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�3UDGQ\D�%KRVDOH���3URI��$QNLWD�3RNDOH

�6WXGHQW���$VVLVWDQW�3URIHVVRU�± 6HPLQDU�*XLGH
�'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�
�$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW

'HWHFWLQJ�GLVHDVH�V\PSWRPV�LQ�WKH�ILHOG�EHIRUH�WKH\�UHDFK�DGYDQFHG�VWDJHV�JLYHV�IDUPHUV�PRUH�RSWLRQV�LQ�
KRZ�WKH\�UHVSRQG��&ODVVLILFDWLRQ�RI�OHDI� LPDJHV�E\�GHHS�OHDUQLQJ�PRGHOV�KDV�DOUHDG\�EHHQ�VKRZQ�WR�EH�
SRVVLEOH�� +RZHYHU�� OHDI� LPDJHV� DORQH� DUH� QRW� HQRXJK�� EHFDXVH� D� OHDI� LPDJH� GRHV� QRW� FDSWXUH� WKH�
FLUFXPVWDQFHV�VXUURXQGLQJ�D�FURS¶V�JURZWK��7KHVH�FLUFXPVWDQFHV�LQFOXGH�WHPSHUDWXUH��KXPLGLW\� UDLQIDOO��
PRLVWXUH��VRLO�SURSHUWLHV�DQG�WKH�FURS¶V�VWDJH�RI�JURZWK��7KLV�SDSHU�H[DPLQHV�GHHS�OHDUQLQJ�IRU�SODQW�GLVHDVH�
GHWHFWLRQ��FRPSXWHU�YLVLRQ��PXOWLPRGDO�ODQJXDJH�PRGHOV��DQG�SULYDF\�DZDUH�DQG�H[SODLQDEOH�$,��8VLQJ�WKH�
H[LVWLQJ�OLWHUDWXUH��LW�SURSRVHV�D�IUDPHZRUN�IRU�DQDO\VLQJ�OHDI�LPDJHV�WRJHWKHU�ZLWK�VWUXFWXUHG�ZHDWKHU��VRLO�
DQG�FURS�VWDJH�GDWD��7KH�IUDPHZRUN�LV�QRW�FRPSOHWH�DQG�KDV�QRW�\HW�EHHQ�WHVWHG��,WV�ZRUWK�ZLOO�KDYH�WR�EH�
GHWHUPLQHG�LQ�D�VWXG\�WKDW�FRPSDUHV�LPDJH�RQO\�DQG�PXOWLPRGDO�PRGHOV�RQ WHVW�GDWDVHWV�FROOHFWHG�XQGHU�
DFWXDO�ILHOG�FRQGLWLRQV�

.H\ZRUGV

&URS�GLVHDVH�GHWHFWLRQ��PXOWLPRGDO�DUWLILFLDO� LQWHOOLJHQFH��SUHFLVLRQ�DJULFXOWXUH��GHHS�OHDUQLQJ��FRPSXWHU�
YLVLRQ��IHDWXUH�IXVLRQ��FURS�KHDOWK�PRQLWRULQJ�

,��,1752'8&7,21

+HDOWK\�FURSV�DUH�RI JUHDW�HFRQRPLF�DQG�VRFLDO�YDOXH�WR�DJULFXOWXUH��'LVHDVH�WKDW�LV�GLDJQRVHG�WRR�ODWH�FDQ�
FDXVH�IRRG�ORVV�DQG�D�ORVV�RI�FURS�TXDOLW\��DQG�ZLWK�WKHP�FRQVLGHUDEOH�HFRQRPLF�FRVW��)DUPHUV�XVXDOO\�IRFXV�
WKHLU�DWWHQWLRQ�RQ�WKH�YLVLEOH�SDUWV�RI�D�FURS��VXFK�DV�WKH�OHDYHV��7KLV�LV�D�GHWHFWLRQ�PHWKRG�WKDW�OHDYHV�D�ORW�
RI�DPELJXLW\�DQG�URRP�IRU�HUURU��EHFDXVH�V\PSWRP�LGHQWLILFDWLRQ�LV�VXEMHFWLYH�DQG�VSHFLDOLVHG�FRQVXOWDWLRQ�
LV�QRW�DOZD\V�DYDLODEOH�

$,�V\VWHPV�KDYH�PDGH�WKLV�SURFHVV�HDVLHU�E\�FRPELQLQJ�FRPSXWHU�YLVLRQ�ZLWK�PDFKLQH�OHDUQLQJ�PRGHOV�DQG�
SDWWHUQ� UHFRJQLWLRQ� RQ� FURS� SKRWRJUDSKV�� 7KH� SKRWRJUDSKV� DUH� DQDO\VHG� WR� DLG� GLVHDVH� FODVVLILFDWLRQ��
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&RQYROXWLRQDO� 1HXUDO� 1HWZRUNV� �&11V�� DQG��PRUH� UHFHQWO\��9LVLRQ�7UDQVIRUPHUV� DQG� YLVLRQ�ODQJXDJH�
PRGHOV�KDYH�JDLQHG�PXFK�UHVHDUFK�DWWHQWLRQ�>�@±>�@�

8VHIXO�DV�WKHVH�PRGHOV�DUH��WKH\�DUH�SURQH�WR�HUURUV�DQG�OHDYH�DPELJXLW\�LQ�D�GLVHDVH�GHWHFWLRQ�VFHQDULR��$�
OHDI�SKRWRJUDSK�GRHV�QRW�JLYH�D�GLUHFW�LQWHUSUHWDWLRQ�RI�HQYLURQPHQWDO�FRQGLWLRQV�VXFK�DV�KXPLGLW\��UDLQIDOO��
PRLVWXUH�DQG WKH�VWDJH�RI�SODQW�JURZWK��DQ\�RI�ZKLFK�PLJKW�KDYH�EHHQ�D�IDFWRU�LQ�WKH�SODQW¶V�FRQGLWLRQ��7KH�
QHHG�IRU�DQ�LQWHJUDWHG�V\VWHP�WKDW�FDQ�KDQGOH�DOO�RI�WKLV�GDWD�LV�WKH�NH\�PRWLYDWLRQ�RI�WKLV�ZRUN�

7KLV�SDSHU�LQWURGXFHV�WKH�SURSRVHG�V\VWHP�DQG�H[SODLQV�KRZ�LW�FRXOG�EH�GHVLJQHG�DQG�HYDOXDWHG��LQ�RUGHU�
WR�DVVHVV�ZKHWKHU�LW�LV�LQGHHG�WKH�DQVZHU�WR�WKLV�QHHG�

,,��352%/(0�67$7(0(17

0DQ\�SODQW�GLVHDVH�FODVVLILFDWLRQ�PRGHOV�IRFXV�RQ�OHDI�LPDJHV��7KHVH�PRGHOV�OHDUQ�LPDJH�SDWWHUQV��EXW�WKH\�
GR�QRW�SHUIRUP�ZHOO�LQ�WKH�ILHOG�EHFDXVH�RI�SRRU�TXDOLW\�SKRWRJUDSKV�DQG�YDU\LQJ�FURS�FRQGLWLRQV�DQG�FURS�
YDULHWLHV��0DQ\�LPDJH�EDVHG�PRGHOV�H[LVW��EXW�WKH\�ODFN�HQYLURQPHQWDO�FRQWH[W�

7KH� JRDO� RI� WKLV� UHVHDUFK� LV� WR� VHH� ZKHWKHU� LPDJH�EDVHG� SODQW� GLVHDVH� GHWHFWLRQ� FDQ� EH� LPSURYHG� E\�
FRPELQLQJ�OHDI�LPDJH�IHDWXUHV�ZLWK�FURS�VWDJH�DQG�FURS�HQYLURQPHQW�IHDWXUHV�VXFK�DV�VRLO�DQG�ZHDWKHU��$Q\�
LPSURYHPHQW�PXVW�DOVR�EH�TXDQWLILHG��7KLV�UHTXLUHV�FRPSDULQJ�WKH�SURSRVHG�PRGHO�DJDLQVW�H[LVWLQJ�LPDJH�
EDVHG�PRGHOV�XVLQJ�FRQVLVWHQW�WHVW�PHWKRGV�

,,,��2%-(&7,9(6

7KH�REMHFWLYHV�RI�WKLV�SDSHU�DUH�DV�IROORZV�

�� 7R�UHYLHZ�GHHS�OHDUQLQJ�DQG�FRPSXWHU�YLVLRQ�IRU�SODQW�GLVHDVH�GHWHFWLRQ�

�� 7R�ORRN�DW� WKH�ODWHVW�UHVHDUFK�GLUHFWLRQV�� LQFOXGLQJ�9LVLRQ�7UDQVIRUPHUV��PXOWLPRGDO�PRGHOV�DQG�
H[SODLQDEOH�$,�

�� 7R�ORRN�DW�WKH�GUDZEDFNV�RI�LPDJH�RQO\�PRGHOV��VXFK�DV�ELDV�DQG�PLVVLQJ�FRQWH[W�

�� 7R�SURSRVH�D�IUDPHZRUN�WKDW�LQWHJUDWHV�LPDJH��VRLO��ZHDWKHU�DQG�FURS�JURZWK�VWDJH�GDWD�

�� 7R�OLVW�WKH�UHTXLUHPHQWV�IRU�HYDOXDWLQJ�ZKHWKHU�WKH�SURSRVDO�DGGV�EHQHILW�RYHU�LPDJH�RQO\�PRGHOV�

,9��/,7(5$785(�6859(<

7KLV� UHYLHZ�FRQVLGHUV�SDSHUV� WKDW�SUHVHQW�$,�PHWKRGV� DSSOLHG� WR� DJULFXOWXUH� DQG�SODQW�GLVHDVH��5HYLHZ�
DUWLFOHV�H[SODLQ�FRPPRQ�SUDFWLFHV�DQG� WKH�H[LVWLQJ�FKDOOHQJHV� LQ� WKH� ILHOG��6RPH�DUWLFOHV�SUHVHQW�QHZO\�
GHYHORSHG� LPDJH�EDVHG� $,� PHWKRGV� IRU� DJULFXOWXUH�� ZKHUHDV� RWKHUV� FRQVLGHU� LVVXHV� VXUURXQGLQJ� WKH�
LQWHUSUHWDWLRQ�DQG�LPSOHPHQWDWLRQ�RI�$,�LQ�DJULFXOWXUH��7KHVH�SDSHUV�GR�QRW�FRQWDLQ�VXIILFLHQW�HYLGHQFH�WR�
VXSSRUW�HYHU\�GHVLJQ�GHFLVLRQ�LQ�WKLV�UHVHDUFK��EXW�WKH\�SURYLGH�UHOHYDQW�EDFNJURXQG�
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$��'HHS�/HDUQLQJ�IRU�3ODQW�'LVHDVH�'HWHFWLRQ

$�QXPEHU�RI�GHHS�OHDUQLQJ�PHWKRGV�IRU�SODQW�GLVHDVH�GHWHFWLRQ�DQG�UHODWHG�DJULFXOWXUDO� WDVNV�KDYH�EHHQ�
VXUYH\HG�LQ�>�@��7KDW�UHYLHZ�KHOSV�FODULI\�WKH�QHHG�IRU�GHHS�OHDUQLQJ�DQG�SRLQWV�RXW�FRPPRQ�UHVHDUFK�LVVXHV�
LQ� WKH� DUHD�� ,W� GRHV� QRW�� KRZHYHU�� H[SODLQ� KRZ� DGGLQJ�ZHDWKHU� DQG� VRLO� LQIRUPDWLRQ�ZRXOG� LPSURYH� D�
SDUWLFXODU�V\VWHP�

3DFDO�HW�DO��DOVR�SXEOLVKHG�D�V\VWHPDWLF�UHYLHZ�RI�GHHS�OHDUQLQJ�IRU�SODQW�GLVHDVHV�>�@��7KHLU�ZRUN�JLYHV�D�
EHWWHU�XQGHUVWDQGLQJ�RI�WKH�PHWKRGV�DQG�WKH�HYDOXDWLRQ�WHFKQLTXHV�HPSOR\HG�LQ�WKH�DUHD��$�VLJQLILFDQW�LVVXH�
LV� WKDW� WKH� UHVXOWV� RI�PDQ\�SDSHUV� DUH� QRW� UREXVW� HQRXJK�� HVSHFLDOO\� IRU�PRGHOV� EXLOW� RQ� FXUDWHG� LPDJH�
GDWDVHWV�� 6WURQJ� HYDOXDWLRQ� GDWDVHWV� ZLWK� GDWD� WKDW� UHIOHFW� D� YDULHW\� RI� ILHOG� FRQGLWLRQV� DUH� WKHUHIRUH�
LPSRUWDQW�

%��&RPSXWHU�9LVLRQ�7HFKQRORJLHV

'LQJ�HW�DO��VXPPDULVHG�FRPSXWHU�YLVLRQ�WHFKQRORJLHV�XVHG�IRU�PRQLWRULQJ�SODQW�GLVHDVHV�>�@��7KH\�GHVFULEHG�
ERWK�WUDGLWLRQDO�PHWKRGV�DQG�WKH�PRUH�UHFHQW�WUDQVIRUPHU�EDVHG�WHFKQRORJLHV�IRU�LPDJH�SURFHVVLQJ��7KLV�
VXUYH\�SURYLGHV�D�VWDUWLQJ�SRLQW�IRU�GHYHORSLQJ�D�FRPSXWHU�YLVLRQ�V\VWHP�WKDW�FDQ�VHUYH�DV�WKH�ILUVW�EXLOGLQJ�
EORFN�RI�D�PXOWLPRGDO�V\VWHP�

&��0XOWLPRGDO�/DQJXDJH�0RGHOV��0XOWLPRGDO�)XVLRQ�DQG�([SODLQDEOH�$,

5RXPHOLRWLV�HW�DO��FRPSDUHG�D�PXOWLPRGDO�ODUJH�ODQJXDJH�PRGHO��*37��R��ZLWK�5HV1HW����IRU�SODQW�GLVHDVH�
FODVVLILFDWLRQ�XVLQJ�OHDI�LPDJHV�>�@��7KH�ILQH�WXQHG�PXOWLPRGDO�PRGHO�VOLJKWO\�RXWSHUIRUPHG�5HV1HW����DQG�
VKRZHG�EHWWHU�JHQHUDOLVDWLRQ��ZKHUHDV�]HUR�VKRW�SHUIRUPDQFH�ZDV�UHODWLYHO\�ZHDN�DQG�VWLOO�UHTXLUHG�WUDLQLQJ�
GDWD�

$�UHYLHZ�E\�;X�HW�DO��FRYHUV�PXOWLPRGDO�$,�WKDW� LQWHJUDWHV�LPDJLQJ��HQYLURQPHQWDO�DQG�VHQVRU�GDWD�IRU�
GLVHDVH� DQG�SHVW�PDQDJHPHQW� >�@�� ,W� UHSRUWV� WKDW�PXOWLPRGDO� V\VWHPV� DFKLHYHG DSSUR[LPDWHO\��±������
KLJKHU�GLDJQRVWLF�DFFXUDF\�WKDQ�XQLPRGDO�DSSURDFKHV��ZKLOH�QRWLQJ�WKDW�PXOWLPRGDO�GDWDVHWV�DUH�GLIILFXOW�
WR�FROOHFW�DQG�UHTXLUH�PRUH�FRPSXWDWLRQDO�UHVRXUFHV��7KHVH�ILJXUHV�DUH�UHSRUWHG�E\�WKH�UHYLHZ�DQG�KDYH�QRW�
EHHQ�YHULILHG�LQ�WKLV ZRUN�

6KDZRQ� HW� DO�� UHYLHZHG� IHGHUDWHG� OHDUQLQJ� DQG� H[SODLQDEOH�$,� �;$,�� IRU� SODQW� GLVHDVH� GHWHFWLRQ� >�@��
)HGHUDWHG� OHDUQLQJ� HQDEOHV� SULYDF\�SUHVHUYLQJ� PRGHO� WUDLQLQJ� DQG� ;$,� LPSURYHV� LQWHUSUHWDELOLW\�� EXW�
IHGHUDWHG�OHDUQLQJ�IDFHV�FRPPXQLFDWLRQ�RYHUKHDG�DQG�KHWHURJHQHRXV�GDWD�FKDOOHQJHV�

9��&203$5$7,9(�6800$5<�2)�7+(�/,7(5$785(

7DEOH�,�FDSWXUHV�WKH�UHODWLRQVKLS�RI�WKH�VHOHFWHG�SXEOLFDWLRQV�WR�WKH�FXUUHQW�VWXG\��7KH�ODVW�FROXPQ�RXWOLQHV�
FRQVLGHUDWLRQV�WKDW�WKH�SURSRVHG�IUDPHZRUN�VKRXOG�DGGUHVV��WKH�VFRSH�DQG�VKRUWFRPLQJV�RI�WKH�FLWHG�SDSHUV�
PD\�GLIIHU�
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6WXG\ 0DLQ�IRFXV &RQWULEXWLRQ� UHOHYDQW� WR� WKLV�
SDSHU

&RQVLGHUDWLRQ� IRU� WKH�
SURSRVHG�IUDPHZRUN

1JXJL� HW� DO���
�����>�@

6\VWHPDWLF� UHYLHZ�
RI�GHHS�OHDUQLQJ�IRU�
SODQW� GLVHDVH�
GHWHFWLRQ�

$Q� RYHUYLHZ� RI� WKH� GHHS�
OHDUQLQJ� WHFKQLTXHV� XVHG� IRU�
GLVHDVH�GHWHFWLRQ�

7KH�UHYLHZ�GRHV�QRW�FRYHU�WKH�
HIIHFWLYHQHVV� RI� FRPELQLQJ�
GDWD�VWUHDPV�

3DFDO� HW� DO���
�����>�@

'HHS� OHDUQLQJ� IRU�
SODQW� GLVHDVH�
UHFRJQLWLRQ�

$Q� RYHUYLHZ� RI� FRPPRQ�
UHVHDUFK� FKDOOHQJHV� DQG�
JXLGDQFH� RQ� HYDOXDWLRQ� GHVLJQ�
LQ�SODQW�GLVHDVH�UHVHDUFK�

3HUIRUPDQFH� IURP� FRQWUROOHG�
H[SHULPHQWV�DQG�GDWDVHWV�PD\�
QRW�EH�UHSOLFDEOH�LQ�UHDO�ZRUOG�
ILHOG�VFHQDULRV�

'LQJ� HW� DO���
�����>�@

&RPSXWHU� YLVLRQ�
WHFKQLTXHV�IRU�SODQW�
GLVHDVH�UHFRJQLWLRQ�

6XPPDULVHV� FXUUHQW� DQG� QHZ�
FRPSXWHU�YLVLRQ�WHFKQRORJLHV�

)HDWXUH�H[WUDFWLRQ�DORQH�GRHV�
QRW�FRYHU�WKH�IXVLRQ�RI�LPDJH�
GDWD�ZLWK� VWUXFWXUHG�ZHDWKHU��
VRLO�DQG�FURS�VWDJH�GDWD�

5RXPHOLRWLV� HW�
DO��������>�@

0XOWLPRGDO� //0V�
DQG� &11V� LQ� SODQW�
GLVHDVH�UHFRJQLWLRQ�

&RPSDUHV�*37��R�ZLWK�5HV1HW�
���RQ�OHDI�LPDJHV�

&RPELQLQJ� ODQJXDJH� DQG�
YLVLRQ�VKRXOG�QRW�EH�FRQIODWHG�
ZLWK� IXVLQJ� VSHFLILF� GDWD�
LQSXWV� FROOHFWHG� IURP�
DJULFXOWXUDO�DFWLYLWLHV�

6KDZRQ� HW� DO���
�����>�@

)HGHUDWHG� OHDUQLQJ�
DQG� ;$,� LQ� SODQW�
GLVHDVH�UHFRJQLWLRQ�

3ULYDF\�FRQVFLRXV� DQG�
LQWHUSUHWDEOH� PRGHOV� IRU� SODQW�
GLVHDVH�UHFRJQLWLRQ�

([SODLQDEOH� DQG� IHGHUDWHG�
PHWKRGV�GR�QRW�E\�WKHPVHOYHV�
MXVWLI\� XVLQJ� PXOWL�VRXUFH�
GDWD�LQ�D�IXVHG�PRGHO�

;X�HW�DO��������
>�@

0XOWLPRGDO� $,� IRU�
GLVHDVH� DQG SHVW�
PDQDJHPHQW� LQ�
SUHFLVLRQ�
DJULFXOWXUH�

5HYLHZV� V\VWHPV� WKDW� LQWHJUDWH�
LPDJLQJ�� HQYLURQPHQWDO� DQG�
VHQVRU�GDWD�

0XOWLPRGDO� GDWDVHWV� DUH�
GLIILFXOW� WR� FROOHFW� DQG� QHHG�
PRUH� FRPSXWDWLRQDO�
UHVRXUFHV�

9,��5(6($5&+�*$3

$�ODUJH�SDUW�RI� WKH� OLWHUDWXUH�RQ�GHHS� OHDUQLQJ�DQG�FRPSXWHU�YLVLRQ� LQ�DJULFXOWXUH�QRWHV� WKDW� IRXQGDWLRQ�
PRGHOV�� H[SODLQDELOLW\� DQG� SULYDF\�SUHVHUYLQJ� PDFKLQH� OHDUQLQJ� DUH� EHFRPLQJ� LQFUHDVLQJO\� LPSRUWDQW��
+RZHYHU��LQ�WKH�OLWHUDWXUH�UHYLHZHG�WKHUH�LV�VWLOO�QR�HVWDEOLVKHG�PHWKRG�IRU�IXVLQJ�OHDI�LPDJH��ZHDWKHU��VRLO�
DQG�FURS�JURZWK�VWDJH�GDWD�IRU�WKH�VDPH�DJULFXOWXUDO�SUHGLFWLRQ�WDVN�
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7KH�SUREOHP�LV�WKHUHIRUH�ZHOO�GHILQHG�DQG�PHDVXUDEOH��GRHV�LQWHJUDWLQJ�VWUXFWXUHG�DJULFXOWXUDO�GDWD�ZLWK�
LPDJH�IHDWXUHV�LPSURYH�WKH�SHUIRUPDQFH�RU�UREXVWQHVV�RI�SODQW GLVHDVH�FODVVLILFDWLRQ�UHODWLYH�WR�DQ�LPDJH�
RQO\�EDVHOLQH"�$QVZHULQJ�WKLV�TXHVWLRQ�UHTXLUHV�D�PRUH�H[KDXVWLYH�OLWHUDWXUH�VHDUFK��D�GDWDVHW�LQ�ZKLFK�HDFK�
UHFRUG�UHSUHVHQWV�WKH�VDPH�FURS�DW�WKH�VDPH�WLPH�DQG�SODFH��DQG�ZHOO�FRQWUROOHG�H[SHULPHQWV��7KH�LGHQWLILHG�
JDS� DSSOLHV� RQO\� WR� WKH� OLWHUDWXUH� UHYLHZHG� DQG� LV� QRW� D� FODLP� WKDW� QR� PXOWLPRGDO� UHVHDUFK� KDV� EHHQ�
FRQGXFWHG�LQ�DJULFXOWXUH�

9,,��352326('�)5$0(:25.

7KH�SURSRVHG�IUDPHZRUN� LV� LQWHQGHG�DV�D�JXLGHOLQH�IRU� IXWXUH�ZRUN� LQ� WKLV�GRPDLQ�� ,W�KDV�QRW�\HW� EHHQ�
GHVLJQHG�LQ�GHWDLO�RU�LPSOHPHQWHG�

$��,QSXW�0RGDOLWLHV

)RXU�W\SHV�RI�LQIRUPDWLRQ�DUH�SURSRVHG��DV�VXPPDULVHG�LQ�7DEOH�,,�

7$%/(�,,��352326('�,1387�02'$/,7,(6

0RGDOLW\ 7\SLFDO�FRQWHQW 5ROH�LQ�WKH�IUDPHZRUN

/HDI�LPDJHV 9LVXDO� V\PSWRPV� RI� WKH� FURS��
VXFK�DV�OHDI�RU�SODQW�VWDWXV�

)HDWXUHV� H[WUDFWHG� E\� D� &11� RU� D� 9LVLRQ�
7UDQVIRUPHU�

:HDWKHU�GDWD 7HPSHUDWXUH�� KXPLGLW\� DQG�
UDLQIDOO�

&URS�VSHFLILF� PHDVXUHV� WKDW� GHSHQG� RQ� WKH�
GLVHDVH�LQ�TXHVWLRQ�

6RLO�GDWD 6RLO� PRLVWXUH�� S+� DQG� QXWULHQW�
LQGLFDWRUV��H�J���QLWURJHQ��

(QYLURQPHQWDO�FRQWH[W�WKDW�DQ�LPDJH�GRHV�QRW�
FDSWXUH�

&URS�VWDJH�
LQIRUPDWLRQ

&URS�W\SH�DQG�JURZWK�VWDJH� 8VHG�DV�IHDWXUHV�DORQJVLGH�WKH�RWKHU�LQSXWV�

%��,PDJH�DQG�6WUXFWXUHG�'DWD�3URFHVVLQJ

%UDQFKHV�GHGLFDWHG�WR�LPDJH�DQG�VWUXFWXUHG�GDWD�ZRXOG�UXQ�LQ�SDUDOOHO��9LVXDO�GDWD��VXFK�DV�D�SKRWRJUDSK�
RI�D�OHDI��ZRXOG�EH�SURFHVVHG�E\�DQ�LPDJH�EUDQFK��ZKHUHDV�VWUXFWXUHG�GDWD��LQFOXGLQJ�ZHDWKHU��VRLO�DQG�FURS�
VWDJH��ZRXOG�EH�FOHDQHG��HQFRGHG�DQG�VFDOHG�E\�D�VWUXFWXUHG�GDWD�EUDQFK��$IWHU�WKH�EUDQFKHV�DUH�MRLQHG�E\�
D�IHDWXUH�IXVLRQ�WHFKQLTXH��D�PRGHO�ZRXOG�PDNH�WKH�SUHGLFWLRQ��)LJ����VKRZV�WKH�SURSRVHG�PHWKRGRORJ\�
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)LJ�����3URSRVHG�PXOWLPRGDO�IUDPHZRUN�IRU�FURS�GLVHDVH�FODVVLILFDWLRQ�

$�NH\�JRDO� IRU� IXWXUH� UHVHDUFK� LV� WKH�GHYHORSPHQW� RI�PRGHOV� WKDW�PDNH�PRUH�VRSKLVWLFDWHG�SUHGLFWLRQV��
LQFOXGLQJ� GLVHDVH� VHYHULW\�� WUHDWPHQW� VXJJHVWLRQV� DQG�\LHOG� IRUHFDVWLQJ�� 6XFK�PRGHOV�ZRXOG� QHHG� WR� EH�
GHYHORSHG�DQG�HYDOXDWHG�VHSDUDWHO\��)RU�QRZ�� WKH�DLP�LV� WR�GHYHORS�D�PRGHO� WKDW�FODVVLILHV�GLVHDVHV�� ,WV�
SUHGLFWLRQV�ZLOO�QRW�UHSODFH�D�GLDJQRVLV�DQG�VKRXOG�QRW�EH�XVHG�RQ�WKHLU�RZQ�WR�GHWHUPLQH�WKH�FRXUVH�RI�
WUHDWPHQW�

&��(YDOXDWLRQ�3ODQ

5HVHDUFKHUV� VKRXOG� GHVFULEH� WKHLU�PHWKRGV� LQ� VXIILFLHQW� GHWDLO� WKDW� FRPSDULVRQV� FDQ� EH�PDGH� EHWZHHQ�
VWXGLHV��7KH�EDVHOLQHV�LQ�7DEOH�,,,�DUH�SURSRVHG�

7$%/(�,,,��352326('�%$6(/,1(6�)25�(9$/8$7,21

%DVHOLQH ,QSXWV

� ,PDJH�RQO\�

� ,PDJH�DQG�ZHDWKHU�

� ,PDJH�DQG�VRLO�

� &RPELQDWLRQ�RI�LPDJH��ZHDWKHU��VRLO�DQG�FURS�VWDJH�

)RU�HDFK�EDVHOLQH��UHVHDUFKHUV�FDQ�UHSRUW�DFFXUDF\��SUHFLVLRQ��UHFDOO�DQG�WKH�PDFUR�)��VFRUH��DQG�D�FRQIXVLRQ�
PDWUL[�FDQ�DOVR�EH�SURYLGHG��,I�WKH�GDWDVHW�LV�XQEDODQFHG��PDFUR�)��DQG�SHU�FODVV�UHFDOO�FDQ�EH�UHSRUWHG�
LQVWHDG�RI�DFFXUDF\��'DWD�VSOLWV�VKRXOG�EH�GHVLJQHG�VR�WKDW�QR�GDWD�OHDNV�IURP�WKH�WUDLQLQJ�VSOLW�LQWR�WKH�WHVW�
VSOLW�
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9,,,��675(1*7+6�$1'�/,0,7$7,216

$��3RWHQWLDO�6WUHQJWKV

'HHS�OHDUQLQJ�DSSURDFKHV�DOORZ�SDWWHUQV�WR�EH�H[WUDFWHG�IURP�LPDJHV��DQG�WKLV�FDQ�EH�H[SORLWHG�WR�DXWRPDWH�
SODQW�GLVHDVH�UHFRJQLWLRQ��8VLQJ�PXOWLSOH�LQSXWV�FDQ�VXSSO\�FRQWH[W��VXFK�DV�HQYLURQPHQWDO�GDWD��WKDW�DQ�
LPDJH� RWKHUZLVH� ODFNV��$�PRGXODU� GHVLJQ� ZRXOG� DOVR� DOORZ� HDFK� LQSXW� WR� EH� DQDO\VHG� LQGLYLGXDOO\� WR�
HYDOXDWH�LWV�UHODWLYH�FRQWULEXWLRQ�WR�WKH�V\VWHP��7KHVH�GHVLJQ�SURSRVDOV�DUH�K\SRWKHWLFDO�DQG�KDYH�\HW�WR EH�
WHVWHG�

%��/LPLWDWLRQV�DQG�3UDFWLFDO�&KDOOHQJHV

%HIRUH�UHDO�ZRUOG�DGRSWLRQ��D�QXPEHU�RI�LPSRUWDQW�LVVXHV�PXVW�EH�FRQVLGHUHG�

� 'DWD�DOLJQPHQW�� LPDJH��PHWHRURORJLFDO�� VRLO�DQG�FURS�JURZWK�VWDJH�GDWD�VKRXOG�EH�PDWFKHG�IRU�
WLPH�DQG�ORFDWLRQ�

� 6HQVRU�GDWD�QRLVH��VHQVRU�DQG�PHWHRURORJLFDO�GDWD�FDQ�EH�QRLV\��GHOD\HG�RU�LQFRPSOHWH�

� )LHOG�GDWD�JHQHUDOLVDWLRQ�� LPDJHV�XVHG�IRU� WUDLQLQJ�PD\�EH�RI�D�PRUH� LGHDO�QDWXUH� WKDQ� LPDJHV�
FDSWXUHG�RQ�UHDO�IDUPV�

� 5HVRXUFHV��PDLQWDLQLQJ�VRLO�GDWD�VHQVRUV�FDQ�EH�SURKLELWLYHO\�H[SHQVLYH�DQG�ORJLVWLFDOO\�GHPDQGLQJ�
IRU�PRVW�IDUPHUV�

� 7UXVWZRUWK\�DJURQRPLF�GHFLVLRQV��ZLWKRXW�VXIILFLHQW�HPSLULFDO�HYLGHQFH�DQG�RYHUVLJKW�IURP�DQ�
DJURQRPLVW�� GLVHDVH� SUHGLFWLRQV� VKRXOG� QRW� EH� WUHDWHG� DV� FRQILUPHG� GLDJQRVHV� RU� SUHVFULSWLYH�
LQWHUYHQWLRQV�

� 0RGHO� FRPSOH[LW\�� LQFOXGLQJ� PRUH� GDWD� W\SHV� DQG� PRGDOLWLHV� PD\� LQFUHDVH� FRPSXWDWLRQDO��
PDLQWHQDQFH�DQG�LQWHJUDWLRQ�UHTXLUHPHQWV�

7KH�ELJJHVW�FXUUHQW�FKDOOHQJH�LV�ILQGLQJ�DQ�DOLJQHG�GDWDVHW�RI�DOO�LQSXWV�DQG�PRGDOLWLHV��,I�LQSXWV�FRPH�IURP�
GLIIHUHQW�ORFDWLRQV�DQG�WLPHV��WKH�PRGHO�LV�OLNHO\�WR�OHDUQ�ZURQJ�SDWWHUQV�DQG�FRUUHODWLRQV��8OWLPDWHO\��WKH�
HIIHFWLYHQHVV�RI�WKH�PRGHO�ZLOO�GHSHQG�DV�PXFK�RQ�GDWD�TXDOLW\�DV�RQ�PRGHO�GHVLJQ�

,;��(7+,&$/��62&,(7$/�$1'�6867$,1$%,/,7<�&216,'(5$7,216

&URS�KHDOWK�PRQLWRULQJ� KDV� SRWHQWLDO� DV� DQ� HDUO\�ZDUQLQJ� V\VWHP�� EXW� LW�ZRXOG� WDNH� WLPH� WR� UHDFK� WKDW�
SRWHQWLDO��,QFRUUHFW�RXWSXWV�ZRXOG�FDXVH�ORVV�RI�UHVRXUFHV�DQG�PRQH\�WKURXJK�PLVGLDJQRVHV��RYHUGLDJQRVLV�
DQG� XQQHFHVVDU\� WUHDWPHQWV�� 6\VWHPV� LQWHQGHG� IRU� IDUPHUV� VKRXOG PDNH� XQFHUWDLQW\� FOHDU� DQG� VKRXOG�
VXSSOHPHQW�� QRW� UHSODFH�� DJULFXOWXUDO� LQWXLWLRQ�� )DUPHUV� QHHG� WR� EH� LQIRUPHG� KRZ� WKHLU� GDWD� ZRXOG� EH�
FROOHFWHG�DQG�PDQDJHG�DQG�ZKHUH�LW�ZRXOG�JR�RQFH�FROOHFWHG�

([SODLQDEOH� PRGHOV� GR� QRW� HTXDWH� WR� FRUUHFW� SUHGLFWLRQV�� EXW WKH\� FDQ� LPSURYH� KRZ� SUHGLFWLRQV� DUH�
LQWHUSUHWHG��)HGHUDWHG�OHDUQLQJ�FRXOG�SURYH�XVHIXO�ZKHUH�GDWD�FROOHFWLRQ�FDQQRW�EH�FHQWUDOLVHG��DOWKRXJK�
RWKHU�LVVXHV�PXVW�WKHQ�EH�FRQVLGHUHG��%HWWHU�FURS�KHDOWK�PDQDJHPHQW�FRXOG�LPSURYH�WKH�HIILFLHQW�XVH�RI�
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LQSXWV�DQG UHVRXUFHV�ZKLOH�GHFUHDVLQJ�IRRG�ZDVWH�DQG�ORVV��7KH�DUFKLWHFWXUH�SURSRVHG�KHUH�GRHV�QRW��RQ�LWV�
RZQ��DGGUHVV�VXVWDLQDELOLW\��WKLV�ZLOO�EH�DQ�REMHFWLYH�RI�ODWHU�ILHOG�VWXGLHV��7KHUH�LV�DOVR�DQ�RSSRUWXQLW\�IRU�
FROODERUDWLRQ�DFURVV�PXOWLSOH�GLVFLSOLQHV�DQG�GRPDLQV�

;��&21&/86,21

7KLV� SDSHU� H[DPLQHG� H[LVWLQJ� GHHS� OHDUQLQJ� VWXGLHV� RQ� FURS� GLVHDVH� GHWHFWLRQ�� WRJHWKHU� ZLWK� UHFHQW�
GHYHORSPHQWV� LQ� FRPSXWHU� YLVLRQ� DQG� PXOWLPRGDO� ODUJH� ODQJXDJH� PRGHOV�� 7KH� VXUYH\HG� VWXGLHV� DUH� D�
VWDUWLQJ�SRLQW�IRU�DVVHVVLQJ�WKH�FRQWULEXWLRQ�RI�$,�WR�SODQW�KHDOWK��EXW�WKH�SHUIRUPDQFH�RI�$,�LQ�WKH�ILHOG�
UHPDLQV�DQ�RSHQ�SUREOHP��7KH�SDSHUV�KLJKOLJKW�WKH�FULWLFDO�QHHG�IRU�EHWWHU�GDWDVHW�TXDOLW\��$ORQJ�ZLWK�WKH�
VXUYH\� D�IUDPHZRUN�IRU�PHUJLQJ�VHYHUDO�NH\�UHVHDUFK�FRPSRQHQWV�ZDV�SXW�IRUZDUG�

;,��',5(&7,216�)25�)8785(�:25.

7KH� ILUVW� VWHSV� VKRXOG� EH� WR� SLFN� RQH� FURS� DQG� LGHQWLI\� D�PDQDJHDEOH� OLVW� RI� GLVHDVHV�� ,W�PXVW� WKHQ� EH�
GHWHUPLQHG�ZKHWKHU�GDWD�RQ�OHDI�LPDJHV�DUH�DYDLODEOH�DORQJ�ZLWK�GDWD�RQ�ZHDWKHU��VRLO�DQG�FURS�PDWXULW\�
VWDJH��7KHVH�GDWD�FDQ�EH�XVHG�WR�HVWDEOLVK�DQ�LPDJH�RQO\�EDVHOLQH�PRGHO��ZKLFK�ZLOO�VHUYH�DV�WKH�IRXQGDWLRQ�
IRU�DQDO\VLQJ�GLIIHUHQW�ZD\V�RI�FRPELQLQJ�LQIRUPDWLRQ�

7KH�PRGHOV�VKRXOG�WKHQ�EH�DVVHVVHG�XVLQJ�FRQVLVWHQW�GDWD�VSOLWV�DQG�PHWULFV��ZLWK�DWWHQWLRQ�WR�PLVVLQJ�GDWD�
LPSXWDWLRQ�DQG�ILHOG�JHQHUDOLVDWLRQ��)LQDOO\��DIWHU�WKHVH�LQLWLDO�VWHSV�DQG�HYDOXDWLRQV��WKH�IRFXV�VKRXOG�WXUQ�
WR�EXLOGLQJ�DQ�H[SODLQDEOH�$,�FRPSRQHQW�WKDW�DVVLVWV�WKH�IDUPHU�LQ�GHFLVLRQ�PDNLQJ�>�@>�@��>�@��>�@�

5()(5(1&(6

>�@�+��1��1JXJL��$��(�� (]XJZX��$��$��$NLQ\HOX�� HW� DO��� ³5HYROXWLRQL]LQJ�&URS�'LVHDVH�'HWHFWLRQ�ZLWK�
&RPSXWDWLRQDO�'HHS�/HDUQLQJ��$�&RPSUHKHQVLYH�5HYLHZ�´�(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW��
������GRL����������V����������������]�
>�@� ,�� 3DFDO� HW� DO��� ³$� 6\VWHPDWLF� 5HYLHZ� RI�'HHS� /HDUQLQJ�7HFKQLTXHV� IRU� 3ODQW�'LVHDVHV�´�$UWLILFLDO�
,QWHOOLJHQFH�5HYLHZ��������GRL����������V������������������
>�@�:��'LQJ��0��$EGHO�%DVVHW��,��$OUDVKGL��+��+DZDVK��HW�DO���³1H[W�*HQHUDWLRQ�RI�&RPSXWHU�9LVLRQ�IRU�
3ODQW�'LVHDVH�0RQLWRULQJ�LQ�3UHFLVLRQ�$JULFXOWXUH��$�&RQWHPSRUDU\�6XUYH\��7D[RQRP\��([SHULPHQWV��DQG�
)XWXUH�'LUHFWLRQ�´�,QIRUPDWLRQ�6FLHQFHV��YRO�������������GRL����������M�LQV�������������
>�@�.�� ,��5RXPHOLRWLV�� 5�� 6DSNRWD��0��.DUNHH��1��'��7VHOLNDV�� DQG�'��.��1DVLRSRXORV�� ³3ODQW�'LVHDVH�
'HWHFWLRQ� WKURXJK� 0XOWLPRGDO� /DUJH� /DQJXDJH� 0RGHOV� DQG� &RQYROXWLRQDO� 1HXUDO� 1HWZRUNV�´� DU;LY�
SUHSULQW�DU;LY�������������������>2QOLQH@��$YDLODEOH��KWWSV���DU[LY�RUJ�DEV������������
>�@�6��0��6KDZRQ��)��/��1LKD��2��+��6LQDQ��HW�DO���³,QWHJUDWLQJ�)HGHUDWHG�/HDUQLQJ�DQG�([SODLQDEOH�$,�IRU�
3ODQW�'LVHDVH�'HWHFWLRQ��$�6\VWHPDWLF�5HYLHZ�RI�5HFHQW�$GYDQFHV�LQ�3UHFLVLRQ�$JULFXOWXUH�´������
>�@�;X�HW�DO���³0XOWLPRGDO�$UWLILFLDO�,QWHOOLJHQFH�IRU�'LVHDVH�DQG�3HVW�0DQDJHPHQW�LQ�3UHFLVLRQ�$JULFXOWXUH��
$�5HYLHZ�´������


