWLRQ� FHQWUH�� 0DQQXWK\� ZHUH� XVHG�
IRU� WKH� VWXG\�� 6HPHQ� ZDV� FROOHFWHG� XVLQJ�
DUW L I LFLDO� YDJLQD� DQG� LPPHGLDWHO\� DIWHU�
FROOHFWLRQ��WKH�SUHOLPLQDU\�HYDOXDWLRQ�ZDV�GRQH��
6SHUPDWR]RD� FRQFHQWUDWLRQ�ZDV� GHWHUPLQHG�
E\�KDHPRF\WRPHWHU��(MDFXODWHV�KDYLQJ�³����´�
PDVV�DFWLYLW\��PRUH� WKDQ�����RI� SURJUHVVLYH�
PRWLOH� VSHUPDWR]RD�� DQG� GHQVLW\� RI� ³''''´�
ZHUH� XVHG� IRU� WKH� VWXG\�� )RU� HDFK� F\FOH� RI�
H[SHULPHQW�� IRXU�HMDFXODWHV��FRQVLVWLQJ�RI� WZR�
FRQVHFXWLYH� HMDFXODWHV� FROOHFWHG� DW� ���PLQ�
LQWHUYDO� IURP� HDFK� EXFN�� ZHUH� SRROHG� DIWHU�
SUHOLPLQDU\�HYDOXDWLRQ��7KH�SRROHG�HMDFXODWHV�
ZHUH�VSOLW�LQWR�WKUHH��ZLWK�WZR�WUHDWPHQW�JURXSV�

DQG� RQH� FRQWURO�� 6HPHQ� VDPSOHV� RI� WKH�
WUHDWPHQW�JURXSV�ZHUH�WUHDWHG�ZLWK�HLWKHU���PJ�
RU���PJ�RI�&/&������PLOOLRQ�EXFN�VSHUPDWR]RD�
LQ�7ULV�FLWULF�DFLG��JOXFRVH��7&*��EXIIHU��JURXS�,�
DQG�JURXS�,,��UHVSHFWLYHO\��DQG�LQFXEDWHG�IRU����
PLQ�DQG�SURFHVVHG�IRU�PDQXDO�IUHH]LQJ�XVLQJ�
OLTXLG�QLWURJHQ��7KH�FRQWURO�JURXS�ZDV� IUR]HQ�
DIWHU� H[WHQVLRQ� LQ�7&*�EXIIHU��5HVLVWDQFH� RI�
SRVW� WKDZ� VSHUPDWR]RD� WR� LQFXEDWLRQ� ZDV�
DVVHVVHG�E\�LQFXEDWLQJ�DW����&�DQG�H[DPLQLQJ�
SURJUHVVLYH�PRWLOLW\�� YLDELOLW\� DQG� IXQFWLRQDO�
PHPEUDQH� LQWHJULW\� RI� VSHUPDWR]RD� RI� HDFK�
JURXS�DW� �� K�� ���PLQ�� �� K�� �� K�� �� K� DQG��� K�
LQWHUYDOV�DV�GHVFULEHG�EHORZ�

3HUFHQWDJH� RI� SURJUHVVLYHO\� PRWLOH�
VSHUPDWR]RD�ZDV�HVWLPDWHG�E\�H[DPLQLQJ�XQGHU�
D�PLFURVFRSH�����;���9LDELOLW\�RI�VSHUPDWR]RD�
ZDV� DVVHVVHG� E\� HRVLQ�QLJURVLQ� VWDLQLQJ�
WHFKQLTXH� �&DPSEHOO� ����������)XQFWLRQDO�
PHPEUDQH� LQWHJULW\� RI� VSHUPDWR]RD� ZDV�
DVVHVVHG�E\�K\SR�RVPRWLF�VZHOOLQJ��+26��WHVW�
DV�SHU�-H\HQGUDQ� ���������'DWD�REVHUYHG�

)LJ����(IIHFW� RI� SRVW�WKDZ� LQFXEDWLRQ� DW� ���&� RQ�
SURJUHVVLYH�PRWLOLW\�RI�0DODEDUL�EXFN�VSHUPDWR]RD�IUR]HQ�
LQ�H[WHQGHUV�ZLWK�YDU\LQJ�OHYHO�RI�FKROHVWHURO��Q ���*URXS�
,�� FRQWURO��*URXS� ,,�� VXSSOHPHQWHG�ZLWK�&/&�#���PJ��
��������VSHUPDWR]RD��*URXS�,,,��VXSSOHPHQWHG�ZLWK�&/&�
#���PJ����������VSHUPDWR]RD

)LJ����(IIHFW� RI� SRVW�WKDZ� LQFXEDWLRQ� DW� ���&� RQ� YLDELOLW\�RI�0DODEDUL� EXFN� VSHUPDWR]RD� IUR]HQ� LQ� H[WHQGHUV�ZLWK�YDU\LQJ� OHYHO� RI� FKROHVWHURO� �Q ���*URXS� ,�� FRQWURO��*URXS�,,��VXSSOHPHQWHG�ZLWK�&/&�#���PJ����������VSHUPDWR]RD��*URXS� ,,,�� VXSSOHPHQWHG� ZLWK� &/&�#� �� PJ�� �������
VSHUPDWR]RD

)LJ�����(IIHFW�RI�SRVW�WKDZ� LQFXEDWLRQ�DW����&�RQ�+26�UH�
VSRQVHRI�0DODEDUL� EXFN� VSHUPDWR]RD� IUR]HQ� LQ� H[WHQGHUV�
ZLWK�YDU\LQJ�OHYHO�RI�FKROHVWHURO��Q ���*URXS�,��FRQWURO��*URXS�
,,��VXSSOHPHQWHG�ZLWK�&/&�#���PJ����������VSHUPDWR]RD��
*URXS�,,,��VXSSOHPHQWHG�ZLWK�&/&�#���PJ����������VSHU�
PDWR]RD
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ZHUH�WUDQVIRUPHG�XVLQJ�$UFVLQH�WUDQVIRUPDWLRQ�
DQG� ZDV� DQDO\]HG� E\� RQH�ZD\� DQDO\VLV� RI�
YDULDQFH��6QHGHFRU�DQG�&RFKUDQ��������
5HVXOWV�DQG�'LVFXVVLRQ

6HPHQ�WUHDWHG�ZLWK��PJ�RI�&/&�������
î����VSHUPDWR]RD� SULRU� WR� FU\RSUHVHUYDWLRQ�
PDLQWDLQHG� D� VLJQLILFDQWO\� KLJKHU� �S�������
SHUFHQWDJH�RI�SURJUHVVLYH�PRWLOH�VSHUPDWR]RD�
LPPHGLDWHO\� DIWHU� WKDZLQJ� DQG� DW� ���PLQ� RI�
WKDZLQJ� WKDQ� RWKHU� JURXSV�� 6SHUPDWR]RD� RI�
FKROHVWHURO�ORDGHG�F\FORGH[WULQ�WUHDWHG�JURXSV�
PDLQWDLQHG�D�KLJKHU�SHUFHQWDJH�RI�SURJUHVVLYH�
PRWLOLW\�XS�WR���KRXUV�RI�WKDZLQJ��)LJ�����6LPLODU�
UHVXOWV� ZHUH� UHSRUWHG� E\� .RQ\DOL� ������� LQ�
EXFN�VHPHQ�XS� WR�����PLQ�RI� LQFXEDWLRQ�DQG�
3DPRUQVDNGD� ��������LQ�HTXLQH�HSLGLG\PDO�
VSHUPDWR]RD�XS�WR�IRXU�KRXU�RI�LQFXEDWLRQ��

7KH�SHUFHQWDJH�RI�YLDEOH�VSHUPDWR]RD�
ZHUH� REVHUYHG� WR� EH� VLJQLILFDQWO\� KLJKHU�
�S�������LQ�JURXSV�WUHDWHG�ZLWK���PJ�RU���PJ�
RI�&/&������î�����VSHUPDWR]RD�WKDQ�WKH�JURXS�
ZLWKRXW�&/&� WUHDWPHQW� �)LJ�� ���� 7KH� UHVXOWV�
REWDLQHG�DUH�FRPSDUDEOH�WR�WKH�REVHUYDWLRQV�RI�
3DPRUQVDNGD� ��������LQ�HTXLQH�HSLGLG\PDO�
VSHUPDWR]RD��,QFUHDVLQJ�WKH�FKROHVWHURO�FRQWHQW�
LQ�VSHUPDWR]RD�WR�EH�FU\RSUHVHUYHG�ZDV�VWDWHG�
WR�KDYH�D�SRVLWLYH�LPSDFW�RQ�SRVW�WKDZ�VSHUP�
ORQJHYLW\� �&URVV�� �������7KH�PDLQWHQDQFH�RI�
KLJKHU�SURJUHVVLYH�VSHUP�PRWLOLW\�DQG�YLDELOLW\�
GXULQJ� LQFXEDWLRQ�KDG�EHHQ� UHSRUWHG� WR� KDYH�
D�GLUHFW�FRUUHODWLRQ�ZLWK�WKH�VXUYLYDELOLW\�RI�WKH�
VSHUPDWR]RD�LQ�WKH�IHPDOH�UHSURGXFWLYH�WUDFW��
ZLWK� SURORQJDWLRQ� RI� YLDELOLW\� HQKDQFLQJ� WKH�
FKDQFHV�RI�IHUWLOL]DWLRQ��'RUDGR� ��������

)XQFWLRQDO� PHPEUDQH� LQWHJULW\� ZDV�
GLIIHUHQFH�ZDV�REVHUYHG�LQ�WKH�SHUFHQWDJH�RI�
+26�SRVLWLYH�VSHUPDWR]RD�RI�DOO�WKH�JURXSV��)LJ��
���LPPHGLDWHO\�DIWHU�WKDZLQJ��WKH�VSHUPDWR]RD�RI�
&/&�WUHDWHG�JURXSV�PDLQWDLQHG�KLJKHU��S�������
SHUFHQWDJH� RI� +26� SRVLWLYH� VSHUPDWR]RD�
DIWHU����PLQ�RI�LQFXEDWLRQ�WR��K�RI�LQFXEDWLRQ��
ZKHQ� FRPSDUHG� WR� VSHUPDWR]RD� RI� FRQWURO�
JURXS�7KH� UHVXOWV�DUH� LQ�DFFRUGDQFH�ZLWK� WKH�

� �������ZKR� UHSRUWHG�
WKDW�WUHDWPHQW�ZLWK�&/&�LQFUHDVHV�FU\RVXUYLYDO�
RI�UDP�VSHUPDWR]RD�E\�LQFUHDVLQJ�WKH�RVPRWLF�
WROHUDQFH�

&ROG� VKRFN� UHVX O WHG� LQ � S ODVPD�
PHPEUDQH�XQGHUJRLQJ� OLSLG�SKDVH� WUDQVLWLRQV�
GXULQJ�WKH�FRROLQJ�SURFHVV�DQG�ZDV� LQYHUVHO\�

FRUUHODWHG�ZLWK� WKH� SURSRUWLRQ� RI� FKROHVWHURO�
ZLWKLQ� WKH� SODVPD�PHPEUDQH� �'UREQLV� HW�

�������$GGLWLRQ� RI� VXIILFLHQW� OHYHOV� RI�
OLSRVRPH� FRQWDLQLQJ� FKROHVWHURO� WR� VSHUP�
SODVPD�PHPEUDQH��ZKHQ�SODVPD�PHPEUDQH�LV�
H[SRVHG�WR�ORZ�WHPSHUDWXUHV��LQFUHDVHV�LWV�FU\R�
UHVLVWDQFH�DQG�DV�D�UHVXOW�LW�GRHV�QRW�XQGHUJR�D�
WUDQVLWLRQ�SKDVH��:LOKHOP� ������

&KROHVWHURO� FDQ�EH� LQFRUSRUDWHG� WR� DOO�
FRPSDUWPHQWV�RI�SODVPD�PHPEUDQH�E\�DGGLQJ�
VXIILFLHQW� OHYHO� RI� FKROHUVWHURO� WR� ELRORJLFDO�
PHPEUDQHV�� ZKLFK� SUHYHQWV� SUHPDWXUH�
FDSDFLWDWLRQ�DW� ORZ� WHPSHUDWXUH�GXULQJ�SKDVH�
WUDQVLWLRQ�� WKXV� LQFUHDVLQJ� FU\RVXUYLYDO� RI�
VSHUPV�� &/&� WUHDWHG� VSHUPDWR]RD�� ZKLFK�
VWDUWHG� ZLWK� JUHDWHU�PHPEUDQH� FKROHVWHURO�
FRQWHQW�SULRU�WR�FRROLQJ��ORVW�RQO\�D�VPDOO�DPRXQW�
RI�FKROHVWHURO�GXULQJ�FU\RSUHVHUYDWLRQ�DQG�KDG�
JUHDWHU�DPRXQW�RI�FKROHVWHURO�DIWHU�WKDZLQJ�WKDQ�
FRQWURO� JURXS� VSHUPDWR]RD��ZKLFK� SUHYHQWHG�
SUHPDWXUH� FDSDFLWDWLRQ� DQG� LQFUHDVHG� WKH�
ORQJHYLW\�RI�FU\RSUHVHUYHG�VSHUPV��3XUG\�DQG�
*UDKDP���������

,Q� WKH� SUHVHQW� VWXG\�� WUHDWPHQW� RI�
VSHUPDWR]RD�ZLWK� &/&�ZDV� IRXQG� WR� EULQJ�
DERXW� DQ� LQFUHDVHG�+26� UHVSRQVH� WKDQ� WKH�
FRQWURO� JURXS��:KHQ� VSHUPV�DUH� GLOXWHG� LQ� D�
K\SRWRQLF� VROXWLRQ��ZDWHU�PRYHV� LQWR� WKH� FHOO�
DW� D� IDVWHU� UDWH�� FDXVLQJ� LQFUHDVH� LQ� WKH� FHOO�
YROXPH��ZKLFK�PD\�FDXVH�PHPEUDQH�GDPDJH�
DQG� HYHQ� FHOO� O\VLV� �*XWKULH� � �������
6SHUPDWR]RD�WUHDWHG�ZLWK�FKROHVWHURO�ZHUH�DEOH�
WR�ZLWKVWDQG�K\SRWRQLF�FRQGLWLRQ�EHWWHU�WKDQ�WKH�
FRQWURO�JURXS�VSHUPDWR]RD��LQGLFDWLQJ�WKDW�WKH�
FKROHVWHURO�WUHDWPHQW�PD\�UHGXFH�VRPH�DPRXQW�
RI�PHPEUDQH�GDPDJH�RFFXUULQJ�GXH�WR�DQLVR�
RVPRWLF�FRQGLWLRQ��0RUDHV� ������

7KXV�� LQ� WKH� SUHVHQW� VWXG\�� LW� ZDV�
REVHUYHG� WKDW�0DODEDUL� EXFN� VSHUPDWR]RD�
WUHDWHG�ZLWK�&/&�KDG�EHWWHU�SRVW�WKDZ�WKHUPR�
UHVLVWDQFH��WKXV�EHWWHU�FKDQFHV�RI�EHLQJ�IHUWLOH�
WKDQ�XQWUHDWHG�VSHUPDWR]RD�
$FNQRZOHGJHPHQW

)DFLOLWLHV�SURYLGHG�E\�WKH�'HDQ��&ROOHJH�
RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��0DQQXWK\�
LV�GXO\�DFNQRZOHGJHG�
5HIHUHQFH
%DLOH\��-��/���/HVVDUG��&���-DFTXHV��-���%UHTXH��&���

'REULQVNL��,���=HQJ�:��DQG�*DODQWLQR�
+RPHU��+��/��������&U\RSUHVHUYDWLRQ�RI�
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ERDU�VHPHQ�DQG�LWV�IXWXUH�LPSRUWDQFH�
WR� WKH� LQGXVWU\�� \������
���������

&DPSEHOO��5��*���+DQFRFN��-��/��DQG�5RWKVFKLOG��
/��������&RXQWLQJ� OLYH�DQG�GHDG�EXOO�
VSHUPDWR]RD�� ���������

&KDNUDEDUW\�� -���%DQHUMHH��'���3DO��'���'H�� -���
*KRVK��$��$QG�0DMXPGHU��*��&��������
IURP� VSHUP� FHOO� PHPEUDQH� GXULQJ�
FU\RSUHVHUYDWLRQ�� �����������

&URVV��1��/��������5ROH�RI�FKROHVWHURO�LQ�VSHUP�
FDSDFLWDWLRQ�� �����±���

'RUDGR��-���5RGULJXH]��,��DQG�+LGDOJR��0��������
&U\RSUHVHUYDWLRQ�RI�JRDW�VSHUPDWR]RD��
&RPSDULVRQ�RI�WZR�IUHH]LQJ�H[WHQGHUV�
EDVHG�RQ�SRVW�WKDZ�VSHUP�TXDOLW\�DQG�

������±����
'UREQLV�� (�=��� &URZH�� /�0��� %HUJHU�� 7���

$QFKRUGRJX\��7�-���2YHUVWUHHW�� -�:��
DQG�&URZH�� -�+�� ������ &ROG� VKRFN�
GDPDJH�LV�GXH�WR�OLSLG�SKDVH�WUDQVLWLRQV�
LQ�VSHUP�PHPEUDQH��D�GHPRQVWUDWLRQ�
XVLQJ�VSHUP�DV�D�PRGHO�
�������������

*XWKULH��+�'��� /LX�� -�� DQG�&ULVWHU�� -�.�� ������
2VPRWLF�WROHUDQFH�OLPLWV�DQG�HIIHFWV�RI�
FU\RSURWHFWDQWV� RQ�PRWLOLW\� RI� ERYLQH�
VSHUP�� ��������������

-H\HQGUDQ��5��6���9DQ�'HU�9HQ��+��+���3HUH]�
3HODH]��0���&UDER��%��*��DQG�=DQHYHOG��
/�� -�� '�� ������ 'HYHORSPHQW� RI� DQ�
DVVD\�WR�DVVHVV�WKH�IXQFWLRQDO�LQWHJULW\�
RI� WKH� KXPDQ� VSHUP� PHPEUDQH�
DQG� LWV� UHODWLRQVKLS� WR� RWKHU� VHPHQ�
FKDUDFWHULVWLFV��
������������

.RQ\DOL��&�� ������(IIHFW� RI� FKROHVWHURO�ORDGHG�
F\FORGH[WULQV� RQ� EXFN� VSHUP�TXDOLW\�
DIWHU� FU\RSUHVHUYDWLRQ�ZLWK� GLIIHUHQW�
H[WHQGHUV�0�9�6F��7KHVLV��3RO\WHFKQLF�
8QLYHUVLW\�RI�9DOHQFLD��9DOHQFLD��6SDLQ����S�

0RFH��(���3XUG\��3�+��DQG�*UDKDP��-�.������
7UHDWLQJ� UDP�VSHUP�ZLWK�FKROHVWHURO�
ORDGHG� F\FORGH[WU LQV� LPSURYHV�
FU\RVXUYLYDO�� �����
���±����

0RRUH��$�,��� 6TXLUHV�� (�/�DQG�*UDKDP�� -�.��
������$GGLQJ�FKROHVWHURO�WR�WKH�VWDOOLRQ�
VSHUP� SODVPD�PHPEUDQH� LPSURYHV�
FU\RVXUYLYDO��� �������±����

0RUDHV�� (�$���*UDKDP�� -�.���7RUUHV��&�$�$���
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