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:LUHOHVV� $70� QHWZRUNV� ZLOO� EULGJH� WKH� JDS� EHWZHHQ
PRELOLW\�DQG�EURDGEDQG�QHWZRUNLQJ��7KH�PDMRU�FKDOOHQJH
WR�WKLV�HQG�FRQVLVWV�RI�JXDUDQWHHLQJ�DGHTXDWH�HQG�WR�HQG
4XDOLW\�RI�6HUYLFH� �4R6�� LQ� VSLWH� RI� WKH� XQUHOLDEOH� UDGLR
FKDQQHO�� ,Q� UHVSRQVH� WR� WKLV� ZH� SURSRVH� DQ� LQWHJUDWHG
HQG�WR�HQG� 4R6� PDQDJHPHQW� DUFKLWHFWXUH� EXLOW� DURXQG
VFDODEOH� HUURU� WROHUDQW� FRGHFV�� QHWZRUN� ILOWHUV� DQG� HUURU
PRGXOHV�WR�FRPSHQVDWH�IRU�WUDQVPLVVLRQ�HUURUV�DQG�ORFDO
4R6� GHJUDGDWLRQ�� $� EURNHU� FRQFHSW� FRPELQHV� ORFDO� DQG
GLVWULEXWHG�UHVRXUFH�PDQDJHPHQW�DQG�QHJRWLDWLRQ�RI�4R6
DW� GLIIHUHQW� OHYHOV�� %\� LQWURGXFLQJ�4R6� LQWHUYDOV� ERWK� DW
DSSOLFDWLRQ� DQG� WUDQVSRUW� OHYHO�ZH� FRSH�ZLWK� VKRUW� WHUP
FKDQQHO� IOXFWXDWLRQV� RQ� D� ZLUHOHVV� OLQN�� 8VHU� GHILQDEOH
GHJUDGDWLRQ�SDWKV�GHWHUPLQH�WKH�EHKDYLRU�RI�WKH�V\VWHP�LQ
FDVH�WKH�QHWZRUN�4R6�FKDQJHV�IRU�D�ORQJHU�SHULRG�RI�WLPH�
0DSSLQJ� IXQFWLRQV�DUH�SURYLGHG� WR� WUDQVIRUP�D�4R6�GH�
VFULSWLRQ� IURP� WKH� XVHU� SHUVSHFWLYH� WR� 4R6� SDUDPHWHUV
DQG�QHJRWLDWLRQ�DW�WKH�QHWZRUN�OHYHO��,QFRUSRUDWLQJ�PHGLD
ILOWHUV�LQWR�WKH�RYHUDOO�EURNHU�DUFKLWHFWXUH�DOORZV�GLIIHUHQW
PHGLD�FRGHFV�WR�EH�XVHG�EHWZHHQ�WKH�VRXUFH�DQG�WKH�VLQNV
GHSHQGLQJ�RQ� WKH� FKDQQHO� FRQGLWLRQV�DQG� OLQN�XWLOL]DWLRQ
ZKLOH�REH\LQJ�XVHU�GHILQHG�HQG�WR�HQG�4R6�VWUDWHJLHV��:H
GUDIW�VHYHUDO�SURWRFROV�IRU�WKH�VHQGHU�DQG�UHFHLYHU�GULYHQ
PXOWLFDVW�VFHQDULR�DQG�VKRZ��KRZ�DXWRPDWLF�ILOWHU�SURSD�
JDWLRQ�FDQ�EH�DFKLHYHG�XQGHU�JLYHQ�HQG�WR�HQG�4R6�FRQ�
VWUDLQWV�

��� ,QWURGXFWLRQ

'LVWULEXWHG� PXOWLPHGLD� DSSOLFDWLRQV� OLNH� YLGHR� FRQ�
IHUHQFLQJ�WHQG�WR�DEVRUE�DOO�DYDLODEOH�FRPPXQLFDWLRQ�DQG
FRPSXWLQJ�UHVRXUFHV�� ,PSURYHPHQWV� LQ�KDUGZDUH�WHFKQRO�
RJ\�DUH�WKHUHIRUH�PRUH�WKDQ�ZHOFRPH��2Q�WKH�QHWZRUN�VLGH
EURDGEDQG� FRPPXQLFDWLRQ� FKDQQHOV� ZLOO� FDUU\� PXOWLSOH
PHGLD� VWUHDPV�RI�DSSURSULDWH�4R6� WR� LQGLYLGXDO�ZRUNVWD�
WLRQV� DQG� VHW�WRS� ER[HV�� ,PPHGLDWH� LQIRUPDWLRQ� DFFHVV
DQ\WLPH�� DQ\ZKHUH�ZLOO� EH�D�NH\� LVVXH� LQ� IXWXUH� EXVLQHVV
DQG�KRPH�HQYLURQPHQWV�

&XUUHQW� ZLUHOHVV� DFFHVV� QHWZRUNV� VXSSRUW� ORZ� VSHHG
DQG�KLJK�ODWHQF\�VHUYLFHV�VXFK�DV�H�PDLO�DQG�JLYH�WKH�XVHU
WKH�IUHHGRP�WR�FRPPXQLFDWH�ZKLOH�KH�LV�PRYLQJ�IURP�RQH
ORFDWLRQ�WR�DQRWKHU��+RZHYHU��WR�SURYLGH�D�VRXQG�EDVLV�IRU
EURDGEDQG� DSSOLFDWLRQV� RQ� PRELOH� EURDGEDQG� QHWZRUNV
UHPDLQV�D�PDMRU�FKDOOHQJH�GXH�WR�WKH�LQKHUHQWO\�XQUHOLDEOH
UDGLR� FRQQHFWLRQ�ZLWK� YDU\LQJ� ELW� HUURU� UDWHV� DQG� XQSUH�
GLFWDEOH�GHOD\�FKDUDFWHULVWLFV��7KH�FRQFDWHQDWLRQ�RI�ZLUH�
OHVV� DQG� IL[HG� QHWZRUNV� PXVW� SURYLGH� D� SUH�QHJRWLDWHG
4R6�WR�HQG�XVHUV�RU�DSSOLFDWLRQV��,Q�WKH�IL[HG�QHWZRUN�SDUW
$V\QFKURQRXV�7UDQVIHU�0RGH��$70��QHWZRUNV�FDQ�JXDU�

DQWHH� VRPH� OHYHO� RI� 4R6�� ,Q� WKH� IXWXUH�� ZLUHOHVV� $70
QHWZRUNV� ZLOO� RIIHU� D� XQLTXH� FRPELQDWLRQ� RI� EURDGEDQG
QHWZRUNLQJ�DQG�PRELOLW\�DQG�H[WHQG�WKH�4R6�FRQFHSW�RQWR
WKH�ZLUHOHVV�OLQN�

$�VHFRQG�PDMRU�FKDOOHQJH� LV� WR�SURYLGH�DGHTXDWH�4R6
DEVWUDFWLRQV� WR� DSSOLFDWLRQV� DQG� HQG�XVHUV�� 4R6� DZDUH
QHWZRUNV�DUH�KLJKO\� VRSKLVWLFDWHG� EXW�4R6�GHVFULSWLRQ� DW
QHWZRUN� OHYHO� LV� FU\SWLF� DQG� LW� LV� QHFHVVDU\� WR� KLGH� WKLV
FRPSOH[LW\�IURP�WKH�XVHU��0DSSLQJ�DQG�QHJRWLDWLRQ�IXQF�
WLRQV� DUH� QHHGHG� EHWZHHQ� GLIIHUHQW� OHYHOV� RI� 4R6�� 7KLV
OD\HUHG�DSSURDFK�ZLOO�OHDG�WR�D�FRQVLVWHQW�V\VWHP�FRQILJX�
UDWLRQ�DQG�WR�D�YDOLG�VHW�RI�QHWZRUN�OHYHO�4R6�SDUDPHWHUV
IRU�VHWWLQJ�XS�FRQQHFWLRQV��$W�WKH�WRS�OHYHO�GLIIHUHQW�XVHUV
PD\�KDYH�GLIIHUHQW�SUHIHUHQFHV�DQG�XQGHUVWDQGLQJ�RI�4R6
YDOXHV��7KHUHIRUH�QHJRWLDWLRQ��PDSSLQJ�DQG�UHVRXUFH�DOOR�
FDWLRQ� PXVW� RFFXU� EHWZHHQ� WKH� GLIIHUHQW� SDUWQHUV� RI� D
YLGHR� FRQIHUHQFH�� 7R� FRSH�ZLWK� ODUJH� DQG� IUHTXHQW� IOXF�
WXDWLRQV�RI�FKDQQHO�FRQGLWLRQV�IRU�PRELOH�WHUPLQDOV��07��
D�IOH[LEOH�HQG�WR�HQG�4R6�PDQDJHPHQW�LV�QHHGHG�EDVHG�RQ
VRIW� JXDUDQWHHV�� +DUG� JXDUDQWHHV� ZLOO� PRUH� RIWHQ� GURS
FRQQHFWLRQV�EHFDXVH�RI�D�VLQJOH�VHUYLFH�FRQWUDFW�YLRODWLRQ
DW�QHWZRUN� OHYHO��ZKHQ�D�PRELOH�XVHU�PRYHV� LQWR� UHJLRQV
ZLWK�EDG�UDGLR�FRQGLWLRQV�

$OWKRXJK�ZLUHOHVV�$70�QHWZRUNV� SURYLGH� KLJK� EDQG�
ZLGWK� RQ� GHPDQG� YLGHR� FRPSUHVVLRQ� LV� VWLOO� UHTXLUHG� IRU
UHGXFLQJ� WKH� DPRXQW� RI� GDWD� WUDQVPLWWHG�� ,Q� SULQFLSOH�
$70�QHWZRUNV�FDQ�JXDUDQWHH�FHUWDLQ�4R6�SDUDPHWHUV�E\
UHVHUYDWLRQ� RI� VZLWFKLQJ� UHVRXUFHV� EXW� FHOO� ORVV� UDWLR� DW
SHDN� SDFNHW� UDWH� LV� UDUHO\� JXDUDQWHHG�� ,W� LV� OHIW� WR� KLJKHU
OD\HU� SURWRFROV� WR� UHWUDQVPLW� ORVW� GDWD�� 'XH� WR� XSSHU
ERXQGV� IRU� GHOD\� UHWUDQVPLVVLRQ� LV� LPSUDFWLFDO� IRU� UHDO�
WLPH� DSSOLFDWLRQV� DQG� SDFNHWV� DUH� VLPSO\� ORVW�� 8QIRUWX�
QDWHO\�� PRVW� YLGHR� FRPSUHVVLRQ� DOJRULWKPV� HPSOR\� YDUL�
DEOH� OHQJWK�FRGLQJ�DQG�H[SHULHQFH�VHYHUH�SUREOHPV�ZKHQ
WKH�FRPSUHVVHG�GDWD�LV�FRUUXSWHG��(UURU�FRQFHDOPHQW�WHFK�
QLTXHV�>��@�PD\�KLGH�WKH�LQWURGXFHG�DUWLIDFWV�RU�HUURU�WRO�
HUDQW�YLGHR�FRPSUHVVLRQ�PHWKRGV�OLNH�OD\HUHG�FRGLQJ�FDQ
EH�XVHG�>��@��ZKLFK�RQO\�GHSHQG�RQ�WKH�FRUUHFWQHVV�RI�WKH
EDVH�OD\HU��6R�FDOOHG�HQKDQFHPHQW�OD\HUV�DGG�GHWDLO�WR�WKH
RYHUDOO�FRQWHQW��:LWK�QHWZRUN�ILOWHUV�>��@�LW� LV�SRVVLEOH�WR
WDLORU�PHGLD�VWUHDPV�WR�WKH�FDSDELOLWLHV�RI�WKH�FKDQQHO� IRU
VHUYLQJ�KHWHURJHQHRXV�UHFHLYHU�JURXSV��$SSO\LQJ�D� ILOWHU�
LQJ� VWUDWHJ\� WR� YLGHR� FRPPXQLFDWLRQ� GLIIHUHQW� SDUWQHUV
PD\� EH� VHUYHG� VLPXOWDQHRXVO\� ZLWK� D� GLIIHUHQW� YLVXDO
TXDOLW\� ZLWKRXW� WKH� QHHG� IRU� WKH� VHQGHU� WR� FRPSUHVV� WKH
YLGHR� IUDPHV� WR� PRUH� WKDQ� RQH� UHSUHVHQWDWLRQ�� 6WDWH�RI�
WKH�DUW�DSSURDFKHV�IRU�SURYLGLQJ�4R6�HLWKHU�LJQRUH�PHGLD
ILOWHUV� DQG� UHO\� RQ� D� SXUH� FOLHQW�VHUYHU� DSSURDFK� >��@� RU
XVH�ILOWHUV�EXW�GR�QRW�FRQVLGHU�WKHP�LQ�DQ�HQG�WR�HQG�4R6
IUDPHZRUN�>�@��:H�VXJJHVW� WR� LQFRUSRUDWH�QHWZRUN�ILOWHUV
LQWR�WKH�UHVRXUFH�DOORFDWLRQ�VWUDWHJ\�DQG�LQWR�WKH�4R6�QH�
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JRWLDWLRQ� SKDVH� EHFDXVH� WKH\� PD\� FRQVXPH� VLJQLILFDQW
SURFHVVLQJ�SRZHU�DQG�FRQWULEXWH�WR�WKH�RYHUDOO�GHOD\��'\�
QDPLF�UHDOORFDWLRQ�RI�ILOWHU�UHVRXUFHV�DQG�G\QDPLF�DGDSWD�
WLRQ� RI� ILOWHULQJ� VWUDWHJLHV� PD\� EH� UHTXLUHG� ZKHQ� 07V
PRYH�IURP�RQH�DFFHVV�SRLQW��$3��WR�DQRWKHU�

:H�KDYH�QRZ�LQWURGXFHG�WKH�SUREOHP�RI�SURYLGLQJ�QH�
JRWLDWHG�HQG�WR�HQG�4R6�RQ�ZLUHG�DQG�ZLUHOHVV�EURDGEDQG
QHWZRUNV��6HFWLRQ���ZLOO�GLVFXVV�UHODWHG�ZRUN� LQ�ZLUHOHVV
EURDGEDQG� QHWZRUNLQJ�� 4R6� SURYLVLRQLQJ� PHFKDQLVPV�
HQG�WR�HQG�4R6� JXDUDQWHHV� DQG�4R6�PDSSLQJ�� 6HFWLRQ� �
DQDO\VHV� FKDOOHQJHV� IRU� ZLUHOHVV� PXOWLPHGLD� QHWZRUNLQJ�
2XU� RYHUDOO� DUFKLWHFWXUH�� WKH� GLIIHUHQW� 4R6� OHYHOV� VXS�
SRUWHG��DQ�H[WHQGHG�4R6�EURNHU�PRGHO��GLIIHUHQW�4R6�QH�
JRWLDWLRQ�DQG�PDSSLQJ�SURWRFROV��4R6�DGDSWDWLRQ�PHFKD�
QLVPV�IRU�PRELOH� WHUPLQDOV�DQG�WKH�UROH�RI� ILOWHUV�DQG� ILO�
WHU�GHDOHUV� DUH� SUHVHQWHG� LQ� VHFWLRQ� ��� )LQDOO\�� VHFWLRQ� �
GUDZV�FRQFOXVLRQV�DQG�GLVFXVVHV�IXUWKHU�ZRUN�

��� 5HODWHG�:RUN

5HVHDUFK� LQ� WKH� DUHD� RI� ZLUHOHVV� EURDGEDQG� QHWZRUNV
KDV�OHG�WR�D�QXPEHU�RI�HYROYLQJ�GHPRQVWUDWRU�V\VWHPV�OLNH
WKH�:$1'�V\VWHP�>��@��0(',$1�>�@�RU�6:$1�>�@��4R6
DVSHFWV�DUH�GLVFXVVHG�RQO\�DW� WKH�ZLUHOHVV� >��@�DQG�ZLUHG
QHWZRUN�OD\HU�DQG�EHORZ�ZLWKRXW�WDNLQJ�DGYDQWDJH�RI�SRV�
VLEOH�LQWHUDFWLRQV�EHWZHHQ�DSSOLFDWLRQV�DQG�QHWZRUN��6RPH
DVSHFWV� RI� FR�RUGLQDWLRQ� EHWZHHQ� ORZHU� OD\HUV� DQG� YLGHR
FRGLQJ�PHWKRGV�DUH�GLVFXVVHG�LQ�>�@�DQG�>�@�

4R6� LVVXHV� LQ� ZLUHG� QHWZRUNV� KDYH� EHHQ� H[WHQVLYHO\
VWXGLHG�� 6HQGHU� EDVHG� DV� ZHOO� DV� UHFHLYHU� EDVHG� DS�
SURDFKHV� IRU� GHOLYHULQJ� 4R6� JXDUDQWHHV� IRU� PXOWLPHGLD
V\VWHPV�DUH�DYDLODEOH�DQG�ERWK�UHO\�RQ�DQ�HQG�WR�HQG�DS�
SURDFK��4R6�FDQ�RQO\�EH�DVVXUHG�ZKHQ� UHVRXUFH� UHVHUYD�
WLRQ� PHFKDQLVPV� DUH� LQFRUSRUDWHG� LQWR� WKH� DUFKLWHFWXUH�
.ULVKQDPXUWK\� DQG� /LWWOH� >��@� WU\� WR� JXDUDQWHH� XQFRQGL�
WLRQDO� UHVRXUFH�DYDLODELOLW\� IRU� IL[HG�QHWZRUNV��%XW� LW� DS�
SHDUV� WKDW�ZKHQ� WKH� QHWZRUN� LV� QRW� DEOH� WR� SURYLGH� KDUG
JXDUDQWHHV�RQO\�D�FRPELQHG�YLHZ�RQ�DSSOLFDWLRQ��PLGGOH�
ZDUH� DQG� QHWZRUN� FDQ� SURYLGH� WKH� EHVW� 4R6� WUDGH�RIIV�
0RELOH�DQG�ZLUHOHVV�QHWZRUNV�PD\�VXIIHU�IURP�WHPSRUDU\
FKDQQHO�IDGLQJ�DQG�KLJK�ELW�HUURU�UDWH�ZKLFK�PDNHV�LW�YHU\
KDUG� WR� SUHGLFW� WKH� EHKDYLRU� RI� WKH�ZLUHOHVV� WUDQVPLVVLRQ
FKDQQHO�RYHU�D�SURORQJHG�SHULRG��7KHUHIRUH��UHVRXUFH�UHV�
HUYDWLRQ�LQ�WKH�ZLUHOHVV�SDUW�FDQ�QHYHU�JXDUDQWHH�XQFRQGL�
WLRQDO� DQG� KDUG� DYDLODELOLW\� RI� QHJRWLDWHG� 4R6�� $� FORVH
LQWHUDFWLRQ� EHWZHHQ� DSSOLFDWLRQ� DQG� QHWZRUN� LV� SURSRVHG
E\�VHYHUDO�UHVHDUFKHUV��ZKHUH�YLGHR�FRGLQJ�DOJRULWKPV�UH�
DFW�XSRQ�IHHGEDFN�IURP�WKH�QHWZRUN�WR�DGDSW�WKHLU�EHKDY�
LRU��<HDGRQ�HW�DO��>��@�WDNHV�FDUH�RI�KHWHURJHQHRXV�UHFHLY�
HUV� E\� VHSDUDWLQJ� WR�D� FHUWDLQ� H[WHQW� DSSOLFDWLRQV�DQG� WKH
QHWZRUN�DQG�E\� LQWURGXFLQJ�QHWZRUN� ILOWHUV� IRU�KLHUDUFKL�
FDOO\�HQFRGHG�YLGHR�VWUHDPV�

6HYHUDO� SURWRFROV� KDYH� EHHQ� GHVLJQHG� WR� VXSSRUW� UH�
VRXUFH�UHVHUYDWLRQ�EHWZHHQ�HQG�V\VWHPV��7\SLFDOO\��WUDQV�
SRUW� OD\HU�SDUDPHWHUV�DUH� UHVHUYHG� LJQRULQJ�PHGLD�RU�DS�
SOLFDWLRQ� VSHFLILF� SDUDPHWHUV�� &RPPRQ� WR� PRVW� DS�
SURDFKHV� LV� WKH� DVVXPSWLRQ�� WKDW� QR� SURFHVVLQJ� RI� WKH
WUDQVSRUW�GDWD�LV�DOORZHG�ZLWKLQ�WKH�QHWZRUN��%H\RQG�WUD�
GLWLRQDO�PXOWLFDVW�DSSOLFDWLRQV�5693� >��@� VXSSRUWV�PDQ\
VRXUFHV� DQG�PDQ\� VLQNV�� 3DVTXDOH� HW� DO�� >��@� SURSRVHG� D
GLVVHPLQDWLRQ�RULHQWHG�DSSURDFK�IRU�PXOWLPHGLD�PXOWLFDVW
FKDQQHOV� EDVHG� RQ� VLQJOH� VRXUFH� DSSOLFDWLRQ�� %RWK�� WKH
5693� DQG� 3DVTXDOHV� DSSURDFK� FRQVLGHU� VWUHDP� ILOWHUV� WR

EH� VSHFLILHG� E\� WKH� HQG�VWDWLRQV� DW� QHWZRUN� OHYHO�� +RZ�
HYHU��QR�4R6�PDQDJHPHQW�DW�WKH�ILOWHUV�LV�LQFRUSRUDWHG�

6HYHUDO� DSSURDFKHV�KDYH�EHHQ�GHYHORSHG� IRU�PDSSLQJ
EHWZHHQ�GLIIHUHQW� OHYHOV� RI�4R6�SDUDPHWHUV�� ,Q� >��@� VXE�
VHTXHQW� QHJRWLDWLRQ� DQG� UHVRXUFH� UHVHUYDWLRQ� ZLWKLQ� WKH
QHWZRUN� LV�SHUIRUPHG��ZKHUHDV�%HVVH�HW�DO�� >�@�PDNH�XVH
RI� D�PDQDJHPHQW� LQIRUPDWLRQ� EDVH� IRU�PDSSLQJ� DSSOLFD�
WLRQ� VSHFLILF� 4R6� WR� WUDQVSRUW� OHYHO� 4R6�� 2Q� WKH� RWKHU
KDQG�� 6FKLOO� >��@� GHYHORSHG� D� 4R6� PDQDJHU� WRRO� ZKLFK
UHWXUQV� D� WUDQVSRUW� OHYHO�4R6� VWUXFWXUH� EDVHG� RQ� D� JLYHQ
NLQG�RI�PHGLD�HQFRGLQJ�PHWKRG�DQG�D�GHVLUHG�4R6�FODVV�
9RJW�>��@�SUHVHQWHG�D�4R6�PDQDJHPHQW�VFKHPH�WKDW�PDSV
YDULDEOH� ELW�UDWH� VWUHDPV� WR� D� VLPSOH� DQG� SHULRGLF� WUDIILF
PRGHO�OHDGLQJ�WR�DQ�HVWLPDWLRQ�RI�GHOD\�ERXQGV��+RZHYHU�
DOO� DSSURDFKHV� IRU�4R6�PDSSLQJ� RQO\� FRYHU� FOLHQW�VHUYHU
DUFKLWHFWXUHV�DQG�IDLO�IRU�V\PPHWULF�PXOWLFDVW�VFHQDULRV�

$�QRYHO� DSSURDFK�EDVHG� RQ� LQWHOOLJHQW� DJHQWV�ZDV� GH�
YHORSHG�E\�1DKUVWHGW�DQG�6PLWK�>��@�ZKHUH�D�4R6�%URNHU
QHJRWLDWHV� HQG�WR�HQG� 4R6� DW� DSSOLFDWLRQ� OHYHO� EHWZHHQ
FOLHQW�DQG�VHUYHU��5HVRXUFH�UHVHUYDWLRQ�DW�WKH�HQG�V\VWHPV
DQG�LQWHUPHGLDWH�FRPPXQLFDWLRQ�OLQNV�LV�FRPELQHG�ZLWK�D
VHOHFWLRQ�RI�PHGLD�VSHFLILF�4R6�EHWZHHQ�DSSOLFDWLRQ�FRP�
SRQHQWV��$�IHZ�LGHDV�IRU�PDSSLQJ�EHWZHHQ�GLIIHUHQW�4R6
OHYHOV�DUH�GHVFULEHG��)LOWHU�RSHUDWLRQV�DUH�QRW�DOORZHG�IRU
HQG�WR�HQG� 4R6� PDQDJHPHQW�� ZKLFK� OLPLWV� WKH� XVDELOLW\
IRU� PXOWLFDVW� VFHQDULRV� DQG� KHWHURJHQHRXV� UHFHLYHUV�� 2Q
WKH� RWKHU� KDQG�� WKH�:DYH9LGHR� DSSURDFK� >�@� SURYLGHV� D
VHW�RI�PDSSLQJ�DQG�DGDSWDWLRQ�PHFKDQLVPV�IRU� LQWHJUDWHG
ZLUHG� DQG� ZLUHOHVV� QHWZRUNV� EDVHG� RQ� D� VFDODEOH� YLGHR
FRPSUHVVLRQ� DOJRULWKP��+RZHYHU�� QR� UHVRXUFH� DGPLVVLRQ
WHVWV� DUH�PDGH� DQG� WKH� DUFKLWHFWXUH� RQO\� FRYHUV� UHFHLYHU
EDVHG� PHGLD� VFDOLQJ�� :KLOH� WKLV� DUFKLWHFWXUH� LV� YHU\
SURPLVLQJ�� WKH�SURWRFROV� IRU� VHWWLQJ�XS� WKH� ILOWHUV� DUH� QRW
IOH[LEOH� DQG�GR�QRW� FRYHU� VHQGHU� EDVHG� DUFKLWHFWXUHV��1R
HQG�WR�HQG� 4R6� QHJRWLDWLRQ� LV� XVHG�� VR� QR� HQG�WR�HQG
JXDUDQWHHV�FDQ�EH�SURYLGHG��)XUWKHUPRUH��WKLV�DUFKLWHFWXUH
LV� WDLORUHG� WR� WKH� :DYH9LGHR� FRGLQJ� PHWKRG� DQG� 4R6
PDQDJHPHQW�DW�WKH�QHWZRUN�ILOWHUV�LV�LJQRUHG�

��� :LUHOHVV�0XOWLPHGLD�1HWZRUNLQJ

'LVWULEXWHG� PXOWLPHGLD� DSSOLFDWLRQV� LPSRVH� VWULQJHQW
UHTXLUHPHQWV� ERWK� RQ� UHVRXUFHV� ZLWKLQ� HQG�VWDWLRQV� DQG
ZLWKLQ� WKH� QHWZRUN�� 7\SLFDO� ZLUHOHVV� QHWZRUNV� SURYLGH
RQO\� EHVW� HIIRUW� WUDQVPLVVLRQ� FDSDELOLWLHV�� ZKLFK� LV� QRW
HQRXJK� IRU� 4R6� DZDUH� PXOWLPHGLD� DSSOLFDWLRQV� EHFDXVH
UHDO�WLPH� PHGLD� VWUHDPV� KDYH� WR� EH� FDSWXUHG�� FRGHG�
WUDQVPLWWHG�RYHU�WKH�QHWZRUN��GHFRGHG�DQG�SUHVHQWHG�WR�D
XVHU�ZLWKLQ�JLYHQ�WLPH�DQG�TXDOLW\�FRQVWUDLQWV��$�ZLUHOHVV
DFFHVV�VXE�QHWZRUN�VKRXOG�GLUHFWO\�VXSSRUW�WKHVH�UHDO�WLPH
PXOWLPHGLD�UHTXLUHPHQWV�DQG�VWLOO�EH�FRPSDWLEOH�ZLWK�H[�
LVWLQJ� WUDQVSRUW� LQIUDVWUXFWXUHV�� :LUHOHVV� $70� QHWZRUNV
WU\� WR� JXDUDQWHH�4R6� DW� WKH� QHWZRUN� OHYHO� RQ� D� SHU� FRQ�
QHFWLRQ�EDVLV�,Q�WKH�0DJLF�:$1'�SURMHFW�>��@�D�VR�FDOOHG
ZLUHOHVV� GDWD� OLQN� FRQWURO� OD\HU� �:'/&�� XQGHUQHDWK� WKH
$70�OD\HU�KLGHV�WKH�UDGLR�OLQN�EHKDYLRU�WR�VRPH�H[WHQW�WR
WKH�$70�OD\HU�WR�SURYLGH�D�ORZ�FHOO�ORVV�UDWLR��1HYHUWKH�
OHVV��WKH�WUDGH�RII�EHWZHHQ�GHOD\�DQG�ORVV�SHUVLVWV�DQG�WKH
:'/&�RIIHUV� VHYHUDO� RSWLRQV� �OLNH� IRUZDUG� HUURU� FRUUHF�
WLRQ� RU� $54�VFKHPHV�� WR� DGDSW� WR� WKH� UHTXHVWHG� WUDIILF
FODVV�DQG�FRQQHFWLRQ�SULRULW\��1HYHUWKHOHVV�LW�LV�SRVVLEOH�WR
VSHFLI\�DQ�XSSHU�ERXQG�RQ�WKH�HQG�WR�HQG�GHOD\�RI�D�FRQ�
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QHFWLRQ� DW� WKH� H[SHQVH� RI� SRVVLEOH� KLJK� FHOO� ORVV� UDWLR
�>��@��

'LVWULEXWHG�PXOWLPHGLD�DSSOLFDWLRQV�DUH�OLNHO\�WR�UXQ�RQ
KHWHURJHQHRXV� HQG�V\VWHPV� DQG� QHWZRUNV� ZLWK� ZLGHO\
YDU\LQJ�UHVRXUFH�DOORFDWLRQ�DQG�FRQWURO�FDSDELOLWLHV��:LUH�
OHVV� DFFHVV�ZLOO� OHDG� WR�PRELOH� QHWZRUNV�ZLWK� IOXFWXDWLQJ
4R6�FKDUDFWHULVWLFV�GXH�WR�YDU\LQJ�FKDQQHO�FRQGLWLRQV�DQG
07V� PRYLQJ� DURXQG�� +RZHYHU�� PXOWLPHGLD� DSSOLFDWLRQV
W\SLFDOO\� QHJRWLDWH� UHVRXUFH� DOORFDWLRQ� ZLWK� WKH� QHWZRUN
DQG� VKRXOG� DGDSW� WR� FKDQJLQJ� QHWZRUN� FRQGLWLRQV� XVLQJ
VXLWDEOH� DGDSWLYH�PHGLD� FRPSUHVVLRQ�PHWKRGV� DQG�PXOWL�
PHGLD� ILOWHUV� IRU� WDLORULQJ� WKH� FRPSUHVVHG� VWUHDPV�� 2XU
JRDO�LV�WR�SURYLGH�D�IUDPHZRUN�IRU�HQG�WR�HQG�4R6�DZDUH
WUDQVPLVVLRQ�RI�PHGLD�VWUHDPV�IRU�KHWHURJHQHRXV�QHWZRUNV
�ZLUHOHVV� DV� ZHOO� DV� ZLUHG� DFFHVV�� DQG� HQG� VWDWLRQV�� 2XU
PRWLYDWLRQ� IRU� H[WHQGLQJ� WKH�4R6� EURNHU� FRQFHSW� WR� QHW�
ZRUN� ILOWHUV� LV� EDVHG� RQ� WKH� REVHUYDWLRQ�� WKDW� HQG�WR�HQG
GHOD\� ERXQGV� DUH� OLNHO\� WR� H[LVW� IRU� UHDO�WLPH� YLGHR
FRQIHUHQFLQJ�VFHQDULRV�DQG�LI�QHWZRUN�ILOWHUV�DUH�XVHG�IRU
LQWHUPHGLDWH� PHGLD� SURFHVVLQJ� WKHVH� SRVVLEO\� H[SHQVLYH
RSHUDWLRQV� VKRXOG� DOVR� EH� LQFOXGHG� LQWR� WKH� HQG�WR�HQG
4R6�QHJRWLDWLRQ�

��� 4R6�0DQDJHPHQW�$UFKLWHFWXUH

0XOWLPHGLD�DSSOLFDWLRQV�RIIHU�PDQ\�GLUHFWLRQV�RI� IUHH�
GRP� WR� DGDSW� WR� GLIIHUHQW� 4R6� OHYHOV�� 'HOD\�ERXQGHG
WUDQVPLVVLRQ�LV�UHTXLUHG�IRU�SUHFLVH�WLPLQJ�DQG�V\QFKURQL�
]DWLRQ�EHWZHHQ�GLIIHUHQW�PHGLD�VWUHDPV��EXW�ZKHQ�UHVRXUFH
FRQGLWLRQV�YDU\��YLGHR�DSSOLFDWLRQV�PLJKW�ORZHU�WKH�WUDQV�
PLWWHG�IUDPH�VL]H��UDWH�RU�FRORU�UHVROXWLRQ�WR�VDYH�QHWZRUN
UHVRXUFHV��7KLV�DGDSWDWLRQ�VKRXOG�EH�G\QDPLF�WR�DOORZ�XV�
HUV�WR�VSHFLI\�WKHLU�FRVW�FRQVWUDLQWV�RU�SUHIHUHQFHV�LQ�FDVH
WKH� RULJLQDO� KLJK� OHYHO� 4R6� VHWWLQJV� FDQ� QR� ORQJHU� EH
PDLQWDLQHG� GXH� WR� GHWHULRUDWHG� FKDQQHO� FRQGLWLRQV�� 4R6
PDQDJHPHQW� LV� QHFHVVDU\� LQ� WKH� HQG�V\VWHPV� DQG� LQ� WKH
QHWZRUN�IRU�PDLQWDLQLQJ�XVHU�GHILQHG�4R6� OHYHOV�RYHU�DQ
HQWLUH� VHVVLRQ�� ,QFRUSRUDWLQJ� WKLV�PDQDJHPHQW� LQWR� DSSOL�
FDWLRQV� LV� RQO\� DQ� LQWHUPHGLDWH� VROXWLRQ� DQG� D� PRUH� JH�
QHULF� IUDPHZRUN� LV�QHHGHG� WR�GHDO�ZLWK� ILOWHUV� DQG�DFWLYH
QHWZRUNV� RI� WKH� IXWXUH�� 2XU� DUFKLWHFWXUH� LQFRUSRUDWHV
ZLUHOHVV�DV�ZHOO�DV�ZLUHG�QHWZRUNV�DQG�FRPSULVHV�D�QXP�
EHU�RI�IXQFWLRQDO�HQWLWLHV�IRU�HQG�WR�HQG�4R6�PDQDJHPHQW�
$�KLJK�OHYHO�GHVFULSWLRQ�LV�JLYHQ�LQ�WKH�QH[W�VHFWLRQ�

���� 2YHUDOO�$UFKLWHFWXUH

2XU�DUFKLWHFWXUH�LV�EDVHG�RQ�4R6�EURNHUV��QHWZRUN�ILO�
WHUV�� HUURU� FRQWURO� PRGXOHV�� VRXUFH� FRGHUV� DQG� GHFRGHUV
DQG�4R6�QHJRWLDWLRQ� SURWRFROV��:H� HQYLVDJH� D� FRPELQD�
WLRQ�RI�ZLUHG�DQG�ZLUHOHVV�VXE�QHWZRUNV�ZLWK�UHVRXUFH�UHV�
HUYDWLRQ� FDSDELOLWLHV� WR� SURYLGH� VRIW� ORZ�OHYHO� QHWZRUN
4R6� JXDUDQWHHV�� ,QWHUZRUNLQJ� ZLWK� ORFDO� DUHD� QHWZRUNV
ZLWKRXW�4R6� JXDUDQWHHV� LV� EDVHG� RQ� EHVW� HIIRUW� SULQFLSOH
XWLOL]LQJ�QHWZRUN�ILOWHUV�ZLWKLQ�URXWHUV�RU�HQG�VWDWLRQV�

7KH�:DYH9LGHR�>�@��>�@�FRGHF�LV�ZHOO�VXLWHG�IRU�IOH[L�
EOH�DQG�DGDSWLYH�YLGHR�FRPSUHVVLRQ��,QWHOOLJHQW�VHJPHQWD�
WLRQ�RI�WKH�FRGHG�YLGHR�LQIRUPDWLRQ�LQWR�QHWZRUN�IUDPHV�LV
XVHG�DQG�DQ\�LQWHUPHGLDWH�QRGH�RU�QHWZRUN�ILOWHU�PD\�GURS
D� VHW� RI� WKH� WDJJHG� IUDPHV� LQ� RUGHU� WR� VHOHFW� WKH� GHVLUHG
TXDOLW\��7KLV� LV�HVSHFLDOO\� LPSRUWDQW� IRU�D�PXOWLSRLQW� VFH�
QDULR�� ZKHUH� :DYH9LGHR� DOORZV� WR� FRPSUHVV� WKH� YLGHR
GDWD� WR� WKH� KLJKHVW� TXDOLW\� UHVXOWLQJ� LQ� D� KLJK� ELWUDWH

VWUHDP��(DFK�SDUWQHU�RU�LQWHUPHGLDWH�ILOWHU�FDQ�WKHQ�H[WUDFW
WKH� UHTXLUHG�TXDOLW\��2XU�4R6� IUDPHZRUN� LV� EXLOW� DURXQG
QHWZRUN�ILOWHUV�DQG�WKH�FRQFHSW�RI�EURNHUV�DQG�DOVR�DOORZV
WKH�XVH�RI�RWKHU�FRGLQJ�VFKHPHV�
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Figure 1: High level system view.

(QG�V\VWHPV��IL[HG�DQG�PRELOH�WHUPLQDOV��LQFOXGH�D�VHW
RI�PHGLD�FRGLQJ�DQG�GHFRGLQJ�PHWKRGV�DQG�GLIIHUHQW�4R6
FRQWUROOLQJ�HQWLWLHV��$3V�PD\�KRXVH�ILOWHUV�DQG�HUURU�FRQ�
WURO� PRGXOHV� WR� UHFHLYH� IHHGEDFN� RQ� FKDQQHO� FRQGLWLRQV�
(UURU� FRQWURO� PRGXOHV� PD\� DGG� UREXVWQHVV� WR� WKH� YLWDO
YLGHR�LQIRUPDWLRQ���EHFDXVH�HDFK�$3�NQRZV�DERXW�WKH�FD�
SDFLW\� DQG� FKDQQHO� TXDOLW\�� )LOWHU� RSHUDWLRQ� RQ� YLGHR
VWUHDPV� PD\� UDQJH� IURP� YHU\� IDVW� SXUH� WUDQVSRUW� OHYHO
SURFHVVLQJ��LI��H�J��ZKROH�YLGHR�IUDPHV�DUH�GURSSHG��D�ILO�
WHU�IRU�:DYH9LGHR�ZRXOG�UHDG�WKH�QHWZRUN�IUDPH�KHDGHU�
DQDO\]H� WKH� FRQWHQW� DQG� GHFLGH� WR� GURS� RU� IRUZDUG� WKH
IUDPH�� WR� VORZ�DQG� FRPSOH[� DSSOLFDWLRQ� OHYHO� SURFHVVLQJ
�H�J�� WUDQVFRGLQJ� 03(*� WR� :DYH9LGHR� IRU� HUURU� WROHU�
DQFH���7\SLFDOO\�� ILOWHUV� VFDOH� WKH�YLGHR�VWUHDPV� WR�GLIIHU�
HQW�UHTXLUHPHQWV� �H�J��EDQGZLGWK��DQG�VHUYH� VHYHUDO�07V
ZKHQ� XVHG� LQVLGH� $3V� ZLWK� GLIIHUHQW� TXDOLW\� FRQVWUDLQWV
DQG� FKDQQHO� FRQGLWLRQV�� )DVW� DQG� VLPSOH� ILOWHUV� LQVLGH
VZLWFKLQJ� QRGHV� VHUYH� GLIIHUHQW� EUDQFKHV� ZLWK� GLIIHUHQW
TXDOLW\� OHYHOV�� $OO� ILOWHUV� UHJLVWHU� ZLWK� D� ILOWHU�PDQDJHU
DXWKRULW\�WR�EH�FRQWDFWHG�E\�D�ILOWHU�GHDOHU��ZKHQHYHU�PH�
GLD�VFDOLQJ�LV�QHFHVVDU\�

'LIIHUHQW�PRELOH�UHFHLYHUV��)LJXUH����PD\�KDYH�GLIIHU�
HQW� TXDOLW\� UHTXLUHPHQWV�� %DVHG� RQ� KLJK�OHYHO� 4R6� SD�
UDPHWHUV�� D�PDSSLQJ� WR� D� VHW� RI� UHVRXUFH� UHTXLUHPHQWV� LV
QHFHVVDU\�IRU�UHVHUYLQJ�UHVRXUFHV� LQ� WKH� ORFDO� V\VWHP��IRU
PHGLD� SURFHVVLQJ��� LQWHUPHGLDWH� �QHWZRUN� ILOWHUV�� RU� UH�
PRWH�V\VWHPV�DQG�ZLWKLQ�WKH�QHWZRUN�IRU�4R6�DZDUH�HQG�
WR�HQG�FRPPXQLFDWLRQ��&RQVLGHU�WKH�YLGHR�FRGHU�&��ZKLFK
JHQHUDWHV�D�KLJK�TXDOLW\�YLGHR�VWUHDP��2WKHU�WHUPLQDOV�DW�
WDFKHG�WR�WKH�VDPH�VZLWFK�PD\�UHFHLYH�WKH�VDPH��PXOWLFDVW
FDSDELOLWLHV�FDQ�EH�H[SORLWHG��LI�WKH�QHWZRUN�VXSSRUWV�WKLV�
RU� ORZHU�TXDOLW\��)RU�DOO� ORZHU�TXDOLW\� VWUHDPV�ZKLFK�DUH
GLUHFWO\�DWWDFKHG�WR�WKH�VZLWFK�ILOWHUV�ZLWKLQ�HQG�VWDWLRQV�RU
DW� WKH� VHQGHU� DUH� XVHG� WR� VHOHFW� WKH� GHVLUHG� TXDOLW\�� )RU
WHUPLQDOV� QRW� GLUHFWO\� DWWDFKHG� WR� WKH� VZLWFK�� ILOWHUV� �)��

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

�)RU�:DYH9LGHR��HDFK�QHWZRUN�SDFNHW�FRQWDLQV�D�KLJK�OHYHO�GHVFULSWLRQ�RI

LWV�FRQWHQW�XVLQJ�GHGLFDWHG�WDJV��$Q�HUURU�FRQWURO�PRGXOH�KDV�WR�ORRN�IRU�SDFNHWV

FRQWDLQLQJ�YLWDO�LQIRUPDWLRQ�IRU�WKH�EDVH�OD\HU�DQG�DGG�HUURU�SURWHFWLRQ�XVLQJ�H�J�

IRUZDUG�HUURU�FRUUHFWLRQ�RU�GLVWULEXWLQJ�WKH�EDVH�OD\HU�LQIRUPDWLRQ�DPRQJ�VHYHUDO

SDFNHWV��7KH�EURNHU�DUFKLWHFWXUH�VKRXOG�EH�H[WHQGHG�WR�WKH�HUURU�FRQWURO�PRGXOHV�

WRR��EHFDXVH�WKH�SURFHVVLQJ�QHHGV�DGGLWLRQDO�UHVRXUFHV�DQG�DGGV�GHOD\��+RZHYHU�

WKLV�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU�
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)���)���DW�WKH�RXWJRLQJ�OLQNV�FDQ�EH�XVHG�WR�VFDOH�WKH�PH�
GLD�VWUHDP�WR�EH�VXLWDEOH�IRU�WKH�TXDOLW\�OHYHOV�RI�DOO�VXEVH�
TXHQW�UHFHLYHUV��)LOWHUV�DW�$3V��)���)���VHUYH�DOO�07V�FXU�
UHQWO\�UHJLVWHUHG�DW�WKH�FRUUHVSRQGLQJ�$3��$W�WKH�UHFHLYLQJ
07V��ILOWHUV�FDQ�EH�XVHG�WR�VFDOH�GRZQ�WKH�YLGHR�VWUHDP�WR
DGDSW� WR� DYDLODEOH� SURFHVVLQJ� SRZHU�� )LOWHUV� SODFHG� DW
URXWHUV��)���PD\�VHUYH�DV�SUR[LHV�IRU�WKH�FRQQHFWHG�/$1�
$W� HDFK� KRVW�ZH� SODFH� VHYHUDO�4R6�PDQDJHPHQW� HQWLWLHV
XVLQJ�D�EURNHU�FRQFHSW�WR�SHUIRUP�4R6�QHJRWLDWLRQ��DGDS�
WDWLRQ� DQG� PDSSLQJ� EHWZHHQ� WKH� FRPPXQLFDWLRQ� HQG�
SRLQWV�DQG�LQWHUPHGLDWH�ILOWHUV��4R6�PDSSHUV�PDS�EHWZHHQ
GLIIHUHQW�4R6�OHYHOV��H�J��EHWZHHQ�XVHU�DQG�PHGLD�VSHFLILF
4R6��5HVRXUFH�PDQDJHUV�UHTXHVW�� FRQWURO�DQG�UHVHUYH� OR�
FDO� UHVRXUFHV� WR� JXDUDQWHH� WKH� UHTXHVWHG� 4R6�� %URNHU�
RSHUDWLRQV� SHUIRUPHG� DW� ILOWHUV� QHJRWLDWH� ILOWHU� UHVRXUFHV
DQG�VHW�XS�DQG�FRQWURO�WKH�EHKDYLRU�RI�ILOWHUV�

7KH�G\QDPLF�EHKDYLRU�RI�PRELOHV�LV�RXU�PRWLYDWLRQ�IRU
FRPELQLQJ� DQ� H[WHQGHG� EURNHU� FRQFHSW�ZLWK� QHWZRUN� ILO�
WHUV��&RQVLGHU�WKH�FDVH��ZKHUH�PRELOH�'��PRYHV�IURP�$3�
WR�$3���$VVXPH�'�� LV� VHUYHG�ZLWK���� ISV�&,)� VL]H� WUXH�
FRORU� KLJK� TXDOLW\� YLGHR� DW� $3�� UHVXOWLQJ� LQ� �� 0ELW�V
WUDQVPLVVLRQ�FDSDFLW\�DQG�RYHUDOO�HQG�WR�HQG�GHOD\�RI����
PV� LQFOXGLQJ� LQWHUPHGLDWH� SURFHVVLQJ� DW� )��� )�� DQG� )��
$VVXPH� IXUWKHU�� WKDW�)�� DW�$3�� FXUUHQWO\� VHUYHV�PRELOHV
ZLWK� ORZ�TXDOLW\� YLGHR�� VD\� �� ISV�4&,)� VL]H�� EDG� FRORXU
TXDOLW\��DQG�WKDW�)��DQG�WKH�QHWZRUN�OLQN�EHWZHHQ�)��DQG
)�� LV� QHDU� WKH� XSSHU� FDSDFLW\� OLPLW�� :LWKRXW� 4R6� PDQ�
DJHPHQW� DW� LQWHUPHGLDWH� ILOWHUV�� '�� ZLOO� EH� KDQGHG� RYHU
IURP� $3�� WR� $3�� DQG� ILOWHU� SURSDJDWLRQ� LV� WULJJHUHG� VR
WKDW�)��ZLOO�HYHQWXDOO\�EH�VHUYHG�ZLWK�KLJK�TXDOLW\�YLGHR�
+RZHYHU�� LQ� RXU� VFHQDULR� WKLV� LV� QRW� SRVVLEOH� GXH� WR� WKH
OLQN�DQG�ILOWHU�OLPLWDWLRQ�EHWZHHQ�)��DQG�)���,QWURGXFLQJ�D
4R6� PDQDJHPHQW� DUFKLWHFWXUH� DW� ILOWHUV� DQG� GLVWULEXWHG
ILOWHU�GHDOHUV�� '�� ZLOO� QRWLFH� WKH� EDG� YLGHR� TXDOLW\� DIWHU
KDQG�RII� DQG� FRQWDFW� )�� WR� JHW� KLJKHU� TXDOLW\�� )�� ZLOO
FRQWDFW�)��DQG�HYHQWXDOO\�)��WR�UHTXHVW� WKH�GHVLUHG�TXDO�
LW\��6LQFH�)��DQG�WKH�OLQN�EHWZHHQ�)��DQG�)��LV�WKH�ERWWOH�
QHFN�� )�� ZLOO� QRWLFH� WKDW� LW� LV� QRW� SRVVLEOH� WR� JHW� EHWWHU
TXDOLW\�IURP�)���7KHUHIRUH��LW�ZLOO�FRQWDFW�YLD�ILOWHU�GHDOHU
)��DQG�UHTXHVW�KLJKHU�TXDOLW\��)��DOUHDG\�FDQ�SURYLGH�WKH
GHVLUHG�KLJK�TXDOLW\�DQG�)��ZLOO�IURP�QRZ�RQ�UHTXHVW�WKH
YLGHR�VWUHDP�IURP�)��LQVWHDG�IURP�)���1RWH�� WKDW�VHYHUDO
RWKHU�FDVHV�FDQ�EH�FRQVWUXFWHG�ZKHQ�HQG�WR�HQG�GHOD\�DQG
LQWHUPHGLDWH� ILOWHU� SURFHVVLQJ� WLPH� LV� WDNHQ� LQWR� DFFRXQW
�LI�� H�J�� )�� FDQ� QRW� VXSSRUW� RYHUDOO� ����PV� GHOD\� ERXQG
GXH�WR�SRVVLEOH�RYHUORDG��JLYHQ�'�V�KLJK�TXDOLW\�UHTXLUH�
PHQWV���([WHQGLQJ�D�4R6�EURNHU�FRQFHSW�WR�QHWZRUN�ILOWHUV
DQG�ILOWHU�GHDOHUV�ZLOO�RIIHU�PRUH�IOH[LELOLW\��G\QDPLFV�DQG
VRIW� HQG�WR�HQG� JXDUDQWHHV� FRPSDUHG� WR� >�@�� WDNLQJ� LQWR
DFFRXQW�WKH�G\QDPLF�EHKDYLRU�LQ�D�PRELOH�HQYLURQPHQW�

���� /HYHOV�RI�4R6

'LVWULEXWHG�PXOWLPHGLD� DSSOLFDWLRQV� RSHUDWH� DW� VHYHUDO
OHYHOV�LQ�RUGHU�WR�SURYLGH�HQG�WR�HQG�JXDUDQWHHV��$W� OHDVW
WKUHH� OD\HUV� EHORZ� WKH� KXPDQ� XVHU� FDQ� EH� LGHQWLILHG� DF�
FRUGLQJ� WR� >��@�� DSSOLFDWLRQ� OHYHO�� V\VWHP� OHYHO� DQG� WKH
QHWZRUN� DQG�PXOWLPHGLD� GHYLFH� OHYHO�� )RU� VHWWLQJ� XS� WKH
FRPPXQLFDWLRQ�FKDQQHO�D�PDSSLQJ�DQG�QHJRWLDWLRQ�SURFH�
GXUH�LV�UHTXLUHG�IRU�WKH�4R6�SDUDPHWHUV�WKH�XVHU�KDV�VSHFL�
ILHG��:LWKLQ�RXU� IUDPHZRUN�ZH�GHILQH� WKH� IROORZLQJ� OHY�
HOV�

�� 8VHU� OHYHO�4R6� �8VHU4R6�� LV� GHILQHG� E\� WKH� XVHU� DQG
H[SUHVVHV� WKH� RYHUDOO� SHUFHLYHG� TXDOLW\� XVLQJ� D� VLQJOH
YDOXH�� 7KH� KLJKHU� WKH� YDOXH�� WKH� EHWWHU� WKH� SHUFHLYHG
4R6�� 7KH� XVHU� GHILQHV� SUHIHUHQFHV� XVHG� IRU� WKH�PDS�
SLQJ� IXQFWLRQV� EHWZHHQ�8VHU4R6� DQG�$SS4R6�� 7KHVH
SUHIHUHQFHV� DUH� DOVR� XVHG� WR� FDOFXODWH� D� GHJUDGDWLRQ
SDWK��7KH�V\VWHP�ORZHUV�WKH�OHDVW�LPSRUWDQW�SDUDPHWHUV
ILUVW�� ZKHQ� D� UH�QHJRWLDWLRQ� LV� WULJJHUHG� GXH� WR� HLWKHU
LQWHUQDO� �LI� H�J�� WKH� 14R6� FKDQJHV� DIWHU� D� KDQG�RII� LV
SHUIRUPHG��RU�H[WHUQDO��XVHU�GULYHQ��HYHQWV�

�� $SSOLFDWLRQ� DQG� PHGLD� OHYHO� 4R6� �$SS4R6�� LV� GH�
VFULEHG� LQ� WHUPV� RI�PHGLD� TXDOLW\� DQG�PHGLD� UHODWLRQ�
7KHVH�SDUDPHWHUV�DUH�VWLOO�H[SUHVVHG�LQ�KLJK�OHYHO�WHUPV
DQG� SUHVHQWHG� WR� WKH� XVHU�� )RU� H[DPSOH�� WKH� XVHU�PD\
VSHFLI\� WKH�YLVXDO�TXDOLW\� WR�EH�JRRG�RU� WR�XVH�D� ODUJH
IUDPH�VL]H��1RWH�� WKDW�ZH�GHILQH� LQWHUYDOV� IRU�$SS4R6
DQG�WKH�V\VWHP�WULHV�WR�VWD\�ZLWKLQ�WKH�FDOFXODWHG�LQWHU�
YDO�DV�ORQJ�DV�SRVVLEOH�

�� 6\VWHP�DQG�GHYLFH�OHYHO��6\V4R6��SDUDPHWHUV�GHVFULEH
RSHUDWLQJ� V\VWHP� XWLOL]DWLRQ� OLNH� PLQLPXP� DQG� PD[L�
PXP�&38� XVDJH�� PHPRU\� XWLOL]DWLRQ� RU�PHGLD� FRGHF
DYDLODELOLW\�DQG�FDSDELOLWLHV��3DUDPHWHUV�DW�WKLV�OHYHO�DUH
LQYLVLEOH�WR�WKH�XVHU�

�� 7UDQVSRUW� OHYHO�4R6� �74R6�� LV� GHVFULEHG� LQ� WHUPV� RI
QHWZRUN� ORDG�DQG�QHWZRUN�SHUIRUPDQFH��7KH� WUDQVSRUW
VHUYLFH� SURYLGHU� GRHV� WKH� ILQDO� PDSSLQJ� WR� QHWZRUN
OHYHO�4R6� �14R6�� SDUDPHWHUV��1RWH�� WKDW�ZH� DOVR� XVH
LQWHUYDOV� DW� WKLV� OHYHO� ZKLFK� KHOSV� PRELOHV� WR� UHFRYHU
IURP�WHPSRUDO�FKDQQHO�IDGLQJ�DQG�FKDQJLQJ�EDQGZLGWK�

7KH�JRDO�IRU�WKH�4R6�PDQDJHPHQW�V\VWHP�LV�WR�VHW�XS�DQG
PDLQWDLQ� HQG�WR�HQG� FRPPXQLFDWLRQ� JLYHQ� WKH� XVHU� DQG
DSSOLFDWLRQ� OHYHO� 4R6� SDUDPHWHUV� XQGHU� WKH� FRQVWUDLQWV
LPSRVHG�E\� WKH� ORFDO� DQG� UHPRWH� V\VWHP� FDSDELOLWLHV� DQG
UHVRXUFH�DYDLODELOLW\�ZLWKLQ� WKH�QHWZRUN�DQG� LQWHUPHGLDWH
ILOWHUV�

���� %URNHU�PRGHOV

7KH�FRQFHSW�RI�UHVRXUFH�EURNHUDJH�ZDV�ILUVW�LQWURGXFHG
E\�1DKUVWHGW�>��@�DQG�UHVHPEOHV�WKH�KXPDQ�QDWXUH�RI�EUR�
NHUV��ZKLFK�DUH�VSHFLDOL]HG�LQ�SDUWLFXODU�W\SHV�RI�QHJRWLD�
WLRQ�� %URNHUV�PDQDJH� UHVRXUFHV� DW� DSSOLFDWLRQ� DQG� WUDQV�
SRUW�OHYHO�DQG�QHJRWLDWH�ZLWK�WKH�QHWZRUN�DQG�UHPRWH�EUR�
NHUV�� ,Q� >��@�� EX\HUV�DUH� WKH� HQG�SRLQWV� LQ�D� FRPPXQLFD�
WLRQ�SURFHVV�ZKLFK�ZDQW�WR�EX\�UHVRXUFHV�IURP�RWKHU�HQG�
SRLQWV� ZLWKLQ� WKH� GLVWULEXWHG� PXOWLPHGLD� V\VWHP� DQG� WKH
VHOOHUV�RIIHU�WKHLU�UHVRXUFHV�IRU�VDOH��7KH�EURNHUDJH�SURF�
HVV�LV� LQLWLDWHG�E\�WKH�EX\HU��:H�H[WHQG�WKLV�PRGHO� WR� LQ�
FRUSRUDWH� LQWHUPHGLDWH� SURFHVVLQJ� DW� DSSOLFDWLRQ� DQG
WUDQVSRUW�OHYHO�E\�XVLQJ�QHWZRUN�ILOWHUV�

(DFK�EURNHU�HQWLW\�FRQWDLQV�D�EURNHU�EX\HU�DQG�D�EUR�
NHU�VHOOHU��7KH� WDVNV� IRU� WKH�EX\HU�DUH� WR�JDWKHU� LQIRUPD�
WLRQ�DERXW�DYDLODEOH� ORFDO� UHVRXUFHV� VXFK�DV�&38�XWLOL]D�
WLRQ�� PHPRU\� DOORFDWLRQ� RU� KDUGZDUH� FRPSUHVVLRQ� FDSD�
ELOLWLHV��WR�JDWKHU�LQIRUPDWLRQ�DERXW�DYDLODEOH�QHWZRUN�UH�
VRXUFHV� DQG� WR� JDWKHU� UHVRXUFH� LQIRUPDWLRQ� IURP� WKH� UH�
PRWH�VHOOHU��7KH�WDVNV�IRU�WKH�VHOOHU�DW�WKH�UHPRWH�VLGH�DUH
WR�RUFKHVWUDWH� WKH�UHPRWH�UHVRXUFHV�DQG� WR�UHVSRQG� WR� UH�
TXHVWV�LQLWLDWHG�E\�D�EX\HU��,Q�RUGHU�WR�FRSH�ZLWK�WZR�GLI�
IHUHQW�VFHQDULRV��VHQGHU�DQG�UHFHLYHU�EURNHUDJH�LQLWLDWLRQ��
WZR� GLIIHUHQW� SURWRFRO� HQWLWLHV� DUH� LGHQWLILHG�� VHQGHU� DQG
UHFHLYHU��7KH�UHVRXUFHV�QHFHVVDU\�IRU�RXWJRLQJ��LQFRPLQJ�
FDOOV� DQG� FRQQHFWLRQV� DUH� PDQDJHG� E\� WKH� VHQGHU� �UH�
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FHLYHU���7R�H[SODLQ�WKH�GLIIHUHQW�PRGHV��FRQVLGHU�D�YLGHR�
FRQIHUHQFH��ZKHUH�$�ZDQWV�WR�WUDQVPLW�KLV�DXGLR�DQG�YLGHR
VWUHDPV�WR�D�UHPRWH�SDUWQHU�%��+HUH��$� LV� WKH� VHQGHU�DQG
UHTXHVWV�DV�D�EX\HU�UHVRXUFHV�IURP�WKH�FOLHQW�%��ZKLFK�LV�D
VHOOHU�RI�KLV�UHVRXUFHV��$IWHU�VXFFHVVIXO�EURNHUDJH��WKH�FDOO
FDQ�EH� HVWDEOLVKHG� DQG� WKH� VWUHDPV� DUH� WUDQVPLWWHG�XQGHU
FHUWDLQ�HQG�WR�HQG�4R6�JXDUDQWHHV��1RWH��WKDW�LQ�RXU�FDVH
D�QHWZRUN�ILOWHU�)�FDQ�SOD\�WKH�UROH�RI�%�DQG��LI�WKH�RULJLQDO
LQWHQWLRQ� ZDV� WR� VHW�XS� D� FRQQHFWLRQ� EHWZHHQ� WZR� HQG�
QRGHV� �$�DQG�%��� WKH� VDPH�QHWZRUN� ILOWHU�KDV� WR� UHDFW� DV
EX\HU�IRU�WKH�UHVRXUFHV�RI�RWKHU�ILOWHUV� OLNH�*� LQ�)LJXUH��
GRZQ� WKH� VLQN�SDWK�RU�DV� D� EX\HU� IRU� WKH� UHVRXUFHV�RI�%�
)RU�WKH�VHFRQG�PRGH�FDOOHG�UHFHLYHU�LQLWLDWHG�EURNHUDJH��D
UHFHLYHU�DFWV� DV� EX\HU� IRU� UHVRXUFHV� IURP�D� VHQGHU� WR� HV�
WDEOLVK�XQLGLUHFWLRQDO�FRQQHFWLRQ�ZLWK�4R6�JXDUDQWHHV��$V
DQ�H[DPSOH��FRQVLGHU�9LGHR�RQ�'HPDQG��ZKHUH�WKH�FOLHQW
�UHFHLYHU� %�� UHTXHVWV� PHGLD� FOLSV� IURP� D� VHUYHU� ZLWK� RU
ZLWKRXW� LQWHUPHGLDWH� ILOWHUV�� $QRWKHU� H[DPSOH� ZRXOG� EH
WKH�YLGHR�FRQIHUHQFLQJ�VFHQDULR��ZKHUH�WKH�UHFHLYHU�ZRXOG
LQLWLDWH� WKH� FDOO� VHWXS�� :KHQ� WKH� EURNHUDJH� IDLOV� GXH� WR
ODFN�RI�UHVRXUFHV�DW�DSSOLFDWLRQ�RU�WUDQVSRUW�OHYHO�DW�WKH�UH�
FHLYHU�VLGH�RU�LQVLGH�WKH�QHWZRUN��ILOWHUV�DUH�XVHG�WR�ORZHU
WKH�PHGLD�VWUHDP�TXDOLW\��,Q�WKLV�FDVH�ZH�LQFRUSRUDWH�D�VR
FDOOHG� ILOWHU�GHDOHU�� ZKLFK� GHFLGHV� IRU� HDFK� UHFHLYHU� WKH
ILOWHUV�WR�EH�FRQWDFWHG�IRU�4R6�EURNHUDJH��7KLV�SURFHVV�LV
GHVFULEHG�EHORZ��$�GLIIHUHQW�H[DPSOH�ZRXOG�EH��LI�D�PXO�
WLFDVW� WUHH� LV�DOUHDG\�VHW�XS�EHWZHHQ�VHQGHU�$�� ILOWHU�)��*
DQG� UHFHLYHU�%�� ,I� UHFHLYHU�&�ZDQWV� WR� MRLQ� WKH�PXOWLFDVW
WUHH��LWV�ILOWHU�GHDOHU�ILQGV�D�VXLWDEOH��VHW�RI��ILOWHUV��LQ�RXU
FDVH�)��DQG�UHFHLYHU�EX\HU�&�FRQWDFWV�VHQGHU�VHOOHU�DW�ILO�
WHU�)�WR�FRQWDFW�WKH�PXOWLFDVW�JURXS�DQG�WKH�SURWRFRO�VWDUWV
QHJRWLDWLRQ� DW� $SS4R6� OHYHO� EHWZHHQ� EURNHU�EX\HU� DW� &
DQG�EURNHU�VHOOHU�DW�)�

1RWH��WKDW�GXH�WR�VHYHUDO�OHYHOV�RI�4R6�ZLWKLQ�WKH�V\V�
WHP�DQG�GXH�WR�WKH�IDFW�WKDW�QHWZRUN�UHVRXUFHV�OLNH�VZLWFK
RXWSXW� EXIIHUV� DUH� W\SLFDOO\� VKDUHG� DQG� H[SHQVLYH�� UH�
VRXUFH� UHVHUYDWLRQ� DQG� DOORFDWLRQ� KDYH� WR� EH� GH�FRXSOHG
EHWZHHQ� DSSOLFDWLRQ� DQG� WUDQVSRUW� VXEV\VWHP�� &RQVH�
TXHQWO\��EX\HU�DQG�VHOOHU�DUH�VHSDUDWHG�LQWR�DQ�DSSOLFDWLRQ
DQG� D� WUDQVSRUW� SDUW�� 1HJRWLDWLRQ� DQG� UHVRXUFH� PDQDJH�
PHQW�EHWZHHQ�GLIIHUHQW�SDUWQHUV��H�J��VHQGHU�DQG�UHFHLYHU�
LV� FDUULHG� RXW� DW� DSSOLFDWLRQ� OHYHO� DQG� DW� WUDQVSRUW� OHYHO�
3HHU�WR�SHHU� FRPPXQLFDWLRQ� LV� HVWDEOLVKHG� EHWZHHQ� WKH
DSSOLFDWLRQ� DQG� WUDQVSRUW� VXE�SDUWV� RI� EX\HU� DQG� VHOOHU�
/D\HU�WR�OD\HU� FRPPXQLFDWLRQ� LV� XVHG� ZLWKLQ� EX\HUV� RU

VHOOHUV� EHWZHHQ� DSSOLFDWLRQ� DQG
WUDQVSRUW�VXE�SDUWV�IRU�H�J��4R6�SD�
UDPHWHU�PDSSLQJ�

,Q� VXPPDU\�� WKH� WDVNV� IRU� WKH
EURNHU�VHQGHU�DUH� WR�RUFKHVWUDWH� OR�
FDO� UHVRXUFHV� IRU� RXWJRLQJ� FRQQHF�
WLRQV� DQG� PHGLD� LQSXW� LQ� WHUPV� RI
XVHU�� DSSOLFDWLRQ�� V\VWHP�DQG� WUDQV�
SRUW� OHYHO�4R6�ZKHUHDV� WKH�EURNHU�
UHFHLYHU�LV�UHVSRQVLEOH�IRU�LQFRPLQJ
FRQQHFWLRQV� DQG� SUHVHQWDWLRQ� RI
PHGLD�� 7KH� EX\HU� DQG� VHOOHU� SURWR�
FROV� UHVLGH� ZLWKLQ� WKH� VHQGHU�� UH�
FHLYHU� RU� ILOWHU� DQG� DUH� DFWLYDWHG
XSRQ�UHVSRQVH�WR�VHQGHU�RU�UHFHLYHU
LQLWLDWLRQ�� 7KH� ILOWHU� GHDOHU� UHDFWV
ZKHQHYHU�D�UHFHLYHU�RU�WKH�QHWZRUN
LV�QRW�DEOH�WR�SURYLGH�WKH�QHFHVVDU\

UHVRXUFHV�� 6HYHUDO� GLIIHUHQW� VWDWH�PDFKLQHV� DUH� LGHQWLILHG
�VHQGHU�EX\HU�� VHQGHU�VHOOHU�� UHFHLYHU�EX\HU�� UHFHLYHU�
VHOOHU��ILOWHU�EX\HU��ILOWHU�VHOOHU��ILOWHU�GHDOHU��DQG�DFWLYDWHG
GHSHQGLQJ�RQ�WKH�ORFDWLRQ��VHQGHU��UHFHLYHU��ILOWHU��DQG�WKH
VLGH��EX\HU�RU�VHOOHU���1RWH��WKDW�WKH�VHQGHU�ZLWKLQ�D�YLGHR�
FRQIHUHQFLQJ� VFHQDULR� VKRXOG� DOZD\V� JHQHUDWH� �FDSWXUHV
DQG�FRPSUHVVHV�� WKH�KLJKHVW� SRVVLEOH�PHGLD� TXDOLW\�� ,W� LV
XS�WR�WKH�UHFHLYHUV�WR�FRSH�ZLWK�WKH�PHGLD�TXDOLW\�DQG�� LI
WKH�UHFHLYHUV�GR�QRW�KDYH� HQRXJK�UHVRXUFHV�� LQWHUPHGLDWH
ILOWHUV�KDYH�WR�VFDOH�WKH�PHGLD�TXDOLW\� LQ�DFFRUGDQFH�ZLWK
WKH�GHVLUHG�HQG�WR�HQG�4R6�

���� 4R6�0DQDJHPHQW

7\SLFDOO\�� DQ� XVHU� LV� QRW� FRQFHUQHG� DERXW� ORZ� OHYHO
WHFKQLFDO�SDUDPHWHUV�OLNH�FHOO�ORVV�UDWLR��,QVWHDG��KH�ZRXOG
OLNH� WR� VSHFLI\� KLV� SUHIHUHQFHV� LQ� RUGHU� WR� HVWDEOLVK� D
FRPPXQLFDWLRQ�WR�UHPRWH�SDUWQHUV��6HYHUDO�SURSRVDOV�H[LVW
IRU�VXLWDEOH�XVHU�LQWHUIDFHV�OLNH�4XDOLW\�4XHU\�E\�([DPSOH
�44%(��>�@��DQG�WKH�RSWLPDO�GHVLJQ�LV�VWLOO�DQ�RSHQ�LVVXH�
$Q� RSWLPDO� XVHU� LQWHUIDFH� VKRXOG� EDODQFH� WKH� FRPSOH[LW\
RI�XVHU�LQSXW�ZLWK�IXQFWLRQDOLW\�DQG�ZH�SUHVHQWHG�LQ�>�@�DQ
LQWXLWLYH� XVHU� LQWHUIDFH� ZLWK� WKH� RSWLRQ� WR� VSHFLI\� PRUH
SUHFLVH�YDOXHV��$�VLPSOH�TXDOLW\�VOLGHU�LQGLFDWHV�WKH�RYHU�
DOO�SHUFHLYHG�XVHU�OHYHO�4R6�4

JORE
�UDQJLQJ�IURP�ORZ�TXDO�

LW\�WR�KLJK�TXDOLW\�������������$�SULRULWL]HG�OLVW�LV�XVHG�IRU
PDSSLQJ�4

JORE
�WR�$SS4RV�

:H�KDYH�KLGGHQ�D�QXPEHU�RI�ORZ�OHYHO�SDUDPHWHUV�IURP
WKH�XVHU� OLNH� WKH� XVHG� YLGHR� RU� DXGLR� FRPSUHVVLRQ�PHWK�
RGV�� EHFDXVH� WKLV� FDQ�EH� XQGHU� FRQWURO� E\� WKH�4R6�PDQ�
DJHPHQW��2QO\�WKH�SDUDPHWHUV�LQIOXHQFLQJ�XVHUV�SHUFHSWLRQ
DUH� SUHVHQWHG��)RU� WKH� FDVH� RI� YLGHR�� WKH� FRPELQDWLRQ� RI
IUDPH� UDWH�� VL]H�� FRORU� DQG� YLVXDO� TXDOLW\� LQIOXHQFHV� WKLV
SHUFHSWLRQ�� *LYHQ� D� FHUWDLQ� YLGHR� FRGHF�� PDQ\� GLIIHUHQW
FRPELQDWLRQV�FDQ�EH�VXSSRUWHG�E\�D�VLQJOH�UHVRXUFH� OHYHO
H[SUHVVHG�LQ�WUDQVSRUW�DQG�V\VWHP�OHYHO�4R6��7KH�SULRULW\
VHWWLQJV� KHOS� WR� GHFLGH��ZKLFK� FRPELQDWLRQ� WKH� XVHU� SUH�
IHUV��1RWH�� WKDW�$SS4R6� SDUDPHWHUV� GHILQH� LQWHUYDOV� DQG
WKH�XVHU�PD\�GHILQH�WKH�ERXQGDULHV��H�J���IUDPH�UDWH��79�
UDWH�� �>����������ISV@���*LYHQ�4

JORE
�DQG�WKH�SULRULW\�OLVW��ZH

FDQ�GHULYH�WKH�LQWHUYDOV�DW�$SS4R6�OHYHO��%DVHG�RQ�WKHVH
LQWHUYDOV��ZH�FDQ�WKHQ�FDOFXODWH�LQWHUYDOV�DW�74R6�OHYHO�IRU
D�JLYHQ�PHGLD�FRGHF��7KH�LGHD�IRU�WKH�EURNHU�PHFKDQLVP
LV�WR�QHJRWLDWH�HQG�WR�HQG�$SS4R6�DQG�VXLWDEOH�74R6�LQ�
WHUYDOV��1RWH�� WKDW�74R6� LV�YDOLG�RQO\�EHWZHHQ� WZR�SHHU�
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Figure 2: Broker model incorporating network filters
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WR�SHHU�HQWLWLHV��VHQGHU�LQWHUPHGLDWH�ILOWHU��ILOWHU�ILOWHU��ILO�
WHU�UHFHLYHU� RU� VHQGHU�UHFHLYHU� LI� QR� ILOWHUV� DUH� XVHG�� DQG
PD\�FKDQJH�IURP�KRS�WR�KRS�GXH�WR�LQWHUPHGLDWH�ILOWHU�RS�
HUDWLRQV�

������ 4R6�0DSSLQJ
,Q� RXU� IUDPHZRUN� VHYHUDO�4R6�PDSSLQJ� IXQFWLRQV� DUH

SHUIRUPHG�E\�4R6�PDSSHUV�WR�FDOFXODWH�GLIIHUHQW�4R6�SD�
UDPHWHUV�DW�GLIIHUHQW� OHYHOV��)LUVW��D�PDSSLQJ�EHWZHHQ� WKH
RYHUDOO� GHVLUHG� TXDOLW\� DQG� WKH� $SS4R6� SDUDPHWHUV� LQ�
YROYHV� WKH� XVHUV� SUHIHUHQFHV� DQG� WKH� RYHUDOO� TXDOLW\� SD�
UDPHWHU�4

JORE
��(DFK�$SS4R6�FDWHJRU\�[�∈�^YLVXDO�TXDOLW\�

FRORUV�� IUDPH� VL]H�� IUDPH� UDWH�� GHOD\�� V\QFKURQL]DWLRQ�
FRVẀ � LV� DVVLJQHG� D� XQLTXH� SULRULW\� S

[
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[
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 ����`�DQG�WKH�GHILQHG�LQWHUYDOV�IRU�IUDPH�UDWH

�7DEOH����ZH�WDEXODWH� WKH� LQWHUYDO�QXPEHU�IRU� VHYHUDO�H[�
HPSODU\�4

JORE
�YDOXHV�LQ�7DEOH����7KLV�PDSSLQJ�GHILQHV�WKH

LQWHUYDOV� DW� $SS4R6� OHYHO� WRJHWKHU� ZLWK� XVHU� GHILQDEOH
ERXQGV��$�ILQH�JUDQXODULW\�LV�GHVLUHG�IRU�$SS4R6�LQWHUYDOV
DQG�DOORZV�IRU�ILQH�WXQLQJ�

)UDPHUDWH ,QWHUYDO ,QW�QU�
6LQJOH�IUDPHV >����������ISV� �
9LGHR�SKRQH��PRGHP��OLQH� >����������ISV� �
9LGHR�SKRQH��,6'1� >��������ISV� �
9LGHR�SKRQH�PRGH�HWKHUQHW >���������ISV� �
79�UDWH�RU�KLJKHU !���ISV �

Table 1: Mapping Qglob to AppQoS intervals

0DSSLQJ� EHWZHHQ� $SS4R6� DQG� 74R6� LQWHUYDOV� GH�
SHQGV�RQ�WKH�PHGLD�FRGHF�DQG�WKH� WUDQVSRUW� V\VWHP�FKDU�
DFWHULVWLFV�� )RU� :DYH9LGHR� VHYHUDO� ILOWHU� VHWWLQJV� DUH
HYDOXDWHG� LQ� >�@��$� WDEOH� EDVHG� DSSURDFK� LV� XVHG� WR� SHU�
IRUP� WKH� PDSSLQJ� WR� SHDN� EDQGZLGWK�� 'LIIHUHQW� SUHIHU�
HQFHV�VHWWLQJV�DUH�XVHG�WR�JHQHUDWH�WKH�PDSSLQJ�WDEOHV�EXW
WKH�PDSSLQJ�FOHDUO\�GHSHQGV�RQ�WKH�DFWLYLW\�LQ�WKH�FKRVHQ
YLGHR�DQG�QR�KDUG�YDOXHV�FDQ�EH�GHULYHG��7KH�$SS4R6�WR
74R6�PDSSHU�HLWKHU�QHHGV�D�GDWDEDVH��ZKHUH� VXLWDEOH� WD�
EOHV�DUH�VWRUHG�IRU�HDFK�FRGHF�RU�D�4R6�PDSSLQJ�LQWHUIDFH
SURYLGHG�E\�D� FRGHF��)RU� WKH� VHFRQG�DSSURDFK� WKH� YLGHR
FRGHF�ZRXOG� FDOFXODWH� D� VHW� RI� 74R6� LQWHUYDOV� EDVHG� RQ
JLYHQ� $SS4R6� LQWHUYDOV�� )RU� HVWDEOLVKLQJ� QHWZRUN� FRQ�
QHFWLRQV��WKHVH�74R6�LQWHUYDOV�KDYH�WR�EH�PDSSHG�WR�QHW�
ZRUN� 4R6� EDVHG� RQ� D� JLYHQ� WUDQVSRUW� VHUYLFH� SURYLGHU�
&RQQHFWLRQ�LV�HVWDEOLVKHG�XVLQJ�WKH�KLJKHVW�ZRUNLQJ�SRLQW
ZLWKLQ�WKH�FDOFXODWHG�LQWHUYDOV��,I�WKH�UHVRXUFHV�DUH�QRW�VXI�

ILFLHQW� ZLWKLQ� WKH� QHWZRUN�� FRQQHFWLRQ� LV� UH�HVWDEOLVKHG
JLYHQ�WKH�ORZHVW�ZRUNLQJ�SRLQW�ZLWKLQ�WKH�FDOFXODWHG�LQWHU�
YDOV��,I�WKLV�DOVR�IDLOV��UH�QHJRWLDWLRQ�LV�QHFHVVDU\��LQWHUQDO
HYHQW��� 2WKHUZLVH� WKH� TXDOLW\� ZLOO� EH� VXFFHVVLYHO\� LQ�
FUHDVHG� E\� UH�HVWDEOLVKLQJ� WKH� FRQQHFWLRQ� DW� LQFUHDVLQJ
ZRUNLQJ�SRLQWV�
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Table 2: Derived interval number for frame rate

������ 4R6�&RQWUROOLQJ�3URFHGXUH
,Q� SULQFLSOH�� WKH� GHVFULEHG�4R6� FRQWUROOLQJ� SURFHGXUH

PD\�EH�LQLWLDWHG�E\�WKH�VHQGHU�RU�WKH�UHFHLYHU��6HQGHU�LQL�
WLDWLRQ� UHTXLUHV� WKH� VHQGHU� WR� EH� WKH� EX\HU� IRU� UHVRXUFHV�
ZKHUHDV� UHFHLYHU� LQLWLDWLRQ� SHUFHLYHV� WKH� VHQGHU� DV� WKH
VHOOHU� RI� UHVRXUFHV�� 6LJQDOOLQJ� LV� XVHG� WR� H[FKDQJH� LQIRU�
PDWLRQ� DPRQJ� WKH� GLIIHUHQW� HQWLWLHV� XVLQJ� WKH� IROORZLQJ
PHVVDJHV�
�� DFFHSW�� DV� D� UHVSRQVH� WR� WKH� SRVVLELOLW\� RI� D� VHOOHU� WR

DOORFDWH�WKH�UHVRXUFHV
�� UHMHFW�� LQGLFDWLQJ� WKH� LQFDSDELOLW\
V� RI� D� ILOWHU�VHOOHU� WR

SURYLGH� WKH� UHTXHVWHG� UHVRXUFHV�� LI� WLPH�RXW� LV� VLJ�
QDOOHG��RU�LI�QR�VXLWDEOH�ILOWHU�LV�IRXQG��LQ�WKLV�FDVH�ILO�
WHU�GHDOHU�VHQGV�UHMHFW�

�� PRGLI\�� DV� D� UHVSRQVH� WR� WKH� VLWXDWLRQ�� ZKHQ� D� VHOOHU
PXVW�UHOD[�UHVRXUFH�UHTXLUHPHQWV��EXW�WKH�VHOOHUV�XSSHU
ERXQG�LV�VWLOO�ZLWKLQ�WKH�EX\HUV�LQWHUYDO�

�� ILOWHUUHTXHVW�� DV� D� UHVSRQVH� WR� WKH� VLWXDWLRQ��ZKHUH� WKH
VHOOHUV�$SS4R6�LV� ORZHU�WKDQ�EX\HUV�$SS4R6�DQG� WKH
VHOOHU� GRHV� QRW� KDYH� RU� GRHV� QRW� ZDQW� WR� LQFUHDVH� UH�
VRXUFHV�WR�VXSSRUW�EX\HUV�$SS4R6�
$V� D� UHVSRQVH� WR� WKH� ILOWHUUHTXHVW�PHVVDJH�� WKH� ILOWHU�

GHDOHU�LV�FRQWDFWHG�WR�ORRN�IRU�D�VXLWDEOH�ILOWHU�IRU�VFDOLQJ
WKH�VWUHDPV�WR�WKH�UHFHLYHUV�FDSDELOLWLHV��7KH�IROORZLQJ�H[�
DPSOH� H[SODLQV� WKH� VLJQDOV� IRU� WKH� VHQGHU� LQLWLDWHG� DS�
SURDFK�� 7KH� EX\HU� ZDQWV� WR� EX\� UHVRXUFHV� IRU� VHQGLQJ
>�������� ISV@� YLGHR�� ,I� WKH� VHOOHUV� UHVRXUFHV� DOORZ� RQO\
>������� ISV@�� ILOWHUUHTXHVW� LV� VLJQDOOHG�� ,I� >�������� ISV@� DUH
DOORZHG��PRGLI\�>�������@��LV�VLJQDOOHG��$FFHSW�LV�VLJQDOOHG
IRU�H�J��>�������� ISV@��$� ILOWHU�ZRXOG�VHQG�UHMHFW�� LI� LW� FDQ
QRW� VXSSRUW� WKH� UHTXHVWHG� ILOWHU� RSHUDWLRQV� JLYHQ� KLV� UH�
VRXUFHV�DQG�VWUDWHJLHV�

)RU�WKH�VHQGHU�LQLWLDWHG�DSSURDFK�ZH�VWDUW�ZLWK�WKH�XVHU�
ZKR� ZDQWV� WR� VHQG� D� PHGLD� VWUHDP� WR� D� UHPRWH� SDUWQHU
JLYHQ�D�FHUWDLQ�8VHU4RV��8VHU4R6�LV�PDSSHG�WR�$SS4R6
DV�GHVFULEHG�LQ��������:H�REWDLQ�D�VHW�RI�LQWHUYDOV�IRU�$S�
S4R6�SDUDPHWHUV�DQG�WKH�PD[LPXP�YDOXH�RI�HDFK�LQWHUYDO
LV�XVHG�IRU�PDSSLQJ�WR� ORFDO�6\V4R6�SDUDPHWHUV��7KH�UH�
VRXUFH�PDQDJHU� LV� FRQWDFWHG� XVLQJ� WKH� XSSHU� ERXQGV� IRU
DGPLVVLRQ�WHVWV� OLNH�D� ORFDO� VFKHGXODELOLW\� WHVW� �IRU�H[DP�
SOH� WR� WHVW�� LI� WKH� V\VWHP� LV� FDSDEOH� WR� FDSWXUH� DQG� FRP�
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SUHVV����IUDPHV�SHU�VHFRQG��DQG�DQ�HQG�WR�HQG�GHOD\�WHVW
WR�FKHFN�DJDLQVW�XSSHU�GHOD\�ERXQGV��$IWHU�VXFFHVVIXO�UHV�
HUYDWLRQ� RI� ORFDO� UHVRXUFHV�� ORFDO� EURNHU�EX\HU� VWDUWV� QH�
JRWLDWLRQ� ZLWK� UHPRWH� EURNHU�VHOOHU� DW� $SS4R6� OHYHO� LQ�
FOXGLQJ�WKH�RIIHUHG�DQG�GHVLUHG�FRPSUHVVLRQ�PHWKRGV�DQG
WKH�$SS4R6� LQWHUYDO��7KLV� LQIRUPDWLRQ� H[FKDQJH�PD\� EH
SHUIRUPHG�VHYHUDO�WLPHV�DQG�LQ�WKH�HQG�WKH�VHQGHU�DQG�UH�
FHLYHU� NQRZ� DERXW� DYDLODEOH� FRPSUHVVLRQ� PHWKRGV�� 2I
FRXUVH��RWKHU�DSSOLFDWLRQ�VSHFLILF�GDWD�OLNH�XVHU�QDPHV�FDQ
EH�H[FKDQJHG��WRR��1RWH��WKDW�DW�WKLV�SRLQW�ZH�GR�QRW�VWDUW
WR�QHJRWLDWH�DW�WUDQVSRUW�OHYHO��EHFDXVH�ZH�GR�QRW�NQRZ�D
SULRU\��LI�DQ�LQWHUPHGLDWH�ILOWHU�LV�QHHGHG�

7KH�NQRZOHGJH�DERXW�RIIHUHG�FRPSUHVVLRQ�PHWKRG�DQG
PHGLD�TXDOLW\�KHOSV� WKH�EURNHU�VHOOHU� WR�GHFLGH�� LI�D� ILOWHU
IRU�PHGLD� VFDOLQJ� RU� WUDQVFRGLQJ� LV� QHHGHG�� 7UDQVFRGLQJ
LQWURGXFHV� PRUH� GHOD\� WKDQ� GHFRPSUHVVLRQ� EXW� VDYHV
WUDQVPLVVLRQ� EDQGZLGWK�� ,I� GHFRPSUHVVLRQ� LV� FKRVHQ�� WKH
QHFHVVDU\� EDQGZLGWK� EHWZHHQ� ILOWHU� DQG� UHFHLYHU�PD\� EH
WRR�KLJK�DQG�WKH�ILOWHU�PD\�GURS�HYHU\�VHFRQG�IUDPH��LI�WKH
SUHIHUHQFHV�RI�WKH�UHFHLYHU�VXJJHVWV�WKLV�

,QWHUQDO�HYHQW

$FFHSW�0RGLI\

5HVHUYHG

5HMHFW

0RGLI\

$FFHSW

8VHU4R6��$SS4R6

$GPLW5HVHUYH1HW

1HJRWLDWH1HW

6723

8VHU,QWHUIDFH

67$576HQGHU�EX\HU

)LOWHU

H[WHUQDO�HYHQW

1HJRWLDWH$SS

5HVHUYHG

)LOWHU'HDOHU

0DS�$SS4R6�WR�74R6

$GPLW5HVHUYH$SS

Figure 3: Sender-buyer protocol.

7KH�EURNHU�VHOOHU�KDV�WKUHH�SRVVLELOLWLHV�WR�UHDFW�XSRQ�D
UHTXHVW�IRU�FHUWDLQ�$SS4R6�YDOXHV��DFFHSW��PRGLI\��RU�ILO�
WHUUHTXHVW��:H�QRZ�EULHIO\�GHVFULEH�KRZ�WKH�EURNHU�EX\HU
DW� D� VHQGHU� UHDFWV� XSRQ� D� DFFHSW� DQG�PRGLI\� VLJQDO� VHQW
EDFN�E\�D�EURNHU�VHOOHU�DW�D�UHFHLYHU��4R6�WUDQVODWLRQ�DQG
QHJRWLDWLRQ� FRQWLQXHV� DW� WUDQVSRUW� OHYHO� E\� ILUVW� LQYRNLQJ
WKH� 4R6� PDSSLQJ� IXQFWLRQV� DW� WKH� EURNHU�EX\HU�� ZKLFK
WUDQVODWH�$SS4R6�WR�74R6�LQWHUYDOV�GHSHQGLQJ�RQ�D�JLYHQ
PHGLD�FRGHF�XVLQJ�WKH�4R6�PDSSHU��7KH�EURNHU�EX\HU�LQ�
YRNHV� DGPLVVLRQ� WHVWV� IRU� WKH� WUDQVSRUW� VXE�V\VWHP� OLNH
HQG�WR�HQG� GHOD\� DQG� EDQGZLGWK� RU� VFKHGXODELOLW\� ZLWKLQ
WKH�HQGSRLQWV�EDVHG�RQ�XSSHU�74R6�ERXQG��$IWHU�VXFFHVV�
IXO�DGPLVVLRQ��WKH�QHJRWLDWLRQ�ZLWK�WKH�XQGHUO\LQJ�QHWZRUN
EHJLQV�RQ�D� SHU�FRQQHFWLRQ� EDVLV��$� WUDQVODWLRQ� RI�74R6
14R6�LV�QHFHVVDU\�DQG�QHJRWLDWLRQ�ZLWK�LQWHUPHGLDWH�QHW�
ZRUN� QRGHV� LV� LQYRNHG� RQ� XSSHU� 74R6� ERXQG�� ,I� WKHVH
74R6�SDUDPHWHUV�FDQ�QRW�EH�VXSSRUWHG��WKH�ORZHU�ERXQGV

DUH� WHVWHG� DQG� FRQQHFWLRQ� LV� HVWDEOLVKHG� XVLQJ� ORZHU
ERXQGV��$IWHUZDUGV��WKH�74R6�YDOXHV�FDQ�VXFFHVVLYHO\�EH
LQFUHDVHG� WRZDUGV� KLJKHU� 74R6� LQWHUYDO� ERXQGDU\� WR� LQ�
FUHDVH�74R6�DQG� WKHUHIRUH�$SS4R6�TXDOLW\� VWHS�E\�VWHS�
7KLV� FDWHUV� IRU� YDU\LQJ� FKDQQHO� DQG� 4R6� FRQGLWLRQV� LQ
ZLUHOHVV�QHWZRUNV��,I�QRW�HYHQ�WKH�ORZHU�OLPLW�FDQ�EH�VXS�
SRUWHG�ZLWK�WKH�DYDLODEOH�UHVRXUFHV��UHMHFW� LV�VLJQDOOHG�XS
WR�1HJRWLDWH$SS��)LJXUH����IRU�FRQWDFWLQJ�WKH�ILOWHU�GHDOHU
LQ� RUGHU� WR� ORRN� IRU� D� EHWWHU� FRPSUHVVLRQ� PHWKRG�� UH�
VRXUFHV�DW�74R6� OHYHO�DUH�UHOHDVHG�DQG�QHJRWLDWLRQ�VWDUWV
DJDLQ�ZLWK�D� ILOWHU�VHOOHU��2WKHUZLVH�� WKH�ILQDO�VWHS�IRU�WKH
EX\HU�LV�WR�ZDLW�IRU�VXFFHVVIXO�UHVSRQVH�IURP�WKH�UHVRXUFH
PDQDJHPHQW� RI� WKH� QHWZRUN� DQG� WKH� UHVSRQVH� IURP� WKH
EURNHU�VHOOHU�DW�WUDQVSRUW�OHYHO�

,I� WKH� EURNHU�EX\HU� UHFHLYHV� D� ILOWHUUHTXHVW� VLJQDO�� WKH
ILOWHU�GHDOHU�LV�FRQWDFWHG�ZLWK�$SS4R6�LQWHUYDOV�RI�VHQGHU
DQG�UHFHLYHU�DQG�XVHU� LGHQWLILFDWLRQV�WR�FRQWDFW�DQ�DSSUR�
SULDWH� �VHW� RI�� ILOWHU�V��� 7ZR� GLIIHUHQW� DUFKLWHFWXUDO� FRQ�
FHSWV�H[LVW�IRU�QHWZRUN�ILOWHU�SODFHPHQW��ZLWKLQ�DQ�H[LVWLQJ
PXOWLFDVW� WUHH�� ZKHUH� ILOWHUV� DUH� HLWKHU� LQVWDOOHG� DW� HDFK
EUDQFK� IURP� WKH� VRXUFH� WR� WKH� VLQN�� RU� DW� VHOHFWHG� IL[HG
ILOWHU�ORFDWLRQV��,W�LV�WKH�WDVN�RI�WKH�ILOWHU�GHDOHU�WR�FRQWDFW
WKH�DSSURSULDWH�ILOWHUV�GHSHQGLQJ�RQ�WKH�VHQGHU�RU�UHFHLYHU
GULYHQ� DSSURDFK�� )RU� WKH� UHFHLYHU� GULYHQ� PXOWLFDVW� VFH�
QDULR��HDFK�ILOWHU�PD\�NQRZ�WKH�GHVWLQDWLRQ�RI�LWV�SUHGHFHV�
VRU�RQ�WKH�ZD\�WR�WKH�VRXUFH��7KH�VHQGHU�GULYHQ�DSSURDFK
UHTXLUHV�4R6� DZDUH� URXWLQJ� SURWRFROV� DW�$SS4R6� DQG� DW
74R6�OHYHO�IRU�VHOHFWLQJ�WKH�EHVW�ILOWHUV��&RQVLGHU��IRU�H[�
DPSOH�� WKH� FDVH�ZKHUH� UHFHLYHU��� �)LJXUH���� OLNHV� WR� MRLQ
WKH� FRQIHUHQFH� DQG� DFWV� DV� D� UHFHLYHU�EX\HU�� +H� ZRXOG
WKHQ� FRQWDFW� WKH�EURNHU�VHOOHU�ZLWKLQ� ILOWHU���ZLWK� WKH� GH�
VLUHG�$SS�4R6� LQWHUYDO�� )LOWHU� �� DOUHDG\� UHFHLYHV� D� FRP�
SUHVVHG� PHGLD� VWUHDP�� DQG� LI� WKH� $SS4R6� PDWFKHV�� WKH
QHJRWLDWLRQ� DW�74R6� OHYHO� SURFHHGV�� ,Q� WKH� FDVH�� WKDW� UH�
FHLYHU� �� UHTXHVWV� KLJKHU�$SS4R6� YDOXHV� WKDQ� ILOWHU� �� DO�
UHDG\� UHFHLYHV�� WKLV� ZRXOG� OHDG� WR� D� UHTXHVW� IRU� ILOWHU
SURSDJDWLRQ�>��@�DQG�WKH�EURNHU�EX\HU�ZLWKLQ�ILOWHU���FRQ�
WDFWV�EURNHU�VHOOHU�DW�ILOWHU���VWLOO�DW�$SS4R6�OHYHO��)LQDOO\�
WKLV� ILOWHU�SURSDJDWLRQ�PD\�VWRS�DW�D� ILOWHU��ZKLFK�DOUHDG\
VXSSRUWV�WKH�GHVLUHG�$SS4R6�LQWHUYDO��VD\�H�J��ILOWHU����DQG
DOO�LQWHUPHGLDWH�ILOWHUV�DUH�QRZ�WXQHG�IRU�VFDOLQJ�WKH�PHGLD
LQ�D�SURSHU�ZD\�DQG�KDYH�UHVHUYHG�WKHLU�UHVRXUFHV�DW�$S�
S4R6� OHYHO�� $V� D� ODVW� VWHS�� WKH� QHJRWLDWLRQ� FRQWLQXHV� RQ
74R6� OHYHO� DIWHU� PDSSLQJ� $SS4R6� WR� 74R6� LQWHUYDOV
ERWK�IRU�LQFRPLQJ�DQG�RXWJRLQJ�VWUHDPV��,I�WKHUH�LV�D�ODFN
RI�QHWZRUN�RU�V\VWHP�UHVRXUFHV�GHWHFWHG�DW�DQ�LQWHUPHGLDWH
QRGH�� WKH� ILOWHU� SURSDJDWLRQ� FDQQRW�EH� FRPSOHWHG�� WKH� UH�
VHUYHG�UHVRXUFHV�DUH�UHOHDVHG�DQG�WKH�UHFHLYHU�EX\HU�LV�LQ�
IRUPHG�� 7KH� RULJLQDO� $SS4R6� YDOXHV� DUH� ORZHUHG� JLYHQ
WKH�GHJUDGDWLRQ�SDWK�EDVHG�RQ�WKH�XVHUV�SUHIHUHQFHV�DQG�D
UH�QHJRWLDWLRQ�LV�WULJJHUHG�DW�$SS4R6�OHYHO�DJDLQ�

)RU�WKH�UHFHLYHU�GULYHQ�DSSURDFK�� WZR�SRVVLELOLWLHV�H[�
LVW�� HLWKHU� HDFK� UHFHLYHU� NQRZV� WKH� QH[W� ILOWHU� ZLWKLQ� WKH
PXOWLFDVW� WUHH� WRZDUGV� WKH� VHQGHU� �VWDWLF�DSSURDFK��RU� WKH
UHFHLYHU�LV�XQDZDUH�RI�WKH�QH[W�ILOWHU��)RU�WKH�VHFRQG�FDVH�
WKH�EURNHU�EX\HU�ZLWKLQ�WKH�UHFHLYHU�KDV�WR�FRQWDFW�WKH�ILO�
WHU�GHDOHU� WR�JHW� WKH�EHVW�VHW�RI�SRVVLEOH� ILOWHUV��+RZHYHU�
WKLV�UHTXLUHV�4R6�DZDUH�URXWLQJ�SURWRFROV�EXW�JLYHV�PRUH
IOH[LELOLW\� WKDQ� WKH� ILUVW� DSSURDFK�� 7KH� PHFKDQLVPV� IRU
FRQWDFWLQJ� EURNHUV� DW� ILOWHU� RU� UHFHLYHU� DUH� VLPLODU� WR� WKH
VHQGHU�GULYHQ�DSSURDFK��2QH�GLVDGYDQWDJH�RI�WKH�UHFHLYHU
GULYHQ�PXOWLFDVW� VFHQDULR� FDQ� EH� VHHQ� LQ� WKH� IL[HG� URXWH
�PXOWLFDVW�WUHH��EHWZHHQ�VHQGHU�DQG�UHFHLYHUV��,W�PLJKW�QRW
EH�SRVVLEOH� IRU�D�QHZ�UHFHLYHU�ZLWK�KLJK�TXDOLW\� UHTXLUH�
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PHQWV� WR� MRLQ� WKH�PXOWLFDVW� JURXS� DW� D� OHDI�� EHFDXVH� WKLV
PD\�OHDG�WR� ILOWHU�SURSDJDWLRQ�ZKLFK� LV�QRW�SRVVLEOH� LI�DQ
LQWHUPHGLDWH� ILOWHU� PD\� JHW� RYHUORDGHG�� )RU� WKH� VHQGHU
GULYHQ� DSSURDFK�� D� ILOWHU�GHDOHU� PD\� QHYHUWKHOHVV� ILQG� D
GLIIHUHQW�URXWH�XVLQJ�RWKHU�OLJKWO\�ORDGHG�ILOWHUV�

8VHU4R6�WR�$SS4R6

1HJRWLDWH$SS

0DS�$SS4R6�WR�74R6

$GPLW5HVHUYH1HW

1HJRWLDWH1HW

6723

8VHU,QWHUIDFH

67$575HFHLYHU�VHOOHU

5HMHFW

0RGLI\

$FFHSW

5HTXHVW

,QWHUQDO�HYHQW

H[WHUQDO�HYHQW

$GPLW5HVHUYH$SS

Figure 4: Receiver-seller protocol.

7KH�EURNHU�VHOOHU�ZLWKLQ�DQ�HQG�QRGH�PD\�UHFHLYH�VLJ�
QDOV�IURP�D�EURNHU�EX\HU�ZLWKLQ�D�QHWZRUN�ILOWHU�RU�D�EUR�
NHU�VHOOHU�ZLWKLQ�D�QHWZRUN�ILOWHU�PD\�UHFHLYH�VLJQDOV�IURP
D�EURNHU�EX\HU�DW�D�VHQGHU�RU�RWKHU�QHWZRUN�ILOWHUV��1RWH�
WKDW�IRU�JXDUDQWHHLQJ�HQG�WR�HQG�GHOD\�DQG�MLWWHU��DOO�GHOD\
DQG�MLWWHU�LQWURGXFHG�ZLWKLQ�LQWHUPHGLDWH�ILOWHUV�KDYH�WR�EH
LQFRUSRUDWHG�LQ�WKH�RYHUDOO�HQG�WR�HQG�GHOD\�DQG�MLWWHU�FDO�
FXODWLRQ��,Q�JHQHUDO��WKLV�OLPLWV�WKH�QXPEHU�RI�LQWHUPHGLDWH
ILOWHUV� IRU� UHDO�WLPH� FRQIHUHQFHV� GXH� WR� DGGLWLRQDO� SURF�
HVVLQJ�RYHUKHDG��ZKHUH�DQ�HQG�WR�HQG�GHOD\�ERXQG�RI����
PV� RQH� ZD\� LV� GHVLUDEOH� WR� JXDUDQWHH� LQWHUDFWLYLW\�� 2XU
4R6�QHJRWLDWLRQ�DQG�PDSSLQJ�SURWRFRO�DOVR�VXSSRUWV�GLV�
WULEXWLRQDO�VHUYLFHV�OLNH�GHOLYHU\�RI�SUH�UHFRUGHG�03(*��
YLGHR�VHTXHQFHV��+HUH��D�PXFK�ORQJHU�GHOD\��W\SLFDO�XS�WR
RQH� VHFRQG�� FDQ�EH� WROHUDWHG�ZKLFK�GRHV�QRW� SUHYHQW� WKH
XVDELOLW\�RI�VHYHUDO�ILOWHUV�EHWZHHQ�VRXUFH�DQG�VLQN�

7KH� ILUVW� WDVN� IRU� WKH� VHOOHU� �)LJXUH���� LV� WR�ZDLW� IRU�D
UHTXHVW� IRU�FHUWDLQ�$SS4R6�YDOXHV� �LQFOXGLQJ� WKH�RIIHUHG
PHGLD�FRPSUHVVLRQ�PHWKRGV��WR�EH�UHFHLYHG�IURP�D�VHQGHU
EURNHU�EX\HU��$� FRPSDULVRQ� VWHS� LV� LQYRNHG� EHWZHHQ� WKH
UHFHLYHG�$SS4R6�DQG�LWV�RZQ�$SS4R6�LQWHUYDOV��7KH�DG�
PLVVLRQ� VHUYLFH� LV� VWDUWHG� EDVHG� RQ� WKH� XSSHU� LQWHUYDO
ERXQGV�DQG�DFFHSW�LV�UHWXUQHG�WR�WKH�UHPRWH�EX\HU�ZLWKLQ
WKH�DSSOLFDWLRQ�VXEV\VWHP�LI�D�PDWFK�FDQ�EH�SHUIRUPHG��,I�
KRZHYHU�� WKH� EURNHU�VHOOHUV� $SS4R6� LV� ORZHU� WKDQ� WKH
EURNHU�EX\HUV� $SS4R6� DQG� WKH� VHOOHU� GRHV� QRW� KDYH� RU
GRHV�QRW�ZDQW�WR�LQFUHDVH�UHVRXUFHV�WR�VXSSRUW�WKH�EX\HUV
$SS4R6�RU�WKH�PHGLD�FRGHFV�DUH�QRW�FRPSDWLEOH��D�ILOWHU�

UHTXHVW� LV� VHQW� EDFN� WR� WKH�EURNHU� VHOOHU�ZLWK� WKH� GHVLUHG
$SS4R6� WR� EH� UHFHLYHG� DQG� D� VHW� RI� VXSSRUWHG� PHGLD
FRGLQJ�IRUPDWV�� ,W� LV� WKHQ�WKH�WDVN�RI� WKH�UHPRWH�EX\HU�WR
VHOHFW�D��VHW�RI��DSSURSULDWH�ILOWHU�V��E\�FRQWDFWLQJ�WKH�ILO�
WHU�GHDOHU�� $W� WKLV� VWDJH�� WKH� FRPPXQLFDWLRQ� EHWZHHQ
VHQGHU�EX\HU� DQG� UHFHLYHU�VHOOHU� DERUWV� DQG� WKH� UHFHLYHU�
VHOOHU�ZDLWV�IRU�D�UHTXHVW�IURP�D�ILOWHU�EX\HU�DQG�WKH�SURWR�
FRO��UHFHLYHU�VHOOHU��VWDUWV�DJDLQ�

7KH� VHFRQG� DQG� WKLUG� SKDVH� VWDUW� ZLWK� D� VLJQDO� RI� WKH
QHWZRUN�PDQDJHPHQW�DERXW�QHWZRUN� UHVRXUFH�DYDLODELOLW\
RQ�EHKDOI�RI�WKH�EURNHU�EX\HU��,QWHUYDOV�DW�74R6�OHYHO�DUH
H[FKDQJHG� ZLWK� EURNHU�EX\HU� WR� FRSH� ZLWK� YDU\LQJ� QHW�
ZRUN�FRQGLWLRQV��$V�D�ODVW�VWHS��D�JOREDO�DGPLVVLRQ�VHUYLFH
ZLWKLQ�WKH�WUDQVSRUW�VXE�V\VWHP�RI�WKH�VHOOHU�LV�VWDUWHG�DIWHU
D� VLJQDO� IURP� WKH� QHWZRUN� UHVRXUFH� PDQDJHPHQW� LV� UH�
FHLYHG�

������ 1HWZRUN�)LOWHUV�DQG�)LOWHU�'HDOHUV
,Q� D�PXOWLFDVWLQJ� HQYLURQPHQW� ZLWK� KHWHURJHQHRXV� UH�

FHLYHUV�DQG�GLIIHUHQW�4R6�UHTXLUHPHQWV�LQ�WHUPV�RI�DFFHVV
EDQGZLGWK� RU� SURFHVVLQJ� SRZHU�� QHWZRUN� ILOWHUV� FDQ� EH
XVHG�IRU�VFDOLQJ�WKH�PHGLD�VWUHDP��,Q�FRQWUDVW� WR� WKH�ZHOO
NQRZQ�DSSURDFK�ZKHUH�D�VRXUFH�XVHV�OD\HUHG�YLGHR�FRGLQJ
PHWKRGV� WR�JHQHUDWH� VHSDUDWH� VWUHDPV�UHSUHVHQWLQJ�GLIIHU�
HQW�TXDOLW\�OHYHOV�DQG�HDFK�UHFHLYHU�VXEVFULEHV�WR�DV�PDQ\
FKDQQHOV� DV� KLV� 4R6� FKDUDFWHULVWLFV� DQG� UHVRXUFHV� DOORZ
>��@� ILOWHUV�PD\� VHOHFWLYHO\� GURS� SDFNHWV� DQG� RIIHU� PRUH
IOH[LELOLW\�� 7KH� ILUVW� DSSURDFK� LV� W\SLFDOO\� OLPLWHG� WR� IHZ
FKDQQHOV� DQG� TXDOLW\� OHYHOV� GXH� WR� V\QFKURQL]DWLRQ� DQG
PXOWLSOH[LQJ�RYHUKHDG��:DYH9LGHR�DOORZV�WR�JHQHUDWH�RQH
VWUHDP� EDVHG� RQ� WDJJHG� QHWZRUN� IUDPHV�� ZKLFK� HQDEOHV
ILOWHUV� WR� H[WUDFW� WKH� GHVLUHG� TXDOLW\� DQG� WR� FKRVH� IURP
PRUH� WKDQ� ����� GLIIHUHQW� TXDOLW\� OHYHOV� DW� ��� ISV�� )LOWHU
RSHUDWLRQV� IRU� :DYH9LGHR� DUH� H[WUHPHO\� HIILFLHQW� DQG
W\SLFDOO\���µV�DUH�VSHQW�SHU�SDFNHW�>�@��$� ILOWHU�RSHUDWLRQ
W\SLFDOO\�FRQVLVWV�RI�RQH�RU�WZR�WDEOH�ORRNXSV�DQG�D�GHFL�
VLRQ�� ZKHWKHU� WKH� SDFNHW� VKRXOG� EH� IRUZDUGHG� WR� WKH� UH�
FHLYHU� RU� GURSSHG�� 1RWH�� WKDW� WKH� WDEOHV� IRU� WKH� QHWZRUN
ILOWHUV�DUH�SUHSDUHG�GHSHQGLQJ�RQ�$SS4R6�RI� VHQGHU�DQG
UHFHLYHU�DQG�WKH�SUHIHUHQFHV�RI�WKH�UHFHLYHU�

,Q�RXU�IUDPHZRUN�WKH�IROORZLQJ�W\SHV�RI�ILOWHUV�PD\�EH
XVHG�
�� 6HQGHU�ILOWHUV�DUH�LQYRNHG�IRU�WKH�RXWJRLQJ�OLQN��ZKHQ�

HYHU�DQ�DJUHHPHQW�EHWZHHQ�$SS4R6�KDV�EHHQ�UHDFKHG
EXW�QR�PHGLDWLRQ�DW�74R6�OHYHO�FDQ�EH�DFKLHYHG��7\SL�
FDOO\�� WKLV� VLWXDWLRQ�DULVHV�ZKHQ� WKH�QHWZRUN� LV�QRW�FD�
SDEOH�WR�VXSSRUW�WKH�FDOFXODWHG�74R6�DW�WKH�VHQGHU�

�� 1HWZRUN� ILOWHUV� DUH� LQYRNHG��ZKHQHYHU� WKHUH� LV� D�PLV�
PDWFK� EHWZHHQ� UHTXHVWHG� DQG� RIIHUHG� PHGLD� W\SH� DW
VHQGHU�DQG�UHFHLYHU��RU�ZKHQ�WKH�UHFHLYHU�FDQQRW�FRSH
ZLWK�WKH�RIIHUHG�$SS4R6�

�� 5HFHLYHU�ILOWHUV�VFDOH�GRZQ�TXDOLW\�IRU�DGDSWLQJ�WR�PR�
ELOHV� SURFHVVLQJ� SRZHU� UHTXLUHPHQWV�� 7KLV� LV� SDUWLFX�
ODUO\�XVHIXO��LI�D�QHWZRUN�ILOWHU�DW�DQ�$3�VHUYHV�VHYHUDO
07V�ZLWK�D�VXSHUVHW�RI�TXDOLW\�DQG�HDFK�07�PD\�WKHQ
GURS�IUDPHV�EHIRUH�GHFRPSUHVVLRQ�
6HQGHU� ILOWHUV� WU\� WR� UHGXFH� WKH� QHWZRUN� ORDG� ZLWKRXW

VLJQLILFDQWO\� LQIOXHQFLQJ� ORFDO� &38� XVDJH�� )UDPH� GURS�
SLQJ� IRU� DGDSWLQJ� WKH� IUDPH� UDWH�� VXEEDQG� GURSSLQJ� IRU
DGDSWLQJ�WKH�IUDPH�VL]H�RU�FRORU�UHVROXWLRQ�RU�GURSSLQJ�RI
TXDQWL]DWLRQ� OD\HUV� IRU�DGDSWLQJ� WKH�YLVXDO�TXDOLW\� FDQ�EH
XVHG� IRU� PXOWL�UHVROXWLRQ� EDVHG� YLGHR� FRGHFV� OLNH
:DYH9LGHR�� 7KH� VDPH� PHFKDQLVPV� PD\� EH� DSSOLHG� LQ
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QHWZRUN� ILOWHUV� WR� DGDSW� IRU� KHWHURJHQHRXV� UHFHLYHUV� EXW
FOHDUO\�GHSHQG�RQ�WKH�PHGLD�FRGHF�

(DFK� ILOWHU�UHJLVWHUV�DW�D�GHGLFDWHG� ILOWHU�PDQDJHU�ZLWK
LWV�,'��ILOWHU�W\SH��VXSSRUWHG�FRPSUHVVLRQ�PHWKRGV�IRU� LQ�
FRPLQJ�DQG�RXWJRLQJ�FRQQHFWLRQV��$�ILOWHU�GHDOHU�FDQ�WKHQ
GHWHUPLQH�� ZKLFK� ILOWHU�VHOOHU� KH� VKRXOG� FRQWDFW� IRU� SHU�
IRUPLQJ�WKH�ILOWHU�RSHUDWLRQV��&RPSUHVVLRQ�PHWKRG�VSHFL�
ILHUV�IRU�LQFRPLQJ�DQG�RXWJRLQJ�FRQQHFWLRQV�DQG�$SS4R6
UDQJHV� DUH� VHQW� DV� SDUDPHWHUV�� 7KH� ILOWHU� WKHQ� FKRRVHV� D
SRVVLEOH� ILOWHU� VWUDWHJ\� IRU� PHGLD� VFDOLQJ� JLYHQ� WKH� $S�
S4R6�FRQVWUDLQWV�DQG�SHUIRUPV�ORFDO�DGPLVVLRQ�WHVWV��,I�QR
DSSURSULDWH�ILOWHU�VWUDWHJ\�LV�DYDLODEOH�RU�ODFN�RI�UHVRXUFHV
LV� GHWHUPLQHG�� WKH� ILOWHU�VHOOHU� VHQGV� UHMHFW� WR� WKH� ILOWHU�
GHDOHU��ZKLFK� FRQWLQXHV� VHDUFKLQJ� DOO� ILOWHUV�� 7KHUH� LV� QR
QHHG�IRU�WKH�VHQGHU�DQG�UHFHLYHU�WR�XVH�WKH�VDPH�FRPSUHV�
VLRQ� PHWKRGV�� ZKLFK� OHDGV� WR� D� YHU\� IOH[LEOH� 4R6� PDQ�
DJHPHQW�DUFKLWHFWXUH�HVSHFLDOO\�LQ�WKH�SUHVHQFH�RI�PRELOH
XVHUV��,I��IRU�H[DPSOH��WKH�VHQGHU�LQ�WKH�IL[HG�QHWZRUN�SDUW
XVHV� DQ�03(*��� HQFRGHU� KDUGZDUH� FDUG� DQG� VHQGV� KLJK
TXDOLW\�YLGHR�WR�D�PXOWLFDVW�JURXS��D�PRELOH�WHUPLQDO�PD\
VWLOO�UHWULHYH�WKH�VDPH�YLGHR�ZLWK�D�VRPHZKDW�ORZHU�TXDO�
LW\��LI�DQ�LQWHUPHGLDWH�ILOWHU�WUDQVFRGHV�03(*���WR�D�YLGHR
VWUHDP��ZKLFK�WKH�PRELOH�LV�DEOH� WR�GHFRGH��)RU�WKLV�FDVH
ERWK� VHQGHU� DQG� UHFHLYHU� GHWHUPLQHG� D� PLVPDWFK� LQ� WKH
FRGHFV�GXULQJ� WKH�QHJRWLDWLRQ�SKDVH�DW�$SS4R6� OHYHO�� VR
WKH�ILOWHU�GHDOHU�PD\�HYHQWXDOO\�ILQG�D�VXLWDEOH�WUDQVFRGLQJ
ILOWHU�

0DS�$SS4R6�VHQGHU�WR�74R6

$GPLW5HVHUYH1HW

1HJRWLDWH1HW

)LOWHU�VHOOHU

1HJRWLDWH�$SS4R6

&RQWDFW�IL OWHUEX\HU

5HMHFW

0RGLI\

$FFHSW

67$57

6723

$SS4R6��EX\HU�VHQGHU��VHOOHU�UHFHLYHU

&KRRVH�6WUDWHJ\�$GPLW�5HVHUYH

Figure 5: Filter seller

2WKHUZLVH�� WKH� ILOWHU�VHOOHU� �VHH� )LJXUH� ��� FRQWDFWV� WKH
ILOWHU�EX\HU�ZLWKLQ� WKH� VDPH� ILOWHU� WR� EX\� UHVRXUFHV� IURP
WKH�UHFHLYHU�VHOOHU�RI�WKH�GHVWLQDWLRQ�KRVW�RU�DQRWKHU�LQWHU�
PHGLDWH�ILOWHU�VHOOHU��,Q�WKLV�FDVH��KH�DGRSWV�WKH�UROH�RI�WKH
RULJLQDO�VHQGHU�EX\HU�EXW�LQFOXGHV�ILOWHU�SURFHVVLQJ�WLPH�LQ
WKH�RYHUDOO�GHOD\�FDOFXODWLRQ��$IWHU�VXFFHVVIXO�QHJRWLDWLRQ
DW�$SS4R6�OHYHO�EHWZHHQ�VHQGHU�DQG�UHFHLYHU��QHJRWLDWLRQ
DW� 74R6�OHYHO� FRQWLQXHV� VWDUWLQJ� EHWZHHQ� WKH� ODVW� ILOWHU�
EX\HU�DQG�WKH�VHQGHU�UHFHLYHU��7KHQ�QHJRWLDWLRQ�DW�74R6
OHYHO� FRQWLQXHV� EHWZHHQ� SHQXOWLPDWH� ILOWHU� DQG� ODVW� ILOWHU
DQG�VR�RQ��)LQDOO\��QHJRWLDWLRQ�HQGV�EHWZHHQ�VHQGHU�EX\HU
DQG�ILOWHU�VHOOHU�RI�ILUVW�ILOWHU�DW�74R6�OHYHO��$V�D�ODVW�VWHS�
D�JOREDO� DGPLVVLRQ� VHUYLFH� LV� VWDUWHG�ZLWKLQ� WKH� WUDQVSRUW

VXE�V\VWHP�RI�HDFK�ILOWHUV�DV�D�UHVSRQVH�WR�DQ�DFNQRZOHGJH
VHQW�WR�DOO�ILOWHUV�E\�WKH�VHQGHU�EX\HU�

������ 4R6�$GDSWDWLRQ
%DG�UDGLR�FRQGLWLRQV�DUH� OLNHO\� WR�UHVXOW� LQ�D�YLRODWLRQ

RI� H[LVWLQJ� WUDIILF� FRQWUDFWV�� $SSOLFDWLRQV� VKRXOG� DGDSW
DXWRPDWLFDOO\�WR�KLGH�WKH�EHKDYLRU�RI�WKH�ZLUHOHVV�OLQN�WR�D
XVHU��4R6�PDSSLQJ� IXQFWLRQV�EDVHG�RQ� LQWHUYDOV�DUH�XVHG
WR�FRSH�ZLWK� VKRUW� WHUP�IOXFWXDWLRQV��7KH�FXUUHQW� VHWWLQJV
GHWHUPLQH�D�ZRUNLQJ�SRLQW�ZLWKLQ�WKH�JLYHQ�SRO\KHGUDO�VHW
RI�4R6�FRQVWUDLQWV�DQG�WKH�V\VWHP�WULHV�WR�VWD\�ZLWKLQ�WKH
ERXQGV��%DVHG�RQ�XVHUV�SUHIHUHQFHV��WKH�GHJUDGDWLRQ�SDWK
LV�FDOFXODWHG�IRU�DGDSWLQJ�WR�ORQJ�WHUP�4R6�FKDQJHV��ZKHQ
H�J��WKH�PRELOH�LV�KDQGHG�RYHU�WR� WKH�QH[W�UDGLR�FHOO�ZLWK
KLJKHU� SRSXODWLRQ� DQG� ORZHU� EDQGZLGWK� DYDLODEOH�� 7KH
SURWRFROV� PD\� EH� VWDUWHG� EDVHG� RQ� H[WHUQDO� HYHQWV� OLNH
XVHU�LQWHUDFWLRQ��LI�WKH�XVHU�FKDQJHV�KLV�SUHIHUHQFHV�RU�WKH
LQWHUYDO� ERXQGDULHV�� RU� LQWHUQDO� HYHQWV� GXH� WR� GURSSHG
FRQQHFWLRQV�RU�QHWZRUN�4R6�FKDQJHV�

$�ILOWHUUHTXHVW�LV�VLJQDOOHG��ZKHQHYHU�74R6�IDOOV�EHORZ
WKH� ORZHU�ERXQG�� ,I� D� ILOWHU�EX\HU� UHFHLYHV� D� ILOWHUUHTXHVW
IURP�D�UHFHLYHU�VHOOHU��HUURU�FRQWURO�PRGXOHV�PD\�EH�DFWL�
YDWHG� DW� WKH� ILOWHU� WR� SURWHFW� WKH� EDVH� OD\HU� RI� WKH� YLGHR
VWUHDP�WR�FRSH�ZLWK�IUHTXHQW�VKRUW� WHUP�IOXFWXDWLRQV��$G�
GLWLRQDOO\��WKH�ILOWHU�PD\�GURS�PRUH�SDFNHWV�LQ�DFFRUGDQFH
ZLWK�WKH�XVHUV�SUHIHUHQFHV� WR� ORZHU� WKH�RXWSXW�EDQGZLGWK
DQG�KHOS�PRELOHV� WR� UHFHLYH� VRPH� YLGHR��$V� VRRQ� DV� WKH
VLJQDO�TXDOLW\�LQFUHDVHV��WKH�HUURU�FRQWURO�PRGXOHV�PD\�EH
GHDFWLYDWHG�DQG�WKH�RULJLQDO�TXDOLW\�FDQ�EH�VHQW��7KLV�SUR�
FHVV�PD\�OHDG�WR�ILOWHU�SURSDJDWLRQ�WRZDUGV�WKH�VHQGHU�IRU
WKH� UHFHLYHU� LQLWLDWHG� DSSURDFK� GHVFULEHG� DERYH�� 5DGLR
VXEV\VWHPV�ZLWKLQ�DFFHVV�SRLQWV�W\SLFDOO\�NQRZ�DERXW� WKH
LQVWDQWDQHRXV� DLU� FDSDFLW\� DQG� VLJQDO� TXDOLW\� DQG� FDQ� EH
LQFRUSRUDWHG� LQWR� WKH�4R6� IUDPHZRUN� E\� VHQGLQJ� VLJQDOV
WR�WKH�EURNHUV�DW�FHUWDLQ�WLPH� LQWHUYDOV� WR�GHFLGH�EHWZHHQ
VKRUW� WHUP� �GXH� WR� VLJQDO� IDGLQJ�� DQG� ORQJ� WHUP� FKDQJHV
�GXH� WR� FRPSOHWHG�KDQG�RII���7LPHUV�PD\� EH� XVHG� WR� GH�
WHUPLQH��ZKHWKHU�WKH�UHFHLYHG�TXDOLW\�GLIIHUV�IURP�WKH�H[�
SHFWHG�TXDOLW\�DQG�D�UH�QHJRWLDWLRQ�PD\�EH�WULJJHUHG�DIWHU
D�FHUWDLQ�SHULRG�RI�WLPH�

��� &RQFOXVLRQV�DQG�)XWXUH�:RUN

:LWKLQ� WKLV� SDSHU�� ZH� GHVLJQHG� D� XQLTXH� DUFKLWHFWXUH
WDLORUHG� WR� VRIW� HQG�WR�HQG�4R6� JXDUDQWHHV� IRU� KHWHURJH�
QHRXV� QHWZRUNV� DQG� UHFHLYHUV��:LUHOHVV� DV�ZHOO� DV�ZLUHG
QHWZRUNV� DQG� PRELOH� DQG� IL[HG� WHUPLQDOV� DUH� LQWHJUDWHG
ZLWK� PHGLD� FRGHUV� DQG� GHFRGHUV�� HUURU� FRQWURO� PRGXOHV
DQG� ILOWHUV�� (QG�WR�HQG� 4R6� QHJRWLDWLRQ� LV� VSOLW� EHWZHHQ
DSSOLFDWLRQ� DQG� WUDQVSRUW� OHYHO�� 0DSSLQJ� IXQFWLRQV� EH�
WZHHQ� GLIIHUHQW� 4R6� OHYHOV� DUH� SURYLGHG� DQG� WKH� EURNHU
FRQFHSW� LV� H[WHQGHG� WR� VXSSRUW�QHWZRUN� ILOWHUV��7KH�PDLQ
LGHDV� DUH� EDVHG� RQ� WKH� IDFW� WKDW� GXH� WR� YDU\LQJ� FKDQQHO
FRQGLWLRQV� QR� KDUG� HQG�WR�HQG� 4R6� JXDUDQWHHV� FDQ� EH
JLYHQ�DW�WUDQVSRUW�OHYHO��ZKHQ�PRELOH�QHWZRUNV�DUH�LQFRU�
SRUDWHG��6RIW�4R6�JXDUDQWHHV�DUH� LQWURGXFHG�YLD�XVHU�GH�
ILQDEOH� 4R6� LQWHUYDOV� DW� DSSOLFDWLRQ� DQG� WUDQVSRUW� OHYHO�
7KH�RYHUDOO�V\VWHP�WKHQ�WULHV�WR�VWD\�ZLWKLQ�WKH�QHJRWLDWHG
$SS4R6�LQWHUYDO�DV�ORQJ�DV�SRVVLEOH��7KH�H[WHQVLRQ�RI�WKH
4R6�EURNHU�FRQFHSW� WR�QHWZRUN�ILOWHUV�DOORZV�DQ�HIILFLHQW
WDLORULQJ�RI�PHGLD�VWUHDPV�IRU�KHWHURJHQHRXV�UHFHLYHUV�XQ�
GHU� JLYHQ� HQG�WR�HQG� 4R6� FRQVWUDLQWV� LQFOXGLQJ� PHGLD
SURFHVVLQJ�DW� LQWHUPHGLDWH� ILOWHUV��$XWRPDWLF� ILOWHU� SURSD�
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JDWLRQ� XQGHU� JLYHQ� $SS4R6� FRQVWUDLQWV� LV� GHVFULEHG� IRU
WKH�UHFHLYHU�GULYHQ�PXOWLFDVW�VFHQDULR��7KH�LPSDFW�RI�VKRUW
WHUP� QHWZRUN� 4R6� IOXFWXDWLRQV� FRPPRQ� LQ� PRELOH� QHW�
ZRUNV�LV�DOOHYLDWHG�E\�XVHU�GHILQHG�$SS4R6�LQWHUYDOV��XV�
DJH� RI� VXLWDEOH� HUURU� WROHUDQW� PHGLD� FRGHFV� OLNH
:DYH9LGHR� DQG� HUURU� FRQWURO� PRGXOHV�� ,PSDFW� RI� ORQJ
WHUP� QHWZRUN�4R6� FKDQJHV� LV� UHGXFHG� E\� FRPSOLDQFH� WR
SUH�FDOFXODWHG�4R6�GHJUDGDWLRQ�SDWKV�EDVHG�RQ�XVHUV�SUHI�
HUHQFHV�� XVDJH� RI� DXWRPDWLF� QHWZRUN� ILOWHU� WXQLQJ� DQG
SURSDJDWLRQ� IRU� WKH� UHFHLYHU� GULYHQ� PXOWLFDVW� VFHQDULR
FRPELQHG� ZLWK� HQG�WR�HQG� 4R6� UHJXODWLRQ� PHFKDQLVPV
EDVHG�RQ�D�PRGLILHG�EURNHU�FRQFHSW�

:H�DUH�FXUUHQWO\�PRGHOLQJ�RXU�EURNHU�DUFKLWHFWXUH�DQG
GLIIHUHQW�SURWRFROV�QHHGHG�IRU�QHJRWLDWLRQ�DPRQJ�VHQGHUV�
ILOWHUV�DQG�UHFHLYHUV�XVLQJ�6'/��)RU�D�IXWXUH�LPSOHPHQWD�
WLRQ�ZH�DUH� LQYHVWLJDWLQJ�&RUED�ZLWK�UHDO�WLPH�H[WHQVLRQV
DV� D� IOH[LEOH� LPSOHPHQWDWLRQ� SODWIRUP� IRU� WKH� H[WHQGHG
EURNHU�DUFKLWHFWXUH��5H�QHJRWLDWLRQ�PXVW�EH�IDVW�IRU�KDQG�
RIIV� DQG� VKRUW� WHUP� DGDSWDWLRQV� EXW� VWDQGDUG�&RUED� GRHV
QRW� SURYLGH� WKH� QHFHVVDU\� SHUIRUPDQFH�� 7KH� DXGLR�YLGHR
FRPPXQLFDWLRQ� VXEV\VWHP� LV� SURWRW\SHG� DQG� SUHOLPLQDU\
SHUIRUPDQFH� HYDOXDWLRQV� >�@� VKRZHG� D� SURPLVLQJ� DUFKL�
WHFWXUH�ZLWK� VXSHULRU� IOH[LELOLW\��)XWXUH�ZRUN�RQ� WKH�4R6
DUFKLWHFWXUH� LQFOXGHV� 4R6� EDVHG� URXWLQJ� IRU� WKH� VHQGHU
GULYHQ�DSSURDFK��+RZ� WR� ILQG� WKH�EHVW� ILOWHU� FRPELQDWLRQ
IRU�D�JLYHQ� V\VWHP� VHWXS�ZLOO� GHSHQG� RQ� WKH� RYHUDOO� FRVW
LQWURGXFHG� E\�QHWZRUN� ILOWHU� RSHUDWLRQV� DQG� QHWZRUN� DQG
HQG�V\VWHP�UHVRXUFHV�RQFH�QHWZRUN�ELOOLQJ� LV�XVHG��0LQL�
PL]LQJ� D� XVHU� GHILQDEOH� FRVW� PXVW� EH� LQFOXGHG� LQWR� WKH
4R6�PDSSLQJ�DQG�DGDSWDWLRQ�PHFKDQLVPV��$�PRUH�JHQHULF
LQWHUIDFH� WR� PHGLD� FRGHFV� LV� QHFHVVDU\� IRU� PDSSLQJ� EH�
WZHHQ� $SS4R6� DQG� 74R6�� '\QDPLF� ORDG� EDODQFLQJ� EH�
WZHHQ� DOO� ILOWHUV� DQG� UH�URXWLQJ� RI� H[LVWLQJ� QHWZRUN� FRQ�
QHFWLRQV�EDVHG�RQ�WKH�JLYHQ�HQG�WR�HQG�4R6�FRQVWUDLQWV�LV
DQRWKHU�RSHQ�LVVXH�

$FNQRZOHGJHPHQW�� :H� JUDWHIXOO\� DFNQRZOHGJH� WKH� IUXLWIXO
GLVFXVVLRQV� ZH� KDYH� KDG� ZLWK� FROOHDJXHV� LQ� IRUPXODWLQJ� WKHVH
LGHDV�� SDUWLFXODUO\�*HRUJH�)DQNKDXVHU��$OIUHG�/XSSHU� DQG� -|UJ
5LW]�

��� 5HIHUHQFHV
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