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0LOiQ�6]DODL��ÉGiP�)LQWD��/iV]Oy�2F]HOOD��/iV]Oy�0DGiFV\��'HSDUWPHQW�RI�*DVWURHQWHURORJ\��
(QGR�.DSV]XOD�+HDOWK�&HQWUH�DQG�(QGRVFRS\�8QLW��6]pNHVIHKpUYiU�������+XQJDU\

.ULV]WLQD�+HOOH��$QGUiV�5RV]WyF]\��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH��8QLYHUVLW\�RI�6]HJHG��
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&RUUHVSRQGLQJ�DXWKRU��/iV]Oy�0DGiFV\��0'��3K'��3URIHVVRU��'HSDUWPHQW�RI�*DVWURHQWHURORJ\��
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$EVWUDFW
%$&.*5281'�
:KLOH� FDSVXOH� HQGRVFRS\� �&(�� LV� WKH� JROG� VWDQGDUG� GLDJQRVWLF�PHWKRG� RI�
GHWHFWLQJ�VPDOO�ERZHO��6%��GLVHDVHV�DQG�GLVRUGHUV��D�QRYHO�PDJQHWLFDOO\�FRQWUROOHG�
FDSVXOH� HQGRVFRS\� �0&&(�� V\VWHP�SURYLGHV�QRQ�LQYDVLYH� HYDOXDWLRQ�RI� WKH�
JDVWULF�PXFRVDO�VXUIDFH��ZKLFK�FDQ�EH�SHUIRUPHG�ZLWKRXW�VHGDWLRQ�RU�GLVFRPIRUW��
'XULQJ�VWDQGDUG�6%&(��SDVVLYH�PRYHPHQW�RI� WKH�&(�PD\�FDXVH�DUHDV�RI� WKH�
FRPSOH[�DQDWRP\�RI� WKH�JDVWULF�PXFRVD� WR� UHPDLQ�XQH[SORUHG��ZKHUHDV� WKH�
SUHFLVLRQ�RI�0&&(�FDSVXOH�PRYHPHQWV�LQVLGH�WKH�VWRPDFK�SURPLVHV�EHWWHU�YLVXDO�
L]DWLRQ�RI�WKH�HQWLUH�PXFRVD�

$,0�
7R�HYDOXDWH�WKH�$QNRQ�0&&(�V\VWHP·V�IHDVLELOLW\��VDIHW\��DQG�GLDJQRVWLF�\LHOG�LQ�
SDWLHQWV�ZLWK�JDVWULF�RU�6%�GLVRUGHUV�

0(7+2'6�
2I�RXWSDWLHQWV�ZKR�ZHUH�UHIHUUHG�IRU�6%&(�������PDOH�IHPDOH�����������ZHUH�
SURVSHFWLYHO\�HQUROOHG�DQG�HYDOXDWHG�E\�0&&(��7KH�VWRPDFK�ZDV�H[DPLQHG�LQ�
WKH�VXSLQH��OHIW��DQG�ULJKW�ODWHUDO�GHFXELWXV�SRVLWLRQV�ZLWKRXW�VHGDWLRQ��1H[W��DOO�
SDWLHQWV�XQGHUZHQW�D�FRPSOHWH�6%&(�VWXG\�SURWRFRO��7KH�JDVWULF�PXFRVD�ZDV�
H[SORUHG�ZLWK� WKH�$QNRQ�0&&(�V\VWHP�ZLWK�DFWLYH�PDJQHWLF� FRQWURO�RI� WKH�
FDSVXOH�HQGRVFRSH�LQ�WKH�VWRPDFK��DSSO\LQJ�WKUHH�VWDQGDUGL]HG�SUH�SURJUDPPHG�
FRPSXWHUL]HG�DOJRULWKPV�LQ�FRPELQDWLRQ�ZLWK�PDQXDO�FRQWURO�RI�WKH�PDJQHWLF�
PRYHPHQWV�
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5(68/76�
7KH�XUHD�EUHDWK�WHVW�UHYHDOHG�+HOLFREDFWHU�S\ORUL�SRVLWLYLW\�LQ�������RI�SDWLHQWV��7KH�PHDQ�JDVWULF�
DQG�6%�WUDQVLW�WLPHV�ZLWK�0&&(�ZHUH���K����PLQ����V�DQG���K����PLQ����V��UHVSHFWLYHO\��7KH�
DYHUDJH� WRWDO� WLPH�RI�XSSHU�JDVWURLQWHVWLQDO�0&&(�H[DPLQDWLRQ�ZDV���K����PLQ����V��$FWLYH�
PDJQHWLF�PRYHPHQW�RI�WKH�$QNRQ�FDSVXOH�WKURXJK�WKH�S\ORUXV�ZDV�VXFFHVVIXO�LQ�������RI�SDWLHQWV��
2YHUDOO�GLDJQRVWLF�\LHOG�IRU�GHWHFWLQJ�DEQRUPDOLWLHV�LQ�WKH�VWRPDFK�DQG�6%�ZDV��������������
PLQRU�� ������PDMRU�SDWKRORJLHV��� ������RI�DEQRUPDOLWLHV�ZHUH� LQ� WKH�6%�� ������ZHUH� LQ� WKH�
VWRPDFK��7KH�GLDJQRVWLF�\LHOG�IRU�VWRPDFK�6%�ZDV�������������IRU�PLQRU�DQG�����������IRU�
PDMRU�SDWKRORJLHV�

&21&/86,21�
0&&(� LV� D� IHDVLEOH�� VDIH�GLDJQRVWLF�PHWKRG� IRU� HYDOXDWLQJ�JDVWULF�PXFRVDO� OHVLRQV�DQG� LV� D�
SURPLVLQJ�QRQ�LQYDVLYH�VFUHHQLQJ�WRRO� WR�GHFUHDVH�PRUELGLW\�DQG�PRUWDOLW\� LQ�XSSHU�JDVWUR�
LQWHVWLQDO�GLVHDVHV�

.H\�:RUGV��%RZHO�GLVHDVHV��&DSVXOH�HQGRVFRS\��'LDJQRVWLF�WHFKQLTXHV��*DVWURLQWHVWLQDO�GLVHDVHV��*DVWULF�
PXFRVD��+HOLFREDFWHU�S\ORUL

�7KH�$XWKRU�V��������3XEOLVKHG�E\�%DLVKLGHQJ�3XEOLVKLQJ�*URXS�,QF��$OO�ULJKWV�UHVHUYHG�

&RUH�7LS��:H�HYDOXDWH�WKH�IHDVLELOLW\��VDIHW\��DQG�GLDJQRVWLF�\LHOG�RI�PDJQHWLFDOO\�FRQWUROOHG�FDSVXOH�
HQGRVFRS\��&(��V\VWHP�GHYHORSHG�E\�$QNRQ�DQG�$Q;�URERWLFV�WKDW�SURYLGHV�QRQ�LQYDVLYH�HYDOXDWLRQ�RI�
WKH�JDVWULF�PXFRVDO�VXUIDFH��ZKLFK�FDQ�EH�SHUIRUPHG�ZLWKRXW�VHGDWLRQ�RU�SDWLHQW�GLVFRPIRUW��'XULQJ�JROG�
VWDQGDUG�VPDOO�ERZHO�&(��SDVVLYH�PRYHPHQW�PD\�FDXVH�DUHDV�RI�WKH�FRPSOH[�JDVWULF�PXFRVD�WR�UHPDLQ�
XQH[SORUHG��ZKHUHDV� WKH�SUHFLVLRQ�RI�PDJQHWLFDOO\� FRQWUROOHG�FDSVXOH� HQGRVFRS\� �0&&(��FDSVXOH�
PRYHPHQWV�LQVLGH�WKH�JDVWURLQWHVWLQDO�WUDFW�DFKLHYHV�EHWWHU�YLVXDOL]DWLRQ�RI�WKH�HQWLUH�PXFRVD��LQFOXGLQJ�WKH�
VWRPDFK��7KH�$QNRQ�0&&(�V\VWHP�LV�D�SURPLVLQJ��QRQ�LQYDVLYH�VFUHHQLQJ�WRRO�WKDW�DFKLHYHG�a����
GLDJQRVWLF�\LHOG�RI�PXFRVDO�DEQRUPDOLWLHV�LQ�WKLV�VWXG\�

&LWDWLRQ��6]DODL�0��+HOOH�.��/RYiV]�%'��)LQWD�È��5RV]WyF]\�$��2F]HOOD�/��0DGiFV\�/��)LUVW�SURVSHFWLYH�(XURSHDQ�
VWXG\�IRU�WKH�IHDVLELOLW\�DQG�VDIHW\�RI�PDJQHWLFDOO\�FRQWUROOHG�FDSVXOH�HQGRVFRS\�LQ�JDVWULF�PXFRVDO�DEQRUPDOLWLHV��
:RUOG�-�*DVWURHQWHURO������������������������
85/��KWWSV���ZZZ�ZMJQHW�FRP�����������IXOO�Y���L��������KWP
'2,��KWWSV���G[�GRL�RUJ���������ZMJ�Y���L�������

,1752'8&7,21
&DSVXOH�HQGRVFRS\��&(��LV�D�QRQ�LQYDVLYH��SDLQOHVV��SDWLHQW�IULHQGO\��DQG�VDIH�GLDJQRVWLF�PHWKRG��,W�LV�
FXUUHQWO\�WKH�JROG�VWDQGDUG�H[DPLQDWLRQ�IRU�VPDOO�ERZHO��6%��GLVHDVHV��LQFOXGLQJ�LQIODPPDWRU\�ERZHO�
GLVHDVH��VXVSHFWHG�SRO\SRVLV�V\QGURPHV��XQH[SODLQHG�DEGRPLQDO�SDLQ��FHOLDF�GLVHDVH��DQG�REVFXUH�
JDVWURLQWHVWLQDO�EOHHGLQJ��2*,%���6PDOO�ERZHO�FDSVXOH�HQGRVFRS\��6%&(��SURYLGHV�H[FHOOHQW�GLDJQRVWLF�
\LHOG��ZKLFK�KDV�EHHQ�SURYHQ�LQ�PDQ\�FOLQLFDO�WULDOV�VLQFH�LWV�LQWURGXFWLRQ�LQ�WKH�ODWH�����V��&XUUHQWO\��LW�
KDV�D�IXQGDPHQWDO�UROH�LQ�JDVWURLQWHVWLQDO��*,��HQGRVFRS\��HVSHFLDOO\�LQ�SDWLHQWV�ZLWK�VXVSHFWHG�6%�
GLVHDVHV>�@��$WWHPSWV�WR�H[SDQG�WKH�GLDJQRVWLF�UROH�RI�&(�WR�DUHDV�WKDW�DUH�WUDGLWLRQDOO\�H[SORUHG�ZLWK�
VWDQGDUG�HQGRVFRSLF�SURFHGXUHV��JDVWURVFRS\�DQG�FRORQRVFRS\���H�J��� WKH�HVRSKDJXV��VWRPDFK��DQG�
FRORQ��7KHVH�DLPV�KDYH�EHHQ�FKDOOHQJHG�E\�VLJQLILFDQW�GUDZEDFNV�LQ�WKH�SDVW�GXH�WR�D�ODFN�RI�RSWLPDO�
SUHSDUDWLRQ��VWDQGDUGL]HG�SURFHGXUDO�GHVLJQ��DQG�DELOLW\�WR�YLVXDOL]H�WKH�HQWLUH�PXFRVDO�VXUIDFH>�@��$�
FRPPRQ�SHUFHSWLRQ�LV�WKDW�WKH�DQDWRPLFDO�VWUXFWXUHV�RI�WKH�VWRPDFK�DQG�FRORQ�DUH�WRR�FRPSOH[�IRU�
DGHTXDWH�YLVXDOL]DWLRQ�ZLWK�D�SDVVLYH�FDSVXOH�HQGRVFRSH>���@�
$OWKRXJK� WKH� 6%� VHHPV� WR� EH� D� VLPSOH�SLSH�� WKH�PRUH� FRPSOH[� JDVWULF� DQDWRP\�ZLWK�SDVVLYH�

PRYHPHQWV�PD\�FDXVH�XQH[SORUHG�DUHDV�RI�WKH�JDVWULF�PXFRVD�ZKHQ�XWLOL]LQJ�VWDQGDUG�&(��0DJQHW�
LFDOO\� FRQWUROOHG� FDSVXOH� HQGRVFRS\� �0&&(�� V\VWHPV�ZHUH�GHYHORSHG�RYHU� WKH�SDVW� WHQ�\HDUV� WR�
SUHFLVHO\�FRQWURO�FDSVXOH�PRYHPHQWV�LQVLGH�WKH�*,�WUDFW�DQG�WR�DFKLHYH�EHWWHU�YLVXDOL]DWLRQ�RI�WKH�HQWLUH�
PXFRVD��HVSHFLDOO\�LQ�WKH�VWRPDFK��'LIIHUHQW�DSSURDFKHV�KDYH�EHHQ�GHYHORSHG�DQG�VWXGLHG�RYHU�WLPH��
ZKLFK�KDYH�HQDEOHG�PDQXDO�VWHHULQJ�RU�DFWLYH�PRYHPHQW�RI�WKH�FDSVXOH�V\VWHPV��7KH�H[WHUQDO�PDJQHWLF�
ILHOG�VHHPV�WR�EH�WKH�PRVW�DGHTXDWH�DQG�HQHUJHWLFDOO\�HIIHFWLYH�PHWKRG�IRU�VWHHULQJ�DQG�KROGLQJ�WKH�
FDSVXOH�ZLWKLQ�WKH�VWRPDFK>���@�
$FFRUGLQJ� WR�UHFHQW��SURVSHFWLYH�VWXGLHV� WKDW�ZHUH�PDLQO\�FRQGXFWHG� LQ�&KLQD��D�PHWKRGRORJ\�

GHYHORSHG�E\�$QNRQ�DQG�$Q;�URERWLFV�FRXOG�EH�DQ�RSWLPDO�PHWKRG�IRU�QRQ�LQYDVLYH�VFUHHQLQJ�DQG�
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HDUO\�GLDJQRVLV�RI�JDVWULF�GLVHDVHV�VXFK�DV�JDVWULF�FDQFHU�DQG�LQWUDPXFRVDO�KLJK�JUDGH�G\VSODVLD��,W�KDV�
WKH�SRWHQWLDO�WR�EHFRPH�D�YDOXDEOH�DQG�DFFHSWHG�VFUHHQLQJ�PHWKRG�LQ�D�SRSXODWLRQ�ZLWK�KLJK�JDVWULF�
FDQFHU�ULVN>�@�
7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�IHDVLELOLW\��VDIHW\��DQG�GLDJQRVWLF�\LHOG�RI�WKH�$QNRQ�0&&(�

V\VWHP�LQ�SDWLHQWV�ZLWK�JDVWULF�DQG�6%�GLVRUGHUV�ZKR�ZHUH�UHIHUUHG�WR�RXU�HQGRVFRS\�XQLW�IRU�6%&(�
H[DPLQDWLRQ�EHWZHHQ�6HSWHPEHU������DQG�'HFHPEHU�������2XU�VHFRQGDU\�DLP�ZDV�WR�HYDOXDWH�WKH�
RYHUDOO�JDVWULF�H[DPLQDWLRQV��6%�WUDQVLW�WLPHV��77V��DQG�HIILFDF\�RI�0&&(�WR�DFKLHYH�FRPSOHWH�JDVWULF�
DQG�6%&(�LQYHVWLJDWLRQ�E\�XWLOL]LQJ�WKH�VDPH�XSSHU�*,�FDSVXOH�

0$7(5,$/6�$1'�0(7+2'6
6WXG\�GHVLJQ

2XU�SUHVHQW�VWXG\�SURVSHFWLYHO\�HQUROOHG�RXWSDWLHQWV�ZKR�ZHUH�VHHQ�DW�WKH�(QGR�.DSV]XOD�(QGRVFRS\�
8QLW��6]pNHVIHKpUYiU��+XQJDU\��EHWZHHQ�6HSWHPEHU������DQG�'HFHPEHU�������$�FRPELQHG�LQYHVWLJDWLRQ�
RI�WKH�VWRPDFK�DQG�6%�RI�SDWLHQWV�UHIHUUHG�WR�IRU�6%&(�ZDV�SHUIRUPHG�ZLWK�D�URERWLFDOO\�0&&(�V\VWHP�
�1DYL&DP��$QNRQ�7HFKQRORJLHV�&R��/WG��6KDQJKDL��&KLQD��
7KH�SULPDU\�HQGSRLQW�RI�WKH�UHFHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�GLDJQRVWLF�\LHOG�RI�0&&(�LQ�WKH�

HYDOXDWLRQ�RI�JDVWULF�DQG�6%�DEQRUPDOLWLHV��7KH�VHFRQGDU\�HQGSRLQWV�ZHUH�WR�HYDOXDWH�WKH�IHDVLELOLW\�RI�
SHUIRUPLQJ�FRPSOHWH�JDVWULF�DQG�6%�LQYHVWLJDWLRQ�E\�XWLOL]LQJ�WKH�VDPH�GLDJQRVWLF�SURFHGXUH��WR�DGGUHVV�
VDIHW\�SDUDPHWHUV��LQFOXGLQJ�DGYHUVH�DQG�VHYHUH�DGYHUVH�HYHQWV��DQG�WR�FDOFXODWH�WKH�FDSVXOH�77V��VXFK�
DV�HVRSKDJHDO��JDVWULF��DQG�6%�77V��DQG�WKH�RYHUDOO�SURFHGXUH�WLPH�

3DWLHQWV

$OO�SDWLHQWV�ZKR�ZHUH�UHIHUUHG�WR�RXU�HQGRVFRS\�XQLW�IRU�6%&(�DQG�ZKR�DJUHHG�WR�RXU�JDVWULF�VWXG\�
SURWRFRO�ZHUH�LQFOXGHG�LQ�WKH�FXUUHQW�VWXG\��'XULQJ�WKH�VWXG\�SHULRG��ZH�HQUROOHG�����FRQVHFXWLYH��
HOLJLEOH�SDWLHQWV��RI�ZKLFK�WKHUH�ZHUH�����PDOHV���������DQG�����IHPDOHV�����������ZLWK�D�PHDQ�DJH�RI����
\HDUV��'HWDLOHG�SDWLHQW� FKDUDFWHULVWLFV� DUH� VKRZQ� LQ�7DEOH����7KH� LQGLFDWLRQV�RI�0&&(�ZHUH� LURQ�
GHILFLHQF\�DQHPLD��2*,%�� VXVSHFWHG�HVWDEOLVKHG�6%�&URKQ·V�GLVHDVH�� VXVSHFWHG�FRQILUPHG�FHOLDF�
GLVHDVH��VXVSHFWHG�6%�QHRSODVWLF�GLVHDVH��FDUFLQRLG�V\QGURPH��DQG�6%�SRO\SRVLV�V\QGURPHV�
7KLV� VWXG\�ZDV�DSSURYHG�E\� WKH�(WKLFDO�&RPPLWWHH�RI� WKH�8QLYHUVLW\�RI�6]HJHG� �5HJLVWU\�1R��

������������DQG�UHJLVWHUHG�LQ�WKH�&OLQLFDO7ULDOV�JRY�WULDO�UHJLVWU\��,GHQWLILHU��1&7�����������7KH�SUHVHQW�
VWXG\�ZDV�FRQGXFWHG�DFFRUGLQJ�WR�WKH�:RUOG�0HGLFDO�$VVRFLDWLRQ
V�'HFODUDWLRQ�RI�+HOVLQNL�SURYLVLRQV�
LQ�������3DWLHQWV�DJUHHG�WR�XQGHUJR�FDSVXOH�HQGRVFRSLHV�DQG�+HOLFREDFWHU�S\ORUL��+��S\ORUL��XUHD�EUHDWK�
WHVWV��8%7V��E\�ZULWWHQ�LQIRUPHG�FRQVHQW�

3DWLHQW�SUHSDUDWLRQ�IRU�0&&(

$FFRUGLQJ�WR�WKH�6%&(�JXLGHOLQHV��ZH�DSSOLHG�WKH�IROORZLQJ�SDWLHQW�SUHSDUDWLRQ�DQG�VWXG\�SURWRFRO��
3DWLHQWV�IROORZHG�D�OLTXLG�GLHW�DQG�FRQVXPHG���/�RI�ZDWHU�ZLWK�WZR�VDFNV�RI�SRO\HWK\OHQH�JO\FRO��3(*��
WKH�GD\�EHIRUH�WKH�VWXG\��)LUVW��+��S\ORUL�&���8%7�ZDV�SHUIRUPHG�RQ�WKH�PRUQLQJ�RI�WKH�VWXG\��ZKLOH�WKH�
SDWLHQW�ZDV�LQ�D�IDVWLQJ�FRQGLWLRQ��7KH�8%7�UHTXLUHV�DQ�DYHUDJH�RI����PLQ��GXULQJ�ZKLFK�WLPH�WKH�
SDWLHQW�VKRXOG�QRW�FRQVXPH�DQ\�IOXLGV�RU�IRRG��'XULQJ�WKDW�YLVLW��WKH�SDWLHQW
V�PHGLFDO�KLVWRU\�ZDV�
UHFRUGHG��DQG�D�SK\VLFDO�H[DPLQDWLRQ�ZDV�SHUIRUPHG��$IWHU�WKH�8%7��WKH�SDWLHQW�LQJHVWHG���G/�ZDWHU�
ZLWK�VLPHWKLFRQH�VXVSHQVLRQ�����PJ��WR�UHGXFH�PXFXV�LQ�WKH�VWRPDFK��7KHQ��WR�GLVWHQG�WKH�VWRPDFK�
SURSHUO\��DSSUR[LPDWHO\������G/�RI�FOHDQ�ZDWHU�FRQVXPHG�E\�DOO�SDWLHQWV�ZLWKLQ����PLQ��:DWHU�LQJHVWLRQ�
PD\�EH�UHSHDWHG�DV�QHHGHG�WR�HQKDQFH�JDVWULF�GLVWHQVLRQ�GXULQJ�H[DPLQDWLRQ��$IWHU�FRPSOHWH�YLVXDO�
L]DWLRQ�RI�WKH�WRWDO�JDVWULF�PXFRVDO�VXUIDFH��DFWLYH�S\ORULF�SURSXOVLRQ�RI�WKH�FDSVXOH�ZDV�DWWHPSWHG�LQ�DOO�
SDWLHQWV�ZLWK�WKH�H[WHUQDO�PDJQHWLF�ILHOG��,I�LW�ZDV�XQVXFFHVVIXO�����PJ�LQWUDYHQRXV�PHWRFORSUDPLGH�ZDV�
DSSOLHG����PLQ�DIWHU�WKH�FDSVXOH�ZDV�VZDOORZHG�
&RQWUDLQGLFDWLRQV�RI�0&&(�ZHUH�WKH�VDPH�DV�RI�WKRVH�RI�6%&(�DQG�PDJQHWLF�UHVRQDQFH�LPDJLQJ�

�05,��H[DPLQDWLRQ��,Q�RXU�VWXG\��DEVROXWH�FRQWUDLQGLFDWLRQV�ZHUH�WKH�SDWLHQWV�ZLWK�SUHYLRXV�DEGRPLQDO�
VXUJHU\�DQG�RU�D�SUHYLRXV�FDSVXOH�UHWHQWLRQ��ZLWK�LPSODQWHG�05,�LQFRPSDWLEOH�HOHFWURQLF�GHYLFHV��H�J���
LPSODQWDEOH�FDUGLRYHUWHU�GHILEULOODWRU�DQG�SDFHPDNHUV���RU�PDJQHWLF��PHWDO�IRUHLJQ�ERGLHV��DQG�ZKR�
ZHUH�QRW�FRPSHWHQW�RU�UHIXVHG�WKH�LQIRUPHG�FRQVHQW�IRUP��ZKR�ZHUH�XQGHU�DJH����RU�DERYH�DJH�����DQG�
WKRVH�ZKR�ZHUH�SUHJQDQW��$�SDWHQF\�FDSVXOH�WHVW�ZDV�LQLWLDOO\�SHUIRUPHG�LQ�DOO�SDWLHQWV�WR�GHWHUPLQH�
WKRVH�ZLWK�UHODWLYH�FRQWUDLQGLFDWLRQV��LQFOXGLQJ�NQRZQ�RU�VXVSHFWHG�*,�REVWUXFWLRQ�GXH�WR�6%�&URKQ·V�
GLVHDVH��QHRSODVLD��RU�6%�VXUJHU\�

7HFKQLFDO�PHWKRGV�RI�0&&(

2XU�V\VWHP�LQYROYHV�D�VSHFLDO�VWDWLF�PDJQHW�ZLWK�URERWLF�DQG�PDQXDO�JXLGDQFH��FRPSXWHU�ZRUNVWDWLRQ�
ZLWK�(61DYL�VRIWZDUH��$QNRQ�7HFKQRORJLHV�&R��/WG���)LJXUH�����PDJQHWLF�FDSVXOH�HQGRVFRSH��FDSVXOH�
ORFDWRU��DQG�GDWD� UHFRUGHU��7KH�FDSVXOH�HQGRVFRSH�VL]HV������ð������PP��ZHLJKV�����J��DQG�KDV�D�
SHUPDQHQW� VSKHULFDO�PDJQHW� LQVLGH� �)LJXUH�����7KH�RSHUDWRU�FDQ�DGMXVW� WKH� IUHTXHQF\�RI� FDSWXUHG�
SLFWXUHV�IURP�����WR���IUDPHV�SHU�VHFRQG��ISV���&DSVXOH�IXQFWLRQLQJ�FDQ�EH�VWRSSHG�WHPSRUDULO\�DQG�



6]DODL�0�HW�DO��5RERWLFDOO\�FRQWUROOHG�PDJQHWLF�FDSVXOH�HQGRVFRS\

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

7DEOH���,QGLFDWLRQV�RI�VPDOO�ERZHO�FDSVXOH�HQGRVFRS\��JURXSHG�E\�JHQGHU�

$OO�FDVHV 0DOH )HPDOH

3DWLHQW�FKDUDFWHULVWLFV

Q ��� ��� ���

$JH��PHDQ���6'� ����������� ����������� �����������

%0, ���� ���� ����

,QGLFDWLRQV

2*L9 ���������� ���������� ����������

&HOLDF�GLVHDVH ���������� ���������� ����������

&URKQ·V�RU�VXVS��&URKQ·V ���������� ���������� ����������

8QH[SODLQHG�DEGRPLQDO�SDLQ ���������� ���������� ����������

6XVS��6%�WXPRU �������� �������� ��������

��&�XUHD�EUHDWK�WHVW�

1R��RI�SHUIRUPHG�WHVWV ���������� ���������� ����������

3RVLWLYH ���������� ���������� ����������

1HJDWLYH ���������� �������� ��������

%0,��%RG\�PDVV�LQGH[��6%��6PDOO�ERZHO�

)LJXUH���5RERWLF�&�DUP��LQYHVWLJDWLRQ�WDEOH��DQG�FRPSXWHU�ZRUNVWDWLRQ�IRU�PDJQHWLFDOO\�FRQWUROOHG�FDSVXOH�HQGRVFRS\�

UHVWDUWHG�E\�WKH�RSHUDWRU�UHPRWHO\�IURP�WKH�ZRUNVWDWLRQ��7KH�SLFWXUH�UHVROXWLRQ�LV�����ð�����SL[HOV��DQG�
WKH� ILHOG�RI�YLHZ�LV�������7KH� LOOXPLQDWLRQ�FDQ�EH�DXWRPDWLFDOO\�DGMXVWHG�E\�DQ�DXWRPDWLF�SLFWXUH�
IRFXVLQJ�PHFKDQLVP��ZKLFK�HQDEOHV�WKH�YLHZ�GHSWK�WR�VKLIW�IURP���PP�WR����PP��'HSHQGLQJ�RQ�WKH�ISV��
WKH�EDWWHU\�OLIH�FDQ�EH�RYHU����K��ZKLFK�DOORZV�FRPELQHG�JDVWULF�DQG�6%�FDSVXOH�LQYHVWLJDWLRQV�ZLWK�WKH�
VDPH�FDSVXOH�
7KH�PDJQHWLF� URERWLF�&�DUP�JHQHUDWHV�DQ�DGMXVWDEOH�PDJQHWLF� ILHOG�RXWVLGH�RI� WKH�ERG\�ZLWK�D�

PD[LPXP�VWUHQJWK�RI�����7��ZKLFK�DOORZV�SUHFLVH�FRQWUROOHG�PRYHPHQWV�LQ�WKUHH�VSDWLDO�GLUHFWLRQV��
'XULQJ�WKH�SURFHVV��WKH�SK\VLFLDQ�JXLGHV�WKH�PDJQHWLF�FDSVXOH�E\�WZR�MR\VWLFNV�LQ�DQ\�FKRVHQ��VSDWLDO�
GLUHFWLRQ�RU�DORQJ�LWV�D[LV��DQG�WKHUHIRUH��KH�FDQ�URWDWH�RU�WLOW�LW��0RUHRYHU��WKH�FDSVXOH�FDQ�DGYDQFH�
IRUZDUG������E\�D�URWDWLRQDO�DXWRPDWLVP�LQ�WKH�GLUHFWLRQ�RI�WKH�FDSVXOH�YLVXDO�D[LV��ZKLFK�LV�KHOSIXO�IRU�
WUDQVSRVLWLRQ�RI�WKH�FDSVXOH�IURP�WKH�ORQJ�D[LV�RI�WKH�VWRPDFK�
7KH�FDSVXOH�ORFDWRU�LV�D�XQLTXH�GHYLFH�WKDW�DFWLYDWHV�WKH�FDSVXOH�E\�LQIUDUHG�OLJKW�SULRU�WR�WKH�SDWLHQW�

VZDOORZLQJ�LW��7KH�SUHVHQFH�RI�WKH�FDSVXOH�FDQ�EH�GHWHFWHG�LQ�WKH�FDVH�RI�VXVSHFWHG�FDSVXOH�UHWHQWLRQ�
�)LJXUH����
7KH�V\VWHP�LV�FDSDEOH�RI�UHDO�WLPH�GLJLWDO�WUDQVPLVVLRQ�RI�LPDJHV�WR�WKH�RSHUDWLQJ�V\VWHP��$W�WKH�VDPH�

WLPH��LW� LV�FRQWLQXRXVO\�REWDLQLQJ�LQIRUPDWLRQ�DERXW�WKH�J\URVFRSH��ZKLFK�LV�EXLOW� LQWR�WKH�FDSVXOH�
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)LJXUH���0DJQHWLF�FDSVXOH�HQGRVFRSH��1DYL&DP��

)LJXUH���&DSVXOH�ORFDWRU�GHYLFH�

>WKUHH�GLPHQVLRQDO���'��PRWLRQ�GHWHFWRU@��,W�DOVR�UHFHLYHV�GDWD�IURP�WKH�DFWXDO�VSDWLDO�ORFDWLRQ�RI�WKH�
FDPHUD�DQG�ORFDOL]HV�WKH�FDSVXOH�LQVLGH�WKH�ERG\�DW�DQ\�WLPH��7KH�GDWD�UHFRUGHU��)LJXUH����PD\�UHFHLYH�
DOO�PRWLRQ�LQIRUPDWLRQ�DQG�KLJK�TXDOLW\�SLFWXUHV�YLD�ZLUHOHVV�WUDQVPLVVLRQ�IURP�WKH�FDSVXOH�HQGRVFRSH��
,Q�FRQWUDVW��WKH�FRQQHFWLRQ�EHWZHHQ�WKH�GDWD�UHFRUGHU�DQG�WKH�ZRUNVWDWLRQ�YLD�D�86%�ZLUH�PDNHV�YLVLEOH�
WKH�UHDO�WLPH�SLFWXUHV�DQG�J\URVFRSH�LQIRUPDWLRQ�
0DJQHWLF�&(�FDQ�EH�WUDQVIHUUHG�DORQJ�ILYH�GLIIHUHQW�D[HV�ZLWK�WKH�FRQWUROOLQJ�PDJQHW��WZR�URWDWLRQDO�

DQG�WKUHH��'�VSDFHV��7R�DFKLHYH�WKLV��WKHUH�DUH�WZR�MR\VWLFNV�RQ�WKH�ZRUNVWDWLRQ�GHVNWRS��WKH�OHIW�RQH�
FRQWUROV�WKH�FDSVXOH�LQ�WZR�URWDWLRQDO�D[HV��KRUL]RQWDO�DQG�YHUWLFDO�GLUHFWLRQV��DQG�WKH�ULJKW�MR\VWLFN�
GLUHFWV�LW�LQ�WKH�WKUHH�WUDQVODWLRQDO�D[HV��IRUZDUG�EDFNZDUGV��XS�GRZQ��OHIW�ULJKW���3UHFLVH�PDJQHWLF�
FRQWURO�LV�DFKLHYHG�E\�SRVLWLRQLQJ�WKH�H[DPLQLQJ�WDEOH��PRGLI\LQJ�WKH�SRVLWLRQ�RI�WKH�VSKHULFDO�PDJQHW�
D[LV�DORQJ�WKH��'�VSDFH��DQG�G\QDPLFDOO\�DGMXVWLQJ�WKH�VWUHQJWK�DQG�GLUHFWLRQ�RI�WKH�YHFWRULDO�PDJQHWLF�
ILHOGV�SHUSHQGLFXODU�WR�HDFK�RWKHU��7KH�DERYH�PHQWLRQHG�URERWLF�V\VWHPV�FDQ�DOVR�DXWRPDWLFDOO\�UXQ�WKH�
PDJQHWLF�ILHOG�YHFWRU�DQG�SRVLWLRQ�LW�E\�URERWLFDOO\�FRQWUROOHG�FRPSXWHU�EDVHG�VRIWZDUH��VFULSWV��LQ�
GHIDXOW�PRGH��ZKLFK�FDQ�DFKLHYH�D� VWDQGDUGL]HG�PXFRVDO� VFDQQLQJ�GXULQJ� WKH�0&&(�SURFHGXUH�
ZLWKRXW�WKH�GLUHFW�LQWHUYHQWLRQ�RI�D�SK\VLFLDQ�

0&&(�VWXG\�SURWRFRO�DQG�JDVWULF�VWDWLRQV

7R�DFKLHYH�RSWLPDO�JDVWULF�PXFRVDO�YLVXDOL]DWLRQ�DQG�VWDQGDUGL]DWLRQ�RI�WKH�0&&(�SURWRFRO�LQ�WKH�
VWRPDFK��ZH�GHILQHG�HLJKW�GLIIHUHQW�VWDWLRQV�ZLWK�GLIIHUHQW�SDWLHQW�SRVLWLRQV�WR�YLVXDOL]H�WKH�HQWLUH�LQQHU�
JDVWULF�VXUIDFH�DV�GXULQJ�XSSHU�*,�HQGRVFRS\��&KDQJLQJ�WKH�SDWLHQW�SRVLWLRQ�IURP�WKH� OHIW� ODWHUDO�
GHFXELWXV�WR�WKH�VXSLQH�DQG�ULJKW�ODWHUDO�SRVLWLRQ�LV�QHFHVVDU\�WR�FRPELQH�JUDYLW\�DQG�PDJQHWLF�IRUFH��
ZKLFK�LPSURYH�FDSVXOH�PDQHXYHULQJ��)LJXUH�����7KH�FDSVXOH�VZDOORZHG�E\�WKH�SDWLHQWV�LQ�WKH�OHIW�ODWHUDO�
GHFXELWXV�SRVLWLRQ��)LJXUH����
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)LJXUH���'DWD�UHFRUGHU�

)LJXUH���'LIIHUHQW�PDJQHWLFDOO\�FRQWUROOHG�FDSVXOH�HQGRVFRS\�VWDWLRQV�DQG�FDSVXOH�FDPHUD�RULHQWDWLRQV�GHILQHG�WR�DFKLHYH�D�FRPSOHWH�
JDVWULF�PXFRVDO�VXUIDFH�YLVXDOL]DWLRQ�DQG�PDSSLQJ��FUHDWHG�E\�=ROWiQ�7yELiV��0'��

6WDWLRQV�DW�WKH�OHIW�ODWHUDO�GHFXELWXV�SRVLWLRQ��6WDWLRQ�,��9LVXDOL]DWLRQ�RI�WKH�JDVWULF�IXQGXV�DQG�VXEFDU�
GLDO�UHJLRQ�ZLWK�WKH�FDUGLD��SRVWHULRU�-�W\SH�UHWURIOH[LRQ��
$IWHU�HQWHULQJ�WKH�VWRPDFK��WKH�FDSVXOH�ZDV�ORZHUHG�LQWR�WKH�ODUJH�FXUYDWXUH�DW�WKH�ERG\�RI�WKH�

VWRPDFK��7KH�PDJQHWLF�EDOO�ZDV�KHOG�KLJK�XS�DW�WKH�OHYHO�RI�WKH�SDWLHQW
V�ULJKW�VKRXOGHU��7KH�FDSVXOH�
FDPHUD�ZDV�PDLQWDLQHG�LQ�DQ�REOLTXHO\�XSZDUG�RULHQWDWLRQ�RI�����DQG�WKHQ�KRUL]RQWDOO\�URWDWHG�WR�
REVHUYH�WKH�JDVWULF�IXQGXV�DQG�WKH�FDUGLD��)LJXUH��$�&��
6WDWLRQ�,,��0RYLQJ�FORVHU�WR�WKH�FDUGLD�DQG�WKH�IXQGXV��DQWHULRU�-�W\SH�UHWURIOH[LRQ��
:KLOH�XVLQJ�WKH�ULJKW�MR\VWLFN��WKH�EDOO�PDJQHW�ZDV�ORZHUHG�DQG�ILWWHG�FORVHO\�WR�WKH�SDWLHQW
V�ULJKW�

DUP��'XH� WR� WKH�SUR[LPLW\�RI� WKH�PDJQHWLF� ILHOG�� WKH� FDSVXOH� URVH� WR� WKH�DQWHULRU�ZDOO� DQG�VPDOO�
FXUYDWXUH�RI�WKH�VWRPDFK��7KH�FDSVXOH�ZDV�WKHQ�URWDWHG�ZLWK�WKH�FDPHUD�RULHQWHG�YHUWLFDOO\�XSZDUG�WR�
REVHUYH�WKH�FDUGLD�XS�FORVH��ZLWK�WKH�IXQGXV�DW�D�GLVWDQFH��)LJXUH��'�)��
6WDWLRQ�,,,��9LVXDOL]DWLRQ�RI�WKH�JDVWULF�ERG\�IURP�WKH�IXQGXV�
:LWK�WKH�EDOO�PDJQHW�LQ�WKH�VDPH�SRVLWLRQ��XVLQJ�WKH�OHIW�MR\VWLFN��WKH�FDSVXOH�FDPHUD�ZDV�URWDWHG�DQG�

WLOWHG�GRZQZDUGV��HQDEOLQJ�YLVXDOL]DWLRQ�RI�WKH�SUR[LPDO�ERG\�RI�WKH�VWRPDFK��FRUSXV��DQG�WKH�JDVWULF�
IROGV�DW�WKH�ODUJH�FXUYDWXUH�ZLWK�D�ORQJLWXGLQDO�YLHZ��)LJXUH��*�,��

6WDWLRQV�LQ�WKH�VXSLQH�SRVLWLRQ��6WDWLRQ�,9��9LVXDOL]DWLRQ�RI�WKH�DQJXODU�LQFLVXUH�
3DWLHQWV�ZHUH�DVNHG�WR�OLH�RQ�WKHLU�EDFN��LQ�D�VXSLQH�SRVLWLRQ��7KH�FDSVXOH�ZDV�PRYHG�DQG�ORFDWHG�WR�

WKH�GLVWDO�ERG\�LQWR�WKH�DQJXODU�UHJLRQ�GXH�WR�D�FKDQJH�RI�JUDYLW\�DQG�VWHSZLVH�PDJQHWLF�PRYHPHQWV��
7KH�PDJQHWLF�EDOO�ZDV�PRYHG�WR�WKH�OHIW�XSSHU�DEGRPHQ��K\SRFKRQGULXP��DQG�WKHQ�ORZHUHG��FORVH�WR�
WKH�SDWLHQW�DEGRPHQ��,Q�WKLV�FDVH��WKH�FDSVXOH�ZDV�UDLVHG�WR�WKH�DQWHULRU�ZDOO�RI�WKH�VWRPDFK��WKHUHIRUH��
WKH�VPDOO�FXUYDWXUH�DQG�WKH�DQJXODU�LQFLVXUH�ZHUH�H[DPLQHG�DV�ZHOO��)LJXUH��$�&��
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)LJXUH���7KH�FDSVXOH�VZDOORZHG�E\�WKH�SDWLHQWV�LQ�WKH�OHIW�ODWHUDO�GHFXELWXV�SRVLWLRQ��$��3DWLHQWV�DQG�EDOO�PDJQHW�SRVLWLRQ��%�DQG�&��3LFWXUHV�RI�WKH�
=�OLQH�E\�&(�IURP�RXU�GDWDEDVH�

6WDWLRQ�9��9LVXDOL]DWLRQ�RI�WKH�ODUJHU�FXUYDWXUH�RI�WKH�GLVWDO�ERG\�IURP�WKH�DQJXODU�LQFLVXUH��8�W\SH�RI�
UHWURYHUVLRQ��
7KH�PDJQHWLF�EDOO�ZDV�PRYHG�WR�WKH�HSLJDVWULF�DUHD��FORVH�WR�WKH�DEGRPHQ��7KHQ�WKH�FDSVXOH�FDPHUD�

ZDV�RULHQWHG�XSZDUG�WR�REVHUYH�WKH�DQWHULRU�ZDOO�RI�WKH�JDVWULF�ERG\��,Q�WKLV�SRVLWLRQ��WKH�FDSVXOH�FDQ�EH�
WXUQHG�DQG�URWDWHG��H�J���WRZDUGV�WKH�FDUGLD���HQDEOLQJ�YLVXDOL]DWLRQ�RI�WKH�GLVWDO�ERG\�RI�WKH�VWRPDFK�
ORQJLWXGLQDOO\��DV�LQ�WKH�HQGRVFRSLF�YLHZ�RI�8�W\SH�UHWURYHUVLRQ��)LJXUH��'�)��

6WDWLRQV�DW�WKH�ULJKW�ODWHUDO�GHFXELWXV�SDWLHQW�SRVLWLRQ��6WDWLRQ�9,��9LVXDOL]DWLRQ�RI�WKH�DQWUDO�FDQDO�
,Q�WKH�QH[W�SKDVH��SDWLHQWV�ZHUH�DVNHG�WR�WXUQ�WR�WKH�ULJKW�ODWHUDO�GHFXELWXV�SRVLWLRQ��'XH�WR�WKH�

JUDYLW\�IRUFH��WKH�FDSVXOH�VDQN�DQG�PRYHG�VSRQWDQHRXVO\�LQWR�WKH�DQWUDO�UHJLRQ��7KHQ��WKH�EDOO�PDJQHW�
ZDV�SRVLWLRQHG�RYHU�WKH�OHIW�NLGQH\��7KH�FDSVXOH�ZDV�EURXJKW�FORVHU�WR�WKH�ODUJH�FXUYDWXUH�ZLWK�WKH�
FDPHUD�RULHQWHG�REOLTXHO\�GRZQZDUG�DW������ZKLFK�HQDEOHG�REVHUYDWLRQ�RI�WKH�DQWUXP��7KHQ��WKH�DQWUDO�
FDQDO�FRXOG�EH�H[DPLQHG�ZLWK�WKH�S\ORUXV��DQG�WKH�DQJXODU�LQFLVXUH�EHFDPH�YLVLEOH�IURP�WKH�DQWUXP�
�)LJXUH��$�&��

6WDWLRQV�LQ�WKH�VXSLQH�SRVLWLRQ��6WDWLRQ�9,,��3UHS\ORULF�YLHZ�DQG�YLVXDOL]DWLRQ�RI�WKH�S\ORUXV�
$IWHU�WKDW��HDFK�SDWLHQWV�ZHUH�DVNHG�WR�OLH�RQ�KLV�RU�KHU�EDFN�LQ�WKH�VXSLQH�SRVLWLRQ��7KH�EDOO�PDJQHW�

ZDV�SRVLWLRQHG�FORVH�WR�WKH�ERG\�RQ�WKH�ULJKW�XSSHU�DEGRPHQ��K\SRFKRQGULXP���7KH�FDSVXOH�FDPHUD�
ZDV�RULHQWHG�KRUL]RQWDOO\�DQG�ODWHUDOO\�WRZDUG�WKH�S\ORUXV�IRU�FORVHU�REVHUYDWLRQ��7KH�PDJQHW�SRVLWLRQ�
HQVXUHG�WKDW�WKH�FDSVXOH�UHPDLQHG�LQ�WKH�DQWUXP��8VLQJ�ERWK�WKH�ULJKW�DQG�OHIW�MR\VWLFNV��ZH�PRYHG�WKH�
FDSVXOH�FORVHU�WR�WKH�S\ORUXV��)LJXUH���$�&��
6WDWLRQ�9,,,��0DJQHWLFDOO\�FRQWUROOHG�WUDQVS\ORULF�SDVVDJH�RI�WKH�FDSVXOH�
7KH�PDJQHWLF�EDOO�ZDV�SODFHG�DW�WKH�SDWLHQW
V�ULJKW�VLGH�DW�WKH�OHYHO�RI�WKH�GXRGHQDO�EXOE��7KH�FDSVXOH�

ZDV�WKHQ�URWDWHG�XQWLO�WKH�FDPHUD�IDFHG�WKH�S\ORUXV��7KH�FDSVXOH�ZDV�GUDJJHG�FORVH�WR�WKH�S\ORUXV�
XQGHU�WKH�JXLGDQFH�RI�WKH�PDJQHW�URERW��$V�WKH�S\ORUXV�ZDV�RSHQHG��SHULVWDOVLV�DVVLVWHG�WKH�FDSVXOH�LQWR�
WKH�GXRGHQXP��$IWHU� WUDQVS\ORULF� SDVVDJH�� ILUVW�ZH�GHSLFWHG� WKH�GXRGHQDO� EXOE�� WKHQ� IURP� WKH�
GHVFHQGLQJ�DQG�LQIHULRU�KRUL]RQWDO�SDUW�RI�WKH�GXRGHQXP��ZH�YLVXDOL]HG�WKH�DPSXOOD�RI�WKH�9DWHU�E\�
WLOWLQJ�WKH�FDSVXOH�FDPHUD�XSZDUGV�WR�IDFLOLWDWH�WKH�UHWURJUDGH�YLHZ��)LJXUH���'�*��

([DPLQLQJ�WKH�VPDOO�LQWHVWLQH

,I�WKH�FDSVXOH�HQWHUHG�YLD�WKH�VPDOO�LQWHVWLQH��SDWLHQWV�ZHUH�DVNHG�WR�GULQN���/�RI�3(*�VROXWLRQ��DQG�IURP�
WKHQ�RQ��WKH\�ZHUH�UHTXHVWHG�WR�GULQN�FOHDU�IOXLGV��L�H���ZDWHU���7KH�PRYHPHQW�RI�WKH�FDSVXOH�LQ�WKH�VPDOO�
LQWHVWLQH�ZDV�WKHQ�PRQLWRUHG�KRXUO\�LQ�UHDO�WLPH�YLVXDOL]DWLRQ�PRGH��7KH�H[DPLQDWLRQ�HQGHG�ZKHQ�WKH�
FDSVXOH�DUULYHV�DW�WKH�FRORQ�RU�VWRSV�IXQFWLRQLQJ�GXH�WR�WKH�ORZ�EDWWHU\�

5(68/76
$Q�8%7�WHVW�UHYHDOHG�+��S\ORUL�SRVLWLYLW\�LQ�������RI�FDVHV���7DEOH�����1R�VLJQLILFDQW�DVVRFLDWLRQ�ZLWK�+3�
VWDWXV�DQG�WKH�W\SH��SUR[LPDO�RU�GLVWDO���GLVWULEXWLRQ��GLIIXVH�RU�IRFDO��DQG�VHYHULW\��PLQLPDO�RU�DFWLYH��
HURVLYH��RI�WKH�JDVWULWLV�GHVFULEHG�RQ�0&&(�UHVXOWV�ZHUH�GHSLFWHG�
7KH�PHDQ�JDVWULF��6%��DQG�FRORQ�77�ZLWK�0&&(�ZDV�����K����PLQ��0�)�����K����PLQ����K����PLQ�����K�

���PLQ����V����K����PLQ����V���K����PLQ����V��DQG���K���PLQ����V����K���PLQ����V���K���PLQ����V���
UHVSHFWLYHO\��$YHUDJH�WRWDO�WLPH�RI�0&&(�H[DPLQDWLRQ����K����PLQ����V����K����PLQ����V���K����PLQ����V��
�7DEOH����
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7DEOH���7KH�UHVXOWV�RI�+HOLFREDFWHU�S\ORUL�&���XUHD�EUHDWK�WHVWV

Q +��S\ORUL�SRVLWLYH � +��S\ORUL�QHJDWLYH � Ȥ� 3�YDOXH

1RUPDO �� � ��� �� ��� ������ ������ 16

0LQRU�SUR[LPDOJDVWULWLV �� � ��� �� ��� ����� ������ 16

0LQRU�DQWUDOJDVWULWLV �� � ��� �� ��� ������ ������ 16

$FWLYH��HURVLYH�DQWUDOJDVWULWLV �� � ��� � ��� ������ ������ 16

3UR[LPDO�HURVLYHJDVWULWLV �� � ��� �� ��� ������ ������ 16

3DQJDVWULWLV��SUR[LPDO�DQG�DQWUDO� � � ��� � ��� ��� ������ 16

7RWDO�+3�WHVWHG�SDWLHQWV ��� �� ��� �� ��� � � �

+��S\ORUL��+HOLFREDFWHU�S\ORUL�

7DEOH���0HDQ�JDVWULF��VPDOO�ERZHO��DQG�RYHUDOO�WUDQVLW�WLPHV�RI�PDJQHWLFDOO\�FRQWUROOHG�FDSVXOH�HQGRVFRS\

7UDQVLW�WLPH $OO�FDVHV 6' 0DOH� )HPDOH

6WRPDFK ��K����PLQ����V ��K����PLQ����V ��K����PLQ����V ��K����PLQ����V

6PDOO�ERZHO ��K����PLQ����V ��K���PLQ����V ��K����PLQ����V ��K����PLQ����V

7RWDO ��K����PLQ����V ��K����PLQ����V ��K����PLQ����V ��K����PLQ����V

7KH�GLDJQRVWLF�\LHOGV�IRU�GHWHFWLQJ�DQ\�DEQRUPDOLWLHV�LQ�WKH�VWRPDFK�DQG�6%�ZLWK�0&&(�ZHUH��������
������IRU�PLQRU�SDWKRORJLHV�DQG�������IRU�PDMRU�SDWKRORJLHV��������RI�WKH�DEQRUPDOLWLHV�ZHUH�IRXQG�LQ�
WKH�6%��DQG�������ZHUH�LQ�WKH�VWRPDFK��7KH�GLDJQRVWLF�\LHOG�IRU�VWRPDFK�6%�ZDV�����������IRU�PDMRU�
SDWKRORJLHV�DQG�������������IRU�PLQRU�SDWKRORJLHV��7DEOH�����,Q�WKH�VWRPDFK��XOFHUV�DQG�SRO\SV�ZHUH�
FRQVLGHUHG�PDMRU��ZKLOH�VLJQV�RI�JDVWULWLV�ZHUH�PLQRU�SDWKRORJLHV��,Q�WKH�6%�VLJQV�RI�&URKQ·V�DQG�FHOLDF�
GLVHDVH�ZHUH� WKH�PDMRU�DQG�QRQ�VSHFLILF� LQIODPPDWLRQ��GLYHUWLFXOD�DQG�DQJLRG\VSODVLD� WKH�PLQRU�
SDWKRORJLHV��%DVHG�RQ�ILQGLQJV�IURP�0&&(�H[DPLQDWLRQV��WKH�GLVWULEXWLRQ�RI�SDWKRORJLHV�LV�GHSLFWHG�LQ�
7DEOH���
7KH�FDSVXOH
V�DFWLYH�PDJQHWLF�PRYHPHQW�WKURXJK�WKH�S\ORUXV�ZDV�VXFFHVVIXO�XVLQJ�WKH�PDJQHW�LQ�

������RI�DOO�SDWLHQWV��DXWRPDWL]HG�SURWRFRO�LQ����SDWLHQWV�DQG�DFWLYH�PDQXDOO\�FRQWUROOHG�PDJQHWLF�
DFWLYLW\�LQ����SDWLHQWV���7DEOH����
,Q���� �0�)��������SDWLHQWV� ��������6%�YLVXDOL]DWLRQ�ZLWK�0&&(�ZDV� LQFRPSOHWH��7KHUH�ZHUH����

RFFXUUHQFHV�RI�LQFRPSOHWH�H[DPLQDWLRQV�DV�D�UHVXOW�RI�FDSVXOH�GHSOHWLRQ��,Q���RI�WKHVH����FDVHV��WKH�
FDSVXOH�ZDV�GHSOHWHG�ZLWKLQ���K�RI�RSHUDWLRQ��LQGLFDWLQJ�D�PDQXIDFWXULQJ�IODZ��7KH�DYHUDJH�WRWDO�VWXG\�
WLPH�LQ�WKH�UHPDLQLQJ����FDVHV�ZDV���K����PLQ���V��)URP�WKH�S\ORUXV�WR�WKH�ODVW�LPDJH��WKH�DYHUDJH�WUDQVLW�
WLPH�ZDV���K����PLQ���V��7KH�H[DPLQDWLRQ�ZDV�GLVFRQWLQXHG�VRRQHU�WKDQ�SODQQHG�LQ���FDVHV�GXH�WR�WKH�
SDWLHQW
V�UHTXHVW��,Q���FDVHV��WKHUH�ZDV�FDSVXOH�UHWHQWLRQ�GXH�WR�&URKQ
V�OLNH�XOFHUDWLRQ��DFFRPSDQLHG�E\�
D�QDUURZ�ERZHO�OXPHQ��7DEOH�����7KHVH�SUREOHPV�ZHUH�UHVROYHG�VSRQWDQHRXVO\�ZLWKRXW�VXUJHU\��EXW�
ZLWK�PHGLFDO�WUHDWPHQW��7KHUH�ZHUH�QR�VHULRXV�DGYHUVH�HYHQWV�RU�FDSVXOH�UHWHQWLRQ�GXULQJ�WKH�VWXG\�
SHULRG�

',6&866,21
7KHUH�DUH�WZR�PDLQ�GLUHFWLRQV�LQ�GHYHORSLQJ�FDSVXOH�HQGRVFRSHV�ZLWK�DFWLYH�PRYHPHQWV��LQWHUQDOO\�DQG�
H[WHUQDOO\�JXLGHG�WHFKQLTXHV��,QWHUQDO�JXLGDQFH�PHDQV�WKDW�WKH�ORFRPRWLYH�V\VWHP�LV�LQWHJUDWHG�LQWR�WKH�
FDSVXOH��EXW�WKHVH�V\VWHPV�UHTXLUH�ORQJHU�ODVWLQJ�EDWWHULHV�IRU�IXOO�IXQFWLRQDOLW\��,WV�PDLQ�DGYDQWDJH�LV�D�
PRUH�SUHFLVH�QDYLJDWLRQ�ZLWK�WKH�KHOS�RI�WKH�LQWHUQDOL]HG�ORFRPRWLYH�V\VWHP��([WHUQDO�JXLGDQFH�UHIHUV�WR�
RXWZDUGO\�FRQGXFWHG�FDSVXOH�PRYHPHQWV��H�J���ZLWK�D�PDJQHWLF�FRQWURO�XQLW�RU�GHYLFH�PRYLQJ�DUP�
JHQHUDWLQJ�WKH�PDJQHWLF�ILHOG��7KH�H[FHSWLRQDO�DGYDQWDJH�RI�WKLV�PHWKRG�LV�WKDW�WKH�PDJQHWLF�ILHOG��DQG�
LWV�DGMXVWPHQW��EXLOW�E\�WKH�H[WHUQDO�XQLW�FRQWUROV�WKH�ORFRPRWLYH�PHFKDQLVP��WKXV�PDNLQJ�WKLV�DQ�
HQHUJ\�VDYLQJ�VROXWLRQ��+RZHYHU��D�GLVDGYDQWDJH�RI�WKLV�WHFKQLTXH�LV�WKDW�LW�LV�OLPLWHG�WR�PRUH�SDVVLYH��
OHVV�IOH[LEOH�ORFRPRWLRQ��7KH�H[DPLQLQJ�SK\VLFLDQ�FRQWUROV�WKH�FDSVXOH�RXWVLGH�WKH�ERG\�ZLWK�DQ�H[WHUQDO�
FRQWURO�XQLW��ZKLFK�GHFUHDVHV�WKH�DFFXUDF\�RI�WKH�VSDWLDO�DQG�WHPSRUDO�PRYHPHQWV��/RFRPRWLRQ�RI�WKH�
FDSVXOH�HQGRVFRSH�ZRXOG�UHVXOW�LQ�QXPHURXV�ORQJ�WHUP�DGYDQWDJHV�LQ�WKH�GLDJQRVWLFV�DQG�WKHUDS\�RI�*,�
GLVHDVHV��IRFXVHG�ELRSVLHV��WUHDWPHQW�RSWLRQV��H�J���ODVHU�WXPRU�DEODWLRQ��ORFDO�WDUJHWHG�UHOHDVH�RI�FHUWDLQ�
PHGLFDWLRQV��DQG�HQGRVFRSLF�XOWUDVRXQG�DSSOLFDWLRQV�>�@�
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7DEOH���'LDJQRVWLF�\LHOG�RI�PDJQHWLFDOO\�FRQWUROOHG�FDSVXOH�HQGRVFRS\

'LDJQRVWLF�\LHOG 0DMRU 0LQRU 7RWDO�

7RWDO ���������� ����������� �����������

*DVWULF ��������� ����������� �����������

6%� ��������� ���������� ����������

6%��6PDOO�ERZHO�

7DEOH���'LVWULEXWLRQ�RI�SDWKRORJLHV�GHWHFWHG�E\�PDJQHWLFDOO\�FRQWUROOHG�FDSVXOH�HQGRVFRS\

3RO\S�
YHQWULFXOL

8OFXV�
YHQWULFXOL &RHOLDNLD &URKQ *DVWULWLV 6PDOO�LQWHVWLQDO�

GLYHUWLFXOD $QJLRG\VSODVLD $VSHFLILF�LQIDOPPDWLRQ�
LQ�VPDOO�ERZHO

0DMRU�SDWKRORJLHV¬
¬�¬�¬�¬�¬�¬�¬�¬

� � � �� ��� � �� �

7DEOH���'LVWULEXWLRQ�RI�GLIIHUHQW�W\SHV�RI�WUDQVS\ORULF�WUDQVLW�LQ�FRPSOHWH�DQG�LQFRPSOHWH�VPDOO�ERZHO�VWXGLHV

7UDQVS\ORULF�WUDQVLW
&DVHV�
�Q�

0HDQ�WRWDO�
WUDQVLW�WLPH

0HDQ�JDVWULF�
WUDQVLW�WLPH

0HDQ�6%�
WUDQVLW�WLPH :LWK�PDJQHW�E\�

DXWRPDWLF�SURWRFRO
:LWK�PDJQHW�
PDQXDOO\

:LWKRXW�
PDJQHW

7RWDO�VWXG\�SRSXODWLRQ ��� ��K����PLQ����V ��K����PLQ����V ��K����PLQ����V ���������� ���������� �����������

,QFRPSOHWH�VWXGLHV ���
������

��K����PLQ����V ��K����PLQ����V ��K����PLQ����V � � ��

7KH�FDSVXOH�GHSOHWHG��!���
K�

���
������

��K����PLQ���V ��K����PLQ���V ��K����PLQ���V � � �

7KH�FDSVXOH�GHSOHWHG������
K�

������ ��K����PLQ����V ��K����PLQ���V ��K����PLQ����V � � �

7KH�SDWLHQW�UHTXHVWHG�WR�
WHUPLQDWH

������ ��K����PLQ���V ��K����PLQ���V ��K����PLQ���V � � �

7KH�FDSVXOH�VWRSSHG�
EHFDXVH�RI�D�GLVHDVH

�������� ��K����PLQ����V ��K����PLQ����V ��K���PLQ����V � � �

6%��6PDOO�ERZHO�

0DJQHWLF�DVVLVWHG�FDSVXOH�HQGRVFRS\��0$&(��V\VWHPV�KDYH�EHHQ�GHYHORSHG�RYHU�WKH�SDVW������\HDUV��
SULPDULO\�IRU�UHVHDUFK�JRDOV��([SHULHQFHV�GUDZQ�IURP�SUHYLRXVO\�FRQGXFWHG�LQ�YLWUR�VWXGLHV�VKRZHG�WKDW�
ORFRPRWLRQ�DQG�SUHFLVLRQ�RI�WKH�FDSVXOH�DUH�VLJQLILFDQWO\�LQIOXHQFHG�E\�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�
JHQHUDWHG�PDJQHWLF�ILHOG�FUHDWHG�E\�WKH�H[WHUQDO�PDJQHWLF�XQLW�ZKLOH�WUDYHOOLQJ�LQ�WKH�KXPDQ�ERG\>�@�
,Q�������2O\PSXV�ZDV�WKH�ILUVW�WR�LQWURGXFH�D�PRGLILHG�05,�PDFKLQH�SURWRW\SH�WKDW�PRYHG�D�0$&(�

V\VWHP�ZKLFK�DOORZHG�WKH�RSHUDWRU�WR�VXFFHVVIXOO\�JXLGH�WKH�FDSVXOH�LQ�D�FKRVHQ�VSDWLDO�GLUHFWLRQ�LQVLGH�
WKH�VWRPDFK�DIWHU�GULQNLQJ�ZDWHU��+RZHYHU��WKH�DGRSWLRQ�RI�WKLV�GLDJQRVWLF�SURFHGXUH�GLG�QRW�VSUHDG�
ZRUOGZLGH�DQG�JHW�PHGLFDO�DFFHSWDQFH>�@�
,Q�������,QWUR0HGLF�GHYHORSHG�D�QDYLJDWLRQ��1$9,��PDJQHWLF�FDSVXOH�V\VWHP�WKDW�FRXOG�EH�PRYHG�

H[WHUQDOO\�ZLWK�D�VPDOO��KDPPHU�VKDSHG��H[WHUQDO�VWDWLF�PDJQHW�GHYLFH��7KH�WHFKQRORJ\�LQYROYLQJ�D�
PDJQHW�WKDW�DVVLVWHG�WKH�SK\VLFLDQ�LQ�PDQXDOO\�PRYLQJ�WKH�FDSVXOH�HQGRVFRSH�DSSHDUHG�YLDEOH�DQG�
YDOXDEOH�LQ�PDQ\�H[SHULPHQWDO�VHWWLQJV��+RZHYHU��LW�GLG�QRW�DFKLHYH�DQ\�EUHDNWKURXJKV��DV�LW�RQO\�
DOORZHG�VXGGHQ�DQG�KDUVK�SRVLWLRQ�FKDQJHV�RI�WKH�FDSVXOH��,Q�FOLQLFDO�WULDOV�VWXG\LQJ�WKH�DSSOLFDWLRQ�RI�
WKH�1$9,�FDSVXOH�V\VWHP�XVLQJ�D�VPDOO�FRKRUW����������RI�WKH�PXFRVDO� OD\HU�RI�WKH�VWRPDFK�ZDV�
YLVXDOL]HG�DFFXUDWHO\�XVLQJ�H[WHUQDO�PDJQHWLFDOO\�FRQWUROOHG�ORFRPRWLRQ�DIWHU�WKH�LQJHVWLRQ�RI�ZDWHU��,WV�
GLDJQRVWLF�DFFXUDF\�ZDV�VLPLODU�WR�WKDW�RI�WUDGLWLRQDO�JDVWURVFRS\>�@��8VLQJ�D�VLPLODU�W\SH�RI�1$9,�
FDSVXOH�V\VWHP��&(�ZDV�SHUIRUPHG�RQ�WKH�ODUJH�LQWHVWLQHV��ZKHUH�PDJQHWLF�ORFRPRWLRQ�GLUHFWHG�WKH�
FDSVXOH�IURP�WKH�FHFXP�WR�WKH�VLJPRLG�FRORQ��$W�WKH�VDPH�WLPH��D�FRORQRVFRS\�SUREH�ZDV�LQVHUWHG�WR�
PRQLWRU� FDSVXOH�PRYHPHQWV� WR� SURYLGH� GLODWDWLRQ>��@��,Q� LURQ� GHILFLHQF\� DQHPLD�� DIWHU� URXWLQH�
FRORQRVFRS\�RI����SDWLHQWV��WKH�SHUIRUPDQFH�RI�D�0$&(�V\VWHP�ZDV�FRPSDUHG�ZLWK�WKH�,QWUR0HGLF�
1DYL�V\VWHP�LQ�SURYLGLQJ�D�GLDJQRVWLF�H[DPLQDWLRQ�RI�WKH�VWRPDFK�DQG�VPDOO�LQWHVWLQH�LQ�RQH�VLWWLQJ��
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)LJXUH���6WDWLRQV�,�,,,�DW�WKH�OHIW�ODWHUDO�GHFXELWXV�SRVLWLRQ��$��3DWLHQWV¶�SRVLWLRQ��6WDWLRQ�,���%��&DUGLD�E\�D�JDVWURVFRSH��6WDWLRQ�,���&��&DUGLD�E\�&(��6WDWLRQ�
,���'��3DWLHQWV¶�SRVLWLRQ��6WDWLRQ�,,���(��&DUGLD�E\�D�JDVWURVFRSH��6WDWLRQ�,,���)��&DUGLD�E\�&(��6WDWLRQ�,,���*��3DWLHQWV¶�SRVLWLRQ��6WDWLRQ�,,,���+��&RUSXV�E\�D�JDVWURVFRSH�

�6WDWLRQ�,,,���,��&RUSXV�E\�D�FDSVXOH��6WDWLRQ�,,,��

$FFRUGLQJ� WR� WKH� UHVXOWV��0$&(�GHWHFWHG�PRUH� SDWKRORJLHV� WKDQ� E\� JDVWURVFRS\� DORQH�� DQG�QR�
VLJQLILFDQW�GLIIHUHQFH�LQ�GLDJQRVWLF�VHQVLWLYLW\�ZDV�IRXQG�EHWZHHQ�WKH�PHWKRGV�ZKHQ�H[DPLQLQJ�WKH�
XSSHU�*,�WUDFW>��@�
3UHFLVH�ORFRPRWLRQ�RI�WKH�PDJQHWLF�FDSVXOH�LQVLGH�WKH�*,�WUDFW�E\�PDQXDO�FRQWURO�LV�QRW�SRVVLEOH�GXH�

WR�WKH�YDULDEOH�GHQVLW\�RI�WLVVXHV�DQG�YDULDEOH�GLVWDQFH�RI�WKH�FDSVXOH��H�J���LQ�WKH�VWRPDFK�IURP�WKH�
H[WHUQDO�PDJQHW��0RUHRYHU��H[DFW�VSDWLDO�ORFDWLRQ�RI�WKH�FDSVXOH��LWV�UHODWLRQ�WR�WKH�VXUURXQGLQJ�RUJDQV��
RU�WKH�DQWH��UHWURJUDGH�RULHQWDWLRQ�FDQQRW�EH�MXGJHG�DFFXUDWHO\��7KHUHIRUH��D�FRQWURO�PHFKDQLVP�LV�
QHHGHG�DORQJVLGH�WKH�PDJQHWLF�FDSVXOH��ZKLFK�LV�EDVHG�RQ�H[WHUQDO�URERWLFV�WKDW�HQDEOH�WKH�SK\VLFLDQ
V�
LQSXW�WR�EH�H[HFXWHG��L�H���MR\VWLFN��LQ�IRUZDUG��EDFNZDUG��XSZDUG��GRZQZDUG��DQG�VLGHZD\V�GLUHFWLRQV���
%\�SUH�SURJUDPPLQJ� LQVWUXFWLRQ�VHTXHQFHV� �VFULSW�� LQ� WKH�FRPSXWLQJ�FRQWURO�XQLW� WR�H[DPLQH� WKH�
VWRPDFK�IURP�WKH�IXQGXV�WR�WKH�DQWUXP��ZH�FUHDWHG�D�UHSURGXFLEOH�H[DPLQDWLRQ�RI�WKH�FRPSOHWH�LQQHU�
PXFRVDO�OLQLQJ�RI�WKH�VWRPDFK��ZKLFK�ORZHUHG�WKH�YDULDELOLW\�DPRQJ�LQYHVWLJDWLRQV��,I�WKH�H[DPLQLQJ�
SK\VLFLDQ�QRWLFHV�VLJQLILFDQW�SDWKRORJ\��KH�VKH�FDQ�LQWHUYHQH�DQG�PRYH�WKH�H[DPLQDWLRQ�WR�PDQXDO�
FRQWURO�DQG�UHYLVLW�WKH�DOWHUDWLRQ��GRLQJ�VR�LQFUHDVHV�WKH�QXPEHU�RI�LPDJHV�WDNHQ�RI�WKH�OHVLRQ�DQG�
RSWLPL]HV�WKH�GLDJQRVWLF�DFFXUDF\�RI�WKH�VWXG\�
1DYL&DP�ZDV� WKH� ILUVW�PDJQHWLFDOO\� FRQWUROOHG� FDSVXOH� V\VWHP� WKDW� HQDEOHV�ELGLUHFWLRQDO�GDWD�

WUDQVPLVVLRQ�DQG�URERWLF�FRQWURO��7KH�FDSVXOH� IXQFWLRQV�DW����� ISV�DQG�LWV�VSDWLDO�RULHQWDWLRQ�ZLWK�
FRQWLQXRXV�PRQLWRULQJ�RI�HQHUJ\�OHYHOV�DUH�WUDQVPLWWHG�YLD�WKH�UHFRUGLQJ�YHVW�WR�FRQWURO�WKH�GDWD�DQG�
VFUHHQ�RI�WKH�FRPSXWLQJ�XQLW��$W�WKH�FRQVROH��ZH�FDQ�FRQWURO�WKH�SUHFLVH�ORFRPRWLRQ�RI�WKH�FDSVXOH��
LPDJH�FDSWXULQJ�VSHHG��DQG�EULJKWQHVV��DV�ZHOO�DV�WXUQ�LW�RQ�RU�RII�
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)LJXUH���6WDWLRQV�,9�DQG�9�LQ�WKH�VXSLQH�SRVLWLRQ��$��3DWLHQWV¶�SRVLWLRQ��6WDWLRQ�,9���%��$QJXODU�LQFLVXUH�E\�D�JDVWURVFRSH��6WDWLRQ�,9���&��$QJXODU�LQFLVXUH�E\�
&(��6WDWLRQ�,9���$��3DWLHQWV¶�SRVLWLRQ��6WDWLRQ�9���%��$QJXODU�LQFLVXUH�E\�D�JDVWURVFRSH��6WDWLRQ�9���&��$QJXODU�LQFLVXUH�E\�&(��6WDWLRQ�9��

)LJXUH���6WDWLRQ�DW�WKH�ULJKW�ODWHUDO�GHFXELWXV�SDWLHQW�SRVLWLRQ��$��3DWLHQWV¶�SRVLWLRQ��6WDWLRQ�9,���%��$QWUXP�FDQDO�RI�VWRPDFK�E\�JDVWURVFRSH��6WDWLRQ�9,���
&��$QWUXP�FDQDO�RI�VWRPDFK�E\�&(��6WDWLRQ�9,��

:H�FRPELQHG�PDQXDO�DQG�DXWRPDWLF��URERWLF�FDSVXOH�FRQWURO�WR�RSWLPL]H�WKH�JDVWULF�SURFHGXUH��$V�
ZH�SUHYLRXVO\�SXEOLVKHG�LQ�DQ�LQ�YLWUR�VHWWLQJ��FRPSOHWH������YLVXDOL]DWLRQ�RI�WKH�LQQHU�VXUIDFH�RI�D�
SODVWLF�VWRPDFK�PRGHO�ZLWK�WKH�PHGLXP�DQG�ODUJH�VWRPDFK�DXWRVFDQ�SURJUDP�PRGXOH�DQG�ZLWK�WKH�
IUHHKDQG�FRQWUROOLQJ�PHWKRG�FRXOG�EH�VXFFHVVIXOO\�DFKLHYHG�LQ�DOO�FDVHV��:LWK�WKH�VPDOO�DQG�PHGLXP�
VWRPDFK�PRGH��ZH�FRXOG�REVHUYH�RQO\�������RI�WKH�LQQHU�VXUIDFH��EHFDXVH�RI�WKH�LQFRPSOHWH�YLVXDO�
L]DWLRQ�RI�WKH�SUHS\ORULF�UHJLRQ��:LWK�IUHHKDQG�PHWKRG��ZH�QHHGHG�QHDUO\�WZLFH�DV�PXFK�DYHUDJH�WLPH�
�����V��WR�PDNH�D�FRPSOHWH�H[DPLQDWLRQ��FRPSDUHG�WR�WKH�URERWLF�PDQHXYHULQJ�ZLWK�DXWRVFDQ�SURJUDP�
�����V���,Q�DQ�HYHU\GD\�SUD[LV��LQ�HDFK�SDWLHQW�SRVLWLRQ��WKH�IROORZLQJ�VWDWLRQV�DQG�FDSVXOH�SRVLWLRQLQJ�
ZHUH�SHUIRUPHG�DIWHU�UXQQLQJ�WKH���GLIIHUHQW�DXWRVFDQ�SURJUDPV>�����@�
&(�LV�D�SRWHQWLDOO\�SDWLHQW�IULHQGO\�DQG�QRQFRQWDFW�LQIHFWLRQ�IUHH�GLDJQRVWLF�PRGDOLW\�RI�VFUHHQLQJ�IRU�

JDVWULF�GLVHDVHV��ZKLFK�PD\�UHVXOW�LQ�FRPSOHWH�DQG�H[FHOOHQW�H[DPLQDWLRQV�RI�WKH�VWRPDFK��'XULQJ�WKH�
FRURQDYLUXV�GLVHDVH������SDQGHPLF��GLUHFW�FRQWDFW�ZLWK�WKH�SDWLHQWV�LQ�WKH�SUDFWLFH�LV�D�SRWHQWLDO�ULVN�
IDFWRU�IRU�LQIHFWLRQV��1RQ�FRQWDFW�PHGLFLQH�LV�D�SRVVLELOLW\�IRU�IXUWKHU�H[DPLQDWLRQV��VXFK�DV�UHPRWH�
FRQWURO�RI�&(>��@��7KH�SUHYDOHQFH�RI�IRFDO�JDVWULF�OHVLRQV��SRO\SV��JDVWULF�XOFHUV��VXEPXFRVDO�WXPRUV��HWF���
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)LJXUH�����6WDWLRQV�9,,�DQG�9,,,�LQ�WKH�VXSLQH�SRVLWLRQ��$��3DWLHQW¶V�SRVLWLRQ��6WDWLRQ�9,,���%��$QWUXP�FDQDO�RI�VWRPDFK�E\�JDVWURVFRSH��6WDWLRQ�9,,���&��
$QWUXP�FDQDO�RI�VWRPDFK�E\�&(��6WDWLRQ�9,,���'��3DWLHQW¶V�SRVLWLRQ��6WDWLRQ�9,,,���(��3\ORULF�ULQJ��6WDWLRQ�9,,,���)��$PSXOOD�RI�9DWHU��6WDWLRQ�9,,,���*��3\ORUXV�IURP�WKH�

GXRGHQDO�EXOE�ZLWK�D�FDSVXOH��6WDWLRQ�9,,,��

LQFUHDVHV�ZLWK�DJH��DQG�WKH\�PD\�EH�GHWHFWHG�ZLWK�0&&(�DV�HIIHFWLYHO\�DV�ZLWK�JDVWURVFRS\>�@��7KH�
VHQVLWLYLW\�LV�EHWZHHQ�����DQG������DQG�WKH�VSHFLILFLW\�LV�EHWZHHQ�����DQG������>��@��6HYHUDO�VWXGLHV�
SURYHG�WKDW��DOWRJHWKHU��UHOLDEOH�SUHSDUDWLRQ��JDVWULF�FOHDQOLQHVV���FDUHIXO�H[DPLQDWLRQ��DQG�0&&(�DUH�
SLYRWDO� IRU� DGHTXDWH� JDVWULF� YLVXDOL]DWLRQ� DQG�� WKHUHIRUH�� IRU� WKH�GHWHFWLRQ�RI� VXSHUILFLDO� JDVWULF�
QHRSODVPV>��@��,Q� D� ODUJH�PXOWLFHQWHU� JDVWULF� FDQFHU� VFUHHQLQJ� WULDO� FRQGXFWHG� LQ� &KLQD� VHYHQ�
DV\PSWRPDWLF�SDWLHQWV�RXW�RI������ZHUH�GLDJQRVHG�ZLWK�DGYDQFHG�FDQFHU�E\�0&&(��&DQFHU�SUHYDOHQFH�
ZDV�KLJKHVW�LQ�WKH�JDVWULF�ERG\����FDVHV���IROORZHG�E\���FDVHV�LQ�WKH�FDUGLD�DQG���LQ�WKH�DQWUXP��ZKLOH�����
FDVHV�ZHUH�GHWHFWHG� LQ� WKH� UHJLRQ�RI� WKH� DQJXOXV�� LQ� WKH� IXQGXV�DQG� LQ� WKH� HVRSKDJXV��$OO�ZHUH�
FRQILUPHG�WR�EH�DGHQRFDUFLQRPD�SDWKRORJLFDOO\��7KHVH�UHVXOWV�LQGLFDWH�WKDW�VFUHHQLQJ�ZLWK�0&&(�PD\�
EH�XVHIXO�LQ�KLJK�IDPLO\�ULVN�SRSXODWLRQV�RU�SHRSOH�DJHG�RYHU����\HDUV�ROG�DV�D�JDVWULF�FDQFHU�VFUHHQLQJ�
PRGDOLW\>�@�
0DJQHWLF�VWHHULQJ�PD\�DOVR�LPSDFW�77V��DV�GHOD\HG�JDVWULF�WUDQVLW�RI�WKH�&(��HVSHFLDOO\�LQ�SDWLHQWV�

ZLWK�JDVWURSDUHVLV��PD\�OHDG�WR�DQ�LQFRPSOHWH�6%�H[DP��7KLV�PHWKRG�PD\�LQFUHDVH�WKH�SDSLOOD�GHWHFWLRQ�
UDWH�DV�ZHOO��,Q�DGGLWLRQ�WR�PDJQHWLF�VWHHULQJ��WKHUH�DUH�VHYHUDO�RWKHU�LQGHSHQGHQW�IDFWRUV��VXFK�DV�PDOH�
JHQGHU�DQG�KLJKHU�%0,��ZKLFK�LQFUHDVH�JDVWULF�77V�DQG�GHFUHDVH�6%�77V�� WKXV�LPSDFWLQJ�WKH�WLPH�
UHTXLUHG�IRU�&(�FRPSOHWLRQ>��@��'HVSLWH�WKH�IDFW�WKDW�GHOD\HG�JDVWULF�77�PD\�FDXVH�LQFRPSOHWH�6%&(��ZH�
VKRXOG�DYRLG�HVRSKDJR�JDVWUR�GXRGHQRVFRS\�WR�UHVROYH�WHPSRUDU\�JDVWULF�FDSVXOH�UHWHQWLRQ�DQG�LQVWHDG�
XVH�0&&(>��@�
7KH�YLVXDO�GLDJQRVLV�RI�WKH�SUHVHQFH�RI�+��S\ORUL�ZLWK�VWDQGDUG�ZKLWH�OLJKW�HQGRVFRS\��:/,��KDV�D�

UHODWLYHO\� ORZ�DFFXUDF\�� HVSHFLDOO\� LQ�SRSXODWLRQ�ZLWK�D� ORZ�SUHWHVW�SUREDELOLW\��0RUHRYHU��:/,�
HQGRVFRS\�FRUUHODWHV�SRRUO\�ZLWK�KLVWRSDWKRORJLFDO�ILQGLQJV�RI�+��S\ORUL�LQGXFHG�JDVWULWLV�WRR��5HFHQWO\��
ORZ�TXDOLW\�UHWURVSHFWLYH�VWXGLHV�SURSRVHG�WKH�WKHRU\��WKDW�ZLWK�WKH�DSSOLFDWLRQ�RI�D�VSHFLDO�HOHFWURQLF�
FKURPRHQGRVFRS\��OLQNHG�FRORU�LPDJLQJ��GLIIXVH�UHGGLVK�DSSHDUDQFH�RI�WKH�PXFRVD�LQ�WKH�JDVWULF�ERG\�
DQG�IXQGLF�JODQGV�FRUUHODWHV�ZLWK�WKH�SUHVHQFH�RI�+3>��@�
,Q�RXU�VWXG\�ZH�IRXQG�QR�FRUUHODWLRQ�EHWZHHQ�WKH�+3�VWDWXV�DQG�WKH�DFWLYLW\�DQG�W\SH�RI�JDVWULWLV�

REVHUYHG�RQ�0&&(�DV�IROORZV��EXW�QRW�LQFOXGHG�WKLV�LQWR�WKH�7DEOH����VLQFH�LW�ZRXOG�EH�UHOHYDQW�LQ�
DQRWKHU�SXEOLFDWLRQ��IRFXVLQJ�+3�VWDWXV�DQG�JDVWULWLV�RQ�0&&(�
0&&(�LV�DQ�H[FHOOHQW�PHWKRG�WR�YLVXDOL]H�WKH�HQWLUH�JDVWULF�PXFRVDO�VXUIDFH�XS�WR������SUHFLVLRQ�LQ�

KHDOWK\�YROXQWHHUV>�@��,Q�D�SUHYLRXV�VWXG\�RI����FRQVHFXWLYH�SDWLHQWV��ZH�GHPRQVWUDWHG�WKDW�ZLWK�RXU�
FRPELQHG�PHWKRG�ZLWK�DXWRPDWLF�DQG�PDQXDO�FRQWURO��D�FRPSOHWH�YLVXDOL]DWLRQ�RI�WKH�FDUGLD��IXQGXV��
FRUSXV�� DQJXOXV�� DQWUXP�� DQG� GXRGHQDO� EXOE�ZDV� ������� ������ ������ ������ ����� DQG� ������
UHVSHFWLYHO\��7KH�DPSXOOD�RI�9DWHU�ZDV�GHWHFWHG�DQG�REVHUYHG�LQ����SDWLHQWV��������0RUHRYHU��WKH�
YLVXDOL]DWLRQ�RI�WKH�GLVWDO�HVRSKDJXV�DQG�WKH�=�OLQH�ZDV�SRVVLEOH�LQ�������SDWLHQWV��������ZKLFK�ZDV�
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DVVHVVHG�DV�FRPSOHWH�LQ�����DQG�SDUWLDOO\�FRPSOHWH�LQ����SDWLHQWV��7KH�PHDQ�VWDWLRQDU\�WLPH�IRU�0&&(�LQ�
WKH�GLVWDO�HVRSKDJXV�ZDV���PLQ�DQG����V>��@�
7KH�XVH�RI�0&&(�QHHGV�WR�EH�FRQVLGHUHG�LQ�ZHVWHUQ�DQG�HDVWHUQ�FRXQWULHV��DV�WKHUH�DUH�WZR�GLIIHUHQW�

VFHQDULRV��GHSHQGLQJ�RQ�WKH�GLIIHUHQW�OHYHOV�RI�SUHYDOHQFH�RI�8*,�GLVHDVHV�DQG�JDVWULF�FDQFHU�LQ�HDFK�
FRXQWU\��1RZDGD\V��0&&(�LV�PRVWO\�XVHG�IRU�WKH�GHWHFWLRQ�RI�PDOLJQDQW�DQG�SUHPDOLJQDQW�JDVWULF�
OHVLRQV��ZKLFK�DUH�PRUH�SUHYDOHQW�LQ�HDVWHUQ�FRXQWULHV��+RZHYHU��WKH�SUHVHQW�WHFKQRORJ\�RSHQV�WKH�GRRU�
WR�IXUWKHU��QHZ�WHFKQRORJLHV��VXEVHTXHQW�GHYHORSPHQWV�ZRXOG�DOORZ�0&&(�WHFKQRORJ\�WR�EH�H[WHQGHG�
WR�RWKHU�UHJLRQV�RI�WKH�*,�WUDFW��H�J���WKH�HVRSKDJXV��ZKLFK�PD\�IDFLOLWDWH�WKH�GHWHFWLRQ�RI�PRUH�UHOHYDQW�
OHVLRQV��VXFK�DV�%DUUHWW�PHWDSODVLD�LQ�ZHVWHUQ�FRXQWULHV�DV�ZHOO��:LWK�VHFRQG�JHQHUDWLRQ�0&&(��YLVXDO�
L]DWLRQ�RI�WKH�HVRSKDJXV��=�OLQH��DQG�GXRGHQDO�SDSLOOD�ZRXOG�EH�LPSURYHG��DFFRUGLQJ�WR�D�VWXG\�E\�
-LDQJ�HW�DO>��@�)XUWKHUPRUH��WKH�JDVWULF�77�FRXOG�VKRUWHQ�E\�RQH�WKLUG��ZKLFK�ZDV�QHDUO\�DFKLHYHG�E\�
FRQYHQWLRQDO�HQGRVFRS\�ZLWK�DQ�H[DPLQDWLRQ�RI�DSSUR[LPDWHO\����PLQ�
,W� LV�NQRZQ� WKDW� WKH� FXUUHQW�JROG� VWDQGDUG�JDVWURVFRS\�KDV� VRPH�FOHDU�GLVDGYDQWDJHV�� DV� LW� LV�

FRPPRQO\�XQFRPIRUWDEOH�IRU�SDWLHQWV��DQG�WKHUHIRUH�LW�LV�PRVWO\�SHUIRUPHG�XQGHU�VHGDWLRQ��ZKLFK�
FDUULHV�GHILQLWH�SURFHGXUH�UHODWHG�ULVNV��0&&(��DV�D�SDWLHQW�IULHQGO\��QRQ�LQYDVLYH�WHVW��PLJKW�EH�DQ�
DOWHUQDWLYH� IRU�SDWLHQWV�ZKR� UHIXVH� WR�XQGHUJR�JDVWURVFRS\�DQG� LQFUHDVH�SDWLHQWV·� DGKHUHQFH� IRU�
VFUHHQLQJ��)XUWKHUPRUH��0&&(�RI�WKH�VWRPDFK�ZDV�UHFHQWO\�DSSURYHG�E\�WKH�&KLQHVH�)RRG�DQG�'UXJ�
$VVRFLDWLRQ�IRU�WKH�IROORZLQJ�GLDJQRVWLF�LQGLFDWLRQV������$V�DQ�DOWHUQDWLYH�GLDJQRVWLF�WRRO�IRU�SDWLHQWV�
ZKR�UHIXVH�WR�XQGHUJR�JDVWURVFRS\������6FUHHQLQJ�RI�JDVWULF�GLVHDVHV�DV�D�SDUW�RI�SK\VLFDO�H[DPLQDWLRQ��
����6FUHHQLQJ�IRU�JDVWULF�FDQFHU������7R�GLDJQRVH�YDULRXV�FDXVHV�RI�*,�LQIODPPDWLRQ������7R�SHUIRUP�
IROORZ�XS�IRU�GLVHDVHV�OLNH�JDVWULF�YDULFHV��JDVWULF�XOFHU��DWURSKLF�JDVWULWLV��DQG�SRO\SV�DIWHU�VXUJLFDO�RU�
HQGRVFRSLF�UHPRYDO>��@�
7KHUH�LV�QR�VLPLODU�VWXG\�LQ�WKH�OLWHUDWXUH��DV�ZH�SHUIRUPHG�D�FRPSOHWH�XSSHU�*,�FDSVXOH�H[DPLQDWLRQ��

LQFOXGLQJ�WKH�VWRPDFK�DQG�WKH�6%�ZLWK�WKH�VDPH�FDSVXOH�HQGRVFRSH�GXULQJ�0&&(��'HQ]HU�HW�DO>��@�
SXEOLVKHG�D�EOLQGHG��SURVSHFWLYH�WULDO�IURP�WZR�)UHQFK�FHQWHUV�ZLWK�WKH�,QWURPHGLF�PDQXDOO\�FRQWUROOHG�
0&&(��$�WRWDO�RI�����SDWLHQWV�ZHUH�HQUROOHG�LQWR�WKLV�PXOWLFHQWHU�VWXG\��/HVLRQV�ZHUH�GHILQHG�DV�PDMRU�
�UHTXLULQJ�ELRSV\�RU�UHPRYDO��RU�PLQRU�RQHV��7KH�ILQDO�JROG�VWDQGDUG�ZDV�XQEOLQGHG�FRQYHQWLRQDO�
JDVWURVFRS\�ZLWK�ELRSV\��XQGHU�VHGDWLRQ�ZLWK�SURSRIRO��7ZHQW\�WKUHH�PDMRU�OHVLRQV�ZHUH�IRXQG�LQ����
SDWLHQWV�DQG�LQ�WKLV�SRSXODWLRQ��WKH�FDSVXOH�DFFXUDF\�ZDV�������DV�FRPSDUHG�WR�JDVWURVFRS\��2I�WKH�
UHPDLQLQJ�����SDWLHQWV������KDG�PLQRU�DQG�PRVWO\�PXOWLSOH�OHVLRQV��WKH�FDSVXOH�DFFXUDF\�ZDV��������$OO�
SDWLHQWV�SUHIHUUHG�0&&(�RYHU�JDVWURVFRS\>��@�
2QH�RI�WKH�ULVN�IDFWRUV�RI�LQFRPSOHWH�6%�FDSVXOH�HQGRVFRS\�LV�D�SURORQJHG�JDVWULF�WUDQVLW�WLPH��ZKLFK�

FRXOG�EH�FRQVLGHUHG�DV�D� OLPLWDWLRQ�RI�RXU�FRPELQHG�JDVWULF�DQG�6%�VWXG\�SURWRFRO�� ,Q�RXU�SDWLHQW�
SRSXODWLRQ��WKH�DYHUDJH�JDVWULF�WUDQVLW�WLPH�ZLWK�PDJQHWLF�WUDQVS\ORULF��PDQXDO�FRQWURO�ZDV����PLQ��,Q�
FRQWUDVW��LQ�WKRVH�FDVHV�ZKHUH�WKH�PDJQHWLF�WUDQVS\ORULF�FRQWURO�IDLOHG��DIWHU�H[DPLQLQJ�WKH�VWRPDFK��ZH�
OHIW� WKH�FDSVXOH�WR�SURSHO�WKURXJK�WKH�S\ORUXV�E\�VSRQWDQHRXV�SHULVWDOWLF�DFWLYLW\�� ,Q�WKHVH�SDWLHQW�
JURXSV��WKH�DYHUDJH�JDVWULF�WUDQVLW�WLPH�WRRN���K�DQG���PLQ��,Q����FDVHV�RXW�RI����LQFRPSOHWH�6%�VWXGLHV�
FDXVHG�E\�EDWWHU\�ORZ�HQHUJ\��WKLV�HYHQW�RFFXUUHG�LQ���SDWLHQWV�ZLWK�PDQXDO�PDJQHWLF�SDVVDJH�DQG�LQ���
SDWLHQWV�ZLWK�VSRQWDQHRXV�WUDQVS\ORULF�SDVVDJH>��@�
9LVLELOLW\�DQG�LGHQWLILFDWLRQ�RI�ODQGPDUNV�DUH�LPSRUWDQW�IDFWRUV�WR�FRQVLGHU�LQ�DFFXUDWH�H[DPLQDWLRQ�RI�

VWRPDFK�XVLQJ�0&&(��*DVWULF�ODQGPDUNV�DQG�W\SLFDO�VWDWLRQV�GHVFULEHG�LQ�WKH�PHWKRGV�ZHUH�DOZD\V�
IRUFHG�WR�DFKLHYH�GXULQJ�FRPELQHG�DXWRPDWLF�DQG�PDQXDO�PDQHXYHULQJ��)RU�LPSURYLQJ�WKH�OHDUQLQJ�
FXUYH�RI�RXU�JDVWURHQWHURORJLVW��ZH�VWDUWHG�WR�WUDLQ�WKH�H[DPLQDWLRQV�LQ�D�SODVWLF�VWRPDFK�PRGHO��,Q�RXU�
SUHYLRXVO\�SXEOLVKHG�DEVWUDFW��ZH�GHVFULEHG�WKH�LPSURYHPHQW�RI�WKH�OHDUQLQJ�FXUYHV�ZLWK�PDQXDO�
PDJQHWLF�FRQWUROV�ERWK�LQ�H[SHUWV�DQG�LQ�WUDLQHHV>�@��,Q�WKLV�VWXG\��ZH�ILQG�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�
H[DPLQDWLRQ�WLPH�RI�WKH�FRPSOHWH�LQQHU�VXUIDFH�PDSSLQJ�EHWZHHQ�WUDLQHHV�DQG�H[SHUWV��DQG�PRUHRYHU�
DXWRPDWLF�SURWRFROV�ZHUH�IDVWHU�DQG�HTXDOO\�DFFXUDWH�DV�H[SHUWV�WR�DFKLHYH�D�FRPSOHWH�LQQHU�VXUIDFH�
PDSSLQJ�
7KH�SUREOHP�KRZ�WR�PLQLPDOL]H�EXEEOHV�DQG�PXFRLG�VHFUHWLRQV�LV�DQ�H[LVWLQJ�SUREOHP�LQ�UHDO�OLIH�

VWXGLHV��7R�LPSURYH�YLVLELOLW\��ZH�HVWDEOLVKHG�D�XQLTXH�SUHSDUDWLRQ�SURFHVV�ZLWK�D�FRPELQDWLRQ�RI�
ELFDUERQDWH��3URQDVH�%��DQG�VLPHWKLFRQH�FRPELQHG�ZLWK�D�SDWLHQW�ERG\�URWDWLRQ�WHFKQLTXH>�@��0RUHRYHU��
LQ�RXU�GHVFULEHG�VWDWLRQV��ZH�URWDWH�RXU�SDWLHQWV�IURP�OHIW�ODWHUDO�WR�VXSLQH��WKHQ�IURP�VXSLQH�WRS�ULJKW�
ODWHUDO��DQG�ILQDOO\�IURP�ULJKW�ODWHUDO�WR�VXSLQH�SRVLWLRQ�GXULQJ�0&&(�VWXG\��'XULQJ�WKLV�SURWRFRO��WKH�
JDVWULF�PXFRLG�VHFUHWLRQV�DOVR�PRYLQJ�LQWR�GLIIHUHQW�SDUWV�RI�WKH�VWRPDFK�GXH�WR�WKH�JUDYLW\�PDNLQJ�
YLVLEOH�DOO�WKH�ODQGPDUNV�DQG�WKH�PDMRULW\�RI�WKH�PXFRVDO�DEQRUPDOLWLHV��$SSOLFDWLRQ�RI�SURNLQHWLFV�RU�
PRWLOLQ�DJRQLVW�HU\WKURP\FLQ�PLJKW�DOVR�EH�DQ�RSWLRQ�LQ�IXWXUH�VWXGLHV�WR�LPSURYH�WKH�YLVLELOLW\�DQG�
UHGXFH�JDVWULF�ODNH�FRQWHQW>�����@�
$Q�LQKHUHQW�OLPLWDWLRQ�RI�RXU�SUHVHQW�VWXG\�WKDW�ZH�SHUIRUPHG�JDVWURVFRS\�RQO\�LQ�D�IHZ�SDWLHQWV�

ZLWK�PDMRU�JDVWULF�SDWKRORJLHV�WR�DFFRPSOLVK�ILQDO�GLDJQRVLV�DQG�ELRSV\��DQG�WKHUHIRUH��ZH�FRXOG�QRW�
DVVHVV� WKH�DFFXUDF\�RI�0&&(�LQ�DOO�SDWLHQWV�FRPSDUHG�WR�JDVWURVFRS\��+RZHYHU��VHYHUDO�SUHYLRXV�
VWXGLHV�GHPRQVWUDWHG�H[FHOOHQW�GLDJQRVWLF�YDOXH�DQG�KLJK�DFFXUDF\��,Q�D�UHFHQW�PHWD�DQDO\VLV�RI�=KDQJ�
HW�DO>��@� IRXU�VWXGLHV�ZLWK�����SDWLHQWV�ZHUH� LQFOXGHG�� LQ�ZKLFK� WKH�UHVXOWV�RI�EOLQGHG�0&&(�DQG�
JDVWURVFRS\�ZHUH�FRPSDUHG��0&&(�GHPRQVWUDWHG�D�SRROHG�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI���������&,��
�����������DQG���������&,��������������UHVSHFWLYHO\��7KH�GLDJQRVWLF�DFFXUDF\�RI�0&&(�ZDV���������&,��
�����������IRU�DVVHVVLQJ�JDVWULF�GLVHDVHV�
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&21&/86,21
0&&(�LV�DQ�HIIHFWLYH�DQG�VDIH�GLDJQRVWLF�PHWKRG�IRU�HYDOXDWLQJ�JDVWULF�DQG�6%�PXFRVDO�OHVLRQV�ZKLOH�
EHLQJ�XWLOL]HG�DV�D�VLQJOH�XSSHU�*,�FDSVXOH�HQGRVFRSH�LQ�SDWLHQWV�UHIHUUHG�IRU�6%&(�HYDOXDWLRQ��0&&(�
XVLQJ�WKH�QRYHO�$QNRQ�FDSVXOH�HQGRVFRSLF�WHFKQLTXH�LV�D�SURSHU�GLDJQRVWLF�PHWKRG�IRU�HYDOXDWLQJ�WKH�
JDVWULF�PXFRVD��,W�LV�D�SURPLVLQJ�QRQ�LQYDVLYH�VFUHHQLQJ�WRRO�WKDW�PD\�EH�DSSOLHG�LQ�IXWXUH�PRQLWRULQJ�
RI�SDWLHQWV�ZLWK�KLJK�JDVWULF�FDQFHU�IDPLO\�ULVN�WR�GHFUHDVH�PRUELGLW\�DQG�PRUWDOLW\�RI�EHQLJQ�DQG�
PDOLJQDQW�XSSHU�*,�GLVRUGHUV�

$57,&/(�+,*+/,*+76
5HVHDUFK�EDFNJURXQG

:KLOH�FDSVXOH�HQGRVFRS\��&(��LV�WKH�JROG�VWDQGDUG�GLDJQRVWLF�PHWKRG�RI�GHWHFWLQJ�VPDOO�ERZHO�GLVHDVHV�
DQG�GLVRUGHUV��D�QRYHO�PDJQHWLFDOO\�FRQWUROOHG�FDSVXOH�HQGRVFRS\��0&&(��V\VWHP�SURYLGHV�QRQ�
LQYDVLYH�HYDOXDWLRQ�RI� WKH�JDVWULF�PXFRVDO� VXUIDFH��ZKLFK�FDQ�EH�SHUIRUPHG�ZLWKRXW� VHGDWLRQ�RU�
GLVFRPIRUW�

5HVHDUFK�PRWLYDWLRQ

'XULQJ�VWDQGDUG�VPDOO�ERZHO�FDSVXOH�HQGRVFRS\��6%&(���SDVVLYH�PRYHPHQW�RI�WKH�&(�PD\�FDXVH�DUHDV�
RI�WKH�FRPSOH[�DQDWRP\�RI�WKH�JDVWULF�PXFRVD�WR�UHPDLQ�XQH[SORUHG��ZKHUHDV�WKH�SUHFLVLRQ�RI�0&&(�
FDSVXOH�PRYHPHQWV�LQVLGH�WKH�VWRPDFK�SURPLVHV�EHWWHU�YLVXDOL]DWLRQ�RI�WKH�HQWLUH�PXFRVD�

5HVHDUFK�REMHFWLYHV

7R�HYDOXDWH�WKH�$QNRQ�0&&(�V\VWHP·V�IHDVLELOLW\��VDIHW\�DQG�GLDJQRVWLF�\LHOG�LQ�SDWLHQWV�ZLWK�JDVWULF�RU�
VPDOO�ERZHO�GLVRUGHUV�

5HVHDUFK�PHWKRGV

2I�RXWSDWLHQWV�ZKR�ZHUH�UHIHUUHG�IRU�6%&(�������PDOH�IHPDOH�����������ZHUH�SURVSHFWLYHO\�HQUROOHG�
DQG�HYDOXDWHG�E\�0&&(��7KH�VWRPDFK�ZDV�H[DPLQHG�LQ�WKH�VXSLQH��OHIW��DQG�ULJKW�ODWHUDO�GHFXELWXV�
SRVLWLRQV�ZLWKRXW�VHGDWLRQ��1H[W��DOO�SDWLHQWV�XQGHUZHQW�D�FRPSOHWH�VPDOO�ERZHO�&(�VWXG\�SURWRFRO��7KH�
JDVWULF�PXFRVD�ZDV�H[SORUHG�ZLWK�WKH�$QNRQ�0&&(�V\VWHP�ZLWK�DFWLYH�PDJQHWLF�FRQWURO�RI�WKH�FDSVXOH�
HQGRVFRSH�LQ�WKH�VWRPDFK��DSSO\LQJ�WKUHH�VWDQGDUGL]HG�SUH�SURJUDPPHG�FRPSXWHUL]HG�DOJRULWKPV�LQ�
FRPELQDWLRQ�ZLWK�PDQXDO�FRQWURO�RI�WKH�PDJQHWLF�PRYHPHQWV�

5HVHDUFK�UHVXOWV

7KH�XUHD�EUHDWK�WHVW�UHYHDOHG�+HOLFREDFWHU�S\ORUL�SRVLWLYLW\�LQ�������RI�SDWLHQWV��7KH�PHDQ�JDVWULF�DQG�
VPDOO�ERZHO�WUDQVLW�WLPHV�ZLWK�0&&(�ZHUH����PLQ����V�DQG���K����PLQ����V��UHVSHFWLYHO\��7KH�DYHUDJH�
WRWDO�WLPH�RI�XSSHU�*,�0&&(�H[DPLQDWLRQ�ZDV���K����PLQ����V�PLQ��$FWLYH�PDJQHWLF�PRYHPHQW�RI�WKH�
$QNRQ�FDSVXOH�WKURXJK�WKH�S\ORUXV�ZDV�VXFFHVVIXO�LQ�������RI�SDWLHQWV��2YHUDOO�GLDJQRVWLF�\LHOG�IRU�
GHWHFWLQJ� DEQRUPDOLWLHV� LQ� WKH� VWRPDFK� DQG� VPDOO� ERZHO�ZDV� ������ �������PLQRU�� ������PDMRU�
SDWKRORJLHV���������RI�DEQRUPDOLWLHV�ZHUH�LQ�WKH�VPDOO�ERZHO��������ZHUH�LQ�WKH�VWRPDFK��7KH�GLDJQRVWLF�
\LHOG�IRU�VWRPDFK�VPDOO�ERZHO�ZDV�������������IRU�PLQRU�DQG�����������IRU�PDMRU�SDWKRORJLHV�

5HVHDUFK�FRQFOXVLRQV

0&&(�LV�D�IHDVLEOH��VDIH�GLDJQRVWLF�PHWKRG�IRU�HYDOXDWLQJ�JDVWULF�PXFRVDO�OHVLRQV�DQG�LV�D�SURPLVLQJ�
QRQ�LQYDVLYH�VFUHHQLQJ�WRRO�WR�GHFUHDVH�PRUELGLW\�DQG�PRUWDOLW\�LQ�XSSHU�JDVWURLQWHVWLQDO�GLVHDVHV�

5HVHDUFK�SHUVSHFWLYHV

0&&(�LV�SURPLVLQJ�DV�D�QRQ�LQYDVLYH�VFUHHQLQJ�WRRO� WKDW�PD\�EH�DSSOLHG� LQ�IXWXUH�PRQLWRULQJ�RI�
SDWLHQWV�IRU�HYDOXDWLQJ�JDVWULF�PXFRVDO�OHVLRQV�DQG�GHFUHDVLQJ�PRUELGLW\�DQG�PRUWDOLW\�RI�EHQLJQ�DQG�
PDOLJQDQW�XSSHU�*,�GLVRUGHUV�

$&.12:/('*(0(176
$FNQRZOHGJHPHQWV��VSHFLDO�WKDQNV�IRU�=ROWiQ�7yELiV�0'�IRU�WKH�JUDSKLFDO�ZRUN�DQG�YLVXDO�H[SODQDWLRQV�
RI�GLIIHUHQW�JDVWULF�VWDWLRQV�DQG�.DWD�7ĘJO�RXU�QXUVH�PDQDJHU�IRU�DVVLVWDQFH�DQG�PRGHOOLQJ�WKH�SDWLHQWV�
SRVLWLRQLQJ�GXULQJ�PDJQHWLFDOO\�FRQWUROOHG�FDSVXOH�HQGRVFRS\�
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5RV]WyF]\�$��2F]HOOD�/�DQG�0DGiFV\�/�GUDIWHG�WKH�PDQXVFULSW��2F]HOOD�/�HQUROOHG�SDUWLFLSDQWV��6]DODL�0�DQG�0DGi
FV\�/�UHYLHZHG�FDSVXOH�HQGRVFRS\�LPDJHV�DV�H[SHUW�HQGRVFRSLVWV�ZLWK�KLJK�H[SHULHQFH�LQ�FDSVXOH�HQGRVFRSH��5RV]Wy
F]\�$�DQG�0DGiFV\�/�SODQQHG�WKH�VWXG\�FRQFHSW��FRQVXOWHG�ZLWK�WKH�DXWKRUV��SHUIRUPHG�PDQXVFULSW�GDWDEDVH�
YDOLGDWLRQ��VXSHUYLVHG�WKH�PDQXVFULSW�SUHSDUDWLRQ�DQG�ZULWLQJ��DQG�DFWHG�DV�WKH�VXEPLVVLRQ
V�JXDUDQWRU��$OO�DXWKRUV�
ILQDOO\�UHDG�DQG�DSSURYHG�WKH�PDQXVFULSW�

,QVWLWXWLRQDO�UHYLHZ�ERDUG�VWDWHPHQW��7KLV�VWXG\�ZDV�DSSURYHG�E\�WKH�(WKLFDO�&RPPLWWHH�RI�WKH�8QLYHUVLW\�RI�6]HJHG�
�UHJLVWU\�1R��������������DQG�UHJLVWHUHG�LQ�WKH�WULDO�UHJLVWU\��&OLQLFDO7ULDOV�JRY��,GHQWLILHU��1&7�����������7KH�SUHVHQW�
VWXG\�ZDV�FRQGXFWHG�DFFRUGLQJ�WR�WKH�:RUOG�0HGLFDO�$VVRFLDWLRQ
V�'HFODUDWLRQ�RI�+HOVLQNL�SURYLVLRQV�LQ������

,QIRUPHG�FRQVHQW�VWDWHPHQW��$OO�LQYROYHG�SDUWLFLSDQWV�JDYH�WKHLU�LQIRUPHG�FRQVHQW��LQ�ZULWWHQ�IRUP��SULRU�WR�VWXG\�
LQFOXVLRQ��3DWLHQWV�DJUHHG�WR�SDUWLFLSDWH�LQ�WKH�SUHVHQW�VWXG\��XQGHUJR�FDSVXOH�HQGRVFRS\�DQG�+HOLFREDFWHU�S\ORUL�
EUHDWKV�WHVWV�E\�ZULWWHQ�LQIRUPHG�FRQVHQW��$OO�GHWDLOV�WKDW�PLJKW�GLVFORVH�WKH�LGHQWLW\�RI�WKH�VXEMHFWV�XQGHU�VWXG\�DUH�
DQRQ\PL]HG��7KH�LQVWLWXWLRQDO�UHYLHZ�ERDUG�RI�8QLYHUVLW\�RI�6]HJHG�ZDLYHG�WKH�UHTXLUHPHQW�WR�REWDLQ�LQIRUPHG�
FRQVHQWV�IURP�SDWLHQWV�

&RQIOLFW�RI�LQWHUHVW�VWDWHPHQW��1R�FRQIOLFW�RI�LQWHUHVW�

'DWD�VKDULQJ�VWDWHPHQW��'DWD��GHLGHQWLILHG�SDUWLFLSDQW�GDWD��DUH�DYDLODEOH�XSRQ�UHDVRQDEOH�UHTXHVW��&RQWDFW�GHWDLOV��
HQGRPDEW�#JPDLO�FRP��/iV]Oy�0DGiFV\������������������������1R�DGGLWLRQDO�LQIRUPDWLRQ�RU�GDWD�LV�DYDLODEOH�

6752%(�VWDWHPHQW��7KH�DXWKRUV�KDYH�UHDG�WKH�6752%(�6WDWHPHQW�FKHFNOLVW�RI�LWHPV��DQG�WKH�PDQXVFULSW�ZDV�
SUHSDUHG�DQG�UHYLVHG�DFFRUGLQJ�WR�WKH�6752%(�6WDWHPHQW�FKHFNOLVW�RI�LWHPV�

2SHQ�$FFHVV��7KLV�DUWLFOH�LV�DQ�RSHQ�DFFHVV�DUWLFOH�WKDW�ZDV�VHOHFWHG�E\�DQ�LQ�KRXVH�HGLWRU�DQG�IXOO\�SHHU�UHYLHZHG�E\�
H[WHUQDO�UHYLHZHUV��,W�LV�GLVWULEXWHG�LQ�DFFRUGDQFH�ZLWK�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�1RQ&RPPHUFLDO��&&�%<�
1&������OLFHQVH��ZKLFK�SHUPLWV�RWKHUV�WR�GLVWULEXWH��UHPL[��DGDSW��EXLOG�XSRQ�WKLV�ZRUN�QRQ�FRPPHUFLDOO\��DQG�OLFHQVH�
WKHLU�GHULYDWLYH�ZRUNV�RQ�GLIIHUHQW�WHUPV��SURYLGHG�WKH�RULJLQDO�ZRUN�LV�SURSHUO\�FLWHG�DQG�WKH�XVH�LV�QRQ�
FRPPHUFLDO��6HH��KWWSV���FUHDWLYHFRPPRQV�RUJ�/LFHQVHV�E\�QF�����

&RXQWU\�7HUULWRU\�RI�RULJLQ��+XQJDU\
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�����������/DV]OR�0DGDFV\���������������������

&RUUHVSRQGLQJ�$XWKRU
V�0HPEHUVKLS�LQ�3URIHVVLRQDO�6RFLHWLHV��+XQJDULDQ�6RFLHW\�RI�*DVWURHQWHURORJ\��������
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