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,Q�WKH�SUHVHQW�ZRUN��WKH�VLQWHULQJ�EHKDYLRXU�RI�D�ERURVLOLFDWH�JODVV����6L2����%�2����1D�2���PRO���

DQG�WKH�FRPSRVLWH�PDWHULDO�IRUPHG�E\�WKH�JODVV�DQG�]LUFRQLD�ILEUHV�KDV�EHHQ�FKDUDFWHULVHG�DV�D�IXQFWLRQ�RI�

WKH� SDUWLFOH� VL]H� RI� WKH� JODVV� SRZGHUV�� WKH� ILEUHV� YROXPH� IUDFWLRQ�� DQG� WKH� WHPSHUDWXUH� DQG� WLPH� RI� WKH�

VLQWHULQJ� WUHDWPHQW��7KH�FRPSRVLWH�PDWHULDO� LV� VXLWDEOH�IRU�VHDOLQJ� WKH�JDV�PDQLIROGV�RI�PROWHQ�FDUERQDWH�

IXHO�FHOOV��0&)&���DQG�WKH�VLQWHULQJ�WHPSHUDWXUHV�FORVH�WR�WKH�ZRUNLQJ�WHPSHUDWXUH�RI�WKH�FHOO������&���

)RU�EHWWHU�XQGHUVWDQGLQJ�WKH�LQIOXHQFH�RI�WKH�JODVV�VXUIDFH�FU\VWDOOLVDWLRQ�DQG�RI�WKH�ILEUHV�RQ�WKH�VLQWHULQJ�

NLQHWLFV��WKH�³FOXVWHULQJ�PRGHO´�ZKLFK�DSSOLHV�VLPXOWDQHRXVO\�WKH�)UHQNHO�DQG�0DFNHQ]LH�DQG�6KXWWOHZRUWK�

�06�� WKHRULHV� ZDV� XVHG�� 1HZ� FRQVLGHUDWLRQV� DUH� LQFOXGHG� WR� DFFRXQW� IRU� WKH� SUHVHQFH� RI� WKH� ULJLG�

LQFOXVLRQV�� )RU� DSSO\LQJ� WKH� PRGHO�� LW� LV� QHFHVVDU\� WR� NQRZ� WKH� SDUWLFOH� VL]H� GLVWULEXWLRQ� RI� WKH� JODVV�

SRZGHU��WKH�YLVFRVLW\�DQG�VXUIDFH�WHQVLRQ�RI�WKH�JODVV��DV�ZHOO�DV�D�VKDSH�SDUDPHWHU�IRU�WKH�JHRPHWU\�RI�WKH�
JODVV�SRZGHU�DQG�WKH�ILEUHV�VL]H��7KH�PRGHO�DOVR�DOORZV�WR�LQFOXGH�WKH�HIIHFW�RI�VXUIDFH�FU\VWDOOLVDWLRQ�DV�DQ�

LQKLELWRU� IRU� GHQVLILFDWLRQ�� EXW� LW� GRHV� QRW� FRQVLGHU� WKH� HIIHFW� RI� HQWUDSSHG� DLU� DQG� GHJDVLILFDWLRQ� GXULQJ�

VLQWHULQJ�DQG�FU\VWDOOLVDWLRQ��

7KH� DSSOLFDWLRQ� RI� WKLV� PRGHO� DOORZV� D� JUHDWHU� FRPSUHKHQVLRQ� RI� WKH� VLQWHULQJ� SURFHVV� DQG� WR� REWDLQ�

ZRUNLQJ� FRQGLWLRQV� WKURXJK�ZKLFK� WKH� SRURVLW\� DQG� FU\VWDOOLQLW\� FDQ� EH� FRQWUROOHG�� WKXV�PLQLPLVLQJ� WKH�

QXPEHU�RI�H[SHULPHQWV��
�

���,1752'8&7,21�

,Q�D�SUHYLRXV�ZRUN��WKH�VLQWHULQJ�EHKDYLRXU�RI�PL[WXUHV�RI�D�ERURVLOLFDWH�JODVV�DQG�=U2��
ILEUHV� KDV� EHHQ� VWXGLHG� DV� D� IXQFWLRQ� RI� WKH� SDUWLFOH� VL]H� RI� WKH� JODVV� SRZGHU�� VLQWHULQJ�
WHPSHUDWXUH�DQG�WLPH�LQ�RUGHU�WR�RSWLPLVH�VHDOLQJ�SURSHUWLHV���7KH�H[SHULPHQWDO�UHVXOWV�ZHUH�
H[SODLQHG�E\�XVLQJ�GLIIHUHQW� VLQWHULQJ�PRGHOV� IRU� D� JODVV�PDWUL[� FRQWDLQLQJ� ULJLG� LQFOXVLRQV�
VXFK�DV�6FKHUH�V�PRGHO���������DQG�5DM�DQG�%RUGLD�PRGHO���,Q�WKHVH�FDVHV��WKH�VLQWHULQJ�UHVXOWV�
GLG�QRW�ILW�WKH�WKHRUHWLFDO�VLQWHULQJ�PRGHOV�LQ�SUHVHQFH�RI�ULJLG�LQFOXVLRQV��VLQFH�WKHVH�PRGHOV�
GR�QRW�FRQVLGHU�WKH�VL]H�DQG�JHRPHWU\�RI�WKH�LQFOXVLRQ�DV�ZHOO�DV�SRVVLEOH�UHDFWLYLW\�ZLWK�WKH�
PDWUL[�� 7KHVH� IDFWV� WRJHWKHU� ZLWK� WKH� JODVV� GHYLWULILFDWLRQ� GXULQJ� VLQWHULQJ� SURFHVV� PDGH�
WKHVH�PRGHOV�QRQ�DSSOLFDEOH��
,Q�WKLV�ZRUN�ZH�DQDO\VH�WKH�VLQWHULQJ�NLQHWLFV�RI�WKH�VDPH�V\VWHP�DSSO\LQJ�WKH�&OXVWHUV�PRGHO�
DV� D� PRUH� UHDOLVWLF� DSSUR[LPDWLRQ�� 7KH� &OXVWHUV� PRGHO�� FRQVLGHUV� WKH� VLQWHULQJ� RI� D� VL]H�
GLVWULEXWLRQ� RI� SDUWLFOHV� DV� WKH� VXPPDWLRQ� RI� WKH� VLQWHULQJ� RI� HDFK� SDUWLFOH� VL]H��� 6LQWHULQJ�
ZLWK�FRQFXUUHQW�FU\VWDOOLVDWLRQ��ZLWKLQ�WKH�IUDPH�RI�WKH�FOXVWHUV�PRGHO�ZDV�GLVFXVVHG�LQ���,Q�
WKH�IROORZLQJ�ZH�SUHVHQW�D�QHZ�DSSURDFK�IRU�PRGHOOLQJ�JODVV�SRZGHUV�ZLWK�ULJLG�LQFOXVLRQV�
DV�DQ�H[WHQVLRQ�RI��&OXVWHUV�PRGHO���

�
���(;3(5,0(17$/�

$�ERURVLOLFDWH� JODVV�ZLWK� FRPSRVLWLRQ���6L2��� ��%�2��� ��1D�2���PRO�� KDV�EHHQ�XVHG� IRU�
WKLV� VWXG\�� 7KH� EDWFK� ZDV� SUHSDUHG� IURP� VLOLFD� VDQG�� UHDJHQW� JUDGH�1D�&2�� DQG� YLWUHRXV�
%�2���DQG�PHOWHG�LQ�DLU�LQ�3W�FUXFLEOH�LQ�D�HOHFWULF�IXUQDFH�DW������&�GXULQJ�RQH�KRXU��$IWHU�
PHOWLQJ�� WKH� JODVV�ZDV�PLOOHG� DQG� VLHYHG� WR�REWDLQ� WKUHH�GLIIHUHQW� SDUWLFOH� VL]HV�� IUDFWLRQ�$�

�������µP���%��������µP��DQG�&�����µP����



$�FRPPHUFLDO�]LUFRQLD�ILEUH�VWDELOLVHG�ZLWK�\WULD�����ZHLJKW��ZLWK�����PP�RI�PHGLXP�OHQJWK�

DQG� ����µP� RI� GLDPHWHU� ZDV� HPSOR\HG�� %RURVLOLFDWH� JODVV� SRZGHUV� ZHUH� PL[HG� ZLWK� WKH�
]LUFRQLD� ILEUHV� LQ� GLIIHUHQW� SURSRUWLRQV�� &\OLQGULFDO� VDPSOHV� ZHUH� SUHSDUHG� E\� LVRVWDWLF�
SUHVVLQJ���
7KH�FRPSDFWV�ZHUH�LVRWKHUPDOO\�WUHDWHG�LQ�HOHFWULFDO�IXUQDFH�LQ�DLU�DW�WHPSHUDWXUHV�EHWZHHQ�
��������&� GXULQJ� GLIIHUHQW� WLPHV�� 7KH� GHQVLWLHV� RI� WKH� JUHHQ� DQG� WUHDWHG� VDPSOHV� ZHUH�
PHDVXUHG�E\�$UFKLPHGHV�PHWKRG�HPSOR\LQJ�+J��7KH�WKHRUHWLFDO�GHQVLW\�ZDV�FDOFXODWHG�IURP�
WKH�UXOH�RI�PL[WXUHV��

([SHULPHQWDO�SURFHGXUH�LV�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�>�@���
� �

���5(68/76�

7KH� VLQWHULQJ� SURFHVV� EHWZHHQ� WZR� SDUWLFOHV�� DV� GHVFULEHG� E\� )UHQNHO��� QHHGV� WKH�
VKRUWHQLQJ�RI�WKH�GLVWDQFH�EHWZHHQ�WKH�WZR�SDUWLFOH�FHQWHUV�DQG�WKH�VLPXOWDQHRXV�UHGXFWLRQ�
RI�WKH�WRWDO�VXUIDFH��'XULQJ�WKLV�SURFHVV�D�QHFN�EHWZHHQ�ERWK�SDUWLFOHV�LV�IRUPHG��ZKHUH�DW�
WKH�ILUVW�PRPHQW�WKHUH�RQO\�ZDV�D�FRQWDFW�EHWZHHQ�WKH�WZR�JODVV\�VXUIDFHV��7KH�GULYLQJ�IRUFH�
IRU�VLQWHULQJ�LV�WKH�VXUIDFH�HQHUJ\�RI�WKH�SDUWLFOHV��WKH�NLQHPDWLFDO�SDWK�EHLQJ�DFFRPSOLVKHG�
E\�YLVFRXV�IORZ�������������
,Q�D�PL[WXUH�RI�JODVV�SDUWLFOHV�DQG�ULJLG�LQFOXVLRQV��WKUHH�W\SHV�RI�FRQWDFWV�DSSHDU��JODVV�JODVV��
JODVV�LQFOXVLRQ��LQFOXVLRQ�LQFOXVLRQ��*ODVV�JODVV�FRQWDFWV�EHKDYH�DV�)UHQNHO�DOUHDG\�GHVFULEHG��
UHDFWLQJ� WKURXJK� YLVFRXV� IORZ�� ,Q� D� FRQWDFW� JODVV�LQFOXVLRQ�� WKHUH� LV� QR� SRVVLELOLW\� IRU� WKH�
LQFOXVLRQ�WR�FKDQJH�LWV�VKDSH��VLQFH�LW�LV�VXSSRVHG�ULJLG��DQG�WKH�RQO\�SRVVLELOLW\�IRU�WKH�JODVV�
SDUWLFOH�LV�WR�VSKHURLGL]H�E\�YLVFRXV�IORZ��7KLV�W\SH�RI�FRQWDFW�LV�DOZD\V�SUHVHQW�EHWZHHQ�WKH�
FUXFLEOH��ZKHQ�XVHG��DQG�WKH�VDPSOH·V�SDUWLFOHV��
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)LJ����3DUWLFOH�VKDSH�HYROXWLRQ�GXULQJ�VLQWHULQJ��6ROLG�JUH\�SDUWLFOHV�DUH�JODVV�SDUWLFOHV��ZKLWH�
SDUWLFOHV�UHSUHVHQW�ILEUHV�� �D��JODVV�JODVV�FRQWDFWV�� �E�� LQFOXVLRQ�JODVV�FRQWDFWV�� �F��,QFOXVLRQ�
LQFOXVLRQ�FRQWDFW��7KHUH�LV�QR�HYROXWLRQ�RI�WKH�JHRPHWU\�ZLWK�WLPH��
7KH� LQFOXVLRQ�LQFOXVLRQ� FRQWDFWV� GR� QRW� HYROYH�� WKHLU� JHRPHWU\� UHPDLQLQJ� FRQVWDQW�� 7KXV��
WKH� YLVFRXV� IORZ� WKDW� GHYHORSV� QHFNV� IURP� WKH� JODVV�JODVV� FRQWDFWV� SURYLGHV� WKH� PDMRU�
FRQWULEXWLRQ�WR�WKH�VLQWHULQJ�NLQHWLFV��
7KUHH�GLIIHUHQW�YROXPHV�FDQ�EH�GLIIHUHQWLDWHG�LQVLGH�WKH�VDPSOH��9ROXPH�9���RQO\�JODVV�JODVV�
FRQWDFWV� ZKLFK� GHQVLI\� DFFRUGLQJ� WR� WKH� &OXVWHUV� PRGHO�� 9��� RQO\� LQFOXGLQJ� JODVV�LQFOXVLRQV�
FRQWDFWV�� ZKLFK� FDQ� EH� GHILQHG� DV� WKH� YROXPH� WKDW� VXUURXQGV� DOO� LQFOXVLRQV� ZLWK� D� KHLJKW�
DSSUR[LPDWHO\� HTXDO� WR�D�SDUWLFOH� UDGLXV�ZKLFK�PDLQWDLQV� WKH�RULJLQDO�SRURVLW\�RI� WKH�JUHHQ�
VDPSOH�������LQ�WKLV�FDVH���DQG�9���WKH�YROXPH�RI�LQFOXVLRQV��WKH�YROXPH�RI�WKH�ILEUHV�LWVHOI���
ZKLFK�GHQVLW\�LV�DOVR�FRQVWDQW�������LQ�WKLV�ZRUN����

���LLWK 9 ρρ ∑=
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�
)LJ����6FKHPH�RI�WKH�WKUHH�GLIIHUHQW�YROXPHV��9���9��DQG�9����
7KH� NLQHWLFV� RI� VLQWHULQJ� LV� GXH� WR� VKULQNDJH� RI� YROXPH� 9��� VLQFH� 9�� DQG� 9�� FDQ� EH�
FRQVLGHUHG� FRQVWDQW�� 7KH� YDOXH� RI� � 9�� LV� FDOFXODWHG� ZLWK� (T�� ���� ZKHUH� 97� LV� WKH� WRWDO�
YROXPH�RI�WKH�VDPSOH�DQG�ILEUHVXUIDFH�LV�WKH�VXUIDFH�DUHD�RI�WKH�ULJLG�LQFOXVLRQV�LQ�WKH�VDPSOH��

����������������������������������������9� �97�9��9�����������������������������������������������������������D��

'LYLGLQJ���D��E\�97�����������������������Y� ��Y��Y�������������������������������������������������������������������

ZKHUH�Y���Y��DQG�Y��DUH�YROXPH�IUDFWLRQV��7KH�YROXPH�9��LV�D�YROXPH�RI�JODVV�SDUWLFOHV�WKDW�
GRHV� QRW� SDUWLFLSDWH� LQ� WKH� VLQWHULQJ�SURFHVV��7KHQ� HDFK� SDUWLFOH� VL]H� YROXPH� IUDFWLRQ� YU� LV�
UHGXFHG� E\� WKH� YROXPH� E\� WKH� IUDFWLRQ� RI� WKH� SDUWLFOHV� ZLWK� UDGLXV� U� WKDW� EHORQJV� WR� WKH�
YROXPH�9���ILEUH�VXUIDFHYUU�97���
Y��ZLOO�GHFUHDVH�ZLWK�DQ�LQFUHDVH�RI�WKH�ILEUH�FRQWHQW�Y���:KHQ�DOO�WKH�VDPSOH�EH�FRPSRVHG�
E\�ILEUHV��Y� ����Y� ��DQG�WKHUH�LV�QR�VLQWHULQJ��
%XW�DFWXDOO\��(T�������LV�D�JRRG�DSSUR[LPDWLRQ�IRU�ILEUH�IUDFWLRQV�LQ�WKH�UDQJH���������
,Q�D�´GLOXWHGµ�V\VWHP��ILEUHV�GR�QRW� LQWHUDFW�DPRQJ�WKHP�DQG�GXULQJ�WKH�VDPSOH�VKULQNDJH�
WKH\� DUH� SXVKHG� E\� WKH� YLVFRXV� IORZ�� :KHQ� WKH� ILEUH� FRQWHQW� LQFUHDVHV�� FRQWDFWV� DPRQJ�
ILEUHV� DOVR� LQFUHDVH�� &RQVLGHULQJ� WKH� FDVH� RI� ORQJ� ILEUHV� D� ILEUH� QHWZRUN� LV� IRUPHG�
FRQIRUPLQJ� JODVV� UHJLRQV� WKDW� VLQWHU� DOPRVW� LQGHSHQGHQWO\� RQH� IURP� WKH� RWKHU�� 6WUHVVHV�
LPSRVHG� E\� JODVV� RQ� WKH� ILEUHV�GXULQJ� VLQWHULQJ�DUH� QRW� VXIILFLHQW� WR�GHIRUP� WKLV� QHWZRUN��
)LQDOO\�ZLWK�D�ILEUH�YROXPH�IUDFWLRQ�RI�DERXW������QR�VKULQNDJH�ZDV�REVHUYHG�>�@����

7KLV� HIIHFW� LV� HPSLULFDOO\� PRGHOOHG� E\� LQWURGXFLQJ� D� IXQFWLRQ� φ�[I��� ZKLFK� LV� �� IRU� ILEUHV�
FRQWHQWV���[I�����DQG�JRHV�IURP���WR���IRU�����[I�������7KHQ�WKH�YROXPH�Y��LV�FDOFXODWHG�

DV����������������������������������������Y� ����Y��Y���φ�[�����������������������������������������������������������������

)LJ����0HDVXUHG�VDWXUDWLRQ�GHQVLW\�YV��ILEUH�FRQWHQW�DQG�FDOFXODWHG�YDOXHV��

�E��U�Y�FHILEUHVXUID�9
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'DVKHG�DUHD��SRVVLEOH

YDOXHV�RI�LQLWLDO�GHQVLW\��

�0HDVXUHG�YDOXHV

�6DWXUDWLRQ�'HQVLW\�DV�FDOFXODWHG
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7KH�WKUHH�VL]H�GLVWULEXWLRQV�$��%�DQG�&�XVHG�LQ�WKLV�ZRUN�DUH�GHVFULEHG�LQ�>�@���
6LQFH�QR�YDOXHV�ZHUH�DYDLODEOH�IRU�WKH�GHQVLW\�RI�QXFOHDWLRQ�VLWHV�1V�DQG�FU\VWDO�JURZWK�UDWH�
8� IRU� TXDUW]�� WKDW� LV� WKH� PDLQ� SKDVH� DSSHDULQJ� ZLWK� GHYLWULILFDWLRQ�� WKHVH� YDOXHV� ZHUH�

HVWLPDWHG�IURP�H[SHULPHQWDO�VDWXUDWLRQ�GHQVLW\�YDOXHV�DW�����°&�DQG�����°&���7KH�YDOXH�RI�
1V� XVHG� ZDV� ��� ��

�� P���� EXW� LQ� WKH� FDVH� RI� VPDOO� SDUWLFOHV� LW� ZDV� DOZD\V� VXSSRVHG� RQH�
QXFOHDWLRQ� VLWH�SHU� SDUWLFOH��7KLV�PHDQV� D�QXFOHDWLRQ� VLWH� GHQVLW\� YDU\LQJ�ZLWK� SDUWLFOH� VL]H��
1HYHUWKHOHVV�� LQ� WKH� V\VWHPV� VWXGLHG� KHUH�� FU\VWDOOL]DWLRQ� KDV� QRW� D� ODUJH� HIIHFW� LQ� WKH�

H[SHULPHQWV�� 7KH� FU\VWDO� JURZWK� UDWH�ZDV� HPSLULFDOO\� HVWLPDWHG� DV� ������PV��� DW� ���°&� DQG�
�������� PV��� DW� ���°&� >�@�� 7KH� VKDSH� IDFWRU� XVHG� ZDV� ���� IRU� GLVWULEXWLRQ� %�� DQG� �� IRU�
GLVWULEXWLRQV�$�DQG�&��7KH�YLVFRVLW\�YDOXHV�WKDW�EHVW�ILWWHG�DOO�PHDVXUHPHQWV�ZHUH��������3�V��

DW����°&�DQG��������3D�V��DW����°&�>�@���
0HDVXUHPHQWV� DQG� FDOFXODWLRQV� FRUUHVSRQGLQJ� WR� WKH� VLQWHULQJ� NLQHWLFV� RI� IUDFWLRQ� &�ZLWK�
GLIIHUHQW� ILEUH� FRQWHQW� DW� ����&� DQG�PHDVXUHPHQWV� DQG� FDOFXODWLRQV� FRUUHVSRQGLQJ� WR� WKH�
VLQWHULQJ�NLQHWLFV�RI�IUDFWLRQ�$��%�DQG�&�DW�����&�DUH�VKRZQ�LQ�ILJXUHV���DQG����

)LJ����([SHULPHQWDO�SRLQWV�DQG�WKHRULFDO�FDOFXODWLRQV��FXUYHV���

)LJ���� ([SHULPHQWDO� SRLQWV� �KROORZ��ZLWKRXW� ILEUHV�� VROLG�� ZLWK� ����� ILEUH� YROXPH� IUDFWLRQ��
DQG�WKHRUHWLFDO�FDOFXODWLRQV��FXUYHV���

�
���',6&866,21�

7KH� FOXVWHUV�PRGHO� IRU�SRO\GLVSHUVHG� JODVV�SDUWLFOHV�KDV�EHHQ�DSSOLHG� IRU� WKH� VWXG\�RI�
WKH�VLQWHULQJ�NLQHWLFV�RI�D�FRPSRVLWH�RI�JODVV�SDUWLFOHV�DQG�ULJLG� LQFOXVLRQV�ZLWK�FRQFXUUHQW�
VXUIDFH�FU\VWDOOLVDWLRQ��7KLV�LV�D�FRPSOLFDWHG�V\VWHP�LQ�ZKLFK�PDQ\�SDUDPHWHUV��DV�1V�DQG�8��
DUH�XQNQRZQ��DQG�HYHQ�LW�H[KLELWV�EXEEOH�IRUPDWLRQ�GXH�WR�JDVHV�RULJLQDWHG�GXULQJ�WKH�JODVV�
FU\VWDOOL]DWLRQ� RU� GHJDVVLQJ� RI� WKH� JODVV� SDUWLFOHV� GXULQJ� VLQWHULQJ�� � 0RUHRYHU�� WKH� VSDFH�
GLVWULEXWLRQ�RI�WKH�ILEUHV�LV�QRW�DOZD\V�UDQGRP��VLQFH�GXULQJ�WKH�VDPSOH�SUHVVLQJ�LW�LV�SRVVLEOH�
WKDW�VRPH�DOLJQPHQW�RI�WKH�ILEUHV��DQG�DOVR�RI�WKH�SDUWLFOHV��FDQ�WDNH�SODFH��
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3DUWLFOH�6L]H�

'LVWULEXWLRQ�$
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3DUWLFOH�6L]H�

'LVWULEXWLRQ�%
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3DUWLFOH�6L]H�

'LVWULEXWLRQ�&

7LPH��KV�



'XH�WR�WKH�FRPSOH[LW\�RI�WKLV�SUREOHP��WKH�PRGHO�SUHVHQWHG�KHUH�PDNHV�XVH�RI�DVVXPSWLRQV�
WKDW� VLPSOLI\� LWV� PDWKHPDWLFDO� WUHDWPHQW�� )RU� H[DPSOH� WKH� GHWHUPLQDWLRQ� RI� WKH� KHLJKW� RI�

YROXPH�9��DV�WKH�SDUWLFOH�UDGLXV�RU�WKH�IXQFWLRQ�φ�[I��ZKLFK�LV�HPSLULFDOO\�LQWURGXFHG��,W�LV�
DOVR� UHPDUNDEOH� WKDW� ZKHQ� WKH� LQFOXVLRQV� DUH� LQ� D� KLJK� FRQFHQWUDWLRQ� �!� ���� YRO��� QHZ�
PHFKDQLVPV�KLQGHU�WKH�VLQWHULQJ�UDWH��LW�EHFRPLQJ�QHJOLJLEOH�IRU�D�ILEUH�FRQWHQW�RI�DERXW����
��YRO��
7KH�DGYDQWDJHV�RI� WKH�PRGHO�FRQVLVW�RQ�DOORZLQJ� WR�SUHGLFW� WUHQGV� LQ�VLQWHULQJ�NLQHWLF�DQG�
VDWXUDWLRQ� GHQVLW\� DV� D� IXQFWLRQ� RI� SDUWLFOH� VL]H� GLVWULEXWLRQ�� ILEUH� GLDPHWHU� DQG� VLQWHULQJ�
WHPSHUDWXUH��HYHQ�LQ�WKH�SUHVHQFH�RI�JODVV�SDUWLFOHV�GHYLWULILFDWLRQ��
)URP�WKH�PRGHO�� LW� LV�HYLGHQW�WKDW�IRU� UHGXFLQJ�WKH�SRURVLW\�RI� WKH�VDPSOH�� WKH�YROXPH�9��
�WKH�YROXPH�ZKLFK�KDV�LQFOXVLRQ�JODVV�FRQWDFWV��PXVW�EH�UHGXFHG��7KLV�FRQGLWLRQ�LV�IXOILOOHG�
IRU� H[DPSOH� GHFUHDVLQJ� WKH� JODVV� SDUWLFOH� VL]H�� 2WKHU� VROXWLRQV� FRXOG� EH� WKH� FRDWLQJ� RI�
LQFOXVLRQV�ZLWK�D�JODVV\�OD\HU��HOLPLQDWLQJ�WKH�LQFOXVLRQ�JODVV�FRQWDFWV��DQG�GHFUHDVLQJ�9����
)LJXUH� �� DQG� �� VKRZ� WKDW� D� JRRG� DJUHHPHQW� LV� JHQHUDOO\� IRXQG� EHWZHHQ� FDOFXODWLRQV� DQG�
H[SHULPHQWV��

�
���&21&/86,216�

7KH� &OXVWHUV� PRGHO� IRU� VLQWHULQJ� RI� JODVVHV� LQ� SUHVHQFH� RI� ULJLG� LQFOXVLRQV� KDV� EHHQ�
VXFFHVVIXOO\�DSSOLHG�WR�WKH�V\VWHP�ERURVLOLFDWH�JODVV�]LUFRQLD�ILEUHV��7KHVH�ILUVW�FDOFXODWLRQV��
VKRZ�WKDW�WKH�PRGHO�XVHG�LQ�WKLV�ZRUN�LV�DQ�DOWHUQDWLYH�WR�WKH�ZHOO�NQRZQ�6FKHUHU�V�DQG�5DM�
DQG�%RUGLD�PRGHOV��7KH�PDLQ�DGYDQWDJH�RI�WKH�&OXVWHUV�PRGHO� LV� WKDW� LW�DOORZV�WR�FRQVLGHU�
SDUWLFOH� VL]H� GLVWULEXWLRQ�� GLPHQVLRQV� RI� LQFOXVLRQV�� DQG� FRQFXUUHQW� VLQWHULQJ� ZLWK� JODVV�
VXUIDFH�FU\VWDOOLVDWLRQ��
�

$&.12:/('*(0(176�

7KH�DXWKRUV�WKDQN�3URI��(��'��=DQRWWR�IRU�KHOSIXO�GLVFXVVLRQV��
������������������������������ �������������������

�� 3DVFXDO�� 0�-��� 'XUiQ�� $��� 3DVFXDO�� /��� 6LQWHULQJ� EHKDYLRXU� RI� FRPSRVLWH� PDWHULDOV�

ERURVLOLFDWH�JODVV�=U2��ILEUH��-��(XU��&HUDP��6RF����,Q�SUHVV�����

��6FKHUHU��*�:���6LQWHULQJ�RI�ORZ�GHQVLW\�JODVVHV��,��WKHRU\��-�$P�&HUDP�6RF������S������

��������

��6FKHUHU��*��:���6LQWHULQJ�ZLWK�ULJLG�LQFOXVLRQV��-��$P��&HUDP��6RF������S�������������

��6FKHUHU��*�:���9LVFRXV� VLQWHULQJ�ZLWK�D�SRUH�VL]H�GLVWULEXWLRQ�DQG� ULJLG� LQFOXVLRQV�� -��

$P��&HUDP��6RF������S��&�������������

��5DM��5��DQG�%RUGLD��5�.���6LQWHULQJ�EHKDYLRXU�RI�ELPRGDO�FRPSDFWV��$FWD�0HWDOO������S��

�������������

�� 3UDGR�� 0�2��� =DQRWWR�� (�'��� 0�OOHU�� 5��� 0RGHO� IRU� VLQWHULQJ� SRO\GLVSHUVHG� JODVV�

SDUWLFOHV��-�1RQ�&U\VW�6ROLGV��������������S��������������

�� =DQRWWR�� (�'��� 3UDGR�� 0�2��� ,VRWKHUPDO� VLQWHULQJ� ZLWK� FRQFXUUHQW� FU\VWDOOL]DWLRQ� RI�

PRQRGLVSHUVHG�DQG�SRO\GLVSHUVHG�JODVV�SDUWLFOHV��3DUW�,��3K\V��&KHP��*ODVVHV�����������S��

������������

��)UHQNHO��-���9LVFRXV�)ORZ�RI�&U\VWDOOLQH�%RGLHV�8QGHU�WKH�DFWLRQ�RI�6XUIDFH�7HQVLRQ��-��

3K\V���8665���,;>�@��S��������������

�� 3DVFXDO�� 0�-��� 'XUiQ�� $��� 3DVFXDO�� /��� 3UDGR�� 0�2�� ;/,� &RQJUHVR� GH� OD� 6RFLHGDG�

(VSDxROD�GH�&HUiPLFD�\�9LGULR��%HQDOPDGHPD��0iODJD���������1RYLHPEUH�������
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