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6RKD�*KDQLZDOH

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

3URI�$VKLPD�0DKHQGUD

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

$EVWUDFW

'HSUHVVLRQ�LV�D�PDMRU�PHQWDO�KHDOWK�FRQGLWLRQ�WKDW�DIIHFWV�HPRWLRQ��EHKDYLRXU��FRPPXQLFDWLRQ�DQG�GDLO\�
IXQFWLRQLQJ��DQG�LWV�HDUO\�LGHQWLILFDWLRQ�UHPDLQV�D�VLJQLILFDQW�FKDOOHQJH�IRU�ERWK�FOLQLFLDQV�DQG�UHVHDUFKHUV��
&RQYHQWLRQDO�DVVHVVPHQW�UHOLHV�PDLQO\�RQ�FOLQLFDO�LQWHUYLHZV�DQG�VHOI�UHSRUW�LQVWUXPHQWV�VXFK�DV�WKH�3+4�
DQG�%',��ZKLFK�DUH�VXEMHFWLYH�DQG�GHSHQGHQW�RQ�WKH�ZLOOLQJQHVV�DQG�DELOLW\�RI�DQ�LQGLYLGXDO�WR�DFFXUDWHO\�
UHSRUW�V\PSWRPV��$GYDQFHV�LQ�*HQHUDWLYH�$UWLILFLDO�,QWHOOLJHQFH��*HQ$,���GHHS�OHDUQLQJ�DQG�PXOWLPRGDO�
GDWD�IXVLRQ�KDYH�RSHQHG�QHZ�SRVVLELOLWLHV�IRU�DQDO\VLQJ�WH[W��DXGLR��YLGHR�DQG�EHKDYLRXUDO�VLJQDOV�WRJHWKHU�
WR�VXSSRUW�HDUO\�GHSUHVVLRQ�ULVN�GHWHFWLRQ��7KLV�SDSHU�SUHVHQWV�D�VWUXFWXUHG�UHYLHZ�RI�UHFHQW�OLWHUDWXUH�RQ�
PXOWLPRGDO�DQG�*HQHUDWLYH�$,�EDVHG�DSSURDFKHV� IRU�GHSUHVVLRQ�GHWHFWLRQ�� WUDFLQJ� WKH�SURJUHVVLRQ� IURP�
WUDGLWLRQDO�PDFKLQH�OHDUQLQJ�WHFKQLTXHV�WR�GHHS�OHDUQLQJ��WUDQVIRUPHU�EDVHG�DQG�JHQHUDWLYH�DUFKLWHFWXUHV��
(LJKW� UHSUHVHQWDWLYH� VWXGLHV� DUH� DQDO\VHG� DQG� FRPSDUHG� LQ� WHUPV� RI� PHWKRGRORJ\�� NH\� ILQGLQJV� DQG�
OLPLWDWLRQV��%DVHG�RQ�WKLV�V\QWKHVLV��NH\�UHVHDUFK�JDSV�DUH�LGHQWLILHG��LQFOXGLQJ�OLPLWHG�LQWHJUDWLRQ�RI�*HQ$,�
ZLWK� ULFK� PXOWLPRGDO� LQIRUPDWLRQ�� VFDUFLW\� RI� ODUJH� DQG� GLYHUVH� UHDO�ZRUOG� GDWDVHWV�� JHQHUDOL]DWLRQ�
GLIILFXOWLHV��*HQ$,� UHOLDELOLW\� FRQFHUQV� DQG�SULYDF\�DQG�HWKLFDO� LVVXHV� DVVRFLDWHG�ZLWK� VHQVLWLYH�PHQWDO�
KHDOWK�GDWD��$�FRQFHSWXDO�PXOWLPRGDO�*HQ$,�IUDPHZRUN�WKDW�FRPELQHV�WH[W��DXGLR��YLGHR�DQG�EHKDYLRXUDO�
LQGLFDWRUV�ZKLOH�DGGUHVVLQJ�UHOLDELOLW\��SULYDF\�DQG�H[SODLQDELOLW\�LV�VXEVHTXHQWO\�RXWOLQHG�DV�D�GLUHFWLRQ�IRU�
IXWXUH�ZRUN�

.H\ZRUGV� *HQHUDWLYH�$,��0XOWLPRGDO�'DWD�)XVLRQ��'HSUHVVLRQ�'HWHFWLRQ��0HQWDO�+HDOWK� ,QIRUPDWLFV��
/DUJH�/DQJXDJH�0RGHOV��'HHS�/HDUQLQJ��7UDQVIRUPHU�1HWZRUNV

,� ,1752'8&7,21

'HSUHVVLRQ� LV� D� PDMRU� PHQWDO�KHDOWK� FRQGLWLRQ� WKDW� FDQ� DIIHFW� D� SHUVRQ
V� HPRWLRQV�� EHKDYLRXU��
FRPPXQLFDWLRQ�DQG�GD\�WR�GD\�DFWLYLWLHV��DQG� LWV�SUHYDOHQFH� LV�SDUWLFXODUO\�QRWDEOH�DPRQJ�VWXGHQWV�DQG�
FRUSRUDWH�ZRUNHUV�ZKR� IDFH�VXVWDLQHG�DFDGHPLF�RU�RFFXSDWLRQDO� VWUHVV��/HIW�XQGHWHFWHG��GHSUHVVLRQ�FDQ�
SURJUHVVLYHO\�DIIHFW�DQ�LQGLYLGXDO
V�TXDOLW\�RI�OLIH��SURGXFWLYLW\�DQG�SK\VLFDO�ZHOO�EHLQJ��ZKLFK�PDNHV�HDUO\�
DQG�UHOLDEOH�LGHQWLILFDWLRQ�DQ�LPSRUWDQW�UHVHDUFK�DQG�SXEOLF�KHDOWK�SULRULW\�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͏͑͘ иϙ �i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͓͓

7UDGLWLRQDO� GHSUHVVLRQ� DVVHVVPHQW� PDLQO\� GHSHQGV� RQ� FOLQLFDO� LQWHUYLHZV� DQG� VHOI�DVVHVVPHQW�
TXHVWLRQQDLUHV�VXFK�DV�WKH�3DWLHQW�+HDOWK�4XHVWLRQQDLUH��3+4��DQG�WKH�%HFN�'HSUHVVLRQ�,QYHQWRU\��%',���
:KLOH�FOLQLFDOO\�YDOLGDWHG��WKHVH�DSSURDFKHV�GHSHQG�KHDYLO\�RQ�ZKDW�D�SHUVRQ�FKRRVHV�RU�LV�DEOH�WR�UHSRUW��
RQ�WKH�DYDLODELOLW\�RI�D�WUDLQHG�SURIHVVLRQDO��DQG�RQ�VXEMHFWLYH�FOLQLFDO�MXGJHPHQW��DOO�RI�ZKLFK�FDQ�GHOD\�
GHWHFWLRQ�RU�LQWURGXFH�LQFRQVLVWHQF\�

5HFHQW�UHVHDUFK�KDV�WKHUHIRUH�H[SORUHG�WKH�XVH�RI�DGGLWLRQDO��PRUH�REMHFWLYH�LQIRUPDWLRQ�VRXUFHV��LQFOXGLQJ�
OLQJXLVWLF� SDWWHUQV� LQ� WH[W�� DFRXVWLF� FKDUDFWHULVWLFV� RI� VSHHFK�� IDFLDO� DQG� YLVXDO� FXHV�� DQG� EHKDYLRXUDO�
LQGLFDWRUV�VXFK�DV�VOHHS�DQG�DFWLYLW\�SDWWHUQV��&RPELQLQJ�WKHVH�GLIIHUHQW�VRXUFHV�LV�NQRZQ�DV�PXOWLPRGDO�
DQDO\VLV�� *HQHUDWLYH� $,� DQG� PRGHUQ� GHHS�OHDUQLQJ� PRGHOV� FDQ� IXUWKHU� DQDO\VH� VXFK� PXOWLPRGDO�
LQIRUPDWLRQ��OHDUQLQJ�FRPSOH[�FURVV�PRGDO�SDWWHUQV�WR�VXSSRUW�HDUO\�GHSUHVVLRQ�ULVN�LGHQWLILFDWLRQ��EURDGO\�
VXPPDULVHG�DV�WH[W��DXGLR��YLGHR�DQG�EHKDYLRXUDO�GDWD�EHLQJ�SURFHVVHG�WKURXJK�$,�EDVHG�DQDO\VLV�WR�REWDLQ�
D�GHSUHVVLRQ�ULVN�DVVHVVPHQW�

)LJ�����0RGDOLWLHV�FRPPRQO\�XVHG�IRU�GHSUHVVLRQ�UHODWHG�SDWWHUQ�DQDO\VLV�LQ�$,�UHVHDUFK��WH[W��DXGLR��
YLGHR�DQG�EHKDYLRXUDO�GDWD�

7KLV� SDSHU� UHYLHZV� UHFHQW� OLWHUDWXUH� RQ� PXOWLPRGDO� DQG� *HQHUDWLYH�$,�EDVHG� GHSUHVVLRQ� GHWHFWLRQ��
LGHQWLILHV�WKH�NH\�UHVHDUFK�JDSV WKDW�UHPDLQ��DQG�RXWOLQHV�D�FRQFHSWXDO�IUDPHZRUN�WKDW�FRPELQHV�PXOWLPRGDO�
LQGLFDWRUV� ZLWK� *HQHUDWLYH� $,� FDSDELOLWLHV� ZKLOH� DFFRXQWLQJ� IRU� UHOLDELOLW\�� SULYDF\� DQG� HWKLFDO�
FRQVLGHUDWLRQV�

,,� 352%/(0�67$7(0(17�$1'�027,9$7,21

([LVWLQJ� GHSUHVVLRQ�GHWHFWLRQ� PHWKRGV� VWLOO� IDFH� VHYHUDO� OLPLWDWLRQV�� 7UDGLWLRQDO� DVVHVVPHQW� FDQ� EH�
VXEMHFWLYH�DQG�GHSHQGHQW�RQ�VHOI�UHSRUWHG�LQIRUPDWLRQ��ZKLOH�DXWRPDWHG�DSSURDFKHV�RIWHQ�DQDO\VH�RQO\�D�
VLQJOH�W\SH�RI�LQIRUPDWLRQ��VXFK�DV�WH[W�DORQH�RU�VSHHFK�DORQH��OLPLWLQJ�WKH�UDQJH�RI�V\PSWRPV�WKDW�FDQ�EH�
FDSWXUHG�

$W� WKH� VDPH� WLPH�� PXOWLPRGDO� DSSURDFKHV� WKDW� DWWHPSW� WR� FRPELQH� VHYHUDO� LQIRUPDWLRQ� VRXUFHV� IDFH�
DGGLWLRQDO�FKDOOHQJHV��LQFOXGLQJ�OLPLWHG�DQG�VPDOO�GDWDVHWV��SULYDF\�FRQFHUQV�LQYROYLQJ�VHQVLWLYH�XVHU�GDWD��
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GLIILFXOW\�LQ�FRPELQLQJ�GLIIHUHQW�PRGDOLWLHV�HIIHFWLYHO\��OLPLWHG�JHQHUDOL]DWLRQ�WR�UHDO�ZRUOG�HQYLURQPHQWV��
DQG� UHOLDELOLW\� DQG� LQWHUSUHWDELOLW\� FRQFHUQV� LQ� *HQHUDWLYH�$,� V\VWHPV� XVHG� IRU� VHQVLWLYH�PHQWDO�KHDOWK�
DSSOLFDWLRQV�

7KHUH�LV��WKHUHIRUH��D�QHHG�WR�LQYHVWLJDWH�KRZ�*HQHUDWLYH�$,�FRPELQHG�ZLWK�PXOWLPRGDO�LQIRUPDWLRQ�FDQ�
FRQWULEXWH�WR�PRUH�FRPSUHKHQVLYH�HDUO\�GHSUHVVLRQ�ULVN�GHWHFWLRQ�ZKLOH�H[SOLFLWO\�FRQVLGHULQJ�DFFXUDF\��
SULYDF\��UHOLDELOLW\�DQG�HWKLFDO�OLPLWDWLRQV��)RUPDOO\��WKH�SUREOHP�DGGUHVVHG�E\�WKLV�UHYLHZ�PD\�EH�VWDWHG�DV�
IROORZV��WR�VWXG\�DQG�H[SORUH�D�*HQHUDWLYH�$,�EDVHG�PXOWLPRGDO�DSSURDFK�IRU�HDUO\�GHWHFWLRQ�RI�GHSUHVVLRQ�
E\�DQDO\VLQJ�WH[W��DXGLR��YLVXDO�DQG�EHKDYLRXUDO�LQGLFDWRUV��ZKLOH�DGGUHVVLQJ�OLPLWDWLRQV�UHODWHG�WR�DFFXUDF\��
SULYDF\��UHOLDELOLW\�DQG�HWKLFDO�XVH�

,,,� 2%-(&7,9(6�2)�7+(�5(9,(:

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

��� 7R� VWXG\� H[LVWLQJ�$,� DQG� *HQHUDWLYH�$,� DSSURDFKHV� XVHG� IRU� GHSUHVVLRQ� DQG� PHQWDO�KHDOWK� ULVN�
GHWHFWLRQ�

���7R�LGHQWLI\�GHSUHVVLRQ�UHODWHG�LQGLFDWRUV�DYDLODEOH�LQ�WH[W��VSHHFK��IDFLDO�EHKDYLRXU�DQG�EHKDYLRXUDO�
GDWD�

���7R�VWXG\�PXOWLPRGDO�GDWD�IXVLRQ�WHFKQLTXHV�IRU�FRPELQLQJ�LQIRUPDWLRQ�IURP�GLIIHUHQW�PRGDOLWLHV�

��� 7R� XQGHUVWDQG� WKH� UROH� RI� *HQHUDWLYH�$,� DQG� /DUJH� /DQJXDJH 0RGHOV� �//0V�� LQ� PHQWDO�KHDOWK�
DVVHVVPHQW�DQG�HDUO\�GHWHFWLRQ�

���7R�LGHQWLI\�OLPLWDWLRQV�DQG�UHVHDUFK�JDSV�LQ�H[LVWLQJ�DSSURDFKHV�UHODWHG�WR�DFFXUDF\��GDWDVHWV��SULYDF\��
ELDV�DQG�UHOLDELOLW\�

��� 7R� H[SORUH� D� FRQFHSWXDO� PXOWLPRGDO� *HQ$,� IUDPHZRUN� IRU� VXSSRUWLQJ� HDUO\� GHSUHVVLRQ�ULVN�
LGHQWLILFDWLRQ�

,9� 5(/(9$1&(�72�&855(17�7(&+12/2*<�75(1'6

7KH� WRSLF� RI� WKLV� UHYLHZ� LV� FORVHO\� DOLJQHG�ZLWK� VHYHUDO� UDSLGO\� HYROYLQJ� DUHDV� RI� DUWLILFLDO�LQWHOOLJHQFH�
UHVHDUFK��ZKLFK�WRJHWKHU�PRWLYDWH�WKH�VWXG\�RI�*HQHUDWLYH�$,�EDVHG�PXOWLPRGDO�GHSUHVVLRQ�GHWHFWLRQ�

$��*HQHUDWLYH�$,�DQG�/DUJH�/DQJXDJH�0RGHOV

0RGHUQ�*HQ$,�PRGHOV�FDQ�XQGHUVWDQG�DQG�JHQHUDWH�FRQWH[WXDO�QDWXUDO�ODQJXDJH��FUHDWLQJ�RSSRUWXQLWLHV�IRU�
DQDO\VLQJ�PHQWDO�KHDOWK�UHODWHG�FRQYHUVDWLRQV�DQG�WH[W�IRU�HDUO\�LQGLFDWRUV�RI�ULVN�

%��0XOWLPRGDO�$UWLILFLDO�,QWHOOLJHQFH

&XUUHQW�$,� UHVHDUFK� LV�PRYLQJ�EH\RQG� WH[W�RQO\�V\VWHPV� WRZDUG�PRGHOV�FDSDEOH�RI�SURFHVVLQJ�PXOWLSOH�
PRGDOLWLHV�VXFK�DV� WH[W��DXGLR�DQG�YLVXDO� LQIRUPDWLRQ� MRLQWO\��ZKLFK� LV�GLUHFWO\�UHOHYDQW� WR�FDSWXULQJ� WKH�
GLYHUVH�V\PSWRPDWRORJ\�RI�GHSUHVVLRQ�

&��7UDQVIRUPHU�%DVHG�0RGHOV
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7UDQVIRUPHU�DUFKLWHFWXUHV�DQG�DWWHQWLRQ�PHFKDQLVPV�DUH�LQFUHDVLQJO\�XVHG�IRU�OHDUQLQJ�FRPSOH[�SDWWHUQV�
DQG� IRU� FRPELQLQJ�PXOWLPRGDO� LQIRUPDWLRQ� LQ� D� XQLILHG� UHSUHVHQWDWLRQ�� IRUPLQJ� WKH� EDFNERQH� RI�PDQ\�
UHFHQW�PXOWLPRGDO�GHSUHVVLRQ�GHWHFWLRQ�V\VWHPV�

'��$,�LQ�+HDOWKFDUH

*HQ$,� LV� LQFUHDVLQJO\� EHLQJ� LQYHVWLJDWHG� IRU� GLDJQRVLV� DQG� DVVHVVPHQW� VXSSRUW�� WKHUDSHXWLF� WRROV� DQG�
FOLQLFLDQ�VXSSRUW��SRVLWLRQLQJ�PHQWDO�KHDOWK�VFUHHQLQJ�DV�DQ�LPSRUWDQW�DSSOLFDWLRQ�DUHD�IRU�UHVSRQVLEOH�$,�
GHSOR\PHQW�

)LJ�����$SSUR[LPDWH�GLVWULEXWLRQ�RI�$,�UHVHDUFK�DUHDV�UHOHYDQW�WR�WKLV�UHYLHZ��*HQHUDWLYH�$,�DQG�//0V��
PXOWLPRGDO�$,��WUDQVIRUPHU�EDVHG�PRGHOV��$,�LQ�KHDOWKFDUH��DQG�1/3�DQG�GHHS�OHDUQLQJ�

,Q�VXPPDU\��WKH�VHPLQDU�DQG�UHYLHZ�WRSLF�VLWV�DW�WKH�LQWHUVHFWLRQ�RI�*HQHUDWLYH�$,��PXOWLPRGDO�$,��QDWXUDO�
ODQJXDJH�SURFHVVLQJ��GHHS�OHDUQLQJ�DQG�KHDOWKFDUH�$,��HDFK�RI�ZKLFK�LV�FXUUHQWO\�DPRQJ�WKH�PRVW�DFWLYH�
DUHDV�RI�$,�UHVHDUFK�

9��/LWHUDWXUH�6XUYH\

5HVHDUFK� LQ� DXWRPDWHG� GHSUHVVLRQ� GHWHFWLRQ� KDV� SURJUHVVHG� WKURXJK� VHYHUDO� GLVWLQFW� VWDJHV�� WUDGLWLRQDO�
PDFKLQH�OHDUQLQJ��GHHS�OHDUQLQJ��PXOWLPRGDO�GHHS�OHDUQLQJ��WUDQVIRUPHU�EDVHG�PRGHOV��DQG��PRVW�UHFHQWO\��
*HQHUDWLYH�$,��(DUOLHU� VWXGLHV�PDLQO\�XVHG�KDQGFUDIWHG� DXGLR��YLVXDO� DQG� WH[WXDO� IHDWXUHV� WRJHWKHU�ZLWK�
FRQYHQWLRQDO� PDFKLQH�OHDUQLQJ� DOJRULWKPV�� 'HHS�OHDUQLQJ� DSSURDFKHV� ODWHU� LQWURGXFHG� &RQYROXWLRQDO�
1HXUDO� 1HWZRUNV� �&11V��� 'HHS� 1HXUDO� 1HWZRUNV� �'11V�� DQG� /RQJ� 6KRUW�7HUP� 0HPRU\� �/670��
QHWZRUNV�IRU�DXWRPDWLF�IHDWXUH�H[WUDFWLRQ��UHGXFLQJ�WKH�GHSHQGHQFH�RQ�PDQXDO�IHDWXUH�HQJLQHHULQJ�

0RUH�UHFHQW�UHVHDUFK�FRPELQHV�DXGLR��YLGHR�DQG�WH[W�XVLQJ�DWWHQWLRQ�PHFKDQLVPV�DQG�7UDQVIRUPHU�EDVHG�
PXOWLPRGDO�DUFKLWHFWXUHV��DOORZLQJ�PRGHOV�WR�OHDUQ�FURVV�PRGDO�UHODWLRQVKLSV�GLUHFWO\ IURP�GDWD��,Q�SDUDOOHO��
*HQHUDWLYH�$,�DQG�//0V�DUH�EHLQJ�LQYHVWLJDWHG�IRU�PHQWDO�KHDOWK�GHWHFWLRQ��DVVHVVPHQW�DQG�FRQYHUVDWLRQDO�
VXSSRUW��H[WHQGLQJ�WKH�VFRSH�RI�DXWRPDWHG�V\VWHPV�EH\RQG�FODVVLILFDWLRQ�WRZDUG�LQWHUDFWLYH�DQG�JHQHUDWLYH�
FDSDELOLWLHV�� +RZHYHU�� FKDOOHQJHV� LQYROYLQJ� GDWDVHW� DYDLODELOLW\�� PXOWLPRGDO� IXVLRQ�� UHDO�ZRUOG�
JHQHUDOL]DWLRQ��SULYDF\��ELDV�DQG�*HQ$,�UHOLDELOLW\�UHPDLQ�ODUJHO\�XQUHVROYHG��7DEOHV�,�DQG�,,�VXPPDULVH�
HLJKW�UHSUHVHQWDWLYH�VWXGLHV�GUDZQ�IURP�WKLV�OLWHUDWXUH�

7$%/(�,���/,7(5$785(�6859(<�6800$5<�² 3$57��

$XWKRU���<HDU 0HWKRGRORJ\�8VHG .H\�)LQGLQJV /LPLWDWLRQV

0DWWKHZ�3XUYHU��
����

6XUYH\�RI�PXOWLPRGDO�
0/�GDWDVHWV��PRGHOV�
DQG�IXVLRQ�DSSURDFKHV

&RPELQLQJ�PRGDOLWLHV�
SURYLGHV�FRPSOHPHQWDU\�
LQIRUPDWLRQ�IRU�PHQWDO�
KHDOWK�DQDO\VLV

3ULYDF\��IDLUQHVV��
H[SODLQDELOLW\��OLPLWHG�
ORQJLWXGLQDO�UHSUHVHQWDWLYH�
GDWD

/H�<DQJ��
'RQJPHL�-LDQJ��
����

'&11±'11�IXVLRQ�
XVLQJ�DXGLR��YLGHR�DQG�
WH[W

0XOWLPRGDO�IUDPHZRUN�
RXWSHUIRUPHG�EDVHOLQH�
GHSUHVVLRQ�PHDVXUHPHQW�
DSSURDFKHV

2OGHU�ZRUN��IXUWKHU�
WH[W�IXVLRQ�DQG�HQG�WR�HQG�
OHDUQLQJ�QHHGHG
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$XWKRU���<HDU 0HWKRGRORJ\�8VHG .H\�)LQGLQJV /LPLWDWLRQV

/DQJ�+H��.DL�
&KHQ������

/09'�GDWDVHW�ZLWK�
7UDQVIRUPHU�EDVHG�
0''IRUPHU�XVLQJ�
DXGLRYLVXDO�IHDWXUHV

5HDO�ZRUOG�YORJ�GDWD�
VXSSRUWV�GHSUHVVLRQ�
UHFRJQLWLRQ��0''IRUPHU�
RXWSHUIRUPHG�FRPSDUHG�
EDVHOLQHV

)XUWKHU�GDWDVHW�H[SDQVLRQ�DQG�
PXOWLPRGDO�EHKDYLRXUDO�
H[SORUDWLRQ�QHHGHG

7DQPD\�
%KDQXVKDOL��
����

6FRSLQJ�UHYLHZ�RI�
*HQ$,�DSSOLFDWLRQV�LQ�
PHQWDO�KHDOWK

*HQ$, XVHG�IRU�GHWHFWLRQ��
FRXQVHOOLQJ��WKHUDS\�DQG�
GHFLVLRQ�VXSSRUW

'HWHFWLRQ�HYLGHQFH�UHPDLQV�
OLPLWHG��*HQ$,�VKRXOG�
VXSSOHPHQW�SURIHVVLRQDOV

7$%/(�,,���/,7(5$785(�6859(<�6800$5<�² 3$57��

$XWKRU���<HDU 0HWKRGRORJ\�8VHG .H\�)LQGLQJV /LPLWDWLRQV

:DQJ��=KRX��
����

6\VWHPDWLF�UHYLHZ�RI����
*HQ$,�PHQWDO�KHDOWK�VWXGLHV

*HQ$,�VKRZV�SRWHQWLDO�LQ�
DVVHVVPHQW��WKHUDSHXWLF�
WRROV�DQG�FOLQLFLDQ�VXSSRUW

3ULYDF\��ELDV��VDIHW\��
OLPLWHG�UHDO�ZRUOG�
YDOLGDWLRQ

6DQWRVK�.XPDU��
����

1/3�ZLWK�VHQWLPHQW�DQDO\VLV�
DQG�
EHKDYLRXUDO�ZHDUDEOH�(+5�
GDWD

3URSRVHV�D�PXOWLPRGDO�
*HQ$,�IUDPHZRUN�IRU�
HDUO\�GHSUHVVLRQ�DQ[LHW\�
GHWHFWLRQ

3ULPDULO\�D�SURSRVHG�
IUDPHZRUN��UHTXLUHV�
VWURQJHU�UHDO�ZRUOG�
YDOLGDWLRQ

/L\LQJ�:DQJ��
7DQPD\�
%KDQXVKDOL��
����

6\VWHPDWLF�UHYLHZ�RI�*HQ$,�
FDSDELOLWLHV

*HQ$,�VKRZV�VWUHQJWKV�LQ�
SV\FKRHGXFDWLRQ�DQG�
HPRWLRQDO�DZDUHQHVV

'LDJQRVWLF�DFFXUDF\��
FXOWXUDO�FRPSHWHQFH��
WUXVW�DQG�HPRWLRQDO�
HQJDJHPHQW�UHPDLQ�
OLPLWHG

=KDQJ�HW�DO���
����

$97)�7%1�FRPELQLQJ�DXGLR��
YLGHR�DQG�WH[W

0XOWLPRGDO�PRGHO�
DFKLHYHG�)�� �������
SUHFLVLRQ� �������UHFDOO� �
����

'DWDVHW�DQG�IXVLRQ�
OLPLWDWLRQV��IXUWKHU�
JHQHUDOL]DWLRQ�QHHGHG

$FURVV�WKH�UHYLHZHG�VWXGLHV��D�FRQVLVWHQW�SDWWHUQ�HPHUJHV��PXOWLPRGDO�DSSURDFKHV�WKDW�IXVH�WZR�RU�PRUH�RI�
WH[W��DXGLR��YLGHR�DQG�EHKDYLRXUDO�VLJQDOV�WHQG�WR�RXWSHUIRUP�VLQJOH�PRGDOLW\�EDVHOLQHV��DQG�7UDQVIRUPHU�
EDVHG�IXVLRQ�DUFKLWHFWXUHV�VXFK�DV�0''IRUPHU�DQG�$97)�7%1�UHSRUW�WKH�VWURQJHVW�TXDQWLWDWLYH�UHVXOWV��$W�
WKH� VDPH� WLPH�� *HQ$,�IRFXVHG� UHYLHZV� LQGLFDWH� WKDW�� ZKLOH� ODUJH� ODQJXDJH� PRGHOV� VKRZ� SURPLVH� IRU�
SV\FKRHGXFDWLRQ�� FRQYHUVDWLRQDO� VXSSRUW� DQG� FOLQLFLDQ� DVVLVWDQFH�� WKHLU� GLUHFW� XVH� IRU� GLDJQRVWLF�JUDGH�
GHWHFWLRQ� LV� VWLOO� FRPSDUDWLYHO\� XQGHU�YDOLGDWHG�� DQG� PRVW� *HQ$,�EDVHG� PHQWDO�KHDOWK� IUDPHZRUNV�
SURSRVHG�LQ�WKH�OLWHUDWXUH�UHPDLQ�FRQFHSWXDO�UDWKHU�WKDQ�HPSLULFDOO\�GHSOR\HG�DQG�YDOLGDWHG�DW�VFDOH�
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9,��5HVHDUFK�*DS

%DVHG�RQ�WKH�OLWHUDWXUH�V\QWKHVLVHG�DERYH��ILYH�LQWHUUHODWHG�UHVHDUFK�JDSV�FDQ�EH�LGHQWLILHG�

���/LPLWHG�PXOWLPRGDO�*HQ$,�LQWHJUDWLRQ��0DQ\�VWXGLHV�IRFXV�HLWKHU�RQ�PXOWLPRGDO�GHHS�OHDUQLQJ�RU�RQ�
WH[W�EDVHG�*HQ$,� LQ� LVRODWLRQ�� ,QWHJUDWLRQ�RI�PRGHUQ�*HQ$,�ZLWK� ULFK�PXOWLPRGDO� LQIRUPDWLRQ� UHPDLQV�
FRPSDUDWLYHO\�OHVV�H[SORUHG�

���/LPLWHG�UHDO�ZRUOG�GDWDVHWV��'HSUHVVLRQ�GDWDVHWV�DUH�RIWHQ�VPDOO EHFDXVH�PHQWDO�KHDOWK�LQIRUPDWLRQ�LV�
KLJKO\�VHQVLWLYH�DQG�GLIILFXOW�WR�FROOHFW�DW�VFDOH��OLPLWLQJ�WKH�VWDWLVWLFDO�SRZHU�DQG�GLYHUVLW\�RI�WUDLQHG�PRGHOV�

���*HQHUDOL]DWLRQ�LVVXHV��0RGHOV�GHYHORSHG�XVLQJ�FRQWUROOHG�FOLQLFDO�LQWHUYLHZV�RU�VSHFLILF�VRFLDO�PHGLD�
SRSXODWLRQV�PD\�QRW�JHQHUDOL]H�HIIHFWLYHO\�WR�GLYHUVH��UHDO�ZRUOG�XVHUV�DFURVV�GLIIHUHQW�GHPRJUDSKLFV�DQG�
FXOWXUHV�

��� *HQ$,� UHOLDELOLW\�� &XUUHQW� *HQ$,� V\VWHPV� FDQ� SURGXFH� LQDFFXUDWH� RU� LQFRQVLVWHQW� RXWSXWV�� PDNLQJ�
UHOLDELOLW\� SDUWLFXODUO\� LPSRUWDQW� ZKHQ� DSSOLHG� WR� PHQWDO�KHDOWK� DSSOLFDWLRQV� ZKHUH� HUURUV� FDUU\� UHDO�
FRQVHTXHQFHV�

���3ULYDF\�DQG�HWKLFDO�FRQFHUQV��7H[W��YRLFH��IDFLDO�LQIRUPDWLRQ��KHDOWK�UHFRUGV�DQG�EHKDYLRXUDO�LQIRUPDWLRQ�
DUH�VHQVLWLYH�GDWD�DQG�UHTXLUH�VWURQJ�SULYDF\�VDIHJXDUGV��LQIRUPHG�FRQVHQW�DQG�FDUHIXO�HWKLFDO�RYHUVLJKW�

0DLQ� JDS� LGHQWLILHG�� WKHUH� LV� D� QHHG� IRU� D� UHOLDEOH�� SULYDF\�DZDUH� DQG� H[SODLQDEOH� DSSURDFK� WKDW�
FRPELQHV� PXOWLPRGDO� GHSUHVVLRQ� LQGLFDWRUV� ZLWK� WKH� FDSDELOLWLHV� RI� *HQHUDWLYH� $,� IRU� HDUO\� ULVN�
LGHQWLILFDWLRQ��UDWKHU�WKDQ�UHO\LQJ�RQ�D�VLQJOH�PRGDOLW\�RU�RQ�*HQ$,�DORQH�

9,,��3URSRVHG�&RQFHSWXDO�)UDPHZRUN

7R�DGGUHVV�WKH�JDS�LGHQWLILHG�DERYH��WKLV�UHYLHZ�RXWOLQHV�D�FRQFHSWXDO�PXOWLPRGDO�*HQ$,�IUDPHZRUN�IRU�
HDUO\�GHSUHVVLRQ�ULVN�LGHQWLILFDWLRQ��$V�LOOXVWUDWHG�LQ�)LJ�����WH[W��DXGLR��YLGHR�DQG�EHKDYLRXUDO�GDWD�DUH�ILUVW�
SURFHVVHG� LQGHSHQGHQWO\� WR� H[WUDFW� PRGDOLW\�VSHFLILF� IHDWXUHV�� ZKLFK� DUH� WKHQ� FRPELQHG� ZLWKLQ� D�
PXOWLPRGDO� GDWD�IXVLRQ� OD\HU��7KH� IXVHG� UHSUHVHQWDWLRQ� LV� DQDO\VHG� E\� D� *HQHUDWLYH�$,� RU� //0�EDVHG�
FRPSRQHQW�� ZKLFK� VXSSRUWV� FRQWH[WXDO� UHDVRQLQJ� DFURVV� PRGDOLWLHV� DQG� FDQ� JHQHUDWH� DQ� LQWHUSUHWDEOH�
GHSUHVVLRQ�ULVN�RXWSXW�UDWKHU�WKDQ�D�VLQJOH�RSDTXH�VFRUH�
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)LJ�����&RQFHSWXDO�PXOWLPRGDO�*HQHUDWLYH�$,�IUDPHZRUN�IRU�HDUO\�GHSUHVVLRQ�ULVN�LGHQWLILFDWLRQ�

5HOLDELOLW\��SULYDF\�DQG�H[SODLQDELOLW\�DUH�WUHDWHG�DV�FURVV�FXWWLQJ�GHVLJQ�FRQVLGHUDWLRQV�UDWKHU�WKDQ�RSWLRQDO�
DGG�RQV�� SULYDF\�SUHVHUYLQJ� KDQGOLQJ� RI� VHQVLWLYH� WH[W�� YRLFH�� IDFLDO� DQG� EHKDYLRXUDO� GDWD� LV� UHTXLUHG�
WKURXJKRXW� WKH� SLSHOLQH��PRGHO� RXWSXWV� VKRXOG� EH� H[SODLQDEOH� WR� VXSSRUW� FOLQLFLDQ� WUXVW�� DQG� UHOLDELOLW\�
FKHFNV�DUH�QHHGHG�WR�UHGXFH�LQFRQVLVWHQW�RU�LQDFFXUDWH�*HQ$,�RXWSXWV�EHIRUH�DQ\�ULVN�LQGLFDWLRQ�UHDFKHV�DQ�
HQG�XVHU��7KLV�IUDPHZRUN�LV�FRQFHSWXDO�LQ�QDWXUH�DQG�LV�LQWHQGHG�WR�JXLGH�VXEVHTXHQW�HPSLULFDO�ZRUN�UDWKHU�
WKDQ�WR�UHSUHVHQW�D�YDOLGDWHG�V\VWHP�

9,,,� &21&/86,21

7KLV�UHYLHZ�KDV�H[DPLQHG�UHFHQW�SURJUHVV� LQ�*HQHUDWLYH�$,�EDVHG�DQG�PXOWLPRGDO�DSSURDFKHV�IRU�HDUO\�
GHSUHVVLRQ� GHWHFWLRQ�� 7KH� VHPLQDU� WRSLF� DQG� GRPDLQ� ZHUH� ILQDOL]HG�� DQG� UHVHDUFK� SDSHUV� UHODWHG� WR�
*HQHUDWLYH�$,�� PXOWLPRGDO� GHSUHVVLRQ� GHWHFWLRQ� DQG�PHQWDO�KHDOWK�$,� ZHUH� VWXGLHG� LQ� GHWDLO�� ([LVWLQJ�
DSSURDFKHV�XVLQJ�WH[W��DXGLR��YLGHR�DQG�EHKDYLRXUDO�LQIRUPDWLRQ�ZHUH�DQDO\VHG��DQG�GLIIHUHQW�WHFKQLTXHV�
LQFOXGLQJ�&11V��'11V��/670V��%(57�EDVHG�PRGHOV��7UDQVIRUPHUV�DQG�PXOWLPRGDO�IXVLRQ�VWUDWHJLHV�ZHUH�
FRPSDUHG�LQ�WHUPV�RI�WKHLU�DGYDQWDJHV�DQG�OLPLWDWLRQV�

0DMRU�UHVHDUFK�JDSV�LQYROYLQJ�PXOWLPRGDO�*HQ$,�LQWHJUDWLRQ��GDWDVHW�OLPLWDWLRQV��SULYDF\��UHOLDELOLW\�DQG�
UHDO�ZRUOG� JHQHUDOL]DWLRQ� ZHUH� LGHQWLILHG�� 2YHUDOO�� WKH� OLWHUDWXUH� VXUYH\� HVWDEOLVKHV� WKH� IRXQGDWLRQ� IRU�
H[SORULQJ� D� *HQHUDWLYH�$,�EDVHG� PXOWLPRGDO� DSSURDFK� IRU� HDUO\� GHSUHVVLRQ�ULVN� GHWHFWLRQ�� DQG� WKH�
FRQFHSWXDO� IUDPHZRUN�SURSRVHG� LQ� WKLV� UHYLHZ�SURYLGHV� D� GLUHFWLRQ� IRU� IXWXUH� HPSLULFDO� YDOLGDWLRQ� WKDW�
EDODQFHV�GHWHFWLRQ�SHUIRUPDQFH�ZLWK�UHOLDELOLW\��SULYDF\�DQG�HWKLFDO�UHVSRQVLELOLW\�

5()(5(1&(6

>�@�=��$O�6DKLOL��,��3DWUDV��DQG�0��3XUYHU��³$�VXUYH\�RI�PXOWLPRGDO�PDFKLQH�OHDUQLQJ�IRU�PHQWDO�KHDOWK�´�
DU;LY�SUHSULQW�������
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>�@�/��<DQJ��'��-LDQJ��HW�DO���³0XOWLPRGDO�PHDVXUHPHQW�RI�GHSUHVVLRQ�XVLQJ�GHHS�OHDUQLQJ�PRGHOV�´�LQ�3URF��
$9(&��������SS����±���

>�@�/��+H��.��&KHQ��HW�DO���³/09'��$�ODUJH�VFDOH�PXOWLPRGDO�YORJ�GDWDVHW�IRU�GHSUHVVLRQ�GHWHFWLRQ�LQ�WKH�
ZLOG�´�$&0�0XOWLPHGLD�������

>�@�;��;LDQ� 7��%KDQXVKDOL��HW�DO���³'HEDWH�DQG�GLOHPPDV�UHJDUGLQJ�JHQHUDWLYH�$,�LQ�PHQWDO�KHDOWK�FDUH��
6FRSLQJ�UHYLHZ�´�,QWHUDFWLYH�-RXUQDO�RI�0HGLFDO�5HVHDUFK�������

>�@�;��:DQJ��<��=KRX��DQG�*��=KRX��³7KH�DSSOLFDWLRQ�DQG�HWKLFDO�LPSOLFDWLRQ�RI�JHQHUDWLYH�$,�LQ�PHQWDO�
KHDOWK��6\VWHPDWLF�UHYLHZ�´�-0,5�0HQWDO�+HDOWK�������

>�@�6��.XPDU��³(DUO\�GHWHFWLRQ�RI�GHSUHVVLRQ�DQG�DQ[LHW\�LQ�WKH�86$�XVLQJ�JHQHUDWLYH�$,�´�,QWHUQDWLRQDO�
-RXUQDO�RI�5HVHDUFK�LQ�(QJLQHHULQJ�������

>�@� /��:DQJ�� 7�� %KDQXVKDOL�� HW� DO��� ³(YDOXDWLQJ� JHQHUDWLYH�$,� LQ� PHQWDO� KHDOWK�� 6\VWHPDWLF� UHYLHZ� RI�
FDSDELOLWLHV�DQG�OLPLWDWLRQV�´�-0,5�0HQWDO�+HDOWK�������

>�@�=��=KDQJ�HW�DO���³0XOWLPRGDO�VHQVLQJ�IRU�GHSUHVVLRQ�ULVN�GHWHFWLRQ��,QWHJUDWLQJ�DXGLR��YLGHR��DQG�WH[W�
GDWD�´�6HQVRUV��YRO������DUW�������������


