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$EVWUDFW
*LYHQ�WKH�EUHDNWKURXJKV�LQ�NH\�WHFKQRORJLHV��VXFK�DV�LPDJH�UHFRJQLWLRQ��GHHS�
OHDUQLQJ� DQG� QHXUDO� QHWZRUNV�� DUWLILFLDO� LQWHOOLJHQFH� �$,�� FRQWLQXHV� WR� EH�
LQFUHDVLQJO\� GHYHORSHG�� OHDGLQJ� WR� FORVHU� DQG� GHHSHU� LQWHJUDWLRQ�ZLWK� DQ�
LQFUHDVLQJO\�GDWD���NQRZOHGJH��DQG�EUDLQ�ODERU�LQWHQVLYH�PHGLFDO�LQGXVWU\��$V�
VRFLHW\�FRQWLQXHV�WR�DGYDQFH�DQG�LQGLYLGXDOV�EHFRPH�PRUH�DZDUH�RI�WKHLU�KHDOWK�
QHHGV��WKH�SUREOHPV�DVVRFLDWHG�ZLWK�WKH�DJLQJ�RI�WKH�SRSXODWLRQ�DUH�UHFHLYLQJ�
LQFUHDVLQJ�DWWHQWLRQ�� DQG� WKHUH� LV� DQ�XUJHQW�GHPDQG� IRU� LPSURYLQJ�PHGLFDO�
WHFKQRORJ\��SURORQJLQJ�KXPDQ� OLIH� DQG� HQKDQFLQJ�KHDOWK��'LJHVWLYH� V\VWHP�
GLVHDVHV�DUH�WKH�PRVW�FRPPRQ�FOLQLFDO�GLVHDVHV�DQG�DUH�FKDUDFWHUL]HG�E\�FRPSOH[�
FOLQLFDO�PDQLIHVWDWLRQV�DQG�D�JHQHUDO�ODFN�RI�REYLRXV�V\PSWRPV�LQ�WKH�HDUO\�VWDJH��
6XFK� GLVHDVHV� DUH� YHU\� GLIILFXOW� WR� GLDJQRVH� DQG� WUHDW�� ,Q� UHFHQW� \HDUV�� WKH�
LQFLGHQFH�RI�GLVHDVHV�RI�WKH�GLJHVWLYH�V\VWHP�KDV�LQFUHDVHG��$V�$,�DSSOLFDWLRQV�LQ�
WKH� ILHOG�RI� KHDOWK� FDUH� FRQWLQXH� WR� EH�GHYHORSHG��$,�KDV� EHJXQ�SOD\LQJ� DQ�
LPSRUWDQW�UROH�LQ�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�GLVHDVHV�RI�WKH�GLJHVWLYH�V\VWHP��
,Q�WKLV�SDSHU��WKH�DSSOLFDWLRQ�RI�$,�LQ�DVVLVWHG�GLDJQRVLV�DQG�WKH�DSSOLFDWLRQ�DQG�
SURVSHFWV�RI�$,�LQ�PDOLJQDQW�DQG�EHQLJQ�GLJHVWLYH�V\VWHP�GLVHDVHV�DUH�UHYLHZHG�

.H\�:RUGV��$UWLILFLDO�LQWHOOLJHQFH��'LJHVWLYH�GLVHDVH��&RQYROXWLRQDO�QHXUDO�QHWZRUN��'HHS�
OHDUQLQJ��5HYLHZ

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i20.2152
mailto:zgx0109@126.com


&KHQ�+<�HW�DO��$,�LQ�GLJHVWLYH�GLVHDVHV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

�7KH�$XWKRU�V��������3XEOLVKHG�E\�%DLVKLGHQJ�3XEOLVKLQJ�*URXS�,QF��$OO�ULJKWV�UHVHUYHG�

&RUH�7LS��:LWK�WKH�FRQWLQXRXV�GHYHORSPHQW�RI�DUWLILFLDO�LQWHOOLJHQFH��LWV�LQWHJUDWLRQ�LQ�WKH�ILHOG�RI�PHGLFDO�
DQG�KHDOWK�FDUH�KDV�UHFHLYHG�LQFUHDVLQJ�DWWHQWLRQ��DOORZLQJ�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�PHGLFDO�
H[SHUW� V\VWHPV� DQG� DUWLILFLDO� QHXUDO� QHWZRUNV� LQ� WKH�PHGLFDO� ILHOG�� 7KH� GHYHORSPHQW� RI� DUWLILFLDO�
LQWHOOLJHQFH�KDV�UHVXOWHG�LQ�QRW�RQO\�PRUH�DFFXUDWH�GLDJQRVHV�RI�GLJHVWLYH�V\VWHP�GLVHDVHV�EXW�DOVR�QHZ�
WUHDWPHQWV��)XUWKHU�UHVHDUFK�RQ�WKH�SURJUHVV�RI�DUWLILFLDO�LQWHOOLJHQFH�LQ�GLJHVWLYH�V\VWHP�GLVHDVHV�LV�QHHGHG�
WR�EHWWHU�VHUYH�SDWLHQWV�
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,1752'8&7,21
$UWLILFLDO� LQWHOOLJHQFH� �$,�� LV�D�EUDQFK�RI�FRPSXWHU�VFLHQFH>�@� LQVSLUHG�E\�KXPDQ� LQWHOOLJHQFH� WKDW�
RSHUDWHV�LQ�D�GLIIHUHQW�ZD\��$,�FDQ�EH�FRQVLGHUHG�D�VHW�RI�FRPSXWLQJ�WHFKQLTXHV�WKDW�DOORZ�PDFKLQHV�WR�
VHQVH��OHDUQ��UHDVRQ��DFW��HWF��$,�ZDV�ILUVW�XVHG�DW�WKH�'DUWPRXWK�$,�&RQIHUHQFH�LQ�WKH�VXPPHU�RI�������
ZKLFK�LV�FRQVLGHUHG�WKH�RIILFLDO�ELUWK�RI�$,��,Q�WKH�����V��DV�WHFKQRORJ\�FRQWLQXHG�WR�LPSURYH��KDUGZDUH�
EHFDPH�PRUH�DIIRUGDEOH��SHUIRUPDQFH�EHFDPH�PRUH�UHOLDEOH��FRPSXWLQJ�SRZHU��VWRUDJH�FDSDFLW\�DQG�WKH�
DELOLW\�WR�SURFHVV�GDWD�ZHUH�JUHDWO\�LPSURYHG��DQG�$,�UHWXUQHG�WR�OLIH��,Q�UHFHQW�\HDUV��WKH�DSSOLFDWLRQ�RI�
$,�LQ�WKH�PHGLFDO�ILHOG�KDV�UHDFKHG�DQ�XQSUHFHGHQWHG�KHLJKW�DQG�VFDOH��7R�GDWH��JUHDW�SURJUHVV�KDV�EHHQ�
DFKLHYH� LQ� WKH�XVH�RI�$,� LQ�PHGLFLQH�DQG�KHDOWK�� LQFOXGLQJ�VSHHFK� UHFRJQLWLRQ��PHGLFDO� LPDJLQJ��
ZHDUDEOH�GHYLFHV��ULVN�PDQDJHPHQW��SDWKRORJ\��HWF>�@�
7KH�GLJHVWLYH�V\VWHP�FRQWDLQV�WKH�ODUJHVW�QXPEHU�RI�RUJDQV�LQ�WKH�KXPDQ�ERG\�DQG�FDQ�EH�GLYLGHG�

LQWR�WKH�GLJHVWLYH�WUDFW�DQG�GLJHVWLYH�JODQGV��7KH�GLJHVWLYH�WUDFW�LQFOXGHV�WKH�RUDO�FDYLW\��SKDU\Q[��
HVRSKDJXV�� VWRPDFK��GXRGHQXP�� VPDOO� LQWHVWLQH�� ODUJH� LQWHVWLQH�� FRORQ�� HWF��7KH�GLJHVWLYH�JODQGV�
FRPSULVH�WKH�VDOLYDU\�JODQGV��OLYHU��SDQFUHDV��HWF��7KH�GLJHVWLYH�V\VWHP�GLJHVWV�IRRG��WDNHV�XS�QXWULHQWV�
DQG�HOLPLQDWHV�ZDVWH��7KH�FRRUGLQDWLRQ�RI�JDVWURLQWHVWLQDO�SK\VLRORJLFDO�DFWLYLWLHV�GHSHQGV�RQ�WKH�
FRPSOHWLRQ�RI�WKH�QRUPDO�SK\VLRORJLFDO�IXQFWLRQ�RI�WKH�GLJHVWLYH�V\VWHP��'LJHVWLYH�V\VWHP�GLVHDVHV��
ZKLFK�DUH�WKH�PRVW�FRPPRQ�FOLQLFDO�GLVHDVHV��KDYH�FRPSOLFDWHG�FOLQLFDO�PDQLIHVWDWLRQV��DUH�LQWHUUHODWHG�
ZLWK�HDFK�RWKHU��DQG�IRUP�D�KRW�VSRW�LQ�WKH�PHGLFDO�ILHOG>�@��7KH�LQFLGHQFH�RI�GLJHVWLYH�V\VWHP�GLVHDVHV�
LV�KLJK��DQG�RIWHQ��WKHUH�DUH�QR�REYLRXV�V\PSWRPV�LQ�WKH�HDUO\�VWDJH��&RQVHTXHQWO\��PRVW�GLJHVWLYH�
GLVHDVHV�DUH� ILUVW�QRWHG� LQ� WKH�PLGGOH�DQG� ODWH� VWDJHV��DW� WKLV�SRLQW�� WKH�SURJQRVLV� LV�SRRU��$V�$,�
WHFKQRORJ\�KDV�FRQWLQXHG�WR�EH�GHYHORSHG��LWV�VWURQJ�FRPSXWLQJ�SRZHU�DQG�OHDUQLQJ�DELOLW\�KDYH�EHHQ�
JUDGXDOO\�DSSOLHG�WR�VROYH�FRPSOH[�PHGLFDO�SUREOHPV��,Q�WKH�ILHOG�RI�GLJHVWLYH�GLVHDVHV��VXFK�DV�JDVWULF��
OLYHU��DQG�SDQFUHDWLF�FDQFHU�DQG�XOFHUDWLYH�FROLWLV��$,�FDQ�KHOS�LPSURYH�WKH�DFFXUDF\�DQG�VHQVLWLYLW\�RI�
WKH�GLDJQRVLV�DQG�SURYLGH�WUHDWPHQW�RSWLRQV��)LJXUH�����$,�QRW�RQO\�LPSURYHV�WKH�GLDJQRVWLF�DFFXUDF\�RI�
WKH�GLVHDVH�EXW�DOVR�SURYLGHV�D�SODQ�IRU�FOLQLFDO�WUHDWPHQW�
,Q�WKLV�UHYLHZ��ZH�GLVFXVV�$,�DQG�UHODWHG�WHFKQRORJLHV��WKHLU�DSSOLFDWLRQV�LQ�GLJHVWLYH�GLVHDVHV�DQG�

WKHLU�IXWXUH�GHYHORSPHQWV��:H�XVHG�3XE0HG�DQG�*RRJOH�WR�VHDUFK�IRU�UHOHYDQW�DUWLFOHV�E\�XVLQJ�WKH�
NH\ZRUGV�´GLJHVWLYH�V\VWHP�GLVHDVHVµ��´DUWLILFLDO�LQWHOOLJHQFHµ��´PDFKLQH�OHDUQLQJµ��´GHHS�OHDUQLQJµ��
´FRPSXWHU�DLGHG�GLDJQRVLVµ��´FRQYROXWLRQDO�QHXUDO�QHWZRUNµ��DQG�´HQGRVFRS\�DQG�HQGRVFRSH�LPDJHVµ�
IRU�WKLV�UHYLHZ�

$,�$8;,/,$5<�',$*126,6
,Q�&KLQD��WKH�GHYHORSPHQW�RI�$,�KDV�UHFHLYHG�FRQVLGHUDEOH�DWWHQWLRQ��SDUWLFXODUO\�LQ�WKH�DSSOLFDWLRQ�RI�
$,�LQ�WKH�PHGLFDO�ILHOG��7KH�GHYHORSPHQW�RI�$,�KDV�ODLG�D�VROLG�IRXQGDWLRQ�IRU�SUHFLVLRQ�PHGLFLQH��,Q�
������WKH�&KLQD�6WDWH�&RXQFLO�DQQRXQFHG�WKDW�$,�DSSOLFDWLRQ�VKRXOG�EH�SURPRWHG�LQ�WKH�KHDOWK�FDUH�
V\VWHP��6XEVHTXHQWO\��KXQGUHGV�RI�QHZ�FRPSDQLHV�GHGLFDWHG�WR�WKH�DSSOLFDWLRQ�RI�PHGLFDO�$,�KDYH�
HPHUJHG�LQ�&KLQD��SURPRWLQJ�WKH�GHYHORSPHQW�RI�$,�LQ�WKH�PHGLFDO�ILHOG>�@��$,�HIIHFWLYHO\�LPSURYHV�WKH�
XQHYHQ�DOORFDWLRQ�RI�PHGLFDO�UHVRXUFHV��UHGXFHV�PHGLFDO�FRVWV�DQG�HQKDQFHV�PHGLFDO�HIILFLHQF\��$,�
DOJRULWKPV�LPSURYH�WKH�HDVH�RI�PHGLFDO�ZRUN�DQG�OHDG�WR�QRW�RQO\�WHFKQRORJLFDO�LQQRYDWLRQV�EXW�DOVR�D�
WUDQVIRUPDWLRQ�RI�WKH�PHGLFDO�VHUYLFH�PRGH��$,�LV�DSSOLHG�LQ�DOO�ILHOGV�RI�PHGLFLQH�DQG�KHDOWK��HVSHFLDOO\�
LQ�WKH�DX[LOLDU\�GLDJQRVLV�RI�GLVHDVHV��DQG�LQFOXGHV�WKH�IROORZLQJ�WKUHH�DVSHFWV��LQWHOOLJHQW�JXLGDQFH��
HOHFWURQLF�KHDOWK�UHFRUGV�DQG�ULVN�PRQLWRULQJ�RI�GLDJQRVLV�DQG�WUHDWPHQW�
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)LJXUH���$UWLILFLDO� LQWHOOLJHQFH�DQG�GLJHVWLYH�GLVHDVHV��$,��$UWLILFLDO� LQWHOOLJHQFH��*&��*DVWULF�FDQFHU��/&��/LYHU�FDQFHU��3'$&��3DQFUHDWLF�GXFWDO�
DGHQRFDUFLQRPD��8&��8OFHUDWLYH�FROLWLV��$3��$FXWH�SDQFUHDWLWLV��*8��*DVWULF�XOFHU�

,QWHOOLJHQW�JXLGDQFH
2XWSDWLHQW�WULDJH�KDV�JUDGXDOO\�WUDQVLWLRQHG�IURP�D�WUDGLWLRQDO�PDQXDO�V\VWHP�WR�DQ�LQWHUQHW��DQG�
LQWHOOLJHQFH�EDVHG�V\VWHP��0RVW�DGPLWWHG�SDWLHQWV� ODFN�DQ�XQGHUVWDQGLQJ�RI� WKHLU�GLVHDVH�DQG�WKH�
KRVSLWDO��7R�LPSURYH�WKH�HIILFLHQF\�DQG�H[SHULHQFH�RI�WKH�SDWLHQWV��LQWHOOLJHQW�JXLGDQFH�V\VWHPV�KDYH�
EHHQ�GHYHORSHG��3DWLHQWV�HQWHU� WKH�0LQL�3URJUDP�WKURXJK�VFUHHQV�RQ�RIILFLDO�KRVSLWDO�DFFRXQWV� WR�
GHVFULEH�V\PSWRPV�RU�GLVHDVHV��DQG�JXLGDQFH�DVVLVWDQWV�LQWHOOLJHQWO\�IROORZ�XS�DQG�JXLGH�WKH�SDWLHQWV�WR�
SURYLGH�V\PSWRPV�WR�DFFXUDWHO\�PDWFK�GHSDUWPHQWV��UHFRPPHQG�GRFWRUV�ZLWK�WKH�PRVW�FRQVLVWHQW�
SURIHVVLRQDO� GLUHFWLRQ�� DQG�SHUIRUP�RQOLQH� JXLGDQFH� UHJLVWUDWLRQ� LQ� RQH� VWHS�� 7KH� UHVHDUFK� DQG�
GHYHORSPHQW�OHDGLQJ�WR�LQWHOOLJHQW�JXLGDQFH�V\VWHPV�KDV�OHG�WR�D�UHGXFWLRQ�LQ�QRW�RQO\�WKH�ZRUNORDG�RI�
RXWSDWLHQW�VWDII�EXW�DOVR�WKH�KXPDQ�UHVRXUFH�QHHGV�DQG�FRVWV�RI�KRVSLWDOV��7KHVH�V\VWHPV�FDQ�JXLGH�
SDWLHQWV�WR�VHHN�PHGLFDO�WUHDWPHQW�TXLFNO\�DQG�DFFXUDWHO\��LPSURYH�WKH�DFFXUDF\�RI�SDWLHQW�UHJLVWUDWLRQ�
DQG�WKH�HIILFLHQF\�RI�WKH�SK\VLFLDQ�UHVSRQVH��LQFUHDVH�HIILFLHQF\�DW�DOO�VWHSV�RI�WKH�SDWLHQW�VWD\��DQG�
HIIHFWLYHO\�SURYLGH�DFFXUDWH�PHGLFDO�WUHDWPHQW��)LJXUH����

(OHFWURQLF�KHDOWK�UHFRUG
7UDGLWLRQDO�KHDOWK�UHFRUGV�DUH�W\SLFDOO\�NHSW�RQ�SDSHU��ZKLFK�WHQG�WR�EH�VFDWWHUHG�LQ�KRVSLWDO�DUFKLYHV��
OLPLWLQJ�WKHLU�YDOXH��7KH�ZLGHVSUHDG�XVH�RI�WKH�LQWHUQHW�KDV�IDFLOLWDWHG�WKH�FUHDWLRQ�RI�HOHFWURQLF�KHDOWK�
UHFRUGV� �(+5V���ZKLFK�DUH� FXUUHQWO\�ZLGHO\�XVHG�ZRUOGZLGH>�@��(+5V�FDQ� LPSURYH�PDQDJHPHQW�
SURFHVVHV��RYHUFRPH�SUREOHPV�ZLWK�SDSHU�GRFXPHQWDWLRQ��DQG�HQVXUH�WKH�TXDOLW\�RI�WUHDWPHQW��%RWK�
WKHRUHWLFDOO\�DQG�SUDFWLFDOO\��(+5V�KDYH�JXLGLQJ�DQG�HFRQRPLF�YDOXH��ZKLOH�WKHLU�DSSOLFDWLYH�YDOXH�
FRQWLQXHV�WR�LPSURYH��,Q�DGGLWLRQ��(+5V�FDQ�LPSURYH�FOLQLFDO�GHFLVLRQ�PDNLQJ��FROODERUDWLRQ�EHWZHHQ�
KHDOWK�FDUH�WHDPV��DQG�PHGLFDO�HIILFLHQF\�

5LVN�PRQLWRULQJ�RI�GLDJQRVLV�DQG�WUHDWPHQW
'LDJQRVWLF�ULVN�PRQLWRULQJ�V\VWHPV�FDQ�LPSURYH�WKH�GLDJQRVWLF�DFFXUDF\�DQG�JUHDWO\�UHGXFH�WKH�ULVN�RI�
PLVGLDJQRVLV��DQG�LQ�WKLV�UHJDUG��$,�KDV�VLJQLILFDQW�DGYDQWDJHV�RYHU�FOLQLFDO�H[SHULHQFH��&RPSDUHG�ZLWK�
WKH�8QLWHG� 6WDWHV�� GRPHVWLF� HTXLSPHQW� LV� XVHG�PXFK�PRUH� IUHTXHQWO\�XQGHU� WKH� VDPH� UHVRXUFH�
DOORFDWLRQ>�@��7KLV� LV� WKH�PDLQ�SRLQW�RI�PHGLFDO� FDUH� LQ�&KLQD��$GGLWLRQDOO\�� WKH� ODUJH� DVVRFLDWHG�
ZRUNORDG�DQG�KLJK�UHSHDWDELOLW\�UHVXOW�LQ�D�FXPEHUVRPH�PDQXDO�DQDO\VLV�DQG�GLDJQRVLV��$Q�DFFXUDWH�
GLDJQRVLV�UDWH�LV�LPSRUWDQW�IRU�HQVXULQJ�WKDW�UDGLRORJLVWV�FDQ�SURYLGH�KLJK�TXDOLW\�FDUH�WR�SDWLHQWV��$�
UHSRUW� LQ������VKRZHG�WKDW�������SHRSOH�GLH�RI�PLVGLDJQRVLV�HDFK�\HDU��DQG�GLDJQRVWLF�HUURUV�E\�
UDGLRORJLVWV�DUH�D�NH\�FRQWULEXWRU>�@��8QGHU�D�KHDY\�ZRUNORDG��WKH�GLDJQRVLV�UHVXOWV�FDQ�RQO\�EH�MXGJHG�
DQG�DQDO\]HG�E\�VXEMHFWLYH�LQGLYLGXDO�H[SHULHQFH��OHDGLQJ�WR�KLJK�PLVGLDJQRVLV�DQG�PLVVHG�GLDJQRVLV�
UDWHV��7KH� ODUJH�PDUNHW�GHPDQG� IRU�SDWKRORJLVWV� DQG�GLDJQRVWLF� HIILFLHQF\�KDYH�DOVR� OHG� WR�QHZ�
FKDOOHQJHV�LQ�WKH�PHGLFDO�VHUYLFH�LQGXVWU\��+RZHYHU��GLJHVWLYH�V\VWHP�GLVHDVHV�LQFUHDVLQJO\�GHSHQG�RQ�
DX[LOLDU\�GLDJQRVHV�EDVHG�RQ�PHGLFDO�LPDJHV�ZKLOH�FRQWLQXLQJ�WR�GHPRQVWUDWH�D�\HDUO\�LQFUHDVH�LQ�
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)LJXUH���$UWLILFLDO�LQWHOOLJHQFH�DQG�,QWHOOLJHQW�JXLGDQFH��&11��&RQYROXWLRQDO�QHXUDO�QHWZRUN��'/��'HHS�OHDUQLQJ��0/��PDFKLQH�OHDUQLQJ��&$'��&RPSXWHU�
DLGHG�GHVLJQ�

LQFLGHQFH�
7KH�HPHUJHQFH�RI�$,�KDV�OHG�WR�LWV�JUDGXDO�XVH�LQ�GLJHVWLYH�GLVHDVHV��0DFKLQH�OHDUQLQJ��0/��LV�D�

EUDQFK�RI�$,�WKDW�DLPV�WR�SUHGLFW�UHVXOWV�E\�DQDO\]LQJ�H[LVWLQJ�GDWD�DQG�SHUIRUPLQJ�FDOFXODWLRQV�EDVHG�
RQ�DQ�XQGHUVWDQGLQJ�RI�WKHVH�GDWD��'HHS�OHDUQLQJ��'/��LV�D�UHODWLYHO\�QHZ�EUDQFK�RI�0/�WKDW�LPLWDWHV�
OHDUQLQJ�WKURXJK�PDFKLQH�DOJRULWKPV�DQG�SURYLGHV�D�VHW�RI�SRVVLEOH�DQG�UHDVRQDEOH�VROXWLRQV>���@��,Q�
HVRSKDJHDO�FDQFHU��YDQ�GHU�6RPPHQ�HW�DO>��@�GHYHORSHG�DQ�DXWRPDWLF�DOJRULWKP�WR�GLVWLQJXLVK�HDUO\�
QHRSODVWLF�OHVLRQV��+XDQJ�HW�DO>��@�XVHG����LPDJHV�IURP����SDWLHQWV�WR�WUDLQ�DQ�$,�EDVHG�QHXUDO�QHWZRUN�
PRGHO�WR�SUHGLFW�+HOLFREDFWHU�S\ORUL�LQIHFWLRQ��'/�FDQ�EH�XVHG�WR�VKDUH�PRUH�FRPSUHKHQVLYH�PHGLFDO�
GLDJQRVLV�DQG�WUHDWPHQW�LQIRUPDWLRQ�ZLWK�GRFWRUV�ZLWK�OLJKWZHLJKW�PHWKRGV��$W�D�KLJKHU�OHYHO��ZH�FDQ�
FRPSUHKHQVLYHO\�PDQDJH�DQG�JXLGH�WKH�RYHUDOO�GLDJQRVLV�DQG�WUHDWPHQW�OHYHO�RI�WKH�SK\VLFLDQ�WHDP�WR�
EXLOG�D�PRUH�VFLHQWLILF��DFFXUDWH�DQG�IULHQGO\�GLDJQRVLV�DQG�WUHDWPHQW�ULVN�PRQLWRULQJ�V\VWHP�

0$/,*1$17�',*(67,9(�',6($6(6
7KH�GLJHVWLYH�V\VWHP�LV�D�FRPPRQ�VLWH�IRU�PDOLJQDQW�WXPRUV��SDUWLFXODUO\�JDVWULF�FDQFHU��OLYHU�FDQFHU��
FRORUHFWDO�FDQFHU�DQG�SDQFUHDWLF�FDQFHU��*LYHQ�WKH�FKDQJHV�LQ�OLIHVW\OH��GLHW�DQG�GLVHDVH�VSHFWUXP�RI�WKH�
SRSXODWLRQ��WKH�LQFLGHQFH�RI�PDOLJQDQW�WXPRUV�RI�WKH�GLJHVWLYH�V\VWHP�FRQWLQXHV�WR�ULVH>��@��7KH�HDUO\�
GLDJQRVLV�RI�PDOLJQDQW�WXPRUV�LV�FULWLFDO�IRU�WUHDWPHQW��EXW�SDWLHQWV�ZLWK�PDOLJQDQW�WXPRUV�RIWHQ�KDYH�
QR� REYLRXV� V\PSWRPV� DW� WKH� HDUO\� VWDJH�� OHDGLQJ� WR�GLIILFXOWLHV� LQ� HDUO\�GLDJQRVLV�� 7KLV� VHFWLRQ�
VXPPDUL]HV�WKH�DSSOLFDWLRQ�RI�$,�LQ�WKH�IROORZLQJ�WKUHH�W\SHV�RI�PDOLJQDQW�WXPRUV�ZLWK�KLJK�PRUELGLW\�
DQG�PRUWDOLW\��JDVWULF��OLYHU�DQG�SDQFUHDWLF�FDQFHU��7KH�ODWHVW�FOLQLFDO�VWXGLHV�FRQFHUQLQJ�$,��JDVWULF�
FDQFHU��OLYHU�FDQFHU��DQG�SDQFUHDWLF�GXFWDO�DGHQRFDUFLQRPD�DUH�VXPPDUL]HG�LQ�7DEOH���
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7DEOH���5HFHQW�UHVHDUFKHV�RQ�DUWLILFLDO�LQWHOOLJHQFH�LQ�PDOLJQDQW�GLJHVWLYH�V\VWHP�GLVHDVHV

5HI� 6WXG\�GHVLJQ 6WXG\�
SRSXODWLRQ <HDU 'LVHDVH &RXQWU\�5HJLRQ 1XPEHU�RI�

FDVHV 0HWKRGV 5HVXOWV

7DQJ�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� *& &KLQD ������
,PDJHV

'&11 $FFXUDF\��������
�������6HQVLWLYLW\��
�������������
6SHFLILFLW\��������
�������$8&��������
�����

=KDQJ�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� *& &KLQD �������
,PDJHV

&11 $FFXUDF\�������

1DJDR�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� *& -DSDQ ������LPDJHV &11 $FFXUDF\��:/,�
���������$FFXUDF\��
1%,����������
$FFXUDF\��,QGLJR�
�������

6RQJ�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� *& &KLQD �����,PDJHV '/ $FFXUDF\���������
6HQVLWLYLW\���������
6SHFLILFLW\���������
$8&�������

0D�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� *& &KLQD ����,PDJHV &11 $FFXUDF\���������
6SHFLILFLW\���������
6HQVLWLYLW\��������

=KHQ�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� /& &KLQD ������
,PDJHV

&11 $8&�������

*LRUGDQR�HW�DO
>��@

5HWURVSHFWLYH +RVSLWDO ���� /& ,WDO\ ����&DVHV 690��5) $FFXUDF\��([FHHGHG�
���

-HRQJ�HW�DO>��@� 5HWURVSHFWLYH &DQFHU�,QVWLWXWH ���� /& &KLQD �����&DVHV '/ $8&������

$SSHOEDXP�HW�
DO>��@

5HWURVSHFWLYH +RVSLWDO ���� 3'$& $PHULFD ����&DVHV /5 $8&������

0DU\D�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� 3'$& $PHULFD ��������(86�
,PDJHV

(86�&11 6HQVLWLYLW\�������
6SHFLILFLW\�����

7RQR]XND�HW�DO
>��@

5HWURVSHFWLYH +RVSLWDO ���� 3'$& -DSDQ ����&DVHV (86�&$' $8&������

*&��*DVWULF�FDQFHU��/&��/LYHU�FDQFHU��3'$&��3DQFUHDWLF�GXFWDO�DGHQRFDUFLQRPD��'&11��'HHS�FRQYROXWLRQDO�QHXUDO�QHWZRUN��&11��&RQYROXWLRQDO�QHXUDO�
QHWZRUN��'/��'HHS�OHDUQLQJ��690��6XSSRUW�YHFWRU�PDFKLQH��5)��5DQGRP�IRUHVW��/5��/RJLVWLF�UHJUHVVLRQ��(86�&11��(QGRVFRSLF�XOWUDVRXQG�FRQYROXWLRQDO�
QHXUDO�QHWZRUN��(86�&$'��&RPSXWHU�DVVLVWHG�GLDJQRVLV�V\VWHP�XVLQJ�GHHS�OHDUQLQJ�DQDO\VLV�RI�(86�LPDJHV��$8&��DUHD�XQGHU�WKH�FXUYH��:/,��:KLWH�OLJKW�
LPDJLQJ��1%,��1RQPDJQLI\LQJ�QDUURZ�EDQG�LPDJLQJ�

$,�DQG�JDVWULF�FDQFHU
*DVWULF�FDQFHU��*&��LV�WKH�ILIWK�PRVW�FRPPRQ�FDQFHU�DQG�UDQNV�WKLUG�LQ�FDQFHU�PRUWDOLW\�ZRUOGZLGH��
ZLWK�PRUH� WKDQ� ��PLOOLRQ�QHZ� FDVHV� DQG� �������GHDWKV� HDFK�\HDU>��@��7KH� VWDJH� DW�ZKLFK�*&� LV�
GLDJQRVHG�FDQ�JUHDWO\�DIIHFW�WKH�SURJQRVLV��ZLWK�D�SRRU�SURJQRVLV�W\SLFDO�LQ�WKH�ODWH�VWDJH�DQG�D���\HDU�
VXUYLYDO�UDWH�RI�HDUO\�*&��(*&��H[FHHGLQJ����>��@��7KHUH�DUH�WZR�GLIILFXOWLHV�LQ�WKH�HDUO\�GLDJQRVLV�RI�
*&��)LUVW��(*&�LV�GLIILFXOW�WR�GHWHFW��RIWHQ�SUHVHQWLQJ�ZLWK�VOLJKW�UHGGLVK�EXOJHV�RU�GHSUHVVLRQV�XQGHU�
HQGRVFRS\�WKDW�DUH�QRW�HDVLO\�GLVWLQJXLVKHG�IURP�LQIODPPDWRU\�OHVLRQV��7KH�VHFRQG�GLIILFXOW\�OLHV�LQ�
MXGJLQJ�WKH�GHSWK�RI�WKH�LQYDVLRQ�RI�*&��,Q�JHQHUDO��LQWUDPXFRVDO�*&�RU�*&�LQYDGLQJ�WKH�VXSHUILFLDO�
VXEPXFRVDO�OD\HU�VKRXOG�EH�UHVHFWHG�HQGRVFRSLFDOO\��ZKLOH�*&�LQYDGLQJ�WKH�GHHS�VXEPXFRVDO�OD\HU�
VKRXOG�EH�UHVHFWHG�ZLWK�RSHQ�VXUJHU\��RWKHUZLVH��WKHUH�FRXOG�EH�D�ULVN�RI�O\PSK�QRGH�DQG�GLVWDQW�
PHWDVWDVLV�� +RZHYHU�� LW� LV� GLIILFXOW� WR� GLVWLQJXLVK� DPRQJ� WKHVH� WKUHH� IRUPV� RI� *&�� 7KH� UDSLG�
GHYHORSPHQW�RI�'/�DQG�0/�KDV�OHG�WR�JUHDW�SURJUHVV�LQ�$,��ZKRVH�LPDJH�UHFRJQLWLRQ�KDV�WUDQVFHQGHG�
WKDW�RI�KXPDQV��%\�UHYLHZLQJ�WKH�SXEOLVKHG�OLWHUDWXUH��WKLV�VHFWLRQ�GLVFXVVHV�WKH�GLDJQRVLV��WUHDWPHQW�
DQG�SURJQRVLV�RI�*&�ZLWK�$,�
+LUDVDZD�HW�DO>��@�FRQVWUXFWHG�D�GLDJQRVWLF�V\VWHP�EDVHG�RQ�D�FRQYROXWLRQDO�QHXUDO�QHWZRUN��&11���

7KH�DXWKRUV�XVHG�������HQGRVFRSLF�LPDJHV�WR�WUDLQ�WKH�ZHE�EDVHG�OHDUQLQJ�PRGHO�DQG������*&�LPDJHV�
IURP����SDWLHQWV�WR�HYDOXDWH�LWV�SHUIRUPDQFH��7KH�PRGHO�WRRN����V�WR�DQDO\]H������LPDJHV�DQG�FRUUHFWO\�
GLDJQRVHG����*&�OHVLRQV�ZLWK�D�WRWDO�VHQVLWLYLW\�RI������7KLV�ZHE�EDVHG�OHDUQLQJ�PRGHO�IRU�WKH�GHWHFWLRQ�
RI� (*&�SURFHVVHV� D� ODUJH� QXPEHU� RI� VWRUHG� HQGRVFRSLF� LPDJHV�ZLWK� FOLQLFDO�UHODWHG� GLDJQRVWLF�
FDSDELOLWLHV�LQ�D�YHU\�VKRUW�WLPH�DQG�PD\�SOD\�D�UROH�LQ�UHDO�WLPH�JDVWURVFRS\>��@�
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.XERWD�HW�DO>��@�XVHG�D�EDFN�SURSDJDWLRQ�QHXUDO�QHWZRUN�DOJRULWKP�WR�DQDO\]H�WKH�GHSWK�RI�JDVWULF�
ZDOO� LQILOWUDWLRQ�LQ�HQGRVFRSLF�LPDJHV�RI�����*&�SDWLHQWV�DQG�GHYHORSHG�D�FRPSXWHU�DLGHG�GHVLJQ�
�&$'��V\VWHP��7KH�FURVV�YDOLGDWLRQ�UHVXOWV�UHYHDOHG�WKDW�WKH�GLDJQRVWLF�DFFXUDF\�RI�7���7���7��DQG�7��
*&�ZDV���������������DQG������UHVSHFWLYHO\��7KH�DFFXUDF\�LQ�GHWHFWLQJ�LQWUDPXFRVDO�FDUFLQRPD��7�D��
DQG�VXEPXFRVDO�LQYDVLYH�FDUFLQRPD��7�E��LV����>��@��7KLV�VWXG\�PD\�EH�XVHG�WR�VFUHHQ�IRU�(*&�LQ�WKH�
QHDU�IXWXUH�

$,�DQG�OLYHU�FDQFHU
/LYHU�FDQFHU� �/&�� LV� WKH�VHFRQG� OHDGLQJ�FDXVH�RI�GHDWK�ZRUOGZLGH��DQG� LWV� LQFLGHQFH�FRQWLQXHV� WR�
LQFUHDVH>��@��,Q� UHFHQW�\HDUV��$,�KDV�EHHQ�XVHG� LQ�YDULRXV�DVSHFWV�RI�/&�GLDJQRVLV�DQG� WUHDWPHQW��
HVSHFLDOO\�LQ�WKH�ILHOG�RI�LPDJLQJ��+RZHYHU��LQGLYLGXDO�GLIIHUHQFHV�LQ�OLYHU�PRUSKRORJ\�DQG�WKH�LQWHUQDO�
DQDWRP\�DQG� WKH�KLJKO\�KHWHURJHQHRXV�PROHFXODU� DQG�SDWKRORJLFDO� IHDWXUHV�RI�/&� OHDG� WR�JUHDW�
FKDOOHQJHV�LQ�WKH�LPSOHPHQWDWLRQ�RI�$,��0/�DQG�'/�IRU�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�WKLV�GLVHDVH>��@�
7KH�IROORZLQJ�WZR�PRGHV�RI�$,�DSSOLFDWLRQ�DUH�FRPPRQO\�XVHG�LQ�WKH�GLDJQRVLV�RI�/&��'/�DQG�

UDGLRPLFV��,PDJLQJ�SOD\V�D�NH\�UROH�LQ�WKH�LGHQWLILFDWLRQ�DQG�GLDJQRVLV�RI�KHSDWRELOLDU\�GLVHDVHV�DQG�WKH�
HVWDEOLVKPHQW�RI�VXUJLFDO�WUHDWPHQW�SODQV��5DGLRORJLVWV�DQG�VXUJHRQV�GHPDUFDWH�RUJDQV�DQG�GLDJQRVH�
GLVHDVHV�EDVHG�RQ� WKHLU� H[SHULHQFH�DQG� MXGJPHQW��ZKLFK� FDQ�EH� VXEMHFWLYH�� WLPH�FRQVXPLQJ�DQG�
XQUHSURGXFLEOH��$,� FDQ�DGGUHVV� WKHVH� OLPLWDWLRQV��'/� LV�PDLQO\�XVHG� IRU� WKH�GLDJQRVLV�RI�/&�YLD�
WUDGLWLRQDO�PDFKLQH�OHDUQLQJ��70/��DQG�&11V��,Q�70/��D�ZHOO�GHYHORSHG�DQDWRPLFDO�PRGHO�PXVW�EH�
HVWDEOLVKHG�LQ�DGYDQFH�DQG�PDQXDOO\�FRUUHFWHG�LQ�WKH�ODWHU�VWDJHV>��@��ZKLOH�WKH�DSSOLFDWLRQ�RI�&11V�
DOORZV�LPDJHV�WR�EH�GLUHFWO\�XVHG�LQ�WKH�OHDUQLQJ�SURFHVV��DOORZLQJ�WKH�H[WUDFWLRQ�DQG�XWLOL]DWLRQ�RI�DOO�
LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�LPDJH�IRU�'/>��@��6KDZ�+RVSLWDO�RI�=KHMLDQJ�8QLYHUVLW\�GHYHORSHG�D�'/�
V\VWHP�IRU�OLYHU�WXPRU�GLDJQRVLV�WKURXJK�D�&11��,Q�DGGLWLRQ�WR�OHDUQLQJ�PRUH�WKDQ�������PDJQHWLF�
UHVRQDQFH��05��LPDJHV��WKH�V\VWHP�LQFRUSRUDWHV�SDWLHQW�FOLQLFDO�GDWD��PHGLFDO�UHFRUGV��H[DPLQDWLRQ�
UHVXOWV��HWF���DQG�GHPRQVWUDWHV�H[FHOOHQW�GLDJQRVWLF�SHUIRUPDQFH�ZLWK�D�FRLQFLGHQFH�UDWH�ZLWK�D�ILQDO�
SDWKRORJLFDO�UHVXOW�RI����>��@�
7KH�DSSOLFDWLRQ�RI�$,�LQ�WKH�WUHDWPHQW�RI�/&�KDV�OHG�WR�QHZ�RSSRUWXQLWLHV�DQG�FKDOOHQJHV��SURPRWLQJ�

WKH�VWDQGDUGL]DWLRQ�DQG�LQWHOOLJHQFH�RI�/&�PDQDJHPHQW��+X�HW�DO>��@�XVHG��'�YLVXDOL]DWLRQ�WR�HYDOXDWH�
WKH�VSDWLDO�UHODWLRQVKLS�EHWZHHQ�WXPRUV�DQG�VXUURXQGLQJ�EORRG�YHVVHOV�EHIRUH�KHSDWHFWRP\��ZKLFK�
VHUYHV�DV�D�VXLWDEOH�JXLGH�IRU�VXUJLFDO�UHVHFWLRQ��,Q�WKH�WUHDWPHQW�RI�/&�E\�UDGLRIUHTXHQF\�DEODWLRQ��
IXVLRQ� LPDJLQJ� FDQ� LQWHJUDWH� HQKDQFHG� FRPSXWHG� WRPRJUDSK\� �&7��05� LPDJHV�ZLWK� UHDO�WLPH�
XOWUDVRXQG�LPDJLQJ�E\�HOHFWURPDJQHWLF�WUDFNLQJ�WR�DFFXUDWHO\�ORFDWH�WKH�WDUJHW�OHVLRQV>�����@��$,�KDV�
EHHQ�DSSOLHG�WR�DOO�DVSHFWV�RI�/&�WUHDWPHQW�DQG�DX[LOLDU\�GLDJQRVLV��EXW�IXUWKHU�SURVSHFWLYH�UHVHDUFK�LV�
QHHGHG�

$,�DQG�SDQFUHDWLF�GXFWDO�DGHQRFDUFLQRPD
3DQFUHDWLF�GXFWDO�DGHQRFDUFLQRPD��3'$&��LV�D�UDSLGO\�SURJUHVVLYH�DQG�KLJKO\�PDOLJQDQW�WXPRU�RI�WKH�
GLJHVWLYH�WUDFW>��@��$OWKRXJK�PDQ\�PHWKRGV�KDYH�EHHQ�GHYHORSHG�IRU�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�
3'$&�LQ�UHFHQW�\HDUV��WKH�HIIHFWLYH�UDWH�RI�WUHDWPHQW�DQG�SURJQRVLV�UHPDLQ�SRRU��WKH���\HDU�VXUYLYDO�UDWH�
LV�RQO\���>��@���7KH�HDUO\�GHWHFWLRQ�DQG�DFFXUDWH�WUHDWPHQW�RI�3'$&�DUH�LPSRUWDQW�GLUHFWLRQV�UHTXLULQJ�
XUJHQW�VROXWLRQV�
5HFHQWO\��UDSLG�GHYHORSPHQWV�KDYH�EHHQ�DFKLHYHG�LQ�WKH�$,�EDVHG�VFUHHQLQJ�DQG�GLDJQRVLV�RI�3'$&��

OHDGLQJ�WR�DFFHSWDEOH�HIIHFWV��$QVDUL�HW�DO>��@�DSSOLHG�DUWLILFLDO�QHXUDO�QHWZRUNV��$11V��WR�D�ORQJ�WHUP�
VXUYLYDO�SUHGLFWLRQ�RI�SDWLHQWV� DIWHU� UDGLFDO� VXUJHU\� IRU�3'$&� IRU� WKH� ILUVW� WLPH�DQG�DFKLHYHG�D�
FRQVLVWHQF\�LQGH[�RI�������LQGLFDWLQJ�WKDW�WKHLU�$11�FRXOG�SUHGLFW�WKH�VXUYLYDO�UDWH�RI�3'$&�SDWLHQWV�
DIWHU�UDGLFDO�VXUJHU\��)LQH�QHHGOH�DVSLUDWLRQ��)1$��ELRSV\�LV�DQ�HODERUDWH�DSSURDFK�XVHG�WR�GLDJQRVH�
VROLG�PDVVHV�RI�WKH�SDQFUHDV��'XH�WR�WKH�VPDOO�QXPEHU�RI�FDVHV��LWV�GHYHORSPHQW�LV�OLPLWHG��0RPHQL�
%RURXMHQL�HW�DO>��@�XVHG�D�PXOWLOD\HU�SHUFHSWURQ�QHXUDO�QHWZRUN��011��WR�HYDOXDWH�����FHOO�PDVV�LPDJHV�
IURP����SDQFUHDWLF�)1$�SDWLHQWV�DQG�DFKLHYHG�DQ�DFFXUDF\�RI������LQ�WKH�FODVVLILFDWLRQ�RI�EHQLJQ�DQG�
PDOLJQDQW�WXPRUV��,Q�SDUWLFXODU��WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�011�LQ�LGHQWLI\LQJ�DW\SLFDO�FDVHV�
ZHUH� ����DQG� ����� UHVSHFWLYHO\�� ,QWUDGXFWDO� SDSLOODU\�PXFLQRXV�QHRSODVP� �,301��� D�SDSLOODU\�
PXFLQRXV�WXPRU�ZLWK�PDQ\�VXEW\SHV��KDV�SDUWLFXODU�PDOLJQDQW�SRWHQWLDO��(QGRVFRSLF�XOWUDVRQRJUDSK\�
�(86��FDQ�UHYHDO�WKH�VWUXFWXUH�RI�WKH�SDQFUHDV�DQG�WKH�GLODWLRQ�RI�WKH�SDQFUHDWLF�GXFW�DQG�FDQ�EH�XVHG�WR�
HYDOXDWH�WKH�GHJUHH�RI�PDOLJQDQF\�RI�,301��,QGHHG��.XZDKDUD�HW�DO>��@�XVHG�$,�WR�EXLOG�D�V\VWHP�WR�
SHUIRUP�WKLV�IXQFWLRQ��7KH�DXWKRUV�XSORDGHG������(86�LPDJHV�RI����SDWLHQWV�WR�WKH�V\VWHP�IRU�'/�
DQDO\VLV��7KH�HQGSRLQW�RI�WKHLU�V\VWHP�ZDV�WKH�DFFXUDF\�LQ�GLDJQRVLQJ�WKH�PDOLJQDQF\�GHJUHH�RI�,301V�
E\�$,��7KH�UHVXOWV�VKRZHG�WKDW�WKH�$,�V\VWHP�KDG�VLJQLILFDQWO\�EHWWHU�YDOXH�LQ�GLDJQRVLQJ�PDOLJQDQW�
,301V�WKDQ�EHQLJQ�,301V��ZLWK�DQ�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYH�RI������LQ�
GLDJQRVLQJ�PDOLJQDQW�,301V��,Q�DGGLWLRQ��D�WKUHH�GLPHQVLRQDO�GHSWK�VXSHUYLVHG�VHJPHQWDWLRQ�QHWZRUN�
KDV�EHHQ�GHYHORSHG� WR�FODVVLI\�&7� LPDJHV� IURP�3'$&�SDWLHQWV�DQG�FRQWURO�JURXSV��&KX� HW� DO>��@�
VWDQGDUGL]HG�WKH�QXPEHU�RI�FDVHV��WKH�VL]HV�RI�WKH�VHJPHQWHG�LPDJHV��DQG�WKH�VHOHFWLRQ�RI�RUJDQV�DQG�
WKHQ�VHJPHQWHG�WKH�ERXQGDULHV�RI�WKH�DEGRPLQDO�RUJDQV�DQG�SDQFUHDWLF�WXPRUV�LQ�����FRQWURO�VXEMHFWV�
DQG�����SDWLHQWV�ZLWK�3'$&��7KH�UHVXOWV�VKRZHG�WKDW�WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�WKH�DOJRULWKP�LQ�
GHWHFWLQJ�3'$&�LQ�SDWLHQWV�ZHUH�������DQG��������UHVSHFWLYHO\��7KH�HDUO\�GLDJQRVLV�RI�3'$&�LV�D�
SUREOHP�WKDW�PDQ\�SK\VLFLDQV� ILQG�GLIILFXOW��$SSHOEDXP�HW�DO>��@�GHYHORSHG�D� ULVN�PRGHO� IRU� WKH�
SUHGLFWLRQ�RI�3'$&�EDVHG�RQ�SDWLHQW�(+5V�WKDW�FRXOG�LGHQWLI\�KLJK�ULVN�JURXSV�RQH�\HDU�LQ�DGYDQFH��
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VXJJHVWLQJ�WKDW�WKHLU�ULVN�VFRUHV�FRXOG�DOVR�EH�XVHG�DV�DQ�LQLWLDO�ILOWHU�IRU�3'$&�

%(1,*1�',*(67,9(�',6($6(6
,Q�DGGLWLRQ�WR�JDVWULF�FDQFHU��OLYHU�FDQFHU�DQG�RWKHU�PDOLJQDQW�WXPRUV��RWKHU�GLJHVWLYH�V\VWHP�GLVHDVHV�
LQFOXGH�XOFHUDWLYH�FROLWLV��SDQFUHDWLWLV��JDVWULF�XOFHU��JDVWULWLV��LQWHVWLQDO�SRO\S�DQG�RWKHU�EHQLJQ�GLJHVWLYH�
V\VWHP�GLVHDVHV��:H�VXPPDUL]H�WKH�DSSOLFDWLRQ�RI�$,�IRU�WKH�EHQLJQ�GLJHVWLYH�V\VWHP�GLVHDVHV�GLVFXVVHG�
EHORZ��7KH�ODWHVW�DSSOLFDWLRQV�RI�$,�LQ�XOFHUDWLYH�FROLWLV��VHYHUH�DFXWH�SDQFUHDWLWLV��JDVWULF�XOFHUV��JDVWULWLV�
DQG�LQWHVWLQDO�SRO\SV�DUH�VXPPDUL]HG�LQ�7DEOH���

$,�DQG�XOFHUDWLYH�FROLWLV
8OFHUDWLYH�FROLWLV��8&��LV�D�FRPPRQ�FKURQLF�LQWHVWLQDO�GLVHDVH��KRZHYHU��WKHUH�LV�QR�VLQJOH�JROG�VWDQGDUG�
IRU�WKH�GLDJQRVLV�RI�WKLV�GLVHDVH��&RPELQLQJ�FOLQLFDO��ODERUDWRU\��LPDJLQJ��HQGRVFRSLF�DQG�KLVWRSDWKR�
ORJLFDO�ILQGLQJV��WKH�GLDJQRVLV�LV�PDGH�E\�H[FOXGLQJ�LQIHFWLRXV�DQG�RWKHU�QRQLQIHFWLRXV�IRUPV�RI�FROLWLV
>��@��(QGRVFRS\�LV�HVVHQWLDO��EXW�WKH�DFFXUDF\�DQG�SUHFLVLRQ�RI�WKH�GLDJQRVLV�DUH�OLPLWHG�E\�GRFWRUV·�
VXEMHFWLYLW\��<DR�HW�DO>��@�HVWDEOLVKHG�D�IXOO\�DXWRPDWLF�HQGRVFRSLF�GLVHDVH�JUDGLQJ�YLGHR�DQDO\VLV�V\VWHP�
WKURXJK�$,��7KHVH�DXWKRUV�XVHG�D�&11�WR�WUDLQ�PRGHOV�WR�SUHGLFW�WKH�DPRXQW�RI�LQIRUPDWLRQ�LQ�VWLOO�
LPDJHV�DQG��WKXV��GHWHUPLQH�WKH�VHYHULW\�RI�WKH�GLVHDVH��7KHQ��WKH�DXWKRUV�H[DPLQHG����DQG�����YLGHRV�
IURP�GHYHORSHG�KLJK�UHVROXWLRQ�DQG�PXOWLFHQWHU�FOLQLFDO�WULDO�WHVW�VHWV��UHVSHFWLYHO\��7KH�UHVXOWV�VKRZHG�
WKDW�WKH�VWDWLF�LPDJH�LQIRUPDWLRQ�FODVVLILFDWLRQ�V\VWHP�KDG�JRRG�SHUIRUPDQFH��ZLWK�D�VHQVLWLYLW\�RI�������
DQG�VSHFLILFLW\�RI��������)RU�WKH�KLJK�UHVROXWLRQ�YLGHRV��WKH�IXOO\�DXWRPDWHG�PHWKRGV�FRUUHFWO\�SUHGLFWHG�
WKH�0D\R�HQGRVFRSLF�VFRUH��0(6��LQ������7KH�DXWRPDWHG�0(6�JUDGLQJ�RI�WKH�FOLQLFDO�WULDO�YLGHRV��RIWHQ�
ORZ�UHVROXWLRQ��FRUUHFWO\�GLVWLQJXLVKHG�UHPLWWHG�YV�DFWLYH�GLVHDVH�LQ��������7R�DQDO\]H�HQGRVFRSLF�
LPDJHV�RI�8&�PRUH�DFFXUDWHO\��7DNHQDND�HW�DO>��@�GHYHORSHG�D�GHHS�QHXUDO�QHWZRUN�V\VWHP�DQG�WHVWHG�
������FRORQRVFRS\� LPDJHV�DQG������ELRSV\�UHVXOWV� IURP������8&�SDWLHQWV��7KH� UHVXOWV� LGHQWLILHG�
HQGRVFRSLF�UHPLVVLRQ�ZLWK�������DFFXUDF\�DQG�KLVWRORJLF�UHPLVVLRQ�ZLWK�������DFFXUDF\��,Q�DGGLWLRQ��
0DHGD�HW�DO>��@�GHYHORSHG�D�&$'�V\VWHP�WR�SUHGLFW�SHUVLVWHQW�KLVWRORJLF�LQIODPPDWLRQ�XVLQJ�HQGRF\W�
RVFRS\�DQG�HYDOXDWHG�LWV�DFFXUDF\�XVLQJ�������HQGRF\WRVFRS\�LPDJHV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�&$'�
V\VWHP�SURYLGHG�D�GLDJQRVWLF�VHQVLWLYLW\��VSHFLILFLW\��DQG�DFFXUDF\�RI����������DQG������UHVSHFWLYHO\��,Q�
UHFHQW�\HDUV��JUHDW�SURJUHVV�KDV�EHHQ�DFKLHYHG�LQ�WKH�WUHDWPHQW�RI�8&��EXW�VXUJHU\�UHPDLQV�LPSRUWDQW
>��@��7KHVH�UHVXOWV�VKRZ�WKDW�$,�KDV�JUHDW�SRWHQWLDO�LQ�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�8&�

$,�DQG�SDQFUHDWLWLV
$FXWH�SDQFUHDWLWLV� �$3�� LV�D�FRPPRQ�FOLQLFDO�DFXWH�DEGRPHQ�GLVHDVH�ZLWK�D�FRPSOH[�DQG�YDULDEOH�
SUHVHQWDWLRQ��6HYHUH�$3��6$3��LV�RIWHQ�OLIH�WKUHDWHQLQJ��ZLWK�PXOWLSOH�RUJDQ�G\VIXQFWLRQ�LQGXFHG�E\�
6$3�EHLQJ�D�SDUWLFXODUO\�GLIILFXOW�FOLQLFDO�SUREOHP>��@��4LX�HW�DO>��@�GHYHORSHG�WKUHH�0/�DOJRULWKPV�WR�
SUHGLFW� WKH� ULVN� RI� RUJDQ� IDLOXUH� LQ�PRGHUDWH� 6$3� �06$3�� DQG� 6$3��7KHVH� DXWKRUV� LQSXWWHG� ���
SDUDPHWHUV� IURP�����SDWLHQWV�ZLWK�06$3�DQG�6$3� LQWR�D�VXSSRUW�YHFWRU�PDFKLQH� �690��� ORJLFDO�
UHJUHVVLRQ�DQDO\VLV��/5$��DQG�$11�PRGHOV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�690��/5$�DQG�$11�PRGHOV�
FRXOG�HIIHFWLYHO\�SUHGLFW�WKH�ULVN�RI�PXOWLRUJDQ�IDLOXUH�LQ�06$3�DQG�6$3��5HVSLUDWRU\�IDLOXUH�LV�WKH�PDLQ�
FDXVH�RI�HDUO\�GHDWK�LQ�6$3��7KH�HDUO\�SUHGLFWLRQ�RI�DFXWH�OXQJ�LQMXU\��$/,��LV�EHQHILFLDO�IRU�UHGXFLQJ�
PRUWDOLW\�IURP�6$3��7KH�$11�PRGHO�HVWDEOLVKHG�E\�)HL�HW�DO>��@�FDQ�HIIHFWLYHO\�SUHGLFW�WKH�RFFXUUHQFH�RI�
$/,� LQGXFHG�E\�6$3��ZLWK� WKH�DFFXUDF\�RI�SUHGLFWLQJ�VHYHUH�DFXWH�UHVSLUDWRU\�GLVWUHVV�V\QGURPH�
UHDFKLQJ��������$EGRPLQDO�LQIHFWLRQ�LV�DQ�LPSRUWDQW�ULVN�IDFWRU�IRU�RUJDQ�IDLOXUH�LQGXFHG�E\�6$3��
&RPSDUHG�ZLWK�ORJLVWLF�UHJUHVVLRQ�DQDO\VHV�� WKH�$11�PRGHO�GHYHORSHG�E\�4LX�HW�DO>��@�FDQ�PRUH�
DFFXUDWHO\�SUHGLFW�DEGRPLQDO�LQIHFWLRQ�LQ�06$3�DQG�6$3��ZLWK�D�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI��������
DQG���������UHVSHFWLYHO\��)HL�HW�DO>��@�FRQVWUXFWHG�DQG�YHULILHG�DQ�$11�PRGHO�EDVHG�RQ�FOLQLFDO�DQG�
ODERUDWRU\�GDWD�IURP����SDWLHQWV�ZLWK�$3��1RWDEO\��WKH�VHQVLWLYLW\��VSHFLILFLW\��SRVLWLYH�SUHGLFWLYH�YDOXH�
DQG�QHJDWLYH�SUHGLFWLYH�YDOXH�RI� WKH�$11�PRGHO� IRU�SRUWRVSOHQRPHVHQWHULF�YHQRXV� WKURPERVLV�
�36097��ZHUH�������������������DQG��������UHVSHFWLYHO\��7KXV��WKLV�PRGHO�SURYLGHV�D�JRRG�UHIHUHQFH�
IRU�WKH�FOLQLFDO�SUHGLFWLRQ�RI�WKH�RFFXUUHQFH�RI�36097��7KH�UHFXUUHQFH�UDWH�DIWHU�WKH�ILUVW�DWWDFN�RI�$3�LV�
DSSUR[LPDWHO\� ����� EXW� IHZ� LQGLFDWRUV� FDQ� SUHGLFW� WKLV� UHFXUUHQFH�� &KHQ� HW� DO>��@� GHYHORSHG� D�
TXDQWLWDWLYH�UDGLRORJ\�PRGHO�EDVHG�RQ�FRQWUDVW�HQKDQFHG�&7��7KH�UHVXOWV�RI�WKH�YHULILFDWLRQ�DQDO\VLV�
VKRZHG�WKDW�WKH�PRGHO�FDQ�SUHGLFW�WKH�UHFXUUHQFH�RI�$3�ZHOO�LQ�WKH�PDLQ�DQG�YHULILFDWLRQ�SRSXODWLRQV��
ZLWK�DFFXUDFLHV�RI�������DQG��������UHVSHFWLYHO\��7KLV�ILQGLQJ�VXJJHVWV�WKDW�WKHLU�PRGHO�PD\�EH�D�JRRG�
TXDQWLWDWLYH�PHWKRG�IRU�WKH�SUHGLFWLRQ�RI�UHFXUUHQFH�LQ�SDWLHQWV�ZLWK�$3��&KURQLF�SDQFUHDWLWLV��&3���
ZKLFK�LV�DQRWKHU�FRPPRQ�FOLQLFDO�GLJHVWLYH�V\VWHP�GLVHDVH��LV�DQ�LPSRUWDQW�IDFWRU�LQ�LQGXFLQJ�SDQFUHDWLF�
FDQFHU��$OWKRXJK�WUDGLWLRQDO�SDQFUHDWLFRGXRGHQHFWRP\��GLVWDO�SDQFUHDWHFWRP\��DQG�WKH�)UH\�DQG�%HJHU�
SURFHGXUHV� KDYH� DFKLHYHG� FRQVLGHUDEOH� VXFFHVV� LQ� UHOLHYLQJ�&3� SDLQ�� WKH� DSSURDFKHV� DUH� RIWHQ�
DFFRPSDQLHG�E\�VHULRXV�FRPSOLFDWLRQV��7KHUHIRUH��PLQLPDOO\�LQYDVLYH�VXUJHU\�DQG�URERW�SODWIRUPV�DUH�
JUDGXDOO\�EHLQJ�DSSOLHG�LQ�WKH�VXUJLFDO�WUHDWPHQW�RI�&3��$�UHWURVSHFWLYH�VWXG\�EDVHG�RQ�����FDVHV�RI�
URERWLF�SDQFUHDWHFWRP\�DQG�UHFRQVWUXFWLRQ�VKRZHG�WKDW�WKH�URERWLF�SODWIRUP�LV�VDIH�DQG�IHDVLEOH�LQ�
SHUIRUPLQJ�FRPSOH[�SDQFUHDWHFWRP\�WR�DOOHYLDWH�WKH�VHTXHODH�RI�&3>��@��$XWRLPPXQH�SDQFUHDWLWLV��$,3��
LV�D�UDUH�DQG�VSHFLDO�W\SH�RI�FKURQLF�SDQFUHDWLWLV��DQG�LWV�GLDJQRVLV�LV�FOLQLFDOO\�FKDOOHQJLQJ��0DU\D�HW�DO
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7DEOH���5HFHQW�UHVHDUFKHV�RQ�DUWLILFLDO�LQWHOOLJHQFH�LQ�EHQLJQ�GLJHVWLYH�V\VWHP�GLVHDVHV

5HI� 6WXG\�GHVLJQ 6WXG\�
SRSXODWLRQ <HDU 'LVHDVH &RXQWU\�5HJLRQ 1XPEHU�RI�

FDVHV 0HWKRGV 5HVXOWV

0DHGD�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� 8& -DSDQ ������,PDJHV &$' 6HQVLWLYLW\�������
6SHFLILFLW\�������
$FFXUDF\�����

3RSD�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� 8& 5RPDQLD ���&DVHV 0/ $FFXUDF\�������
$8&������

7RQJ�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� 8& &KLQD �����&DVHV 5)��&11 6HQVLWLYLW\��5)�
��������6HQVLWLYLW\��
&11�������

4LX�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� 6$3� &KLQD� ����&DVHV $11 6HQVLWLYLW\����������
6SHFLILFLW\��������

&KHQ�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� 6$3� &KLQD� ����&DVHV /5� $FFXUDF\�������

1DPLNDZD�HW�
DO>��@

5HWURVSHFWLYH +RVSLWDO ���� *DVWULF�XOFHU -DSDQ ����,PDJHV $�&11� 6HQVLWLYLW\���������
6SHFLILFLW\���������
339�������

6WHLQEXVV�HW�DO
>��@

5HWURVSHFWLYH +RVSLWDO ���� *DVWULWLV *HUPDQ\ �����,PDJHV &11� $FFXUDF\�������
6HQVLWLYLW\��������
6SHFLILFLW\�����

2]DZD�HW�DO>��@ 5HWURVSHFWLYH +RVSLWDO ���� &RORUHFWDO�
SRO\SV

-DSDQ ������,PDJHV &11 6HQVLWLYLW\�������
339�����

8&��8OFHUDWLYH�FROLWLV��6$3��6HYHUH�DFXWH�SDQFUHDWLWLV��&$'��&RPSXWHU�DLGHG�GLDJQRVLV��0/��0DFKLQH�OHDUQLQJ��5)��5DQGRP�IRUHVW��&11��&RQYROXWLRQDO�
QHXUDO�QHWZRUN��$11��$UWLILFLDO�QHXUDO�QHWZRUNV��/5��/RJLVWLF�UHJUHVVLRQ��$�&11��$GYDQFHG�FRQYROXWLRQDO�QHXUDO�QHWZRUN��$8&��$UHD�XQGHU�WKH�FXUYH��
339��3RVLWLYH�SUHGLFWLYH�YDOXH�

>��@�GHYHORSHG�DQG�YDOLGDWHG�D�&11�PRGHO�EDVHG�RQ�D�GDWDEDVH�FRQWDLQLQJ��������(86�LPDJHV�DQG�
YLGHRV�IURP�����SDWLHQWV��$IWHU�WUDLQLQJ��WKH�PRGHO�FRXOG�DFFXUDWHO\�GLVWLQJXLVK�$,3�IURP�3'$&�DQG�
RWKHU�EHQLJQ�SDQFUHDWLF�GLVHDVHV�ZLWK�D�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�����DQG������UHVSHFWLYHO\�

$,�DQG�RWKHU�GLVHDVHV
$,�KDV�EHHQ�XVHG�LQ�QXPHURXV�DSSOLFDWLRQV�IRU�RWKHU�GLVHDVHV��VXFK�DV�JDVWULF�XOFHUV��JDVWULWLV�DQG�
FRORUHFWDO�SRO\SV��1DPLNDZD�HW�DO>��@�GHYHORSHG�DQ�DGYDQFHG�&11��$�&11��EDVHG�RQ�WKH�RULJLQDO�
FRQYROXWLRQDO�QHXUDO�QHWZRUN�DQG�HYDOXDWHG�LWV�DSSOLFDELOLW\�LQ�WKH�FODVVLILFDWLRQ�RI�JDVWULF�XOFHUV��7KHVH�
DXWKRUV�XVHG�����LPDJHV�IURP�����SDWLHQWV�ZLWK�JDVWULF�XOFHUV�WR�HYDOXDWH�WKH�GLDJQRVWLF�SHUIRUPDQFH�RI�
WKH�$�&11��7KH�UHVXOWV�VKRZHG�WKDW�WKH�VHQVLWLYLW\��VSHFLILFLW\��DQG�SRVLWLYH�SUHGLFWLYH�YDOXH�RI�WKH�$�
&11�LQ�FODVVLI\LQJ�JDVWULF�XOFHUV�ZHUH���������������DQG��������UHVSHFWLYHO\��7KHUH�DUH�VHYHUDO�VXEW\SHV�
RI�JDVWULWLV��LQFOXGLQJ�DXWRLPPXQH��EDFWHULDO��DQG�FKHPLFDO��6WHLQEXVV�HW�DO>��@�HYDOXDWHG�WKH�DELOLW\�RI�D�
&11�WR�FODVVLI\�WKH�FRPPRQ�JDVWULWLV�VXEW\SHV�XVLQJ�D�VPDOO�GDWD�VHW�RI������JDVWULF�DQWUXP�DQG�FRUSXV�
ELRSV\�LPDJHV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�RYHUDOO�DFFXUDF\�LQ�WKH�WHVW�VHW�ZDV������DQG�WKH�VHQVLWLYLW\�
DQG�VSHFLILFLW\�IRU�EDFWHULDO�JDVWULWLV�ZHUH������DQG������UHVSHFWLYHO\��2]DZD�HW�DO>��@�FRQVWUXFWHG�D�
GHHS�&11�DUFKLWHFWXUH�DQG�WUDLQHG�WKH�&11�XVLQJ�������LPDJHV�IURP������FRORUHFWDO�SRO\SV�DQG������
QRUPDO�FRORUHFWDO�LPDJHV��7KHQ��WKH�SHUIRUPDQFH�RI�WKH�WUDLQHG�&11�ZDV�YHULILHG�ZLWK������DGGLWLRQDO�
FRORQRVFRS\�LPDJHV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�VHQVLWLYLW\�RI�WKH�&11�ZDV������DQG�WKH�SRVLWLYH�
SUHGLFWLYH�YDOXH�ZDV������SURYLQJ�WKDW�LW�KDV�H[FHOOHQW�SRWHQWLDO�DV�D�FRORQRVFRS\�&3�GLDJQRVLV�VXSSRUW�
V\VWHP�EDVHG�RQ�$,�

&21&/86,21
:LWK�WKH�VWHDG\�GHYHORSPHQW�RI�$,�DQG�LWV�KHDY\�LQWHJUDWLRQ�LQ�WKH�PHGLFDO�LQGXVWU\��$,�KDV�UHFHLYHG�
LQFUHDVLQJ�DWWHQWLRQ�LQ�WKH�ILHOGV�RI�PHGLFLQH�DQG�KHDOWK��'LJHVWLYH�V\VWHP�$,�WHFKQRORJ\�GLIIHUV�IURP�
RWKHU�$,�WHFKQRORJLHV�EHFDXVH�RI�WKH�QRQVWDQGDUG�QDWXUH�RI�PRVW�GLJHVWLYH�HQGRVFRSLF�LPDJHV�DQG�WKH�
ODUJH�QXPEHU�RI�LQIOXHQFLQJ�IDFWRUV��UHVXOWLQJ�LQ�GLIILFXOW\�LQ�GHYHORSLQJ�VXFK�WHFKQRORJ\��&XUUHQWO\��$,�
SOD\V�DQ�LPSRUWDQW�UROH�LQ�GLJHVWLYH�V\VWHP�GLVHDVHV��SDUWLFXODUO\�LQ�LWV�JUDGXDO�DSSOLFDWLRQ�LQ�GLDJQRVLV�
DQG� WUHDWPHQW� LQ� WKH� FOLQLF��$,�KDV�EURDG�SURVSHFWV� LQ� WKH� ILHOG�RI�PHGLFLQH� DQG�KHDOWK�� EXW� WKH�
FRRSHUDWLRQ�RI�PHGLFDO�ZRUNHUV�DQG�FRPSXWHU�H[SHUWV�LV�QHHGHG�WR�GHYHORS�PRUH�LQWHOOLJHQW�DSSOLF�
DWLRQV�DQG�KLJKHU�TXDOLW\�VHUYLFHV�IRU�SDWLHQWV��,Q�VXPPDU\��DV�DQ�HPHUJLQJ�SOD\HU��$,�ZLOO�FRQWLQXH�WR�
SOD\�DQ�LQFUHDVLQJO\�LPSRUWDQW�UROH�LQ�IXWXUH�GHYHORSPHQW��7KH�FORVH�FRPELQDWLRQ�RI�$,�DQG�PHGLFLQH�
FDQ�DGGUHVV�SUREOHPV��VXFK�DV�WKH�LQVXIILFLHQW�VXSSO\�DQG�XQHYHQ�GLVWULEXWLRQ�RI�PHGLFDO�UHVRXUFHV�DQG�
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ORZ�GHJUHH�RI�PHGLFDO�HIILFLHQF\��0RUH� LQ�GHSWK�UHVHDUFK�VKRXOG�EH�SHUIRUPHG�WR� LQYHVWLJDWH� WKH�
DSSOLFDWLRQ�RI�$,�LQ�GLJHVWLYH�V\VWHP�GLVHDVHV�IURP�YDULRXV�SHUVSHFWLYHV�WR�REWDLQ�DGGLWLRQDO�GLDJQRVLV�
DQG� WUHDWPHQW�PHDVXUHV��SURPRWH�GLDJQRVLV��RSWLPL]H� WUHDWPHQW�� LPSURYH�SDWLHQW�SURJQRVLV��DQG�
JUDGXDOO\�DFKLHYH�LQWHOOLJHQW�DQG�DFFXUDWH�PHGLFDO�WUHDWPHQW�

)227127(6
$XWKRU�FRQWULEXWLRQV��&KHQ�+<��*H�3��/LX�-<�FRQWULEXWHG�HTXDOO\�WR�WKH�PDQXVFULSW��&KHQ�+<�FRQFHLYHG�WKLV�UHYLHZ�
DQG�GUDIWHG�WKH�PDQXVFULSW��*H�3��/LX�-<��%DR�)�DQG�4X�-/�DUH�UHVSRQVLEOH�IRU�WKH�ILJXUH�GUDZLQJ�DQG�OLWHUDWXUH�
FROODWLRQ��;X�&0��&KHQ�+/�DQG�6KDQJ�'�HGLWHG�DQG�ILQDOL]HG�WKH�PDQXVFULSW�IRU�VXEPLVVLRQ��=KDQJ�*;�UHYLHZHG�
DQG�DSSURYHG�WKH�VXEPLWWHG�PDQXVFULSW�

6XSSRUWHG�E\�.H\�'LVFLSOLQH�RI�/LDRQLQJ�7UDGLWLRQDO�&KLQHVH�0HGLFLQH�&OLQLFDO�$ELOLW\�3URPRWH�&RQVWUXFWLRQ�3URMHFW��
1R��/1=<;=<��������DQG�'HYHORSPHQW�*XLGDQFH�3ODQ�3URMHFWV�LQ�/LDRQLQJ�3URYLQFH��1R������-+������������

&RQIOLFW�RI�LQWHUHVW�VWDWHPHQW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�DVVRFLDWHG�ZLWK�DQ\�RI�WKH�VHQLRU�DXWKRU�RU�RWKHU�
FRDXWKRUV�FRQWULEXWHG�WKHLU�HIIRUWV�LQ�WKLV�PDQXVFULSW�
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