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��� ,QWURGXFWLRQ

:KHQ� PLFURGDWD� ILOHV� DUH� UHOHDVHG�� LW� LV� SRVVLEOH� WKDW� H[WHUQDO� XVHUV� PD\� DWWHPSW� WR� EUHDFK�
FRQILGHQWLDOLW\��)RU�WKLV�UHDVRQ�LW�LV�QHFHVVDU\�WR�DSSO\�VRPH�IRUP�RI�GLVFORVXUH�ULVN�DVVHVVPHQW�DQG�
GDWD�SURWHFWLRQ�� ,Q�VRFLDO�VXUYH\V�� WKH�REVHUYHG�YDULDEOHV�DUH� IUHTXHQWO\�FDWHJRULFDO� LQ�QDWXUH��DQG�
RIWHQ� FRPSULVH� SXEOLF� GRPDLQ� YDULDEOHV� �VXFK� DV� VH[�� DJH�� UHJLRQ� RI� UHVLGHQFH�� WKDW� PD\� DOORZ�
LGHQWLILFDWLRQ��$Q�LQWUXGHU�PD\�XVH�WKHVH�YDULDEOHV��WKDW�DUH�UHIHUUHG�WR�DV�NH\�YDULDEOHV��WR�SHUIRUP�
D GLVFORVXUH� 7KH� GHILQLWLRQ� RI� GLVFORVXUH� DGRSWHG� LQ� WKLV� IUDPHZRUN� XVHV� WKH� FRQFHSW� RI� UH�
LGHQWLILFDWLRQ�GLVFORVXUH��H�J��&KHQ�DQG�.HOOHU�0F1XOW\��������)LHQEHUJ�DQG�0DNRY��������6NLQQHU�
DQG�+ROPHV��������'XQFDQ�DQG�/DPEHUW��������:LOOHQERUJ�DQG�GH�:DDO���������E\�GLVFORVXUH�LW�LV�
PHDQW�D�FRUUHFW�UHFRUG�UH�LGHQWLILFDWLRQ�RSHUDWLRQ�WKDW�LV�DFKLHYHG�E\�DQ�LQWUXGHU�ZKHQ�FRPSDULQJ�D�
WDUJHW�LQGLYLGXDO�LQ�D�VDPSOH�ZLWK�DQ�DYDLODEOH�OLVW�RI�XQLWV�WKDW�FRQWDLQV�LQGLYLGXDO�LGHQWLILHUV�VXFK�
DV�QDPH�DQG�DGGUHVV��5H�LGHQWLILFDWLRQ�RFFXUV�ZKHQ� WKH�XQLW� LQ� WKH� UHOHDVHG� ILOH�DQG�D�XQLW� LQ� WKH�
UHJLVWHU� WKDW� DQ� LQWUXGHU� KDV� DFFHVV� WR� EHORQJ� WR� WKH� VDPH� LQGLYLGXDO� LQ� WKH� SRSXODWLRQ�� 7KH�
XQGHUO\LQJ�K\SRWKHVLV�LV�WKDW�WKH�LQWUXGHU�ZLOO�DOZD\V�WU\�WR�PDWFK�D�UHFRUG�LQ�WKH�VDPSOH�DQG�D�XQLW�
LQ�WKH�UHJLVWHU�XVLQJ�WKH�NH\�YDULDEOHV�RQO\��
7KLV� GRFXPHQW� GHVFULEHV� WKH� LQGLYLGXDO� ULVN� PHWKRGRORJ\� DV� LQWURGXFHG� LQ� DQ� LQLWLDO� SDSHU� E\�
%HQHGHWWL�DQG�)UDQFRQL��������DQG�LPSOHPHQWHG�LQ�YHUVLRQ�����RI� �$UJXV��7KLV�DSSURDFK�GHILQHV�D�
PHDVXUH� RI� GLVFORVXUH� ULVN� SHU�UHFRUG� �QDPHO\�� WKH� LQGLYLGXDO� ULVN� WKDW� FDQ� EH� XVHG� WR� SURWHFW�
VHOHFWHG�UHFRUGV�E\�ORFDO�VXSSUHVVLRQ� 7KH�LQGLYLGXDO�ULVN�RI�UH�LGHQWLILFDWLRQ�RI�XQLW�L LQ�WKH�VDPSOH�
LV�GHILQHG�DV�WKH�SUREDELOLW\�RI�LW�EHLQJ�FRUUHFWO\�UH�LGHQWLILHG��L�H��UHFRJQLVHG�DV�FRUUHVSRQGLQJ�WR�D�
SDUWLFXODU� XQLW� LQ� WKH� SRSXODWLRQ�� ,Q� VRFLDO� VXUYH\V�� WKLV� ULVN� RI� UH�LGHQWLILFDWLRQ� FDQ� EH� H[SUHVVHG�
WKURXJK�WKH�FRQFHSW�RI�XQLTXH�RU�UDUH�FRPELQDWLRQV� LQ� WKH�VDPSOH��$�FRPELQDWLRQ�LV�D�FHOO� LQ�WKH�
FRQWLQJHQF\� WDEOH� REWDLQHG� E\� FURVV�WDEXODWLQJ� WKH� NH\� YDULDEOHV�� $� NH\� LVVXH� LV� WR� EH� DEOH� WR�
GLVWLQJXLVK�EHWZHHQ�FRPELQDWLRQV�WKDW�DUH�DW�ULVN��IRU�H[DPSOH�VDPSOH�XQLTXHV�FRUUHVSRQGLQJ�WR�UDUH�
FRPELQDWLRQV�LQ�WKH�SRSXODWLRQ��DQG�FRPELQDWLRQV�WKDW�DUH�QRW�DW�ULVN��IRU�H[DPSOH�VDPSOH�XQLTXHV�
FRUUHVSRQGLQJ�WR�FRPELQDWLRQV�WKDW�DUH�FRPPRQ�LQ�WKH�SRSXODWLRQ��%HQHGHWWL�DQG�)UDQFRQL��������
SURSRVH� D� IUDPHZRUN� IRU� GHILQLWLRQ� DQG� HVWLPDWLRQ� RI� WKH� LQGLYLGXDO� ULVN� XVLQJ� WKH� VDPSOLQJ�
ZHLJKWV��DV�WKH�XVXDO�LQVWUXPHQW�WKDW�QDWLRQDO�VWDWLVWLFDO�LQVWLWXWHV�DGRSW�WR�DOORZ�IRU�LQIHUHQFH�IURP�
WKH�VDPSOH�WR�WKH�SRSXODWLRQ�
%HVLGHV� WKH� RQH� MXVW� PHQWLRQHG�� D� QXPEHU� RI� SURSRVDOV� IRU� GHILQLQJ� DQG� HVWLPDWLQJ� D� UH�
LGHQWLILFDWLRQ� ULVN� SHU� UHFRUG� KDV� EHHQ�PDGH� LQ� WKH� ODVW� IHZ� \HDUV�� )LHQEHUJ� DQG�0DNRY� ��������
6NLQQHU� DQG�+ROPHV� �������� (ODPLU� DQG� 6NLQQHU� ������� GHILQH�� ZLWK� GLIIHUHQW� PRWLYDWLRQV�� D� ORJ�
OLQHDU�PRGHO�IRU�WKH�HVWLPDWLRQ�RI�WKH�LQGLYLGXDO�ULVN��)XUWKHU�GLVFXVVLRQ�RI�WKH�DSSURDFK�SUHVHQWHG�
KHUH� LV� LQ� 5LQRWW� �������� 3ROHWWLQL� �����E��� )UDQFRQL� DQG� 3ROHWWLQL� �������� $� UHODWHG� DSSURDFK� LV�
GHVFULEHG�LQ�&DUOVRQ���������(ODPLU�DQG�6NLQQHU��������DQG�3ROHWWLQL�DQG�6WDQGHU��������� 
$IWHU�WKH�ULVN�KDV�EHHQ�HVWLPDWHG��SURWHFWLRQ�WDNHV�SODFH��7R�WKLV�DLP��D�WKUHVKROG�LQ�WHUPV�RI�ULVN��
H�J��SUREDELOLW\�RI� UH�LGHQWLILFDWLRQ� �VHH�6HFWLRQ������ LV� VHOHFWHG��XQLWV�H[FHHGLQJ�VXFK�D� WKUHVKROG�
DUH�GHILQHG�DW�ULVN��DQG�µ�$UJXV�DSSOLHV�ORFDO�VXSSUHVVLRQ�WR�WKRVH�LQGLYLGXDOV�RQO\��VR�DV�WR�ORZHU�
WKHLU� SUREDELOLW\� RI� EHLQJ� UH�LGHQWLILHG�� 1RWH� WKDW� WKLV� DSSURDFK� DOORZV� WR� UHOHDVH� WKH� VHQVLWLYH�
YDULDEOHV�XQFKDQJHG��ZKLOH�VXSSUHVVLQJ�VRPH�RI�WKH�NH\�YDULDEOHV�IRU�VRPH�UHFRUGV��
�
7KH�SDSHU�KDV�WZR�GLIIHUHQW�FRPSRQHQWV��D�WHFKQLFDO�GHVFULSWLRQ�RI�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\��
DQG�D�JXLGHG�WRXU�WKURXJK�µ�$UJXV�IRU�WKH�DSSOLFDWLRQ�RI�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\�
7KH�ILUVW�SDUW�LV�GHYRWHG�WR�WKH�PHWKRGRORJ\��6HFWLRQ���LQWURGXFHV�WKH�GHILQLWLRQ�RI�GLVFORVXUH�DQG�
WKH� GLVFORVXUH� VFHQDULR�� 6HFWLRQ� �� LV� GHYRWHG� WR� PHDVXUHV� RI� ULVN� IRU� LQGHSHQGHQW� UHFRUGV�� DIWHU�
LQWURGXFLQJ� WKH� EDVLF� QRWDWLRQ� �6HFWLRQ� ������ WKH� LQGLYLGXDO� ULVN� LV� SUHVHQWHG� LQ� 6HFWLRQV� ����
�GHILQLWLRQ��� ���� �HVWLPDWLRQ�� DQG� ���� �DSSUR[LPDWLRQ��� 6HFWLRQ� ���� LQWURGXFHV� D� QHZ� FRQFHSW� RI�
JOREDO� ULVN� RI� WKH�ZKROH� ILOH�� QDPHO\� WKH� UH�LGHQWLILFDWLRQ� UDWH�� WKDW� FDQ� EH� KHOSIXO� LQ� VHOHFWLQJ� D�
WKUHVKROG�IRU�WKH�LQGLYLGXDO�ULVN��WKLV�WRSLF�LV�GHDOW�ZLWK�LQ�6HFWLRQ����6HFWLRQ���GLVFXVVHV�WKH�UHOHDVH�
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RI�KRXVHKROG�GDWD��WKH�KRXVHKROG�ULVN�LV�SUHVHQWHG�LQ�6HFWLRQ������ZKLOH�6HFWLRQ�����LQGLFDWHV�KRZ�WR�
VHW� WKH� WKUHVKROG� IRU�KRXVHKROG�GDWD�� )LQDOO\��6HFWLRQ��� FRQWDLQV� D�GLVFXVVLRQ�RI� VRPH� WKHRUHWLFDO�
LVVXHV�LQ�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\��
7KH� VHFRQG� SDUW� LV� GHYRWHG� WR� DSSOLFDWLRQ� DQG� JXLGHV� WKH� UHDGHU� WKURXJK� WKH� XVH� RI�µ�$UJXV�� LQ�
SDUWLFXODU��6HFWLRQ���VKRZV�WKH�PDLQ�VWHSV�QHHGHG�WR�SURGXFH�D�VDIH�PLFURGDWD�ILOH�DFFRUGLQJ�WR�WKH�
LQGLYLGXDO�ULVN�PHWKRGRORJ\��WKDW�FRPELQHV�ORFDO�VXSSUHVVLRQ�ZLWK�WKH�LQGLYLGXDO�ULVN�PHDVXUH���

���'LVFORVXUH�DQG�GLVFORVXUH�VFHQDULR

$V�PHQWLRQHG� LQ� WKH� ,QWURGXFWLRQ� VHFWLRQ�� WKH� GHILQLWLRQ� RI�GLVFORVXUH�PLPLFV� WKH� VWUDWHJ\� RI� DQ�
LQWUXGHU� WU\LQJ� WR� HVWDEOLVK� D� OLQN� EHWZHHQ� D� XQLW� LQ� WKH� VDPSOH� V WR� EH� UHOHDVHG� DQG� D� XQLW� LQ� DQ�
DYDLODEOH� DUFKLYH�� 6XFK� DQ� DUFKLYH�� RU� UHJLVWHU� FRQWDLQV� LQGLYLGXDO� GLUHFW� LGHQWLILHUV� �QDPH�� ,'�
QXPEHU�� SKRQH� QXPEHU«� SOXV� D� VHW� RI� YDULDEOHV� FDOOHG� LGHQWLI\LQJ� RU� NH\� YDULDEOHV� �VH[�� DJH��
PDULWDO�VWDWXV«���7KH� LQWUXGHU� WULHV� WR�PDWFK�XQLW� L LQ� WKH�VDPSOH�ZLWK�D�XQLW� L� LQ� WKH�UHJLVWHU�E\�
FRPSDULQJ� WKHLU� VFRUHV� RQ� WKH� NH\� YDULDEOHV�� $� UH�LGHQWLILFDWLRQ� RFFXUV� ZKHQ�� EDVHG� RQ� WKLV�
FRPSDULVRQ��D�XQLW�L�LQ�WKH�UHJLVWHU�LV�VHOHFWHG�DV�PDWFKLQJ�WR�L�DQG�WKLV�OLQN�LV�FRUUHFW��H�J��L��LV�WKH�
ODEHOOLQJ�RI�XQLW�L�LQ�WKH�SRSXODWLRQ���
7R� GHILQH� WKH� GLVFORVXUH� VFHQDULR�� WKH� IROORZLQJ� DVVXPSWLRQV� DUH� PDGH�� 0RVW� RI� WKHP� DUH�
FRQVHUYDWLYH�DQG�FRQWULEXWH�WR�WKH�GHILQLWLRQ�RI�D�ZRUVW�FDVH�VFHQDULR��

��� D�VDPSOH�V�IURP�D�SRSXODWLRQ�3�LV�WR�EH�UHOHDVHG��DQG�VDPSOLQJ�GHVLJQ�ZHLJKWV�DUH�DYDLODEOH��
��� WKH�DUFKLYH�DYDLODEOH� WR� WKH� LQWUXGHU�FRYHUV� WKH�ZKROH�SRSXODWLRQ�3��FRQVHTXHQWO\� IRU�HDFK�

L∈V��WKH�PDWFKLQJ�XQLW�L�GRHV�DOZD\V�H[LVW�LQ�3��
��� WKH� DUFKLYH� DYDLODEOH� WR� WKH� LQWUXGHU� FRQWDLQV� WKH� LQGLYLGXDO� GLUHFW� LGHQWLILHUV� DQG� D� VHW� RI�

FDWHJRULFDO�NH\�YDULDEOHV�WKDW�DUH�DOVR�SUHVHQW�LQ�WKH�VDPSOH��
��� WKH�LQWUXGHU�WULHV�WR�PDWFK�D�XQLW�L�LQ�WKH�VDPSOH�ZLWK�D�XQLW�L�LQ�WKH�SRSXODWLRQ�UHJLVWHU�E\�

FRPSDULQJ�WKH�YDOXHV�RI�WKH�NH\�YDULDEOHV�LQ�WKH�WZR�ILOHV��
��� WKH�LQWUXGHU�KDV�QR�H[WUD�LQIRUPDWLRQ�RWKHU�WKDQ�WKDW�FRQWDLQHG�LQ�WKH�UHJLVWHU��
��� D�UH�LGHQWLILFDWLRQ�RFFXUV�ZKHQ�D� OLQN�EHWZHHQ�D� VDPSOH�XQLW� L�DQG�D�SRSXODWLRQ�XQLW� L� LV�

HVWDEOLVKHG�DQG�L�LV�DFWXDOO\�WKH�LQGLYLGXDO�RI�WKH�SRSXODWLRQ�IURP�ZKLFK�WKH�VDPSOHG�XQLW�L�
ZDV�GHULYHG��H�J��WKH�PDWFK�KDV�WR�EH�D�FRUUHFW�PDWFK�EHIRUH�DQ�LGHQWLILFDWLRQ�WDNHV�SODFH��

0RUHRYHU�ZH�DGG�WKH�IROORZLQJ�DVVXPSWLRQV��
��� WKH� LQWUXGHU� WULHV� WR� PDWFK� DOO� WKH� UHFRUGV� LQ� WKH� VDPSOH� ZLWK� D� UHFRUG� LQ� WKH� SRSXODWLRQ�

UHJLVWHU��
��� WKH�NH\�YDULDEOHV�DJUHH�RQ�FRUUHFW�PDWFKHV��WKDW�LV�QR�HUURUV��PLVVLQJ�YDOXHV�RU�WLPH�FKDQJHV�

RFFXU�LQ�UHFRUGLQJ�WKH�NH\�YDULDEOHV�LQ�WKH�WZR�GDWD�DUFKLYHV��

���0HDVXUHV�RI�ULVN�

,Q�WKLV�VHFWLRQ�ZH�EULHIO\�LQWURGXFH�WKH�EDVLF�FRQFHSWV�XQGHUO\LQJ�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\�
ZLWKLQ�µ�$UJXV��)RU�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\�ZH�UHIHU�WR�%HQHGHWWL�
DQG�)UDQFRQL���������%HQHGHWWL��)UDQFRQL�DQG�&DSRELDQFKL���������)UDQFRQL�DQG�3ROHWWLQL���������
7KH�FRQFHSWV�RI�LQGLYLGXDO�DQG�JOREDO�ULVN�DUH�LQWURGXFHG���DQG�WHFKQLFDO�GHWDLOV�DUH�SURYLGHG��

�����1RWDWLRQ�

/HW�WKH�UHOHDVHG�ILOH�EH�D�UDQGRP�VDPSOH�V�RI�VL]H�Q�VHOHFWHG�IURP�D�ILQLWH�SRSXODWLRQ�3�FRQVLVWLQJ�RI�
1�XQLWV��)RU�D�JHQHULF�XQLW�L�LQ�WKH�SRSXODWLRQ��ZH�GHQRWH�E\���ZL�LWV�SUREDELOLW\�WR�EH�LQFOXGHG�LQ�WKH�
VDPSOH��
&RQVLGHU� WKH� FRQWLQJHQF\� WDEOH� EXLOW� E\� FURVV�WDEXODWLQJ� WKH� NH\� YDULDEOHV�� $� FRPELQDWLRQ� N� LV�
GHILQHG�DV�WKH�N�WK�FHOO�LQ�WKH�FRQWLQJHQF\�WDEOH��7KH�VHW�RI�FRPELQDWLRQV�^���«��N��«��.`�GHILQHV�D�
SDUWLWLRQ�RI�ERWK�WKH�SRSXODWLRQ�DQG�WKH�VDPSOH�LQWR�FHOOV��2EVHUYLQJ�WKH�YDOXHV�RI�WKH�NH\�YDULDEOHV�
RQ�LQGLYLGXDO�L∈V�ZLOO�FODVVLI\�VXFK�LQGLYLGXDO�LQWR�RQH�FHOO��:H�GHQRWH�E\�N�L��WKH�LQGH[�RI�WKH�FHOO�



� ��

LQWR�ZKLFK�LQGLYLGXDO�L∈V�LV�FODVVLILHG�EDVHG�RQ�WKH�YDOXHV�RI�WKH�NH\�YDULDEOHV��7\SLFDOO\��ZH�H[SHFW�
WR�ILQG�VHYHUDO�VDPSOHG�XQLWV�ZLWKLQ�WKH�VDPH�FRPELQDWLRQ�N��:H�IRFXV�WKH�DQDO\VLV�RQ�HDFK�RI�WKH�
N ���«��.�FHOOV�RI�WKLV�FRQWLQJHQF\�WDEOH���
/HW�IN�DQG�)N�GHQRWH��UHVSHFWLYHO\��WKH�QXPEHU�RI�UHFRUGV�LQ�WKH�UHOHDVHG�ILOH�DQG�WKH�QXPEHU�RI�XQLWV�
LQ� WKH�SRSXODWLRQ�ZLWK� WKH�N�WK�FRPELQDWLRQ�RI�FDWHJRULHV�RI� WKH�NH\�YDULDEOHV��)N� LV�XQNQRZQ�IRU�
HDFK�N��'HSHQGLQJ�RQ�WKH�NH\�YDULDEOHV��WKH�WRWDO�QXPEHU�.�RI�FRPELQDWLRQV�FDQ�EH�TXLWH�KLJK��LQ�
WKH�VDPSOH� WR�EH�UHOHDVHG��RQO\�D�VXEVHW�RI�VXFK�QXPEHU�ZLOO�EH�REVHUYHG�DQG�RQO\� WKLV�VXEVHW�RI�
FRPELQDWLRQV�IRU�ZKRP�IN!���LV�RI�LQWHUHVW�WR�WKH�GLVFORVXUH�ULVN�HVWLPDWLRQ�SUREOHP��

�����'HILQLWLRQ�RI�GLVFORVXUH�ULVN�IRU�ILOHV�RI�LQGHSHQGHQW�UHFRUGV�

$FFRUGLQJ�WR�WKH�FRQFHSW�RI�UH�LGHQWLILFDWLRQ�GLVFORVXUH�PHQWLRQHG���ZH�GHILQH�WKH�LQGLYLGXDO�ULVN�RI�
GLVFORVXUH�RI�XQLW�L�LQ�WKH�VDPSOH�DV�LWV�SUREDELOLW\�RI�UH�LGHQWLILFDWLRQ��,Q�V\PEROV��
� ( )3U �FRUUHFWO\�OLQNHG�ZLWK� _ �L L L V 3ρ = �� ����

&OHDUO\�WKH�SUREDELOLW\�WKDW�L∈V�LV�FRUUHFWO\�OLQNHG�ZLWK�L∈3�LV�QXOO�LI�WKH�LQWUXGHU�GRHV�QRW�SHUIRUP�
DQ\�OLQN��7KHUHIRUH�ZH�FDQ�FRQGLWLRQ�RQ�WKH�HYHQW�/L� ��³WKH�LQWUXGHU�DWWHPSWV�D�UH�LGHQWLILFDWLRQ�RI�
XQLW�L�∈�V´�DQG�ZULWH�

�3U����_�ZLWK�OLQNHGFRUUHFWO\���3U� LL


L //3VLL=ρ ��
ZKHUH�3U�/L��UHSUHVHQWV�WKH�SUREDELOLW\�WKDW�WKH�LQWUXGHU�WULHV�WR�HVWDEOLVK�D�OLQN�EHWZHHQ�XQLW�L∈V�DQG�
VRPH�XQLW�LQ�3��
7KH� UH�LGHQWLILFDWLRQ� DWWHPSW� LV� FDVW� XQGHU� WKH� VFHQDULR� GHVFULEHG� LQ� 6HFWLRQ� ��� :H� DGRSW� D�
SHVVLPLVWLF� VFHQDULR� E\� DVVXPLQJ� WKDW� WKH� LQWUXGHU� DWWHPSWV� WR� PDWFK� DOO� WKH� UHFRUGV� LQ� WKH� ILOH�
�3U�/L� ��IRU�DOO�L���PRUHRYHU�ZH�DVVXPH�WKDW�WKH�NH\�YDULDEOHV�DJUHH�RQ�PDWFKLQJ�SDLUV��H�J��WKHVH�
DUH�UHFRUGHG�ZLWKRXW�HUURU�RU�PLVVLQJ�YDOXHV�LQ�HLWKHU�V�RU�3�DQG�PRUHRYHU�QR�WLPH�FKDQJHV�RFFXU�LQ�
WKH�YDOXHV�RI� WKH�NH\�YDULDEOHV��7KH� ODWWHU� K\SRWKHVLV� UDLVHV� WKH�SUREDELOLW\�RI� UH�LGHQWLILFDWLRQ�RI�
UHFRUG�L��7KHUHIRUH�WKH�ULVN�UL�WKDW�ZH�JHW�XQGHU�WKLV�VFHQDULR�LV�FHUWDLQO\�QRW�VPDOOHU�WKDQ�WKH�ULVN� L�
RI�IRUPXOD������

( )3U �FRUUHFWO\�OLQNHG�ZLWK� _ � �ZRUVW�FDVH�VFHQDULRL LU L L V 3ρ ≤ = � ����

7KHUHIRUH�PHDVXULQJ�WKH�GLVFORVXUH�ULVN�E\�UL��LQ�SODFH�RI�ρL�LV�SUXGHQWLDO��H�J��WKH�DFWXDO�ULVN�LV�ORZHU�
WKDQ�WKH�RQH�ZH�DUH�HVWLPDWLQJ��:H�UHIHU�WR�UL��LQ�����DV�WKH��EDVH��LQGLYLGXDO�ULVN�RI�UH�LGHQWLILFDWLRQ��
WKLV�LV�WKH�PHDVXUH�DYDLODEOH�LQ�µ�$UJXV��5HFDOO�WKDW�UL� � LV�DQ�XSSHU�ERXQG�WR�WKH�SUREDELOLW\�RI�UH�
LGHQWLILFDWLRQ�RI�XQLW�L�LQ�WKH�VDPSOH��'HWDLOV�RQ�HVWLPDWLRQ�RI�UL��DUH�SURYLGHG�LQ�WKH�QH[W�VHFWLRQ���

�����(VWLPDWLRQ�RI�WKH�LQGLYLGXDO�ULVN�

:H� WDNH� LQWR� DFFRXQW� WKH� EDVH� LQGLYLGXDO� ULVN� RI� IRUPXOD� ����� WKDW� LV�� WKH� XSSHU� ERXQG� WR� WKH�
SUREDELOLW\�RI� UH�LGHQWLILFDWLRQ�RI� D�XQLW� LQ� WKH� VDPSOH�XQGHU� WKH�ZRUVW�FDVH� VFHQDULR�GHVFULEHG� LQ�
6HFWLRQ����$V�ZH�DOUHDG\�GLVFXVVHG�� WKH� ULVN� LV�FDVW� LQ� WHUPV�RI� WKH�FHOOV�RI� WKH�FRQWLQJHQF\� WDEOH�
EXLOW�E\�FURVV�WDEXODWLQJ�WKH�NH\�YDULDEOHV��&RQVHTXHQWO\�DOO� WKH�UHFRUGV� LQ�WKH�VDPH�FHOO�KDYH�WKH�
VDPH�YDOXH�RI�WKH�ULVN��IRU�WKLV�UHDVRQ��IRU�DQ\�UHFRUG�L�LQ�FHOO�N�ZH�UHIHU�WR�UN�LQVWHDG�RI�UL���
/RRNLQJ�DW�WKH�N�WK�FRPELQDWLRQ�RI�WKH�NH\�YDULDEOHV��N ���«��.��WKH�LQWUXGHU�ILQGV�LQ�WKH�VDPSOH�IN�
LQGLYLGXDOV� KDYLQJ� VXFK� FRPELQDWLRQ�� RXW� RI� )N� LQ� WKH� SRSXODWLRQ�� 7KHVH� LQGLYLGXDOV� DUH�
H[FKDQJHDEOH�IRU�UH�LGHQWLILFDWLRQ��H�J��HDFK�RI�WKH�)N�FDQ�EH�OLQNHG�WR�DQ\�RI�WKH�IN��,I�ZH�ZHUH�WR�
NQRZ�WKH�SRSXODWLRQ�IUHTXHQF\�RI�WKH�N�WK�FRPELQDWLRQ��)N��ZH�ZRXOG�GHILQH�WKH�SUREDELOLW\�RI�UH�
LGHQWLILFDWLRQ� VLPSO\� E\� ��)N�� 7KH� DJHQF\� WKDW� GLVWULEXWHV� WKH� GDWD� PD\� QRW� KDYH� DFFHVV� WR� WKH�
SRSXODWLRQ�UHJLVWHU��DQG�PD\�QRW�NQRZ�WKH�SRSXODWLRQ�FHOO�VL]HV�)N��WKHUHIRUH�DQ�LQIHUHQWLDO�VWHS�LV�WR�
EH� SHUIRUPHG�� :H� GHILQH� WKH� LQGLYLGXDO� ULVN� DV� WKH� DJHQF\� HVWLPDWH� RI� WKH� XSSHU� ERXQG� WR� WKH�
LQWUXGHU¶V� UH�LGHQWLILFDWLRQ� SUREDELOLW\�� ,Q� WKH� SURSRVDO� E\� %HQHGHWWL� DQG� )UDQFRQL� �������� WKH�
XQFHUWDLQW\� RQ� )N� LV� DFFRXQWHG� IRU� LQ� D� %D\HVLDQ� IDVKLRQ� E\� LQWURGXFLQJ� WKH� GLVWULEXWLRQ� RI� WKH�
SRSXODWLRQ� IUHTXHQFLHV� JLYHQ� WKH� VDPSOH� IUHTXHQFLHV�� 7KH� LQGLYLGXDO� ULVN� RI� GLVFORVXUH� LV� WKHQ�
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PHDVXUHG�DV�WKH��SRVWHULRU��PHDQ�RI���)N�ZLWK�UHVSHFW�WR�WKH�GLVWULEXWLRQ�RI�)N_IN��

�
� �

( _ 3U� _ �
N

L N N N
K IN

U I ) K I
) K≥

 
= = = 

 
∑ �� ����

7R� GHWHUPLQH� WKH� SUREDELOLW\� PDVV� IXQFWLRQ� RI� )N_IN�� WKH� IROORZLQJ� VXSHUSRSXODWLRQ� DSSURDFK� LV�
LQWURGXFHG��VHH�%HWKOHKHP�HW�DO���������5LQRWW��������3ROHWWLQL������E���
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8QGHU�PRGHO������WKH�SRVWHULRU�GLVWULEXWLRQ�RI�)N_IN�LV�QHJDWLYH�ELQRPLDO�ZLWK�VXFFHVV�SUREDELOLW\�SN�
DQG�QXPEHU�RI� VXFFHVVHV� IN��7KH� ODZ�RI�)N_IN� LV� WKDW�RI� D�QHJDWLYH�ELQRPLDO�YDULDEOH� FRXQWLQJ� WKH�
QXPEHU�RI�WULDOV�EHIRUH�WKH�M�WK�VXFFHVV��HDFK�ZLWK�SUREDELOLW\�SN��,WV�SUREDELOLW\�PDVV�IXQFWLRQ�LV���
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,Q�%HQHGHWWL�DQG�)UDQFRQL��������LW� LV�VKRZQ�WKDW�XQGHU�WKH�QHJDWLYH�ELQRPLDO�GLVWULEXWLRQ����� WKH�
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ZKHUH�TN� ���±�SN���
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ZKLFK�LV�YDOLG�IRU�IN!����
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LV� WKH�LQWHJUDO�UHSUHVHQWDWLRQ��YDOLG�IRU� ( ) ( ) �F Eℜ > ℜ > ��RI� WKH�*DXVV�K\SHUJHRPHWULF�VHULHV��VHH�

$EUDPRZLW]�DQG�6WHJXQ����������
$Q�HVWLPDWH�RI�WKH�LQGLYLGXDO�ULVN�RI�GLVFORVXUH�����FDQ�EH�REWDLQHG�E\�HVWLPDWLQJ�SN� LQ�����RU������
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*HQHUDOO\� VSHDNLQJ�� XVH� RI� IRUPXOD� ���� IRU� WKH� ULVN� OHDGV� WR� QXPHULFDOO\� XQVWDEOH� HVWLPDWHV� IRU�
YDOXHV�RI� ÖNS �FORVH�WR���RU����)RUPXOD�����GRHV�QRW�VXIIHU�IURP�WKLV�GUDZEDFN��8VLQJ������LQ�����ZH�
WKHUHIRUH�HQG�XS�ZLWK�WKH�IROORZLQJ�SOXJ�LQ�HVWLPDWH�RI�WKH�LQGLYLGXDO�ULVN��
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7KH�QHJDWLYH�ELQRPLDO�GLVWULEXWLRQ� LV�GHILQHG� IRU�����SN������ LQ�SUDFWLFH�� WKH� HVWLPDWHV� ÖNS �PLJKW�

DWWDLQ�WKH�H[WUHPHV�RI�WKH�XQLW�LQWHUYDO��:H�QHYHU�GHDO�ZLWK� Ö �NS = ��DV�LW�FRUUHVSRQGV�WR�IN� ����RQ�

WKH�RWKHU�KDQG��LI� Ö �NS = �� � � Ö� � � � � ���� � �N N N N) I I I S+ = ��VR�WKDW�WKH�LQGLYLGXDO�ULVN�HTXDOV���IN��

�����$SSUR[LPDWLRQ�RI�WKH�LQGLYLGXDO�ULVN��

)RU� ODUJH�YDOXHV�RI� WKH� SDUDPHWHUV� IN�� �� ÖNS �� QXPHULFDO� HYDOXDWLRQ�RI� WKH�K\SHUJHRPHWULF� IXQFWLRQ�
FDQ�EH�FRPSXWDWLRQDOO\�GHPDQGLQJ��3ROHWWLQL������E��KDV�GHULYHG�DSSUR[LPDWLRQV�WKDW�FDQ�EH�XVHG�
HYHQ�IRU�PRGHUDWH�FHOO�VL]HV��7KH�DSSUR[LPDWLRQV�SURYLGHG�DUH�EDVHG�RQ�WKH�VHULHV�UHSUHVHQWDWLRQ�RI�
WKH�K\SHUJHRPHWULF�IXQFWLRQ� � �� � � � � � ��� � �N N N N) I I I T+ ��7KH�IRUPHU�LV�GLYHUJHQW�ZKHQ�IN�����WKHUHIRUH�
GLYHUJHQFH� LV� QHYHU� RI� FRQFHUQ� LQ� SUDFWLFH��$EVROXWH� FRQYHUJHQFH� RI� WKH� VHULHV� LV� JXDUDQWHHG� IRU�
IN�!���� 7KLV� FRQVWUDLQW� GRHV� QHYHU� DSSO\� DV� ZH� DUH� GHDOLQJ� ZLWK� DQ� DSSUR[LPDWLRQ��PRUHRYHU� WKH�
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7KH�DSSUR[LPDWLRQV�WR�EH�SURSRVHG�XVH�WKH�FRQWLJXLW\�SURSHUW\�RI�WKH�K\SHUJHRPHWULF�IXQFWLRQ�
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7KH�IRUPXODH�DERYH�OHDG�WR�H[SUHVVLRQV�RI�WKH�W\SH�
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$SSUR[LPDWLRQV� IURP�EHORZ�FDQ�EH�GHULYHG�E\� WUXQFDWLQJ� WKH� VHULHV� UHSUHVHQWDWLRQ� ������ WKH�HUURU�
GHSHQGV�RQ�WKH�UHPDLQGHU��%HWWHU�DFFXUDF\�PD\�EH�DFKLHYHG�E\�LQWURGXFLQJ�DGGLWLRQDO�WHUPV�LQ�WKH�
WUXQFDWHG�VHULHV�UHSUHVHQWDWLRQ��,Q�JHQHUDO��WKH�DSSUR[LPDWLRQ��
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ZKLFK� KDV� RUGHU� 2�IN
����� LV� DFFXUDWH� HYHQ� IRU� PRGHUDWH� FHOO� VL]HV�� 1XPHULFDO� DVVHVVPHQW� RI� WKH�

UHODWLYH�HUURU� � � �N N NU U U′− �KDV�VKRZQ�WKDW�WKH�IRXUWK�RUGHU�UHSUHVHQWDWLRQ�
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LV�VDWLVIDFWRU\�HYHQ�IRU�VPDOO�FHOO�VL]HV��VHH�)LJ������)LJXUH���DOVR�LQGLFDWHV�WKDW�WKH�WUXQFDWHG�VHULHV�
DSSUR[LPDWLRQ�LV�QRW�XQLIRUP�LQ�IN�DQG�SN�DQG�LQ�JHQHUDO�LV�PRUH�DFFXUDWH�IRU�KLJK�YDOXHV�RI�IN�DQG�
VPDOO�YDOXHV�RI�TN���
�
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)LJXUH����5HODWLYH�HUURUV�RI�WKH�DSSUR[LPDWLRQ�IRU�GLIIHUHQW�RUGHUV��D��IN� ���DQG��E��IN� ����

(YDOXDWLRQ�RI�WKH�ULVN�XVLQJ�WKH�K\SHUJHRPHWULF�IXQFWLRQ�UHTXLUHV�VSHFLDOLVHG�FRGH�DQG�FDQ�SURYH�
FRPSXWDWLRQDOO\�LQWHQVLYH�IRU�ODUJH�YDOXHV�RI�WKH�SDUDPHWHUV��IRU�WKHVH�UHDVRQV�DQG�EDVHG�RQ�WKH�
SUHYLRXV�ILQGLQJV��ZH�VXJJHVW�XVLQJ�IRUPXOD������WR�HYDOXDWH�WKH�ULVN��(VWLPDWLRQ�RI�WKH�ULVN�FDQ�EH�
SHUIRUPHG�E\�SOXJ�LQ�RI�WKH�HVWLPDWHV� ÖNS RI�IRUPXOD������LQ�WKH�DSSUR[LPDWLRQ�������

�����$VVHVVLQJ�WKH�ULVN�RI�WKH�ZKROH�ILOH��JOREDO�ULVN��

7KH� LQGLYLGXDO� ULVN� SURYLGHV� D� PHDVXUH� RI� ULVN� DW� WKH� LQGLYLGXDO� OHYHO�� $� JOREDO� PHDVXUH� RI�
GLVFORVXUH� ULVN� IRU� WKH� ZKROH� ILOH� FDQ� EH� H[SUHVVHG� LQ� WHUPV� RI� WKH� H[SHFWHG� QXPEHU� RI� UH�
LGHQWLILFDWLRQV�LQ�WKH�ILOH��VHH�/DPEHUW���������,Q�WKLV�VHFWLRQ�ZH�LQWURGXFH�WKH�H[SHFWHG�QXPEHU�RI�
UH�LGHQWLILFDWLRQV� DQG� WKH� UH�LGHQWLILFDWLRQ� UDWH��:KHUHDV� WKH� ILUVW� LV� D�PHDVXUH� RI� GLVFORVXUH� WKDW�
GHSHQGV�RQ�WKH�QXPEHU�RI�UHFRUGV�LQ�WKH�ILOH��WKH�UH�LGHQWLILFDWLRQ�UDWH�LV�LQGHSHQGHQW�RI�Q��
'HILQH�D�GLFKRWRPRXV�UDQGRP�YDULDEOH�Φ��DVVXPLQJ�YDOXH���LI�WKH�UH�LGHQWLILFDWLRQ�LV�FRUUHFW�DQG���
LI�WKH�UH�LGHQWLILFDWLRQ�LV�QRW�FRUUHFW��,Q�JHQHUDO�IRU�HDFK�XQLW�LQ�WKH�VDPSOH�RQH�VXFK�YDULDEOH�ΦL�LV�
GHILQHG�� DVVXPLQJ� YDOXH� �� ZLWK� DW� PRVW� SUREDELOLW\� UL��� ,Q� WKH� GLVFXVVLRQ� ZH� EHKDYH� DV� LI� VXFK�
SUREDELOLW\�ZDV�H[DFWO\�UL���7KH�UDQGRP�YDULDEOHV�ΦL�DUH�QRW� L�L�G���EXW� WKH�ULVN� LV�FRQVWDQW�RYHU�WKH�
FHOOV� RI� WKH� FRQWLQJHQF\� WDEOH�� WKHUHIRUH� IRU� FRPELQDWLRQ� N� RI� WKH� NH\� YDULDEOHV�ZH� KDYH� IN� L�L�G��
UDQGRP� YDULDEOHV� ΦL� DVVXPLQJ� YDOXH� �� ZKHQ� WKH� UH�LGHQWLILFDWLRQ� LV� FRUUHFW�� ZLWK� FRQVWDQW�
SUREDELOLW\�UN���7KLV�SUREDELOLW\�FDQ�EH�H[SORLWHG�WR�GHULYH�WKH�H[SHFWHG�QXPEHU�RI�UH�LGHQWLILFDWLRQV�
SHU�FHOO��ZKLFK�HTXDOV� IN� UN�� ,Q�JHQHUDO�� WKH�RYHUDOO� H[SHFWHG�QXPEHU�RI� UH�LGHQWLILFDWLRQV�RYHU� WKH�
ZKROH�VDPSOH�LV�
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7KH�SUHYLRXV�PHDVXUH�FDQ�EH�XVHG�WR�GHILQH�WKH�UH�LGHQWLILFDWLRQ�UDWH�ξ�DV�
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ξ�SURYLGHV�D�PHDVXUH�RI�JOREDO�ULVN��L�H��D�PHDVXUH�RI�GLVFORVXUH��ULVN�IRU�WKH�ZKROH�ILOH��WKDW�GRHV�
QRW�GHSHQG�RQ�WKH�VDPSOH�VL]H�DQG�FDQ�EH�XVHG�WR�DVVHVV�WKH�ULVN�RI�WKH�ILOH�RU�WR�FRPSDUH�GLIIHUHQW�
W\SHV�RI�UHOHDVH��
7KH�SHUFHQWDJH� RI� H[SHFWHG� UH�LGHQWLILFDWLRQV�� L�H�� WKH� YDOXH�ψ� ���ξ���SURYLGHV� DQ� HTXLYDOHQW�
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PHDVXUH�RI�JOREDO�ULVN��

���$SSOLFDWLRQ�RI�ORFDO�VXSSUHVVLRQ�ZLWKLQ�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\�

µ�$UJXV� FRQWDLQV� D�PRGXOH� WKDW� HVWLPDWHV� WKH� LQGLYLGXDO� ULVN��$V�ZH� KDYH� DOUHDG\� VHHQ�� DFWXDOO\�
ZKDW� LV� HVWLPDWHG� LV� DQ� XSSHU� ERXQG� IRU� WKH� SUREDELOLW\� RI� UH�LGHQWLILFDWLRQ�� WKXV� OHDGLQJ� WR�
SUXGHQWLDO� HYDOXDWLRQ� RI� WKH� ULVN�� $IWHU� WKH� ULVN� KDV� EHHQ� HVWLPDWHG�� SURWHFWLRQ� WDNHV� SODFH�� 2QH�
RSWLRQ�LQ�SURWHFWLRQ�LV�UHFRGLQJ�WKH�FDWHJRULHV�RI�VHOHFWHG�YDULDEOHV��JOREDO�UHFRGLQJ��� WKH�RWKHU� LV�
WKH� DSSOLFDWLRQ� RI� ORFDO� VXSSUHVVLRQ�� /RFDO� VXSSUHVVLRQ� FRQVLVWV� RI� LQWURGXFLQJ�PLVVLQJ� YDOXHV� LQ�
VRPH�RI� WKH�NH\�YDULDEOHV�RI�VHOHFWHG�UHFRUGV��QRWH�WKDW� WKLV�FKRLFH�DOORZV�WR�UHOHDVH�WKH�VHQVLWLYH�
YDULDEOHV�XQFKDQJHG��
,Q�µ�$UJXV� WKH� XVHU� FDQ� FRPELQH� WKH� WHFKQLTXH� RI� ORFDO� VXSSUHVVLRQ�ZLWK� HLWKHU� RI� WZR� GLIIHUHQW�
PHDVXUHV� RI� ULVN�� ERWK� DW� WKH� FRPELQDWLRQ� OHYHO�� RQH� LV� WKH� VDPSOH� IUHTXHQF\� RI� WKH� FRPELQDWLRQ�
�XVHG� E\� WKH� &%6�PHWKRGRORJ\��� WKH� RWKHU� LV� WKH� ULVN� RI� WKH� LQGLYLGXDOV� LQ� WKDW� FRPELQDWLRQ�� ,Q�
HLWKHU�HYHQW��SURWHFWLRQ�E\�ORFDO�VXSSUHVVLRQ�LV�DSSOLHG�WR�XQVDIH�FHOOV�RU�FRPELQDWLRQV��DQG�WKH�XVHU�
PXVW�LQSXW�D�WKUHVKROG�WR�FODVVLI\�WKHVH�DV�HLWKHU�VDIH�RU�XQVDIH��:KHQ�DSSO\LQJ�ORFDO�VXSSUHVVLRQ�LQ�
FRPELQDWLRQ�ZLWK�WKH�LQGLYLGXDO�ULVN��XVHUV�PXVW�VHOHFW�D�WKUHVKROG�LQ�WHUPV�RI�ULVN��H�J��SUREDELOLW\�
RI�UH�LGHQWLILFDWLRQ��VHH�6HFWLRQ�������/RFDO�VXSSUHVVLRQ�LV�DSSOLHG�WR�WKH�XQVDIH�LQGLYLGXDOV��VR�DV�WR�
ORZHU�WKHLU�SUREDELOLW\�RI�EHLQJ�UH�LGHQWLILHG��,Q�RUGHU�WR�VHOHFW�WKH�ULVN�WKUHVKROG��WKDW�UHSUHVHQWV�D�
OHYHO� RI� DFFHSWDEOH� ULVN�� L�H�� D� ULVN� YDOXH� XQGHU� ZKLFK� DQ� LQGLYLGXDO� FDQ� EH� FRQVLGHUHG� VDIH�� ZH�
VXJJHVW�WKDW�WKH�XVHU�UHIHUV�WR�WKH�UH�LGHQWLILFDWLRQ�UDWH�GHILQHG�LQ�WKH�SUHYLRXV�VHFWLRQ��,QGHHG�WKH�
UH�LGHQWLILFDWLRQ�UDWH�KDV�D�YHU\�QDWXUDO� LQWHUSUHWDWLRQ��DQG�D�IL[HG�UDQJH��ZKHUHDV�WKH�UDQJH�RI� WKH�
LQGLYLGXDO�ULVN�YDULHV�VXEVWDQWLDOO\�ZLWK�WKH�GDWD��DQG�LW�LV�XVXDOO\�QRW�SRVVLEOH�WR�GHILQH�D�WKUHVKROG�
WKDW�LV�YDOLG�IRU�DOO�GDWD�UHOHDVHV��
7KH�XVHU�ZLOO�WKHUHIRUH�GHILQH�D�UHOHDVH�VDIH�ZKHQ�WKH�H[SHFWHG�UDWH�RI�FRUUHFW�UH�LGHQWLILFDWLRQV�LV�
EHORZ� D� OHYHO� KH�VKH� FRQVLGHUV� DFFHSWDEOH�� $V� WKH� UH�LGHQWLILFDWLRQ� UDWH� LV� FDVW� LQ� WHUPV� RI� WKH�
LQGLYLGXDO�ULVN��VHH�IRUPXOD��������D�WKUHVKROG�RQ�WKH�UH�LGHQWLILFDWLRQ�UDWH�FDQ�EH�WUDQVIRUPHG�LQWR�D�
WKUHVKROG�RQ� WKH� LQGLYLGXDO� ULVN�� WKLV� LV�GHVFULEHG� LQ�6HFWLRQ������8QGHU�WKLV�DSSURDFK�� LQGLYLGXDOV�
DUH�DW� ULVN�EHFDXVH� WKHLU�SUREDELOLW\�RI� UH�LGHQWLILFDWLRQ�FRQWULEXWHV�D� ODUJH�SURSRUWLRQ�RI�H[SHFWHG�
UH�LGHQWLILFDWLRQV�LQ�WKH�ILOH���
&OHDUO\��FKRLFH�RI�WKH�WKUHVKROG�DIIHFWV�WKH�TXDOLW\�RI�WKH�UHVXOWLQJ�³VDIH´�ILOH��DQG�EHIRUH�VDYLQJ�WKH�
RXWSXW� ILOH�� WKH� WKUHVKROG� FDQ� EH� FKDQJHG�� 7KLV�ZLOO� DOORZ� IRU� DVVHVVPHQW� RI� WKH� ULVN� RI� WKH� ILOH��
QXPEHU�RI�FRQVHTXHQW�VXSSUHVVLRQV�DQG� WKHUHIRUH�TXDOLW\�RI� WKH�³VDIH´� ILOH�EHIRUH�GDWD� UHOHDVH�� ,Q�
RUGHU� WR� UHGXFH� WKH�QXPEHU�RI�VXSSUHVVLRQV�� MRLQW�XVH�RI�JOREDO�UHFRGLQJ�DQG� ORFDO�VXSSUHVVLRQ� LV�
UHFRPPHQGHG��5HFRGLQJ�RI�VHOHFWHG�YDULDEOHV�ZLOO� LQGHHG�ORZHU�WKH�LQGLYLGXDO�ULVNV�DQG�WKHUHIRUH�
WKH�UH�LGHQWLILFDWLRQ�UDWH�RI�WKH�ILOH��7KH�ZKROH�SURFHGXUH�RI�UHOHDVLQJ�D�VDIH�ILOH�LQGHHG�PDNHV�XVH�
RI�ERWK�JOREDO�UHFRGLQJ�DQG�ORFDO�VXSSUHVVLRQ��VHH�6HFWLRQ�����7KH�LQGLYLGXDO�ULVN�KDV�KHUH�D�WZRIROG�
XVH�� GLUHFWO\�� LW� SHUPLWV� WR� LGHQWLI\� XQVDIH� UHFRUGV�� LQGLUHFWO\�� DV� UL� PHDVXUHV� WKH� FRQWULEXWLRQ� RI�
UHFRUG�L� WR�WKH�UH�LGHQWLILFDWLRQ�UDWH�ξ��RU�LWV�HTXLYDOHQW�ψ���LW�SHUPLWV�WR�DVVHVV�ZKHWKHU�WKH�ZKROH�
ILOH�FDQ�EH�VDIHO\�UHOHDVHG��

�����7KUHVKROG�VHWWLQJ�XVLQJ�WKH�UH�LGHQWLILFDWLRQ�UDWH�

,Q�WKH�SUHYLRXV�VHFWLRQ�ZH�UHPDUNHG�WKDW�D� WKUHVKROG�IRU� WKH�LQGLYLGXDO�ULVN�FDQ�EH�GHWHUPLQHG�E\�
FKRRVLQJ� WKH� PD[LPXP� WROHUDEOH� UH�LGHQWLILFDWLRQ� UDWH� LQ� WKH� VDPSOH�� :H� QH[W� PRWLYDWH� WKLV�
FRUUHVSRQGHQFH�DQG�VKRZ�KRZ�WKLV�RSHUDWLRQ�FDQ�EH�SHUIRUPHG��
&RQVLGHU� WKH� UH�LGHQWLILFDWLRQ� UDWH� ������ FHOO� N� FRQWULEXWHV� WR� � DQ� DPRXQW� UNIN� RI� H[SHFWHG� UH�
LGHQWLILFDWLRQV�� 6LQFH� XQLWV� EHORQJLQJ� WR� WKH� VDPH� FHOO� N� KDYH� WKH� VDPH� LQGLYLGXDO� ULVN�� ZH� FDQ�
DUUDQJH�FHOOV�LQ�LQFUHDVLQJ�RUGHU�RI�ULVN�UN��:H�XVH�WKH�EUDFNHWV�WR�GHQRWH�WKH�JHQHULF�HOHPHQW�LQ�WKLV�
RUGHULQJ��WKHUHIRUH�WKH�N�WK�HOHPHQW�LQ�WKLV�RUGHULQJ�ZLOO�EH�GHQRWHG�E\�WKH�VXEVFULSW��N����
6XSSRVH� WKDW� D� WKUHVKROG� U� KDV�EHHQ� VHW�RQ� WKH� LQGLYLGXDO� ULVN��8QVDIH� FHOOV� DUH� WKRVH� IRU�ZKLFK�
UN���U

�� ,Q� WKH� ULVN� RUGHULQJ� RI� FHOOV�� ZH� FDQ� ILQG� D� FHOO� LQGH[� �.�� �ZKLFK� LV� UHODWLYH� WR� U�� WKDW�
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GLVFULPLQDWHV�EHWZHHQ�VDIH�DQG�XQVDIH�FHOOV��L�H���
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)RUPXOD� ����� DERYH� SXWV� U� DQG� .� LQ� RQH�WR�RQH� FRUUHVSRQGHQFH�� 8QVDIH� FHOOV� DUH� LQGH[HG� E\�
�N�� �.����«�� .�� DQG� ORFDO� VXSSUHVVLRQ� HQVXUHV� WKDW� DIWHU� SURWHFWLRQ� WKHVH� FHOOV� ZLOO� KDYH� ULVN�
EHORZ�U��)RU� WKH�XQVDIH�FHOOV� WKHUHIRUH�U�N���� U

�DIWHU�SURWHFWLRQ��2QFH�SURWHFWLRQ� LV�DSSOLHG�XVLQJ�
WKUHVKROG� U�� WKH� H[SHFWHG� QXPEHU� RI� UH�LGHQWLILFDWLRQV� LQ� WKH� UHOHDVHG� VDPSOH� LV� WKHQ� FHUWDLQO\�
VPDOOHU�WKDQ��
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,Q� IDFW�� WKH� WKUHVKROG� U� FDQ� EH� SLFNHG� IURP� WKH� GLVFUHWH� VHW� RI� REVHUYHG� ULVN� YDOXHV�� EHFDXVH�
FKRRVLQJ�D�WKUHVKROG�WKDW�LV�EUDFNHWHG�E\�WZR�FRQVHFXWLYH�REVHUYHG�ULVN�OHYHOV�ZRXOG�QRW�FKDQJH�WKH�
H[SHFWHG�QXPEHU�RI�UH�LGHQWLILFDWLRQV��
7KH� SUHYLRXV� IRUPXOD� DOORZV� VHWWLQJ� U� VR� WKDW� WKH� UH�LGHQWLILFDWLRQ� UDWH� RI� WKH� UHOHDVHG� ILOH� LV�
ERXQGHG�E\�D�XVHU�GHILQHG�WKUHVKROG�YDOXH��L�H�� ��� ��$�VXIILFLHQW�FRQGLWLRQ�IRU�WKLV�LV�WKDW�
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,QVWHDG� RI� VHOHFWLQJ� D� WKUHVKROG� RQ� WKH� LQGLYLGXDO� ULVN�� LW� LV�PRUH� QDWXUDO� IRU� WKH� XVHU� WR� GHILQH� D�
WKUHVKROG�RQ�WKH�UH�LGHQWLILFDWLRQ�UDWH� ��5HYHUVLQJ�WKH�DSSURDFK�SXUVXHG�VR�IDU��IRUPXOD������FDQ�EH�
H[SORLWHG� WR� GHWHUPLQH� D� FHOO� LQGH[�.� WKDW� NHHSV� WKH� UH�LGHQWLILFDWLRQ� UDWH� �RI� WKH� UHOHDVHG� ILOH�
EHORZ�τ��7KLV�LQ�WXUQ�LGHQWLILHV�D�WKUHVKROG�RQ�WKH�LQGLYLGXDO�ULVN��E\�UHODWLRQ�������WKH�FRUUHVSRQGLQJ�
LQGLYLGXDO� ULVN� WKUHVKROG� LV� U�.����� 7KH� VHDUFK� RI� VXFK� D� .

� LV� SHUIRUPHG� E\� D� VLPSOH� LWHUDWLYH�
DOJRULWKP��

���5HOHDVLQJ�ILOHV�ZLWK�D�KLHUDUFKLFDO�VWUXFWXUH�

$�UHOHYDQW�FKDUDFWHULVWLF�RI�VRFLDO�PLFURGDWD�LV�LWV�LQKHUHQW�KLHUDUFKLFDO�VWUXFWXUH��ZKLFK�DOORZV�XV�WR�
UHFRJQLVH�JURXSV�RI�LQGLYLGXDOV�LQ�WKH�ILOH��WKH�PRVW�W\SLFDO�FDVH�EHLQJ�WKH�KRXVHKROG��9HU\�RIWHQ�LQ�
VRFLDO�VXUYH\V�WKH�VDPH�LQIRUPDWLRQ�LV�FROOHFWHG�IRU�HDFK�KRXVHKROG�PHPEHU�DQG�DOO�WKLV�LV�VWRUHG�LQ�
D�VLQJOH�UHFRUG�WKDW�UHIHUV�WR�WKH�KRXVHKROG��:KHQ�GHILQLQJ�WKH�UH�LGHQWLILFDWLRQ�ULVN��LW�LV�LPSRUWDQW�
WR� WDNH� LQWR�DFFRXQW� WKLV�GHSHQGHQFH�DPRQJ�XQLWV�� LQGHHG� UH�LGHQWLILFDWLRQ�RI�DQ� LQGLYLGXDO� LQ� WKH�
JURXS� PD\� DIIHFW� WKH� SUREDELOLW\� RI� GLVFORVXUH� RI� DOO� LWV� PHPEHUV�� 6R� IDU�� LPSOHPHQWDWLRQ� RI� D�
KLHUDUFKLFDO�ULVN�KDV�EHHQ�SHUIRUPHG�RQO\�ZLWK�UHIHUHQFH�WR�KRXVHKROGV��:H�ZLOO�WKHUHIRUH�UHIHU�WR�
LQGLYLGXDO�DQG�KRXVHKROG�ULVN�IRU�ILOHV�RI�LQGHSHQGHQW�XQLWV�DQG�RI�KRXVHKROGV��UHVSHFWLYHO\��
7KH� LQGLYLGXDO� ULVN�PHWKRGRORJ\� LV� FXUUHQWO\� WKH� RQO\� DSSURDFK� WKDW� WR� VRPH� H[WHQW� DOORZV� IRU� D�
KLHUDUFKLFDO� VWUXFWXUH� LQ� WKH�GDWD��ZKLFK� LV� LQ� IDFW� W\SLFDO� LQ�PDQ\�FRQWH[WV��8QGHU� WKH�K\SRWKHVLV�
WKDW�WKH�ILOH�KDV�D�KLHUDUFKLFDO�VWUXFWXUH��LW�LV�SRVVLEOH�WR�ORFDWH�XQLWV�ZLWKLQ�WKH�KRXVHKROG�DQG��WR�D�
FHUWDLQ�H[WHQW��DOVR�HVWDEOLVK�UHODWLRQVKLSV�EHWZHHQ�PHPEHUV�RI� WKH�VDPH�KRXVHKROG��$OORZLQJ�IRU�
GHSHQGHQFH� LQ� HVWLPDWLQJ� WKH� ULVN� HQDEOHV� XV� WR� DWWDLQ� D� KLJKHU� OHYHO� RI� VDIHW\� WKDQ�ZKHQ�PHUHO\�
FRQVLGHULQJ�WKH�FDVH�RI�LQGHSHQGHQFH��,Q�WKH�QH[W�VHFWLRQ�ZH�LQWURGXFH�D�PHDVXUH�WKDW�DGGUHVVHV�WKLV�
SUREOHP��LQ�WKH�HIIRUW�WR�VXLW�KLHUDUFKLFDOO\�VWUXFWXUHG��LQ�SDUWLFXODU�KRXVHKROG��PLFURGDWD��

�����7KH�KRXVHKROG�ULVN��

)RU�WKH�KRXVHKROG�ULVN�ZH�DGRSW�WKH�VDPH�IUDPHZRUN�WKDW�ZH�UHIHUUHG�WR�LQ�GHILQLQJ�WKH�LQGLYLGXDO�
ULVN�� ,Q�SDUWLFXODU��ZH�XVH�WKH�FRQFHSW�RI�UH�LGHQWLILFDWLRQ�GLVFORVXUH�DQG�WKH�VFHQDULR�GHVFULEHG�LQ�
6HFWLRQ����+RZHYHU��DV�H[WHUQDO�UHJLVWHUV�WKDW�FRQWDLQ�LQIRUPDWLRQ�RQ�KRXVHKROGV�DUH�QRW�FRPPRQO\�
DYDLODEOH��IRU�ILOHV�RI�KRXVHKROGV�ZH�PDNH�WKH�DGGLWLRQDO�DVVXPSWLRQ�WKDW��

��� WKH� LQWUXGHU� DWWHPSWV� D� FRQILGHQWLDOLW\� EUHDFK� E\� UH�LGHQWLILFDWLRQ� RI� LQGLYLGXDOV� LQ�
KRXVHKROGV��
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)URP� WKH�GHILQLWLRQ�JLYHQ� LQ�6HFWLRQ������ LW� IROORZV� WKDW� WKH� LQGLYLGXDO� ULVN� FDQ�EH� FRQVLGHUHG� DQ�
HVWLPDWH�RI�D�SUREDELOLW\�RI�UH�LGHQWLILFDWLRQ��:H�GHILQH�WKH�KRXVHKROG�ULVN�DV�WKH�SUREDELOLW\�WKDW�DW�
OHDVW� RQH� LQGLYLGXDO� LQ� WKH�KRXVHKROG� LV� UH�LGHQWLILHG��%\� FRQVHTXHQFH�� WKH�KRXVHKROG� ULVN� FDQ�EH�
GHULYHG�IURP�WKH�LQGLYLGXDO�ULVNV�DQG�NQRZOHGJH�RI�WKH�KRXVHKROG�VWUXFWXUH�RI�WKH�GDWD��)RU�D�JLYHQ�
KRXVHKROG�J�RI�VL]H�_J_��ZKRVH�PHPEHUV�ZH�ODEHO�L���«��L_J_��ZH�GHILQH�WKH�KRXVHKROG�ULVN�DV�
 � � _ _� � � ��� �UH�LGHQWLILHG�K
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$VVXPLQJ� LQGHSHQGHQFH� RI� UH�LGHQWLILFDWLRQ� DWWHPSWV� ZLWKLQ� WKH� VDPH� KRXVHKROG�� ����� FDQ� EH�
H[SUHVVHG�E\�%RROH
V�IRUPXOD�XVLQJ�WKH�LQGLYLGXDO�ULVNV�
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%\� V\PPHWU\� RI� WKH� %RROH¶V� IRUPXOD�� WKH� RUGHULQJ� RI� XQLWV� LQ� WKH� JURXS� LV� QRW� UHOHYDQW�� ,Q� D�
KLHUDUFKLFDO� ILOH� WKHUHIRUH� WKH� PHDVXUH� RI� GLVFORVXUH� ULVN� LV� WKH� VDPH� IRU� DOO� WKH� LQGLYLGXDOV� LQ�
KRXVHKROG�J�DQG�HTXDOV� K

JU ��(VWLPDWLRQ�RI� WKH�KRXVHKROG�ULVN�FDQ�EH�SHUIRUPHG�E\�SOXJ�LQ�RI� WKH�

HVWLPDWHV�RI�WKH�LQGLYLGXDO�ULVNV�
� _ _
� �

JL LU U�  DORQJ�WKH�OLQHV�GHVFULEHG�LQ�6HFWLRQ����

�����+RXVHKROG�ULVN��WKUHVKROG�VHWWLQJ�DQG�LGHQWLILFDWLRQ�RI�WKH�XQVDIH�UHFRUGV�

6LQFH�DOO�WKH�LQGLYLGXDOV�LQ�D�JLYHQ�KRXVHKROG�KDYH�WKH�VDPH�KRXVHKROG�ULVN��WKH�H[SHFWHG�QXPEHU�RI�
UH�LGHQWLILHG� UHFRUGV� LQ� KRXVHKROG� J� HTXDOV� K

JJ U �� :H� GHILQH� WKH� UH�LGHQWLILFDWLRQ� UDWH� LQ� D�

KLHUDUFKLFDO�ILOH�DV��
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ZKHUH�*�LV�WKH�WRWDO�QXPEHU�RI�KRXVHKROGV�LQ�WKH�ILOH��7KH�UH�LGHQWLILFDWLRQ�UDWH�FDQ�QRZ�EH�XVHG�WR�
GHILQH�D�WKUHVKROG�UK


�RQ�WKH�KRXVHKROG�ULVN�UK���PXFK�LQ�WKH�VDPH�ZD\�DV�LQ�6HFWLRQ�������

1RWH�WKDW�WKH�KRXVHKROG�ULVN� K
JU RI�KRXVHKROG�J�LV�FRPSXWHG�E\�WKH�LQGLYLGXDO�ULVNV�RI�LWV�KRXVHKROG�

PHPEHUV�� )RU� D� JLYHQ� KRXVHKROG�� LW� PLJKW� KDSSHQ� WKDW� D� KRXVHKROG� LV� XQVDIH� � K
JU � H[FHHGV� WKH�

WKUHVKROG��EHFDXVH�MXVW�RQH�RI�LWV�PHPEHUV��L��VD\��KDV�D�KLJK�YDOXH�UL�RI�WKH�LQGLYLGXDO�ULVN��,Q�RUGHU�
WR� SURWHFW� WKH� KRXVHKROGV�� RXU� DSSURDFK� LV� WKHUHIRUH� WR� SURWHFW� LQGLYLGXDOV� LQ� KRXVHKROGV�� ILUVW�
SURWHFWLQJ� WKRVH� LQGLYLGXDOV� ZKR� FRQWULEXWH� PRVW� WR� WKH� KRXVHKROG� ULVN�� )RU� WKLV� UHDVRQ�� LQVLGH�
XQVDIH� KRXVHKROGV�� ZH� QHHG� WR� LGHQWLI\� XQVDIH� LQGLYLGXDOV�� ,Q� RWKHU� ZRUGV�� ZH� QHHG� D� ZD\� WR�
WUDQVIRUP�D�WKUHVKROG�RQ�WKH�KRXVHKROG�ULVN�UK�LQWR�D�WKUHVKROG�RQ�WKH�LQGLYLGXDO�ULVN�U��7R�WKLV�DLP��
ZH�QRWLFH�WKDW�E\�IRUPXOD������WKH�KRXVHKROG�ULVN�LV�ERXQGHG�E\�WKH�VXP�RI�WKH�LQGLYLGXDO�ULVNV�RI�
WKH�PHPEHUV�RI�WKH�KRXVHKROG���
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&RQVLGHU� WR�DSSO\�D� WKUHVKROG�UK

�RQ� WKH�KRXVHKROG�ULVN�� ,Q�RUGHU� IRU�KRXVHKROG�J� WR�EH�FODVVLILHG�

VDIH��L�H�� K
JU < �UK


��LW�LV�VXIILFLHQW�WKDW�DOO�RI�LWV�FRPSRQHQWV�KDYH�LQGLYLGXDO�ULVN�OHVV�WKDQ��

J� �U
K�_J_��

7KLV�LV�FOHDUO\�D�VWURQJO\�SUXGHQWLDO�DSSURDFK��DV�ZH�FKHFN�ZKHWKHU�D�ERXQG�RQ�WKH�KRXVHKROG�ULVN�LV�
EHORZ�D�JLYHQ�WKUHVKROG��
,W�LV�LPSRUWDQW�WR�UHPDUN�WKDW�WKH�WKUHVKROG� J�MXVW�GHILQHG�GHSHQGV�RQ�WKH�VL]H�RI�WKH�KRXVHKROG�WR�
ZKLFK� LQGLYLGXDO� L� EHORQJV�� 7KLV� LPSOLHV� WKDW� IRU� WZR� LQGLYLGXDOV� WKDW� DUH� FODVVLILHG� LQ� WKH� VDPH�
FRPELQDWLRQ� N� RI� NH\� YDULDEOHV� �DQG� WKHUHIRUH� KDYH� WKH� VDPH� LQGLYLGXDO� ULVN� UN��� EXW� EHORQJ� WR�
GLIIHUHQW�KRXVHKROGV�ZLWK�GLIIHUHQW�VL]HV��LW�PLJKW�KDSSHQ�WKDW�RQH�LV�FODVVLILHG�VDIH��ZKLOH�WKH�RWKHU�
XQVDIH���



� ���

,Q�SUDFWLFH��GHQRWLQJ�E\�J�L��WKH�KRXVHKROG�WR�ZKLFK�UHFRUG�L�EHORQJV��WKH�DSSURDFK�SXUVXHG�VR�IDU�
FRQVLVWV�LQ�WXUQLQJ�D�WKUHVKROG�UK


�RQ�WKH�KRXVHKROG�ULVN�LQWR�D�YHFWRU�RI�WKUHVKROGV�RQ�WKH�LQGLYLGXDO�

ULVNV�UL��L� ����«��Q� 

� �J J Lδ δ= = �UK

�_J��L��_��

,QGLYLGXDOV�DUH� ILQDOO\�VHW� WR�XQVDIH�ZKHQHYHU� � �L J LU δ≥ �� ORFDO�VXSSUHVVLRQ� LV� WKHQ�DSSOLHG� WR� WKRVH�

UHFRUGV��LI�UHTXHVWHG��6XSSUHVVLRQ�RI�WKHVH�UHFRUGV�HQVXUHV�WKDW�DIWHU�SURWHFWLRQ�WKH�KRXVHKROG�ULVN�LV�
EHORZ�WKH�WKUHVKROG� J��

���6RPH�&RPPHQWV�RQ�5LVN�(VWLPDWLRQ�

7KH� SURFHGXUH� UHOLHV� RQ� WKH� DVVXPSWLRQ� WKDW� WKH� DYDLODEOH� GDWD� DUH� D� VDPSOH� IURP� D� ODUJHU�
SRSXODWLRQ�� 7KH� VDPSOLQJ� GHVLJQ� LV� DVVXPHG� WR� EH� NQRZQ�� DV� IDU� DV� WKH� VDPSOLQJ� ZHLJKWV� DUH�
FRQFHUQHG� DW� OHDVW�� ,I� WKH� VDPSOLQJ� ZHLJKWV� DUH� QRW� DYDLODEOH�� RU� LI� GDWD� UHSUHVHQW� WKH� ZKROH�
SRSXODWLRQ�� WKH� VWUDWHJ\� XVHG� WR� HVWLPDWH� WKH� LQGLYLGXDO� ULVN� LV� QRW� PHDQLQJIXO�� 7KHUHIRUH� ZH�
UHFRPPHQG�XVLQJ� WKH� LQGLYLGXDO� ULVN�PHWKRGRORJ\� RQO\� IRU� VDPSOH�GDWD��ZKHQ� VDPSOLQJ�ZHLJKWV�
DUH�DYDLODEOH��
5HFDOO� WKDW� WKH� KRXVHKROG� ULVN� K

JU � RI� KRXVHKROG� J� RQO\� GHSHQGV� RQ� WKH� ULVNV�
� _ _
� �

JL LU U� � RI� LWV�

FRPSRQHQWV��DQG�WKHVH�DUH�HYDOXDWHG�XQGHU�WKH�K\SRWKHVLV�RI�QR�KLHUDUFKLFDO�VWUXFWXUH�LQ�WKH�ILOH��)RU�
KRXVHKROG�GDWD�LW�LV�WKHUHIRUH�LPSRUWDQW�WR�LQFOXGH�LQ�WKH�NH\�YDULDEOHV�WKDW�DUH�XVHG�WR�HVWLPDWH�WKH�
ULVNV�

� _ _
� �

JL LU U� �DOVR�WKH�DYDLODEOH�LQIRUPDWLRQ�RQ�WKH�KRXVHKROG��VXFK�DV�WKH�QXPEHU�RI�FRPSRQHQWV�

RU� WKH� KRXVHKROG� W\SH��1RWH� WKDW�ZKHQ� WKH� KRXVHKROG� VL]H� LV� XVHG� DV� RQH� RI� WKH� NH\� YDULDEOHV�� D�
VLQJOH� WKUHVKROG� J� IRU� HDFK� FHOO� LV� GHILQHG�� DV� DOO� WKH� LQGLYLGXDOV� LQ� WKH� VDPH�FHOO� KDYH� WKH� VDPH�
KRXVHKROG�VL]H��8QGHU�WKLV�FLUFXPVWDQFH�UHFRUGV�LQ�FHOO�N�DUH�DOO�VDIH�RU�DOO�XQVDIH��FRQWUDVW�ZLWK�WKH�
UHPDUN�RI�6HFWLRQ��������
6XSSRVH�RQH� FRPSXWHV� WKH� ULVN�XVLQJ� WKH�KRXVHKROG� VL]H� DV� WKH�RQO\�NH\�YDULDEOH� LQ� D�KRXVHKROG�
GDWD� ILOH�� DQG� WKDW� VXFK� ILOH� FRQWDLQV� KRXVHKROGV� ZKRVH� ULVN� LV� DERYH� D� IL[HG� WKUHVKROG�� 6LQFH�
LQIRUPDWLRQ� RQ� WKH� QXPEHU� RI� FRPSRQHQWV� LQ� WKH� KRXVHKROG� FDQQRW� EH� UHPRYHG� IURP� D� ILOH�ZLWK�
KRXVHKROG� VWUXFWXUH�� WKHVH� UHFRUGV� FDQQRW� EH� VDIHO\� UHOHDVHG�� DQG� QR� VXSSUHVVLRQ� FDQ�PDNH� WKHP�
VDIH��7KLV�SHUPLWV�WR�FKHFN�IRU�SUHVHQFH�RI�YHU\�SHFXOLDU�KRXVHKROGV��XVXDOO\��WKH�YHU\�ODUJH�RQHV��
WKDW� FDQ� EH� HDVLO\� UHFRJQLVHG� LQ� WKH� SRSXODWLRQ� MXVW� E\� WKHLU� VL]H� DQG�ZKRVH�PDLQ� FKDUDFWHULVWLF��
QDPHO\�WKHLU�VL]H��FDQ�EH�LPPHGLDWHO\�FRPSXWHG�IURP�WKH�ILOH��
,Q� 'L� &RQVLJOLR� HW� DO�� ������� DQ� H[SHULPHQW� ZDV� FRQGXFWHG� WR� DVVHVV� WKH� SHUIRUPDQFH� RI� WKH�
LQGLYLGXDO� ULVN�RI�GLVFORVXUH��7KH�DLP�ZDV� WR� LQYHVWLJDWH�ZKHWKHU� WKH� LQGLYLGXDO� ULVN� LV�HVWLPDWLQJ�
WKH�FRUUHFW�TXDQWLW\��L�H��WKH�UHDO�ULVN�RI�DQ�LQGLYLGXDO��DQG�DOVR�ZKHWKHU�WKH�TXDOLW\�RI�WKLV�HVWLPDWLRQ�
LV�DSSURSULDWH��$�JRRG�DJUHHPHQW�ZDV�QRWLFHG�EHWZHHQ�WKH�UHDO�ULVN�DQG�LWV�HVWLPDWHV��DOWKRXJK�WKH�
SUHFLVLRQ�RI�WKH�HVWLPDWRU�VHHPV�SRRU�IRU�UDUH�FRPELQDWLRQV�LQ�WKH�VDPSOH�DV�FRPSDUHG�WR�WKH�PRUH�
FRPPRQ�RQHV��$�PLQRU�SUHFLVLRQ�LV�DQ�LQWULQVLF�SUREOHP�RI�VPDOO�FRXQWV��'LVFULPLQDWLQJ�UDUH�DQG�
FRPPRQ�IHDWXUHV�LQ�WKH�SRSXODWLRQ�LV��E\�IDU��WKH�PRVW�GLIILFXOW�WDVN�HVSHFLDOO\�ZKHQ�RQH�FDQ�FRXQW�
RQ�RQO\�RQH�RFFXUUHQFH�LQ�WKH�VDPSOH��)RU�WKLV�UHDVRQ�IXUWKHU�VWXGLHV�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�
WKH�HVWLPDWRU�XVHG�IRU�WKH�LQGLYLGXDO�ULVN�KDYH�EHHQ�SODQQHG��0RGHO�����ZDV�TXHVWLRQHG�WR�SURYLGH�D�
JRRG� ILW� WR� UHDO� GDWD� XQGHU� VRPH� FLUFXPVWDQFHV� �H�J�� 5LQRWW�� ������� 2XU� H[SHULPHQWV� VHHP� WR�
LQGLFDWH� WKDW� WKH� PRGHO� KROGV�� DW� OHDVW� ZLWK� WKH� GDWD� ZH� XVH�� 1RWLFH� WKDW� WKH� DVVXPHG� PRGHO� LV�
FRPSDWLEOH�ZLWK�D�ODUJH�QXPEHU�RI�UHODWLYHO\�VPDOO�FHOOV�LQ�WKH�SRSXODWLRQ��7KHVH�PLJKW�RFFXU�ZLWK�
ERWK�VPDOO�VL]HG�SRSXODWLRQ�DQG�ODUJH�QXPEHU�RI�FRPELQDWLRQV�RI�NH\�YDULDEOHV��

���$�JXLGHG�WRXU�RI�P�$UJXV�IRU�WKH�DSSOLFDWLRQ�RI�WKH�,QGLYLGXDO�5LVN�0HWKRGRORJ\�

7KLV�6HFWLRQ�GHVFULEHV�DSSOLFDWLRQ�RI�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\�ZLWKLQ�µ�$UJXV�YHUVLRQ������
%DVLFDOO\�� WKH�PHWKRG�GHWDLOHG� LQ� WKH�SUHYLRXV� VHFWLRQV�GHILQHV�D�PHDVXUH�RI� UH�LGHQWLILFDWLRQ� ULVN�
SHU� UHFRUG� WKDW� LV�HVWLPDWHG�XVLQJ� WKH�VDPSOLQJ�GHVLJQ�ZHLJKWV��:H�GLVWLQJXLVK�KHUH� WZR�GLIIHUHQW�
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W\SHV�RI�DSSOLFDWLRQ�� WKH� ILUVW�FRQFHUQV� ILOHV�RI� LQGHSHQGHQW�UHFRUGV��ZKHUHDV� WKH�VHFRQG�FRQFHUQV�
ILOHV�ZLWK�D�KRXVHKROG�VWUXFWXUH��7KH�ODWWHU�PXVW�KDYH�D�VSHFLDO�VWUXFWXUH�WKDW�ZH�GLVFXVV�LQ�6HFWLRQ�
����� $� KRXVHKROG� VWUXFWXUH� LV� GHWHFWHG� E\� WKH� VRIWZDUH� WKURXJK� WKH� SUHVHQFH� RI� D� KRXVHKROG�
LGHQWLILHU�YDULDEOH��L�H��D�FRXQWHU�WKDW�GLVWLQJXLVKHV�GLIIHUHQW�KRXVHKROGV��7KLV�LQIRUPDWLRQ�KDV�WR�EH�
LPSXWHG� LQ� WKH� PHWDGDWD� ZLQGRZ� �VHH� 6HFWLRQ� ������ $� KRXVHKROG� ILOH� XVXDOO\� DOVR� SUHVHQWV�
KRXVHKROG�YDULDEOHV��L�H��YDULDEOHV�WKDW�WDNH�WKH�VDPH�OHYHO�IRU�DQ\�PHPEHU�RI�WKH�KRXVHKROG���
)RU� ILOHV� RI� LQGHSHQGHQW� UHFRUGV�� µ�$UJXV� FRPSXWHV� WKH� LQGLYLGXDO� ULVN� PHDVXUH� GHVFULEHG� LQ�
6HFWLRQ� ��� IRU� KRXVHKROG� GDWD��µ�$UJXV� DXWRPDWLFDOO\� FRPSXWHV� D� KRXVHKROG� ULVN� DV� GHVFULEHG� LQ�
6HFWLRQ����
2QFH� WKH� SURSHU� ULVN�PHDVXUH� KDV� EHHQ� HVWLPDWHG�� ORFDO� VXSSUHVVLRQ� LV� DSSOLHG� WR� WKH� LQGLYLGXDOV�
ZKRVH� ULVN�H[FHHGV�D�JLYHQ� WKUHVKROG��7KLV� LV� WR�EH� VHW�E\� WKH�XVHU� �VHH�6HFWLRQV���DQG�����/RFDO�
VXSSUHVVLRQ�ORZHUV�WKH�LQGLYLGXDO�ULVN�RI�WKH�SURWHFWHG�UHFRUGV��DQG�WKHUHIRUH�WKH�JOREDO�ULVN�RI�WKH�
ILOH�� DV� PHDVXUHG� E\� WKH� UH�LGHQWLILFDWLRQ� UDWH�� 7R� UHGXFH� WKH� QXPEHU� RI� VXSSUHVVLRQV�� JOREDO�
UHFRGLQJ� FDQ�DOVR�EH�DSSOLHG��*OREDO� UHFRGLQJ�DIIHFWV�DOO� WKH� UHFRUGV� LQ� WKH� ILOH�� WKHUHE\� UHGXFLQJ�
WKHLU�ULVNV��DV�D�FRQVHTXHQFH��WKH�UH�LGHQWLILFDWLRQ�UDWH�RU�JOREDO�ULVN�RI�WKH�ILOH�LV�GHFUHDVHG��
:H�QH[W�GLVFXVV�WKH�VWHSV�QHHGHG�WR�SHUIRUP�WKH�SURWHFWLRQ�RI�D�GDWD�ILOH�XQGHU�WKH�LQGLYLGXDO�ULVN�
PRGHO��*HQHUDOO\�VSHDNLQJ��µ�$UJXV�UHTXLUHV�WKH�IROORZLQJ�HOHPHQWV�WR�EH�VSHFLILHG��

�� WKH�GDWD�DQG�LWV�VWUXFWXUH��
�� WKH�NH\�YDULDEOHV��
�� D� ULVN� WDEOH� EDVHG� RQ� WKH� REVHUYHG� FRPELQDWLRQV� RI� WKH� NH\� YDULDEOHV�� WKDW� FRQWDLQV� WKH�

LQGLYLGXDO� ULVNV��$V� WKH� LQGLYLGXDO� ULVN� LV� WKH�VDPH�IRU�DOO� WKH� LQGLYLGXDOV�KDYLQJ� WKH�VDPH�
FRPELQDWLRQ�RI�NH\�YDULDEOHV��WKH�ULVN�WDEOH�FDQ�EH�EXLOW�RQ�FRPELQDWLRQV��

�� D�WKUHVKROG�WKDW�SHUPLWV�WR�FODVVLI\�UHFRUGV�LQWR�VDIH�XQVDIH��UHVSHFWLYHO\��
5HFDOO�WKDW�WKH�NH\�YDULDEOHV�DUH�SXEOLF�GRPDLQ�YDULDEOHV��VXFK�DV�VH[��DJH��UHJLRQ�RI�UHVLGHQFH��WKDW�
PD\� DOORZ� LGHQWLILFDWLRQ�� ZH� DVVXPH� WKDW� WKHVH� DUH� DYDLODEOH� WR� WKH� LQWUXGHU� ZKHQ� DWWHPSWLQJ� D�
GLVFORVXUH��
�
7KH�QH[W�6HFWLRQV�GLVFXVV�WKH�PDLQ�LQJUHGLHQWV�RI�WKH�SURFHGXUH��SUHVHQWHG�IROORZLQJ�WKH�VWHSV�WKDW�D�
XVHU�RI�µ�$UJXV�KDV� WR� WDNH� LQ�RUGHU� WR�SURWHFW� WKH�GDWD�XVLQJ� WKH� LQGLYLGXDO� ULVN�PHWKRG� WRJHWKHU�
ZLWK�ORFDO�VXSSUHVVLRQ�DQG��SRVVLEO\��JOREDO�UHFRGLQJ��7KH�JUDSK�VKRZV�WKH�PDLQ�OLQHV�DORQJ�ZKLFK�
WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\�SURFHHGV���
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�����6SHFLILFDWLRQ�RI�D�KRXVHKROG�VWUXFWXUH�LQ�WKH�0HQX�6SHFLI\_0HWDGDWD�

7KH�SURFHGXUH�IRU�LPSRUWLQJ�ILOHV�RI�LQGHSHQGHQW�UHFRUGV�GRHV�QRW�GLIIHU�IURP�ZKDW�LV�GHVFULEHG�LQ�
6HFWLRQ���RI� WKH�XVHU�PDQXDO�RI�µ�$UJXV��7KH�PHQX�6SHFLI\_0HWDGDWD� LV� LQGHHG�FRPPRQ� WR�DQ\�
SURWHFWLRQ�SURFHGXUH�DSSOLHG�E\�WKH�VRIWZDUH��)RU�WKLV�UHDVRQ�ZH�RQO\�GLVFXVV�WKH�FDVH�ZKHQ�WKH�ILOH�
WR�EH�SURWHFWHG�KDV�D�KRXVHKROG�VWUXFWXUH��
)LUVW�RI�DOO��WKH�GDWD�ILOH�PXVW�EH�SUHVHQWHG�LQ�WKH�IRUP�RI�D�ILOH�RI�LQGLYLGXDOV��LQ�ZKLFK�DQ�DGGLWLRQDO�

µ�$UJXV�287387��
),/(�5HSRUW�

6SHFLI\_&RPELQDWLRQ�
5LVN�7DEOH��5LVN�&RPSXWDWLRQ��

2XWSXW_0DNH�6XSSUHVVHG�)LOH�
�µ�$UJXV�SURWHFWLRQ��

6$)(�),/(��
 �

µ�$UJXV�287387�),/(�

1�

<�

,1387�),/(�

0RGLI\_5LVN�6SHFLILFDWLRQ��
5LVN�FKDUW��*UDSKLFV��
7KUHVKROG�VHWWLQJ�

1XPEHU�RI�XQVDIH�UHFRUGV�

*OREDO�
UHFRGLQJ"�

<�

1�

&RQILUP�
5HVXOWV"�
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YDULDEOH�� QDPHO\� WKH� KRXVHKROG� LGHQWLILHU�� FRQWDLQV� WKH� KRXVHKROG� VWUXFWXUH� RI� WKH� GDWD�� )RU� DQ�
H[DPSOH� RI� RQH� VXFK� ILOH�� VHH� WKH� VFKHPH� LQ� )LJXUH� ��� $� IHZ� OLQHV� RI� WKH� 6$0++�$6&�
GHPRQVWUDWLRQ�ILOH��WKDW�FDQ�EH�IRXQG�LQ�WKH�KKGDWD�GLUHFWRU\�RI�WKH�µ�$UJXV�LQVWDOODWLRQ�GLUHFWRU\��
DUH�DOVR�VKRZQ�LQ�)LJXUH���WR�VHH�KRZ�WKH�LQSXW�ILOH�ORRNV�OLNH��7KH�KRXVHKROG�LGHQWLILHU��KLJKOLJKWHG�
LQ� ERWK� ILJXUHV�� LV� VLPSO\� D� FRXQWHU� WKDW� SHUPLWV� WR� LGHQWLI\� WKH� KRXVHKROG� DQG� WR� GLVWLQJXLVK�
GLIIHUHQW�KRXVHKROGV���

�
)LJXUH����6WUXFWXUH�RI�D�KRXVHKROG�GDWD�ILOH��KKLGHQW�LV�WKH�KRXVHKROG�LGHQWLILHU�ZKHUHDV�UHJLRQ�DQG�
KKW\SH�UHSUHVHQW�WKH�KRXVHKROG�YDULDEOHV�³UHJLRQ�RI�UHVLGHQFH´�DQG�³KRXVHKROG�W\SH´��

�

�
)LJXUH���6WUXFWXUH�RI�WKH�KKGDWD��+LJKOLJKWHG�LV�WKH�KRXVHKROG�LGHQWLILHU�YDULDEOH��

,W�LV�LPSRUWDQW�WR�UHPDUN�WKDW�WKH�LQSXW�ILOH�PXVW�EH�DUUDQJHG�LQWR�KRXVHKROGV��LQ�WKH�VHQVH�WKDW�LW�
LV�QHFHVVDU\�WKDW�DW�OHDVW�WKH�PHPEHUV�RI�WKH�VDPH�KRXVHKROG�DUH�JURXSHG�WRJHWKHU�LQ�WKH�LQSXW�
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ILOH�� $� VXIILFLHQW� FRQGLWLRQ� IRU� WKDW� LV� WR� VRUW� WKH� ILOH� E\� WKH� YDOXH� RI� WKH� KRXVHKROG� LGHQWLILHU�
YDULDEOH��,I�WKLV�LV�QRW�WKH�FDVH��WKH�KRXVHKROG�ULVN�WKDW�$UJXV�FRPSXWHV�ZLOO�EH�XQUHOLDEOH��
7KH�LQIRUPDWLRQ�RQ�WKH�KRXVHKROG�LGHQWLILHU��ZKLFK�LV�FUXFLDO�WR�PDNH�$UJXV�DZDUH�WKDW�D�KRXVHKROG�
VWUXFWXUH�LV�SUHVHQW�LQ�WKH�GDWD��KDV�WR�EH�HQWHUHG�LQ�WKH�6SHFLI\_0HWDGDWD�ZLQGRZ��VHWWLQJ�IRU�WKLV�
YDULDEOH� WKH� W\SH� ++� LGHQWLILHU�� VHH� )LJXUH� ���� $� KRXVHKROG� GDWD� ILOH� JHQHUDOO\� DOVR� SUHVHQWV�
KRXVHKROG�YDULDEOHV��YDULDEOHV�WKDW�WDNH�WKH�VDPH�OHYHO�IRU�DOO�WKH�PHPEHUV�RI�WKH�KRXVHKROG��VHH�
)LJXUH���DQG�6HFWLRQ�����RI�WKH�PDQXDO���WKLV�LQIRUPDWLRQ�FDQ�EH�VSHFLILHG�LQ�WKH�VDPH�ZLQGRZ��7KH�
RWKHU�VWHSV�GR�QRW�GLIIHU�IURP�WKH�XVXDO�GDWD�LPSRUW�SURFHGXUH��
�

�
)LJXUH����6SHFLI\LQJ� WKH�KRXVHKROG� LGHQWLILHU�YDULDEOH�KKQXP� WR� OHW�µ�$UJXV� UHDG� WKH�KRXVHKROG�
VWUXFWXUH�RI�WKH�ILOH�

�����0HQX�6SHFLI\_&RPELQDWLRQV��

)URP� WKH� PHQX� 6SHFLI\_&RPELQDWLRQV�� XVHUV� DFFHVV� D� PXOWL�SXUSRVH� ZLQGRZ� �6HOHFW�
&RPELQDWLRQV�� VHH� )LJXUH� ��� ZKHUH� WKH� NH\� YDULDEOHV� FDQ� EH� VHOHFWHG�� 7KHVH� UHSUHVHQW� WKH�
LQIRUPDWLRQ�WKDW�LV�DVVXPHG�WR�EH�DYDLODEOH�WR�WKH�LQWUXGHU�DQG�WKHUHIRUH�GHSHQG�RQ�WKH�VFHQDULR��7KH�
VRIWZDUH� FRPSOHWHV� WKLV� VWHS� E\� EXLOGLQJ� WKH� FRQWLQJHQF\� WDEOH� REWDLQHG� E\� FURVV�FODVVLI\LQJ� WKH�
VHOHFWHG� NH\� YDULDEOHV�� LI� WKH� XVHU� UHTXLUHV� WR� DSSO\� WKH� LQGLYLGXDO� ULVN� PHWKRGRORJ\�� µ�$UJXV�
DGGLWLRQDOO\�VWRUHV�D�VR�FDOOHG�ULVN�WDEOH��L�H��D�FRQWLQJHQF\�WDEOH�LQ�ZKLFK�D�ULVN�YDOXH�LV�DVVRFLDWHG�
WR� HDFK� FHOO� RU� FRPELQDWLRQ�� 1RWH� WKDW� µ�$UJXV� DOORZV� VSHFLI\LQJ� VHSDUDWH� VXEJURXSV� RI� NH\�
YDULDEOHV�� LQ� WKLV� FLUFXPVWDQFH�� WKH� VRIWZDUH� FRPSXWHV� DV� PDQ\� FRQWLQJHQF\� WDEOHV� DV� WKHUH� DUH�
JURXSV� RI� NH\� YDULDEOHV��:KHQ� WKH� WUDGLWLRQDO� �'XWFK��PHWKRG� LV� FKRVHQ��µ�$UJXV� FRPSXWHV� WKH�
XQVDIH� FRPELQDWLRQV� DFFRUGLQJ� WR� WKH� FRQFHSW� RI� XQLTXHV� RU� ILQJHUSULQWV� DV� GHVFULEHG� H�J�� LQ�
:LOOHQERUJ�DQG�GH�:DDO���������������8QGHU�WKH�LQGLYLGXDO�ULVN�DSSURDFK�� WKH�XQVDIH�UHFRUGV�DUH�
WKRVH�H[FHHGLQJ�D�JLYHQ�ULVN�WKUHVKROG��WKLV�FDQ�RQO\�EH�VSHFLILHG�DIWHU�WKH�ULVN�KDV�EHHQ�FRPSXWHG�
�VHH�6HFWLRQ������
)URP� WKH� OHIW� SDQHO� RI� WKH�ZLQGRZ�� WKH� NH\� YDULDEOHV� FDQ� EH�PRYHG� WR� WKH� FHQWUDO� ER[� XVLQJ� WKH�
EXWWRQ��� LQ�)LJXUH� ���0RYH� IXUWKHU� WKH� VHOHFWHG� VHW�RI�NH\�YDULDEOHV� WR� WKH� ULJKW�SDQHO�� XVLQJ� WKH�
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DUURZ�EXWWRQ�LQGLFDWHG�E\���DQG�SUHVV�WKH�EXWWRQ�6HW�WDEOH�IRU�ULVN�PRGHO������$Q�5�DSSHDUV�LQ�WKH�
ULJKW� SDQHO� RI� WKH� ZLQGRZ� �LQGLFDWHG� E\� D� FLUFOH� LQ� )LJXUH� ���� LQGLFDWLQJ� WKDW� WKH� LQGLYLGXDO� ULVN�
PHWKRGRORJ\�ZLOO�EH�DSSOLHG��:LWK�WKLV�RSWLRQ�µ�$UJXV�LV�UHDG\�WR�EXLOG�WKH�DERYH�PHQWLRQHG�ULVN�
WDEOH��5HFDOO�WKDW�LI�WKH�5�RSWLRQ�LV�QRW�DFWLYDWHG�LQ�WKH�ULJKW�SDQHO��WKH�WUDGLWLRQDO��'XWFK��DSSURDFK�
WR�LGHQWLI\�XQVDIH�UHFRUGV�RU�FRPELQDWLRQV�LV�SXUVXHG��
6XSSRVH� D� XVHU�ZDQWV� WR� DSSO\� WKH� LQGLYLGXDO� ULVN�PHWKRGRORJ\� XVLQJ� D� VLQJOH� VHW� RI� VD\�� �� NH\�
YDULDEOHV�� H�J�� 5(*,216(;$*(0$567$7� ��������� FODVVHV�� VHH� )LJXUH� ���� :KHQ� WKH�
6HOHFW� &RPELQDWLRQV� SURFHGXUH� LV� FRPSOHWHG�� µ�$UJXV� FRPSXWHV� WKH� VDPSOH� DQG� SRSXODWLRQ�
IUHTXHQFLHV�RI�WKH�FRPELQDWLRQV�RI�DOO���NH\�YDULDEOHV��DQG�DWWDFK�D�ULVN�YDOXH�WR�HDFK�FRPELQDWLRQ���
�

�
)LJXUH����6HOHFW�FRPELQDWLRQV�ZLQGRZ�

$OWKRXJK� WKLV� LV� QRW� WKH� UHFRPPHQGHG� RSWLRQ�� WKH� VRIWZDUH� DOORZV� XVHUV� WR� VSHFLI\�PRUH� WKDQ� D�
VLQJOH� WDEOH��XQOHVV� WKHVH� RYHUODS�� )LJXUH� �� EHORZ� VKRZV� DQ� LQVWDQFH� RI� VSHFLI\LQJ� WZR� VHSDUDWH�
WDEOHV��UHFDOO�WKDW�WKHVH�PXVW�QRW�KDYH�NH\�YDULDEOHV�LQ�FRPPRQ��6XSSRVH�WKDW�D�XVHU�KDV�VSHFLILHG�
WZR� QRQ�RYHUODSSLQJ� VHWV� RI� WZR� NH\� YDULDEOHV�� H�J�� 5(*,216(;� SOXV� $*(0$567$7�� WKH�
FRPELQDWLRQV�WR�EH�FRQVLGHUHG�LQ�WKH�WZR�ULVN�WDEOHV�SHUWDLQ�WR�WZR�VHSDUDWH�WZR�ZD\�FRQWLQJHQF\�
WDEOHV�� FRQVHTXHQWO\� ��IROG� FRPELQDWLRQV� DUH� QRW� WDNHQ� LQWR� DFFRXQW�� 7KH� XVHU� PXVW� GHFLGH� LQ�
DGYDQFH�ZKHWKHU�KLV�KHU�PRGHO� IRU� WKH� LQWUXGHU�DFFRXQWV� IRU�NQRZOHGJH�RI� WKH� VHW�RI�DOO� IRXU�NH\�
YDULDEOHV��RU�LI�WKH�K\SRWKHVLV�LV�PDGH�WKDW�WKH�LQWUXGHU�NQRZV�HLWKHU�VHW�RI�WZR�NH\�YDULDEOHV��7KLV�
ODWWHU� LQVWDQFH�LV�DOVR�HTXLYDOHQW� WR�SURWHFWLQJ�GDWD�DJDLQVW� WZR�DOWHUQDWLYH�DWWDFNV�� ,Q�WKLV�FDVH�WKH�
SURFHGXUH�LV�VSOLW��DQG�WKH�VWHSV�WR�EH�GHVFULEHG�QH[W�DUH�GRXEOHG��2I�FRXUVH��VSHFLI\LQJ�WKH�VHW�RI�DOO�
IRXU�NH\�YDULDEOHV�LV�FRQVHUYDWLYH�L�H��VDIHU��DV�PRUH�LQIRUPDWLRQ�LV�DVVXPHG�WR�EH�DYDLODEOH�WR�WKH�
LQWUXGHU��WKLV�LV�WKH�UHFRPPHQGHG�DSSURDFK���
�
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�
)LJXUH����6HOHFWLRQ�RI�WZR�VHWV�RI�NH\�YDULDEOHV�

,I� RYHUODSSLQJ� ULVN� WDEOHV� DUH� GHILQHG�� L�H�� LI� WKH� XVHU�
VSHFLILHV�WZR�RU�PRUH�VHWV�RI�NH\�YDULDEOHV�ZLWK�DW�OHDVW�
RQH�FRPPRQ�YDULDEOH��µ�$UJXV�UHWXUQV�DQ�DOHUW�PHVVDJH�
VXFK� DV� WKH� RQH� VKRZQ� KHUH�� $IWHU� WKDW�� HLWKHU� WKH�
LQWURGXFWLRQ� RI� DQ� DGGLWLRQDO� ULVN� WDEOH� LV� LQKLELWHG�� RU�
µ�$UJXV� IRUFHV� WKH� XVHU� WR� UHPRYH� WKH� RYHUODSSLQJ�
WDEOH�V���5HFDOO� DOVR� WKDW�ZKHQ�PXOWLSOH� ULVN� WDEOHV� DUH�
GHILQHG��WKH�EXWWRQ�6HW�WDEOH�IRU�ULVN�PRGHO�KDV�WR�EH�XVHG�IRU�HYHU\�VLQJOH�WDEOH��
7R� VWDUW� WKH� SURFHGXUH� WKDW� FRPSXWHV� WKH� ULVN� WDEOH� DQG� FORVH� WKH�6HOHFW�&RPELQDWLRQV�ZLQGRZ��
SUHVV� WKH� EXWWRQ� &DOFXODWH� WDEOHV� �LQGLFDWHG� E\� QXPEHU� �� LQ� )LJXUH� ��� �� 7KH� VRIWZDUH� UXQV� WKH�
URXWLQH�WKDW�FRPSXWHV�WKH�ULVNV�DQG�VKRZV�DQ�RXWSXW�ZLQGRZ���

������� 2XWSXW�ZLQGRZ�

%HLQJ� FRPPRQ� WR� DQ\� SURFHGXUH� UXQ� LQ�µ�$UJXV�� WKLV�ZLQGRZ� �VHH� IRU� LQVWDQFH� )LJXUH� ��� LV� QRW�
GLUHFWO\�FRQQHFWHG�ZLWK�WKH�ULVN�PHWKRGRORJ\��,QGHHG�LW�UHSRUWV�WKH�QXPEHU�RI�XQVDIH�FRPELQDWLRQV�
FRPSXWHG�DFFRUGLQJ�WR�WKH�WUDGLWLRQDO��'XWFK��PHWKRGRORJ\�ZKLFK�UHOLHV�RQ�WKH�FRQFHSW�RI�XQLTXHV�
RU� ILQJHUSULQWV��5HFDOO� WKDW� LQ� WKH� WUDGLWLRQDO� IUDPHZRUN� WKH�QXPEHU�RI�XQVDIH�UHFRUGV�GHSHQGV�RQ�
WKH�IUHTXHQF\�WKUHVKROG��D�FRPELQDWLRQ�LV�XQVDIH�LI�LWV�IUHTXHQF\�LV�EHORZ�D�JLYHQ�WKUHVKROG�YDOXH��
WKDW�LV�LPSXWHG�LQ�WKH�WKUHVKROG�ER[�RI�WKH�6HOHFW�&RPELQDWLRQ�ZLQGRZ��VHH�)LJXUH����QXPEHU�����
1RWH� WKDW� WKH�VHWWLQJV�RI� WKH�6HOHFW�&RPELQDWLRQV�ZLQGRZ�ZRXOG�DSSDUHQWO\�DOORZ�WR�DGRSW�ERWK�
WKH�WUDGLWLRQDO��'XWFK��DSSURDFK�EDVHG�RQ�WKH�IUHTXHQF\�WKUHVKROG�DQG�WKH�LQGLYLGXDO�ULVN�DSSURDFK��
,QGHHG� HYHQ�ZKHQ� WKH� LQGLYLGXDO� ULVN�PHWKRGRORJ\� LV� DGRSWHG�� WKH� IUHTXHQF\� WKUHVKROG�ER[� �VHH�
)LJXUH����QXPEHU����LV�DFWLYH��+RZHYHU�LQ�WKLV�FDVH�WKH�VRIWZDUH�GRHV�QRW�PDNH�XVH�RI�WKH�VHOHFWHG�
WKUHVKROG�YDOXH��DV�LW�KDV�QR�UROH�LQ�ULVN�FRPSXWDWLRQ��DQ\�YDOXH�RI�WKH�IUHTXHQF\�WKUHVKROG�KDV�WKH�
VDPH�HIIHFW�RQ�ULVN�FRPSXWDWLRQ��DOWKRXJK�WKH�VWDQGDUG�RXWSXW�JLYHQ�E\�µ�$UJXV��VKRZQ�LQ�)LJXUH�
���FKDQJHV�DFFRUGLQJ�WR�WKH�IUHTXHQF\�WKUHVKROG���
7KH�RXWSXW�DOVR�GLIIHUV�DFFRUGLQJ�WR�ZKHWKHU�RQH�RU�PRUH�ULVN�WDEOHV�KDYH�EHHQ�VSHFLILHG��LQ�HLWKHU�
FDVH� WKH� OHIW� SDQHO� VKRZV� WKH� QXPEHU� RI� XQVDIH� UHFRUGV� �GHILQHG� DFFRUGLQJ� WR� WKH� WUDGLWLRQDO�
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PHWKRGRORJ\��IRU�HDFK�GLPHQVLRQ��H�J��OHYHO�RI�FURVV�WDEXODWLRQ�RI�WKH�NH\�YDULDEOHV���
$V� DOUHDG\� H[SODLQHG�� WKH� GHIDXOW� RXWSXW� GRHV� QRW� UHWXUQ� LQIRUPDWLRQ� VSHFLILF� WR� WKH� ULVN� PRGHO��
QRQHWKHOHVV� LW� FDQ� EH� XVHIXO� IRU� D� JHQHULF� DVVHVVPHQW� RI� WKH� ILOH�� )RU� LQVWDQFH�� VFUHHQLQJ� WKH� OHIW�
SDQHO� FDQ� VXJJHVW� ZKLFK� YDULDEOHV� PD\� XQGHUJR� UHFRGLQJ�� ZKHUHDV� WKH� ULJKW� SDQHO� PD\� KHOS�
LGHQWLI\LQJ�WKH�FDWHJRULHV�WR�EH�FROODSVHG��
,Q� RXU� H[DPSOH�� ZKHQ� DOO� IRXU� NH\� YDULDEOHV� DUH� VHOHFWHG� LQWR� RQH� VLQJOH� ULVN� WDEOH�� WKH� RXWSXW�
FRQWDLQV�WKH�QXPEHU�RI�XQVDIH�UHFRUGV�IRU�HDFK�GLPHQVLRQ�XS�WR����)LJXUH������
�

�
)LJXUH����2XWSXW�ZLQGRZ�IRU�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\����NH\�YDULDEOHV��

:KHQ�ZH�GHILQH� WZR�VHSDUDWH� ULVN� WDEOHV�� HDFK�KDYLQJ� WZR�NH\�YDULDEOHV��D�VLQJOH�RXWSXW�ZLQGRZ�
�VHH�)LJXUH����VKRZV�ERWK�WDEOHV��&RPSDUH�WKH�RXWSXW�VKRZQ�LQ�)LJXUH����DOWKRXJK�WKH�NH\�YDULDEOHV�
DUH�WKH�VDPH�LQ�ERWK�ZLQGRZV��LQ�)LJXUH���FRPELQDWLRQV�XS�WR�GLPHQVLRQ���DUH�VKRZQ��,Q�WKH�ODWWHU�
FDVH� WKH� WZR� WDEOHV�DUH� LQGHHG�FRQVLGHUHG�VHSDUDWHO\��&OHDUO\� WKH�KLJKHVW�GLPHQVLRQ�FRQVLGHUHG� LQ�
WKH�RXWSXW�ZLQGRZ�GHSHQGV�RQ�WKH�PD[LPXP�OHYHO�RI�FURVV�FODVVLILFDWLRQ�DOORZHG�LQ�HDFK�RI�WKH�ULVN�
WDEOHV�GHILQHG�E\�WKH�XVHU��
�

�
)LJXUH����2XWSXW�ZLQGRZ�IRU�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\����VHWV�RI���NH\�YDULDEOHV��
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�����0HQX�0RGLI\_5LVN�6SHFLILFDWLRQ��WKH�5LVN�&KDUW�ZLQGRZ�

$V� DOUHDG\� PHQWLRQHG�� WKH� ULVN� WDEOH� VWRUHG� LQ� µ�$UJXV� FRQWDLQV� WKH� LQGLYLGXDO� ULVN� IRU� HDFK�
FRPELQDWLRQ�RI�NH\�YDULDEOHV��7KLV�WDEOH�FDQQRW�EH�DFFHVVHG��EXW�VHYHUDO�DVSHFWV�RI�WKH�ULVN�VWUXFWXUH�
RI�WKH�GDWD�FDQ�EH�LQVSHFWHG�RQ�UHTXHVW��HLWKHU�E\�VHOHFWLQJ�WKH�PHQX�0RGLI\_5LVN�6SHFLILFDWLRQ��RU�
E\�FOLFNLQJ�WKH� �LFRQ�RQ�WKH�WRROEDU��7KH�5LVN�&KDUW�ZLQGRZ�FRQWDLQV�WKH�DYDLODEOH�LQIRUPDWLRQ�
RQ� WKH�ULVN�VWUXFWXUH�RI� WKH� ILOH�� ,I�JOREDO� UHFRGLQJ� LV�DSSOLHG� WR�DQ\�RI� WKH�NH\�YDULDEOHV�� WKH�ULVN�
WDEOH�LV�XSGDWHG��DQG�IRU�DVVHVVLQJ�VXFK�SURWHFWLRQ�SURFHGXUH�XVHUV�PXVW�UHO\�RQ�D�QHZ�LQVSHFWLRQ�RI�
WKH�5LVN�&KDUW�ZLQGRZ��

������� 5LVN�KLVWRJUDP�

)LUVW� RI� DOO�� WKH�5LVN�&KDUW�ZLQGRZ� �)LJXUH� ��� LOOXVWUDWHV� WKH� KLVWRJUDP� RI� WKH� LQGLYLGXDO� ULVNV��
SUHVHQWHG�RQ�D� ORJDULWKPLF� VFDOH��1RWH� WKDW� LI�PRUH� WKDQ�D� VLQJOH� ULVN� WDEOH� LV� VSHFLILHG��XVHUV�DUH�
UHTXHVWHG�WR�FKRRVH�WKH�JUDSK�WR�EH�LQVSHFWHG�ILUVW���
7KH�NH\�YDULDEOHV�XVHG� WR� FRPSXWH� WKH� ULVN� DUH� VSHFLILHG�RQ� WRS�RI� WKH�JUDSK��)LQDOO\�� WKH�RSWLRQ�
&XPXODWLYH�FKDUW�WUDQVIRUPV�WKH�KLVWRJUDP�LQWR�D�FXPXODWLYH�IUHTXHQF\�JUDSK���

������� 5LVN�OHYHOV�LQ�WKH�GDWD�EHIRUH�VXSSUHVVLRQ�

7KH�ULVN�FKDUW�ZLQGRZ�DOVR�FRQWDLQV�LQIRUPDWLRQ�WKDW�UHIHUV�WR�WKH�ILOH�EHIRUH�VXSSUHVVLRQ�LV�DSSOLHG�
WR�WKH�GDWD��7KH�OHIW�KDQG�SDQHO��0D[LPXP�OHYHOV�LQ�WKH�ILOH��VKRZV�WKH�PD[LPXP�LQGLYLGXDO�ULVN��
LQ�WKH�ILOH�����DQG�LWV�UH�LGHQWLILFDWLRQ�UDWH������H[SUHVVHG�DV����ξ����7KH�ILUVW�RI�WKHVH�TXDQWLWLHV�
JLYHV�WKH�KLJKHVW� LQGLYLGXDO�ULVN�WKDW� LV�DWWDLQHG�LQ�WKH�RULJLQDO�ILOH��ZKHUHDV�WKH�VHFRQG�UHSUHVHQWV�
WKH�JOREDO�ULVN�RI�WKH�ILOH��L�H��WKH�SHUFHQWDJH��RYHU�WKH�ILOH�VL]H��RI�H[SHFWHG�UH�LGHQWLILFDWLRQV�LQ�WKH�
ILOH��ZRXOG�WKH�ILOH�EH�UHOHDVHG�ZLWKRXW�VXSSUHVVLRQV��,I�JOREDO�UHFRGLQJ�LV�DSSOLHG��WKLV�LQIRUPDWLRQ�
LV�XSGDWHG�DQG�WKH�DERYH�PHQWLRQHG�YDOXHV�LQGLFDWH�WKH�H[WHQW� WR�ZKLFK�UHFRGLQJ�DIIHFWV� WKH�GDWD��
7KHVH� YDOXHV� FDQ� WKHUHIRUH� EH� XVHG� WR� DVVHVV� ZKHWKHU� WKH� UHFRGHG� ILOH� FDQ� EH� UHOHDVHG� ZLWKRXW�
VXSSUHVVLRQV��

������� 6HWWLQJ�WKH�ULVN�WKUHVKROG�WR�EH�XVHG�IRU�ORFDO�VXSSUHVVLRQ�

%HIRUH�GHVFULELQJ�WKH�UHVW�RI� WKH�ZLQGRZ��ZH�UHPDUN�WKDW��XQGHU�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\��
ORFDO�VXSSUHVVLRQ�LV�GULYHQ�E\�WKH�YDOXH�RI�WKH�LQGLYLGXDO�ULVN��7KLV�PHDQV�WKDW�D�UXOH��ZKLFK�LV�EDVHG�
RQ� WKH� ULVN�� LV� DSSOLHG� WR� LGHQWLI\� WKH� XQVDIH� UHFRUGV�� L�H�� WKH� RQHV� WKDW� QHHG� WR� EH� SURWHFWHG� E\�
VXSSUHVVLRQ�� +HUH� WKH�XQVDIH� UHFRUGV� DUH� GHILQHG� DV� WKRVH� UHFRUGV� ZKRVH� ULVN� LV� DERYH� D� JLYHQ�
WKUHVKROG��6SHFLILFDWLRQ�RI�WKLV�ODWWHU�SDUDPHWHU�LV�OHIW�WR�WKH�XVHU��ZKR�FDQ�SURFHHG�HLWKHU�GLUHFWO\��
E\�VHOHFWLQJ�D�WKUHVKROG�YDOXH�IRU�WKH�LQGLYLGXDO�ULVN�U��RU�LQGLUHFWO\�E\�LPSRVLQJ�HLWKHU�D�WKUHVKROG�
�L�H��D�PD[LPXP�WROHUDEOH�OHYHO��RQ�WKH�UH�LGHQWLILFDWLRQ�UDWH����ξ��RU�D�WDUJHW�QXPEHU�RI�XQVDIH�
UHFRUGV�QX��,Q�DQ\�FLUFXPVWDQFHV��WKH�OHIW�KDQG�SDQHO��WKDW�FRQWDLQV�LQIRUPDWLRQ�UHODWLYH�WR�WKH�ULVNV�
RI�WKH�XQSURWHFWHG�ILOH��VKRXOG�EH�XVHG�DV�D�EHQFKPDUN�LQ�WKUHVKROG�VHWWLQJ��
)LUVW�RI�DOO��WKH�XVHU�FDQ�VHOHFW�WKH�LQGLYLGXDO�ULVN�WKUHVKROG�PDQXDOO\��E\�XVLQJ�WKH�VOLGHU�����EHORZ�
WKH�JUDSK��VHH�)LJXUH�����7KH�ULVN�WKUHVKROG�ER[����WKH�FRUUHVSRQGLQJ�QXPEHU�RI�XQVDIH�UHFRUGV���
�L�H�� WKH� UHFRUGV�ZKRVH� ULVN� LV� DERYH� WKH� VHOHFWHG� WKUHVKROG�� DQG� ILQDOO\� WKH� WKUHVKROG� RQ� WKH�UH�
LGHQWLILFDWLRQ�UDWH�����DUH�DXWRPDWLFDOO\�XSGDWHG��$�ULVN�WKUHVKROG�FDQ�DOVR�EH�VHOHFWHG�E\�XVLQJ�WKH�
WRROV�LQ�WKH�WKUHVKROG�VHWWLQJ�DUHD�RI�WKH�ULVN�FKDUW�ZLQGRZ��FHQWUDO�SDQHO���,I�WKH�XVHU�KDV�DOUHDG\�
LQ�PLQG�D�WKUHVKROG�RQ�WKH�LQGLYLGXDO�ULVN��WKLV�YDOXH�FDQ�EH�W\SHG�LQ�GLUHFWO\�LQ�WKH�5LVN�WKUHVKROG�
ER[����&OHDUO\�WKLV�YDOXH�VKRXOG�EH�VPDOOHU�WKDQ�WKH�PD[LPXP�ULVN�LQ�WKH�ILOH��ZKLFK�LV�VKRZQ�LQ����
$V� GLVFXVVHG� LQ� 6HFWLRQ� ����� WKH� LQGLYLGXDO� ULVN� WKUHVKROG� FDQ� DOVR� EH� VHW� WKURXJK� WKH� UH�
LGHQWLILFDWLRQ�UDWH�� WR� WKLV�DLP�� WKH�XVHU�PXVW� W\SH�D�YDOXH� LQ� WKH�UH�LGHQWLILFDWLRQ�UDWH�WKUHVKROG�
ER[����&OHDUO\�WKLV�YDOXH�FDQQRW�H[FHHG�WKH�UH�LGHQWLILFDWLRQ�UDWH�VKRZQ�LQ�WKH�OHIW�KDQG�SDQHO������,Q�
DOO� FDVHV�� WKH�&DOF� EXWWRQ� UHODWLYH� WR� WKH� FXUUHQW� ER[� XSGDWHV� WKH� TXDQWLWLHV� LQ� WKH� RWKHU� ER[HV�
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�QXPEHU�RI�XQVDIH�UHFRUGV�DQG�UH�LGHQWLILFDWLRQ�UDWH�WKUHVKROG�ULVN�WKUHVKROG��UHVSHFWLYHO\����
�

�
)LJXUH����5LVN�FKDUW�IRU�WKH�VHW�RI�NH\�YDULDEOHV�5HJLRQ��6H[��$JH�DQG�0DULWDO�VWDWXV�

)RU�D�JLYHQ�ULVN�WKUHVKROG�U��VSHFLILHG�E\�WKH�XVHU��µ�$UJXV�FRPSXWHV�WKH�FRUUHVSRQGLQJ�QXPEHU�RI�
XQVDIH� UHFRUGV� DV� QX� �&DUG^� L�� UL����� U

� `�� +RZHYHU�� DV�)RXW�� 9HUZLM]LQJVEURQ� QLHW� JHYRQGHQ��
VKRZV��WKH�HVWLPDWHG�ULVNV�LQ�IDFW�IRUP�D�GLVFUHWH�VHW�RI�YDOXHV��IRU�WKLV�UHDVRQ�WKHUH�LV�D�ZKROH�VHW�RI�

WKUHVKROG�YDOXHV�FRPSDWLEOH�ZLWK�WKH�VDPH�QXPEHU�RI�XQVDIH�UHFRUGV��2QFH�W\SHG�D�WKUHVKROG�U�DQG�

GHWHUPLQHG� WKH� FRUUHVSRQGLQJ� QX�� WKH� XVHU� VKRXOG� FRPSXWH� WKH� DFWXDO� WKUHVKROG� OHYHO�� H�J�� WKH�
PD[LPXP�HVWLPDWHG� ULVN�FRPSDWLEOH�ZLWK�WKH�JLYHQ�QXPEHU�QX�RI�XQVDIH�UHFRUGV��7KLV� LV�REWDLQHG�
E\�SUHVVLQJ�WKH�&DOF�EXWWRQ�����
2I� FRXUVH� WKH� XVHU� FDQ� DOVR� GHWHUPLQH� WKH� WKUHVKROGV��� DQG��� RQ� WKH� LQGLYLGXDO� ULVN� DQG� WKH� UH�
LGHQWLILFDWLRQ�UDWH��UHVSHFWLYHO\��WKDW�FRUUHVSRQG�WR�WKH�GHVLUHG�QXPEHU�RI�XQVDIH�UHFRUGV��WKLV�PXVW�
EH�W\SHG�LQ����,I�QHFHVVDU\��WKH�SUHFLVLRQ�VKRZQ�LQ�WKH�WKUHVKROG�ER[HV�FDQ�EH�FKDQJHG�E\�VHOHFWLQJ�
WKH�DSSURSULDWH�QXPEHU�RI�GLJLWV�LQ�WKH�ULJKW�KDQG�VLGH�RI�WKH�ZLQGRZ������
3UHVVLQJ�WKH�EXWWRQ�2.�VHWV�WKH�LQGLYLGXDO�ULVN�WKUHVKROG�DW�WKH�FXUUHQW�OHYHO��5HFDOO�WKDW�ZKHQ�WKH�
VXSSUHVVHG�ILOH�LV�EXLOW��WKLV�OHYHO�ZLOO�EH�XVHG�WR�LGHQWLI\�WKH�XQVDIH�UHFRUGV��L�H��WKH�UHFRUGV�WR�EH�
SURWHFWHG��&KRLFH�RI�WKH�WKUHVKROG�GHSHQGV�RQ�WKH�DVVXPHG�VFHQDULR�DQG�RQ�WKH�XVHV�RI�WKH�ILOH��H�J��
ZKHWKHU�LW�LV�LQWHQGHG�DV�D�PLFURGDWD�ILOH�IRU�UHVHDUFK�RU�DV�D�SXEOLF�XVH�ILOH��$�VXEMHFWLYH�MXGJHPHQW�
RI� WKH� DYDLODELOLW\� RI� WKH� H[WHUQDO� DUFKLYH� FDQ� DOVR� DIIHFW� WKH� WKUHVKROG� OHYHO�� (YHQWXDOO\�� WKH�
DVVHVVPHQW�RI�WKH�DSSURSULDWH�WKUHVKROG�OHYHO�IRU�WKH�GDWD�DW�KDQG��UHODWLYH�WR�WKH�DVVXPHG�VFHQDULR��
LV� OHIW� WR�WKH�SHUVRQ�ZKR� LV� UHVSRQVLEOH� IRU� WKH�UHOHDVH�� ,Q�RXU�'(02'$7$�H[DPSOH�� LW�FRXOG�EH�
FRQVLGHUHG�VDIH�WR�UHOHDVH�D�GDWD�ILOH�LQ�ZKLFK�WKH�H[SHFWHG�QXPEHU�RI�UH�LGHQWLILFDWLRQV�LV�FHUWDLQO\�
OHVV� WKDQ� �� H[SHFWHG� UH�LGHQWLILFDWLRQV� RXW� RI� ����� UHFRUGV�� 7KLV� FRUUHVSRQGV� WR� D� WKUHVKROG�
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���� �� ����������µ�$UJXV�FDOFXODWHV�D�FRUUHVSRQGLQJ�ULVN� WKUHVKROG�U ����������ZKLFK�PHDQV�
WKDW�LQ�WKH�UHOHDVHG�GDWD�WKH�PD[LPXP�SUREDELOLW\�RI�UH�LGHQWLILFDWLRQ�ZLOO�EH�OHVV�WKDQ���RXW�RI�����
UHFRUGV��� +RZHYHU�� SULRU� WR� SURWHFWLRQ�� WKH� UHFRUGV� ZKRVH� ULVN� LV� DERYH� WKLV� WKUHVKROG� DUH� ������
WKHVH� DUH�PDUNHG� E\� WKH� VRIWZDUH� DV� XQVDIH� DQG� XQGHUJR� ORFDO� VXSSUHVVLRQ�� DSSO\LQJ� VXSSUHVVLRQ�
ZLWK�WKLV�WKUHVKROG�ZRXOG�OHDG�WR�D�ILOH�LQ�ZKLFK�QHDUO\�DOO�UHFRUGV�KDYH�DW�OHDVW�RQH�PLVVLQJ�YDOXH��
ZKLFK�FDQQRW�EH�FRQVLGHUHG�D�VDWLVIDFWRU\�FRPSURPLVH�EHWZHHQ�SURWHFWLRQ�DQG�LQIRUPDWLRQ�ORVV���
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�
)LJXUH� ���� *UDSK� RI� WKH� ULVNV� �RQ� D� ORJDULWKPLF� VFDOH�� HVWLPDWHG� IRU� WKH�'(02'$7$� ILOH� �NH\�
YDULDEOHV��5HJLRQ��6H[��$JH�DQG�0DULWDO�VWDWXV��WKH�LQWHUYDO�RI�WKUHVKROG�YDOXHV�UHWXUQLQJ�WKH�VDPH�
QXPEHU�RI�XQVDIH�UHFRUGV�DV�U��

$V�WKH�DERYH�H[DPSOH�VKRZV��FDUH�VKRXOG�EH�WDNHQ�RI�WKH�QXPEHU�RI�XQVDIH�UHFRUGV�LQGXFHG�E\�WKH�
VHOHFWHG� ULVN� WKUHVKROG��$Q�H[FHHGLQJO\�KLJK�QXPEHU�RI�XQVDIH� UHFRUGV� LPSOLHV� D�KLJK�QXPEHU�RI�
VXSSUHVVLRQV��WKDW�LV��D�KLJKO\�FRUUXSWHG�PLFURGDWD�ILOH��7R�HQVXUH�TXDOLW\�RI�WKH�UHOHDVHG�GDWD��LW�LV�
DGYLVDEOH� WR� DSSO\� JOREDO� UHFRGLQJ� DQG�RU� ERWWRP�WRS�FRGLQJ� ILUVW�� )RU� WKH� VDPH� H[DPSOH� DV� LQ�
)LJXUH� �� DERYH��ZH� UHFRGHG�$JH� DQG�5HJLRQ� WR� �� DQG� ��� FODVVHV�� UHVSHFWLYHO\�� 7R� WKLV� DLP�� WKH�
UHFRGH� ILOHV� 5(*,21�*5&� DQG� $*(�*5&� DFFRPSDQ\LQJ� WKH� µ�$UJXV� '(02'$7$� ILOH� ZHUH�
XVHG�� 5HFDOO� WKDW� DIWHU� DQ\� PDQLSXODWLRQV� RI� WKH� NH\� YDULDEOHV�� WKH� 5LVN� &KDUW� ZLQGRZ� LV�
DXWRPDWLFDOO\� XSGDWHG�� WKH� 5LVN� FKDUW� VKRZQ� LQ� )LJXUH� ��� FDQ� EH� DFFHVVHG� YLD� WKH� � LFRQ�� IRU�
LQVWDQFH���

�������������������������������������������������
�� ,Q�RXU�H[DPSOH� WKH�DFWXDO�ULVN�YDOXHV��L�H�� WKH�FORVHVW�REVHUYHG� LQGLYLGXDO�DQG�JOREDO� ULVN�YDOXHV� WKDW�DUH�EHORZ�WKH�
QRPLQDO�OHYHO��DUH���������IRU�WKH�UH�LGHQWLILFDWLRQ�UDWH�WKUHVKROG�DQG���������IRU�WKH�LQGLYLGXDO�ULVN�WKUHVKROG��KLJKHU�
SURWHFWLRQ�LV� WKHUHIRUH�DFKLHYHG��7R�GHWHUPLQH�WKH�DFWXDO�OHYHOV��VHW� WKH�GHVLUHG�WKUHVKROG��XSGDWH�WKH�RWKHU�YDOXHV�DQG�
XVH�WKH�FDOF�EXWWRQ�����RI�WKH�QXPEHU�RI�XQVDIH�UHFRUGV��,Q�RUGHU�WR�DYRLG�WKDW� WKH�QXPEHU�RI�XQVDIH�UHFRUGV�FKDQJHV�
XQH[SHFWHGO\��PHUHO\�DV�WKH�HIIHFW�RI�URXQGLQJ��GR�QRW�SUHVV�WKH�&DOF�EXWWRQ���DJDLQ�DW�WKLV�VWDJH��,QGHHG�LQ�WKDW�FDVH�WKH�
VRIWZDUH� UH�UHDGV� WKH� YDOXH� DSSHDULQJ� LQ� WKH� ULVN� ER[�XVLQJ� WKH�GLJLWV� VKRZQ�� WKLV� LPSOLHV� VRPH� URXQGLQJ� WKDW�PLJKW�
DIIHFW�WKH�QXPEHU�RI�XQVDIH�UHFRUGV��WKDW�PLJKW�FKDQJH�HYHQ�LI�WKH�ULVN�WKUHVKROG�ZDV�QRW�FKDQJHG�E\�WKH�XVHU���

U�� �
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�
)LJXUH�����5LVN�FKDUW�IRU�WKH�VHW�RI�NH\�YDULDEOHV�5HJLRQ��6H[��$JH�DQG�0DULWDO�VWDWXV�DIWHU�UHFRGLQJ�
LV�DSSOLHG�WR�YDULDEOHV�5HJLRQ�DQG�$JH��

&RPSDULVRQ� RI� )LJXUH� �� DQG�)LJXUH� ��� LOOXVWUDWHV� WKH� FKDQJHV� LQGXFHG� LQ� WKH� ULVN� GLVWULEXWLRQ� E\�
JOREDO�UHFRGLQJ��6HWWLQJ�WKH�VDPH�ULVN�WKUHVKROG�DV�EHIRUH��ZH�QRWLFH�WKDW�UHFRGLQJ�KDV�FRQVLGHUDEO\�
ORZHUHG� WKH�QXPEHU�RI�XQVDIH�UHFRUGV�� WKDW�DUH�QRZ�OHVV� WKDQ������2I�FRXUVH�� WKH�GHFUHDVH� LQ� WKH�
QXPEHU� RI� XQVDIH� UHFRUGV� GHSHQGV� RQ� KRZ� UHFRGLQJ� LV� DSSOLHG�� L�H�� RQ� WKH� QXPEHU� RI� FROODSVHG�
FDWHJRULHV�DQG�WKHLU�IUHTXHQFLHV��&RPSDUHG�WR�WKH�SUHYLRXV�H[DPSOH��UHFRUGV�DUH�QRZ�DOORFDWHG�WR�
FHOOV�RI�D�EURDGHU�FRQWLQJHQF\�WDEOH��FRQVHTXHQWO\�WKH�VDPSOH�FHOO�IUHTXHQFLHV�DUH�LQFUHDVHG�DQG�WKH�
ULVN�LV�ORZHUHG�IRU�PRVW�UHFRUGV��QRW�RQO\�WKH�XQVDIH�RQHV��7KH�JOREDO�ULVN�RI�WKH�XQSURWHFWHG�ILOH�KDV�
DOVR�VHQVLEO\�GHFUHDVHG����������RU���H[SHFWHG�UH�LGHQWLILFDWLRQV�LQ�WKH�ILOH��LQVWHDG�RI���������L�H��
DERXW����H[SHFWHG�UH�LGHQWLILFDWLRQV�LQ�WKH�UDZ�GDWD���
,Q�SUDFWLFH�D�FRPELQDWLRQ�RI�DSSURDFKHV�LV�XVXDOO\�DGRSWHG��DV�WKH�H[DPSOH�KDV�PDGH�FOHDU��VR�IDU��
,VWDW�KDV�EHHQ�DSSO\LQJ�ILUVW�JOREDO�UHFRGLQJ��WKH�UH�LGHQWLILFDWLRQ�UDWH�RI�WKH�ILOH�EHIRUH�VXSSUHVVLRQ��
WKH�PD[LPXP�ULVN�OHYHO�DQG�WKH�ZKROH�LQGLYLGXDO�ULVN�JUDSK�KHOS�WKH�XVHU�LQ�DVVHVVLQJ�ZKHWKHU�WKH�
VROHO\� UHFRGHG� ILOH� FDQ� EH� FRQVLGHUHG� VDIH�� FXUUHQW� SUDFWLFH� DW� ,VWDW� FRQVLVWV� LQ� ILUVW� UHFRGLQJ� WKH�
YDULDEOHV�WR�WKH�ILQHVW�GHWDLO�DW�ZKLFK�WKH�HVWLPDWHV�UHWDLQ�WKHLU�SODQQHG�SUHFLVLRQ��6RPH�RI�WKH�NH\�
YDULDEOHV� ±XVXDOO\� JHRJUDSKLFDO� YDULDEOHV� DQG� DJH�� DUH� DOVR� FRQVLGHUHG� IRU� IXUWKHU� UHFRGLQJ��
1XPHULFDO�NH\�YDULDEOHV�PD\�DOVR�EH�WUHDWHG�E\�WRS�ERWWRP�FRGLQJ��,I�WKH�ULVN�SURSHUWLHV�RI�WKH�ILOH�
GR� QRW� PHHW� WKH� UHTXLUHG� VWDQGDUG�� ORFDO� VXSSUHVVLRQ�� EDVHG� RQ� WKH� LQGLYLGXDO� ULVN� RI�
UH�LGHQWLILFDWLRQ�� LV� DSSOLHG�� &OHDUO\� WKH� QXPEHU� RI� VXSSUHVVLRQ� LQGXFHG� E\� WKH� WKUHVKROG� VKRXOG�
DOZD\V�EH�LQVSHFWHG�WR�GHFLGH�ZKHWKHU�RWKHU�VROXWLRQV��IXUWKHU�UHFRGLQJV��VXSSUHVVLRQ�RI�YDULDEOHV�
IURP�WKH�ILOH«��VKRXOG�EH�FRQVLGHUHG��6XFK�D�VWUDWHJ\�DLPV�DW�PDLQWDLQLQJ�WKH�TXDOLW\�RI� WKH� ILOH��
ZKLOH�JXDUDQWHHLQJ�FRQILGHQWLDOLW\���
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�����0HQX�0RGLI\_+RXVHKROG�5LVN�6SHFLILFDWLRQ��WKH�+RXVHKROG�5LVN�&KDUW�ZLQGRZ�

:KHQ�D�KRXVHKROG� LGHQWLILHU� LV�GHWHFWHG� LQ� WKH�PHWDGDWD�� DQG� WKH� ULVN�PHWKRGRORJ\� LV�FKRVHQ�� WKH�

KRXVHKROG� ULVN� GHVFULEHG� LQ� 6HFWLRQ� �� LV� DXWRPDWLFDOO\� FRPSXWHG�� 7KH�0RGLI\�PHQX� �RU� WKH� �
EXWWRQ�� SHUPLWV� WR� DFFHVV� WKH� KRXVHKROG� ULVN� ZLQGRZ�� ,WV� DVSHFW� LV� YHU\� VLPLODU� WR� WKDW� RI� WKH�
,QGLYLGXDO�5LVN�&KDUW�ZLQGRZ���
�

�
)LJXUH�����+RXVHKROG�ULVN�ZLQGRZ�IRU�WKH�++'$7$�GHPRQVWUDWLRQ�ILOH�

8VLQJ� WKH� GHPRQVWUDWLRQ� ILOH� 6$0++�$6&��ZH� IROORZ� WKH� XVXDO� SURFHGXUH� WR� FUHDWH� D� ULVN� WDEOH�
KDYLQJ�WKH�IROORZLQJ�NH\�YDULDEOHV��SURYLQFH��0DU6WDW��VH[��DJH��7KH�FRUUHVSRQGLQJ�KRXVHKROG�ULVN�
FKDUW�ZLQGRZ� LV� VKRZQ� LQ�)LJXUH�����%\� WKLV�ZLQGRZ� WKH�XVHU� FDQ�SHUIRUP�DQ�DVVHVVPHQW�RI� WKH�
�KRXVHKROG��ULVN�RI�WKH�GDWD�DQG�LGHQWLI\�WKH�XQVDIH�UHFRUGV�DV�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ���

������� 6HWWLQJ�WKH�KRXVHKROG�ULVN�WKUHVKROG�DQG�LGHQWLI\LQJ�XQVDIH�UHFRUGV�

,Q�D�ILOH�KDYLQJ�D�KRXVHKROG�VWUXFWXUH��WKH�XQVDIH�UHFRUGV�DUH�GHILQHG�LQ�WZR�VWHSV��ILUVW�D�WKUHVKROG�
RQ�WKH�KRXVHKROG� ULVN�LV�VHOHFWHG�� LQ�WKLV�ZD\�KRXVHKROGV�DUH�GHILQHG�DV�VDIH�RU�XQVDIH��+RZHYHU��
GHSHQGLQJ�RQ�WKH�YDOXHV�RI�WKH�NH\�YDULDEOHV��ZLWKLQ�WKH�VDPH�KRXVHKROG�WKHUH�ZLOO�EH�KLJK�ULVN�DV�
ZHOO� DV� ORZ� ULVN� UHFRUGV��$V� WKH� KRXVHKROG� ULVN� LV� WKH� FRPSRVLWLRQ� RI� WKH� LQGLYLGXDO� ULVNV� RI� WKH�
PHPEHUV�RI� WKH�KRXVHKROG�� WR�GHFUHDVH� WKH�KRXVHKROG� ULVN� LW�ZLOO�EH�PRVW�HIIHFWLYH� WR�SURWHFW� WKH�
UHFRUGV�ZKRVH�LQGLYLGXDO�ULVN�LV�KLJKHVW��7KHUHIRUH�WKH�VHFRQG�VWHS�LQ�WKH�SURFHGXUH�LV� WR�GHILQH�D�
UXOH�WKDW�SHUPLWV�WR�LGHQWLI\��ZLWKLQ�WKH�XQVDIH�KRXVHKROGV��WKH�UHFRUGV�WR�EH�VXSSUHVVHG��7KHVH�ZLOO�
EH� UHIHUUHG� WR�DV� WKH�XQVDIH� �RU�DW� ULVN�� UHFRUGV��%\� WKLV� UXOH�� LQ� IDFW�RQO\� D�VXEVHW�RI� WKH� UHFRUGV�
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EHORQJLQJ�WR�XQVDIH�KRXVHKROGV�ZLOO�EH�FODVVLILHG�DV�XQVDIH��$V�GLVFXVVHG�LQ�6HFWLRQ������RXU�UXOH�WR�
GHWHFW� WKH�XQVDIH� UHFRUGV� UHOLHV�RQ� D� FRQGLWLRQ� WKDW� LV� VXIILFLHQW� WR� HQVXUH� WKDW�� DIWHU�SURWHFWLRQ�� D�
KRXVHKROG�LV�VDIH�IRU�D�JLYHQ�WKUHVKROG�UK


�RQ�WKH�KRXVHKROG�ULVN��6XFK�FRQGLWLRQ�LV�WKDW�DOO�UHFRUGV�

LQ�WKH�KRXVHKROG�GR�QRW�FRQWULEXWH�PRUH�WKDQ����G��WK�RI�WKH�KRXVHKROG�ULVN��G�EHLQJ�WKH�KRXVHKROG�
VL]H��7KLV�LQ�IDFW�DPRXQWV�WR�XVLQJ�GLIIHUHQW�WKUHVKROGV�IRU�GLIIHUHQW�KRXVHKROG�VL]HV��
7R�LOOXVWUDWH�WKH�SURFHGXUH�WR�LGHQWLI\�XQVDIH�UHFRUGV��ZH�UHIHU� WR�WKH�6$0++�GDWD�H[DPSOH��)RU�
LOOXVWUDWLRQ�SXUSRVHV�RQO\��ZH�SRVLWLRQ�WKH�VOLGHU�DW�D�WKUHVKROG�UK


 ���������7KLV�YDOXH�LGHQWLILHV����

XQVDIH�KRXVHKROGV��WKUHH�RI�ZKRP�DUH�VKRZQ�LQ�)LJXUH�����+HUH�IRU�LQVWDQFH�WKH�ILUVW�KRXVHKROG�KDV�
WKUHH�PHPEHUV��RI�ZKRP�RQO\�WKH�VHFRQG�KDV�KLJK�LQGLYLGXDO�ULVN��)RU�D�KRXVHKROG�ULVN�WKUHVKROG�
UK


 ��������� DV� LQ� WKH� H[DPSOH�� UHFRUGV� RI� WKH� ILUVW� KRXVHKROG� DUH� GHILQHG� VDIH� ZKHQHYHU� WKHLU�

LQGLYLGXDO� ULVN� LV�EHORZ����������RQO\� WKH� VHFRQG� UHFRUG� LQ� WKH� ILUVW�KRXVHKROG� LV� WKHUHIRUH� VHW� WR�
XQVDIH�� /LNHZLVH�� LQ� WKH� WKLUG� KRXVHKROG�� WKH� ILUVW� WZR� UHFRUGV� DUH� DW� ULVN� IRU� WKH� JLYHQ� WKUHVKROG�
UK


 ���������� )RU� KRXVHKROGV� RI� VL]H� ��� OLNH� WKH� WKLUG� KRXVHKROG� LQ� )LJXUH� ���� WKLV� SURFHGXUH�

LQGXFHV�QR�GLIIHUHQFH�EHWZHHQ�WKH�KRXVHKROG�DQG�WKH�LQGLYLGXDO�ULVN�WKUHVKROG��
�

�
)LJXUH� ���� 'DWD� VHOHFWHG� IURP� WKH� GHPRQVWUDWLRQ� ILOH� VDPKK�GDW�� (DFK� UHFRUGV� LV� VLGHG� E\� WKH�
LQGLYLGXDO� DQG� KRXVHKROG� ULVN�� 7KH� KRXVHKROG� ULVN� LV� UHSRUWHG� RQO\� IRU� WKH� ILUVW� UHFRUG� LQ� WKH�
KRXVHKROG��

2QFH�D�KRXVHKROG�ULVN�WKUHVKROG�UK

�LV�VHOHFWHG�LQ�WKH�+RXVHKROG�5LVN�&KDUW�ZLQGRZ��WKH�QXPEHU�RI�

XQVDIH� KRXVHKROGV� DQG� UHFRUGV�� UHVSHFWLYHO\�� LV� VKRZQ� LQ� WKH� SURSHU� ER[�� $V� H[SODLQHG� LQ� WKH�
SUHYLRXV� H[DPSOH�� WKH� QXPEHU� RI� XQVDIH� UHFRUGV� LV� JHQHUDOO\� VPDOOHU� WKDQ� WKH� WRWDO� QXPEHU� RI��
UHFRUGV�EHORQJLQJ�WR�XQVDIH�KRXVHKROGV��

������� 9DOLGLW\�RI�WKH�DVVXPSWLRQV�WKDW�GHILQH�WKH�VFHQDULR�IRU�HVWLPDWLQJ�WKH�KRXVHKROG�ULVN��

7KH�GLVFORVXUH�VFHQDULR�GHILQHG�LQ�6HFWLRQ�����IRU�WKH�UHOHDVH�RI�ILOHV�RI�KRXVHKROGV�DVVXPHV�WKDW�WKH�
LQWUXGHU¶V� DUFKLYH� UHIHUV� WR� LQGLYLGXDOV� DQG� GRHV� QRW� FRQWDLQ� LQIRUPDWLRQ� DERXW� WKH� KRXVHKROG�
VWUXFWXUH��'HSHQGLQJ� RQ� WKH� LQIRUPDWLRQ� SURYLGHG� E\� WKH� SXEOLF� DUFKLYHV�� VRPHWLPHV� LW�PLJKW� EH�
PRUH� UHDOLVWLF� WR� DVVXPH� WKDW� WKH� UH�LGHQWLILFDWLRQ� DWWHPSW� DOVR�PDNHV� XVH� RI� KRXVHKROG� YDULDEOHV�
VXFK�DV�WKH�VL]H�RI�WKH�KRXVHKROG�DQG�RU�WKH�KRXVHKROG�W\SH��,Q�WKLV�FLUFXPVWDQFH�ZH�UHFRPPHQG�WR�
XVH� WKHVH� DV� DGGLWLRQDO� NH\� YDULDEOHV� LQ� FRPSXWLQJ� WKH� ULVN�� VR� DV� WR� DOORZ� IRU� WKH� DGGLWLRQDO�
LQIRUPDWLRQ�FRQFHUQLQJ� WKH�KRXVHKROG�� ,I� QRW�GLUHFWO\� DYDLODEOH� LQ� WKH�GDWD�� ERWK�YDULDEOHV� FDQ�EH�
FRPSXWHG�IURP�WKH�ILOH���
,I�LQVWHDG�LW�LV�GHHPHG�PRUH�DSSURSULDWH�WR�GHILQH�D�VFHQDULR�XQGHU�ZKLFK�WKH�LQWUXGHU�KDV�DFFHVV�WR�
DQ�DUFKLYH�RI�KRXVHKROGV��HDFK�FRQWDLQLQJ�DV�PDQ\�LQGLYLGXDO�UHFRUGV�DV�WKHUH�DUH�PHPEHUV�LQ�WKH�
KRXVHKROG�� WKHQ� WKH� GHILQLWLRQ� RI� KRXVHKROG� ULVN� LV� QRW� IXOO\� DSSURSULDWH�� ,Q� WKLV� FLUFXPVWDQFH��
LQFOXGLQJ�WKH�KRXVHKROG�VL]H�DQG�WKH�KRXVHKROG�W\SH�LQ�WKH�NH\�YDULDEOHV�SHUPLWV�WR�DSSUR[LPDWH�WKH�
DSSURSULDWH� KRXVHKROG� ULVN�� L�H�� DOORZV� IRU� SDUW� RI� WKH� GHSHQGHQFH� EHWZHHQ� UHFRUGV� LQ� WKH� VDPH�
KRXVHKROG��

�����2XWSXW��0DNH�SURWHFWHG�ILOH�ZLQGRZ�

2QFH�WKH�LQGLYLGXDO�DQG�RU�JOREDO�ULVN�WKUHVKROGV��DQG�WKH�FRUUHVSRQGLQJ�QXPEHU�RI�XQVDIH�UHFRUGV�
DUH�GHHPHG�DSSURSULDWH�� WKH�RXWSXW�ILOH��VDIH�ILOH��FDQ�EH�SURGXFHG��)URP�WKH�PHQX�2XWSXW�VHOHFW�
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0DNH� SURWHFWHG� ILOH�� 7KH� ZLQGRZ�0DNH� SURWHFWHG� ILOH� SRSV� XS� �VHH� )LJXUH� ����� 7KLV� ZLQGRZ�
ORRNV� WKH� VDPH� IRU� DOO� WKH� SURWHFWLRQ� PHWKRGV� RIIHUHG� E\� µ�$UJXV�� ,Q� WKH� DSSOLFDWLRQ� RI� WKH�
LQGLYLGXDO�ULVN�PHWKRGRORJ\��WKH�OHIW�SDQHO�VKRZV�WKH�NH\�YDULDEOHV�RQO\��DV�SDUWLDO�VXSSUHVVLRQ�RQO\�
DIIHFWV�WKHVH�YDULDEOHV��,I�WKLV�LV�UHDVRQDEOH��XVHUV�FDQ�DVN�IRU�QR�VXSSUHVVLRQV��RWKHUZLVH�D�FULWHULRQ�
WR� SODFH�PLVVLQJ� FRGHV� LQ� WKH� GDWD�PXVW� EH� FKRVHQ��µ�$UJXV� KDV� WZR� RSWLRQV�� HLWKHU� HQWURS\�RU�
VXSSUHVVLRQ�ZHLJKWV��:LWK�WKH�ODWWHU�RSWLRQ��XVHUV�FDQ�DGMXVW�WKH�VXSSUHVVLRQ�ZHLJKWV�PDQXDOO\�DV�LW�
KDSSHQV�ZLWK�WKH�WUDGLWLRQDO��'XWFK��WHFKQLTXH��,QWURGXFLQJ�GLIIHUHQW�ZHLJKWV�FDQ�EH�XVHIXO�WR�JLYH�
GLIIHUHQW� VXSSUHVVLRQ� SHQDOWLHV� IRU� GLIIHUHQW� NH\� YDULDEOHV�� IRU� LQVWDQFH�� XVHUV� FDQ� DVVLJQ� VH[� WKH�
PD[LPXP�ZHLJKW�������VR�DV�WR�GLVFRXUDJH�VXSSUHVVLQJ�WKDW�YDULDEOH��DV�ORQJ�DV�LW�LV�SRVVLEOH��:LWK�
ERWK� RSWLRQV�� WKH� VXSSUHVVLRQ� FULWHULRQ� XVHG� E\� µ�$UJXV� LV� EDVHG� RQ� DQ� RSWLPLVDWLRQ� DOJRULWKP��
0LVVLQJ� FRGHV� DUH� SODFHG� VR� DV� WR� PLQLPLVH� D� PHDVXUH� RI� LQIRUPDWLRQ� ORVV� �HLWKHU� HQWURS\� RU�
VXSSUHVVLRQ�ZHLJKW��� ,Q� DQ\� FDVH�� WKH� HIIHFW� RI� VXSSUHVVLRQ� LV� WR� ORZHU� WKH� LQGLYLGXDO� ULVN� RI� WKH�
SURWHFWHG�UHFRUGV��DIWHU�SURWHFWLRQ���WKLV�ZLOO�EH�EHORZ�WKH�VHOHFWHG�WKUHVKROG�U��
�

�
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)LJXUH�����0DNH�SURWHFWHG�ILOH�ZLQGRZ�

3UHVVLQJ�0DNH�ILOH�ZLOO�VWRUH�WKH�VDIH�ILOH��$�UHSRUW�LV�SURGXFHG��WKDW�GHWDLOV�DOO�WKH�SURFHGXUHV�WKDW�
OHDG� WR� WKH� VDIH� ILOH��%HVLGHV� LQIRUPDWLRQ�RQ� WKH� RULJLQDO� DQG�SURWHFWHG� ILOH�� WKH� UHSRUW�GHWDLOV� WKH�
PDLQ�DVSHFWV�RI�WKH�SURWHFWLRQ��D�OLVW�RI�WKH�NH\�YDULDEOHV�XVHG�LQ�WKH�PRGHO�DQG�WKH�ULVN�WDEOH��WKH�
OLVW� RI� UHFRGLQJV��ZKHQ� JOREDO� UHFRGLQJ� KDV� EHHQ� DSSOLHG�� GHWDLOHG� IRU� HDFK� UHFRGHG�YDULDEOH�� WKH�
PD[LPXP�ULVN�OHYHOV�LQ�WKH�RXWSXW�ILOH��L�H��WKH�LQGLYLGXDO�ULVN�WKUHVKROG��WKH�JOREDO�ULVN�WKUHVKROG��
DQG�� LI� DSSOLFDEOH�� WKH�KRXVHKROG� ULVN� WKUHVKROG�� ILQDOO\�� WKH�PDUJLQDO�QXPEHU�RI� VXSSUHVVLRQV�SHU�
YDULDEOH�QHHGHG�WR�SURGXFH�D�GDWD�ILOH�WKDW�LV�VDIH�IRU�WKH�JLYHQ�WKUHVKROG�OHYHOV��
7KH�UHSRUW�DOVR�FRQWDLQV�D�UHFRUG�GHVFULSWLRQ�RI�WKH�RXWSXW�:H�QH[W�VKRZ�DQ�H[FHUSW�IURP�RQH�VXFK�
UHSRUW�IRU�WKH�H[DPSOH�DW�KDQG��IRU�WKH�'(02'$7$�ILOH��WKDW�GRHV�QRW�FDUU\�D�KRXVHKROG�VWUXFWXUH���
�
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%DVH�,QGLYLGXDO�5LVN�KDV�EHHQ�DSSOLHG���
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,QG��ULVN�����������
,QG��UH�LGHQW�UDWH�����������
++�ULVN�����������

1R�RWKHU�PRGLILFDWLRQV�

6XSSUHVVLRQ�RYHUYLHZ��

1DPH� 6XSSU��:HLJKW�
1XPEHU�RI�
VXSSUHVVLRQV�
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7KH�ILQDO�UHVXOWV�FDQ�EH�DVVHVVHG�E\�LQVSHFWLRQ�RI�WKH�VXSSUHVVLRQ�RYHUYLHZ�LQ�WKH�UHSRUW�DERYH��,I�
WKH�QXPEHU�RI� VXSSUHVVLRQV�SHU�YDULDEOH� LV�QRW� VDWLVIDFWRU\�� WKH�XVHU�PD\�ZDQW� WR�UHFRGH� VHOHFWHG�
YDULDEOHV�� LQ� WKLV� FDVH�� JR� WR�0RGLI\_*OREDO� 5HFRGH� DQG� LQVSHFW� WKH� QHZ� 5LVN� &KDUW�� SRVVLEO\�
VHOHFWLQJ�D�QHZ�ULVN�WKUHVKROG��7KH�SURFHVV�PD\�EH�LWHUDWHG�XQWLO�VDWLVIDFWRU\�UHVXOWV�DUH�SURGXFHG���
7KH�ULVN�WKUHVKROG��LI�DSSURSULDWH��FDQ�DOVR�EH�PRGLILHG��LQ�WKLV�FDVH��JR�EDFN�WR�WKH�5LVN�&KDUW���

5HIHUHQFHV�

$EUDPRZLW]��0��DQG�6WHJXQ��,��$����������+DQGERRN�RI�0DWKHPDWLFDO�)XQFWLRQV��'RYHU��1HZ�<RUN��

%HQHGHWWL�� 5�� DQG� )UDQFRQL�� /�� �������� 6WDWLVWLFDO� DQG� WHFKQRORJLFDO� VROXWLRQV� IRU� FRQWUROOHG� GDWD�
GLVVHPLQDWLRQ��3UH�SURFHHGLQJV�RI�1HZ�7HFKQLTXHV�DQG�7HFKQRORJLHV�IRU�6WDWLVWLFV��������������
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%HQHGHWWL�� 5�� DQG� )UDQFRQL�� /�� DQG� &DSRELDQFKL�� $�� �������� ,QGLYLGXDO� 5LVN� RI� 'LVFORVXUH� 8VLQJ�
6DPSOLQJ�'HVLJQ�,QIRUPDWLRQ��&RQWULEXWL�,VWDW�Q��������

%HWKOHKHP��-���.HOOHU��:��DQG�3DQQHNRHN��-����������'LVFORVXUH�FRQWURO�RI�PLFURGDWD��-RXUQDO�RI�WKH�
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ������������

&DUOVRQ�� 0�� �������� $VVHVVLQJ� PLFURGDWD� GLVFORVXUH� ULVN� XVLQJ� WKH� 3RLVVRQ�LQYHUVH� *DXVVLDQ�
GLVWULEXWLRQ��6WDWLVWLFV�LQ�7UDQVLWLRQ��������±�����

&KHQ�� *�� DQG�.HOOHU�0F1XOW\�� 6�� ������� (VWLPDWLRQ� RI� LGHQWLILFDWLRQ� GLVFORVXUH� ULVN� LQ�PLFURGDWD��
-RXUQDO�RI�2IILFLDO�6WDWLVWLFV�������±����

'HYLOOH�� -�&�� DQG� 6lUQGDO�� &�(�� �������� &DOLEUDWLRQ� HVWLPDWRUV� LQ� VXUYH\� VDPSOLQJ�� -RXUQDO� RI� WKH�
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��������±�����

'L� &RQVLJOLR�� /��� )UDQFRQL�� /�� DQG� 6HUL�� *�� �������� $VVHVVLQJ� LQGLYLGXDO� ULVN� RI� GLVFORVXUH�� DQ�
H[SHULPHQW�� 3URFHHGLQJV� RI� WKH� -RLQW� (&(�(XURVWDW� :RUN� 6HVVLRQ� RQ� 6WDWLVWLFDO� 'DWD�
&RQILGHQWLDOLW\��/X[HPERXUJ��

'XQFDQ�� *�7�� DQG� /DPEHUW�� '�� �������� 'LVFORVXUH�OLPLWHG� GDWD� GLVVHPLQDWLRQ� �ZLWK� FRPPHQWV���
-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ������������

(ODPLU�� (�� DQG� 6NLQQHU�� &�� �������� 0RGHOLQJ� WKH� UH�LGHQWLILFDWLRQ� ULVN� SHU� UHFRUG� LQ� PLFURGDWD��
7HFKQLFDO�UHSRUW��6RXWKDPSWRQ�6WDWLVWLFDO�6FLHQFHV�5HVHDUFK�,QVWLWXWH��8QLYHUVLW\�RI�6RXWKDPSWRQ��
8�.��

)LHQEHUJ�� 6�(�� DQG� 0DNRY�� 8�(�� �������� &RQILGHQWLDOLW\�� XQLTXHQHVV� DQG� GLVFORVXUH� OLPLWDWLRQ� IRU�
FDWHJRULFDO�GDWD��-RXUQDO�RI�2IILFLDO�6WDWLVWLFV���������������

)UDQFRQL��/��DQG�3ROHWWLQL��6�� �������� ,QGLYLGXDO� ULVN�HVWLPDWLRQ� LQ���DUJXV��D� UHYLHZ�� ,Q��'RPLQJR�
)HUUHU�� -�� �(G����3ULYDF\� LQ�6WDWLVWLFDO�'DWDEDVHV�� /HFWXUH�1RWHV� LQ�&RPSXWHU�6FLHQFH��6SULQJHU��
��������

+XQGHSRRO�� $�� DQG� YDQ� GH� :HWHULQJ�� $�� �������� µ�$UJXV� XVHU¶V� PDQXDO� Y�� ����� &$6&�
'HOLYHUDEOH���'���

/DPEHUW��'����������0HDVXUHV�RI�GLVFORVXUH�ULVN�DQG�KDUP��-RXUQDO�RI�2IILFLDO�6WDWLVWLFV�������±�����

3ROHWWLQL��6�������D���$�QRWH�RQ�WKH�LQGLYLGXDO�ULVN�RI�GLVFORVXUH��&RQWULEXWL�,VWDW�Q���������

3ROHWWLQL��6�������E���6RPH�UHPDUNV�RQ�WKH�LQGLYLGXDO�ULVN�PHWKRGRORJ\��,Q��3URFHHGLQJV�RI�WKH�-RLQW�
(&(�(XURVWDW�:RUN�6HVVLRQ�RQ�6WDWLVWLFDO�'DWD�&RQILGHQWLDOLW\��/X[HPERXUJ��

3ROHWWLQL�� 6�� DQG� 6WDQGHU�� -��� ������ $� ED\HVLDQ� KLHUDUFKLFDO� PRGHO� DSSURDFK� WR� ULVN� HVWLPDWLRQ� LQ�
VWDWLVWLFDO� GLVFORVXUH� OLPLWDWLRQ�� ,Q�� 'RPLQJR�)HUUHU�� -�� �(G���� 3ULYDF\� LQ� 6WDWLVWLFDO� 'DWDEDVHV��
/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH��6SULQJHU����������

5LQRWW��<�� ��������2Q�PRGHOV� IRU� VWDWLVWLFDO�GLVFORVXUH� ULVN� HVWLPDWLRQ�� ,Q��3URFHHGLQJV�RI� WKH� -RLQW�
(&(�(XURVWDW�:RUN�6HVVLRQ�RQ�6WDWLVWLFDO�'DWD�&RQILGHQWLDOLW\��/X[HPERXUJ��

6NLQQHU��&�-��DQG�+ROPHV��'�-�����������(VWLPDWLQJ�WKH�UH�LGHQWLILFDWLRQ�ULVN�SHU�UHFRUG�LQ�PLFURGDWD��
-RXUQDO�RI�2IILFLDO�6WDWLVWLFV�������������������

:LOOHQERUJ��/��DQG�GH�:DDO��7����������6WDWLVWLFDO�'LVFORVXUH�&RQWURO�LQ�3UDFWLFH��/HFWXUH�1RWHV�LQ�
6WDWLVWLFV�������1HZ�<RUN��6SULQJHU�9HUODJ���

:LOOHQERUJ�� /�� DQG� GH�:DDO�� 7�� ��������(OHPHQWV� RI� 6WDWLVWLFDO� 'LVFORVXUH� &RQWURO�� 1HZ� <RUN��
6SULQJHU�9HUODJ��
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