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([SHULHQFH�ZLWK�QHZ�6RIW�&RPSXWLQJ�&RQFHSWV�IRU�5DWLQJ�6\VWHPV�

�
�

'U��+DQV�3HWHU�*�OOLFK�
�

5&6�5LVNPDQDJHPHQW�&RQFHSWV�6\VWHPV�$*�
7HFKQRSDUNVWU�����&+������=�ULFK�

3KRQH����������²������������HPDLO��KSJXHOOLFK#ULVNV\V�FRP�
�

�
$EVWUDFW�� 7KH� FKDQJLQJ� PDUNHW� VLWXDWLRQ�� ZKLFK� LV� VKRZLQJ� D� VWHDG\� LQFUHDVH� LQ�
FRPSDQ\�EDQNUXSWFLHV�DQG�WKH�FXUUHQW�DFWLYLWLHV�RI�WKH�%DVOH�&RPPLWWHH�RQ�%DQNLQJ�
6XSHUYLVLRQ�� UHTXLUH� QHZ� FRQFHSWV� IRU� WKH� FXUUHQWO\� XVHG� UDWLQJ� DSSURDFKHV� LQ�
ILQDQFLDO�LQVWLWXWLRQV��6LQFH�WUDGLWLRQDO��VRIW�FRPSXWLQJ�PHWKRGV�OLNH�VWDWLVWLFDO�DQDO\VLV�
DQG�QHXUDO�QHWZRUNV�DUH�LQ�FDSDEOH�RI�LQFOXGLQJ�VRIW�IDFWRUV��WKDW�RIWHQ�FRQWULEXWH�XS�
WR� ���� WR� D� FRUUHFW� UDWLQJ�� LQ� WKHLU� HYDOXDWLRQ� SURFHVV� 5&6� $*� GHYHORSHG� DQ�
LQWHOOLJHQW�UDWLQJ�DSSURDFK�WKDW�FRPELQHV�WKH�DGYDQWDJHV�RI�VHYHUDO�VRIW�FRPSXWLQJ�
PHWKRGV� �6FRULQJ�� 1HXUDO� 1HWV� DQG� )X]]\�/RJLF��� %DVHG� RQ� WKLV� DSSURDFK� 5&6� $*�
EXLOGV�GHFLVLRQ�VXSSRUW�V\VWHPV��'66��IRU�FUHGLW�ULVN�HYDOXDWLRQ�WKDW�DUH�DOUHDG\�LQ�XVH�
LQ�VRPH�ILQDQFLDO�LQVWLWXWLRQV�LQ�*HUPDQ\�DQG�6ZLW]HUODQG���
�
�

�� ,QWURGXFWLRQ�

�
'XH�WR�WKH�RQJRLQJ�UHFHVVLRQ��EDQNV�KDYH�KDG�WR�GHDO�ZLWK�DQ�VXEVWDQWLDO�LQFUHDVH�LQ�
GHIDXOWV�RQ�FUHGLW�FRQWUDFWV�RYHU�WKH�SDVW�\HDUV��7KHUHIRUH�ILQDQFLDO� LQVWLWXWLRQV�VHHN�
IRU� '66� WKDW� KHOS� WKHP� WR� REWDLQ� D� PRUH� DFFXUDWH� FUHGLW� ULVN� HYDOXDWLRQ�� 6LQFH� WKH�
EDQNV� DOUHDG\� GR� KDYH� H[WHQVLYH� H[SHULHQFH� ZLWK� WKH� GHFUHDVLQJ� ULVN� HYDOXDWLRQ�
FDSDELOLW\�RI�H[LVWLQJ�ULVN�DVVHVVPHQW�V\VWHPV�D�FOHDU�LGHD�H[LVWV�RI�ZKDW�WKH�QHZ�ULVN�
HYDOXDWLRQ�V\VWHP�VKRXOG�EH�FDSDEOH�RI���
�
,Q�SUD[LV�EDQNV�ZDQW�D�YDULHW\�RI�GLIIHUHQW�REMHFWLYHV�EH�IXOILOOHG�E\�WKH�FUHGLW�ULVN�
DVVHVVPHQW�V\VWHP�WKDW�FDQQRW�EH��PHW�E\�SXUH�GDWD�GULYHQ�V\VWHPV��
�
:�&UHGLW�DVVHVVPHQW�QRW�RQO\�EDVHG�RQ�SDVW�GDWD�
:�,QFOXVLRQ�RI�TXDOLWDWLYH�ILQDQFLDO�VWDQGLQJ�FKDUDFWHULVWLFV�
:�5HDOLVWLF�FRPELQDWLRQ�RI�DOO�DVVHVVPHQW�FKDUDFWHULVWLFV�
:�,PSOHPHQWDWLRQ�RI�D�VWDQGDUGLVHG�FUHGLW�HYDOXDWLRQ�SURFHVV�
:�'HYHORSPHQW�RI�D�IOH[LEOH�V\VWHP�VWUXFWXUH�
:�(YDOXDWLRQ�RI�WKH�DFWXDO�ULVN�FRQQHFWHG�ZLWK�D�FRQWUDFW�
:�&RPSUHKHQVLELOLW\�RI�DOO�V\VWHP�UHODWHG�GHFLVLRQV�
�
�
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�� 7KH�'HYHORSPHQW�RI�,QWHOOLJHQW�&UHGLW�5LVN�$VVHVVPHQW�6\VWHPV�

���� 7KH�ODFN�LQ�DYDLODEOH�GDWD�TXDOLW\��

�
,Q�SUD[LV�WKH�GHYHORSPHQW�RI�FUHGLW�ULVN�DVVHVVPHQW�V\VWHPV�LV�RIWHQ�FRQIURQWHG�ZLWK�SDVW�GDWD�
VHWV�WKDW�GR�QRW�FRPSOHWHO\�VDWLVI\�WKH�UHTXLUHPHQWV�IRU�D�ILUP�ULVN�HYDOXDWLRQ�RI�D�FOLHQW��0DLQ�
IDFWRUV� OLNH� PDQDJHPHQW� TXDOLW\� DQG� RWKHU� ZHDN� VLJQDOV� �H�J�� EXVLQHVV� HQYLURQPHQWDO�

FKDQJHV��FDQQRW�EH�LQWHJUDWHG�LQWR�VWDWLVWLFDO�EDVHG�ULVN�HYDOXDWLRQ�V\VWHPV��&XUUHQW�PDWKH�
PDWLFDO�DQG�VWDWLVWLFDO�FRQFHSWV�DQG�V\VWHPV��H�J��6FRULQJ��0'$��1HXUDO�1HWV��HWF���DUH�RQO\�
DV�JRRG�DV�WKH�DYDLODEOH�GDWD�VHWV�DYDLODEOH�IRU�WUDLQLQJ��JDUEDJH�LQ�JDUEDJH�RXW�V\QGURP���

���� (YDOXDWLRQ�RI�$YDLODEOH�6RIW�&RPSXWLQJ�0HWKRGV�

�
)RU� WKH� GHYHORSPHQW� RI� FUHGLW� ULVN� DVVHVVPHQW� V\VWHPV� GLIIHUHQW� VR� FDOOHG� VRIW�
FRPSXWLQJ� PHWKRGV� �0'$�� 6FRULQJ�� 1HXUDO� 1HWZRUNV� RU� )X]]\�/RJLF�� FDQ� EH� XVHG��
(DFK� RI� WKHVH� PHWKRGV� UHSUHVHQW� GLIIHUHQW� DGYDQWDJHV� DQG� GLVDGYDQWDJHV��
6WDWLVWLFDO�PHWKRGV�WKDW�IRUP�WKH�EDVLV�IRU�6FRULQJ�6\VWHPV�DV�ZHOO�DV�1HXUDO�1HWZRUNV�
UHWULHYH� WKHLU� NQRZOHGJH� PDLQO\� IURP� DQDO\VLQJ� SUHFLVH� GDWD� RI� WKH� SDVW� DQG� XVH�
OHDUQHG�SDWWHUQV� WR� MXGJH�QHZ�FXVWRPHU�FRQWUDFWV�� ,Q�RUGHU� WR�REWDLQ�DQ�DFFXUDWH�
HYDOXDWLRQ� RI� D� JLYHQ� FXVWRPHU� FRQWUDFW� KRZHYHU�� LW� LV� QHFHVVDU\� WR� LQFOXGH�
SUHGLFWLYH�TXDOLWDWLYH�LQIRUPDWLRQ��H�J��IXWXUH�PDUNHW�GHYHORSPHQWV��LQWR�WKH�GHFLVLRQ�
SURFHVV�� 7KH� ODFN� LQ� DELOLW\� RQ� WKH� SDUW� RI� 6FRULQJ� 6\VWHPV� DQG� 1HXUDO� 1HWZRUNV� WR�
GHDO�ZLWK�LPSUHFLVH��XQFHUWDLQ�DQG�SUHGLFWLYH�LQIRUPDWLRQ�WKDW�LV�XVXDOO\�QRW�LQFOXGHG�
ZLWKLQ�SDVW�GDWD�VHWV�LV�WKHUHIRUH�D�PDMRU�GLVDGYDQWDJH�RI�XVLQJ�WKHVH�V\VWHPV��:KLOVW�
1HXUDO�1HWZRUNV�FDQ�HDVLO\�EH�DGDSWHG�WR�JLYHQ�PDUNHW�FKDQJHV�E\�UHWUDLQLQJ�WKHP��
D�WLPH�DQG�FRVW�LQWHQVLYH�UHGHYHORSPHQW�SURFHVV�LV�QHFHVVDU\�WR�FKDQJH�DQ�H[LVWLQJ�
6FRULQJ�6\VWHP��7KH�PDLQ�EDFNGUDIW�IRU�1HXUDO�1HWZRUNV�KRZHYHU��LV�WKHLU�LQFDSDELOLW\�
WR�JLYH�D�SUHFLVH�H[SODQDWLRQ�IRU�D�FRPSXWHG�UHVXOW��6\VWHP�XVHUV� LQ�SUD[LV�QRUPDOO\�
LQVLVWHG� RQ� WKH� WUDQVSDUHQF\� RI� DOO� V\VWHP� GHFLVLRQV�� )X]]\� /RJLF� DV� WKH� WKLUG� VRIW�
FRPSXWLQJ� PHWKRG� GRHV� QRW� GHSHQG� RQ� WKH� TXDOLW\� RI� DYDLODEOH� SDVW� FOLHQW� GDWD�
DQG�GRHV�DOORZ�WKH�GHYHORSPHQW�RI�FUHGLW�ULVN�DVVHVVPHQW�V\VWHPV�WKDW�FDQ�LQFOXGH�
TXDOLWDWLYH� FUHGLW� LQIRUPDWLRQ� �H�J�� SURJQRVHV�� JLYHQ� FUHGLW� SROLF\�� HWF��� LQWR� WKHLU�
GHFLVLRQ�NQRZOHGJH�EDVH��)XUWKHUPRUH�)X]]\�/RJLF�EDVHG�V\VWHPV�FDQ�EH�DGDSWHG�
DW� DQ\� WLPH� DQG� ZLWKLQ� D� UHDVRQDEOH� WLPH� IUDPH� WR� DQ\� QHZ� UHTXLUHPHQW� DQG� WKH�
RSHQ� V\VWHP� VWUXFWXUH� JXDUDQWHHV� WKH� FRPSUHKHQVLELOLW\� RI� DQ\� JHQHUDWHG� V\VWHP�
GHFLVLRQ�� $OWKRXJK� )X]]\�/RJLF� LWVHOI� FDQQRW� EH� VHHQ� DV� D� VROXWLRQ� ZLWKRXW�
GLVDGYDQWDJHV� �H�J�� DQ� H[SHUW� FDSDEOH� RI� H[SUHVVLQJ� KLV� NQRZOHGJH� LQ� GHWDLO� LV�
QHHGHG��LW�SURYHG�WR�EH�WKH�EHVW�PHWKRG�WR�IXOILO�PRVW�RI�WKH�JLYHQ�FULWHULD���
�
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���� +\EULG�6\VWHP�6WUXFWXUH�

�
6LQFH� HDFK� RI� WKH� DYDLODEOH� VRIW� FRPSXWLQJ� PHWKRGV� UHSUHVHQWV� GLIIHUHQW�
DGYDQWDJHV�5&6�$*�GHYHORSHG�DQ�LQWHJUDWHG�UHDOLVDWLRQ�PHWKRGRORJ\�WKDW�XVHV�WKH�
LQGLYLGXDO� DGYDQWDJHV� RI� HDFK� VRIW� FRPSXWLQJ� PHWKRG�� 7KLV� DSSURDFK� DOORZV� WKH�
GHVLJQ�DQG�UHDOLVDWLRQ�RI�LQWHOOLJHQW�FUHGLW�ULVN�DVVHVVPHQW�V\VWHPV�WKDW�DUH�FDSDEOH�WR�
DSSUR[LPDWH�D�KXPDQ�GHFLVLRQ�SURFHVV��VHH�*UDSK�����7KH�XVHG�DGYDQWDJHV�DUH��
�

6FRULQJ� � VWDWLVWLFDO�DQDO\VLV�
� � � � RI�FXVWRPHU�SRUWIROLR�
�

1HXUDO�1HWV� � OHDUQLQJ�FDSDELOLW\�
�

)X]]\�/RJLF� � IOH[LEOH�DQG��
� � � � FRPSUHKHQVLEOH�
� � � � V\VWHP�VWUXFWXUH�
�

*UDSK����$SSUR[LPDWLRQ�RI�KXPDQ�GHFLVLRQ�SURFHVV�XVLQJ�LQWHOOLJHQW�V\VWHPV�
�
�
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�� 0HDVXULQJ�WKH�3HUIRUPDQFH�RI�WKH�6\VWHP�

�
6LQFH�WKH�ILUVW�UDWLQJ�V\VWHP�EDVHG�RQ�WKH�LQWHOOLJHQW�FUHGLW�ULVN�DVVHVVPHQW�DSSURDFK�
KDV�EHHQ�LPSOHPHQWHG�LQ�0D\������DQ�LQWHQVLYH�SHUIRUPDQFH�HYDOXDWLRQ�XVLQJ�UHDO�
ZRUOG�GDWD�FRXOG�EH�SHUIRUPHG�LQ�PLG�������7KH�IROORZLQJ�JUDSKV�VKRZ�VRPH�RI�WKH�
UHVXOWV�RI�WKLV�HYDOXDWLRQ�SURFHVV��*UDSK���VKRZV�WKH�GHIDXOW�UDWH�ZLWKLQ�HDFK�UDWLQJ�
FODVV� IRU� WKH� FRUSRUDWH� FXVWRPHU�JURXS�� $V� LW� VKRZV�� WKH� UHDO�GHIDXOW� UDWHV� LQFUHDVH�
VWHDGLO\�DFFRUGLQJ�WKH�FRPSXWHG� UDWLQJ�FODVV�� 7KHVH� UHVXOWV�GR�QRW�RQO\�SURYH�KRZ�
ZHOO�WKH�GHYHORSHG�V\VWHP�SHUIRUPV�EXW�GHOLYHU�LPSRUWDQW�LQIRUPDWLRQ�IRU�WKH�QHZO\�
LPSOHPHQWHG�ULVN�EDVHG�GHFLVLRQ�SURFHVV�DW�WKH�EDQN���
�

A5B A�A�C

D5B A�A�C

E A5B A�A�C

E D5B A�A�C

FGA5B A�A�C

FGD5B A�A�C

A E F H I D J KML N OGPQ/R�S OGT�P N U

C@V QWR�S OGT�P N U

�

*UDSK����5HDO�GHIDXOW�UDWH�SHU�UDWLQJ�FODVV�IRU�FRUSRUDWH�FXVWRPHUV�

�
*UDSK� �� VKRZV� WKH� PRVW� LPSRUWDQW� LQIRUPDWLRQ� IRU� WKH� ILQDQFLDO� LQVWLWXWLRQ�� VLQFH� LW�
TXDQWLILHV�WKH�UHVXOW�RI�WKH�V\VWHP�XVDJH�IRU�WKH�EDQN��'XULQJ�WKH�SDVW�WKUHH�\HDUV�RI�
V\VWHP� XVDJH�� WKH� EDQN� ZDV� DEOH� WR� LQFUHDVH� LWV� WRWDO� FUHGLW� YROXPH� E\� RYHU� ����
PDLQO\�GXH�WR�WKH�UHGXFWLRQ�RI�WKH�UHIXVDO�UDWH�E\������7KLV�ZDV�SRVVLEOH�GXH�WR�ERWK��
EHWWHU�FUHGLW�ULVN�DVVHVVPHQW�E\�WKH�XVHG�UDWLQJ�V\VWHP�DQG�WKH�QHZ�ULVN�EDVHG�FUHGLW�
GHFLVLRQ� SROLF\� RI� WKH� EDQN�� $OWKRXJK� WKH� EDQN� GLG� LQFUHDVH� LWV� FUHGLW� YROXPH� WKH�
GHIDXOW� UDWH� FRXOG� EH� UHGXFHG� E\� RYHU� ���� ZKLFK� OHG� WR� DQ� LQFUHDVH� LQ� SURILWV� RI�
DOPRVW��������

*UDSK����(YDOXDWLRQ�UHVXOWV�RI�WKH�LPSOHPHQWHG�LQWHOOLJHQW�UDWLQJ�V\VWHP�IRU�WKH�EDQN�

X.YZY\[

X.YZY$]

^ _�`�a bdc0eGbgfdh�`�a b�i�j k
c�l0l�m j `�c�k j f�_$e�i�n�b
k fok�pqbra b�s f�a t�c�_�j eGc�k j f�_
fdhqk�pqbgc�l�l0m j `�c�k j f�_
l�a fd`�b�e�e

u$b�i�n$`dk j f�_
fdh�k�p�b
a b�h n$eGc�m.a c�k b
i�n�bgk fvk�p�bga j e5w
x c0e*b�i2`�a bdi�j k
i�b�`dj e*j f�_�lda fd`db�e�e

u$b�i�n$`dk j f�_
fdh�k�p�b
`�a b�i�j k�i�b�h c�nqm k�a c�k b
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e y eGk b0z

s {$|-}

������
s ~Z~�}

�$�Z� }

6LJQLILFDQW�
LQFUHDVH
LQ�SURILW



3XEOLVKHG�LQ��:RUNLQJ�3DSHU�1R�����5DWLQJ�&RXPPXQLW\�0DLQ]����������

�

5&6�$*�•�7HFKQRSDUNVWU����•�&+������=�ULFK�
7HO�������²���²�����������•�)D[������²���²�����������

�� &RQFOXVLRQ�

�
,QWHOOLJHQW�UDWLQJ�V\VWHPV�KDYH�SURYHG�WKDW�WKH\�FDQ�EH�VHHQ�DV�DQ�DSSURSULDWH�VRIW�
FRPSXWLQJ� PHWKRG� IRU� ULVN� DVVHVVPHQW�� $GGLWLRQDO� WR� WKH� DGYDQWDJH� RI� LQFOXGLQJ�
XQFHUWDLQ�� LPSUHFLVH� DQG� SUHGLFWLYH� LQIRUPDWLRQ� LQWR� WKH� HYDOXDWLRQ� SURFHVV�� DQ�
LQWHOOLJHQW� UDWLQJ� V\VWHP� DOORZV� WKH� GHYHORSPHQW� RI� D� FUHGLWZRUWKLQHVV� HYDOXDWLRQ�
V\VWHP�LQGHSHQGHQW�RI�DQ\�SDVW�GDWD�LI�QHFHVVDU\��7KH�FDSDELOLW\�RI�LQWHOOLJHQW�UDWLQJ�
V\VWHPV�WR�SURYLGH�D�GHWDLOHG�H[SODQDWLRQ�RI�D�FRPSXWHG�UDWLQJ�UHVXOW�SURYHV�WR�EH�
SDUWLFXODUO\� LPSRUWDQW��QRW�RQO\� LQ�WHUPV�RI� ODWHU�V\VWHP�XVDJH�DV�D�GHFLVLRQ�VXSSRUW�
V\VWHP� EXW� DOVR� IRU� ODWHU� V\VWHP� DFFHSWDQFH� E\� WKH� XVHUV�� $Q� ,QWHOOLJHQW� ULVN�
DVVHVVPHQW�V\VWHP�IXOILOOV�D�YDULHW\�RI�GLIIHUHQW�REMHFWLYHV�DQG�VXFFHHGV�RYHU�FXUUHQW�
V\VWHP�FRQFHSWV�GXH�WR�LWV�QXPHURXV�DGYDQWDJHV�
�
�

*UDSK����$GYDQWDJHV�RI�LQWHOOLJHQW�UDWLQJ�V\VWHPV�

+\EULG�6\VWHP�6WUXFWXUH

)OH[LELOLW\

6WDWLVWLFDO��DQG�([SHUW�.QRZOHGJH

�&RPSUHKHQVLELOLW\

$GYDQWDJHV

RI�,QWHOOLJHQW

$VVHVVPHQW

6\VWHPV

��8VH�RI�LQGLYLGXDO�DGYDQWDJHV�RI
���GLIIHUHQW�PHWKRGV
����6FRULQJ��1HXUDO�1HWV��)X]]\�
��5HDOLVWLF�DJJUHJDWLRQ�RI�DOO
���GHFLVLRQ�SDUDPHWHUV

��5LVN�$VVHVVPHQW�QRW�RQO\�EDVHG�RQ
���EDVHG�GDWD
��,QFOXVLRQ�RI�KDUW�DQG�VRIW�IDFWV�LQWR
���WKH�GHFLVLRQ�SURFHVV

��7KH�IOH[LEOH�V\VWHP�VWUXFWXUH�DOORZV
���WKH�SHUPDQHQW�DQG�LQGLYLGXDO
���DGMXVWPHQW�RI�,QWHOOLJHQW�5LVN
���$VVHVVPHQW�6\VWHPV

��$OO�V\VWHP�UHODWHG�GHFLVLRQV�DUH
���FRPSUHKHQVLEOH
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5HIHUHQFHV�
�
>%L%O*U��@�%LVFKRII��5���%OHLOH��&���*UDDOIV��-����������'HU�(LQVDW]�1HXURQDOHU�1HW]H�]XU�
EHWULHEVZLUWVFKDIWOLFKHQ�.HQQ]DKOHQDQDO\VH��LQ��:LUWVFKDIWVLQIRUPDWLN������-J���+HIW����
6����������
>*HUGVPHLU��@�*HUGVPHLU��6���.RUE��%����������.XQGHQLQGLYLGXHOOH�%HZHUWXQJ�GHV�
$XVIDOOULVLNRV�PLW�GHP�2SWLRQVSUHLVPRGHOO��LQ��'LH�%DQN��+HIW�����6����������
>.X3L��@�.XUEHO��.���3LHWVFK��:����������(LQH�%HXUWHLOXQJ�NRQQHNWLRQLVWLVFKHU�0RGHOOH�DXI�
GHU�*UXQGODJH�DXVJHZlKOWHU�$QZHQGXQJVSUREOHPH�XQG�9RUVFKOlJH�]XU�
(UZHLWHUXQJ��LQ��:LUWVFKDIWVLQIRUPDWLN������-J���+HIW����6����������
>/HZLV��@�/HZLV��(����������$Q�,QWURGXFWLRQ�WR�&UHGLW�6FRULQJ��6DQ�5DIDHO��&$�
>3XUFHOO@�3XUFHOO��/���5RSLQJ�WKH�5LVN��LQ��%DQN�6\VWHPV���7HFKQRORJ\��R�0���R�-���6��������
>5RPPHOIDQJHU��@�5RPPHOIDQJHU��+����������)X]]\�'HFLVLRQ�6XSSRUW�6\VWHPH���
(QWVFKHLGXQJ�EHL�8QVFKlUIH�
>6FKLHUHQEHFN��@�6FKLHUHQEHFN��+����������(UWUDJVRULHQWLHUWHV�%DQNPDQDJHPHQW��
&RQWUROOLQJ�LQ�.UHGLWLQVWLWXWHQ�
>6FKQXUU��@�6FKQXUU��&����������3URFHHGLQJV�RI�WKH��WK�(XURSHDQ�&RQJUHVV�RQ�
,QWHOOLJHQW�7HFKQLTXHV�DQG�6RIW�&RPSXWLQJ���(8),7�����6������������
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