
$GYDQFHG�PDWKHPDWLFDO�PRGHOLQJ�RI�VSHFLDO�JODVV�IXUQDFHV�

3HWU�6FKLOO��0LURVODY�7URFKWD�
*ODVV�6HUYLFH��,QF���9VHWLQ��&]HFK�5HSXEOLF�

�

7KH� DGYDQFHG�PDWKHPDWLFDO�PRGHOLQJ� RI�*6�*ODVV� )XUQDFH�0RGHO� �*)0��ZLOO� EH� GHPRQVWUDWHG� RQ�

WZR� H[DPSOHV�� �D�� *6�6LPXODWRU� ZKLFK� XVHV� QHZ�*UDSKLFDO� 8VHU� ,QWHUIDFH� �*8,�� DQG� �E�� �:DVWH� JODVV�
PHOWHU�PRGHOLQJ�FRXSOHG�ZLWK�SDUWLFOH�VHWWOLQJ�� �D��7KH�*6�6LPXODWRU� LV�DQ�LQWHUIDFH�EHWZHHQ�VROYHUV�DQG�

JUDSKLFDO�XVHU�LQWHUIDFH��*8,���7KH�6LPXODWRU�UXQV�QRUPDO�*)0�VROYHUV��DQG�*8,�SHULRGLFDOO\�GLVSOD\V�DOO�

RXWSXW� YDULDEOHV� DQG�� PRUHRYHU�� LW� HQDEOHV� WR� PRGLI\� VHOHFWHG� LQSXW� GDWD� GXULQJ� FDOFXODWLRQ�� :KHQ� DOO�

LWHUDWLRQ�FULWHULD�DUH�VDWLVILHG�� WKH�6LPXODWRU� VWRSV� WKH�VROYHUV�DQG�VWDUWV�*6�7UDFHU� WKDW�SHUIRUPV�SDUWLFOH�

WUDFLQJ��$Q�H[DPSOH�RI�LQGXVWULDO�IORDW�IXUQDFH�VLPXODWLRQ�LV�SUHVHQWHG�� �E��7KH�ZDVWH�JODVV�PHOWHU�PRGHO�

FRYHUV�VLPXODWLRQ�RI�IORZ��WHPSHUDWXUH�DQG�HOHFWULFDO�ILHOGV�ZLWKLQ�JODVV�VSDFH��IHHG�DQG�SOHQXP�VSDFH��7KH�

ZDWHU� HYDSRUDWLRQ� IURP� IHHG� LV� LQYROYHG�� � 0RUHRYHU�� WKLV� PRGHO� HQDEOHV� DXWRPDWLF� FRQWURO� RI� JODVV�

WHPSHUDWXUH� E\� DGMXVWLQJ� WKH� HOHFWURGH� YROWDJHV� DQG� RQ�OLQH� FRXSOLQJ� ZLWK� G\QDPLF� PRGHO� RI� SDUWLFOH�

SUHFLSLWDWLRQ�DQG�VHWWOLQJ�LQ�JODVV�PHOW��*6�3DFR�SURJUDP���$�PRGHO�H[DPSOH�RI��D��FRPSOHWH�+/:�PHOWHU�

LV�VKRZQ��

�

,QWURGXFWLRQ�

7KH�*ODVV�)XUQDFH�0RGHO� �*)0���D�FRGH�GHYHORSHG� LQ�*ODVV�6HUYLFH�,QF��� LV�XVHG�IRU�
PDWKHPDWLFDO� PRGHOLQJ� RI� WKH� IORZ�� WHPSHUDWXUH�� HOHFWULFDO�� FRQFHQWUDWLRQ�� FKHPLFDO� DQG�
UDGLDWLRQ�TXDQWLWLHV�LQ�JODVV�IXUQDFHV��7KH�*)0�FRQVLVWV�RI�WZR�SDUWV��WKH�JODVV�VSDFH��JODVV�
PRGHO�� *0�� DQG� WKH� FRPEXVWLRQ� VSDFH� �FRPEXVWLRQ� PRGHO�� &0��� 7KH� *0� DQG� &0� DUH�
ERXQGHG�E\�VSHFLDO�FRXSOLQJ�SURFHGXUH�ZKLFK�SHULRGLFDOO\�WUDQVIHUV�VXUIDFH�KHDW�IOX[HV�DQG�
WHPSHUDWXUHV�EHWZHHQ�WKH�WZR�VSDFHV��7KH�*0�LQYROYHV�EDWFK�PHOWLQJ�SURFHGXUHV�DQG�WKH�
&0� LQYROYHV� WXUEXOHQFH�� UDGLDWLRQ�� FKHPLVWU\� DQG� IODPH� FDOFXODWLRQV�� 7KH� *)0� QRUPDOO\�
UXQV� RQ� FRPPRQ� 3&� XQGHU� :LQGRZV� �17� RU� :������� 7KH� *)0� LV� EDVH� IRU� VSHFLDO�
H[WHQVLRQV�DV���*6�6LPXODWRU�RU�:DVWH�JODVV�PHOWHU�SDUWLFOH�VHWWOLQJ�FDOFXODWLRQ��

�

*6�6LPXODWRU�

7KH� 6LPXODWRU� ZDV� GHYHORSHG� LQ� RUGHU� WR� KHOS� WKH� XVHUV� WR� DSSO\� WKH� PDWKHPDWLFDO�
PRGHO� LQ� JODVV� LQGXVWU\� DQG� WR� SUHGLFW� WKH� IXUQDFH� EHKDYLRU� GLUHFWO\� DIWHU� RSHUDWLRQ�
FRQGLWLRQV� FKDQJH� �� 8VLQJ� WKH� LQWHUDFWLYH�*UDSKLFDO� XVHU� LQWHUIDFH� �*8,�� LW� LV� SRVVLEOH� WR�
PRGLI\� LQSXW� GDWD� DQG� ERXQGDU\� FRQGLWLRQV� GXULQJ� FDOFXODWLRQ�� 7KH� UHVSRQVH� FDQ� EH� VHHQ�
LPPHGLDWHO\�RQ�JUDSKV�DQG�RWKHU�LQFRUSRUDWHG�SRVWSURFHVVRUV����

7KH�FRPSOH[�FRXSOHG�PRGHO�RI� W\SLFDO� IORDW� IXUQDFH� LV� SUHVHQWHG�DV� DQ�H[DPSOH�KHUH��7KH�
IXUQDFH� SDUDPHWHUV� IROORZV�� SXOO� UDQJHV� IURP����� WR� ���� W� SHU�GD\�� � �� DGMXVWDEOH� FKDUJLQJ�
JDWHV���DGMXVWDEOH�EDWFK��DQG�ZDLVW�FRROHUV����SRUWV��ZLWK�XQGHU�SRUW�EXUQHUV��WZR�R[\�EXUQHUV�
DERYH� EDWFK� DQG� WZR� � DLU� EXUQHUV� LQ�ZRUNLQJ� HQG��7KH�*8,� FRQWDLQV� � FRQWURO� VFUHHQV� WR�
PRGLI\� JODVV� VSDFH� RSHUDWLQJ� SDUDPHWHUV� �)LJ��D�� DQG� JDV� IORZV� �SRUW�� EXUQHUV�� H[KDXVW�� LQ�
FRPEXVWLRQ�VSDFH��)LJ��E��DQG�SRVWSURFHVVRUV�VFUHHQV�WR�GLVSOD\� WHPSHUDWXUH�SDWWHUQ� LQ�DOO�
�'�FXWV��WHPSHUDWXUH�FKHFN�SRLQWV��)LJ�����IORZ�SDWWHUQ�DQG�TXDOLW\�LQGH[HV��



�

�

)LJ����*8,�LQSXW��2Q�OLQH��VHWWLQJ�WKH�RSHUDWLQJ�SDUDPHWHUV�DQG�ERXQGDU\�FRQGLWLRQV�

7KH� IORZ� LV� GLVSOD\HG� E\� WZR� ZD\V�� �D�� VWUHDPOLQHV� DQLPDWLRQ� WRJHWKHU� ZLWK� WHPSHUDWXUH�
GLVWULEXWLRQ�DQG��E��VWUHDPOLQHV�DQLPDWLRQ�WRJHWKHU�ZLWK�VFDODU��8�YHORFLW\�FRPSRQHQW�ZKLFK�
HQDEOHV�WR�LGHQWLI\�IORZ�VHSDUDWLRQ�SRLQWV���7KH�4XDOLW\�LQGH[�VFUHHQ�VKRZV�DQLPDWHG�FULWLFDO�
WUDMHFWRU\�DQG�GLVSOD\V�PLQLPXP��DQG�PHDQ�UHVLGHQFH�WLPH�DQG�PHOWLQJ�LQGH[������

�

�



�

)LJ����*8,�JUDSK��'LVSOD\LQJ�WKH�UHVXOWLQJ�WHPSHUDWXUHV�LQ�JLYHQ�FKHFN�SRLQWV�

�

:DVWH�JODVV�PHOWHU�PRGHO�

7KH�ZDVWH�JODVV�PHOWHU�LV�D�VSHFLDO�VPDOO�JODVV�IXUQDFH�IRU�YLWULILFDWLRQ�RI�UDGLRDFWLYH�ZDVWH��,W�
LV�KHDWHG�E\�WZR�RU�WKUHH�EORFN�HOHFWURGHV�DQG�WKH�EDWFK��IHHG��LV�GHOLYHUHG�E\�SLSH�IURP�WRS��
LQ� IRUP�RI�VOXUU\��7KLV� VOXUU\� LQYROYHV�JODVV� IRUPLQJ�R[LGHV�� UDGLRDFWLYH�ZDVWH� FRPSRQHQWV�
DQG�ODUJH�DPRXQW��DERXW�������RI�ZDWHU��7KLV�ZDWHU�HYDSRUDWHV�LQ�WKH�SOHQXP�VSDFH�DQG�D�
GU\� FROG�FDS� LV� IRUPHG�ZKLFK� LV� IXUWKHU� FRQYHUWHG� LQWR� JODVV�PHOW� �VHH� )LJ�����'XULQJ� WKLV�
SURFHVV��YDULRXV�NLQGV�RI�SDUWLFOHV��QREOH�PHWDOV��VSLQHO��DUH�SUHFLSLWDWHG�DQG�VHWWOHG�RQ�ZDOOV�
DQG� ERWWRP�� ,Q� FDVH� WKLV� VOXGJH� OD\HU� � JURZV� UDSLGO\� � LW� PD\� GDPDJH� WKH� PHOWHU�� 0RGHO�
SUHGLFWLRQ�RI�VOXGJH�OD\HU�FDQ�KHOS�WR�HQKDQFH�WKH�PHOWHU�OLIHWLPH�

7KH�*)0�ZDV�H[WHQGHG�WR�FRYHU�D�VHPL�WUDQVLHQW�DSSURDFK�WKDW�FRXSOHV�WZR�SURFHVVHV��7KH�
G\QDPLF� FDOFXODWLRQ� RI� QREOH� PHWDOV� �10�� EHKDYLRU� �LQ� FDVH� RI� VSLQHO� WKH� QXFOHDWLRQ� LV�
FRQVLGHUHG�� DV�ZHOO��� � VHWWOLQJ� DQG� FRQFHQWUDWLRQ� ILHOGV�ZLWK� VWHSZLVH� XSGDWLQJ� RI� WKH� JODVV�
SURSHUWLHV� �EHLQJ� PRGLILHG� E\� 10� FRQFHQWUDWLRQ� DQG� JODVV� WHPSHUDWXUH�� LV� SHULRGLFDOO\��
IROORZHG� E\� � UHFDOFXODWLRQ� RI� IORZ�� DQG� WHPSHUDWXUH�GLVWULEXWLRQ� LQ� WKH�PHOWHU�� 8VLQJ� WKLV�
SURFHGXUH��WKH�EXR\DQF\�WHUP�LQ�WKH�1DYLHU�6WRNHV�HTXDWLRQ�LQYROYHV�ERWK�WHPSHUDWXUH�DQG�
FRQFHQWUDWLRQ�FRQWULEXWLRQV�� �10�LV� IHG� LQWR�JODVV� IURP�FROG�FDS� LQ� IRUP�RI� �GHILQHG� VL]H�
GLVWULEXWLRQ�GLYLGHG�LQWR�VL]H�FODVVHV��)RU�HDFK�VL]H�FODVV�WUDQVSRUW�HTXDWLRQ�LV�VROYHG�DQG�WKH�
SDUWLFOHV� DUH� UHGLVWULEXWHG� DPRQJ� WKH� H[LVWLQJ� FODVVHV� EHIRUH� QH[W� WLPH� VWHS�� 7KH� VHWWOLQJ�
FDOFXODWLRQ�LV�EDVHG�RQ�VPDOO�5H��RUGHU�RI�²���ZKLFK�HQDEOHV�WR�XVH�RQO\�6WRNHV��YHORFLW\�QHDU�
WKH�ERWWRP��7KH� VL]H� FODVVHV� DUH� WDNHQ� LQ� DFFRXQW� DQG� UHVXOWLQJ� VOXGJH� OD\HU� FDQ�EH� VLPSO\�
HVWLPDWHG�E\�WKLQ�OD\HU�DSSUR[LPDWLRQ�XVLQJ�YDOXH�RI�PD[LPDO�VHWWOHG�10�FRQFHQWUDWLRQ�����

�



�

)LJ���&RXSOHG�PRGHO�RI�+LJK�/HYHO�:DVWH�0HOWHU�

7KLV�FRPSOH[�PDWKHPDWLFDO�PRGHO� LV�EHLQJ�XVHG�IRU�VWXG\�RI�WKH�YDULRXV�VWDJHV�DQG��ZDVWH��
JODVV�PHOWHU�RSHUDWLRQ�SRVVLELOLWLHV��7KH�SUHVHQW�+/:�PHOWHU�H[DPSOH�LQYROYHV��

�D�� FRPSDULVRQ�RI���KHDWLQJ�PRGHV�����DFWLYH�HOHFWURGHV����DFWLYH�HOHFWURGHV�ZLWK�IRUFHG�
EXEEOLQJ�����DFWLYH�HOHFWURGHV�DQG��

�E�� FRPSDULVRQ�RI���LQLWLDO�10�VL]H�GLVWULEXWLRQV�DPRQJ���FODVVHV��WRWDO�FRQF� �����ZW���
 ��������YRO�����

10���XQLIRUPO\�DOO�IUDFWLRQV���VL]H>µP@ ��������������PDVV�>UHO�ZW@ �������������
10���PDMRU�VPDOO�IUDFWLRQ���� VL]H>µP@ ��������������PDVV�>UHO�ZW@ ���������������
10���PDMRU�ELJ�IUDFWLRQ���� VL]H>µP@ ��������������PDVV�>UHO�ZW@ ��������������

�
7ZR�VWDJHV�ZHUH�FDOFXODWHG��XQGHU�VDPH�WKHUPDO�ERXQGDU\�FRQGLWLRQV�����

�D�� FRQWLQXRXV� IHHGLQJ� DQG� SRXULQJ� XVLQJ� OHIW� ULVHU� �� JODVV� SXOO ��� NJ�KU�� VOXUU\�ZDWHU�
FRQWHQW ��� �����NJ�KU���KHDWLQJ�FRQWURO�PDLQWDLQV������R&�DYHUDJH�JODVV�WHP��

�E�� LGOLQJ�ZLWKRXW�IHHGLQJ�DQG�SRXULQJ���KHDWLQJ�FRQWURO�PDLQWDLQV������R&�DYHUDJH�JODVV�
WHPSHUDWXUH�

�
10�FRQFHQWUDWLRQ�WLPH�GHYHORSPHQW�LQVLGH�JODVV��LQ����YDULRXV�ORFDWLRQV��VWDUWHG�IURP���
GXULQJ�IHHGLQJ�DQG�IURP�PD[��YDOXH��������YRO���GXULQJ�LGOLQJ�DUH�VKRZQ�RQ�)LJ����7KH�����
FXUYHV�IRU�HDFK�RI��WKH���10�VL]H�GLVWULEXWLRQV�NHHS�WRJHWKHU�ZKLFK�LPSOLHV�WKH�PHOWHU�
EHKDYLRU�LV�QRW�IDU�IURP�LGHDO�PL[HU��10�VOXGJH�OD\HU�GHYHORSPHQW�IRU�10���10��VL]HV�
UHSUHVHQWHG�E\���ORFDWLRQV�RQ�ERWWRP�HOHFWURGH�DQG�FDOFXODWHG�IRU�DOO���KHDWLQJ�PRGHV�DUH�
GLVSOD\HG�RQ�)LJ����7KH���HOHFWURGH�KHDWLQJ�ZLWK�EXEEOLQJ�FDXVHV�WKH�KLJKHVW�QRQ�XQLIRUPLW\�
RI�WKH�OD\HU�KHLJKW��VHH�WKH�PLGGOH�JURXS�RI�FXUYHV���7KH����HOHFWURGH�KHDWLQJ�ZLWKRXW�
EXEEOLQJ��SURGXFHV�WKH�ORZHVW�OD\HU�WKLFNQHVV��
�



�

)LJ�����1REOH�PHWDOV�VOXGJH�OD\HU�DW���SRLQWV�RQ�ERWWRP�HOHFWURGH�E\���

KHDWLQJ�PRGHV�IRU����D��10�����E��10��

�
)LJ����1REOH�PHWDOV�FRQFHQWUDWLRQ�IRU�10���10���10��

LQVLGH�JODVV�GXULQJ�����D��IHHGLQJ�DQG�SRXULQJ����E��LGOLQJ �

�



+HDWLQJ�PRGH� 10� �������������� 10�� ��������������
��HOHFWURGHV� �����PP�\HDU� �����PP�\HDU�
��HOHFWURGHV�ZLWK�EXEEOLQJ� �����PP�\HDU� �����PP�\HDU�
��HOHFWURGHV�ZLWKRXW�EXEE�� �����PP�\HDU� �����PP�\HDU�
�

7DE����3UHGLFWLRQ�RI�WKH�VOXGJH�OD\HU�WKLFNQHVV�

0DQ\�LQWHUHVWLQJ�FRQFOXVLRQV�FDQ�EH�FRQGXFWHG�IURP�VXFK�D�W\SH�RI�FDVH�VWXG\��)RU�H[DPSOH��
WKH� DERYH� UHVXOWV� �)LJ���� 7DE���� LQGLFDWH� WKH� XVLQJ� RI� IRUFHG� EXEEOLQJ� LV� QRW� GLUHFWO\�
DGYDQWDJHRXV�IRU�SDUWLFOH�VHWWOLQJ�DV�FRXOG�EH�HVWLPDWHG�E\�VLPSOH�FRQVLGHUDWLRQ��
�
�
�
�

&RQFOXVLRQV�

• 7KH�WZR�H[WHQVLRQV�RI�WKH�*6�*ODVV�)XUQDFH�0RGHO��7KH�*6�6LPXODWRU�DQG�7KH�
:DVWH�JODVV�PHOWHU�SDUWLFOH�VHWWOLQJ�PRGHO��ZHUH�SUHVHQWHG�

• 7KH�6LPXODWRU�VHUYHV�IRU�RQ�OLQH��UHVSRQVH�SUHGLFWLRQ�RI�IXUQDFH�SDUDPHWHUV�FKDQJHV��

• 7KH�6LPXODWRU�LV�D�PRGHO�PHDQV�IRU�IXUQDFH�HQJLQHHUV��ZKR�GR�QRW�QHHG�WR�KDYH�
&)'�H[SHULHQFHV�

• 7KH�:DVWH�JODVV�PHOWHU�SDUWLFOH�VHWWOLQJ�PRGHO�HQDEOHV�WR�SURYLGH�KXJH�FDVH�VWXGLHV�
IRU��YDULRXV�RSHUDWLRQ�FRQGLWLRQV�DQG�SDUWLFOH�GLVWULEXWLRQV�LQ�YLWULILFDWLRQ�IXUQDFH��

• 7KH�SDUWLFOH�EHKDYLRU�VLPXODWLRQ�FRYHUV�SUHFLSLWDWLRQ��QXFOHDWLRQ��FRPELQHG�IRUFHG�
DQG�EXR\DQF\�SDUWLFOH�IORZ��VHWWOLQJ��GHYHORSLQJ��WKH�VOXGJH�OD\HU�DQG�SUHGLFWLRQ�RI�
WKH�OD\HU�WKLFNQHVV�LQ�DQ\�ORFDWLRQ�DQG�SUHGLFWLRQ�RI�WKH�SDUWLFOH�UHWHQWLRQ��

�

�

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

��7URFKWD�0���9LNWRULQ�3���0X\VHQEHUJ�(���1RYDFNRYD�0��LQ��WK�,QWHUQDWLRQDO�6HPLQDU�RQ�

0DWKHPDWLFDO�0RGHOLQJ��������HGLWHG�E\�*ODVV�6HUYLFH�,QF����*ODVV�6HUYLFH��,QF��9VHWLQ���������S��
�����

��6FKLOO�3��7URFKWD�0��LQ�:0
���3URFHHGLQJV����������7XFVRQ�$=�������
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