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$%675$&7
6FLQWLJUDSKLF� LPDJLQJ� RI� JHQH� H[SUHVVLRQ� LQ� YLYR� E\� QRQ�LQYDVLYH� PHDQV� FRXOG� SUHFLVHO\� GLUHFW� SK\VLFLDQV� WR�DSSURSULDWH� LQWHUYHQWLRQ� DW� WKH� RQVHW RI� GLVHDVH� DQG� FRXOG� FRQWULEXWH� H[WHQVLYHO\� WR� WKH�PDQDJHPHQW� RI� SDWLHQWV��+RZHYHU�� QR� PHWKRG� LV� FXUUHQWO\� DYDLODEOH� WR� LPDJH� VSHFLILF� RYHUH[SUHVVHG� RQFRJHQH� P51$V� LQ� YLYR� E\�VFLQWLJUDSKLF�LPDJLQJ���1HYHUWKHOHVV��ZH�KDYH�REVHUYHG�WKDW�7F���P�SHSWLGHV�FDQ�GHOLQHDWH�WXPRUV��DQG�WKDW�31$�SHSWLGHV�DUH�VSHFLILF�IRU�UHFHSWRUV�RQ�PDOLJQDQW�FHOOV�DQG�DUH�WDNHQ�XS�VSHFLILFDOO\�DQG�FRQFHQWUDWHG�LQ�QXFOHL���:H�K\SRWKHVL]H� WKDW� DQWLVHQVH� 7F���P�31$�SHSWLGHV� ZLOO� EH� WDNHQ� XS� E\� KXPDQ� EUHDVW� FDQFHU� FHOOV�� K\EULGL]H� WR�FRPSOHPHQWDU\�P51$� WDUJHWV�� DQG� SHUPLW� LPDJLQJ� RI� RQFRJHQH�P51$V� LQ� KXPDQ� EUHDVW� FDQFHU� [HQRJUDIWV� LQ� D�PRXVH�PRGHO��SURYLGLQJ�D�SURRI�RI�SULQFLSOH�IRU�QRQ�LQYDVLYH�GHWHFWLRQ�RI�SUHFDQFHURXV�DQG�LQYDVLYH�EUHDVW�FDQFHU��2QFRJHQHV�F\FOLQ�'���HUE%����F�0<&��DQG�WXPRU�VXSSUHVVRU�S���ZLOO�EH�SUREHG���,I�VXFFHVVIXO��WKLV�WHFKQLTXH�ZLOO�EH�XVHIXO�IRU�GLDJQRVWLF�LPDJLQJ�RI�RWKHU�VROLG�WXPRUV�DV�ZHOO�
.H\�ZRUGV��5DGLRODEHOHG�31$V��VFLQWLJUDSK\�LPDJLQJ��JHQH�H[SUHVVLRQ


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
5DGLRODEHOHG�'1$�DQWLVHQVH�KDYH EHHQ�HYDOXDWHG�IRU� LPDJLQJ� JHQH� H[SUHVVLRQ� LQ� YLYR �6KL� HW� DO��������� =KHQJ� DQG� 7DQ�� ������� 7KH� VXFFHVV��KRZHYHU�� LV� OLPLWHG� E\� VHYHUDO� IDFWRUV�� LQFOXGLQJ�UDSLG� PHWDEROLVP� LQ� YLYR�� WR[LFLW\�� DQG� SRRU�WUDQVSRUW� RI� DQWLVHQVH� FRPSRXQGV� DFURVV� WKH� FHOO�PHPEUDQHV�� � 3HSWLGH� QXFOHLF� DFLGV� �31$�� DUH�'1$�DQDORJV�LQ�ZKLFK�SKRVSKDVH�VXJDU�EDFNERQH�LV� UHSODFHG� ZLWK� ��DPLQR�HWK\O� JO\FLQH�� � 31$V�GLVSOD\�VXSHULRU�VWDELOLW\�DQG�UHVLVW�QXFOHDVH�DWWDFN�LQ� YLYR�� DQG� GHPRQVWUDWH� DQWLVHQVH� DFWLYLW\�� DQG�K\EULGL]DWLRQ�DELOLW\��+DQYH\�HW�DO���������$OWHUHG�JHQH�H[SUHVVLRQ�RQ�D�FHOOXODU�OHYHO�OHDGV�WR�PDOLJQDQF\�� � 7KHVH� ELRFKHPLFDO� FKDQJHV� RFFXU�EHIRUH�FHOOXODU�PRUSKRORJLF�FKDQJHV�DUH�DSSDUHQW���

+RZHYHU��QR�PHWKRG�LV�FXUUHQWO\�DYDLODEOH�WKDW�FDQ�GHWHFW�JHQH�H[SUHVVLRQ��QRQ�LQYDVLYHO\��LQ�YLYR�:H�K\SRWKHVL]HG�WKDW�UDGLRODEHOHG�31$�ZLOO�WDUJHW�PDOLJQDQW� FHOOV�� K\EULGL]H� WR� FRPSOHPHQWDU\�P51$�� DQG� SHUPLW� HDUO\� LPDJLQJ� RI� RQFRJHQH�P51$� LQ� KXPDQ� FDQFHU� FHOOV� E\� H[WHUQDO�GHWHFWLRQ��QRQ�LQYDVLYHO\�
0(7+2'6
7DNLQJ� HDUO\� LPDJLQJ� RI� EUHDVW� FDQFHU� DV� DQ�H[DPSOH�� ZH� RSWHG� WR� SUREH� VXFK� RQFRJHQHV� DV�F\FOLQ�'���HUE%����F�P\F��DQG�WXPRU�VXSSUHVVRU�S����� NQRZQ� WR� SOD\�D�SLYRWDO� UROH� LQ�EUHDVW� FDQFHU��$GHODLGH�HW�DO���������6ODPRQ�HW�DO���������%HUQV�HW� DO��� ������0HQJ� HW� DO��� ������� 6SHFLILFDOO\�� ���PHU� 31$� ZHUH� FKRVHQ� IRU� UDGLRODEHOLQJ� DQG�
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FRUUHVSRQGLQJ� �� FRGRQ� PLVPDWFK� 31$V� DV�FRQWUROV���,Q�RUGHU�WR�EH�DEOH�WR�ODEHO�WKH�31$�ZLWK�DQ� LPDJLQJ� UDGLRQXFOLGH� DV� 7F���P�� WKH� 31$V�ZHUH� PRGLILHG� DW� �¶� ZLWK� D� FKHODWLQJ� DJHQW�FRQVLVWLQJ� RI� IRXU� DPLQR� DFLGV�� *O\�'�$OD�*O\�*O\�� � ��DPLQR� EXW\ULF� ZDV� SODFHG� DV� D� VSDFHU�EHWZHHQ� WKH� 31$� DQG� WKH� FKHODWLQJ� PRLHW\� WR�PLQLPL]H� VWHULF� KLQGUDQFH�� � ,Q� RUGHU� WR� SURYLGH�VSHFLILF�PDOLJQDQW�FHOO�VSHFLILFLW\��WKH�31$V�ZHUH�DOVR� PRGLILHG� DW� �¶� ZLWK� DQ� DGGLWLRQDO� JURXS� RI�DPLQR�DFLGV�VSHFLILF�IRU�LQVXOLQ�OLNH�JURZWK�IDFWRU��,*)5�� H[SUHVVHG� LQ� KLJK� GHQVLW\� LQ� PRVW�FDQFHURXV� EUHDVW� HSLWKHOLDO� FHOOV�� � 7KH� HQWLUH�FRQVWUXFW�ZDV� V\QWKHVL]HG��SXULILHG�� DQG�DQDO\]HG�XVLQJ� PDWUL[�DVVLVWHG� ODVHU� GHVRUSWLRQ� LRQL]DWLRQ��0$/',��PDVV�VSHFWURPHWHU��7KDNXU�HW�DO���������7KDNXU�HW�DO���������3XULILHG� 31$� FRQVWUXFWV� ZHUH� ODEHOHG� ZLWK� 7F���P� LQ� P� PRO� TXDQWLWLHV�� � 4XDOLW\� FRQWURO� ZDV�SHUIRUPHG� XVLQJ�53�&����+3/&� DQG� LQVWDQW� WKLQ�OD\HU� FKURPDWRJUDSK\�� � 8VLQJ� 0&)��� KXPDQ�EUHDVW� WXPRU� FHOO� OLQH�� P51$� 57�3&5�K\EULGL]DWLRQ� DQDO\VLV�ZDV� SHUIRUPHG� IRU� HDFK�RI�WKH�DERYH�JHQHV��:LFNVWURP�HW�DO���������� �)RU�F�0<&� VSHFLILF� 7F���P�31$� FHOO� ELQGLQJ� DVVD\�ZHUH� FDUULHG�RXW� DQG� WXPRUV�JURZQ� LQ�QXGH�PLFH�E\�LPSODQWLQJ�KXPDQ�EUHDVW�FDQFHU�FHOO�OLQHV�ZHUH�WDUJHWHG�
5(68/76
&KHODWRU�31$V�ZHUH�VXFFHVVIXOO\�V\QWKHVL]HG�ZLWK������ SXULW\�� � 7F���P� ODEHOLQJ� HIILFLHQF\� ZDV�!���� �VSHFLILF� DFWLYLW\� ���� &L�PP��� FROORLG�IRUPDWLRQ�ZDV�������7KH�7F���P�31$�ZDV�HOXWHG�DV�D�VLQJOH�+3/&�SHDN��ZKLFK�LQGLFDWHG�H[FHOOHQW�UDGLRFKHPLFDO� SXULW\�� � &\FOLQ'�� HUE%���� F�0<&��DQG� S��� JHQHV� ZHUH� UHOLDEO\� DPSOLILHG� DQG�FRPSDUHG�WR�D�FRQWURO�JHQH�73%���.G�YDOXHV�IRU�F�0<&�VSHFLILF�31$�ZDV����� 0�7XPRUV�ZHUH�GHOLQHDWHG�DW���KU�SRVW�LQMHFWLRQ���7F���P�31$V�ZHUH� HOLPLQDWHG� E\� UHQDO� H[FUHWLRQ� LQ�ZKLFK�IUHH�7F���P�����
',6&866,21
7KLV� LV�D�ZRUN� LQ�SURJUHVV�� �:H�KDYH�VKRZQ�WKXV�IDU� WKDW� DQ� HIILFLHQW� FKHODWRU�31$� V\QWKHVLV� LV�IHDVLEOH�� � 2XU� GDWD� VXJJHVW� WKDW� WKH� QHZO\�V\QWKHVL]HG� DJHQWV� KDYH� KLJK� DIILQLW\� IRU� VSHFLILF�

WDUJHWHG�UHFHSWRUV���7KH�GDWD�DOVR�GHPRQVWUDWH�WKDW�WKH� SHSWLGH�31$� K\EULGL]H� ZLWK� VSHFLILF� P51$�DQG� GRZQ�UHJXODWH� JHQH� H[SUHVVLRQ�� � 7KH�SUHOLPLQDU\� UHVXOWV� LQ� H[SHULPHQWDO� DQLPDOV�VXJJHVW�WKDW�WKH�SUREHV�DUH�VWDEOH�LQ�YLYR DQG�PD\�EH� XVHIXO� IRU� VFLQWLJUDSKLF� LPDJLQJ� RI� RQFRJHQH�H[SUHVVLRQ� LQ� KXPDQ� EUHDVW� DQG� SRVVLEO\� RWKHU�WXPRUV�LQ�YLYR���7KH�ZRUN�ZDV�VXSSRUWHG�E\�'2(�(5�������
5(6802
,PDJHQV� FLQWLJUiILFDV� GD� H[SUHVVmR� JHQpWLFD� LQ�YLYR�SRU�PHWyGRV�QmR�LQYDVLYRV�SRGHULDP�RULHQWDU�PDLV�SUHFLVDPHQWH�DV�LQWHUYHQo}HV�PpGLFDV�SDUD�R�ORFDO�GHILQLGR�GD�GRHQoD�H�SRGHULD�FRQWULEXLU�SDUD�PHOKRU� WUDWDPHQWR� GRV� SDFLHQWHV�� (QWUHWDQWR��QHQKXP�PpWRGR�HVWi�DWXDOPHQWH�GLVSRQtYHO�SDUD�D�LPDJHP� HVSHFtILFD� GD� LQWHQVD� H[SUHVVmR� GH� XP�RQFRJHQH� GH� 51$P� �V�� LQ� YLYR� SRU� LPDJHP�FLQWLJUiILFD�� &RQWXGR�� QyV� WHPRV� REVHUYDGR� TXH�SHSWtGHRV� PDUFDGRV� 7F���P� SRGHP� GHOLQHDU�WXPRUHV��H�TXH�SHSWtGHRV�31$�VmR�HVSHFtILFRV�SDUD�UHFHSWRUHV� HP� FpOXODV� PDOLJQDV� H� VmR� FDSWDGRV� H�FRQFHQWUDGRV� QR� Q~FOHR�� 1yV� VXJHULPRV� TXH�SHSWLGHRV� 31$� QRQVHQVH� PDUFDGRV� FRP� 7F���P�VHUmR� FDSWXUDGRV� SHODV� FpOXODV� QHRSOiVLFDV� GH�PDPD� KXPDQD�� KLEULGL]DUmR� FRP� VHTXrQFLDV�FRPSOHPHQWDUHV� GH� DOYRV� GH�51$P�H� SHUPLWLUmR�LPDJHQ� GH� RQFRJHQHV� GH� 51$P� HP� FkQFHU� GH�PDPD� KXPDQD� FRP� HQ[HUWR� HP� PRGHOR� DQLPDO��SURYHQGR� XP� SURYD� GR� SULQFtSLR� GH� GHWHFomR�FkQFHU� GH� PDPD� HP� HVWDGR� SUp�FDQFHU� H� QmR�LQYDVLYR��2QFRJHQHV�FLFOLQ�'���HUE�%����F�0<&��H�XP� WXPRU� VXSUHVVRU� S��� LUmR� VHU� H[SORUDGRV�� 6H�REWLYHUPRV� VXFHVVR�� HVWi� WpFQLFD� WDPEpP� LUi� VHU�~WLO�QR�GLDJQyVWLFR�GH� LPDJHQV�GH�RXWURV� WXPRUHV�VyOLGRV��
5()(5(1&(6
$GHODLGH� -��� 0RQJHV�� *�� DQG� 'HUGHULDQ�� &�� HW� DO���������� 2HVRSKDJHD�FDQFHU� DQG� DPSOLILFDWLRQ� RI�KXPDQ� F\FOLQ� '� JHQH� &&1'��35$'��� � %U�� -��&DQFHU������������%HUQV�� (�� 0��� .OLMQ�� -�� *�� DQG� 9DQ3XWWHQ�� :�� /�� HW� DO���������� F�0<&� DPSOLILFDWLRQ� LV� D� EHWWHU� SURJQRVWLF�IDFWRU� WKDQ� +HU��QHX� DPSOLILFDWLRQ� LQ� SULPDU\� EUHDVW�FDQFHU���&DQFHU�5HV�����������������
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+DQYH\��-��&���3HIIHU��1��-��DQG�%LVL��-��(��HW�DO����������$QWLVHQVH� DQG� DQWLJHQ� SURSHUWLHV� RI� SHSWLGH� QXFOHLF�DFLG���6FLHQFH�����������������0HQJ��/���/LQ��/��DQG�=KDQJ��+��HW�DO����������0XOWLSOH�PXWDWLRQ� RI� WKH� S��� JHQH� LQ� KXPDQ� PDPPDU\�FDUFLQRPD���0XWDO��5HV����������������6KL�� 1��� %RDGR�� 5�� -�� DQG� 3DUGULGJH�� :� 0�� �������$QWLVHQVH� LPDJLQJ�RI�JHQH�H[SUHVVLRQ� LQ� WKH�EUDLQ� LQ�YLYR���3URF��1DW��$FDG��6FL�������������������6ODPRQ��'���&ODUN��*��0��DQG�:RQJ��6��*��HW�DO����������$GGLWLRQ�RI�+HUFHSWLQ� �KXPDQL]HG�DQWL�KXPDQ�+(5��DQWLERG\�� WR� ILUVW� OLQH� FKHPRWKHUDS\� IRU� +(5��RYHUH[SUHVVLQJ� PHWDVWDWLF� EUHDVW� FDQFHU� PDUNHGO\�LQFUHDVHV� DQWLFDQFHU� DFWLYLW\�� � $� UDQGRPL]HG�PXOWLQDWLRQDO� FRQWUROOHG� SKDVH� ,,,� WULDO�� � 3URF�� $P��6RF��&OLQ��2QFRO��������������7KDNXU�� 0�� /��� 0DUFXV�� &�� 6�� DQG� 6DHHG�� 6�� HW� DO���������� ��P7F�ODEHOHG� YDVRDFWLYH� LQWHVWLQDO� SHSWLGH�DQDORJ� IRU� UDSLG� ORFDOL]DWLRQ� RI� WXPRUV� LQ� KXPDQV�����-��1XFO��0HG������ ��������

7KDNXU��0��/���3DOOHOD��9��5��DQG�&RQVLJQ\��3��0��HW�DO��������� ,PDJLQJ� YDVFXODU� WKURPERVLV� ZLWK� ��P7F�ODEHOHG�ILEULQ�DOSKD�FKDLQ�SHSWLGH���-��1XFO��0HG���������������:LFNVWURP�� (�� /��� :LFNVWURP�� (��� /\PDQ�� *�� +���������DQG� )UHHPDQ�� '�/�� �������� +/��� FHOO� SUROLIHUDWLRQ�LQKLELWHG� E\� DQ� DQWL�F�0<&SHQWDGHFDGHR[\QXFOHRWLGH���)HG��3URI�����������=KHQJ�� -�� DQG� 7DQ�� 7�� �������� $SSOLFDWLRQV� RI�UDGLRQXFOLGH� DQWLVHQVH� WKHUDS\� IRU� PDOLJQDQW� WXPRUV���1XFO��0HG��&RPP���������������
5HFHLYHG���-XO\����������5HYLVHG���-XO\����������$FFHSWHG���-XO\����������


