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$EVWUDFW�

7KHUH�LV�DQ�LQFUHDVHG�ULVN�RI�K\SRJO\FHPLD�ZLWK�LQVXOLQ�VWDFNLQJ��ZKLFK�LQYROYHV�WDNLQJ�D�QHZ�LQVXOLQ�GRVH�
ZKLOH�WKH�SUHYLRXV�GRVH�LV�VWLOO�ZRUNLQJ��7KH�ZRUNV�UHYLHZHG�IRFXV�RQ�GRVH�WLWUDWLRQ�RU�DXWRPDWHG�GHOLYHU\�
RI�PHGLFDWLRQ�� RU� FRQYHUVDWLRQDO� FRXQVHOLQJ� LQ� UHFHQW� VWXGLHV� RQ� DUWLILFLDO� LQWHOOLJHQFH� �$,��� EXW� GR� QRW�
GLVFXVV�VWDFNLQJ�GLUHFWO\��7KLV�SDSHU�VXPPDUL]HV�QLQH�SDSHUV�RQ�LQVXOLQ�VWDFNLQJ��$,�HQDEOHG�LQVXOLQ�GRVLQJ�
DQG�//0�HQDEOHG�FOLQLFDO�VXSSRUW��ILQGLQJ�WKDW�QR�VWXG\��LQ�LWV�DYDLODEOH�DEVWUDFW�DQG�RU�WH[W��LQWHJUDWHV�WKH�
IRXU�IDFWRUV�RI�FRQWLQXRXV�JOXFRVH�PRQLWRULQJ��&*0���LQVXOLQ�KLVWRU\��PHDOV��SK\VLFDO�DFWLYLW\��DQG�KHDOWK�
UHFRUG� FRQWH[W�� LQWR� D� VWDFNLQJ� ULVN� DVVHVVPHQW� DQG� FRPPXQLFDWLRQ� IUDPHZRUN� ZLWK� H[SOLFLW� VDIHW\�
FRQVWUDLQWV� IRU�ERWK� WKH FOLQLFLDQ�DQG� WKH�SDWLHQW��:H�VXJJHVW� D�QHZ� ILYH�OD\HU� IUDPHZRUN� WKDW�EXLOGV�D�
VHSDUDWLRQ�EHWZHHQ�D�GHWHUPLQLVWLF�FOLQLFDO�FRUH��LQVXOLQ�RQ�ERDUG�HVWLPDWLRQ��SURMHFWHG�JOXFRVH�ULVN�WLHUV��
KDUG�VDIHW\�UXOHV��DQG�D�UHWULHYDO�JURXQGHG�JHQHUDWLYH�OD\HU�ZKLFK�H[SODLQV��EXW�ZLOO�QRW�FRPSXWH��ULVN��7KH�
IUDPHZRUN�LV� WKHRUHWLFDO��QRW� LPSOHPHQWHG��DQG�QR�H[SHULPHQWDO�RU�FOLQLFDO�UHVXOWV�DUH�SURYLGHG��)XWXUH�
ZRUN�LV�VXJJHVWHG�LQ�DQ�HYDOXDWLRQ�SURWRFRO�

.H\ZRUGV���FOLQLFDO�GHFLVLRQ�VXSSRUW��GLDEHWHV�PDQDJHPHQW��H[SODLQDEOH�$,��JHQHUDWLYH�$,��LQVXOLQ�VWDFNLQJ��
LQVXOLQ�RQ�ERDUG��ODUJH�ODQJXDJH�PRGHOV��PXOWLPRGDO�OHDUQLQJ��UHWULHYDO�DXJPHQWHG�JHQHUDWLRQ�

,��,1752'8&7,21

:LWK� LQVXOLQ� WKHUDS\�� PXOWLSOH� LQVXOLQ� GRVH� FDOFXODWLRQV� DUH� QHHGHG� EDVHG� RQ� FXUUHQW� JOXFRVH�� FDUE��
DFWLYLW\�DQG� WKH� LQVXOLQ�UHPDLQLQJ�IURP�SUHYLRXV�GRVHV�� ,QVXOLQ�VWDFNLQJ�FDQ�UHVXOW� LQ� LQVXOLQ�HIIHFW�DQG�
K\SRJO\FHPLD��,Q�D�VLQJOH�FHQWHU�KRVSLWDO�TXDOLW\�LPSURYHPHQW�VWXG\������RI�SDWLHQWV�UHFHLYHG�GLQQHU�WLPH�
FRUUHFWLRQDO�DQG�EHGWLPH�LQVXOLQ�OHVV�WKDQ�IRXU�KRXUV�DSDUW�EHIRUH�WKH�LQWHUYHQWLRQ��PRYLQJ�RQH�VFKHGXOHG�
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RUGHU�WLPH�ZDV�IROORZHG�E\�D�����UHGXFWLRQ�LQ�VWDFNLQJ�DW�RQH�\HDU�>�@��$XWRPDWHG�LQVXOLQ�GHOLYHU\��$,'��
SUHVHQWV�DQRWKHU�FKDOOHQJH�LQ�DPEXODWRU\�FDUH��DXWRPDWLF�FRUUHFWLRQ�EROXVHV�PDGH�XS�DSSUR[LPDWHO\�������
RI�WRWDO GDLO\�LQVXOLQ�LQ�D�UHWURVSHFWLYH�VWXG\�RI�����SDWLHQWV�ZLWK�W\SH���GLDEHWHV�ZKR�XVHG�RQH�$,'�V\VWHP�
>�@��DQG�WKH�FXUUHQW�GLVSOD\�RI�LQVXOLQ�RQ�ERDUG��,2%��LQ�$,'�V\VWHPV�KDV�EHHQ�DUJXHG�WR�EH�PLVOHDGLQJ�
>�@�

7KH�XVH�RI�$,�WHFKQLTXHV�IRU�LQVXOLQ�GRVLQJ�LV�EHFRPLQJ�D�FRPPRQ�SUDFWLFH��,Q�D�QHZ�UHYLHZ��UHVHDUFKHUV�
GLVFXVV�WKH�SURPLVH�RI�SHUVRQDOL]HG�LQVXOLQ�UHFRPPHQGDWLRQV�DQG�WKH�LVVXHV�RI�SULYDF\��WUDQVSDUHQF\��DQG�
FOLQLFDO�DGRSWLRQ�RI�$,�>�@��$�GHFLVLRQ�VXSSRUW�V\VWHP�ZDV�IRXQG�WR�LPSURYH�+E$�F�RXWFRPHV�DIWHU����
ZHHNV�LQ�D�UDQGRPL]HG�WULDO�ZLWKRXW�FDXVLQJ�VHYHUH�K\SRJO\FHPLD�>�@�DQG�D�WUDQVIRUPHU�EDVHG�PRGHO�KDV�
EHHQ�SURSRVHG�WKDW�FRPELQHV�DQ�//0�EDVHG�PHDO�HVWLPDWRU�ZLWK�DQ�//0�EDVHG�JOXFRVH�SUHGLFWLRQ�FKHFN�
DQG�DQ�//0�EDVHG�WLWUDWLRQ�PRGHO�>�@��$W�WKH�VDPH WLPH��$,�GLDEHWHV�KHOSHUV�KDYH�EHHQ�WHVWHG�>����@�DQG�
WKH�UHVXOWV�VXJJHVW�WKDW�WKHUH�DUH�SRWHQWLDO�LVVXHV�ZLWK�JHQHUDO�SXUSRVH�PRGHOV�SURYLGLQJ�LQFRQVLVWHQW�DGYLFH�
DQG�LQGLFDWH�WKDW�WKH\�DUH�QRW�VXLWDEOH�IRU�DXWRQRPRXV�XVH�

(YHQ�ZLWK�DOO�WKLV�SURJUHVV��D�VLJQLILFDQW�JDS�LQ�WKH�UHYLHZHG�OLWHUDWXUH�LV�ZKDW�PHWKRGV�DUH�DYDLODEOH�WR�
HYDOXDWH�VWDFNLQJ�ULVN�DW�WKH�WLPH�RI�D�GRVLQJ�GHFLVLRQ�ZLWK�WKH�IXOO�SDWLHQW�FRQWH[W��DQG�KRZ�WKLV�ULVN�FDQ�EH�
FRPPXQLFDWHG�VDIHO\�WR�D�FOLQLFLDQ�DQG�SDWLHQW��7KLV�SDSHU�PDNHV�WKH IROORZLQJ�FRQWULEXWLRQV�

� DQ�RYHUYLHZ�RI�WKH�QLQH�VWXGLHV�RQ�LQVXOLQ�VWDFNLQJ��LQVXOLQ�GRVLQJ�ZLWK�WKH�KHOS�RI�$,��DQG�$,�VXSSRUW�
LQ�FOLQLFDO�FDUH��7DEOH�,��

� DQ�H[SOLFLW�JDS�DQDO\VLV�DQG�WKUHH�UHVHDUFK�TXHVWLRQV�JURXQGHG�LQ�VXFK�D�V\QWKHVLV��6HFWLRQ�,9��

� WKH�SURSRVHG�ILYH�OD\HU�DUFKLWHFWXUH�VHSDUDWLQJ�GHWHUPLQLVWLF�FRPSXWDWLRQ�IURP�JHQHUDWLYH�H[SODQDWLRQ�
�6HFWLRQ�9��)LJ�����

� $�FOLQLFLDQ�FRQILJXUDEOH�IRUPDO�,2%��SURMHFWHG�JOXFRVH��DQG�WLHUHG�VWDFNLQJ�ULVN�FODVVLILFDWLRQ��6HFWLRQ�
9,���DQG

� $�YDOLGDWLRQ�SURWRFRO�IRU�IXWXUH�YDOLGDWLRQ��6HFWLRQ�9,,��

6WDWXV� RI� WKH� ZRUN � 7KLV� SDSHU� LV� DW� WKH� OLWHUDWXUH�UHYLHZ� DQG� FRQFHSWXDO�GHVLJQ� VWDJH�� 7KHUH� LV� QR�
LPSOHPHQWDWLRQ�RI�WKH�IUDPHZRUN��WKH�DQDO\VLV�RI�WKH�GDWDVHW�LV�QRW�SHUIRUPHG�DQG�WKHUH�DUH�QR�FODLPV�RQ�
WKH�SHUIRUPDQFH��VDIHW\��RU�FOLQLFDO�EHQHILW��(TXDWLRQV�DQG�WKUHVKROGV DUH�SURSRVHG�GHVLJQ�RSWLRQV�DQG�QRW�
YDOLGDWHG�UHVXOWV��)LJXUH���LV�DQ�DULWKPHWLF�UHSUHVHQWDWLRQ�DQG�QRW�SDWLHQW�GDWD�

,,��%$&.*5281'

$��,QVXOLQ�RQ�%RDUG�DQG�6WDFNLQJ

,2%�LV�D�WRRO�WKDW�HVWLPDWHV�WKH�LQVXOLQ�WKDW�KDV�SUHYLRXVO\�EHHQ�DGPLQLVWHUHG�DQG�LV�VWLOO�ZRUNLQJ��/HW�WKH�
GRVH�RI�LQVXOLQ�EH�GRVH�'L�WR�EH�DGPLQLVWHUHG�DW�WLPH�WL��DQG�OHW�WKH�GXUDWLRQ�RI�LQVXOLQ�DFWLRQ�EH�7',$��7KH�
,2%�DW�WLPH�W�LV�WKH�VXP�RYHU�DOO�GRVHV�ZLWK�WL���W�RI�WKH�LQGLYLGXDO�GRVHV�PXOWLSOLHG�E\�WKH�IUDFWLRQ�UHPDLQLQJ�
DW�WLPH�W�

,2%�W�� �ȈL�'L�Â�I�W�í�WL� ���

I�Ĳ�� �PD[������í�Ĳ�7',$� ���
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7KH�DFWLRQ�FXUYH�LQ�OLQHDU�GHFD\�LV�D�FRQVFLRXV�DQG�GHOLEHUDWH�VLPSOLILFDWLRQ�IRU�WUDQVSDUHQF\��DOWKRXJK�
RWKHU�VKDSHV�RI�DFWLRQ�FXUYHV�DUH�SRVVLEOH�DQG�,2%�SUHVHQWDWLRQ�LQ�$,'�V\VWHPV�KDV�EHHQ�TXHULHG�>�@��)LJ��
��DSSOLHV�����DQG�����WR�WKUHH�K\SRWKHWLFDO�EROXVHV����8����8����8�DW���������DQG���K��ZLWK�DQ�DVVXPHG�7',$�
RI���K��(YHQ�WKRXJK�QR�VLQJOH�GRVH�LV�PRUH�WKDQ���8��WKH�FXPXODWLYH�HIIHFW�RI�WKH�PXOWLSOH�GRVHV�ZLWK�WKH�
WKLUG�GRVH�PDNHV�D�WRWDO�RI�������8�LPPHGLDWHO\�DIWHU�WKH�WKLUG�GRVH�

)LJ�����,OOXVWUDWLYH�,2%�IURP�(TV�����±����IRU�WKUHH�K\SRWKHWLFDO�EROXVHV�ZLWK�DVVXPHG�7',$  ���K��7KH�
VKDGHG�DUHD�LV�LQVXOLQ�DFWLYLW\�DGGHG�E\�ODWHU�GRVHV��6\QWKHWLF�DULWKPHWLF�H[DPSOH��QRW�SDWLHQW�GDWD�

%��&RQYHQWLRQDO�%ROXV�&DOFXODWLRQ

7KH�EROXV�FDOFXODWRU�IRUPXOD�WKDW�LV�FRPPRQO\�XVHG�LV�D�FRPELQDWLRQ�RI�D�PHDO�FRPSRQHQW�DQG�D�FRUUHFWLRQ�
FRPSRQHQW��PLQXV�,2%�

'FDOF� �PD[����&+2�,&5����*W�í�*WJW��,6)�í�,2%�W�����

&+2�LV�WKH�DPRXQW�RI�FDUERK\GUDWHV�WR�EH�FRQVXPHG��LQ�JUDPV���,&5�LV�WKH�DPRXQW�RI�LQVXOLQ�SHU�JUDP�RI�
FDUERK\GUDWH��LQ�XQLWV�JUDP���,6)�LV�WKH�DPRXQW�RI�LQVXOLQ�UHTXLUHG�WR�ORZHU�JOXFRVH�E\���PJ�GO�SHU���XQLW�
�PJ�GO�XQLW���*W�WKH�FXUUHQW�JOXFRVH�OHYHO�DQG *WJW�WKH�WDUJHW�JOXFRVH�OHYHO��7KH�LQSXWV�WKHPVHOYHV�DUH�QRW�
SK\VLFDO� DFWLYLW\� RU� ODUJHU� FRQWH[W� RI� KHDOWK� UHFRUG�� DQG� WKDW� LV� ZKDW�PRWLYDWHV� WKH�PXOWLPRGDO� GHVLJQ�
SURSRVHG�KHUH�

,,,��5(/$7('�:25.

$�VXPPDU\�RI�WKH�QLQH�VWXGLHV�UHYLHZHG�LV�VKRZQ�LQ�7DEOH�,��2QO\�WKH�DEVWUDFWV�RU�WH[W�UHSRUWV�DFFHVVLEOH�
DUH�DFFHSWDEOH�DV�HQWULHV��LI�RQO\�DQ�DEVWUDFW�LV�DFFHVVLEOH��WKLV�LV�LQGLFDWHG�

$��6WDFNLQJ��'RVH�7LPLQJ�DQG�$XWRPDWHG�'HOLYHU\

0RROFKDQGDQL�HW�DO��FRQGXFWHG�D�VWXG\�DW�D�9HWHUDQV�$IIDLUV�KRVSLWDO�DQG�VKRZHG WKDW�PRVW�RI�WKH�GRVHV�RI�
LQVXOLQ�ZHUH� VFKHGXOHG� DQG�ZLWKLQ� IRXU� KRXUV� RI� HDFK� RWKHU�� LI� QRW� DW� WKH� VDPH� WLPH�� ZKHQ� WKH\�ZHUH�
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FRUUHFWHG�RU�DW�WKH�WLPH�RI�VOHHS��:KHQ�WKH�EHGWLPH�RUGHU�ZDV�FKDQJHG�IURP�������WR��������D�UHGXFWLRQ LQ�
VWDFNLQJ������LPPHGLDWHO\������DW���\HDU��DQG�D�UHGXFWLRQ�LQ�JOXFRVH�UHDGLQJV������PJ�G/������DW���\HDU��
ZHUH�REVHUYHG�>�@��,W�ZDV�D�VLQJOH�VLWH��XQFRQWUROOHG�GHVLJQ�ZLWK�D�IL[HG�UXOH�IRU�DOO�SDWLHQWV��,Q�RQH�$,'�
V\VWHP��3DSD�HW�DO��KDV�UHSRUWHG�WKDW�DXWRPDWLF�FRUUHFWLRQ�EROXV�ZDV�FRUUHODWHG�ZLWK�D�GHFUHDVH�LQ�WLPH�LQ�
UDQJH�DV�DQDO\]HG�LQ�D�UHWURVSHFWLYH�VWXG\�>�@��5LGGHOO�HW�DO��FRYHU�WKH�ERXQGDULHV�RI�,2%�LQ�WKH�FRQWH[W�RI�
$,'�V\VWHPV�>�@��7KHVH�ZRUNV�FROOHFWLYHO\�OD\�WKH�IRXQGDWLRQV�IRU�VWDFNLQJ�DQG�,2%�DV�FOLQLFDOO\�UHOHYDQW�
EXW�ZLWKRXW�SURYLGLQJ�LQGLYLGXDOL]HG��UHDO�WLPH�ULVN�DVVHVVPHQW�

%��$,�%DVHG�,QVXOLQ�'RVH�5HFRPPHQGDWLRQ

3DQDJLRWRX� HW� DO�� VXPPDUL]H� D� UDQJH� RI� SDSHUV� RQ� LQVXOLQ� UHFRPPHQGDWLRQ� XVLQJ�$,�� KLJKOLJKWLQJ� WKH�
FKDOOHQJH� RI� SHUVRQDOL]DWLRQ� DQG� WKH� LVVXHV� RI� SULYDF\�� WUDQVSDUHQF\�� DQG� DGRSWLRQ� >�@��.RED\DWL� HW� DO��
FRPSDUHG����DGXOWV�ZKR�XVHG�PXOWLSOH�GDLO\�LQMHFWLRQV�WR�D�GHFLVLRQ�VXSSRUW�V\VWHP�RU�D�QRQ�DGDSWLYH�EROXV�
FDOFXODWRU�IRU����ZHHNV�DQG�IRXQG�WKDW�+E$�F�GURSSHG�IURP������WR������LQ�WKH�IRUPHU�JURXS�FRPSDUHG�
WR������WR������LQ�WKH�ODWWHU�JURXS��ZLWKRXW�DQ\�VHYHUH�K\SRJO\FHPLD�RU�NHWRDFLGRVLV�EHLQJ�UHSRUWHG�>�@��
=HQJ�HW�DO��SURSRVH�',(76��ZKLFK�LV�EDVHG�RQ�D�ILQH�WXQHG�PHDO�QXWULHQW�HVWLPDWLRQ�//0��D�WLWUDWLRQ�PRGHO��
DQG�D�JOXFRVH�SUHGLFWLRQ�FKHFN��DQG�VKRZ DQ� LPSURYHPHQW�RYHU�EDVHOLQHV�RQ� WKUHH�SXEOLF�GDWD� VHWV� �QR�
ILJXUHV�DUH�SURYLGHG�LQ�WKH�DEVWUDFW���7KH�PRVW�FORVHO\�UHYLHZHG�SDSHUV�WR�WKH�SUHVHQW�SURSRVDO�DUH�WKRVH�RI�
',(76��KRZHYHU�LWV�DEVWUDFW�GRHV�QRW�PHQWLRQ�WKH�DVSHFWV�RI�,2%�RYHUODS�VWDFNLQJ�DVVHVVPHQW��DFWLYLW\�DQG�
KHDOWK�UHFRUG�FRQWH[W��RU�UROH�VSHFLILF�H[SODQDWLRQV��DQG�WKH�IXOO�SDSHU�ZDV�QRW�DYDLODEOH�IRU�WKLV�UHYLHZ�

&��//0V�IRU�'LDEHWHV�DQG�0HGLFDWLRQ�6DIHW\

*XR�HW�DO��HYDOXDWHG�D�UHWULHYDO�JURXQGHG�//0�DJHQW�DJDLQVW�FOLQLFLDQV�RQ����&*0�FDVHV��XVLQJ�����EOLQGHG�
UDWLQJV��WKH�//0�DJHQW�LPSURYHG�RYHUDOO�������FRPSDUHG�WR��������VDIHW\�FRQFHUQV�RFFXUUHG�LQ���RI�����
�������UDWLQJV�IRU�WKH�//0�DJHQW�DQG���RI������������UDWLQJV�IRU�FOLQLFLDQV��DQG�WKH�//0�DJHQW�GLG�QRW�
SURYLGH� LQGLYLGXDO� WKHUDSHXWLF� DGYLFH�� $FFRUGLQJ� WR� WKH� DXWKRUV�� WKHLU� UHVXOWV� DUH� QRW� FRQGXFLYH� WR�
LQGHSHQGHQW�WKHUDSHXWLF�FKRLFH�>�@��+XVVDLQ�DQG�*UXQG\�FRQFOXGHG�WKDW�&KDW*37�����DQG�*37���SURYLGHG�
LQFRQVLVWHQW�UHVSRQVHV��VRPHWLPHV�ZLWKRXW�H[SODQDWLRQ�RI�WKH�TXHU\��DQG�VXJJHVWHG D�OD\HU�RI�FRPPRQVHQVH�
HYDOXDWLRQV�DQG�H[WHUQDO�PHPRU\�VWRUHV�UHWULHYHG�E\�WKH�PRGHO�>�@��,Q�JHQHUDO��PHGLFDWLRQ�VDIHW\��2QJ�HW�
DO��GHYHORSHG�D�UHWULHYDO�DXJPHQWHG�//0�V\VWHP�WR�GHWHFW�SUHVFULELQJ�HUURUV��ZKLFK�D�SKDUPDFLVW�ZRUNLQJ�
ZLWK�WKH�V\VWHP�IRXQG�WR�KDYH�WKH�KLJKHVW�DFFXUDF\��UHFDOO��DQG�)��IRU�PRGHUDWH�WR�VHYHUH�SUREOHPV�DFURVV�
���HUURUV�LQ����YLJQHWWHV�>�@�>��@��2UDFOH�HQKDQFHG�JHQHUDWLRQ��5$*��>��@�HQVXUHV�WKDW�WKH�PRGHO�JHQHUDWHV�
FRQWHQW�WKDW�LV�JURXQGHG�LQ�UHWULHYHG�GRFXPHQWV��ZKLOH�FOLQLFDO�//0�VWXGLHV�UHYHDO�VLJQLILFDQW�FDSDELOLWLHV�
DQG�DUHDV�IRU�LPSURYHPHQW�FRPSDUHG�WR�FOLQLFLDQV�>��@�

7$%/(� ,�� 6800$5<� 2)� 5(9,(:('� 678',(6� $1'� *$36� 5(/$7,9(� 72� 7+(� 352326('�
:25.

5HI� 'HVLJQ�DQG�GDWD 5HSRUWHG�ILQGLQJV *DS�UHODWLYH�WR�WKLV�ZRUN

>�@

6LQJOH�FHQWHU�9$�KRVSLWDO�
TXDOLW\�LPSURYHPHQW��
EHGWLPH�LQVXOLQ�RUGHU�
PRYHG������ĺ�������
EHIRUH�DIWHU�FRPSDULVRQ

����RI�SDWLHQWV�KDG�WZR�GRVHV����K�
DSDUW�EHIRUH�FKDQJH��VWDFNLQJ�í����
�LPPHGLDWH���í�������\U���WUXH�
K\SRJO\FHPLD������PJ�G/��í����DW�
��\U

)L[HG SRSXODWLRQ�OHYHO�WLPLQJ�
UXOH��XQFRQWUROOHG��QR�
LQGLYLGXDO�FRQWH[W�RU�
H[SODQDWLRQ
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5HI� 'HVLJQ�DQG�GDWD 5HSRUWHG�ILQGLQJV *DS�UHODWLYH�WR�WKLV�ZRUN

>�@
5HWURVSHFWLYH������SHRSOH�
ZLWK�7�'��RQH�$,'�
V\VWHP��IRXU�FHQWHUV

$XWRPDWLF�FRUUHFWLRQV�§������RI�
WRWDO�GDLO\�LQVXOLQ��������RI�EROXV�
LQVXOLQ��ODUJHU�VKDUH�DVVRFLDWHG�ZLWK�
ORZHU�WLPH�LQ�UDQJH

6LQJOH�V\VWHP��DVVRFLDWLRQ�
RQO\��QR�VWDFNLQJ�ULVN�
HVWLPDWH

>�@
&RPPHQWDU\�RQ�,2%�LQ�
$,'�V\VWHPV

$UJXHV�FXUUHQW�,2%�SUHVHQWDWLRQ�FDQ�
EH�PLVOHDGLQJ��WUDFHV�,2%�HYROXWLRQ

&RQFHSWXDO��QR�GHFLVLRQ�
VXSSRUW�LPSOHPHQWDWLRQ

>�@
5HYLHZ�RI�$,�EDVHG�LQVXOLQ�
UHFRPPHQGDWLRQ��SUHSULQW�

3RWHQWLDO�IRU�SHUVRQDOL]DWLRQ��EDUULHUV��
SULYDF\��WUDQVSDUHQF\��DGRSWLRQ

5HYLHZ�RQO\��QR�IUDPHZRUN�
RU�VWDFNLQJ�IRFXV

>�@

���ZHHN�RSHQ�ODEHO�5&7��
���DGXOWV��0',��GHFLVLRQ�
VXSSRUW�YV��QRQ�DGDSWLYH�
EROXV�FDOFXODWRU

+E$�F����ĺ�����YV�����ĺ������
HIIHFW�í�����SRLQWV������&,�í�����WR�
í��������QR�VHYHUH�K\SRJO\FHPLD�RU�
'.$�UHSRUWHG

:HHNO\�WLWUDWLRQ��DEVWUDFW�
GHVFULEHV�QR�UHDO�WLPH�
VWDFNLQJ�DOHUWV�RU�JHQHUDWLYH�
H[SODQDWLRQ

>�@

',(76��//0�PHDO
HVWLPDWLRQ���WLWUDWLRQ���
JOXFRVH�SUHGLFWLRQ�FKHFN��
WKUHH�SXEOLF�GDWDVHWV�
�SUHSULQW��DEVWUDFW�RQO\�

5HSRUWHG�EHWWHU�WKDQ�EDVHOLQHV�DW�
LQVXOLQ�UHFRPPHQGDWLRQ��QR�ILJXUHV�
LQ�DEVWUDFW

6WDFNLQJ�,2%�RYHUODS��DFWLYLW\�
DQG�(+5�FRQWH[W��GXDO�
DXGLHQFH�H[SODQDWLRQ�QRW�
GHVFULEHG�LQ�DEVWUDFW

>�@

5HWULHYDO�JURXQGHG�//0�
YV��FOLQLFLDQV�����&*0�
FDVHV����FOLQLFLDQV������
UDWLQJV��SUHSULQW�

$JHQW������YV�������RYHUDOO��PDMRU�
VDIHW\�FRQFHUQV�������LQ�HDFK�JURXS��
QR�LQGLYLGXDOL]HG�WKHUDS\�DGYLFH��QRW�
VXSSRUWLYH�RI�DXWRQRPRXV�XVH

&RXQVHOLQJ�RQO\��QR�GRVH�
VDIHW\�RU�VWDFNLQJ�DVVHVVPHQW

>�@
&KDW*37�����*37���RQ�
GLDEHWHV�VHOI�PDQDJHPHQW�
TXHVWLRQV��SUHSULQW�

8QHYHQ�DFFXUDF\�DQG�ELDV��
SHUVRQDOL]HG�DGYLFH�RQO\�ZLWK�
VRSKLVWLFDWHG�SURPSWLQJ��RIWHQ�QR�
FODULI\LQJ�TXHVWLRQV

*HQHUDO�SXUSRVH�PRGHO��
PLWLJDWLRQV�SURSRVHG��QRW�
VWDFNLQJ�VSHFLILF

>�@��
>��@

5$*�EDVHG�//0�IRU�
SUHVFULELQJ�HUURU�GHWHFWLRQ��
SUHSULQW�����HUURUV�LQ����
YLJQHWWHV

3KDUPDFLVW���//0�FR�SLORW�EHVW�IRU�
PRGHUDWH�WR�VHYHUH�SUREOHPV��
SXEOLVKHG�YHUVLRQ�VSDQV����
VSHFLDOWLHV��QRW�DFFHVVHG�

*HQHUDO�PHGLFDWLRQ�VDIHW\��
YLJQHWWH�EDVHG��QRW�LQVXOLQ�
VSHFLILF

,9��5(6($5&+�*$3�$1'�5(6($5&+�48(67,216

)URP�WKH�DERYH��ZH�FDQ�FRQFOXGH�WKDW�WKHUH�DUH�IRXU�OLPLWDWLRQV�WKDW�NHHS�UHFXUULQJ��6WDFNLQJ�LV�H[DPLQHG�
LQ�WKH�FRQWH[W�RI�IL[HG�WLPLQJ�UXOHV�>�@�RU�WKURXJK�WKH�OHQV�RI�$,'�EHKDYLRU�>�@�DQG�>�@�WKDQ�DV�DQ�LQGLYLGXDO��
UHDO�WLPH�ULVN���LL��$,�GRVLQJ�LV�FHQWHUHG�DURXQG�WLWUDWLRQ�DQG�JOXFRVH�IRUHFDVWLQJ�>����@���LLL��&DXWLRQ�IRU�
VHOI�XVH�RI�WKH�VWXGLHV�LV�IRXQG�LQ�PRVW�//0�VWXGLHV�ZKLFK�DUH�FRXQVHOLQJ�RU�JHQHUDO�PHGLFDWLRQ�VDIHW\�
DVVHVVPHQWV�>�@±>��@��1RW�D�VLQJOH�V\VWHP�ZDV�UHSRUWHG�WKDW�FRPELQHV�&*0��LQVXOLQ KLVWRU\��PHDOV��DFWLYLW\��
DQG�KHDOWK�UHFRUG�FRQWH[W�IRU�VWDFNLQJ�ULVN�DVVHVVPHQW�IRU�ERWK�SDWLHQWV�DQG�FOLQLFLDQV�DV�GHVFULEHG�LQ�WKH�
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DEVWUDFWV�RI�WKH�UHYLHZHG�ZRUNV��RU�DV�DFFHVVLEOH�WH[W��7KLV�VWDWHPHQW�UHIHUV�WR�WKH�QLQH�VWXGLHV�UHYLHZHG�
KHUH�DQG�GRHV�QRW�QHFHVVDULO\�H[WHQG�WR�OLWHUDWXUH�LQ�JHQHUDO�

7KH�SURSRVHG�GHVLJQ�LV�JXLGHG�E\�WKH�IROORZLQJ�TXHVWLRQV�

� 54���:KDW�LV�WKH�EHVW�ZD\�WR�LQWHJUDWH�PXOWLPRGDO�FRQWH[W�IRU�WLPLQJ�WKH�GRVLQJ�GHFLVLRQ�IRU�VWDFNLQJ�
ULVN�DW�WKH�WLPH�RI�WKH�GRVLQJ�GHFLVLRQ"

� 54���+RZ�WR�FRQWURO�JHQHUDWHG�H[SODQDWLRQV�WR�VWD\�FRQVLVWHQW�ZLWK�GHWHUPLQLVWLF�ULVN�FRPSXWDWLRQ"

� 54���:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�FOLQLFLDQ
V�DQG�D�SDWLHQW
V�ULVN�FRPPXQLFDWLRQ��DQG�KRZ�FDQ�WKH�
DXWKRULW\�RI�WKH�FOLQLFLDQ�EH�PDLQWDLQHG"

9��352326('�)5$0(:25.

7KH� SURSRVHG� ILYH� OD\HU� DUFKLWHFWXUH� LV� SUHVHQWHG� LQ� )LJ�� ��� )URP� WKH� HYLGHQFH� UHYLHZHG� IRXU� GHVLJQ�
SULQFLSOHV�IROORZ��+RZHYHU��XQOLNH�WKH�LVVXHV�RI�XQTXDOLILHG�DGYLFH�DQG�PLVVLQJ�FODULILFDWLRQ�KLJKOLJKWHG�
LQ�>�@��DOO�QXPHULFDO�ULVN�FDOFXODWLRQV�DUH�SHUIRUPHG�E\�WKH�GHWHUPLQLVWLF�WHVWDEOH�FRGH��/���DQG�WKH�//0�
�/��� H[SODLQV� DQG� DVNV� FODULI\LQJ� TXHVWLRQV�ZLWKRXW�PDNLQJ� WKH FDOFXODWLRQV��*URXQGLQJ�� H[SODQDWLRQV�
UHWULHYHG�IURP�SDVVDJHV�LQ JXLGHOLQHV�DQG�SROLFLHV��3����,I�LQSXW�LV�PLVVLQJ��VWDOH�RU�LQFRQVLVWHQW��HVFDODWLRQ�
LV� LQLWLDWHG�± QRW� D� EHVW� JXHVV�� 3��� KXPDQ� DXWKRULW\�� DV� LQ� >�@� D� TXDOLILHG� FOLQLFLDQ� KDV� ILQDO� WUHDWPHQW�
DXWKRULW\��ZLWK�RYHUULGHV�UHFRUGHG�

)RU�/�±/���GDWD�DQG�LQJHVWLRQ���WKH�LQSXWV�LQFOXGH�&*0�JOXFRVH�UHDGLQJV��LQVXOLQ�RU�SXPS ORJV��KHDOWK�
UHFRUG�SDUDPHWHUV� �VXFK�DV� ,&5�� ,6)�� WDUJHW��7',$���PHDO�HQWULHV�� DQG�DFWLYLW\� ORJV��/��FDUULHV�RXW�XQLW�
KDUPRQL]DWLRQ�� DOLJQV� WKH� WLPHVWDPSV�� LGHQWLILHV� DQ\� PLVVLQJ� GDWD�� DQG� SHUIRUPV� GH�LGHQWLILFDWLRQ� DQG�
FRQVHQW�FKHFNV�

)RU�WKH�/���GHWHUPLQLVWLF�FRUH���,2%�DQG�FDUEV�RQ�ERDUG��&2%��DUH�FDOFXODWHG�WRJHWKHU�ZLWK�WKH�SUHGLFWHG�
JOXFRVH�OHYHO�DQG�WKH�VWDFNLQJ�ULVN�WLHU��DV�GHVFULEHG�LQ�6HFWLRQ�9,���DQG�WKH�KDUG�VDIHW\�UXOHV�DUH�DSSOLHG�

,Q�WKH�FDVH�RI�/���WKH�JHQHUDWLYH�OD\HU���JXLGHOLQH�SDVVDJHV DUH�SURYLGHG�E\�D�UHWULHYDO�FRPSRQHQW��WKH�ODUJH�
ODQJXDJH�PRGHO�SUHSDUHV�DQ�H[SODQDWLRQ�DQG�DQ\�DGGLWLRQDO�TXHVWLRQV�WKDW�DUH�QHHGHG�EDVHG�RQ�WKH�RXWSXWV�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

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

IURP�/���WKHQ�D�YHULILHU�HQVXUHV�WKDW�DOO�WKH�QXPEHUV�DQG�ULVN�VWDWHPHQWV�LQ�WKH�GUDIW�FRUUHVSRQG�WR�WKH�YDOXHV�
IURP�/��DQG�GLVFDUGV�DQ\�GUDIWV�WKDW�DUH�LQFRQVLVWHQW�

)RU�/���LQWHUIDFHV���WKH�FOLQLFLDQ
V�YLHZ�GLVSOD\V�WKH�FRQWULEXWLQJ�IDFWRUV��WKH�UHWULHYHG�HYLGHQFH��DQG�WKH�
DXGLW�WUDLO��ZKLOH�WKH�SDWLHQW
V�YLHZ�SURYLGHV�DOHUWV�LQ�SODLQ�ODQJXDJH��LQ�ERWK�FDVHV�WKH�YLHZV�FDQ�EH�UHYLHZHG�
E\�WKH�FOLQLFLDQ��VHH�)LJ�����

)LJ�����3URSRVHG�ILYH�OD\HU�IUDPHZRUN��FRQFHSWXDO��QRW�LPSOHPHQWHG���'DVKHG�ER[HV�VHSDUDWH�WKH�
GHWHUPLQLVWLF�FOLQLFDO�FRUH��/���IURP�WKH�JHQHUDWLYH�OD\HU��/���

9,��0(7+2'2/2*<

$�3URMHFWHG�*OXFRVH

)RU�D�FDQGLGDWH�RU�UHTXHVWHG�GRVH�'��D�ILUVW�RUGHU�SURMHFWLRQ�RI�HYHQWXDO�JOXFRVH�LV
Ƣ�'�� �*W�í�,6)HII�ā��,2%�W����'�����,6)�,&5��ā�&2%�W�����
,6)HII� ������įFW[��ā�,6)����
ZKHUH�&2%�W��LV�WKH�JUDPV�RI�FDUERK\GUDWH�QRW�\HW�DEVRUEHG�DQG�įFW[�����LV�D�FOLQLFLDQ�VHW�PDUJLQ�WKDW�
LQFUHDVHV�DVVXPHG�LQVXOLQ�VHQVLWLYLW\�ZKHQ�UHFHQW�RU�SODQQHG�DFWLYLW\�LV�UHFRUGHG��(T������LJQRUHV�
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DEVRUSWLRQ�G\QDPLFV�DQG�EDVDO�LQVXOLQ��DQG�įFW[�LV�D�SODFHKROGHU�WR�EH�FDOLEUDWHG��LW�LV�QRW�D�YDOLGDWHG�
TXDQWLW\�

%��5LVN�7LHUV

7DEOH�,,�OLVWV�WKH�SURSRVHG�WLHUV��ZKLFK�XVH�JOXFRVH�WKUHVKROGV�IURP�WKH�LQWHUQDWLRQDO�FRQVHQVXV�RQ�
&*0�PHWULFV��ZKLFK�GHILQH�OHYHO���K\SRJO\FHPLD�DV�����PJ�G/�DQG�OHYHO���DV�����PJ�G/�>��@��$�ZDWFK�
PDUJLQ�P�LV�FOLQLFLDQ�FRQILJXUDEOH��$�VWDFNLQJ IODJ�LV�UDLVHG�ZKHQ�,2%�W��!���DQG�D�QHZ�GRVH�LV�UHTXHVWHG�
EHIRUH�7',$�KDV�HODSVHG�VLQFH�WKH�ODVW�EROXV�

7$%/(�,,��352326('�67$&.,1*�5,6.�7,(56��'(6,*1�&+2,&(��127�9$/,'$7('�

7LHU &RQGLWLRQ�RQ�Ƣ�'� 3URSRVHG�V\VWHP�UHVSRQVH

+LJK Ƣ �����PJ�G/
:LWKKROG�GRVH�VXJJHVWLRQ��HVFDODWH�WR�FOLQLFLDQ��VKRZ�
IDLO�VDIH�PHVVDJH

0RGHUDWH �����Ƣ�����
6KRZ� ZDUQLQJ� ZLWK� FRPSXWHG� YDOXHV�� UHTXLUH�
FOLQLFLDQ�GHILQHG�FRQILUPDWLRQ

:DWFK �����Ƣ��������P
,QIRUP� XVHU�� GLVSOD\� VWDFNLQJ� IODJ� DQG� ,2%�
EUHDNGRZQ

/RZ Ƣ �������P 6WDQGDUG�GLVSOD\

&��5HWULHYDO��*HQHUDWLRQ��DQG�9HULILFDWLRQ

)LJ����VKRZV�WKH�UXQWLPH�ZRUNIORZ��$IWHU�/��DQG�WKH�JXDUGUDLO�FKHFN�� WKH�UHWULHYDO�VWHS�ILQGV�JXLGHOLQH�
SDVVDJHV� UHOHYDQW� WR� WKH� FDOFXODWHG� ULVN� DQG� FRQWH[W�� 7KH�//0�JHWV� RQO\� WKH� RXWSXWV� IURP�/�� DQG� WKH�
UHWULHYHG�WH[W�DQG�LV�LQVWUXFWHG�WR�FLWH�WKH�UHWULHYHG�SDVVDJH�IRU�HDFK�UHFRPPHQGDWLRQ�DQG�WR�DVN�FODULI\LQJ�
TXHVWLRQV�LQ�FDVH�RI�DPELJXRXV�LQSXWV��7KH�YHULILHU�UHMHFWV�GUDIWV�ZKRVH�QXPEHUV�RU�WLHU�GLIIHU�IURP�WKH�
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RXWSXWV�RI�/���D�UHMHFWHG�GUDIW�LV�UHSODFHG�E\�D�WHPSODWHG�PHVVDJH��7KH�H[SODQDWLRQ�FRQWHQW�OLVWV�WKH�IDFWRUV�
WKDW�GURYH�WKH�WLHU�

)LJ�����3URSRVHG�UXQWLPH�ZRUNIORZ�ZLWK�GHWHUPLQLVWLF�FRPSXWDWLRQ��RUDQJH���JXDUGUDLO��UHG���JHQHUDWLYH�
VWHSV��JUHHQ���DQG�FOLQLFLDQ�UHYLHZ��&RQFHSWXDO��QRW�LPSOHPHQWHG�

'��5ROH�6SHFLILF�2XWSXW

7KH�VDPH�YDOLGDWHG�/��YDOXHV�DUH�XVHG�WR�JHQHUDWH�WZR�UHQGHULQJV�RI�WKH�LQIRUPDWLRQ��D�FOLQLFLDQ�UHQGHULQJ��
ZKLFK�LQFRUSRUDWHV�SDUDPHWHUV��UHWULHYHG�HYLGHQFH�DQG�DXGLW�WUDLO��DQG�D�SDWLHQW�UHQGHULQJ�LQ�OD\�ODQJXDJH��
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ZLWK� D� SURPSW WR� IROORZ� WKH� FOLQLFLDQ�DJUHHG� SODQ��1HLWKHU� UHQGHULQJ� FDQ� FRQWDLQ� FRQWHQW� WKDW�ZDV� QRW�
LQFOXGHG�LQ�WKH�YDOLGDWHG�GUDIW�

9,,��352326('�(9$/8$7,21�35272&2/

x 1RQH�RI� WKH�IROORZLQJ�KDV�EHHQ�FDUULHG�RXW�\HW��7KH�SURWRFRO� LV�SUHVHQWHG�DV� LW�ZRXOG�EH� WR� WHVW�
FODLPV�EHIRUH�DQ\�GHSOR\PHQW�

x &RUH�YHULILFDWLRQ��7HVWLQJ�,2%��&2%��DQG�(TV�����±����LQGLYLGXDOO\�DJDLQVW�KDQG�FRPSXWHG�FDVHV�
DQG�UHIHUHQFH�FDOFXODWRUV�XVLQJ�XQLW�WHVWV�

x 5HWURVSHFWLYH�UHSOD\��2Q�GH�LGHQWLILHG�&*0�DQG�LQVXOLQ�ORJ�GDWD��WR�ZKLFK�RQH�KDV�EHHQ�JUDQWHG�
OLFHQVLQJ�RU�HWKLFV�DSSURYDO��FRPSDUH�JOXFRVH�RXWFRPHV�DIWHU�IODJJHG�DQG�XQIODJJHG�GRVLQJ�

x HYHQWV��VHQVLWLYLW\��VSHFLILFLW\��SRVLWLYH�SUHGLFWLYH�YDOXH��FDOLEUDWLRQ��DQG�WKH�DPRXQW�RI�DOHUWV
x *HQHUDWLYH� OD\HU�� IDFWXDO�FRQVLVWHQF\� DQG� KDOOXFLQDWLRQ� DXGLW�� WHVWLQJ� ZLWK� DGYHUVDULDO� SURPSWV��

HYDOXDWLRQ�RI� WKH�EHKDYLRXU�ZKHQ�FODULI\LQJ�TXHVWLRQV�DUH�DVNHG��EOLQGHG�FOLQLFLDQ�UDWLQJV�RI� WKH�
H[SODQDWLRQV�LQ�WKH�ZD\�GHVFULEHG�LQ�>�@��DQG�FKHFNV�RI�UHDGDELOLW\�IRU�SDWLHQW�WH[W�

x 6LPXODWLRQ� DQG� SURVSHFWLYH� VWXG\�� 7KLV� LQYROYHV� FDUU\LQJ� RXW� LQ�VLOLFR� WHVWLQJ� XVLQJ� DFFHSWHG�
VLPXODWRUV�� IROORZHG� E\� SURVSHFWLYH� HYDOXDWLRQ� RQO\� DIWHU� WKH� UHOHYDQW� HWKLFV� DQG� UHJXODWRU\�
DSSURYDOV�KDYH�EHHQ�REWDLQHG�DQG�ZLWK�WKH�VXSHUYLVLRQ�RI�D�FOLQLFLDQ�

9,,,��',6&866,21�$1'�/,0,7$7,216

7KH�PDLQ�DVVXPSWLRQ�LV�WKDW�LW�LV�PRUH�HIIHFWLYH�WR�UHVWULFW�WKH�JHQHUDWLYH�PRGHO�WR�WKH�WDVN�RI�SURYLGLQJ�
H[SODQDWLRQV�WKDQ�WR�DOORZ�LW�WR�FRQVLGHU�GRVHV��7KLV�K\SRWKHVLV�LV�EDVHG�RQ�>�@�DQG�>�@�DQG�KDV�QRW�EHHQ�
WHVWHG�LQ�WKLV�VWXG\��7KH�OLPLWDWLRQV�DUH�DV�IROORZV��7KH�ILUVW�LV�WKDW�WKH�IUDPHZRUN�KDV�QRW�EHHQ�LPSOHPHQWHG�
RU�YHULILHG��7KH�VHFRQG�SRLQW� LV�WKDW� WKH�OLQHDU�,2%�PRGHO�DQG�ILUVW�RUGHU�SURMHFWLRQ�DUH�VLPSOLILFDWLRQV��
DFWXDO� LQVXOLQ� DFWLRQ� DQG� DEVRUSWLRQ� GLIIHU� IURP� SHUVRQ� WR� SHUVRQ� DQG�ZLWKLQ� LQGLYLGXDOV�� DQG� WKH�$,'�
LQWHUDFWLRQV�>�@�DUH�QRW�LQFOXGHG�LQ�WKH�PRGHO��7KLUG��WKH�WKUHVKROGV�DQG�PDUJLQV�DUH�FRQILJXUDEOH�GHIDXOWV�
DQG�KDYH�QRW�EHHQ�HVWDEOLVKHG�RQ�D�FOLQLFDO�EDVLV��)RXUWK��VHYHUDO�RI�WKH�VRXUFHV�DUH�SUHSULQWV�RU�FRXOG�EH�
DFFHVVHG�RQO\�WKURXJK�DEVWUDFWV��DV�VKRZQ�LQ�7DEOH�,���VR�WKH�GHWDLOV�PLJKW�FKDQJH�RU�EH�LQFRPSOHWH��)LIWK��
DOHUW�IDWLJXH�DQG�DXWRPDWLRQ�ELDV�FRXOG�GLPLQLVK�WKH�EHQHILWV��ERWK�RI�WKHVH�LVVXHV�QHHG�WR�EH�LQYHVWLJDWHG�
/DVWO\�� SXWWLQJ� WKH� IUDPHZRUN� LQWR�SUDFWLFH�ZRXOG� UHTXLUH� FRPSOLDQFH�ZLWK�GDWD�SURWHFWLRQ� UHJXODWLRQV��
FOLQLFDO�JRYHUQDQFH��DQG�DVVHVVPHQW�E\�UHJXODWRU\�DXWKRULWLHV�IRU�PHGLFDO�VRIWZDUH��DOO�RI�ZKLFK�DUH�EH\RQG�
WKH�VFRSH�RI�WKLV�SDSHU��,W�VKRXOG�EH�FOHDUO\�XQGHUVWRRG�WKDW�WKH�IUDPHZRUN�LV�LQWHQGHG�DV�D�GHFLVLRQ�VXSSRUW�
WRRO�DQG�GRHV�QRW�WDNH�WKH�SODFH�RI�KHDOWKFDUH�SURIHVVLRQDOV�

,;��&21&/86,21

7KH�SDSHU�UHIHUHG DW�QLQH�VWXGLHV�FRQFHUQLQJ�LQVXOLQ�VWDFNLQJ��$,�EDVHG�GRVLQJ��DQG�//0�FOLQLFDO�VXSSRUW��
QRWLFHG�D�JDS�LQ�WKH�DUHD�RI�FRQWH[W�DZDUH�VWDFNLQJ�ULVN�DVVHVVPHQW�ZLWK�UHJDUG�WR�JURXQGHG��UROH�VSHFLILF�
H[SODQDWLRQV�� DQG� VXJJHVWHG� D� ILYH�OD\HU� IUDPHZRUN� ZKLFK� HQVXUHV� WKDW� WKH� ULVN� FDOFXODWLRQ� UHPDLQV�
GHWHUPLQLVWLF�DQG�OLPLWV�WKH�JHQHUDWLYH�PRGHO�WR�SURYLGLQJ�YHULILHG�H[SODQDWLRQV��7KH�FRQWULEXWLRQ�FRQVLVWV�
RI�D�FRQFHSWXDO�GHVLJQ�DQG�DQ�HYDOXDWLRQ�SODQ��QRW�RI�D�YDOLGDWHG�V\VWHP��,Q�IXWXUH�ZRUN�WKH�GHWHUPLQLVWLF�
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FRPSRQHQW�ZLOO�EH�LPSOHPHQWHG� LW�ZLOO�WKHQ�EH�WHVWHG�XVLQJ�UHWURVSHFWLYH�GDWD��DQG�ILQDOO\�WKH�JHQHUDWLYH�
OD\HU�ZLOO�EH�HYDOXDWHG�ZLWK�FOLQLFLDQV�

5()(5(1&(6

�� *��3DSD�HW�DO���³7KH�$XWRPDWLF�&RUUHFWLRQ�%ROXVHV�LQ�DQ�$GYDQFHG�+\EULG�&ORVHG�/RRS�6\VWHP��
$OJRULWKP�3HUIRUPDQFH�DQG�&OLQLFDO�,PSOLFDWLRQV�´�-��'LDEHWHV�6FL��7HFKQRO���HDUO\�DFFHVV��0D\����
������GRL�����������������������������

�� =��*XR��$��/DL��(��.RUDNDV� $��9DJHQDV�� ,��$KDPHG��&��$OERU��+��=KDQJ�� -��+HDO\�� DQG�.��/L��
³%OLQGHG�0XOWL�5DWHU�&RPSDUDWLYH�(YDOXDWLRQ�RI�D�/DUJH�/DQJXDJH�0RGHO�DQG�&OLQLFLDQ�$XWKRUHG�
5HVSRQVHV�LQ�&*0�,QIRUPHG�'LDEHWHV�&RXQVHOLQJ�´�DU;LY�SUHSULQW�DU;LY�������������$SU��������

�� 1��0RROFKDQGDQL�HW�DO���³5HGXFLQJ�LQVXOLQ�VWDFNLQJ�WKURXJK�HOHFWURQLF�KHDOWK�UHFRUG�GRVH�WLPLQJ�
LQWHUYHQWLRQV�´�%0-�2SHQ�4XDOLW\��YRO������������

�� 6��2QJ�HW�DO���³(YDOXDWLRQ�RI�DQ�$UWLILFLDO�,QWHOOLJHQFH�6\VWHP�IRU�'HWHFWLQJ�0HGL�FDWLRQ�3UHVFULELQJ�
(UURUV�´�&HOO 5HSRUWV�0HGLFLQH��YRO�����������

�� 6��6FKPLGJDOO��$��<��$ULN��.��.��6LQJK��6��0��/LP��7��&KHQ��DQG�7��3ILVWHU��³$G�YLFH�IRU�'LDEHWHV�
6HOI�0DQDJHPHQW�E\�&KDW*37��(YDOXDWLQJ�//0�3HUIRUPDQFH�IRU�'LDEHWHV�&DUH�´�DU;LY�SUHSULQW�
DU;LY������������������

�� (��3DQDJLRWRX�HW�DO���³$UWLILFLDO�,QWHOOLJHQFH�IRU�,QVXOLQ�'RVH�5HFRPPHQGDWLRQ��$�5HYLHZ�´�DU;LY�
SUHSULQW��������

�� 0�� &�� 5LGGHOO� HW� DO��� ³1HW� ,QVXOLQ�RQ�%RDUG�� $� 1HZ� 0HWULF� IRU� $XWRPDWHG� ,QVXOLQ� 'HOLYHU\�
6\VWHPV�´�-��'LDEHWHV�6FL��7HFKQRO���YRO������QR�����SS������±������������

�� <��=HQJ��+��-L��DQG�;��=KRX��³',(76��'LDEHWHV�,QWHOOLJHQW�(VWLPDWLRQ�DQG�7UHDW�PHQW�6\VWHP�IRU�
6DIH�,QVXOLQ�5HFRPPHQGDWLRQ�´�DU;LY�SUHSULQW�DU;LY������������������


