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7KLV�ZRUN� LV�FRQFHUQHG�ZLWK�WKH�PRGHOLQJ�RI�VLPSOH�R[LGH�JODVVHV�GLVVROXWLRQ��7KHVH� WHUQDU\�JODVVHV�

�6L�%�1D��DUH�SOXQJHG�LQ�ORZ�EDVLF�EXIIHUHG�VROXWLRQV��S+a�����DW�FRQVWDQW�WHPSHUDWXUH������&���1XPHULFDO�

VLPXODWLRQV� DUH� SHUIRUPHG� ZLWKLQ� D� FODVVLFDO� 0RQWH� &DUOR� �0&�� DSSURDFK� ZKLFK� UHVSHFWV� WKH� ORFDO�

FKHPLVWU\� RI� JODVVHV�� 7KLV�PRGHOLQJ� LV� DEOH� WR� UHSURGXFH� WKH� H[SHULPHQWDO� FRQGLWLRQV� RI� DOWHUDWLRQ�� 7KH�

DOWHUDWLRQ� E\� ZDWHU� OHDGV� WR� WKH� IRUPDWLRQ� RI� D� UHVWUXFWXUDWHG� VLOLFD� OD\HU� EHWZHHQ� WKH� VROYHQW� DQG� WKH�

XQDOWHUHG� JODVV�� 7KLV� OD\HU� PD\� EHFRPH� SURWHFWLYH� RU� QRW�� GHSHQGLQJ� RQ� WKH� JODVV� FRPSRVLWLRQ� DQG� WKH�

FRQGLWLRQV�RI�DOWHUDWLRQ��,Q�WKH�ILUVW�FDVH�DOO�WKH�VROXEOH�VSHFLHV��%��1D��DUH�H[WUDFWHG�XQWLO�WKH�DOWHUDWLRQ�LV�

EORFNHG� DV� D� FRQVHTXHQFH� RI� WKH� VWUXFWXUDO� UHDUUDQJHPHQW� RI� WKH� VLOLFD� QHWZRUN�� 7KLV� EHKDYLRU� VWURQJO\�
GHSHQGV� RQ� WKH� LQLWLDO� FKRLFH� RI� WKH� 0&� SDUDPHWHUV�� ZKLFK� FRXOG� EH� GHWHUPLQHG� HLWKHU� E\� TXDQWXP�

FKHPLVWU\�FDOFXODWLRQV�RU�E\�ILWWLQJ�WKH�UHSUHVHQWDWLYH�H[SHULPHQWDO�GDWD��

���,QWURGXFWLRQ�

*ODVV� OHDFKLQJ� VWURQJO\� GHSHQGV� ERWK� RI� WKH� JODVV� FRPSRVLWLRQ� DQG� RQ� WKH� OHDFKLQJ�
VROXWLRQ��7KHVH�WZR�IDFWRUV�DUH�QRW�LQGHSHQGHQW��VLQFH�JODVV�DOWHUDWLRQ�PRGLILHV�WKH�OHDFKLQJ�
VROXWLRQ��0DQ\�PHFKDQLVPV�DUH�LQYROYHG�LQ�WKH�FRUURVLRQ�SKHQRPHQD��VXFK�DV�K\GUDWLRQ�DQG�
K\GURO\VLV��LRQ�H[FKDQJH��VLOLFD�ZDWHU�UHDFWLRQ��RU�VWLOO�GLIIXVLRQ��7KH�FRPSOH[LW\�RI�WKH�ZKROH�
JODVV�V\VWHP�QHHGV�VWURQJ�K\SRWKHVLV�WR�EH�UHDVRQDEO\�VWXGLHG��*UDPERZ�PRGHOL��EDVHG�RQ�
WKH� WUDQVLWLRQ� VWDWH� WKHRU\�� LV� RQH� RI� � WKH�PDMRU� DQDO\WLFDO� JODVV� GLVVROXWLRQ�PRGHO� LQ� XVH��
$QDO\WLFDO�PRGHOV�DQG�UHFHQW�FRPSXWHU�DFKLHYHPHQWV�PDNH�LW�SRVVLEOH�WR�WUHDW�WKLV�FRPSOH[�
V\VWHP�HIILFLHQWO\��$HUWVHQV�HW�DOLL�LLL�LQWURGXFHG�0RQWH�&DUOR�VLPXODWLRQV�IRU�JODVV�GLVVROXWLRQ��
7KH\� GLYLGHG� UHDFWLYH� VSHFLHV� LQWR� WZR� FODVVHV� GHSHQGLQJ� RI� WKHLU� VROXELOLW\� �KLJKO\�� DQG�
PRGHUDWHO\�� VROXEOH��� 7KHVH� VWXGLHV� KDYH� EHHQ� SHUIRUPHG� HLWKHU� LQ� FXELF� RU� LQ� WHWUDHGULF�
JHRPHWULHV�� $WRPV� GLVVROXWLRQ� SURFHVVHV� ERQG� DIWHU� ERQG�� DQG� GLIIXVLRQ� LV� WDNHQ� LQWR�
DFFRXQW��7KH�UHVXOWV�JOREDOO\�DJUHH�ZLWK�*UDPERZ�ILUVW�RUGHU�NLQHWLF�ODZ��EXW�DERYH�DOO��WKH\�
VKRZHG�WKDW�LQ�FHUWDLQ�FRQGLWLRQV�WKH�DOWHUDWLRQ�OD\HU��XVXDOO\�FDOOHG�WKH�JHO��FDQ�EH�SURWHFWLYH�
ZLWK� UHVSHFW� WR� IXUWKHU�FRUURVLRQ��0&�VLPXODWLRQV�SURSRVHG�E\�'HYUHX[�HW�DOLY�Y�HPSKDVL]H�
RQ� WKH�PHFKDQLVPV�ZKLFK� FRQWURO� WKH� EORFNLQJ� RI� FRUURVLRQ�� DQG� RQ� WKH� HYROXWLRQ� RI� WKH�
PRUSKRORJ\�RI�WKH�VXUIDFH� OD\HU��,Q� LWV� LQLWLDO� IRUP��DWRPV�ZHUH�VHW�RQ�D�FXELF� ODWWLFH�� WKHLU�
UHDFWLYLW\� ZDV� PRGHOL]HG� LQ� WHUP� RI� VLWH� FRQILJXUDWLRQ�� FRQWUDVWLQJ� ZLWK� $HUWVHQV·V� ERQG�



DSSURDFK�� 7KLV�PRGHO� UHFHQWO\� HYROYHV� WRZDUG� D�PRUH� UHDOLVWLF� UHSUHVHQWDWLRQ� RI� WKH� ORFDO�
FKHPLVWU\�RI�ERURVLOLFDWH�JODVVHV��
7KH�GHVFULSWLRQ�RI�WKLV�0&�PRGHO�IRU�JODVV�DOWHUDWLRQ�LV�GHYHORSHG��LQ�VHFWLRQ����6HFWLRQ���LV�
GHYRWHG� WR� WKH� HYDOXDWLRQ� RI� WKH� SDUDPHWHUV� RI� WKH�0&�PRGHO� E\� D� SUHOLPLQDU\� TXDQWXP�
FKHPLVWU\�DSSURDFK��7KH�FRUUHVSRQGHQFH�EHWZHHQ�UHDO�DQG�QXPHULFDO�JODVVHV�LV�GLVFXVVHG�LQ�
VHFWLRQ����)LQDOO\��VHFWLRQ���VXPPDUL]HV�WKH�PDLQ�FRQFOXVLRQV�RI�WKH�SUHVHQW�VWXG\��

���0RGHOV�DQG�PHWKRGV�

7KLV�0&�PRGHOLVDWLRQ� WULHV� WR� UHVSHFW� DV�PXFK� DV� SRVVLEOH� WKH� ORFDO� FKHPLVWU\� RI� WKH�
ERURVLOLFDWH�JODVVHV��$W�ILUVW��WKH�JODVV�LV�EXLOW��UHVSHFWLQJ�VRPH�LQSXWV��FKHPLFDO�FRPSRVLWLRQ��
LQLWLDO�YROXPH�RI�VROXWLRQ�DQG�DFWLYH�VXUIDFH���7KHQ��IRU�HDFK�VWHS�RI�VLPXODWLRQ��VROLG�DWRPV�
PD\�EH�GLVVROYHG�ZKLOH�DWRPV�LQ�VROXWLRQ�PD\�UHSUHFLSLWDWH��2QH�FDQ�FKHFN�SHULRGLFDOO\�WKH�
JODVV�PRUSKRORJ\�DQG�WKH�VROXWLRQ�FRPSRVLWLRQ��

�����6WUXFWXUDO�PRGHO�

:H�VWDUW�ZLWK� D� FULVWREDOLWH� FU\VWDO�ZLWK� WKH� VLOLFRQ� DWRPV� DW� WKH� YHUWLFHV� RI� WKH� ODWWLFH��
%RURQ�LV� LQWURGXFHG�E\�UDQGRP�VXEVWLWXWLRQ�RI�VLOLFRQ��,W�LV�NQRZQ�WKDW�ERURQ�PD\�H[LVW�LQ�
WZR� FRRUGLQDWLRQV� LQ� VLOLFDWH� JODVVHVYL�� HLWKHU� ��FRRUGLQDWHG� �%,,,�� RU� ��FRRUGLQDWHG� �%,9��� ,Q�
WKH�IRUPHU�FDVH��WKLV�LPSOLHV�EUHDNLQJ�RQH�6L�2�%�ERQG�DQG�FRPSHQVDWLQJ�WKH�QRQ�EULQGJLQJ�
R[\JHQ�E\�D�VRGLXP�LRQ��,Q�WKH�ODWWHU�FDVH��WKH�VRGLXP�LRQ�LV�XVHG�DV�D�FKDUJH�FRPSHQVDWRU�
IRU�%2�

��XQLW��$V�RXU� UHDFWLYLW\�PRGHO� �VHH�EHORZ��GRHV�QRW�GLVWLQJXLVK� LQ� LWV�SUHVHQW� VWDWH�
EHWZHHQ� WKH� EHKDYLRU� RI�%,,,� DQG�%,9�� WKHVH� WZR� VLWXDWLRQV� DUH� HTXLYDOHQW��3DLUV� RI� VRGLXP�
PD\�DOVR�EH�LQWURGXFHG�DV�QHWZRUN�PRGLILHUV�E\�EUHDNLQJ�6L�2�6L�ERQGV��
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)LJ������7KH�FULVWREDOLWH�QHWZRUN��%RURQ�DWRPV�DUH�XVHG�LQ�VXEVWLWXWLRQ�RI�VLOLFRQ�DWRPV��

'RWHG�OLQHV�UHSUHVHQW�EURNHQ�ERQGV��6RGLXP�DWRPV�FRPSHQVDWH�HLWKHU�%2�
��XQLWV�RU�QRQ�

EULGJLQJ�R[\JHQ�ERXQG�WR�VLOLFRQ��2[\JHQ�DUH�LPSOLFLWO\�VHW�LQ�WKH�PLGGOH�RI�WKH�ERQGV�

EULGJLQJ�WZR�VXFFHVVLYH�FDWLRQV��

�����5HDFWLYLW\�PRGHO�

:H�DVVXPHG�WKDW�ERURQ�DQG�VRGLXP��ZHOO�NQRZQ�WR�EH�HDVLO\�VROXEOH��DUH�LQVWDQWDQHRXVO\�
GLVVROYHG� ZKHQ� WKH\� DUH� LQ� FRQWDFW� ZLWK� ZDWHU�� DQG� FDQQRW� UHSUHFLSLWDWH� RQFH� VROXELOL]HG��
6LOLFRQ�GLVVROXWLRQ�LV�GHWHUPLQHG�DIWHU�WKH�FRQQHFWLYLW\�RI�LWV�FRRUGLQDWLRQ�WHWUDKHGURQ��6LQFH�
WKH� VWUHQJWK� RI� WKH� 6L�2�%� ERQGV� DUH� QHJOHFWHG� FRPSDUHG� WR� WKDW� RI� D� VLOR[DQH� ERQG�� LW�



UHPDLQV�WKUHH�SDUDPHWHUV��ZKLFK�FRUUHVSRQG�WR�WKH�4���4���4��VSHFLHV��RI�WKH���6L�105��4Q�
PHDQV�WKDW�WKH�FXUUHQW�VLOLFRQ�DWRP�LV�LQYROYHG�LQ�Q�VLOR[DQH�ERQGV���6LOLFRQ�FRQGHQVDWLRQ�LV�
DFFRXQWHG�E\�D�VLQJOH�SDUDPHWHU��DUJXLQJ� WKDW� WKH�GHSRVLWLRQ�UDWH� LV� VLPSO\�SURSRUWLRQDO� WR�
WKH�FRQFHQWUDWLRQ�RI� VROXELOL]HG�VLOLFRQ��7KLV�SDUDPHWHUL]DWLRQ� LV�HTXLYDOHQW� WR� D� ILUVW�RUGHU�
NLQHWLF�ODZ��$FWXDOO\��LI�ZG�L��UHSUHVHQWV�WKH�GLVVROXWLRQ�UDWH�RI�VLOLFRQ�LQ�WKH�VLWH�L�RI�WKH�JODVV�
ZDWHU� LQWHUIDFH�� F6L� WKH� FRQFHQWUDWLRQ� GLVVROYHG� VLOLFRQ� DQG� ZUG� WKH� UHGHSRVLWLRQ�
SURSRUWLRQDOLW\� FRQVWDQW�� WKH� UDWH� RI� GLVVROYHG� VLOLFRQ� �16L�� UHVXOWV� IURP� WKH� FRPSHWLWLRQ�
EHWZHHQ�GLVVROXWLRQ�DQG�UHFRQGHQVDWLRQ�IOX[HV��,W�FDQ�EH�ZULWWHQ�DV���

,W� PD\� EH� UHPDUNHG� WKDW� VLOLFRQ� FRQFHQWUDWLRQ� LQ� ZDWHU� LV� VXSSRVHG� KRPRJHQHRXV� LQ�
DJUHHPHQW�ZLWK�WKH�K\SRWKHVLV�WKDW�GLIIXVLRQ�LV�LQILQLWLYHO\�IDVW�LQ�VROXWLRQ��2Q�WKH�FRQWUDU\��
VROLG� GLIIXVLRQ� LV� QHJOHFWHG�� DQG� WKXV� WKLV�0&�PRGHOLQJ� FDQQRW� SUHWHQG� WR� UHSURGXFH� WKH�
ORQJ�WLPH�JODVV�EHKDYLRU��7KH�VLOLFRQ�VDWXUDWLRQ�FRQFHQWUDWLRQ�LV�REWDLQHG�LQ�WKH�VWDWLRQQDU\�
VWDWH�IURP�HT�� �����ZKHUH�WKH�TXDQWLW\�EHWZHHQ�EUDFNHWV�FRUUHVSRQGV�WR�WKH�GLVVROXWLRQ�UDWH�
DYHUDJHG�RYHU�DOO�WKH�LQWHUIDFH���
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���4XDQWXP�FKHPLFDO�FDOFXODWLRQV�

4XDQWXP�FKHPLVWU\�FDOFXODWLRQV�DUH�D�SRZHUIXO�WRRO�IRU�WKH�XQGHUVWDQGLQJ�RI�WKH�V\VWHP��
,QGHHG�LI�RQH�FRQVLGHUV�WKH�UHYHUVLEOH�UHDFWLRQ�RI�D�4Q�VLOLFRQ�ZLWK�ZDWHU����

( ) ( ) �

��

�� ���� 2+6L6L2+2+Q2+6L6L2 Q

Z

4Z

QQ

UG

Q
G

+≡
←

 →
+≡ − �

$FFRUGLQJ�WR�WKH�GHWDLOHG�EDODQFH�SULQFLSOH��WKH�UDWLR�RI�WKH�GLVVROXWLRQ�WR�FRQGHQVDWLRQ�UDWHV�
UHDGV���
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ZKHUH�∆+U�Q�� LV� WKH� UHDFWLRQ� HQWKDOS\�� 6HYHUDO� FDOFXODWLRQV� EDVHG� RQ� VHPL�HPSLULFDO� �$0��
PHWKRG�� JHRPHWU\� RSWLPL]DWLRQ� ZHUH� SHUIRUPHG� RQ� VPDOO� VLOLFD� FOXVWHUV�� W\SLFDOO\� D�
FULVWREDOLWH�XQLW�FHOO�OLNH��6L��2��+����ZKHUH�K\GURJHQ�ZHUH�XVHG�WR�OLPLW�WKH�FOXVWHU�H[WHQVLRQ�
DQG� WR� PDLQWDLQ� WKH� HOHFWULFDO� QHXWUDOLW\�� 7KH� FKRLFH� RI� WKLV� VHPL�HPSLULFDO� PHWKRG� LV� D�
FRPSURPLVH� EHWZHHQ� DFFXUDF\� DQG� GXUDWLRQ� RI� WKH� FDOFXODWLRQ�� &DOFXODWLRQV� FRQILUP� WZR�
K\SRWKHVLVHV� RI� VHFWLRQ� ���� �� �D�� WKH� HQWKDOS\� RI� UHDFWLRQ� LV� SUDFWLFDOO\� LQGHSHQGHQW� RI� WKH�
FRQILJXUDWLRQ�EH\RQG�WKH�VHFRQG�FRRUGLQDWLRQ�VSKHUH���E��WKH�VWUHQJWK�RI�WKH�6L�2�%�ERQG��
WHVWHG�RQ�FOXVWHUV� LQFOXGLQJ�ERURQ�� LV�PXFK�ZHDNHU� WKDQ� WKDW�RI� WKH�6L�2�6L�RQH�� MXVWLI\LQJ�
QRW�WR�FRQVLGHU�ERURQ�FDWLRQV�LQ�WKH�UHDFWLYLW\�RI�VLOLFRQ��7DEOH���SUHVHQWV�WKH�W\SLFDO�YDOXHV�
REWDLQHG�IRU� WKH� UHDFWLRQ�HQWKDOSLHV� DQG� IRU� WKH�GLVVROXWLRQ� WR�FRQGHQVDWLRQ�UDWLR�GHGXFHG�
IURP�HTXDWLRQ�������

������������������������������ �������������������
��7KH�4��SDUDPHWHU�GRHV�QRW�DSSHDU�DW�WKH�LQWHUIDFH��
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7DEOH�����0HDQ�YDOXH�RI�HQWKDOSLHV�RI�UHDFWLRQV�DQG�FRUUHVSRQGLQJ�SUREDELOLWLHV�

FDOFXODWHG�IRU�VHYHUDO�VLOLFRQ�FRQILJXUDWLRQV�DW����&��

4XDQWXP� FDOFXODWLRQV� VWURQJO\� VXJJHVW� D� KLHUDUFK\� EHWZHHQ� WKH�4Q� �� WKH�PRUH� D� VLOLFRQ� LV�
ERXQG��WKH�KDUGHU�WR�GLVVROYH�LW�LV��ZKLFK�UHVXOW�LV�TXDOLWDWLYHO\�VDWLVI\LQJ��+RZHYHU��DFFRUGLQJ�
WR�HT�������WKH�YDOXHV�LQ�7DEOH���ZRXOG�OHDG�WR�D�VLOLFRQ�VDWXUDWLRQ�FRQFHQWUDWLRQ�OHVV�WKDQ������
�PRODU� IUDFWLRQ��� ZKLFK� LV�PXFK� ORZHU� WKDQ� WKH� H[SHULPHQWDO� YDOXHV�� W\SLFDOO\� ����� ����� 6L�
PJ�O���� DW� ���&� DQG� QHXWUDO� S+�� 7KLV� GLVDJUHHPHQW�PD\� FRPH� HLWKHU� IURP� WKH�PHWKRG� RI�
FDOFXODWLRQ� �UHSUHVHQWDWLYLW\� RI� FOXVWHUV�� QR� VROYDWDWLRQ� DFFRXQWHG�� RU� IURP� NLQHWLF� HIIHFWV�
�DFFHVVLELOLW\�RQ�WKH�LQWHUIDFH��SDUWLDO�FKDUJH�LQIOXHQFH����

���([SHULPHQWDO�FRPSDULVRQ���UHVXOWV�DQG�GLVFXVVLRQ�

7KXV��DV� WKHVH�TXDQWXP�FDOFXODWLRQV�FDQQRW�EH�XVHG�GLUHFWO\� WR�VHW� WKH�0&�SDUDPHWHUV��
WKH�ODWWHU�ZHUH�ILWWHG�E\�FRPSDULVRQ�ZLWK�H[SHULPHQWDO�GDWD��

�

�

�

�����)LW�RI�SDUDPHWHUV�

3RZGHUHG� ERURVLOLFDWH� JODVVHV� KDYH� EHHQ� OHDFKHG� LQ� EXIIHUHG� ZDWHU� �S+� ������ ,Q� WKLV�
SDSHU�ZH�GLVFXVV�WKH�HIIHFW�RI�WKH�FRQWHQW�LQ�ERURQ�DQG�VRGLXP��DV�ZHOO�DV�WKH�HIIHFW�RI�WKH�
UDWLR�6�9�RI� WKH� LQLWLDO� VXUIDFH�DUHD�RI� WKH�JODVV�6� WR� WKH�VROXWLRQ�YROXPH�9��7KH�HOHPHQWV�
UHOHDVHG� LQ� WKH�VROXWLRQ�ZHUH� WLWUDWHG�E\�FRQYHQWLRQDO�FKHPLFDO� WHFKQLTXHV� �FRORULPHWU\� IRU�
VLOLFRQ�DQG�ERURQ��IODPH�SKRWRPHWU\�IRU�VRGLXP���7KH�0RQWH�&DUOR�PRGHO�KDV�EHHQ�XVHG�WR�
VLPXODWH�WKH�VDPH�H[SHULPHQWV��7KH�LQLWLDO�UDWH�RI�OHDFKLQJ�DQG�WKH�VDWXUDWLRQ�FRQFHQWUDWLRQ�
LQ�VLOLFRQ�RU�LWV�HTXLYDOHQW�IRU�ERURQ��WKH�WKLFNQHVV�RI�WKH�DOWHUHG�OD\HU��ZHUH�XVHG�WR�DGMXVW�
WKH�SDUDPHWHUV��)LJXUH���SUHVHQWV�D�FRPSDULVRQ�RI�WKH�HTXLYDOHQW�OHDFKHG�WKLFNQHVV�LQ�ERURQ�
DV� REWDLQHG� LQ� H[SHULPHQWV� �OHIW�� DQG� LQ� VLPXODWLRQV� �ULJKW�� IRU�GLIIHUHQW� JODVV� FRPSRVLWLRQ�

)LJ������H[SHULPHQWDO�DQG�0&�VLPXODWLRQV�HTXLYDOHQW�ERURQ�OHDFKHG�

WKLFNQHVV��*ODVVHV�PRODU�FRPSRVLWLRQ�LV��6L2�������[�%�2��[�1D�2�[��
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WR�YROXPH�VROXWLRQ�UDWLR
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,QLWLDO�VXUIDFH�RI�JODVV�

WR�YROXPH�VROXWLRQ�UDWLR



DQG� 6�9� UDWLR�� 7KH� VDPH� VHW� RI� SDUDPHWHUV� JLYHV� DOVR� JRRG� DJUHHPHQW� IRU� WKH� RWKHU�
H[SHULPHQWDO�RXWSXWV��OLNH�FRQFHQWUDWLRQV�HYROXWLRQ�RU�NLQHWLFV�RI�OHDFKLQJ���

�����0RUSKRORJLFDO�LQIOXHQFH�RI�WKH�SDUDPHWHUV�

105�VSHFWUD�DQG�0&�VLPXODWLRQV�ZHUH�DOVR�IRXQG�LQ�JRRG�DJUHHPHQW��0&�VLPXODWLRQV�
FRQILUP�WKH�SUHGRPLQDQFH�RI�4��FRQILJXUDWLRQ�LQ�XQDOWHUHG�JODVV�DQG�WKH�4��SUHGRPLQDQFH�
LQ� WKH� JHO�� DV� REVHUYHG� LQ� H[SHULPHQWVYLL�� )XUWKHUPRUH�� VLPXODWLRQV� FRQILUP� WKDW� WKH�
SDUDPHWHUV�KLHUDUFK\��VXJJHVWHG�E\�TXDQWXP�FDOFXODWLRQV��VHFWLRQ�����LV�QHFHVVDU\���ZLWK�VXFK�
D�FKRLFH��VLPXODWLRQV�OHDG�WR�D�SURWHFWLYH�JHO�WKDW�OHDGV�WR�D�IUHH]LQJ�RI�WKH�OHDFKLQJ�LQ�VWDWLF�
WHVWV��2WKHUZLVH�� RQH�ZRXOG�REWDLQ� D� VZROOHQ� DOWHUDWLRQ� OD\HU�ZKLFK� LV� QRW� SURWHFWLYH� �� WKH�
ZKROH� VROXEOH� VSHFLHV� DUH� H[WUDFWHG� IURP� WKH� JODVV�� HYHQ� WKRXJK� WKHLU� FRPSRVLWLRQ� LV� IDU�
EHORZ�WKH�SHUFRODWLRQ�WKUHVKROG�RI�WKH�VROXEOH�ODWWLFH��

���&RQFOXVLRQ�

$OWKRXJK�WKLV�0&�PRGHOLQJ�LV�EDVHG�RQ�YHU\�VLPSOH�K\SRWKHVLV�DQG�SDUDPHWHUL]DWLRQ��LW�
OHDGV� WR� LQWHUHVWLQJ� UHVXOWV� IRU�XQGHUVWDQGLQJ� WKH� DOWHUDWLRQ�RI�ERURVLOLFDWH� JODVVHV��:LWK� DQ�
RSWLPL]HG� DGMXVWPHQW� RI� 0&� SDUDPHWHUV�� RQH� LV� DEOH� WR� UHSURGXFH� WKH� DOWHUDWLRQ� RI� UHDO�
JODVVHV�DV�D�IRQFWLRQ�RI�JODVV�FRPSRVLWLRQ�DQG�6�9�UDWLR��7KH�HYROXWLRQ�RI�JHO�PRUSKRORJ\�LV�
TXDOLWDWLYHO\�ZHOO�DFFRXQWHG�IRU��5HGHSRVLWLRQ�PRGHO�VKRXOG�EH�LPSURYHG�DQG�FRPSDUHG�WR�
6$;6� DQG� 105� H[SHULPHQWV� LQ� RUGHU� WR� SUHGLFW� WKH� HYROXWLRQ� RI� SRURVLW\�� $E�LQLWLR�
FDOFXODWLRQV�DUH�LQ�GHYHORSPHQW�WR�FRPSOHWH�WKH�VWXG\�RI�WKH�PLFURVFRSLF�PHFKDQLVP��,Q�WKH�
QHDU� IXWXUH�� ZH� ZLOO� LQWURGXFH� DOXPLQXP� LQ� WKH� FKHPLFDO� FRPSRVLWLRQ� RI� WKH� JODVVHV� DQG�
LQWHQG�WR�GLVWULEXWH�WKH�0&�SDUDPHWHUV�WR�PRGHOL]H�WKH�WRSRORJLF�GLVRUGHU��

$FNQRZOHGJHPHQWV�

7KLV�ZRUN�LV�FRPSOHWHG�ZLWK�WKH�ILQDQFLDO�VXSSRUW�RI�&($��:H�ZDUPO\�WKDQN�(��9HUQD]�
DQG�6��*LQ�IRU�FRPPHQWV�DQG�IUXLWIXO�GLVFXVVLRQ��

�
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