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$EVWUDFW�� ,Q� WKLV� SDSHU� ZH� SURSRVH� D� QHZ� VFKHPH� QDPHG� '40�
�'LIIHUHQWLDWHG�4R6�0XOWLFDVW��EDVHG�RQ�WKH�6RXUFH�6SHFLILF�0XOWLFDVW��660��
>�@�PRGHO�LQ�RUGHU�WR�SURYLGH�OLPLWHG�DQG�TXDOLWDWLYH�4R6�FKDQQHOV�WR�VXSSRUW�
KHWHURJHQHRXV� HQG� XVHUV�� 6LPLODU� WR� WKH� 'LII6HUY� SDUDGLJP�� LQ� '40� WKH�
QHWZRUN� LV� FRQILJXUHG� WR� SURYLGH� ILQLWH�4R6� VHUYLFH� OHYHOV� WR� ERWK� FRQWHQW�
SURYLGHU� DQG� UHFHLYHUV�� %DVHG� RQ� WKH� 6HUYLFH� /HYHO� $JUHHPHQW�� ERWK� WKH�
FRQWHQW� SURYLGHU� DQG� JURXS� PHPEHUV� VKRXOG� VHOHFW� D� VSHFLILF�4R6� FKDQQHO�
DYDLODEOH� IURP�WKH�QHWZRUN� IRU�GDWD� WUDQVPLVVLRQ��DQG�LQ� WKLV�FDVH�DUELWUDULO\�
TXDQWLWDWLYH�4R6�VWDWHV�DUH�HOLPLQDWHG��0RUHRYHU��ZH�XVH�WKH�JURXS�DGGUHVV�*�
FRQWDLQHG�LQ�WKH��6��*��WXSOH�LQ�660�VHUYLFH�PRGHO�WR�HQFRGH�4R6�FKDQQHOV��
DQG�GDWD�SDFNHWV�WKDW�EHORQJ�WR�WKH�VDPH�4R6�FKDQQHO�LGHQWLILHG�E\�D�FRPPRQ�
FODVV�'� DGGUHVV� FDQ� EH� WUHDWHG� DJJUHJDWHO\�� DQG� WKLV� FDQ� EH� UHJDUGHG� DV� DQ�
RYHUOD\� VROXWLRQ� WR� 'LIIHUHQWLDWHG� 6HUYLFHV�� VSHFLILFDOO\� IRU� VRXUFH� VSHFLILF�
PXOWLFDVW�DSSOLFDWLRQV��

�
�
�� ,QWURGXFWLRQ�
�
,Q� FRQWUDVW� WR� WKH� FXUUHQW� ,QWHUQHW�� DSSOLFDWLRQV� ZLWK� 4XDOLW\�RI�6HUYLFH� �4R6��
UHTXLUHPHQWV� ZLOO� EH� DQ� LPSRUWDQW� DVSHFW� LQ� WKH� QH[W� JHQHUDWLRQ� RI� WKH� ,QWHUQHW�� ,Q�
DGGLWLRQ�� DSSOLFDWLRQV�EDVHG�RQ�JURXS�FRPPXQLFDWLRQ�ZLOO� DOVR�EHFRPH�ZLGHVSUHDG��
*LYHQ� WKLV� H[SHFWHG� HYROXWLRQ�� WKH� VLWXDWLRQ� LQ� ZKLFK� WKH� ,QWHUQHW� LV� XQLTXHO\�
GRPLQDWHG�E\�SRLQW�WR�SRLQW�DSSOLFDWLRQV�EDVHG�RQ�WKH�%HVW�(IIRUW��%(��VHUYLFH�OHYHO�
ZLOO�FKDQJH�LQ�WKH�IXWXUH���
0XOWLFDVWLQJ� LV� DQ� HIILFLHQW� DSSURDFK� IRU�JURXS�FRPPXQLFDWLRQV�� DQG� WKH� UHFHQWO\�

SURSRVHG� 6RXUFH� 6SHFLILF�0XOWLFDVW� �660�� >�@�� PRGHO� KDV� EHHQ� FRQVLGHUHG� WR� EH� D�
SURPLVLQJ�VROXWLRQ�IRU�WKH�GHYHORSPHQW�RI�RQH�WR�PDQ\�DSSOLFDWLRQV�LQ�D�ODUJH�VFDOH��
,Q�660�HDFK�JURXS�LV�LGHQWLILHG�E\�DQ�DGGUHVV�WXSOH��6��*��ZKHUH�6� LV�WKH�XQLTXH�,3�
DGGUHVV�RI�WKH�LQIRUPDWLRQ�VRXUFH�DQG�*�LV�WKH�GHVWLQDWLRQ�FKDQQHO�DGGUHVV��'LUHFW�MRLQ�
UHTXHVWV�IURP�LQGLYLGXDO�VXEVFULEHUV�FUHDWH�D�XQLTXH�PXOWLFDVW�WUHH�URRWHG�DW�WKH�ZHOO�
NQRZQ�LQIRUPDWLRQ�VRXUFH�� L�H���660�GHILQHV��6��*��FKDQQHOV�RQ�SHU�VRXUFH�EDVLV�� ,Q�
WKLV� PRGHO�� WKH� VFDODELOLW\� SUREOHPV� RI� ,3� PXOWLFDVW� VXFK� DV� DGGUHVV� DOORFDWLRQ� DQG�
LQWHU�GRPDLQ� VRXUFH� GLVFRYHU\� DUH� QRW� GHSOR\PHQW� REVWDFOHV� DQ\� PRUH�� 'XH� WR� LWV�
VLPSOLFLW\� DQG� VFDODELOLW\�� 660� LV� H[SHFWHG� WR� VHH� VLJQLILFDQW� GHSOR\PHQW� RQ� WKH�
,QWHUQHW�LQ�WKH�QHDU�IXWXUH��HVSHFLDOO\�IRU�VLQJOH�VRXUFH�DSSOLFDWLRQV��
2Q� WKH�RWKHU� KDQG�� WKH�SURYLVLRQLQJ�RI�4R6� UHTXLUHPHQWV� LQ� D� VFDODEOH�PDQQHU� LV�

DQRWKHU� PDMRU� UHVHDUFK� GLPHQVLRQ� WRZDUGV� WKH� QH[W� JHQHUDWLRQ� RI� WKH� ,QWHUQHW�� $Q�
HIILFLHQW�VROXWLRQ� LV� WR�FODVVLI\� WUDIILF� LQWR� ILQLWH� VHUYLFH� OHYHOV�DQG�WUHDW�SDFNHWV� WKDW�



EHORQJ�WR�WKH�VDPH�4R6�VHUYLFH�OHYHO�LQ�DQ�DJJUHJDWH�PDQQHU��'LIIHUHQWLDWHG�6HUYLFHV�
�'LII6HUY�� >�@� LV� D� W\SLFDO� H[DPSOH� RI� WKLV� DSSURDFK� DQG� LV� FRQVLGHUHG� D� VFDODEOH�
VFKHPH�IRU�GHSOR\LQJ�4R6�ZLGHO\��5HVHDUFK�HIIRUWV�KDYH�DOVR�DGGUHVVHG�WKH�SUREOHP�
RI�DSSOLFDWLRQV�ZLWK�KHWHURJHQHRXV�4R6� UHTXLUHPHQWV�JLYHQ� WKH�SRWHQWLDOO\�GLIIHUHQW�
FDSDFLW\� RI� LQGLYLGXDO� UHFHLYHUV��'��<DQJ� HW� DO� SURSRVHG�0XOWLFDVW� ZLWK�4R6� �04��
>��@� DV� DQ� LQWHJUDWHG� PHFKDQLVP� ZLWK� WKH� FRQVLGHUDWLRQ� RI�4R6� URXWLQJ�� UHVRXUFH�
UHVHUYDWLRQ�DQG�XVHU�KHWHURJHQHLW\��7KLV�JHQXLQH� UHFHLYHU�LQLWLDWHG�DSSURDFK� LQKHULWV�
VRPH� EDVLF� FKDUDFWHULVWLFV� RI� 5693� >�@�� VXFK� DV� TXDQWLWDWLYH� 4R6� JXDUDQWHH� DQG�
UHVRXUFH� UHVHUYDWLRQ�PHUJLQJ� IURP�KHWHURJHQHRXV�HQG�XVHUV�� ,W� VKRXOG�EH�QRWHG� WKDW�
04�DOVR�UHTXLUHV�WKDW�RQ�WUHH�URXWHUV�PDLQWDLQ�VWDWH�RQ�D�SHU�IORZ�EDVLV�IRU�HQG�WR�HQG�
4R6�JXDUDQWHHV��DQG�WKLV�DVSHFW�VWLOO�OHDYHV�WKH�VFDODELOLW\�LVVXH�SUREOHPDWLF���
,Q� WKLV� SDSHU�� ZH� SURSRVH� D� QHZ� IUDPHZRUN� FDOOHG� 'LIIHUHQWLDWHG�4R6�0XOWLFDVW�

�'40�� WR� VXSSRUW� TXDOLWDWLYH� VHUYLFH� OHYHOV� �H�J��� 2O\PSLF� 6HUYLFHV�� EDVHG� RQ� WKH�
6RXUFH�6SHFLILF�0XOWLFDVW�PRGHO��7KH�EDVLF�FKDUDFWHULVWLF�RI�'40�LV�DV�IROORZV��)LUVW��
TXDOLWDWLYH�4R6� VWDWHV� DUH� GLUHFWO\� HQFRGHG� LQ� WKH� FODVV� '� DGGUHVV� DQG� LV� FHQWUDOO\�
PDQDJHG�E\�WKH�,63��VR�WKDW�FRUH�URXWHUV�LQVLGH�WKH�QHWZRUN�UHPDLQ�VWDWHOHVV�UHJDUGLQJ�
4R6� VHUYLFH� FODVVHV�� 6HFRQG�� GLIIHUHQWLDWHG� OHYHO� RI�4R6� GHPDQGV� IRU� WKH� VSHFLILF�
LQIRUPDWLRQ�VRXUFH�LV�PHUJHG�LQ�WKH�GLVWULEXWLRQ�WUHH��DQG�GDWD�SDFNHWV�IURP�GLIIHUHQW�
VRXUFHV�EXW�EHORQJHG�WR�WKH�VDPH�4R6�VHUYLFH�OHYHO�LGHQWLILHG�E\�D�FRPPRQ�PXOWLFDVW�
JURXS�DGGUHVV�FDQ�EH�WUHDWHG�DJJUHJDWHO\��0RUHRYHU��D�SUH�GHILQHG�QXPEHU�RI�FODVVHV�
RI� VHUYLFHV� E\� WKH� ,63�PDNH� LW� HDVLHU� WR� SURYLVLRQ� QHWZRUN� UHVRXUFHV� IRU� HDFK�4R6�
DJJUHJDWH��DQG�WKLV�LV�LQ�WKH�VDPH�IODYRU�RI�WKH�FODVVLFDO�'LIIHUHQWLDWHG�6HUYLFHV���)URP�
WKLV�SRLQW�RI�YLHZ��WKH�SURSRVHG�'40�PRGHO�FDQ�EH�UHJDUGHG�DV�DQ�RYHUOD\�VROXWLRQ�
RI�'LII6HUY��VSHFLILFDOO\�IRU�VRXUFH�VSHFLILF�PXOWLFDVW�DSSOLFDWLRQV���
�
�
�� 6XSSRUWLQJ�$SSOLFDWLRQV�ZLWK�4R6�+HWHURJHQHLW\�
�
���� 7KH�04�$SSURDFK�
�
%HLQJ�DQ�LQWHJUDWHG�VROXWLRQ��04�VHWV�XS�D�PXOWLFDVW�GLVWULEXWLRQ�WUHH�ZLWK�TXDQWLWDWLYH�
4R6�UHTXLUHPHQWV��DQG�PDNHV�H[SOLFLW�EDQGZLGWK�UHVHUYDWLRQ�IRU�HDFK�JURXS�PHPEHU�
GXULQJ� WKH� SKDVH� RI� WUHH� FRQVWUXFWLRQ�� :KHQ� WKHUH� H[LVW� KHWHURJHQHRXV� UHFHLYHUV��
UHVRXUFHV�DUH�UHVHUYHG�XS�WR�WKH�SRLQW�ZKHUH�WKH�SDWKV�WR�GLIIHUHQW�UHFHLYHUV�GLYHUJH��
:KHQ� D� MRLQ� UHTXHVW� SURSDJDWHV� XSVWUHDP� WRZDUGV� WKH� VRXUFH�� LW� VWRSV� DW� WKH� SRLQW�
ZKHUH�WKHUH�LV�DOUHDG\�DQ�H[LVWLQJ�4R6�UHVHUYDWLRQ�WKDW�LV�HTXDO�WR�RU�JUHDWHU�WKDQ�WKDW�
EHLQJ� UHTXHVWHG�� )LJ�� �� EDVLFDOO\� LOOXVWUDWHV� KRZ� GLIIHUHQW� UHVRXUFH� UHVHUYDWLRQV� DUH�
PHUJHG�DORQJ�WKH�PXOWLFDVW� MRLQ�SURFHGXUH��6XSSRVH� WKH�UHTXHVWV� IURP�UHFHLYHU�$��%�
DQG� &� GHPDQGV� ��0ESV�� ���NESV� DQG� ��NESV� EDQGZLGWK� UHVSHFWLYHO\�� WKHLU�
UHVHUYDWLRQV�DUH�PHUJHG�WR�WKH�KLJKHVW�UHTXHVW�DW�HDFK�KRS�DV�VKRZQ�LQ�WKH�ILJXUH��04�
FDQ� DOVR� DGDSW� WR� UHVRXUFH� FRQVXPSWLRQ� ZLWK� G\QDPLF� JURXS� PHPEHUVKLS�� )RU�
H[DPSOH�� LI� DQ�RQ�WUHH� URXWHU�GHWHFWV� WKDW� WKH�GHSDUWLQJ� UHFHLYHU�RULJLQDOO\� UHTXHVWHG�
WKH� KLJKHVW� 4R6�� LW� ZLOO� DXWRPDWLFDOO\� VKULQN� LWV� UHVHUYDWLRQ� RU� HYHQ� UHVKDSH� WKH�
GLVWULEXWLRQ�WUHH�WR�H[DFWO\�VDWLVI\�WKH�UHPDLQLQJ�SDUWLFLSDQWV��,Q�)LJ����E���ZH�FDQ�ILQG�
WKDW�ZKHQ�UHFHLYHU�$�ZLWK� WKH�EDQGZLGWK�UHTXLUHPHQW�RI���0ESV�ZDQWV� WR� OHDYH� WKH�
PXOWLFDVW� VHVVLRQ�� WKH� UHPDLQLQJ� UHFHLYHU� %� ZLWK� ���NESV� UHTXLUHPHQW� ZLOO� VZLWFK�
IURP�WKH�RULJLQDO�³VKDUHG´�SDWK��6Å5�Å5�Å5���ZLWK�WKH�FDSDFLW\�RI���0ESV�WR�D�



VKRUWHU� RQH� �6Å5�Å5��� ZKLFK� VWLOO� VDWLVILHV� LWV� 4R6� GHPDQG� IRU� EDQGZLGWK�
RSWLPL]DWLRQ�SXUSRVH��
2Q� WKH� RWKHU� KDQG�� WKH� PHFKDQLVP� IRU� QHWZRUN� UHVRXUFH� DOORFDWLRQ� LV� LQ� DQ�

DFFXPXODWLYH� IDVKLRQ�� L�H��� EDQGZLGWK� LV� UHVHUYHG� LQ� VHTXHQFH� IRU� YDULRXV� LQFRPLQJ�
4R6�UHTXHVWV�XQWLO�WKH�OLQN�EHFRPHV�VDWXUDWHG��7KLV�DSSURDFK�LV�VLPSOH�EXW�PLJKW�QRW�
EH� HIILFLHQW� LQ� EDQGZLGWK� DOORFDWLRQ� HVSHFLDOO\� LQ� FDVH� RI� KLJKO\� G\QDPLF� JURXS�
PHPEHUVKLS�� )URP� WKH� GHSOR\PHQW� SRLQW� RI� YLHZ�� HDFK� RQ�WUHH� URXWHU� QHHGV� WR�
PDLQWDLQ� QRW� RQO\� JURXS� VWDWHV� EXW� DOVR� WKH� TXDQWLWDWLYH� 4R6� GHPDQGV� IRU� LWV�
GRZQVWUHDP�UHFHLYHUV��DQG�WKLV�LPSRVHV�KHDY\�RYHUKHDG�LQ�D�VLPLODU�IDVKLRQ�WR�5693���
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�
��������/D\HUHG�7UDQVPLVVLRQ�
�
7KLV�DSSURDFK�LV�SDUWLFXODUO\�XVHIXO�IRU�,QWHUQHW�79�DSSOLFDWLRQV�VLQFH�LW�UHOLHV�RQ�WKH�
DELOLW\� RI� PDQ\� YLGHR� FRPSUHVVLRQ� WHFKQRORJLHV� WR� GLYLGH� WKHLU� RXWSXW� VWUHDP� LQWR�
OD\HUV�� D�EDVH� OD\HU� DV� ZHOO� DV� RQH� RU�PRUH� HQKDQFHPHQW� OD\HUV�� 7KH� EDVH� OD\HU� LV�
LQGHSHQGHQWO\� GHFRGHG� DQG� LW� SURYLGHV� D� EDVLF� OHYHO� RI� TXDOLW\�� 7KH� HQKDQFHPHQW�
OD\HUV�FDQ�RQO\�EH�GHFRGHG�WRJHWKHU�ZLWK�WKH�EDVH�OD\HU�WR�LPSURYH�WKH�YLGHR�TXDOLW\��
7KH�VRXUFH�FDQ�VHQG�LQGLYLGXDO�OD\HUV�WR�GLIIHUHQW�PXOWLFDVW�JURXSV�DQG�D�UHFHLYHU�FDQ�
MRLQ�WKH�JURXS�DVVRFLDWHG�ZLWK�WKH�EDVH�OD\HU�DQG�DV�PDQ\�OD\HUV�IRU�HQKDQFHPHQW�DV�
LWV� FDSDELOLW\� DOORZV�� 5HFHLYHU�'ULYHQ� /D\HUHG� 0XOWLFDVW� �5/0�� >�@� LV� D� W\SLFDO�
H[DPSOH� IRU� OD\HUHG� YLGHR� WUDQVPLVVLRQ�� )LJ�� �� LOOXVWUDWHV� WKH� ZRUNLQJ� VFHQDULR� RI�
5/0�� DQG� )LJ�� ��E�� GHVFULEHV� KRZ� UHFHLYHU�5�� ³SUREHV´� WR� VXEVFULEH� WR� DGGLWLRQDO�
HQKDQFHG�OD\HUV��
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���� �5HSOLFDWHG�7UDQVPLVVLRQ�
�
,W�VKRXOG�EH�QRWHG�WKDW�QRW�DOO�W\SHV�RI�PXOWLPHGLD�VWUHDPV�FDQ�EH�HQFRGHG�LQWR�OD\HUV�
DV� GHVFULEHG� DERYH�� $Q� DOWHUQDWLYH� DSSURDFK� LV� UHSOLFDWHG� WUDQVPLVVLRQ� WKDW� LV�
DSSOLFDEOH� WR� JHQHUDOL]HG� W\SH� RI� PXOWLPHGLD� DSSOLFDWLRQV�� ,Q� WKLV� DSSURDFK�� WKH�
LQIRUPDWLRQ� VRXUFH� NHHSV� D� ILQLWH� QXPEHU� RI� VWUHDPV� FDUU\LQJ� WKH� VDPH� FRQWHQW� EXW�
HDFK� WDUJHWHG� DW� UHFHLYHUV�ZLWK�GLIIHUHQW� FDSDELOLWLHV�� ,Q� D� VLPLODU� IDVKLRQ� WR� OD\HUHG�
WUDQVPLVVLRQ�� WKH� GDWD� VRXUFH� DVVLJQV� GLIIHUHQW� PXOWLFDVW� JURXSV� WR� HDFK� RI� WKH�
PDLQWDLQHG� VWUHDPV�� DQG� UHFHLYHUV� PD\� PRYH� DPRQJ� WKHP� E\� VXEVFULELQJ� WR� WKH�
FRUUHVSRQGLQJ� JURXS� DGGUHVV�� $� W\SLFDO� H[DPSOH� RI� UHSOLFDWHG� WUDQVPLVVLRQ� LV�
'HVWLQDWLRQ� 6HW� *URXSLQJ� �'6*�� >�@�� )LJ�� �� GHVFULEHV� KRZ� '6*� ZRUNV� LQ� D�
KHWHURJHQHRXV�HQYLURQPHQW���
�
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�������%DVLF�'40�)UDPHZRUN�
�
)URP� WKH� SUHYLRXV� VHFWLRQ�� ZH� FDQ� ILQG� WKDW� 04� SURYLGHV� D� W\SH� RI� DUELWUDU\�
EDQGZLGWK�JXDUDQWHHG�VHUYLFH��ZKLOH�'6*�DQG�5/0�DGRSWV�GLIIHUHQWLDWHG�VHUYLFHV�WR�
KHWHURJHQHRXV�HQG�XVHUV��)URP�WKH�YLHZSRLQW�RI�VFDODELOLW\��WKH�ODWWHU�WZR�DSSURDFKHV�
LQFXU�OLJKWHU�JURXS�VWDWH�RYHUKHDG�LQVLGH�WKH�QHWZRUN��2Q�WKH�RWKHU�KDQG��LQ�ERWK�5/0�
DQG�'6*� LW� LV� H[WHUQDO� VRXUFHV� WKDW� GHFLGH� LQGLYLGXDO� 4R6� FODVVHV�� DQG� WKXV� LW� LV�
GLIILFXOW�WR�SHUIRUP�DJJUHJDWHG�GDWD�WUHDWPHQW�IRU�PXOWLSOH�VRXUFHV�LQVLGH�WKH�QHWZRUN�
VLQFH�WKH�4R6�GHILQLWLRQ�DQG�FRQILJXUDWLRQ�RI�HDFK�VRXUFH�JURXS�VHVVLRQ�LV�GLIIHUHQW��
,Q� WKLV� SDSHU� ZH� SURSRVH� D� QHZ� WUDQVPLVVLRQ� VFKHPH�� FDOOHG� 'LIIHUHQWLDWHG�4R6�

0XOWLFDVW� �'40��� ZKLFK� FDQ� EH� UHJDUGHG� DV� WKH� LQWHJUDWLRQ� RI� 6RXUFH� 6SHFLILF�
0XOWLFDVW��660��DQG�WKH�2O\PSLF�6HUYLFH�PRGHO�LQ�'LII6HUY��)URP�D�YLHZSRLQW�RI�WKH�
,63�� LW� SURYLGHV� H[WHUQDO� VRXUFH�UHFHLYHUV� ZLWK� D� ILQLWH� FODVV� RI� VHUYLFHV� �H�J��� JROG�
VHUYLFH��VLOYHU�VHUYLFH�DQG�EURQ]H�VHUYLFH���HDFK�RI�ZKLFK�LV�XQLTXHO\�HQFRGHG�LQWR�D�
FODVV�'� DGGUHVV� �ZLWKLQ� VXEVHW�RI�������� LQ� WKH�660�PRGHO�� ,Q� VXFK�D� VLWXDWLRQ�� WKH�
LQWHUSUHWDWLRQ�RI�660� DGGUHVV� WXSOH� �6��*��EHFRPHV� VWUDLJKWIRUZDUG��6� LGHQWLILHV� WKH�
DGGUHVV�RI�WKH�LQIRUPDWLRQ�VRXUFH�DQG�*�VWDQGV�IRU�WKH�4R6�VHUYLFH�OHYHO��ZH�QDPH�LW�
4R6�FKDQQHO��WKDW�LV�DYDLODEOH�IURP�6��2QFH�UHFHLYHUV�KDYH�GHFLGHG�WKH�VRXUFH�DGGUHVV�
6�DQG� WKH�FODVV�DGGUHVV�*�� WKH\�ZLOO�GLUHFWO\�VHQG��6��*��MRLQ�UHTXHVWV� WR� WKH�VRXUFH��



6LQFH� WKH� SURYLGHG� VHUYLFH� OHYHOV� DUH� FHQWUDOO\� PDQDJHG� E\� WKH� ,63� LQVWHDG� RI�
LQGLYLGXDO�VRXUFHV�� WKLV� W\SH�RI�PDSSLQJ�EHWZHHQ�4R6�FODVV�DQG�JURXS�DGGUHVV�GRHV�
QRW�LQWURGXFH�DQ\�VFDODELOLW\�SUREOHP�ZKHQ�WKH�QXPEHU�RI�H[WHUQDO�VRXUFHV�LQFUHDVHV�
�L�H���WRWDO�QXPEHU�RI�4R6�FKDQQHOV�LV�LQGHSHQGHQW�RI�WKH�QXPEHU�RI�H[WHUQDO�VRXUFHV���
7KH� %DQGZLGWK� %URNHU� �%%�� LQ� WKH� QHWZRUN� LV� UHVSRQVLEOH� IRU� FRPSXWLQJ� DYDLODEOH�
EDQGZLGWK� UHVRXUFH�DQG�GHFLGLQJ�ZKHWKHU�RU�QRW� WR�DFFHSW�QHZ�GDWD� LQMHFWLRQV� IURP�
VRXUFHV�DV�ZHOO�DV�MRLQ�UHTXHVWV�IURP�JURXS�PHPEHUV��:KHQ�D�QHZ�VXEVFULEHU�ZDQWV�
WR� UHFHLYH� GDWD� IURP� WKH� VRXUFH� 6�� LW� ZLOO� ILUVW� QHJRWLDWH� ZLWK�%%� RQ�4R6� FKDQQHO�
VHOHFWLRQ��,I�WKH�%%� LV�DEOH�WR�DOORFDWH�VXIILFLHQW�EDQGZLGWK�WR�JUDIW�WKH�VXEVFULEHU�WR�
WKH� H[LVWLQJ� VRXUFH� VSHFLILF� WUHH� LQ� WKH� UHTXHVWHG� FKDQQHO�� WKH� �6��*�� MRLQ� UHTXHVW� LV�
DFFHSWHG�� ,I� WKH� %%� FDQQRW� DOORFDWH� WKH� UHTXLUHG� EDQGZLGWK� IRU� LQFOXGLQJ� WKH� QHZ�
VXEVFULEHU�LQWR�WKH�4R6�FKDQQHO��WKH�MRLQ�UHTXHVW�ZLOO�EH�UHMHFWHG��DQG�WKH�VXEVFULEHUV�
PD\�VXEVFULEH�WR�RWKHU�4R6�FKDQQHOV�E\�VHQGLQJ�GLIIHUHQW��6��*¶��MRLQ�UHTXHVWV��7KH�
UHODWLRQVKLS�EHWZHHQ�VRXUFHV�VXEVFULEHUV�DQG�WKH�,63�QHWZRUN�LV�GHVFULEHG�LQ�)LJ������
�
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)LJ����'40�)UDPHZRUN�

�
:KHQ�WKH�MRLQ�UHTXHVW�KDV�EHHQ�DSSURYHG��WKH�QHZ�VXEVFULEHU�ZLOO�FRPELQH�WKH�,3�

DGGUHVV�RI�6�DQG�JURXS�DGGUHVV�*� LGHQWLI\LQJ� WKH�GHVLUHG�4R6�FKDQQHO� LQWR�D��6��*��
WXSOH��DQG�VHQG�WKLV�MRLQ�UHTXHVW�WRZDUGV�WKH�VRXUFH�6��,I�WKLV��6��*��MRLQ�UHDFKHV�DQ�RQ�
WUHH�URXWHU�ZLWK�JURXS�VWDWH��6��*¶��ZKHUH�*¶�LGHQWLILHV�D�KLJKHU�4R6�FKDQQHO��WKHQ�WKLV�
MRLQ�UHTXHVW�LV�WHUPLQDWHG�DW�WKLV�URXWHU��,Q�WKLV�FDVH��D�QHZ�IORZ�LV�EUDQFKHG�IURP�WKH�
H[LVWLQJ�VRXUFH�VSHFLILF�WUHH�DQG�OHDGV�WR�WKH�QHZ�VXEVFULEHU��$�VHQGHU�VLPSO\�QHHGV�WR�
LQMHFW�D�VLQJOH�GDWD�VWUHDP�LQWR�WKH�QHWZRUN�ZLWK�WKH�KLJKHVW�4R6�FKDQQHO�UHTXHVWHG��
)LJ�� �� SUHVHQWV� WKH� EDVLF� GHVFULSWLRQ� RI� WKH� SURSRVHG�4R6� PHUJLQJ� LQ� 660� VHUYLFH�
PRGHO��,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�WKLV�W\SH�RI�4R6�PHUJLQJ�LV�VLJQLILFDQWO\�GLIIHUHQW�
IURP�ERWK�04�DQG�5693�H[SOLFLW�UHVHUYDWLRQ��04�DQG�5693�WDUJHW�WR�DFKLHYH�HQG�WR�
HQG�4R6� JXDUDQWHH� ZLWK� TXDQWLWDWLYH� UHVHUYDWLRQ� VW\OH� DQG� KHQFH� WKH� UHOHYDQW� VWDWH�
QHHGV� WR�EH�PDLQWDLQHG� IRU�HDFK�IORZ�ZLWK�YDULRXV�4R6�GHPDQGV�� ,Q� WKH� VFHQDULR�RI�
GLIIHUHQWLDWHG�4R6�FODVVHV��QRW�RQO\�JURXS�PHPEHUV�KDYH�WR�VHOHFW�RQH�RI�WKH�DYDLODEOH�
FKDQQHOV� SURYLGHG� E\� WKH� ,63�� EXW� DOVR� LQIRUPDWLRQ� VRXUFHV� VKRXOG� FRQIRUP� WR� WKH�
,63¶V� FKDQQHO� FRQILJXUDWLRQ� SURILOH�� ,Q� WKLV� FDVH� JURXS� VWDWHV� VFDODELOLW\� LQVLGH� WKH�
QHWZRUN�LV�DFKLHYHG�VLQFH�H[WHUQDO�VRXUFHV�DUH�QRW�DOORZHG�WR�SURYLGH�WKHLU�RZQ�4R6�
FKDQQHO� FRQILJXUDWLRQ� DV� WKH\� GR� LQ�'6*� DQG�5/0�� $OVR� QRWH� WKDW� GDWD� WUHDWPHQW�
LQVLGH� WKH�QHWZRUN� LV�GHFLGHG�E\� WKH�FODVV�'�DGGUHVV�*�� L�H���ZLWKLQ�HDFK�URXWHU�GDWD�



SDFNHWV� IURP�GLIIHUHQW�VRXUFHV�6�EXW�ZLWK�FRPPRQ�FODVV�'�DGGUHVV�*�FDQ�EH�WUHDWHG�
DJJUHJDWHO\��,Q�WKLV�VHQVH��WKH�JURXS�DGGUHVV�*�WDNHV�DGGLWLRQDO�UROH�VLPLODU�WR�WKDW�RI�
WKH�'LIIHUHQWLDWHG�6HUYLFHV�&RGH�3RLQW��'6&3��LQ�'LII6HUY�QHWZRUNV���

6

5� 5� 5�

*ROG�VHUYLFH��6��*��

6LOYHU�VHUYLFH��6��*��

%URQ]H�VHUYLFH��6��*��

�6��*��

�6��*�� �6��*��

�6��*�� �6��*���6��*��

�
)LJ����'40�JURXS�VWDWH�PDLQWHQDQFH�

�
7KH�DGYDQWDJHV�RI�WKH�SURSRVHG�'40�VFKHPH�DUH�DV�IROORZV��0RVW�LPSRUWDQWO\��LW�

VROYHV�WKH�IXQGDPHQWDO�FRQIOLFWLRQ�EHWZHHQ�VWDWHOHVV�'LII6HUY�VHUYLFH�PRGHO�DQG�VWDWH�
EDVHG� ,3�PXOWLFDVW� VHPDQWLFV�� ,Q�'LII6HUY�PRGHO�� FRUH� URXWHUV� GR� QRW�PDLQWDLQ� DQ\�
4R6� VWDWHV� IRU� LQGLYLGXDO� DSSOLFDWLRQV�IORZV�� DQG� GDWD� WUHDWPHQW� LV� LQGLFDWHG� LQVLGH�
HDFK�SDFNHW�KHDGHU��2Q�WKH�RWKHU�KDQG��WKH�EDVLF�PHFKDQLVP�RI�,3�PXOWLFDVW�LV�WR�NHHS�
JURXS� VWDWHV� LQVLGH� WKH� QHWZRUN� VR� DV� WR� HQURXWH� GDWD� WR� DFWLYH� JURXS�PHPEHUV�� ,Q�
'40��4R6� VWDWHV�DUH�GLUHFWO\�HQFRGHG� LQWR�PXOWLFDVW�DGGUHVV�DQG�PDLQWDLQHG� LQVLGH�
WKH�QHWZRUN��DV�RULJLQDOO\�QHHGHG�LQ�,3�PXOWLFDVW��DQG�KHQFH�QR�RWKHU�4R6�LQIRUPDWLRQ�
QHHG�WR�EH�NHSW�DW�FRUH�URXWHUV��2WKHUZLVH��LI�ZH�GRQ¶W�XVH�JURXS�DGGUHVV�WR�LGHQWLI\�
4R6�FKDQQHOV�LQ�WKH�MRLQ�UHTXHVW��WKLV�LQIRUPDWLRQ�VKRXOG�EH�FRQWDLQHG�HOVHZKHUH��IRU�
LQVWDQFH�� LQ� WKH� RSWLRQ� ILHOG� RI� WKH� MRLQ� UHTXHVW� SDFNHW�� :KHQ� WKLV� MRLQ� UHTXHVW� LV�
KHDGLQJ�IRU� WKH� LQIRUPDWLRQ�VRXUFH��HDFK�RI� WKH�URXWHUV� LW�KDV�SDVVHG� WKURXJK�VKRXOG�
UHFRUG� WKH� 4R6� UHTXLUHPHQWV� LQIRUPDWLRQ� DQG� DVVRFLDWH� LW� ZLWK� WKH� GRZQVWUHDP�
LQWHUIDFH� IURP�ZKLFK� WKH� MRLQ� UHTXHVW� KDV� EHHQ� UHFHLYHG�� 7KLV� LV� QHFHVVDU\� EHFDXVH�
RWKHUZLVH�'6&3� FRQWDLQHG� LQ� WKH� GDWD� SDFNHW� FDQQRW� EH�PRGLILHG� ZKHQ� WKH� SDFNHW�
UHDFKHV� WKH� EUDQFKLQJ� SRLQW� RI� WKH� VRXUFH� VSHFLILF� WUHH� ZKHUH� KHWHURJHQHRXV�4R6�
FODVVHV�PHHW�HDFK�RWKHU��%\�UHFRUGLQJ�WKH�4R6�FODVV�LQIRUPDWLRQ�DW�FRUH�URXWHUV��ZKHQ�
WKH�JURXS�GDWD�FRPHV� IURP� WKH�XSVWUHDP� LQWHUIDFH�� WKH�RQ�WUHH� URXWHU�H[DFWO\�NQRZV�
WKURXJK�ZKLFK�4R6� FODVV� LW� VKRXOG� IRUZDUG� WKH�SDFNHWV�RQ� LWV� GLIIHUHQW�GRZQVWUHDP�
LQWHUIDFHV�� 1R� GRXEW�� WKLV� DSSURDFK� UHTXLUHV� WKDW� FRUH� URXWHUV� PDLQWDLQ� 4R6�
LQIRUPDWLRQ�DW�LWV�GRZQVWUHDP�LQWHUIDFHV�LQ�DGGLWLRQ�WR�WKH�SODLQ��6��*��VWDWH��EXW�WKLV�
GRHV�QRW�FRQIRUP�WR� WKH�EDVLF�4R6�VWDWHOHVV�UHTXLUHPHQW�RI�'LII6HUY�VHUYLFH�PRGHO��
6HFRQG��VHUYLFH�GLIIHUHQWLDWLRQ�LV�FHQWUDOO\�GHILQHG�DQG�PDQDJHG�E\�WKH�,63�LQVWHDG�RI�
LQGLYLGXDO�VRXUFHV��DV�LW� LV�GRQH�LQ�'6*�DQG�5/0�� WUDIILF� IURP�GLIIHUHQW�VRXUFHV�EXW�
ZLWK� LGHQWLFDO�4R6�FODVV�FDQ�EH� WUHDWHG� LQ�DQ�DJJUHJDWHG�IDVKLRQ� LQVLGH� WKH�QHWZRUN��
)LQDOO\��LQ�FRQWUDVW�ZLWK�WKH�³FRPH�DQG�XVH´�VWUDWHJ\�RI�EDQGZLGWK�DOORFDWLRQ�LQ�04��
'40� DOORZV� DQ� ,63� WR� DOORFDWH� QHWZRUN� UHVRXUFHV� VSHFLILFDOO\� WR� LQGLYLGXDO�4R6�
FKDQQHOV�DFFRUGLQJ� WR� WKH� IRUHFDVWHG� WUDIILF�GHPDQGV� IURP�HDFK�RI� WKHP��VR� WKDW� WKH�
WUDIILF� ORDGLQJ� FDQ� EH� LPSURYHG� E\� WKH� PRUH� IOH[LEOH� EDQGZLGWK� FRQILJXUDWLRQ��
+RZHYHU�� WKHUH� LV� D� UHVWULFWLRQ� UHJDUGLQJ� WKLV� DSSURDFK�� 6LQFH� WKH�4R6� FKDQQHO� LV�



VRXUFH�VSHFLILF��LW�LV�LPSRVVLEOH�IRU�D�VLQJOH�VRXUFH�ZLWK�D�XQLTXH�,3�DGGUHVV�6�WR�VHQG�
PXOWLSOH� GDWD� VWUHDPV� ZLWK� GLIIHUHQW� FRQWHQWV�� ,Q� WKH� FODVVLF� 660� PRGHO�� DQ�
LQIRUPDWLRQ� VRXUFH� FDQ� EH� VLPXOWDQHRXVO\� LQYROYHG� LQ� PXOWLSOH� JURXSV� EHFDXVH� �6��
*���DQG��6��*���DUH�FRPSOHWHO\�LQGHSHQGHQW�ZLWK�HDFK�RWKHU��$�VKRUW�WHUP�VROXWLRQ�WR�
WKLV�UHVWULFWLRQ�LV�WR�XVH�GLIIHUHQW�XQLFDVW�,3�VRXUFH�DGGUHVV�IRU�HDFK�JURXS�VHVVLRQ��
�
�
������'40�4R6�&KDQQHO�0DLQWHQDQFH�
�
���� ��'DWD�)RUZDUGLQJ�
�
&XUUHQW� URXWHU� LPSOHPHQWDWLRQ� IRU� VHUYLFH� GLIIHUHQWLDWLRQ� DGRSWV� SULRULW\� TXHXLQJ�
WHFKQRORJLHV�VXFK�DV�&ODVV�%DVHG�4XHXH��&%4��DQG�:HLJKWHG�)DLUHG�4XHXH��:)4���
)RU� H[DPSOH�� LQ�'LII6HUY�QHWZRUNV�GDWD�SDFNHWV�PDUNHG�ZLWK�GLIIHUHQW�'6&3� YDOXH�
DUH� WUHDWHG� LQ�TXHXHV�ZLWK�GLIIHUHQW�SULRULW\� IRU� VFKHGXOLQJ��6LPLODUO\�� LQ�'40�FRUH�
QHWZRUN� EDQGZLGWK� LV� GLYLGHG� VSHFLILFDOO\� IRU� HDFK�4R6� FKDQQHO� DQG� GDWD� SDFNHWV�
IURP� GLIIHUHQW� FKDQQHOV� �GLVWLQJXLVKHG� E\� FODVV� '� DGGUHVV�� DUH� VFKHGXOHG� LQ� WKH�
FRUUHVSRQGLQJ� SULRULW\� TXHXHV�� ,Q� WKLV� VHFWLRQ� ZH� EDVLFDOO\� GHVFULEH� WKH� ZRUNLQJ�
PHFKDQLVP� RI� URXWHUV� WKDW� FDQ� VXSSRUW� WKH� UHOHYDQW� IXQFWLRQDOLW\� RI�4R6� FKDQQHO�
GLIIHUHQWLDWLRQ���
2QFH� D� URXWHU� UHFHLYHV� �6�� *�� MRLQ� UHTXHVWV� ZLWK� GLIIHUHQW� YDOXHV� RI�*� WKDW� DUH�

DVVRFLDWHG�ZLWK�YDULRXV�4R6�FKDQQHOV�IURP�VXEVFULEHUV��LW�ZLOO�PHUJH�DOO�RI�WKHP�DQG�
RQO\�VHQG�D�VLQJOH��6��*P��MRLQ�UHTXHVW� WRZDUGV�6��ZKHUH�*P� LV� WKH�FODVV�'�DGGUHVV�
DVVRFLDWHG�ZLWK�WKH�KLJKHVW�4R6�FKDQQHO�EHLQJ�UHTXHVWHG��+HUH�ZH�GHILQH�WKH�LQWHUIDFH�
IURP�ZKLFK�D�MRLQ�UHTXHVW�LV�UHFHLYHG�DV�WKH�GRZQVWUHDP�LQWHUIDFH�DQG�WKH�RQH�XVHG�WR�
GHOLYHU�XQLFDVW�GDWD�WR�WKH�VRXUFH�DV�WKH�XSVWUHDP�LQWHUIDFH��:KHQ�WKH�URXWHU�UHFHLYHV�
JURXS�GDWD�IURP�LWV�XSVWUHDP�LQWHUIDFH�LW�ZLOO�WDNH�WKH�IROORZLQJ�DFWLRQV�WR�IRUZDUG�WKH�
SDFNHWV��DOVR�VKRZQ�LQ�)LJ����D���VXSSRVH�4R6�*�!4R6�*¶�����
���� /RRN� XS� WKH� JURXS� VWDWH�V�� DVVRFLDWHG� ZLWK� WKH� VRXUFH� 6� RQ� HDFK� GRZQVWUHDP�

LQWHUIDFH�DQG�GXSOLFDWH�WKH�SDFNHW�ZKHUH�QHFHVVDU\��
���� &RS\�WKH�YDOXH�RI�*�FRQWDLQHG�LQ�WKH��6��*��VWDWH�DW�HDFK�GRZQVWUHDP�LQWHUIDFH�WR�

WKH�,3�GHVWLQDWLRQ�ILHOG�LQ�WKH�GXSOLFDWHG�SDFNHW��LI�WKH�WZR�DUH�QRW�FRQVLVWHQW���
���� $VVLJQ�WKH�GDWD�SDFNHW�WR�WKH�SULRULW\�TXHXH�DVVRFLDWHG�ZLWK�UHOHYDQW�4R6�FKDQQHO�

DW�WKH�GRZQVWUHDP�LQWHUIDFH�EDVHG�RQ�WKH��6��*��FKDQQHO�VWDWH��
6WHS�����LV�QHFHVVDU\�VLQFH�WKH�YDOXH�RI�*�FRQWDLQHG�LQ�WKH�SDFNHW�LQGLFDWHV�KRZ�WKLV�
SDFNHW� ZLOO� EH� WUHDWHG� LQ� WKH� QH[W� KRS� RI� RQ�WUHH� URXWHU�� 5HPHPEHU� WKDW� WKH� JURXS�
VWDWHV�DUH�FUHDWHG�E\��6��*��MRLQ�UHTXHVWV�IRU�GLIIHUHQW�4R6�FKDQQHOV��DQG�WKH�ZD\�GDWD�
SDFNHWV�DUH�WUHDWHG�DW�HDFK�URXWHU�LV�XQLTXHO\�LGHQWLILHG�E\�WKH�YDOXH�RI�*�FRQWDLQHG�LQ�
WKH��6��*��VWDWH��DQG�LQ�WKLV�ZD\�GDWD�FDQ�EH�IRUZDUGHG�DFFRUGLQJ�WR�WKH�4R6�UHTXHVWV�
IURP� LQGLYLGXDO� XVHUV��2Q� WKH�RWKHU�KDQG��GDWD�SDFNHWV� IURP�GLIIHUHQW� VRXUFHV�6� EXW�
ZLWK�WKH�VDPH�FODVV�'�DGGUHVV�LQ�WKHLU��6��*��DGGUHVV�WXSOHV�DUH�WUHDWHG�DJJUHJDWHO\�LQ�
WKH�FRUUHVSRQGLQJ�TXHXHV��7R�DFKLHYH�WKLV��WKH�,63�VKRXOG�DOVR�PDNH�WKH�FRQILJXUDWLRQ�
VXFK� WKDW� HDFK� SULRULW\� TXHXH� LV� DVVRFLDWHG� ZLWK� D� JURXS� DGGUHVV� RQ� GRZQVWUHDP�
LQWHUIDFHV� �VKRZQ� LQ� )LJ�� ��E����7KLV� ILJXUH� DOVR� LOOXVWUDWHV� KRZ� GDWD� IURP� GLIIHUHQW�
VRXUFHV�EXW�ZLWK�D�FRPPRQ�JURXS�DGGUHVV�LV�WUHDWHG�DJJUHJDWLYHO\�LQ�D�VSHFLILF�TXHXH�
RI�D�FRUH�URXWHU����
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�
�
���� ��'\QDPLF�*URXS�0HPEHUVKLS�
�
In most multicast applications, subscribers join and leave frequently throughout a 
session. In this section we will discuss on how QoS channel merging for a common 
source is performed with dynamic group membership. On the other hand, individual 
priority queue should be implemented with proper bandwidth allocation for each QoS 
channel, thus the joining path of same source-destination pair might not be exactly the 
same for all (S, G) channels. Path computation should also consider the specific 
bandwidth availability of the subscribed QoS channel, and we name this Per Channel 
QoS routing in DQM.   
(1) QoS channel subscription 
:KHQ�D��6��*L��MRLQ�UHTXHVW�UHDFKHV�D�URXWHU�WKDW��L��KDV�DOUHDG\�UHFHLYHG�WUDIILF�IURP�

WKH�VRXUFH�6�ZLWK�WKH�VDPH�RU�D�KLJKHU�4R6�FKDQQHO�� L�H���ZLWK�JURXS�VWDWH�RI��6��*M��

ZKHUH�*L�*M
��DQG� �LL�� WKH�FRUUHVSRQGLQJ�SULRULW\�TXHXH�DW� WKH� LQWHUIDFH� IURP�ZKLFK�

WKH� MRLQ� UHTXHVW� LV� UHFHLYHG� KDV� VXIILFLHQW� EDQGZLGWK�� WKHQ� WKH� MRLQ� SURFHGXUH�
WHUPLQDWHV�DQG�WKLV�LQWHUIDFH�REWDLQV�JURXS�VWDWH��6��*L���7KHUHDIWHU��GDWD�SDFNHWV�IURP�

6�DUH�GXSOLFDWHG�DQG�IRUZDUGHG�WR�WKLV�LQWHUIDFH�ZLWK�WKH�FODVV�'�DGGUHVV�RI�WKH�QHZ�
SDFNHWV� PRGLILHG� IURP�*M� WR�*L�� ,Q� WKLV� ZD\�� D� QHZ� WUHH� EUDQFK� LV� JUDIWHG� WR� WKH�
FXUUHQW�4R6�FKDQQHO�WKDW�KDV�HTXDO�RU�KLJKHU�VHUYLFH�OHYHO���
,I�WKH��6��*L��MRLQ�UHTXHVW�UHDFKHV�D�URXWHU�ZLWK�WKH�KLJKHVW�DYDLODEOH�4R6�FKDQQHO�

�6�� *M�� ZKHUH�*L!*M� �L�H��� D� URXWHU� ZLWK� ORZHU� 4R6� FKDQQHO� IRU� 6��� WKH� MRLQ� ZLOO�

FRQWLQXH� WR� H[SORUH� D�QHZ�SDWK� WKDW� VDWLVILHV� WKH� UHTXLUHPHQW�RI� WKH� �6��*L�� FKDQQHO�

VXEVFULSWLRQ��2QFH�D�SDWK�ZLWK�GHVLUHG�4R6�FKDQQHO�KDV�EHHQ�VHW�XS�DQG�WKLV�SDUWLFXODU�
URXWHU� KDV� UHFHLYHG� WKH� WUDIILF� IURP� �6�� *L�� FKDQQHO�� LW� ZLOO� WHDU� GRZQ� WKH� �6�� *M��
FKDQQHO� RQ� WKH� RULJLQDO� SDWK�ZLWK� ORZHU�4R6� OHYHO�� ,W� VKRXOG� DOVR� EH� QRWHG� WKDW� WKH�

�������������������������������������������������
1  In this paper we assume that higher class D address is associated with higher QoS channel, 

i.e., Gi>Gj ÄÅ QoS(Gi)>QoS(Gj) 



SURFHGXUH�RI�WHDULQJ�GRZQ��6��*M��FKDQQHO�PLJKW�LQYRNH�DQRWKHU�MRLQ�UHTXHVW�IURP�DQ�

RQ�WUHH�URXWHU�ZKHUH��6��*M�� LV� WKH�KLJKHVW� ORFDO�FKDQQHO� LW�PDLQWDLQV�DQG�WKHUH�H[LVW�

RWKHU�FKDQQHOV�ZLWK�ORZHU�4R6�FKDQQHO���
,Q� )LJ�� ��� ZH� DVVXPH� WKDW� LQLWLDOO\� WKHUH� DOUHDG\� H[LVWV� D� VLQJOH� 4R6� FKDQQHO�

FRQVWUXFWHG�E\��6��*���VXEVFULSWLRQV� IURP�ERWK�UHFHLYHUV�5��DQG�5�� �)LJ���D���$IWHU�
VRPH� WLPH� URXWHU�'� UHFHLYHV� D� �6�� *��� VXEVFULSWLRQ� IURP�5�� ZKHUH�*��*��� L�H��� D�
VXEVFULSWLRQ� ZLWK� ORZHU�4R6� FKDQQHO� LV� UHFHLYHG�� ,Q� WKLV� FDVH�'� ZLOO� VHQG� D� MRLQ�
UHTXHVW� WRZDUGV� 6� DQG� WKLV� MRLQ� UHTXHVW� ZLOO� WHUPLQDWH� DW� URXWHU�%� WKDW� KDV� DOUHDG\�
UHFHLYHG�JURXS�GDWD�IURP�6� LQ�D�KLJKHU�FKDQQHO��VKRZQ�LQ�)LJ����E��� ,Q�)LJ����F��ZH�
DVVXPH�WKDW�URXWHU�(� UHFHLYHV�D��6��*��� MRLQ�UHTXHVW� IURP�5��ZKHUH�*�!*��� ,Q� WKLV�
FDVH�D�QHZ�SDWK�ZLWK�D�KLJKHU�4R6�FKDQQHO�LV�FRQVWUXFWHG�DV�VKRZQ�ZLWK�WKH�VROLG�OLQH�
LQ�WKH�ILJXUH��:KHQ�URXWHU�(�UHFHLYHV�GDWD�WUDIILF�IURP�6�LQ��6��*���FKDQQHO��LW�ZLOO�WHDU�
GRZQ�WKH�RULJLQDO��6��*���FKDQQHO�EDFN�WR�6��:KHQ�URXWHU�%�KDV�GHWHFWHG�WKH�SUXQLQJ��
LW� ILQGV� WKDW� LW� KDV� DOVR� PDLQWDLQHG� D� ORZHU�4R6� FKDQQHO� IRU� 5��� QDPHO\� �6�� *����
7KHUHIRUH�� URXWHU�%�ZLOO� ILUVW� VHQG�D� �6��*��� MRLQ� UHTXHVW�EDFN� WR�6��:KHQ�GHWHFWLQJ�
WKDW�JURXS�GDWD�IURP�6�FRPHV�LQ�WKH�QHZ�FKDQQHO��6��*����URXWHU�%�ZLOO�WHDU�GRZQ�WKH�
RULJLQDO��6��*���FKDQQHO�RQ�OLQN�$%�DV�VKRZQ�LQ�)LJ�����G���0RUH�GHWDLO�RQ�KRZ�4R6�
FKDQQHOV�DUH�WRUQ�GRZQ�LV�SUHVHQWHG�EHORZ��
�
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)LJ����'\QDPLF�4R6�FKDQQHO�VXEVFULSWLRQ�
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���� 4R6�FKDQQHO�XQVXEVFULSWLRQ�
6XSSRVH�WKDW�D�SDUWLFXODU�URXWHU�LV�FXUUHQWO\�UHFHLYLQJ�WUDIILF�IURP�VRXUFH�6�ZLWK�4R6�
FKDQQHO��6��*L���:KHQ�LW�GHWHFWV�QR��6��*L��VXEVFULEHUV�DWWDFKHG�DQG�ZDQWV�WR�OHDYH�WKH�

FKDQQHO��LW�ZLOO�VWRS�VHQGLQJ��6��*L��MRLQ�UHTXHVWV�WRZDUGV�WKH�VRXUFH�6��:KHQ�WKH��6��

*L�� VWDWH� WLPHV�RXW�� WKH�RQ�WUHH� URXWHU�ZLOO� FKHFN� DOO� LWV� GRZQVWUHDP� LQWHUIDFHV�ZLWK�
4R6� FKDQQHOV� DVVRFLDWHG� ZLWK� 6�� 7KHUH� H[LVW� WKUHH� SRVVLEOH� FDVHV� DV� IROORZV�
�LOOXVWUDWHG�LQ�)LJ������
D�� 7KHUH� H[LVWV� DW� OHDVW� RQH� �6�� *M�� VWDWH� ZKHUH� *M�*L�� WKH� URXWHU� VLPSO\� VWRSV�

IRUZDUGLQJ�WUDIILF�RQ��6��*L��FKDQQHO�DW�WKH�FRUUHVSRQGLQJ�GRZQVWUHDP�LQWHUIDFH��DQG�

LW�QHHGV�QRW�WR�WDNH�DQ\�IXUWKHU�SUXQLQJ�DFWLRQV��
E�� 7KHUH�GRHV�QRW�H[LVW�DQ\��6��*M��VWDWH�ZKHUH�*M!*L��WKH�URXWHU�ZLOO�FKHFN�WKH�VWDWXV�
RI�DOO�WKH�UHPDLQHG�4R6�FKDQQHOV�DVVRFLDWHG�ZLWK�6�DQG�VHOHFW�FODVV�'�DGGUHVV�*P�WKDW�

LV�PDSSHG� WR� WKH� KLJKHVW�4R6� FKDQQHO�EHLQJ� FXUUHQWO\� UHTXHVWHG�� DQG� VHQG� �6��*P��

MRLQ�UHTXHVW�WRZDUGV�WKH�VRXUFH�6��2QFH�WKLV�URXWHU�KDV�UHFHLYHG�GDWD�WUDIILF�IURP�WKH�
�6��*P��FKDQQHO��LW�ZLOO�VWRS�VHQGLQJ��6��*L��MRLQ�UHTXHVWV�RQ�LWV�XSVWUHDP�LQWHUIDFH�����

F�� ,I�WKLV�LV�WKH�ODVW�VXEVFULEHU�DWWDFKHG�RQ�WKH�URXWHU��WKH�URXWHU�VLPSO\�VWRS�VHQGLQJ�
DQ\��6��*��MRLQ�UHTXHVWV�WRZDUGV�WKH�VRXUFH�DQG�KHQFH�LW�EUHDNV�IURP�WKH�WUHH��
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)LJ����'\QDPLF�4R6�FKDQQHO�XQVXEVFULSWLRQ�

�
)LQDOO\��LW�VKRXOG�EH�QRWHG�WKDW��D�ERXQGDU\�URXWHU�LVVXHV�MRLQ�OHDYLQJ�UHTXHVWV�RQO\�

ZKHQ�WKH�ILUVW�UHFHLYHU�IRU�D�QHZ��6��*��VHVVLRQ�LV�MRLQHG�RU�WKH�ODVW�PHPEHU�OHDYHV�WKH�
JURXS�� 7KLV� VWUDWHJ\� RI� SXVKLQJ� JURXS� PDQDJHPHQW� WR� WKH� HGJH� RI� WKH� QHWZRUN�
VLJQLILFDQWO\�UHGXFHV�WKH�IUHTXHQF\�RI�UHVKDSLQJ�GHOLYHU\�WUHHV�LQVLGH�RI�WKH�GRPDLQ���

�
�

�� 6LPXODWLRQ�5HVXOWV�
�
���� 6LPXODWLRQ�0RGHO�
�
,Q� WKLV� VHFWLRQ��ZH�HYDOXDWH� WKH�SURSRVHG� VFKHPH� WKURXJK� VLPXODWLRQ��:H�DGRSW� WKH�
FRPPRQO\� XVHG�:D[PDQ¶V� UDQGRP� JUDSK� JHQHUDWLRQ� DOJRULWKP� >��@� WKDW� KDV� EHHQ�
LPSOHPHQWHG� LQ� *7�,70�� IRU� FRQVWUXFWLQJ� RXU� QHWZRUN� PRGHOV�� 7KLV� DSSURDFK�
GLVWULEXWHV�WKH�QRGHV�UDQGRPO\�RQ�WKH�UHFWDQJXODU�JULG�DQG�QRGHV�DUH�FRQQHFWHG�ZLWK�
WKH�SUREDELOLW\�IXQFWLRQ��
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ZKHUH� ��� YXG LV�WKH�GLVWDQFH�EHWZHHQ�QRGH�X�DQG�Y�DQG�/�LV�WKH�PD[LPXP�SRVVLEOH�
GLVWDQFH�EHWZHHQ�DQ\�SDLU�RI�QRGHV�LQ�WKH�QHWZRUN��7KH�SDUDPHWHUV� �DQG� �UDQJLQJ�����
�@� FDQ� EH�PRGLILHG� WR� FUHDWH� WKH� GHVLUHG� QHWZRUN�PRGHO�� $� ODUJHU� YDOXH� RI� � JLYHV�
QRGH�ZLWK�D�KLJK�DYHUDJH�GHJUHH��DQG�D�VPDOO�YDOXH�RI� �LQFUHDVH�WKH�GHQVLW\�RI�VKRUWHU�
OLQNV�UHODWLYH�WR�ORQJHU�RQHV��,Q�RXU�VLPXODWLRQ�ZH�VHW�WKH�YDOXHV�RI� �DQG� �WR�EH�����
DQG�����UHVSHFWLYHO\��DQG�JHQHUDWH�D�UDQGRP�QHWZRUN�ZLWK�����QRGHV�ZLWK�WKH�VRXUFH�
QRGH�EHLQJ�UDQGRPO\�VHOHFWHG��
,Q� RUGHU� WR� JHQHUDWH� JURXS� G\QDPLFV�� D� VHTXHQFH� RI� HYHQWV� IRU� 4R6�

VXEVFULSWLRQ�XQVXEVFULSWLRQ�DUH�DOVR�FUHDWHG��$�SUREDELOLW\�PRGHO�LV�XVHG�WR�GHWHUPLQH�
ZKHWKHU�D�UHTXHVW�LV�IRU�4R6�VXEVFULSWLRQ�RU�XQVXEVFULSWLRQ��7KH�IXQFWLRQ�
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LV� GHILQHG� IRU� WKLV� SXUSRVH� >��@�� 7KH� IXQFWLRQ�
F
3 � LV� WKH� SUREDELOLW\� WKDW� D� 4R6�

VXEVFULSWLRQ�LV�LVVXHG��,Q�WKH�IXQFWLRQ��P�LQGLFDWHV�WKH�FXUUHQW�QXPEHU�RI�VXEVFULEHUV�
ZKLOH�1�LGHQWLILHV�WKH�QHWZRUN�VL]H�� �UDQJLQJ��������LV�WKH�SDUDPHWHU�WKDW�FRQWUROV�WKH�
GHQVLW\�RI�WKH�JURXS��L�H���DYHUDJH�QXPEHU�RI�VXEVFULEHUV���:KHQ�D�4R6�VXEVFULSWLRQ�LV�
LVVXHG��D�QRGH�WKDW�LV�QRW�LQ�WKH�PXOWLFDVW�JURXS�LV�UDQGRPO\�VHOHFWHG�IRU�MRLQLQJ�WKH�
VHVVLRQ�� �6LPLODUO\�D�QRGH�LV�UDQGRPO\�UHPRYHG�IURP�WKH�FXUUHQW�JURXS�ZKHQ�D�4R6�
XQVXEVFULSWLRQ�UHTXHVW�LV�WULJJHUHG��
,Q�RXU�VLPXODWLRQ��WKH�DYHUDJH�QXPEHU�RI�VXEVFULEHUV�YDULHV�IURP����WR����LQ�VWHSV�

RI��� �E\�VHWWLQJ� WKH�YDOXH�RI� ���)RU� VLPSOLFLW\�ZH�DVVXPH� WKDW� WKHUH� LV�DW�PRVW�RQH�
VXEVFULEHU�DWWDFKHG�DW�HDFK�URXWHU��,Q�DGGLWLRQ��ZH�DOVR�DVVXPH�WKDW�WKH�,63�SURYLGHV�
WKUHH�TXDOLWDWLYH�4R6�FKDQQHOV��QDPHO\�*ROG�&KDQQHO��*&���6LOYHU�&KDQQHO��6&��DQG�
%URQ]H�&KDQQHO��%&���DQG� WKDW� WKH�VXEVFULSWLRQ�EDQGZLGWKV�IRU� WKHVH� WKUHH�FKDQQHOV�
DUH� �0ESV�� �0ESV� DQG� �0ESV� SHU� UHFHLYHU� UHVSHFWLYHO\�� ,QVLGH� WKH� QHWZRUN�� WKH�
EDQGZLGWK�FDSDFLW\�RI�HDFK�OLQN�YDULHV�IURP���0ESV�WR���0ESV�LQ�HYHQ�GLVWULEXWLRQ��
7KH� EDQGZLGWK� FDSDFLW\� RI� HDFK� OLQN� LV� FRQILJXUHG� DFFRUGLQJ� WR� WKH� IROORZLQJ�
SURSRUWLRQ������ IRU�*&�� ���� IRU�6&� DQG����� IRU�%&� UHVSHFWLYHO\��$PRQJ�DOO� WKH�
UHFHLYHUV��ZH�VXSSRVH�WKDW�����RI�WKHP�VXEVFULEH�WR�*&������WR�6&�DQG�����WR�%&��
,Q� RXU� VLPXODWLRQ� ZH� DGRSW�4263)� IRU� UHFHLYHU�LQLWLDWHG� PXOWLFDVW� URXWLQJ� WKDW� LV�
LQWURGXFHG� LQ� >��@� DV� WKH� XQGHUO\LQJ� URXWLQJ� SURWRFRO� IRU� HDFK� 4R6� FKDQQHO��
$FFRUGLQJ� WR� >��@�� 4263)� EDVHG� PXOWLFDVW� URXWLQJ� GRHV� QRW� VXSSRUW� XVHU�
KHWHURJHQHLW\�ZLWKLQ�D�SDUWLFXODU�JURXS��EXW�LQ�'40�VXFK�W\SH�RI�4R6�KHWHURJHQHLW\�
LV� UHIOHFWHG� E\� GLIIHUHQW� �6��*�� JURXS� LGHQWLILFDWLRQ�� ,Q� WKLV� VHQVH��4263)� FDQ� VWLOO�
DSSO\�WR�SHU�4R6�FKDQQHO�URXWLQJ�LQ�'40��DQG�GLIIHUHQW�WUHH�EUDQFKHV�FDQ�EH�PHUJHG�
LI�WKH�VDPH�VRXUFH�DGGUHVV�6�LV�GLVFRYHUHG��
�

���� �3HUIRUPDQFH�$QDO\VLV�
�
)LUVW�RI�DOO��ZH�LQYHVWLJDWH�EDQGZLGWK�FRQVHUYDWLRQ�SHUIRUPDQFH��DQG�FRPSDULVRQV�DUH�
PDGH�EHWZHHQ�'40�DQG�WKDW�RI�EXLOGLQJ�LQGHSHQGHQW�WUHHV�IRU�HDFK�VHUYLFH�OHYHO�ZLWK�
GLVMRLQHG�4R6�FKDQQHOV��H�J���'6*�>�@�LQ�ZKLFK�WKH�VRXUFH�PDLQWDLQV�LQGHSHQGHQW�GDWD�
VWUHDPV� IRU� KHWHURJHQHRXV� XVHUV� VLPXOWDQHRXVO\��� )ROORZLQJ� WKDW� ZH� IRFXV� RQ� WKH�
FDSDELOLW\� RI� WUDIILF� HQJLQHHULQJ� LQ� WHUPV� RI� ORDG� EDODQFLQJ� EHWZHHQ�'40� DQG�04�



DSSURDFKHV��7KH� VLPXODWLRQ� UHVXOWV� UHJDUGLQJ� QHWZRUN� XWLOL]DWLRQ� DUH� DOVR� FRPSDUHG�
EHWZHHQ�'40� DQG�04� EXW�RYHUKHDG� IRU�JURXS� VWDWHV�PDLQWHQDQFH� LV� LQFRPSDUDEOH�
VLQFH�WKH�ODWWHU�LQYROYHV�TXDQWLWDWLYH�VWDWHV�IRU�XVHU�KHWHURJHQHLW\����
,Q� RUGHU� WR� HYDOXDWH� WKH� QHWZRUN� XWLOL]DWLRQ�� ZH� GHILQH� WKH� EDQGZLGWK� VDYLQJ�

RYHUKHDG�IRU�D�SDUWLFXODU�FKDQQHO�&��&�FRXOG�EH�JROG��VLOYHU�DQG�EURQ]H�VHUYLFH�HWF���
DV�IROORZV��

&

'6*

&
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ZKHUH� F

'4R08 LV� WKH�EDQGZLGWK�XWLOL]DWLRQ�RI�FKDQQHO�&�E\�'40�� DQG� F

'6*
8 LV� WKDW�

E\�XVLQJ�QRQ�K\EULG�WUHH�VFKHPHV�VXFK�DV�'6*��6LPLODUO\��ZH�GHILQH�WKH�RYHUKHDG�IRU�
DOO�FKDQQHOV�DV��

'6*

'40

7 8

8
2 -= � �

ZKHUH� '4R08 LV�WKH�RYHUDOO�OLQN�XWLOL]DWLRQ�E\�'40�DQG�
'6*

8 LV�WKDW�E\�'6*��

)LJ�� �� LOOXVWUDWHV� WKH�RYHUKHDG�SHUIRUPDQFH� IRU�ERWK� LQGLYLGXDO�4R6� FKDQQHOV� DQG�
RYHUDOO�EDQGZLGWK�FRQVHUYDWLRQ��)URP�WKH�ILJXUH�ZH�FDQ�ILQG�WKDW�LQ�'40�EDQGZLGWK�
IRU� QRQ�JROG� FKDQQHOV� FDQ� DOZD\V� EH� VDYHG� DQG� WKH� FRUUHVSRQGLQJ� RYHUKHDG� YDULHV�
IURP������WR�������+RZHYHU��EDQGZLGWK�IRU�JROG�FKDQQHO�LV�QRW�FRQVHUYHG�DW�DQ\�WLPH�
VLQFH� LW� FDQQRW� EH� PHUJHG� LQWR� DQ\� RWKHU� 4R6� FKDQQHO�� 5HJDUGLQJ� WKH� RYHUDOO�
EDQGZLGWK� FRQVHUYDWLRQ�� IURP� WKH� ILJXUH� ZH� QRWLFH� WKDW� WKH� DJJUHJDWHG� RYHUKHDG�
YDULHV� IURP������ WR������� L�H��� E\� XVLQJ�4R6� FKDQQHO�PHUJLQJ� LQ�'40�� WKH� DYHUDJH�
EDQGZLGWK�FRQVXPSWLRQ�LV�������WR�����WKDW�RI�QRQ�4R6�PHUJLQJ�DSSURDFKHV��
�
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$YHUDJH�QXPEHU�RI�VXEVFULEHUV
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6LOYHU %URQ]H

�
)LJ����2YHUKHDG�RI�EDQGZLGWK�FRQVHUYDWLRQ�

�
$QRWKHU� LQWHUHVWLQJ� HPSLULFDO� VWXG\� LV� WKH� WUDIILF� HQJLQHHULQJ� FDSDELOLW\� RI�'40�

DQG�04��,Q�'40�QHWZRUN�EDQGZLGWK�LV�SUH�DOORFDWHG�WR�VSHFLILF�WUDIILF�DJJUHJDWHV�RI�
LQGLYLGXDO� 4R6� FKDQQHOV�� DQG� WKLV� LV� YHU\� VLPLODU� WR� WKH� VWUDWHJ\� RI� 'LII6HUY�� ,Q�
FRQWUDVW��04�DQG�5693�DOORZV�WKH�RYHUDOO�EDQGZLGWK� WR�EH�DFFXPXODWLYHO\�UHVHUYHG�
E\� YDULRXV� TXDQWLWLHV� RI�4R6� GHPDQGV� XQWLO� WKH� OLQN� KDV� EHFRPH� VDWXUDWHG�� ,Q� WKH�
IROORZLQJ�VLPXODWLRQ��ZH�ZLOO�H[DPLQH� WKH�SHUIRUPDQFH�RI� ORDG�EDODQFLQJ�VHPDQWLFV�



RI�'40�DQG�04�5693��%DVLQJ�RQ�EDQGZLGWK�XWLOL]DWLRQ��ZH�FODVVLI\�QHWZRUN� OLQNV�
LQWR� WKH� IROORZLQJ�WKUHH�FDWHJRULHV�� ����+LJK�ORDG� OLQN�ZLWK�RYHUDOO�XWLOL]DWLRQ�DERYH�
����� ����0HGLXP� ORDG� OLQN�ZLWK�RYHUDOO� XWLOL]DWLRQ�EHWZHHQ�����DQG������DQG� ����
/RZ�ORDG�OLQN�ZLWK�RYHUDOO�XWLOL]DWLRQ�EHORZ������7DEOH���SUHVHQWV�WKH�SURSRUWLRQ�RI�
WKHVH�WKUHH�W\SHV�RI�OLQNV�LQVLGH�WKH�QHWZRUN�ZLWK�WKH�DYHUDJH�QXPEHU�RI�VXEVFULEHUV�
YDU\LQJ� IURP� ��� WR� ���� )URP� WKH� WDEOH� ZH� FDQ� ILQG� WKDW� '40� SHUIRUPV� EHWWHU�
FDSDELOLW\� RI� WUDIILF� HQJLQHHULQJ� LQ� WKDW� GDWD� WUDIILF� LV� PRUH� HYHQO\� GLVWULEXWHG�� )RU�
H[DPSOH��ZKHQ�WKH�DYHUDJH�QXPEHU�RI�VXEVFULEHUV� LV�EHORZ�����QRQH�RI� WKH�QHWZRUN�
OLQNV�EHFRPH�KLJKO\�ORDGHG�E\�XVLQJ�'40��,Q�FRQWUDVW��04�DOZD\V�UHVXOWV�LQ�KRWVSRWV�
ZLWK�XWLOL]DWLRQ�DERYH�����HYHQ�ZKHQ�WKH�DYHUDJH�QXPEHU�RI�VXEVFULEHUV�LV�����)URP�
WKH�WDEOH�ZH�FDQ�DOVR�VHH�WKDW�WKH�SURSRUWLRQ�RI�ORZ�ORDG�OLQN�LQ�'40�LV�FRQVLVWHQWO\�
KLJKHU�WKDQ�WKDW�LQ�04�����
�

7DEOH����7UDIILF�GLVWULEXWLRQ�FRPSDULVRQ�ZLWK�04�
�

� ��� ��� ��� ��� ���
+LJK�ORDG�OLQN� ������ ������ ������ ������ ������

0HGLXP�ORDG�OLQN� ����� ����� ����� ����� �����
'40�

/RZ�ORDG�OLQN� ������ ������ ������ ������ ������
+LJK�ORDG�OLQN� ������ ������ ������ ������ ������

0HGLXP�ORDG�OLQN� ����� ����� ����� ����� �����
04�

/RZ�ORDG�OLQN� ������ ������ ������ ������ ������
�
�

:H�DOVR�LQYHVWLJDWH�WKH�RYHUDOO�OLQN�XWLOL]DWLRQ�RI�'40�DQG�04��DQG�WKH�VLPXODWLRQ�
UHVXOWV� DUH� SUHVHQWHG� LQ� )LJ�� ���� )URP� WKH� ILJXUH� ZH� QRWLFH� WKDW� WKH� DYHUDJH� OLQN�
XWLOL]DWLRQ�RI�'40�LV�FRQVLVWHQWO\�KLJKHU�WKDQ�WKDW�RI�04�WR�D�YHU\�VPDOO�VFDOH��H�J���
ZKHQ�WKH�DYHUDJH�QXPEHU�RI�VXEVFULEHUV�LV�IL[HG�DW�����WKH�OLQN�XWLOL]DWLRQ�RI�'40�LV�
�����KLJKHU�WKDQ�WKDW�RI�04��)URP�WKH�HPSLULFDO�UHVXOWV�LQ�WDEOH���DQG�)LJ������LW�FDQ�
EH� LQIHUUHG� WKDW� '40¶V� EHWWHU� SHUIRUPDQFH� RI� ORDG� EDODQFLQJ� LV� LQ� HIIHFW� DW� WKH�
H[SHQVH�RI�KLJKHU�EDQGZLGWK�FRQVXPSWLRQ��EXW�WKH�UHOHYDQW�FRVW�LV�YHU\�VPDOO��
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$YHUDJH�QXPEHU�RI�VXEVFULEHUV
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)LJ�����2YHUDOO�OLQN�XWLOL]DWLRQ�FRPSDULVRQ�ZLWK�04�



�� 6XPPDU\�
�
,Q� WKLV� SDSHU�ZH� SURSRVHG� D�QRYHO� VFKHPH� FDOOHG�'40� WKDW� SURYLGHV� GLIIHUHQWLDWHG�
4R6� FKDQQHOV� EDVHG� RQ� WKH� 6RXUFH� 6SHFLILF� 0XOWLFDVW� �660�� VHUYLFH� PRGHO�� 7KLV�
DSSURDFK� HIILFLHQWO\� VXSSRUWV� KHWHURJHQHRXV� 4R6� UHTXLUHPHQWV� DSSOLFDWLRQV� RQ� D�
TXDOLWDWLYH�EDVLV��%\�PHDQV�RI�3HU�FKDQQHO�4R6�URXWLQJ�DQG�PHUJLQJ�PHFKDQLVP��QRW�
RQO\� URXWHU� RYHUKHDG� IRU� PDLQWDLQLQJ� JURXS� VWDWHV� LV� DOOHYLDWHG�� EXW� DOVR� QHWZRUN�
EDQGZLGWK� FRQVXPSWLRQ� LV� UHGXFHG� FRPSDUHG� ZLWK� WUDGLWLRQDO� VROXWLRQV� VXFK� DV�
PXOWLFDVW� OD\HUHG� WUDQVPLVVLRQ� DQG� UHSOLFDWHG� WUDQVPLVVLRQ�� 0RUHRYHU�� SHU� 4R6�
FKDQQHO�EDVHG�EDQGZLGWK�PDQDJHPHQW�DOVR�FRQWULEXWHV� WR� LPSURYHPHQWV� LQ� WHUPV�RI�
WUDIILF�ORDG�GLVWULEXWLRQ�FRPSDUHG�ZLWK�WKH�04�5693�DSSURDFKHV��
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