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7KUHH�GLPHQVLRQDO� ILQLWH� HOHPHQW� �)(�� PRGHOOLQJ� WHFKQLTXHV� KDYH� EHHQ� XVHG� WR� SUHGLFW� WUDQVLHQW�

WHPSHUDWXUHV� ZLWKLQ� EODQN� DQG� EORZ�PROGV� IURP� WKH� VWDUW� XS� RI� JODVV� IRUPLQJ�PDFKLQHV� WKURXJK� WR� WKH�

G\QDPLF�HTXLOLEULXP�RI�FRQWLQXRXV�SURGXFWLRQ��6WDUWLQJ�ZLWK�D�SUHKHDWHG�PROG��UHSHDWHG�JRE�ORDGLQJ�DQG�

JODVV�IRUPLQJ�F\FOHV�DUH�PRGHOOHG�XQWLO�G\QDPLF�HTXLOLEULXP�FRQGLWLRQV�DUH�UHDFKHG��

7KH� WLPH� GHSHQGDQW� PRGHOV� LQFRUSRUDWH� DQ� LQVXODWLQJ� JDS� RI� DURXQG� ���PLFURQ� WKLFNQHVV� EHWZHHQ�

JODVV� DQG�PROG�PDWHULDOV� WR� VLPXODWH� WKH� WKHUPDO� UHVLVWDQFH� DW� JODVV�PROG� LQWHUIDFHV��7KH�PRGHOV�SUHGLFW�

WHPSHUDWXUH�IOXFWXDWLRQV�DW�WKH�FDYLW\�VXUIDFH�RI�WKH�PROG��LQVLGH�WKH�PROG��DW�WKH�RXWHU�VXUIDFH�RI�WKH�JODVV�

DQG�ZLWKLQ�WKH�JODVV��7KH�WUDQVLHQW�HIIHFWV�RI�GLVWXUEDQFHV�FDXVHG�E\�VZDEELQJ�PROGV��GLYHUWLQJ�JREV�DQG�

WHPSRUDU\�VXSSUHVVLRQ�RI�PRXOG�FRROLQJ�FDQ�DOVR�EH�VLPXODWHG��7KH�PRGHOV�KDYH�EHHQ�DSSOLHG�WR�%%�DQG�

113%� IRUPLQJ�SURFHVVHV�ZKHUH�PDMRU�GLIIHUHQFHV�KDYH�EHHQ� IRXQG��7KH� UHVXOWV� RI�QXPHULFDO�PRGHOOLQJ�

KDYH�EHHQ�GLUHFWO\�FRPSDUHG�ZLWK�WHPSHUDWXUH�PHDVXUHPHQWV�REWDLQHG�IURP�ILHOG�WULDOV��

�

'HVFULSWLRQ�RI�WKH�7UDQVLHQW�0RGHO�

7R� GHVFULEH� WKH� WUDQVLHQW� WHPSHUDWXUH� EHKDYLRXU� LQ� EODQN� DQG� EORZ� PROGV� D� ILQLWH�
HOHPHQW�PRGHO� LV� XVHG��7KH� QHFHVVDU\� WKHUPDO� SURSHUWLHV� IRU� FDVW� LURQ�� DOXPLQLXP� EURQ]H�
DQG� JODVV� DUH� OLVWHG� LQ� 7DEOH� ��� � )XUWKHUPRUH�� WR� VLPXODWH� WKH� QRQ�SHUIHFW� JODVV�PRXOG�
FRQWDFW�� D� WKLQ� LVRODWLQJ� OD\HU� LV� EHLQJ� LQWURGXFHG� LQWR� WKH� PRGHO�� $VVXPLQJ� WKHUPDO�
SURSHUWLHV�IRU�WKLV�OD\HU�FORVH�WR�KRW�DLU��UHDOLVWLF�KHDW�IOX[�YDOXHV�FRXOG�EH�GHULYHG���

$OO�PROGV� DUH�FRROHG�GRZQ�GXULQJ�VWDQGDUG�RSHUDWLQJ�FRQGLWLRQV�E\�FRPSUHVVHG�DLU��HLWKHU�
EORZQ� WR� WKH� RXWHU� VXUIDFH�²� RU�PRUH� HFRQRPLFDOO\� ²� SDVVLQJ� WKURXJK� D[LDO� FRROLQJ� KROHV�
LQVLGH�WKH�PROGV�WKHPVHOYHV��$�FRPSOHWH�GHVFULSWLRQ�RI�WKH�PRGHOOLQJ�WHFKQLTXH�� LQFOXGLQJ�
WKH�FDOFXODWLRQ�SURFHGXUH�IRU�DOO�QHHGHG�ERXQGDU\�FRQGLWLRQV�FRXOG�EH�IRXQG�LQ�>�@���

7KH�HQKDQFHPHQW� LQ�WKHUPDO�FRQGXFWLYLW\�IRU�JODVV�GXH�WR�UDGLDWLRQ� LV�RQH�SUREOHP��,W�ZDV�
IRXQG� WKDW� DQ� HIIHFWLYH� WKHUPDO� FRQGXFWLYLW\� RI� ����:��P�.��ZRUNV� ZHOO� WR� GHVFULEH� WKH�
EODQN�VLGH��DQG�λ  ����:��P�.��WR�GHVFULEH�WKH�EORZ�VLGH���

�
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� � � � � �
���� *ODVV� �����ZLWKRXW�UDGLDWLRQ�� ����� ����� �����������
���� *ODVV� �����ZLWKRXW�UDGLDWLRQ�� ����� ����� �����������
���� *ODVV� ������ZLWKRXW�UDGLDWLRQ�� ����� ����� �����������
����� *ODVV� ������ZLWKRXW�UDGLDWLRQ��� ����� ����� �����������
����� *ODVV� �����ZLWKRXW�UDGLDWLRQ�� ����� ����� �����������
����� *ODVV� �����ZLWKRXW�UDGLDWLRQ��� ����� ����� �����������
�

7DEOH����0DWHULDO�3URSHUWLHV�8VHG�LQ�WKH�0RGHO��
�

3HUIRUPLQJ� D� WUDQVLHQW� KHDW� DQDO\VLV� RI� EODQN� DQG� EORZ�PROGV�� RQO\� WKH� OLVWHG� WHPSHUDWXUH�
GHSHQGLQJ��PDWHULDO�SURSHUWLHV�KDYH�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQV��1R�IXUWKHU�DVVXPSWLRQV�
DUH�QHFHVVDU\��,Q�7DEOH���DOO�PDMRU�WLPLQJ�HYHQWV�ZKLFK�ZHUH�QHHGHG�IURP�WKH�SURFHVV�LWVHOI�
DUH�QRWHG��

%ODQN�6LGH� %ORZ�6LGH�
113%� %%� �

&\FOH�WLPH� &\FOH�WLPH� &\FOH�WLPH�
%DIIOH�GRZQ� %DIIOH���GRZQ� 6WDUW�ILQDO�EORZ�
3OXQJHU�XS� 6WDUW�VHWWOH�EORZ� 9DFXXP�RQ�
0ROG�RSHQ� 6WDUW�FRXQWHU�EORZ� 0ROG�RSHQ�
0ROG�FRROLQJ�RQ� 0ROG�RSHQ� 0ROG�FRROLQJ�RQ�
0ROG�FRROLQJ��RII� 0ROG�FRROLQJ��RQ� 0ROG�FRROLQJ��RII�
� 0ROG�FRROLQJ��RII� �
���

7DEOH����7LPLQJ�'DWD�8VHG�LQ�WKH�0RGHO���

6WDUWLQJ�WKH�WUDQVLHQW�DQDO\VLV��ILUVW�RI�DOO��WKH�LQLWLDO�FRQGLWLRQV�KDG�WR�EH�VHW��7KH�JRE�ORDGV�
LQWR� WKH� EODQNV� ZLWK� 7BLQLWLDOBJODVV �����&�� 7KH� LQLWLDO� PROG� WHPSHUDWXUH� LV� VHW� WR�
7BLQLWLDOBPROG ����&�� $IWHU� LQYHUWLQJ� WKH� SDULVRQ� WR� WKH� EORZ� VLGH�� WKH� LQLWLDO� JODVV�



WHPSHUDWXUH� KDV� WR� EH� UHGXFHG� WR� 7BLQLWLDOBSDULVRQ �����&� WR� VLPXODWH� WKH� ILQDO� EORZ�
SURFHVV��,Q�)LJXUH���WKH�PRGHO�IRU�WKH�EODQN�PROG�FDOFXODWLRQV�LV�VKRZQ�

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

$IWHU�PHVKLQJ�WKH�PRGHO�ZLWK�VROLG�HOHPHQWV��RQH�FDQ�XVH�WKH�LVRODWLQJ�OD\HU�DV�D�KHDW�VZLWFK���
'XULQJ� JODVV� FRQWDFW� WKHVH�HOHPHQWV� DUH� ¶DOLYH·� DQG�DIWHUZDUGV� WKH\�ZHUH� ¶NLOOHG·��7KHUHIRUH�
WKH�UHVXOWLQJ�KHDW�IOX[�IURP�JODVV�LQWR�WKH�PROG�DSSHDUV�RQO\�GXULQJ�WKH�¶DOLYH·�SHULRG��+HDW�
ORVVHV�GXH�WR�UDGLDWLRQ�DUH�QHJOHFWHG�ZLWKLQ�WKLV�VWXG\���:KHQ�D�QHZ�JRE�HQWHUV�WKH�PROG��DOO�
HOHPHQWV�ZHUH�VHW�WR�¶DOLYH·�DQG�D�QHZ�F\FOH�FDQ�EHJLQ���

7KH� LQLWLDO� WKHUPDO�SURSHUWLHV�RI�JREV�DUH� LGHQWLFDO�DW� WKH�VWDUW�RI� HDFK�F\FOH��+RZHYHU� WKH�
WKHUPDO� FRQGLWLRQV� RI� WKH�PROG� DW� WKH� VWDUW� RI� HDFK� F\FOH� IROORZ� RQ� IURP� WKH� FRQGLWLRQV�
H[LVWLQJ�DW�WKH�HQG�RI�WKH�SUHYLRXV�F\FOH��6R�WKH�WLPH�KLVWRU\�RI�KHDW�WUDQVIHU�ZLWKLQ�WKH�PROG�
LV�FRQWLQXRXV���5HSHDWHG�F\FOHV�DUH�UXQ�XQWLO�G\QDPLF�WKHUPDO�HTXLOLEULXP�LV�HVWDEOLVKHG���

&DOFXODWLRQ�5HVXOWV�

6WDUWLQJ� ZLWK� WKH� LQLWLDO� WHPSHUDWXUHV� GHVFULEHG� DERYH�� )LJXUHV� �� DQG� �� VKRZ� WKH�
WHPSHUDWXUH�IOXFWXDWLRQV� LQ�JODVV�DQG�EODQN�PROG�GXULQJ�WKH�ILUVW�HLJKW�F\FOHV� �%%�SURFHVV���
)LJXUH� �� FRUUHVSRQGV� WR� WKH� EODQN�PROG� DW� KDOI� KHLJKW�� EHORZ� WKH� VHWWOH� ZDYH�� � )LJXUH� ��
UHSUHVHQWV�WKH�IOXFWXDWLRQV�QHDU�WKH�EDIIOH�PDWFK�OLQH�DERYH�WKH�VHWWOH�ZDYH���

4XLWH�HVVHQWLDO�LV�WKH�KXJH�GLIIHUHQFH�EHWZHHQ�JODVV�DQG�PROG�WHPSHUDWXUH�EHKDYLRXU��)LJXUH�
�� DQG����7KH� JODVV� WHPSHUDWXUH� DW� WKH� FRQWDFW� VXUIDFH�GURSV� DOPRVW�²����&�GXULQJ� D� JODVV�
FRQWDFW�SHULRG�RI����V��ILUVW�F\FOH���,Q�WKDW�VDPH�WLPH�LQWHUYDO�WKH�PROG�VXUIDFH�WHPSHUDWXUH�
LQFUHDVH�¶RQO\·������&���)RU�WKH�QH[W�F\FOHV��WKH�WHPSHUDWXUH�DPSOLWXGH�DW�WKH�FRQWDFW�DUHD�
UHGXFHV�GRZQ�WR�DSSUR[LPDWHO\����&���

7KH�WHPSHUDWXUH�JUDGLHQW�IRU�WKH�UHKHDW�SURFHVV�DW�WKH�VNLQ�RI�WKH�SDULVRQ�LV�DOVR�TXLWH�VWHHS���
:LWKLQ� QHDUO\� �� VHFRQGV� RI� UHKHDW� WLPH�� WKH� VNLQ� WHPSHUDWXUH� LQFUHDVH� LV� LQ� WKH� UDQJH� RI�
�����&��%HFDXVH�RI�D�VKRUWHU�JODVV�FRQWDFW�WLPH�LQ�WKH�UHJLRQ�RI�WKH�EDIIOH�PDWFK�OLQH��WLPH�
GLIIHUHQFH�EHWZHHQ�VHWWOH�EORZ�DQG�FRXQWHU�EORZ��²�)LJXUH���²�WKH�WHPSHUDWXUH�SURILOHV�DUH�
VRPHZKDW�GLIIHUHQW��+DYLQJ���VHFRQGV�RI�JODVV�FRQWDFW�RQO\�� WKH� WHPSHUDWXUH�JUDGLHQWV� DUH�
VPRRWKHU�DQG�WKH�KHDW�XS�SHULRG�LV�LQFUHDVHG��



)LJXUH����7HPSHUDWXUH�IOXFWXDWLRQ�LQ�JODVV�DQG�PROG�GXULQJ�WKH�ILUVW�HLJKW�F\FOHV��

%ODQN�PROG�VLPXODWLRQ�DW�KDOI�KHLJKW��EHORZ�VHWWOH�ZDYH���%ORZ�DQG�%ORZ�SURFHVV�

)LJXUH����7HPSHUDWXUH�IOXFWXDWLRQ�LQ�JODVV�DQG�PROG�GXULQJ�WKH�ILUVW�HLJKW�F\FOHV��

%ODQN�PROG�VLPXODWLRQ�DW�EDIIOH�HQG��DERYH�VHWWOH�ZDYH���%ORZ�DQG�%ORZ�SURFHVV��

)LUVW���F\FOHV���PLGSODQH�RI�PROG�DQG�SDULVRQ
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)LJXUH� �� VKRZV� WKH� WHPSHUDWXUH� YDULDWLRQ� ZLWKLQ� D� EORZ� PRXOG� PDGH� RXW� RI� DOXPLQLXP�
EURQ]H�IRU�WKH�ILUVW����F\FOHV��7KH�JODVV�WKLFNQHVV�LV�WKLV�SUHVHQW�FDVH�LV����PP��$OWKRXJK�WKH�
EORZ�PROG�LV�QRW�EHLQJ�SUHKHDWHG�DQG�WKH�9HUWLIORZ�FRROLQJ�LV�VZLWFKHG�RQ��WKH�PROG�UHDFKHV�
UDWKHU�TXLFNO\�²�LQ�QHDUO\�WZR�PLQXWHV���D�WHPSHUDWXUH�RI�����&���

7KH�WHPSHUDWXUH�IOXFWXDWLRQV�DW�WKH�JODVV�FRQWDFW�VXUIDFH�DQG�WKH�LQQHU�VXUIDFH�RI�WKH�ERWWOH�
DUH�DOVR�VKRZQ�LQ�)LJXUH����'XH�WR�WKH�UHODWLYHO\�WKLQ�ZDOO��WKH�JODVV�WHPSHUDWXUH�DW�WKH�LQQHU�
VXUIDFH��YLROHW�OLQH��IDOOV�VLJQLILFDQWO\�GXULQJ�WKH�SHULRG�ZKHQ�WKH�JODVV�LV�LQ�FRQWDFW�ZLWK�WKH�
PROG��$IWHU�RSHQLQJ�WKH�EORZ�PROG��WKH�RXWHU�JODVV�VXUIDFH��UHG�OLQH��H[SHULHQFHV�D�VHFRQG�
UHKHDW�SURFHVV�ZKHUHDV�DW�WKH�LQQHU�VXUIDFH�WHPSHUDWXUH�FRQWLQXHV�WR�IDOO���

)LJXUH����7HPSHUDWXUH�IOXFWXDWLRQ�LQ�JODVV�DQG�PROG�GXULQJ�WKH�ILUVW�WHQ�F\FOHV��

%ORZ�PROG�VLPXODWLRQ��DOXPLQLXP�EURQ]H���1R�SUHKHDW��9HUWLIORZ�FRROLQJ�LV�RQ��

�

/RRNLQJ� DW� WKH� PROG� WHPSHUDWXUH� IOXFWXDWLRQV�� LPPHGLDWHO\� DIWHU� JODVV� FRQWDFW�� WKH�
WHPSHUDWXUH�LQFUHDVHV�UDSLGO\�DW�WKH�PROG�FRQWDFW�DUHD��9HU\�VRRQ���DSSUR[LPDWHO\�DIWHU�RQH�
VHFRQG�RI�JODVV� FRQWDFW�²� WKH� VXUIDFH� WHPSHUDWXUH�RI� WKH�PROG� UHPDLQV� FRQVWDQW�� DOWKRXJK�
WKH�JODVV�LV�LQ�FRQWDFW�IRU�D�SHULRG�RI�WBFRQWDFW ����VHFRQGV��7KLV�LV�GXH�WR�WKH�IDOO�LQ�JODVV�
WHPSHUDWXUH�GXULQJ�WKH�FRQWDFW�SHULRG��

�

��'HLGHZLJ��)���+RZ� WR� HIIHFW� WKH� WHPSHUDWXUH� GLVWULEXWLRQ�EODQN�DQG� EORZ�PROGV�²� FRPSDULVRQ�EHWZHHQ�
)(0� FDOFXODWLRQV� DQG� PHDVXUHG� UHVXOWV�� ;,;� ,QWHUQDWLRQDO� &RQJUHVV� RQ� *ODVV�� (GLQEXUJK��
6FRWODQG��-XO\������������

)LUVW����F\FOHV��PLGSODQH�RI�PROG�DQG�SDULVRQ
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