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7KLV�ZRUN�ZDV�GRQH�ZLWKLQ�WKH�SURMHFW�&267������IXQGHG�E\�7HNHV��1RNLD
7HOHFRPPXQLFDWLRQV�DQG�6RQHUD�

7KH�FRXUVH�RI�WKH�ZRUN�ZDV�JXLGHG�E\�GLVFXVVLRQV�ZLWK�.DOHYL�.LONNL��-XVVL
5XXWX�DQG�-XVVL�3HQWWLQHQ�IURP�WKH�1RNLD�5HVHDUFK�&HQWHU�DQG�VXSHUYLVHG�E\
3URIHVVRU�-RUPD�9LUWDPR�DW�WKH�/DERUDWRU\�RI�7HOHFRPPXQLFDWLRQV
7HFKQRORJ\��+HOVLQNL�8QLYHUVLW\�RI�7HFKQRORJ\�
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*RDO

7KH�SXUSRVH�RI�WKLV�ZRUN�LV�WR�H[DPLQH�WKH�SHUIRUPDQFH�RI�6LPSOH�,QWHJUDWHG�0HGLD
$FFHVV��6,0$��ZLWK�VLPXODWLRQ��6SHFLILFDOO\�RI�LQWHUHVW�LV�WR�VHH�KRZ�WKH�XVHUV
LQIOXHQFH�WKH�G\QDPLFV�RI�WKH�V\VWHP�

,QWHJUDWHG�VHUYLFHV

:KHUHDV�SUHYLRXVO\�WHOHFRPPXQLFDWLRQ�DQG�GDWD�FRPPXQLFDWLRQ�VHUYLFHV�XVHG�WKHLU
RZQ�GHGLFDWHG�QHWZRUNV�WRGD\�LW�LV�LQFUHDVLQJO\�SRSXODU�WR�LQFUHDVH�QHWZRUN�HIILFLHQF\
E\�XVLQJ�MXVW�RQH�QHWZRUN��$QRWKHU�SURFHVV�LV�WKH�ZD\�LQ�ZKLFK�RQH�QHWZRUN�±�WKH
,QWHUQHW�±�LV�XVHG�E\�PRUH�DQG�PRUH�GLIIHUHQW�DSSOLFDWLRQV�

'LIIHUHQW�DSSOLFDWLRQV�FDQ�XVH�WKH�VDPH�QHWZRUN�LI�DOO�GDWD�LV�LQ�WKH�IRUP�UHTXLUHG�E\
QHWZRUN�SURWRFRO��1HWZRUN�SURWRFRO�DQG�QHWZRUN¶V�RWKHU�SURSHUWLHV�GHWHUPLQH�KRZ
ZHOO�DQ�DSSOLFDWLRQ�IXQFWLRQV�LQ�DQ�LQWHJUDWHG�QHWZRUN�HQYLURQPHQW��$SSOLFDWLRQV�WKDW
FRXOG�XVH�VLPLODU�QHWZRUN�FDQ�KDYH�GLIIHUHQW�VHUYLFH�UHTXLUHPHQWV�LQ�WHUPV�RI�H�J�
UHOLDELOLW\��GHOD\�RU�GHOD\�YDULDWLRQ�

,Q�WKH�,QWHUQHW��IRU�ZKLFK�6,0$�KDV�EHHQ�GHVLJQHG��FXUUHQWO\�DOO�SDFNHWV�DUH�HTXDO
DQG�WKH�4XDOLW\�RI�6HUYLFH��4R6��LV�PRVWO\�GHSHQGHQW�RQ�WKH�FRQJHVWLRQ��7KLV�PHDQV
WKDW�QR�RQH�FDQ�EH�VXUH�RI�WKH�4R6�WKH\¶OO�UHFHLYH�DQG�QRU�FDQ�WKH\�LQIOXHQFH�LW�LQ�D
VLJQLILFDQW�ZD\��'XH�WR�FXUUHQW�IODW�UDWH�SULFLQJ�SROLF\�WKHUH�LV�QR�FRVW�LQ�VHQGLQJ
PRUH�WUDIILF�WR�WKH�QHWZRUN�DQG�VR�WKHUH�LV�QR�PHFKDQLVP�WR�VWRS�WKH�,QWHUQHW
FRQJHVWLRQ�IURP�JHWWLQJ�ZRUVH�

7KH�JHQHUDOO\�RIIHUHG�VROXWLRQ�WR�,QWHUQHW�FRQJHVWLRQ�LV�GLIIHUHQWLDO�SULFLQJ��7KLV�ZD\
RQH�FRXOG�FRQWURO�WKH�DPRXQW�RI�WUDIILF�DQG�PDNH�XVH�RI�WKH�IDFW�WKDW�WKH�XVHUV
WKHPVHOYHV�KDYH�ERWK�GLIIHUHQW�QHHGV��ZLOOLQJQHVV�WR�SD\�DQG�H[SHFWDWLRQV�IRU�WKH
4XDOLW\�RI�6HUYLFH�WKH\�UHFHLYH��2QH�ZD\�RI�LPSOHPHQWLQJ�GLIIHUHQWLDO�SULFLQJ�LV�WR
FUHDWH�VHUYLFH�FODVVHV�WKDW�KDYH�JXDUDQWHHG�SURSHUWLHV��6LPSOH�,QWHJUDWHG�0HGLD
$FFHVV�KDV�DQRWKHU�DSSURDFK�DQG�WKLV�ZLOO�EH�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQ�

6,0$�

7KH�SULPDU\�LGHD�RI�WKH�6,0$�VHUYLFH�LV�WR�PD[LPL]H�WKH�H[SORLWDWLRQ�RI�QHWZRUN
UHVRXUFHV�ZLWK�D�VLPSOH�FRQWURO�VFKHPH�ZKLOH�NHHSLQJ�WKH�UDWLRV�RI�4R6�OHYHOV�RIIHUHG
WR�GLIIHUHQW�IORZV�XQFKDQJHG�XQGHU�FKDQJHDEOH�WUDIILF�FRQGLWLRQV��7KH�PD[LPL]DWLRQ�LV
EDVHG�RQ�WKUHH�NH\�IHDWXUHV��DOO�IORZV�ZLWK�GLIIHUHQW�4R6�UHTXLUHPHQWV�VKDUH�WKH�WRWDO
FDSDFLW\�RI�HYHU\�OLQN��WKH�QHWZRUN�DWWHPSWV�WR�DYRLG�DQ\�XQQHFHVVDU\�SDFNHW
GLVFDUGLQJ��DQG�IORZ��RU�FDOO��OHYHO�EORFNLQJ�FDQ�EH�WRWDOO\�DYRLGHG��7KH�DSSUR[LPDWH
FRQVWDQF\�RI�4R6�UDWLRV�DQG�VLPSOLFLW\�DUH�DFKLHYHG�E\�XVLQJ���SULRULW\�OHYHOV�ZKLFK
PDNH�SRVVLEOH�D�IDLU�SDFNHW�GLVFDUGLQJ�VFKHPH�LQVLGH�WKH�QHWZRUN�ZLWKRXW�NHHSLQJ
WUDFN�RQ�WKH�WUDIILF�RI�HYHU\�IORZ�

�����������������������������������������������
��KWWS���ZZZ�QUF�QRNLD�FRP�VLPD�
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:KHQ�WKH�QHWZRUN�RSHUDWRU�RIIHUV�WKH�6,0$�VHUYLFH��D�FXVWRPHU�ILUVW�SD\V�IRU�VRPH
1RPLQDO�%LW�5DWH��1%5��NELW�V��DQG�WKHQ�KH�VKH�FDQ�WUDGH�WKH�VSHHG�IRU�4R6��7KH
XVHU�LV�HQWLWOHG�WR�KLP�KHUVHOI�GHWHUPLQH�ZKHWKHU�WKH�IORZ�LV�D�UHDO�WLPH��UW��RU�QRQ�
UHDO�WLPH��QUW��RQH��7KH�TXDOLW\�RI�WKH�IORZ�GHSHQGV�RQ�WZR�LVVXHV��WKH�1%5�WR�DFWXDO
ELW�UDWH�UDWLR��DQG�WRWDO�ORDG�LQ�WKH�QHWZRUN��7KH�IDLUQHVV�RI�WKH�6,0$�VHUYLFH�LV
EDVHG�RQ�WKH�IDFW�WKDW�DOO�IORZV�ZLWK�WKH�VDPH�DFWXDO�ELW�UDWH�WR�1%5�UDWLR�SHUFHLYH
VLPLODU�4R6�

,I�WKH�XVHU�VHQGV�WUDIILF�E\�XVLQJ�D�FRQVWDQW�ELW�UDWH��WKH�6,0$�VHUYLFH�RIIHUV��
GLIIHUHQW�TXDOLW\�OHYHOV��IRU�YDULDEOH�ELW�UDWH�WUDIILF�WKH�OHYHOV�DUH�OHVV�GLVWLQFW�EXW
EDVLFDOO\�WKH�VDPH��

�� �UHVHUYHG�IRU�QRQ�6,0$�VHUYLFHV�ZLWK�UHVRXUFH�UHVHUYDWLRQ
�� �H[FHOOHQW�TXDOLW\��QHJOLJLEOH�SDFNHW�ORVV�UDWLR
�� �KLJK�TXDOLW\��SDFNHW�ORVVHV�RQO\�GXULQJ�H[FHSWLRQDO�WUDIILF�SHDNV
�� �JRRG�TXDOLW\��VPDOO�SDFNHW�ORVV�UDWLR�HYHQ�GXULQJ�EXV\�KRXU
�� �PRGHUDWH�TXDOLW\��XVXDOO\�VPDOO�SDFNHW�ORVV�UDWLR�H[FHSW�GXULQJ�EXV\�KRXUV
�� �VDWLVIDFWRU\�TXDOLW\��IURP�WLPH�WR�WLPH�YHU\�KLJK�SDFNHW�ORVV�UDWLR
�� �VXLWDEOH�IRU�EHVW�HIIRUW�WUDIILF�GXULQJ�EXV\�KRXU
�� �XQXVDEOH�GXULQJ�EXV\�KRXU��EXW�VXLWDEOH�IRU�EHVW�HIIRUW�WUDIILF�GXULQJ�QRQ�EXV\�KRXUV

7DEOH���3ULRULW\�OHYHOV�RI�6,0$

7KH�LPSOHPHQWDWLRQ�RI�WKH�6,0$�VHUYLFH�FRQVLVWV�RI�WZR�PDLQ�SDUWV��DFFHVV�QRGHV
DQG�FRUH�QHWZRUN�QRGHV��7KH�WUDIILF�PHDVXUHPHQW�RI�HYHU\�IORZ�LV�SHUIRUPHG�DW
DFFHVV�QRGHV�ZKHUHDV�DW�WKH�FRUH�QHWZRUN�QRGHV�WKH�WUDIILF�FRQWURO�IXQFWLRQV�GR�QRW
QHHG�WR�NQRZ�DQ\WKLQJ�DERXW�WKH�SURSHUWLHV�RI�VHSDUDWH�IORZV�

/HW�XV�VXSSRVH�WKDW�WKHUH�LV�DQ�,3�IORZ��L��DW�DQ�DFFHVV�QRGH��$�QRPLQDO�ELW�UDWH�
1%5L��LV�DVVRFLDWHG�ZLWK�WKH�IORZ��$W�WKH�XVHU�QHWZRUN�LQWHUIDFH�WKHUH�LV�D�PHDVXULQJ
GHYLFH�ZKLFK�PHDVXUHV�WKH�PRPHQWDU\�ELW�UDWH�RI�WKH�IORZ�DW�WKH�DUULYDO�RI�WKH�M�WK
SDFNHW��RU�FHOO���7KLV�UDWH�LV�GHQRWHG�E\�0%5L�M��7KH�GHYLFH�JLYHV�HYHU\�SDFNHW��RU�FHOO�
D�SULRULW\��3/L�M��EDVHG�RQ�WKH�0%5L�M�WR�1%5L�UDWLR�
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ZKHUH�,QW�[��LV�WKH�LQWHJHU�SDUW�RI�[�

6LQFH�WKH�ELW�UDWH�RI�HYHU\�FRQQHFWLRQ�PD\�FKDQJH�VLJQLILFDQWO\�LQ�VHYHUDO�WLPH�VFDOHV�
WKH�RSHUDWRU�PXVW�DSSO\�DQ�DYHUDJLQJ�PHDVXULQJ�SULQFLSOH�WR�GHWHUPLQH�WKH
LQVWDQWDQHRXV�FHOO�UDWH�RI�HDFK�FRQQHFWLRQ��,I�ZH�VXSSRVH�WKDW�WKH�PRYLQJ�DYHUDJH�LV
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ZKHUH�1L�M�LV�WKH�GLVWDQFH�EHWZHHQ�M�WK�DQG��M����WK�FHOOV�LQ�WLPH�VORWV�DQG�α�LV�D
SDUDPHWHU�ZKLFK�GHILQHV�WKH�WLPH�VFDOH�RI�PHDVXUHPHQW�

7KH�SURSHU�YDOXH�IRU�SDUDPHWHU�α�GHSHQGV�RQ�WKH�EXIIHU�FDSDFLW\�UHVHUYHG�IRU�WKH
VHUYLFH�FODVV�XVHG�E\�WKH�FRQQHFWLRQ��:LWK�UHDO�WLPH�VHUYLFHV��ZLWK�VPDOO�GHOD\
YDULDWLRQ��WKH�EXIIHU�VKRXOG�EH�VPDOO��DQG�WKXV�WKH�YDOXH�RI�α��PXVW�EH�TXLWH�KLJK��2Q
WKH�FRQWUDU\��ZKHQ�XVLQJ�D�QRQ�UHDO�WLPH�VHUYLFH�WKH�XVHU�PD\�ZDQW�WR�VHQG�EXUVWV�RI
FHOOV�ZLWKRXW�KLJK�FHOO�ORVV�UDWLR��$V�D�FRQVHTXHQFH�α��PXVW�EH�PXFK�VPDOOHU��RU�WKH
DYHUDJLQJ�SHULRG�VKRXOG�EH�PXFK�ORQJHU��

7KH�NH\�LVVXH�LQ�WKH�LPSOHPHQWDWLRQ�RI�WKH�6,0$�VHUYLFH�LQ�D�KLJK�FDSDFLW\�FRUH
QHWZRUN�LV�WKH�SDFNHW�RU�FHOO�GLVFDUGLQJ�V\VWHP�EHIRUH�WKH�DFWXDO�EXIIHULQJ��$W�DQ\
LQVWDQW�WKHUH�LV�DQ�DFFHSWHG�OHYHO�RI�SULRULW\��3/BD���LI�DQ�LQFRPLQJ�SDFNHW�RU�FHOO�KDV
WKH�VDPH�RU�KLJKHU�SULRULW\��LW�LV�DFFHSWHG��RWKHUZLVH�LW�LV�GLVFDUGHG��7KH�FDOFXODWLRQ�RI
3/BD�LV�EDVHG�RQ�WKH�EXIIHU�RFFXSDQF\�OHYHOV�RI�WKH�UHDO�WLPH�EXIIHU��0BUW��DQG�QRQ�
UHDO�WLPH�EXIIHU��0BQUW��

$OO�WKH�SDFNHWV�RU�FHOOV�ZKLFK�KDYH�EHHQ�DFFHSWHG�LQ�WKH�VFKHGXOLQJ�XQLW�DUH�SODFHG
HLWKHU�LQ�WKH�UHDO�WLPH�RU�QRQ�UHDO�WLPH�EXIIHU��%RWK�EXIIHUV�PD\�DSSO\�WKH�)LUVW�,Q
)LUVW�2XW��),)2��SULQFLSOH��$OO�SDFNHWV��RU�FHOOV��LQ�WKH�UHDO�WLPH�EXIIHU�VKDOO�EH
WUDQVPLWWHG�EHIRUH�DQ\�SDFNHW��RU�FHOO��LQ�WKH�QRQ�UHDO�WLPH�EXIIHU�

,PSOHPHQWDWLRQ

,GHDOO\�WKH�VLPXODWLRQ�ZRXOG�KDYH�D�JUHDW�QXPEHU�RI�GLIIHUHQW�WUDIILF�VRXUFHV
�GLIIHUHQW�DSSOLFDWLRQV���DQG�ERWK�WKH�WUDIILF�VRXUFHV�DQG�WKH�SURWRFROV�ZRXOG�EH
UHSUHVHQWHG�LQ�GHWDLO��7KH�XVHUV�FRXOG�DOVR�EH�PRGHOHG�LQ�GHWDLO�DQG�ZLWK�IDLU�DPRXQW
RI�FRPSOH[LW\��,Q�RUGHU�WR�VLPXODWH�D�VHQVLEOH�OHQJWK�RI�WLPH�VLPSOLILFDWLRQ�LV
QHFHVVDU\�

7KH�PRVW�LPSRUWDQW�VLPSOLILFDWLRQ�LV�WKDW�WKH�VLPXODWLRQ�PRGHO�KDV�GLVFUHWH�WLPH��7KH
GLVFUHWL]DWLRQ�SHULRG�ZDV�FKRVHQ�DV����PV��'LVFUHWH�WLPH�PHDQV�WKDW�WKH�IXQFWLRQ�RI
WKH�UHOHYDQW�SURWRFRO��7&3��FDQ�RQO\�EH�DSSUR[LPDWHG��6LPLODUO\�WKH�PRGHO�XVHV�DQ
DSSUR[LPDWLRQ�RI�WKH�6,0$�

7KHUH�LV�QR�JHQHUDOO\�DFFHSWHG�UHDVRQDEO\�YDOLG�PRGHOV�RI�WKH�YDULRXV�NLQGV�RI�WUDIILF
VRXUFHV�WKDW�H[LVW�LQ�WKH�,QWHUQHW��6RPH��EXW�QRW�DOO��RI�WKH�VDOLHQW�FKDUDFWHULVWLFV�RI
VXFK�WUDIILF�KDYH�EHHQ�GHVFULEHG�LQ�DEVWUDFW�WHUPV��)RU�VRXUFHV�WKDW�XVH�DGDSWLYH
FRQJHVWLRQ�FRQWURO�WKH�WUDIILF�LV�DOZD\V�GHSHQGHQW�RQ�WKH�WUDIILF�SUHVHQW�LQ�WKH
QHWZRUN�DW�DQ�HDUOLHU�LQVWDQW�

7KH�DSSOLFDWLRQV�FKRVHQ�IRU�WKLV�VLPXODWLRQ�PRGHO�DUH�:::�EURZVHU��,3�SKRQH�DQG
9LGHR�SKRQH��7KHVH�DOO�SURGXFH�D�QRWDEOH�DPRXQW�RI�WUDIILF�FRPSDUHG�WR�IRU�LQVWDQFH
HPDLO�DQG�DUH�DOUHDG\�ZLGHO\�XVHG�RU�ZLOO�SUREDEO\�EH�VR�LQ�WKH�QHDU�IXWXUH��7KH
SKRQH�DSSOLFDWLRQV�UHSUHVHQW�UHDO�WLPH�DSSOLFDWLRQV�ZKLOH�:::�WUDIILF�LV�QRQ�UHDO
WLPH�DQG�XVHV�7&3��7KH�WUDIILF�PRGHOV�XVHG�WR�GHVFLEH�WKH�WUDIILF�SURGXFHG�E\�WKHVH
PRGHOV�ZLOO�EH�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV�
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6LQFH�YLUWXDOO\�DOO�GHJUHHV�RI�FRQJHVWLRQ��LQFOXGLQJ�QRQH�DW�DOO��DUH�REVHUYHG�ZLWK�QRQ�
QHJOLJLEOH�SUREDELOLW\�LQ�WKH�,QWHUQHW��LW�LV�QHFHVVDU\�WR�VLPXODWH�D�QXPEHU�RI
FRQILJXUDWLRQV�WKDW�UHSUHVHQW�GLIIHUHQW�DPRXQWV�RI�WUDIILF��

5RXQG�7ULS�7LPH��577���GHOD\V
5RXQG�7ULS�7LPHV�LQ�WKH�,QWHUQHW�DUH�ZLGHO\�YDU\LQJ��$V�D�UXOH�RI�WKXPE�WKH�577V
ZLWKLQ�)LQODQG�YDU\�EHWZHHQ����DQG���PV�DQG�577V�IRU�)LQODQG�±�86$�±�)LQODQG
EHWZHHQ�����DQG����PV��$�VLPXODWLRQ�FDQ�HLWKHU�PRGHO�WKH�YDULDWLRQ�RU�DVVXPH
FRQVWDQW�YDOXHV�

7KH�FKRLFH�RI�577�IRU�WKH�PRGHO�DQG�WKH�SUHVHQFH�DEVHQFH�RI�GHOD\V�DIIHFW�PRVW�WKH
IXQFWLRQ�RI�7&3�ZKLFK�LQ�UHDOLW\�XVHV�D�PHDVXUHG�577�DV�D�EDVLV�RI�LWV�WLPHRXW�YDOXH�

)RU�WKLV�PRGHO�WKH�IROORZLQJ�FRPELQDWLRQ�LV�XVHG��7KH�SDFNHWV�PRYH�LQ�WKH�QHWZRUN�LQ
D�GHWHUPLQLVWLF�PDQQHU��SURSDJDWLRQ�GHOD\��DQG�577V�DUH�PXOWLSOHV�RI���PV��%XW�DW
HDFK�6,0$�QRGH�D�TXHXHLQJ�GHOD\�LV�DGGHG�WR�WKH�SDFNHW��$FFRUGLQJ�WR�6,0$
VSHFLILFDWLRQ�WKH�SULRULW\�OHYHO�DFFHSWHG�3/BD�LV�GHSHQGHQW�RQ�WKH�EXIIHU�RFFXSDQF\
DQG�DV�WKLV�LV�SURSRUWLRQDO�WR�WKH�DYHUDJH�GHOD\�IRU�D�SDFNHW��LQ�WKLV�PRGHO�WKH
FRQYHUVH�LV�DVVXPHG�WR�EH�WUXH��:KHQ�3/BD�LV�NQRZQ�LW�FDQ�EH�OLQHDUO\�WUDQVIRUPHG
WR��FRPELQHG��EXIIHU�RFFXSDQF\��7KH�OLQHDU�WUDQVIRUPDWLRQ�QHHGV�WR�EH�VXFK�WKDW
EXIIHU�RFFXSDQF\�RI����IXOO�EXIIHU��FRUUHVSRQGV�WR�3/BD�JUHDWHU�WKDQ����RU����DQG
EXIIHU�RFFXSDQF\�RI���WR�3/BD� ����6LQFH�DOO�WKH�VLPXODWLRQV�WKDW�ZHUH�FDUULHG�RXW
LQYROYHG�RQO\�RQH�6,0$�QRGH�EHWZHHQ�WUDQVPLWWHU�DQG�UHFHLYHU�WKH�FRPELQHG�HIIHFWV
RI�GHOD\V�LQ�WKH�QRGHV�ZHUH�QRW�VWXGLHG�

6,0$�QRGH

�6,0$�QRGH�UHIHUHV�WR�WKH�VFKHGXOLQJ�XQLW�

%DVHG�RQ�WKH�EXIIHU�RFFXSDQF\�6,0$�QRGH�GHWHUPLQHV�WKH�ORZHVW�DFFHSWHG�SULRULW\
OHYHO��3DFNHWV��FHOOV��WKDW�KDYH�ORZHU�SULRULWLHV�DUH�GLVFDUGHG��7KH�DFFHSWHG�SDFNHWV
�FHOOV��DUH�EXIIHUHG�DFFRUGLQJ�WR�ZKHWKHU�WKH\�DUH�UHDO�WLPH�RU�QRQ�UHDO�WLPH��$OO�UHDO�
WLPH�SDFNHWV��FHOOV��DUH�VHUYHG�EHIRUH�QRQ�UHDO�WLPH�SDFNHWV��FHOOV��

7KH�DSSUR[LPDWLRQ�RI�6,0$�QRGH�SODFHV�DOO�FHOOV�WKDW�DUULYH�GXULQJ�RQH�XQLW�RI�WLPH
�WKH�GLVFUHWL]DWLRQ�SHULRG��WR�D�SULRULW\�TXHXH�DQG�VHUYHV�DV�PDQ\�IURP�WKH�WRS�DV�LWV
FDSDFLW\�DOORZV��7KH�SULRULW\�RI�WKH�ODVW�SDFNHW��FHOO��DFFHSWHG�LV�WKH�3/BD�

8VHU�UHDFWLRQ

8VHUV�FDQ�UHDFW�WR�XQVDWLVIDFWRU\�4R6�E\�HLWKHU�WHUPLQDWLQJ�WKH�FRQQHFWLRQ�RU�E\
FKRRVLQJ�D�QHZ�KLJKHU�1%5��7KH�ILUVW�LV�WKH�UHDFWLRQ�RI�D�XVHU�ZLWK�ORZ�ZLOOLQJQHVV�WR
SD\�DQG�WKH�ODWWHU�WKH�UHDFWLRQ�RI�D�XVHU�ZLWK�KLJK�ZLOOLQJQHVV�WR�SD\���5HGXFLQJ�WKH
WUDQVPLVVLRQ�VSHHG�ZRXOG�JLYH�WKH�WUDIILF�D�KLJKHU�SULRULW\��EXW�WUDQVPLVVLRQ�VSHHG�LV
DQ�LPSRUWDQW�SDUW�RI�WKH�4XDOLW\�RI�6HUYLFH��

�����������������������������������������������
��9HUQ�3D[VRQ�DQG�6DOO\�)OR\G��:K\�:H�GRQ¶W�.QRZ�+RZ�7R�6LPXODWH�7KH�,QWHUQHW�
3URFHHGLQJV�RI�WKH������:LQWHU�6LPXODWLRQ�&RQIHUHQFH��$WODQWD������



�

7KH�1%5�FKRVHQ�E\�WKH�XVHU�UHSUHVHQWV�KLV�KHU�ZLOOLQJQHVV�WR�SD\��$V�D�VLPSOLILFDWLRQ
RQH�PLJKW�DVVXPH�WKDW�WKH�ZLOOLQJQHVV�WR�SD\�LV�FRPELQHG�ZLWK�KLJKHU�TXDOLW\
H[SHFWDWLRQV��,W�VKRXOG��KRZHYHU��EH�UHPHPEHUHG�WKDW�WKH�XVHU�PLJKW�KDYH�WR�SD\�IRU
LQVWDQFH�GRXEOH�WKH�FXUUHQW�SULFH�LQ�RUGHU�WR�UHFHLYH�D�KLJKHU�SULRULW\�FODVV�DQG�WKDW
WKHUH�LV�OLPLWHG�QXPEHU�RI�FODVVHV��L�H��DIWHU�UHFHLYLQJ�WKH�KLJKHVW�FODVV�SD\LQJ�PRUH
GRHV�QRW�LPSURYH�WKH�VLWXDWLRQ�

7KH�LVVXH�RI�4R6�RI�WKH�DSSOLFDWLRQV�LV�SUHVHQWHG�LQ�IROORZLQJ�VHFWLRQV�

:::�XVHU��7&3�

&KDUDFWHUL]DWLRQ�RI�:::�XVDJH�LV�DQ�RQJRLQJ�SURMHFW���6R�IDU�WKH�UHVHDUFK�UHVXOWV
IRU�LQGLYLGXDO�XVHU�EHKDYLRU�DUH�UDUH�DQG�FRQFHQWUDWH�RQ�WKH�XVHIXOQHVV�RI�FDFKLQJ�RU
H[SODLQLQJ�WKH�REVHUYHG�VHOI�VLPLODULW\�RI�:::�WUDIILF��7KH�IROORZLQJ�UHVXOWV�H[LVW�
)LOH�VL]HV��UHTXHVWHG�DQG�IURP�HQWLUH�:HE���+HDY\�WDLOHG��3DUHWR��ZLWK�DYHUDJH�+70/
VL]H�RI��±��.%�DQG�PHGLDQ�RI���.%��LPDJHV�KDYH�DQ�DYHUDJH�VL]H�RI����.%�

5HDGLQJ�WLPH�SHU�SDJH��+HDY\�WDLOHG�GLVWULEXWLRQ�ZLWK�DQ�DYHUDJH����VHFRQGV��PHGLDQ
RI���VHFRQGV��DQG�VWDQGDUG�GHYLDWLRQ�RI�����VHFRQGV��

6HVVLRQ�WLPH�RXWV�����PLQXWHV��ZLWK�PHDQ�WLPH�RI���PLQXWHV��

:::�WUDIILF�LV�D�JRRG�H[DPSOH�RI�WUDIILF�WKDW�XVHV�WKH�7UDQVSRUW�&RQWURO�3URWRFRO
�7&3���7&3�LV�XVHG�IRU�ERWK�IORZ�FRQWURO�DQG�FRQJHVWLRQ�FRQWURO��)ORZ�FRQWURO�HQVXUHV
�DPRQJ�RWKHU�WKLQJV��WKDW�DOO�SDFNHWV�WUDQVPLWWHG�DUH�UHFHLYHG��&RQJHVWLRQ�FRQWURO
HQWDLOV�WKH�G\QDPLF�FKDQJH�RI�WUDQVPLVVLRQ�UDWH�VR�WKDW�WKH�7&3�VRXUFH�DYRLGV
VHQGLQJ�WUDIILF�ZKHQ�LW�LV�SUREDEOH�WKDW�LW�ZRXOG�QRW�UHDFK�WKH�UHFHLYHU�ZLWKLQ�WKH
WLPHRXW�SHULRG�

,Q�UHDOLW\��WKH�SUHVHQWO\�XVHG��+773�SURWRFRO�RSHQV�D�VHSDUDWH�7&3�FRQQHFWLRQ�IRU
HDFK�ILOH�

$QDO\WLFDO�VROXWLRQV�IRU�VWHDG\�VWDWH�7&3�WKURXJKSXW�DV�IXQFWLRQ�RI�GURSSHG�SDFNHWV
DUH�QRW�DSSOLFDEOH�WR�WKLV�PRGHO�VLQFH�LW�LV�WKH�G\QDPLFDO�EHKDYLRU�WKDW�LV�RI�LQWHUHVW�
0RGHOLQJ�WKH�SURWRFRO�EHKDYLRU�DV�VXFK��LQ�GHWDLO��LV�QRW�D�IHDVLEOH�VROXWLRQ�HLWKHU
EHFDXVH�WKH�LQIRUPDWLRQ�ZLWK�GLVFUHWL]HG�WLPH�LV�QRW�GHWDLOHG�HQRXJK��,W�LV�ZRUWK

�����������������������������������������������
��-DPHV�(��3LWNRZ��6XPPDU\�RI�:::�FKDUFWHUL]DWLRQV��:::�
��&DUORV�5��&XQKD��$]HU�%HVWUDYRV�DQG�0DUN�(��&URYHOOD��&KDUDFWHULVWLFV�RI�:::
&OLHQW�EDVHG�7UDFHV��7HFKQLFDO�5HSRUW�%8�&6���������%RVWRQ�8QLYHUVLW\��-XO\�������7�
%UD\��0HDVXULQJ�WKH�:HE��7KH�:RUOG�:LGH�:HE�-RXUQDO�������������$��:RRGUXII��3�
$RNL��(��%UHZHU��3��*DXWKLHU�DQG�/��5RZH���$Q�LQYHVWLJDWLRQ�RI�GRFXPHQWV�IURP�WKH
:RUOG�:LGH�:HE��7KH�:RUOG�:LGH�:HE�-RXUQDO���������������0��$UOLWW�DQG�&��/�
:LOOLDPVRQ��:HE�VHUYHU�ZRUNORDG�FKDUDFWHUL]DWLRQ��7KH�VHDUFK�IRU�LQYDULDQWV��,Q
3URFHHGLQJV�RI�WKH�$&0�&RQIHUHQFH�RQ�0HDVXUHPHQW�DQG�0RGHOLQJ�RI�&RPSXWHU
6\VWHPV��$SULO�������SS������������
��/�'��&DWOHGJH�DQG�-�(��3LWNRZ��&KDUDFWHUL]LQJ�EURZVLQJ�VWUDWHJLHV�LQ�WKH�:RUOG�:LGH
:HE��&RPSXWHU�1HWZRUNV�DQG�,6'1�6\VWHPV��������������&DUORV�5��&XQKD��$]HU
%HVWUDYRV�DQG�0DUN�(��&URYHOOD��&KDUDFWHULVWLFV�RI�:::�&OLHQW�EDVHG�7UDFHV�
7HFKQLFDO�5HSRUW�%8�&6���������%RVWRQ�8QLYHUVLW\��-XO\�����



�

QRWLQJ�WKDW�YDULRXV�LPSOHPHQWDWLRQV�RI�7&3�KDYH�EHHQ�IRXQG�WR�H[KLELW�ZLGH
YDULDWLRQ��

7KLV�SDUW�RI�WKH�PRGHO�FRXOG�KDYH�EHHQ�SDUWLRQHG�LQWR�WZR�SDUWV��D�:::�XVHU�DQG�D
:::�VHUYHU��+RZHYHU��D�QHFHVVDU\�VLPSOLILFDWLRQ�ZRXOG�KDYH�EHHQ�WR�DVVXPH�WKDW
WKH�UHTXHVWV��UHSUHVHQWLQJ�VPDOO�DPRXQWV�RI�GDWD��ZRXOG�DUULYH�ZLWKRXW�ORVV��7KXV�
IRU�WKH�VDNH�RI�VLPSOLFLW\�WKH�PRGHO�LV�RQH�EORFN�WKDW�FUHDWHV�WKH�WUDIILF�UHTXHVWV�
WUDQVPLWV�WKH�WUDIILF�DQG�PRQLWRUV�WKH�TXDOLW\�RI�WUDQVPLVVLRQ��'HVSLWH�WKLV�GXDOLW\�WKH
EORFN�UHSUHVHQWV�D�:::�XVHU�QRW�D�:::�VHUYHU��7KLV�PHDQV�WKH�VXSSRVLWLRQ�WKDW
WKH�XVHU�WKDW�LV�UHFHLYLQJ��QRW�VHQGLQJ��WUDIILF�LV�LQ�IDFW�SD\LQJ�IRU�WKH�WUDQVPLVVLRQ�E\
VRPH�PHWKRG�RI�UHYHUVDO�RI�FKDUJHV��:KDW�LV�ORVW�LV�WKH�LQIRUPDWLRQ�RI�WKH�GHOD\V�IRU
WKH�UHTXHVWV��ZKLFK�FRXOG�LQ�UHDOLW\�KDYH�D�VLJQLILFDQW�LQIOXHQFH�RQ�4R6�

7KH�WUDIILF�WR�EH�VHQW�ZLWK�7&3�LV�JHQHUDWHG�ZLWK�D�EXUVW\�WUDIILF�VRXUFH��$�EXUVW
FRUUHVSRQGV�WR�D�³FOLFN´�DQG�FRQVLVWV�RI�WKH�SXOVHV�WKDW�FRUUHVSRQG�WR�WKH�GRFXPHQWV
UHTXHVWHG��7KH�VL]H�RI�WKH�GRFXPHQWV�LV�3DUHWR�GLVWULEXWHG��7KLV�FRUUHVSRQGV�WR
UHVHDUFK�UHVXOWV��DQG�DOVR�PDNHV�LW�SRVVLEOH�WR�PDWFK�ERWK�PHDQ�DQG�PHGLDQ�RI
UHFHQW��VSULQJ�������PHDVXUHPHQWV�E\�0DUNXV�3HXKNXUL�RI�)XQHW�:::�WUDIILF��7KH
RWKHU�SDUDPHWHUV��DYHUDJH�WLPH�EHWZHHQ�FOLFNV��QXPEHU�RI�GRFXPHQWV�SHU�UHTXHVW�
ZHUH�FKRVHQ�ZLWKRXW�VXSSRUW�IURP�UHVHDUFK�UHVXOWV�

7KH�OHQJWK�RI�VHVVLRQV�LV�QRW�DGGUHVVHG��2QFH�WKH�VHVVLRQ�EHJLQV�LW�ZLOO�JR�RQ�DV�ORQJ
DV�WKH�4R6�LV�VXIILFLHQW��7KH�MXVWLILFDWLRQ�IRU�WKLV�FKRLFH�LV�WKDW�WKH�PRVW�LPSRUWDQW
SRLQW�RI�LQWHUHVW�LV�WKH�4R6�IRU�WKH�UHDO�WLPH�VHUYLFHV�ZKLOH�WKHUH�DUH�7&3�FRQQHFWLRQ
RQ��7KHUH�LV�DOVR�OLWWOH�LQIRUPDWLRQ�DERXW�WKH�OHQJWK�RI�DFWXDO�VHVVLRQV�EXW�LW�VHHPV
WKDW�OHQJWKV�WKDW�H[FHHG�VLPXODWHG�WLPH��RQH�KRXU��DUH�QRW�DQ�XQFRPPRQ
RFFXUUHQFHV�

$W�WKH�OHYHO�RI�DFFXUDF\�RI�WKLV�VLPXODWLRQ�PRGHO�WKLV�UDWKHU�VLPSOH�PRGHO�LV�VXIILFLHQW
DQG�WKH�DFWXDO�GLIIHUHQFHV�EHWZHHQ�XVHUV�DQG�WKHLU�XVDJH�SDWWHUQV�DUH�QRW�DGGUHVVHG�

6LQFH�ZLWK�WKH�GLVFUHWL]HG�WLPH�LW�LV�LPSRVVLEOH�WR�DFKLHYH�D�PRGHO�WKDW�LQFOXGHV�DOO�RI
7&3�FKDUDFWHULVWLFV�WKH�PDLQ�JRDO�LV�WKDW�WKH�VRXUFH�DGDSWV�WR�WKH�FDSDFLW\�DYDLODEOH�
7KH�PRGHO�XVHV�WKH�EDVLF�OLQHDU�JURZWK�DQG�WKH�H[SRQHQWLDO�UHGXFWLRQ�RI�WKH
WUDQVPLVVLRQ�ZLQGRZ�

0RPHQWDU\�ELW�UDWH�LV�PHDVXUHG�DV�D�PRYLQJ�DYHUDJH�RI�WKH�SDVW�WUDQVPLVVLRQV�

7KH�4R6�IRU�WKH�7&3�FRQQHFWLRQ�LV�GLYLGHG�LQWR�WZR�SDUWV��)LUVW��WKH�GHOD\�DWWDFKHG�WR
WKH�SDFNHWV�DW�6,0$�QRGHV�LV�H[DPLQHG��6HFRQGO\�WKH�OHQJWK�RI�WLPH�IRU�WKH
WUDQVPLVVLRQ�RI�ILOHV�UHTXHVWHG�E\�RQH�³FOLFN´�LV�FRPSDUHG�WR�D�WROHUDQFH�YDOXH��:KHQ
WROHUDQFH�YDOXHV�DUH�QRW�H[FHHGHG��WKH�SDUDPHWHU�YDOXH�JURZV��:KHQ�WROHUDQFH
YDOXHV�IRU�HLWKHU�DUH�H[FHHGHG��D�SDUDPHWHU�YDOXH�LV�LQFUHDVHG�DQG�LWV�YDOXH�LV
FRPSDUHG�WR�DQ�DGGLWLRQDO�WROHUDQFH�YDOXH��,I�WKLV�WROHUDQFH�YDOXH�LV�H[FHHGHG�WKH
VHVVLRQ�LV�WHUPLQDWHG�IRU�D�UDQGRP�SHULRG�

�����������������������������������������������
��9HUQ�3D[VRQ��$XWRPDWHG�3DFNHW�7UDFH�$QDO\VLV�RI�7&3�,PSOHPHQWDWLRQV
��-DPHV�(��3LWNRZ��6XPPDU\�RI�:::�FKDUFWHUL]DWLRQV��:::�



��

IP phone (Real-time source)

,3�SKRQH�LV�DQ�H[DPSOH�RI�D�UHDO�WLPH�DSSOLFDWLRQ��4XDOLW\�RI�DQ�,3�SKRQH�FRQQHFWLRQ
GHSHQGV�RQ�LWV�LPSOHPHQWDWLRQ�DQG�WKH�FRQJHVWLRQ�LQ�WKH�QHWZRUN��&RQJHVWLRQ�FDXVHV
ERWK�GHOD\�DQG�ORVW�SDFNHWV��,I�GDWD�DUULYHV�DIWHU�LWV�DSSURSULDWH�SOD\EDFN�WLPH��HLWKHU
EHFDXVH�LW�ZDV�GHOD\HG�LQ�WKH�QHWZRUN�RU�EHFDXVH�LW�ZDV�GURSSHG�DQG�VXEVHTXHQWO\
UHWUDQVPLWWHG��LW�LV�HVVHQWLDOO\�XVHOHVV��3URSHU�LPSOHPHQWDWLRQ�FDQ��KRZHYHU�OHVVHQ
WKH�HIIHFW�RI�WKHVH�

7KH�YRLFH�VRXUFH�LV�FRGHG�VR�WKDW�WKH�WUDIILF�LV�FRQWLQXRXV�ELW��DQG�SDFNHW�UDWH��7KH
SDFNHW�OHQJWK�LV�GHSHQGHQW�RI�WKH�FRGHF�XVHG��VDPSOLQJ�IUHTXHQF\��IUDPH�OHQJWK�DQG
WKH�QXPEHU�RI�FRGHG�IUDPHV�LQ�RQH�SDFNHW��)UDPH�OHQJWK�LQGLFDWHV�WKH�QXPEHU�RI
VDPSOHV�SHU�FRGHG�IUDPH��)RU�H[DPSOH�LI�ZH�DUH�VDPSOLQJ������VDPSOHV�V�DQG�WKH
IUDPH�OHQJWK�LV����PV�ZH�KDYH�����VDPSOHV�LQ�D�IUDPH��7KH�SDFNHWL]DWLRQ�LQWHUYDO�LV
FRQVWDQW�DQG�W\SLFDOO\�����IUDPH�OHQJWKV��L�H��������PV��

0HDQ�RSLQLRQ�WHVWLQJ��026��SURYLGHV�D�PHDQV�RI�HYDOXDWLQJ�WKH�VXEMHFWLYH
SHUIRUPDQFH�RI�YRLFH�DQG�RU�YLGHR�WUDQVPLVVLRQ�HTXLSPHQW��7KH�026�VFRUHV�DUH
GHULYHG�E\�DYHUDJLQJ�WKH�UHVSRQVHV�RI�D�ODUJH�QXPEHU�RI�OLVWHQHUV�

� H[FHOOHQW�TXDOLW\ QR�QRWLFHDEOH�LPSDLUPHQWV
� JRRG�TXDOLW\ RQO\�YHU\�VOLJKW�LPSDLUPHQWV
� IDLU�TXDOLW\�QRWLFHDEOH�EXW�DFFHSWDEOH

LPSDLUPHQWV
� SRRU�TXDOLW\ VWURQJ�LPSDLUPHQWV
� EDG�TXDOLW\ KLJKO\�GHJUDGHG�VSHHFK

7DEOH���7KH�ILYH�SRLQW�VFDOH�RI�WKH�026�WHVW�RI�VSHHFK�TXDOLW\

3DFNHW�ORVV�LV�D�VHULRXV�LPSDLUPHQW�RI�WKH�,QWHUQHW�RI�WRGD\�RQ�UHDOWLPH
FRPPXQLFDWLRQ��3DFNHW�ORVV�DV�KLJK�DV�����WR�����LV�QRW�XQFRPPRQ��)RU�UHDOWLPH
YRLFH�RYHU�,3�D�SDFNHW�LV�FRQVLGHUHG�ORVW�ZKHQ�LWV�SOD\EDFN�SRLQW�LV�PLVVHG��,Q
OLWHUDWXUH�VSHHFK�FOLSSLQJ�RI����WR����PV�KDV�EHHQ�QRWHG�WR�FDXVH�QRWLFHDEOH�TXDOLW\
GHJUDGDWLRQ�XQOHVV�WKH�SHUFHQWDJH�RI�VSHHFK�FOLSSHG�LV�XQGHU�����)RU�KLJKHU
SHUFHQWDJHV�RI�VSHHFK�FOLSSHG�DW�WKH�VDPH�FOLS�OHQJWKV�WKH�TXDOLW\�GHJUDGHV��EXW
LQWHOOLJLELOLW\�LV�VWLOO�PDLQWDLQHG��)RU�VSHHFK�FOLSSLQJ�GXUDWLRQV�RI�!���PV�WKH�TXDOLW\�RI
WKH�VSHHFK�LV�GHJUDGHG�VHULRXVO\�DQG�LQWHOOLJLELOLW\�LV�UHGXFHG����7KH�HIIHFW�RI�SDFNHW
ORVVHV�RQ�WKH�SHUFHLYHG�TXDOLW\�RI�VSHHFK�LV�GHSHQGHQW�RI�WKH�SDFNHW�VL]H��/LVWHQLQJ
WHVWV�KDYH�VXJJHVWHG���WKDW�LQ�WKH�VHQVH�RI�UREXVWQHVV�WR�SDFNHW�ORVVHV�WKH�RSWLPDO
SDFNHW�OHQJWK�LV�EHWZHHQ������PV��7KH�GXUDWLRQ�PDNHV�D�WUDGHRII�EHWZHHQ�WKH
QXPEHU�RI�VSHHFK�ORVVHV�SHU�VHFRQG�DQG�WKH�SUREDELOLW\�RI�WRWDOO\�ORVLQJ�D�SKRQHPH�

)RU�ELW�HUURU�UDWLRV�WKHUH�H[LVW�WKH�IROORZLQJ�UHVXOWV��,I�WKH�HUURU�UDWLR�LQ�WKH
WUDQVPLVVLRQ�RI�YRLFH�RQ�D�GLJLWDO���NELW�V�FRQQHFWLRQ�LV������RU�OHVV��GXULQJ�DQ

�����������������������������������������������
��7RPL�<OHW\LQHQ��7KH�4XDOLW\�RI�9RLFH�RYHU�,3��0DVWHU¶V�7KHVLV�����
��*UXEHU��-���6WUDZF]\QVNL��/���³6XEMHFWLYH�(IIHFWV�RI�9DULDEOH�'HOD\�DQG�6SHHFK
&OLSSLQJ�LQ�'\QDPLFDOO\�0DQDJHG�9RLFH�6\VWHPV´��,(((�7UDQVDFWLRQV�RQ
&RPPXQLFDWLRQV��YRO�&20����QR����SS����������$XJ������
���-D\DQW��1��&KULVWHQVHQ��6���³(IIHFWV�RI�3DFNHW�/RVVHV�LQ�:DYHIRUP�&RGHG�6SHHFK
DQG�,PSURYHPHQWV�'XH�WR�DQ�2GG�(YHQ�6DPSOH�,QWHUSRODWLRQ´��,(((�7UDQVDFWLRQV�RQ
&RPPXQLFDWLRQV��9RO��&20�����1R��� )HE�������



��

DUELWUDU\�SHULRG�RI�WLPH��WKH�UHFLSLHQW�QRWLFHV�QR�GHJUDGDWLRQ�RI�TXDOLW\��,I�WKH�HUURU
UDWLR�LV�������WKH�GHJUDGDWLRQ�RI�TXDOLW\�LV�QHJOLJLEOH��DW�DQ�HUURU�UDWLR�RI������WKH
GLVWXUEDQFH�LV�FRQVLGHUHG�VRPHZKDW�LUULWDWLQJ��DQG�DW�D�ELW�HUURU�UDWLR�RI������WKH
GHJUDGDWLRQ�RI�TXDOLW\�LV�VHYHUH��,Q�SUDFWLFH��ELW�HUURUV�QRUPDOO\�RFFXU�LQ�³EXUVWV´��DQG
WKH�WLPH�DVSHFW�PXVW�WKHUHIRUH�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�WKH�TXDOLW\�OHYHO�LV
HVWDEOLVKHG��,Q�5HFRPPHQGDWLRQ�*������WKH�,78�7�GHILQHV�WKH�IROORZLQJ�SDUDPHWHUV
IRU�D�VZLWFKHG����NELW�V�FRQQHFWLRQ�EHWZHHQ�WZR�VXEVFLEHUV�
• GHJUDGHG�PLQXWH��'0��OHVV�WKDQ�����RI�D�QXPEHU�RI�RQH�PLQXWH�LQWHUYDOV�KDYH�D

ELW�HUURU�UDWLR�RI������RU�ZRUVH�
• HUURUHG�VHFRQG��(6��OHVV�WKDQ����RI�D�QXPEHU�RI�RQH�VHFRQG�LQWHUYDOV�DUH

LPSDLUHG�E\�ELW�HUURUV�
• VHYHUHO\�HUURUHG�VHFRQG��6(6��OHVV�WKDQ������RI�D�QXPEHU�RI�RQH�VHFRQG

LQWHUYDOV�KDYH�D�ELW�HUURU�UDWLR�RI������RU�ZRUVH���

,W�LV�KDUG�WR�ILQG�UHIHUHQFHV�WR�SDFNHW�ORVV�WROHUDQFH��)RU�YRLFH�GLJLWL]HG�DW�D���NE�V
UDWH�DQG�SDFNHWL]HG��$70�FHOO�����E\WHV���HDFK�SDFNHW�FRUUHVSRQGV�WR���PV�RI�VSHHFK�
,Q����LW�LV�DVVXPHG�WKDW�D�PD[LPXP�ORVV�RI�WZR�SDFNHWV�RXW�RI�����FDQ�EH�WROHUDWHG
HYHQ�LQ�WKH�ZRUVW�FDVH��L�H���ZKHQ�WKH�WZR�SDFNHWV�DUH�FRQVHTXWLYH��,Q����D�HPXODWHG
,QWHUQHW�VWXG\�OHDG�WKH�ZULWHUV�WR�FRQFOXGH�WKDW�SDFNHW�ORVVHV�FDQ�EH�WROHUDWHG�XS�WR
�����

*LYHQ�WKH�FHOO�VL]H�RI����E\WHV��WKH�ELW�HUURU�UDWLRV�JLYHQ�HDUOLHU�FRUUHVSRQG�WR�FHOO
HUURU�UDWLRV��ZLWK�WKH�DVVXPSWLRQ�RI�LQGHSHQGHQW�ELW�HUURU�SUREDELOLWLHV��DV�SUHVHQWHG
LQ�7DEOH���

%(5 &(5
���� ������
���� ������
���� ������
���� ������

7DEOH���%LW�HUURU�UDWH�DQG�FHOO�HUURU�UDWH�FRUUHVSRQGDQFH

$V�ZLWK�WKH�7&3�VRXUFH�WKH�SKRQH�VRXUFH�LV�DOVR�PRGHOHG�LQ�D�IDLUO\�FRDUVH�ZD\��7KH
SDUWV�RI�WKH�VRXUFH�UHSUHVHQW�WKH�WZR�FDOOHUV��2QH�FDOOHU�³WDONV´�IRU�DQ�H[SRQHQWLDOO\
GLVWULEXWHG�WLPH�DIWHU�ZKLFK�WKHUH�LV�D�SDXVH�ZLWK�FRQVWDQW�OHQJWK�DIWHU�ZKLFK�WKH
RWKHU�FDOOHU�³WDONV´��7KH�OHQJWK�RI�WKH�FDOO�LV�H[SRQHQWLDOO\�GLVWULEXWHG�DV�LV�WKH�OHQJWK
RI�WKH�SDXVH�LQ�EHWZHHQ�FDOOV�

7KH�4R6�UHTXLUHPHQWV�LQ�WHUPV�RI�GHOD\�DQG�ORVW�SDFNHWV�DUH�D�FXUUHQWO\�UHVHDUFKHG
WRSLF��,Q�WKH�PRGHO�WKH�4R6�LV�VROHO\�GHWHUPLQHG�E\�WKH�UDWLR�RI�GHOLYHUHG�SDFNHWV�WR
WKH�VXP�RI�GHOLYHUHG�DQG�XQGHOLYHUHG�SDFNHWV�FDOFXODWHG�IURP����VHFRQG�ORQJ
LQWHUYDOV��,I�WKH�UDWLR�FDOFXODWHG�LV�ODUJHU�WKDQ�WKH�WROHUDQFH�YDOXH��ZLWK�D�FHUWDLQ
SUREDELOLW\�WKH�XVHU�UHDFWV��7KH�UHDFWLRQ�LV�HLWKHU�WKH�WHUPLQDWLRQ�RI�WKH�FDOO�RU
LQFUHDVH�RI�1%5��$V�ORQJ�DV�WKH�FDOO�LV�LQ�SURJUHVV�HDFK�LQVWDQFH�RI�QRQ�VDWLVIDFWRU\
4R6�LQFUHDVHV�WKH�SUREDELOLW\�RI�UHDFWLRQ��7KH�SUREDELOLW\�UHDFKHV�RQH�ZLWKLQ�FHUWDLQ
DPRXQW�RI�LQVWDQFHV��SDUDPHWHU�YDOXH��

�����������������������������������������������
���8QGHUVWDQGLQJ�7HOHFRPPXQLFDWLRQV����(ULFVVRQ��7HOLD
���'RPHQLFR�)HUUDUL��&OLHQW�5HTXLUHPHQWV�IRU�5HDO�7LPH�&RPPXQLFDWLRQ�6HUYLFHV�
,(((�&RPPXQLFDWLRQV�0DJD]LQH�1RY�����
���0DUNR�/XRPD��0DUNXV�3HXKNXUL��7RPL�<OHW\LQHQ��4XDOLW\�RI�VHUYLFH�IRU�,3�YRLFH
VHUYLFHV�±�LV�LW�QHFHVVDU\�"��9RLFH��9LGHR�	�'DWD�&RPPXQLFDWLRQV�µ��
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5HDO�WLPH�VRXUFH��9LGHR�SKRQH�
9LGHR�3KRQH�LV�D�UHDO�WLPH�DSSOLFDWLRQ�DQG�GLIIHUV�IURP�,3�SKRQH�E\�WKH�DPRXQW�RI
GDWD�WKDW�LV�WUDQVPLWWHG�DQG�E\�WKH�IDFW�WKDW�LQ�WKH�YLGHR�SKRQH�ERWK�FDOOHUV�WUDQVPLW
GDWD�FRQWLQXRXVO\��7KH�ELW�UDWH�FDQ�YDU\��,W�LV�FRPRQO\�JLYHQ�DV�PXOWLSOHV�RI����NESV�
5HDVRQDEOH�TXDOLW\�FDQ�EH�REWDLQHG�ZLWK��
���NESV�

7KH�4R6�UHTXLUHPHQWV�LQ�WHUPV�RI�GHOD\�DQG�ORVW�SDFNHWV�DUH�D�FXUUHQWO\�UHVHDUFKHG
WRSLF��$W�WKH�UDWH�RI�������FHOOV�V�WKH�FHOO�ORVV�UDWLR�EHWZHHQ�����������FRUUHVSRQGV�WR
0R6�TXDOLW\���������WR�TXDOLW\���DQG������WR�TXDOLW\�������3DFNHW�KDV�DYHUDJH�VL]H��
FHOOV�

0RPHQWDU\�ELW�UDWH�LV�QRW�PHDVXUHG��EXW�LV�DVVXPHG�FRQVWDQW�

,Q�WKH�PRGHO�WKH�4R6�LV�VROHO\�GHWHUPLQHG�E\�WKH�UDWLR�RI�GHOLYHUHG�SDFNHWV�WR�WKH
VXP�RI�GHOLYHUHG�DQG�XQGHOLYHUHG�SDFNHWV�FDOFXODWHG�IURP����VHFRQG�ORQJ�LQWHUYDOV��,I
WKH�UDWLR�FDOFXODWHG�LV�ODUJHU�WKDQ�WKH�WROHUDQFH�YDOXH��ZLWK�D�FHUWDLQ�SUREDELOLW\�WKH
XVHU�UHDFWV��7KH�UHDFWLRQ�LV�HLWKHU�WKH�WHUPLQDWLRQ�RI�WKH�FDOO�RU�LQFUHDVH�RI�1%5��$V
ORQJ�DV�WKH�FDOO�LV�LQ�SURJUHVV�HDFK�LQVWDQFH�RI�QRQ�VDWLVIDFWRU\�4R6�LQFUHDVHV�WKH
SUREDELOLW\�RI�UHDFWLRQ��7KH�SUREDELOLW\�UHDFKHV�RQH�ZLWKLQ�FHUWDLQ�DPRXQW�RI
LQVWDQFHV��SDUDPHWHU�YDOXH��

6LPXODWLRQV

'XSOLFDWLRQ�RI�DQ�HDUOLHU�UHVXOW
,Q�WKH�SDSHU�6LPSOH�,QWHJUDWHG�0HGLD�$FFHVV��6,0$��ZLWK�7&3�E\�.LONNL�DQG�5XXWX
SUHVHQWHG�LQ�WKH��WK�,1)2506�7HOHFRPPXQLFDWLRQV�&RQIHUHQFH��WKH�IROORZLQJ�UHVXOW�LV
JLYHQ�

7KH�FDSDFLW\�LV�GLYLGHG�EHWZHHQ���7&3�OLNH�VRXUFHV�WKDW�KDYH�GLIIHUHQW�1%5V��7KH
WKURXJKSXW�RI�D�7&3�OLNH�VRXUFH�LV�IRXQG�WR�EH�D�OLQHDU�IXQFWLRQ�RI�WKH�1%5�RI�WKH
VRXUFH��7KDW�LV�WR�VD\�WKDW�7&3�OLNH�VRXUFHV�GLYLGH�WKH�DYDLODEOH�FDSDFLW\�DFFRUGLQJ�WR
WKHLU�UHVSHFWLYH�1%5�YDOXHV�

7R�DVVXUH�WKH�YDOLGLW\�RI�WKH�DSSUR[LPDWLRQ�RI�WKH�6,0$�QRGH�DQG�7&3�FRQVWUXFWHG�IRU
WKHVH�VLPXODWLRQV�ZH�VKRXOG�DUULYH�DW�D�VLPLODU�UHVXOW��7KHVH�VLPXODWLRQV�ZHUH�UXQ
ZLWK�ILYH�7&3�OLNH�JUHHG\�VRXUFHV��1�%��7&3�OLNH�JUHHG\�VRXUFHV�DUH�RQO\�XVHG�LQ�WKLV
VLPXODWLRQ��DQG�RQH�6,0$�QRGH��7KH�FDSDFLW\�RI�WKH�6,0$�QRGH�KDG�YDOXHV�RI����
��������DQG�����DQG�WKH�PD[LPXP�WUDIILF�JHQHUDWHG�E\�D�VRXUFH�LQ�D�GLVFUHWL]DWLRQ
SHULRG�ZDV�����WKH�XQLW�KHUH�FRUUHVSRQGV�WR����E\WHV��

+DG�WKH�UHVXOWV�FRUUHVSRQGHG�H[DFWO\�WR�WKH�HDUOLHU�RQHV�WKH�YDOXHV�RI
UHFHLYHG�FDSDFLW\�1%5�VKRXOG�EH�FRQVWDQW�IRU�HDFK�VLPXODWLRQ��7KLV�QRW�TXLWH�WKH
FDVH��EXW�WKH�YDOXHV�GLG�QRW�YDU\�WRR�PXFK�

�����������������������������������������������
���+DQQD�0DLMD�.DUMDODLQHQ��9LGHRSDOYHOXQ�VXEMHNWLLYLQHQ�ODDWX�$70�YHUNRVVD�
'LSORPLW\|������
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even NBRs (Capacity 150)
NBR 50 50 50 50 50
transmitted 14087720 13554710 13549850 13548490 13547840
received 11165300 8007380 8024620 8006510 7979340
rec./trans. 0.792556 0.590745 0.592229 0.590952 0.588975
rec./cap./NBR 0.004135 0.002966 0.002972 0.002965 0.002955

uneven NBRs (Capacity 50)
NBR 200 100 50 25 12
transmitted 13394510 5741920 5700690 3651610 8589660
received 10190730 1394630 1401610 22690 1250770
rec./trans. 0.760814 0.242886 0.245867 0.006214 0.145613
rec./cap./NBR 0.002831 0.000775 0.001557 5.04E-05 0.005791

uneven NBRs (Capacity 100)
NBR 200 100 50 25 12
transmitted 17738260 10477970 6445830 6036410 8322940
received 17624970 2324130 2730200 2060770 3748050
rec./trans. 0.993613 0.221811 0.423561 0.34139 0.450328
rec./cap./NBR 0.002448 0.000646 0.001517 0.00229 0.008676

uneven NBRs (Capacity 150)
NBR 200 100 50 25 12
transmitted 17999870 15620240 12636310 7300080 6122940
received 17999870 8715640 8119640 2746640 1097180
rec./trans. 1 0.557971 0.642564 0.376248 0.179192
rec./cap./NBR 0.001667 0.001614 0.003007 0.002035 0.001693

uneven NBRs (Capacity 200)
NBR 200 100 50 25 12
transmitted 17999920 17999920 15718220 12639860 6668780
received 17999870 14129290 8955810 7460000 1931220
rec./trans. 0.999997 0.784964 0.569773 0.590196 0.289591
rec./cap./NBR 0.00125 0.001962 0.002488 0.004144 0.002235

7DEOH����7KH�FRPELQHG�UHVXOWV�RI�WKH�VLPXODWLRQ

2QH�GXSOH[�6,0$�QRGH

'HVFULSWLRQ
7KLV��QHDUO\��VLPSOHVW�SRVVLEOH�PRGHO�FRQVLVWV�RI�RQH�GXSOH[�6,0$�QRGH�DQG�D
QXPEHU�RI�ERWK�UHDO�WLPH�DQG�QRQ�UHDO�WLPH�VRXUFHV��7KH�IROORZLQJ�LV�D�VHW�RI
VLPXODWLRQV�ZLWK�IRXU�GLIIHUHQW�VRXUFH�FRQILJXUDWLRQV�DQG�WKUHH�GLIIHUHQW�VWDJHV�RI
UHDFWLRQ�

7KH�QXPEHU�RI�VRXUFHV�ZDV�FKRVHQ�VR�WKDW�WKHLU�FRPELQHG�DYHUDJH�UDWHV��ZKHQ�RQ�
FRUUHVSRQGHG�WR��������RU���WLPHV�WKH�FDSDFLW\�RI�WKH�6,0$�QRGH�
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7DEOH���$YHUDJH�WUDIILF�RI�FRQILJXUDWLRQV

7KH�FDSDFLW\�RI�WKH�QRGH�KDG�WKH�GHIDXOW�YDOXH�RI����FHOOV�',��$�YLGHR�VRXUFH�WKDW�LV
RQ�SURGXFHV����FHOOV�',��,3�SKRQH���FHOOV�',�DQG�D�7&3�VRXUFH�RQ�WKH�DYHUDJH����
DQG�DW�PD[LPXP�����WKH�DFWXDO�UDWH�LV�GHSHQGHQW�RQ�WKH�DYDLODEOH�FDSDFLW\��

7KH�SXUSRVH�RI�WKHVH�VLPXODWLRQV�LV�WR�ILQG�RXW�WKH�QDWXUH�RI�WKH�WUDIILF�XQGHU
GLIIHUHQW�ORDGV��7DEOH���SUHVHQWV�WKH�XVHUV�GHILQHG�E\�WKHLU�SDUDPHWHUV��7KH
VLPXODWHG�WLPH�ZDV���KRXU��WKH�UHVXOWV�ZHUH�UHFRUGHG�DIWHU�DQ�LQLWLDO�SHULRG�RI���
PLQXWHV��VR�WKDW�WKH�SHULRG�ZKHUH�DOO�WKH�UHDO�WLPH�VRXUFHV�KDYH�WKHLU�LQLWLDO�EUHDN�LV
H[FOXGHG�

:::�XVHU�7&3�
1%5

� �
� ��
� ��

,3�SKRQH
1%5 3ULRULW\

� � �
� � �

9LGHR�SKRQH
1%5 3ULRULW\

� �� �
� �� �

7DEOH���8VHUV�GHILQHG�E\�SDUDPHWHUV

(DFK�FRQILJXUDWLRQ�ZDV�UXQ�ZLWK�WKH�WKUHH�VHWWLQJV
$� QR�VRXUFH�DGMXVWHG�WUDIILF�IORZ
%� WKH�RQO\�UHDFWLRQ�PRGHO�ZDV�WR�EUHDN�WUDQVPLVVLRQ
&� IRU�UHDO�WLPH���KLJK�1%5�XVHUV�WKH�UHDFWLRQ�LV�WR�EX\�PRUH��GRXEOH��1%5�
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$
:::�XVHU�7&3�
4R6�FRQWURO

� �
� �
� �

,3�SKRQH
4XDOLW\�SDUDPHWHU

� ���

� ���

9LGHR�SKRQH
4XDOLW\�SDUDPHWHU

� ���

� ���

7DEOH���4XDOLW\�FRQWURO�SDUDPHWHUV�IRU�VHWWLQJ�$

%
:::�XVHU�7&3�
4R6�FRQWURO &RQVWDQW &RQVWDQW���WLPHV 'HOD\�OLPLW

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

,3�SKRQH
4XDOLW\�3� :��EX\�1%5 4R6�UDWLR $FWLRQ

� ��� � ���� EUHDN
� �� � ���� EUHDN

9LGHR�SKRQH
4XDOLW\�3� :��EX\�1%5 4R6�UDWLR $FWLRQ

� ��� � ���� EUHDN
� �� � ���� EUHDN

7DEOH���4XDOLW\�FRQWURO�SDUDPHWHUV�IRU�VHWWLQJ�%
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&
:::�XVHU�7&3�
4R6�FRQWURO &RQVWDQW &RQVWDQW���WLPHV 'HOD\�OLPLW

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

,3�SKRQH
4XDOLW\�3� :��EX\�1%5 4R6�UDWLR $FWLRQ

� ��� � ���� EUHDN
� �� ���� ���� EX\�1%5

9LGHR�SKRQH
4XDOLW\�3� :��EX\�1%5 4R6�UDWLR $FWLRQ

� ��� � ���� EUHDN
� �� ���� ���� EX\�1%5

7DEOH���4XDOLW\�FRQWURO�SDUDPHWHUV�IRU�VHWWLQJ�&

&RQILJXUDWLRQ��
2QH�,3�SKRQH�FRQQHFWLRQ��GXSOH[��ZLWK�1%5���DQG�IRU�HDFK�GLUHFWLRQ���7&3
FRQQHFWLRQV�ZLWK�1%5V�WZR�RI�HDFK�1%5�������DQG����

)LJXUH����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�FRQILJXUDWLRQ��

$��QR�VRXUFH�DGMXVWHG�WUDIILF�IORZ

:::�XVHU�7&3�
1%5 � � � � � �

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

7DEOH����7KH�SULRULWLHV�UHFHLYHG�E\�:::�VRXUFHV��DV�SHUFHQWDJH�RI�LQVWDQWV�

,3�SKRQH
1%5 3ULRULW\ 4R6�UDWLR

� � � ���������

7DEOH����4R6�UDWLRV�IRU�WKH�UHDO�WLPH�VRXUFHV

/RDG�H[FHHGHG�WKH�FDSDFLW\�DW�RQH�RI�WKH�QRGHV�LQ������LQVWDQFHV�
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7DEOH����3ULRULW\�OLPLW�GLVWULEXWLRQ

%��7KH�RQO\�UHDFWLRQ�PRGHO�ZDV�WR�EUHDN�WUDQVPLVVLRQ

:::�XVHU�7&3�
1%5 � � � � � �

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

7DEOH����7KH�SULRULWLHV�UHFHLYHG�E\�:::�VRXUFHV��DV�SHUFHQWDJH�RI�LQVWDQWV�

,3�SKRQH
1%5 3ULRULW\ 4R6�UDWLR ,QWHUUXSW

� � � ��������� QRQH

7DEOH����4R6�UDWLRV�IRU�WKH�UHDO�WLPH�VRXUFHV

/RDG�H[FHHGHG�WKH�FDSDFLW\�DW�RQH�RI�WKH�QRGHV�LQ������LQVWDQFHV�

� � � � � �
��� ��� ��� ��� ���� ���

7DEOH����3ULRULW\�OLPLW�GLVWULEXWLRQ

&��)RU�UHDO�WLPH��KLJK�1%5�XVHUV�WKH�SULPDU\�UHDFWLRQ�LV�WR�EX\�PRUH�1%5

%HFDXVH�WKHUH�ZHUH�QR�LQWHUUXSWLRQV��UHVXOWV�DUH�WKH�VDPH�DV�IRU�%�

&RQILJXUDWLRQ��
2QH�YLGHR�SKRQH�FRQQHFWLRQ��GXSOH[��ZLWK�1%5�����7ZR�,3�SKRQH�FRQQHFWLRQV
�GXSOH[��ZLWK�1%5V���DQG���UHVSHFWLYHO\�DQG�IRU�HDFK�GLUHFWLRQ���7&3�FRQQHFWLRQV
ZLWK�1%5V�������DQG����

)LJXUH����$�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�FRQILJXUDWLRQ��
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$��QR�VRXUFH�DGMXVWHG�WUDIILF�IORZ

:::�XVHU�7&3�
1%5 � � � � � �

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

7DEOH����7KH�SULRULWLHV�UHFHLYHG�E\�:::�VRXUFHV��DV�SHUFHQWDJH�RI�LQVWDQWV�

,3�SKRQH
1%5 3ULRULW\ 4R6�UDWLR

� � � ���������
� � � ���������

9LGHR�SKRQH
1%5 3ULRULW\ 4R6�UDWLR

� �� � �QR�YDOXHV�

7DEOH����4R6�UDWLRV�IRU�WKH�UHDO�WLPH�VRXUFHV

/RDG�H[FHHGHG�WKH�FDSDFLW\�DW�RQH�RI�WKH�QRGHV�LQ������LQVWDQFHV�

� � � � � �
��� ��� ��� ���� ���� ���

7DEOH����3ULRULW\�OLPLW�GLVWULEXWLRQ

%��7KH�RQO\�UHDFWLRQ�PRGHO�ZDV�WR�EUHDN�WUDQVPLVVLRQ

:::�XVHU�7&3�
1%5 � � � � � �

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

7DEOH����7KH�SULRULWLHV�UHFHLYHG�E\�:::�VRXUFHV��DV�SHUFHQWDJH�RI�LQVWDQWV�

,3�SKRQH
1%5 3ULRULW\ 4R6�UDWLR ,QWHUUXSW

� � � �������� QRQH
� � � �������� QRQH

9LGHR�SKRQH
1%5 3ULRULW\ 4R6�UDWLR ,QWHUUXSW

� �� � ��������� �

7DEOH����4R6�UDWLRV�IRU�WKH�UHDO�WLPH�VRXUFHV

/RDG�H[FHHGHG�WKH�FDSDFLW\�DW�RQH�RI�WKH�QRGHV�LQ������LQVWDQFHV�
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��� ��� ��� ���� ���� ���

7DEOH����3ULRULW\�OLPLW�GLVWULEXWLRQ

&��)RU�UHDO�WLPH��KLJK�1%5�XVHUV�WKH�SULPDU\�UHDFWLRQ�LV�WR�EX\�PRUH�1%5

6LQFH�QRQH�RI�WKH�LQWHUUXSWLRQV�ZHUH�FKDQJHG�WR�EX\V��WKH�UHVXOWV�DUH�DV�IRU�%�

&RQILJXUDWLRQ��
7ZR�YLGHR�SKRQH�FRQQHFWLRQV��GXSOH[��ZLWK�1%5����DQG�����IRXU�,3�SKRQH
FRQQHFWLRQV��GXSOH[��ZLWK�1%5V���DQG���DQG�IRU�HDFK�GLUHFWLRQ����7&3�FRQQHFWLRQV
ZLWK�1%5V�������DQG����

)LJXUH����$�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�FRQILJXUDWLRQ��

$��QR�VRXUFH�DGMXVWHG�WUDIILF�IORZ

:::�XVHU�7&3�
1%5 � � � � � �

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

7DEOH����7KH�SULRULWLHV�UHFHLYHG�E\�:::�VRXUFHV��DV�SHUFHQWDJH�RI�LQVWDQWV�

,3�SKRQH
1%5 3ULRULW\ 4R6�UDWLR

� � � ��������
� � � ��������

9LGHR�SKRQH
1%5 3ULRULW\ 4R6�UDWLR

� �� � ��������
� �� � ��������

7DEOH����4R6�UDWLRV�IRU�WKH�UHDO�WLPH�VRXUFHV

/RDG�H[FHHGHG�WKH�FDSDFLW\�DW�RQH�RI�WKH�QRGHV�LQ�������LQVWDQFHV�

� � � � � �
��� ��� ��� ���� ���� ���

7DEOH����3ULRULW\�OLPLW�GLVWULEXWLRQ
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%��7KH�RQO\�UHDFWLRQ�PRGHO�ZDV�WR�EUHDN�WUDQVPLVVLRQ

:::�XVHU�7&3�
1%5 � � � � � �

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

7DEOH����7KH�SULRULWLHV�UHFHLYHG�E\�:::�VRXUFHV��DV�SHUFHQWDJH�RI�LQVWDQWV�

,3�SKRQH
1%5 3ULRULW\ 4R6�UDWLR ,QWHUUXSW

� � � �������� �
� � � �������� QRQH

9LGHR�SKRQH
1%5 3ULRULW\ 4R6�UDWLR

� �� � �������� �
� �� � ��������� �

7DEOH����4R6�UDWLRV�IRU�WKH�UHDO�WLPH�VRXUFHV

/RDG�H[FHHGHG�WKH�FDSDFLW\�DW�RQH�RI�WKH�QRGHV�LQ�������LQVWDQFHV�

� � � � � �
��� ��� ��� ���� ���� ���

7DEOH����3ULRULW\�OLPLW�GLVWULEXWLRQ

&��)RU�UHDO�WLPH��KLJK�1%5�XVHUV�WKH�SULPDU\�UHDFWLRQ�LV�WR�EX\�PRUH�1%5

6LQFH�QRQH�RI�WKH�LQWHUUXSWLRQV�ZHUH�FKDQJHG�WR�EX\V��WKH�UHVXOWV�DUH�DV�IRU�%�

&RQILJXUDWLRQ��
)RXU�YLGHR�SKRQH�FRQQHFWLRQV��GXSOH[��ZLWK�1%5����DQG�����HLJKW�,3�SKRQH
FRQQHFWLRQV��GXSOH[��ZLWK�1%5V���DQG���DQG�IRU�HDFK�GLUHFWLRQ����7&3�FRQQHFWLRQV
ZLWK�1%5V�������DQG����

)LJXUH����$�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�FRQILJXUDWLRQ��
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$��QR�VRXUFH�DGMXVWHG�WUDIILF�IORZ

:::�XVHU�7&3�
1%5 � � � � � �

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

7DEOH����7KH�SULRULWLHV�UHFHLYHG�E\�:::�VRXUFHV��DV�SHUFHQWDJH�RI�LQVWDQWV�

,3�SKRQH
1%5 3ULRULW\ 4R6�UDWLR

� � � ��������
� � � ���������

9LGHR�SKRQH
1%5 3ULRULW\ 4R6�UDWLR

� �� � ���������
� �� � �������

7DEOH����4R6�UDWLRV�IRU�WKH�UHDO�WLPH�VRXUFHV

/RDG�H[FHHGHG�WKH�FDSDFLW\�DW�RQH�RI�WKH�QRGHV�LQ�������LQVWDQFHV�

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

7DEOH����3ULRULW\�OLPLW�GLVWULEXWLRQ

%��7KH�RQO\�UHDFWLRQ�PRGHO�ZDV�WR�EUHDN�WUDQVPLVVLRQ

:::�XVHU�7&3�
1%5 � � � � � �

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

7DEOH����7KH�SULRULWLHV�UHFHLYHG�E\�:::�VRXUFHV��DV�SHUFHQWDJH�RI�LQVWDQWV�

,3�SKRQH
1%5 3ULRULW\ 4R6�UDWLR ,QWHUUXSW

� � � ��±����� QRQH
� � � ��±����� �

9LGHR�SKRQH
1%5 3ULRULW\ 4R6�UDWLR ,QWHUUXSW

� �� � ��±����� �
� �� � ��±����� �

7DEOH����4R6�UDWLRV�IRU�WKH�UHDO�WLPH�VRXUFHV
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� � � � � �
��� ��� ��� ���� ���� ���

7DEOH����3ULRULW\�OLPLW�GLVWULEXWLRQ

&��)RU�UHDO�WLPH��KLJK�1%5�XVHUV�WKH�SULPDU\�UHDFWLRQ�LV�WR�EX\�PRUH�1%5

7KLV�VLPXODWLRQ�FRXOG�QRW�EH�UXQ�GXH�WR�LQVXIILFLHQW�PHPRU\�

&RQFOXVLRQV�GUDZQ�IURP�WKH�UHVXOWV

7KH�&�VHWWLQJ�ZDV�WKH�RQH�RI�JUHDWHVW�LQWHUHVW�DQG�LW�ZDV�QHYHU�VLPXODWHG�GXH�WR
HLWKHU�ODFN�RI�WUDIILF�RU�ODFN�RI�FRPSXWHU�PHPRU\�

One duplex SIMA node – 48 sources

'HVFULSWLRQ
6LQFH�LQ�WKH�SUHYLRXV�UHVXOWV�WKHUH�ZHUH�UDWKHU�IHZ�LQWHUUXSWLRQV�WKH�TXHVWLRQ�RI�WKH
LQIOXHQFH�RI�WKH�XVHUV�UHDFWLRQV�RQ�WKH�V\VWHP¶V�IXQFWLRQV�GLG�QRW�EHFRPH�FOHDU��%RWK
SRVVLEOH�DOWHUDWLRQV�WR�LQGXFH�PRUH�LQVDWLVIDFWLRQ�RI�4R6�ZHUH�XVHG�LQ�WKH�IROORZLQJ
VLPXODWLRQV�±�PRUH�WUDIILF�VRXUFHV�DQG�WLJKWHU�4R6�SDUDPHWHUV�

'XH�WR�FRPSXWHU�PHPRU\�FDSDFLW\�SUREOHPV�WKH�VLPXODWHG�WLPH�KDG�WR�EH�VKRUWHQHG
WR����PLQXWHV�

7KHUH�ZHUH�VL[�W\SHV�RI�WUDIILF�VRXUFHV�����7&3�VRXUFHV�ZLWK�ORZHU�1%5�DQG����ZLWK
KLJKHU�ERWK�GLUHFWLRQV����SKRQH�VRXUFHV�ZLWK�ORZHU�1%5�DQG�TXDOLW\�UHTXLUHPHQWV�DQG
��ZLWK�KLJKHU�DQG���YLGHR�SKRQH�VRXUFHV�ZLWK�ORZHU�1%5�DQG�TXDOLW\�UHTXLUHPHQWV
DQG���ZLWK�KLJKHU�

)LJXUH����$�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�FRQILJXUDWLRQ
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:::�XVHU�7&3�
1%5

� �
� ��

,3�SKRQH
1%5 3ULRULW\

� � �
� � �

9LGHR�SKRQH
1%5 3ULRULW\

� �� �
� �� �

7DEOH����8VHUV�GHILQHG�E\�SDUDPHWHUV

7KHUH�ZHUH�WZR�VLPXODWLRQV��RQH�ZLWK�QR�TXDOLW\�FRQWURO��$��DQG�RQH�ZLWK�TXDOLW\
FRQWURO��%���%RWK�VLPXODWLRQV�ZHUH�UXQ�ZLWK�WKUHH�GLIIHUHQW�UDQGRP�VHHGV��7KH�UHDO�
WLPH�VRXUFHV�ZLWK�ORZHU�TXDOLW\�H[SHFWDWLRQV�UHVSRQGHG�RQO\�E\�WHUPLQDWLRQ�ZKHUHDV
WKH�VRXUFHV�ZLWK�KLJKHU�TXDOLW\�UHTXLUHPHQWV�ERXJKW�PRUH�1%5�ZLWK�WKH�SUREDELOLW\
����DQG�WHUPLQDWHG�WKH�FRQQHFWLRQ�ZLWK�SUREDELOLW\�����

$
:::�XVHU�7&3�
4R6�FRQWURO

� �
� �
� �

,3�SKRQH
4XDOLW\�SDUDPHWHU

� ���

� ���

9LGHR�SKRQH
4XDOLW\�SDUDPHWHU

� ���

� ���

7DEOH����4XDOLW\�FRQWURO�SDUDPHWHUV�IRU�$�VLPXODWLRQV
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%
:::�XVHU�7&3�
4R6�FRQWURO &RQVWDQW &RQVWDQW�±�WLPHV 'HOD\�OLPLW

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

,3�SKRQH
4XDOLW\�3� :��EX\�1%5 4R6�UDWLR $FWLRQ

� �� � ���� EUHDN
� �� ��� ���� EUHDN�EX\

9LGHR�SKRQH
4XDOLW\�3� :��EX\�1%5 4R6�UDWLR $FWLRQ

� �� � ���� EUHDN
� �� ��� ���� EUHDN�EX\

7DEOH����4XDOLW\�FRQWURO�SDUDPHWHUV�IRU�%�VLPXODWLRQV

7KH�SUREHV�UHFRUGHG�WKH�WKURXJKSXW�SHU�VRXUFH�W\SH��ORDG�GLVWULEXWLRQ��GLVWULEXWLRQ�RI
WKH�SULRULW\�OLPLW�LQ�WKH�6,0$�QRGH�DQG�WKH�SULRULW\�GLVWULEXWLRQV�IRU�WUDIILF�WKDW�DUULYHG
DW�WKH�6,0$�QRGH�DQG�WUDIILF�WKDW�SDVVHG�WKH�6,0$�QRGH�

%X\V�DQG�%UHDNV

7KH�ODFN�RI�XVHU�LQIOXHQFH�LQ�SUHYLRXV�VLPXODWLRQV�ZDV�HYLGHQW�DOVR�QRZ��ZLWK�PRUH
WUDIILF�DQG�KLJKHU�TXDOLW\�VWDQGDUGV��7KH�FRPELQHG�XVHU�UHDFWLRQV�LQ�WKH�%�VLPXODWLRQV
DUH�DV�IROORZV�LQ�7DEOH����

%� %� %�
SKRQH�ORZ�±�EUHDN���� �� �� ��
SKRQH�KLJK�±�EUHDN���� � � �
SKRQH�KLJK�±�EX\���� � � �
YLGHR�ORZ�±�EUHDN���� � � �
YLGHR�KLJK�±�EUHDN���� � � �
YLGHR�KLJK�±�EX\���� � � �

7DEOH����8VHU�UHDFWLRQV�LQ�VLPXODWLRQV�%���%��DQG�%�

$V�WKH�GLIIHUHQFHV�EHWZHHQ�$�DQG�%�VLPXODWLRQV�WHQG�WR�EH�VPDOO��RQH�ZRXOG�EH
WHPSWHG�WR�ZLVK�IRU�D�PRUH�VLJQLILFDQW�QXPEHU�RI�XVHU�UHDFWLRQV��$GGLWLRQDO�ZRUN�LQ
ILQGLQJ�DQ�LQWHUHVWLQJ�QXPEHU�FRXOG�KDYH�EHHQ�GRQH��,W�LV��KRZHYHU��QHFHVVDU\�WR
UHPHPEHU�WKH�FRQQHFWLRQ�WR�UHDOLW\��ZRXOG�D�UHDO�WLPH�DSSOLFDWLRQ�XVHU�DFWXDOO\�WU\�WR
PDNH�IXUWKHU�FRQQHFWLRQV�ZLWKLQ�DQ�KRXU�LI�VKH�KDG�WHUPLQDWHG�WZLFH�EHFDXVH�RI
LQVDWLVIDFWRU\�TXDOLW\�RI�VHUYLFH"



��

7KURXJKSXW�SHU�VRXUFH�W\SH

,QIRUPDWLRQ�RI�LQGLYLGXDO�WUDIILF�VRXUFHV�ZDV�QRW�H[DPLQHG��EXW�JURXSV�FRPSRVHG�RI
WKH�VL[�GLIIHUHQW�VRXUFHV��4XHVWLRQV�RI�LQWHUHVW�DUH�WKH�GLIIHUHQFHV�LQ�WKURXJKSXW
EHWZHHQ�WKH�ORZ�KLJK�TXDOLW\�VRXUFHV�DQG�WKH�GLIIHUHQFH�EHWZHHQ�$�DQG�%
VLPXODWLRQV�

7ZR�GLIIHUHQW�WKURXJKSXWV�ZHUH�FDOFXODWHG��2QH�LV�WKH�UDWLR�RI�UHFHLYHG�E\WHV�WR
WUDQVPLWWHG�E\WHV�DQG�WKH�RWKHU�WKH�UDWLR�RI�UHFHLYHG�E\WHV�RI�D�JURXS�WR�DOO�UHFHLYHG
E\WHV�

&RQVLVWHQWO\��WKH�FDVH�RI�YLGHR���LQ�VLPXODWLRQ���DQG���LV�FDXVHG�E\�D�VPDOO�DPRXQW�RI
WUDIILF��WKH�VRXUFHV�ZLWK�KLJKHU�1%5�KDG�D�KLJKHU�WKURXJKSXW�

7KH�GLIIHUHQFHV�EHWZHHQ�$�DQG�%�VLPXODWLRQ�ZHUH�YHU\�VPDOO�DQG�QRW�FRQVLVWHQW�

A1 tcp 1 tcp 2 phone 1 phone 2 video 1 video 2
% of transmitted 0.146278 0.210599 0.136609 0.154396 0.215601 0.136518
throughput 0.678894 0.749854 0.924349 0.965011 0.692175 0.966906

0.356877 0.643123
B1 tcp 1 tcp 2 phone 1 phone 2 video 1 video 2

% of transmitted 0.153294 0.204901 0.154271 0.176257 0.209819 0.101458
throughput 0.717673 0.763302 0.93833 0.970558 0.938742 0.974161

0.358195 0.641805
A2 tcp 1 tcp 2 phone 1 phone 2 video 1 video 2

% of transmitted 0.150991 0.180872 0.111684 0.120012 0.237911 0.19853
throughput 0.633182 0.74378 0.913449 0.964029 0.917158 0.965736

0.331863 0.668137
B2 tcp 1 tcp 2 phone 1 phone 2 video 1 video 2

% of transmitted 0.153224 0.191353 0.115704 0.135285 0.17229 0.232145
throughput 0.667522 0.747025 0.928123 0.970979 0.929864 0.974672

0.344576 0.655424
A3 tcp 1 tcp 2 phone 1 phone 2 video 1 video 2

% of transmitted 0.219685 0.207388 0.155929 0.140857 0.119394 0.156748
throughput 0.700217 0.808438 0.922671 0.962627 0.930251 0.963661

0.427072 0.572928
B3 tcp 1 tcp 2 phone 1 phone 2 video 1 video 2

% of transmitted 0.21143 0.213123 0.154541 0.165246 0.072228 0.183432
throughput 0.710988 0.814539 0.932398 0.972548 0.942564 0.971179

0.424553 0.575447

7DEOH����7KURXJKSXW�RI�WKH�VRXUFH�JURXSV
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/RDG�GLVWULEXWLRQ

)RU�HDFK�WLPH�LQWHUYDO�WKH�LQFRPLQJ�WUDIILF�ZDV�PHDVXUHG�DQG�JDWKHUHG�LQ�D
KLVWRJUDP��$GGLWLRQDOO\�WKH�QXPEHU�RI�WLPH�XQLWV��RXW�RI���������ZKHQ�ORDG�ZDV��
ZDV�UHFRUGHG�

6LPXODWLRQ
$� ����
%� ����
$� ���
%� ���
$� ����
%� ����

7DEOH����1XPEHU�RI�QR�ORDG�WLPH�LQVWDQFHV

/RDG�GLVWULEXWLRQV�IRU�DOO�WKH�VLPXODWLRQV�KDG�WZR�SHHNV��$W�PRVW�RI�WKH�WLPH�LQVWDQFHV
WKH�ORDG�ZDV�ORZHU�WKDQ�WKH�FDSDFLW\�OLPLW��RI������,Q�DGGLWLRQ�WR�D�VLJQLILFDQW�SHHN�LQ
WKLV�LQWHUYDO�WKHUH�ZDV�D�ORZHU�SHHN�VOLJKWO\�DERYH�WKH�FDSDFLW\�OLPLW�

)LJXUH����$�FKDUW�RI�WKH�ORDG�GLVWULEXWLRQV�RI�WZR�UHVSHFWLYH�VLPXODWLRQV

7KH�RQH�FRQVLVWHQW�GLIIHUHQFH�EHWZHHQ�$�DQG�%�VLPXODWLRQV�ZDV�WKDW�IRU�%�VLPXODWLRQV
WKH�QXPEHU�RI�WLPH�LQVWDQFHV�ZKHUH�ORDG�ZDV�ORZHU�WKDQ�FDSDFLW\�ZDV�VOLJKWO\�KLJKHU�
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3ULRULW\�GLVWULEXWLRQV�IRU�WUDIILF�WKDW�DUULYHG�DW�WKH�6,0$�QRGH�DQG
WUDIILF�WKDW�SDVVHG�WKH�6,0$�QRGH�

$V�FRXOG�EH�H[SHFWHG�WKH�SURSRUWLRQ�RI�ORZHU�SULRULW\�WUDIILF�LV�VOLJKWO\�ORZHU�IRU�WKH
RXWJRLQJ�WUDIILF�VLQFH�WKH�WUDIILF�WKDW�H[FHHGV�FDSDFLW\�ZLOO�QHFHVVDULO\�KDYH�D�ORZ
SULRULW\��7KH�GLIIHUHQFH�EHWZHHQ�$�DQG�%�VLPXODWLRQV�LV�QHJOLJLEOH�

)LJXUH����&KDUW�RI�VLPXODWLRQ�UHVXOWV

)LJXUH����&KDUW�RI�VLPXODWLRQ�UHVXOWV

'LVWULEXWLRQ�RI�WKH�SULRULW\�OLPLW�LQ�WKH�6,0$�QRGH

7KH�SULRULW\�OLPLW�LQ�WKH�VLPXODWLRQ�ZDV�GHILQHG�VR�WKDW�LQ�D�WLPH�LQWHUYDO�WKHUH�FRXOG
EH�SDFNHWV�ZLWK�WKH�OLPLW�SULRULW\�DQG�VRPH�ZRXOG�EH�SDVVHG�DQG�RWKHUV�GLVFDUGHG�

,Q�WKH�VLPXODWLRQV�DOO�WKH�SULRULWLHV�ZHUH�OLPLWV�DW�VRPH�WLPH��EXW�IRU�WKH�PDMRULW\�RI
WLPH�WKH�SULRULW\�OLPLW�ZDV����3ULRULW\���ZDV�UDWKHU�FRPPRQ��UHSUHVHQWLQJ�KDOI�RI�WKH
UHDO�WLPH�VRXUFHV�
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7KH�GLIIHUHQFH�EHWZHHQ�$�DQG�%�VLPXODWLRQV�ZDV�DJDLQ�VPDOO�

)LJXUH���3ULRULW\�OLPLW�GLVWULEXWLRQ

&RQFOXVLRQV�GUDZQ�IURP�WKH�UHVXOWV
,W�LV�FOHDU�WKDW�ZLWK�WKLV�UDWKHU�ORZ�QXPEHU�RI�VRXUFHV�DQG�D�VKRUW�VLPXODWHG�WLPH�LW�LV
KDUG�WR�ILQG�UHVXOW�WKDW�LV�FOHDU��%XW�WKH�SUHVHQWHG�UHVXOWV�JLYH�YHU\�OLWWOH�HYLGHQFH�RI
VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�PRGHO�ZLWK�XVHU�UHDFWLRQ�DQG�WKH�RQH�ZLWKRXW�

Conclusions and suggestions for further work

7KH�VLPXODWLRQ�UHVXOWV�VKRZHG�WKDW�D�GLVFUHWH�WLPH�DSSUR[LPDWLRQ�RI�6,0$�FDQ�ZRUN�
+RZHYHU��WKLV�OHYHO�RI�WUDIILF�DQG�VLPXODWHG�WLPH�QR�UHDO�GLIIHUHQFH�EHWZHHQ�PRGHOV
ZLWK�XVHU�UHDFWLRQV�DQG�ZLWKRXW�XVHU�UHDFWLRQV�FRXOG�EH�GHWHFWHG�

7KH�VLPXODWLRQV�SUHVHQWHG�LQ�WKLV�UHSRUW�ZHUH�SHUIRUPHG�ZLWK�WKH�SURJUDP�SDFNDJH
%21H6�'(6,*1(5��7KLV�SURJUDP�VHWV�OLPLWV�WR�WKH�FRPSOH[LW\�RI�WKH�PRGHOV��DV�WKH
VLPXODWLRQ�WLPH�JURZV�FRQVLGHUDEO\�DV�PRUH�SLHFHV�DUH�DGGHG�WR�WKH�PRGHO��$OVR
PHPRU\�DOORFDWLRQ�EHFDPH�D�SUREOHP�IRU�WKH�ODUJHU�FRQILJXUDWLRQV��7KHUH�LV�QR�KRSH
LQ�FRQVWUXFWLQJ�D�FRQILJXUDWLRQ�ZLWK�PRUH�6,0$�QRGHV�DQG�RU�VRXUFHV�ZLWK�WKLV
SURJUDP��FRPSXWHU�IDFLOLWLHV�DQG�PRGHO�

$IWHU�WKH�DQDO\VLV�RI�WKH�VLPSOH�FDVH�RI�RQH�6,0$�QRGH�LV�FRPSOHWHG�LW�ZRXOG�EH
QHFHVVDU\�WR�SURFHHG�WR�VPDOO�QHWZRUNV��7KHVH�ZRXOG�H[KLELW�WKH�SURSHUWLHV�RI�WUDIILF
WKDW�KDV�SDVVHG�PXOWLSOH�6,0$�QRGHV��,Q�RUGHU�WR�DFFRPSOLVK�WKLV�WKH�SUHVHQW�PRGHO
ZRXOG�QHHG�IXUWKHU�VLPSOLILFDWLRQ�RU�D�PRUH�HIILFLHQW�IRUPXODWLRQ�

7R�EHWWHU�PRGHO�WKH�XVHUV�PRUH�LQIRUPDWLRQ�DERXW�WKH�4R6�RI�UHDO�WLPH�DSSOLFDWLRQV
ZRXOG�KDYH�WR�EH�LQFRUSRUDWHG�LQWR�WKH�PRGHO��:LWK�VXFK�LQIRUPDWLRQ�RQH�FRXOG�DOVR
GHILQH�XWLOLW\�IXQFWLRQV�ZKLFK�FRXOG�WKHQ�UHSUHVHQW�YDULRXV�NLQGV�RI�FRQVXPHUV�
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'RFXPHQWDWLRQ�RI�WKH�VLPXODWLRQ�PRGHO

*HQHUDO
'LVFUHWL]DWLRQ�LQWHUYDO��',������PV
&HOO��$SSUR[LPDWHV�$70�FHOO�±����E\WHV
7&3�SDFNHW��LQ�UHDOLW\�KDV�D�UDQJH�RI�VL]HV��+HUH�KDV��IRU�WKH�SXUSRVHV�RI�WKH
WUDQVPLVVLRQ�ZLQGRZ��WKH�FRQVWDQW�VL]H�RI�����E\WHV�����FHOOV
6,0$�SDFNHW��'DWD�VWUXFWXUH�WKDW�FRUUHVSRQGV�WR�WKH�WUDQVPLVVLRQ�RI�RQH�VRXUFH
GXULQJ�D�',

• *URXS��LQWHJHU�
• 6RXUFH��LQWHJHU�
• 3ULRULW\��LQWHJHU�
• 1%5��UHDO�
• 'HVWLQDWLRQ��LQWHJHU�
• 3DVVHG��ELQDU\�
• 6L]H��LQWHJHU���QXPEHU�RI�FHOOV
• 1RQ�UHDO�WLPH��ELQDU\����IRU�QRQ�UHDO�WLPH����IRU�UHDO�WLPH�
• 'HOD\��UHDO�

6,0$�QRGH��6�QRGH�,,�
3DUDPHWHUV

0D[LPXP�4XHXH�6L]H��LQWHJHU�
0D[LPXP�QXPEHU�RI�SDFNHWV�LQ�D�TXHXH��'HIDXOW�����

&DSDFLW\�±�LQLW��LQWHJHU�
&DSDFLW\�DW�WKH�EHJLQQLQJ�RI�WKH�',��7KH�QXPEHU�RI�FHOOV���',���0ESV
±�������0%36�±���������0ESV�±�������GHIDXOW���

&DSDFLW\��PHPRU\��LQWHJHU�
UHPDLQLQJ�FDSDFLW\�LQ�',

OLPLW��PHPRU\��LQWHJHU�
WKH�ORZHVW�SULRULW\�DFFHSWHG�LQ�',��LQLWLDOL]DWLRQ�YDOXH��

EXIIHU�VL]H��LQWHJHU�
XVHG�LQ�WKH�OLQHDU�WUDQVIRUPDWLRQ�RI�SULRULW\�OLPLW�WR�GHOD\��GHIDXOW��
0E\WH��������

,QSXW�SRUWV
&OHDU��WULJJHU�

%HJLQV�WKH�RXWSXW�RI�WKH�QRGH
,QFRPLQJ��6,0$�SDFNHW�

2XWSXW�SRUWV
2XWSXW��6,0$�SDFNHW�
RQZDUGV��WULJJHU�

VLJQDOV�WKH�HQG�RI�WKH�RXWSXW�RI�WKH�QRGH
'HVFULSWLRQ

,QFRPLQJ�SDFNHWV�DUH�VHSDUDWHG�EDVHG�RQ�WKHLU�SDVVHG�YDOXH�
,QFRPLQJ�SDFNHWV�WKDW�KDYH�SDVVHG�YDOXH�RI���DUH�SODFHG�LQ�D�3ULRULW\�),)2
4XHXH��3DFNHWV�ZLWK�WKH�SDVVHG�YDOXH���DUH�SODFHG�WR�D�6LPSOH�),)2
4XHXH����
$IWHU�WKH�&OHDU�WULJJHU�WKH�PHPRU\�SDUDPHWHUV�&DSDFLW\�DQG�/LPLW�DUH
LQLWLDOL]HG�DQG�WKH�SDFNHWV�LQ�WKH�3ULRULW\�),)2�4XHXH�DUH�UHOHDVHG�RQH�E\
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RQH��7KH�SDFNHW�6L]H�LV�UHDG�DQG�DV�ORQJ�DV�WKHUH�LV�PRUH�FDSDFLW\�OHIW�WKDQ
WKH�6L]H�WKH�SDFNHWV�DUH�SDVVHG�RQ�WR�D�6LPSOH�),)2�4XHXH�����DQG�WKH�6L]H
LV�VXEVWUDFWHG�IURP�WKH�UHPDLQLQJ�FDSDFLW\��,I�WKHUH�LV�QRW�HQRXJK�FDSDFLW\
OHIW�IRU�WKH�HQWLUH�SDFNHW��LW�LV�GLYLGHG�LQWR�WZR�SDUWV��7KH�RQH�FRUUHVSRQGLQJ
WR�WKH�FDSDFLW\�WKDW�LV�OHIW�LV�SDVVHG�RQ�WR�6LPSOH�),)2�4XHXH�����DQG�WKH
RWKHU�SDUW�WR�2XWSXW��&DSDFLW\�LV�VHW�WR���
$IWHU�WKH�FDSDFLW\�LV�XVHG�XS�DOO�WKH�UHVW�RI�WKH�SDFNHWV�DUH�SODFHG�LQ�D�6LPSOH
),)2�4XHXH�����
7KH�SULRULW\�RI�WKH�ODVW�SDFNHW�DFFHSWHG�LV�VWRUHG�LQ�PHPRU\�DV�/LPLW�
$IWHU�WKH�3ULRULW\�),)2�4XHXH�LV�HPSWLHG��WKH�DFFHSWHG�SDFNHWV�DUH�UHOHDVHG
IURP�WKHLU�TXHXH�����DQG�JLYHQ�WKHLU�GHOD\V��7KH�GHOD\�LV�WKH�ORZHVW�SULRULW\
DFFHSWHG�PXOWLSOHG�E\�D�FRQVWDQW�IRU�WKH�QRQ�UHDOWLPH�SDFNHWV�DQG�IRU�D�UHDO�
WLPH�SDFNHWV�LV�]HUR�
$IWHU�WKH�SDFNHW�JHWV�LWV�GHOD\�LW�JRHV�WR�WKH�2XWSXW�SRUW�
7KHQ�WKH�GLVFDUGHG�SDFNHWV�ZDLWLQJ�LQ�D�6LPSOH�),)2�4XHXH�����DUH�UHOHDVHG
WR�WKH�2XWSXW��7KHQ�WKH�GLVFDUGHG�SDFNHWV�ZDLWLQJ�LQ�D�6LPSOH�),)2�4XHXH���
DUH�UHOHDVHG�WR�WKH�2XWSXW�DQG�UHFHLYH�D�SDVVHG�YDOXH�RI����2QFH�WKH�6LPSOH
),)2�4XHXH����KDV�HPSWLHG�WKH�6,0$�QRGH�KDV�ILQLVKHG�IRU�WKH�',�DQG
WULJJHU�LV�LQVHUWHG�WR�2QZDUGV�SRUW�

3KRQH�VRXUFH��3ULPDU\�DQG�6HFRQGDU\�
3DUDPHWHUV

3UREDELOLW\�����(������UHDO�
3DUDPHWHU�IRU�WKH�JHRPHWULF�GLVWULEXWLRQ�WKDW�GHWHUPLQHV�WKH�OHQJWK
RI�³D�OLQH´�RI�FRQYHUVDWLRQ��GHIDXOW�( �V�±����

6RXUFH�LG��LQWHJHU�
1%5�±�YDOXH��UHDO�
0%5��LQWHJHU�

1XPEHU�RI�FHOOV�VHQW�GXULQJ�',����NESV�±������GHIDXOW��
0HDQ�IRU�WKH�LQWHUYDO�EHWZHHQ�FDOOV��UHDO�

7KH�PHDQ�RI�ERWK�WKH�OHQJWK�RI�WKH�FDOO�DQG�WKH�SDXVH�EHWZHHQ�FDOOV�
GHIDXOW��
��V

4R6�UDWLR��UHDO�
7KH�OLPLW�RI�DFFHSWDEOH�YDOXH�RI�WKH�UDWLR�XQGHOLYHUHG����XQGHOLYHUHG
��GHOLYHUHG���GHIDXOW�����

'HVWLQDWLRQ��LQWHJHU�
8QGHOLYHUHG�SDFNHWV��LQWHJHU��PHPRU\�

,QLWLDOL]DWLRQ�YDOXH��
'HOLYHUHG�SDFNHWV��LQWHJHU��PHPRU\�

,QLWLDOL]DWLRQ�YDOXH��
:LOOLQJQHVV�WR�EX\�1%5��UHDO�

SUREDELOLW\�RI�FKRRVLQJ�EX\LQJ�1%5�LQVWHDG�RI�EUHDNLQJ�RII
WUDQVPLVVLRQ

7UDIILF��PHPRU\��LQWHJHU�
%LQDU\�PHPRU\��PHPRU\��ELQDU\�

GLUHFWV�WKH�SXOVHV�EHWZHHQ�SULPDU\�DQG�VHFRQGDU\�VRXUFHV
KHOS��LQWHJHU��PHPRU\�
4XDOLW\�SDUDPHWHU��LQWHJHU�

QXPEHU�RI�LQVWDQFHV�RI�VXEVWDQGDUG�TXDOLW\�EHIRUH�UHDFWLRQ
(QG�SUREDELOLW\��UHDO�
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3UREDELOLW\�RI�HQGLQJ�FRQQHFWLRQ�ZKHQ�TXDOLW\�LV�EHORZ�GHVLUHG��$W
WKRVH�LQVWDQWV�JURZV�DW�D�LQYHUVHO\�SURSRUWLRQDO�UDWH�WR�4XDOLW\
SDUDPHWHU�1�S
 �VTUW�S����1�A�

,QSXW�SRUWV
)HHGEDFN��6,0$�SDFNHW�
8QLIRUP�SXOVHV��WULJJHU�

2XWSXW�SRUWV
2XWSXW��6,0$�SDFNHW�
%UHDN��WULJJHU�
%X\��WULJJHU�
�7ULJJHU�IRU�VHFRQGDU\��WULJJHU��

'HVFULSWLRQ
3ULPDU\�3KRQH�6RXUFH�LV�UHVSRQVLEOH�IRU�EHJLQQLQJ�WKH�FDOO�DQG�PRQLWRULQJ�LWV
TXDOLW\��3ULPDU\�3KRQH�6RXUFH�SURGXFHV�WKH�6,0$�SDFNHWV�RI�VRXUFH���DQG
WULJJHUV�IRU�VRXUFH���
$W�LQLWLDOL]DWLRQ�WUDIILF�JHWV�LWV�ILUVW�YDOXH��JHRPHWULF�GLVWULEXWHG��SDUDPHWHU
SUREDELOLW\����(�����DQG�WKH�OHQJWK�RI�WKH�ILUVW�EUHDN�EHIRUH�WKH�ILUVW�FDOO�LV
VHW��H[SRQHQWLDOO\�GLVWULEXWHG�ZLWK�WKH�H[SHFWHG�YDOXH�RI�0HDQ�IRU�WKH�LQWHUYDO
EHWZHHQ�FDOOV���$W�WKH�HQG�RI�WKH�EUHDN�WKH�OHQJWK�RI�WKH�FDOO�LV�JHQHUDWHG
IURP�WKH�VDPH�GLVWULEXWLRQ�
8QLIRUP�SXOVHV�SDVV�JDWH�LI�FDOO�LV�LQ�SURJUHVV��$IWHU�UDQGRP�GHOD\
�XQLIRUPHO\�GLVWULEXWHG��YDOXH�RI�WUDIILF�LV�H[DPLQHG��LI�WUDIILF�LV�JUHDWHU�WKDQ
���WUDIILF�LV�VXEVWUDFWHG�E\���DQG�DFFRUGLQJ�WR�YDOXH�RI�ELQDU\�PHPRU\�HLWKHU
D�SXOVH�LV�GHIHUUHG�WR�VHFRQGDU\�VRXUFH�RU�D�SDFNHW�LV�FUHDWHG�DW�SULPDU\��,I
WUDIILF�LV�QRW�JUHDWHU�WKDQ���WKHQ�WUDIILF�JHWV�QHZ�YDOXH�DV�GRHV�ELQDU\
PHPRU\�
7KH�TXDOLW\�RI�WKH�FDOO�LV�FRQWUROOHG�E\�NHHSLQJ�FRXQW�RI�UHFHLYHG�DQG�QRQ�
UHFHLYHG�FHOOV��ZLWK�XQGHOLYHUHG�SDFNHWV�DQG�GHOLYHUHG�SDFNHWV���(DFK���
VHFRQGV�WKH�UDWLR�XQGHOLYHUHG�SDFNHWV��XQGHOLYHUHG�SDFNHWV���GHOLYHUHG
SDFNHWV��LV�FDOFXODWHG��LI�DQ\�SDFNHWV�ZHUH�UHFHLYHG�GXULQJ�WKH�SHULRG���,I�LW�LV
JUHDWHU�WKDQ�WKH�OLPLW�YDOXH�4R6�UDWLR��HQG�SUREDELOLW\�JURZV�DQG�FDOO�LV
WHUPLQDWHG�ZLWK�WKDW�SUREDELOLW\��RU�LI�:LOOLQJQHVV�WR�EX\�1%5�LV�JUHDWHU�WKDQ
���WKHQ�DQ�DGGLWLRQDO�UDQGRP�VZLWFK�GHWHUPLQHV�ZKHWKHU�WKH�FDOO�LV
WHUPLQDWHG�RU�1%5�LV�LQFUHDVHG��

9LGHR�3KRQH�VRXUFH��3ULPDU\�DQG�6HFRQGDU\�
3DUDPHWHUV

6RXUFH�LG��LQWHJHU�
1%5�±�YDOXH��UHDO�
0%5��LQWHJHU�

1XPEHU�RI�FHOOV�VHQW�GXULQJ�',���
��NESV�±�����GHIDXOW���
0HDQ�IRU�WKH�LQWHUYDO�EHWZHHQ�FDOOV��UHDO�

7KH�PHDQ�RI�ERWK�WKH�OHQJWK�RI�WKH�FDOO�DQG�WKH�SDXVH�EHWZHHQ�FDOOV�
GHIDXOW���
��V

4R6�UDWLR��UHDO�
7KH�OLPLW�RI�DFFHSWDEOH�YDOXH�RI�WKH�UDWLR�XQGHOLYHUHG����XQGHOLYHUHG
��GHOLYHUHG�

:LOOLQJQHVV�WR�EX\�1%5��UHDO�
'HVWLQDWLRQ��LQWHJHU�
8QGHOLYHUHG�SDFNHWV��LQWHJHU��PHPRU\�

,QLWLDOL]DWLRQ�YDOXH��
'HOLYHUHG�SDFNHWV��LQWHJHU��PHPRU\�
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,QLWLDOL]DWLRQ�YDOXH��
KHOS��LQWHJHU��PHPRU\�
4XDOLW\�SDUDPHWHU��LQWHJHU�

QXPEHU�RI�LQVWDQFHV�RI�VXEVWDQGDUG�TXDOLW\�EHIRUH�UHDFWLRQ
(QG�SUREDELOLW\��UHDO�

3UREDELOLW\�RI�HQGLQJ�FRQQHFWLRQ�ZKHQ�TXDOLW\�LV�EHORZ�GHVLUHG��$W
WKRVH�LQVWDQWV�JURZV�DW�D�LQYHUVHO\�SURSRUWLRQDO�UDWH�WR�4XDOLW\
SDUDPHWHU�1�S
 �VTUW�S����1�A�

,QSXW�SRUWV
)HHGEDFN��6,0$�SDFNHW�
8QLIRUP�SXOVHV��WULJJHU�
�,QWHUUXSW�IURP�VHFRQGDU\��WULJJHU��

2XWSXW�SRUWV
2XWSXW��6,0$�SDFNHW�
�,QWHUUXSW��WULJJHU��
%UHDN��WULJJHU�
%X\��WULJJHU�

'HVFULSWLRQ
3ULPDU\�9LGHR�3KRQH�6RXUFH�SURGXFHV�WKH�6,0$�SDFNHWV�RI�VRXUFH���DQG
WULJJHUV�IRU�VRXUFH����%RWK�VRXUFHV�PRQLWRU�WKHLU�RZQ�TXDOLW\�DQG�LV�DEOH�WR
LQWHUUXSW�WKH�FDOO�
$W�LQLWLDOL]DWLRQ�WKH�OHQJWK�RI�WKH�ILUVW�EUHDN�EHIRUH�WKH�ILUVW�FDOO�LV�VHW
�H[SRQHQWLDOO\�GLVWULEXWHG�ZLWK�WKH�H[SHFWHG�YDOXH�RI�0HDQ�IRU�WKH�LQWHUYDO
EHWZHHQ�FDOOV���$W�WKH�HQG�RI�WKH�EUHDN�WKH�OHQJWK�RI�WKH�FDOO�LV�JHQHUDWHG
IURP�WKH�VDPH�GLVWULEXWLRQ�
8QLIRUP�SXOVHV�SDVV�JDWH�LI�FDOO�LV�LQ�SURJUHVV��$IWHU�UDQGRP�GHOD\
�XQLIRUPHO\�GLVWULEXWHG��D�SXOVH�WR�VHFRQGDU\�VRXUFH�DQG�D�SDFNHW�FUHDWHG�DW
SULPDU\�VRXUFH�
7KH�TXDOLW\�RI�WKH�FDOO�LV�FRQWUROOHG�E\�NHHSLQJ�FRXQW�RI�UHFHLYHG�DQG�QRQ�
UHFHLYHG�FHOOV��ZLWK�XQGHOLYHUHG�SDFNHWV�DQG�GHOLYHUHG�SDFNHWV���(DFK���
VHFRQGV�WKH�UDWLR�XQGHOLYHUHG�SDFNHWV��XQGHOLYHUHG�SDFNHWV���GHOLYHUHG
SDFNHWV��LV�FDOFXODWHG��LI�DQ\�SDFNHWV�ZHUH�UHFHLYHG�GXULQJ�WKH�SHULRG���,I�LW�LV
JUHDWHU�WKDQ�WKH�OLPLW�YDOXH�4R6�UDWLR��HQG�SUREDELOLW\�JURZV�DQG�FDOO�LV
WHUPLQDWHG�ZLWK�WKDW�SUREDELOLW\��RU�LI�:LOOLQJQHVV�WR�EX\�1%5�LV�JUHDWHU�WKDQ
���WKHQ�DQ�DGGLWLRQDO�UDQGRP�VZLWFK�GHWHUPLQHV�ZKHWKHU�WKH�FDOO�LV
WHUPLQDWHG�RU�1%5�LV�LQFUHDVHG��

7&3�VRXUFH��7&3�VRXUFH�,,�
3DUDPHWHUV

0HDQ�GHOD\�EHWZHHQ�EXUVWV��UHDO�
'HOD\�EHWZHHQ�:::�EURZVLQJ�³FOLFNV´��GHIDXOW���

0HDQ�QXPEHU�RI�SXOVHV��UHDO�
$YHUDJH�QXPEHU�RI�ILOHV���³FOLFN´��GHIDXOW��

,QWHU�SXOVH�7LPH��GXULQJ�EXUVW���UHDO�
'HIDXOW��

7UDIILF��LQWHJHU��PHPRU\�
1XPEHU�RI�FHOOV�ZDLWLQJ�IRU�WUDQVPLVVLRQ

:LQGRZ��LQWHJHU��PHPRU\�
1XPEHU�RI�FHOOV�WKDW�FDQ�EH�WUDQVPLWWHG�LQ�',��LQLWLDOL]DWLRQ���

577��LQWHJHU�
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PXOWLSOHV�RI�',
0%5�PHPRU\��UHDO��PHPRU\�
&DSDFLW\�RI�DFFHVV�OLQH��LQWHJHU�

*LYHQ�DV�FHOOV�',��PD[LPXP�QXPEHU�RI�FHOOV�WKDQ�FDQ�EH�WUDQVPLWWHG
LQ�',��VLQFH�WKH�DYHUDJH�DPRXQW�RI�WUDIILF�JHQHUDWHG�ZLWK�WKH�GHIDXOW
YDOXHV�DERYH�LV����FHOOV�',�WKLV�PXVW�EH�VXIILFLHQWO\�KLJKHU��GHIDXOW���

DOID��UHDO��GHIDXOW���
JDPPD��UHDO��GHIDXOW����

SDUDPHWHUV�IRU�3HUWR�GLVWULEXWLRQ�ZLWK�WKH�GHIDXOW�YDOXHV�( ����
E\WHV� ���DQG�PHGLXP������E\WHV ��

4R6�FRQWURO��ELQDU\�
��IRU�QR�TXDOLW\�FRQWURO���IRU�TXDOLW\�FRQWURO

6RXUFH�LG��LQWHJHU�
1%5�YDOXH��LQWHJHU�
'HOD\�OLPLW��UHDO�

WROHUDQFH�OLPLW�IRU�WKH�GHOD\�DWWDFKHG�WR�6,0$�SDNHWWL¶V'HIDXOW��
/DVW�WUDIILF ���PHPRU\��UHDO�

LQLWLDOL]DWLRQ�YDOXH��
&RQVWDQW��UHDO�

WROHUDQFH�YDOXH�IRU�WKH�OHQJWK�RI�WLPH�WKDW�WKH�WUDQVPLVVLRQ�RI�WKH
ILOHV�UHTXHVWHG�E\�RQH�FOLFN�WDNHV��'HIDXOW���

7RR�ORQJ�FDOFXODWRU��PHPRU\��LQWHJHU�
&RQVWDQW���WLPHV��LQWHJHU�

7ROHUDQFH�YDOXH�IRU�7/&��'HIDXOW���
0HDQ��UHDO�

0HDQ�IRU�WKH�OHQJWK�RI�WKH�EUHDN�EHIRUH�EHJLQQLQJ�DQRWKHU�7&3
VHVVLRQ�DIWHU�DQ�LQWHUUXSWLRQ��GHIDXOW��
��V

$OSKD
7KH�FRQVWDQW�IRU�WKH�PHDVXUHPHQW��GHIDXOW�����

,QSXW�SRUWV
)HHGEDFN��6,0$�SDFNHW�
XQLIRUP�SXOVHV��WULJJHU�

2XWSXW�SRUWV
2XWSXW��6,0$�SDFNHW�

'HVFULSWLRQ
7KH�WUDIILF�WR�EH�VHQW�LV�FUHDWHG�E\�D�EXUVW\�WUDIILF�VRXUFH��,I�WKH�JDWHV���DQG
��DUH�RSHQ�IRU�HDFK�SXOVH�D�JHRPHWULFDOO\�GLVWULEXWHG��ZLWK�WKH�SDUDPHWHU
SUREDELOLW\��UDQGRP�QXPEHU�RI�FHOOV�DUH�DGGHG�WR�7UDIILF�
*DWH���HQVXUHV�WKDW�QHZ�SXOVHV�GR�QRW�JR�WKURXJK�LI�WUDIILF�FUHDWHG�E\�HDUOLHU
UHTXHVWV�LV�VWLOO�LQ�WUDQVPLVVLRQ��*DWH���HQDEOHV�WKH�EUHDN�LQ�VHVVLRQ�LI�4R6
YDOXHV�EHFRPH�WRR�ORZ��DQG�4XDOLW\�FRQWURO�LV�RQ��
$W�WKH�EHJLQQLQJ�RI�HDFK�',�DIWHU�UDQGRP�GHOD\��XQLIRUP�GLVWULEXWLRQ�EHWZHHQ
��DQG��������WKH�VRXUFH�FKHFNV�LI�WKH�YDOXH�RI�7UDIILF�LV�JUHDWHU�WKDQ�]HUR�
,I�LW�LV�WKHQ�WKH�WUDIILF�WR�EH�VHQW�GXULQJ�',�LV��LI�7UDIILF�LV�JUHDWHU�WKDQ
:LQGRZ�577��WKH�PLQLPXP�RI�:LQGRZ�577�DQG�FDSDFLW\�RI�DFFHVV�OLQH�DQG
HOVH�LW�LV�7UDIILF��7KLV�YDOXH�LV�SODFHG�DV�6L]H�IRU�WKH�RXWJRLQJ�SDFNHW�
,I�7UDIILF�LV�HTXDO�WR�]HUR�WKHQ�WKH�:LQGRZ�DQG�0%5PHPRU\�DUH�VHW�WR�WKH
LQLWLDOL]DWLRQ�YDOXHV��7KH�YDOXH�RI�ODVW�WUDIILF ��LV�VXEVWUDFWHG�IURP�7QRZ�DQG
YDOXH�LV�FRPSDUHG�ZLWK�FRQVWDQW��,I�VPDOOHU�WKDQ�7/&�LV�VXEVWUDFWHG�E\�RQH��,I
JUHDWHU�WKHQ�LQFUHDVHG�E\�RQH�DQG�7/&�FRPSDUHG�WR�FRQVWDQW�WLPHV���LI�7/&
LV�JUHDWHU�VHVVLRQ�WHUPLQDWHG�LV�IRU�D�UDQGRP�SHULRG��H[SRQHQWLDOO\
GLVWULEXWHG�ZLWK�PHDQ�PHDQ�
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7KH�0%5�LV�FDOFXODWHG�DV����DOSKD�
0%5PHPRU\�DOSKD
´WUDIILF�WR�EH�VHQW
GXULQJ�',´
7KH�FHOOV�DUULYLQJ�DW�WKH�LQSXW�SRUW�DUH�H[DPLQHG�IRU�WKHLU�SDVVHG�YDOXH��,I�WKH
YDOXH�LV���WKHQ�:LQGRZ�LV�KDOYHG�6L]H�WLPHV�DQG�6L]H�LV�DGGHG�WR�7UDIILF��,I
WKH�YDOXH�LV���WKHQ�WKH�:LQGRZ�JURZV�ZLWK�6L]H
SDFNHW�VL]H�:LQGRZ�DQG�WKH
YDOXH�RI�'HOD\�LV�FRPSDUHG�WR�&RQVWDQW��,I�JUHDWHU�WKH�7/&�JURZV�E\�RQH�
VPDOOHU�VXEVWUDFWHG�E\�RQH�


