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$�1HZ�%L�/HYHO�'DWD�(QYHORSPHQW�$QDO\VLV�0RGHO�IRU�(IILFLHQF\� 

0HDVXUHPHQW�DQG�7DUJHW�6HWWLQJ 

)LUVW�5HYLVLRQ 
0($6� '����������5� 

D6H\HG�+RVVHLQ�5D]DYL�+DMLDJKD
D)DFXOW\�RI�0DQDJHPHQW�DQG�)LQDQFH 

)DFXOW\�RI�0DQDJHPHQW�DQG�)LQDQFH 
.KDWDP�8QLYHUVLW\��7HKUDQ��,UDQ 

K�UD]DYL#NKDWDP�DF�LU PDLO���(

E+DQQDQ�$PRR]DG�0DKGLUDML
E)DFXOW\�RI�0DQDJHPHQW 

8QLYHUVLW\�RI�7HKUDQ��7HKUDQ��,UDQ 
K�DPRR]DG#XW�DF�LU PDLO���(


F�G�7DYDQD0DGMLG�
F%XVLQHVV�6\VWHPV�DQG�$QDO\WLFV�'HSDUWPHQW 

'LVWLQJXLVKHG�&KDLU�RI�%XVLQHVV�$QDO\WLFV 
/D�6DOOH�8QLYHUVLW\��3KLODGHOSKLD��86$ 

WDYDQD#ODVDOOH�HGX PDLO���(
KWWS���WDYDQD�XV� :HE��

G%XVLQHVV�,QIRUPDWLRQ�6\VWHPV�'HSDUWPHQW 
)DFXOW\�RI�%XVLQHVV�$GPLQLVWUDWLRQ�DQG�(FRQRPLFV 

8QLYHUVLW\�RI�3DGHUERUQ��'�������3DGHUERUQ��*HUPDQ\ 

$&.12:/('*(0(17 

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�DQRQ\PRXV�UHYLHZHUV�DQG�WKH�HGLWRU�IRU�WKHLU� 
LQVLJKWIXO�FRPPHQWV�DQG�VXJJHVWLRQV� 

$OO�DGGLWLRQV�DQG�FKDQJHV�WR�WKH�RULJLQDO�PDQXVFULSW�DUH�KLJKOLJKWHG�LQ�WKLV�UHYLVLRQ�
 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


&RUUHVSRQGLQJ�DXWKRU�DW��%XVLQHVV�6\VWHPV�DQG�$QDO\WLFV�'HSDUWPHQW��'LVWLQJXLVKHG�&KDLU�RI�%XVLQHVV� 
$QDO\WLFV��/D�6DOOH�8QLYHUVLW\��3KLODGHOSKLD��3$��������8QLWHG�6WDWHV��7HO��������������������ID[����� 
������������� 



$�1HZ %L�/HYHO�'DWD�(QYHORSPHQW�$QDO\VLV�0RGHO�IRU�(IILFLHQF\�
 

0HDVXUHPHQW�DQG�7DUJHW�6HWWLQJ 

$EVWUDFW 

'DWD� HQYHORSPHQW� DQDO\VLV �'($�� LV� D� ZHOO�NQRZQ� DQG� ZLGHO\� XVHG� PHWKRG� IRU� SHUIRUPDQFH� 

HYDOXDWLRQ�LQ D�VHW�RI�KRPRJHQHRXV�XQLWV��:H�SURSRVH�D�QHZ EL�OHYHO�'($�PRGHO�IRU�HIILFLHQF\� 

PHDVXUHPHQW�DQG�WDUJHW�VHWWLQJ���7KH�IXQGDPHQWDO�QRYHOW\�RI�WKH�SURSRVHG�PRGHO�LV WKUHHIROG��:H� 

����VHW ERWK�HIILFLHQF\�DQG�SURILW�FRQFXUUHQWO\�DV�WDUJHWV������OLPLW�WKH�DPRXQW�RI�FKDQJHV�LQ�WKH� 

LQSXWV�DQG�RXWSXWV�WR�SUHYHQW�XQDFKLHYDEOH�WDUJHWV��DQG���� SUHGLFW�VRPH�WDUJHWV�IRU�HIILFLHQW�XQLWV� 

EH\RQG�WKH�LQHIILFLHQW�RQHV��:H�SUHVHQW�D�FDVH�VWXG\�LQ�WKH�EDQNLQJ�LQGXVWU\�WR�GHPRQVWUDWH�WKH� 

HIILFDF\�RI�HIILFLHQF\�PHDVXUHPHQW�DQG�WDUJHW�VHWWLQJ�LQ�WKH�SURSRVHG�PRGHOV� 

.H\ZRUGV� 'DWD�HQYHORSPHQW�DQDO\VLV��%L�OHYHO�SURJUDPPLQJ��HIILFLHQF\�SODQQLQJ��WDUJHW�VHWWLQJ�� 

EHQFKPDUNLQJ� 

ϭ
 



�� ,QWURGXFWLRQ 

$� ODUJH� YROXPH RI� OLWHUDWXUH� KDV� FRQFHUQHG� LWVHOI� ZLWK� WKH� VWXG\� RI� HIILFLHQF\� &RQVLGHULQJ� 

HIILFLHQF\�DV�³KRZ�ZHOO�DQ�RUJDQL]DWLRQ�XVHV LQSXWV�WR�SURGXFH�RXWSXWV´ �&RFKUDQ� �������SHUKDSV� 

QR�PDQDJHU�RU�UHVRXUFH�RZQHU�GHQLHV WKH�LPSRUWDQFH�RI�HIILFLHQF\� $�EULHI�JODQFH�DW WKH OLWHUDWXUH� 

VKRZV�D�ZLGH�UDQJH�RI�GLVFXVVLRQV�DERXW�KRZ�WR�PHDVXUH�DQG�LPSURYH�WKH�HIILFLHQF\�� 

*HQHUDOO\�� HIILFLHQF\� HYDOXDWLRQ� PHWKRGV� DUH� FODVVLILHG� LQWR� WZR� FDWHJRULHV� QRQ� 

SDUDPHWULF��%DWWHVH�DQG�&RHOOL�������������$MLEHIXQ�HW�DO������� DQG�SDUDPHWULF �)DUH�HW�DO�������� 

&RHOOL�DQG�3HUHOPDQ�������)RUVXQG�DQG�+MDOPDUVVRQ�������%DUGDVRQ�DQG�9DVVGDO������ PHWKRGV�� 

$V�D�QRQ�SDUDPHWULF�HIILFLHQF\�HYDOXDWLRQ�PHWKRG��GDWD�HQYHORSPHQW�DQDO\VLV �'($� HPSOR\V D� 

OLQHDU�SURJUDPPLQJ EDVHG�WHFKQLTXH�WR�HVWLPDWH�D�SLHFHZLVH�OLQHDU�SURGXFWLRQ�IURQWLHU�DQG�DSSOLHV 

WKH�HVWLPDWHG�IURQWLHU�WR�DSSUR[LPDWH�HIILFLHQF\��&KDUQHV�HW�DO��������&ROOLHU�HW�DO�������� 6LQFH�LWV� 

LQLWLDO�LQWURGXFWLRQ��'($�KDV EHHQ DSSOLHG�DQG�LQYHVWLJDWHG�LQ�WKRXVDQGV�RI�SDSHUV�DQG�SUDFWLFDO� 

SURMHFWV��/LX�HW�DO���������DQG�ODWHU� (PURX]QHMDG�HW�DO�������� VXUYH\HG�WKH�DSSOLFDWLRQV�RI�'($� 

DQG� UHSUHVHQWHG�D�ZLGH�YDULHW\�RI� DSSOLFDWLRQV�� 2ULJLQDOO\� WKH�PDLQ� DSSOLFDWLRQ�RI� '($� LV� IRU� 

HIILFLHQF\�HYDOXDWLRQ��&ODVVLF�'($�PRGHOV�ZHUH H[WHQGHG�XSRQ WKH�DVVXPSWLRQ�RI�FHUWDLQW\� ZKHUH� 

WKH\ DVVXPH�WKDW�D�VHW�RI�GHFLVLRQ�PDNLQJ�XQLWV��'08V��DFW�DQG�XVH�D�VHW�RI�NQRZQ�LQSXWV�DQG� 

SURGXFH�D� VHW�RI�GHWHUPLQHG�RXWSXWV�� /LX�DQG�/LQ� ������ KDYH�FODVVLILHG�XQFHUWDLQW\� LQWR� WKUHH� 

FDWHJRULHV������HQFRPSDVVLQJ SUREDELOLW\�DQG�VWDWLVWLFV������IX]]\�VHW�WKHRU\� DQG�����JUH\�V\VWHPV 

WKHRU\��$FFRUGLQJO\��'($�PRGHOV�XQGHU�XQFHUWDLQW\�DUH�JHQHUDOO\�DUH�H[WHQGHG�ZLWK�SUREDELOLWLHV�� 

IX]]\�ORJLF�RU�JUH\�V\VWHPV�WKHRU\� 

$V�KLJKOLJKWHG�E\�2OHVHQ�DQG�3HWHUVHQ���������VWRFKDVWLF�'($�PRGHOV� KDYH HYROYHG�LQ� 

WZR�GLIIHUHQW�GLUHFWLRQV�� ,Q�RQH�GLUHFWLRQ�� WKDW�ZDV LQLWLDWHG�E\�%DQNHU� �������DQG�IROORZHG�E\� 

.RURVWHOHY�HW�DO�������D���.RURVWHOHY�HW�DO�������E���.QHLS�HW�DO��������� 6LPDU�DQG�:LOVRQ�������� 

�������VRPH�VWDWLVWLFDO�D[LRPV�DUH�LQFOXGHG�WKDW�GHILQH D�VWDWLVWLFDO�PRGHO�DQG�D�VDPSOLQJ�SURFHVV� 

LQWR�D�'($�IUDPHZRUN�� ,Q WKH�RWKHU�GLUHFWLRQ��RULJLQDWHG�E\�/DQG�HW�DO�������� DQG�SURFHHGHG�E\ 

2OHVHQ� DQG� 3HWHUVHQ� �������� &RRSHU� HW� DO�� ������ DQG 2OHVHQ� ������� WKH� REVHUYHG� LQSXWV� DQG� 

RXWSXWV�DUH UHSODFHG�ZLWK�'08�VSHFLILF�GLVWULEXWLRQV��)XUWKHUPRUH��2OHVHQ�DQG�3HWHUVHQ������� 

PRGHO� 

Ϯ 

SUHVHQWHG D� FRPSUHKHQVLYH� UHYLHZ� RI VWRFKDVWLF� '($� PRGHOV� -UDGL DQG� 5XJJLHUR� ������� 

FRQVLGHUHG� D� VWRFKDVWLF� '($� PRGHO� DQG� HPSKDVL]HG� RQ� WKH� PRVW� FRPPRQ� VWRFKDVWLF� IURQWLHU� 

PRGHO��7KH\�XVHG�VLPXODWHG�GDWD�DQG�FRPSDUHG�WKH�PRGHO�WR�WKH�HFRQRPHWULF�VWRFKDVWLF�IURQWLHU� 

.DR�DQG�/LX��������ZDUQHG DJDLQVW�XVLQJ�GHWHUPLQLVWLF�'($�PRGHOV�IRU PHDVXULQJ WKH� 



	

UHODWLYH�HIILFLHQF\�LQ�WKH�UHDO�ZRUOG�VWRFKDVWLF�SUREOHPV�IRU WKH�VDNH�RI�VLPSOLFLW\��7KH\�SURSRVHG 

D�VWRFKDVWLF�'($�PRGHO�DQG�XVHG WKH�FRUUHODWLRQ�EHWZHHQ�WKH�LQSXW�DQG�RXWSXW�IDFWRUV�WR�GHWHUPLQH� 

WKH�GLVWULEXWLRQ�RI�WKH�VWRFKDVWLF�HIILFLHQF\� 

)X]]\�'($�KDV DOVR�EHHQ�VWXGLHG�H[WHQVLYHO\��,Q�WKLV�ILHOG RI�UHVHDUFK��+DWDPL�0DUELQL�HW� 

DO�� ������� FODVVLILHG� WKH� SURSRVHG� IX]]\� '($� DSSURDFKHV� LQWR GLIIHUHQW� FDWHJRULHV� ���� WKH� 

WROHUDQFH� DSSURDFK�� ���� WKH� Į�OHYHO� EDVHG� DSSURDFK�� ���� WKH� SRVVLELOLW\� DSSURDFK�� DQG� ���� RWKHU� 

DSSURDFKHV��6LQFH�������=HUDIDW�$QJL]�/��HW�DO�� ��������5D]DYL�+DMLDJKD�HW�DO�� ������� +DWDPL� 

0DUELQL�HW�DO�������� DQG�5D]DYL�+DMLDJKD�HW�DO���������DUH�H[DPSOHV�RI�VRPH�RWKHU�UHVHDUFKHV�WKDW� 

DGGHG VLJQLILFDQW�UHVXOWV�WR WKH�ILHOG�RI�IX]]\�'($� )RU�LQVWDQFH��=KDQJ�HW�DO��������SURSRVHG�D� 

WZR�VWDJH '($�PRGHO� IRU� UHVRXUFH�DOORFDWLRQ EDVHG�RQ�]HUR�DQG� IL[HG�VXP�JDLQ��)XUWKHUPRUH�� 

+DWDPL�0DUELQL��������XVHG�QHWZRUN�'($�DV�D�QRQ�SDUDPHWULF�WRRO�IRU�EHQFKPDUNLQJ�LQ VXSSO\� 

FKDLQV�� 7KH\� FRQVLGHUHG� KXPDQ� MXGJHPHQWV� DV� IX]]\� QXPEHUV� WR� IRUPXODWH LPSUHFLVHQHVV DQG� 

DPELJXLW\� LQ� WKHLU PRGHO� ,W� LV� ZRUWK� QRWLQJ� KHUH� WKDW�� PRUH� LPSURYHG� YHUVLRQV� RI� WKH� IX]]\� 

DSSURDFK�LQ�'($�LQFOXGLQJ�LQWXLWLRQLVWLF�IX]]\�'($�DQG�KHVLWDQW�IX]]\�'($�ZHUH�SUHVHQWHG�E\� 

3XUL� �<DGDY���������2WD\�HW�DO���������DQG�=KRX�HW�DO��������� 

0RUHRYHU��'($�ZLWK�JUH\�RU�LQWHUYDO�GDWD�LV�VWXGLHG�E\�VRPH�VFKRODUV��:DQJ�HW�DO��������� 

LQWURGXFHG�D�PHWKRG�RI�KDQGOLQJ�LQWHUYDO�GDWD�LQ�'($��&RQVHTXHQWO\��.DR��������SURSRVHG�D�WZR� 

OHYHO�PDWKHPDWLFDO�SURJUDPPLQJ�EDVHG�DSSURDFK�IRU�VROYLQJ�'($�SUREOHPV�ZLWK�LPSUHFLVH�GDWD� 

LQFOXGLQJ� RUGLQDO� DQG� LQWHUYDO� GDWD�� )LJXUH� �� LOOXVWUDWHV� D� SRVVLEOH� FODVVLILFDWLRQ� RI� FHUWDLQ� DQG� 

XQFHUWDLQ�'($�DSSURDFKHV�� 

,QVHUW�)LJXUH���+HUH
 

%H\RQG� WKH� W\SH� RI� XQFHUWDLQW\� LQ� '($�� L�H�� VWRFKDVWLF�� IX]]\�� RU� LQWHUYDO�� DOO� WKH� 

DIRUHPHQWLRQHG PHWKRGV�GHDO�ZLWK�WKH�SUREOHP�RI�HYDOXDWLRQ�WKDW�LV�D�SRVW�HYHQW�DQDO\VLV��:KLOH� 

HYDOXDWLRQ�PLJKW�EH�DQ�LPSRUWDQW�SUREOHP�IRU�PDQDJHUV��D�PRUH�FKDOOHQJLQJ�LVVXH�LV�KRZ�WR�SODQ� 

DQG� WDUJHW� WKH� SHUIRUPDQFH� RI� RUJDQL]DWLRQV�� $QDO\]LQJ� UHODWHG OLWHUDWXUH�� D� ZLGH� UDQJH� RI� 

UHVHDUFKHV�LV SHUIRUPHG LQ�WKH�ILHOG�RI�SHUIRUPDQFH�HYDOXDWLRQ�XVLQJ�'($� KRZHYHU� WKH�FDWHJRU\ 

RI� SODQQLQJ� EDVHG� RQ� '($� LV� OLPLWHG�� 'H� IDFWR�� WKH� VWRFKDVWLF� '($� FRQVLGHUHG� DV� D� WRRO� IRU� 

IRUHFDVWLQJ HIILFLHQF\ KDV� EHHQ� LJQRUHG� &RQVLGHULQJ� WKLV IDFW�� *XL�VKHQJ� ������ SURSRVHG� DQ� 

H[WHQVLRQ�RI�LQWHUYDO�'($�WR�IRUHFDVW�WKH�HIILFLHQF\��6LPLODUO\��.OLPEHUJ HW�DO� ������ SURSRVHG�D� 

UHJUHVVLRQ�DQDO\VLV�IRU�IRUHFDVWLQJ�WKH SHUIRUPDQFH�RI�EDQNV� ZKHQ�'($�UHODWLYH�HIILFLHQF\�LV�XVHG� 

DV�D�YDULDEOH� )XUWKHUPRUH��.LDQL�0DYL HW�DO�������� DSSOLHG�WKH�DQDO\WLF�KLHUDUFK\�SURFHVV�DORQJ� 

ϯ
 



	ZLWK� '($� IRU� IRUHFDVWLQJ� HIILFLHQF\�� 0RUHRYHU�� (EUDKLPQHMDG� 7DYDQD� ������ SURSRVHG� DQ� 

LQWHUDFWLYH�PXOWL�REMHFWLYH�OLQHDU�SURJUDPPLQJ�PRGHO�IRU�LGHQWLI\LQJ�WDUJHW�XQLWV�LQ�RXWSXW�RULHQWHG� 

'($� 6KDEDQSRXU HW�DO�������� SURSRVHG�D�FRPELQDWLRQ�RI�DUWLILFLDO�QHXUDO�QHWZRUNV�DQG�G\QDPLF� 

'($�WR�IRUHFDVW�WKH�HIILFLHQF\�RI�JUHHQ�VXSSOLHUV��7KHLU�DSSURDFK�LQLWLDOO\�DSSUR[LPDWHG WKH�LQSXWV� 

DQG�RXWSXWV�XVLQJ�DUWLILFLDO�QHXUDO�QHWZRUNV DQG�WKHQ�DSSOLHG�WKHVH�HVWLPDWHG�YDOXHV�LQ�G\QDPLF� 

'($�WR�IRUHFDVW�WKH�HIILFLHQF\��$SDULFLR�HW�DO���������SURSRVHG�D�EL�OHYHO�PRGHO�WR GHWHUPLQH WKH� 

FORVHVW� WDUJHW�EDVHG�RQ� WKH� OHDVW�GLVWDQFH�FULWHULRQ��7KH� ILUVW� OHYHO�REMHFWLYH� LV� WR�PD[LPL]H� WKH� 

5XVVHOO RXWSXW�PHDVXUH�DQG� WKH�VHFRQG� OHYHO� LV� WR�PLQLPL]H� WKH� LQSXW�VODFNV��7KH�VHFRQG� OHYHO� 

PRGHO�LV�UHSODFHG�ZLWK�LWV�HTXLYDOHQW�.DUXVK�.XKQ�7XFNHU�RSWLPDOLW\�FRQGLWLRQ� 

7KH�DLP�RI�WKLV�UHVHDUFK�LV�WR�SURSRVH�D�PHWKRG�RI�SODQQLQJ�EDVHG�RQ�HIILFLHQF\��/LWHUDOO\�� 

FRQVLGHULQJ�WKH�SHUIRUPDQFH�RI�D '08�LQ�WKH�FXUUHQW�SHULRG��DQ�DSSURDFK�KDV�EHHQ�GHYHORSHG WR� 

LQGLFDWH KRZ�LW�VKRXOG�SHUIRUP�LQ�WKH�XSFRPLQJ�SHULRG�WR�LPSURYH�LWV�HIILFLHQF\��E\�FRQVLGHULQJ� 

KLV��KHU�SURILW�SHUIRUPDQFH� )RU�H[DPSOH��LI� ܯܦ ௝ܷ XVH V LQSXW�YHFWRU� ൫ݔଵ௝
௧ ǡ ݔଶ௝ 

௧ ǡ ǥ ǡ ݔ௠௝ 
௧ ൯ WR SURGXFH� 

RXWSXW�YHFWRU�൫ݕଵ௝ 
௧ ǡ ݕଶ௝ 

௧ ǡ ǥ ǡ ݕ௦௝ 
௧ ൯ LQ�SHULRG�W��WKH�SURSRVHG�PHWKRG�VHHNV�WR MXVWLI\�WKH�QH[W�SHULRG� 

LQSXWV �L�H�� ݔଵ௝ 
௧ାଵǡ ݔଶ௝ 

௧ାଵǡ ǥ ǡ ݔ௠௝ 
௧ାଵ��� DQG� WDUJHWV� RXWSXWV �L�H��� ݕଵ௝ 

௧ାଵǡ ݕଶ௝ 
௧ାଵǡ ǥ ǡ ݕ௦௝ 

௧ାଵ�� WR� LPSURYH� LWV� 

HIILFLHQF\�LQ�WKH�IRUWKFRPLQJ SHULRG�ZLWK�UHVSHFW WR LQSXWV�DQG�RXWSXWV� &RQVLGHULQJ�SURILW�DORQJ� 

ZLWK�WHFKQLFDO�HIILFLHQF\�LV�RQH�RI�WKH�PDLQ�FRQWULEXWLRQV RI�WKH�SURSRVHG PRGHO� 

ൌ݆Ǣݏ ൌ ͳǡʹǡ ǥ ǡ ݎǡ௧ାଵ 
௜௝ 7ݔR�GHWHUPLQH�WKH�YDOXHV�RI� ௥௝ݕDQG� ݊ ൌ ͳǡʹǡ ǥ ǡ ݆ Ǣ݉ ൌ ͳǡʹǡ ǥ ǡ ݅ ǡ௧ାଵ 

OHYHO�SURJUDPPLQJ�PRGHO�LV�SURSRVHG�LQ�WKLV�SDSHU�WKDW�DW�WKH�ILUVW�OHYHO��HIILFLHQF\����D�EL ݊ ͳǡʹǡ ǥ ǡ 

RI�DQ\�'08�LV�PD[LPL]HG��ZKLOH�DW�WKH�VHFRQG�OHYHO�WKH�FRPELQDWLRQ�RI�LQSXWV�DQG�RXWSXWV�EDVHG� 

RQ� WKHLU� FRVWV� DQG� SURILWV� DUH� RSWLPL]HG�� %L�OHYHO� SURJUDPPLQJ� �KHUHDIWHU� %/3�� LV� D� SUREOHP� 

FRQVLVWLQJ� RI D� WZR�OHYHO� KLHUDUFK\�� ,Q� D� %/3�� WZR� GHFLVLRQ� PDNHUV� DW� WZR� GLIIHUHQW� SRVLWLRQV 

LQGHSHQGHQWO\�FRQWURO�D�VHW�RI�GHFLVLRQ�YDULDEOHV��$URUD�DQG�*XSWD���������&DQGOHU�DQG�7RZQVOH\� 

������� VXJJHVWHG WKDW HQHUJ\� SROLF\�� GUXJ� DEXVH� DQG� HFRQRPLF� GHYHORSPHQW� DUH VRPH� RI� WKH� 

DSSOLFDWLRQ DUHDV RI�%/3��%HQ�$\HG��������IRUPXODWHG�WKH�JHQHUDO�VWUXFWXUH�RI�D�%/3�SUREOHP�DV� 

IROORZV� 

��� ሺଵ݂ݔǡݕൌሻ ܥଵݔଵ݀ ൅ݕ
௫ 

ZKHUH�\ VROYHV� 
��� 

��� ሺଶ݂ݔǡݕൌሻܥଶݔଶ݀൅ݕ
௬ 

V�W� 

ϰ
 



L 

ܾ ൑ܤݕ൅ܣݔ 

ǡݔ  ൒ Ͳ ݕ

DUH� E��DQG� ଶ݀�� ଵ݀�� ଶܿ�� ଵܿILUVW�DQG�VHFRQG�OHYHO�GHFLVLRQ�SUREOHPV��WKH�DUH�YHFWRUV�RI� \DQG� [KHUH�Z 

FRQVWDQW�YHFWRUV��$ DQG�% DUH�FRQVWDQW�PDWULFHV�� 

6HYHUDO�VROYLQJ�DSSURDFKHV�DUH�SURSRVHG�WR�VROYH�%/3�SUREOHPV��DPRQJ�WKHP�FDQ�UHIHU WR� 
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σ൅଴௜ܿെ ௃ డ௚ೕ ூ డ௛೔ߣ௝ ೟శభ ൅ σ௜ୀଵ ௝ ೟శభߤ ൒ Ͳ��L ����«�P௝ୀଵ డఈ೔బ డఈ೔బ 

σെ଴௜ܿ
௃ డ௚ೕ ூ డ௛೔ߣ௝ ೟శభ െ σ௜ୀଵ ௝ ೟శభߤ ൑ Ͳ� L ����«�P௝ୀଵ డఈ೔బ డఈ೔బ 

+HQFH��WKH�ILQDO�VLQJOH�OHYHO�PRGHO�LV�IRUPXODWHG�DV� 

௦ 

෍ܯܽݔ ௧ ௧ାଵሻݑ௥
௧ା
଴ 
ଵሺݕ௥଴ ൅ ߚ௥଴ 

௥ୀଵ 

V�W� 
௠ 

௧ ௧ାଵሻ෍ ݒ௜
௧
଴
ାଵሺݔ௜଴ െ ߙ௜଴ ൌ ͳ 

௜ୀଵ
 

௦ ௠
 
௧ ௧ାଵሻ ௧ ௧ାଵሻ෍ ݑ௥

௧ା
଴ 
ଵሺݕ௥଴ ൅ ߚ௥଴ െ ߠ଴

௧ ෍ ݒ௜
௧
଴
ାଵሺݔ௜଴ െ ߙ௜଴ ൒ Ͳ 

௥ୀଵ ௜ୀଵ
 

௦ ௠
 
௧ ௧ାଵ൯ ௧ ௧ାଵ൯෍ ݑ௥

௧ା
଴ 
ଵ൫ݕ௥௝ ൅ ߚ௥௝ െ ෍ ݒ௜

௧
଴
ାଵ൫ݔ௜௝ െ ߙ௜௝ 

௥ୀଵ ௜ୀଵ
 

௃
 ூ 

݉ǡǥǡʹǡͳൌ ݆ǡͳ൑ 

௝߲݃ ௜݄߲ 
௝ߣ෍൅଴௥݌െ ൅ ෍ߤ௝  ���� ௥଴௝ୀଵ ௜ୀଵߚ߲ ௥଴ߚǡͲ൑௧ାଵ ௧ାଵ߲ݎ ǡǥǡʹǡͳൌݏ

௃ ூ 
௝߲݃ ௜݄߲ 

௝ߣ෍െ଴௥݌ െ ෍ߤ௝  ௥଴௝ୀଵ ௜ୀଵߚ௥଴߲ߚǡͲ൑௧ାଵ ௧ାଵ߲ݎ ǡǥǡʹǡͳൌݏ

σ൅଴௜ܿെ ௃ డ௚ೕ ூ డ௛೔ߣ௝ ೟శభ ൅ σ௜ୀଵ ௝ ೟శభߤ ൑ Ͳ�L ����«�P௝ୀଵ డఈ೔బ డఈ೔బ 

σെ଴௜ܿ
௃ డ௚ೕ ூ డ௛೔ߣ௝ ೟శభ െ σ௜ୀଵ ௝ ೟శభߤ ൑ Ͳ� L ����«�P௝ୀଵ డఈ೔బ డఈ೔బ 

 ߣെ௝ܷݕǡͲ൑௝݆אܬ

 ݏ൅௝ܷݕǡܷ൑௝݆אܬ

 ߣǡ௝ݏǡͲ൒௝݆ א ܬ

ϭϬ
 



,Q�FDVH�PDQDJHUV�KDYH�VRPH�OLPLWDWLRQV�RU�UHTXLUHPHQWV�RQ�WKH�DPRXQW�RI�LQSXW�GHFUHDVLQJ� 

RU�RXWSXW�LQFUHDVLQJ��WKHVH�OLPLWDWLRQV�FDQ�EH�ZRUNHG LQWR�WKH�PRGHO��$V�D�FDVH�LQ�SRLQW��LI�PDQDJHUV� 

௜଴
௧ܽݔ ൑௧ାଵ GHWHUPLQHG�D�PLQLPXP��PD[LPXP��SHUFHQW�D�RI�GHFUHDVLQJ�RYHU�LQSXW L��L�Hߙ��௜଴ 

௥଴
௧ܾݕ ൑௧ାଵ ௧ ���RU�VLPLODUO\�D�PLQLPXP��PD[LPXP��SHUFHQW�E RI�LQFUHDVLQJ�LQ�RXWSXW�U��L�H� ߚ௥଴ ௜଴ܽݔ

௧ାଵ ൒�ߙ௜଴ 

௥଴
௧ܾݕ ൒௧ାଵ �ߚ௥଴ 

WKHVH�DGGLWLRQDO�FRQVWUDLQWV�PDNH�WKH�SUREOHP�LQIHDVLEOH��WKH\�PXVW�EH�UHOD[HG�� 7KH�VLJQLILFDQFH� 

DQG�YDOXH�RI�WKH�SURSRVHG�PHWKRG�FDQ�EH�VHHQ�EDVHG�XSRQ�WKH�SUHVHQWDWLRQ�RI�D�UHDO�ZRUOG�FDVH� 

VWXG\�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ� 

�� &DVH�VWXG\� 

���� %DFNJURXQG 

,Q� WKLV� VHFWLRQ�� ZH� SUHVHQW� D� UHDO�OLIH� FDVH� VWXG\� LQ� WKH� EDQNLQJ� LQGXVWU\� WR� GHPRQVWUDWH� WKH� 

DSSOLFDELOLW\� DQG� H[KLELW� WKH� HIILFDF\� RI� WKH� SURSRVHG� PHWKRG�� � '($� KDV� EHHQ� ZLGHO\� XVHG� LQ� 

EDQNLQJ� �(PURX]QHMDG� HW� DO��� ������� 7KH� GDWD�SUHVHQWHG�KHUH� DUH� WDNHQ� IURP� 3HRSOHV� %DQN��� D� 

SULYDWH�EDQN��LQ�,UDQ�ZLWK�RYHU����EUDQFKHV�QDWLRQZLGH���7KH�EDQN�KHDGTXDUWHUV�LQ�7HKUDQ�DQQXDOO\� 

DQQRXQFHV�WKH�JRDOV�IRU�WKH�XSFRPLQJ�\HDU�LQ�WKH�IROORZLQJ�DUHDV� 

D� 'HSRVLWV� 

E� /RDQV� 

F� ,QFRPHV��DQG 

G� &RVW� 

,Q� WKH� IROORZLQJ VHFWLRQ��ZH� H[SODLQ�DOO� WKH�YDULDEOHV XVHG�DV� LQSXWV�DQG�RXWSXWV� LQ� WKLV� 

VWXG\� 

x	 ,QSXWV� 

R	 1RQ�LQWHUHVW�H[SHQVHV �[��� 1RQ�LQWHUHVW�H[SHQVHV�LQFOXGH D�ZLGH�UDQJH�RI�RSHUDWLQJ� 

DQG�RYHUKHDG�H[SHQVHV VXFK�DV VDODULHV��EHQHILWV��UHQW��XWLOLWLHV��LQVXUDQFH��LQIRUPDWLRQ� 

WHFKQRORJ\�H[SHQVHV��OHJDO�H[SHQVHV��DQG�RWKHU�IL[HG�DVVHWV�� 

R	 ,QWHUHVW�H[SHQVHV �[��� ,QWHUHVW�H[SHQVHV�DUH�LQFXUUHG�IURP�YDULRXV�GHSRVLWV��VKRUW�WHUP� 

ORDQV��ORQJ�WHUP�ORDQV��DQG�WUDGLQJ�DFFRXQW�OLDELOLWLHV� 

x	 2XWSXWV� 

R	 &KHFNLQJ GHSRVLWV �\��� $ GHSRVLW� DFFRXQW� DJDLQVW� ZKLFK� FKHFNV� RU� GUDIWV� PD\� EH� 

ϭ 7KH�QDPH�LV�FKDQJHG�WR�SURWHFW�WKH�DQRQ\PLW\�RI�WKH�EDQN� 

���WKHVH�FRQVWUDLQWV�FDQ�EH�DGGHG�WR�WKH�ILUVW�OHYHO�SUREOHP��+RZHYHU��DVVXPLQJ�WKDW�
 

ϭϭ
 









ZULWWHQ IRU�FKHFNLQJ��VDYLQJV�DQG�PRQH\�PDUNHW�DFFRXQWV� 

R 6DYLQJV�GHSRVLWV��\����,QWHUHVW�SD\LQJ�DFFRXQWV��W\SLFDOO\�DW�EHORZ�PDUNHW�LQWHUHVW�UDWHV� 

WKDW GR�QRW�KDYH�D�VSHFLILF�PDWXULW\ DQG�FDQ�EH�ZLWKGUDZQ�XSRQ�GHPDQG��� 

R 0RQH\�PDUNHW GHSRVLWV��\��� $�PRQH\�PDUNHW�GHSRVLW�DFFRXQW�RIWHQ�KDV OLPLWHG�FKHFN� 

ZULWLQJ�SULYLOHJHV�DQG�SD\V�DQ�LQWHUHVW�UDWH�WKDW�LV�W\SLFDOO\�KLJKHU�WKDQ�D�UHJXODU�VDYLQJV� 

DFFRXQW�EXW�ORZHU�WKDQ�D�FHUWLILFDWH�RI�GHSRVLW�RU�RWKHU�WLPH�GHSRVLWV�� 

R &HUWLILFDWHV�RI�GHSRVLWV �&'� �\��� $�&'�LV�D�SURPLVVRU\�QRWH�LVVXHG�E\�D�EDQN��,W�LV�D� 

WLPH�GHSRVLW�WKDW�UHVWULFWV�DFFRXQW�KROGHUV�IURP�ZLWKGUDZLQJ�IXQGV�RQ�GHPDQG�� 

R ,QGLYLGXDO�UHWLUHPHQW�DFFRXQW �,5$��GHSRVLWV��\��� $Q�,5$�LV�DQ�DFFRXQW�WKDW�DOORZV�DQ� 

LQGLYLGXDO� WR� VDYH� IRU� UHWLUHPHQW� ZLWK� WD[�IUHH� JURZWK� RU� RQ� D� WD[�GHIHUUHG� EDVLV�� 

GHSHQGLQJ�RQ�WKH�W\SH�RI�,5$�� 

R )L[HG�UDWH�ORDQV��\��� $�IL[HG�LQWHUHVW�UDWH�ORDQ�LV�D�ORDQ�ZKHUH�WKH�LQWHUHVW�UDWH�GRHVQ W� 

IOXFWXDWH�GXULQJ�WKH�IL[HG�UDWH�SHULRG�RI�WKH�ORDQ�� 

R 9DULDEOH�UDWH�ORDQV��\��� 9DULDEOH�LQWHUHVW�UDWH�ORDQ�LV�D�ORDQ�LQ�ZKLFK�WKH�LQWHUHVW�UDWH� 

FKDUJHG�RQ�WKH�RXWVWDQGLQJ�EDODQFH�YDULHV�DV�PDUNHW�LQWHUHVW�UDWHV�FKDQJH�� 

R ,QVWDOOPHQW�ORDQV��\��� $Q�LQVWDOOPHQW�ORDQ�LV�D�ORDQ�WKDW�LV�UHSDLG�RYHU�WLPH�ZLWK�D�VHW� 

QXPEHU�RI�VFKHGXOHG�SD\PHQWV��QRUPDOO\�DW�OHDVW�WZR�SD\PHQWV�DUH�PDGH�WRZDUGV�WKH� 

ORDQ�� 

R 6HFXUHG�ORDQV��\��� $�VHFXUHG�ORDQ�LV�D�ORDQ�LQ�ZKLFK�WKH�ERUURZHU�SOHGJHV�VRPH�DVVHW� 

DV�FROODWHUDO�IRU�WKH�ORDQ��ZKLFK�WKHQ�EHFRPHV�D�VHFXUHG�GHEW�RZHG�WR�WKH�FUHGLWRU�ZKR� 

JLYHV�WKH�ORDQ�� 

R 8QVHFXUHG�ORDQV��\���� $Q�XQVHFXUHG�ORDQ�LV�D�ORDQ�WKDW�LV�LVVXHG�DQG�VXSSRUWHG�RQO\�E\� 

WKH�ERUURZHU V�FUHGLWZRUWKLQHVV��UDWKHU�WKDQ�E\�DQ\�W\SH�RI�FROODWHUDO�� 

R &RQYHUWLEOH� UDWH� ORDQV� �\���� 'HEW� ILQDQFLQJ� LV� ZKHQ� DQ� LQYHVWRU� ORDQV� IXQGV� WR� D 

EXVLQHVV�ZLWK�D�VHW�LQWHUHVW�UDWH�� 

R 3HUVRQDO�DFFRXQW�IHHV��\�����%DQN�IHHV�DUH�QRPLQDO�IHHV�IRU�D�YDULHW\�RI�DFFRXQW�VHW�XS� 

DQG�PDLQWHQDQFH��DQG�PLQRU�WUDQVDFWLRQDO�VHUYLFHV�IRU�SHUVRQDO FXVWRPHUV� 

R %XVLQHVV�DFFRXQW�IHHV��\���� %DQN�IHHV�DUH�QRPLQDO�IHHV�IRU�D�YDULHW\�RI�DFFRXQW�VHW�XS� 

DQG�PDLQWHQDQFH��DQG�PLQRU�WUDQVDFWLRQDO�VHUYLFHV�IRU�UHWDLO�DQG�EXVLQHVV�FXVWRPHUV� 

R 0LVFHOODQHRXV�LQFRPH��\���� 7KLV�LQFRPH�PD\�EH�JDLQHG�LQ�SURSHUW\��PRQH\�RU�RWKHU� 

DVVHWV�IURP�UR\DOWLHV��UHQWV��SUL]HV��GLYLGHQGV��LQWHUHVW��RU�DQ\�RWKHU�LQFRPH�RWKHUZLVH� 

ϭϮ
 



XQUHSRUWHG��,QYHVWRSHGLD��:LNLSHGLD��� 

7DEOH���SUHVHQWV�D�OLVW�RI�WKH�WZR�LQSXWV�DQG����RXWSXWV�XVHG�LQ�WKLV�VWXG\�� 

,QVHUW�7DEOH���+HUH
 

௧ ௧ ௧ ௧ ௧ ௧ DW�WKH�FXUUHQW� ௝ܷܦܯRXWSXW�YHFWRU�RI��EH�WKH�LQSXW ൟସ௝ 
௧ǡ ଷ௝ ǡݕ ଶ௝ ǡݕ  ଵ௝ݕ

௧ǡ ସ௝ ǡݕ ଷ௝ ǡݔ ଶ௝ ǡݔ �HW/ݔଵ௝ ൛ݔ

SHULRG�� 7KH� SODQQLQJ� VHFWLRQ� RI� EDQN� ZDQWV� WR� GHWHUPLQH� WKH� YDOXHV� RI� 

௧ାଵǡ ݔଶ௝ 
௧ାଵǡ ݔସ௝ 

௧ାଵǡ ݕଶ௝ 
௧ାଵǡ ݕସ௝ ൛ݔଵ௝ 

௧ାଵǡ ݔଷ௝ 
௧ାଵǡ ݕଵ௝ 

௧ାଵǡ ݕଷ௝ 
௧ାଵൟ IRU� WKH�QH[W�XSFRPLQJ� WLPH�SHULRG��$W� WKH�XSSHU� 

OHYHO��EDQN�PDQDJHPHQW�VKRXOG�GHWHUPLQH�WKH�SRVLWLYH�YDOXHV�൛ߚଵ௝ǡ ߚଶ௝ǡ ߚଷ௝ǡ ߚସ௝ൟ IRU�RXWSXWV�VXFK� 

௧௧ାଵ ൌ ݕ௥௝ IRU�LQSX WV�VXFK�WKDW�ൟସ௝ǡ ଷ௝ǡ ߙ ଶ௝ǡ ߙ DQG�WKH�SRVLWLYH�YDOXHV� ൌ ߙଵ௝൛ ߙ ͳǡʹǡ͵ǡͶ ݎ ǡ௥௝൅ �WKDWݕ ௥௝ ߚ

௧ାଵ ൌ ݔ௜௝ EHFRPHV�ODUJHU� ݐ ൅ ͳDW�SHULRG� WKH�HIILFLHQF\�RI�'08MLQ�D�ZD\�WKDW� ൌ ͳǡʹǡ͵ǡͶ ݅ǡ௜௝െ  ௧ ߙ
௜௝ ݔ

WKDQ�LWV�HIILFLHQF\�DW�WKH�FXUUHQW�SHULRG�W��2Q�WKH�RWKHU�KDQG��DW�WKH�VHFRQG�OHYHO�RI�SODQQLQJ��HDFK 

'08�ZDQWV�WR�GHWHUPLQH�LWV�OHYHOV RI RXWSXWV IRU�WKH�QH[W�SHULRG�ZKLOH�PD[LPL]LQJ�WKHLU�SURILWV� 

DQG� VLPXOWDQHRXVO\� GHWHUPLQHV� LWV� OHYHOV RI� LQSXWV VXFK� WKDW� LW� PLQLPL]HV� WKHLU� FRVWV�� 7KH� 

FRQVLGHUHG�SUREOHP�LV�QDPHG�WDUJHWLQJ�LQSXWV��RXWSXWV�OHYHO�EDVHG�RQ�HIILFLHQF\�IRUHFDVWLQJ��7KH� 

EDQN�VHWV�WKH�IROORZLQJ�SROLFLHV�DERXW�LWV�EUDQFKHV�LQSXWV��RXWSXWV� 

D� ݕ଻ ൅ ଼ݕ ൅ ଽݕ ൅ ଵ଴ ൅ݕ ଵଵ ൑ݕ ͺͲΨሺݕଷ ൅  ସሻݕ

E� ݕ଻ ൑ ͵ͲΨሺݕ଻ ൅ ଼ݕ ൅ ଽݕ ൅ ଵ଴ ൅ݕ  ଵଵሻݕ

F� ଼ݕ ൑ ͵ͲΨሺݕ଻ ൅ ଼ݕ ൅ ଽݕ ൅ ଵ଴ ൅ݕ  ଵଵሻݕ

G� ݕଽ ൑ ͳͷΨሺݕ଻ ൅ ଼ݕ ൅ ଽݕ ൅ ଵ଴ ൅ݕ  ଵଵሻݕ

H� ݕଵ଴ ൑ ͳͷΨሺݕ଻ ൅ ଼ݕ ൅ ଽݕ ൅ ଵ଴ ൅ݕ  ଵଵሻݕ

I� ݕଵଵ ൑ ͷΨሺݕ଻ ൅ ଼ݕ ൅ ଽݕ ൅ ଵ଴ ൅ݕ  ଵଵሻݕ

)XUWKHUPRUH��DFFRUGLQJ�WR�WKH�HFRQRPLF�VLWXDWLRQ��WKH�EDQN�SROLF\�PDNHUV�EHOLHYH WKDW�WKH� 

PD[LPXP�DPRXQW�RI�GHFUHDVH�LQ�LQSXW�YDULDEOHV�VKRXOG�EH�ORZHU�WKDQ�����RI�WKH�FXUUHQW�LQSXWV�� 

ZKLOH�LW�LV�H[SHFWHG�WKDW�EUDQFKHV�FDQ�LQFUHDVH�WKHLU�RXWSXWV�LQ�WKH�UDQJH�RI������ �����6LQFH�LW� 

PLJKW� SRVVLEOH� WKDW� WKHVH� FRQVWUDLQWV� PDGH� WKH� PRGHO� LQIHDVLEOH� DORQJ� ZLWK� WKH� FRQVWUDLQW� RI� 

WDUJHWHG�HIILFLHQF\�EHLQJ�PRUH� WKDQ� LWV�FXUUHQW�HIILFLHQF\�� LI� WKH�PRGHO�EHFRPHV� LQIHDVLEOH�� WKH� 

HIILFLHQF\�FRQVWUDLQW�FDQ�EH�UHOD[HG� 

���� 5HVXOWV 

7R�DSSO\�WKH�SURSRVHG�PHWKRG�LQ�WKLV�FDVH��ILUVW�WKH�FXUUHQW�&&5�HIILFLHQFLHV�RI� WKH�'08V�DUH� 

FRPSXWHG�XVLQJ�WKH�0D['($ VRIWZDUH��7DEOH�� LOOXVWUDWHV WKH�REWDLQHG�UHVXOWV� 0RUHRYHU�� WKH� 

IROORZLQJ�UHJXODWLRQV�DUH�LPSOLHG�RYHU�WKH�LGHQWLILHG�LQSXWV�RXWSXWV� &RQVLGHULQJ�'08�������LWV� 

ϭϯ
 



 

FXUUHQW�LQSXWV�RXWSXWV DUH�LOOXVWUDWHG�LQ�7DEOH���
 

,QVHUW�7DEOHV�� DQG � +HUH
 

8VLQJ�WKH�LQIRUPDWLRQ IURP�WKH�DERYH�WDEOH� WKH�PRGHO�LQ�(T�������FDQ�EH�IRUPXODWHG�DV� 

IROORZV� 

ଵ ଵ ଵ ଵ  ଶǡଵ଴଴ଵݑ ଵǡଵ଴଴ଵ ሻ ൅ݑ ���൅ͳͲͷʹͻʹ͵͵ͶͲͻ͹ ሺߚ൅ͳͻͷͷʹͷͷʹͻͷ ൫ଵ଴଴ଵ Ǥଵߚ൅൯ଵ଴଴ଵ ǡଶ ڮ
௨ǡ௩
 

ଵ ଵ
൫ʹ͸ͻ͸Ͳʹ ൅ ߚଵସǡଵ଴଴ଵ ൯൅ ݑଵସǡଵ଴଴ଵ 

V�W� 

ଵ ଵ ଵ ଵ൫Ͷͻͻ͸ͲͻͲͷ െ ߙଵǡଵ଴଴ଵ ൫ͳͻͷͷʹͷͷʹͻͷ െ ߙଶǡଵ଴଴ଵ ൯ ݒ�ଵǡଵ଴଴ଵ ൯ ൅ ݒଶǡଵ଴଴ଵ 

ଵ ଵ ଵ ଵ ଵ൫ͳͲͷʹͻʹ͵͵ͶͲͻ͹ ൅ ߚଵǡଵ଴଴ଵ ൫ͳͻͷͷʹͷͷʹͻͷ ൅ ߚଶǡଵ଴଴ଵ ൫ʹ͸ͻ͸Ͳʹ ଵ଴଴ଵǡଵସݑ൅ڮ൅൯ଵ଴଴ଵ ǡଶݑ൅൯ଵ଴଴ଵ ǡଵݑ

ଵ ଵ ଵ ଵ ଵ൫Ͷͻͻ͸ͲͻͲͷ െ ߙଵǡଵ଴଴ଵ ൫ͳͻͷͷʹͷͷʹͻͷ െ ߙଶǡଵ଴଴ଵ ൯൅ ߚଵସǡଵ଴଴ଵ ൯ െ ݒଵǡଵ଴଴ଵ ൯ െ ݒଶǡଵ଴଴ଵ
 

൒ Ͳ
 

ଵ ଵ ଵ ଵ ଵ൫ͳͲͷʹͻʹ͵͵ͶͲͻ͹ ൅ ߚଵǡଵ଴଴ଵ ൫ͳͻͷͷʹͷͷʹͻͷ ൅ ߚଶǡଵ଴଴ଵ ൫ʹ͸ͻ͸Ͳʹ ଵ଴଴ଵǡଵସݑ൅ڮ൅൯ଵ଴଴ଵ ǡଶݑ൅൯ଵ଴଴ଵ ǡଵݑ

ଵ ଵ ଵ ଵ ଵ൫Ͷͻͻ͸ͲͻͲͷ െ ߙଵǡଵ଴଴ଵ ൫ͳͻͷͷʹͷͷʹͻͷ െ ߙଶǡଵ଴଴ଵ ൯൅ ߚଵସǡଵ଴଴ଵ ൯ െ ݒଵǡଵ଴଴ଵ ൯ െ ݒଶǡଵ଴଴ଵ
 

൑ Ͳ
 

ଵ ଵ ଵ ଵ ଵ൫ʹͻʹͲͺ͹ͺ͸ͶͶͻͷ ൅ ߚଵǡଵ଴଴ଶ ൫ͳʹ͹ͲͲͳͳ͵͵͹ ൅ ߚଶǡଵ଴଴ଶ ൫ͳͲ͵ͳ͹Ͷ ଵ଴଴ଵǡଵସݑ൅ڮ൅൯ଵ଴଴ଵ ǡଶݑ൅൯ଵ଴଴ଵ ǡଵݑ

ଵ ଵ ଵ ଵ ଵ൫Ͷͻͻ͸ͲͻͲͷ െ ߙଵǡଵ଴଴ଶ ൫ͳ͹ͶͳͲʹͲͳʹ͸ െ ߙଶǡଵ଴଴ଶ ൯൅ ߚଵସǡଵ଴଴ଶ ൯ െ ݒଵǡଵ଴଴ଵ ൯ ൅ ݒଶǡଵ଴଴ଵ 
���� 

൑ Ͳ 

ଵ ଵ ଵ ଵ ଵ൫͸ͳͳͻͳͳ͸ͳͲͷ ൅ ߚଵǡଵ଴ଷସ ൫ͶͷͲͲͲͲ ൅ ߚଶǡଵ଴ଷସ ൫͵ͷͷʹͺͻ ଵ଴଴ଵǡଵସݑ൅ڮ൅൯ଵ଴଴ଵ ǡଶݑ൅൯ଵ଴଴ଵ ǡଵݑ
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െ ͲǤͳ͹ͷ൫ʹ͸͵ͺͶͲ͸ͲͲͲ͸ ൅ ଼ߚ
ଵ
ǡଵ଴଴ସ ൯ െ ͲǤͳͺ൫ͷͷͶʹ͹ͷͻ͸ͳͶͳ ൅ ߚଽ

ଵ
ǡଵ଴଴ସ ൯ 

ଵ ଵെ ͲǤͳʹ൫ͳͶͳ͵͹ͷͶͲ͹͸ͻ͵ ൅ ߚଵ଴ǡଵ଴଴ସ ൯ െ ͲǤͲͷ൫ͻ͹ʹͶͳ͸ͶͲͳͻ ൅ ߚଵଵǡଵ଴଴ସ ൯ 

െ ͲǤͳͷ൫ͳʹͷ͸ͷͻͳͲͲͲͲͲ ൅ ߚଷ
ଵ
ǡଵ଴଴ସ ൯ െ ͲǤͳͲ൫ͳͲͶͻ͹͸͹͵Ͳͳʹ͹ͷ ൅ ߚସ

ଵ
ǡଵ଴଴ଵ ൯ 

൅ ൫Ͷͻͻ͸ͲͻͲͷ െ ߙଵ
ଵ
ǡଵ଴଴ଵ ൯ ൅ ൫ͳͻͷͷʹͷͷʹͻͷ െ ߙଶ

ଵ
ǡଵ଴଴ଵ ൯ 
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ଵ ଵ ଵ൫ͺͻͶͻ͵ͶͺͻͺͶͷͲ ൅ ߚ଻ǡଵ଴଴ସ ൯ ൅ ൫ʹ͸͵ͺͶͲ͸ͲͲͲ͸ ൅ ଼ߚǡଵ଴଴ସ ൯ ൅ ൫ͷͷͶʹ͹ͷͻ͸ͳͶͳ ൅ ߚଽǡଵ଴଴ସ ൯ 

ଵ ଵ൅ ൫ͳͶͳ͵͹ͷͶͲ͹͸ͻ͵ ൅ ߚଵ଴ǡଵ଴଴ସ ൯ ൅ ൫ͻ͹ʹͶͳ͸ͶͲͳͻ ൅ ߚଵଵǡଵ଴଴ସ ൯ 

െ ͲǤͺൣ൫ͳʹͷ͸ͷͻͳͲͲͲͲͲ ൅ ߚଷ
ଵ
ǡଵ଴଴ସ ൯ ൅ ൫ͳͲͶͻ͹͸͹͵Ͳͳʹ͹ͷ ൅ ߚସ

ଵ
ǡଵ଴଴ଵ ൯൧ ൑ 

൫ͺͻͶͻ͵ͶͺͻͺͶͷͲ ൅ ߚ଻
ଵ
ǡଵ଴଴ସ ൯ 

൑ ͲǤ͵ൣ൫ͺͻͶͻ͵ͶͺͻͺͶͷͲ ൅ ߚ଻
ଵ
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ଵ
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ଵ ଵ൅ ൫ͷͷͶʹ͹ͷͻ͸ͳͶͳ ൅ ߚଽǡଵ଴଴ସ ൯ ൅ ൫ͳͶͳ͵͹ͷͶͲ͹͸ͻ͵ ൅ ߚଵ଴ǡଵ଴଴ସ ൯ 

ଵ൅ ൫ͻ͹ʹͶͳ͸ͶͲͳͻ ൅ ߚଵଵǡଵ଴଴ସ ൯൧ 

൫ʹ͸͵ͺͶͲ͸ͲͲͲ͸ ൅ ଼ߚ
ଵ
ǡଵ଴଴ସ ൯ 

൑ ͲǤ͵ൣ൫ͺͻͶͻ͵ͶͺͻͺͶͷͲ ൅ ߚ଻
ଵ
ǡଵ଴଴ସ ൯ ൅ ൫ʹ͸͵ͺͶͲ͸ͲͲͲ͸ ൅ ଼ߚ

ଵ
ǡଵ଴଴ସ ൯ 

ଵ ଵ൅ ൫ͷͷͶʹ͹ͷͻ͸ͳͶͳ ൅ ߚଽǡଵ଴଴ସ ൯ ൅ ൫ͳͶͳ͵͹ͷͶͲ͹͸ͻ͵ ൅ ߚଵ଴ǡଵ଴଴ସ ൯ 

ଵ൅ ൫ͻ͹ʹͶͳ͸ͶͲͳͻ ൅ ߚଵଵǡଵ଴଴ସ ൯൧ 

൫ͷͷͶʹ͹ͷͻ͸ͳͶͳ ൅ ߚଽ
ଵ
ǡଵ଴଴ସ ൯ 

൑ ͲǤͳͷൣ൫ͺͻͶͻ͵ͶͺͻͺͶͷͲ ൅ ߚ଻
ଵ
ǡଵ଴଴ସ ൯ ൅ ൫ʹ͸͵ͺͶͲ͸ͲͲͲ͸ ൅ ଼ߚ

ଵ
ǡଵ଴଴ସ ൯ 

ଵ ଵ൅ ൫ͷͷͶʹ͹ͷͻ͸ͳͶͳ ൅ ߚଽǡଵ଴଴ସ ൯ ൅ ൫ͳͶͳ͵͹ͷͶͲ͹͸ͻ͵ ൅ ߚଵ଴ǡଵ଴଴ସ ൯ 

ଵ൅ ൫ͻ͹ʹͶͳ͸ͶͲͳͻ ൅ ߚଵଵǡଵ଴଴ସ ൯൧
 

ଵ
൫ͳͶͳ͵͹ͷͶͲ͹͸ͻ͵ ൅ ߚଵ଴ǡଵ଴଴ସ ൯ 

൑ ͲǤͳͷൣ൫ͺͻͶͻ͵ͶͺͻͺͶͷͲ ൅ ߚ଻
ଵ
ǡଵ଴଴ସ ൯ ൅ ൫ʹ͸͵ͺͶͲ͸ͲͲͲ͸ ൅ ଼ߚ

ଵ
ǡଵ଴଴ସ ൯ 

ଵ ଵ൅ ൫ͷͷͶʹ͹ͷͻ͸ͳͶͳ ൅ ߚଽǡଵ଴଴ସ ൯ ൅ ൫ͳͶͳ͵͹ͷͶͲ͹͸ͻ͵ ൅ ߚଵ଴ǡଵ଴଴ସ ൯ 

ଵ൅ ൫ͻ͹ʹͶͳ͸ͶͲͳͻ ൅ ߚଵଵǡଵ଴଴ସ ൯൧
 

ଵ
൫ͻ͹ʹͶͳ͸ͶͲͳͻ ൅ ߚଵଵǡଵ଴଴ସ ൯ 

൑ ͲǤͲͷൣ൫ͺͻͶͻ͵ͶͺͻͺͶͷͲ ൅ ߚ଻
ଵ
ǡଵ଴଴ସ ൯ ൅ ൫ʹ͸͵ͺͶͲ͸ͲͲͲ͸ ൅ ଼ߚ

ଵ
ǡଵ଴଴ସ ൯ 

ଵ ଵ൅ ൫ͷͷͶʹ͹ͷͻ͸ͳͶͳ ൅ ߚଽǡଵ଴଴ସ ൯ ൅ ൫ͳͶͳ͵͹ͷͶͲ͹͸ͻ͵ ൅ ߚଵ଴ǡଵ଴଴ସ ൯ 

ଵ൅ ൫ͻ͹ʹͶͳ͸ͶͲͳͻ ൅ ߚଵଵǡଵ଴଴ସ ൯൧ 

8VLQJ�WKH DIRUHPHQWLRQHG PHWKRG��WKH�PRGHO�LQ�(T�������LV�WUDQVIRUPHG�LQWR�WKH�HTXLYDOHQW� 

VLQJOH�REMHFWLYH�SUREOHP�E\�VXEVWLWXWLQJ�WKH�ORZHU�OHYHO�SUREOHP�E\�LWV�..7�FRQGLWLRQ��8VLQJ�WKLV� 

WUDQVIRUPDWLRQ��WKH�DERYH�PRGHO�LV�WUDQVIRUPHG�LQWR�WKH�IROORZLQJ�IRUP� 
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ଵ ଵ൫ʹ͸ͻ͸Ͳʹ ൅ ߚଵସǡଵ଴଴ଵ ൯൅ ݑଵସǡଵ଴଴ଵ 
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ଵ
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ଵ
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െͲǤͺߣଵ ൑ Ͳ 

ͲǤͺߣଵ ൒ Ͳ 

ͲǤͳͷ െ ͲǤͺߣଶ ൑ Ͳ 

െͲǤͳͷ ൅ ͲǤͺߣଶ ൒ Ͳ 

ͲǤͳͲ െ ͲǤͺߣଶ ൑ Ͳ 

െͲǤͳͲ ൅ ͲǤͺߣଶ ൒ Ͳ 

ͲǤͲͶ െ ଵ ൑ߣ Ͳ 

െͲǤͲͶ ൅ ଵ ൒ߣ Ͳ 
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െͲǤͳͺ ൅ ߣଶ െ ͲǤ͵ߣଷ െ ͲǤ͵ߣସ ൅ ͲǤͺͷߣହ െ ͲǤͳͷߣ଺ െ ͲǤͲͷߣ଻ ൒ Ͳ 

ͲǤͳͺ െ ߣଶ ൅ ͲǤ͵ߣଷ ൅ ͲǤ͵ߣସ െ ͲǤͺͷߣହ ൅ ͲǤͳͷߣ଺ ൅ ͲǤͲͷߣ଻ ൑ Ͳ 

െͲǤͳʹ ൅ ߣଶ െ ͲǤ͵ߣଷ െ ͲǤ͵ߣସ െ ͲǤͳͷߣହ ൅ ͲǤͺͷߣ଺ െ ͲǤͲͷߣ଻ ൒ Ͳ 
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െͲǤͲʹ ൅ ߣଶ െ ͲǤ͵ߣଷ െ ͲǤ͵ߣସ െ ͲǤͳͷߣହ െ ͲǤͳͷߣ଺ ൅ ͲǤͻͷߣ଻ ൒ Ͳ 

ͲǤͲʹ െ ߣଶ ൅ ͲǤ͵ߣଷ ൅ ͲǤ͵ߣସ ൅ ͲǤͳͷߣହ ൅ ͲǤͳͷߣ଺ െ ͲǤͻͷߣ଻ ൑ Ͳ 

͹ǡǥǡʹǡͳൌ݆ǡͲ൑௝ܷݕെ௝ߣ 

͹ǡǥǡʹǡͳൌ݆ǡܷ൑௝ܷݕ൅௝ݏ 

͹ǡǥǡʹǡͳൌ ݆ǡͲ൒௝ݏǡ௝ߣ 

͹ǡǥǡʹǡͳൌ ݆ǡሽͳǡͲሼ א ௝ݕ 

6LQFH� WKH� FRQVWUDLQWV� ͲǤͳͷ െ ͲǤͺߣଶ ൑ Ͳ DQG� െͲǤͳͷ ൅ ͲǤͺߣଶ ൒ Ͳ DORQJ� ZLWK� ͲǤͳͲ െ 

ͲǤͺߣଶ ൑ Ͳ DQG�െͲǤͳͲ ൅ ͲǤͺߣଶ ൒ Ͳ PDNH WKH�PRGHO�LQIHDVLEOH��DQG�VLQFH�WKH�WZR�ODWHU�LQHTXDOLWLHV� 

DUH�WKH�VXEVHW�RI�WZR�ILUVW�RQHV�� WR�VROYH�WKH�PRGHO�RQO\ WKH LQHTXDOLWLHV�ͲǤͳͲ െ ͲǤͺߣଶ ൑ Ͳ DQG� 

െͲǤͳͲ ൅ ͲǤͺߣଶ ൒ Ͳ DUH�FRQVLGHUHG� 

$W�WKH�ILUVW�VWHS��WKH�PRGHO�LV�VROYHG�ZLWKRXW�DQ\�OLPLWDWLRQ�RQ�WKH�DOORZDEOH�DPRXQW�RI�GHFUHDVLQJ 

LQSXW�RU�LQFUHDVLQJ�RXWSXW� $W�WKH�REWDLQHG�UHVXOWV��VRPH�RI�WKH�WDUJHWHG�LQSXW�YDOXHV�DUH�GHJUDGHG� 

WR�]HUR�IRU�PDQ\�'08V��7KHUHIRUH��PDQDJHUV�GHFLGHG�WR�VHW�WKH�IROORZLQJ�OLPLWDWLRQV RQ WKH ߙ DQG� 

�YDOXHV ߚ 

ଵ ௧ ��,� 0D[LPXP�DOORZDEOH�GHFUHDVH�LQ�LQSXWV�PXVW�EH�ORZHU�WKDQ����SHUFHQW��L�Hߙ��௜ǡ୨ ൑ ͲǤ͵ݔ௜௝ 

�,,� 2XWSXWV�PXVW�EH�LQFUHDVHG�DW�OHDVW����SHUFHQW�DQG�QR�'08�LV�UHTXLUHG�WR�LQFUHDVH�QRQH�RI� 

LWV�RXWSXWV�PRUH�WKDQ����SHUFHQW� 

7KLV�PRGHO�LV�VROYHG�XVLQJ�/LQJR�JOREDO�RSWLPL]DWLRQ��7KH�REWDLQHG�UHVXOWV�DUH�VKRZQ�LQ� 

ଵ ଵ7DEOH �� 7KH�YDOXHV�XQGHU�WKH ODVW�WZR FROXPQVߙ��ଵǡ௝ DQGߙ�ଶǡ௝ ��LOOXVWUDWH�WKH�DPRXQW�RI�GHFUHDVH� 

WDUJHWHG�RQ�LQSXW�YDULDEOHV�ZKLOH�WKH�ILUVW����FROXPQV�LOOXVWUDWH WKH�DPRXQW�RI�LQFUHDVH�WDUJHWHG�RQ� 

RXWSXW�YDULDEOHV� ,W�LV�QRWHG�WKDW�LQ�'08V������������������������������������������������������� 

DQG������WKH�HIILFLHQF\�FRQVWUDLQW�LV�UHOD[HG�� 

,QVHUW�7DEOH�� +HUH
 

�����&RPSDULVRQ�ZLWK�WKH�FXUUHQW�VWDWH 

7R�FRPSDUH�WKH�SHUIRUPDQFH�RI�WKH�SURSRVHG�PHWKRG��LQ�WKLV�VHFWLRQ�WKH�HIILFLHQF\�DQG�SURILW�RI� 

'08V�XQGHU�SURSRVHG�WDUJHWV�DUH�FRPSDUHG�ZLWK�WKHLU�FXUUHQW�FRQGLWLRQ��)LJXUH���LOOXVWUDWHV�WKH� 
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REWDLQHG�HIILFLHQF\�VFRUHV�RI�'08V�E\�UXQQLQJ�WKH�&&5�PRGHO�RQ�FXUUHQW�DQG�WDUJHWHG�LQSXWV�� 

RXWSXWV��$V�LV FOHDU��WKH�HIILFLHQW�XQLWV�PDLQWDLQ�WKHLU�HIILFLHQF\�ZKLOH�LQHIILFLHQW�XQLWV�JHQHUDOO\� 

LPSURYH�WKHLU�HIILFLHQFLHV�� 

,QVHUW�)LJXUH���+HUH
 

$FFRUGLQJ�WR�)LJXUH���WKH�HIILFLHQF\�RI�XQLWV�DSSUDLVHG�XSRQ WKHLU�WDUJHW�LQSXWV��RXWSXWV� 

LPSURYHG�ZLWK�UHJDUG�WR�WKHLU�FXUUHQW�SHUIRUPDQFH��7KLV�ZDV�WKH�ILUVW�OHYHO�REMHFWLYH�DVVXPHG E\� 

WKH� SURSRVHG� PRGHO�� )LJXUH� �� SUHVHQWV� WKH� SHUFHQWDJH� RI� LQFUHDVH� LQ� EUDQFKHV� SURILW� REWDLQHG� 

DV ሺ������ ������ െ ������� ������ሻΤ������� ��������7KLV� ILJXUH� LOOXVWUDWHV� D�������� LQFUHDVH�RI� 

SURILW�RQ WKH DYHUDJH� 7KLV�REMHFWLYH�ZDV�DVVXPHG LQ�WKH�VHFRQG�OHYHO�RI�WKH�SURSRVHG�PRGHO� 

,QVHUW�)LJXUH���+HUH
 

�����&RPSDULVRQ�ZLWK�WKH�&&5�SURMHFWLRQV 

7KH� &&5� PRGHO SURSRVHV D� SURMHFWLRQ� IRU� LQHIILFLHQW� '08V� WR� EHFRPH� HIILFLHQW�� 7KH� SURILW� 

REWDLQHG�ZLWK�WKH�&&5�SURMHFWLRQ�FRPSDUHG�ZLWK�WKH�WDUJHW�SURILW�LQ )LJXUH���� 

,QVHUW�)LJXUH���+HUH
 

6LQFH�WKHUH�LV QR�FOHDU�HYLGHQFH�RI WKH�VXSHULRULW\ RI�WKH�&&5�SURMHFWLRQV RYHU�WKH�SURSRVHG� 

WDUJHW�� D� SDLUHG� W�WHVW� ZDV SHUIRUPHG� WR WHVW� WKH HTXDOLW\� RI� WKH� REWDLQHG� SURILW� IURP� WKH� &&5� 

SURMHFWLRQ� DQG� WKH� SURSRVHG� WDUJHW�� 7KH� S�YDOXH� RI� ������ LQGLFDWHV� WKDW� WKHUH� LV QR� VLJQLILFDQW� 

GLIIHUHQFH�EHWZHHQ�WKH�&&5�SURMHFWLRQ�SURILW�DQG�WKH�WDUJHW�SURILW��$�FRPSDULVRQ�DPRQJ�UDQJH�RI� 

FKDQJH�LQ�LQSXWV�DQG�RXWSXWV�XVLQJ�GRW�SORWV�DUH�LOOXVWUDWHG�LQ )LJXUH ��� 

,QVHUW�)LJXUH���+HUH
 

$V� VKRZQ� LQ� )LJXUH� ��� WKHUH� DUH� VRPH� H[WUDRUGLQDU\ FKDQJHV� SURSRVHG� E\� WKH� &&5� 

SURMHFWLRQ�ZKLOH�WKH�SURSRVHG�PHWKRG�PDLQWDLQV�WKH�DPRXQW�RI�WKH�DIRUHPHQWLRQHG FKDQJHV�LQ�DQ� 

DFFHSWDEOH� UDQJH� SURYLGHG� E\� EDQN� PDQDJHUV�� )RU� H[DPSOH�� DFFRUGLQJ� WR� )LJ� ��D��� WKH� &&5� 

SURMHFWLRQ�SURSRVHG�VRPH�GHFUHDVH� LQ� LQSXWݔ�ଵ DV� IROORZ��'08������������'08������������ 

'08������������'08������������DQG�PRUH�WKDQ������IRU�'08V�������������DQG������� ,Q� 

SUDFWLFH�� WKH� DPRXQW�RI� WKLV�GHFUHDVH� LQ� LQSXW� UHVRXUFHV� LV� XVXDOO\� LPSRVVLEOH� &RQVLGHULQJ� WKH� 

DPRXQW�RI�GHFUHDVH�WDUJHWHG�E\�WKH�SURSRVHG�PHWKRG��WKH�PD[LPXP�GHFUHDVH�LV�PDLQWDLQHG�DW����� 

GHWHUPLQHG�E\�EDQN�PDQDJHUV�DV�D�SRVVLEOH�WDUJHW� 

0RUHRYHU��DFFRUGLQJ�WR�)LJ���E��IRU�RXWSXW�YDULDEOHݕ�ଵ��&&5�SURSRVHG�DQ�LQFUHDVH�RI������ 

IRU�'08������������IRU�'08������������IRU�'08�������PRUH�WKDQ������IRU�'08�������DQG� 

ϭϴ
 



DQ�LQFUHDVH�RI������IRU�'08������� 1RWH�WKDW�UHDFKLQJ�WKHVH�REMHFWLYHV�LQ�UHDO�ZRUOG�VLWXDWLRQV� 

ZRXOG�EH�HVVHQWLDOO\�LPSRVVLEOH� +RZHYHU��WKH�PD[LPXP�LQFUHDVH�RI�RXWSXW�YDULDEOHݕ�ଵ WDUJHWHG� 

E\�WKH�SURSRVHG�PHWKRG�LV�����ZKLFK VHHPV�PRUH�DFKLHYDEOH��$�VLPLODU�FRPSDULVRQ�LV�SRVVLEOH� 

IRU�RWKHU�LQSXW��RXWSXW�YDULDEOHV�� 

2Q�WKH�RWKHU�KDQG��WKH�&&5�PRGHO�GRHVQ¶W�SURSRVH�DQ\�FKDQJHV�LQ�LQSXWV�DQG�RXWSXWV�RI� 

&&5�HIILFLHQW�XQLWV�DQG�FDQQRW�DFW�DV�D�JRDO�VHWWLQJ�WRRO�IRU�WKHVH�XQLWV��$FFRUGLQJ�WR�WKH�SURSRVHG� 

PHWKRG��WKLV�OLPLWDWLRQ�LV�DOOHYLDWHG�E\�LPSRVLQJ�WDUJHWV�RI�HIILFLHQW�XQLWV�LV�VKRZQ�LQ�7DEOH��� 

�� &RQFOXVLRQ 

'($�LV�D�ZHOO�NQRZQ�DQG�ZLGHO\�XVHG�PHWKRG�IRU�SHUIRUPDQFH�HYDOXDWLRQ�RI�D�VHW�RI�KRPRJHQHRXV� 

XQLWV��,W�XVXDOO\�SHUIRUPV DV�D�SRVWHULRU�DQDO\VLV�WRRO��2QH�RI�WKH�VLGH�UHVXOWV�RI�FODVVLF�'($�PRGHOV� 

LV�WKHLU�DELOLW\�WR�GHWHUPLQH�VRPH�SURMHFWLRQV IRU�LQHIILFLHQW�XQLWV�WR�EHFRPH�HIILFLHQW��+RZHYHU�� 

VRPH�OLPLWDWLRQV�PDNH WKH�WDUJHWLQJ�UHVXOW�RI�FODVVLF�'($�LPSUDFWLFDO��2QH�RI�WKHVH�OLPLWDWLRQV�LV� 

WKDW�'($�GRHVQ¶W�SURSRVH�DQ\�WDUJHW�IRU�D�'($�HIILFLHQW�XQLW� DQG�LW�LPSRVHV WKH�FXUUHQW�VWDWXV�RI� 

LQSXWV�RXWSXWV DV�WKH�WDUJHW�RQH��2Q�WKH�RWKHU�KDQG��VRPHWLPHV�'($�SURSRVHV VRPH�H[WUDRUGLQDU\ 

WDUJHWV� IRU� WKH '08¶V LQSXWV� DQG� RXWSXWV�� )XUWKHUPRUH�� '($� GRHVQ¶W FRQVLGHU� SURILW� DV� DQ� 

LPSRUWDQW�SHUIRUPDQFH�PHDVXUH�LQ�LWV�WDUJHWLQJ�SURFHVV�DV LW�MXVW�IRFXVHV RQ�XQLWV¶�HIILFLHQF\� 

7KH�SURSRVHG�PHWKRG�RI�WDUJHWLQJ�LQ�WKLV�SDSHU�WULHV�WR�DGGUHVV DOO�RI�WKHVH�OLPLWDWLRQV��)LUVW�� 

FRQVLGHULQJ�D�EL�OHYHO�PRGHO�IRU�WDUJHW�VHWWLQJ��ERWK�HIILFLHQF\�DQG�SURILW�DUH�FRQVLGHUHG�LQ�WDUJHW� 

GHWHUPLQDWLRQ��2Q�WKH�RWKHU�KDQG��OLPLWLQJ�WKH�DPRXQW�RI�FKDQJHV LQ�LQSXWV�DQG�RXWSXWV�SUHYHQWHG� 

WKH� PRGHO� WR� SURSRVH� XQDFKLHYDEOH� WDUJHWV� IRU� PHDVXUHV�� (YHQWXDOO\�� WKH� SURSRVHG� PHWKRG� 

SUHGLFWHG� VRPH� WDUJHWV� IRU� HIILFLHQW� XQLWV� EH\RQG� WKH� LQHIILFLHQW� RQHV� %\� LQYHVWLJDWLQJ� WKH� 

DSSOLFDWLRQ�RI� WKH� SURSRVHG� PRGHO� LQ�D� UHDO�ZRUOG�FDVH� VWXG\�� LWV�DGYDQWDJHV� ZHUH KLJKOLJKWHG�� 

%ULHIO\��WKH�PDLQ�DGYDQWDJHV�RI�WKH�SURSRVHG�PHWKRG�FDQ�EH�SRLQWHG�DV�����FRQVLGHULQJ�SURILW�DV�D� 

WDUJHWLQJ�REMHFWLYH�DORQJ�ZLWK�HIILFLHQF\������SURKLELWLQJ�LQSXWV�DQG�RXWSXWV�IURP�XQXVXDO�FKDQJHV�� 

DQG�����SURSRVLQJ�WDUJHWV�IRU�HIILFLHQW�DQG�LQHIILFLHQW�XQLWV� 

7KHUH�DUH�WZR�OLPLWDWLRQV�LQ�WKH�FXUUHQW�VWXG\��)LUVW��WKH�SURSRVHG�PRGHO�LV�EL�OHYHO�DQG�D� 

PXOWL�OHYHO� IRUPXODWLRQ� RI� WKH� SURSRVHG� PRGHO� KDV� PDQ\� UHDO�OLIH� DSSOLFDWLRQV�� (QKDQFLQJ� WKH� 

PRGHO�LQ�PXOWL�SHULRG�DQG�QHWZRUN�'($�VHWWLQJV�DQG�FRQVLGHULQJ�WDUJHW�VHWWLQJ�IRU�XQGHVLUDEOH� 

RXWSXWV� LV� D� SRWHQWLDO� IRU� IXWXUH� UHVHDUFK�� 6HFRQG�� IRU� TXDOLWDWLYH� DQG� GXELRXV� YDULDEOHV�� QHZ� 

XQFHUWDLQ�DSSURDFKHV VXFK�DV� LQWXLWLRQLVWLF�DQG�KHVLWDQW�VHWV IRU�%/3�RU�0/3�'($�PRGHOV�DUH� 

ZRUWK\�RI�LQYHVWLJDWLRQ� 

ϭϵ
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5HIHUHQFHV
 

$MLEHIXQ��,��$���%DWWHVH�*��(��� 'DUDPROD��$��*����������'HWHUPLQDQWV�RI�7HFKQLFDO�(IILFLHQF\�LQ� 

6PDOOKROGHU�IRRG�FURS�IDUPLQJ��$SSOLFDWLRQ�RI�6WRFKDVWLF�)URQWLHU�SURGXFWLRQ�)XQFWLRQ�� 

4XDUWHUO\�-RXUQDO�RI�,QWHUQDWLRQDO�$JULFXOWXUH������������������ 

$PRX]HJDU�� 0�� $�� �������� $� JOREDO� RSWLPL]DWLRQ� PHWKRG� IRU� QRQOLQHDU� EL�OHYHO SURJUDPPLQJ� 

SUREOHPV�� ,(((� 7UDQVDFWLRQV� RI� 6\VWHPV�� 0DQ� DQG� &\EHUQHWLFV�� 3DUW� %� �&\EHUQHWLFV��� 

��������������� 

$SDULFLR��-���&RUGHUR��-��0��� �3DVWRU��-��7����������7KH�GHWHUPLQDWLRQ�RI�WKH�OHDVW�GLVWDQFH�WR�WKH� 

VWURQJO\�HIILFLHQW� IURQWLHU� LQ�GDWD�HQYHORSPHQW�DQDO\VLV�RULHQWHG�PRGHOV��0RGHOOLQJ�DQG� 

FRPSXWDWLRQDO�DVSHFWV��2PHJD� ��� �±��� 

$URUD�� 6�� 5��� � *XSWD�� 5�� �������� ,QWHUDFWLYH� IX]]\� JRDO� SURJUDPPLQJ� DSSURDFK� IRU� EL�OHYHO 

SURJUDPPLQJ�SUREOHP��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK������������������� 

%DN\�� ,�� �������� )X]]\� JRDO� SURJUDPPLQJ� DOJRULWKP� IRU� VROYLQJ� GHFHQWUDOL]HG� EL�OHYHO� PXOWL� 

REMHFWLYH�SURJUDPPLQJ�SUREOHPV��)X]]\�6HWV�DQG�6\VWHPV��������������������� 

%DUGDVRQ��+�� 9DVVGDO� 7����������(IILFLHQF\�LQ�1RUZHJLDQ�7UDZO�)LVKHULHV��$�1RQ�3DUDPHWULF� 

)URQWLHU�3URGXFWLRQ�$QDO\VLV�� 3URFHHGLQJV�RI� WKH�1LQWK�&RQIHUHQFH�RI� WKH�,QWHUQDWLRQDO� 

,QVWLWXWH�RI�)LVKHULHV�(FRQRPLFV�DQG�7UDGH��SS�����±����7URPVR��1RUZD\� 

%DQNHU�� 5�� '�� �������� 0D[LPXP� OLNHOLKRRG�� FRQVLVWHQF\� DQG� GDWD� HQYHORSPHQW� DQDO\VLV�� $� 

VWDWLVWLFDO�IRXQGDWLRQ��0DQDJHPHQW�6FLHQFH�������������±����� 

%DWWHVH�� *� (�� &RHOOL� 7�� -� �������� 3UHGLFWLRQ� RI� )LUP�OHYHO� 7HFKQLFDO� (IILFLHQFLHV� ZLWK� $� 

*HQHUDOL]HG�)URQWLHU�3URGXFWLRQ�)XQFWLRQ�DQG�3DQHO�'DWD��-RXUQDO�RI (FRQRPHWULFV�������� 

���±���� 

%DWWHVH��*� (�� �&RHOOL� 7��-� ��������$�0RGHO�IRU�7HFKQLFDO�,QHIILFLHQF\�(IIHFWV�LQ�D�6WRFKDVWLF� 

)URQWLHU�3URGXFWLRQ�)XQFWLRQ�IRU�3DQHO�'DWD���(PSLULFDO�(FRQRPLFV�������� ���±���� 

%HQ�$\HG��2����������%L�OHYHO OLQHDU�SURJUDPPLQJ�� &RPSXWHUV� �2SHUDWLRQV�5HVHDUFK��������� 

�������� 

&DQGOHU��:��� 

2SHUDWLRQV�5HVHDUFK�������������� 

/RJLVWLF�4XDUWHUO\�������������� 

&KDUQHV��$���&RRSHU��:� :��� 

Ϯϭ 

� 7RZQVOH\��5�� ��������$� OLQHDU� WZR�OHYHO� SURJUDPPLQJ� SUREOHP�� &RPSXWHUV� � 

&KDUQHV��$��DQG�&RRSHU��:�:���������3URJUDPPLQJ�ZLWK�)UDFWLRQDO�)XQFWLRQV��1DYDO�5HVHDUFK� 

�5KRGHV��(����������0HDVXULQJ�WKH�HIILFLHQF\�RI�GHFLVLRQ�PDNLQJ� 



	

	

	

	

	

	

	

XQLWV��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK���������������� 

.DR�� &��� /LX�� 6�7��� �������� 6WRFKDVWLF� HIILFLHQF\� PHDVXUHV� IRU� SURGXFWLRQ� XQLWV� ZLWK� FRUUHODWHG� 

GDWD��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK������������������ 

&RFKUDQ�� &�� �������� 7KH� FRQWLQXDO� LPSURYHPHQW� SURFHVV�� IURP VWUDWHJ\� WR� WKH� ERWWRP� OLQH�� 

&DOLIRUQLD��3DWRQ�3URIHVVLRQDO� 

&RHOOL�� 7��� 3HUHOPDQ� 6� �������� $� &RPSDULVRQ� RI� 3DUDPHWULF� DQG� 1RQ�3DUDPHWULF� 'LVWDQFH� 

)XQFWLRQV�� ZLWK� $SSOLFDWLRQ� WR� (XURSHDQ� 5DLOZD\V�� (XURSHDQ� -RXUQDO� RI� 2SHUDWLRQDO� 

5HVHDUFK������������������ 

&ROOLHU��7���-RKQVRQ��$� /��� �5XJJLHUR��-����������7HFKQLFDO�HIILFLHQF\�HVWLPDWLRQ�ZLWK�PXOWLSOH� 

LQSXWV�DQG�PXOWLSOH�RXWSXWV�XVLQJ�UHJUHVVLRQ�DQDO\VLV�� (XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO� 

5HVHDUFK������������������ 

&RRSHU�� :�� :��� +XDQJ�� =��� /HODV�� 9��� /L�� 6��� � 2OHVHQ�� 2�� %�� �������� &KDQFH� FRQVWUDLQHG� 

SURJUDPPLQJ�IRUPXODWLRQV�IRU�VWRFKDVWLF�FKDUDFWHUL]DWLRQV�RI�HIILFLHQF\�DQG�GRPLQDQFH�LQ� 

'($��-RXUQDO�RI�3URGXFWLYLW\�$QDO\VLV����������±��� 

(EUDKLPQHMDG��$OL��0��7DYDQD��������$Q�LQWHUDFWLYH�02/3�PHWKRG IRU�LGHQWLI\LQJ�WDUJHW�XQLWV�LQ� 

RXWSXW�RULHQWHG� '($�PRGHOV�� 7KH� 1$72� HQODUJHPHQW� SUREOHP�� 0HDVXUHPHQW� 9RO���� 

�������� 

(PURX]QHMDG��$���3DUNHU��%� 5��� �7DYDUHV��*����������(YDOXDWLRQ�RI�UHVHDUFK�LQ�HIILFLHQF\�DQG� 

SURGXFWLYLW\��$�VXUYH\�DQG�DQDO\VLV�RI� WKH�ILUVW����\HDUV�RI�VFKRODUO\�OLWHUDWXUH�LQ�'($�� 

6RFLR�(FRQRPLF�3ODQQLQJ�6FLHQFHV����������������� 

(PURX]QHMDG�� $��� -DEORQVNê�� -��� %DQNHU�� 5��� 7RORR�� 0��� �������� 5HFHQW� $SSOLFDWLRQV� RI� 'DWD� 

(QYHORSPHQW�$QDO\VLV��3URFHHGLQJV�RI� WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RI�'($��-XQH� 

������8QLYHUVLW\�RI�(FRQRPLFV��3UDJXH��&]HFK�5HSXEOLF��,6%1��������������������� 

)DUH��5���*URVVNRSI� 6�� /RYHOO��&��$��.�� <DLVDZDUQJ� 6� ��������'HULYDWLRQ�RI�6KDGRZ�3ULFHV� 

IRU�8QGHVLUDEOH�2XWSXWV��$�'LVWDQFH�)XQFWLRQ�$SSURDFK��7KH�5HYLHZ�RI (FRQRPLFV DQG� 

6WDWLVWLFV�������� ���±��� 

)RUVXQG�� )� 5�� � +MDOPDUVVRQ� /� �������� *HQHUDOL]HG )DUUHOO� 0HDVXUHV� RI� (IILFLHQF\�� $Q� 

$SSOLFDWLRQ�WR�0LON�3URFHVVLQJ�LQ�6ZHGLVK�'DLU\�3ODQWV��7KH�(FRQRPLF -RXUQDO���������� 

���±����� 

*XL�VKHQJ�� =�� �������� %DVHG� RQ� ,QWHUYDO� '($� WR� )RUHFDVW� (IILFLHQF\� DQG� )RUPXODWH� %XGJHW� 

6FKHGXOH�� ��WK ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 0DQDJHPHQW� 6FLHQFH� � HQJLQHHULQJ�� 

ϮϮ
 



	

	

	

	

	

	

	

	

6HSWHPEHU��������������0RVFRZ������������
 

*�P�ú��=��+��� �)ORXGDV��&��$����������*OREDO�2SWLPL]DWLRQ�RI�1RQOLQHDU�%L�OHYHO 3URJUDPPLQJ� 

3UREOHPV��-RXUQDO�RI�*OREDO�2SWLPL]DWLRQ�������������� 

+DWDPL�0DUELQL��$�����������%HQFKPDUNLQJ�ZLWK�QHWZRUN�'($�LQ�D�IX]]\�HQYLURQPHQW��5$,52� 

2SHUDWLRQV�UHVHDUFK����������������� 

+DWDPL�0DUELQL��$���(PURX]QHMDG��$��� �7DYDQD��0����������$�WD[RQRP\�DQG�UHYLHZ�RI�WKH�IX]]\� 

GDWD�HQYHORSPHQW� DQDO\VLV� OLWHUDWXUH�� 7ZR� GHFDGHV� LQ� WKH� PDNLQJ�� (XURSHDQ� -RXUQDO�RI� 

2SHUDWLRQDO�5HVHDUFK������������������ 

+DWDPL�0DUELQL��$��� (EUDKLPQHMDG��$���/R]DQR��6�� ��������)X]]\�(IILFLHQF\�0HDVXUHV� LQ�'DWD� 

(QYHORSPHQW� $QDO\VLV� 8VLQJ� /H[LFRJUDSKLF� 0XOWLREMHFWLYH� $SSURDFK�� &RPSXWHUV� � 

,QGXVWULDO�(QJLQHHULQJ��9RO��������������� 

-UDGL�� 6��� 5XJJLHUR�� -��� �������� 6WRFKDVWLF� GDWD� HQYHORSPHQW� DQDO\VLV�� $� TXDQWLOH� UHJUHVVLRQ� 

DSSURDFK�WR�HVWLPDWH�WKH�SURGXFWLRQ�IURQWLHU��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�� 

���������������� 

.DR��&���������� ,QWHUYDO�HIILFLHQF\�PHDVXUHV�LQ�GDWD�HQYHORSPHQW�DQDO\VLV�ZLWK�LPSUHFLVH�GDWD�� 

(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�������������������� 

.LDQL� 0DYL�� 5��� 0DNXL�� $��� )D]OL�� 6��� � $OLQH]KDG�� $�� �������� $� IRUHFDVWLQJ� PHWKRG� LQ� GDWD� 

HQYHORSPHQW� DQDO\VLV� ZLWK� JURXS� GHFLVLRQ� PDNLQJ�� ,QWHUQDWLRQDO� -RXUQDO� RI� $SSOLHG� 

0DQDJHPHQW�6FLHQFH���������������� 

.OLPEHUJ��5��.���/DZUHQFH��.��'���/DO��7�� ��������8VLQJ�GDWD�HQYHORSPHQW�DQDO\VLV� �'($�� WR� 

IRUHFDVW� EDQN� SHUIRUPDQFH�� ,Q�� /DZUHQFH�� .�� '�� �(G���� $GYDQFHV� LQ� EXVLQHVV� DQG� 

PDQDJHPHQW�IRUHFDVWLQJ��9RO����������� 

.QHLS��$���3DUN��%��8��� �6LPDU��/����������$�QRWH�RQ�WKH�FRQYHUJHQFH�RI�QRQSDUDPHWULF�'($� 

HIILFLHQF\�PHDVXUHV��(FRQRPHWULF�7KHRU\��9RO��������±���� 

.RURVWHOHY�� $�� 3��� 6LPDU�� /��� � 7V\EDNRY�� $�� %�� �����D��� (IILFLHQW� HVWLPDWLRQ� RI� PRQRWRQH� 

ERXQGDULHV��$QQDOV�RI�6WDWLVWLFV������������±���� 

.RURVWHOHY��$��3���6LPDU��/��� �7V\EDNRY��$��%�������E���2Q�HVWLPDWLRQ�RI�PRQRWRQH�DQG�FRQYH[� 

ERXQGDULHV��3XEOLFDWLRQV�,QVWLWXWH GH VWDWLVWLF GH 8QLYHUVLW\ 3DULV� ;;;,;� IDVF��� ����� � 

D ��� 

/DQG��.��&���/RYHOO��&��$��.��� �7KRUH��6����������&KDQFH�FRQVWUDLQHG�GDWD�HQYHORSPHQW�DQDO\VLV�� 

0DQDJHULDO�DQG�'HFLVLRQ�(FRQRPLFV��9RO��������±���� 

Ϯϯ
 



	

	

	

	

	

	

	

	

/LX�� 6�� DQG� /LQ�� <�� �������� *UH\� ,QIRUPDWLRQ�� 7KHRU\� DQG� 3UDFWLFDO� $SSOLFDWLRQV�� 6SULQJHU��
 

/RQGRQ 

/LX��-� 6���/X��/� <� <���/X��:� 0��� �/LQ��%� -� <����������'DWD�HQYHORSPHQW�DQDO\VLV�����±������ 

$�FLWDWLRQ�EDVHG�OLWHUDWXUH�VXUYH\��2PHJD�������������� 

2OHVHQ��2��%����������&RPSDULQJ�DQG�FRPELQLQJ�WZR�DSSURDFKHV�IRU�FKDQFH�FRQVWUDLQHG�'($�� 

-RXUQDO�RI�3URGXFWLYLW\�$QDO\VLV��9RO��������±���� 

2OHVHQ�� 2�� %��� � 3HWHUVHQ�� 1�&�� �������� 6WRFKDVWLF� GDWD� HQYHORSPHQW� DQDO\VLV� ± D� UHYLHZ�� 

(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��������������� 

2OHVHQ��2��%��� �3HWHUVHQ��1��&����������&KDQFH�FRQVWUDLQHG�HIILFLHQF\�HYDOXDWLRQ��0DQDJHPHQW� 

6FLHQFH��9RO��������±���� 

2PUDQL�� +��� 0RKDPPDGL�� 6��� (PURX]QHMDG�� $�� �������� $� EL�OHYHO� PXOWL�REMHFWLYH� GDWD� 

HQYHORSPHQW� DQDO\VLV� PRGHO� IRU� HVWLPDWLQJ� SURILW� DQG� RSHUDWLRQDO� HIILFLHQF\� RI� EDQN� 

EUDQFKHV�� 5$,52�2SHUDWLRQV� 5HVHDUFK�� $FFHSWHG� 0DQXVFULSWV�� 

'2,� KWWSV���GRL�RUJ���������UR��������� 

2WD\��,���2]WD\VL��%���2QDU��6�&���.DKUDPDQ��&�����������0XOWL�H[SHUW�SHUIRUPDQFH�HYDOXDWLRQ�RI� 

KHDOWKFDUH�LQVWLWXWLRQV�XVLQJ�DQ�LQWHJUDWHG�LQWXLWLRQLVWLF�IX]]\�$+3 '($�PHWKRGRORJ\�� 

.QRZOHGJH�%DVHG�6\VWHP��9RO��������������� 

3XUL��-���<DGDY��6�3�����������,QWXLWLRQLVWLF�IX]]\�GDWD�HQYHORSPHQW�DQDO\VLV��$Q�DSSOLFDWLRQ�WR�WKH� 

EDQNLQJ�VHFWRU�LQ�,QGLD��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV��9RO�����,VVXH���������������� 

5D]DYL�+DMLDJKD��6��+���$PRR]DG�0DKGLUDML��+���=DYDGVNDV��(��.��� �+DVKHPL��6��6����������$� 

)X]]\�'DWD�(QYHORSPHQW�$QDO\VLV�$SSURDFK�EDVHG�RQ�3DUDPHWULF�3URJUDPPLQJ�� ������� 

��������� 

5D]DYL� +DMLDJKD�� 6�+��� $PRR]DG� 0DKGLUDML�� +��� 7DYDQD�� 0��� +DVKHPL�� 6�6��� �������� $� QRYHO 

FRPPRQ� VHW� RI� ZHLJKWV� PHWKRG� IRU� PXOWL�SHULRG� HIILFLHQF\� PHDVXUHPHQW� XVLQJ� PHDQ� 

YDULDQFH�FULWHULD��0HDVXUHPHQW�-RXUQDO��9RO��������������� 

6KDEDQSRXU�� +��� <RXVHIL�� 6��� � )DU]LSRRU� 6DHQ�� 5�� �������� )RUHFDVWLQJ� HIILFLHQF\� RI� JUHHQ� 

VXSSOLHUV�E\�G\QDPLF�GDWD�HQYHORSPHQW�DQDO\VLV�DQG�DUWLILFLDO�QHXUDO�QHWZRUNV��-RXUQDO�RI� 

&OHDQHU�3URGXFWLRQ�������������������� 

6LPDU�� /��� � :LOVRQ�� 3�� �������� 6HQVLWLYLW\� DQDO\VLV� RI� HIILFLHQF\� VFRUHV�� +RZ� WR� ERRWVWUDS� LQ� 

QRQSDUDPHWULF�PRGHOV��0DQDJHPHQW�6FLHQFH��9RO�������±��� 

6LPDU��/��� �:LOVRQ��3��:����������(VWLPDWLQJ�DQG�LQIHUHQFH�LQ�WZR�VWDJH�VHPL�SDUDPHWULF�PRGHOV� 

Ϯϰ
 



	

	

RI�SURGXFWLRQ�SURFHVVHV��-RXUQDO�RI�(FRQRPHWULFV��9RO��������±��� 

7X\�� +��� 0LJGDODV�� $��� +RDL�3KRXQJ�� 1�� 7�� �������� $� QRYHO� DSSURDFK� WR� EL�OHYHO QRQOLQHDU� 

SURJUDPPLQJ��-RXUQDO�RI�*OREDO�2SWLPL]DWLRQ����������������� 

:DQJ��<��0���*UHDWEDQNV��5��� �<DQJ�� -��%�� �������� ,QWHUYDO�HIILFLHQF\�DVVHVVPHQW�XVLQJ�GDWD� 

HQYHORSPHQW�DQDO\VLV��)X]]\�6HWV�DQG�6\VWHPV������������������ 

=HUDIDW�$QJL]�/���0���(PURX]QHMDG��$��� �0XVWDID��$����������)X]]\�GDWD�HQYHORSPHQW�DQDO\VLV�� 

$�GLVFUHWH�DSSURDFK��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV������������������� 

=KDQJ��-���:X��4���=KRX��=�����������$�WZR�VWDJH�'($�PRGHO�IRU�UHVRXUFH�DOORFDWLRQ�LQ�LQGXVWULDO� 

SROOXWLRQ�WUHDWPHQW�DQG�LWV�DSSOLFDWLRQ�LQ�&KLQD��-RXUQDO�RI�&OHDQHU�3URGXFWLRQ���������� 

�� 

=KRX��:���&KHQ��-���;X��=���0HQJ��6�����������+HVLWDQW�IX]]\�SUHIHUHQFH�HQYHORSPHQW�DQDO\VLV�DQG� 

DOWHUQDWLYH�LPSURYHPHQW��,QIRUPDWLRQ�6FLHQFH��9RO��������������� 

=KRX��;���/XR��5���7X��<���/HY��%���3HGU\F]��:�����������'DWD�HQYHORSPHQW�DQDO\VLV�IRU�EL�OHYHO� 

V\VWHPV�ZLWK�PXOWLSOH�IROORZHUV��2PHJD�� ������������ 

Ϯϱ
 



	

(IILHFLHQF\ 

1RQSDUDPHWULF 

0RGHOV 

'DWD�(QYHORSPHQW� 
$QDO\VLV 

'($ 

3DUDPHWULF 

0RGHOV 

&HUWDLQW\�'($ 8QFHUWDLQ�'($ 

0RGHOV 0RGHOV 

:LWK�&RPSOHWH� 
LQIRUPDWLRQ�DQG� 
'HWHUPLQHG� 
,QSXWV�2XWSXWV 

6WRFKDVWLF�'($ )X]]\�'($ *UH\��,QWHUYDO�'($ 

6WDWLVWLFDO�0RGHOV� � &ODVVLFDO�)X]]\ ,PSURYHG�)X]]\�7\SHV 6DPSOLQJ�3URFHVV 

,QWXLWLRQLVWLF�)X]]\� '08V�6SHFLILF� 7ROHUDQFH�$SSURDFK 'LVWULEXWLRQV ,)�'($ 

+HVLWDQW�)X]]\ 
$OSKD�/HYHO� 

+)�'($ 

3RVVLELOLW\�$SSURDFK 

2WKHU�$SSURDFKHV 

)LJXUH����$�FODVVLILFDWLRQ�RI�FHUWDLQ�DQG�XQFHUWDLQ�'($�DSSURDFKHV
 

Ϯϲ
 



Ϭ 

Ϭ͘ϭ 

Ϭ͘Ϯ 

Ϭ͘ϯ 

Ϭ͘ϰ 

Ϭ͘ϱ 

Ϭ͘ϲ 

Ϭ͘ϳ 

Ϭ͘ϴ 

Ϭ͘ϵ 

ϭ 

ϭ Ϯ ϯ ϰ ϱ ϲ ϳ ϴ ϵ ϭϬ ϭϭ ϭϮ ϭϯ ϭϰ ϭϱ ϭϲ ϭϳ ϭϴ ϭϵ ϮϬ Ϯϭ ϮϮ Ϯϯ Ϯϰ Ϯϱ Ϯϲ Ϯϳ Ϯϴ Ϯϵ ϯϬ ϯϭ ϯϮ ϯϯ 

dĂƌŐĞƚ�ĞĨĨŝĐŝĞŶĐǇ �ƵƌƌĞŶƚ�ĞĨĨŝĐŝĞŶĐǇ 

)LJXUH����&RPSDULVRQ�RI�WKH�&&5�HIILFLHQFLHV�RYHU�WKH�FXUUHQW�VWDWH ZLWK�WDUJHWV
 

Ϯϳ
 



ͲϱϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

Ϭ 

ϱϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϭϬϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϭϱϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϮϬϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϮϱϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϯϬϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϯϱϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϰϬϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϭ Ϯ ϯ ϰ ϱ ϲ ϳ ϴ ϵ ϭϬ ϭϭ ϭϮ ϭϯ ϭϰ ϭϱ ϭϲ ϭϳ ϭϴ ϭϵ ϮϬ Ϯϭ ϮϮ Ϯϯ Ϯϰ Ϯϱ Ϯϲ Ϯϳ Ϯϴ Ϯϵ ϯϬ ϯϭ ϯϮ ϯϯ 

ĐƵƌƌĞŶƚ�ƉĞƌĨŽƌŵĂŶĐĞ ƉƌŽƉŽƐĞĚ�ƚĂƌŐĞƚ 

)LJXUH����&RPSDULVRQ�RI�SURILW�EHWZHHQ�WKH�FXUUHQW�DQG�WDUJHW�VLWXDWLRQ
 

Ϯϴ
 



Ϭ 

ϱϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϭϬϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϭϱϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϮϬϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϮϱϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϯϬϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϯϱϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϰϬϬ͕ϬϬϬ͕ϬϬϬ͕ϬϬϬ 

ϭ Ϯ ϯ ϰ ϱ ϲ ϳ ϴ ϵ ϭϬ ϭϭ ϭϮ ϭϯ ϭϰ ϭϱ ϭϲ ϭϳ ϭϴ ϭϵ ϮϬ Ϯϭ ϮϮ Ϯϯ Ϯϰ Ϯϱ Ϯϲ Ϯϳ Ϯϴ Ϯϵ ϯϬ ϯϭ ϯϮ ϯϯ 

��Z�ƉƌŽũĞĐƚŝŽŶ ƉƌŽƉŽƐĞĚ�ƚĂƌŐĞƚ 

)LJXUH����&RPSDULVRQ�RI�SURILW�EHWZHHQ�WKH�&&5�SURMHFWLRQ�DQG�WDUJHW�VLWXDWLRQ
 

Ϯϵ
 



&&5�SURMHFWLRQ 

3URSRVHG�PHWKRG 
����� ������ ������ ������ ������ ������ ������ ������ 

D��3HUFHQWDJH�RI�GHFUHDVH�LQ�LQSXW�YDULDEOHݔ�ଵ SURSRVHG�E\�WKH�&&5�PHWKRG�DQG�WKH�SURSRVHG�RQ 

&&5�SURMHFWLRQ 

3URSRVHG�PHWKRG 
����� ������� ������� ������� ������� ������� ������� ������� 

E��3HUFHQWDJH�RI�LQFUHDVH�LQ�RXWSXW�YDULDEOHݕ�ଵ SURSRVHG�E\�WKH�&&5�PHWKRG�DQG�WKH�SURSRVHG�RQ 

)LJXUH����'RW�SORWV�IRU�SHUFHQWDJH�RI�FKDQJH�LQ�LQSXWV��RXWSXWV�ZLWK�&&5�SURMHFWLRQ�DQG�SURSRVHG�PHWKRG 

ϯϬ
 



7DEOH����,QSXW�DQG�RXWSXW�PHDVXUHV
 

,QSXWV 2XWSXWV 
x &KHFNLQJ GHSRVLWV�ሺݕଵሻ 
x 6DYLQJV�GHSRVLWV ሺݕଶሻ 
x 0RQH\�PDUNHW�GHSRVLWV�ሺݕଷሻ 
x &HUWLILFDWHV�RI�GHSRVLWV ሺݕସሻ 

x 1RQ�LQWHUHVW� x ,QGLYLGXDO�UHWLUHPHQW�DFFRXQW�GHSRVLWV�ሺݕହሻ 
H[SHQVHV�ሺݔଵሻ x )L[HG�UDWH�ORDQV ሺݕ଺ሻ 

x 9DULDEOH�UDWH�ORDQV ሺݕ଻ሻ 
x ,QWHUHVW� x ,QVWDOOPHQW�ORDQV ሺ଼ݕሻ 

H[SHQVHV�ሺݔଶሻ x 6HFXUHG�ORDQV�ሺݕଽሻ 
x 8QVHFXUHG�ORDQV ሺݕଵ଴ሻ 
x &RQYHUWLEOH�UDWH�ORDQV ሺݕଵଵሻ 
x 3HUVRQDO�DFFRXQW�IHHV�ሺݕଵଶሻ 
x %XVLQHVV�DFFRXQW�IHHV�ሺݕଵଷሻ 
x 0LVFHOODQHRXV�LQFRPH�ሺݕଵସሻ 

ϯϭ
 



7DEOH����7KH�&&5�HIILFLHQFLHV
 

'08 (IILFLHQF\�൫ࣂ૙ 
૚൯ 

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

ϯϮ
 



7DEOH���� ,QSXW�RXWSXW YHFWRU�RI�'08�����
 

,QSXW�RXWSXW PDJQLWXGH 
ଵݔଵǡଵ଴଴ଵ �������� 
ଵݔଶǡଵ଴଴ଵ ���������� 
ଵݕଵǡଵ଴଴ଵ ������������ 
ଵݕଶǡଵ଴଴ଵ ���������� 
ଵݕଷǡଵ଴଴ଵ ������������ 
ଵݕସǡଵ଴଴ଵ ������������� 
ଵݕହǡଵ଴଴ଵ ���������� 
ଵݕ଺ǡଵ଴଴ଵ ����������� 
ଵݕ଻ǡଵ଴଴ଵ ������������ 
ଵ଼ݕǡଵ଴଴ଵ ����������� 
ଵݕଽǡଵ଴଴ଵ ����������� 
ଵݕଵ଴ǡଵ଴଴ଵ ������������ 
ଵݕଵଵǡଵ଴଴ଵ ���������� 
ଵݕଵଶǡଵ଴଴ଵ ����������� 
ଵݕଵଷǡଵ଴଴ଵ ������� 
ଵݕଵସǡଵ଴଴ଵ ������ 

ϯϯ
 



7DEOH����7KH�DPRXQW�RI�GHFUHDVLQJ LQSXW�DQG�LQFUHDVLQJ�RXWSXW 

૚૚ ૚ ૚ ૚ ૚ ૚ ૚ ૚ ૚ ૚ ૚ ૚ ૚ ૚ ૚'08 ࢼ૚ǡࢼ ࢐૛ǡࢼ ࢐૜ǡࢼ ࢐૝ǡࢼ ࢐૞ǡࢼ ࢐૟ǡࢼ ࢐ૠǡࢼ ࢐ૡǡૢࢼ ࢐ǡࢻ ࢐૚ǡࢻ ࢐૛ǡࢼ࢐૚૙ǡࢼ ࢐૚૚ǡࢼ ࢐૚૛ǡࢼ ࢐૚૜ǡࢼ ࢐૚૝ǡ࢐ 
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