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$EVWUDFW
(YHQW� WUHH� DQDO\VLV� DQG�0RQWH� &DUOR�EDVHG� GLVFUHWH� HYHQW� VLPXODWLRQ� KDYH� EHHQ� XVHG� LQ� ULVN
DVVHVVPHQW�VWXGLHV�IRU�PDQ\�\HDUV���7KLV�UHSRUW�GHWDLOV�KRZ�IHDWXUHV�RI�WKHVH�WZR�PHWKRGV�FDQ�EH
FRPELQHG� ZLWK� FRQFHSWV� IURP� REMHFW�RULHQWHG� DQDO\VLV� WR� GHYHORS� D� QHZ� ULVN� DVVHVVPHQW
PHWKRGRORJ\�ZLWK�VRPH�RI�WKH�EHVW�IHDWXUHV�RI�HDFK���7KH�UHVXOWDQW�2EMHFW�%DVHG�(YHQW�6FHQDULR
7UHH��2%(67��PHWKRGRORJ\�HQDEOHV�DQ�DQDO\VW�WR�UDSLGO\�FRQVWUXFW�UHDOLVWLF�PRGHOV�IRU�VFHQDULRV
IRU�ZKLFK�DQ�D�SULRUL�GLVFRYHU\�RI�HYHQW�RUGHULQJ�LV�HLWKHU�FXPEHUVRPH�RU�LPSRVVLEOH��HVSHFLDOO\
WKRVH� WKDW�H[KLELW� LQFRQVLVWHQW�RU�YDULDEOH�HYHQW�RUGHULQJ��ZKLFK�DUH�GLIILFXOW� WR� UHSUHVHQW� LQ�DQ
HYHQW� WUHH� DQDO\VLV��� � (DFK� VFHQDULR� SURGXFHG� E\� 2%(67� LV� DXWRPDWLFDOO\� DVVRFLDWHG� ZLWK� D
OLNHOLKRRG� HVWLPDWH� EHFDXVH� SUREDELOLVWLF� EUDQFKLQJ� LV� LQWHJUDO� WR� WKH� REMHFW� PRGHO� GHILQLWLRQ�
7KH� 2%(67� PHWKRG� XVHV� D� UHFXUVLYH� DOJRULWKP� WR� VROYH� WKH� REMHFW� PRGHO� DQG� LGHQWLI\� DOO
SRVVLEOH� VFHQDULRV�DQG� WKHLU� DVVRFLDWHG�SUREDELOLWLHV�� �6LQFH� VFHQDULR� OLNHOLKRRGV� DUH�GHYHORSHG
GLUHFWO\�E\�WKH�VROXWLRQ�DOJRULWKP��WKH\�QHHG�QRW�EH�FRPSXWHG�E\�VWDWLVWLFDO� LQIHUHQFH�EDVHG�RQ
0RQWH� &DUOR� REVHUYDWLRQV� �DV� UHTXLUHG� E\� VRPH� GLVFUHWH� HYHQW� VLPXODWLRQ� PHWKRGV��� � 7KXV�
2%(67�LV�QRW�RQO\�PXFK�PRUH�FRPSXWDWLRQDOO\�HIILFLHQW� WKDQ� WKHVH�VLPXODWLRQ�PHWKRGV��EXW� LW
DOVR� GLVFRYHUV� VFHQDULRV� WKDW� KDYH� H[WUHPHO\� ORZ� SUREDELOLWLHV� DV� D� QDWXUDO� DQDO\WLFDO� UHVXOW�±
VFHQDULRV�WKDW�ZRXOG�OLNHO\�EH�PLVVHG�E\�D�0RQWH�&DUOR�EDVHG�PHWKRG���7KLV�UHSRUW�GRFXPHQWV
WKH�2%(67�PHWKRGRORJ\��WKH�GHPRQVWUDWLRQ�VRIWZDUH�WKDW�LPSOHPHQWV�LW��DQG�SURYLGHV�H[DPSOH
2%(67�PRGHOV� IRU� VHYHUDO�GLIIHUHQW� DSSOLFDWLRQ�GRPDLQV�� LQFOXGLQJ� LQWHUDFWLRQV� DPRQJ� IDLOLQJ
LQWHUGHSHQGHQW� LQIUDVWUXFWXUH� V\VWHPV�� FLUFXLW� DQDO\VLV� IRU� ILUH� ULVN� HYDOXDWLRQ� LQ�QXFOHDU�SRZHU
SODQWV��DQG�DYLDWLRQ�VDIHW\�VWXGLHV�
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$FNQRZOHGJPHQWV

1R�VLJQLILFDQW�UHVHDUFK�ZRUN�FDQ�EH�FRPSOHWHG�ZLWKRXW�FRQWULEXWLRQV�IURP�D�QXPEHU�RI�SHRSOH�
DQG�WKLV�SURMHFW�KDV�EHHQ�QR�H[FHSWLRQ��7KH�DXWKRUV�ZLVK�WR�WKDQN�D�QXPEHU�RI�SHRSOH�ZKR�KDYH
SURYLGHG� KHOS� IRU� WKLV� ZRUN�� � )LUVW�� ZH�ZRXOG� OLNH� WR� WKDQN� WKH� 6DQGLD� 1DWLRQDO� /DERUDWRULHV
/DERUDWRU\�'LUHFWHG� 5HVHDUFK� DQG� 'HYHORSPHQW� SURJUDP�� ,QIUDVWUXFWXUH� ,QWHUGHSHQGHQFLHV
UHVHDUFK�DUHD��IRU�SURYLGLQJ�WKH�ILQDQFLDO�VSRQVRUVKLS�WKDW�PDGH�WKLV�ZRUN�SRVVLEOH�

0DQ\�RWKHU�SHRSOH�DW�6DQGLD�FRQWULEXWHG�WKHLU�WLPH��OHDGHUVKLS��FRPPHQWV�DQG�FULWLFLVPV�WR�WKLV
ZRUN�� DQG� WKLV�SURMHFW�ZRXOG�EH�PXFK� WKH�SRRUHU�ZLWKRXW� WKHLU� KHOS�� �:H�ZRXOG� OLNH� WR� WKDQN
$OOHQ� &DPS� IRU� KLV� OHDGHUVKLS� DQG� HQFRXUDJHPHQW� WKURXJKRXW� WKLV� SURMHFW�� � 3HUVRQV� ZKR
SURYLGHG�LPSRUWDQW�LQSXW�YHU\�HDUO\�LQ�WKH�2%(67�PHWKRGRORJ\�GHYHORSPHQW�SURFHVV��LQSXW�WKDW
KHOSHG�UHILQH�WKH�PHWKRGRORJ\�LQ�DOPRVW�HYHU\�ZD\��DUH�WRR�QXPHURXV�WR�PHQWLRQ��EXW�LQFOXGHG
5RJHU�%UHHGLQJ��5RJHU�&R[��6KDURQ�'DQLHO��:LOOLDP�+DUW��&LQG\�3KLOOLSV��0DUN�6QHOO��DQG�WKH
VWDII�RI�WKH�6XUHW\�$VVHVVPHQW�&HQWHU���-RKQ�)RUHVWHU�DQG�'ZLJKW�0LOOHU�GHVHUYH�VSHFLDO�WKDQNV
EHFDXVH�WKH\�QRW�RQO\�SURYLGHG�DVVLVWDQFH�ZLWK�KXPDQ�UHOLDELOLW\�DQDO\VLV�WRSLFV�DVVRFLDWHG�ZLWK
WKH�2%(67�PHWKRGRORJ\��EXW�DOVR� VHUYHG� DV� UHYLHZHUV�RI� WKLV� ILQDO� UHSRUW�� �)UDQN�:\DQW� DOVR
GHVHUYHV�VSHFLDO� WKDQNV�IRU�KLV�KHOS�DQG�SDWLHQFH�ZLWK� UHJDUG� WR�GHYHORSLQJ� WKH�2%(67�FLUFXLW
DQDO\VLV�H[DPSOH�GHVFULEHG�LQ�6HFWLRQ�����

$QRWKHU�XQVXQJ�PHPEHU�RI�WKH�SURMHFW�WHDP�ZDV�0U��5REHUW�%URZLWW�RI�$UFKLWUDYH�6RIWZDUH�LQ
$OEXTXHUTXH�� 1HZ� 0H[LFR�� � 5REHUW� ZURWH� WKH� 2%(67� GHPRQVWUDWLRQ� DQDO\VLV� VRIWZDUH
GHVFULEHG�LQ�&KDSWHU�����5REHUW�GLG�DQ�DGPLUDEOH�MRE�RI� LPSOHPHQWLQJ�D�FRPSOH[�PHWKRGRORJ\
LQWR�ZRUNLQJ�VRIWZDUH�LQ�WKH�IDFH�RI�IUHTXHQW�FKDQJHV�RQ�D�OLPLWHG�EXGJHW���:H�DUH�YHU\�WKDQNIXO
IRU�KLV�HIIRUWV�DQG�WKH�VRIWZDUH�WKDW�WKH\�SURGXFHG�

:H�ZRXOG� DOVR� OLNH� WR� WKDQN� WKH�1$6$�$PHV� 5HVHDUFK� /DE� DQG� WKH� 1$6$�$YLDWLRQ� 6DIHW\
3URJUDP�IRU�VSRQVRULQJ�DYLDWLRQ�VDIHW\�ZRUN�WKDW�KHOSHG�VKDSH�DQG�WHVW�WKH�2%(67�PHWKRGRORJ\
�SDUW�RI�ZKLFK�LV�UHSRUWHG�LQ�6HFWLRQ�����RI�WKLV�UHSRUW��� �:H�ZRXOG�HVSHFLDOO\�OLNH�WR�WKDQN�'U�
0DU\�&RQQRUV�DQG�'U��,UYLQJ�6WDWOHU�RI�1$6$�$PHV��DV�ZHOO�DV�'U��.HYLQ�&RUNHU�RI�6DQ�-RVH
6WDWH� 8QLYHUVLW\� IRU� WKHLU� KHOS�� FRPPHQWV� DQG� VXSSRUW�� �:H� ZRXOG� DOVR� OLNH� WR� WKDQN� $7$&
&RUSRUDWLRQ�RI�6XQQ\YDOH��&DOLIRUQLD��DQG�HVSHFLDOO\�0U��0LFKDHO�$ENLQ��IRU�WKHLU�LQVLJKWV�LQWR
UXQZD\�LQFXUVLRQ�SKHQRPHQRORJ\�

:H�ZRXOG�DOVR�OLNH�WR�WKDQN�0V��3DXOD�6SHUOLQJ��FHUWLILHG�$P352�UDFTXHWEDOO�LQVWUXFWRU��IRU�KHU
KHOS� LQ� GHYHORSLQJ� WKH� UDFTXHWEDOO� JDPH� H[DPSOH� IRXQG� LQ� 6HFWLRQ� ����� � :H� YHU\� PXFK
DSSUHFLDWH�KHU�KHOS�LQ�GHYHORSLQJ�WKH�SUREDELOLWLHV�XVHG�LQ�WKDW�H[DPSOH�DV�ZHOO�DV�KHU�UHYLHZ�RI
LWV�ILQDO�ZULWH�XS�

)LQDOO\��ZH�ZRXOG� OLNH� WR� WKDQN�0U��'DYLG�&UDQHU�� D� SLORW�ZLWK�6%�$LU� LQ�$OEXTXHUTXH��1HZ
0H[LFR�� �'DYH�JHQHURXVO\�JDYH�XV�DVVLVWDQFH� LQ�FKDUDFWHUL]LQJ�SLORW�DFWLRQV�XQGHU� D�YDULHW\�RI
FRQGLWLRQV�� � +LV� FRQWULEXWLRQV� KHOSHG� XV� GUDPDWLFDOO\� LQ� FRQVWUXFWLRQ� RI� WKH� 2%(67� DYLDWLRQ
VDIHW\�PRGHO�WKDW�LV�SUHVHQWHG�LQ�WKLV�UHSRUW���:H�ZRXOG�DOVR�OLNH�WR�WKDQN�WKH�PDQDJHPHQW�RI�6%
$LU�IRU�HQFRXUDJLQJ�DQG�VXSSRUWLQJ�'DYH¶V�SDUWLFLSDWLRQ�LQ�WKLV�SURMHFW�
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���� (YDOXDWLQJ�DQ�2%(67�0RGHO����������������������������������������������������������������������������������������� ��
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2%(67���7KH�2EMHFW�%DVHG�(YHQW
6FHQDULR�7UHH�0HWKRGRORJ\

���,QWURGXFWLRQ
)RU� PRUH� WKDQ� ��� \HDUV�� WKH� VFLHQFH� RI� ULVN� DVVHVVPHQW� KDV� EHHQ� XVHG� WR� LGHQWLI\� SRWHQWLDO
VKRUWFRPLQJV�DQG�VDIHW\�FRQFHUQV�IRU�D�ZLGH�YDULHW\�RI�HQJLQHHUHG�V\VWHPV���7KH�REMHFWLYH�RI�D
ULVN�DVVHVVPHQW�LV�JHQHUDOO\�WR�

�� ,GHQWLI\� WKH� VFHQDULRV� DQG�PHFKDQLVPV� WKDW� FDQ�SXVK� DQ� HQJLQHHUHG� V\VWHP� DZD\� IURP� LWV
GHVLJQHG�RU�GHVLUHG�EHKDYLRU�LQWR�D�UHJLRQ�RI�XQGHVLUHG�RU�XQLQWHQGHG�FRQVHTXHQFHV�

�� 7R�FDWHJRUL]H�WKRVH�VFHQDULRV�RU�PHFKDQLVPV�EDVHG�RQ�WKHLU�OLNHOLKRRG�RI�RFFXUUHQFH��DQG

�� 7R� SURYLGH� PLWLJDWLRQ� VWUDWHJLHV� WKDW� ZLOO� UHGXFH� HLWKHU� WKH� OLNHOLKRRG� RU� FRQVHTXHQFH� RI
VFHQDULRV�DQG�PHFKDQLVPV�WKDW�DUH�IRXQG�WR�EH�PRVW�LPSRUWDQW�

7KXV��DW�LWV�FRUH��ULVN�DVVHVVPHQW�FDQ�EH�WKRXJKW�RI�DV�VHHNLQJ�WKH�DQVZHUV�WR�WKUHH�IXQGDPHQWDO
TXHVWLRQV��

�� :KDW�FDQ�KDSSHQ�WR�P\�V\VWHP"

�� +RZ�OLNHO\�LV�LW�WR�KDSSHQ"

�� +RZ�GRHV�LW�DIIHFW�P\�V\VWHP��LWV�RSHUDWRUV��LWV�VXUURXQGLQJV��DQG�WKH�ODUJHU�HQYLURQPHQW"

7\SLFDOO\��D�ULVN�DVVHVVPHQW�IRFXVHV�RQ�WKH�³EDG´�WKLQJV�� L�H���³:KDW�DUH�DOO�RI� WKH�µEDG¶�WKLQJV
WKDW� FDQ� KDSSHQ� WR� P\� V\VWHP"´� DQG� ³:KDW� DUH� DOO� RI� SRVVLEOH� QHJDWLYH� HIIHFWV� RI� WKRVH
VFHQDULRV"´� � 7R� DQVZHU� WKHVH� TXHVWLRQV� HIIHFWLYHO\�� RQH� PXVW� WKRURXJKO\� DQG� V\VWHPDWLFDOO\
H[SORUH� ZKDW� PD\� EH� D� YHU\� ODUJH� VFHQDULR� VSDFH� LQ� RUGHU� WR� LGHQWLI\� WKRVH� �KRSHIXOO\� IHZ�
VFHQDULRV�WKDW�PD\�OHDG�WR�XQGHVLUHG�FRQVHTXHQFHV�

2YHU� WKH� \HDUV�� GHGXFWLYH� DQG� LQGXFWLYH� ULVN� DVVHVVPHQW�PHWKRGV�KDYH�EHHQ� DSSOLHG� WR� D�ZLGH
YDULHW\� RI� V\VWHPV�� LQFOXGLQJ� PLVVLOHV�� QXFOHDU� SRZHU� SODQWV�� XQGHUJURXQG� ZDVWH� UHSRVLWRULHV�
DLUFUDIW��PDQXIDFWXULQJ�SURFHVVHV�� LQIRUPDWLRQ�V\VWHPV��DQG�HYHQ�FRQVXPHU�JRRGV�� �0DQ\�KDYH
DOVR�VRXJKW�WR�DSSO\�WKHVH�VDPH�PHWKRGV�WR�WKH�DVVXUDQFH�RI�WHOHFRPPXQLFDWLRQV��HOHFWULF�SRZHU�
DQG�RWKHU� LQIUDVWUXFWXUHV�� �7KH� UHVXOWV�RI� WKHVH� VWXGLHV�KDYH� JHQHUDOO\�EHHQ� OHVV� LQVLJKWIXO� WKDQ
PLJKW�RWKHUZLVH�KDYH�EHHQ�H[SHFWHG�EHFDXVH�RI�WKH�FRPSOH[�LQWHUFRQQHFWLRQV��LQWHUDFWLRQV��DQG
LQWHUGHSHQGHQFLHV� ERWK� ZLWKLQ� DQG� DPRQJ� WKH� YDULRXV� LQIUDVWUXFWXUH� V\VWHPV�� � 7KH� 8�6�
'HSDUWPHQW� RI� (QHUJ\�� DPRQJ� RWKHUV�� KDV� RUJDQL]HG� PDMRU� UHVHDUFK� SURJUDPV� DLPHG� DW
RYHUFRPLQJ�VRPH�RI�WKHVH�REVWDFOHV�
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5HDOL]LQJ� WKDW� LQIUDVWUXFWXUH� SURWHFWLRQ� LV� DQ� LVVXH� ZLWK� PDMRU� QDWLRQDO� VHFXULW\� LPSOLFDWLRQV�
6DQGLD�1DWLRQDO�/DERUDWRULHV�KDV�DOORFDWHG�VLJQLILFDQW�LQWHUQDO�UHVHDUFK�DQG�GHYHORSPHQW�IXQGLQJ
WRZDUG�GHYHORSLQJ� ULVN� DVVHVVPHQW�PHWKRGV� DQG� ULVN�PLWLJDWLRQ� WHFKQRORJLHV� IRU� LQIUDVWUXFWXUH
DSSOLFDWLRQV���,Q�2FWREHU�RI�������6DQGLD�EHJDQ�D�QHZ�WZR�\HDU�ODERUDWRU\�GLUHFWHG�UHVHDUFK�DQG
GHYHORSPHQW� �/'5'�� SURMHFW� ZLWK� WKH� JRDO� RI� GHYHORSLQJ� LPSURYHG� PHWKRGV� IRU� ULVN� DQG
UHOLDELOLW\� DQDO\VLV� IRU� LQIUDVWUXFWXUH�UHODWHG� SUREOHPV� ±� SDUWLFXODUO\� IRU� QHWZRUN�EDVHG
LQIUDVWUXFWXUHV�� � 7KLV� SURMHFW� ZDV� DOVR� DVNHG� WR� FRQVLGHU� PHWKRGV� WKDW� PLJKW� DLG� LQ� WKH
XQGHUVWDQGLQJ�RI�LQIUDVWUXFWXUH�LQWHUGHSHQGHQFLHV���7KH�ILQDO�UHVXOW�RI�WKLV�SURMHFW�ZDV�WKH�PDMRU
PHWKRGRORJLFDO�DGYDQFH�WKDW�LV�GRFXPHQWHG�LQ�WKLV�UHSRUW�

����� 0RWLYDWLRQ

5LVN�DVVHVVPHQW�LV�IXQGDPHQWDOO\�FRQFHUQHG�ZLWK�LGHQWLI\LQJ�DQG�SUHYHQWLQJ�³EDG´�WKLQJV�IURP
KDSSHQLQJ�WR�RU�WKURXJK�HQJLQHHUHG�V\VWHPV���,W�SURYLGHV�D�IUDPHZRUN�WR�KHOS�WKH�DQDO\VW�LGHQWLI\
VFHQDULRV� WKDW� ZLOO� OHDG� WR� XQGHVLUHG� FRQVHTXHQFHV�� WKH� OLNHOLKRRG� RI� HDFK� VFHQDULR�� DQG
PDJQLWXGH� RI� XQGHVLUHG� FRQVHTXHQFHV� WKDW� ZRXOG� EH� H[SHFWHG� ZHUH� WKH� VFHQDULR� WR� DFWXDOO\
RFFXU���2YHU�WKH�\HDUV��D�ZLGH�YDULHW\�RI�PHWKRGV�KDYH�EHHQ�GHYHORSHG�WR�VXSSRUW�WKLV�SURFHVV�
DQG�RQH�FDQ�JHQHUDOO\�GLYLGH� WKHVH�PHWKRGV� LQWR� WZR�EURDG�FDWHJRULHV��GHGXFWLYH�PHWKRGV� DQG
LQGXFWLYH�PHWKRGV�

$�GHGXFWLYH�PHWKRG� VWDUWV� E\� LGHQWLI\LQJ� D� SDUWLFXODU� XQGHVLUHG� FRQVHTXHQFH� DQG� WKHQ� DVNLQJ�
³:KDW�DUH�WKH�LPPHGLDWH��QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQV�WKDW�ZLOO�FDXVH�WKLV�FRQVHTXHQFH�WR
RFFXU"´� � 7KLV� FDXVDO� UHODWLRQVKLS� LV� H[SUHVVHG� LQ� WHUPV� RI� D� JUDSKLFDO� ORJLF� GLDJUDP� WKDW
LOOXVWUDWHV�WKH�FRPELQDWLRQV�RI�FRQGLWLRQV�UHTXLUHG�WR�FDXVH�WKH�FRQVHTXHQFH���2QH�FDQ�WKHQ�DVN
WKH� VDPH� TXHVWLRQ� DERXW� HDFK� RI� WKHVH� FRQWULEXWRU\� FRQGLWLRQV�� DQG� H[SDQG� WKH� ORJLF� GLDJUDP
DFFRUGLQJO\���7KLV�UHFXUVLYH�SURFHVV�FRQWLQXHV�XQWLO�DOO�FRQWULEXWRU\�FRQGLWLRQV�DUH�UHVROYHG�LQWR
WKHLU�PRVW� EDVLF� FDXVHV�� � 7KH�PRVW� FRPPRQ� GHGXFWLYH� ULVN� DVVHVVPHQW� WHFKQLTXH� LV� IDXOW� WUHH
DQDO\VLV�� �2QFH� WKH� IDXOW� WUHH�� �JUDSKLFDO� ORJLF� GLDJUDP�� LV� FRPSOHWHG�� LW� LV� VROYHG� WR� ILQG� WKH
PLQLPDO�FRPELQDWLRQV�RI�WKH�HYHQWV�WKDW�DUH�ERWK�QHFHVVDU\�DQG�VXIILFLHQW�WR�FDXVH�WKH�XQGHVLUHG
FRQVHTXHQFH�� �7KH�JUDSKLFDO�GLDJUDP�LOOXVWUDWHV� WKH� LQGLYLGXDO�VWHSV� LQ� WKH�GHGXFWLYH� UHDVRQLQJ
SURFHVV��DQG�DOORZV�RWKHUV�WR�XQGHUVWDQG�QRW�RQO\�WKH�UHVXOWV��KRZ�DQG�ZK\�WKLQJV�IDLO���EXW�DOVR
WKH� PHWKRG� E\� ZKLFK� WKRVH� UHVXOWV� ZHUH� REWDLQHG� �ZK\� WKHVH� HOHPHQWV� FRQWULEXWH� WR� V\VWHP
IDLOXUH��� � 'HGXFWLYH� ULVN� DVVHVVPHQW�PHWKRGV� KDYH� SURYHQ� GLIILFXOW� WR� DSSO\� WR� QHWZRUN�EDVHG
LQIUDVWUXFWXUH� DQDO\VLV� SUREOHPV� EHFDXVH� FRPSOH[� QHWZRUN� WRSRORJLHV� FDQ�PDNH� LW� GLIILFXOW� WR
H[KDXVWLYHO\� LGHQWLI\� DOO� RI� WKH� LPPHGLDWH�� QHFHVVDU\� DQG� FRQGLWLRQV� WKDW� FRQWULEXWH� WR� D
SDUWLFXODU� IDXOW�FRQGLWLRQ��L�H���D� IDXOW�FDQ� WUDYHUVH�PDQ\�GLIIHUHQW�SDWKZD\V�EHIRUH�PDQLIHVWLQJ
LWVHOI�DV�D�FRQVHTXHQFH��� � ,Q�DGGLWLRQ�� LW� LV�GLIILFXOW� WR�GHGXFWLYHO\�DQG�H[KDXVWLYHO\�SUHGLFW� WKH
W\SHV� RI� FDVFDGLQJ� IDLOXUHV� �WKH� ³GRPLQR� HIIHFW´�� WR� ZKLFK� PDQ\� QHWZRUNV� KDYH� EHHQ
GHPRQVWUDWHG�VXVFHSWLEOH�

$Q� LQGXFWLYH� ULVN� DVVHVVPHQW� PHWKRGRORJ\� EHJLQV� QRW� E\� LGHQWLI\LQJ� D� FRQVHTXHQFH�� EXW� E\
LGHQWLI\LQJ� DQ� LQLWLDO� FRQILJXUDWLRQ� IRU� WKH� HQJLQHHUHG� V\VWHP��� � 7KH� ULVN� DQDO\VW� WKHQ
V\VWHPDWLFDOO\� H[DPLQHV� WKH� VSDFH�RI� VFHQDULRV� WKDW� DUH� FUHGLEO\� UHDFKDEOH� EDVHG� RQ� WKH� VWDWHG
LQLWLDO�FRQILJXUDWLRQ���$�YDULHW\�RI�PHWKRGV�DUH�XVHG�WR�SUREH�WKLV�VFHQDULR�VSDFH��LQFOXGLQJ�

�� (QXPHUDWLYH�PHWKRGV� ±� PHWKRGV� VXFK� DV� IDLOXUH� PRGHV� DQG� HIIHFWV� DQDO\VLV� �)0($�� DQG
KD]DUGV�DQG�RSHUDELOLW\� DQDO\VLV� �+$=23�� V\VWHPDWLFDOO\� FRQVLGHU� WKH� VFHQDULRV� WKDW� UHVXOW
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ZKHQ� LQGLYLGXDO�FRPSRQHQWV�RU�SURFHVV�SDUDPHWHUV� LQGLYLGXDOO\�DVVXPH�DEQRUPDO�RU� IDLOHG
FRQGLWLRQV�

�� (YHQW�VHTXHQFH�PHWKRGV�±�PHWKRGV�VXFK�DV�HYHQW�WUHHV�DQG�LQIOXHQFH�GLDJUDPV�FDQ�EH�XVHG
WR�GHYHORS�H[KDXVWLYH�VHWV�RI�HYHQW�VHTXHQFHV��EXW�UHTXLUH�H[WHQVLYH�DVVXPSWLRQV�WR�EH�PDGH
ZLWK�UHVSHFW�WR�WKH�OLVW�RI�FUHGLEOH�HYHQWV�DQG�WKH�RUGHU�LQ�ZKLFK�WKH\�FDQ�RFFXU�

�� 6LPXODWLRQ�EDVHG�PHWKRGV�±�JLYHQ�WKH�H[LVWHQFH�RI�WKH�WRRO�IRU�VLPXODWLQJ�WKH�SHUIRUPDQFH�RI
WKH�HQJLQHHUHG�V\VWHP��RIWHQ�D�FRPSXWHU�VRIWZDUH� WRRO���RQH�FDQ�GULYH� WKDW� WRRO� WR�PRGHO�D
YDULHW\�RI�VFHQDULRV�DQG�ERXQGDU\�FRQGLWLRQV��DQG�LQ�WKLV�ZD\��H[SORUH�WKH�VFHQDULR�VSDFH�


$OO� RI� WKHVH� PHWKRGV� KDYH� EHHQ� XVHG� RYHU� WLPH� DV� ULVN� DVVHVVPHQW� WRROV� IRU� QHWZRUN�EDVHG
LQIUDVWUXFWXUHV�� � +RZHYHU�� WKH� UHVXOWV� RI� WKHVH� DVVHVVPHQWV� KDYH� JHQHUDOO\� EHHQ� OHVV� WKDQ
VDWLVI\LQJ�� �(QXPHUDWLYH�PHWKRGV��EHFDXVH� WKH\� FRQVLGHU� IDLOXUHV�RU�SURFHVV� DEQRUPDOLWLHV� LQ� D
RQH�DW�D�WLPH� IDVKLRQ�� DUH� XQDEOH� WR� FRQVLGHU� WKH� HIIHFWV� RI� SRWHQWLDOO\� UDUH� EXW� LPSRUWDQW
FRPELQDWLRQV�RI�IDLOXUHV����(YHQW�VHTXHQFH�PHWKRGV�KDYH�SURYHQ�XVHIXO�LQ�VRPH�DSSOLFDWLRQV��EXW
DQ� LQDELOLW\� WR� GHWHUPLQH� D� SULRUL� WKH� RUGHU� LQ� ZKLFK� HYHQWV� ZRXOG� RFFXU� KDV� UHGXFHG� WKHLU
XVHIXOQHVV�Á� � 6LPXODWLRQ� PHWKRGV� DUH� UHJXODUO\� HPSOR\HG� XVLQJ� ERWK� GHWHUPLQLVWLF� DQG
SUREDELOLVWLF�VFHQDULR�VHOHFWLRQ���+RZHYHU��WKH�FRPSXWDWLRQDOO\�LQWHQVLYH�QDWXUH�RI�WKH�VLPXODWLRQ
WRROV�KDV�RIWHQ�PHDQW�WKDW�WKH�QXPEHU�RI�VFHQDULRV�WR�EH�H[SORUHG�PXVW�EH�VHYHUHO\�OLPLWHG��WKXV
UHGXFLQJ�WKH�FRPSOHWHQHVV�DQG��KHQFH��WKH�XVHIXOQHVV�RI�WKH�ULVN�DVVHVVPHQW�

7KH�SURMHFW� WHDP�EHJDQ� LWV�ZRUN�E\� FRQVLGHULQJ�D�ZLGH�YDULHW\�RI�H[LVWLQJ�VLPXODWLRQ�DQG� ULVN
DVVHVVPHQW� PHWKRGRORJLHV� DV� WKH\� PLJKW� EH� DSSOLHG� WR� LQIUDVWUXFWXUH� DQDO\VLV� SUREOHPV�� �:H
FRQVLGHUHG� VHYHUDO� GLIIHUHQW� FODVVHV� RI� PHWKRGRORJLHV�� LQFOXGLQJ� GHWDLOHG� VLPXODWLRQ� PRGHOV�
WUDGLWLRQDO�ULVN�DQG�UHOLDELOLW\�DQDO\VLV�PRGHOV��FRQWLQJHQF\�DQDO\VLV�EDVHG�PRGHOV��VLPSOH�TXDVL�
TXDQWLWDWLYH� PRGHOV� RI� LQIUDVWUXFWXUH� LQWHUGHSHQGHQFLHV�� DQG� ³SXUH´� QHWZRUN� DQDO\VLV
PHWKRGRORJLHV�� �$OO� RI� WKHVH�PHWKRGRORJLHV�ZHUH� IRXQG� WR� EH�ZDQWLQJ� LQ� RQH�ZD\� RU� DQRWKHU
�WKHVH�UHDVRQV�ZLOO�EH�GLVFXVVHG�LQ�GHWDLO�LQ�FKDSWHU������,Q�H[DPLQLQJ�WKHVH�PHWKRGV��ZH�FDPH�WR
XQGHUVWDQG�WKDW�QHWZRUN�EDVHG�LQIUDVWUXFWXUHV�±�SDUWLFXODUO\�WKRVH�DVVRFLDWHG�ZLWK�HOHFWULF�SRZHU
GLVWULEXWLRQ� DQG� WHOHFRPPXQLFDWLRQV�±�KDYH� D� QXPEHU� RI� FKDUDFWHULVWLFV� WKDW� DUH� YHU\� GLIIHUHQW
IURP�WKH�HQJLQHHUHG�V\VWHPV�IRU�ZKLFK�ULVN�DVVHVVPHQW�WHFKQLTXHV�KDYH�EHHQ�PRVW�VXFFHVVIXOO\
XVHG�LQ�WKH�SDVW���7KHVH�LQFOXGH�

������������������������������������������������


� � 7KH� VFHQDULRV� DQG� ERXQGDU\� FRQGLWLRQV� FDQ� EH� VSHFLILHG� D� SULRUL� EDVHG� RQ� REVHUYHG� LQFLGHQWV�� DQ� DQDO\VW¶V
LQWXLWLRQ��UHJXODWRU\�RU�OLFHQVLQJ�UHTXLUHPHQWV��RU�WKH�UHVXOWV�RI�DQRWKHU�ULVN�DVVHVVPHQW�PHWKRG���2QH�FDQ�DOVR�XVH
VWDWLVWLFDO�GLVWULEXWLRQV�WR�GHILQH�DQ�HQWLUH�VSDFH�RI�SRWHQWLDO�VFHQDULRV�DQG�ERXQGDU\�FRQGLWLRQV��DQG�XVH�WHFKQLTXHV
VXFK�DV�0RQWH�&DUOR�RU�LPSRUWDQFH�VDPSOLQJ�WR�JHQHUDWH�WKH�GHWDLOV�RI�WKH�SDUWLFXODU�VFHQDULRV�WR�EH�VLPXODWHG�

�� � ,Q�IDFW�� LW�ZDV�E\�DSSHDOLQJ�WR�WKH�UDUHQHVV�RI�WKHVH�FRPELQDWLRQV�RI�IDLOXUHV�WKDW�VHYHUDO�FXUUHQW�³EHVW�SUDFWLFH´
WHOHFRPPXQLFDWLRQV�DUFKLWHFWXUHV��H�J���WKH�FRPPRQ�FKDQQHO�VLJQDOLQJ�QHWZRUN��621(7�ULQJV��ZHUH�GHYHORSHG�

Á� � (YHQW� WUHH�PRGHOV� WKDW� VXSSRUW� YDULDEOH� HYHQW� RUGHULQJ� DUH� YHU\� FRPSOH[� WR� EXLOG� DQG�PDLQWDLQ�� ZKLOH� VLPSO\
EXLOGLQJ�PXOWLSOH�PRGHOV�WR�UHSUHVHQW�D�YDULHW\�RI�SRVVLEOH�HYHQW�RUGHULQJV�LV�YHU\�ODERU�LQWHQVLYH�



��

�� 7KH�SUHVHQFH�RI�ORQJ�SHULRGV�RI�TXDVL�HTXLOLEULXP�EHKDYLRU�LQWHUVSHUVHG�ZLWK�UHODWLYHO\�VKRUW
SHULRGV�RI�UDSLG�V\VWHP�FKDQJH�

�� 7KH� LPSRUWDQFH� RI� FRPELQDWLRQV� RI� ORZ� SUREDELOLW\� HYHQWV� ZKRVH� LPSRUWDQFH� DQG
FRQVHTXHQFHV�DUH�GLIILFXOW�WR�SUHGLFW�D�SULRUL�

�� 7KH� FDSDFLW\� IRU� QHWZRUN�EDVHG� LQIUDVWUXFWXUHV� WR� H[KLELW� FRQJHVWLRQ�EDVHG� DQG� FDVFDGLQJ
IDLOXUHV�WKDW�DUH�QRW�DPHQDEOH�WR�GLVFRYHU\�XVLQJ�GHGXFWLYH�PHWKRGV�

�� 7KH�VWURQJ�GHSHQGHQFH�RI�V\VWHP�EHKDYLRU�RQ�HYHQW�RUGHULQJ��ZLWK�WKH�D�SULRUL�LGHQWLILFDWLRQ
RI�HYHQW�RUGHU�±�DV�UHTXLUHG�IRU�HYHQW�WUHH�DQDO\VLV�±�HLWKHU�LPSRVVLEOH�RU�LQIHDVLEOH�


%HFDXVH� RI� WKHVH� FKDUDFWHULVWLFV� �ZKLFK� DUH� QRW� QHFHVVDULO\� XQLTXH� WR� LQIUDVWUXFWXUH� DQDO\VLV
SUREOHPV���WKH�SURMHFW�WHDP�VRXJKW�D�QHZ�DQG�GLIIHUHQW�ULVN�DVVHVVPHQW�PHWKRGRORJ\�WKDW�ZRXOG
EH�PRUH�FRPSDWLEOH�ZLWK�WKHVH�W\SHV�RI�V\VWHP�FRQVWUDLQWV���7KH�REMHFW�EDVHG�HYHQW�VFHQDULR�WUHH
�2%(67��PHWKRGRORJ\�ZDV�WKH�UHVXOW�RI�WKDW�VHDUFK���2%(67�XWLOL]HV�FRQFHSWV�IURP�WUDGLWLRQDO
HYHQW� WUHH� DQDO\VLV�� REMHFW�RULHQWHG� DQDO\VLV� �DV� XVHG� LQ� FRPSXWHU� VFLHQFH��� DQG� GLVFUHWH
VLPXODWLRQ�WR�REWDLQ�D�PHWKRG�WKDW�SURGXFHV�SUREDELOLVWLFDOO\�ZHLJKWHG�VFHQDULRV��OLNH�WKH�HYHQW
WUHH� PHWKRG�� \HW� VXSSRUWV� RQ�WKH�IO\� GHWHUPLQDWLRQ� RI� HYHQW� RUGHULQJ� �OLNH� WKH� VLPXODWLRQ
PHWKRG��� DOO� WKH� ZKLOH� HQFDSVXODWLQJ� PRGHO� GHWDLOV� DQG� EHKDYLRUV� ZLWKLQ� DQ� REMHFW�RULHQWHG
DQDO\VLV�IUDPHZRUN���:KLOH�WKH�2%(67�PHWKRGRORJ\�GRHV�QRW�IXOILOO�DOO�RI�WKH�UHTXLUHPHQWV�RI
LQIUDVWUXFWXUH� DQDO\VLV�� LW� GRHV� SURYLGH� LPSRUWDQW� DGYDQFHV� IRU� RXU� ULVN� DVVHVVPHQW� FDSDELOLWLHV
DQG�FRPSOHPHQWV�WKH�H[LVWLQJ�PHWKRGV�

$V�WKH�SURMHFW�WHDP�KDV�H[HUFLVHG�WKH�2%(67�PHWKRGRORJ\��LW�KDV�EHFRPH�FOHDU�WKDW�2%(67�FDQ
EH�DSSOLHG�WR�D�FODVV�RI�SUREOHPV�WKDW�LV�PXFK�EURDGHU�WKDQ�MXVW�LQIUDVWUXFWXUH�DVVHVVPHQW���7KH
PHWKRG�KDV� DOUHDG\� EHHQ� DSSOLHG� WR� DYLDWLRQ� VDIHW\� DQDO\VLV� DQG� WKH� DVVHVVPHQW� RI� FLUFXLW� DQG
HTXLSPHQW�SHUIRUPDQFH�LQ�WKH�SUHVHQFH�RI�HOHFWULF�FLUFXLW�ILUHV���,Q�HDFK�FDVH��WKH�2%(67�PHWKRG
KDV�HQDEOHG�DQDO\VWV�WR�GHYHORS�QHZ�LQVLJKWV�WKDW�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH��XVLQJ�SUHYLRXVO\
H[WDQW�PHWKRGV�

����� 2YHUYLHZ�RI�WKH�5HSRUW

7KLV�UHSRUW�LV�RUJDQL]HG�LQ�VHYHQ�FKDSWHUV���&KDSWHU���FRQWDLQV�D�EURDG�VXUYH\�RI�VRPH�RI�WKH�ULVN
DVVHVVPHQW�DQG�VLPXODWLRQ�PHWKRGV�WKDW�WKH�SURMHFW�FRQVLGHUHG�ZKHQ�VHDUFKLQJ�IRU�DQ�DSSURSULDWH
LQIUDVWUXFWXUH�ULVN�DVVHVVPHQW�PHWKRGRORJ\���,W�GHVFULEHV�WKH�DGYDQWDJHV�DQG�GUDZEDFNV�RI�HDFK
PHWKRGRORJ\�� LWV� DSSOLFDELOLW\� WR� LQIUDVWUXFWXUH� ULVN� DVVHVVPHQW� SUREOHPV�� DQG� QRWHV� VHOHFWHG
FKDUDFWHULVWLFV� RI� WKH� PHWKRG� WKDW� VKRXOG� HLWKHU� EH� LQFOXGHG� LQ� RU� H[FOXGHG� IURP� D� QHZ

������������������������������������������������


��,QGHHG��WKH�RUGHU�LQ�ZKLFK�PDQ\�HYHQWV�RFFXU�LV�GHWHUPLQHG�EDVHG�RQ�³UDFH�FRQGLWLRQV�´�VXFK�DV�ZKHWKHU�RII�VLWH
HOHFWULF�SRZHU�LV�UHVWRUHG�EHIRUH�RQVLWH�EDWWHULHV�DUH�GHSOHWHG���7KHVH�FRQGLWLRQV�KDYH�KLVWRULFDOO\�EHHQ�GLIILFXOW�IRU
ORJLF�EDVHG�ULVN�DVVHVVPHQW�PHWKRGV�WR�SURSHUO\�FKDUDFWHUL]H�

���2U�FRXOG�KDYH�EHHQ�JDLQHG�RQO\�XVLQJ�ODERU�LQWHQVLYH�PHWKRGV�WKDW�ZRXOG��LQ�SUDFWLFH��EH�FRVW�SURKLELWLYH�



��

LQIUDVWUXFWXUH� ULVN�DVVHVVPHQW�PHWKRGRORJ\�� �&KDSWHU���GHVFULEHV� WKH�2%(67�PHWKRGRORJ\�� LWV
KLVWRU\�� LWV� SRWHQWLDO� DSSOLFDWLRQV� DQG� OLPLWDWLRQV�� DQG� FRPSDUHV� 2%(67� ZLWK� WKH� PHWKRGV
GHVFULEHG�LQ�&KDSWHU�����&KDSWHU���GHVFULEHV�KRZ�WKH�2%(67�PHWKRGRORJ\�ZDV�LPSOHPHQWHG�LQ
D�GHPRQVWUDWLRQ�VRIWZDUH�SDFNDJH�


&KDSWHU���SURYLGHV�VHYHUDO�H[DPSOHV�WR�VKRZ�KRZ�WKH�2%(67�PHWKRGRORJ\�FDQ�EH�DSSOLHG�LQ�D
YDULHW\�RI�WHFKQRORJ\�GRPDLQV���7KH�H[DPSOH�SUREOHPV�UDQJH�IURP�PRGHOLQJ�D�UDFTXHWEDOO�JDPH
WR� FRQVLGHUDWLRQ� RI� DLUFUDIW� EHKDYLRU� XQGHU� LFLQJ� FRQGLWLRQV�� � )LQDOO\�� &KDSWHU� �� FRQWDLQV
VXJJHVWLRQV�IRU�IXWXUH�UHVHDUFK�DV�ZHOO�DV�D�VXPPDU\�DQG�FRQFOXVLRQV�RI�WKLV�VWXG\�

������������������������������������������������


� � 1RWH� WKDW�� ZKLOH� WKH� GHPRQVWUDWLRQ� VRIWZDUH� SDFNDJH� KDV� EHHQ� VXFFHVVIXOO\� XVHG� WR� WHVW� WKH� PHWKRGRORJ\� DQG
VHOHFWHG�DSSOLFDWLRQV��LW�LV�QRW�\HW�SURGXFWLRQ�TXDOLW\�DQG��IRU�WKLV�UHDVRQ��LV�QRW�DYDLODEOH�IRU�GLVWULEXWLRQ�



��

7KLV�3DJH�,QWHQWLRQDOO\�%ODQN



��

���6XUYH\�RI�2WKHU�0HWKRGV
7KH�SXUSRVH�RI�WKLV�FKDSWHU�LV�WR�SURYLGH�WKH�UHDGHU�ZLWK�EDFNJURXQG�UHJDUGLQJ�WKH�LQGXFWLYH�ULVN
DVVHVVPHQW� PHWKRGV� WKDW� DUH� FXUUHQWO\� LQ� XVH�� � $V� HDFK� PHWKRG� LV� GHVFULEHG�� LWV� UHVSHFWLYH
DGYDQWDJHV� DQG� GLVDGYDQWDJHV�ZLOO� EH� QRWHG�� DV�ZLOO� FKDUDFWHULVWLFV� RI� WKH�PHWKRG� WKDW� VKRXOG
HLWKHU�EH� LQFOXGHG� LQ�RU� H[FOXGHG� IURP� D� QHZ�PHWKRGRORJ\�� �7KLV�ZLOO� SURYLGH�PRWLYDWLRQ� IRU
ZK\� WKH� 2%(67� PHWKRGRORJ\� ZDV� GHYHORSHG�� � 7KLV� ³OLVW� RI� UHFRPPHQGDWLRQV´� ZLOO� EH
UHH[DPLQHG�LQ�&KDSWHU���DV�ZH�GHVFULEH�WKH�2%(67�PHWKRGRORJ\�LQ�GHWDLO�

����� ,QIUDVWUXFWXUH�,QGLFDWLRQV�DQG�:DUQLQJV�6\VWHP

6DQGLD�1DWLRQDO�/DERUDWRULHV�KDV�GHYHORSHG�DQ�,QIUDVWUXFWXUH�,QGLFDWLRQV�DQG�:DUQLQJV�6\VWHP�

IRU�WKH�UDSLG�DQDO\VLV�RI�WKUHDWV�WR�FULWLFDO�LQIUDVWUXFWXUHV���7KLV�,QGLFDWLRQV�DQG�:DUQLQJV�6\VWHP
LV� D�3&�EDVHG� TXLFN�ORRN� WRRO� WR� KHOS� DQDO\VWV� JHQHUDWH� D� TXLFN� DQG� UHDVRQDEOH� DVVHVVPHQW� RI
WKHLU� VXVFHSWLELOLW\� WR� LQIUDVWUXFWXUH�UHODWHG� GLVUXSWLRQV�� � 7KH� PHWKRGRORJ\� HPERGLHG� LQ� WKLV
V\VWHP� LV� D� UHODWLYHO\� VLPSOH� DQG� TXDVL�TXDQWLWDWLYH� UHSUHVHQWDWLRQ� RI� WKH� LQWHUGHSHQGHQFLHV
EHWZHHQ�YDULRXV�LQIUDVWUXFWXUH�HOHPHQWV�DV�REWDLQHG�E\�DQ�LQWHUYLHZ�OLNH�H[SHUW�MXGJHPHQW�EDVHG
SURFHVV���,W�FRQVWUXFWV�D�PDS�RI�LQWHUGHSHQGHQFLHV�DPRQJ�WKH�YDULRXV�LQIUDVWUXFWXUH�HOHPHQWV��DQG
DOORZV�DQ�DQDO\VW�HLWKHU�WR�HQWHU�³UHDO´�FLUFXPVWDQFHV�WKDW�PLJKW�DIIHFW�WKHVH�LQWHUGHSHQGHQFLHV�
RU� WR�SOD\�³ZKDW� LI´�JDPHV�RQ�WKRVH�LQWHUGHSHQGHQFLHV�� �$V�FLUFXPVWDQFHV�DUH�HQWHUHG� LQWR� WKLV
V\VWHP��TXDQWLWDWLYH�ZHLJKWLQJ�IDFWRUV��ZKLFK�DUH�GHYHORSHG�IURP�H[SHUW� MXGJHPHQW� LQWHUYLHZV�
GHWHUPLQH�KRZ�WKRVH�FLUFXPVWDQFHV�PLJKW�DIIHFW�RWKHU�SDUWV�RI�WKH�LQIUDVWUXFWXUH���'HSHQGLQJ�RQ
WKH�ILGHOLW\�RI�WKH�ZHLJKWLQJ�IDFWRUV�DQG�XQGHUO\LQJ�PDWKHPDWLFDO�IRUPXODH�� WKH� ,QGLFDWLRQV�DQG
:DUQLQJV�6\VWHP�FDQ�KHOS� WKH� DQDO\VW� GHWHUPLQH�ZKHWKHU� WKLV� VHW� RI� FLUFXPVWDQFHV� LV�PRUH�RU
OHVV�VHYHUH�WKDQ�VRPH�RWKHU�VHW�RI�FLUFXPVWDQFHV��� ,Q�WKLV�ZD\��WKH�DQDO\VW�PD\�EH�DEOH�WR�LQIHU
ZKHWKHU�WKLV�VLWXDWLRQ�VKRXOG�EH�RI�FRQFHUQ���6LQFH�WKH�,QGLFDWLRQV�DQG�:DUQLQJV�6\VWHP�GRHV�QRW
SHUIRUP�D�WUDGLWLRQDO�WLPH�EDVHG�VLPXODWLRQ�RI�DQ\�VFHQDULR��LW�FDQQRW�UHDVRQDEO\�EH�H[SHFWHG�WR
LQIHU�D�WLPH�OLQH�RI�HYHQWV�WRZDUG�WKH�VFHQDULR¶V�IXWXUH�RXWFRPH��QRU�LV�LW�LQWHQGHG�WR��

$�NH\�IHDWXUH�RI�6DQGLD¶V�,QGLFDWLRQV�DQG�:DUQLQJV�6\VWHP�LV�WKDW�LW�LV�IDVW���$V�D�UDSLG�DQDO\VLV
WRRO�� LW�DOORZV�DQ�DQDO\VW� WR�TXLFNO\�XQGHUVWDQG� WKH�JUDYLW\�RI�D�FXUUHQW�VLWXDWLRQ�DQG�H[SORUH�D
VHULHV�RI�FRQWLQJHQF\�SODQV�±�OLNHO\�LQ�UHDO�WLPH���7KXV��WKH�,QGLFDWLRQV�DQG�:DUQLQJV�6\VWHP�FDQ
SOD\�D�UROH�LQ�WKH�DUHD�RI�VLWXDWLRQ�DZDUHQHVV�DQG�UHVSRQVH�SODQQLQJ���,Q�IDFW��LW�PD\�EH�SRVVLEOH
WR� WLH�D� WRRO�VXFK�DV� WKLV� WR�DQ�RSWLPL]DWLRQ�HQJLQH�DQG�JHQHUDWH�RSWLPL]HG� UHVSRQVH�SODQV� WR�D
FRPSOH[� VLWXDWLRQ�
���� � 7KLV� VSHHG�� KRZHYHU�� FRPHV� DW� D� SULFH�� � 6LQFH� WKH� ,QGLFDWLRQV� DQG
:DUQLQJV�6\VWHP�GRHV�QRW�SHUIRUP�WLPH�EDVHG�VLPXODWLRQV��LW�LV�XQDEOH�WR�SUHGLFW�VFHQDULRV�WKDW
PLJKW� EHIDOO� D� V\VWHP� DV� FRPELQDWLRQV� RI� QRUPDO� HYHQWV�� UDQGRP� IDLOXUHV�� DQG� H[WHUQDO� HYHQWV
LQWHUDFW� ZLWK� WKH� V\VWHP�� � ([SHULHQFH� ZLWK� UDSLG� WRROV� VXFK� DV� WKH� ,QGLFDWLRQV� DQG�:DUQLQJV

������������������������������������������������


��*HQHWLF�RSWLPL]DWLRQ�HQJLQHV�KDYH�EHHQ�OLQNHG�WR�ULVN�DVVHVVPHQW�PRGHOV�LQ�RWKHU�GLVFLSOLQHV�ZLWK�VRPH�VXFFHVV�
DV�QRWHG�LQ�5HIHUHQFH�����6SHFLILFDOO\��WKH�ULVN�DVVHVVPHQW�UHVXOWV�KDYH�EHHQ�LQFRUSRUDWHG�LQWR�WKH�XWLOLW\�IXQFWLRQ�WR
DOORZ� FRPSXWDWLRQ� RI� V\VWHP� FRQILJXUDWLRQV� DQG� VSDUH� SDUWV� LQYHQWRULHV� WKDW� DUH� RSWLPL]HG� ZLWK� UHVSHFW� WR� FRVW�
V\VWHP�DYDLODELOLW\��PLQLPDO�PHDQ�WLPH�WR�UHSDLU��HWF�



��

6\VWHP�VKRZV�WKDW�RQH�PXVW�FDUHIXOO\�EDODQFH�WKH�QHHG�IRU�UDSLG�H[HFXWLRQ�DQG�DQDO\VLV�ZLWK�WKH
GHVLUH� WR� GHYHORS� LQVLJKWV� IURP� D� SUREOHP�VSHFLILF� VFHQDULR� GDWDEDVH�� � $� QHZ� PRGHOLQJ
PHWKRGRORJ\�VKRXOG�EH� IOH[LEOH� WR�DOORZ� WKH�DQDO\VW� WR� VHOHFW� DQ\� OHYHO�RI� DQDO\VLV�GHWDLO� �IHZ
KLJK�OHYHO� UHVXOWV� WR�PDQ\� GHWDLOHG� VFHQDULRV�� DV� DSSURSULDWH� IRU� WKH� SUREOHP� DQG� VLWXDWLRQ� DW
KDQG�

����� $VSHQ

6DQGLD¶V� VHFRQG� ZHOO�NQRZQ� LQIUDVWUXFWXUH� DQDO\VLV� PHWKRGRORJ\� LV� WKH� $VSHQ����� HFRQRPLF
VLPXODWLRQ�WRRO���,Q�RQH�VHQVH��WKH�6DQGLD�,QGLFDWLRQV�DQG�:DUQLQJV�6\VWHP�DQG�$VSHQ�PHWKRGV
FDQ�EH�YLHZHG�DV�WZR�H[WUHPHV�RQ�D�FRQWLQXXP���:KHUHDV�WKH�,QGLFDWLRQV�DQG�:DUQLQJV�6\VWHP
PRGHO� LV� TXDVL�TXDQWLWDWLYH� DQG� GRHV� QRW� HPSOR\� WLPH�EDVHG� VFHQDULR� VLPXODWLRQ�� WKH� $VSHQ
PRGHO� LV� D� KLJKO\� FRPSOH[� GLUHFW� VLPXODWLRQ� RI� DQ� HFRQRPLF� V\VWHP� WKDW� LV� GHSHQGHQW� RQ� D
YDULHW\�RI� LQIUDVWUXFWXUHV�� �$VSHQ� LV�GHVLJQHG� WR� UXQ�RQ� D�SDUDOOHO�SURFHVVLQJ�PDFKLQH�� DQG� WKH
VLPXODWLRQ�RI�D�VLQJOH�VFHQDULR�FDQ� WDNH�PDQ\�KRXUV�RI�FRPSXWDWLRQDO� WLPH�HYHQ�RQ� WKH� IDVWHVW
PDFKLQHV�� �$VSHQ� HPERGLHV� WKH� EHKDYLRU� RI� WKH� YDULRXV� DFWRUV�ZLWKLQ� DQ� HFRQRPLF� V\VWHP� DV
LQWHOOLJHQW�DJHQWV��ZKLFK�DUH�FDSDEOH�RI�OHDUQLQJ�DSSURSULDWH�EHKDYLRUV�EDVHG�RQ�DFKLHYLQJ�WKHLU
HFRQRPLF�LQWHUHVWV�� �2QFH�WKHVH�DJHQWV�DUH�WUDLQHG��WKH\�DUH�DOORZHG�WR�LQWHUDFW�ZLWK�HDFK�RWKHU
RYHU� D� VHULHV� RI� WLPH� VWHSV�� � $V� HDFK� DJHQW� VLPXODWHV� LWV� RZQ� EHKDYLRU� �PDNLQJ� SUREDELOLVWLF
GHFLVLRQV�DV�QHFHVVDU\��� WKH�FROOHFWLYH�DFWLRQ�RI�DOO�DJHQWV�FDXVHV�WKH�EHKDYLRU�RI� WKH�HFRQRPLF
V\VWHP� WR� HPHUJH�� � 7KLV� HPHUJHQW� EHKDYLRU�� WKHQ�� HPERGLHV� WKH� UHVSRQVH� QRW� RQO\� RI� WKH
LQIUDVWUXFWXUH� V\VWHPV� WKHPVHOYHV�� EXW� DOVR� RI� WKH� UHVW� RI� WKH� HFRQRP\� WR� GLVUXSWLRQV� LQ� WKRVH
LQIUDVWUXFWXUH�V\VWHPV�

$VSHQ� SURYLGHV� LQYHVWLJDWRUV� ZLWK� D� SRZHUIXO� DSSURDFK� IRU� XQGHUVWDQGLQJ� WKH� EHKDYLRU� RI
V\VWHPV� WKDW� DUH� VR� FRPSOH[� WKDW� WKH\� KDYH� KHUHWRIRUH� GHILHG� VLPXODWLRQ� XVLQJ� FRQYHQWLRQDO
DSSURDFKHV�� �7KH�DELOLW\�RI�$VSHQ�WR�PRGHO� WKH�FRQVHTXHQFHV�RI� LQIUDVWUXFWXUH� IDLOXUHV�QRW� MXVW
ZLWKLQ�WKH�LQIUDVWUXFWXUH�LWVHOI��EXW�ZLWKLQ�WKH�ODUJHU�SLFWXUH�RI�D�QDWLRQDO�HFRQRP\�PDNHV�$VSHQ
D� YDOXDEOH� WRRO� IRU� WKRVH� WDVNHG� WR� SODQ� SROLFLHV�� IXWXUH� V\VWHP� FDSDFLWLHV�� DQG� SRVVLEO\� HYHQ
UHJXODWRU\�LVVXHV���+RZHYHU��ZKLOH�$VSHQ�SURYLGHV�JUHDW�LQVLJKWV�LQWR�WKH�EHKDYLRU�RI�HFRQRPLF
V\VWHPV�LQ�WKH�SUHVHQFH�RI�LQIUDVWUXFWXUH�XQFHUWDLQWLHV��WKH�IDFW�WKDW�$VSHQ�WDNHV�KRXUV�WR�DQDO\]H
D�VLQJOH�VFHQDULR�±�HYHQ�RQ� WRGD\¶V� IDVWHVW� FRPSXWHUV�±�PDNHV� LW� LQIHDVLEOH� WR� VLPXODWH�D� ODUJH
QXPEHU� RI� VFHQDULRV� XVLQJ�$VSHQ�� � 7KLV� FRQIOLFWV�ZLWK� WKH� WUDGLWLRQDO� ULVN� DVVHVVPHQW� JRDO� RI
GHYHORSLQJ�D�V\VWHPDWLF�DQG�FRPSOHWH�SLFWXUH�RI�WKH�SRVVLEOH�V\VWHP�VFHQDULR�VSDFH���7KXV��LW�LV
YHU\�GLIILFXOW�WR�XVH�$VSHQ�UHVXOWV�DV�WKH�VROH�EDVLV�IRU�DQ�LQIUDVWUXFWXUH�ULVN�DQDO\VLV�
�����$�QHZ
PHWKRGRORJ\� VKRXOG� EH� DEOH� WR� VLPXODWH�PDQ\� VFHQDULRV�ZLWKLQ� WKH� WLPH� UHTXLUHG� IRU� D� VLQJOH
$VSHQ�VLPXODWLRQ�� �7KLV�PHWKRG�VKRXOG�DOVR��KRZHYHU��VXSSRUW� WKH�XVH�RI� UHVXOWV� IURP�GHWDLOHG
VLPXODWLRQV�VXFK�DV�$VSHQ�WR�LQIRUP�DQG�FRUUHFW�LWV�PRGHO���,W�VKRXOG�DOVR�EH�DEOH�WR�IODJ�VSHFLILF

������������������������������������������������


� � $VSHQ� FDQ� EH� XVHG� LQ� LQIUDVWUXFWXUH� ULVN� DVVHVVPHQW� VWXGLHV� LQ� PXFK� WKH� VDPH� ZD\� WKDW�0(/&25� LV� XVHG� LQ
UHDFWRU�ULVN�DVVHVVPHQW�VWXGLHV���7KH�UHVXOWV�IURP�D�OLPLWHG�QXPEHU�RI�GHWDLOHG�VLPXODWLRQ�VWXGLHV�SURYLGH�WKH�DQDO\VW
ZLWK�LQVLJKWV�LQWR�WKH�EHKDYLRU�RI�WKH�V\VWHP��ZKLFK�FDQ�WKHQ�EH�WUDQVODWHG�LQWR�VLPSOHU�PRGHOV�WKDW�PXVW�EH�H[HFXWHG
WR�H[SORUH�WKH�ODUJHU�VFHQDULR�VSDFH�



��

VFHQDULRV� WKDW�FDQQRW�EH�DGHTXDWHO\� UHVROYHG�XVLQJ� WKH� IDVWHU�UXQQLQJ�PRGHO� IRU� DQDO\VLV�XVLQJ
WKH�PRUH�GHWDLOHG�VLPXODWLRQ�WRROV�

����� 7UDGLWLRQDO�1HWZRUN�$QDO\VLV�0HWKRGV

([LVWLQJ�QHWZRUN�DQDO\VLV�PHWKRGV�ZHUH�DOVR�LQYHVWLJDWHG�DV�D�SRLQW�RI�GHSDUWXUH�IRU�WKLV�UHVHDUFK
SURMHFW���7KH�SURMHFW�WHDP�H[DPLQHG�ERWK�WUDGLWLRQDO�DQG�QRQWUDGLWLRQDO�QHWZRUN�DQDO\VLV�PRGHOV�
LQFOXGLQJ� WKRVH� ZLWK� DQG� ZLWKRXW� FDSDFLW\� FRQVWUDLQWV�� N�WHUPLQDO����� DQG� DOO�WHUPLQDO����������

FRQQHFWLYLW\�PRGHOV��DV�ZHOO�DV�PRGHOV�IURP�WKH�ILHOG�RI�RSHUDWLRQV�UHVHDUFK���7KH�PHWKRGV�UDQJH
IURP�VLPSOHU�FDSDFLW\�DQDO\VLV�WRROV��H�J���³,V�WKHUH�HQRXJK�JHQHUDWLRQ�DQG�WUDQVPLVVLRQ�FDSDFLW\
LQ� WKH� QHWZRUN� XQGHU� WKHVH� FRQGLWLRQV� WR�PHHW� WKDW� SRVWXODWHG� ORDG"´�� WR�PRUH� FRPSOH[� WLPH�
GHSHQGHQW� VLPXODWLRQ� WRROV� WKDW�DVVHVV� VSHFLILF�QHWZRUN�FKDUDFWHULVWLFV� �H�J��� YROWDJH� DQG�SKDVH
VWDELOLW\�� FDOO� FRPSOHWLRQ�SUREDELOLW\�� GLDO� WRQH�GHOD\��XVLQJ� WLPH� VWHSV� WKDW� FDQ� EH� DV� VPDOO� DV
PLOOLVHFRQGV�

6HYHUDO�QHWZRUN�DQDO\VLV�PHWKRGV�DUH�LQ�XVH�DW�6DQGLD�LQ�ERWK�SURGXFWLRQ�DQDO\VHV�DQG�UHVHDUFK
DFWLYLWLHV��DQG�PDQ\�PRUH�DUH�EHLQJ�URXWLQHO\�XVHG�E\�LQGXVWU\���7KHVH�QHWZRUN�FRQQHFWLYLW\�DQG
FDSDFLW\�PRGHOV�IRUP�WKH�EDVLV�IRU�SODQQLQJ�DQG�DQDO\VLV�PRGHOV�ZLWKLQ�LQGLYLGXDO�LQIUDVWUXFWXUHV
�H�J���HOHFWULF�SRZHU�RU�WHOHFRPPXQLFDWLRQV
���������RIWHQ�LQ�WKH�FRQWH[W�RI�³FRQWLQJHQF\�DQDO\VLV´
VWXGLHV�� � ,Q� D� FRQWLQJHQF\� DQDO\VLV���� SDUWLFXODU� FRPELQDWLRQV� RI� NQRZQ�� REVHUYHG�� DQG�RU
K\SRWKHWLFDO� IDXOW�FRQGLWLRQV�FDOOHG�³FRQWLQJHQFLHV´�DUH� LQVHUWHG� LQWR�D�QHWZRUN��DQG� D�QHWZRUN
DQDO\VLV� WRRO� LV�XVHG�WR�GHWHUPLQH�ZKHWKHU� WKLV�FRPSURPLVHG�QHWZRUN� LV�FDSDEOH�RI�PHHWLQJ� LWV
REMHFWLYHV�� � 7KHVH� FRQWLQJHQFLHV� FDQ� EH� VHOHFWHG� GHWHUPLQLVWLFDOO\� �H�J��� VLQJOH� FRQWLQJHQF\
DQDO\VLV�PLJKW�V\VWHPDWLFDOO\�H[DPLQH� WKH�HIIHFWV�RI�DOO�VLQJOH� IDXOWV�RQ� WKH�V\VWHP�DV� WKH\�DUH
DSSOLHG� RQH�DW�D�WLPH��� SUREDELOLVWLFDOO\� �H�J��� WKURXJK�0RQWH�&DUOR� VDPSOLQJ��� RU� KHXULVWLFDOO\
EDVHG�RQ�WKH�GHVLUHV�RU�FRQFHUQV�RI� WKH�DQDO\VW�� �&RQWLQJHQF\�DQDO\VLV� WHFKQLTXHV�UHSUHVHQW� WKH
VWDWH�RI�WKH�DUW� LQ� PDQ\� LQIUDVWUXFWXUH� DUHDV� ±� SDUWLFXODUO\� IRU� HOHFWULF� SRZHU� JULG� VWDELOLW\
DQDO\VLV�� �2SWLPL]DWLRQ� WHFKQLTXHV� FDQ� EH� DSSOLHG� WR� WKHVH� W\SHV� RI� SUREOHPV��ZLWK� WKH� UHVXOWV
IURP�QHWZRUN�DQDO\VLV�DOJRULWKPV�IRUPLQJ�D�SRUWLRQ�RI�WKH�XWLOLW\�IXQFWLRQ�EHLQJ�HYDOXDWHG�

:KLOH�QHWZRUN�DQDO\VLV�PHWKRGV�DUH�ZLGHO\�DSSOLHG�ZLWKLQ�LQGLYLGXDO�LQIUDVWUXFWXUHV��WKH\�KDYH
QRW�VHHQ�VLJQLILFDQW�DSSOLFDWLRQ�EHWZHHQ� LQIUDVWUXFWXUHV�� �7KLV� LV�EHFDXVH� FRPPRQ�H[DPSOHV�RI
WKHVH�PHWKRGV�DVVXPH�WKDW�WKH�QHWZRUN�EHLQJ�DQDO\]HG�LV�FDSDEOH�RI�FDUU\LQJ�DOO�RI�WKH�PRGHOHG
FRPPRGLWLHV�RYHU�WKH�VDPH�QHWZRUN�LQIUDVWUXFWXUH��� ,QGHHG��WKH�PRUH�W\SLFDO�H[DPSOHV�RI�WKHVH
PHWKRGV� DVVXPH� WKDW� WKHVH� GLIIHUHQW� FRPPRGLWLHV� DUH� LQ� IDFW� FRPSHWLQJ� IRU� DYDLODEOH� FDSDFLW\
ZLWKLQ�D�VLQJOH�QHWZRUN��DV�ZRXOG�GLIIHUHQW�W\SHV�RI�JRRGV�IRU�VSDFH�LQ�D� OLPLWHG�VXSSO\�RI�UDLO
FDUV���7KLV�VLWXDWLRQ�GRHV�QRW�DSSO\�ZHOO�WR�WKH�LQWHUGHSHQGHQFLHV�EHWZHHQ�LQIUDVWUXFWXUHV�EHFDXVH
WKH�GLIIHUHQW�LQIUDVWUXFWXUH�QHWZRUNV�DUH�JHQHUDOO\�LQFDSDEOH�RI�FDUU\LQJ�JRRGV�RU�WUDIILF�UHODWHG
WR� DQRWKHU� LQIUDVWUXFWXUH�� � 2XU� SURMHFW� GHFLGHG� WR� IRFXV� RQ� PHWKRGRORJLHV� WKDW� ZRXOG� DOORZ
DQDO\VWV� WR� JDLQ� LQVLJKWV� DFURVV� LQIUDVWUXFWXUHV�� � 6LQFH� GLIIHUHQW� W\SHV� RI� QHWZRUN� PRGHOV� DUH

������������������������������������������������


��4XHXLQJ�WKHRU\�PRGHOV�DUH�DOVR�SURPLQHQW�LQ�WKH�WHOHFRPPXQLFDWLRQV�LQGXVWU\�IRU�DQDO\VWV�VHHNLQJ�WR�XQGHUVWDQG
WKH�SHUIRUPDQFH�RI�D�VZLWFK�RU�URXWHU�XQGHU�KHDY\�ORDGLQJ�FRQGLWLRQV�



��

EHLQJ� GHYHORSHG� DQG� DGDSWHG� UHJXODUO\� WR� VROYH� WKH� SUREOHPV� VSHFLILF� WR� LQGLYLGXDO
LQIUDVWUXFWXUHV��ZH�IHOW�LW�PRVW�DSSURSULDWH�WR�FRQFHQWUDWH�RQ�RWKHU�W\SHV�RI�PRGHOV��ZKLOH�SD\LQJ
SDUWLFXODU� DWWHQWLRQ� WR� RSSRUWXQLWLHV� WR� LQWHUIDFH� ZLWK� WKHVH� VSHFLDOL]HG� DQG� ZHOO�GRFXPHQWHG
PHWKRGV�ZKHUH�EHQHILWV�FRXOG�EH�UHDOL]HG�

7KH�DGYDQWDJH�RI�D�QHWZRUN�DQDO\VLV�PRGHOLQJ�SDUDGLJP�RYHU�PRUH�WUDGLWLRQDO� ORJLF�EDVHG�ULVN
DVVHVVPHQW� PRGHOV� �WR� EH� GLVFXVVHG� LQ� WKH� QH[W� IHZ� VHFWLRQV�� LV� WKDW� D� QHWZRUN� DQDO\VLV� WRRO
LQKHUHQWO\�GHDOV�ZLWK�WKH�IDFW� WKDW�D�KLJKO\�LQWHUFRQQHFWHG�QHWZRUN�EHKDYHV�LQ�D�PDQQHU� WKDW� LV
PXFK�GLIIHUHQW�IURP�WKH�EHKDYLRU�RI�WKH�VXP�RI�WKH�LQGLYLGXDO�HOHPHQWV�RI�ZKLFK�LW�LV�FRPSRVHG�
7KLV� DJJUHJDWH� EHKDYLRU� FDQ� EH� YHU\� GLIILFXOW� WR� XQGHUVWDQG� ±� OHW� DORQH� SUHGLFW� ±� XVLQJ� WKH
UHGXFWLRQLVW�WHFKQLTXHV�WKDW�DUH�PRVW�FRPPRQO\�XVHG�LQ�WUDGLWLRQDO�ULVN�DVVHVVPHQW���0DQ\�QDwYH
ULVN�DVVHVVPHQW� UHVHDUFKHUV�KDYH�EROGO\� VWDWHG� WKDW� WKH\�FRXOG�� IRU�H[DPSOH��XVH�D� IDXOW� WUHH� WR
PRGHO�DQ�HOHFWULF�SRZHU�QHWZRUN��RQO\�WR�ILQG�RXW� WKDW� WKH�FRPSOH[� LQWHUSOD\�EHWZHHQ�QHWZRUN
HOHPHQWV�LV�QRW�HDVLO\�FDSWXUHG�E\�WKH�LQGHSHQGHQW�HYHQWV�QHFHVVDU\�IRU�D�IDXOW�WUHH�VWUXFWXUH�

7KH� SULQFLSDO� GLVDGYDQWDJH� RI� PDQ\� QHWZRUN� DQDO\VLV� PHWKRGRORJLHV�� DV� DSSOLHG� WR� ULVN
DVVHVVPHQW��LV�WKDW�WKH\�PHUHO\�VLPXODWH�WKH�FRQGLWLRQV�ZLWKLQ�WKH�QHWZRUN�±�WKH\�GHVFULEH�ZKDW
KDSSHQV� ZLWKLQ� WKH� QHWZRUN� ZLWKRXW� SURYLGLQJ� LQVLJKWV� DV� WR� ZK\� LW� KDSSHQV�� � 7KH� DQDO\VW
VSHFLILHV� WKH� V\VWHP� LQLWLDO� DQG�RU� ERXQGDU\� FRQGLWLRQV�� DQG� WKH� DQDO\VLV� WRRO� WHOOV� XV� ZKDW
KDSSHQV�� � ,W� LV� RQO\� WKURXJK� D� ODUJH� QXPEHU� RI� VFHQDULR� VLPXODWLRQV� WKDW� WKH� DQDO\VW� VWDUWV� WR
LGHQWLI\�ZKLFK�HOHPHQWV�DUH�PRVW�LPSRUWDQW�WR�WKH�QHWZRUN¶V�KHDOWK�DQG�ZKLFK�FRQGLWLRQV�PLJKW
EH�SUHFXUVRUV�WR�PDMRU�V\VWHP�IDLOXUH�HYHQWV�
��$�QHZ�LQIUDVWUXFWXUH�ULVN�DVVHVVPHQW�PHWKRGRORJ\
VKRXOG�SURYLGH�D�PHFKDQLVP�WR� LQWHUIDFH�ZLWK� WKHVH�VSHFLDOL]HG�QHWZRUN�DVVHVVPHQW�PRGHOV� VR
WKDW� WKH�UHGXFWLRQLVW�RU�VFHQDULR�GHYHORSPHQW�ULVN�DVVHVVPHQW�HQJLQH�FDQ� WDNH�DGYDQWDJH�RI� WKH
LQVLJKWV�IURP�WKHVH�GHWDLOHG�QHWZRUN�PRGHOV�ZLWKRXW�KDYLQJ�WR�UHFUHDWH�WKHLU�FDSDELOLWLHV��HLWKHU
DV�SDUW� RI� WKH� DXWRPDWHG�PRGHO� VROXWLRQ�SDFNDJH�RU�� WKURXJK� WKH� DQDO\VW�� DV� SDUW� RI� WKH�PRGHO
LWVHOI��

����� (QXPHUDWLYH�5LVN�$VVHVVPHQW�0HWKRGV

7KH� IDLOXUH� PRGHV� DQG� HIIHFWV� DQDO\VLV������ �)0($�� WHFKQLTXH�� DORQJ� ZLWK� LWV� FORVH� FRXVLQV�
IDLOXUH�PRGHV��HIIHFWV�DQG�FULWLFDOLW\�DQDO\VLV��)0(&$��DQG�+$=23�������DUH�JHQHUDOO\� WKH� ILUVW
V\VWHPDWLF�ULVN�DQG�UHOLDELOLW\�DQDO\VLV�WHFKQLTXHV�DSSOLHG�WR�DQ\�V\VWHP�±�LQIUDVWUXFWXUH�RU�QRW�
7KH� SXUSRVH� RI� D� )0($� LV� WR� H[DPLQH� LQGLYLGXDO� FRPSRQHQWV� DQG� DVVHVV� WKH� HIIHFW� RI� WKHLU
IDLOXUH�RQ�WKH�V\VWHP�LQ�ZKLFK�WKH\�DUH�XVHG�DQG�RQ�RWKHU�V\VWHPV�DQG�VXEV\VWHPV���)0($�LV�D
TXDOLWDWLYH�PHWKRG�WKDW�LV�W\SLFDOO\�GRFXPHQWHG�LQ�D�WDEXODU�IRUPDW���7R�DFFRPSOLVK�D�)0($��WKH
DQDO\VW�JRHV�WKURXJK�WKH�FRPSRQHQWV�RI�D�V\VWHP�RQH�E\�RQH��DQG�IRU�HDFK�FRPSRQHQW�FRQVLGHUV

������������������������������������������������


� � 7KLV� GLVFXVVLRQ� DSSOLHV� SULPDULO\� WR� QHWZRUN� DQDO\VLV� PRGHOV� WKDW� DUH� WXQHG� WR� VLPXODWH� D� SDUWLFXODU� W\SH� RI
QHWZRUN��HOHFWULF�SRZHU��IRU�LQVWDQFH����,W�VKRXOG�EH�QRWHG�WKDW�RWKHU�FODVVHV�RI�QHWZRUN�DQDO\VLV�PHWKRGV�DUH�PRUH
JHQHUDOL]HG�DQG�SURYLGH�LQVLJKWV�LQWR�RSWLPDO�QHWZRUN�FRQILJXUDWLRQ��FDSDFLW\�FRQVWUDLQWV��HWF���+RZHYHU��VLQFH�WKHVH
PRUH� JHQHUDOL]HG�PHWKRGV� DUH�RIWHQ�PRUH� GLVWDQW� DEVWUDFWLRQV� RI� WKH� DFWXDO� SK\VLFDO� V\VWHP�EHLQJ�PRGHOHG�� WKHLU
UHVXOWV� QHHG� WR� EH� YDOLGDWHG� XVLQJ� PRUH� GHWDLOHG� DQG� VSHFLDOL]HG� QHWZRUN� SHUIRUPDQFH� PRGHOV� LQ� RUGHU� WR� JDLQ
FUHGLELOLW\�
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HYHU\� NQRZQ� IDLOXUH�PRGH� LQGLYLGXDOO\�� � 7KH� DQDO\VW�ZULWHV� D� GHVFULSWLRQ� RI� WKH� IDLOXUH�PRGH
LWVHOI��WKH�PHWKRG�ZKLFK�ZRXOG�GHWHFW�WKDW�IDLOXUH�LQ�WKH�RSHUDWLQJ�V\VWHP��WKH�HIIHFW�RI�WKH�IDLOXUH
RQ�WKH�V\VWHP�RU�VXEV\VWHP��DQG�WKH�H[SHFWHG�UHVSRQVH�RI�RSHUDWRUV�RU�DXWRPDWLF�FRQWUROV�WR�WKH
VLWXDWLRQ���(OXFLGDWLQJ�FRPPHQWV�DUH�DOVR�LQFOXGHG�LQ�RUGHU�WR�DOORZ�RWKHUV�WR�XQGHUVWDQG�WKH�IXOO
VFRSH�DQG�JUDYLW\�RI�WKH�VLWXDWLRQ�FDXVHG�E\�WKH�FRPSRQHQW¶V�IDLOXUH�

7KH�)0($�GRFXPHQWDWLRQ�LV�RIWHQ�H[WHQGHG�E\�LQFOXGLQJ�H[WUD�LQIRUPDWLRQ�LQ�WKH�DQDO\VLV�WDEOH�
7\SLFDO� H[WHQVLRQV� LQFOXGH� D� TXDQWLWDWLYH� RU� TXDOLWDWLYH� HVWLPDWH� RI� WKH� OLNHOLKRRG� RI� HDFK
DVVHVVHG�FRPSRQHQW¶V�IDLOXUH��D�TXDOLWDWLYH�FDWHJRUL]DWLRQ�RI�WKH�FULWLFDOLW\�RI�WKH�HIIHFWV�FDXVHG
E\�WKH�FRPSRQHQW�IDLOXUH��DQG�WKH�SRVVLEOH�DFWLRQV�WR�UHGXFH�WKH�IDLOXUH�UDWH�RU�HIIHFWV�� �7KLV� LV
RIWHQ� FDOOHG� D� )0(&$�� � ,Q� VXFK� DQ� DQDO\VLV�� RQH� FDQ� UDQN� WKH� UHVXOWV� LQ� WHUPV� RI� HLWKHU� WKH
OLNHOLKRRG�RU�WKH�FULWLFDOLW\�RI�WKH�FRPSRQHQW�IDLOXUH�VFHQDULRV�� �$�PRUH�UHFHQW�UDQNLQJ�PHWKRG
FRPELQHV� WKH� OLNHOLKRRG�DQG� FULWLFDOLW\� GHVFULSWRUV� WR� REWDLQ� D� ³ULVN� GHVFULSWRU´� WKDW� LV� ORZ� IRU
LPSUREDEOH�� ORZ�FULWLFDOLW\� HYHQWV�� DQG� LQFUHDVHV� DV� HLWKHU� RU� ERWK� RI� WKH� GHVFULSWRUV� EHFRPH
ODUJH���7KHVH�ULVN�GHVFULSWRUV�FDQ�WKHQ�EH�XVHG�DV�D�EDVLV�IRU�GHWHUPLQLQJ�ZKHWKHU�UHPHGLDO�DFWLRQ
VKRXOG�EH�WDNHQ�WR�UHGXFH�WKH�OLNHOLKRRG�RU�FULWLFDOLW\�RI�WKH�VFHQDULR�

$�+$=23� VWXG\� LV� UHODWHG� WR� D� )0($�RU� )0(&$� LQ� WKDW� LW� DVVHVVHV� SUHGHILQHG� VFHQDULRV� WR
GHWHUPLQH� WKHLU� SUREDEOH� FDXVHV�� FRQVHTXHQFHV�� DQG� SRVVLEOH� UHPHGLDWLRQ� DFWLRQV�� � ,W� DOVR
W\SLFDOO\� LQFOXGHV� TXDOLWDWLYH� DVVHVVPHQWV� RI� FULWLFDOLW\�� OLNHOLKRRG�� DQG� ULVN� VLPLODU� WR� WKRVH
GHVFULEHG�DERYH���+RZHYHU��ZKLOH�)0($�DQG�)0(&$�VWXGLHV�IRFXV�RQ�WKH�HIIHFWV�RI�LQGLYLGXDO
FRPSRQHQW� IDLOXUHV�� WKH� +$=23� PHWKRG� IRFXVHV� RQ� TXDOLWDWLYH� GHYLDWLRQV� RI� NH\� V\VWHP
RSHUDWLQJ�SDUDPHWHUV�IURP�WKHLU�QRPLQDO��QRUPDO��RU�GHVLJQ�YDOXHV���7KH�IXQGDPHQWDO�SKLORVRSK\
KHUH�LV�WKDW�QRUPDO�RSHUDWLRQV�DUH�LQKHUHQWO\�VDIH��DQG�GHYLDWLRQV�DUH�WKH�VRXUFH�RI�XQUHFRJQL]HG
SUREOHPV���7KH�VFHQDULRV�WKDW�FDQ�OHDG�WR�WKHVH�GHYLDWLRQV�DUH�DUULYHG�DW�WKURXJK�D�FRPELQDWLRQ�RI
V\VWHPDWLF� FRQVLGHUDWLRQ�� GHGXFWLYH� ORJLF� �WR� REWDLQ� SUREDEOH� FDXVHV� IRU� WKH� SDUDPHWHU
GHYLDWLRQV���DQG�LPDJLQDWLYH�WKLQNLQJ���7KH�REMHFWLYH�LV�WR�ILQG�WKH�³ZHDN�OLQN´�LQ�WKH�V\VWHP��DQG
WR� SURYLGH� D� EDVLV� IRU� GHYHORSLQJ� SURFHGXUDO� RU� HQJLQHHULQJ� FRQWUROV� WR� UHGXFH� DQ\� ULVNV� VR
LGHQWLILHG�

7KH� SULQFLSDO� DGYDQWDJH� RI� WKHVH� WHFKQLTXHV� UHVLGHV� LQ� WKHLU� VLPSOLFLW\�� � 9LUWXDOO\� DQ\RQH� FDQ
DSSO\�WKHVH�WHFKQLTXHV�±�DQG�RIWHQ�ZLWK�OLWWOH�WUDLQLQJ���7KH�UHVXOWV�IURP�WKHVH�DQDO\VLV�WHFKQLTXHV
DUH�LQWXLWLYH�DQG�HDV\�WR�H[SODLQ�WR�QRQ�WHFKQLFDO�RU�PDQDJHPHQW�SHUVRQQHO���+RZHYHU��EHFDXVH
WKH\� FRQVLGHU� IDLOXUHV� DQG�RU�SDUDPHWHU�GHYLDWLRQV� LQ� D�RQH�DW�D�WLPH�PDQQHU�� WKHVH� WHFKQLTXHV
DUH�XQOLNHO\� WR�GLVFRYHU� WKRVH�REVFXUH�VFHQDULRV� WKDW� LQYROYH�PXOWLSOH� IDLOXUHV�RU�FRPSRXQGLQJ
KXPDQ� HUURUV�� � +LVWRU\� WHOOV� XV� WKDW�� ZKLOH� GHVLJQ� HQJLQHHUV� RIWHQ� IRFXV� RQ� SUHYHQWLQJ
FRQVHTXHQFHV�IURP�FDWDVWURSKLF�IDLOXUHV�WKDW�LQYROYH�RQH��RU�HYHQ�D�IHZ��YHU\�UDUH�EXW�FUHGLEOH
HYHQWV��PDMRU�FRQVHTXHQFHV�DUH�PRUH�IUHTXHQWO\�FDXVHG�E\�DQ�XQDQWLFLSDWHG�FRPELQDWLRQ�RI�PRUH
OLNHO\��EXW�VHHPLQJO\�PRUH�EHQLJQ��IDLOXUHV�±�RIWHQ�FRPSOLFDWHG�E\�RQH�RU�PRUH�KXPDQ�HUURUV�
7KXV�� ZKLOH� WKHVH� HQXPHUDWLYH� ULVN� DVVHVVPHQW� PHWKRGV� FDQ� SURYLGH� YDOXDEOH� LQVLJKWV� LQWR
V\VWHP�RSHUDWLRQV��WKH\�DUH�JHQHUDOO\�EHOLHYHG�WR�EH�LQVXIILFLHQW�IRU�HQVXULQJ�WKH�VDIHW\�RI�KLJK�
FRQVHTXHQFH�V\VWHPV�

$QRWKHU�LPSRUWDQW�GLVDGYDQWDJH�RI�WKHVH�WHFKQLTXHV�LV�UHODWHG�WR�WKHLU�UHOLDQFH�RQ�D�³ERWWRP�XS´
SUREOHP�VROYLQJ�PHWKRG���%\�WKLV�ZH�PHDQ�WKDW�WKH�VRXUFHV�RI�ULVN�DUH�LGHQWLILHG�DW�WKH�EHJLQQLQJ
RI�WKH�DQDO\VLV��LQVWHDG�RI�EHLQJ�LQIHUUHG�E\�D�V\VWHPDWLF�GHGXFWLYH�³WRS�GRZQ´�DQDO\VLV�VXFK�DV
ZRXOG�RFFXU�LQ�D� IDXOW� WUHH�DQDO\VLV�� � ,I� WKH� ULVN�DQDO\VW�GRHV�QRW� WKLQN�RI�D�SDUWLFXODU�VFHQDULR�
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DQG�WKH�PHFKDQLFV�RI�WKH�DQDO\VLV�RU�WKH�³EHVW�SUDFWLFH´�FKHFNOLVW�GRHV�QRW�GULYH�WKHP�WR�LGHQWLI\
LW��WKHQ�WKDW�VFHQDULR�LV�OLNHO\�WR�UHPDLQ�XQDQDO\]HG�EHFDXVH�WKH�VFHQDULRV�DUH�WKH�VWDUWLQJ�SRLQW�RI
WKH� DQDO\VLV��QRW� LWV� UHVXOW�� � $� QHZ� LQIUDVWUXFWXUH� ULVN� DVVHVVPHQW�PHWKRGRORJ\� VKRXOG� LGHDOO\
LQIHU� WKH� VRXUFHV� RI� ULVN� DV� D� UHVXOW� RI� WKH� DQDO\VLV�� � 7KLV�� KRZHYHU�� LV� XVXDOO\� LQIHDVLEOH� IRU
LQGXFWLYH� DVVHVVPHQW� PHWKRGV�� � $�PRUH� DWWDLQDEOH� JRDO� LV� IRU� WKH� QHZ� DVVHVVPHQW� PHWKRG� WR
DXWRPDWLFDOO\� DQG� V\VWHPDWLFDOO\� JHQHUDWH� D� WKRURXJK� OLVW� RI� SRWHQWLDO� VFHQDULRV� �DQG� WKHLU
OLNHOLKRRGV���DQG�� WR�WKH�GHJUHH�SRVVLEOH�� WR�LQFOXGH�WKH�HIIHFWV�RI�DOO�SRWHQWLDO� IDLOXUH�PRGHV� LQ
WKRVH�VFHQDULRV�DV�LV�GRQH�LQ�WKH�HQXPHUDWLYH�ULVN�DVVHVVPHQW�PHWKRGV�

����� 3UREDELOLVWLF�5LVN�$VVHVVPHQW�0HWKRGV

2WKHU� W\SHV� RI� PRGHOV� FRQVLGHUHG� IRU� LQIUDVWUXFWXUH� ULVN� DVVHVVPHQW� LQFOXGHG� WUDGLWLRQDO
SUREDELOLVWLF� ULVN� DVVHVVPHQW� �35$�� PRGHOV�� ,I� WKH� REMHFWLYH� LV� WR� H[DPLQH� WKH� XQLYHUVH� RI
SRVVLEOH� VFHQDULRV� WKDW� FDQ� UHVXOW� IURP� D� SDUWLFXODU� VHW� RI� LQLWLDO� FRQGLWLRQV� ZLWKLQ� WKH
LQWHUFRQQHFWHG� LQIUDVWUXFWXUH�� WKHQ� LW� LV� LPSRUWDQW� WR� H[DPLQH� WKH� VHW� RI� LQGXFWLYH� SUREDELOLVWLF
ULVN�DVVHVVPHQW�PRGHOLQJ�WHFKQLTXHV�
� �:KLOH�WKHUH�DUH�PDQ\�VXFK� WHFKQLTXHV� LQ�H[LVWHQFH�� WKH
WZR�WKDW�DUH�PRVW�FORVHO\�DSSOLFDEOH�WR�WKLV�VLWXDWLRQ�DUH�HYHQW�WUHH�DQDO\VLV�����������DQG�LQIOXHQFH
GLDJUDPV�������

(YHQW� WUHH�DQDO\VLV� �(7$��VHHNV� WR� UHSUHVHQW�DQ�XQGHVLUHG�RFFXUUHQFH�DV� D� VHTXHQFH�RI� HYHQWV�
(YHQW� WUHHV� DUH� VLPLODU� LQ� IRUP� WR� GHFLVLRQ� WUHHV�� DQG� DUH� XVHG� WR� UHSUHVHQW� WKH� VSHFWUXP� RI
SRVVLEOH�RXWFRPHV�JLYHQ�D�SDUWLFXODU�LQLWLDO�FRQGLWLRQ���7KH�PHWKRG�LV�LQGXFWLYH�LQ�WKDW�LW�EHJLQV
ZLWK�D�VHW�RI�LQLWLDO�FRQGLWLRQV�DQG�XVHV�LQGXFWLYH�ORJLF�WR�LQIHU�LWV�UHVXOWV���(DFK�SDWK�WKURXJK�WKH
HYHQW� WUHH� LV� FRQVWUXFWHG� E\� VHOHFWLQJ� D� XQLTXH� RXWFRPH� IRU� HDFK� HYHQW� ZLWKLQ� WKH� HYHQW� WUHH
PRGHO�� �7KXV�� WKH�SDWK�SK\VLFDOO\� UHSUHVHQWV�D�XQLTXH�VHTXHQFH�RI� HYHQWV� VR� WKDW�RXWFRPH�2�3

RFFXUV�IRU�HYHQW����DQG�RXWFRPH�2�3�RFFXUV�IRU�HYHQW����DQG�RXWFRPH�2�3�RFFXUV�IRU�HYHQW����DQG
VR�IRUWK����,I�WKH�HYHQW�WUHH�PRGHO�LV�SURSHUO\�FRQVWUXFWHG��WKH�VHW�RI�DOO�SDWKV�WKURXJK�WKH�PRGHO
UHSUHVHQWV� WKH�FRPSOHWH� VHW�RI�SRVVLEOH�RXWFRPHV� WKDW�FDQ�RFFXU� DV�D� UHVXOW�RI� WKH� JLYHQ� LQLWLDO
FRQGLWLRQ��EXW�W\SLFDOO\�RQO\�WKH�RXWFRPHV�UHOHYDQW�WR�WKH�DQDO\VW¶V�QHHGV��

7KH�HYHQWV�ZLWKLQ�DQ�HYHQW�WUHH�PD\�LQFOXGH�WKH�VWDWXV�RI�SK\VLFDO�V\VWHPV��RSHUDWRU�DFWLRQV��WKH
DFWLYLWLHV� RI� DXWRPDWHG� FRQWURO� V\VWHPV�� DQG� UDQGRP� �VWRFKDVWLF�� HYHQWV� ERWK� LQWHUQDO� DQG
H[WHUQDO� WR� WKH� V\VWHP�� �7KH� HYHQWV�PD\� UHSUHVHQW� VLPSOH�\HV�RU�QR�TXHVWLRQV� �³ELQDU\� HYHQWV´
VXFK� DV�� ³'RHV� WKH� RSHUDWRU� WXUQ� WKH� V\VWHP� RQ"´��� RU� WKH\� PD\� LQYROYH� PXOWLSOH� SRVVLEOH
RXWFRPHV��³PXOWL�EUDQFK�HYHQWV´�VXFK�DV��³:KLFK�RI� WKH� ILYH�GLVSOD\V�GRHV� WKH�RSHUDWRU� FKHFN
ILUVW"´��� � 7KH� HYHQWV� PD\� RU� PD\� QRW� EH� LQGHSHQGHQW� RI� RQH� DQRWKHU�� � ,I� WKH� HYHQWV� DUH� QRW
LQGHSHQGHQW�� WKHQ� WKH� GHSHQGHQFLHV� EHWZHHQ� WKHP� DUH� H[SOLFLWO\� LQFOXGHG� ZLWKLQ� WKH� ORJLFDO
VWUXFWXUH�RI�WKH�WUHH�

������������������������������������������������


��7KH�GLVFXVVLRQ�LQ�WKLV�VHFWLRQ�IRFXVHV�H[FOXVLYHO\�RQ�LQGXFWLYH�SUREDELOLVWLF�ULVN�DVVHVVPHQW�PHWKRGV���'HGXFWLYH
PHWKRGV�VXFK�DV�IDXOW�WUHH�DQDO\VLV�ZHUH�DOVR�H[DPLQHG�EXW�IRXQG�XQVXLWDEOH�DV�GHVFULEHG�LQ�6HFWLRQ�����RQ�SDJH����

�� �7KH�VXEVFULSW�³3´� LQGLFDWHV� WKDW� WKHVH�RXWFRPHV�DUH�FKDUDFWHULVWLF�RI� WKLV� VSHFLILF�HYHQW� WUHH�SDWK��DQG�ZLOO� YDU\
IURP�SDWK�WR�SDWK�LQ�WKH�HYHQW�WUHH�VROXWLRQ�
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7KH�UHVXOWV�RI�DQ�HYHQW�WUHH�DQDO\VLV�DUH�LQLWLDOO\�TXDOLWDWLYH�LQ�WKDW�HDFK�SDWK�GHILQHV�D�VFHQDULR�LQ
WHUPV�RI�WKH�RXWFRPHV�IRU�LQGLYLGXDO�HYHQWV���,I��KRZHYHU��RQH�DVVLJQV�FRQGLWLRQDO�SUREDELOLWLHV�WR
WKH� YDULRXV� RXWFRPHV� VXFK� WKDW� 3�2�3�� LV� DFWXDOO\� WKH� FRQGLWLRQDO� SUREDELOLW\� WKDW� 2�3� RFFXUV
JLYHQ�WKDW�2�3�KDV�DOUHDG\�RFFXUUHG��WKHQ�RQH�FDQ�DOVR�REWDLQ�TXDQWLWDWLYH�UHVXOWV�FRQVLVWLQJ�RI�WKH
VFHQDULR��SDWK��GHILQLWLRQ�DQG�LWV�SUREDELOLW\�RI�RFFXUUHQFH�

$Q�LQIOXHQFH�GLDJUDP�LV�D�SUREDELOLVWLF�QHWZRUN�WKDW�FRQVLVWV�RI�QRGHV�DQG�DUFV���7KH�QRGHV�FDQ
UHSUHVHQW� V\VWHP� VWDWHV�� GHFLVLRQV�� RU� FKDQFH� RU� GHWHUPLQLVWLF� RFFXUUHQFHV�� ZKLOH� WKH� DUFV
UHSUHVHQW�WKH�FRQGLWLRQDO�GHSHQGHQFLHV�DPRQJ�WKHVH�RFFXUUHQFHV���7KH�QRGHV�XOWLPDWHO\�LQIOXHQFH
D� ³YDOXH�QRGH´� WKDW�TXDQWLILHV� WKH� FRQVHTXHQFHV� IRU� HDFK� SRVVLEOH� FRPELQDWLRQ� RI� RFFXUUHQFHV
DQG� V\VWHP� VWDWHV�� �&RQGLWLRQDO� SUREDELOLWLHV� FDQ� EH� DSSOLHG�ZLWKLQ� WKH� QRGHV� WR� UHSUHVHQW� WKH
SUREDELOLW\�WKDW�D�SDUWLFXODU�HYHQW�KDSSHQV�JLYHQ�SDUWLFXODU�FRQGLWLRQV�LQ�WKH�RWKHU�QRGHV�WR�ZKLFK
LW� LV� FRQQHFWHG� �L�H��� VWDWHV�� GHFLVLRQV�� RU� HYHQWV� WKDW� LQIOXHQFH� WKLV� QRGH��� � 7KXV� DQ� LQIOXHQFH
GLDJUDP� FRQVLVWV� RI� IRXU� GLVWLQFW� SDUWV�� WKH� QRGHV�� WKH� LQIOXHQFHV� XSRQ� WKH� QRGHV� �WKH
GHSHQGHQFLHV�DPRQJ�WKH�QRGHV��DV�UHSUHVHQWHG�E\�WKH�DUFV���WKH�FRQGLWLRQDO�GHSHQGHQFLHV�ZLWKLQ
HDFK�QRGH�XSRQ�RWKHU�QRGHV�LQ�WKH�PRGHO��DQG�WKH�FRQGLWLRQDO�SUREDELOLWLHV�WKHPVHOYHV�

7KH�LQIOXHQFH�GLDJUDP�PHWKRG�LV�FRQFHSWXDOO\�VLPLODU�WR�WKH�HYHQW�WUHH��GHFLVLRQ�WUHH��DQG�IDXOW
WUHH�PHWKRGV�GHVFULEHG�HDUOLHU���,W�FDQ�EH�DSSOLHG�DV�ERWK�DQ�LQGXFWLYH�DQG�D�GHGXFWLYH�PRGHOLQJ
WRRO� LQ� WKDW�RQH� FDQ�EHJLQ� HLWKHU�ZLWK� WKH�YDOXH�QRGH� �WKH�REMHFWLYH�� DV� LV� GRQH�ZLWK� IDXOW� WUHH
DQDO\VLV�� RU� ZLWK� D� VXLWDEOH� LQLWLDO� FRQGLWLRQ� �DV� LV� GRQH� ZLWK� HYHQW� WUHH� DQG� GHFLVLRQ� WUHH
DQDO\VLV����2QH�FRXOG�HYHQ�EHJLQ�ZLWK�VRPH�RI�HDFK�DQG�ZRUN�ERWK�LQGXFWLYHO\�DQG�GHGXFWLYHO\
DV�QHFHVVDU\�XQWLO�WKH�PRGHO�LV�FRPSOHWH���,Q�DGGLWLRQ��WKH�PHWKRG�LV�QRW�OLPLWHG�WR�VLPSOH�ELQDU\
HYHQWV�DV�LV�IDXOW�WUHH�DQDO\VLV��)7$����7KLV�IOH[LELOLW\�PDNHV�WKH�LQIOXHQFH�GLDJUDP�DQ�LPSRUWDQW
ULVN�DQDO\VLV�WRRO�

+LVWRULFDOO\��WKH�PRVW�LPSRUWDQW�GLVDGYDQWDJH�WR�WKH�XVH�RI�LQIOXHQFH�GLDJUDPV�KDV�EHHQ�WKDW�WKH
WUDGLWLRQDO�VROXWLRQ�PHWKRG�GRHV�QRW�VKRZ�RU�HYHQ�JHQHUDWH�WKH�GHWDLOHG�VHW�RI�VFHQDULRV�RU�SDWKV
SRVVLEOH�LQ�WKH�PRGHO���7KH�DELOLW\�WR�H[DPLQH�WKHVH�SDWKV�LQ�GHWDLO�LV�D�SULPDU\�DGYDQWDJH�RI�WKH
)7$� DQG�(7$�PHWKRGV�� � +RZHYHU�� LW� KDV� EHHQ� QRWHG� WKDW� WKHUH� DOZD\V� H[LVWV� D� �QRQ�XQLTXH�
WUDQVIRUPDWLRQ�IURP�DQ�LQIOXHQFH�GLDJUDP�PRGHO� LQWR�DQ�HYHQW� WUHH�PRGHO�� �:KHQ�DSSOLHG�� WKLV
DOORZV�DQ�DQDO\VW� WR�XVH�WKH�DGYDQWDJHV�RI� LQIOXHQFH�GLDJUDP�FRQVWUXFWLRQ� WR�SURGXFH� WKH�PRUH
GHVLUDEOH�UHVXOWV�DVVRFLDWHG�ZLWK�(7$�

7KH�(7$�VROXWLRQ�PHWKRGRORJ\�DQG�UHVXOWV�KDYH�VHYHUDO�KLJKO\�GHVLUDEOH�FKDUDFWHULVWLFV�� �)LUVW�
WKH�UHVXOWV�RI�DQ�(7$�DUH�D�FRPSOHWH�VHW�RI�VFHQDULRV�WKDW�FDQ�RFFXU�DV�D�UHVXOW�RI�D�SDUWLFXODU�VHW
RI� LQLWLDO� FRQGLWLRQV�
� �6HFRQG�� WKH� VROXWLRQ�PHWKRGRORJ\� LV� UHFXUVLRQ�±� VRPHWKLQJ� WKDW� LV� ERWK
ZHOO�XQGHUVWRRG�DQG�UHDGLO\�DGDSWDEOH� WR�SDUDOOHO�SURFHVVLQJ�� �7KLUG�� WKH� VROXWLRQ�PHWKRGRORJ\

������������������������������������������������


� � )RU� YHU\� ODUJH� HYHQW� WUHHV� �WKRVH� ZLWK� WKRXVDQGV� RU� HYHQ� PLOOLRQV� RI� SRVVLEOH� SDWKZD\V��� WKH� FRPSOHWH� VHW� RI
VFHQDULRV�LV�QRW�JHQHUDWHG���6FHQDULRV�FDQ�EH�³WUXQFDWHG´�IURP�WKH�DQDO\VLV�LI�WKH\�DUH�IRXQG�WR�EH�WRR�XQOLNHO\��GR
QRW� UHVXOW� LQ� FRQVHTXHQFHV�� RU� KDYH� VRPH� RWKHU� FKDUDFWHULVWLF� WKDW� UHQGHUV� WKHP� EH\RQG� WKH� VFRSH� RI� WKH� ULVN
DVVHVVPHQW� VWXG\�� �6LPLODU� VFHQDULRV� DUH� DOVR� VXPPDUL]HG�RU� ³ELQQHG´�ZLWK�RQH� DQRWKHU� WR� UHGXFH� WKH� QXPEHU� RI
SDWKV�WR�D�QXPEHU�WKDW�FDQ�EH�H[DPLQHG�E\�D�PHUH�PRUWDO�
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QHHGV�WR�GLVFRYHU�HDFK�VFHQDULR�RQO\�RQFH�±�DQG�GHYHORSV�WKH�VFHQDULR¶V�OLNHOLKRRG�DW�WKH�VDPH
WLPH��WKLV�LV�PXFK�GLIIHUHQW�IURP�D�0RQWH�&DUOR�EDVHG�GLVFUHWH�HYHQW�VLPXODWLRQ��ZKLFK�ZLOO�EH
GLVFXVVHG� LQ�6HFWLRQ�����RQ�SDJH������ � )LQDOO\�� WKH�PHWKRGRORJLHV� H[SOLFLWO\� HPERG\� WLPH� DQG
RUGHU� FRQGLWLRQV� �VRPHWKLQJ� )7$� FDQQRW� HDVLO\� GR��� 7KHVH� FKDUDFWHULVWLFV� VKRXOG� LGHDOO\� EH
SUHVHQW�LQ�D�QHZ�PHWKRG�WR�DVVHVV�ULVN�IRU�LQIUDVWUXFWXUH�V\VWHPV�

8SRQ� H[DPLQDWLRQ�� LW� ZDV� GHWHUPLQHG� WKDW� ERWK� RI� WKHVH� PHWKRGV� VXIIHU� IURP� WKH� VDPH
IXQGDPHQWDO�SUREOHP�ZKHQ�DSSOLHG�WR�LQIUDVWUXFWXUH�DQDO\VLV�SUREOHPV��DOEHLW�LQ�GLIIHUHQW�ZD\V�
(YHQW� WUHHV� DQG� LQIOXHQFH� GLDJUDPV� DUH� ERWK�� E\� GHILQLWLRQ�� DF\FOLF� JUDSKV�� � 6LQFH� F\FOHV� DUH
SURKLELWHG��LW�FDQ�EH�GLIILFXOW�WR�UHSUHVHQW�WKH�EHKDYLRU�RI�V\VWHPV�WKDW�HPERG\�IHHGEDFN�ORRSV�LQ
WKHVH� W\SHV� RI� PRGHOV�� � +RZHYHU�� IHHGEDFN� ORRSV� DUH� FRPPRQ� ZLWKLQ� WKH� LQWHUFRQQHFWHG
LQIUDVWUXFWXUH�V\VWHP��DQG�WKH�EHKDYLRU�RI�WKHVH�IHHGEDFN�ORRSV�LV�FULWLFDO�WR�WKH�XQGHUVWDQGLQJ�RI
WKH�SRVVLEOH�VFHQDULRV�WKDW�FDQ�UHVXOW�� �7KH�SUHVHQFH�RI�IHHGEDFN�ORRSV�PDQLIHVWV� LWVHOI� LQ�HYHQW
WUHHV� DV� QRQ�GHWHUPLQLVP� LQ� WKH� RUGHULQJ� RI� WKH� HYHQW� WUHH� HYHQWV�� � 7KXV�� WR� PRGHO� VXFK� D
IHHGEDFN�V\VWHP�XVLQJ�HYHQW�WUHHV��RQH�PXVW�FRQVWUXFW�VHYHUDO�HYHQW�WUHHV�±�RQH�IRU�HDFK�SRVVLEOH
RUGHULQJ�RI� WKH� HYHQWV�� �7KHVH� IHHGEDFN� ORRSV�PDQLIHVW� WKHPVHOYHV� LQ� LQIOXHQFH� GLDJUDPV� DV� D
YLRODWLRQ�RI� WKH�DF\FOLF� FRQQHFWLYLW\� UHTXLUHPHQW�� �7KH� DELOLW\� WR�KDQGOH�DW� OHDVW� VRPH� W\SHV�RI
IHHGEDFN� ORRSV� VKRXOG� EH� DQ� LPSRUWDQW� SDUW� RI� DQ\� QHZ� LQIUDVWUXFWXUH� ULVN� DVVHVVPHQW
PHWKRGRORJ\�

����� 0DUNRY�0RGHOV

0DUNRY�PRGHOV���DUH�GLUHFWHG�JUDSKV�WKDW�FDSWXUH�WKH�FRQFHSWV�RI�V\VWHP�VWDWHV�DQG�SUREDELOLVWLF
WUDQVLWLRQV� EHWZHHQ� VWDWHV�� � 7R� EXLOG� D� 0DUNRY� PRGHO�� DQ� DQDO\VW� H[DPLQHV� HYHU\� UHOHYDQW
FRQILJXUDWLRQ�RI�D�V\VWHP�±�ERWK�IXQFWLRQDO�DQG�QRQIXQFWLRQDO�FRQILJXUDWLRQV�±�DQG�GHILQHV�WKHP
WR�EH�VWDWHV�RI�WKH�V\VWHP���7KH�DQDO\VW�WKHQ�GHILQHV�WKH�SUREDELOLW\�RI�WUDQVLWLRQ�IURP�HDFK�VWDWH
WR� HYHU\� RWKHU� VWDWH� �DV� D� IXQFWLRQ� RI� WLPH� DQG� RWKHU� IDFWRUV�� WR� FRPSOHWH� WKH� PRGHO�� � 6WDWH
WUDQVLWLRQV�WKDW�DUH�SUHFOXGHG�IRU�SK\VLFDO�UHDVRQV�DUH�DVVLJQHG�D�WUDQVLWLRQ�SUREDELOLW\�RI�]HUR���,Q
WKHLU� VLPSOHVW� DQG� PRVW� FRPPRQ� IRUPV�� 0DUNRY� PRGHOV� XVH� FRQVWDQW� VWDWH� WUDQVLWLRQ
SUREDELOLWLHV��DOWKRXJK�0DUNRY�PRGHOV�ZLWK�WLPH�YDU\LQJ�VWDWH�WUDQVLWLRQ�SUREDELOLWLHV�KDYH�DOVR
EHHQ�XVHG���

0DUNRY�PRGHOV� SURYLGH� D� QDWXUDO�� GLUHFW� UHSUHVHQWDWLRQ�� WKURXJK� WKH� XVH� RI� F\FOHV�� RI� V\VWHPV
ZKRVH�FRPSRQHQWV�DUH�UHSDLUDEOH�DQG�V\VWHPV�ZKHUH�FRPSRQHQW�IDLOXUHV�KDYH�LQWHUDFWLRQV���7KH\
DOVR�UHDGLO\�HPERG\�WKH�IHHGEDFN�FKDUDFWHULVWLFV�IRXQG�LQ�PDQ\�LQIUDVWUXFWXUH�SUREOHPV���5HFDOO
WKDW�IDXOW� WUHHV�DQG�HYHQW� WUHHV�DUH�DF\FOLF�JUDSKV�DQG�KHQFH�GR�QRW� UHDGLO\�DFFRPPRGDWH� WKHVH
V\VWHP� FKDUDFWHULVWLFV�� � 7KH� WZR� EDVLF� IRUPV� RI�0DUNRY�PRGHOV� DUH� FKDLQV� DQG� SURFHVVHV�� � $
0DUNRY�FKDLQ�XVHV�PDWUL[�PXOWLSOLFDWLRQ�LQ�GLVFUHWH�WLPH�WR�REWDLQ�VWDWH�WUDQVLWLRQ�SUREDELOLWLHV�
$�0DUNRY�SURFHVV�XVHV�D�VHW�RI�GLIIHUHQWLDO�HTXDWLRQV�RYHU�FRQWLQXRXV�WLPH���5HODWLYH�WR�WKH�RWKHU
WHFKQLTXHV� GLVFXVVHG�� 0DUNRY� SURFHVVHV� UHTXLUH� D� PRUH� VRSKLVWLFDWHG� XQGHUVWDQGLQJ� RI
PDWKHPDWLFV�IRU�WKHLU�VROXWLRQ���,Q�IDFW��PRVW�0DUNRY�PRGHOV�RI�UHDO�V\VWHPV�VXIIHU�IURP�³VWDWH
H[SORVLRQ´� DQG� KHQFH� DUH� GLIILFXOW� WR� VROYH�� UHTXLULQJ� VLPXODWLRQ�� � &RPSOHWH� SDWK� RU� VFHQDULR
LQIRUPDWLRQ�LV�QRW�D�QDWXUDO�RXWSXW�RI�D�0DUNRY�PRGHO�

$Q� LQWHUHVWLQJ� DSSOLFDWLRQ� RI� 0DUNRY� PRGHOLQJ� LV� IRXQG� LQ� WKH� FRQWLQXRXV� HYHQW� WUHH
PHWKRGRORJ\�������� � ,Q� WKLV� PHWKRG�� WKH� EUDQFKLQJ� RSHUDWLRQV� ZLWKLQ� DQ� HYHQW� WUHH� PRGHO� DUH
YLHZHG�DV�VWDWH�WUDQVLWLRQV�ZLWKLQ�WKH�IUDPHZRUN�RI�D�0DUNRY�PRGHO���7KLV�DOORZV�WKH�DQDO\VW�WR
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GHWHUPLQH�WKH�SRSXODWLRQ�RI�HDFK�VWDWH��DQG��KHQFH��RI�HDFK�EUDQFK�ZLWKLQ�WKH�HYHQW�WUHH�PRGHO�
DV�D�IXQFWLRQ�RI�WLPH���7KH�PHWKRG�KDV�EHHQ�H[WHQGHG�WR�D�VHPL�0DUNRY�SURFHVV�WR�DOORZ�IRU�WKH
VWDWH�DQG�EUDQFK�WUDQVLWLRQ�SUREDELOLWLHV�WR�YDU\�DV�D�IXQFWLRQ�RI�WKH�OHQJWK�RI�WLPH�WKH�V\VWHP�KDV
VSHQW�LQ�WKDW�VWDWH���

7KH� PDLQ� DGYDQWDJHV� RI�0DUNRY� PRGHOV� OLH� LQ� WKHLU� DELOLW\� WR� LGHQWLI\� WKH� SUREDELOLW\� WKDW� D
V\VWHP�ZLOO�H[LVW�LQ�D�SDUWLFXODU�VWDWH�DV�D�IXQFWLRQ�RI�WLPH�±�HYHQ�LQ�WKH�SUHVHQFH�RI�UHSDLUDEOH
IDLOXUHV� DQG� LQKHUHQW� V\VWHP� IHHGEDFN�� � 7KHLU� PDLQ� GLVDGYDQWDJHV� IURP� DQ� LQIUDVWUXFWXUH� ULVN
DVVHVVPHQW�SHUVSHFWLYH�OLH�LQ�WKH�GLIILFXOW\�ZLWK�ZKLFK�SDWK�RU�VFHQDULR�LQIRUPDWLRQ�LV�H[WUDFWHG
IURP� WKHLU� UHVXOWV�� WKH� VWDWH� H[SORVLRQ� WKDW� RFFXUV� ZKHQ� ODUJH� V\VWHPV� DUH� DQDO\]HG�� DQG� WKH
GLIILFXOW\� RI� WKH� PDWKHPDWLFDO� PHWKRGV� UHTXLUHG� WR� VROYH� WKHP�� � $� QHZ� LQIUDVWUXFWXUH� ULVN
DVVHVVPHQW�PHWKRG�VKRXOG�DYRLG�VWDWH�H[SORVLRQ��SDWK�H[SORVLRQ�LV�GLIILFXOW�HQRXJK�WR�GHDO�ZLWK��
DQG�VKRXOG�EH�VROYDEOH�ZLWK�VWUDLJKWIRUZDUG�PDWKHPDWLFDO�PHWKRGV�

����� 6LPXODWLRQ�0HWKRGV

7KH� ORJLFDO� ULVN� DVVHVVPHQW� PHWKRGRORJLHV� GHVFULEHG� LQ� WKH� SUHYLRXV� IHZ� VHFWLRQV� UHTXLUH� D
KXPDQ�DQDO\VW�WR�LQGXFWLYHO\�RU�GHGXFWLYHO\�LQWHUSUHW�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�D�V\VWHP�DQG
HPERG\�WKRVH�FKDUDFWHULVWLFV�LQ�D�ORJLFDO�GHVFULSWLRQ��JUDSKLFDO�RU�WDEXODU����/RJLFDO�PRGHOV�DUH
RIWHQ� FDSDEOH� RI� UDSLGO\� H[DPLQLQJ� D� EURDG� FURVV�VHFWLRQ� RI� SRWHQWLDOO\� LPSRUWDQW� V\VWHP
EHKDYLRUV�� � $� FRPSOHPHQWDU\� DSSURDFK� WR� ORJLF� PRGHOV� LQYROYHV� WKH� GLUHFW� XVH� RI� PRUH
WUDGLWLRQDO� VLPXODWLRQ�PRGHOV� �RIWHQ� VRIWZDUH�EDVHG��
� � 7KH� VLPSOHVW� DSSOLFDWLRQ� RI� VLPXODWLRQ
WHFKQRORJ\�WR�ULVN�DVVHVVPHQW�LQYROYHV�DQ�D�SULRUL�GHILQLWLRQ�RI�³LPSRUWDQW´�VFHQDULRV��ZKLFK�DUH
WKHQ� HYDOXDWHG�XVLQJ� DQ� DSSURSULDWH� VLPXODWLRQ� WRRO� WR� DVVHVV� WKH� V\VWHP¶V� SHUIRUPDQFH� DQG�RU
FRQVHTXHQFHV���7KH�VFHQDULRV�PD\�EH�VHOHFWHG�EDVHG�RQ�LQFLGHQWV�SUHYLRXVO\�REVHUYHG�IRU�VLPLODU
V\VWHPV��TXHVWLRQV�UDLVHG�E\�D�)0($�RU�RWKHU�ORJLF�PRGHO��RU�WKH�MXGJPHQW�RI�GRPDLQ�H[SHUWV�
RU�D�UHJXODWRU\�DXWKRULW\�PD\�VLPSO\�SUHVFULEH�WKHP���5HJDUGOHVV�RI�WKHLU�VRXUFH��WKH�REMHFWLYH�RI
VXFK� DQDO\VHV� LV� WR� FKDUDFWHUL]H� WKH� EHKDYLRU� RI� WKH� V\VWHP� XQGHU� D� YDULHW\� RI� �SUHVXPDEO\�
LPSRUWDQW�QRUPDO�DQG�DEQRUPDO�RSHUDWLRQDO�FRQGLWLRQV�

6LPXODWLRQ� LV� DOVR� IUHTXHQWO\� XVHG� LQ� FRQMXQFWLRQ� ZLWK� ORJLF� PRGHOV� WR� GHWHUPLQH� WKH
FRQVHTXHQFHV� DVVRFLDWHG�ZLWK� SDUWLFXODU� IDLOXUH� VFHQDULRV�� � ,Q� WKLV� DSSOLFDWLRQ�� HYDOXDWLRQ� RI� D
ORJLF� PRGHO� �H�J��� IDXOW� WUHHV� RU� HYHQW� WUHHV�� SURGXFHV� D� ODUJH� QXPEHU� RI� VFHQDULRV� WKDW� PD\
SRWHQWLDOO\�OHDG�WR�XQGHVLUHG�FRQVHTXHQFHV���6RPH�RU�DOO�RI�WKHVH�VFHQDULRV�PD\�EH�VLPXODWHG�WR
GHWHUPLQH� WKH� GHJUHH� RI� FRQVHTXHQFHV� SURGXFHG� �OLYHV� ORVW�� HQYLURQPHQWDO� GDPDJH�� HWF���
%HFDXVH� WKH� ORJLF� PRGHOV� PD\� SURGXFH� IDU� PRUH� VFHQDULRV� WKDQ� RQH� FDQ� DIIRUG� WR� VLPXODWH�
DQDO\VWV�FRPPRQO\�JURXS�VFHQDULRV�VXFK�WKDW�D�QXPEHU�RI�³VLPLODU´�VFHQDULRV�DUH�UHSUHVHQWHG�E\
D�VLQJOH�VXUURJDWH�VFHQDULR��WKH�FRQVHTXHQFHV�RI�ZKLFK�DUH�DVVXPHG�WR�DSSO\�UHDVRQDEO\�ZHOO�WR
WKH�HQWLUH�JURXS�RI�VLPLODU�VFHQDULRV���7KLV�PHWKRGRORJ\�KDV�EHHQ�XVHG�WR�DVVHVV�WKH�UDGLRORJLFDO
FRQVHTXHQFHV�RI�QXFOHDU�UHDFWRU�DFFLGHQWV�IRU�PRUH�WKDQ�WZR�GHFDGHV���

������������������������������������������������


� �7KH�XVH�RI�VLPXODWLRQ�PRGHOV�IRU�ULVN�DVVHVVPHQW�FDQ�EH�WKRXJKW�RI�DV�D�JHQHUDOL]DWLRQ�RI�VRPH�RI� WKH�QHWZRUN
DQDO\VLV�PHWKRGRORJLHV�GHVFULEHG�LQ�6HFWLRQ�����RQ�SDJH����
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0RUH�FRPSOH[�DSSOLFDWLRQV�RI�VLPXODWLRQ�WHFKQRORJ\�IRU�ULVN�DVVHVVPHQW�LQYROYH�WKH�DXWRPDWHG
VHOHFWLRQ�RI�WKH�VFHQDULRV�WR�EH�VLPXODWHG���,I��IRU�H[DPSOH��D�V\VWHP�LV�LQWHQGHG�WR�RSHUDWH�VDIHO\
IRU�DOO� FRQGLWLRQV�ZLWKLQ�D�SDUWLFXODU� UDQJH�RI� WHPSHUDWXUH� DQG�KXPLGLW\� FRQGLWLRQV�� RQH�PLJKW
XVH� D� PDWKHPDWLFDO� GHVLJQ� RI� H[SHULPHQWV� WHFKQLTXH� WR� HQVXUH� WKDW� WKH� HQWLUH� UDQJH� RI
WHPSHUDWXUH� DQG� KXPLGLW\� FRPELQDWLRQV� ZDV� DSSURSULDWHO\� UHSUHVHQWHG� LQ� WKH� VFHQDULRV� WR� EH
VLPXODWHG�� � 2U�� RQH� PLJKW� DFFRPSOLVK� WKH� VDPH� JRDO� WKURXJK� SUREDELOLVWLF� VDPSOLQJ� RI
WHPSHUDWXUH� DQG� KXPLGLW\� FRQGLWLRQV� XVLQJ� 0RQWH� &DUOR�� /DWLQ� K\SHUFXEH�� RU� LPSRUWDQFH
VDPSOLQJ�WHFKQLTXHV���������2WKHU�PHWKRGV�VXFK�DV�G\QDPLF�HYHQW�WUHHV�RU�FRQWLQXRXV�HYHQW�WUHHV��

ZRUN� WRZDUG� D� VLPLODU�REMHFWLYH�XVLQJ� DQDORJLHV� WR� WKH�(7$�PHWKRGRORJ\� WKDW� LV� SRSXODU� DV� D
35$� WRRO� �VHH� 6HFWLRQ� ������ � :KHQ� XVLQJ� WKHVH� WHFKQLTXHV�� WKH� LPSRUWDQFH� RI� SDUWLFXODU
SDUDPHWHUV� WR� WKH� RYHUDOO� VHW� RI� VLPXODWLRQ� UHVXOWV� FDQ� EH� LQIHUUHG� WKURXJK� VWUDLJKWIRUZDUG
VWDWLVWLFDO�UHJUHVVLRQ�DQDO\VLV� WHFKQLTXHV�� �3UREDELOLVWLF� WHFKQLTXHV�DUH�RIWHQ� OHVV�HIILFLHQW�ZKHQ
WKH�QXPEHU�RI�SDUDPHWHUV�WR�EH�FRQVLGHUHG�LV�VPDOO��EXW�FDQ�KDYH�VLJQLILFDQW�DGYDQWDJHV�ZKHQ�D
VLPXODWLRQ�LV�EDVHG�RQ�D�ODUJH�QXPEHU�RI�LQGHSHQGHQW�YDULDEOHV�

7R�WKLV�SRLQW��ZH�KDYH�GLVFXVVHG�RQO\�WHFKQLTXHV�WKDW�GHILQH�WKH�OLVW�RI�VFHQDULRV�WR�EH�VLPXODWHG
SULRU� WR� WKH� ILUVW� VLPXODWLRQ� EHLQJ� FRQGXFWHG�� � 7KHVH� WHFKQLTXHV� GR� QRW� XVH� IHHGEDFN� IURP
SUHYLRXV� VLPXODWLRQV� WR� VHOHFW� DGGLWLRQDO� VFHQDULRV� IRU� FRQVLGHUDWLRQ�� � +RZHYHU�� D� QXPEHU� RI
IHHGEDFN� WHFKQLTXHV� DUH� DYDLODEOH� WR� DQVZHU� VSHFLILF� ULVN�UHODWHG� TXHVWLRQV�� � )RU� H[DPSOH�
DGDSWLYH� LPSRUWDQFH� VDPSOLQJ� FDQ� EH� XVHG� WR� JHQHUDWH� DGGLWLRQDO� VFHQDULRV� LQ� UHJLRQV� RI� WKH
SDUDPHWHU� VSDFH� WKDW� SURGXFH� ³LQWHUHVWLQJ´� UHVXOWV� �H�J��� KLJK�FRQVHTXHQFH� UHJLRQV� RI� WKH
SDUDPHWHU� VSDFH��������� � 4XDVL�DQDO\WLF� UHOLDELOLW\�PHWKRGV� VXFK� DV� WKH�PHDQ�YDOXH�PHWKRG� DQG
ILUVW�RUGHU� DQG�VHFRQG�RUGHU� UHOLDELOLW\�PHWKRGV�FDQ�EH�XVHG� WR�DQVZHU�TXHVWLRQV� VXFK� DV�� ³)RU
ZKDW� UDQJH� RI� LQSXW� SDUDPHWHUV� FDQ� ,� EH� ��� SHUFHQW� FHUWDLQ� WKDW� ,� ZLOO� QRW� SURGXFH� DQ
XQDFFHSWDEOH�FRQVHTXHQFH"´����*HQHWLF�DOJRULWKPV�FDQ�EH�XVHG�WR�]HUR�LQ�RQ�SDUWLFXODU�SDUDPHWHU
FRPELQDWLRQV�WKDW�ZLOO�PRVW�FORVHO\�SURGXFH�D�SDUWLFXODU�VHW�RI�UHVXOWV��H�J���WKH�PRVW�HFRQRPLFDO
RSHUDWLQJ�FRQGLWLRQV��WKH�KLJKHVW�FRQVHTXHQFHV��RU�WKH�ORZHVW�GLVWXUEDQFH�WR�WKH�JHQHUDO�SXEOLF���

7KH� XVH� RI� IHHGEDFN� PHWKRGV� KDV�� XQWLO� UHFHQWO\�� EHHQ� UHODWLYHO\� OLPLWHG� EHFDXVH� RI� WKH
FRPSXWDWLRQDOO\�LQWHQVLYH�QDWXUH�RI�PDQ\�VLPXODWLRQ�SDFNDJHV��RQH�FRXOG�QRW�DIIRUG�WR�UXQ�WKH
QXPEHU�RI�VLPXODWLRQV�WKDW�PLJKW�EH�UHTXLUHG�E\�VXFK�D�PHWKRG����5HFHQW�LPSURYHPHQWV�LQ�ERWK
FRPSXWHU�SHUIRUPDQFH�DQG�QXPHULFDO�DOJRULWKPV��KRZHYHU��KDYH�PDGH� WKHVH�PHWKRGV�IDU�PRUH
EURDGO\�DFFHVVLEOH�

7KH�DGYDQWDJHV�RI�XVLQJ�VLPXODWLRQ�PRGHOV�LQ�ULVN�DVVHVVPHQW�DUH�WKDW��LI�SURSHUO\�YDOLGDWHG��WKH\
FDQ��WKHRUHWLFDOO\��SURYLGH�WKH�PRVW�DFFXUDWH�GHSLFWLRQ�RI�KRZ�D�VFHQDULR�ZLOO�SURJUHVV�RI�DQ\�RI
WKH�ULVN�DVVHVVPHQW�PRGHOV�GHVFULEHG�LQ�WKLV�FKDSWHU���7KH�GLVDGYDQWDJH�RI�VLPXODWLRQ�DSSURDFKHV
OLHV�LQ�WKH�QHHG�WR�XVH�RWKHU�PHWKRGV�WR�GHWHUPLQH�WKH�VFHQDULRV�WKDW�DUH�WR�EH�DQDO\]HG�XVLQJ�WKH
VLPXODWLRQ�PRGHO���'HSHQGLQJ�RQ�WKH�VFHQDULR�VHOHFWLRQ�PHWKRG��WKHVH�FDQ�EH�KLJKO\�LQHIILFLHQW
DQG� FDQ� IDLO� WR� FRYHU� WKH� HQWLUH� FUHGLEOH� VFHQDULR� VSDFH�� � ,Q� DGGLWLRQ�� LI� WKH� VFHQDULR� VHOHFWLRQ
PHWKRG�GRHV�QRW�VXSSRUW�OLNHOLKRRG�GHWHUPLQDWLRQ��WKH�DG�KRF�PHWKRGV��IRU�H[DPSOH��� WKHQ�WKLV
NH\� HOHPHQW� RI� ULVN� PXVW� EH� GHWHUPLQHG� XVLQJ� RWKHU� PHWKRGV� �RIWHQ� LW� LV� HVWLPDWHG� E\� WKH
MXGJHPHQW�RI�DQ�H[SHUW����)LQDOO\��WKH�FRPSXWDWLRQDO�HIIRUW�UHTXLUHG�WR�HYDOXDWH�ODUJH�QXPEHUV�RI
VFHQDULRV�XVLQJ�GHWDLOHG�VLPXODWLRQ�WRROV�PD\�EH�ZHOO�EH\RQG� WKH�FRPSXWDWLRQDO�FDSDELOLWLHV�RI
PDQ\� RUJDQL]DWLRQV� HVSHFLDOO\� LI� WKH� VLPXODWLRQ� WRROV� DUH� FRPSXWDWLRQDOO\� LQWHQVLYH��� � $� QHZ
LQIUDVWUXFWXUH�ULVN�DVVHVVPHQW�PHWKRGRORJ\�VKRXOG�DXWRPDWLFDOO\�LQWHUIDFH�ZLWK�VLPXODWLRQ�WRROV
VR�WKDW�WKH�ULVN�DVVHVVPHQW�HQJLQH�FDQ�WDNH�DGYDQWDJH�RI�WKH�VLPXODWLRQ�UHVXOWV�ZLWKRXW�KDYLQJ�WR
UHFUHDWH� WKHLU� FDSDELOLWLHV� �HLWKHU�ZLWKLQ� WKH� DXWRPDWHG�PRGHO� VROXWLRQ� SDFNDJH� RU�� WKURXJK� WKH
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DQDO\VW��DV�SDUW�RI�WKH�ORJLF�PRGHO�LWVHOI����,GHDOO\��LW�VKRXOG�DOVR�VHHN�WR�PLQLPL]H�WKH�QXPEHU�RI
VLPXODWLRQV�WKDW�PXVW�EH�SHUIRUPHG�DQG�GUDZ�WKH�PD[LPXP�DPRXQW�RI�LQIRUPDWLRQ�IURP�HDFK�RI
WKH�UHTXLUHG�VLPXODWLRQ�UXQV�

����� '\QDPLF�5LVN�$VVHVVPHQW�0HWKRGV

,Q� WKH�����V�DQG�HDUO\�����V��DQDO\VWV�VRXJKW� WR�RYHUFRPH� WKH� OLPLWDWLRQV� LQKHUHQW� LQ�ERWK� WKH
LQGXFWLYH�35$�PHWKRGV��(7$��0DUNRY�PRGHOLQJ��DQG�WKH�VLPXODWLRQ�PHWKRGV�GHVFULEHG�LQ�WKH
SUHYLRXV� IHZ� VHFWLRQV�� � %ULHIO\� VWDWHG�� (7$� DQG� 0DUNRY� PRGHOV� SURYLGHG� D� PHFKDQLVP� IRU
GHDOLQJ�ZLWK�WKH�WLPH�GHSHQGHQW�DVSHFWV�RI�VFHQDULRV��EXW�WKH�WLPH�GHSHQGHQFH�WKH\�SURYLGHG�ZDV
RIWHQ�LPSRVHG�WKURXJK�WKH�ILOWHU�RI�D�KXPDQ�DQDO\VW��DQG�PLJKW�EH�DW�RGGV�ZLWK�WKH�³UHDO´�WLPH
KLVWRU\�RI� WKH�VFHQDULR�DV�SUHGLFWHG�E\�D�VLPXODWLRQ�PRGHO�� �+RZHYHU��PHWKRGV�IRU�YDU\LQJ� WKH
LQSXWV� WR� VLPXODWLRQ� PRGHOV� UDQJHG� IURP� DG� KRF� WR� 0RQWH� &DUOR�� EXW� ODFNHG� WKH� VFHQDULR
EUDQFKLQJ��UDQGRP�IDLOXUHV��DQG�RUGHUO\�VFHQDULR�HYROXWLRQ�IRXQG�LQ�(7$���$QDO\VWV�DOVR�ZDQWHG
WR� H[DPLQH� WLPH�GHSHQGHQW� KXPDQ� UHVSRQVHV� WR� VFHQDULR� GHYHORSPHQW� XVLQJ� FRPSXWDWLRQDO
PRGHOV���7KH�'\QDPLF�/RJLFDO�$QDO\VLV�0HWKRG��'</$0��DQG�'\QDPLF�(YHQW�7UHH�$QDO\VLV
0HWKRGRORJ\��'(7$0��ZHUH�GHYHORSHG�WR�KHOS�PHHW�WKHVH�QHHGV�

$�FRQFLVH�GHVFULSWLRQ�RI�WKH�'</$0�PHWKRG�ZDV�SUHVHQWHG�E\�6LX�LQ�5HIHUHQFH����

7KH�JHQHUDO�SURFHGXUH�XVHG�WR�HPSOR\�'</$0�LV�FRQFHSWXDOO\�GLUHFW���)LUVW��D�SK\VLFDO
PRGHO�RI� WKH� V\VWHP� LV� FRQVWUXFWHG�� � ,I� QHHGHG�� D�PRGHO� IRU� WKH� RSHUDWLQJ� FUHZ� LV� DOVR
FRQVWUXFWHG�� � 7KH� SK\VLFDO�PRGHO� SUHGLFWV� WKH� UHVSRQVH� RI� V\VWHP� SURFHVV� YDULDEOHV� WR
FKDQJHV� LQ� FRPSRQHQW� VWDWXV� �H�J��� KDUGZDUH� IDLOXUHV��� � ,W� LV� FRQVWUXFWHG� E\� OLQNLQJ
SK\VLFDO� PRGHOV� IRU� V\VWHP� FRPSRQHQWV�� ZKHUH� WKH� FRPSRQHQW� PRGHOV� SUHGLFW� WKH
FKDQJHV�LQ�SURFHVV�YDULDEOHV�GXH�WR�FKDQJHV�LQ�FRPSRQHQW�VWDWHV���$�PRGHO�IRU�D�SXPS�
IRU�H[DPSOH��PD\�FRQVLVW�RI�D�VHW�RI�HTXDWLRQV�IRU�WKH�SXPS�KHDG��HDFK�HTXDWLRQ�DSSO\LQJ
WR�D�GLIIHUHQW�SXPS�VWDWH��«

7KH� QH[W� VWHS� LV� WR� GHILQH� WKH� XQGHVLUHG� V\VWHP� VWDWHV�� � 7KHVH� DUH� GHILQHG� LQ� WHUPV� RI
SURFHVV� YDULDEOH� OHYHOV�� UDWKHU� WKDQ� KDUGZDUH� VWDWHV�� DQG� DUH� XVHG� WR� GHWHUPLQH�ZKHQ� D
SDUWLFXODU�DFFLGHQW�VFHQDULR�VKRXOG�EH�WHUPLQDWHG�

)LQDOO\��WKH�V\VWHP�PRGHO�LV�XVHG�WR�VLPXODWH�DOO�SRVVLEOH�DFFLGHQW�VHTXHQFHV�DV�IROORZV�
6WDUWLQJ� DW� W� ��� DQG� VRPH� XVHU�GHILQHG� LQLWLDO� VWDWH�� WKH� V\VWHP� PRGHO� LV� XVHG� WR
GHWHUPLQH�WKH�FKDQJH�LQ�SURFHVV�YDULDEOHV� �LI� DQ\�� LQ� WKH�QH[W�DW��«��$W� WKH�HQG�RI� WKH
ILUVW�WLPH�LQWHUYDO�����DW���DOO�SRVVLEOH�FRPELQDWLRQV�RI�FRPSRQHQW�VWDWHV��L�H���DOO�SRVVLEOH
V\VWHP�KDUGZDUH� VWDWHV�� DUH� LGHQWLILHG� DQG� WKHLU� OLNHOLKRRG� FDOFXODWHG�� �7KHVH� VWDWHV� DUH
WKHQ�XVHG�WR�SURYLGH�ERXQGDU\�FRQGLWLRQV�IRU�WKH�QH[W�URXQG�RI�SURFHVV�YDULDEOH�XSGDWLQJ�
WKH�JHQHUDWLRQ�RI�DQ�HYHQW�VHTXHQFH�FRQWLQXHV�LQ�WKLV�PDQQHU�XQWLO�DQ�DEVRUELQJ�VWDWH� LV
UHDFKHG���

'(7$0� LV�YHU\� VLPLODU� WR�'</$0� LQ�PRVW� UHVSHFWV�� �$FRVWD� DQG�6LX� QRWH� WKDW� ³WKH� SULPDU\
GLIIHUHQFH� LV� WKDW� '</$0� GRHV� QRW� HPSKDVL]H� WKH� VWRFKDVWLF� QDWXUH� RI� RSHUDWRU� EHKDYLRU� DV
VWURQJO\�>DV�'(7$0@�´��
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$SSOLFDWLRQV�RI�ERWK�'</$0�DQG�'(7$0�KDYH�IRXQG� WKH�QHHG� WR� OLPLW� WKH�H[SDQVLRQ�RI� WKH
HYHQW� WUHH�PRGHO� LQ�RUGHU� WR�PDLQWDLQ� WKH�FRPSXWDWLRQDO� IHDVLELOLW\�RI� WKH�SUREOHP�
� �7KLV�ZDV
GRQH�E\�OLPLWLQJ�WKH�PHWKRG�WR�FRQVLGHUDWLRQ�RI�D�VLQJOH�IDLOXUH�DW�HDFK�WLPH�VWHS��DV�RSSRVHG�WR
³DOO� SRVVLEOH� FRPELQDWLRQV� RI� FRPSRQHQW� VWDWHV´� DV� GHVFULEHG� DERYH�� DQG� E\� WUXQFDWLQJ� ORZ
SUREDELOLW\� VFHQDULRV� IURP� IXUWKHU� GHYHORSPHQW�� � $GGLWLRQDO� FRPSXWDWLRQDO� IHDVLELOLW\� LVVXHV
ZHUH�IRXQG�WR�DULVH�ZKHQ� WKH�FKDUDFWHULVWLF� WLPH�VFDOH�RI� WKH�SUREOHP�LV�VKRUW�FRPSDUHG� WR� WKH
RYHUDOO� VFHQDULR� GXUDWLRQ���� � 6LQFH� LQIUDVWUXFWXUH� SUREOHPV� DUH� RIWHQ� FKDUDFWHUL]HG� E\� VKRUW
SHULRGV� RI� LQWHQVH� DFWLYLW\� �VKRUW� FKDUDFWHULVWLF� WLPH� VFDOH�� IROORZHG� E\� ORQJ� SHULRGV� RI� TXDVL�
HTXLOLEULXP� DFWLYLW\� �ORQJ� VFHQDULR� GXUDWLRQ��� WKLV� PHWKRGRORJ\� LV� RI� TXHVWLRQDEOH� YDOXH� IRU
PRGHOLQJ�LQIUDVWUXFWXUH�IDLOXUH�VFHQDULRV�

$QRWKHU�LPSRUWDQW�OLPLWDWLRQ�RI�WKHVH�PHWKRGRORJLHV�LV�IRXQG�LQ�WKH�SUHVFULSWLYH�QDWXUH�RI�WKHLU
EUDQFK� SRLQW� WLPLQJ� UHTXLUHPHQWV�� '</$0� FRQVLGHUV� FRPSRQHQW� VWDWH� FKDQJHV� RQO\� DW� IL[HG
WLPHV� �H[DFW� PXOWLSOHV� RI� WKH� DQDO\VW�VSHFLILHG� DW��� � '(7$0� DOORZV� WKH� DQDO\VW� WR� VSHFLI\
SDUWLFXODU�WLPHV�DW�ZKLFK�FRPSRQHQW�VWDWH�FKDQJHV�PLJKW�RFFXU��LQ�DGGLWLRQ�WR�WKH�IL[HG�PXOWLSOHV
RI�DW�XVHG�LQ�'</$0����+RZHYHU��ERWK�'(7$0�DQG�'</$0�DOORZ�EUDQFKLQJ�HYHQWV�WR�RFFXU
RQO\�DW�WLPHV�WKDW�DUH�SUHVFULEHG�SULRU�WR�WKH�VWDUW�RI�WKH�DQDO\VLV�DQG�QRW�DW�WLPHV�WKDW�PLJKW�EH
LQIHUUHG�IURP�WKH�FKDUDFWHULVWLFV�RI�WKH�VLPXODWLRQ�PRGHO���1HLWKHU�PHWKRG�DOORZV�WKH�VLPXODWLRQ
WR�UHTXHVW�D�VFHQDULR�EUDQFKLQJ�RSHUDWLRQ���7KLV�UHVWULFWLRQ�KDV�D�QXPEHU�RI�FRQVHTXHQFHV���)RU
H[DPSOH��LW�LV�LPSRVVLEOH�WR�DFFXUDWHO\�LPSOHPHQW�WKH�UDQGRP�IDLOXUH�RI�D�FRPSRQHQW�WR�VWDUW�RQ
GHPDQG�XVLQJ�WKHVH�PHWKRGV�XQOHVV�WKDW�GHPDQG��E\�FRLQFLGHQFH��RFFXUV�DW�DQ�H[DFW�PXOWLSOH�RI
DW�RU�DW�D�WLPH�VHOHFWHG�E\�WKH�DQDO\VW�SULRU�WR�WKH�VWDUW�RI�WKH�VLPXODWLRQ�

7KH�SULQFLSDO�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�WKHVH�PHWKRGV�GHULYH�IURP�WKH�IDFW�WKDW�WKH\�DUH
LQH[WULFDEO\� WLHG� WR� G\QDPLF� VLPXODWLRQ� PRGHOV�� � 6LQFH� WKHVH� PHWKRGV� PDNH� XVH� RI� WUXH
VLPXODWLRQ�PRGHOV� WR� SUHGLFW� V\VWHP� SDUDPHWHU� YDOXHV�� WKH� DFFXUDF\� RI� WKHLU� UHVXOWV� LV� OLPLWHG
RQO\�E\�WKH�ILGHOLW\�RI�WKH�VLPXODWLRQ�PRGHOV�XSRQ�ZKLFK�WKH\�DUH�EXLOW���$W�WKH�VDPH�WLPH��PDQ\
RI� WKHVH� VLPXODWLRQ� PRGHOV� DUH� FRPSXWDWLRQDOO\� LQWHQVLYH�� VR� XVLQJ� '</$0� RU� '(7$0� WR
VSHFLI\�PDQ\�H[HFXWLRQV�RI�VXFK�D�PRGHO�FDQ�UDSLGO\�EHFRPH�LPSUDFWLFDO���7KH�WLPH�VFDOH�LVVXHV
GHVFULEHG�SUHYLRXVO\�DUH�DOVR�SDUWLFXODUO\�SUREOHPDWLF�IRU�WKH�LQIUDVWUXFWXUH�IDLOXUH�HYHQWV�WKDW�DUH
WKH�VXEMHFW�RI�WKLV�VWXG\���$Q�LGHDO�FRPSXWDWLRQDO�PHWKRGRORJ\�VKRXOG�VXSSRUW�WKH�PRGHOLQJ�RI
V\VWHPV� WKDW� RSHUDWH� VLPXOWDQHRXVO\� RQ� D� YDULHW\� RI� WLPH� VFDOHV�� � ,W� VKRXOG� DOORZ� IRU�PXOWLSOH
VLPXOWDQHRXV�IDLOXUH�HYHQWV�DW� WLPHV� WKDW�DUH�HLWKHU�SUHVFULEHG�E\� WKH�DQDO\VW�RU� LQIHUUHG�E\� WKH
VLPXODWLRQ�� �)LQDOO\��DQ�LGHDO�FRPSXWDWLRQDO�PHWKRGRORJ\�VKRXOG�DOORZ�WKH�V\VWHP�WR�HYROYH�DW
ZKDWHYHU�VL]H�WLPH�VWHS�LV�DSSURSULDWH�ZLWKRXW�LPSRVLQJ�XQQDWXUDO�UHVWULFWLRQV�RQ�WKH�YDOXH�RI�DW�

����� 'LVFUHWH�(YHQW�6LPXODWLRQ�0HWKRGV

$QRWKHU� FODVV� RI� PHWKRGV� WKDW� FDQ� EH� XVHG� IRU� LQIUDVWUXFWXUH� DQDO\VLV� LV� VRPHWLPHV� FDOOHG
SUREDELOLVWLF�GLVFUHWH�HYHQW�VLPXODWLRQ���2QH�QRQ�LQIUDVWUXFWXUH�LQVWDQWLDWLRQ�RI�WKLV�PHWKRG�LV�LQ

������������������������������������������������


� � 6LX�QRWHV� WKDW� WKHVH�PHWKRGRORJLHV� DUH� OLPLWHG� WR� WUHDWLQJ� DFFLGHQWV�ZKHUH� WKH� QXPEHU� RI� SRVVLEOH� VFHQDULRV� LV
UHODWLYHO\�VPDOO���
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WKH�/$6(3�7�VRIWZDUH���WKDW�ZDV�XVHG�WR�VLPXODWH�ODXQFK�SKDVH�DFFLGHQWV�IRU�WKH�&DVVLQL�VSDFH
SUREH�� �$� VLPLODU� VLPXODWLRQ�PHWKRGRORJ\� LV� XVHG� LQ� WKH�6LP0RG�3UR� DYLDWLRQ� VDIHW\� DQDO\VLV
VRIWZDUH�������������:H�ZLOO�XVH�/$6(3�7�DV�DQ�H[DPSOH�WR�GHVFULEH�WKH�GLVFUHWH�HYHQW�VLPXODWLRQ
PHWKRG�� �$� /$6(3�7�PRGHO� FDQ� EH� WKRXJKW� RI� DV� D� VHULHV� RI� SUREDELOLVWLF� GHFLVLRQV�� HDFK� RI
ZKLFK� LV� GHVFULEHG� E\� RQH� RU�PRUH� VWDWLVWLFDO� GLVWULEXWLRQV�� � $V� D� VFHQDULR� UHDFKHV� RQH� RI� WKH
SUREDELOLVWLF� GHFLVLRQ� SRLQWV�� /$6(3�7� GUDZV� D� UDQGRP� QXPEHU� WR� UHSUHVHQW� D� 0RQWH� &DUOR
³GHFLVLRQ� SURFHVV�´� � ,W� XVHV� WKLV� UDQGRP� QXPEHU� WR� GHFLGH� ZKLFK� RI� WKH� GLVFUHWH� HYHQWV
UHSUHVHQWHG� LQ� WKH� GHFLVLRQ� SRLQW� ZLOO� DFWXDOO\� RFFXU�� � $� GHFLVLRQ� SRLQW� PD\� UHSUHVHQW�� IRU
H[DPSOH��GLVFUHWH�HYHQWV�VXFK�DV�ZKHWKHU�D�SDUWLFXODU�FODGGLQJ�HOHPHQW�LV�EUHDFKHG��RU�WKH�W\SH�RI
PDWHULDO� XSRQ� ZKLFK� D� SDUWLFXODU� HOHPHQW� ODQGV�� &RQWLQXRXV� YDULDEOHV� DUH� DOVR� VHOHFWHG� XVLQJ
0RQWH�&DUOR�PHWKRGV���([DPSOHV�RI�VXFK�YDULDEOHV�LQFOXGH�WKH�WLPH�DW�ZKLFK�WKH�ERRVWHU�URFNHW
VHOI�GHVWUXFWV�� WKH� VL]H� RI� D� FODGGLQJ� EUHDFK�� WKH� QXPEHU� RI�PLOOLJUDPV� RI� UDGLRDFWLYH�PDWHULDO
UHOHDVHG��DQG�WKH�SDUWLFOH�VL]H�GLVWULEXWLRQ�IRU�WKDW�UHOHDVH���$�VFHQDULR�LV�FRQVWUXFWHG�E\�XVLQJ�WKH
UHVXOWV� IURP� PDQ\� RI� WKHVH� SUREDELOLVWLF� GHFLVLRQV� WR� GHWHUPLQH� DQ� H[DFW� WLPH�GHSHQGHQW
VHTXHQFH�RI�HYHQWV� WKDW�DUH�SUHVXPHG� WR�RFFXU�� �7KH�0RQWH�&DUOR�EDVHG�VFHQDULR�GHYHORSPHQW
SURFHVV� LV� WKHQ� UHSHDWHG� RYHU� PDQ\� WULDOV� WR� REWDLQ� D� SUREDELOLVWLF� UHSUHVHQWDWLRQ� RI� WKH
FKDUDFWHULVWLFV�RI�WKH�RYHUDOO�VFHQDULR�VSDFH�EHLQJ�LQYHVWLJDWHG�

7KH�/$6(3�7�PRGHO�UHOLHV�RQ�D�0RQWH�&DUOR�SURFHVV�WR�PDNH�DOO�RI�LWV�GHFLVLRQV�� �7KH�0RQWH
&DUOR�QDWXUH�RI�WKHVH�GHFLVLRQV�PHDQV�WKDW�HDFK�RI� WKH�PDQ\�VFHQDULRV�GLVFRYHUHG�LV��XQGHU�WKH
DVVXPSWLRQV� RI� 0RQWH� &DUOR� VLPXODWLRQ�� HTXDOO\� OLNHO\�� � $JJUHJDWLQJ� WKH� UHVXOWV� RI� D� ODUJH
QXPEHU� RI� VXFK� HTXDOO\� OLNHO\� VFHQDULRV� SURYLGHV� D� SUREDELOLVWLF� YLHZ� RI� WKH� VHW� RI� SRVVLEOH
VFHQDULRV� JLYHQ� D� SDUWLFXODU� LQLWLDWLQJ� HYHQW�� � 7KLV� UHVXOW� LV� YHU\� FORVH� WR� ZKDW� LV� VRXJKW� IRU
LQIUDVWUXFWXUH�DQDO\VHV�

7KH�GLVDGYDQWDJHV�RI�D�0RQWH�&DUOR�EDVHG�VLPXODWLRQ�PHWKRG��KRZHYHU��LQFOXGH�WKH�UHTXLUHPHQW
WKDW�RQH�VLPXODWH�DQ�H[WUHPHO\� ODUJH�QXPEHU�RI� VFHQDULRV� LI�RQH� LV� WR� LGHQWLI\� SRWHQWLDOO\� UDUH�
KLJK�FRQVHTXHQFH� VFHQDULRV�� � )RU� H[DPSOH�� WR� LGHQWLI\� DOO� VFHQDULRV� ZKRVH� IUHTXHQFLHV� DUH
DSSUR[LPDWHO\�RQH�LQ������SHU�ODXQFK��RQH�PD\�KDYH�WR�UXQ�KXQGUHGV�RI�WKRXVDQGV�RU�PLOOLRQV�RI
VFHQDULRV�ZLWK� WKH� VRIWZDUH�� � ,Q� DGGLWLRQ�� LI� RQH� VFHQDULR� LV� GUDPDWLFDOO\�PRUH� OLNHO\� WKDQ� DOO
RWKHUV��WKH�0RQWH�&DUOR�QDWXUH�RI�WKLV�VLPXODWLRQ�UHTXLUHV�LW�WR�EH�LGHQWLILHG�RYHU�DQG�RYHU�DJDLQ
LQ�RUGHU� WR�SUHVHUYH� WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI� WKH� UHVXOWV�� �$OVR�� WKH�0RQWH�&DUOR�QDWXUH�RI
WKLV� VRIWZDUH� PDNHV� LW� GLIILFXOW� WR� DSSO\� WUDGLWLRQDO� XQFHUWDLQW\� DQDO\VLV� WHFKQLTXHV� WR� WKLV
SURFHVV���� � :KLOH� RQH� FRXOG� DSSO\� ELDVLQJ� VFKHPHV� WR� WKH� 0RQWH� &DUOR� VLPXODWLRQ�� WKH
IXQGDPHQWDO�IDFW�UHPDLQV�WKDW�WKLV�PHWKRGRORJ\�LV�D�FRPSXWDWLRQDOO\�LQHIILFLHQW�ZD\�WR�LGHQWLI\
UDUH�VFHQDULRV���$�QHZ�LQIUDVWUXFWXUH�ULVN�DVVHVVPHQW�PHWKRG�VKRXOG�DYRLG�WKH�SLWIDOOV�RI�D�SXUH
0RQWH� &DUOR� VFHQDULR� GHILQLWLRQ� DSSURDFK� LQ� RUGHU� WR� PRUH� HIILFLHQWO\� LGHQWLI\� WKRVH� UDUH
VFHQDULRV� WKDW� PD\� UHVXOW� LQ� KLJK� FRQVHTXHQFHV� WR� WKH� LQIUDVWUXFWXUH� V\VWHP�� � ,GHDOO\�� D� QHZ
PHWKRG�VKRXOG�FRPSXWH�VFHQDULR�SUREDELOLWLHV�H[SOLFLWO\�DQG�LGHQWLI\�HDFK�VFHQDULR�RQO\�RQFH�LQ
RUGHU�WR�PDLQWDLQ�UHDVRQDEOH�FRPSXWDWLRQDO�HIILFLHQF\�



��

������2EMHFW�2ULHQWHG�5LVN�$VVHVVPHQW�0HWKRGV

$Q� /'5'� SURMHFW� WKDW� ZDV� FRPSOHWHG� LQ� 2FWREHU� RI� ����� SURYLGHG� D� QHZ� SDUDGLJP� WKDW
V\QWKHVL]HG� DVSHFWV� RI� SUREDELOLVWLF� ULVN� DQDO\VLV� DQG� REMHFW�RULHQWHG� �22�� DQDO\VLV
PHWKRGRORJLHV�
�����7KH�EDVLF�LGHD�EHKLQG�22�PRGHOLQJ�����������LV�WR�HQFDSVXODWH�WKH�EHKDYLRU�RI�D
FRPSRQHQW� RU� VXEV\VWHP� HQWLUHO\� ZLWKLQ� WKH� FRQILQHV� RI� D� VHOI�FRQWDLQHG� ³REMHFW�´� � 2EMHFWV
FRQWDLQ�DWWULEXWHV� WKDW� GHVFULEH� LWV� FKDQJHDEOH� FKDUDFWHULVWLFV�� DV�ZHOO� DV� VWDWHV� DQG� EHKDYLRUDO
PRGHOV�WKDW�GHVFULEH�KRZ�WKH�REMHFW�UHDFWV�WR�LQWHUQDO�DQG�H[WHUQDO�VWLPXOL���2EMHFWV�FRPPXQLFDWH
ZLWK� RQH� DQRWKHU� E\� H[FKDQJLQJ�PHVVDJHV�� ZKLFK� FDQ� UHSUHVHQW� WKH� WUDQVIHU� RI� LQIRUPDWLRQ�
PDWHULDOV��RU�HQHUJ\�� �$�PRGHO�RI� WKH�HQWLUH�V\VWHP�LV�FRPSRVHG�E\�FRPELQLQJ�DQG�FRQQHFWLQJ
WKH� REMHFW�PRGHOV� IRU� WKH� LQGLYLGXDO� FRPSRQHQWV� RU� VXEV\VWHPV�RI�ZKLFK� LW� LV� FRPSULVHG� �L�H��
HQDEOLQJ�WKH�LQGLYLGXDO�REMHFWV�PRGHOV�WR�FRPPXQLFDWH�ZLWK�RQH�DQRWKHU�LQ�D�ZD\�WKDW�IDLWKIXOO\
UHSOLFDWHV�WKHLU�LQWHUDFWLRQV�LQ�WKH�UHDO�ZRUOG�V\VWHP��

,Q� DQ� REMHFW�EDVHG� ULVN� DVVHVVPHQW� PRGHO������� RQH� EXLOGV� DQ� REMHFW� PRGHO� WR� UHSUHVHQW� WKH
EHKDYLRU� RI� WKH� V\VWHP� WR� EH� DQDO\]HG� �LQFOXGLQJ� QRUPDO� DQG� DEQRUPDO� PRGHV� RI� RSHUDWLRQ�
GHWHUPLQLVWLF��DQG�SUREDELOLVWLF�EHKDYLRU����7KLV�V\VWHP�REMHFW�PRGHO�FDQ�EH�HLWKHU�GHFRPSRVHG
LQWR�REMHFW�PRGHOV�IRU�LQGLYLGXDO�VXEV\VWHPV�RU�FRPSRQHQWV��RU�LW�FDQ�EH�FRPSRVHG�IURP�JHQHULF
REMHFW� PRGXOHV� WKDW� KDYH� EHHQ� GHYHORSHG� DV� VWDQGDUGL]HG� UHSUHVHQWDWLRQV� IRU� FRPPRQ
FRPSRQHQWV�� � 7KLV� DELOLW\� WR� FRPSRVH� DQ� REMHFW�PRGHO� IURP� D� OLEUDU\� RI� JHQHULF� FRPSRQHQWV
UHSUHVHQWV�D�VLJQLILFDQW�ODERU�VDYLQJ�DGYDQFH�LQ�ULVN�DVVHVVPHQW�PHWKRGRORJ\�

2QFH� WKH� REMHFW� PRGHO� KDV� EHHQ� FRQVWUXFWHG�� WKH� DQDO\VW� FDQ� DSSO\� SDUWLFXODU� ERXQGDU\
FRQGLWLRQV� WR� WKH�PRGHO� DQG� WKHQ� TXHU\� LW� WR� H[WUDFW� D� ZLGH� YDULHW\� RI� ULVN� PRGHOV� WKDW� KDYH
VLPLODU� FKDUDFWHULVWLFV� WR� WKRVH� JHQHUDWHG� XVLQJ� WUDGLWLRQDO� LQGXFWLYH� DQG� GHGXFWLYH� ULVN
DVVHVVPHQW�PHWKRGRORJLHV�� �6LQFH�WKH�REMHFW�PRGHO�HPERGLHV� WKH�EHKDYLRU��RU�FDXVDOLW\��RI� WKH
V\VWHP� �UDWKHU� WKDQ� DEVWUDFWLRQV� RI� SDUWV� RI� WKDW� EHKDYLRU�� DV� LQ� WUDGLWLRQDO� ORJLF�EDVHG� ULVN
DVVHVVPHQW�PRGHOV��� RQH� FDQ� H[WUDFW� ULVN�PRGHOV� WR� DQVZHU� PDQ\� GLIIHUHQW� TXHVWLRQV� XQGHU� D
EURDG� DUUD\� RI� FRQGLWLRQV� IURP� D� VLQJOH� REMHFW� PRGHO�� � 6\VWHP� ERXQGDU\� FRQGLWLRQV� FDQ� EH
FKDQJHG� TXLFNO\� ZLWKRXW� LQYDOLGDWLQJ� WKH� REMHFW� PRGHO� ±� WKH� DQDO\VW� VLPSO\� UH�H[WUDFWV� WKH
DSSURSULDWH�ULVN�RU�VXUHW\�PRGHOV�EDVHG�RQ�WKH�UHYLVHG�ERXQGDU\�FRQGLWLRQV���7KLV�REMHFW�RULHQWHG
PHWKRG� IRUPV� DQ� LQYLWLQJ� IUDPHZRUN� IRU�PDQ\� W\SHV� RI� VXUHW\�PRGHOV� EHFDXVH� LW� HQDEOHV� WKH
DQDO\VW�WR�EXLOG�D�VLQJOH�PRGHO�RI�WKH�V\VWHP��LQVWHDG�RI�EXLOGLQJ�D�VHSDUDWH�ULVN�RU�VXUHW\�PRGHO
IRU�HDFK�TXHVWLRQ�WKDW�LV�WR�EH�DQVZHUHG�

:KLOH� WKHVH� PHWKRGRORJLFDO� FKDUDFWHULVWLFV� DUH� LQYLWLQJ�� WKHUH� DUH� VHYHUDO� SUREOHPV� WR� EH
RYHUFRPH�EHIRUH�WKHVH�PHWKRGV�FDQ�EH�DSSOLHG�WR�WKH�W\SHV�RI�LQIUDVWUXFWXUH�SUREOHPV�HQYLVLRQHG

������������������������������������������������


��7KH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�REMHFW�PRGHOV�LV�GHVFULEHG�PRUH�IXOO\�LQ�6HFWLRQ������EHJLQQLQJ�RQ�SDJH����
2EMHFW�RULHQWHG�DQDO\VLV�PHWKRGV�ZHUH�RULJLQDOO\�GHYHORSHG�LQ�WKH�FRPSXWHU�VFLHQFH�DUHQD�WR�DLG�LQ�WKH�VSHFLILFDWLRQ
DQG�GHYHORSPHQW�RI�FRPSOH[�VRIWZDUH�

���7KH�REMHFW�RULHQWHG�DQDO\VLV�PHWKRG�GHYHORSHG�LQ�5HIHUHQFH����LV�D�GHULYDWLYH�RI�WKH�6KODHU�0HOORU�PHWKRGRORJ\�
DOWKRXJK�WKH�80/�PHWKRGRORJ\�ZDV�DOVR�LQYHVWLJDWHG�



��

XQGHU� WKH� FXUUHQW� SURMHFW�� � 7KH� FKLHI� REVWDFOH� LV� WKDW� WKH� PHWKRGRORJ\� GHYHORSPHQW� DFWLYLWLHV
XQGHU�WKH�IRUPHU�SURMHFW�GLG�QRW�DGYDQFH�WR�WKH�SRLQW�ZKHUH�WKH�HOHPHQW�RI�WLPH�ZDV�DGHTXDWHO\
HPERGLHG���,Q�RWKHU�ZRUGV��WKH�PHWKRGV�ZHUH�GHULYHG�LQLWLDOO\�IRU�VWDWLF�DQG�TXDVL�VWDWLF�V\VWHPV�


DQG�VLJQLILFDQW�H[WHQVLRQV�ZRXOG�EH�UHTXLUHG�WR�DGDSW�WKH�PHWKRGRORJ\�WR�V\VWHPV�DQG�VFHQDULRV
WKDW� H[KLELW� VWURQJ� WLPH� GHSHQGHQFH�� VXFK� DV� WKH� LQIUDVWUXFWXUH� V\VWHPV� HQYLVLRQHG� XQGHU� WKLV
SURMHFW���,Q�DGGLWLRQ��WKH�PHWKRGRORJ\�KDV�\HW�WR�EH�IXOO\�HPERGLHG�LQ�VRIWZDUH�EHFDXVH�LW�LV�VWLOO
WKH�VXEMHFW�RI�RQJRLQJ�UHVHDUFK�

$�QXPEHU�RI� LQVLJKWV� IURP�WKLV�PHWKRGRORJ\�VKRXOG�EH�FRQVLGHUHG� LQ�D�QHZ�LQIUDVWUXFWXUH� ULVN
DVVHVVPHQW�PHWKRGRORJ\���)LUVW��WKH�DELOLW\�RI�DQ�DQDO\VW�WR�PRGHO�WKH�EHKDYLRU�RI�D�V\VWHP�DQG
WKHQ�TXHU\�LW�LQ�D�YDULHW\�RI�ZD\V�HQDEOHV�WUXO\�PHDQLQJIXO�PRGHO�UHXVH�WR�RFFXU���7KH�VDYLQJV�LQ
DQDO\VW� DQG� TXDOLW\� DVVXUDQFH� WLPH� FDQ� EH� GUDPDWLF�� � 6HFRQG�� WKH� DELOLW\� WR� FRPSRVH� D� XVHIXO
PRGHO� TXLFNO\� IURP� D� OLEUDU\� RI� JHQHULF� FRPSRQHQWV� SURYLGHV� D� VHFRQG� RSSRUWXQLW\� IRU�PDMRU
ODERU�VDYLQJV���$QG�ILQDOO\��ZKLOH�WKH�DELOLW\�WR�H[WUDFW�PDQ\�GLIIHUHQW�W\SHV�RI�ULVN�PRGHOV�IURP�D
VLQJOH�REMHFW�PRGHO�ZDV�DQ�LPSRUWDQW�JRDO�RI�WKH�SUHYLRXV�ZRUN��LWV�UHVXOWLQJ�DWWHPSW�WR�EH�³DOO
WKLQJV�WR�DOO�SHRSOH´�PDGH�LW� OHVV� WKDQ�LGHDO�IRU�PDQ\�W\SHV�RI�SUREOHPV�� �$�QHZ�PHWKRGRORJ\
VKRXOG�IRFXV�RQ�GRLQJ�D�SDUWLFXODU�FODVV�RI�SUREOHPV�ZHOO�±�EHWWHU�WKDQ�DQ\�RWKHU�PHWKRG�FDQ�±
DQG�FRQVLGHU�H[WHQVLRQV� WKDW�EURDGHQ� LWV�DSSHDO�� LQVWHDG�RI�GRLQJ�D�PHGLRFUH� MRE�RI�VROYLQJ� DOO
FODVVHV�RI�SUREOHPV�

������6XPPDU\

,Q� WKLV� FKDSWHU� ZH� KDYH� EULHIO\� GHVFULEHG� D� YDULHW\� RI� W\SHV� RI� QHWZRUN� DQDO\VLV� DQG� ULVN
DVVHVVPHQW�WHFKQLTXHV�WKDW�KDYH�EHHQ�VXJJHVWHG�IRU�DSSOLFDWLRQ�WR�LQIUDVWUXFWXUH�ULVN�DVVHVVPHQW
SUREOHPV�� � 7KH� WHFKQLTXHV� KDYH� LQFOXGHG� WKH� 6DQGLD� 1DWLRQDO� /DERUDWRULHV� ,QGLFDWLRQV� DQG
:DUQLQJV� 6\VWHP�� $VSHQ�� WUDGLWLRQDO� QHWZRUN� DQDO\VLV� PHWKRGV�� HQXPHUDWLYH� ULVN� DVVHVVPHQW
PHWKRGV� �)0($��+$=23�� HWF���� LQGXFWXYH� SUREDELOLVWLF� ULVN� DVVHVVPHQW� PHWKRGV� �HYHQW� WUHH�
LQIOXHQFH�GLDJUDPV��HWF����0DUNRY�PRGHOV�� WUDGLWLRQDO� VLPXODWLRQ�EDVHG�PHWKRGV��GLVFUHWH� HYHQW
VLPXODWLRQ� PHWKRGV�� DQG� REMHFW�RULHQWHG� ULVN� DVVHVVPHQW� PHWKRGV�� � :H� KDYH� QRWHG� WKH
DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�HDFK�FODVV�RI�PHWKRGV��DQG�DWWHPSWHG� WR� LGHQWLI\� WKH� UROH� WKDW
HDFK�PLJKW�SOD\�LQ�WKH�VFLHQFH�RI�LQIUDVWUXFWXUH�ULVN�DVVHVVPHQW�

:H� KDYH� DOVR� QRWHG� LQVLJKWV� IURP� HDFK� RI� WKHVH� PHWKRGV� WKDW� SURYLGH� JXLGDQFH� IRU� WKH
GHYHORSPHQW� RI� D� QHZ� LQIUDVWUXFWXUH� ULVN� DVVHVVPHQW� PHWKRG�� � %DVHG� RQ� WKRVH� LQVLJKWV�� WKH
FKDUDFWHULVWLFV�RI�VXFK�D�QHZ�PHWKRG�VKRXOG�LGHDOO\�EH�DV�IROORZV�

�� $� QHZ� PHWKRGRORJ\� VKRXOG� EH� IOH[LEOH� WR� DOORZ� WKH� DQDO\VW� WR� VHOHFW� GLIIHUHQW� OHYHOV� RI
DQDO\VLV� GHWDLO� �IHZ� KLJK�OHYHO� UHVXOWV� WR� PDQ\� GHWDLOHG� VFHQDULRV�� DV� DSSURSULDWH� IRU� WKH
SUREOHP�DQG�VLWXDWLRQ�DW�KDQG�

������������������������������������������������


��2U��PRUH�SUHFLVHO\��IRU�V\VWHPV�WKDW�FDQ�EH�HPERGLHG�LQ�WHUPV�RI�VWDWH�PDFKLQHV�WKDW�DUH�WLPH�LQYDULDQW�



��

�� $�QHZ�PHWKRGRORJ\�VKRXOG�EH�DEOH�WR�VLPXODWH�PDQ\�VFHQDULRV�ZLWKLQ�WKH�WLPH�LW�PLJKW�WDNH
IRU�D�KLJKO\�GHWDLOHG�VLPXODWLRQ�PRGHO�WR�SHUIRUP�D�VLQJOH�VLPXODWLRQ�

�� $�QHZ�PHWKRGRORJ\� VKRXOG� VXSSRUW� WKH� XVH� RI� UHVXOWV� IURP� GHWDLOHG� VLPXODWLRQ�PRGHOV� WR
LQIRUP�DQG�FRUUHFW�LWV�PRGHO�

�� $� QHZ� PHWKRGRORJ\� VKRXOG� EH� DEOH� WR� IODJ� VSHFLILF� VFHQDULRV� WKDW� FDQQRW� EH� DGHTXDWHO\
UHVROYHG�XVLQJ�LWV�IDVWHU�UXQQLQJ�PRGHO�IRU�DQDO\VLV�XVLQJ�WKH�PRUH�GHWDLOHG�VLPXODWLRQ�WRROV�

�� $� QHZ� PHWKRGRORJ\� VKRXOG� SURYLGH� IRU� D� GLUHFW� LQWHUIDFH� ZLWK� VSHFLDOL]HG� QHWZRUN
DVVHVVPHQW�PRGHOV� LQ� RUGHU� WR� WDNH� DGYDQWDJH� RI� WKHLU� LQVLJKWV� ZLWKRXW� KDYLQJ� WR� UHFUHDWH
WKHLU� FDSDELOLWLHV� �HLWKHU� DV� SDUW� RI� WKH� DXWRPDWHG�PRGHO� VROXWLRQ� SDFNDJH� RU�� WKURXJK� WKH
DQDO\VW��DV�SDUW�RI�WKH�PRGHO�LWVHOI����,W�VKRXOG�SURYLGH�LQWHUIDFHV�WR�RWKHU�W\SHV�RI�VLPXODWLRQ
PRGHOV�DV�ZHOO�

�� $� QHZ� PHWKRGRORJ\� VKRXOG� VHHN� WR� PLQLPL]H� WKH� QXPEHU� RI� VLPXODWLRQ� DQG�RU� QHWZRUN
DQDO\VLV� FDOOV� WKDW� PXVW� EH� SHUIRUPHG�� � ,W� VKRXOG� DOVR� GUDZ� WKH� PD[LPXP� DPRXQW� RI
LQIRUPDWLRQ�IURP�HDFK�RI�WKH�UHTXLUHG�VLPXODWLRQ�UXQV�

�� $�QHZ�PHWKRGRORJ\�VKRXOG�LGHDOO\�LQIHU�WKH�VRXUFHV�RI�ULVN�DV�D�UHVXOW�RI�WKH�DQDO\VLV��UDWKHU
WKDQ� UHTXLULQJ� WKH� DQDO\VW� WR� OLVW� WKHP� DW� WKH� EHJLQQLQJ� RI� WKH� DQDO\VLV� SURFHVV�� � 7KLV�
KRZHYHU��LV�XVXDOO\�LQIHDVLEOH�IRU�LQGXFWLYH�DVVHVVPHQW�PHWKRGV���$�PRUH�DWWDLQDEOH�JRDO�IRU
WKH�QHZ�DVVHVVPHQW�PHWKRG�LV�WR�DXWRPDWLFDOO\�DQG�V\VWHPDWLFDOO\�JHQHUDWH�D�WKRURXJK�OLVW�RI
SRWHQWLDO�VFHQDULRV��DQG�WKHLU�OLNHOLKRRGV��DQG��WR�WKH�GHJUHH�SRVVLEOH�� LQFOXGH�WKH�HIIHFWV�RI
DOO�SRWHQWLDO�IDLOXUH�PRGHV�LQ�WKRVH�VFHQDULRV�DV� LV�GRQH� LQ� WKH�HQXPHUDWLYH�ULVN�DVVHVVPHQW
PHWKRGV�

�� $� QHZ� PHWKRGRORJ\� VKRXOG�� WR� WKH� H[WHQW� SRVVLEOH�� PLPLF� VRPH� RI� WKH� GHVLUDEOH
FKDUDFWHULVWLFV�RI�HYHQW�WUHH�DQDO\VLV���)LUVW��LWV�UHVXOWV�VKRXOG�EH�D�FRPSOHWH�VHW�RI�VFHQDULRV
WKDW� FDQ� RFFXU� DV� D� UHVXOW� RI� D� SDUWLFXODU� VHW� RI� LQLWLDO� FRQGLWLRQV�� � 6HFRQG�� LW� VKRXOG� XVH� D
VLPSOH� VROXWLRQ� PHWKRGRORJ\� ±� RQH� WKDW� LV� ERWK� ZHOO� XQGHUVWRRG� DQG� UHDGLO\� DGDSWDEOH� WR
SDUDOOHO� SURFHVVLQJ�� � 7KLUG�� LW� VKRXOG� GLVFRYHU� HDFK� VFHQDULR� RQO\� RQFH� ±� DQG� GHYHORS� WKH
VFHQDULR¶V� OLNHOLKRRG� DW� WKH� VDPH� WLPH�� � )LQDOO\�� LW� VKRXOG� H[SOLFLWO\�PRGHO� WLPH� DQG� RUGHU
FRQGLWLRQV�

�� $Q� LPSRUWDQW� SDUW� RI� DQ\� QHZ�PHWKRGRORJ\� LV� WKH� DELOLW\� WR� SURSHUO\�PRGHO� DW� OHDVW� VRPH
W\SHV�RI�IHHGEDFN�ORRSV�

�� $�QHZ�PHWKRGRORJ\�VKRXOG�DYRLG�VWDWH�H[SORVLRQ��SDWK�H[SORVLRQ�LV�GLIILFXOW�HQRXJK�WR�GHDO
ZLWK��DQG�VKRXOG�EH�VROYDEOH�ZLWK�VWUDLJKWIRUZDUG�PDWKHPDWLFDO�PHWKRGV�

�� $�QHZ�PHWKRGRORJ\�VKRXOG�VXSSRUW�WKH�PRGHOLQJ�RI�V\VWHPV�WKDW�RSHUDWH�VLPXOWDQHRXVO\�RQ
D�YDULHW\�RI�WLPH�VFDOHV���,W�VKRXOG�DOORZ�IRU�PXOWLSOH�VLPXOWDQHRXV�IDLOXUH�HYHQWV�DW�WLPHV�WKDW
DUH�HLWKHU�SUHVFULEHG�E\� WKH� DQDO\VW�RU� LQIHUUHG�E\� WKH� VLPXODWLRQ�� � ,W� VKRXOG�DOVR�DOORZ� WKH
V\VWHP� WR� HYROYH� DW� ZKDWHYHU� VL]H� WLPH� VWHS� LV� DSSURSULDWH� ZLWKRXW� LPSRVLQJ� XQQDWXUDO
UHVWULFWLRQV�RQ�WKH�YDOXH�RI�DW�
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�� $� QHZ� PHWKRGRORJ\� VKRXOG� DYRLG� WKH� SLWIDOOV� RI� D� SXUH� 0RQWH� &DUOR� VFHQDULR� GHILQLWLRQ
DSSURDFK� LQ� RUGHU� WR� LGHQWLI\� UDUH� VFHQDULRV� HIILFLHQWO\�� � ,GHDOO\�� D� QHZ� PHWKRG� VKRXOG
FRPSXWH� VFHQDULR� SUREDELOLWLHV� H[SOLFLWO\� DQG� LGHQWLI\� HDFK� VFHQDULR� RQO\� RQFH� LQ� RUGHU� WR
PDLQWDLQ�UHDVRQDEOH�FRPSXWDWLRQDO�HIILFLHQF\�

�� $� QHZ� PHWKRGRORJ\� VKRXOG�� WR� WKH� H[WHQW� SRVVLEOH�� VHHN� WR� HPERG\� WKH� GHVLUDEOH
FKDUDFWHULVWLFV�QRWHG�IRU�WKH�REMHFW�RULHQWHG�ULVN�DVVHVVPHQW�PHWKRGRORJ\���,W�VKRXOG�HPERG\
WKH�EHKDYLRU�RI� WKH�V\VWHP�GLUHFWO\� UDWKHU� WKDQ�UHTXLULQJ�DQ�DQDO\VW� WR�DEVWUDFW�RXW�RQO\� WKH
³ULVN�LPSRUWDQW´�EHKDYLRUV�� � ,W�VKRXOG�HQDEOH� WKH� ULVN�PRGHOLQJ�RI�PDQ\�GLIIHUHQW�VFHQDULRV
E\� YDU\LQJ� WKH� ERXQGDU\� FRQGLWLRQV� IRU� D� VLQJOH� REMHFW� PRGHO� UDWKHU� WKDQ� UHTXLULQJ� WKH
FRQVWUXFWLRQ� RI� VHSDUDWH� PRGHOV� IRU� WKH� GLIIHUHQW� VFHQDULRV�� � ,W� VKRXOG� DOVR� HQDEOH� WKH
FRQVWUXFWLRQ�RI�D�OLEUDU\�RI�³JHQHULF´�REMHFWV�WKDW�FDQ�EH�XVHG�DV�EDVLF�PRGHO�EXLOGLQJ�EORFNV
IRU�IXWXUH�DQDO\VHV��L�H���PRGHO�IUDJPHQW�UHXVH����)LQDOO\��LW�VKRXOG�EH�DEOH�WR�LQFRUSRUDWH�ERWK
GHWHUPLQLVWLF�DQG�SUREDELOLVWLF�EHKDYLRU�

�� $�QHZ�PHWKRGRORJ\�VKRXOG�HQDEOH� WKH�DQDO\VW� WR�PRGHO� WKH�EHKDYLRU�RI�D�V\VWHP�DQG� WKHQ
TXHU\� LW� LQ� D� YDULHW\� RI� ZD\V� WR� HQDEOH� WUXO\�PHDQLQJIXO� UHXVH� RI�PRGHOV�� � ,W� VKRXOG� DOVR
HQDEOH�WKH�DQDO\VW�WR�FRPSRVH�D�XVHIXO�PRGHO�TXLFNO\�IURP�D�OLEUDU\�RI�JHQHULF�FRPSRQHQWV�
)LQDOO\�� WKH�QHZ�PHWKRGRORJ\� VKRXOG� IRFXV� RQ� GRLQJ� D� SDUWLFXODU� FODVV� RI� SUREOHPV�ZHOO�±
EHWWHU�WKDQ�DQ\�RWKHU�PHWKRG�FDQ�±�DQG�FRQVLGHU�H[WHQVLRQV�WKDW�EURDGHQ�LWV�DSSHDO��LQVWHDG�RI
WU\LQJ� WR�EH�DOO� WKLQJV� WR�DOO�SHRSOH�E\�GRLQJ�D�PHGLRFUH� MRE�PRGHOLQJ� DQ� H[WUHPHO\�EURDG
FODVV�RI�DSSOLFDWLRQV�IURP�WKH�VWDUW�

2%(67� ZDV� GHYHORSHG� ZLWK� PDQ\� RI� WKHVH� UHTXLUHPHQWV� LQ� PLQG�� � 7KLV� PHWKRGRORJ\� LV
GHVFULEHG�LQ�WKH�IROORZLQJ�FKDSWHU���:KHUH�DSSURSULDWH��WKDW�FKDSWHU�FRPSDUHV�WKH�FKDUDFWHULVWLFV
RI�2%(67�WR�WKH�DERYH�OLVW�RI�GHVLUHG�PRGHO�FKDUDFWHULVWLFV��DQG�LGHQWLILHV�WKH�WUDGHRIIV�WKDW�ZHUH
PDGH�LQ�GHYHORSLQJ�WKDW�PHWKRGRORJ\�
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7KLV�3DJH�,QWHQWLRQDOO\�%ODQN
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���7KH�2%(67�0HWKRGRORJ\
7KH�SUHFHGLQJ�FKDSWHU�GHVFULEHG�KRZ�ZH�LGHQWLILHG�ZKDW�ZH�EHOLHYH�WR�EH�D�JDS�LQ�WKH�DQDO\VLV
WHFKQRORJLHV� DYDLODEOH� WR� VROYH� LQIUDVWUXFWXUH� ULVN� DVVHVVPHQW� SUREOHPV�� �:H� VRXJKW� D� WRRO� RU
PHWKRGRORJ\� WKDW�ZRXOG�HQDEOH�RQH� WR� V\VWHPDWLFDOO\� H[DPLQH� D�ZLGH�YDULHW\� RI� LQIUDVWUXFWXUH
VFHQDULRV�IURP�SUREDELOLVWLF�EDVLV�ZLWKRXW�UHVRUWLQJ�WR�FRPSXWDWLRQDOO\�LQHIILFLHQW�0RQWH�&DUOR�
EDVHG� GLVFUHWH� HYHQW� VLPXODWLRQV�� � $V� ZH� ZHUH� XQDEOH� WR� ILQG� VXFK� D� PHWKRG�� ZH� EHJDQ
GHYHORSPHQW� RI� D� QHZ� DQDO\VLV� PHWKRGRORJ\�� 2XU� JRDOV� IRU� WKDW� PHWKRG� ZHUH� WR� HQDEOH� DQ
DQDO\VW� WR� SUREDELOLVWLFDOO\� H[SORUH� WKH� ³XQLYHUVH´� RI� SRVVLEOH� VFHQDULRV� WKDW� PLJKW� DULVH� DV� D
UHVXOW� RI� D� VHW� RI� LQLWLDO� FRQGLWLRQV� LQ�PXFK� WKH� VDPH�ZD\� DV� D� WUDGLWLRQDO� HYHQW� WUHH� DQDO\VLV�
+RZHYHU�� XQOLNH� D� WUDGLWLRQDO� HYHQW� WUHH� DQDO\VLV�� ZH� EHOLHYHG� WKDW� DQ� LQIUDVWUXFWXUH� ULVN
DVVHVVPHQW� PHWKRG� PXVW� VXSSRUW� WKH� GHYHORSPHQW� RI� HYHQW� VFHQDULRV� ZLWK� YDULDEOH� HYHQW
RUGHULQJ���:H�DOVR�VRXJKW�D�PHWKRG�WKDW�ZRXOG�EH�EDVHG�GLUHFWO\�RQ�D�EHKDYLRUDO�PRGHO�RI� WKH
V\VWHP� �VXFK� DV� DQ� REMHFW�EDVHG� PRGHO�� VR� WKDW� WKH� DQDO\VW� FRXOG� SHUIRUP� D� ZLGH� YDULHW\� RI
DQDO\VHV�ZLWKRXW� KDYLQJ� WR�PDQXDOO\� FRQVWUXFW� DQG� YDOLGDWH�PDQ\� GLIIHUHQW�PRGHOV�� �:H� DOVR
VRXJKW�D�PHWKRG�WKDW�ZRXOG�GHWHUPLQH�WKH�OLNHOLKRRG�RI�HDFK�SRVVLEOH�VFHQDULR�EDVHG�RQ�D�VLQJOH
FRPSXWDWLRQ�� �:H�ZDQWHG� WR�DYRLG�0RQWH�&DUOR�EDVHG�HYHQW� VLPXODWLRQ�PHWKRGV�EHFDXVH� WKHLU
XVH�LQKHUHQWO\�PHDQV�WKDW����LW�LV�H[WUHPHO\�GLIILFXOW�WR�GHWHFW�ORZ�IUHTXHQF\�IDLOXUH�FRPELQDWLRQV
�YHU\� ODUJH� QXPEHUV� RI� VFHQDULRV�PXVW� EH� JHQHUDWHG� DQG� DVVHVVHG��� DQG� ���LI� D� VLQJOH� VFHQDULR
GRPLQDWHV� WKH� VFHQDULR� VSDFH�� LW� ZLOO� EH� VHOHFWHG� DQG� DQDO\]HG�PDQ\� WLPHV� GXULQJ� WKH�0RQWH
&DUOR�DQDO\VLV��WKXV�ZDVWLQJ�VLJQLILFDQW�FRPSXWDWLRQDO�HIIRUW�

7KH� UHVXOW� RI� RXU� PHWKRGRORJ\� GHYHORSPHQW� HIIRUW� LV� WKH� REMHFW�EDVHG� HYHQW� VFHQDULR� WUHH
PHWKRGRORJ\��RU�2%(67���2%(67�XWLOL]HV�FRQFHSWV�IURP�WUDGLWLRQDO�HYHQW�WUHH�DQDO\VLV��REMHFW�
RULHQWHG�DQDO\VLV��DV�XVHG�LQ�FRPSXWHU�VFLHQFH���DQG�GLVFUHWH�VLPXODWLRQ�WR�REWDLQ�D�PHWKRG�WKDW
SURGXFHV�SUREDELOLVWLFDOO\�ZHLJKWHG�VFHQDULRV��OLNH�WKH�HYHQW�WUHH�PHWKRG��\HW�VXSSRUWV�RQ�WKH�IO\
GHWHUPLQDWLRQ�RI�HYHQW�RUGHULQJ��OLNH�WKH�VLPXODWLRQ�PHWKRG���DOO�WKH�ZKLOH�HQFDSVXODWLQJ�PRGHO
GHWDLOV� DQG� EHKDYLRUV� ZLWKLQ� DQ� REMHFW�RULHQWHG� DQDO\VLV� IUDPHZRUN�� � :KLOH� WKH� 2%(67
PHWKRGRORJ\�GRHV�QRW�IXOILOO�DOO�RI�WKH�UHTXLUHPHQWV�RI�LQIUDVWUXFWXUH�DQDO\VLV��LW�GRHV�LQFRUSRUDWH
PDQ\�RI� WKH�GHVLUDEOH� IHDWXUHV�GHVFULEHG�DERYH�DQG�SURYLGHV� LPSRUWDQW�FDSDELOLW\�DGYDQFHV� IRU
RXU�ULVN�DVVHVVPHQW�FDSDELOLWLHV�

����� %DFNJURXQG

$V� LWV� QDPH� LPSOLHV�� WKH� IXQGDPHQWDO� EDVLV� RI� WKH�2%(67�PHWKRGRORJ\� LV� DQ� REMHFW�RULHQWHG
�22��DSSURDFK� WR�PRGHO� UHSUHVHQWDWLRQ�� � ,Q�DQ�REMHFW�RULHQWHG�PRGHOLQJ�SDUDGLJP��REMHFWV� DUH
PRGHO�FRQVWUXFWV�XVHG�WR�UHSUHVHQW�UHDO�ZRUOG�HQWLWLHV�WKDW�FDQ�³FRPPXQLFDWH´�ZLWK�RQH�DQRWKHU�
7KLV�FRPPXQLFDWLRQ�LV�FRQVLGHUHG�WR�FRQVLVW�RI�PHVVDJHV�H[FKDQJHG�EHWZHHQ�REMHFWV���0HVVDJHV
FDQ� UHSUHVHQW� WKH� WUDQVIHU� RI� LQIRUPDWLRQ�� PDWHULDOV�� RU� HQHUJ\�� � :KHQ� DQ� REMHFW� UHFHLYHV� D
PHVVDJH�� LW� UHVSRQGV� E\� DOWHULQJ� LWV� LQWHUQDO� VWDWH� �L�H�� LWV� XQGHUO\LQJ� EHKDYLRU� FKDQJHV� LQ� D
IXQGDPHQWDO�ZD\��DQG�RU�E\�JHQHUDWLQJ�RXWERXQG�PHVVDJHV�WR�FRPPXQLFDWH�LWV�FRQGLWLRQV�WR�WKH
RWKHU�REMHFWV� LQ� WKH�PRGHO�� �7KH�ZD\� LQ�ZKLFK� WKH�REMHFW� UHVSRQGV� WR�PHVVDJHV�GHSHQGV�RQ� LWV
LQWHUQDO�SURFHVVHV�DQG�RQ�LWV�LQWHUQDO�VWDWH���7KH�EDVLF�LGHD��WKHQ��LV�WR�HQFDSVXODWH�WKH�EHKDYLRU�RI
D�FRPSRQHQW�RU�VXEV\VWHP�HQWLUHO\�ZLWKLQ� WKH�FRQILQHV�RI�D�VHOI�FRQWDLQHG�REMHFW�� �$�PRGHO�RI
WKH�HQWLUH�V\VWHP�LV�FRPSRVHG�E\�FRPELQLQJ�DQG�FRQQHFWLQJ�WKH�REMHFW�PRGHOV�IRU�WKH�LQGLYLGXDO
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FRPSRQHQWV�RU�VXEV\VWHPV�RI�ZKLFK�LW�LV�FRPSULVHG��L�H���HQDEOLQJ�WKH�LQGLYLGXDO�REMHFWV�PRGHOV
WR�FRPPXQLFDWH�ZLWK�RQH�DQRWKHU�LQ�D�ZD\�WKDW�IDLWKIXOO\�UHSOLFDWHV�WKHLU�LQWHUDFWLRQV�LQ�WKH�UHDO
ZRUOG�V\VWHP��

7KH� REMHFW�RULHQWHG� DQDO\VLV� PHWKRGRORJ\� IURP� ZKLFK� 2%(67� LV� PRVW� FORVHO\� GHULYHG� LV� D
PRGLILHG� YHUVLRQ� RI� WKH� 6KODHU�0HOORU�PHWKRGRORJ\���� DV� UHYLVHG� DQG� H[WHQGHG� IRU� WKH� REMHFW�
RULHQWHG�SURFHVV�IRU�ULVN�DQG�UHOLDELOLW\�DQDO\VLV��2355$��GHVFULEHG�LQ�5HIHUHQFH������8QGHU�WKH
6KODHU�0HOORU�PHWKRGRORJ\��WKH�DQDO\VW�EHJLQV�WR�PRGHO�D�V\VWHP�E\�LGHQWLI\LQJ�WKH�REMHFWV�WKDW
SRSXODWH� WKH� V\VWHP� DQG� GRFXPHQWLQJ� WKH� UHODWLRQVKLSV� DPRQJ� WKHVH� REMHFWV� XVLQJ� D� V\VWHP
VWUXFWXUH�GLDJUDP�DQG�DQ�HQWLW\�UHODWLRQVKLS�GLDJUDP��VRPHWLPHV�DOVR�FDOOHG�D�V\VWHP�LQWHUDFWLRQ
GLDJUDP��� � 7KHVH� GLDJUDPV� HVWDEOLVK� WKH� VWUXFWXUH� RI� WKH� RYHUDOO� V\VWHP�� � ,Q� DQ� LQIUDVWUXFWXUH
SUREOHP��IRU�H[DPSOH��DQ�REMHFW�PD\�EH�D�WHOHSKRQH�FHQWUDO�RIILFH��D�ZDWHU�SXPSLQJ�RU�VWRUDJH
VWDWLRQ�� RU� DQ� HOHFWULF� SRZHU� EXV� RU� WUDQVPLVVLRQ� OLQH�� � )RU� HDFK� REMHFW� LGHQWLILHG�� WKH� DQDO\VW
GHWHUPLQHV�ZKHWKHU�WKH�EHKDYLRU�RI�WKH�REMHFW�FKDQJHV�RU�LV�LQYDULDQW�RYHU�WLPH���,I�LWV�EHKDYLRU
FKDQJHV�� WKH� DQDO\VW� GRFXPHQWV� WKHVH� FKDQJHV�XVLQJ� D� VWDWH� WUDQVLWLRQ�GLDJUDP�� �7KLV�GLDJUDP
LGHQWLILHV� WKH� HYHQWV� WKDW� WULJJHU� FKDQJHV� LQ� EHKDYLRU� DQG� ODEHOV� WKH� EHKDYLRU� WKDW� WKH� REMHFW
H[KLELWV�DV�LW�HQWHUV�LWV�QHZ�VWDWH��WKH�DQDO\VW�GHILQHV�D�QHZ�VWDWH�IRU�HDFK�IXQGDPHQWDOO\�GLIIHUHQW
EHKDYLRU� WKDW� FDQ� EH� GLVSOD\HG� E\� WKH� REMHFW��� � :LWKLQ� HDFK� VWDWH�� WKH� DQDO\VW� GHVFULEHV� WKH
REMHFW¶V�EHKDYLRU�XVLQJ�DQ�DFWLRQ�GDWD�IORZ�GLDJUDP���7KH�QRQ�EHKDYLRUDO�FKDUDFWHULVWLFV�RI�WKH
REMHFW�WKDW�FDQ�FKDQJH�RYHU�WLPH�DUH�UHSUHVHQWHG�LQ�DWWULEXWHV��ZKLFK��IRU�6KODHU�DQG�0HOORU��FDQ
EH�FRQWLQXRXV��GLVFUHWH��RU�%RROHDQ�YDULDEOHV���7KH�6KODHU�0HOORU�PHWKRG�DOVR�VXSSRUWV�FRQFHSWV
RI�REMHFW�FRPPXQLFDWLRQ�PRGHOV��V\QFKURQRXV�DFFHVV�PRGHOV��GRPDLQV��EULGJHV��DQG�RWKHU�W\SHV
RI�PHVVDJHV��EXW� WKHVH�FRQFHSWV�DUH�EH\RQG�ZKDW� LV� UHTXLUHG� WR�GHVFULEH� WKH�2%(67�PRGHOLQJ
PHWKRGRORJ\�� � 7KXV�� LQ� WKLV� VHQVH�� 2%(67� FDQ� EH� UHJDUGHG� DV� D� VLPSOLILFDWLRQ� RI� WKLV� ZHOO�
HVWDEOLVKHG�FRPSXWHU�VFLHQFH�DQDO\VLV�PHWKRGRORJ\�

:KHQ�GHYHORSLQJ� WKH�2355$�PHWKRG���� WKH� DXWKRUV� VRXJKW� WR� XVH� REMHFW�RULHQWHG�PHWKRGV� WR
FUHDWH�D�JHQHUDOL]HG�ULVN�DVVHVVPHQW�IUDPHZRUN��� ,Q�WKDW�VWXG\�� WKH�DXWKRUV�FDPH�WR�UHDOL]H�WKDW
6KODHU�DQG�0HOORU¶V�FRQFHSW�RI�DFWLRQ�GDWD�IORZ�GLDJUDPV�ZDV�QRW�SRZHUIXO�HQRXJK�WR�VXSSRUW�D
UREXVW�LQGXFWLYH�DQG�GHGXFWLYH�ULVN�DVVHVVPHQW�PHWKRGRORJ\���7KH�JUHDWHVW�SUREOHPV�ZHUH�IRXQG
LQ� WKH� LQDELOLW\� WR� WUDFH� GHGXFWLYHO\� EDFNZDUGV� WKURXJK� WKH� DFWLRQ� GDWD� IORZ� GLDJUDP� DQG
FRQFOXVLYHO\� VWDWH� WKDW�� ³VLQFH� WKLV� UHVXOW� KDV� RFFXUUHG�� WKDW� SDUWLFXODU� VHW� RI� FDXVHV�PXVW� KDYH
EHHQ� SUHVHQW�´� � ,Q� DGGLWLRQ�� VLQFH� WKH� 6KODHU�0HOORU� PHWKRGRORJ\� ZDV� FUHDWHG� WR� VXSSRUW� WKH
GHYHORSPHQW� RI� VRIWZDUH� SDFNDJHV�� LW� ZDV� QRW� GHVLJQHG� WR� VXSSRUW� WKH� QRQGHWHUPLQLVWLF� DQG
SUREDELOLVWLF�EHKDYLRUV�WKDW�DUH�VR�LPSRUWDQW�WR�ULVN�DVVHVVPHQW���7KHUHIRUH��ZKHQ�GHYHORSLQJ�WKH
2355$� PHWKRGRORJ\�� WKH� DXWKRUV� UHSODFHG� 6KODHU� DQG� 0HOORU¶V� DFWLRQ� GDWD� IORZ� GLDJUDP
FRQFHSW�ZLWK�SUREDELOLVWLF� WUXWK� WDEOHV�� �7KLV� HQDEOHG� WKH� DQDO\VW� WR� HQWHU�QRQGHWHUPLQLVWLF� DQG
SUREDELOLVWLF�EHKDYLRUV� LQWR� WKH�REMHFW�PRGHO� LQ� VXSSRUW�RI� LQGXFWLYH� ULVN� DVVHVVPHQW�PRGHOLQJ
ZKLOH� DW� WKH� VDPH� WLPH�HQDEOLQJ�EDFNZDUGV� WUDFLQJ� WKURXJK� WKH�PRGHO� LQ� VXSSRUW� RI�GHGXFWLYH
ULVN�DVVHVVPHQW�PRGHOLQJ���7KLV�GLG�KDYH�WKH�HIIHFW�RI�OLPLWLQJ�WKH�QHZ�2355$�PHWKRGRORJ\�WR
GLVFUHWH� YDOXHV� IRU� DWWULEXWHV� �VRPHWKLQJ� QRW� UHTXLUHG� LQ� WKH� 6KODHU�0HOORU� PHWKRGRORJ\��� EXW
VLQFH�PDQ\� ULVN� DVVHVVPHQW�PHWKRGV� DUH� DOUHDG\� LQKHUHQWO\� GLVFUHWH�� WKLV�ZDV� QRW� YLHZHG� DV� D
VHULRXV�OLPLWDWLRQ�

,Q�WKH�FXUUHQW�VWXG\��ZH�KDYH�IRFXVHG�RQ�IXUWKHU�PRGLILFDWLRQV�WR�WKH�EHKDYLRUDO�PRGHOLQJ�DVSHFW
RI� WKH� REMHFW�RULHQWHG� DQDO\VLV� PHWKRGRORJ\�� � 7KHVH� PRGLILFDWLRQV� ZHUH� PRWLYDWHG� E\� DQ
REVHUYDWLRQ� DERXW� WKH� FKDUDFWHULVWLFV� DVVRFLDWHG�ZLWK� IDLOXUHV� LQ� LQIUDVWUXFWXUH� UHODWHG� V\VWHPV�
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:H� QRWHG� WKDW� LQIUDVWUXFWXUH� IDLOXUH� VFHQDULRV� GR� QRW� LQYROYH� FRQWLQXRXV� GHJUDGDWLRQ� RI
LQIUDVWUXFWXUH�V\VWHP�SHUIRUPDQFH���5DWKHU��D�V\VWHP�ZLOO�H[LVW�LQ�D�TXDVL�HTXLOLEULXP�FRQGLWLRQ
IRU�VRPH�H[WHQGHG�SHULRG�RI�WLPH��SRVVLEO\�PLQXWHV��KRXUV��RU�GD\V���DQG�WKHQ�H[KLELW�VRPH�YHU\
UDSLG�DQG�GUDPDWLF�FKDQJH�LQ�EHKDYLRU���)XUWKHUPRUH��WKHVH�UDSLG�FKDQJHV�IUHTXHQWO\�FDXVH�UDSLG
FKDQJHV� LQ�RWKHU�SDUWV�RI� WKH� V\VWHP�±� ERWK�ZLWKLQ� WKLV� LQIUDVWUXFWXUH� DQG�� SRWHQWLDOO\�� LQ� RWKHU
LQIUDVWUXFWXUHV�
� � :LWKLQ� D� YHU\� VKRUW� SHULRG� RI� WLPH� �SRVVLEO\� VHFRQGV� RU� PLOOLVHFRQGV��� WKH
YDULRXV� LQWHUFRQQHFWHG� FRPSRQHQWV� DQG� VXEV\VWHPV� UHVSRQG� WR� WKHVH� FKDQJLQJ� FRQGLWLRQV� DQG
FRPH�WR�D�QHZ�TXDVL�HTXLOLEULXP�FRQGLWLRQ���7KLV�QHZ�HTXLOLEULXP�ODVWV�IRU�DQ�H[WHQGHG�SHULRG�RI
WLPH�XQWLO�DQRWKHU�GUDPDWLF�FKDQJH�RFFXUV���DQG�WKH�SURFHVV�UHSHDWV�LWVHOI���7KLV�REVHUYHG�SDWWHUQ
RI�EHKDYLRU�EHFDPH�WKH�EDVLV�IRU�D�UHSODFHPHQW�WR�WKH�EHKDYLRUDO�PRGHOLQJ�SDUDGLJPV�RI�6KODHU
DQG� 0HOORU� �DFWLRQ� GDWD� IORZ� GLDJUDPV�� DQG� 2355$� �SUREDELOLVWLF� WUXWK� WDEOHV��� � 7KLV� QHZ
EHKDYLRUDO�PRGHO�LV�IRXQGDWLRQDO�WR�WKH�2%(67�PRGHOLQJ�PHWKRGRORJ\�

����� 0HWKRGRORJ\�'HVFULSWLRQ

������� &RPPRQ�(OHPHQWV�ZLWK�3UHYLRXV�0HWKRGV

7R�GRFXPHQW�WKH�V\VWHP¶V�IXQFWLRQDOLW\�Á�WKH�PHWKRGRORJ\�GHVFULEHG�LQ�WKLV�GRFXPHQW�XVHV�IRXU
W\SHV�RI�YLHZV�� D� V\VWHP�VWUXFWXUH�GLDJUDP�� DQ� LQWHUDFWLRQ� GLDJUDP�� D� VWDWH� WUDQVLWLRQ� GLDJUDP�
DQG�D�GDWD�IORZ�GLDJUDP���7KH�V\VWHP�VWUXFWXUH�GLDJUDP��SUHVHQWV�WKH�³FKXQNV´�RI�IXQFWLRQDOLW\
IRXQG�LQ�WKH�V\VWHP�DQG�VSHFLILHV�KRZ�WKHVH�FKXQNV��FRPSRQHQWV��VXEV\VWHPV��HWF���UHODWH�WR�RQH
DQRWKHU��)LJXUH��������,Q�)LJXUH������D�V\VWHP�VWUXFWXUH�GLDJUDP��HDFK�RI�WKH�EORFNV��0�WKURXJK
3��UHSUHVHQWV�VRPH�SRUWLRQ�RI� WKH�IXQFWLRQDOLW\�GHOLYHUHG�E\�6\VWHP�$��ZKLFK�FRXOG� LWVHOI�EH�D
FRPSRQHQW�LQ�VRPH�KLJKHU�OHYHO�V\VWHP����)RU�WKH�SXUSRVHV�RI�WKLV�GLVFXVVLRQ��LW�LV�DVVXPHG�WKDW
WKHVH�IXQFWLRQV�DUH�HPERGLHG� LQ� LQGLYLGXDO�FRPSRQHQWV�ZLWKLQ�6\VWHP�$��WKLV� LV�RIWHQ� WUXH� IRU
³UHDO�ZRUOG´� V\VWHPV��� �:KHQ� WDNHQ� WRJHWKHU�� WKHVH� EORFNV� HPERG\� WKH� HQWLUH� IXQFWLRQDOLW\� RI
6\VWHP�$�� �/LQHV�EHWZHHQ�DQ\�WZR�EORFNV�LQGLFDWH�WKDW� WKRVH�EORFNV�LQWHUDFW�ZLWK�RQH�DQRWKHU�
$V� QHHGHG�� HDFK� EORFN� LQ� D� GLDJUDP� FDQ� EH� IXUWKHU� VXEGLYLGHG�� � 7KLV� SURFHVV� RI� KLHUDUFKLFDO
GHFRPSRVLWLRQ�RI�WKH�V\VWHP�LV�FDUULHG�DV�IDU�DV�LV�QHHGHG�IRU�WKH�DQDO\VW�WR�DGHTXDWHO\�GRFXPHQW
WKH�IXQFWLRQDO�VWUXFWXUH�RI�D�V\VWHP�

������������������������������������������������


��1RWH��IRU�H[DPSOH��WKDW�WKH�IDLOXUH�RI�DQ�HOHFWULF�SRZHU�EXV�FDQ�FDXVH�SRZHU�IDLOXUH�LQ�D�WHOHSKRQH�FHQWUDO�RIILFH
DQG�IRUFH�D�GUDPDWLF�FKDQJH�RI�EHKDYLRU�WR�WKH�WHOHSKRQH�LQIUDVWUXFWXUH�DV�WKH�FHQWUDO�RIILFH�DWWHPSWV�WR�VZLWFK�RYHU
ILUVW�WR�HPHUJHQF\�JHQHUDWRUV��WKHQ�WR�EDWWHULHV��DQG�ILQDOO\��PD\�H[SHULHQFH�D�SRZHU�IDLOXUH�WKDW�FDXVHV�ORVV�RI�FDOO
SURFHVVLQJ�FDSDELOLWLHV�

���)RU�H[DPSOH��WKH�HPHUJHQF\�JHQHUDWRU�UXQV�RXW�RI�IXHO�RU�WKH�EDWWHULHV�EHFRPH�IXOO\�GLVFKDUJHG�

Á� �0DMRU� SRUWLRQV� RI� WKH�2%(67�PHWKRGRORJ\� DUH� HVVHQWLDOO\� LGHQWLFDO� WR� WKH�2355$�PHWKRGRORJ\� GHVFULEHG� LQ
5HIHUHQFH������7KLV�VHFWLRQ�TXRWHV�KHDYLO\�IURP�WKDW�GRFXPHQW�



��

6\VWHP�$

&RPSRQHQW�0 &RPSRQHQW�1 &RPSRQHQW�2

&RPSRQHQW�3

)LJXUH�������$�6\VWHP�6WUXFWXUH�'LDJUDP

$�VHFRQG�YLHZ�XVHG�WR�GHVFULEH�D�V\VWHP¶V�IXQFWLRQDOLW\�LV�WKH�LQWHUDFWLRQ�GLDJUDP��DV�VKRZQ�LQ
)LJXUH� ����� �7KLV� GLDJUDP¶V� IXQFWLRQ� LV� WR� FDSWXUH� WKH� G\QDPLFV� RI� WKH� V\VWHP� DW� ³EODFN� ER[´
OHYHOV��8VLQJ� WKH�EORFNV�SURGXFHG� LQ� WKH�V\VWHP�VWUXFWXUH�GLDJUDPV�� LQWHUDFWLRQ�GLDJUDPV�VKRZ
WKH�UHOHYDQW�³IORZV´�WKDW�RFFXU�DPRQJ�YDULRXV�IXQFWLRQDO�EORFNV�LQ�WKH�PRGHO���7KHVH�IORZV�FDQ
UHSUHVHQW�PDWHULDOV��L�H���WDQJLEOH�WKLQJV���HQHUJ\��RU�LQIRUPDWLRQ���'HSHQGLQJ�RQ�WKH�QDWXUH�RI�WKH
DQDO\VLV�WR�EH�GRQH��WKH�ODEHOV�RQ�WKH�IORZV��H�J���$��%�RQ�WKH�XSSHU�OHIW�IORZ��ZLOO�LGHQWLI\�HLWKHU
DWWULEXWHV�RI�WKH�IORZV��³PHVVDJHV´��WKDW�RFFXU�EHWZHHQ�WZR�EORFNV��RU�ZLOO�UHSUHVHQW�REMHFWV�WKDW
IORZ�IURP�EORFN�WR�EORFN�
��)RU�H[DPSOH��LI�FRPSRQHQW�1�RXWSXWV�D�FKHPLFDO�DQG�FRPSRQHQW�2
FRQVXPHV� LW�� WKHQ� IORZ� $� PLJKW� VSHFLI\� DWWULEXWHV� RI� WKH� FKHPLFDO� WKDW� LV� IORZLQJ� �H�J��� WKH
TXDQWLW\�RI�FKHPLFDO��WKH�FKHPLFDO¶V�WHPSHUDWXUH�DQG�FRPSRVLWLRQ����7KH�UHVXOW�RI� WKLV�IORZ��DV
ZLOO�EH�GLVFXVVHG�EHORZ��FRXOG�EH�WR�FKDQJH�WKH�LQWHUQDO�DWWULEXWHV�RI�FRPSRQHQWV�1�DQG�2��H�J��
WKH�DPRXQW�RI�WKH�FKHPLFDO�WKDW�HDFK�EORFN�VWRUHG��� �7KH�FRQFHSW�KHUH�WKDW� LV� LPSRUWDQW�IURP�D
PRGHOLQJ� SRLQW� RI� YLHZ� LV� WKDW� D� IORZ� RFFXUUHG� WKDW� UHVXOWHG� LQ� FKDQJHV� LQ� WKH� DWWULEXWHV
DVVRFLDWHG�ZLWK�WKH�FRPSRQHQWV�LQYROYHG�LQ�WKH�IORZ�

������������������������������������������������


� � $Q� DQDO\VW� PD\� PRGHO� D� IORZ� DV� DQ� REMHFW� LI� WKH� EHKDYLRU� RI� ZKDW� LV� IORZLQJ� LV� LPSRUWDQW�� � )RU� H[DPSOH�
FRPSRQHQW�1�PLJKW�UHSUHVHQW� WKH�SURFHVV� WKDW�SURGXFHV�D�VWHULOH�FRQWDLQHU�� �)ORZ�%�UHSUHVHQWV� WKH�FRQWDLQHUV� WKDW
IORZ�EHWZHHQ�FRPSRQHQWV�1�WR�2��2�PLJKW�GRFXPHQW� WKH�SURFHVV�E\�ZKLFK� WKH�FRQWDLQHUV�DUH� ILOOHG��� � �+HUH�� WKH
DQDO\VW�PLJKW�PRGHO�WKH�FRQWDLQHUV�DV�REMHFWV�ZLWK��H�J���FDSDFLW\��FRQWHQWV��DQG�EHKDYLRUV��H�J���³DFFHSW�FRQWHQWV´�RU
³GLVSHQVH�FRQWHQWV´����$�IORZ�WKHQ�EHFRPHV�D�IUDPHZRUN�IRU�GHVFULELQJ�KRZ�DQ�REMHFW�PRYHV�IURP�RQH�UHODWLRQVKLS
�L�H���ZLWK�WKH�SURFHVV�WKDW�FUHDWHV�LW��WR�DQRWKHU��L�H���ZLWK�WKH�SURFHVV�LQ�ZKLFK�LW�LV�ILOOHG��



��

&RPSRQHQW�1 &RPSRQHQW�2 &RPSRQHQW�;

$�% &

'(

)LJXUH�������$Q�,QWHUDFWLRQ�'LDJUDP

,Q�DQ�22�PRGHOLQJ�PHWKRGRORJ\��DQ�DQDO\VW�RIWHQ�GHYHORSV�D�VHOI�FRQWDLQHG�PRGHO�HQWLW\�FDOOHG
DQ�REMHFW�WR�UHSUHVHQW�WKH�EHKDYLRU�HPERGLHG�LQ�HDFK�IXQFWLRQDO�EORFN�RU�FRPSRQHQW���$Q�REMHFW
FDQ� H[KLELW� D� YDULHW\� RI� GLIIHUHQW� EHKDYLRUV�� ZKHUH� D� EHKDYLRU� LV� GHILQHG� DV� D� XQLTXH� VHW� RI
UHVSRQVHV�WR�VWLPXOL���(DFK�GLIIHUHQW�W\SH�RI�JURVV�EHKDYLRU�LV�UHSUHVHQWHG�LQ�D�VWDWH��DQG�WKH�ZD\V
LQ�ZKLFK�WKHVH�JURVV�EHKDYLRUV�FKDQJH�DUH�FDOOHG�VWDWH�WUDQVLWLRQV���6WDWH�WUDQVLWLRQV�DUH�FDXVHG�E\
HYHQWV��DQG�DUH�GRFXPHQWHG�LQ�D�VWDWH�WUDQVLWLRQ�GLDJUDP����,Q�WKLV�W\SH�RI�GLDJUDP��WKH�³VWDWHV´
PLJKW�EH�UHSUHVHQWHG�E\�URXQGHG�UHFWDQJOHV�DQG�WKH�³HYHQWV´�UHSUHVHQWHG�E\�LWDOLFL]HG�ZRUGV��DV
VKRZQ�LQ�)LJXUH�������(YHQWV�PD\�EH�H[WHUQDOO\�JHQHUDWHG��H�J���WKH�DUULYDO�RI�D�IORZ�DW�D�EORFN�
RU�LQWHUQDOO\�JHQHUDWHG��H�J���WKH�EORFN�UHDFKLQJ�D�JLYHQ�VWDWH��VHW�RI�DWWULEXWH�FRQGLWLRQV��RU�HYHQ
D� JLYHQ� SRLQW� LQ� WLPH� EHLQJ� UHDFKHG��� � 7KH� ³WUDQVLWLRQV´� VSHFLI\� WKH� VWDWH� WR� ZKLFK� DQ� REMHFW
PRYHV�LI�LW�UHFHLYHV�WKH�UHTXLUHG�HYHQW�ZKLOH�LQ�WKDW�VWDWH���1RWH�WKDW�DQ\�VWDWH�FDQ�EH�DVVRFLDWHG
ZLWK�PXOWLSOH�WUDQVLWLRQV�

,GOH

6WDUWLQJ�8S

2SHUDWLQJ

6KXWWLQJ�'RZQ

3RZHU
2Q

5RWDWLQJ�DW
6WHDG\�6WDWH

3RZHU
2II

3RZHU
2Q

5RWDWLRQV
6WRSSHG

3RZHU�2II

/RDG
&KDQJH

)LJXUH�������$�6WDWH�7UDQVLWLRQ�'LDJUDP

$W�WKLV�SRLQW��RQH�VKRXOG�GLIIHUHQWLDWH�EHWZHHQ�WKH�FKDUDFWHULVWLFV�RI�WKH�REMHFW�WKDW�GHVFULEH�WKH
REMHFW¶V�EHKDYLRU�IURP�WKRVH�WKDW�GHVFULEH�FKDQJHDEOH�FKDUDFWHULVWLFV�RI�WKH�REMHFW�LWVHOI���7KRVH
WKDW�GHVFULEH�FKDQJHDEOH�FKDUDFWHULVWLFV�RI�WKH�REMHFW�DUH�HPERGLHG�LQ�DWWULEXWHV���)RU�6KODHU�DQG



��

0HOORU��DWWULEXWHV�FDQ�EH�WKRXJKW�RI�DV�YDULDEOHV�ZLWKLQ�WKH�REMHFW�PRGHO�WKDW�H[LVW�UHJDUGOHVV�RI
WKH�REMHFW¶V�VWDWH�
��7KHVH�YDULDEOHV�FDQ�EH�FRQWLQXRXV��GLVFUHWH��RU�%RROHDQ�UHSUHVHQWDWLRQV�RI�D
PHDVXUDEOH�RU�FDOFXODEOH�FKDUDFWHULVWLF��H�J���WHPSHUDWXUH� �������)��WKH�WUDIILF�OLJKW�LV�JUHHQ��RU
³WKH�OLJKW�VZLWFK�LV�RII´� LV� IDOVH��� � ,Q� WKH�2355$�PHWKRG��DWWULEXWHV�ZHUH� UHVWULFWHG� WR�GLVFUHWH
DQG�%RROHDQ�YDOXHV�� �7KLV� UHVWULFWLRQ� LV� FRQWLQXHG� LQ� WKH� LQLWLDO� LPSOHPHQWDWLRQ�RI� WKH�2%(67
PHWKRGRORJ\�

7R� WKLV� SRLQW�� ZH� KDYH� QRWHG� WKDW� D� VWDWH� UHSUHVHQWV� D� VLWXDWLRQ� ZKHUH� WKH� REMHFW� HPERGLHV� D
SDUWLFXODU� VHW� RI� EHKDYLRU�� DQG� DQ� DWWULEXWH� UHSUHVHQWV� WKH� REMHFW¶V� PHDVXUDEOH� DQG� FDOFXODEOH
FKDUDFWHULVWLFV���1H[W��WKH�DQDO\VW�PXVW�GHVFULEH�WKH�GHWDLOV�RI�WKH�REMHFW¶V�EHKDYLRU�ZKLOH�LW�LV�LQ
HDFK�VWDWH�±�KRZ�WKH�REMHFW� UHVSRQGV� WR�VWLPXOL�DQG� WKH�ZD\V� LWV�DWWULEXWHV�FKDQJH�� �)RU�6KODHU
DQG�0HOORU��WKLV�LV�DFFRPSOLVKHG�XVLQJ�DQ�DFWLRQ�GDWD�IORZ�GLDJUDP��$V�VKRZQ�LQ�)LJXUH������WKH
GLDJUDP�FRQVLVWV�RI� IRXU� HOHPHQWV�� �7KH� FLUFOHV� UHSUHVHQW�SURFHVVHV� WKDW� WUDQVIRUP� IORZV�� �7KH
OLQHV� UHSUHVHQW� WKH� LQWHUFRQQHFWLRQV� EHWZHHQ� SURFHVVHV� DQG� FDUU\� WKH� YDULRXV� IORZV��ZKLFK� DUH
LGHQWLILHG� E\� ODEHOV�� � 7KH� IORZV� WKHPVHOYHV� DUH� GHVFULEHG� DV� FROOHFWLRQV� RI� DWWULEXWHV�� � 7KH
KRUL]RQWDO�OLQHV�UHSUHVHQW�D�³VWRUH´�ZKLFK�FRQWDLQV�WKH�DWWULEXWHV�WKDW�GRFXPHQW�WKH�FXUUHQW�VWDWH
RI�WKH�IXQFWLRQDO�EORFN��H�J���D�IXQFWLRQDO�EORFN�UHSUHVHQWLQJ�D�FKHPLFDO�SURFHVV�PLJKW�FRQWDLQ�D
VWRUH� ZLWK� DWWULEXWHV� WKDW� VSHFLI\� WKH� FXUUHQW� FRPSRVLWLRQ�� WHPSHUDWXUH�� TXDQWLW\�� HWF��� RI� WKH
FKHPLFDOV�LQ�WKH�SURFHVV��

5HTXHVW��4XDQWLW\�

6WRFN

3URGXFW

3URGXFW

0RQLWRU
6WRFN�/HYHOV

6WRFN�/HYHOV
³6WRFN�'HSOHWHG´

5HTXHVW�5HMHFWLRQ'LVSHQVH
3URGXFW

)LJXUH�������$Q�$FWLRQ�'DWD�)ORZ�'LDJUDP

,Q�RUGHU� WR�HQDEOH� WKH�XVH�RI�SUREDELOLVWLF�EUDQFKLQJ� DQG�GHGXFWLYH� ORJLF�� WKH�2355$�PHWKRG
UHTXLUHG� WKDW� WKH� DQDO\VW� LPSOHPHQW� WKH� WUDQVIRUPDWLRQV�ZLWKLQ� 6KODHU� DQG�0HOORU¶V� GDWD� IORZ

������������������������������������������������


� � $WWULEXWHV�PD\� DOVR� EH� XVHG� WR� UHFRUG� DQ� REMHFW¶V� VWDWH� VLQFH� DQ� REMHFW¶V� DWWULEXWHV� FDQ� EH� H[DPLQHG� E\� RWKHU
REMHFWV�ZKLOH�LWV�VWDWH�FDQQRW���+RZHYHU��HYHQ�KHUH��WKH�DWWULEXWH�LWVHOI�H[LVWV�UHJDUGOHVV�RI�WKH�REMHFW¶V�VWDWH�±�LW�MXVW
DVVXPHV�D�QHZ�YDOXH�WR�UHIOHFW�WKH�FKDQJH�LQ�WKH�REMHFW¶V�VWDWH�



��

GLDJUDP�DV� WUXWK� WDEOHV�� DV� VKRZQ� LQ�7DEOH������ �7KH� IXQFWLRQ�RI� D� WUXWK� WDEOH� LV� WR� VSHFLI\� WKH
YDOXH�D�JLYHQ�DWWULEXWH�DVVXPHV�ZKHQ�WKH�LQSXW�DWWULEXWHV�RQ�ZKLFK�WKH�DWWULEXWH�GHSHQGV�DVVXPH
SDUWLFXODU� FRPELQDWLRQV� RI� YDOXHV�� ,W� LV� D� VWUDLJKWIRUZDUG� WDVN� WR� GHYHORS� WKLV� VSHFLILFDWLRQ� IRU
DWWULEXWHV�WKDW�DUH�OLPLWHG�WR�GLVFUHWH�YDOXHV���:KHQ�WKH�DWWULEXWHV�DVVXPH�D�FRQWLQXRXV�UDQJH�RI
YDOXHV��WKH�WDVN�LV�D�OLWWOH�WULFNLHU���7R�DGGUHVV�WKLV�LVVXH��WKH�UHVHDUFK�WHDP�ERUURZHG�WKH�QRWLRQ�RI
³ODQGPDUN� YDOXHV´� IURP� WKH� TXDOLWDWLYH� SK\VLFV� FRPPXQLW\���� � ,Q� WKLV� DSSURDFK� WR� PRGHOLQJ
DWWULEXWH� YDOXHV�� WKH� JRDO� LV� WR� LGHQWLI\� NH\� SRLQWV� LQ� WKH� DWWULEXWH¶V� UDQJH� RI� YDOXHV� DW� ZKLFK
EHKDYLRU�VRPHKRZ�FKDQJHV���)RU�H[DPSOH��LI�WKH�DWWULEXWH�XQGHU�FRQVLGHUDWLRQ�LV�WKH�DPRXQW�RI
IOXLG�LQ�D�VWRUDJH�WDQN��WKHQ�LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�WKH�WDQN�PLJKW�H[KLELW�WKUHH�GLIIHUHQW
EHKDYLRUV�FRUUHVSRQGLQJ�WR�WKH�WDQN¶V�EHLQJ�HPSW\��WR�WKH�WDQN�KDYLQJ�VRPH�DPRXQW�RI�OLTXLG�LQ
LW��DQG�WR�WKH�WDQN¶V�EHLQJ�IXOO����*LYHQ�WKLV��WZR�ODQGPDUN�YDOXHV�ZRXOG�EH�DVVLJQHG�WR�WKH�WDQN
�L�H���³WDQN�HPSW\´�DQG�³WDQN�IXOO´��

7DEOH�������$�'HWHUPLQLVWLF�7UXWK�7DEOH

1XPEHU�RI�LWHPV�LQ�VWRFN�²
1XPEHU�RI�LWHPV�UHTXHVWHG

1XPEHU�RI�LWHPV
SURGXFHG

³5HTXHVW
5HMHFWLRQ´

� 1R��RI�LWHPV�UHTXHVWHG )

� 1R��RI�LWHPV�UHTXHVWHG )

² � 7

,Q�PRVW�FDVHV��D�WUXWK�WDEOH�ZLOO�KDYH�D�VLQJOH�RXWSXW�FROXPQ�WKDW�FRUUHVSRQGV�WR�D�VLQJOH�DWWULEXWH
RQ�RQH�RI�WKH�RXWSXW�IORZV�IURP�D�SURFHVV�DQG�VRPH�QXPEHU�RI�LQSXW�FROXPQV��FRUUHVSRQGLQJ�WR
VRPH� RU� DOO� RI� WKH� DWWULEXWHV� RQ� WKH� LQSXW� IORZV� WR� D� SURFHVV��� � ,Q� VRPH� FDVHV� �H�J��� ZKHQ� WKH
SURFHVV�LQYROYHV�D�³WHVW´���DWWULEXWH�IORZV�DUH�FRPELQHG�LQWR�D�VLQJOH�FROXPQ��DV�VKRZQ�LQ�7DEOH
������$OVR��DV�VKRZQ�LQ�WKLV�ILJXUH��PXOWLSOH�WDEOHV�PD\�EH�FRPELQHG�IRU�WKH�VDNH�RI�FRPSDFWQHVV
LI�WKH�ORJLF�RI�WKH�WDEOHV�EHLQJ�FRPELQHG�LV�VXIILFLHQWO\�VLPSOH���1RWH�DOVR�WKDW��ZKLOH�QRW�VKRZQ
LQ�WKLV�H[DPSOH��D� WUXWK�WDEOH�FDQ�HPERG\�SUREDELOLVWLF�EHKDYLRU�� �7R�H[WHQG� WKLV�H[DPSOH��RQH
PLJKW�HQYLVLRQ�D�VLWXDWLRQ�ZKHUH�DQ�LWHP�LV�LQ�SDUWLFXODUO\�KLJK�GHPDQG��EXW�D�³ILUVW�FRPH��ILUVW
VHUYHG´�GLVWULEXWLRQ�PHWKRG�LV�FRQVLGHUHG�XQIDLU��VD\��IRU�D�QHZ�OLIH�VDYLQJ�FDQFHU�GUXJ����,I�WKH
GLVWULEXWLRQ�PHWKRG�ZHUH�FKDQJHG��VD\��WR�UDQGRPO\�UHMHFW�WZR�WKLUGV�RI�DOO�UHTXHVWV�DQG�ILOO�RQO\
WKH�RWKHU�RQH�WKLUG�XVLQJ�D�ORWWHU\�OLNH�GLVWULEXWLRQ�V\VWHP��RQH�PLJKW�REWDLQ�D�WUXWK�WDEOH�OLNH�WKH
RQH�VKRZQ�LQ�7DEOH�����



��

7DEOH�������$�3UREDELOLVWLF�7UXWK�7DEOH

1XPEHU�RI�LWHPV�LQ�VWRFN�²
1XPEHU�RI�LWHPV�UHTXHVWHG

3UREDELOLW\ 1XPEHU�RI�LWHPV
SURGXFHG

³5HTXHVW
5HMHFWLRQ´

����� � 7
�

����� 1R��RI�LWHPV�UHTXHVWHG )

����� � 7
�

����� 1R��RI�LWHPV�UHTXHVWHG )

² ����� � 7

������� 7KH�2%(67�$FWLRQ�/DQJXDJH

7KH�SUHFHGLQJ�EULHI�GHVFULSWLRQ�RI� WKH�6KODHU�0HOORU�DQG�2355$�PHWKRGV�SURYLGHV�D�SRLQW�RI
GHSDUWXUH� IRU� DQ� H[SRVLWLRQ� RI� WKH� 2%(67� PHWKRGRORJ\�� � 7KH� SULQFLSDO� DUHDV� RI� GLIIHUHQFH
EHWZHHQ�2%(67� DQG� WKHVH� RWKHU�PHWKRGV� DUH� UHODWHG� WR� WKH� GHWDLOV� RI� WKH� DFWLRQ� ODQJXDJH� IRU
GHVFULELQJ� REMHFW� EHKDYLRU� ZLWKLQ� D� SDUWLFXODU� VWDWH�� � 7KH� 2%(67� DFWLRQ� ODQJXDJH�� ZKLFK� LV
GHVFULEHG� LQ� WKH� IROORZLQJ�SDUDJUDSKV�� UHSODFHV�6KODHU�DQG�0HOORU¶V�DFWLRQ�GDWD� IORZ�GLDJUDPV
DQG�2355$¶V� SUREDELOLVWLF� WUXWK� WDEOHV� �DOWKRXJK� LW� KDV� REYLRXV� SDUDOOHOV� WR� WKH� ODWWHU�� DV� WKH
UHDGHU�ZLOO�QRWH�VKRUWO\����5HFDOO�WKDW��LQ�WKH�2%(67�PHWKRGRORJ\��HDFK�REMHFW�LV�FDSDEOH�RI�ERWK
LPPHGLDWH�DQG�GHOD\HG�UHDFWLRQV�WR�ERWK�LQWHUQDO�DQG�H[WHUQDO�VWLPXOL��DQG�HDFK�W\SH�RI�UHDFWLRQ
FDQ�HLWKHU�EH�GHWHUPLQLVWLF�RU�SUREDELOLVWLF���,Q�2%(67��WKHVH�GHVFULSWLRQV�RI�REMHFW�EHKDYLRU�DUH
FDOOHG� WKH� LPPHGLDWH� UHVSRQVH� PRGHO� �,50�� DQG� WKH� GHOD\HG� UHVSRQVH� PRGHO� �'50��
0DWKHPDWLFDOO\��WKHVH�PRGHOV�DUH�LGHQWLFDO�H[FHSW�WKDW�WKH�'50�LQFRUSRUDWHV�D�WLPH�GHOD\�EHIRUH
LWV�XOWLPDWH�DFWLRQV�DUH�UHDOL]HG���%RWK�WKH�,50�DQG�WKH�'50�FDQ�EH�WKRXJKW�RI�DV�SUREDELOLVWLF
WUXWK�WDEOHV�VLPLODU�WR�WKRVH�XVHG�LQ�WKH�2355$�PHWKRG�DQG�VKRZQ�LQ�7DEOH������ �$QG�� MXVW�DV
WKDW�SUREDELOLVWLF�WUXWK�WDEOH�FDQ�EH�WKRXJKW�RI��LQ�D�³JHQHULF´�FRPSXWHU�SURJUDPPLQJ�MDUJRQ��DV�D
ELJ�³LI�±� WKHQ�±�HOVH� LI�±�HOVH´�RU�³VHOHFW� FDVH´�FRQVWUXFW�� WKH� ,50�DQG�'50�UHSUHVHQW� VLPLODU
LGHDV�DQG�IXQFWLRQV���7KXV��WKH�VWUXFWXUH�IRU�DQ�,50�PLJKW�ORRN�OLNH�WKH�JHQHULF�H[DPSOH�IRXQG�LQ
7DEOH�������,Q�WKLV�H[DPSOH��HDFK�³VHW�RI�ORJLFDO�FRQGLWLRQV´�LV�D�ORJLFDO�FRPELQDWLRQ�RI�DWWULEXWH
YDOXHV� IURP� WKLV� DQG�RU� RWKHU� REMHFWV� ZLWKLQ� WKH� V\VWHP� PRGHO�� � (DFK� ³VFULSW´� LV� D� VHULHV� RI
DFWLRQV�WKDW�ZLOO�EH�WDNHQ�E\�WKH�REMHFW��DQG�PD\�LQFOXGH�WKH�JHQHUDWLRQ�RI�REMHFW�PRGHO�HYHQWV
�WR� FDXVH� WKLV� RU� DQRWKHU� REMHFW� WR� FKDQJH� VWDWHV��� FKDQJLQJ� WKH� YDOXHV� RI� LWV� RZQ� DWWULEXWHV�


������������������������������������������������


� � 1RWH� WKDW�� WR� VLPSOLI\� PRGHOLQJ� FRQVLGHUDWLRQV�� HDFK� REMHFW� LV� RQO\� DOORZHG� WR� PRGLI\� WKH� YDOXHV� RI� LWV� RZQ
DWWULEXWHV��DQG�FDQQRW�GLUHFWO\�PRGLI\�WKH�YDOXHV�RI�DWWULEXWHV�LQ�RWKHU�REMHFWV���7KH�,50�DQG�'50�PRGHOV�IRU�WKRVH
REMHFWV�PXVW�EH�³DZDUH´�RI�WKH�REMHFWV�DURXQG�WKHP�DQG�FKDQJH�WKHLU�DWWULEXWH�YDOXHV�DFFRUGLQJO\�



��

DQG�RU�JHQHUDWLRQ�RI� VSHFLDO�³V\VWHP�HYHQWV�´
� �6LQFH� VFULSWV�FDQ�FDXVH�DQ�REMHFW� WR� FKDQJH� LWV
DWWULEXWH�YDOXHV��WKH\�DUH�VSHFLILF�WR�WKH�REMHFW�XQGHU�LQYHVWLJDWLRQ���$�VHW�RI�ORJLFDO�FRQGLWLRQV�
RQ�WKH�RWKHU�KDQG��FDQ�EH�XVHG�E\�DQ\�QXPEHU�RI�REMHFWV�ZLWKLQ�WKH�PRGHO�DV�DSSURSULDWH�EHFDXVH
LW�ORRNV�RQO\�DW�REMHFW�DWWULEXWHV��ZKLFK�DUH�SXEOLFO\�DYDLODEOH�WR�DOO�REMHFWV�ZLWKLQ�WKH�DQDO\VLV�
6FULSWV�DQG�ORJLFDO�FRQGLWLRQV�FDQ�EH�UHXVHG��VLPSO\�UH�UHIHUHQFHG��WKURXJKRXW�WKH�REMHFW�PRGHO
DV�DSSURSULDWH�

7DEOH�������1RWLRQDO�5HSUHVHQWDWLRQ�RI�DQ�,PPHGLDWH�5HVSRQVH�0RGHO

,I��VHW�RI�ORJLFDO�FRQGLWLRQV����LV�VDWLVILHG��7KHQ
3UREDELOLW\� �[[[����([HFXWH�6FULSW�$
3UREDELOLW\� �\\\���([HFXWH�6FULSW�%
3UREDELOLW\� �]]]���([HFXWH�6FULSW�&

(OVH�,I��VHW�RI�ORJLFDO�FRQGLWLRQV����LV�VDWLVILHG��7KHQ
3UREDELOLW\� �DDD���([HFXWH�6FULSW�%
3UREDELOLW\� �EEE���([HFXWH�6FULSW�'

(OVH�,I��VHW�RI�ORJLFDO�FRQGLWLRQV����LV�VDWLVILHG���7KHQ
�3UREDELOLW\� ����������([HFXWH�6FULSW�$

(OVH��'HIDXOW�
3UREDELOLW\� �FFF���([HFXWH�6FULSW�&
3UREDELOLW\� �GGG���([HFXWH�6FULSW�'
3UREDELOLW\� �HHH���([HFXWH�6FULSW�(

$�JHQHULF�H[DPSOH�RI�'50�FDQ�EH�VHHQ�LQ�7DEOH�������1RWH�WKDW�WKH�SULQFLSDO�GLIIHUHQFH�EHWZHHQ
WKH� ,50�VWUXFWXUH�DQG� WKH�'50�VWUXFWXUH� LV� WKDW�HYHU\� VFULSW� LQ� WKH�'50�LV�DVVRFLDWHG�ZLWK�D
SDUWLFXODU�GHOD\���7KXV��D�OLQH�LQ�WKH�'50�PRGHO�FDQ�EH�WKRXJKW�RI�DV�VD\LQJ��³,��WKH�REMHFW��FDQ
UHPDLQ�LQ�HTXLOLEULXP�IRU�;�KRXUV�XQGHU� WKLV�VHW�RI�FRQGLWLRQV�ZLWK�WKLV�SUREDELOLW\�� �$IWHU� WKDW
WLPH�KDV�HODSVHG�� ,�ZLOO� WDNH� WKH�DFWLRQV�GHVFULEHG� LQ� VFULSW�´� �7KXV�� DFFRUGLQJ� WR� WKH�'50� LQ
7DEOH������LI�WKH�REMHFW�PRGHO�LV�FRQILJXUHG�VXFK�WKDW�³6HW�RI�ORJLFDO�FRQGLWLRQV���´�LV�VDWLVILHG�

������������������������������������������������


��6\VWHP�HYHQWV�UHODWH�WR�WKH�PDQDJHPHQW�RI�WKH�REMHFW�PRGHO��DQG�PD\�LQFOXGH�VXFK�HYHQWV�DV�VWDUWLQJ��VWRSSLQJ�RU
UHVHWWLQJ�GHOD\�FORFNV��RU�WHUPLQDWLQJ�RU�WUXQFDWLQJ�WKH�HYDOXDWLRQ�RI�D�VFHQDULR�

���:KLOH�WKH�SUREDELOLWLHV�LQ�WKLV�H[DPSOH�DUH�VFDODU��WKH\�FDQ�DOVR�EH�REVHUYDWLRQV�VDPSOHG�IURP�D�GLVWULEXWLRQ�XVLQJ
0RQWH� &DUOR� RU� /DWLQ� K\SHUFXEH� VDPSOLQJ�� � 7KH� 2%(67� VRIWZDUH�� KRZHYHU�� GRHV� QRW� FXUUHQWO\� VXSSRUW� VXFK
VDPSOLQJ�



��

WKH�PRGHO� VD\V� WKDW� WKH� REMHFW� LV� DOZD\V� DEOH� WR� UHPDLQ� LQ� WKLV� FRQILJXUDWLRQ� IRU�;� KRXUV�� DQG
ZKHQ�WKDW�WLPH�KDV�HODSVHG��ZLOO�DOZD\V�WDNH�WKH�DFWLRQV�GHVFULEHG�LQ�VFULSW�$�
��6LPLODUO\��LI�WKH
V\VWHP� FRQILJXUDWLRQ� VDWLVILHV� VHW� RI� ORJLFDO� FRQGLWLRQV� ���� WKHQ� WKH� REMHFW� LV� DOZD\V� DEOH� WR
UHPDLQ�LQ�WKLV�FRQILJXUDWLRQ�IRU�4�KRXUV��DQG�ZKHQ�WKDW�WLPH�KDV�HODSVHG��LW�PD\�WDNH�WKH�DFWLRQV
GHVFULEHG� LQ�VFULSW�*��ZLWK�D�SUREDELOLW\�RI�DDD���RU� LW�PD\�XVH� VFULSW�'� �ZLWK�D�SUREDELOLW\�RI
EEE��� �7KH� ³(OVH´� VLWXDWLRQ� VWDWHV� WKDW�� XQGHU� WKHVH� FRQGLWLRQV�� WKH� REMHFW�ZLOO� DOZD\V� WDNH� WKH
DFWLRQV�GHVFULEHG�LQ�VFULSW�+��EXW�ZH�DUH�XQVXUH�ZKHWKHU�WKDW�ZLOO�RFFXU�DIWHU�;�KRXUV��<�KRXUV��RU
=�KRXUV���7KRVH�GHOD\�WLPHV�ZLOO�RFFXU�ZLWK�SUREDELOLWLHV�FFF��GGG��DQG�HHH��UHVSHFWLYHO\���)LQDOO\�
WKH�IXOO\�JHQHUDO�VLWXDWLRQ��ZKHUH�SUREDELOLWLHV��GHOD\V�DQG�VFULSWV�DUH�DOO�GLIIHUHQW��ZRXOG�RFFXU�LI
VHW� RI� ORJLFDO� FRQGLWLRQV� ��� LV� VDWLVILHG�� � 7KLV� DOORZV� WKH� DQDO\VW� IXOO� IOH[LELOLW\� WR� H[SUHVV
ZKDWHYHU� FRPELQDWLRQ�RI�GHOD\V� DQG�DFWLRQV�PLJKW�EH� UHTXLUHG� WR�GHVFULEH� WKH�EHKDYLRU�RI� WKH
V\VWHP�EHLQJ�PRGHOHG�

7DEOH�������1RWLRQDO�5HSUHVHQWDWLRQ�RI�D�'HOD\HG�5HVSRQVH�0RGHO

,I��VHW�RI�ORJLFDO�FRQGLWLRQV����LV�VDWLVILHG��7KHQ
3UREDELOLW\� �[[[���'HOD\�;�KU���WKHQ�([HFXWH�6FULSW�$
3UREDELOLW\� �\\\���'HOD\�<�KU���WKHQ�([HFXWH�6FULSW�%
3UREDELOLW\� �]]]���'HOD\�=�KU���WKHQ�([HFXWH�6FULSW�&

(OVH�,I��VHW�RI�ORJLFDO�FRQGLWLRQV����LV�VDWLVILHG��7KHQ
�3UREDELOLW\� ����������'HOD\�;�KU���WKHQ�([HFXWH�6FULSW�$

(OVH�,I��VHW�RI�ORJLFDO�FRQGLWLRQV����LV�VDWLVILHG���7KHQ
3UREDELOLW\� �DDD���'HOD\�4�KU���WKHQ�([HFXWH�6FULSW�*
3UREDELOLW\� �EEE���'HOD\�4�KU���WKHQ�([HFXWH�6FULSW�'

(OVH��'HIDXOW�
3UREDELOLW\� �FFF���'HOD\�;�KU���WKHQ�([HFXWH�6FULSW�+
3UREDELOLW\� �GGG���'HOD\�<�KU���WKHQ�([HFXWH�6FULSW�+
3UREDELOLW\� �HHH���'HOD\�=�KU���WKHQ�([HFXWH�6FULSW�+

1RWH�WKDW�WKH�QRWLRQDO�'50�GHSLFWHG�LQ�7DEOH�����VKDUHV�VRPH�RI�WKH�VFULSWV��SUREDELOLWLHV��DQG
ORJLFDO� FRQGLWLRQV�XVHG� LQ� WKH�QRWLRQDO� ,50�GHVFULEHG� LQ�7DEOH������ �7KLV� VKDULQJ� LV�SHUPLWWHG
�EXW�QRW�UHTXLUHG��EHWZHHQ�PRGHOV�ZLWKLQ�WKH�VDPH�REMHFW�±�HYHQ��LI�DSSURSULDWH��EHWZHHQ�,50V
DQG�'50V�LQ�GLIIHUHQW�VWDWHV���7KH�VHWV�RI�ORJLFDO�FRQGLWLRQV�FDQ�DOVR�EH�VKDUHG�EHWZHHQ�REMHFWV�

������������������������������������������������


� � 7KH� VLWXDWLRQ� ZKHUH� WKH� V\VWHP� FRQILJXUDWLRQ� FKDQJHV� EHIRUH� ;� KRXUV� KDYH� HODSVHG� VXFK� WKDW� WKH� UHTXLUHG
FRQGLWLRQV�UHTXLUHG�E\�ORJLFDO�VHW�RI�FRQGLWLRQV����DUH�QR�ORQJHU�VDWLVILHG�ZLOO�EH�GLVFXVVHG�ODWHU�LQ�WKLV�FKDSWHU�



��

7KXV��WKH�EHKDYLRUDO�PRGHOV�LQFRUSRUDWHG�LQ�WKH�2%(67�PRGHO�FDQ�EH�UHSUHVHQWHG�DV�D�VHULHV�RI
ORJLFDO�FRQGLWLRQV��HDFK�RI�ZKLFK� LV�DVVRFLDWHG�ZLWK�RQH�RU�PRUH� VHWV�RI�DFWLRQV� �VFULSWV��� � ,I� D
ORJLFDO�FRQGLWLRQ�LV�DVVRFLDWHG�ZLWK�PRUH�WKDQ�RQH�SRWHQWLDO�VHW�RI�DFWLRQV��WKH�DOWHUQDWLYHV�PXVW
HDFK�EH�JLYHQ�D�SUREDELOLW\�RI�RFFXUUHQFH���7KH�RQO\�GLIIHUHQFH�EHWZHHQ�DQ�,50�DQG�D�'50�LV
WKDW�HDFK�SRWHQWLDO�VHW�RI�DFWLRQV�LQ�D�'50�LV�GHOD\HG�E\�DQ�DQDO\VW�VSHFLILHG�³HTXLOLEULXP�WLPH´
EHIRUH�LW�RFFXUV�

7KH�³LI�±�WKHQ�±�HOVH�LI´�GHFLVLRQ�VW\OH�GHVFULEHG�LQ�WKH�QRWLRQDO�H[DPSOH�,50�DQG�'50�KDV�EHHQ
LPSOHPHQWHG� LQ� WKH�GHPRQVWUDWLRQ�VRIWZDUH� WKDW�KDV�EHHQ�GHYHORSHG� WR� LPSOHPHQW� WKH�2%(67
PHWKRGRORJ\�� � 7KLV� GHFLVLRQ� VW\OH� PLPLFV� WKDW� XVHG� LQ� WKH� (9175(��� DQG� 6(7$&��� ORJLFDO
HYHQW� WUHH� DQDO\VLV�FRGHV� WKDW�KDYH�EHHQ�GHYHORSHG�E\�6DQGLD�SUHYLRXVO\�� �:KLOH� WKLV�GHFLVLRQ
VW\OH�PD\�VHHP�VWUDLJKWIRUZDUG��WKRVH�ZKR�KDYH�DWWHPSWHG�WR�XVH�LW�KDYH�RIWHQ�EHFRPH�FRQIXVHG
DERXW�VRPH�RI�LWV�LPSOLFDWLRQV���1RWH�WKDW�WKLV�GHFLVLRQ�VW\OH�LV�LPSOHPHQWHG�KHUH�LQ�WKH�VDPH�ZD\
LW�LV�XVHG�LQ�PRVW�PDMRU�FRPSXWHU�SURJUDPPLQJ�ODQJXDJHV���2QH�IHDWXUH�RI�WKLV�LPSOHPHQWDWLRQ�LV
WKDW� WKH� FRPSXWHU� ORRNV� DW� WKH� VHWV� RI� ORJLFDO� FRQGLWLRQV� LQ� WKH� RUGHU� VSHFLILHG� E\� ZLWKLQ� WKH
SURJUDP� DQG� LW� RQO\� H[HFXWHV� WKH� LQVWUXFWLRQV� DVVRFLDWHG� ZLWK� WKH� ILUVW� VHW� RI� FRQGLWLRQV� WKDW
HYDOXDWH�DV�³7UXH�´��7KLV�PHDQV�WKDW��HYHQ�LI�WKH�FXUUHQW�VHW�RI�FRQGLWLRQV�VDWLVILHV�PRUH�WKDQ�RQH
VHW�RI�ORJLFDO�FRQGLWLRQV��WKH�FRPSXWHU�ZLOO�RQO\�H[HFXWH�WKH�LQVWUXFWLRQV�IRU�WKH�ILUVW�VDWLVILHG�VHW
WKDW�LW�HQFRXQWHUV���,W�LJQRUHV�DOO�RWKHU�VHWV�RI�LQVWUXFWLRQV�±�HYHQ�WKRXJK�WKHLU�ORJLFDO�FRQGLWLRQV
PD\�HYDOXDWH�WR�7UXH���7KH�LPSOLFDWLRQV�RI�WKLV�IDFW�DUH�GHPRQVWUDWHG�E\�WKH�H[DPSOH�VKRZQ�LQ
7DEOH�������7KH�HTXLYDOHQFH�RI�WKHVH�WZR�PRGHOV�GHPRQVWUDWHV�D�SRZHUIXO�IDFW�DERXW�WKH�³LI�WKHQ�
HOVH´�GHFLVLRQ�VW\OH��WKH�DQDO\VW�FDQ�XVH�WKLV�HTXLYDOHQFH�WR�VLPSOLI\�WKH�VHWV�RI�ORJLFDO�FRQGLWLRQV
XVHG� LQ� ODWHU�SDUWV�RI� WKH�PRGHO�� �:KLOH� WKH� H[DPSOH�GHPRQVWUDWHV� WKLV� LQ� D� WULYLDO� SUREOHP�� LW
VKRXOG� EH� HDV\� WR� LPDJLQH� KRZ�� IRU� H[WUHPHO\� FRPSOH[� VHWV� RI� ORJLFDO� FRQGLWLRQV�� WKLV� FDQ
SURYLGH�D�GUDPDWLF�RSSRUWXQLW\� IRU�PRGHO�VLPSOLILFDWLRQ�� �$W� WKH�VDPH�WLPH�� WKLV� W\SH�RI�PRGHO
VLPSOLILFDWLRQ� GRHV� SUHVHQW� D� GDQJHU�� DSSO\LQJ� WKH� VLPSOLILHG� FRQGLWLRQV� LQ� WKH� ZURQJ� RUGHU
FDXVHV� WKH�PRGHO� WR�REWDLQ� WKH�ZURQJ�DQVZHU��DV�GHPRQVWUDWHG�E\� WKH� H[DPSOH� IRXQG� LQ�7DEOH
������7KHUHIRUH��WKH�DQDO\VW�PXVW�EH�YHU\�FDUHIXO�WR�HQVXUH�WKDW�WKH�LQWHQGHG�ORJLFDO�LQVWUXFWLRQV
DUH� DFWXDOO\� WKH� RQHV� HPEHGGHG� LQ� WKH� PRGHO� ZKHQ� XVLQJ� WKH� ³LI�WKHQ�HOVH´� GHFLVLRQ� VW\OH� WR
VLPSOLI\�ORJLFDO�PRGHOV�

2QH�RI� WKH�PDQ\�JRDOV�VWDWHG� IRU� D�QHZ� LQIUDVWUXFWXUH�DQDO\VLV�PHWKRGRORJ\�ZDV� WKH�DELOLW\� WR
LQFRUSRUDWH�IDLOXUH�PRGHV�LQWR�D�SUREDELOLVWLF�ULVN�PRGHO���:KLOH�LW�PD\�QRW�EH�REYLRXV��WKH�,50
DQG�'50�SURYLGH� WKH�PHFKDQLVPV� IRU� WKLV� WR�RFFXU�� �&RQVLGHU� DQ� H[DPSOH�ZKHUH� D� WHOHSKRQH
FHQWUDO�RIILFH�ORVHV�LWV�FRPPHUFLDO�SRZHU�VXSSO\���,W�PLJKW�LPPHGLDWHO\�DWWHPSW�WR�VWDUW�LWV�RQVLWH
EDFNXS�SRZHU�JHQHUDWRU��DQG��VKRXOG�WKDW�IDLO��LW�ZLOO�UHO\�RQ�EDWWHULHV�WKDW�ZLOO�ODVW�IRU�D�WLPH�WKDW
LV� VSHFLILHG� E\� D� VWDWLVWLFDO� GLVWULEXWLRQ� �L�H��� WKH� EDWWHULHV� PD\� IDLO� EHIRUH� WKH\� UHDFK� WKHLU
H[SHFWHG�GLVFKDUJH�WLPH����7KH�GHPDQG�UHODWHG�IDLOXUH�RI�WKH�EDFNXS�JHQHUDWRU�FDQ�EH�PRGHOHG�DV
D� SUREDELOLVWLF� WUDQVLWLRQ� ZLWKLQ� WKH� ,50�� � +HUH�� WKH� DQDO\VW� SURYLGHV� ORJLFDO� FRQGLWLRQV� WKDW
GHWHFW� ZKHQ� WKH� VLWXDWLRQ� GHPDQGV� WKH� EDFNXS� JHQHUDWRU� VWDUW�� � $VVRFLDWHG� ZLWK� WKRVH� ORJLFDO
FRQGLWLRQV�DUH�WZR�SUREDELOLVWLF�EUDQFKHV�±�RQH�WKDW�H[HFXWHV�D�VFULSW�IRU�WKH�VLWXDWLRQ�ZKHUH�WKH
JHQHUDWRU�VWDUWV�DQG�D�VHFRQG�WKDW�H[HFXWHV�D�VFULSW�IRU�WKH�VLWXDWLRQ�ZKHUH�WKH�JHQHUDWRU�IDLOV�WR
VWDUW���6LPLODUO\��WKH�GLVWULEXWLRQ�RI�IDLOXUH�WLPHV�IRU�WKH�EDWWHULHV�FDQ�UHSUHVHQW�D�GLVFUHWL]DWLRQ�RI
WKH� EDWWHU\� IDLOXUH� WLPH� VWDWLVWLFDO� GLVWULEXWLRQ�� ZLWK� GLIIHUHQW� GHOD\� WLPHV� UHSUHVHQWLQJ� SRLQWV
ZLWKLQ�WKDW�GLVWULEXWLRQ���(DFK�RI�WKHVH�GHOD\�WLPHV�ZLOO�EH�DVVRFLDWHG�ZLWK�WKH�VDPH�VFULSW�±�RQH
WKDW�LQGLFDWHV�WKDW�WKH�EDWWHULHV�KDYH�IDLOHG�



��

7DEOH�������(TXLYDOHQFH�RI�0RGHOV�8VLQJ�WKH�³,I�±�7KHQ�±�(OVH´�'HFLVLRQ�3URFHVV�

3UREOHP�GHVFULSWLRQ���$�PRGHO�LV�VXSSRVHG�WR�H[HFXWH�GLIIHUHQW�LQVWUXFWLRQV�GHSHQGLQJ�RQ�WKH�YDOXH�RI�D
PHDVXUHG�WHPSHUDWXUH�7���7KH�PRGHO�VKRXOG�H[HFXWH�LQVWUXFWLRQ�VHW�$�LI�7�LV�OHVV�WKDQ������LQVWUXFWLRQ�VHW
%�LI�7�LV�EHWZHHQ�����DQG������&�LI�7�LV�EHWZHHQ�����DQG������'�LI�7�LV�EHWZHHQ�����DQG�������DQG�(�LI�7
LV�JUHDWHU�WKDQ������

([SOLFLW� LQVWUXFWLRQV� ±� WKH� DQDO\VW� FRQVWUXFWV
PXWXDOO\� H[FOXVLYH� ORJLFDO� VWDWHPHQW� VHWV� WR
UHSUHVHQW�WKH�YDULRXV�ORJLFDO�FRQGLWLRQV

(TXLYDOHQW� LPSOLFLW� LQVWUXFWLRQV� ±� WKH� PRGHO
H[HFXWHV� LQVWUXFWLRQV� RQO\� WKH� ILUVW� VHW� RI� VDWLVILHG
ORJLFDO�FRQGLWLRQV�WKDW�LW�HQFRXQWHUV�

,I�7�������7KHQ
'R�LQVWUXFWLRQ�VHW�$

(OVH�,I�7�������DQG�7������
'R�LQVWUXFWLRQ�VHW�%

(OVH�,I�7�������DQG�7������
'R�LQVWUXFWLRQ�VHW�&

(OVH�,I�7�������DQG�7�������
'R�LQVWUXFWLRQ�VHW�'

(OVH�,I�7�������
'R�LQVWUXFWLRQ�VHW�(

,I�7�������7KHQ
'R�LQVWUXFWLRQ�VHW�$

(OVH�,I�7������
'R�LQVWUXFWLRQ�VHW�%

(OVH�,I�7������
'R�LQVWUXFWLRQ�VHW�&

(OVH�,I�7�������
'R�LQVWUXFWLRQ�VHW�'

(OVH
'R�LQVWUXFWLRQ�VHW�(

([SODQDWLRQ� RI� WKH�PRGHOV¶� HTXLYDOHQFH��7KH� H[DPSOH� RQ� WKH� ULJKW� LV� HTXLYDOHQW� WR� WKH� RQH� RQ� WKH� OHIW
EHFDXVH� HDFK� RI� WKH� ³�´� RSHUDWRUV� LV� LPSOLHG� E\� WKH� RUGHU� RI� WKH� ORJLFDO� FDVHV�� � $Q\� VLWXDWLRQ� ZKHUH
7�������� IRU� H[DPSOH�� FDXVHV� LQVWUXFWLRQ� VHW�$� WR� EH� H[HFXWHG� DQG� DOO� IXUWKHU� SDUWV� RI� WKH�PRGHO� WR� EH
LJQRUHG�� �7KXV��VLQFH�WKH�ORJLF�VWDWHPHQW�³7������´�LV�LJQRUHG�ZKHQ�7�������� WKH�³7������´�SDUW�RI�WKDW
ORJLF�VHW�LQ�WKH�OHIW�KDQG�H[DPSOH�LV�UHGXQGDQW�DQG�FDQ�EH�HOLPLQDWHG��DV�KDV�EHHQ�GRQH�LQ�WKH�ULJKW�KDQG
H[DPSOH�

,Q�WKH�MDUJRQ�RI�IDXOW�WUHH�DQDO\VLV��WKH�IDXOW�FRQGLWLRQV�GHVFULEHG�LQ�WKH�SUHYLRXV�SDUDJUDSK�ERWK
UHSUHVHQW� ³SULPDU\´� IDLOXUHV� �IDLOXUHV� WKDW� DUH� QRW� FDXVHG� E\� RXWVLGH� VRXUFHV���� � $� ³VHFRQGDU\
IDLOXUH´� UHSUHVHQWV� D� VLWXDWLRQ� ZKHUH� WKH� FRPSRQHQW� LV� VRPHKRZ� GULYHQ� EH\RQG� LWV� GHVLJQ
PDUJLQV�� � $Q� H[DPSOH� RI� D� VHFRQGDU\� IDLOXUH� LV� ZKHQ� WKH� V\VWHP� WULHV� WR� SXVK� ���� SRXQGV
SUHVVXUH� LQWR�D� WDQN� WKDW� LV�RQO\�GHVLJQHG� WR�ZLWKVWDQG�����SRXQGV�� �6HFRQGDU\�IDLOXUHV�FDQ�EH
KDQGOHG� ZLWKLQ� WKH� ,50� E\� LQVWDOOLQJ� ORJLFDO� FRQGLWLRQV� WKDW� GHWHFW� YLRODWLRQV� RI� WKH� REMHFW¶V
GHVLJQ�PDUJLQV�� DQG� H[HFXWLQJ� D� VFULSW� WKDW� LQGLFDWHV� WKH� FRPSRQHQW� KDV� IDLOHG�� � 6LPLODUO\�� D
³FRPPDQG� IDLOXUH´� UHSUHVHQWV� D� VLWXDWLRQ�ZKHUH� D� FRPSRQHQW�KDV�EHHQ� FRPPDQGHG� WR� RSHUDWH
XQGHU�FRQGLWLRQV�ZKHUH�LWV�FRUUHFW�RSHUDWLRQ�ZLOO�OHDG�WR�DQ�XQGHVLUHG�FRQVHTXHQFH���$Q�H[DPSOH
RI�D�FRPPDQG�IDLOXUH�LV�ZKHQ�WKH�RSHUDWRU�RI�D�GUDZEULGJH�FDXVHV�WKH�EULGJH�WR�EH�UDLVHG�ZLWKRXW
ILUVW�ZDLWLQJ�IRU�WKH�FDUV�WR�JHW�RII�WKH�EULGJH���+HUH�WKH�GUDZEULGJH�IXQFWLRQV�SURSHUO\��EXW�DW�WKH
ZURQJ� WLPH�� � &RPPDQG� IDXOWV� DUH� QDWXUDOO\� KDQGOHG� ZLWKLQ� WKH� 2%(67� PRGHOLQJ� SDUDGLJP
EHFDXVH�WKH�2%(67�PRGHO�QDWXUDOO\�FRQWDLQV�HDFK�REMHFW¶V�H[SHFWHG�EHKDYLRU�� �$V� ORQJ�DV� WKH
V\VWHP� PRGHO� LV� SURSHUO\� FRQVWUXFWHG�� WKH� REMHFW� ZLOO� H[KLELW� WKDW� EHKDYLRU� DW� DQ\� WLPH� LW� LV
VWLPXODWHG�WR�GR�VR��WKXV�LQKHUHQWO\�LQFRUSRUDWLQJ�FRPPDQG�IDXOWV�LQWR�WKH�PRGHO�



��

7DEOH������,PSURSHU�0RGHO�6LPSOLILFDWLRQ�8VLQJ�WKH�³,I�±�7KHQ�±�(OVH´�'HFLVLRQ�3URFHVV�

3UREOHP�GHVFULSWLRQ��6DPH�DV�XVHG�LQ�7DEOH�����

([SOLFLW� LQVWUXFWLRQV� ±� WKH� DQDO\VW� FRQVWUXFWV
PXWXDOO\� H[FOXVLYH� ORJLFDO� VWDWHPHQW� VHWV� WR
UHSUHVHQW�WKH�YDULRXV�ORJLFDO�FRQGLWLRQV�

1RQHTXLYDOHQW� LQVWUXFWLRQV� ±� WKH� DQDO\VW� KDV
ZURQJO\� DSSOLHG� VLPSOLILFDWLRQ� WR� WKH� ORJLF� LQ� WKLV
PRGHO�

,I�7�������7KHQ
'R�LQVWUXFWLRQ�VHW�$

(OVH�,I�7�������DQG�7������
'R�LQVWUXFWLRQ�VHW�&

(OVH�,I�7�������DQG�7�������
'R�LQVWUXFWLRQ�VHW�'

(OVH�,I�7�������DQG�7�������� 

'R�LQVWUXFWLRQ�VHW�%�� 


(OVH�,I�7�������
'R�LQVWUXFWLRQ�VHW�(

,I�7�������7KHQ
'R�LQVWUXFWLRQ�VHW�$

(OVH�,I�7������
'R�LQVWUXFWLRQ�VHW�&

(OVH�,I�7�������
'R�LQVWUXFWLRQ�VHW�'

(OVH�,I�7������� 

'R�LQVWUXFWLRQ�VHW�%�� 


(OVH
'R�LQVWUXFWLRQ�VHW�(

([SODQDWLRQ�RI�WKH�PRGHOV¶�QRQHTXLYDOHQFH��7KH�H[DPSOH�RQ�WKH�ULJKW�LV�QRW�HTXLYDOHQW�WR�WKH�RQH�RQ�WKH
OHIW�EHFDXVH� WKH�³
´�VWDWHPHQWV�KDYH�EHHQ�PRYHG��7KH�PRGHO�RQ� WKH� OHIW� LV� VWLOO� FRUUHFW�EHFDXVH� LW�XVHV
PXWXDOO\�H[FOXVLYH�ORJLFDO�VWDWHPHQWV���+RZHYHU��WKH�PRGHO�RQ�WKH�ULJKW�LV�LQFRUUHFW�EHFDXVH�LW�QRZ�DOORZV
WHPSHUDWXUHV�EHWZHHQ�����DQG�����WR�H[HFXWH�LQVWUXFWLRQ�VHW�&���,QVWUXFWLRQ�VHW�%�LV�QHYHU�H[HFXWHG�LQ�WKLV
LQFRUUHFW�PRGHO�

������� 2%(67�0HWKRGRORJ\�6XPPDU\

7KLV�VHFWLRQ�KDV�SURYLGHG�D�ORW�RI�GHWDLO�UHJDUGLQJ�KRZ�DQ�2%(67�PRGHO�LV�FRQVWUXFWHG��EXW�YHU\
OLWWOH� LQIRUPDWLRQ� DERXW� KRZ� DQ� 2%(67�PRGHO� DFWXDOO\� ZRUNV�� � 7KXV�� LW� PD\� VWLOO� EH� D� OLWWOH
GLIILFXOW�IRU�WKH�UHDGHU�WR�VHH�WKH�³ELJ�SLFWXUH´�RI�KRZ�WKH�2%(67�PHWKRGRORJ\�FDQ�EH�EHQHILFLDO
IRU� LQIUDVWUXFWXUH� ULVN� DVVHVVPHQW�� � 7KH� QH[W� VHFWLRQ�� ZKLFK� IRFXVHV� RQ� WKH� 2%(67� PRGHO
VROXWLRQ� DOJRULWKP�� VKRXOG� KHOS� HDVH� DQ\� FRQIXVLRQ� EHFDXVH� WKH� ZRUNLQJV� RI� WKH� PRGHO� DUH
LQWLPDWHO\� WLHG� WR� WKH� VROXWLRQ� DOJRULWKP�� � +RZHYHU�� VLQFH� WKLV� PD\� EH� PDQ\� UHDGHUV¶� ILUVW
H[SRVXUH�WR�WKH�FRQFHSWV�RI�REMHFW�RULHQWHG�DQDO\VLV��ZH�ZLVK�WR�UHWXUQ�WR�WKH�³ELJ�SLFWXUH´�DQG
UHYLHZ�WKH�EDVLF�FRQFHSWV�RI�WKH�2%(67�PHWKRGRORJ\�VR�WKDW�WKH�UHDGHU�LV�SURSHUO\�SUHSDUHG�IRU
WKH�QH[W�VHFWLRQ�

%\�ZD\�RI�UHYLHZ��WKH�2%(67�REMHFW�PRGHO�LV�W\SLFDO�RI�PDQ\�FRPPRQ�REMHFW�PRGHOV�LQ�WKDW�WKH
LQIRUPDWLRQ��HYHQWV��DQG�DFWLRQV�WKDW�DUH�UHODWHG�WR�DQ�REMHFW�DUH�FRPSOHWHO\�HQFDSVXODWHG�ZLWKLQ
WKDW� REMHFW� DQG� DUH� DYDLODEOH� WR� RWKHU� REMHFWV� RU� DQDO\VLV� GULYHUV� RQO\� WKURXJK� VSHFLILHG



��

LQWHUIDFHV�
��$Q�LQGLYLGXDO�REMHFW�LQ�DQ�2%(67�PRGHO�EHJLQV�DV�D�VWDWH�EDVHG�PRGHO�EDVHG�RQ�D
VWDWH� WUDQVLWLRQ�GLDJUDP�� �7KLV�HQDEOHV�WKH�REMHFW� WR� UHVSRQG�GLIIHUHQWO\� WR�VWLPXOL�ZKHQ� LW� LV� LQ
GLIIHUHQW�VWDWHV���7UDQVLWLRQV�EHWZHHQ�VWDWHV�FDQ�RFFXU�HLWKHU�DV�D�UHVXOW�RI�FRQGLWLRQV�H[WHUQDO�WR
WKH�REMHFW��RU�EHFDXVH�RI�FRQGLWLRQV�VSHFLILHG�ZLWKLQ�HLWKHU�WKH�,50�RU�WKH�'50���7KH�SURFHVVHV
WKDW�RFFXU�ZLWKLQ�WKH�REMHFW�DUH�HPERGLHG�ZLWKLQ� WKH� ,50V�DQG�'50V�� �7KH� ,50V�DQG�'50V
YDU\�IURP�VWDWH� WR� VWDWH�ZLWKLQ�DQ�REMHFW��7KH� ,50V�DQG�'50V�FDQ�HPERG\�D�ZLGH�YDULHW\�RI
EHKDYLRUV��UDQJLQJ�IURP�VLPSOH�IDLOXUH�PRGHOV��H�J���DQ�REMHFW�WKDW�VLPSO\�UHSUHVHQWV�WKH�UHVXOWV
RI�D� IDXOW� WUHH�� WR�FRPSOH[�UHDFWLYH�EHKDYLRUV���7KH�RYHUDOO�REMHFW�PRGHO� IRU�DQ� LQWHUGHSHQGHQW
V\VWHP� LV� IRUPHG�E\� FRQQHFWLQJ�REMHFWV� WKDW� UHSUHVHQW� LQGLYLGXDO� FRPSRQHQWV� DFFRUGLQJ� WR� WKH
LQIOXHQFHV�WKH\�H[HUW�XSRQ�HDFK�RWKHU�LQ�WKH�SK\VLFDO�V\VWHP�

7KH� SULQFLSDO� GLIIHUHQFHV� EHWZHHQ� 2%(67� DQG� WKH� SULRU� 6KODHU�0HOORU� DQG� 2355$
PHWKRGRORJLHV�OLHV�LQ�WKH�WUHDWPHQW�RI�DQ�REMHFW¶V�SURFHVVHV�RU�EHKDYLRUV�ZLWKLQ�D�VWDWH���2%(67
LQWURGXFHV�WKH�FRQFHSW�RI�LPPHGLDWH�DQG�GHOD\HG�UHVSRQVH�PRGHOV��,50V�DQG�'50V���ZKLFK�FDQ
EH�YLHZHG�DV�VLPSOH�SUREDELOLVWLF� WUDQVIRUPDWLRQ�IXQFWLRQV�Á� �6LQFH� WKHVH� WUDQVIHU� IXQFWLRQV�DUH
SUREDELOLVWLF��WKH\�HQDEOH�WKH�VFHQDULR�WR�EUDQFK�DW�DSSURSULDWH�WLPHV�LQ�WKH�VDPH�ZD\�DV�DQ�HYHQW
WUHH�EUDQFKHV�ZKHQ�HYHQWV�RFFXU�� �7KH�SULQFLSDO�GLIIHUHQFH�EHWZHHQ� WKH� ,50�DQG�'50�LV� WKDW
,50�RXWSXW�FRQGLWLRQV�RFFXU�LPPHGLDWHO\���ZKLOH�'50�RXWSXW�FRQGLWLRQV�DUH�KHOG�LQ�DEH\DQFH
IRU�DQ�DQDO\VW�VSHFLILHG�SHULRG�RI�WLPH�

��,Q�WKH�'50��WKH�REMHFW�PRGHO�LV��LQ�HVVHQFH��VD\LQJ��³,
ZLOO� UHPDLQ� LQ� P\� FXUUHQW� FRQGLWLRQ� IRU� WKLV� OHQJWK� RI� WLPH�� DQG� WKHQ� P\� FRQILJXUDWLRQ� ZLOO
FKDQJH�WR�WKLV�QHZ�VHW�RI�RXWSXW�FRQGLWLRQV�´��,W�FDQ�DOVR�VD\��³$W�D�VSHFLILHG�WLPH��,�PLJKW�FKDQJH
WR�WKLV�QHZ�VHW�RI�RXWSXW�FRQGLWLRQV��DQG�WKH�SUREDELOLW\�RI�WKDW�FKDQJH�LV�WKLV���,I�WKDW�FKDQJH�GRHV
QRW�RFFXU��WKHQ�P\�RXWSXW�FRQGLWLRQV�ZLOO�ORRN�OLNH�WKLV�´��7KH�VROXWLRQ�DOJRULWKP�PDNHV�XVH�RI
WKLV�LQIRUPDWLRQ�WR�GHWHUPLQH�WLPH�VWHSV�DQG�EUDQFKLQJ�FRQGLWLRQV�IRU�WKH�RYHUDOO�V\VWHP�VFHQDULR
VLPXODWLRQ�

������������������������������������������������


��,Q�2%(67��WKH�REMHFWV�FRPPXQLFDWH�ZLWK�RQH�DQRWKHU�E\�JHQHUDWLQJ�HYHQWV��ZKLFK�FDQ�EH�XVHG�WR�FKDQJH�WKH�VWDWH
RI�DQ\�REMHFW�� DQG�E\� VHWWLQJ�DWWULEXWHV� �ZKLFK� FDQ�EH� UHDG� DQG� UHDFWHG� WR�E\�RWKHU� REMHFWV��� �$Q�REMHFW� FDQ�RQO\
FKDQJH�LWV�RZQ�DWWULEXWHV���,I�DQ�REMHFW�ZDQWV�WR�FKDQJH�DQRWKHU�REMHFW¶V�DWWULEXWHV��LW�PXVW�UHTXHVW�WKDW�LW�GR�VR�HLWKHU
E\�JHQHUDWLQJ�DQ�HYHQW�RU�E\�PRGLI\LQJ�LWV�RZQ�DWWULEXWHV�LQ�D�ZD\�WKDW�FRPPXQLFDWHV�ZLWK�WKH�RWKHU�REMHFW�

���,W�PD\�HYHQ�EH�SRVVLEOH�WR�LQFRUSRUDWH�REMHFWV�WKDW�H[KLELW�LQWHOOLJHQFH���6XFK�REMHFWV�ZRXOG�UHVHPEOH�DJHQWV�IURP
DJHQW�EDVHG�VLPXODWLRQ���+RZHYHU��WKH�VWXG\�RI�VXFK�REMHFWV¶�IHDVLELOLW\�ZDV�EH\RQG�WKH�VFRSH�RI�WKLV�SURMHFW�

Á��,W�LV�DOVR�SRVVLEOH�WR�LQFRUSRUDWH�³GHWHUPLQLVWLF´�FRPSRQHQWV�DORQJVLGH�RI�WKHLU�SUREDELOLVWLF�FRXQWHUSDUWV�EHFDXVH
D�SUREDELOLVWLF�REMHFW�GHJHQHUDWHV�WR�D�GHWHUPLQLVWLF�REMHFW�ZKHQ�DOO�RI�WKH�SUREDELOLWLHV�WKHUHLQ�DUH�HLWKHU�]HUR�RU�RQH�

���)RU�LQIUDVWUXFWXUH�SUREOHPV��³LPPHGLDWHO\´�LV�DVVXPHG�WR�EH�RQ�WKH�RUGHU�RI�PLOOLVHFRQGV�WR�D�IHZ�PLQXWHV�



��7KH�GHOD\�PD\�EH�PLQXWHV��KRXUV��RU�HYHQ�GD\V���,Q�WKH�FXUUHQW�PHWKRGRORJ\��WKLV�GHOD\�LV�VSHFLILHG�H[SOLFLWO\�E\
WKH�DQDO\VW��,Q�ODWHU�YHUVLRQV�RI�WKH�PRGHOLQJ�PHWKRGRORJ\��WKH�GHOD\�PD\�EH�FDOFXODEOH�E\�WKH�REMHFW�PRGHO�LWVHOI�



��

����� 6ROYLQJ�DQ�2%(67�0RGHO

$V�ZH�EHJLQ�WKH�WDVN�VROYLQJ�DQ�2%(67�PRGHO�� LW�KHOSV� WR�EHJLQ�DW�D� IDPLOLDU� UHIHUHQFH�SRLQW�
%HJLQ� E\� WKLQNLQJ� RI� WKH� FRPSOHWHG� 2%(67� PRGHO� DV� MXVW� DQRWKHU� WRRO� IRU� VLPXODWLQJ� WKH
SHUIRUPDQFH�DQG�EHKDYLRU�RI�FRPSOH[�V\VWHP���$�WUDGLWLRQDO�VLPXODWLRQ�VRIWZDUH�WRRO�EHJLQV�ZLWK
D� VHW� RI� SUHSURJUDPPHG� IDFWV� LW� NQRZV� DERXW� WKH� V\VWHP� DQG� WKH� XQLYHUVH�� � ,W� DXJPHQWV� WKRVH
IDFWV�ZLWK�XVHU� LQSXW� WR� VHW�XS� WKH� VSHFLILF�FRQILJXUDWLRQ�� VLWXDWLRQ��DQG�VHW�RI� FRQGLWLRQV� WR�EH
PRGHOHG�LQ�WKLV�SDUWLFXODU�DQDO\VLV���,W�PD\�FRQVLGHU�RQO\�WKH�LQLWLDO�FRQGLWLRQV�RI�WKH�V\VWHP��RU�LW
PD\�DOVR�LQFOXGH�GHILQLWLRQV�IRU�D�VHULHV�RI�HYHQWV�WKDW�DUH�WR�RFFXU�DW�ODWHU�WLPHV�LQ�WKH�VFHQDULR�
7KHVH�DUH�RIWHQ�UHIHUUHG�WR�DV�WKH�LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQV�RI�WKH�VLPXODWLRQ���$�WUDGLWLRQDO
VLPXODWLRQ�VRIWZDUH�WRRO�XVHV�WKH�WRWDO�VFHQDULR�GHILQLWLRQ�WR�GHWHUPLQH�WKH�UHVSRQVH�RI�WKH�V\VWHP
WR�WKLV�RQH�XQLTXH�VHW�RI�FLUFXPVWDQFHV���,I�RQH�ZLVKHV�WR�H[SORUH�V\VWHP�EHKDYLRU�RYHU�D�EURDG
VHW� RI� FRQGLWLRQV�� RQH� PXVW� GHILQH� WKH� LQLWLDO� DQG� ERXQGDU\� FRQGLWLRQV� VHSDUDWHO\� IRU� HDFK
VFHQDULR�WR�EH�DQDO\]HG��DQG�H[HFXWH�WKH�VLPXODWLRQ�VRIWZDUH�PDQ\�WLPHV���%\�H[DPLQLQJ�V\VWHP
EHKDYLRU� RYHU� PDQ\� GLVFUHWH� VHWV� RI� FRQGLWLRQV�� WKH� DQDO\VW� KRSHV� WR� FRPH� WR� DQ� DGHTXDWH
XQGHUVWDQGLQJ�RI�WKH�V\VWHP¶V�UHVSRQVHV�WR�WKRVH�VFHQDULRV�WKDW�KH�ZDV�QRW�DEOH�WR�VLPXODWH�

7KH�SDUDOOHOV�EHWZHHQ�WUDGLWLRQDO�VLPXODWLRQ�VRIWZDUH�DQG�DQ�2%(67�PRGHO�DUH�DV�IROORZV���7KH
2%(67�PRGHO�FRQWDLQV�D�GHILQLWLRQ�RI�DOO�RI�WKH�UHOHYDQW�IDFWV�WKDW�GHVFULEH�WKH�V\VWHP�DQG�WKH
XQLYHUVH� LQ� ZKLFK� LW� UHVLGHV�� � ,W� DOVR� FRQWDLQV� LQIRUPDWLRQ� QHHGHG� WR� VHW� XS� WKH� VSHFLILF
FRQILJXUDWLRQ�� VLWXDWLRQ�� DQG� VHW� RI� FRQGLWLRQV� WR� EH� PRGHOHG�� DQG� DQ\� HYHQWV� WKDW� DUH� WR� EH
LPSRVHG�XSRQ�WKH�V\VWHP�DW�ODWHU�WLPHV�LQ�WKH�VFHQDULR���7KXV��WKH�2%(67�PRGHO�FRQWDLQV�ZKDW
ZRXOG�QRUPDOO\�EH�FRQVLGHUHG� WKH�V\VWHP�GHVFULSWLRQ�� WKH�³ODZV�RI�QDWXUH´��DQG� WKH� LQLWLDO� DQG
ERXQGDU\� FRQGLWLRQV� RI� WKH� VLPXODWLRQ�� � +RZHYHU�� VLQFH� WKH� 2%(67� PRGHO� DOVR� FRQWDLQV
SUREDELOLVWLF� EUDQFKLQJ� LQIRUPDWLRQ�� ZKHUH� D� WUDGLWLRQDO� VLPXODWLRQ� SURGXFHV� RQH� V\VWHP
UHVSRQVH�WR�WKLV�VFHQDULR��WKH�2%(67�PRGHO�ZLOO�SURGXFH�GHVFULSWLRQV�IRU�PDQ\�SUREDELOLVWLFDOO\
ZHLJKWHG� VFHQDULRV�� �:LWK� WKLV� EDFNJURXQG� LQ�PLQG��ZH� QRZ� SURFHHG� WR� GHVFULEH� WKH�2%(67
PRGHO�VROXWLRQ�PHWKRGRORJ\�

$�KLJK�OHYHO� YLHZ� RI� WKH�2%(67�PRGHO� VROXWLRQ�PHWKRGRORJ\� LV� DV� IROORZV�� WKH�PHWKRG� ILUVW
DSSOLHV�DQ�DQDO\VW�VSHFLILHG�VHW�RI�LQLWLDO�FRQGLWLRQV�WR�WKH�V\VWHP�REMHFW�PRGHO��DQG�IROORZV�WKH
VHTXHQFH� RI� HYHQWV� H[SHULHQFHG� E\� WKH� V\VWHP� WKURXJK� D� VHULHV� RI� QRQ�XQLIRUP� WLPH� VWHSV� DV
GLFWDWHG� E\� WKH� FKDUDFWHULVWLFV� RI� WKH� REMHFW�PRGHO�� � 3UREDELOLVWLF� EUDQFKLQJ� RI� WKH� VFHQDULR� LV
SRVVLEOH�DW�HDFK� WLPH�VWHS��VR� WKH�PHWKRG�PDNHV�XVH�RI� LGHDV� IURP�WKH�³GHSWK�ILUVW´�DQG�³EHVW�
ILUVW´� VHDUFK� DOJRULWKPV��� WR� GHFLGH� ZKLFK� VFHQDULR� WR� DQDO\]H� ILUVW� �WKH� RWKHU� RSWLRQV� DW� HDFK
EUDQFK�SRLQW�DUH�VDYHG�DV� LQFRPSOHWH�SDWKV� WR�EH�FRPSOHWHG� ODWHU��� �6LQFH�HDFK�EUDQFK�SRLQW� LV
SUREDELOLVWLF�� WKH� UHOHYDQW� SUREDELOLWLHV� FDQ� EH� FRPELQHG� WR� GHWHUPLQH� WKH� OLNHOLKRRG� RI� WKH
FRPSOHWH�VFHQDULR�� �7KH�VFHQDULR�FDQ�EH� WUXQFDWHG�SULRU� WR�FRPSOHWLRQ�HLWKHU�EHFDXVH�RI� D� ORZ
OLNHOLKRRG�RI�RFFXUUHQFH� RU� EHFDXVH� WKH� FKDUDFWHULVWLFV� RI� WKH� VFHQDULR� LWVHOI� GR� QRW� VDWLVI\� WKH
FKDUDFWHULVWLFV�RI�D�³XVHIXO�VFHQDULR´�DV�LGHQWLILHG�E\�WKH�DQDO\VW���:KHQ�D�VFHQDULR�LV�FRPSOHWHG�
WKH�DOJRULWKP�WKHQ�UHWULHYHV�DQG�FRPSOHWHV�RQH�RI�WKH�LQFRPSOHWH�SDWKV�LQ�WKH�VDPH�PDQQHU���$
UHFXUVLYH�DOJRULWKP�LV�XVHG�WR�H[KDXVWLYHO\�H[SORUH�WKH�VSDFH�RI�SRVVLEOH�VFHQDULRV�VXEMHFW�WR�WKH
WUXQFDWLRQ�FRQVWUDLQWV�GHVFULEHG�DERYH�

7KH�VROXWLRQ�SURFHVV�EHJLQV�ZLWK�WKH�DQDO\VW�VSHFLI\LQJ�WKH�LQLWLDO�FRQGLWLRQV�WR�WKH�REMHFW�PRGHO�
2IWHQ�� WKH� LQLWLDO� FRQGLWLRQV� VHW� WKH� V\VWHP� LQ� DQ� HTXLOLEULXP� FRQGLWLRQ� WKDW� WKH� DQDO\VW� WKHQ
SHUWXUEV� WKURXJK� WKH� DSSOLFDWLRQ� RI� LQLWLDWLQJ� HYHQWV� WKDW� GULYH� WKH� V\VWHP� RXW� RI� WKH� LQLWLDO



��

HTXLOLEULXP�� � $W� WKLV� SRLQW�� WKH� 2%(67� DQDO\VLV� VXSHUYLVLRQ� DOJRULWKP� SURSDJDWHV� WKHVH
FRQGLWLRQV�WKURXJK�WKH�REMHFW�PRGHO�E\�LQYRNLQJ�WKH�,50V�IRU�DOO�REMHFWV�DQG�DOORZLQJ�WKHP�WR
FRPH� WR� D� QHZ� HTXLOLEULXP� FRQGLWLRQ�� � 7KHVH� ,50V� FDQ� JHQHUDWH� HYHQWV�� PRGLI\� DWWULEXWHV�
FKDQJH� VWDWHV�� DQG� RWKHUZLVH� H[KLELW� EHKDYLRUV� WKDW� FDQQRW� EH� IXOO\� UHDOL]HG� ZLWKLQ� D� VLQJOH
DSSOLFDWLRQ�RI� WKH� ,50V�� � ,Q�DGGLWLRQ�� IHHGEDFN�HIIHFWV�EHWZHHQ�REMHFWV�PD\� UHTXLUH� WKDW� WKHVH
PRGHOV� EH� LQYRNHG� LWHUDWLYHO\� XQGHU� VXSHUYLVLRQ� LQ� RUGHU� WR� KHOS� WKH� V\VWHP� DFKLHYH� D� QHZ
HTXLOLEULXP�FRQGLWLRQ���7KXV��WKH�,50V�PD\�QHHG�WR�JR�WKURXJK�VHYHUDO�JHQHUDWLRQV�RI�DQDO\VLV
EHIRUH�WKLV�QHZ�HTXLOLEULXP�FRQGLWLRQ� LV�HVWDEOLVKHG�� �(TXLOLEULXP�LV�FRQVLGHUHG� WR�RFFXU�ZKHQ
WKHUH� LV� QR� FKDQJH� LQ� WKH� FRQGLWLRQV� VWDWHG� E\� WKH� V\VWHP�PRGHO� IURP� RQH� JHQHUDWLRQ� RI� ,50
H[HFXWLRQ�WR�WKH�QH[W�

2QFH�HTXLOLEULXP�LV�DFKLHYHG��WKH�DQDO\VLV�VXSHUYLVLRQ�DOJRULWKP�TXHULHV�HDFK�REMHFW¶V�'50�WR
GHWHUPLQH� KRZ� ORQJ� WKH� REMHFW� FDQ� UHPDLQ� LQ� WKLV� FRQGLWLRQ� RI� HTXLOLEULXP� EHIRUH� LWV� LQWHUQDO
EHKDYLRU�IRUFHV�D�FKDQJH�RI�VWDWH�RU�DWWULEXWHV��H�J���D�JHQHUDWRU�UXQV�RXW�RI�IXHO�RU�D�EDWWHU\�UXQV
GHDG����7KH�VXSHUYLVLRQ�DOJRULWKP�VHOHFWV�WKH�ILUVW�VXFK�HYHQW��VWHSV�WKH�DQDO\VLV�IRUZDUG�LQ�WLPH
WR�WKDW�HYHQW¶V�WLPH�RI�RFFXUUHQFH��DQG�LPSRVHV�LW�RQ�WKH�V\VWHP���$W�WKLV�WLPH��WKH�F\FOH�UHSHDWV
LWVHOI�ZLWK�DSSOLFDWLRQ�RI�WKH�,50V�RYHU�VXFFHVVLYH�JHQHUDWLRQV�XQWLO�DQRWKHU�QHZ�HTXLOLEULXP�LV
DFKLHYHG�� WKHQ� UHDSSOLFDWLRQ� RI� WKH� '50V�� DQG� VR� IRUWK�� � 7KH� SURFHVV� LV� UHSHDWHG� XQWLO� SUH�
GHILQHG� WHUPLQDWLQJ� FRQGLWLRQV� DUH� VDWLVILHG�
� � 7KLV� \LHOGV� D� GHILQLWLRQ� IRU� D� VLQJOH� SRVVLEOH
VHTXHQFH�RI� HYHQWV�� DQG� WKH� FRPELQDWLRQ�RI�SUREDELOLWLHV� DFKLHYHG� DORQJ� WKH� VFHQDULR� SDWKZD\
\LHOGV�WKH�OLNHOLKRRG�RI�WKDW�VHTXHQFH�RI�HYHQWV�

7R�WKLV�SRLQW��WKH�GLVFXVVLRQ�KDV�IRFXVHG�RQ�GHWHUPLQLVWLF�PRGHOV��L�H���,50V�DQG�'50V�WKDW�GR
QRW� PDNH� XVH� RI� SUREDELOLVWLF� EUDQFKLQJ��� � :KHQ� RQO\� GHWHUPLQLVWLF� ,50V� DQG� '50V� DUH
WULJJHUHG�� WKH�2%(67�PHWKRGRORJ\�EHKDYHV�H[DFWO\� OLNH� D� WUDGLWLRQDO� VLPXODWLRQ� WRRO� LQ� WKDW� LW
SURGXFHV� RQO\� D� VLQJOH� V\VWHP� UHVSRQVH� IRU� HDFK� VHW� RI� LQSXW� FRQGLWLRQV�� �:KHQ� SUREDELOLVWLF
PRGHOV� DUH� WULJJHUHG�� WKH� VROXWLRQ� PHWKRGRORJ\� PXVW� HYHQWXDOO\� IROORZ� DOO� RI� WKH� VFHQDULR
SDWKZD\V�LPSOLHG�E\�WKH�SUREDELOLVWLF�EHKDYLRU���,I�ZH�ZHUH�WR�IROORZ�WKH�FRQFHSWV�XVHG�LQ�0RQWH
&DUOR�EDVHG�GLVFUHWH�HYHQW�VLPXODWLRQ��ZH�ZRXOG�VLPSO\�GUDZ�D�UDQGRP�QXPEHU�WR�VHOHFW�ZKLFK
SUREDELOLVWLF�EUDQFK�ZDV�WR�EH�WDNHQ��DQG�FRQWLQXH� WKH�VLPXODWLRQ�� �$�EHWWHU�VROXWLRQ��KRZHYHU�
FRPHV�IURP�WKH�UHFXUVLYH�DOJRULWKP�XVHG�WR�VROYH�ODUJH�HYHQW�WUHHV���,Q�WKLV�DOJRULWKP��WKH�VROYHU
PDLQWDLQV� D� VWDFN� RI� LQFRPSOHWH� VFHQDULRV� WKDW� DUH� WR� EH� FRPSOHWHG� DW� D� ODWHU� WLPH�� � ,W� DOVR
FRPSXWHV� WKH�SUREDELOLW\�RI�HDFK�VFHQDULR�±�FRPSOHWH�RU� LQFRPSOHWH�±�DQG�VWRUHV� WKDW�ZLWK� WKH
VFHQDULR� GHVFULSWLRQ�� � 7R� SHUIRUP� D� SUREDELOLVWLF� EUDQFKLQJ� RSHUDWLRQ�� WKH� VROYHU� VHOHFWV� RQH
EUDQFK� WR� FDUU\� IRUZDUG� �XVXDOO\� WKH� KLJKHVW� SUREDELOLW\� EUDQFK��� DQG� SODFHV� D� FRPSOHWH
GHVFULSWLRQ�RI�WKH�V\VWHP��DQG�LWV�KLVWRU\��LI�UHTXLUHG��RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN���,W�WKHQ
FDUULHV�WKH�VHOHFWHG�VFHQDULR�RQ�WR�FRPSOHWLRQ�DQG�UHWXUQV�WR�WKH�VWDFN�WR�UHVXPH�SURFHVVLQJ�WKH
PRVW� UHFHQW� LQFRPSOHWH� VFHQDULR�� � 7KH� SURFHVV� FRQWLQXHV� UHFXUVLYHO\� XQWLO� WKH� LQFRPSOHWH
VFHQDULR� VWDFN� LV� HPSW\�� DW� ZKLFK� WLPH� WKH� VROXWLRQ� LV� FRPSOHWH�� � %\� XVLQJ� WKH� PRVW� UHFHQW
LQFRPSOHWH�VFHQDULR��D�³ODVW� LQ�±� ILUVW�RXW´�VWDFN��� WKH�DOJRULWKP�PLQLPL]HV� WKH�VL]H� UHTXLUHG� WR

������������������������������������������������


� � 7HUPLQDWLQJ� FRQGLWLRQV� PD\� EH� EDVHG� RQ� HODSVHG� WLPH� �³:H¶UH� RQO\� JRLQJ� WR� VLPXODWH� WKH� ILUVW� �� GD\V�´��� RQ
HTXLOLEULD��H�J���D�VLWXDWLRQ�ZKHUH�WKHUH�DUH�QR�RWKHU�HYHQWV�WR�VLPXODWH���RU�RQ�ORJLFDO�FULWHULD�VXSSOLHG�E\�WKH�DQDO\VW
�³:H�RQO\�ZDQW�WR�NQRZ�ZKHQ�WKLV�WHOHSKRQH�VZLWFK�GLHV�±�HYHU\WKLQJ�DIWHU�WKDW�LV�LUUHOHYDQW�´��



��

VWRUH� WKH� LQFRPSOHWH� VFHQDULR� VWDFN�� �%\� VHOHFWLQJ� WKH� KLJKHVW� SUREDELOLW\� EUDQFK� WR� EH� VROYHG
ILUVW��WKH�VROXWLRQ�DOJRULWKP�LV�VLPLODU�WR�WKH�ZHOO�NQRZQ�³EHVW�ILUVW´�YDULDQW�RI�WKH�³GHSWK�ILUVW´
VHDUFK�DOJRULWKP�IURP�QHWZRUN�DQG�RSWLPDOLW\�DQDO\VLV�

7KH�2%(67�PHWKRGRORJ\�FDUULHV�ZLWK�LW�DQ�LQKHUHQW�DVVXPSWLRQ�WKDW�LV�FRPPRQ�DPRQJ�REMHFW�
RULHQWHG�PRGHOLQJ�WHFKQLTXHV��LW�DVVXPHV�WKDW�DOO�RI�WKH�REMHFWV�ZLWKLQ�WKH�RYHUDOO�V\VWHP�PRGHO
DUH�RSHUDWLQJ�FRQFXUUHQWO\���,Q�RWKHU�ZRUGV��QR�REMHFW�KDV�RSHUDWLRQDO�SUHFHGHQFH�RYHU�DQ\�RWKHU
REMHFW���,I�WKH�UHDO�ZRUOG�V\VWHP�LQYROYHV�RSHUDWLRQDO�SUHFHGHQFH�IRU�RQH�REMHFW��WKH�DQDO\VW�PXVW
EXLOG�WKDW�EHKDYLRU�LQWR�WKH�REMHFW�PRGHO���*LYHQ�WKLV�DVVXPSWLRQ��LW�LV�RI�SDUWLFXODU�FRQFHUQ�WKDW
WKH� VROXWLRQ� DOJRULWKP� PXVW� SURGXFH� UHVXOWV� WKDW� GR� QRW� GHSHQG� RQ� WKH� RUGHU� LQ� ZKLFK� WKH
LQGLYLGXDO� REMHFW� PRGHOV� DUH� LQYRNHG�� � :KLOH� WKH� SUREOHP� RI� RUGHU�GHSHQGHQFH� PD\� QRW� EH
LPPHGLDWHO\�REYLRXV��FRQVLGHU�DQ�H[DPSOH�LQ�ZKLFK�WKUHH�REMHFWV�LQWHUDFW���2EMHFW�$�SURGXFHV�DQ
HYHQW�WKDW�FDXVHV�REMHFW�%�WR�FKDQJH�VWDWH���,Q�LWV�RULJLQDO�VWDWH��REMHFW�%�SURGXFHV�DQ�HYHQW�WKDW
DIIHFWV�REMHFW�&��ZKLOH�LQ�LWV�QHZ�VWDWH��WKLV�HYHQW�LV�QRW�SURGXFHG���,I�WKHVH�REMHFWV�DUH�DVVHVVHG�LQ
WKH�RUGHU�$�%�&��WKHQ�REMHFW�&�LV�XQDIIHFWHG��ZKHUHDV�LI�WKH�REMHFWV�DUH�DVVHVVHG�LQ�WKH�RUGHU�%�
$�&��REMHFW�&�LV�FKDQJHG���6LQFH�ZH�DUH�WU\LQJ�WR�VLPXODWH�D�VLWXDWLRQ�LQ�ZKLFK�WKHVH�FKDQJHV�DUH
KDSSHQLQJ�VLPXOWDQHRXVO\��WKLV�LV�D�YHU\�XQGHVLUDEOH�IHDWXUH�IRU�WKH�PRGHO�VROXWLRQ�DOJRULWKP�WR
KDYH�

,Q�RUGHU� WR�DYRLG�WKLV�RUGHU�GHSHQGHQFH�� WKH�2%(67�VROXWLRQ�PHWKRGRORJ\�HQIRUFHV�D�UXOH� WKDW
VWDWHV� WKDW� WKH�³FRQGLWLRQ�RI� WKH�XQLYHUVH´� �L�H��� WKH� FRQGLWLRQV�RI� DOO� REMHFWV�ZLWKLQ� WKH�PRGHO�
PXVW�EH�KHOG�FRQVWDQW�WKURXJKRXW�HDFK�JHQHUDWLRQ�DV�WKH�REMHFW�PRGHOV�H[HFXWH�WKHLU�UHVSHFWLYH
,50V���7R�DFFRPSOLVK�WKLV��WKH�DOJRULWKP�SURFHHGV�LQ�ILYH�VWHSV�IRU�HDFK�JHQHUDWLRQ�

��� (DFK�REMHFW�SURFHVVHV�WKH�HYHQWV�WKDW�ZHUH�JHQHUDWHG�GXULQJ�WKH�SUHYLRXV�JHQHUDWLRQ�DQG�� LI
QHFHVVDU\��FKDQJHV�LWV�VWDWH�LQ�UHVSRQVH�WR�WKRVH�HYHQWV�

��� 7KH�V\VWHP�SURFHVVHV�DQ\�³VSHFLDO´�HYHQWV��H�J���FRPPDQGV�WR�VWDUW��VWRS��RU�UHVHW�DQ�REMHFW¶V
FORFN��RU�WHUPLQDWH�RU�WUXQFDWH�WKH�VFHQDULR��

��� (DFK� REMHFW� SURFHVVHV� WKH� FRPPDQGV� WR� PRGLI\� LWV� DWWULEXWH� YDOXHV� WKDW� ZHUH� JHQHUDWHG
GXULQJ� WKH�SUHYLRXV� JHQHUDWLRQ�� �7KLV� VHWV� WKH� FRQGLWLRQV� IRU� DOO� RI� WKH� REMHFWV� WKDW�ZLOO� EH
XVHG�DV�WKH\�HYDOXDWH�WKHLU�,50V�

��� (DFK�REMHFW�H[HFXWHV�LWV�,50���,W�GHWHUPLQHV�ZKLFK�VHW�RI�ORJLFDO�FRQGLWLRQV�LV�VDWLVILHG�E\�WKH
FXUUHQW�V\VWHP�VWDWH��DQG�VHOHFWV�WKH�DSSURSULDWH�VFULSW�WR�H[HFXWH���,I�SUREDELOLVWLF�EUDQFKLQJ
RFFXUV�� WKH� DSSURSULDWH� LQFRPSOHWH� VFHQDULRV� DUH� SODFHG� RQ� WKH� VWDFN� IRU� ODWHU� SURFHVVLQJ�
$Q\�HYHQWV�DQG�³PRGLI\�DWWULEXWH�YDOXH´�FRPPDQGV�WKDW�DUH�JHQHUDWHG�DUH�SODFHG�LQ�OLVWV�WR
EH�XVHG�LQ�WKH�QH[W�JHQHUDWLRQ�RI�,50�H[HFXWLRQ�

��� 2QFH� DOO� REMHFWV� KDYH� KDG� WKH� RSSRUWXQLW\� WR� H[HFXWH� WKHLU� ,50V�� WKH� V\VWHP� VXSHUYLVRU\
DOJRULWKP�H[DPLQHV�WKH�OLVWV�RI�HYHQWV�DQG�PRGLI\�DWWULEXWH�YDOXH�FRPPDQGV���,I�WKH�FRQWHQWV
RI� WKHVH� OLVWV� ZRXOG� FDXVH� QR� FKDQJH� WR� WKH� V\VWHP¶V� FRQGLWLRQV�� WKHQ� WKH� VXSHUYLVRU\
DOJRULWKP� GHFODUHV� WKDW� HTXLOLEULXP� KDV� EHHQ� UHDFKHG� DQG� SUHSDUHV� IRU� '50� H[HFXWLRQ�
2WKHUZLVH��WKH�VXSHUYLVRU\�DOJRULWKP�SUHSDUHV�IRU�DQRWKHU�JHQHUDWLRQ�RI�,50�H[HFXWLRQ�

7KLV�PHWKRGRORJ\�HQVXUHV�WKDW�WKH�SUREOHP�VROXWLRQ�ZDV�QRW�LQIOXHQFHG�E\�WKH�DUELWUDU\�RUGHU�LQ
ZKLFK� WKH� REMHFW�PRGHOV�ZHUH� FRQVLGHUHG�ZLWKLQ� WKH� VROXWLRQ� DOJRULWKP�� �2I� FRXUVH�� LW� LV� VWLOO
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SRVVLEOH� IRU� REMHFWV� WR� UHVSRQG� LQDSSURSULDWHO\� EHFDXVH� RI� FKDQJHV� WKDW� RFFXUUHG� LQ� SUHYLRXV
JHQHUDWLRQV���7KDW�LVVXH�PXVW�EH�DGGUHVVHG�ZLWKLQ�WKH�REMHFW�PRGHO�LWVHOI���7KH�REMHFWLYH�RI�WKLV
SDUW� RI� WKH� VROXWLRQ� DOJRULWKP� LV� WR� HQVXUH� WKDW� WKH� DQDO\VLV� UHVXOWV� DUH� UHSHDWDEOH� HYHQ� LI� WKH
VXSHUYLVRU\�DOJRULWKP�H[DPLQHV�WKH�REMHFW�PRGHOV�LQ�D�GLIIHUHQW�RUGHU�

������� ,50�%UDQFKLQJ�0HWKRGRORJ\

7KH�SUREDELOLVWLF�EUDQFKLQJ�PHWKRGRORJ\�HPSOR\HG�E\�WKH�2%(67�VROXWLRQ�PHWKRG�LV�VRPHZKDW
PRUH� FRPSOH[� WKDQ� WKDW� XVHG� LQ� D� WUDGLWLRQDO� HYHQW� WUHH� DQDO\VLV� EHFDXVH� RI� WKH� 2%(67
DVVXPSWLRQ�WKDW�DOO�RI�WKH�YDULRXV�REMHFW�PRGHOV�DUH�H[HFXWLQJ�VLPXOWDQHRXVO\���6XSSRVH�QRZ�WKDW
WZR�GLIIHUHQW�REMHFW�PRGHOV�ERWK�UHDFK�SRLQWV�ZLWKLQ�WKHLU�,50V�ZKHUH�SUREDELOLVWLF�EUDQFKLQJ�LV
UHTXLUHG�ZLWKLQ�WKH�VDPH�JHQHUDWLRQ���,Q�DQ�HYHQW�WUHH�DQDO\VLV��WKH�EUDQFKLQJ�SRLQWV�DOZD\V�RFFXU
LQ�D�SUHGHILQHG�RUGHU�WKDW�LV�VSHFLILHG�E\�WKH�DQDO\VW���7KLV�PDNHV�LPSOHPHQWDWLRQ�RI�D�UHFXUVLYH
VROXWLRQ�DOJRULWKP�VLPSOH���,Q�WKH�2%(67�PHWKRGRORJ\��RQH�RI�WKH�NH\�IHDWXUHV�LV�WKH�DELOLW\�IRU
WKH�PRGHO�WR�GHWHUPLQH�WKH�RUGHULQJ�RI�HYHQWV�³RQ�WKH�IO\´�DQG�HYHQ�IRU�VLPXOWDQHRXV�HYHQWV�WR
RFFXU���7KLV�FRPSOLFDWHV�PDWWHUV�IRU�WKH�SUREDELOLVWLF�EUDQFKLQJ�PHWKRGRORJ\�

7KH� VLPSOHVW� EUDQFKLQJ� PHWKRGRORJ\� LQYROYHV� VLPSOH� FRPELQDWRULDO� H[SDQVLRQ�� � +HUH� WKH
DOJRULWKP� JHQHUDWHV� HYHU\� SRVVLEOH� FRPELQDWLRQ� RI� EUDQFKHV� WKDW� RFFXUV� ZLWKLQ� D� JLYHQ
JHQHUDWLRQ� RI� WKH� ,50�� � ,W� WKHQ� VHOHFWV� RQH� EUDQFKLQJ� FRPELQDWLRQ� WR� FRQWLQXH� DQDO\]LQJ�� DQG
SODFHV�UHPDLQLQJ�FRPELQDWLRQV�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN���7KXV��LI�WZR�REMHFWV�DUH�HDFK
H[HFXWLQJ� ELQDU\� EUDQFKHV� VLPXOWDQHRXVO\�� WKH� EUDQFKLQJ� DOJRULWKP� FRQVWUXFWV� DOO� IRXU� ���î���
SRVVLEOH� EUDQFKLQJ� FRPELQDWLRQV�� VHOHFWV� RQH� IRU� IXUWKHU� DQDO\VLV�� DQG� SODFHV� UHPDLQLQJ� WKUHH
FRPELQDWLRQV�RQ�WKH�VWDFN���,I�WKUHH�REMHFWV�DUH�HDFK�H[HFXWLQJ�WKUHH�ZD\�EUDQFKHV��WKRXJK��WKLV
FRPELQDWRULDO�PHWKRGRORJ\�UHTXLUHV�WKH�EUDQFKLQJ�DOJRULWKP�WR�FRQVWUXFW�������î���î����SRVVLEOH
EUDQFKLQJ�FRPELQDWLRQV��VHOHFW�RQH�IRU�IXUWKHU�DQDO\VLV��DQG�SODFH�WKH�UHPDLQLQJ����FRPELQDWLRQV
RQ� WKH� VWDFN�� � 2EYLRXVO\�� LI� PDQ\� REMHFWV� DUH� EUDQFKLQJ� VLPXOWDQHRXVO\�� WKLV� FRPELQDWRULDO
DSSURDFK�FDXVHV�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�WR�JURZ�UDWKHU�ODUJH�

:KLOH� WKH�XOWLPDWH� UHVXOW�RI� WKH�EUDQFKLQJ�PHWKRGRORJ\�PXVW�EH� WKDW�DOO� SRVVLEOH�EUDQFKHV� DUH
VHOHFWHG�DQG�H[HFXWHG�UHJDUGOHVV�RI�WKH�RUGHU�LQ�ZKLFK�REMHFWV�DUH�FRQVLGHUHG�E\�WKH�VROYHU��WKH
EUDQFKLQJ� SURFHVV� LWVHOI� QHHG� QRW� EH� VR� UHVWULFWLYH�� � ,I� DQ� DOJRULWKP� WKDW� PDNHV� XVH� RI� REMHFW
RUGHULQJ� FDQ� SURGXFH� WKH� VDPH� UHVXOWV� DV� WKH� FRPELQDWRULDO� DOJRULWKP� ±� DQG�PDLQWDLQ� D�PXFK
VPDOOHU� LQFRPSOHWH� VFHQDULR� VWDFN�� LW� ZRXOG� EH� DGYDQWDJHRXV� WR� LPSOHPHQW� WKLV� DOJRULWKP�
&RQVLGHU� D� EUDQFKLQJ�PHWKRGRORJ\� WKDW� SODFHV� RQH� LWHP� RQ� WKH� LQFRPSOHWH� VFHQDULR� VWDFN� IRU
HDFK� REMHFW� WKDW� HQWHUV� D� EUDQFKLQJ� VLWXDWLRQ�� UDWKHU� WKDQ� HDFK� VFHQDULR� JHQHUDWHG� ZLWKLQ� WKH
EUDQFKLQJ� VLWXDWLRQ�� � ,I� VXFK� DQ� DOJRULWKP� HQFRXQWHUHG� D� VLWXDWLRQ� ZLWK� WKUHH� REMHFWV� HDFK
H[HFXWLQJ�WKUHH�ZD\�EUDQFKHV�LQ�WKH�VDPH�JHQHUDWLRQ��DV�GHVFULEHG�DERYH���WKLV�DOJRULWKP�ZRXOG
SODFH� WKUHH� LWHPV� RQ� WKH� LQFRPSOHWH� VFHQDULR� VWDFN� LQVWHDG� RI� WKH� ��� UHTXLUHG� E\� WKH
FRPELQDWRULDO� DOJRULWKP�� � 6XFK� DQ� DOJRULWKP� KDV� EHHQ� GHYLVHG�� DQG� LV� LPSOHPHQWHG� LQ� WKH
2%(67�VROXWLRQ�PHWKRGRORJ\�

$V� ZH� EHJLQ� WR� GHVFULEH� WKLV� QHZ� EUDQFKLQJ� PHWKRGRORJ\�� OHW� XV� FRQVLGHU� D� VLPSOH� H[DPSOH
ZKHUH� D� VLQJOH� REMHFW� LV� UHTXLUHG� WR� SHUIRUP� ILYH�ZD\� EUDQFKLQJ� LQ� D� VLQJOH� JHQHUDWLRQ�
$VVXPLQJ� WKDW� WKLV� LV� WKH� RQO\� EUDQFKLQJ� WKDW� RFFXUV� ZLWKLQ� WKLV� JHQHUDWLRQ�� WKH� VROXWLRQ
DOJRULWKP� FRXOG� FKRRVH� RQH� RI� WKRVH� ILYH� EUDQFKHV� WR� EH� FDUULHG� IRUZDUG� LQ� WKH� DQDO\VLV� �RXU
PHWKRG�VHOHFWV� WKH�EUDQFK�ZLWK� WKH�KLJKHVW�SUREDELOLW\�� DV�RQH�ZRXOG�ZKHQ�SHUIRUPLQJ�D�EHVW�
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ILUVW�VHDUFK����/HW�XV�DVVXPH�WKDW��IRU� WKLV�H[DPSOH��EUDQFK�RQH�KDV�WKH�KLJKHVW�SUREDELOLW\��DQG
EUDQFKHV� WZR� WKURXJK� ILYH� DUH� WR� EH� GHIHUUHG� IRU� ODWHU� FRQVLGHUDWLRQ�� � 7KH� VROXWLRQ� DOJRULWKP
FRXOG�WKHQ�SODFH�WKH�FRQILJXUDWLRQ�RI�WKH�RYHUDOO�V\VWHP�REMHFW�PRGHO��DV�LW�H[LVWHG�DW�WKH�WLPH�RI
WKH�SUREDELOLVWLF�EUDQFKLQJ��RQ� WKH� LQFRPSOHWH� VFHQDULR� VWDFN�� DQG�VLPSO\�QRWH� WKDW�EUDQFK�RQH
KDV� DOUHDG\� EHHQ� VROYHG�� � 7KXV��ZKHQ� WKLV� VLWXDWLRQ� LV� UHPRYHG� IURP� WKH� LQFRPSOHWH� VFHQDULR
VWDFN�IRU�IXUWKHU�DQDO\VLV��WKH�VROXWLRQ�DOJRULWKP�QRWHV�WKDW�WKLV�EUDQFKLQJ�RSHUDWLRQ�KDV�QRW�\HW
EHHQ� FRPSOHWHG�� � ,W� H[DPLQHV� EUDQFKHV� WZR� WKURXJK� ILYH�� VHOHFWV� WKH� EUDQFK� ZLWK� WKH� KLJKHVW
SUREDELOLW\��VD\��EUDQFK�WZR���DQG�SURSDJDWHV�WKLV�EUDQFK�WKURXJK�WKH�UHPDLQGHU�RI�WKH�DQDO\VLV
ZKLOH�SODFLQJ� WKH�UHPDLQGHU�RI� WKH�EUDQFKLQJ�RSHUDWLRQ�EDFN�RQ� WKH� LQFRPSOHWH�VFHQDULR�VWDFN�
7KLV�WLPH��WKH�LWHP�LV�SODFHG�EDFN�RQ�WKH�VWDFN�DIWHU�QRWLQJ�WKDW�ERWK�EUDQFKHV�RQH�DQG�WZR�KDYH
DOUHDG\� EHHQ� VROYHG�� � 2Q� FRPSOHWLRQ� RI� WKH� VFHQDULR� IRU� EUDQFK� WZR�� VROXWLRQ� DOJRULWKP� RQFH
DJDLQ�UHPRYHV� WKLV�VDPH� LWHP�IURP�WKH� LQFRPSOHWH�VFHQDULR� VWDFN��QRWHV�D�EUDQFKLQJ�RSHUDWLRQ
WKDW�KDV�QRW�\HW�EHHQ�FRPSOHWHG�DQG�H[DPLQHV�EUDQFKHV�WKUHH�WKURXJK�ILYH�LQ�WKH�VDPH�PDQQHU�
7KH�ODVW�WLPH�WKLV�LWHP�LV�UHPRYHG�IURP�WKH�LQFRPSOHWH�VFHQDULR�VWDFN��WKHUH�LV�RQO\�RQH�EUDQFK
UHPDLQLQJ�WR�EH�WDNHQ���7KLV�EUDQFK�LV�VLPSO\�SURSDJDWHG�WKURXJK�WKH�UHPDLQGHU�RI�WKH�DQDO\VLV�
7KHUH� LV� QR� QHHG� WR� SODFH� LW� EDFN� RQ� WKH� LQFRPSOHWH� VFHQDULR� VWDFN� VLQFH�� ZLWK� WKH� EUDQFKLQJ
SURFHVV� QRZ� FRPSOHWH�� WKHUH� DUH� QR� UHPDLQLQJ� LQFRPSOHWH� VFHQDULRV� DVVRFLDWHG� ZLWK� WKLV
EUDQFKLQJ�SRLQW���,Q�WKLV�ZD\��DQ�DUELWUDULO\�ODUJH�EUDQFKLQJ�RSHUDWLRQ�QHYHU�WDNHV�XS�PRUH�WKDQ
RQH�SRVLWLRQ�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�

/HW� XV� QRZ� VHH� KRZ� WKLV� DOJRULWKP�PLJKW� EH� DSSOLHG� LQ� VLWXDWLRQV� ZKHUH�PXOWLSOH� REMHFWV� DUH
EUDQFKLQJ� ZLWKLQ� WKH� VDPH� JHQHUDWLRQ�� � &RQVLGHU� WZR� REMHFWV� �$� DQG� %��� HDFK� RI� ZKLFK� LV
H[SHULHQFLQJ�WKUHH�ZD\�EUDQFKLQJ�ZLWKLQ�WKH�VDPH�JHQHUDWLRQ�� �/HW�XV�DVVXPH�WKDW� WKH�VROXWLRQ
DOJRULWKP�H[DPLQHV�WKH�REMHFWV�VHTXHQWLDOO\��REMHFW�$�ILUVW���/HW�XV�DOVR�DVVXPH�WKDW�ERWK�REMHFWV¶
EUDQFKHV� KDYH� EHHQ� HQWHUHG� LQ� RUGHU� RI� GHFUHDVLQJ� SUREDELOLW\�� VR� EUDQFK� RQH� KDV� WKH� KLJKHVW
SUREDELOLW\�LQ�ERWK�REMHFWV���7KH�EUDQFKLQJ�PHWKRGRORJ\�EHJLQV�E\�VHOHFWLQJ�RQH�EUDQFK�WR�FDUU\
IRUZDUG�IURP�REMHFW�$�� � ,W� WKHQ�SODFHV�DQ�HQWU\�LQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�GHVFULELQJ�WKH
REMHFW�PRGHOV¶�FXUUHQW�FRQILJXUDWLRQ���7KLV�VWDFN�HQWU\�FRQWDLQV�D�QRWDWLRQ�WKDW�VD\V�EUDQFK�RQH
IURP�REMHFW�$�KDV�DOUHDG\�EHHQ�H[DPLQHG��EXW�EUDQFKHV�WZR�DQG�WKUHH�IURP�REMHFW�$��DV�ZHOO�DV
DOO�WKUHH�EUDQFKHV�IURP�REMHFW�%��UHPDLQ�WR�EH�H[DPLQHG�

7KH�VROXWLRQ�DOJRULWKP�QRZ�EHJLQV�H[DPLQLQJ�WKH�VFHQDULR�WKDW�LQFOXGHV�EUDQFK�RQH�IRU�REMHFW�$�
7KH�DOJRULWKP�QRWHV�WKDW�D�VHFRQG�EUDQFK�SRLQW�H[LVWV�ZLWKLQ�WKH�VDPH�JHQHUDWLRQ�±�WKDW�RI�REMHFW
%���,W�VHOHFWV�WKH�PRVW�OLNHO\�EUDQFK�IRU�REMHFW�%�WR�EH�FDUULHG�IRUZDUG�IRU�IXUWKHU�DQDO\VLV���,W�WKHQ
SODFHV� DQRWKHU� HQWU\� RQ� WKH� LQFRPSOHWH� VFHQDULR� VWDFN� GHVFULELQJ� WKH� PRGHOV¶� FXUUHQW
FRQILJXUDWLRQ���7KLV�VHFRQG�VWDFN�HQWU\�FRQWDLQV�D�QRWDWLRQ�WKDW�VD\V�DOO�EUDQFKHV�IURP�REMHFW�$
KDYH� DOUHDG\� EHHQ� H[DPLQHG�� DQG� WKDW� WKLV� VFHQDULR�PDNHV� XVH� RI� EUDQFK� RQH� IURP� REMHFW� $�
)XUWKHUPRUH�� WKH�QRWDWLRQ� LQGLFDWHV� WKDW�EUDQFK�RQH� IURP�REMHFW�%�KDV�DOUHDG\�EHHQ�H[DPLQHG�
EXW�EUDQFKHV�WZR�DQG�WKUHH�IURP�REMHFW�%�UHPDLQ�WR�EH�H[DPLQHG���7KH�VFHQDULR�WKDW�LQFRUSRUDWHV
EUDQFK�RQH�IURP�REMHFW�$�DQG�EUDQFK�RQH�IURP�REMHFW�%�LV�WKHQ�SURFHVVHG�WR�FRPSOHWLRQ�

7KH�VROXWLRQ�DOJRULWKP�QRZ�UHWXUQV�WR�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�DQG�SURFHVVHV�WKH�UHPDLQLQJ
WR� EUDQFKHV� IURP� REMHFW� %� �PDNLQJ� XVH� RI� EUDQFK� RQH� IURP� REMHFW� $�� XVLQJ� WKH� DOJRULWKP
GHVFULEHG�SUHYLRXVO\���7KH�DOJRULWKP�EHKDYHV�DV�WKRXJK�REMHFW�%�ZHUH�WKH�RQO\�REMHFW�EUDQFKLQJ
GXULQJ�WKLV�JHQHUDWLRQ�� �7KXV�� WKUHH�VFHQDULRV�DUH�JHQHUDWHG�IRU�EUDQFK�RQH�RI�REMHFW�$�� �7KHVH
VFHQDULRV�UHSUHVHQW�WKUHH�SRVVLEOH�EUDQFKHV�DW�WKLV�EUDQFK�SRLQW�IURP�REMHFW�%�
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7KH� DOJRULWKP� QRZ� WXUQV� LWV� DWWHQWLRQ� WR� WKH� VHFRQG� EUDQFK� IURP� REMHFW� $�� � $V� EHIRUH�� WKH
EUDQFKLQJ�PHWKRGRORJ\�VHOHFWV�RQH�EUDQFK�WR�FDUU\�IRUZDUG�IURP�REMHFW�$�±�LQ�WKLV�FDVH��EUDQFK
WZR���7KH�DOJRULWKP�WKHQ�SODFHV�DQ�HQWU\�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�GHVFULELQJ�WKH�REMHFW
PRGHOV¶� FXUUHQW� FRQILJXUDWLRQ��ZLWK� D� QRWDWLRQ� WKDW� VD\V� EUDQFKHV� RQH� DQG� WZR� IURP� REMHFW�$
KDYH�DOUHDG\�EHHQ�H[DPLQHG��EXW�EUDQFK�WKUHH�IURP�REMHFW�$��DV�ZHOO�DV�DOO�WKUHH�EUDQFKHV�IURP
REMHFW� %�� UHPDLQ� WR� EH� H[DPLQHG�� � 7KH� VROXWLRQ� DOJRULWKP� QRZ� JHQHUDWHV� D� VFHQDULR� XWLOL]LQJ
EUDQFK�WZR�IURP�REMHFW�$�DQG�EUDQFK�RQH�IURP�REMHFW�%�ZKLOH��DV�EHIRUH��SODFLQJ�D�VHFRQG�HQWU\
RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN���7KLV�HQWU\�KDV�D�QRWDWLRQ�WKDW�VD\V�DOO�EUDQFKHV�IURP�REMHFW�$
KDYH�DOUHDG\�EHHQ�H[DPLQHG��WKDW�WKLV�VFHQDULR�PDNHV�XVH�RI�EUDQFK�WZR�IURP�REMHFW�$��DQG�WKDW
EUDQFK�RQH� IURP�REMHFW�%�KDV�DOUHDG\�EHHQ�H[DPLQHG�� �7KH�DOJRULWKP�WKHQ�FRQVWUXFWV�DOO� WKUHH
SRVVLEOH�VFHQDULRV�IRU� WKLV�EUDQFK�SRLQW�IRU�REMHFW�%�ZKLOH�XVLQJ�EUDQFK� WZR�IURP�REMHFW�$��DV
GHVFULEHG�DERYH���)LQDOO\��WKH�VDPH�SURFHVV�LV�UHSHDWHG�WR�JHQHUDWH�DOO�WKUHH�SRVVLEOH�VFHQDULRV�IRU
REMHFW�%�XVLQJ�EUDQFK�WKUHH�IURP�REMHFW�$���,Q�WKLV�ZD\��QLQH�WRWDO�VFHQDULRV�DUH�JHQHUDWHG�IRU�WKH
WZR�WKUHH�ZD\�EUDQFK�SRLQWV�XVLQJ�RQO\�WZR�HQWULHV�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�

7KH�H[WHQVLRQ�RI�WKLV�DOJRULWKP�WR�PRGHO�DQ�DUELWUDU\�QXPEHU�RI�REMHFW�EUDQFK�SRLQWV�ZLWKLQ�WKH
VDPH�JHQHUDWLRQ�LV�REYLRXV���,W�UHTXLUHV�RQO\�RQH�HQWU\�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�IRU�HDFK
REMHFW� WKDW� LV�EUDQFKLQJ�ZLWKLQ� WKDW�JHQHUDWLRQ��7KLV�KHOSV�PLQLPL]H� WKH�VL]H�RI� WKH� LQFRPSOHWH
VFHQDULR� VWDFN�� �:KLOH� LW� PD\� QRW� EH� LPPHGLDWHO\� REYLRXV� ZK\� WKLV� LV� LPSRUWDQW�� WKH� UHDGHU
VKRXOG�QRWH�WKDW�HDFK�HQWU\�RQ�WKDW�VWDFN�UHSUHVHQWV�D�FRPSOHWH�FRS\�RI�WKH�REMHFW�PRGHO�IRU�WKH
HQWLUH� V\VWHP� �DV� LW� H[LVWV� DW� WKH� EUDQFK� SRLQW� LQ� TXHVWLRQ�� SOXV� DGGLWLRQDO� ³ERRNNHHSLQJ´
LQIRUPDWLRQ�QHHGHG�IRU�DOJRULWKP�DQG�VFHQDULR�PDQDJHPHQW���7KXV��DQ�DOJRULWKP�WKDW�PLQLPL]HV
WKH� VL]H� RI� WKH� LQFRPSOHWH� VFHQDULR� VWDFN� LV� LPSRUWDQW� WR� WKH� FRPSXWDWLRQDO� HIILFLHQF\� RI� WKH
PHWKRG���%XW�SHUKDSV�WKH�JUHDWHVW�EHQHILW�RI�WKLV�EUDQFK�PDQDJHPHQW�VFKHPH�FRPHV�IURP�WKH�IDFW
WKDW� LW� FDQ� EH� XVHG� ZLWK� RQO\� PLQLPDO� FKDQJHV� WR� LPSOHPHQW� '50� EUDQFKLQJ�� ZKHUHDV� WKH
FRPELQDWRULDO�EUDQFKLQJ�PHWKRG�FRXOG�QRW�

������� '50�(YDOXDWLRQ�DQG�%UDQFKLQJ�0HWKRGRORJ\

/HW�XV�QRZ�PRYH�RQ�WR�FRQVLGHU�'50�EUDQFKLQJ���'50�EUDQFKLQJ�LV�PRUH�FRPSOH[�WKDQ�,50
EUDQFKLQJ� EHFDXVH� WKH� '50� GRHV� QRW� UHTXLUH� DOO� DVSHFWV� RI� WKH� EUDQFKLQJ� RSHUDWLRQ� WR� EH
FRPSOHWHG�D�VLQJOH�WLPH���)RU�H[DPSOH��DQ�REMHFW�WKDW�PRGHOV�WKH�GHSOHWLRQ�RI�EDWWHULHV�ZLWKLQ�D
WHOHSKRQH�VZLWFKLQJ� IDFLOLW\�PD\�XVH� D�'50� WKDW� LQFRUSRUDWHV� VHYHUDO� GLIIHUHQW�GHOD\� WLPHV� WR
PRGHO�WKH�GLVWULEXWLRQ�RI�WLPHV�DW�ZKLFK�EDWWHU\�GHSOHWLRQ�PD\�RFFXU���,W�LV�DOVR�SRVVLEOH�WKDW�WKH
'50V�LQ�GLIIHUHQW�REMHFW�PRGHOV�ZLOO�FRQWDLQ�GHOD\�WLPHV�WKDW�FDXVH�WKH�QHHG�IRU�VLPXOWDQHRXV
EUDQFKLQJ� LQ� WKH�'50V� IRU� WZR� GLIIHUHQW� REMHFWV�� � 7R�PDNH�PDWWHUV�ZRUVH�� LW� LV� SRVVLEOH� WKDW
VRPH�EUDQFKHV�ZLWKLQ� D�'50�PD\�QHYHU� DFWXDOO\�JHW� H[HFXWHG�� �&RQVLGHU� WKH� VLWXDWLRQ�ZKHUH
FRPPHUFLDO�HOHFWULF�SRZHU�LV�UHVWRUHG�WR�WKH�WHOHSKRQH�VZLWFKLQJ�IDFLOLW\�DIWHU�WKH�ILUVW�SRWHQWLDO
EDWWHU\� GHSOHWLRQ� WLPH� EXW� EHIRUH� WKH� ODVW�� � 7KH� '50� EUDQFKLQJ� PRGHO� PXVW� EH� DEOH� WR
DFFRPPRGDWH�DOO�RI�WKHVH�SRVVLELOLWLHV�

/HW�XV�QRZ�H[DPLQH�WKH�EHKDYLRU�RI�D�IRXU�EUDQFK�'50�DV�WKH�2%(67�EUDQFKLQJ�PHWKRGRORJ\
LV�DSSOLHG���/HW�XV�DVVXPH�WKDW�WKLV�'50�KDV�IRXU�SUREDELOLVWLF�EUDQFKHV��DQG�WKDW�WKH�GHOD\�WLPHV
IRU�WKRVH�IRU�EUDQFKHV�DUH�������������DQG����PLQXWHV�IRU�EUDQFKHV�RQH�WKURXJK�IRXU��UHVSHFWLYHO\�
,Q� WKH� '50� EUDQFKLQJ� PHWKRGRORJ\�� WKH� EUDQFK¶V� SUREDELOLW\� GRHV� QRW� PDWWHU� H[FHSW� DV� D
WLHEUHDNHU�ZKHQ�WZR�EUDQFKHV�KDYH�WKH�VDPH�GHOD\�WLPH���,Q�WKLV�H[DPSOH��ZH�DVVXPH�WKDW�EUDQFK
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WKUHH�KDV�D�KLJKHU�SUREDELOLW\�WKDQ�EUDQFK�WZR���:H�DOVR�DVVXPH��LQLWLDOO\��WKDW�WKLV�REMHFW�LV�WKH
RQO\�RQH�ZKRVH�'50�ZLOO�FDXVH�EUDQFKLQJ�EHWZHHQ����DQG����PLQXWHV�

7KH�HYDOXDWLRQ�RI�WKH�'50�EHJLQV�ZKHQ�WKH�2%(67�PHWKRGRORJ\�GHWHFWV�WKDW�HTXLOLEULXP�KDV
EHHQ�DFKLHYHG�DPRQJ�WKH�YDULRXV�PRGHO�REMHFWV�DV�WKH\�H[HUFLVH�WKHLU�,50V���$IWHU�HTXLOLEULXP
KDV� EHHQ� DFKLHYHG�� WKH� PHWKRGRORJ\� TXHULHV� HYHU\� REMHFW� LQ� WKH� V\VWHP� REMHFW� PRGHO� WR
GHWHUPLQH� KRZ� ORQJ� HDFK� REMHFW� FDQ� UHPDLQ� LQ� WKH� HTXLOLEULXP� FRQGLWLRQ� WKDW� ZDV� DFKLHYHG
WKURXJK� WKH� ,50V�� �7KHVH�HTXLOLEULXP�GXUDWLRQV�DUH�HPERGLHG� LQ� WKH�GHOD\� WLPHV� LQ� WKH�'50�
7KH�REMHFW� WKDW� KDV� WKH� VKRUWHVW� GHOD\� WLPH� UHPDLQLQJ� VHWV� WKH� WLPH� VWHS� IRU� WKH� RYHUDOO� REMHFW
VLPXODWLRQ���7KH�2%(67�PHWKRGRORJ\�ZLOO�VWHS�IRUZDUG�LQ�WLPH�WR�WKH�SRLQW�ZKHUH�WKDW�VKRUWHVW
UHPDLQLQJ�GHOD\�WLPH�H[SLUHV��DQG�H[HFXWH�DQ\�VFULSWV�WKDW�DUH�DVVRFLDWHG�ZLWK�WKDW�GHOD\���,I��DV�LQ
WKLV� FDVH�� WKH� VKRUWHVW� GHOD\� LV� SDUW� RI� D� SUREDELOLVWLF� EUDQFKLQJ�'50�� WKH�PHWKRGRORJ\�PXVW
GHWHUPLQH� ZKLFK� FRQGLWLRQV� WR� SURSDJDWH� WKURXJK� IRU� VROXWLRQ� DQG� ZKLFK� WR� SODFH� RQ� WKH
LQFRPSOHWH�VFHQDULR�VWDFN���,Q�WKLV�H[DPSOH��WKLV�'50�FRQWDLQV�WZR�EUDQFKHV�ZLWK�DQ�HTXDO�GHOD\
RI����PLQXWHV�HDFK���7KH�PHWKRGRORJ\�VHOHFWV�WKH�'50�ZLWK�WKH�VKRUWHVW�GHOD\��DQG��LI�PRUH�WKDQ
RQH� EUDQFK� KDV� WKH� VDPH� GHOD\�� WKH� RQH�ZLWK� WKH� KLJKHVW� SUREDELOLW\�� � ,Q� WKLV� FDVH�� ZH� VHOHFW
EUDQFK� WKUHH� WR� EH� SURSDJDWHG� IRU� VROXWLRQ�� � 7KH� DOJRULWKP� SODFHV� DQ� HQWU\� RQ� WKH� LQFRPSOHWH
VFHQDULR�VWDFN�WKDW�FRQWDLQV�WKH�FRQILJXUDWLRQ�RI�WKH�RYHUDOO�V\VWHP�REMHFW�PRGHO�DV�LW�H[LVWHG�DW
WKH�EHJLQQLQJ�RI�WKH�'50�H[HFXWLRQ���7KLV�VWDFN�HQWU\�DOVR�FRQWDLQV�D�QRWDWLRQ�WR�LQGLFDWH�WKDW
EUDQFK�WKUHH�KDV�DOUHDG\�EHHQ�VROYHG��WKXV�UHPRYLQJ�LW�IURP�FRQVLGHUDWLRQ�ZKHQ�WKH�VWDFN�HQWU\
LV�SLFNHG�XS�IRU�IXUWKHU�SURFHVVLQJ�

:KHQ�WKH�VFHQDULR�DVVRFLDWHG�ZLWK�EUDQFK�WKUHH�LV�FRPSOHWHG��WKH�DOJRULWKP�H[DPLQHV�WKH�HQWU\
WKDW�ZDV�SODFHG�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN���,W�H[DPLQHV�WKH�VLWXDWLRQ�DQG�WKH�'50�XVLQJ
H[DFWO\� WKH� VDPH� FULWHULD� GHVFULEHG� DERYH�� H[FHSW� WKDW� EUDQFK� WKUHH� LV� QR� ORQJHU� HOLJLEOH� WR� EH
VHOHFWHG���$JDLQ��WKH�VKRUWHVW�UHPDLQLQJ�GHOD\�WLPH�LV����PLQXWHV��DQG�LV�DVVRFLDWHG�ZLWK�EUDQFK
WZR�� �7KH�VROXWLRQ�DOJRULWKP�VHOHFWV� WKLV�EUDQFK� WR�EH�SURSDJDWHG� WKURXJK� IRU�VROXWLRQ�� � ,W� DOVR
UHSODFHV�WKH�HQWU\�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�ZLWK�RQH�WKDW�FRQWDLQV�D�QRWDWLRQ�WR�LQGLFDWH
WKDW�ERWK�EUDQFKHV�WZR�DQG�WKUHH�KDYH�DOUHDG\�EHHQ�VROYHG���:KHQ�LW�GHWHUPLQHV�WKDW�EUDQFK�WZR
LV�WR�EH�SURSDJDWHG�IRU�VROXWLRQ��WKH�DOJRULWKP�WDNHV�D�WLPH�VWHS�RI����PLQXWHV��H[HFXWHV�WKH�VFULSW
DVVRFLDWHG�ZLWK�EUDQFK�WZR��DQG�FRQWLQXHV�SURFHVVLQJ�XQWLO�WKH�VFHQDULR�LV�HYHQWXDOO\�FRPSOHWHG�

7KH�DOJRULWKP�LV�QRZ�DEOH�WR�UH�H[DPLQH�WKH�HQWU\�IURP�WKH�LQFRPSOHWH�VFHQDULR�VWDFN���7KH�RQO\
UHPDLQLQJ�EUDQFKHV�KDYH�GHOD\�WLPHV�RI����DQG����PLQXWHV��UHSUHVHQWLQJ�EUDQFKHV�RQH�DQG�IRXU�
UHVSHFWLYHO\���6LQFH�WKH�VKRUWHVW�UHPDLQLQJ�GHOD\�WLPH�LV����PLQXWHV��EUDQFK�RQH�LV�VHOHFWHG�IRU
VROXWLRQ��ZKLOH�WKH�HQWU\�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�LV�UHSODFHG�ZLWK�D�QRWDWLRQ�WR�LQGLFDWH
WKDW�RQO\�EUDQFK�IRXU�UHPDLQV�WR�EH�VROYHG���7R�VROYH�EUDQFK�RQH��WKH�DOJRULWKP�WDNHV�D�WLPH�VWHS
RI� ��� PLQXWHV�� H[HFXWHV� WKH� DSSURSULDWH� VFULSW�� DQG� FRQWLQXHV� SURFHVVLQJ� XQWLO� WKH� VFHQDULR� LV
FRPSOHWHG�� � )LQDOO\� WKH� DOJRULWKP� GRHV� D� ILQDO� H[DPLQDWLRQ� RI� WKH� HQWU\� IURP� WKH� LQFRPSOHWH
VFHQDULR�VWDFN�DQG�SURSDJDWHV�EUDQFK�IRXU��ZLWK�LWV�GHOD\� WLPH�RI����PLQXWHV�� WKURXJK�IRU� ILQDO
VROXWLRQ���1RWLFH�KRZ�WKLV�EUDQFKLQJ�DOJRULWKP�LV�YHU\�VLPLODU�WR�WKH�,50�EUDQFKLQJ�DOJRULWKP�
H[FHSW� WKDW� WLPH� UHSODFHV�SUREDELOLW\�DV� WKH� ILJXUH�RI�PHULW� IRU� VHOHFWLQJ�ZKLFK�EUDQFK� LV� WR�EH
H[HFXWHG�ILUVW�

/HW� XV� QRZ� H[SDQG� WKLV� H[DPSOH� WR� FRQVLGHU� KRZ� PXOWLSOH� REMHFWV� FDQ� LQWHUDFW� WKURXJK� WKHLU
'50V�� � $VVXPH� WKDW� WKH� REMHFW� GHVFULEHG� DERYH� UHSUHVHQWV� EDWWHU\� GHSOHWLRQ� IRU� D� WHOHSKRQH
VZLWFKLQJ� IDFLOLW\�� �:H�ZLOO�GHILQH� D� VHFRQG�REMHFW� WKDW� UHSUHVHQWV� WKH� UHFRYHU\�RI� FRPPHUFLDO
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HOHFWULF� SRZHU�� � ,QLWLDOO\�� WKLV� REMHFW� KDV� RQO\� RQH� HQWU\� LQ� LWV� '50�� FRPPHUFLDO� SRZHU� LV
UHFRYHUHG�DIWHU����PLQXWHV���2EYLRXVO\��LI�FRPPHUFLDO�SRZHU�LV�UHFRYHUHG�DIWHU����PLQXWHV��WKH
��� DQG� ���PLQXWH� EDWWHU\� GHSOHWLRQ� RSWLRQV� DUH� QR� ORQJHU� UHOHYDQW�� � ,I� ZH� DVVXPH� WKDW� WKH
REMHFWLYH�RI�WKLV�DQDO\VLV�LV�WR�GHWHUPLQH�ZKHWKHU�WKH�WHOHSKRQH�VZLWFKLQJ�IDFLOLW\�IDLOV�EHFDXVH�RI
EDWWHU\�GHSOHWLRQ��WKHQ�HDFK�VFHQDULR�LV�WHUPLQDWHG�ZKHQ�HLWKHU�EDWWHU\�GHSOHWLRQ�RU�FRPPHUFLDO
SRZHU�UHFRYHU\�RFFXUV���/HW�XV�H[DPLQH�KRZ�WKH�2%(67�EUDQFKLQJ�PHWKRGRORJ\�GHDOV�ZLWK�WKLV
VLWXDWLRQ�

7KH�ILUVW�WZR�VFHQDULRV�JHQHUDWHG�E\�WKH�2%(67�VROXWLRQ�DOJRULWKP�IRU�WKLV�H[DPSOH�SUREOHP�DUH
LGHQWLFDO� WR� WKRVH� GHVFULEHG� LQ� SUHYLRXV� H[DPSOH�� WKH� WHOHSKRQH� VZLWFKLQJ� IDFLOLW\� H[SHULHQFHV
EDWWHU\�GHSOHWLRQ�DIWHU����PLQXWHV��DQG�WKH�VFHQDULR�LV�WHUPLQDWHG���7KLV�OHDYHV�XV�ZLWK�DQ�HQWU\
RQ� WKH� LQFRPSOHWH� VFHQDULR� VWDFN�� WKH� GHWDLOV� RI� ZKLFK� DUH� DV� IROORZV�� WKH� HQWU\� VWRUHV� WKH
FRQILJXUDWLRQ�RI�WKH�RYHUDOO�V\VWHP�PRGHO�DV�LW�H[LVWV�EHIRUH�HLWKHU�RI�WKLV�H[DPSOH¶V�WZR�'50V
DUH�H[HFXWHG���,W�DOVR�FRQWDLQV�D�QRWDWLRQ�WKDW�WKH�WZR����PLQXWH�EUDQFKHV�LQ�WKH�EDWWHU\�GHSOHWLRQ
PRGHO�KDYH�DOUHDG\�EHHQ�FRPSOHWHG��EXW�DOO�RWKHU�'50�RSWLRQV�DUH�DYDLODEOH���:KHQ�WKH�VROXWLRQ
DOJRULWKP�SXOOV�WKLV�HQWU\�IURP�WKH�LQFRPSOHWH�VFHQDULR�VWDFN��LW�ORRNV�DW�WKH�HQWLUH�V\VWHP�PRGHO
WR�GHWHUPLQH�ZKLFK�REMHFW�KDV�WKH�VKRUWHVW�UHPDLQLQJ�GHOD\���,Q�WKLV�FDVH��WKH�FRPPHUFLDO�HOHFWULF
SRZHU�REMHFW�KDV�WKH�VKRUWHVW�GHOD\�����PLQXWHV����)XUWKHUPRUH��WKH�VROXWLRQ�DOJRULWKP�QRWHV�WKDW
WKLV�LV�D�GHWHUPLQLVWLF�'50�EHFDXVH�LW�GRHV�QRW�HPSOR\�SUREDELOLVWLF�EUDQFKLQJ���%HFDXVH�RI�WKLV�
WKH�DOJRULWKP�GRHV�QRW�JHQHUDWH�D�QHZ�HQWU\�IRU�WKH�LQFRPSOHWH�VFHQDULR�VWDFN���5DWKHU��LW�VWHSV
IRUZDUG� WR� WKH����PLQXWH� WLPH�PDUN�DQG�DSSOLHV� WKH� VFULSW� IURP� WKH� FRPPHUFLDO� SRZHU�REMHFW�
ZKLFK�QRWHV� WKDW�SRZHU�KDV�EHHQ� UHFRYHUHG� DQG� WHUPLQDWHV� WKH� VFHQDULR�� �1RWH� WKDW� WZR�RI� WKH
SRWHQWLDO� EUDQFKHV� UHSUHVHQWLQJ� EDWWHU\� GHSOHWLRQ� �WKH� ��� DQG� ���PLQXWH� EUDQFKHV��ZHUH� QHYHU
H[HUFLVHG� EHFDXVH� WKH\�ZHUH�� LQ� D� VHQVH�� ³RYHUFRPH� E\� HYHQWV´� DQG� EHFDPH� LUUHOHYDQW� WR� WKH
RYHUDOO�PRGHO���7KLV�PRGHO�EHKDYLRU�UHDOLVWLFDOO\�UHSUHVHQWV�WKH�EHKDYLRU�RI�WKH�SK\VLFDO�V\VWHP�
ZKHUHDV�D�PHWKRG�WKDW�UHTXLUHG�WKHVH�SRWHQWLDO�EDWWHU\�GHSOHWLRQ�EUDQFKHV�WR�EH�H[HUFLVHG�ZRXOG
REWDLQ� DQ� XQUHDOLVWLF� VROXWLRQ�� � )XUWKHUPRUH�� KDG�ZH�XVHG� D� FRPELQDWRULDO� EUDQFKLQJ�PRGHO� WR
UHSUHVHQW�'50�EHKDYLRU�IRU�EDWWHU\�GHSOHWLRQ��LW�PLJKW�KDYH�EHHQ�GLIILFXOW�WR�GHWHUPLQH�ZKLFK�RI
WKHVH� EUDQFKHV� VKRXOG� EH� H[HFXWHG� DQG�ZKLFK� VKRXOG� EH� LJQRUHG�� � 7KHUHIRUH�� ZH� VHH� WKDW� WKH
2%(67�'50�VROXWLRQ� DOJRULWKP�SURYLGHV� DQ� HIILFLHQW� DQG� DFFXUDWH� UHSUHVHQWDWLRQ� RI� WKH� UDFH
FRQGLWLRQV�WKDW�DUH�VR�FRPPRQ�LQ�LQIUDVWUXFWXUH�ULVN�DVVHVVPHQW�SUREOHPV�

&RQVLGHU� QRZ� D� VOLJKW� YDULDWLRQ� RQ� WKH� DERYH� SUREOHP� LQ�ZKLFK� WKHUH� LV� D� UHDVRQ� WR� FRQWLQXH
H[DPLQLQJ�WKH�VFHQDULRV�HYHQ�DIWHU�LW�LV�GHWHUPLQHG�ZKHWKHU�D�SRZHU�RXWDJH�DFWXDOO\�RFFXUV�LQ�WKH
WHOHSKRQH� VZLWFKLQJ� IDFLOLW\�� � 7KH� WZR� ���PLQXWH� VFHQDULRV� GHVFULEHG� DERYH� ZRXOG� UHPDLQ
LQLWLDOO\� XQFKDQJHG�� � 7KHQ�� ZKHQ� FRPPHUFLDO� SRZHU� ZDV� UHVWRUHG�� WKH� WHOHSKRQH� VZLWFKLQJ
IDFLOLW\� ZRXOG� UHVSRQG� E\� UHVWRULQJ� FDOO� SURFHVVLQJ� �DIWHU� DQ� DSSURSULDWH� GHOD\� WR� UHSUHVHQW
HTXLSPHQW�UHVWRUDWLRQ�ZLWKLQ�WKH�IDFLOLW\����7KLV�EHKDYLRU�ZRXOG�KDYH�WR�EH�LQFOXGHG�LQ�WKH�REMHFW
PRGHO�IRU�WKH�WHOHSKRQH�VZLWFK���7KH�UHPDLQLQJ�VFHQDULR��ZKHUH�EDWWHU\�GHSOHWLRQ�QHYHU�RFFXUUHG�
UHTXLUHV� VRPH� DGGLWLRQDO� LQYHVWLJDWLRQ�� � 5HFDOO� WKDW�� ZKHQ� FRPPHUFLDO� SRZHU� UHVWRUDWLRQ
RFFXUUHG�� WZR� SUREDELOLVWLF� EUDQFKHV� LQ� WKH� EDWWHU\� GHSOHWLRQ� PRGHO� VWLOO� UHPDLQHG� WR� EH
FRQVLGHUHG���+RZHYHU��WKH�IDFW�WKDW�SRZHU�KDV�QRZ�EHHQ�UHVWRUHG�PHDQV�WKDW�WKHVH�EUDQFKHV�DUH
QR� ORQJHU� DSSURSULDWH� DQG� VKRXOG� EH� LJQRUHG�� � 7KLV� LV� DFFRPSOLVKHG� E\� EXLOGLQJ� DSSURSULDWH
ORJLFDO�FRQGLWLRQV� LQWR� WKH�EDWWHU\�GHSOHWLRQ�'50�� �7KHVH�FRQGLWLRQV�PLJKW�VWDWH�� IRU�H[DPSOH�
WKDW� LI� FRPPHUFLDO� HOHFWULF� SRZHU� LV� XQDYDLODEOH�� WKHQ� H[HFXWH� WKH� SUREDELOLVWLF� EUDQFKLQJ
GHVFULEHG� DERYH�� � 2WKHUZLVH�� GR� QRWKLQJ�� � $V� VRRQ� DV� HOHFWULF� SRZHU� LV� UHVWRUHG�� WKH� EDWWHU\
GHSOHWLRQ�'50�ZLOO� QR� ORQJHU� VDWLVI\� WKH� FRQGLWLRQV� UHTXLUHG� IRU� WKLV� SUREDELOLVWLF� EUDQFKLQJ�
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7KH�2%(67�VROXWLRQ�PHWKRGRORJ\�ZLOO�³ZLSH� WKH�VODWH�FOHDQ´�DQG�FRQWLQXH�RQ�ZLWKRXW� IXUWKHU
FRQVLGHUDWLRQ� RI� WKHVH� WZR� DEDQGRQHG� EUDQFKHV�� � 6LQFH� WKH� DOJRULWKP� NHHSV� WUDFN� RI� WKH� WRWDO
SUREDELOLW\� DVVRFLDWHG� ZLWK� HDFK� HQWU\� RQ� WKH� LQFRPSOHWH� VFHQDULRV� VWDFN�� DQG� VLQFH� WKDW
SUREDELOLW\� KDV� QRW� FKDQJHG� �RQO\� WKH� FRQGLWLRQV� ZLWKLQ� WKH� PRGHO� LWVHOI� KDYH� FKDQJHG��� QR
FRPSOLFDWHG�SUREDELOLVWLF�DGMXVWPHQWV�DUH�UHTXLUHG���6XFK�DGMXVWPHQWV�ZRXOG�KDYH�EHHQ�QHHGHG
KDG� D� FRPELQDWRULDO� EUDQFKLQJ�PHWKRG� EHHQ� XVHG�� � 5DWKHU�� WKH� DOJRULWKP� VLPSO\� FKDQJHV� WKH
QRWDWLRQV� DVVRFLDWHG�ZLWK� WKH� V\VWHP�REMHFW�PRGHO� WR� LQGLFDWH� WKDW� WKH� EDWWHU\� GHSOHWLRQ�PRGHO
QRZ�VDWLVILHV�D�GLIIHUHQW�VHW�RI�'50�ORJLFDO�FRQGLWLRQV�

7KLV�EULQJV�XS�DQ�LQWHUHVWLQJ�TXHVWLRQ���:KDW�VKRXOG�ZH�GR�LI�DQ�REMHFW�LV�SDUW�ZD\�WKURXJK�WKH
GHOD\�LQ�LWV�'50��ZKHQ�WKH�VLWXDWLRQ�FKDQJHV�VXFK�WKDW�LWV�'50�GHWHUPLQHV�WKDW�D�GLIIHUHQW�GHOD\
ZRXOG�EH�DSSURSULDWH"��&RQVLGHU�WKH�VLWXDWLRQ�ZKHUH�D�FDPSHU�KDV�JRQH�LQWR�WKH�ZLOGHUQHVV�ZLWK
D� VPDOO� WUDLOHU�� � 7KLV� WUDLOHU� KDV� D� ERWWOH� WKDW� FRQWDLQV� D� IL[HG� DPRXQW� RI� SURSDQH� IXHO�� � ,I� WKH
ZHDWKHU�LV�ZDUP�DQG�KH�GRHV�QRW�KDYH�WR�XVH�WKH�KHDWHU�LQ�KLV�WUDLOHU��WKH�SURSDQH�ZLOO�ODVW�IRU���
GD\V�RI�FRRNLQJ�DQG�PLVFHOODQHRXV�XVHV���+RZHYHU��LI�WKH�ZHDWKHU�LV�FROG�DQG�KH�XVHV�KLV�KHDWHU�
WKH�SURSDQH�ZLOO�ODVW�IRU�RQO\�HLJKW�GD\V���:H�PLJKW�UHSUHVHQW�WKH�FDPSHU�XVLQJ�KLV�IXHO�DV�RQH
REMHFW�� DQG� WKH�SRWHQWLDO�ZHDWKHU� FRQGLWLRQV�DV�D� VHFRQG�REMHFW� LQ� DQ�2%(67�PRGHO�� �$VVXPH
QRZ�WKDW�WKH�ZHDWKHU�FRQGLWLRQV�DUH�ZDUP�IRU�WKH�ILUVW�ILYH�GD\V��WKHQ�FROG�IRU�WKH�QH[W�WHQ�GD\V�
6LQFH�QR�SUREDELOLVWLF�EUDQFKLQJ�LV�XVHG�LQ�HLWKHU�REMHFW�PRGHO��WKLV�2%(67�PRGHO�ZLOO�SURGXFH
D� VLQJOH� VFHQDULR� WKDW� WHUPLQDWHV� ZKHQ� WKH� FDPSHU� UXQV� RXW� RI� IXHO�� � 7KH� VROXWLRQ� DOJRULWKP
H[DPLQHV�WKH�LQLWLDO�FRQGLWLRQV�DQG�GHWHUPLQHV�WKDW�WKH�SURSDQH�ZLOO�ODVW�IRU����GD\V���,W�H[DPLQHV
WKH�'50V�IRU� WKH� WZR�REMHFWV�� DQG�GHWHUPLQHV� WKDW� WKH� VKRUWHVW� GHOD\� �ILYH�GD\V�� LV� DVVRFLDWHG
ZLWK� WKH� ZHDWKHU� PRGHO�� � 7KH� VROXWLRQ� DOJRULWKP� WDNHV� D� VWHS� RI� ILYH� GD\V�� DQG� H[HFXWHV� WKH
³VFULSW´�WKDW�FKDQJHV�WKH�ZHDWKHU�FRQGLWLRQV�WR�³FROG�´��:H�QRZ�KDYH�D�GLOHPPD�IRU�WKH�FDPSHU
XVLQJ� KLV� IXHO�� �:H� FDQQRW� FRQWLQXH� XVLQJ� WKH� RULJLQDO� ���GD\� GHOD\� WLPH� EHFDXVH� WKH� ORJLFDO
FRQGLWLRQV� DVVRFLDWHG� ZLWK� WKDW� GHOD\� QR� ORQJHU� DSSO\�� � +RZHYHU�� EHJLQQLQJ� D� QHZ� HLJKW�GD\
GHOD\��DV�PLJKW�EH�H[SHFWHG�EDVHG�RQ�WKH�QHZO\�DSSOLFDEOH�'50��LV�DOVR�LQDSSURSULDWH�EHFDXVH�
DIWHU� ILYH�GD\V�RI�ZDUP�ZHDWKHU�� WKH�FDPSHU�KDV�DOUHDG\�XVHG����SHUFHQW�RI�KLV�DYDLODEOH� IXHO�
7KH�PRVW�DSSURSULDWH�VROXWLRQ�ZRXOG�EH�WR�UHGXFH�WKLV�QHZ�HLJKW�GD\�GHOD\�E\����SHUFHQW��L�H���WR
��GD\V��WR�DFFRXQW�IRU�WKH�IXHO�WKDW�WKH�FDPSHU�KDV�DOUHDG\�XVHG���,Q�RWKHU�ZRUGV��VLQFH����SHUFHQW
RI�WKH�LQLWLDO�GHOD\�KDV�EHHQ�³XVHG�´�WKH�WLPH�DYDLODEOH�LQ�WKH�QHZ�GHOD\�VKRXOG�EH�UHGXFHG�E\�WKDW
VDPH����SHUFHQW�

7KH�2%(67�VROXWLRQ�PHWKRGRORJ\�KDV�LQFRUSRUDWHG�WKLV�FRQFHSW�RI�³QRQOLQHDU�WLPH´�LQ�RUGHU�WR
DOORZ�WKHVH�W\SHV�RI�VLWXDWLRQV��ZKLFK�DUH�UHODWLYHO\�FRPPRQ�LQ�LQIUDVWUXFWXUH�DSSOLFDWLRQV��WR�EH
HIIHFWLYHO\�PRGHOHG�� �:KHQ� WKH�VLWXDWLRQ�ZLWKLQ� WKH�JOREDO�REMHFW�PRGHO�FKDQJHV� VXFK� WKDW� WKH
SUHYLRXVO\�DSSOLFDEOH�VHW�RI�ORJLFDO�FRQGLWLRQV��DQG�LWV�DVVRFLDWHG�GHOD\�WLPH��LV�QR�ORQJHU�YDOLG�
WKH� DOJRULWKP� FRPSXWHV� WKH� IUDFWLRQ� RI� WKH� SUHYLRXVO\� DSSOLFDEOH� GHOD\� WLPH� WKDW� KDV� DOUHDG\
HODSVHG��DQG�UHGXFHV�WKH�QHZO\�DSSOLFDEOH�GHOD\�WLPH�E\�WKDW�VDPH�IUDFWLRQ���7KH�DQDO\VW�KDV�WKH
RSWLRQ�WR�RYHUULGH�WKLV�EHKDYLRU�E\�LQFOXGLQJ�WKH�HYHQW�³UHVHW�P\�FORFN´�LQ�DQ�DSSURSULDWH�,50
VFULSW�� � 7KH� ³UHVHW� P\� FORFN´� HYHQW� VHWV� DQ� REMHFW¶V� HODSVHG� GHOD\� FORFN� EDFN� WR� ]HUR�� RU�
HTXLYDOHQWO\��VHWV�WKH�DSSOLFDEOH�GHOD\�WLPH�EDFN�WR�LWV�PD[LPXP�YDOXH�DV�GLFWDWHG�E\�WKH�ORJLFDO
FRQGLWLRQV�HVWDEOLVKHG�ZLWKLQ�WKH�'50�

7ZR�GHWDLOV�UHPDLQ�WR�EH�FRQVLGHUHG�ZLWK�UHVSHFW�WR�2%(67�SURFHVVLQJ�RI�'50V���)LUVW��ZKDW�LV
WR� EH� GRQH� ZKHQ� VHYHUDO� REMHFW¶V� '50� GHOD\V� H[SLUH� DW� WKH� VDPH� WLPH"� � $QG� VHFRQG�� E\
H[WHQVLRQ��ZKDW�KDSSHQV�ZKHQ� WKH�GHOD\� WLPHV� IRU� WZR�SUREDELOLVWLF�'50V�H[SLUH� DW� WKH� VDPH
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WLPH"��7R�DQVZHU�WKH�ILUVW�TXHVWLRQ��ZH�KHDUNHQ�EDFN�WR�WKH�ZD\�FRPPDQGV�IURP�PXOWLSOH�REMHFWV
DUH�SURFHVVHG�LQ�WKH�,50�DOJRULWKP���5HFDOO�WKDW��LQ�RUGHU�WR�SUHVHUYH�WKH�RUGHU�LQGHSHQGHQFH�RI
,50�PRGHO�H[HFXWLRQ��DOO�RI� WKH�PRGHO�HYHQWV��V\VWHP�HYHQWV�� DQG� DWWULEXWH�FKDQJH�FRPPDQGV
DUH�SODFHG�LQ�³OLVWV´�WR�EH�H[HFXWHG�RQ�FRPSOHWLRQ�RI�WKH�FXUUHQW�,50�JHQHUDWLRQ�LQ�SUHSDUDWLRQ
IRU� WKH� QH[W� JHQHUDWLRQ¶V� SURFHVVLQJ�� � $� VLPLODU� WHFKQLTXH� LV� XVHG� KHUH� WR� DFFRPPRGDWH� WKH
GHOD\V�IRU�PXOWLSOH�'50V�H[SLULQJ�DW�WKH�VDPH�WLPH���7KH�DOJRULWKP�VLPSO\�H[HFXWHV�WKH�VFULSW
DVVRFLDWHG�ZLWK�HDFK�H[SLULQJ�'50���,Q�VR�GRLQJ��LW�SODFHV�WKH�PRGHO�HYHQWV��V\VWHP�HYHQWV��DQG
DWWULEXWH�FKDQJH�FRPPDQGV�LQ�WKH�VDPH�OLVWV�XVHG�E\�WKH�,50�DOJRULWKP���,Q�WKH�VDPH�ZD\�WKDW
HDFK�VXFFHVVLYH�REMHFW¶V�,50�FRPPDQGV�ZHUH�DGGHG�WR�WKHVH�OLVWV�WR�SURYLGH�WKH�LPSHWXV�IRU�WKH
QH[W�JHQHUDWLRQ¶V�EHKDYLRU�� HDFK�VXFFHVVLYH�REMHFW¶V�'50�FRPPDQGV� DUH� DGGHG� WR� WKH� OLVWV� WR
EHFRPH�³LQLWLDO�FRQGLWLRQV´�IRU�WKH�QH[W�,50�HYDOXDWLRQ�VWHS�

2QH�PLJKW�DVN�ZKDW�KDSSHQV� LI�'50V�IRU� WZR�GLIIHUHQW�REMHFWV�DWWHPSW� WR�FDXVH� FRQWUDGLFWRU\
EHKDYLRUV� WR� RFFXU�� � 8VLQJ� WKH� EDWWHU\� GHSOHWLRQ� H[DPSOH� GHVFULEHG� SUHYLRXVO\�� VXSSRVH� WKDW
FRPPHUFLDO�HOHFWULF�SRZHU�KDG�EHHQ�UHVWRUHG�DIWHU�D�GHOD\�RI����PLQXWHV�LQVWHDG�RI����PLQXWHV�DV
SUHYLRXVO\�DVVXPHG���,Q�WKLV�FDVH��DW�WKH����PLQXWH�PDUN��RQH�REMHFW�ZRXOG�EH�FODLPLQJ�WKDW�WKH
WHOHSKRQH� VZLWFKLQJ� IDFLOLW\� IDLOHG� GXH� WR� EDWWHU\� GHSOHWLRQ� ZKLOH� WKH� RWKHU� ZRXOG� FODLP� WKDW
FRPPHUFLDO� SRZHU� KDG� EHHQ� VXFFHVVIXOO\� UHVWRUHG� DW� WKDW� VDPH� LQVWDQW�� � 7KLV� DSSDUHQW
FRQWUDGLFWLRQ�ZRXOG�KDYH�WR�EH�VRUWHG�RXW�LQ�WKH�GHWDLOV�RI�WKH�WHOHSKRQH�VZLWFKLQJ�IDFLOLW\�REMHFW
PRGHO���7KH�DQDO\VW�FDQ�GHILQH�WKH�DSSURSULDWH�EHKDYLRU�LQ�WZR�GLIIHUHQW�ZD\V���)LUVW��WKH�2%(67
VROXWLRQ� PHWKRGRORJ\� UHTXLUHV� WKH� DQDO\VW� WR� HVWDEOLVK� ³SULRULWLHV´� ZLWKLQ� WKH� VWDWH� WUDQVLWLRQ
PRGHO�� �7KXV��ZKHQ�DQ�REMHFW� LQ�RQH�VWDWH� UHFHLYHV� VLPXOWDQHRXV� HYHQWV� WKDW�ZRXOG�FDXVH� LW� WR
WUDQVLWLRQ� WR�GLIIHUHQW�VWDWHV�� WKH�DQDO\VW�HVWDEOLVKHV�D�SULRULW\� OLVW� WR� UHVROYH� WKH�RUGHU� LQ�ZKLFK
WKHVH�HYHQWV�VKRXOG�EH�FRQVLGHUHG���,I�WKH�HYHQW�DQG�VWDWH�WUDQVLWLRQ�UHSUHVHQWLQJ�SRZHU�UHFRYHU\
DUH�DVVLJQHG�D�KLJKHU�SULRULW\�WKDQ�WKRVH�UHSUHVHQWLQJ�EDWWHU\�GHSOHWLRQ��WKH�VLPXOWDQHRXV�HYHQWV
ZLOO�EH�UHVROYHG�LQ�IDYRU�RI�SRZHU�UHFRYHU\�UDWKHU�WKDQ�EDWWHU\�GHSOHWLRQ�

7KH� VHFRQG�PHDQV� RI� UHVROYLQJ� VLPXOWDQHRXV� DQG� FRQWUDGLFWRU\� FRQGLWLRQV� UHVLGHV� LQ� WKH� ,50
GHILQLWLRQ���5HFDOO�WKDW�WKH�³LI�±�WKHQ�±�HOVH´�GHFLVLRQ�PHWKRGRORJ\�FRQVLGHUV�WKH�ORJLFDO�FDVHV�LQ
,50V�DQG�'50V� LQ�DQ�RUGHU� VSHFLILHG�E\� WKH� DQDO\VW�� � ,I� DQ�DQDO\VW�SODFHV� WKH� ORJLFDO� FDVH� WR
GHVFULEH�SRZHU�UHFRYHU\�DKHDG�RI�WKH�ORJLFDO�FDVH�WR�GHVFULEH�VZLWFK�IDLOXUH��WKH\�DUH�VWDWLQJ�WKDW
WKH� DSSURSULDWH� EHKDYLRU� GXULQJ� WKHVH� VLPXOWDQHRXV� WUDQVLWLRQV� LV� WR� FRQWLQXH� RSHUDWLRQ� �L�H��
SRZHU�UHFRYHU\�WDNHV�SUHFHGHQFH�RYHU�EDWWHU\�GHSOHWLRQ����%\�UHYHUVLQJ�WKH�RUGHU�RI�WKHVH�ORJLFDO
FDVHV�� WKH�DQDO\VW�KROGV� WKDW� WKH�DSSURSULDWH�EHKDYLRU�ZRXOG�EH�DW� OHDVW�D�PRPHQWDU\� IDLOXUH� LQ
WHOHSKRQH�VZLWFKLQJ�RSHUDWLRQV�

7KH� H[WHQVLRQ� RI� WKLV� '50� HYDOXDWLRQ� DQG� EUDQFKLQJ� PHWKRGRORJ\� WR� VLWXDWLRQV� WKDW� UHTXLUH
VLPXOWDQHRXV� SUREDELOLVWLF� EUDQFKLQJ� DPRQJ� PXOWLSOH� REMHFWV� LV� DQDORJRXV� WR� WKH� EUDQFKLQJ
PHWKRGRORJ\� XVHG�ZKHQ�PXOWLSOH� ,50�REMHFWV� EUDQFK� LQ� WKH� VDPH� JHQHUDWLRQ�� � 7KH� DOJRULWKP
ILUVW�GHWHUPLQHV�WKH�VL]H�RI�WKH�DSSURSULDWH�WLPH�VWHS�E\�REWDLQLQJ�WKH�PLQLPXP�UHPDLQLQJ�GHOD\
WLPH�IURP�HDFK�REMHFW�LQ�WKH�V\VWHP�PRGHO���6LQFH�WZR�REMHFWV�UHTXLUH�VLPXOWDQHRXV�SUREDELOLVWLF
EUDQFKLQJ��WKH�DOJRULWKP�VHOHFWV�WKH�VFHQDULR�WR�EH�SURSDJDWHG�IRUZDUG�IURP�WKH�'50�RI�WKH�ILUVW
REMHFW� LW� HQFRXQWHUV�� � ,W� SODFHV� DQ� HQWU\� RQ� WKH� LQFRPSOHWH� VFHQDULR� VWDFN� WR� LQGLFDWH� WKDW� DOO
EUDQFKHV� DUH� DYDLODEOH� H[FHSW� WKH� VHOHFWHG� VFHQDULR� IRU� WKH� ILUVW� EUDQFKLQJ� REMHFW�� DQG� WKDW� DOO
EUDQFKHV�DUH�DYDLODEOH� IRU� WKH�VHFRQG�EUDQFKLQJ�REMHFW�� �$V� LW�SURSDJDWHV� WKH� VHOHFWHG�VFHQDULR
IRUZDUG��VWLOO�LQ�WKH�'50���WKH�DOJRULWKP�FRPHV�WR�WKH�VHFRQG�'50�WKDW�UHTXLUHV�EUDQFKLQJ�DW
WKLV�WLPH���$JDLQ��LW�VHOHFWV�D�VFHQDULR�WR�EH�SURSDJDWHG�IRUZDUG�WKDW�FRQWDLQV�WKH�VHOHFWHG�EUDQFK
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IURP�WKH�ILUVW�REMHFW�DQG��QRZ�� WKH�VHOHFWHG�EUDQFK�IURP�WKH�VHFRQG�REMHFW�� � ,W�SODFHV�D� VHFRQG
HQWU\�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�WR�LQGLFDWH�WKDW�RQO\�WKH�VHOHFWHG�EUDQFK�FDQ�EH�XVHG�IRU
WKH�ILUVW�REMHFW��DQG�DOO�EXW�WKH�VHOHFWHG�EUDQFK�DUH�DYDLODEOH�IURP�WKH�VHFRQG�REMHFW�� �1RWH�WKDW
WKHVH�WZR�HQWULHV�RQ�WKH�LQFRPSOHWH�VFHQDULR�VWDFN�DUH�H[DFWO\�DQDORJRXV�WR�WKH�HQWULHV�GHVFULEHG
LQ�PXOWLSOH�,50�EUDQFKLQJ�H[DPSOH�IURP�WKH�SUHYLRXV�VHFWLRQ���7KH�UHPDLQGHU�RI�WKH�EUDQFKLQJ
DQG� VROXWLRQ� DOJRULWKP� SURFHHGV� DFFRUGLQJ� WR� WKH� SDWWHUQ� HVWDEOLVKHG� LQ� WKH� PXOWLSOH� ,50
EUDQFKLQJ�H[DPSOH��VXEMHFW�WR�WKH�XVH�RI�GHOD\�DV�WKH�SULPDU\�EUDQFK�VHOHFWLRQ�GLVFULPLQDWRU�DV
GHVFULEHG�LQ�WKH�HDUO\�SDUW�RI�WKLV�VHFWLRQ���7KXV��ZKLOH�WKH�QXDQFHV�PD\�GLIIHU�EHWZHHQ�WKH�,50
DQG�'50�VROXWLRQ�DOJRULWKPV��WKH�EDVLF�FRQFHSWV�DQG�DSSOLFDWLRQV�DUH�WKH�VDPH�

������� 7UXQFDWLRQ�DQG�%LQQLQJ

7KH�SUREDELOLVWLF� EUDQFKLQJ� UXOHV� WKDW� DUH� FKDUDFWHULVWLF� RI� WKH�2%(67�PRGHOLQJ�PHWKRGRORJ\
FDQ�FDXVH� WKH� VROXWLRQ�DOJRULWKP� WR�SURGXFH�D�YHU\� ODUJH�QXPEHU�RI�SUREDELOLVWLF� VFHQDULRV� IRU
HDFK�VHW�RI�LQLWLDO�FRQGLWLRQV�DQDO\]HG���7KH�2%(67�PHWKRGRORJ\�SURYLGHV�WZR�PHWKRGV�WR�KHOS
WKH� DQDO\VW� FRSH�ZLWK� WKLV� H[SORVLRQ�� VFHQDULR� WUXQFDWLRQ� DQG� ELQQLQJ�� �7UXQFDWLRQV� DOORZV� WKH
DQDO\VW� WR� LQVWUXFW� WKH� VROXWLRQ� DOJRULWKP� WR� VWRS� HYDOXDWLQJ� D� VFHQDULR� EHIRUH� LW� UHDFKHV
FRPSOHWLRQ� DQG� WKURZ� LWV� UHVXOWV� DZD\� LI� LW� LV� ³XQLPSRUWDQW´� WR� WKH� GHVLUHG� RYHUDOO� UHVXOWV�
%LQQLQJ�DOORZV�WKH�DQDO\VW�WR�FRPELQH�WKH�VFHQDULRV�WKDW�DUH�RI�LQWHUHVW�LQWR�JURXSV�RI�VFHQDULRV�
RU�³ELQV�´�ZKHUH�DOO�VFHQDULRV�LQ�WKH�ELQ�DUH�³VLPLODU´�WR�HDFK�RWKHU�EDVHG�RQ�ELQQLQJ�FRQGLWLRQV
VXSSOLHG� E\� WKH� DQDO\VW�� �7KH� ELQQLQJ� SURFHVV� UHGXFHV�ZKDW�PD\� EH� KXQGUHGV� RI� WKRXVDQGV� RU
HYHQ� PLOOLRQV� RI� SRVVLEOH� VFHQDULRV� JHQHUDWHG� E\� WKH� 2%(67� VROXWLRQ� DOJRULWKP� LQWR� D� IHZ
GR]HQV�RU�KXQGUHGV�RI�ELQV�WKDW�FDQ�EH�UHDVRQDEO\�H[DPLQHG�E\�D�KXPDQ�DQDO\VW�

7KH� WUXQFDWLRQ� DOJRULWKP� XVHG� LQ� WKH�2%(67� VROXWLRQ� DOJRULWKP� DOORZV� WKH� XVHU� WR� WUXQFDWH� D
VFHQDULR�EDVHG�RQ�VHYHUDO�GLIIHUHQW�FULWHULD�

��� 7KH�DOJRULWKP�FDQ�EH�LQVWUXFWHG�WR�WKURZ�DZD\�VFHQDULRV�ZKRVH�SUREDELOLW\�IDOOV�EHORZ�VRPH
XVHU�VSHFLILHG�FXWRII�YDOXH�

��� 7KH� DQDO\VW� FDQ� LQFOXGH� H[SOLFLW� LQVWUXFWLRQV� LQ� ,50� RU� '50� VFULSWV� WR� LQGLFDWH� WKDW� DQ\
VFHQDULR�H[HFXWLQJ�WKDW�VFULSW�LV��E\�GHILQLWLRQ��QRW�RI�LQWHUHVW�WKH�DQDO\VW�DQG��WKXV��VKRXOG�EH
WKURZQ�DZD\��DQG

��� 7KH�DQDO\VW�FRXOG�LQFOXGH�H[SOLFLW�LQVWUXFWLRQV�LQ�WKH�,50�RU�'50�VFULSWV�WR�LQGLFDWH�WKDW�DQ\
VFHQDULR� H[HFXWLQJ� WKDW� VFULSW� LV�� E\� GHILQLWLRQ�� RI� VSHFLDO� LQWHUHVW� WR� WKH� DQDO\VW� DQG�� WKXV�
VKRXOG�EH�NHSW���$Q\�VFHQDULR�WKDW�KDV�QRW�EHHQ�VR�WHUPLQDWHG�ZKHQ�DQ�DQDO\VW�VSHFLILHG�³VWRS
WLPH´� LV� UHDFKHG� LV� DVVXPHG� QRW� WR� EH� RI� LQWHUHVW� DQG� LV� WKURZQ� DZD\� �WKLV� WUXQFDWLRQ
FRQGLWLRQ�LV�QRW�\HW�LPSOHPHQWHG�LQ�WKH�2%(67�GHPRQVWUDWLRQ�VRIWZDUH��

:KLOH�RWKHU� WUXQFDWLRQ�DQG�WHUPLQDWLRQ�FRQGLWLRQV�FRXOG�EH� LPDJLQHG�� WKHVH� IRUP�DQ�H[WUHPHO\
SRZHUIXO�IDFLOLW\�WR�HQDEOH�WKH�DQDO\VW�WR�ILOWHU�RXW�LQDSSURSULDWH�UHVXOWV�� �7KLV�LV�HVSHFLDOO\�WUXH
ZKHQ� RQH� FRPELQHV� WKH� ³WUXQFDWH´� LQVWUXFWLRQ�ZLWK� WKH� SRZHU� LQKHUHQW� LQ� WKH� ,50� DQG�'50
PRGHOLQJ�PHWKRGRORJ\�

7KH�ELQQLQJ�SURFHVV�SURYLGHV�D�PHFKDQLVP�IRU�WKH�DQDO\VW�WR�XVH�LQ�DJJUHJDWLQJ�VLPLODU�VFHQDULRV
LQWR�ODUJHU�JURXSV�WR�HDVH� WKH�PDQXDO�DQDO\VLV� WDVN� WKDW� IROORZV�VROXWLRQ�RI� WKH�2%(67�PRGHO�



��

7KH� PHWKRG� WR� EH� LPSOHPHQWHG� LQ� WKH� 2%(67� PHWKRGRORJ\� XVHV� D� PHWKRG� VLPLODU� WR� WKDW
HPSOR\HG� LQ� 6DQGLD¶V� H[LVWLQJ� 6(7$&� HYHQW� WUHH� DQDO\VLV� FRGH� V\VWHP�� � %ULHIO\� VWDWHG�� WKH
6(7$&�ELQQLQJ�PHWKRGRORJ\�DVNV�WKH�DQDO\VW� WR�GHILQH�D�VHULHV�RI� WRSLFV�RU�³GLPHQVLRQV´�WKDW
DUH�WR�EH�XVHG�LQ�WKH�VFHQDULR�DJJUHJDWLRQ�SURFHVV���)RU�HDFK�GLPHQVLRQ��WKH�DQDO\VW�GHILQHV�D�VHW
RI� OHJDO� FDWHJRULHV� RU� ³YDOXHV´
� WKDW� DUH� WR� EH� XVHG� WR� FKDUDFWHUL]H� WKH� VFHQDULR�� � 7KH� ELQQLQJ
SURFHVV� WKHQ� VHOHFWV� H[DFWO\� RQH� YDOXH� IRU� HDFK� GLPHQVLRQ� LQ� RUGHU� WR� VXPPDUL]H� WKH
FKDUDFWHULVWLFV�RI�WKDW�VFHQDULR���7KLV�XQLTXH�FRPELQDWLRQ�RI�YDOXHV�LV�FDOOHG�D�ELQ���7KH�VROXWLRQ
PHWKRGRORJ\� FRPELQHV� DOO� VFHQDULRV� WKDW� KDYH� WKH� H[DFW� VDPH� FRPELQDWLRQ� RI� YDOXHV� IRU� DOO
GLPHQVLRQV�LQWR�D�VLQJOH�DJJUHJDWH�ELQ�

7KH�FRQFHSW�RI�ELQQLQJ�FDQ�EH�FODULILHG�E\�WKH�XVH�RI�D�QRQ�2%(67�H[DPSOH���&RQVLGHU�WKH�WDVN
RI�FDWHJRUL]LQJ�D�VHULHV�RI�REMHFWV���2QH�PLJKW�VWDUW�E\�GHILQLQJ�WKUHH�WRSLFV��GLPHQVLRQV��WKDW�FDQ
EH�XVHG�LQ�WKLV�FDWHJRUL]DWLRQ��VL]H��VKDSH��DQG�FRORU���7KH�OHJDO�FDWHJRULHV��YDOXHV��IRU�VL]H�PLJKW
EH�VPDOO��PHGLXP��ODUJH��DQG�KXJH���7KH�YDOXHV�IRU�VKDSH�PD\�EH�S\UDPLG��URG��VSKHUH��RU�ER[�
ZKLOH�WKH�YDOXHV�IRU�FRORU�PD\�EH�UHG��YLROHW��EOXH��JUHHQ��\HOORZ��RUDQJH��ZKLWH��EODFN��DQG�JUD\�
5HFDOO� WKDW�D�ELQ�UHSUHVHQWV�RQH�XQLTXH�FRPELQDWLRQ�RI�YDOXHV�±�RQH�YDOXH�IRU�HDFK�GLPHQVLRQ�
7KXV�� RQH� ELQ�PLJKW� GHVFULEH� VPDOO� UHG� ER[HV�� ZKLOH� DQRWKHU� RQH�ZRXOG� GHVFULEH� KXJH� JUHHQ
S\UDPLGV�� RU� ODUJH�RUDQJH� URGV�� RU�PHGLXP�JUD\� VSKHUHV�� �7KH�ELQQLQJ�PHWKRG�NHHSV� VHSDUDWH
WKRVH� ELQV� WKDW� PD\� VKDUH� YDOXHV� IURP� RQH� RU� WZR� GLPHQVLRQV� EXW� DUH� QRW� WKH� VDPH� IRU� DOO
GLPHQVLRQV���7KXV��LW�WUDFNV�ODUJH�RUDQJH�URGV�VHSDUDWHO\�IURP�ODUJH�RUDQJH�ER[HV�RU�KXJH�RUDQJH
URGV�RU�ODUJH�EOXH�URGV���,I�RQH�ZLVKHV�WR�REWDLQ�WKH�QXPEHU�RI�URGV��WKH�QXPEHU�RI�YLROHW�REMHFWV�
RU� WKH� QXPEHU� RI� REMHFWV� WKDW� DUH� QRW� VPDOO�� RQH�PXVW� DJJUHJDWH� WKH� ELQV� RYHU� WKH� DSSURSULDWH
GLPHQVLRQV�WR�SURGXFH�WKHVH�VXPPDULHV�

:KLOH� WKLV� H[DPSOH� XVHV� RQO\� WKUHH� GLPHQVLRQV�� RQH� FDQ� LPDJLQH� D� ELQQLQJ� VFKHPH� WKDW� XVHV
PDQ\�GLIIHUHQW�GLPHQVLRQV�WR�GHVFULEH�DQG�VXPPDUL]H�WKH�SDWKV�JHQHUDWHG�E\�VROYLQJ�DQ�2%(67
PRGHO�� � 6(7$&� DQDO\VHV� KDYH� URXWLQHO\� XVHG� ELQQLQJ� GHILQLWLRQV� WKDW� FRQWDLQ� ��� RU� PRUH
GLPHQVLRQV�� � :H� DQWLFLSDWH� WKDW� VLPLODU� ELQQLQJ� PRGHOV� ZLOO� EH� XVHG� WR� VXPPDUL]H� 2%(67
DQDO\VHV�

7KH�6(7$&�ELQQLQJ�PHWKRGRORJ\�LV�GHVLJQHG�DURXQG�DQ�HYHQW�WUHH�DQDO\VLV�SDUDGLJP���7KXV��LWV
SURFHVVLQJ�FKDUDFWHULVWLFV�DUH�WDLORUHG�WR�ORRN�EDFN�RQO\�DW�WKH�HYHQWV�WKDW�KDYH�HLWKHU�RFFXUUHG�RU
IDLOHG�WR�RFFXU�LQ�D�JLYHQ�VFHQDULR���(YHQW�WUHH�DQDO\VLV�GRHV�QRW�H[SOLFLWO\�FRQVLGHU�WLPH��H[FHSW
WR�WKH�H[WHQW�WKDW�LW�LV�LQFRUSRUDWHG�LQ�WKH�GLVFUHWH�HYHQWV�WKDW�GHILQH�WKH�HYHQW�WUHH�PRGHO����7KXV�
WKH�6(7$&�ELQQLQJ�PHWKRGRORJ\�GRHV�QRW�DOORZ�WKH�DQDO\VW�WR�VXPPDUL]H�RYHU�GLPHQVLRQV�VXFK
DV��³:LWKLQ�ZKLFK�WLPH�UHJLPH�GLG�WKLV�HYHQW�RFFXU"´��RU�³,Q�ZKLFK�RUGHU�GLG�WKHVH�WKUHH�HYHQWV
RFFXU"´� � 7KHVH� FRQFHSWV� DUH� LQFRUSRUDWHG� LQ� WKH�2%(67� ELQQLQJ�PHWKRGRORJ\�� � 2%(67� DOVR
DOORZV�WKH�DQDO\VW�WR�VSHFLI\�FRPELQDWLRQV�RI�DWWULEXWH�YDOXHV�WR�EH�XVHG�DV�ELQ�RU�YDOXH�GHILQLWLRQ
FULWHULD�XVLQJ�DQ�³LI�±�WKHQ�±�HOVH´�GHFLVLRQ�PHWKRGRORJ\�WKDW�FORVHO\�PLPLFV�WKDW�XVHG�LQ� ,50
DQG�'50�GHILQLWLRQ�� �)LQDOO\��VLQFH� WKH� ,50�DQG�'50�GHILQLWLRQV�GR�QRW�DOORZ�WKH�DQDO\VW� WR

������������������������������������������������


��1RWH�WKDW�LQ�WKH�6(7$&�VRIWZDUH�� WKH�HQWLWLHV�NQRZQ�DV�YDOXHV�KHUH�DUH�FDOOHG�DWWULEXWHV�� �7KH�WHUPLQRORJ\�ZDV
FKDQJHG�IRU�WKH�2%(67�PHWKRGRORJ\�LQ�RUGHU�WR�DYRLG�FRQIXVLRQ�EHWZHHQ�WKLV�FRQFHSW�DQG�WKH�DWWULEXWHV�GHVFULEHG
LQ�WKH�2%(67�REMHFW�PHWKRGRORJ\�



��

FRQVLGHU�DQ�REMHFW¶V�VWDWH��DQG�VLQFH�DQ�DQDO\VW�PD\�EH�YHU\�LQWHUHVWHG�WR�NQRZ�ZKHWKHU�DQ�REMHFW
HYHU�HQWHUHG�D�SDUWLFXODU�VWDWH�RYHU�WKH�FRXUVH�RI�WKH�VFHQDULR��WKLV�FRQFHSW�LV�DOVR�LQFOXGHG�LQ�WKH
2%(67�ELQQLQJ�PHWKRGRORJ\�

����� &RPSDWLELOLW\�:LWK�3DUDOOHO�3URFHVVLQJ

7KH�2%(67�VROXWLRQ�PHWKRGRORJ\�LV��DW�LWV�KHDUW��IXQGDPHQWDOO\�D�UHFXUVLRQ�PHWKRG�� �7KURXJK
UHFXUVLRQ�� WKH�PHWKRG� HQJDJHV� LQ� WKH� V\VWHPDWLF� H[SORUDWLRQ� RI� DOO� SRVVLEOH� EUDQFKHV�ZLWKLQ� D
WUHH�EDVHG�ORJLFDO�VWUXFWXUH���6XFK�SUREOHPV�DQG�VROXWLRQ�PHWKRGV�FDQ�HDVLO\�EH�DGDSWHG�WR�PDNH
HIILFLHQW�XVH�RI�SDUDOOHO�SURFHVVLQJ�WHFKQRORJ\���1RWH�WKDW�HDFK�HQWU\�RQ�WKH�LQFRPSOHWH�VFHQDULR
VWDFN�UHSUHVHQWV�D�VHOI�FRQWDLQHG�LQGHSHQGHQW�VWDUWLQJ�SRLQW�IRU�D�QHZ�SRUWLRQ�RI�WKH�VFHQDULR�WUHH�
7KXV��D�YHU\�VLPSOH�PHWKRG�WR�SDUDOOHOL]H�WKH�VROXWLRQ�DOJRULWKP�LV�WR�KDYH�RQH�SURFHVVRU�PDQDJH
WKH�LQFRPSOHWH�VFHQDULR�VWDFN�DQG�SDVV�RXW�VWDFN�HQWULHV�WR�VHSDUDWH�SURFHVVRUV�IRU�HYDOXDWLRQ���$V
HDFK�SURFHVVRU�FRPSOHWHV�D�SDWK��LW�FDQ�SHUIRUP�WKH�ELQQLQJ�DVVHVVPHQW�LQWHUQDOO\�DQG�SDVV�EDFN
WR�WKLV�VXSHUYLVRU\�SURFHVVRU�RQO\�WKH�FKDUDFWHULVWLFV�DQG�SUREDELOLW\�IRU�WKH�ELQ�VDWLVILHG�E\�WKH
VFHQDULR�� � :KLOH� WKLV� PD\� QRW� PDNH� RSWLPXP� XVH� RI� WKH� SURFHVVRUV� RQ� D� PDVVLYHO\� SDUDOOHO
PDFKLQH��LW�ZRXOG�GUDPDWLFDOO\�LQFUHDVH�WKH�VROXWLRQ�VSHHG�IRU�DQ�2%(67�PRGHO�

$QRWKHU� DVSHFW� RI� PRGHUQ� 35$� WKDW� LV� HDVLO\� SDUDOOHOL]HG� LV�� LQ� PDQ\� FDVHV�� WKH� XQFHUWDLQW\
DQDO\VLV�� �7KH�XVH�RI�0RQWH�&DUOR�DQG�/DWLQ�+\SHUFXEH�VDPSOLQJ��/+6��PHWKRGV��� WR�SHUIRUP
VXFK�DQDO\VHV�LV�FRPPRQ���+HUH��WKH�DQDO\VW�VDPSOHV�YDULRXV�35$�PRGHO�SDUDPHWHUV�SULRU�WR�WKH
PRGHO� EHLQJ� H[HFXWHG�� �7KH� LQGLYLGXDO� VDPSOHV� �REVHUYDWLRQV�� DUH� XVHG� WR� FUHDWH� D� QXPEHU� RI
LQGHSHQGHQW� SUREOHP� GHILQLWLRQV� WKDW�PXVW� EH� VROYHG� VXFK� WKDW� RQH� FRPSOHWH� VHW� RI� UHVXOWV� LV
JHQHUDWHG� IRU� HDFK�REVHUYDWLRQ�� � ,W� LV� H[WUHPHO\� VLPSOH� WR�SDUDOOHOL]H�D�SURFHVV� VXFK� DV� WKLV�E\
SODFLQJ�RQH�LQGHSHQGHQW�SUREOHP�GHILQLWLRQ�DQG�VROXWLRQ�DOJRULWKP��HYHQ�D�QRQ�SDUDOOHO�VROXWLRQ
DOJRULWKP��RQ�HDFK�SURFHVVRU��DQG�FROOHFWLQJ�WKH�UHVXOWV�IRU�RXWSXW�RQFH�DOO�RI�WKH�DQDO\VHV�KDYH
EHHQ�FRPSOHWHG���*LYHQ�WKDW�WKH�2%(67�VROXWLRQ�DOJRULWKP�FDQ�EH�SDUDOOHOL]HG�LWVHOI�LQ�DGGLWLRQ
WR�SDUDOOHOL]DWLRQ�RI�WKH�XQFHUWDLQW\�DQDO\VLV�PHWKRGRORJ\��WKH�SRWHQWLDO�LV�YHU\�JRRG�IRU�VHHLQJ
GUDPDWLF�LQFUHDVHV�LQ�2%(67�VROXWLRQ�VSHHG�XQGHU�SDUDOOHO�SURFHVVLQJ���,W�PD\�HYHQ�EH�SRVVLEOH
WR�VHH�VSHHG�LPSURYHPHQWV�WKDW�DUH�QHDUO\�OLQHDU�LQ�WKH�QXPEHU�RI�SURFHVVRUV�IRU�UHODWLYHO\�ODUJH
2%(67�SUREOHPV�DQG�WKHLU�DVVRFLDWHG�XQFHUWDLQW\�DQDO\VHV�

����� &RPSDULVRQV�:LWK�2WKHU�0HWKRGRORJLHV

7KH�YDULRXV�PHWKRGRORJLFDO�GHVFULSWLRQV�LQ�WKLV�SDSHU�VKRXOG�JLYH�WKH�UHDGHU�VRPH�LQVLJKWV�LQWR
WKH�ZD\V�WKDW�WKH�2%(67�PHWKRGRORJ\�ERWK�FRPSDUHV�WR�DQG�FRPSOHPHQWV�RWKHU�LQIUDVWUXFWXUH
DQDO\VLV�PHWKRGRORJLHV� GHVFULEHG� LQ�&KDSWHU� ��� �2%(67� LQKHUHQWO\� FKDUDFWHUL]HV� D� YHU\� ODUJH
VFHQDULR� VSDFH� LQ�D�SUREDELOLVWLF�PDQQHU�� �7KLV�GLIIHUV� IURP� WKH�$VSHQ�PRGHO�� DV�ZHOO� DV� IURP
WUDGLWLRQDO� QHWZRUN� DQDO\VLV�PRGHOV��ZKLFK� SURYLGH� D� GHWDLOHG� H[DPLQDWLRQ� RU� VLPXODWLRQ� RI� D
VLQJOH� VFHQDULR� IRU� HDFK�PRGHO� H[HFXWLRQ�� � $� SUREDELOLVWLF� ZUDSSHU� ZRXOG� KDYH� WR� EH� SODFHG
DURXQG� WKHVH� PHWKRGV� LQ� RUGHU� WR� DFKLHYH� WKH� HIIHFWV� HPERGLHG� LQ� 2%(67�� � ,Q� DGGLWLRQ�� WKH
$VSHQ�PRGHO� UHTXLUHV� YDVW� FRPSXWDWLRQDO� UHVRXUFHV� WR� REWDLQ� HYHQ� D� VLQJOH� VLPXODWLRQ� UHVXOW�
DOWKRXJK�WKH�HFRQRPLF�FRQVHTXHQFHV�WKDW�LW�VLPXODWHV�DUH�ZHOO�EH\RQG�WKH�VFRSH�RI�WKH�2%(67
PRGHOV�WKDW�DUH�QRZ�EHLQJ�FRQWHPSODWHG�



��

7KH�2%(67�PHWKRGRORJ\�DOVR�GLIIHUV�IURP�WKH�GLVFUHWH�HYHQW�VLPXODWLRQ�PRGHOLQJ�PHWKRGRORJ\
WKDW�ZDV�FKDUDFWHUL]HG�IRU�WKH�/$6(3�7�DQG�6LP0RG�3UR�PRGHOV���:KLOH�ERWK�PHWKRGV�SHUIRUP
D�SUREDELOLVWLF�FKDUDFWHUL]DWLRQ�RI�D� ODUJH�HYHQW�VFHQDULR�VSDFH��/$6(3�7�DQG�6LP0RG�3UR�DUH
IXQGDPHQWDOO\� D�0RQWH� &DUOR� PHWKRGRORJ\�� � 2QH� RI� GLVFUHWH� HYHQW� VLPXODWLRQ¶V� IXQGDPHQWDO
FKDUDFWHULVWLFV�LV�WKDW�DOO�HYHQW�VFHQDULRV�WKDW�LW�GLVFRYHUV�DUH��E\�GHILQLWLRQ��HTXDOO\�OLNHO\���7KLV
PHDQV�WKDW�RQH�PXVW�VLPXODWH�HQRUPRXV�QXPEHUV�RI�VFHQDULRV�LQ�RUGHU�WR�IDFLOLWDWH�WKH�GLVFRYHU\
RI� UDUH� EXW� KLJK�FRQVHTXHQFH� VFHQDULRV�� � 7KLV� FDQ� LQYROYH� JUHDW� FRPSXWDWLRQDO� H[SHQVH�� � 7KH
2%(67�PHWKRGRORJ\��E\�FRPSDULVRQ��FRPSXWHV�DQ�HVWLPDWH�RI�WKH�OLNHOLKRRG�RI�HDFK�VFHQDULR�DV
LW�LV�GLVFRYHUHG���7KXV��WKH�2%(67�PHWKRGRORJ\�ZLOO�IDFLOLWDWH�JUHDWHU�FRPSXWDWLRQDO�HIILFLHQF\
IRU� WKRVH� SUREOHPV� WR� ZKLFK� LW� LV� VXLWHG�� � 1RWH� WKDW� VRPH� SUREOHPV� PD\� VWLOO� UHTXLUH� WKH
FRPSOH[LW\� RI� D� IXOO�0RQWH� &DUOR� GLVFUHWH� HYHQW� VLPXODWLRQ� PRGHO�� � 7KH� SUREOHPV� IRU� ZKLFK
/$6(3�7�ZDV�GHVLJQHG�PD\�EH�D�JRRG�FDVH�LQ�SRLQW���$IWHU�DOO��WKH�VFHQDULRV�LQYROYHG�LQ�ODXQFK�
SKDVH� DFFLGHQW� DVVHVVPHQW� PD\� QRW� ILW� WKH� SDUDGLJP� RI� LPPHGLDWH� UHVSRQVH�GHOD\HG� UHVSRQVH
PRGHOLQJ�WKDW�LV�LQKHUHQW�LQ�WKH�2%(67�PHWKRGRORJ\�

7KH�2%(67�PHWKRGRORJ\�FDQ�EH�YLHZHG�DV�D�GLUHFW�H[WHQVLRQ�WR�WUDGLWLRQDO�35$�PRGHOV�VXFK�DV
HYHQW� WUHHV�� K\EULG� 35$�VLPXODWLRQ� PRGHOV� VXFK� DV� '</$0� DQG� '(7$0�� DV� ZHOO� DV� WR
WUDGLWLRQDO�REMHFW�RULHQWHG�DQDO\VLV�PRGHOV��VSHFLILFDOO\��WKH�6KODHU�0HOORU�DQG�2355$�PHWKRGV
GHVFULEHG�LQ�6HFWLRQ��������7KH�2%(67�PHWKRGRORJ\�SURYLGHV�D�PHFKDQLVP�IRU�DQDO\VLV�RI�HYHQW
VFHQDULRV�IRU�V\VWHPV�ZLWK�LQKHUHQW�IHHGEDFN�ORRSV��DQ�DUHD�ZKHUH�HYHQW�WUHH�DQDO\VLV��LQIOXHQFH
GLDJUDPV�� DQG� PDQ\� RWKHU� WUDGLWLRQDO� 35$� PHWKRGV� IDLO��� � ,W� GRHV� VR� ZLWKRXW� WKH� WLPH� VWHS�
VLPXOWDQHLW\�� WLPH� VFDOH�� DQG�EUDQFKLQJ� OLPLWDWLRQV� LQKHUHQW� WR�'</$0�DQG�'(7$0�� � ,W� DOVR
SURYLGHV�D�PHFKDQLVP�IRU�WKH�XVH�RI�REMHFW�RULHQWHG�PRGHOV�LQ�WKH�DUHD�RI�WLPH�GHSHQGHQW�VXUHW\
DQDO\VLV� �DQ� DUHD� WKDW� ZDV� QRW� IXOO\� H[SORUHG� LQ� WKH� 2355$� PHWKRGRORJ\��� � 7KH� 2%(67
PHWKRGRORJ\�ZLOO�QRW�EH�WKH�PRVW�DSSURSULDWH�SDUDGLJP�IRU�DOO�VXFK�DQDO\VHV��KRZHYHU���,Q�VRPH
FDVHV�� WKH� WLPH� UHTXLUHG� WR�GHYHORS� WKH�REMHFW�PRGHOV�PD\�EH�PRUH� WKDQ�ZRXOG�EH� UHTXLUHG� WR
SHUIRUP� D� WUDGLWLRQDO� HYHQW� WUHH� DQDO\VLV�� � ,Q� DGGLWLRQ�� WKH� SDUDGLJP� RI� LPPHGLDWH
UHVSRQVH�GHOD\HG� UHVSRQVH�PRGHOLQJ�PD\� QRW� EH� DSSURSULDWH� IRU� FHUWDLQ� REMHFW�RULHQWHG� VXUHW\
DQDO\VLV�SUREOHPV���7KXV��WKH�2%(67�PHWKRGRORJ\�FDQ�EHVW�EH�YLHZHG�DV�D�PHPEHU�RI�D�ULVN�RU
VXUHW\�DQDO\VW¶V�WRROER[�²�EHLQJ�DSSOLHG�RQO\�WR�WKH�DQDO\VLV�RI�DSSURSULDWH�SUREOHPV�

7KH� FRPSDULVRQ� EHWZHHQ� 2%(67� DQG� WKH� HQXPHUDWLYH� ULVN� DVVHVVPHQW� PRGHOV� LV� QRW� DV
VWUDLJKWIRUZDUG���0HWKRGV�VXFK�DV�)0($�DQG�+$=23�DUH�DSSOLHG�WR�V\VWHPV�DV�D�³ILUVW�VWDJH´�RI
ULVN�DVVHVVPHQW���7KH\�H[DPLQH�RQO\�RQH�RU�WZR�VWHSV�LQ�D�KD]DUG�VFHQDULR�EXW�GR�QRW�VLPXODWH
ORQJHU�VHULHV�RI�HYHQWV�WR�WKHLU�XOWLPDWH�FRPSOHWLRQ��7KLV�UHSUHVHQWV�D�VLJQLILFDQW�GLIIHUHQFH�IURP
WKH�2%(67�PHWKRGRORJ\�EHFDXVH�2%(67�LV�GHVLJQHG�WR�VLPXODWH�WKH�V\VWHP¶V�EHKDYLRU�WKURXJK
DQ� HQWLUH� VHULHV� RI� HYHQWV� XQWLO� FRQVHTXHQFHV� DUH� GHWHUPLQHG�� � $Q� 2%(67� PRGHO� FRXOG� EH
FRQVWUXFWHG�WKDW�ZRXOG�V\VWHPDWLFDOO\�DSSO\�HDFK�IDLOXUH�PRGH�WR�D�V\VWHP�PRGHO�DQG�GHWHUPLQH
ZKLFK� IDLOXUH�PRGHV� OHDG� WR� FRQVHTXHQFHV� LQ� D�PDQQHU� VLPLODU� WR�)0($�RU�+$=23��EXW� LW� LV
XQFOHDU�ZKHWKHU� WKHUH�LV�DQ\�UHDO�DGYDQWDJH� WR� WKLV�DSSURDFK�EHFDXVH�RI� WKH�VLPSOLFLW\�RI� WKHVH
PRUH�FRPPRQ�PHWKRGV�

:KHQ� WKH� 2%(67� PHWKRGRORJ\� LV� FRPSDUHG� WR� D� 0DUNRY� PRGHO�� RQH� FRPHV� WR� WKH� VDPH
FRQFOXVLRQV� VWDWHG� LQ�6HFWLRQ����� �ZKHUH�0DUNRY�PRGHOV�ZHUH� FRPSDUHG� WR�RWKHU�SUREDELOLVWLF
ULVN�DVVHVVPHQW�PHWKRGV���$�0DUNRY�PRGHO�FDQ�LGHQWLI\�WKH�SUREDELOLW\�WKDW�D�V\VWHP�ZLOO�H[LVW
LQ�D�SDUWLFXODU�VWDWH�DV�D� IXQFWLRQ�RI� WLPH��2%(67�FDQQRW��� �+RZHYHU��D�0DUNRY�PRGHO�FDQQRW
HDVLO\�SURGXFH�WKH�SDWK�RU�VFHQDULR�LQIRUPDWLRQ�WKDW�LV�VR�XVHIXO�WR�WKH�ULVN�DQDO\VW���,Q�DGGLWLRQ�
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ZKLOH�0DUNRY�PRGHOLQJ�RIWHQ�VXIIHUV� IURP�D�VWDWH�H[SORVLRQ�ZKHQ� ODUJH� V\VWHPV�DUH� DQDO\]HG�
2%(67� GRHV� QRW�� � 2%(67� PD\� VXIIHU� IURP� D� SDWK� RU� VFHQDULR� H[SORVLRQ�� EXW� ZKHUHDV� WKH
2%(67�VROXWLRQ�PHWKRGRORJ\�FDQ�FRSH�ZLWK�VXFK�D�SDWK�H[SORVLRQ��WKH�DQDO\VW�PXVW�FRSH�ZLWK
WKH�VWDWH�H[SORVLRQ�EHFDXVH�WKH�H[SORVLRQ�LV�LQ�WKH�PRGHO�UDWKHU�WKDQ�WKH�VROXWLRQ�

&RPSDULQJ�2%(67�ZLWK� WUDGLWLRQDO�QHWZRUN� DQDO\VLV�PHWKRGV� LV�D� OLWWOH� OLNH�FRPSDULQJ� DSSOHV
DQG� RUDQJHV�� � 2%(67� PRGHOV� GLVFUHWH� VHULHV� RI� HYHQWV�� ZKLOH� D� QHWZRUN� DQDO\VLV� PHWKRG� LV
GHVLJQHG�WR�DVVHVV�WKH�IORZV��FDSDFLWLHV��DQG�RU�VWDELOLW\�RI�D�QHWZRUN�XQGHU�D�SUH�GHILQHG�VHW�RI
FRQGLWLRQV���7KH�QHWZRUN�DQDO\VLV�WRRO�LV�LQKHUHQWO\�DZDUH�RI�WKH�FRQGLWLRQV�WKDW�H[LVW�WKURXJKRXW
WKH� QHWZRUN�� ZKLOH� DQ� REMHFW� PRGHO� DWWHPSWV� WR� HQFDSVXODWH� WKH� EHKDYLRU� RI� HDFK� LQGLYLGXDO
FRPSRQHQW� LQWR� D� VHSDUDWH� SDFNDJH�� � 7KH� WZR�PHWKRGRORJLHV� FRPSOHPHQW� RQH� DQRWKHU� LQ� WKLV
ZD\���$Q�LGHDO�VROXWLRQ�PLJKW�EH�WR�FRXSOH�D�QHWZRUN�DQDO\VLV�WRRO�WR�DQ�2%(67�DQDO\VLV���,Q�VR
GRLQJ��RQH�ZRXOG�XVH�WKH�2%(67�PRGHO�WR�PRGHO�WKH�VHULHV�RI�HYHQWV�WKDW�DUH�LPSUHVVHG�RQ�WKH
QHWZRUN��DQG�XVH�D�WUDGLWLRQDO�QHWZRUN�DQDO\VLV�WRRO�WR�PRGHO�WKH�FKDUDFWHULVWLFV�RI�WKH�QHWZRUN
DV� WKH� 2%(67� PRGHO� GHWHUPLQHV� WKDW� QHWZRUN� ERXQGDU\� FRQGLWLRQV� FKDQJH�� � ,I� WKH� QHWZRUN
DQDO\VLV�WRRO�GHWHUPLQHG�WKDW�WKH�QHWZRUN�FRXOG�QRW�IXQFWLRQ�XQGHU�WKH�FRQGLWLRQV�LPSRVHG�E\�WKH
2%(67� PRGHO�� WKH� QHWZRUN� DQDO\VLV� WRRO� FRXOG�� VD\�� LGHQWLI\� RYHUORDGHG� DQG�RU� IDLOHG
FRPSRQHQWV� IRU� WKH� 2%(67� PRGHO�� ZKLFK� ZRXOG� WKHQ� SURSDJDWH� WKHLU� HIIHFWV� WKURXJK� WKH
UHPDLQGHU�RI�WKH�PRGHO���,Q�WKLV�ZD\��HDFK�PRGHOLQJ�PHWKRGRORJ\�SHUIRUPV�WKH�SRUWLRQV�RI�WKH
DQDO\VLV�IRU�ZKLFK�LW�LV�PRVW�FDSDEOH�


7KH� 2%(67� PHWKRGRORJ\� DOVR� FRPSOHPHQWV� WKH� H[LVWLQJ� VXLWH� RI� 6DQGLD� LQIUDVWUXFWXUH� DQG
DQDO\VLV� WRROV�� $VSHQ�� DQG� WKH� ,QGLFDWLRQV� DQG� :DUQLQJV� 6\VWHP�� � :KLOH� $VSHQ� SURYLGHV� D
GHWDLOHG�ORRN�DW�WKH�HFRQRPLF�UHVSRQVH�RI�D�UHJLRQ�WR�SRVWXODWHG�LQIUDVWUXFWXUH�GLVUXSWLRQV��LW�GRHV
QRW� SURYLGH� D� ZRUNDEOH� HQJLQH� IRU� WKH� VLPXODWLRQ� RI� ODUJH� QXPEHUV� RI� VXFK� VFHQDULRV�� DQG� LV
LQFDSDEOH� RI� D� SUREDELOLVWLF� H[SORUDWLRQ� RI� D� ODUJH� VFHQDULR� VSDFH� ZLWKRXW� DQ� H[WHUQDO� GULYHU�
(YHQ�WKHQ��$VSHQ¶V�FRPSXWDWLRQDO�UHTXLUHPHQWV�ZRXOG�EH�HQRUPRXV���$W�WKH�RSSRVLWH�HQG�RI�WKH
VSHFWUXP�� WKH� ,QGLFDWLRQV� DQG�:DUQLQJV�6\VWHP�� EHLQJ� D� TXDVL�TXDQWLWDWLYH� DVVHVVPHQW� WRRO�� LV
FDSDEOH�RI�SURYLGLQJ� LQVLJKW� LQWR� ODUJH� QXPEHUV� RI� VFHQDULRV� �SURYLGHG� D� VXLWDEOH� SUREDELOLVWLF
GULYHU�LV�HPSOR\HG����+RZHYHU��WKH�,QGLFDWLRQV�DQG�:DUQLQJV�6\VWHP�LV�QRW�GHVLJQHG�WR�SURYLGH�D
VLPXODWLRQ�OLNH�WLPHOLQH�RI� WKH�SRWHQWLDO�VFHQDULRV�WKDW�PLJKW�RFFXU�� �7KH�2%(67�PHWKRGRORJ\
ILWV�VTXDUHO\�EHWZHHQ�WKHVH�WZR�H[LVWLQJ�PHWKRGV���,WV�VLPXODWLRQ�FDSDELOLWLHV�DUH�QRW�DV�GHWDLOHG
DV� WKRVH� RI� $VSHQ�� EXW� DUH� PRUH� ULJRURXV� DQG� H[WHQVLYH� WKDQ� WKRVH� RI� WKH� ,QGLFDWLRQV� DQG
:DUQLQJV�6\VWHP���2%(67�LV�FRPSXWDWLRQDOO\�PRUH�LQWHQVLYH�WKDQ�WKH�,QGLFDWLRQV�DQG�:DUQLQJV
6\VWHP��VR�LW�PD\�QRW�EH�DV�XVHIXO�IRU�³UHDO�WLPH´�GHFLVLRQ�PDNLQJ���+RZHYHU��2%(67�ZLOO�UXQ
PXFK�PRUH�TXLFNO\�WKDQ�$VSHQ��PDNLQJ�LW�VXLWDEOH�IRU�H[SORUDWLRQ�RI�ODUJH�VFHQDULR�VSDFHV�DQG

������������������������������������������������


��6LPLODU�VWDWHPHQWV�FRXOG�DOVR�EH�PDGH�DERXW�'</$0�DQG�'(7$0�

�� �:KLOH�WKLV�SDUDJUDSK�VLQJOHV�RXW�$VSHQ��LWV�FRQFOXVLRQV�DUH�DSSOLFDEOH� WR�DOO� WUDGLWLRQDO�VLPXODWLRQ�PHWKRGV� WKDW
PLJKW�EH�XVHG� IRU� LQIUDVWUXFWXUH� DQDO\VLV� WR� WKH� H[WHQW� WKDW� WKHLU� FRPSXWDWLRQDO� GHPDQGV�GR�QRW� DOORZ� WKHP� WR�EH
H[HUFLVHG�WR�HYDOXDWH�ODUJH�QXPEHUV�RI�VFHQDULRV���7KRVH�WKDW�GR�QRW�KDYH�WKHVH�VWULQJHQW�FRPSXWDWLRQDO�UHTXLUHPHQWV
DUH� VLPLODU� WR� WKH� GLVFUHWH� HYHQW� VLPXODWLRQ�PRGHOV� GHVFULEHG� SUHYLRXVO\� LQ� WKDW� WKH\�PXVW� EH� GULYHQ� E\� D�0RQWH
&DUOR�³IURQW�HQG´�WR�SUREDELOLVWLFDOO\�H[SORUH�D�VFHQDULR�VSDFH�LI�WKH\�DUH�WR�EH�IDLUO\�FRPSDUHG�WR�2%(67�
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IRU� ULVN� VWXGLHV��ZKHUH�D�EURDG�SHUVSHFWLYH�RI� WKH� HQWLUH� VHW� RI�SRVVLEOH� VFHQDULRV� LV� LPSRUWDQW�
7KH�IDFW�WKDW�2%(67�H[SORUHV�WKH�VFHQDULR�VSDFH�SUREDELOLVWLFDOO\�PDNHV�LW�HVSHFLDOO\�ZHOO�VXLWHG
WR�ULVN�VWXGLHV�

7KH�SRWHQWLDO�V\QHUJLHV�EHWZHHQ�$VSHQ�DQG�WKH�2%(67�PHWKRGRORJ\�VKRXOG�QRW�EH�XQGHUVWDWHG�
2QH� QHHGV� ORRN� QR� IXUWKHU� WKDQ� WKH� DUHD� RI� QXFOHDU� UHDFWRU� ULVN� DQDO\VLV� WR� XQGHUVWDQG� WKDW� D
YDULHW\�RI�PRGHOV�RSHUDWLQJ�DW�GLIIHUHQW�OHYHOV�RI�GHWDLO�SURYLGH�FRPSOHPHQWDU\�LQIRUPDWLRQ��DOO
RI�ZKLFK�LV�LPSRUWDQW�WR�WKH�ULVN�DQDO\VW���������������������������������7KH�GHWDLOHG�PRGHOV�SURYLGH�LQVLJKW
DQG� JXLGDQFH� IRU� WKH� GHYHORSPHQW� RI� VLPSOLILHG�� ULVN�DSSURSULDWH� PRGHOV�� � 7KH� ULVN� DQDO\VW¶V
H[HUFLVLQJ�RI� WKH� VLPSOLILHG�PRGHOV�RYHU� D�YHU\�EURDG� VFHQDULR� VSDFH� UDLVHV�TXHVWLRQV� WKDW� FDQ
RIWHQ�RQO\�EH� FUHGLEO\� UHVROYHG�XVLQJ�PRUH�GHWDLOHG�PRGHOV�� � ,Q� WKLV�ZD\�� WKH� GHWDLOHG�PRGHOV
LQIOXHQFH� WKH� IRUPDWLRQ� RI� WKH� VLPSOLILHG�PRGHOV�� ZKLOH� WKH� VLPSOLILHG�PRGHOV� KHOS� GLUHFW� WKH
VFHQDULRV� WR� EH� H[SORUHG� XVLQJ� WKH� OLPLWHG� QXPEHU� RI� DYDLODEOH� HYDOXDWLRQV� RI� WKH� GHWDLOHG
PRGHOV�

����� 3RWHQWLDO�2%(67�$SSOLFDWLRQV

7KH� 2%(67� PHWKRGRORJ\� ZDV� RULJLQDOO\� GHYHORSHG� WR� HQDEOH� ULVN� DVVHVVPHQW� PRGHOV� WR� EH
FRQVWUXFWHG� IRU� LQWHUGHSHQGHQW� LQIUDVWUXFWXUH� V\VWHPV�� � 2QH� PLJKW� LPDJLQH� DQ� LQIUDVWUXFWXUH
SUREOHP� WKDW� LQYROYHV� HOHFWULF� SRZHU�� WHOHFRPPXQLFDWLRQV�� ZDWHU� DQG� HPHUJHQF\� VHUYLFHV�� � ,I
HOHFWULF� SRZHU� IDLOV�� WKHUH�ZLOO� OLNHO\� EH� D� VLJQLILFDQW� GHOD\� EHIRUH� WHOHFRPPXQLFDWLRQV��ZDWHU�
DQG�RU�HPHUJHQF\�VHUYLFHV�DUH�HIIHFWHG�EHFDXVH�HDFK�KDV�VRPH�EDFNXS�FDSDFLW\���+RZHYHU��LI�D
PDMRU� SRZHU� IDLOXUH� ODVWV� IRU� DQ� H[WHQGHG� SHULRG� RI� WLPH�� WKH� EDFNXS� EDWWHULHV� DW� WKH
WHOHFRPPXQLFDWLRQV� FHQWHU� DQG� HPHUJHQF\� VHUYLFHV� SURYLGHUV� PD\� EHFRPH� H[KDXVWHG� DQG� WKH
UHVHUYH�ZDWHU�VXSSO\�PD\�UXQ�RXW���7KH�ODFN�RI�ZDWHU�DQG�RU�WHOHFRPPXQLFDWLRQV�FRXOG��LQ�WXUQ�
PDNH� LW� PRUH� GLIILFXOW� IRU� WKH� HOHFWULF� SRZHU� SURYLGHU� WR� UHVWRUH� VHUYLFH� E\� LPSDLULQJ� WKH
FRRUGLQDWLRQ�RI�UHVWRUDWLRQ�ZRUN���7KXV��WKH�GHOD\�LQ�SRZHU�UHVWRUDWLRQ�LV�H[DFHUEDWHG�E\�IDLOXUHV
LQ� WHOHFRPPXQLFDWLRQV� DQG�RU� ZDWHU�� � ,W� VKRXOG� EH� REYLRXV� E\� QRZ� WKDW� WKLV� VLWXDWLRQ� FDQ� EH
PRGHOHG� YHU\� ZHOO� XVLQJ� WKH� 2%(67� PHWKRGRORJ\�� � 7KH� FKLHI� KLQGUDQFH� WR� WKH� H[WHQVLYH
PRGHOLQJ� RI� LQIUDVWUXFWXUH� SUREOHPV� XVLQJ�2%(67� RFFXUV�ZKHQ� WKH� ULVN�PRGHO�PXVW� ORRN� IRU
FDVFDGLQJ�IDLOXUHV�LQ�WKH�LQIUDVWUXFWXUH�QHWZRUNV���6HFWLRQ�����GHVFULEHV�D�SRWHQWLDO�H[WHQVLRQ�WR
WKH�2%(67�PHWKRGRORJ\�WKDW�KHOSV�DOOHYLDWH�WKLV�SUREOHP�

:KLOH� WKH�2%(67�PHWKRGRORJ\�ZDV� RULJLQDOO\� GHYHORSHG� IRU� WKH� DVVHVVPHQW� RI� LQIUDVWUXFWXUH
LQWHUGHSHQGHQFLHV��LWV�SRWHQWLDO�DUHDV�RI�DSSOLFDWLRQ�DUH�PXFK�EURDGHU���$V�WKH�PHWKRGRORJ\�KDV
EHHQ�GLVFXVVHG�ZLWK�RWKHU�DQDO\VWV��DSSOLFDWLRQV�KDYH�EHHQ�FRQVLGHUHG�LQ�DUHDV�LQFOXGLQJ�DYLDWLRQ
VDIHW\��SK\VLFDO�VHFXULW\��QXFOHDU�UHDFWRU�VDIHW\��LQIRUPDWLRQ�VXUHW\��DQG�ZHDSRQ�VDIHW\���2%(67
PD\��LQ�IDFW��EH�DV�JHQHUDOO\�DSSOLFDEOH�DV�WKH�HYHQW�WUHH�DQDO\VLV�PHWKRGRORJ\�WKDW�LV�FXUUHQWO\
SRSXODU�DPRQJ�ULVN�DQDO\VWV���&KDSWHU���SURYLGHV�D�QXPEHU�RI�2%(67�H[DPSOH�SUREOHPV�±�VRPH
RI�ZKLFK� DUH�GHULYHG� IURP� WKHVH�GRPDLQV�� �+RZHYHU�� WKH� UHPDLQLQJ� SDUDJUDSKV� LQ� WKLV� VHFWLRQ
SURYLGH�VRPH�LGHDV�RI�EDVLF�SUREOHPV�WKDW�PD\�EH�DPHQDEOH�WR�2%(67�VROXWLRQ�

3UREDEO\�WKH�JUHDWHVW�XVH�RI�YHU\�ODUJH�HYHQW�WUHHV�LQ�35$�RFFXUV�LQ�WKH�ILHOG�RI�QXFOHDU�UHDFWRU
VDIHW\�� � 0RVW� PRGHUQ� UHDFWRU� 35$� VWXGLHV� PRGHO� WKH� SKHQRPHQRORJ\� DVVRFLDWHG� ZLWK� DQ
DFFLGHQW¶V� SURJUHVVLRQ� IURP� FRUH� GDPDJH� WKURXJK� SRVVLEOH� UDGLRORJLFDO� UHOHDVH� XVLQJ� DQ� HYHQW
WUHH� WKDW� FRQWDLQV� EHWZHHQ� ��� DQG� ���� PXOWL�EUDQFK� HYHQWV� UHVXOWLQJ� LQ� OLWHUDOO\� PLOOLRQV� RI
SRVVLEOH�HYHQW�VHTXHQFHV��SDWKV����7KHVH�HYHQW�WUHH�PRGHOV�DUH�QRWRULRXVO\�GLIILFXOW�WR�FRQVWUXFW�
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H[DPLQH�� DVVXUH�� DQG� H[SODLQ�� �)XUWKHUPRUH�� VLQFH� LW� LV� WKH�DQDO\VW� WKDW�PXVW� GLVWLOO� WKH� V\VWHP
EHKDYLRU�WR�REWDLQ�WKH�HYHQW�WUHH�PRGHO��D�FKDQJH�LQ�SODQW�GHVLJQ�RU�DQ�LPSURYHG�XQGHUVWDQGLQJ
RI� VRPH� DVSHFW� RI� DFFLGHQW� SURJUHVVLRQ� PHWKRGRORJ\� PXVW� EH� PDQXDOO\� LQFRUSRUDWHG� LQ� DQG
SURSDJDWHG�WKURXJK�WKH�PRGHO���7KLV�LV�DQ�HUURU�SURQH�DQG�ODERU�LQWHQVLYH�SURFHVV���7KH�2%(67
PHWKRGRORJ\�FRXOG�UHSODFH�HYHQW�WUHHV�LQ�WKLV�DSSOLFDWLRQ�VLQFH�2%(67�LV�LQ�PDQ\�ZD\V�VLPLODU
WR� WKH�HYHQW� WUHH�PHWKRGRORJ\� WKDW� LV�FRPPRQO\� LQ�XVH�� �+RZHYHU��2%(67�FRXOG� LPSURYH� WKH
VLWXDWLRQ� EHFDXVH� 2%(67� PRGXODUL]HV� WKH� PRGHO� LQWR� REMHFWV�� VR� ZKHUHDV� WKH� DQDO\VW� PXVW
PDQXDOO\� SURSDJDWH� FKDQJHV� WKURXJK� WKH� HQWLUH� HYHQW� WUHH� PRGHO�� WKH� FKDQJHV� WR� DQ� 2%(67
PRGHO� ZRXOG� EH� YHU\� ORFDOL]HG� DQG�� KHQFH�� HDVLHU� WR� GHYHORS� DQG� DVVXUH�� � ,Q� IDFW�� WKLV
FRPSDUWPHQWDOL]DWLRQ� VKRXOG� HYHQ�PDNH� WKH� RULJLQDO�PRGHO� HDVLHU� WR� GHYHORS�� � 7KXV��2%(67
FRXOG�SURYLGH�VLJQLILFDQW�HQKDQFHPHQWV�WR�FXUUHQW�QXFOHDU�VDIHW\�35$�VWXGLHV�

7KH�DUHD�RI�SK\VLFDO�VHFXULW\�SURYLGHV�RSSRUWXQLWLHV�IRU�2%(67�LQ�WZR�PDMRU�DUHDV���)LUVW��VRPH
SK\VLFDO�VHFXULW\�VWXGLHV�KDYH�PDGH�H[WHQVLYH�XVH�RI�ODUJH�HYHQW�WUHHV���)RU�WKH�UHDVRQV�GHVFULEHG
DERYH��2%(67�FRXOG�KDYH�DQ�LPPHGLDWH�LPSDFW�RQ�WKHVH�VWXGLHV���6HFRQG��DQ�LPSRUWDQW�SDUW�RI
VRPH� SK\VLFDO� VHFXULW\� VWXGLHV� LV� ³IRUFH�RQ�IRUFH´� H[SHULPHQWV�� � ,Q� VRPH� FDVHV�� WKHVH� LQYROYH
DFWXDO� SHRSOH� DFWLQJ� RXW� VHFXULW\� H[HUFLVHV�� ZKLOH� LQ� RWKHUV�� KXPDQ� SOD\HUV� HQJDJH� LQ� VLPLODU
H[HUFLVHV�LQ�D�FRPSXWHUL]HG�HQYLURQPHQW���,W�LV�OLNHO\�WKDW�WKH�FRQFHSWV�RI�LPPHGLDWH�DQG�GHOD\HG
UHVSRQVH�PRGHOV�IURP�2%(67�FRXOG�SURYLGH�D�PHFKDQLVP�WR�DXWRPDWH�VRPH�RI�WKHVH�VLPXODWHG
VHFXULW\� H[HUFLVHV� DQG� SURYLGH� D� SUREDELOLVWLF� EDVLV� WR� VRPH� FODVVHV� RI� IRUFH�RQ�IRUFH
H[SHULPHQWV���*HQHUDWLQJ�2%(67�PRGHOV�WR�UHSUHVHQW�WKH�WUDLQLQJ�DQG�GRFWULQH�RI�ERWK�WHDPV��DV
ZHOO�DV�WKH�IDFLOLW\�EHLQJ�GHIHQGHG��ZRXOG�QRW�EH�DQ�HDV\�WDVN��EXW�SURYLGLQJ�D�SUREDELOLVWLF�EDVLV
DQG�D�PRUH�WKRURXJK�DQG�V\VWHPDWLF�LQYHVWLJDWLRQ�RI�SRWHQWLDO�VFHQDULRV�PD\�EH�ZRUWK�WKH�HIIRUW�
,QIRUPDWLRQ�VXUHW\�PD\�EH�DEOH�WR�EHQHILW�IURP�2%(67�IRU�VLPLODU�UHDVRQV�

$QRWKHU�DUHD�WKDW�KDV�PDGH�H[WHQVLYH�XVH�RI�ODUJH�HYHQW�WUHH�PRGHOV�LV�WKH�DVVXUDQFH�RI�QXFOHDU
ZHDSRQ�VDIHW\�LQ�WUDQVSRUWDWLRQ�DFFLGHQW�VFHQDULRV���+HUH��WKH�HYHQW�WUHH�PRGHO�LV�XVHG�WR�GHILQH
WKH�FKDUDFWHULVWLFV�RI�WKH�WUDQVSRUWDWLRQ��LQFOXGLQJ�WKH�LPSDFW�VHYHULW\��ILUH�FKDUDFWHULVWLFV��HWF���
7KH� 2%(67� PHWKRGRORJ\� PD\� SURYLGH� DQ� RSSRUWXQLW\� WR� JHQHUDWH� PRGHOV� WKDW� DUH� HDVLHU� WR
DVVXUH��PRGLI\��DQG�H[SODLQ�WR�UHYLHZHUV�WKDQ�DUH�WKH�FXUUHQW�ODUJH�HYHQW�WUHH�PRGHOV�

$YLDWLRQ� VDIHW\� LV� DQ� DUHD� WKDW� KDV� DOUHDG\� VHHQ� DFWLYH� UHVHDUFK� UHODWHG� WR� WKH� 2%(67
PHWKRGRORJ\���(DUO\�PRGHOV�KDYH�LQFOXGHG�WKH�UHIRUPXODWLRQ�RI�D�ODUJH�HYHQW�WUHH�DLUFUDIW�LFLQJ
DQDO\VLV��D�VLPSOH�PRGHO�WR�DVVHVV�WKH�FORVHQHVV�RI�DSSURDFK�EHWZHHQ�WZR�SODQHV�GXULQJ�D�UXQZD\
LQFXUVLRQ�VFHQDULR��DQG�D�PRGHO�WR�GHWHUPLQH�WKH�OLNHOLKRRG�RI�D�WD[LLQJ�DLUFUDIW�WR�HQG�XS�RQ�DQ
DFWLYH�UXQZD\�ZLWKRXW�SHUPLVVLRQ���7KH�ODWWHU�PRGHO�FRQVLGHUV�FRPPDQG�HUURUV�IURP�WKH�WUDIILF
FRQWUROOHU��PLVXQGHUVWDQGLQJV� DQG�PHPRU\� ODSVHV� RQ� WKH� SDUW� RI� WKH� IOLJKW� FUHZ�� UHVSRQVHV� WR
YLVXDO� FXHV�� HQYLURQPHQWDO� IDFWRUV�� DQG� WKH� DELOLW\� RI� WKH� WUDIILF� FRQWUROOHU� WR� UHFRJQL]H� DQG
FRPPDQG�D�VWRS�WR�D�GDQJHURXV�VLWXDWLRQ���,Q�WKLV�PRGHO��'50�GHOD\V�DUH�XVHG�WR�UHSUHVHQW�WKH
WLPH�LW�WDNHV�DQ�DLUFUDIW�WR�WUDYHUVH�D�SDUWLFXODU�SRUWLRQ�RI�DLUSRUW�WD[LZD\��DV�ZHOO�DV�WKH�WLPH�LW
WDNHV� IRU�D�FRQWUROOHU� WR� LGHQWLI\�DQG� UHVSRQG� WR�D�GHYHORSLQJ�VLWXDWLRQ�ZKHUH�DQ�DLUFUDIW� LV�QRW
ZKHUH�WKH�FRQWUROOHU�EHOLHYHV�LW�VKRXOG�EH���5HVHDUFK�LQ�WKLV�DUHD�ZLOO�OLNHO\�FRQWLQXH�DQG�SURYLGH
YDOXDEOH�DYLDWLRQ�VDIHW\�LQVLJKWV�

$�ILQDO��DQG�VHHPLQJO\�GLVFRQQHFWHG��DUHD�RI�DSSOLFDELOLW\�RI�WKH�2%(67�PHWKRGRORJ\�LV�LQ�WKH
DUHD�RI�HOHFWULF�FLUFXLW�DQDO\VLV���6SHFLILFDOO\��DQDO\VWV�ORRN�DW�VLWXDWLRQV�ZKHUH�D�ILUH�HUXSWV�LQ�WKH
DUHD�RI�HOHFWULF�FDEOHV�� � ,Q�WKH�SUHVHQFH�RI� ILUHV�� WKHVH�FDEOHV�FDQ�H[KLELW�YDULRXV� W\SHV�RI�RSHQ
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DQG�VKRUW�FLUFXLWV�� �7KH�EHKDYLRU�RI� WKH�V\VWHP�LV�GHSHQGHQW�QRW�RQO\�RQ�ZKLFK�RSHQ�DQG�VKRUW
FLUFXLWV�RFFXU��EXW�DOVR�RQ�WKH�RUGHU�LQ�ZKLFK�WKRVH�FLUFXLW�IDXOWV�RFFXU���2%(67�FDQ�LQMHFW�WKRVH
IDXOWV� LQWR�D�FLUFXLW�PRGHO�SUREDELOLVWLFDOO\�DQG�FRPSDUH� WKH� UHVSRQVH�RI� WKH�DFWXDO�FLUFXLW�ZLWK
WKDW� RI� DQ� ³LGHDO´� FLUFXLW� �RQH� WKDW� EHKDYHV� DV� ZRXOG� EH� H[SHFWHG� LQ� WKH� DEVHQFH� RI� WKH� ILUH
FRQGLWLRQV����7KLV�FRPSDULVRQ�FDQ�WKHQ�EH�FDWHJRUL]HG�WR�LGHQWLI\�WKH�SRWHQWLDO�IRU�WKHVH�IDXOWV�WR
FDXVH�WKH�FLUFXLW�WR�EHKDYH�LQ�DEQRUPDO�RU�GDQJHURXV�ZD\V�

7KH�2%(67�PHWKRGRORJ\� DOVR� VKRZV�SURPLVH� IRU� FRPSDWLELOLW\�ZLWK� VHYHUDO� RSWLPL]DWLRQ� DQG
XQFHUWDLQW\�DQDO\VLV�WHFKQLTXHV���6DQGLD¶V�FXUUHQW�XQFHUWDLQW\�DQDO\VLV�WHFKQLTXHV�IRU�ODUJH�HYHQW
WUHHV�VKRXOG�SURYH�LPPHGLDWHO\�WUDQVIHUDEOH�WR�WKH�2%(67�SURFHVV���$V�IRU�RSWLPL]DWLRQ��6DQGLD
LV� DOUHDG\�PDNLQJ�XVH�RI�RSWLPL]DWLRQ� WHFKQLTXHV�XVLQJ� V\VWHP� FXW� VHW� H[SUHVVLRQV� WR�PHDVXUH
UHOLDELOLW\�DV�RQH�SRUWLRQ�RI�D�XWLOLW\�PHWULF���,Q�D�VHQVH��WKH�V\VWHP�FXW�VHW�H[SUHVVLRQ�UHSUHVHQWV
WKH�GHWDLOHG�LQYHVWLJDWLRQ�RI�D� ODUJH�SRWHQWLDO�VFHQDULR�VSDFH��DQG� LWV�TXDQWLILFDWLRQ�VXPPDUL]HV
WKDW�VFHQDULR�VSDFH�IRU� WKH�XWLOLW\�PHWULF�� � ,Q�WKH�VDPH�ZD\�� WKH�VFHQDULR�VSDFH�H[SORUHG�E\� WKH
2%(67�PHWKRGRORJ\�FDQ�EH�VXPPDUL]HG�LQ�PDQ\�GLIIHUHQW�ZD\V�WR�\LHOG�LPSRUWDQW�LQIRUPDWLRQ
IRU�LQFOXVLRQ�LQ�DQ�RSWLPDOLW\�XWLOLW\�PHWULF���:KLOH�WKH�UH�TXDQWLILFDWLRQ�RI�DQ�2%(67�PRGHO�LV
QRW�QHDUO\�VR�VLPSOH�DV�WKH�UH�TXDQWLILFDWLRQ�RI�D�FXW�VHW�H[SUHVVLRQ��WKH�EDVLF�DSSOLFDELOLW\�GRHV
H[LVW�� DQG� LW� PD\� XOWLPDWHO\� EH� SRVVLEOH� WR� SURYLGH� VKRUWFXW� UHTXDQWLILFDWLRQ� PHWKRGV� IRU� DQ
2%(67�PRGHO�RQFH�DQ� LQLWLDO�VROXWLRQ� LV� IRXQG�� �7KLV�PD\�SURYLGH�JUHDWHU�DSSOLFDELOLW\�RI� WKH
2%(67� PHWKRG� WR� RSWLPDOLW\� DQDO\VHV� VKRXOG� UH�VROXWLRQ� RI� WKH� PRGHO� DW� HDFK� VWDJH� RI� WKH
RSWLPDOLW\�FDOFXODWLRQ�SURYH�LQIHDVLEOH�

����� 2%(67�/LPLWDWLRQV�DQG�3RVVLEOH�([WHQVLRQV

,Q�LWV�RULJLQDO�IRUP��WKH�2%(67�PHWKRGRORJ\�FRQWDLQV�D�QXPEHU�RI� LQKHUHQW� OLPLWDWLRQV�WKDW�� LI
UHPRYHG��ZRXOG�PDNH�WKH�PHWKRG�PRUH�ZLGHO\�DSSOLFDEOH���&KLHI�DPRQJ�WKHVH�OLPLWDWLRQV�LV�WKDW
WKH�RQO\�PHFKDQLVPV�DYDLODEOH�WR�GHWHUPLQH�SURSHU�EUDQFKLQJ�DUH�WLPH��SUREDELOLW\��DQG�ORJLFDO
VWDWHPHQWV�EDVHG�RQ�REMHFW�DWWULEXWHV���7KH�DELOLW\�WR�RSHUDWH�RQ�GLIIHUHQW�W\SHV�RI�TXDQWLWLHV�DQG
SHUIRUP� ³VLGH� FDOFXODWLRQV�´� DV� LV� FXUUHQWO\� GRQH� LQ� 6DQGLD¶V� 6(7$&��� HYHQW� WUHH� DQDO\VLV
VRIWZDUH�� ZRXOG� PDNH� 2%(67� GUDPDWLFDOO\� PRUH� SRZHUIXO� DQG� IOH[LEOH�� � )RU� WKRVH� ZKR� DUH
XQIDPLOLDU�ZLWK�6(7$&��WKH�VLGH�FDOFXODWLRQV�WKDW�LW�IDFLOLWDWHV�DUH�EDVHG�RQ�UHDO�YDULDEOHV�
��7KH
PRGHO�FDQ�VHW�WKH�YDOXH�RI�D�YDULDEOH�EDVHG�RQ�WKH�D�UHVXOW�RI�DQ\�HYHQW�EUDQFKLQJ�RSHUDWLRQ�LQ
PXFK� WKH� VDPH� ZD\� WKDW� DWWULEXWH� YDOXHV� DUH� VHW� LQ� DQ� 2%(67� ,50� RU� '50� VFULSW�� � 7KHVH
YDULDEOHV� FDQ� WKHQ� EH� VXEMHFWHG� WR� DGG�� VXEWUDFW� DQG�PXOWLSO\� RSHUDWLRQV� ZLWK� RWKHU� YDULDEOHV�
7KH\�FDQ�DOVR�EH�XVHG�WR�LQIOXHQFH�HYHQW�WUHH�EUDQFKLQJ�GHFLVLRQV�ZKHQ�WKH\�DUH�FRPSDUHG�ZLWK
WKUHVKROG�YDOXHV�DQG�SUREDELOLW\�GLVWULEXWLRQV���7KH�XWLOLW\�RI�WKLV�W\SH�RI�YDULDEOH�LV�LOOXVWUDWHG�DV
IROORZV��WKH�FXUUHQW�PHWKRGRORJ\�UHTXLUHV�WKH�DQDO\VW� WR� UHSUHVHQW�TXDQWLWLHV� OLNH�WKH�UHPDLQLQJ
FDSDFLW\�RI�D�EDWWHU\�VWULQJ�RU�IXHO�WDQN�WKURXJK�WKH�VXUURJDWH�YDULDEOH�RI�WLPH���7KH�FDSDFLWLHV�DUH
FRQYHUWHG� LQWR� GHSOHWLRQ� WLPHV� EDVHG� XSRQ� WKH� GUDZ�GRZQ� UDWH� LPSRVHG� E\� WKH� V\VWHP� EHLQJ
PRGHOHG�� �7KXV�� LI� RQH� FKDQJHV� WKH� GUDZ�GRZQ� UDWH� IRU� WKDW� TXDQWLW\�� WKH�2%(67�PRGHO� JHWV
PHVV\���,I�RQH�FRXOG�UHSUHVHQW�WKH�FDSDFLW\��WKH�GUDZ�GRZQ�UDWH��DQG�WKH�ODQGPDUN�YDOXH�DW�ZKLFK
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��5HDO��RU�FRQWLQXRXV�YDULDEOHV��DV�RSSRVHG�WR�GLVFUHWH�YDULDEOHV�VXFK�DV�LQWHJHUV�RU�%RROHDQ�YDOXHV�
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WKH�QH[W�DFWLRQ�RFFXUV�DV�FRQWLQXRXV�YDULDEOHV�� WKHQ� WKH�2%(67�PRGHO�FRXOG�GLUHFWO\�FRPSXWH
WKH� GHOD\� WLPH� XQWLO� WKH� ODQGPDUN� YDOXH� LV� UHDFKHG� DQG� LPSOHPHQW� WKH� '50� FRQGLWLRQV� DV
GHVFULEHG�SUHYLRXVO\���7KH�DGYDQWDJH�FRPHV�ZKHQ�WKH�TXDQWLW\�LV�SDUWLDOO\�GHSOHWHG�DQG�WKH�IORZ
UDWH�FKDQJHV�� �$�YDULDEOH�EDVHG�FRPSXWDWLRQ�PHWKRG�FDQ�VLPSO\�XSGDWH�WKH� UHPDLQLQJ�FDSDFLW\
DQG� FRPSXWH� D�QHZ� GHOD\� WLPH� EDVHG� RQ� WKH� QHZ� GHSOHWLRQ� UDWH�� � 2QH� FRXOG� DOVR� FKDQJH� WKH
ODQGPDUN�YDOXHV�LI�WKDW�ZHUH�QHFHVVDU\���7KHVH�IDFWRUV�FRXOG�LPPHGLDWHO\�EH�XVHG�WR�FRPSXWH�DQ
DFFXUDWH�UHSUHVHQWDWLRQ�RI�WKH�WLPH�GHSHQGHQW�EHKDYLRU�RI�WKH�PRGHO��ZKHUHDV�REWDLQLQJ�DFFXUDWH
EHKDYLRU�RQFH�WKHVH�TXDQWLWLHV�KDYH�EHHQ�FRQYHUWHG�LQWR�WKH�VXUURJDWH�WLPH�YDULDEOH�LV�GLIILFXOW�
7KH� DELOLW\� WR� XVH� FRQWLQXRXV� YDULDEOHV� LQWR� 2%(67�PRGHOV� ZRXOG� HQDEOH� D� ZLGH� YDULHW\� RI
V\VWHPV�WR�EH�PRGHOHG�WKDW�FDQ�RWKHUZLVH�RQO\�EH�FUXGHO\�DSSUR[LPDWHG�� �7KH�2%(67�PHWKRG
VKRXOG�LQFRUSRUDWH�YDULDEOH�FDSDELOLWLHV� WKDW�DUH�DW� OHDVW�DV�SRZHUIXO�DV� WKRVH�LQ�6(7$&�DQG�� LI
IHDVLEOH�� GUDPDWLFDOO\� H[SDQGHG�
� �:KLOH� LW� ZRXOG� EH� GHVLUDEOH� WR� UHVWULFW� WKH� SHUIRUPDQFH� RI
YDULDEOHV�VXFK� WKDW�2%(67�LV�VWLOO�DEOH� WR�FRPSXWH� WKH�HQGSRLQW�RI�D�'50�WLPH�VWHS� IURP� WKH
EHJLQQLQJ� RI� WKDW� '50� HYDOXDWLRQ�� RQH� FRXOG� HQYLVLRQ� D� FDSDELOLW\� ZKHUH� HYHQ� VLPSOH
GLIIHUHQWLDO�HTXDWLRQV�FRXOG�EH�LQFRUSRUDWHG�LQWR�WKH�2%(67�UHVSRQVH�PRGHOV�WKURXJK�WKH�XVH�RI
YDULDEOHV�

$� VHFRQG� IXQGDPHQWDO� OLPLWDWLRQ� RI� WKH�2%(67�PHWKRGRORJ\� LV� WKDW� LW� LV� LQKHUHQWO\� EDVHG� RQ
GLVFUHWH�PDWKHPDWLFV�� � 2EMHFW� EHKDYLRUV� DUH� GLVFUHWL]HG� LQWR� VWDWHV� WKDW� FDOO� GLVFUHWH� ,50� DQG
'50�PRGHOV���$WWULEXWHV�WKDW�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�DQ�REMHFW�FDQ�RQO\�EH�UHSUHVHQWHG�DV
GLVFUHWH�YDOXHV�� �7KLV� UHTXLUHV� WKH�DQDO\VW� WR�PDQXDOO\�FKRRVH� WKH� ODQGPDUN�YDOXHV� WR� IRUP� WKH
EUHDNSRLQWV�ZLWKLQ�WKH�GLVFUHWL]DWLRQ�RI�ZKDW�LV�WUXO\�D�FRQWLQXRXV�YDULDEOH���:LWK�WKH�H[FHSWLRQ
RI�WKH�YDULDEOHV�GHVFULEHG�DERYH��LW�LV�GLIILFXOW�WR�PDLQWDLQ�WKH�WUHH�OLNH�EHKDYLRU�RI�WKH�2%(67
PHWKRGRORJ\�ZKLOH� UHPRYLQJ� WKLV� OLPLWDWLRQ�� � 2WKHU�PRGHOLQJ�PHWKRGV� VXFK� DV� '</$0� DQG
'(7$0��� PD\� EH� PRUH� VXLWHG� WR� SUREOHPV� WKDW� FDQQRW� EH� HIIHFWLYHO\� PRGHOHG� ZLWKLQ� WKH
FRQVWUDLQWV�LPSRVHG�E\�YDULDEOHV�RQFH�WKH\�DUH�LPSOHPHQWHG�LQ�2%(67�

$QRWKHU� OLPLWDWLRQ� RI� WKH� 2%(67� PHWKRGRORJ\� LV� WKDW�� DV� FXUUHQWO\� LPSOHPHQWHG�� LW� FDQ� EH
GLIILFXOW� WR� UHSUHVHQW� WKH� JOREDO� EHKDYLRU� RI� D� QHWZRUN� XVLQJ� WKH� OLPLWHG� IDFLOLWLHV� DQG
FRPSDUWPHQWDOL]DWLRQ�� UHTXLUHG� E\� 2%(67�� � 7KHUH� DUH� WZR� SRVVLEOH� PHWKRGV� E\� ZKLFK� DQ
2%(67�PRGHO�FDQ�LQFRUSRUDWH�QHWZRUN�HIIHFWV�VXFK�DV�WUDQVLHQWV�ZLWKLQ�HOHFWULF�SRZHU�JULGV�RU
WHOHFRPPXQLFDWLRQV� QHWZRUNV�� � 7KH� ILUVW� PHWKRG� LQYROYHV� LQFRUSRUDWLQJ� LQWR� HDFK� QHWZRUN
HOHPHQW¶V�2%(67�REMHFW�WKH�LQWHOOLJHQFH�WR�HQDEOH�LW�WR�QHJRWLDWH�ZLWK�LWV�SHHUV��IROORZ�QHWZRUN
WUDQVLHQWV�DQG�UHDFK�QHWZRUN�HTXLOLEULXP���7KLV�PHWKRG�UHTXLUHV�H[WUHPHO\�FRPSOLFDWHG�REMHFWV�
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��7KHVH�W\SHV�RI�YDULDEOHV�FRXOG�DOVR�EH�XVHG�LQ�,50�EUDQFKLQJ��ZKHUH�WKH�DQDO\VW�PLJKW�LQGLFDWH�WKDW�LI�D�SDUWLFXODU
YDULDEOH�ZHUH�JUHDWHU�WKDQ�D�FHUWDLQ�WKUHVKROG��WKHQ�WKH�REMHFW�ZRXOG�SURYLGH�DQ�LPPHGLDWH�UHVSRQVH��VXFK�DV�D�WDQN
UXSWXULQJ�RU�WKH�LVVXDQFH�RI�D�V\VWHP�VKXWGRZQ�FRPPDQG��

���&RPSDUWPHQWDOL]DWLRQ�UHTXLUHV�WKDW�DQ�REMHFW¶V�EHKDYLRU�EH�FRPSOHWHO\�GHVFULEHG�ZLWKLQ�WKH�REMHFW�LWVHOI���:KHUH
WKH�EHKDYLRUV�RI�WZR�RU�PRUH�REMHFWV�DUH�KLJKO\�LQWHUGHSHQGHQW��DV�LQ�WKH�FDVH�RI�WKH�FRPSRQHQWV�ZLWKLQ�DQ�HOHFWULF
SRZHU� QHWZRUN�� WKLV� VWURQJO\� LQWHUGHSHQGHQW� EHKDYLRU� FDQ� EH� YHU\� GLIILFXOW� WR� PRGHO� XVLQJ� D� FRPSDUWPHQWDOL]HG
PRGHO�� � 7KHVH� EHKDYLRUV� DUH� RIWHQ� GHSHQGHQW� RQ� VPDOO� FKDQJHV� LQ� SDUDPHWHU� RU� DWWULEXWH� YDOXHV�� DQG� WKH
GLVFUHWL]DWLRQ� RI� DWWULEXWH� YDOXHV� UHTXLUHG� E\� 2%(67� FRPSRXQGV� WKH� GLIILFXOW\� LQ� UHSUHVHQWLQJ� WKHVH� VWURQJO\
LQWHUGHSHQGHQW�V\VWHPV�
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DQG� LW�ZLOO� EH� GLIILFXOW� WR� HQVXUH� WKDW� WKHLU� FROOHFWLYH� EHKDYLRU� DSSURSULDWHO\�PDWFKHV� REVHUYHG
UHDO�ZRUOG�QHWZRUN�WUDQVLHQW�DQG�HTXLOLEULXP�FRQGLWLRQV���7KH�VHFRQG�PHWKRG�LQYROYHV�FUHDWLQJ
DQ�H[WUHPHO\�VLPSOH�2%(67�REMHFW� IRU�HDFK�QHWZRUN�HOHPHQW�� DQG�XVLQJ� LW� DV�D�PHFKDQLVP� WR
WUDQVIHU� LQIRUPDWLRQ� DERXW� WKH� JOREDO� V\VWHP� VWDWH� LQWR� D� WUDGLWLRQDO� QHWZRUN� DQDO\VLV� PRGHO�
+HUH�WKH�2%(67�QHWZRUN�HOHPHQW�PRGHO�DFWV�SULQFLSDOO\�DV�DQ�LQWHUPHGLDU\�EHWZHHQ�WKH�PRUH
JOREDO�2%(67�PRGHO�DQG�WKH�WUDGLWLRQDO�QHWZRUN�PRGHO�RI�WKH�SDUWLFXODU�LQIUDVWUXFWXUH�WR�ZKLFK
LW�EHORQJV�� �7KH�QHWZRUN�PRGHO� LWVHOI� IROORZV� WKH� WUDQVLHQW�� LPSRVHV�FRQVLVWHQF\��DQG�GHYHORSV
QHWZRUN�HTXLOLEULXP�FRQGLWLRQV���,W�WKHQ�SDVVHV�WKLV�LQIRUPDWLRQ�EDFN�WR�WKH�2%(67�REMHFWV�IRU
WKH�HOHPHQWV�RI�LWV�QHWZRUN��ZKLFK�LQ�WXUQ�UHVHW�WKHLU�LQWHUQDO�VWDWHV�DQG�DWWULEXWHV�WR�PDWFK�WKRVH
IRXQG� E\� WKH� QHWZRUN� PRGHO�� � 2WKHU� REMHFWV� ZLWKLQ� WKH� 2%(67� PRGHO� FDQ� WKHQ� XVH� WKLV
LQIRUPDWLRQ�WR�DVVHVV�WKH�LQWHUDFWLRQV�EHWZHHQ�WKLV� LQIUDVWUXFWXUH�DQG�RWKHUV� WKDW�DUH�SDUW�RI� WKH
RYHUDOO� V\VWHP�PRGHO�� �7KLV�PHWKRGRORJ\� HQDEOHV� WKH�2%(67�PHWKRG�DQG� WUDGLWLRQDO�QHWZRUN
DQDO\VLV�WRROV�WR�ZRUN�LQ�WDQGHP�²�HDFK�SHUIRUPLQJ�WKH�SRUWLRQV�RI�WKH�DQDO\VLV�WR�ZKLFK�WKH\
DUH�PRVW� VXLWHG�� �$� VLPLODU�PHWKRG� FRXOG� EH� XVHG� WR� OLQN� DQ�2%(67�PRGHO� WR� RWKHU� W\SHV� RI
VLPXODWLRQ�PRGHOV�ZHUH� WKDW� WR�EH� IRXQG�EHQHILFLDO�� �6XFK� D� OLQNDJH� FRXOG�EHFRPH�HYHQ�PRUH
SRZHUIXO� DQG� IOH[LEOH� LI� LW� ZHUH� LPSOHPHQWHG� WKURXJK� WKH� XVH� RI� FRQWLQXRXV� YDULDEOHV� �DV
GHVFULEHG�SUHYLRXVO\��WR�HQDEOH�H[DFW�YDOXHV�WR�EH�WUDQVPLWWHG�WR�WKH�VLPXODWLRQ�PRGHO�UDWKHU�WKDQ
MXVW�QRPLQDO�YDOXHV�DVVRFLDWHG�ZLWK�GLVFUHWH�DWWULEXWHV�

<HW� DQRWKHU� OLPLWDWLRQ� RI� WKH� 2%(67� PHWKRG� RYHU� WUDGLWLRQDO� (7$� PHWKRGV� LQYROYHV� WKH
UHODWLRQVKLS� EHWZHHQ� IDXOW� WUHHV� DQG� WKH� HYHQW� SURJUHVVLRQ� PRGHO�� � 0RVW� PDMRU� (7$� FRGHV
SURYLGH�D�PHFKDQLVP�E\�ZKLFK�WKH�DQDO\VW�FDQ�VSHFLI\�WKDW�D�EUDQFK�SUREDELOLW\�ZLWKLQ�WKH�PRGHO
LV�UHDOO\�WKH�UHVXOW�RI�D�V\VWHP�IDLOXUH�WKDW�KDV�EHHQ�PRGHOHG�HOVHZKHUH�XVLQJ�D�IDXOW�WUHH���6LQFH
WKHUH� PD\� EH� PDQ\� VXFK� EUDQFKHV� ZLWKLQ� WKH� PRGHO�� DQG� VLQFH� WKHVH� IDXOW� WUHHV� PD\� EH
LQWHUGHSHQGHQW��WKH�HYHQW�WUHH�VRIWZDUH�PXVW�PDLQWDLQ�WKH�UHODWLRQVKLSV�EHWZHHQ�WKHVH�IDXOW�WUHHV
DQG�SURYLGH�IRU� WKHLU�VROXWLRQ�VXFK� WKDW� WKH�FRPPRQDOWLHV�DPRQJ�IDXOW� WUHH�HYHQWV�DUH�SURSHUO\
DFFRXQWHG�IRU�LQ�WKH�EUDQFK�SUREDELOLWLHV�XVHG�LQ�WKH�2%(67�HYHQW�VHTXHQFH�FRPSXWDWLRQ������

)LQDOO\�� WKH� 2%(67� PHWKRGRORJ\� FDQ� EH� YLHZHG� DV� EHLQJ� D� OLPLWDWLRQ� RQ� WKH� SUHYLRXVO\
GHYHORSHG� 2355$�PHWKRGRORJ\�� � 2355$� ZDV� GHYHORSHG� WR� HQFRPSDVV� DV� PDQ\� WUDGLWLRQDO
35$� PHWKRGV� DV� SRVVLEOH� LQWR� D� VLQJOH� REMHFW�EDVHG� PHWKRG�� � 7KH� 2%(67� PHWKRGRORJ\
VLJQLILFDQWO\� OLPLWV� WKH� DFWLRQ� ODQJXDJH� LQ� 2355$� E\� PRYLQJ� WRWDOO\� DZD\� IURP� 6KODHU� DQG
0HOORU¶V� GDWD� IORZ� GLDJUDP� FRQFHSW� DQG� LQVWLWXWLQJ� WKH� FRQFHSW� RI� LPPHGLDWH� DQG� GHOD\HG
UHVSRQVH�PRGHOV�� �:KLOH� WKLV� OLPLWDWLRQ� H[FOXGHV� WUDGLWLRQDO� GHGXFWLYH� ULVN� DVVHVVPHQW�PRGHOV
IURP�WKH�2%(67�SDUDGLJP��LW�LV�HVVHQWLDO�WR�WKH�UHDOL]DWLRQ�RI�WKH�H[WHQVLRQV�2%(67�SUHVHQWV�WR
WKH�LQGXFWLYH�DQDO\VLV�PHWKRGV�VXFK�DV�(7$���6LQFH�WKH�,50�'50�FRQFHSW�LV�IXQGDPHQWDO�WR�WKH
JDLQV�FODLPHG�E\�WKH�2%(67�PHWKRGRORJ\��LW�LV�GRXEWIXO�WKDW�H[WHQVLRQV�WR�WKH�RYHUFRPH�WKHVH
OLPLWDWLRQV�ZLOO�EH�GHYHORSHG�DQ\�WLPH�VRRQ�

����� 6XPPDU\

7KLV�FKDSWHU�KDV�VRXJKW�WR�SURYLGH�WKH�UHDGHU�ZLWK�DOO�RI�WKH�IXQGDPHQWDO�XQGHUSLQQLQJV�UHTXLUHG
WR�FRQVWUXFW�DQG�VROYH�2%(67�PRGHOV���,W�KDV�GHVFULEHG�WKH�REMHFW�RULHQWHG�PHWKRGV��6KODHU�DQG
0HOORU��2355$��WKDW�IRUP�WKH�KHULWDJH�IURP�ZKLFK�2%(67�ZDV�GUDZQ��DV�ZHOO�DV�WKRVH�DVSHFWV
WKDW�PDNH�2%(67� XQLTXH� IURP� WKHVH� SULRU�PHWKRGV�� � 2%(67� VKDUHV� ZLWK� WKHVH� PHWKRGV� WKH
FRQFHSWV�RI�D�VWDWH�VSDFH�EDVHG�DSSURDFK��ZKHUH�HDFK�VWDWH�UHSUHVHQWV�D�GLIIHUHQW�ERG\�RI�V\VWHP
EHKDYLRU�� DQG� ZKHUH� WUDQVLWLRQV� EHWZHHQ� WKRVH� VWDWHV� RFFXU� DV� D� UHVXOW� RI� HYHQWV� WKDW� FDQ� EH



��

JHQHUDWHG� HLWKHU� LQWHUQDO� WR� RU� H[WHUQDO� WR� WKH� REMHFW�� � +RZHYHU�� ZKLOH� WKH� SULRU� PHWKRGV
HPERGLHG� WKHLU� VSHFLILF� EHKDYLRUDO� PRGHOV� LQ� WHUPV� RI� DFWLRQ� GDWD� IORZ� GLDJUDPV�� 2%(67
HPERGLHV�LWV�EHKDYLRUDO�PRGHOV�LQ�LPPHGLDWH�DQG�GHOD\HG�UHVSRQVH�PRGHOV��,50V�DQG�'50V��
7KLV� HQDEOHV� 2%(67� WR� VSHFLILFDOO\�PRGHO� V\VWHPV� WKDW� DUH� FKDUDFWHUL]HG� E\� ORQJ� SHULRGV� RI
TXDVL�HTXLOLEULXP�� SHSSHUHG� ZLWK� VKRUW� SHULRGV� RI� SRWHQWLDOO\� LQWHQVH� DFWLYLW\� DQG� EHKDYLRUDO
FKDQJHV�� �7KLV�PRGHOLQJ�PHWKRG�ZDV�PRWLYDWHG�E\�WKH�VWXG\�RI� LQIUDVWUXFWXUH�V\VWHPV��EXW�KDV
SURYHQ�PXFK�PRUH�JHQHUDOO\�DSSOLFDEOH�DV�GHVFULEHG�LQ�6HFWLRQ�����

7KLV�FKDSWHU�KDV�DOVR�GHVFULEHG�WKH�DOJRULWKP�WKDW�KDV�LQLWLDOO\�EHHQ�SURSRVHG�DQG�LPSOHPHQWHG
LQ�VRIWZDUH�IRU�VROYLQJ�WKHVH�2%(67�PRGHOV���7KH�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�,50�DQG
'50� EUDQFKLQJ�ZHUH� GHVFULEHG�� DV� ZDV� WKH� WUHDWPHQW� RI� WKH� V\VWHP� DQG� REMHFW� FORFNV� XQGHU
GLIIHUHQW� VFHQDULRV�� � 7KH� DSSOLFDELOLW\� RI� SDUDOOHO� SURFHVVLQJ� WR� WKLV� VROXWLRQ�PHWKRG�ZDV� DOVR
GLVFXVVHG�� �)LQDOO\�� WKH�FKDUDFWHULVWLFV�RI�ERWK� WKH�PRGHOLQJ�PHWKRG�DQG� WKH�VROXWLRQ�DOJRULWKP
ZHUH� FRPSDUHG�ZLWK� WKH� OLVW�RI�GHVLUDEOH� FKDUDFWHULVWLFV� IURP�6HFWLRQ������� �/LPLWDWLRQV�RI� WKH
PHWKRGRORJ\�ZHUH� QRWHG�� DQG� SRWHQWLDO� H[WHQVLRQV�ZHUH� SURSRVHG� WR� GHDO� ZLWK� VRPH� RI� WKRVH
OLPLWDWLRQV�

7KH�UHPDLQGHU�RI�WKLV�UHSRUW�LV�GHGLFDWHG�WR�WKH�LPSOHPHQWDWLRQ�DQG�DSSOLFDWLRQV�RI�WKH�2%(67
PHWKRG���$�EULHI�RYHUYLHZ�RI�WKH�GHYHORSPHQWDO�VRIWZDUH�WKDW�LPSOHPHQWV�2%(67�LV�SUHVHQWHG
LQ�&KDSWHU����ZKLOH�D�QXPEHU�RI�2%(67�H[DPSOH�SUREOHPV�DUH�GHWDLOHG�LQ�&KDSWHU�����7RJHWKHU�
WKHVH�VHFWLRQV�VKRXOG�SURYLGH�WKH�UHDGHU�ZLWK�DGGLWLRQDO�SHUVSHFWLYH�WKURXJK�WKH�XVH�RI�FRQFUHWH
H[DPSOHV�WKDW�LOOXVWUDWH�WKH�PHWKRG��LWV�XVHV��DQG�LWV�OLPLWDWLRQV�



��

7KLV�3DJH�,QWHQWLRQDOO\�%ODQN



��

���2%(67�6RIWZDUH�,PSOHPHQWDWLRQ

����� 6RIWZDUH�2YHUYLHZ

7KH�PRGHOV�FUHDWHG�XVLQJ�WKH�2%(67�PRGHOLQJ�PHWKRGRORJ\�LQFUHDVH�LQ�FRPSOH[LW\�UDSLGO\�DV
REMHFWV�� VWDWHV�� DQG� DWWULEXWHV� DUH� LQFOXGHG�� � 7KXV�� LW� LV� LPSUDFWLFDO� WR� VROYH� DQ\WKLQJ� EXW� WKH
VLPSOHVW�PRGHOV�E\�KDQG���5DWKHU��WKH�PHWKRGRORJ\�GHPDQGV�WKH�XVH�RI�VSHFLDOL]HG�VRIWZDUH�WR
WUDFN�WKH�YDULHG�DQG�SRWHQWLDOO\�FRPSHWLQJ�EHKDYLRUV�DQG�WLPH�GHOD\V�DVVRFLDWHG�ZLWK�D�UHDOLVWLF
2%(67�PRGHO�� � )RU� WKLV� UHDVRQ�� WKLV� SURMHFW� DOVR� FUHDWHG� D� VRIWZDUH� SDFNDJH� WR� VROYH� WKRVH
PRGHOV�

7KH�2%(67�PRGHO� VROXWLRQ� VRIWZDUH� �KHUHDIWHU� UHIHUUHG� WR� DV� WKH�2%(67�VRIWZDUH�� RU� VLPSO\
³WKH� VRIWZDUH´�� ZDV� GHYHORSHG� RYHU� D� SHULRG� RI� PRUH� WKDQ� RQH� \HDU�� � 'XULQJ� WKDW� WLPH�� WKH
2%(67� PHWKRGRORJ\� LWVHOI� ZDV� HYROYLQJ� WKURXJK� VHYHUDO� VLJQLILFDQW� FKDQJHV� DV� VDPSOH
SUREOHPV�ZHUH�ZRUNHG�E\�KDQG�WR�JDLQ�LQVLJKWV�LQWR�WKH�QXDQFHV�DQG�SRWHQWLDO�SUREOHPV�SRVHG�E\
WKH�FRQYHQWLRQV�DQG�UXOHV�SURSRVHG�IRU� WKLV�PHWKRGRORJ\�� �)RU� WKHVH� UHDVRQV�DQG�PDQ\�RWKHUV�
WKLV�VRIWZDUH�VKRXOG�EH�YLHZHG�DV�GHPRQVWUDWLRQ�VRIWZDUH�UDWKHU�WKDQ�SURGXFWLRQ�JUDGH�VRIWZDUH�
:H� KRSH� WKDW� ODWHU� SURMHFWV� WKDW� PDNH� XVH� RI� WKH� 2%(67� PHWKRGRORJ\� ZLOO� EH� DEOH� WR� IXQG
XSJUDGHV�WR�WKH�FRPSXWDWLRQDO�NHUQHO��DV�GLVFXVVHG�LQ�&KDSWHU����DQG�FRPSOHWLRQ�RI�WKRVH�DVSHFWV
RI� WKH� XVHU� LQWHUIDFH� WKDW� KDG� WR� EH� QHJOHFWHG� LQ� RUGHU� WR� HQVXUH� WKH� SURSHU� IXQFWLRQLQJ� RI� WKH
FRPSXWDWLRQDO�NHUQHO�

7KH�2%(67�VRIWZDUH�ZDV�ZULWWHQ�XVLQJ�0LFURVRIW�9LVXDO�%DVLF�IRU�XVH�RQ�DQ� ,%0�FRPSDWLEOH
SHUVRQDO�FRPSXWHU�UXQQLQJ�D����ELW�0LFURVRIW�:LQGRZV�RSHUDWLQJ�V\VWHP����������0H��17����RU
��������,QVWDOODWLRQ�UHTXLUHPHQWV�DUH�PRGHVW�E\�FXUUHQW�FRPSXWLQJ�VWDQGDUGV�±�OHVV�WKDQ����0%
RI�IUHH�KDUG�GLVN�VSDFH�DUH�UHTXLUHG�� �7KH�VRIWZDUH�JHQHUDOO\� UXQV�ZHOO�RQ�FRPSXWHUV�KDYLQJ�DW
OHDVW� ���0%� RI� 5$0� DQG� D� 3HQWLXP�FODVV� SURFHVVRU�� � 7KH� VRIWZDUH� KDV� QR� VSHFLDO� JUDSKLFV�
VRXQG�� RU� RWKHU� KDUGZDUH� UHTXLUHPHQWV�� � 7KH� VRIWZDUH� VWRUHV� LWV�PRGHO� LQSXW� DQG� UHVXOWV� DV� D
GDWDEDVH�ILOH�XVLQJ�WKH�0LFURVRIW�$FFHVV�IRUPDW���7KXV��LQ�WKH�XQOLNHO\�HYHQW�WKDW�WKH�PRGHO�LWVHOI
VKRXOG�EHFRPH�FRUUXSWHG�E\�WKH�2%(67�VRIWZDUH��WKH�DGYHQWXURXV�XVHU�FDQ�HGLW�WKH�PRGHO�ILOH
GLUHFWO\�XVLQJ�0LFURVRIW�$FFHVV�

7KH�2%(67�VRIWZDUH�ZLOO�EH�GHVFULEHG�LQ�IRXU�PDLQ�SKDVHV���)LUVW�ZH�GHVFULEH�WKRVH�DVSHFWV�RI
WKH� VRIWZDUH� WKDW� DUH�XVHG� IRU�GHVFULELQJ� WKH�EDVLF� FKDUDFWHULVWLFV�RI� WKH�REMHFW�PRGHO�� QDPLQJ
REMHFWV��VWDWHV��VWDWH�WUDQVLWLRQV��DWWULEXWHV��DQG�GLVFUHWH�DWWULEXWH�YDOXHV���$IWHU�WKDW��ZH�GHVFULEH
WKRVH�SDUWV�RI�WKH�VRIWZDUH�WKURXJK�ZKLFK�WKH�XVHU�ZLOO�GHVFULEH�DQG�HQWHU�WKH�,50V�DQG�'50V�
ZLWK�WKHLU�DVVRFLDWHG�ORJLFDO�FDVHV�DQG�VFULSWV���7KLUG��ZH�GHVFULEH�WKH�SDUWV�RI�WKH�VRIWZDUH�WKDW
DUH�XVHG�WR�VSHFLI\�WKH�ORJLFDO�FRQGLWLRQV�WKDW�ZLOO�EH�XVHG�IRU�ELQQLQJ�WKH�UHVXOWV�RI�WKH�2%(67
DQDO\VLV�� � )LQDOO\��ZH� GHVFULEH� WKH� SDUWV� RI� WKH� VRIWZDUH� WKDW� HQDEOH� WKH� XVHU� WR� VHW� D�PRGHO¶V
LQLWLDO�FRQGLWLRQV��H[HFXWH�LWV�VROXWLRQ��DQG�YLHZ�WKH�UHVXOWV�

����� (QWHULQJ�D�%DVLF�2EMHFW�0RGHO

:KHQ�D�XVHU�ILUVW�VWDUWV�WKH�2%(67�VRIWZDUH��WKH�VFUHHQ�VKRZQ�LQ�)LJXUH�����LV�GLVSOD\HG���7KLV
VFUHHQ�HQDEOHV�WKH�XVHU�WR�



��

�� DGG�DQG�GHOHWH�REMHFWV� IURP� WKH�2%(67�PRGHO� �XVLQJ� WKH� ³$GG�1HZ�2EMHFW´� DQG� ³'HOHWH
2EMHFW´�EXWWRQV��

�� DGG�GHWDLOV�WR�WKH�REMHFW�PRGHOV��XVLQJ�WKH�³2EMHFW�'HILQLWLRQ´�EXWWRQ��

�� VSHFLI\�WKH�PRGHO¶V�LQLWLDO�FRQGLWLRQV��XVLQJ�WKH�³,QLWLDO�&RQGLWLRQV´�EXWWRQ��

�� GHYHORS�WKH�ORJLFDO�FRQGLWLRQV�E\�ZKLFK�WKH�2%(67�PRGHO�UHVXOWV�ZLOO�EH�ELQQHG��XVLQJ�WKH
³%LQQLQJ�&RQGLWLRQV´�EXWWRQ���DQG

�� LQYRNH�WKH�FRPSXWDWLRQDO�NHUQHO�WR�EHJLQ�VROXWLRQ�RI�WKH�2%(67�PRGHO�LWVHOI��XVLQJ�WKH�³5XQ
6FHQDULR´�EXWWRQ��

7KH�WZR�RWKHU�EXWWRQV�RQ�WKLV�VFUHHQ��³2EMHFW�5HODWLRQVKLSV´�DQG�³7HUPLQDWLRQ�&RQGLWLRQV´��DUH
FXUUHQWO\�QRQIXQFWLRQDO���,Q�WKLV�VHFWLRQ��ZH�ZLOO�IRFXV�RQ�WKH�IXQFWLRQDOLW\�SURYLGHG�E\�WKH�$GG
1HZ�2EMHFW��'HOHWH�2EMHFW��DQG�2EMHFW�'HILQLWLRQ�EXWWRQV��SDUWV�RI�WKH�IXQFWLRQDOLW\�SURYLGHG�E\
WKH�2EMHFW�'HILQLWLRQ�EXWWRQ�ZLOO�DOVR�EH�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ��

)LJXUH�������2%(67�6RIWZDUH�0DLQ�6FUHHQ�

:KHQ� WKH� DQDO\VW� EHJLQV� XVLQJ� WKH� 2%(67� VRIWZDUH�� WKH� 2%(67�PRGHO� LQLWLDOO\� FRQWDLQV� QR
REMHFWV�� �7KH� OLVW�ER[� LQ� WKH�2EMHFW�0RGHOV� IUDPH� LQ�)LJXUH����� LV�HPSW\�� �7KH� DQDO\VW� EHJLQV
SRSXODWLQJ�WKH�2%(67�PRGHO�E\�HQWHULQJ�D�QDPH�DQG�GHVFULSWLRQ�IRU�HDFK�REMHFW�WR�EH�XVHG�LQ
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WKH�2%(67�PRGHO���7KLV�LV�GRQH�XVLQJ�WKH�$GG�1HZ�2EMHFW�EXWWRQ���7KH�REMHFW�GHVFULSWLRQ�WKDW
LV�UHTXHVWHG�IRU�HDFK�QHZ�REMHFW�FDQ�EH�WKRXJKW�RI�DV�D�QRWH�RU�PHPR�ILHOG�WR�UHPLQG�WKH�DQDO\VW
RI�WKH�LQWHQGHG�FKDUDFWHULVWLFV�RI�WKLV�REMHFW���1HZ�REMHFWV�FDQ�EH�HQWHUHG�LQWR�WKH�VRIWZDUH�DOO�DW
RQFH� �DQG� SRSXODWHG� VLPXOWDQHRXVO\��� RU� WKH� DQDO\VW� PD\� ZLVK� WR� FUHDWH� D� VLQJOH� REMHFW�� DQG
VSHFLI\�DOO�RI� LWV�PRGHO�FKDUDFWHULVWLFV��EHIRUH�HQWHULQJ�LQIRUPDWLRQ�IRU�D�VXEVHTXHQW�REMHFW�� � ,Q
SUDFWLFH��ZH�KDYH�IRXQG�LW�EHQHILFLDO�WR�HQWHU�WKH�QDPHV��VWDWHV��VWDWH�WUDQVLWLRQV��DWWULEXWH�QDPHV�
DQG� DWWULEXWH� YDOXHV� DOO� DW� RQFH� IRU� DV� PDQ\� REMHFWV� DV� SRVVLEOH� YHU\� HDUO\� LQ� WKH� PRGHO
GHYHORSPHQW� SURFHVV�� � 7KLV� LV� EHFDXVH� WKH� ,50V� DQG�'50V� IRU� DQ\� REMHFW�PD\�ZHOO� GHSHQG
XSRQ� WKH� SDUWLFXODU� DWWULEXWH� YDOXHV� DVVRFLDWHG� ZLWK� VRPH� RWKHU� REMHFW�� � ,Q� RUGHU� WR� HQVXUH
FRQVLVWHQF\�ZLWKLQ�WKH�ILQDO�2%(67�PRGHO��WKH�VRIWZDUH�ZLOO�QRW�DOORZ�WKH�DQDO\VW�WR�XVH�REMHFW
RU�DWWULEXWH�QDPHV� WKDW�KDYH�QRW�DOUHDG\�EHHQ�GHILQHG�ZLWKLQ� WKH�PRGHO�� �7KXV�� LW� LV� KHOSIXO� WR
GHILQH�WKHVH�KLJK�OHYHO�FKDUDFWHULVWLFV�RI�HDFK�REMHFW�EHIRUH�SURFHHGLQJ�RQ�ZLWK�,50�DQG�'50
LQSXW�IRU�DQ\�RI�WKH�REMHFWV�

$QRWKHU� IXQFWLRQ� WKDW� LV� SHUIRUPHG� GLUHFWO\� XVLQJ� WKH� VFUHHQ� VKRZQ� LQ� )LJXUH� ���� LV� WKDW� RI
GHOHWLQJ�DQ�REMHFW�IURP�WKH�2%(67�PRGHO���7R�GHOHWH�DQ�REMHFW��WKH�DQDO\VW�VHOHFWV�WKH�QDPH�RI
WKH�REMHFW� WR�EH�GHOHWHG� IURP� WKH� OLVW�RI�PRGHO�REMHFWV� IRXQG� LQ� WKH�2EMHFW�0RGHOV� IUDPH�� DQG
WKHQ� SUHVVHV� WKH� 'HOHWH� 2EMHFW� EXWWRQ�� � 7KLV� UHPRYHV� WKH� REMHFW� DQG� DOO� RI� LWV� VWDWHV�� VWDWH
WUDQVLWLRQV�� DWWULEXWH� QDPHV�� DWWULEXWH� YDOXHV�� ,50V� DQG� '50V�� DQG� VFULSWV� IURP� WKH� 2%(67
PRGHO�� � 7KH� RQO\� WKLQJV� WKDW�PD\� UHPDLQ� DIWHU� DQ� REMHFW� LV� GHOHWHG� DUH� WKRVH� HOHPHQWV� RI� WKH
REMHFW�PRGHO� WKDW�DUH�QRW�DVVRFLDWHG�ZLWK�RQH�SDUWLFXODU�REMHFW��HYHQWV�QDPHV��DQG� ORJLFDO� FDVH
GHILQLWLRQV��WKHVH�ZLOO�EH�GLVFXVVHG�LQ�D�ODWHU�VHFWLRQ��

)LJXUH�������2EMHFW�'HILQLWLRQ�6FUHHQ�
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2QFH�WKH�DQDO\VW�KDV�HQWHUHG�QDPHV�DQG�GHVFULSWLRQV�IRU�WKH�REMHFWV�LQ�WKHLU�PRGHO��WKH�QH[W�VWHS
LV�WR�GHILQH�WKH�VWDWHV��VWDWH�WUDQVLWLRQV��DWWULEXWH�QDPHV�DQG�DWWULEXWH�YDOXHV�IRU�HDFK�REMHFW���7R
EHJLQ� WKLV� SURFHVV�� WKH� DQDO\VW� SUHVVHV� WKH� 2EMHFW� 'HILQLWLRQ� EXWWRQ�� � 7KLV� DFWLRQ� FDXVHV� WKH
VRIWZDUH�WR�EULQJ�XS�WKH�2EMHFW�'HILQLWLRQ�VFUHHQ��DV�VKRZQ�LQ�)LJXUH�������7KLV�VFUHHQ�DOORZV�WKH
DQDO\VW� WR� GLUHFWO\� VSHFLI\� WKH� GHIDXOW� LQLWLDO� FRQGLWLRQV� IRU� HDFK� REMHFW�� DQG� DOVR� VHUYHV� DV� D
QDYLJDWLRQ�FHQWHU� WR�HQDEOH� WKH�DQDO\VW� WR�H[DPLQH�DQG�GHILQH� WKH�YDULRXV�DVSHFWV�RI� WKH�REMHFW
PRGHO�� � ,Q� WKLV� VHFWLRQ��ZH�ZLOO� IRFXV�RQ� WKH� IXQFWLRQV�SURYLGHG�E\� WKH�6WDWH�'HILQLWLRQ��6WDWH
7UDQVLWLRQ�7DEOH�� DQG�$WWULEXWH�'HILQLWLRQ� EXWWRQV�� � 7KH� IXQFWLRQV� SURYLGHG� E\� WKH� ,PPHGLDWH
5HVSRQVH�0RGHO�DQG�'HOD\HG�5HVSRQVH�0RGHO�EXWWRQV�ZLOO�EH�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ�

)LJXUH�������(QWHULQJ�2EMHFW�6WDWHV�

7R�GHILQH�WKH�VWDWHV�DVVRFLDWHG�ZLWK�RQH�RU�PRUH�REMHFWV��WKH�DQDO\VW�SUHVVHV�WKH�6WDWH�'HILQLWLRQ
EXWWRQ���7KLV�FDXVHV�WKH�VRIWZDUH�WR�EULQJ�XS�WKH�6WDWH�'HILQLWLRQ�GLDORJ�ER[�VKRZQ�LQ�)LJXUH�����
7KLV�GLDORJ�HQDEOHV�WKH�DQDO\VW�WR�VSHFLI\�WKH�QDPH�DQG�GHVFULSWLRQ�IRU�HDFK�VWDWH�DVVRFLDWHG�ZLWK
DQ�REMHFW�� �$V�EHIRUH�� WKH�GHVFULSWLRQ�ILHOG�SURYLGHV� WKH�DQDO\VW�ZLWK�DQ�RSSRUWXQLW\� WR�PDNLQJ
QRWH�RU�PHPR�UHPLQGLQJ�WKHP�RI� WKH�VSHFLILF�EHKDYLRUV� WKDW� WKLV�VWDWH� LV� LQWHQGHG� WR� UHSUHVHQW�
7KH� OLVW� ER[� RI� WKH� WRS� RI� WKLV� GLDORJ� FRQWDLQV� D� OLVW� RI� DOO� REMHFWV� WKDW� FXUUHQWO\� H[LVW� LQ� WKLV
2%(67�PRGHO���:KHQ�WKH�DQDO\VW�VHOHFWV�RQH�RI�WKHVH�REMHFWV��VRIWZDUH�UHVSRQGV�E\�SRSXODWLQJ
WKH�WH[W�ER[�RI�WKH�ERWWRP�RI�WKLV�GLDORJ�ZLWK�DOO�RI�WKH�VWDWHV�WKDW�KDYH�SUHYLRXVO\�EHHQ�GHILQHG
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IRU�WKLV�REMHFW���)RU�D�QHZ�REMHFW��WKLV�OLVW�ZLOO�EH�HPSW\���7KH�DQDO\VW�FDQ�DGG�D�QHZ�VWDWH�IRU�WKLV
REMHFW�E\�HQWHULQJ�D�QDPH�DQG�GHVFULSWLRQ�LQ�WKH�WH[W�ER[HV�SURYLGHG��DQG�SUHVVLQJ�WKH�$GG�6WDWH
EXWWRQ�� �7KLV� DFWLRQ� HQWHUV� WKH�QHZ� VWDWH� LQWR� WKH�PRGHO� DQG� DGGV� LW� WR� WKH� OLVW� RI� VWDWHV� DW� WKH
ERWWRP�RI� WKH� IRUP�� � 7KH� DQDO\VW� FDQ� UHSHDW� WKLV� SURFHVV� IRU� WKLV� VDPH� REMHFW� WR� DGG�PXOWLSOH
VWDWHV��RU�DGG�VWDWHV�WR�D�GLIIHUHQW�REMHFW�E\�VHOHFWLQJ�WKDW�REMHFW¶V�QDPH�IURP�WKH�OLVW�RI�WKH�WRS�RI
WKH�IRUP���:KHQ�DOO�RI�WKH�GHVLUHG�VWDWHV�KDYH�EHHQ�DGGHG��WKH�DQDO\VW�SUHVVHV�WKH�2.�EXWWRQ�WR
UHWXUQ�WR�WKH�2EMHFW�'HILQLWLRQ�VFUHHQ�

:KHQ� WKH� DQDO\VW� VHOHFWV� DQ� REMHFW� IURP� WKH� 2EMHFW� 1DPH� OLVW� DW� WKH� WRS� RI� WKH� GLDORJ�� WKH
VRIWZDUH� UHVSRQGV�E\� OLVWLQJ�DOO�NQRZQ�VWDWHV� IRU� WKDW�REMHFW� DW� WKH�ERWWRP�RI� WKH� IRUP�� � ,I� WKH
DQDO\VW�VHOHFWV�RQH�RI� WKRVH�VWDWHV�� LWV�QDPH�DQG�GHVFULSWLRQ�DUH�SODFHG�LQ�WKH�WH[W�ER[HV�RQ�WKH
IRUP�� �7KH� DQDO\VW� FDQ� UHYLHZ� WKLV� LQIRUPDWLRQ�E\� VFUROOLQJ� WKURXJK� WKH� WH[W� ER[HV�� DQG�PDNH
PRGLILFDWLRQV�DV�QHFHVVDU\���,I�WKH�DQDO\VW�ZLVKHV�WR�GHOHWH�WKLV�VWDWH�IURP�WKH�REMHFW��WKLV�LV�GRQH
XVLQJ�WKH�'HOHWH�6WDWH�EXWWRQ�

:KHQ�WKH�DQDO\VW� UHWXUQV�WR�WKH�2EMHFW�'HILQLWLRQV� �)LJXUH������VFUHHQ�DIWHU�GHILQLQJ� WKH�VWDWHV
IRU�HDFK�REMHFW��WKH\�FDQ�QRZ�HQWHU�WKH�EDVLF�LQLWLDO�FRQGLWLRQ�LQIRUPDWLRQ�IRU�HDFK�REMHFW���7KLV
FRQVLVWV�RI�VSHFLI\LQJ�WKH�LQLWLDO�VWDWH�DQG�WKH�LQLWLDO�FORFN�FRQGLWLRQV�IRU�HDFK�REMHFW���7R�VSHFLI\
WKLV� LQIRUPDWLRQ�� WKH� DQDO\VW� ILUVW� VHOHFWV� WKH�QDPH�RI� WKH� REMHFW� IURP� WKH� OLVW� LQ� WKH� XSSHU� OHIW
FRUQHU� RI� WKH� 2EMHFW� 'HILQLWLRQV� VFUHHQ�� � 7KH� VRIWZDUH� UHVSRQGV� E\� GLVSOD\LQJ� WKH� VWDWH
GHVFULSWLRQ�DQG�DQ\�SUHYLRXVO\�HQWHUHG�LQLWLDO�FRQGLWLRQ�LQIRUPDWLRQ�IRU� WKLV�REMHFW�� �7R�VSHFLI\
WKH�LQLWLDO�VWDWH�IRU�WKLV�REMHFW��WKH�DQDO\VW�ZLOO�VLPSO\�VHOHFW�RQH�RI�WKH�SUHYLRXVO\�GHILQHG�VWDWHV
IURP�WKH�,QLWLDO�6WDWH�GURS�GRZQ�PHQX���7KLV�SURFHVV�LV�UHSHDWHG�IRU�HDFK�REMHFW�LQ�WKH�2%(67
PRGHO�� � :KLOH� WKLV� PHQX� DOVR� LQFOXGHV� D� &DQFHO� EXWWRQ�� WKDW� EXWWRQ� GRHV� QRW� \HW� IXQFWLRQ
SURSHUO\�� � 7KXV�� DQ\� FKDQJHV� WR� WKH�PRGHO� LQLWLDO� FRQGLWLRQV� DUH� SHUPDQHQWO\� HQWHUHG� LQWR� WKH
2%(67�PRGHO�GDWDEDVH���0LVWDNHV�DUH�FRUUHFWHG�E\�UH�HQWHULQJ�WKH�GDWD�LQ�WKH�RULJLQDO�PDQQHU�

7KH�RWKHU� LQLWLDO�FRQGLWLRQV�WKDW�DUH�VHW�IURP�WKH�2EMHFW�'HILQLWLRQV�VFUHHQ�KDYH� WR�GR�ZLWK� WKH
LQLWLDO�FRQGLWLRQV�IRU�WKH�REMHFW¶V�FORFN���,Q�JHQHUDO��WKH�LQLWLDO�YDOXH�IRU�HDFK�REMHFW¶V�FORFN�ZLOO
EH�]HUR��DOWKRXJK�WKHUH�PD\�EH�VSHFLDO�VLWXDWLRQV�ZKHUH�DQ�DQDO\VW�ZLVKHV�WR�VHW�D�FORFN¶V�LQLWLDO
YDOXH�WR�VRPH�QRQ]HUR�YDOXH���7R�GR�VR��WKH�DQDO\VW�HQWHUV�WKH�DSSURSULDWH�YDOXH�LQ�WKH�&ORFN�WH[W
ER[���,Q�DGGLWLRQ�WR�VHWWLQJ�DQ�LQLWLDO�YDOXH�IRU�WKH�FORFN��WKH�DQDO\VW�ZLOO�ZLVK�WR�VHOHFW�ZKHWKHU
HDFK� REMHFW¶V� FORFN� LV� RQ� �DFFXPXODWLQJ� WLPH� DJDLQVW� VRPH� '50�� RU� RII� �ZDLWLQJ� IRU� WKH
RFFXUUHQFH�RI�VRPH�IXWXUH�VWLPXOXV�EHIRUH�EHJLQQLQJ�WR�DFFXPXODWH�WLPH�WRZDUGV�D�'50����7KH
&ORFN� 2Q� FKHFN� ER[� VKRXOG� EH� FKHFNHG� LI� WKH� REMHFW¶V� FORFN� LV� WR� LQLWLDOO\� EH� VHW� ³RQ´� DQG
XQFKHFNHG� LI� WKH� REMHFW¶V� FORFN� LV� WR� EH� LQLWLDOO\� VHW� ³RII�´� � 7KLV� SURFHVV� LV� UHSHDWHG� IRU� HDFK
REMHFW� LQ� WKH�2%(67�PRGHO� IROORZLQJ� WKH� VDPH� UXOHV� DQG� FRQGLWLRQV� XVHG� LQ� WKH� ,QLWLDO� 6WDWH
GURS�GRZQ�PHQX�

7KH� QH[W� WDVN� IRU� WKH� DQDO\VW� LV� WR� GHILQH� HDFK� REMHFW¶V� VWDWH� WUDQVLWLRQ� GLDJUDP�� � 7KH� DQDO\VW
HQWHUV�D�VSHFLDO�IRUP�IRU�GHILQLQJ�WKH�VWDWH�WUDQVLWLRQ�GLDJUDP�IURP�WKH�2EMHFW�'HILQLWLRQ�VFUHHQ
E\� SUHVVLQJ� WKH� 6WDWH� 7UDQVLWLRQ� 7DEOH� EXWWRQ�� � 7KH� VRIWZDUH� UHVSRQGV� WR� WKLV� FRPPDQG� E\
EULQJLQJ�XS�WKH�VFUHHQ�VKRZQ�LQ�)LJXUH�������,QLWLDOO\��WKLV�VFUHHQ�ZLOO�EH�EODQN�H[FHSW�IRU�WKH�OLVW
RI�GHILQHG�PRGHO�REMHFWV�IRXQG�LQ�WKH�XSSHU�OHIW�FRUQHU���7R�HQWHU�D�VWDWH�WUDQVLWLRQ�PRGHO�IRU�DQ
REMHFW��WKH�DQDO\VW�ILUVW�VHOHFWV�WKDW�REMHFW¶V�QDPH�IURP�WKH�2EMHFW�1DPH�OLVW���7KH�VRIWZDUH�ZLOO
UHVSRQG�E\�GLVSOD\LQJ�D�OLVW�RI�DOO�GHILQHG�VWDWHV�IRU�WKLV�REMHFW�LQ�WKH�6WDWHV�OLVW��DV�ZHOO�DV�D�OLVW
RI� DOO� GHILQHG� HYHQWV� LQ� WKH� HQWLUH�2%(67�PRGHO�� �7KH� DQDO\VW�ZLOO� FKRRVH� IURP� WKHVH� OLVWV� WR



��

GHILQH� WKH� VWDWH� WUDQVLWLRQ� WDEOH�� � ,QLWLDOO\�� WKH� (YHQWV� OLVW� ZLOO� EH� HPSW\�� � 7KH� PHWKRG� IRU
SRSXODWLQJ�WKLV�OLVW�ZLOO�EH�GHVFULEHG�VKRUWO\���$VVXPLQJ��IRU�D�PRPHQW��WKDW�WKH�(YHQWV�OLVW�KDV
DOUHDG\�EHHQ�SRSXODWHG�ZLWK�DOO�RI�WKH�HYHQWV�QHFHVVDU\�WR�FRPSOHWH�WKLV�REMHFW¶V�VWDWH�WUDQVLWLRQ
PRGHO�� WKH� DQDO\VW� FRQVWUXFWV� WKH� VWDWH� WUDQVLWLRQ� PRGHO� DV� IROORZV�� � 1RWH� KRZ�� LQLWLDOO\�� WKH
&XUUHQW�6WDWH�ER[�LV�HQDEOHG��DQG�DOO�RWKHU�ER[HV�UHODWHG�WR�WKLV�VWDWH�WUDQVLWLRQ�DUH�GLVDEOHG���7R
HQWHU�D�VWDWH� WUDQVLWLRQ�� WKH�DQDO\VW� ILUVW�VHOHFWV� WKH�QDPH�RI� WKH�³IURP´�VWDWH� �WKH�VWDWH� WKDW� WKLV
WUDQVLWLRQ�ZLOO�UHPRYH�WKLV�REMHFW�IURP��IURP�WKH�6WDWHV�OLVW��DQG�SUHVVHV� WKH�$GG�&XUUHQW�6WDWH
EXWWRQ���7KH�VWDWH¶V�QDPH�ZLOO�DSSHDU�LQ�WKH�&XUUHQW�6WDWH�ER[��DQG�WKH�IRFXV�ZLOO�VKLIW�WR�WKH�1H[W
6WDWH�ER[���7KH�DQDO\VW�QRZ�VHOHFWV�WKH�QDPH�RI�WKH�³WR´�VWDWH��WKH�VWDWH�WKDW�WKLV�WUDQVLWLRQ�ZLOO
SODFH� WKH�REMHFW� LQWR�� IURP� WKH�6WDWHV� OLVW�� DQG� SUHVVHV� WKH�$GG�1H[W�6WDWH� EXWWRQ�� �$JDLQ�� WKH
VWDWH¶V�QDPH�ZLOO�DSSHDU� LQ�WKH�1H[W�6WDWH�ER[��DQG� WKH�IRFXV�ZLOO�VKLIW� WR� WKH�(YHQW�ER[�� �7KH
DQDO\VW�QRZ�VHOHFWV�WKH�QDPH�RI�WKH�HYHQW�WKDW�ZLOO�FDXVH�WKLV�VWDWH� WUDQVLWLRQ�WR�RFFXU�IURP�WKH
(YHQWV�OLVW��DQG�SUHVVHV�WKH�$GG�(YHQW�EXWWRQ���7KLV�HYHQW�QDPH�ZLOO�DSSHDU�LQ�WKH�(YHQW�ER[��DQG
WKH� IRFXV�ZLOO� VKLIW� WR� WKH� 3ULRULW\� ER[�� �+HUH�� WKH� DQDO\VW�ZLOO� HQWHU� D� QXPEHU� WR� LQGLFDWH� WKH
SULRULW\�RI�WKLV�VWDWH�WUDQVLWLRQ��DV�GHVFULEHG�LQ�&KDSWHU�����7KH�SURFHVV�LV�FRPSOHWHG�E\�SUHVVLQJ
WKH�$GG�7UDQVLWLRQ�EXWWRQ��DQG�FDQ�EH�UHSHDWHG�WR�HQWHU�DGGLWLRQDO�VWDWH�WUDQVLWLRQV�IRU�WKLV�REMHFW�
RU�WKH�DQDO\VW�FDQ�VHOHFW�D�QHZ�REMHFW�IURP�WKH�2EMHFW�1DPH�OLVW�DQG�UHSHDW�WKH�SURFHVV�WR�HQWHU
VWDWH�WUDQVLWLRQV�IRU�RWKHU�REMHFWV�

)LJXUH�������(QWHULQJ�D�6WDWH�7UDQVLWLRQ�7DEOH�
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7KH� SURFHVV� RI� HQWHULQJ� VWDWH� WUDQVLWLRQV� FDQ� EH� VLPSOLILHG� WKURXJK� WKH� XVH� RI� VKRUWFXWV�� � 7KH
DQDO\VW�FDQ�GRXEOH�FOLFN�RQ�WKH�VWDWH�DQG�HYHQWV�QDPHV��DQG�WKH\�ZLOO�EH�HQWHUHG�LQWR�WKH�DFWLYH
ER[HV�RQ�WKH�VFUHHQ���7KXV��WKH�DQDO\VW�ILUVW�GRXEOH�FOLFNV�RQ�WKH�QDPH�RI�WKH�³IURP´�VWDWH��DQG
WKDW�VWDWH¶V�QDPH�LV�DXWRPDWLFDOO\�HQWHUHG�LQWR�WKH�&XUUHQW�6WDWH�ER[�� �1H[W�� WKH�DQDO\VW�GRXEOH
FOLFNV�RQ�WKH�QDPH�RI�WKH�³WR´�VWDWH��DQG�WKDW�VWDWH¶V�QDPH�LV�DXWRPDWLFDOO\�HQWHUHG�LQWR�WKH�1H[W
6WDWH�ER[�� �7KH�DQDO\VW�GRXEOH�FOLFNV�RQ� WKH� WUDQVLWLRQ�HYHQW� WR�HQWHU� WKDW�HYHQWV�QDPH� LQWR� WKH
(YHQW� ER[�� � 7KH� DQDO\VW�PXVW� VWLOO�PDQXDOO\� HQWHU� WKH� QXPHULFDO� YDOXH� IRU� WKH� VWDWH� WUDQVLWLRQ
SULRULW\�DQG�SUHVV�WKH�$GG�7UDQVLWLRQ�EXWWRQ�WR�FRPSOHWH�WKH�GHILQLWLRQ�SURFHVV���1RWH�WKDW�QR�WZR
VWDWH� WUDQVLWLRQV� ZLWK� WKH� VDPH� ³IURP´� VWDWH� VKRXOG� KDYH� WKH� VDPH� QXPHULFDO� SULRULW\� YDOXH�
5HFDOO�WKDW�WKH�SXUSRVH�RI�WKLV�SULRULW\�YDOXH�LV�WR�EUHDN�WLHV���7KDW�LV��VKRXOG�WKH�REMHFW�EH�LQ�WKLV
VWDWH�DQG� WZR�GLIIHUHQW�HYHQWV�KDSSHQ�VLPXOWDQHRXVO\�±�HDFK�RI�ZKLFK�ZRXOG� FDXVH� D�GLIIHUHQW
VWDWH� WUDQVLWLRQ� WR� RFFXU� LQ� WKLV� REMHFW�� WKH�2%(67� VRIWZDUH�ZLOO� VHOHFW� WKH� WUDQVLWLRQ�ZLWK� WKH
ORZHU� QXPHULFDO� SULRULW\�� � 7KXV�� WKH� ILUVW� SULRULW\� VWDWH� WUDQVLWLRQ� VKRXOG� UHFHLYH� D� QXPHULFDO
SULRULW\� YDOXH� RI� RQH�� WKH� VHFRQG� SULRULW\� WUDQVLWLRQ� D� QXPHULFDO� SULRULW\� YDOXH� RI� WZR�� DQG� VR
IRUWK���$V�\RX�FDQ�VHH��DVVLJQLQJ�PRUH�WKDQ�RQH�VWDWH� WUDQVLWLRQ�WKH�VDPH�SULRULW\�YDOXH�GHIHDWV
WKH�SXUSRVH�RI�WKLV�LPSRUWDQW�2%(67�PRGHO�IHDWXUH�

6LJQLILFDQW�DGGLWLRQDO�IXQFWLRQDOLW\�H[LVWV�RQ� WKLV�VFUHHQ�� �7R�GHOHWH�DQ�H[LVWLQJ�VWDWH� WUDQVLWLRQ�
WKH�DQDO\VW�VHOHFWV�WKDW�WUDQVLWLRQ�IURP�WKH�6WDWH�7UDQVLWLRQ�7DEOH�DW�WKH�ERWWRP�RI�WKH�VFUHHQ��DQG
SUHVVHV� WKH� 'HOHWH� 7UDQVLWLRQ� EXWWRQ�� � 1RWH� WKDW� WKHUH� LV� QR� ³XQGR´� RSHUDWLRQ� IRU� WKLV� VWDWH
WUDQVLWLRQ�GHOHWLRQ�FRPPDQG��VR�WKH�DQDO\VW�VKRXOG�XVH�JUHDW�FDUH�ZKHQ�SUHVVLQJ�WKLV�EXWWRQ���7KH
6WDWH�'HILQLWLRQ� EXWWRQ� UHWXUQV� WKH� DQDO\VW� WR� WKH� IRUP� IRXQG� LQ� )LJXUH� ����� � ,Q� WKLV� ZD\�� WKH
DQDO\VW�FDQ�HQWHU�QDPHV�DQG�GHILQLWLRQV�IRU�DQ\�VWDWHV�WKDW�PD\�QRW�KDYH�EHHQ�SUHYLRXVO\�GHILQHG�
7KH�6WDWH�7UDQVLWLRQ�'LDJUDP�EXWWRQ�LV�FXUUHQWO\�QRW�RSHUDWLRQDO��EXW�HYHQWXDOO\�LW�LV�KRSHG�WKDW
WKLV� EXWWRQ� ZLOO� OHDG� WKH� DQDO\VW� WR� D� JUDSKLFDO� GHVFULSWLRQ� RI� WKH� VWDWH� WUDQVLWLRQ� PRGHO� DV� LW
FXUUHQWO\�H[LVWV�RQ�WKLV�IRUP���7KH�2.�EXWWRQ�UHWXUQV�WKH�DQDO\VW�WR�WKH�2EMHFW�'HILQLWLRQ�VFUHHQ�
)LQDOO\�� WKH�(YHQW�'HILQLWLRQ�EXWWRQ� OHDGV� WKH� DQDO\VW� WR� WKH� VFUHHQ� IRXQG� LQ�)LJXUH� ����� �7KLV
VFUHHQ�SURYLGHV�D�ZD\�IRU�WKH�DQDO\VW�WR�SRSXODWH�WKH�(YHQWV�OLVW�LQ�WKH�XSSHU�ULJKW�FRUQHU�RI�WKH
6WDWH�7UDQVLWLRQ�7DEOH�IRUP�

7KH�(YHQW�'HILQLWLRQ�VFUHHQ�LV�YHU\�VLPLODU�WR�WKH�6WDWH�'HILQLWLRQ�VFUHHQ�VKRZQ�LQ�)LJXUH�����
DQG�IXQFWLRQV�DQG�D�YHU\�VLPLODU�PDQQHU���7KH�SULQFLSDO�GLIIHUHQFH�LV�WKDW�VLQFH�VWDWHV�DUH�VSHFLILF
WR�D�SDUWLFXODU�REMHFW�ZLWKLQ�WKH�PRGHO��WKH�6WDWH�'HILQLWLRQ�VFUHHQ�UHTXLUHG�WKH�DQDO\VW�WR�VHOHFW
WKH�REMHFW� WR�ZKLFK�D�QHZ�VWDWH�ZRXOG�DSSO\�� �(YHQWV��KRZHYHU��DUH�QRW�VSHFLILF� WR�D�SDUWLFXODU
REMHFW��EXW�DUH�JOREDO�WR�WKH�HQWLUH�2%(67�PRGHO�� �)RU�WKLV�UHDVRQ��WKH�(YHQW�'HILQLWLRQ�VFUHHQ
GRHV�QRW�UHTXLUH�WKH�DQDO\VW� WR�VSHFLI\�D�VWDWH�EHIRUH�HQWHULQJ�HYHQW�GHILQLWLRQV�� �7KH� OLVW�DW� WKH
ERWWRP� RI� WKH� IRUP� FRQWDLQV� DOO� RI� WKH� HYHQWV� WKDW� FXUUHQWO\� H[LVW� LQ� WKH�2%(67�PRGHO�� � 7KH
DQDO\VW� DGGV� QHZ� HYHQWV� WR� WKLV� OLVW� E\� W\SLQJ� DQ� HYHQW� QDPH� DQG� HYHQW� GHVFULSWLRQ� LQ� WKH
DSSURSULDWH�ER[HV�QHDU�WKH�WRS�RI�WKH�IRUP��DQG�WKHQ�SUHVVLQJ�WKH�$GG�(YHQW�EXWWRQ���(YHQWV�FDQ
EH� GHOHWHG� IURP� WKH� 2%(67�PRGHO� LI� WKH� DQDO\VW� ZLOO� KLJKOLJKW� WKH� QDPH� RI� WKH� HYHQW� WR� EH
GHOHWHG� LQ� WKDW� HYHQW� OLVW� DQG� SUHVV� WKH� 'HOHWH� (YHQW� EXWWRQ�� � 1RWH� WKDW� WKHUH� LV� QR� ³XQGR´
IXQFWLRQDOLW\� IRU� WKLV�GHOHWH�FRPPDQG�� VR� WKH� DQDO\VW� VKRXOG�H[HUFLVH�JUHDW�FDUH�ZKHQ�SUHVVLQJ
WKH� 'HOHWH� (YHQW� EXWWRQ� �WKH� &DQFHO� EXWWRQ� GRHV� QRW� UHWXUQ� WKH� (YHQWV� OLVW� WR� LWV� RULJLQDO
FRQILJXUDWLRQ��� � :KHQ� DOO� RI� WKH� QHFHVVDU\� HYHQWV� KDYH� EHHQ� DGGHG� WR� DQG� GHOHWHG� IURP� WKH
2%(67�PRGHO��WKH�DQDO\VW�SUHVVHV�WKH�2.�EXWWRQ�WR�UHWXUQ�WR�WKH�(YHQW�'HILQLWLRQ�VFUHHQ�



��

)LJXUH�������'HILQLQJ�D�0RGHO�(YHQW

7KH�QH[W�PDMRU�SKDVH�RI�2%(67�PRGHO�GHYHORSPHQW�LV�WR�GHILQH�WKH�PRGHO¶V�DWWULEXWHV�DQG�WKHLU
YDOXHV�� � )URP� WKH� 2EMHFW� 'HILQLWLRQ� VFUHHQ� �)LJXUH� ������ WKH� DQDO\VW� SUHVVHV� WKH� $WWULEXWH
'HILQLWLRQ�EXWWRQ� WR�EULQJ�XS� WKH�$WWULEXWH�'HILQLWLRQ�VFUHHQ� IRXQG� LQ�)LJXUH������ �7KLV� VFUHHQ
SURYLGHV�D�ZD\�IRU�WKH�DQDO\VW�WR�YLHZ�DOO�RI�WKH�DWWULEXWHV�WKDW�KDYH�EHHQ�GHILQHG�IRU�HDFK�REMHFW�
DQG� WR� VHW� WKH� LQLWLDO� FRQGLWLRQV� WKDW�ZLOO� EH� DSSOLHG� WR� HDFK� DWWULEXWH� �L�H��� GHILQH�ZKLFK� RI� DQ
DWWULEXWH¶V� YDOXHV� DUH� WR� EH� XVHG� LQ� WKDW� REMHFW¶V� LQLWLDO� FRQGLWLRQV��� � :KHQ� RQH� LV� LQLWLDOO\
GHYHORSLQJ�DQ�REMHFW�PRGHO��WKLV�VFUHHQ�ZLOO�EH�EODQN�H[FHSW�IRU�WKH�OLVW�RI�REMHFWV�IRXQG�LQ�WKH
XSSHU�OHIW�FRUQHU���7KH�DQDO\VW�FDQ�GHILQH�DWWULEXWHV�WKDW�ZLOO�EH�XVHG�LQ�DQ�REMHFW�E\�SUHVVLQJ�WKH
(GLW� $WWULEXWHV� EXWWRQ� �WR� EULQJ� XS� WKH� VFUHHQ� VKRZQ� LQ� )LJXUH� ������ DQG� FDQ� GHILQH� GLVFUHWH
YDOXHV�WKDW�UHSUHVHQW�HDFK�DWWULEXWH�E\�SUHVVLQJ�WKH�(GLW�$WWULEXWH�9DOXHV�EXWWRQ��ZKLFK�EULQJV�XS
WKH�VFUHHQ�VKRZQ�LQ�)LJXUH��������2QFH�DWWULEXWHV�DQG�YDOXHV�KDYH�EHHQ�HQWHUHG�LQWR�WKH�PRGHO�
WKH�DQDO\VW�VHOHFWV�DQ� LQLWLDO�YDOXH� IRU�HDFK�DWWULEXWH�E\�VHOHFWLQJ� WKH�REMHFW�QDPH�DQG�DWWULEXWH
QDPH�IURP�WKH�2EMHFWV�DQG�$WWULEXWHV�OLVW��WKHQ�VHOHFWLQJ�RQH�RI�WKH�GHILQHG�DWWULEXWH�YDOXHV�IURP
WKH� ,QLWLDO�9DOXH� GURS�GRZQ� OLVW� WR� EH� XVHG� DV� WKH� LQLWLDO� DWWULEXWH� YDOXH�� � 7KHUH� LV� QR� ³XQGR´
RSHUDWLRQ�IRU�WKH�VHOHFWLRQ�RI�DQ�LQLWLDO�DWWULEXWH�YDOXH��WKH�&DQFHO�EXWWRQ�GRHV�QRW�UHWXUQ�WKH�OLVW
RI�DWWULEXWH� LQLWLDO� YDOXHV� WR� LWV� RULJLQDO� FRQILJXUDWLRQ��� �7KH�2.�EXWWRQ� FDXVHV� WKH� VRIWZDUH� WR
UHWXUQ�WR�WKH�2EMHFW�'HILQLWLRQ�VFUHHQ��DQG�VKRXOG�EH�XVHG�ZKHQ�WKH�DQDO\VW�LV�VDWLVILHG�ZLWK�WKH
OLVW�RI�DWWULEXWHV�DQG�DWWULEXWH�YDOXHV�FXUUHQWO\�GHILQHG�LQ�WKH�2%(67�PRGHO�

7KH� (GLW� $WWULEXWHV� VFUHHQ� LV� YHU\� VLPLODU� WR� WKH� 6WDWH� 'HILQLWLRQ� VFUHHQ� �)LJXUH� ������ DQG
IXQFWLRQV�LQ�D�YHU\�VLPLODU�PDQQHU���7KH�DQDO\VW�VHOHFWV�WKH�REMHFW�WR�ZKLFK�WKH�QHZ�DWWULEXWHV�DUH
WR� EH� DSSOLHG� IURP� WKH� 2EMHFW� 1DPH� OLVW� RI� WKH� WRS� RI� WKH� IRUP�� � 7KH� VRIWZDUH� UHVSRQGV� E\
SRSXODWLQJ�WKH�DWWULEXWH�OLVW�DW�WKH�ERWWRP�RI�WKH�IRUP�ZLWK�DOO�RI�WKDW�REMHFW¶V�H[LVWLQJ�DWWULEXWHV�
7KH� DQDO\VW� HQWHUV� D� QDPH� DQG� GHVFULSWLRQ� IRU� D� QHZ� DWWULEXWH�� WKHQ� SUHVVHV� WKH�$GG�$WWULEXWH
EXWWRQ�WR�DGG�WKLV�DWWULEXWH�WR�WKH�OLVW���7KLV�SURFHVV�FDQ�EH�UHSHDWHG�WR�DGG�PXOWLSOH�DWWULEXWHV�IRU
WKLV�REMHFW��RU�D�GLIIHUHQW�REMHFW�FDQ�EH�VHOHFWHG�IURP�WKH�2EMHFW�1DPH�OLVW�WR�DGG�DWWULEXWHV�IRU
�
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)LJXUH�������6XPPDU\�RI�2%(67�0RGHO�$WWULEXWHV�

)LJXUH�������(QWHULQJ�$WWULEXWH�'HILQLWLRQV�
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)LJXUH�������(QWHULQJ�9DOXHV�IRU�$WWULEXWHV�

RWKHU� REMHFWV�� � ,I� WKH� DQDO\VW� VHOHFWV� DQ� DWWULEXWH� IURP� WKH� DWWULEXWH� OLVW� DQG� SUHVVHV� WKH�'HOHWH
$WWULEXWH�EXWWRQ��WKDW�DWWULEXWH�LV�SHUPDQHQWO\�GHOHWHG�IURP�WKH�REMHFW�PRGHO���7KHUH�LV�QR�³XQGR´
RSHUDWLRQ�IRU�WKH�'HOHWH�$WWULEXWH�RSHUDWLRQ��WKH�&DQFHO�EXWWRQ�GRHV�QRW�UHWXUQ�WKH�HYHQW�OLVW�WR�LWV
RULJLQDO�FRQILJXUDWLRQ����7KH�2.�EXWWRQ�FDXVHV�WKH�VRIWZDUH�WR�UHWXUQ�WR�WKH�$WWULEXWH�'HILQLWLRQ
VFUHHQ�� DQG� VKRXOG� EH� XVHG�ZKHQ� WKH� DQDO\VW� LV� VDWLVILHG�ZLWK� WKH� DWWULEXWHV� DQG� LQLWLDO� YDOXHV
FXUUHQWO\�GHILQHG�LQ�WKH�2%(67�PRGHO�

7KH�(GLW�$WWULEXWH�9DOXHV�VFUHHQ��)LJXUH������LV�VKRZQ�ZKHQ�WKH�(GLW�$WWULEXWH�9DOXHV�EXWWRQ�LV
SUHVVHG� RQ� WKH� $WWULEXWH� 'HILQLWLRQ� VFUHHQ�� � 7KLV� VFUHHQ� LV� FRQFHSWXDOO\� VLPLODU� WR� WKH� (GLW
$WWULEXWHV� VFUHHQ�� H[FHSW� WKDW� DWWULEXWH� YDOXHV� DUH� DWWULEXWDEOH� WR� D� SDUWLFXODU� DWWULEXWH� IRU� D
SDUWLFXODU� REMHFW�� ZKLOH� DWWULEXWHV� WKHPVHOYHV� DUH� DWWULEXWDEOH� RQO\� WR� D� SDUWLFXODU� REMHFW�
7KHUHIRUH��WR�DGG�RU�GHOHWH�DWWULEXWH�YDOXHV�IRU�D�SDUWLFXODU�DWWULEXWH��WKH�DQDO\VW�PXVW�ILUVW�VHOHFW
WKH� DSSURSULDWH� REMHFW� IURP� WKH� 2EMHFW� 1DPH� OLVW�� � 7KLV� FDXVHV� WKH� VRIWZDUH� WR� SRSXODWH� WKH
$WWULEXWH�1DPH�OLVW�ZLWK�DOO�DWWULEXWHV�WKDW�KDYH�EHHQ�GHILQHG�IRU�WKLV�REMHFW�� �:KHQ�WKH�DQDO\VW
VHOHFWV�WKH�DWWULEXWH�WR�EH�HGLWHG�IURP�WKLV�OLVW��WKH�VRIWZDUH�UHVSRQGV�E\�SRSXODWLQJ�WKH�OLVW�RI�WKH
ERWWRP�RI�WKH�VFUHHQ�ZLWK�DOO�FXUUHQWO\�GHILQHG�YDOXHV�IRU�WKDW�DWWULEXWH���7KH�DQDO\VW�FDQ�WKHQ�DGG
DQG� GHOHWH� DWWULEXWH� YDOXHV� XVLQJ� H[DFWO\� WKH� VDPH� VWHSV� XVHG� RQ� WKH� (GLW� $WWULEXWHV� VFUHHQ
�)LJXUH������DV�GHVFULEHG�LQ�WKH�SUHYLRXV�SDUDJUDSK���7KH�9DOXH�/RJLFDO�FKHFN�ER[�LV�LQWHQGHG�WR
UHVWULFW�DQ�DWWULEXWH¶V�YDOXHV�VXFK�WKDW�LW�UHSUHVHQWV�D�%RROHDQ�TXDQWLW\�
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7R�WKLV�SRLQW�ZH�KDYH�IRFXVHG�RQ�WKH�FDSDELOLWLHV�ZLWKLQ�WKH�2%(67�VRIWZDUH�IRU

�� GHILQLWLRQ�RI�WKH�REMHFWV�LQFOXGHG�LQ�WKH�2%(67�PRGHO�

�� WKH� GHILQLWLRQ� RI� WKH� VWDWHV� WKDW� ZLOO� EH� XVHG� ZLWKLQ� HDFK� REMHFW� WR� UHSUHVHQW� WKH� GLIIHUHQW
ERGLHV�RI�EHKDYLRU�WKDW�REMHFW�LV�FDSDEOH�RI�DVVXPLQJ�

�� WKH�GHILQLWLRQ�RI� WKH�HYHQWV� WKDW�ZLOO�EH�XVHG�ZLWKLQ�WKH�2%(67�PRGHO� WR� WUDQVLWLRQ�REMHFWV
EHWZHHQ�VWDWHV�

�� WKH�VWDWH�WUDQVLWLRQ�PRGHO��DV�LPSOHPHQWHG�LQ�D�VWDWH�WUDQVLWLRQ�WDEOH��

�� WKH�QDPHV�DQG�GHVFULSWLRQV�RI�WKH�DWWULEXWHV�WKDW�DUH�XVHG�WR�GHVFULEH�HDFK�REMHFWV�FRQGLWLRQ�
DQG

�� WKH�YDULRXV�GLVFUHWH�YDOXHV�WKDW�HDFK�DWWULEXWH�LV�FDSDEOH�RI�DVVXPLQJ�

7KLV� GHVFULEHV� DOO� DVSHFWV� RI� WKH� REMHFW� PRGHO� H[FHSW� WKH� ,50V� DQG� '50V�� � $V� WKHUH� LV
VLJQLILFDQW�FRPSOH[LW\�LQYROYHG�LQ�WKH�GHILQLWLRQ�RI�WKRVH�UHVSRQVH�PRGHOV��WKH�HQWLUH�VHFWLRQ�RI
WKLV�UHSRUW�KDV�EHHQ�GHGLFDWHG�WR�WKHLU�GHYHORSPHQW�DQG�HGLWLQJ�

����� (QWHULQJ�,PPHGLDWH�DQG�'HOD\HG�5HVSRQVH�0RGHOV

7KH�FRQVWUXFWLRQ�RI�,50V�DQG�'50V�LQ�WKH�2%(67�VRIWZDUH�LV�H[DFWO\�WKH�VDPH�H[FHSW�IRU�RQH
PLQRU�GHWDLO��ZKHQ�HQWHULQJ�D�'50��RQH�PXVW�HQWHU�D�YDOXH�WR�UHSUHVHQW�WKH�WLPH�GHOD\�WKDW�ZLOO
HODSVH�EHIRUH�WKDW�PRGHO¶V�FRPPDQGV�DUH�H[HFXWHG���,Q�WKH�,50��WKDW�GHOD\�WLPH�LV��E\�GHILQLWLRQ�
]HUR�� � ,Q� WKLV�VHFWLRQ��ZH�GHVFULEH�KRZ�DQ�DQDO\VW�FDQ�HQWHU� ,50V�DQG�'50V�LQWR� WKH�2%(67
VRIWZDUH�� � %XW� EHIRUH� ZH� GHVFULEH� WKH� PHFKDQLFV� RI� WKH� VRIWZDUH�� ZH� PXVW� HVWDEOLVK� VRPH
WHUPLQRORJ\�� � ,Q� WKLV� VHFWLRQ�� ZH� GLVFXVV� ³FDVHV´� DQG� ³VFULSWV�´� � $� FDVH� UHSUHVHQWV� D� ORJLFDO
VWDWHPHQW�WKDW�ZLOO�EH�HYDOXDWHG�E\�WKH�2%(67�VRIWZDUH�DV�LW�VHHNV�WR�HVWDEOLVK�ZKLFK�SDUWLFXODU
ERG\�RI�EHKDYLRU� LV� DSSURSULDWH� WR� DSSO\�XQGHU� WKH� H[LVWLQJ� VHW� RI�PRGHO� FRQGLWLRQV�� �$� VFULSW
UHSUHVHQWV�D�VHULHV�RI�FRPPDQGV�WKDW�ZLOO�EH�H[HFXWHG�LI�WKH�FRQGLWLRQV�DUH�VDWLVILHG�LQ�WKH�FDVH�WR
ZKLFK� LW� LV� DWWDFKHG�� � 5HFDOO� WKDW� LQ� &KDSWHU� �� ZH� GLVFXVV� DQ� ³LI� ±� WKHQ� ±� HOVH� LI� ±� WKHQ´
PHWKRGRORJ\� WR� HPERG\� ,50�DQG�'50�EHKDYLRU�� � ,Q� RXU� WHUPLQRORJ\�� D� FDVH� LV�ZKDW� FRPHV
EHWZHHQ�WKH�³LI´�DQG�WKH�³WKHQ�´�ZKLOH�D�VFULSW�LV�ZKDW�FRPHV�DIWHU�WKH�³WKHQ�´

$V�RQH�PLJKW�H[SHFW�EDVHG�RQ�WKH�SUHYLRXV�VHFWLRQ��HYHU\�FDVH�DQG�HYHU\�VFULSW�KDV�D�QDPH�DQG�D
GHVFULSWLRQ���%RWK�FDVHV�DQG�VFULSWV�FDQ�EH�XVHG�PXOWLSOH�WLPHV�ZLWKLQ�WKH�2%(67�PRGHO���:K\
ZRXOG� RQH�ZDQW� GR� WKLV"� � 2QH�PLJKW� ZDQW� WR� XVH� D� VFULSW� VHYHUDO� WLPHV� LI� WKH� VDPH� ERG\� RI
EHKDYLRU� �WKH� VDPH� VHTXHQFH� RI� FRPPDQGV�� PLJKW� EH� XVHG� E\� DQ� REMHFW� XQGHU� D� YDULHW\� RI
FRQGLWLRQV� RU� LQ� GLIIHUHQW� VWDWHV�� � $� VFULSW� PLJKW� DOVR� EH� UHXVHG� IRU� GLIIHUHQW� SUREDELOLVWLF
EUDQFKHV�ZLWKLQ�WKH�VDPH�'50�PRGHO�ZKHQ�WKHUH�LV�VRPH�SUREDELOLVWLF�GLVWULEXWLRQ�WR�UHSUHVHQW
WKH�GHOD\�WKDW�PLJKW�RFFXU�EHIRUH�WKDW�VFULSW¶V�HYHQWV�FRPH�WR�SDVV���1RWH�WKDW��VLQFH�DQ�REMHFW�FDQ
RQO\� FKDQJH� LWV� RZQ� DWWULEXWHV�� DQG� VLQFH� WKH� FRPPDQGV� LQ� D� VFULSW� FDQ� FKDQJH� DQ� REMHFW¶V
DWWULEXWHV��HDFK�VFULSW�FDQ�RQO\�EH�H[HFXWHG�E\�WKH�REMHFW�IRU�ZKLFK�LW�ZDV�FUHDWHG���$Q\�REMHFW�
RQ�WKH�RWKHU�KDQG��FDQ�XVH�FDVHV��EHFDXVH�WKH\�VLPSO\�UHDG�WKH�DWWULEXWHV�RI�DOO�REMHFWV�LQ�RUGHU�WR
PDNH� D� ORJLFDO� GHFLVLRQ� DV� WR� ZKHWKHU� D� VFULSW� VKRXOG� EH� DSSOLHG� XQGHU� D� SDUWLFXODU� VHW� RI
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FLUFXPVWDQFHV���&DVHV�FDQ�EH�UHXVHG�ZLWKLQ�WKH�VDPH�REMHFW�LI�RQH�ZLVKHV�WR�UHVSRQG�WR�WKH�VDPH
VHW�RI�FLUFXPVWDQFHV�ZKLOH�WKH�REMHFW�LV�LQ�GLIIHUHQW�VWDWHV���7KH\�FDQ�EH�UHXVHG�ZLWKLQ�GLIIHUHQW
REMHFWV�LI�PRUH�WKDQ�RQH�REMHFW�QHHGV�WR�UHVSRQG�WR�WKH�VDPH�VHW�RI�FLUFXPVWDQFHV�

%\� EUHDNLQJ� WKH� 2%(67� ,50� DQG� '50� PRGHOV� LQWR� FDVHV� DQG� VFULSWV�� DQ� LQWHUHVWLQJ
SKHQRPHQRQ�RFFXUV��RQH�FDQ�PL[�DQG�PDWFK�VFULSWV�DQG�FDVHV� LQ� D�YDULHW\�RI�ZD\V� WR� DFKLHYH
ZKDWHYHU�EHKDYLRU� LV�GHVLUHG�� �7KXV�� LI� WKH�VDPH�ERG\�RI�EHKDYLRU�FDQ�EH� LQGXFHG�E\�GLIIHUHQW
FLUFXPVWDQFHV�ZKHQ� DQ� REMHFW� LV� LQ� GLIIHUHQW� VWDWHV�� RQH� FDQ� FRPELQH� GLIIHUHQW� FDVHV�ZLWK� WKH
VDPH� VFULSW� WR� DFKLHYH� WKDW� EHKDYLRU�� � ,I� WKH� VDPH� FLUFXPVWDQFHV� SURGXFH� GLIIHUHQW� EHKDYLRUV
ZKHQ�REMHFW�LV�LQ�GLIIHUHQW�VWDWHV��WKH�DQDO\VW�FDQ�FRPELQH�WKH�VDPH�FDVH�ZLWK�GLIIHUHQW�VFULSWV�WR
SURGXFH� WKDW� HIIHFW�� � :KHQ� SUREDELOLVWLF� EUDQFKLQJ� LV� XVHG�� RQH� WDNHV� D� VLQJOH� FDVH� DQG
SUREDELOLVWLFDOO\� DVVRFLDWHV� LW� ZLWK� PRUH� WKDQ� RQH� VFULSW�� PRUH� WKDQ� RQH� GHOD\�� RU� VRPH
FRPELQDWLRQ� WKHUHRI�� �7KH� XVH� RI� QDPHG� FDVHV� DQG� QDPHG� VFULSWV�PDNHV� LW� YHU\� HDV\� WR� UHXVH
WKHVH�PRGHO� HOHPHQWV�� DQG� LQ� VR� GRLQJ�� HIILFLHQWO\� FUHDWH� DQ�2%(67�PRGHO�ZKLOH� DW� WKH� VDPH
WLPH�PDNLQJ�WKH�PRGHO�TXDOLW\�DVVXUDQFH�WDVN�VRPHZKDW�HDVLHU�

/HW� XV� QRZ�GHVFULEH� WKH� FRQVWUXFWLRQ� RI� DQ�2%(67� ,50�� � )URP� WKH�2EMHFW�'HILQLWLRQ� VFUHHQ
�)LJXUH� ������ RQH� SUHVVHV� WKH� ,PPHGLDWH� 5HVSRQVH�0RGHO� EXWWRQ� WR� EULQJ� XS� WKH� ,50� VFUHHQ
VKRZQ�LQ�)LJXUH�������:KHQ�RQH�EHJLQV�FRQVWUXFWLRQ�RI�D�QHZ�2%(67�PRGHO��WKLV�VFUHHQ�LV�EODQN
H[FHSW�IRU�WKH�WZR�OLVWV�RQ�WKH�XSSHU�KDOI�RI�WKH�IRUP��WKH�2EMHFW�1DPH�OLVW�DQG�6WDWH�1DPH�OLVW�
7KH� ,50� LV� VSHFLILF� WR� HDFK� VWDWH� IRU� HDFK� REMHFW�� VR� WKHVH� OLVWV� HQDEOH� WKH� DQDO\VW� WR� VHOHFW� D
FRPELQDWLRQ� RI� REMHFW� DQG� VWDWH� IRU� ,50�GHYHORSPHQW� LQ� WKH� VDPH�ZD\� WKDW� D� FRPELQDWLRQ� RI
REMHFW� DQG� DWWULEXWH� ZHUH� VHOHFWHG� LQ� WKH� (GLW� $WWULEXWH� 9DOXHV� VFUHHQ� �VKRZQ� LQ� )LJXUH� �����
2QFH�RQH�VHOHFWV�WKH�REMHFW�DQG�VWDWH��WKH�GHWDLOV�RI�WKH�,50��DV�LW�FXUUHQWO\�H[LVWV��DUH�VKRZQ�DW
WKH�ERWWRP�RI�WKH�VFUHHQ���7KH�FDVHV�WKDW�KDYH�EHHQ�DVVHPEOHG�WR�PDNH�XS�WKDW�PRGHO�DUH�VKRZQ
LQ� WKH� ,50�&DVHV� OLVW�� �(DFK� FDVH� FDQ�EH� DVVRFLDWHG�ZLWK�PRUH� WKDQ�RQH� VFULSW� LI� SUREDELOLVWLF
EUDQFKLQJ�LV�XVHG���7KXV��ZKHQ�WKH�DQDO\VW�VHOHFWV�D�FDVH�IURP�WKH�,50�&DVHV�OLVW��WKH�VRIWZDUH
UHVSRQGV�E\�VKRZLQJ�WKH�VFULSWV�DVVRFLDWHG�ZLWK�WKDW�FDVH��DQG�WKHLU�DVVRFLDWHG�SUREDELOLWLHV��LQ
WKH�6FULSWV�OLVW���,Q�)LJXUH������WKH�$LUFUDIW�REMHFW¶V�:DLWLQJ�VWDWH�KDV�D�FRPSOH[�,50�FRQVLVWLQJ
RI�PDQ\�FDVHV���+HUH��WKH�&�'HVW�2.�/RZ+3�FDVH�LV�DVVRFLDWHG�ZLWK�WKUHH�VFULSWV��6HW'HVW���5
ZLOO�EH�H[HFXWHG�ZLWK�D�SUREDELOLW\�RI��������6HW'HVW���/�ZLOO�EH�H[HFXWHG�ZLWK�D�SUREDELOLW\�RI
�������DQG�6HW'HVW���5�ZLOO�EH�H[HFXWHG�ZLWK�D�SUREDELOLW\�RI�������� �6HOHFWLQJ�RWKHU�REMHFWV�
VWDWHV��RU�FDVHV�ZLOO�VKRZ�GLIIHUHQW�WDEOHV�RI�VFULSWV�DQG�SUREDELOLWLHV�


:KHQ�RQH�EHJLQV�FRQVWUXFWLRQ�RI�D�QHZ�2%(67�PRGHO��WKH�ERWWRP�KDOI�RI�WKLV�VFUHHQ�LV�EODQN���,I
RQH�ZHUH�WR�SUHVV�WKH�&DVH�(GLWRU�RU�6FULSW�(GLWRU�EXWWRQV��RQH�ZRXOG�ILQG� WKRVH�VFUHHQV� WR�EH
VLPLODUO\�EODQN���,Q�RUGHU�WR�IDFLOLWDWH�WKH�GLVFXVVLRQ�RI�,50�PRGHO�GHYHORSPHQW��ZH�ZLOO��IRU�WKH
PRPHQW�� DVVXPH� WKDW� RQH� KDV� DOUHDG\� HQWHUHG� DSSURSULDWH� FDVHV� DQG� VFULSWV�� DQG� WKDW� RQH� LV
DWWHPSWLQJ� WR� FRPELQH� WKRVH� H[LVWLQJ�PRGHO� IUDJPHQWV� WR� IRUP� D� FRPSOHWH� ,50�� �7KH� VFUHHQV
XVHG�WR�GHYHORS�FDVHV�DQG�VFULSWV�ZLOO�EH�GLVFXVVHG�VKRUWO\���7R�FRQVWUXFW�DQ�,50�IURP�VFUDWFK�
RQH�ILUVW�SUHVVHV�WKH�$GG�&DVH�EXWWRQ�WR�UHYHDO�D�VLPSOH�GLDORJ�WKDW�OLVWV�DOO�DYDLODEOH�FDVH�QDPHV�

������������������������������������������������


��7KH�RQO\�GLIIHUHQFH�EHWZHHQ�WKLV�VFUHHQ�DQG�WKH�FRUUHVSRQGLQJ�'50�VFUHHQ�LV�WKDW�WKH�6FULSWV�WDEOH�RQ�WKH�'50
VFUHHQ�KDV�WKUHH�FROXPQV���6FULSW��3UREDELOLW\�DQG�'HOD\�
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:KHQ�WKH�DQDO\VW�VHOHFWV�D�FDVH�DQG�SUHVVHV�WKH�2.�EXWWRQ��WKDW�FDVH�QDPH�LV�DGGHG�WR�WKH�,50
&DVHV� OLVW�� � 2QH� FDQ� DGG�PDQ\� FDVHV� DW� RQFH�� RU� DGG� WKH� FDVHV� LQGLYLGXDOO\� DQG� SRSXODWH� WKH
DVVRFLDWHG�VFULSWV�DW�WKH�VDPH�WLPH�

)LJXUH�������(QWHULQJ�DQ�,PPHGLDWH�5HVSRQVH�0RGHO�

7R�DVVRFLDWH�VFULSWV�ZLWK�D�FDVH��RQH�ILUVW�VHOHFWV�WKH�DSSURSULDWH�FDVH�QDPH�WR�UHYHDO�DQ\�H[LVWLQJ
DVVRFLDWHG� VFULSWV�� �:KHQ� WKH� DQDO\VW� SUHVVHV� WKH�$GG�6FULSW� EXWWRQ�� WKH� VRIWZDUH� UHVSRQGV� E\
JHQHUDWLQJ� D� YHU\� VLPSOH� GLDORJ� WKDW� OLVWV� DOO� DYDLODEOH� VFULSW� QDPHV�� � 7KH� DQDO\VW� VHOHFWV� WKH
DSSURSULDWH�VFULSW�QDPH�DQG�HQWHUV�WKH�DVVRFLDWHG�SUREDELOLW\�RQ�WKLV�IRUP��WKHQ�SUHVVHV�WKH�2.
EXWWRQ�WR�DGG�WKLV�VFULSW�SUREDELOLW\�FRPELQDWLRQ�WR�WKH�6FULSWV�OLVW���7KH�SURFHVV�LV�UHSHDWHG�XQWLO
DOO�VFULSWV�DVVRFLDWHG�ZLWK�WKLV�FDVH�DUH�VHOHFWHG�
��7R�DGG�VFULSWV�IRU�D�GLIIHUHQW�REMHFW��VWDWH��RU
FDVH�� VLPSO\� VHOHFW� WKH� DSSURSULDWH� QDPHV� DQG� UHSHDW� WKLV� SURFHVV�� � 2QFH� DOO� DSSURSULDWH� ,50
FDVHV�DQG�VFULSWV�KDYH�EHHQ�DGGHG�DQG�RU�GHOHWHG��WKH�DQDO\VW�SUHVVHV�WKH�2.�EXWWRQ�WR�UHWXUQ�WR
WKH�2EMHFW�'HILQLWLRQ�VFUHHQ�

7KH�'HOHWH�6FULSW�DQG�'HOHWH�&DVH�EXWWRQV�RQ�WKLV�IRUP�RSHUDWH�LQ�WKH�VDPH�PDQQHU�DV�WKH�GHOHWH
EXWWRQV�RQ�RWKHU�IRUPV�LQ�WKLV�VRIWZDUH�SDFNDJH���7R�GHOHWH�D�VFULSW�IURP�DQ�,50�PRGHO��VHOHFW�LW

������������������������������������������������


� 7KH� VXP� RI� WKH� SUREDELOLWLHV� LQ� WKH� 6FULSWV� OLVW� VKRXOG� HTXDO� RQH� RQFH� WKH� ODVW� VFULSW� LV� DGGHG�� � +RZHYHU�� WKH
VRIWZDUH�GRHV�QRW�FXUUHQWO\�FKHFN�WR�HQVXUH�WKDW�WKLV�FULWHULRQ�LV�VDWLVILHG�
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LQ� WKH� 6FULSWV� OLVW� DQG� SUHVV� WKH� 'HOHWH� 6FULSW� EXWWRQ�� � 6LPLODUO\�� WR� GHOHWH� D� FDVH�� VHOHFW� WKH
DSSURSULDWH�FDVH�LQ�WKH�,50�&DVHV�OLVW�DQG�SUHVV�WKH�'HOHWH�&DVH�EXWWRQ���1RWH�WKDW�ZKHQ�D�FDVH�LV
GHOHWHG�� DOO� RI� LWV� DVVRFLDWHG� VFULSWV� DUH� DOVR� ³GHOHWHG´� LQ� WKH� VHQVH� WKDW� WKH\� DUH� QR� ORQJHU
DVVRFLDWHG�ZLWK�WKDW�,50���7R�UHFUHDWH�WKLV�,50��RQH�ZRXOG�KDYH�WR�ILUVW�DGG�WKH�FDVH�DQG�WKHQ
DGG�DQ\�QHFHVVDU\�VFULSWV�XVLQJ�WKH�PHWKRGV�GHVFULEHG�DERYH���7KHUH�LV�QR�³XQGR´�FDSDELOLW\�IRU
HLWKHU�RI�WKHVH�GHOHWH�FRPPDQGV��VR�WKH�XVHU�LV�HQFRXUDJHG�WR�XVH�JUHDW�FDUH�ZKHQ�SUHVVLQJ�WKHVH
GHOHWH�EXWWRQV�

7KH�DVWXWH�UHDGHU�PD\�UHPHPEHU�WKDW�WKH�IXQFWLRQLQJ�RI�WKH�³LI�±�WKHQ�±�HOVH�LI´�,50�DQG�'50
PHWKRGRORJ\�ZDV�VXFK�WKDW�WKH�VRIWZDUH�H[HFXWHV�WKH�VFULSW�V��IRU�WKH�ILUVW�FDVH�WKDW�HYDOXDWHV�DV
³7UXH´�DQG�LJQRUHV�DOO�VXEVHTXHQW�FDVHV�±�UHJDUGOHVV�RI�ZKHWKHU�WKH\�ZRXOG�HYDOXDWH�DV�³7UXH´
RU�³)DOVH�´��7KXV��WKH�RUGHU�RI�WKH�FDVHV�LQ�DQ�,50�RU�D�'50�LV�FULWLFDOO\�LPSRUWDQW���7KH�DQDO\VW
FDQ�FKDQJH�WKH�RUGHU�RI� WKH�FDVHV�E\�XVLQJ�WKH�DUURZ�EXWWRQV� WR� WKH� OHIW�RI� WKH� ,50�&DVHV� OLVW�
6LPSO\� VWDWHG�� WKH� VHOHFWHG� �KLJKOLJKWHG�� FDVH� QDPH� LV�PRYHG� XS� RU� GRZQ� RQH� SRVLWLRQ� LQ� WKH
,50�&DVHV� OLVW� IRU� HYHU\� WLPH� WKH�8S�$UURZ� RU�'RZQ�$UURZ� EXWWRQ� LV� SUHVVHG�� UHVSHFWLYHO\�
7KLV�JLYHV�WKH�DQDO\VW�WRWDO�FRQWURO�WR�RUGHU�WKH�FDVHV�LQ�DQ\�ZD\�WKDW�ZRXOG�SURGXFH�DSSURSULDWH
,50�EHKDYLRU�

)LJXUH��������(QWHULQJ�D�'HOD\HG�5HVSRQVH�0RGHO�

7KH�VFUHHQ�XVHG�WR�FRQVWUXFW�D�'50�LV�VKRZQ�LQ�)LJXUH��������)URP�WKH�2EMHFW�'HILQLWLRQ�VFUHHQ
�)LJXUH�������RQH�SUHVVHV�WKH�'HOD\HG�5HVSRQVH�0RGHO�EXWWRQ�WR�EULQJ�XS�WKH�'50�VFUHHQ���7KLV
VFUHHQ�LV�LGHQWLFDO�WR�WKH�,50�VFUHHQ�LQ�DOO�UHVSHFWV�H[FHSW�WKDW�LW�HQDEOHV�WKH�DQDO\VW�WR�HQWHU�DQG
YLHZ� WKH� GHOD\� WLPHV� WKDW�PXVW� EH� DVVRFLDWHG�ZLWK�'50� VFULSWV�� � 7KH�$GG�&DVH��$GG� 6FULSW�



��

'HOHWH� &DVH�� 'HOHWH� 6FULSW�� DQG� 2.� EXWWRQV� DOO� EHKDYH� DV� GHVFULEHG� SUHYLRXVO\� IRU� WKH� ,50
VFUHHQ���1RWH�WKDW�WKH�VDPH�FDVHV�DQG�VFULSWV�WKDW�ZHUH�GHYHORSHG�IRU�WKH�,50�FDQ�DOVR�EH�XVHG�LQ
WKH�'50�LI�LW�ZRXOG�EH�DSSURSULDWH�WR�GR�VR���7KHUH�LV�QR�QHHG�WR�HQWHU�VHSDUDWH�FDVHV�RU�VFULSWV
IRU�XVH�LQ�WKH�'50�

7KH� IRUHJRLQJ� GLVFXVVLRQ� VKRZHG� KRZ� DQ� DQDO\VW� FRXOG� FUHDWH� ,50V� DQG� '50V� XQGHU� WKH
DVVXPSWLRQ� WKDW� FDVHV� DQG� VFULSWV� KDG� DOUHDG\� EHHQ� HQWHUHG�� � 2I� FRXUVH�� ZKHQ� RQH� LV� LQLWLDOO\
GHYHORSLQJ�WKH�2%(67�PRGHO��WKLV�DVVXPSWLRQ�ZLOO�QRW�KROG�EHFDXVH�WKH�OLVW�RI�FDVHV�DQG�WKH�OLVW
RI�VFULSWV�ZLOO�ERWK�EH�HPSW\���7R�HQWHU�DQG�HGLW�FDVHV��WKH�DQDO\VW�SUHVVHV�WKH�&DVH�(GLWRU�EXWWRQ
RQ� WKH� ,50�RU�'50�VFUHHQ�� �7KLV�DFWLRQ�FDXVHV� WKH� VRIWZDUH� WR�EULQJ�XS� WKH� VFUHHQ�VKRZQ� LQ
)LJXUH��������,QLWLDOO\��WKLV�VFUHHQ�ZLOO�EH�EODQN�EHFDXVH�FDVHV�DUH�QRW�DVVRFLDWHG�ZLWK�LQGLYLGXDO
REMHFWV�

)LJXUH��������(QWHULQJ�/RJLF�&DVHV�IRU�,PPHGLDWH�DQG�'HOD\HG�5HVSRQVH�0RGHOV�

7KH�ILUVW�VWHS� LQ�GHILQLQJ�D�QHZ�FDVH� LV� WR�DGG� LWV�QDPH�DQG�GHVFULSWLRQ� WR� WKH�FDVHV� OLVW� LQ� WKH
XSSHU� OHIW�FRUQHU�RI� WKH� VFUHHQ�� �7R�GR� WKLV�� WKH�DQDO\VW�SUHVVHV� WKH�$QG�1HZ�&DVH�EXWWRQ�DQG
HQWHUV�D�QDPH�DQG�GHVFULSWLRQ�IRU�WKH�QHZ�FDVH�LQ�WKH�GLDORJ�SURYLGHG���7KLV�VHWV�XS�WKH�VWUXFWXUH
IRU�WKH�FDVH�WKDW�ZLOO�EH�SRSXODWHG�ZLWK�ORJLFDO�VWDWHPHQWV���7R�HQWHU�WKRVH�VWDWHPHQWV�IRU�D�QHZ
FDVH��WKH�DQDO\VW�ILUVW�VHOHFWV�WKH�FDVH¶V�QDPH�IURP�WKH�&DVHV�OLVW���7KH�H[LVWLQJ�ORJLF�IRU�WKLV�FDVH�
LI� DQ\�� ZLOO� EH� GHVFULEHG� LQ� WKH� 2EMHFWV�� $WWULEXWHV�� DQG�9DOXHV� OLVWV� DW� WKH� WRS� RI� WKH� VFUHHQ�
6LQFH�WKLV�LV�D�QHZ�FDVH��WKHVH�OLVWV�ZLOO�EH�HPSW\���7KH�ORJLFDO�VWDWHPHQW�WKDW�PDNHV�XS�WKLV�FDVH
ZLOO�EH�FRPSRVHG�RI�DWWULEXWH�YDOXHV�±�SRVVLEO\�IURP�VHYHUDO�GLIIHUHQW�REMHFWV�±�WKDW�PXVW�WDNH�RQ
VSHFLILHG�YDOXHV�LQ�RUGHU�IRU�WKH�ORJLFDO�VWDWHPHQW�WR�HYDOXDWH�DV�WUXH�



��

%HIRUH�ZH�GHVFULEH�KRZ�WKRVH�DWWULEXWHV�DQG�YDOXHV�DUH�LQFRUSRUDWHG�LQWR�D�FDVH��LW�LV�LPSRUWDQW�WR
XQGHUVWDQG� KRZ� WKH� 2%(67� VRIWZDUH� ZLOO� XOWLPDWHO\� HYDOXDWH� WKLV� ORJLFDO� VWDWHPHQW�� � 6LPSO\
VWDWHG�� LI� PRUH� WKDQ� RQH� YDOXH� LV� VSHFLILHG� IRU� D� SDUWLFXODU� REMHFW�DWWULEXWH� FRPELQDWLRQ�� WKH
2%(67�VRIWZDUH�ZLOO�XVH�D�ORJLFDO�25�FRQGLWLRQ�EHWZHHQ�WKHP���,Q�RWKHU�ZRUGV��IRU�D�³ELF\FOH´
REMHFW�DQG�³FRORU´�DWWULEXWH��VSHFLI\LQJ�WKH�YDOXHV�³UHG�´�³EOXH�´�DQG�³\HOORZ´�ZRXOG�FDXVH�WKH
VRIWZDUH� WR� UHVSRQG� SRVLWLYHO\� LI� WKH� ELF\FOH�ZHUH� UHG�� \HOORZ�� RU� EOXH�� DQG� QHJDWLYHO\� IRU� DOO
RWKHU�YDOXHV���2Q�WKH�RWKHU�KDQG��ZKHQ�WKH�ORJLFDO�VWDWHPHQW�FRQWDLQV�YDOXHV�IURP�PRUH�WKDQ�RQH
DWWULEXWH��RU�HYHQ�PRUH�WKDQ�RQH�REMHFW���WKH�2%(67�VRIWZDUH�ZLOO�XVH�D�ORJLFDO�$1'�FRQGLWLRQ
EHWZHHQ�WKHP���&RQVLGHU�D�³ZHDWKHU´�REMHFW�ZLWK�DWWULEXWHV�³VN\�FRQGLWLRQV´�DQG�³WHPSHUDWXUH�´
$�FDVH�WKDW�VSHFLILHV�D�YDOXH�RI�³FORXG\´�IRU�VN\�FRQGLWLRQV�DQG�D�YDOXH�RI�³FROG´�IRU�WHPSHUDWXUH
ZRXOG�RQO\�UHVSRQG�SRVLWLYHO\�WR�ZHDWKHU�FRQGLWLRQV�WKDW�DUH�ERWK�FORXG\�DQG�FROG���&RQGLWLRQV
WKDW�DUH�FROG�EXW�QRW�FORXG\��RU�FORXG\�EXW�QRW�FROG��RU�QHLWKHU�FORXG\�QRU�FROG�ZRXOG�QRW�HOLFLW�D
SRVLWLYH�UHVSRQVH�IURP�WKH�2%(67�VRIWZDUH�� �7KXV��DQ�2%(67�FDVH� UHSUHVHQWV�D� ORJLFDO�$1'
EHWZHHQ� REMHFWV� DQG� DWWULEXWHV�� FRPELQHG� ZLWK� D� ORJLFDO� 25� EHWZHHQ� YDOXHV� ZLWKLQ� D� VLQJOH
REMHFW�DWWULEXWH� FRPELQDWLRQ�
� � 6KRXOG� WKH� DQDO\VW� ZLVK� WR� GHYHORS� ORJLFDO� FRQGLWLRQV� WKDW� DUH
PRUH� FRPSOLFDWHG� WKDQ� WKRVH� HQDEOHG� E\� WKLV�PHWKRG�� WKH� DQDO\VW�PXVW� EUHDN� WKRVH� FRQGLWLRQV
LQWR�PXOWLSOH�FDVHV�WKDW�FDQ�EH�HYDOXDWHG�VHTXHQWLDOO\��HDFK�RQH�RI�ZKLFK�PXVW�IROORZ�WKHVH�UXOHV�

:H�KDYH�MXVW�GHVFULEHG�KRZ�HDFK�ORJLFDO�FDVH�LV�FRPSRVHG�RI�D�QXPEHU�RI�FRQGLWLRQV�DQG� WKDW
DUH� HYDOXDWHG� DFFRUGLQJ� WR� D� SUHGHILQHG� VHW� RI�$1'� DQG�25� ORJLFDO� UXOHV�� � (DFK� FRQGLWLRQ� LV
EDVHG� RQ� D� VLQJOH� REMHFW�� DWWULEXWH�� DQG� DWWULEXWH� YDOXH� FRPELQDWLRQ�� � 7KHVH� FRQGLWLRQV� FDQ� EH
HQWHUHG�LQWR�WKH�FDVH�LQ�DQ\�RUGHU���7KH�FRQWUROV�WKDW�DUH�XVHG�WR�HQWHU�D�VLQJOH�FRQGLWLRQ�LQWR�WKH
FDVH� DUH� ORFDWHG� LQ� WKH�&RQGLWLRQV� IUDPH�QHDU� WKH�ERWWRP�RI� WKH� VFUHHQ�� �2QFH� WKH� DQDO\VW� KDV
VHOHFWHG�WKH�FDVH�WR�EH�HGLWHG�IURP�WKH�&DVHV�OLVW��WKH�DQDO\VW�VHOHFWV�WKH�REMHFW�WKDW�FRQWDLQV�WKH
DWWULEXWH�DQG�DWWULEXWH�YDOXH�WKDW�DUH�HYHQWXDOO\�WR�EH�XVHG�E\�FOLFNLQJ�RQ�WKH�DSSURSULDWH�HQWU\�LQ
WKH�2EMHFW�1DPH�OLVW���7KH�VRIWZDUH�UHVSRQGV�E\�GLVSOD\LQJ�DOO�GHILQHG�DWWULEXWHV�IRU�WKDW�REMHFW
LQ�WKH�$WWULEXWHV�OLVW���:KHQ�WKH�DQDO\VW�VHOHFWV�WKH�DSSURSULDWH�DWWULEXWH��WKH�VRIWZDUH�GLVSOD\V�DOO
RI� WKH�GHILQHG�DWWULEXWH�YDOXHV�IRU� WKDW�REMHFW�DWWULEXWH�FRPELQDWLRQ� LQ� WKH�$WWULEXWH�9DOXHV� OLVW�
7KH� DQDO\VW� WKHQ� VHOHFWV� ZKHWKHU� WKLV� REMHFW�DWWULEXWH�YDOXH� FRPELQDWLRQ� LV� WR� EH� WUXH� RU� IDOVH
XVLQJ�WKH�9DOXH�/RJLFDO�FKHFN�ER[��WKHQ�SUHVVHV�WKH�$GG�&RQGLWLRQ�EXWWRQ�WR�HQWHU�WKDW�FRQGLWLRQ
LQWR�WKH�FDVH���7KH�SURFHVV�LV�UHSHDWHG�IRU�RWKHU�FRQGLWLRQV��REMHFW�DWWULEXWH�YDOXH�FRPELQDWLRQV�
XQWLO�WKH�FDVH�GHILQLWLRQ�KDV�EHHQ�FRPSOHWHO\�HQWHUHG���7KH�DQDO\VW�FDQ�FKHFN�WKH�FRQGLWLRQV�WKDW
KDYH�EHHQ�HQWHUHG�LQWR�WKH�FDVH�XVLQJ�WKH�2EMHFWV��$WWULEXWHV��DQG�9DOXHV�OLVWV�DW� WKH�WRS�RI� WKH
VFUHHQ��DV�GHVFULEHG�SUHYLRXVO\���7R�DGG�DGGLWLRQDO�FRQGLWLRQV�WR�D�SUHYLRXVO\�GHILQHG�FDVH�� WKH
DQDO\VW� VHOHFWV� WKDW� FDVH� IURP� WKH�&DVHV� OLVW� DQG� IROORZV� WKLV� VDPH� SURFHVV� WR� HQWHU� DGGLWLRQDO
FRQGLWLRQV�� �$GGLWLRQDO� FDVHV� FDQ�EH� GHILQHG� E\� SUHVVLQJ� WKH�$GG�1HZ�&DVHV� EXWWRQ� DQG� WKHQ

������������������������������������������������


��1RWH�WKDW�WKH�2%(67�PHWKRGRORJ\�DOVR�SHUPLWV�WKH�DQDO\VW�WR�VSHFLI\�WKH�ORJLFDO�YDOXH�RI�WKH�DWWULEXWH�YDOXH�EHLQJ
XVHG���7\SLFDOO\��WKLV�YDOXH�LV�VHW�WR�³7UXH´�DV�XVHG�LQ�WKH�SUHYLRXV�H[DPSOHV���,I�WKLV�YDOXH�ZHUH�VHW�WR�³)DOVH�´�WKH
ZHDWKHU� H[DPSOH� ZRXOG� HOLFLW� D� SRVLWLYH� UHVSRQVH� IURP� WKH� 2%(67� VRIWZDUH� XQGHU� FRQGLWLRQV� WKDW� ZHUH� QHLWKHU
FORXG\�QRU�FROG���7KLV�LV�EHFDXVH�WKH�2%(67�VRIWZDUH�ZRXOG�EH�HYDOXDWLQJ�WKH�ORJLFDO�VWDWHPHQW�³127�FORXG\�$1'
127�FROG´�LQ�WKH�REMHFW�PRGHO���6LPLODUO\��LQ�WKH�ELF\FOH�H[DPSOH��WKH�VRIWZDUH�ZRXOG�UHVSRQG�SRVLWLYHO\�WR�ELF\FOHV
WKDW�ZHUH�QHLWKHU�UHG�QRU�\HOORZ�QRU�EOXH�EHFDXVH� WKH�2%(67�VRIWZDUH�ZRXOG�EH�HYDOXDWLQJ� WKH� ORJLFDO�VWDWHPHQW
³127��UHG�25�\HOORZ�25�EOXH��´



��

UHSHDWLQJ� WKLV� SURFHVV�� �7KH� DQDO\VW� FDQ� GHILQH� WKH� QDPHV� RI� VHYHUDO� QHZ� FDVHV� ILUVW�� DQG� WKHQ
SRSXODWH�WKH�FRQGLWLRQV�RI�HDFK�ODWHU��LI�GHVLUHG�

7KH�RULJLQDO�SODQV� IRU� WKLV� VRIWZDUH�ZRXOG�KDYH�HQDEOHG� WKH�DQDO\VW� WR�GR�D�QXPEHU�RI� HGLWLQJ
RSHUDWLRQV� RQ� D� FDVH� XVLQJ� WKH� EXWWRQV� LQ� WKH� ORZHU� OHIW�KDQG� FRUQHU� RI� WKLV� VFUHHQ�� � 7KHVH
IXQFWLRQV�� KRZHYHU�� KDYH� QRW� EHHQ� IXOO\� LPSOHPHQWHG� DW� WKLV� WLPH�� � &XUUHQWO\�� WKH� DFFHSWHG
PHWKRG�IRU�GHDOLQJ�ZLWK�HUURUV�LQ�D�FDVH�WKDW�FDQQRW�EH�FRUUHFWHG�ZLWK�DGGLWLRQDO�FRQGLWLRQV�LV�WR
GHOHWH�WKH�FDVH�DQG�UH�HQWHU�WKH�LQIRUPDWLRQ���$�FDVH�LV�GHOHWHG�ZKHQ�WKH�DQDO\VW�VHOHFWV�WKH�FDVH
IURP� WKH�&DVHV� OLVW� DQG�SUHVVHV� WKH�'HOHWH�&DVH�EXWWRQ�� �7KHUH� LV�QR� ³XQGR´� FDSDELOLW\� IRU� WKH
'HOHWH�&DVH�RSHUDWLRQ��WKH�&DQFHO�EXWWRQ�GRHV�QRW�UHWXUQ�WKH�FDVHV�OLVW�RU�WKH�FDVH�GHILQLWLRQV�WR
WKHLU� RULJLQDO� FRQILJXUDWLRQ��� � 7KH�2.� EXWWRQ� FDXVHV� WKH� VRIWZDUH� WR� UHWXUQ� WR� WKH� VFUHHQ� WKDW
LQYRNHG�WKH�FDVH�HGLWRU��HLWKHU�WKH�,50�RU�'50�VFUHHQ����,W�VKRXOG�EH�XVHG�ZKHQ�WKH�DQDO\VW�LV
VDWLVILHG�ZLWK�WKH�VHW�RI�FDVHV�WKDW�KDYH�EHHQ�GHILQHG�LQ�WKH�2%(67�PRGHO�

7KH�UHPDLQLQJ�WDVN�LQ�GHYHORSLQJ�DQ�2%(67�PRGHO�LV�WR�VSHFLI\�WKH�VFULSWV�WKDW�ZLOO�EH�H[HFXWHG
DV�SDUW�RI� WKH� ,50�DQG�'50���7R�HQWHU�DQG�HGLW�VFULSWV�� WKH�RSHUDWRU�SUHVVHV� WKH�6FULSW�(GLWRU
EXWWRQ� RQ� WKH� ,50�RU�'50�VFUHHQ�� �7KLV� FDXVHV� WKH� VRIWZDUH� WR� GLVSOD\� WKH� VFUHHQ� VKRZQ� LQ
)LJXUH��������,QLWLDOO\��WKH�6FULSW�1DPH�OLVW�DQG�WKH�6FULSW�'HVFULSWLRQ�ER[�RQ�WKLV�VFUHHQ�ZLOO�EH
EODQN�LI�RQH�LV�GHYHORSLQJ�DQ�2%(67�PRGHO�IURP�VFUDWFK�

)LJXUH��������(QWHULQJ�6FULSW�'HILQLWLRQV�IRU�,PPHGLDWH�DQG�'HOD\HG�5HVSRQVH�0RGHOV�



��

(DFK�VFULSW�LV�WLHG�WR�D�SDUWLFXODU�REMHFW�EHFDXVH�VFULSWV�FDQ�FKDQJH�WKH�DWWULEXWHV�RI�DQ�REMHFW��DQG
DQ�REMHFW� LV�RQO\�DOORZHG�WR�FKDQJH�LWV�RZQ�DWWULEXWHV�� �7KXV�� WKH�DQDO\VW�PXVW�VHOHFW�DQ�REMHFW
IURP�WKH�2EMHFW�1DPH�OLVW�EHIRUH�WKDW�REMHFW¶V�VFULSWV�ZLOO�EH�OLVWHG�LQ�WKH�6FULSW�1DPH�OLVW���7R
HQWHU�D�QHZ�VFULSW��WKH�DQDO\VW�VHOHFWV�WKH�QDPH�RI�WKH�REMHFW�WR�ZKLFK�LW�ZLOO�DSSO\��WKHQ�SUHVVHV
WKH�$GG�1HZ�6FULSW�EXWWRQ���7KH�VRIWZDUH�SURYLGHV�D�GLDORJ�WKDW�ZLOO�HQDEOH�WKH�DQDO\VW�WR�HQWHU�D
QDPH�DQG�GHVFULSWLRQ� IRU� WKLV�QHZ�VFULSW�� �:KHQ� WKH� DQDO\VW� FRPSOHWHV� WKH� IRUP�� WKH� VRIWZDUH
HQWHUV� WKDW� QHZ� VFULSW� QDPH� LQWR� WKH�6FULSW�1DPH� OLVW��&RQVLVWHQW�ZLWK� SUHYLRXV� VFUHHQV� LQ� WKH
2%(67� VRIWZDUH�� WKH� DQDO\VW� FDQ� HQWHU� QDPHV� DQG� GHVFULSWLRQV� IRU� WKH� VFULSWV� RQH� DW� D� WLPH
�GHILQLQJ�HDFK�VFULSW�DV�LW�LV�QDPHG���RU�WKH�DQDO\VW�PD\�HQWHU�D�ODUJH�EORFN�RI�QDPHV�DOO�DW�RQFH
DQG�WKHQ�GHILQH�HDFK�VFULSW�ODWHU�DW�KLV�RU�KHU�FRQYHQLHQFH�

:KHQ� WKH� DQDO\VW� VHOHFWV� DQ� REMHFW� IURP� WKH� 2EMHFW� 1DPH� OLVW�� WKH� VRIWZDUH� UHVSRQGV� E\
GLVSOD\LQJ�WKH�OLVW�RI�DOO�VFULSW�QDPHV�WKDW�KDYH�EHHQ�GHILQHG�IRU�WKDW�REMHFW�LQ�WKH�6FULSW�1DPH
OLVW���:KHQ�D�QDPH�LV�VHOHFWHG�IURP�WKLV�OLVW��WKH�VRIWZDUH�GLVSOD\V�WKH�FXUUHQW�GHILQLWLRQ�IRU�WKDW
VFULSW� LQ� WKH� ORZHU�KDOI� RI� WKH� VFUHHQ�� �(DFK� VFULSW� FDQ� KDYH� WKUHH� GLIIHUHQW� W\SHV� RI� HOHPHQWV�
$WWULEXWH� (YHQWV� �FRPPDQGV� WKDW� ZLOO� FDXVH� WKLV� REMHFW� WR� FKDQJH� WKH� YDOXH� RI� LWV� DWWULEXWHV��
REMHFW�PRGHO�HYHQWV��HQWHUHG�RQ�WKH�(YHQWV�WDE��ZKLFK�PD\�FDXVH�WKLV�REMHFW�RU�RWKHU�REMHFWV�WR
FKDQJH� VWDWH��� DQG� V\VWHP� HYHQWV� �HQWHUHG� RQ� WKH� 6SHFLDO� (YHQWV� WDE�� ZKLFK� PD\� FDXVH
WHUPLQDWLRQ� RU� WUXQFDWLRQ� RI� WKH� VFHQDULR� RU� FDXVH� WKLV� REMHFW� WR� PDQLSXODWH� WKH� VWDWXV� RI� LWV
LQWHUQDO�FORFN��
��(DFK�W\SH�RI�HYHQW��DV�ZHOO�DV�WKH�IDFLOLW\�WR�DGG�RU�GHOHWH�HYHQWV�RI�WKDW�W\SH��LV
IRXQG�RQ� WKH�DSSURSULDWHO\�QDPHG� WDE�� �$V�HDFK� WDE� LV�GLVSOD\HG�� WKH� ULJKW�KDQG�VHFWLRQ�RI� WKH
VFUHHQ� GLVSOD\V� WKRVH� HYHQWV� WKDW� DUH� DOUHDG\� SDUW� RI� WKH� VFULSW� GHILQLWLRQ�� ZKLOH� WKH� OHIW� KDQG
VHFWLRQ�RI�WKH�VFUHHQ�GLVSOD\V�WKRVH�HYHQWV�WKDW�DUH�DYDLODEOH�IRU�WKH�DQDO\VW�WR�DGG�WR�WKH�VFULSW
GHILQLWLRQ�� �(DFK� WDE�DOVR�KDV� D�EXWWRQ� IRU�GHOHWLQJ�SDUWLFXODU� HYHQWV� IURP� WKH� VFULSW�GHILQLWLRQ�
2QH�GHOHWHV�HYHQWV�IURP�WKH�VFULSW�GHILQLWLRQ�LQ�WKH�VDPH�PDQQHU�DV�RQH�KDV�GHOHWHG�RWKHU�SDUWV�RI
WKH�REMHFW�PRGHO�RQ�RWKHU�VFUHHQV��RQH�KLJKOLJKWV�WKH�HYHQWV�WR�EH�GHOHWHG�DQG�SUHVVHV�WKH�'HOHWH
EXWWRQ���7KHUH�LV�QR�³XQGR´�FDSDELOLW\�IRU�HLWKHU�WKH�$GG�RU�'HOHWH�IXQFWLRQV�RQ�WKH�6FULSW�(GLWRU
VFUHHQ� �DQG� WKH� &DQFHO� EXWWRQ� GRHV� QRW� UHVWRUH� WKH� VFULSW� GHILQLWLRQV� WR� WKHLU� RULJLQDO
FRQILJXUDWLRQ���VR�WKH�DQDO\VW�PXVW�EH�FDUHIXO�ZKHQ�DGGLQJ�DQG�GHOHWLQJ�LWHPV�IURP�VFULSWV�

7R�DGG�DQ�HYHQW�WR�D�GHILQHG�VFULSW��WKH�DQDO\VW�EHJLQV�E\�VHOHFWLQJ�WKH�REMHFW�DQG�VFULSW�WR�ZKLFK
WKLV�HYHQW�ZLOO�DSSO\�IURP�WKH�2EMHFW�1DPH�DQG�6FULSW�1DPH�OLVWV���7KH�DQDO\VW�WKHQ�VHOHFWV�WKH
WDE�WKDW�LV�DSSURSULDWH�WR�WKH�W\SH�RI�HYHQW�WR�EH�DGGHG�WR�WKH�VFULSW�IURP�WKH�ERWWRP�RI�WKH�VFUHHQ�
7KH�(YHQWV�DQG�6SHFLDO�(YHQWV�WDEV�FRQWDLQ�VLPSOH�OLVWV�RI�HYHQWV�WKDW�FDQ�EH�DGGHG�WR�WKH�VFULSW�
7KH�DQDO\VW�VLPSO\�KLJKOLJKWV�WKH�GHVLUHG�HYHQW�DQG�SUHVVHV�WKH�$GG�EXWWRQ�WR�LQFOXGH�WKLV�HYHQW
LQ�WKH�VFULSW���$WWULEXWH�(YHQWV�DUH�GHILQHG�LQ�D�VLPLODU�PDQQHU��DOWKRXJK�WKH�DQDO\VW�PXVW�GHILQH
ERWK�WKH�DWWULEXWH�WR�EH�PRGLILHG��IURP�WKH�$WWULEXWH� OLVW��DQG� WKH�YDOXH� WR�ZKLFK� LW� LV� WR�EH�VHW
�IURP�WKH�$WWULEXWH�9DOXHV�OLVW��EHIRUH�SUHVVLQJ�WKH�$GG�EXWWRQ�WR�LQFOXGH�WKH�HYHQW�LQ�WKH�VFULSW��
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��2QO\�RQH�6SHFLDO�(YHQW�LV�DOORZHG�SHU�VFULSW�

���5HFDOO�WKDW��E\�FRQYHQWLRQ��DQ�REMHFW�FDQ�RQO\�PRGLI\�LWV�RZQ�DWWULEXWHV���7KXV��ZKHQ�GHILQLQJ�$WWULEXWH�(YHQWV��LW
LV�QRW�QHFHVVDU\�WR�VWDWH�ZKLFK�REMHFW¶V�DWWULEXWHV�ZH�ZDQW�WR�PRGLI\���7KLV�DOVR�H[SODLQV�ZK\� WKH�VFULSW�FDQQRW�EH
GHILQHG�RXWVLGH�WKH�FRQWH[W�RI�DQ�REMHFW��ZKLOH�D�FDVH�LV�QRW�VR�OLPLWHG�



��

1RWH� WKDW� WKH� VFULSW�GHILQLWLRQ�DW� WKH� ULJKW�RI� WKH� VFUHHQ� OLVWV�ERWK� WKH�DWWULEXWH�DQG� LWV�YDOXH�DV
EHLQJ�SDUW�RI�WKH�VFULSW�

����� (YDOXDWLQJ�DQ�2%(67�0RGHO

%\�IROORZLQJ� WKH� VWHSV� LQ� WKH�SUHFHGLQJ� VHFWLRQV��ZH�KDYH�QRZ�FRPSOHWHG� WKH�GHILQLWLRQ�RI� DQ
2%(67�PRGHO�� � &XUUHQWO\� WKHUH� DUH� YHU\� IHZ� DXWRPDWHG� FKHFNV� LQ� WKH� VRIWZDUH� WR� GHWHUPLQH
ZKHWKHU� D� FRPSOHWHG�2%(67�PRGHO� LV� IXOO\� VSHFLILHG� DQG� VHOI� FRQVLVWHQW�� � ,QGHHG�� LW� LV� YHU\
GLIILFXOW� IRU� DQ� DXWRPDWHG� IDFLOLW\� WR� PDNH� VXFK� FKHFNV� EHFDXVH� LW� UHTXLUHV� RQH� WR� GHWHUPLQH
ZKHWKHU� SDUWLFXODU� IHDWXUHV� RI� WKH� PRGHO� ZHUH� LQFOXGHG� VLPSO\� IRU� FRPSOHWHQHVV� RU� ODWHU
HODERUDWLRQ� �LQ� ZKLFK� FDVH� WKHLU� ODFN� RI� XVH� GRHV� QRW� UHSUHVHQW� DQ� HUURU��� RU� WKH\� DUH� FULWLFDO
FRPSRQHQWV� RI� WKH� REMHFW�PRGHO� �LQ�ZKLFK� FDVH� WKH� IDFW� WKDW� WKH\� DUH� QRW� XVHG�ZLOO� FDXVH� WKH
REMHFW� PRGHO� WR� EHKDYH� YHU\� GLIIHUHQWO\� IURP� WKH� DQDO\VW¶V� H[SHFWDWLRQV��� � ,W� LV� SRVVLEOH� WKDW
IXWXUH�HQKDQFHPHQWV�WR�WKH�VRIWZDUH�ZLOO�DOORZ�PRUH�RI�WKHVH�IHDWXUHV�WR�EH�DGGHG�

2QH� RI� WKH� IXQGDPHQWDO� DGYDQWDJHV� RI� DQ� REMHFW�EDVHG� PRGHO� LV� WKDW�� DIWHU� WKH� DQDO\VW
HQFDSVXODWHV�WKH�EHKDYLRU�RI�WKH�V\VWHP�LQ�REMHFWV��RQH�FDQ�VLPXODWH�D�ZLGH�YDULHW\�RI�VFHQDULRV
DQG�FRQGLWLRQV�E\�VLPSO\�FKDQJLQJ�WKH�LQLWLDO�FRQGLWLRQV�RU�ERXQGDU\�FRQGLWLRQV� LPSRVHG�XSRQ
WKH�REMHFW�PRGHO���,Q�2%(67��WKLV�LV�DFFRPSOLVKHG�E\�SUHVHWWLQJ�SDUWLFXODU�DWWULEXWHV�WR�VSHFLILF
YDOXHV�WKDW�PLJKW�GHILQH�D�GHVLUHG�VFHQDULR��DQG�E\�³VHHGLQJ´�WKH�DQDO\VLV�ZLWK�PRGHO�HYHQWV�WKDW
DUH�WR�RFFXU�DW�WKH�EHJLQQLQJ�RI�WKH�VFHQDULR���7R�LPSRVH�WKHVH�LQLWLDO�FRQGLWLRQV�RQ�WKH�V\VWHP�
RQH� EHJLQV� DW� WKH�PDLQ�2%(67� VFUHHQ� �)LJXUH� ����� DQG� SUHVVHV� WKH� ,QLWLDO� &RQGLWLRQV� EXWWRQ�
:KHQ� WKLV� RFFXUV�� WKH� VRIWZDUH� UHVSRQGV� E\� GLVSOD\LQJ� WKH� ,QLWLDO�&RQGLWLRQV� VFUHHQ� VKRZQ� LQ
)LJXUH��������,QLWLDOO\��WKLV�VFUHHQ�SURYLGHV�D�IDFLOLW\�IRU�VHWWLQJ�LQLWLDO�FRQGLWLRQ�DWWULEXWH�YDOXHV
IRU� WKH� 2%(67� DQDO\VLV�� � 7KH� DQDO\VW� VHWV� WKHVH� FRQGLWLRQV� E\� VHOHFWLQJ� WKH� REMHFW�� DWWULEXWH
QDPH��DQG�DWWULEXWH�YDOXH�WR�EH�LPSRVHG�RQ�WKH�V\VWHP�IURP�WKH�2EMHFWV��$WWULEXWHV��DQG�9DOXHV
OLVWV�RQ� WKH� OHIW�VLGH�RI� WKH� VFUHHQ�� �:KHQ� WKH�GHVLUHG� FRPELQDWLRQ�KDV�EHHQ�VHOHFWHG�� WKH� ULJKW
DUURZ�EXWWRQ�FDXVHV�LW�WR�EH�HQWHUHG�DV�DQ�LQLWLDO�FRQGLWLRQ�LQ�WKH�6HW�$WWULEXWHV�OLVW���7R�GHOHWH�D
SUHYLRXVO\�HQWHUHG�DWWULEXWH��RQH�KLJKOLJKWV�WKH�FRPELQDWLRQ�LQ�WKH�6HW�$WWULEXWHV�OLVW�DQG�SUHVVHV
WKH�OHIW�DUURZ�EXWWRQ�

)LJXUH������VKRZV�WKH�VFUHHQ�XVHG�WR�VHHG�WKH�DQDO\VLV�ZLWK�PRGHO�HYHQWV�WKDW�DUH�WR�RFFXU�DW�WKH
EHJLQQLQJ�RI�WKH�VFHQDULR���7KHVH�HYHQWV�DUH�HQWHUHG�XVLQJ�H[DFWO\�WKH�VDPH�VWHSV�GHVFULEHG�IRU
)LJXUH� ������ DQ� HYHQW� LV� VHOHFWHG� IURP� WKH�$YDLODEOH�(YHQWV� OLVW� DQG� WKH� ULJKW� DUURZ� EXWWRQ� LV
SUHVVHG�LQ�RUGHU�WR�HQWHU�WKDW�HYHQW�LQWR�WKH�,QLWLDO�(YHQWV�OLVW��ZKLOH�DQ�HYHQW�LV�GHOHWHG�IURP�WKH
,QLWLDO�(YHQWV� OLVW�ZKHQ� LWV� QDPH� LV� KLJKOLJKWHG� DQG� WKH� OHIW� DUURZ�EXWWRQ� LV� SUHVVHG� �QRWH� WKDW
WKHUH�LV�QR�³XQGR´�FDSDELOLW\�IRU�DQ\�RI�WKH�DFWLRQV�UHODWHG�WR�WKH�VHOHFWLRQ�RI�LQLWLDO�FRQGLWLRQV��

$QRWKHU� LPSRUWDQW� SDUW� RI� WKH� SUHSDUDWLRQ� WR� H[HFXWH� DQ� 2%(67� PRGHO� LV� WR� VSHFLI\� DQ\
WHUPLQDWLRQ� FRQGLWLRQV� WKDW� RQH� ZLVKHV� WR� LPSRVH� RQ� WKH� V\VWHP�� � 7KH� V\VWHP� DXWRPDWLFDOO\
WHUPLQDWHV�D�VFHQDULR�ZKHQ� LW� UHDFKHV�³HTXLOLEULXP�FRQGLWLRQV´�±� WKDW� LV��ZKHQ�DOO� ,50V�DUH� LQ
HTXLOLEULXP�DQG�QR�IXUWKHU�'50V�DUH�DFWLYH�� �+RZHYHU�� WKH�DQDO\VW�PD\�ZLVK� WR� WHUPLQDWH� WKH
VFHQDULR�XQGHU�PRUH�UHVWULFWLYH�FRQGLWLRQV�LQ�RUGHU�WR�VDYH�FRPSXWDWLRQDO�WLPH�RU�EHFDXVH�IXUWKHU
DQDO\VLV� LV� VLPSO\� EH\RQG� WKH� VFRSH� RI� WKH� SUREOHP� WR� EH� VROYHG�� � 7R� LPSRVH� DGGLWLRQDO
WHUPLQDWLRQ�FRQGLWLRQV��WKH�DQDO\VW�SURFHHGV�WR�WKH�PDLQ�2%(67�VFUHHQ��)LJXUH������DQG�SUHVVHV
�



��

)LJXUH��������6HWWLQJ�$OWHUQDWH�,QLWLDO�&RQGLWLRQV�IRU�WKH�0RGHO�

)LJXUH��������6HWWLQJ�(YHQWV�WR�,QLWLDOL]H�WKH�2%(67�0RGHO�



��

WKH�7HUPLQDWLRQ�&RQGLWLRQV�EXWWRQ�� �7KLV� FDXVHV� WKH� VRIWZDUH� WR�EULQJ�XS� WKH� VFUHHQ� VKRZQ� LQ
)LJXUH� ������ �:KLOH� QRW� DOO� RI� WKH� RSWLRQV� GLVSOD\HG� RQ� WKLV� VFUHHQ� DUH� IXOO\� IXQFWLRQDO�� LW� LV
LQVWUXFWLYH�WR�FRQVLGHU�WKH�YDULHW\�RI�PHWKRGV�RQH�PLJKW�XVH�WR�WHUPLQDWH�D�VFHQDULR�


)LJXUH��������6HWWLQJ�3DWK�7HUPLQDWLRQ�&RQGLWLRQV�

7KH�VLPSOHVW�WHUPLQDWLRQ�FRQGLWLRQ�LV�WLPH���7KH�DQDO\VW�PD\�RQO\�EH�LQWHUHVWHG��IRU�H[DPSOH��LQ
HYHQWV� WKDW� RFFXU� ZLWKLQ� ��� KRXUV� RI� VFHQDULR� LQLWLDWLRQ�� � 6XFK� D� WHUPLQDWLRQ� FRQGLWLRQ� LV
LPSOHPHQWHG� XVLQJ� WKH� 7LPH� WDE� RQ� WKH� 7HUPLQDWLRQ� &RQGLWLRQV� VFUHHQ�� � $� VHFRQG�� VLPSOH
WHUPLQDWLRQ�FRQGLWLRQ�FDQ�EH�EDVHG�RQ�DQ�DWWULEXWH�YDOXH�� �7KH�DQDO\VW�PD\�KDYH�DV�D�SULQFLSDO
SXUSRVH�IRU�DQ�DQDO\VLV�WKH�VLPSOH�GHWHUPLQDWLRQ�RI�ZKHWKHU�RU�QRW�D�SDUWLFXODU�DWWULEXWH�YDOXH�LV
UHDOL]HG���)RU�H[DPSOH��RQ�D�WHOHSKRQH�FHQWUDO�RIILFH�REMHFW��WKH�DQDO\VW�PD\�EH�PRVW�LQWHUHVWHG�LQ

������������������������������������������������


� � ,W� LV� DOVR� SRVVLEOH� WR� WHUPLQDWH� VFHQDULRV� E\� HPEHGGLQJ� 6SHFLDO� (YHQWV� LQ� REMHFW� VFULSWV�� � 2QH� VXFK� HYHQW�
7HUPLQDWH�6FHQDULR��FDXVHV�WKH�V\VWHP�WR�LPPHGLDWHO\�WHUPLQDWH�WKH�VFHQDULR�EUDQFK�EHLQJ�SURFHVVHG�DQG�LQFOXGH�LW
LQ� WKH� ILQDO� UHVXOWV� WDEXODWLRQ�� � $QRWKHU� VXFK� HYHQW�� 7UXQFDWH� 6FHQDULR�� DOVR� FDXVHV� WKH� V\VWHP� WR� LPPHGLDWHO\
WHUPLQDWH� WKH� VFHQDULR�EUDQFK�EHLQJ�SURFHVVHG�� �+RZHYHU�� WUXQFDWHG�VFHQDULRV�DUH�QRW� LQFOXGHG� LQ� WKH� ILQDO� UHVXOWV
WDEXODWLRQ�� � 7KH� DQDO\VW� XVHV� D� 7UXQFDWH� 6FHQDULR� FRPPDQG� ZKHQ� WKH� 2%(67� PRGHO� UHDFKHV� D� FRQGLWLRQ� WKDW
LQGLFDWHV�WKDW�WKLV�VFHQDULR�LV�QRW�RI�LQWHUHVW�WR�WKH�DQDO\VW¶V�SXUSRVH�LQ�SHUIRUPLQJ�WKLV�2%(67�DQDO\VLV���2QH�PLJKW
DOVR�ZLVK�WR�WUXQFDWH�D�VFHQDULR�EHFDXVH�RI�LWV�H[WUDRUGLQDULO\�ORZ�SUREDELOLW\�LQ�RUGHU�WR�VDYH�WKH�FRPSXWDWLRQDO�WLPH
WKDW�PLJKW�EH�LQFXUUHG�VKRXOG�IXUWKHU�EUDQFKLQJ�RI�WKH�VFHQDULR�RFFXU��EXW�WKLV�IDFLOLW\�LV�QRW�FXUUHQWO\�LPSOHPHQWHG
LQ�WKH�2%(67�VRIWZDUH�



���

ZKHWKHU�WKH�EDWWHU\�FKDUJH�DWWULEXWH�UHDFKHV�D�YDOXH�RI�³GHDG´�EHIRUH�HTXLOLEULXP�FRQGLWLRQV�DUH
HVWDEOLVKHG�ZKHQ� FRPPHUFLDO� SRZHU� LV� UHVWRUHG�� � 7KH�$WWULEXWH� 9DOXHV� WDE� SURYLGHV� D� IDFLOLW\
ZKHUHE\� WKH� DQDO\VW� FDQ� VHOHFW� RQH� RU� PRUH� DWWULEXWH� YDOXHV� DV� WHUPLQDWLRQ� FRQGLWLRQV�� � $
VFHQDULR� ZLOO� EH� WHUPLQDWHG� VKRXOG� DQ\� RQH� RI� WKHVH� DWWULEXWH� YDOXHV� EH� UHDOL]HG� DW� DQ\� WLPH
GXULQJ�D�VFHQDULR���$�VLPLODU�VHW�RI�WHUPLQDWLRQ�FRQGLWLRQV�FDQ�EH�LPSRVHG�ZKHQ�DQ�REMHFW�HQWHUV
D�VWDWH�WKDW�LV�RI�SDUWLFXODU�LQWHUHVW�WR�WKH�DQDO\VW���)RU�H[DPSOH��LI�RQH�VWDWH�RI�D�WHOHSKRQH�FHQWUDO
RIILFH�REMHFW�ZHUH�³RSHUDWLQJ�XQGHU�FRPPHUFLDO�SRZHU�´�WKH�DQDO\VW�PLJKW�VSHFLI\�WKDW�HQWU\�LQWR
WKLV�VWDWH�SURYLGHV�DQ�DGHTXDWH�WHUPLQDWLRQ�FRQGLWLRQ�IRU�VFHQDULRV�WKDW�DUH�LQLWLDWHG�ZLWK�D�ORVV�RI
FRPPHUFLDO�SRZHU��EODFNRXW��� �7KH�2EMHFW�6WDWHV� WDE�HQDEOHV�WKH�DQDO\VW� WR�VHOHFW�RQH�RU�PRUH
REMHFW�PRGHO�VWDWHV�IRU�XVH�DV�WHUPLQDWLRQ�FRQGLWLRQV�

7KH�ILQDO�VHW�RI�WHUPLQDWLRQ�FRQGLWLRQV�HQYLVLRQHG�IRU�WKH�2%(67�VRIWZDUH�FDQ�EH�WKRXJKW�RI�DV�D
GLUHFW�SDUDOOHO�WR�WKH�FRQFHSW�RI�FDVHV�WKDW�ZDV�GHYHORSHG�IRU�WKH�,50V�DQG�'50V���7KH�DQDO\VW
PLJKW�SXW�WRJHWKHU�D�VHW�RI�ORJLFDO�FRQGLWLRQV��D�FRPELQDWLRQ�RI�REMHFW�PRGHO�DWWULEXWHV��ZKLFK�
VKRXOG� LW�EHFRPH� WUXH�DW� DQ\�SRLQW�GXULQJ� WKH� DQDO\VLV��ZRXOG� LQGLFDWH� WKDW� LW� LV� DSSURSULDWH� WR
WHUPLQDWH�WKH�VFHQDULR�EHLQJ�HYDOXDWHG���7KLV�IXQFWLRQDOLW\�ZLOO�XOWLPDWHO\�EH�SURYLGHG�XQGHU�WKH
/RJLFDO�&RQGLWLRQV�WDE�RQ�WKH�7HUPLQDWLRQ�&RQGLWLRQV�VFUHHQ�

7KH�ILQDO�WDVN�WKDW�WKH�DQDO\VW�QHHGV�WR�DFFRPSOLVK�EHIRUH�DFWXDOO\�UXQQLQJ�WKH�2%(67�PRGHO�LV
WR� GHWHUPLQH� ZKLFK� IHDWXUHV� RI� HDFK� VFHQDULR� ZLOO� EH� VDYHG� IRU� SUHVHQWDWLRQ� DV� UHVXOWV� WR� WKH
DQDO\VW�� � 7KLV� SURFHVV�� NQRZQ� DV� ³ELQQLQJ�´� ZDV� LQLWLDOO\� GHVFULEHG� LQ� 6HFWLRQ� ������
� � 7KH
2%(67�VRIWZDUH�GRHV�QRW�DOORZ�WKH�DQDO\VW�WR�VDYH�HYHU\�VFHQDULR�JHQHUDWHG�WKURXJK�HYDOXDWLRQ
RI�WKH�REMHFW�PRGHO�EHFDXVH�DQ�REMHFW�PRGHO�RI�HYHQ�PRGHUDWH�FRPSOH[LW\�ZLOO� OLNHO\�JHQHUDWH
WKRXVDQGV�RI�SUREDELOLVWLF�VFHQDULRV���3DUWLFXODUO\�FRPSOH[�REMHFW�PRGHOV�PD\�JHQHUDWH�PLOOLRQV
RI�VFHQDULRV���,W�LV�XQUHDVRQDEOH�WR�H[SHFW�D�KXPDQ�DQDO\VW�WR�ZDGH�WKURXJK�WKRXVDQGV�RU�PLOOLRQV
RI� VFHQDULRV� DQG� H[WUDFW� PHDQLQJIXO� LQVLJKWV�� � $OVR�� JLYHQ� WKH� WLPH�GHSHQGHQW� EHKDYLRUV� WKDW
RFFXU� ZLWKLQ� WKHVH� VFHQDULRV�� LW� LV� XQUHDVRQDEOH� WR� H[SHFW� D� GHVNWRS� FRPSXWHU� WR� VDYH� DOO
LQIRUPDWLRQ�IRU�WKRXVDQGV�RU�PLOOLRQV�RI�VFHQDULRV���0HPRU\�DQG�GLVN�VWRUDJH�VSDFH�DUH�OLPLWHG�
DQG� WKH� VKHHU� FRPSXWDWLRQDO� HIIRUW� LQYROYHG� LQ� MXVW� WKH� LQSXW�RXWSXW� RSHUDWLRQV� WR� ZULWH� VXFK
LQIRUPDWLRQ�WR�GLVN�ZRXOG�EHFRPH�H[WUHPHO\�EXUGHQVRPH�

)RUWXQDWHO\��WKH�DQDO\VW�LV�XVXDOO\�LQWHUHVWHG�LQ�RQO\�D�VXEVHW�RI� WKH�LQIRUPDWLRQ�WKDW� LV�DFWXDOO\
JHQHUDWHG�DV�D�VFHQDULR�LV�VROYHG���2XU�REMHFWLYH��WKHQ��LV�WR�VDYH�DOO�LQIRUPDWLRQ�WKDW�LV�UHOHYDQW
WR� WKH� DQDO\VW¶V� SXUSRVH� LQ� SHUIRUPLQJ� WKH� DQDO\VLV�� ZKLOH� WKURZLQJ� DZD\� DOO� LUUHOHYDQW
LQIRUPDWLRQ�� �)XUWKHUPRUH��ZH�FRPELQH�WKRVH�VFHQDULRV�WKDW�DUH�LGHQWLFDO� LQ�DOO�DVSHFWV� WKDW�DUH
LPSRUWDQW� WR� WKH� DQDO\VW� LQWR� D� VLQJOH� ³ELQ´� WKDW� DFWV� DV� D� VXUURJDWH� IRU� DOO� RI� WKHVH� VLPLODU
VFHQDULRV���+RZHYHU��LI�WKH�VRIWZDUH�LV�WR�VDYH�RQO\�UHOHYDQW�LQIRUPDWLRQ��WKH�DQDO\VW�PXVW�GHILQH
IRU� WKH� VRIWZDUH�ZKDW� ³UHOHYDQW´�PHDQV�� �7KLV� LV� GRQH� RQ� WKH�%LQ�&DWHJRULHV� VFUHHQ� VKRZQ� LQ
)LJXUH��������7KH�DQDO\VW�UHDFKHV�WKLV�VFUHHQ�IURP�WKH�PDLQ�2%(67�VRIWZDUH�VFUHHQ��)LJXUH�����

������������������������������������������������


� � %\� ZD\� RI� UHYLHZ�� RQH� FDQ� WKLQN� RI� VSHFLI\LQJ� ELQ� GHILQLWLRQ� LQIRUPDWLRQ� DFFRUGLQJ� WR� ³WRSLFV´� RQ� ZKLFK
LQIRUPDWLRQ�ZLOO� EH� VDYHG� �NQRZQ� DV� GLPHQVLRQV��� DQG� ³FDWHJRULHV´� ZLWKLQ� HDFK� WRSLF� WKDW� UHSUHVHQW� WKH� GLVFUHWH
YDOXHV�WR�EH�VDYHG��NQRZQ�DV�YDOXHV����)RU�H[DPSOH��D�WRSLF�RU�GLPHQVLRQ�PLJKW�EH�WKH�FRORU�RI�DQ�REMHFW��DQG�WKH
OHJDO�FDWHJRULHV�RU�YDOXHV�IRU�WKH�FRORU�PLJKW�EH�UHG��\HOORZ��JUHHQ��EOXH��EODFN��DQG�ZKLWH�



���

E\�SUHVVLQJ�WKH�%LQ�&DWHJRULHV�EXWWRQ���8VLQJ�WKH�ILYH�WDEV�RQ�WKLV�VFUHHQ��WKH�DQDO\VW�FDQ�FDXVH
WKH�VRIWZDUH�WR�VDYH�DQVZHUV�WR�WKH�IROORZLQJ�TXHVWLRQV�

�� :KDW�YDOXH�GLG�WKLV�DWWULEXWH�WDNH�RQ�DW�WKH�HQG�RI�WKH�DQDO\VLV"���$QVZHUHG�RQ�WKH�$WWULEXWH
9DOXHV�WDE�

�� :KDW�VWDWH�ZDV�WKLV�REMHFW�LQ�DW�WKH�HQG�RI�WKH�DQDO\VLV"���$QVZHUHG�RQ�WKH�2EMHFW�6WDWHV�WDE�

�� :LWKLQ�ZKLFK�WLPH�ZLQGRZ�GLG�WKLV�ORJLFDO�FRQGLWLRQ�EHFRPH�WUXH"���$QVZHUHG�RQ�WKH�7LPH
&RQGLWLRQV�WDE�

�� ,Q�ZKLFK�RUGHU�GLG�WKHVH�ORJLFDO�FRQGLWLRQV�RFFXU"���$QVZHUHG�RQ�WKH�2UGHU�&RQGLWLRQV�WDE�

�� :KLFK� RQH� RI� WKHVH� DOO�LQFOXVLYH� ORJLFDO� FRQGLWLRQV� ZDV� WUXH� DW� WKH� HQG� RI� WKH� DQDO\VLV"
�$QVZHUHG�RQ�WKH�/RJLFDO�&RQGLWLRQV�WDE�

)LJXUH��������%LQQLQJ�0RGHO�5HVXOWV�%DVHG�RQ�$WWULEXWH�9DOXHV�

7KH�$WWULEXWH�9DOXHV�DQG�2EMHFW�6WDWHV� WDEV�ZRUN�LQ�D�PDQQHU�VLPLODU� WR�WKH�,QLWLDO�&RQGLWLRQV
VFUHHQ���2Q�WKH�$WWULEXWH�9DOXHV�VFUHHQ��WKH�DQDO\VW�VHOHFWV�WKH�QDPH�RI�WKH�REMHFW�DQG�DWWULEXWH
IRU�ZKLFK�YDOXHV� DUH� WR�EH� VDYHG� IURP� WKH�2EMHFWV� DQG�$WWULEXWHV� OLVWV�� WKHQ�SUHVVHV� WKH� DUURZ
EXWWRQ�WR�DGG�WKDW�DWWULEXWH�QDPH�WR�WKH�'LPHQVLRQV�OLVW���6LPLODUO\��RQ�WKH�2EMHFW�6WDWHV�WDE��WKH
DQDO\VW� VHOHFWV� WKH� QDPH�RI� WKH� REMHFW� IRU�ZKLFK� WKH� ILQDO� VWDWH� LV� WR� EH� VDYHG� DQG� SUHVVHV� WKH



���

DUURZ�EXWWRQ� WR� DGG� WKDW�QDPH� WR� WKH�'LPHQVLRQV� OLVW�� �$�GLPHQVLRQ� LV� UHPRYHG� IURP� WKLV� OLVW
ZKHQ�WKH�DQDO\VW�VHOHFWV�WKH�GLPHQVLRQ¶V�QDPH�DQG�SUHVVHV�WKH�DSSURSULDWH�DUURZ�EXWWRQ�

7KH�UHPDLQLQJ�WKUHH�WDEV�RQ�WKH�%LQ�&DWHJRULHV�VFUHHQ�DOO�PDNH�XVH�RI�ORJLFDO�FRQGLWLRQV�WKDW�DUH
VLPLODU� WR� WKH� FDVHV� GHVFULEHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� � 7KH� DQDO\VW� FDQ� GHILQH� WKHVH� ORJLFDO
FRQGLWLRQV�XVLQJ�DQ�HGLWRU� WKDW� LV�DFFHVVHG�E\�SUHVVLQJ� WKH�%LQ�&RQGLWLRQ�(GLWRU�EXWWRQ�� �6LQFH
WKH�ELQ�FRQGLWLRQ�HGLWRU�LV�UHODWLYHO\�VLPLODU�WR�WKH�FDVH�HGLWRU�GHVFULEHG�SUHYLRXVO\��LW�ZLOO�QRW�EH
GHVFULEHG�KHUH���2QFH�DQ�DQDO\VW�KDV�GHILQHG�WKHVH�ORJLFDO�ELQ�FRQGLWLRQV��ZKLFK��DV�\RX�PLJKW
H[SHFW�� DUH� LGHQWLILHG�E\�QDPH�DQG�GHVFULSWLRQ� ILHOGV��� WKHVH� FRQGLWLRQV� FDQ�EH�XVHG� WR� VSHFLI\
WLPH��RUGHU��RU�ORJLFDO�FRQGLWLRQV���:KHQ�VSHFLI\LQJ�D�WLPH�FRQGLWLRQ��WKH�DQDO\VW�ZLOO�VHOHFW�RQH
ORJLFDO� ELQ� FRQGLWLRQ� DV�ZHOO� DV� D� VHULHV� RI� EUHDNSRLQWV� EHWZHHQ� WLPH� LQWHUYDOV�� � 7KH� 2%(67
VRIWZDUH�ZLOO�GHWHUPLQH�ZKHWKHU�WKLV�ORJLFDO�FRQGLWLRQ�RFFXUV�DW�DOO��DQG�LI�VR�� WKH�WLPH�LQWHUYDO
GXULQJ�ZKLFK� LW� ILUVW� RFFXUV�� �:KHQ� VSHFLI\LQJ� RUGHU� FRQGLWLRQV�� WKH� DQDO\VW�ZLOO� VHOHFW� WZR�RU
WKUHH� ORJLFDO�ELQ� FRQGLWLRQV�� DQG� WKH�2%(67�VRIWZDUH�ZLOO� GHWHUPLQH� WKH�RUGHU� LQ�ZKLFK� WKHVH
FRQGLWLRQV�RFFXU��LI� WKH\�RFFXU�DW�DOO��� �)LQDOO\��ZKHQ�VSHFLI\LQJ� ORJLFDO�FRQGLWLRQV�� WKH�DQDO\VW
ZLOO�VHOHFW�WZR�RU�PRUH�ORJLFDO�ELQ�FRQGLWLRQV�WKDW�WKH\�EHOLHYH�WR�EH�IXOO\�LQFOXVLYH��L�H���HYHU\
VFHQDULR�ZLOO�VDWLVI\�RQH�RI�WKHVH�ORJLFDO�FRQGLWLRQV����7KH�2%(67�VRIWZDUH�ZLOO�GHWHUPLQH�ZKLFK
RI�WKHVH�FRQGLWLRQV�LV�WUXH�DW�WKH�HQG�RI�WKH�VFHQDULR�

:KHQ�WKH�DQDO\VW�KDV�GHILQHG�DOO�QHFHVVDU\�ELQQLQJ�FRQGLWLRQV��WKH\�UHWXUQ�WR�WKH�PDLQ�2%(67
SURJUDP� VFUHHQ� E\� SUHVVLQJ� WKH�2.� EXWWRQ�� � 7KH�2%(67�PRGHO�ZLOO� QRZ� EH� DQDO\]HG� LI� WKH
DQDO\VW�SUHVVHV�WKH�5XQ�6FHQDULR�EXWWRQ���:KLOH�WKH�VRIWZDUH�LV�SURFHVVLQJ�VFHQDULRV��LW�NHHSV�WKH
DQDO\VW� DSSUDLVHG�RI� LWV� SURJUHVV� WKURXJK� WKH�YDULRXV� LQGLFDWLRQV� VKRZQ�RQ� WKH�PRGHO�SURJUHVV
VFUHHQ��)LJXUH���������7KLV�VFUHHQ�SURYLGHV�WKH�DQDO\VW�ZLWK�IHHGEDFN�UHJDUGLQJ�

�� +RZ�ORQJ�SURFHVVLQJ�KDV�EHHQ�UXQQLQJ�

�� 7KH� FXUUHQW� VWDWH� RI� WKH� VROXWLRQ� SURFHVV� �WKH� QXPEHU� RI� HQWULHV� LQ� WKH� VFHQDULR� VWDFN� >VHH
6HFWLRQ����@�DQG�WKH�SUREDELOLW\�RI�WKH�VFHQDULR�FXUUHQWO\�EHLQJ�DVVHVVHG��

�� 7KH�QXPEHU�RI� VFHQDULRV� WKDW�KDYH�EHHQ�SURFHVVHG�VR� IDU� �EURNHQ�GRZQ� LQWR� VFHQDULRV� WKDW
KDYH�EHHQ�ELQQHG�DQG�VFHQDULRV�WKDW�KDYH�EHHQ�WUXQFDWHG���DQG

�� 7KH� WRWDO� SUREDELOLW\�RI� DOO� VFHQDULRV� WKDW� KDYH� EHHQ� SURFHVVHG� VR� IDU� �DJDLQ�� EURNHQ� GRZQ
LQWR�VFHQDULRV�WKDW�KDYH�EHHQ�ELQQHG�DQG�VFHQDULRV�WKDW�KDYH�EHHQ�WUXQFDWHG��

,I�DOO�RI� WKH� ,50�DQG�'50�PRGHOV� LQ� WKH�2%(67�PRGHO�KDYH�EHHQ�GHYHORSHG�VXFK� WKDW� WKHLU
SUREDELOLWLHV�DOO�VXP�WR�RQH��WKHQ�WKH�DQDO\VW�FDQ�H[SHFW�WKH�VFHQDULR�SURFHVVLQJ�WR�EH�FRPSOHWHG
ZKHQ�WKH�VXP�RI�WKH�&XPXODWLYH�3UREDELOLW\�DQG�7UXQFDWHG�3UREDELOLW\�UHDFKHV�RQH���7KLV�FDQ�EH
VRPHZKDW� GHFHLYLQJ�� KRZHYHU�� IRU� WZR� UHDVRQV�� ILUVW�� QXPHULFDO� URXQG� RII� RFFXUV� DV� RQH
DFFXPXODWHV�WKH�VXP�RI�D�ORQJ�OLVW�RI�QXPEHUV��WKXV��WKH�VXP�PD\�QRW�UHDFK�H[DFWO\�RQH�RU�PD\
HYHQ�VOLJKWO\�H[FHHG�RQH�ZKHQ� WKH� DQDO\VLV� LV� FRPSOHWH��� DQG� VHFRQG�� WKH�QXPHULFDO� DOJRULWKP
LPSOHPHQWHG�LQ�WKH�2%(67�VRIWZDUH�ZRUNV�WR�GLVFRYHU�WKH�PRVW�OLNHO\�VFHQDULRV�ILUVW���7KXV��WKH
VXP�ZLOO� LQFUHDVH�TXLFNO\� DW� ILUVW�� WKHQ�PD\�GUDPDWLFDOO\� VORZ�GRZQ�GXULQJ� WKH� WLPH�ZKHQ� WKH
ILQDO�VFHQDULRV�DUH�EHLQJ�GLVFRYHUHG���7R�JHW�DQ�LGHD�RI�KRZ�IDVW�WKLV�VXP�LV�FKDQJLQJ��WKH�DQDO\VW
VKRXOG� H[DPLQH� WKH�6FHQDULR�3UREDELOLW\� ER[�� DV� WKLV� LQGLFDWHV� WKH�PRVW� UHFHQW� YDOXH� WKDW�ZDV
DGGHG�WR�WKLV�VXP�



���

)LJXUH��������2%(67�6RIWZDUH�'LVSOD\�'XULQJ�0RGHO�$QDO\VLV�

7KLV� VFUHHQ�SURYLGHV� WZR�DGGLWLRQDO� FDSDELOLWLHV� WR� WKH� DQDO\VW�� � )LUVW�� WKH� DQDO\VW�PD\�ZLVK� WR
WHUPLQDWH�HYDOXDWLRQ�RI�WKH�2%(67�PRGHO�EHIRUH�WKH�VROXWLRQ�SURFHVV�LV�FRPSOHWH���7KH�DQDO\VW
DFFRPSOLVKHV� WKLV� E\� SUHVVLQJ� WKH� +DOW� 6FHQDULR� (YDOXDWLRQV� EXWWRQ�� � 1RWH� WKDW� WKH� VRIWZDUH
FDQQRW�UHVXPH�WKH�VROXWLRQ�SURFHVV�ZKHUH�LW�OHIW�RII��VR�DQ\�UHDQDO\VLV�RI�WKLV�VFHQDULR�PXVW�VWDUW
DW� WKH�YHU\�EHJLQQLQJ�� �6HFRQG��PDQ\�DQDO\VWV�UHDOL]H�WKDW� WKH�IUHTXHQW�XSGDWH�RI�D�GLVSOD\�FDQ
GLYHUW� VLJQLILFDQW� FRPSXWDWLRQDO� UHVRXUFHV� DZD\� IURP� WKH� DQDO\VLV� WDVN� LWVHOI�� � 7KH� 2%(67
VRIWZDUH�HQDEOHV�DQ�DQDO\VW�WR�PD[LPL]H�WKH�UHVRXUFHV�GHYRWHG�WR�PRGHO�VROXWLRQ�E\�SURYLGLQJ�D
7XUQ�2II�3URJUHVV�'LVSOD\V�EXWWRQ�ZKLFK��ZKHQ�SUHVVHG��FDXVHV�WKH�SURJUHVV�GLVSOD\V�WR�IUHH]H�DW
WKHLU� FXUUHQW� YDOXH� HYHQ� WKRXJK� WKH� PRGHO� VROXWLRQ� SURFHVV� LV� FRQWLQXLQJ�� � 7KH� ODEHO� IRU� WKLV
EXWWRQ� FKDQJHV� WR� 7XUQ� 2Q� 3URJUHVV� 'LVSOD\V� �DV� VHHQ� LQ� )LJXUH� ������ GXULQJ� WKH� WLPH� WKDW
SURJUHVV�GLVSOD\V�DUH�IUR]HQ��DQG�WKH�DQDO\VW�VLPSO\�SUHVVHV�WKLV�EXWWRQ�D�VHFRQG�WLPH�WR�UHVWRUH
WKH�SURJUHVV�GLVSOD\V�WR�WKHLU�RULJLQDO�IRUP�

7KH�2%(67�VRIWZDUH�DOVR�SURYLGHV�WKH�DQDO\VW�ZLWK�D�SRZHUIXO�VRIWZDUH�GHEXJJLQJ�WRRO���7R�XVH
WKLV�WRRO��WKH�DQDO\VW�VWDUWV�IURP�WKH�PDLQ�2%(67�VRIWZDUH�VFUHHQ��)LJXUH������EHIRUH�SUHVVLQJ
WKH�5XQ�6FHQDULR�EXWWRQ��DQG�VHOHFWV�WKH�6FHQDULR�'HEXJ�)RUP�HQWU\�IURP�WKH�9LHZ�PHQX���7KLV
DFWLRQ� RSHQV� WKH� 6FHQDULR� 'HEXJ� ZLQGRZ� VKRZQ� LQ� )LJXUH� ����� DV� D� VHFRQG� ZLQGRZ� WKDW
SDUDOOHOV�WKH�PRGHO�SURJUHVV�VFUHHQ��)LJXUH���������2QFH�WKH�6FHQDULR�'HEXJ�ZLQGRZ�LV�RSHQ��WKH
DQDO\VW�SUHVVHV�WKH�5XQ�6FHQDULR�EXWWRQ�DV�XVXDO�WR�EHJLQ�VROXWLRQ�RI�WKH�2%(67�PRGHO�� �:LWK
WKH�6FHQDULR�'HEXJ�ZLQGRZ�RSHQ�� WKH� DQDO\VW� FDQ� FDXVH� WKH� VROXWLRQ� DOJRULWKP� WR� SDXVH� DIWHU
HDFK�PRGHO� JHQHUDWLRQ�� ,50� H[HFXWLRQ�� RU�'50�H[HFXWLRQ�� � 7KH� QH[W� VWHS� LV� WDNHQ�ZKHQ� WKH



���

&RQWLQXH�EXWWRQ�LV�SUHVVHG���8VLQJ�WKH�WDEV�DW�WKH�ERWWRP�RI�WKH�VFUHHQ��WKH�DQDO\VW�FDQ�H[DPLQH
YLUWXDOO\�DQ\�SDUW�RI�WKH�2%(67�VROXWLRQ�SURFHVV�

)LJXUH��������2%(67�6RIWZDUH�'HEXJJLQJ�6FUHHQ�

2QFH�WKH�2%(67�VRIWZDUH�FRPSOHWHV�LWV�DQDO\VLV�RI� WKLV�REMHFW�PRGHO�� WKH�DQDO\VW�ZLOO�ZLVK�WR
YLHZ�WKH�ELQQHG�UHVXOWV���7R�GR�VR��WKH�DQDO\VW�VHOHFWV�WKH�%LQ�5HVXOWV�HQWU\�IURP�WKH�9LHZ�PHQX
WR�UHYHDO�WKH�VFUHHQ�VKRZQ�LQ�)LJXUH��������,QLWLDOO\�WKH�VFUHHQ�LV�EODQN�H[FHSW�IRU�WKH�HQWULHV�LQ
WKH�8QXVHG�ELQ�GLPHQVLRQV�OLVW�� �7KH�DQDO\VW�VHOHFWV� WKH�ILUVW�GLPHQVLRQ�WKDW� LV� WR�DSSHDU� LQ�WKH
ELQ� UHVXOWV� WDEOH� IURP� WKLV� OLVW� DQG� SUHVVHV� WKH� OHIW� DUURZ� EXWWRQ� WR� DGG� LW� WR� WKH� 8VHG� ELQ
GLPHQVLRQV� OLVW�� � 7KH� VRIWZDUH� UHVSRQGV� E\� SODFLQJ� WKRVH� YDOXHV� WKDW� ZHUH� IRXQG� IRU� WKLV� ELQ
GLPHQVLRQ�LQ�WKH�WDEOH�DORQJ�ZLWK�WKH�SUREDELOLWLHV�WKDW�ZHUH�UHDOL]HG�IRU�WKRVH�YDOXHV���6KRXOG�D
SDUWLFXODU� YDOXH� IRU� D� ELQ� GLPHQVLRQ� EH� WKHRUHWLFDOO\� SRVVLEOH� \HW� QHYHU� EH� DFWXDOO\� REVHUYHG
GXULQJ�WKH�DQDO\VLV��LW�LV�RPLWWHG�IURP�WKH�WDEOH���7KH�DQDO\VW�UHSHDWV�WKH�ELQ�GLPHQVLRQ�VHOHFWLRQ
SURFHVV� WR� DGG� DGGLWLRQDO� FROXPQV� WR� WKH� WDEOH�� � ,Q� )LJXUH� ������ WKUHH� GLPHQVLRQV� KDYH� EHHQ
DGGHG�WR�WKH�WDEOH��DV�VHHQ�LQ�WKH�8VHG�GLPHQVLRQV�FROXPQ��DQG�RQH�UHPDLQV�XQXVHG���1RWH�WKDW
WKH�WDEOH�FRQWDLQV�DOO�FRPELQDWLRQV�RI�YDOXHV�WKDW�ZHUH�REVHUYHG�IRU� WKHVH�DWWULEXWHV�� �7KXV�� WKH
WKLUG�OLQH�LQ�WKH�WDEOH�UHSUHVHQWV�WKH�VLWXDWLRQ�ZKHUH�WKH�YDOXH�IRU�WKH�'HVWLQDWLRQ�GLPHQVLRQ�ZDV
IRXQG� WR� EH� ³��5´�� WKH� YDOXH� IRU� WKH�5RXWH� GLPHQVLRQ�ZDV� IRXQG� WR� EH� ³7D[L5LJKW´�� DQG� WKH
YDOXH�IRU�WKH�+ROG6KRUW�GLPHQVLRQ�ZDV�IRXQG�WR�EH�³+ROG�´��6FHQDULRV�ZKHUH�HYHQ�RQH�RI�WKHVH
GLPHQVLRQ�YDOXHV�ZDV�IRXQG�WR�EH�GLIIHUHQW�DUH�IRXQG�RQ�GLIIHUHQW�OLQHV�LQ�WKLV�WDEOH���7KH�DQDO\VW
FDQ� H[DPLQH� GLIIHUHQW� FRPELQDWLRQV� RI� GLPHQVLRQV� E\� GHOHWLQJ� GLPHQVLRQV� IURP� WKH� 8VHG
GLPHQVLRQV� FROXPQ� �XVLQJ� WKH� ULJKW� DUURZ� EXWWRQ�� DQG�RU� XVLQJ� DGGLWLRQDO� GLPHQVLRQV� DV
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GHVFULEHG� DERYH�� �7KH� WDEOH� LV� DXWRPDWLFDOO\� XSGDWHG�� HQDEOLQJ� WKH� DQDO\VW� WR� UDSLGO\� VOLFH� WKH
PRGHO�UHVXOWV�DQG�GLVWLOO�JOREDO�LQVLJKWV�

)LJXUH��������'LVSOD\LQJ�WKH�5HVXOWV�RI�DQ�2%(67�$QDO\VLV�

����� 6XPPDU\

,Q�WKLV�FKDSWHU�ZH�KDYH�SURYLGHG�D�GHVFULSWLRQ�RI�WKH�VRIWZDUH�WKDW�ZDV�GHYHORSHG�WR�LPSOHPHQW
WKH� 2%(67� PRGHOLQJ� PHWKRGRORJ\�� � %HFDXVH� RI� WKH� EXGJHWDU\� OLPLWDWLRQV� LQYROYHG� LQ� WKLV
/'5'�SURMHFW��WKH�VRIWZDUH�KDV�VRPH�URXJK�HGJHV��DQG�D�YDULHW\�RI�IHDWXUHV�DQG�HQKDQFHPHQWV
UHPDLQ�WR�EH�GHYHORSHG���7KH�VRIWZDUH�VKRXOG�EH�YLHZHG�DV�GHPRQVWUDWLRQ�VRIWZDUH�UDWKHU�WKDQ
SURGXFWLRQ� VRIWZDUH� IRU� WKHVH� UHDVRQV�� � +RZHYHU�� HYHQ� LQ� LWV� FXUUHQW� VWDWH�� WKH� VRIWZDUH� GRHV
SURYLGH� D� SRZHUIXO� WRRO� IRU� GHYHORSLQJ� DQG� DQDO\]LQJ� 2%(67� PRGHOV�� � ,W� LV� FDSDEOH� RI
GLVFRYHULQJ�WKH�WKRXVDQGV�RU�PLOOLRQV�RI�SRVVLEOH�VFHQDULRV�WKDW�H[LVWV�LQ�D�W\SLFDO�2%(67�PRGHO
DQG�FDWHJRUL]LQJ�WKHP�LQWR�ELQQHG�UHVXOWV���,W�LV�IXUWKHU�FDSDEOH�RI�KHOSLQJ�WKH�DQDO\VW�VOLFH�WKRVH
ELQQHG� UHVXOWV� WR�GHYHORS�JHQXLQH� LQVLJKWV� LQWR� WKH�EHKDYLRU�RI� WKH�PRGHO�DQG�� LW� LV� KRSHG�� WKH
EHKDYLRU�RI�WKH�V\VWHP�WKDW�WKLV�PRGHO�LV�GHVLJQHG�WR�UHSUHVHQW���$V�VXFK��LW�SURYLGHV�IXQFWLRQDOLW\
WR�LPSOHPHQW�D�FULWLFDO�SLHFH�RI�WKH�RYHUDOO�2%(67�PRGHOLQJ�PHWKRGRORJ\�



���

7KLV�3DJH�,QWHQWLRQDOO\�%ODQN



���

���([DPSOH�3UREOHPV
$V� SDUW� RI� WKLV� /'5'� SURMHFW� VHYHUDO� H[DPSOH� SUREOHPV�ZHUH� FRQVWUXFWHG� WR� GHPRQVWUDWH� WKH
DSSOLFDWLRQ�DQG�H[SORUH�WKH�FDSDELOLWLHV�RI� WKH�2%(67�PHWKRGRORJ\�� �7KHVH�H[DPSOH�SUREOHPV
UDQJH� IURP� PRGHOLQJ� D� UDFTXHWEDOO� JDPH� WR� DLUFUDIW� UXQZD\� LQFXUVLRQV�� 7KH� 2%(67� V\VWHP
PRGHO�IRU�HDFK�H[DPSOH�SUREOHP�UHSUHVHQWV� WKH� IXQFWLRQDOLW\�DQG�EHKDYLRU�RI� WKH�V\VWHP�� �7KH
PRGHO� LV� FRQVWUXFWHG�E\� LGHQWLI\LQJ� WKH� V\VWHP¶V�EORFNV�RI� IXQFWLRQDOLW\�� DQG�GRFXPHQWLQJ� WKH
LQWHUDFWLRQV��EHKDYLRU�DQG�DWWULEXWHV�RI�WKRVH�IXQFWLRQDO�EORFNV�

7KH�H[DPSOHV�LQ�WKLV�VHFWLRQ�FORVHO\�IROORZ�WKH�PHWKRGRORJ\�GHVFULEHG�LQ�&KDSWHU�����%\�ZD\�RI
UHYLHZ��WKH�2%(67�V\VWHP�PRGHO�IRU�HDFK�H[DPSOH�SUREOHP�LV�GHYHORSHG�XVLQJ�WKUHH�YLHZV��D
V\VWHP� VWUXFWXUH� GLDJUDP�� DQ� LQWHUDFWLRQ� GLDJUDP�� DQG� D� VWDWH� WUDQVLWLRQ� GLDJUDP�� � 7KH� V\VWHP
VWUXFWXUH� GLDJUDP� SUHVHQWV� WKH� PDMRU� EORFNV� RI� IXQFWLRQDOLW\� DQG� VSHFLILHV� KRZ� WKHVH� EORFNV
UHODWH� WR� RQH� DQRWKHU�� �$� VHFRQG� YLHZ�� WKH� LQWHUDFWLRQ� GLDJUDP�� FDSWXUHV� WKH� G\QDPLFV� RI� WKH
V\VWHP� DW� ³EODFN� ER[´� OHYHOV�� DQG� LGHQWLILHV� WKH� ³IORZV�´� RU� IXQFWLRQDO� LQWHUDFWLRQV� WKDW� RFFXU
DPRQJ�WKH�YDULRXV�EORFNV�LQ�WKH�V\VWHP�VWUXFWXUH�GLDJUDP�

7KH�GLIIHUHQW�EHKDYLRUV�WKDW�D�IXQFWLRQDO�EORFN�FDQ�H[KLELW�DQG�WKH�ZD\V�LQ�ZKLFK�WKHVH�EHKDYLRUV
FKDQJH�DUH�GRFXPHQWHG�LQ�WKH�WKLUG�YLHZ��D�VWDWH�WUDQVLWLRQ�GLDJUDP�� �(DFK�W\SH�RI�EHKDYLRU� LV
UHSUHVHQWHG�E\�D�VWDWH���6WDWH�WUDQVLWLRQV�LQGLFDWH�WKH�ZD\V�LQ�ZKLFK�WKH�EHKDYLRU�RI�D�IXQFWLRQDO
EORFN� FDQ� FKDQJH�� DQG� DUH� FDXVHG� E\� HYHQWV�� � ,Q� D� V\VWHP�PRGHO�� HDFK� IXQFWLRQDO� EORFN� LV� DQ
REMHFW� ZLWK� D� VWDWH� WUDQVLWLRQ� GLDJUDP� WKDW� PD\� LQFOXGH� RQH� RU� VHYHUDO� GLIIHUHQW� VWDWHV�� � 7KH
WUDQVLWLRQV�VSHFLI\�WKH�VWDWH�WR�ZKLFK�DQ�REMHFW�PRYHV�LI�WKH�UHTXLUHG�HYHQW�RFFXUV���$Q\�VWDWH�FDQ
EH�DVVRFLDWHG�ZLWK�PXOWLSOH�WUDQVLWLRQV���(YHQWV�PD\�EH�JHQHUDWHG�LQWHUQDOO\�WR�WKH�REMHFW�ZKHQ�D
VSHFLILHG� VWDWH�� VHW� RI� DWWULEXWH� FRQGLWLRQV�� RU� WLPH� LV� UHDFKHG�� RU�PD\� EH� H[WHUQDOO\� JHQHUDWHG
ZKHQ�FRQGLWLRQV�VSHFLILHG�E\�DQRWKHU�REMHFW�DUH�UHDFKHG�RU�E\�WKH�DQDO\VW�

7KH�GHWDLOV�RI�WKH�REMHFW¶V�EHKDYLRU�ZKLOH�LW�LV�LQ�HDFK�VWDWH��KRZ�WKH�REMHFW�UHVSRQGV�WR�VWLPXOL
DQG�WKH�ZD\�LWV�DWWULEXWHV�FKDQJH��DUH�VSHFLILHG�LQ�WKH�VWDWH�WUDQVLWLRQ�GLDJUDP�XVLQJ�VHWV�RI�³LI�±
WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�� �5HFDOO� WKDW
HDFK� ³VFULSW´� LV� D� VHULHV� RI� DFWLRQV� WKDW� ZLOO� EH� WDNHQ� E\� WKH� REMHFW�� DQG� PD\� LQFOXGH� WKH
JHQHUDWLRQ�RI�REMHFW�PRGHO�HYHQWV��WR�FDXVH�WKLV�RU�DQRWKHU�REMHFW�WR�FKDQJH�VWDWHV���FKDQJLQJ�WKH
YDOXHV�RI� LWV�RZQ�DWWULEXWHV�
�DQG�RU�JHQHUDWLRQ�RI�VSHFLDO�³V\VWHP�HYHQWV�´�� �'HSHQGLQJ�RQ� WKH
GRPDLQ�DQG�FRPSOH[LW\�RI�WKH�SUREOHP��WKH�VHWV�RI��³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO
FRQGLWLRQV�IRU�HDFK�VWDWH�FDQ�EH�TXLWH�OHQJWK\�

������������������������������������������������


� �$Q�DWWULEXWH� UHSUHVHQWV�D�FKDQJHDEOH��PHDVXUDEOH�DQG�FDOFXODEOH�FKDUDFWHULVWLF�RI� WKH�REMHFW�� DQG� LV� UHVWULFWHG� WR
GLVFUHWH�DQG�%RROHDQ�YDOXHV���7R�VLPSOLI\�PRGHOLQJ�FRQVLGHUDWLRQV��HDFK�REMHFW�LV�RQO\�DOORZHG�WR�PRGLI\�WKH�YDOXHV
RI�LWV�RZQ�DWWULEXWHV��DQG�FDQQRW�GLUHFWO\�PRGLI\�WKH�YDOXHV�RI�DWWULEXWHV�LQ�RWKHU�REMHFWV���7KH�,50�DQG�'50�PRGHOV
IRU�WKRVH�REMHFWV�PXVW�EH�³DZDUH´�RI�WKH�REMHFWV�DURXQG�WKHP�DQG�FKDQJH�WKHLU�DWWULEXWH�YDOXHV�DFFRUGLQJO\�

���6\VWHP�HYHQWV�UHODWH�WR�WKH�PDQDJHPHQW�RI�WKH�REMHFW�PRGHO��DQG�PD\�LQFOXGH�VXFK�HYHQWV�DV�VWDUWLQJ��VWRSSLQJ�RU
UHVHWWLQJ�GHOD\�FORFNV��RU�WHUPLQDWLQJ�RU�WUXQFDWLQJ�WKH�HYDOXDWLRQ�RI�D�VFHQDULR�



���

7KH� H[DPSOH� SUREOHPV� ZHUH� FRQVWUXFWHG� FRQFXUUHQWO\� ZLWK� WKH� GHYHORSPHQW� RI� WKH� 2%(67
GHPRQVWUDWLRQ� VRIWZDUH�� � )RU� HDFK� H[DPSOH� SUREOHP�� WKH� V\VWHP� PRGHO� ZDV� FRQVWUXFWHG�
6XEVHTXHQWO\�� WKH� V\VWHP� PRGHOV� IRU� VHOHFWHG� H[DPSOH� SUREOHPV� ZHUH� LPSOHPHQWHG� LQ� DQG
DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�WKH�2%(67�GHPRQVWUDWLRQ�VRIWZDUH�� �7KLV�VHFWLRQ�GHVFULEHV�VL[
H[DPSOH�SUREOHPV�GHYHORSHG�GXULQJ�WKH�SURMHFW��LQFOXGLQJ�WKH�IROORZLQJ�

�� (OHFWULF�SRZHU�VXSSO\�IRU�D�SROLFH�VWDWLRQ�

�� )XHO�WDQN�VXSSO\�IRU�D�JDV�EXUQHU�

�� $�VLQJOHV�UDFTXHWEDOO�JDPH�

�� &LUFXLW�DQDO\VLV�IRU�QXFOHDU�SRZHU�SODQW�FDEOH�ILUHV�

�� $�KRPHRZQHU¶V�³<�.´�SUHSDUDWLRQ��DQG

�� $LUFUDIW�UXQZD\�LQFXUVLRQV�

6HYHUDO�RI� WKHVH�H[DPSOHV� UHODWH� WR� LQIUDVWUXFWXUH�RXWDJHV�DQG�KRZ�WKH\�PLJKW�DIIHFW�SDUWLFXODU
V\VWHPV�� � )RU� HDFK� H[DPSOH� SUREOHP�� D� GHVFULSWLRQ� RI� WKH� V\VWHP� PRGHO� LV� SURYLGHG�� � 7KLV
GHVFULSWLRQ� LQFOXGHV� WKH� JUDSKLFDO� UHSUHVHQWDWLRQV� DQG� QDUUDWLYH� WH[W� IRU� WKH� V\VWHP� VWUXFWXUH
GLDJUDP�� WKH� LQWHUDFWLRQ� GLDJUDP�� DQG� WKH� VWDWH� WUDQVLWLRQ� GLDJUDPV�� � )RU� WKH� VWDWH� WUDQVLWLRQ
GLDJUDPV��D�QDUUDWLYH�VXPPDU\�RI�WKH�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�LV
SURYLGHG�� �&RPSOHWH�GHVFULSWLRQ� RI� HDFK� H[DPSOH� SUREOHP� LQFOXGLQJ� WKH� ³LI� ±� WKHQ� ±� HOVH� LI� ±
HOVH´� VFULSWV� DUH� SURYLGHG� LQ� YDULRXV� DSSHQGLFHV� WR� WKLV� UHSRUW�� � $GGLWLRQDOO\�� IRU� WKH� VHOHFWHG
H[DPSOHV�� LPSOHPHQWDWLRQ� RI� WKH� PRGHOV� ZLWK� DQG� DQDO\VLV� UHVXOWV� IURP� WKH� GHPRQVWUDWLRQ
VRIWZDUH�DUH�GLVFXVVHG�

����� (OHFWULF�3RZHU�6XSSO\�IRU�D�3ROLFH�6WDWLRQ

7KH� ILUVW� H[DPSOH� SUREOHP� FRQVWUXFWHG� IRU� WKLV� SURMHFW� FRQVLGHUHG� HOHFWULF� SRZHU� VXSSO\� IRU� D
SROLFH� VWDWLRQ�� �7KLV�H[DPSOH�SUREOHP�ZDV�FRQVWUXFWHG� WR�GHPRQVWUDWH� VRPH�RI� WKH�EDVLF� LGHDV
DQG� FDSDELOLWLHV� RI� WKH� 2%(67�PHWKRGRORJ\� IRU� PRGHOLQJ� LQIUDVWUXFWXUH� V\VWHPV�� VSHFLILFDOO\
FRQVLGHUDWLRQ� RI� YDULDEOH� HYHQW� RUGHULQJ� DQG� LQWHUUHODWHG� LQIUDVWUXFWXUH� HOHPHQWV� WR� GHWHUPLQH
SUREDELOLVWLFDOO\�ZHLJKWHG� VFHQDULRV�� � 1RWH� WKDW� WKH� LQIRUPDWLRQ� LQ� WKLV� VDPSOH� SUREOHP� LV
FRPSOHWHO\� ILFWLRQDO�� �7KH�SUREOHP� LV� YDJXHO\� WLHG� WR� UHDOLW\� LQ� WKDW� D� YHU\� ODUJH�VFDOH� HOHFWULF
SRZHU�RXWDJH� �RQ� WKH� VFDOH� HQYLVLRQHG�E\� VRPH� IRU� WKH� ³<�.´�SUREOHP��ZRXOG�EH�GLIILFXOW� WR
UHVWRUH�ZLWKRXW�IXQFWLRQDO�WHOHFRPPXQLFDWLRQV�OLQNV�WR�FRRUGLQDWH�WKDW�HIIRUW�� �%H\RQG�WKDW��DQ\
FRQQHFWLRQ�ZLWK�D�³UHDO´�VFHQDULR�LV�WHQXRXV�DW�EHVW���+RZHYHU��WKH�SUREOHP�LV�VLPSOH�HQRXJK�WR
GHVFULEH�DQG�PRGHO��DQG�UHODWHG�WR�WKH�RULJLQDO�LQIUDVWUXFWXUH�UHODWHG�WKUXVW�RI�WKLV�/'5'�SURMHFW�
WKDW�LW�PDGH�D�JRRG�ILUVW�H[DPSOH�SUREOHP�IRU�WKH�SURMHFW�



���

������� 3UREOHP�'HVFULSWLRQ

,Q�WKLV�SUREOHP��WKH�FRPPHUFLDO�SRZHU�VXSSO\�IRU�D�SROLFH�VWDWLRQ�DQG�D�WHOHSKRQH�FHQWUDO�RIILFH
VZLWFK� EXLOGLQJ� LV� SURYLGHG� IURP� D� VLQJOH� HOHFWULF� SRZHU� EXV� RSHUDWHG� E\� WKH� HOHFWULF� SRZHU
FRPSDQ\�
� � ,I�WKH�SRZHU�EXV�IDLOV�� WKH�VSHHG�ZLWK�ZKLFK�WKH�SRZHU�FDQ�EH�UHVWRUHG�GHSHQGV�RQ
ZKHWKHU�WHOHSKRQH�VHUYLFH�UHPDLQV�RSHUDWLRQDO���,I�SRZHU�IDLOV�EXW�WHOHSKRQH�VHUYLFH�FRQWLQXHV�WR
RSHUDWH�� LW� LV� ���� OLNHO\� WKDW� FRPPHUFLDO� SRZHU� FDQ� EH� UHVWRUHG� ZLWKLQ� �� KRXUV�� � :LWKRXW
WHOHSKRQH�VHUYLFH�� LW� WDNHV� DW� OHDVW� ���KRXUV� WR� UHVWRUH� HOHFWULF�SRZHU�� � ,W� DOVR� WDNHV� DW� OHDVW� ��
KRXUV�WR�UHVWRUH�SRZHU�ZLWK�RSHUDWLQJ�WHOHSKRQH�VHUYLFH�LI�SRZHU�LV�QRW�UHVWRUHG�ZLWKLQ���KRXUV�DV
WKLV�UHSUHVHQWV�D�PDMRU�IDLOXUH�ZLWKLQ�WKH�HOHFWULF�SRZHU�GLVWULEXWLRQ�QHWZRUN�

7KH� WHOHSKRQH� FHQWUDO� RIILFH� EXLOGLQJ� KDV� JHQHUDWRU� EDFNXS� SRZHU� IRU� ��� KRXUV�� DQG� WKDW
JHQHUDWRU�VWDUWV�DQG�UXQV�SURSHUO\�����RI�WKH�WLPHV�LW�LV�GHPDQGHG���7KH�EXLOGLQJ�DOVR�KDV�EDWWHU\
EDFNXS�SRZHU� IRU���KRXUV�� DQG� IRU� WKH� VDNH�RI� VLPSOLFLW\�� WKDW� SRZHU� VXSSO\� LV� DVVXPHG� WR�EH
FRPSOHWHO\�UHOLDEOH���7KH�VDPH�WHOHSKRQH�FHQWUDO�RIILFH�VZLWFK�SURYLGHV�WHOHSKRQH�VHUYLFH�IRU�D
SROLFH�VWDWLRQ�� �7KH�SROLFH�VWDWLRQ�KDV�JHQHUDWRU�EDFNXS�SRZHU�IRU����KRXUV��DQG� WKDW�JHQHUDWRU
VWDUWV�DQG�UXQV�SURSHUO\�����RI�WKH�WLPHV�LW�LV�GHPDQGHG��7KH�SROLFH�VWDWLRQ�KDV�D�����OLNHOLKRRG
RI�VXFFHVV�LQ�REWDLQLQJ�DGGLWLRQDO�IXHO�IRU�WKHLU�JHQHUDWRU��L�H���PDLQWDLQLQJ�SRZHU�IRU�PRUH�WKDQ
���KRXUV��LI�WKH\�GR�VR�EHIRUH�WKH�WHOHSKRQH�VZLWFK�ORVHV�SRZHU����KUV�� LI� WKH�WHOHSKRQH�FHQWUDO
RIILFH�JHQHUDWRU�GRHV�QRW�VWDUW����7KH�LQLWLDWLQJ�HYHQW�IRU�WKLV�H[DPSOH�SUREOHP�LV�WKDW�WKH�HOHFWULF
SRZHU� EXV� IDLOV�� �2I� FRQFHUQ� DUH� WKH� HYHQW� VFHQDULRV� WKDW� OHDG� WR� SRZHU� IDLOXUH� IRU� WKH� SROLFH
VWDWLRQ�XS�WR����KRXUV�DIWHU�WKH�HOHFWULF�SRZHU�EXV�IDLOV�

������� 2EMHFW�'HVFULSWLRQ

7KH�V\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKLV�H[DPSOH�SUREOHP�LV�VKRZQ�LQ�)LJXUH�������7KH�IXQFWLRQDO
EORFNV� DUH�GHILQHG� DV� WKH� WHOHSKRQH� FHQWUDO� RIILFH� VZLWFK� EXLOGLQJ� �76%��� SROLFH� VWDWLRQ� SRZHU
�363���DQG�WKH�HOHFWULF�SRZHU�EXV��(3%����7KH�OLQHV�EHWZHHQ�WKH�IXQFWLRQDO�EORFNV�LQGLFDWH�WKDW
LQWHUDFWLRQV� H[LVW� EHWZHHQ� WKH� WHOHSKRQH� VZLWFK� EXLOGLQJ� DQG� WKH� SROLFH� VWDWLRQ� SRZHU�� WKH
WHOHSKRQH�VZLWFK�EXLOGLQJ�DQG�WKH�HOHFWULF�SRZHU�EXV��DQG�WKH�HOHFWULF�SRZHU�EXV�DQG�WKH�SROLFH
VWDWLRQ� SRZHU��7KH� LQWHUDFWLRQ� GLDJUDP� LV� SURYLGHG� LQ� )LJXUH� ����� � 7KH� IXQFWLRQDO� LQWHUDFWLRQV
EHWZHHQ�WKH�EORFNV�DUH�LQGLFDWHG�E\�GLUHFWHG�DUURZV�DQG�DUH�VSHFLILHG�LQ�7DEOH�����

7KLV�VHFWLRQ�SUHVHQWV�GHVFULSWLRQV�IRU�WKH�REMHFWV�WKDW�UHSUHVHQW�WKH�WKUHH�IXQFWLRQDO�EORFNV�VKRZQ
LQ�)LJXUH�������(DFK�GHVFULSWLRQ�LQFOXGHV�D�VWDWH�WUDQVLWLRQ�GLDJUDP��ZLWK�UHOHYDQW�HYHQWV�OLVWHG�
DQG�D�QDUUDWLYH�RI�WKH�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG
'50�IRU�HDFK�VWDWH��7KH�GHWDLOHG�³LI�±� WKHQ�±�HOVH� LI�±�HOVH´�VFULSWV�DQG� ORJLFDO�FRQGLWLRQV�DUH
SURYLGHG�ZLWK�WKH�FRPSOHWH�PRGHO�GHVFULSWLRQ�LQ�$SSHQGL[�$�

������������������������������������������������


��+HUH�D�³EXV´�UHIHUV�WR�D�PDLQ�LQWHUFRQQHFWLRQ�SRLQW�ZLWKLQ�WKH�SRZHU�FRPSDQ\¶V�GLVWULEXWLRQ�V\VWHP�WKDW�VXSSOLHV
SRZHU�WR�D�SDUWLFXODU�ORFDO�DUHD�
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(OHFWULF�3RZHU
%XV��(3%�

7HOHSKRQH�6ZLWFK
%XLOGLQJ��76%�

3ROLFH�6WDWLRQ
3RZHU��363�

)LJXUH�������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�SROLFH�VWDWLRQ�SRZHU�PRGHO�

(OHFWULF�3RZHU
%XV��(3%�

7HOHSKRQH�6ZLWFK
%XLOGLQJ��76%�

3ROLFH�6WDWLRQ
3RZHU��363�

)LJXUH�������,QWHUDFWLRQ�GLDJUDP�IRU�SROLFH�VWDWLRQ�SRZHU�PRGHO�

7DEOH�������)XQFWLRQDO�LQWHUDFWLRQV�IRU�SROLFH�VWDWLRQ�SRZHU�PRGHO�

76%�(3%� 7KH�WHOHSKRQH�VZLWFK�EXLOGLQJ�SURYLGHV�WHOHSKRQH�VHUYLFH�WR
VXSSRUW�WKH�HOHFWULF�SRZHU�EXV�

76%�36� 7KH�WHOHSKRQH�VZLWFK�EXLOGLQJ�SURYLGHV�WHOHSKRQH�VHUYLFH�WR
WKH�SROLFH�VWDWLRQ�

(3%�76%� 7KH� HOHFWULF� SRZHU� EXV� SURYLGHV� QRUPDO� SRZHU� WR� WKH
WHOHSKRQH�VZLWFK�EXLOGLQJ�

(3%�36� 7KH�HOHFWULF�SRZHU�EXV�SURYLGHV�QRUPDO�SRZHU�WR�WKH�SROLFH
VWDWLRQ�
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7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH� HOHFWULF� SRZHU� EXV�� DV� VKRZQ� LQ� )LJXUH� ����� LQFOXGHV� WZR
VWDWHV�DQG�WZR�HYHQWV���:LWKLQ�WKLV�PRGHO��WKH�HOHFWULF�SRZHU�EXV�REMHFW�SURYLGHV�SRZHU�IRU�WKH
SROLFH� VWDWLRQ� DQG� WKH� WHOHSKRQH� VZLWFK� EXLOGLQJ�� � 7KH� WZR� VWDWHV� IRU� WKH� REMHFW�� WKHQ�� DUH
�3URYLGHV�3RZHU��DQG��'RHV�1RW�3URYLGH�3RZHU����7KH�HYHQWV�WKDW�FDXVH�WUDQVLWLRQ�EHWZHHQ�WKHVH
WZR�VWDWHV�DUH�3RZHU�IDLOV��DQG�3RZHU�UHVWRUHG���7KH�HOHFWULF�SRZHU�EXV�REMHFW�KDV�RQH�DWWULEXWH
WKDW� UHIOHFWV�ZKHWKHU� WKH�REMHFW�SURYLGHV�RU�GRHV�QRW�SURYLGH�SRZHU� �WKLV� DWWULEXWH� LV� VHW� WR� WKH
DSSURSULDWH�YDOXH� LQ�HDFK�VWDWH¶V� ,50��� �5HFDOO� WKH� LQLWLDWLQJ� HYHQW� IRU� WKLV�SUREOHP� LV� WKDW� WKH
HOHFWULF�SRZHU�EXV�IDLOV���:KHQ�WKLV�RFFXUV��QRUPDO�SRZHU�LV�QR�ORQJHU�DYDLODEOH�IRU�WKH�WHOHSKRQH
VZLWFK� EXLOGLQJ� RU� WKH� SROLFH� VWDWLRQ�� � $JDLQ�� UHVWRULQJ� QRUPDO� SRZHU� LV� GHSHQGHQW� RQ� WKH
WHOHSKRQH�VHUYLFH�UHPDLQLQJ�RSHUDWLRQDO�

3URYLGHV
3RZHU

'RHV�1RW
3URYLGH�3RZHU

3RZHU�IDLOV

3RZHU�UHVWRUHG

)LJXUH�������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�HOHFWULF�SRZHU�EXV�

7KH�6WDWH��3URYLGHV�3RZHU��KDV�QR�'50�DQG�RQO\�WKH� ,50�GHVFULEHG�DERYH�� �7KH�6WDWH��'RHV
1RW�3URYLGH�3RZHU��DOVR�KDV� WKH� ,50�GHVFULEHG�DERYH�� �7KH�'50�IRU� WKLV� VWDWH�JHQHUDWHV� WKH
(YHQW�3RZHU�UHVWRUHG�DW� WKH�DSSURSULDWH� WLPH�WR�UHIOHFW� WKH�WLPH�DW�ZKLFK�FRPPHUFLDO�SRZHU� LV
UHVWRUHG��� ,W�KDV�WZR�FDVHV��)LUVW��LI�WHOHSKRQH�VHUYLFH�LV�DYDLODEOH� �GHWHUPLQHG�E\�H[DPLQLQJ�DQ
DWWULEXWH�RI�WKH�WHOHSKRQH�FHQWUDO�RIILFH�VZLWFK���WKH�HYHQW�LV�JHQHUDWHG�DIWHU�D���KRXU�GHOD\�����
SUREDELOLW\��RU�DIWHU�D����KRXU�GHOD\������SUREDELOLW\����,I�WHOHSKRQH�VHUYLFH�LV�QRW�DYDLODEOH��WKH
HYHQW�LV�RQO\�JHQHUDWHG�DIWHU�D����KRXU�GHOD\�

7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�WHOHSKRQH�FHQWUDO�RIILFH�VZLWFK�EXLOGLQJ�LV�VKRZQ�LQ�)LJXUH
������:LWKLQ�WKLV�PRGHO��WKH�WHOHSKRQH�FHQWUDO�RIILFH�VZLWFK�REMHFW�SURYLGHV�WHOHSKRQH�VHUYLFH�IRU
WKH�SROLFH� VWDWLRQ�DQG�DOVR� WR� VXSSRUW� WKH� HOHFWULF�SRZHU�EXV�� �7KLV�REMHFW� LQFOXGHV� IRXU� VWDWHV�
�$YDLODEOH�:LWK�1RUPDO� 3RZHU��� �$YDLODEOH�:LWK� *HQHUDWRU� 3RZHU��� �$YDLODEOH�:LWK� %DWWHU\
3RZHU��� DQG� �8QDYDLODEOH��� � 7KH� WHOHSKRQH� FHQWUDO� RIILFH� VZLWFK� REMHFW� KDV� RQH� DWWULEXWH� WKDW
UHIOHFWV�ZKHWKHU�WKH�REMHFW�SURYLGHV�RU�GRHV�QRW�SURYLGH�WHOHSKRQH�VHUYLFH��DQG�D�VHFRQG�DWWULEXWH
WKDW�UHIOHFWV�WKH�W\SH�RI�SRZHU�XQGHU�ZKLFK�WKH�VZLWFK�LV�RSHUDWLQJ��WKHVH�DWWULEXWHV�DUH�VHW�WR�WKH
DSSURSULDWH�YDOXHV�LQ�HDFK�VWDWH¶V�,50��
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3RZHU
UHVWRUHG

3RZHU
UHVWRUHG

3RZHU�IDLOV
3RZHU
UHVWRUHG

%DWWHULHV�IDLO *HQHUDWRU�IDLOV

8QDYDLODEOH

$YDLODEOH�:LWK
1RUPDO�3RZHU

$YDLODEOH�:LWK
*HQHUDWRU�3RZHU

$YDLODEOH�:LWK
%DWWHU\�3RZHU

)LJXUH�������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WHOHSKRQH�VZLWFK�EXLOGLQJ�

7KH�6WDWH��$YDLODEOH�ZLWK�1RUPDO�3RZHU��KDV�QR�'50�DQG�RQO\�WKH�,50�GHVFULEHG�DERYH���7KH
(YHQW�3RZHU� IDLOV� FDXVHV� WKH� WUDQVLWLRQ� IURP� WKH� 6WDWH��$YDLODEOH�:LWK� 1RUPDO� 3RZHU�� WR� WKH
6WDWH��$YDLODEOH�ZLWK�*HQHUDWRU�3RZHU��� � )RU� WKH�6WDWH��$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��� WKH
,50�PDNHV�D�SUREDELOLVWLF�EUDQFK�WR�LQGLFDWH�ZKHWKHU�WKH�JHQHUDWRU�VWDUWV������OLNHO\��RU�IDLOV�WR
VWDUW� ���� OLNHO\��� � ,I� WKH� JHQHUDWRU� VWDUWV�� WKH� ,50� XSGDWHV� WKH� FRQGLWLRQ� RI� LWV� SRZHU� VXSSO\
DWWULEXWH� �WR� LQGLFDWH� WKDW� WKH� ³'RHV� WKH� JHQHUDWRU� VWDUW"´� TXHVWLRQ� LV� QRW� WR� EH� DVNHG� DJDLQ��
RWKHUZLVH��WKH�(YHQW�*HQHUDWRU�IDLOV�LV�JHQHUDWHG�DQG�FDXVHV�WKH�WUDQVLWLRQ�WR�WKH�6WDWH��$YDLODEOH
:LWK�%DWWHU\�3RZHU����7KH�'50�IRU�WKH�6WDWH��$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��XVHV�D�GHOD\�RI
��� KRXUV� WR� UHSUHVHQW� WKH� IXHO� WDQN� FDSDFLW\� RI� WKH� FHQWUDO� RIILFH¶V� JHQHUDWRU�� � 7KHQ� LW� WRR
JHQHUDWHV� WKH� (YHQW�*HQHUDWRU� IDLOV�� DOWKRXJK� WKLV� GHOD\� WLPH� ZRXOG� SODFH� XV� EH\RQG� WKH
WLPHIUDPH�DVVXPHG�IRU�WKLV�SUREOHP�

7KH� ,50� 6WDWH��$YDLODEOH� :LWK� %DWWHU\� 3RZHU�� VLPSO\� VHWV� WKH� REMHFW¶V� DWWULEXWHV� WR� WKHLU
DSSURSULDWH�YDOXHV���7KH�'50�H[HFXWHV�DQ���KRXU�GHOD\��WR�UHSUHVHQW�WKH�UHVHUYH�FDSDFLW\�RI�WKH
RIILFH¶V�EDWWHU\�SRZHU�VXSSO\��EHIRUH�JHQHUDWLQJ�WKH�(YHQW�%DWWHULHV�IDLO��ZKLFK�VHQG�WKH�REMHFW
LQWR�WKH�6WDWH��8QDYDLODEOH��� �7KH�6WDWH��8QDYDLODEOH��KDV�QR�'50��VLQFH�ZH�DUH�QRW�PRGHOLQJ
UHFRYHU\�RI� WHOHFRPPXQLFDWLRQV�FDSDELOLWLHV���DQG�LWV� ,50�VLPSO\�VHWV� WKH�REMHFW¶V�DWWULEXWHV� WR
WKHLU� DSSURSULDWH� YDOXHV�� � 7KH� (YHQW�3RZHU� UHVWRUHG� UHWXUQV� WKLV� REMHFW� WR� LWV� RULJLQDO
6WDWH��$YDLODEOH��IURP�DQ\�RI�WKH�WKUHH�IDLOHG�SRZHU�VWDWHV�

7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH� SROLFH� VWDWLRQ� LV� VKRZQ� LQ� )LJXUH� ����� � 7KH� HQWLUH� SROLFH
VWDWLRQ�PRGHO�LV�YHU\�VLPLODU�WR�WKH�WHOHSKRQH�FHQWUDO�RIILFH�PRGHO�H[FHSW�WKDW�WKH�SROLFH�VWDWLRQ
GRHV�QRW�KDYH�D�EDFNXS�EDWWHU\�SRZHU�VXSSO\���7KLV�REMHFW�LQFOXGHV�WKUHH�VWDWHV���$YDLODEOH�:LWK
1RUPDO�3RZHU����$YDLODEOH�:LWK�*HQHUDWRU�3RZHU���DQG��8QDYDLODEOH����7KH�SROLFH�VWDWLRQ�REMHFW
KDV� RQH� DWWULEXWH� WKDW� UHIOHFWV� WKH� W\SH� RI� SRZHU� XQGHU� ZKLFK� WKH� VWDWLRQ� LV� RSHUDWLQJ�� DQG� D
VHFRQG�DWWULEXWH�WR�LQGLFDWH�WKH�GHJUHH�WR�ZKLFK�LW�LV�DEOH�WR�IXOILOO�LWV�DVVLJQHG�GXWLHV��EDVHG�RQ



���

WKH�SUHVHQFH�RU� ODFN�RI� WHOHFRPPXQLFDWLRQV�DQG�HOHFWULF�SRZHU�� �7KHVH�DWWULEXWHV�DUH� VHW� WR� WKH
DSSURSULDWH�YDOXHV�LQ�HDFK�VWDWH¶V�,50�

)LJXUH�������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�SROLFH�VWDWLRQ�

7KH�6WDWH��$YDLODEOH�ZLWK�1RUPDO�3RZHU��KDV�QR�'50�DQG�RQO\�WKH�,50�GHVFULEHG�DERYH���7KH
(YHQW�3RZHU� IDLOV� FDXVHV� WKH� WUDQVLWLRQ� IURP� WKH� 6WDWH��$YDLODEOH�:LWK� 1RUPDO� 3RZHU�� WR� WKH
6WDWH��$YDLODEOH�ZLWK�*HQHUDWRU�3RZHU��� �)RU� WKH�6WDWH��$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��� WKH
,50�PDNHV�D�SUREDELOLVWLF�EUDQFK�WR�LQGLFDWH�ZKHWKHU�WKH�JHQHUDWRU�VWDUWV������OLNHO\��RU�IDLOV�WR
VWDUW� ���� OLNHO\��� � ,I� WKH� JHQHUDWRU� VWDUWV�� WKH� ,50� XSGDWHV� WKH� FRQGLWLRQ� RI� LWV� SRZHU� VXSSO\
DWWULEXWH� �WR� LQGLFDWH� WKDW� WKH� ³'RHV� WKH� JHQHUDWRU� VWDUW"´� TXHVWLRQ� LV� QRW� WR� EH� DVNHG� DJDLQ��
RWKHUZLVH�� WKH� (YHQW�3ROLFH� JHQHUDWRU� IDLOV� LV� JHQHUDWHG� DQG� FDXVHV� WKH� WUDQVLWLRQ� WR� WKH
6WDWH��8QDYDLODEOH����7KH�'50�IRU�WKH�6WDWH��$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��XVHV�D�GHOD\�RI
��� KRXUV� WR� UHSUHVHQW� WKH� IXHO� WDQN� FDSDFLW\� RI� WKH� SROLFH� VWDWLRQ¶V� JHQHUDWRU�� � 7KHQ� LW� WRR
JHQHUDWHV�WKH�(YHQW�3ROLFH�JHQHUDWRU�IDLOV���7KH�6WDWH��8QDYDLODEOH��KDV�QR�'50��VLQFH�ZH�DUH
QRW�PRGHOLQJ�UHFRYHU\�RI� WKH�SROLFH�VWDWLRQ��� DQG� LWV� ,50�VLPSO\�VHWV� WKH�REMHFW¶V�DWWULEXWHV� WR
WKHLU� DSSURSULDWH� YDOXHV�� � 7KH� (YHQW�3RZHU� UHVWRUHG� UHWXUQV� WKLV� REMHFW� WR� LWV� RULJLQDO
6WDWH��$YDLODEOH��IURP�HLWKHU�RI�WKH�WZR�IDLOHG�SRZHU�VWDWHV�

������� *UDSKLFDO�0RGHO�6ROXWLRQ

2QH�RI� WKH�PDLQ� UHDVRQV� WKDW� WKLV�SUREOHP�GHYHORSHG� LQ� WKH�ZD\� WKDW� LW�GLG� LV� WKDW�� DV� WKH� ILUVW
H[DPSOH�SUREOHP�GHYHORSHG��WKHUH�ZDV�QR�VRIWZDUH�DYDLODEOH�WR�VROYH�WKH�PRGHO���)RU�WKLV�UHDVRQ�
WKH�PRGHO�ZDV�NHSW�VLPSOH�HQRXJK�WR�VROYH�JUDSKLFDOO\��DQG�WKDW�JUDSKLFDO�VROXWLRQ�LV�VKRZQ�LQ
)LJXUH������ �(DFK�SDWK� LQ� WKDW� ILJXUH� VKRZV�D� WH[WXDO�GHVFULSWLRQ�RI� HDFK� RI� WKH� YDULRXV�PDMRU
HYHQWV� WKDW� RFFXU� RQ� WKDW� SDWK�� � 7KH� LQWHUDFWLRQV� EHWZHHQ� WKH�'50V� FDQ� EH� VHHQ� WKURXJK� WKH
WLPHV�DW�ZKLFK�WKH�GLIIHUHQW�HYHQWV�RFFXU���2QH�FDQ�DOVR�VHH�WKH�SUREDELOLVWLF�EUDQFKLQJ�EHKDYLRU
RI� ERWK� WKH�'50� �ZKHWKHU� SRZHU� LV� UHVWRUHG� DIWHU� WZR� KRXUV�� DQG� WKH� WZR� SRZHU� FRQVXPLQJ

8QDYDLODEOH8QDYDLODEOH $YDLODEOH�:LWK
*HQHUDWRU�3RZHU

$YDLODEOH�:LWK
*HQHUDWRU�3RZHU

$YDLODEOH�:LWK
1RUPDO�3RZHU

$YDLODEOH�:LWK
1RUPDO�3RZHU

3RZHU
UHVWRUHG

3RZHU�IDLOV
3RZHU
UHVWRUHG

3ROLFH�JHQHUDWRU�IDLOV



���

REMHFWV¶�,50V��JHQHUDWRUV�IDLO�WR�VWDUW��� �7KLV�EHKDYLRU�GHPRQVWUDWHV�� LQ�D�YHU\�VLPSOH�ZD\�� WKH
EDVLF�FRQFHSWV�LQYROYHG�LQ�WKH�2%(67�PRGHOLQJ�PHWKRGRORJ\�

)LJXUH�������*UDSKLFDO�6ROXWLRQ�RI�WKH�SROLFH�VWDWLRQ�±�HOHFWULF�SRZHU�SUREOHP�

����� )XHO�7DQN�6XSSO\�IRU�D�*DV�%XUQHU

$Q�H[DPSOH�SUREOHP�ZDV�FRQVWUXFWHG�WR�H[SORUH�WKH�XVH�RI�'50V�LQ�WKH�2%(67�PHWKRGRORJ\
FRQVLGHUHG�WKH�IXHO�WDQN�VXSSO\�IRU�D�JDV�EXUQHU���,Q�WKLV�SUREOHP��WKH�IODPH�IRU�D�JDV�EXUQHU�LV
FRQWUROOHG�E\�D�YDOYH�WKDW�LV�RSHQHG�DFFRUGLQJ�WR�D�SUREDELOLVWLF�VFKHGXOH���7KH�YDOYH�GUDZV�IURP
D�IXHO�V\VWHP�FRQVLVWLQJ�RI�ILYH�WDQNV��D�WDQN�IDUP���LQFOXGLQJ�RQH����JDOORQ�WDQN��RQH����JDOORQ
WDQN�� DQG� WKUHH� ���JDOORQ� WDQNV�� �$OO� WDQNV� VWDUW� RXW� IXOO�� � &KDQJLQJ� IURP� WDQN� WR� WDQN� RFFXUV
ZLWKRXW� IDLOXUH�� DQG� ZKHQ� DOO� WDQNV� DUH� HPSW\�� WKH� SUREOHP� LV� RYHU�� � $Q� LOOXVWUDWLRQ� RI� WKH
H[DPSOH� SUREOHP� LV� VKRZQ� LQ� )LJXUH� ����� � 7KH� REMHFWLYH� RI� WKH� SUREOHP� LV� WR� GHWHUPLQH� D
GLVWULEXWLRQ�IRU�KRZ�ORQJ�WKH�IXHO�VXSSO\�ZLOO�ODVW�

������� 6\VWHP�6WUXFWXUH�DQG�,QWHUDFWLRQV

7KH�V\VWHP�VWUXFWXUH�GLDJUDP��)LJXUH������LQFOXGHV�WZR�IXQFWLRQDO�EORFNV��WKH�YDOYH�DQG�WKH�IXHO
WDQN�V\VWHP���7KH�LQWHUDFWLRQ�GLDJUDP�LV�VKRZQ�LQ�)LJXUH�����DQG�WKH�IXQFWLRQDO�LQWHUDFWLRQV�IRU
WKH�PRGHO�DUH� VSHFLILHG� LQ�7DEOH������ � ,QWHUDFWLRQV�RFFXU�EHWZHHQ� WKH� WZR� IXQFWLRQDO�EORFNV� LQ
ERWK�GLUHFWLRQV��DV�LQGLFDWHG�LQ�)LJXUH�������7KH�YDOYH�REMHFW�UHTXHVWV�D�VSHFLILHG�IXHO�IORZ�IURP

��KUV ���KUV���KUV

%RWK�JHQHUDWRUV�VWDUW���������±���3RZHU�UHVWRUHG�LQ���KUV��������±�$OO�LV�2.

3KRQH�JHQHUDWRU�VWDUWV���������±�3ROLFH�Z�R�SRZHU�±�3RZHU�UHVWRUHG�LQ���KUV���������±�3ROLFH�2.

3ROLFH�JHQHUDWRU�VWDUWV���������±���3RZHU�UHVWRUHG�LQ���KUV�±�$OO�LV�2.

1R�JHQHUDWRU�VWDUWV���������±�3ROLFH�VWDWLRQ�JRHV�GRZQ�LPPHGLDWHO\

3ROLFH�GRQ¶W�JHW�IXHO���������±�6WDWLRQ�JRHV�GRZQ

3KRQH�GLHV�#���KUV��������

3KRQH�GLHV�#���KUV������������3ROLFH�JHW�PRUH�IXHO���������±�3ROLFH�2.��3KRQH�GRZQ

3RZHU�QRW�UHVWRUHG�������� 3ROLFH�JHW�PRUH�IXHO���������$OO�LV�2.

3RZHU�QRW�UHVWRUHG���������±�3ROLFH�FRQWLQXH�ZLWKRXW�SRZHU�±�6WDWLRQ�LV�GRZQ

3RZHU�QRW�UHVWRUHG��������

3ROLFH�GRQ¶W�JHW�IXHO���������±�3ROLFH�	�SKRQH�GRZQ

3RZHU�UHVWRUHG����������±�3ROLFH�VWDWLRQ�LV�RQO\�GRZQ�IRU���KRXUV�WRWDO

3RZHU�QRW�UHVWRUHG��������
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WKH� IXHO� V\VWHP�� DQG� WKH� IXHO� V\VWHP� REMHFW� SURYLGHV� WKH� IXHO� VXSSO\� LQ� UHVSRQVH� WR� WKH� YDOYH
REMHFWV�UHTXHVWV�� �7KH�VWDWH� WUDQVLWLRQ�GLDJUDPV�IRU� WKHVH�REMHFWV�DUH�GLVFXVVHG� LQ� WKH� IROORZLQJ
SDUDJUDSKV�� �7KH�GLVFXVVLRQ� LQFOXGHV� D�GHVFULSWLRQ�RI� WKH�REMHFW�� HYHQWV�� DQG� HYHQW� WUDQVLWLRQV�
DQG�D�QDUUDWLYH�RI�WKH�³LI�±�WKHQ�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�HDFK�VWDWH¶V�,50�DQG
'50���7KH�GHWDLOHG�³LI�±�WKHQ�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�DUH�SURYLGHG�LQ�$SSHQGL[�%�

��
�� �� ��

��

)LJXUH�������)XHO�WDQN�VXSSO\�IRU�D�JDV�EXUQHU�

)XHO�6\VWHP9DOYH

)LJXUH�������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�JDV�EXUQHU�IXHO�VXSSO\�PRGHO�

)XHO�6\VWHP9DOYH

)LJXUH�������,QWHUDFWLRQ�GLDJUDP�IRU�JDV�EXUQHU�IXHO�VXSSO\�PRGHO�
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7DEOH�������)XQFWLRQDO�LQWHUDFWLRQV�IRU�JDV�EXUQHU�IXHO�VXSSO\�PRGHO�

9DOYH���)XHO�6\VWHP� 7KH�YDOYH�UHTXHVWV�D�VSHFLILHG�IXHO
IORZ�IURP�WKH�IXHO�V\VWHP�

)XHO�6\VWHP���9DOYH� 7KH� IXHO� V\VWHP� SURYLGHV� IXHO
VXSSO\�LQ�UHVSRQVH�WR�WKH�YDOYH¶V�UHTXHVWV�

������� 7KH�9DOYH�2EMHFW

7KH�FRQGLWLRQV�IRU�UHTXHVWLQJ�D�VSHFLILHG�IXHO�IORZ�IURP�WKH�IXHO�V\VWHP�DQG�WXUQLQJ�WKH�YDOYH�RQ
DQG�RII�DUH�HPEHGGHG�ZLWKLQ�WKH�YDOYH�REMHFW���7KH�YDOYH�REMHFW�KDV�WZR�VWDWHV��2Q�DQG�2II��DQG
WZR� HYHQWV� WKDW� FDXVH� WUDQVLWLRQV� EHWZHHQ� WKHVH� VWDWHV� �7XUQ� 2Q� DQG� 7XUQ� 2II��� � 7KH� VWDWH
WUDQVLWLRQ�GLDJUDP�IRU�WKH�YDOYH�REMHFW�LV�VKRZQ�LQ�)LJXUH��������2QH�DWWULEXWH�LV�GHILQHG�IRU�WKLV
REMHFW��)ORZ5HTXHVW��)5���ZLWK�WZR�SRVVLEOH�YDOXHV����JDOORQV�SHU�PLQXWH��JSP��DQG���JSP���7KH
LQLWLDO�VWDWH�IRU�WKH�YDOYH�REMHFW�LV�6WDWH��2II��DQG�WKH�LQLWLDO�YDOXH�IRU�)5�LV���JSP���7KH�DQDO\VLV
LV�VWDUWHG�E\�JHQHUDWLQJ�WKH�(YHQW�7XUQ�2Q�

2Q 2II

7XUQ�2Q

7XUQ�2II

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�YDOYH�

7KH�6WDWH��2II��GHVFULEHV�WKH�VLWXDWLRQ�ZKHUH�WKH�YDOYH�LV�FORVHG��QR�IXHO�IURP�WKH�WDQN�IDUP�LV
IORZLQJ�� WKDW� LV� WKH� )5� LV� �� JSP�� DQG� WKXV�� WKH� JDV� EXUQHU� LV� RII�� �$IWHU� VHYHUDO� SRVVLEOH� WLPH
SHULRGV��WKH�IXHO�OHYHO�LQ�WKH�IXHO�V\VWHP�LV�HYDOXDWHG��DQG�LI�IXHO�LV�DYDLODEOH�� WKH�YDOYH�ZLOO�EH
WXUQHG�RQ���7KH�SRVVLEOH�WLPH�SHULRGV�GHILQH�WKH�VFKHGXOH�IRU�WXUQLQJ�RQ�WKH�YDOYH���7KHVH�WLPH
SHULRGV�DUH�GHILQHG�DV�GHOD\�WLPHV�DQG�DUH�SUREDELOLVWLFDOO\�ZHLJKWHG�� �7KH�YDULRXV�GHOD\� WLPHV
PD\�EH�YLHZHG�DV�DSSUR[LPDWLQJ�WKH�GHPDQGV�WKDW�KDYH�EHHQ�SODFHG�RQ�WKH�V\VWHP�E\�DQ�RXWVLGH
VRXUFH���)RU�WKLV�H[DPSOH��WKH�SUREDELOLVWLF�VFKHGXOH�IRU�WXUQLQJ�RQ�WKH�YDOYH�LV�VSHFLILHG�LQ�7DEOH
������7KHUH�LV�D������SUREDELOLW\�RI�D����PLQXWH�RU����PLQXWH�GHOD\�WLPH�DQG�D������SUREDELOLW\�RI
D����PLQXWH�GHOD\�WLPH�EHIRUH�WKH�YDOYH�LV�WXUQHG�RQ���7KHVH�FRQGLWLRQV�DUH�HPEHGGHG�LQ�WKH�,50
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DQG�WKH�'50�IRU�WKLV�RI�YDOYH�REMHFW���:KHQ�WKH�YDOYH�REMHFW�LV�LQ�WKH�6WDWH��2II���WKH�,50�VHWV
WKH�)5�WR���JSP���$GGLWLRQDOO\��WKH�,50�LQFOXGHV�D�FORFN�WKDW�WUDFNV�WKH�WLPH�WKH�YDOYH�REMHFW�LV
LQ�WKLV�VWDWH���7KH�VFKHGXOH�IRU�WXUQLQJ�RQ�WKH�YDOYH�LV�HPEHGGHG�LQ�WKH�'50�IRU�WKH�6WDWH��2II��
)LUVW�WKH�FRQGLWLRQ�RI�WKH�IXHO�OHYHO�LQ�WKH�IXHO�V\VWHP�LV�FRQVLGHUHG���,I�WKH�IXHO�OHYHO�LV����WKDW�LV
HPSW\��WKHQ�WKH�YDOYH�REMHFW�GRHV�QRWKLQJ�DQG�LW�UHPDLQV�LQ�WKH�6WDWH��2II��� � ,I� WKH�IXHO� OHYHO� LV
QRW����WKHQ�RQH�RI�WKH�WKUHH�SUREDELOLVWLFDOO\�ZHLJKWHG�GHOD\�WLPHV�LV�VHOHFWHG�EHIRUH�WKH�YDOYH�LV
WXUQHG� RQ� DQG� WKH� JDV� EXUQHU� LV� OLW�� � $IWHU� WKH� VHOHFWHG� GHOD\� WLPH�� WKH� FORFN� LV� UHVHW�� WKH
(YHQW�7XUQ�2Q�LV�JHQHUDWHG��DQG�WKH�REMHFW�WUDQVLWLRQV�IURP�6WDWH��2II��WR�6WDWH��2Q��

7DEOH�������3UREDELOLVWLF�VFKHGXOH�IRU�WXUQLQJ�RQ�WKH�YDOYH�

3UREDELOLW\ 'HOD\�7LPH

���� ��

���� ��

���� ��

7KH� 6WDWH��2Q�� GHVFULEHV� WKH� VLWXDWLRQ�ZKHUH� WKH� YDOYH� LV� RSHQ�� IXHO� LV� IORZLQJ� IURP� WKH� WDQN
IDUP��WKDW�LV�WKH�)5�LV���JSP��DQG�WKH�JDV�EXUQHU�LV�RQ���$IWHU�UXQQLQJ�WKH�JDV�EXUQHU�IRU�VHYHUDO
SRVVLEOH�WLPH�SHULRGV��WKH�YDOYH�ZLOO�EH�WXUQHG�RII�DJDLQ���7KH�SUREDELOLVWLF�VFKHGXOH�IRU�WXUQLQJ
RII�WKH�YDOYH�LV�VSHFLILHG�LQ�7DEOH��������,Q�WKLV�H[DPSOH��WKHUH�LV�D������SUREDELOLW\�RI����PLQXWH
GHOD\�� D������SUREDELOLW\�RI� D����PLQXWH�GHOD\�� D������SUREDELOLW\�RI� D����PLQXWH�GHOD\�� DQG� D
�����SUREDELOLW\�RI�D����PLQXWH�GHOD\�EHIRUH�WKH�YDOYH�LV�WXUQHG�RII�

7DEOH�������3UREDELOLVWLF�VFKHGXOH�IRU�WXUQLQJ�RII�WKH�YDOYH�

3UREDELOLW\ 'HOD\�7LPH

���� ��

���� ��

���� ��

���� ��

7KHVH�FRQGLWLRQV�DUH�HPEHGGHG�LQ�WKH�,50�DQG�'50�IRU�WKLV�VWDWH�RI�WKH�YDOYH�REMHFW���:KHQ�WKH
YDOYH�REMHFW�LV�LQ�WKH�6WDWH��2Q���WKH�,50�VHWV�)5�WR���JSP�DQG�VWDUWV�WKH�FORFN�WR�WUDFN�WKH�WLPH
WKH�YDOYH�REMHFW�LV�LQ�WKLV�VWDWH���7KH�VFKHGXOH�IRU�WXUQLQJ�RII�WKH�YDOYH�LV�HPEHGGHG�LQ�WKH�'50
IRU� 6WDWH��2Q��� �:LWKLQ� WKH�'50�� RQH� RI� WKH� IRXU� GHOD\� WLPHV� LV� VHOHFWHG� EHIRUH� WKH� YDOYH� LV
WXUQHG�RII���$IWHU�WKH�VHOHFWHG�GHOD\�WLPH��WKH�FORFN�LV�UHVHW��WKH�(YHQW�7XUQ�2II�LV�JHQHUDWHG��DQG
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WKH�REMHFW�WUDQVLWLRQV�IURP�6WDWH��2Q��WR�6WDWH��2II����,Q�WKLV�PDQQHU��WKH�YDOYH�REMHFW�WUDQVLWLRQV
EHWZHHQ�6WDWH��2II��DQG�6WDWH��2Q��XQWLO�WKH�IXHO�OHYHO�LQ�WKH�IXHO�V\VWHP�LV�HPSW\�

������� 7KH�)XHO�6\VWHP�2EMHFW

7KH�FRQGLWLRQV� IRU�SURYLGLQJ� WKH� IXHO� VXSSO\� LQ� UHVSRQVH� WR� UHTXHVWV� IURP� WKH�YDOYH�REMHFW� DUH
HPEHGGHG�ZLWKLQ�WKH�IXHO�V\VWHP�REMHFW���7KHVH�FRQGLWLRQV�LQFOXGH�VZLWFKLQJ�IURP�RQH�WDQN�WR�D
QHZ�WDQN�DV�WKH�SUHYLRXV�RQH�LV�GUDLQHG��DV�ZHOO�DV�WKH�SRVVLELOLW\�RI�UHILOOLQJ�WKH�WDQNV�DIWHU�WKH\
KDYH�EHHQ�GUDLQHG�� �7KH�IXHO�V\VWHP�KDV�IRXU�VWDWHV� �*DV��7DQN�&KDQJH��(PSW\��DQG�5HILOOLQJ�
DQG�ILYH�HYHQWV��&KDQJH��'UDLQHG��5HILOO��)XOO��DQG�1HZ�7DQN��WKDW�FDXVH�WUDQVLWLRQV�EHWZHHQ�WKH
IRXU�VWDWHV���7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�IXHO�V\VWHP�REMHFW�LV�VKRZQ�LQ�)LJXUH��������2QH
DWWULEXWH�LV�GHILQHG�IRU�WKLV�REMHFW��)XHO/HYHO��)/���ZLWK�VL[�SRVVLEOH�YDOXHV������JDOORQV��JDO�����
JDO�����JDO�����JDO�����JDO��RU���JDO��WKDW�FRUUHVSRQG�WR����������������RU���WDQNV�WKDW�FRQWDLQ�IXHO�
7KH�LQLWLDO�VWDWH�IRU�WKH�IXHO�V\VWHP�REMHFW�LV�6WDWH��*DV���DQG�WKH�LQLWLDO�YDOXH�RI�)/�LV�������7KH
REMHFW�LQFOXGHV�D�FORFN�WR�WUDFN�WKH�WLPH�EHWZHHQ�FKDQJLQJ�WDQNV�

5HILOOLQJ *DV

7DQN
&KDQJH

(PSW\

)XOO

'UDLQHG

&KDQJH
1HZ
7DQN5HILOO

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�IXHO�V\VWHP�

7KH�6WDWH��*DV��GHVFULEHV�WKH�VLWXDWLRQ�ZKHUH�WKH�IXHO�V\VWHP�LV�SURYLGLQJ�IXHO�LQ�UHVSRQVH�WR�WKH
UHTXHVW�IURP�WKH�YDOYH�REMHFW����7KH�UHVSRQVH�RI�WKLV�REMHFW�LV�FRQGLWLRQDO�RQ�WKH�IXHO�UHTXHVW�IURP
WKH�YDOYH�REMHFW��9DOYH�)5����7KH�IXHO�V\VWHP�GUDZV�RQ�WKH�WKUHH����JDOORQ�WDQNV�ILUVW��WKHQ�WKH
���JDOORQ� WDQN�� DQG� ILQDOO\�� WKH� WHQ�JDOORQ� WDQN�� � (DFK� WDQN� SURYLGHV� IXHO� IRU� D� VSHFLILHG� WLPH
SHULRG�EHIRUH�LW�LV�GUDLQHG�DQG�WKH�IXHO�V\VWHP�KDV�WR�FKDQJH�WR�WKH�QH[W�WDQN���7KHVH�WLPH�SHULRGV
DUH�GHOD\�WLPHV�IRU�WKH�6WDWH��*DV��EHIRUH�WKH�(YHQW�&KDQJH�LV�JHQHUDWHG�WR�FDXVH�D�WUDQVLWLRQ�WR
WKH�6WDWH��7DQN�&KDQJH����7KH�GHOD\�WLPHV�IRU�FKDQJLQJ�WDQNV�DUH�VSHFLILHG�LQ�7DEOH�������)RU�WKH
���JDOORQ�WDQNV��WKH�GHOD\�WLPH�LV������PLQXWHV��IRU�WKH����JDOORQ�WDQN������PLQXWHV��DQG�IRU�WKH
���JDOORQ� WDQN�� ���� PLQXWHV�� 7KHVH� FRQGLWLRQV� DUH� HPEHGGHG� LQ� WKH� ,50� DQG� '50� IRU� WKH
6WDWH��*DV��� � ,Q� WKH� ,50�� LI� 9DOYH�)5 �� JSP�� WKHQ� WKH� FORFN� IRU� WKH� IXHO� V\VWHP� REMHFW� LV
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VWRSSHG�� DQG� QR� DFWLYLW\� RFFXUV�� � 2WKHUZLVH�� ZKHQ� 9DOYH�)5 �� JSP�� WKH� FORFN� IRU� WKH� IXHO
V\VWHP�LV�WXUQHG�RQ�DQG�WKH�REMHFW�ZLOO�SURFHHG�WR�WKH�'50���)RU�HDFK�IXHO�OHYHO��WKH�'50�ZLOO
GHOD\�IRU�WKH�FRUUHVSRQGLQJ�WLPH��WKHQ�JHQHUDWH�WKH�(YHQW�&KDQJH�WR�FDXVH�D�WUDQVLWLRQ�IURP�WKLV
VWDWH� WR� WKH� 6WDWH��7DQN� &KDQJH��� � 7KXV�� WLPH� LV� D� VXUURJDWH� IRU� WKH� DFWXDO� OHYHO� RI� GHSOHWLRQ
ZLWKLQ�HDFK�WDQN�

7DEOH�������'HOD\�WLPHV�IRU�FKDQJLQJ�WDQNV�

)XHO�/HYHO��)/� 'HOD\�7LPH

��� ����

�� ����

�� ����

�� ���

�� ���

7KH�SXUSRVH�RI�WKH�6WDWH��7DQN�&KDQJH��LV�WR�VHW�WKH�YDOXH�RI�)/�DV�WKH�IXHO�V\VWHP�FKDQJHV�IURP
WDQN�WR�WDQN���,I�WKH�)/ �����WKH�GHOD\�WLPH�RI������KDV�HODSVHG��DQG�WKH�(YHQW�&KDQJH�KDV�EHHQ
JHQHUDWHG��WKHQ�WKH�,50�IRU�WKH�6WDWH��7DQN�&KDQJH��ZLOO�VHW�WKH�)/ ����UHVHW�WKH�FORFN�IRU�WKH
IXHO�V\VWHP�REMHFW��DQG�JHQHUDWH�WKH�(YHQW�1HZ�7DQN�� �7KH� IXHO�V\VWHP�REMHFW�ZLOO�FRQWLQXH� WR
WUDQVLWLRQ� EHWZHHQ� WKH� 6WDWH��*DV�� DQG� WKH� 6WDWH��7DQN� &KDQJH�� XQWLO� WKH� IXHO� V\VWHP� UHDFKHV
)/ ���WKHQ�WKH�(YHQW�'UDLQHG�ZLOO�EH�JHQHUDWHG�WR�FDXVH�WKH�WUDQVLWLRQ�IURP�6WDWH��7DQN�&KDQJH�
WR�6WDWH��(PSW\����7KHUH�LV�QR�'50�IRU�WKH�6WDWH��7DQN�&KDQJH��

$V�WKH�EDVLF�SUREOHP�IRU�WKH�JDV�EXUQHU�IXHO�VXSSO\�LV�GHILQHG��ZKHQ�WKH�IXHO�V\VWHP�UHDFKHV�WKH
6WDWH��(PSW\��� WKDW� LV� WKH� HQG�RI� WKH�SUREOHP�� �:LWK� WKH�SUREDELOLVWLF� VFKHGXOHV�GHILQHG� LQ� WKH
YDOYH�REMHFW� IRU� WXUQLQJ� WKH�YDOYH�RQ�DQG�RII�� D�VHW�RI� VFHQDULRV�FDQ�EH�JHQHUDWHG� WR�GHYHORS�D
SUREDELOLW\� GLVWULEXWLRQ� IRU� KRZ� ORQJ� WKH� IXHO� VXSSO\� ZLOO� ODVW�� � 7KH� 6WDWH��5HILOOLQJ�� DQG� WKH
HYHQWV�5HILOO�DQG�)XOO�DUH� LQFOXGHG�LQ�WKH�VWDWH� WUDQVLWLRQ�GLDJUDP�IRU�FRPSOHWHQHVV�� �&XUUHQWO\�
WKH� ,50� IRU� WKH� 6WDWH��(PSW\�� LV� XVHG� WR� VHW� WKH� )/ �� DQG� WR� UHVHW� WKH� FORFN�� � 1R� '50� RU
FRQGLWLRQV�IRU�JHQHUDWLQJ�WKH�(YHQW�5HILOO�DUH�VSHFLILHG���$OVR��WKH�,50�IRU�WKH�6WDWH��5HILOOLQJ��LV
GHILQHG� WR� VHW� WKH� )/ ����� WR� UHVHW� WKH� FORFN�� DQG� WR� JHQHUDWH� WKH� (YHQW�)XOO�� � 1R� '50� LV
GHILQHG�

,Q� WHUPV� RI� GHPRQVWUDWLQJ� WKH� GHOD\� UHVSRQVH� FDSDELOLWLHV� RI� WKH� 2%(67� PHWKRG�� IURP� WKLV
H[DPSOH��LW� LV�HYLGHQW� WKDW� WLPH�FDQ�EH�XVHG�D�VXUURJDWH�IRU� WKH�GHSOHWLRQ�RI�SK\VLFDO�TXDQWLWLHV
DQG�RU�UHVRXUFHV��DV�ORQJ�DV�WKLV�GHSOHWLRQ�KDSSHQV�DW�D�FRQVWDQW�UDWH���$Q�DOWHUQDWLYH��DQG�SHUKDSV
EHWWHU�DSSURDFK�ZRXOG�EH�WR�GHYHORS�DQ�H[SOLFLW�GHSOHWLRQ�PRGHO�WKDW�UHIOHFWV�PRUH�DFFXUDWHO\�WKH
GHSOHWLRQ� RI� D� VSHFLILF� SK\VLFDO� TXDQWLW\� RI� LQWHUHVW�� � 7KLV� W\SH� RI� PRGHO� FRXOG� DOVR� EH
LQFRUSRUDWHG�LQ�WKH�2%(67�PRGHO�RI�WKH�V\VWHP�



���

����� $�6LQJOHV�5DFTXHWEDOO�*DPH

$V�ZRUN� RQ� WKH� SURMHFW�ZDV� LQLWLDWHG�� WKH� SURMHFW� VWDII� GHFLGHG� WKDW� D�PRGHO� RI� D� VSRUWV� JDPH
FKDUDFWHUL]HG� E\� D� QXPEHU� RI� IDLUO\� VWUDLJKWIRUZDUG� DFWLRQV� DQG� UHVSRQVHV� EHWZHHQ� WZR
FRPSHWLWRUV� ZRXOG� SURYLGH� D� JRRG� PHFKDQLVP� WR� LQYHVWLJDWH� WKH� FDSDELOLWLHV� RI� WKH� 2%(67
PHWKRGRORJ\�� DV�ZHOO� DV� WR� FRPPXQLFDWH� JHQHUDOO\� WKH� FDSDELOLWLHV� RI� WKH�PHWKRG�� � $� VLQJOHV
UDFTXHWEDOO�JDPH�ZDV�VHOHFWHG�EHFDXVH�RI�LWV�VLPSOLFLW\�DQG�EHFDXVH�LW�SURYLGHG�D�PHFKDQLVP�WR
GHPRQVWUDWH�PDQ\�RI�WKH�FDSDELOLWLHV�RI�WKH�2%(67�PHWKRG�

,Q�D�VLQJOHV�UDFTXHWEDOO�JDPH��WZR�SOD\HUV�DOWHUQDWH�VHUYLQJ�DQG�UHFHLYLQJ�VHUYH��DQG�PDNLQJ�DQG
UHWXUQLQJ�VKRWV���)RU�HDFK�SRLQW��WKH�VHUYHU�KDV�WZR�RSSRUWXQLWLHV�WR�SXW�WKH�EDOO�LQWR�SOD\���$OO�RI
WKH�SOD\�WKDW�RFFXUV�DIWHU�WKH�UHFHLYHU�H[HFXWHV�D�VXFFHVVIXO�UHWXUQ�RI�VHUYH�LV�FDOOHG�D�UDOO\���,I�WKH
VHUYHU�ZLQV�WKH�UDOO\��WKDW�LV�WKH�UHFHLYHU�IDLOV�WR�UHWXUQ�D�VHUYHU¶V�VKRW�GXULQJ�D�UDOO\���RQH�SRLQW�LV
VFRUHG���$�VHUYHU�LV�HQWLWOHG�WR�FRQWLQXH�VHUYLQJ�XQWLO�DQ�RXW�RFFXUV��WKDW�LV�WKH�VHUYHU�PDNHV�WZR
IDXOW�VHUYHV�RU�IDLOV�WR�UHWXUQ�WKH�UHFHLYHU¶V�VKRW�GXULQJ�WKH�UDOO\����:KHQ�DQ�RXW�RFFXUV��WKHUH�LV�DQ
H[FKDQJH�RI�VHUYH��DQG�WKH�VHUYHU�EHFRPHV�WKH�UHFHLYHU�DQG�WKH�UHFHLYHU�EHFRPHV�WKH�VHUYHU���$
VWDQGDUG� JDPH� LV�SOD\HG� WR����SRLQWV�� � ,Q� D� WRXUQDPHQW� VLWXDWLRQ�� D� UHIHUHH�ZRXOG�PRQLWRU� WKH
VHUYH� H[FKDQJHV� DQG� WUDFN� WKH� VFRUH� IRU� WKH� JDPH�� � ,Q� D� UHFUHDWLRQDO� VLWXDWLRQ�� WKH� SOD\HUV
WKHPVHOYHV�WUDFN�WKH�VWDWXV�RI�WKH�JDPH�

$�SOD\HU�LQ�D�UDFTXHWEDOO�JDPH�KDV�D�YDULHW\�RI�VHUYH�DQG�VKRW�UHWXUQ�RSWLRQV���'HSHQGLQJ�RQ�D
SOD\HU¶V�VNLOO�OHYHO��D�SOD\HU¶V�FKRLFH�RI�VHUYH�RU�VKRW�UHWXUQ�LV�RIWHQ�FRQGLWLRQDO�RQ�D�QXPEHU�RI
IDFWRUV� LQFOXGLQJ�DQ�DVVHVVPHQW�RI�DQ�RSSRQHQW¶V�VNLOO� OHYHO�� WKH� LPPHGLDWHO\�SUHYLRXV�VKRW��DQ
RSSRQHQW¶V�SRVLWLRQ�RQ�WKH�FRXUW��DQ�H[SHFWHG�UHWXUQ�WR�D�JLYHQ�VKRW�RU�VHUYH��DQG�RYHUDOO�VWUDWHJ\
IRU�ZLQQLQJ�WKH�UDOO\���*HQHUDOO\��VHUYH�RSWLRQV�DUH�RI�WKUHH�EDVLF�W\SHV��D�GULYH�VHUYH��ZKLFK�LV�D
KDUG��IDVW��VWUDLJKW�VHUYH�WR�WKH�IDU�FRUQHU�RI�WKH�FRXUW��D�ORE�VHUYH��ZKLFK�KDV�D�KLJK�DUF��DQG�D�=
VHUYH��ZKLFK�VWULNHV�WKH�IURQW�ZDOO��WKHQ�WKH�VLGH�ZDOO�DW�D�WLJKW�DQJOH��DQG�WKHQ�DQJOHV�EDFN�WR�WKH
RSSRVLWH� FRUQHU� RI� FRXUW�� � 7KHVH� EDVLF� VHUYHV�� RI� FRXUVH�� KDYH� PDQ\� YDULDWLRQV� GHSHQGLQJ� RQ
VSHHG�DQG�SODFHPHQW�� �%DVLF�VKRWV�� LQFOXGLQJ�VHUYH�UHWXUQV�� LQFOXGH�IRXU�W\SHV��D�GRZQ�WKH�OLQH
VKRW�� ZKLFK� LV� D� KDUG�� IDVW�� VWUDLJKW� VKRW� GRZQ� HLWKHU� VLGH� RI� WKH� FRXUW�� D� FHLOLQJ� VKRW�� ZKLFK
JHQHUDOO\�VWULNHV�WKH�FHLOLQJ�EHIRUH�LW�KLWV� WKH� IURQW�ZDOO��D�FURVVFRXUW�VKRW��ZKLFK�DQJOHV� WR� WKH
RSSRVLWH�VLGH�RI�WKH�FRXUW�DIWHU�VWULNLQJ�WKH�IURQW�ZDOO��D�SLQFK�VKRW��ZKLFK�VWULNHV�WKH�IURQW�ZDOO
QHDU� WKH�FRUQHU� WKHQ�VWULNHV�WKH�VLGH�ZDOO�DW�D� WLJKW�DQJOH�� �$JDLQ�� WKHVH�EDVLF�VKRWV�KDYH�PDQ\
YDULDWLRQV�

7KH� 2%(67� PRGHO� RI� D� VLQJOHV� UDFTXHWEDOO� JDPH� ZDV� FRQVWUXFWHG� EDVHG� RQ� WKH� JHQHUDO
GHVFULSWLRQ� LQ� WKH�SUHYLRXV� WZR�SDUDJUDSKV�� �$V� WKLV�PRGHO�ZDV�FRQVWUXFWHG�� LW� HYROYHG� IURP�D
UHODWLYHO\�VLPSOH�PRGHO�RI�D�UDOO\�EHWZHHQ�WZR�SOD\HUV��ZLWK�LQGLYLGXDO�VKRW�UHWXUQ�SHUFHQWDJHV�
WR� D� PRUH� FRPSOH[� PRGHO� WKDW� FRQVLGHUHG� SOD\HU� SURILOHV� GHILQHG� E\� RYHUDOO� VKRW� UHWXUQ
SHUFHQWDJHV��DV�ZHOO�DV�VSHFLILF�VHUYH�UHWXUQV��ZLWK�VXFFHVV�SUREDELOLWLHV� WKDW�DUH�FRQGLWLRQDO�RQ
WKH�GLIIHUHQW�VHUYH�W\SHV�UHFHLYHG�IURP�WKHLU�RSSRQHQW���,QLWLDOO\��HDFK�SOD\HU�KDG�RQO\�RQH�VHUYH�
DQG�VXEVHTXHQWO\��D�VHFRQG�VHUYH�ZDV�LQFRUSRUDWHG�LQWR�WKH�PRGHO���$GGLWLRQDOO\��WKH�UDFTXHWEDOO
JDPH�LWVHOI�ZDV�PRGHOHG�DV�D�VHSDUDWH�IXQFWLRQDO�EORFN�WKDW�WUDFNHG�WKH�VWDWXV�RI�RYHUDOO�V\VWHP
DWWULEXWHV�� QDPHO\� WKH� VFRUH� LQ� WKH� JDPH� DQG� WKH� VHUYH� DVVLJQPHQW�� � $JDLQ�� WKLV� PRGHO
GHPRQVWUDWHV� VHYHUDO� RI� WKH� NH\� LGHDV� DQG� FDSDELOLWLHV� RI� WKH� 2%(67�PHWKRGRORJ\� LQFOXGLQJ
YDULDEOH�RUGHULQJ�RI�D�VHW�RI�UHSHWLWLYH�HYHQWV��KRZ�REMHFWV�DUH�UHODWHG�E\�VLPLODU�HYHQWV��DQG�WKH
LQFRUSRUDWLRQ�RI�FRQGLWLRQDO�SUREDELOLVWLF�LQIRUPDWLRQ�



���

������� 6\VWHP�6WUXFWXUH�DQG�,QWHUDFWLRQV

7KH� V\VWHP� VWUXFWXUH� GLDJUDP� �)LJXUH� ������ IRU� WKH� PRGHO� ZDV� GHILQHG� E\� WKUHH� IXQFWLRQDO
EORFNV��WZR�VLQJOH�SOD\HU�REMHFWV��3OD\HU�$�DQG�3OD\HU�%��DQG�WKH�JDPH�REMHFW���7KH�LQWHUDFWLRQ
GLDJUDP�LV�VKRZQ�LQ�)LJXUH�������DQG�WKH�IXQFWLRQDO� LQWHUDFWLRQV�IRU� WKH�PRGHO�DUH�VSHFLILHG�LQ
7DEOH� ����� � ,QWHUDFWLRQV� RFFXU� DPRQJ� WKH� IXQFWLRQDO� EORFNV�� DV� LQGLFDWHG� LQ� )LJXUH� ������ � 7KH
SOD\HUV�KLW�VKRWV�DQG�UHWXUQ�VHUYHV�WR�HDFK�RWKHU�DQG�SURYLGH�WKHLU�VWDWXV�WR�WKH�JDPH���7KH�JDPH
WUDFNV�VHUYLQJ�DQG�VFRULQJ�IRU�ERWK�SOD\HUV���7KH�VWDWH�WUDQVLWLRQ�GLDJUDPV�IRU�WKH�WKUHH�IXQFWLRQDO
EORFNV�DUH�GLVFXVVHG�LQ�WKH�IROORZLQJ�SDUDJUDSKV�� �7KH�GLVFXVVLRQ� LQFOXGHV�D�GHVFULSWLRQ�RI� WKH
REMHFW��HYHQWV��DQG�HYHQW�WUDQVLWLRQV��DQG�D�QDUUDWLYH�RI�WKH�³LI�±�WKHQ�±�HOVH´�VFULSWV�DQG�ORJLFDO
FRQGLWLRQV� IRU� WKH� ,50� DQG�'50� IRU� HDFK� VWDWH�� � 7KH� GHWDLOHG� ³LI� ±� WKHQ� ±� HOVH´� VFULSWV� DQG
ORJLFDO�FRQGLWLRQV�DUH�SURYLGHG�LQ�$SSHQGL[�&�

3OD\HU�$��$� 3OD\HU�%��%�

*DPH��*�

3OD\HU�$��$� 3OD\HU�%��%�

*DPH��*�

)LJXUH��������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�PRGHO�RI�D�VLQJOHV�UDFTXHWEDOO�JDPH�

3OD\HU�$��$� 3OD\HU�%��%�

*DPH��*�

3OD\HU�$��$� 3OD\HU�%��%�

*DPH��*�

)LJXUH��������,QWHUDFWLRQ�GLDJUDP�IRU�PRGHO�RI�VLQJOHV�UDFTXHWEDOO�JDPH�



���

7DEOH�������)XQFWLRQDO�LQWHUDFWLRQV�IRU�PRGHO�RI�VLQJOHV�UDFTXHWEDOO�JDPH�

$�%� 3OD\HU�$�KLWV�VKRW�UHWXUQV�DQG�VHUYHV�WR�3OD\HU�%�

$�*�� 3OD\HU�$�SURYLGHV�LWV�VWDWXV�WR�WKH�*DPH�

%�$�� 3OD\HU�%�KLWV�VKRW�UHWXUQV�DQG�VHUYHV�WR�3OD\HU�$�

%�*�� 3OD\HU�%�SURYLGHV�LWV�VWDWXV�WR�WKH�*DPH�*�$�
7KH�*DPH� WUDFNV� VHUYLQJ� DQG� VFRULQJ� IRU� 3OD\HU
$�

*�%� 7KH�*DPH�WUDFNV�VHUYLQJ�DQG�VFRULQJ�IRU�3OD\HU�%�

������� 3OD\HU�$�2EMHFW

7KH� 3OD\HU� $� REMHFW� UHSUHVHQWV� RQH� SOD\HU� LQ� D� VLQJOHV� UDFTXHWEDOO� JDPH�� 3OD\HU� $� KLWV� VKRW
UHWXUQV�DQG�VHUYHV�WR�3OD\HU�%���$GGLWLRQDOO\��3OD\HU�$�SURYLGHV�LWV�VWDWXV�WR�WKH�*DPH���7R�PRGHO
3OD\HU�$¶V�DFWLRQV�DQG�UHVSRQVHV�GXULQJ�D�UDFTXHWEDOO�JDPH��ILYH�VWDWHV�DUH�GHILQHG��DV�LOOXVWUDWHG
LQ�WKH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�3OD\HU�$�LQ�)LJXUH������� �7KHVH�VWDWHV� LQFOXGH�6WRS��:DLWLQJ
WR�IRU�6HUYH��:DLWLQJ�WR�6HUYH���:DLWLQJ�WR�5HWXUQ��DQG�0DNLQJ�D�6KRW���7KHVH�VWDWHV�DUH�UHODWHG
E\�D� VHW�RI�HYHQWV� WKDW� UHSUHVHQWV�3OD\HU�$¶V�DFWLRQV�DQG� UHVSRQVHV�GXULQJ� D� UDFTXHWEDOO� JDPH�
7KHVH�HYHQWV�FDXVH�WUDQVLWLRQV�DPRQJ�WKH�ILYH�VWDWHV�RI�WKH�3OD\HU�$�REMHFW��DV�LQGLFDWHG�E\�WKH
GLUHFWHG�DUURZV�LQ�)LJXUH��������7KH�VHW�RI�HYHQWV�GHILQHG�IRU�WKH�PRGHO�LQFOXGH���6WDUW�QHZ�UDOO\�
3OD\HU�$�IDXOWV��VW�VHUYH��3OD\HU�$�IDXOWV��QG�VHUYH��3OD\HU�$�PDNHV�VKRW��3OD\HU�$�PLVVHV�VKRW�
3OD\HU�%�PDNHV�VKRW��3OD\HU�%�PLVVHV�VKRW��DQG�3OD\HU�%�IDXOWV��QG�VHUYH�


7ZR�DWWULEXWHV�DUH�GHILQHG� IRU� WKLV�REMHFW� WR�SURYLGH� LQIRUPDWLRQ�DERXW�3OD\HU�$¶V� VHUYH�� VHUYH
UHWXUQ��DQG�VKRW� UHWXUQ�SURILOHV�� �7KH�ILUVW�DWWULEXWH��6+27B7<3(��GHILQHV� WKH�VHUYH�DQG� UHWXUQ
RSWLRQV�3OD\HU�$�XVHV�GXULQJ�D�JDPH���)RU�WKLV�PRGHO��HLJKW�SRVVLEOH�YDOXHV�DUH�GHILQHG�IRU�WKH
DWWULEXWH� 6+27B7<3(�� � )RXU� RI� WKHVH� YDOXHV�� �'ULYH�� /RE�� ='ULYH�� =/RE��� GHILQH� VXFFHVVIXO
VHUYH�RSWLRQV��WKH�YDOXH��)DXOW��LV�XVHG�WR�GHILQH�D�ILUVW�IDXOW�VHUYH�� �7KH�YDOXH��2XW�� LV�XVHG�WR
GHILQH�HLWKHU�D�VHFRQG�IDXOW�VHUYH�RU�D�IDLOHG�UHWXUQ��WKH�YDOXH��5HWXUQ��LV�GHILQHG�IRU�VXFFHVVIXO
UHWXUQ� VKRWV� GXULQJ� D� UDOO\�� DQG� WKH� YDOXH� �8QVHW�� LV� GHILQHG� WR� VHW� LQLWLDO� FRQGLWLRQV�� � 7KH
TXDQWLWDWLYH�YDOXHV�IRU�3OD\HU�$¶V�6+27B7<3(�DUH�GHILQHG�E\�WKH�SOD\HU¶V�VHUYH�DQG�VKRW�UHWXUQ
SURILOHV�� �7KH� VHUYH�SURILOH� LV� GHILQHG�E\� D� VHW� RI�SUREDELOLW\�YDOXHV� IRU� ILUVW� DQG� VHFRQG� VHUYH
RSWLRQV���7KH�VKRW�UHWXUQ�SURILOH�LV�GHILQHG�E\�WKH�SOD\HU¶V�RYHUDOO�VKRW�UHWXUQ�SHUFHQWDJH���:KHQ
3OD\HU�$�LV�VHUYLQJ��WKH�ILYH�DSSOLFDEOH�YDOXHV�RI�6+27B7<3(�DUH��'ULYH��/RE��='ULYH��=/RE�
)DXOW�� 2XW��� � 7KH� SUREDELOLW\� YDOXHV� IRU� 3OD\HU� $¶V� VHUYH� RSWLRQV� DUH� SUHVHQWHG� LQ� 7DEOH� ����
:KHQ�3OD\HU�$�LV�PDNLQJ�D�VKRW�GXULQJ�D�UDOO\��WKH�DSSOLFDEOH�YDOXHV�DUH��5HWXUQ��2XW����3OD\HU

������������������������������������������������


�7KH�HYHQW�3OD\HU�%�IDXOWV��VW�VHUYH�H[LVWV��EXW�LV�XVHG�ZLWKLQ�WKH�3OD\HU�%�REMHFW�DV�LW�GHPDQGV�QR�UHVSRQVH�IURP
3OD\HU�$�



���

$¶V� �RYHUDOO�VKRW�UHWXUQ�SURILOH� LV������VXFFHVVIXO�UHWXUQV�DQG������IDLOHG�UHWXUQV�RU�RXWV�� �1RWH
WKDW�DOO�RI�WKH�LQGLYLGXDO�SUREDELOLW\�YDOXHV�XVHG�LQ�WKLV�H[DPSOH�DUH�IRU�LOOXVWUDWLRQ�SXUSRVHV�RQO\
DQG�DUH�QRW�EDVHG�RQ�DFWXDO�³PHDVXUHPHQWV´�RI�UHDO�JDPH�FRQGLWLRQV�

3OD\HU�$
IDXOWV��VW�VHUYH

3OD\HU�$
PLVVHV�VKRW

3OD\HU�$
PDNHV�VKRW

3OD\HU�$
PDNHV�VKRW

3OD\HU�%
PDNHV�VKRW

3OD\HU�%
IDXOWV��QG�VHUYH

3OD\HU�%
PDNHV�VKRW

3OD\HU�$
PDNHV�VKRW

3OD\HU�$
IDXOWV��QG�VHUYH

3OD\HU�%
PLVVHV�VKRW

:DLWLQJ�WR�
IRU�6HUYH

:DLWLQJ
WR�5HWXUQ

0DNLQJ
D�6KRW

6WRS
6WDUW

QHZ�UDOO\

:DLWLQJ�WR
6HUYH�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�3OD\HU�$�REMHFW�

7KH�VHFRQG�DWWULEXWH�IRU�WKLV�REMHFW��6(59(B5(7851��GHILQHV�WKH�VHUYH�UHWXUQ�RSWLRQV�3OD\HU�$
XVHV� GXULQJ� D� JDPH�� � )RU� WKLV� PRGHO�� ILYH� SRVVLEOH� YDOXHV� DUH� GHILQHG� IRU� WKH� DWWULEXWH
6(59(B5(7851�� � 7KUHH� RI� WKHVH� YDOXHV� �'RZQ� WKH� OLQH�� &HLOLQJ�� &URVVFRXUW�3LQFK�� GHILQH
VXFFHVVIXO�VHUYH�UHWXUQ�RSWLRQV���7KH�YDOXH��6NLS��LV�XVHG�WR�GHILQH�D�IDLOHG�VHUYH�UHWXUQ��DQG�WKH
YDOXH��8QVHW��LV�XVHG�WR�VHW�LQLWLDO�FRQGLWLRQV���7KH�TXDQWLWDWLYH�YDOXHV�IRU�3OD\HU�$¶V�VHUYH�UHWXUQ
SURILOHV�DUH�GHILQHG�E\�D�VHW�RI�SUREDELOLW\�YDOXHV�WKDW�DUH�FRQGLWLRQDO�RQ�3OD\HU�%¶V�VHUYH���7KH
YDOXHV�IRU�3OD\HU�$¶V�VHUYH�UHWXUQ�DUH�SUHVHQWHG�LQ�7DEOH�����

7KH�6WDWH��6WRS�� LV�GHILQHG� WR� UHIOHFW� WKH� VLWXDWLRQ�ZKHQ�SOD\� LV� VWRSSHG�EHIRUH�HDFK�VHUYH� DQG
DIWHU� HDFK� UDOO\� GXULQJ� D� JDPH�� � 7KH� (YHQW�6WDUW� QHZ� UDOO\� FDXVHV� WKH� WUDQVLWLRQ� IURP� WKH
6WDWH��6WRS��WR�WKH�6WDWH��:DLWLQJ�WR�IRU�6HUYH����1R�,50�RU�'50�LV�GHILQHG�IRU�WKH�6WDWH��6WRS��
7KH�(YHQW�6WDUW�QHZ�UDOO\�LV�JHQHUDWHG�H[WHUQDO�WR�WKH�3OD\HU�$�REMHFW�E\�WKH�*DPH�REMHFW�
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7DEOH�������3OD\HU�$¶V�VHUYH�SURILOH�

6HUYH�2SWLRQ �VW�6HUYH �QG��6HUYH

'ULYH�VHUYH ���� ����

/RE�VHUYH ���� ����

='ULYH�VHUYH ���� ����

=/RE�VHUYH ���� ����

)DXOW�VHUYH ���� ����

2XW ���� ����

7DEOH�������3OD\HU�$¶V�VHUYH�UHWXUQ�SURILOH�FRQGLWLRQDO�RQ�3OD\HU�%¶V�VHUYH�

3OD\HU�%¶V�6HUYH
3OD\HU�$¶V�6HUYH
5HWXUQ�2SWLRQV 'ULYH�6HUYH /RE�6HUYH ='ULYH

6HUYH
=/RE
6HUYH

'RZQ�WKH�OLQH ���� ���� ���� ����

&HLOLQJ ���� ���� ���� ����

&URVVFRXUW�3LQFK ���� ���� ���� ����

6NLS ���� ���� ���� ����

7KH�6WDWH��:DLWLQJ� WR�IRU�6HUYH�� LV�XVHG� WR�GHVFULEH� WKH� VLWXDWLRQ�ZKHUH�3OD\HU�$� LV�ZDLWLQJ� WR
WDNH�WKH�ILUVW�VHUYH�RI�D�SRLQW�RU�ZDLWLQJ�WR�UHFHLYH�3OD\HU�%¶V�ILUVW�DQG�VHFRQG�VHUYHV���,I�3OD\HU�$
LV�VHUYLQJ��WKH�VHUYH�RSWLRQV�ZLOO�UHIOHFW�WKH�SURILOH�LQGLFDWHG�LQ�WKH�FROXPQ�³�VW�6HUYH´�LQ�7DEOH
������7KLV�LQIRUPDWLRQ�LV�XVHG�WR�VHW�WKH�YDOXHV��'ULYH��/RE��='ULYH��=/RE��)DXOW��2XW��XVHG�IRU
WKH�6+27B7<3(�DWWULEXWH�IRU�WKLV�VWDWH���7KDW�LV������RI�WKH�WLPH��3OD\HU�$�ZLOO�H[HFXWH�D�GULYH
VHUYH�����RI�WKH�WLPH��D�ORE�VHUYH�����RI�WKH�WLPH��D�='ULYH�VHUYH��DQG����RI�WKH�WLPH��D�=/RE
VHUYH�� � ,Q� WKH� VLWXDWLRQ�ZKHUH�3OD\HU�$�H[HFXWHV� D� VXFFHVVIXO� VHUYH�� WKH�(YHQW�3OD\HU�$�PDNHV
VKRW�� ZLOO� EH� JHQHUDWHG� E\� WKH� REMHFW�� � 7KLV� ZLOO� FDXVH� D� WUDQVLWLRQ� IRU� 3OD\HU� $� IURP� WKH
6WDWH��:DLWLQJ� WR�IRU� 6HUYH�� WR� WKH� 6WDWH��:DLWLQJ� WR� 5HWXUQ��� � $FFRUGLQJ� WR� 3OD\HU� $¶V� VHUYH
SURILOH�LQ�7DEOH����������RI�WKH�WLPH��3OD\HU�$�ZLOO�IDLO� WR�H[HFXWH�D�VXFFHVVIXO�ILUVW�VHUYH�� � ,Q
WKLV�FDVH��WKH�(YHQW�3OD\HU�$�IDXOWV��VW�VHUYH�ZLOO�EH�JHQHUDWHG�E\�WKH�REMHFW��DQG�3OD\HU�$�ZLOO
WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ�WR�IRU�6HUYH��WR�WKH�6WDWH��:DLWLQJ�WR�6HUYH�����,Q�WKH�VLWXDWLRQ
ZKHUH�3OD\HU�$� LV�ZDLWLQJ� IRU�3OD\HU�%¶V� VHUYH�� WZR�HYHQWV�FDQ�RFFXU�� � ,I�3OD\HU�%�H[HFXWHV� D



���

VXFFHVVIXO�ILUVW�RU�VHFRQG�VHUYH��WKHQ�WKH�(YHQW�3OD\HU�%�PDNHV�VKRW�LV�JHQHUDWHG��DQG�3OD\HU�$
ZLOO�WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ�WR�IRU�6HUYH��WR�6WDWH���0DNLQJ�D�6KRW����2WKHUZLVH��3OD\HU
$�ZLOO� VWD\� LQ� WKH�6WDWH��:DLWLQJ� WR�IRU�6HUYH��XQWLO�3OD\HU�%� IDXOWV� D� VHFRQG� VHUYH�� �7KHQ� WKH
(YHQW�3OD\HU�%�IDXOWV��QG�VHUYH�LV�JHQHUDWHG��DQG�3OD\HU�$�ZLOO�WUDQVLWLRQ�IURP�WKH�6WDWH���:DLWLQJ
WR�IRU�6HUYH�� WR� WKH�6WDWH��6WRS��� �7KH� FRQGLWLRQV� IRU� WKLV� VWDWH� DUH� HPEHGGHG� LQ� WKH� ,50�� �1R
GHOD\HG�UHVSRQVHV�DUH�GHILQHG�DQG�WKHUHIRUH�QR�'50�LV�GHILQHG�IRU�WKLV�VWDWH�

7KH�6WDWH��:DLWLQJ�WR�6HUYH���GHVFULEHV�WKH�VLWXDWLRQ�ZKHUH�3OD\HU�$�KDV�IDXOWHG�D�ILUVW�VHUYH�DQG
LV�ZDLWLQJ�WR�PDNH�D�VHFRQG�VHUYH���:KHQ�3OD\HU�$�LV�VHUYLQJ�DV�VHFRQG�VHUYH��WKH�VHUYH�RSWLRQV
ZLOO�UHIOHFW�WKH�SURILOH�LQGLFDWHG�LQ�WKH�FROXPQ�³�QG�6HUYH´�LQ�7DEOH�������7KLV�LQIRUPDWLRQ�LV�XVHG
WR�VHW�WKH�YDOXHV�XVHG�IRU�WKH�6+27B7<3(�DWWULEXWH�IRU�WKLV�VWDWH���7KDW�LV�����RI�WKH�WLPH��3OD\HU
$�ZLOO�H[HFXWH�D�GULYH�VHUYH������RI�WKH�WLPH��D�ORE�VHUYH�����RI�WKH�WLPH��D�='ULYH�VHUYH��DQG
���RI� WKH� WLPH�� D� =/RE� VHUYH�� � ,Q� WKH� VLWXDWLRQ�ZKHUH� 3OD\HU�$� H[HFXWHV� D� VXFFHVVIXO� VHFRQG
VHUYH�� WKH� (YHQW�3OD\HU� $� PDNHV� VKRW�� ZLOO� EH� JHQHUDWHG� E\� WKH� REMHFW�� � 7KLV� ZLOO� FDXVH� D
WUDQVLWLRQ� IRU�3OD\HU�$� IURP� WKH� 6WDWH��:DLWLQJ� WR�IRU� 6HUYH�� WR� WKH� 6WDWH��:DLWLQJ� WR�5HWXUQ��
$FFRUGLQJ�WR�3OD\HU�$¶V�VHUYH�SURILOH�LQ�7DEOH���������RI�WKH�WLPH��3OD\HU�$�ZLOO�IDLO�WR�H[HFXWH
D�VXFFHVVIXO�VHFRQG�VHUYH���,Q�WKLV�FDVH��WKH�(YHQW�3OD\HU�$�IDXOWV��QG�VHUYH�ZLOO�EH�JHQHUDWHG�E\
WKH�REMHFW�� DQG�3OD\HU�$�ZLOO� WUDQVLWLRQ� IURP� WKH�6WDWH��:DLWLQJ� WR�6HUYH��� WR� WKH�6WDWH��6WRS��
7KH�FRQGLWLRQV�IRU� WKLV�VWDWH�DUH�HPEHGGHG�LQ�WKH� ,50���1R�GHOD\HG�UHVSRQVHV�DUH�GHILQHG�DQG
WKHUHIRUH�QR�'50�LV�GHILQHG�IRU�WKLV�VWDWH�

7KH� 6WDWH��:DLWLQJ� WR� 5HWXUQ�� LV� XVHG� WR� GHVFULEH� WKH� VLWXDWLRQ� ZKHUH� 3OD\HU� $� LV� ZDLWLQJ� WR
H[HFXWH�D�VHUYH�UHWXUQ�RU�D�VKRW�UHWXUQ�GXULQJ�D�UDOO\���7KLV�ZLOO�RFFXU�LQ�D�JDPH�DIWHU�3OD\HU�$
KDV� H[HFXWHG� D� VXFFHVVIXO� ILUVW� RU� VHFRQG� VHUYH� RU� D� VXFFHVVIXO� VKRW� UHWXUQ�� WKDW� LV� DIWHU� WKH
(YHQW�3OD\HU�$�PDNHV�D�VKRW�KDV�EHHQ�JHQHUDWHG���1R�,50�RU�'50�LV�GHILQHG�IRU�WKLV�VWDWH���,W�LV
D�ZDLWLQJ� VWDWH�� LQ�ZKLFK�3OD\HU�$�ZLOO� UHPDLQ� XQWLO� VRPH� DFWLRQ� IURP�3OD\HU�%�RFFXUV�� �7ZR
SRVVLEOH�DFWLRQV� IURP�3OD\HU�%�DUH�FRQVLGHUHG��HLWKHU�3OD\HU�%�PDNHV�D� VKRW�DQG� WKH� UDOO\�ZLOO
FRQWLQXH�� RU� 3OD\HU� %�PLVVHV� D� VKRW� DQG� 3OD\HU�$�ZLQV� WKH� UDOO\�� �:KHQ� WKH� 3OD\HU� %� REMHFW
JHQHUDWHV�WKH�(YHQW�3OD\HU�%�PDNHV�VKRW��WKHQ�3OD\HU�$�ZLOO�WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ�WR
5HWXUQ�� WR�WKH�6WDWH��0DNLQJ�D�6KRW��� �:KHQ� WKH�3OD\HU�%�REMHFW�JHQHUDWHV� WKH�(YHQW�3OD\HU�%
PLVVHV�VKRW��WKHQ�3OD\HU�$�ZLOO�WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ�WR�5HWXUQ��WR�WKH�6WDWH��6WRS��

7KH�6WDWH��0DNLQJ�D�6KRW��GHVFULEHV�WKH�FRQGLWLRQV�IRU�3OD\HU�$¶V�VHUYH�UHWXUQV�RU�VKRW�UHWXUQV�
,I�3OD\HU�$�LV�VHUYLQJ�IRU�WKH�SRLQW��WKHQ�WKLV�VWDWH�LV�XVHG�WR�GHILQH�WKH�FRQGLWLRQV�IRU�3OD\HU�$¶V
VKRW�UHWXUQ�SURILOH���)RU�WKLV�PRGHO��D�SOD\HU¶V�VKRW�UHWXUQ�SURILOH�LV�GHILQHG�E\�DQ�RYHUDOO�UHWXUQ
SHUFHQWDJH�� �1R� FRQGLWLRQDO� VWDWHPHQWV� DUH� GHILQHG� IRU� D� SOD\HU¶V� VKRW� UHWXUQV�� DQG� WKH� RYHUDOO
UHWXUQ�SHUFHQWDJH�LV�XVHG�IRU�DOO�WKH�SOD\HU¶V�VKRW�UHWXUQV��RWKHU�WKDQ�VHUYH�UHWXUQV��GXULQJ�D�UDOO\�
$V� GHILQHG� DERYH�� 3OD\HU� $¶V� VKRW� UHWXUQ� SURILOH� LV� ���� VXFFHVVIXO� VKRW� UHWXUQV� DQG� ���
XQVXFFHVVIXO�VKRW�UHWXUQV���7KLV�LQIRUPDWLRQ�LV�XVHG�WR�VHW�WKH�YDOXHV��5HWXUQ��2XW��XVHG�IRU�WKH
6+27B7<3(�DWWULEXWH�IRU�WKLV�VWDWH���,I�3OD\HU�%�LV�VHUYLQJ�IRU�WKH�SRLQW��WKHQ�WKLV�VWDWH�LV�XVHG�WR
GHILQH� 3OD\HU� $¶V� VHUYH� UHWXUQ� RSWLRQV�� ZKLFK� DUH� FRQGLWLRQDO� RQ� WKH� W\SH� RI� VHUYH� 3OD\HU� %
H[HFXWHV���$V�LQGLFDWHG�LQ�7DEOH������3OD\HU�$�KDV�IRXU�GLIIHUHQW�VHUYH�UHWXUQ�SURILOHV�GHSHQGHQW
RQ�IRXU�GLIIHUHQW� W\SHV�RI�VHUYHV�3OD\HU�%�PLJKW�H[HFXWH�� �)RU�H[DPSOH�� LI�3OD\HU�%�H[HFXWHV�D
GULYH�VHUYH��WKHQ�����RI�WKH�WLPH��3OD\HU�$�ZLOO�WDNH�D�GRZQ�WKH�OLQH�UHWXUQ�VKRW������RI�WKH�WLPH
D�FHLOLQJ�VKRW��DQG����RI�WKH�WLPH�D�FURVVFRXUW�SLQFK�VKRW���$FFRUGLQJ�WR�7DEOH������3OD\HU�$�ZLOO
IDLO� WR�H[HFXWH��RU� VNLS��D� UHWXUQ� WR�3OD\HU�%¶V�GULYH� VHUYH�����RI� WKH� WLPH�� �7KLV� LQIRUPDWLRQ�
DORQJ� ZLWK� WKH� RWKHU� LQIRUPDWLRQ� LQ� 7DEOH� ���� RQ� 3OD\HU� $¶V� UHWXUQV� WR� 3OD\HU� %¶V� GLIIHUHQW
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VHUYHV�� DUH�XVHG� WR�GHILQH� WKH�YDOXHV� IRU� WKH� DWWULEXWH�6(59(B5(7851� WKDW� DUH� XVHG� IRU� WKLV
VWDWH��)RU�HLWKHU�D�VKRW�UHWXUQ�RU�D�VHUYH�UHWXUQ��LI�3OD\HU�$�H[HFXWHV�D�VXFFHVVIXO�UHWXUQ��WKHQ�WKH
UDOO\�FRQWLQXHV��LI�QRW��3OD\HU�%�ZLQV�WKH�UDOO\���7KDW�LV��LI�3OD\HU�$�H[HFXWHV�D�VXFFHVVIXO�VKRW�RU
VHUYH�UHWXUQ��WKHQ�WKH�(YHQW�3OD\HU�$�PDNHV�VKRW�LV�JHQHUDWHG��DQG�3OD\HU�$�WUDQVLWLRQV�IURP�WKH
6WDWH��0DNLQJ�D�6KRW��WR�WKH�6WDWH��:DLWLQJ�WR�5HWXUQ����,I�3OD\HU�$�GRHV�QRW�H[HFXWH�D�VXFFHVVIXO
VKRW�RU�VHUYH�UHWXUQ��WKHQ�WKH�(YHQW�3OD\HU�$�PLVVHV�VKRW� LV�JHQHUDWHG��DQG�3OD\HU�$�WUDQVLWLRQV
IURP�WKH�6WDWH��0DNLQJ�D�6KRW��WR�WKH�6WDWH��6WRS��

������� 3OD\HU�%�2EMHFW

7KH�3OD\HU�%�REMHFW�UHSUHVHQWV�D�VHFRQG�SOD\HU�LQ�D�VLQJOHV�UDFTXHWEDOO�JDPH���3OD\HU�%�KLWV�VKRW
UHWXUQV�DQG�VHUYHV�WR�3OD\HU�$���$GGLWLRQDOO\��3OD\HU�%�SURYLGHV�LWV�VWDWXV�WR�WKH�*DPH���7R�PRGHO
3OD\HU�%¶V�DFWLRQV�DQG�UHVSRQVHV�GXULQJ�D�UDFTXHWEDOO�JDPH��ILYH�VWDWHV�DUH�GHILQHG��DV�LOOXVWUDWHG
LQ� WKH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� 3OD\HU� %� LQ� )LJXUH� ������ � 7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU
3OD\HU�%�LV�YHU\�VLPLODU�WR�WKDW�IRU�3OD\HU�$���7KH�VWDWHV�DQG�HYHQWV�DUH�EDVLFDOO\�WKH�VDPH��EXW�WKH
HYHQWV�GLIIHU�WR�UHIOHFW�DFWLRQV�DQG�UHVSRQVHV�IURP�3OD\HU�%¶V�SRLQW�RI�YLHZ���7KH�VWDWHV�LQFOXGH
6WRS��:DLWLQJ� WR�IRU�6HUYH��:DLWLQJ� WR�6HUYH���:DLWLQJ� WR�5HWXUQ�� DQG�0DNLQJ� D�6KRW�� �7KHVH
VWDWHV� DUH� UHODWHG� E\� D� VHW� RI� HYHQWV� WKDW� UHSUHVHQWV� 3OD\HU� %¶V� DFWLRQV� DQG� UHVSRQVHV� GXULQJ� D
UDFTXHWEDOO�JDPH���7KHVH�HYHQWV�FDXVH�WUDQVLWLRQV�DPRQJ�WKH�ILYH�VWDWHV�RI�WKH�3OD\HU�%�REMHFW��DV
LQGLFDWHG�E\�WKH�GLUHFWHG�DUURZV�LQ�)LJXUH��������7KH�VHW�RI�HYHQWV�GHILQHG�IRU�WKH�PRGHO�LQFOXGH�
6WDUW�QHZ�UDOO\��3OD\HU�%�IDXOWV��VW�VHUYH��3OD\HU�%�IDXOWV��QG�VHUYH��3OD\HU�%�PDNHV�VKRW��3OD\HU�%
PLVVHV�VKRW��3OD\HU�$�PDNHV�VKRW��3OD\HU�$�PLVVHV�VKRW��DQG�3OD\HU�$�IDXOWV��QG�VHUYH�

7KH� WZR� DWWULEXWHV�� 6+27B7<3(� DQG� 6(59(B5(7851�� DUH� DOVR� GHILQHG� IRU� WKLV� REMHFW� WR
SURYLGH�LQIRUPDWLRQ�DERXW�3OD\HU�%¶V�VHUYH��VHUYH�UHWXUQ��DQG�VKRW�UHWXUQ�SURILOHV���7KH�DWWULEXWH�
6+27B7<3(��GHILQHV�WKH�VHUYH�DQG�UHWXUQ�RSWLRQV�3OD\HU�%�XVHV�GXULQJ�D�JDPH���)RU�WKLV�PRGHO�
HLJKW�SRVVLEOH�YDOXHV�DUH�GHILQHG� IRU� WKH�DWWULEXWH�6+27B7<3(�� �)RXU�RI� WKHVH�YDOXHV�� �'ULYH�
/RE��='ULYH��=/RE���GHILQH�VXFFHVVIXO�VHUYH�RSWLRQV�� WKH�YDOXH� �)DXOW�� LV�XVHG� WR�GHILQH� D� ILUVW
IDXOW�VHUYH���7KH�YDOXH��2XW��LV�XVHG�WR�GHILQH�HLWKHU�D�VHFRQG�IDXOW�VHUYH�RU�D�IDLOHG�UHWXUQ��WKH
YDOXH� �5HWXUQ�� LV� GHILQHG� IRU� VXFFHVVIXO� UHWXUQ� VKRWV� GXULQJ� D� UDOO\�� DQG� WKH� YDOXH� �8QVHW�� LV
GHILQHG�WR�VHW�LQLWLDO�FRQGLWLRQV���7KH�TXDQWLWDWLYH�YDOXHV�IRU�3OD\HU�%¶V�6+27B7<3(�DUH�GHILQHG
E\�WKH�SOD\HU¶V�VHUYH�DQG�VKRW�UHWXUQ�SURILOHV���7KH�VHUYH�SURILOH�LV�GHILQHG�E\�D�VHW�RI�SUREDELOLW\
YDOXHV� IRU� ILUVW� DQG� VHFRQG� VHUYH� RSWLRQV�� � 7KH� VKRW� UHWXUQ� SURILOH� LV� GHILQHG� E\� WKH� SOD\HU¶V
RYHUDOO� VKRW� UHWXUQ� SHUFHQWDJH�� � :KHQ� 3OD\HU� %� LV� VHUYLQJ�� WKH� ILYH� DSSOLFDEOH� YDOXHV� RI
6+27B7<3(�DUH��'ULYH��/RE��='ULYH��=/RE��)DXOW��2XW����7KH�SUREDELOLW\�YDOXHV�IRU�3OD\HU�%¶V
VHUYH�RSWLRQV�DUH�SUHVHQWHG� LQ�7DEOH������ �:KHQ�3OD\HU�%� LV�PDNLQJ�D� VKRW�GXULQJ� D� UDOO\�� WKH
DSSOLFDEOH� YDOXHV� DUH� �5HWXUQ��2XW��� � 3OD\HU�%¶V� � RYHUDOO� VKRW� UHWXUQ� SURILOH� LV� ����� VXFFHVVIXO
UHWXUQV�DQG������IDLOHG�UHWXUQV�RU�RXWV�

7KH�VHFRQG�DWWULEXWH�IRU�WKLV�REMHFW��6(59(B5(7851��GHILQHV�WKH�VHUYH�UHWXUQ�RSWLRQV�3OD\HU�%
XVHV� GXULQJ� D� JDPH�� � )RU� WKLV� PRGHO�� ILYH� SRVVLEOH� YDOXHV� DUH� GHILQHG� IRU� WKH� DWWULEXWH
6(59(B5(7851�� � 7KUHH� RI� WKHVH� YDOXHV� �'RZQ� WKH� OLQH�� &HLOLQJ�� &URVVFRXUW�3LQFK�� GHILQH
VXFFHVVIXO�VHUYH�UHWXUQ�RSWLRQV���7KH�YDOXH��6NLS��LV�XVHG�WR�GHILQH�D�IDLOHG�VHUYH�UHWXUQ��DQG�WKH
YDOXH��8QVHW��LV�XVHG�WR�VHW�LQLWLDO�FRQGLWLRQV���7KH�TXDQWLWDWLYH�YDOXHV�IRU�3OD\HU�%¶V�VHUYH�UHWXUQ
SURILOHV�DUH�GHILQHG�E\�D�VHW�RI�SUREDELOLW\�YDOXHV�WKDW�DUH�FRQGLWLRQDO�RQ�3OD\HU�$¶V�VHUYH���7KH
YDOXHV�IRU�3OD\HU�%¶V�VHUYH�UHWXUQ�DUH�SUHVHQWHG�LQ�7DEOH������
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3OD\HU�%
IDXOWV��VW�VHUYH

3OD\HU�%
PLVVHV�VKRW

3OD\HU�%
PDNHV�VKRW

3OD\HU�%
PDNHV�VKRW

3OD\HU�$
PDNHV�VKRW

6WDUW
QHZ�UDOO\

3OD\HU�$
IDXOWV��QG�VHUYH

3OD\HU�$
PDNHV�VKRW

3OD\HU�%
PDNHV�VKRW

3OD\HU�%
IDXOWV��QG�VHUYH

3OD\HU�$
PLVVHV�VKRW

:DLWLQJ�WR�
IRU�6HUYH

:DLWLQJ
WR�5HWXUQ

0DNLQJ
D�6KRW

6WRS

:DLWLQJ�WR
6HUYH�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�3OD\HU�%�REMHFW�

7DEOH�������3OD\HU�%¶V�VHUYH�SURILOH�

6HUYH�2SWLRQ �VW�6HUYH �QG��6HUYH

'ULYH�VHUYH ���� ����

/RE�VHUYH ���� ����

='ULYH�VHUYH ���� ����

=/RE�VHUYH ���� ����

)DXOW�VHUYH ���� ����

2XW ���� ����
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7DEOH��������3OD\HU�%¶V�VHUYH�UHWXUQ�SURILOH�FRQGLWLRQDO�RQ�3OD\HU�$¶V�VHUYH�

3OD\HU�$¶V�6HUYH
3OD\HU�%¶V�6HUYH
5HWXUQ�2SWLRQV 'ULYH�6HUYH /RE�6HUYH

='ULYH
6HUYH

=/RE
6HUYH

'RZQ�WKH�OLQH ���� ���� ���� ����

&HLOLQJ ���� ���� ���� ����

&URVVFRXUW�3LQFK ���� ���� ���� ����

6NLS ���� ���� ���� ����

7KH�6WDWH��6WRS�� LV�GHILQHG� WR� UHIOHFW� WKH� VLWXDWLRQ�ZKHQ�SOD\� LV� VWRSSHG�EHIRUH�HDFK�VHUYH� DQG
DIWHU� HDFK� UDOO\� GXULQJ� D� JDPH�� � 7KH� (YHQW�6WDUW� QHZ� UDOO\� FDXVHV� WKH� WUDQVLWLRQ� IURP� WKH
6WDWH��6WRS��WR�WKH�6WDWH��:DLWLQJ�WR�IRU�6HUYH����1R�,50�RU�'50�LV�GHILQHG�IRU�WKH�6WDWH��6WRS��
7KH�(YHQW�6WDUW�QHZ�UDOO\�LV�JHQHUDWHG�H[WHUQDO�WR�WKH�3OD\HU�%�REMHFW�E\�WKH�*DPH�REMHFW�

7KH�6WDWH��:DLWLQJ� WR�IRU�6HUYH�� LV�XVHG� WR�GHVFULEH� WKH� VLWXDWLRQ�ZKHUH�3OD\HU�%� LV�ZDLWLQJ� WR
WDNH�WKH�ILUVW�VHUYH�RI�D�SRLQW�RU�ZDLWLQJ�WR�UHFHLYH�3OD\HU�%¶V�ILUVW�DQG�VHFRQG�VHUYHV���,I�3OD\HU�%
LV�VHUYLQJ��WKH�VHUYH�RSWLRQV�ZLOO�UHIOHFW�WKH�SURILOH�LQGLFDWHG�LQ�WKH�FROXPQ�³�VW�6HUYH´�LQ�7DEOH
������7KLV�LQIRUPDWLRQ�LV�XVHG�WR�VHW�WKH�YDOXHV��'ULYH��/RE��='ULYH��=/RE��)DXOW��2XW��XVHG�IRU
WKH�6+27B7<3(�DWWULEXWH�IRU�WKLV�VWDWH���7KDW�LV������RI�WKH�WLPH��3OD\HU�%�ZLOO�H[HFXWH�D�GULYH
VHUYH�����RI�WKH�WLPH��D�ORE�VHUYH�����RI�WKH�WLPH��D�='ULYH�VHUYH��DQG����RI�WKH�WLPH��D�=/RE
VHUYH�� � ,Q� WKH� VLWXDWLRQ�ZKHUH�3OD\HU�%� H[HFXWHV� D� VXFFHVVIXO� VHUYH�� WKH�(YHQW�3OD\HU�%�PDNHV
VKRW�� ZLOO� EH� JHQHUDWHG� E\� WKH� REMHFW�� � 7KLV� ZLOO� FDXVH� D� WUDQVLWLRQ� IRU� 3OD\HU� %� IURP� WKH
6WDWH��:DLWLQJ� WR�IRU� 6HUYH�� WR� WKH� 6WDWH��:DLWLQJ� WR� 5HWXUQ��� � $FFRUGLQJ� WR� 3OD\HU� %¶V� VHUYH
SURILOH�LQ�7DEOH����������RI�WKH�WLPH��3OD\HU�%�ZLOO�IDLO�WR�H[HFXWH�D�VXFFHVVIXO�ILUVW�VHUYH���,Q�WKLV
FDVH�� WKH� (YHQW�3OD\HU� %� IDXOWV� �VW� VHUYH� ZLOO� EH� JHQHUDWHG� E\� WKH� REMHFW�� DQG� 3OD\HU� %� ZLOO
WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ�WR�IRU�6HUYH��WR�WKH�6WDWH��:DLWLQJ�WR�6HUYH�����,Q�WKH�VLWXDWLRQ
ZKHUH�3OD\HU�%� LV�ZDLWLQJ�IRU�3OD\HU�$¶V� VHUYH�� WZR�HYHQWV�FDQ�RFFXU�� � ,I�3OD\HU�$�H[HFXWHV�D
VXFFHVVIXO�ILUVW�RU�VHFRQG�VHUYH��WKHQ�WKH�(YHQW�3OD\HU�$�PDNHV�VKRW�LV�JHQHUDWHG��DQG�3OD\HU�%
ZLOO�WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ�WR�IRU�6HUYH��WR�6WDWH���0DNLQJ�D�6KRW����2WKHUZLVH��3OD\HU
%�ZLOO� VWD\� LQ� WKH�6WDWH��:DLWLQJ� WR�IRU�6HUYH��XQWLO�3OD\HU�$� IDXOWV� D� VHFRQG� VHUYH�� �7KHQ� WKH
(YHQW�3OD\HU�$�IDXOWV��QG�VHUYH�LV�JHQHUDWHG��DQG�3OD\HU�%�ZLOO�WUDQVLWLRQ�IURP�WKH�6WDWH���:DLWLQJ
WR�IRU�6HUYH�� WR� WKH�6WDWH��6WRS��� �7KH� FRQGLWLRQV� IRU� WKLV� VWDWH� DUH� HPEHGGHG� LQ� WKH� ,50�� �1R
GHOD\HG�UHVSRQVHV�DUH�GHILQHG�DQG�WKHUHIRUH�QR�'50�LV�GHILQHG�IRU�WKLV�VWDWH�

7KH�6WDWH��:DLWLQJ�WR�6HUYH���GHVFULEHV�WKH�VLWXDWLRQ�ZKHUH�3OD\HU�%�KDV�IDXOWHG�D�ILUVW�VHUYH�DQG
LV�ZDLWLQJ�WR�PDNH�D�VHFRQG�VHUYH���:KHQ�3OD\HU�%�LV�VHUYLQJ�DV�VHFRQG�VHUYH��WKH�VHUYH�RSWLRQV
ZLOO�UHIOHFW�WKH�SURILOH�LQGLFDWHG�LQ�WKH�FROXPQ�³�QG�6HUYH´�LQ�7DEOH�������7KLV�LQIRUPDWLRQ�LV�XVHG
WR�VHW�WKH�YDOXHV�XVHG�IRU�WKH�6+27B7<3(�DWWULEXWH�IRU�WKLV�VWDWH���7KDW�LV�����RI�WKH�WLPH��3OD\HU
$�ZLOO�H[HFXWH�D�GULYH�VHUYH������RI�WKH�WLPH��D�ORE�VHUYH�����RI�WKH�WLPH��D�='ULYH�VHUYH��DQG
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���RI� WKH� WLPH�� D� =/RE� VHUYH�� � ,Q� WKH� VLWXDWLRQ�ZKHUH� 3OD\HU� %� H[HFXWHV� D� VXFFHVVIXO� VHFRQG
VHUYH�� WKH� (YHQW�3OD\HU� %� PDNHV� VKRW�� ZLOO� EH� JHQHUDWHG� E\� WKH� REMHFW�� � 7KLV� ZLOO� FDXVH� D
WUDQVLWLRQ� IRU� 3OD\HU� %� IURP� WKH� 6WDWH��:DLWLQJ� WR�IRU� 6HUYH�� WR� WKH� 6WDWH��:DLWLQJ� WR� 5HWXUQ��
$FFRUGLQJ�WR�3OD\HU�%¶V�VHUYH�SURILOH�LQ�7DEOH���������RI�WKH�WLPH��3OD\HU�%�ZLOO�IDLO�WR�H[HFXWH�D
VXFFHVVIXO�VHFRQG�VHUYH���,Q�WKLV�FDVH��WKH�(YHQW�3OD\HU�%�IDXOWV��QG�VHUYH�ZLOO�EH�JHQHUDWHG�E\�WKH
REMHFW��DQG�3OD\HU�%�ZLOO�WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ�WR�6HUYH���WR�WKH�6WDWH��6WRS����7KH
FRQGLWLRQV� IRU� WKLV� VWDWH� DUH� HPEHGGHG� LQ� WKH� ,50�� � 1R� GHOD\HG� UHVSRQVHV� DUH� GHILQHG� DQG
WKHUHIRUH�QR�'50�LV�GHILQHG�IRU�WKLV�VWDWH�

7KH� 6WDWH��:DLWLQJ� WR� 5HWXUQ�� LV� XVHG� WR� GHVFULEH� WKH� VLWXDWLRQ� ZKHUH� 3OD\HU� %� LV� ZDLWLQJ� WR
H[HFXWH�D�VHUYH�UHWXUQ�RU�D�VKRW�UHWXUQ�GXULQJ�D�UDOO\���7KLV�ZLOO�RFFXU�LQ�D�JDPH�DIWHU�3OD\HU�%
KDV� H[HFXWHG� D� VXFFHVVIXO� ILUVW� RU� VHFRQG� VHUYH� RU� D� VXFFHVVIXO� VKRW� UHWXUQ�� WKDW� LV� DIWHU� WKH
(YHQW�3OD\HU�%�PDNHV�D�VKRW�KDV�EHHQ�JHQHUDWHG���1R�,50�RU�'50�LV�GHILQHG�IRU�WKLV�VWDWH���,W�LV
D�ZDLWLQJ� VWDWH�� LQ�ZKLFK�3OD\HU�%�ZLOO� UHPDLQ� XQWLO� VRPH� DFWLRQ� IURP�3OD\HU�$�RFFXUV�� �7ZR
SRVVLEOH�DFWLRQV�IURP�3OD\HU�$�DUH�FRQVLGHUHG��HLWKHU�3OD\HU�$�PDNHV�D�VKRW�DQG� WKH�UDOO\�ZLOO
FRQWLQXH�� RU� 3OD\HU�$�PLVVHV� D� VKRW� DQG� 3OD\HU� %�ZLQV� WKH� UDOO\�� �:KHQ� WKH� 3OD\HU� $� REMHFW
JHQHUDWHV�WKH�(YHQW�3OD\HU�$�PDNHV�VKRW��WKHQ�3OD\HU�%�ZLOO�WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ�WR
5HWXUQ��WR�WKH�6WDWH��0DNLQJ�D�6KRW�����:KHQ�WKH�3OD\HU�$�REMHFW�JHQHUDWHV�WKH�(YHQW�3OD\HU�$
PLVVHV�VKRW��WKHQ�3OD\HU�%�ZLOO�WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ�WR�5HWXUQ��WR�WKH�6WDWH��6WRS��

7KH�6WDWH��0DNLQJ�D�6KRW��GHVFULEHV�WKH�FRQGLWLRQV�IRU�3OD\HU�%¶V�VHUYH�UHWXUQV�RU�VKRW�UHWXUQV�
,I�3OD\HU�%�LV�VHUYLQJ�IRU�WKH�SRLQW��WKHQ�WKLV�VWDWH�LV�XVHG�WR�GHILQH�WKH�FRQGLWLRQV�IRU�3OD\HU�%¶V
VKRW�UHWXUQ�SURILOH���)RU�WKLV�PRGHO��D�SOD\HU¶V�VKRW�UHWXUQ�SURILOH�LV�GHILQHG�E\�DQ�RYHUDOO�UHWXUQ
SHUFHQWDJH�� �1R� FRQGLWLRQDO� VWDWHPHQWV� DUH� GHILQHG� IRU� D� SOD\HU¶V� VKRW� UHWXUQV�� DQG� WKH� RYHUDOO
UHWXUQ�SHUFHQWDJH�LV�XVHG�IRU�DOO�WKH�SOD\HU¶V�VKRW�UHWXUQV��RWKHU�WKDQ�VHUYH�UHWXUQV��GXULQJ�D�UDOO\�
$V� GHILQHG� DERYH�� 3OD\HU� %¶V� VKRW� UHWXUQ� SURILOH� LV� ���� VXFFHVVIXO� VKRW� UHWXUQV� DQG� ���
XQVXFFHVVIXO�VKRW�UHWXUQV���7KLV�LQIRUPDWLRQ�LV�XVHG�WR�VHW�WKH�YDOXHV��5HWXUQ��2XW��XVHG�IRU�WKH
6+27B7<3(�DWWULEXWH�IRU�WKLV�VWDWH���,I�3OD\HU�$�LV�VHUYLQJ�IRU�WKH�SRLQW��WKHQ�WKLV�VWDWH�LV�XVHG�WR
GHILQH� 3OD\HU� %¶V� VHUYH� UHWXUQ� RSWLRQV�� ZKLFK� DUH� FRQGLWLRQDO� RQ� WKH� W\SH� RI� VHUYH� 3OD\HU� $
H[HFXWHV���$V�LQGLFDWHG�LQ�7DEOH�������3OD\HU�%�KDV�IRXU�GLIIHUHQW�VHUYH�UHWXUQ�SURILOHV�GHSHQGHQW
RQ�IRXU�GLIIHUHQW�W\SHV�RI�VHUYHV�3OD\HU�$�PLJKW�H[HFXWH�� �)RU�H[DPSOH�� LI�3OD\HU�$�H[HFXWHV�D
GULYH�VHUYH��WKHQ�����RI�WKH�WLPH��3OD\HU�%�ZLOO�WDNH�D�GRZQ�WKH�OLQH�UHWXUQ�VKRW������RI�WKH�WLPH
D�FHLOLQJ�VKRW��DQG����RI�WKH�WLPH�D�FURVVFRXUW�SLQFK�VKRW�� �$FFRUGLQJ�WR�7DEOH�������3OD\HU�%
ZLOO�IDLO�WR�H[HFXWH��RU�VNLS��D�UHWXUQ�WR�3OD\HU�$¶V�GULYH�VHUYH�����RI�WKH�WLPH���7KLV�LQIRUPDWLRQ�
DORQJ� ZLWK� WKH� RWKHU� LQIRUPDWLRQ� LQ� 7DEOH� ���� RQ� 3OD\HU� %¶V� UHWXUQV� WR� 3OD\HU� $¶V� GLIIHUHQW
VHUYHV�� DUH�XVHG� WR�GHILQH� WKH�YDOXHV� IRU� WKH� DWWULEXWH�6(59(B5(7851� WKDW� DUH� XVHG� IRU� WKLV
VWDWH��)RU�HLWKHU�D�VKRW�UHWXUQ�RU�D�VHUYH�UHWXUQ��LI�3OD\HU�%�H[HFXWHV�D�VXFFHVVIXO�UHWXUQ��WKHQ�WKH
UDOO\�FRQWLQXHV��LI�QRW��3OD\HU�$�ZLQV�WKH�UDOO\���7KDW�LV��LI�3OD\HU�%�H[HFXWHV�D�VXFFHVVIXO�VKRW�RU
VHUYH�UHWXUQ��WKHQ�WKH�(YHQW�3OD\HU�%�PDNHV�VKRW�LV�JHQHUDWHG��DQG�3OD\HU�%�WUDQVLWLRQV�IURP�WKH
6WDWH��0DNLQJ�D�6KRW��WR�WKH�6WDWH��:DLWLQJ�WR�5HWXUQ����,I�3OD\HU�%�GRHV�QRW�H[HFXWH�D�VXFFHVVIXO
VKRW�RU�VHUYH�UHWXUQ��WKHQ�WKH�(YHQW�3OD\HU�%�PLVVHV�VKRW� LV�JHQHUDWHG��DQG�3OD\HU�%�WUDQVLWLRQV
IURP�WKH�6WDWH��0DNLQJ�D�6KRW��WR�WKH�6WDWH��6WRS��

������� 7KH�*DPH�2EMHFW

)RU�WKLV�PRGHO��WKH�*DPH�REMHFW�LV�GHILQHG�WR�WUDFN�WKH�RYHUDOO�VWDWXV�RI�WKH�JDPH�DV�LW�SURJUHVVHV�
WKDW�LV��WR�WUDFN�VHUYLQJ�DQG�VFRULQJ�IRU�WKH�3OD\HU�$�DQG�WKH�3OD\HU�%�REMHFWV���7KH�VWDWHV��HYHQWV�
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DQG�DWWULEXWHV�IRU�WKH�*DPH�REMHFW�UHIOHFW�DVSHFWV�RI�D�UDFTXHWEDOO�JDPH�RFFXU�GXULQJ�D�FKDQJH�LQ
VHUYH���7KHVH�LQFOXGH�VHUYH�DVVLJQPHQWV��VWDUWLQJ�DQG�HQGLQJ�D�UDOO\��ZKLFK�SOD\HU�ZLQV�D�UDOO\�
DQG�VFRULQJ���7R�PRGHO�WKH�SURJUHVV�RI�D�UDFTXHWEDOO�JDPH��ILYH�VWDWHV�DUH�GHILQHG��DV�LOOXVWUDWHG
LQ� WKH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH�*DPH� LQ� )LJXUH� ������ � 7KH� VWDWHV� LQFOXGH� ,GOH�� 6WDUWLQJ
*DPH��:DLWLQJ��3OD\HU�$�:LQV�5DOO\��DQG�3OD\HU�%�:LQV�5DOO\���7KHVH�VWDWHV�DUH�UHODWHG�E\�D�VHW
RI� HYHQWV� WKDW� UHSUHVHQWV� WKH� *DPH¶V� DFWLRQV� DQG� UHVSRQVHV�� DV� ZHOO� DV� WKH� SOD\HUV¶� DFWLRQV
DVVRFLDWHG�ZLWK�D�FKDQJH�RI�VHUYH�� �7KHVH�HYHQWV�FDXVH� WUDQVLWLRQV�DPRQJ� WKH�ILYH�VWDWHV�RI� WKH
*DPH�REMHFW��DV�LQGLFDWHG�E\�WKH�GLUHFWHG�DUURZV�LQ�)LJXUH��������7KH�VHW�RI�HYHQWV�GHILQHG�IRU
WKH�PRGHO�LQFOXGH���6WDUW�JDPH��6WDUW�QHZ�UDOO\��3OD\HU�$�PLVVHV�VKRW��3OD\HU�$�IDXOWV��QG�VHUYH�
3OD\HU�%�PLVVHV�VKRW��3OD\HU�%�IDXOWV��QG�VHUYH��DQG�(QG�JDPH�

(QG�JDPH

6WDUW
QHZ�UDOO\

3OD\HU�$
IDXOWV��QG�VHUYH

3OD\HU�%
IDXOWV��QG�VHUYH

3OD\HU�%
PLVVHV�VKRW

3OD\HU�$
PLVVHV�VKRW

(QG�JDPH

6WDUW
QHZ�UDOO\

6WDUW
QHZ�UDOO\

6WDUW�JDPH

,GOH

3OD\HU�$
:LQV�5DOO\

3OD\HU�%
:LQV�5DOO\

6WDUWLQJ
*DPH

:DLWLQJ

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�*DPH�2EMHFW�

)LYH�DWWULEXWHV�DUH�GHILQHG� IRU� WKLV�REMHFW� WR�SURYLGH� LQIRUPDWLRQ� DERXW� WKH� VWDWXV�RI� WKH� JDPH�
7KH�DWWULEXWH�6(59(�KDV�WZR�SRVVLEOH�YDOXHV���$��%��DQG�LV�XVHG�WR�WUDFN�ZKLFK�SOD\HU�LV�VHUYLQJ
D�SRLQW���)RU�WKH�LQLWLDO�FRQGLWLRQV��6(59( �$����7KH�DWWULEXWH�6+27�KDV�WKUHH�SRVVLEOH�YDOXHV�
�$��%������ DQG� LV� XVHG� WR� WUDFN�ZKLFK� SOD\HU�ZLQV� D� VKRW�� �7KH� YDOXH�6+27 ���� LV� VHW� IRU� WKH
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LQLWLDO�FRQGLWLRQV���7KH�DWWULEXWH�6&25(B$�KDV�LQWHJHU�YDOXHV���WR����DQG�LV�XVHG�WR�WUDFN�3OD\HU
$¶V�VFRUH�GXULQJ�WKH�JDPH���)RU�WKH�LQLWLDO�FRQGLWLRQV��6&25(B$ ������7KH�DWWULEXWH�6&25(B%
KDV�LQWHJHU�YDOXHV���WR����DQG�LV�XVHG�WR�WUDFN�3OD\HU�%¶V�VFRUH�GXULQJ�WKH�JDPH���)RU�WKH�LQLWLDO
FRQGLWLRQV��6&25(B% ������7KH�DWWULEXWH�:,11(5�KDV�WKUHH�SRVVLEOH�YDOXHV���$��%��8QNQRZQ��
DQG�LV�XVHG�WR�GHILQH�WKH�JDPH�ZLQQHU���)RU�WKH�LQLWLDO�FRQGLWLRQV��:,11(5 �8QNQRZQ��

7KH�6WDWH��,GOH��LV�XVHG�WR�UHSUHVHQW�WKH�VLWXDWLRQ�EHIRUH�WKH�JDPH�LV�LQLWLDWHG�DQG�DIWHU�WKH�JDPH
LV�FRQFOXGHG���7KH�(YHQW�6WDUW�JDPH�LV�JHQHUDWHG�H[WHUQDO�WR�WKH�*DPH�REMHFW�WR�LQLWLDWH�D�JDPH�
DQG�FDXVHV�WKH�WUDQVLWLRQ�IURP�WKH�6WDWH��,GOH��WR�WKH�6WDWH��6WDUWLQJ�*DPH����1R�,50�RU�'50�LV
GHILQHG�IRU�WKH�6WDWH��,GOH��

7KH�6WDWH��6WDUWLQJ�*DPH��LV�XVHG�WR�VHW�WKH�YDOXHV�RI�HDFK�RI�WKH�DWWULEXWHV�IRU�WKH�LQLWLDO�JDPH
FRQGLWLRQV���7KH�LQLWLDO�FRQGLWLRQV�DUH�VHW�E\�WKH�,50�IRU�WKH�VWDWH�� WKH�(YHQW�6WDUW�QHZ�UDOO\� LV
JHQHUDWHG��DQG�WKH�*DPH�REMHFW�WUDQVLWLRQV�IURP�WKH�6WDWH��6WDUWLQJ�*DPH��WR�WKH�6WDWH��:DLWLQJ��
7KHUH�DUH�QR�GHOD\HG�UHVSRQVHV�IRU�WKLV�VWDWH��VR�QR�'50�LV�VSHFLILHG�

7KH�6WDWH��:DLWLQJ��LV�XVHG�WR�GHVFULEH�WKH�VLWXDWLRQ�ZKHUH�3OD\HU�$�DQG�3OD\HU�%�DUH�HQJDJHG�LQ
D�UDOO\�DQG�WKH�*DPH�LV�ZDLWLQJ�IRU�WKH�UDOO\�WR�FRQFOXGH���1R�,50�RU�'50�LV�GHILQHG�IRU� WKLV
VWDWH���,W�LV�D�ZDLWLQJ�VWDWH��LQ�ZKLFK�WKH�*DPH�REMHFW�ZLOO�UHPDLQ�XQWLO�VRPH�VSHFLILHG�DFWLRQ�IURP
3OD\HU�$�RU�3OD\HU�%�HQGV�WKH�UDOO\���7ZR�SRVVLEOH�DFWLRQV�IURP�3OD\HU�$�ZLOO�HQG�D�UDOO\��HLWKHU
3OD\HU�$�PLVVHV�D�VKRW�RU�3OD\HU�$�IDXOWV�D�VHFRQG�VHUYH���:KHQ�WKH�3OD\HU�$�REMHFW�JHQHUDWHV
WKH�(YHQW�3OD\HU�$�PLVVHV�VKRW��RU�WKH�(YHQW�3OD\HU�$�IDXOWV��QG�VHUYH��WKHQ�WKH�*DPH�REMHFW�ZLOO
WUDQVLWLRQ�IURP�WKH�6WDWH��:DLWLQJ��WR�WKH�6WDWH��3OD\HU�%�:LQV�5DOO\�����7KH�VLPLODU�WZR�DFWLRQV
IURP�3OD\HU�%�ZLOO�HQG�D�UDOO\��HLWKHU�3OD\HU�%�PLVVHV�D�VKRW�RU�3OD\HU�%�IDXOWV�D�VHFRQG�VHUYH�
:KHQ�WKH�3OD\HU�%�REMHFW�JHQHUDWHV�WKH�(YHQW�3OD\HU�%�PLVVHV�VKRW�RU�WKH�(YHQW�3OD\HU�%�IDXOWV
�QG� VHUYH�� WKHQ� WKH�*DPH�REMHFW�ZLOO� WUDQVLWLRQ� IURP� WKH�6WDWH��:DLWLQJ�� WR� WKH�6WDWH��3OD\HU�$
:LQV�5DOO\��

7KH�6WDWH��3OD\HU�$�:LQV�5DOO\��LV�XVHG�WR�XSGDWH�WKH�VFRULQJ��VHW�WKH�ZLQQHU�RI�WKH�VKRW��DQG�VHW
WKH�VHUYH�EDVHG�RQ�WKH�FRQGLWLRQV�RI�WKH�LPPHGLDWHO\�SUHFHGLQJ�SRLQW���7KH�UHODWHG�DWWULEXWHV�DUH
XSGDWHG�LQ�WKH�,50���,I�3OD\HU�$�ZDV�VHUYLQJ��6(59( �$���DQG�KDG����SRLQWV��6&25(B$ �����
GXULQJ� WKH� LPPHGLDWHO\� SUHFHGLQJ� SRLQW�� WKHQ� E\� ZLQQLQJ� WKH� UDOO\�� 3OD\HU� $� ZRXOG� ZLQ� WKH
JDPH���7KH�*DPH�REMHFW�ZLOO�LQFUHPHQW�3OD\HU�$¶V�VFRUH��6&25(B$ �������GHFODUH�3OD\HU�$�WKH
ZLQQHU��:,11(5 �$����DQG�JHQHUDWH�WKH�(YHQW�(QG�JDPH���,I�3OD\HU�$�ZDV�VHUYLQJ�DQG�GLG�QRW
KDYH� ��� SRLQWV� GXULQJ� WKH� LPPHGLDWHO\� SUHFHGLQJ� SRLQW�� WKHQ� WKH� *DPH� REMHFW� ZLOO� LQFUHPHQW
3OD\HU� $¶V� VFRUH� DFFRUGLQJO\�� GHFODUH� 3OD\HU� $� DV� WKH� ZLQQHU� RI� WKH� SRLQW� �6+27 �$���� DQG
JHQHUDWH�WKH�(YHQW�6WDUW�QHZ�UDOO\���7KH�UHPDLQLQJ�VLWXDWLRQ�RFFXUV�ZKHQ�3OD\HU�$�GRHV�QRW�VHUYH
WKH� SRLQW� �6(59( �%���� DQG� E\�ZLQQLQJ� WKH� UDOO\�� 3OD\HU�$� JHWV� WKH� VHUYH�� � ,Q� WKLV� FDVH�� WKH
*DPH� REMHFW� ZLOO� GHFODUH� 3OD\HU� $� WKH� ZLQQHU� RI� WKH� SRLQW� �6+27 �$���� DVVLJQ� WKH� VHUYH� WR
3OD\HU� $� �6(59( �$���� DQG� JHQHUDWH� WKH� (YHQW�6WDUW� QHZ� UDOO\�� � 1R� GHOD\HG� UHVSRQVHV�� DQG
WKHUHIRUH�QR�'50�DUH�GHILQHG�IRU�WKLV�VWDWH�

7KH�6WDWH��3OD\HU�%�:LQV�5DOO\��LV�DOVR�XVHG�WR�XSGDWH�WKH�VFRULQJ��VHW�WKH�ZLQQHU�RI�WKH�VKRW��DQG
VHW�WKH�VHUYH�EDVHG�RQ�WKH�FRQGLWLRQV�RI�WKH�LPPHGLDWHO\�SUHFHGLQJ�SRLQW���7KH�UHODWHG�DWWULEXWHV
DUH� XSGDWHG� LQ� WKH� ,50�� � ,I� 3OD\HU� %� ZDV� VHUYLQJ� �6(59( �%��� DQG� KDG� ��� SRLQWV
�6&25(B% ������GXULQJ�WKH�LPPHGLDWHO\�SUHFHGLQJ�SRLQW�� WKHQ�E\�ZLQQLQJ� WKH�UDOO\��3OD\HU�%
ZRXOG� ZLQ� WKH� JDPH�� � 7KH� *DPH� REMHFW� ZLOO� LQFUHPHQW� 3OD\HU� %¶V� VFRUH� �6&25(B% ������



���

GHFODUH�3OD\HU�%�WKH�ZLQQHU��:,11(5 �%����DQG�JHQHUDWH�WKH�(YHQW�(QG�JDPH���,I�3OD\HU�%�ZDV
VHUYLQJ�DQG�GLG�QRW�KDYH����SRLQWV�GXULQJ�WKH�LPPHGLDWHO\�SUHFHGLQJ�SRLQW��WKHQ�WKH�*DPH�REMHFW
ZLOO� LQFUHPHQW� 3OD\HU� %¶V� VFRUH� DFFRUGLQJO\�� GHFODUH� 3OD\HU� %� DV� WKH� ZLQQHU� RI� WKH� SRLQW
�6+27 �%���� DQG� JHQHUDWH� WKH� (YHQW�6WDUW� QHZ� UDOO\�� � 7KH� UHPDLQLQJ� VLWXDWLRQ� RFFXUV� ZKHQ
3OD\HU�%�GRHV� QRW� VHUYH� WKH� SRLQW� �6(59( �$���� DQG� E\�ZLQQLQJ� WKH� UDOO\�� 3OD\HU� %� JHWV� WKH
VHUYH���,Q�WKLV�FDVH��WKH�*DPH�REMHFW�ZLOO�GHFODUH�3OD\HU�%�WKH�ZLQQHU�RI�WKH�SRLQW��6+27 �%���
DVVLJQ�WKH�VHUYH�WR�3OD\HU�%��6(59( �%����DQG�JHQHUDWH�WKH�(YHQW�6WDUW�QHZ�UDOO\���1R�GHOD\HG
UHVSRQVHV�DUH�GHILQHG�IRU�WKLV�VWDWH��DQG�WKHUHIRUH�QR�'50�LV�VSHFLILHG�

������� 0RGHOLQJ�$SSOLFDWLRQ�DQG�$OWHUQDWLYHV

6HFWLRQ���GHVFULEHV�WKH�PRGHO�RI�WKH�UDFTXHWEDOO�JDPH�DV�LW�ZDV�GHYHORSHG�IRU�WKLV�SURMHFW���,Q�DQ
DFWXDO�UDFTXHWEDOO�JDPH��D�VNLOOIXO�SOD\HU�ZLOO�H[HFXWH�HDFK�VKRW�FRQGLWLRQDO�RQ�D�QXPEHU�IDFWRUV�
LQFOXGLQJ� DQ� DVVHVVPHQW� RI� DQ� RSSRQHQW¶V� VNLOO� OHYHO�� WKH� LPPHGLDWHO\� SUHYLRXV� VKRW�� DQ
RSSRQHQW¶V�SRVLWLRQ�RQ�WKH�FRXUW��DQ�H[SHFWHG�UHWXUQ�WR�D�JLYHQ�VKRW�RU�VHUYH��DQG�RYHUDOO�VWUDWHJ\
IRU�ZLQQLQJ�WKH�UDOO\���$Q�RSSRQHQW¶V�SRVLWLRQ�RQ�WKH�FRXUW�LV�DQ�LPSRUWDQW�FRQGLWLRQ�IRU�GHILQLQJ
VKRW�SODFHPHQW��IRU�H[DPSOH�FURVVFRXUW�VKRWV���$QRWKHU�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�D�UDFTXHWEDOO
JDPH�WKDW�LV�QRW�LQFRUSRUDWHG�LQ�WKH�PRGHO�LV�ZKHWKHU�D�SOD\HU�LV�OHIW�KDQGHG�RU�ULJKW�KDQGHG��DQG
ZKHWKHU� D� SOD\HU� SODFHV� VKRWV� WR� WKH� RSSRQHQW¶V� EDFNKDQG� RU� IRUHKDQG�� � 7KLV�PRGHO� FRXOG� EH
DSSOLHG� WR� JHQHUDWH� D� QXPEHU� RI� GLIIHUHQW� VFHQDULRV� IRU� JDPHV� EHWZHHQ� WZR� SOD\HUV� ZLWK� WKH
VSHFLILHG�VHUYH��VHUYH�UHWXUQ��DQG�VKRW�UHWXUQ�SURILOHV���7KH�VHTXHQFH�RI�HYHQWV�WKDW�ZRXOG�RFFXU�
WKH�DWWULEXWH�YDOXHV�DVVRFLDWHG�ZLWK�HDFK�HYHQW� LQ� WKH� VHTXHQFH��DV�ZHOO� DV� WKH�SUREDELOLWLHV� IRU
ZKLFK�SOD\HU�ZRXOG�ZLQ�ZLOO�GLIIHU�IURP�JDPH�WR�JDPH�

7KLV� PRGHO� GHPRQVWUDWHV� KRZ� WKH� 2%(67� PHWKRG� FDQ� EH� DSSOLHG� IRU� V\VWHPV� WKDW� DUH
FKDUDFWHUL]HG� E\� VWDWHV�� HYHQWV�� DQG� DVVRFLDWHG� DWWULEXWHV� WKDW� UHRFFXU� LQ� YDULDEOH� VHTXHQFHV�
%HFDXVH� ZDLWLQJ� VWDWHV� ZHUH� H[SOLFLWO\� GHILQHG� DQG� QR� GHOD\HG� UHVSRQVHV� ZHUH� GHILQHG�� WKLV
PRGHO� IRFXVHG� RQ� ,50V� UDWKHU� WKDQ�'50V�� � $GGLWLRQDOO\�� WKLV�PRGHO� GHPRQVWUDWHG� KRZ� RQH
FRPSRQHQW�LQ�D�V\VWHP�JHQHUDWHV�DFWLRQV�DQG�UHVSRQVHV�EDVHG�RQ�HYHQWV�JHQHUDWHG�IURP�DQRWKHU
FRPSRQHQW�

����� &LUFXLW�$QDO\VLV�IRU�1XFOHDU�3RZHU�3ODQW�&DEOH�)LUHV

$V� ZRUN� RQ� WKH� PHWKRGRORJ\� SURJUHVVHG�� WKH� SURMHFW� WHDP� LQYHVWLJDWHG� SRVVLEOH� DUHDV� RI
DSSOLFDWLRQ� IRU� RQJRLQJ� SURMHFWV� LQ� WKH� ULVN� DQG� UHOLDELOLW\� DUHD�� � � 2QH� DUHD� RI� DSSOLFDWLRQ� IRU
ZKLFK�DQ�H[DPSOH�SUREOHP�ZDV�GHYHORSHG�LV�FLUFXLW�DQDO\VLV�IRU�QXFOHDU�SRZHU�SODQW�FDEOH�ILUHV�
&XUUHQWO\��6DQGLD�LV�LQYROYHG�LQ�D�SURMHFW�IRU�WKH�8�6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��15&��WR
ORRN�DW�WKH�SRWHQWLDO�HIIHFWV�RQ�V\VWHPV�RSHUDWLRQV�RI�ILUHV�LQ�WKH�FDEOH�WUD\V�RI�D�QXFOHDU�SRZHU
SODQW�� � 7KH� FDEOHV� LQ� WKHVH� FDEOH� WUD\V� DUH� EXQGOHV� RI� QXPHURXV� FRQGXFWRUV� WKDW� FRQQHFW� WKH
HTXLSPHQW� LQ� D� QXFOHDU� SRZHU� SODQW�� � � $V� SDUW� RI� WKLV� HIIRUW� IRU� WKH� 15&�� H[WHQVLYH� FLUFXLW
DQDO\VLV�LV�EHLQJ�GRQH�PDQXDOO\�WR�PDS�WKH�FDEOHV��FRQGXFWRUV��DQG�HTXLSPHQW�DW�QXFOHDU�SRZHU
SODQWV�IRU�QRUPDO�RSHUDWLRQ�DQG�WKHQ�IRU�SRVVLEOH�FRQGLWLRQV�LQ�WKH�HYHQW�RI�D�FDEOH�ILUH���,W�ZDV
SURSRVHG� WKDW� WKH�2%(67�PHWKRGRORJ\� EH� DSSOLHG� WR� GHPRQVWUDWH� KRZ� WKLV� SURFHVV� RI� FLUFXLW
DQDO\VLV�FRXOG�EH�DXWRPDWHG�



���

7R� GHYHORS� DQ�2%(67� V\VWHP�PRGHO� IRU� WKLV� DSSOLFDWLRQ�� WKH� IROORZLQJ� DSSURDFK�ZDV� WDNHQ�
)LUVW��D�VSHFLILF�FLUFXLW�RI�LQWHUHVW�LV�GHILQHG�DV�D�VHW�RI�SDUWLDO�FLUFXLWV�WKDW�UHIOHFW�WKH�FRQQHFWLRQV
RI� SODQW� HTXLSPHQW� WKURXJK� FRQGXFWRUV� LQ� WKH� FDEOHV� UXQQLQJ� WKURXJK� D� FDEOH� WUD\�� � 7KHQ�� WKH
SRVVLEOH� FRQGLWLRQV� RI� FRQQHFWLYLW\� EHWZHHQ� SDLUV� RI� SDUWLDO� FLUFXLWV� DUH� HVWDEOLVKHG� WR� UHIOHFW
SRVVLEOH� FDEOH� FRQQHFWLRQV� LQ� WKH� HYHQW� RI� D� ILUH�� � ,Q� WKH� HYHQW� RI� D� ILUH� LQ� D� FDEOH� WUD\�� WKH
SRVVLEOH�FRQGLWLRQV�RI�FRQQHFWLYLW\�IRU�D�SDWK�EHWZHHQ�WZR�SDUWLDO�FLUFXLWV�LQFOXGH�WKH�IROORZLQJ�

�� FORVHG�� WKH� FRQGLWLRQ� RI� QRUPDO� RSHUDWLRQ� LQ� ZKLFK� D� FRQGXFWRU� LQ� D� FDEOH� KDV� QRW� EHHQ
DIIHFWHG�E\�WKH�ILUH�

�� RSHQ��WKH�FRQGLWLRQ�LQ�ZKLFK�D�FRQGXFWRU�LQ�D�FDEOH�KDV�EHHQ�VHYHUHG�DV�D�UHVXOW�RI�WKH�ILUH�

�� VKRUW� WR�SRVLWLYH������ WKH�FRQGLWLRQ� LQ�ZKLFK�D�FRQGXFWRU� LQ�D�FDEOH�KDV�EHHQ�VKRUWHG� WR� WKH
SRVLWLYH�SRZHU�VXSSO\�

�� VKRUW� WR� QHJDWLYH� ����� WKH� FRQGLWLRQ� LQ� ZKLFK� D� FRQGXFWRU� LQ� D� FDEOH� KDV� EHHQ� VKRUWHG� WR
JURXQG��DQG

�� VKRUW�WR�HDFK�RWKHU��WKH�FRQGLWLRQ�LQ�ZKLFK�D�FRQGXFWRU�LQ�D�FDEOH�KDV�EHHQ�VKRUWHG�WR�DQRWKHU
FRQGXFWRU�ZLWKLQ�WKH�VDPH�FDEOH�EXQGOH�

$IWHU�WKH�SRVVLEOH�FRQGLWLRQV�RQ�FRQQHFWLYLW\�EHWZHHQ�WKH�SDUWLDO�FLUFXLWV�KDYH�EHHQ�HVWDEOLVKHG�
WKHQ��IRU�HDFK�RI�WKH�SRVVLEOH�FRQQHFWLRQV��WKH�FRQGLWLRQV�RI�FXUUHQW�IORZ�LQ�D�FLUFXLW�DUH�LQIHUUHG�
7KH� SRVVLEOH� FRQGLWLRQV� RI� FXUUHQW� IORZ� LQFOXGH� QRUPDO�� QRQH�� VKRUW� FLUFXLW�� DQG� XQNQRZQ�
$GGLWLRQDOO\��IRU�VKRUW�FLUFXLWV��WKH�PD[LPXP�FXUUHQW�SRWHQWLDO�LV�HYDOXDWHG�WR�GHWHUPLQH�SRVVLEOH
HIIHFWV�RI�VKRUW�FLUFXLWV�RQ�V\VWHP�RSHUDWLRQV�


)RU� WKLV� DSSURDFK�� D� SDUWLDO� FLUFXLW� LV� GHILQHG� DV� D� VHULHV� FRQQHFWLRQ� RI� RQH� RU� PRUH� FLUFXLW
HOHPHQWV� DQG� WKHLU� SRVVLEOH� FRQQHFWLRQ� WR� D� SRZHU� VXSSO\�� � 7KH� HOHPHQWV� RI� D� SDUWLDO� FLUFXLW
LQFOXGH�ORDGV��FRQGXFWRUV��VZLWFKHV��DQG�SRZHU�VXSSOLHV���7KH�ORDG�HOHPHQW�UHSUHVHQWV�ORDGV�LQ�D
FLUFXLW�� VXFK�DV� VROHQRLG� FRLOV�� LQGLFDWRUV�� RU�PRWRUV�� WKDW� FDQ�GUDZ�HOHFWULF� FXUUHQW� DQG� FDQ�EH
FRQQHFWHG�GLUHFWO\�EHWZHHQ�WKH���DQG���YROWDJH�SRZHU�VXSSO\�WHUPLQDOV�ZLWKRXW�FDXVLQJ�D�VKRUW
FLUFXLW���7KH�FRQGXFWRU�HOHPHQW�UHSUHVHQWV�FRQGXFWRUV�WKDW�FRQQHFW�RWKHU�HOHPHQWV�RI�WKH�FLUFXLW
ZLWK�D�]HUR�YROWDJH�GURS�LQ�QRUPDO�RSHUDWLRQ��LI�D�FRQGXFWRU�LV�FRQQHFWHG�GLUHFWO\�EHWZHHQ���DQG
��YROWDJH�VRXUFHV��D�VKRUW�FLUFXLW�UHVXOWV���7KH�VZLWFK�HOHPHQW�LQ�D�SDUWLDO�FLUFXLW�FDQ�DFW�HLWKHU�DV
DQ�RSHQ�FLUFXLW�RU�DV�D� FRQGXFWRU� LQ�QRUPDO�RSHUDWLRQ�� �7KH�SRZHU� VXSSO\�HOHPHQW�RI�D�SDUWLDO
FLUFXLW� UHSUHVHQWV� WKH� �� RU� �� GHVLJQ� YROWDJH� IRU� D� SDUWLDO� FLUFXLW�� � )RU� WKLV� DQDO\VLV�� WKH� SRZHU
VXSSO\�LV�DVVXPHG�WR�SURYLGH�HQRXJK�FXUUHQW�WR�SRZHU�WKH�ORDGV�LQ�WKH�FLUFXLW��LQ�WKH�DEVHQFH�RI
VKRUW�FLUFXLWV��

������������������������������������������������


��7KH�2%(67�FDEOH�ILUH�PRGHO�FRXOG�KDYH�EHHQ�LPSOHPHQWHG�HTXDOO\�ZHOO�XVLQJ�WKH�'</$0�G\QDPLF�HYHQW�WUHH
PHWKRG���,I�WKLV�ZHUH�GRQH��WKH�REMHFW�PRGHO�IURP�WKLV�VHFWLRQ�ZRXOG�EH�UHSODFHG�ZLWK�D�FRQYHQWLRQDO�FLUFXLW�DQDO\VLV
SDFNDJH�GULYHQ�WKURXJK�D�'</$0�IURQW�HQG���7KH�'</$0�DQDO\VLV�ZRXOG�SURGXFH�UHVXOWV�WKDW�HPERG\�FRQWLQXRXV
SDUDPHWHU�YDOXHV��YROWDJHV��FXUUHQWV��HWF���DV�RSSRVHG�WR�WKH�GLVFUHWH�YDOXHV�UHTXLUHG�E\�WKH�2%(67�PHWKRGRORJ\�



���

7KH�VSHFLILF�FLUFXLW�RI�LQWHUHVW�XVHG�IRU�WKLV�H[DPSOH�LV�WKH�VROHQRLG�RSHUDWHG�YDOYH�FRQWURO�FLUFXLW
LOOXVWUDWHG�LQ�)LJXUH������� �)RU�WKLV�PRGHO�� WKLV�FLUFXLW� LV�GHILQHG�DV�D�VHW�RI�VL[�SDUWLDO�FLUFXLWV�
7KH�ILUVW�SDUWLDO�FLUFXLW��&���LQFOXGHV�WKH�VZLWFK�HOHPHQW���+6������DQG�LWV�FRQQHFWLRQ�WR�WKH��
SRZHU� VXSSO\�� � 7KH� VHFRQG� SDUWLDO� FLUFXLW� �&��� LQFOXGHV� D� ORDG� HOHPHQW�� WKH� VROHQRLG� YDOYH
�69�����DQG�LWV�FRQQHFWLRQ�WR�WKH���VXSSO\���7KH�WKLUG�SDUWLDO�FLUFXLW��&���LQFOXGHV�D�ORDG�HOHPHQW�
WKH�*��RU�JUHHQ� LQGLFDWRU�� DQG� LWV�FRQQHFWLRQ� WR� WKH���SRZHU� VXSSO\�� �7KH� IRXUWK�SDUWLDO� FLUFXLW
�&���LQFOXGHV�VZLWFK�HOHPHQW���=6�����LQGLFDWHG�FORVHG��DQG�LWV�FRQQHFWLRQ�WR�WKH���SRZHU�VXSSO\�
7KH�ILIWK�SDUWLDO�FLUFXLW��&���LQFOXGHV�D�ORDG�HOHPHQW��WKH�5��RU�UHG�LQGLFDWRU��DQG�LWV�FRQQHFWLRQ�WR
WKH���SRZHU� VXSSO\�� �7KH�VL[WK�SDUWLDO� FLUFXLW� �&��� LQFOXGHV� VZLWFK� HOHPHQW�� �=6����� LQGLFDWHG
RSHQ��DQG�LWV�FRQQHFWLRQ�WR�WKH���SRZHU�VXSSO\���2I�LQWHUHVW�DUH�WKH�FRQGLWLRQV�RI�FRQQHFWLYLW\�DQG
FXUUHQW�LQ�WKH�FRQGXFWRUV�EHWZHHQ�SDUWLDO�FLUFXLWV���DQG����SDWK�������SDUWLDO�FLUFXLWV���DQG����SDWK
������DQG�SDUWLDO�FLUFXLWV���DQG����SDWK������
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)LJXUH��������([DPSOH�VROHQRLG�RSHUDWHG�YDOYH�FRQWURO�FLUFXLW�

,Q�WKLV�PRGHO��D�FLUFXLW�FRPSOHWHU�LV�GHILQHG�WR�HVWDEOLVK�WKH�SRVVLEOH�FRQGLWLRQV�RI�FRQQHFWLYLW\
EHWZHHQ� SDUWLDO� FLUFXLWV�� � 7KH� QXPEHU� RI� SDUWLDO� FLUFXLWV� DQG� SDWKV� EHWZHHQ� WKHP� DUH� GHILQHG
ZKHQ�WKH�PRGHO�RI�WKH�FLUFXLW�RI�LQWHUHVW�LV�GHYHORSHG���)RU�WKLV�H[DPSOH��WKH�FLUFXLW�RI�LQWHUHVW�LV
LQLWLDOO\�FRPSULVHG�RI�VL[�SDUWLDO�FLUFXLWV�ZLWK�WKUHH�SDWKV������������DQG������EHWZHHQ�HDFK�RI�WZR
SDUWLDO�FLUFXLWV���$JDLQ��WKH�SRVVLEOH�FRQGLWLRQV�RI�FRQQHFWLYLW\�LQFOXGH�FORVHG��RSHQ��VKRUW�WR���
VKRUW�WR����DQG�VKRUW�WR�HDFK�RWKHU�

,Q� WKLV� PRGHO�� D� FLUFXLW� DQDO\]HU� LV� GHILQHG� WR� GHWHUPLQH� WKH� FRQGLWLRQV� RI� FXUUHQW� IORZ� LQ� D
FLUFXLW���7KH�FRQGLWLRQV�RI�FXUUHQW�IORZ�DUH�GHWHUPLQHG�IRU�HDFK�SDWK�EHWZHHQ�SDUWLDO�FLUFXLWV�LQ
WKH�FLUFXLW�RI�LQWHUHVW�DQG�DUH�EDVHG�RQ�WKH�FRQGLWLRQV�LQ�WKH�SDUWLDO�FLUFXLW�DQG�WKH�FRUUHVSRQGLQJ
FLUFXLW�FRPSOHWHU���)RU�WKLV�H[DPSOH��WKH�FLUFXLW�RI�LQWHUHVW�LV�FRPSULVHG�RI�VL[�SDUWLDO�FLUFXLWV�ZLWK
WKUHH� SDWKV� ������ ����� DQG� ����� EHWZHHQ� HDFK� RI� WZR� SDUWLDO� FLUFXLWV�� � $JDLQ�� WKH� SRVVLEOH
FRQGLWLRQV�RI�FXUUHQW�IORZ�LQFOXGH�QRUPDO��QRQH��VKRUW�FLUFXLW��DQG�XQNQRZQ���)RU�VKRUW�FLUFXLWV�
WKH�PD[LPXP�FXUUHQW�SRWHQWLDO�LV�DOVR�HYDOXDWHG�



���

������� 6\VWHP�6WUXFWXUH�DQG�,QWHUDFWLRQV

7KH� V\VWHP�VWUXFWXUH�GLDJUDP� �)LJXUH������� IRU� WKH� FLUFXLW� DQDO\VLV�PRGHO� LV� GHILQHG�E\� VHYHQ
IXQFWLRQDO�EORFNV�� �7KH� ORDG� �/���FRQGXFWRU� �:���VZLWFK��6��� DQG�SRZHU�VXSSO\� �3L��REMHFWV�DUH
HOHPHQWV�RI�D�SDUWLDO�FLUFXLW��&Q����7KH�RWKHU�WZR�REMHFWV�RI�WKH�PRGHO�LQFOXGH�WKH�FLUFXLW�DQDO\]HU
�&$��DQG�WKH�FLUFXLW�FRPSOHWHU��&&����7KH�&LUFXLW�$QDO\]HU�LV�QRW�D�³SK\VLFDO´�REMHFW���5DWKHU��LW
DUELWUDWHV� DPRQJ� WKH� YDULRXV� SK\VLFDO� FRPSRQHQWV� WR� GHWHUPLQH� WKH� FROOHFWLYH� EHKDYLRU� RI� WKH
RYHUDOO�FLUFXLW�

&LUFXLW
$QDO\]HU��&$�

&LUFXLW
&RPSOHWHU��&&�

3DUWLDO
&LUFXLW��&

Q
�

3RZHU
6XSSO\��3

L
�

/RDG��/� 6ZLWFK��6�

&RQGXFWRU��:�

)LJXUH��������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�FLUFXLW�DQDO\VLV�

7KH�LQWHUDFWLRQ�GLDJUDP�LV�VKRZQ�LQ�)LJXUH�������DQG� WKH�IXQFWLRQDO� LQWHUDFWLRQV� IRU� WKH�PRGHO
DUH� VSHFLILHG� LQ� 7DEOH� ������ � ,QWHUDFWLRQV� RFFXU� DPRQJ� WKH� IXQFWLRQDO� EORFNV�� DV� LQGLFDWHG� LQ
)LJXUH� ������ � 7KH� FLUFXLW� DQDO\]HU� SURYLGHV� WKH� FLUFXLW� FRPSOHWHU� ZLWK� LQIRUPDWLRQ� RQ� FXUUHQW
IORZ�WKURXJK�WKH�FRQGXFWRUV�EHWZHHQ�SDUWLDO�FLUFXLWV���7KH�FLUFXLW�FRPSOHWHU�SURYLGHV�WKH�FLUFXLW
DQDO\]HU� ZLWK� LQIRUPDWLRQ� RQ� SK\VLFDO� FRQQHFWLRQV� DQG� HOHFWULF� SRWHQWLDO� IRU� WKH� FRQGXFWRUV
EHWZHHQ� SDUWLDO� FLUFXLWV�� � 7KH� FLUFXLW� DQDO\]HU� SURYLGHV� WR� WKH� SDUWLDO� FLUFXLW� LQIRUPDWLRQ� RQ
FXUUHQW�IORZ�WKURXJK�SDUWLDO�FLUFXLW�Q���3DUWLDO�FLUFXLW�Q�SURYLGHV�LQIRUPDWLRQ�DERXW�FXUUHQW�IORZ�WR
LWV�SRZHU� VXSSO\�� ORDG�� FRQGXFWRU�� DQG� VZLWFK�� �7KH� ORDG�� FRQGXFWRU�� VZLWFK� DQG�SRZHU� VXSSO\
SURYLGH�WR�SDUWLDO�FLUFXLW�Q�LQIRUPDWLRQ�RQ�LWV�SK\VLFDO�FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�GURS�

7KH� VWDWH� WUDQVLWLRQ� GLDJUDPV� IRU� WKH� VHYHQ� IXQFWLRQDO� EORFNV� DUH� GLVFXVVHG� LQ� WKH� IROORZLQJ
SDUDJUDSKV�� �7KH�GLVFXVVLRQ� LQFOXGHV� D�GHVFULSWLRQ�RI� WKH�REMHFW�� HYHQWV�� DQG� HYHQW� WUDQVLWLRQV�



���

DQG�D�QDUUDWLYH�RI�WKH�³LI�±�WKHQ�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�IRU
HDFK� VWDWH�� � 7KH� GHWDLOHG� ³LI� ±� WKHQ� ±� HOVH´� VFULSWV� DQG� ORJLFDO� FRQGLWLRQV� DUH� SURYLGHG� LQ
$SSHQGL[�'�

7DEOH��������)XQFWLRQDO�LQWHUDFWLRQV�IRU�FLUFXLW�DQDO\VLV�PRGHO�

/�&Q��� $�ORDG�SURYLGHV�WR�LWV�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�LWV�SK\VLFDO�FRQQHFWLRQV
DQG�HOHFWULF�SRWHQWLDO�GURS�

:�&Q�� $� FRQGXFWRU� SURYLGHV� WR� LWV� SDUWLDO� FLUFXLW� LQIRUPDWLRQ� RQ� LWV� SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�GURS�

6�&Q�� $�VZLWFK�SURYLGHV�WR�LWV�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�LWV�SK\VLFDO�FRQQHFWLRQV
DQG�HOHFWULF�SRWHQWLDO�GURS�

3Q��&Q�� 3RZHU� VXSSO\� Q� SURYLGHV� WR� LWV� SDUWLDO� FLUFXLW� LQIRUPDWLRQ� DERXW� SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�

&Q�/�� 7KH�SDUWLDO�FLUFXLW�SURYLGHV�WR�LWV�ORDGV�LQIRUPDWLRQ�DERXW�FXUUHQW�IORZ�

&Q�:� 7KH�SDUWLDO�FLUFXLW�SURYLGHV�WR�LWV�FRQGXFWRUV�LQIRUPDWLRQ�DERXW�FXUUHQW�IORZ�

&Q�6� 7KH�SDUWLDO�FLUFXLW�SURYLGHV�WR�LWV�VZLWFKHV�LQIRUPDWLRQ�DERXW�FXUUHQW�IORZ�

&Q�3Q��� 3DUWLDO�FLUFXLW�Q�SURYLGHV�WR�LWV�SRZHU�VXSSO\�LQIRUPDWLRQ�DERXW�FXUUHQW�IORZ�

&Q�&$�� 3DUWLDO� FLUFXLW� Q� SURYLGHV� WR� WKH� FLUFXLW� DQDO\]HU� LQIRUPDWLRQ� RQ� LWV� SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�

&$�&Q�� 7KH�FLUFXLW�DQDO\]HU�SURYLGHV�WR�WKH�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�FXUUHQW�IORZ
WKURXJK�WKH�SDUWLDO�FLUFXLW�

&$�&&�� 7KH� FLUFXLW� DQDO\]HU� SURYLGHV� WR� WKH� FLUFXLW� FRPSOHWHU� LQIRUPDWLRQ� RQ� FXUUHQW
IORZ�WKURXJK�WKH�FRQGXFWRUV�EHWZHHQ�SDUWLDO�FLUFXLWV�

&&�&$� 7KH�FLUFXLW�FRPSOHWHU�SURYLGHV�WR�WKH�FLUFXLW�DQDO\]HU� LQIRUPDWLRQ�RQ�SK\VLFDO
FRQQHFWLRQV�IRU�WKH�FRQGXFWRUV�EHWZHHQ�SDUWLDO�FLUFXLWV�
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)LJXUH��������,QWHUDFWLRQ�GLDJUDP�IRU�FLUFXLW�DQDO\VLV�PRGHO�

������� /RDG�2EMHFW

7KH� /RDG�2EMHFW� �/�� UHSUHVHQWV� DQ� HOHPHQW� LQ� D� SDUWLDO� FLUFXLW� WKDW� GUDZV� HOHFWULF� FXUUHQW�� IRU
H[DPSOH� VROHQRLG� FRLOV�� LQGLFDWRUV�� RU�PRWRUV�� DQG� FDQ� EH� FRQQHFWHG� GLUHFWO\� EHWZHHQ� �� DQG� �
YROWDJH�ZLWKRXW�FDXVLQJ�D�VKRUW�FLUFXLW���$�ORDG�SURYLGHV�WR�LWV�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�KRZ
LW�LV�FRQQHFWHG�LQ�WKH�FLUFXLW��WKDW�LV��LWV�SK\VLFDO�FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�GURS���,Q�WXUQ�
D�ORDG�ZLOO�UHFHLYH�LQIRUPDWLRQ�IURP�LWV�SDUWLDO�FLUFXLW�DERXW�FXUUHQW�IORZ�

7R�PRGHO�WKH�/RDG�2EMHFW��RQH�VWDWH��/RDG��LV�GHILQHG�DV�LQGLFDWHG�LQ�WKH�VWDWH�WUDQVLWLRQ�GLDJUDP
LQ�)LJXUH�������1R�VWDWH�WUDQVLWLRQV�DUH�GHILQHG�IRU�WKLV�REMHFW��HYHQWV�H[WHUQDO�WR�WKLV�REMHFW�ZLOO
FDXVH� FKDQJHV� LQ�REMHFW� DWWULEXWHV�� �7ZR�DWWULEXWHV� DUH�GHILQHG� IRU� WKLV� REMHFW� WR� SURYLGH� WR� LWV
SDUWLDO� FLUFXLW� LQIRUPDWLRQ� RQ� LWV� SK\VLFDO� FRQQHFWLRQV� DQG� HOHFWULF� SRWHQWLDO� GURS� ZLWKLQ� WKH
FLUFXLW�� �7KH�ILUVW�DWWULEXWH��&211(&7,9,7<��GHILQHV�WKH�SK\VLFDO�FRQQHFWLRQ�RI�D� ORDG�ZLWKLQ
LWV�SDUWLDO�FLUFXLW���7ZR�YDOXHV��&RQGXFWLQJ��1RW�&RQGXFWLQJ��DUH�GHILQHG�IRU�WKLV�DWWULEXWH���7KH
VHFRQG� DWWULEXWH�� 9�'523�� GHILQHV� WKH� HOHFWULF� SRWHQWLDO� GURS� RI� WKH� ORDG� ZLWKLQ� WKH� FLUFXLW�
7KUHH�YDOXHV�����2SHUDWLQJ��2SHQ��DUH�GHILQHG�IRU�WKLV�DWWULEXWH�

)RU� D� FLUFXLW� RI� LQWHUHVW�� WKH� DQDO\VW�PXVW� GHILQH� ORDGV� DV� HOHPHQWV� RI� WKH� SDUWLDO� FLUFXLWV� WKDW
FRPSULVH� LW�� � ,QLWLDO� FRQGLWLRQV� DUH� DVVXPHG� WR� EH� WKRVH� IRU� QRUPDO� RSHUDWLRQ
�&211(&7,9,7< &RQGXFWLQJ�� 9�'523 2SHUDWLQJ�� IRU� HDFK� ORDG� GHILQHG� E\� WKH� DQDO\VW�
7KUHH�RI�WKH�VL[�SDUWLDO�FLUFXLWV�GHILQHG�IRU�WKH�VROHQRLG�RSHUDWLYH�YDOYH�FRQWURO�FLUFXLW�LQFOXGH�D
ORDG�HOHPHQW��WKH�*�DQG�5�LQGLFDWRUV�LQ�&��DQG�&���UHVSHFWLYHO\��DQG�WKH�VROHQRLG�YDOYH�LQ�&��
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/RDG

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�/RDG�2EMHFW�

������� &RQGXFWRU�2EMHFW

7KH� &RQGXFWRU� 2EMHFW� �:�
� LV� DQ� HOHPHQW� LQ� D� SDUWLDO� FLUFXLW� WKDW� UHSUHVHQWV� FRQGXFWRUV� WKDW
FRQQHFW�RWKHU�HOHPHQWV�RI�WKH�FLUFXLW�ZLWK�D�]HUR�YROWDJH�GURS�LQ�QRUPDO�RSHUDWLRQ��LI�D�FRQGXFWRU
LV� FRQQHFWHG� GLUHFWO\� EHWZHHQ� �� DQG� �� YROWDJH� VRXUFHV�� D� VKRUW� FLUFXLW� UHVXOWV�� � $� FRQGXFWRU
SURYLGHV�WR�LWV�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�KRZ�LW�LV�FRQQHFWHG�LQ�WKH�FLUFXLW��WKDW�LV��LWV�SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�GURS�� � ,Q� WXUQ��D�FRQGXFWRU�ZLOO� UHFHLYH� LQIRUPDWLRQ� IURP� LWV
SDUWLDO�FLUFXLW�DERXW�FXUUHQW�IORZ�

7R�PRGHO�WKH�&RQGXFWRU�2EMHFW��RQH�VWDWH��&RQGXFW��LV�GHILQHG�DV�LQGLFDWHG�LQ�WKH�VWDWH�WUDQVLWLRQ
GLDJUDP� LQ�)LJXUH�������1R�VWDWH� WUDQVLWLRQV�DUH�GHILQHG� IRU� WKLV�REMHFW�� HYHQWV� H[WHUQDO� WR� WKLV
REMHFW� ZLOO� FDXVH� FKDQJHV� LQ� REMHFW� DWWULEXWHV�� � 7ZR� DWWULEXWHV� DUH� GHILQHG� IRU� WKLV� REMHFW� WR
SURYLGH� WR� LWV�SDUWLDO�FLUFXLW� LQIRUPDWLRQ�RQ� LWV�SK\VLFDO�FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�GURS
ZLWKLQ� WKH� FLUFXLW�� �7KH� ILUVW� DWWULEXWH��&211(&7,9,7<�� GHILQHV� WKH� SK\VLFDO� FRQQHFWLRQ� RI� D
FRQGXFWRU�ZLWKLQ� LWV�SDUWLDO�FLUFXLW�� �7ZR�YDOXHV� �&RQGXFWLQJ��1RW�&RQGXFWLQJ��DUH�GHILQHG� IRU
WKLV�DWWULEXWH���7KH�VHFRQG�DWWULEXWH��9�'523��GHILQHV�WKH�HOHFWULF�SRWHQWLDO�GURS�RI�WKH�FRQGXFWRU
ZLWKLQ�WKH�FLUFXLW���7ZR�YDOXHV�����2SHQ��DUH�GHILQHG�IRU�WKLV�DWWULEXWH�

&RQGXFW

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RQGXFWRU�2EMHFW�

)RU�D�FLUFXLW�RI�LQWHUHVW��WKH�DQDO\VW�PXVW�GHILQH�FRQGXFWRUV�DV�HOHPHQWV�RI�WKH�SDUWLDO�FLUFXLWV�WKDW
FRPSULVH� LW�� � ,QLWLDO� FRQGLWLRQV� DUH� DVVXPHG� WR� EH� WKRVH� IRU� QRUPDO� RSHUDWLRQ

������������������������������������������������


��7KH�V\PERO�:�ZDV�VHOHFWHG�WR�UHSUHVHQW�D�FRQGXFWRU�EHFDXVH�WKH�PRVW�FRPPRQ�W\SH�RI�FRQGXFWRU�LV�D�ZLUH��DQG
EHFDXVH�WKH�V\PERO�&�LV�EHLQJ�XVHG�WR�UHSUHVHQW�D�SDUWLDO�FLUFXLW�
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�&211(&7,9,7< &RQGXFWLQJ��9�'523 ���IRU�HDFK�FRQGXFWRU�GHILQHG�E\�WKH�DQDO\VW�� �(DFK
RI�WKH�VL[�SDUWLDO�FLUFXLWV�GHILQHG�IRU�WKH�VROHQRLG�RSHUDWLYH�YDOYH�FRQWURO�FLUFXLW�FRXOG�EH��EXW�LV
QRW�QHFHVVDULO\�GHILQHG�WR�LQFOXGH�D�FRQGXFWRU�EHWZHHQ�WKH�SRZHU�VXSSO\�DQG�LWV�UHVSHFWLYH�ORDG
RU�VZLWFK���,W�ZRXOG�EH�QHFHVVDU\�WR�LQFOXGH�D�FRQGXFWRU�DV�DQ�HOHPHQW�RI�D�SDUWLDO�FLUFXLW�WKDW�KDG
D�SRZHU�VXSSO\�DV�LWV�RQO\�RWKHU�HOHPHQW�

������� 6ZLWFK�2EMHFW

7KH�6ZLWFK�2EMHFW��6��UHSUHVHQWV�DQ�HOHPHQW�LQ�D�SDUWLDO�FLUFXLW�WKDW�FDQ�DFW�DV�DQ�RSHQ�FLUFXLW�RU
D�FRQGXFWRU�LQ�QRUPDO�RSHUDWLRQ���$�VZLWFK�SURYLGHV�WR�LWV�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�KRZ�LW�LV
FRQQHFWHG�LQ�WKH�FLUFXLW�� WKDW� LV�� LWV�SK\VLFDO�FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�GURS�� � ,Q� WXUQ��D
VZLWFK�ZLOO�UHFHLYH�LQIRUPDWLRQ�IURP�LWV�SDUWLDO�FLUFXLW�DERXW�FXUUHQW�IORZ�

7R�PRGHO� WKH�RSHUDWLRQ� RI� WKH�6ZLWFK�2EMHFW�� WZR� VWDWHV� DUH� GHILQHG� DV� LOOXVWUDWHG� LQ� WKH� VWDWH
WUDQVLWLRQ�GLDJUDP�LQ�)LJXUH��������7KHVH�VWDWHV�LQFOXGH�2SHQ�DQG�&ORVH�DQG�DUH�UHODWHG�E\�D�VHW
RI�HYHQWV�WKDW�UHSUHVHQWV�WKH�VZLWFK¶V�RSHUDWLRQ�� �7KHVH�HYHQWV�FDXVH�WUDQVLWLRQV�DPRQJ�WKH�WZR
VWDWHV�RI�WKH�VZLWFK�REMHFW��DV�LQGLFDWHG�E\�WKH�GLUHFWHG�DUURZV�LQ�)LJXUH���������7KH�VHW�RI�HYHQWV
GHILQHG�IRU�WKH�REMHFW�LQFOXGH�6ZLWFK�FORVHV��DQG�6ZLWFK�RSHQV�

6ZLWFK�FORVHV

6ZLWFK�RSHQV

2SHQ &ORVH

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�6ZLWFK�2EMHFW�

7ZR� DWWULEXWHV� DUH� GHILQHG� IRU� WKLV� REMHFW� WR� SURYLGH� WR� LWV� SDUWLDO� FLUFXLW� LQIRUPDWLRQ� RQ� LWV
SK\VLFDO� FRQQHFWLRQV� DQG� HOHFWULF� SRWHQWLDO� GURS� ZLWKLQ� WKH� FLUFXLW�� � 7KH� ILUVW� DWWULEXWH�
&211(&7,9,7<��GHILQHV� WKH�SK\VLFDO� FRQQHFWLRQ� RI� D� VZLWFK�ZLWKLQ� LWV� SDUWLDO� FLUFXLW�� �7ZR
YDOXHV� �&RQGXFWLQJ�� 1RW� &RQGXFWLQJ�� DUH� GHILQHG� IRU� WKLV� DWWULEXWH�� � 7KH� VHFRQG� DWWULEXWH�� 9�
'523��GHILQHV�WKH�HOHFWULF�SRWHQWLDO�GURS�RI�WKH�VZLWFK�ZLWKLQ�WKH�FLUFXLW���7ZR�YDOXHV�����2SHQ�
DUH�GHILQHG�IRU�WKLV�DWWULEXWH�

)RU�D�FLUFXLW�RI�LQWHUHVW��WKH�DQDO\VW�PXVW�GHILQH�VZLWFKHV�DV�HOHPHQWV�RI�WKH�SDUWLDO�FLUFXLWV�WKDW
FRPSULVH� LW�� � ,QLWLDO� FRQGLWLRQV� DUH� DVVXPHG� WR� EH� WKRVH� IRU� QRUPDO� RSHUDWLRQ�� HLWKHU� RSHQ� RU
FORVHG�� IRU�HDFK�VZLWFK�GHILQHG�E\� WKH� DQDO\VW��7KUHH�RI� WKH� VL[�SDUWLDO� FLUFXLWV�GHILQHG� IRU� WKH
VROHQRLG�RSHUDWLYH� YDOYH� FRQWURO� FLUFXLW� LQFOXGH� D� VZLWFK� HOHPHQW�� WKH� VZLWFK� HOHPHQW�
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��+6�������LQGLFDWHG�RSHQ��LQ�&���WKH�VZLWFK�HOHPHQW���=6�����LQGLFDWHG�FORVHG��LQ�&���DQG�WKH
VZLWFK�HOHPHQW���=6�����LQGLFDWHG�RSHQ��LQ�&��

7KH�6WDWH��2SHQ��LV�XVHG�WR�GHVFULEH�D�VZLWFK�WKDW�LV�RSHQ�GXULQJ�QRUPDO�RSHUDWLRQ��VXFK�DV�WKH
VZLWFK� HOHPHQWV� LQ� &�� DQG� &��� � 7KH� LQLWLDO� FRQGLWLRQV� IRU� DQ� RSHQ� VZLWFK� DUH� GHILQHG� DV
6�&211(&7,9,7< �1RW�&RQGXFWLQJ��DQG�6�9�'523 2SHQ���7KHVH�FRQGLWLRQV�DUH�HPEHGGHG
LQ�WKH�,50�IRU�WKLV�VWDWH���7KH�(YHQW�6ZLWFK�FORVHV�LV�JHQHUDWHG�IURP�RXWVLGH�WKH�FLUFXLW�V\VWHP�
IRU� H[DPSOH�� E\� D� KXPDQ� RSHUDWRU�� DQG� FDXVHV� D� WUDQVLWLRQ� IURP� WKH� 6WDWH��2SHQ�� WR� WKH
6WDWH��&ORVHG��

7KH�6WDWH��&ORVHG��LV�XVHG�WR�GHVFULEH�D�VZLWFK� WKDW� LV�FORVHG�GXULQJ�QRUPDO�RSHUDWLRQ��VXFK�DV
WKH� VZLWFK� HOHPHQW� LQ� &��� � 7KH� LQLWLDO� FRQGLWLRQV� IRU� D� FORVHG� VZLWFK� DUH� GHILQHG� DV
6�&211(&7,9,7< �&RQGXFWLQJ�� DQG� 6�9�'523 ��� � 7KHVH� FRQGLWLRQV� DUH� HPEHGGHG� LQ� WKH
,50� IRU� WKLV� VWDWH�� � 7KH�(YHQW�6ZLWFK� RSHQV� LV� JHQHUDWHG� IURP� RXWVLGH� WKH� FLUFXLW� V\VWHP�� IRU
H[DPSOH�� E\� D� KXPDQ� RSHUDWRU�� DQG� FDXVHV� D� WUDQVLWLRQ� IURP� WKH� 6WDWH��&ORVHG�� WR� WKH
6WDWH��2SHQ��

������� 3RZHU�6XSSO\�2EMHFW

7KH�3RZHU�6XSSO\�2EMHFW��3L��LV�DQ�HOHPHQW�LQ�D�SDUWLDO�FLUFXLW�WKDW�UHSUHVHQWV�WKH���RU�±�GHVLJQ
YROWDJH� IRU� &Q�� � 7KH� SRZHU� VXSSO\� SURYLGHV� WR� LWV� SDUWLDO� FLUFXLW� LQIRUPDWLRQ� DERXW� SK\VLFDO
FRQQHFWLRQV�DQG�SRODULW\��,Q�WXUQ��D�SRZHU�VXSSO\�ZLOO�UHFHLYH�LQIRUPDWLRQ�IURP�LWV�SDUWLDO�FLUFXLW
DERXW�FXUUHQW�IORZ�

7R�PRGHO�WKH�RSHUDWLRQ�RI�WKH�3RZHU�6XSSO\�2EMHFW��WZR�VWDWHV�DUH�GHILQHG�DV�LOOXVWUDWHG�LQ�WKH
VWDWH� WUDQVLWLRQ� GLDJUDP� LQ� )LJXUH� ������ � 7KHVH� VWDWHV� LQFOXGH� 3URYLGHV� 3RZHU� DQG� 'RHV� 1RW
3URYLGH� 3RZHU�� DQG� DUH� UHODWHG� DQ� HYHQW�� )XVH� EORZV�� WKDW� UHSUHVHQWV� WKH� SRZHU� VXSSO\¶V
RSHUDWLRQ���7KLV�HYHQW�FDXVHV�D�WUDQVLWLRQ�EHWZHHQ�WKH�WZR�VWDWHV�RI�WKH�SRZHU�VXSSO\�REMHFW��DV
LQGLFDWHG�E\�WKH�GLUHFWHG�DUURZ�LQ�)LJXUH��������7KLV�PRGHO�GRHV�QRW�FRQVLGHU�WKH�UHSODFHPHQW�RI
D�EORZQ�IXVH���,I�LW�GLG��LW�ZRXOG�EH�UHSUHVHQWHG�E\�D�VHSDUDWH�HYHQW��VWDWH�WUDQVLWLRQ��DQG�DUURZ�

)XVH�EORZV

3URYLGHV
3RZHU

'RHV�1RW
3URYLGH�3RZHU

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�3RZHU�6XSSO\�2EMHFW�

7ZR� DWWULEXWHV� DUH� GHILQHG� IRU� WKLV� REMHFW� WR� SURYLGH� WR� LWV� SDUWLDO� FLUFXLW� LQIRUPDWLRQ� RQ� LWV
SK\VLFDO� FRQQHFWLRQV� DQG� SRODULW\� ZLWKLQ� WKH� FLUFXLW�� � 7KH� ILUVW� DWWULEXWH�� &211(&7,9,7<�
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GHILQHV� WKH� SK\VLFDO� FRQQHFWLRQ� RI� D� SRZHU� VXSSO\� ZLWKLQ� LWV� SDUWLDO� FLUFXLW�� � 7ZR� YDOXHV
�&RQGXFWLQJ��1RW�&RQGXFWLQJ��DUH�GHILQHG�IRU�WKLV�DWWULEXWH���7KH�VHFRQG�DWWULEXWH��32/$5,7<�
GHILQHV�WKH�SRODULW\�RI�WKH�SRZHU�VXSSO\���7ZR�YDOXHV��������DUH�GHILQHG�IRU�WKLV�DWWULEXWH�

)RU�D�FLUFXLW�RI�LQWHUHVW��WKH�DQDO\VW�PXVW�GHILQH�SRZHU�VXSSOLHV�DV�HOHPHQWV�RI�WKH�SDUWLDO�FLUFXLWV
WKDW�FRPSULVH�LW���$�FLUFXLW�PRGHO�PD\�LQFOXGH�RQH�RU�PRUH�SRZHU�VXSSOLHV�WKDW�SURYLGH�SRZHU�IRU
RQH�RU�PRUH�SDUWLDO� FLUFXLWV�� � ,QLWLDO� FRQGLWLRQV� DUH� DVVXPHG� WR� EH� QRUPDO� RSHUDWLRQ� IRU� GHVLJQ
YROWDJH�IRU�HDFK�SRZHU�VXSSO\�GHILQHG�E\�WKH�DQDO\VW����7ZR�SRZHU�VXSSOLHV�DUH�GHILQHG�IRU�WKH
VROHQRLG�RSHUDWLYH�YDOYH�FRQWURO�FLUFXLW�� �3�� LV�WKH�SRVLWLYH�SRZHU�VXSSO\�DQG�DQ�HOHPHQW�RI�&��
&���DQG�&�����3��LV�WKH�QHJDWLYH�SRZHU�VXSSO\�DQG�DQ�HOHPHQW�RI�&���&���DQG�&��

7KH�6WDWH��3URYLGHV�3RZHU�� LV� XVHG� WR�GHVFULEH� D�SRZHU� VXSSO\�GXULQJ�QRUPDO� RSHUDWLRQ�� �7KH
LQLWLDO�FRQGLWLRQV� IRU� WKH� WZR�SRZHU� VXSSOLHV� LQ� WKH� VROHQRLG�RSHUDWLYH�YDOYH�FRQWURO�FLUFXLW� DUH
GHILQHG� DV� 3��&211(&7,9,7<� ��&RQGXFWLQJ��� 3��32/$5,7<� ������ DQG
3��&211(&7,9,7<� ��&RQGXFWLQJ��� 3��32/$5,7<� ������ UHVSHFWLYHO\�� � 7KHVH� FRQGLWLRQV� DUH
HPEHGGHG� LQ� WKH� ,50�IRU� WKLV� VWDWH�� �7KH�(YHQW�)XVH�EORZV�ZLOO�EH�JHQHUDWHG� IURP� WKH�SDUWLDO
FLUFXLW� REMHFW� DQG� FDXVHV� D� WUDQVLWLRQ� IURP� WKH� 6WDWH��3URYLGHV� 3RZHU�� WR� WKH� 6WDWH��'RHV� 1RW
3URYLGH�3RZHU��

7KH�6WDWH��'RHV�1RW�3URYLGH�3RZHU�� LV�XVHG� WR�GHVFULEH�D�SRZHU�VXSSO\� WKDW�KDV� D�EORZQ� IXVH
DQG�LV�QRW�SURYLGLQJ�FXUUHQW�WR�SRZHU�WKH�ORDGV�LQ�LWV�SDUWLDO�FLUFXLW���,Q�WKLV�VWDWH��WKH�FRQQHFWLYLW\
LV�VHW�WR�3��&211(&7,9,7< �1RW�&RQGXFWLQJ���7KHVH�FRQGLWLRQV�DUH�HPEHGGHG�LQ�WKH�,50�IRU
WKLV�VWDWH�

������� 3DUWLDO�&LUFXLW�2EMHFW

7KH�3DUWLDO�&LUFXLW�2EMHFW��&Q��UHSUHVHQWV�D�VHULHV�FRQQHFWLRQ�RI�RQH�RU�PRUH�FLUFXLW�HOHPHQWV�DQG
WKHLU� SRVVLEOH� FRQQHFWLRQ� WR� D� SRZHU� VXSSO\�� � 7KH� SDUWLDO� FLUFXLW� SURYLGHV� LQIRUPDWLRQ� DERXW
FXUUHQW�IORZ�WR�LWV�SRZHU�VXSSO\��ORDGV��FRQGXFWRUV��DQG�VZLWFKHV���7KH�FLUFXLW�DQDO\]HU�SURYLGHV
WR�WKH�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�FXUUHQW�IORZ�WKURXJK�WKH�SDUWLDO�FLUFXLW�

7R�PRGHO�WKH�3DUWLDO�&LUFXLW�2EMHFW��RQH�VWDWH��'HWHUPLQH�&Q�(OHPHQWV�	�$WWULEXWHV��LV�GHILQHG�DV
LQGLFDWHG�LQ�WKH�VWDWH�WUDQVLWLRQ�GLDJUDP�LQ�)LJXUH��������1R�VWDWH�WUDQVLWLRQV�DUH�GHILQHG�IRU�WKLV
REMHFW�� HYHQWV� H[WHUQDO� WR� WKLV� REMHFW� ZLOO� FDXVH� FKDQJHV� LQ� REMHFW� DWWULEXWHV�� � 7ZR� DWWULEXWHV�
32/$5,7<� DQG� &21'8&7,21�� DUH� GHILQHG� IRU� WKLV� REMHFW� WR� SURYLGH� LQIRUPDWLRQ� RQ� WKH
SRODULW\�DQG�FRQGXFWLRQ�RI� WKH�SDUWLDO�FLUFXLW�� �7KH�YDOXHV�RI� WKHVH�DWWULEXWHV�DUH�GHWHUPLQHG�E\
LQSXW�IURP�WKH�DVVRFLDWHG�FLUFXLW�HOHPHQWV�

'HWHUPLQH�&
Q

(OHPHQWV�	
$WWULEXWHV

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�3DUWLDO�&LUFXLW�2EMHFW�
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7KH� ILUVW� DWWULEXWH��32/$5,7<��GHILQHV� WKH�SRODULW\� ���RU� ���RI� WKH�SDUWLDO� FLUFXLW� EDVHG�RQ� WKH
SRODULW\�RI�WKH�FRUUHVSRQGLQJ�SRZHU�VXSSO\���7KUHH�YDOXHV��������1RW�'HWHUPLQHG��DUH�GHILQHG�IRU
WKLV�DWWULEXWH���7KH�VHFRQG�DWWULEXWH��&21'8&7,21��GHILQHV�WKH�FRQGXFWLRQ�LQ�WKH�SDUWLDO�FLUFXLW�
)RXU�YDOXHV��2SHQ��'LUHFW��7KURXJK�/RDG��8QNQRZQ��DUH�GHILQHG�IRU�WKLV�DWWULEXWH����7KH�LQLWLDO
FRQGLWLRQV� IRU� D� SDUWLDO� FLUFXLW� DUH� VHW� WR� DZDLW� LQIRUPDWLRQ� IURP� FLUFXLW� HOHPHQWV
�&Q�32/$5,7< �1RW�'HWHUPLQHG��DQG�&Q�&21'8&7,21 �8QNQRZQ���

&RQGLWLRQV� WR� VHW� WKH� DWWULEXWH� YDOXHV� IRU� D� SDUWLDO� FLUFXLW� DUH� HPEHGGHG� LQ� WKH� ,50� IRU� WKH
6WDWH��'HWHUPLQH� &Q� (OHPHQWV� 	� $WWULEXWHV��� � ,I� WKH� FLUFXLW� DQDO\]HU� JHQHUDWHV� D� VKRUW� FLUFXLW
FXUUHQW�IRU�WKH�SDUWLDO�FLUFXLW��DQG�WKH�FRQQHFWLYLW\�RI�WKH�SRZHU�VXSSO\�IRU�WKLV�SDUWLDO�FLUFXLW�LV
FRQGXFWLQJ� �3L�&211(&7,9,7< &RQGXFWLQJ��� WKHQ� WKH� (YHQW�)XVH� EORZV� ZLOO� EH� JHQHUDWHG�
1H[W��LI�WKH�SRODULW\�RI�WKH�SDUWLDO�FLUFXLW�LV�QRW�GHWHUPLQHG��&Q�32/$5,7< �1RW�'HWHUPLQHG���
WKHQ� LW� ZLOO� EH� VHW� WR� WKH� VDPH� SRODULW\� RI� WKH� SRZHU� VXSSO\� IRU� WKH� SDUWLDO� FLUFXLW�� � ,I� WKH
FRQQHFWLYLW\� RI� DQ\� RI� WKH� FLUFXLW� HOHPHQWV� LV� �1RW� &RQGXFWLQJ��� WKHQ� WKH� FRQGXFWLRQ� IRU� WKH
SDUWLDO�FLUFXLW�ZLOO�EH�VHW� WR�RSHQ� �&Q�&21'8&7,21 �2SHQ���� � ,I� WKH� HOHFWULF�SRWHQWLDO�RI� WKH
ORDGV� LQ� WKH� SDUWLDO� FLUFXLW� LV� VHW� IRU� QRUPDO� RSHUDWLQJ� FRQGLWLRQV�� WKHQ� WKH� FRQGXFWLRQ� IRU� WKH
SDUWLDO�FLUFXLW�LV�WKURXJK�WKH�ORDGV��&Q�&21'8&7,21 �7KURXJK�/RDG�����)LQDOO\��LI�QRQH�RI�WKH
SUHYLRXV� FRQGLWLRQV� DSSO\�� WKHQ� WKH� FRQGXFWLRQ� LV� GHILQHG� DV� GLUHFW� WKURXJK� WKH� SDUWLDO� FLUFXLW
�&Q�&21'8&7,21��'LUHFW���

������� &LUFXLW�&RPSOHWHU�2EMHFW

7KH� SXUSRVH� RI� WKH� &LUFXLW� &RPSOHWHU� 2EMHFW� �&&�� LV� WR� HVWDEOLVK� DOO� SRVVLEOH� FRQGLWLRQV� RI
FRQQHFWLYLW\�LQ�D�VHW�RI�SDUWLDO�FLUFXLWV���7KH�FLUFXLW�FRPSOHWHU�SURYLGHV�WKH�FLUFXLW�DQDO\]HU�ZLWK
LQIRUPDWLRQ� RQ� SK\VLFDO� FRQQHFWLRQV� DQG� HOHFWULF� SRWHQWLDO� IRU� WKH� FRQGXFWRUV� EHWZHHQ� SDUWLDO
FLUFXLWV���,Q�WXUQ��WKH�FLUFXLW�DQDO\]HU�SURYLGHV�WKH�FLUFXLW�FRPSOHWHU�ZLWK�LQIRUPDWLRQ�RQ�FXUUHQW
IORZ�WKURXJK�WKH�FRQGXFWRUV�EHWZHHQ�SDUWLDO�FLUFXLWV�

7KH�QXPEHU�RI�SDUWLDO�FLUFXLWV�DQG�SDWKV�EHWZHHQ�WKHP�DUH�GHILQHG�ZKHQ�WKH�PRGHO�RI�WKH�FLUFXLW
RI�LQWHUHVW�LV�GHYHORSHG���7KH�VROHQRLG�RSHUDWLYH�YDOYH�FRQWURO�FLUFXLW�GHILQHG�IRU�WKLV�H[DPSOH�LV
FRPSULVHG�RI�VL[�SDUWLDO�FLUFXLWV�ZLWK�WKUHH�SDWKV������������DQG������EHWZHHQ�HDFK�RI�WZR�SDUWLDO
FLUFXLWV�

7R�PRGHO� WKH�&LUFXLW�&RPSOHWHU�2EMHFW��RQH�VWDWH��&RPSOHWH�&LUFXLW�� LV�GHILQHG�DV� LQGLFDWHG� LQ
WKH� VWDWH� WUDQVLWLRQ� GLDJUDP� LQ� )LJXUH� ������ 1R� VWDWH� WUDQVLWLRQV� DUH� GHILQHG� IRU� WKLV� REMHFW�
KRZHYHU��RQFH� WKLV�REMHFW� LV� LQLWLDOL]HG�� LW�ZLOO�SURJUHVV� WR�JHQHUDWH�DOO�SRVVLEOH�FRQGLWLRQV�DQG
RUGHUV�RI�FRPSOHWLRQ�IRU�WKH�SDWKV�EHWZHHQ�WKH�SDUWLDO�FLUFXLWV���7KH�DWWULEXWHV�IRU�WKLV�REMHFW�DUH
GHILQHG�LQ�WHUPV�RI�WKH�SDWKV�EHWZHHQ�SDUWLDO�FLUFXLWV�LQ�WKH�FLUFXLW�RI�LQWHUHVW���)RU�WKH�VROHQRLG�
RSHUDWLYH� YDOYH� FRQWURO� FLUFXLW�� WKUHH� SDWKV� DUH� GHILQHG� DQG� WKXV� WKH� DWWULEXWHV� DUH� 3$7+� ����
3$7+������DQG�3$7+��������)LYH�YDOXHV�DUH�GHILQHG�WR�VHW�WKH�FRQGLWLRQV�IRU�HDFK�SDWK��&ORVHG�
2SHQ��6KRUW�WR����6KRUW�WR�±��DQG�6KRUW�WR�(DFK�2WKHU��

7KH�FRQGLWLRQV�RI�FRPSOHWLRQ�IRU�WKH�SDWKV�EHWZHHQ�SDUWLDO�FLUFXLWV�DUH�HPEHGGHG�LQ�WKH�'50�IRU
WKH�6WDWH��&RPSOHWH�&LUFXLW��� �1R� ,50�LV�GHILQHG�EHFDXVH� WKH� DWWULEXWHV� IRU� WKLV�REMHFW� DUH�QRW
GHSHQGHQW� RQ�ZKDW� KDSSHQV� LQ� RWKHU� REMHFWV�� � 7KH� LQLWLDO� FRQGLWLRQV� RI� FRPSOHWLRQ� DUH� VHW� IRU
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QRUPDO� RSHUDWLRQ� �3$7+� ��� �&ORVHG��� 3$7+� ��� �&ORVHG��� DQG� 3$7+� ��� �&ORVHG���
6XEVHTXHQWO\�� WKH� EUDQFKLQJ� ORJLF� ³UDQGRPO\´� JHQHUDWHV� D� FKDQJH� LQ� WKH� RYHUDOO� PRGHO¶V
FRPSOHWLRQ�FKDUDFWHULVWLFV�E\�FKDQJLQJ�RQH�RI�WKH�SDWKV�WR�EH��2SHQ����6KRUW�WR�����RU��6KRUW�WR����
RU�E\�VKRUWLQJ�WZR�RU�PRUH�RI�WKHVH�SDWKV�WR�HDFK�RWKHU�� �7KH�'50�WKHQ�H[HFXWHV�D�SUHVFULEHG
GHOD\�� WKHQ� ³UDQGRPO\´� JHQHUDWHV� DQRWKHU� FKDQJH� LQ� WKHVH� FRPSOHWLRQ� FKDUDFWHULVWLFV�� � 7KH
SURFHVV�LV�UHSHDWHG�XQWLO�DQ�DQDO\VW�VSHFLILHG�WLPH�KDV�H[SLUHG��ZKLFK�ZLOO�FRUUHVSRQG�WR�D�SUH�
GHILQHG� QXPEHU� RI� FKDQJHV� LQ� WKH�PRGHO¶V� FRPSOHWLRQ� FKDUDFWHULVWLFV��� � $OO� FRPELQDWLRQV� DQG
RUGHUV� RI� FRPSOHWLRQ� FKDUDFWHULVWLFV� ZLOO� HYHQWXDOO\� EH� H[SORUHG� EHFDXVH� WKH� 2%(67� VROXWLRQ
DOJRULWKP�FRQGXFWV�DQ�H[KDXVWLYH�VHDUFK�IRU�DOO�SRVVLEOH�VFHQDULRV���7KXV��WKH�³UDQGRP´�QDWXUH�RI
WKH�'50�FRPSOHWLRQ�ORJLF�GRHV�QRW�GHWUDFW�IURP�WKH�FRPSOHWHQHVV�RI�WKH�RYHUDOO�FLUFXLW�DQDO\VLV�

&RPSOHWH

&LUFXLW

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&LUFXLW�&RPSOHWHU�2EMHFW�

7KH�'50�PRGHO� HPSOR\HG� LQ� WKH� FLUFXLW� FRPSOHWHU� REMHFW� XVHV� SUREDELOLWLHV� WKDW� HPERG\� WKH
UHODWLYH�OLNHOLKRRG�RI�HDFK�SRVVLEOH�FRPSOHWLRQ�FRQGLWLRQ��DQG�WKH�GHOD\�WLPH�UHSUHVHQWV�WKH�WLPH
WKDW� HODSVHV� EHWZHHQ� FKDQJHV� LQ� WKH� FLUFXLW¶V� FRPSOHWLRQ� FKDUDFWHULVWLFV�� � ,I� D� VFLHQWLILF� EDVLV
H[LVWV�IRU�HLWKHU�WKH�UHODWLYH�SUREDELOLWLHV�RU�WKH�GHOD\�WLPH��WKLV�LQIRUPDWLRQ�FDQ�EH�LQFRUSRUDWHG
GLUHFWO\�LQWR�WKLV�REMHFW¶V�'50���)RU�WKLV�PRGHO��KRZHYHU��WKH�SUREDELOLW\�YDOXHV�ZHUH�VHW�WR�EH
HTXDO� �EDVHG�RQ� WKH�QXPEHU�RI�SRVVLEOH� DGYHUVH� FRQGLWLRQV� WR� EH� FRQVLGHUHG�� EHFDXVH� QR� VXFK
VFLHQWLILF� EDVLV� ZDV� DVVXPHG�� � 7KXV�� WKH� OLNHOLKRRG� RI� HDFK� SDWK� LV� QRW� PHDQLQJIXO� IRU� WKLV
PRGHO�±� RQO\� WKH� LQVLJKWV� JDLQHG� IURP� WKH� SDWK� GHILQLWLRQV� WKHPVHOYHV�� � )RU� WKH� VROHQRLG�
RSHUDWLYH�YDOYH�FRQWURO�FLUFXLW��WKLUWHHQ�DGYHUVH�FRQGLWLRQV�DUH�FRQVLGHUHG��DV�LQGLFDWHG�LQ�7DEOH
������HDFK�ZLWK�D�SUREDELOLW\�RI���������)RU�QLQH�FRQGLWLRQV��HDFK�SDWK�LV�LQGLYLGXDOO\�VHW�WR�HLWKHU
�2SHQ����6KRUW�WR�����RU��6KRUW�WR�±����$GGLWLRQDOO\��IRXU�FRPELQDWLRQV�RI�WKH�VKRUWV�WR�HDFK�RWKHU
DUH�SRVVLEOH�� �����3$7+�����DQG�3$7+����������3$7+�����DQG�3$7+����������3$7+�����DQG
3$7+������DQG�3$7+������3$7+�����DQG�3$7+������ �$IWHU� HDFK� FKDQJH� LQ� WKH� FRQGLWLRQ�RI
FRPSOHWLRQ� LV� PDGH�� WKH� FLUFXLW� FRPSOHWHU� REMHFW� JHQHUDWHV� WKH� (YHQW�5HVHW�1HZ� &RQGLWLRQV�
ZKLFK�FDXVHV�D�VWDWH�WUDQVLWLRQ�LQ�WKH�FLUFXLW�DQDO\]HU�REMHFW�DV�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ���7KH
FLUFXLW� DQDO\]HU� WKHQ� DVVHVVHV� WKH� FXUUHQW� IORZV� ZLWKLQ� WKH� V\VWHP� PRGHO� DQG� JHQHUDWHV� WKH
DSSURSULDWH�YDOXHV�IRU�WKH�YDULRXV�SDUWLDO�FLUFXLW�DQG�FRPSRQHQW�REMHFWV���7KH�V\VWHP�WKHQ�ZDLWV
IRU�WKH�FLUFXLW�FRPSOHWHU¶V�'50�FORFN�WR�H[SLUH��DQG�WKH�SURFHVV�UHSHDWV�LWVHOI�
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7DEOH��������3UREDELOLWLHV�IRU�DGYHUVH�FRQGLWLRQV�RI�FRPSOHWLRQ�

$WWULEXWH�9DOXHV�IRU�$GYHUVH�&RQGLWLRQV�RI�&RPSOHWLRQ
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������� &LUFXLW�$QDO\]HU�2EMHFW

7KH�&LUFXLW�$QDO\]HU�2EMHFW��&$��LQIHUV�FRQGLWLRQV�RI�FXUUHQW�IORZ�LQ�WKH�RYHUDOO�FLUFXLW�EDVHG
RQ�FRQGLWLRQV�LQ�WKH�SDUWLDO�FLUFXLWV�DQG�WKH�FLUFXLW�FRPSOHWHU���7KH�FLUFXLW�DQDO\]HU�SURYLGHV�WKH
FLUFXLW� FRPSOHWHU� ZLWK� LQIRUPDWLRQ� RQ� FXUUHQW� IORZ� WKURXJK� WKH� FRQGXFWRUV� EHWZHHQ� SDUWLDO
FLUFXLWV���,Q�WXUQ��WKH�FLUFXLW�FRPSOHWHU�SURYLGHV�WKH�FLUFXLW�DQDO\]HU�ZLWK�LQIRUPDWLRQ�RQ�SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�IRU�WKH�FRQGXFWRUV�EHWZHHQ�SDUWLDO�FLUFXLWV�� �$GGLWLRQDOO\��WKH
FLUFXLW� DQDO\]HU� SURYLGHV� LQIRUPDWLRQ� WR� WKH� SDUWLDO� FLUFXLW� UHJDUGLQJ� FXUUHQW� IORZ� WKURXJK� WKH
SDUWLDO� FLUFXLW�� � ,Q� WXUQ�� WKH� SDUWLDO� FLUFXLW� SURYLGHV� WR� WKH� FLUFXLW� DQDO\]HU� LQIRUPDWLRQ� RQ� LWV
SK\VLFDO�FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�

7R�LQIHU�WKH�FRQGLWLRQV�RI�FXUUHQW�IORZ�LQ�D�FLUFXLW��WZR�VWDWHV��,QLWLDOL]H�DQG�$VVHVV��DUH�GHILQHG
IRU�WKH�FLUFXLW�DQDO\]HU��DV�LOOXVWUDWHG�LQ�WKH�VWDWH�WUDQVLWLRQ�GLDJUDP�LQ�)LJXUH��������7KHVH�VWDWHV
DUH� UHODWHG�E\� WZR�HYHQWV��$QDO\]H� DQG�$VVHVV� WKDW�FDXVH� WUDQVLWLRQV�EHWZHHQ� WKH� WZR�VWDWHV�� DV
LQGLFDWHG�E\�WKH�GLUHFWHG�DUURZV�LQ�)LJXUH������� �7KH�(YHQW�$QDO\]H� LV�JHQHUDWHG�E\�WKH�FLUFXLW
DQDO\]HU� DQG� FDXVHV� D� WUDQVLWLRQ� IURP� WKH� 6WDWH��,QLWLDOL]H�� WR� WKH� 6WDWH��$VVHVV��� � 7KH
(YHQW�5HVHW�1HZ�FRQGLWLRQV�LV�JHQHUDWHG�E\�WKH�FLUFXLW�FRPSOHWHU�REMHFW�DQG�FDXVHV�DV�WUDQVLWLRQ
IURP�WKH�6WDWH��$VVHVV��WR�WKH�6WDWH��,QLWLDOL]H��

7KUHH� EDVLF� DWWULEXWHV� �&855(17Q�� 0$;,080� �� &855(17� 327(17,$/�� DQG
0$;,080�±�&855(17�327(17,$/��DUH�GHILQHG�IRU� WKLV�REMHFW� WR�SURYLGH� LQIRUPDWLRQ�RQ
WKH� FXUUHQW� IORZ� IRU� HDFK� SDUWLDO� FLUFXLW�� � 7KH� ILUVW� DWWULEXWH�� &855(17Q�� GHILQHV� WKH� FXUUHQW
FRQGLWLRQV�IRU�HDFK�SDUWLDO�FLUFXLW�LQ�WKH�FLUFXLW�RI�LQWHUHVW�EDVHG�RQ�WKH�FRQGLWLRQV�RI�WKH�SDUWLDO
FLUFXLW� DQG� WKH� FLUFXLW� FRPSOHWLRQ� IRU� WKH� UHODWHG� SDWK�� � 7KLV� DWWULEXWH� UHSUHVHQWV� WKH� UHVXOWV
JHQHUDWHG�E\�WKH�FLUFXLW�DQDO\]HU�REMHFW�� �)RXU�YDOXHV��1RUPDO��1RQH��6KRUW�&LUFXLW��8QNQRZQ�
DUH�GHILQHG�IRU�WKLV�DWWULEXWH���$�VHSDUDWH�DWWULEXWH�&855(17Q�LV�GHILQHG�IRU�HDFK�SDUWLDO�FLUFXLW
LQ�WKH�FLUFXLW�RI�LQWHUHVW���)RU�WKH�VROHQRLG�RSHUDWLYH�YDOYH�FRQWURO�FLUFXLW��VL[�SDUWLDO�FLUFXLWV�DUH
GHILQHG� DQG� WKXV� WKH� DWWULEXWHV� DUH� &855(17��� &855(17��� &855(17��� &855(17��
&855(17��� DQG� &855(17��� )RU� HDFK� VKRUW� FLUFXLW� FRQGLWLRQ�� WKH� RWKHU� WZR� DWWULEXWHV�
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0$;,080� �� &855(17� 327(17,$/�� DQG� 0$;,080� ±� &855(17� 327(17,$/�� DUH
DOVR�HYDOXDWHG���)RXU�YDOXHV��2SHQ��'LUHFW��7KURXJK�/RDG��8QNQRZQ��DUH�GHILQHG�IRU�WKHVH�WZR
DWWULEXWHV�

$QDO\]H

5HVHW�QHZ�FRQGLWLRQV

,QLWLDOL]H $VVHVV

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&LUFXLW�$QDO\]HU�2EMHFW�

7KH�FRQGLWLRQV�IRU�VHWWLQJ�WKH�DWWULEXWHV�IRU�WKH�&LUFXLW�$QDO\]HU�2EMHFW�DUH�HPEHGGHG�LQ�WKH�,50
IRU�WKH�6WDWH��,QLWLDOL]H����7KH�LQLWLDO�FRQGLWLRQV�IRU�WKH�FLUFXLW�DQDO\]HU¶V�DWWULEXWHV�DUH�VHW�WR�DZDLW
LQIRUPDWLRQ�IURP�WKH�SDUWLDO�FLUFXLWV�DQG�WKH�FLUFXLW�FRPSOHWHU���7KXV��DOO�DWWULEXWH�YDOXHV�DUH�VHW
WR� �8QNQRZQ��� � :KHQ� WKH� (YHQW�5HVHW�QHZ� FRQGLWLRQV� LV� JHQHUDWHG� E\� WKH� FLUFXLW� FRPSOHWHU
REMHFW�� WKLV� FDXVHV� WKH� FLUFXLW� DQDO\]HU� REMHFW� WR� WUDQVLWLRQ� WR� WKH� 6WDWH��,QLWLDOL]H�� ZKHUH� WKH
DWWULEXWH�YDOXHV�IRU�WKH�FLUFXLW�DQDO\]HU�DUH�UHVHW�WR�LQLWLDO�FRQGLWLRQV���2QFH�WKH�DWWULEXWH�YDOXHV
DUH� UHVHW�� WKH� (YHQW�$QDO\]H� LV� JHQHUDWHG� E\� WKH� 6WDWH��,QLWLDOL]H��� � 7KLV� FDXVHV� WKH� REMHFW� WR
WUDQVLWLRQ� LQWR� WKH� 6WDWH��$VVHVV��� ZKHUH� WKH� DFWXDO� GHWHUPLQDWLRQ� RI� FXUUHQW� YDOXHV� ZLWKLQ� WKH
V\VWHP�LV�DFFRPSOLVKHG�

7KH�6WDWH��$VVHVV��KDV�D�YHU\�FRPSOH[� ,50�DQG�QR�'50�� �7KH� ,50�H[DPLQHV� WKH�FRQGLWLRQV
ZLWKLQ�DOO�VL[�SDUWLDO�FLUFXLWV�SOXV�WKH�FLUFXLW�FRPSOHWHU�WR�GHWHUPLQH�WKH�FXUUHQWV�WKDW�DUH�IORZLQJ
WKURXJK�WKLV�FRQQHFWLYLW\�FRQILJXUDWLRQ���7KHUH�LV�QR�'50�EHFDXVH�WKH�DQDO\]HU�PXVW�FRPSOHWH
LWV� ZRUN� ³LPPHGLDWHO\´� DQG� UHSRUW� EDFN� LWV� UHVXOWV� WR� WKH� FLUFXLW� IRU� UHFRUGLQJ� RU� IXUWKHU
SURFHVVLQJ�� � ,W� ZRXOG� EH� SURKLELWLYHO\� FRPSOH[� WR� V\VWHPDWLFDOO\� LGHQWLI\� DOO� SRVVLEOH
FRPELQDWLRQV�RI�SRODULWLHV��FRQQHFWLYLW\�FRQGLWLRQV��RSHQ�FLUFXLWV��DQG� ORDGV��DQG� WR�EXLOG� WKHVH
FRPELQDWLRQV�LQWR�WKH�,50���,QVWHDG��WKH�,50�DFFRPSOLVKHV�LWV�PRGHOLQJ�WKURXJK�WKH�XVH�RI�PRUH
JHQHUDO� UXOHV� WKDW�PXVW�EH� HYDOXDWHG� LQ� VWDJHV� WKURXJK� WKH� FRQFHSW�RI� ³JHQHUDWLRQV�´� �+HUH�ZH
PDNH�XVH�RI�WKH�IDFW�WKDW�ZKHQ�WKH�2%(67�VROXWLRQ�DOJRULWKP�GHWHFWV�WKDW�DQ\�,50�KDV�FKDQJHG
VRPHWKLQJ��LW�GHWHUPLQHV�WKDW�HTXLOLEULXP�KDV�QRW�\HW�EHHQ�DFKLHYHG��VR�DQ�DGGLWLRQDO�HYDOXDWLRQ
RI�WKH�V\VWHP¶V�,50V��DQ�DGGLWLRQDO�JHQHUDWLRQ��LV�RUGHUHG���7KXV��ZH�FDQ�VROYH�RQH�SRUWLRQ�RI
WKH�FLUFXLW�DQDO\VLV�SUREOHP�LQ�RQH�JHQHUDWLRQ��DQG��DV�ORQJ�DV�WKH�UXOH�WKDW�LV�DSSOLHG�FDXVHV�DQ
DWWULEXWH�FKDQJH�RU�VWDWH�WUDQVLWLRQ��WKH�,50�ZLOO�EH�FDOOHG�DJDLQ�IRU�DQ�DGGLWLRQDO�JHQHUDWLRQ�LQ
ZKLFK�DGGLWLRQDO�UXOHV�FDQ�EH�DSSOLHG�DQG�DGGLWLRQDO�SRUWLRQV�RI�WKH�VROXWLRQ�FRPSOHWHG�
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7KH�GHWDLOV�RI�WKH�FLUFXLW�DQDO\]HU¶V�UXOHV�FDQ�EH�IRXQG�LQ�$SSHQGL[�'���+RZHYHU��D�VXPPDU\�RI
WKRVH�UXOHV� LV�SUHVHQWHG� LQ� WKH� IROORZLQJ�SDUDJUDSKV�� �7KH�FLUFXLW� DQDO\]HU� ILUVW� FRQVLGHUV� WKRVH
SDUWLDO� FLUFXLWV� WKDW� DUH� QRW� LQ� WKH� FRPSOHWLRQ� VWDWH� ³VKRUWHG� WRJHWKHU�´� � 7KHVH� FLUFXLWV� DUH
UHODWLYHO\�VWUDLJKWIRUZDUG�WR�DQDO\]H���5XOHV�DSSOLHG�KHUH�LQFOXGH�

�� ,I� WKH� FLUFXLW� FRPSOHWHU� VKRZV� WKLV�SDWK� DV� ³RSHQ�´� WKHQ� WKHUH� LV� ]HUR� FXUUHQW� IORZ� WKURXJK
WKHVH�SDUWLDO�FLUFXLWV�

�� ,I�WKH�FLUFXLW�FRPSOHWHU�VKRZV�WKLV�SDWK�DV�³FORVHG�´�DQG�HLWKHU�RI�WKH�SDUWLDO�FLUFXLWV�WR�ZKLFK
LW�LV�DWWDFKHG�LV�DQ�RSHQ�SDUWLDO�FLUFXLW��RU�QRW�DWWDFKHG�WR�D�SRZHU�VXSSO\���WKHQ�WKHUH�LV�]HUR
FXUUHQW�IORZ�WKURXJK�WKHVH�SDUWLDO�FLUFXLWV�

�� ,I�WKH�FLUFXLW�FRPSOHWHU�VKRZV�WKLV�SDWK�DV�³FORVHG�´�DQG�ERWK�RI�WKH�SDUWLDO�FLUFXLWV�WR�ZKLFK�LW
LV� DWWDFKHG� DUH� RI� WKH� VDPH� SRODULW\�� WKHQ� WKHUH� LV� ]HUR� FXUUHQW� IORZ� WKURXJK� WKHVH� SDUWLDO
FLUFXLWV�

�� ,I� WKH� FLUFXLW� FRPSOHWHU� VKRZV� WKLV� SDWK� DV� ³FORVHG�´� DQG� WKH� SDUWLDO� FLUFXLWV� WR�ZKLFK� LW� LV
DWWDFKHG�DUH�RI�RSSRVLWH�SRODULWLHV��DQG�QHLWKHU�SDUWLDO�FLUFXLW�LQFOXGHV�D�ORDG��WKHQ�WKHUH�LV�D
VKRUW�FLUFXLW�WKURXJK�WKHVH�SDUWLDO�FLUFXLWV�

�� ,I� WKH� FLUFXLW� FRPSOHWHU� VKRZV� WKLV� SDWK� DV� ³FORVHG�´� DQG� WKH� SDUWLDO� FLUFXLWV� WR�ZKLFK� LW� LV
DWWDFKHG� DUH� RI� RSSRVLWH� SRODULWLHV�� DQG� ERWK� SDUWLDO� FLUFXLWV� LQFOXGHV� D� ORDG�� WKHQ� WKHUH� LV
LQVXIILFLHQW�FXUUHQW�IORZ�WKURXJK�WKHVH�SDUWLDO�FLUFXLWV�

�� ,I� WKH� FLUFXLW� FRPSOHWHU� VKRZV� WKLV� SDWK� DV� ³FORVHG�´� DQG� WKH� SDUWLDO� FLUFXLWV� WR�ZKLFK� LW� LV
DWWDFKHG�DUH�RI�RSSRVLWH�SRODULWLHV��DQG�RQH�SDUWLDO�FLUFXLW�LQFOXGHV�D�ORDG��WKHQ�WKHUH�LV�QRUPDO
FXUUHQW�IORZ�WKURXJK�WKHVH�SDUWLDO�FLUFXLWV�

6LPLODU�W\SHV�RI�UXOHV�DUH�HPSOR\HG�IRU�VLWXDWLRQV�ZKHQ�WKH�FLUFXLW�FRPSOHWHU�VKRZV�WKLV�SDWK�LV
FRQQHFWHG�GLUHFWO\�WR�D�SRVLWLYH�RU�QHJDWLYH�SRODULW\�FXUUHQW�VRXUFH���:KHQ�WZR�RU�PRUH�SDWKV�DUH
VKRUWHG�WRJHWKHU��VHYHUDO�JHQHUDWLRQV�PD\�EH�UHTXLUHG�WR�GHWHUPLQH�WKH�FXUUHQW�IORZ�WKURXJK�WKH
FRPELQHG�FLUFXLW���7KH�PHWKRG�WKDW�LV�XVHG�WR�FRPSXWH�WKHVH�FXUUHQWV�DSSOLHV�WKH�IROORZLQJ�EDVLF
DOJRULWKP�

��� 'HWHUPLQH� ZKLFK� RI� WKH� SDUWLDO� FLUFXLWV� KDV� WKH� SRWHQWLDO� WR� SURYLGH� WKH� JUHDWHVW� SRWHQWLDO
FXUUHQW�WR�WKH�VKRUW�FLUFXLW�IURP�D�SRVLWLYH�SRODULW\�FXUUHQW�VRXUFH��DQG�QRWH�WKH�YDOXH�RI�WKDW
SRWHQWLDO� FXUUHQW� LQ� WKH� DWWULEXWH� 0$;,080� �� &855(17� 327(17,$/�� � 7KH� JUHDWHVW
SRWHQWLDO�FXUUHQW�RFFXUV�ZKHQ�WKHUH�LV�D�SDUWLDO� FLUFXLW� WKDW� LV�DWWDFKHG� WR�D�SRVLWLYH�SRODULW\
FXUUHQW� VRXUFH� DQG� KDV� QR� ORDG� �WKHUH� LV� D� GLUHFW� FRQQHFWLRQ� IURP� WKH� VKRUW� WR� WKH� SRVLWLYH
FXUUHQW�VRXUFH��� �7KH�VHFRQG�JUHDWHVW�SRWHQWLDO�FXUUHQW�RFFXUV�ZKHQ�WKHUH�LV�D�SDUWLDO�FLUFXLW
WKDW� LV�DWWDFKHG�WR�D�SRVLWLYH�SRODULW\�FXUUHQW�VRXUFH� WKURXJK�D� ORDG�� �2WKHUZLVH�� WKHUH� LV�QR
SRWHQWLDO�SRVLWLYH�SRODULW\�FXUUHQW�

��� $SSO\�WKH�VDPH�ORJLF�WR�GHWHUPLQH�ZKLFK�RI� WKH�SDUWLDO�FLUFXLWV�KDV�WKH�SRWHQWLDO� WR�SURYLGH
WKH�JUHDWHVW�SRWHQWLDO�FXUUHQW�WR�WKH�VKRUW�FLUFXLW�IURP�D�QHJDWLYH�SRODULW\�FXUUHQW�VRXUFH��DQG
QRWH� WKH� YDOXH� RI� WKDW� SRWHQWLDO� FXUUHQW� LQ� WKH� DWWULEXWH� 0$;,080� ±� &855(17
327(17,$/�
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��� 'HWHUPLQH�WKH�FXUUHQW�WKURXJK�WKH�YDULRXV�SDUWLDO�FLUFXLWV�DWWDFKHG�WR�WKH�VKRUW�

�� ,I� WKH� 0$;,080� �� &855(17� 327(17,$/� LV� D� ³GLUHFW� FRQQHFWLRQ´� DQG� WKH
0$;,080�±�&855(17�327(17,$/� LV� DOVR� D� ³GLUHFW� FRQQHFWLRQ�´� WKHQ� WKHUH� LV� D
VKRUW� FLUFXLW� LQYROYLQJ� WZR� RU�PRUH� SDUWLDO� FLUFXLWV�� � $OO� RWKHU� SDUWLDO� FLUFXLWV� KDYH� QR
FXUUHQW�

�� ,I� HLWKHU� 0$;,080� �� &855(17� 327(17,$/� RU� 0$;,080� ±� &855(17
327(17,$/� LV� D� ³QRQH�´� WKHQ� QRQH� RI� WKH� SDUWLDO� FLUFXLWV� VXSSRUWV� VXIILFLHQW� FXUUHQW
IORZ�

�� ,I�ERWK�WKH�0$;,080���&855(17�327(17,$/�DQG�WKH�0$;,080�±�&855(17
327(17,$/�DUH� ³WKURXJK�D� ORDG�´� WKHQ�QRQH�RI� WKH� SDUWLDO� FLUFXLWV� VXSSRUWV� VXIILFLHQW
FXUUHQW�IORZ�

�� ,I� HLWKHU� 0$;,080� �� &855(17� 327(17,$/� RU� 0$;,080� ±� &855(17
327(17,$/�LV�D�³GLUHFW�FRQQHFWLRQ�´�DQG�WKH�RWKHU�FXUUHQW�SRWHQWLDO�LV�³WKURXJK�D�ORDG�´
WKHQ�WKHVH�SDUWLDO�FLUFXLWV�VXSSRUW�D�QRUPDO�FXUUHQW�IORZ��DQG�DOO�RWKHU�SDUWLDO�FLUFXLWV�KDYH
QR�FXUUHQW�

7KH�DFWXDO�UXOHV�WKDW�LPSOHPHQW�WKLV�DOJRULWKP�DUH�YHU\�FRPSOH[�±�PXFK�PRUH�FRPSOH[�WKDQ�WKH\
ZRXOG� QHHG� WR� EH� LI� WKH� 2%(67� VRIWZDUH� VXSSRUWHG� D� PRUH� SRZHUIXO� ,50� DQG� '50�PRGHO
GHVFULSWLRQ� ODQJXDJH�� � $V� HDFK� SDUWLDO� FLUFXLW¶V� FXUUHQW� LV� VHW� �DV� DQ� DWWULEXWH�� E\� WKH� FLUFXLW
DQDO\]HU��WKH�RWKHU�REMHFWV�UHVSRQG�WR�WKRVH�DWWULEXWH�FKDQJHV�WKURXJK�WKHLU�,50�ORJLF���2QFH�DOO
SDUWLDO�FLUFXLWV¶�FXUUHQWV�DUH�VHW��WKH�2%(67�PRGHO�UHDFKHV�HTXLOLEULXP�DQG�DZDLWV�WKH�WLPH�ZKHQ
WKH�FLUFXLW�FRPSOHWHU¶V�'50�JHQHUDWHV�WKH�(YHQW�5HVHW�1HZ�FRQGLWLRQV��ZKHQ�WKH�SURFHVV�UHSHDWV
LWVHOI�

������� 2WKHU�2EMHFWV

7KLV� H[DPSOH� SUREOHP�KDV� IRFXVHG� RQ� WKH�PHWKRGV� WKDW�ZRXOG� EH� XVHG� WR� DQDO\]H� WKH� HOHFWULF
FLUFXLWV�WKHPVHOYHV��DQG�HVSHFLDOO\�WR�GHWHUPLQH�WKH�DOJRULWKPV�WKDW�ZRXOG�KDYH�WR�EH�XVHG�

�� 7R�LPSRVH�WKH�FLUFXLW�FRPSOHWLRQ�YDULDWLRQV�RQ�WKH�FLUFXLW�REMHFW�PRGHO�WKDW�PLJKW�EH�FDXVHG
E\�D�ILUH�HYHQW��WKH�FLUFXLW�FRPSOHWHU�REMHFW���DQG

�� 7R�DQDO\]H�WKH�FLUFXLW�LWVHOI�WR�GHWHUPLQH�WKH�FXUUHQWV�WKDW�IORZ�WKURXJK�DOO�RI�LWV�VHJPHQWV�IRU
HDFK�FRPSOHWLRQ�FRPELQDWLRQ��WKH�SDUWLDO�FLUFXLWV�DQG�FLUFXLW�DQDO\]HU�REMHFWV��

7KXV�� WKH� REMHFW�PRGHO� GHVFULEHG� LQ� WKLV� VHFWLRQ� VLPSO\�PRGHOV� WKH� HOHFWULFDO� SRUWLRQV� RI� WKLV
DQDO\VLV���+RZHYHU��LQ�RUGHU�IRU�WKLV�PRGHO�WR�DQVZHU�XVHIXO�TXHVWLRQV�IRU�DQ�DQDO\VW��RQH�QHHGV
PRUH�LQIRUPDWLRQ���(VVHQWLDOO\��WKH�DQDO\VW�ZDQWV�WR�NQRZ�ZKHWKHU�WKH�YDULRXV�FLUFXLW�FRPSOHWLRQ
VHTXHQFHV�JHQHUDWHG�E\� WKLV�2%(67�PRGHO�ZRXOG�SUHVHQW�DQ\�XQVDIH�FRQGLWLRQV� IRU� WKH�DFWXDO
V\VWHP�RSHUDWLRQV�� � ³8QVDIH´�PD\� EH� GHILQHG� DV� WKH� V\VWHP� SHUIRUPLQJ� LQ� D�PDQQHU� GLIIHUHQW
IURP� ZKDW� WKH� RSHUDWRU� H[SHFWV�� RU� WKH� GHILQLWLRQ� PD\� EH� PRUH� VSHFLILF�� QRWLQJ� SDUWLFXODU
FRQGLWLRQV� WKDW�HLWKHU�PXVW�RFFXU�RU�PXVW�EH�DYRLGHG�� �7KH� DQDO\VW�PXVW� VSHFLI\�D�ZD\� IRU� WKH
2%(67�VRIWZDUH�WR�NQRZ�ZKHWKHU�D�VLWXDWLRQ�LV�VDIH�RU�XQVDIH��� ,Q�VRPH�VLWXDWLRQV��WKH�DQDO\VW
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PD\�EH�DEOH�WR�VSHFLI\�WKRVH�FRQGLWLRQV�WKURXJK�WKH�ELQQLQJ�FRQGLWLRQV���,Q�RWKHU�VLWXDWLRQV��WKH
DQDO\VW�ZLOO�QHHG� WR�EXLOG�D� VSHFLDO�REMHFW� WKDW�³PRQLWRUV´� WKH�FRQGLWLRQV�RI� WKH�YDULRXV�FLUFXLW
REMHFWV� DQG� VHWV� VWDWHV� RU� DWWULEXWHV� WR� GHQRWH� WKH� FDWHJRULHV� RI� FLUFXLW� FRQGLWLRQV� WKDW� DUH� RI
LQWHUHVW� WR� WKH� DQDO\VW�� � ,Q� VWLOO� RWKHU� VLWXDWLRQV�� WKH� DQDO\VW�PD\�ZLVK� WR� EXLOG� RQH� REMHFW� WKDW
PRGHOV�KRZ�WKH�V\VWHP�ZRXOG�DFW�LQ�WKH�DEVHQFH�RI�HOHFWULFDO�IDXOWV��DQG�XVH�HLWKHU�ELQQLQJ�RU�D
PRQLWRULQJ�REMHFW�WR�FDSWXUH�GLIIHUHQFHV�EHWZHHQ�WKH�SURSHU�DQG�ILUH�DOWHUHG�V\VWHP�EHKDYLRU���,Q
DQ\�FDVH��LW�LV�SRVVLEOH�WR�REWDLQ�D�ZLGH�DUUD\�RI�LQIRUPDWLRQ�IURP�WKH�2%(67�DQDO\VLV�WKDW�FDQ
EH�XVHG�WR�XQGHUVWDQG�KRZ�WKH�FLUFXLW�DQG�V\VWHP�PLJKW�UHVSRQG�XQGHU�WKH�XQFHUWDLQWLHV�RI�D�ILUH
VFHQDULR��DQG�WR�SURYLGH�LQVLJKWV�WKDW�FDQ�EH�XVHG�WR�KHOS�PDNH�WKHVH�FLUFXLWV�DQG�V\VWHPV�PRUH
SUHGLFWDEOH�DQG�IXQFWLRQDO�XQGHU�WKHVH�FKDOOHQJLQJ�FRQGLWLRQV�

����� %DVLF�,QIUDVWUXFWXUH�3UREOHP

'XULQJ�WKH�WHUP�RI�WKLV�/'5'�SURMHFW��WKH�ZRUOG�H[SHULHQFHG�WKH�QRZ�LQIDPRXV�³<�.´�SUREOHP�
ZKHUH� LW� ZDV� IHDUHG� WKDW� FRPSXWHU� IDLOXUHV� ZRXOG� FDXVH� ZLGHVSUHDG� RXWDJHV� LQ� PDMRU
LQIUDVWUXFWXUHV� VXFK� DV� HOHFWULF� SRZHU� JHQHUDWLRQ� DQG� GLVWULEXWLRQ�� QDWXUDO� JDV� SLSHOLQHV�� DQG
WHOHFRPPXQLFDWLRQV�� � 7KLV� LQIUDVWUXFWXUH� SUREOHP�� ZKLOH� QRW� VWULFWO\� UHODWHG� WR� WKH� RULJLQDO
SXUSRVH�RI� WKH�/'5'�SURMHFW�� LOOXVWUDWHV�KRZ�LQIUDVWUXFWXUHV�FDQ� LQWHUDFW�ZLWK�RQH�DQRWKHU� DQG
KRZ� RQH� FDQ� PDNH� YDULRXV� WUDGHV� DPRQJ� UHSODFHPHQW� HQHUJ\� VRXUFHV� WR� DFKLHYH� DQ� RSWLPDO
VWUDWHJ\� WR� SUHSDUH� IRU� SRWHQWLDO� LQIUDVWUXFWXUH� GLVUXSWLRQV� LQ� HQHUJ\� VXSSOLHV�� � 7KH� 2%(67
PHWKRG�ZLOO�EH�XVHG�LQ�D�PDQQHU�VLPLODU�WR�WKH�SROLFH�VWDWLRQ�±�HOHFWULF�SRZHU�PRGHO�� �:H�ZLOO
GHYHORS�D�PRGHO�WKDW�VLPXOWDQHRXVO\�UHSUHVHQWV�DOO�RI�WKH�YDULRXV�SUHSDUDWLRQ�RSWLRQV�FRQVLGHUHG�
DV�ZHOO�DV�D�UDQJH�RI�FRPPHUFLDO�LQIUDVWUXFWXUH�GLVUXSWLRQ�VFHQDULRV���7KH�DQDO\VW�FDQ�PRGLI\�WKH
SUREDELOLWLHV� DQG� DWWULEXWH� YDOXHV� ZLWKLQ� WKH� YDULRXV� REMHFW� PRGHOV� WR� UHSUHVHQW� GLIIHUHQW
SUHSDUHGQHVV�RSWLRQV�XVLQJ�WKH�VDPH�REMHFW�PRGHO�

������� 3UREOHP�'HVFULSWLRQ�DQG�6\VWHP�0RGHO

7KH� LQLWLDO� VLWXDWLRQ�� LQ� ZKLFK� WKH� DQDO\VW� �RU� WKH� ³IDPLO\´� IRU� ZKLFK� WKLV� DQDO\VLV� LV� EHLQJ
SHUIRUPHG�� LV� DVVXPHG� WR� OLYH� LQ� D�PRGHUDWHO\� UXUDO� DUHD� DQG� EH� XQSUHSDUHG� IRU� ORQJ�GXUDWLRQ
LQIUDVWUXFWXUH�GLVUXSWLRQV���7KH�IDPLO\�UHFHLYHV�HOHFWULF�SRZHU�DQG�QDWXUDO�JDV�IURP�³FRQWLQXRXV´
FRPPHUFLDO� LQIUDVWUXFWXUHV��L�H��� WKH\�DUH�GHOLYHUHG�FRQWLQXRXVO\�IURP�D�SLSHOLQH�RU�RWKHU�GLUHFW
FRQQHFWLRQ��� � 6LQFH� WKH\� DUH� SURYLGHG� E\� WKH� LQIUDVWUXFWXUH� ³RQ� GHPDQG�´� WKH\� DUH� GLIILFXOW� WR
VWRFNSLOH� IRU� XVH� GXULQJ� RXWDJHV�� �:DWHU� LV� GHULYHG� IURP� D�ZHOO� WKDW� LV� SXPSHG� XVLQJ� HOHFWULF
SRZHU���,Q�RUGHU�WR�VXUYLYH�LQ�UHODWLYH�FRPIRUW��WKH�IDPLO\�QHHGV�WR�PDLQWDLQ�DFFHVV�WR�ZDWHU��KHDW�
OLJKW�� DQG� KHDW� IRU� FRRNLQJ� �IRRG� LV� QRW� FRQVLGHUHG� LQ� WKLV� DQDO\VLV� EHFDXVH� LW� FDQ� EH� UHDGLO\
VWRFNSLOHG�LQ�ODUJH�TXDQWLWLHV�IRU�ODWHU�XVH��� �0DQ\�IDPLOLHV�KDYH�DYDLODEOH�IODVKOLJKWV��EDWWHULHV�
FDQGOHV�DQG�PDWFKHV�DV�WKHLU�RQO\�SUHSDUDWLRQV�IRU�HOHFWULF�SRZHU�RXWDJHV���7KH�V\VWHP�VWUXFWXUH
GLDJUDP�IRU�WKLV�³XQSUHSDUHG´�VLWXDWLRQ�LV�IRXQG�LQ�)LJXUH������

:KHQ�SUHSDULQJ�IRU�DQ�RXWDJH�RI�FRPPHUFLDO� LQIUDVWUXFWXUHV��RQH�TXLFNO\� UHDOL]HV� WKDW�PRVW� �LI
QRW�DOO��FULWLFDO�IXQFWLRQV�LQ�D�W\SLFDO�KRPH�DUH�VWURQJO\�GHSHQGHQW�RQ�HOHFWULF�SRZHU�IRU�DW�OHDVW
SDUW� RI� WKHLU� IXQFWLRQDOLW\�� � 7KXV�� RQH� PXVW� GHFLGH� HLWKHU� WR� SURYLGH� D� UHSODFHPHQW� VRXUFH� RI
HOHFWULF� SRZHU� WKDW� FDQ� IXQFWLRQ� GXULQJ� LQIUDVWUXFWXUH� GLVUXSWLRQV� �VXFK� DV� D� JHQHUDWRU��� RU� WR
LPSOHPHQW�HDFK�RI�WKHVH�IXQFWLRQV�LQ�D�PDQQHU�WKDW�LV�LQGHSHQGHQW�RI�HOHFWULF�SRZHU�� �7KH�ILUVW
FRQWLQJHQF\�FDVH�DVVXPHV�WKDW�RQH�ZLOO�SUHSDUH�IRU�VXFK�RXWDJHV�VLPSO\�E\�SURYLGLQJ�D�JHQHUDWRU
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�VWRFNHG�ZLWK�IXHO��IRU�XVH�GXULQJ�WLPHV�RI�VHYHUH�LQIUDVWUXFWXUH�GLVUXSWLRQV���)LJXUH������VKRZV
WKH�V\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKLV�VLWXDWLRQ�

)LJXUH��������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKH�³8QSUHSDUHG´�VLWXDWLRQ�

7KH� RWKHU�PDMRU� DSSURDFK� WR� SUHSDUH� IRU�PDMRU� LQIUDVWUXFWXUH� GLVUXSWLRQV� LV� WR� LPSOHPHQW� WKH
PDMRU�KRXVHKROG�IXQFWLRQV�LQ�D�PDQQHU�WKDW�LV�LQGHSHQGHQW�RI�HOHFWULF�SRZHU���2QH�PLJKW�SURYLGH
KHDW�IRU�WKH�KRXVH�XVLQJ�ILUHZRRG�DQG�RU�D�NHURVHQH�KHDWHU�� �/LJKW�FDQ�EH�SURYLGHG�E\�FDQGOHV�
IODVKOLJKWV��DQG�RU�D�JDV�SRZHUHG�FDPSLQJ�ODQWHUQ���+HDW�IRU�FRRNLQJ�FDQ�EH�SURYLGHG�E\�D�JDV�
SRZHUHG�FDPS�VWRYH�DQG�RU�D�FKDUFRDO�RU�SURSDQH�ILUHG�EDUEHFXH�JULOO���$QG�GULQNDEOH�ZDWHU�FDQ
EH� REWDLQHG� E\� VWRULQJ� ERWWOHG�ZDWHU�� RU� E\� XVLQJ� FRRNLQJ� KHDW� WR� ERLO� QRQ�SRWDEOH�ZDWHU� WKDW
PLJKW�EH� IRXQG�RU� VWRFNSLOHG�RXWVLGH� LQ� WKLV� UXUDO� HQYLURQPHQW��)LJXUH������ VKRZV� WKH� V\VWHP
VWUXFWXUH�GLDJUDP�IRU�WKLV�³QR�HOHFWULFLW\´�VFHQDULR�

)RU�WKLV�DQDO\VLV��ZH�ZDQWHG�WR�PRGHO�PDQ\�FRPELQDWLRQV�RI�SUHSDUHGQHVV�PHWKRGV�LQ�RUGHU� WR
DVVHVV�D�YDULHW\�RI�SUHSDUDWLRQ�RSWLRQV�� �)RU� WKLV� UHDVRQ��ZH�FRPELQHG�DOO�RI� WKH�DVSHFWV�RI� WKH
³XQSUHSDUHG�´� ³ZLWK� JHQHUDWRU�´� DQG� ³QR� HOHFWULFLW\´� RSWLRQV� LQWR� WKH� FRPELQHG� �RU� XQLILHG�
REMHFW�PRGHO�VKRZQ�LQ�)LJXUH������� �7KH�REMHFW�GHVFULSWLRQV�IRU� WKLV�PRGHO�DUH�IRXQG�LQ�7DEOH
������ZKLOH�WKH�LQWHUDFWLRQV�GLDJUDP�FDQ�EH�IRXQG�LQ�)LJXUH�������WKH�LQWHUDFWLRQV�WKHPVHOYHV�DUH
QRWHG� DQG� GHVFULEHG� LQ�7DEOH� ������� �8VLQJ� D� FRPELQHG�PRGHO�� DQ� DQDO\VW� FDQ� DGG� RU� UHPRYH
YDULRXV� SUHSDUDWLRQ� RSWLRQV� IURP� FRQVLGHUDWLRQ� ZLWK� D� VLPSOH� FKDQJH� RI� DQ� REMHFW¶V� LQLWLDO
FRQGLWLRQ��WR�UHIOHFW�LWV�SUHVHQFH�RU�DEVHQFH��DQG�WKHQ�TXLFNO\�UHUXQ�WKH�DQDO\VLV�WR�GHWHUPLQH�WKH
HIIHFW�RI�WKDW�FKDQJH�RQ�V\VWHP�EHKDYLRU�
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)LJXUH��������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKH�³:LWK�*HQHUDWRU´�VLWXDWLRQ�

)LJXUH��������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKH�³1R�(OHFWULFLW\´�VLWXDWLRQ�

/LJKW

&RRNLQJ

+HDW

:DWHU

(OHFWULFLW\

&RP��*DV

%RWWOHV

0DWFKHV

&DQGOHV%DWWHULHV

&P��3RZHU

*HQHUDWRU

�����

/LJKW

&RRNLQJ

+HDW

:DWHU

(OHFWULFLW\

&RP��*DV

%RWWOHV

0DWFKHV

&DQGOHV%DWWHULHV

&P��3RZHU

.HURVHQH

&DPS�)XHO

)LUHZRRG

�����
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)LJXUH��������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKH�FRPELQHG�PRGHO�

)LJXUH��������,QWHUDFWLRQV�GLDJUDP�IRU�WKH�FRPELQHG�PRGHO�

/LJKW

&RRNLQJ

+HDW

:DWHU

(OHFWULFLW\

&RP��*DV

%RWWOHV

0DWFKHV

&DQGOHV%DWWHULHV

&P��3RZHU

.HURVHQH

&DPS�)XHO

)LUHZRRG

*HQHUDWRU

����

$OO�DUURZV�DUH�WZR�ZD\�H[FHSW

/LJKW

&RRNLQJ

+HDW

:DWHU

(OHFWULFLW\

&RP��*DV

%RWWOHV

0DWFKHV

&DQGOHV%DWWHULHV

&P��3RZHU

.HURVHQH

&DPS�)XHO

)LUHZRRG

*HQHUDWRU

����
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7DEOH��������2EMHFWV�LQ�WKH�FRPELQHG�VWUXFWXUH�GLDJUDP�

2EMHFW�1DPH 2EMHFW�'HVFULSWLRQ

:DWHU 'ULQNLQJ�FRRNLQJ�ZDWHU�DYDLODELOLW\

+HDW 6SDFH�KHDW�DYDLODELOLW\

&RRNLQJ +HDW�IRU�FRRNLQJ�DYDLODELOLW\

/LJKW 0LQLPDO�OLJKW�DYDLODELOLW\

(OHFWULFLW\ $YDLODELOLW\�RI�HOHFWULFLW\

&P��3RZHU $YDLODELOLW\�RI�FRPPHUFLDO�HOHFWULFDO�SRZHU

%RWWOHV %RWWOHG�ZDWHU�UHVHUYH

&RP��*DV $YDLODELOLW\�RI�FRPPHUFLDO��SLSHOLQH��JDV

%DWWHULHV %DWWHU\�UHVHUYH�IRU�IODVKOLJKWV

&DQGOHV &DQGOH�UHVHUYH�IRU�OLJKWLQJ

0DWFKHV 5HVHUYH�RI�PDWFKHV

*HQHUDWRU 5HVHUYH�HOHFWULF�JHQHUDWLQJ�FDSDFLW\��LQFOXGHV�IXHO�VXSSO\�IRU�JHQHUDWRU�

.HURVHQH )XHO�UHVHUYH�IRU�NHURVHQH�KHDWHU

)LUHZRRG )LUHZRRG�UHVHUYH�IRU�KHDWLQJ

&DPS�)XHO )XHO�UHVHUYH�IRU�FDPS�VWRYH��ODQWHUQ
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7DEOH��������)XQFWLRQDO�LQWHUDFWLRQV�ZLWKLQ�WKH�FRPELQHG�PRGHO�

2EMHFWV ,QWHUDFWLRQV

&RP��*DV�±�+HDW &RPPHUFLDO�*DV�SURYLGHV�IXHO�WR�+HDW

*DV�±�&RRNLQJ &RPPHUFLDO�*DV�SURYLGHV�IXHO�WR�&RRNLQJ

&P��3RZHU�±�(OHFWULFLW\ &RPPHUFLDO�3RZHU�SURYLGHV�HOHFWULF�SRZHU�WR�(OHFWULFLW\

*HQHUDWRU�±�(OHFWULFLW\ *HQHUDWRU�SURYLGHV�HOHFWULF�SRZHU�WR�(OHFWULFLW\��'HPDQG�IRU�(OHFWULFLW\�SDVVHG�EDFN�

(OHFWULFLW\�±�/LJKW (OHFWULFLW\�SURYLGHV�SRZHU�WR�SURYLGH�/LJKW��'HPDQG�IRU�(OHFWULFLW\�SDVVHG�EDFN�

(OHFWULFLW\�±�&RRNLQJ (OHFWULFLW\�SURYLGHV�SRZHU�WR�HQDEOH�&RRNLQJ��'HPDQG�IRU�(OHFWULFLW\�SDVVHG�EDFN�

(OHFWULFLW\�±�+HDW (OHFWULFLW\�SURYLGHV�SRZHU�WR�SURYLGH�+HDW��'HPDQG�IRU�(OHFWULFLW\�SDVVHG�EDFN�

(OHFWULFLW\�±�:DWHU (OHFWULFLW\�SURYLGHV�SRZHU�WR�SXPS�:DWHU�IURP�WKH�ZHOO���'HPDQG�IRU�(OHFWULFLW\�SDVVHG
EDFN�

%DWWHULHV�±�/LJKW %DWWHULHV�SURYLGH�SRZHU�WR�SURYLGH�/LJKW��'HPDQG�IRU�%DWWHULHV�UHVRXUFHV�SDVVHG�EDFN�

&DQGOHV�±�/LJKW &DQGOHV�SURYLGH�HQHUJ\�WR�SURYLGH�/LJKW��'HPDQG�IRU�&DQGOHV�UHVRXUFHV�SDVVHG�EDFN�

0DWFKHV�±�/LJKW 0DWFKHV�SURYLGH�ILUH�WKDW�HQDEOHV�FDQGOHV�RU�ODQWHUQV�WR�SURYLGH�/LJKW��'HPDQG�IRU
0DWFKHV�UHVRXUFHV�SDVVHG�EDFN�

0DWFKHV�±�&RRNLQJ 0DWFKHV�SURYLGH�ILUH�WKDW�HQDEOHV�FDPS�VWRYH�WR�SURYLGH�&RRNLQJ��'HPDQG�IRU�0DWFKHV
UHVRXUFHV�SDVVHG�EDFN�

0DWFKHV�±�+HDW 0DWFKHV�SURYLGH�ILUH�WKDW�HQDEOHV�ILUHZRRG�RU�NHURVHQH�KHDWHU�WR�SURYLGH�+HDW��'HPDQG
IRU�0DWFKHV�UHVRXUFHV�SDVVHG�EDFN�

&RRNLQJ�±�:DWHU &RRNLQJ�SURYLGHV�ERLOLQJ�WR�SXULI\�:DWHU

%RWWOHV�±�:DWHU %RWWOHV�SURYLGH�UHVHUYHV�WR�:DWHU��'HPDQG�IRU�ZDWHU�UHVRXUFHV�SDVVHG�EDFN�

.HURVHQH�±�+HDW .HURVHQH�SURYLGHV�IXHO�WR�+HDW��'HPDQG�IRU�.HURVHQH�UHVRXUFHV�SDVVHG�EDFN�

)LUHZRRG�±�+HDW )LUHZRRG�SURYLGHV�IXHO�WR�+HDW��'HPDQG�IRU�)LUHZRRG�UHVRXUFHV�SDVVHG�EDFN�

:DWHU�±�&DPS�)XHO :DWHU�SURYLGHV�DQ��DGGLWLRQDO��HQHUJ\�GHPDQG�WR�&DPS�)XHO

&DPS�)XHO�±�/LJKW &DPS�)XHO�SURYLGHV�HQHUJ\�WR�SURYLGH�/LJKW��'HPDQG�IRU�&DPS�)XHO�LV�SDVVHG�EDFN�

&DPS�)XHO�±�&RRNLQJ &DPS�)XHO�SURYLGHV�HQHUJ\�WR�SURYLGH�&RRNLQJ��'HPDQG�IRU�&DPS�)XHO�LV�SDVVHG�EDFN�
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������� ,QGLYLGXDO�2EMHFW�0RGHOV

(DFK�HOHPHQW�LQ�WKH�V\VWHP�VWUXFWXUH�DQG�V\VWHP�LQWHUDFWLRQ�GLDJUDPV�SUHVHQWHG�LQ�WKH�SUHYLRXV
VHFWLRQ��HVSHFLDOO\�)LJXUH������DQG�)LJXUH�������LV�UHSUHVHQWHG�DV�DQ�REMHFW�LQ�WKH�2%(67�PRGHO
RI�WKLV�V\VWHP�DQG�LWV�EHKDYLRUV���7KXV��WKLV�2%(67�PRGHO�LV�FRPSRVHG�RI����VHSDUDWH�REMHFWV�
+RZHYHU��E\�EUHDNLQJ�WKH�V\VWHP�LQWR�VR�PDQ\�REMHFWV��ZH�DUH�DEOH�WR�NHHS�WKH�GHILQLWLRQ�RI�HDFK
REMHFW�H[WUHPHO\�VLPSOH���1R�REMHFW�LQ�WKH�V\VWHP�KDV�PRUH�WKDQ�WZR�VWDWHV��DQG�QR�,50�RU�'50
LQ�WKH�V\VWHP�FRQWDLQV�PRUH�WKDQ�VL[�FDVHV���7KLV�VHFWLRQ�LV�GHGLFDWHG�WR�WKH�GHVFULSWLRQ�RI�WKHVH
���REMHFWV�DQG�WKHLU�LQWHUDFWLRQV�

7KH� ILUVW� IRXU� REMHFWV� WR� EH� GLVFXVVHG� DUH� WKH� IRXU� YLWDO� KRXVHKROG� IXQFWLRQV� WKDW� DUH� WR� EH
PDLQWDLQHG� GXULQJ� LQIUDVWUXFWXUH� GLVUXSWLRQV�� WKH� /LJKW� 2EMHFW�� WKH� +HDW� 2EMHFW�� WKH� &RRNLQJ
2EMHFW��DQG�WKH�:DWHU�2EMHFW���7KHVH�REMHFWV�DUH�VLPLODU�WR�RQH�DQRWKHU�LQ�WKDW�HDFK�IXQFWLRQV�WR
WUDFN�WKH�YDULRXV�VRXUFHV�WKDW�FDQ�SURYLGH�LWV�YLWDO�IXQFWLRQ�DQG�XOWLPDWHO\�GHWHUPLQHV�ZKHWKHU�RU
QRW�WKDW�IXQFWLRQ�LV�EHLQJ�PHW���(DFK�KDV�WZR�VWDWHV��RQH�ZKHUH�WKH�IXQFWLRQ�LV�EHLQJ�PHW��DQG�RQH
ZKHUH�WKH�IXQFWLRQ�KDV�IDLOHG���7KH�WUDQVLWLRQ�EHWZHHQ�WKHVH�VWDWHV�RFFXUV�ZKHQ�WKH�HQHUJ\�VXSSO\
RQ�ZKLFK�WKH�REMHFW�UHOLHV�EHFRPHV�GHSOHWHG�RU�RWKHUZLVH�XQDYDLODEOH��WKH�HYHQW�WKDW�FDXVHV�WKLV
VWDWH� WUDQVLWLRQ� LV� JHQHUDWHG� ZLWKLQ� WKLV� REMHFW¶V� RZQ� ,50��� � (DFK� RI� WKHVH� REMHFWV� KDV� RQH
DWWULEXWH�WKDW�UHSUHVHQWV� WKH�VRXUFH�IURP�ZKLFK� WKDW�YLWDO� IXQFWLRQ� LV�GUDZLQJ� LWV�HQHUJ\�� �6LQFH
WKHVH�REMHFWV� WUDFN� WKH� DYDLODELOLW\�RI� WKHVH�YLWDO� IXQFWLRQV� �DQG� GR� QRW� WKHPVHOYHV� SURYLGH� WKH
HQHUJ\�XSRQ�ZKLFK�WKHVH�IXQFWLRQV�UHO\���QRQH�RI�WKHVH�REMHFWV�KDV�D�'50���)XUWKHUPRUH��VLQFH
WKLV� DQDO\VLV� GRHV� QRW� VHHN� WR� PRGHO� WKH� UHFRYHU\� RI� WKHVH� YLWDO� IXQFWLRQV�� WKHUH� LV� QHLWKHU
IXQFWLRQDOLW\�FRQWDLQHG�LQ�QRU�D�WUDQVLWLRQ�RXW�RI�WKH�VWDWH�LQ�ZKLFK�WKH�YLWDO�IXQFWLRQ�LV�QRW�EHLQJ
SURYLGHG���7KH�,50�IRU�WKH�IXQFWLRQDO�VWDWH�VLPSO\�VHDUFKHV�RWKHU�REMHFWV�WR�GHWHUPLQH�ZKHWKHU
DQ\�RI�WKHP�DUH�FDSDEOH�RI�SURYLGLQJ�HQHUJ\�WR�VXSSRUW�WKLV�YLWDO�IXQFWLRQ�

7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH� /LJKW� 2EMHFW� LV� IRXQG� LQ� )LJXUH� ������ � 7KHUH� LV� QR
IXQFWLRQDOLW\�LQ�VWDWH���'DUN���DQG�WKH�IXQFWLRQDOLW\�LQ�6WDWH���/LJKW���ZKLFK�LV�HPERGLHG�RQO\�LQ
WKH�,50��GHWHUPLQHV�ZKHWKHU�WKH�DWWULEXWH�WKDW�UHSUHVHQWV�WKH�VRXUFH�RI�SRZHU�IRU�OLJKW�LV�VHW�WR
HOHFWULF�SRZHU�� ODQWHUQ��IODVKOLJKW��FDQGOHV��RU�QRQH�� �1RWH� WKDW� ODQWHUQ�DQG�FDQGOHV�FDQ�RQO\�EH
XVHG�LI�WKH�VXSSO\�RI�PDWFKHV�KDV�\HW�WR�EH�H[KDXVWHG���,I�QRQH�RI�WKHVH�HQHUJ\�VRXUFHV�UHPDLQV
DYDLODEOH� WR� VXSSRUW� WKH� /LJKW� 2EMHFW¶V� YLWDO� IXQFWLRQ�� WKLV� ,50� ³WXUQV� RXW� WKH� OLJKWV´� E\
JHQHUDWLQJ�WKH�/LJKWV�2XW�HYHQW�WKDW�FDXVHV�WKLV�REMHFW�WR�WUDQVLWLRQ�WR�VWDWH���'DUN��

7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH� +HDW� 2EMHFW� LV� IRXQG� LQ� )LJXUH� ������ � 7KHUH� LV� QR
IXQFWLRQDOLW\�LQ�6WDWH���1R�+HDW���DQG�WKH�IXQFWLRQDOLW\�LQ�6WDWH���:DUP��GHWHUPLQHV�ZKHWKHU�WKH
DWWULEXWH� WKDW� UHSUHVHQWV� WKH� VRXUFH� RI� HQHUJ\� IRU� KHDW� LV� VHW� WR� WKH� UHJXODU� IXUQDFH�� D� NHURVHQH
KHDWHU�� D� ILUHSODFH�� RU�QRQH�� �7KLV� IXQFWLRQDOLW\� LV� HPERGLHG� LQ� WKH� ,50��ZKLFK�ZLOO� QRW� DOORZ
HLWKHU� WKH� NHURVHQH� KHDWHU� RU� WKH� ILUHSODFH� WR� EH� XVHG� XQOHVV� WKH� VXSSO\� RI�PDWFKHV� LV� QRW� \HW
H[KDXVWHG���,I�QRQH�RI�WKHVH�HQHUJ\�VRXUFHV�UHPDLQV�DYDLODEOH�WR�VXSSRUW�WKH�+HDW�2EMHFW¶V�YLWDO
IXQFWLRQ��WKLV�,50�JHQHUDWHV�WKH�+HDW�2XW�HYHQW�WKDW�FDXVHV�WKLV�REMHFW�WR�WUDQVLWLRQ�WR�6WDWH���1R
+HDW��

7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RRNLQJ�2EMHFW�LV�IRXQG�LQ�)LJXUH��������$V�ZLWK�WKH�REMHFW
PRGHOV� IRU� WKH� RWKHU� YLWDO� IXQFWLRQV�� WKHUH� LV� QR� IXQFWLRQDOLW\� LQ� 6WDWH�� �1R�&RRNLQJ��� DQG� WKH
IXQFWLRQDOLW\� LQ�6WDWH�� �&RRNLQJ�� XVHV� WKH� ,50� WR� GHWHUPLQH�ZKHWKHU� WKH� VRXUFH� RI� HQHUJ\� IRU



���

FRRNLQJ�LV�WKH�UHJXODU�VWRYH��D�FDPSLQJ�VWRYH��RU�QRQH���7KH�DWWULEXWH�WKDW�UHSUHVHQWV�WKLV�VRXUFH�LV
VHW�WR�WKH�DSSURSULDWH�YDOXH�ZLWKLQ�WKH�,50���7KLV� ,50�ZLOO�QRW�DOORZ�WKH�FDPSLQJ�VWRYH�WR�EH
XVHG� LI� WKH� VXSSO\�RI�PDWFKHV�KDV� DOUHDG\�EHHQ� H[KDXVWHG�� � ,I� QRQH�RI� WKH� HQHUJ\� VRXUFHV� WKDW
VXSSRUW�WKH�&RRNLQJ�2EMHFW¶V�YLWDO�IXQFWLRQ�UHPDLQV�DYDLODEOH�� WKLV� ,50�JHQHUDWHV�WKH�&RRNLQJ
2XW�HYHQW�WKDW�FDXVHV�WKLV�REMHFW�WR�WUDQVLWLRQ�LQWR�6WDWH���1R�&RRNLQJ��

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�/LJKW�2EMHFW�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�+HDW�2EMHFW�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RRNLQJ�2EMHFW�

7KH�IRXUWK�DQG�ILQDO�YLWDO�IXQFWLRQ�REMHFW�LV� WKH�:DWHU�2EMHFW�IRXQG�LQ�)LJXUH������� �$OO�RI� WKH
IXQFWLRQDOLW\� IRU� WKLV� REMHFW� LV� LQFRUSRUDWHG� LQ� WKH� ,50� LQ� 6WDWH�� �&RQVXPLQJ��� ZKLFK� VHWV� DQ
DWWULEXWH�WR�LQGLFDWH�ZKHWKHU�WKH�VRXUFH�RI�SRWDEOH�ZDWHU�IRU�WKH�KRPH�LV�WKH�ZHOO��ERWWOHG�ZDWHU�
ERLOHG�ZDWHU��RU�QRQH���1RWH�WKDW�ERLOHG�ZDWHU�FDQQRW�EH�SURGXFHG�LI�WKH�FRRNLQJ�YLWDO�IXQFWLRQ�LV
XQDYDLODEOH���6KRXOG�DOO�VRXUFHV�RI�ZDWHU�EHFRPH�XQDYDLODEOH��WKLV�,50�JHQHUDWHV�WKH�:DWHU�2XW

/LJKWV 'DUN

/LJKWV�2XW

:DUP 1R�+HDW

+HDW�2XW

&RRNLQJ 1R�&RRNLQJ

&RRNLQJ�2XW
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HYHQW�WKDW�FDXVHV�WKLV�REMHFW�WR�WUDQVLWLRQ�WR�6WDWH���1R�:DWHU����7KH�6WDWH���1R�:DWHU��HPERGLHV
QR�IXQFWLRQDOLW\�RI�LWV�RZQ�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�:DWHU�2EMHFW�

7KH� (OHFWULFLW\� 2EMHFW� UHSUHVHQWV� D� YDULDWLRQ� RQ� WKH� WKHPH� WKDW� ZDV� JHQHUDWHG� IRU� WKH� YLWDO
IXQFWLRQV�REMHFWV���,WV�SXUSRVH�LV�WR�VXPPDUL]H�WKH�SUHVHQW�VRXUFH�DQG�VWDWXV�RI�HOHFWULF�SRZHU�IRU
WKH�RWKHU�HQWLWLHV�LQ�WKH�REMHFW�PRGHO���7KLV�IXQFWLRQDOLW\�LV�LPSOHPHQWHG�LQ�D�VLQJOH�VWDWH�ZLWK�DQ
,50�DQG�QR�'50��DV�VHHQ�LQ�)LJXUH��������7KH�XVH�RI�D�VLQJOH�VWDWH�IRU�WKH�(OHFWULFLW\�2EMHFW��DV
RSSRVHG� WR� WZR� VWDWHV� IRU� WKH� YLWDO� IXQFWLRQV� REMHFWV�� PHDQV� WKDW� WKH� (OHFWULFLW\� 2EMHFW� ZLOO
DOZD\V�UHSUHVHQW�WKH�DFWXDO�FXUUHQW�VWDWH�RI�HOHFWULF�SRZHU�LQ�WKH�V\VWHP��ZKLOH�WKH�YDULRXV�YLWDO
IXQFWLRQV�REMHFWV�ZLOO�³ODWFK´�LQ�WKHLU�QRQIXQFWLRQDO�VWDWHV�VKRXOG�WKH\�HYHU�RFFXU���7KLV�ODWFKLQJ
EHKDYLRU�KHOSV�WKH�DQDO\VW�WR�GHWHUPLQH�ZKHWKHU�D�YLWDO�IXQFWLRQ�ZDV�ORVW�DW�DQ\�WLPH�GXULQJ�WKH
VFHQDULR�� �6LQFH� HOHFWULF�SRZHU� LV�QRW� LWVHOI� D�YLWDO� IXQFWLRQ�� WKH� ODWFKLQJ�EHKDYLRU�ZDV�RPLWWHG
IURP�WKH�(OHFWULFLW\�2EMHFW�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�(OHFWULFLW\�2EMHFW�

7KH� (OHFWULFLW\� 2EMHFW� XVHV� RQH� DWWULEXWH� WR� LQGLFDWH� ZKHWKHU� HOHFWULF� SRZHU� LV� DYDLODEOH� RU
XQDYDLODEOH�� DQG� D� VHFRQG� DWWULEXWH� WR� LGHQWLI\� WKH� VRXUFH� RI� WKDW� HOHFWULF� SRZHU� �FRPPHUFLDO
HOHFWULF� SRZHU�� D� JHQHUDWRU�� RU� QRQH��� � 7KH� VROH� IXQFWLRQ� RI� WKLV� REMHFW¶V� ,50�� WKHQ�� LV� WR� VHW
DSSURSULDWH� YDOXHV� IRU� WKHVH� DWWULEXWHV� EDVHG� RQ� WKH� FKDUDFWHULVWLFV� RI� WKH� RWKHU� REMHFWV� LQ� WKH
V\VWHP�

(LJKW� RI� WKH� UHPDLQLQJ� ��� REMHFWV� LQ� WKH� LQIUDVWUXFWXUH� GLVUXSWLRQ� SUHSDUDWLRQ�PRGHO� UHSUHVHQW
FRQVXPDEOH� VXSSOLHV� WKDW�ZRXOG� EH� XVHG� LQ� WKH� HYHQW� RI� D�PDMRU� LQIUDVWUXFWXUH� RXWDJH�� � 7KHVH
REMHFWV� DUH� DOO� H[WUHPHO\� VLPLODU� LQ� WKHLU� VWUXFWXUH� LQ� EHKDYLRU�� � (DFK� KDV� RQH� DWWULEXWH� QDPHG
6XSSO\� WKDW� LQGLFDWHV� ZKHWKHU� WKH� UHVHUYH� VXSSO\� RI� WKLV� FRPPRGLW\� UHPDLQV� DYDLODEOH� RU� KDV
EHHQ� H[KDXVWHG�� � 7KHVH� WZR� GLVFUHWH� YDOXHV� IRU� WKH� DWWULEXWH� FRUUHVSRQG� WR� WKH� WZR� VWDWHV� WKDW

&RQVXPLQJ 1R�:DWHU

:DWHU�2XW

3RZHULQJ
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PDNH� XS� HDFK� RI� WKHVH� REMHFW� PRGHOV� ±� DJDLQ�� RQH� WR� LQGLFDWH� WKDW� WKLV� FRPPRGLW\� UHPDLQV
DYDLODEOH� DQG� RQH� WR� LQGLFDWH� WKDW� LW� LV� XQDYDLODEOH�� � (DFK� REMHFW¶V� ,50� LV� XVHG� WR� HQVXUH� WKH
SURSHU�VHWWLQJ�RI� WKH�6XSSO\�DWWULEXWH�DQG� WR�PDQLSXODWH� WKH�REMHFW¶V� LQWHUQDO�FORFN�� �7KH�FORFN
UHSUHVHQWV�D�VRUW�RI�³FRXQWGRZQ´�XQWLO�WKLV�REMHFW¶V�UHVRXUFHV�ZLOO�EH�H[KDXVWHG���7KH�GHOD\�WKDW
LV�EXLOW�LQWR�HDFK�REMHFW¶V�'50�LQGLFDWHV�WKH�QXPEHU�RI�GD\V�WKH�DQDO\VW�H[SHFWV�WKLV�UHVRXUFH�WR
ODVW�ZKHQ�XVHG�LQ�D�SDUWLFXODU�IDVKLRQ�� �7KH�REMHFW¶V�FORFN�LV�VWDUWHG�ZKHQ�WKH�DSSURSULDWH�YLWDO
IXQFWLRQV�REMHFW�LQGLFDWHV�WKDW�WKLV�REMHFW¶V�VXSSOLHV�DUH�EHLQJ�XVHG�DV�D�VRXUFH�WR�IXOILOO�WKDW�YLWDO
IXQFWLRQ¶V�QHHGV�� �:KHQ�WKH�GHOD\�WLPH� LV�H[KDXVWHG�� WKLV�REMHFW¶V� UHVRXUFHV�DUH�DVVXPHG� WR�EH
IXOO\� GHSOHWHG�� VR� WKH�'50�JHQHUDWHV� DQ� HYHQW� WKDW�ZLOO� FDXVH� WKH� REMHFW� WR� WUDQVLWLRQ� LQWR� LWV
GHSOHWHG� RU� XQDYDLODEOH� VWDWH�� � 7KH� '50� PD\� LQFOXGH� PXOWLSOH� GHOD\� WLPHV� WR� LQGLFDWH� WKDW
GLIIHUHQW�XVDJH�UDWHV�RFFXU�ZKHQ�WKH�UHVRXUFH�LV�XVHG�LQ�GLIIHUHQW�ZD\V���)RU�H[DPSOH��FDPS�IXHO
PD\�ODVW����GD\V�LI�LW�LV�XVHG�RQO\�IRU�OLJKWLQJ��VHYHQ�GD\V�LI�LW�LV�XVHG�IRU�OLJKWLQJ�DQG�FRRNLQJ�
DQG�RQO\�IRXU�GD\V�LI�RQH�LV�UHO\LQJ�RQ�ERLOHG�ZDWHU���7KH�REMHFW�VHOHFWV�WKH�DSSURSULDWH�GHOD\�E\
UHDGLQJ�WKH�DWWULEXWHV�IURP�WKH�YDULRXV�YLWDO�IXQFWLRQV�REMHFWV�DQG�FRPSDULQJ�WKRVH�DWWULEXWHV�WR
WKH�ORJLFDO�FDVHV�LQ�WKH�REMHFW¶V�'50�

7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH�&DPS�)XHO�2EMHFW� LV� IRXQG� LQ� )LJXUH� ������ � 7KH� REMHFW¶V
VWDWHV�DUH�)XHO�DQG�(PSW\��DQG�WKH�FRUUHVSRQGLQJ�DWWULEXWH�YDOXHV�DUH�)XHO�DQG�1RQH��� ,Q�6WDWH�
�(PSW\��� WKH� REMHFW� VHWV� WKH� DWWULEXWH� YDOXH� WR� 1RQH� DQG� VWRSV� WKH� REMHFW¶V� LQWHUQDO� FORFN� WR
LQGLFDWH�WKDW�WKHUH�LV�QR�IXQFWLRQDOLW\�HPERGLHG�LQ�WKLV�VWDWH��� ,Q�6WDWH���)XHO���WKH�REMHFW¶V� ,50
HQVXUHV�WKDW�WKH�DWWULEXWH�YDOXH�LV�VHW�WR�)XHO�DQG�HQDEOHV�RU�GLVDEOHV�WKH�REMHFW¶V�FORFN�DV�GLFWDWHG
E\� IXHO� GHPDQGV� IURP� WKH� &RRNLQJ�2EMHFW� DQG� WKH� /LJKW� 2EMHFW�� � 7KH�'50� LPSOHPHQWV� WKH
GHOD\�WLPHV�GHVFULEHG�LQ�WKH�SUHYLRXV�SDUDJUDSK�WR�UHIOHFW�WKH�GLIIHUHQW�OHQJWKV�RI�WLPH�WKH�VXSSO\
RI�FDPS�IXHO�ZRXOG�EH�H[SHFWHG�WR�ODVW�XQGHU�GLIIHUHQW�GHPDQG�FRQGLWLRQV�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&DPS�)XHO�2EMHFW�

7KH�%RWWOHV�2EMHFW�LPSOHPHQWV�D�VLPLODU�IXQFWLRQDOLW\�IRU�D�VXSSO\�RI�ERWWOHG�SRWDEOH�ZDWHU�WKDW�D
SHUVRQ�PD\� KDYH� VWRFNSLOHG� DV� D� KHGJH� DJDLQVW� D� SURWUDFWHG� LQIUDVWUXFWXUH� RXWDJH�� � 7KH� VWDWH
WUDQVLWLRQ�GLDJUDP�IRU�WKLV�REMHFW��DV�VKRZQ�LQ�)LJXUH�������XVHV�WKH�VWDWHV�:DWHU�DQG�(PSW\�ZLWK
WKH� FRUUHVSRQGLQJ� DWWULEXWH� YDOXHV� :DWHU� DQG� 1RQH�� � 7KH� IXQFWLRQDOLW\� HPERGLHG� LQ� 6WDWH�
�(PSW\�� LV� LGHQWLFDO� WR� WKDW� HPERGLHG� LQ� 6WDWH�� �(PSW\�� LQ� WKH� &DPS� )XHO� 2EMHFW�� � ,Q� 6WDWH�
�:DWHU��� WKH� ,50� HQVXUHV� WKDW� WKH� DWWULEXWH� YDOXH� LV� VHW� WR�:DWHU� DQG� HQDEOHV� RU� GLVDEOHV� WKH
REMHFW¶V�FORFN�GHSHQGLQJ�RQ�WKH�YDOXH�RI�WKH�6RXUFH�DWWULEXWH�LQ�WKH�:DWHU�2EMHFW���7KH�'50�LQ
WKLV� REMHFW� LPSOHPHQWV� D� ILYH�GD\� GHOD\� WR� PRGHO� WKH� IDFW� WKDW� WKH� DQDO\VW� EHOLHYHV� WKDW� WKH
VWRFNSLOH�RI�ERWWOHG�ZDWHU�ZLOO�ODVW�IRU�ILYH�GD\V�XQGHU�WKH�H[SHFWHG�XVDJH�FRQGLWLRQV�

)XHO (PSW\

&DPS�)XHO�2XW

5HILOO�)XHO
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)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�%RWWOHV�2EMHFW�

7KH�%DWWHULHV�2EMHFW� UHSUHVHQWV� WKH� VXSSO\� RI� EDWWHULHV� WKDW� RQH�PLJKW� KDYH� RQ� KDQG� WR� SRZHU
IODVKOLJKWV� IRU� XVH� DV� D� OLJKW� VRXUFH� GXULQJ� DQ� LQIUDVWUXFWXUH� GLVUXSWLRQ�� � 7KH� VWDWH� WUDQVLWLRQ
GLDJUDP� IRU� WKLV� REMHFW� LQ� VKRZQ� LQ�)LJXUH� ������ � ,W� XVHV� WKH� VWDWHV� 3RZHU� DQG�'HDG�ZLWK� WKH
FRUUHVSRQGLQJ�6XSSO\�DWWULEXWH�YDOXHV�RI�%DWWHULHV�DQG�1RQH���6WDWH���'HDG��HPERGLHV�WKH�VDPH
IXQFWLRQDOLW\� DV� IRXQG� LQ� WKH�(PSW\� VWDWHV�RI� WKH�SUHYLRXV� WZR�REMHFWV�� � ,Q�6WDWH�� �3RZHU��� WKH
,50�HQVXUHV�WKDW�WKH�DWWULEXWH�YDOXH�LV�VHW�WR�%DWWHULHV�DQG�WKDW� WKH�REMHFW¶V�FORFN�LV�HQDEOHG�RU
GLVDEOHG�DFFRUGLQJ�WR�WKH�GHPDQGV�SODFHG�RQ�WKLV�SRZHU�VRXUFH�E\�WKH�/LJKW�2EMHFW���7KH�VHYHQ�
GD\� GHOD\� LPSOHPHQWHG� LQ� WKLV� REMHFW¶V�'50� UHSUHVHQWV� WKH� DQDO\VW¶V� EHOLHI� WKDW� WKH� SURSRVHG
UHVHUYH�VXSSO\�RI�EDWWHULHV�ZRXOG�HQDEOH�D�IODVKOLJKW�WR�SURYLGH�OLJKW�IRU�VHYHQ�GD\V�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�%DWWHULHV�2EMHFW�

7KH�&DQGOHV�2EMHFW�PRGHOV�WKH�UHVHUYH�VXSSO\�RI�D�VHFRQG�VRXUFH�RI�OLJKW�WKDW�PLJKW�EH�XVHG�LQ
WKH�HYHQW�RI�HOHFWULF�SRZHU�IDLOXUH��FDQGOHV���1RWH�WKDW�WKLV�REMHFW�UHSUHVHQWV�RQO\�WKH�VXSSO\�RI
FDQGOHV�WKHPVHOYHV��DQG�QRW�WKH�PDWFKHV�WKDW�ZRXOG�EH�UHTXLUHG�WR�OLJKW�WKHP���$V�VHHQ�LQ�)LJXUH
������ WKLV� REMHFW� XVHV� WKH� VWDWHV� &DQGOHV� DQG� *RQH� ZLWK� WKH� FRUUHVSRQGLQJ� DWWULEXWH� YDOXHV
&DQGOHV�DQG�1RQH���7KH�6WDWH���*RQH��LPSOHPHQWV�WKH�VDPH�IXQFWLRQDOLW\�DV�WKH�(PSW\�VWDWHV�LQ
WKH�ILUVW�WZR�FRQVXPDEOHV�REMHFWV���6WDWH���&DQGOHV��XVHV�DQ�,50�WR�HQVXUH�WKDW�WKH�DWWULEXWH�YDOXH
LV�VHW�WR�&DQGOHV�DQG�WR�HQDEOH�RU�GLVDEOH�WKLV�REMHFW¶V�FORFN�DV�UHTXLUHG�E\�WKH�/LJKW�2EMHFW���$
WKUHH�GD\�GHOD\�LV�LPSOHPHQWHG�LQ�WKH�'50�WR�UHSUHVHQW�WKH�WKUHH�GD\�VXSSO\�RI�FDQGOHV�WKDW�WKLV
KRPH�PLJKW�KDYH�RQ�KDQG�

7KH� VXSSO\� RI� IXHO� IRU� D� NHURVHQH� KHDWHU� LV� UHSUHVHQWHG� E\� WKH� .HURVHQH� 2EMHFW�� � 7KH� VWDWH
WUDQVLWLRQ�GLDJUDP�VKRZQ� LQ�)LJXUH������PDNHV�XVH�RI� WKH� VWDWHV�.HURVHQH�DQG�(PSW\�DQG� WKH

:DWHU (PSW\

%RWWOHV�2XW

5HILOO�%RWWOHV

3RZHU 'HDG

%DWWHULHV�2XW

1HZ�EDWWHULHV
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FRUUHVSRQGLQJ�6XSSO\� DWWULEXWH� YDOXHV� RI�.HURVHQH� DQG�1RQH�� � 6WDWH�� �(PSW\�� LPSOHPHQWV� WKH
VDPH�IXQFWLRQDOLW\�DV� WKH�(PSW\�VWDWHV� LQ�WKH�ILUVW� WZR�FRQVXPDEOHV�REMHFWV�� �6WDWH�� �.HURVHQH�
XVHV�LWV�,50�WR�HQDEOH�RU�GLVDEOH�WKLV�REMHFW¶V�FORFN�LQ�DFFRUGDQFH�ZLWK�WKH�GHPDQGV�OHYLHG�E\
WKH�+HDW�2EMHFW��DV�ZHOO�DV�HQVXULQJ�WKDW�WKH�6XSSO\�DWWULEXWH�LV�VHW�WR�WKH�DSSURSULDWH�YDOXH���7KH
'50�LQ� WKLV� VWDWH� LPSOHPHQWV�D� ILYH�GD\�GHOD\� WR�DFFRXQW� IRU� WKH�H[SHFWHG�XVDJH� UDWH� DQG� WKH
VXSSO\�RI�NHURVHQH�SUHVXPHG�WR�EH�RQ�KDQG�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&DQGOHV�2EMHFW�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�.HURVHQH�2EMHFW�

7KH� 2%(67� LQIUDVWUXFWXUH� GLVUXSWLRQ� SUHSDUDWLRQ� PRGHO� DVVXPHV� WKDW� WKH� KRPH� IRU� ZKLFK
SUHSDUDWLRQV�DUH�EHLQJ�PDGH�KDV�D�ILUHSODFH�RU�ZRRG�VWRYH�WKDW�FDQ�EH�IXHOHG�IRU�DW�OHDVW�WHQ�GD\V
ZLWK� WKH� VXSSO\� RI� ILUHZRRG� WKDW� LV� RQ� KDQG�� � 7KLV� IXQFWLRQDOLW\� LV� PRGHOHG� LQ� WKH� )LUHZRRG
2EMHFW��ZKRVH�VWDWH�WUDQVLWLRQ�GLDJUDP�LQ�VKRZQ�LQ�)LJXUH��������7KH�)LUHZRRG�2EMHFW�PDNHV�XVH
RI� WKH� VWDWHV� )LUHZRRG� DQG�*RQH�� DV� ZHOO� DV� WKH� FRUUHVSRQGLQJ� DWWULEXWH� YDOXHV� )LUHZRRG� DQG
1RQH���7KH�,50�DQG�'50�LQ�6WDWH���*RQH��DUH�WKH�VDPH�DV�WKRVH�IRXQG�LQ�WKH�(PSW\�VWDWHV�RI
WKH�ILUVW�WZR�REMHFWV���7KH�IXQFWLRQDOLW\�LPSOHPHQWHG�LQ�WKH�,50�DQG�'50�IRU�6WDWH���)LUHZRRG�
LV� WKH� VDPH� DV� WKDW� IRXQG� LQ� WKH� .HURVHQH� 2EMHFW�� ZLWK� WKH� H[FHSWLRQ� WKDW� WKH� '50� GHOD\
UHSUHVHQWV�D�WHQ�GD\�VXSSO\�RI�ILUHZRRG�DV�RSSRVHG�WR�WKH�ILYH�GD\�VXSSO\�RI�NHURVHQH�

6HYHUDO�RI�WKH�IXHO�VXSSOLHV�WKDW�DUH�PRGHOHG�LQ�WKH�SUHYLRXVO\�PHQWLRQHG�REMHFWV�GHSHQG�RQ�WKH
XVH�RI�PDWFKHV�WR�VWDUW�WKH�ILUH�WKDW�ZLOO�HQDEOH�WKH�YLWDO�IXQFWLRQ�WR�EH�SHUIRUPHG���7KH�0DWFKHV
2EMHFW�PRGHOV�WKH�VXSSO\�RI�PDWFKHV�WKDW�LV�DYDLODEOH�IRU�WKLV�SXUSRVH���7KLV�REMHFW�PDNHV�XVH�RI
WZR�VWDWHV��0DWFKHV�DQG�*RQH��DV�VKRZQ�LQ�)LJXUH��������DQG�WZR�FRUUHVSRQGLQJ�YDOXHV�IRU�WKH
6XSSO\�DWWULEXWH��0DWFKHV�DQG�1RQH���$V�ZLWK�SUHYLRXV�REMHFW�PRGHOV�IRU�FRQVXPDEOH�PDWHULDOV�

&DQGOHV *RQH

&DQGOHV�2XW

1HZ�&DQGOHV

.HURVHQH (PSW\

.HURVHQH�2XW

5HILOO�.HURVHQH
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6WDWH���*RQH��VHWV�WKH�REMHFW¶V�DWWULEXWH�YDOXH�WR�1RQH�DQG�WXUQV�RII�WKH�REMHFW¶V�FORFN�WR�LQGLFDWH
WKDW�WKHUH�LV�QR�IXQFWLRQDOLW\�HPERGLHG�LQ�WKLV�VWDWH���6WDWH���0DWFKHV��LPSOHPHQWV�D�GHOD\�RI���
GD\V� WR� PRGHO� WKH� ���GD\� VXSSO\� RI� PDWFKHV� WKDW� WKH� DQDO\VW� EHOLHYHV� ZLOO� H[LVW� ZKHQ
LQIUDVWUXFWXUH�GLVUXSWLRQ�RFFXUV���7KH�,50�LQ�WKLV�VWDWH�VLPSO\�HQVXUHV�WKDW�WKH�6XSSO\�DWWULEXWH�LV
VHW� WR� WKH� DSSURSULDWH� YDOXH� DQG� HQDEOHV� RU� GLVDEOHV� WKH� REMHFW¶V� FORFN� LQ� DFFRUGDQFH�ZLWK� WKH
GHPDQGV�IRU�PDWFKHV�E\�WKH�+HDW�2EMHFW��WKH�&RRNLQJ�2EMHFW�DQG�WKH�/LJKW�2EMHFW�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�)LUHZRRG�2EMHFW�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�0DWFKHV�2EMHFW�

7KH� ILQDO� ³FRQVXPDEOHV´� REMHFW� HPERGLHG� LQ� WKLV�2%(67�PRGHO� LV� WKH�*HQHUDWRU�2EMHFW�� �$V
FXUUHQWO\�FRQILJXUHG��WKLV�DVVHVVPHQW�DVVXPHV�WKDW�WKH�JHQHUDWRU�ZLOO�SURGXFH�HOHFWULFLW\�DV�ORQJ
DV�LW�KDV�IXHO���7KDW�LV��WKLV�PRGHO�GRHV�QRW�FRQVLGHU�IDLOXUHV�LQ�WKH�JHQHUDWRU�HTXLSPHQW�LWVHOI�WKDW
PLJKW� UHQGHU� LW� LQFDSDEOH� RI� SURGXFLQJ� HOHFWULFLW\� HYHQ� WKRXJK� LW� VWLOO� KDV� UHPDLQLQJ� IXHO�
*HQHUDWRU�IDLOXUH�PRGHOV�FRXOG�EH�LQFRUSRUDWHG�LQ�WKLV�REMHFW��EXW�WKH\�ZHUH�FRQVLGHUHG�EH\RQG
WKH� VFRSH� RI� WKLV� DQDO\VLV�� � 7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH�*HQHUDWRU�2EMHFW� LV� VKRZQ� LQ
)LJXUH��������,W�FRQVLVWV�RI�WKH�VWDWHV�$YDLODEOH�DQG�'HDG��DQG�WKH�REMHFW¶V�VWDWH�LV�UHIOHFWHG�E\�WKH
YDOXH�RI�WKH�6XSSO\�DWWULEXWH��ZKLFK�FDQ�WDNH�RQ�WKH�GLVFUHWH�YDOXHV�RI�$YDLODEOH�DQG�1RQH���7KH
EHKDYLRU� RI� WKLV� REMHFW� LQ� 6WDWH�� �'HDG��PLUURUV� WKH� EHKDYLRU� RI� WKH� RWKHU� FRQVXPDEOHV� REMHFW
PRGHOV���,WV�EHKDYLRU�LQ�6WDWH���$YDLODEOH��LV�DOVR�VLPLODU�WR�WKDW�VHHQ�IRU�WKH�RWKHU�FRQVXPDEOHV
REMHFW�PRGHOV�LQ�WKDW�WKH�,50�HQVXUHV�WKDW�WKH�6XSSO\�DWWULEXWH�LV�VHW�WR�DQ�DSSURSULDWH�YDOXH��DQG
VWDUWV�DQG�VWRSV�WKH�REMHFW¶V�FORFN�DV�DSSURSULDWH�EDVHG�RQ�GHPDQG�IURP�WKH�(OHFWULFLW\�2EMHFW�
7KH�'50�LQ�WKLV�VWDWH�LPSOHPHQWV�D�QLQH�GD\�GHOD\�WR�HPERG\�WKH�QLQH�GD\�VXSSO\�RI�IXHO�WKDW
KDV�EHHQ�SURSRVHG�DV�DQ�LQIUDVWUXFWXUH�GLVUXSWLRQ�SUHSDUHGQHVV�PHDVXUH�

)LUHZRRG *RQH

)LUHZRRG�2XW

1HZ�)LUHZRRG

0DWFKHV *RQH

0DWFKHV�2XW

1HZ�0DWFKHV
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)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�*HQHUDWRU�2EMHFW�

7KH�UHPDLQLQJ�WZR�REMHFWV�LQ�WKLV�2%(67�PRGHO�UHSUHVHQW�WKH�DYDLODELOLW\�RI�FRPPHUFLDO�HOHFWULF
SRZHU�DQG�FRPPHUFLDO�QDWXUDO�JDV���7KHVH�REMHFWV�DUH�SUREDELOLVWLF�LQ�QDWXUH��DQG�DUH�GHVLJQHG�WR
SURYLGH� WKH� UHPDLQGHU� RI� WKH� 2%(67� PRGHO� ZLWK� D� YDULHW\� RI� ³ERXQGDU\� FRQGLWLRQV´� WKDW
UHSUHVHQW�WKH�DUUD\�RI�SRVVLEOH�LQIUDVWUXFWXUH�RXWDJHV�WKDW�PLJKW�KDYH�EHHQ�H[SHFWHG�DV�D�UHVXOW�RI
WKH�WUDQVLWLRQ�WR�WKH�\HDU��������(DFK�REMHFW�KDV�WZR�VWDWHV��$YDLODEOH�DQG�'HDG��DQG�RQH�DWWULEXWH
QDPHG�6XSSO\���7KH�6XSSO\�DWWULEXWH�FDQ�WDNH�RQ�WKUHH�YDOXHV��³$YDLODEOH´�LI�WKH�LQIUDVWUXFWXUH�LV
DYDLODEOH�EHFDXVH� LW�KDV� \HW� WR�EH�H[SRVHG� WR� WKH�SRWHQWLDO� IRU� IDLOXUH� �L�H��� WKH� WUDQVLWLRQ� WR� WKH
\HDU� ����� KDV� QRW� \HW� RFFXUUHG��� ³5HVWRUHG´� LI� WKH� LQIUDVWUXFWXUH� LV� DYDLODEOH� EHFDXVH� LW� KDV
DOUHDG\�EHHQ�H[SRVHG�WR�WKH�SRWHQWLDO�IRU�IDLOXUH�DQG�HLWKHU�GLG�QRW�IDLO�RU�KDV�EHHQ�UHSDLUHG��DQG
³1RQH´� LI� WKLV� LQIUDVWUXFWXUH� LV� QRW� DYDLODEOH� WR� SHUIRUP� LWV� GHVLJQHG� IXQFWLRQ�� � 7KH� VWDWH
WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RPPHUFLDO�3RZHU�2EMHFW�LV�VKRZQ�LQ�)LJXUH�������ZKLOH�WKH�GLDJUDP
IRU�WKH�&RPPHUFLDO�*DV�2EMHFW�LV�VKRZQ�LQ�)LJXUH������

7KH� FRPPHUFLDO� LQIUDVWUXFWXUH� REMHFWV� IXQFWLRQ� DV� IROORZV�� � ,QLWLDOO\�� HDFK� REMHFW� LV� LQ� 6WDWH�
�$YDLODEOH��ZLWK�WKH�6XSSO\�DWWULEXWH�VHW�WR�WKH�$YDLODEOH�YDOXH���6WDWH���$YDLODEOH��KDV�QR�'50�
DQG�LWV�,50�LV�XVHG�WR�GHWHUPLQH�ZKHWKHU�WKLV�LQIUDVWUXFWXUH�H[SHULHQFHV�DQ�RXWDJH�FRQGLWLRQ�RU�LW
VDLOV� ULJKW� WKURXJK� WKH� WUDQVLWLRQ� WR� WKH� \HDU� ����� ZLWKRXW� DQ\� GLVUXSWLRQ�� � 7KLV� GHFLVLRQ� LV
LPSOHPHQWHG� DV� D� SUREDELOLVWLF� EUDQFKLQJ� RSHUDWLRQ�� ZLWK� D� OLNHOLKRRG� RI� ��� SHUFHQW� IRU� QR
GLVUXSWLRQ�DQG����SHUFHQW�IRU�VRPH�NLQG�RI�GLVUXSWLRQ���,I�WKH�VXSSO\�LV�QRW�GLVUXSWHG��WKH�DWWULEXWH
YDOXH�LV�FKDQJHG�IURP�$YDLODEOH�WR�5HVWRUHG�WR�LQGLFDWH�WKDW�WKLV�LQIUDVWUXFWXUH�KDV�EHHQ�H[SRVHG
WR� WKH� SRWHQWLDO� IRU� IDLOXUH� EXW� GLG� QRW� DFWXDOO\� IDLO�� � +RZHYHU�� LI� GLVUXSWLRQ� RFFXUV�� WKLV� ,50
JHQHUDWHV�DQ�HYHQW� WR�FDXVH� WKH�REMHFW� WR� WUDQVLWLRQ� WR�6WDWH�� �'HDG��� �7KH�RQO\� IXQFWLRQ�RI� WKH
,50�IRU�6WDWH���'HDG��LV�WR�UHVHW�WKH�YDOXH�RI�WKH�6XSSO\�DWWULEXWH�IURP�$YDLODEOH�WR�1RQH�ZKHQ
WKH�REMHFW�HQWHUV�WKLV�VWDWH���7KH�'50�LQ�WKLV�VWDWH�ZLOO�EH�XVHG�WR�SUREDELOLVWLFDOO\�GHWHUPLQH�WKH
OHQJWK� RI� WKH� LQIUDVWUXFWXUH� RXWDJH�� � )RU� WKLV� VFUHHQLQJ� DQDO\VLV�� ZH� KDYH� DVVLJQHG� LGHQWLFDO
OLNHOLKRRGV�RI����SHUFHQW�WR�HDFK�RI����SRVVLEOH�RXWDJH�GXUDWLRQV��GHOD\�WLPHV��WKDW�UDQJH�IURP�D
PLQLPXP�RI�����GD\V�WR�D�PD[LPXP�RI����GD\V���$W�WKH�HQG�RI�WKH�RXWDJH��DIWHU�WKH�GHOD\�WLPH
KDV� H[SLUHG��� WKH� '50� JHQHUDWHV� DQ� HYHQW� WR� FDXVH� WKH� REMHFW� WR� WUDQVLWLRQ� EDFN� LQWR� 6WDWH�
�$YDLODEOH���ZKHUH�WKH�,50�ZLOO�FKDQJH�WKH�YDOXH�RI�WKH�6XSSO\�DWWULEXWH�IURP�1RQH�WR�5HVWRUHG
WR� LQGLFDWH� WKDW� WKLV�RXWDJH� LV�RYHU�DQG� WKH� LQIUDVWUXFWXUH� LV�RQFH�DJDLQ�SHUIRUPLQJ� LWV� LQWHQGHG
IXQFWLRQ�

$YDLODEOH 'HDG

*HQHUDWRU�2XW

5HIXHO�*HQHUDWRU
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)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RPPHUFLDO�3RZHU�2EMHFW�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RPPHUFLDO�*DV�2EMHFW�

1RZ� WKDW� ZH� KDYH� GHVFULEHG� WKH� REMHFWV� WKDW� DUH� LQYROYHG� LQ� WKLV� LQIUDVWUXFWXUH� GLVUXSWLRQ
SUHSDUDWLRQ�SUREOHP�� OHW�XV� WDNH�D�PRPHQW� WR�FRQVLGHU�KRZ�DOO�RI� WKHVH�SLHFHV� ILW� WRJHWKHU� LQWR
RQH�RYHUDOO�V\VWHP�PRGHO���,QLWLDOO\��DOO�IRXU�RI�WKH�YLWDO�IXQFWLRQV�DUH�VXSSOLHG�ZLWK�HQHUJ\�IURP
HLWKHU�WKH�&RPPHUFLDO�3RZHU�2EMHFW�RU�WKH�&RPPHUFLDO�*DV�2EMHFW���$V�WKH�WUDQVLWLRQ�WR�WKH�\HDU
�����RFFXUV��RQH�RU�ERWK�RI�WKHVH�REMHFWV�PLJKW�PRYH�LQWR�6WDWH���'HDG��WR�LQGLFDWH�DQ�RXWDJH�KDV
RFFXUUHG��7KH�(OHFWULFLW\�2EMHFW�UHVSRQGV�WR�WKLV�VLWXDWLRQ�E\�FDOOLQJ�IRU�HOHFWULF�SRZHU�IURP�WKH
*HQHUDWRU�2EMHFW���,I�WKHUH�LV�QR�JHQHUDWRU�DYDLODEOH��RU�ZKHQ�IXHO�IRU�WKH�JHQHUDWRU�UXQV�RXW���WKH
IRXU�YLWDO� IXQFWLRQV�REMHFWV� ORRN� WR� WKHLU�RWKHU�SRWHQWLDO� VRXUFHV� WR�GHWHUPLQH�ZKHWKHU� WKH�YLWDO
IXQFWLRQV� FRQWLQXH� WR� EH� SURYLGHG�� � (DFK� YLWDO� IXQFWLRQ� JRHV� WKURXJK� LWV� SRWHQWLDO� VRXUFHV� RI
HQHUJ\�LQ�DQ�RUGHU�RI�SUHIHUHQFH���)RU�H[DPSOH��WKH�+HDW�2EMHFW�ILUVW�ORRNV�WR�NHURVHQH��WKHQ�WR
ILUH�ZRRG��ZKLOH� WKH�/LJKW�2EMHFW� ILUVW� ORRNV� WR� D� FDPSLQJ� ODQWHUQ�� WKHQ� WR� IODVKOLJKWV�� WKHQ� WR
FDQGOHV�� � ,I� DQ\� VRXUFH� LV� XQDYDLODEOH� ±� HLWKHU� EHFDXVH� LWV� VXSSO\� LV� H[KDXVWHG� RU� EHFDXVH� LWV
FDSDFLW\�ZDV�VHW�WR�]HUR�IRU�WKLV�DQDO\VLV��WR�LQGLFDWH��IRU�H[DPSOH��WKDW�WKH�RZQHU�GLG�QRW�ZLVK�WR
SXUFKDVH� D� SRUWDEOH� JHQHUDWRU�� ±� WKHQ� WKH� YLWDO� IXQFWLRQ� REMHFW�PRYHV� RQ� WR� LWV� QH[W� SUHIHUUHG
VRXUFH�RI�HQHUJ\���,I�WKH�YLWDO�IXQFWLRQ�REMHFW�FDQQRW�ILQG�DQ�DSSURSULDWH�VRXUFH�RI�HQHUJ\��WKHQ�LW
HQWHUV�LQWR�DQ�³XQDYDLODEOH´�VWDWH� WKDW�GHQRWHV�WKDW��DW�VRPH�SRLQW�GXULQJ�WKH�DQDO\VLV�� WKLV�YLWDO
IXQFWLRQ�FRXOG�QRW�EH�SHUIRUPHG���(YHQWXDOO\��DV�WKH�GHOD\�WLPHV�DVVRFLDWHG�ZLWK�WKH�FRPPHUFLDO
LQIUDVWUXFWXUH�REMHFWV�H[SLUH��FRPPHUFLDO�SRZHU�DQG�FRPPHUFLDO�JDV�VXSSOLHV�DUH�UHVWRUHG���(DFK
VFHQDULR�LV� WHUPLQDWHG�ZKHQ�ERWK�FRPPHUFLDO�SRZHU�DQG�FRPPHUFLDO�JDV�DUH� UHVWRUHG�� �$W� WKDW
SRLQW��RQH�FDQ�H[DPLQH�WKH�IRXU�YLWDO�IXQFWLRQV�REMHFWV�ZKLFK��EHFDXVH�RI�WKHLU�ODWFKLQJ�EHKDYLRU�

$YDLODEOH 'HDG

3RZHU¶V�2XW

3RZHU¶V�2Q

$YDLODEOH 'HDG

*DV�2XW

*DV�2Q
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ZLOO�UHPDLQ�LQ�WKHLU�³XQDYDLODEOH´�VWDWHV�LI�WKHUH�ZDV�DQ\�WLPH�GXULQJ�WKH�VFHQDULR�GXULQJ�ZKLFK
WKHLU�IXQFWLRQ�FRXOG�QRW�EH�SHUIRUPHG�

7KH� XOWLPDWH� UHVXOW� WR� EH� REWDLQHG� IURP� UXQQLQJ� WKLV� PRGHO� LV� D� VHULHV� RI� VFHQDULRV� WKDW� ZLOO
HQDEOH�WKH�DQDO\VW�WR�GHWHUPLQH�WKH�VFHQDULRV�WKDW�PLJKW�OHDG�WR�IDLOXUH�IRU�RQH�RU�PRUH�RI�WKHVH
IRXU�YLWDO�IXQFWLRQV���7KH�SUREDELOLVWLF�ZHLJKWV�IRU� WKRVH�VFHQDULRV�DUH�GHWHUPLQHG�EDVHG�RQ�WKH
SUREDELOLVWLF�EUDQFKLQJ�HPERGLHG� LQ� WKH� FRPPHUFLDO� LQIUDVWUXFWXUH�REMHFWV�� DQG�XOWLPDWHO\�PD\
HPERG\�WKH�DQDO\VW¶V�H[SHFWDWLRQV�UHJDUGLQJ�WKH�OLNHOLKRRG�RI�YDULRXV�GXUDWLRQV�RI�LQIUDVWUXFWXUH
RXWDJHV� WKDW�PLJKW� RFFXU� DV� D� UHVXOW� RI� WKH� WKHQ� VWLOO� IXWXUH� WUDQVLWLRQ� WR� WKH� \HDU� ������ � 7KH
DQDO\VW�FRXOG�UXQ�WKLV�PRGHO�XQGHU�D�YDULHW\�RI�VHWV�RI�DVVXPSWLRQV�UHODWHG� WR�RXWDJH�GXUDWLRQV
�FKDQJLQJ� WKH� GHOD\� WLPHV� LQ� WKH� FRPPHUFLDO� LQIUDVWUXFWXUH� REMHFWV� '50V�� DQG� SHUVRQDO
SUHSDUDWLRQV�� � &KDQJHV� LQ� SHUVRQDO� SUHSDUDWLRQV� PLJKW� UHIOHFW� WKH� LQFOXVLRQ� RU� H[FOXVLRQ� RI
SDUWLFXODU� HQHUJ\� VRXUFHV� �LPSOHPHQWHG� E\� FKDQJLQJ� WKH� LQLWLDO� DWWULEXWH� YDOXHV� DQG� VWDWHV� IRU
SDUWLFXODU� REMHFWV��� � 7KHVH� FKDQJHV�PLJKW� DOVR� UHIOHFW� RSWLRQV� IRU� SXUFKDVLQJ� GLIIHUHQW� UHVHUYH
TXDQWLWLHV�IRU�SDUWLFXODU�HQHUJ\�VRXUFHV��LPSOHPHQWHG�E\�FKDQJLQJ�WKH�'50�GHOD\�YDOXHV�IRU�WKH
DSSURSULDWH� FRQVXPDEOHV� REMHFWV��� � 7KHVH� DQDO\VHV�� ZKHQ� WDNHQ� WRJHWKHU�� ZRXOG� SURYLGH� WKH
DQDO\VW�ZLWK�D�YDOXDEOH�SLFWXUH�RI�KRZ�KLV�RU�KHU�FXUUHQW�H[SHFWDWLRQV�ZRXOG�EH�H[SHFWHG�WR�SOD\
RXW�ZKHQ�WKH�DFWXDO�WUDQVLWLRQ�WR�\HDU������RFFXUUHG�

������� 6XPPDU\�DQG�,QVLJKWV

:KLOH� WKLV� H[DPSOH� SUREOHP� GLG� QRW� GLUHFWO\� DGGUHVV� WKH� ³LQIUDVWUXFWXUH� LQWHUGHSHQGHQFLHV´
DVSHFW�RI� WKH�RULJLQDO�/'5'�SURSRVDO�� LW� VKRXOG�EH�HDV\� WR�VHH�KRZ�WKH�FRQFHSWV�GHYHORSHG� LQ
WKLV�H[DPSOH�SUREOHP�FDQ�EH�DSSOLHG�WR�WKHVH�LQWHUGHSHQGHQF\�SUREOHPV�� � ,QGHHG�� WKLV�SUREOHP
ZDV� VHOHFWHG� EHFDXVH� LW� UHYHDOHG� PRVW� RI� WKH� VDPH� LVVXHV� WKDW� ZRXOG� EH� H[DPLQHG� LQ� DQ
LQIUDVWUXFWXUH� LQWHUGHSHQGHQFLHV� SUREOHP�� EXW� GLG� VR� LQ� D� IRUPDW� WKDW� ZRXOG� EH� HDV\� IRU� WKH
XQLQLWLDWHG� UHDGHU� WR� LGHQWLI\� ZLWK�� � 7KLV� SUREOHP� GHPRQVWUDWHG� KRZ� WKH� IDLOXUH� RI� RQH
LQIUDVWUXFWXUH��FRPPHUFLDO�HOHFWULF�SRZHU��IRU�H[DPSOH��FDQ�LPSDFW�D�QXPEHU�RI�YLWDO�IXQFWLRQV
VLPXOWDQHRXVO\�� � ,W�DOVR�GHPRQVWUDWHG�KRZ�D�YDULHW\�RI� UHPHGLHV�PD\�EH�DYDLODEOH� WR�GHDO�ZLWK
LQIUDVWUXFWXUH� RXWDJH� VLWXDWLRQV�� DQG� KRZ� WKRVH� YDULRXV� UHPHGLHV� FDQ� EH� HPERGLHG� LQ� D� VLQJOH
REMHFW�PRGHO�DQG�H[HUFLVHG�LQ�YDULRXV�FRPELQDWLRQV�ZLWKRXW�WKH�QHHG�WR�UHYLVH�WKH�REMHFW�PRGHO
LWVHOI�� �7KH�SULQFLSDO�HOHPHQW�WKDW�ZDV�PLVVLQJ�IURP�WKLV�PRGHO�EXW�PLJKW�EH�SUHVHQW� LQ�D�PRUH
JHQHUDOL]HG� LQIUDVWUXFWXUH� LQWHUGHSHQGHQFLHV� SUREOHP� ZDV� IHHGEDFN� EHWZHHQ� LQIUDVWUXFWXUHV�
+RZHYHU�� IHHGEDFN� ZDV� GHPRQVWUDWHG� LQ� WKH� ³(OHFWULF� 3RZHU� IRU� D� 3ROLFH� 6WDWLRQ´� H[DPSOH
SUREOHP�LQ�6HFWLRQ�������7KXV��EHWZHHQ�WKHVH�WZR�VDPSOH�SUREOHPV��ZH�KDYH�FRYHUHG�DOO�RI�WKH
PDMRU�DVSHFWV�WKDW�PLJKW�EH�LQYROYHG�LQ�D�UHDO�LQIUDVWUXFWXUH�LQWHUGHSHQGHQFLHV�SUREOHP�

$V� ZH� ZRUNHG� WKLV� LQIUDVWUXFWXUH� GLVUXSWLRQ� SUREOHP�� LW� EHFDPH� FOHDU� WKDW� RQH� FRXOG� VROYH� D
UHODWLYHO\�FRPSOH[�SUREOHP�E\�EXLOGLQJ�PDQ\�REMHFWV�±�HDFK�RI�ZKLFK��E\�LWVHOI��LV�TXLWH�VLPSOH�±
DQG�DOORZLQJ�WKHP�WR�LQWHUDFW�ZLWK�HDFK�RWKHU� LQ�VXFK�D�ZD\�WKDW�ZH�FDQ�REVHUYH� WKH�HPHUJHQW
EHKDYLRU�� � 7KH� 2%(67� PRGHO� SURYLGHV� D� PHFKDQLVP� IRU� JHQHUDWLQJ� WKLV� EHKDYLRU� ZLWK
FDSDELOLWLHV�IDU�EH\RQG�WUDGLWLRQDO�REMHFW�EDVHG�WHFKQLTXHV�DQG�DJHQW�EDVHG�VLPXODWLRQ�PHWKRGV�LQ
WKDW�LW�FDQ�JHQHUDWH�D�ZKROH�IDPLO\�RI�SUREDELOLVWLFDOO\�ZHLJKWHG�VFHQDULRV�WKDW�DUH�VHOI�FRQVLVWHQW�
DQG�GR� VR� UDSLGO\�� � ,W� LV� WKLV� JHQHUDWLRQ� RI� DQ� HQWLUH� IDPLO\� RI� VROXWLRQV� WKDW� FDQ� EH� H[DPLQHG
WRJHWKHU�LQ�FRQWH[W�WKDW�OHDGV�WR�WKH�V\VWHP�ZLGH�LQVLJKWV�WKDW�KDYH�EHHQ�VR�EHQHILFLDO�IURP�ULVN
DVVHVVPHQW�VWXGLHV�
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7KH� LQIUDVWUXFWXUH� GLVUXSWLRQ� PRGHO� WKDW� ZDV� GHYHORSHG� DQG� GHVFULEHG� LQ� WKLV� FKDSWHU� FDQ� EH
H[SDQGHG�LQ�D�QXPEHU�RI�ZD\V���2QH�PLJKW��IRU�H[DPSOH��LQFRUSRUDWH�SUREDELOLVWLF�EUDQFKLQJ�LQWR
WKH� YDULRXV� FRQVXPDEOHV� REMHFW� PRGHOV� WR� UHSUHVHQW� WKH� XQFHUWDLQW\� WKDW� H[LVWV� LQ� WKDW
FRPPRGLW\¶V� GHPDQG� FKDUDFWHULVWLFV�� � 2QH� PLJKW� DOVR� LQFRUSRUDWH� SUREDELOLVWLF� EUDQFKLQJ� WR
PRGHO�PHFKDQLFDO�SUREOHPV�LQ�WKH�HTXLSPHQW�EHLQJ�XVHG��H�J��� IDLOXUH�RI� WKH�JHQHUDWRU� WR�VWDUW�
FRQWDPLQDWLRQ� LQ�³ROG´�FDQ� IXHO�� HWF���� �2QH�PLJKW�DOVR� LQWURGXFH�JUDGDWLRQV� LQWR� WKH� IRXU�YLWDO
IXQFWLRQV�REMHFWV� WR� UHSUHVHQW� WKH� IDFW� WKDW�� IRU� H[DPSOH�� WKH� OLJKW� SURGXFHG� E\� FDQGOHV� LV� RI� D
ORZHU� LQWHQVLW\� DQG�� WKXV�� OHVV� XVHIXO� WKDQ� WKDW� SURGXFHG� E\� HOHFWULF� OLJKWV� RU� E\� D� FDPSLQJ
ODQWHUQ���,Q�WKLV�ZD\��RQH�PLJKW�LQFOXGH�³TXDOLW\�RI�OLIH´�LVVXHV�LQ�VFRULQJ�WKH�UHODWLYH�PHULWV�RI
SRWHQWLDO�LQIUDVWUXFWXUH�SUHSDUHGQHVV�UHPHGLHV�

7KH� PHWKRGV� XVHG� WR� GHYHORS� WKLV� PRGHO� GR� SRLQW� RXW� RQH� PDMRU� OLPLWDWLRQ� LQ� WKH� 2%(67
PHWKRGRORJ\�DQG�2%(67�VRIWZDUH�DV�LW�FXUUHQWO\�H[LVWV���7R�JHQHUDWH�HDFK�FRQVXPDEOHV�REMHFW�
ZH� ZHUH� UHTXLUHG� WR� FRPELQH� WKH� FRPPRGLW\¶V� H[SHFWHG� XVDJH� UDWH� ZLWK� WKH� DPRXQW� RI� WKH
FRPPRGLW\�LQ�RQ�KDQG�VWRUDJH�WR�GHWHUPLQH�DQ�HVWLPDWH�IRU�WKH�WLPH�WKDW�ZRXOG�HODSVH�EHIRUH�WKH
VWRUHG� FRPPRGLW\�ZRXOG� EH� H[KDXVWHG�� �:H� UHOLHG� RQ� WKH� FRQFHSWV� RI� ³QRQOLQHDULW\´� LQ�'50
WLPH��DV�GHVFULEHG�LQ�6HFWLRQ������WR�HVWDEOLVK�WUDQVLWLRQV�LQ�XVDJH�UDWHV�IRU�FRPPRGLWLHV�VXFK�DV
FDPS� IXHO� ZKHQ� DGGLWLRQDO� GHPDQGV� ZHUH� SODFHG� RQ� WKH� FRPPRGLW\� WR� FRRN� RU� ERLO� SRWDEOH
ZDWHU���:H�EHOLHYH�LW�ZRXOG�EH�PXFK�PRUH�DFFXUDWH�DQG�QDWXUDO�WR�UHSUHVHQW�WKH�VWRUDJH�FDSDFLW\
DQG�XWLOL]DWLRQ�UDWH�IRU�HDFK�FRPPRGLW\�DV�D�VHSDUDWH�YDOXH�WKDW�ZRXOG�EH�FRPELQHG�ZLWKLQ�WKH
2%(67�VRIWZDUH�WR�GHWHUPLQH�WKH�WLPH�DW�ZKLFK�HDFK�'50�ZRXOG�H[SLUH���,W�LV�RXU�KRSH�WKDW�WKLV
FDSDELOLW\�FDQ�EH�LPSOHPHQWHG�LQ�WKH�2%(67�VRIWZDUH�VRRQ�

����� $LUFUDIW�6SDFLQJ�'XULQJ�5XQZD\�&URVVLQJ�2SHUDWLRQV

$YLDWLRQ� VDIHW\� LV� DQRWKHU� DUHD� RI� DSSOLFDWLRQ� IRU� ZKLFK� WKH� 2%(67� PHWKRGRORJ\� LV� EHLQJ
LQYHVWLJDWHG���&XUUHQWO\��6DQGLD�LV�SURYLGLQJ�VXSSRUW�LQ�WKH�DUHD�RI�ULVN�DQG�UHOLDELOLW\�DQDO\VLV�IRU
WKH� MRLQW� 1DWLRQDO� $HURQDXWLFV� DQG� 6SDFH� $GPLQLVWUDWLRQ� �1$6$�� DQG� )HGHUDO� $YLDWLRQ
$GPLQLVWUDWLRQ��)$$��$YLDWLRQ�6DIHW\�3URJUDP���2QH�DUHD�RI�HPSKDVLV�IRU�WKH�$YLDWLRQ�6DIHW\
3URJUDP� LV� WKH�GHYHORSPHQW�RI� DGYDQFHG� WHFKQLTXHV� IRU�PRGHOLQJ�VDIHW\� LVVXHV� LQ� WKH�QDWLRQDO
DLUVSDFH�� � 6DQGLD� KDV� SURSRVHG� XVLQJ�2%(67� DV� D� HIIHFWLYH�PRGHOLQJ�PHWKRG� IRU� GHYHORSLQJ
V\VWHP� VDIHW\� PRGHOV� WKDW� LQWHJUDWH� KXPDQ� SHUIRUPDQFH� DV� ZHOO� DV� WKH� RSHUDWLRQV� RI� DQG
UHODWLRQVKLSV�DPRQJ�WKH�QXPHURXV�FRPSRQHQWV�RI�WKH�FRPSOH[�DYLDWLRQ�V\VWHP�HQYLURQPHQW�

5XQZD\�RSHUDWLRQV� LV� DQ� LPSRUWDQW� DUHD� RI� FRQFHUQ� LQ� DYLDWLRQ� VDIHW\�� �$V� SDUW� RI� WKLV� /'5'
SURMHFW�� ZH� GHYHORSHG� D� SUHOLPLQDU\� PRGHO� IRU� WKLV� H[DPSOH� SUREOHP� WKDW� KDV� SRVVLEOH
DSSOLFDWLRQ� IRU� D� QXPEHU� RI� UXQZD\�RSHUDWLRQV�� �7KHVH�PRGHOV� FRQVLGHUHG� DLUFUDIW� VSDFLQJ� IRU
UXQZD\�FURVVLQJV�� DV�ZHOO� DV� ULVN�DVVHVVPHQW� IRU� UXQZD\�FROOLVLRQV�� UXQZD\� LQFXUVLRQV� DQG� IRU
ODQG�DQG�KROG�VKRUW�RSHUDWLRQV�

7KH� 2%(67� V\VWHP� PRGHO� IRU� WKLV� DSSOLFDWLRQ� LQFOXGHG� FRPSRQHQWV� WR� PRGHO� WKH
DLUSRUW�DLUVSDFH��D�ODQGLQJ�DLUFUDIW��D�WD[L�DLUFUDIW��WKH�DLU�WUDIILF�FRQWUROOHU��DQG�WKH�HQYLURQPHQW
�IRU� H[DPSOH��ZHDWKHU�� UDGLR� FRQGLWLRQV�� WUDIILF� OHYHOV��� � 'XH� WR� UHVRXUFH� FRQVWUDLQWV�� RQO\� WKH
DLUSRUW�DLUVSDFH��ODQGLQJ�DLUFUDIW��DQG�WD[L�DLUFUDIW�FRPSRQHQWV�ZHUH�PRGHOHG�LQ�GHWDLO�
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������� 6\VWHP�6WUXFWXUH�DQG�,QWHUDFWLRQV

7KH�V\VWHP�VWUXFWXUH�GLDJUDP��)LJXUH�������IRU� WKH�PRGHO� LV�GHILQHG�E\�ILYH� IXQFWLRQDO�EORFNV�
7KH�LQWHUDFWLRQ�GLDJUDP�LV�VKRZQ�LQ�)LJXUH�������DQG� WKH�IXQFWLRQDO� LQWHUDFWLRQV� IRU� WKH�PRGHO
DUH� VSHFLILHG� LQ� 7DEOH� ������ � ,QWHUDFWLRQV� RFFXU� DPRQJ� WKH� IXQFWLRQDO� EORFNV�� DV� LQGLFDWHG� LQ
)LJXUH� ����� DQG� 7DEOH� ������ � (DFK� RI� WKH� IXQFWLRQDO� EORFNV� LV� GHVFULEHG� LQ� WKH� IROORZLQJ
SDUDJUDSKV���7KH�GHVFULSWLRQV�RI�WKH�$LUSRUW�$LUVSDFH��7D[L�$LUFUDIW�DQG�/DQGLQJ�$LUFUDIW�REMHFWV
LQFOXGH� D� GLVFXVVLRQ� RI� WKHLU� UHVSHFWLYH� VWDWH� WUDQVLWLRQ� GLDJUDPV�� � 7KH� GLVFXVVLRQ� RI� WKH� VWDWH
WUDQVLWLRQ� GLDJUDPV� LQFOXGHV� D� GHVFULSWLRQ� RI� WKH� REMHFW�� HYHQWV�� DQG� HYHQW� WUDQVLWLRQV�� DQG� D
QDUUDWLYH�RI�WKH�³LI�±�WKHQ�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�IRU�HDFK
VWDWH���7KH�GHWDLOHG�³LI�±�WKHQ�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�DUH�SURYLGHG�LQ�$SSHQGL[�'�

7RZHU
&RQWUROOHU

$LUSRUW��
$LUVSDFH

7D[L
$LUFUDIW

(QYLURQPHQW

/DQGLQJ
$LUFUDIW

)LJXUH��������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�PRGHO�RI�UXQZD\�RSHUDWLRQV�



���

7RZHU
&RQWUROOHU

$LUSRUW��
$LUVSDFH

7D[L
$LUFUDIW

(QYLURQPHQW

/DQGLQJ
$LUFUDIW

)LJXUH��������,QWHUDFWLRQ�GLDJUDP�IRU�PRGHO�RI�UXQZD\�RSHUDWLRQV�

7DEOH��������)XQFWLRQDO�LQWHUDFWLRQV�IRU�PRGHO�RI�UXQZD\�RSHUDWLRQV�

$3�7&� 7KH�$LUSRUW�$LUVSDFH�SURYLGHV�WR�WKH�7RZHU�&RQWUROOHU�LQIRUPDWLRQ�RQ�DLUFUDIW�SRVLWLRQV�

7&�$3� 7KH�7RZHU�&RQWUROOHU�SURYLGHV�WR�WKH�$LUSRUW�$LUVSDFH�LQIRUPDWLRQ�DERXW�UXQZD\
UHVHUYDWLRQV�

7&�7$� 7KH�7RZHU�&RQWUROOHU�SURYLGHV�WD[L�FRPPDQGV�WR�D�7D[L�$LUFUDIW�DQG�UHVSRQGV�WR�UHTXHVWV
IURP�D�7D[L�$LUFUDIW�

7$�$3� $�7D[L�$LUFUDIW�SURYLGHV�WR�WKH�$LUSRUW�$LUVSDFH�LQIRUPDWLRQ�DERXW�LW�SRVLWLRQ�

7$�7&� $�7D[L�$LUFUDIW�PDNHV�UHTXHVWV�WR�WKH�7RZHU�&RQWUROOHU�DQG�UHVSRQGV�WR�FRPPDQGV�IURP�WKH
7RZHU�&RQWUROOHU�

/$�$3� $�/DQGLQJ�$LUFUDIW�SURYLGHV�WR�WKH�$LUSRUW�$LUVSDFH�LQIRUPDWLRQ�DERXW�LWV�SRVLWLRQ�

(QY�7&� 7KH�(QYLURQPHQW�SURYLGHV�WR�WKH�7RZHU�&RQWUROOHU�LQIRUPDWLRQ�DERXW�GLVWUDFWLRQV��YLVLELOLW\�
DQG�UDGLR�LQWHUIHUHQFH�

(QY�7$� 7KH�(QYLURQPHQW�SURYLGHV� WR�D�7D[L�$LUFUDIW� LQIRUPDWLRQ�DERXW�GLVWUDFWLRQV��YLVLELOLW\�� DQG
UDGLR�LQWHUIHUHQFH�

(QY�/$� 7KH�(QYLURQPHQW�SURYLGHV�WR�D�/DQGLQJ�$LUFUDIW�LQIRUPDWLRQ�DERXW�GLVWUDFWLRQV��YLVLELOLW\�
DQG�UDGLR�LQWHUIHUHQFH�
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������� $LUSRUW�$LUVSDFH�2EMHFW

7KH�$LUSRUW�$LUVSDFH�2EMHFW� SURYLGHV� D� SK\VLFDO� OD\RXW� RI� WKH� UXQZD\V� DQG� WD[LZD\V� DQG� WKH
DLUVSDFH�RI�DQ�DLUSRUW���)RU�WKLV�PRGHO��D�GHVFULSWLRQ�RI�WKH�SK\VLFDO�OD\RXW�RI�RQH�UXQZD\�DQG�RQH
WD[LZD\�DQG�WKHLU�LQWHUVHFWLRQ�ZDV�GHYHORSHG���7KLV�SK\VLFDO�OD\RXW�LV�SUHVHQWHG�LQ�)LJXUH������
7KH�UXQZD\�DQG�WD[LZD\�DUH�GLYLGHG�LQWR�VHJPHQWV��HDFK�RI�ZKLFK�UHSUHVHQWV�GLVFUHWH�YDOXHV�IRU
ORFDWLRQV�WR�EH�RFFXSLHG�E\�DLUFUDIW���)RU�SXUSRVHV�RI�VLPSOLILFDWLRQ��UXQZD\�VHJPHQWV�5��DQG�5�
DUH�PHUJHG� �5����� DQG� WD[LZD\� VHJPHQWV�7��DQG�7��DUH�PHUJHG� �7����� �$LUFUDIW� VHSDUDWLRQ� LV
GHILQHG� LQ� WHUPV� RI� WKH� ORFDWLRQV� RI� D� WD[L� DLUFUDIW� DQG� D� ODQGLQJ� DLUFUDIW�� � 7KH� SRWHQWLDO� IRU� D
FROOLVLRQ�RU�D�UXQZD\�LQFXUVLRQ�FDQ�EH�HYDOXDWHG�E\�FRPSDULQJ�WKH�UXQZD\�DQG�WD[LZD\�VHJPHQWV
RFFXSLHG�E\�D�VHW�RI�DLUFUDIW�� �7DEOH������SURYLGHV�D�OLVWLQJ�RI� WKH�FRPELQDWLRQV�RI�UXQZD\�DQG
WD[LZD\� ORFDWLRQV�� WKH� FRUUHVSRQGLQJ� DLUFUDIW� VHSDUDWLRQ�� DQG� D� VHYHULW\� UDQNLQJ� RI� WKDW
FRPELQDWLRQ�RI�ORFDWLRQV���7KH�VHYHULW\�UDQNLQJV�IRU�WKH�GLIIHUHQW�FRPELQDWLRQV�RI�ORFDWLRQV�DUH
DUELWUDU\�DQG�ZHUH�GHILQHG�E\�SURMHFW�VWDII�IRU�WKH�SXUSRVHV�RI�WKLV�H[DPSOH�SUREOHP�

7KH�$LUSRUW�$LUVSDFH�2EMHFW�UHSUHVHQWV�WKH�SK\VLFDO�OD\RXW�RI�WKH�DLUSRUW�DQG�WUDFNV�WKH�ORFDWLRQV
RI� WKH�7D[L�$LUFUDIW� DQG�/DQGLQJ�$LUFUDIW�ZLWKLQ� WKLV� OD\RXW�� � 7KH� 7D[L�$LUFUDIW� DQG� /DQGLQJ
$LUFUDIW� REMHFWV� SURYLGH� WR� WKH� $LUSRUW�$LUVSDFH� 2EMHFW� LQIRUPDWLRQ� DERXW� WKHLU� UHVSHFWLYH
ORFDWLRQV���7KH�$LUSRUW�$LUVSDFH�2EMHFW��LQ�WXUQ��SURYLGHV�WKLV�ORFDWLRQ�LQIRUPDWLRQ�WR�WKH�7RZHU
&RQWUROOHU�

7R�PRGHO� WKH�$LUSRUW�$LUVSDFH�2EMHFW�� RQH� VWDWH��$LUSRUW�6WDWXV�� LV� GHILQHG� DV� LQGLFDWHG� LQ� WKH
VWDWH�WUDQVLWLRQ�GLDJUDP�LQ�)LJXUH��������1R�VWDWH�WUDQVLWLRQV�DUH�GHILQHG�IRU� WKLV�REMHFW�EHFDXVH
WKH�EHKDYLRU�RI�SK\VLFDO�OD\RXW�RI�WKH�$LUSRUW�$LUVSDFH�GRHV�QRW�FKDQJH���&KDQJHV�LQ�DLUSRUW�DQG
DLUVSDFH�FRQGLWLRQV�DUH�PRGHOHG� WKURXJK� WKH�XVH�RI�DWWULEXWHV�� �7KUHH�DWWULEXWHV�DUH�GHILQHG� IRU
WKLV� REMHFW� WR� SURYLGH� LQIRUPDWLRQ� RQ� DLUFUDIW� ORFDWLRQV� DQG� UXQZD\� VWDWXV�� � 7KH� ILUVW� DWWULEXWH�
7D[L�$LUFUDIW�/RFDWLRQ�±�7$/��GHILQHV�WKH�ORFDWLRQ�RI�WKH�7D[L�$LUFUDIW���6L[�YDOXHV��*��7����7��
;��7���%7��DUH�GHILQHG�IRU�WKLV�DWWULEXWH���)RU�LQLWLDO�FRQGLWLRQV�� WKH�7D[L�$LUFUDIW� LV�DW� WKH�JDWH
�7$/ �*�����7KH�VHFRQG�DWWULEXWH��/DQGLQJ�$LUFUDIW�/RFDWLRQ�±�/$/��GHILQHV�WKH�ORFDWLRQ�RI�WKH
/DQGLQJ�$LUFUDIW���6L[�YDOXHV��$��5���5����;��5���%5��DUH�GHILQHG�IRU�WKLV�DWWULEXWH���)RU�LQLWLDO
FRQGLWLRQV�� WKH�/DQGLQJ�$LUFUDIW� LV�DLUERUQH� �/$/ �$���� �7KH� WKLUG� DWWULEXWH��5XQZD\�6WDWXV�±
56��GHILQHV�WKH�UXQZD\�VWDWXV���7ZR�YDOXHV��5HVHUYHG��$YDLODEOH��DUH�GHILQHG�IRU�WKLV�DWWULEXWH�
)RU�LQLWLDO�FRQGLWLRQV��WKH�UXQZD\�LV�UHVHUYHG��56 �5HVHUYHG���

7KH�6WDWH��$LUSRUW�6WDWXV��WUDFNV�WKH�ORFDWLRQV�RI�WKH�7D[L�$LUFUDIW�DQG�/DQGLQJ�$LUFUDIW�ZLWKLQ
WKH�SK\VLFDO�OD\RXW�RI�WKH�$LUSRUW�$LUVSDFH�DQG�WKH�VWDWXV�RI�WKH�UXQZD\���7KH�$LUSRUW�$LUVSDFH
2EMHFW�FRQVLGHUV� WKH� ORFDWLRQ� LQIRUPDWLRQ� IURP� WKH�7D[L�$LUFUDIW� DQG�/DQGLQJ�$LUFUDIW�� DQG� DV
WKHVH�ORFDWLRQV�FKDQJH��XSGDWHV�WKH�$LUSRUW�$LUVSDFH� ORFDWLRQ�DWWULEXWHV� WR�FRUUHVSRQG�ZLWK� WKLV
LQIRUPDWLRQ�� �)RU� WKH� UXQZD\�VWDWXV�� LI� WKH�7RZHU�&RQWUROOHU� FOHDUV�D�/DQGLQJ�$LUFUDIW� WR� ODQG�
WKHQ�WKH�UXQZD\�VWDWXV�LV�VHW�WR�UHVHUYHG��56 �5HVHUYHG����� ,I�WKH�DLUFUDIW�LV�QRW�FOHDUHG�WR�ODQG�
WKHQ� WKH� UXQZD\� VWDWXV� LV� VHW� WR� DYDLODEOH� �56 �$YDLODEOH���� � 7KH� FRQGLWLRQV� IRU� WKLV� VWDWH� DUH
HPEHGGHG�LQ�WKH�,50����1R�'50�LV�GHILQHG�
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7DEOH��������&ROOLVLRQ�SRWHQWLDO�IRU�FRPELQDWLRQV�RI�UXQZD\�DQG�WD[LZD\�ORFDWLRQV�

5XQZD\
/RFDWLRQ

7D[LZD\
/RFDWLRQ

$LUFUDIW
6HSDUDWLRQ

6HYHULW\�5DQN

; ; &ROOLVLRQ �

5�� ; 9HU\�&ORVH�&DOO�� �

; 7���1RW�VWRSSLQJ� 9HU\�&ORVH�&DOO�� �

; 7� 9HU\�&ORVH�&DOO�� �

5� ; 9HU\�&ORVH�&DOO�� �

5� ; &ORVH�&DOO�� �

%5 ; &ORVH�&DOO�� �

$ ; ,QFXUVLRQ �

$OO�2WKHU $OO�2WKHU 1R�3UREOHP �

������� /DQGLQJ�$LUFUDIW�2EMHFW

7KH�/DQGLQJ�$LUFUDIW�2EMHFW��/$��UHSUHVHQWV�WKH�EHKDYLRU�RI�D�ODQGLQJ�DLUFUDIW���$V�GHILQHG�IRU
WKLV�PRGHO�� WKH�/DQGLQJ�$LUFUDIW�SURYLGHV� WR� WKH�$LUSRUW�$LUVSDFH�2EMHFW� LQIRUPDWLRQ�DERXW� LWV
UHVSHFWLYH� ORFDWLRQV�� �7KH�(QYLURQPHQW�ZRXOG� SURYLGH� WR� WKH� /DQGLQJ�$LUFUDIW� LQIRUPDWLRQ� RQ
HQYLURQPHQWDO� FRQGLWLRQV� LQFOXGLQJ�ZHDWKHU�� YLVLELOLW\�� UDGLR� LQWHUIHUHQFH�� DLU� WUDIILF�� DQG� RWKHU
HQYLURQPHQWDO� GLVWUDFWLRQV�� � 7R�PRGHO� WKH� /DQGLQJ�$LUFUDIW�2EMHFW�� IRXU� VWDWHV� DUH� GHILQHG� DV
LOOXVWUDWHG�LQ�WKH�VWDWH�WUDQVLWLRQ�GLDJUDP�LQ�)LJXUH��������7KHVH�VWDWHV�LQFOXGH�&KDQJH�/RFDWLRQ�
)O\LQJ��0RYLQJ�� DQG� 6WRSSHG�� � 7KHVH� VWDWHV� DUH� UHODWHG� E\� D� VHW� RI� HYHQWV� WKDW� UHSUHVHQWV� WKH
/DQGLQJ� $LUFUDIW¶V� EHKDYLRU�� � 7KHVH� HYHQWV� FDXVH� WUDQVLWLRQV� DPRQJ� WKH� IRXU� VWDWHV� RI� WKH
/DQGLQJ�$LUFUDIW�2EMHFW��DV� LQGLFDWHG�E\�WKH�GLUHFWHG�DUURZV�LQ�)LJXUH������� �7KH�VHW�RI�HYHQWV
GHILQHG�IRU�WKH�PRGHO�LQFOXGHV���/$B1HZB/RFDWLRQ��/$�1/���/$�)O\��/$�0RYH��DQG�/$�6WRS�

7KUHH�DWWULEXWHV�DUH�GHILQHG�IRU� WKLV�REMHFW� WR�SURYLGH�LQIRUPDWLRQ�DERXW� WKH�/DQGLQJ�$LUFUDIW¶V
EHKDYLRU�DQG�ORFDWLRQ���7KH�ILUVW�DWWULEXWH��0RGH��GHILQHV�WKH�PRGH�RI�RSHUDWLRQ�IRU�WKH�/DQGLQJ
$LUFUDIW���7ZR�YDOXHV��7DNHRII��/DQGLQJ��DUH�GHILQHG�IRU�WKLV�DWWULEXWH���)RU�LQLWLDO�FRQGLWLRQV��WKH
/DQGLQJ�$LUFUDIW� LV� IO\LQJ� LQ� IRU� ODQGLQJ� �0RGH �/DQGLQJ���� �7KH� VHFRQG� DWWULEXWH�� /RFDWLRQ� �
/$/�� GHILQHV� WKH� ORFDWLRQ� RI� WKH� /DQGLQJ�$LUFUDIW�� � 6L[� YDOXHV� �$�� 5��� 5���� ;�� 5��� %5�� DUH
GHILQHG� IRU� WKLV� DWWULEXWH�� � )RU� LQLWLDO� FRQGLWLRQV�� WKH� /DQGLQJ�$LUFUDIW� LV� DLUERUQH� �/$/ �$���
7KH� WKLUG� DWWULEXWH�� 0RWLRQ�� GHILQHV� WKH� /DQGLQJ� $LUFUDIW¶V� PRWLRQ�� � 7KUHH� YDOXHV� �6WRSSHG�
0RYLQJ�� )O\LQJ�� DUH� GHILQHG� IRU� WKLV� DWWULEXWH�� � )RU� LQLWLDO� FRQGLWLRQV�� WKH� /DQGLQJ�$LUFUDIW� LV
IO\LQJ�LQ�IRU�ODQGLQJ��0RWLRQ �)O\LQJ���
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&KDQJH
/RFDWLRQ

6WRSSHG

0RYLQJ

)O\LQJ

/$�0RYH

/$B1/

/$�1/

/$�6WRS/$�)O\

/$B1HZB/RFDWLRQ
�/$�1/�

&KDQJH
/RFDWLRQ

6WRSSHG

0RYLQJ

)O\LQJ

/$�0RYH

/$B1/

/$�1/

/$�6WRS/$�)O\

/$B1HZB/RFDWLRQ
�/$�1/�

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�/DQGLQJ�$LUFUDIW�2EMHFW�

7KH�6WDWH��)O\LQJ��LV�GHILQHG�WR�VHW�WKH�ORFDWLRQ�RI�WKH�/DQGLQJ�$LUFUDIW�DV�LW�EHJLQV�WR�IO\�LQ�IRU
ODQGLQJ���)LUVW��WKH�REMHFW�DWWULEXWHV�DUH�VHW�IRU�WKH�/DQGLQJ�$LUFUDIW�LQ�WKLV�VWDWH��/RFDWLRQ �$��
0RWLRQ �)O\LQJ���� � 7KHVH� FRQGLWLRQV� DUH� HPEHGGHG� LQ� WKH� ,50�� � 7KHQ�� DIWHU� FRPELQDWLRQV� RI
SUREDELOLWLHV� DQG� VSHFLILHG� GHOD\� WLPHV�� WKH� (YHQW�/$B1HZB/RFDWLRQ� LV� JHQHUDWHG� DQG� WKH
/DQGLQJ�$LUFUDIW�SURFHHGV�WR�D�QHZ�ORFDWLRQ���7KHVH�FRQGLWLRQV�UHIOHFW�D�SUREDELOLVWLF�WLPLQJ�WKDW
WKH�DLUFUDIW�ZLOO�RFFXS\�GLIIHUHQW�VHJPHQWV�RI� WKH� UXQZD\�� �7KUHH� VHWV�RI� WLPLQJ�FRQGLWLRQV�DUH
GHILQHG�IRU�WKH�PRGHO���3 �����IRU�'HOD\�7LPH �����3 �����DQG�'HOD\�7LPH �����DQG�3 ����
IRU�'HOD\�7LPH ������7KHVH�FRQGLWLRQV�DUH�HPEHGGHG�LQ�WKH�'50�

7KH� 6WDWH��&KDQJH� /RFDWLRQ���PRYHV� WKH� /DQGLQJ�$LUFUDIW� GRZQ� WKH� UXQZD\� IURP� VHJPHQW� WR
VHJPHQW�� �:KHQ� WKH�0RGH �/DQGLQJ�� DQG� WKH� /RFDWLRQ �$��� WKLV� VWDWH� ZLOO� PRYH� WKH� DLUFUDIW
IURP�VHJPHQW�$� WR� VHJPHQW�5�� LQ� UHVSRQVH� WR� WKH�(YHQW�/$B1HZB/RFDWLRQ�� �7KH� DLUFUDIW�ZLOO
FRQWLQXH� WR�PRYH� IURP� VHJPHQW�5�� WR�5��� WR�;� WR�5�� DV� WKH�(YHQW�/$�0RYH� LV� VXFFHVVLYHO\
JHQHUDWHG�� � �:KHQ� WKH� DLUFUDIW� ORFDWLRQ� LV� LQ� VHJPHQW� %5�� WKHQ� WKH� REMHFW� DWWULEXWHV� DUH� VHW� WR
0RWLRQ �6WRSSHG�� DQG� WKH� (YHQW�/$�6WRS� LV� JHQHUDWHG�� � 7KH� VWDWH� LV� DOVR� XVHG� IRU� DQ� DLUFUDIW
WDNLQJ�RII�DV� LW�SURFHHGV�IURP�VHJPHQW�%5�WR�VHJPHQW�$�ZLWK�WKH�VXFFHVVLYH�JHQHUDWLRQ�RI� WKH
(YHQW�/$�0RYH�� �7KHQ�WKH�REMHFW�DWWULEXWHV�DUH�VHW�WR�0RWLRQ �)O\LQJ��DQG�WKH�(YHQW�/$�)O\� LV
JHQHUDWHG���7KH�FRQGLWLRQV�IRU�WKLV�VWDWH�DUH�HPEHGGHG�LQ�WKH�,50���1R�'50�LV�GHILQHG�

7KH�,50�IRU�WKH�6WDWH��0RYLQJ��VHWV�WKH�/DQGLQJ�$LUFUDIW�0RWLRQ �0RYLQJ����7KH�'50�VHWV�WKH
SUREDELOLVWLF� WLPLQJ� IRU� WKH� DLUFUDIW�PRWLRQ�GRZQ� WKH� UXQZD\� DV� LW�PRYHV� IURP� VHJPHQW�5�� WR
VHJPHQW�5��ZKHQ�WKH�DLUFUDIW�LV�ODQGLQJ��RU�WKH�UHYHUVH��5��WR�5���ZKHQ�WKH�DLUFUDIW�LV�WDNLQJ�RII�
7KLV�VWDWH�GRHV�QRW�DSSO\�IRU�DQ�DLUFUDIW�LQ�VHJPHQWV�$�RU�%5��EHFDXVH�WKH�UHVSHFWLYH�PRWLRQV�IRU
WKH� DLUFUDIW� LQ� WKHVH� ORFDWLRQV� DUH�0RWLRQ �)O\LQJ�� DQG�0RWLRQ �6WRSSHG��� � 7KH� SUREDELOLVWLF
WLPLQJ�GHILQHG�IRU�DLUFUDIW�PRYHPHQW�LQ�WKLV�VWDWH�LV�SURYLGHG�LQ�7DEOH������
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7DEOH���������3UREDELOLVWLF�WLPLQJ�IRU�DLUFUDIW�PRYHPHQW�LQ�6WDWH��0RYLQJ��

0RGH 0RYHPHQW 3UREDELOLW\ 'HOD\�7LPH
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7KH� 6WDWH��6WRSSHG�� LV� GHILQHG� WR� VHW� WKH� ORFDWLRQ� RI� WKH� /DQGLQJ� $LUFUDIW� DV� LW� FRPSOHWHV� LWV
ODQGLQJ�RU�EHJLQV�WDNHRII���)LUVW��WKH�REMHFW�DWWULEXWHV�DUH�VHW�IRU�WKH�/DQGLQJ�$LUFUDIW�LQ�WKLV�VWDWH
�/RFDWLRQ �%5���0RWLRQ �6WRSSHG���� �7KHVH�FRQGLWLRQV�DUH�HPEHGGHG�LQ�WKH� ,50�� �7KHQ��DIWHU
FRPELQDWLRQV� RI� SUREDELOLWLHV� DQG� VSHFLILHG� GHOD\� WLPHV�� WKH� (YHQW�/$B1HZB/RFDWLRQ� LV
JHQHUDWHG�� DQG� WKH� /DQGLQJ� $LUFUDIW� SURFHHGV� WR� D� QHZ� ORFDWLRQ�� � 7KHVH� FRQGLWLRQV� UHIOHFW� D
SUREDELOLVWLF� WLPLQJ� RI� WKH� GHOD\� EHIRUH� WKH� DLUFUDIW� EHJLQV� WDNHRII� UROO�� � 7KUHH� VHWV� RI� WLPLQJ
FRQGLWLRQV�DUH�GHILQHG�IRU�WKH�PRGHO���3 �����IRU�'HOD\�7LPH ����3 �����DQG�'HOD\�7LPH ���
DQG�3 �����IRU�'HOD\�7LPH �����7KHVH�FRQGLWLRQV�DUH�HPEHGGHG�LQ�WKH�'50�

������� 7D[L�$LUFUDIW�2EMHFW

7KH�7D[L�$LUFUDIW�2EMHFW��7$��UHSUHVHQWV�WKH�EHKDYLRU�RI�DQ�DLUFUDIW�RQ�D�WD[LZD\�� �$V�GHILQHG
IRU� WKLV�PRGHO�� WKH�7D[L�$LUFUDIW�SURYLGHV� WR� WKH�$LUSRUW�$LUVSDFH�2EMHFW� LQIRUPDWLRQ�DERXW� LWV
UHVSHFWLYH� ORFDWLRQV�� � 7KH� (QYLURQPHQW� ZRXOG� SURYLGH� WR� WKH� 7D[L� $LUFUDIW� LQIRUPDWLRQ� RQ
HQYLURQPHQWDO� FRQGLWLRQV� LQFOXGLQJ�ZHDWKHU�� YLVLELOLW\�� UDGLR� LQWHUIHUHQFH�� DLU� WUDIILF�� DQG� RWKHU
HQYLURQPHQWDO� GLVWUDFWLRQV�� � 7R� PRGHO� WKH� 7D[L� $LUFUDIW� 2EMHFW�� ILYH� VWDWHV� DUH� GHILQHG� DV
LOOXVWUDWHG�LQ�WKH�VWDWH�WUDQVLWLRQ�GLDJUDP�LQ�)LJXUH��������7KHVH�VWDWHV�LQFOXGH�&KDQJH�/RFDWLRQ�
*DWH� 6WRS�� 7D[L�� +ROG�� DQG� %H\RQG�0RGHO�� � 7KHVH� VWDWHV� DUH� UHODWHG� E\� D� VHW� RI� HYHQWV� WKDW
UHSUHVHQW�WKH�WD[L�DLUFUDIW¶V�EHKDYLRU���7KHVH�HYHQWV�FDXVH�WUDQVLWLRQV�DPRQJ�WKH�ILYH�VWDWHV�RI�WKH
/DQGLQJ�$LUFUDIW�2EMHFW��DV� LQGLFDWHG�E\�WKH�GLUHFWHG�DUURZV�LQ�)LJXUH������� �7KH�VHW�RI�HYHQWV
GHILQHG� IRU� WKH�PRGHO� LQFOXGHV��7$B1HZB/RFDWLRQ� �7$�1/��� 7$�*DWH�� 7$�7D[L�� 7$�+ROG�� DQG
7$�%H\RQG�0RGHO�

%H\RQG
0RGHO

7$�%H\RQG�0RGHO

&KDQJH
/RFDWLRQ

7D[L

+ROG

*DWH�6WRS

7$�+ROG

7$�1/

7$�7D[L7$�*DWH

7$B1HZB/RFDWLRQ
�7$�1/�

7$�1/

7$�+ROG 7$�7D[L

7$�1/
%H\RQG
0RGHO

7$�%H\RQG�0RGHO

&KDQJH
/RFDWLRQ

7D[L

+ROG

*DWH�6WRS

7$�+ROG

7$�1/

7$�7D[L7$�*DWH

7$B1HZB/RFDWLRQ
�7$�1/�

7$�1/

&KDQJH
/RFDWLRQ

7D[L

+ROG

*DWH�6WRS

7$�+ROG

7$�1/

7$�7D[L7$�*DWH

7$B1HZB/RFDWLRQ
�7$�1/�

7$�1/

7$�+ROG 7$�7D[L

7$�1/

)LJXUH��������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�7D[L�$LUFUDIW�2EMHFW�
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)RXU�DWWULEXWHV�DUH�GHILQHG�IRU�WKLV�REMHFW�WR�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�WD[L�DLUFUDIW¶V�EHKDYLRU
DQG�ORFDWLRQ���7KH�ILUVW�DWWULEXWH��0RGH��GHILQHV�WKH�PRGH�RI�RSHUDWLRQ�IRU�WKH�7D[L�$LUFUDIW���7ZR
YDOXHV��7DNHRII��/DQGLQJ��DUH�GHILQHG�IRU�WKLV�DWWULEXWH���)RU�LQLWLDO�FRQGLWLRQV��WKH�7D[L�$LUFUDIW
LV�SUHSDULQJ� IRU� WDNHRII� �0RGH �7DNHRII���� �7KH� VHFRQG� DWWULEXWH��/RFDWLRQ� ��7$/��GHILQHV� WKH
ORFDWLRQ�RI�WKH�7D[L�$LUFUDIW���6L[�YDOXHV��*��7����7���;��7���%7��DUH�GHILQHG�IRU�WKLV�DWWULEXWH�
)RU� LQLWLDO�FRQGLWLRQV�� WKH�7D[L�$LUFUDIW� LV� DW� WKH�JDWH� �/$/ �*���� �7KH� WKLUG�DWWULEXWH��0RWLRQ�
GHILQHV�WKH�7D[L�$LUFUDIW¶V�PRWLRQ���7KUHH�YDOXHV��*DWH��7D[L��+ROG��%H\RQG��DUH�GHILQHG�IRU�WKLV
DWWULEXWH�� � )RU� LQLWLDO� FRQGLWLRQV�� WKH�7D[L�$LUFUDIW� LV� DW� WKH� JDWH� �0RWLRQ �*DWH���� � 7KH� IRXUWK
DWWULEXWH��3LORW+ROG��LV�XVHG�WR�GHWHUPLQH�ZKHWKHU�WKH�7D[L�$LUFUDIW�ZLOO�KROG�SRVLWLRQ�DV�GLUHFWHG
E\�WKH�7RZHU�&RQWUROOHU���7KUHH�YDOXHV��8QVHW��:LOO+ROG��1R+ROG��DUH�GHILQHG�IRU�WKLV�DWWULEXWH�
)RU�LQLWLDO�FRQGLWLRQV��WKLV�DWWULEXWH�LV�XQVHW��3LORW+ROG 8QVHW��

7KH�6WDWH��*DWH�6WRS��GHVFULEHV�WKH�7D[L�$LUFUDIW¶V�EHKDYLRU�DW�WKH�JDWH���)LUVW�WKH�DWWULEXWHV�IRU
WKLV� VWDWH� DUH� VHW� �/RFDWLRQ �*���0RWLRQ �*DWH���� � 7KHQ�� LI� WKH� 7D[L� $LUFUDIW� LV� SUHSDULQJ� IRU
WDNHRII��0RGH 7DNHRII���WKH�SUREDELOLW\�WKDW�WKH�7D[L�$LUFUDIW�ZLOO�FRPSO\�ZLWK�WKH�GLUHFWLRQ�RI
WKH�7RZHU�&RQWUROOHU��3LORW+ROG �:LOO+ROG���LV�3 ������
��7KH�SUREDELOLW\�WKDW�WKH�7D[L�$LUFUDIW
ZLOO� IDLO� WR� FRPSO\� �3LORW+ROG �1R+ROG��� LV� 3 ������� � 7KHVH� FRQGLWLRQV� DUH� HPEHGGHG� LQ� WKH
,50�IRU�WKLV�VWDWH���7KH�'50�ILUVW�FRQVLGHUV�LI�WKH�7D[L�$LUFUDIW�LV�ODQGLQJ���,I�LW�LV�DQG�LW�LV�QRZ
ORFDWHG�DW�WKH�JDWH��WKHQ�WKH�VFHQDULR�LV�WHUPLQDWHG���1H[W�WKH�'50�FRQVLGHUV�GHOD\V�OHDYLQJ�WKH
JDWH�� � )RU� GLIIHUHQW� FRPELQDWLRQV� RI� SUREDELOLWLHV� DQG� VSHFLILHG� GHOD\� WLPHV�� WKH
(YHQW�7$B1HZB/RFDWLRQ� LV�JHQHUDWHG�DQG�WKH�7D[L�$LUFUDIW�SURFHHGV�WR�D�QHZ�ORFDWLRQ�� �7KUHH
VHWV� RI� WLPLQJ� FRQGLWLRQV� DUH� GHILQHG� IRU� WKH�PRGHO�� 3 ����� IRU�'HOD\�7LPH �����3 ����� DQG
'HOD\� 7LPH ����� DQG� 3 ����� IRU� 'HOD\� 7LPH ����� � 7KHVH� FRQGLWLRQV� DUH� HPEHGGHG� LQ� WKH
'50�

7KH� 6WDWH��&KDQJH� /RFDWLRQ��� PRYHV� WKH� 7D[L� $LUFUDIW� GRZQ� WKH� WD[LZD\� IURP� VHJPHQW� WR
VHJPHQW���:KHQ�WKH�0RGH �7DNHRII��DQG�WKH�/RFDWLRQ �*���WKLV�VWDWH�ZLOO�PRYH�WKH�DLUFUDIW�IURP
VHJPHQW� *� WR� VHJPHQW� 7��� LQ� UHVSRQVH� WR� WKH� (YHQW�7$B1HZB/RFDWLRQ�� � 7KH� DLUFUDIW� ZLOO
FRQWLQXH�WR�PRYH�IURP�VHJPHQW�7���WR�7��WR�;�WR�7��WR�%7�DV�WKH�(YHQW�7$�7D[L�LV�VXFFHVVLYHO\
JHQHUDWHG�� � �:KHQ� WKH� DLUFUDIW� ORFDWLRQ� LV� LQ� VHJPHQW� %7�� WKHQ� WKH� REMHFW� DWWULEXWHV� DUH� VHW� WR
0RWLRQ �%H\RQG��DQG� WKH�(YHQW�7$�%H\RQG�0RGHO� LV�JHQHUDWHG�� �7KH�VWDWH� LV�DOVR�XVHG� IRU� DQ
DLUFUDIW�ODQGLQJ�DV�LW�SURFHHGV�IURP�VHJPHQW�%7�WR�VHJPHQW�*�ZLWK�WKH�VXFFHVVLYH�JHQHUDWLRQ�RI
WKH�(YHQW�7$�7D[L���7KHQ�WKH�REMHFW�DWWULEXWHV�DUH�VHW�WR�0RWLRQ �*DWH��DQG�WKH�(YHQW�7$�*DWH�LV
JHQHUDWHG���7KH�FRQGLWLRQV�IRU�WKLV�VWDWH�DUH�HPEHGGHG�LQ�WKH�,50���1R�'50�LV�GHILQHG�

7KH� ,50� IRU� WKH� 6WDWH��7D[L�� VHWV� WKH� 7D[L� $LUFUDIW� 0RWLRQ �7D[L��� � 7KH� '50� VHWV� WKH
SUREDELOLVWLF�WLPLQJ�IRU�WKH�DLUFUDIW�PRWLRQ�GRZQ�WKH�WD[LZD\�DV�LW�PRYHV�IURP�VHJPHQW�7���WR
VHJPHQW�7��ZKHQ�WKH�DLUFUDIW�LV�ODQGLQJ��RU�WKH�UHYHUVH��7��WR�7����ZKHQ�WKH�DLUFUDIW�LV�WDNLQJ�RII�
7KLV�VWDWH�GRHV�QRW�DSSO\�IRU�DQ�DLUFUDIW�LQ�VHJPHQWV�*�RU�%7��EHFDXVH�WKH�UHVSHFWLYH�PRWLRQV�IRU
WKH�DLUFUDIW�LQ�WKHVH�ORFDWLRQV�DUH�0RWLRQ �*DWH��DQG�0RWLRQ �%H\RQG����7KH�SUREDELOLVWLF�WLPLQJ
GHILQHG�IRU�DLUFUDIW�PRYHPHQW�LQ�WKLV�VWDWH�LV�SURYLGHG�LQ�7DEOH������

������������������������������������������������


��7KHVH�SUREDELOLWLHV�DQG�GHOD\V�ZHUH�HVWLPDWHG�EDVHG�RQ�WKH�MXGJHPHQW�RI�WKH�DQDO\VWV�ZLWKRXW�WKH�DLG�RI�D�IRUPDO
KXPDQ�UHOLDELOLW\�DQDO\VLV�
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7DEOH��������3UREDELOLVWLF�WLPLQJ�IRU�DLUFUDIW�PRYHPHQW�LQ�6WDWH��7D[L��

0RGH 0RYHPHQW 3UREDELOLW\ 'HOD\�7LPH
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���� ��/DQGLQJ 7��WR�;�	�3LORW+ROG �1R+ROG�
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���� ��/DQGLQJ 7��WR�;�	�3LORW+ROG �:LOO+ROG�
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������� 7RZHU�&RQWUROOHU�2EMHFW

)RU�WKLV�PRGHO��WKH�7RZHU�&RQWUROOHU�2EMHFW� �7&��KDV�QRW�EHHQ�IXUWKHU�GHYHORSHG�� �7KLV�REMHFW
ZRXOG�EH�GHILQHG�WR�UHSUHVHQW�WKH�EHKDYLRU�RI�DLU�WUDIILF�FRQWURO�EHKDYLRU�LQ�FRRUGLQDWLQJ�DLUFUDIW
WUDIILF� IRU� ODQGLQJ�� WD[L�� DQG� WDNHRII�� �$V�GHILQHG�E\� WKH� LQWHUDFWLRQ�GLDJUDP��)LJXUH�������� WKH
7RZHU� &RQWUROOHU� ZRXOG� SURYLGH� FRPPDQGV� DQG� UHVSRQVHV� WR� WKH� 7D[L� $LUFUDIW� 2EMHFW� DQG
UXQZD\�UHVHUYDWLRQV�WR�WKH�$LUSRUW�$LUVSDFH�2EMHFW���,Q�WXUQ��WKH�7RZHU�&RQWUROOHU�2EMHFW�ZRXOG
UHFHLYH� UHTXHVWV� DQG� UHVSRQVHV� IURP� WKH� 7D[L� $LUFUDIW� 2EMHFW� DQG� DLUFUDIW� SRVLWLRQV� IURP� WKH
$LUSRUW�$LUVSDFH�2EMHFW�� �$GGLWLRQDOO\��WKH�7RZHU�&RQWUROOHU�2EMHFW�ZRXOG�UHFHLYH�LQIRUPDWLRQ
RQ�HQYLURQPHQWDO� FRQGLWLRQV� IURP� WKH�(QYLURQPHQW�2EMHFW�� LQFOXGLQJ�ZHDWKHU�� YLVLELOLW\�� UDGLR
LQWHUIHUHQFH�� DQG� WUDIILF� OHYHOV�� �7KH� DWWULEXWHV� IRU� WKH�7RZHU�&RQWUROOHU�2EMHFW�ZRXOG� LQFOXGH
FRPPXQLFDWHG� LQIRUPDWLRQ� VXFK� DV� UXQZD\� DQG� WD[LZD\� GHVWLQDWLRQV� DQG� URXWHV�� DQG� KROG�
SURFHHG�DQG�VWRS�FRPPDQGV���7KH�VWDWHV�IRU�WKH�7RZHU�&RQWUROOHU�ZRXOG�LQFOXGH�D�FRPPDQGLQJ
VWDWH�ZKHQ� WKH�7RZHU�&RQWUROOHU� LV� LVVXLQJ� FRPPDQGV�DQG�D�PRQLWRULQJ�VWDWH�ZKHQ� WKH�7RZHU
&RQWUROOHU�LV�PRQLWRULQJ�DLUFUDIW�WUDIILF�

(YHQ�DW�WKLV�DVVXPHG�OHYHO�RI�GHWDLO��WKH�FRQWURO�EHKDYLRUV�H[KLELWHG�E\�VXFK�D�7RZHU�&RQWUROOHU
2EMHFW� UHSUHVHQW� D� UHODWLYHO\� FRDUVH� DEVWUDFWLRQ� RI� WKH� DFWXDO� LQWULFDFLHV� RI� WKH� SURFHGXUHV� DQG
EHKDYLRUV�HPSOR\HG�WR�FRQWURO�WUDIILF�DW�D�PDMRU�DLUSRUW���)RU�H[DPSOH��PDQ\�DLUSRUWV�VHSDUDWH�WKH
³WRZHU� FRQWURO´� DQG� ³JURXQG� FRQWURO´� IXQFWLRQV� VXFK� WKDW� WKH\� DUH� SHUIRUPHG� E\� GLIIHUHQW
LQGLYLGXDOV�� � $� VLQJOH� FRQWUROOHU� REMHFW�� DV� GHVFULEHG� DERYH�� ZRXOG� QRW� EH� DEOH� WR� PRGHO� WKH
GHWDLOV� RI� WKLV� UHODWLRQVKLS� RU� GLVFRYHU� ULVNV� WKDW� PLJKW� DULVH�� IRU� H[DPSOH�� LQ� WKH� LQWHUDFWLRQV
EHWZHHQ�WKHVH�FRQWUROOHUV�DV�WKH\�KDQG�RII�DLUFUDIW�WR�RQH�DQRWKHU���:KLOH�D�WZR�REMHFW�FRQWUROOHU
PRGHO�PLJKW�SURYLGH�DGGLWLRQDO� LQVLJKWV� LQWR� DYLDWLRQ� VDIHW\� LVVXHV�� LW�ZRXOG�EH� D� VLJQLILFDQWO\
PRUH�FRPSOH[�PRGHO�WR�EXLOG�DQG�VROYH�

������� (QYLURQPHQW�2EMHFW

)RU� WKLV� PRGHO�� WKH� (QYLURQPHQW� 2EMHFW� �(QY�� KDV� QRW� EHHQ� IXUWKHU� GHYHORSHG�� � 7KLV� REMHFW
ZRXOG�EH�GHILQHG�WR�VHW�WKH�DWWULEXWHV�IRU�WKH�HQYLURQPHQWDO�FRQWH[W�IRU�WKH�DQDO\VLV���$V�GHILQHG
E\� WKH� LQWHUDFWLRQ� GLDJUDP� �)LJXUH� ������ IRU� WKLV� H[DPSOH�� WKH� (QYLURQPHQW� 2EMHFW� ZRXOG
SURYLGH�LQIRUPDWLRQ�DERXW�HQYLURQPHQWDO�FRQWH[W�WR�WKH�7D[L�$LUFUDIW��WKH�/DQGLQJ�$LUFUDIW��DQG
WKH� 7RZHU� &RQWUROOHU�� � 7KH� DWWULEXWHV� IRU� WKH� (QYLURQPHQW� 2EMHFW� ZRXOG� LQFOXGH� YDOXHV� IRU
YLVLELOLW\��OLJKWLQJ��UDGLR�FRQGLWLRQV��WD[L�WUDIILF��DQG�DLUSRUW�VLJQDJH�

������� 0RGHO�$SSOLFDWLRQV

7KLV�SUHOLPLQDU\�PRGHO�FDQ�EH�DSSOLHG�IRU�VHYHUDO�GLIIHUHQW�UXQZD\�RSHUDWLRQV�LQFOXGLQJ�DLUFUDIW
VSDFLQJ�IRU�UXQZD\�FURVVLQJV��DQG�ULVN�DVVHVVPHQW�IRU�UXQZD\�FROOLVLRQV��UXQZD\�LQFXUVLRQV�DQG
IRU�ODQG�DQG�KROG�VKRUW�RSHUDWLRQV���7KLV�H[DPSOH�SUREOHP�GHPRQVWUDWHV�KRZ�WKH�2%(67�PHWKRG
FDQ�EH�DSSOLHG�IRU�GHYHORSLQJ�V\VWHP�VDIHW\�PRGHOV�WKDW�LQWHJUDWH�KXPDQ�SHUIRUPDQFH�DV�ZHOO�DV
WKH� RSHUDWLRQV� RI� DQG� UHODWLRQVKLSV� DPRQJ� WKH� QXPHURXV� FRPSRQHQWV� RI� WKH� FRPSOH[� DYLDWLRQ
V\VWHP� HQYLURQPHQW�� � 7KH� 7D[L� $LUFUDIW� DQG� /DQGLQJ� $LUFUDIW� 2EMHFWV� FDQ� EH� H[WHQGHG� WR
LQFRUSRUDWH�DWWULEXWHV�WKDW�UHSUHVHQW�D�SLORW¶V�FRPSUHKHQVLRQ�RI�DVVLJQHG� LQVWUXFWLRQV�DV�ZHOO�DV
IOLJKW� FUHZ� FKDUDFWHULVWLFV� LQFOXGLQJ� SHUIRUPDQFH� IDFWRUV� VXFK� DV� H[SHULHQFH�� VLWH� NQRZOHGJH�
PHQWDO�VWDWH��DQG�WDVN�ORDG���7KH�HQYLURQPHQWDO�FRQWH[W�FDQ�EH�GHYHORSHG�WR�GHILQH�YLVXDO�FXHV�



���

ZKLFK� LQ� FRPELQDWLRQ� ZLWK� WKH� IOLJKW� FUHZ� FKDUDFWHULVWLF� FDQ� EH� XVHG� WR� PRGHO� KXPDQ
SHUIRUPDQFH�IRU�UHFRJQL]LQJ�DQG�FRUUHFWLQJ�GDQJHURXV�VLWXDWLRQV�GXULQJ�UXQZD\�RSHUDWLRQV�

����� 6XPPDU\

7KLV�FKDSWHU�KDV�SURYLGHG�VL[�H[DPSOH�SUREOHPV�WKDW�GHPRQVWUDWH�WKH�SRZHU�DQG�YHUVDWLOLW\�RI�WKH
2%(67�PRGHOLQJ�PHWKRGRORJ\���:KLOH�PDQ\�RI�WKH�SUREOHPV�ZHUH�UHODWLYHO\�VLPSOH��WKH\�ZHUH
VHOHFWHG� WR� HPSKDVL]H� ERWK� WKH� YDULRXV� IHDWXUHV� RI� 2%(67� DV� ZHOO� DV� WKH� ZLGH� YDULHW\� RI
SUREOHPV�DQG�DQDO\VLV�GRPDLQV�WKDW�FDQ�EH�UHSUHVHQWHG�XVLQJ�2%(67�� �7KH�GHWDLOV�RI� WKH� ,50
DQG�'50�PRGHOV�ZHUH� OHIW�RXW�RI� WKH�GLVFXVVLRQV� LQ� WKLV�FKDSWHU�EHFDXVH�RI� VSDFH� OLPLWDWLRQV�
+RZHYHU��WKRVH�PRGHOV�DUH�SUHVHQWHG�LQ�PRUH�GHWDLO�LQ�WKH�DSSHQGLFHV�WR�WKLV�UHSRUW���7KH�FXULRXV
UHDGHU� VKRXOG� WDNH� WKH� LQLWLDWLYH� WR� UHYLHZ� WKRVH�PRGHOV� LQ� GHWDLO� DQG� UHFRQFLOH� WKHP�ZLWK� WKH
PDWHULDO�SUHVHQWHG�LQ�WKLV�FKDSWHU�


$IWHU� VXFK� DQ� LQYROYHG� WULS� WKURXJK� WKHVH� VL[� H[DPSOH� SUREOHPV�� WKH� UHDGHU� KDV� XQGRXEWHGO\
WKRXJKW�RI�RWKHU�DSSOLFDWLRQ�GRPDLQV�ZKHUH�2%(67�PLJKW�EH�XVHIXO���&OHDUO\��WKH�IOH[LELOLW\�WKDW
LV� LQKHUHQW� WR� WKH�2%(67�PHWKRGRORJ\�PDNHV� LW� DSSOLFDEOH� WR� QXPHURXV� FODVVHV� RI� SUREOHPV�
2QH�SULFH�WKDW�LV�SDLG�IRU�WKLV�KLJK�GHJUHH�RI�IOH[LELOLW\�LV� WKDW� LW� LV� LQFXPEHQW�XSRQ�WKH�XVHU� WR
SURYLGH� ODUJH� DPRXQWV� RI� LQIRUPDWLRQ� WR� HPERG\� WKH� GHWDLOV� RI� V\VWHP� EHKDYLRU� ZLWKLQ� WKH
2%(67�PRGHOV�� � ,W� LV� RXU� KRSH�� KRZHYHU�� WKDW� RQH� GD\� ZH� ZLOO� EH� DEOH� WR� EXLOG� OLEUDULHV� RI
JHQHULF� 2%(67� REMHFWV� WR� UHSUHVHQW� IUHTXHQWO\� HQFRXQWHUHG� FRPSRQHQWV� WKDW� FDQ� EH� UDSLGO\
LQVHUWHG�LQWR�2%(67�V\VWHP�PRGHOV���7KLV�ZLOO�KHOS�UHGXFH�WKH�ZRUN�UHTXLUHG�IRU�WKH�DQDO\VW�WR
PDNH�HIIHFWLYH�XVH�RI�WKLV�YHU\�SRZHUIXO�PHWKRGRORJ\�

������������������������������������������������


� � 7KH�PDWHULDO� SUHVHQWHG� LQ� WKLV� FKDSWHU� GLG� QRW� VKRZ� QXPHULFDO� VROXWLRQV� IRU� WKHVH� H[DPSOH� SUREOHPV�� � 7KLV� LV
EHFDXVH�WKH�2%(67�VRIWZDUH�ZDV�QRW�FRPSOHWHO\�IXQFWLRQDO�DW�WKH�WLPH�WKHVH�PRGHOV�ZHUH�GHYHORSHG���7KH�PRGHOV
IRU�ZKLFK�WKH�2%(67�VRIWZDUH�ZDV�DFWXDOO\�DSSOLHG�PDNH�XVH�RI�GDWD�WKDW�ZH�GR�QRW�\HW�KDYH�SHUPLVVLRQ�WR�UHOHDVH
LQWR�WKH�SXEOLF�GRPDLQ���7KH�UHVXOWV�RI�WKHVH�2%(67�DQDO\VHV�DUH�OLNHO\�WR�EH�SXEOLVKHG�DW�D�ODWHU�GDWH�



���

���&RQFOXVLRQV�DQG�)XWXUH�'LUHFWLRQV

����� &RQFOXVLRQV

7KH�2%(67�PHWKRGRORJ\�GHVFULEHG� LQ� WKLV� UHSRUW�SURYLGHV�D�QHZ�ZD\� IRU� ORRNLQJ� DW� VFHQDULR
EDVHG�ULVN�DVVHVVPHQW�SUREOHPV�WKDW�KDV�PDQ\�GHVLUDEOH�FKDUDFWHULVWLFV�ZKLOH�UHPRYLQJ�D�QXPEHU
RI�WKH�PDMRU�OLPLWDWLRQV�IRXQG�LQ�SUHYLRXV�PHWKRGV�

�� ,W�SURYLGHV�WKH�FDSDELOLW\�WR�H[SORUH�D�XQLYHUVH�RI�SUREDELOLVWLF�HYHQW�VFHQDULRV��OLNH�DQ�HYHQW
WUHH��ZKLOH�UHPRYLQJ�WKH�OLPLWDWLRQ�RI�D�SULRUL�HYHQW�RUGHULQJ�

�� ,W�SURYLGHV�D�FDSDELOLW\�IRU�YDULDEOH�HYHQW�RUGHULQJ��OLNH�D�GLVFUHWH�HYHQW�VLPXODWLRQ��ZLWKRXW
UHTXLULQJ� FRPSXWDWLRQDOO\� LQHIILFLHQW� 0RQWH� &DUOR� VLPXODWLRQ� WR� LQIHU� WKH� SUREDELOLVWLF
FKDUDFWHULVWLFV�RI�WKH�PDQ\�VFHQDULRV�

�� ,W�HQDEOHV�DQ�DQDO\VW�WR�GHVFULEH�WKH�EHKDYLRU�RI�WKH�YDULRXV�FRPSRQHQWV�ZLWKLQ�D�V\VWHP��DQG
OHW�WKH�DQDO\WLFDO�HQJLQH�LQIHU�WKH�HPHUJHQW�EHKDYLRU�WKDW�UHVXOWV�IURP�WKHLU�LQWHUDFWLRQV��OLNH
DQ� REMHFW�RULHQWHG� DQDO\VLV�� UDWKHU� WKDQ� UHTXLULQJ� WKH� DQDO\VW� WR� GLVWLOO� WKH� V\VWHP� EHKDYLRU
ZLWKLQ�WKH�WDVN�RI�ULVN�PRGHO�FRQVWUXFWLRQ��DV�UHTXLUHG�LQ�DQ�HYHQW�WUHH�DQDO\VLV��

�� ,W�HQDEOHV�DQ�DQDO\VW�WR�PRGHO�PDQ\�GLIIHUHQW�W\SHV�RI�LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQV�IRU�D
V\VWHP�XVLQJ�D�VLQJOH�REMHFW�PRGHO��OLNH�D�VLPXODWLRQ�WRRO��UDWKHU�WKDQ�UHTXLULQJ�WKH�DQDO\VW�WR
FRQVWUXFW� VHSDUDWH�PRGHOV� IRU� HDFK� VHW� RI� V\VWHP� FRQGLWLRQV� WR� EH� FRQVLGHUHG� �DV� LV� RIWHQ
UHTXLUHG�LQ�DQ�HYHQW�WUHH�DQDO\VLV��

:H�KDYH�GHPRQVWUDWHG�WKDW�WKLV�PHWKRGRORJ\�LV�DSSOLFDEOH�WR�D�EURDG�YDULHW\�RI�ULVN�DVVHVVPHQW
SUREOHPV�� � ,Q� WKLV� SURMHFW� ZH� KDYH� SURYLGHG� H[DPSOH� SUREOHPV� UHODWHG� WR� UDFH� FRQGLWLRQV�
LQIUDVWUXFWXUH� DVVHVVPHQW�� DLU� WUDIILF� VDIHW\�� ILUH� GDPDJH� DVVHVVPHQW�� DQG� HYHQ� D� UHFUHDWLRQDO
DFWLYLW\���:H�QRWHG��VHH�6HFWLRQ������WKH�SRWHQWLDO�WR�DSSO\�WKLV�PHWKRGRORJ\�IRU�D�EURDG�UDQJH�RI
LQIUDVWUXFWXUH� LQWHUGHSHQGHQFLHV� SUREOHPV� �WKLV� FODVV� RI� SUREOHPV� SURYLGHG�PRWLYDWLRQ� IRU� WKH
RULJLQDO� PHWKRGRORJ\� GHYHORSPHQW� DFWLYLWLHV��� � :H� DOVR� VHH� LPPHGLDWH� DSSOLFDELOLW\� IRU� WKLV
PHWKRG�LQ�D�EURDG�YDULHW\�RI�ULVN�DVVHVVPHQW�GRPDLQV��LQFOXGLQJ�

�� 1XFOHDU� UHDFWRU� VDIHW\� �2%(67� LV� D� SRWHQWLDO� UHSODFHPHQW� PHWKRGRORJ\� IRU� DFFLGHQW
SURJUHVVLRQ�HYHQW�WUHH�DSSOLFDWLRQV��

�� 1XFOHDU�ZHDSRQV�VDIHW\��2%(67�FRXOG�UHSODFH�FXUUHQW�HYHQW�WUHH�DQDO\VHV�IRU�FKDUDFWHUL]LQJ
WKH� ERXQGDU\� FRQGLWLRQV� WR� ZKLFK� D� ZHDSRQ� ZRXOG� EH� VXEMHFWHG� GXULQJ� D� WUDQVSRUWDWLRQ
DFFLGHQW��

�� 3K\VLFDO�VHFXULW\� �2%(67�FRXOG�UHSODFH�FXUUHQW�HYHQW� WUHH�DQDO\VHV� LQ�FHUWDLQ�DSSOLFDWLRQV�
DQG�PD\�DOVR�SURYLGH�D�SUREDELOLVWLF�PHWKRGRORJ\�IRU�VLPXODWLQJ�³IRUFH�RQ�IRUFH´�H[HUFLVHV��

�� ,QIRUPDWLRQ� DVVXUDQFH� �2%(67�FRXOG�SURYLGH� D�SUREDELOLVWLF�PHWKRG� WR� FKDUDFWHUL]H� EURDG
FODVVHV�RI� LQIRUPDWLRQ�V\VWHP�DWWDFN� VFHQDULRV�±� DQG� HVSHFLDOO\� WKH�SUREDELOLVWLF� DVSHFWV�RI
WKH�V\VWHP¶V�GHIHQVLYH�UHVSRQVHV���DQG
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�� $YLDWLRQ� VDIHW\� �WKH� YDULDEOH� HYHQW� RUGHULQJ� LQ� WKH� 2%(67� HQDEOHV� SUREDELOLVWLF
FKDUDFWHUL]DWLRQ�RI�PDQ\� W\SHV�RI� DYLDWLRQ�VDIHW\� VFHQDULRV�� LQFOXGLQJ� WKH� DOUHDG\� VXUYH\HG
DUHDV�RI�IOLJKW�WKURXJK�LFLQJ�FRQGLWLRQV�DQG�DLUSRUW�UXQZD\�WUDQVJUHVVLRQV��

7KH�EHDXW\�RI� WKLV�PHWKRGRORJ\� LV� WKDW� LW� LV�YHU\�JHQHUDO�DQG�QRW� WLJKWO\� WDLORUHG� WR� DQ\� VLQJOH
DSSOLFDWLRQ� GRPDLQ�� �:H� EHOLHYH� WKDW� WKH� QXPEHU� RI� DSSOLFDWLRQ� GRPDLQV� ZLOO� LQFUHDVH� DV� WKH
PHWKRGRORJ\�JDLQV�ZLGHU�H[SRVXUH�

,Q�LWV�FXUUHQW�IRUP��WKH�2%(67�PHWKRGRORJ\�LV�PRVW�DSSOLFDEOH�WR�VLWXDWLRQV�ZKHUH�WKH�RUGHU�RI
HYHQWV� FDQQRW� EH� GHWHUPLQHG� D� SULRUL� �WKXV�� PDNLQJ� DQ� HYHQW� WUHH� DQDO\VLV� YHU\� FKDOOHQJLQJ��
0DQ\� RI� WKHVH� VLWXDWLRQV� LQYROYH� UDFH� FRQGLWLRQV� ±� WKDW� LV�� VLWXDWLRQV�ZKHUH� LW� LV� LPSRUWDQW� WR
NQRZ� ZKHWKHU� HYHQW� $� KDSSHQV� EHIRUH� HYHQW� %�� � 7KHVH� VLWXDWLRQV� RIWHQ� FRPH� DERXW� ZKHQ� D
V\VWHP� LV� PDNLQJ� XVH� RI� D� OLPLWHG� DQG� GHSOHWDEOH� UHVRXUFH� VXFK� DV� IXHO� RU� ZDWHU�� DQG� DQ
XQGHVLUDEOH� FRQGLWLRQ�RFFXUV� LI� WKDW� UHVRXUFH� EHFRPHV� IXOO\� H[KDXVWHG� EHIRUH� WKH� V\VWHP� VWRSV
KDYLQJ�QHHG�RI�LW���7KH�2%(67�PRGHOV�WKHVH�W\SHV�RI�UDFH�FRQGLWLRQV�UHODWLYHO\�ZHOO��DQG�WKHVH
FDSDELOLWLHV�ZLOO�RQO\�EH�LPSURYHG�DV�WKH�PHWKRGRORJ\�DQG�VRIWZDUH�DUH�HQKDQFHG�LQ�WKH�IXWXUH�

$�VHFRQG�FODVV�RI�SUREOHPV�IRU�ZKLFK�2%(67�LV�KLJKO\�DSSOLFDEOH�LQYROYHV�DVVHVVPHQWV�ZKHUH�D
VLQJOH�V\VWHP�QHHGV�WR�EH�DQDO\]HG�XQGHU�D�EURDG�YDULHW\�RI�VLWXDWLRQV���7KLV�LV�HVSHFLDOO\�WUXH�LI
WKHVH�YDULRXV� VLWXDWLRQV�ZLOO� FDXVH� LPSRUWDQW�HYHQWV� WR�KDSSHQ� LQ�GLIIHUHQW�RUGHUV�� EHFDXVH� WKLV
ODFN� RI� D� FRQVLVWHQW� RUGHULQJ� ZLOO� UHTXLUH� WKH� GHYHORSPHQW� RI� PXOWLSOH� (7$� PRGHOV�±� D
FXPEHUVRPH� DQG� WLPH�FRQVXPLQJ� SURFHVV�� � 6LQFH� WKH� 2%(67� PHWKRGRORJ\� HPERGLHV� WKH
EHKDYLRU�RI�WKH�V\VWHP�FRPSRQHQWV��DQG�WKHQ�FRD[HV�WKH�V\VWHP�EHKDYLRU�IURP�WKH�SUREDELOLVWLF
LQWHUDFWLRQV� EHWZHHQ� WKHVH� FRPSRQHQWV�� 2%(67� HQDEOHV� WKH� DQDO\VW� WR� GHYHORS� D� VLQJOH
EHKDYLRUDO�PRGHO�RI�WKH�V\VWHP�DQG�WKHQ�VXEMHFW�LW�WR�D�YDULHW\�RI�LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQV
WR�UHSUHVHQW�WKLV�EURDG�YDULHW\�RI�VLWXDWLRQV���7KXV��WKH�DQDO\VW�GHYHORSV�WKH�2%(67�PRGHO�RQFH
DQG�H[HUFLVHV�LW�PDQ\�WLPHV�WR�FKDUDFWHUL]H�WKHVH�PDQ\�VLWXDWLRQV��ZKLOH�WKH\�PLJKW�EH�UHTXLUHG
WR� FRQVWUXFW�PDQ\� HYHQW� WUHH�PRGHOV� DQG� H[HUFLVH� HDFK� RI� WKHP� RQO\� RQFH� WR� REWDLQ� WKH� VDPH
UHVXOW�� � 7KLV� FKDUDFWHULVWLF� RI� WKH� 2%(67� PHWKRGRORJ\� KROGV� WKH� SRWHQWLDO� WR� GUDPDWLFDOO\
LPSURYH�WKH�SURGXFWLYLW\�RI�WKH�ULVN�DQDO\VW�

:KLOH�2%(67�LV�KLJKO\�DSSOLFDEOH�WR�WKH�FODVVHV�RI�SUREOHPV�GHVFULEHG�DERYH��LW�LV�QRW�WKH�PRVW
DSSURSULDWH�WRRO�IRU�DOO�DSSOLFDWLRQV���2%(67�LV�IXQGDPHQWDOO\�DQ�LQGXFWLYH�DQDO\VLV�PHWKRG�WKDW
XVHV�D�GLVFUHWH�PRGHO�VSDFH�LQ�VHDUFK�RI�D�ODUJH�QXPEHU�RI�SRWHQWLDO�V\VWHP�VFHQDULRV���7KXV��DV
DQ�LQGXFWLYH�PHWKRG��LW�LV�QRW�DSSURSULDWH�IRU�GHGXFWLYH�PRGHOLQJ�RI�V\VWHP�IDLOXUH�FULWHULD��L�H���LW
LV� QRW� D� VXLWDEOH� UHSODFHPHQW� IRU� )0(&$� RU� )7$��� � $V� D� GLVFUHWH� DQDO\VLV� PHWKRG�� LW� LV
XQVXLWDEOH� IRU� PRGHOLQJ� V\VWHPV� WKDW� FDQQRW� EH� DGHTXDWHO\� PRGHOHG� DSDUW� IURP� WKH� XVH� RI
FRQWLQXRXV�YDULDEOHV� �RU� IRU� V\VWHPV� WKDW�ZRXOG� UHTXLUH�D� ODUJH�QXPEHU�RI�GLVFUHWH� LQWHUYDOV� WR
DSSUR[LPDWH� D� FRQWLQXRXV� YDULDEOH��� � $V� D� EUDQFKLQJ� PHWKRGRORJ\�� LW� LV� LQDSSURSULDWH� IRU
PRGHOLQJ�V\VWHPV� WKDW�H[KLELW� HLWKHU�PLQLPDO�EUDQFKLQJ� �WKRVH�ZRXOG�EH�EHWWHU�DQDO\]HG�XVLQJ
WUDGLWLRQDO�GHVLJQ�RI�H[SHULPHQWV�PHWKRGV��RU�TXDVL�FRQWLQXRXV�EUDQFKLQJ��WKH�HQXPHUDWLRQ�DQG
FDWHJRUL]DWLRQ�RI�D�FRPSOHWH�VHW�RI�VFHQDULRV�IRU�VXFK�SUREOHPV�UHTXLUHV�SURKLELWLYH�DPRXQWV�RI
FRPSXWDWLRQDO� HIIRUW� DQG� VWRUDJH��� � )LQDOO\�� VLQFH� 2%(67� UHTXLUHV� WKH� DQDO\VW� WR� PDQXDOO\
HQFRGH� WKH�EHKDYLRUV�RI� V\VWHP� FRPSRQHQWV� LQWR�REMHFWV��2%(67�PD\�EH�GLIILFXOW� WR� DSSO\� WR
V\VWHPV� ZKRVH� FRPSRQHQWV� H[KLELW� D� YHU\� KLJK� GHJUHH� RI� EHKDYLRUDO� FRPSOH[LW\� DQG� \HW� DUH
LUUHGXFLEO\� FRPSOH[� �L�H��� FDQQRW� EH� EURNHQ� GRZQ� LQWR� VLPSOHU� FRPSRQHQWV� RU� VXEV\VWHPV
ZLWKRXW� XQDFFHSWDEO\� VDFULILFLQJ� PRGHO� ILGHOLW\��� � +RZHYHU�� HYHQ� ZLWK� WKHVH� OLPLWDWLRQV�� WKH
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2%(67�PHWKRGRORJ\�SURYLGHV�D�SRZHUIXO�QHZ�WRRO�IRU�DQDO\]LQJ�D�EURDG�DUUD\�RI�SUREOHPV�WKDW
DUH�LPSRUWDQW�WR�WKH�ULVN�DVVHVVPHQW�FRPPXQLW\�

����� 5HFRPPHQGDWLRQV�IRU�)XWXUH�:RUN

,Q� LWV� FXUUHQW� IRUP�� WKH� 2%(67� PHWKRGRORJ\� DQG� VRIWZDUH� DUH� D� OLWWOH� ELW� OLNH� D� URXJK� FXW
GLDPRQG���7KH\�KDYH�D�FHUWDLQ�DPRXQW�RI�REYLRXV�YDOXH�LQ�WKHLU�FXUUHQW�VWDWH��EXW�FRXOG�EHFRPH
GUDPDWLFDOO\�PRUH� YDOXDEOH� JLYHQ� VRPH� DGGLWLRQDO� UHILQHPHQW�� �:H� UHFRPPHQG� WKH� IROORZLQJ
VSHFLILF�VWHSV�EH�WDNHQ�LQ�IXWXUH�SURMHFWV�WR�KHOS�WKH�2%(67�PHWKRGRORJ\�UHDFK�LWV�IXOO�SRWHQWLDO�

&RPSOHWH� WKH� 6RIWZDUH�� � 7KH� WDVN� RI� GHYHORSLQJ� WKH� 2%(67� VRIWZDUH� SURYHG� PXFK� PRUH
GLIILFXOW� WKDQ� RULJLQDOO\� HQYLVLRQHG� E\� WKH� /'5'�SURMHFW� WHDP�� � 7KHUHIRUH�� QXPHURXV� IHDWXUHV
WKDW�ZHUH� RULJLQDOO\� HQYLVLRQHG� IRU� WKLV� VRIWZDUH� KDG� WR� EH� GHIHUUHG� IRU� ODWHU� LPSOHPHQWDWLRQ�
6RPH�RI� WKHVH� DUH� FRVPHWLF� RU� FRQYHQLHQFH� IHDWXUHV� �H�J���PDQ\� RI� WKH�&DQFHO� EXWWRQV� GR� QRW
IXQFWLRQ�DV�RQH�ZRXOG�QRUPDOO\�H[SHFW����+RZHYHU��WKHUH�DUH�D�QXPEHU�RI�FRPSXWDWLRQDO�IHDWXUHV
WKDW� DOVR� UHPDLQ� WR� EH� LPSOHPHQWHG�� � %ULQJLQJ� WKH� VRIWZDUH� LQ� OLQH� ZLWK� WKH� RULJLQDO� GHVLJQ
VSHFLILFDWLRQ� ZRXOG� JR� D� ORQJ� ZD\� WRZDUG� KHOSLQJ� WKH� 2%(67� PHWKRGRORJ\� JDLQ� D� ZLGHU
DFFHSWDQFH�

*UDSKLFDO�0RGHOLQJ� ,QWHUIDFH�� �:KLOH� WKH� FXUUHQW�2%(67�VRIWZDUH� LV� D�0LFURVRIW�:LQGRZV
DSSOLFDWLRQ��D� ODUJH�DPRXQW�RI� LWV�XVHU� LQWHUIDFH�±�HVSHFLDOO\� LWV�PRGHO�GHYHORSPHQW� LQWHUIDFH�±
PDNHV�XVH�RI�D�WH[W�EDVHG�SDUDGLJP���2Q�WKH�RWKHU�KDQG��WKH�H[DPSOHV�VKRZQ�LQ�&KDSWHU���PDNH
XVH�RI�D�YDULHW\�RI� W\SHV�RI�GLDJUDPV� WR�FRPPXQLFDWH� WKH�EDVLF�PRGHO�FRQFHSWV�� �7KH�2%(67
VRIWZDUH�VKRXOG�EH�H[WHQGHG�WR�HQDEOH�WKH�DQDO\VW�WR�GHYHORS�PRGHOV�XVLQJ�D�JUDSKLFDO�SDUDGLJP
WR�GLUHFWO\�FUHDWH�WKHVH�GLDJUDPV�

8QFHUWDLQW\�$QDO\VLV�&DSDELOLWLHV���7KH�FXUUHQW�2%(67�VRIWZDUH�PDNHV�XVH�RI�SRLQW�HVWLPDWH
YDOXHV� IRU� DOO� RI� LWV� QXPHULF� YDOXHV�� �&XUUHQW� 6DQGLD� SKLORVRSK\� ULJKWO\� KROGV� WKDW� WKH� DQDO\VW
VKRXOG�H[DPLQH� WKH�HIIHFWV�RI� DOO� LQSXW�SDUDPHWHU�XQFHUWDLQWLHV�RQ� WKH� UHVXOWV� JHQHUDWHG�E\� WKH
PRGHO�� � 7KH� 6(7$&� ODUJH� HYHQW� WUHH� DQDO\VLV� VRIWZDUH� LQFRUSRUDWHV� XQFHUWDLQW\� DQDO\VLV
FDSDELOLWLHV� WKURXJK� LWV� LQWHUIDFH� ZLWK� WKH� /+6� FRGH�� � 6(7$&� VROYHV� WKH� HYHQW� WUHH� PRGHO
VHSDUDWHO\� IRU� HDFK� REVHUYDWLRQ� JHQHUDWHG� ZLWKLQ� /+6�� � $� VLPLODU� FDSDELOLW\� FRXOG� HDVLO\� EH
LPSOHPHQWHG�LQ�WKH�2%(67�VRIWZDUH���7KLV�VKRXOG�EH�D�KLJK�SULRULW\�LWHP�LQ�DQ\�IXWXUH�2%(67
VRIWZDUH�GHYHORSPHQW�ZRUN�

6HSDUDWH� &DSDFLWLHV� DQG� 8WLOL]DWLRQ� 5DWHV�� � ,Q� LWV� FXUUHQW� IRUP�� 2%(67� XVHV� WLPH� DV� D
VXUURJDWH�YDULDEOH�WR�LQFRUSRUDWH�ERWK�WKH�VWRUDJH�FDSDFLW\�RI�D�FRQVXPDEOH�FRPPRGLW\�DQG�WKH
UDWH� DW� ZKLFK� WKDW� FRPPRGLW\� LV� EHLQJ� FRQVXPHG�� � 7KLV� SRVHV� SUREOHPV� ZKHQ� WKH� UDWH� RI
FRQVXPSWLRQ�FKDQJHV�DV�D�IXQFWLRQ�RI�WKH�FKDQJLQJ�V\VWHP�FRQGLWLRQV���,W�LV�FRQFHSWXDOO\�VLPSOHU
�DQG�PRUH�VWUDLJKWIRUZDUG�IRU�WKH�DQDO\VW��WR�H[SOLFLWO\�VSHFLI\�WKH�DPRXQW�RI�WKH�FRPPRGLW\�WKDW
LV�SUHVHQW�DV�RQH�SDUDPHWHU�YDOXH��DQG�WKH�UDWH�DW�ZKLFK�WKDW�FRPPRGLW\�LV�EHLQJ�FRQVXPHG�DV�D
VHFRQG� SDUDPHWHU� YDOXH�� � 7KH� FRPSXWDWLRQ� RI� WKH� WLPH� DW� ZKLFK� WKLV� FRPPRGLW\� ZRXOG� EH
H[KDXVWHG�LV�H[WUHPHO\�VLPSOH��DOWKRXJK�LW�PD\�EH�D�FKDOOHQJH�WR�GHYHORS�D�ULFK�DQG�DSSURSULDWH
V\QWD[�WKDW�ZRXOG�DOORZ�WKH�DQDO\VW�WKH�QHHGHG�IOH[LELOLW\�WR�LQFRUSRUDWH�WKHVH�FRQFHSWV�LQWR�,50
DQG�'50�FDVH�VWDWHPHQWV���,PSOHPHQWDWLRQ�RI�WKLV�FDSDELOLW\�ZRXOG�PDNH�PRVW�2%(67�PRGHOV
YDVWO\�PRUH�VFUXWDEOH�DQG�OLNHO\�PXFK�PRUH�UHDOLVWLF���)RU�WKLV�UHDVRQ��WKLV�FDSDELOLW\�VKRXOG�DOVR
EH�D�KLJK�SULRULW\�LWHP�LQ�DQ\�IXWXUH�2%(67�VRIWZDUH�GHYHORSPHQW�ZRUN�
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%UDQFKLQJ�%DVHG�2Q�³6LGH�&RPSXWDWLRQV�´� �7KH�QH[W� VWHS�EH\RQG�XVLQJ�VHSDUDWH�FDSDFLWLHV
DQG�XWLOL]DWLRQ�UDWHV�LV�WKH�DELOLW\�WR�PDNH�EUDQFKLQJ�GHFLVLRQV�LQ�,50�DQG�'50�FDVH�VWDWHPHQWV
EDVHG�RQ�D�ULFKHU�VHW�RI�PDWKHPDWLFDO�FRPSXWDWLRQV���7KLV�FDSDELOLW\�LV�LPSOHPHQWHG�WKURXJK�WKH
XVH�RI�³YDULDEOHV´�LQ�WKH�6(7$&�HYHQW�WUHH�DQDO\VLV�VRIWZDUH���$�FODVVLF�H[DPSOH�IURP�QXFOHDU
SRZHU�DFFLGHQW�SURJUHVVLRQ�HYHQW�WUHH�DQDO\VLV�LQYROYHV�WKH�DFFXPXODWLRQ�RI�K\GURJHQ�JDV�IURP
PXOWLSOH� VRXUFHV�� � ,Q� 6(7$&�� RQH� FRQVWUXFWV� D� YDULDEOH� WR� UHSUHVHQW� WKH� TXDQWLW\� RI� K\GURJHQ
SURGXFHG� E\� HDFK� VRXUFH�� DQG� WKHQ� PDNHV� EUDQFKLQJ� GHFLVLRQV� UHODWHG� WR� WKH� LJQLWLRQ
FKDUDFWHULVWLFV�IRU�WKDW�K\GURJHQ�EDVHG�RQ�WKH�VXP�RI�WKRVH�YDULDEOH�YDOXHV���7KH�YDULDEOH�YDOXHV
DUH�DVVLJQHG�EDVHG�RQ�WKH�UHVXOWV�RI�VSHFLILF�TXHVWLRQV�ZLWKLQ�WKH�HYHQW� WUHH��H�J��� LI� WKLV�RFFXUV
WKHQ� VHW� WKH� K\GURJHQ� SURGXFHG� E\� WKDW� SURFHVV� WR� ��� NJ�� HOVH� VHW� WR� ���� NJ��
� � $� VLPLODU
FDSDELOLW\�FRXOG�EH�GHYHORSHG�IRU�2%(67�LQ�ZKLFK�WKH�,50�DQG�'50�VFULSWV�ZRXOG�EH�DOORZHG
WR�VHW�D�YDULDEOH�WR�D�SDUWLFXODU�YDOXH�DQG�WKH�,50�DQG�'50�FDVH�VWDWHPHQWV�ZRXOG�EH�FDSDEOH�RI
SHUIRUPLQJ� PDWKHPDWLFDO� PDQLSXODWLRQV� RQ� WKRVH� YDOXHV� WR� PDNH� EUDQFKLQJ� GHFLVLRQV�� � 7KLV
ZRXOG�GUDPDWLFDOO\�HQKDQFH�WKH�SRZHU�RI�WKH�2%(67�PHWKRGRORJ\�DQG�FRXOG�PDNH�LW�DSSOLFDEOH
WR�ZKROH�QHZ�FODVVHV�RI�SUREOHPV�

,QWHJUDWH�:LWK�1HWZRUN�$QDO\VLV�7RROV���2QH�ORQJ�WHUP�JRDO�IRU�2%(67�GHYHORSPHQW�VKRXOG
EH�WR�UHDOL]H�WKH�YLVLRQ�RI�FUHDWLQJ�K\EULG�SUREDELOLVWLF�GHWHUPLQLVWLF�ULVN�PRGHOV���7KH�H[DPSOH
FLWHG�PRVW�IUHTXHQWO\�LQ�WKLV�UHSRUW�IRU�VXFK�D�K\EULG�PRGHO�LQYROYHV�OLQNLQJ�WKH�2%(67�VRIWZDUH
ZLWK� DQ� HOHFWULF� SRZHU� FLUFXLW� VWDELOLW\� DQDO\VLV� WRRO� WR� SHUIRUP� LQIUDVWUXFWXUH� LQWHUGHSHQGHQF\
DVVHVVPHQWV�� � 8QGHU� VXFK� D� YLVLRQ�� WKH� LQWHUDFWLRQV� DPRQJVW� WKH� YDULRXV� HOHPHQWV� ZLWKLQ� DQ
HOHFWULF� SRZHU� JULG� DUH�PRGHOHG� XVLQJ� D� FLUFXLW� VWDELOLW\� DQDO\VLV� WRRO� DW� HDFK� WLPH� VWHS� LQ� DQ
2%(67�DQDO\VLV���7KH�UHVXOWV�IURP�WKDW�WRRO�DUH�XVHG�WR�VHW�WKH�FRQGLWLRQV�ZLWKLQ�HDFK�REMHFW�LQ
WKH� 2%(67� PRGHO�� DQG� 2%(67� PRGHOV� WKH� HIIHFW� WKDW� WKHVH� FRQGLWLRQV� KDYH� RQ� RWKHU
LQIUDVWUXFWXUH� HQWLWLHV� �H�J�� WHOHSKRQH� FHQWUDO� RIILFHV�� SXEOLF� VDIHW\� RIILFHV�� ZDWHU� DQG� VHZHU
IDFLOLWLHV����6KRXOG�WKHVH�LQWHUDFWLRQV�IHHGEDFN�LQWR�FKDQJHV�LQ�HQWLWLHV�ZLWKLQ�WKH�HOHFWULF�SRZHU
JULG��WKHVH�FKDQJHV�ZRXOG�EH�UHIOHFWHG�LQ�QHZ�ERXQGDU\�FRQGLWLRQV�IRU�WKH�FLUFXLW�VWDELOLW\�WRRO�
7KLV�DOORZV�ERWK�WRROV�WR�GR�WKH�SDUWV�RI� WKH�LQIUDVWUXFWXUH�DQDO\VLV�SUREOHP�IRU�ZKLFK�WKH\�DUH
EHVW� VXLWHG� DQG� GRHV� QRW� IRUFH� HLWKHU� WR� EH� GUDPDWLFDOO\� DGDSWHG� WR� PRGHO� WKH� LQIUDVWUXFWXUH
LQWHUGHSHQGHQF\�SUREOHP�� �2QH�FRXOG� HQYLVLRQ� D�QXPEHU�RI�PRGHO� K\EULGL]DWLRQ� RSSRUWXQLWLHV
WKDW�PLJKW�EH� LPSOHPHQWHG�ZLWK� VLPLODU� VXFFHVV�� �&OHDUO\�� WKLV�ZRXOG� UHTXLUH� D�PDMRU� UHVHDUFK
HIIRUW�WKDW�LV�QRW�OLNHO\�WR�EH�LPSOHPHQWHG�LQ�WKH�QHDU�WHUP�

,PSRUWDQFH�0HDVXUHV���$�NH\�DGYDQWDJH�WR�WKH�IDXOW�WUHH�DQDO\VLV�PHWKRGRORJ\�KDV�DOZD\V�EHHQ
WKH�DELOLW\�WR�HDVLO\�H[WUDFW�LQIRUPDWLRQ�DERXW�WKH�LPSRUWDQFH�RI�SDUWLFXODU�FRPSRQHQW�IDLOXUHV�WR

������������������������������������������������


� �2QH�NH\�DVSHFW�RI� WKH�SRZHU�RI� WKHVH�YDULDEOH�FRPSXWDWLRQV� LQ�6(7$&�LV� WKDW� WKH�DFWXDO�YDOXHV� WR�ZKLFK� WKHVH
YDULDEOHV�FDQ�EH�VHW�DUH�SDUW�RI�WKH�XQFHUWDLQW\�DQDO\VLV���7KXV��ZKLOH�WKH�SURFHVV�PLJKW�QRPLQDOO\�SURGXFH����NJ�RI
K\GURJHQ��WKH�XQFHUWDLQW\�GLVWULEXWLRQ�IRU�WKDW�SDUDPHWHU�PLJKW�UDQJH�IURP���NJ�WR����NJ���%\�DFWXDOO\�SHUIRUPLQJ�D
PDWKHPDWLFDO�VXP��DQG�E\�DOORZLQJ�VLPLODU�XQFHUWDLQW\�LQ�WKH�WKUHVKROGV�WR�ZKLFK�WKLV�VXP�LV�FRPSDUHG��6(7$&�LV
DEOH� WR� FKDUDFWHUL]H� YHU\� FRPSOH[� EHKDYLRU� XVLQJ� YHU\� VWUDLJKWIRUZDUG� PRGHOLQJ� FRPPDQGV�� � :KLOH� WKLV� VDPH
SUREOHP� FRXOG� EH� GRQH� PDQXDOO\� E\� WKH� DQDO\VW� XVLQJ� GLVFUHWH� DWWULEXWH� YDOXHV� DQG� ORJLFDO� FDVH� VWDWHPHQWV�� WKH
QXPEHU� RI� VXFK� FDVH� VWDWHPHQWV� H[SDQGV� FRPELQDWRULDOO\� ZLWK� WKH� QXPEHU� RI� YDULDEOHV�� WKH� QXPEHU� RI� GLVFUHWH
YDOXHV��DQG�WKH�QXPEHU�RI�WKUHVKROGV���7KH�TXDOLW\�DVVXUDQFH�UHTXLUHPHQWV�DORQH�IRU�VXFK�D�PRGHOLQJ�PHWKRG�ZRXOG
PDNH�LW�RI�TXHVWLRQDEOH�XWLOLW\�



���

WKH�UHOLDELOLW\�RI�WKH�RYHUDOO�V\VWHP���,PSRUWDQFH�PHDVXUHV�VXFK�DV�ULVN�UHGXFWLRQ��ULVN�LQFUHDVHG�
SDUWLDO�GHULYDWLYH��DQG�HYHQ�FXW�VHW�RUGHU�DOO�SURYLGH�YDOXDEOH�LQVLJKWV�WR�WKH�DQDO\VW�WKDW�DUH�QRW
DYDLODEOH� IURP� WKH� ³SODLQ� YDQLOOD´� IDXOW� WUHH� DQDO\VLV� UHVXOWV�� � 7KH� ODFN� RI� VXFK� LPSRUWDQFH
PHDVXUHV�IRU�HYHQW�WUHH�DQDO\VLV�KDV�EHHQ�RQH�LPSHGLPHQW�WR�WKDW�PHWKRG¶V�PRUH�ZLGHVSUHDG�XVH�
:KLOH� LW� LV� D� QRQWULYLDO� WDVN�� UHVHDUFK� HIIRUW� VKRXOG� EH� H[SHQGHG� WR� LQYHVWLJDWH� ZKDW� W\SHV� RI
LPSRUWDQFH�PHDVXUHV�RQH�PLJKW�EH�DEOH�WR�JHQHUDWH�IRU�2%(67�PRGHOV��DQG�KRZ�WKRVH�PRGHOV
PLJKW�UHODWH�EDFN�WR�WKH�ZLGHO\�DFFHSWHG�IDXOW�WUHH�LPSRUWDQFH�PHDVXUHV�
��'HYHORSPHQW�RI�VXFK
PHDVXUHV�ZRXOG�SURYLGH�LPSRUWDQW�QHZ�DYHQXHV�IRU�DQDO\VWV�WR�GUDZ�LQVLJKW�DQG�XQGHUVWDQGLQJ
UHJDUGLQJ�WKH�V\VWHPV�WKDW�WKH\�PRGHO�

,QWHUIDFH�:LWK�2SWLPL]DWLRQ�0HWKRGV���$QRWKHU�NH\�DGYDQWDJH�WR�IDXOW�WUHH�DQDO\VLV�PHWKRGV
LV�WKDW�WKHLU�UHVXOWV�KDYH�EHHQ�HDV\�WR�LQWHUIDFH�ZLWK�RSWLPL]DWLRQ�PHWKRGV���2QH�FDQ�LQFRUSRUDWH�D
UHOLDELOLW\�PHWULF��DV�GHULYHG�IURP�WKH�FXW�VHWV�JHQHUDWHG�E\�D�IDXOW�WUHH�DQDO\VLV��LQWR�WKH�XWLOLW\
IXQFWLRQ� IRU� D� YDULHW\� RI� RSWLPL]DWLRQ�PHWKRGV� LQ� RUGHU� WR� VHDUFK� IRU� RSWLPDO� V\VWHP� GHVLJQV�
RSWLPDO�PDLQWHQDQFH� VFKHGXOHV�� RSWLPDO� VSDUH� SDUWV� LQYHQWRULHV�� DQG� VR� RQ�� � ,W� KDV� KLVWRULFDOO\
EHHQ�PRUH�GLIILFXOW�WR�JHQHUDWH�PHWULFV�IRU�HYHQW�WUHH�DQDO\VLV�UHVXOWV�WKDW�DUH�DV�XVHIXO�LQ�WKHVH
W\SHV�RI�RSWLPDOLW\�DQDO\VHV���,Q�DGGLWLRQ��WKH�IDFW�WKDW�FXW�VHWV�FDQ�EH�UHTXDQWLILHG�TXLFNO\�ZKLOH
HYHQW�WUHH�DQDO\VLV�UHVXOWV�WDNH�PXFK�ORQJHU�WR�UHJHQHUDWH�KDV�IXUWKHU�UHVWULFWHG�WKH�XVH�RI�HYHQW
WUHH�DQDO\VLV�LQ�RSWLPL]DWLRQ�VWXGLHV���6LQFH�2%(67�VKDUHV�PDQ\�RI� WKH�VROXWLRQ�FKDUDFWHULVWLFV
RI�D�ODUJH�HYHQW�WUHH�PRGHO��RQH�ZRXOG�H[SHFW�VLPLODU�SUREOHPV�ZKHQ�DWWHPSWLQJ�WR�XVH�2%(67
UHVXOWV�LQ�RSWLPL]DWLRQ�VWXGLHV���)XWXUH�UHVHDUFK�RQ�2%(67�VKRXOG�H[DPLQH�KRZ�2%(67�UHVXOWV
FDQ� EH� EHVW� LQFRUSRUDWHG� LQWR� RSWLPL]DWLRQ� XWLOLW\� IXQFWLRQV� DV� ZHOO� DV� WKH� SRWHQWLDO� IRU� VRPH
³VKRUWFXW´� VROXWLRQ� VFKHPHV� WKDW� ZRXOG� PDNH� XVLQJ� 2%(67� D� SUDFWLFDO� DOWHUQDWLYH� LQ� WKHVH
RSWLPL]DWLRQ�SUREOHPV�

7KHVH�SDUDJUDSKV�OD\�RXW�D�EURDG�DUUD\�RI� UHVHDUFK�RSSRUWXQLWLHV�IRU� WKH�2%(67�PHWKRGRORJ\�
&OHDUO\�WKHUH�DUH�D�QXPEHU�RI�VKRUW�WHUP�LPSURYHPHQWV�WR�WKH�VRIWZDUH�DQG�PHWKRGRORJ\�WKDW�FDQ
GUDPDWLFDOO\� LPSURYH� WKH�XVHIXOQHVV�DQG��KRSHIXOO\�� DFFHSWDQFH�RI� WKH�PHWKRG�� �7KH� ORQJ�WHUP
UHVHDUFK�GLUHFWLRQV�ZRXOG�HQDEOH�2%(67�WR�EHFRPH�D�WUXO\�PDWXUH�LQWHJUDWLQJ�SODWIRUP�ZLWK�WKH
SRWHQWLDO�WR�XQLWH�PDQ\�FXUUHQWO\�GLVSDUDWH�GRPDLQV�LQ�WKH�ULVN�DVVHVVPHQW�ZRUOG�

����� 6XPPDU\

7KH� SXUSRVH� RI� WKLV� UHSRUW� KDV� EHHQ� WR� LQWURGXFH� WKH� UHDGHU� WR� WKH� 2%(67� HYHQW� VFHQDULR
PRGHOLQJ�PHWKRGRORJ\�DQG�WR�GHPRQVWUDWH� LWV�XVH�WKURXJK�VHYHUDO�H[DPSOH�SUREOHPV�� �2%(67
XVHV� FRQFHSWV� GHULYHG� IURP� HYHQW� WUHH� DQDO\VLV�� REMHFW�RULHQWHG� DQDO\VLV�� DQG� GLVFUHWH� HYHQW
VLPXODWLRQ�WR�HQDEOH�DQ�DQDO\VW�WR�UDSLGO\�FRQVWUXFW�UHDOLVWLF�PRGHOV�RI�VFHQDULRV�IRU�ZKLFK�DQ�D
SULRUL� GLVFRYHU\� RI� HYHQW� RUGHULQJ� LV� HLWKHU� FXPEHUVRPH� RU� LPSRVVLEOH� �HVSHFLDOO\� IDPLOLHV� RI
VFHQDULRV�WKDW�H[KLELW�LQFRQVLVWHQW�RU�YDULDEOH�HYHQW�RUGHULQJ����(DFK�VFHQDULR�WKDW�UHVXOWV�IURP�DQ
2%(67� DQDO\VLV� LV� DXWRPDWLFDOO\� DVVRFLDWHG� ZLWK� DQ� HVWLPDWH� RI� LWV� OLNHOLKRRG� EHFDXVH� WKH

������������������������������������������������


��7KLV�UHVHDUFK�PLJKW�KDYH�WKH�DGGHG�EHQHILW�RI�SURYLGLQJ�LQVLJKWV�WKDW�FDQ�EH�XVHG�WR�GHYHORS�VLPLODU�LPSRUWDQFH
PHDVXUHV�IRU�WKH�HYHQW�WUHH�DQDO\VLV�PHWKRG�VLQFH�WKH\�VKDUH�D�FRPPRQ�KHULWDJH�LQ�WHUPV�RI�VROXWLRQ�DOJRULWKP�



���

PHWKRGRORJ\�HPSOR\V�SUREDELOLVWLF�EUDQFKLQJ�DV�DQ�LQWHJUDO�SDUW�RI�WKH�REMHFW�PRGHO�GHILQLWLRQ�
7KH�PHWKRGRORJ\�VROYHV�WKH�UHVXOWDQW�REMHFW�PRGHOV�WKURXJK�WKH�XVH�RI�D�UHFXUVLYH�DOJRULWKP�WKDW
LGHQWLILHV� DOO� SRVVLEOH� VFHQDULRV� DQG� WKHLU� DVVRFLDWHG� RFFXUUHQFH� SUREDELOLWLHV�� � 6LQFH� WKH
RFFXUUHQFH� SUREDELOLWLHV� DUH� GHYHORSHG� GLUHFWO\� E\� WKH� VROXWLRQ� DOJRULWKP�� WKH\� QHHG� QRW� EH
FRPSXWHG� E\� VWDWLVWLFDO� LQIHUHQFH� IURP� D� ODUJH� VDPSOH� RI� 0RQWH� &DUOR� REVHUYDWLRQV� �DV� LV
FRPPRQ� LQ� VRPH� GLVFUHWH� HYHQW� VLPXODWLRQ�PHWKRGRORJLHV��� � 7KXV�� 2%(67� LV� QRW� RQO\�PXFK
PRUH� FRPSXWDWLRQDOO\� HIILFLHQW� WKDQ� WKHVH� GLVFUHWH� HYHQW� VLPXODWLRQ� PHWKRGV�� EXW� LW� DOVR
GLVFRYHUV� VFHQDULRV� WKDW� KDYH� H[WUHPHO\� ORZ� SUREDELOLWLHV� DV� D� QDWXUDO� DQDO\WLFDO� UHVXOW�±
VFHQDULRV� WKDW� ZRXOG� OLNHO\� EH� PLVVHG� E\� D� 0RQWH� &DUOR�EDVHG� PHWKRG�� � :KLOH� WKH� XOWLPDWH
FRPSOHWLRQ�DQG�HQKDQFHPHQW�RI�WKH�2%(67�VRIWZDUH�WRRO�IRU�SURGXFWLRQ�XVH�ZRXOG�GUDPDWLFDOO\
LQFUHDVH� WKH� XWLOLW\� RI� WKH� 2%(67� WHFKQLTXH�� WKH� PHWKRGRORJ\� DQG� GHPRQVWUDWLRQ� VRIWZDUH
GHYHORSHG� XQGHU� WKLV� SURMHFW� SURYLGH� D� EDVLV� IRU� VLJQLILFDQW� LPSURYHPHQWV� LQ� WKH� ZD\� ULVN
DVVHVVPHQW�VWXGLHV�DUH�SHUIRUPHG�ERWK�QRZ�DQG�LQ�WKH�IXWXUH�
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&DOLIRUQLD��2FWREHU������

��� %RELFN��-�&���$ENLQ��0�+���HW�DO���'HYHORSPHQW�RI�)DVW�7LPH�6LPXODWLRQ�7HFKQLTXHV�WR
0RGHO�6DIHW\�,VVXHV�LQ�WKH�1DWLRQDO�$LUVSDFH�6\VWHP��3KDVH�,�)LQDO�5HSRUW��3UHSDUHG�IRU
WKH�1DWLRQDO�$HURQDXWLFV�DQG�6SDFH�$GPLQLVWUDWLRQ�$PHV�5HVHDUFK�&HQWHU�E\�$7$&
&RUSRUDWLRQ��6XQQ\YDOH��&DOLIRUQLD��'HFHPEHU������

���� :\VV��*�'���&UDIW��5�/���DQG�)XQNKRXVHU��'�/���7KH�8VH�RI�2EMHFW�2ULHQWHG�$QDO\VLV
0HWKRGV�LQ�6XUHW\�$QDO\VLV��6$1'���������6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH�
10��0D\������

��� 6KODHU��6���DQG�0HOORU��6�-���2EMHFW�/LIHF\FOHV��0RGHOLQJ�WKH�:RUOG�LQ�6WDWHV��3UHQWLFH�+DOO�
(QJOHZRRG�&OLIIV��1��-��������

��� %RRFK��*���-DFREVRQ��,���DQG�5XPEDXJK��-���7KH�8QLILHG�0RGHOLQJ�/DQJXDJH�8VHU�*XLGH�
$GGLVRQ�:HVOH\��1HZ�<RUN�������

��� =LHJOHU��%�3���2EMHFW�2ULHQWHG�6LPXODWLRQ�ZLWK�+LHUDUFKLFDO��0RGXODU�0RGHOV��,QWHOOLJHQW
$JHQWV�DQG�(QGRPRUSKLF�6\VWHPV��$FDGHPLF�3UHVV��6DQ�'LHJR��&DOLIRUQLD�������

��� .XLSHUV��%���4XDOLWDWLYH�5HDVRQLQJ��7KH�0,7�3UHVV��&DPEULGJH��0$�������

��� *ULHVPH\HU��-�0���DQG�6PLWK��/�1���$�5HIHUHQFH�0DQXDO�IRU�WKH�(YHQW�3URJUHVVLRQ
$QDO\VLV�&RGH��(9175(���6$1'���������185(*�&5�������3UHSDUHG�IRU�WKH�8�6�
1XFOHDU�5HJXODWRU\�&RPPLVVLRQ�E\�6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��1HZ
0H[LFR��6HSWHPEHU������

��� :\VV��*UHJRU\�'���³7UDLQLQJ�0DWHULDOV�IRU�WKH�6(7$&�(YHQW�7UHH�$QDO\VLV�6RIWZDUH�´
0HPR�WR�6XVDQ�'LQJPDQ��6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��1HZ�0H[LFR�
6HSWHPEHU���������

��� )LUHEDXJK��0�:���$UWLILFLDO�,QWHOOLJHQFH��$�.QRZOHGJH�%DVHG�$SSURDFK��%R\G�DQG�)UDVHU
3XEOLVKLQJ�&R���%RVWRQ�������

��� 8�6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��6HYHUH�$FFLGHQW�5LVNV��$Q�$VVHVVPHQW�IRU�)LYH�8�6�
1XFOHDU�3RZHU�3ODQWV��185(*�������8�6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��:DVKLQJWRQ�
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��� (ULFVRQ��'�0���HW�DO���$QDO\VLV�RI�&RUH�'DPDJH�)UHTXHQF\��,QWHUQDO�(YHQWV�0HWKRGRORJ\�
185(*�&5�������6$1'���������3UHSDUHG�IRU�WKH�8�6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ
E\�6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��1HZ�0H[LFR�������
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��� *RUKDP��(�'���HW�DO���(YDOXDWLRQ�RI�6HYHUH�$FFLGHQW�5LVNV��0HWKRGRORJ\�IRU�WKH
&RQWDLQPHQW��6RXUFH�7HUP��&RQVHTXHQFH��DQG�5LVN�,QWHJUDWLRQ�$QDO\VHV�
185(*�&5�������6$1'���������3UHSDUHG�IRU�WKH�8�6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ
E\�6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��1HZ�0H[LFR�������

��� 8�6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��$�5HYLHZ�RI�15&�6WDII�8VHV�RI�3UREDELOLVWLF�5LVN
$VVHVVPHQW��185(*�������8�6��1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��:DVKLQJWRQ��'�&��
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��� 3D\QH��$�&���-U���DQG�&DPS��$�/���3DUDPHWULF�+(&75�&DOFXODWLRQV�RI�+\GURJHQ�7UDQVSRUW
DQG�&RPEXVWLRQ�DW�1�5HDFWRU��6$1'���������6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH�
1HZ�0H[LFR��-XQH������

��� :\VV��*�'���HW�DO���$FFLGHQW�3URJUHVVLRQ�(YHQW�7UHH�$QDO\VLV�IRU�3RVWXODWHG�6HYHUH
$FFLGHQWV�DW�1�5HDFWRU��6$1'���������6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��1HZ
0H[LFR��-XQH������

��� 0LOOHU��/�$���HW�DO���1�5HDFWRU�3UREDELOLVWLF�5LVN�$VVHVVPHQW�6XSSRUWLQJ�&DOFXODWLRQV�
6$1'�����������9ROXPHV��6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��1HZ�0H[LFR�
-XQH������

��� &DPS��$�/���HW�DO���/HYHO�,,,�3UREDELOLVWLF�5LVN�$VVHVVPHQW�IRU�1�5HDFWRU��:+&�05������
6$1'���������3UHSDUHG�IRU�:HVWLQJKRXVH�+DQIRUG�&RUSRUDWLRQ�E\�6DQGLD�1DWLRQDO
/DERUDWRULHV��$OEXTXHUTXH��1HZ�0H[LFR��$SULO������
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7KLV�3DJH�,QWHQWLRQDOO\�%ODQN
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$��([DPSOH�'HWDLOV�IRU�(OHFWULF�3RZHU�6XSSO\�IRU�D
3ROLFH�6WDWLRQ

7KLV� DSSHQGL[� SURYLGHV� D� GHVFULSWLRQ� RI� WKH� V\VWHP� VWUXFWXUH�� LQWHUDFWLRQV�� DQG� VWDWH� WUDQVLWLRQ
GLDJUDPV�IRU�WKH�HOHFWULF�SRZHU�VXSSO\�IRU�D�SROLFH�VWDWLRQ�SUHVHQWHG�LQ�6HFWLRQ�����RI�WKH�PDLQ
ERG\�RI�WKH�UHSRUW�� �7KLV�GHVFULSWLRQ�LQFOXGHV�WKH�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG
ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�RI�WKH�VWDWH�WUDQVLWLRQ�GLDJUDPV�

$��� 6\VWHP�6WUXFWXUH�DQG�,QWHUDFWLRQV

7KH�V\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKLV�H[DPSOH�SUREOHP�LV�VKRZQ�LQ�)LJXUH�$�����7KH�GHVFULSWLRQ
RI�WKH�IXQFWLRQDO�EORFNV�LV�SURYLGHG�LQ�7DEOH�$�����7KH�LQWHUDFWLRQ�GLDJUDP�LV�SURYLGHG�LQ�)LJXUH
$���� �7KH� IXQFWLRQDO� LQWHUDFWLRQV� EHWZHHQ� WKH� EORFNV� DUH� LQGLFDWHG� E\� GLUHFWHG� DUURZV� DQG� DUH
VSHFLILHG�LQ�7DEOH�$���

(OHFWULF�3RZHU
%XV��(3%�

7HOHSKRQH�6ZLWFK
%XLOGLQJ��76%�

3ROLFH�6WDWLRQ
3RZHU��363�

)LJXUH�$������6\VWHP�VWUXFWXUH�GLDJUDP�IRU�SROLFH�VWDWLRQ�SRZHU�PRGHO�

7DEOH�$�����)XQFWLRQDO�EORFNV�IRU�SROLFH�VWDWLRQ�SRZHU�

7HOHSKRQH�6ZLWFK�%XLOGLQJ��76%����3URYLGHV�WHOHSKRQH�VHUYLFH�IRU�WKH
SROLFH�VWDWLRQ�DQG�IRU�HOHFWULF�SRZHU�FRPSDQ\�

3ROLFH�6WDWLRQ�3RZHU��363����1RUPDO�DQG�EDFNXS�SRZHU�IRU�WKH�SROLFH
VWDWLRQ�WR�VXSSRUW�FRPPXQLW\�SROLFH�VHUYLFH�

(OHFWULF� 3RZHU� %XV� �(3%��� � 3URYLGHV� SRZHU� IRU� WKH� WHOHSKRQH� VZLWFK
EXLOGLQJ�DQG�SROLFH�VWDWLRQ�
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(OHFWULF�3RZHU
%XV��(3%�

7HOHSKRQH�6ZLWFK
%XLOGLQJ��76%�

3ROLFH�6WDWLRQ
3RZHU��363�

)LJXUH�$�����,QWHUDFWLRQ�GLDJUDP�IRU�SROLFH�VWDWLRQ�SRZHU�PRGHO�

7DEOH�$�����)XQFWLRQDO�LQWHUDFWLRQV�IRU�SROLFH�VWDWLRQ�SRZHU�PRGHO�

76%�(3%� 7KH�WHOHSKRQH�VZLWFK�EXLOGLQJ�SURYLGHV�WHOHSKRQH�VHUYLFH�WR
VXSSRUW�WKH�HOHFWULF�SRZHU�EXV�

76%�36� 7KH�WHOHSKRQH�VZLWFK�EXLOGLQJ�SURYLGHV�WHOHSKRQH�VHUYLFH�WR
WKH�SROLFH�VWDWLRQ�

(3%�76%� 7KH� HOHFWULF� SRZHU� EXV� SURYLGHV� QRUPDO� SRZHU� WR� WKH
WHOHSKRQH�VZLWFK�EXLOGLQJ�

(3%�36� 7KH�HOHFWULF�SRZHU�EXV�SURYLGHV�QRUPDO�SRZHU�WR�WKH�SROLFH
VWDWLRQ�

$��� (OHFWULF�3RZHU�%XV�2EMHFW

7KH�(OHFWULF�3RZHU�%XV�2EMHFW��(3%��SURYLGHV�QRUPDO�HOHFWULF�SRZHU� IRU� WKH� WHOHSKRQH�VZLWFK
EXLOGLQJ�DQG�WKH�SROLFH�VWDWLRQ���7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�HOHFWULF�SRZHU�EXV�LV�VKRZQ
LQ�)LJXUH�$���� �7KH� HYHQWV� DQG� VWDWH� WUDQVLWLRQV�� DWWULEXWHV�� LQLWLDO� FRQGLWLRQV�� DQG� VHWV� RI� ³LI� ±
WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH
DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�3RZHU�IDLOV�FDQ�EH�JHQHUDWHG�LQWHUQDOO\�RU�H[WHUQDOO\�WR�WKH�REMHFW�DQG�FDXVHV�D�WUDQVLWLRQ

IURP�6WDWH��3URYLGHV�3RZHU��WR�6WDWH��'RHV�1RW�3URYLGH�3RZHU��
(YHQW�3RZHU� UHVWRUHG� FDQ� EH� JHQHUDWHG� LQWHUQDOO\� RU� H[WHUQDOO\� WR� WKH� REMHFW� DQG� FDXVHV� D

WUDQVLWLRQ�IURP�6WDWH��'RHV�1RW�3URYLGH�3RZHU��WR�6WDWH��3URYLGHV�3RZHU��

$WWULEXWHV��9DOXHV�
3RZHU�3URYLGHG�±�33��3URYLGHV�3RZHU��'RHV�1RW�3URYLGH�3RZHU�
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3URYLGHV
3RZHU

'RHV�1RW
3URYLGH�3RZHU

3RZHU�IDLOV

3RZHU�UHVWRUHG

)LJXUH�$�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�HOHFWULF�SRZHU�EXV�

,QLWLDO�&RQGLWLRQV
,QLWLDO�VWDWH� LV��3URYLGHV�3RZHU��XQWLO�DQDO\VW�JHQHUDWHV�(YHQW�3RZHU� IDLOV�� �7KH� LQLWLDO�YDOXH�RI
DWWULEXWH�33 �3URYLGHV�3RZHU��

6WDWH��3URYLGHV�3RZHU�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�33� �3URYLGHV�3RZHU��7KHQ�6HW�33 �3URYLGHV�3RZHU��

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH��'RHV�1RW�3URYLGH�3RZHU�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�33� �'RHV�1RW�3URYLGH�3RZHU��7KHQ�6HW�33 �'RHV�1RW�3URYLGH�3RZHU��

'HOD\HG�5HVSRQVH�0RGHO�
,I�76%�7$ �3URYLGHV�7HOHSKRQH�6HUYLFH��7KHQ

3 �������'HOD\���+RXUV��WKHQ�*HQHUDWH�(YHQW�3RZHU�UHVWRUHG
3 �������'HOD\����+RXUV��WKHQ�*HQHUDWH�(YHQW�3RZHU�UHVWRUHG

(OVH
3 �������'HOD\����+RXUV��WKHQ�*HQHUDWH�(YHQW�3RZHU�UHVWRUHG

$��� 7HOHSKRQH�6ZLWFK�%XLOGLQJ�2EMHFW

7KH�7HOHSKRQH�6ZLWFK�%XLOGLQJ�2EMHFW��76%��SURYLGHV�WHOHSKRQH�VHUYLFH� IRU� WKH�SROLFH�VWDWLRQ
DQG� WR� VXSSRUW� UHVWRUDWLRQ� RI� WKH� HOHFWULF� SRZHU� EXV�� � � 7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH
WHOHSKRQH�VZLWFK�EXLOGLQJ� LV�VKRZQ�LQ�)LJXUH�$���� �7KH�HYHQWV�DQG�VWDWH� WUDQVLWLRQV�� DWWULEXWHV�
LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50
DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�3RZHU�IDLOV�FDQ�EH�JHQHUDWHG�LQWHUQDOO\�RU�H[WHUQDOO\�WR�WKH�REMHFW�DQG�FDXVHV�D�WUDQVLWLRQ

IURP�6WDWH��$YDLODEOH�:LWK�1RUPDO�3RZHU��WR�6WDWH��$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��
(YHQW�*HQHUDWRU� IDLOV� LV� JHQHUDWHG� LQWHUQDOO\� WR� WKH� REMHFW� DQG� FDXVHV� D� WUDQVLWLRQ� IURP

6WDWH��$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��WR�6WDWH��$YDLODEOH�:LWK�%DWWHU\�3RZHU��
(YHQW�%DWWHULHV� IDLO� LV� JHQHUDWHG� LQWHUQDOO\� WR� WKH� REMHFW� DQG� FDXVHV� D� WUDQVLWLRQ� IURP

6WDWH��$YDLODEOH�ZLWK�%DWWHU\�3RZHU��WR�6WDWH��8QDYDLODEOH��
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3RZHU
UHVWRUHG

3RZHU
UHVWRUHG

3RZHU�IDLOV
3RZHU
UHVWRUHG

%DWWHULHV�IDLO *HQHUDWRU�IDLOV

8QDYDLODEOH

$YDLODEOH�:LWK
1RUPDO�3RZHU

$YDLODEOH�:LWK
*HQHUDWRU�3RZHU

$YDLODEOH�:LWK
%DWWHU\�3RZHU

)LJXUH�$�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WHOHSKRQH�VZLWFK�EXLOGLQJ�

(YHQW�3RZHU� UHVWRUHG� FDQ� EH� JHQHUDWHG� LQWHUQDOO\� RU� H[WHUQDOO\� WR� WKH� REMHFW� DQG� FDXVHV� WKH
IROORZLQJ�WUDQVLWLRQV�
IURP�6WDWH��$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��WR�6WDWH��$YDLODEOH�:LWK�1RUPDO�3RZHU��
IURP�6WDWH��$YDLODEOH�:LWK�%DWWHU\�3RZHU��WR�6WDWH��$YDLODEOH�:LWK�1RUPDO�3RZHU���DQG
IURP�6WDWH��8QDYDLODEOH��WR�6WDWH��$YDLODEOH�:LWK�1RUPDO�3RZHU��

$WWULEXWHV��9DOXHV�
7HOHSKRQH�$YDLODEOH�±�7$��3URYLGHV�7HOHSKRQH�6HUYLFH��'RHV�1RW�3URYLGH�7HOHSKRQH�6HUYLFH�
6ZLWFK�0RGH�±�60��$YDLODEOH�:LWK�1RUPDO�3RZHU��$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��$YDLODEOH
:LWK�%DWWHU\�3RZHU��8QDYDLODEOH��

,QLWLDO�&RQGLWLRQV
,QLWLDO� VWDWH� LV� �$YDLODEOH�:LWK�1RUPDO�3RZHU��XQWLO� DQDO\VW� JHQHUDWHV�(YHQW�3RZHU� IDLOV�� �7KH
LQLWLDO�YDOXHV�RI�REMHFW�DWWULEXWHV�DUH�7$ �3URYLGHV�7HOHSKRQH�6HUYLFH��DQG�60 �$YDLODEOH�:LWK
1RUPDO�3RZHU��

6WDWH��$YDLODEOH�:LWK�1RUPDO�3RZHU�
7KLV�LV�WKH�LQLWLDO�VWDWH�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�7$� �3URYLGHV�7HOHSKRQH�6HUYLFH��7KHQ�6HW�7$ �3URYLGHV�7HOHSKRQH�6HUYLFH�
(OVH�,I�60� �$YDLODEOH�:LWK�1RUPDO�3RZHU��7KHQ�6HW�60 �$YDLODEOH�:LWK�1RUPDO�3RZHU�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�
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6WDWH��$YDLODEOH�:LWK�*HQHUDWRU�3RZHU�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�60� �$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��7KHQ

7KLV�LQGLFDWHV�WKDW�WKH�REMHFW�KDV�MXVW�HQWHUHG�WKLV�VWDWH�±�LW�LV�RQO\�HQWHUHG�RQFH�
3 �������*HQHUDWH�(YHQW�*HQHUDWRU�IDLOV�
3 �������6HW�60 �$YDLODEOH�:LWK�*HQHUDWRU�3RZHU�

(OVH�,I�7$� �3URYLGHV�7HOHSKRQH�6HUYLFH��7KHQ
6HW�7$ �3URYLGHV�7HOHSKRQH�6HUYLFH�

'HOD\HG�5HVSRQVH�0RGHO�
$OZD\V�'R�7KLV

'HOD\����KRXUV��*HQHUDWH�(YHQW�*HQHUDWRU�IDLOV�

6WDWH��$YDLODEOH�:LWK�%DWWHU\�3RZHU�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�7$� �3URYLGHV�7HOHSKRQH�6HUYLFH��7KHQ�6HW�7$ �3URYLGHV�7HOHSKRQH�6HUYLFH�
(OVH�,I�60� �$YDLODEOH�:LWK�%DWWHU\�3RZHU��7KHQ�6HW�60 �$YDLODEOH�:LWK�%DWWHU\�3RZHU�

'HOD\HG�5HVSRQVH�0RGHO�
$OZD\V�'R�7KLV

'HOD\���KRXUV��WKHQ�JHQHUDWH�(YHQW�%DWWHU\�IDLOV�

6WDWH��8QDYDLODEOH�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I� 7$� �'RHV� 1RW� 3URYLGH� 7HOHSKRQH� 6HUYLFH�� 7KHQ� 6HW� 7$ �'RHV� 1RW� 3URYLGH� 7HOHSKRQH
6HUYLFH�
(OVH�,I�60� �8QDYDLODEOH��7KHQ�6HW�60 �8QDYDLODEOH�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

$��� 3ROLFH�6WDWLRQ�3RZHU�2EMHFW

7KH� 3ROLFH� 6WDWLRQ� 3RZHU� 2EMHFW� �363�� UHSUHVHQWV� QRUPDO� DQG� EDFNXS� SRZHU� IRU� WKH� SROLFH
VWDWLRQ� WR� VXSSRUW� FRPPXQLW\� SROLFH� VHUYLFH�� 7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH� WHOHSKRQH
VZLWFK� EXLOGLQJ� LV� VKRZQ� LQ� )LJXUH� $���� � 7KH� HYHQWV� DQG� VWDWH� WUDQVLWLRQV�� DWWULEXWHV�� LQLWLDO
FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG
'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�
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8QDYDLODEOH8QDYDLODEOH $YDLODEOH�:LWK
*HQHUDWRU�3RZHU
$YDLODEOH�:LWK
*HQHUDWRU�3RZHU

$YDLODEOH�:LWK
1RUPDO�3RZHU
$YDLODEOH�:LWK
1RUPDO�3RZHU

3RZHU
UHVWRUHG

3RZHU�IDLOV
3RZHU
UHVWRUHG

3ROLFH�JHQHUDWRU�IDLOV

)LJXUH�$������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�SROLFH�VWDWLRQ�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�3RZHU�IDLOV�FDQ�EH�JHQHUDWHG�LQWHUQDOO\�RU�H[WHUQDOO\�WR�WKH�REMHFW�DQG�FDXVHV�D�WUDQVLWLRQ

IURP�6WDWH��$YDLODEOH�ZLWK�1RUPDO�3RZHU��WR�6WDWH��$YDLODEOH�ZLWK�*HQHUDWRU�3RZHU��
(YHQW�3ROLFH� JHQHUDWRU� IDLOV� LV� JHQHUDWHG� LQWHUQDOO\� WR� WKH� REMHFW� DQG� FDXVHV� D� WUDQVLWLRQ� IURP

6WDWH��$YDLODEOH�ZLWK�*HQHUDWRU�3RZHU��WR�6WDWH��8QDYDLODEOH��
(YHQW�3RZHU� UHVWRUHG� FDQ� EH� JHQHUDWHG� LQWHUQDOO\� RU� H[WHUQDOO\� WR� WKH� REMHFW� DQG� FDXVHV� WKH

IROORZLQJ�WUDQVLWLRQV�
IURP�6WDWH��$YDLODEOH�ZLWK�*HQHUDWRU�3RZHU��WR�6WDWH��$YDLODEOH�ZLWK�1RUPDO�3RZHU��
DQG
IURP�6WDWH��8QDYDLODEOH��WR�6WDWH��$YDLODEOH�ZLWK�1RUPDO�3RZHU��

$WWULEXWHV��9DOXHV�
6WDWLRQ� $YDLODELOLW\� ±� 6$� �$YDLODEOH�:LWK� 1RUPDO� 3RZHU�� $YDLODEOH�:LWK� *HQHUDWRU� 3RZHU�
8QDYDLODEOH��

,QLWLDO�&RQGLWLRQV
,QLWLDO� VWDWH� LV� �$YDLODEOH�ZLWK�1RUPDO�3RZHU�� XQWLO� DQDO\VW� JHQHUDWHV� (YHQW�3RZHU� IDLOV�� � 7KH
LQLWLDO�YDOXH�RI�DWWULEXWH�6$ �$YDLODEOH�:LWK�1RUPDO�3RZHU��

6WDWH��$YDLODEOH�ZLWK�1RUPDO�3RZHU�
7KLV�LV�WKH�LQLWLDO�VWDWH�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�6$� �$YDLODEOH�:LWK�1RUPDO�3RZHU��WKHQ�6HW�6$ �$YDLODEOH�:LWK�1RUPDO�3RZHU�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�
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6WDWH��$YDLODEOH�ZLWK�*HQHUDWRU�3RZHU�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�6$� �$YDLODEOH�:LWK�*HQHUDWRU�3RZHU��WKHQ

7KLV�LQGLFDWHV�WKDW�WKH�REMHFW�KDV�MXVW�HQWHUHG�WKLV�VWDWH�±�LW�LV�RQO\�HQWHUHG�RQFH�
3 �������*HQHUDWH�(YHQW�3ROLFH�*HQHUDWRU�IDLOV�
3 ������6HW�6$ �$YDLODEOH�:LWK�*HQHUDWRU�3RZHU�

'HOD\HG�5HVSRQVH�0RGHO�
,I�76%�7$ �3URYLGHV�7HOHSKRQH�6HUYLFH��WKHQ

3 �������'HOD\����KRXUV��DW�OHDVW�RQH�GD\¶V�DGGLWLRQDO�JHQHUDWRU�IXHO�LV�REWDLQHG�
3 �������'HOD\����KRXUV�WKHQ�JHQHUDWH�(YHQW�*HQHUDWRU�IDLOV�

(OVH
'HOD\����KRXUV��WKHQ�JHQHUDWH�(YHQW�*HQHUDWRU�IDLOV�

6WDWH��8QDYDLODEOH�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�6$� �8QDYDLODEOH��WKHQ�6HW�6$ �8QDYDLODEOH�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH



���

7KLV�3DJH�,QWHQWLRQDOO\�%ODQN



���

%��([DPSOH� 'HWDLOV� IRU� )XHO� 7DQN� 6XSSO\� IRU� D� *DV
%XUQHU

7KLV� DSSHQGL[� SURYLGHV� D� GHVFULSWLRQ� RI� WKH� V\VWHP� VWUXFWXUH�� LQWHUDFWLRQV�� DQG� VWDWH� WUDQVLWLRQ
GLDJUDPV�IRU�WKH�IXHO�WDQN�VXSSO\�IRU�D�JDV�EXUQHU�SUHVHQWHG�LQ�6HFWLRQ�����RI�WKH�PDLQ�ERG\�RI
WKH�UHSRUW�� �7KLV�GHVFULSWLRQ� LQFOXGHV� WKH� VHWV�RI�³LI�±� WKHQ�±�HOVH� LI�±�HOVH´� VFULSWV� DQG� ORJLFDO
FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�RI�WKH�VWDWH�WUDQVLWLRQ�GLDJUDPV�

%��� 6\VWHP�6WUXFWXUH�DQG�,QWHUDFWLRQV

$Q� LOOXVWUDWLRQ� RI� WKH� IXHO� WDQN� VXSSO\� V\VWHP� LV� VKRZQ� LQ� )LJXUH� %���� � 7KH� V\VWHP� VWUXFWXUH
GLDJUDP� IRU� WKLV� H[DPSOH� SUREOHP� LV� VKRZQ� LQ� )LJXUH�%���� � 7KH� GHVFULSWLRQ� RI� WKH� IXQFWLRQDO
EORFNV� LV� SURYLGHG� LQ� 7DEOH� %���� � 7KH� LQWHUDFWLRQ� GLDJUDP� LV� SURYLGHG� LQ� )LJXUH� %���� � 7KH
IXQFWLRQDO�LQWHUDFWLRQV�EHWZHHQ�WKH�EORFNV�DUH�LQGLFDWHG�E\�GLUHFWHG�DUURZV�DQG�DUH�VSHFLILHG�LQ
7DEOH�%���

��
�� �� ��

��

)LJXUH�%�����)XHO�WDQN�VXSSO\�IRU�D�JDV�EXUQHU�

)XHO�6\VWHP9DOYH

)LJXUH�%�����6\VWHP�VWUXFWXUH�GLDJUDP�IRU�JDV�EXUQHU�IXHO�VXSSO\�PRGHO�



���

7DEOH�%�����)XQFWLRQDO�EORFNV�IRU�JDV�EXUQHU�IXHO�VXSSO\�

9DOYH���2SHQV�DQG�FORVHV�WR�FRQWURO�IXHO�IORZ�IRU�WKH�JDV
EXUQHU�

)XHO� 6\VWHP�� � )LYH� WDQNV� WKDW� FRPSULVH� IXHO� V\VWHP� IRU
JDV�EXUQHU�

)XHO�6\VWHP9DOYH

)LJXUH�%�����,QWHUDFWLRQ�GLDJUDP�IRU�JDV�EXUQHU�IXHO�VXSSO\�PRGHO�

7DEOH�%�����)XQFWLRQDO�LQWHUDFWLRQV�IRU�JDV�EXUQHU�IXHO�VXSSO\�PRGHO�

9DOYH���)XHO�6\VWHP� 7KH�YDOYH�UHTXHVWV�D�VSHFLILHG�IXHO
IORZ�IURP�WKH�IXHO�V\VWHP�

)XHO�6\VWHP���9DOYH� 7KH� IXHO� V\VWHP� SURYLGHV� IXHO
VXSSO\�LQ�UHVSRQVH�WR�WKH�YDOYH¶V�UHTXHVWV�

%��� 9DOYH�2EMHFW

7KH�9DOYH�2EMHFW�UHSUHVHQWV�D�YDOYH�WKDW�RSHQV�DQG�FORVHV�WR�FRQWURO�IXHO�IORZ�IRU�WKH�JDV�EXUQHU�
7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH� YDOYH� LV� VKRZQ� LQ� )LJXUH� %���� � 7KH� HYHQWV� DQG� VWDWH
WUDQVLWLRQV��DWWULEXWHV��LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO
FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�7XUQ�2Q�LV�JHQHUDWHG�E\�WKH�9DOYH�2EMHFW��DQG�DOVR�H[WHUQDOO\�E\�WKH�DQDO\VW�WR�EHJLQ�WKH

DQDO\VLV��DQG�FDXVHV�D�WUDQVLWLRQ�IURP�6WDWH��2II��WR�6WDWH��2Q��
(YHQW�7XUQ� 2II� LV� JHQHUDWHG� E\� WKH� 9DOYH� 2EMHFW� DQG� FDXVHV� D� WUDQVLWLRQ� IURP� 6WDWH��2II�� WR

6WDWH��2Q��
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2Q 2II

7XUQ�2Q

7XUQ�2II

)LJXUH�%�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�YDOYH�

$WWULEXWHV��9DOXHV�
)ORZ5HTXHVW�±�)5����JSP����JSP�

,QLWLDO�&RQGLWLRQV
6WDWH��2II���XVH�³7XUQ2Q´�WR�VWDUW�WKH�DQDO\VLV���)5 ���

6WDWH��2II�
,PPHGLDWH�5HVSRQVH�0RGHO�
6HW�)5 �����7XUQ�RQ�P\�FORFN

'HOD\HG�5HVSRQVH�0RGHO�
,I�)XHO�6\VWHP�)/ ����WKHQ

'R�1RWKLQJ
(OVH

3 ������'HOD\�����5HVHW�P\�WLPHU��*HQHUDWH�(YHQW�7XUQ2Q
3 ������'HOD\�����5HVHW�P\�WLPHU��*HQHUDWH�(YHQW�7XUQ2Q
3 ������'HOD\�����5HVHW�P\�WLPHU��*HQHUDWH�(YHQW�7XUQ2Q

6WDWH��2II�
,PPHGLDWH�5HVSRQVH�0RGHO�
6HW�)5 �����7XUQ�RQ�P\�FORFN

'HOD\HG�5HVSRQVH�0RGHO�
$OZD\V�GR�WKLV�

3 ������'HOD\�����5HVHW�P\�WLPHU��*HQHUDWH�(YHQW�7XUQ2Q
3 ������'HOD\�����5HVHW�P\�WLPHU��*HQHUDWH�(YHQW�7XUQ2Q
3 ������'HOD\�����5HVHW�P\�WLPHU��*HQHUDWH�(YHQW�7XUQ2Q
3 ������'HOD\�����5HVHW�P\�WLPHU�*HQHUDWH�(YHQW�7XUQ2Q

%��� )XHO�6\VWHP�2EMHFW

7KH�)XHO�6\VWHP�2EMHFW�UHSUHVHQWV�D�IXHO�V\VWHP�FRQVLVWLQJ�RI�ILYH�WDQNV��D�WDQN�IDUP���LQFOXGLQJ
RQH����JDOORQ�WDQN��RQH����JDOORQ�WDQN��DQG�WKUHH����JDOORQ�WDQNV�WKDW�SURYLGHV�IXHO�IRU�WKH�JDV
EXUQHU���7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�IXHO�V\VWHP�LV�VKRZQ�LQ�)LJXUH�%�����7KH�HYHQWV�DQG



���

VWDWH�WUDQVLWLRQV��DWWULEXWHV�� LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG
ORJLFDO� FRQGLWLRQV� IRU� WKH� ,50�DQG�'50�PRGHOV� IRU� HDFK� VWDWH� DUH� SUHVHQWHG� LQ� WKH� IROORZLQJ
VHFWLRQV�

5HILOOLQJ *DV

7DQN
&KDQJH

(PSW\

)XOO

'UDLQHG

&KDQJH
1HZ
7DQN5HILOO

)LJXUH�%�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�IXHO�V\VWHP�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�)XOO�LV�JHQHUDWHG�E\�WKH�)XHO�6\VWHP�2EMHFW�DQG�FDXVHV�D�WUDQVLWLRQ�IURP�6WDWH��5HILOOLQJ�

WR�6WDWH��*DV��
(YHQW�&KDQJH�LV�JHQHUDWHG�E\�WKH�)XHO�6\VWHP�2EMHFW�DQG�FDXVHV�D�WUDQVLWLRQ�IURP�6WDWH��*DV��WR

6WDWH��7DQN�&KDQJH��
(YHQW�1HZ�7DQN�LV�JHQHUDWHG�E\�WKH�)XHO�6\VWHP�2EMHFW�DQG�FDXVHV�D�WUDQVLWLRQ�IURP�6WDWH��7DQN

&KDQJH��WR�6WDWH��*DV��
(YHQW�'UDLQHG�LV�JHQHUDWHG�E\�WKH�)XHO�6\VWHP�2EMHFW�DQG�FDXVHV�D�WUDQVLWLRQ�IURP�6WDWH��7DQN

&KDQJH��WR�6WDWH��(PSW\��
(YHQW�5HILOO�LV�JHQHUDWHG�E\�WKH�)XHO�6\VWHP�2EMHFW�DQG�FDXVHV�D�WUDQVLWLRQ�IURP�6WDWH��(PSW\�

WR�6WDWH��5HILOOLQJ��

$WWULEXWHV��9DOXHV�
)XHO�/HYHO�±�)/������JDO�����JDO�����JDO�����JDO�����JDO����JDO�
^&RUUHVSRQGV�WR����������������RU���WDQNV�FRQWDLQ�DQ\�IXHO�`

,QLWLDO�&RQGLWLRQV
6WDWH��*DV���)/ �����
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6WDWH��5HILOOLQJ�
,PPHGLDWH�5HVSRQVH�0RGHO�
6HW�)/ �������5HVHW�P\�FORFN��DQG�*HQHUDWH�(YHQW�)XOO

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH��(PSW\�
,PPHGLDWH�5HVSRQVH�0RGHO�
6HW�)/ �����5HVHW�P\�FORFN

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH��*DV�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�9DOYH�)5 ����WKHQ

6WRS�P\�FORFN
(OVH� 7XUQ�RQ�P\�FORFN

'HOD\HG�5HVSRQVH�0RGHO�
,I�)/ ������WKHQ

'HOD\�������*HQHUDWH�(YHQW�&KDQJH
(OVH�,I�)/ �����WKHQ

'HOD\�������*HQHUDWH�(YHQW�&KDQJH
(OVH�,I�)/ �����WKHQ

'HOD\�������*HQHUDWH�(YHQW�&KDQJH
(OVH�,I�)/ �����WKHQ

'HOD\������*HQHUDWH�(YHQW�&KDQJH
(OVH�,I�)/ �����WKHQ

'HOD\������*HQHUDWH�(YHQW�&KDQJH
(OVH��)/ ����

1R�2SHUDWLRQ
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6WDWH��7DQN�&KDQJH�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�)/ ������WKHQ

6HW�)/ ������5HVHW�P\�FORFN��*HQHUDWH�(YHQW�1HZ7DQN
(OVH�,I�)/ �����WKHQ

6HW�)/ ������5HVHW�P\�FORFN��*HQHUDWH�(YHQW�1HZ7DQN
(OVH�,I�)/ ���WKHQ

6HW�)/ ������5HVHW�P\�FORFN��*HQHUDWH�(YHQW�1HZ7DQN
(OVH�,I�)/ ���WKHQ

6HW�)/ ������5HVHW�P\�FORFN��*HQHUDWH�(YHQW�1HZ7DQN
(OVH�,I�)/ �����WKHQ

6HW�)/ �����5HVHW�P\�FORFN��*HQHUDWH�(YHQW�'UDLQHG
(OVH��)/ ����

5HVHW�P\�FORFN��'UDLQHG

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�



���

&��([DPSOH�'HWDLOV�IRU�$�6LQJOHV�5DFTXHWEDOO�*DPH
7KLV� DSSHQGL[� SURYLGHV� D� GHVFULSWLRQ� RI� WKH� V\VWHP� VWUXFWXUH�� LQWHUDFWLRQV�� DQG� VWDWH� WUDQVLWLRQ
GLDJUDPV� IRU� WKH� VLQJOHV� UDFTXHWEDOO� JDPH� SUHVHQWHG� LQ� 6HFWLRQ� ���� RI� WKH� PDLQ� ERG\� RI� WKH
UHSRUW�� � 7KLV� GHVFULSWLRQ� LQFOXGHV� WKH� VHWV� RI� ³LI� ±� WKHQ� ±� HOVH� LI� ±� HOVH´� VFULSWV� DQG� ORJLFDO
FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�RI�WKH�VWDWH�WUDQVLWLRQ�GLDJUDPV�

&��� 6\VWHP�6WUXFWXUH�DQG�,QWHUDFWLRQV

7KH�V\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKLV�H[DPSOH�SUREOHP�LV�VKRZQ�LQ�)LJXUH�&�����7KH�GHVFULSWLRQ
RI�WKH�IXQFWLRQDO�EORFNV�LV�SURYLGHG�LQ�7DEOH�&�����7KH�LQWHUDFWLRQ�GLDJUDP�LV�SURYLGHG�LQ�)LJXUH
&���� �7KH� IXQFWLRQDO� LQWHUDFWLRQV� EHWZHHQ� WKH� EORFNV� DUH� LQGLFDWHG� E\� GLUHFWHG� DUURZV� DQG� DUH
VSHFLILHG�LQ�7DEOH�&���

3OD\HU�$��$� 3OD\HU�%��%�

*DPH��*�

3OD\HU�$��$� 3OD\HU�%��%�

*DPH��*�

)LJXUH�&�����6\VWHP�VWUXFWXUH�GLDJUDP�IRU�PRGHO�RI�D�VLQJOHV�UDFTXHWEDOO�PDWFK�

7DEOH�&�����)XQFWLRQDO�EORFNV�IRU�VLQJOHV�UDFTXHWEDOO�JDPH�

3OD\HU�$��$����2QH�SOD\HU�LQ�D�UDFTXHWEDOO�VLQJOHV�JDPH
ZLWK�DQ�LQGLYLGXDO�VHUYH�DQG�VKRW�SURILOH�

3OD\HU�%��%����$�VHFRQG�SOD\HU�LQ�D�UDFTXHWEDOO�VLQJOHV
JDPH�ZLWK�DQ�LQGLYLGXDO�VHUYH�DQG�VKRW�SURILOH�

*DPH��*����$�VLQJOHV�JDPH�RI�UDFTXHWEDOO�



���

3OD\HU�$��$� 3OD\HU�%��%�

*DPH��*�

3OD\HU�$��$� 3OD\HU�%��%�

*DPH��*�

)LJXUH�&�����,QWHUDFWLRQ�GLDJUDP�IRU�PRGHO�RI�D�VLQJOHV�UDFTXHWEDOO�PDWFK�

7DEOH�&�����)XQFWLRQDO�LQWHUDFWLRQV�IRU�PRGHO�RI�VLQJOHV�UDFTXHWEDOO�PDWFK�

$�%� 3OD\HU�$�KLWV�VKRW�UHWXUQV�DQG�VHUYHV�WR�3OD\HU�%�

$�*�� 3OD\HU�$�SURYLGHV�LWV�VWDWXV�WR�WKH�*DPH�

%�$�� 3OD\HU�%�KLWV�VKRW�UHWXUQV�DQG�VHUYHV�WR�3OD\HU�$�

%�*�� 3OD\HU�%�SURYLGHV�LWV�VWDWXV�WR�WKH�*DPH�

*�$� 7KH�*DPH�WUDFNV�VHUYLQJ�DQG�VFRULQJ�IRU�3OD\HU�$�

*�%� 7KH�*DPH�WUDFNV�VHUYLQJ�DQG�VFRULQJ�IRU�3OD\HU�%�

&��� 3OD\HU�$�2EMHFW

7KH�3OD\HU�$�2EMHFW��$��UHSUHVHQWV�RQH�SOD\HU�LQ�D�VLQJOHV�UDFTXHWEDOO�JDPH���$WWULEXWHV�IRU�WKLV
REMHFW�DUH�GHILQHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW�3OD\HU�$¶V�VKRW��VHUYH�DQG�VHUYH�UHWXUQ�SURILOHV�
7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� 3OD\HU� $� LV� VKRZQ� LQ� )LJXUH� &���� � 7KH� HYHQWV� DQG� VWDWH
WUDQVLWLRQV��DWWULEXWHV��LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO
FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�6WDUW�QHZ�UDOO\�LV�JHQHUDWHG�E\�WKH�*DPH�2EMHFW��*��DQG�FDXVHV�WUDQVLWLRQ�IURP

6WDWH��6WRS��WR�6WDWH��:DLWLQJ�WR�IRU�6HUYH��
(YHQW�3OD\HU�$�IDXOWV��VW�VHUYH�LV�JHQHUDWHG�ZLWKLQ��$��DQG�FDXVHV�WUDQVLWLRQ�IURP�6WDWH��:DLWLQJ

WR�IRU�6HUYH��WR�6WDWH��:DLWLQJ�WR�6HUYH���
(YHQW�3OD\HU�$�IDXOWV��QG�VHUYH�LV�JHQHUDWHG�ZLWKLQ��$��DQG�FDXVHV�WUDQVLWLRQ�IURP

6WDWH��:DLWLQJ�WR�6HUYH���WR�6WDWH��6WRS��
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3OD\HU�$
IDXOWV��VW�VHUYH

3OD\HU�$
PLVVHV�VKRW

3OD\HU�$
PDNHV�VKRW

3OD\HU�$
PDNHV�VKRW

3OD\HU�%
PDNHV�VKRW

3OD\HU�%
IDXOWV��QG�VHUYH

3OD\HU�%
PDNHV�VKRW

3OD\HU�$
PDNHV�VKRW

3OD\HU�$
IDXOWV��QG�VHUYH

3OD\HU�%
PLVVHV�VKRW

:DLWLQJ�WR�
IRU�6HUYH

:DLWLQJ
WR�5HWXUQ

0DNLQJ
D�6KRW

6WRS
6WDUW

QHZ�UDOO\

:DLWLQJ�WR
6HUYH�

)LJXUH�&�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�3OD\HU�$�REMHFW�

(YHQW�3OD\HU�$�PDNHV�VKRW�LV�JHQHUDWHG�ZLWKLQ��$��DQG�FDXVHV�WKH�IROORZLQJ�WUDQVLWLRQV�
IURP�6WDWH��:DLWLQJ�WR�IRU�6HUYH��WR�6WDWH��:DLWLQJ�WR�5HWXUQ��
IURP�6WDWH��:DLWLQJ�WR�6HUYH���WR�6WDWH��:DLWLQJ�WR�5HWXUQ���DQG
IURP�6WDWH��0DNLQJ�D�6KRW��WR�6WDWH��:DLWLQJ�WR�5HWXUQ��

(YHQW�3OD\HU�$�PLVVHV�VKRW�LV�JHQHUDWHG�ZLWKLQ��$��DQG�FDXVH�WUDQVLWLRQ�IURP�6WDWH��0DNLQJ�D
6KRW��WR�6WDWH��6WRS��

(YHQW�3OD\HU�%�PDNHV�VKRW�LV�JHQHUDWHG�E\��%��DQG�FDXVHV�WKH�IROORZLQJ�WUDQVLWLRQV�
IURP�6WDWH��:DLWLQJ�WR�IRU�6HUYH��WR�6WDWH��0DNLQJ�D�6KRW���DQG
IURP�6WDWH��:DLWLQJ�WR�5HWXUQ��WR�6WDWH��0DNLQJ�D�6KRW��

(YHQW�3OD\HU�%�IDXOWV��QG�VHUYH�LV�JHQHUDWHG�E\��%��DQG�FDXVHV�WUDQVLWLRQ�IURP�6WDWH��:DLWLQJ
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6WDWH��:DLWLQJ��WR�6WDWH��3OD\HU�$�:LQV�5DOO\��

(YHQW�(QG�JDPH�LV�JHQHUDWHG�ZLWKLQ��*��DQG�FDXVHV�WKH�IROORZLQJ�WUDQVLWLRQV�
IURP�6WDWH��3OD\HU�$�:LQV�5DOO\��WR�6WDWH��,GOH��
IURP�6WDWH��3OD\HU�%�:LQV�5DOO\��WR�6WDWH��,GOH��

$WWULEXWHV��9DOXHV�
6(59(��$��%�
6+27��$��%����
6&25(B$��,QWHJHU� ������
6&25(B%��,QWHJHU� ������
:,11(5��$��%��8QNQRZQ�

,QLWLDO�&RQGLWLRQV
,QLWLDO�FRQGLWLRQV�DUH�VHW�ZLWKLQ�6WDWH��6WDUWLQJ�*DPH��DIWHU�(YHQW�6WDUW�JDPH�LV�JHQHUDWHG�
6(59( �$���6+27 �����6&25(B$ �����6&25(B% �����:,11(5 �8QNQRZQ�



���

(QG�JDPH

6WDUW
QHZ�UDOO\

3OD\HU�$
IDXOWV��QG�VHUYH

3OD\HU�%
IDXOWV��QG�VHUYH

3OD\HU�%
PLVVHV�VKRW

3OD\HU�$
PLVVHV�VKRW

(QG�JDPH

6WDUW
QHZ�UDOO\

6WDUW
QHZ�UDOO\

6WDUW�JDPH

,GOH

3OD\HU�$
:LQV�5DOO\

3OD\HU�%
:LQV�5DOO\

6WDUWLQJ
*DPH

:DLWLQJ

)LJXUH�&�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�*DPH�2EMHFW�

6WDWH��,GOH�
7KH�HYHQW� WR� WUDQVLWLRQ� IURP� WKLV� VWDWH� LV� JHQHUDWHG� E\� WKH� DQDO\VW� WR� H[WHUQDO� WR� WKLV� REMHFW� WR
LQLWLDWH�D�JDPH��(YHQW�6WDUW�JDPH��

,PPHGLDWH�5HVSRQVH�0RGHO�
1RQH�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�



���

6WDWH��6WDUWLQJ�*DPH�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�758(��WKHQ

6HW�6(59(� �$���6HW�6+27 �����6HW�6&25(B$ �����6HW�6&25(B% �����6HW
:,11(5 �8QNQRZQ���*HQHUDWH�(YHQW�6WDUW�QHZ�UDOO\�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH��:DLWLQJ�
7KH� HYHQWV� WR� WUDQVLWLRQ� IURP� WKLV� VWDWH� DUH� JHQHUDWHG� H[WHUQDO� WR� WKLV� REMHFW�� � (YHQW�3OD\HU� $
PLVVHV�VKRW�DQG�(YHQW�3OD\HU�$� IDXOWV��QG�VHUYH�DUH�JHQHUDWHG�E\��$��� �(YHQW�3OD\HU�%�PLVVHV
VKRW�DQG�(YHQW�3OD\HU�%�IDXOWV��QG�VHUYH�DUH�JHQHUDWHG�E\��%��

,PPHGLDWH�5HVSRQVH�0RGHO�
1RQH�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH��3OD\HU�$�:LQV�5DOO\�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�6(59( �$��DQG�6&25(B$ ������WKHQ

LQFUHPHQW�6&25(B$��6HW�:,11(5 �$���*HQHUDWH�(YHQW�(QG�JDPH�
(OVH�LI�6(59(� �$���WKHQ

LQFUHPHQW�6&25(B$��6HW�6+27 �$���*HQHUDWH�(YHQW�6WDUW�QHZ�UDOO\�
(OVH�6HW�6+27 �$���6HW�6(59( �$���*HQHUDWH�(YHQW�6WDUW�QHZ�UDOO\�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH��3OD\HU�%�:LQV�5DOO\�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�6(59( �%��DQG�6&25(B% ������WKHQ

LQFUHPHQW�6&25(B%��6HW�:,11(5 �%���*HQHUDWH�(YHQW�(QG�JDPH�
(OVH�LI�6(59(� �%���WKHQ

LQFUHPHQW�6&25(B%��6HW�6+27 �%���*HQHUDWH�(YHQW�6WDUW�QHZ�UDOO\�
(OVH�6HW�6+27 �%���6HW�6(59( �%���*HQHUDWH�(YHQW�6WDUW�QHZ�UDOO\�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�
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'��([DPSOH� 'HWDLOV� IRU� &LUFXLW� $QDO\VLV� IRU� 1XFOHDU
3RZHU�3ODQW�&DEOH�)LUHV

7KLV� DSSHQGL[� SURYLGHV� D� GHVFULSWLRQ� RI� WKH� V\VWHP� VWUXFWXUH�� LQWHUDFWLRQV�� DQG� VWDWH� WUDQVLWLRQ
GLDJUDPV�IRU� WKH�FLUFXLW�DQDO\VLV� IRU�QXFOHDU�SRZHU�SODQWV�SUHVHQWHG� LQ�6HFWLRQ�����RI� WKH�PDLQ
ERG\�RI�WKH�UHSRUW�� �7KLV�GHVFULSWLRQ�LQFOXGHV�WKH�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG
ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�RI�WKH�VWDWH�WUDQVLWLRQ�GLDJUDPV���7KH�FLUFXLW�RI
LQWHUHVW�IRU�WKH�FLUFXLW�DQDO\VLV�H[DPSOH�LV�D�VROHQRLG�RSHUDWHG�YDOYH�FRQWURO�FLUFXLW��)LJXUH�'����
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)LJXUH�'�����([DPSOH�VROHQRLG�RSHUDWHG�YDOYH�FRQWURO�FLUFXLW�

'��� 6\VWHP�6WUXFWXUH�DQG�,QWHUDFWLRQV

7KH�V\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKLV�H[DPSOH�SUREOHP�LV�VKRZQ�LQ�)LJXUH�'�����7KH�GHVFULSWLRQ
RI�WKH�IXQFWLRQDO�EORFNV�LV�SURYLGHG�LQ�7DEOH�'�����7KH�LQWHUDFWLRQ�GLDJUDP�LV�SURYLGHG�LQ�)LJXUH
'��� � 7KH� IXQFWLRQDO� LQWHUDFWLRQV� EHWZHHQ� WKH� EORFNV� DUH� LQGLFDWHG� E\� GLUHFWHG� DUURZV� DQG� DUH
VSHFLILHG�LQ�7DEOH�'���

'��� /RDG�2EMHFW

7KH�/RDG�2EMHFW��/��LV�DQ�HOHPHQW�LQ�D�SDUWLDO�FLUFXLW�WKDW�UHSUHVHQWV�ORDGV��IRU�H[DPSOH�VROHQRLG
FRLOV��LQGLFDWRUV��PRWRUV��WKDW�FDQ�GUDZ�IURP���RU���YROWDJH���$WWULEXWHV�IRU�WKLV�REMHFW�DUH�GHILQHG
WR�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�SK\VLFDO�FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�RI�D�ORDG�LQ�D�SDUWLDO
FLUFXLW���7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�ORDG�REMHFW�LV�VKRZQ�LQ�)LJXUH�'�����7KH�HYHQWV�DQG
VWDWH�WUDQVLWLRQV��DWWULEXWHV�� LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG
ORJLFDO� FRQGLWLRQV� IRU� WKH� ,50�DQG�'50�PRGHOV� IRU� HDFK� VWDWH� DUH�SUHVHQWHG� LQ� WKH� IROORZLQJ
VHFWLRQV�



���

&LUFXLW
$QDO\]HU��&$�

&LUFXLW
&RPSOHWHU��&&�

3DUWLDO
&LUFXLW��&

Q
�

3RZHU
6XSSO\��3

L
�

/RDG��/� 6ZLWFK��6�

&RQGXFWRU��:�

)LJXUH�'�����6\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKH�FLUFXLW�DQDO\VLV�PRGHO�

7DEOH�'�����)XQFWLRQDO�EORFNV�IRU�WKH�FLUFXLW�DQDO\VLV�PRGHO�

/� � /RDG��DQ�HOHPHQW�LQ�D�SDUWLDO�FLUFXLW�WKDW�UHSUHVHQWV�ORDGV��IRU�H[DPSOH
VROHQRLG�FRLOV��LQGLFDWRUV��PRWRUV���FDQ�GUDZ�IURP���RU���YROWDJH��FDQ�EH
FRQQHFWHG�GLUHFWO\�EHWZHHQ���DQG���YROWDJH�ZLWKRXW�FDXVLQJ�D�VKRUW�FLUFXLW�

:� &RQGXFWRU��ZLUH���DQ�HOHPHQW�LQ�D�SDUWLDO�FLUFXLW�WKDW�UHSUHVHQWV�FRQGXFWRUV�
FRQQHFWV�RWKHU�HOHPHQWV�RI�WKH�FLUFXLW�ZLWK���YROWDJH�GURS�LQ�QRUPDO
RSHUDWLRQ��LI�FRQQHFWHG�GLUHFWO\�EHWZHHQ���DQG���YROWDJH�VRXUFHV��D�VKRUW
FLUFXLW�UHVXOWV�

6� � 6ZLWFK��DQ�HOHPHQW�LQ�D�SDUWLDO�FLUFXLW�WKDW�FDQ�DFW�DV�DQ�RSHQ�FLUFXLW�RU
FRQGXFWRU�LQ�QRUPDO�RSHUDWLRQ�

3L� 3RZHU�6XSSO\���DQ�HOHPHQW�LQ�D�SDUWLDO�FLUFXLW�WKDW�UHSUHVHQWV���RU���GHVLJQ
YROWDJH�IRU�3DUWLDO�&LUFXLW�Q��IRU�WKLV�DQDO\VLV��WKH�SRZHU�VXSSO\�LV�DVVXPHG�WR
SURYLGH�³HQRXJK´�FXUUHQW�WR�SRZHU�WKH�ORDGV�GHVFULEHG�DERYH�

&Q� 3DUWLDO�&LUFXLW�Q��D�VHULHV�FRQQHFWLRQ�RI�RQH�RU�PRUH�FLUFXLW�HOHPHQWV�DQG
WKHLU�SRVVLEOH�FRQQHFWLRQ�WR�D�SRZHU�VXSSO\�

&&� &LUFXLW�&RPSOHWHU���HVWDEOLVKHV�FRQGLWLRQV�RI�FRQQHFWLYLW\�EHWZHHQ�SDUWLDO
FLUFXLWV�

&$� &LUFXLW� $QDO\]HU�� LQIHUV� FRQGLWLRQV� RI� FXUUHQW� IORZ� LQ� D� FLUFXLW� EDVHG� RQ
FRQGLWLRQV�LQ�WKH�SDUWLDO�FLUFXLWV�DQG�WKH�FRUUHVSRQGLQJ�FLUFXLW�FRPSOHWHU�
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)LJXUH�'�����,QWHUDFWLRQ�GLDJUDP�IRU�WKH�FLUFXLW�DQDO\VLV�PRGHO�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
7KLV�REMHFW�KDV�RQO\�RQH�VWDWH����/RDG����1R�VWDWH�WUDQVLWLRQV�RFFXU��HYHQWV�H[WHUQDO�WR�WKLV�REMHFW
ZLOO�FDXVH�FKDQJHV�LQ�REMHFW�DWWULEXWHV�

$WWULEXWHV��9DOXHV�
&211(&7,9,7<��&RQGXFWLQJ��1RW�&RQGXFWLQJ�
9�'523�����2SHUDWLQJ��2SHQ�

,QLWLDO�&RQGLWLRQV
$QDO\VW�PXVW�GHILQH�ORDGV�DV�HOHPHQWV�RI�D�SDUWLDO�FLUFXLW�RI�LQWHUHVW���,QLWLDO�FRQGLWLRQV�DUH
DVVXPHG�WR�EH�QRUPDO�RSHUDWLRQ�IRU�HDFK�UHVSHFWLYH�ORDG�GHILQHG�E\�WKH�DQDO\VW�

&211(&7,9,7< �&RQGXFWLQJ���9�'523 �2SHUDWLQJ�

6WDWH��/RDG�
,PPHGLDWH�5HVSRQVH�0RGHO�
1RQH�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�



���

7DEOH�'�����)XQFWLRQDO�LQWHUDFWLRQV�IRU�WKH�FLUFXLW�DQDO\VLV�PRGHO�

/�&Q��� $�ORDG�SURYLGHV�WR�LWV�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�LWV�SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�GURS�

:�&Q�� $�FRQGXFWRU�SURYLGHV�WR�LWV�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�LWV�SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�GURS�

6�&Q�� $�VZLWFK�SURYLGHV�WR�LWV�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�LWV�SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�GURS�

3L��&Q�� 3RZHU�VXSSO\�L�SURYLGHV�WR�D�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�DERXW�SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�

&Q�/�� 3DUWLDO�FLUFXLW�Q�SURYLGHV�WR�LWV�ORDGV�LQIRUPDWLRQ�DERXW�FXUUHQW�IORZ�

&Q�:� 3DUWLDO�FLUFXLW�Q�SURYLGHV�WR�LWV�FRQGXFWRUV�LQIRUPDWLRQ�DERXW�FXUUHQW�IORZ�

&Q�6� 3DUWLDO�FLUFXLW�Q�SURYLGHV�WR�LWV�VZLWFKHV�LQIRUPDWLRQ�DERXW�FXUUHQW�IORZ�

&Q�3L��� 3DUWLDO�FLUFXLW�Q�SURYLGHV�WR�LWV�SRZHU�VXSSO\�LQIRUPDWLRQ�DERXW�FXUUHQW
IORZ�

&Q�&$�� 3DUWLDO�FLUFXLW�Q�SURYLGHV�WR�WKH�FLUFXLW�DQDO\]HU�LQIRUPDWLRQ�RQ�LWV�SK\VLFDO
FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�

&$�&Q�� 7KH�FLUFXLW�DQDO\]HU�SURYLGHV�WR�WKH�SDUWLDO�FLUFXLW�LQIRUPDWLRQ�RQ�FXUUHQW
IORZ�WKURXJK�WKH�SDUWLDO�FLUFXLW�

&$�&&�� 7KH�FLUFXLW�DQDO\]HU�SURYLGHV�WR�WKH�FLUFXLW�FRPSOHWHU�LQIRUPDWLRQ�RQ
FXUUHQW�IORZ�WKURXJK�WKH�FRQGXFWRUV�EHWZHHQ�SDUWLDO�FLUFXLWV�

&&�&$�� 7KH�FLUFXLW�FRPSOHWHU�SURYLGHV�WR�WKH�FLUFXLW�DQDO\]HU�LQIRUPDWLRQ�RQ
SK\VLFDO�FRQQHFWLRQV�IRU�WKH�FRQGXFWRUV�EHWZHHQ�SDUWLDO�FLUFXLWV�

/RDG

)LJXUH�'�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�/RDG�2EMHFW�

'��� &RQGXFWRU�2EMHFW

7KH�&RQGXFWRU�2EMHFW� �:�� LV�DQ�HOHPHQW� LQ�D�SDUWLDO� FLUFXLW� WKDW� UHSUHVHQWV�D�FRQGXFWRU� �ZLUH�
WKDW�FDQ�GUDZ�IURP���RU���YROWDJH���$WWULEXWHV�IRU�WKLV�REMHFW�DUH�GHILQHG�WR�SURYLGH�LQIRUPDWLRQ
DERXW�WKH�SK\VLFDO�FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�RI�D�FRQGXFWRU�LQ�D�SDUWLDO�FLUFXLW���7KH�VWDWH



���

WUDQVLWLRQ� GLDJUDP� IRU� WKH� FRQGXFWRU� REMHFW� LV� VKRZQ� LQ� )LJXUH� '���� � 7KH� HYHQWV� DQG� VWDWH
WUDQVLWLRQV��DWWULEXWHV��LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO
FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

&RQGXFW

)LJXUH�'�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RQGXFWRU�2EMHFW�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
7KLV�REMHFW�KDV�RQO\�RQH� VWDWH� �� �&RQGXFW��� �1R� VWDWH� WUDQVLWLRQV� RFFXU�� HYHQWV� H[WHUQDO� WR� WKLV
REMHFW�ZLOO�FDXVH�FKDQJHV�LQ�REMHFW�DWWULEXWHV�

$WWULEXWHV��9DOXHV�
&211(&7,9,7<��&RQGXFWLQJ��1RW�&RQGXFWLQJ�
9�'523�����2SHQ�

,QLWLDO�&RQGLWLRQV
7KH�DQDO\VW�PXVW�GHILQH�FRQGXFWRUV�DV�HOHPHQWV�RI�D�SDUWLDO�FLUFXLW�RI�LQWHUHVW���,QLWLDO�FRQGLWLRQV
DUH�DVVXPHG�WR�EH�QRUPDO�RSHUDWLRQ�

&211(&7,9,7< �&RQGXFWLQJ���9�'523 ���

6WDWH��&RQGXFW�
,PPHGLDWH�5HVSRQVH�0RGHO�
1RQH�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

'��� 6ZLWFK�2EMHFW

7KH� 6ZLWFK� 2EMHFW� �6�� LV� DQ� HOHPHQW� LQ� D� SDUWLDO� FLUFXLW� WKDW� FDQ� DFW� DV� DQ� RSHQ� FLUFXLW� RU
FRQGXFWRU� LQ� QRUPDO� RSHUDWLRQ�� � $WWULEXWHV� IRU� WKLV� REMHFW� DUH� GHILQHG� WR� SURYLGH� LQIRUPDWLRQ
DERXW� WKH�SK\VLFDO�FRQQHFWLRQV�DQG�HOHFWULF�SRWHQWLDO�RI� D� VZLWFK� LQ�D�SDUWLDO� FLUFXLW�� �7KH�VWDWH
WUDQVLWLRQ�GLDJUDP�IRU�WKH�VZLWFK�REMHFW�LV�VKRZQ�LQ�)LJXUH�'�����7KH�HYHQWV�DQG�VWDWH�WUDQVLWLRQV�
DWWULEXWHV��LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV
IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�



���

6ZLWFK�FORVHV

6ZLWFK�RSHQV

2SHQ &ORVH

)LJXUH�'�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�6ZLWFK�2EMHFW�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�6ZLWFK� FORVHV� LV� JHQHUDWHG� IURP� RXWVLGH� WKH� FLUFXLW� V\VWHP�� IRU� H[DPSOH�� E\� D� KXPDQ

RSHUDWRU��DQG�FDXVHV�WUDQVLWLRQ�IURP�6WDWH��2SHQ��WR�6WDWH��&ORVHG��
(YHQW�6ZLWFK� RSHQV� LV� JHQHUDWHG� IURP� RXWVLGH� WKH� FLUFXLW� V\VWHP�� IRU� H[DPSOH�� E\� D� KXPDQ

RSHUDWRU��DQG�FDXVHV�WUDQVLWLRQ�IURP�6WDWH��&ORVHG��WR�6WDWH��2SHQ��

$WWULEXWHV��9DOXHV�
&211(&7,9,7<��&RQGXFWLQJ��1RW�&RQGXFWLQJ�
9�'523�����2SHQ�

,QLWLDO�&RQGLWLRQV
$QDO\VW�PXVW�GHILQH� VZLWFKHV�DV� HOHPHQWV�RI�D�SDUWLDO� FLUFXLW�RI� LQWHUHVW�� � ,QLWLDO� FRQGLWLRQV� DUH
DVVXPHG�WR�EH�QRUPDO�RSHUDWLRQ�IRU�DQ�RSHQ�VZLWFK�

&211(&7,9,7< �1RW�&RQGXFWLQJ���9�'523 �2SHQ�

6WDWH��2SHQ�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�758(��WKHQ

6HW�6�&211(&7,9,7< �1RW�&RQGXFWLQJ��DQG�6HW�6�9�'523 �2SHQ�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH��&ORVHG�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�758(��WKHQ

6HW�6�&211(&7,9,7< �&RQGXFWLQJ��DQG�6HW�6�9�'523 ���

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�



���

'��� 3RZHU�6XSSO\�2EMHFW

7KH�3RZHU�6XSSO\�2EMHFW� � �3L�� LV� DQ� HOHPHQW� LQ� D� SDUWLDO� FLUFXLW� WKDW� UHSUHVHQWV� �� RU� �� GHVLJQ
YROWDJH�IRU�3DUWLDO�&LUFXLW�Q���)RU�WKLV�DQDO\VLV��WKH�SRZHU�VXSSO\�LV�DVVXPHG�WR�SURYLGH�³HQRXJK´
FXUUHQW� WR�SRZHU� WKH� ORDGV� �/�� LQ� LWV�SDUWLDO� FLUFXLW�� �$�FLUFXLW�PRGHO�PD\� LQFOXGH�RQH�RU�PRUH
SRZHU�VXSSOLHV�WKDW�SURYLGH�SRZHU�IRU�RQH�RU�PRUH�SDUWLDO�FLUFXLWV���$WWULEXWHV�IRU�WKLV�REMHFW�DUH
GHILQHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�SK\VLFDO�FRQQHFWLRQV�DQG�SRODULW\�RI�D�SRZHU�VXSSO\�LQ
D�SDUWLDO�FLUFXLW���7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�SRZHU�VXSSO\�REMHFW�LV�VKRZQ�LQ�)LJXUH�'���
7KH�HYHQWV�DQG� VWDWH� WUDQVLWLRQV�� DWWULEXWHV�� LQLWLDO� FRQGLWLRQV�� DQG� VHWV�RI� ³LI� ±� WKHQ�±� HOVH� LI� ±
HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ
WKH�IROORZLQJ�VHFWLRQV�

)XVH�EORZV

3URYLGHV
3RZHU

'RHV�1RW
3URYLGH�3RZHU

)LJXUH�'�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�3RZHU�6XSSO\�2EMHFW�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�)XVH� EORZV� LV� JHQHUDWHG� E\� WKH� 3DUWLDO� &LUFXLW� 2EMHFW� �&Q�� DQG� FDXVHV� WUDQVLWLRQ� IURP

6WDWH��3URYLGHV�3RZHU��WR�6WDWH��'RHV�1RW�3URYLGH�3RZHU�

$WWULEXWHV��9DOXHV�
&211(&7,9,7<��&RQGXFWLQJ��1RW�&RQGXFWLQJ�
32/$5,7<�������

,QLWLDO�&RQGLWLRQV
$QDO\VW�PXVW�GHILQH�D�SRZHU�VXSSO\�DQG�LW�UHVSHFWLYH�SRODULW\�DV�DQ�HOHPHQW�RI�D�SDUWLDO�FLUFXLW�RI
LQWHUHVW���,QLWLDO�FRQGLWLRQV�DUH�DVVXPHG�WR�EH�QRUPDO�RSHUDWLRQ�IRU�GHVLJQ�YROWDJH�

&211(&7,9,7< �&RQGXFWLQJ���32/$5,7< ����25
&211(&7,9,7< �&RQGXFWLQJ���32/$5,7< ���

6WDWH�3URYLGHV�3RZHU
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�758(��WKHQ

6HW�3L�&211(&7,9,7< �&RQGXFWLQJ�



���

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH�'RHV�1RW�3URYLGH�3RZHU
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�758(��WKHQ

6HW�3L�&211(&7,9,7< �1RW�&RQGXFWLQJ�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

'��� 3DUWLDO�&LUFXLW�2EMHFW

7KH�3DUWLDO�&LUFXLW�2EMHFW��&Q�� LV�D�VHULHV�FRQQHFWLRQ�RI�RQH�RU�PRUH�FLUFXLW�HOHPHQWV�DQG�WKHLU
SRVVLEOH�FRQQHFWLRQ�WR�D�SRZHU�VXSSO\���$WWULEXWHV�IRU�WKLV�REMHFW�DUH�GHWHUPLQHG�E\�LQSXW�IURP
WKH�DVVRFLDWHG�FLUFXLW�HOHPHQWV�DQG�DUH�GHILQHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�FRQGXFWLRQ�DQG
SRODULW\�RI�WKH�SDUWLDO�FLUFXLW���7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�SDUWLDO�FLUFXLW�REMHFW�LV�VKRZQ
LQ�)LJXUH�'���� �7KH� HYHQWV� DQG� VWDWH� WUDQVLWLRQV�� DWWULEXWHV�� LQLWLDO� FRQGLWLRQV�� DQG� VHWV� RI� ³LI� ±
WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH
DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

'HWHUPLQH�&
Q

(OHPHQWV�	
$WWULEXWHV

)LJXUH�'�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�3DUWLDO�&LUFXLW�2EMHFW�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
7KLV� REMHFW� KDV� RQO\� RQH� VWDWH� �� �'HWHUPLQH� &Q� (OHPHQWV�	� $WWULEXWHV��� � 1R� VWDWH� WUDQVLWLRQV
RFFXU��HYHQWV�H[WHUQDO�WR�WKLV�REMHFW�ZLOO�FDXVH�FKDQJHV�LQ�REMHFW�DWWULEXWHV�

$WWULEXWHV��9DOXHV�
32/$5,7<��������1RW�'HWHUPLQHG�
&21'8&7,21��2SHQ��'LUHFW��7KURXJK�/RDG��8QNQRZQ�

,QLWLDO�&RQGLWLRQV
,QLWLDO�FRQGLWLRQV�DUH�VHW�WR�DZDLW�LQIRUPDWLRQ�IURP�FLUFXLW�FRPSRQHQWV�

32/$5,7< �1RW�'HWHUPLQHG���&21'8&7,21 �8QNQRZQ�



���

6WDWH��'HWHUPLQH�&Q�(OHPHQWV�DQG�$WWULEXWHV�

,PPHGLDWH�5HVSRQVH�0RGHO�
,I�&$�&855(17Q �6KRUW�&LUFXLW��$1'�3L�&211(&7,9,7< �&RQGXFWLQJ���WKHQ

*HQHUDWH�(YHQW�)XVH�EORZV
(OVH�,I�&Q�32/$5,7< �1RW�'HWHUPLQHG��$1'�3L�32/$5,7< �����WKHQ

6HW�&Q�32/$5,7<� ���
(OVH�,I�&Q��32/$5,7< �1RW�'HWHUPLQHG��$1'�3L�32/$5,7< �����WKHQ

6HW�&Q�32/$5,7<� ���
(OVH�,I�/�&211(&7,9,7< �1RW�&RQGXFWLQJ��25�:�&211(&7,9,7< �1RW�&RQGXFWLQJ��25
6�&211(&7,9,7< �1RW�&RQGXFWLQJ��25�3L�&211(&7,9,7< �1RW�&RQGXFWLQJ���WKHQ

6HW�&Q�&21'8&7,21 �2SHQ�
(OVH�,I�/�9�'523 �2SHUDWLQJ���WKHQ

6HW�&Q�&21'8&7,21 �7KURXJK�/RDG�
(OVH�6HW�&Q�&21'8&7,21 �'LUHFW�

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

'��� &LUFXLW�&RPSOHWHU�2EMHFW

7KH�&LUFXLW�&RPSOHWHU�2EMHFW��&&��HVWDEOLVKHV�DOO�SRVVLEOH�FRQGLWLRQV�RI�FRQQHFWLYLW\�LQ�D�VHW�RI
SDUWLDO� FLUFXLWV�� � 7KH� QXPEHU� RI� SDUWLDO� FLUFXLWV� DQG� SDWKV� EHWZHHQ� WKHP� DUH� GHILQHG�ZKHQ� WKH
PRGHO� RI� WKH� FLUFXLW� RI� LQWHUHVW� LV� GHYHORSHG�� � )RU� WKLV� H[DPSOH�� WKH� FLUFXLW� RI� LQWHUHVW� LV
FRPSULVHG� RI� VL[� SDUWLDO� FLUFXLWV� ZLWK� WKUHH� SDWKV� ������ ����� ����� EHWZHHQ� HDFK� RI� WZR� SDUWLDO
FLUFXLWV�� �7KH�VWDWH� WUDQVLWLRQ�GLDJUDP� IRU� WKH� FLUFXLW� FRPSOHWHU�REMHFW� LV� VKRZQ� LQ�)LJXUH�'���
7KH�HYHQWV�DQG� VWDWH� WUDQVLWLRQV�� DWWULEXWHV�� LQLWLDO� FRQGLWLRQV�� DQG� VHWV�RI� ³LI� ±� WKHQ�±� HOVH� LI� ±
HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ
WKH�IROORZLQJ�VHFWLRQV�

&RPSOHWH
&LUFXLW

)LJXUH�'�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&LUFXLW�&RPSOHWHU�2EMHFW�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
7KLV�REMHFW�KDV�RQO\�RQH�VWDWH���&RPSOHWH�&LUFXLW����1R�VWDWH�WUDQVLWLRQV�RFFXU��RQFH�WKLV�REMHFW�LV
LQLWLDOL]H��LW�ZLOO�SURJUHVV�WR�JHQHUDWH�DOO�SRVVLEOH�FRQGLWLRQV�RI�FRPSOHWLRQ�IRU�WKH�SDWKV�EHWZHHQ
VSHFLILHG�SDUWLDO�FLUFXLWV�



���

$WWULEXWHV��9DOXHV�
3$7+������&ORVHG��2SHQ��6KRUW�WR����6KRUW�WR����6KRUW�WR�(DFK�2WKHU�
3$7+������&ORVHG��2SHQ��6KRUW�WR����6KRUW�WR����6KRUW�WR�(DFK�2WKHU�
3$7+������&ORVHG��2SHQ��6KRUW�WR����6KRUW�WR����6KRUW�WR�(DFK�2WKHU�

,QLWLDO�&RQGLWLRQV
,QLWLDO�FRQGLWLRQV�IRU�HDFK�SDWK�DUH�DVVXPHG�WR�EH�QRUPDO�RSHUDWLRQ�

3$7+���� �&ORVHG�
3$7+���� �&ORVHG�
3$7+���� �&ORVHG�

6WDWH��&RPSOHWH�&LUFXLW�
,PPHGLDWH�5HVSRQVH�0RGHO�
1RQH��ZH¶UH�QRW�FKDQJLQJ�DQ\WKLQJ�DV�RWKHU�RXWVLGH�HYHQWV�KDSSHQ�

'HOD\HG�5HVSRQVH�0RGHO�
$OZD\V�GR�WKLV�

3 ������'HOD\�����WKHQ�6HW�&&�3DWK���� �2SHQ��$1'�*HQHUDWH�(YHQW�5HVHW�1HZ
&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �6KRUW�WR����$1'�*HQHUDWH�(YHQW�5HVHW�1HZ
&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �6KRUW�WR����$1'�*HQHUDWH�(YHQW�5HVHW�1HZ
&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �2SHQ��$1'�*HQHUDWH�(YHQW�5HVHW�1HZ
&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �6KRUW�WR����$1'�*HQHUDWH�(YHQW�5HVHW�1HZ
&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �6KRUW�WR����$1'�*HQHUDWH�(YHQW�5HVHW�1HZ
&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �2SHQ��$1'�*HQHUDWH�(YHQW�5HVHW�1HZ
&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �6KRUW�WR����$1'�*HQHUDWH�(YHQW�5HVHW�1HZ
&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �6KRUW�WR����$1'�*HQHUDWH�(YHQW�5HVHW�1HZ
&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �6KRUW�WR�(DFK�2WKHU��$1'�6HW�&&�3DWK��� 
�6KRUW�WR�(DFK�2WKHU��$1'�*HQHUDWH�(YHQW�5HVHW�1HZ�&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �6KRUW�WR�(DFK�2WKHU��$1'�VHW�&&�3DWK��� 
�6KRUW�WR�(DFK�2WKHU��$1'�*HQHUDWH�(YHQW�5H6HW�1HZ�&RQGLWLRQV
3 �������'HOD\�����WKHQ�VHW�&&�3DWK���� �6KRUW�WR�(DFK�2WKHU��$1'�6HW�&&�3DWK��� 
�6KRUW�WR�(DFK�2WKHU��$1'�*HQHUDWH�(YHQW�5HVHW�1HZ�&RQGLWLRQV
3 �������'HOD\�����WKHQ�6HW�&&�3DWK���� �6KRUW�WR�(DFK�2WKHU��$1'�VHW�&&�3DWK��� 
�6KRUW�WR�(DFK�2WKHU��$1'�6HW�&&�3DWK���� �6KRUW�WR�(DFK�2WKHU��$1'�*HQHUDWH
(YHQW�5HVHW�1HZ�&RQGLWLRQV



���

'��� &LUFXLW�$QDO\]HU�2EMHFW

7KH� &LUFXLW� $QDO\]HU� 2EMHFW� �&$�� LQIHUV� FRQGLWLRQV� RI� FXUUHQW� IORZ� LQ� D� FLUFXLW� EDVHG� RQ
FRQGLWLRQV� LQ� WKH� SDUWLDO� FLUFXLWV� DQG� WKH� FRUUHVSRQGLQJ� FLUFXLW� FRPSOHWHU�� � 7KH� FRQGLWLRQV� RI
FXUUHQW�IORZ�DUH�GHWHUPLQHG�IRU�HDFK�SDUWLDO�FLUFXLW�LQ�WKH�FLUFXLW�RI�LQWHUHVW��)RU�WKLV�H[DPSOH��WKH
FLUFXLW�RI�LQWHUHVW�LV�FRPSULVHG�RI�VL[�SDUWLDO�FLUFXLWV�ZLWK�WKUHH�SDWKV�����������������EHWZHHQ�HDFK
RI� WZR�SDUWLDO�FLUFXLWV�� �7KH�VWDWH� WUDQVLWLRQ�GLDJUDP�IRU� WKH�FLUFXLW� DQDO\]HU�REMHFW� LV� VKRZQ� LQ
)LJXUH�'������7KH�HYHQWV�DQG�VWDWH�WUDQVLWLRQV��DWWULEXWHV��LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ
±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH
SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

$QDO\]H

5HVHW�QHZ�FRQGLWLRQV

,QLWLDOL]H $VVHVV

)LJXUH�'������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&LUFXLW�$QDO\]HU�2EMHFW�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�$QDO\]H�LV�JHQHUDWHG�E\�WKH�&LUFXLW�$QDO\]HU�2EMHFW��&$��DQG�FDXVHV�WUDQVLWLRQ�IURP

6WDWH��,QLWLDOL]H��WR�6WDWH��$VVHVV��
(YHQW�5HVHW�1HZ�&RQGLWLRQV�LV�JHQHUDWHG�E\�WKH�&LUFXLW�&RPSOHWHU�2EMHFW��&&��DQG�FDXVHV

WUDQVLWLRQ�IURP�6WDWH��$VVHVV��WR�6WDWH��,QLWDOL]H��

$WWULEXWHV��9DOXHV�
&855(17Q��1RUPDO��1RQH��6KRUW�&LUFXLW��8QNQRZQ�
0$;,080�&855(17�327(17,$/��2SHQ��'LUHFW��7KURXJK�/RDG��8QNQRZQ�
0$;,080�&855(17�327(17,$/��2SHQ��'LUHFW��7KURXJK�/RDG��8QNQRZQ�

,QLWLDO�&RQGLWLRQV
,QLWLDO�FRQGLWLRQV�DUH�DVVXPHG�WR�EH�QRUPDO�FLUFXLW�RSHUDWLRQ�

&855(17� �8QNQRZQ���&855(17� �8QNQRZQ���&855(17� �8QNQRZQ��
&855(17� �8QNQRZQ���&855(17� �8QNQRZQ���&855(17� �8QNQRZQ��
0$;,080�&855(17�327(17,$/ �8QNQRZQ��
0$;,080�&855(17�327(17,$/ �8QNQRZQ��



���

6WDWH��,QLWLDOL]H�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�758(��WKHQ

6HW�&855(17� �8QNQRZQ��$1'�6HW�&855(17� �8QNQRZQ��$1'�6HW
&855(17� �8QNQRZQ��$1'�6HW�&855(17� �8QNQRZQ��$1'�6HW
&855(17� �8QNQRZQ��$1'�6HW�&855(17� �8QNQRZQ��$1'�6HW�0$;,080�
&855(17�327(17,$/ �8QNQRZQ��$1'�6HW�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'�*HQHUDWH�(YHQW�$QDO\]H

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH��$VVHVV�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I��&&�3$7+��� �2SHQ��$1'�&855(17� �8QNQRZQ���WKHQ

6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�
(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&��3RODULW\ ����$1'�&��3RODULW\ ����$1'

&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&��3RODULW\ ����$1'�&��3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'��&��&RQGXFWLRQ �2SHQ��25�&��&RQGXFWLRQ �2SHQ���$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&��&RQGXFWLRQ �7KURXJK�/RDG��$1'
&��&RQGXFWLRQ �7KURXJK�/RDG��$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RUPDO��$1'�6HW�&855(17� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �'LUHFW��$1'�&��3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �'LUHFW��$1'�&��3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG��$1'�&��3RODULW\ ���
$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG��$1'�&��3RODULW\ ���
$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH�



���

(OVH�,I�&&�3DWK��� �6KRUW�WR����$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �'LUHFW��$1'�&��3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �'LUHFW��$1'�&��3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG��$1'�&��3RODULW\ ���
$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG��$1'�&��3RODULW\ ���
$1'�6HW�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK �6KRUW�WR����$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I��&&�3$7+��� �2SHQ��$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&��3RODULW\ ����$1'�&��3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH��$1'�6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&���3RODULW\ ����$1'�&��3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH��$1'�6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&���&RQGXFWLRQ �2SHQ��25�&���&RQGXFWLRQ 2SHQ�$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH��$1'�6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&��&RQGXFWLRQ �7KURXJK�/RDG��$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH��$1'�6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO��$1'�6HW�&855(17�� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �'LUHFW��$1'�&���3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �'LUHFW��$1'�&���3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&���3RODULW\ ����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO�



���

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&���3RODULW\ ����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �'LUHFW��$1'�&���3RODULW\ ����$1'
&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �'LUHFW��$1'�&���3RODULW\ ����$1'
&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&���3RODULW\ ����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&���3RODULW\ ����$1'�6HW�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH�

(OVH�,I��&&�3$7+��� �2SHQ��$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&��3RODULW\ ����$1'�&��3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH��$1'�6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&���3RODULW\ ����$1'�&���3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH��$1'�6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&���&855(17�� �2SHQ��25�&���&RQGXFWLRQ 2SHQ�$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH��$1'�6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&��&RQGXFWLRQ �7KURXJK�/RDG��$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH��$1'�6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �&ORVHG��$1'�&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO��$1'�6HW�&855(17�� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �'LUHFW��$1'�&���3RODULW\ ����$1'
&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �6KRUW�&LUFXLW�



���

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �'LUHFW��$1'�&���3RODULW\ ����$1'
&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&���3RODULW\ ����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&���3RODULW\ ����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �'LUHFW��$1'�&���3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&��&RQGXFWLRQ �'LUHFW��$1'�&���3RODULW\ ����$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17�� �6KRUW�&LUFXLW�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&���3RODULW\ ����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&���&RQGXFWLRQ �7KURXJK�/RDG��$1'
&���3RODULW\ ����$1'�6HW�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RUPDO�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH�

(OVH�,I�&&�3$7+��� �6KRUW�WR����$1'�&855(17�� �8QNQRZQ���WKHQ
6HW�&855(17�� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW���25
�&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �'LUHFW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW���25
�&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �'LUHFW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW���25
�&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �'LUHFW�



���

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK
/RDG���25��&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �7KURXJK�/RDG�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK
/RDG���25��&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �7KURXJK�/RDG�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK
/RDG���25��&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �7KURXJK�/RDG�

(OVH�,I��&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��25�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��25
&&�3DWK��� �6KRUW�WR�(DFK�2WKHU���$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��WKHQ
6HW�0$;,080�&855(17�327(17,$/ �2SHQ�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW���25
�&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �'LUHFW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW���25
�&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �'LUHFW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW���25
�&��3RODULW\ ����$1'�&��&RQGXFWLRQ �'LUHFW����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �'LUHFW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG��
25��&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �7KURXJK�/RDG�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG��
25��&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �7KURXJK�/RDG�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��$1'���&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG��
25��&��3RODULW\ ����$1'�&��&RQGXFWLRQ �7KURXJK�/RDG����WKHQ
6HW�0$;,080�&855(17�327(17,$/ �7KURXJK�/RDG�



���

(OVH�,I��&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��25�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��25
&&�3DWK��� �6KRUW�WR�(DFK�2WKHU���$1'�0$;,080�&855(17
327(17,$/ �8QNQRZQ��WKHQ
6HW�0$;,080�&855(17�327(17,$/ �2SHQ�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'��0$;,080�&855(17
327(17,$/ �2SHQ��25�0$;,080�&855(17�327(17,$/ �2SHQ���$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'��0$;,080�&855(17
327(17,$/ �2SHQ��25�0$;,080�&855(17�327(17,$/ �2SHQ���$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'��0$;,080�&855(17
327(17,$/ �2SHQ��25�0$;,080�&855(17�327(17,$/ �2SHQ���$1'
&855(17� �8QNQRZQ���WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
&��&21'8&7,21 �2SHQ���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
&��&21'8&7,21 �2SHQ���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
&��&21'8&7,21 �2SHQ���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
&��&21'8&7,21 �2SHQ���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
&��&21'8&7,21 �2SHQ���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
&��&21'8&7,21 �2SHQ���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW��$1'�&��&RQGXFWLRQ �'LUHFW��WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW��$1'�&��&RQGXFWLRQ �'LUHFW��WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�
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(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW��$1'�&��&RQGXFWLRQ �'LUHFW��WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW��$1'�&��&RQGXFWLRQ �'LUHFW��WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW��$1'�&��&RQGXFWLRQ �'LUHFW��WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW��$1'�&��&RQGXFWLRQ �'LUHFW��WKHQ
6HW�&855(17� �6KRUW�&LUFXLW�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �'LUHFW��$1'�0$;,080�&855(17
327(17,$/ �'LUHFW���WKHQ
6HW�&855(17� �1RQH�

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �7KURXJK�/RDG��$1'�0$;,080�&855(17
327(17,$/ �7KURXJK�/RDG��$1'�&��&RQGXFWLRQ �2SHQ��WKHQ
6HW�&855(17� �1RQH��$1'�6HW�&855(17� �1RQH�



���

(OVH�,I�&&�3DWK��� �6KRUW�WR�(DFK�2WKHU��$1'�&855(17� �8QNQRZQ��$1'
0$;,080�&855(17�327(17,$/ �7KURXJK�/RDG��$1'�0$;,080�&855(17
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)XHO�LV�SDVVHG�EDFN�

²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²²



���

(��� 7KH�9LWDO�+RXVHKROG�)XQFWLRQV�2EMHFWV

7KH� ILUVW� IRXU� REMHFWV� WR� EH� GLVFXVVHG� DUH� WKH� IRXU� YLWDO� KRXVHKROG� IXQFWLRQV� WKDW� DUH� WR� EH
PDLQWDLQHG� GXULQJ� LQIUDVWUXFWXUH� GLVUXSWLRQV�� WKH� /LJKW� 2EMHFW�� WKH� +HDW� 2EMHFW�� WKH� &RRNLQJ
2EMHFW��DQG�WKH�:DWHU�2EMHFW���7KHVH�REMHFWV�DUH�VLPLODU�WR�RQH�DQRWKHU�LQ�WKDW�HDFK�IXQFWLRQV�WR
WUDFN�WKH�YDULRXV�VRXUFHV�WKDW�FDQ�SURYLGH�LWV�YLWDO�IXQFWLRQ�DQG�XOWLPDWHO\�GHWHUPLQHV�ZKHWKHU�RU
QRW�WKDW�IXQFWLRQ�LV�EHLQJ�PHW���7KH�FRPSOHWH�2%(67�PRGHOV�IRU�WKHVH�IRXU�REMHFWV�DUH�IRXQG�LQ
)LJXUH�(����)LJXUH�(����)LJXUH�(����DQG�)LJXUH�(���� UHVSHFWLYHO\�� �7KH�VWDWH� WUDQVLWLRQ�GLDJUDP
ZLWKLQ� HDFK� RI� WKHVH� ILJXUHV� SURYLGHV� WKH� REMHFW¶V� VWDWHV� DQG� HYHQWV��ZKLOH� WKH� WH[W�ZLWKLQ� WKH
ILJXUH� SURYLGHV� WKH� REMHFW¶V� DWWULEXWHV� DQG� ³LI� ±� WKHQ� ±� HOVH� LI� ±� HOVH´� VFULSWV� DQG� ORJLFDO
FRQGLWLRQV�IRU�HDFK�PRGHO�DQG�VWDWH���(DFK�REMHFW¶V�LQLWLDO�FRQGLWLRQV�IROORZ�LWV�ILJXUH�

)LJXUH�(�����6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�/LJKW�2EMHFW�

/LJKW�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6RXUFH��(OHFWULF��/DQWHUQ��)ODVKOLJKW��&DQGOHV��1RQH�

5(63216(�02'(/6�
6WDWH�/LJKWV
'50� 1RQH

,50�
,I�(OHFWULFLW\�3RZHU� �3RZHU�	�6RXUFH�� �(OHFWULF�7KHQ

6HW�6RXUFH� �(OHFWULF
(OVH�,I�&DPS�)XHO�6XSSO\�� �1RQH�	�0DWFKHV��6XSSO\�� 

1RQH�	�6RXUFH�� �/DQWHUQ�7KHQ�6HW�6RXUFH� �/DQWHUQ
(OVH�,I�%DWWHULHV�6XSSO\�� �1RQH�	�6RXUFH�� �)ODVKOLJKW

7KHQ�6HW�6RXUFH� �)ODVKOLJKW
(OVH�,I�&DQGOHV�6XSSO\�� �1RQH�	�0DWFKHV�6XSSO\�� �1RQH

	�6RXUFH�� �&DQGOHV�7KHQ�6HW�6RXUFH� �&DQGOHV
(OVH�,I�6RXUFH�� �1RQH�7KHQ

6HW�6RXUFH� �1RQH��(YHQW�/LJKWV�2XW
(OVH

'R�1RWKLQJ

6WDWH�'DUN
,50�	�'50��1RQH

/LJKWV 'DUN

/LJKWV�2XW



���

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� /LJKW� 2EMHFW� DUH� 6WDWH��/LJKWV�� DQG� DWWULEXWH� YDOXH
6RXUFH �(OHFWULF��

)LJXUH�(�����6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�+HDW�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� +HDW� 2EMHFW� DUH� 6WDWH��:DUP�� DQG� DWWULEXWH� YDOXH
6RXUFH �)XUQDFH��

+HDW�2EMHFW

:DUP 1R�+HDW

+HDW�2XW

2%-(&7�$775,%87(6��9$/8(6��
6RXUFH��)XUQDFH��.HURVHQH��)LUHSODFH��1RQH�

5(63216(�02'(/6�
6WDWH�:DUP
'50� 1RQH

,50�
,I�(OHFWULFLW\�3RZHU� �3RZHU�	�&RP��*DV�6XSSO\�� �1RQH�	

6RXUFH�� �)XUQDFH�7KHQ�6HW�6RXUFH� �)XUQDFH
(OVH�,I�.HURVHQH�6XSSO\�� �1RQH�	�0DWFKHV��6XSSO\�� �1RQH

	�6RXUFH�� �.HURVHQH�7KHQ�6HW�6RXUFH� �.HURVHQH
(OVH�,I�)LUHZRRG�6XSSO\�� �1RQH�	�0DWFKHV��6XSSO\�� �1RQH

	�6RXUFH�� �)LUHSODFH�7KHQ�6HW�6RXUFH� �)LUHSODFH
(OVH�,I�6RXUFH�� �1RQH�7KHQ

6HW�6RXUFH� �1RQH��(YHQW�+HDW�2XW
(OVH

'R�1RWKLQJ

6WDWH�1R�+HDW
,50�	�'50��1RQH



���

)LJXUH�(�����6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�&RRNLQJ�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� &RRNLQJ� 2EMHFW� DUH� 6WDWH��&RRNLQJ�� DQG� DWWULEXWH� YDOXH
6RXUFH �6WRYH��

&RRNLQJ�2EMHFW

&RRNLQJ 1R�&RRNLQJ

&RRNLQJ�2XW

2%-(&7�$775,%87(6��9$/8(6��
6RXUFH��6WRYH��&DPSLQJ��1RQH�

5(63216(�02'(/6�
6WDWH�&RRNLQJ
'50� 1RQH

,50�
,I�(OHFWULFLW\�3RZHU� �3RZHU�	�&RP��*DV�6XSSO\�� 

1RQH�	�6RXUFH�� �6WRYH�7KHQ�6HW�6RXUFH� �6WRYH
(OVH�,I�&DPS�)XHO�6XSSO\�� �1RQH�	�0DWFKHV��6XSSO\

� �1RQH�	�6RXUFH�� �&DPSLQJ�7KHQ
�6HW�6RXUFH� �&DPSLQJ

(OVH�,I�6RXUFH�� �1RQH�7KHQ
6HW�6RXUFH� �1RQH��(YHQW�&RRNLQJ�2XW

(OVH
'R�1RWKLQJ

6WDWH�1R�&RRNLQJ
,50�	�'50��1RQH



���

)LJXUH�(�����6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�:DWHU�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� :DWHU� 2EMHFW� DUH� 6WDWH��&RQVXPLQJ�� DQG� DWWULEXWH� YDOXH
6RXUFH �:HOO��

:DWHU�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6RXUFH��:HOO��%RWWOHG��%RLOHG��1RQH�

5(63216(�02'(/6�
6WDWH�&RQVXPLQJ
'50� 1RQH

,50�
,I�(OHFWULFLW\�3RZHU� �3RZHU�	�6RXUFH�� �:HOO

7KHQ�6HW�6RXUFH� �:HOO
(OVH�,I�%RWWOHV�6XSSO\�� �1RQH�	�6RXUFH�� �%RWWOHG

7KHQ�6HW�6RXUFH� �%RWWOHG
(OVH�,I�&RRNLQJ�6RXUFH�� �1RQH�	�6RXUFH�� �%RLOHG

7KHQ�6HW�6RXUFH� �%RLOHG
(OVH�,I�6RXUFH�� �1RQH�7KHQ

6HW�6RXUFH� �1RQH��(YHQW�:DWHU�2XW
(OVH

'R�1RWKLQJ

6WDWH�1R�:DWHU
,50�	�'50��1RQH

&RQVXPLQJ 1R�:DWHU

:DWHU�2XW



���

(��� 7KH�&RQVXPDEOH�6XSSOLHV�2EMHFWV

7KH� IROORZLQJ� HLJKW� REMHFWV� LQ� WKH� LQIUDVWUXFWXUH� GLVUXSWLRQ� SUHSDUDWLRQ� PRGHO� UHSUHVHQW
FRQVXPDEOH� VXSSOLHV� WKDW�ZRXOG� EH� XVHG� LQ� WKH� HYHQW� RI� D�PDMRU� LQIUDVWUXFWXUH� RXWDJH�� � 7KHVH
REMHFWV� DUH� DOO� H[WUHPHO\� VLPLODU� LQ� WKHLU� VWUXFWXUH� LQ� EHKDYLRU�� � (DFK� KDV� RQH� DWWULEXWH� QDPHG
6XSSO\� WKDW� LQGLFDWHV� ZKHWKHU� WKH� UHVHUYH� VXSSO\� RI� WKLV� FRPPRGLW\� UHPDLQV� DYDLODEOH� RU� KDV
EHHQ� H[KDXVWHG�� � 7KHVH� WZR� GLVFUHWH� YDOXHV� IRU� WKH� DWWULEXWH� FRUUHVSRQG� WR� WKH� WZR� VWDWHV� WKDW
PDNH� XS� HDFK� RI� WKHVH� REMHFW� PRGHOV� ±� DJDLQ�� RQH� WR� LQGLFDWH� WKDW� WKLV� FRPPRGLW\� UHPDLQV
DYDLODEOH� DQG� RQH� WR� LQGLFDWH� WKDW� LW� LV� XQDYDLODEOH�� � (DFK� REMHFW
V� ,50� LV� XVHG� WR� HQVXUH� WKH
SURSHU� VHWWLQJ�RI� WKH�6XSSO\�DWWULEXWH�DQG� WR�PDQLSXODWH� WKH�REMHFW
V� LQWHUQDO�FORFN�� �7KH� FORFN
UHSUHVHQWV�D�VRUW�RI��FRXQWGRZQ��XQWLO�WKLV�REMHFW
V�UHVRXUFHV�ZLOO�EH�H[KDXVWHG���7KH�GHOD\�WKDW�LV
EXLOW� LQWR�HDFK�REMHFW
V�'50�LQGLFDWHV� WKH�QXPEHU�RI�GD\V� WKH� DQDO\VW�H[SHFWV� WKLV� UHVRXUFH� WR
ODVW�ZKHQ�XVHG� LQ�D�SDUWLFXODU� IDVKLRQ�� �7KH�REMHFW
V� FORFN� LV�VWDUWHG�ZKHQ� WKH�DSSURSULDWH�YLWDO
IXQFWLRQV�REMHFW�LQGLFDWHV�WKDW�WKLV�REMHFW
V�VXSSOLHV�DUH�EHLQJ�XVHG�DV�D�VRXUFH�WR�IXOILOO�WKDW�YLWDO
IXQFWLRQ
V�QHHGV�� �:KHQ� WKH�GHOD\� WLPH� LV� H[KDXVWHG�� WKLV�REMHFW
V� UHVRXUFHV� DUH� DVVXPHG� WR�EH
IXOO\� GHSOHWHG�� VR� WKH�'50�JHQHUDWHV� DQ� HYHQW� WKDW�ZLOO� FDXVH� WKH� REMHFW� WR� WUDQVLWLRQ� LQWR� LWV
GHSOHWHG� RU� XQDYDLODEOH� VWDWH�� � 7KH� '50� PD\� LQFOXGH� PXOWLSOH� GHOD\� WLPHV� WR� LQGLFDWH� WKDW
GLIIHUHQW�XVDJH�UDWHV�RFFXU�ZKHQ�WKH�UHVRXUFH�LV�XVHG�LQ�GLIIHUHQW�ZD\V�

7KH� FRPSOHWH� REMHFW� PRGHO� IRU� HDFK� RI� WKHVH� HLJKW� REMHFWV� LV� SUHVHQWHG� LQ� D� ILJXUH� RQ� WKH
IROORZLQJ�SDJHV���7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�ZLWKLQ�HDFK�RI�WKHVH�ILJXUHV�SURYLGHV�WKH�REMHFW¶V
VWDWHV�DQG�HYHQWV��ZKLOH�WKH�WH[W�ZLWKLQ�WKH�ILJXUH�SURYLGHV�WKH�REMHFW¶V�DWWULEXWHV�DQG�³LI�±�WKHQ�±
HOVH� LI� ±� HOVH´� VFULSWV� DQG� ORJLFDO� FRQGLWLRQV� IRU� HDFK� PRGHO� DQG� VWDWH�� � (DFK� REMHFW¶V� LQLWLDO
FRQGLWLRQV�IROORZ�LWV�ILJXUH�

7KH�REMHFW�PRGHOV�DQG�ILJXUHV�DUH�DV�IROORZV�

�� 7KH�&DPS�)XHO�2EMHFW�±�)LJXUH�(���

�� 7KH�%RWWOHV�2EMHFW�±�)LJXUH�(���

�� 7KH�%DWWHULHV�2EMHFW�±�)LJXUH�(���

�� 7KH�&DQGOHV�2EMHFW�±�)LJXUH�(���

�� 7KH�.HURVHQH�2EMHFW�±�)LJXUH�(���

�� 7KH�)LUHZRRG�2EMHFW�±�)LJXUH�(���

�� 7KH�0DWFKHV�2EMHFW�±�)LJXUH�(�����DQG

�� 7KH�*HQHUDWRU�2EMHFW�±�)LJXUH�(���



���

)LJXUH�(������6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�&DPS�)XHO�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� &DPS� )XHO� 2EMHFW� DUH� 6WDWH��)XHO�� DQG� DWWULEXWH� YDOXH
6XSSO\ �)XHO��

&DPS�)XHO�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6XSSO\��)XHO��1RQH�

5(63216(�02'(/6�
6WDWH�)XHO
,50�

,I�6XSSO\� �1RQH�7KHQ�6HW�6XSSO\� �)XHO
(OVH�,I�&RRNLQJ�6RXUFH� �&DPSLQJ�25�/LJKW�6RXUFH� 

/DQWHUQ�7KHQ�6WDUW�0\�&ORFN
(OVH

6WRS�0\�&ORFN
'50�

,I�:DWHU�6RXUFH� �%RLOHG���'HOD\���GD\V��7KHQ�6HW
6XSSO\� �1RQH��(YHQW�&DPS�)XHO�2XW

(OVH�,I�&RRNLQJ�6RXUFH� �&DPSLQJ���'HOD\���GD\V��7KHQ
6HW�6XSSO\� �1RQH��(YHQW�&DPS�)XHO�2XW

(OVH�'HOD\����GD\V��7KHQ�6HW�6XSSO\� �1RQH��(YHQW
&DPS�)XHO�2XW

6WDWH�(PSW\
,50�

,I�6XSSO\�� �1RQH�7KHQ�6HW�6XSSO\� �1RQH
(OVH�6WRS�	�5HVHW�0\�&ORFN

'50�� 1RQH

)XHO (PSW\

&DPS�)XHO�2XW

5HILOO�)XHO



���

)LJXUH�(������6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�%RWWOHV�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� %RWWOHV� 2EMHFW� DUH� 6WDWH��:DWHU�� DQG� DWWULEXWH� YDOXH
6XSSO\ �:DWHU��

%RWWOHV�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6XSSO\��:DWHU��1RQH�

5(63216(�02'(/6�
6WDWH�:DWHU
,50�

,I�6XSSO\�� �:DWHU�7KHQ�6HW�6XSSO\� �:DWHU
(OVH�,I�:DWHU�6RXUFH� �%RWWOHG�7KHQ

6WDUW�0\�&ORFN
(OVH

6WRS�0\�&ORFN
'50�

�DOZD\V��'HOD\���GD\V��7KHQ
6HW�6XSSO\� �1RQH��(YHQW�%RWWOHV�2XW

6WDWH�(PSW\
,50�

,I�6XSSO\�� �1RQH�7KHQ�6HW�6XSSO\� �1RQH
(OVH�6WRS�	�5HVHW�0\�&ORFN

'50�� 1RQH

:DWHU (PSW\

%RWWOHV�2XW

5HILOO�%RWWOHV



���

)LJXUH�(������6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�%DWWHULHV�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� %DWWHULHV� 2EMHFW� DUH� 6WDWH��3RZHU�� DQG� DWWULEXWH� YDOXH
6XSSO\ �%DWWHULHV��

%DWWHULHV�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6XSSO\��%DWWHULHV��1RQH�

5(63216(�02'(/6�
6WDWH�3RZHU
,50�

,I�6XSSO\�� �%DWWHULHV�7KHQ�6HW�6XSSO\� �%DWWHULHV
(OVH�,I�/LJKW�6RXUFH� �)ODVKOLJKW�7KHQ

6WDUW�0\�&ORFN
(OVH

6WRS�0\�&ORFN
'50�

�DOZD\V��'HOD\���GD\V��7KHQ
6HW�6XSSO\� �1RQH��(YHQW�%DWWHULHV�2XW

6WDWH�'HDG
,50�

,I�6XSSO\�� �1RQH�7KHQ�6HW�6XSSO\� �1RQH
(OVH�6WRS�	�5HVHW�0\�&ORFN

'50�� 1RQH

3RZHU 'HDG

%DWWHULHV�2XW

1HZ�EDWWHULHV



���

)LJXUH�(������6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�&DQGOHV�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� &DQGOHV� 2EMHFW� DUH� 6WDWH��&DQGOHV�� DQG� DWWULEXWH� YDOXH
6XSSO\ �&DQGOHV��

&DQGOHV�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6XSSO\��&DQGOHV��1RQH�

5(63216(�02'(/6�
6WDWH�&DQGOHV
,50�

,I�6XSSO\�� �&DQGOHV�7KHQ�6HW�6XSSO\� &DQGOHV
(OVH�,I�/LJKW�6RXUFH� �&DQGOHV�7KHQ

6WDUW�0\�&ORFN
(OVH

6WRS�0\�&ORFN
'50�

�DOZD\V��'HOD\���GD\V��7KHQ
6HW�6XSSO\� �1RQH��(YHQW�&DQGOHV�2XW

6WDWH�*RQH
,50�

,I�6XSSO\�� �1RQH�7KHQ�6HW�6XSSO\� �1RQH
(OVH�6WRS�	�5HVHW�0\�&ORFN

'50�� 1RQH

&DQGOHV *RQH

&DQGOHV�2XW

1HZ�&DQGOHV



���

)LJXUH�(������6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�.HURVHQH�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� .HURVHQH� 2EMHFW� DUH� 6WDWH��.HURVHQH�� DQG� DWWULEXWH� YDOXH
6XSSO\ �.HURVHQH��

.HURVHQH�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6XSSO\��.HURVHQH��1RQH�

5(63216(�02'(/6�
6WDWH�.HURVHQH
,50�

,I�6XSSO\�� �.HURVHQH�7KHQ�6HW�6XSSO\� �.HURVHQH
(OVH�,I�+HDW�6RXUFH� �.HURVHQH�7KHQ

6WDUW�0\�&ORFN
(OVH

6WRS�0\�&ORFN
'50�

�DOZD\V��'HOD\���GD\V��7KHQ
6HW�6XSSO\� �1RQH��(YHQW�.HURVHQH�2XW

6WDWH�(PSW\
,50�

,I�6XSSO\�� �1RQH�7KHQ�6HW�6XSSO\� �1RQH
(OVH�6WRS�	�5HVHW�0\�&ORFN

'50�� 1RQH

.HURVHQH (PSW\

.HURVHQH�2XW

5HILOO�.HURVHQH



���

)LJXUH�(������6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�)LUHZRRG�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� )LUHZRRG� 2EMHFW� DUH� 6WDWH��)LUHZRRG�� DQG� DWWULEXWH� YDOXH
6XSSO\ �)LUHZRRG��

)LUHZRRG�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6XSSO\��)LUHZRRG��1RQH�

5(63216(�02'(/6�
6WDWH�)LUHZRRG
,50�

,I�6XSSO\�� �)LUHZRRG�7KHQ�6HW�6XSSO\� �)LUHZRRG
(OVH�,I�+HDW�6RXUFH� �)LUHSODFH�7KHQ

6WDUW�0\�&ORFN
(OVH

6WRS�0\�&ORFN
'50�

�DOZD\V��'HOD\����GD\V��7KHQ
6HW�6XSSO\� �1RQH��(YHQW�)LUHZRRG�2XW

6WDWH�*RQH
,50�

,I�6XSSO\�� �1RQH�7KHQ�6HW�6XSSO\� �1RQH
(OVH�6WRS�	�5HVHW�0\�&ORFN

'50�� 1RQH

)LUHZRRG *RQH

)LUHZRRG�2XW

1HZ�)LUHZRRG



���

)LJXUH�(������6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�0DWFKHV�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� 0DWFKHV� 2EMHFW� DUH� 6WDWH��0DWFKHV�� DQG� DWWULEXWH� YDOXH
6XSSO\ �0DWFKHV��

0DWFKHV�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6XSSO\��0DWFKHV��1RQH�

5(63216(�02'(/6�
6WDWH�0DWFKHV
,50�

,I�6XSSO\�� �0DWFKHV�7KHQ�6HW�6XSSO\� �0DWFKHV
(OVH�,I�/LJKW�6RXUFH� �/DQWHUQ�2U�/LJKW�6RXUFH� 

&DQGOHV�2U�+HDW�6RXUFH� �.HURVHQH�2U
+HDW�6RXUFH� �)LUHZRRG�2U�&RRNLQJ�6RXUFH� 
&DPSLQJ�7KHQ�6WDUW�0\�&ORFN

(OVH
6WRS�0\�&ORFN

'50�
�DOZD\V��'HOD\����GD\V��7KHQ

6HW�6XSSO\� �1RQH��(YHQW�0DWFKHV�2XW

6WDWH�*RQH
,50�

,I�6XSSO\�� �1RQH�7KHQ�6HW�6XSSO\� �1RQH
(OVH�6WRS�	�5HVHW�0\�&ORFN

'50�� 1RQH

0DWFKHV *RQH

0DWFKHV�2XW

1HZ�0DWFKHV
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)LJXUH�(������6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�*HQHUDWRU�2EMHFW�

7KH� LQLWLDO� FRQGLWLRQV� IRU� WKH� *HQHUDWRU� 2EMHFW� DUH� 6WDWH��$YDLODEOH�� DQG� DWWULEXWH� YDOXH
6XSSO\ �$YDLODEOH��

*HQHUDWRU�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6XSSO\��$YDLODEOH��1RQH�

5(63216(�02'(/6�
6WDWH�$YDLODEOH
,50�

,I�6XSSO\�� �$YDLODEOH�7KHQ�6HW�6XSSO\� �$YDLODEOH
(OVH�,I�(OHFWULFLW\�6RXUFH� �*HQHUDWRU�7KHQ

6WDUW�0\�&ORFN
(OVH

6WRS�0\�&ORFN
'50�

�DOZD\V��'HOD\���GD\V��7KHQ
6HW�6XSSO\� �1RQH��(YHQW�*HQHUDWRU�2XW

6WDWH�'HDG
,50�

,I�6XSSO\�� �1RQH�7KHQ�6HW�6XSSO\� �1RQH
(OVH�6WRS�	�5HVHW�0\�&ORFN

'50�� 1RQH

$YDLODEOH 'HDG

*HQHUDWRU�2XW

5HIXHO�*HQHUDWRU



���

(��� 7KH�&RPPHUFLDO�3RZHU�DQG�&RPPHUFLDO�*DV�2EMHFWV

7KH�(OHFWULFLW\�2EMHFW� VXPPDUL]HV� IRU� WKH� UHPDLQGHU�RI� WKH� REMHFW�PRGHO� WKH� FXUUHQW� VWDWXV� RI
HOHFWULF�SRZHU�DQG�LWV�VRXUFH�� �7KLV�IXQFWLRQDOLW\� LV� LPSOHPHQWHG�LQ�D�VLQJOH�VWDWH�ZLWK�DQ� ,50
DQG�QR�'50��DV�VHHQ�LQ�)LJXUH�(������ ,W�XVHV�RQO\�RQH�VWDWH�DQG�QR�HYHQWV��DV�VHHQ�LQ�WKH�VWDWH
WUDQVLWLRQ�GLDJUDP�LQ�)LJXUH�(�������,WV�DWWULEXWHV��YDOXHV�DQG�UHVSRQVH�PRGHOV�DUH�VKRZQ�LQ�WKH
WH[W� LQ� WKH� ILJXUH�� � ,WV� LQLWLDO� FRQGLWLRQV� DUH� 6WDWH��3RZHULQJ��� DQG� DWWULEXWH� YDOXHV
6RXUFH �&RPPHUFLDO��DQG�3RZHU �3RZHU��

)LJXUH�(������6WDWHV��DWWULEXWHV��DQG�UHVSRQVH�PRGHOV�IRU�WKH�(OHFWULFLW\�2EMHFW�

7KH�UHPDLQLQJ�WZR�REMHFWV� LQ�WKLV�2%(67�PRGHO�PRGHO� WKH�DYDLODELOLW\�RI�FRPPHUFLDO�HOHFWULF
SRZHU�DQG�FRPPHUFLDO�QDWXUDO�JDV���7KHVH�REMHFWV�DUH�SUREDELOLVWLF�LQ�QDWXUH��DQG�DUH�GHVLJQHG�WR

(OHFWULFLW\�2EMHFW

2%-(&7�$775,%87(6��9$/8(6��
6RXUFH��&RPPHUFLDO��*HQHUDWRU��1RQH�
3RZHU��3RZHU��1RQH�

5(63216(�02'(/6�
,50�

,I�&RPPHUFLDO�3RZHU�6XSSO\�� �1RQH�	�6RXUFH�� 
&RPPHUFLDO�7KHQ
6HW�3RZHU� �3RZHU��6RXUFH� �&RPPHUFLDO

(OVH�,I�*HQHUDWRU�6XSSO\� �$YDLODEOH�	�6RXUFH�� 
*HQHUDWRU�7KHQ
6HW�3RZHU� �3RZHU��6RXUFH� �*HQHUDWRU

(OVH�,I�6RXUFH�� �1RQH�7KHQ
6HW�3RZHU� �1RQH��6RXUFH� �1RQH

(OVH
'R�1RWKLQJ

'50���1RQH

3RZHULQJ
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SURYLGH� WKH� UHPDLQGHU� RI� WKH� 2%(67� PRGHO� ZLWK� D� YDULHW\� RI� �ERXQGDU\� FRQGLWLRQV�� WKDW
UHSUHVHQW�WKH�DUUD\�RI�SRVVLEOH�LQIUDVWUXFWXUH�RXWDJHV�WKDW�PLJKW�KDYH�EHHQ�H[SHFWHG�DV�D�UHVXOW�RI
WKH�WUDQVLWLRQ�WR�WKH�\HDU��������7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RPPHUFLDO�(OHFWULF�3RZHU
2EMHFW�LV�IRXQG�LQ�)LJXUH�(������7KLV�GLDJUDP�VKRZV�WKH�VWDWHV�DQG�HYHQWV�IRU�WKLV�REMHFW�� �7KH
DWWULEXWHV��LQLWLDO�FRQGLWLRQV�DQG�UHVSRQVH�PRGHOV��ZLWK�WKHLU�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�ORJLF��DQG
VFULSWV�IROORZ�WKH�ILJXUH�

)LJXUH�(������6WDWHV�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RPPHUFLDO�3RZHU�2EMHFW�

2EMHFW�$WWULEXWHV��9DOXHV�
6XSSO\��$YDLODEOH��5HVWRUHG��1RQH�

,QLWLDO�&RQGLWLRQV
7KH�LQLWLDO�FRQGLWLRQV�DUH�6WDWH��$YDLODEOH��DQG�DWWULEXWH�YDOXH�6XSSO\ �$YDLODEOH��

6WDWH��$YDLODEOH�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�6XSSO\ �1RQH��WKHQ

6HW�6XSSO\ �5HVWRUHG�
(OVH�,I�6XSSO\ �$YDLODEOH��WKHQ

3 �����6HW�6XSSO\ �5HVWRUHG�
3 �����5HVHW�0\�&ORFN��*HQHUDWH�(YHQW�3RZHU¶V�2XW

(OVH
'R�1RWKLQJ

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

&RPPHUFLDO�3RZHU�2EMHFW

$YDLODEOH 'HDG

3RZHU¶V�2XW

3RZHU¶V�2Q
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6WDWH��'HDG�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�6XSSO\ �$YDLODEOH��WKHQ

6HW�6XSSO\ �1RQH�

'HOD\HG�5HVSRQVH�0RGHO�
$OZD\V�GR�WKLV�

3 �����'HOD\������*HQHUDWH�(YHQW�3RZHU¶V�2Q
3 �����'HOD\����*HQHUDWH�(YHQW�3RZHU¶V�2Q
3 �����'HOD\����*HQHUDWH�(YHQW�3RZHU¶V�2Q
3 �����'HOD\����*HQHUDWH�(YHQW�3RZHU¶V�2Q
3 �����'HOD\����*HQHUDWH�(YHQW�3RZHU¶V�2Q
3 �����'HOD\�����*HQHUDWH�(YHQW�3RZHU¶V�2Q
3 �����'HOD\�����*HQHUDWH�(YHQW�3RZHU¶V�2Q
3 �����'HOD\�����*HQHUDWH�(YHQW�3RZHU¶V�2Q
3 �����'HOD\�����*HQHUDWH�(YHQW�3RZHU¶V�2Q
3 �����'HOD\�����*HQHUDWH�(YHQW�3RZHU¶V�2Q

7KH� VWDWH� WUDQVLWLRQ� GLDJUDP� IRU� WKH� &RPPHUFLDO� *DV� 2EMHFW� LV� IRXQG� LQ� )LJXUH� (����� � 7KLV
GLDJUDP� VKRZV� WKH� VWDWHV� DQG� HYHQWV� IRU� WKLV� REMHFW�� � 7KH� DWWULEXWHV�� LQLWLDO� FRQGLWLRQV� DQG
UHVSRQVH�PRGHOV��ZLWK�WKHLU�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�ORJLF��DQG�VFULSWV�IROORZ�WKH�ILJXUH�

)LJXUH�(������6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�&RPPHUFLDO�*DV�REMHFW�

2EMHFW�$WWULEXWHV��9DOXHV�
6XSSO\��$YDLODEOH��5HVWRUHG��1RQH�

,QLWLDO�&RQGLWLRQV
7KH�LQLWLDO�FRQGLWLRQV�DUH�6WDWH��$YDLODEOH��DQG�DWWULEXWH�YDOXH�6XSSO\ �$YDLODEOH��

&RPPHUFLDO�*DV�2EMHFW

$YDLODEOH 'HDG

*DV�2XW

*DV�2Q
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6WDWH��$YDLODEOH�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�6XSSO\ �1RQH��WKHQ

6HW�6XSSO\ �5HVWRUHG�
(OVH�,I�6XSSO\ �$YDLODEOH��WKHQ

3 �����6HW�6XSSO\ �5HVWRUHG�
3 �����5HVHW�0\�&ORFN��*HQHUDWH�(YHQW�*DV�2XW

(OVH
'R�1RWKLQJ

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�

6WDWH��'HDG�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�6XSSO\ �$YDLODEOH��WKHQ

6HW�6XSSO\ �1RQH�

'HOD\HG�5HVSRQVH�0RGHO�
$OZD\V�GR�WKLV�

3 �����'HOD\����*HQHUDWH�(YHQW�*DV�2Q
3 �����'HOD\����*HQHUDWH�(YHQW�*DV�2Q
3 �����'HOD\����*HQHUDWH�(YHQW�*DV�2Q
3 �����'HOD\����*HQHUDWH�(YHQW�*DV�2Q
3 �����'HOD\����*HQHUDWH�(YHQW�*DV�2Q
3 �����'HOD\����*HQHUDWH�(YHQW�*DV�2Q
3 �����'HOD\�����*HQHUDWH�(YHQW�*DV�2Q
3 �����'HOD\�����*HQHUDWH�(YHQW�*DV�2Q
3 �����'HOD\�����*HQHUDWH�(YHQW�*DV�2Q
3 �����'HOD\�����*HQHUDWH�(YHQW�*DV�2Q



���

7KLV�3DJH�,QWHQWLRQDOO\�%ODQN



���

)��([DPSOH� 'HWDLOV� IRU� $LUFUDIW� 6SDFLQJ� IRU� 5XQZD\
2SHUDWLRQV

7KLV� DSSHQGL[� SURYLGHV� D� GHVFULSWLRQ� RI� WKH� V\VWHP� VWUXFWXUH�� LQWHUDFWLRQV�� DQG� VWDWH� WUDQVLWLRQ
GLDJUDPV�IRU�WKH�DLUFUDIW�VSDFLQJ�IRU�UXQZD\�RSHUDWLRQV�H[DPSOH�SUHVHQWHG�LQ�6HFWLRQ�����RI�WKH
PDLQ� ERG\� RI� WKH� UHSRUW�� � 7KH� GHVFULSWLRQV� RI� WKH� DLUSRUW�DLUVSDFH�� WD[L� DLUFUDIW� DQG� ODQGLQJ
DLUFUDIW� LQFOXGH� D� GLVFXVVLRQ� RI� WKHLU� UHVSHFWLYH� VWDWH� WUDQVLWLRQ� GLDJUDPV�� � 7KLV� GHVFULSWLRQ
LQFOXGHV� WKH� VHWV�RI� ³LI� ±� WKHQ�±� HOVH� LI� ±� HOVH´� VFULSWV� DQG� ORJLFDO� FRQGLWLRQV� IRU� WKH� ,50�DQG
'50�PRGHOV�RI�WKH�VWDWH�WUDQVLWLRQ�GLDJUDPV�

)��� 6\VWHP�6WUXFWXUH�DQG�,QWHUDFWLRQV

7KH�V\VWHP�VWUXFWXUH�GLDJUDP�IRU�WKLV�H[DPSOH�SUREOHP�LV�VKRZQ�LQ�)LJXUH�)�����7KH�GHVFULSWLRQ
RI�WKH�IXQFWLRQDO�EORFNV�LV�SURYLGHG�LQ�7DEOH�)�����7KH�LQWHUDFWLRQ�GLDJUDP�LV�SURYLGHG�LQ�)LJXUH
)���� �7KH� IXQFWLRQDO� LQWHUDFWLRQV� EHWZHHQ� WKH� EORFNV� DUH� LQGLFDWHG� E\� GLUHFWHG� DUURZV� DQG� DUH
VSHFLILHG�LQ�7DEOH�)���

7RZHU
&RQWUROOHU

�7&�

$LUSRUW��
$LUVSDFH
�$3�

7D[L
$LUFUDIW
�7$�

(QYLURQPHQW
�(QY�

/DQGLQJ
$LUFUDIW
�/$�

7RZHU
&RQWUROOHU

�7&�

$LUSRUW��
$LUVSDFH
�$3�

7D[L
$LUFUDIW
�7$�

(QYLURQPHQW
�(QY�

/DQGLQJ
$LUFUDIW
�/$�

)LJXUH�)�����6\VWHP�VWUXFWXUH�GLDJUDP�PRGHO�RI�UXQZD\�RSHUDWLRQV�
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7DEOH�)�����)XQFWLRQDO�EORFNV�IRU�UXQZD\�RSHUDWLRQV�

$3� � $LUSRUW�$LUVSDFH���5HSUHVHQWV�WKH�SK\VLFDO�OD\RXW�RI�WKH�DLUSRUW�DLUVSDFH
DQG�WUDFNV�DLUFUDIW�ORFDWLRQ�ZLWKLQ�WKLV�OD\RXW�

7&� � 7RZHU�&RQWUROOHU���3URYLGHV�FRPPDQGV�DQG�UHVSRQVHV�DQG�PRQLWRUV
DLUSRUW�DLUVSDFH�DQG�DLUFUDIW�

7$� 7D[L�$LUFUDIW���$Q�DLUFUDIW�HLWKHU�WD[LQJ�IURP�WKH�JDWH�WR�WKH�UXQZD\�IRU
WDNHRII�RU�IURP�WKH�UXQZD\�WR�WKH�JDWH�DIWHU�ODQGLQJ�

/$� /DQGLQJ�$LUFUDIW���$Q�DLUFUDIW�HLWKHU�IO\LQJ�LQ�IRU�ODQGLQJ�RQ�D�UXQZD\�RU
WDNLQJ�RII�

(QY� (QYLURQPHQW���3URYLGHV�HQYLURQPHQWDO�FRQWH[W�IRU�DQ�DQDO\VLV��LQFOXGLQJ
ZHDWKHU�FRQGLWLRQV��YLVLELOLW\��DLU�WUDIILF�OHYHOV��IOLJKW�FUHZ�SHUIRUPDQFH�
OLJKWLQJ��UDGLR�FRQGLWLRQV��DQG�DLUSRUW�VLJQDJH�

7RZHU
&RQWUROOHU

$LUSRUW��
$LUVSDFH

7D[L
$LUFUDIW

(QYLURQPHQW

/DQGLQJ
$LUFUDIW

)LJXUH�)�����,QWHUDFWLRQ�GLDJUDP�IRU�WKH�PRGHO�RI�UXQZD\�RSHUDWLRQV�



���

7DEOH�)�����)XQFWLRQDO�LQWHUDFWLRQV�IRU�UXQZD\�RSHUDWLRQV�

$3�7&� 7KH�DLUSRUW�DLUVSDFH�SURYLGHV�WR�WKH�WRZHU�FRQWUROOHU�LQIRUPDWLRQ�RQ
DLUFUDIW�SRVLWLRQV�

7&�$3� 7KH�WRZHU�FRQWUROOHU�SURYLGHV�WR�WKH�DLUSRUW�DLUVSDFH�LQIRUPDWLRQ
DERXW�UXQZD\�UHVHUYDWLRQV�

7&�7$� 7KH�WRZHU�FRQWUROOHU�SURYLGHV�WD[L�FRPPDQGV�WR�D�WD[L�DLUFUDIW�DQG
UHVSRQGV�WR�UHTXHVWV�IURP�D�WD[L�DLUFUDIW�

7$�$3� $�WD[L�DLUFUDIW�SURYLGHV�WR�WKH�DLUSRUW�DLUVSDFH�LQIRUPDWLRQ�DERXW�LW
SRVLWLRQ�

7$�7&� $�WD[L�DLUFUDIW�PDNHV�UHTXHVWV�WR�WKH�WRZHU�FRQWUROOHU�DQG�UHVSRQGV�WR
FRPPDQGV�IURP�WKH�WRZHU�FRQWUROOHU�

/$�$3� $�ODQGLQJ�DLUFUDIW�SURYLGHV�WR�WKH�DLUSRUW�DLUVSDFH�LQIRUPDWLRQ�DERXW
LWV�SRVLWLRQ�

(QY�7&� 7KH�HQYLURQPHQW�SURYLGHV�WR�WKH�WRZHU�FRQWUROOHU�LQIRUPDWLRQ�DERXW
GLVWUDFWLRQV��YLVLELOLW\��DQG�UDGLR�LQWHUIHUHQFH�

(QY�7$� 7KH�HQYLURQPHQW�SURYLGHV�WR�D�WD[L�DLUFUDIW�LQIRUPDWLRQ�DERXW
GLVWUDFWLRQV��YLVLELOLW\��DQG�UDGLR�LQWHUIHUHQFH�

(QY�/$� 7KH�HQYLURQPHQW�SURYLGHV�WR�D�ODQGLQJ�DLUFUDIW�LQIRUPDWLRQ�DERXW
GLVWUDFWLRQV��YLVLELOLW\��DQG�UDGLR�LQWHUIHUHQFH�

)��� $LUSRUW�$LUVSDFH�2EMHFW

7KH� $LUSRUW�$LUVSDFH� 2EMHFW� �$3�� SURYLGHV� D� UHSUHVHQWDWLRQ� WKH� SK\VLFDO� OD\RXW� RI� WKH
DLUSRUW�DLUVSDFH� DQG� WUDFNV� DLUFUDIW� ORFDWLRQ� ZLWKLQ� WKLV� OD\RXW�� � $WWULEXWHV� IRU� WKLV� REMHFW� DUH
GHILQHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�SK\VLFDO�ORFDWLRQV�RI�WD[L�DQG�ODQGLQJ�DLUFUDIW�DQG�DERXW
WKH�VWDWXV�RI�WKH�UXQZD\��7KH�SK\VLFDO�UXQZD\�WD[LZD\�OD\RXW�XVHG�IRU�WKLV�H[DPSOH�LV�SURYLGHG
LQ�)LJXUH�)�����7KH�VWDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�DLUSRUW�DLUVSDFH�REMHFW�LV�VKRZQ�LQ�)LJXUH�)���
7KH�HYHQWV�DQG� VWDWH� WUDQVLWLRQV�� DWWULEXWHV�� LQLWLDO� FRQGLWLRQV�� DQG� VHWV�RI� ³LI� ±� WKHQ�±� HOVH� LI� ±
HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV�IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ
WKH�IROORZLQJ�VHFWLRQV�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
7KLV�REMHFW�KDV�RQO\�RQH�VWDWH����6WDWXV��
1R�VWDWH�WUDQVLWLRQV��HYHQWV�H[WHUQDO�WR�WKLV�REMHFW�ZLOO�FDXVH�FKDQJHV�LQ�REMHFW�DWWULEXWHV�

$WWULEXWHV��9DOXHV�
7D[L�$LUFUDIW�/RFDWLRQ�±�7$/��*��7����7���;��7���%7�
/DQGLQJ�$LUFUDIW�/RFDWLRQV�±�/$/��$��5���5����;��5���%5�
5XQZD\�6WDWXV�±�56��5HVHUYHG��$YDLODEOH�
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,QLWLDO�&RQGLWLRQV
7$/ �*�
/$/ �$�
56 �5HVHUYHG�

6WDWH��$LUSRUW�6WDWXV�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�7$�/RFDWLRQ �*��$1'�7$/� �*��WKHQ

6HW�7$/ �*���*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ
(OVH�,I�7$�/RFDWLRQ �7����$1'�7$/� �7����WKHQ

6HW�7$/ �7�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ
(OVH�,I�7$�/RFDWLRQ �7���$1'�7$/� �7���WKHQ
6HW�7$/ �7����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ

(OVH�,I�7$�/RFDWLRQ �;��$1'�7$/� �;��WKHQ
6HW�7$/ �;���*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ

(OVH�,I�7$�/RFDWLRQ �7���$1'�7$/� �7���WKHQ
6HW�7$/ �7����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ

(OVH�,I�7$�/RFDWLRQ �%7��$1'�7$/� �%7��WKHQ
6HW�7$/ �%7��*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ

(OVH�,I�/$�/RFDWLRQ �$��$1'�/$/� �$��WKHQ
6HW�/$/ �$���*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�/$�/RFDWLRQ �5���$1'�/$/� �5���WKHQ
6HW�/$/ �5����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�/$�/RFDWLRQ �5����$1'�/$/� �5����WKHQ
6HW�/$/ �5�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�/$�/RFDWLRQ �;��$1'�/$/� �;��WKHQ
6HW�/$/ �;���*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�/$�/RFDWLRQ �5���$1'�/$/� �5���WKHQ
6HW�/$/ �5����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�/$�/RFDWLRQ �%5��$1'�/$/� �%5��WKHQ
6HW�/$/ �%5���*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�7&�/DQGB&OHDU �&7/��$1'�56� �5HVHUYHG��WKHQ
6HW�56 �5HVHUYHG�

(OVH�,I�7&�/DQGB&OHDU �12��$1'�56� �$YDLODEOH��WKHQ
6HW�56 �$YDLODEOH�

(OVH�'R�1RWKLQJ

'HOD\HG�5HVSRQVH�0RGHO�
1RQH�
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5�
�$�

$LUERUQH5�; 5�5�
�%5�

%H\RQG
5XQZD\

7�

7�

7�

7�

�*�
*DWH

�%7��%H\RQG
7D[LZD\

5�
�$�

$LUERUQH5�; 5�5�
�%5�

%H\RQG
5XQZD\

5�
�$�

$LUERUQH5�; 5�5�
�%5�

%H\RQG
5XQZD\

7�

7�

7�

7�

�*�
*DWH

�%7��%H\RQG
7D[LZD\

7�

7�

7�

7�

�*�
*DWH

�%7��%H\RQG
7D[LZD\

6HJPHQW�ODEHOV�UHSUHVHQW�GLVFUHWH�DWWULEXWH�YDOXHV�
IRU�ORFDWLRQV�WR�EH�RFFXSLHG�E\�DLUFUDIW�

)RU�SXUSRVHV�RI�VLPSOLILFDWLRQ��UXQZD\�VHJPHQWV�
5��DQG�5��DUH�PHUJHG��5�����DQG�WD[LZD\�
VHJPHQWV�7��DQG�7��DUH�PHUJHG��7����

&ORVHQHVV�RI�DSSURDFK� 6HYHULW\�5DQN
;�; &ROOLVLRQ �
5���; 9HU\�&ORVH�� �
5��; &ORVH�&DOO�� �
$�; ,QFXUVLRQ �
5��; 9HU\�&ORVH�� �
%5�; &ORVH�&DOO�� �
;�7� 9HU\�&ORVH�� �
;�7��16�� 9HU\�&ORVH�� �
�$OO�2WKHU� 1R�3UREOHP �

)LJXUH�)�����3K\VLFDO�OD\RXW�IRU�WKH�$LUSRUW�$LUVSDFH�2EMHFW�

$LUSRUW
6WDWXV

)LJXUH�)�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�$LUSRUW�$LUVSDFH�2EMHFW�
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)��� /DQGLQJ�$LUFUDIW�2EMHFW

7KH�/DQGLQJ�$LUFUDIW�2EMHFW��$3��UHSUHVHQWV�DQ�DLUFUDIW�HLWKHU�IO\LQJ�LQ�IRU�ODQGLQJ�RQ�D�UXQZD\
RU� WDNLQJ�RII�� �$WWULEXWHV� IRU� WKLV� REMHFW� DUH� GHILQHG� WR� SURYLGH� LQIRUPDWLRQ� DERXW� WKH� SK\VLFDO
ORFDWLRQ�DQG�PRWLRQ�RI�WKH�ODQGLQJ�DLUFUDIW�DQG�LWV�PRGH�RI�RSHUDWLRQ��ODQGLQJ�RU�WDNHRII��� �7KH
VWDWH� WUDQVLWLRQ�GLDJUDP�IRU� WKH�ODQGLQJ�DLUFUDIW�REMHFW� LV�VKRZQ�LQ�)LJXUH�)���� �7KH�HYHQWV�DQG
VWDWH�WUDQVLWLRQV��DWWULEXWHV�� LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG
ORJLFDO� FRQGLWLRQV� IRU� WKH� ,50�DQG�'50�PRGHOV� IRU� HDFK� VWDWH� DUH�SUHVHQWHG� LQ� WKH� IROORZLQJ
VHFWLRQV�

&KDQJH
/RFDWLRQ

6WRSSHG

0RYLQJ

)O\LQJ

/$�0RYH

/$B1/

/$�1/

/$�6WRS/$�)O\

/$B1HZB/RFDWLRQ
�/$�1/�

&KDQJH
/RFDWLRQ

6WRSSHG

0RYLQJ

)O\LQJ

/$�0RYH

/$B1/

/$�1/

/$�6WRS/$�)O\

/$B1HZB/RFDWLRQ
�/$�1/�

)LJXUH�)�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�/DQGLQJ�$LUFUDIW�2EMHFW�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�/$B1HZB/RFDWLRQ��/$�1/��LV�JHQHUDWHG�E\�WKH�/DQGLQJ�$LUFUDIW�2EMHFW�DQG�DOVR�E\�WKH

$LUSRUW�$LUVSDFH�2EMHFW�DQG�FDXVHV�WKH�IROORZLQJ�WUDQVLWLRQV�
IURP��6WDWH��)O\LQJ��WR�6WDWH��&KDQJH�/RFDWLRQ�
IURP��6WDWH��0RYLQJ��WR�6WDWH��&KDQJH�/RFDWLRQ�
IURP��6WDWH��6WRSSHG��WR�6WDWH��&KDQJH�/RFDWLRQ�

(YHQW�/$�)O\�LV�JHQHUDWHG�E\�WKH�/DQGLQJ�$LUFUDIW�2EMHFW�DQG�FDXVHV�WUDQVLWLRQ�IURP
6WDWH��&KDQJH�/RFDWLRQ��WR�6WDWH��)O\LQJ��

(YHQW�/$�6WRS�LV�JHQHUDWHG�E\�WKH�/DQGLQJ�$LUFUDIW�2EMHFW�DQG�FDXVHV�WUDQVLWLRQ�IURP
6WDWH��&KDQJH�/RFDWLRQ��WR�6WDWH��6WRSSHG��

(YHQW�/$�0RYH�LV�JHQHUDWHG�E\�WKH�/DQGLQJ�$LUFUDIW�2EMHFW�DQG�FDXVHV�WUDQVLWLRQ�IURP
6WDWH��&KDQJH�/RFDWLRQ��WR�6WDWH��0RYLQJ��
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$WWULEXWHV��9DOXHV�
0RGH��7DNHRII��/DQGLQJ�
/RFDWLRQ��$��5���5����;��5���%5�
0RWLRQ��6WRSSHG��0RYLQJ��)O\LQJ�

,QLWLDO�&RQGLWLRQV
0RGH �/DQGLQJ�
/RFDWLRQ �$�
0RWLRQ �/DQGLQJ�

6WDWH��)O\LQJ�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�/RFDWLRQ� �$��WKHQ

6HW�/RFDWLRQ �$�
(OVH�,I�0RWLRQ� �)O\LQJ��WKHQ

6HW�0RWLRQ �)O\LQJ�
(OVH�'R�1RWKLQJ

'HOD\HG�5HVSRQVH�0RGHO� ^7KLV�PRGHOV�ILQDO�DSSURDFK�WLPLQJ�`
,I�0RGH �7DNHRII��WKHQ

7HUPLQDWH�6FHQDULR
(OVH 3 �������'HOD\������*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

3 ������'HOD\������*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\������*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

6WDWH��&KDQJH�/RFDWLRQ�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�0RGH �/DQGLQJ��$1'�/RFDWLRQ �$��WKHQ

6HW�/RFDWLRQ �5����*HQHUDWH�(YHQW�/$�0RYH
(OVH�,I�0RGH �/DQGLQJ��$1'�/RFDWLRQ �5���WKHQ

6HW�/RFDWLRQ �5�����*HQHUDWH�(YHQW�/$�0RYH
(OVH�,I�0RGH �/DQGLQJ��$1'�/RFDWLRQ �5����WKHQ

6HW�/RFDWLRQ �;���*HQHUDWH�(YHQW�/$�0RYH
(OVH�,I�0RGH �/DQGLQJ��$1'�/RFDWLRQ �5;��WKHQ

6HW�/RFDWLRQ �5����*HQHUDWH�(YHQW�/$�0RYH
(OVH�,I�0RGH �/DQGLQJ��$1'�/RFDWLRQ �5���WKHQ

6HW�/RFDWLRQ �%5���6HW�0RWLRQ �6WRSSHG���*HQHUDWH�(YHQW�/$�6WRS

(OVH�,I��ZKHQ�0RGH �7DNHRII��$1'��/RFDWLRQ �%5��WKHQ
6HW�/RFDWLRQ �5����*HQHUDWH�(YHQW�/$�0RYH

(OVH�,I��ZKHQ�0RGH �7DNHRII��$1'��/RFDWLRQ �5���WKHQ
6HW�/RFDWLRQ �;���*HQHUDWH�(YHQW�/$�0RYH

(OVH�,I��ZKHQ�0RGH �7DNHRII��$1'��/RFDWLRQ �;��WKHQ
6HW�/RFDWLRQ �5�����*HQHUDWH�(YHQW�/$�0RYH

(OVH�,I��ZKHQ�0RGH �7DNHRII��$1'��/RFDWLRQ �5����WKHQ
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6HW�/RFDWLRQ �5����*HQHUDWH�(YHQW�/$�0RYH
(OVH��ZKHQ�0RGH �7DNHRII�$1'�/RFDWLRQ �5���

6HW�/RFDWLRQ �$���6HW�0RWLRQ �)O\LQJ���*HQHUDWH�(YHQW�/$�)O\

'HOD\HG�5HVSRQVH�0RGHO�
1RQH

6WDWH��0RYLQJ�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�0RWLRQ� �)O\LQJ��WKHQ

6HW�0RWLRQ �0RYLQJ�
(OVH�'R�1RWKLQJ

'HOD\HG�5HVSRQVH�0RGHO� ^1RWH��FDQ¶W�EH�LQ�ORFDWLRQ�$�ZKLOH�QRW�IO\LQJ�`
,I�0RGH �/DQGLQJ��$1'�/RFDWLRQ �5���WKHQ

3 ������'HOD\����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�0RGH �/DQGLQJ��$1'�/RFDWLRQ �5����WKHQ
3 ������'HOD\����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�0RGH �/DQGLQJ��$1'�/RFDWLRQ �;��WKHQ
'HOD\����JHQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�0RGH �/DQGLQJ��$1'�/RFDWLRQ �5���WKHQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

^1RWH��IURP�KHUH�RQ��PRGH�FDQ�RQO\�EH��7DNHRII����&DQ¶W�KDYH�%5�ZKLOH�SODQH�LV�PRYLQJ�`

(OVH�,I�/RFDWLRQ �5���WKHQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�/RFDWLRQ �;��WKHQ
'HOD\����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

(OVH�,I�/RFDWLRQ �5����WKHQ
3 ������'HOD\����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
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(OVH��/RFDWLRQ �5���
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

^1RWH�WKDW�WKH�ORFDWLRQ�FDQQRW�EH�$�ZKLOH�LQ�WKH�VWDWH�0RYLQJ�±�RQO\�ZKHQ�)O\LQJ�`

6WDWH��6WRSSHG�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�/RFDWLRQ� �%5��WKHQ

6HW�/RFDWLRQ �%5�
(OVH�,I�0RWLRQ� �6WRSSHG��WKHQ

6HW�0RWLRQ �6WRSSHG�
(OVH�'R�1RWKLQJ

'HOD\HG�5HVSRQVH�0RGHO� ^7KLV�UHSUHVHQWV�WKH�GHOD\�EHIRUH�WDNHRII�UROOV�WDUWV�`
,I�0RGH �/DQGLQJ��WKHQ

7HUPLQDWH�6FHQDULR
(OVH� 3 ������'HOD\�����*HQHUDWH�(YHQW�/$B1HZB/RFDWLRQ

)��� 7D[L�$LUFUDIW�2EMHFW

7KH�7D[L�$LUFUDIW�2EMHFW��$3��UHSUHVHQWV�DQ�DLUFUDIW�HLWKHU�WD[LQJ�IURP�WKH�JDWH�WR�WKH�UXQZD\�IRU
WDNHRII�RU� IURP� WKH� UXQZD\� WR� WKH� JDWH� DIWHU� ODQGLQJ�� �$WWULEXWHV� IRU� WKLV� REMHFW� DUH� GHILQHG� WR
SURYLGH�LQIRUPDWLRQ�DERXW� WKH�SK\VLFDO� ORFDWLRQ�DQG�PRWLRQ�RI� WKH�ODQGLQJ�DLUFUDIW�� LWV�PRGH�RI
RSHUDWLRQ��ODQGLQJ�RU� WDNHRII���DQG�SLORW�UHVSRQVH�WR�KROG�FRPPDQGV�IURP�WKH�WRZHU�FRQWUROOHU�
7KLV� REMHFW� LQLWLDOO\� LJQRUHV� WKH� WRZHU� FRQWUROOHU� DQG� WKH� HQYLURQPHQW�� � 7KH� VWDWH� WUDQVLWLRQ
GLDJUDP� IRU� WKH� WD[L� DLUFUDIW� REMHFW� LV� VKRZQ� LQ� )LJXUH� )���� � 7KH� HYHQWV� DQG� VWDWH� WUDQVLWLRQV�
DWWULEXWHV��LQLWLDO�FRQGLWLRQV��DQG�VHWV�RI�³LI�±�WKHQ�±�HOVH�LI�±�HOVH´�VFULSWV�DQG�ORJLFDO�FRQGLWLRQV
IRU�WKH�,50�DQG�'50�PRGHOV�IRU�HDFK�VWDWH�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

(YHQWV�DQG�6WDWH�7UDQVLWLRQV
(YHQW�7$B1HZB/RFDWLRQ��/$�1/��LV�JHQHUDWHG�E\�WKH�7D[L�$LUFUDIW�2EMHFW�DQG�DOVR�E\�WKH

$LUSRUW�$LUVSDFH�2EMHFW�DQG�FDXVHV�WKH�IROORZLQJ�WUDQVLWLRQV�
IURP��6WDWH��*DWH�6WRS��WR�6WDWH��&KDQJH�/RFDWLRQ�
IURP��6WDWH��7D[L��WR�6WDWH��&KDQJH�/RFDWLRQ�
IURP��6WDWH��+ROG��WR�6WDWH��&KDQJH�/RFDWLRQ�
IURP��6WDWH��%H\RQG�0RGHO��WR�6WDWH��&KDQJH�/RFDWLRQ�

(YHQW�7$�*DWH�LV�JHQHUDWHG�E\�WKH�7D[L�$LUFUDIW�2EMHFW�DQG�FDXVHV�WUDQVLWLRQ�IURP�6WDWH��&KDQJH
/RFDWLRQ��WR�6WDWH��*DWH�6WRS��

(YHQW�7$�7D[L�LV�JHQHUDWHG�E\�WKH�7D[L�$LUFUDIW�2EMHFW�DQG�FDXVHV�WUDQVLWLRQ�WKH�IROORZLQJ
WUDQVLWLRQV�
IURP�6WDWH��&KDQJH�/RFDWLRQ��WR�6WDWH��7D[L��
IURP�6WDWH��+ROG��WR�6WDWH��7D[L��
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%H\RQG
0RGHO

7$�%H\RQG�0RGHO

&KDQJH
/RFDWLRQ

7D[L

+ROG

*DWH�6WRS

7$�+ROG

7$�1/

7$�7D[L7$�*DWH

7$B1HZB/RFDWLRQ
�7$�1/�

7$�1/

7$�+ROG 7$�7D[L

7$�1/
%H\RQG
0RGHO

7$�%H\RQG�0RGHO

&KDQJH
/RFDWLRQ

7D[L

+ROG

*DWH�6WRS

7$�+ROG

7$�1/

7$�7D[L7$�*DWH

7$B1HZB/RFDWLRQ
�7$�1/�

7$�1/

&KDQJH
/RFDWLRQ

7D[L

+ROG

*DWH�6WRS

7$�+ROG

7$�1/

7$�7D[L7$�*DWH

7$B1HZB/RFDWLRQ
�7$�1/�

7$�1/

7$�+ROG 7$�7D[L

7$�1/

)LJXUH�)�����6WDWH�WUDQVLWLRQ�GLDJUDP�IRU�WKH�7D[L�$LUFUDIW�2EMHFW�

(YHQW�7$�+ROG�LV�JHQHUDWHG�E\�WKH�7D[L�$LUFUDIW�2EMHFW�DQG�FDXVHV�WUDQVLWLRQ�WKH�IROORZLQJ
WUDQVLWLRQV�
IURP�6WDWH��&KDQJH�/RFDWLRQ��WR�6WDWH��+ROG�
IURP�6WDWH��7D[L��WR�6WDWH��+ROG�

(YHQW�7$�%H\RQGB0RGHO�LV�JHQHUDWHG�E\�WKH�7D[L�$LUFUDIW�2EMHFW�DQG�FDXVHV�WUDQVLWLRQ�IURP
6WDWH��&KDQJH�/RFDWLRQ��WR�6WDWH��%H\RQG�0RGHO��

$WWULEXWHV��9DOXHV�
0RGH��7DNHRII��/DQGLQJ�
/RFDWLRQ��*��7����7���;��7���%7�
3LORW+ROG��8QVHW��:LOO+ROG��1R+ROG�
0RWLRQ��*DWH��7D[L��+ROG��%H\RQG�

,QLWLDO�&RQGLWLRQV
0RGH �7DNHRII�
/RFDWLRQ �*�
3LORW+ROG �8QVHW�
0RWLRQ �*DWH�

6WDWH��*DWH�6WRS�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�/RFDWLRQ� �*��WKHQ

6HW�/RFDWLRQ �*�
(OVH�,I�0RWLRQ� �*DWH��WKHQ

6HW�0RWLRQ �*DWH�
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(OVH�,I�0RGH �7DNHRII��$1'�3LORW+ROG �8QVHW��WKHQ
3 �������6HW�3LORW+ROG �:LOO+ROG�
3 �������6HW�3LORW+ROG �1R+ROG�

(OVH�'R�1RWKLQJ

'HOD\HG�5HVSRQVH�0RGHO� ^7KLV�PRGHOV�GHOD\V�OHDYLQJ�WKH�JDWH�`
,I�0RGH �/DQGLQJ��WKHQ

7HUPLQDWH�6FHQDULR
(OVH 3 ������'HOD\������*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ

3 ������'HOD\������*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ
3 ������'HOD\������*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ

6WDWH��&KDQJH�/RFDWLRQ�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�0RGH �7DNHRII��$1'�/RFDWLRQ �*��WKHQ

6HW�/RFDWLRQ �7�����*HQHUDWH�(YHQW�7$�7D[L
(OVH�,I�0RGH �7DNHRII��$1'�/RFDWLRQ �7����WKHQ

6HW�/RFDWLRQ �7����*HQHUDWH�(YHQW�7$�7D[L
(OVH�,I�0RGH �7DNHRII��$1'�/RFDWLRQ �7���WKHQ

6HW�/RFDWLRQ �;���*HQHUDWH�(YHQW�7$�7D[L
(OVH�,I�0RGH �7DNHRII�$1'�/RFDWLRQ �;��WKHQ

6HW�/RFDWLRQ �7����*HQHUDWH�(YHQW�7$�7D[L
(OVH�,I�0RGH �7DNHRII�$1'�/RFDWLRQ �7��WKHQ

6HW�/RFDWLRQ �%7���6HW�0RWLRQ �%H\RQG���*HQHUDWH�(YHQW�7$�%H\RQG�0RGHO

(OVH�,I��ZKHQ�0RGH �/DQGLQJ��$1'��/RFDWLRQ �%7��WKHQ
6HW�/RFDWLRQ �7����*HQHUDWH�(YHQW�7$�7D[L

(OVH�,I��ZKHQ�0RGH �/DQGLQJ��$1'��/RFDWLRQ �7���WKHQ
6HW�/RFDWLRQ �;���*HQHUDWH�(YHQW�7$�7D[L

(OVH�,I��ZKHQ�0RGH �/DQGLQJ��$1'��/RFDWLRQ �;��WKHQ
6HW�/RFDWLRQ �7����*HQHUDWH�(YHQW�7$�7D[L

(OVH�,I��ZKHQ�0RGH �/DQGLQJ��$1'��/RFDWLRQ �7���WKHQ
6HW�/RFDWLRQ �7�����*HQHUDWH�(YHQW�7$�7D[L

(OVH��ZKHQ�0RGH �/DQGLQJ��$1'�/RFDWLRQ �7����
� 6HW�/RFDWLRQ �*���0RWLRQ �*DWH���*HQHUDWH�(YHQW�7$�*DWH

'HOD\HG�5HVSRQVH�0RGHO�
1RQH

6WDWH��7D[L�
,PPHGLDWH�5HVSRQVH�0RGHO�
,I�0RWLRQ� �7D[L��WKHQ

6HW�0RWLRQ �7D[L�
(OVH�'R�1RWKLQJ
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'HOD\HG�5HVSRQVH�0RGHO� ^&DQ¶W�EH�LQ�ORFDWLRQ�*�LQ�7D[L�VWDWH�`
,I�0RGH �7DNHRII��$1'�/RFDWLRQ �7����WKHQ

3 ������'HOD\�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ

(OVH�,I�0RGH �7DNHRII��$1'�/RFDWLRQ �7���$1'�3LORW+ROG �1R+ROG��WKHQ
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ

(OVH�,I�0RGH �7DNHRII��$1'�/RFDWLRQ �7����$1'�3LORW+ROG �:LOO+ROG��WKHQ
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B+ROG
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B+ROG
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B+ROG

(OVH�,I�0RGH �7DNHRII��$1'�/RFDWLRQ �;��WKHQ
'HOD\�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ

(OVH�,I�0RGH �7DNHRII���$1'�/RFDWLRQ �7���WKHQ
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ
3 ������'HOD\�����*HQHUDWH�(YHQW�7$B1HZB/RFDWLRQ
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