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����2EMHFWLYHV��

7KH�SULPDU\�JRDO�RI�WKLV�WDVN�LV�WR�HQDEOH�DXWRQRPRXV�GLVFRYHU\�RI�$QWDUFWLF�PHWHRULWHV�XVLQJ

URERWLF�VHDUFK�DQG�DXWRPDWLF�FODVVLILFDWLRQ��7KH�WKHPH�RI�WKH�WDVN�SURYLGHV�DQ�LGHDO�IRUPDW�IRU

GHPRQVWUDWLRQ�RI�URERWLFV�LQ�DQ�HQYLURQPHQW�DQG�RSHUDWLRQDO�VFHQDULR�DQDORJRXV�WR�H[SORUDWLRQ

RI�WKH�OXQDU�DQG�0DUWLDQ�SROHV��7KH�SURSRVHG�HIIRUW�ZLOO�VXSSRUW�SODQHWDU\�VFLHQFH�WKURXJK�WKH

GLVFRYHU\�RI�QHZ�PHWHRULWH�VDPSOHV��ZKLFK�SURYLGH�WKH�RQO\�VLJQLILFDQW�VRXUFH�RI�JHRORJLFDO

PDWHULDO�IURP�RXWHU�VSDFH��0RUHRYHU�LW�ZLOO�DXJPHQW�WKH�KXPDQ�VHDUFK�IRU�$QWDUFWLF�PHWHRULWHV

WKURXJK�WKRURXJK�DUHD�VHDUFKHV�DQG�LQ�VLWX�VDPSOH�FODVVLILFDWLRQ��

8VLQJ�D�ZLQWHUL]HG�1RPDG�URERW�WKLV�WDVN�KDV�GHPRQVWUDWHG�WKH�IHDVLELOLW\�RI�DXWRPDWLF�URFN�DQG

PHWHRULWH�FODVVLILFDWLRQ�IURP�PXOWLSOH�VHQVRUV�DQG�DXWRQRPRXV�QDYLJDWLRQ�LQ�SRODU�WHUUDLQV��7KH

SULPDU\�WHFKQLFDO�REMHFWLYHV�IRU�)<���DUH�LQWHJUDWLRQ�RI�DOO�DXWRQRPRXV�FDSDELOLWLHV�LQWR�6FLHQFH

$XWRQRP\²DQ�DUFKLWHFWXUH�IRU�LQWHOOLJHQW�H[SORUDWLRQ��DXWRPDWLF�FODVVLILFDWLRQ�RI�VDPSOHV��DQG

FRRUGLQDWLRQ�RI�PRELOLW\�DQG�PDQLSXODWLRQ�IRU�SUHFLVH�LQVWUXPHQW�SODFHPHQW²DQG�GHPRQVWUDWLRQ

RI�DQ�DXWRQRPRXV�VHDUFK�IRU�QHZ�PHWHRULWHV�LQ�$QWDUFWLFD�

����-XVWLILFDWLRQ�	�,PSDFW�

'HPRQVWUDWLRQ�RI�IXQGDPHQWDO�WHFKQRORJLHV�VLJQLILFDQW�WR�1$6$¶V�SODQHWDU\�H[SORUDWLRQ�SURJUDP

DQG�FRQILUPDWLRQ�IRU�WKH�IHDVLELOLW\�RI�V\VWHP�OHYHO�FRQFHSWV�LQ�WHUUHVWULDO�SODQHWDU\�DQDORJ

HQYLURQPHQWV�DUH�WKH�JRDOV�WKDW�MXVWLI\�WKH�SURSRVHG�ZRUN��7KH�URERWLF�VHDUFK�IRU�$QWDUFWLF

PHWHRULWHV�RIIHUV�DQ�LGHDO�WHVW�FDVH�IRU�GHPRQVWUDWLRQ�RI�WKH�FDSDELOLWLHV�RI�SODQHWDU\�URYHUV�ZLWK

HPSKDVLV�RQ�DXWRQRPRXV�JHRORJLFDO�H[SORUDWLRQ�DQG�LQ�VLWX�VDPSOH�FODVVLILFDWLRQ��WKHPHV�RI

JUHDW�LPSRUWDQFH�WR�WKH�6SDFH�6FLHQFH�(QWHUSULVH�>�@��'HYHORSPHQW�DQG�HYDOXDWLRQ�RI�PRELOH

URERWV�FDSDEOH�RI�H[WHQGHG�VHDUFK�IRU�PHWHRULWHV�LQ�$QWDUFWLFD�ZLOO�IXUWKHU�1$6$¶V�VHDUFK�IRU

SODQHWDU\�OLIH��7KH�WHFKQLFDO�REMHFWLYHV�RI�VFLHQWLILF�H[SORUDWLRQ��HQYLURQPHQWDO�VXUYLYDO��DQG�VHOI�

VXVWDLQHG�PLVVLRQ�SHUIRUPDQFH�DUH�IXQGDPHQWDO�WR�1$6$¶V�FKDUWHU�LQ�H[SORUDWLRQ�DQG�DUH�GLUHFWO\

UHOHYDQW�WR�WKH�MRLQW�1$6$�16)�LQLWLDWLYH�WR�RSHUDWH�LQ�WKH�$QWDUFWLFD�DV�D�SODQHWDU\�DQDORJ��

7KLV�WDVN¶V�GHYHORSPHQWV�DQG�GHPRQVWUDWLRQV�KDYH�KDG�DQG�ZLOO�FRQWLQXH�WR�KDYH�D�VLJQLILFDQW

LPSDFW�RQ�1$6$¶V�UHVHDUFK�DQG�WKH�SHUFHSWLRQ�RI�1$6$�DV�D�ZKROH��2WKHU�1$6$�SURJUDPV�VXFK

DV�,QWHOOLJHQW�5RERWLFV�KDYH�DGRSWHG�WHFKQRORJLHV�LQWURGXFHG�E\�WKLV�ZRUN�>�@��2XU�SURJUDP�WUDLQV

HQJLQHHUV��VFLHQWLVWV�DQG�QHZ�GRFWRUDO�VWXGHQWV��DQG�LQYROYHV�XQGHUJUDGXDWHV�LQ�FULWLFDO�SURMHFW

DUHDV��7KURXJK�WHDFKLQJ��RXWUHDFK��GLVVHPLQDWLRQ�RI�NQRZOHGJH�DQG�EURDG�VWXGHQW�SDUWLFLSDWLRQ

WKURXJK�LQLWLDWLYHV�VXFK�DV�WKH�%LJ�6LJQDO�3URMHFW��ZH�SURPRWH�1$6$¶V�FRPPLWPHQW�WR�HGXFDWLRQ

>�@��7KURXJK�LPSUHVVLYH�ILHOG�GHPRQVWUDWLRQV��ZH�KRSH�WR�FDSWXUH�DQG�KROG�SXEOLF�DWWHQWLRQ�DQG

WR�HQFRXUDJH�QHZ�WKLQNLQJ�DERXW�WKH�UROHV�RI�URERWLFV�DQG�RI�1$6$�

����$SSURDFK

7KLV�WDVN�FRPELQHV�DGYDQFHG�UHVHDUFK�ZLWK�HQJLQHHULQJ�WR�DFKLHYH�SURJUDPPDWLF�JRDOV�

LQQRYDWLRQ��DQG�TXDQWLILDEOH�DGYDQFHV�RYHU�WKH�VWDWH�RI�WKH�DUW��2XU�DSSURDFK�KDV�EHHQ�WR

LQYHVWLJDWH�URERWLF�VDPSOH�FODVVLILFDWLRQ�DQG�DXWRQRPRXV�H[SORUDWLRQ�RI�DQ�$QWDUFWLF�UHJLRQ²

WKH�WZR�PDLQ�DVSHFWV�RI�URERWLF�VHDUFK�IRU�$QWDUFWLF�PHWHRULWHV²FRQFXUUHQWO\�\HW�LQ�SDUDOOHO�WUDFNV

WR�HQVXUH�WKRURXJK�UHVHDUFK�RI�LVVXHV�LQYROYHG�LQ�HDFK�DVSHFW��7KURXJK�LQFUHPHQWDO�GHYHORSPHQW�

SHUVLVWHQW�ILHOG�WHVWLQJ�DQG�WZR�$QWDUFWLF�GHPRQVWUDWLRQV�RI�HVFDODWHG�WHFKQLFDO�DJHQGD��ZH�KDYH

DFKLHYHG�LQGHSHQGHQW�YDOLGDWLRQ�RI�VFLHQFH�DQG�H[SORUDWLRQ�FDSDELOLWLHV��,Q������WKLV�WDVN�ORJJHG
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PRUH�WKDQ�����KRXUV�RI�ILHOG�ZRUN�DQG�DFFRPSOLVKHG�FODVVLILFDWLRQ�RI�PRUH�WKDQ����URFNV�DQG

PHWHRULWHV�����NP�RI�DXWRQRPRXV�QDYLJDWLRQ��DQG�����KRXUV�RI�URERWLF�H[SHULPHQWV�LQ�D�VL[�ZHHN

H[SHGLWLRQ�WR�3DWULRW�+LOOV��ZHVWHUQ�$QWDUFWLFD�

7KH�ILUVW�SULRULW\�IRU�WKLV�WDVN�LV�RQ�UHVHDUFK�LQ�PHWHRULWH�VHQVLQJ�PRGDOLWLHV�DQG�PDFKLQH�OHDUQLQJ

WHFKQLTXHV�IRU�DXWRPDWLF�FODVVLILFDWLRQ�RI�VDPSOHV��2XU�ZRUN�WR�GDWH�KDV�FRQFOXGHG�WKDW�FRPELQHG

YLVXDO� LPDJHU\�DQG�UHIOHFWLRQ�VSHFWURVFRS\�DUH�DGHTXDWH�IRU�DXWRPDWLF�GLVFULPLQDWLRQ�RI

PHWHRULWHV�IURP�WHUUHVWULDO�URFNV��7R�LPSURYH�WKH�HIIHFWLYHQHVV�RI�URERWLF�VHDUFKHV��D�KLHUDUFKLFDO

DSSURDFK�WR�GDWD�FROOHFWLRQ�KDV�EHHQ�GHYLVHG�LQ�ZKLFK��ORZ�GHSOR\PHQW�FRVW�ORZ��LQIRUPDWLRQ�

JDLQ�VHQVRUV�DUH�ILUVW�WR�EH�XVHG�IROORZHG�E\�KLJK�LQIRUPDWLRQ�JDLQ�VHQVRUV�WKDW�UHTXLUH�SUHFLVH

GHSOR\PHQW�WR�D�VDPSOH�>�@��,QWHOOLJHQW�VHQVRU�VHOHFWLRQ�DQG�LPSURYHPHQWV�RQ�WKH�UREXVWQHVV�RI

DXWRPDWLF�FODVVLILFDWLRQ�ZLOO�EH�WKH�NH\�HIIRUWV�LQ�)<���

7KH�VHFRQG�SULRULW\�LV�RQ�WKH�GHYHORSPHQW�RI�UREXVW�DXWRQRP\�IRU�SRODU�H[SORUDWLRQ��$GDSWDWLRQ

RI�WHFKQRORJ\�GHYHORSHG�E\�WKH�/XQDU�5RYHU�DQG�$WDFDPD�'HVHUW�7UHN�WDVNV�KDV�IDFLOLWDWHG�WKH

GHPRQVWUDWLRQ�RI�VDIHJXDUGHG�VHDUFKHV�LQFOXGLQJ�REVWDFOH�DYRLGDQFH�LQ�LFH�FRYHUHG�WHUUDLQV�>�@�

7R�PDNH�D�VHDUFK�D�IHDVLEOH�URERWLF�FKDOOHQJH��LFH�VWUDQGLQJ�VXUIDFHV²XVXDOO\�QRW�H[FHHGLQJ�D�IHZ

VTXDUH�NLORPHWHUV�LQ�DUHD²VKRXOG�EH�VHDUFKHG�ILUVW�EHFDXVH�WKH\�WHQG�WR�KDYH�D�PXFK�KLJKHU

GHQVLW\�RI�PHWHRULWHV�>�@��7KH�IDFW�WKDW�ODUJH�PHWHRULWH�QXPEHUV�FDQ�EH�IRXQG�LQ�VPDOO�VWUDQGLQJ

VXUIDFHV��KDV�PRWLYDWHG�WKH�GHYHORSPHQW�RI�SDWWHUQHG�VHDUFK�WHFKQLTXHV�IRU�RSWLPDO�DUHD�FRYHUDJH

XQGHU�WLPH�DQG�SRZHU�FRQVWUDLQWV����5HVHDUFK�RQ�WKH�PHULWV�RI�FRPELQHG�FRYHUDJH�VHDUFK�DQG

URERWLF�JHRORJLFDO�SURILOLQJ�RI�D�UHJLRQ�EDVHG�RQ�DXWRQRPRXV�VFLHQWLILF�REVHUYDWLRQV�DQG

FODVVLILFDWLRQ�RI�VDPSOHV�ZLOO�WDNH�SODFH�LQ�)<����

7R�HQDEOH�D�VHDPOHVV�H[HFXWLRQ�RI�DXWRQRPRXV�H[SORUDWLRQ�DQG�URERWLF�VDPSOH�FODVVLILFDWLRQ��ZH

KDYH�UHVHDUFKHG�DQG�GHYHORSHG�D�KLHUDUFKLFDO�GLVWULEXWHG�FRQWURO�DUFKLWHFWXUH��FDOOHG�6FLHQFH

$XWRQRP\��7KLV�QRYHO�DUFKLWHFWXUH�LQWHJUDWHV�PLVVLRQ�SODQQLQJ��VDIHJXDUGHG�REVWDFOH�DYRLGDQFH�

VFLHQFH�VHQVRU�PDQDJHPHQW�DQG�DXWRPDWLF�VDPSOH�FODVVLILFDWLRQ�XQGHU�D�IUDPHZRUN�RI�IXOO\

QHWZRUNHG�SURFHVVHV��

,Q�UHODWLRQ�WR�WHFKQRORJ\�YDOLGDWLRQ��RXU�DSSURDFK�KDV�EHHQ�WR�EXLOG�RQ�WKH�H[LVWLQJ�FDSDELOLWLHV�RI

WKH�1RPDG�URERW�DQG�WR�ILHOG�WHVW�QHZ�FRPSRQHQWV�DQG�WHFKQRORJLHV�LQ�DQ�LQFUHPHQWDO�IDVKLRQ��,Q

-DQXDU\�������D�VFRXWLQJ�H[SHGLWLRQ�WR�$QWDUFWLFD�ILHOG�YDOLGDWHG�LQGLYLGXDO�URERWLF�FRPSRQHQWV

DQG�PHWHRULWH�GHWHFWLRQ�VHQVRUV�IRU�WKH�SXUSRVH�RI�TXDQWLI\LQJ�WKHLU�SHUIRUPDQFH�EHIRUH�WKHLU

LQFRUSRUDWLRQ�LQWR�1RPDG��'XULQJ�D�VHFRQG�$QWDUFWLF�H[SHGLWLRQ�LQ�ODWH�������1RPDG�VRXJKW�RXW

DQG�FODVVLILHG�PHWHRULWHV�DW�3DWULRW�+LOOV�7KH�SULPDU\�GHPRQVWUDWLRQ�HYDOXDWHG�WKH�URERW¶V

FODVVLILHU�LQ�GLVWLQJXLVKLQJ�EHWZHHQ�DQG�FKDUDFWHUL]LQJ�URFNV�DQG�PHWHRULWHV�XVLQJ�KLJK�UHVROXWLRQ

LPDJHU\�DQG�RSWLFDO�UHIOHFWLRQ�VSHFWURVFRS\��1RPDG�FRUUHFWO\�FODVVLILHG����RI����SODQWHG

PHWHRULWHV�DQG����RI����QDWLYH�URFNV��

$�VHFRQG�LQGHSHQGHQW�GHPRQVWUDWLRQ�FRQGXFWHG�D�ILHOG�HYDOXDWLRQ�RI�URERWLF�FDSDELOLWLHV

LQFOXGLQJ�DXWRQRPRXV�QDYLJDWLRQ�RI�LFH�DQG�VQRZ�XVLQJ�VWHUHR�YLVLRQ�DQG�ODVHU�SHUFHSWLRQ�DQG

DUHD�SDWWHUQHG�FRYHUDJH�SODQQLQJ��%HFDXVH�WKH�YDVW�PDMRULW\�RI�WHUUDLQ�QHJRWLDWHG�ZDV�IHDWXUHOHVV�

VWHUHR�PDWFKLQJ�IURP�GLVSDULW\�PDSV�ZDV�LPSUDFWLFDO��/DFN�RI�FRQWUDVW�GXH�WR�H[FHVVLYH�OLJKW

GLIIXVLRQ�GXULQJ�RYHUFDVW�GD\V�IXUWKHU�KDPSHUHG�VWHUHR��/DVHU�UDQJH�ILQGLQJ�ZDV�HIIHFWLYH�LQ�DOO

FDVHV�ZLWK�WKH�H[FHSWLRQ�RI�VLWXDWLRQV�LQ�ZKLFK�EHDP�LQWHUIHUHQFH�IURP�GULIWLQJ�VQRZ�OHG�WR

LQFRUUHFW�UDQJH�PHDVXUHPHQWV. 'HVSLWH�WKH�DEVHQFH�RI�VWHUHR�GDWD��1RPDG�DFKLHYHG������NP�RI

DXWRQRPRXV�QDYLJDWLRQ�XVLQJ�ODVHU�DV�WKH�RQO\�WHUUDLQ�SHUFHSWLRQ�VHQVRU��$�FRPSUHKHQVLYH
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GLVFXVVLRQ�DERXW�WKH�WHFKQRORJ\�DQG�GHPRQVWUDWLRQ�UHVXOWV�IURP�WKH������URERWLF�H[SHGLWLRQ�WR

3DWULRW�+LOOV�FDQ�EH�IRXQG�DW�>�@�DQG�>�@��

),*85(���� 1RPDG� LQ� DQ� DXWRQRPRXV� QDYLJDWLRQ� GHPRQVWUDWLRQ� DW� 3DWULRW� +LOOV�
1RYHPEHU� ����� �D��� 'XULQJ� WKH� VL[� ZHHN� H[SHGLWLRQ�� WKH� URERW� HQGXUHG
ZLQG�FKLOOV�DV�ORZ�DV����o&�DQG�ZLQG�JXVWV�XS�WR����NP�K��E��

���� )<���(IIRUW

,Q�)<���ZH�ZLOO�DXJPHQW�WKH�IXQFWLRQDOLW\�DQG�UREXVWQHVV�RI�6FLHQFH�$XWRQRP\�DQG�GHPRQVWUDWH

FRPELQHG�DXWRQRPRXV�VHDUFK�DQG�LQ�VLWX�FODVVLILFDWLRQ�RI�VDPSOHV�WKURXJK�

� ,QWHJUDWHG�SODQQLQJ�DQG�QDYLJDWLRQ�LQ�SRODU�WHUUDLQ��7KLV�WHFKQRORJ\�QRW�RQO\

UHTXLUHV�GHYHORSPHQW�RI�D�QDYLJDWLRQDO�VHQVLQJ�VFKHPH�WKDW�LV�UREXVW�LQ�SRODU�FRQGLWLRQV

EXW�DOVR�RI�KLJK�OHYHO�SODQQLQJ�VRIWZDUH�WR�FRRUGLQDWH�1RPDG¶V�H[LVWLQJ�REVWDFOH

DYRLGDQFH�FDSDELOLW\�ZLWK�D�SODQQHU�WKDW�H[HFXWHV�SDWWHUQHG�VHDUFK�RSWLPL]HG�IRU�FULWLFDO

SHUIRUPDQFH�PHWULFV��VXFK�DV�WRWDO�SHUFHQW�RI�VHDUFK�DUHD�FRYHUHG�RU�PLQLPL]DWLRQ�RI

SRZHU�FRQVXPSWLRQ��

� $XWRPDWLF� DFTXLVLWLRQ� RI� VFLHQFH� WDUJHWV�� 8VLQJ� LPDJHV� WKH� URERW� PXVW

DXWRQRPRXVO\�LGHQWLI\�WDUJHWV�DQG�VHJPHQW�WKHP�IURP�D�EDFNJURXQG�RI�LFH�DQG�VQRZ

XQGHU�YDULRXV�OLJKWLQJ�DQG�ZHDWKHU�FRQGLWLRQV��IURP�EULJKW�VXQOLJKW�WR�EORZLQJ�VQRZ�

7KH�WDUJHW�DFTXLVLWLRQ�PXVW�EH�UREXVW�HQRXJK�WR�UHMHFW�IDOVH�QHJDWLYHV�VXFK�DV�VKDGRZV

FDVWHG�E\�URFNV�

� $XWRQRPRXV�SUHFLVH�SODFHPHQW�RI�VFLHQFH�VHQVRUV��,GHQWLILFDWLRQ�RI�PHWHRULWHV

UHTXLUHV�PXOWLSOH�VHQVLQJ�PRGDOLWLHV��VRPH�RI�ZKLFK�GHPDQG�YHU\�DFFXUDWH�SODFHPHQW�RI

VHQVRUV��,Q�DGGLWLRQ�WR�FDSWXULQJ�KLJK�UHVROXWLRQ�LPDJHU\�RI�D�SRWHQWLDO�PHWHRULWH��D

YLVLEOH�OLJKW�VSHFWURPHWHU�DQG�PHWDO�GHWHFWRU�PXVW�EH�SODFHG�YHU\�QHDU�WKH�REMHFW�EHLQJ

H[DPLQHG��ZKLFK�UHTXLUHV�XVH�RI�D�PDQLSXODWRU�DUP��&RQWURO�RI�WKLV�DUP�LV�D�FULWLFDO

LVVXH�DQG�PXVW�LQYROYH�WKH�XVH�RI�YLVXDO�VHUYRLQJ�IRU�SUHFLVH�SODFHPHQW�RI�VFLHQFH

LQVWUXPHQWV��$W�WKLV�WLPH��WKH�PDQLSXODWRU�DUP�DQG�YLVXDO�VHUYRLQJ�VRIWZDUH�DUH

XQGHUJRLQJ�SHUIRUPDQFH�WHVWV��

� 5REXVW� FODVVLILFDWLRQ� RI� QHZ� VDPSOHV�� 7KLV� FRPSRQHQW� LQYROYHV� WKH� DELOLW\� WR

FRUUHFWO\�GLIIHUHQWLDWH�WHUUHVWULDO�URFN�VDPSOHV�IURP�PHWHRULWHV�XVLQJ�WKH�VHQVRU�GDWD

JDWKHUHG��7KH�VFKHPH�XVHG�PXVW�EH�DFFXUDWH�VR�WKDW�WKH�URERW�GRHV�QRW�RYHUORRN�DQ\

PHWHRULWHV�RU�JHQHUDWH�WRR�PDQ\�IDOVH�SRVLWLYHV�

�D� �E�
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7KH�LQWHJUDWLRQ�RI�WKHVH�WHFKQRORJLHV�LQWR�6FLHQFH�$XWRQRP\�VKRXOG�WDNH�LQWR�DFFRXQW�WKH�XQLTXH

DVSHFWV�RI�WKH�$QWDUFWLF�HQYLURQPHQW�DQG�JRRG�VRIWZDUH�HQJLQHHULQJ�SULQFLSOHV��$�SUDFWLFDO

XQGHUVWDQGLQJ�RI�OLJKWLQJ�FRQGLWLRQV��VKDGRZLQJ��WHUUDLQ�YDULDWLRQV��DQG�URFN�GLVWULEXWLRQ�LQ�WKH

WDUJHWHG�VHDUFK�HQYLURQPHQW�ZLOO�DOORZ�WKH�ILQH�WXQLQJ�RI�VRIWZDUH�SDUDPHWHUV�DQG�PHFKDQLFDO

GHVLJQV�WKDW�ZLOO�PD[LPL]H�UHOLDELOLW\�DQG�HIILFLHQF\��7KH�DUFKLWHFWXUH�ZLOO�EH�PRGXODUL]HG�DQG

FRPPXQLFDWLRQ�ZLOO�JHQHUDOO\�EH�SHUIRUPHG�WKURXJK�ZHOO�GHILQHG�FOLHQW�VHUYHU�LQWHUIDFHV�WKDW

DEVWUDFW�LPSOHPHQWDWLRQ�GHWDLOV�RI�HDFK�PRGXOH��7KH�GHVLJQ�DQG�FRPELQHG�IXQFWLRQDOLW\�RI

6FLHQFH�$XWRQRP\�DUH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�SDUDJUDSKV�

6FLHQFH�$XWRQRP\��6$��HQDEOHV�1RPDG�WR�H[HFXWH�D�FRPPDQG�WR�VHDUFK�D�VSHFLILHG�DUHD��WR

DYRLG�DQ\�REVWDFOHV�HQFRXQWHUHG�DQG�WR�SHUIRUP�DQ�LQ�VLWX�FODVVLILFDWLRQ�RI�SRWHQWLDO�PHWHRULWHV

IRXQG��7KH�VWUXFWXUH�RI�6$�FDQ�EH�GHVFULEHG�DV�D�WKUHH�OHYHO�KLHUDUFK\��)LJXUH�����7KH�ORZHVW�OHYHO

LV�WKDW�RI�WKH�SK\VLFDO�VHQVRU��7KHVH�VHQVRUV�DOORZ�WKH�VFLHQFH�DXWRQRP\�V\VWHP�WR�REVHUYH�WKH

ZRUOG����6$�KDV�WZR�RSHUDWLRQDO�PRGHV��DFTXLVLWLRQ�DQG�LGHQWLILFDWLRQ��,Q�DFTXLVLWLRQ�PRGH��VFLHQFH

DXWRQRP\�DWWHPSWV�WR�ILQG�QHZ�WDUJHWV�LQ�WKH�DUHD�DURXQG�WKH�URERW��,Q�LGHQWLILFDWLRQ�PRGH��VWXG\

DQG�FODVVLILFDWLRQ�RI�D�WDUJHW�WDNHV�SODFH��7R�FDUU\�RXW�ERWK�REMHFWLYHV��WKH�SK\VLFDO�VHQVRUV�PD\

KDYH�WR�IXQFWLRQ�LQ�YHU\�GLIIHUHQW�ZD\V�RU�KDYH�WR�FRRUGLQDWH�ZLWK�RWKHU�VHQVRUV��7KHUHIRUH�WKH

DFWLRQ�FRRUGLQDWLRQ�OHYHO�RI�WKH�V\VWHP�RUJDQL]HV�YDULRXV�SK\VLFDO�VHQVRUV�LQ�GLIIHUHQW�ZD\V�WR

DFFRPSOLVK�WKH�JRDOV�RI�SODQQLQJ��7KH�SODQQLQJ�OHYHO�H[DPLQHV�WKH�UHVXOWV�JHQHUDWHG�E\�WKH�DFWLRQ�

FRRUGLQDWLRQ�OHYHO�DQG�FUHDWHV�D�SODQ�WKDW�ZLOO�RSWLPL]H�PLVVLRQ�YDULDEOHV�VXFK�DV�SRZHU�DQG�WLPH

OLPLWDWLRQV�

),*85(���� 6FLHQFH�$XWRQRP\�DUFKLWHFWXUH�
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7KH�PLVVLRQ�SODQQHU�FRRUGLQDWHV�DOO�DFWLYLWLHV��,W VHOHFWV�DQ�RSWLPDO�DUHD�FRYHUDJH�SDWWHUQ�WR

H[KDXVWLYHO\�VHDUFK�DQ�LFH�ILHOG��7KURXJKRXW�WKH�VHDUFK��1RPDG¶V�DXWRQRPRXV�QDYLJDWLRQ�V\VWHP

RSHUDWHG�E\�WKH�QDYLJDWLRQ�PDQDJHU�VHUYHV�WZR�SXUSRVHV��)LUVW��LW�NHHSV�WKH�URERW�DZD\�IURP

REVWDFOHV��,W�GRHV�WKLV�E\�LQWHJUDWLQJ�WHUUDLQ�GDWD�IURP�VWHUHR�FDPHUDV�DQG�D�ODVHU�UDQJHILQGHU�DV

ZHOO�DV�E\�PRQLWRULQJ�LQHUWLDO�VHQVRUV�IRU�GDQJHURXV�UROO�RU�SLWFK�YDOXHV��6HFRQG�LW�LPSOHPHQWV

ZD\SRLQW�QDYLJDWLRQ��ZKLFK�HQDEOHV�WKH�URERW�WR�PDQHXYHU�ZLWKLQ�D�SDUWLFXODU�WROHUDQFH�WR�D�VHW�RI

VSHFLILHG�JRDO�ORFDWLRQV��:D\SRLQW�QDYLJDWLRQ�UHFHLYHV�D�VHW�RI�GLIIHUHQWLDO�*OREDO�3RVLWLRQ�6\VWHP

�'*36��FRRUGLQDWHV�DQG�GLUHFWV�1RPDG�LQ�VWUDLJKW�OLQHV�EHWZHHQ�WKH�FRRUGLQDWHV��7KH�PRGXOH

DWWHPSWV�WR�EULQJ�WKH�URERW�ZLWKLQ�DQ�HUURU�UDGLXV�RI�HDFK�ZD\�SRLQW��%HFDXVH�SRODU�ZHDWKHU�VXFK

DV�EORZLQJ�VQRZ�FDQ�OLPLW�WKH�HIIHFWLYHQHVV�RI�WHUUDLQ�VHQVRUV��DQ�HUURU�UHFRYHU\�PRGXOH�PRQLWRUV

WKH�VWDWXV�RI�WKH�URERW�IRU�SUREOHPV�QRW�QRWLFHG�E\�WKH�WHUUDLQ�VHQVRUV��,Q�LWV�FXUUHQW�IRUP��LW

GHWHFWV�WZR�NLQGV�RI�SUREOHPV��ZKHQ�SRVVLEOH�VWHHULQJ�DUFV�DUH�LPSDVVLEOH�EHFDXVH�RI�REVWDFOHV�DQG

ZKHQ�WKH�UROO�RU�SLWFK�RI�WKH�YHKLFOH�KDV�H[FHHGHG�QRPLQDO�YDOXHV��,I�D�SUREOHP�LV�GHWHFWHG��HUURU

UHFRYHU\�ZLOO�VXVSHQG�ZD\SRLQW�QDYLJDWLRQ��,W�ZLOO�DOVR�LQLWLDWH�D�EDFN�XS�PDQHXYHU�DORQJ�WKH

URERW¶V�SUHYLRXV�URXWH�

'XULQJ�DUHD�FRYHUDJH�SDWWHUQ�H[HFXWLRQ��D�WDUJHW�DFTXLVLWLRQ�PDQDJHU�PRQLWRUV�GDWD�IURP�D�VHW

RI�DFTXLVLWLRQ�VHQVRUV�FDSDEOH�RI�ILQGLQJ�QHZ�PHWHRULWH�WDUJHWV�RQ�DQ�LFH�ILHOG��$�KLJK�UHVROXWLRQ

WKUHH�FKLS�FRORU�&&'�FDPHUD�PRXQWHG�RQ�D�SDQ�WLOW�XQLW�VHUYHV�DV�DQ�DFTXLVLWLRQ�VHQVRU�

$SSUR[LPDWHO\�HYHU\�VHFRQG��SL[HOV�LQ�DQ�LPDJH�DUH�FODVVLILHG�LQWR�URFN�RU�LFH�FDWHJRULHV��:KHQ�RQH

RU�PRUH�JURXSV�RI�SL[HOV�DSSHDU�DV�SRVVLEOH�PHWHRULWHV��WKH�WDUJHW�DFTXLVLWLRQ�PDQDJHU�HVWLPDWHV

WKH�WDUJHWV¶�'*36�FRRUGLQDWHV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�JURXQG�LV�D�SHUIHFWO\�IODW�SODQH�

$OO�RI�WKLV�LQIRUPDWLRQ�LV�HQWHUHG�LQWR�D�FHQWUDO�VFLHQFH�GDWDEDVH�

7KH�PLVVLRQ�SODQQHU�SODFHV�QHZ�WDUJHWV�LQWR�D�SULRULW\�TXHXH�VRUWHG�E\�GLVWDQFH�IURP�WKH�URERW�

&RQVLGHULQJ�RQH�WDUJHW�DW�D�WLPH��WKH�PLVVLRQ�SODQQHU�UHTXHVWV�VHQVRU�GHSOR\PHQW�FRVWV�DQG�WKH

FRVW�RI�PDQHXYHULQJ�WKH�URERW�DV�LW�DGYDQFHV�WRZDUG�WKH�WDUJHW�ZLWKLQ�WKH�ZRUN�VSDFH�RI�WKH

VHQVRUV��7KHVH�FRVWV�DUH�ZHLJKHG�DJDLQVW�WKH�EHQHILWV�RI�FRQWLQXLQJ�D�VHDUFK�SDWWHUQ�DQG�DQ

HVWLPDWH�RI�WKH�LQIRUPDWLRQ�WKDW�FRXOG�EH�JDLQHG�E\�WKH�DFTXLVLWLRQ�RI�DGGLWLRQDO�VHQVRU�GDWD��7KLV

HVWLPDWH�LV�D�PHDVXUH�WKH�FODVVLILHU¶V�FRQILGHQFH�LQ�LWV�DELOLW\�WR�LGHQWLI\�D�WDUJHW�IURP�SULRU�VHQVRU

GDWD��7KH�PLVVLRQ�SODQQHU�FDQ�WKHQ�GHFLGH�WR�FRQWLQXH�IROORZLQJ�WKH�SDWWHUQ�RU�WR�LQYHVWLJDWH�WKH

SRWHQWLDO�PHWHRULWH��$IWHU�D�GHFLVLRQ�WR�LQYHVWLJDWH��WKH�PLVVLRQ�SODQQHU�WKHQ�VHOHFWV�D�VHQVRU�ZLWK

WKH�KLJKHVW�LQIRUPDWLRQ�JDLQ�WR�GHSOR\PHQW�FRVW�UDWLR��,I�QHFHVVDU\�WKH�URERW�PD\�PRYH�ZLWKLQ

WKH�VHQVRU¶V�ILHOG�RI�RSHUDWLRQ��ZKLFK�FRQWDLQV�WKH�WDUJHW��

7KH�VHQVRU�PDQDJHU�FRRUGLQDWHV�GHSOR\PHQW�RI�WKH�VHQVRU�WR�WKH�WDUJHW¶V�HVWLPDWHG�'*36

ORFDWLRQ��7KLV�HOLPLQDWHV�WKH�UHTXLUHPHQW�WKDW�WKH�DFTXLVLWLRQ�VHQVRU�WUDFN�WKH�WDUJHW�GXULQJ

GHSOR\PHQW��7KH�ORFDWLRQ�HVWLPDWH�PD\�FRQWDLQ�HUURUV�GXH�WR�GHYLDWLRQV�RI�WKH�JURXQG�IURP�D�IODW

SODQH��DQG�VHQVRU�GHSOR\PHQW�PXVW�EH�UREXVW�HQRXJK�WR�FRUUHFW�IRU�WKHVH�HUURUV��$IWHU�DQ\

QHFHVVDU\�FDOLEUDWLRQ��VHQVRU�GDWD�DFTXLVLWLRQ�WDNHV�SODFH��7KH�QHZ�GDWD�DUH�SODFHG�LQ�WKH�GDWDEDVH�

DQG�WKH�FODVVLILHU�SURFHVVHV�WKHP�WR�XSGDWH�LWV�FODVVLILFDWLRQV�DQG�HVWLPDWHG�LQIRUPDWLRQ�JDLQV�

)LQDOO\�WKH�PLVVLRQ�SODQQHU�FORVHV�WKH�VFLHQFH�DXWRQRP\�FRQWURO�ORRS�E\�DQDO\]LQJ�WKH�QHZ

HVWLPDWHG�LQIRUPDWLRQ�JDLQV�DQG�GHSOR\PHQW�FRVWV�IRU�RWKHU�VHQVRUV�DW�1RPDG¶V�GLVSRVDO��,I�WKH

FODVVLILHU�LV�YHU\�FRQILGHQW�LQ�LWV�UHVXOWV��IXUWKHU�VHQVRU�GDWD�ZLOO�PRVW�OLNHO\�RQO\�YHULI\�WKH�FXUUHQW

FODVVLILFDWLRQ��7KH�PLVVLRQ�SODQQHU�ZLOO�WKHUHIRUH�GHFLGH�WR�HQG�LWV�LQYHVWLJDWLRQ�RI�WKH�FXUUHQW

WDUJHW��2WKHUZLVH�DGGLWLRQDO�VHQVRUV�DUH�XVHG�
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7KH�WDUJHW�FODVVLILHU� OLHV� LV�WKH�NH\�WR�1RPDG¶V�DXWRQRPRXV�FDSDELOLW\�IRU�FODVVLILFDWLRQ�RI

PHWHRULWHV�DQG�QDWLYH�URFNV��7KH�%D\HV�QHWZRUN�EDVHG�FODVVLILHU�XVHV�WKH�YLVLEOH�VSHFWUXP

����²������QP��IRU�LGHQWLILFDWLRQ�RI�URFNV��7KH�FODVVLILHU�GHWHFWV�SHDNV�DQG�WURXJKV�LQ�VSHFWUDO

VLJQDWXUH�E\�FRPSXWLQJ�WKH�QRUPDOL]HG�FRUUHODWLRQ�FRHIILFLHQW�RI�WKH�VSHFWUXP�ZLWK�D�IL[HG�VHW�RI

*DXVVLDQ�WHPSODWHV��HDFK�ZLWK�D�SUHGHWHUPLQHG�ZLGWK�DQG�FHQWUDO�ZDYHOHQJWK��$�SRVLWLYH

FRHIILFLHQW�LQGLFDWHV�D�UHIOHFWLRQ�SHDN��ZKHUHDV�D�QHJDWLYH�YDOXH�LQGLFDWHV�D�WURXJK��6SHFWUDOO\�IODW

DUHDV�KDYH�]HUR�FRUUHODWLRQ��7KH�FODVVLILHU�DOVR�FRPSXWHV�QRUPDOL]HG�UHG��JUHHQ�DQG�LQWHQVLW\

FRHIILFLHQWV��7KH�LQWHQVLW\�FRHIILFLHQW�LV�IDLUO\�XQUHOLDEOH�EXW�VWLOO�KDV�FRQVLGHUDEOH�GLDJQRVWLF�YDOXH�

$�%D\HV�QHWZRUN��HQFRGLQJ�WKH�VWDWLVWLFDO�GLVWULEXWLRQ�RI�VSHFWUDO�IHDWXUHV��FRUUHODWLRQ�FRHIILFLHQWV

DQG�UHG��JUHHQ�DQG�LQWHQVLW\�YDOXHV�� IRU�HDFK�URFN� W\SH�DORQJ�ZLWK� WKHLU�DVVXPHG�SULRU

SUREDELOLWLHV��FRPSXWHV�D�FRQILGHQFH�YDOXH�IURP�WKH�VSHFWUD�IRU�HDFK�URFN�W\SH�LQ�WKH�QHWZRUN��7KH

QHWZRUN�FRQILGHQFH�IRU�HDFK�URFN�W\SH�FRUUHVSRQGV�WR�WKH�SRVWHULRU�SUREDELOLW\�RI�WKH�URFN�EHLQJ

H[DPLQHG��JLYHQ�WKH�FXUUHQW�VSHFWUDO�GDWD��%HFDXVH�WKH�FODVVLILHU�RXWSXW�SURYLGHV�HYLGHQFH�RI�D

URFN�EHLQJ�D�PHWHRULWH�DQG�GRHV�QRW�SURGXFH�D�ELQDU\�FODVVLILFDWLRQ��LW�LV�GLIILFXOW�WR�PDNH�SUHFLVH

LQIHUHQFHV�RQ�WKH�VXFFHVV�UDWH�RI�WKH�ILHOG�PHDVXUHPHQWV��$�VLPSOLVWLF�PHDVXUHPHQW�FDQ�EH

REWDLQHG�WKURXJK�FODVVLILFDWLRQ�RI�URFN�DV�HLWKHU�D�PHWHRULWH�RU�D�WHUUHVWULDO�URFN�GHSHQGLQJ�RQ

ZKHWKHU�WKH�FODVVLILHU�GHWHUPLQHV�LW�WR�EH�PRUH�RU�OHVV�OLNHO\�WR�EH�RI�H[WUDWHUUHVWULDO�RULJLQ�JLYHQ

WKH�VSHFWUDO�GDWD��,Q�ILHOG�DQG�FRQWUROOHG�H[SHULPHQWV��1RPDG¶V�FODVVLILHU�KDV�VXFFHHGHG�LQ

FRUUHFWO\�FODVVLI\LQJ�����RI�PHWHRULWH�VDPSOHV�DQG�����RI�URFNV�

),*85(��� 0HWHRULWH� FODVVLILFDWLRQ�DQG�QDYLJDWLRQ� WHFKQRORJLHV� LQYROYLQJ� WKH� XVH� RI
6FLHQFH� $XWRQRP\�� 7KH� XSSHU� WUDFN� VKRZV� WKH� WKUHH� URFN�PHWHRULWH
VHQVLQJ�PRGDOLWLHV��KLJK�UHVROXWLRQ�YLVLRQ��PHWDO�GHWHFWLRQ��VSHFWURVFRS\�
DQG�PDQLSXODWRU�DUP�GHVLJQ��URFN�LPDJH�DFTXLVLWLRQ��DQG�RXWSXW�IURP�WKH
%D\HV� FODVVLILHU��7KH� ORZHU� WUDFN� LOOXVWUDWHV�1RPDG¶V� VHQVRU�KHDG��ZKLFK
LQFOXGHV�D�ODVHU�UDQJH�ILQGHU�DQG�WZR�VWHUHR�SDLUV��D�PDS�GHYHORSHG�E\�LWV
DXWRQRPRXV�QDYLJDWLRQ�LQGLFDWLQJ�WUDYHUVDEOH��JUHHQ��DQG�QRQ�WUDYHUVDEOH
�UHG��DUHDV�DQG�D�VHOHFWLRQ�RI�SDWWHUQV�WKDW�WKH�PLVVLRQ�SODQQHU�FDQ�LVVXH
ZKHQ�1RPDG�H[SORUHV�DQ�DUHD��
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Granite
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����$QWDUFWLF�'HPRQVWUDWLRQ�����

7KH�JRDOV�RI�WKH������$QWDUFWLF�GHPRQVWUDWLRQ�DUH�WR�GLVFRYHU�QHZ�PHWHRULWHV�ZLWK�1RPDG�DQG

YDOLGDWH�6FLHQFH�$XWRQRP\�LQ�PHWHRULWH�VHDUFKHV�DW�(OHSKDQW�0RUDLQH����ο���¶�6�����ο���¶ (���7KH
SURSRVHG�GHPRQVWUDWLRQ�ZLOO�RFFXU�XQGHU�WKH�DXVSLFHV�RI�1$6$�DQG�16��DQG�LQ�FROODERUDWLRQ�ZLWK

WKH�16)�$QWDUFWLF�6HDUFK�IRU�0HWHRULWHV��$160(7��ILHOG�WHDP��2SHUDWLRQV�ZLOO�WDNH�SODFH�LQ

-DQXDU\������

3URILOH�RI�0HWHRULWH�6HDUFK�'HPRQVWUDWLRQ�

7KH�ILHOG�GHPRQVWUDWLRQ�ZLOO�EHJLQ�ZLWK�XVHU�FRQWURO�RI�FRPPDQG�1RPDG�WR�LQLWLDWH�WKH�VHDUFK�RI

DQ�DUHD��1RPDG¶V�ZLOO�IRFXV�RQ�VHDUFKLQJ�DUHDV�RI�DSSUR[LPDWHO\���NP���2QFH�WKH�LQLWLDO�FRPPDQG

RFFXUV��WKH�VHDUFK�ZLOO�FRPPHQFH�XQGHU�WKH�DXWRQRPRXV�FRQWURO�RI�WKH�PLVVLRQ�SODQQHU��:H

DQWLFLSDWH�WKDW��GXULQJ�D�SHULRG�RI�IRXU�ZHHNV�1RPDG�ZLOO�H[SORUH��²��LFH�ILHOGV�DURXQG�(OHSKDQW

0RUDLQH�

� 7KH�PLVVLRQ�SODQQHU�ZLOO�SLFN�DQ�RSWLPDO�FRYHUDJH�SDWWHUQ� WR�H[KDXVWLYHO\� VHDUFK� WKH

VHOHFWHG�DUHD��7KLV�FRYHUDJH�SDWWHUQ�ZLOO�EH�H[HFXWHG�E\�WKH�WUDQVIHU�RI�FRPPDQGV�IURP

WKH�PLVVLRQ�SODQQHU�WR�WKH�QDYLJDWLRQ�V\VWHP��7KHUHIRUH��GXULQJ�WKH�VHDUFK��WKH�URERW

ZLOO�PDQHXYHU�LWVHOI�DURXQG�SRWHQWLDOO\�GDQJHURXV�REVWDFOHV��7KH�6$�ZLOO�DGRSW

DFTXLVLWLRQ�PRGH�LQ�ZKLFK�WKH�WDUJHW�DFTXLVLWLRQ�PDQDJHU�PRQLWRUV�GDWD�IURP�WKH�KLJK�

UHVROXWLRQ�&&'�FDPHUD�PRXQWHG�RQ�D�SDQ�WLOW�XQLW�RQ�WKH�VHQVRU�PDVW��(YHU\�IHZ

VHFRQGV��WKH�VHQVRU�ZLOO�SUHVHQW�GDWD�WR�WKH�WDUJHW�DFTXLVLWLRQ�PDQDJHU�IRU�DQDO\VLV��7KH

WDUJHW�DFTXLVLWLRQ�PDQDJHU�ZLOO�SHUIRUP�WKUHVKROGLQJ�RI�WKH�LPDJH�EDVHG�RQ�SL[HO�FRORU

IRU�GLVFRYHU\�RI�GDUN�URFNV�RQ�WKH�EULJKW�LFH��:KHQ�RQH�RU�PRUH�JURXSV�RI�SL[HOV�DSSHDU

DV�URFN�WDUJHWV��WKH�WDUJHW�DFTXLVLWLRQ�PDQDJHU�ZLOO�HVWLPDWH�WKH�WDUJHWV¶�'*36�ORFDWLRQV

XQGHU�D�IODW��JURXQG�DVVXPSWLRQ��:LWK�WKLV�LQIRUPDWLRQ��QHZ�UHFRUGV�HQWHU�WKH�VFLHQFH

GDWDEDVH�

� :KHQ�WKH�GDWDEDVH�UHFHLYHV�D�QHZ�UHFRUG�� LW�ZLOO�EURDGFDVW�D�PHVVDJH�DQQRXQFLQJ�WKH

QHZ�LQIRUPDWLRQ��7KH�PLVVLRQ�SODQQHU�OLVWHQV�IRU�WKLV�PHVVDJH��,I�WKH�PLVVLRQ�SODQQHU

UHFHLYHV�RQH�RU�PRUH�QHZ�UHFRUG�QRWLILFDWLRQV��LW�ZLOO�SODFH�WKHP�LQWR�D�SULRULW\�TXHXH

VRUWHG�E\�GLVWDQFH�IURP�WKH�URERW��&RQVLGHULQJ�WKH�WDUJHW�DW�WKH�IURQW�RI�WKH�TXHXH��WKH

PLVVLRQ�SODQQHU�UHTXHVWV�VHQVRU�GHSOR\PHQW�DQG�URERW�PDQHXYHULQJ�FRVWV�IURP�WKH

VHQVRU�DQG�QDYLJDWLRQ�PDQDJHU��7KHVH�FRVWV�DUH�ZHLJKHG�DJDLQVW�WKH�EHQHILWV�RI

FRQWLQXLQJ�WKH�VHDUFK�SDWWHUQ��,I�WKH�PLVVLRQ�SODQQHU�GHFLGHV�WR�LQYHVWLJDWH�WKH�QHZ

WDUJHW��WKH�6$�HQWHUV�LGHQWLILFDWLRQ�PRGH��2WKHUZLVH�WKH�WDVN�RI�WDUJHW�DFTXLVLWLRQ�ZLOO

FRQWLQXH��7KH�6$�ZLOO�WKHQ�VZLWFK�WR�LGHQWLILFDWLRQ�PRGH�LQ�ZKLFK�WKH�PLVVLRQ�SODQQHU

FKRRVHV�WKH�VHQVRU�ZLWK�WKH�EHVW�HVWLPDWHG�LQIRUPDWLRQ�JDLQ�GHSOR\PHQW�FRVW�UDWLR��7KH

PLVVLRQ�SODQQHU�PD\�QDYLJDWH�WKH�URERW�WR�DQ�DUHD�ZLWKLQ�WKH�VFLHQFH�H�PDQLSXODWRU¶V

ZRUNVSDFH��,I�VR��WKH�QDYLJDWLRQ�PDQDJHU�ZLOO�QDYLJDWH�WKH�URERW�WR�D�WDUJHW�ZKLOH�LW

DYRLGV�DQ\�REVWDFOHV�LQ�LWV�SDWK�

� 2QFH� WKH� URERW� LV� FRQILUPHG� WR� EH� LQ� IURQW� RI� WKH� WDUJHW�� WKH� PLVVLRQ� SODQQHU� ZLOO

FRPPDQG�WKH�VHQVRU�PDQDJHU�WR�GHSOR\�WKH�PDQLSXODWRU�DUP�VHQVRU�SD\ORDG�WR�WKH

WDUJHW¶V�HVWLPDWHG�'*36�ORFDWLRQ��7KH�VHQVRU�PDQDJHU�PD\�FDOLEUDWH�WKH�VHQVRU�LI

QHFHVVDU\�DQG�WKHQ�GHSOR\�LW�WR�WKH�WDUJHW��:LWK�WKH�DLG�RI�DUP��YLVXDO�VHUYRLQJ

WHFKQLTXHV�ZLOO�EH�GHSOR\HG�WR�RYHUFRPH�HUURUV�LQ�WKH�'*36�HVWLPDWLRQ�WKDW�PD\�RFFXU

EHFDXVH�WKH�JURXQG�LV�QRW�IODW��$IWHU�GDWD�DFTXLVLWLRQ��WKH�VHQVRU�PDQDJHU�ZLOO�VHQG�WKH
&08 $QWDUFWLF 0HWHRULWH 6HDUFK 'HPRQVWUDWLRQ � �



QHZ�VHQVRU�LQIRUPDWLRQ�WR�WKH�GDWDEDVH��ZKLFK�ZLOO�QRWLI\�WKH�HQWLUH�6$�RI�QHZ�VHQVRU

LQIRUPDWLRQ��8SRQ�UHFHLSW�RI�WKLV�QRWLILFDWLRQ��WKH�FODVVLILHU�ZLOO�SURFHVV�WKH�QHZ�GDWD�WR

XSGDWH�LWV�FODVVLILFDWLRQ�HVWLPDWHV�DQG�LQIRUPDWLRQ�JDLQV�IRU�WKH�WDUJHW��7KH�FODVVLILHU

ZLOO�DGG�WKHVH�UHVXOWV�WR�WKH�GDWDEDVH�IRU�IXWXUH�PLVVLRQ�SODQQLQJ�FRQVLGHUDWLRQV�

� 7KH�PLVVLRQ�SODQQHU�ZLOO�WKHQ�DQDO\]H�WKH�HVWLPDWHG�LQIRUPDWLRQ�JDLQ�DQG�GHSOR\PHQW

FRVW�RI�HDFK�VHQVRU��,W�PD\�GHFLGH�WR�UHGHSOR\�WKH�VDPH�VHQVRU�DJDLQ�LI�DGGLWLRQDO

LQIRUPDWLRQ�FRXOG�EH�EHQHILFLDO��7KH�PLVVLRQ�SODQQHU�PD\�DOVR�GHFLGH�WR�GHSOR\�D�QHZ

VHQVRU��)LQDOO\�LW�PD\�FKRRVH�WR�FHDVH�LQYHVWLJDWLQJ�WKH�FXUUHQW�WDUJHW�DQG�WR�HLWKHU�PRYH

WR�WKH�QH[W�WDUJHW�RU�WR�FRQWLQXH�WKH�SDWWHUQ��

1RPDG�ZLOO�UHSHDW�WKLV�VHTXHQFH�KXQGUHGV�RI�WLPHV�GXULQJ�WKH�H[SHGLWLRQ��(OHSKDQW�0RUDLQH�LV

NQRZQ�WR�FRQWDLQ�PHWHRULWH�VDPSOHV�PL[HG�ZLWK�D�ODUJH�QXPEHU�RI�WHUUHVWULDO�URFNV��D�IDFW�WKDW

PDNHV�WKH�URERWLF�GLVFRYHU\�DQG�FODVVLILFDWLRQ�RI�QHZ�PHWHRULWH�VDPSOHV�D�JUHDW�FKDOOHQJH�

),*85(��� 5RERWLF�PHWHRULWH�GLVFRYHU\�� ,PDJHU\�� VSHFWUD�� DQG�PHWDO�GHWHFWLRQ�GDWD
ZLOO�EH�DQDO\]HG�E\�1RPDG¶V�%D\HV�QHWZRUN�EDVHG�FODVVLILHU�WR�DVVHVV�WKH
OLNHOLKRRG�RI�ZKHWKHU�D�VDPSOH�LV�D�PHWHRULWH�RU�D�WHUUHVWULDO�URFN��
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ITEM COST PERSONNEL

Personnel
Salaries
Fringe Benefits

380,609
63,918

0.4 x Principal Invest.
0.75 x Scientist
1.0 x Sr. Research Engineer

Operating Expenses
Computing/Licenses/Supplies/
Copying/Publishing/Calls
Travel

63,731
40,000

2.0 x Research Engineer
0.2 x Technician
0.75 x Lab Coordinator
2 x RI Grad Student

Equipment 
Antarctica 2000 Expedition
Capital Equipment

170,000
25,000

2 x Undergraduate
(9 FTE)

CMU Overhead 256,742

TOTAL 1,000,000

Surface System Thrust
Robotic Search for Antarctic Meteorites

Product
Milestones

Product Performance Achievement Significance & Impact of Product to Missions

FY 00
LEVEL 1
Milestone

Discover and classify Antarctic meteorites
with an autonomous science robot in an
environment and exploration scenario
analogous to missions to the poles of the
Moon and Mars.

This demonstration will advance planetary
science through robotic discovery of new
meteorite samples and autonomous geological
characterization of hundreds of rock samples.
This program offers an early demonstration of
autonomous robots for planetary missions such as
Robotic Outposts for In-Situ Measurement and
Communication and Robotic Outposts for Heavy
Duty Science Operations.
This program will augment human search for
Antarctic meteorites through intelligent coverage
search of an area and in-situ classification of
samples. In this context, this program is relevant
to robotic missions precursory to HEDS.

FY 00
LEVEL 2
Milestone

Demonstrate Science Autonomy, a novel
control architecture for science rovers.
In the context of the 2000 Antarctic
demonstration this program will validate:
* High-level mission planning for navigation
and science
* Patterned search for optimal area coverage
and power utilization
* Safeguarding autonomy for navigation in
polar environments
* Bayes network for classification of science
data acquired from multiple sensors
* Visual servoing and fine placement control
of science instruments

Science Autonomy is the core robotic capability
to achieve autonomous search for Antarctic
meteorites and scientific exploration of a region.
Science Autonomy is the first robotics
architecture with integrated mission planning
with science goals, advanced techniques for intra
site exploration, and autonomous real-time
science data classification.
The effectiveness of the search and autonomous
in-situ science relies on the seamless interaction
of Science Autonomy’s control modules.
&08 $QWDUFWLF 0HWHRULWH 6HDUFK 'HPRQVWUDWLRQ � ��
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7KH�SURSRVHG�WDVNV�WDUJHW�IXWXUH�DSSOLFDWLRQV�LQ�6SDFH�6FLHQFH�(QWHUSULVH¶V�6RODU�6\VWHP

([SORUDWLRQ�SURJUDP��6��5HTXLUHPHQWV���ZLWK�LPSRUWDQW�DSSOLFDWLRQV�WR�DXWRQRPRXV�DQG

KXPDQ�DVVLVWLQJ�URERWLFV�IRU�+XPDQ�([SORUDWLRQ�DQG�'HYHORSPHQW�RI�6SDFH��+('6��([SORUDWLRQ

�+��5HTXLUHPHQWV��DQG�+XPDQ�/LIH�6FLHQFH��+��5HTXLUHPHQWV��

����5HVHDUFK�7HDP

� )XQGLQJ�$JHQF\��1$6$�&URVV�(QWHUSULVH�7HFKQRORJ\�'HYHORSPHQW�3URJUDP��&(7'3��

6XUIDFH�6\VWHPV�7KUXVW�$UHD�

� )XQGHG� 2UJDQL]DWLRQ�� 7KH� 5RERWLFV� ,QVWLWXWH�� &DUQHJLH� 0HOORQ� 8QLYHUVLW\�� ([SHUWLVH

LQFOXGHV�SHUFHSWLRQ�DQG�QDYLJDWLRQ�IRU�SODQHWDU\�URYHUV��VHQVRUV�IRU�PRGHOLQJ�

QDYLJDWLRQ�VFLHQFH��URERW�HOHFWURPHFKDQLVPV�IRU�ILHOG�DSSOLFDWLRQV��3URJUDP�3,�LV�5HG

:KLWWDNHU�DQG�3URMHFW�0DQDJHU�LV�'LPL�$SRVWRORSRXORV�

� 6XSSRUWLQJ�2UJDQL]DWLRQV��

� 8QLYHUVLW\�RI�3LWWVEXUJK��'U��:LOOLDP�&DVVLG\��IRUHPRVW�H[SHUW�RQ�$QWDUFWLF�PHWHRU�
LWHV�����VHDVRQV�LQ�$QWDUFWLFD��OHDGHU�RI�WKH�WHDP�WKDW�GLVFRYHUHG�$/+�������

� 16)�$160(7�3URJUDP�DQG�&DVH�:HVWHUQ�5HVHUYH�8QLYHUVLW\��'U��5DOSK�+DUYH\��
/HDGHU�RI�$160(7�6����

� 2IILFH�RI�WKH�&XUDWRU��1$6$�-RKQVRQ�6SDFH�&HQWHU��+RXVWRQ��7;��'U��0DULO\Q�/LQG�
VWURP��/HDG�RIILFHU�DW�WKH�0HWHRULWH�&XUDWLRQ�/DERUDWRU\��

� 1DWLRQDO�6FLHQFH�)RXQGDWLRQ��2IILFH�RI�3RODU�3URJUDPV��([SHGLWLRQ�ORJLVWLFV�DQG�
ILHOG�VXSSRUW�

����5HIHUHQFHV

>�@ 0RQWHPHUOR�� 0��� ³831� ���� &URVV� (QWHUSULVH� 7HFKQRORJ\� 'HYHORSPHQW� 3URJUDP� �&(7'3��� 1$6$
(QWHUSULVH�³/HYHO��´�7HFKQRORJ\�5HTXLUHPHQWV�´�3UHVHQWDWLRQ�6OLGHV��0D\������

>�@ KWWS���ZZZ�IUF�UL�FPX�HGX�SURMHFWV�PDUV�

>�@ KWWS���ZZZ�ELJVLJQDO�QHW

>�@ �3HGHUVHQ��/���$SRVWRORSRXORV��'���:KLWWDNHU��:���&DVVLG\��:���/HH��3���DQG�7��5RXVK���5RERWLF�5RFN
&ODVVLILFDWLRQ�8VLQJ�9LVLEOH�/LJKW�5HIOHFWDQFH�6SHFWURVFRS\��3UHOLPLQDU\�5HVXOWV�IURP�WKH�$QWDUFWLF
0HWHRULWH�6HDUFK�3URJUDP��3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�/XQDU�DQG�3ODQHWDU\�6FLHQFH��/36&�
&RQIHUHQFH��+RXVWRQ��7;��0DUFK������

>�@ 0RRUHKHDG��6���6LPPRQV��5���$SRVWRORSRXORV��'���DQG�:��:KLWWDNHU���$XWRQRPRXV�1DYLJDWLRQ�)LHOG
5HVXOWV�RI�D�3ODQHWDU\�$QDORJ�5RERW�LQ�$QWDUFWLFD��������,QWHUQDWLRQDO�6\PSRVLXP�RQ�$UWLILFLDO
,QWHOOLJHQFH��5RERWLFV�DQG�$XWRPDWLRQ�LQ�6SDFH��1RRUGZLMN��+ROODQG��-XQH������

>�@ 1RWHV�E\�5DOSK�+DUYH\��+HDG��$QWDUFWLF�6HDUFK�IRU�0HWHRULWH�7HDP

>�@ $SRVWRORSRXORV��'���:DJQHU��0���DQG�:���/���:KLWWDNHU���7HFKQRORJ\�DQG�)LHOG�'HPRQVWUDWLRQ�5HVXOWV
LQ�WKH�5RERWLF�6HDUFK�IRU�$QWDUFWLF�0HWHRULWHV���3URFHHGLQJV�RI�WKH������,QWHUQDWLRQDO�&RQIHUHQFH�RQ

)LHOG�DQG�6HUYLFH�5RERWLFV��3LWWVEXUJK��3$��86$��$XJXVW������

>�@ KWWS���ZZZ�IUF�UL�FPX�HGX�SURMHFWV�PHWHRURERW
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