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=DUULVK�6KDLNK���-L\D�6KDUPD���6QHKDO�7KRPEDUH ��3URI��$QNLWD�3RNDOH��*XLGH�

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

$EVWUDFW

(QJLQHHULQJ�ODERUDWRULHV�FRQWDLQ�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�WKDW�PD\�EH�H[SRVHG�WR�RYHUKHDWLQJ��
DEQRUPDO�SRZHU�FRQVXPSWLRQ��XQDWWHQGHG�RSHUDWLRQ��XQDXWKRUL]HG�DFFHVV��VPRNH�RU�JDV�KD]DUGV��DQG�RWKHU�
XQVDIH� FRQGLWLRQV�� &RQYHQWLRQDO� PRQLWRULQJ� LV� RIWHQ� PDQXDO�� UHDFWLYH�� DQG� EDVHG� RQ� LVRODWHG� VHQVRU�
UHDGLQJV�� 7KLV� SDSHU� SUHVHQWV� /DE6KLHOG�$,�� D� SULYDF\�DZDUH�$UWLILFLDO� ,QWHOOLJHQFH� RI� 7KLQJV� �$,R7��
ODERUDWRU\�ULVN�LQWHOOLJHQFH�DQG�GHFLVLRQ�VXSSRUW�DUFKLWHFWXUH��7KH�SURSRVHG�V\VWHP�LQWHJUDWHV�WHPSHUDWXUH��
KXPLGLW\��SRZHU��RFFXSDQF\��VPRNH�JDV��ODERUDWRU\�DFFHVV��DQG�HTXLSPHQW�VWDWXV�LQIRUPDWLRQ�WKURXJK�DQ�
(63���HGJH�FRQWUROOHU��6HQVRU�REVHUYDWLRQV�DUH�EXIIHUHG�DQG�WUDQVPLWWHG�WKURXJK�VHFXUH�0477�7/6�RU�
+7736�FKDQQHOV�WR�D�FORXG�EDFNHQG�OD\HU�IRU�YDOLGDWLRQ��FOHDQLQJ��QRUPDOL]DWLRQ��DQG�VWRUDJH��0DFKLQH�
OHDUQLQJ�FRPSRQHQWV�EDVHG�RQ�5DQGRP�)RUHVW�RU�'HFLVLRQ�7UHH�FODVVLILFDWLRQ�DQG�,VRODWLRQ�)RUHVW�DQRPDO\�
GHWHFWLRQ� DUH� SURSRVHG� WR� DQDO\]H�PXOWL�SDUDPHWHU� FRQGLWLRQV��7KH� V\VWHP� FRQYHUWV� WKH� DQDO\VLV� LQWR� D�
/DERUDWRU\�5LVN�6FRUH� RQ� D� �±���� VFDOH�ZLWK�6$)(��:$51,1*�� DQG�&5,7,&$/� VWDWHV�� DQG� SUHVHQWV�
FRQWULEXWLQJ�IDFWRUV�DQG�DFWLRQDEOH�UHFRPPHQGDWLRQV�WKURXJK�D�ZHE�GDVKERDUG��3ULYDF\�DZDUH�LGHQWLILHUV�
DQG�UROH�EDVHG�DFFHVV�FRQWURO�DUH�LQFRUSRUDWHG�WR�UHGXFH�XQQHFHVVDU\�H[SRVXUH�RI�SHUVRQDO� LQIRUPDWLRQ��
7KH� DUFKLWHFWXUH� LV� PRWLYDWHG� E\� UHFHQW� UHVHDUFK� RQ�$,R7� ODERUDWRU\� PRQLWRULQJ�� LQGXVWULDO� SUHGLFWLYH�
PDLQWHQDQFH��,R7�VHFXULW\��SULYDF\SUHVHUYLQJ�DQDO\WLFV��DQG�,R7�F\EHUVHFXULW\�EDVHOLQHV�>�@±>��@��7KH�SDSHU�
GHVFULEHV�WKH�V\VWHP�GHVLJQ��SURFHVVLQJ�ZRUNIORZ��VHFXULW\�PRGHO��DQG�HYDOXDWLRQ�UHTXLUHPHQWV��6LQFH�WKH�
VXSSOLHG�SURMHFW�PDWHULDO�GRHV�QRW�UHSRUW�PHDVXUHG�H[SHULPHQWDO�UHVXOWV��QR�SHUIRUPDQFH�YDOXHV�DUH�FODLPHG�
KHUH�� H[SHULPHQWDO�YDOLGDWLRQ� LV� LGHQWLILHG� DV�QHFHVVDU\�EHIRUH�SXEOLFDWLRQ�DV� DQ� HPSLULFDO� SHUIRUPDQFH�
VWXG\��

.H\ZRUGV��$,R7��,QWHUQHW�RI�7KLQJV��ODERUDWRU\�PRQLWRULQJ��ULVN�LQWHOOLJHQFH��PDFKLQH�OHDUQLQJ��DQRPDO\�
GHWHFWLRQ��SULYDF\��(63����0477��F\EHUVHFXULW\�

,1752'8&7,21�

(QJLQHHULQJ� ODERUDWRULHV� DUH� VKDUHG� HQYLURQPHQWV� FRQWDLQLQJ� HOHFWULFDO�� HOHFWURQLF�� DQG� FRPSXWLQJ�
HTXLSPHQW� WKDW�PD\�RSHUDWH�XQGHU�YDU\LQJ�ORDGV�DQG�XVDJH�SDWWHUQV��7KH�SURMHFW�VSHFLILFDWLRQ�LGHQWLILHV�
RYHUKHDWLQJ�� XQDWWHQGHG� HTXLSPHQW�� XQDXWKRUL]HG� DFFHVV�� XQFRQWH[WXDOL]HG� VPRNH�JDV� UHDGLQJV��PDQXDO�
LQWHUSUHWDWLRQ� RI�PXOWLSOH� VHQVRU� VWUHDPV�� DQG� SULYDF\� ULVNV� LQ� DFFHVV� UHFRUGV� DV� LPSRUWDQW�PRQLWRULQJ�
FKDOOHQJHV��7KH�SURSRVHG�/DE6KLHOG�$,� V\VWHP� DGGUHVVHV� WKHVH� FKDOOHQJHV�E\� FRPELQLQJ� VHQVLQJ�� HGJH�
SURFHVVLQJ��VHFXUH�FRPPXQLFDWLRQ��PDFKLQH�OHDUQLQJ��ULVN�VFRULQJ��DQG�GDVKERDUGEDVHG�GHFLVLRQ�VXSSRUW�LQ�
D�VLQJOH�DUFKLWHFWXUH��
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5HFHQW�ZRUN�GHPRQVWUDWHV�WKH�UHOHYDQFH�RI�$,R7�WR�ODERUDWRU\�PRQLWRULQJ��4LDQJ�HW�DO��SURSRVHG�D�%,0�
$,R7� IUDPHZRUN� IRU� HQJLQHHULQJ� ODERUDWRU\� PRQLWRULQJ� DQG� PDQDJHPHQW�� VKRZLQJ� WKH� SRWHQWLDO� RI�
LQWHJUDWLQJ� ,R7� GDWD� ZLWK� LQWHOOLJHQW� DQDO\VLV� IRU� ODERUDWRU\� HQYLURQPHQWV� >�@�� ,Q� D� GLIIHUHQW� VHWWLQJ��
([D0RQ�;�GHPRQVWUDWHG�KHWHURJHQHRXV�PRQLWRULQJ�DQG�$,�DVVLVWHG�SUHGLFWLYH�PDLQWHQDQFH�IRU�LQGXVWULDO�
KLJK�SHUIRUPDQFH�FRPSXWLQJ� V\VWHPV� >�@�� 7KHVH� VWXGLHV� PRWLYDWH� WKH� XVH� RI� PXOWL�VRXUFH� VHQVLQJ� DQG�
DXWRPDWHG�DQDO\VLV��ZKLOH�OHDYLQJ�URRP IRU�D�OLJKWZHLJKW� ODERUDWRU\�RULHQWHG�DUFKLWHFWXUH�WKDW�FRPELQHV�
SK\VLFDO�ULVN�PRQLWRULQJ��DFFHVV�LQIRUPDWLRQ��SULYDF\��DQG�DFWLRQDEOH�UHFRPPHQGDWLRQV��

6HFXULW\� DQG�SULYDF\� DUH� DOVR� FHQWUDO� WR� ,R7�GHSOR\PHQWV��*KDIIDUL� HW� DO�� UHYLHZHG�PDFKLQH� DQG�GHHS�
OHDUQLQJ�DSSURDFKHV�IRU� ,R7�VHFXULW\�� LQFOXGLQJ�XQDXWKRUL]HG�DFFHVV��VSRRILQJ��GHQLDO�RI�VHUYLFH�DWWDFNV��
HDYHVGURSSLQJ�� DQG� LQWUXVLRQ� GHWHFWLRQ� >�@�� 5RGUtJXH]� HW� DO�� VXUYH\HG� 0/�'/� PHWKRGV� IRU� SULYDF\�
SURWHFWLRQ�LQ�,R7�HQYLURQPHQWV�>�@���

'LJLWDO�WZLQ� DQG� ZLUHOHVV�VHQVRU�QHWZRUN� UHVHDUFK� IXUWKHU� HPSKDVL]HV� GDWD� SURWHFWLRQ� DQG� LQWHJULW\� LQ�
GLVWULEXWHG�VHQVLQJ�HQYLURQPHQWV�>�@��>�@��7KHVH�ILQGLQJV�VXSSRUW�LQFRUSRUDWLQJ�VHFXULW\�DQG�SULYDF\�IURP�
WKH�V\VWHP�GHVLJQ�VWDJH�UDWKHU�WKDQ�WUHDWLQJ�WKHP�DV�RSWLRQDO�GDVKERDUG�IHDWXUHV��

352%/(0�67$7(0(17�

7KH� FRUH� SUREOHP� LV� WKH� DEVHQFH� RI� DQ� LQWHJUDWHG�� ORZ�FRVW�� SULYDF\DZDUH�PHFKDQLVP� IRU� FRQWLQXRXVO\�
REVHUYLQJ�ODERUDWRU\�FRQGLWLRQV�DQG�WUDQVODWLQJ�KHWHURJHQHRXV�VHQVRU�REVHUYDWLRQV�LQWR�XQGHUVWDQGDEOH�ULVN�
LQIRUPDWLRQ��$� VLQJOH� WHPSHUDWXUH� WKUHVKROG�� SRZHU� UHDGLQJ�� PRWLRQ� HYHQW�� RU� VPRNH� UHDGLQJ� PD\� QRW�
DGHTXDWHO\� UHSUHVHQW� WKH� ODERUDWRU\� VWDWH�� &RQWH[W� FDQ� EH� REWDLQHG� E\� FRQVLGHULQJ�PXOWLSOH� SDUDPHWHUV�
WRJHWKHU��LQFOXGLQJ�RFFXSDQF\��DFFHVV��DQG�HTXLSPHQW�VWDWXV��

/DE6KLHOG�$,�WKHUHIRUH�WDUJHWV�D�PXOWL�SDUDPHWHU�GHFLVLRQ�VXSSRUW�ZRUNIORZ��VHQVRU�GDWD�ĺ�HGJH�EXIIHULQJ�
ĺ�VHFXUH�WUDQVPLVVLRQ�ĺ�SUHSURFHVVLQJ�DQG�VWRUDJH�ĺ�0/�DQRPDO\�DQDO\VLV�ĺ�ULVN�VFRUH�ĺ�GDVKERDUG�
ĺ�UHFRPPHQGDWLRQ��7KH�V\VWHP�LV�LQWHQGHG�WR�DVVLVW�ODERUDWRU\�DGPLQLVWUDWRUV�DQG�LV�QRW�SUHVHQWHG�DV�D�
UHSODFHPHQW�IRU�SK\VLFDO�VDIHW\�SURFHGXUHV�RU�KXPDQ�MXGJPHQW��

,,,��2%-(&7,9(6�

�� 'HVLJQ�DQ�$,R7�DUFKLWHFWXUH�IRU�ODERUDWRU\�HQYLURQPHQWDO��HTXLSPHQW��SRZHU��RFFXSDQF\��DQG�DFFHVV�
PRQLWRULQJ�

�� &ROOHFW�DQG�WLPHVWDPS�PXOWL�VHQVRU�REVHUYDWLRQV�XVLQJ�DQ�(63���FRQWUROOHU��
�� %XIIHU�REVHUYDWLRQV�DW�WKH�HGJH�DQG�WUDQVPLW�WKHP�WKURXJK�HQFU\SWHG�0477�7/6�RU�+7736�

FKDQQHOV��
�� 9DOLGDWH��FOHDQ��QRUPDOL]H��DQG�VWRUH�LQFRPLQJ�REVHUYDWLRQV�LQ�D�VWUXFWXUHG�EDFNHQG��
�� $SSO\�VXSHUYLVHG�FODVVLILFDWLRQ�DQG�XQVXSHUYLVHG�DQRPDO\�GHWHFWLRQ�WR�LGHQWLI\�DEQRUPDO�PXOWL�

SDUDPHWHU�FRQGLWLRQV��
�� *HQHUDWH�DQ�H[SODLQDEOH�/DERUDWRU\�5LVN�6FRUH�IURP���WR�����ZLWK�6$)(��:$51,1*��DQG�

&5,7,&$/�VWDWHV��
�� 3URYLGH�GDVKERDUG�DOHUWV��FRQWULEXWLQJ�IDFWRUV��DQG�QDWXUDO�ODQJXDJH�UHFRPPHQGDWLRQV��
�� 8VH�SVHXGRQ\PRXV�LGHQWLILHUV�DQG�UROH�EDVHG�DFFHVV�FRQWURO�WR�UHGXFH�XQQHFHVVDU\�H[SRVXUH�RI�

SHUVRQDO�LQIRUPDWLRQ��
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$��$,R7 /DERUDWRU\�0RQLWRULQJ�

4LDQJ� HW� DO�� SUHVHQWHG� ³,QWHJUDWLQJ� %,0� DQG�$,R7� IRU� 6PDUW� (QJLQHHULQJ� /DERUDWRU\�0RQLWRULQJ� DQG�
0DQDJHPHQW�´�SXEOLVKHG�LQ�,(((�,QWHUQHW�RI�7KLQJV�-RXUQDO�LQ������>�@��7KH�ZRUN�LQWHJUDWHV�%,0�DQG�,R7�
LQIRUPDWLRQ� IRU� UHDO�WLPH� LQGRRU HQYLURQPHQWDO�TXDOLW\� PRQLWRULQJ� DQG� SUHGLFWLRQ� DQG� XVHV� FRPSXWHU�
YLVLRQ�EDVHG� DQDO\VLV�� 7KH� VWXG\� HVWDEOLVKHV� D� GLUHFW� SUHFHGHQW� IRU� LQWHOOLJHQW� HQJLQHHULQJODERUDWRU\�
PRQLWRULQJ��/DE6KLHOG�$,�GLIIHUV�LQ�VFRSH�E\�HPSKDVL]LQJ�D�XQLILHG�ODERUDWRU\�ULVN�ZRUNIORZ�LQYROYLQJ�
HQYLURQPHQWDO� FRQGLWLRQV�� HTXLSPHQW�SRZHU� VWDWH�� DFFHVV�� SULYDF\�� DQRPDO\� GHWHFWLRQ�� DQG�
UHFRPPHQGDWLRQV��

%��3UHGLFWLYH�0DLQWHQDQFH�DQG�+HWHURJHQHRXV�0RQLWRULQJ�

%RUJKHVL�HW�DO��GHYHORSHG�([D0RQ�;��D�SUHGLFWLYH�PDLQWHQDQFH�IUDPHZRUN�IRU�DXWRPDWLF�PRQLWRULQJ� LQ�
LQGXVWULDO� ,R7� V\VWHPV� >�@�� 7KH� IUDPHZRUN� FRPELQHV� KHWHURJHQHRXV� PRQLWRULQJ� GDWD� ZLWK� $,�EDVHG�
DQDO\WLFV� DQG�ZDV� HYDOXDWHG�RQ�SURGXFWLRQ�+3&�V\VWHPV�� ,WV� LQGXVWULDO� VFDOH�GHPRQVWUDWHV� WKH�YDOXH�RI�
KHWHURJHQHRXV�PRQLWRULQJ�� EXW� WKH� DUFKLWHFWXUH� LV�PRUH� H[WHQVLYH� WKDQ� UHTXLUHG� IRU� D� VPDOO� HGXFDWLRQDO�
ODERUDWRU\��/DE6KLHOG�$,�DGDSWV�WKH�JHQHUDO�LGHD�WRZDUG�D�OLJKWZHLJKW�(63���FHQWHUHG�GHSOR\PHQW��

&��0DFKLQH�/HDUQLQJ�IRU�,R7�6HFXULW\�

*KDIIDUL�HW�DO��UHYLHZHG�0/�DQG�'/�DSSURDFKHV�IRU�,R7�VHFXULW\�DQG�GLVFXVVHG�WKUHDWV�VXFK�DV�XQDXWKRUL]HG�
DFFHVV�� VSRRILQJ�� GHQLDO�RIVHUYLFH� DWWDFNV�� HDYHVGURSSLQJ�� DQG� LQWUXVLRQ� GHWHFWLRQ� >�@�� 7KLV� OLWHUDWXUH�
VXSSRUWV� WKH�LQFOXVLRQ�RI�VHFXUH�FRPPXQLFDWLRQ��DFFHVV�FRQWURO��DQG�LQWHOOLJHQW�DQRPDO\�DQDO\VLV� LQ�,R7�
DUFKLWHFWXUHV��

'��3ULYDF\�3URWHFWLRQ�LQ�,R7�

5RGUtJXH]�HW�DO��VXUYH\HG�0/�'/�DSSURDFKHV�IRU�SULYDF\�SURWHFWLRQ�LQ�,R7�DQG�KLJKOLJKWHG�SULYDF\�WKUHDWV�
DQG�0/�EDVHG�PLWLJDWLRQ�DSSURDFKHV�>�@��)RU�ODERUDWRU\�GHSOR\PHQWV��SULYDF\�LV�SDUWLFXODUO\�UHOHYDQW�ZKHQ�
DFFHVV� HYHQWV� FDQ� LQGLUHFWO\� UHYHDO� LQGLYLGXDO� DFWLYLW\�� /DE6KLHOG� $,� WKHUHIRUH� XVHV� SVHXGRQ\PRXV�
LGHQWLILHUV�LQ�WKH�SURSRVHG�GDWD�PRGHO�DQG�VHSDUDWHV�DFFHVV�SHUPLVVLRQV�WKURXJK�5%$&��

(��'LJLWDO�7ZLQ�DQG�6HQVRU�'DWD�6HFXULW\�

$OKDPDP�HW�DO�� UHYLHZHG�F\EHUVHFXULW\� LVVXHV� LQ�'LJLWDO�7ZLQ�HQYLURQPHQWV�� LQFOXGLQJ� WKUHDWV�DIIHFWLQJ�
GDWD�DQG�FRQQHFWHG�V\VWHPV�>�@��=KDQJ�HW�DO��SURSRVHG�D�SULYDF\� DQG�LQWHJULW\�SUHVHUYLQJ�GDWD�DJJUHJDWLRQ�
VFKHPH� IRU�ZLUHOHVV� VHQVRU�QHWZRUNV�XVLQJ�'LJLWDO�7ZLQ�FRQFHSWV� DQG�KRPRPRUSKLF� ILQJHUSULQWLQJ� >�@��
7KHVH�ZRUNV�UHLQIRUFH�WKH�QHHG�IRU�VHFXUH�VHQVLQJ�DQG�GDWD�KDQGOLQJ��ZKLOH�/DE6KLHOG�$,�GHOLEHUDWHO\�XVHV�
D�OLJKWHU�VHFXULW\�DUFKLWHFWXUH�VXLWDEOH�IRU�DQ�(63���FORXG�SURWRW\SH��

)��0/�0HWKRGV�6XSSRUWLQJ�WKH�3URSRVHG�'HVLJQ�

5DQGRP�)RUHVW�LV�D�ZHOO�HVWDEOLVKHG�HQVHPEOH�RI�GHFLVLRQ�WUHHV�DQG�LV�VXLWDEOH�DV�D�FDQGLGDWH�FODVVLILHU�IRU�
VWUXFWXUHG� PXOWL�SDUDPHWHU� GDWD� >�@�� ,VRODWLRQ� )RUHVW� SURYLGHV� DQ� XQVXSHUYLVHG� PHWKRG� IRU� LGHQWLI\LQJ�
XQXVXDO�REVHUYDWLRQV�E\�LVRODWLQJ�DQRPDOLHV�LQ�IHDWXUH�VSDFH�>�@��)RU�H[SODLQDELOLW\��6+$3�SURYLGHV�IHDWXUH�
DWWULEXWLRQ� YDOXHV� WKDW� FDQ� EH� XVHG� WR� GHVFULEH� KRZ� LQGLYLGXDO� LQSXW� YDULDEOHV� FRQWULEXWH� WR� D� PRGHO�
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SUHGLFWLRQ�>�@��7KHVH�PHWKRGV�DOLJQ�ZLWK�WKH�SURMHFW�UHTXLUHPHQW�IRU�ULVN�FODVVLILFDWLRQ��DQRPDO\�GHWHFWLRQ��
DQG�H[SODLQDEOH�FRQWULEXWLQJ�IDFWRUV��

*�� ,R7� &RPPXQLFDWLRQ� DQG� &\EHUVHFXULW\� %DVHOLQHV�0477� ���� LV� DQ� 2$6,6�VWDQGDUG� OLJKWZHLJKW�
SXEOLVK�VXEVFULEH�SURWRFRO�GHVLJQHG�IRU�FRQVWUDLQHG�,R7�DQG�PDFKLQH�WR�PDFKLQH�FRPPXQLFDWLRQ�>��@��7KH�
SURSRVHG�XVH�RI�0477�RYHU�7/6�LV�FRQVLVWHQW�ZLWK�WKH�QHHG�IRU�VHFXUH�,R7�FRPPXQLFDWLRQ��1,67
V�,R7�
F\EHUVHFXULW\�EDVHOLQH�LGHQWLILHV�FDSDELOLWLHV�LQFOXGLQJ�GHYLFH�LGHQWLILFDWLRQ��GDWD�SURWHFWLRQ��ORJLFDO�DFFHVV�
FRQWURO��VRIWZDUH�XSGDWH��F\EHUVHFXULW\�VWDWH�DZDUHQHVV��DQG�GHYLFH�VHFXULW\�>��@��2:$63
V�,R7�7RS����DOVR�
KLJKOLJKWV� LQVHFXUH� LQWHUIDFHV�� LQVHFXUH� GDWD� WUDQVIHU�VWRUDJH�� LQVXIILFLHQW� SULYDF\� SURWHFWLRQ�� ZHDN�
FUHGHQWLDOV��DQG�LQVHFXUH�XSGDWHV�DV�UHFXUULQJ�,R7�ULVNV�>��@��

5(6($5&+�*$3�

7KH�OLWHUDWXUH�LQGLFDWHV�VWURQJ�LQGLYLGXDO�VROXWLRQV�IRU�ODERUDWRU\�HQYLURQPHQWDO�PRQLWRULQJ�>�@��LQGXVWULDO�
SUHGLFWLYH�PDLQWHQDQFH�>�@��,R7�VHFXULW\�>�@��SULYDF\�SURWHFWLRQ�>�@��DQG�VHFXUH�GLVWULEXWHG�VHQVLQJ�>�@��>�@��
+RZHYHU�� WKH� SURMHFW� WDUJHWV� D� FRPELQHG� ZRUNIORZ� IRU� DQ HGXFDWLRQDO� ODERUDWRU\�� �L�� PXOWL�SDUDPHWHU�
SK\VLFDO�VHQVLQJ���LL��HTXLSPHQW�DQG�SRZHU�FRQWH[W���LLL��RFFXSDQF\�DQG�DFFHVV�HYHQWV���LY��0/�EDVHG�ULVN�
FODVVLILFDWLRQ�DQG�DQRPDO\�GHWHFWLRQ���Y��H[SODLQDEOH��± ����ULVN�VFRULQJ���YL��SULYDF\�DZDUH�LGHQWLILHUV DQG�
5%$&��DQG��YLL��DFWLRQDEOH�UHFRPPHQGDWLRQV�LQ�RQH�OLJKWZHLJKW�DUFKLWHFWXUH��7KH�UHVHDUFK�FRQWULEXWLRQ�LV�
WKHUHIRUH�SRVLWLRQHG�DV�DQ� LQWHJUDWHG�V\VWHP�GHVLJQ� UDWKHU� WKDQ�D�FODLP� WKDW�DQ\� LQGLYLGXDO�DOJRULWKP� LV�
QRYHO��

352326('�/$%6+,(/'�$,�$5&+,7(&785(�

$��6HQVLQJ�/D\HU�

7KH� VHQVLQJ� OD\HU� FRQWDLQV� D� '+7��� WHPSHUDWXUH�KXPLGLW\� VHQVRU��$&6���� RU� ,1$���� SRZHU�FXUUHQW�
VHQVLQJ�� 3,5� PRWLRQ� VHQVLQJ�� 5&���� 5),'�EDVHG� DFFHVV� VHQVLQJ�� DQG� 04��� VPRNH�JDV� VHQVLQJ�� 7KH�
PRQLWRUHG�FRQWH[W�DOVR�LQFOXGHV�HTXLSPHQW�VWDWXV��7KH�VHQVRUV�DUH�LQWHQGHG�WR�RSHUDWH�FRQFXUUHQWO\�VR�WKDW�
WKH�EDFNHQG�UHFHLYHV�D�PXOWLSDUDPHWHU�UHSUHVHQWDWLRQ�RI�WKH�ODERUDWRU\�VWDWH��

%��(GJH�&RQWUROOHU�

$Q�(63���GHYHORSPHQW�ERDUG�DFWV�DV�WKH�SULPDU\�HGJH�FRQWUROOHU��,W�UHFHLYHV�VHQVRU�UHDGLQJV��WLPHVWDPSV�
WKHP�� DQG� EXIIHUV� WKHP� EHIRUH� WUDQVPLVVLRQ�� (GJH� EXIIHULQJ� SURYLGHV� D� SUDFWLFDO� VHSDUDWLRQ� EHWZHHQ�
SK\VLFDO�VHQVLQJ�DQG�FORXG�SURFHVVLQJ�DQG�FDQ�UHGXFH�WKH�HIIHFW�RI�VKRUW�QHWZRUN�LQWHUUXSWLRQV��

&��6HFXUH�&RPPXQLFDWLRQ�DQG�%DFNHQG�

7KH�SURSRVHG�FRPPXQLFDWLRQ�SDWK�XVHV�0477�RYHU�7/6�RU�+7736��0477� LV�SDUWLFXODUO\� UHOHYDQW� WR�
FRQVWUDLQHG�,R7�FRPPXQLFDWLRQ�EHFDXVH�RI�LWV�OLJKWZHLJKW�SXEOLVK�VXEVFULEH�PRGHO�>��@��$W�WKH�EDFNHQG��
LQFRPLQJ�SD\ORDGV�DUH�YDOLGDWHG��FOHDQHG��QRUPDOL]HG��DQG�VWRUHG��7KH�SURSRVHG�VRIWZDUH�VWDFN�LQFOXGHV�
3\WKRQ�ZLWK�)DVW$3,�RU�)ODVN��)LUHEDVH�RU�DQ�0477�FORXG�EURNHU��DQG�3DQGDV�1XP3\�VFLNLWOHDUQ��

'��0DFKLQH�/HDUQLQJ�/D\HU�

7KH� SULPDU\� FODVVLILFDWLRQ� RSWLRQ� LV� 5DQGRP�)RUHVW� RU�'HFLVLRQ�7UHH� IRU�1250$/��:$51,1*�� DQG�
&5,7,&$/�FODVVHV��5DQGRP�)RUHVW�SURYLGHV�DQ�HQVHPEOH�EDVHG�FODVVLILFDWLRQ�PHFKDQLVP�>�@�� ,VRODWLRQ�
)RUHVW�LV�SURSRVHG�DV�DQ�DGGLWLRQDO�XQVXSHUYLVHG�DQRPDO\�GHWHFWRU�IRU REVHUYDWLRQV�WKDW�GR�QRW�UHVHPEOH�
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QRUPDO� GDWD� GLVWULEXWLRQV� >�@�� 7KH� ILQDO� LPSOHPHQWDWLRQ� VKRXOG� GHWHUPLQH� PRGHO� K\SHUSDUDPHWHUV� DQG�
GHFLVLRQ� WKUHVKROGV� WKURXJK�YDOLGDWLRQ�GDWD� UDWKHU� WKDQ�DVVXPLQJ� WKDW� WKH�SURMHFW�GHILQHG�ULVN�EDQGV�DUH�
VWDWLVWLFDOO\�RSWLPDO��

(��5LVN�6FRUH�DQG�'HFLVLRQ�6XSSRUW�

/DE6KLHOG�$,�UHSUHVHQWV�ODERUDWRU\�ULVN�RQ�D��±����VFDOH��7KH�SURMHFW�GHILQHV�WKUHH�RSHUDWLQJ�EDQGV���±���
6$)(����±���:$51,1*��DQG���±����&5,7,&$/��7KH�VFRUH�LV� LQWHQGHG�WR�VXPPDUL]H�PXOWLSDUDPHWHU�
DQDO\VLV�DQG�PRGHO�FRQILGHQFH��7KH�GDVKERDUG�SUHVHQWV�WKH�FXUUHQW�VWDWH��FRQWULEXWLQJ�IDFWRUV��WUHQGV��DQG�
D�UHFRPPHQGHG�DFWLRQ��7KHVH�UDQJHV�DUH�GHVLJQ�UHTXLUHPHQWV�IURP�WKH�SURMHFW�DQG�VKRXOG�EH�HPSLULFDOO\�
YDOLGDWHG�EHIRUH�EHLQJ�SUHVHQWHG�DV�FOLQLFDOO\��VFLHQWLILFDOO\��RU�VWDWLVWLFDOO\�RSWLPL]HG�WKUHVKROGV��

)��([SODLQDELOLW\�

7KH�V\VWHP�LV�GHVLJQHG�WR�UHSRUW�FRQWULEXWLQJ�IDFWRUV�UDWKHU�WKDQ�RQO\�GLVSOD\LQJ�D�FODVV�ODEHO��6+$3�LV�D�
VXLWDEOH�H[SODLQDELOLW\�IUDPHZRUN�EHFDXVH�LW�DVVLJQV�IHDWXUH�DWWULEXWLRQ�YDOXHV�WR�LQGLYLGXDO�SUHGLFWLRQV�>�@��
)RU�H[DPSOH��D�ILQDO�LPSOHPHQWDWLRQ�FRXOG�VKRZ�ZKLFK�PHDVXUHG�YDULDEOHV�FRQWULEXWHG�PRVW�VWURQJO\�WR�D�
ZDUQLQJ�RU�FULWLFDO�FODVVLILFDWLRQ��7KH�H[DFW�H[SODQDWLRQ�PHWKRG�DQG�PRGHO�VSHFLILF�6+$3�LPSOHPHQWDWLRQ�
PXVW�EH�YDOLGDWHG�ZLWK�WKH VHOHFWHG�FODVVLILHU��

6<67(0�23(5$7,21�

�� 6HQVRU�'DWD�&ROOHFWLRQ��'+7����$&6����,1$�����3,5��5&�����DQG�04���FROOHFW�ODERUDWRU\�
REVHUYDWLRQV��

�� (63���%XIIHULQJ��7KH�(63���UHFHLYHV��WLPHVWDPSV��DQG�WHPSRUDULO\�EXIIHUV�WKH�REVHUYDWLRQV��
�� 6HFXUH�7UDQVPLVVLRQ��6HQVRU�SD\ORDGV�DUH�WUDQVPLWWHG�WKURXJK�0477�7/6�RU�+7736��
�� &ORXG�3UHSURFHVVLQJ��7KH�EDFNHQG�YDOLGDWHV��FOHDQV��QRUPDOL]HV��DQG�VWRUHV�WKH�GDWD��
�� 0/�$QDO\VLV��&ODVVLILFDWLRQ�DQG�DQRPDO\�GHWHFWLRQ�FRPSRQHQWV�DQDO\]H�PXOWL�SDUDPHWHU�SDWWHUQV��
�� 5LVN &RPSXWDWLRQ��7KH�V\VWHP�PDSV�WKH�DQDO\VLV�WR�WKH�SURMHFWGHILQHG��±����/DERUDWRU\�5LVN�

6FRUH��
�� 'DVKERDUG�8SGDWH��5LVN�VWDWXV��WUHQGV��DQG�FRQWULEXWLQJ�IDFWRUV�DUH�VKRZQ�WR�DGPLQLVWUDWRUV��
�� 5HFRPPHQGDWLRQ��7KH�GHFLVLRQ�OD\HU�SURGXFHV�D�UHFRPPHQGHG�DFWLRQ�EDVHG�RQ�WKH�GHWHFWHG�ULVN�

SDWWHUQ��

35,9$&<�$1'�6(&85,7<�'(6,*1�

7KH�SULYDF\�REMHFWLYH�LV�GDWD�PLQLPL]DWLRQ��DFFHVV�HYHQWV�VKRXOG�XVH�SVHXGRQ\PRXV�LGHQWLILHUV�UDWKHU�WKDQ�
XQQHFHVVDU\�SHUVRQDO�QDPHV��5ROH�%DVHG�$FFHVV�&RQWURO�LV�SURSRVHG�VR�WKDW�DXWKHQWLFDWHG�XVHUV�UHFHLYH�
RQO\�WKH�SHUPLVVLRQV�UHTXLUHG�IRU�WKHLU�UROHV��6HFXUH�$3,V�DQG�HQFU\SWHG�WUDQVSRUW�DUH�DOVR�SURSRVHG��

7KH�VHFXULW\�GHVLJQ�LV�FRQVLVWHQW�ZLWK�EURDGHU�,R7�JXLGDQFH��1,67,5�����$�LGHQWLILHV�GHYLFH�LGHQWLILFDWLRQ��
GDWD�SURWHFWLRQ�� ORJLFDO� DFFHVV� WR� LQWHUIDFHV�� VRIWZDUH�XSGDWH�� F\EHUVHFXULW\� VWDWH� DZDUHQHVV�� DQG� GHYLFH�
VHFXULW\�DV�FRUH�,R7�F\EHUVHFXULW\�FDSDELOLWLHV�>��@��2:$63
V�,R7�7RS����HPSKDVL]HV�ULVNV�VXFK�DV�ZHDN�
FUHGHQWLDOV��LQVHFXUH�QHWZRUN�VHUYLFHV��LQVHFXUH�HFRV\VWHP�LQWHUIDFHV��LQVXIILFLHQW�SULYDF\�SURWHFWLRQ��DQG�
LQVHFXUH�GDWD�WUDQVIHU�DQG�VWRUDJH�>��@��7KHVH�UHIHUHQFHV�VKRXOG�EH�WUHDWHG�DV�GHVLJQ�JXLGDQFH��WKH�SURSRVHG�
SURWRW\SH�GRHV�QRW�FODLP�IRUPDO�FRPSOLDQFH�ZLWK�1,67�RU�2:$63��
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$/(576�$1'�'(&,6,21�6833257�

7KH�SURSRVHG� DOHUW� LQWHUIDFH�KDV� WKUHH�RXWSXW� FKDQQHOV�� DQ� DXGLEOH�EX]]HU�� UHG�\HOORZ�JUHHQ�/('V�� DQG�
GDVKERDUG QRWLILFDWLRQV��$� 6$)(� VWDWH� LQGLFDWHV� QRUPDO� RSHUDWLQJ� FRQGLWLRQV��:$51,1*� LQGLFDWHV� DQ�
DQRPDORXV�FRQGLWLRQ�UHTXLULQJ�UHYLHZ��DQG�&5,7,&$/�LQGLFDWHV�D�KLJK�ULVN�FRQGLWLRQ�UHTXLULQJ�LPPHGLDWH�
LQWHUYHQWLRQ�DFFRUGLQJ�WR�WKH�SURMHFW
V�LQWHQGHG�RSHUDWLQJ�ORJLF��

7KH�V\VWHP�LV�LQWHQGHG�DV�GHFLVLRQ�VXSSRUW��$�UHFRPPHQGDWLRQ�VKRXOG�EH�WUDFHDEOH�WR�REVHUYHG�SDUDPHWHUV�
DQG�PRGHO�RXWSXW�VR�WKDW�DGPLQLVWUDWRUV�FDQ�YHULI\�WKH�XQGHUO\LQJ�FRQGLWLRQ��7KLV�GHVLJQ�LV�SUHIHUDEOH�WR�
SUHVHQWLQJ�DQ�XQH[SODLQHG�FODVV�ODEHO�EHFDXVH�LW�SURYLGHV�FRQWH[WXDO�LQIRUPDWLRQ�IRU�KXPDQ�UHYLHZ��

(9$/8$7,21�0(7+2'2/2*<�

7KH�VXSSOLHG�SURMHFW�PDWHULDO�GHVFULEHV�WKH�DUFKLWHFWXUH�DQG�VHOHFWHG�WHFKQRORJLHV�EXW�GRHV�QRW�SURYLGH�D�
FRPSOHWHG�H[SHULPHQWDO�GDWDVHW��PHDVXUHG�DFFXUDF\��SUHFLVLRQ��UHFDOO��)��VFRUH��ODWHQF\��IDOVH�DODUP�UDWH��
FRPPXQLFDWLRQ� RYHUKHDG�� RU� GHSOR\PHQW� HQHUJ\�PHDVXUHPHQWV��$FFRUGLQJO\�� WKLV�PDQXVFULSW� GRHV� QRW�
LQYHQW�VXFK�YDOXHV��$�SXEOLFDWLRQ�JUDGH�H[SHULPHQWDO�HYDOXDWLRQ�VKRXOG�LQFOXGH�WKH�IROORZLQJ��

�� 6HQVRU�OHYHO�YDOLGDWLRQ��FRPSDUH�VHQVRU�UHDGLQJV�ZLWK�UHIHUHQFH�LQVWUXPHQWV�DQG�UHSRUW�PHDVXUHPHQW�
HUURU��

�� &ODVVLILFDWLRQ�HYDOXDWLRQ��UHSRUW�DFFXUDF\��SUHFLVLRQ��UHFDOO��)�VFRUH��FRQIXVLRQ�PDWUL[��DQG�52&�
$8&�ZKHUH�DSSOLFDEOH��

�� $QRPDO\�GHWHFWLRQ�HYDOXDWLRQ��UHSRUW�SUHFLVLRQ�UHFDOO�RU�GHWHFWLRQ�UDWH�RQ�ODEHOHG�DEQRUPDO�HYHQWV��
WRJHWKHU�ZLWK�IDOVH�SRVLWLYH�UDWH��

�� (QG�WR�HQG�ODWHQF\��PHDVXUH�WLPH�IURP�VHQVRU�REVHUYDWLRQ�WR�GDVKERDUG�DOHUW��
�� &RPPXQLFDWLRQ�HYDOXDWLRQ��PHDVXUH�SDFNHW�ORVV��WUDQVPLVVLRQ�GHOD\��DQG�V\VWHP�EHKDYLRU�GXULQJ�

WHPSRUDU\�QHWZRUN�LQWHUUXSWLRQ��
�� 3ULYDF\�VHFXULW\�HYDOXDWLRQ��WHVW�DXWKHQWLFDWLRQ��DXWKRUL]DWLRQ��VHFXUH�WUDQVSRUW��SVHXGRQ\PRXV�

LGHQWLILHUV��DQG�FRPPRQ�,R7�DWWDFN�VXUIDFHV��
�� $EODWLRQ�VWXG\��FRPSDUH�VLQJOH�SDUDPHWHU�UXOHV�ZLWK�PXOWLSDUDPHWHU�0/�DQDO\VLV�WR�TXDQWLI\�WKH�

FRQWULEXWLRQ�RI�FRQWH[W�IXVLRQ��
�� 8VDELOLW\�HYDOXDWLRQ��DVVHVV�ZKHWKHU�DGPLQLVWUDWRUV�FDQ�XQGHUVWDQG�WKH�ULVN�VWDWH��FRQWULEXWLQJ�IDFWRUV��

DQG�UHFRPPHQGDWLRQ��

/,0,7$7,216�

7KH�SUHVHQW�ZRUN�LV�DQ�DUFKLWHFWXUH�DQG�SURWRW\SH�RULHQWHG�GHVLJQ��7KH�VXSSOLHG�PDWHULDO�GRHV�QRW�HVWDEOLVK�
SHUIRUPDQFH� XVLQJ� D� VXIILFLHQWO\� ODUJH� UHDO�ZRUOG� ODERUDWRU\� GDWDVHW�� 6HQVRU� FDOLEUDWLRQ�� HQYLURQPHQWDO�
YDULDELOLW\�� HTXLSPHQW� GLYHUVLW\�� PRGHO� GULIW�� QHWZRUN� IDLOXUHV�� DQG� IDOVH� DODUPV� PD\� DIIHFW� SUDFWLFDO�
SHUIRUPDQFH��7KH��±����ULVN�EDQGV�DUH�SURMHFW�GHILQHG�GHVLJQ�WKUHVKROGV�DQG�UHTXLUH�YDOLGDWLRQ��$FFHVV�
PRQLWRULQJ�DOVR�UHTXLUHV�FDUHIXO�FRQVLGHUDWLRQ�RI�LQVWLWXWLRQDO�SULYDF\�SROLFLHV�DQG�UHWHQWLRQ�UHTXLUHPHQWV��

)8785(�6&23(�

�� %XLOG�DQG�FXUDWH�D�UHDO�ODERUDWRU\�GDWDVHW�FRQWDLQLQJ�QRUPDO��ZDUQLQJ��DQG�FULWLFDO�RSHUDWLQJ�VFHQDULRV��
�� &RPSDUH�5DQGRP�)RUHVW��'HFLVLRQ�7UHH��,VRODWLRQ�)RUHVW��DQG�RWKHU�VXLWDEOH�PRGHOV�XVLQJ�FRQVLVWHQW

HYDOXDWLRQ�SURWRFROV��
�� $GG�WHPSRUDO�IHDWXUHV�VR�WKDW�VXVWDLQHG�FKDQJHV�DQG�UDWH�RI�FKDQJH�SDWWHUQV�FDQ�EH�DQDO\]HG��
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�� ,QYHVWLJDWH�HGJH�LQIHUHQFH�WR�UHGXFH�FORXG�GHSHQGHQFH�DQG�FRPPXQLFDWLRQ�ORDG��
�� $GG�VHFXUH�GHYLFH�SURYLVLRQLQJ��VLJQHG�ILUPZDUH�XSGDWHV��NH\�URWDWLRQ��DQG�VWURQJHU�GHYLFH�LGHQWLW\�

PDQDJHPHQW��
�� (YDOXDWH�SULYDF\�SUHVHUYLQJ�OHDUQLQJ�RU�DJJUHJDWLRQ�DSSURDFKHV�IRU�PXOWL�ODERUDWRU\�GHSOR\PHQWV��
�� 'HYHORS�D�ODUJHU�VFDOH�GDVKERDUG�ZLWK�DXGLW�ORJV��LQFLGHQW�KLVWRU\��DQG�DGPLQLVWUDWRU�FRQILJXUDEOH�

SROLFLHV��

&21&/86,21�

/DE6KLHOG�$,� SURSRVHV� D� XQLILHG�$,R7� DUFKLWHFWXUH� IRU� ODERUDWRU\� ULVN� LQWHOOLJHQFH� WKDW� FRQQHFWV�PXOWL�
VHQVRU�DFTXLVLWLRQ��(63�� HGJH�EXIIHULQJ��VHFXUH�FRPPXQLFDWLRQ��FORXG�SUHSURFHVVLQJ��PDFKLQH�OHDUQLQJ��
DQRPDO\� GHWHFWLRQ�� H[SODLQDEOH� ULVN� VFRULQJ�� SULYDF\�DZDUH� LGHQWLILFDWLRQ�� DQG� GDVKERDUG�EDVHG�
UHFRPPHQGDWLRQV��7KH�GHVLJQ� UHVSRQGV� WR� D�SUDFWLFDO� JDS�EHWZHHQ�FRQYHQWLRQDO� VHQVRU GDVKERDUGV� DQG�
LQWHJUDWHG�GHFLVLRQ�VXSSRUW�IRU�HGXFDWLRQDO�ODERUDWRULHV��([LVWLQJ�OLWHUDWXUH�SURYLGHV�VWURQJ�IRXQGDWLRQV�LQ�
ODERUDWRU\�$,R7�PRQLWRULQJ��SUHGLFWLYH�PDLQWHQDQFH�� ,R7�VHFXULW\��SULYDF\�SURWHFWLRQ��DQG�F\EHUVHFXULW\�
EDVHOLQHV�>�@±>��@��7KH�QH[W�HVVHQWLDO�VWHS�LV�HPSLULFDO�YDOLGDWLRQ�XVLQJ�UHDO�RU�V\VWHPDWLFDOO\�JHQHUDWHG�
ODERUDWRU\�VFHQDULRV��3HUIRUPDQFH�FODLPV�VKRXOG�RQO\�EH�DGGHG�DIWHU�WKLV�HYDOXDWLRQ�LV�FRPSOHWHG��

5()(5(1&(6�

�� 4LDQJ��6��7DQJ��-��+DR��/��'L�6DUQR��*��:X��DQG�0��<LQ��³,QWHJUDWLQJ�%,0�DQG�$,R7�IRU�6PDUW�(QJLQHHULQJ�
/DERUDWRU\�0RQLWRULQJ�DQG�0DQDJHPHQW�´�,(((�,QWHUQHW�RI�7KLQJV�-RXUQDO��YRO������QR������SS�������± �������
������GRL����������-,27���������������

�� %RUJKHVL��$��%XUUHOOR��DQG�$��%DUWROLQL��³([D0RQ�;��$�3UHGLFWLYH 0DLQWHQDQFH�)UDPHZRUN�IRU�$XWRPDWLF�
0RQLWRULQJ�LQ�,QGXVWULDO�,R7�6\VWHPV�´�,(((�,QWHUQHW�RI�7KLQJV�-RXUQDO��YRO������QR�����SS������±������������
GRL��

�� ��������-,27���������������*KDIIDUL��1��-HORGDUL��6��3RXUDOLVK��1��'HUDNKVKDQIDUG��DQG�%��$UDVWHK��
³6HFXULQJ�,QWHUQHW�RI�7KLQJV�8VLQJ�0DFKLQH�DQG�'HHS�/HDUQLQJ�0HWKRGV��$�6XUYH\�´�&OXVWHU�&RPSXWLQJ��YRO��
����SS������±������������GRL��

�� ��������V�������������������
�� 5RGUtJXH]��%��2WHUR��DQG�5��&DQDO��³$�6XUYH\�RI�0DFKLQH�DQG�'HHS�/HDUQLQJ�0HWKRGV�IRU�3ULYDF\�3URWHFWLRQ�

LQ�WKH�,QWHUQHW�RI�7KLQJV�´�6HQVRUV��YRO������QR�����S��������������GRL����������V����������>�@�1��$OKDPDP��0��
0��+DIL]XU�5DKPDQ��DQG�$��$OMXJKDLPDQ��³$�&RPSUHKHQVLYH�5HYLHZ�RQ�&\EHUVHFXULW\�RI�'LJLWDO�7ZLQV��
,VVXHV��&KDOOHQJHV��DQG�)XWXUH�5HVHDUFK�'LUHFWLRQV�´�,(((�$FFHVV��YRO������SS�������±�������������GRL��
��������$&&(66���������������

�� >�@�=��=KDQJ��:��<DQJ��)��:X��HW�DO���³3ULYDF\�DQG�,QWHJULW\�3UHVHUYLQJ�'DWD�$JJUHJDWLRQ�6FKHPH�IRU�:LUHOHVV�
6HQVRU�1HWZRUNV�'LJLWDO�7ZLQV�´�-RXUQDO�RI�&ORXG�&RPSXWLQJ��YRO������DUW�������������GRL����������V������
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