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5HFXUUHQW� H[RQ�GHOHWLQJ� DFWLYDWLQJ� PXWDWLRQV� LQ�$+5� DFW� DV� GULYHUV� RI���
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��+DUWZLJ�0HGLFDO�)RXQGDWLRQ�$XVWUDOLD��6\GQH\��1HZ�6RXWK�:DOHV��$XVWUDOLD�����

��'HSDUWPHQW�RI�0HGLFLQH�DQG�'HSDUWPHQW�RI�&HOO�DQG�'HYHORSPHQWDO�%LRORJ\��:HLOO�&RUQHOO����

0HGLFLQH��1HZ�<RUN��1<��8QLWHG�6WDWHV������
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&RPSHWLQJ�LQWHUHVWV����

7KH�DXWKRUV�GHFODUH�QR�FRPSHWLQJ�LQWHUHVWV�����
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$EVWUDFW�����

%ODGGHU�FDQFHU�KDV�D�KLJK�UHFXUUHQFH�UDWH�DQG�ORZ�VXUYLYDO�RI�DGYDQFHG�VWDJH�SDWLHQWV��)HZ����

JHQHWLF� GULYHUV� RI� EODGGHU� FDQFHU� KDYH� WKXV� IDU� EHHQ� LGHQWLILHG�� :H� SHUIRUPHG� LQ�GHSWK����

VWUXFWXUDO� YDULDQW� DQDO\VLV� RQ�ZKROH�JHQRPH�VHTXHQFLQJ�GDWD�RI� ����PHWDVWDVL]HG�XULQDU\����

WUDFW�FDQFHUV��,Q�×����RI�WKH�SDWLHQWV��ZH�LGHQWLILHG�UHFXUUHQW� LQ�IUDPH�GHOHWLRQV�RI�H[RQV������

DQG��� LQ� WKH�DU\O�K\GURFDUERQ�UHFHSWRU�JHQH��$+5ǻH������ZKLFK�FRGHV�IRU�D� OLJDQG�DFWLYDWHG����

WUDQVFULSWLRQ�IDFWRU��3DQ�FDQFHU�DQDO\VHV�VKRZ�WKDW�$+5ǻH����LV�KLJKO\�VSHFLILF�WR�XULQDU\�WUDFW����

FDQFHU� DQG� PXWXDOO\� H[FOXVLYH� ZLWK� RWKHU� EODGGHU� FDQFHU� GULYHUV�� ,Q� $+5ǻH���� WKH� OLJDQG����

ELQGLQJ� GRPDLQ� LV� GLVUXSWHG� DQG� ZH� VKRZ� WKDW� WKLV� UHVXOWV� LQ� OLJDQG�LQGHSHQGHQW� $+5����

SDWKZD\�DFWLYDWLRQ��,Q�EODGGHU�RUJDQRLGV��$+5ǻH����LQGXFHV�D�WUDQVIRUPHG�SKHQRW\SH�WKDW�LV����

FKDUDFWHUL]HG� E\� XSUHJXODWLRQ� RI� $+5� WDUJHW� JHQHV�� GRZQUHJXODWLRQ� RI� GLIIHUHQWLDWLRQ����

PDUNHUV� DQG� XSUHJXODWLRQ� RI� JHQHV� DVVRFLDWHG� ZLWK� VWHPQHVV� DQG� XURWKHOLDO� FDQFHU�����

)XUWKHUPRUH�� $+5ǻH���� H[SUHVVLRQ� UHVXOWV� LQ� DQFKRUDJH� LQGHSHQGHQW� JURZWK� RI� EODGGHU����

RUJDQRLGV�� LQGLFDWLQJ� WXPRULJHQLF� SRWHQWLDO�� '1$�ELQGLQJ� GHILFLHQW�$+5ǻH���� IDLOV� WR� LQGXFH����

WUDQVIRUPDWLRQ��VXJJHVWLQJ�D� UROH� IRU�$+5� WDUJHW�JHQHV� LQ� WKH�DFTXLVLWLRQ�RI� WKH�RQFRJHQLF����

SKHQRW\SH��,Q�FRQFOXVLRQ��ZH�VKRZ�WKDW�$+5ǻH����LV�D�QRYHO�GULYHU�RI�XULQDU\�WUDFW�FDQFHU�DQG����

WKDW�WKH�$+5�SDWKZD\�FRXOG�EH�DQ�LQWHUHVWLQJ�WKHUDSHXWLF�WDUJHW�����

����
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,QWURGXFWLRQ����

%ODGGHU�FDQFHU�LV�WKH�IRXUWK�PRVW�FRPPRQ�FDQFHU�LQ�PHQ�ZLWK�D���\HDU�VXUYLYDO�UDWH�RI�DERXW����

�������'HVSLWH�ULVN�VWUDWLILFDWLRQ��WKH�UHFXUUHQFH�UDWH�RI�EODGGHU�FDQFHU�LV�KLJK�DQG�UHTXLUHV����

RQJRLQJ�PRQLWRULQJ� DQG� WUHDWPHQW��ZKLFK�PDNHV� LW� DOVR� WKH� FRVWOLHVW�PDOLJQDQF\� RXW� RI� DOO����

FDQFHUV� ���:LWK� UHFHQW� DGYDQFHV�� WKH� WKHUDSHXWLF� RSWLRQV� KDYH� EHHQ� H[SDQGHG� WR� LQFOXGH����

LPPXQH� FKHFNSRLQW� LQKLELWRUV� DQG� DQWLERG\�GUXJ� FRQMXJDWHV�� ZKLOH� FOLQLFDO� VWXGLHV� IRU����

WDUJHWHG�GUXJ�DSSURDFKHV�DUH�RQJRLQJ������+RZHYHU��WUHDWPHQW�DQG�RYHUDOO�VXUYLYDO�RI�FDVHV����

ZLWK� DGYDQFHG� VWDJHV� RI� EODGGHU� FDQFHU� KDYH� QRW� UHDOO\� LPSURYHG� LQ� WKH� ODVW� GHFDGHV� DV����

FRPSDUHG� WR� RWKHU� FDQFHUV� DQG� WKHUH� UHPDLQV� D� QHHG� IRU� WKH� LGHQWLILFDWLRQ� RI� GULYHUV� RI����

EODGGHU� FDQFHU� WXPRULJHQHVLV� WR� HIIHFWLYHO\� WDUJHW� HDUO\�VWDJH� GLVHDVH� DQG� UHGXFH� WXPRU����

SURJUHVVLRQ����������

*HQRPLF�DQDO\VHV�RI�EODGGHU�FDQFHU�RI�YDULRXV�VWDJHV�DQG�JUDGHV�KDYH�VKRZQ�WKDW����

EODGGHU� FDQFHU� LV� D� KHWHURJHQHRXV� GLVHDVH� RI� ZKLFK� WKH� KLJK� PXWDWLRQ� EXUGHQ� LV� ODUJHO\����

GULYHQ� E\� DFWLYDWLRQ� RI� $32%(&� PXWDJHQHVLV� �±��� 0ROHFXODU� FKDUDFWHUL]DWLRQ� UHYHDOHG����

DFWLYDWLQJ�)*)5�� DOWHUDWLRQV� LQ�a����RI� SDWLHQWV��ZLWK�D�KLJKHU� SUHYDOHQFH� LQ�QRQ�PXVFOH����

LQYDVLYH�EODGGHU�FDQFHU� ������)XUWKHUPRUH��SRVLWLYH�VHOHFWLRQ�RI�PXWDWHG�JHQHV� LQ� WKH�57.����

5DV�3,�.�SDWKZD\� �VXFK�DV�)*)5���3,.�&$��DQG�(5%%���� WKH�S���5E�SDWKZD\� �VXFK�DV����

73����5%���DQG�$70���DQG�JHQHV�LQYROYHG�LQ�FKURPDWLQ�UHPRGHOLQJ��.'0�$�DQG�.07�'�����

KDV�EHHQ�LGHQWLILHG�LQ�ELRSVLHV�RI�SDWLHQWV�ZLWK�EODGGHU�FDQFHU����������

$� UHFHQW� VWXG\� LGHQWLILHG� D� UDUH� QRQ�V\QRQ\PRXV�PXWDWLRQ� �4���+�� LQ�$+5� DV� DQ����

$32%(&�DVVRFLDWHG� KRWVSRW� PXWDWLRQ� LQ� EODGGHU� FDQFHU�� VXJJHVWLQJ� $+5� DV� D� SRWHQWLDO����

GULYHU� RI� EODGGHU� FDQFHU� ����$+5� LV� D� OLJDQG� DFWLYDWHG� WUDQVFULSWLRQ� IDFWRU� LQYROYHG� LQ� WKH����

FHOOXODU� UHVSRQVH� WR� WR[LF� DURPDWLF� K\GURFDUERQV� DV�ZHOO� DV� FHOO� W\SH� DQG� FRQWH[W�VSHFLILF����

SK\VLRORJLF�IXQFWLRQV����� ,QFUHDVHG�$+5�H[SUHVVLRQ�DQG�DFWLYLW\�KDYH�EHHQ�DVVRFLDWHG�ZLWK����

SRRU�SURJQRVLV�DQG�VXUYLYDO�IRU�PXOWLSOH�FDQFHUV�VXFK�DV�EUHDVW��OXQJ��DQG�XSSHU�XULQDU\�WUDFW����

FDQFHUV�����+RZHYHU��WKH�UHOHYDQFH�DQG�IXQFWLRQDO�FRQVHTXHQFHV�RI�FDQFHU�DVVRFLDWHG�$+5����

PXWDWLRQV�LQ�EODGGHU�FDQFHU�DUH�VWLOO�SRRUO\�XQGHUVWRRG������
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+HUH��ZH�GHVFULEH�WKH�LGHQWLILFDWLRQ�RI�QRYHO�UHFXUUHQW�H[RQ�GHOHWLQJ�$+5�DOWHUDWLRQV����

LQ� WKH�SDQ�FDQFHU�ZKROH�JHQRPH�VHTXHQFLQJ�GDWDEDVH�RI�PHWDVWDWLF�FDQFHUV� IURP�+DUWZLJ����

0HGLFDO�)RXQGDWLRQ��8VLQJ�VWDWH�RI�WKH�DUW�GDWD�DQDO\VLV�WRROV�ZLWK�LPSURYHG�IXQFWLRQDOLW\�IRU����

GHWHFWLQJ�VWUXFWXUDO�YDULDQWV�ZH�LGHQWLILHG�D�SUHYLRXVO\�XQQRWLFHG�UHFXUUHQW�LQ�IUDPH�GHOHWLRQ����

RI� H[RQV� �� DQG� �� LQ� $+5�� 7RJHWKHU� ZLWK� WKH� 4���+� SRLQW� PXWDWLRQ� DQG� $+5� JHQH����

DPSOLILFDWLRQV�� $+5� YDULDQWV� FRPSULVH� a���� RI� SDWLHQWV� ZLWK� XULQDU\� WUDFW� FDQFHU�� :H����

GHPRQVWUDWH�WKDW�WKH�UHFXUUHQW�PXWDWLRQV�OHDG�WR�FRQVWLWXWLYHO\�DFWLYDWHG�$+5�VLJQDOLQJ�DQG����

LQGXFHV� DQ� RQFRJHQLF� SKHQRW\SH� LQ� EODGGHU� FHOOV��2XU� UHVXOWV� VXJJHVW� WKDW� DEHUUDQW� $+5����

VLJQDOLQJ�LV�DQ�LPSRUWDQW�GULYHU�RI�XURWKHOLDO�WXPRULJHQHVLV��� ����
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5HVXOWV�����

$+5�LV�IUHTXHQWO\�PXWDWHG�LQ�XULQDU\�WUDFW�FDQFHUV������

7R� LGHQWLI\� JHQHWLF� IDFWRUV� LQYROYHG� LQ� XULQDU\� WUDFW� FDQFHUV�� ZH� DQDO\]HG� WKH� +DUWZLJ����

GDWDEDVH��ZKLFK�UHSUHVHQWV�ZKROH�JHQRPH�VHTXHQFLQJ�GDWD�RI�VROLG�PHWDVWDWLF�WXPRUV�DQG����

QRUPDO� WLVVXH�RI������SDWLHQWV� ����8WLOL]LQJ� LPSURYHG�VWUXFWXUDO� YDULDQW�GHWHFWLRQ�DOJRULWKPV����

�������ZH�GHWHFWHG�D�QRYHO�GHOHWLRQ�VSDQQLQJ�H[RQV���DQG���RI�WKH�$+5�JHQH��$+5ǻH�����LQ�������

�������� RXW� RI� WKH� ���� XULQDU\� WUDFW� VDPSOHV� �)LJ�� �D�� �E��� 7KH� $+5ǻH���� LV� LGHQWLILHG� LQ����

VHYHUDO� XULQDU\� WUDFW� FDQFHU� VXEW\SHV�� PRVW� RI� ZKLFK� DUH� LQ� EODGGHU� FDQFHU� �������� DQG����

S\HOXP�������� �6XSSOHPHQWDU\� WDEOH����� ,Q� WKH�FRPSOHWH�SDQ�FDQFHU�GDWD�VHW�� WKH�$+5ǻH�������

PXWDQW� LV� LGHQWLILHG� LQ� RQO\� WKUHH� QRQ�XULQDU\� WUDFW� VDPSOHV�� 7KH� LGHQWLILHG� H[RQLF� GHOHWLRQ����

ZDV� YDOLGDWHG� LQ� 51$�VHTXHQFLQJ�� ZKLFK� ZDV� DYDLODEOH� IRU� ���� RXW� RI� ���� XULQDU\� WUDFW����

VDPSOHV��5HDG� VXSSRUW� IRU� WKH�$+5�H[RQ������ VSOLFH� MXQFWLRQ�ZDV� LGHQWLILHG� LQ� DOO� XULQDU\����

WUDFW� VDPSOHV� KDUERULQJ� $+5ǻH���� �Q�  � ���� 6XSSOHPHQWDU\� WDEOH� ��� DQG� FRQILUPHG� WKH� LQ����

IUDPH� ORVV� RI� H[RQV� �� DQG� �� IRU� VL[� VDPSOHV� LQ� ZKLFK� WKH� JHQRPLF� VWDUW� SRVLWLRQ� RI� WKH����

GHOHWLRQ�LV�ORFDWHG�ZLWKLQ�WKH�FRGLQJ�VHTXHQFH�RI�H[RQ��������

7KH�UHODWLYHO\�VPDOO�VL]H�RI�WKH�$+5�GHOHWLRQ��a��NE��PD\�H[SODLQ�ZK\�LW�KDV�QRW�EHHQ����

LGHQWLILHG� LQ� SUHYLRXV� VWXGLHV� ������ 0RVW� RI� WKH� �¶� EUHDNSRLQW� MXQFWLRQV� DUH� SRVLWLRQHG� LQ� D����

QDUURZ�ZLQGRZ�RI����ES�EHWZHHQ���$OX�HOHPHQWV��$OX<D��DQG�$OX<��DQG�RYHUODS�ZLWK�WKH��¶����

VLWH� RI� WKH� $OX<D�� HOHPHQW� �)LJ�� �D��� 6XFK� LQYHUWHG� $OX� UHSHDWV� KDYH� EHHQ� LGHQWLILHG� DV����

VWURQJ�LQLWLDWRUV�RI�JHQHWLF�LQVWDELOLW\�����7KH�KLJK�SUHYDOHQFH�LQ�XULQDU\�WUDFW�FDQFHU�RI�VXFK�D����

UDUH�HYHQW�VWURQJO\�VXJJHVWV�SRVLWLYH�VHOHFWLRQ��$QDO\VLV�RI�DQ�LQGHSHQGHQW�51$�VHTXHQFLQJ����

GDWDVHW�RI�XULQDU\�WUDFW�FDQFHUV�IURP�:HLOO�&RUQHOO�0HGLFLQH�FRQILUPHG�WKH�SUHVHQFH�RI�WKH������

��� VSOLFH� MXQFWLRQ� LQ� ��� ������� RI� VDPSOHV�� 2QH� RI� WKH� EODGGHU� FDQFHU� VDPSOHV� ZLWK� WKH����

GHWHFWHG� VSOLFH� MXQFWLRQ� ZDV� RI� SULPDU\� RULJLQ� �RXW� RI� �� SULPDU\� WXPRUV� LQ� WKLV� GDWDVHW������

7RJHWKHU�� WKHVH�UHVXOWV�GHPRQVWUDWH�WKDW� WKH�$+5ǻH���� LV�SUHVHQW� LQ�SULPDU\�DQG�PHWDVWDWLF�����

XULQDU\�WUDFW�FDQFHU��6XSSOHPHQWDU\�WDEOH����������
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7R� LGHQWLI\�DGGLWLRQDO�HYHQWV� LQ� WKH�$+5�JHQH�ZH�SHUIRUPHG�D� WDUJHWHG�DQDO\VLV�RI�����

WKH� +DUWZLJ� GDWDEDVH�� :H� LGHQWLILHG� UHFXUUHQW� JHQH� DPSOLILFDWLRQV� DQG� D� UHFXUUHQW� SRLQW�����

PXWDWLRQ��LQ�����������DQG����������RI�WKH�XULQDU\�WUDFW�FDQFHU�SDWLHQWV��UHVSHFWLYHO\��)LJ���D������

�E��� 7KH� F�����*!&� �$+54���+�� SRLQW� PXWDWLRQ� ZDV� SUHYLRXVO\� UHSRUWHG� DV� DQ� $32%(&�����

DVVRFLDWHG�KRWVSRW�PXWDWLRQ�LQ�EODGGHU�FDQFHU�EDVHG�RQ�WKH�7&*$�3DQ&DQFHU�$WODV�GDWD���������

7KH�$+54���+�SRLQW�PXWDWLRQ�ZDV�IRXQG�LQ����SDWLHQWV�RXW�RI�a�������SDWLHQWV�LQ�WKH�7&*$�����

3DQ&DQFHU� $WODV�� ZKLFK� DUH� PDLQO\� RI� SULPDU\� WXPRU� RULJLQ� ������� 7KH� PDMRULW\� �Q�  � �������

RFFXUUHG� LQ�EODGGHU�XURWKHOLDO�FDUFLQRPDV�ZLWK� WKH�RWKHU� WKUHH� LQ�KHSDWRFHOOXODU�FDUFLQRPD������

SDSLOODU\�UHQDO�FHOO�FDUFLQRPD��DQG�OXQJ�DGHQRFDUFLQRPD��7KXV��OLNH�WKH�$+5ǻH����YDULDQW��WKH�����

$+54���+�PXWDWLRQ�LV�KLJKO\�VSHFLILF�IRU�XULQDU\�WUDFW�FDQFHU�������

$+5�OLJDQG�DFWLYDWHG�WUDQVFULSWLRQ�IDFWRU�WKDW�FRQWDLQV�D�EDVLF�+HOL[�/RRS�+HOL[�3(5�����

$517�6,0��E+/+�3$6��PRWLI��$+5�FRQWDLQV�WZR�3$6�GRPDLQV�RI�ZKLFK�WKH�3$6�%�GRPDLQ�����

FRQWDLQV�WKH�OLJDQG�ELQGLQJ�GRPDLQ��/%'���)LJ���F���������$+5�LV�SDUW�RI�D�F\WRSODVPLF�SURWHLQ�����

FRPSOH[�FRQWDLQLQJ�+63����S����DQG�;$3���)LJ���G���8SRQ�OLJDQG�ELQGLQJ��$+5�GLVVRFLDWHV�����

IURP�WKH�FRPSOH[�DQG�WUDQVORFDWHV�WR�WKH�QXFOHXV�ZKHUH�LW�IRUPV�D�KHWHURGLPHU�ZLWK�$517�����

����7KH�$+5�$517�FRPSOH[�VXEVHTXHQWO\�ELQGV� WR�;HQRELRWLF�5HVSRQVH�(OHPHQWV��;5(V������

LQ�WKH�JHQRPH�WR�DFWLYDWH�WKH�WUDQVFULSWLRQ�RI�WDUJHW�JHQHV�VXFK�DV�WKH�SKDVH�,�DQG�,,�GUXJ�����

PHWDEROL]LQJ�HQ]\PHV�&<3�$��DQG�&<3�%�� ����$W� WKH�SURWHLQ� OHYHO�� WKH�$+5ǻH����GHOHWLRQ�����

UHVXOWV�LQ�DQ�LQ�IUDPH�SURWHLQ�FRGLQJ�VHTXHQFH�ZLWK�WKH�ORVV�RI����DPLQR�DFLGV��S����������������

GLVUXSWLQJ� WKH� 3$6�%� GRPDLQ� DQG� WKH�&�WHUPLQDO� SDUW� RI� WKH� OLJDQG�ELQGLQJ� GRPDLQ� RI� WKH�����

SURWHLQ��7KH�+63���DQG�;$3��SURWHLQ�ELQGLQJ�GRPDLQV�DUH�SUHGLFWHG�WR�EH�DIIHFWHG��ZKLOH�����

WKH�GLPHUL]DWLRQ�UHJLRQ�RI�WKH�SURWHLQ�OLNHO\�UHPDLQV�LQWDFW��)LJ���F��������

$PRQJ�WKH�XULQDU\�WUDFW�FDQFHU�SDWLHQWV�LQ�WKH�+DUWZLJ�GDWDEDVH��$+5�DOWHUDWLRQV�DUH�����

PXWXDOO\�H[FOXVLYH�ZLWK�)*)5��DOWHUDWLRQV�DQG�3,.�&$�PXWDWLRQV��DOWKRXJK�WKH�VLJQLILFDQFH�����

LV� LPSDFWHG�E\� ORZ�VDPSOH�QXPEHUV� �)*)5���2GGV� UDWLR� ������S� �������3,.�&$��2GGV�����

UDWLR� ������S� ��������7KH�WHQGHQF\�RI�PXWXDO�H[FOXVLYLW\�ZLWK�JHQHV�IURP�WKH�57.�5DV�3,�.�����

SDWKZD\�VWUHQJWKHQV�WKH�LGHD�WKDW�$+5�LV�DQ�LQGHSHQGHQW�GULYHU�RI�XULQDU\�WUDFW�FDQFHU��ZLWK�����

SRWHQWLDO� FRQYHUJHQFH� RQ� WKH� 57.�5DV�3,�.� SDWKZD\�� $+5� DOWHUDWLRQV� GR� QRW� VKRZ�����
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GHSOHWLRQ�ZLWK�JHQHV�LQYROYHG�LQ�FKURPDWLQ�UHPRGHOLQJ�RU�WKH�WXPRU�VXSSUHVVRUV�73���DQG�����

5E���)LJ���H��6XSSOHPHQWDU\�WDEOH���������

)RU� WXPRUV�ZLWK�$+5�DPSOLILFDWLRQV��$+5�H[SUHVVLRQ� LV� LQFUHDVHG�FRPSDUHG� WR� WKH�����

QRQ�DPSOLILHG� XULQDU\� WUDFW� FDQFHU� VDPSOHV� �)LJ�� �I��� 8ULQDU\� WUDFW� FDQFHUV� ZLWK� $+5ǻH��������

VKRZHG� LQFUHDVHG� H[SUHVVLRQ� RI� $+5� WDUJHW� JHQHV�� ZKLFK� ZDV� QRW� REVHUYHG� LQ� WKH� $+5�����

DPSOLILHG�RU�$+5�QRQ�DIIHFWHG�VDPSOHV��)LJ���J���1R�51$�VHTXHQFLQJ�GDWD�ZDV�DYDLODEOH�IRU�����

WKH���SDWLHQWV�ZLWK�WKH�$+54���+�PXWDWLRQ������

7KH�K$+54���+�PXWDWLRQ�DIIHFWV�OLJDQG�ELQGLQJ�DIILQLW\�DQG�VSHFLILFLW\�����

7KH�PRXVH�RUWKRORJ�RI�$+54���+��$KU4�����FDQ�IRUP�K\GURJHQ�ERQGV�ZLWK�$KU�OLJDQGV�LQ�WKH�����

OLJDQG�ELQGLQJ�GRPDLQ�DQG�PXWDWLRQV�WKDW�FKDQJH�WKLV�UHVLGXH�DIIHFW�OLJDQG�ELQGLQJ�DIILQLWLHV�����

��±����7R�H[DPLQH�LI�OLJDQG�ELQGLQJ�DIILQLWLHV�DUH�DOVR�DIIHFWHG�IRU�WKH�KXPDQ�$+5��K$+5���ZH�����

PHDVXUHG�WKH�WUDQVFULSWLRQDO�DFWLYLW\�RI�K$+54���+�DQG�K$+5:7�LQ�DQ�;5(�OXFLIHUDVH�UHSRUWHU�����

DVVD\�� %RWK� WKH� K$+5:7� DQG� K$+54���+� H[SUHVVLQJ� FHOOV� VKRZHG� VWURQJ� WUDQVFULSWLRQDO�����

DFWLYLW\� ZLWK� $+5� OLJDQGV� 7&''� DQG� %>D@3� �)LJ�� �D��� 6WLPXODWLRQ� ZLWK� %>D@3� UHVXOWHG� LQ� D�����

KLJKHU� LQGXFWLRQ�RI� OXFLIHUDVH� WUDQVFULSWLRQ� IRU� WKH�K$+54���+�PXWDQW� WKDQ� IRU� WKH�K$+5:7������

VXJJHVWLQJ� D� GLIIHUHQFH� LQ� OLJDQG� DIILQLW\� EHWZHHQ� ERWK� YDULDQWV�� 7KH�$+5�DQWDJRQLVW�&+�����

������� UHGXFHG� WUDQVFULSWLRQDO� DFWLYDWLRQ� LQ� K$+5:7� FHOOV� VWLPXODWHG�ZLWK� 7&''� RU� %>D@3�����

�)LJ�� �D�� ������� 6XUSULVLQJO\�� LQFXEDWLRQ� RI� K$+54���+� ZLWK� &+�������� UHVXOWHG� LQ�����

WUDQVFULSWLRQDO�DFWLYDWLRQ�DQG�QR�DQWDJRQLVP�ZDV�REVHUYHG�ZKHQ�&+��������ZDV�FRPELQHG�����

ZLWK�7&''�RU�%>D@3��)LJ���D���7R�H[DPLQH�WKLV�DOWHUHG�OLJDQG�ELQGLQJ�VSHFLILFLW\��ZH�DQDO\]HG�����

SURWHLQ�ORFDOL]DWLRQ�LQ�53(��FHOOV��,Q�WKH�DEVHQFH�RI�H[RJHQRXV�OLJDQGV��ERWK�K$+54���+�DQG�����

K$+5:7� SURWHLQV� DUH� PDLQO\� ORFDOL]HG� WR� WKH� F\WRSODVP� DQG� ERWK� SURWHLQV� VKRZ� QXFOHDU�����

WUDQVORFDWLRQ�XSRQ�LQFXEDWLRQ�ZLWK�7&''�RU�%>D@3��)LJ���E��6XSSOHPHQWDU\�ILJ������,QFXEDWLRQ�����

ZLWK�WKH�DQWDJRQLVW�&+��������DOVR�UHVXOWHG�LQ�QXFOHDU�WUDQVORFDWLRQ�RI�K$+54���+��ZKLOH�WKH�����

K$+5:7�UHPDLQV�ORFDOL]HG�WR�WKH�F\WRSODVP��)LJ���E���7KH�GLIIHUHQFH�LQ�UHVSRQVHV�EHWZHHQ�����

WKH� K$+54���+� DQG� K$+5:7� WR� $+5� DJRQLVWV� DQG� DQWDJRQLVWV� GHPRQVWUDWHV� WKH� 4���+�����

PXWDQW�LV�PRUH�VHQVLWLYH�WR�$+5�SDWKZD\�VWLPXODWLRQ������
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7KH�K$+5ǻH����PXWDQW�OHDGV�WR�FRQVWLWXWLYH�$+5�SDWKZD\�DFWLYDWLRQ�����

7R�VWXG\� WKH� IXQFWLRQDO�FRQVHTXHQFHV�RI�$+5ǻH�����ZH�FUHDWHG� WUDQVJHQLF�K$+5ǻH����53(������

FHOOV� DQG� PRXVH� EODGGHU� RUJDQRLGV�� ,Q� FRQWUDVW� ZLWK� K$+5:7�� WKH� K$+5ǻH���� SURWHLQ� LV�����

ORFDOL]HG� LQ� WKH� QXFOHXV� UHJDUGOHVV� RI� WKH� SUHVHQFH� RU� DEVHQFH� RI� D� OLJDQG� �)LJ�� �E�������

([SUHVVLRQ�RI�WKH�K$+5�PXWDQWV�LQ�PRXVH�EODGGHU�RUJDQRLGV�FRQILUPHG�FRQVWLWXWLYH�QXFOHDU�����

ORFDOL]DWLRQ�RI�WKH�K$+5ǻH����PXWDQW��)LJ���F���,Q�;5(�OXFLIHUDVH�UHSRUWHU�DVVD\V��WKH�GHJUHH�����

RI�WUDQVFULSWLRQDO�DFWLYDWLRQ�E\�K$+5ǻH����ZDV�VLPLODU�IRU�DOO�WKH�FRQGLWLRQV��LUUHVSHFWLYH�RI�WKH�����

SUHVHQFH� RI� $+5� OLJDQGV�� 0RUHRYHU�� WKH� $+5� DQWDJRQLVW� &+�������� GLG� QRW� DIIHFW� WKH�����

WUDQVFULSWLRQDO�DFWLYDWLRQ�DFWLYLW\�RI�K$+5ǻH�����)LJ���D���,QFUHDVHG�FRQFHQWUDWLRQV�RI�K$+5:7�����

DQG�K$+5ǻH���� FRQVWUXFWV� LQ� WKH� WUDQVIHFWLRQV� UHVXOWLQJ� LQ� LQFUHDVHG� H[SUHVVLRQ� OHYHOV� DQG�����

UHYHDOHG� WKDW� K$+5ǻH���� LQGXFHV� KLJKHU� WUDQVFULSWLRQDO� DFWLYLW\� OHYHOV� WKDQ� K$+5:7� LQ�����

XQWUHDWHG�FRQGLWLRQV��)LJ���G��������

7R� IXUWKHU� FKDUDFWHUL]H� WKH� FRQVHTXHQFHV�RI� WKH� FRQVWLWXWLYH�QXFOHDU� ORFDOL]DWLRQ�RI�����

K$+5ǻH���� ZH� SHUIRUPHG� EXON� 51$�VHTXHQFLQJ� RQ� PRXVH� EODGGHU� RUJDQRLGV� H[SUHVVLQJ�����

K$+5ǻH����RU�K$+5:7� LQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�7&''��8QWUHDWHG�K$+5ǻH����RUJDQRLGV�����

GLIIHUHQWLDOO\� H[SUHVVHG� VHYHUDO� JHQHV� FRPSDUHG� WR� WKH� K$+5:7� RUJDQRLGV�� LQFOXGLQJ� WKH�����

$+5� WDUJHW� JHQHV� &\S�D��� &\S�E��� $KUU�� *VWD��� DQG� 7LSDUS� GHPRQVWUDWLQJ� FRQVWLWXWLYH�����

DFWLYDWLRQ�RI�WKH�$+5�SDWKZD\��)LJ���D��E���7KH�H[SUHVVLRQ�SDWWHUQ�RI�XS�DQG�GRZQ�UHJXODWHG�����

JHQHV�LV�VLPLODU�IRU�K$+5ǻH����LQ�XQWUHDWHG�DQG�7&''�WUHDWHG�FRQGLWLRQV��FRQILUPLQJ�WKDW�ORVV�����

RI�H[RQV���DQG���OHDGV�WR�OLJDQG�LQGHSHQGHQW�DFWLYDWLRQ�RI�WKH�$+5�SDWKZD\��ZKLFK�LV�LQ�OLQH�����

ZLWK� WKH� XSUHJXODWLRQ� RI� WKHVH� JHQHV� LQ� $+5ǻH���� SRVLWLYH� XULQDU\� WUDFW� FDQFHUV� �)LJ�� �J�������

7KXV��$+5ǻH����OHDGV�WR�FRQVWLWXWLYH�DFWLYDWLRQ�RI�WKH�$+5�SDWKZD\�������

7KH�K$+5:7�RUJDQRLGV� WUHDWHG�ZLWK�7&''�DOVR�VKRZ�XSUHJXODWLRQ�RI� WKH�FDQRQLFDO�����

$+5� WDUJHW� JHQHV�� EXW� GR� QRW� VKRZ� WKH� VDPH� GRZQUHJXODWHG� JHQHV� �)LJ�� �D��� 7KLV�����

REVHUYDWLRQ�LQGLFDWHV�D�GLIIHUHQW�HIIHFW�RQ�WKH�WUDQVFULSWRPH�EHWZHHQ�WKH�FRQVWLWXWLYHO\�DFWLYH�����

K$+5ǻH���� DQG� WKH� ��K� 7&''� VWLPXODWHG� K$+5:7� FRQGLWLRQ�� 0RUHRYHU�� RYHUH[SUHVVLRQ� RI�����

K$+5:7�DQG�K$+54���+�ZLWKRXW�WKH�DGGLWLRQ�RI�H[RJHQRXV�OLJDQGV�DOUHDG\�UHVXOWV�LQ�PRGHVW�����

SDWKZD\�DFWLYDWLRQ�ZKHQ�FRPSDUHG�ZLWK�FRQWURO�RUJDQRLGV�WKDW�DUH�QRW�WUDQVJHQLF�IRU�K$+5�����
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�)LJ���E���7KHVH�REVHUYDWLRQV�DUH�LQ�OLQH�ZLWK�WKH�KLJKHU�LQGXFWLRQ�RI�OXFLIHUDVH�WUDQVFULSWLRQ�����

LQ�WKH�XQWUHDWHG�FRQGLWLRQ�IRU�WKH�K$+5:7�DQG�K$+54���+�FRQVWUXFWV�FRPSDUHG�WR�WKH�FRQWURO�����

LQ�WKH�OXFLIHUDVH�DVVD\��)LJ���D��������

7KH�K$+5ǻH����PXWDQW�LQGXFHV�FHOOXODU�WUDQVIRUPDWLRQ�����

7KH�EODGGHU� LV�D�VWUDWLILHG�HSLWKHOLXP��ZLWK�VWHP�FHOOV�WKDW�UHVLGH�LQ�WKH�EDVDO�FHOO� OD\HU�WKDW�����

VXSSRUW� RUJDQ� UHJHQHUDWLRQ� DQG� UHQHZDO�� 8SRQ� GLIIHUHQWLDWLRQ�� WKH� VWHP� FHOOV� JLYH� ULVH� WR�����

LQWHUPHGLDWH� FHOOV� DQG� OXPLQDO� XPEUHOOD� FHOOV� ���� 0RXVH� EODGGHU� RUJDQRLGV� HQULFKHG� IRU�����

XQGLIIHUHQWLDWHG�FHOOV�KDYH�D�UHGXFHG�GLDPHWHU�RI�WKH�OXPHQ�DQG�LQFUHDVHG�WKLFNQHVV�RI�WKH�����

HSLWKHOLDO� OD\HU� ZKHQ� FRPSDUHG� WR� RUJDQRLGV� FRPSRVHG� RI� GLIIHUHQWLDWHG� FHOOV� ���� :H�����

REVHUYHG� D� PL[WXUH� RI� F\VWLF� DQG� FRPSDFW� RUJDQRLGV� LQ� WKH� PRXVH� EODGGHU� RUJDQRLGV�����

H[SUHVVLQJ� K$+5:7�� LQGLFDWLQJ� D� KHWHURJHQHRXV� SRSXODWLRQ� RI� GLIIHUHQWLDWHG� DQG�����

XQGLIIHUHQWLDWHG� FHOOV�� 1R� F\VWLF� RUJDQRLGV� ZHUH� REVHUYHG� LQ� WKH� RUJDQRLGV� H[SUHVVLQJ�����

K$+5ǻH����LQGLFDWLQJ�D�PRUH�EDVDO�VWHP�FHOO�OLNH�SKHQRW\SH��)LJ���F��������

:H�SHUIRUPHG�*2�HQULFKPHQW�DQDO\VLV�RQ�DOO�GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV�LQ�51$�����

VHTXHQFLQJ� GDWD� RI� WKH�PRXVH� RUJDQRLGV� WR� XQGHUVWDQG� ZKLFK� SURFHVVHV� DUH� DIIHFWHG� E\�����

K$+5ǻH����� 0RVW� RXWVWDQGLQJ� LV� WKH� GRZQUHJXODWLRQ� RI� JHQHV� UHODWHG� WR� WKH� H[WUDFHOOXODU�����

PDWUL[�DQG�FHOO�SHULSKHU\�RUJDQL]DWLRQ��)LJ���G��6XSSOHPHQWDU\�WDEOH�����0RUHRYHU��K$+5ǻH��������

H[SUHVVLQJ� PRXVH� RUJDQRLGV� VKRZ� GRZQUHJXODWLRQ� RI� WKH� GLIIHUHQWLDWLRQ� PDUNHUV� 8SN�D������

8SN�D�� DQG� .UW��� DQG� XSUHJXODWLRQ� RI� WKH� VWHP� FHOO� PDUNHUV� :QW�D�� DQG� .UW�� ZKHQ�����

FRPSDUHG� WR�K$+5:7�RUJDQRLGV� �)LJ�� �H�� ��±���� 7RJHWKHU�� WKHVH� REVHUYDWLRQV� LQGLFDWH� WKDW�����

K$+5ǻH����SURPRWHV�D�EDVDO�VWHP�FHOO�OLNH�SKHQRW\SH�LQ�EODGGHU�FHOOV�������

%HFDXVH� 51$�VHT� ZDV� SHUIRUPHG� RQ� EXON� FXOWXUHV�� WKH� WUDQVFULSWLRQDO� FKDQJHV�����

LQGXFHG�E\�K$+5ǻH����PD\�UHIOHFW�D�VKLIW�LQ�WKH�FRPSRVLWLRQ�RI�WKH�FHOO�W\SHV�WRZDUGV�D�PRUH�����

KRPRJHQHRXV� SRSXODWLRQ�� RU� WKH� WUDQVIRUPDWLRQ� RI� FHOOV� WRZDUGV� D� QRYHO� SKHQRW\SH�� 7R�����

GLVFULPLQDWH� EHWZHHQ� WKHVH� VFHQDULRV�� ZH� SHUIRUPHG� VF51$�VHT� RQ� WKH� PRXVH� EODGGHU�����

RUJDQRLG�OLQHV��'LPHQVLRQDO�UHGXFWLRQ�DQG�XQVXSHUYLVHG�FOXVWHULQJ�UHYHDOHG�WKH�SUHVHQFH�RI�����

�� FOXVWHUV� �)LJ�� �D��� %DVHG� RQ� WKH� JHQHV� HQULFKHG� LQ� WKH� GLIIHUHQW� FOXVWHUV�� FOXVWHU� ������
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UHSUHVHQWV� D� EDVDO� SKHQRW\SH� �FKDUDFWHUL]HG� E\�.UW����7US����%FDP� DQG�$JUQ��� FOXVWHU� ������

UHSUHVHQWV�DQ�LQWHUPHGLDWH�OXPLQDO�SKHQRW\SH��FKDUDFWHUL]HG�E\�.UW����.UW����8SN�E��&OGQ�������

&OGQ���&HDFDP��DQG�$OFDP���DQG�FOXVWHUV���DQG���UHSUHVHQW�FHOOV� WKDW�DUH� LQ� WKH�6�SKDVH�����

DQG�0�SKDVH�RI� WKH�FHOO�F\FOH��UHVSHFWLYHO\��)LJ���D���E��6XSSOHPHQWDU\�WDEOH�����7RJHWKHU������

WKHVH�FOXVWHUV�UHSUHVHQW�D�FODVVLFDO�VWHP�FHOO�V\VWHP�ZKHUH�VWHP�FHOOV�GLYLGH�WR�JLYH�ULVH�WR�����

QHZ�VWHP�FHOOV�RU�WR�FHOOV�WKDW�GLIIHUHQWLDWH��7KH�YDVW�PDMRULW\�RI�DOO�FHOOV�RI�WKH�FRQWURO�OLQHV�����

IDOO�LQWR�WKHVH�FOXVWHUV�DQG�LQ�FOXVWHU����ZKLFK�ZH�ZHUH�QRW�DEOH�WR�OLQN�WR�D�SDUWLFXODU�FHOOXODU�����

SKHQRW\SH��6WULNLQJO\�� WZR�FOXVWHUV� �FOXVWHUV���DQG����ZHUH�DOPRVW�H[FOXVLYHO\�RFFXSLHG�E\�����

PRXVH� EODGGHU� FHOOV� H[SUHVVLQJ�K$+5ǻH���� �)LJ�� �D�� �F��� ,Q� DGGLWLRQ� WR� WKH� FDQRQLFDO� $+5�����

WDUJHW�JHQHV�VXFK�DV�&\S�E��DQG�7LSDUS��FOXVWHU���H[SUHVVHV�EDVDO�VWHP�FHOO�PDUNHUV�VXFK�����

DV�.UW����:QW�D�� ,WJD���:QW�� ���� ,Q� DGGLWLRQ� FOXVWHU� �� LV� FKDUDFWHUL]HG� E\� JHQHV� WKDW� DUH�����

DVVRFLDWHG�ZLWK�XURWKHOLDO�FDQFHU��VXFK�DV��+WUD������&\E�U������6WHDS���������3WJV���������DQG�����

7ULE�� ��� �)LJ�� �E���&HOOV� LQ� FOXVWHU� �� VKRZ� XSUHJXODWLRQ� RI�'VS��3NS���3SO�� -XS� DQG�.UW��������

ZKLFK�DUH�LQYROYHG�LQ�GHVPRVRPH�DQG�LQWHUPHGLDWH�ILODPHQW�F\WRVNHOHWRQ�RUJDQL]DWLRQ��7KLV�����

FOXVWHU�KDV�VRPH�RYHUODS�ZLWK�PDUNHUV�H[SUHVVHG�LQ�WKH�OXPLQDO�LQWHUPHGLDWH�FOXVWHU��FOXVWHU�����

���RI� WKH�FRQWURO�FHOOV��EXW�ZLWK� OHVV�DSSDUHQW�H[SUHVVLRQ�RI�WKH�XPEUHOOD�FHOO�PDUNHUV��7KLV�����

LQGLFDWHV�WKDW�WKH�FHOOV� LQ�FOXVWHU���UHSUHVHQW�DQ�LQWHUPHGLDWH�FHOO� W\SH�WKDW�KRZHYHU�IDLOV�WR�����

GLIIHUHQWLDWH� WRZDUGV� OXPLQDO� XPEUHOOD� FHOOV�� 7KXV�� WKH� FRQVWLWXWLYH� DFWLYDWLRQ� RI� WKH� $+5�����

SDWKZD\� E\� K$+5ǻH���� OHDGV� WR� D� WUDQVIRUPDWLRQ� RI� FHOOV� WRZDUGV� D� OHVV� GLIIHUHQWLDWHG�����

SKHQRW\SH�DQG�WKH�DFWLYDWLRQ�RI�JHQHV�OLQNHG�WR�XURWKHOLDO�FDQFHU������

&HOOV� RI� D�'1$�ELQGLQJ� GHILFLHQW� YDULDQW� RI� WKH� RQFRJHQLF� K$+5ǻH���� �K$+5ǻH���'%'������

FOXVWHUHG�DPRQJ�FHOOV�RI�WKH�RWKHU�FRQWURO�OLQHV�DQG�DSDUW�IURP�K$+5ǻH����FHOOV��)LJ���D���7KLV�����

VKRZV� WKDW� WKH� FHOOXODU� WUDQVIRUPDWLRQ� RI� WKH� K$+5ǻH���� RUJDQRLGV� GHSHQGV� RQ� WKH�����

WUDQVFULSWLRQDO� DFWLYDWLRQ� FDXVHG� E\� $+5� DQG� LV� QRW� WKH� UHVXOW� RI� SRWHQWLDO� WUDQVFULSWLRQ�����

LQGHSHQGHQW� HIIHFWV� FDXVHG� E\� WKH� GHOHWLRQ�� 7R� IXQFWLRQDOO\� H[SORUH� LI� WKH� WUDQVIRUPHG�����

SKHQRW\SH� LV� DFFRPSDQLHG� E\� RQFRJHQLF� SURSHUWLHV�� D� VRIW� DJDU� JURZWK� DVVD\� ZDV�����

SHUIRUPHG��$�KLJKHU�QXPEHU�RI�FRORQLHV�ZHUH�FRXQWHG�IRU�K$+5ǻH����RUJDQRLGV�FRPSDUHG�WR�����
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K$+5:7� RUJDQRLGV� RU� FRQWURO� RUJDQRLGV� GHPRQVWUDWLQJ� WKDW� K$+5ǻH���� FRQIHUV� DQFKRUDJH�����

LQGHSHQGHQW�JURZWK�WR�EODGGHU�FHOOV��)LJ���G��������

7RJHWKHU��WKHVH�REVHUYDWLRQV�GHPRQVWUDWH�WKDW�WUDQVFULSWLRQDO�FKDQJHV�GULYHQ�E\�WKH�����

FRQVWLWXWLYHO\� DFWLYH� K$+5ǻH���� OHDG� WR� D� WUDQVIRUPDWLRQ� RI� FHOOV� WRZDUGV� D� FDQFHURXV�����

SKHQRW\SH� WKDW� IDLOV� WR� GLIIHUHQWLDWH� DQG� LV� DEOH� WR� JURZ� LQGHSHQGHQW� RI� DQFKRUDJH� WR� WKH�����

H[WUDFHOOXODU�PDWUL[�������

'LVFXVVLRQ������

,Q� WKLV� VWXG\�� ZH� VKRZ� KLJK� SUHYDOHQFH� RI� $+5� DOWHUDWLRQV� LQ� XULQDU\� WUDFW� FDQFHUV� DQG�����

SURYLGH� IXQFWLRQDO� YDOLGDWLRQV� WR� VXSSRUW� WKDW� WKHVH� DEHUUDWLRQV� DUH� RQFRJHQLF� DQG� GULYH�����

XULQDU\�WUDFW�FDQFHU��7KHVH�ILQGLQJV�DUH�LQ�OLQH�ZLWK�PRXVH�VWXGLHV�WKDW�KDYH�VKRZQ�WKDW�$+5�����

RYHUH[SUHVVLRQ�RU�SDWKZD\�DFWLYDWLRQ�FDQ�OHDG�WR�PDOLJQDQW�WUDQVIRUPDWLRQ�RI�HSLWKHOLDO�FHOOV�����

��±���� $� YDULHW\� RI� PROHFXODU� VLJQDOLQJ� SDWKZD\V� KDYH� EHHQ� SUHYLRXVO\� OLQNHG� WR� $+5�����

PHGLDWHG� WXPRULJHQHVLV�ZKHWKHU�RU�QRW� LQ�D�FDQFHU� W\SH�VSHFLILF�EDFNJURXQG�DQG�RU�GULYHQ�����

E\�$+5�DJRQLVWV��������7KLV�LQFOXGHV�WKH�ELRWUDQVIRUPDWLRQ�RI�K\GURFDUERQV�E\�&<3�HQ]\PHV�����

WR�PXWDJHQLF� LQWHUPHGLDWHV� ZKLFK� FDQ� LQGXFH�'1$� DGGXFWV�� FURVV�WDON� RI� $+5�ZLWK� RWKHU�����

VLJQDOLQJ� SDWKZD\V�� DQG� LQWHUDFWLRQ� RI� $+5� ZLWK� RWKHU� ELQGLQJ� SDUWQHUV� WKDQ� $517� WR�����

SURPRWH� WUDQVFULSWLRQ� RI� QRQ�FDQRQLFDO� JHQHV� ��±���� +RZHYHU�� WKH� XQGHUO\LQJ� PROHFXODU�����

VLJQDOLQJ� SDWKZD\V� GULYLQJ� WKH� WXPRULJHQHVLV� RI� XULQDU\� WUDFW� FDQFHUV� LQ� SDWLHQWV� ZLWK�����

DFWLYDWLQJ�PXWDWLRQV� LQ�$+5� UHPDLQV�XQFOHDU��7KH� WHQGHQF\�RI�PXWXDO� H[FOXVLYLW\�EHWZHHQ�����

$+5�� )*)5��� DQG�3,.�&$� DOWHUDWLRQV� PD\� LQGLFDWH� FRQYHUJHQFH� RQ� WKH� VDPH� SDWKZD\������

DOWKRXJK�D� IXOO\� LQGHSHQGHQW�SDUDOOHO�RQFRJHQLF�SDWKZD\� LQ�EODGGHU�FDQFHU�GULYHQ�E\�$+5�����

FDQQRW�EH�H[FOXGHG��7KH�K$+54���+�DQG�K$+5ǻH����YDULDQWV�DUH�DOPRVW�XQLTXHO\�GHWHFWHG�LQ�����

XURWKHOLDO� FDQFHUV�� ZKLFK� VXJJHVWV� WKLV� WLVVXH� LV� SDUWLFXODUO\� VHQVLWLYH� WR� GHUHJXODWHG� $+5�����

VLJQDOLQJ�� +RZHYHU�� RXU� UHVXOWV�� QRU� LQIRUPDWLRQ� LQ� OLWHUDWXUH�� SURYLGHV� FOXHV� ZK\� $+5�����

DFWLYDWLRQ�LV�VR�VSHFLILF�IRU�EODGGHU�FDQFHU��VR�WKLV�ZLOO�UHTXLUH�IXUWKHU�LQYHVWLJDWLRQV�������

:H� GHPRQVWUDWH� WKDW� WKH� K$+54���+� PXWDWLRQ� OHDGV� WR� LQFUHDVHG� VHQVLWLYLW\� ZKLFK�����

PD\� DOVR� OHDG� WR� RYHUDFWLYLW\� RI� WKH� $+5� SDWKZD\� LQ� WKH� XULQDU\� WUDFW�� WKHUHE\� GULYLQJ�����
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WXPRULJHQHVLV�� 7KLV� OLNHO\� DOVR� KROGV� WUXH� IRU� $+5� DPSOLILFDWLRQV� VLQFH� RYHUH[SUHVVLRQ� RI�����

K$+5ZW� LQ�GLIIHUHQW�PRGHOV�VKRZV�D�PRGHVW� LQFUHDVH�RI�$+5�SDWKZD\�DFWLYDWLRQ�FRPSDUHG�����

WR� WKH� FRQWUROV�� ,W� LV� QRW� NQRZQ� LI� WKH� OLJDQGV� WKDW� LQGXFH� RYHUDFWLYH� $+5� VLJQDOLQJ� LQ� WKH�����

WXPRUV� ZLWK� $+5� DPSOLILHG� DQG� $+54���+� EDFNJURXQGV� DUH� RI� HQYLURQPHQWDO� RULJLQ� �OLNH�����

FRPSRQHQWV� LQ� WREDFFR� VPRNH�� RU� KDYH� DQ� HQGRJHQRXV� VRXUFH� �OLNH� PHWDEROLWHV�� ��������

6XUSULVLQJO\��ZH�REVHUYHG�K$+54���+�DFWLYDWLRQ�XSRQ�WUHDWPHQW�ZLWK�WKH�$+5�DQWDJRQLVW�&+�����

�������� 7KLV� FRQWUDVWV� ZLWK� D� UHFHQW� VWXG\� WKDW� GHPRQVWUDWHG� UHGXFHG� YLDELOLW\� XSRQ�����

WUHDWPHQW�ZLWK�&+�������� RI� WKH� EODGGHU� FDQFHU� FHOO� OLQH�.0%&��KDUERULQJ� WKH�$+54���+�����

PXWDWLRQ� ���� $� SRVVLEOH� H[SODQDWLRQ� IRU� WKH� DSSDUHQW� GLVFUHSDQF\� LQ� UHVXOWV�PD\� OLH� LQ� WKH�����

GLIIHUHQW�W\SHV�RI�H[SHULPHQWV�WKDW�ZHUH�FRQGXFWHG��7KH�UHGXFHG�YLDELOLW\�RI�WKH�.0%&��FHOO�����

OLQH� DIWHU� &+�������� LQFXEDWLRQ�PD\� DOVR� EH� LQGHSHQGHQW� RI� DOWHUDWLRQV� LQ� $+5� SDWKZD\�����

DFWLYLW\������

3DWLHQWV� WKDW� KDUERU� $+5� DFWLYDWLQJ� PXWDWLRQV� FRXOG� SRWHQWLDOO\� EHQHILW� IURP� $+5�����

WDUJHWHG� WKHUDSLHV� ���� +HUH� ZH� VKRZ� WKDW� WKH� PRGH� RI� DFWLRQ� RI� $+5� DFWLYDWLRQ� GLIIHUV�����

EHWZHHQ� WKH� GLIIHUHQW� PXWDWLRQV�� ZKLFK� LPSOLHV� WKDW� WDLORUHG� WKHUDSLHV� GHSHQGLQJ� RQ� WKH�����

XQGHUO\LQJ� PXWDWLRQDO� HYHQW� DUH� UHTXLUHG�� 0RVW� FODVVLF� $+5� DQWDJRQLVWV� IXQFWLRQ� E\�����

LQWHUIHUHQFH�ZLWK�WKH�OLJDQG�ELQGLQJ�GRPDLQ��EXW�WKLV�GRPDLQ�LV�QRW�WDUJHWDEOH�IRU�WKH�$+5ǻH��������

PXWDQW�DV�WKLV�GRPDLQ�LV�GHOHWHG��7KHUHIRUH��IXQFWLRQDO�VFUHHQV�WR�LGHQWLI\�VSHFLILF�$+5ǻH��������

WDUJHWLQJ�FRPSRXQGV�RU�WKH�LGHQWLILFDWLRQ�RI�HVVHQWLDO�GRZQVWUHDP�DFWLYDWHG�SURFHVVHV�FRXOG�����

EH�D�QH[W� VWHS� WRZDUGV� WKH� LGHQWLILFDWLRQ�RI� QRYHO� WUHDWPHQW� VWUDWHJLHV� IRU� VHOHFWHG�XULQDU\�����

WUDFW�FDQFHU�SDWLHQWV�LQ�WKH�FRQWH[W�RI�SUHFLVLRQ�PHGLFLQH�� �����
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0DWHULDO�DQG�0HWKRGV������

'ULYHU�JHQH�VWDWXV�XULQDU\�WUDFW�FRKRUW�����

9DULDQW�GHWHFWLRQ�DQG�GULYHU� OLNHOLKRRG�VWDWXV�DUH�EDVHG�RQ� WKH�+DUWZLJ�GDWDEDVH� ����'ULYHU�����

OLNHOLKRRG�LV�LQWURGXFHG�WR�VHOHFW�IRU�D�VDPSOH�VSHFLILF�OLNHOLKRRG�RI�HDFK�JHQH�EDVHG�RQ�WKH�����

W\SH� RI� YDULDQW� DQG� WDNLQJ� PXWDWLRQ� ORDG� SHU� VDPSOH� LQWR� DFFRXQW�� 7R� VHOHFW� IRU� DIIHFWHG�����

JHQHV� LQ� WKH� XULQDU\� WUDFW� FDQFHU� VDPSOHV�� WKH� GULYHU� OLNHOLKRRG� VFRUH� LV� VHW� WR� !���� DQG�����

GHWHFWHG�JHQH�IXVLRQV�ZLWK�D�KLJK�LPSDFW�DUH�LQFOXGHG��9LVXDOL]HG�DUH�WKH�JHQHV�DIIHFWHG�LQ�����

PRUH�WKDQ�������RI�WKH�VDPSOHV��WRS����JHQHV���0XWXDOO\�H[FOXVLYLW\�LV�SDLUZLVH�FDOFXODWHG�����

ZLWK�)LVKHU�([DFW�7HVW�EDVHG�RQ�2GG�5DWLR�FXW�RIIV�DV�GHVFULEHG�LQ�*DR�HW�DO�����������

�����

*HQH�FRQVWUXFWV������

$�SODVPLG�FRQWDLQLQJ�WKH�K$+5:7�VHTXHQFH�ZDV�SXUFKDVHG�IURP�2ULJHQH��5&���������7KH�����

4���+� SRLQW� PXWDWLRQ� ZDV� LQWURGXFHG� ZLWK� VLWH�GLUHFWHG�PXWDJHQHVLV� ZLWK� IRUZDUG� SULPHU�����

FDWWJWDDFWFDFDJDFFDFWDDFDJDWJ� DQG� UHYHUVH� SULPHU� JWWDJWJJWFWJWJDJWWDFDDWJDWDWDDWF�� 7KH�����

K$+5:7��K$+54���+��DQG�K$+5ǻH����VHTXHQFHV�ZHUH�FORQHG�LQ�D�OHQWLYLUDO�SODVPLG��$GGJHQH�����

�������� DQG� VXEVHTXHQWO\� WR� SF'1$���� YHFWRU� ZLWK� WKH� ,Q�IXVLRQ� +'� (FR�GU\� FORQLQJ�����

�7DNDUDELR��� 3ULPHUV� IRU� OHQWLYLUDO� SODVPLG� DUH�� IRUZDUG� 1�IODJ�����

FDJJDFFJJWWFWDJJDWDWFJFFDFFDWJJDWWDFDDDJDFJDWJDFJDWDDJDDFDJFDJFDJFJFFDDF�� IRUZDUG�����

FDJJDFFJJWWFWDJJDWDWFJFFDFFDWJDDFDJFDJFDJFJFF�� UHYHUVH�����

WWJWWJFJFFJJDWFJFDJJDDWFFDFWJJDWJWFDDDWFDJ�� UHYHUVH� &�IODJ�����

WWJWWJFJFFJJDWFJFWWDWFJWFDWFJWFWWWJWDDWFFDJJDDWFFDFWJJDWJWFDDDWFDJ�� IRUZDUG� GHOHWLRQ�����

WJJWWJWJDWJFFDDDJDWJDJJDDJJDDFDJDJFD� DQG� UHYHUVH� GHOHWLRQ�����

JWWFFWWFFWFDWFWWWJJFDWFDFDDFFDDWDJJ��3ULPHUV�FORQLQJ�RI�$+5�VHTXHQFHV�WR�SF'1$����YHFWRU�����

DUH� IRUZDUG� WDFFJDJFWFJJDWFDWDWFJFFDFFDWJDDFDJ� DQG� UHYHUVH�����

JDWDWFWJFDJDDWWWWDFDJJDDWFFDFWJJDWJWFDDDW��)RU�WKH�'1$�ELQGLQJ�GHILFLHQW�YDULDQW�RI�$+5ǻ������

���PXWDWLRQV�ZHUH�LQWURGXFHG�WR�VXEVWLWXWH�WKH�DPLQR�DFLGV�+LVWLGLQH����DQG�$UJLQLQH����ZLWK�����

$ODQLQHV���������
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7KH�OXFLIHUDVH�UHSRUWHU�YHFWRU�S*/��;5(�/XF��UHSRUWHU�YHFWRU�ZDV�FRQVWUXFWHG�XVLQJ�����

DQ� LQ�KRXVH� S*/��PLQ3�/XF�� YHFWRU� FRQWDLQLQJ� '1$� ELQGLQJ� VHTXHQFH�����

³JJJDJJWDFWWJJDJFJJF´� ZLWK� SULPHUV� IRUZDUG�������

JFJWJFWDJFFFJJJ77*&*7*$&&FWFJDJDWFWJFJDW�� UHYHUVH�������

DWFJFDJDWFWFJDJ**7&$&*&$$FFFJJJFWDJFDFJF�� IRUZDUG�������

DDWFJDWDDJJDWFF77*&*7*$&&JWFJDFFJDWJFFFW�� UHYHUVH�������

DJJJFDWFJJWFJDF**7&$&*&$$JJDWFFWWDWFJDWW������

�����

&HOO�FXOWXUH�����

$OO�FHOOV�ZHUH�FXOWXUHG�LQ�D�KXPLGLILHG�DWPRVSKHUH�DW����&�XQGHU���&2��DQG����2�������

/HQWLYLUXV� SDUWLFOHV� FRQWDLQLQJ� K$+5� FRQVWUXFWV� ZHUH� SURGXFHG� E\� WUDQVLHQW� FDOFLXP�����

SKRVSKDWH� WUDQVIHFWLRQ� RI� +(.���7�� 9LUXV� SDUWLFOHV� ZHUH� FRQFHQWUDWHG� ZLWK� /HQWL�;�����

&RQFHQWUDWRU� �7DNDUDELR�� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU¶V� GLUHFWLRQV�� 0RXVH� EODGGHU�����

RUJDQRLGV�ZHUH�D�NLQG�JLIW�IURP�GUV�+DQV�&OHYHUV�DQG�-DVSHU�0XOOHQGHUV�DQG�ZHUH�FXOWXUHG�����

DV�SUHYLRXVO\� UHSRUWHG���� ,Q�VKRUW��PRXVH�EODGGHU�RUJDQRLGV�ZHUH�SODWHG� LQ�GURSOHWV�RI� LFH�����

FROG�0DWULJHO��&RUQLQJ���$IWHU�WKH�PDWULJHO�KDG�VROLGLILHG��D�FRPSOHWH�PRXVH�EODGGHU�PHGLXP�����

ZDV�DGGHG�FRQVLVWLQJ�RI�$GYDQFHG�'0(0�)����VXSSOHPHQWHG�ZLWK�+(3(6��*OXWDPD[���������

SHQLFLOOLQ�����VWUHSWRP\FLQ��1LFRWLQDPLGH�����P0���1�$FHW\OF\VWHLQH�������P0���)*)������������

QJ�P/�RI�3HSURWHFK����������)*)������QJ�P/�RI�3HSURWHFK����������$�����������Q0���%�������

�7KHUPR)LVKHU� ���������� DQG� SULPRFLQ� �,QYLYRJHQ��� 2UJDQRLGV� ZHUH� VSOLW� ZHHNO\� HLWKHU�����

WKURXJK�PHFKDQLFDO�VKHDULQJ�ZLWK�D�SXOOHG�3DVWHXU¶V�SLSHW�RU�E\�GLVVRFLDWLRQ�XVLQJ�7U\S/(������

7R�LQFUHDVH�VXUYLYDO�WKH�PHGLXP�ZDV�VXSSOHPHQWHG�ZLWK�52&.�LQKLELWRU��<�����������ȝ0������

DIWHU�VSOLWWLQJ������

53(�� DQG� +(.���7� FHOOV� ZHUH� FXOWXUHG� LQ� '0(0�� ���� IHWDO� ERYLQH� VHUXP�� �������

SHQLFLOOLQ�� DQG� ��� VWUHSWRP\FLQ�� $IWHU� WUDQVGXFWLRQ�� 53(�� FHOOV� DQG� WKH� PRXVH� EODGGHU�����

RUJDQRLGV�ZHUH�SODFHG�RQ��������J�PO�DQG����J�PO�SXURP\FLQ�VHOHFWLRQ��UHVSHFWLYHO\��&HOOV�����
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ZHUH� LQFXEDWHG� ZLWK� ��� Q0� 7&''� �/*&��� ��� �0� %>D@3� �VLJPD��� RU� ��� �0� &+������������

�6DQELR��RU�YHKLFOH�DORQH��'062��IRU���K�XQOHVV�RWKHUZLVH�VWDWHG�������

,PPXQRIOXRUHVFHQFH�����

53(��FHOOV�H[SUHVVLQJ�K$+5�PXWDQWV�ZHUH�SODWHG�RQ�FRYHUVOLSV�DQG�LQFXEDWHG�ZLWK�7&''������

%>D@3��&+��������RU�XQWUHDWHG��'062��IRU���RU���K��&HOOV�ZHUH�IL[HG�LQ����IRUPDOGHK\GH������

SHUPHDELOL]HG�ZLWK������7ULWRQ�;�����LQ�3%6��DQG�EORFNHG�ZLWK����%6$�LQ�3%6��$+5�ZDV�����

VWDLQHG�ZLWK�$QWL�$+5�DQWLERG\��$EFDP�DE�������� LQ�EORFNLQJ�EXIIHU��$IWHU� LQFXEDWLRQ�ZLWK�����

WKH�SULPDU\�DQWLERG\��FHOOV�ZHUH�ZDVKHG� IROORZHG�E\� LQFXEDWLRQ�ZLWK�VHFRQGDU\�DQWLERGLHV�����

FRQMXJDWHG�ZLWK�$OH[D�IOXRU�G\HV��6XEVHTXHQWO\��WKH�FHOOV�ZHUH�ZDVKHG��FRXQWHUVWDLQHG�ZLWK�����

'$3,��DQG�PRXQWHG�RQ�PLFURVFRSH�VOLGHV�� ,PDJHV�ZHUH� WDNHQ�ZLWK�SUHGHILQHG�VHWWLQJV�RQ�����

=HLVV�/60����PLFURVFRSH�DQG�DQDO\]HG�ZLWK�)XLM�LPDJH-��5DWLRV�RI�$+5�VLJQDO� LQWHQVLWLHV�����

ZHUH�FDOFXODWHG�E\�GHWHUPLQLQJ�DYHUDJH�JUH\�YDOXH� LQWHQVLWLHV� IRU�HDFK�QXFOHXV��EDVHG�RQ�����

GDSL�VWDLQLQJ��DQG�IRU�HDFK�FRUUHVSRQGLQJ�F\WRSODVP��DV���0�EDQG�DURXQG�HDFK�QXFOHXV�������

7KH� ILUVW� VWHSV� LQ� WKH� LPPXQRIOXRUHVFHQFH� SURFHGXUH� IRU� WKH� PRXVH� EODGGHU�����

RUJDQRLGV�DUH�GLIIHUHQW�IURP�WKH�SURFHGXUH�GHVFULEHG�SUHYLRXVO\��)LUVW��GLVSDVH�ZDV�DGGHG�WR�����

D� ILQDO� FRQFHQWUDWLRQ� RI� �PJ�PO� WR� D� ZDUP�PHGLXP� DQG� LQFXEDWHG� IRU� ���PLQ� DW� ���&� WR�����

GLVVROYH�WKH�0DWULJHO��2UJDQRLGV�ZHUH�KDUYHVWHG�E\�JHQWOH�SLSHWWLQJ��FROOHFWHG�LQ�D�WXEH��DQG�����

ZDVKHG�ZLWK�FROG�$GYDQFHG�'0(0�)����7KH�RUJDQRLGV�ZHUH�FHQWULIXJHG��ZDVKHG� LQ�3%6�����

IROORZHG�E\�DQRWKHU� FHQWULIXJDWLRQ� VWHS�� 7KH� UHVXOWLQJ� RUJDQRLG� SHOOHW�ZDV� UHVXVSHQGHG� LQ�����

����O� 3%6� DQG� WUDQVIHUUHG� WR� /DE�7HN�&KDPEHU� VOLGHV�� 7KH� RUJDQRLGV� ZHUH� IL[HG� E\� WKH�����

DGGLWLRQ�RI����IRUPDOGHK\GH�IROORZHG�E\��K�LQFXEDWLRQ�DW�57��7KH�RUJDQRLGV�DWWDFKHG�WR�WKH�����

ERWWRP� RI� WKH� FKDPEHU� VOLGH� ZHUH� ZDVKHG� WZLFH� ZLWK� 3%6�� 6XEVHTXHQWO\�� WKH� RUJDQRLGV�����

ZHUH� LQFXEDWHG� LQ�EORFNLQJ�EXIIHU�DQG� WKH� LPPXQRIOXRUHVFHQFH�SURFHGXUH�ZDV� IROORZHG�DV�����

GHVFULEHG�IRU�WKH�53(��FHOOV������

/XFLIHUDVH�UHSRUWHU�JHQH�DVVD\������

+(.���7�FHOOV�ZHUH�FXOWXUHG� LQ����ZHOOV�SODWHV�DQG� WUDQVLHQWO\� WUDQVIHFWHG�ZLWK�SF'1$��������

HPSW\�YHFWRU�RU�SF'1$����YHFWRU�FRQWDLQLQJ�WKH�H[SUHVVLRQ�FDVVHWWH�RI�K$+5:7��K$+54���+������
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RU�K$+5ǻH��������QJ���WRJHWKHU�ZLWK�WKH�S*/��;5(�/XF��UHSRUWHU�YHFWRU�������QJ��DQG�S5/�����

&09�5HQLOOD�YHFWRU� ���QJ�����K�DIWHU� WUDQVIHFWLRQ��FHOOV�ZHUH� WUHDWHG�ZLWK� OLJDQG�7&''���������

Q0�� RU� %>D@3� DQG�RU� DQWDJRQLVW� &+������� IRU� DSSUR[LPDWHO\� ��K�� /XFLIHUDVH� DFWLYLW\� ZDV�����

PHDVXUHG�ZLWK�WKH�'XDO�/XFLIHUDVH�UHSRUWHU�DVVD\�V\VWHP�DQG�QRUPDOL]HG�IRU�5HQLOOD�DFWLYLW\�����

�3URPHJD�� 0DGLVRQ�� :,��� 7KH� UHVXOWV� DUH� DYHUDJHV� RI� DW� OHDVW� WKUHH� LQGHSHQGHQW�����

H[SHULPHQWV�DVVD\HG� LQ�GXSOLFDWH���6(0��5HVXOWV�DUH�SUHVHQWHG�DV�FKDQJH� UHODWLYH� WR� WKH�����

HPSW\�YHFWRU�LQ�WKH�XQWUHDWHG��'062��FRQGLWLRQ�������

51$�VHTXHQFLQJ�����

7KH� 51$� IURP� WKH� WUDQVJHQLF� PRXVH� EODGGHU� RUJDQRLGV� ZDV� LVRODWHG� ZLWK� 7UL]RO�����

�7KHUPR)LVKHU�� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU¶V� LQVWUXFWLRQV�� 51$�VHT� OLEUDULHV� ZHUH�����

SUHSDUHG� XVLQJ� 7UX6HT� 6WUDQGHG� 7RWDO� 51$� /LEUDU\� 3UHS� .LW� �,OOXPLQD�� DFFRUGLQJ� WR� WKH�����

PDQXIDFWXUHU¶V�SURWRFRO��51$�VHT�OLEUDULHV�ZHUH�SRROHG�DQG�VHTXHQFHG�RQ�D�1H[W6HT���������

�,OOXPLQD�� LQ��[��ES�VLQJOH�HQG�PRGH��51$�VHTXHQFLQJ�UHDGV�ZHUH�DOLJQHG�DJDLQVW�PRXVH�����

UHIHUHQFH�JHQRPH�*5&P���XVLQJ�67$5�DQG� WKH�QXPEHU�RI� UHDGV�PDSSLQJ� WR�JHQHV�ZDV�����

FRXQWHG� XVLQJ� IHDWXUH&RXQWV� DOO� E\� XVLQJ� D� FXVWRP� LQ�KRXVH� SLSHOLQH�����

�KWWSV���JLWKXE�FRP�80&8*HQHWLFV�51$6HT�1)��� 7KH� %LRFRQGXFWRU� SDFNDJH� '(6HT�� ZDV�����

XVHG�WR�QRUPDOL]H�UDZ�UHDG�FRXQWV�DQG�WR�SHUIRUP�GLIIHUHQWLDO�JHQH�H[SUHVVLRQ�DQDO\VLV�ZLWK�����

DSHJOP� VKULQNDJH� ������� 7KH� DQDO\VHV� ZHUH� SHUIRUPHG�ZLWK� VLJQLILFDQW� �3�DGMXVW������� DQG�����

GLIIHUHQWLDOO\� H[SUHVVHG� �/RJ�)ROG&KDQJH!����� JHQHV�ZLWK� H[FHSWLRQ� RI� OXPLQDO� DQG� EDVDO�����

PDUNHU� DQDO\VHV� ZKHUH� VPDOOHU� GLIIHUHQFHV� ZHUH� LQFOXGHG� �/RJ�)ROG&KDQJH!������ 7KH�����

%LRFRQGXFWRU� SDFNDJH� FOXVWHU3URILOHU� DQG� 5HYLJR� ZHUH� XVHG� IRU� *2� HQULFKPHQW� DQDO\VLV�����

������������

�����

VF51$�VHT�����

7KH�WUDQVJHQLF�PRXVH�EODGGHU�RUJDQRLGV�ZHUH�FXOWXUHG�LQ��'�DQG�GLVVRFLDWHG�WR�VLQJOH�FHOOV�����

XVLQJ�D����PLQ�LQFXEDWLRQ�ZLWK�7U\/(��&HOOV�ZHUH�VRUWHG�LQWR�����ZHOO�FDSWXUH�SODWHV�DQG�WKH�����

VF51$� OLEUDU\� SUHSDUDWLRQ� DQG� VHTXHQFLQJ� ZHUH� SHUIRUPHG� DFFRUGLQJ� WR� WKH� 6257�VHT�����
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SURWRFRO� E\�6LQJOH�&HOO�'LVFRYHULHV�%�9�� ���� )RU� DOO� VLQJOH� FHOOV�� UHDGV�ZHUH� DOLJQHG� WR� WKH�����

PRXVH�UHIHUHQFH�JHQRPH�*5&P���DQG�6RUW�VHT�UHDG�FRXQWV�ZHUH�ILOWHUHG�WR�H[FOXGH�UHDGV�����

ZLWK� LGHQWLFDO� OLEUDU\��� FHOO�� DQG�PROHFXOHV� ����:LWK� WKH�6HXUDW�5�SDFNDJH�� ORZ�TXDOLW\� FHOOV�����

ZHUH� UHPRYHG�E\�D�FXW�RII�RI������� WUDQVFULSWV�SHU�FHOO�DQG� WKH�GDWD�ZDV�QRUPDOL]HG�DQG�����

VFDOHG� ���� 7KH� WRS� �����PRVW� YDULDEOH� JHQHV� LQ� WKH� GDWDVHW� ZHUH� LGHQWLILHG� DQG� XVHG� IRU�����

SULQFLSDO� FRPSRQHQW� DQDO\VLV� WR� GHWHUPLQH� GLPHQVLRQDOLW\� DQG� FOXVWHULQJ� RI� WKH� GDWDVHW������

&OXVWHU�JHQH�PDUNHUV�ZHUH�GHWHFWHG�XVLQJ�D�:LOFR[RQ�UDQN�VXP�WHVW�EHWZHHQ�HDFK�FOXVWHU�����

DQG�WKH�UHVW�RI�WKH�FHOOV�LQ�WKH�GDWDVHW�ZLWK�D�ERQIHUURQL�FRUUHFWLRQ�IRU�PXOWLSOH�WHVWLQJ�������

6RIW�DJDU�DVVD\������

��� DJDURVH� �5()������������� ZDV� GLVVROYHG� DQG� DXWRFODYHG� LQ� ���� PO� (%66�� 2QH�����

YROXPH� RI� PHOWHG� ��� DJDURVH� ZDV� PL[HG� ZLWK� IRXU� YROXPHV� RI� $GYDQFHG� '0(0�)��� WR�����

REWDLQ�D������VROXWLRQ��7KLV�PL[WXUH�ZDV�DGGHG� WR���ZHOO�SODWHV� �����PO�ZHOO�� LQ�ZKLFK� WKH�����

JHOV� ZHUH� DOORZHG� WR� VROLGLI\�� 6XEVHTXHQWO\�� 7U\SOH� ZDV� XVHG� WR� SUHSDUH� VLQJOH�FHOO�����

VXVSHQVLRQV� RI� WKH� PRXVH� EODGGHU� RUJDQRLGV�� 7KH� FHOOV� ZHUH� FRXQWHG� DQG� IRU� HDFK�����

FRQGLWLRQ�� ����PO� RI� FHOO� VXVSHQVLRQ�ZDV� SUHSDUHG� DW� D� FRQFHQWUDWLRQ� RI� �[��H�� FHOOV�PO� LQ�����

FRPSOHWH�PHGLXP��7KH�FHOO�VXVSHQVLRQ�ZDV�PL[HG�����ZLWK�D�ZDUP������DJDURVH�VROXWLRQ�WR�����

JHW� ���� [��H�� FHOOV�PO� LQ� �����DJDURVH� VROXWLRQ�� 3HU�ZHOO� ����PO� DJDURVH�FHOO�PL[WXUH�ZDV�����

SODWHG��7KH�QH[W�GD\������O�RI� WKH�PHGLXP�ZDV�DGGHG�DQG� WKH�FHOOV�ZHUH� UHIHG�HYHU\���������

GD\V��$IWHU���ZHHNV� WKH�FHOOV�ZHUH�VWDLQHG�ZLWK�QLWUREOXH� WHWUD]ROLXP�FKORULGH�VROXWLRQ�DQG�����

SLFWXUHV�ZHUH�PDGH��&RORQLHV�ZHUH�FRXQWHG�XVLQJ�,PDJH-������

$FNQRZOHGJPHQWV������

:H� DUH� JUDWHIXO� WR� -DVSHU�0XOOHQGHUV� DQG�+DQV�&OHYHUV� IRU� SURYLGLQJ� WKH�PRXVH� EODGGHU�����

RUJDQRLGV��:H�WKDQN�/LYLR�.OHLM� IRU�KLV�VXSSRUW�ZLWK�PLFURVFRS\��6LQJOH�&HOO�'LVFRYHULHV�IRU�����

VXSSRUW� ZLWK� VLQJOH� FHOO� 51$� VHTXHQFLQJ�� WKH� 8WUHFKW� 6HTXHQFLQJ� )DFLOLW\� IRU� SURYLGLQJ�����

VHTXHQFLQJ�VHUYLFH�� DQG� WKH�80&�8WUHFKW�%LRLQIRUPDWLFV�([SHUWLVH�&RUH� IRU� GDWD�DQDO\VLV�����

DQG�GDWD�KDQGOLQJ��7KH�8WUHFKW�6HTXHQFLQJ�)DFLOLW\�LV�VXEVLGL]HG�E\�WKH�8QLYHUVLW\�0HGLFDO�����

&HQWHU� 8WUHFKW�� +XEUHFKW� ,QVWLWXWH�� 8WUHFKW� 8QLYHUVLW\�� DQG� 7KH� 1HWKHUODQGV� ;�RPLFV�����
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,QLWLDWLYH� �1:2� SURMHFW� �������������� 7KH� 80&� 8WUHFKW� %LRLQIRUPDWLFV� ([SHUWLVH� &RUH� LV�����

VXEVLGL]HG� E\� WKH�8QLYHUVLW\�0HGLFDO� &HQWHU� 8WUHFKW�� &HQWHU� IRU�0ROHFXODU�0HGLFLQH�� 7KLV�����

SXEOLFDWLRQ�DQG�WKH�XQGHUO\LQJ�VWXG\�KDYH�EHHQ�PDGH�SRVVLEOH�SDUWO\�EDVHG�RQ�WKH�GDWD�WKDW�����

+DUWZLJ�0HGLFDO�)RXQGDWLRQ�DQG�WKH�&HQWHU�RI�3HUVRQDOLVHG�&DQFHU�7UHDWPHQW��&3&7��KDYH�����

PDGH�DYDLODEOH�WR�WKH�VWXG\������

'DWD�DYDLODELOLW\�����

7KH�EXON�51$�VHTXHQFLQJ�DQG� WKH�VF51$�VHT�GDWD�RI� WKH�PRXVH�EODGGHU�RUJDQRLGV�KDYH�����

EHHQ�GHSRVLWHG�LQ�(1$�ZLWK�WKH�DFFHVVLRQ�FRGH�35-(%�����������

$XWKRU�FRQWULEXWLRQV�����

-09��(�.XLMN��1%��':�DQG�(&�GHVLJQHG�DQG�SHUIRUPHG�H[SHULPHQWV�LQFOXGLQJ�GDWD�DQDO\VLV�����

DQG� LQWHUSUHWDWLRQ�� $%�� DQG� (� .DONKRYHQ� GHVLJQHG� DQG� SHUIRUPHG� WKH� OXFLIHUDVH� DVVD\�����

H[SHULPHQWV��&6�DQG�33�FRQGXFWHG�+DUWZLJ�GDWDEDVH�DQDO\VLV��%0)�SURYLGHG�:HLOO�&RUQHOO�����

0HGLFLQH�GDWD�DQDO\VLV��33�DQG�(&�FRQFHLYHG�WKH�RULJLQDO�LGHD��(&�DQG�(�.XLMN�VXSHUYLVHG�����

WKH�SURMHFW��-09��(�.XLMN��DQG�(&�ZURWH�WKH�PDQXVFULSW�ZLWK�LQSXW�IURP�DOO�DXWKRUV�������

&RPSHWLQJ�LQWHUHVWV�����

7KH�DXWKRUV�GHFODUH�QR�FRPSHWLQJ�LQWHUHVWV������

�����

� �����
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5HIHUHQFHV������

��� $PHULFDQ�&DQFHU�6RFLHW\��&DQFHU�)DFWV�	�)LJXUHV�������$WODQWD��$PHULFDQ�&DQFHU�����
6RFLHW\������������

��� -DPHV�$&��*RUH�-/��7KH�FRVWV�RI�QRQ�PXVFOH�LQYDVLYH�EODGGHU�FDQFHU��8URO�&OLQ�1RUWK�����
$P�������40�����±���������

��� /HQLV�$7��/HF�30��&KDPLH�.��0VKV�0'��%ODGGHU�&DQFHU��$�5HYLHZ��-$0$�������324������
����±����������

��� /RULRW�<��1HFFKL�$��3DUN�6+��*DUFLD�'RQDV�-��+XGGDUW�5��%XUJHVV�(�HW�DO��(UGDILWLQLE�LQ�����
/RFDOO\�$GYDQFHG�RU�0HWDVWDWLF�8URWKHOLDO�&DUFLQRPD��1�(QJO�-�0HG�������381�����±����
���������

��� %HUGLN�&��8QORFNLQJ�EODGGHU�FDQFHU��1DWXUH�������551��6��±6��������

��� $EGROODK�)��*DQGDJOLD�*��7KXUHW�5��6FKPLWJHV�-��7LDQ�=��-HOGUHV�&�HW�DO��,QFLGHQFH������
VXUYLYDO�DQG�PRUWDOLW\�UDWHV�RI�VWDJH�VSHFLILF�EODGGHU�FDQFHU�LQ�8QLWHG�6WDWHV��D�WUHQG�����
DQDO\VLV��&DQFHU�(SLGHPLRO�������37�����±���������

��� /DZVRQ�$5-��$EDVFDO�)��&RRUHQV�7++��+RRNV�<��2¶1HLOO�/��/DWLPHU�&�HW�DO��([WHQVLYH�����
KHWHURJHQHLW\�LQ�VRPDWLF�PXWDWLRQ�DQG�VHOHFWLRQ�LQ�WKH�KXPDQ�EODGGHU��6FLHQFH�����������
370����±��������

��� 1DNDXPD�*RQ]iOH]��-��$OEHUWR��-��$OEHUWR�1DNDXPD�*RQ]iOH]��0DXG�5LMQGHUV��-RE�YDQ�����
5LHW��0LFKLHO�6��YDQ�GHU�+HLMGHQ��-HQV�9RRUWPDQ��(GZLQ�&XSSHQ��HW�DO��������³0ROHFXODU�����
&KDUDFWHUL]DWLRQ�5HYHDOV�*HQRPLF�DQG�7UDQVFULSWRPLF�6XEW\SHV�RI�0HWDVWDWLF�����
8URWKHOLDO�&DUFLQRPD�´�ELR5[LY������������������������

��� 5REHUWVRQ�$*��.LP�-��$O�$KPDGLH�+��%HOOPXQW�-��*XR�*��&KHUQLDFN�$'�HW�DO������
&RPSUHKHQVLYH�0ROHFXODU�&KDUDFWHUL]DWLRQ�RI�0XVFOH�,QYDVLYH�%ODGGHU�&DQFHU��&HOO�����
������174������������

���� &DQFHU�*HQRPH�$WODV�5HVHDUFK�1HWZRUN��&RPSUHKHQVLYH�PROHFXODU�FKDUDFWHUL]DWLRQ�RI�����
XURWKHOLDO�EODGGHU�FDUFLQRPD��1DWXUH�������507�����±���������

���� 6KL�0�-��0HQJ�;�<��)RQWXJQH�-��&KHQ�&�/��5DGYDQ\L�)��%HUQDUG�3LHUURW�,��,GHQWLILFDWLRQ�����
RI�QHZ�GULYHU�DQG�SDVVHQJHU�PXWDWLRQV�ZLWKLQ�$32%(&�LQGXFHG�KRWVSRW�PXWDWLRQV�LQ�����
EODGGHU�FDQFHU��*HQRPH�0HG�������12����������

���� 'HQLVRQ�06��6RVKLORY�$$��+H�*��'H*URRW�'(��=KDR�%��([DFWO\�WKH�VDPH�EXW�GLIIHUHQW������
SURPLVFXLW\�DQG�GLYHUVLW\�LQ�WKH�PROHFXODU�PHFKDQLVPV�RI�DFWLRQ�RI�WKH�DU\O�K\GURFDUERQ�����
�GLR[LQ��UHFHSWRU��7R[LFRO�6FL�������124���±��������

���� :DQJ�=��6Q\GHU�0��.HQLVRQ�-(��<DQJ�.��/DUD�%��/\GHOO�(�HW�DO��+RZ�WKH�$+5�%HFDPH�����
,PSRUWDQW�LQ�&DQFHU��7KH�5ROH�RI�&KURQLFDOO\�$FWLYH�$+5�LQ�&DQFHU�$JJUHVVLRQ��,QW�-�����
0RO�6FL�������22��GRL���������LMPV��������������

���� 3ULHVWOH\�3��%DEHU�-��/RONHPD�03��6WHHJKV�1��GH�%UXLMQ�(��6KDOH�&�HW�DO��3DQ�FDQFHU�����
ZKROH�JHQRPH�DQDO\VHV�RI�PHWDVWDWLF�VROLG�WXPRXUV��1DWXUH�������575�����±���������

���� 6KDOH��&KDUOHV��-RQDWKDQ�%DEHU��'DQLHO�/��&DPHURQ��0DULH�:RQJ��0DUN�-��&RZOH\������
$QWKRQ\�7��3DSHQIXVV��(GZLQ�&XSSHQ��DQG�3HWHU�3ULHVWOH\��������³8QVFUDPEOLQJ�����
&DQFHU�*HQRPHV�YLD�,QWHJUDWHG�$QDO\VLV�RI�6WUXFWXUDO�9DULDWLRQ�DQG�&RS\�1XPEHU�´�����
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���� 'HQLVRQ�06��1DJ\�65��$FWLYDWLRQ�RI�WKH�DU\O�K\GURFDUERQ�UHFHSWRU�E\�VWUXFWXUDOO\�����
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)LJXUHV�/HJHQGV�����

)LJXUH����$+5�DOWHUDWLRQV�LQ�VRPDWLF�PHWDVWDWLF�XULQDU\�WUDFW�SDWLHQWV�������

D�� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� $+5� JHQH� �(167�������������� �� *5&K���� ZLWK� D�����

PDJQLILFDWLRQ� RI� WKH� JHQRPLF� UHJLRQ� DURXQG� H[RQ� �� �� �� �&KU���������������������� 7KH�����

SRLQW�PXWDWLRQ�4���+��F�����*!&��LV�PDUNHG�ZLWK�DQ�DVWHULVN��7KH�EODFN�EDUV�LQ�WKH�ORZHU�����

SDUW�RI�WKH�ILJXUH�UHSUHVHQW�WKH�H[WHQW�RI�WKH�JHQRPLF�GHOHWLRQV�LGHQWLILHG�LQ�WKH�XULQDU\�WUDFW�����

FDQFHU� SDWLHQWV�� 6HH� VXSSOHPHQWDU\� WDEOH� �� IRU� JHQRPLF� SRVLWLRQV� RI� WKH� GHOHWLRQV�� E�� 3LH�����

FKDUW� RI� WKH� QXPEHU� RI� GHWHFWHG� $+5� DOWHUDWLRQV�� $+5� DPSOLILFDWLRQ� �$PS��� $+5ǻH���������

$+54���+�RU�QRQ�DIIHFWHG�VDPSOHV�LQ�WKH�XULQDU\�WUDFW�SDWLHQW�FRKRUW�RI�WKH�+DUWZLJ�GDWDEDVH������

F��6FKHPDWLF�LOOXVWUDWLRQ�RI�WKH�$+K5�IXQFWLRQDO�GRPDLQV�DQG�WKH�SRVLWLRQV�RI�$+54���+�DQG�����

$+5ǻH�����7KH�GHOHWLRQ��$+5ǻH�����GLVUXSWV�WKH�3$6�%�GRPDLQ��OLJDQG�ELQGLQJ�GRPDLQ��/%'�������

DQG�;$3��DQG�+63���SURWHLQ� LQWHUDFWLRQ�GRPDLQV��G��&DQRQLFDO�$+K5�VLJQDOLQJ�SDWKZD\������

�)LJXUH�FUHDWHG�ZLWK�%LR5HQGHU�FRP���H��9LVXDOL]DWLRQ�RI�WRS����DIIHFWHG�JHQHV�SHU�PXWDWLRQ�����

W\SH�LQ�XULQDU\�WUDFW�FDQFHU�VDPSOHV�RI�WKH�+DUWZLJ�GDWDEDVH�����*HQH�QDPHV�DUH�FRORUHG�IRU�����

RQFRJHQHV��UHG��DQG�WXPRU�VXSSUHVVRU�JHQHV��EOXH���I��%R[SORW�RI�WKH�DGMXVWHG�730�YDOXHV�����

IRU�$+5� WUDQVFULSW��$VWHULVNV� LQGLFDWH� WZR�VDPSOHV� WKDW� FRQWDLQ� WKH�GHOHWLRQ� �$+5ǻH����� EXW�����

DOVR�KDYH�DQ�DPSOLILFDWLRQ�RI�WKH�$+5�JHQH��J��%R[SORW�RI�WKH�DGMXVWHG�730�YDOXHV�RI�$+5�����

WDUJHW�JHQHV�������

�����

)LJXUH����$OWHUHG�SURWHLQ�ORFDOL]DWLRQ�DQG�PHGLDWHG�WUDQVFULSWLRQ�DFWLYDWLRQ�RI�K$+5�PXWDQWV�������

D�� /XFLIHUDVH� UHSRUWHU� DVVD\� RI� +(.���7� FHOOV� WUDQVIHFWHG� ZLWK� HPSW\� FRQWURO�� K$+5:7������

K$+54���+�� RU� K$+5ǻH���� YHFWRUV� WRJHWKHU� ZLWK� ;5(�OXFLIHUDVH� UHSRUWHU� FRQVWUXFW�� $VVD\V�����

ZHUH� SHUIRUPHG� ZLWK� GLIIHUHQW� $+5� OLJDQGV� �7&''� DQG� %>D@3�� DQG� $+5� DQWDJRQLVW� �&+�����

��������FRQGLWLRQV��6LJQLILFDQFH�ZDV�FDOFXODWHG�ZLWK�6WXGHQW¶V�7�WHVW� IRU�VWLPXODWHG�YHUVXV�����

XQWUHDWHG�FRQGLWLRQ�SHU�FRQVWUXFW��
�S���������

�S���������5/8� �UHODWLYH� OXFLIHUDVH�XQLW��E������

,PPXQRIOXRUHVFHQFH�RI�53(��FHOOV�WKDW�H[SUHVV�K$+5:7��K$+54���+��RU�K$+5ǻH����WKDW�ZHUH�����

LQFXEDWHG� IRU� �K�ZLWK� 7&''� RU� &+��������� $+5�ZDV� GHWHFWHG�ZLWK� LPPXQRIOXRUHVFHQFH�����

�UHG�� DQG� '1$�ZLWK� 'DSL� �EOXH��� 7KH� ER[SORWV� SUHVHQW� WKH� $+5� VLJQDO� UDWLR� RI� QXFOHDU� WR�����
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F\WRSODVPLF� VLJQDO� IRU� DOO� LQGLYLGXDO� FDSWXUHG� FHOOV��8QWUDQVGXFHG� FHOOV� VHUYHG�DV� QHJDWLYH�����

FRQWUROV� �OHIW� SDQHOV��� F�� ,PPXQRIOXRUHVFHQFH� RI� PRXVH� EODGGHU� RUJDQRLGV� WKDW� H[SUHVV�����

K$+5:7�� K$+54���+�� RU� K$+5ǻH���� DQG� ZHUH� LQFXEDWHG� IRU� ��K� ZLWK� 7&''�� $+5� ZDV�����

GHWHFWHG�ZLWK� LPPXQRIOXRUHVFHQFH� �UHG�� DQG�'1$�ZLWK�'DSL� �EOXH��� G�� /XFLIHUDVH� UHSRUWHU�����

DVVD\� RI� +(.���7� FHOOV� WUDQVIHFWHG� ZLWK� LQFUHDVLQJ� FRQFHQWUDWLRQ� RI� K$+5:7�� K$+5ǻH���������

DQG�HPSW\�FRQWURO�YHFWRUV�������

�����

)LJXUH����7UDQVFULSWRPH�DQDO\VLV�RI�FRQVWLWXWLYHO\�DFWLYDWHG�K$+5ǻH����PXWDQW�������

D�� 5ORJ� YDOXHV� RI� WKH� ����PRVW� GLIIHUHQWLDOO\� H[SUHVVHG� JHQHV� EHWZHHQ� WKH� K$+5:7� DQG�����

K$+5ǻH����H[SUHVVLQJ�PRXVH�EODGGHU�RUJDQRLGV� LQ�XQWUHDWHG�DQG�7&''�WUHDWHG�FRQGLWLRQV������

E��%R[SORW�RI�QRUPDOL]HG�FRXQWV�RI�51$�UHDGV�RI�$+5�WDUJHW�JHQHV�IRU�WKH�XQWUHDWHG�PRXVH�����

EODGGHU� RUJDQRLGV� H[SUHVVLQJ� K$+5� PXWDQWV� �Q ���� F�� ,PDJHV� RI� 'DSL� VWDLQHG� PRXVH�����

EODGGHU�RUJDQRLGV�H[SUHVVLQJ�K$+5�PXWDQWV��7KH� ORZHU�SDQHO� VKRZV� WKH�PDJQLILFDWLRQ�RI�����
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