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,QVWLWXWH� RI�)RRG� DQG�$JULFXOWXUDO� 6FLHQFHV��&HQWHU� IRU�$TXDWLF� DQG� ,QYDVLYH�3ODQWV��8QLYHUVLW\� RI�)ORULGD�� �����
1:����6WUHHW��*DLQHVYLOOH��)ORULGD��������DTSODQWV#JQY�LIDV�XIO�HGX�
�
�
�
$EVWUDFW�
�
7KH�VWDQGDUG�OLPLWDWLRQV�RI�FROOHFWLQJ�ILHOG�LQIRUPDWLRQ�DUH�WLPH�DQG�PRQH\��%RWK�UHGXFH�WKH�
PXFK�QHHGHG�FROOHFWLRQ�RI�LQYDVLYH�SODQW�VSHFLHV�OLVWV�DQG�ORFDWLRQ�LQIRUPDWLRQ�RQ�)ORULGD
V�
SXEOLF�ODQGV���$Q�DGGHG��OLPLWDWLRQ�LV�WKH�GLYHUVH�SDWWHUQ�RI�GLVWULEXWLRQ�H[KLELWHG�E\�LQYDVLYH�
SODQW�VSHFLHV��DQG�WKH�IUHTXHQF\�ZLWK�ZKLFK�UHPRWHO\�VHQVHG�GDWD�IDLO�WR�DGHTXDWHO\�DQG�DF�
FXUDWHO\�SRUWUD\�XQGHUVWRU\�DQG�HYHQ�RYHUVWRU\�VSHFLHV���:LWK�D�JRDO�RI�GHYHORSLQJ�D�VWDQGDUG�
L]HG� DVVHVVPHQW� PHWKRG� WKDW� PD[LPL]HV� XWLOL]DWLRQ� RI� H[LVWLQJ� NQRZOHGJH� DERXW� LQYDVLYH�
SODQW�GLVWULEXWLRQ�DQG�WKH�DIIHFWHG�KDELWDWV��ZKLOH�PLQLPL]LQJ�VWDII�UHTXLUHPHQWV��FRRSHUDWLQJ�
DJHQFLHV�DUH�WHVWLQJ�WKH�SUDFWLFDOLW\�DQG�OLPLWDWLRQV�RI�WLPH�VHQVLWLYH�VLWH�VXUYH\�PHWKRGV��
�
�
�
,QWURGXFWLRQ�
�
2QH�RI�WKH�GDXQWLQJ�WDVNV�IDFLQJ�UHVRXUFH�PDQDJHUV�LV�GRFXPHQWLQJ�WKH�VSDWLDO�GLV�
WULEXWLRQ�RI�DQ\�ELRORJLFDO�HQWLW\��LQFOXGLQJ�WKH�GLVWULEXWLRQ�RI�DOLHQ�LQYDVLYH�SODQWV��
DQG�HVWLPDWLQJ�WKH�RSHUDWLRQDO�GROODUV�WKDW�ZLOO�EH�QHHGHG�WR�PDQDJH�WKRVH�SODQWV���
7KHUH�LV�DQ�LQFUHGLEOH�UDQJH�RI�VDPSOLQJ�PHWKRGV�DYDLODEOH��DOO�DWWHPSWLQJ�WR�SUR�
YLGH�XVHIXO�LQIRUPDWLRQ�DERXW�WKH�XQHYHQ�GLVWULEXWLRQ�RI�ELRORJLFDO�HQWLWLHV�RI�RQH�
NLQG�RU�DQRWKHU���$ORQJ�ZLWK�GLIIHUHQFHV�LQ�DFWXDO�DSSOLFDWLRQ�DUH�IXQGDPHQWDO�GLI�
IHUHQFHV� DPRQJ� WKH�PHWKRGV� LQ� WKH� REMHFWLYHV� EHLQJ� VDWLVILHG� DQG� WKH� WLPH� DQG�
HTXLSPHQW�UHTXLUHPHQWV���7KLV�SDSHU�ZLOO�UHYLHZ�H[DPSOHV�RI�VHYHUDO�W\SHV�RI�VXU�
YH\�VDPSOLQJ�PHWKRGV�DQG�WKH�SURFHGXUH�WKDW� OHDGV�WR�WKH�FXUUHQW�PHWKRG�EHLQJ�
HPSOR\HG��
�
$PRQJ�WKH�VLPSOHU�PHWKRGV�LV�´WLPH�FRQVWUDLQW�VDPSOLQJµ��&DPSEHOO�DQG�&KULVW�
PDQ�������� �7KLV�PHWKRG�XVHV�DHULDO�SKRWRJUDSK\��PDSV�� LQWHUYLHZV��SHUVRQDO� LQ�
IRUPDWLRQ�� DQG�RWKHU� DYDLODEOH� VRXUFHV� WR�GHILQH� WKH�PRVW� OLNHO\� ORFDWLRQV�ZLWKLQ�
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WKH�SURSHUW\� WR�KRVW� WKH� WDUJHW�SODQW�RU� DQLPDO� VSHFLHV�� �$IWHU� VLWHV� DUH� VHOHFWHG��
WUDLQHG�SHUVRQQHO�YLVLW�HDFK�VLWH��FROOHFWLQJ�WKH�UHTXLUHG�GDWD��FRXQWV��KDELWDW�FRQGL�
WLRQV��DJH��HWF���IRU�D�VSHFLILF� OHQJWK�RI�WLPH��GHWHUPLQHG�SULRU�WR�VLWH�YLVLW��� �7KH�
OHJLWLPDF\�RI�WKLV�QRQ�UDQGRP��QRQ�REMHFWLYH�DSSURDFK�KDV�EHHQ�GLVFXVVHG�QXPHU�
RXV�WLPHV��DQG�WKH�QHFHVVLW\�RI�FRQFHQWUDWLQJ�DYDLODEOH�SHUVRQQHO�DQG�WLPH�RQ�WKH�
PRVW�OLNHO\�DUHDV�RI�LQIHVWDWLRQ�LV�UHFRJQL]HG�E\�DJHQFLHV��UHVHDUFKHUV��DQG�FRXUWV���
)RU�H[DPSOH��´7R�PD[LPL]H�WKH�FKDQFHV�RI�ORFDWLQJ�EUHHGLQJ�DFWLYLW\�LI�LW�ZDV�SUHV�
HQW��ZH�FRQFHQWUDWHG�RQ�DTXDWLF�VLWHV�WKDW��LQ�RXU�VXEMHFWLYH�YLHZ��ZHUH�¶JRRG·�DP�
SKLELDQ�EUHHGLQJ�KDELWDWµ��)LVKHU�DQG�6KDIIHU�������� �'DWD�FROOHFWHG��WKHQ��UHSUH�
VHQW�´D�UHDVRQDEOH� LQGLFDWLRQ�RI� WKH�SDWWHUQV� �� �� �� � LQ�SULPH�KDELWDW� LQ� D�JLYHQ� UH�
JLRQµ��)LVKHU�DQG�6KDIIHU��������
�
6HYHUDO� JURXSV� RI� UHVHDUFKHUV� DUH� WDNLQJ� DGYDQWDJH� RI� VXUYH\�PHWKRGV� WKDW� KDYH�
EHHQ�HVWDEOLVKHG�IRU�XVH�DFURVV�WKH�HQWLUH�FRQWLQHQW���7KHVH�PHWKRGV�DUH�IDU�PRUH�
FRPSOH[��UHTXLULQJ�FRQVLGHUDEOH�WLPH�DQG�WUDLQLQJ��EXW�KDYH�WKH�DGYDQWDJH�RI�ZLGH�
VSUHDG�FRPSDUDELOLW\�ZLWK�RWKHU�UHVHDUFK�DQG�RSHUDWLRQDO�SURJUDPV�XVLQJ�WKH�VDPH�
PHWKRGV�� �$Q� H[DPSOH� RI� WKLV� LV� WKH� YDULHW\� RI� SURMHFWV� GRQH� DV� SDUW� RI� WKH� QD�
WLRQDO��PXOWL�IDFHWHG�)RUHVW�+HDOWK�0RQLWRULQJ�3URJUDP��)+0���D�QDWLRQ�ZLGH�LQ�
WHUDJHQF\�VXUYH\�RI�IRUHVW�UHVRXUFHV�LQ�WKH�8QLWHG�6WDWHV���)+0�REMHFWLYHV�LQFOXGH�
WKH�PRQLWRULQJ�DQG�VWDWLVWLFDO�HVWLPDWLRQ�RI�VWDWXV��FKDQJHV��DQG� WUHQGV� LQ� LQGLFD�
WRUV�RI�WKH�HFRORJLFDO�FRQGLWLRQ�RU�KHDOWK�RI�WKH�QDWLRQ·V�IRUHVWV��RQ�D�UHJLRQDO�DQG�
QDWLRQDO�VFDOH���2QH�IRFXV�RI�WKH�)+0�LV�WR�LQYHVWLJDWH�VWDWXV�DQG�WUHQGV�RI�ELRGL�
YHUVLW\�LQGLFDWRUV��LQFOXGLQJ�H[RWLF�SODQW�VSHFLHV���7KH�)+0�VDPSOLQJ�GHVLJQ�LV�SDW�
WHUQHG�DIWHU�WKH�(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW�3URJUDP��(0$3��GH�
VLJQ��6WHKPDQ�DQG�2YHUWRQ�������6WHYHQV���������7KH�QDWLRQ�LV�WHVVHOODWHG��)LJ�����
ZLWK�KH[DJRQV��ZLWK�JULG�SRLQWV�DSSUR[LPDWHO\����NP�DSDUW��HDFK�FRYHULQJ�DSSUR[L�

)LJXUH� ��� 6DPSOLQJ� SURWRFRO� IRU� WKH� )RUHVW� +HDOWK�
0RQLWRULQJ�3URJUDP��
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PDWHO\� ������ NP��� � ´2IILFLDOµ� XVH� RI� WKLV� PHWKRG� UHTXLUHV� ��� KRXUV� RI� VSHFLILF�
WUDLQLQJ�DQG�WKH�SDVVLQJ�RI�D�ULJRURXV�FHUWLILFDWLRQ�WHVW��
�
'DWD�ZHUH� UHFRUGHG� IRU� IRXU� KHLJKW� FODVVHV� �VWUDWD�� RI� OLYLQJ� YHJHWDWLRQ�� �'LVWXU�
EDQFH�ZDV�UHFRUGHG�LI� LQGLFDWHG�E\�´DQ\�UHODWLYHO\�GLVFUHWH�HYHQW� LQ�WLPH�WKDW�GLV�
UXSWV�HFRV\VWHP��FRPPXQLW\��RU�SRSXODWLRQ�VWUXFWXUH�DQG�FKDQJHV�UHVRXUFHV��VXE�
VWUDWH� DYDLODELOLW\�� RU� WKH� SK\VLFDO� HQYLURQPHQWµ� �:KLWH� DQG�3LFNHWW� ������� � )LHOG�
SURWRFROV� IRU� GHWHUPLQLQJ� GLVWXUEDQFH� W\SHV� DUH� GHWDLOHG� E\� 6FRWW� DQG� %HFKWROG�
�������DQG�7DOOHQW�+DOVHOO����������7\SHV�RI�´DQWKURSRJHQLFµ�GLVWXUEDQFHV�LQFOXGH�
DUWLILFLDO�UHJHQHUDWLRQ��KDUYHVWLQJ��FXWWLQJ��WKLQQLQJ��SUHVFULEHG�EXUQLQJ��DSSOLFDWLRQ�
RI�IHUWLOL]HU�RU�KHUELFLGH��JUD]LQJ�E\�GRPHVWLF� OLYHVWRFN��DQG�FRQVWUXFWLRQ�� �7\SHV�
RI�´QDWXUDOµ�GLVWXUEDQFHV�LQFOXGH�DOWHUDWLRQV�E\�ZHDWKHU��GLVHDVH��LQVHFWV��DQG�ZLOG�
ILUH��DV�ZHOO�DV�QDWXUDO�UHYHUVLRQ�WR�IRUHVW�IURP�XQIRUHVWHG�SORWV���'LVWXUEDQFH�LV�DQ�
H[WUHPHO\� LPSRUWDQW� FRQVLGHUDWLRQ� IRU� REMHFWLYHO\� ORFDWHG� VDPSOLQJ� SURFHGXUHV��
VLQFH� FRPSDUDELOLW\� RI� VLWHV� LV� RQO\� HQVXUHG� LI� VLWHV�ZLWK� XQGHUVWRRG� GLVWXUEDQFH�
SDWWHUQV�DUH�DQDO\]HG��
�
$IWHU�UHYLHZLQJ�WKH�VDPSOLQJ�RSWLRQV�DYDLODEOH��SULRULWL]HG�JRDOV�ZHUH�LGHQWLILHG�E\�
VWDWH�ZDWHU�PDQDJHPHQW�GLVWULFW�UHSUHVHQWDWLYHV��WR�EHWWHU�HQDEOH�VHOHFWLRQ�RI�D�WHVW�
DEOH�VDPSOLQJ�SURWRFRO�WR�EH�XVHG�LQ�WKH�VWDQGDUGL]HG�DVVHVVPHQW�PHWKRG��6$0����
7KHVH�JRDOV�ZHUH�����WR�HVWLPDWH� LQYDVLYH�SODQW�FRQWURO�FRVWV�TXLFNO\�DQG�ZLWKRXW�
DGGLQJ�WR�WKH�EXGJHW������WR�LGHQWLI\�VSHFLHV�DQG�GLVWULEXWLRQ������WR�DVVHVV�WKH�GH�
JUHH�RI�FRQWURO�SURYLGHG��DQG�����WR�PRQLWRU�WUHQGV�RYHU�WLPH���)URP�WKLV�GLVFXV�
VLRQ�� LW� ZDV� GHWHUPLQHG� WKDW� QR� REMHFWLYHO\� ORFDWHG� �UDQGRP� RU� UDQGRP� ZLWKLQ�
SODQW�FRPPXQLW\�W\SHV���UHSOLFDWHG�VDPSOLQJ�PHWKRG�ZRXOG�SURYLGH�WKH� LQIRUPD�
WLRQ�QHHGHG�ZLWKRXW�VLJQLILFDQWO\�LQFUHDVLQJ�EXGJHW�UHTXLUHPHQWV���$QRWKHU�IDFWRU�
ZDV�WKH�DFNQRZOHGJHG�GHVLUH�WR�DYRLG�VLPSO\�PDNLQJ�VSHFLHV�OLVWV�DW�YDULRXV�ORFD�
WLRQV��UHFRJQL]LQJ�WKDW�H[WUHPHO\�OLPLWHG�XVH�FDQ�EH�PDGH�RI�VLPSOH�OLVWV��
�
$V� D� FRPSURPLVH� EHWZHHQ� LQIRUPDWLRQ� QHHGV�� LQIRUPDWLRQ� ZDQWV�� DQG� ILQDQFLDO�
UHDOLWLHV��D�QRQ�ERXQG��QR�WLPH�RU�VSDFH�OLPLWDWLRQV�RU�UHTXLUHPHQWV��UHFRUGLQJ�RI�
LQYDVLYH�SODQW�VSHFLHV�ZLWKLQ�VXEMHFWLYHO\�SULRULWL]HG� ORFDWLRQV�ZDV�VHOHFWHG�DV� WKH�
VWDUWLQJ�SRLQW�IRU�ILHOG�VDPSOLQJ���$�GDWD�IRUP�ZDV�GHYHORSHG��$SSHQGL[��DQG�WKH�
ILUVW�RI�PDQ\�DVVXPSWLRQV�ZDV�PDGH��7KH�IRUP�ZDV�UHYLVHG�DIWHU�WKH�/DNH�-HVVXS�
DQG�)URJ�3RQG�ZRUNVKRSV��
�
�
0DWHULDOV�DQG�0HWKRGV�
�
,QLWLDO� DVVXPSWLRQV� LQFOXGHG� DQ� DYHUDJH�ZDONLQJ� VSHHG�RI� ��PSK� DQG� DQ� DYHUDJH�
VFDQQLQJ�ZLGWK� RI� ��� IW�� � 7KLV� DOORZHG� FRQYHUWLQJ� WKH� QXPEHU� RI� DQ\� SDUWLFXODU�
VSHFLHV�UHFRUGHG�SHU�PLQXWH�LQWR�D�QXPEHU�SHU�DFUH���*URXS�FRQVHQVXV�UHVXOWHG�LQ�
D�GHFLVLRQ�WR�FRQGXFW�WKH�6$0�LQ�%ULWLVK�XQLWV�RI�PHDVXUHPHQW��LQFKHV��IHHW��HWF�����
'HILQLWLRQV�XVHG�LQ�WKH�6$0�ZHUH�DV�IROORZV��VHHGOLQJV�DQG�\RXQJ�SODQWV��DQ\WKLQJ�
VPDOO�HQRXJK�WKDW�LW�ZRXOG�QRW�EH�KHUELFLGHG�LQGLYLGXDOO\���VFDWWHUHG��SUHVHQW�RFFD�
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VLRQDOO\�GXULQJ�WKH�VXUYH\���XQLIRUPO\�SUHVHQW��YLVLEOH�GXULQJ�PXFK�RI�WKH�VXUYH\���
�
7KH�RULJLQDO�GDWD�IRUP��$SSHQGL[��LQFOXGHG�VSDFH�WR�UHFRUG� ORFDWLRQ� LQIRUPDWLRQ�
WR�FDOFXODWH�WKH�HVWLPDWHG�GHQVLW\�RI�LQYDVLYH�SODQW�VSHFLHV�DQG�HVWLPDWHG�FRVW�IRU�
RSHUDWLRQDO�FRQWURO�SURJUDPV��DQG�DGGLWLRQDO�LQIRUPDWLRQ�WR�SURYLGH�D�GHVFULSWLRQ�
RI�WKH�SODQW�FRPPXQLW\�LQ�ZKLFK�WKH�LQYDVLYH�VSHFLHV�ZHUH�IRXQG��WKH�UHSURGXFWLYH�
VWDWXV�RI�WKRVH�VSHFLHV��DQG�WKH�SRWHQWLDO�IRU�VSUHDG�LQWR�DGGLWLRQDO�DUHDV���7KH�OR�
FDWLRQ� DQG� FDOFXODWLRQ� GDWD� DUH� REYLRXVO\� QHFHVVDU\�� WKH� DGGLWLRQDO� LQIRUPDWLRQ�
VKRXOG�QRW�UHTXLUH�PRUH�WKDQ�D�IHZ�PLQXWHV�WR�FROOHFW�DW�HDFK�VLWH��DQG�PD\�DVVLVW�
LQ�ORQJHU�WHUP�DVVHVVPHQW�RI�LQYDVLYH�SODQW�ELRORJ\��HFRORJ\��DQG�GLVWULEXWLRQ��
�
7KLV� IRUP� SURYLGHG� VHFWLRQV� WR� UHFRUG� JHQHUDO� LQIRUPDWLRQ� DERXW� WKH� GDWH�� VLWH�
�ORFDWLRQ��FRXQW\��PDS�FRRUGLQDWHV��DFFHVV��ZRUNLQJ�FRQGLWLRQV��VXLWDEOH�KDELWDW�IRU�
H[SDQVLRQ���REVHUYHUV��QDPHV���YHJHWDWLRQ��QDWLYH�RYHUVWRU\�GRPLQDQWV�DQG�XQGHU�
VWRU\�GRPLQDQWV���FRPPXQLW\�W\SH��KDUGZRRG�KDPPRFN��SLQH�IODWZRRGV��HWF����DQG�
LQYDVLYH�SODQW�VSHFLHV��QXPEHU�RI�HDFK�VSHFLHV��KHLJKW�RI�WDOOHVW� LQGLYLGXDO��UHSUR�
GXFWLYH�VWDWXV��DQG�GHQVLW\����7KH�ILQDO�LQIRUPDWLRQ�ZDV�VWDUW�DQG�VWRS�WLPH�IRU�WKH�
6$0��WRWDO�WLPH�WDNHQ�LV�HQWHUHG�LQ�WKH�GHVLJQDWHG�VSDFH����
�
/DNH�-HVVXS��6DQIRUG��)LHOG�:RUNVKRS��������2FWREHU������
�
7KH�ILUVW�ZRUNVKRS�ZDV�FRQGXFWHG�LQ�D�FRRSHUDWLYH�PDQQHU�ZLWK�YHJHWDWLRQ�PDQ�
DJHPHQW� VXSHUYLVRUV� IURP� IRXU�ZDWHU�PDQDJHPHQW�GLVWULFWV� WR� EHWWHU� XQGHUVWDQG�
GLVWULFW� QHHGV�� DQG� WR� REVHUYH� ILUVWKDQG� WKH� SUDFWLFDO� SUREOHPV�ZLWK� ILHOG� LPSOH�
PHQWDWLRQ�RI�WKH�6$0���7KH�GDWD�IRUP�ZDV�XVHG�E\�SDLUV�RI�REVHUYHUV�DW�6W��-RKQV�
5LYHU� :DWHU� 0DQDJHPHQW� 'LVWULFW� �6-5:0'�� SURSHUW\� DW� /DNH� -HVVXS�� � 7KLV�
SURSHUW\�LQFOXGHG�WZR�GLVWLQFW�W\SHV�RI�LQYDVLYH�SODQW�FRPPXQLW\���,Q�WKH�VRXWKHUQ�
SDUW� RI� WKH� SURSHUW\��6FKLQXV�WHUHELQWKLIROLXV�5DGGL� �%UD]LOLDQ� SHSSHU�� � ZDV� VFDWWHUHG�
WKURXJKRXW� D� SDOP� VWDQG�� ZLWK� VPDOOHU� DPRXQWV� RI� 6DSLXP�VHELIHUXP� �/��� 5R[E��
�&KLQHVH�WDOORZ��� �7KH�WDOORZ�DOVR�RFFXUUHG�DV� LVRODWHG� LQGLYLGXDOV� LQ� WKH�DGMDFHQW�
JUDVVODQG���7KH�VHFRQG�W\SH�ZDV�D�PHVLF�KDPPRFN�ZLWK�&KLQHVH�WDOORZ��%UD]LOLDQ�
SHSSHU�� DQG�&LQQDPRPXP�FDPSKRUD� �/��� -�� 3UHVO� �FDPSKRU� WUHH��� � 3DLUHG� REVHUYHUV�
ZHUH�GLUHFWHG�WR�FRQGXFW�WKHLU�6$0�ZLWKLQ�D�GHILQHG�DUHD��UHVXOWV�ZHUH�FRPSDUHG�
WR�GHWHUPLQH�LI�LQGHSHQGHQW�DVVHVVPHQWV�FRXOG�SURYLGH�DQ\WKLQJ�DSSURDFKLQJ�VLPL�
ODU�UHVXOWV���$OO�WHUUDLQ�YHKLFOHV�ZHUH�SURYLGHG�E\�6-5:0'�WR�IDFLOLWDWH�DFFHVV�WR�
WKH�REVHUYDWLRQ�DUHDV�DQG�VLPXODWH�DFWXDO�ILHOG�RSHUDWLRQV���,QYDVLYH�SODQWV�VSHFLHV�
LQ�WKH�DUHD�ZHUH�UHYLHZHG�ZLWK�WKH�SDUWLFLSDQWV�WR�HQVXUH�IDPLOLDULW\��
�
6HYHUDO�TXHVWLRQV�DURVH�GXULQJ�WKLV�ZRUNVKRS��

�
� +RZ�DUH�QXPEHUV�RI� LQGLYLGXDOV�SHU�XQLW� WLPH� WUDQVODWHG� LQWR� VWHPV� SHU�

DFUH�DQG�FRVW�HVWLPDWHV"�
� :KDW�FRXQWV�DV�DQ�LQGLYLGXDO�LQ�D�PXOWLSOH�VWHPPHG�SODQW�WKDW�EUDQFKHV�DW�

RU�EHORZ�WKH�JURXQG�VXUIDFH"�
� +RZ�DUH�QXPEHUV�RI� LQGLYLGXDOV� IRU�VSHFLHV� WKDW�KDYH�VWHPV� WRR�QXPHU�
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RXV�WR�FRXQW�EXW�QR�LGHQWLILDEOH�PDLQ�WUXQN�RU�VSURXWLQJ�UHJLRQ��VXFK�DV�
PDQ\�YLQHV��UHFRUGHG"�

� 6KRXOG�LQIRUPDWLRQ�DERXW�VRLO�VXEVWUDWH�W\SH�EH�LQFOXGHG"�
� 6KRXOG�LQIRUPDWLRQ�DERXW�GLVWXUEDQFH�DW�WKH�VLWH�EH�LQFOXGHG"�
�

7KH�ILUVW�TXHVWLRQ�ZDV�DGGUHVVHG�LQ�WKH�,QWURGXFWLRQ���7KH�JRDO�RI�WKH�VHFRQG�\HDU�
RI�WKLV�VWXG\�LV�WR�LQFRUSRUDWH�RSHUDWLRQDO�FRQWURO�GDWD��WLPH��SHUVRQQHO��DQG�KHUEL�
FLGH�XVHG��WR�UHILQH�WKH�VSUHDGVKHHW�DQG�SURYLGH�EHWWHU�FRVW�HVWLPDWHV��
�
7KH�VHFRQG�TXHVWLRQ�FDPH�XS�IUHTXHQWO\�GXULQJ�WKH�\HDU��7KH�ILUVW�DWWHPSW�WR�DG�
GUHVV�LW�ZDV�D�GHFLVLRQ�WR�UHFRUG�DQ\�SODQW�DV�D�VHSDUDWH�LQGLYLGXDO�LI�RSHUDWLRQ�FRQ�
WURO�ZRXOG�UHTXLUH�WKDW���,Q�RWKHU�ZRUGV��LI�WKDW�SODQW�VSHFLHV�ZRXOG�EH�FXW�QHDU�WKH�
JURXQG�DQG�KDYH�KHUELFLGH�DSSOLHG�WR�WKH�VWHP��HDFK�VWHP�ZRXOG�EH�FRXQWHG�DV�DQ�
LQGLYLGXDO���1H[W��LW�ZDV�GHWHUPLQHG�WKDW�PXOWL�VWHPPHG�VSHFLHV�VLPSO\�FRVW�PRUH�
WR�FRQWURO�� DQG� WKH�RSHUDWLRQDO�GDWD�RQ�ZKLFK� VSUHDGVKHHW� FDOFXODWLRQV� DUH�EDVHG�
ZRXOG�DOUHDG\�UHIOHFW�WKDW���%DVHG�RQ�WKLV�DVVXPSWLRQ��D�EHVW�JXHVV�ZRXOG�EH�PDGH�
RI�WKH�DFWXDO�QXPEHUV�RI�LQGLYLGXDOV���WKH�VSUHDGVKHHW�ZRXOG�DFFRXQW�IRU�WKH�PXO�
WLSOH�VWHPPHG�QDWXUH�RI�WKDW�VSHFLHV���)RU�WKH�ODVW�ZRUNVKRS��0D\��������WKH�GDWD�
IRUP�ZDV�UHYLVHG�WR�DOORZ�HQWU\�RI�LQGLYLGXDOV�E\�VWHP�GLDPHWHU���$V�ORQJ�DV�WUHDW�
PHQW� UHPDLQV� WKH� VDPH�� H�J��� KHUELFLGH� DSSOLHG� WR� FXW� VWHPV� DQG� WKH� FXWWLQJ� RI�
VPDOO�LQGLYLGXDO�VWHPV�WDNHV�DSSUR[LPDWHO\�WKH�VDPH�WLPH�DV�FXWWLQJ�RQH�ODUJH�VWHP��
LW�PDNHV�OLWWOH�GLIIHUHQFH�ZKHWKHU�D�PXOWL�VWHPPHG�SODQW�LV�UHFRUGHG�DV�WHQ���LQFK�
VWHPV�RU�DV�RQH���LQFK�WUXQN���7KH�LPSRUWDQW�GLIIHUHQFH�LV�LI�WKH�VL]H�RI�WKH�VLQJOH�
WUXQN�JHWV�ODUJH�HQRXJK�WR�UHTXLUH�D�GLIIHUHQW�WHFKQLTXH��H�J���D�FKDLQVDZ�LV�XVHG�IRU�
FXWWLQJ�� DQG� WKDW� GLIIHUHQW� WHFKQLTXH� UHTXLUHV� PHDVXUDEOH� GLIIHUHQFHV� LQ� WLPH� RU�
KHUELFLGH�� �7KLV� LV� WKH� W\SH�RI� UHILQHPHQW� WKDW�ZLOO� EH� VRXJKW� GXULQJ� WKH� VHFRQG�
\HDU�RI�WKLV�VWXG\��
�
7KH�WKLUG�TXHVWLRQ�KDV�QRW�EHHQ�WKRURXJKO\�WHVWHG� LQ�WKH�ILHOG�� �6RPH�GLVFXVVLRQ�
KDV�EHHQ�KHOG�DERXW�WKH�PHULWV�RI�XVLQJ�DUHD��VL]H�RI�FOXPSV��LQVWHDG�RI�FRXQWLQJ�
LQGLYLGXDOV� IRU� YLQHV�� VXFK� DV� 3DHGHULD�IRHWLGD�/�� �VNXQNYLQH��� DQG� JUDVVHV�� VXFK� DV�
,PSHUDWD�F\OLQGULFD��/���3��%HDXY���FRJRQ�JUDVV����7KH�GLDPHWHU�FRXQWV�XVHG�LQ�WKH�ODVW�
ZRUNVKRS�FRXOG�EH�XVHG� WR�HVWLPDWH� DUHD�FRYHUHG� LQ� VSHFLILF� DUHD�FDWHJRULHV� WKDW�
ZRXOG�EH�GHILQHG� MXVW�EHIRUH� WKH� VWDUW�RI� WKH�DVVHVVPHQW�� �)RU�H[DPSOH�� LQ� DUHDV�
ZKHUH�YHU\�VPDOO�SDWFKHV�RI�FRJRQ�JUDVV�RFFXU��WKH�VSDFHV��LQ�WKH�GDWD�IRUP��FRXOG�
UHSUHVHQW�����VT�IW������VT�IW������VT�IW��HWF���,I�SDWFKHV�ZHUH�ODUJHU��WKH�EDVH�FRXOG�
EH�����VT�IW��������VT�IW����������VT�IW����������VT�IW��HWF����RU�����DF��������DF������
����DF����������DF��HWF���RU�HYHQ���DF������DF������DF������DF��HWF����$Q\�VXLWDEOH�EDVH�
FRXOG�EH�XVHG��DV�ORQJ�DV�WKH�REVHUYHUV�ZHUH�FHUWDLQ�RI�WKH�PHDQLQJ�RI�HDFK�FDWH�
JRU\��DQG�ZHUH�FRPIRUWDEOH�PDNLQJ�HVWLPDWHV�DW�WKDW�VFDOH���5HJDUGOHVV�RI�WKH�VFDOH��
WKH�QXPEHU�RI�FOXPSV�ZRXOG�EH�UHFRUGHG�E\�WKH�DSSURSULDWH�FDWHJRU\�DQG�WKH�GDWD�
HQWU\�TXHVWLRQ�LQ�WKH�VSUHDGVKHHW�ZRXOG�FRQYHUW�WR�DFUHV�FRYHUHG���7KLV�ZLOO�EH�LQ�
YHVWLJDWHG�GXULQJ�WKH�VHFRQG�\HDU�RI�WKH�VWXG\��
�
7KH� ODVW� WZR�TXHVWLRQV�UHVXOWHG� LQ�UHYLVLRQV�WR�WKH�RUJLQDO�GDWD�IRUP�SULRU�WR�WKH�
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VHFRQG�ILHOG�ZRUNVKRS��-DQXDU\��������*36�ORQJLWXGH�DQG�ODWLWXGH�ZDV�FKDQJHG�WR�
8QLYHUVDO�7UDQVYHUVH�0HUFDWRUV��870V����870V�DUH�PDUNHG�ZLWK�EOXH�WLFNV�DORQJ�
DOO� VLGHV� RI�8�6��*HRORJLFDO� 6XUYH\� WRSRJUDSKLF�PDSV�� HDFK� WLFN� UHSUHVHQWV� �����
PHWHUV� DQG�FRQQHFWLQJ� WKH� WLFNV�SURYLGHV� D� VTXDUH� NLORPHWHU� JULG� V\VWHP� IRU� WKH�
PDS���7KLV�V\VWHP�LV�PXFK�HDVLHU�WR�XVH�WKDQ�ORQJLWXGH�DQG�ODWLWXGH��ZKLFK�PXVW�EH�
FRQYHUWHG�IURP�GHJUHHV�DQG�PLQXWHV�LQWR�D�FRPPRQO\�XVHG�PHDVXUHPHQW�V\VWHP���
6HYHUDO�SODQW�FRPPXQLW\�W\SHV�ZHUH�DGGHG�WR�WKH�*HQHUDO�+DELWDW�RSWLRQ�� �0RUH�
LQIRUPDWLRQ�ZDV�DOORZHG�E\�SURYLGLQJ�FDWHJRULHV��VFDWWHUHG��FRPPRQ��WRR�QXPHU�
RXV�WR�FRXQW��WR�WKH�VHHGOLQJ�DQG�\RXQJ�SODQW�VHFWLRQV���6SDFH�ZDV�SURYLGHG�WR�DO�
ORZ�UHFRUGLQJ�RI�LQYDVLYH�SODQWV�LQ�WKH�DUHD�WKDW�KDG�EHHQ�SUHYLRXVO\�WUHDWHG��OLVWLQJ�
RI�GHDG� VSHFLHV�SUHVHQW�� DQG�QRWLQJ�GHJUHH�RI�GLVWXUEDQFH�� VRXUFH�RI� LQIHVWDWLRQ��
DQG�VXEVWUDWH�VRLO�W\SH��
�
)URJ�3RQG���+RPHVWHDG��)LHOG�:RUNVKRS�����-DQXDU\������
�
7KH�)URJ�3RQG�� VLWXDWHG� MXVW� HDVW�RI�(YHUJODGHV�1DWLRQDO�3DUN�� LV� RZQHG�E\� WKH�
6RXWK� )ORULGD�:DWHU�0DQDJHPHQW�'LVWULFW� �6):0'��� 7KH� DUHD� FRPELQHV� IORUDO�
GLYHUVLW\��ERWK�QDWLYH�DQG�DOLHQ�SODQW�VSHFLHV��DQG�GLIILFXOW�ZRUNLQJ�FRQGLWLRQV��LQ�
FOXGLQJ�H[WUHPHO\�GHQVH�YHJHWDWLRQ��VQDNHV��DQG�XQHYHQ��XQIRUJLYLQJ�WHUUDLQ���,W�LV�
DERXW���VT�PL�LQ�DUHD��ZLWK�DERXW�����LQ�DEDQGRQHG�DJULFXOWXUDO�ILHOGV��URDGV�DUH�
IRXQG� WKURXJKRXW�� � 7KHUH� DUH� WKUHH� URFNODQG� KDPPRFNV� LQ� WKH� QRUWK� HQG��ZLWK�
HDV\� DFFHVV� WR� WKH� HGJHV�� EXW� SLQQDFOH� URFN� LV� IRXQG� WKURXJKRXW�� � 6):0'�KDV�
EHHQ�VSRW�WUHDWLQJ�LQYDVLYH�DOLHQ�VSHFLHV��KRZHYHU���WKHUH�DUH�\RXQJ�%UD]LOLDQ�SHS�
SHU�SODQWV�DSSHDULQJ�LQ�WKH�DEDQGRQHG�ILHOGV��
�
7KUHH� WHDPV� RI� SDLUHG� REVHUYHUV� ZHUH� EURXJKW� WR� WKH� VDPH� HQWU\� SRLQW� LQ� HDFK�
KDPPRFN�� �7HDPV�ZHUH� URWDWHG� IURP�RQH�KDPPRFN� WR� WKH�RWKHU� DQG� FRXOG�QRW�
REVHUYH� ZKHUH� RWKHU� WHDPV� KDG� DVVHVVHG�� � $OLHQ� LQYDVLYH� VSHFLHV� ZHUH� UHYLHZHG�
ZLWK�WKH�SDUWLFLSDQWV�WR�HQVXUH�IDPLOLDULW\�ZLWK�WKH�WDUJHW�VSHFLHV��
�
6XJJHVWLRQV� UHFHLYHG�GXULQJ� DQG� DIWHU� WKLV�ZRUNVKRS� LQFOXGHG� WKH� XVH� RI�*OREDO�
3RVLWLRQDO�6\VWHP��*36�� WHFKQRORJ\� WR�SURYLGH�DQ�DFFXUDWH� UHFRUGLQJ�RI� VSHFLILF�
VLWHV��D�JHQHUDO�OLQH�PDS�RI�WKH�DUHD�FRYHUHG��DQG�D�EHWWHU�PHDQV�RI�HVWLPDWLQJ�WKH�
GLVWDQFH�WUDYHOHG�GXULQJ�WKH�DVVHVVPHQW���7KLV�ZRXOG�SURYLGH�EHWWHU�GDWD�WR�FDOFX�
ODWH�QXPEHU�RI�VWHPV�SHU�DFUH����
�
7KUHH�DGGLWLRQDO�TXHVWLRQV�DURVH�GXULQJ�WKLV�ZRUNVKRS��
�

� :KDW�FRQVWLWXWHV�DQ�LQGLYLGXDO�JUDVV�SODQW"�
� :LOO�WKH�ZDONLQJ�VSHHG�RI�WKH�REVHUYHU�DQG�WKH�WRWDO�OHQJWK�RI�WKH�REVHUYD�

WLRQ�YDU\�FRQVLGHUDEO\�EDVHG�RQ�GLIILFXOW\�RI�YHJHWDWLRQ�DQG�WHUUDLQ"�
� 6KRXOG�WKH�REVHUYHU�HVWLPDWH�WKH�ZLGWK�DFWXDOO\�REVHUYHG"�

�
7KH�ILUVW�TXHVWLRQ�LV�VWLOO�EHLQJ�DGGUHVVHG��DV�UHYLHZHG�DERYH���7KH�VHFRQG�TXHVWLRQ�
ZLOO� EH� DQ� LVVXH� XQOHVV� WKH�*36�XQLWV� FDQ� SURYLGH� EHWWHU� LQIRUPDWLRQ� DERXW� GLV�
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WDQFH�FRYHUHG�GXULQJ�WKH�REVHUYDWLRQ���7KH�WKLUG�TXHVWLRQ�UHVXOWHG�LQ�WKH�DGGLWLRQ�
RI�D�´9LVXDO�:LGWKµ�VHFWLRQ�WR�WKH�GDWD�VKHHW���
�
6HYHUDO�FKDQJHV�WR�WKH�GDWD�IRUP�ZHUH�PDGH�SULRU�WR�WKH�ODVW�ILHOG�ZRUNVKRS���7R�
WDO� OHQJWK�ZDV�DGGHG��WR�EH�JHQHUDWHG�E\�KDQG�KHOG�*36�XQLWV���YLVXDO�ZLGWK�ZDV�
HVWLPDWHG�WR�DOORZ�WKH�REVHUYHU�WR�LQGLFDWH�ZKDW�WKH\�IHOW�ZDV�WKH�DYHUDJH�IRU�WKDW�
DVVHVVPHQW��DQG�VSDFH�ZDV�SURYLGHG�WR�DOORZ�FRXQWLQJ�LQYDVLYH�SODQW�LQGLYLGXDOV�E\�
GLDPHWHU�FODVVHV��LQ�LQFKHV���
�
3XPSNLQ�+LOO���-DFNVRQYLOOH��)LHOG�:RUNVKRS��������0D\������
�
&RQWLQXLQJ� TXHVWLRQV� DERXW� VWHP� VL]H� DQG� RSHUDWLRQDO� FRQWURO� FRVWV� OHG� WR� GDWD�
IRUP�UHYLVLRQV� WKDW�DOORZ�UHFRUGLQJ�VWHP�RU� WUXQN�GLDPHWHU� IRU� HDFK� VSHFLHV� �VHH�
$SSHQGL[����

�
2Q�WKH�ILUVW�GD\�RI�WKH�ZRUNVKRS��WZR�SHUVRQ�WHDPV�WRXUHG�DSSUR[LPDWHO\������DF�
ZLWKLQ�WKH�3XPSNLQ�+LOO�ODQG�KROGLQJ��LGHQWLI\LQJ��XVLQJ�*36��VSHFLILF�VLWHV�ZKHUH�
6$0�REVHUYDWLRQV�VKRXOG�EH�PDGH���$FFHVV�ZDV�UHODWLYHO\�HDV\�WKURXJK�WKH�SURS�
HUW\�� DOWKRXJK�YHKLFOHV�ZHUH� UHVWULFWHG� WR� URDGZD\V�EHFDXVH�RI�GHQVH� XQGHUVWRU\���
2Q�WKH�VHFRQG�GD\��WZR�SHUVRQ�WHDPV�FRQGXFWHG�DVVHVVPHQWV�DW�IRXU�RI�WKH�VLWHV�
LGHQWLILHG��
�

�
5HVXOWV�DQG�'LVFXVVLRQ�
�
/DNH�-HVVXS�)LHOG�:RUNVKRS�
������������� �
'DWD�VKHHWV�IURP�IRXU�WZR�SHUVRQ�WHDPV�ZHUH�FRPSDUHG�WR�DVVHVV�WKH�YDULDWLRQ�LQ�
LQIRUPDWLRQ�UHFRUGHG��7DEOH������'HVFULSWLYH�VWDWLVWLFV�IRU�WKRVH�GDWD�VKHHWV�VKRZ�
WKDW�RQH�YDOXH�IRU�HDFK� LQYDVLYH�SODQW�VSHFLHV��7HDP����&LQQDPRPXP�FDPSKRUD�������
7HDP����6FKLQXV�WHUHELQWKLIROLXV�������7HDP����6DSLXP�VHELIHUXP�������LV�RXWVLGH�WKH�����
FRQILGHQFH� LQWHUYDO� IRU� WKH� VDPSOH�GDWD�� �7KH� FRQILGHQFH� LQWHUYDO� VWDWLVWLF� VKRZV�
WKH�UDQJH�ZLWKLQ�ZKLFK� WKH�SRSXODWLRQ�PHDQ��WKH�´WUXHµ�PHDQ�� OLHV�ZLWK�D�FRQIL�
GHQFH�RI�������7KH�ODUJH�UDWLR�RI�KLJKHVW�WR�ORZHVW�YDOXH�����������DQG����IRU�&LQQD�
PRPXP��6FKLQXV��DQG�6DSLXP�� UHVSHFWLYHO\�� LQGLFDWHV� WKDW�HVWLPDWHV� IRU�FRQWURO�FRVW�
RQ� WKLV�SDUWLFXODU�SURSHUW\�FRXOG�KDYH�YDULHG�DV�PXFK�DV���� WLPHV�GHSHQGLQJ�RQ�
ZKLFK�SDLU�ZDV�VHQW�WR�VXUYH\�WKH�SURSHUW\��
�
$IWHU� FRQVLGHUDEOH� GLVFXVVLRQ�� D� JRDO� ZDV� HVWDEOLVKHG� RI� D� PD[LPXP� RI� D� IRXU�
WLPHV�UDWLR� �KLJKHVW� WR� ORZHVW�YDOXH�� IRU�PXOWLSOH� LQGHSHQGHQW�DVVHVVPHQWV� LQ� WKH�
VDPH�JHQHUDO� DUHD�� �7KH� UHPDLQLQJ� ILHOG�ZRUNVKRSV�� DQG� VXEVHTXHQW� WUDLQLQJ� IRU�
RSHUDWLRQDO�LPSOHPHQWDWLRQ��ZLOO�EH�GHVLJQHG�WR�REWDLQ�WKLV�JRDO��LI�SRVVLEOH��
�
)URJ�3RQG�)LHOG�:RUNVKRS�
�
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�
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� �

&LQQDPRPXP��
FDPSKRUD�

�

�

6FKLQXV��
WHUHELQWKLIROLXV�

�

�

6DSLXP��
VHELIHUXP�

� � � �
7HDP����������������������������������� ����� ����

7HDP����������������������������������� ���� ����

7HDP��������������������������������� ����� ����

7HDP��� ���� ���� ����
� � � �
8SSHU� ���� ����� ����

0HDQ� ���� ���� ����

/RZHU� ����� ���� �����
� � � �
5DWLR��K�O�� ����� ���� �����
� � � �

�

6SHFLHV�

0HDQ�UDWLR� ����� � �

7DEOH���� �1XPEHU�RI�SODQWV�SHU�DFUH�IRU�WKUHH� LQYDVLYH�VSHFLHV�DW�/DNH�
-HVVXS��E\�6$0�VXUYH\�WHDP��´5DWLRµ�LV�WKH�KLJKHVW�WHDP�YDOXHV�GLYLGHG�
E\�WKH�ORZHVW�WHDP�YDOXH�IRU�HDFK�VSHFLHV��

6XUSULVLQJO\��RYHUDOO�PHDQ�UDWLR� IRU� WKLV�SURSHUW\�ZDV������ DERXW�KDOI�RI� WKH� UDWLR�
IRU�/DNH�-HVVXS��7DEOH������:LWK�WKH�KLJK�VSHFLHV�GLYHUVLW\��DZNZDUG�ZDONLQJ�FRQGL�
WLRQV��SLQQDFOH�URFN�LV�H[WUHPHO\�XQHYHQ���DQG�GHQVH�SODQW�JURZWK��LW�ZDV�H[SHFWHG�
WKDW� WKH� GLIIHUHQFHV� DPRQJ� WHDPV�ZRXOG� DFWXDOO\� EH� JUHDWHU� WKDW� LQ� WKH� SUHYLRXV�
ZRUNVKRS��HYHQ�ZLWK�WKH�DGGHG�WUDLQLQJ�SURYLGHG�� �2QH�KDPPRFN��'HQVH�+DP�
PRFN��ZDV�VR�WKLFN�ZLWK�YHJHWDWLRQ�WKDW�VRPH�WHDP�PHPEHUV�ZHUH�IRUFHG�WR�FUDZO�
RQ�WKHLU�KDQGV�DQG�NQHHV�WR�QHJRWLDWH�WKH�VLWH��7KH�ORZHU�UDWLR�LV��LQ�SDUW��DQ�DUWL�
IDFW�RI�WKH�ZRUNLQJ�FRQGLWLRQV���%HFDXVH�ZDONLQJ�VSDFH�ZDV�VR�OLPLWHG��WHDPV�ZHUH�
DOPRVW�IRUFHG�WR�IROORZ�WKH�VDPH�JHQHUDO�ZDONLQJ�SDWK��7KLV�VLWH�KDG�WKH�RQO\�YDUL�
DELOLW\��UDWLR ������WKDW�ZDV�PXFK�JUHDWHU�WKDQ�WKH�GHVLUHG�PD[LPXP�UDWLR�RI����
�
3XPSNLQ�+LOO�)LHOG�:RUNVKRS�
�
7KLV�ZDV�WKH�ILUVW�ZRUNVKRS�LQ�ZKLFK�SDUWLFLSDQWV�ZHUH�DVNHG� WR� LGHQWLI\�VSHFLILF�
ORFDWLRQV�ZKHUH�6$0�VXUYH\V�VKRXOG�EH�FRPSOHWHG�DQG�WKHQ�FRQGXFW�WKH�VXUYH\���
/RFDWLRQ� LGHQWLILFDWLRQ�ZDV� FRQGXFWHG� E\� IRXU� WZR�SHUVRQ� WHDPV� GXULQJ� D� WKUHH�
KRXU�SHULRG���$OO�IRXU�WHDPV�LGHQWLILHG�WKH�VDPH�ORFDWLRQV�IRU�6$0�VXUYH\V�WR�EH�
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FRQGXFWHG��EXW�WKLV�UHVXOW�ZDV�XQGRXEWHGO\�LQIOXHQFHG�E\�WKH�YHU\�REYLRXV�GLVWUL�
EXWLRQ�RI�LQYDVLYH�SODQW�VSHFLHV�ZLWKLQ�WKLV�SURSHUW\���7KH�REVHUYHUV�ZHUH�WROG�WKDW�
WKH�VLWH�KDG�EHHQ�XVHG�IRU�GXPSLQJ�LQ�\HDUV�SDVW��WKH�GXPSLQJ�ZDV�DSSDUHQWO\�FRQ�
ILQHG� WR� VSHFLILF� GXPS� VLWHV� DQG� IHZ� LQYDVLYH� SODQWV�ZHUH� IRXQG� DZD\� IURP� WKH�
GXPS� VLWHV�� � 6LQFH� GLUHFW� KXPDQ� LQIOXHQFH� LQWURGXFHG� WKH� LQYDVLYH� SODQW� VSHFLHV�
SUHVHQW�� LW� IROORZV� WKDW� WKH�VLWHV�ZRXOG�EH�DGMDFHQW� WR�URDGZD\V�DQG� WKXV�HDV\� WR�
ORFDWH��
�
2QH�RI� WKH�REMHFWLYHV�RI� WKLV� ILHOG�ZRUNVKRS�ZDV� WR� LQFRUSRUDWH�KDQG�KHOG�*36�
XQLWV� LQWR� WKH� VXUYH\� SURFHVV� E\� XVLQJ� WKH� LQIRUPDWLRQ� IURP� WKH�*36� VFUHHQ� WR�
PDUN�WKH� ORFDWLRQ�RI�´DUHDV�WR�EH�VXUYH\HG�µ�DQG� WR�PHDVXUH� WKH�RYHUDOO�GLVWDQFH�
WUDYHOHG�E\�HDFK�SDLU�RI�REVHUYHUV���7KH�´ROGµ�PHWKRG�DVVXPHG�D��WUDYHOLQJ�VSHHG�
RI���PSK�DQG�D�YLVXDO�ZLGWK�RI����IW���7KH�´QHZµ�PHWKRG�XVHG�WKH�*36�WRWDO�GLV�
WDQFH� YDOXH� DQG� WHDPV� HVWLPDWHG� WKH� ´YLVXDO� ZLGWKµ� FRYHUHG� GXULQJ� WKH� VXUYH\���
7KH� GDWD� ZHUH� DQDO\]HG� XVLQJ� ERWK� PHWKRGV�� � 7KH� YHU\� ORZ� UDWLR� IRU� WKH� ROG�
PHWKRG� �PHDQ ����� VWDQGDUG� GHYLDWLRQ ������ FRPSDUHG� ZLWK� WKH� QHZ� PHWKRG�
�PHDQ ������VWDQGDUG�GHYLDWLRQ ������GHPRQVWUDWHV�VRPH�REYLRXV�SUREOHPV��
�
,W�ZDV�GHWHUPLQHG�GXULQJ�WKH�ZRUNVKRS�WKDW�WKH�*36�XQLWV�ZHUH�QRW�DFFXUDWHO\�WR�

��
�
�

�
�

�

-XQJOH�
�

'HQVH��
�

%HDU��

� � � �

7HDP����������������������������������� ���� ����
7HDP����������������������������������� ����� �����
7HDP���������������������������������� ����� ����
� � � �
8SSHU� ����� ����� �����
0HDQ� ����� ���� ����
/RZHU� ���� ���� ����
� � � �
5DWLR��K�O�� ���� ����� ����

0HDQ�UDWLR� ���� � �

�

+DPPRFN�VLWH�
�

� � � �

7DEOH�����1XPEHU�RI�6FKLQXV�WHUHELQWKLIROLXV�SODQWV�SHU�DFUH�DW�WKUHH�
KDPPRFN�VLWHV�LQ�WKH�)URJ�3RQG��E\�6$0�VXUYH\�WHDP��´5DWLRµ�
LV� WKH� KLJKHVW� WHDP�YDOXH� GLYLGHG� E\� WKH� ORZHVW� WHDP� YDOXH� IRU�
HDFK�VLWH��
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WDOLQJ�WKH�GLVWDQFH�FRYHUHG�GXULQJ�WKH�VXUYH\���%HFDXVH�RI�WKLV��PRVW�WHDPV�VLPSO\�
DGGHG�D�IHZ�WHQWKV�RI�D�NLORPHWHU�WR�WKH�����NP�UHFRUGHG�E\�WKH�*36�XQLW�DV�WKH�
WRWDO�GLVWDQFH�WUDYHOHG�IRU�PRVW�VXUYH\V�� �2QH�WHDP�KDG�QR�DFFHVV�WR�D�*36�XQLW�
DQG�PDGH� WRWDO� GLVWDQFH� HVWLPDWHV� WKDW� ZHUH� FRQVLGHUDEO\� ORQJHU� WKDQ� WKH� RWKHU�
WHDPV·� HVWLPDWHV�� � ,Q� DGGLWLRQ�� WKH� ´YLVXDO� ZLGWKµ� HVWLPDWHV� YDULHG� D� JUHDW� GHDO��
IURP���� WR�����IW�� �7KLV� VXUYH\�PHWKRG� LV� VHQVLWLYH� WR�´DUHD�FRYHUHGµ�HVWLPDWHV��
DQG�VSHFLILF�DWWHQWLRQ�ZLOO�EH�SDLG�WR�LPSURYLQJ�WKHVH�QXPEHUV���:H�ZLOO�DWWHPSW�WR�
VROYH�WKH�*36�WRWDO�GLVWDQFH�SUREOHP��RU�WHVW�WKH�XVH�RI�´GLVWDQFH�WUDYHOHGµ�PHWHUV���
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