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'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�(QJLQHHULQJ�$MHHQN\D�'<�3DWLO�6FKRRO�RI�
(QJLQHHULQJ��3XQH��,QGLD

*XLGHG�E\�3URI��6ZDUXSD�.DPEOH

$EVWUDFW

&KDQJHV�LQ�FURSV¶�KHDOWK�PD\�EH�JUDGXDO�LQ�QDWXUH��ZKHUHDV�WUDGLWLRQDO�LQVSHFWLRQV�RQ�ILHOGV�SURYLGH�UDUH�
RSSRUWXQLWLHV�WR�REVHUYH�LW��7KH�SDSHU�GHVFULEHV�DQ�DSSURDFK�IRU FRQWLQXRXV�PRQLWRULQJ�DQG�HVWLPDWLRQ�RI�
WKH� SUREDELOLW\RI� GLVHDVHV� XVLQJ� HQYLURQPHQWDO� VHQVRUV� DQG� FURS� LPDJHV�� 7KH� ,R7� �,QWHUQHW� RI� 7KLQJV��
VHQVRUV�SURYLGH� WHPSHUDWXUH��KXPLGLW\��DQG VRLO PRLVWXUH UHDGLQJV� ZKHUHDV WKH FRPSXWHU�YLVLRQ PRGHOV
SURFHVV YLVLEOH SDWWHUQV LQ WKH FURS�OHDI LPDJHV� %RWK GDWD VHWV� DUH� DQDO\]HG� LQGHSHQGHQWO\�� DQG� WKHLU�
FRPELQDWLRQ�UHVXOWV�LQWR�D�GLVHDVH�ULVN�HVWLPDWLRQ�EDVHG�RQ�DOO�LQSXWV��7KH�DSSURDFK�FRQWDLQV�H[SODLQDELOLW\�
PHFKDQLVPV�LQ�RUGHU�WR�HQVXUH�WKDW�WKH�UHDVRQ�RI�UDLVLQJ�WKH�DODUP�FRQVLVWV�RI�WKH�NH\�REVHUYDWLRQV�WKDW
DIIHFW� WKH� SUHGLFWLRQ� UHVXOW�� 5HFHQW� OLWHUDWXUH� LQGLFDWHV� LQWHUHVW� LQ� ,R7�PRQLWRULQJ�� OLJKWZHLJKW�PDFKLQH�
OHDUQLQJ� �GHHS OHDUQLQJ��� PXOWL�PRGDO� DQDO\WLFV�� DQG� HGJH� FRPSXWLQJ�� ([SODLQDEOH� $,� LV� LQFUHDVLQJO\�
FRQVLGHUHG�D�YLWDO�SDUW�RI�DQ\�$,�V\VWHP�DSSOLHG�WR�DJULFXOWXUH��1HYHUWKHOHVV��LVVXHV�RI�GLVVLPLODULW\�RI�ODE�
JHQHUDWHG�GDWD�DQG� ILHOG�HQYLURQPHQW�� ODFN�RI�GLYHUVLW\�RI� LQSXW�GDWD��DFFXUDF\�RI� VHQVRUV��FRPSXWDWLRQ�
FRVWV��DQG�SRWHQWLDO�IRU�IDOVH�DODUPV�KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW��7KLV�SDSHU�IRFXVHV�RQ�GHYHORSPHQW�DQG�
HYDOXDWLRQ� RI� ILHOG�RULHQWHG� UHVHDUFK� IUDPHZRUN�� LQ�ZKLFK� SUHGLFWLRQ� TXDOLW\�� WLPH� RI� LVVXLQJ�ZDUQLQJ��
FRQVXPSWLRQ�RI�UHVRXUFHV��DQG�XVHIXOQHVV�RI�JHQHUDWHG�H[SODQDWLRQ�DUH�DOO�HYDOXDWHG�MRLQWO\��7KH�JRDO�RI�WKH�
UHVHDUFK�LV�D�VLPSOH�GHFLVLRQVXSSRUW�WRRO�ZKLFK�DOORZV�GHWHFWLQJ�FURS�KHDOWK�SUREOHPV�HDUO\��EXW�VWLOO�OHDYHV�
WKH�ILQDO�GHFLVLRQ�XS�WR�WKH�IDUPHU�RU�DJULFXOWXUDO�H[SHUW�

.H\ZRUGV �� $UWLILFLDO� LQWHOOLJHQFH�� FURS� KHDOWK� PRQLWRULQJ�� GLVHDVH� SUHGLFWLRQ�� SUHFLVLRQ� DJULFXOWXUH��
,QWHUQHW�RI7KLQJV��PDFKLQH�OHDUQLQJ��FRPSXWHU�YLVLRQ��H[SODLQDEOH�$,��HGJH�FRPSXWLQJ�
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'HFLVLRQV�PDNH�WKH�VXFFHVV�RI�DJULFXOWXUH��'LVHDVHV�DUH�RIWHQ�UHFRJQL]HG�E\�WKH�WLPH�ZKHQ�YLVLEOH�FKDQJHV�
LQ� WKH� FRORU�RI� WKH� OHDYHV�RU� LQ�RWKHU�REVHUYDEOH�SURSHUWLHV�RFFXU��$W� WKDW�SRLQW� LQ� WLPH�� WKH�QXPEHU�RI�
LQIHFWHG�SODQWV�LV�DOUHDG\�TXLWH�KLJK��)LHOG LQVSHFWLRQV E\ H[SHUWV DUH DQ HVVHQWLDO SDUW RI WKH SURFHVV EXW
FDQQRW SURYLGH FRQVWDQW DWWHQWLRQ XQGHU FRQVWDQWO\FKDQJLQJ� ZHDWKHU� FRQGLWLRQV�� 7KLV� PDNHV� FURS�
PRQLWRULQJ�D�SURPLVLQJ�SDWK�IRU�SUHFLVLRQ�DJULFXOWXUH�

5HFHQW OLWHUDWXUH LQGLFDWHV WKDW DUWLILFLDO LQWHOOLJHQFH� FRPSXWHU YLVLRQ� UHPRWH VHQVLQJ� DQG ,R7 WHFKQRORJLHV
FDQ HQDEOH WKH� VZLWFK� WR� VXFK� FURS�PRQLWRULQJ� V\VWHPV�� (QYLURQPHQWDO� ,R7� VHQVRUV� FDQ� FROOHFW� WKH�
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WHPSHUDWXUH��UHODWLYH�KXPLGLW\�DQG�VRLO�PRLVWXUH�UHDGLQJV�SHULRGLFDOO\��,PDJLQJ�VROXWLRQV�PD\�REVHUYH�FURS�
LPDJHV�DQG�LGHQWLI\�YLVLEOH�VLJQV�RI�WKH�GLVHDVH�

0DFKLQH OHDUQLQJ �0/� PRGHOV PD\ OHDUQ WKH UHODWLRQVKLS EHWZHHQ WKHVH REVHUYDWLRQV DQG FURS KHDOWK
FRQGLWLRQV� 5HFHQWO\� SXEOLVKHG� UHYLHZV� LQ� ����� DOVR� LQGLFDWH� WKH� JURZLQJ� LQWHUHVW� LQ� FRPELQLQJ� WKHVH�
DSSURDFKHV�IRU�HDUO\�ZDUQLQJ�>�@��>�@�

7KH�NH\�LGHD�RI�WKLV�SDSHU�LV�WKXV�QRW�DERXW�FODVVLILFDWLRQ�RI�D�GLVHDVHG�OHDI�DORQH��,W�VKRXOG�DQVZHU�DQRWKHU�
PRUHSUDFWLFDO�TXHVWLRQ ± ZKHWKHU WKH FXUUHQW FURS LV JHWWLQJ ULVN\� ZK\ GRHV WKH V\VWHP WKLQN VR� DQG KRZ
WKH IDUPHU VKRXOG PRQLWRU WKH FURS�QH[W��7KXV��WKLV�WUDQVIRUPV�WKH�RULJLQDO�LPDJH�FODVVLILFDWLRQ�SUREOHP�
LQWR�FURS�KHDOWK�PRQLWRULQJ�DQG�ULVN�SUHGLFWLRQ�SUREOHP��6XFK�D�V\VWHP�FDQ�XWLOL]H�WKH�SUHYLRXV�KLVWRU\�RI�
WKH�VHQVRU�UHDGLQJV��FXUUHQW�FURS�LPDJH�DQG�RXWSXW�RI�WKH�0/�PRGHO�WR�IRUP DQ�HVWLPDWH�

$QRWKHU�LPSRUWDQW�DVSHFW�RI�GHYHORSLQJ�D�JRRG�IDUP�PRQLWRULQJ�LV�GHSOR\PHQW�FRQVLGHUDWLRQV��3RZHUIXO�
GHHSOHDUQLQJ�V\VWHPV�QHHG�TXLWH�PXFK�PHPRU\�DQG�FRPSXWDWLRQV��5HFHQW� UHVHDUFK� WKXV�VWDUWHG� ORRNLQJ�
LQWR�OLJKWZHLJKW�PRGHOV��PRGHO�GLVWLOODWLRQ��TXDQWL]DWLRQ�DQG�GHSOR\LQJ�WR�IDUP¶V�HGJH�GHYLFHV�>�@��>�@��7KLV�
LV� LPSRUWDQW� LQ� WKH� FDVHV� ZKHQ� IDUPV� GR� QRW� JXDUDQWHH� ,QWHUQHW� DYDLODELOLW\�� VWDEOH� SRZHU� VXSSO\� DQG�
VXIILFLHQW�FRPSXWDWLRQDO�FDSDFLW\�

7KH�ZRUN�LQ�WKLV�SDSHU�GHYHORSV�WKH�RXWOLQHG�DERYH�UHVHDUFK�GLUHFWLRQ�LQ�WKH�OLJKW�RI�WKH�SURYLGHG�DEVWUDFW�
± FURSKHDOWK�PRQLWRULQJ�EDVHG�RQ�,R7�GDWD��HDUO\�VWDJH�GLVHDVH�ULVN�SUHGLFWLRQ��LQWHJUDWLRQ�RI�FURS�LPDJHV�
ZLWK� HQYLURQPHQW� REVHUYDWLRQV� DQG� JHQHUDWLRQ� RI� H[SODLQDEOH� UHFRPPHQGDWLRQ�� 7KLV� GLVFXVVLRQ� WKXV�
FRQFHQWUDWHV� SUHFLVHO\� RQ� WKH� RXWOLQHG� UHVHDUFK� IUDPHZRUN� ZLWKRXW� VWDWLQJ� WKH� XQLPSOHPHQWHG� \HW�
H[SHULPHQWDO�UHVXOWV�

352%/(0�67$7(0(17�$1'�027,9$7,21

7KXV�� WKH� PDLQ� SUREOHP� LV� WKH� GLIILFXOW\� RI� GHWHFWLQJ� WKH� GHWHULRUDWLRQ� RI� WKH� FURS� KHDOWK� WLPHO\� WR�
LPSOHPHQWSUHYHQWLYH�PHDVXUHV��7KH�PDQXDO�LQVSHFWLRQV�ZRXOG�WDNH�WRR�PXFK�WLPH�DQG�PD\�PLVV�VXEWOH�
VLJQV�RI�GLVHDVHV�RFFXUULQJ�EHWZHHQ�WKH�ILHOG�YLVLWV��7KH�LPDJH�EDVHG�V\VWHP�ZLOO�EH�DEOH�WR�LGHQWLI\�VRPH�
YLVLEOH�V\PSWRPV��EXW�WKH�LPDJH�LWVHOI�GRHVQ¶W�WHOO WKH�IXOO�VWRU\�RI�WKH�HQYLURQPHQW�IDFWRUV�ZKLFK�FRQWULEXWH�
WR�WKH�JURZWK�RI�WKH�GLVHDVH�

$W�WKH�VDPH�WLPH��ZKLOH�,R7�VHQVRU�FRXOG�WHOO�DERXW�DEQRUPDO�KXPLGLW\�RU�VRLO�PRLVWXUH�FRQWHQW��LW�FRXOGQ¶W�
LGHQWLI\WKH�YLVLEOH�VLJQV�RI�GLVHDVH��7KH�PRWLYDWLRQ�IRU�WKHLU�FRPELQHG�XVH�LV�REYLRXV�± WKH�,R7�VLJQDO�FRXOG�
SURYLGH�FRQWH[W�DQG

WKH LPDJH FRXOG VKRZ YLVXDO SURRI� ,I ERWK VLJQDOV LGHQWLI\ LQFUHDVHG ULVNV� LW FDQ UHVXOW LQ DQ HYHQ VWURQJHU
DOHUW WKDQ RQH RI�WKHVH�WZR�VLJQDOV�ZRXOG�SURGXFH��2Q�WKH�RWKHU�KDQG�� LI� WKH\�FRQWUDGLFW�HDFK�RWKHU�� WKH�
LQFRQVLVWHQF\�FDQ�EHFRPH�D�EDVLV�IRU�IXUWKHU�LQYHVWLJDWLRQ�LQVWHDG�RI�DXWRPDWLFDOO\�DSSOLHG�WUHDWPHQW�

6XFK� DSSURDFK� FRXOG� EH�PRWLYDWHG� E\� WKH� SUREOHP� RI� FUHDWLQJ� XQGHUVWDQGDEOH� RXWSXWV� IRU� WKH� IDUPHUV��
7KH\VKRXOGQ¶W�GHFLSKHU�FRPSOLFDWHG�SUREDELOLW\�YHFWRU�RU�WKH�QDPH�RI�WKH�XVHG�PRGHO��$�IDUPHU�RULHQWHG�
DOHUW�VKRXOG�GHVFULEH�WKH�PDLQ�REVHUYDWLRQV�EHKLQG�D�ZDUQLQJ�DQG�SURYLGH�D�UHDVRQDEOH�QH[W�VWHS�

2%-(&7,9(6

2EMHFWLYHV�RI�WKLV�UHVHDUFK�LQFOXGH�WKH�IROORZLQJ��
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���&URS�KHDOWK�PRQLWRULQJ�FRQWLQXRXVO\��0HDVXUH�WKH WHPSHUDWXUH� KXPLGLW\� DQG PRLVWXUH RI FURSV
DQG VRLOV WKURXJK WKH ,R7 VHQVRUV FRQWLQXRXVO\�

�� 'LVHDVH ULVN HDUO\�SUHGLFWLRQ��$QDO\VH�DQG�SURFHVV FXUUHQW�DQG�SDVW�UHFRUGV�RI�FURSV�WR�HVWLPDWH�LI�
WKHUH�LV�DQ\�ULVN�DVVRFLDWHG�ZLWK�GHYHORSLQJ�WKH�GLVHDVHV��

���,PDJH�EDVHG GLVHDVH�GHWHFWLRQ��&ODVVLI\�FURS�LPDJHV XVLQJ�FRPSXWHU�YLVLRQ�PRGHOV�DQG�GHHS�
OHDUQLQJ�WHFKQRORJ\�LQ�RUGHU�WR�GHWHFW�WKH�GLVHDVHV�WKURXJK�WKHLU�SDWWHUQV�RUYLVLEOH�FKDQJHV��

���,QIRUPDWLRQ�LQWHJUDWLRQ��,QWHJUDWH�DOO�FROOHFWHG�LQIRU PDWLRQ LQWR DQ DVVHVVPHQW VR WKDW WKH ILQDO
RXWFRPH ZLOO QRW UHO\ RQ MXVW RQH W\SH RI LQIRUPDWLRQ�

�� ([SODQDWLRQ RI WKH�DODUP�LQ�XQGHUVWDQGDEOH�WHUPV� &RQVWUXFW D PHFKDQLVP WR SUHVHQW WKH UHDVRQV RI
WKH DODUP LQ DQ HDV\ ZD\ WR XQGHUVWDQG IRU IDUPHUV�

�� /LJKWZHLJKW PRGHO�DQG�H[HFXWLRQ��0DNH�WKH�V\VWHP WR�FRQVLGHU�H[HFXWLRQ�LQ�FDVH�RI�OLPLWHG�
FRPSXWLQJ�DQG�QHWZRUN�UHVRXUFHV�

352326('�6<67(0�$5&+,7(&785(

7KH�SURSRVHG�DUFKLWHFWXUH�ZLOO�LPSOHPHQW�D�VLPSOH�VHQVRUWR�GHFLVLRQ�SURFHVV�ZKHUH�WKH�ILHOG�VHQVRUV�DQG�
FDPHUD�DUH�XVHG�WR FROOHFW WKH HQYLURQPHQWDO GDWD DQG WKH LPDJHV RI WKH FURSV UHVSHFWLYHO\� 3UHSURFHVVLQJ
RI ERWK GDWDVHWV ZLOO KHOS WR ILOWHU RXW�QRLV\ HOHPHQWV�

$Q $, OD\HU ZLOO LQFOXGH ERWK PRGHOV� WKH HQYLURQPHQWDO ULVN PRGHO DQG WKH LPDJH PRGHO� %RWK ZLOO
FRQWULEXWH WKHLU RXWSXW�WR�D�IXVLRQ�OD\HU�ZKHUH�WKH�ILQDO�DODUP�ZLOO�EH�FRQVWUXFWHG�

3URSRVHG DUFKLWHFWXUH H[SOLFLWO\ VHSDUDWHV GLVHDVH ULVN DQG FRQILUPDWLRQ� +LJK GLVHDVH ULVN GRHV QRW KDYH
WR PHDQ D GHILQLWH�SUHVHQFH�RI�WKH�GLVHDVH��2Q�WKH�RWKHU�KDQG��LPDJH�FODVVLILFDWLRQ�PXVW�QRW�LJQRUH�
XQFHUWDLQW\�LI�WKH�LPDJH�LV�EOXUU\��SRRUO\�LOOXPLQDWHG�RU�IDOOV�RXWVLGH�RI�WKH�GLVWULEXWLRQ�WKH�PRGHO�NQRZV�
DERXW�

0(7+2'2/2*<

$� 'DWD�$FTXLVLWLRQ

7KH ILUVW OD\HU FROOHFWV HQYLURQPHQWDO IDFWRUV VXFK DV WHPSHUDWXUH� UHODWLYH KXPLGLW\� DQG VRLO PRLVWXUH�
6HQVRU REVHUYDWLRQV�FDQ�EH�WLPHVWDPSHG�DQG�DFTXLUHG�RQ�SHULRGLF�EDVLV�

,PDJHV�RI�FURSV�FDQ�EH�REWDLQHG�HLWKHU�PDQXDOO\�WKURXJK�PRELOH�GHYLFHV�RU�DXWRPDWLFDOO\�XVLQJ�D�FDPHUD�
PRGXOH��(DFKRI�WKH�LPDJHV�VKRXOG�KDYH�D�SRVVLELOLW\�WR�EH�FRQQHFWHG��ZKHUHYHU�SRVVLEOH��ZLWK�D�
WLPHVWDPS�DQG�ORFDWLRQ�RI�WKH�VHQVRUREVHUYDWLRQV�

%� 'DWD�3UHSURFHVVLQJ

7KH�VHQVRU�GDWD�PD\�FRQWDLQ�PLVVLQJ�YDOXHV��VKDUS�VSLNHV��RU�PXOWLSOH�VDPSOHV�FDXVHG�E\�SRRU�
FRPPXQLFDWLRQV�7KH�SUHSURFHVVLQJ�VWHS�VKRXOG�DGGUHVV�LVVXHV�UHODWHG�WR�PLVVLQJ�YDOXHV�DQG�VHQVRU�HUURU�
GHWHFWLRQ�DV�ZHOO�DV�QRUPDOL]DWLRQ�RI�QXPHULF�DWWULEXWHV��,PDJH�SUHSURFHVVLQJ�FDQ�LQYROYH�UHVL]LQJ��
QRUPDOL]DWLRQ��DQG�FDUHIXO�DXJPHQWDWLRQV��2QH�QHHGV�WR�EH�FDUHIXO�QRW�WR�JHQHUDWH�DXJPHQWHG�LPDJHV�
ZKLFK�ZRXOG�EH�LPSRVVLEOH�LQ�UHDO�FRQGLWLRQV�RI�WKH�ILHOGV�
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&� 'LVHDVH�5LVN�0RGHO

7KH�EDVHOLQH�PRGHO�FDQ�EH�EXLOW�XVLQJ�WUDGLWLRQDO�PDFKLQHOHDUQLQJ�DOJRULWKPV�VXFK�DV�ORJLVWLF�UHJUHVVLRQ��
UDQGRPIRUHVWV��DQG�JUDGLHQW�ERRVWLQJ��7KLV�VWDJH�ZLOO�KHOS�WR�XQGHUVWDQG�ZKHWKHU�HQYLURQPHQWDO�IHDWXUHV�
KDYH�VRPH�YDOXH�IRU�SUHGLFWLQJ�GLVHDVHV��1H[W� RQH�FDQ�XVH�KLVWRULFDO�REVHUYDWLRQV�LQ�VKRUW�ZLQGRZV�DQG�
WUHDW�WKHP�DV�VHTXHQWLDO��WKXV�PDNLQJ�WKHP GHSHQGHQW�

$ VLPSOH PRGHO IRU GLVHDVH ULVN
FDQ EH�5H� �I��7��+��0�� 7�� +��
0�������

ZKHUH�7���+��DQG�0�DUH�WHPSHUDWXUH��KXPLGLW\��DQG�VRLO�PRLVWXUH��UHVSHFWLYHO\��ZKLOH� WHUPV�GHQRWH�WKH�
FKDQJHV�RI�WKH�FRUUHVSRQGLQJ�TXDQWLWLHV��7KH�IXQFWLRQ�I��ā��LV�HVWLPDWHG�WKURXJK�ODEHOHG�GDWD�DQG�VKRXOG�
SURYLGH�SUREDELOLWLHV�RU�ULVN�FDWHJRULHV�LQVWHDG�RI�QXPHULF�YDOXHV�ZLWKRXW�H[SODQDWLRQ�

'� ,PDJH�%DVHG�'HWHFWLRQ

7KH�LPDJH�EUDQFK�FDQ�HPSOR\�D�&11�RU�D�FRPSDFW�WUDQVIHU�OHDUQLQJ�DUFKLWHFWXUH��7KH�UHFHQW�UHVHDUFK�
SURYHV�WKH�SRZHU�RI�GHHS�OHDUQLQJ�IRU�SODQW�GLVHDVH�UHFRJQLWLRQ��EXW�KLJKOLJKWV�DW�WKH�VDPH�WLPH�D�ODFN�RI�
UHDOLVWLF�FRQGLWLRQV�LQ�WKH�DYDLODEOH�GDWDVHWV�>�@��>�@��,W�LV�LPSRUWDQW�WR�LQFOXGH�WKH�SLFWXUHV�ZLWK�YDULDEOH�
OLJKWLQJ��EDFNJURXQG��JURZWK�FRQGLWLRQV�DQGFDPHUD�TXDOLW\�LQ�WUDLQLQJ�DQG�WHVW�VHWV�

(� 0XOWLPRGDO�)XVLRQ

%RWK EUDQFKHV FDQ SURGXFH WKHLU LQWHUPHGLDWH RXWSXWV DQG FDQ EH FRPELQHG IXUWKHU LQ D VLPSOH ODWH IXVLRQ
PDQQHU��5� � 5H������ �5L�����

ZKHUH�5H�LV�WKH�HQYLURQPHQWDO�GLVHDVH�ULVN��5L�LV�WKH�LPDJHEDVHG�ULVN��DQG� LV�D�ZHLJKWLQJ�IDFWRU��7KH�
YDOXH�RI� PXVW�EH�OHDUQHG�RU�YDOLGDWHG�DQG�FDQQRW�EH�VLPSO\�FKRVHQ�IRU�FRQYHQLHQFH�

7KLV�DSSURDFK�LV�YDOXDEOH�VLQFH�WKH�LPDJH�EDVHG�GHWHFWLRQ�LV�FDSDEOH�RI�PDNLQJ�WKH�GHFLVLRQ�DERXW�WKH�
ULVN�ZKHQ�YLVLEOH�V\PSWRPV�DUH�SUHVHQW��ZKLOH�HQYLURQPHQWDO�VLJQDOV�FDQ�SURYLGH�DGGLWLRQDO�FRQWH[W��
:RUN�UHJDUGLQJ�FURS�PRQLWRULQJ�IURP�UHFHQW�OLWHUDWXUH�HPSKDVL]HV�WKH�VDPH�WZR�DUHDV�DV�PDMRU�UHVHDUFK�
WUHQGV�>�@�
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)LJ�����&RQFHSWXDO�DUFKLWHFWXUH�IRU�$,�EDVHG�FURS�KHDOWK�PRQLWRULQJ�DQG�HDUO\�GLVHDVH�ULVN�SUHGLFWLRQ��
(QYLURQPHQWDO�DQG�LPDJH�EUDQFKHV�DUH SURFHVVHG�LQGHSHQGHQWO\�DQG�FRPELQHG�E\�D�ODWH�IXVLRQ�OD\HU��
DQ�H[SODQDWLRQ�PRGXOH�DQG�D�IDUPHU�IULHQGO\�DOHUW�NHHS�WKH�ILQDO�DFWLRQ�ZLWKWKH KXPDQ�GHFLVLRQ�PDNHU��
7KH�GDVKHG�OLQH�VKRZV�YDOLGDWHG�ILHOG�RXWFRPHV�IHHGLQJ�EDFN�LQWR�IXWXUH�PRGHO�XSGDWHV�

'$7$�35(3$5$7,21�$1'�$,�02'(/�'(9(/230(17

7KH�SHUIRUPDQFH�RI�WKH�$,�V\VWHP�ODUJHO\�KLQJHV�RQ�WKH�ZD\�LWV�WUDLQLQJ�GDWD�DUH�SUH�SURFHVVHG��,Q�RUGHU�WR�
XVH�WKH�SURSRVHG�WHFKQLTXH��WKH�VHQVRU�PHDVXUHPHQWV�QHHG�WR�EH�WDJJHG�E\�WLPH�VWDPS�DQG�WKH�LGHQWLILHU�RI�
WKH�SORW�WKDW�LVEHLQJ�REVHUYHG�LQ�FDVH�WKHUH�LV�PRUH�WKDQ�RQH��7KH�LPDJHV�RI�WKH�FURSV�ZLOO�EH�WDJJHG�ZLWK�
VLPLODU�LQIRUPDWLRQ��DV�WKLV�LV�QHHGHG�LQ�RUGHU�WR�UHODWH�WKH�LPDJH�WR�WKH�HQYLURQPHQWDO�VWDWH�ZKHQ�WKH�SLFWXUH�
ZDV�PDGH��7KLV�LV�HVVHQWLDO�EHFDXVH�GLVHDVH GHYHORSPHQW�LV�D�SURFHVV�

%HIRUH� WKH�PRGHO� WUDLQLQJ�� WKH� VHQVRU� UHDGLQJV�PXVW� EH� FKHFNHG� IRU�PLVVLQJ� YDOXHV�� LPSRVVLEOH� YDOXHV��
UHSHDW�WLPH�VWDPSV��DQG VXGGHQ MXPSV FDXVHG E\ PDOIXQFWLRQLQJ VHQVRUV� 6KRUW�WHUP PLVVLQJ YDOXHV PXVW
EH UHVWRUHG XVLQJ SURSHU LQWHUSRODWLRQ� ZKHUHDV�ORQJ�PLVVLQJ�GDWD�LQWHUYDOV�VKRXOG�EH�OHIW�DV�WKH\�DUH��ZLWK�
QR�YDOXHV�LQYHQWHG�IRU�WKHP��3UH�SURFHVVLQJ�RI�WKH�LPDJHV�FDQ FRPSULVH UHVL]LQJ� QRUPDOL]DWLRQ� WHVWLQJ IRU
EOXUULQJ DQG ORZ LOOXPLQDWLRQ� 6RPH RI WKH GDWD DXJPHQWDWLRQ SURFHGXUHV FDQ�EH�XVHG� WR�SURYLGH� VRPH�
YDULDWLRQV�RI�URWDWLRQV��VFDOLQJ�DQG�OLJKWLQJ�WR�WKH�YLVLRQ�PRGHO�

&RQILGHQFH�RU�XQFHUWDLQW\�VKRXOG�EH�LPSOHPHQWHG�LQ�WKH�V\VWHP�WRR��/RZ�FRQILGHQFH�SUHGLFWLRQV�FDQ�EH�
VHOHFWHGIRU�PDQXDO�UHYLHZ�DQG�QRW�XVHG�WR�PDNH�DQ�DXWRPDWHG�KLJKFRQILGHQFH�UHFRPPHQGDWLRQ��7KLV�ZLOO�
EH�HVVHQWLDO�HVSHFLDOO\�IRU�WKH�FDVHV ZKHQ WKH FURS FRQGLWLRQ VHHQ RQ WKH LPDJH RU VHQVRU GDWD LV QRYHO� RU
VHQVRU UHDGLQJV DUH LQFRPSOHWH� 7KH JRDO LV WR EXLOG�DQ�DVVLVWDQFH�UDWKHU�WKDQ�JXDUDQWHH�WKDW�HDFK�SUHGLFWLRQ�
ZLOO�EH�VXUH�

$/(57�/2*,&�$1'�)$50(5�)5,(1'/<�287387

7KH�RXWSXW�VKRXOG�EH�GHVLJQHG�VSHFLILFDOO\�VLPSOH��2QH�IRUP�RI�WKH�DOHUW�FDQ�EH�WKH�ULVN�OHYHO��WKH�SULPDU\�
HYLGHQFH�DQG�UHFRPPHQGDWLRQV� $V DQ H[DPSOH� PHGLXP ULVN DOHUW FDQ VWDWH WKDW KXPLGLW\ VWD\HG DW KLJK
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OHYHOV� WKH VWDWH RI VRLO PRLVWXUH FKDQJHG�IURP�LWV�UHFHQW�UDQJH��DQG�WKHUH�LV�D�VXVSLFLRXV�SDWWHUQ�GHWHFWHG�E\�
WKH�LPDJH�PRGHO��7KH�UHFRPPHQGDWLRQ�ZRXOGEH�IRU�IDUPHUV�WR�LQYHVWLJDWH�WKDW�DUHD��QRW�PDNLQJ�WUHDWPHQW�
DXWRPDWLFDOO\�

7KLV�DSSURDFK�PDNHV�WKH�GLYLVLRQ�EHWZHHQ�ULVN�GHWHFWLRQ�DQG�DFWLRQ��7KH�ULVN�LV�FDOFXODWHG�ZLWK�WKH�KHOS�RI�
WKHDUWLILFLDO� LQWHOOLJHQFH� PRGHO�� DQG� GHFLVLRQ� RQ� KRZ� WR� DFW� VKRXOG� EH� PDGH� HLWKHU� E\� IDUPHUV� RU�
DJURQRPLVWV��7KDW�GLYLVLRQ�ZLOO�EH�XVHIXO�VLQFH�V\PSWRPV�RI�GLVHDVHV�FDQ�DSSHDU�GXH�WR�WKH�GLIIHUHQW�FDXVHV��
DQG�VRPHWLPHV�WKH�VDPH�YLVXDO�V\PSWRP�FDQ�RFFXU�XQGHU�GLIIHUHQW�ILHOG�FRQGLWLRQV�

7KH�V\VWHP¶V�ZDUQLQJ�KLVWRU\�FDQ�DOVR�EH�XVHG�WR�FRPSDUH�DOHUWV�ZLWK�ODWHU�ILHOG�REVHUYDWLRQV��LQFOXGLQJ�
WLPHO\�ZDUQLQJV�DQG�ZKHWKHU�WKHUH�DUH�UHFXUUHQW�SDWWHUQV�LQ�WKH�HQYLURQPHQWDO�GDWD�SUHFHGLQJ�FRQILUPHG�
LQVWDQFHV�RI�GLVHDVH��7KLVLQIRUPDWLRQ�FDQ�EH�DGGHG�WR�WKH�SURFHVV�RI�LPSURYLQJ�WKH�IXWXUH�PRGHOV��XQGHU�
WKH�FRQGLWLRQ�RI�YDOLGDWLRQ�RI�VXFK�XSGDWHV�

/,7(5$785(�5(9,(:

6HOHFWHG�SXEOLFDWLRQV�FRYHU�WKH�UHFHQW�ZRUN�ZKLFK�UHIOHFWV�PDMRU�GLUHFWLRQV�RI�UHVHDUFK�WKDW�DUH�LPSRUWDQW�
IRU�WKLVSURMHFW��7KHUH�DUH�WHQ�SXEOLFDWLRQV�IURP������WR������DUUDQJHG�DFFRUGLQJ�WR�D�FRPSDFW�IRUPDW�RI�D�
FRQYHQWLRQDO�OLWHUDWXUH�VXUYH\�PDWUL[��7DEOH�,��

,W�LV�REYLRXV�WKDW�DOO�WKH�UHYLHZHG�SXEOLFDWLRQV�UHIOHFW�WKH�WUHQG�WRZDUGV�LQWHJUDWHG�VHQVLQJ��H[SODQDWLRQ��
GHSOR\PHQW� RI�PRGHOV� RQ� WKH� HGJH�� DV�ZHOO� DV�PRQLWRULQJ� WKH� SKHQRPHQD� FRQWLQXRXVO\�� 7KH� SURSRVHG�
UHVHDUFK�FRQWLQXHV�WKLV�WUHQG�IRFXVHG�VSHFLILFDOO\�RQ�HDUO\�ULVN�SUHGLFWLRQ��PXOWLPRGDOLW\��DQG�FRQFLVHQHVV�
RI�ZDUQLQJV�WR�IDUPHUV�
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5(6($5&+�*$3

*DSV�UHYHDOHG�E\�UHYLHZLQJ�UHOHYDQW�OLWHUDWXUH�PRWLYDWH�WKH�SURSRVHG�IUDPHZRUN�

���(DUO\�ULVN�UDWKHU�WKDQ�RQO\�YLVLEOH�V\PSWRPV��4XLWH RIWHQ�WKH�YLVXDO�V\PSWRPV�RI�D�GLVHDVH�DUH�WRR�ZHDN��
DQG�LPDJH�FODVVLILFDWLRQ�EDVHG�V\VWHPV�DUH�DEOH�WR�UHFRJQL]H�WKHP RQO\�LI�WKH�GLVHDVH�KDV�DGYDQFHG�����
0XOWLPRGDO�LQWHJUDWLRQ��&URS�LPDJHV�DQG�VHQVRU�UHDG LQJV�DUH�XVXDOO\�LQYHVWLJDWHG�LQGHSHQGHQWO\��,Q�D�MRLQW�
IUDPHZRUN�� D� SRWHQWLDO� ZD\� WR� LPSURYH� RQ� HLWKHU� FRXOG� HPHUJH�� WKH� FRPELQDWLRQ� VKRXOG�� KRZHYHU�� EH�
YDOLGDWHG��DV�RQH�FDQQRW�DVVXPH�WKDW�PRUH�GDWD�DOZD\V�JLYHV�EHWWHU�UHVXOWV�����([SODLQDELOLW\� $�IDUPHU�QHHGV�
WR�XQGHUVWDQG�WKH�EDVLV IRU�D�ZDUQLQJ��([SODLQDEOH�$,�UHVHDUFK�KDV�UHFHQWO\�VKRZQ�WKH�SRVVLELOLW\�RI�ILQGLQJ�
WKH�PRVW�LQIOXHQWLDO�HQYLURQPHQWDO�IDFWRUV��\HW�� WKH�H[SODQDWLRQV�VKRXOG�VWLOO�EH�YDOLGDWHG�IRU�FRQVLVWHQF\�
DQG�DSSOLFDELOLW\��QRW�PHUHO\�SURYLGHG�DV�D�WHFKQLFDO�YLVXDO�>�@�����)LHOG�GHSOR\PHQW��$�PRGHO�WUDLQHG�RQ�
FOHDU�GDWDVHWV PD\�EHKDYH�GLIIHUHQWO\�LQ�SUHVHQFH�RI�QDWXUDO� OLJKWLQJ��RFFOXVLRQV��EDFNJURXQGV�GLYHUVLW\��
GLIIHUHQW�FDPHUDV��DQG�FURS�JURZWK��*HQHUDOL]DWLRQ�DQG�GHSOR\PHQW�FKDOOHQJHV�ZHUH�UHSHDWHGO\�DGGUHVVHG�
E\�����±�����UHYLHZV�>�@��>�@����5HVRXUFH�FRQVWUDLQWV��2QH�FDQQRW�HYDOXDWH�WKH�SHU IRUPDQFH RI D PRGHO
WKDW ZRXOG RSHUDWH LQ D IDUP HQYLURQPHQW LQ WHUPV RI FODVVLILFDWLRQ DFFXUDF\ DORQH� ,QIHUHQFH ODWHQF\��
PHPRU\��HQHUJ\�XVDJH��GHSHQGHQFH RQ WKH QHWZRUN� VHQVRU PDLQWHQDQFH� DQG FRVWV DUH WR EH FRQVLGHUHG WRR�
7KHUHIRUH� DSSURDFKHV DGGUHVVLQJ WKHVH DVSHFWV DUH�UHOHYDQW�WR�WKH�UHVHDUFK�SUREOHP�

352326('�(9$/8$7,21�)5$0(:25.

7KH�SURSRVHG�V\VWHP�FDQ�EH�HYDOXDWHG�DW�PXOWLSOH�OHYHOV��)LUVW��WKH�LPDJH�FODVVLILHU�FDQ�EH�YDOLGDWHG�ZLWK�
WKH� DFFXUDF\� PHDVXUH� SUHFLVLRQ� UHFDOO� )� VFRUH� DQG D FRQIXVLRQ PDWUL[� -XVW WKH DFFXUDF\ PD\ EH
PLVOHDGLQJ LQ FDVH RI FODVVHV FRQWDLQLQJ�VXEVWDQWLDOO\�IHZHU�VDPSOHV�RI�WKH�GLVHDVH�

7R�DVVHVV�WKH�HDUO\�ZDUQLQJ�FDSDELOLW\��RQH�VKRXOG�PHDVXUH�ZKHWKHU�WKH�V\VWHP�JLYHV�WKH�DOHUW�DW�D�VXIILFLHQW�
WLPH�LQ�DGYDQFH EHIRUH D GLVHDVH LV FRQILUPHG� 8VHIXO PHDVXUHV LQFOXGH ZDUQLQJ OHDG WLPH� IDOVH DODUP UDWH�
PLVVHG DODUP UDWH� DQG WKH� SUREDELOLW\ FDOLEUDWLRQ RI WKH SUHGLFWHG ULVN� ,I D PRGHO LVVXHV WKH DODUP
IUHTXHQWO\� LW PLJKW ORRN VHQVLWLYH� \HW ZLOO FHDVH EHLQJ�DSSOLFDEOH�LI�WKH�IDUPHU�VWDUWV�GRXEWLQJ�LWV�DFFXUDF\��
$GGLWLRQDOO\�� WKH� VHQVRUV� FRPSRQHQW� VKRXOG� DOVR� EH� HYDOXDWHG� LQGHSHQGHQWO\�ZLWK� D� UHFRUG� RI�PLVVLQJ�
UHDGLQJV��FRQQHFWLYLW\�SUREOHPV��WKH�GULIW�RI�WKH�YDOXHV��DQG�DQRPDOLHV��7KH�IXOO�PRGHO�VKRXOG�EH�WHVWHG�IRU�
PXOWLPRGDO�FDSDELOLWLHV�RI�SURFHVVLQJ DQ�LPDJH�RQO\��VHQVRU�RQO\��DQG�LPDJH���VHQVRU�UHDGLQJV�FDVHV�

'HSOR\PHQW�VKRXOG�DOVR�EH�HYDOXDWHG�ZLWK�ODWHQF\�DQG�FRQVXPSWLRQ�RI�UHVRXUFHV��6KRXOG�WKH�HGJH�GHYLFH�
EH�LQYROYHG��WKH�WLPH�IRU�LQIHUHQFH�SHU�LPDJH��PRGHO¶V�VL]H��DQG�HQHUJ\�FRQVXPSWLRQ�VKRXOG EH�HVWLPDWHG�
DFURVV�WKH�PRGHO�YDULDWLRQV��5HFHQW�ZRUNV�GHGLFDWHG�WR�NQRZOHGJH�GLVWLOODWLRQ�DQG�TXDQWL]DWLRQ�SURYH�WKH�
UHOHYDQFH�RI�WKH�PHQWLRQHG�HYDOXDWLRQ�PHDVXUHV�>�@��>�@�

,Q�FRQFOXVLRQ��H[SODLQDELOLW\�QHHGV�WR�FRQVLGHU�ERWK�WKH�WHFKQLFDO�DQG�XVHU�SHUVSHFWLYHV��)URP�WKH�WHFKQLFDO�
SHUVSHFWLYH��H[SODLQDELOLW\�FRXOG�HYDOXDWH�WKH�VWDELOLW\�RI�WKH�HPSKDVL]HG�IDFWRUV�ZLWK�VPDOO�YDULDWLRQV�LQ�
WKH�LQSXW��2Q�WKH�XVHU�VLGH�SHUVSHFWLYH��D�VWXG\�FDQ�LQYHVWLJDWH�WKH�XQGHUVWDQGLQJ�RI�WKH�DOHUW�FDXVH�DQG�
DFWLRQDELOLW\ RI�WKH�UHFRPPHQGDWLRQ��1RW�RQO\�PDNLQJ�WKH�PRGHO�H[SODLQDEOH�EXW�LWV�H[SODQDWLRQ�PXVW�KDYH�
XWLOLW\�

&+$//(1*(6�$1'�35$&7,&$/�&216,'(5$7,216

6RPH�FKDOOHQJHV�PLJKW�DULVH�GXULQJ�WKH�GHYHORSPHQW�RI�WKH�SURSRVHG�V\VWHP��)LUVW��WKHUH�DUH�GDWD�TXDOLW\�
LVVXHV��6HQVRUV�UHTXLUH�SURSHU�LQVWDOODWLRQ�DQG�PDLQWHQDQFH��DQG�FDPHUDV�DUH�LPSDFWHG�E\�WKH�OLJKW��
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PRYHPHQW��GLVWDQFH��DQGEDFNJURXQG�QRLVH��$OVR��D�PRGHO�FDQ�OHDUQ�XQZDQWHG�DUWLIDFWV�LI�WKH�WUDLQLQJ�GDWD�
LV�WRR�KRPRJHQHRXV�

7KH�VHFRQG�FKDOOHQJH�LV�WKH�GLYHUVLW\�RI�WKH�WUDLQLQJ�GDWD��$�GLVHDVH�FRXOG�ORRN�GLIIHUHQW�GHSHQGLQJ�RQ�WKH�
FXOWLYDU��SODQW�VWDJH��RU�JURZLQJ�FRQGLWLRQ��7KHUHIRUH��WUDLQLQJ�GDWD�FRPLQJ�IURP�D�FHUWDLQ�DUHD�FDQQRW�EH�
H[WUDSRODWHG�RQWR�RWKHU�IDUPV��9DOLGDWLRQ�ZLWK�H[WHUQDO�GDWD�SRLQWV�LV�HVSHFLDOO\�LPSRUWDQW�EHIRUH�VXFK�D�
JHQHUDOL]DWLRQ�LV�PDGH�

7KLUG��WKHUH�LV�D�SUREOHP�RI�IDOVH�FRQILGHQFH��$�V\VWHP�QHHGV�WR�H[SUHVV�XQFHUWDLQW\�LQ�FDVH�WKH�LQSXW�GDWD�
LV�RXWVLGH�WKH�QRUPDO�UDQJH�RI�REVHUYDWLRQV��)RU�H[DPSOH��D�SLFWXUH�ZKLFK�LV�VLJQLILFDQWO\�GLIIHUHQW IURP�
WKH�WUDLQLQJ�GDWD�VHW�PXVW�SUHIHUWKH�³LQVSHFWLRQ�UHTXLUHG´�UHVSRQVH�WR�D�YHU\�SUHFLVH�UHFRPPHQGDWLRQ�

7KH�ODVW�FKDOOHQJH�LV�WKH�FRVW��6HQVRUV��FDPHUDV��HGJH�FRPSXWLQJ�QRGHV��FRQQHFWLYLW\��LQVWDOODWLRQ��DQG�
PDLQWHQDQFH�DUH�WKH�FRPSRQHQWV RI WKH RYHUDOO V\VWHP FRVW� $ YHU\ WHFKQLFDOO\ FRPSOH[ V\VWHP LV XVHOHVV
LI LW FRVWV WRR PXFK WR GHSOR\ RQ WKH IDUP�RU�WR�PDLQWDLQ��7KH�UHFHQW�OLWHUDWXUH�RQ�SUHFLVLRQ�DJULFXOWXUH�
NHHSV�SRLQWLQJ�RXW�WKH�FRVW��LQWHURSHUDELOLW\��DQG�UHVRXUFH�OLPLWDWLRQV�DV�PDMRU�REVWDFOHV WR�
LPSOHPHQWDWLRQ�>�@��>�@�

(;3(5,0(17$/�6(783�$1'�(9$/8$7,21�35272&2/

$�UHSOLFDEOH�HYDOXDWLRQ�SURWRFRO�LV�D�PDQGDWRU\�VWHS�EHIRUH�FRQVLGHULQJ�GHSOR\PHQW�RI�WKH�SURSRVHG�V\VWHP��
7KH�H[SHULPHQW�VHWXS�VKRXOG�LQFOXGH�SDLUHG�REVHUYDWLRQV�LQ�HDFK�PRGDOLW\��HQYLURQPHQWDO�DQG�LPDJH��WR�
UHIHU� WR� WKH� VDPHFURS� VWDWH� DV� FORVH� DV� SRVVLEOH�� 7KH� VHQVRU� UHFRUG� VKRXOG� LQFOXGH� WLPHVWDPSV� DQG��
SUHIHUDEO\��SORW�LGHQWLILHUV��,PDJHV�VKRXOG�EH�UHWDLQHG�ZLWK�WKHLU�FDSWXUH�WLPH�DQG�FURS�RU�GLVHDVH�ODEHO��7KH�
UHFRUGV�DIIHFWHG�E\�VHQVRU�HUURUV�RU�ORZ�TXDOLW\�LPDJHV�KDYH�WR�EH�DQQRWDWHG�EXW�QRW�VLOHQWO\�GHOHWHG�

7KUHH�HTXDOO\�FRPSDUDEOH�PRGHOV�KDYH�WR�EH�HYDOXDWHG�LQ�RUGHU�WR�FRPSDUH��VHQVRU�RQO\�PRGHO��LPDJH�
RQO\�PRGHO�DQG�WKH�SURSRVHG�PXOWLPRGDO�RQH��7KH�VHQVRU�EUDQFK�FDQ�XWLOL]H�FXUUHQW�UHDGLQJV�DORQJ�ZLWK�
KLVWRULFDO�ZLQGRZ��ZKLOH�WKHLPDJH�EUDQFK�FRXOG�EH�LPSOHPHQWHG�HLWKHU�ZLWK�&11�RU�WUDQVIHUOHDUQLQJ�EDVHG�
OLJKW�ZHLJKW�PRGHO��0XOWLPRGDO�DSSURDFK�UHTXLUHV�FRPELQDWLRQ�RI�ERWK�OHDUQHG�ULVN�UHSUHVHQWDWLRQV��$OO�
WUDLQ��YDOLGDWLRQ�DQG�WHVWLQJ�VKRXOG�EH�FRQGXFWHG�VHSDUDWHO\ DW�SODQW�OHYHO�LI�SRVVLEOH�LQ�RUGHU�QRW�WR�KDYH�
QHDU�GXSOLFDWH�LPDJHV�PHDVXUHPHQWV�SUHVHQW�LQ�GLIIHUHQW�VXEVHWV�

,PDJH� FODVVLILFDWLRQ�HYDOXDWLRQ�ZLOO� LQFOXGH�DFFXUDF\��SUHFLVLRQ�� UHFDOO��)�� VFRUH� DQG� FRQIXVLRQ�PDWUL[��
%HVLGHV�VLQFH�ZDUQLQJ�DV�VRRQ�DV�SRVVLEOH�LV�WKH�NH\�JRDO�KHUH��WKH�IROORZLQJ�PHWULFV�VKRXOG�EH�PHDVXUHG�
DQG� UHSRUWHG� LQ� WKH� VWXG\��ZDUQLQJ� OHDG� WLPH�� IDOVH� DODUP� IUHTXHQF\��PLVVHG� DODUP� IUHTXHQF\� DQG� ULVN�
HVWLPDWH�FDOLEUDWLRQ�

&RPSDULVRQ�EHWZHHQ�SHUIRUPDQFH�RI�VHQVRU�RQO\��LPDJHRQO\�DQG�PXOWLPRGDO�PHWKRGV�ZLOO�UHYHDO�ZKHWKHU�
RU�QRWDQ\�EHQHILW�ZDV�JDLQHG�GXH�WR�FRPELQDWLRQ�RI�WKHVH�WZR�VRXUFHV�RI�LQIRUPDWLRQ�

'HSOR\PHQW�RULHQWHG�HYDOXDWLRQ�VKRXOG�IRFXV�RQ�PHDVXULQJ�ODWHQF\��PHPRU\�XVDJH��QHWZRUN�GHSHQGHQFH�
DQGVHQVRU� UHOLDELOLW\�� ,Q� FDVH� RI� XVLQJ� VRPH� HGJH� GHYLFH� IRU� LQIHUHQFH� WKH� VDPH� VHW� RI� WHVWV� VKRXOG� EH�
SHUIRUPHG�RQ�WKH�HGJH�GHYLFH�LWVHOI�DQG�QRW�MXVW D�GHVNWRS�3&��([SODQDWLRQ�TXDOLW\�HYDOXDWLRQ�VKRXOG�DOVR�
WDNH�SODFH��WHFKQLFDO�SDUW�FRXOG�FKHFN�WKH�VWDELOLW\�RI�KLJKOLJKWHG IDFWRUV ZKLOH XVHU VWXG\ RI OLPLWHG QXPEHU
RI XVHUV ZLOO KHOS WR ILQG RXW LI GRPDLQ H[SHUWV DQG IDUPHUV FDQ LQWHUSUHW�WKH�UHDVRQ�EHKLQG�WKH�ZDUQLQJ�DQG�
WKH�QH[W�VWHS�WKH\�QHHG�WR�WDNH�
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,Q�WKLV�SDSHU�WKHUH�DUH�QR�DFWXDO�QXPEHUV�UHJDUGLQJ�DFFXUDF\�DQG�SHUIRUPDQFH�VLQFH�WKHLU�FDOFXODWLRQ�LV�SDUW�
RI�WKHQH[W�UHVHDUFK�VWDJH�DORQJ�ZLWK�WKH�GHYHORSPHQW�DQG�FROOHFWLRQ�RI�UHDO�GDWDVHW��7KLV�LV DQ�LQWHQWLRQDO�
GHFLVLRQ��SUHVHQWLQJ�LQYHQWHG�YDOXHV�ZRXOG�JLYH�ZURQJ�LPSUHVVLRQ�DERXW�WKH�ZRUN�GRQH��,QVWHDG�RI�WKLV�WKH�
SURWRFRO�GHVFULEHV�ZKLFK�PHDVXUHPHQWV�KDYH�WR�EH�GRQH�SULRU�WR�UHSRUWLQJ�VRPH�H[SHULPHQWDO�UHVXOWV�

5(6($5&+�&2175,%87,21

0DLQ� FRQWULEXWLRQ� RI� WKLV� VWXG\� LV� D� ILHOG�RULHQWHG� DUFKLWHFWXUH� WKDW� FRQQHFWV� FRQWLQXRXV� VHQVLQJ� RI� WKH�
HQYLURQPHQW��LPDJH�DQDO\VLV�DQG�GLVHDVH�HYLGHQFH�DQG�FUHDWLRQ�RI�IDUPHUIULHQGO\�H[SODQDWLRQ�

7KH�VHFRQG�FRQWULEXWLRQ�LV�WKH�PXOWLPRGDO�HYDOXDWLRQ�VWUDWHJ\��$V�RSSRVHG�WR�DVVXPLQJ�WKDW�PRUH�VHQVRUV�
OHDG�WR�EHWWHU SHUIRUPDQFH��WKLV�SDSHU�WHVWV�VHQVRU�RQO\��LPDJH�RQO\��DQG�PXOWLPRGDO�PRGHOV�XQGHU�VLPLODU�
FRQGLWLRQV� DQG� VKRZV ZKHWKHU� WKH� FRQWULEXWLRQ� FDQ� EH� TXDQWLILHG� WR� MXVWLI\� WKH� H[WUD� FRVWV�� 7KH� WKLUG�
FRQWULEXWLRQ�LV�FRQVLGHULQJ�GHSOR\PHQW�DQG�H[SODQDWLRQ�UHTXLUHPHQWV�DORQJ�ZLWK�WUDGLWLRQDO�FODVVLILFDWLRQ�
FULWHULD��6XFK�PHWULFV�DV�DFFXUDF\��SUHFLVLRQ��UHFDOO��DQG�)� VFRUH DUH HVVHQWLDO EXW QRW HQRXJK IRU WKH UHDO�
ZRUOG SUREOHP��DQG�WKXV�WKH\�DUH�FRQVLGHUHG�DV�SDUW�RI WKH�UHVHDUFK�SUREOHP�

8VH�RI�QHZ�ILHOG�GDWD��DORQJ�ZLWK�PHWKRGV�RI�YDOLGDWLQJ�WKH�SURFHVV��FDQ�DLG�LQ�SUHVHUYLQJ�WKH�DFFXUDF\�RI�
WKH�PRGHOV�

$QRWKHU�PHWKRG�WKDW�FRXOG�EH�FRQVLGHUHG�LV�WKDW�RI�IHGHUDWHG�OHDUQLQJ��ZKHUH�WKH�JRDO�ZRXOG�EH�WR�LPSURYH�
DFRPPRQ�PRGHO�ZLWKRXW�VKDULQJ�DQ\�RI�WKH�GDWD�>�@�

7KLV� V\VWHP� FRXOG� EH� ODWHU� H[WHQGHG� EH\RQG� WKH� DSSOLFDWLRQ� LQ� GLVHDVH� SUHGLFWLRQ� WR� D� ZLGHU� UDQJH� RI�
DSSOLFDWLRQV�VXFK�DV�DVVHVVPHQW�RI�ZDWHU�VWUHVV��QXWULWLRQ�GHILFLHQF\��DQG�ZHDWKHUEDVHG�VWUHVV�RQ�WKH�FURSV��
$Q\�VXFK�DGGLWLRQ�PXVW�EH�GRQH�FDXWLRXVO\�DQG�RQO\�DIWHU�DFTXLULQJ�HQRXJK�ODEHOHG�GDWD�IRU�WKHP�

&21&/86,21

,Q� WKLV� SDSHU�� D� IUDPHZRUN� IRU� UHVHDUFKLQJ�$,� FURS� KHDOWK�PRQLWRULQJ� DQG� HDUO\� GLVHDVH� SUHGLFWLRQ� IRU�
SUHFLVLRQ� DJULFXOWXUH� KDV� EHHQ� SURYLGHG�� 7KH� SURSRVHG� DSSURDFK� LQYROYHV� ,R7� VHQVLQJ�� FURS� LPDJLQJ��
PDFKLQH� OHDUQLQJ��FRPSXWHUYLVLRQ��PXOWLPRGDO IXVLRQ� DQG H[SODLQDEOH DOHUWV� 7KH FXUUHQW VWDWH�RIWKH�DUW
OLWHUDWXUH IURP ���� DQG ���� VKRZV IDVW GHYHORSPHQW RI� WKHVH� WHFKQRORJLHV� LQ� VXFK� GLUHFWLRQV� DV�
OLJKWZHLJKW�HGJH�LQIHUULQJ��,R7�VHQVLQJ��H[SODLQDELOLW\��DQG�HDUO\�ZDUQLQJ�V\VWHP��6LPXOWDQHRXVO\� LW LV FOHDU
IURP WKH VWDWH�RI�WKH�DUW OLWHUDWXUH WKDW JRRG UHVXOWV LQ ODERUDWRU\ FRQGLWLRQV GR QRW QHFHVVDULO\ PHDQ�ILHOG�
DSSOLFDELOLW\�

7KH SULPDU\ UHVHDUFK SUREOHP EHLQJ VROYHG E\ WKLV ZRUN LV WKH ODFN RI D ZD\ WR FRUUHODWH WKH HDUO\ VWDJH
HQYLURQPHQWDO ULVN�ZLWK YLVLEOH SURRI RI LWV SUHVHQFH DQG WKHQ GLVSOD\ LW LQ VXFK D PDQQHU WKDW WKH IDUPHU
FRXOG FRPSUHKHQG LW� ,Q WKDW FDVH� WKH HYDOXDWLRQ�FULWHULD�LQFOXGH�QRW�RQO\�FODVVLILFDWLRQ�DELOLW\�EXW�DOVR�
HDUO\�ZDUQLQJ�HIILFLHQF\��IDOVH�SRVLWLYH�ZDUQLQJV��UREXVWQHVV��GHOD\� UHVRXUFH FRQVXPSWLRQ DQG H[SODQDWRU\
SRZHU RI WKH V\VWHP� 1H[W VWHS LQ WKH SURFHVV RI GHYHORSPHQW LV FKRRVLQJ SURSHU� GDWDVHWV�� VHWWLQJ� XS�
EDVHOLQHV��H[SHULPHQWLQJ�ZLWK�WKH�PXOWLPRGDO�DSSURDFK�DQG�YDOLGDWLRQ�RI�WKH�V\VWHP�RQ�ILHOG�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͖͖͐и�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib(ϙиϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͔͔͘

5()(5(1&(6
>�@ -��<DQ��+��:X��=��'LDR��<��0LDR��%��=KDQJ��DQG�&��=KDR��³5HFHQW�GHYHORSPHQWV�DQG�DSSOLFDWLRQV�RI�

FURS�GLVHDVH�GHWHFWLRQ��SUHGLFWLRQ��DQG�HDUO\�ZDUQLQJ��$�UHYLHZ�´�(QJLQHHULQJ��YRO������SS�����±�����
������GRL����������M�HQJ�������������

>�@ $��$��(OQJDU��+��$OODP��DQG�+��$��0DKPRXG��³$�FRPSUHKHQVLYH�UHYLHZ�RI�DUWLILFLDO�LQWHOOLJHQFH�DQG�
,QWHUQHW� RI� 7KLQJV� LQWHJUDWLRQ� EDVHG� SODQW� GLVHDVH� GHWHFWLRQ� IRU� VXVWDLQDEOH� DJULFXOWXUH�´� 'LVFRYHU�
6XVWDLQDELOLW\��YRO�����DUW��QR��������������GRL� ��������V����������������Z�

>�@ 6��0��6KDZRQ��)��/��1LKD��2��+��6LQDQ��0��-��$EHG��0��$O�4ZDLG��0��7��6DUNHU��HW�DO���³,QWHJUDWLQJ�
IHGHUDWHG� OHDUQLQJ� DQG� H[SODLQDEOH�$,� IRU� SODQW� GLVHDVH� GHWHFWLRQ��$� V\VWHPDWLF� UHYLHZ� RI� UHFHQW�
DGYDQFHV�LQ�SUHFLVLRQ�DJULFXOWXUH�´�,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWDWLRQDO�,QWHOOLJHQFH�6\VWHPV��YRO��
����DUW��QR�������������GRL����������V����������������Z�

>�@ $��.��3DO��%��'��.��3DWUR��DQG�6��&KDXEH��³'HVLJQ�DQG�LPSOHPHQWDWLRQ�RI�D�GHHS�OHDUQLQJ�IUDPHZRUN�
IRU�DXWRPDWHG�FURS�FODVVLILFDWLRQ�DQG�KHDOWK�GLDJQRVLV�LQ�SUHFLVLRQ�DJULFXOWXUH�´�6FLHQWLILF�5HSRUWV��YRO��
����DUW��QR���������������GRL����������V������������������

>�@ &��.��'DV��6��.��'DV��-��-��$O�0DPXU�6D\RU��DQG�0��7��$KPHG��³$Q�H[SODLQDEOH�TXDQWL]HG� WUDQVIHU�
OHDUQLQJ� IUDPHZRUN� IRU� PXOWLFODVV� ULFH� GLVHDVH� GHWHFWLRQ� ZLWK� ,R7�EDVHG� VRLO� PRQLWRULQJ�´� 6PDUW�
$JULFXOWXUDO�7HFKQRORJ\��YRO������DUW��QR����������������GRL����������M�DWHFK�������������

>�@ 0��6��6KDNLE��1��+��%KXL\DQ��.��=DPDQ��0��6��$��7DLELQ��(��+RVVHQ��0��(��$OL� DQG�5��.KLVD��³$Q�$,�
SRZHUHG� VPDUWSKRQH�EDVHG� VROXWLRQ� IRU� ULFH� OHDI� GLVHDVH�GHWHFWLRQ�DQG�D� VPDUW� HOHFWURQLF� UHSRUWLQJ�
V\VWHP�LQWHJUDWLQJ�GHHS�FRQYROXWLRQDO�QHXUDO�QHWZRUN�DQG�WKH�LQWHUQHW�RI�WKLQJV�´�3K\VLRORJLFDO�DQG�
0ROHFXODU�3ODQW�3DWKRORJ\��YRO�������DUW��QR����������������GRL����������M�SPSS�������������

>�@ 1��&KLKDRXL��$��:DOHHG��$��6��6��0XIOHK��6��0��$OVKUDDK��/��+��5��$ODMPL��HW�DO���³$�FRPSUHKHQVLYH�
UHYLHZ� RQ� $,�EDVHG� FURS� GLVHDVH� GHWHFWLRQ� XVLQJ� OHDI� LPDJH� FODVVLILFDWLRQ� DQG� H[SODLQDEOH� $,�´�
'LVFRYHU�$SSOLHG�6FLHQFHV��YRO�����DUW��QR�������������GRL����������V�����������������

>�@ $��6DLQL��1��6��*LOO��3��*XOLD��$��.��7LZDUL��3��0DUDWKD��DQG�0��$��6KDK��³6PDUW�FURS�GLVHDVH�PRQLWRULQJ�
V\VWHP�LQ�,R7�XVLQJ�RSWLPL]DWLRQ�HQDEOHG�GHHS�UHVLGXDO�QHWZRUN�´�6FLHQWLILF�5HSRUWV��YRO������DUW��QR��
������������GRL����������V������������������

>�@ *��9HUPD��$��.�� 6D[HQD��0��5DL��0�� 6KDKHHQ�� DQG� 6��1DD]�� ³,R7� LQWHJUDWHG�&11� IUDPHZRUN� IRU�
DXWRPDWHG�GHWHFWLRQ�DQG�TXDQWLILFDWLRQ�RI�ULFH�DQG�SRWDWR�FURS�GLVHDVHV�´ 6FLHQWLILF�5HSRUWV��YRO������
DUW��QR���������������GRL����������V������������������

>��@7��.��1MRURJH��(��-��2PRO��DQG�9��2��1\DQJDUHVL��³'HHS�OHDUQLQJ�DQG


