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RFFXU�ZLWK�HTXDO�SUREDELOLW\��DQG�ZH�KDYH�1�NH\V�LQ�WKH
DUUD\��7KHQ�LW�ZLOO�WDNH��1������FRPSDULVRQV�RQ�WKH�DYHUDJH
WR�FRPSOHWH�D�VXFFHVVIXO�VHDUFK��LQ�WKH�FDVH�RI�DQ
XQVXFFHVVIXO�VHDUFK��DOO�1�LWHPV�ZLOO�KDYH�WR�EH�H[DPLQHG�
&RQVLGHULQJ�WKDW�PRUH�DGYDQFHG�VHDUFK�PHWKRGV�UHTXLUH�QR
PRUH�WKDQ�ORJ�1����FRPSDULVRQV��KLW�RU�PLVV��VHTXHQWLDO
VHDUFK�LV�VORZ��LQGHHG��:LWK�YHU\�PRGHVW�1B/$5*( �������
DQG�1B60$//�VHW�WR�PHUH��������WKH�VHTXHQWLDO�VHDUFK

WDNHV�D�ORQJ����VHFRQGV�WR�PDWFK�WKH�ILOHV��,Q�VSLWH�RI�WKDW�
VHTXHQWLDO�VHDUFK�KDV�LWV�SOXVHV�

��� ,W�LV�WKH�VLPSOHVW�DQG��XQOLNH�FHUWDLQ�PRUH�DGYDQFHG
VFKHPHV��LW�SHUIRUPV�QR�FRPSXWDWLRQV�RWKHU�WKDQ
VHWWLQJ�DQ�LQGH[�XS�E\�XQLW\��+HQFH��VHULDO�VHDUFK�GRHV
QR�ZRUVH�WKDQ�PRUH�FRPSOH[�WHFKQLTXHV�LI�WKH�OLVW�RI
NH\V�LV�TXLWH�VKRUW��DQG�LW�FDQ�EH�RI�JUHDW�YDOXH�LQ�ILQDO
VWDJHV�RI�K\EULG�KLJK�SHUIRUPDQFH�DOJRULWKPV�

��� ,W�UHTXLUHV�QR�VSHFLDO�GDWD�RUJDQL]DWLRQ��H�J��VRUWLQJ��IRU
WKH�NH\V�DUH�WUDYHUVHG�VHULDOO\�

��� ,W�LV�D�QDWXUDO�UDWLRQDO�FKRLFH�LQ�WKH�VLWXDWLRQV�ZKHQ�DQ
XQRUGHUHG�DUUD\�KDV�WR�EH�VHDUFKHG�RQFH�

�����)RU�WKHVH�UHDVRQV��WKH�DOJRULWKP�DERYH�LV�ZLGHO\�XVHG�
DQG�VR�LW�ZRXOG�QRW�KXUW�WR�KDYH�LW�DV�HIILFLHQW�DV�SRVVLEOH�
6XUSULVLQJO\��YHU\�IHZ�SHRSOH�UHDOL]H�WKDW�LW�LV�DOPRVW�DOZD\V
QRW�WKH�ULJKW�ZD\�WR�VHDUFK�VHTXHQWLDOO\��$�FORVHU�ORRN�DW�WKH
'2�ORRS���WKH�LQQHU�ORRS�RI�WKH�URXWLQH���FDQ�KHOS�WHOO�ZK\�
(YHU\�WLPH�LW�LWHUDWHV��WZR�FRPSDULVRQV�DUH�PDGH��2QH
H[SOLFLW�DQG�RQH�LPSOLFLW��)LUVW��.�;�� �.(<��LV�PDGH�LQ�WKH
ERG\�RI�WKH�ORRS��VHFRQG��;�!�+%281'�.���LV�PDGH�DW�WKH
ERWWRP�
$�VLPSOH�FKDQJH�FDQ�UHGXFH�WKH�WZR�FRPSDULVRQV�WR�MXVW
RQH��1DPHO\��OHW�XV�DOORFDWH�WKH�DUUD\�.�ZLWK�DQ�DGGLWLRQDO
GXPP\�LWHP�DW�WKH�XSSHU�ERXQG��,W�FDQ�EH�GRQH�HYHQ
ZLWKRXW�DOWHULQJ�WKH�YDOXH�RI�6,=(�
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�7KH�VDWHOOLWH�DUUD\�FDQ�UHPDLQ�LQWDFW����,I�ZH�SRSXODWH�WKH
GXPP\�VORW�ZLWK�WKH�VHDUFK�NH\��LW�ZLOO�VHUYH�DV�D�QDWXUDO
VHQWLQHO�PDNLQJ�WKH�ERWWRP�ORRS�WHUPLQDWLQJ�FRPSDULVRQ
UHGXQGDQW��7KH�H[SOLFLW�FRPSDULVRQ�FDQ�EH�WKHQ�PRYHG�IURP
WKH�ERG\�RI�WKH�ORRS�WR�LWV�ERWWRP��7KXV��ZH�DUULYH�DW�WKH
IROORZLQJ�URXWLQH�
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�����7KHRU\�>�@�SUHGLFWV�WKDW�WKLV�VLPSOH�FKDQJH�UHVXOWV�LQ
DERXW����SHUFHQW�IDVWHU�DYHUDJH�H[HFXWLRQ�WLPH�ZKHQHYHU�1
!�����7KLV�FRQMHFWXUH�LV�FRUURERUDWHG�E\�H[SHULPHQWDO�GDWD�
5HSODFLQJ�WKH�SODLQ�VHTXHQWLDO�VHDUFK�E\�WKH��TXLFN��URXWLQH
FXWV�WKH�H[HFXWLRQ�WLPH�GRZQ�WR����VHFRQGV��6WLOO��LW�LV�D�IDU
FU\�IURP�WKH�SHUIRUPDQFH�RI�PRUH�HIILFLHQW�PHWKRGV
GLVFXVVHG�EHORZ�
�����2EYLRXVO\��WKH�VHTXHQWLDO�VHDUFK�LV�D�SRRU�FKRLFH�IRU
WDFNOLQJ�RXU�VDPSOH�SUREOHP�XQOHVV�ZH�RQO\�KDYH�D�GR]HQ
NH\V�LQ�WKH�VPDOO�ILOH��6R��ZK\�XVH�LW�LQ�WKH�ILUVW�SODFH"�)LUVW�
LQ�WHUPV�RI�WKH�VHTXHQWLDO�VHDUFK��WKH�VDPSOH�SUREOHP�LV
PHUHO\�D�YHKLFOH�WR�GHPRQVWUDWH�WKH�VXIILFLHQF\��UDWKHU�WKDQ
HIILFLHQF\��RI�WKH�PHWKRG��DQG�KHOS�JDXJH�LWV�UHODWLYH
SHUIRUPDQFH��6HFRQG��DV�QRWHG�DERYH��IRU�WKH�WDVNV�ZKHUH
DQ�XQRUGHUHG�DUUD\�KDV�WR�EH�VHDUFKHG�RQFH��WKH�VHULDO
VHDUFK�LV�MXVW�WKH�WLFNHW�



�����7KH�IROORZLQJ�DQDORJ\�PD\�KHOS�XQGHUVWDQG�ZK\��,I�ZH
KDYH�����GHFNV�RI�SOD\LQJ�FDUGV�DQG�QHHG�WR�ILQG�D�FHUWDLQ
FDUG�LQ�HDFK��LW�LV�IDVWHU�WR�JR�WKURXJK�HYHU\�GHFN�VHULDOO\
WKDQ�WR�VRUW�LW�ILUVW�LQ�RUGHU�WR�VHDUFK�IDVWHU��%\�WKH�VDPH
WRNHQ��LPDJLQH�D�GDWDVHW�FRQWDLQLQJ�YDULDEOHV�9��9���
KDYLQJ�WR�EH�VHDUFKHG�IRU�WKH�YDOXH�RI�DQRWKHU�YDULDEOH�LQ
HYHU\�REVHUYDWLRQ��,Q�WKLV�FDVH��LW�ZLOO�WDNH�PXFK�OHVV�WLPH�WR
VLPSO\�VHDUFK�9��9����VHTXHQWLDOO\�WKDQ�WR�SUHSDUH�WKH
YDULDEOHV��LQ�HYHU\�UHFRUG��IRU�D�VSHHGLHU�IRUP�RI�VHDUFKLQJ�
IRU�LQVWDQFH��E\�VRUWLQJ�WKHP��$QG��RI�FRXUVH��UHJDUGOHVV�RI
WKH�UHDVRQ�WKH�VHTXHQWLDO�VHDUFK�LV�HPSOR\HG��LW�LV�DOPRVW
DOZD\V�EHWWHU�WR�XVH�LWV��TXLFN���UDWKHU�WKDQ��SODLQ���YDULDQW�
IRU�LW�UXQV�FRQVLGHUDEO\�IDVWHU�DW�WKH�PHUH�H[SHQVH�RI�RQH
H[WUD�PHPRU\�ORFDWLRQ�

�����%,1$5<�6($5&+

�����,Q�VHTXHQWLDO�VHDUFK��QR�FDUH�KDV�EHHQ�WDNHQ�WR�RUJDQL]H
WKH�ORRNXS�DUUD\�LQ�DQ\�SDUWLFXODU�ZD\�SULRU�WR�VHDUFKLQJ���LW
LV�VHDUFKHG��DV�LV���:KLOVW�LW�LV�SHUIHFWO\�MXVWLILHG�ZKHQ�D
WDEOH��RU�D�QXPEHU�RI�GLIIHUHQW�WDEOHV��KDYH�WR�EH�VHDUFKHG
RQO\�RQFH��WKH�DEVHQFH�RI�GDWD�RUJDQL]DWLRQ�UHVXOWV�LQ�D
VHYHUH�SHUIRUPDQFH�SHQDOW\�LI�WKH�VDPH�DUUD\�QHHGV�WR�EH
ORRNHG�XS�UHSHDWHGO\��&RQWLQXLQJ�WKH��SOD\LQJ�FDUGV�
DQDORJ\��LI�ZH�KDYH�WR�ILQG�D�GLIIHUHQW�FDUG�����WLPHV�LQ�D
URZ�LQ�WKH�VDPH�GHFN��ZH�FDQ�PDNH�WKH�VHDUFK�SURFHVV
GUDPDWLFDOO\�PRUH�HIILFLHQW�E\�WDNLQJ�WLPH�WR�DSSURSULDWHO\
DUUDQJH�WKH�FDUGV�LQ�WKH�GHFN�LQ�DGYDQFH��2XU�VDPSOH
SUREOHP��ZKHUH�VHDUFKLQJ�LV�SHUIRUPHG�IRU�HDFK�NH\�FRPLQJ
IURP�D�SRWHQWLDOO\�KXJH�ILOH��LV�MXVW�WKH�FDVH�
�����2XW�RI�JUHDW�PDQ\�ZD\V�DUUD\�LWHPV�FDQ�EH�DUUDQJHG�WR
IDFLOLWDWH�HIILFLHQW�VHDUFKLQJ��WKH�VLPSOHVW�LV�VRUWLQJ��+DYLQJ
WKH�HOHPHQWV�RUGHUHG��ZH�SRVVHVV�HQRXJK�NQRZOHGJH�DERXW
WKHP�EHIRUHKDQG�WR�PDNH�D�MXGJHPHQW�DERXW�WKH�ORFDWLRQ�RI
WKH�VHDUFK�NH\�LQ�WKH�ORRNXS�DUUD\�ZLWKRXW�FRPSDULQJ�LW�WR
WKH�PDMRULW\�RI�LWHPV��+HQFH��ZH�VKRXOG�H[SHFW�WKDW�WKH
RUGHU�UHODWLRQ��LI�H[SORLWHG�SURSHUO\��ZRXOG�UHVXOW�LQ�D�PDMRU
SHUIRUPDQFH�JDLQ�
�����+DYLQJ�D�YDULHW\�RI�VRUWLQJ�PHWKRGV�DW�RXU�GLVSRVDO��ZH
VKRXOG�KDYH�OLWWOH�GLIILFXOW\�UHDUUDQJLQJ�D�ORRNXS�DUUD\�LQWR
RUGHU��:H�FDQ�XVH�352&�6257�RU�352&�64/�WR�VRUW�DQG
XQGXSOLFDWH�WKH�ILOH�60$//�E\�.(<��DVVLJQ�WKH�QXPEHU�RI
RXWSXW�REVHUYDWLRQV�WR�6,=(�DQG�ORDG�WKH�NH\V�LQWR�WKH�DUUD\
.�MXVW�DV�VKRZQ�DERYH��2U��DOWHUQDWLYHO\��ZH�FDQ�ILUVW�ORDG
WKH�NH\V�LQWR�.��DQG�WKHQ�VRUW�DQG�XQGXSOLFDWH�LW�FRPSOHWHO\
LQ�PHPRU\�XVLQJ�RQH�RI�KLJK�SHUIRUPDQFH�VRUWLQJ�DOJRULWKPV
�VHH��IRU�H[DPSOH��>�@���:H�ZLOO�DVVXPH��WKHUHIRUH��WKDW
60$//�LV�DOUHDG\�RUGHUHG�E\�.(<�DQG�WKH�GXSOLFDWHV��LI�DQ\�
KDYH�EHHQ�UHPRYHG�
�����$W�WKLV�SRLQW��WKH�PDLQ�TXHVWLRQ�LV�KRZ�H[DFWO\�FDQ�ZH
WDNH�DGYDQWDJH�RI�WKH�RUGHU�UHODWLRQ�EHWZHHQ�WKH�NH\V"
6XSSRVH�ZH�KDYH�FKRVHQ�VRPH�DUUD\�HOHPHQW�.�0��
VRPHWLPHV�FDOOHG�D�SLYRW��7KDW�ZLOO�GLYLGH�WKH�DUUD\�LQWR
WKUHH�SDUWV��WKH�LWHPV�LQ�WKH�ORFDWLRQV�ORZHU�WKDQ�.�0���.�0�
LWVHOI��DQG�WKH�LWHPV�LQ�WKH�ORFDWLRQV�KLJKHU�WKDQ�.�0��
$FFRUGLQJO\��WKUHH�PXWXDOO\�H[FOXVLYH�RXWFRPHV�DUH�SRVVLEOH�

��� .(<� �.�0���7KH�DOJRULWKP�WHUPLQDWHV�VXFFHVVIXOO\�
��� .(<���.�0���$OO�HOHPHQWV�ZLWK�LQGLFHV�ORZHU�WKDQ�0�DUH

HOLPLQDWHG�IURP�FRQVLGHUDWLRQ�

��� .(<�!�.�0���$OO�HOHPHQWV�ZLWK�LQGLFHV�KLJKHU�WKDQ�0�DUH
HOLPLQDWHG�IURP�FRQVLGHUDWLRQ�

�����7KXV��ZKLOVW�WKH�VHTXHQWLDO�VHDUFK�LV�OLPLWHG�WR�D�WZR�ZD\
GHFLVLRQ��HTXDO�RU�XQHTXDO���RUGHULQJ�HQDEOHV�XV�WR�FRQWLQXH
VHDUFK�EDVHG�RQ�D�WKUHH�ZD\�GHFLVLRQ��5HJDUGOHVV�RI�WKH
ZD\�LW�EUDQFKHV��VXEVWDQWLDO�DGYDQFH�KDV�EHHQ�PDGH�
+RZHYHU��LW�LV�LPSRUWDQW�WR�FKRRVH�0�FRUUHFWO\��,I�ZH�VHOHFW
0�YHU\�FORVH�WR�RQH�RI�DUUD\�ERXQGV��ZH�PD\�EH�OXFN\�WR
HOLPLQDWH�WKH�PDMRULW\�RI�NH\V�DW�RQFH��EXW�RQ�WKH�RWKHU
KDQG��ZH�PD\�HQG�XS�KDYLQJ�WR�VHDUFK�WKH�PDMRULW\�RI�NH\V
DOPRVW�IURP�VFUDWFK��,Q�WKH�ZRUVW�FDVH�VFHQDULR��VXFK�D
SURFHVV�PD\�GHJHQHUDWH�LQWR�VHULDO�VHDUFK�
�����7KHUHIRUH��LI�WKH�RQO\�IDFW�NQRZQ�DERXW�WKH�NH\V�LV�WKDW
WKH\�DUH�VRUWHG��WKH�FKRLFH�VXJJHVWLQJ�LWVHOI�QDWXUDOO\�LV�WR
VWDUW�VHDUFKLQJ�E\�FRPSDULQJ�.(<�WR�WKH�PLGGOH�LWHP�LQ�WKH
DUUD\��7KH�UHVXOW�RI�WKH�FRPSDULVRQ�ZLOO�HLWKHU�ORFDWH�WKH
ULJKW�NH\�RU�WHOO�ZKLFK�KDOI�WR�VHDUFK�QH[W��DQG�WKH�VDPH
SURFHVV�FDQ�EH�XVHG�DJDLQ��$V�D�UHVXOW��DIWHU�DW�PRVW�DERXW
ORJ�1��LWHUDWLRQV��ZH�ZLOO�KDYH�HLWKHU�IRXQG�WKH�NH\�RU
HVWDEOLVKHG�WKDW�WKH�DUUD\�GRHV�QRW�FRQWDLQ�LW��7KLV
SURFHGXUH�LV�PRVW�ZLGHO\�NQRZQ�DV�ELQDU\�VHDUFK��DOWKRXJK
RWKHU�QDPHV�VXFK�DV��ORJDULWKPLF�VHDUFK��DUH�DOVR�XVHG�
�����7KH�EDVLF�LGHD�RI�ELQDU\�VHDUFK�VHHPV�WR�EH�WUDQVSDUHQW�
+RZHYHU��PDQ\�SURJUDPPHUV��LQFOXGLQJ�\RXUV�WUXO\��KDYH
FRGHG�LW�ZURQJ�WKH�ILUVW�WLPH�WKH\�DWWHPSWHG�LW��2QH�RI�WKH
PRVW�SRSXODU�FRUUHFW�ZD\V�RI�LPSOHPHQWLQJ�ELQDU\�VHDUFK�LV
WR�PDLQWDLQ�WKUHH�LQGLFHV��/�SRLQWLQJ�WR�WKH�ORZHU�OLPLW�RI�WKH
FXUUHQW�VHDUFK�LQWHUYDO��0�SRLQWLQJ�WR�LWV�PLGGOH��DQG�+
SRLQWLQJ�WR�LWV�XSSHU�OLPLW��7KHQ�ZH�FDQ�SURFHHG�DV�IROORZV�

67(3����,QLWLDOO\��VHW�/�DQG�+�WR�WKH�ORZHU�DQG�XSSHU�ERXQGV
RI�WKH�DUUD\��DQG�VHW�;�WR�PLVVLQJ�
67(3����&RPSXWH�0�DV�WKH�KDOI�PLGSRLQW�EHWZHHQ�/�DQG�+�
67(3����,I�.(<���.�0���VHW�+�WR��0����OHDYLQJ�/�LQWDFW�
67(3����(OVH�LI�.(<�!�.�0���VHW�/�WR��0����OHDYLQJ�+�LQWDFW�
67(3����(OVH�,I�.(<� �.�0���VHDUFK�LV�VXFFHVVIXO��6HW�;�WR�0
DQG�WHUPLQDWH�WKH�URXWLQH�
67(3����,I�WKH�SRLQWHUV�/�DQG�+�FURVV�WKHQ�VWRS��HOVH�UHSHDW
VWHSV���WKURXJK���
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�����1RWH�WKDW�HYHU\�WLPH�WKH�LQQHU�ORRS�LWHUDWHV��WZR
FRPSDULVRQV�DUH�PDGH��RQH�LQVLGH�WKH�ORRS��DQG�RQH��/�!�+�
DW�LWV�ERWWRP��SOXV�VRPH�H[WUD�WLPH�LV�VSHQW�FDOFXODWLQJ�WKH
PLGSRLQWV��7KHRUHWLFDOO\��ELQDU\�VHDUFK�ZLOO�VWDUW
RXWSHUIRUPLQJ�TXLFN�VHTXHQWLDO�VHDUFK�DW�1�VDWLVI\LQJ�1�� 
ORJ�1����IRU�D�VXFFHVVIXO�VHDUFK�DQG�1� �ORJ�1����LI�WKH
VHDUFK�LV�XQVXFFHVVIXO��$FFRXQWLQJ�IRU�WKH�H[WUD�FRPSXWDWLRQ



DQG�VRUWLQJ��LW�URXJKO\�FRUUHVSRQGV��RQ�WKH�DYHUDJH��WR�1� 
���
�����6R��ZKDW�SUDFWLFDO�EHQHILWV�GR�ZH�UHDS�E\�UHSODFLQJ�WKH��
OLQHV�RI�TXLFN�VHULDO�VHDUFK�ZLWK����OLQHV�RI�ELQDU\�VHDUFK"
8VLQJ�WKH�VDPH�LQSXW��1B/$5*( ��������DQG
1B60$// ��������ELQDU\�VHDUFK�FRPSOHWHV�WKH�WDVN�LQ����
VHFRQGV���DOPRVW����WLPHV�WKH�GLIIHUHQFH��7R�IDFLOLWDWH
IXUWKHU�SHUIRUPDQFH�FRPSDULVRQV��ZH�FDQ�UXQ�WKH�VDPSOH
SURJUDP�ZLWK�ELQDU\�VHDUFK�RQ�D�ODUJHU�VFDOH��VD\�
1B/$5*( ����������DQG�1B60$// ���������,W�JHWV�WKH
MRE�GRQH�LQ�DERXW����VHFRQGV��,W�VHHPV�2.��\HW�LQ�RUGHU�WR
WHOO�ZKHWKHU�WKH�WLPH�LV�DFWXDOO\�JRRG�RU�EDG��ZH�ZLOO�KDYH�WR
FRPSDUH�LW�ZLWK�WKH�WLPHV�UHWXUQHG�E\�RWKHU�PHWKRGV�

�����81,)250�%,1$5<�6($5&+

�����:K\�GRHV�ELQDU\�VHDUFK�SHUIRUP�VR�PXFK�EHWWHU�WKDQ
VHTXHQWLDO"�/DUJHO\��LW�LV�GXH�WR�WKH�IDFW�WKDW�ZH�KDYH�PDGH
XVH�RI�ZKDW�ZH�NQHZ�DERXW�RXU�GDWD��L�H���WKDW�WKH\�ZHUH
RUGHUHG��SULRU�WR�VHDUFKLQJ��%XW�ZH�KDYH�QRW�H[SORLWHG�WKH
IXOO�SRWHQWLDO�RI�WKH�NQRZOHGJH��5HPHPEHU��ZH�GHFLGHG�WR
VHOHFW�D�SLYRW�LQ�WKH�PLGGOH�RI�WKH�VHDUFK�LQWHUYDO�WR�HQVXUH
WKDW�QR�ZHLUG�LQSXW�ZRXOG�HOLFLW�ZRUVW�FDVH�EHKDYLRU��EXW�ZH
FRXOG�KDYH�DFKLHYHG�WKH�VDPH�JRDO�E\�VHOHFWLQJ�LW�WRWDOO\�DW
UDQGRP��+RZHYHU��FKRRVLQJ�D�SLYRW�LQ�WKH�PLGGOH�KDV
DQRWKHU�PHULW��1R�PDWWHU�KRZ�PDQ\�WLPHV�WKH�VDPH�DUUD\�LV
VHDUFKHG��WKH�SLYRW�ORFDWLRQV�LQ�ELQDU\�VHDUFK�DUH
SUHGHWHUPLQHG��:H�GLG�QRW�XVH�WKLV�LQIRUPDWLRQ��KDYLQJ
PDGH�RXU�URXWLQH�FRPSXWH�WKH�PLGSRLQWV�LQ�HDFK�LWHUDWLRQ�
,QVWHDG��ZH�FDQ�WDNH�DGYDQWDJH�RI�WKH�ELVHFWLRQ�E\
SUHFRPSXWLQJ�WKH�PLGSRLQWV�EHIRUH�FRPPHQFLQJ�RQ�UHDGLQJ
WKH�ODUJH�ILOH�DQG�VWRULQJ�WKHP�LQ�D�VPDOO�DX[LOLDU\�DUUD\�
,QVLGH�WKH�LQQHU�ORRS��ZH�FDQ�WKHQ�VLPSO\�XVH�WKH
SUHFRPSXWHG�PLGSRLQWV�YLD�DQ�LQGH[��$V�ZH�DOUHDG\�NQRZ�
WKH�LQQHU�ORRS�RI�ELQDU\�VHDUFK�QHYHU�LWHUDWHV�PRUH�WKDQ
ORJ�1����WLPHV��VR�DOORFDWLQJ�WKH�DX[LOLDU\�DUUD\�ZLWK���
LWHPV�ZLOO�VXIILFH�IRU�D�ORRNXS�WDEOH�ZLWK��

��� ����(��
NH\V��PRUH�WKDQ�DQ\RQH�ZLOO�HYHU�EH�DEOH�WR�XVH��7KXV��WKH
DX[LOLDU\�DUUD\�FDQ�EH�VDIHO\�KDUGFRGHG�DV�'������ZLWK�QR
ULVN�RI�RYHUIORZ�
�����7KH�YDULHW\�RI�ELQDU\�VHDUFK�MXVW�RXWOLQHG�LV�NQRZQ�DV
XQLIRUP�ELQDU\�VHDUFK�GXH�WR�IDLUO\�LQWULFDWH�WKHRUHWLFDO
UHDVRQV��%HIRUH�WKH�WHFKQLTXH�FDQ�EH�LPSOHPHQWHG�SURSHUO\�
WZR�WKLQJV�PXVW�EH�GRQH��)LUVW��ZH�ZLOO�QHHG�WR�DGG�D�VORW
LQGH[HG�DV���WR�RXU�ORRNXS�DUUD\�DQG�ILOO�LW�SHUPDQHQWO\�ZLWK
D�PLVVLQJ�YDOXH��ZKLFK�ZLOO�SOD\�WKH�UROH�RI�D�VHQWLQHO�
2WKHUZLVH��XQLIRUP�ELQDU\�VHDUFK�FDQ�LQGH[�.�RXW�RI�LWV
ORZHU�ERXQG�WU\LQJ�WR�UHIHU�WR�WKH�]HUR�LWHP�ZKHQ�1�LV�HYHQ�
:LWK�WKDW�LQ�PLQG��WKH�DUUD\�.�VKRXOG�QRZ�EH�DOORFDWHG�DV
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6HFRQG��WKH�DX[LOLDU\�DUUD\�PXVW�EH�SURSHUO\�SRSXODWHG�SULRU
WR�UHDGLQJ�/$5*(��7KLV�LV�GRQH�E\�LQVHUWLQJ�WKH�IROORZLQJ
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�����6XSHUILFLDOO\��LW�GRHV�QRW�ORRN�WRR�PXFK�GLIIHUHQW�IURP
RUGLQDU\�ELQDU\�VHDUFK��\HW�LW�UHGXFHV�WKH�WLPH�UHTXLUHG�WR
FRPSOHWH�WKH�VDPSOH�WDVN�WR�DERXW����VHFRQGV�IURP���
DFKLHYHG�E\�SODLQ�ELQDU\�VHDUFK��L�H���UXQV�DERXW����SHUFHQW
IDVWHU��7KH�VROH�SXUSRVH�RI�WKH�YDULDEOH�',))�LV�WR�UHSODFH
WZR�DUUD\�UHIHUHQFHV�WR�'�3���DW�WKH�WRS�DQG�LQ�WKH�ERG\�RI
WKH�ORRS��ZLWK�MXVW�RQH��,W�VDYHV�WLPH��IRU�DQ�DUUD\�UHIHUHQFH
LV�D�FRPSXWDWLRQ��WRR��DQG�HYHU\�VLQJOH�LQVWUXFWLRQ�WDNHQ�RXW
RI�WKH�LQQHU�ORRS�WHQGV�WR�LPSURYH�SHUIRUPDQFH��7R
XQGHUVWDQG�EHWWHU�KRZ�WKH�URXWLQH�RSHUDWHV��OHW�XV�SULQW�WKH
LWHPV���WKURXJK�ORJ�1����RI�WKH�DUUD\�'�IRU�1 �����
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�����(DFK�WLPH�WKH�LQQHU�ORRS�LWHUDWHV�DQG�WKH�LQGH[�3�LQWR�WKH
DUUD\�'�3��LV�LQFUHPHQWHG�E\�D�XQLW\��D�QHZ�OHYHO�RI�ELQDU\
GLYLVLRQ�LV�UHDFKHG��DQG�D�QHZ�PLGSRLQW�LV�REWDLQHG�IURP�0
E\�DGGLQJ�RU�VXEWUDFWLQJ�WKH�FXUUHQW�YDOXH�RI�'�3���,Q�WKH
FDVH�RI�D�GLUHFW�KLW��WKH�/($9(�VWDWHPHQW�WHUPLQDWHV�WKH
ORRS��LQGLFDWLQJ�D�VXFFHVVIXO�VHDUFK��,I�WKH�ILQDO�OHYHO�
'���� ���LV�UHDFKHG��EXW�D�PDWFK�KDV�QRW�EHHQ�IRXQG
�FRUUHVSRQGLQJ�WR�WKH�VLWXDWLRQ�ZKHQ�SRLQWHUV�/�DQG�+�KDYH
FURVVHG�LQ�WKH�RUGLQDU\�ELQDU\�VHDUFK���WKH�VHDUFK�KDV�EHHQ
XQVXFFHVVIXO��DQG�WKH�ORRS�LV�WHUPLQDWHG�DW�WKH�WRS�
�����7KH�RQO\�DGYDQWDJH�RI�WKH�SODLQ�ELQDU\�VHDUFK�LV�WKDW�LW
FDQ�EH�EHWWHU�HQFDSVXODWHG�DV�D�FDOOHG�PRGXOH�EHFDXVH�RI�LWV
VLPSOLFLW\��,I�WKH�ODWWHU�LV�QRW�SDUDPRXQW��WKHUH�LV�QR�UHDO
UHDVRQ�WR�RSW�IRU�D�VORZHU�URXWLQH��DQG�XQLIRUP�ELQDU\
VHDUFK�VKRXOG�EH�GHILQLWHO\�SUHIHUUHG�
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�����8VLQJ�WKH�GLYLGH�DQG�FRQTXHU�SDUDGLJP�WR�FRQVWUXFW
ELQDU\�VHDUFK��ZH�PDGH�WKH�VHHPLQJO\��QDWXUDO��FKRLFH�RI
SDUWLQJ�WKH�VHDUFK�LQWHUYDO�LQ�WKH�PLGGOH��ZLWK�WZR�UHDVRQV�LQ
PLQG��)LUVW��LW�DOORZHG�HOLPLQDWLQJ�ZRUVW�FDVH�EHKDYLRU
ZLWKRXW�UHVRUWLQJ�WR�FRPSXWLQJ�SLYRWV�DW�UDQGRP��6HFRQG��LW
OHQW�LWVHOI�WR�WKH�LPSOHPHQWDWLRQ�RI�XQLIRUP�ELQDU\�VHDUFK�
�����+RZHYHU��WKH��QDWXUDOLW\��RI�VXFK�D�GHFLVLRQ�LV�TXLWH
TXHVWLRQDEOH��,PDJLQH�\RXUVHOI�ZULWLQJ�DQ�HODERUDWH�ELQDU\
VHDUFK�URXWLQH��:KHQ�\RX�UHDFK�IRU�WKH�6$6�/DQJXDJH
PDQXDO�WR�IXUWKHU�GHHSHQ�\RXU�LPPHQVH�NQRZOHGJH�RI
DUUD\V��\RX�LQVWDQWO\�IRUJHW�DERXW�WKH�FOHYHU�DOJRULWKP�WKDW
\RX�DUH�EXV\�FRGLQJ��,QVWHDG�RI�RSHQLQJ�WKH�LQGH[�LQ�WKH
PLGGOH��MXVW�DV��ELQDU\�VHDUFK�ZRXOG�SUHVFULEH��\RX�ORRN�IRU
WKH�ZRUG��$55$<��DW�WKH�EHJLQQLQJ��IRU�\RX�NQRZ�IXOO�ZHOO
WKDW�LW�VWDUWV�ZLWK��$���+DYLQJ�LPSURYHG�\RXU�XQGHUVWDQGLQJ
RI�DUUD\V��\RX�SURFHHG�ZLWK�FRGLQJ��DQG��XQVXUH�ZKHWKHU
:+,/(�RU�817,/�ZRXOG�VXLW�\RXU�QHHGV�EHWWHU��RSHQ�WKH
PDQXDO�DJDLQ��7KLV�WLPH��\RX�JR�VWUDLJKW�WR�WKH�HQG�RI�WKH
LQGH[��IRU�\RX�DUH�WRR�VPDUW�WR�EOLQGO\�VHDUFK�IRU��:��LQ�WKH
PLGGOH��$W�ODVW��\RX�UHDFK�IRU�WKH�PDQXDO�EHFDXVH�\RX�DUH
XVLQJ�D�6(/(&7�EORFN�LQVWHDG�RI�,)�7+(1�(/6(�DQG�ZRQGHU
ZK\�WKH�URXWLQH�ORRSV�IRUHYHU��HYHQ�WKRXJK�\RX�KDYH
LQVWUXFWHG�WKH�SURJUDP�WR�/($9(��2I�FRXUVH��QRZ�\RX�RSHQ
WKH�LQGH[�LQ�WKH�PLGGOH���QRW�EHFDXVH�\RX�KDYH�ILQDOO\
GHFLGHG�WR�IROORZ�WKH�ELQDU\�VHDUFK�UHFLSH��EXW�VLPSO\
EHFDXVH��/��LV�ORFDWHG�QHDU�WKH�FHQWHU�RI�WKH�DOSKDEHW�
�����$SSDUHQWO\��WKH�SURFHGXUH�RI�ORRNLQJ�WKH�ZRUGV�XS�LQ�WKH
LQGH[�ZRUNHG�MXVW�ILQH��,V�LW�SRVVLEOH�WR�DSSO\�D�VLPLODU
UHDVRQLQJ�LQ�RUGHU�WR�PDNH�ELQDU\�VHDUFK�VPDUWHU"�7KH
DQVZHU�LV��\HV���DQG�LW�LV�QRW�GLIILFXOW��RQFH�D�VXLWDEOH�ZD\
KDV�EHHQ�IRXQG�WHOOLQJ�WKH�SURJUDP�KRZ�WR�PLPLF�WKH
KHXULVWLF�SURFHVV��6XFK�DQ�DOJRULWKP�LV�FDOOHG�LQWHUSRODWLRQ
VHDUFK�EHFDXVH�LW�KLQJHV�RQ�PDNLQJ�DQ�HGXFDWHG�JXHVV
ZKHUH�WR�ORRN�IRU�.(<�LQ�LWV�FXUUHQW�VHDUFK�LQWHUYDO�E\
SUHGLFWLQJ�D�FDOFXODWHG�LQWHUSRODWLRQ�SRLQW��
�����/HW�XV�FRQVLGHU�D�VHDUFK�LQWHUYDO�GHILQHG�E\�NH\V�.�/���
.�+���,I�WKH�YDOXH�RI�.(<�LV�3�SHUFHQW�RI�WKH�GLIIHUHQFH�.�+�
��.�/��UHODWLYH�WR�.�/���ZH�ZRXOG�VWDUW�ORRNLQJ�IRU�.(<�DW�D
ORFDWLRQ�0�DERXW�3�SHUFHQW�RI��+���/��UHODWLYH�WR�/��,Q�RWKHU
ZRUGV��WKH�SLYRW�LQGH[�0�FDQ�EH�GHULYHG�IURP�D�VLPSOH
SURSRUWLRQ�DQG�H[SUHVVHG�DV
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7KH�PDLQ�LGHD�RI�ELQDU\�VHDUFK�UHPDLQLQJ�LQWDFW��WKLV
H[SUHVVLRQ�FDQ�EH�VLPSO\�SOXJJHG�LQWR�WKH�ELQDU\�VHDUFK
URXWLQH�LQVWHDG�RI�0� �)/225��/�+�
�����+RZHYHU��LW�QHHGV
DQ�LPSRUWDQW�SURJUDPPLQJ�FKDQJH��:H�QHHG�WR�DYRLG�D
]HUR�GLYLVLRQ�LI�/�DQG�+�VKRXOG�EHFRPH�HTXDO�LQ�VRPH
LWHUDWLRQ�RI�WKH�LQQHU�ORRS��7KLV�FDQ�EH�DFKLHYHG�VLPSO\�E\
DGGLQJ���WR�WKH�GHQRPLQDWRU��VLQFH�LQ�DOO�SUDFWLFDOLW\��LW�ZLOO
QRW�VKLIW�WKH�LQWHUSRODWLRQ�SRLQW�IDU�DZD\�IURP�LWV�WDUJHW���LW
LV�WKHUH�RQO\�DSSUR[LPDWHO\�LQ�WKH�ILUVW�SODFH��7KLV�OHDGV�WR
WKH�IROORZLQJ�LPSOHPHQWDWLRQ�RI�LQWHUSRODWLRQ�VHDUFK�
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1RWLFH�WKDW�FRPSDUHG�WR�ELQDU\�VHDUFK��DQRWKHU�FRQGLWLRQDO
/($9(�LQVWUXFWLRQ�KDV�EHHQ�DGGHG��,WV�SXUSRVH�LV�WR�VWRS�WKH
LQQHU�ORRS�LI�D�FRPSXWHG�YDOXH�RI�0�WXUQV�RXW�WR�EH�RXWVLGH
RI�WKH�FXUUHQW�VHDUFK�LQWHUYDO��ZKLFK�PHDQV��LQ�DGGLWLRQ�WR
WKH�FDVH�RI�WKH�SRLQWHUV�/�DQG�+�KDYLQJ�FURVVHG��WKDW�WKH
VHDUFK�KDV�UHVXOWHG�LQ�D�PLVV��,W�DOVR�LQVXUHV�WKDW�LI�.(<�LV
RXW�RI��WKH�RYHUDOO�ORRNXS�UDQJH��WKH�DOJRULWKP�ZLOO�DOVR
WHUPLQDWH�XQVXFFHVVIXOO\�DIWHU�WKH�YHU\�ILUVW�LWHUDWLRQ�
�����,W�FDQ�EH�SURYHQ�>�@�WKDW�LI�ORRNXS�NH\V�DUH�GLVWULEXWHG
HYHQO\�WKURXJKRXW�WKH�UDQJH��LQWHUSRODWLRQ�VHDUFK�QHHGV�DW
PRVW�ORJ�ORJ�1���LWHUDWLRQV�WR�HLWKHU�ILQG�WKH�ULJKW�NH\�RU�WR
HVWDEOLVK�WKDW�LW�LV�QRW�SUHVHQW��,Q�SUDFWLFH��LW�PHDQV�WKDW�LW
ZLOO�KDYH�WR�ORRS�QR�PRUH�WKDQ���WLPHV�WR�VHDUFK�DQ\�DUUD\�
,QGHHG��HYHQ�LI�1�HTXDOV�WR�D�ELOOLRQ��ORJ�ORJ�1���ZLOO�QRW
H[FHHG����6HDUFKLQJ���������NH\V��DV�LQ�RXU�WHVW�GDWD�
LQWHUSRODWLRQ�VHDUFK�ZLOO�LWHUDWH�DW�PRVW���WLPHV�FRPSDUHG�WR
���WLPHV�IRU�ELQDU\�VHDUFK�
�����6HHPLQJO\��FRPSDUHG�WR�ELQDU\�VHDUFK��ZH�PXVW�KDYH
DFKLHYHG�D�JLDQW�OHDS�LQ�SHUIRUPDQFH��,Q�UHDOLW\�
LQWHUSRODWLRQ�VHDUFK�JHWV�WKH�MRE�GRQH�LQ�DERXW����VHFRQGV
YV�����DQG����VHFRQGV�IRU�ELQDU\�VHDUFK�DQG�XQLIRUP�ELQDU\
VHDUFK��UHVSHFWLYHO\�����SHUFHQW�IDVWHU�WLPH�LV�QRW�D�VPDOO
LPSURYHPHQW��EXW�VKRXOG�ZH�QRW�H[SHFW�PRUH"�7KHUH�DUH
WZR�UHDVRQV�ZK\�QRW��)LUVW��FRPSXWLQJ�DQ�LQWHUSRODWLRQ�SRLQW
LV�PXFK�PRUH�H[SHQVLYH�WKDQ�D�VLPSOH�PXOWLSOLFDWLRQ�E\�����
6HFRQG��WKH�LQQHU�ORRS�FRQWDLQV�WKH�DGGLWLRQDO��GRXEOH�
FRPSDULVRQ��7KHVH�IDFWRUV�DUH�QRW�HVVHQWLDO�LQ�WKH�FDVH�RI
H[WHUQDO�LQWHUSRODWLRQ�VHDUFK�ZKHUH�,�2�GULYHV�H[HFXWLRQ
WLPHV��EXW�WKH\�EHFRPH�YHU\�VLJQLILFDQW�ZKHQ�VHDUFKLQJ�LV
FRQGXFWHG�LQWHUQDOO\�LQ�PHPRU\�
�����6WLOO��LQWHUSRODWLRQ�VHDUFK�UXQV�PXFK�IDVWHU�WKDQ�HYHQ
XQLIRUP�ELQDU\�VHDUFK��VR�ZK\�QRW�XVH�LW�DOO�WKH�WLPH"
%HFDXVH�WKH�VXSHULRULW\�RI�LQWHUSRODWLRQ�SURFHVV�KLQJHV�RQ
WZR�DVVXPSWLRQV��$��WKH�NH\V�DUH�QXPHULF�DQG�%��WKH\�DUH
GLVWULEXWHG�XQLIRUPO\�
�����7KH�ILUVW�DVVXPSWLRQ�LV�QRW�YHU\�FULWLFDO��6HDUFKLQJ�D
ZRUG�LQ�D�GLFWLRQDU\��ZH�QHYHU�XVH�PRUH�WKDQ�WKUHH�OHIWPRVW
OHWWHUV�RI�WKH�ZRUG�EHIRUH�WUDQVLWLRQLQJ�WR�D�VHULDO�VFDQQLQJ�
/LNHZLVH��ZH�QHHG�RQO\�D�IHZ�PRVW�VLJQLILFDQW�E\WHV�RI�D�NH\
WR�HVWLPDWH�D�SLYRW�ORFDWLRQ�ZLWKLQ�D�VHDUFK�LQWHUYDO��+HQFH�
LI�WKH�NH\V�ZHUH�DOSKDQXPHULF��ZH�FRXOG�UHSODFH�.(<��.�+�
DQG�.�/��LQ�WKH�LQWHUSRODWLRQ�IRUPXOD�ZLWK�QXPEHUV�KDYLQJ
WKH�VDPH�RUGHU�UHODWLRQ�E\�XVLQJ�,1387�IXQFWLRQ�ZLWK�WKH
LQIRUPDW�6���)3,%Z���DQG�LW�ZRXOG�PRUH�WKDQ�VXIILFH��(YHQ
EHWWHU��PHPRU\�SHUPLWWLQJ��ZH�FRXOG�FUHDWH�DQRWKHU�SDUDOOHO
DUUD\�DQG�SRSXODWH�LW�ZLWK�VXFK�QXPEHUV�FRPSXWHG�GXULQJ



WKH�ORDG�WLPH��WKXV�WDNLQJ�WKH�FRPSXWDWLRQ�RXW�RI�WKH�LQQHU
ORRS�
�����7KH�VHFRQG�DVVXPSWLRQ�LV�YHU\�FULWLFDO��,Q�WKH�UHDO�ZRUOG�
NH\V�DUH�RIWHQ�GLVWULEXWHG�XQHYHQO\��DQG�LW�FDQ�IRRO
LQWHUSRODWLRQ�VHDUFK�TXLWH�EDGO\��)RU�LQVWDQFH��LI�5$1125
IXQFWLRQ�ZHUH�XVHG�WR�FUHDWH�WKH�WHVW�GDWD�LQVWHDG�RI
5$181,��LQWHUSRODWLRQ�VHDUFK�ZRXOG�VWLOO�ZRUN�EXW�KDYH�WR�JR
WKURXJK�XS�WR�����QRW�WKUHH���LWHUDWLRQV�SHU�VHDUFK�ZLWK
��������NH\V�LQ�WKH�DUUD\�
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�����7R�WKLV�HQG��ZH�KDYH�EHHQ�WU\LQJ�WR�H[WUDFW�WKH
PD[LPXP�RI�SHUIRUPDQFH�IURP�FRPSDULQJ�D�VHDUFK�NH\�WR
WKH�NH\V�LQ�WKH�DUUD\��VWULYLQJ�WR�UHGXFH�WKH�QXPEHU�RI
FRPSDULVRQV��FRPSXWDWLRQV�DQG�DPRXQW�RI�GDWD�PRYHPHQW
WR�D�PLQLPXP��+RZHYHU��DOO�FRPSDULVRQ�EDVHG�PHWKRGV
KDYH�D�SULQFLSDO��OLPLWDWLRQ��8QOHVV�WKH�NH\V�DUH�GLVWULEXWHG
XQLIRUPO\��QRQH�FDQ�VHDUFK��VXFFHVV�RU�IDLOXUH��LQ�IHZHU
LWHUDWLRQV�WKDQ�ELQDU\�VHDUFK��QR�PDWWHU�KRZ�FOHYHUO\�GHWDLOV
DUH�LPSOHPHQWHG�
�����7KH�RQO\�ZD\�WR�RYHUFRPH�WKH�OLPLWDWLRQ�LV�WR�GR�DZD\
ZLWK�FRPSDULVRQV�EHWZHHQ�NH\V�DOWRJHWKHU�DQG�EDVH
VHDUFKLQJ�RQ�D�UDGLFDOO\�GLIIHUHQW�W\SH�RI�GDWD�RUJDQL]DWLRQ
NQRZQ�DV�GLUHFW�DUUD\�DGGUHVVLQJ��NH\�LQGH[LQJ��RU
GLVWULEXWLRQ��,PDJLQH�WKDW�RXU�NH\V�UHSUHVHQW�RQH�GLJLW
QXPEHUV��+HQFH��ZH�NQRZ�LQ�DGYDQFH�WKDW�QR�NH\�FDQ�KDYH
YDOXHV�RWKHU�WKDQ����������������������������DQG����$VVXPH
WKDW�WKH�ILOH�60$//�FRQVLVWV�RI�WKH�IROORZLQJ���UHFRUGV�
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DQG�ZH�ZLVK�WR�VHDUFK�IRU�.(< ��DQG�.(< ���/HW�XV
DOORFDWH�DQ�DUUD\�KDYLQJ���VORW�IRU�HDFK�SRVVLEOH�NH\�YDOXH�
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1RZ��OHW�XV�UHDG�60$//�DQG�GLVWULEXWH�HDFK�6B6$7�LQWR�WKH
DUUD\�ORFDWLRQ�ZKRVH�LQGH[�HTXDOV�WR�WKH�YDOXH�RI�WKH
FRUUHVSRQGLQJ�.(<�
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�����:H�KDYH�MXVW�SUHSDUHG�D�NH\�LQGH[HG�WDEOH�FRPSULVLQJ
WZR�W\SHV�RI�HQWULHV��HPSW\�DQG�RFFXSLHG��)URP�WKDW�SRLQW
RQ��VHDUFKLQJ�LV�WULYLDO��7R�ORRN�IRU�D�JLYHQ�NH\��ZH�VLPSO\
H[DPLQH�WKH�ORFDWLRQ�LQ�WKH�WDEOH�ZKRVH�LQGH[�LV�HTXDO�WR�WKH
NH\��,I�WKH�ORFDWLRQ�LV�HPSW\��WKH�NH\�LV�QRW�SUHVHQW�LQ�WKH
WDEOH��,I�LW�LV�RFFXSLHG��WKH�NH\�KDV�EHHQ�IRXQG��DQG�LWV
FRQWHQWV�ZLOO�UHWXUQ�WKH�FRUUHVSRQGLQJ�VDWHOOLWH�LQWR�6B6$7�
)RU�H[DPSOH��.(< ��LV�QRW�IRXQG�EHFDXVH�WKH�DGGUHVV���RI
WKH�WDEOH�LV�HPSW\��ZKHUHDV�.(< ��LV�IRXQG�ZLWK�.�.(<� �
UHWXUQLQJ�WKH�VDWHOOLWH�
�����1RWLFH�WKDW�WKHUH�LV�QR�QHHG�WR�VRUW�WKH�ILOH�60$//��,I�LW
KDSSHQV�WR�FRQWDLQ�GXSOLFDWH�NH\V��WKH\�ZLOO�EH�UHPRYHG
DXWRPDWLFDOO\�E\�WKH�SURFHVV�RI�ORDGLQJ�D�NH\�LQGH[HG�WDEOH�
EXW�RQO\�WKH�ODVW�LQVWDQFH�RI�6B6$7�FRUUHVSRQGLQJ�WR�D
UHSHDWLQJ�NH\�ZLOO�EH�ZULWWHQ�RXW��,I�60$//�KDV�QR�VDWHOOLWHV

RU�ZH�DUH�QRW�LQWHUHVWHG�LQ�REWDLQLQJ�WKHP��WKH�HQWULHV�RI
WKH�NH\�LQGH[HG�WDEOH�FRXOG�EH�PDUNHG�DV�RFFXSLHG�XVLQJ
DQ\�QRQ�PLVVLQJ�YDOXH��IRU�LQVWDQFH��D�XQLW\��,Q�WKLV�FDVH�
GXSOLFDWH�NH\V�GR�QRW�SUHVHQW�DQ\�SUREOHP�DW�DOO�DQG�DUH
UHPRYHG�RQ�WKH�IO\�DV�WKH�WDEOH�LV�ORDGHG�
�����5HPHPEHU��WKH�NH\V�LQ�RXU�WHVW�GDWDVHWV�DUH���GLJLW
QXPEHUV��PDGH�VXFK�RQ�SXUSRVH�WR�IDFLOLWDWH�NH\�LQGH[HG
VHDUFK�PDNLQJ�FRPSDULVRQV�ZLWK�RWKHU�PHWKRGV�SRVVLEOH��
7KHUHIRUH��WKH�XQLYHUVH�RI�WKHLU�SRVVLEOH�YDOXHV�LV�UHVWULFWHG
E\�LQWHJHU�QXPEHUV�IURP���������WR����������DQG�ZH
VKRXOG�DOORFDWH�D�NH\�LQGH[HG�DUUD\�RI�WKH�DSSURSULDWH�VL]H�
0LPLFNLQJ�WKH�SURFHVV�GHVFULEHG�DERYH��ZH�DUULYH�DW�WKH
IROORZLQJ�LPSOHPHQWDWLRQ�RI�NH\�LQGH[HG�VHDUFK��WKH�HQWLUH
PDWFKLQJ�SURJUDP��QRW�MXVW�WKH�VHDUFKLQJ�URXWLQH��LV
VKRZQ��
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5XQQLQJ�DJDLQVW�RXU�WHVW�ILOHV��NH\�LQGH[HG�VHDUFK�FRPSOHWHV
WKH�WDVN�LQ�D�EULHI�����VHFRQGV��1RW�RQO\�LV�LW���WLPHV�IDVWHU
WKDQ�LQWHUSRODWLRQ�VHDUFK��WKH�IDVWHVW�WHFKQLTXH�ZH�KDYH
WHVWHG�WR�WKLV�HQG��EXW�DOVR���WLPHV�IDVWHU�WKDQ�0(5*(
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DQG�PHPRU\�XVDJH��$OWKRXJK�64/�LQ�LWV�KDVKLQJ�PRGH�UXQV
KDQGVRPHO\��DOEHLW�DW�WKH�H[SHQVH�RI�KHDY\�PHPRU\
FRQVXPSWLRQ��LW�JHWV�RXWSHUIRUPHG�E\�LQWHUSRODWLRQ�VHDUFK
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�����,I�DQ�DUUD\�RU�D�QXPEHU�RI�GLIIHUHQW�DUUD\V�PXVW�WR�EH
VHDUFKHG�MXVW�RQFH��IRU�LQVWDQFH��LI�\RX�QHHG�WR�GR�D�ORRNXS
LQ�HYHU\�REVHUYDWLRQ�RI�D�GDWDVHW��TXLFN�VHTXHQWLDO�VHDUFK
VKRXOG�EH�XVHG��,W�LV�DV�VLPSOH�DV�SODLQ�VHULDO�VHDUFK��EXW
VDYHV�DERXW����SHUFHQW�RI�H[HFXWLRQ�DW�WKH�H[SHQVH�RI�RQO\
RQH�DGGLWLRQDO�DUUD\�LWHP�
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FKRLFH�GHSHQGV�RQ�WKH�QXPEHU�RI�IDFWRUV�
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GLVWULEXWHG�XQLIRUPO\�ZLWKLQ�WKHLU�UDQJH��LQWHUSRODWLRQ�VHDUFK
LV�WKH�EHVW�FKRLFH��&RPSDUHG�WR�ELQDU\�VHDUFK��LW�UHTXLUHV
RQH�H[WUD�LQVWUXFWLRQ��EXW�PD\�EH�WZLFH�DV�IDVW�
�����,I�WKH�NH\V�ODFN�WKH�SURSHUWLHV�PDNLQJ�NH\�LQGH[LQJ�RU
LQWHUSRODWLRQ�DSSOLFDEOH��LW�OHDYHV�XV�ZLWK�RUGLQDU\�RU�XQLIRUP
ELQDU\�VHDUFK��8QLIRUP�ELQDU\�VHDUFK�LV�DERXW����SHUFHQW
IDVWHU�DQG�WKHUHIRUH�VKRXOG�EH�SUHIHUUHG��+RZHYHU��LI
VLPSOLFLW\��UDWKHU�WKDQ�VSHHG��LV�SDUDPRXQW��RUGLQDU\�ELQDU\
VHDUFK�ZLOO�KDYH�QR�SUREOHP�JHWWLQJ�WKH�MRE�GRQH��HLWKHU�
�����)LQDOO\��LW�PLJKW�EH�LPSRUWDQW�WR�HQFDSVXODWH�D�VHDUFKLQJ
URXWLQH��(YHU\�DOJRULWKP�GLVFXVVHG�DERYH�FDQ�EH�HDVLO\
PRGXODUL]HG��EXW�SODLQ�ELQDU\�VHDUFK�DQG�LQWHUSRODWLRQ
VHDUFK��FRQVLVWLQJ�RI�VHYHUDO�LQVWUXFWLRQV�FRQFHQWUDWHG�QH[W
WR�HDFK�RWKHU��ZRXOG�SUREDEO\�EH�SUHIHUDEOH�
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