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)DEULFDWLRQ�DQG�(YDOXDWLRQ�RI�$WPRVSKHULF�&RUURVLRQ�
0RQLWRULQJ��$&0��6HQVRU�RI�)H�&X�*DOYDQLF�&RXSOH�

�5DELQD1XFKKH�3UDGKDQ���%UDKDPGHR�<DGDY���3UDNDVK�&KDQGUD�/DPD���6XPDQ�6KUHVWKD���6KRYD�

1HXSDQH���'LSDN�.XPDU�*XSWD��DQG�$PDU�3UDVDG�<DGDY�

�'HSDUWPHQW�RI�&KHPLVWU\��7UL�&KDQGUD�0XOWLSOH�&DPSXV��%KDWQDJDU��.DWKPDQGX��1HSDO�
�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO�
��'HSDUW�RI�&KHPLVWU\��55�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��-DQDNSXU��1HSDO�

(PDLO��DPDU�\#\DKRR�FRP

$EVWUDFW�

$WPRVSKHULF�&RUURVLRQ�0RQLWRULQJ�$&0��6HQVRU�RI�)H�&X�JDOYDQLF�FRXSOH�ZDV�IDEULFDWHG�DQG�ZDV�
XVHG� WR� HVWLPDWH� FRUURVLRQ� RI� FRPPHUFLDO� LURQ� LQ� EXON� VROXWLRQV� �1D&O�1D�62�� DQG� WKHLU�PL[WXUH��WKLQ�
OD\HU�RI�HOHFWURO\WH����01D&O��DQG�XSRQ�ILHOG�H[SRVXUH��7KLQ�OD\HU�RI�HOHFWURO\WH�ZDV�PDLQWDLQHG�XVLQJ�

P\OHU�VKHHW�RI����� DQG����� ��7KH�FRUURVLRQ�RI�FRPPHUFLDO�LURQ�ZDV�IRXQG�WR�EH�KLJKHVW�LQ�WKLQ�OD\HU�RI�

HOHFWURO\WH� RI� WKLFNQHVV� ���� �� )LHOG� H[SRVXUH� WHVW� UHYHDOHG� WKDW� FRPPHUFLDO� LURQ� VXIIHUHG� VHYHUH�
FRUURVLRQ�DW�QLJKW�WKDQ�GXULQJ�GD\�OLJKW��

.H\ZRUGV��$&0�6HQVRU��WKLQ�OD\HU�HOHFWURO\WH��P\OHU�VKHHW��FRUURVLRQ��

,QWURGXFWLRQ�

$WPRVSKHULF�FRUURVLRQ�DQG�LWV�PRQLWRULQJ�KDV�DOZD\V�EHHQ�D�VHULRXV�WRSLFV�WKURXJK�\HDUV��,W�LV�EHFDXVH�
WKH� GDPDJH� FDXVHG�E\� LW� LV�PXFK�PRUH� WKDQ� MXVW� WKH� ORVV� RI� LQIUDVWUXFWXUHV� EXW� LW� DOVR� FRVWV� WKH� OLIH� RI�
EHLQJV�7KH�YLWDO�IDFWRU�LQ�DWPRVSKHULF�FRUURVLRQ�LV�WKH�SUHVHQFH�RI�PRLVWXUH�ZKLFK�JHW�GHSRVLWHG�DV�WKLQ�
OD\HU� RI� HOHFWURO\WH� RQ� PHWDOV��� 6R� LW¶V� D� FKDOOHQJH� WR� PRQLWRU� DWPRVSKHULF� FRUURVLRQ� DV� LW� UHTXLUHV�
HOHFWURFKHPLFDO� VHW� XS� WR� EH� XVHG� LQ� YHU\� WKLQ� OD\HU� RI� HOHFWURO\WH� \HW� WKHUH� DUH� YDULRXV� WHFKQLTXHV� WR�
PRQLWRU� LW����� 9DULRXV� WHFKQLTXHV� LQFOXGHV� ZHLJKW� ORVV� PHWKRG�� SRODUL]DWLRQ� PHWKRG�� HOHFWURFKHPLFDO�
LPSHGDQFH� VSHFWURVFRS\� DQG� WKURXJK� DWPRVSKHULF� FRUURVLRQ� PRQLWRULQJ� VHQVRU�� $PRQJ� ZKLFK�
DWPRVSKHULF�FRUURVLRQ�PRQLWRULQJ�WKURXJK�DWPRVSKHULF�FRUURVLRQ�PRQLWRULQJ�6HQVRU� LV�FRQVLGHUHG�WR�EH�
RQH�RI�WKH�PDMRU�RQH���

$WPRVSKHULF�FRUURVLRQ�PRQLWRULQJ��$&0��VHQVRU�VDPSOH�FRPSULVHV�FRXSOH�RI�WZR�PHWDOV��7KH�PHWDOV�
ZKRVH�FRUURVLRQ�UDWH�LV�WR�EH�PRQLWRUHG�LV�PDGH�DQRGH�DQG�OHVV�HOHFWURSRVLWLYH�PHWDOV�LV�PDGH�FDWKRGH��
7KH�JDOYDQLF�FXUUHQW��IORZQ�GXH�WR�R[LGDWLRQ�DQG�UHGXFWLRQ�UHDFWLRQ�RQ�VXUIDFH�RI�VHQVRU�ZKHQ�GHSRVLWHG�
WKLQ� OD\HU�RI� HOHFWURO\WH� FRPSOHWHV� JDOYDQLF� FHOO�� LV� UHFRUGHG�E\�GDWD� ORJJHU�ZKLFK� LV� ODWHU� UHODWHG�ZLWK�
FRUURVLRQ� UDWH��9DULRXV� W\SHV�RI�$&0�VHQVRUV�KDYH�EHHQ�GHYHORSHG�� ILUVW�EHLQJ�$&0�VHQVRU�RI�)H�$J�
JDOYDQLF� FRXSOH�PDGH� LQ� -DSDQ���$&0�VHQVRU�RI�=Q��JUDSKLWH�GHYHORSHG�E\�7LDMLQ�8QLYHUVLW\�/LFHUDP�
-RLQW�ODERUDWRU\�LV�RI�DQRWKHU�W\SHV��,W�ZDV�XVHG�WR�DQDO\]H�FRUURVLRQ�RI�]LQF�DQG�IDFWRUV�UHVSRQVLEOH�IRU�LWV�
FRUURVLRQ���

�&RUUHVSRQGLQJ�DXWKRU
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([SHULPHQWDO�0DWKRGV�

'HVLJQ�RI�$&0�6HQVRU��VHULHV�7\SH��

7KH�LURQ�DQG�FRSSHU�VDPSOHV�XVHG�LQ�WKH�IDEULFDWLRQ�RI�$&0�6HQVRU�ZHUH�FXW�IURP�FRPPHUFLDO�LURQ�
DQG� FRSSHU� VKHHWV� RI� GLIIHUHQW� GLPHQVLRQV� �����PP� î� ��PP� DQG� ����î���PP��� 7KH\� ZHUH� MRLQHG� LQ�
VHULHV�ZLWK� VHSDUDWLRQ� RI� ��� ��PDLQWDLQHG�ZLWK� WKH� KHOS� RI�P\OHU� VKHHW�� 7KH� FRQQHFWLRQ� EHWZHHQ� HDFK�
LQGLYLGXDO� LURQ�DQG�FRSSHU�VDPSOH�ZDV�PDLQWDLQHG�XVLQJ�FRSSHU� WDSH�DQG�VLOYHU�SDVWH��&RSSHU�ZLUH�ZDV�
VROGHUHG�ZLWK�LURQ�VDPSOH�RI�RQH�HQG�DQG�DOVR�ZLWK�WKH�FRSSHU�VDPSOH�RI�RWKHU�HQG��&RQQHFWLRQ�EHWZHHQ�
HDFK�LURQ�DQG�FRSSHU�VDPSOH�ZDV�PDLQWDLQHG�XVLQJ�PXOWLPHWHU��7KH�VHULHV�ZDV�WKHQ�HPEHGGHG�LQ�HSR[\�
UHVLQ�DQG�OHIW�IRU����KRXUV�IRU�VROLGLILFDWLRQ��

)LJXUH�����$��6FKHPDWLF�UHSUHVHQWDWLRQ�RI�$&0���%��$&0�6HQVRU�
7KXV�IDEULFDWHG�$&0�VHQVRU�RI�)H�&X�JDOYDQLF�FRXSOH�ZDV�XVHG�WR�HVWLPDWH�FRUURVLRQ�RI�FRPPHUFLDO�

LURQ�LQ�EXON�VROXWLRQ��WKLQ�OD\HU�RI�HOHFWURO\WH�RI�GLIIHUHQW�WKLFNQHVV�DQG�XSRQ�ILHOG�H[SRVXUH��

/DE�&RUURVLRQ�7HVW��%XON�VROXWLRQ��WKLQ�OD\HU�RI�HOHFWURO\WH��

)RU� ODE�FRUURVLRQ� WHVW��$&0�6HQVRU�ZDV�PDLQWDLQHG�DW� WKH�EDVH�RI� WKH�EHDNHU� WR�ZKLFK�VROXWLRQV�RI�
GLIIHUHQW�VDOWV��1D&O��1D�62��DQG�WKHLU�PL[WXUH��ZDV�SRXUHG��6HQVRU�ZDV�WKHQ�FRQQHFWHG�WR�6$&0�����%�
�GDWD� ORJJHU��ZKLFK� VWRUHV�JDOYDQLF� FXUUHQW� IORZLQJ�RQ� WKH� VXUIDFH�RI� WKH� VHQVRU��7KLV�JDOYDQLF� FXUUHQW�
UHFRUGHG�ZDV�UHODWHG�ZLWK�WKH�FRUURVLRQ�UDWH��

7KLQ�OD\HU�RI�HOHFWURO\WH�ZDV�PDLQWDLQHG�XVLQJ�P\OHU�VKHHW�RI�������DQG�������7KH�HOHFWURO\WH�XVHG�
ZDV�����0�1D&/�

)LHOG�([SRVXUH�7HVW�

7KH�IDEULFDWHG�$&0�ZDV�PRXQWHG�DW�DQJOH�RI��� WR�WKH�KRUL]RQWDO�LQ�IURQW�RI�&HQWUDO�'HSDUWPHQW�RI�
FKHPLVWU\��7KH�VHQVRUV�ZHUH�GLUHFWO\�H[SRVHG�WR�ZLQG��UDLQ��DQG�VRODU�UDGLDWLRQ��7KH�GDWD�ZDV�FROOHFWHG�E\�
6$&0�����%�DYDLODEOH�DW�FHQWUDO�GHSDUWPHQW�RI�FKHPLVWU\�HYHU\����PLQXWHV�IRU���ZHHNV��$IWHU�WKH�WHVW��
GDWD�ZHUH�FROOHFWHG�IRU�DQDO\VLV�

5HVXOWV�DQG�'LVFXVVLRQ

7KH�JDOYDQLF�FXUUHQW� UHFRUGHG�E\�6\ULQ[�6$&0�����%�GXULQJ� LPPHUVLRQ�DQG�H[SRVXUH�RI�ERWK� WKH�
VHQVRUV� LQ� EXON� VROXWLRQ�� XQGHU� WKLQ� OD\HU� RI� HOHFWURO\WH� DQG� RXWGRRU� HQYLURQPHQW� ZDV� DQDO\]HG�� 7KH�
JDOYDQLF� FXUUHQW� UHFRUGHG� ZDV� GLYLGHG� E\� UHVSHFWLYH� DUHD� RI� $&0� 6HQVRU� $� DQG� %� WR� FDOFXODWH� WKHLU�
UHVSHFWLYH�FXUUHQW�GHQVLW\��7KH�JUDSK�ZDV�SORWWHG�WR�UHODWH�FXUUHQW�GHQVLW\�ZLWK�WLPH�DV�VKRZQ�LQ��ILJXUH�
����DQG����
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)LJXUH�����&XUUHQW�GHQVLW\�YV�WLPH�SORW�RI�$&0�6HQVRU�$�DQG�%�LQ�GLIIHUHQW�FRQFHQWUDWLRQVRI�VDOW�

VROXWLRQV��1D&/�DQG�1D�62����DQG�WKHLU�PL[WXUH��

�)URP�ILJ����FXUUHQW�GHQVLW\�ZDV�IRXQG�WR�LQFUHDVH�LQ�ERWK�WKH�$&0�6HQVRU�VDPSOHV��$�DQG�%��ZLWK�WKH�
LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�ERWK�WKH�VDOW�VROXWLRQV�DQG�WKHLU�PL[WXUHV�IURP��������0�WR�����0��7KLV�LV�GXH�
WR� WKH� ORZHULQJ� RI� S+� RI� WKH� VDOW� VROXWLRQ�� E\� LRQV�� LQ� FRQWDFW�ZLWK� WKH�$&0� VHQVRU�ZKLFK� FRQVHTXHQWO\��
GLVVROYHV�WKH�R[LGH�ILOP�RQ�WKH�LURQ�VXUIDFH�WR�UHDFW�ZLWK�PHWDOOLF�LURQ�DQG�WUDQVSRUWV�LW�LQWR�WKH�VROXWLRQ�

7KLV� FDQ� DOVR�EH� H[SODLQHG�RQ� WKH� EDVLV� RI� WKH� LQFUHDVH�RI� WKH� FRQGXFWLYLW\� RI� FRUURVLRQ� FHOO�ZKLFK�
HVWDEOLVK�FRQFHQWUDWLRQ�FHOO�SRWHQWLDOV��7KH�GLIIHUHQFH�LQ�VDOW�FRQFHQWUDWLRQ�EHWZHHQ�KLJKO\�FRQWDPLQDWHG�
DUHDV�DQ�DGMDFHQW�OHVV�FRQWDPLQDWHG�DUHDV�FUHDWHV�D�YROWDJH�ZKLFK�FDXVHV�FRUURVLRQ�FXUUHQW�WR�IORZ���%XW�
FDVH�LV�RSSRVLWH�ZKHQ�$&0�$�VHQVRU�LV�LPPHUVHG�LQ�����0�PL[WXUH��7KH�UXVW�IRUPHG�GXULQJ�WKH�SURFHVV�
LV�RI�GDUN�EURZQ�FRORU�ZKLFK�DFWHG�DV�D�SDVVLYDWLQJ�OD\HU�ZKLFK�KLQGHUV�DFFHVV�RI�DQLRQVWR�DQRGH�VXUIDFH��
LQKLELWLQJ�PHWDO�GLVVROXWLRQ�UHDFWLRQ��

7KH�PRUSKRORJ\�RI�ERWK� WKH�$&0�VHQVRUV� GHSLFWV� WKH� H[WHQW� RI� FRUURVLRQ��ZLWK� WKH� LQFUHDVH� LQ� WKH�
FRQFHQWUDWLRQ�IRUP��������0�WR�����0��

)LJXUH����3LFWRULDO�YLHZ�RI�VHQVRU�DIWHU�LPPHUVLRQ�LQ�GLIIHUHQW�FRQFHQWUDWLRQV�RI�VDOW�VROXWLRQV�DQG�WKHLU���
PL[WXUH��
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7KH�JDOYDQLF�FXUUHQW�PHDVXUHG�E\�6\ULQ[�6$&0�����%�XQGHU� WKLQ�OD\HU�RI�HOHFWURO\WH�OD\HU� LQ�ERWK�
WKH�$&0� VHQVRU�ZDV� IRXQG� WR� EH�PXFK� KLJKHU� WKDQ� LQ� EXON� VROXWLRQ� RI� VRGLXP� FKORULGH� DV�ZHOO� DV� LQ�
VRGLXP�VXOSKDWH�VROXWLRQ�DV�VKRZQ�LQ�ILJ������&XUUHQW�GHQVLW\�LQ�ERWK�WKH�VDPSOHV�ZHUH�FDOFXODWHG�IURP�
YDOXHV�RI�JDOYDQLF�FXUUHQW�PHDVXUHG��7KLV�KLJKHU�FXUUHQW�GHQVLW\�LQ�WKLQ�OD\HU�RI�HOHFWURO\WH�LV�GXH�WR�UDSLG�
GLIIXVLRQ�RI�R[\JHQ�LQ�WKLQ�OD\HU�WKDQ�WKDW�LQ�EXON�VROXWLRQ��0RUHRYHU��GLIIXVLRQ�LQ�WKLQ�OD\HU�RI�HOHFWURO\WH�
LV� WZR� GLPHQVLRQDO� EXW� WKDW� LQ� FDVH� RI� EXON� VROXWLRQ� LV� RQH� GLPHQVLRQDO� ZKLFK� UHVXOWV� LQ� WKH� KLJKHU�
GLIIXVLRQ�DQG�FRQFHQWUDWLRQ�RI�R[\JHQ�IDFLOLWDWLQJ�FRUURVLRQ�SURFHVV��

)LJXUH����&XUUHQW�GHQVLW\�YHUVXV�WLPH�SORW�RI�WZR��������������������WKLFNQHVV��������������������������WKLFNQHV�

6HQVRUV�$�DQG�%��XQGHU�WKLQ�ILOP�RI�HOHFWURO\H�)LJXUH����3LFWRULDO�YLHZ�RI�VHQVRU�XQGHU�WKLQ�ILOP�
RIHOHFWURO\WH�

)LHOG�([SRVXUH�7HVW

7KH� JDOYDQLF� FXUUHQW� UHFRUGHG� E\� 6\ULQ[�6$&0�����%� GXULQJ� WKH� H[SRVXUH� RI� ERWK� WKH� VHQVRUV� LQ�
RXWGRRU� HQYLURQPHQW� DW�&HQWUDO�'HSDUWPHQW� RI�&KHPLVWU\� IRU� WZR�ZHHNV�ZDV� DQDO\]HG�7KH� JUDSK�ZDV�
SORWWHG�WR�UHODWH�FXUUHQW�GHQVLW\�ZLWK�WLPH�DV�VKRZQ�LQ�)LJ�����

)LJXUH���&XUUHQW�GHQVLW\�YHUVXV�WLPH�SORW�RI�WZR�$&0�VHQVRUV�)LJXUH���0RUSKRORJ\�RI�$&0�6HQVRUV�
DIWHU���H[SRVHG�RXWVLGH�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\�IRU���ZHHNV�ZHHNV�RI��ILHOG�H[SRVXUH
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7KH� DERYH� JUDSK� VKRZV� WKH� UHVSRQVH� RI� ERWK�$&0� VHQVRUV� ZLWK� WKH� FKDQJH� LQ� WKH� HQYLURQPHQWDO�
IDFWRUV��,W�ZDV�VHHQ�WKDW�FXUUHQW�GHQVLW\�LQ�ERWK�WKH�VDPSOH�LV�PXFK�KLJKHU�LQ�QLJKW�WKDQ�GXULQJ�GD\�WLPH��
7KLV�LQFUHDVH�LQ�FXUUHQW�GHQVLW\�GXULQJ�QLJKW�LV�DWWULEXWHG�WR�GHZ�FRQGHQVDWLRQ��

$W� QLJKW�ZKHQ� UHODWLYH� KXPLGLW\� UHDFKHV� DSSUR[LPDWHO\� WR� ����� DQG� WHPSHUDWXUH� GHFUHDVHV��$&0�
VHQVRU� JDYH� ORZ� VROXWLRQ� UHVLVWDQFH� ZKLFK� LQ� WXUQ� LQFUHDVHV� WKH� FRQGXFWDQFH�� 7KLV� LQGLFDWHV� FRUURVLRQ�
SURFHVV�RFFXUULQJ�RQ� WKH� VXUIDFH�RI�ERWK� WKH�$&0�VHQVRU� LV�GXH� WR� WKH�ZHWQHVV�RI� WKH� VXUIDFH� L�H�GHZ�
FRQGHQVDWLRQ��2Q�WKH�RWKHU�KDQG�ZKHQ�UHODWLYH�KXPLGLW\�GHFUHDVH�DQG�WHPSHUDWXUH� LQFUHDVHV�GXULQJ�GD\�
WLPH��FRQGXFWDQFH�RI�WKH�VROXWLRQ�LV�GHFUHDVHG�GXH�WR�LQFUHDVH�LQ�WKH�UHVLVWDQFH�RI�VROXWLRQ��7KLV�LV�ZK\�
FRUURVLRQ�LV�VXSSUHVVHG�EHFDXVH�RI�GU\LQJ�RI�VXUIDFH�RI�$&0�VHQVRUV�GXULQJ�GD\�WLPH���

%XW� GXULQJ� WKH� UDLQ\� WLPH� L�H� WKLUG� DQG� ILIWK� GD\� RI� H[SRVXUH� RI� VHQVRU�� ERWK� WKH� $&0� VHQVRU�
H[SHULHQFHG�KLJK�FRUURVLRQ�HYHQ�GXULQJ�GD\�WLPH��

&RQFOXVLRQV

7KH�FRUURVLRQ�RI�FRPPHUFLDO�LURQ�ZDV�HYDOXDWHG�XVLQJ�IDEULFDWHG�$WPRVSKHULF�&RUURVLRQ�0RQLWRULQJ�
�$&0��6HQVRU�RI�)H�&X�JDOYDQLF�FRXSOH�� ,W�ZDV� IRXQG� WKDW� LURQ�VXIIHUHG�VHYHUH�FRUURVLRQ�ZKHQ� LW�ZDV�

XQGHU�HOHFWURO\WH�OD\HU�WKLFNQHVV�RI����� �WKDQ�HOHFWURO\WH�WKLFNQHVV�RI����� �DQG�LQ�EXON�VROXWLRQ�RI�VDOW�

VROXWLRQV��1D&/��1D�62���DQG�WKHLU�PL[WXUHV�RI�GLIIHUHQW�FRQFHQWUDWLRQV��

8SRQ� ILHOG� H[SRVXUH� RI� $&0� 6HQVRU�� LW� LV� REVHUYHG� WKDW� GXULQJ� QLJKW� WLPH�� FRUURVLRQ� LV� KHDYLHU� WKDQ�
GXULQJ�GD\OLJKW���
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