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+RZ�GR�0DJQHWRWDFWLF�%DFWHULD�6\QWKHVL]H�0DJQHWLWH"�±�D�6RIW�;�UD\�6SHFWURVFRS\��
6SHFWURPLFURVFRS\�DQG�0DJQHWLVP�7LPH�&RXUVH�6WXG\��
�
/XFDV�/H�1DJDUG���;LDRKXL�=KX���$GDP�3��+LWFKFRFN���'HQQLV�$��%D]\OLQVNL���6XIDO�6ZDUDM���6WHIDQ�
6WDQHVFX��DQG�5DFKLG�%HONKRX����
�

���'HSW��&KHPLVWU\�	�&KHP��%LRORJ\��0F0DVWHU�8QLYHUVLW\��+DPLOWRQ��&DQDGD�
���6FKRRO�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�1HYDGD�/DV�9HJDV��/DV�9HJDV��86$�
���6\QFKURWURQ�6ROHLO��6W��$XELQ��)UDQFH�
�&RUUHVSRQGLQJ�DXWKRU��DSK#PFPDVWHU�FD�
�
3URNDU\RWH� DQG� DUFKDHRQ�PDJQHWRWDFWLF�EDFWHULD� �07%��ELRPLQHUDOL]H� FKDLQV�RI� VLQJOH�GRPDLQ��)H�2��
QDQRSDUWLFOHV�� NQRZQ� DV�PDJQHWRVRPHV��0DJQHWRVRPHV��ZKLFK� DUH� DUUDQJHG� LQ� FKDLQV� LQVLGH� WKH� FHOO��
IXQFWLRQ� DV� D� VWURQJ�PDJQHWLF� GLSROH� VR� WKH� FHOO� DOLJQV�ZLWK� WKH� HDUWK¶V�PDJQHWLF� ILHOG��&RXSOHG�ZLWK�
R[\JHQ� VHQVLQJ� �DHURWD[LV��� PDJQHWR�DHURWD[LV� LV� EHOLHYHG� WR� LQFUHDVH� WKH� HIILFLHQF\� RI� WKH� 07%� LQ�
ILQGLQJ�WKHLU�RSWLPDO�2��FRQFHQWUDWLRQ�LQ�WKH�VHGLPHQWV��WKH�LQWHUIDFH�RI�R[LF�DQG�DQR[LF�]RQHV��>�@��$V�
RQH�RI�WKH�VLPSOHVW�ELRPLQHUDOL]LQJ�PLFURRUJDQLVPV��07%�DUH�DQ�LGHDO�PRGHO�WR�VWXG\�ELRPLQHUDOL]DWLRQ�
PHFKDQLVPV��$OWKRXJK� WKH� JHQHWLF� FRQWURO� LV� DFWLYHO\� XQGHU� VWXG\� DQG� D� FRQVHUYHG� FRUH� RI� JHQHV� KDV�
EHHQ� LGHQWLILHG�� WKH� FKHPLFDO� VWHSV� LQ� PDJQHWRVRPH� ELRPLQHUDOL]DWLRQ� DUH� VWLOO� QRW� IXOO\� XQGHUVWRRG��
6HYHUDO� FRPSHWLQJ� K\SRWKHVHV� H[LVW�� )UDQNHO� HW� DO�� >�@� UHSRUWHG� WKDW� �)H����2�ā���+�2�� DQ� DPRUSKRXV�
IHUULK\GULWH�� SUHFXUVRU�� LV� IRUPHG� ILUVW�� ZKLFK� LV� WKHQ� SDUWLDOO\� UHGXFHG� DQG� GHK\GUDWHG� WR� )H�2���
+RZHYHU��)DLYUH� HW�DO�� >�@�GLG�QRW�REVHUYH�DQ\�PLQHUDO�SUHFXUVRU� LQ�D� WLPH�UHVROYHG�0|VVEDXHU� VWXG\�
DQG�VXJJHVWHG�WKDW�)H�,,��DQG�)H�,,,��TXLFNO\�FR�SUHFLSLWDWH�WR�GLUHFWO\�IRUP�)H�2��ZLWKLQ�PDJQHWRVRPH�
YHVLFOHV�� ,Q� D� UHFHQW� VWXG\� >�@�� ZH� REVHUYHG� KHPDWLWH� �Į�)H�2��� LQ�09���07%�� ZKLFK� ZDV� OLNHO\� D�
SUHFXUVRU� LQ�PDJQHWRVRPH� )H�2�� IRUPDWLRQ��:H� DUH� LQYHVWLJDWLQJ� ELRPLQHUDOL]DWLRQ� LQ�$0%���07%�
FHOOV�XVLQJ�)H�/�HGJH�;�UD\�DEVRUSWLRQ�VSHFWUD��;$6��DQG�;�UD\�PDJQHWLF�FLUFXODU�GLFKURLVP��;0&'��
RI�LQGLYLGXDO�FHOOV�DQG�PDJQHWRVRPHV�PHDVXUHG�E\�6FDQQLQJ�7UDQVPLVVLRQ�;�UD\�0LFURVFRS\��67;0���
7KH�PHDVXUHPHQWV�DUH�PDGH�DW�WKH�+HUPHV�67;0�DW�6ROHLO��DV�ZHOO�DV�DW�&/6�D67;0��:H�XVH�D�WLPH�
FRXUVH� DSSURDFK��:H� VWDUW� ZLWK� QRQ�PDJQHWLF� FHOOV� �JURZQ� LQ� DEVHQFH� RI� )H��� LQLWLDWH� PDJQHWRVRPH�
IRUPDWLRQ�E\�DGGLQJ�)H�WR�WKH�FXOWXUH��DQG�VDPSOH�DW�YDULRXV�VWDJHV�RI�PDJQHWRVRPH�JURZWK�DQG�FKDLQ�
IRUPDWLRQ��2QFH� GULHG� RQ� D� 7(0� JULG� WKH� FHOOV� DUH� GHDG� DQG� VWDEOH�� %\�PHDVXULQJ� WKH� )H� FKHPLVWU\�
LQVLGH�UHSUHVHQWDWLYH�FHOOV��DQG�WKH�PDJQHWLVP�RI�QDVFHQW�PDJQHWRVRPHV��ZH�SUREH�KRZ�07%�V\QWKHVL]H�
)H�2�� PDJQHWRVRPHV�� $� FRPELQHG� 7(0�� ;$6� VWXG\� RI� $0%��� WLPH� FRXUVH� VDPSOHV� ZDV� UHSRUWHG�
HDUOLHU�>�@��EXW�WKH\�RQO\�PHDVXUHG�DYHUDJH�)H�/�VSHFWUD�RI�PDQ\�FHOOV��QRW�LQVLGH�LQGLYLGXDO�FHOOV��
�
:H�VDPSOHG�WKH�WLPH�FRXUVH�DW���PLQ��MXVW�EHIRUH�DGGLQJ�WKH�)H�GHSOHWHG�FHOOV�WR�)H�FRQWDLQLQJ�PHGLD���
���PLQ�����PLQ����KU����KU����KU����KU�DQG����KU��)H�/����HGJH�;$6�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�RQ�
WKHVH� $0%��� VDPSOHV�� 7UDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� RI� WKH� � WLPH� FRXUVH� VDPSOHV� DW� 0F0DVWHU�
VKRZHG� WKDW�PDJQHWRVRPHV� DSSHDUHG� LQ� VRPH�FHOOV� DIWHU�����KRXUV��)H�/��67;0�;$6� UHVXOWV� �VLQJOH�
VSHFWUD�DW�������H9�� WKH�/��SHDN��)H�PDSV� IURP��� LPDJHV� �2'����2'������RU� IXOO� VSHFWUD� ILW�� DW�6ROHLO�
VKRZHG�WKDW�QHDU�FRPSOHWH�PDJQHWRVRPHV�ZHUH�SUHVHQW�DW���KU��DOWKRXJK�PDQ\�RI�WKHP�ZHUH�YHU\�VPDOO�
DQG� KDG� D� GLIIHUHQW� VSHFWUXP� IURP� PDJQHWLWH�� 2QO\� D� IHZ� LPPDWXUH�� LVRODWHG� PDJQHWRVRPHV� ZHUH�
REVHUYHG�LQ�WKH���RU���KU�VDPSOHV��%\����KU�� WKH�FHOOV�H[DPLQHG�ZHUH�LQGLVWLQJXLVKDEOH�IURP�QRUPDOO\�
FXOWXUHG�$0%���FHOOV��ERWK� LQ� WHUPV�RI� LPDJLQJ��)LJ������DQG�)H�/��VSHFWUD� �)LJ������7KH���KU�VDPSOH�
VKRZHG�LPPDWXUH�PDJQHWRVRPHV�LQ�D�GLVRUJDQL]HG�SDWWHUQ�DV�ZHOO�DV�VKRUW�FKDLQV�RI�QRUPDO�PDJQHWLWH��
$�ZHDN�F\WRSODVPLF�VLJQDO��ZLWK�FOHDU�)H�,,,��FKDUDFWHU��ZDV�REVHUYHG�LQ�WKH���KU�DQG���KU�VDPSOHV����
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$�FKDOOHQJH�RI�RXU�ILUVW�VHW�RI�PHDVXUHPHQWV�ZDV�WKH�SUHVHQFH�RI�FXOWXUH�VDOWV�LQ�WKH�VDPSOHV��6LQFH�WKHQ�
ZH� KDYH� JUHDWO\� LPSURYHG� VDPSOH� SUHSDUDWLRQ� E\� FDUHIXO�ZDVKLQJ� DQG� E\� IL[DWLRQ� �)LJ�� ���� $OWKRXJK�
UHVXOWV�WR�GDWH�GHDO�PRVWO\�ZLWK�PHWKRG�GHYHORSPHQW�DQG�DQHFGRWDO�HYLGHQFH��LW�LV�DOUHDG\�FOHDU�WKDW�WKH�
WLPH�FRXUVH�PHWKRG�DSSOLHG�WR�LQGLYLGXDO�$0%���FHOOV�ZLOO�EH�DQ�HIIHFWLYH�WRRO�WR�V\VWHPDWLFDOO\�SUREH�
KRZ�PDJQHWRWDFWLF�EDFWHULD�WDNH�XS�)H�LRQV�IURP�WKH�ORFDO�HQYLURQPHQW��DQG�WUDQVIRUP�WKHP�LQWR�)H�2��
PDJQHWRVRPHV�� 5HVXOWV� DUH� H[SHFWHG� WR� DGGUHVV� WKH� IROORZLQJ� TXHVWLRQV�� $UH� WKHUH� SUHFXUVRU�
F\WRSODVPLF�VROXWLRQ�RU�VROLG�VSHFLHV�IRUPHG�EHIRUH�PDWXUH�PDJQHWRVRPH�IRUPDWLRQ"�,I�VR��ZKDW�LV�WKH�
FKHPLFDO�VWDWH�RI�WKHVH�SUHFXUVRUV"�+RZ��DQG�DW�ZKDW�UDWH��DUH�WKHVH�SUHFXUVRUV�FRQYHUWHG�LQWR�PDWXUH�
PDJQHWLWH�PDJQHWRVRPHV�"�>�@�
�
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GHULYHG�IURP�)H�/��VWDFNV��&HOO�RXWOLQHV�GHULYHG�IURP�7(0�
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)LJ�����)H�/��DQDO\VLV�RI�LPSURYHG�$0%���FHOO��
SUHSDUDWLRQ��QR�H[WUD�FHOOXODU�PDWHULDOV����D��
JOXWHUDOGHK\GH�IL[HG����KU�WLPH�FRXUVH��JUHHQ�±�
FHOO��EOXH�±�PDWXUH�PDJQHWRVRPHV�����E��
SKRVSKDWH�EXIIHU�ZDVK�����KU�WLPH�FRXUVH��JUHHQ���
FHOO��UHG�F\WR�)H��EOXH�±�HDUO\�PDJQHWRVRPHV���
�F��&RPSDULVRQ�RI�)H�/��VSHFWUD�RI�SXUH�
PDJQHWLWH��EOXH���PDJQHWRVRPHV�LQ���KU�VDPSOH�
�JUHHQ���DQG�F\WRSODVPLF�)H��UHG����&/6��
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