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7KH�JRDO�RI�WKLV�SURSRVDO�LV�WR�EXLOG�WKH�FRPSXWDWLRQDO�DQG�GDWD�PDQDJHPHQW�LQIUDVWUXFWXUH�QHFHVVDU\�IRU�
DSSOLFDWLRQV�RI�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�WR�V\QRSWLF�JHRFKURQRORJ\��SDOHRFOLPDWH��DQG�VXUIDFH�
SURFHVVHV�UHVHDUFK���
�
%XLOGLQJ�WKLV�LQIUDVWUXFWXUH�LV�LPSRUWDQW�EHFDXVH�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�XQGHUSLQV�D�EURDG�
UDQJH�RI�UHVHDUFK�LQWR�ERWK�(DUWK�KLVWRU\�DQG�(DUWK�SURFHVVHV��LQFOXGLQJ��IRU�H[DPSOH��UHFRQVWUXFWLQJ�
SRODU�LFH�VKHHW�FRQWULEXWLRQV�WR�SDVW�DQG�SUHVHQW�VHD�OHYHO�FKDQJH��GLDJQRVLV�RI�FOLPDWH�G\QDPLFV�IURP�
SDOHRFOLPDWH�UHFRUGV��HYDOXDWLRQ�DQG�YDOLGDWLRQ�RI�SDOHRFOLPDWH�DQG�LFH�VKHHW�PRGHOV��VHLVPLF�KD]DUG�
DQDO\VLV�IRU�PDMRU�IDXOW�V\VWHPV��DQG�PXOWLIDFWRU�DQDO\VLV�RI�WHFWRQLF�DQG�HQYLURQPHQWDO�IRUFLQJ�RI�HURVLRQ�
DQG�VHGLPHQW�WUDQVSRUW�UDWHV��7KH�SURSRVHG�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�LV�FULWLFDO�IRU�WKLV�ILHOG�DV�LW�ZRXOG�
EH�IRU�DQ\�ILHOG�RI�(DUWK�VFLHQFH��LW�HQDEOHV�WKH�YLVXDOL]DWLRQ��V\QWKHVLV��DQG�DQDO\VLV�RI�ODUJH�GDWD�VHWV�
QHHGHG�WR�DGYDQFH�JOREDO�VFDOH�DSSOLFDWLRQV���
�
7KLV�SURSRVDO�LV�DOVR�SRWHQWLDOO\�PRUH�EURDGO\�YDOXDEOH�LQ�(DUWK�VFLHQFH�EHFDXVH�FRVPRJHQLF�QXFOLGH�
JHRFKHPLVWU\�LV�H[HPSODU\�RI�PDQ\�DUHDV�RI�JHRFKHPLVWU\�DQG�JHRFKURQRORJ\�LQ�WKDW�LQWHUSUHWLQJ�D�
JHRFKHPLFDO�PHDVXUHPHQW�DV�VRPH�JHRORJLFDOO\�XVHIXO�SDUDPHWHU����DQ�DJH�RU�D�SURFHVV�UDWH����UHTXLUHV�
DQ�LQWHUSUHWLYH�PLGGOH�OD\HU�RI�FDOFXODWLRQV�DQG�DQFLOODU\�GDWD��ERWK�RI�ZKLFK�DUH�WKH�VXEMHFW�RI�DFWLYH�
UHVHDUFK�DQG�HYROYH�UDSLGO\��$Q\�V\QWKHVLV�RI�GDWD�IURP�PRUH�WKDQ�RQH�VWXG\�UHTXLUHV�FRQWLQXDO�
UHFDOFXODWLRQ�RI�DJHV�RU�UDWHV�IURP�D�FRQVWDQWO\�JURZLQJ�GDWD�VHW�RI�UDZ�REVHUYDWLRQV��XVLQJ�D�FRQVWDQWO\�
LPSURYLQJ�FDOFXODWLRQ�PHWKRG��$OWKRXJK�WKLV�FKDOOHQJH�LV�QRW�XQLTXH��HVSHFLDOO\�LQ�JHRFKURQRORJ\��
FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�VWDQGV�RXW�EHFDXVH�RI�WKH�FRPSOH[LW\�RI�WKH�PLGGOH�OD\HU�FDOFXODWLRQV�
DQG�WKH�UDSLG�GHYHORSPHQW�RI�ERWK�WKH�FDOFXODWLRQ�PHWKRGV�DQG�WKH�GDWD�VHW�RI�FDOLEUDWHG�RU�PHDVXUHG�
SDUDPHWHUV�QHHGHG�WR�DSSO\�WKHP��7KXV��PDQDJLQJ�WKLV�SUREOHP�LQ�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�
PD\�SURYLGH�NQRZOHGJH��H[SHULHQFH��DQG�LPSOHPHQWDWLRQ�PRGHOV�DSSOLFDEOH�WKURXJKRXW�(DUWK�VFLHQFH���
�
,Q�WKH�WH[W�EHORZ��ZH�SURYLGH���L���DQ�LQWURGXFWLRQ�WR�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\��DQG�LWV�LPSRUWDQW�
DSSOLFDWLRQV�LQ�(DUWK�VFLHQFH��DQG�KRZ�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�GHYHORSPHQW�FDQ�WUDQVIRUP�DQG�
HQDEOH�WKHVH�DSSOLFDWLRQV���LL���EDFNJURXQG�RQ�VRPH�SURWRW\SH�FRPSXWDWLRQDO�LQIUDVWUXFWXUH ���ZLWK�HYLGHQFH�
WKDW�LW�LV�DOUHDG\�YDOXDEOH�WR�XVHUV�DQG�IDFLOLWDWLQJ�QHZ�DSSOLFDWLRQV��DQG��LLL���D�SODQ�WR�GHYHORS�DQ�HIIHFWLYH��
SURIHVVLRQDO��LQFOXVLYH��DQG�HQDEOLQJ�FRPSXWDWLRQDO�LQIUDVWUXFWXUH ��WKDW�ZLOO�VXSSRUW�LQQRYDWLRQ�LQ�UHVHDUFK�
DQG�HGXFDWLRQ��ERWK�LQ�WHFKQLFDO�DVSHFWV�RI�WKH�ILHOG�DQG�IRU�EURDGHU�(DUWK�VFLHQFH�DSSOLFDWLRQV��)LQDOO\��
WKURXJKRXW�WKH�SURSRVDO�ZH�KLJKOLJKW�VRPH�ZD\V�LQ�ZKLFK�WKLV�SURMHFW�ZRXOG�GLIIHU�IURP�H[LVWLQJ�
F\EHULQIUDVWUXFWXUH�SURMHFWV�IRU�JHRFKHPLVWU\�DQG�JHRFKURQRORJ\��:H�UHODWH�WKHVH�GLIIHUHQFHV�WR�WKH�
PRWLYDWLQJ�LGHDV�RI�WKH�SURMHFW��DQG�DUJXH��EDVHG�RQ�HYLGHQFH�IURP�WKH�SURWRW\SH�LPSOHPHQWDWLRQV��WKDW�
WKH\�PD\�OHDG�WR�LQQRYDWLRQV�WKDW�KDYH�QRW�VR�IDU�EHHQ�SRVVLEOH���
�
7KLV�LV�D�³&DWDO\WLF�7UDFN´�SURSRVDO���
�
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�
,����&RVPRJHQLF�QXFOLGH�JHRFKHPLVWU\��LV�D�EURDG�WHUP�IRU�JHRFKHPLFDO�PHWKRGV�DSSOLHG�LQ�(DUWK�VFLHQFH�
UHVHDUFK�WKDW�UHO\�RQ�WKH�SURGXFWLRQ�RI�UDUH�QXFOLGHV�E\�FRVPLF�UD\�LQWHUDFWLRQV�ZLWK�URFNV�DQG�PLQHUDOV�DW�
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(DUWK¶V�VXUIDFH��&RVPLF�UD\�SURGXFHG�QXFOLGHV�DUH�JHRORJLFDOO\�XVHIXO�EHFDXVH�WKH�FRVPLF�UD\�IOX[�LV�
QHDUO\�HQWLUHO\�VWRSSHG�LQ�WKH�ILUVW�IHZ�PHWHUV�EHORZ�WKH�VXUIDFH��VR�WKH�QXFOLGH�FRQFHQWUDWLRQ�LQ�D�URFN�
VDPSOH�LV�UHODWHG�WR�ZKHWKHU�WKDW�VDPSOH�KDV�HYHU�EHHQ�H[SRVHG�DW�WKH�VXUIDFH��KRZ�ORQJ�LW�ZDV�H[SRVHG��
DQG��LI�WKH�VDPSOH�LV�QRW�QRZ�DW�WKH�VXUIDFH��ZKHQ�WKH�H[SRVXUH�KDSSHQHG��7KLV�HQDEOHV�PDQ\�
DSSOLFDWLRQV�LQ�GDWLQJ�JHRORJLF�HYHQWV�DQG�PHDVXULQJ�UDWHV�RI�JHRORJLF�SURFHVVHV�WKDW�PRYH�URFN�IURP�WKH�
VXEVXUIDFH�WR�WKH�VXUIDFH��RU�IURP�WKH�VXUIDFH�LQWR�WKH�VXEVXUIDFH��VHH�UHYLHZ�LQ�'XQDL���������
*HRFKURQRORJLFDO�DSSOLFDWLRQV�LQFOXGH�³H[SRVXUH�GDWLQJ´�RI�ODQGIRUPV�DQG�VXUILFLDO�GHSRVLWV�WR�GHWHUPLQH��
IRU�H[DPSOH��WKH�WLPLQJ�RI�JODFLHU�DQG�LFH�VKHHW�DGYDQFHV�DQG�UHWUHDWV��H�J���%DOFR��������-RPHOOL�HW�DO���
������-RKQVRQ�HW�DO���������6FKDHIHU�HW�DO���������RU�IDXOW�VOLS�UDWHV�DQG�HDUWKTXDNH�UHFXUUHQFH�LQWHUYDOV�
�H�J����0RKDGMHU�HW�DO���������&RZLH�HW�DO���������%OLVQLXN�HW�DO�����������DV�ZHOO�DV�³EXULDO�GDWLQJ´�RI�FODVWLF�
VHGLPHQWV�IRU�VWXGLHV�LQ�WHFWRQLFV��SDOHRFOLPDWH��DQG�KXPDQ�HYROXWLRQ��H�J���6KHQ�HW�DO���������*UDQJHU�HW�
DO����������6XUIDFH�SURFHVV�DSSOLFDWLRQV�LQFOXGH�TXDQWLILFDWLRQ�RI�ZHDWKHULQJ��HURVLRQ��DQG�VHGLPHQWDWLRQ�
UDWHV�DQG�XQGHUVWDQGLQJ�ODQGVFDSH�HYROXWLRQ�SURFHVVHV�JHQHUDOO\��H�J���3RUWHQJD�HW�DO���������'L%LDVH�HW�
DO���������/DUVHQ�HW�DO����������0DQ\�RI�WKHVH�DSSOLFDWLRQV�QRW�RQO\�UHO\�KHDYLO\�RQ�FRVPRJHQLF�QXFOLGH�
GDWD��EXW�ZRXOG�EH�QHDUO\�LPSRVVLEOH�ZLWKRXW�WKHP��2YHUDOO��WKH�DELOLW\�WR�PDNH�FRVPRJHQLF�QXFOLGH�
PHDVXUHPHQWV�LQ�VXUIDFH�URFNV�DQG�VHGLPHQWV�KDV�SOD\HG�DQ�LPSRUWDQW�UROH�LQ�WKH�RQJRLQJ�WUDQVIRUPDWLRQ�
RI�JHRPRUSKRORJ\�DQG�VXUIDFH�SURFHVV�VWXGLHV�IURP�TXDOLWDWLYH�WR�TXDQWLWDWLYH�ILHOGV��DQG�KDV�EHFRPH�D�
FHQWUDO�HOHPHQW�RI�QHDUO\�DOO�DUHDV�RI�(DUWK�VFLHQFH�WKDW�IRFXV�RQ�VXUIDFH�SURFHVVHV���
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7KH�UDZ�REVHUYDWLRQV�IRU�DOO�WKHVH�DSSOLFDWLRQV�DUH�PHDVXUHPHQWV�RI�WKH�FRQFHQWUDWLRQV�LQ�FHUWDLQ�
PLQHUDOV�RI�WUDFH�QXFOLGHV�WKDW�DUH�GLDJQRVWLF�RI�FRVPLF�UD\�H[SRVXUH��0RVWO\�WKHVH�DUH�UDUH�LVRWRSHV�RI�
FRPPRQ�HOHPHQWV�SURGXFHG�LQ�FRPPRQ�PLQHUDOV��ZLGHO\�XVHG�QXFOLGH�PLQHUDO�SDLUV�DUH���� �%H�LQ�TXDUW]��
�� �$O�LQ�TXDUW]��DQG��� �+H�LQ�S\UR[HQH�DQG�ROLYLQH��OHVV�FRPPRQ�SDLUV�LQFOXGH���� �1H�LQ�TXDUW]���� �+H�DQG���� �%H�LQ�
RWKHU�WDUJHWV��DQG���� �&O�LQ�IHOGVSDUV�DQG�RWKHU�PLQHUDOV��0HDVXUHPHQWV�RI�PRVW�RI�WKHVH�QXFOLGHV�UHTXLUH�
VXEVWDQWLDO�SK\VLFDO�UHVHDUFK�LQIUDVWUXFWXUH��LQ�SDUWLFXODU�DFFHOHUDWRU�PDVV�VSHFWURPHWHUV��EXW�ODUJH�86�
DQG�LQWHUQDWLRQDO�LQYHVWPHQWV�LQ�WKLV�LQIUDVWUXFWXUH�RYHU�VHYHUDO�GHFDGHV�KDYH�HVWDEOLVKHG�
FRVPRJHQLF�QXFOLGH�DQDO\VLV�DV�D�IDLUO\�URXWLQH�DQG�ZLGHO\�DYDLODEOH�FDSDFLW\���
�
7KH�EDVLF�DSSURDFK�WR��IRU�H[DPSOH��PHDVXULQJ�DQ�H[SRVXUH�DJH��LV�IDLUO\�VLPSOH���2QH�PHDVXUHV�WKH�
FRQFHQWUDWLRQ�RI�RQH�RI�WKHVH�QXFOLGHV��HVWLPDWHV�WKH�UDWH�DW�ZKLFK�LW�LV�SURGXFHG�E\�FRVPLF�UD\�
LQWHUDFWLRQV��DQG�GLYLGHV�WKH�FRQFHQWUDWLRQ��H�J���DWRPV�J��E\�WKH�SURGXFWLRQ�UDWH��DWRPV�J�\U��WR�REWDLQ�WKH�
H[SRVXUH�DJH��\U���)RU�HURVLRQ�UDWH�PHDVXUHPHQW��D�VLPLODU�FRQFHSW�DSSOLHV��WKH�VXUIDFH�HURVLRQ�UDWH�LV�
LQYHUVHO\�SURSRUWLRQDO�WR�WKH�VXUIDFH�QXFOLGH�FRQFHQWUDWLRQ��DQG�WKH�FRQVWDQW�RI�SURSRUWLRQDOLW\�LV�GHILQHG�
E\�WKH�SURGXFWLRQ�UDWH��+RZHYHU��VLJQLILFDQW�FRPSOLFDWLRQV�WR�WKHVH�VLPSOH�UHODWLRQVKLSV�DULVH�EHFDXVH�WKH�
FRVPLF�UD\�IOX[��DQG�WKHUHIRUH�WKH�SURGXFWLRQ�UDWH��YDULHV�ZLWK�SRVLWLRQ�LQ�WKH�DWPRVSKHUH�DQG�WKH�(DUWK¶V�
PDJQHWLF�ILHOG��DQG�WKH�SURGXFWLRQ�UDWH�DOVR�GHSHQGV�RQ�WKH�FKHPLVWU\�DQG�SK\VLFDO�SURSHUWLHV�RI�WKH�
PLQHUDO�DQG�URFN�PDWUL[��3URGXFWLRQ�UDWH�FDOFXODWLRQV�DUH�JHRJUDSKLFDOO\�VSHFLILF��G\QDPLF��EHFDXVH�WKH�
(DUWK¶V�PDJQHWLF�ILHOG�FKDQJHV�RYHU�WLPH��DQG�UHTXLUH�QRW�RQO\�D�PRGHO�RI�WKH�FRVPLF�UD\�IOX[�WKURXJKRXW�
WKH�(DUWK¶V�DWPRVSKHUH��EXW�DQ�DUUD\�RI�DQFLOODU\�GDWD�LQFOXGLQJ�DWPRVSKHULF�GHQVLW\�PRGHOV��
SDOHRPDJQHWLF�ILHOG�UHFRQVWUXFWLRQV��QXFOHDU�LQWHUDFWLRQ�FURVV�VHFWLRQV��DQG�RWKHUV��,Q�DGGLWLRQ��SURGXFWLRQ�
UDWH�PRGHOV�DUH�HPSLULFDOO\�FDOLEUDWHG�XVLQJ�ODUJH�VHWV�RI�³FDOLEUDWLRQ�GDWD�´�ZKLFK�DUH�QXFOLGH�
FRQFHQWUDWLRQ�PHDVXUHPHQWV�IURP�VLWHV�ZKRVH�WUXH�H[SRVXUH�DJH�LV�LQGHSHQGHQWO\�NQRZQ��
�
,����7KH�LQWHUSUHWLYH�PLGGOH�OD\HU��IRU�HYHQ�WKH�VLPSOHVW�FRVPRJHQLF�QXFOLGH�DSSOLFDWLRQV��WKHUHIRUH��
LQFOXGHV�DOO�WKHVH�LQJUHGLHQWV��SK\VLFDO�PRGHOV�IRU�JHRJUDSKLF�DQG�WHPSRUDO�YDULDWLRQ�LQ�WKH�SURGXFWLRQ�
UDWH��JHRSK\VLFDO�DQG�FOLPDWRORJLFDO�GDWD�VHWV��SK\VLFDO�FRQVWDQWV�PHDVXUHG�LQ�ODERUDWRU\�H[SHULPHQWV��
DQG�FDOLEUDWLRQ�GDWD�XVHG�WR�WXQH�WKH�SURGXFWLRQ�UDWH�PRGHO��$OO�WKHVH�HOHPHQWV�KDYH�EHHQ��DQG�FRQWLQXH�
WR�EH��WKH�VXEMHFW�RI�DFWLYH�UHVHDUFK��+LVWRULFDOO\��QHZ�SURGXFWLRQ�UDWH�VFDOLQJ�PRGHOV�DQG�PDJQHWLF�ILHOG�
UHFRQVWUXFWLRQV�KDYH�EHHQ�GHYHORSHG�HYHU\�IHZ�\HDUV��1HZ�FDOLEUDWLRQ�GDWD�DUH�FRQWLQXDOO\�JHQHUDWHG�E\�
UHVHDUFK�JURXSV�ZRUOGZLGH�DQG�SXEOLVKHG�ZLWK�D�IUHTXHQF\�RI�����SDSHUV�DQQXDOO\��7KH�UHVXOW�RI�WKLV�
FRQWLQXRXV�GHYHORSPHQW�LV�WKDW�QHDUO\�DOO�FRVPRJHQLF�QXFOLGH�H[SRVXUH�DJHV��EXULDO�DJHV��RU�SURFHVV�UDWH�
HVWLPDWHV�LQ�SXEOLVKHG�OLWHUDWXUH�KDYH�EHHQ�FDOFXODWHG�ZLWK�REVROHWH�SURGXFWLRQ�UDWH�PRGHOV��SK\VLFDO�
SDUDPHWHUV��RU�FDOLEUDWLRQ�GDWD��,W�LV�UDUH��DOWKRXJK�SRVVLEOH��IRU�LPSURYHPHQWV�LQ�PLGGOH�OD\HU�FDOFXODWLRQV�
WR�FRPSOHWHO\�QXOOLI\�RU�VXSHUVHGH�WKH�FRQFOXVLRQV�RI�SUHYLRXV�UHVHDUFK��EXW��UHJDUGOHVV��DQ\�XVH�RI�
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SXEOLVKHG�GDWD�WKDW�DUH�PRUH�WKDQ���RU���\HDUV�ROG��RU�DQ\�FRPSDULVRQ�DW�DOO�RI�GDWD�JHQHUDWHG�DW�GLIIHUHQW�
WLPHV�RU�E\�GLIIHUHQW�UHVHDUFK�JURXSV��UHTXLUHV�FRPSOHWH�UHFDOFXODWLRQ�RI�DQ\�GHULYHG�TXDQWLWLHV�IURP�WKH�
UDZ�GDWD���

�
)LJXUH����&RQFHSWXDO�ZRUNIORZ�IRU�DSSOLFDWLRQV�RI�FRVPRJHQLF�QXFOLGH��JHRFKHPLVWU\��RU��LQ�SULQFLSOH��QHDUO\�DQ\�
RWKHU�ILHOG�RI�JHRFKURQRORJ\���$Q\�ODUJH�VFDOH�DQDO\VLV�RI�DJHV�RU�SURFHVV�UDWHV�QHHGV�WR�FRQWLQXDOO\�DVVLPLODWH�D�
JURZLQJ�REVHUYDWLRQDO�GDWD�VHW�DQG�LPSURYLQJ�PLGGOH�OD\HU�FDOFXODWLRQV���RU�HOVH�LW�ZLOO�EH�LPPHGLDWHO\�REVROHWH���

�
,����6\QRSWLF�DSSOLFDWLRQV����$V�WKHUH�DUH�WHQV�RI�WKRXVDQGV�RI�FRVPRJHQLF�QXFOLGH�PHDVXUHPHQWV�LQ�WKH�
SXEOLVKHG�OLWHUDWXUH��WKH�QHHG�IRU�FRQWLQXRXV�UHFDOFXODWLRQ�RI�DJHV�DQG�SURFHVV�UDWHV�IURP�UDZ�GDWD�DV�WKH�
REVHUYDWLRQDO�GDWD�VHW�DQG�PLGGOH�OD\HU�HYROYH�LV�D�PDMRU�FKDOOHQJH�WR�WKH�XVH�RI�WKHVH�GDWD�IRU�DQ\�VRUW�
RI�V\QRSWLF�UHVHDUFK��7KH�NH\�PRWLYDWLRQ�IRU�WKLV�SURSRVDO��DQG�DOVR�WKH�PRWLYDWLRQ�IRU�GHYHORSLQJ�WKH�
LQLWLDO�VWHSV�WRZDUG�D�SURWRW\SH�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�IRU�WKH�ILHOG�WKDW�ZH�GHVFULEH�EHORZ��LV�WKDW�
PDQ\�RI�WKH�PRVW�LPSRUWDQW�DSSOLFDWLRQV�RI�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�LQYROYH�UHJLRQDO�RU�JOREDO�
DQDO\VLV�RI�ODUJH�GDWD�VHWV��7KHVH�LQFOXGH��DPRQJ�RWKHUV��DQDO\VLV�RI�UHJLRQDO�DQG�JOREDO�JODFLHU�FKDQJH�
�H�J���<RXQJ�HW�DO���������-RPHOOL�HW�DO���������������6KDNXQ�HW�DO���������+H\PDQ�HW�DO����������JOREDO�
FRPSLODWLRQV�RI�HURVLRQ�UDWHV��H�J���3RUWHQJD�HW�DO���������&RGLOHDQ�HW�DO����������DQG�DQDO\VLV�RI�LFH�VKHHW�
FKDQJH�DQG�VHD�OHYHO�LPSDFWV��H�J���&ODUN�HW�DO���������:KLWHKRXVH�HW�DO����������DQG�WKH\�KLJKOLJKW�WKH�
QHFHVVLW\�IRU�DQ�HIIHFWLYH�FRPSXWDWLRQDO�DQG�GDWD�PDQDJHPHQW�LQIUDVWUXFWXUH��7KHVH�VWXGLHV�ZHUH�EDVHG�
RQ�SDLQVWDNLQJO\�FRPSLOHG�VSUHDGVKHHWV�RI�KXQGUHGV�WR�WKRXVDQGV�RI�H[SRVXUH�DJHV�RU�HURVLRQ�UDWHV�WKDW�
ZHUH�FDOFXODWHG�XVLQJ�PHWKRGV�DYDLODEOH�DW�WKH�WLPH��%HFDXVH�FDOFXODWLRQ�PHWKRGV�DQG�VXSSRUWLQJ�GDWD�
KDYH�LPSURYHG��DQG�WKH�VL]H�RI�UHOHYDQW�GDWD�VHWV�LV�LQFUHDVLQJ�UDSLGO\��IRU�H[DPSOH��WKH�DPRXQW�RI�
SXEOLVKHG�H[SRVXUH�DJH�GDWD�UHODWLQJ�WR�DOSLQH�JODFLHU�FKDQJH�ZRUOGZLGH�KDV�LQFUHDVHG�E\�DW�OHDVW�����
VLQFH�WKH������6KDNXQ�VWXG\���WKHVH�FRPSLODWLRQV����DQG�SRVVLEO\�WKH�RYHUDOO�FRQFOXVLRQV�RI�VRPH�RI�WKH�
VWXGLHV����DUH�QRZ�REVROHWH��,W�LV�QRW�SRVVLEOH�WR�DVVLPLODWH�QHZ�GDWD�ZLWKRXW�UHSHDWLQJ�WKH�HQWLUH�PDQXDO�
FRPSLODWLRQ�H[HUFLVH��VR�QR�RQH�NQRZV�ZKHWKHU�WKH�FRQFOXVLRQV�RI�WKH�VWXGLHV�DUH�VWLOO�YDOLG��$OVR��WKHVH�
GDWD�VHWV�DUH�UHGXQGDQW����IRU�WKH�PRVW�SDUW��HDFK�UHVHDUFK�JURXS�GHYHORSHG�VHSDUDWH��YDULDEO\�IRUPDWWHG�
DQG�RUJDQL]HG��DQG�OLNHO\�PXWXDOO\�LQFRQVLVWHQW�FRPSLODWLRQV�RI�UDZ�GDWD����DQG��DOWKRXJK�³VQDSVKRWV´�RI�
VRPH�RI�WKHVH�FRPSLODWLRQV�DUH�DUFKLYHG�ZLWK�SXEOLFDWLRQV��WKH\�DUH��LQ�JHQHUDO��QRW�HDVLO\�DFFHVVLEOH�IRU�
SXEOLF�YLHZLQJ�DQG�GDWD�FKHFNLQJ��RU�HDVLO\�UHXVDEOH�IRU�XSGDWHG�RU�QHZ�DQDO\VLV��7KHVH�DUH�DOO�VHULRXV�
REVWDFOHV�QRW�RQO\�WR�UHSURGXFLQJ��XSGDWLQJ��DQG�YDOLGDWLQJ�WKHVH�SDVW�VWXGLHV��EXW�WR�FDUU\LQJ�RXW�QHZ�
UHVHDUFK�RU�H[SORUDWRU\�GDWD�DQDO\VLV�WKDW�ZRXOG�WDNH�DGYDQWDJH�RI�UDSLGO\�JURZLQJ�GDWD�VHWV���
�
,�����$�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�WR�HQDEOH�V\QRSWLF�DQDO\VLV���7KH�PRWLYDWLRQ�IRU�GHYHORSLQJ�D�PRGHUQ�
GDWD�PDQDJHPHQW�DQG�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�IRU�WKLV�ILHOG�LV�WKDW�ZH��FDQ ��GR�EHWWHU�WKDQ�WKLV��DQG�WKH�
DPRXQW�RI�FRVPRJHQLF�QXFOLGH�GDWD�QRZ�DYDLODEOH�IRU�VWXGLHV�OLNH�WKHVH�KDV�EHFRPH�ODUJH�HQRXJK�WKDW�
ZH��PXVW��GR�EHWWHU�WKDQ�WKLV��6\QRSWLF�UHVHDUFK�LQ�WKHVH�DUHDV�DQG�DOO�RWKHU�(DUWK�VFLHQFH�DSSOLFDWLRQV�
VXSSRUWHG�E\�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�FRXOG�EH�HQDEOHG�DQG��OLNHO\��WUDQVIRUPHG��E\���
�

���



�� $�VLQJOH�VRXUFH�RI�UDZ�REVHUYDWLRQDO�GDWD ��WKDW�FDQ�EH�SXEOLFO\�YLHZHG�DQG�HYDOXDWHG��LV�XS�WR�GDWH��
DQG�LV�JHQHUDOO\�DJUHHG�XSRQ�WR�EH�D�IDLUO\�FRPSOHWH�DQG�DFFXUDWH�UHFRUG�RI�SDVW�VWXGLHV�DQG�
SXEOLFDWLRQV��EHQHDWK��

�� $�WUDQVSDUHQW�PLGGOH�OD\HU��WKDW�VHUYHV�GHULYHG�JHRORJLF�LQIRUPDWLRQ�VXFK�DV�H[SRVXUH�DJHV�RU�HURVLRQ�
UDWHV��FDOFXODWHG�ZLWK�D�FRQVLVWHQW�DQG�XS�WR�GDWH�PHWKRG��WR��

�� $Q\�(DUWK�VFLHQFH�DSSOLFDWLRQ ��WKDW�QHHGV�WKH�FRPSOHWH�GDWD�VHW�IRU�DQDO\VLV�RU�LQWHUSUHWDWLRQ���
�
7KLV�EDVLF�VWUXFWXUH�DOORZV�FRQWLQXDO�DVVLPLODWLRQ�RI�QHZ�REVHUYDWLRQDO�GDWD�LQWR�SDUW������DQG�DVVLPLODWLRQ�
RI�LPSURYHG�FDOFXODWLRQ�PHWKRGV�DQG�QHZ�FDOLEUDWLRQ�GDWD�LQWR������VXFK�WKDW�DQ\�DQDO\VLV�LQ�����LV�DOZD\V�
DFWLQJ�RQ�D�GDWD�VHW�RI�H[SRVXUH�DJHV�RU�HURVLRQ�UDWHV�WKDW�LV�XS�WR�GDWH��LQWHUQDOO\�FRQVLVWHQW��DQG�XVHV�
WKH�EHVW�DYDLODEOH�FDOFXODWLRQ�PHWKRG��7KLV�RYHUDOO�YLVLRQ�KDV�LQVSLUHG�WKH�SURWRW\SH�FRPSXWDWLRQDO�
LQIUDVWUXFWXUH�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ��DQG��ZH�SURSRVH��ZRXOG�HQDEOH�DQG�WUDQVIRUP�WKH�XVH�RI�ODUJH�
GDWD�VHWV�EDVHG�RQ�FRVPRJHQLF�QXFOLGH�PHDVXUHPHQWV�DV�SDOHRFOLPDWH�SUR[\�UHFRUGV��FOLPDWH�RU�LFH�
VKHHW�PRGHO�YDOLGDWLRQ�WDUJHWV��RU�SRUWUD\DOV�RI�JOREDO�ODQGVFDSH�HYROXWLRQ�SURFHVVHV��7R�VXPPDUL]H��
FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�LV�D�FULWLFDO�SDUW�RI�QHDUO\�DOO�(DUWK�VFLHQFH�UHVHDUFK�WKDW�IRFXVHV�RQ�
SURFHVVHV�DFWLYH�DW�WKH�(DUWK¶V�VXUIDFH��,W�LV�VXSSRUWHG�E\�DQ�H[WHQVLYH�LQWHUQDWLRQDO�SK\VLFDO�UHVHDUFK�
LQIUDVWUXFWXUH�WKDW�HQDEOHV�WKH�JHQHUDWLRQ�RI�ODUJH�GDWD�VHWV��7KH�DLP�RI�WKLV�SURSRVDO�LV�WR�FDWDO\]H�D�
FRPSDUDEOH�FRPSXWDWLRQDO�DQG�GDWD�PDQDJHPHQW�LQIUDVWUXFWXUH�WKDW�FDQ�PRYH�WKH�ILHOG�IURP�VLWH�VSHFLILF�
WR�JOREDO�VFDOH�UHVHDUFK�� �
�
,,��,QLWLDO�VWHSV�LQ�SURWRW\SH�FRPSXWDWLRQDO�LQIUDVWUXFWXUH���
�
,,����2QOLQH�H[SRVXUH�DJH�FDOFXODWRUV���3URGXFWLRQ�UDWH�FDOFXODWLRQV�GXULQJ�WKH�LQLWLDO�GHYHORSPHQW�RI�
FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�UHOLHG�RQ�VLPSOH�FRPSXWHU�SURJUDPV��&ODSS�DQG�%LHUPDQ��������RU�
VSUHDGVKHHW�WHPSODWHV��3KLOOLSV��������9HUPHHVFK��������WKDW�ZHUH�GLVWULEXWHG�DPRQJ�UHVHDUFKHUV��
7KHVH�EHFDPH�OHVV�YLDEOH�FD�������������DIWHU�WKH�GHYHORSPHQW�RI�VHYHUDO�WLPH�GHSHQGHQW�SURGXFWLRQ�
UDWH�VFDOLQJ�PRGHOV��'XQDL��������'HVLOHWV�HW�DO���������/LIWRQ�HW�DO���������WKDW�UHTXLUHG�LWHUDWLYH�
H[SRVXUH�DJH�FDOFXODWLRQV�QRW�HDVLO\�SHUIRUPHG�LQ�VSUHDGVKHHW�WHPSODWHV��7KLV��LQ�WXUQ��OHG�WR�WKH�ILUVW�
VHULRXV�DWWHPSW�WR�GHDO�ZLWK�PLGGOH�OD\HU�FDOFXODWLRQV�XVLQJ�FORXG�FRPSXWLQJ��DQ�³RQOLQH�H[SRVXUH�DJH�
FDOFXODWRU´�GHYHORSHG�E\�*UHJ�%DOFR��FR�3,�RI�WKLV�SURSRVDO��LQ�������DQG�GHVFULEHG�LQ�GHWDLO�LQ�D�ODWHU�
SXEOLFDWLRQ��%DOFR�HW�DO����������KWWS���KHVV�HVV�ZDVKLQJWRQ�HGX ����$�VLPLODU�V\VWHP�ZDV�GHYHORSHG�LQ������
DQG�GHVFULEHG�E\�0D�HW�DO����������EXW�ZDV�QRW�ZLGHO\�XVHG�DQG�WR�RXU�NQRZOHGJH�LV�QR�ORQJHU�IXQFWLRQDO��
(VVHQWLDOO\��WKH�RQOLQH�H[SRVXUH�DJH�FDOFXODWRU�SURYLGHG�DQ�LQSXW�IRUP��YLHZDEOH�LQ�D�ZHE�EURZVHU��LQWR�
ZKLFK�RQH�FRXOG�FXW�DQG�SDVWH�IURP�D�VSUHDGVKHHW�WKH�UDZ�GDWD�QHHGHG�WR�FRPSXWH�DQ�H[SRVXUH�DJH��$�
ZHE�VHUYHU�SDVVHG�WKH�LQSXW�GDWD�WR�D�VFULSW�ZULWWHQ�LQ�0$7/$%�FRGH�WKDW�FRPSXWHG�H[SRVXUH�DJHV�XVLQJ�
D�YDULHW\�RI�VFDOLQJ�PHWKRGV��DQG�UHWXUQHG�D�ZHE�SDJH�ZLWK�UHVXOWV�IRUPDWWHG�IRU�HDV\�SDVWLQJ�LQWR�WKH�
XVHU¶V�VSUHDGVKHHW��/DWHU�LWHUDWLRQV�DGGHG�DQ�HURVLRQ�UDWH�FDSDELOLW\��DQG��LPSRUWDQWO\��WKH�DELOLW\�WR�HQWHU�
DQ�DUELWUDU\�VHW�RI�SURGXFWLRQ�UDWH�FDOLEUDWLRQ�GDWD��ILW�SURGXFWLRQ�UDWH�VFDOLQJ�PRGHOV�WR�WKRVH�GDWD��DQG�
WKHQ�VXEVHTXHQWO\�FDOFXODWH�H[SRVXUH�DJHV�XVLQJ�WKH�FXVWRPL]HG�SURGXFWLRQ�UDWH�FDOLEUDWLRQ��,Q�������LW�
ZDV�PLJUDWHG�IURP�0$7/$%�WR�2FWDYH��WKH�FRUUHVSRQGLQJ�RSHQ�VRXUFH�HQYLURQPHQW��DQG�VLQFH�WKDW�WLPH�
KDV�EHHQ�SHULRGLFDOO\�XSGDWHG�ZLWK�QHZ�SURGXFWLRQ�UDWH�VFDOLQJ�PRGHOV�DQG�EDFNJURXQG�GDWD��
�
0RVW�HYLGHQFH�VXJJHVWV�WKDW�WKH�RQOLQH�H[SRVXUH�DJH�FDOFXODWRU�ZDV�WUDQVIRUPDWLYH�IRU�WKH�ILHOG��DQG�
SOD\HG�DQ�LPSRUWDQW�UROH�LQ�GHYHORSLQJ�H[SRVXUH�GDWLQJ�DQG�HURVLRQ�UDWH�PHDVXUHPHQWV�IURP�DQ�REVFXUH�
DUHD�RI�JHRFKHPLVWU\�WR�D�URXWLQH�FDSDELOLW\�XQGHUSLQQLQJ�JOREDO�VXUIDFH�SURFHVV�UHVHDUFK��,W�KDV�EHHQ�
XVHG�LQ�KXQGUHGV�RI�VWXGLHV�DQG�SHUIRUPV�PRUH�WKDQ���������H[SRVXUH�DJH�FDOFXODWLRQV�DQQXDOO\��,W�PDGH�
WKH�UHVXOWV�RI�H[SRVXUH�GDWLQJ�VWXGLHV�PRUH�FUHGLEOH��UHSURGXFLEOH��DQG�DFFHVVLEOH�WR�QRQ�VSHFLDOLVWV�E\�
DOORZLQJ�UHDGHUV�WR�YHULI\�WKH�DFFXUDF\�RI�SXEOLVKHG�UHVXOWV�VLPSO\�E\�SDVWLQJ�WKH�GDWD�LQWR�WKH�RQOLQH�
FDOFXODWRU�WKHPVHOYHV��,W�VXEVWDQWLDOO\�LPSURYHG�WKH�TXDOLW\�RI�GDWD�UHSRUWLQJ�LQ�SXEOLFDWLRQV�E\�FUHDWLQJ�D�
GH�IDFWR ��VWDQGDUG�WKDW�DQ\�SDSHU�PXVW�LQFOXGH�DOO�GDWD�QHHGHG�WR�UHFDOFXODWH�DJHV�RU�HURVLRQ�UDWHV�XVLQJ�
WKH�RQOLQH�FDOFXODWRU��7KH�H[DPSOHV�RI�ODUJH�VFDOH��V\QRSWLF�(DUWK�VFLHQFH�UHVHDUFK�FLWHG�DERYH�XVHG�WKH�
RQOLQH�H[SRVXUH�DJH�FDOFXODWRU�WR�JHQHUDWH�LQWHUQDOO\�FRQVLVWHQW�GDWD�VHWV��DQG�PLJKW�QRW�KDYH�EHHQ�
SRVVLEOH�ZLWKRXW�LW���
�

���



5HFHQWO\��WZR�VLPLODU�RQOLQH�H[SRVXUH�DJH��EXW�QRW�HURVLRQ�UDWH�RU�SURGXFWLRQ�UDWH�FDOLEUDWLRQ��FDOFXODWRUV�
KDYH�EHHQ�GHYHORSHG��WKH�³&52186&DOF´�DQG�³&5(S´�V\VWHPV��0DUUHUR�HW�DO���������0DUWLQ�HW�DO����������
DQG�WKH�W\SLFDO�EHVW�SUDFWLFH�ZRUNIORZ�IRU�H[SRVXUH�DJH�UHVHDUFK�DW�SUHVHQW�UHOLHV�RQ�PDQXDO��
DV\QFKURQRXV�XVH�RI�RQH�RU�PRUH�RI�WKHVH�VHUYLFHV��0RVW�UHVHDUFKHUV�LQWHUHVWHG�LQ�FRPSDULVRQ�RU�
DQDO\VLV�RI�H[SRVXUH�DJH�GDWD��L��PDLQWDLQ�D�VSUHDGVKHHW�RI�WKHLU�RZQ�DQG�SUHYLRXVO\�SXEOLVKHG�
REVHUYDWLRQDO�DQDO\WLFDO�GDWD���LL��FXW�DQG�SDVWH�IURP�WKLV�VSUHDGVKHHW�LQWR�DQ�RQOLQH�FDOFXODWRU���LLL��
FXW�DQG�SDVWH�FDOFXODWRU�UHVXOWV�LQWR�WKH�VSUHDGVKHHW��DQG��LY��SURFHHG�ZLWK�DQDO\VLV�RI�WKH�UHVXOWV��
$OWKRXJK�WKH�DELOLW\�WR�XVH�WKH�RQOLQH�FDOFXODWRUV�LQ�WKLV�ZD\�WR�SURGXFH�DQ�LQWHUQDOO\�FRQVLVWHQW�VHW�RI�
UHVXOWV�KDV�PDGH�DQDO\VLV�RI�ODUJH�GDWD�VHWV�GUDZQ�IURP�PXOWLSOH�VRXUFHV�SRVVLEOH��LW�FUHDWHV�UHGXQGDQF\�
DQG�LQFRQVLVWHQF\�DPRQJ�VHSDUDWH�FRPSLODWLRQV�E\�PDQ\�UHVHDUFKHUV��UHOLHV�RQ�SURSULHWDU\�GDWD�
FRPSLODWLRQV�WKDW�DUH��LQ�JHQHUDO��QRW�DYDLODEOH�IRU�SXEOLF�DFFHVV�DQG�YDOLGDWLRQ��LQWHUSRVHV�PDQ\�
XQQHFHVVDU\�VWHSV�EHWZHHQ�GDWD�DFTXLVLWLRQ�DQG�GRZQVWUHDP�DQDO\VLV��DQG�FUHDWHV�PDQ\�REVWDFOHV�WR�
G\QDPLF�GDWD�DVVLPLODWLRQ�LQWR�HLWKHU�WKH�VRXUFH�GDWD�RU�WKH�PLGGOH�OD\HU��7KH�ZRUNIORZ�IRU�HURVLRQ�UDWH�
DSSOLFDWLRQV�LV�QRW�DV�ZHOO�VWDQGDUGL]HG��DOWKRXJK�XVH�RI�WKH�RQOLQH�FDOFXODWRU�IRU�HURVLRQ�UDWH�FRPSLODWLRQV�
LV�FRPPRQ��H�J���3RUWHQJD���������VRIWZDUH�WKDW�HPEHGV�HURVLRQ�UDWH�FDOFXODWLRQV�LQWR�*,6�SDFNDJHV�LV�
DOVR�DYDLODEOH��0XGG�HW�DO�����������
�
,,����/DERUDWRU\�LQIRUPDWLRQ�PDQDJHPHQW�V\VWHP��µ/,06¶����7KLV�LV�QRW�D�SULPDU\�IRFXV�RI�WKLV�SURSRVDO��EXW�
ZH�GLVFXVV�LW�KHUH�IRU�FRPSOHWHQHVV�LQ�UHYLHZLQJ�SURWRW\SH�FRPSXWDWLRQDO�LQIUDVWUXFWXUH��/,06�DUH�
FRPPRQ�FRPPHUFLDO�LQGXVWU\�VRIWZDUH�V\VWHPV�WKDW�FDSWXUH�ODERUDWRU\�GDWD����VDPSOH�ZHLJKWV��
SURFHVVLQJ�DFWLRQV��UHDJHQW�RU�VSLNH�DGGLWLRQV��HWF������DQG�VWRUH�WKHP�LQ�D�GDWDEDVH��7KH�DGYDQWDJHV�RI�D�
/,06�RYHU�WKH�W\SLFDO�DOWHUQDWLYH�RI�UHFRUGLQJ�SURFHVV�GDWD�LQ�D�QRWHERRN�RU�VSUHDGVKHHW�DUH�WKDW��L��DOO�
LQIRUPDWLRQ�LV�UHFRUGHG�LQ�D�VLQJOH�ORFDWLRQ��VR�HUURU�FRUUHFWLRQ�HDVLO\�DQG�DFFXUDWHO\�SURSDJDWHV�LQWR�
GRZQVWUHDP�UHVXOWV���LL��FDOFXODWLRQV�UHO\�RQ�D�VLQJOH�FRGH��ZKLFK�PDNHV�HUURUV�OHVV�OLNHO\�UHODWLYH�WR�
GLVWULEXWHG�VSUHDGVKHHW�FDOFXODWLRQV��DQG��LLL��REVHUYDWLRQDO�GDWD�DQG�UHVXOWV�FDQ�EH�VHDPOHVVO\�
WUDQVIHUUHG�WR�GRZQVWUHDP�DSSOLFDWLRQV��$OWKRXJK�PRVW�FRVPRJHQLF�QXFOLGH�ODERUDWRULHV�KDYH�QRW�DGRSWHG�
/,06�DQG�FRQWLQXH�WR�XVH�VSUHDGVKHHWV�IRU�WKLV�SXUSRVH��D�/,06��µ&KHP'%¶��IRU�WKH�PRVW�FRPPRQO\�
PHDVXUHG�QXFOLGHV����� �%H�DQG���� �$O��ZDV�GHYHORSHG�LQ������DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�E\�*UHJ�%DOFR�
DQG�=DFK�3ORVNH\��LV�RSHQ�VRXUFH�DQG�SXEOLFO\�DYDLODEOH���KWWSV���JLWKXE�FRP�]SORVNH\�FKHPGE ����DQG�LQ�XVH�
DW�VHYHUDO�ODERUDWRULHV��%DOFR�KDV�DOVR�GHYHORSHG�D�VLPLODU�V\VWHP�IRU��� �+H�DQG���� �1H�DQDO\VLV�DW�%*&�
�DOWKRXJK�WKLV�FRGH�KDV�QRW�EHHQ�GLVWULEXWHG���DQG�D�UHFHQWO\�IXQGHG�16)�(DUWKFXEH�SURMHFW�
�($5����������DLPHG�EURDGO\�DW�LQWHJUDWLRQ�RI�/,06�DQG�GDWDEDVH�V\VWHPV�IRU�PDQ\�DUHDV�RI�
JHRFKURQRORJ\�PD\�DOVR�JHQHUDWH�QHZ�/,06�FDSDELOLWLHV�DSSOLFDEOH�WR�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\���
�
,,����$�SURWRW\SH�WUDQVSDUHQW�PLGGOH�OD\HU�GDWDEDVH���7KH�QH[W�VWHS�WRZDUGV�PRGHUQ�GDWD�PDQDJHPHQW�
LQIUDVWUXFWXUH�ZDV�WKH�,&(�'��³,QIRUPDO�&RVPRJHQLF�QXFOLGH�([SRVXUH�DJH�'DWDEDVH´��SURMHFW���GHYHORSHG�
E\�%DOFR�LQ��������KWWS���ZZZ�LFH�G�RUJ ����,WV�RULJLQDO�SXUSRVH�ZDV�VLPSO\�WR�PDQDJH�H[SRVXUH�DJH�GDWD�
FROOHFWHG�LQ�$QWDUFWLFD�E\�%DOFR�DQG�FROOHDJXHV��EXW�SURMHFW�GHYHORSPHQW�FRLQFLGHG�ZLWK�WKH�ZLGHVSUHDG�
DYDLODELOLW\�RI�IUHH�RU�ORZ�FRVW�FORXG�FRPSXWLQJ�VHUYLFHV�IURP�SURYLGHUV�VXFK�DV�*RRJOH�&ORXG�DQG�
$PD]RQ�:HE�6HUYLFHV��DQG�LW�JUHZ�LQWR�D�WHVW�RI�VHYHUDO�LGHDV�WKDW�DUH�LPSRUWDQW�IRU�WKLV�SURSRVDO��
6SHFLILFDOO\��LW�LV�WKH�ILUVW��WR�RXU�NQRZOHGJH��DWWHPSW�LQ�JHRFKURQRORJ\�WR�LPSOHPHQW�WKH�LGHD�RI�D�
WUDQVSDUHQW��G\QDPLF�PLGGOH�OD\HU�EHWZHHQ�D�GDWDEDVH�RI�UDZ�REVHUYDWLRQV�DQG�D�UHVXOWLQJ�IHHG�RI�
GHULYHG�DJHV��,W�LQFOXGHV�IRXU�HOHPHQWV�WKDW�UXQ�RQ�LQH[SHQVLYH�RU�IUHH�FORXG�FRPSXWLQJ�VHUYLFHV���L��D�
UHODWLRQDO�GDWDEDVH��0\64/�RQ�*RRJOH�&ORXG�64/��WKDW�VWRUHV�UDZ�REVHUYDWLRQV�OLNH�QXFOLGH�
FRQFHQWUDWLRQV�DQG�VDPSOH�LQIRUPDWLRQ���LL��DQ�$3,�IRU�WKH�RQOLQH�H[SRVXUH�DJH�FDOFXODWRU��UXQQLQJ�RQ�D�
/LQX[�YLUWXDO�PDFKLQH�RQ�*RRJOH�&RPSXWH�(QJLQH��DOORZLQJ�SURJUDPPDWLF�DFFHVV�WR�WKH�2FWDYH�FRGH�WKDW�
FRPSXWHV�H[SRVXUH�DJHV���LLL��LPSURYHG�FRGH�IRU�WKH�H[SRVXUH�DJH�FDOFXODWRU�WKDW�LV�IDVW�HQRXJK�WR�
VXSSRUW�G\QDPLF�VHUYLQJ�RI�H[SRVXUH�DJHV��DQG��LY��D�ZHE�VHUYHU��UXQQLQJ�RQ�*RRJOH�$SS�(QJLQH���7KH�
ZHE�VHUYHU�UHVSRQGV�WR�EURZVHU�UHTXHVWV�E\�REWDLQLQJ�UDZ�GDWD�IURP�WKH�GDWDEDVH��G\QDPLFDOO\�DFTXLULQJ�
H[SRVXUH�DJHV�IURP�WKH�RQOLQH�FDOFXODWRU��DQG�UHWXUQLQJ�ZHE�SDJHV�GLVSOD\LQJ�H[SRVXUH�DJHV�ZLWK�VLWH�
DQG�VDPSOH�LQIRUPDWLRQ��JHRJUDSKLF�FRQWH[W��DQG�VRPH�GRZQVWUHDP�DQDO\VLV�RI�WKH�DJHV��)LJXUH�����
7KXV��D�XVHU�FDQ�H[SORUH�DQG�HYDOXDWH�ODUJH�GDWD�VHWV�RI�H[SRVXUH�DJH�GDWD��RULJLQDOO\�FROOHFWHG�DW�PDQ\�
WLPHV�DQG�E\�PDQ\�SHRSOH��LQ�DQ�LQWHUQDOO\�FRQVLVWHQW�IRUP�ZLWK�DOO�DJHV�FDOFXODWHG�XVLQJ�WKH�VDPH�
XS�WR�GDWH�PHWKRG��,W�UHSODFHV�WKH�FRQYHQWLRQDO�DV\QFKURQRXV�ZRUNIORZ��LQ�ZKLFK�HDFK�XVHU�PXVW�

���



PDLQWDLQ�WKHLU�RZQ�GDWD�VHW�DQG�PDQXDOO\�XSGDWH�LW�ZKHQ�GDWD�RU�FDOFXODWLRQ�PHWKRGV�FKDQJH��ZLWK�D�
WUDQVSDUHQW�V\VWHP�WKDW�PDQDJHV�GDWD�VWRUDJH�DQG�DOO�PLGGOH�OD\HU�SURGXFWLRQ�UDWH�DQG�DJH�FDOFXODWLRQV��
DOORZLQJ�XVHUV�WR�IRFXV�HQWLUHO\�RQ�DQDO\VLV�RI�WKH�H[SRVXUH�DJHV��%HFDXVH�RQO\�UDZ�REVHUYDWLRQV�DUH�
VWRUHG�DQG�DOO�DJH�FDOFXODWLRQV�DUH�G\QDPLF��FKDQJHV�WR�WKH�GDWDEDVH�DUH�LPPHGLDWHO\�SURSDJDWHG�LQWR�
H[SRVXUH�DJH�UHVXOWV��7KH�,&(�'�SURWRW\SH��WKHUHIRUH��SURYLGHV�D�SURRI�RI�FRQFHSW�IRU�RXU�RYHUDOO�YLVLRQ�RI�
D�V\VWHP�WKDW�FDQ�PDLQWDLQ�D�VLQJOH��SXEOLFO\�YLHZDEOH�GDWDEDVH�RI�REVHUYDWLRQDO�GDWD�DQG�VHUYH�DQ�
LQWHUQDOO\�FRQVLVWHQW�VHW�RI�GHULYHG�DJHV�WKURXJK�D�WUDQVSDUHQW�PLGGOH�OD\HU���
�

)LJXUH����*HQHUDOL]HG�WRSRORJ\�RI�H[LVWLQJ�SURWRW\SH�FORXG�LQIUDVWUXFWXUH�DQG�VRPH�H[DPSOHV�RI�SURSRVHG�QHZ�
GHYHORSPHQWV��&ORXG�FRPSXWLQJ�VHUYLFHV�LQWHUDFW�ZLWK�HDFK�RWKHU�WR�VXSSO\�UDZ�GDWD��FDOFXODWHG�H[SRVXUH�DJHV��
DQG�RWKHU�GHULYHG�SURGXFWV�WR�XVHUV�DW�YDULRXV�VWDJHV�RI�DQDO\VLV��6HUYHU�DSSOLFDWLRQV�VXFK�DV�WKH�
'0&�$17$5&7,&$�SURWRW\SH�FDQ�VHUYH�OLYH��G\QDPLFDOO\�XSGDWHG�UHVXOWV�RI�DQDO\VLV�RSHUDWLRQV�WR�ZHEVLWHV�
LQWHQGHG�IRU�GDWD�H[SORUDWLRQ�RU�YLVXDOL]DWLRQ��RU�SRWHQWLDOO\�WR�RQOLQH�SXEOLFDWLRQV��

�
$W�SUHVHQW��WKH�,&(�'�SURMHFW�LQFOXGHV�VHYHUDO�IRFXV�DUHDV��HDFK�RI�ZKLFK�LQFOXGHV�D�VPDOO�IUDFWLRQ�RI�WKH�
WRWDO�LQYHQWRU\�RI�SXEOLVKHG�FRVPRJHQLF�QXFOLGH�GDWD��EXW�UHSUHVHQWV�WKH�FRPSOHWH��RU�DOPRVW�FRPSOHWH��
GDWD�VHW�QHHGHG�IRU�D�SDUWLFXODU�V\QRSWLF�DSSOLFDWLRQ��7KH�ILUVW�IRFXV�DUHD�LV�,&(�'�$17$5&7,&$�
��KWWS���DQWDUFWLFD�LFH�G�RUJ ����ZKLFK�FRQWDLQV�QHDUO\�DOO�NQRZQ�FRVPRJHQLF�QXFOLGH�GDWD��ERWK�SXEOLVKHG�DQG�
XQSXEOLVKHG��IURP�WKH�$QWDUFWLF�FRQWLQHQW��$OWKRXJK�WKLV�LV�D�UHODWLYHO\�VPDOO�DPRXQW�RI�GDWD���a�����
PHDVXUHPHQWV�RQ�a�����VDPSOHV���LW�LV�WKH�FRPSOHWH�GDWD�VHW�QHHGHG�IRU�FRQWLQHQW�VFDOH�DSSOLFDWLRQV�
VXFK�DV�UHFRQVWUXFWLQJ�SDVW�FKDQJHV�LQ�$QWDUFWLF�LFH�VKHHW�YROXPH�DQG�FRQVHTXHQW�VHD�OHYHO�LPSDFWV��RU�
YDOLGDWLRQ�RI�QXPHULFDO�PRGHOV�IRU�$QWDUFWLF�LFH�VKHHW�FKDQJH��6XEVHTXHQW�,&(�'�SURMHFWV�LQFOXGH�

���



,&(�'�&$/,%5$7,21���FDOLEUDWLRQ�LFH�G�RUJ ����ZKLFK�FRQVROLGDWHV�GDWD�IURP�VLWHV�ZLWK�LQGHSHQGHQWO\�
NQRZQ�H[SRVXUH�DJHV�WKDW�DUH�QHFHVVDU\�IRU�FDOLEUDWLRQ�RI�SURGXFWLRQ�UDWH�VFDOLQJ�PRGHOV��DQG�
,&(�'�$/3,1(���DOSLQH�LFH�G�RUJ ����ZKLFK�LV�WKH�PRVW�DPELWLRXV�SDUW�RI�WKH�SURMHFW�VR�IDU��PRUH�WKDQ�WZLFH�
WKH�VL]H�RI�WKH�$QWDUFWLF�GDWD�VHW�ZLWK�a�������PHDVXUHPHQWV��DQG�LV�LQWHQGHG�WR�LQFOXGH�DOO�H[SRVXUH�DJH�
GDWD�UHOHYDQW�WR�DOSLQH�JODFLHU�FKDQJH�ZRUOGZLGH�DQG�IDFLOLWDWH�XVH�RI�WKHVH�GDWD�DV�D�JOREDO�FOLPDWH�SUR[\�
UHFRUG��
�
7KH�,&(�'�SURMHFW�LV�GLVWLQFW�LQ�VHYHUDO�ZD\V�IURP�RWKHU�GDWD�PDQDJHPHQW�RU�F\EHULQIUDVWUXFWXUH�SURMHFWV�
LQ�JHRFKURQRORJ\�RU�JHRFKHPLVWU\��,W�LV�DQ�HQWLUHO\�³JUDVVURRWV´�SURMHFW�LQLWLDWHG�PDLQO\�E\�RQH�LQGLYLGXDO�
ZLWK�QR�VLJQLILFDQW�WUDLQLQJ�RU�ZRUN�EDFNJURXQG�LQ�VRIWZDUH�GHYHORSPHQW��DQG�IXUWKHU�GHYHORSHG�E\�
UHVHDUFKHUV�DQG�VWXGHQWV�ZLWK�H[SHUWLVH�LQ�H[SRVXUH�GDWLQJ��EXW�OLPLWHG�RU�]HUR�VRIWZDUH�GHYHORSPHQW�
EDFNJURXQG��,W�KDV�QR�LQVWLWXWLRQDO�VSRQVRU��QR�GHGLFDWHG�IXQGLQJ�VRXUFH��VHH�GLVFXVVLRQ�EHORZ���DQG�QR�
WHFKQLFDO�VXSSRUW�UHVRXUFHV��,QVWHDG�RI�VWDUWLQJ�IURP�D�IRUPDO�SODQQLQJ�RU�GHVLJQ�SURFHVV��RU�VSHFLILFDWLRQ�
RI�XVHU�UHTXLUHPHQWV��LW�GHYHORSHG�RUJDQLFDOO\�LQ�UHVSRQVH�WR�UHVHDUFK�QHHGV��,WV�IRFXV�RQ�IXOO\�SRSXODWLQJ�
GDWD�FROOHFWLRQV�WKDW�DUH�UHODWLYHO\�VPDOO�EXW�QHYHUWKHOHVV�VXIILFLHQW�IRU�FHUWDLQ�DSSOLFDWLRQV�HQDEOHV�PRUH�
UDSLG�UHDOL]DWLRQ�RI�UHVHDUFK�YDOXH�WKDQ�SURMHFWV�WKDW�DLP�WR�DUFKLYH�D�FHUWDLQ�W\SH�RI�DQDO\WLFDO�GDWD�
UHJDUGOHVV�RI�DUHD�RU�DSSOLFDWLRQ��8QOLNH�PDQ\�JHRVFLHQFH�GDWD�PDQDJHPHQW�SURMHFWV��LW�LV�VWULFWO\�
IRUZDUG�ORRNLQJ�UDWKHU�WKDQ�EDFNZDUG�ORRNLQJ�LQ�WZR�ZD\V��)LUVW��LW�DLPV�WR�EH�D�G\QDPLF�UHVHDUFK�WRRO�
UDWKHU�WKDQ�DQ�DUFKLYH��DQG�UHSODFHV�HOHPHQWV�VXFK�DV�IRUPDO�SHHU�UHYLHZ�RI�LQFOXGHG�GDWD��YHUVLRQLQJ��
DQG�VWULFW�PHWDGDWD�UHTXLUHPHQWV�ZLWK�FRQWLQXRXV��XQPDQDJHG�DGGLWLRQ�DQG�XSGDWH�RI�GDWD�E\�PXOWLSOH�
XVHUV��FRXSOHG�ZLWK�D�³WUXVW�EXW�YHULI\´�DSSURDFK�WKDW�UHTXLUHV�VRPH�OHYHO�RI�WUXVW�LQ�GDWD�TXDOLW\�RQ�WKH�
SDUW�RI�XVHUV��EXW�DOORZV�WKHP�WR�MXVWLI\��RU�QRW��WKHLU�WUXVW�ZLWK�FRPSOHWH��JUDQXODU��DQG�SXEOLF�GDWD�
YLHZDELOLW\��,W�DOVR�ORRNV�IRUZDUG�UDWKHU�WKDQ�EDFNZDUG�LQ�WKDW�LW�VWULFWO\�VHSDUDWHV�REVHUYDWLRQDO�GDWD�
�ZKLFK�DUH�QRW�PDGH�REVROHWH�E\�LPSURYHPHQWV�LQ�PLGGOH�OD\HU�FDOFXODWLRQV��DQG�DUH�WKHUHIRUH�LPSRUWDQW�
WR�SUHVHUYH���IURP�GHULYHG�H[SRVXUH�DJHV��ZKLFK�DUH�DVVXPHG�WR�EH�UDSLGO\�REVROHWH��DQG�DUH�WKHUHIRUH�
QRW�LPSRUWDQW�WR�SUHVHUYH���DQG�PDNHV�QR�HIIRUW�WR�UHSURGXFH�RU�DUFKLYH�SDVW�SXEOLVKHG�DJH�FDOFXODWLRQV���
�
(LWKHU�LQ�VSLWH�RI�RU�EHFDXVH�RI�WKHVH�DVSHFWV�RI�WKH�SURMHFW��ZH�DUJXH�³EHFDXVH´���DYDLODEOH�HYLGHQFH�
LQGLFDWHV�WKDW�WKH�,&(�'�SURMHFW�KDV�EHHQ�VXUSULVLQJO\�VXFFHVVIXO��KDV�EHFRPH�D�FULWLFDO�UHVRXUFH�IRU�
VHYHUDO�XVHU�JURXSV��DQG�LV�SRWHQWLDOO\�WUDQVIRUPDWLYH�IRU�WKH�ILHOG�RI�H[SRVXUH�GDWLQJ��1R�DWWHPSW�KDV�
EHHQ�PDGH�WR�JDWKHU�FRQYHQWLRQDO�XVDJH�PHWULFV��H�J���KLW�UDWHV��XVHU�WUDFNLQJ��HWF���IRU�WKH�,&(�'�
ZHEVLWHV�DQG�$3,V��VR�WR�VXSSRUW�WKLV�DVVHUWLRQ�ZH�UHO\�RQ�VHYHUDO�OLQHV�RI�HYLGHQFH��
��

$GRSWLRQ�DV�UHIHUHQFH�GDWDEDVH�IRU�$QWDUFWLF�LFH�VKHHW�FKDQJH�UHVHDUFKHUV�ZRUOGZLGH ���3HUVRQDO�
LQWHUDFWLRQV��GLVFXVVLRQ��DQG�FRQWDFWV�ZLWK�UHVHDUFKHUV�LQYROYHG�LQ�FRVPRJHQLF�QXFOLGH�UHVHDUFK�LQ�
$QWDUFWLFD�LQGLFDWH�WKDW�,&(�'�$17$5&7,&$�KDV�EHHQ�UDSLGO\�DGRSWHG�E\�WKH�LQWHUQDWLRQDO�UHVHDUFK�
FRPPXQLW\�LQ�WKLV�ILHOG�DV�D�FRPPRQ�UHVRXUFH��%DOFR�UHFHLYHV�PXOWLSOH�UHTXHVWV�HDFK�\HDU�WR�DGG�QHZO\�
JHQHUDWHG�GDWD��3XEOLVKHG�SDSHUV��H�J���-RKQVRQ�HW�DO���������6PDOO�HW�DO���������1LFKROV�HW�DO���������DQG�
FRQIHUHQFH�SUHVHQWDWLRQV�LQ�WKH�ILHOG�QRZ�FRPPRQO\�UHIHUHQFH�LW�DV�D�GDWD�VRXUFH��

,QFOXVLRQ�LQ�QHZ�SURSRVDOV���,&(�'�$17$5&7,&$�ZDV�D�IRFXV�RI�D�UHFHQW�VXFFHVVIXO�16)�
SURSRVDO�E\�%*&�SRVWGRFWRUDO�UHVHDUFKHU�3HUU\�6SHFWRU��233������������%DOFR�ZDV�3,�RI�WKLV�SURSRVDO�IRU�
DGPLQLVWUDWLYH�UHDVRQV��WR�HYDOXDWH�LFH�VKHHW�PRGHOV�XVLQJ�WKH�FRQWLQHQW�ZLGH�H[SRVXUH�DJH�GDWD�VHW��:H�
NQRZ�RI�DW�OHDVW�IRXU�UHFHQWO\�VXEPLWWHG�16)�SURSRVDOV�WKDW�ZRXOG�HLWKHU�XVH�,&(�'�GDWDEDVHV�DV�FHQWUDO�
SURMHFW�FRPSRQHQWV�RU�FRQWULEXWH�GDWD�WR�WKHP��DQG�DW�OHDVW�WKUHH�SURSRVDOV�WR�IXQGLQJ�DJHQFLHV�LQ�RWKHU�
FRXQWULHV��)UDQFH��1HZ�=HDODQG��$XVWUDOLD��WKDW�KLJKOLJKW�LQWHJUDWLRQ�ZLWK�,&(�'�GDWDEDVHV�DV�SRVLWLYH�
HOHPHQWV�RI�WKH�SURSRVDO���

6XSSRUWLYH�UHYLHZV�RI�UHODWHG�SURSRVDOV���$OWKRXJK�WKHUH�KDV�EHHQ�QR�HIIRUW�WR�IRUPDOO\�JDWKHU�XVHU�
LQSXW�RQ�WKH�,&(�'�SURMHFW��SHHU�UHYLHZ�RI�WKH�$QWDUFWLF�GDWD�PRGHO�FRPSDULVRQ�SURSRVDO�PRVW�OLNHO\�
VDPSOHG�WKH�,&(�'�$17$5&7,&$�XVHU�SRRO��7KUHH�RXW�RI�VL[�UHYLHZV�VSHFLILFDOO\�KLJKOLJKWHG�WKH�,&(�'�
SURMHFW�DV�D�YDOXDEOH�UHVRXUFH��LQFOXGLQJ�YHU\�VXSSRUWLYH�ODQJXDJH�VXFK�DV��

³���WKH�GDWDEDVH�,&(�'�$17$5&7,&$���LV�ZLGHO\�DGPLUHG�IRU�LWV�FRQVLVWHQF\�DQG�TXDOLW\�RI�
WKH�GDWD�³�

³���WKH�,&(�'�$17$5&7,&$�GDWDEDVH�RI�FRVPRJHQLF�QXFOLGH�REVHUYDWLRQV�>LV@�YHU\�
SRVLWLYH�ERWK�ZLWKLQ�DFDGHPLF�FLUFOHV�DQG�LQ�FRPPXQLFDWLRQ�ZLWK�WKH�SXEOLF���´�

���



³%URDGHU�LPSDFWV�RI�WKH�SURSRVDO�LQFOXGH���IXUWKHU�GHYHORSPHQW�RI�WKH�,&(�'�GDWDEDVH�IRU�
WKH�VFLHQWLILF�FRPPXQLW\���YHU\�LPSUHVVHG�ZLWK�WKLV�VXSHUE�UHVRXUFH�DQG�KRSHIXO�WKDW�WKLV�SURMHFW�
PD\�VSXU�GHYHORSPHQW�RI�D�JOREDO�7&1�GDWDEDVH�´�

�
�8VHU�HQJDJHPHQW���5HVHDUFKHUV�DQG�VWXGHQWV�ZRUOGZLGH�ZKR�DUH�LQWHUHVWHG�LQ�DQDO\VLV�RI�

H[SRVXUH�DJH�GDWD�KDYH�H[SUHVVHG�VWURQJ�LQWHUHVW�LQ�SDUWLFLSDWLQJ�LQ�WKH�,&(�'�SURMHFW��:H�KDYH�
IDFLOLWDWHG�WKLV�SDUWLFLSDWLRQ�WKURXJK�WKH�LGHD�WKDW�WKH�EDVLF��FRPPRQO\�XVHG��LQGXVWU\�VWDQGDUG�VRIWZDUH�
WRROV�XVHG�IRU�WKH�,&(�'�LQIUDVWUXFWXUH�DOORZ�VLJQLILFDQW�SURJUHVV�VLPSO\�WKURXJK�JLYLQJ�UHVHDUFKHUV�DQG�
VWXGHQWV��HYHQ�WKRVH�ZLWKRXW�DQ\�VRIWZDUH�EDFNJURXQG��HQRXJK�EDVLF�NQRZOHGJH�DERXW�WKH�FRPSXWDWLRQDO�
LQIUDVWUXFWXUH�WR�FRQWULEXWH�WR�SURMHFW�GHYHORSPHQW��,Q�HIIHFW��EHFDXVH�WKH�SURMHFW�GRHV�QRW�KDYH�UHVRXUFHV�
IRU�GHGLFDWHG�GHYHORSHUV��ZH�KDYH�DGRSWHG�D�PRGHO�ZKHUH�WKH�XVHUV�DUH�FR�GHYHORSHUV��,Q�WKUHH�VPDOO�
ZRUNVKRSV�GXULQJ�WKH�SDVW�WZR�\HDUV��3,�%DOFR�WUDLQHG�D�WRWDO�RI���86�DQG�LQWHUQDWLRQDO�UHVHDUFKHUV��
PRVWO\�HDUO\�FDUHHU��DQG���JUDGXDWH�VWXGHQWV�LQ�DVSHFWV�RI�WKH�VRIWZDUH�LQIUDVWUXFWXUH��LQFOXGLQJ�ZRUNLQJ�
ZLWK�WKH�0\64/�GDWDEDVHV�DQG�LQJHVWLQJ�GDWD�LQWR�GRZQVWUHDP�DQDO\VLV�IUDPHZRUNV�VXFK�DV�0$7/$%�
DQG�$UF*,6���

0RQHWDU\�FRQWULEXWLRQV���$Q�H[WUHPHO\�XQXVXDO�DVSHFW�RI�WKH�,&(�'�SURMHFW�LV�WKDW��EHFDXVH�WKH�
SURMHFW�KDV�QR�GHGLFDWHG�IXQGLQJ��KRVWLQJ�FRVWV�RQ�*RRJOH�FORXG�VHUYLFHV�KDYH�EHHQ�SDLG�E\�%DOFR�
SHUVRQDOO\��$OWKRXJK�FRVWV�DUH�YHU\�ORZ����������PR���WKH\�WRWDO����������VLQFH�WKH�SURMHFW�VWDUW�LQ�������
7R�GHIUD\�WKHVH�RXW�RI�SRFNHW�FRVWV��%DOFR�VROLFLWHG�FRQWULEXWLRQV�YLD�WKH�,&(�'�ZHEVLWH��ZKLFK�JHQHUDWHG�
�����LQ�RIIVHWWLQJ�IXQGV��$OWKRXJK�VRPH�RI�WKLV�LV�IURP�LQVWLWXWLRQDO�IXQGLQJ��VHYHUDO�UHVHDUFKHUV�DQG�
VWXGHQWV�PDGH�SHUVRQDO�FRQWULEXWLRQV�RI����������WR�VXSSRUW�WKH�SURMHFW��)UDQNO\��ZH�FDQ�SURSRVH�QR�
VWURQJHU�HYLGHQFH�WKDW�WKLV�SURMHFW�KDV�YDOXH�WR�WKH�UHVHDUFK�FRPPXQLW\�WKDQ�WKH�REVHUYDWLRQ�WKDW�LWV�
PHPEHUV�DUH�ZLOOLQJ�WR�PDNH�SHUVRQDO�ILQDQFLDO�FRQWULEXWLRQV�WR�VXVWDLQ�LW���

�
,,����2WKHU�GDWDEDVHV���7KH�³2&72386´�GDWDEDVH�LV�D������FRPSLODWLRQ�RI�FDWFKPHQW�VFDOH�HURVLRQ�UDWHV�
FDOFXODWHG�IURP�FRVPRJHQLF�QXFOLGH�PHDVXUHPHQWV�RQ�IOXYLDO�VHGLPHQWV�ZRUOGZLGH��&RGLOHDQ�HW�DO���
�������,W�KDV�QR�FRQQHFWLRQ�WR�DQ\�RI�WKH�RWKHU�SURMHFWV�GHVFULEHG�LQ�WKLV�VHFWLRQ�DQG�ZDV�GHYHORSHG�ZLWK�
$XVWUDOLDQ�JRYHUQPHQW�IXQGLQJ��$OWKRXJK�VLPLODU�FRPSLODWLRQV�ZHUH�GLVWULEXWHG�LQ�VSUHDGVKHHW�IRUP�LQ�WKH�
SDVW��3RUWHQJD�HW�DO���������:LOOHQEULQJ�HW�DO����������WKLV�RQH�LV�DFFHVVLEOH�WKURXJK�D�ZHE�LQWHUIDFH�DQG�
DV�DQ�RQOLQH�*,6�FRYHUDJH��,W�LV�VLPLODU�WR�WKH�,&(�'�SURMHFW�LQ�WKDW�LW�DLPV�WR�FROODWH�D�UHODWLYHO\�VPDOO�
FROOHFWLRQ�RI�FRVPRJHQLF�QXFOLGH�GDWD�IRU�D�VSHFLILF�V\QRSWLF�DQDO\VLV�DSSOLFDWLRQ�DQG�GHOLYHU�LW�RQOLQH��EXW�
LW�GLIIHUV�LQ�WKDW��L��VR�IDU��LW�LV�VWDWLF��YHUVLRQHG��DQG�KDV�QRW�EHHQ�UHJXODUO\�XSGDWHG��DQG��LL��LW�DUFKLYHV�
ERWK�REVHUYDWLRQDO�GDWD�DQG�GHULYHG�HURVLRQ�UDWHV�FDOFXODWHG�ZLWK�RQH�SURGXFWLRQ�UDWH�PRGHO��VR�GRHV�QRW�
KDYH�WKH�WUDQVSDUHQW�PLGGOH�OD\HU�SURSHUW\�RI�WKH�,&(�'�SURMHFW��
�
,,����)XQGLQJ�KLVWRU\�DQG�FXUUHQW�VXSSRUW�IRU�FRPSXWDWLRQDO�LQIUDVWUXFWXUH ����,QLWLDO�GHYHORSPHQW�RI�WKH�ILUVW�
RQOLQH�H[SRVXUH�DJH�FDOFXODWRU�LQ���������ZDV�VXSSRUWHG�E\�VHYHUDO�PRQWKV�RI�SRVWGRFWRUDO�VDODU\�IRU�
%DOFR�SURYLGHG�E\�³&52186�(DUWK�´�D�ILYH�\HDU��PXOWL�3,�16)�SURMHFW�DLPHG�DW�LPSURYLQJ�FDSDELOLWLHV�LQ�
FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\��%DOFR�ZDV�QRW�D�3,�RI�WKDW�SURMHFW��DQG�WKHUH�KDV�EHHQ�QR�IXUWKHU�
VXSSRUW�IRU�WKH�LQLWLDO�RQOLQH�FDOFXODWRU��H[FHSW�WKDW�WKH�8��RI�:DVKLQJWRQ�KDV�FRQWLQXHG�WR�PDLQWDLQ�WKH�
/LQX[�VHUYHU�WKDW�KRVWV�LW��7KH�ODWHU�³&52186&DOF´�RQOLQH�FDOFXODWRU��0DUUHUR�HW�DO���������ZDV�GHYHORSHG�
E\�3K�'��VWXGHQW�6KDVWD�0DUUHUR�DQG�FROOHDJXHV�ZLWK�&52186�VXSSRUW��7KH�&52186�SURMHFW�HQGHG�LQ�
������DQG�ZH�DUH�QRW�DZDUH�RI�DQ\�FRQWLQXLQJ�VXSSRUW�IRU�&52186&DOF��'HYHORSPHQW�RI�&5(S�ZDV�
VXSSRUWHG�E\�)UHQFK�JRYHUQPHQW�IXQGLQJ�DQG��DV�IDU�DV�ZH�NQRZ��LW�KDV�FRQWLQXLQJ�VXSSRUW��2&72386�
ZDV�VXSSRUWHG�E\�DQ�LQLWLDO�JUDQW�IURP�WKH�$XVWUDOLDQ�JRYHUQPHQW��DQG�ZH�EHOLHYH�WKDW�FRQWLQXHG�VXSSRUW�
KDV�EHHQ�DSSOLHG�IRU��7KH�,&(�'�SURMHFW�KDV�QR�GHGLFDWHG�IXQGLQJ��DOWKRXJK�D�PDS�LQWHUIDFH�IRU�
,&(�'�$17$5&7,&$�ZDV�FRQWULEXWHG�E\�WKH�16)�IXQGHG�3RODU�*HRVSDWLDO�&HQWHU��$V�QRWHG��FRQWLQXLQJ�
PRQHWDU\�FRVWV�DUH�VXSSRUWHG�E\�%DOFR�SHUVRQDOO\��DQG�GHYHORSPHQW�DFWLYLWLHV�E\�%*&�WKURXJK�%DOFR¶V�
VDODU\��,&(�'�ZRUNVKRSV�ZHUH�SDUWO\�VXSSRUWHG�E\�VPDOO�FRQWULEXWLRQV�IURP�/DZUHQFH�/LYHUPRUH�1DWLRQDO�
/DERUDWRU\�DQG�WKH�µ(DUWKFKHP¶�SURJUDP��EXW�PRVW�SDUWLFLSDQWV�DWWHQGHG�DW�WKHLU�RZQ�H[SHQVH���
�
,,����2YHUDOO�VLWXDWLRQ ���)URP�WKH�SHUVSHFWLYH�RI�WKLV�SURSRVDO��WKH�FULWLFDO�OHVVRQV�IURP�WKLV�VHFWLRQ�DUH��
�

���



)LUVW��WKH�FRPSOH[LW\�RI�WKH�PLGGOH�OD\HU�FDOFXODWLRQV��DQG�WKH�QHHG�IRU�FRQWLQXRXV�UHFDOFXODWLRQ��LQ�
H[SRVXUH�DJH�DQG�HURVLRQ�UDWH�DSSOLFDWLRQV�OHG�WKH�FRVPRJHQLF�QXFOLGH�FRPPXQLW\�WR�EHFRPH�HDUO\�
DGRSWHUV�RI�UXGLPHQWDU\�FORXG�FRPSXWLQJ�VHUYLFHV�VXFK�DV�WKH�RQOLQH�H[SRVXUH�DJH�FDOFXODWRUV��7KHVH�
FDSDELOLWLHV��DOWKRXJK�TXLWH�VLPSOH��PDGH�SRVVLEOH�WKH�IHZ�ODUJH�VFDOH�DQDO\VHV�RI�FRVPRJHQLF�QXFOLGH�
GDWD�WKDW�KLJKOLJKW�WKH�SRWHQWLDO�YDOXH�RI�WKHVH�GDWD�IRU�LPSRUWDQW�(DUWK�VFLHQFH�DSSOLFDWLRQV�LQ�VXUIDFH�
SURFHVVHV��SDOHRFOLPDWH��DQG�WHFWRQLFV��+RZHYHU��WKHVH�FDSDELOLWLHV�DUH�LQDGHTXDWH�WR�VXSSRUW�VLPLODU�
DQDO\VHV�RQ�UDSLGO\�JURZLQJ�GDWD�VHWV�WKDW�QRZ�LQFOXGH�WHQV�RI�WKRXVDQGV�RI�PHDVXUHPHQWV���
�
6HFRQG��WKH�,&(�'�SURMHFW�SURWRW\SHV�D�WUDQVSDUHQW�PLGGOH�OD\HU�LQIUDVWUXFWXUH�IRU�VROYLQJ�WKLV�SUREOHP�
DQG�HQDEOLQJ�HIILFLHQW��G\QDPLF��DQG�VFDODEOH�DQDO\VLV�RI�WKHVH�GDWD�VHWV��7KLV�FRXOG�EH�D�VLJQLILFDQW�VWHS�
IRUZDUG��QRW�RQO\�IRU�WKH�VSHFLILF�ILHOG�RI�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\��EXW�DOVR�IRU�RWKHU�ILHOGV�RI�
JHRFKHPLVWU\�DQG�JHRFKURQRORJ\�WKDW�XWLOL]H�HTXLYDOHQW�PLGGOH�OD\HU�FDOFXODWLRQV���
�
7KLUG��WKH�UDSLG�H[SDQVLRQ�RI�WKH�,&(�'�SURWRW\SH�KDV�FUHDWHG�D�VLWXDWLRQ�ZKHUH�WKH�SURMHFW�LV�WRR�ODUJH�IRU�
RQH�SHUVRQ��ZKR�LV�QRW�D�WUDLQHG�VRIWZDUH�GHYHORSHU��WR�PDQDJH�HIIHFWLYHO\�LQ�LWV�FXUUHQW�IRUP��IXOO\�
GHYHORS�H[LVWLQJ�FDSDELOLWLHV��RU�FUHDWH�QHZ�FDSDELOLWLHV��7KH�UDSLG�DGRSWLRQ�RI�WKH�,&(�'�$17$5&7,&$�
GDWDEDVH�DV�DQ�LPSRUWDQW�UHVRXUFH�E\�$QWDUFWLF�UHVHDUFKHUV�ZRUOGZLGH�KDV�DOVR�FUHDWHG�WKH�SUHFDULRXV��
DQG��IUDQNO\��UDWKHU�EL]DUUH��VLWXDWLRQ�LQ�ZKLFK�DQ�LPSRUWDQW�FRPPXQLW\�UHVRXUFH����WKDW�LV�DQ�HOHPHQW�RI�
VLJQLILFDQW�IXQGHG�DQG�SURSRVHG�UHVHDUFK�SURMHFWV�LQ�VHYHUDO�FRXQWULHV����LV�DW�ULVN�RI�GLVDSSHDULQJ�
FRPSOHWHO\�LI�%DOFR¶V�SHUVRQDO�FUHGLW�FDUG�LV�QRW�DFFHSWHG�IRU�SD\PHQW�E\�*RRJOH���
�
7KHUHIRUH��WKH�SUHPLVH�RI�WKLV�SURSRVDO�LV�WKDW�WKH�SURWRW\SH�WUDQVSDUHQW�PLGGOH�OD\HU�FRPSXWDWLRQDO�
LQIUDVWUXFWXUH�UHSUHVHQWHG�E\�WKH�,&(�'�SURMHFW�KDV�EHHQ�H[WUDRUGLQDULO\�VXFFHVVIXO�DV�D�JUDVVURRWV�HIIRUW�
ZLWK�YHU\�OLWWOH�LQVWLWXWLRQDO�RU�IXQGLQJ�VXSSRUW��,W�KDV�EHHQ�HQWKXVLDVWLFDOO\�DGRSWHG�E\�XVHUV�DQG�VKRZV�
SRWHQWLDO�IRU�PDMRU�SURJUHVV�LQ�V\QRSWLF�DQDO\VLV�RI�FRVPRJHQLF�QXFOLGH�GDWD��7KH�SXUSRVH�RI�WKLV�
FDWDO\WLF�WUDFN�SURSRVDO�LV�WR�PRYH�WKH�SURMHFW�IRUZDUG�IURP�D�SURWRW\SH�ZLWK�JUHDW�SRWHQWLDO�WR�D�IXOO\�
UHDOL]HG�LQIUDVWUXFWXUH�WKDW�FDQ�VXSSRUW�WKLV�SRWHQWLDO���
�
,,,��5HVHDUFK�SODQ���
�
7KLV�LV�D�µFDWDO\WLF¶�SURSRVDO�WKDW�DLPV�WR�EHJLQ�ZLWK�WKH�SURWRW\SH�WUDQVSDUHQW�PLGGOH�OD\HU�LQIUDVWUXFWXUH�
UHSUHVHQWHG�E\�WKH�,&(�'�SURMHFW��SURIHVVLRQDOL]H�DQG�IXOO\�GHYHORS�LW�XVLQJ�LQGXVWU\�VWDQGDUG��
RSHQ�VRXUFH�VRIWZDUH��DQG�H[SDQG�LW�LQWR�D�VHW�RI�RUJDQL]HG��GRFXPHQWHG��DQG�ZHOO�PDLQWDLQHG�UHVHDUFK�
GDWDEDVHV��$3,V��FORXG�VHUYLFHV��DQDO\WLFDO�WRROV��DQG�VRIWZDUH�GHYHORSPHQW�SURMHFWV�WKDW�FDQ�VFDOH�DV�
GDWD�VHWV�EHFRPH�ODUJHU�DQG�FDOFXODWLRQ�PHWKRGV�EHFRPH�PRUH�FRPSOH[��7KLV�ZLOO�WKHQ�IRUP�WKH�EDVLV�IRU�
UHDOL]LQJ�WKH�SRWHQWLDO�RI�WKH�WUDQVSDUHQW�PLGGOH�OD\HU�FRQFHSW�IRU�G\QDPLF�DQG�VFDODEOH�YLVXDOL]DWLRQ��
H[SORUDWLRQ��DQG�DQDO\VLV�RI�JHRFKURQRORJLFDO�GDWD���
�
7KH�UHVHDUFK�SODQ�KDV�WKUHH�HOHPHQWV��2QH��PLGGOH�OD\HU�VRIWZDUH�DQG�GDWDEDVH�GHYHORSPHQW�EDVHG�RQ�
WKH�,&(�'�SURWRW\SH��7ZR��GHYHORSPHQW�RI�H[DPSOH�UHVHDUFK�DSSOLFDWLRQV��7KUHH��HQJDJHPHQW�DQG�
WUDLQLQJ�ZRUNVKRSV��PRGHOHG�RQ�WKH�H[LVWLQJ�,&(�'�ZRUNVKRS�SURJUDP�DQG�DLPHG�DW�HPEHGGLQJ�
WUDQVSDUHQW�PLGGOH�OHYHO�FRQFHSWV�DQG�LQIUDVWUXFWXUH�LQWR�UHVHDUFK�ZRUNIORZV��IRU�UHVHDUFKHUV�DQG�
JUDGXDWH�VWXGHQWV��+HUH�ZH�RXWOLQH�WKH�VSHFLILF�WDVNV�DQG�UHVRXUFHV�DVVRFLDWHG�ZLWK�WKHVH�REMHFWLYHV���
�
,,,����3URMHFW�WHDP����7KH�H[SHUWLVH�QHHGHG�WR�H[HFXWH�WKLV�SURMHFW�LQFOXGHV��L��IXOO�VWDFN�ZHE�DQG�GDWDEDVH�
GHYHORSPHQW�XVLQJ�LQGXVWU\�VWDQGDUG�VRIWZDUH��IRU�WKLV�SURMHFW��WKH�/LQX[�$SDFKH�0\64/�3\WKRQ�RU�
³/$03´�VWDFN����LL��PDQDJHPHQW�RI�RSHQ�VRXUFH�VRIWZDUH�GHYHORSPHQW�SURMHFWV���LLL��VFLHQWLILF�
SURJUDPPLQJ��PDLQO\�DV�DSSOLHG�WR�SURGXFWLRQ�UDWH�FDOFXODWLRQV��GDWD�DQDO\VLV��DQG�PRGHO�ILWWLQJ���LY��(DUWK�
VFLHQFH�DSSOLFDWLRQV�RI�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\���Y��(DUWK�VFLHQFH�DQG�JHRVSDWLDO�WHFKQRORJ\�
HGXFDWLRQ��DQG��YL��RYHUDOO�VFLHQWLILF�JXLGDQFH��7KH�PDLQ�FKDOOHQJH�LQ�DVVHPEOLQJ�WKLV�H[SHUWLVH�LV�WKH�
QHHG�IRU�DQ�H[SHULHQFHG�VRIWZDUH�GHYHORSHU�ZLWK�H[SHULHQFH�LQ�LQGXVWU\�VWDQGDUG�IXOO�VWDFN�GHYHORSPHQW��
DQG�ZH�FRQVLGHUHG�VHYHUDO�PRGHOV�IRU�WKLV��1HLWKHU�3,�KDV�DFFHVV�WR�LQ�KRXVH�SURJUDPPLQJ�VWDII�ZKR�
FRXOG�EH�WDVNHG�WR�WKLV�SURMHFW��6RPH�SURJUDPPLQJ�WDVNV�FRXOG�SRWHQWLDOO\�EH�RXWVRXUFHG�YLD�IUHHODQFH�JLJ�
PDUNHWSODFHV��ZLWKRXW�WKH�QHHG�WR�KLUH�GHGLFDWHG�VWDII��+RZHYHU��WKLV�DSSURDFK�UHTXLUHV�H[SHUWLVH�LQ�

���



VSHFLILFDWLRQ��ELGGLQJ��WHVWLQJ��DQG�DFFHSWDQFH�RI�FRQWUDFW�VRIWZDUH��DQG�ZH�GR�QRW�KDYH�WKLV�H[SHUWLVH�RU�
DFFHVV�WR�LW��+LULQJ�D�SHUVRQ�ZLWK�VXFK�H[SHUWLVH�ZRXOG�EH�FRVWO\��7KXV��ZH�SURSRVH�D�VWUXFWXUH�LQ�ZKLFK�
WZR�GHGLFDWHG�SURMHFW�VWDII�ZLOO�EH�ORFDWHG�DW�%*&�DQG�VXSHUYLVHG�E\�%DOFR��D�VRIWZDUH�GHYHORSHU�WR�EH�
UHVSRQVLEOH�IRU�GHVLJQ��FRQVWUXFWLRQ��DQG�PDQDJHPHQW�RI�WKH�RYHUDOO�VRIWZDUH�LQIUDVWUXFWXUH��DQG�D�
SRVWGRFWRUDO�UHVHDUFKHU��ZLWK�H[SHUWLVH�LQ�VFLHQWLILF�SURJUDPPLQJ�DQG�FRVPRJHQLF�QXFOLGH�DSSOLFDWLRQV��WR�
IRFXV�RQ�PLGGOH�OD\HU�FDOFXODWLRQV�DQG�GRZQVWUHDP�DSSOLFDWLRQV��$W�1'68��/DDEV�ZLOO�VXSHUYLVH�JUDGXDWH�
DQG�XQGHUJUDGXDWH�VWXGHQWV�ZKR�ZLOO�EXLOG�GDWDEDVHV�UHOHYDQW�WR�RXU�LQLWLDO�DSSOLFDWLRQ�IRFXV�LQ�
SDOHRFOLPDWH�DQG�JODFLHU�FKDQJH��OLQN�WKHP�WR�JHRVSDWLDO�GDWD�DQG�DQDO\VHV��DQG�LQWHJUDWH�WKHP�LQWR�
UHVHDUFK�DQG�HGXFDWLRQ��7KXV��WKH�SURMHFW�WHDP�ZLOO�FRQVLVW�RI�WKH�IROORZLQJ��
�
Ɣ *UHJ�%DOFR��FR�3,��LV�D�UHVHDUFK�VFLHQWLVW�VSHFLDOL]LQJ�LQ�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�DQG�LWV�

DSSOLFDWLRQV��FXUUHQWO\�IRFXVLQJ�RQ�$QWDUFWLF�LFH�VKHHW�FKDQJH�UHVHDUFK��$V�QRWHG�DERYH��%DOFR�KDV�
EHHQ�UHVSRQVLEOH�IRU�PXFK�RI�WKH�H[LVWLQJ�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�WKDW�WKLV�SURSRVDO�EXLOGV�RQ��

Ɣ %HQ�/DDEV��FR�3,��LV�D�JHRVFLHQFH�IDFXOW\�PHPEHU�VXSHUYLVLQJ�JUDGXDWH�DQG�XQGHUJUDGXDWH�UHVHDUFK�
DQG�HGXFDWLRQ��ZLWK�H[SHUWLVH�LQ�JHRVSDWLDO�WHFKQRORJ\�DQG�JODFLHU�FKDQJH�DSSOLFDWLRQV�RI�FRVPRJHQLF�
H[SRVXUH�GDWLQJ��0XFK�RI�KLV�UHVHDUFK�LQYROYHV�DSSO\LQJ�JHRVSDWLDO�DQG�JHRFKURQRORJLFDO�GDWD�
SHUWDLQLQJ�WR�PRXQWDLQ�JODFLHUV�WR�UHJLRQDO�DQDO\VLV�RI�JODFLHU�FKDQJH�DQG�SDOHRFOLPDWH���

Ɣ $�SURIHVVLRQDO�VRIWZDUH�GHYHORSHU�ZLWK�H[SHULHQFH�LQ�IXOO�VWDFN�ZHE�GHYHORSPHQW��FORXG�FRPSXWLQJ�
LQIUDVWUXFWXUH��DQG�RSHQ�VRXUFH�SURMHFW�PDQDJHPHQW�� �

Ɣ $�SRVWGRFWRUDO�UHVHDUFKHU�ZLWK�H[SHUWLVH�LQ�FRPSXWDWLRQDO�DVSHFWV�RI�FRVPRJHQLF�QXFOLGH�
JHRFKHPLVWU\���

Ɣ *UDGXDWH�DQG�XQGHUJUDGXDWH�VWXGHQWV�DW�1'68��6WXGHQWV�VXSHUYLVHG�E\�/DDEV�W\SLFDOO\�FRPELQH�
UHVHDUFK�DQG�FRXUVHZRUN�LQ�JHRVFLHQFHV�DQG�JHRVSDWLDO�WHFKQRORJ\��DQG�VWXGHQWV�LQ�WKLV�SURMHFW�ZLOO�
EH�IXUWKHU�WUDLQHG�LQ�GDWDEDVH�V\VWHPV�DQG�PDQDJHPHQW�WKURXJK�FRPSXWHU�VFLHQFH�FRXUVHV��7KH�DLP�
LV�WR�EXLOG�D�FRKRUW�RI�VWXGHQWV�ZLWK�ERWK�(DUWK�VFLHQFH�UHVHDUFK�H[SHULHQFH�DQG�D�EDFNJURXQG�LQ�
FRPSXWDWLRQDO�WHFKQRORJ\�DQG�GDWD�DQDO\VLV�ZKR�FDQ�FRQWULEXWH�WR�DOO�DVSHFWV�RI�WKLV�SURMHFW��� �

�
2QH�VLJQLILFDQW�SRWHQWLDO�ULVN�WR�WKLV�SODQ�LV�WKDW�WKH�VRIWZDUH�GHYHORSHU�LV�FULWLFDO�WR�PDQ\�RI�WKH�SURMHFW�
JRDOV��7KLV�SHUVRQ�ZLOO�QRW�RQO\�EH�H[SHFWHG�WR�SHUIRUP�VSHFLILF�SURJUDPPLQJ�WDVNV��EXW�DOVR�WR�HQJDJH�
ZLWK�WKH�VFLHQWLILF�DVSHFWV�RI�WKH�SURMHFW��SDUWLFLSDWH�LQ�RYHUDOO�SURMHFW�GHVLJQ��DQG�WUDLQ�DQG�LQWHUDFW�ZLWK�
VWXGHQWV�DQG�ZRUNVKRS�SDUWLFLSDQWV�ZKR�PD\�KDYH�PLQLPDO�SURJUDPPLQJ�H[SHULHQFH��7KLV�H[SHUWLVH�KDV�
KLJK�PDUNHW�YDOXH�RXWVLGH�DFDGHPLD��DQG�KLULQJ�WKLV�SHUVRQ�UHSUHVHQWV�D�VLJQLILFDQW�SDUW�RI�RXU�EXGJHW��
$OVR��PDUNHW�GHPDQG�IRU�WKHVH�VNLOOV�FUHDWHV�D�ULVN�WKDW�LW�PLJKW�QRW�EH�SRVVLEOH�WR�ILQG�D�KLJKO\�TXDOLILHG�
SHUVRQ�IRU�WKLV�SRVLWLRQ�DW�DOO��+RZHYHU��ZH�VHH�QR�UHDVRQDEOH�DOWHUQDWLYH�WR�WKLV�DSSURDFK��ZH�FDQQRW�
EXLOG�D�PRGHUQ��HIIHFWLYH��DQG�VFDODEOH�VRIWZDUH�LQIUDVWUXFWXUH�ZLWKRXW�SURIHVVLRQDO�OHYHO�VNLOOV��
��
,,,����5HVHDUFK�SODQ�SDUW����6RIWZDUH�GHYHORSPHQW����7KH�RYHUDOO�JRDOV�RI�WKLV�HOHPHQW�RI�WKH�SURMHFW�DUH�WR�
�L��SURIHVVLRQDOL]H�DQG�PDNH�VFDODEOH�WKH�EDVLF�HOHPHQWV�RI�WKH�SURWRW\SH�VRIWZDUH���LL��EXLOG�RXW�$3,V�WR�
HQDEOH�FRQQHFWLYLW\�EHWZHHQ�GDWDEDVHV��PLGGOH�OD\HU��DQG�DQDO\VLV�RU�GDWD�YLVXDOL]DWLRQ�VRIWZDUH�XVHG�IRU�
DSSOLFDWLRQV��DQG��LLL��GHYHORS�WKH�FDSDELOLWLHV�RI�WKH�PLGGOH�OD\HU�IRU�DSSOLFDWLRQV�EH\RQG�VLPSOH�
H[SRVXUH�GDWLQJ��7KLV�VHFWLRQ�EUHDNV�GRZQ�WKHVH�RYHUDOO�JRDOV�LQWR�PRUH�VSHFLILF�WDVNV���
�
Ɣ 5REXVW�DQG�VFDODEOH�ZHE�VHUYHU���GHYHORSHU���7KH�FXUUHQW�,&(�'�ZHE�VHUYHU�VRIWZDUH�LV�IXQFWLRQDO��EXW�

GRHV�QRW�PHHW�EDVLF�VWDQGDUGV�IRU�VRIWZDUH�GHVLJQ�DQG�GRFXPHQWDWLRQ��DQG�LV�QRW�RSHQ�VRXUFH��:H�
ZLOO�UHSODFH�LW�ZLWK�SURIHVVLRQDOO\�GHVLJQHG�DQG�EXLOW��VFDODEOH��DQG�ZHOO�GRFXPHQWHG�VRIWZDUH��ZLWK�
GHYHORSPHQW�PDQDJHG�DV�DQ�RSHQ�VRXUFH�SURMHFW��$W�SUHVHQW��ZH�H[SHFW�WKLV�ZLOO�FRQWLQXH�WR�XVH�WKH�
/$03�VWDFN��ZKLFK�LV�HQWLUHO\�RSHQ�VRXUFH��UXQQLQJ�RQ�*RRJOH�FORXG�VHUYLFHV���

Ɣ 5REXVW��VFDODEOH��VWDQGDUGL]HG��DQG�ZHOO�GRFXPHQWHG�$3,V���GHYHORSHU���7KLV�IRFXVHV�RQ�FRQQHFWLYLW\�
EHWZHHQ�GDWDEDVH�VHUYHU��ZHE�VHUYHU��PLGGOH�OD\HU�FDOFXODWLRQV��DQG�XVHU�DSSOLFDWLRQV�VRIWZDUH��H�J���
)LJ������:H�ZLOO�SURGXFH�ZHOO�GRFXPHQWHG��LQGXVWU\�VWDQGDUG�$3,V�WKDW�QRW�RQO\�DOORZ�DOO�DVSHFWV�RI�WKH�
VHUYHU�LQIUDVWUXFWXUH��H[SRVXUH�DJH�FDOFXODWRU��ZHE�VHUYHU��HWF���WR�LQWHUDFW�SURJUDPPDWLFDOO\��EXW�DOVR�
DOORZ�XVHU�DFFHVV�YLD�DQDO\WLFDO��H�J���0$7/$%��5��HWF����YLVXDOL]DWLRQ��RU�*,6�VRIWZDUH�WR�DOO�OHYHOV�RI�
UDZ�GDWD�DQG�FDOFXODWHG�UHVXOWV���

����



Ɣ 6FDODEOH�PLGGOH�OD\HU���%DOFR��SRVWGRF��GHYHORSHU���7KLV�DVSHFW�ZLOO�IRFXV�RQ�GHYHORSLQJ�D�VFDODEOH�
FDSDELOLW\�WR�LQFRUSRUDWH�D�UDQJH�RI�PLGGOH�OD\HU�FDOFXODWLRQV�LQWR�D�VLQJOH�DUFKLWHFWXUH��7KH�SURWRW\SH�
,&(�'�PLGGOH�OD\HU�LQFOXGHV�RQO\�H[SRVXUH�DJH�DQG�HURVLRQ�UDWH�FDOFXODWLRQV�EDVHG�RQ�WKH�
0$7/$%�2FWDYH�FRGH�XQGHUO\LQJ�RQH�RI�WKH�RQOLQH�H[SRVXUH�DJH�FDOFXODWRUV��:H�ZLOO�EXLOG�D�PRUH�
JHQHUDOL]HG�LQIUDVWUXFWXUH�WR�DOORZ�H[LVWLQJ�DQG�WR�EH�GHYHORSHG�FRGH�IRU�RWKHU�DSSOLFDWLRQV�RI�
FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\��IRU�H[DPSOH�EXULDO�GDWLQJ��GHSWK�SURILOH�GDWLQJ��H�J���+LG\�HW�DO���
�������FRVPRJHQLF�QXFOLGH�SDOHRWKHUPRPHWU\��7UHPEOD\�HW�DO����������������RU�LQYHUVLRQ�RI�
H[SRVXUH�DJH�GDWD�VHWV�WR�FRQVWUDLQ�ODQGIRUP�HYROXWLRQ�PRGHOV��$SSOHJDWH�HW�DO���������WR�SOXJ�LQWR�
WKH�PLGGOH�OD\HU��7KH�DLP�LV�WKDW�UHVHDUFKHUV�ZKR�GHYHORS�VXFK�FRGH�FDQ�PDNH�LW�DYDLODEOH�WKURXJK�D�
UHDVRQDEO\�VWDQGDUGL]HG�DQG�VHFXUH�VFKHPH�WKDW�ZLOO�VXSSRUW�D�GLYHUVH�VHW�RI�SURJUDPPLQJ�
HQYLURQPHQWV��H�J���5��3\WKRQ��-XOLD��HWF��LQ�DGGLWLRQ�WR�0$7/$%�2FWDYH����

Ɣ 3URGXFWLRQ�UDWH�FDOLEUDWLRQ���%DOFR��SRVWGRF��GHYHORSHU���:H�ZLOO�OLQN�WKH�,&(�'�&$/,%5$7,21�
GDWDEDVH�RI�SURGXFWLRQ�UDWH�FDOLEUDWLRQ�GDWD�WR�WKH�PLGGOH�OD\HU�WR�HQDEOH�YDOLGDWLRQ�DQG�H[SORUDWRU\�
DQDO\VLV�RI�VFDOLQJ�PHWKRGV�DV�ZHOO�DV�DVVLPLODWLRQ�RI�QHZ�FDOLEUDWLRQ�GDWD�LQWR�GRZQVWUHDP�DQDO\VHV��

Ɣ 2SHQ�VRXUFH�SURMHFW�PDQDJHPHQW���GHYHORSHU���:H�ZLOO�PDQDJH�DOO�DVSHFWV�RI�VRIWZDUH�GHYHORSPHQW�
DV�SXEOLF�RSHQ�VRXUFH�SURMHFWV�XVLQJ�VWDQGDUG��RSHQ�VRXUFH��GLVWULEXWHG�YHUVLRQ�FRQWURO�V\VWHPV��

Ɣ 'DWDEDVH�PDQDJHPHQW�LQIUDVWUXFWXUH ���GHYHORSHU���$W�SUHVHQW��WKH�,&(�'�SURWRW\SH�PDQDJHV�
GDWDEDVH�HGLWLQJ�E\�PXOWLSOH�FRQWULEXWRUV�XVLQJ�RQO\�EDVLF�WRROV�DYDLODEOH�LQ�0\64/�LWVHOI��ZKLFK�LV�
LQFRQYHQLHQW�DQG�ULVN\��$V�ZH�H[SHFW�WKDW�FRQWLQXLQJ�WKH�ZRUNVKRS�SURJUDP�ZLOO�UHVXOW�LQ�VWHDG\�
JURZWK�LQ�WKH�QXPEHU�RI�FRQWULEXWRUV�DQG�WKH�QXPEHU�RI�IRFXV�DUHD�GDWDEDVHV��ZH�ZLOO�GHYHORS�DQ�
LPSURYHG�XVHU�FRQWULEXWLRQ�PDQDJHPHQW�V\VWHP�DQG�SURJUDPPDWLF�GDWD�FKHFNLQJ�VFKHPH�WKDW�ZLOO�
PDNH�LW�HDVLHU�WR�HQWHU�DQG�YDOLGDWH�GDWD��DV�ZHOO�DV�UHFRYHU�IURP�HUURUV��,Q�DGGLWLRQ��ZH�ZLOO�GHYHORS�D�
VWUXFWXUH�IRU�VWRULQJ�UHVXOWV�RI�VRPH�FDOFXODWLRQV�LQ�WKH�GDWDEDVH�WR�IDFLOLWDWH�VHDUFK ���RQ�FDOFXODWHG�
SDUDPHWHUV�VXFK�DV�H[SRVXUH�DJHV���

Ɣ 'RFXPHQWDWLRQ ���%DOFR��/DDEV��SRVWGRF��GHYHORSHU���:H�ZLOO�VHW�XS�D�GRFXPHQWDWLRQ�VFKHPH��PRVW�
OLNHO\�EDVHG�RQ�RSHQ�VRXUFH�ZLNL�SDFNDJHV��WR�KRXVH�GRFXPHQWDWLRQ�IRU�GDWDEDVH�VWUXFWXUH��$3,V��
HWF���DQG�DWWHPSW�WR�JHQHUDWH�GRFXPHQWDWLRQ�WKDW�LV�DV�FRPSOHWH�DV�SRVVLEOH���

Ɣ /LQNV�WR�/,06��RWKHU�GDWDEDVHV���%DOFR��GHYHORSHU���:H�ZLOO�H[SORUH�LPSOHPHQW�OLQNV�EHWZHHQ�WKH�
,&(�'�GDWDEDVHV�DQG�H[WHUQDO�/,06��&KHP'%��RWKHUV��DV�ZHOO�DV�RWKHU�JHRVFLHQFH�DUFKLYHV�RU�
GDWDEDVHV��H�J���1(2720$��86355��2&72386��HWF����7KLV�LV�QRW�D�FRUH�HOHPHQW�RI�LQLWLDO�SURMHFW�
GHYHORSPHQW��EXW�ZH�DQWLFLSDWH�WKDW�LW�ZLOO�EH�LPSRUWDQW�LQ�LPSURYLQJ�PHDVXUHPHQW�WUDFHDELOLW\��/,06��
DQG�LQ�HQDEOLQJ�GRZQVWUHDP�DQDO\VLV�DSSOLFDWLRQV��RWKHU�GDWDEDVHV����

�
,,,����5HVHDUFK�SODQ�SDUW����GDWDEDVH�GHYHORSPHQW����7KLV�DVSHFW�RI�WKH�SURMHFW�ZLOO�FRQWLQXH�WKH�SURWRW\SH�
VWUDWHJ\�RI�GHYHORSLQJ�FROOHFWLRQV�RI�FRVPRJHQLF�QXFOLGH�GDWD�WKDW�DUH�UHOHYDQW�WR�VSHFLILF�ODUJHU�VFDOH�
DSSOLFDWLRQV���
�
Ɣ &RQWLQXHG�EXLOGRXW�RI�,&(�'�GDWD�FROOHFWLRQV���%DOFR��/DDEV��SRVWGRF��VWXGHQWV��ZRUNVKRS�

SDUWLFLSDQWV���:H�ZLOO�FRQWLQXH�DQG�H[SDQG�WKH�H[LVWLQJ�SURJUDP�RI�LPSURYLQJ��PDLQWDLQLQJ��DQG�
GHYHORSLQJ�IRFXV�DUHD�GDWD�FROOHFWLRQV�ZLWK�JURXSV�RI�UHVHDUFKHUV�LQ�HDFK�IRFXV�DUHD�ZKR�FDQ�WDNH�
UHVSRQVLELOLW\�IRU�GDWD�FRPSLODWLRQ�DQG�PDLQWHQDQFH��$������ZRUNVKRS�LQLWLDWHG�D�FROOHFWLRQ�RI�
H[SRVXUH�DJH�GDWD�UHOHYDQW�WR�*UHHQODQG�,FH�6KHHW�FKDQJH���KWWS���JUHHQODQG�LFH�G�RUJ ����:H�KDYH�KDG�
GLVFXVVLRQV�ZLWK�RWKHU�UHVHDUFKHUV�DERXW�GHYHORSLQJ�FRPSDUDEOH�GDWD�FROOHFWLRQV�IRU��L��H[SRVXUH�DJH�
GDWD�UHODWHG�WR�WKH�/DXUHQWLGH�DQG�6FDQGLQDYLDQ�,FH�6KHHWV�DQG��LL��GLYHUVH�FRVPRJHQLF�QXFOLGH�GDWD�
XVHG�WR�FRQVWUDLQ�HDUWKTXDNH�IUHTXHQF\�DQG�VOLS�UDWHV�RQ�PDMRU�IDXOW�V\VWHPV�ZRUOGZLGH��:H�H[SHFW�
WKDW�LQLWLDO�IXWXUH�GHYHORSPHQWV�ZLOO�EH�LQ�WKHVH�GLUHFWLRQV���

Ɣ /LQNV�WR�DQFLOODU\�JHRVSDWLDO�GDWD ���/DDEV��%DOFR��SRVWGRF��VWXGHQWV��ZRUNVKRS�SDUWLFLSDQWV���:H�ZLOO�
OLQN�H[LVWLQJ�DQG�IXWXUH�,&(�'�GDWD�FROOHFWLRQV�WR�DQFLOODU\�GDWD�QHHGHG�IRU�GRZQVWUHDP�DSSOLFDWLRQV��
/DDEV�DQG�VWXGHQWV�ZLOO�IRFXV�RQ�OLQNLQJ�D�JHRVSDWLDO�GDWDEDVH�RI�3OHLVWRFHQH�JODFLDO�IHDWXUHV�ZLWK�
H[SRVXUH�DJH�GDWD��LQFOXGLQJ�FRPSLOLQJ�QHZ�DQG�H[LVWLQJ�PDSSLQJ�RI�PRUDLQHV�RU�RWKHU�ODQGIRUPV��
JODFLHU�DUHD�UHFRQVWUXFWLRQV��DQG�OLQNLQJ�WKHVH�JHRVSDWLDO�GDWD�WR�WKH�,&(�'�$/3,1(�GDWDEDVH��ZLWK�
WKH�DLP�RI�HQDEOLQJ�SDOHRFOLPDWH�DSSOLFDWLRQV�WKDW�UHTXLUH�ERWK�JHRFKURQRORJLFDO�DQG�JHRVSDWLDO�GDWD��
/LQNLQJ�PDULQH�UDGLRFDUERQ�GDWD�WKDW�FRQVWUDLQ�WKH�H[WHQW�RI�WKH�$QWDUFWLF�,FH�6KHHW��H�J���%HQWOH\�HW�

����



DO��������DQG�UHIHUHQFHV�WKHUHLQ��WR�,&(�'�$17$5&7,&$�LV�DQRWKHU�H[DPSOH��DQG�ZH�DQWLFLSDWH�WKDW�
DGGLWLRQDO�VLPLODU�QHHGV�ZLOO�DULVH�IURP�ZRUNVKRSV���

�
,,,����5HVHDUFK�SODQ�SDUW����$SSOLFDWLRQV�GHYHORSPHQW�IRU�UHVHDUFK�DQG�HGXFDWLRQ �����7KLV�HOHPHQW�IRFXVHV�
RQ�WKH�HQG�XVHV�RI�FRVPRJHQLF�QXFOLGH�GDWD�VHWV�FRXSOHG�WR�PLGGOH�OD\HU�FDOFXODWLRQV��$�SURWRW\SH�RI�
ZKDW�LV�SRVVLEOH�KHUH�LV�D�SURMHFW�EHLQJ�GHYHORSHG�E\�%*&�SRVWGRF�3HUU\�6SHFWRU�ZKLFK�DOORZV�
FRPSDULVRQ�RI�REVHUYHG�FRVPRJHQLF�QXFOLGH�GDWD�DW�VLWHV�LQ�$QWDUFWLFD�ZLWK�SUHGLFWLRQV�IURP�LFH�VKHHW�
PRGHOV���KWWS���GPF�LFH�G�RUJ ����+HUH�ZH�LGHQWLI\�VLPLODU�FRQFHSWV�WKDW�ZLOO�EH�WKH�PDLQ�IRFXV�RI�JUDGXDWH�
DQG�XQGHUJUDGXDWH�UHVHDUFK�VXSHUYLVHG�E\�/DDEV�DQG�ZLOO�JXLGH�LQLWLDO�ZRUN�LQ�WKLV�DUHD��,Q�DGGLWLRQ��DQ�
LPSRUWDQW�HOHPHQW�RI�RXU�SURSRVHG�ZRUNVKRS�SURJUDP�LV�WKDW�SDUWLFLSDQWV�ZLOO�EULQJ�QHZ�LGHDV�DQG�QHHGV�
IRU�V\QRSWLF�DSSOLFDWLRQV�WKDW�ZH�KDYH�QRW�DOUHDG\�SODQQHG��DQG�ZH�H[SHFW�WKDW�ZRUN�RQ�WKLV�SDUW�RI�WKH�
SURMHFW�ZLOO�HYROYH�DV�WKHVH�QHHGV�HPHUJH��
�
Ɣ *ODFLHU�FKDQJH�DSSOLFDWLRQV���/DDEV��%DOFR��SRVWGRF��GHYHORSHU��VWXGHQWV��ZRUNVKRS�SDUWLFLSDQWV��

/DDEV�DQG�VWXGHQWV�ZLOO�IRFXV�RQ�DSSOLFDWLRQV�LQYROYLQJ��L��UHFRQVWUXFWLQJ�SDOHRFOLPDWH�LQIRUPDWLRQ�
IURP�H[SRVXUH�DJH�FKURQRORJLHV�IRU�SDVW�JODFLHU�FKDQJH��DQG��LL��FRPSDULVRQ�RI�SDOHRFOLPDWH�PRGHO�
SUHGLFWLRQV�WR�H[SRVXUH�DJH�FKURQRORJLHV��7KLV�ZLOO�LQYROYH�WKH�ZRUN�GHVFULEHG�DERYH�LQ�OLQNLQJ�
H[SRVXUH�DJH�GDWD�WR�JHRVSDWLDO�GDWD�QHHGHG�IRU�JODFLHU�UHFRQVWUXFWLRQ��DV�ZHOO�DV�WKH�DGGLWLRQDO�VWHS�
RI�XVLQJ�WKHVH�GDWD�WR�LQIHU�HTXLOLEULXP�OLQH�DOWLWXGHV�DQG�RWKHU�SDOHRFOLPDWH�SDUDPHWHUV�IURP�JODFLHU�
UHFRQVWUXFWLRQ��,Q�HIIHFW��WKLV�UHSUHVHQWV�DQ�H[WHQVLRQ�RI�WKH�PLGGOH�OD\HU�FDOFXODWLRQV�WR�VHUYH�QRW�
RQO\�H[SRVXUH�DJHV��EXW�DOVR�FOLPDWH�SUR[\�GDWD�DVVRFLDWHG�ZLWK�WKH�H[SRVXUH�DJHV��7KH�DLP�RI�WKLV�
ZRUN�ZLOO�QRW�RQO\�EH�WR�EHWWHU�HQDEOH�XVH�RI�JODFLHU�FKURQRORJLHV�DV�SDOHRFOLPDWH�SUR[\�GDWD��EXW�DOVR�
WR��L��LQWHJUDWH�F\EHULQIUDVWUXFWXUH�GHYHORSPHQW�LQWR�XQGHUJUDGXDWH�DQG�JUDGXDWH�(DUWK�VFLHQFH�
HGXFDWLRQ�WR�PDNH�VWXGHQWV�EHWWHU�SUHSDUHG�WR�VXFFHHG�LQ�ERWK�VFLHQFH�DQG�RWKHU�ILHOGV��DQG��LL��EXLOG�
WKH�FDSDELOLW\�WR�OLQN�VPDOO�VFDOH�XQGHUJUDGXDWH�DQG�JUDGXDWH�UHVHDUFK��H�J���PDSSLQJ�RU�
JHRFKURQRORJ\�RI�D�VLQJOH�JODFLHU�V\VWHP��WR�WKH�ZLGHU�VFDOH�LPSRUWDQFH�RI�WKLV�ZRUN��UHJLRQDO��RU�
JOREDO�VFDOH�SDOHRFOLPDWH�UHFRQVWUXFWLRQV��� �

Ɣ (GXFDWLRQDO�UHVRXUFHV���/DDEV��GHYHORSHU��VWXGHQWV��7KH�SUHVHQW�,&(�'�GDWDEDVH�LQIUDVWUXFWXUH�
VXSSRUWV�WKH�DVVRFLDWLRQ�RI�H[SRVXUH�DJH�GDWD�ZLWK�SKRWRV��YLGHRV��GDWD�VHWV��RU�DQ\WKLQJ�ZLWK�D�85/��
*LYHQ�SURSHU�LQWHUIDFH�GHVLJQ��WKLV�DVVRFLDWLRQ�FRXOG�SRWHQWLDOO\�VXSSRUW�ULFK�FODVVURRP�H[HUFLVHV�
DLPHG�DW�UHODWLQJ�JHRORJLFDO�LQIRUPDWLRQ�WR�FKURQRORJLFDO�GDWD��IRU�H[DPSOH��H[HUFLVHV�FRXOG�H[SORUH�
WKH�UHODWLRQ�EHWZHHQ�ODQGIRUP�DJH�DQG�JHRORJLFDO�REVHUYDWLRQV�LQIHUUHG�IURP�SKRWRV��YLGHR��RU�GLJLWDO�
HOHYDWLRQ�GDWD��RU�LQFOXGH�µYLUWXDO�ILHOG�WULSV¶�DLPHG�DW�SURYLGLQJ�VWXGHQWV�ZLWK�D�VHQVH�RI�WKH�RYHUDOO�
DJH�VWUXFWXUH�RI�PRXQWDLQ�ODQGIRUPV��/DDEV��ZLWK�1'68�VWXGHQWV�DQG�RWKHU�SURMHFW�VWDII��ZLOO�GHYHORS�
VFDODEOH�HGXFDWLRQDO�UHVRXUFHV�WKDW�LQWHJUDWH�H[SRVXUH�DJH�GDWD�ZLWK�LPDJHU\��JHRVSDWLDO�GDWD��DQG�
JHRORJLF�FRQWH[W��DQG�WHVW�WKHP�LQ�JHRORJ\�FODVVHV�DW�1'68��&OLPDWH�&KDQJH��*ODFLDO�*HRORJ\���

�
,,,����5HVHDUFK�SODQ�SDUW����HQJDJHPHQW�VWUDWHJ\���2XU�HQJDJHPHQW�VWUDWHJ\�VXSSRUWV�RXU�JRDOV�RI��L��
HQDEOLQJ�DQG�WUDQVIRUPLQJ�V\QRSWLF�DSSOLFDWLRQV�RI�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\��DQG��LL��EXLOGLQJ�D�
FRPPXQLW\�RI�UHVHDUFKHUV�ZKR�FDQ�HPEHG�WUDQVSDUHQW�PLGGOH�OD\HU�LQIUDVWUXFWXUH�LQ�WKHLU�UHVHDUFK�
ZRUNIORZ��DQG�ZKR�FDQ�SDUWLFLSDWH�LQ�EXLOGLQJ�DQG�PDLQWDLQLQJ�WKH�GDWDEDVHV�DQG�WKH�PLGGOH�OD\HU�
FDOFXODWLRQV�LQ�WKH�IXWXUH��,W�EXLOGV�XSRQ�WKH�SDVW�,&(�'�WUDLQLQJ�ZRUNVKRSV�DQG�IRFXVHV�RQ�FUHDWLQJ�
SRVLWLYH�LQFHQWLYHV�IRU�UHVHDUFKHUV�DQG�VWXGHQWV�WR�ZRUN�ZLWK�DQG�WDNH�RZQHUVKLS�RI�WKH�LQIUDVWUXFWXUH�ZH�
DUH�GHYHORSLQJ��,Q�WKLV�VHFWLRQ�ZH�KLJKOLJKW�WKUHH�JXLGLQJ�SULQFLSOHV�IRU�RXU�HQJDJHPHQW�VWUDWHJ\�DQG�OLVW�
WKH�VWHSV�ZH�ZLOO�WDNH�WR�LPSOHPHQW�LW���

3ULQFLSOH����EXLOG�SRVLWLYH�LQFHQWLYHV�IRU�XVHUV���$Q�RIWHQ�QRWHG�REVWDFOH�WR�SDUWLFLSDWLRQ�LQ�
FRPPXQLW\�GDWD�PDQDJHPHQW�LQIUDVWUXFWXUH��H�J���)OHLVFKHU�HW�DO���������YDQ�1RRUGHQ��������)RZOHU��
������LV�WKH�FRQIOLFW�EHWZHHQ�WKH�EURDG��JHQHUDOL]HG�LQFHQWLYH�IRU�WKH�RYHUDOO�FRPPXQLW\�WR�GHYHORS�
FHQWUDOL]HG�LQIUDVWUXFWXUH��DQG�WKH�LPPHGLDWH�LQFHQWLYHV�RI�UHVHDUFKHUV�ZKR�PD\�YLHZ�LQGLYLGXDOO\�
DXWKRUHG�SXEOLFDWLRQV�DV�PRUH�FULWLFDO�WR�FDUHHU�GHYHORSPHQW�REMHFWLYHV��$OWKRXJK�UHVROYLQJ�WKLV�FRQIOLFW�LV�
ZHOO�EH\RQG�WKH�VFRSH�RI�WKH�SUHVHQW�SURSRVDO��RXU�DSSURDFK�LV�QRW�WR�UHO\�RQ�D�GLIIXVH�FRPPXQLW\�
LQFHQWLYH�WR�GULYH�HQJDJHPHQW��EXW�LQVWHDG�WR�SURYLGH�SRVLWLYH��LPPHGLDWH�LQFHQWLYHV�IRU�LQGLYLGXDOV��7R�GR�
WKLV��ZH�ZLOO�LGHQWLI\�ZKDW�SRWHQWLDO�XVHUV�YLHZ�DV�WKHLU�PRVW�LPSRUWDQW�JRDOV��H�J���SXEOLVKLQJ�KLJK�LPSDFW�
SDSHUV���LGHQWLI\�WKH�WDVNV�QHHGHG�WR�DFFRPSOLVK�WKRVH�JRDOV�WKDW�DUH�PRVW�WLPH�FRQVXPLQJ�RU�GLIILFXOW�

����



�H�J���VWDWLVWLFDO�DQDO\VLV��JHQHUDWLQJ�VWDWLVWLFDO�RU�JUDSKLFDO�FRPSDULVRQV�RI�ODUJH�TXDQWLWLHV�RI�QHZ�RU�
SXEOLVKHG�GDWD��FRPSDULQJ�GDWD�ZLWK�FRPSOH[�PRGHO�SUHGLFWLRQV���DQG�PDNH�LW�VR�WKDW�HQJDJLQJ�ZLWK�RXU�
SURSRVHG�GDWD�PDQDJHPHQW�DQG�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�PDNHV�LW�HDVLHU�WR�FDUU\�RXW�WKRVH�WDVNV��
8VHU�HQJDJHPHQW�VKRXOG�UHSUHVHQW�D�WUDGH��D�XVHU�SURYLGHV�D�VHUYLFH�WR�WKH�FRPPXQLW\�E\�PDNLQJ�GDWD�
RU�WRROV�DYDLODEOH��DQG�LQ�H[FKDQJH�LV�SURYLGHG�ZLWK�VHUYLFHV�WKDW�KHOS�WR�IXOILOO�WKHLU�RZQ�LQGLYLGXDO�JRDOV�
IDVWHU��EHWWHU��DQG�PRUH�HDVLO\�� �

3ULQFLSOH����HQJDJH�LQIOXHQFHUV���:H�ZLOO�UHDFK�RXW�WR�VSHFLILF�LQGLYLGXDO�VFLHQWLVWV��LGHQWLILHG�E\�
WKHLU�SXEOLFDWLRQV��PHHWLQJ�SUHVHQWDWLRQV��RU�RWKHU�UHVHDUFK�DFWLYLW\��ZKR�DUH�EHVW�SRVLWLRQHG�WR�EHQHILW�
IURP�LPSURYHG�FRPSXWDWLRQDO�LQIUDVWUXFWXUH��DQG�ZKRVH�ZRUN�ZLOO�KLJKOLJKW�KRZ�LPSURYHG�LQIUDVWUXFWXUH�
FDQ�IDFLOLWDWH�QHZ�GLVFRYHULHV��$OWKRXJK�ZH�GR�QRW�NQRZ�H[DFWO\�ZKR�WKHVH�³LQIOXHQFHUV´�ZLOO�EH��DQDORJ\�
ZLWK�WKRVH�DOUHDG\�HQJDJHG�ZLWK�WKH�,&(�'�SURMHFW�VXJJHVWV�WKDW�WKH\�ZLOO�EH�HDUO\��RU�PLG�FDUHHU�
UHVHDUFKHUV�ZKR�JHQHUDWH�DQG�RU�XVH�ODUJH�GDWD�VHWV�RI�FRVPRJHQLF�QXFOLGH�GDWD�LQ�SDOHRFOLPDWH�RU�LFH�
VKHHW�FKDQJH�VWXGLHV�RU�TXDQWLWDWLYH�JHRPRUSKRORJ\��:H�ZLOO�LQYLWH�WKHVH�UHVHDUFKHUV�WR�SDUWLFLSDWH�LQ�RXU�
ZRUNVKRS�SURJUDP�DQG�JXLGH�RXU�HIIRUWV�LQ�GHYHORSLQJ�QHZ�GDWD�FROOHFWLRQV��QHZ�PLGGOH�OD\HU�FDSDELOLWLHV��
RU�QHZ�OLQNV�WR�GRZQVWUHDP�DQDO\WLFDO�VRIWZDUH�WKDW�ZLOO�KHOS�WKHP�WR�DFFRPSOLVK�WKHLU�UHVHDUFK�JRDOV��:H�
WKLQN�WKDW�VXFFHVVIXO�H[DPSOHV�RI�XVLQJ�WKH�SURSRVHG�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�IRU�KLJK�LPSDFW�
UHVHDUFK�WKDW�DULVH�IURP�WKLV�LQWHUDFWLRQ�ZLOO�EH�WKH�EHVW�DGYHUWLVHPHQWV�IRU�HQJDJHPHQW���

3ULQFLSOH����8VHUV�DUH�FR�GHYHORSHUV���7KH�H[LVWLQJ�DSSURDFK�RI�,&(�'�ZRUNVKRSV��ZKLFK�KDYH�
IRFXVHG�RQ�JLYLQJ�(DUWK�VFLHQFH�UHVHDUFKHUV�HQRXJK�EDVLF�WHFKQLFDO�LQIRUPDWLRQ�DERXW�WKH�,&(�'�
LQIUDVWUXFWXUH�WR�FRQWULEXWH�WR�LW�DQG�PDNH�XVH�RI�LW��HYROYHG�E\�QHFHVVLW\�GXH�WR�WKH�ODFN�RI�GHGLFDWHG�
VRIWZDUH�GHYHORSPHQW�UHVRXUFHV��+RZHYHU��WKLV�µXVHUV�DUH�FR�GHYHORSHUV¶�PRGHO�KDV�LPSRUWDQW�
DGYDQWDJHV�LQ�UHODWLRQ�WR�D�FRQYHQWLRQDO�µXVHUV�DUH�FOLHQWV¶�PRGHO�WKDW�LQWHUSRVHV�D�OD\HU�RI�,7�
SURIHVVLRQDOV�EHWZHHQ�UHVHDUFKHUV�DQG�GDWD��6SHFLILFDOO\��FUHDWLQJ�D�ODUJH�JURXS�RI�UHVHDUFKHUV�ZKR�
SDUWLFLSDWH�LQ�GHYHORSPHQW�UHGXFHV�VXVWDLQDELOLW\�ULVNV��DQG��PRUH�LPSRUWDQWO\��GHYHORSLQJ�WKH�VNLOOV�DQG�
PLQGVHW�WR�LQWHJUDWH�VPDOO�VFDOH�VWXGLHV�LQWR�V\QRSWLF�DQDO\VHV�XVLQJ�PRGHUQ�F\EHULQIUDVWUXFWXUH�SURYLGHV�
FULWLFDO�HOHPHQWV�RI�D�PRGHUQ�(DUWK�VFLHQFH�HGXFDWLRQ���
�
:RUNVKRS�SURJUDP���2XU�SULPDU\�PHDQV�RI�LPSOHPHQWLQJ�WKLV�HQJDJHPHQW�VWUDWHJ\�ZLOO�EH�WR�H[SDQG�WKH�
,&(�'�ZRUNVKRS�SURJUDP��:H�ZLOO�VXSSRUW�UHJXODU��EXGJHWHG�DW���\U��VPDOO�JURXS�ZRUNVKRSV�DW�%*&�DQG�
1'68��WKDW�ZLOO�LQFOXGH�ERWK�LQYLWHG�³LQIOXHQFHUV´��VHH�DERYH��DQG�DQ�RSHQ�DSSOLFDWLRQ�SURFHVV�DGYHUWLVHG�
YLD�JHRVFLHQFH�PHHWLQJV�DQG�RWKHU�FKDQQHOV��7R�IDFLOLWDWH�SDUWLFLSDWLRQ�E\�VWXGHQWV�DQG�HDUO\�FDUHHU�
UHVHDUFKHUV��WUDYHO�VXSSRUW�IRU�ZRUNVKRS�SDUWLFLSDQWV�LV�LQFOXGHG�LQ�WKLV�SURSRVDO��$V�LQ�WKH���������
ZRUNVKRSV��WKH�WUDLQLQJ�HOHPHQW�ZLOO�IRFXV�RQ�SURYLGLQJ�VWXGHQWV�DQG�UHVHDUFKHUV�LQWHUHVWHG�LQ�UHJLRQDO��RU�
JOREDO�VFDOH�DQDO\VLV�RI�FRVPRJHQLF�QXFOLGH�GDWD�DQ�XQGHUVWDQGLQJ�RI�WKH�HOHPHQWV�RI�WKH�FRPSXWDWLRQDO�
LQIUDVWUXFWXUH�DQG�WKH�VNLOOV�QHHGHG�WR�ZRUN�ZLWK�WKHP�DW�PXOWLSOH�OHYHOV��0RUH�EURDGO\��IURP�WKH�
SHUVSHFWLYH�RI�GHYHORSLQJ�D�FRPPXQLW\�RI�UHVHDUFKHUV�ZRUNLQJ�WRJHWKHU�ZLWK�D�PRGHUQ�FRPSXWDWLRQDO�
LQIUDVWUXFWXUH��WKH�ZRUNVKRSV�ZLOO�KDYH�WKH�IROORZLQJ�JRDOV��
Ɣ (VWDEOLVK�JURXSV�RI�UHVHDUFKHUV�ZKR�FROODERUDWH�RQ�GDWDEDVH�GHYHORSPHQW�DQG�PDLQWHQDQFH ���$W�WKH�

PRVW�EDVLF�OHYHO��WKLV�JRDO�FDQ�EH�H[SUHVVHG�DV�PRYLQJ�IURP�D�VLWXDWLRQ�ZKHUH�DOO�UHVHDUFKHUV�
PDLQWDLQ�VHSDUDWH��LQFRQVLVWHQW��DQG�UHGXQGDQW�VSUHDGVKHHWV�WR�RQH�ZKHUH�HYHU\RQH�LV�DW�OHDVW�
ZRUNLQJ�ZLWK�WKH�VDPH�YLVLEOH��YHULILDEOH��DQG�JHQHUDOO\�DFFHSWHG�GDWD�VHW��6R�IDU��ZH�KDYH�XVHG�WKLV�
PRGHO�VXFFHVVIXOO\�IRU�ERWK�WKH�,&(�'�$/3,1(�DQG�,&(�'�*5((1/$1'�GDWD�FROOHFWLRQV��:H�DLP�WR�
FRQWLQXH�WKLV�DSSURDFK�LQ�GHYHORSLQJ�QHZ�GDWD�FROOHFWLRQV���

Ɣ (VWDEOLVK�D�JURXS�RI�UHVHDUFKHUV�ZKR�FDQ�EXLOG�RXW�WKH�PLGGOH�OD\HU���7KLV�JRDO�ZLOO�LQYROYH�SHRSOH�ZKR�
KDYH�GHYHORSHG�RU�DUH�GHYHORSLQJ�FRGH�IRU�VSHFLILF�DSSOLFDWLRQV�RI�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\��
H�J���GHSWK�SURILOH�DQDO\VLV��HURVLRQ�UDWH�DQDO\VLV��RU�EXULDO�GDWLQJ��7KH�DLP�LV�WR�EXLOG�D�JURXS�RI�
UHVHDUFKHUV�ZKR�FDQ�ZRUN�WRJHWKHU�WR�H[SDQG�WKH�WUDQVSDUHQW�PLGGOH�OD\HU�FRQFHSW�EH\RQG�WKH�
SUHVHQW�IRFXV�RQ�H[SRVXUH�GDWLQJ���

Ɣ ([SDQG�WKH�JURXS�RI�UHVHDUFKHUV�ZKR�DUH�XVLQJ�GRZQVWUHDP�DSSOLFDWLRQV���7KLV�DVSHFW�ZLOO�WDUJHW��L��
UHVHDUFKHUV�ZKR�DUH�SHUKDSV�QRW�VSHFLDOLVWV�LQ�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\��EXW�ZKR�ZRXOG�XVH�
GDWD�VHWV�GHULYHG�IURP�FRVPRJHQLF�QXFOLGH�GDWD�IRU�EURDGHU�DSSOLFDWLRQV�LQ��IRU�H[DPSOH��
SDOHRFOLPDWH��LFH�VKHHW�FKDQJH��RU�WHFWRQLFV��DQG��LL��UHVHDUFKHUV�ZKR�ZRXOG�EH�OLNHO\�WR�WUDLQ�WKHLU�
RZQ�VWXGHQWV�RU�FROOHDJXHV�LQ�XVLQJ�WKH�SURSRVHG�LQIUDVWUXFWXUH��WKXV�H[SDQGLQJ�WKH�XVHU�JURXS�
EH\RQG�ZRUNVKRS�SDUWLFLSDQWV�DORQH���

����



�
,9��6XVWDLQDELOLW\�SODQ���
�
$V�WKLV�LV�D�µFDWDO\WLF�WUDFN¶�SURSRVDO�IRFXVHG�RQ�GHYHORSLQJ�UHVHDUFK�FDSDELOLWLHV�WKDW�GR�QRW�\HW�H[LVW��LW�
GRHV�QRW�LQFOXGH�D�GHWDLOHG�ILQDQFLDO�SODQ�IRU�ORQJ�WHUP�PDLQWHQDQFH�RI�VSHFLILF�FDSDELOLWLHV�RU�UHVRXUFHV��
5HJDUGOHVV��LQ�WKLV�VHFWLRQ�ZH�KLJKOLJKW�GHVLJQ�IHDWXUHV�LQWHQGHG�WR�HQVXUH�UHVRXUFH�VXVWDLQDELOLW\��)LUVW��
WKH�SURSRVHG�LQIUDVWUXFWXUH��OLNH�WKH�H[LVWLQJ�,&(�'�SURWRW\SH��ZLOO�XWLOL]H�LQH[SHQVLYH��LQGXVWU\�VWDQGDUG�
FORXG�FRPSXWLQJ�VHUYLFHV�UDWKHU�WKDQ�SK\VLFDO�VHUYHUV��$V�FORXG�FRPSXWLQJ�FRVWV�DUH�H[SHFWHG�WR�
GHFUHDVH�RYHU�WLPH��WKLV�PLQLPL]HV�VXVWDLQDELOLW\�FRVWV��7KH�XVH�RI�VLPSOH��VWDQGDUGL]HG��DQG�PRGXODU�
VRIWZDUH�WRROV�DV�LQ�WKH�,&(�'�SURWRW\SH�DOVR�UHGXFHV�³ORFN�LQ´�ULVN�DVVRFLDWHG�ZLWK�GHYHORSPHQW�RI�
FXVWRP�RU�SURSULHWDU\�FRGH�EDVHV��GHYHORSPHQW�XVLQJ�WKHVH�WRROV�LV�UDSLG��HDVLO\�UHFRQILJXUDEOH��DQG�FDQ�
WDNH�DGYDQWDJH�RI�QXPHURXV�ZLGHO\�XVHG�IUDPHZRUNV�DQG�GHYHORSPHQW�HQYLURQPHQWV��6HFRQG��RXU�
XVHUV�DV�FR�GHYHORSHUV�VWUDWHJ\�RI�EXLOGLQJ�D�FRPPXQLW\�RI�UHVHDUFKHUV�ZLWK�WKH�NQRZOHGJH�QHHGHG�WR�
LPSURYH�GDWDEDVH�DQG�PLGGOH�OD\HU�HOHPHQWV�RI�WKH�LQIUDVWUXFWXUH�PLQLPL]HV�³NH\�PDQ´�ULVN�WKDW�ZRXOG�EH�
LQFXUUHG�E\�D�XVHUV�DUH�FOLHQWV�PRGHO�UHOLDQW�RQ�RQH�RU�PRUH�VRIWZDUH�GHYHORSHUV��2QFH�WKH�RYHUDOO�
LQIUDVWUXFWXUH�H[LVWV��XVHUV�ZLOO�EH�DEOH�WR�FUHDWH�DQG�PDLQWDLQ�GDWDEDVHV�DQG�PLGGOH�OD\HU�FDSDELOLWLHV�
ZLWK�PLQLPDO�RU�]HUR�DVVLVWDQFH��7KLUG��RXU�SODQ�WR�PDQDJH�DOO�VRIWZDUH�GHYHORSPHQW�WDVNV�DV�SXEOLF�
RSHQ�VRXUFH�SURMHFWV�KDV�D�VLPLODU�IXQFWLRQ�RI�HQDEOLQJ�FRPPXQLW\�SDUWLFLSDWLRQ�LQ�LQIUDVWUXFWXUH�
GHYHORSPHQW�DQG�WKHUHIRUH�PLQLPL]LQJ�VXVWDLQDELOLW\�ULVN��%DVLFDOO\��RXU�JRDO�LV�QRW�WR�IXQFWLRQ�DV�D�VHUYLFH�
SURYLGHU�ZLWK�PHPEHUV�RI�WKH�FRVPRJHQLF�QXFOLGH�UHVHDUFK�FRPPXQLW\�DV�FOLHQWV��EXW�LQVWHDG�WR�GHYHORS�
D�FRPPXQLW\�RI�UHVHDUFKHUV�ZKR�DUH�FDSDEOH�RI�FRQWULEXWLQJ�WR�LQIUDVWUXFWXUH�GHYHORSPHQW�DQG�
PDLQWHQDQFH�DQG�DOVR�PRWLYDWHG�WR�GR�VR�LQWR�WKH�IXWXUH���
�
9��0DQDJHPHQW�SODQ�
�
9����2YHUDOO�PDQDJHPHQW����7KLV�LV�D�VPDOO�SURMHFW�LQYROYLQJ�RQO\�WZR�3,V�DQG�WZR�GHGLFDWHG�VWDII��2XU�
PDQDJHPHQW�SODQ�LV�FRUUHVSRQGLQJO\�VLPSOH�DQG�IOH[LEOH��DQG�UHOLHV�PDLQO\�RQ�FORVH�FROODERUDWLRQ�DPRQJ�
D�VPDOO�QXPEHU�RI�SHUVRQQHO��7KH�PDLQ�PDQDJHPHQW�FKDOOHQJH�IRU�WKLV�SURMHFW�LV�WKH�QHHG�WR�LQWHJUDWH�D�
ZLGH�YDULHW\�RI�UHODWLYHO\�VPDOO�WDVNV�����SURIHVVLRQDOL]DWLRQ�RI�H[LVWLQJ�VRIWZDUH��$3,�GHYHORSPHQW��
GDWDEDVH�GHYHORSPHQW�DQG�PDQDJHPHQW����LQWR�D�FRKHUHQW�RYHUDOO�VWUXFWXUH�WKDW�LV�VFDODEOH�DQG�
H[WHQVLEOH�LQ�VXSSRUW�RI�VFLHQFH�JRDOV�WKDW�ZH�NQRZ�DERXW�QRZ�DQG�WKDW�ZLOO�HPHUJH�LQ�WKH�IXWXUH��DQG�
DGGUHVVLQJ�WKLV�FKDOOHQJH�ZLOO�UHTXLUH�FORVH�FROODERUDWLRQ�EHWZHHQ�VFLHQFH�VWDII�RI�WKH�SURMHFW��%DOFR��
/DDEV��SRVWGRF��DQG�WKH�VRIWZDUH�GHYHORSHU��0DQDJHPHQW�RI�WKH�LQLWLDO�VHW�RI�GHYHORSPHQW�WDVNV�QHHGHG�
WR�SURIHVVLRQDOL]H�WKH�H[LVWLQJ�SURWRW\SHV�ZLOO�LQYROYH�PDLQO\�%DOFR��ZKR�ZURWH�PRVW�RI�WKH�H[LVWLQJ�FRGH�
WKDW�QHHGV�WR�EH�LPSURYHG���WKH�GHYHORSHU��DQG�WKH�SRVWGRF��'HYHORSLQJ�FRQQHFWLYLW\�WR�GRZQVWUHDP�
DQDO\VLV�DSSOLFDWLRQV�ZLOO�H[SDQG�WKLV�WR�LQFOXGH�/DDEV�DQG�KLV�VWXGHQWV���
�
9����5ROHV�RI�WKH�ZRUNVKRS�SURJUDP����7KH�SURSRVHG�ZRUNVKRS�SURJUDP�VHUYHV�WZR�LPSRUWDQW�UROHV�LQ�
SURMHFW�PDQDJHPHQW��)LUVW��LW�SURYLGHV�D�³EXLOG�PHDVXUH�OHDUQ´�IHHGEDFN�SDWKZD\�WR�LQFRUSRUDWH�WKH�
H[SHULHQFHV�RI�HQG�XVHUV�LQWR�SURMHFW�PDQDJHPHQW��6HFRQG��LW�ILOOV�D�FRPPXQLW\�RYHUVLJKW�UROH�E\�JXLGLQJ�
DQG�SULRULWL]LQJ�GHYHORSPHQW�WDVNV��VR�WKDW�LGHDV�DQG�DSSOLFDWLRQ�QHHGV�IURP�WKH�ZRUNVKRSV�DUH�
LQFRUSRUDWHG�DV�WKH�SURMHFW�HYROYHV��7KLV�PRGHO�GRHV�QRW�LQFOXGH�D�IRUPDO�H[WHUQDO�RYHUVLJKW�ERDUG�
HPSRZHUHG�WR�UHYLHZ�DQG�GLUHFW�WKH�SURMHFW��EXW�LQ�RXU�YLHZ�WKLV�ZRXOG�QRW�EH�DSSURSULDWH�IRU�D�µFDWDO\WLF�
WUDFN¶�SURSRVDO�IRFXVHG�RQ�LQLWLDO�GHYHORSPHQW�RI�D�FDSDELOLW\�WKDW��DV�VKRZQ�E\�HYLGHQFH�IRU�HQJDJHPHQW�
ZLWK�WKH�,&(�'�SURWRW\SHV��LV�DOUHDG\�NQRZQ�WR�KDYH�VLJQLILFDQW�SRWHQWLDO�YDOXH�WR�WKH�FRPPXQLW\���
�
9,��,QWHOOHFWXDO�PHULW���
�
7KH�PRVW�LPSRUWDQW�FRQWULEXWLRQV�RI�FRVPRJHQLF�QXFOLGH�GDWD�WR�ODUJH�VFDOH�(DUWK�VFLHQFH�TXHVWLRQV�VR�
IDU��DQG�OLNHO\�LQ�WKH�IXWXUH��KDYH�LQYROYHG�V\QRSWLF�DQDO\VLV�RI�ODUJH�GDWD�VHWV�IRU�DSSOLFDWLRQV�LQ�LFH�VKHHW�
FKDQJH�DQG�VHD�OHYHO�LPSDFWV��SDOHRFOLPDWH��WHFWRQLFV��DQG�VXUIDFH�SURFHVVHV��7KUHH�GHFDGHV�RI�
LQYHVWPHQW�LQ�SK\VLFDO�LQIUDVWUXFWXUH�IRU�FRVPRJHQLF�QXFOLGH�JHRFKHPLVWU\�KDV�SURGXFHG�D�UHVHDUFK�WRRO�
FDSDEOH�RI�JHQHUDWLQJ�WKH�JOREDO�VFDOH�GDWD�VHWV�WKDW�VXSSRUW�WKHVH�DSSOLFDWLRQV�DQG��PRUH�EURDGO\��QHDUO\�
DOO�(DUWK�VFLHQFH�UHVHDUFK�IRFXVHG�RQ�SURFHVVHV�DFWLYH�DW�WKH�(DUWK¶V�VXUIDFH��7KH�WUDQVSDUHQW�PLGGOH��
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OD\HU�LQIUDVWUXFWXUH�ZH�SURSRVH�ZRXOG�SURYLGH�WKH�FRUUHVSRQGLQJ�FRPSXWDWLRQDO�DQG�GDWD�PDQDJHPHQW�
LQIUDVWUXFWXUH�QHHGHG�WR�PDNH�H[LVWLQJ�DQG�IXWXUH�JOREDO�VFDOH�DSSOLFDWLRQV�RI�FRVPRJHQLF�QXFOLGH�GDWD�
VHWV�H[WHQVLEOH��UHSURGXFLEOH��VFDODEOH��DQG�DFFHVVLEOH�WR�EURDGHU�DUHDV�RI�(DUWK�VFLHQFH�LQYHVWLJDWLRQ�
DQG�PRGHOLQJ��DQG�LQ�DGGLWLRQ�SRWHQWLDOO\�SURYLGH�D�SURRI�RI�FRQFHSW�IRU�FRPSXWDWLRQDO�LQIUDVWUXFWXUH�
GHYHORSPHQW�LQ�RWKHU�DUHDV�RI�JHRFKHPLVWU\�DQG�JHRFKURQRORJ\���
�
�
9,,��%URDGHU�LPSDFWV ����
�
(OHPHQWV�RI�WKLV�SURMHFW�IRFXV�RQ�HQDEOLQJ�(DUWK�VFLHQFH�UHVHDUFK�DQG�HGXFDWLRQ��LQFOXGLQJ��L��RXU�
XVHUV�DV�FR�GHYHORSHUV�VWUDWHJ\�IRU�HQJDJHPHQW�DQG�SURMHFW�JXLGDQFH���LL��RXU�VWUDWHJ\�RI�LQFRUSRUDWLQJ�
V\QRSWLF�DQDO\VLV�DQG�YLVXDOL]DWLRQ�LQWR�WHDFKLQJ�UHVRXUFHV��DQG��LLL��RXU�SURSRVHG�SURJUDP�RI�WUDLQLQJ�
(DUWK�VFLHQFH�UHVHDUFKHUV�DQG�VWXGHQWV�LQ�FRPSXWDWLRQDO�DQG�JHRVSDWLDO�VNLOOV��,QWHJUDWLQJ�
F\EHULQIUDVWUXFWXUH�GHYHORSPHQW�LQWR�XQGHUJUDGXDWH�DQG�JUDGXDWH�(DUWK�VFLHQFH�HGXFDWLRQ�DQG�UHVHDUFK�
ZLOO�EXLOG�D�FRPPXQLW\�RI�VWXGHQWV�DQG�UHVHDUFKHUV�ZKR�DUH�EHWWHU�SUHSDUHG�WR�VXFFHHG�LQ�ERWK�(DUWK�
VFLHQFH�DQG�RWKHU�ILHOGV��DV�ZHOO�DV�EXLOGLQJ�WKH�FDSDELOLW\�WR�OLQN�VPDOO�VFDOH�ILHOG�UHVHDUFK�WR�WKH�EURDGHU�
UHJLRQDO��RU�JOREDO�VFDOH�GDWD�VHW�RI�VLPLODU�REVHUYDWLRQV��)LQDOO\��LQQRYDWLYH�DVSHFWV�RI�WKLV�SURMHFW��
LQFOXGLQJ�RXU�HPSKDVLV�RQ�EXLOGLQJ�D�IRUZDUG�ORRNLQJ�UHVHDUFK�LQIUDVWUXFWXUH�LQ�FRQWUDVW�WR�D�
EDFNZDUG�ORRNLQJ�DUFKLYH��RXU�LQFHQWLYH�EDVHG�HQJDJHPHQW�VWUXFWXUH��RXU�XVHUV�DV�FR�GHYHORSHUV�
VWUDWHJ\��DQG�RXU�IRFXV�RQ�UDSLG�SRSXODWLRQ�RI�GDWD�FROOHFWLRQV�JHDUHG�WRZDUG�VSHFLILF�DSSOLFDWLRQV��PD\�
SURYLGH�PRGHOV�IRU�KRZ�WR�HQDEOH�VFLHQWLILF�LQYHVWLJDWLRQ�WKURXJK�F\EHULQIUDVWUXFWXUH�GHYHORSPHQW�LQ�RWKHU�
DUHDV�RI�(DUWK�VFLHQFH���
� �
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OYeUall VWUXcWXUe. ThiV SURjecW Zill SURYide VXSSRUW fRU RQe SRVWdRcWRUal UeVeaUcheU aW BGC (iQ addiWiRQ,
BGC SRVWdRcV haYe jRiQW aSSRiQWmeQWV aW Whe UQiYeUViW\ Rf CalifRUQia, BeUkele\). The SRVWdRc Zill be a fXll
membeU Rf Whe SURjecW Weam aQd Zill fRcXV RQ deYelRSiQg aQd adaSWiQg cRmSXWeU cRde XVed fRU aQal\ViV
aQd mRdeliQg Rf cRVmRgeQic-QXclide meaVXUemeQWV WR VXSSRUW dRZQVWUeam aSSlicaWiRQV iQ VRme bURadeU
aUea Rf EaUWh VcieQce, fRU e[amSle SaleRclimaWe, glacieU chaQge, RU WecWRQicV. IQ addiWiRQ, Whe SRVWdRc Zill
Wake aQ acWiYe SaUW iQ ZRUkiQg ZiWh aQd WUaiQiQg ZRUkVhRS SaUWiciSaQWV iQ XViQg aQd cRQWUibXWiQg WR daWa
cRmSilaWiRQV aQd aQal\ViV WRRlV. TR faciliWaWe WhiV, PI BalcR Zill SURYide WUaiQiQg aQd meQWRUVhiS iQ (i)
WechQical aVSecWV Rf cRVmRgeQic-QXclide geRchemiVWU\; (ii) ZRUkiQg aQd iQWeUacWiQg ZiWh e[iVWiQg SURWRW\Se
cRmSXWaWiRQal aQd daWa maQagemeQW iQfUaVWUXcWXUe, iQclXdiQg e[SRVXUe age calcXlaWRU APIV aQd RWheU
elemeQWV Rf Whe ICE-D daWabaVeV aQd ZebViWeV; aQd (iii) VcieQWific SURgUammiQg aV aSSlied WR aQal\ViV aQd
mRdeliQg Rf cRVmRgeQic-QXclide daWa. IQ addiWiRQ, Whe SRVWdRc Zill ZRUk clRVel\ ZiWh Whe VRfWZaUe
deYelRSeU iQ deYelRSiQg aQd imSlemeQWiQg Whe RYeUall VRfWZaUe fUameZRUk, aQd ZiWh cR-PI LaabV WR
faciliWaWe deYelRSmeQW Rf edXcaWiRQal UeVRXUceV iQ WheiU aSSlicaWiRQ fRcXV aUea.

A SRWeQWial iVVXe fRU WhiV SRVWdRc iV WhaW a cRQYeQWiRQal SeUVSecWiYe RQ SRVWdRcWRUal caUeeU deYelRSmeQW
ZRXld ideQWif\ Whe SURjecW fRcXV RQ ³back-eQd´ UeVeaUch iQfUaVWUXcWXUe, Zhich ma\ QRW lead diUecWl\ WR
fiUVW-aXWhRUed SXblicaWiRQV, aV a caUeeU UiVk. TR miWigaWe WhiV, Ze Zill alVR fRcXV RQ meQWRUiQg iQ Whe aUeaV
Rf (i) deYelRSmeQW Rf VkillV aQd e[SeUWiVe XVefXl iQ caUeeUV RXWVide academia; (ii) ideQWificaWiRQ aQd
bUaQdiQg Rf VcieQWific cRQWUibXWiRQV RXWVide cRQYeQWiRQal jRXUQal aUWicleV; aQd (iii) cRmmXQicaWiRQ Rf Whe
imSRUWaQce Rf mRdeUQ c\beUiQfUaVWUXcWXUe deYelRSmeQW iQ EaUWh VcieQce UeVeaUch aQd edXcaWiRQ.

IQ addiWiRQ, Whe SRVWdRc Zill jRiQ a fellRZVhiS SURgUam WhaW haV beeQ iQ e[iVWeQce aW BGC fRU Whe SaVW
VeYeQWeeQ \eaUV aQd iV baVed RQ Whe fRllRZiQg SUiQciSleV fRU gXidaQce aQd meQWRUVhiS.

SXSeUYiVRUV. BalcR Zill acW aV Whe SUimaU\ meQWRU aQd Zill eQcRXUage Whe SRVWdRcWRUal UeVeaUcheU WR Veek
RXW addiWiRQal meQWRUV aW BGC, UC BeUkele\, aQd elVeZheUe ZhR caQ SURYide WechQical e[SeUWiVe aV Zell
aV iQdeSeQdeQW adYice aQd SeUVSecWiYe.

MeQWRU-meQWee iQWeUacWiRQ. PIV meeW UegXlaUl\ ZiWh SRVWdRcWRUal UeVeaUcheUV bRWh RQe-RQ-RQe aQd iQ
gURXSV. TheVe meeWiQgV cRYeU UeVeaUch SURgUeVV, cRQVWUXcWiYe feedback, SURfeVViRQal deYelRSmeQW, aQd
eQcRXUagemeQW iQ caVe Rf difficXlW challeQgeV iQ eiWheU Whe UeVeaUch RU caUeeU- deYelRSmeQW eQYiURQmeQW.
EYalXaWiRQ Rf Whe SRVWdRcWRUal UeVeaUcheU iV baVed RQ WhiV RQgRiQg iQWeUacWiRQ aQd aVVeVVmeQW Rf cRQdXcW
aV a VcieQWiVW, iQWeUSeUVRQal aQd SURfeVViRQal cRmmXQicaWiRQ VkillV, leadeUVhiS, WeachiQg, cRllabRUaWiRQ,
UeVeaUch deVigQ aQd e[ecXWiRQ, aQd SURgUeVV WRZaUd becRmiQg aQ iQdeSeQdeQW VcieQWiVW.

SXSSRUWiYe eQYiURQmeQW. PRVWdRcWRUal UeVeaUcheUV fXQcWiRQ aV fXll membeUV aQd cRlleagXeV iQ UeVeaUch
WeamV WhaW iQclXde PIV, RWheU SRVWdRcV, gUadXaWe aQd XQdeUgUadXaWe VWXdeQWV, aQd WechQical VWaff.
FUeTXeQW iQWeUacWiRQV amRQg WheVe Weam membeUV SUeYeQW SURfeVViRQal iVRlaWiRQ aQd SURYide bRWh diUecW
gXidaQce aQd WUaiQiQg fRU Whe SRVWdRcWRUal UeVeaUcheU aQd Whe RSSRUWXQiW\ WR gXide aQd WUaiQ RWheUV.
PRVWdRcWRUal UeVeaUcheUV UeceiYe fXll acceVV WR WechQical, admiQiVWUaWiYe, aQd IT VXSSRUW.

CaUeeU adYaQcemeQW. PRVWdRcWRUal UeVeaUcheUV aUe eQcRXUaged WR aWWeQd VeYeUal cRQfeUeQceV aQd
SURfeVViRQal ZRUkVhRSV, W\Sicall\ aW leaVW WZR SeU \eaU. PIV Zill accRmSaQ\ Whe SRVWdRc WR VRme Rf WheVe
cRQfeUeQceV, iQWURdXce Whe SRVWdRc WR RWheU leadeUV iQ WheiU fieldV, aQd faciliWaWe cRllabRUaWiRQ ZiWh
UeVeaUcheUV aW RWheU iQVWiWXWiRQV. AV Whe SRVWdRc¶V VeaUch fRU fXWXUe SRViWiRQV adYaQceV, PIV Zill SURYide
adYice aQd gXidaQce.

PURfeVViRQal deYelRSmeQW. PIV adYiVe Whe SRVWdRcWRUal UeVeaUcheU iQ all aVSecWV Rf SUeSaUiQg SURSRValV ±
RYeUall VWUaWeg\, defiQiQg RbjecWiYeV, cRQVWUXcWiQg ZRUk SlaQV aQd WimeliQeV, aQd cUeaWiQg bXdgeWV -- aQd
SURYide gXidaQce aV Qeeded iQ SUeSaUiQg maQXVcUiSWV fRU SXblicaWiRQ aQd SUeVeQWaWiRQV fRU cRQfeUeQceV
RU jRb iQWeUYieZV.


