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7UHDWPHQW�RI�FOD\� VRLOV� IURP�YDULRXV�FRQWDPLQDWLRQV� LV�D�GLIILFXOW� WDVN�GXH� WR� WKHLU� ORZ�SHUPHDELOLW\�DQG�KLJK�
SK\VLFRFKHPLFDO� DIILQLW\� WR� WKH� FRQWDPLQDQWV�� (OHFWURNLQHWLF� PHWKRG� LQ� LWV� GLIIHUHQW� YDULDQWV� FDQ� EH� FRQFHUQHG� DV� D�
SHUVSHFWLYH�WHFKQRORJ\�WR�WUHDW�VXFK�VRLOV��7UDQVIRUPDWLRQV�RI�SK\VLFDO��SK\VLFRFKHPLFDO��HOHFWURVXUIDFH�SURSHUWLHV��DQG�
PLFURVWUXFWXUH�RI�FOD\�VRLOV�ZHUH�VWXGLHG�LQ�WKH�SUHVHQW�SDSHU��D�QHZ�PRGHO�RI�HOHFWUR�RVPRVLV�ZKLFK�LV�FRQVLGHULQJ�WKH�
UHFKDUJH�RI�FOD\�VRLO�SDUWLFOHV�LV�DOVR�SUHVHQWHG�KHUH� )RXU�FOD\�VRLOV�ZHUH�FKRVHQ�DV�WKH�REMHFWV�RI�WKH�VWXG\��SRO\PLQHUDO�
PDQWOH�WLOO�ORDP��0RVFRZ���*OXNKRYWV\�NDROLQ��8NUDLQH���%L\DVDOLQLDQ�LOOLWH�FOD\��&ULPHD���DQG�0DNKDUDG]LDQ�VPHFWLWH�
FOD\��*HRUJLD���3K\VLFRFKHPLFDO�SDUDPHWHUV�RI�VRLOV�LQFUHDVH�LQ�WKH�URZ�µORDP�NDROLQ�LOOLWH�FOD\�VPHFWLWH�FOD\¶�

7KH�VWXG\�ZDV�XQGHUWDNHQ�DW�WKH�ODE�VFDOH��7KH�H[SHULPHQWV�ZHUH�FRQGXFWHG�RQ�FOD\H\�SDVWHV��ZKLFK�ZHUH�PDGH�
DW�WKH�PRLVWXUH�FRQWHQW�RI�WKH�XSSHU�SODVWLFLW\�LQGH[��Z/��ZLWK������0�&D&O� XVHG�DV�D�SRUH�VROXWLRQ��(OHFWUR�RVPRWLF�
WUHDWPHQW� ZDV� XQGHUWDNHQ� LQ� D� RQH�FRPSDUWPHQW� RSHQ�W\SH� HOHFWURNLQHWLF� FHOO� XQGHU� ���P$�'&� �FXUUHQW� GHQVLW\� ���
$�P���ZLWK� WKH� DELOLW\� RI� HIIOX[� WR� HVFDSH� LQ� WKH� FDWKRGLF� ]RQH��7KH� HOHFWULF� FXUUHQW�ZDV� NHSW� FRQVWDQW� E\� D� JUDGXDO�
YROWDJH�LQFUHDVH�ZKLOH�HOHFWUR�RVPRVLV��WKH�H[SHULPHQW�ZDV�FHDVHG�ZKHQ�WKH�FXUUHQW�GHFUHDVHG�GUDPDWLFDOO\��RU�YROWDJH�
H[FHHGHG�����9��$IWHU�WKH�WUHDWPHQW�ZDV�ILQLVKHG��WKH�VRLO�VSHFLPHQ�ZDV�GLYLGHG�LQWR���IUDJPHQWV��0RLVWXUH�FRQWHQW��
GHQVLW\�� DQG� S+� ZHUH� GHWHUPLQHG� LQ� HDFK� IUDJPHQW�� $OVR�� WKH� VDPSOHV� IRU� WKH� SUHSDUDWLRQ� RI� ZDWHU� H[WUDFWLRQV� DQG�
VXVSHQVLRQV� ZHUH� WDNHQ� KHUH�� 7RWDO� VDOLQLW\� ZDV� PHDVXUHG� LQ� ZDWHU� H[WUDFWLRQV� DW� WKH� µVROLG�� OLTXLG¶� UDWLR� ������
(OHFWURNLQHWLF� SRWHQWLDO� ZDV� GHWHUPLQHG� LQ� VXVSHQVLRQV� DW� µVROLG�� OLTXLG¶� UDWLR� ������ 7KH� VDPH� SDUDPHWHUV� ZHUH�
GHWHUPLQHG� IRU� WKH� LQLWLDO� FOD\H\� SDVWHV�� 6RLO� PLFURVWUXFWXUH� ZDV� VWXGLHG� E\� 6(0� LQ� LQLWLDO� VDPSOHV� DQG� ERWK� QHDU�
HOHFWURGH�]RQHV�DIWHU�WKH�WUHDWPHQW�

:DWHU�FRQWHQW�RI�DOO� WKH�VRLOV�GHFUHDVHG�GXULQJ�HOHFWUR�RVPRVLV�� WKH�PRVW�LQWHQVH�GUDLQDJH�HIIHFW�ZDV�REVHUYHG�
IRU�*OXNKRYHWVN�NDROLQ��7RWDO�VDOLQLW\�RI�WKH�ORDP�DOPRVW�GLG�QRW�FKDQJH�ZKLOH�RQH�RI�WKH�LOOLWH�FOD\�LQFUHDVHG��ZKLFK�
ZDV�FDXVHG�IRU�ERWK�VRLOV�E\�WKH�GLVVROXWLRQ�UHDFWLRQV�LQ�WKH�DQRGLF�]RQH��.DROLQ¶V�VDOLQLW\�GHFUHDVHG�E\�WKH�IDFWRU�RI���

7KH�S+�JUDGLHQW�IRUPHG�GXH�WR�ZDWHU�HOHFWURO\VLV�UHDFWLRQV�ZDV�DOPRVW�WKH�VDPH�IRU�ORDP��NDROLQ��DQG�LOOLWH�FOD\��
DERXW�����DW�WKH�DQRGH�DQG�QHDU����DW�WKH�FDWKRGH��$FLGLILFDWLRQ��S+§���RFFXUUHG�DORQJ�WKH�ZKROH�VSHFLPHQ�LQ�WKH�FDVH�
RI� VPHFWLWH� FOD\� H[FHSW� IRU� WKH� FDWKRGLF� ]RQH�� $OWHUDWLRQV� RI� S+� DQG� VDOLQLW\� LQ� WKH� LQWHUHOHFWURGH� VSDFH� FDXVHG�
WUDQVIRUPDWLRQV�RI�GRXEOH�GLIIXVH�OD\HU��''/��SDUDPHWHUV�RI�FOD\�SDUWLFOHV��LQFOXGLQJ�WKHLU�HOHFWURNLQHWLF��ȗ��SRWHQWLDO��
,QLWLDO�ȗ�SRWHQWLDO�RI�DOO�FOD\V�SDUWLFOHV�ZDV�QHJDWLYH������P9�IRU�NDROLQ������P9�IRU�VPHFWLWH�FOD\����,WV�DEVROXWH�YDOXH�
LQFUHDVHG� LQ� WKH�FDWKRGLF�]RQH� LQ�DONDOLQH�PHGLXP������P9�IRU�NDROLQ�� �����P9�IRU�VPHFWLWH�FOD\���ZKLOH� ȗ�SRWHQWLDO�
VLJQ�FKDQJHG�LQ�WKH�DQRGLF�]RQH�LQ�DFLGLF�PHGLXP������P9�IRU�NDROLQ�������P9�IRU�VPHFWLWH�FOD\���$Q�DOPRVW�HTXDO�
JUDGLHQW�RI�ȗ�SRWHQWLDO�ZDV�IRUPHG�DORQJ�WKH�VSHFLPHQ�OHQJWK�IRU�ORDP�DQG�NDROLQ��$EVROXWH�ȗ�SRWHQWLDO�YDOXHV�RI�ORDP�
GHFUHDVHG� QHDU� WKH� HOHFWURGHV� GXH� WR� FRPSDFWLRQ� RI� ''/V� XQGHU� KLJK� LRQLF� VWUHQJWK�� ZKHUHDV� WKH� RQHV� RI� NDROLQH�
LQFUHDVHG�IXUWKHU��&RQYHUVHO\��WKH�FKDQJH�RI�ȗ�SRWHQWLDO�VLJQ�WRRN�SODFH�ZLWKLQ�WKH�HQWLUH�LQWHUHOHFWURGH�VSDFH�LQ�WKH�FDVH�
RI�VPHFWLWH�FOD\��7KDW�FDXVHG�WKH�IRUPDWLRQ�RI�EDFNZDUG�HOHFWUR�RVPRWLF�IORZ�DQG�UDSLG�IDGLQJ�RI�HOHFWUR�RVPRVLV�

'UDLQDJH��WKH�LPSDFW�RI�HOHFWUR�RVPRWLF�IORZ��DQG�DOWHUDWLRQ�RI�''/�SDUDPHWHUV�UHVXOWHG�LQ�WKH�WUDQVIRUPDWLRQV�
RI�VRLO�VWUXFWXUH��7KH�SHU�FHQW�RI�ODUJH�PLFURSRUHV���������ȝP��LQFUHDVHG�LQ�WKH�ORDP�VWUXFWXUH��ZKLFK�LV�FDXVHG�E\�''/�
HQYHORSHV�FRPSDFWLRQ�DQG�DJJUHJDWLRQ�RI�FOD\�SDUWLFOHV��,Q�WKH�FDVH�RI�NDROLQ��WKH�VKDUH�RI�VPDOO�PLFURSRUHV��������ȝP��
LQFUHDVHG�LQ�LWV�VWUXFWXUH��ZKLFK�LOOXVWUDWHV�WKH�H[SDQVLRQ�RI�NDROLQ¶V�''/�HQYHORSHV�QHDU�WKH�HOHFWURGHV�DQG�WKH�LQWHQVH�
HOHFWUR�RVPRWLF�IORZ�LPSDFW��3RUHV�VL]H�GLVWULEXWLRQ�EHFDPH�PRUH�KRPRJHQHRXV�IRU�ERWK�VRLOV�FRPSDUHG�WR�WKH� LQLWLDO�
RQH��$OVR��ERWK�ORDP�DQG�NDROLQ�VWUXFWXUHV�EHFDPH�PRUH�DQLVRWURSLF��DQLVRWURS\�LQGH[�RI�ORDP�LQFUHDVHG�LQ�JHQHUDO�E\�
WKH�IDFWRU�RI����DQG�WKH�NDROLQ�RQH�± E\�WKH�IDFWRU�RI�����

7KH�DOWHUDWLRQV�RI�FOD\V¶�''/�SDUDPHWHUV�DQG�FRPSDFWLRQ�HIIHFW�RI�WKH�IORZ�FDXVHG�WKH�LQFUHDVH�RI�GHQVLW\�DQG�
GHFUHDVH�RI�SRURVLW\�IRU�DOO�VRLOV��7KH�PRVW�GUDVWLF�FKDQJH�RI�WKHVH�SDUDPHWHUV�ZDV�REVHUYHG�IRU�*OXNKRYHWVN�NDROLQ�
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