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$EVWUDFW²3HHU�WR�3HHU� �3�3�� QHWZRUNV� KDYH� SURYHQ� WR� HQDEOH� 
ODUJH�VFDOH�FRQWHQW�GLVWULEXWLRQ�RYHU�WKH�,QWHUQHW�WKDQNV�WR�SHHUV� 
RUJDQL]DWLRQ� LQ� RYHUOD\V�� +RZHYHU�� UHDO�WLPH� FRQWHQW� GHOLYHU\� 
VXFK�DV� OLYH�DQG�YLGHR�RQ�GHPDQG��9R'��VWUHDPLQJ�DSSOLFDWLRQV� 
UHTXLUHV�VLJQLILFDQW�FRQVLGHUDWLRQ�LQ�WHUP�RI�SHHU�RUJDQL]DWLRQ�WR� 
SURYLGH� FRQFXUUHQW� XVHUV� ZLWK� DGHTXDWHO\� VDWLVI\LQJ� YLHZLQJ� 
H[SHULHQFHV�� ,Q� WKLV� SDSHU�� ZH� SUHVHQW� DQ� DGDSWLYH� YLGHR� 
VWUHDPLQJ�PHFKDQLVP�WKDW�FRQVWUXFWV�RYHUOD\�QHWZRUNV�EDVHG�RQ� 
6PDOO�:RUOG� �6:�� RI� SHHUV�� 2XU� DSSURDFK� FRPELQHV� WKH� NH\� 
FKDUDFWHULVWLFV�RI�3�3�SXVK�DQG�SXOO�PHFKDQLVPV�WR�LPSURYH�WKH� 
SDFNHW� GHOLYHU\� UDWLR� DQG� WKH� RYHUDOO� TXDOLW\� RI� VHUYLFH�� 
)XUWKHUPRUH�� ZH� WDFNOH� SHHU� KHWHURJHQHLW\� XVLQJ� VFDODEOH� YLGHR� 
FRGLQJ� �69&�� WKDW� LV� FRQVLGHUHG�  PRUH�  SURPLVLQJ� IRU� UHDO�WLPH�  
DSSOLFDWLRQV� RYHU� KHWHURJHQHRXV� QHWZRUNV�� 2XU� PHFKDQLVP� LV� 
HYDOXDWHG� DQG� FRPSDUHG� ZLWK� H[LVWLQJ� DSSURDFK�� 7KH� REWDLQHG� 
UHVXOWV� VKRZ� WKH� HIIHFWLYHQHVV� RI� WKH� SURSRVHG� RYHUOD\� 
RUJDQL]DWLRQ� LQ� WHUP� RI� ORZHULQJ� WKH� SDFNHW� ORVV� UDWLR� DQG� WKH� 
GHOD\�MLWWHU��7KLV�SURYHV�WKH�DSSOLFDWLRQ�RI�RXU�PHFKDQLVP�WR�OLYH� 
DQG�9R'�GHOLYHU\��� 

.H\ZRUGV�� 3�3� 1HWZRUN�� 6PDOO�:RUOG�� 2YHUOD\� 2UJDQL]DWLRQ�� 
3XVK�3XOO�FRQWHQW�GHOLYHU\��4XDOLW\�RI�6HUYLFH��4R6��� 

,�� �,1752'8&7,21� 
'XH� WR� WKH� GHSOR\PHQW� FRPSOH[LWLHV� RI� ,3� PXOWLFDVW�� 

DSSOLFDWLRQ� OD\HU� PXOWLFDVW� KDV� DWWUDFWHG� PRUH� UHVHDUFK� 
LQWHUHVWV� DQG� HIIRUWV�� ,W� KDV� HQDEOHG� GLIIHUHQW� VWUHDPLQJ� 
V\VWHPV� WR� EH� VXFFHVVIXOO\� GHSOR\HG� DQG� VHUYLQJ� WHQV� RI� 
WKRXVDQGV� RI� VLPXOWDQHRXV� XVHUV� KDYLQJ� KHWHURJHQHRXV� 
FKDUDFWHULVWLFV��0RVW�RI� WKHVH�V\VWHPV�DUH�FRQVWLWXWHG�RI�ODUJH� 
QXPEHU� RI� SHHUV� IRUPLQJ� 3�3� QHWZRUN� ZKLFK� DUH� RUJDQL]HG� 
LQWR�YLUWXDO�RYHUOD\�QHWZRUNV�LUUHVSHFWLYH�WR�WKHLU�SK\VLFDO�DQG� 
JHRJUDSKLFDO�FKDUDFWHULVWLFV��3�3�QHWZRUNV�DUH�KHWHURJHQHRXV� 
DQG� KLJKO\� YRODWLOH� QHWZRUNV�� 7KH\� DUH� FRQVWUXFWHG� RI� 
DV\PPHWULF�QHWZRUN� OLQNV� WKDW�RIIHU�GLIIHUHQW�XSOLQN��XVHU�WR� 
QHWZRUN�� DQG� GRZQOLQN� �QHWZRUN�WR�XVHU�� FDSDFLWLHV�� 7KH� 
GLIIHUHQFH�RI�XSOLQN�DQG�GRZQOLQN�FDSDFLWLHV�PDNHV�LW�GLIILFXOW� 
WR�UHWULHYH�LQ�UHDO�WLPH��WKH�ZKROH�PHGLD�FRQWHQW�IURP�D�VLQJOH� 
VHQGHU�SHHU�ZKHQ�LW�LV�WKH�RQO\�FRQWULEXWRU�WR�WKH�VWUHDP�>�@��,Q� 
3�3� QHWZRUN� SHHUV� MRLQ� DQG� OHDYH� WKH� RYHUOD\� QHWZRUNV� LQ� D� 
GLVWULEXWHG� PDQQHU� ZLWKRXW� D� SULRU� QRWLILFDWLRQ�� 7KLV� PDNHV� 
PDLQWDLQLQJ� D� VPRRWK� TXDOLW\� RI� VHUYLFH� �4R6�� DQ� LPSRUWDQW� 
UHVHDUFK� FKDOOHQJH�� 2XU� WDUJHW� REMHFWLYH� LV� WR� GHVLJQ� D� 3�3� 
VWUHDPLQJ�PHFKDQLVP�ZKLFK�DFKLHYHV�WKH�IROORZLQJ�JRDOV�� 
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��	 /RZ�'HOD\��:H�ZRXOG�OLNH�WR�FRQVWUXFW�D�3�3�RYHUOD\�  
ZKLFK� PLQLPL]HV� WKH� GHOD\� IURP� VRXUFH� WR� UHFHLYHU� 
SHHU��5HDO�WLPH�VWUHDPLQJ�DSSOLFDWLRQV�DUH�VHQVLWLYH�WR� 
GHOD\��7KXV�DQ�RYHUOD\� ZLWK� ORZ�GHOD\� LV� UHTXLUHG� IRU� 
WKHVH�DSSOLFDWLRQV�� 

��	 3HHU�'\QDPLFLW\��,Q�3�3�QHWZRUNV��SHHUV�MRLQ�RU�OHDYH� 
WKH�QHWZRUN�DW�DQ\�WLPH��7KH�GHVLUHG�RYHUOD\�VKRXOG�EH� 
DEOH�WR�KDQGOH�SHHU�G\QDPLFLW\�� 

��	 6FDODEOH� DQG� $GDSWLYH�� 7KH� PHFKDQLVP� VKRXOG� EH� 
VFDODEOH�WR�ODUJH�QXPEHU�RI�XVHUV��,W�VKRXOG�EH�DGDSWLYH� 
LQ� WKH� VHQVH� WKDW� LW� FRQWLQXRXVO\� LPSURYHV� WKH�RYHUOD\� 
EDVHG�RQ�WKH�H[LVWLQJ�XVHU�FKDUDFWHULVWLFV�� 

��	 0D[LPL]LQJ� %DQGZLGWK� 8WLOL]DWLRQ�� 3HHUV� LQ� WKH� 
QHWZRUN� KDYH� GLIIHUHQW� XSOLQN� EDQGZLGWK�� 7KH� 
SURSRVHG� RYHUOD\� VKRXOG� IXOILOO� WKH� VWUHDPLQJ� UDWH� 
UHTXLUHPHQW� IRU� HDFK� SHHU� GHVSLWH� EDQGZLGWK� 
KHWHURJHQHLW\�� ,W� VKRXOG� DOVR� SURYLGH� VRPH� NLQG� RI� 
LQFHQWLYH� PHFKDQLVP� �UHODWLYHO\� ORZHU�GHOD\�� WR�SHHUV� 
SURYLGLQJ�JUHDWHU�FRQWULEXWLRQ�WR�RYHUOD\�� 

� 
*HQHUDOO\�� 3�3� YLGHR� VWUHDPLQJ� V\VWHPV� DUH� FODVVLILHG� LQWR� 
VWUXFWXUHG� �WUHH�EDVHG�� >�@� DQG� XQVWUXFWXUHG� �PHVK�EDVHG�� 
V\VWHPV� LQ� WHUPV� RI� YLGHR� FRQWHQW� GHOLYHU\�� 7UHH�EDVHG� 
V\VWHPV� LPSOHPHQW� SXVK� EDVHG� YLGHR� GHOLYHU\� PHFKDQLVP� LQ� 
ZKLFK�FRQWHQWV�DUH�GHOLYHUHG�IROORZLQJ�WKH�WUHH�SDWK�IURP�URRW� 
�VRXUFH� SHHU�� WR� GHVWLQDWLRQ� �UHFHLYHU�� SHHU�� $OWKRXJK�� WUHH� 
EDVHG� DSSURDFK� LV� VLPSOH� DQG� DFKLHYHV� ORZ�GHOD\�� WKH� IDLOXUH�  
RI� D� QRGH� FDQ� DIIHFW� WKH� VWUHDPLQJ� TXDOLW\� RI� GHVFHQGDQWV��  
0RUHRYHU�� WUHH�EDVHG� DSSURDFKHV� FDQQRW� JXDUDQWHH� WKH� 
VWUHDPLQJ� UDWH� DV� LW� LV� OLPLWHG� E\� WKH� PLQLPXP� XSOLQN� 
EDQGZLGWK�RI�D�QRGH�LQ�WKH�WUHH���,Q�FRQWUDVW�WR�WKH�WUHH�EDVHG� 
V\VWHPV��WKHUH�LV�QR�VSHFLILF�FULWHULRQ�IRU�WKH�RUJDQL]DWLRQ�DQG� 
FRQWHQW�GHOLYHU\� LQ�PHVK�EDVHG�V\VWHPV��$Q\�SHHU�KDYLQJ� WKH� 
UHTXHVWHG� FRQWHQW� EOLQGO\� SXVKHV� LW� WR� WKH� QHLJKERU� SHHUV� 
IROORZLQJ�GLIIHUHQW�URXWHV��,W�LV�SRVVLEOH�WKDW�DQ\�SHHU�UHFHLYHV� 
VDPH�SDUW�RI�WKH�YLGHR�FRQWHQW�IURP�PXOWLSOH�SHHUV�WKDW�UHVXOWV� 
LQWR�UHGXQGDQF\�SUREOHP��7R�DYRLG�VXFK�SUREOHP��PHVK�EDVHG� 
V\VWHPV� LPSOHPHQW�SXOO�EDVHG�PHFKDQLVP�IRU�YLGHR�GHOLYHU\�� 
,Q� WKLV� PHFKDQLVP�� D� SHHU� SXOOV� WKH� UHTXLUHG� PHGLD� FRQWHQW� 
IURP� WKH� RWKHU� SHHUV�� 0RUH� UHFHQWO\�� D� QXPEHU� RI� K\EULG� 
V\VWHPV� EDVHG� SXVK�SXOO� DSSURDFKHV� KDYH� EHHQ� SURSRVHG� WR� 
FRPELQH�ERWK�WUHH�EDVHG�SXVK�DSSURDFKHV�DQG�PHVK�EDVHG�SXOO� 
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DSSURDFKHV>�@>�@��,Q�VXFK�V\VWHPV��DOO�WKH�DFWLYH�SHHUV�KDYLQJ� 
WKH�YLGHR�FRQWHQW�PDLQWDLQ�GLIIHUHQW�EXIIHU�PDSV�UHSUHVHQWLQJ� 
WKH� LQIRUPDWLRQ� IRU� WKH� DYDLODEOH� FKXQNV� ZLWK� FHUWDLQ� SHHUV�� 
7KHVH� EXIIHU� PDSV� DUH� H[FKDQJHG� DPRQJ� SHHUV�� $� SHHU� 
VHHNLQJ� IRU� FHUWDLQ� PHGLD� FRQWHQW� GHWHUPLQHV� D� VFKHGXOH� WR� 
SXOO�GLIIHUHQW�FKXQNV�IURP�PXOWLSOH�SHHUV�� 

7KHVH� PHFKDQLVPV� IDFLOLWDWH� WKH� YLGHR� FRQWHQW� GHOLYHU\� 
ZLWK� KLJKHU� VFDODELOLW\� DQG� LQ� FRVW� HIIHFWLYH� PDQQHU�� 3�3� 
V\VWHPV� DUH� DOVR� FRQVLGHUHG� KLJKO\� YRODWLOH� DQG� G\QDPLF� LQ� 
QDWXUH�� 7R� FRSH� ZLWK� WKH� G\QDPLFLW\� LVVXH� DQG� WR� HQVXUH�  
VPRRWK� 4R6�� WKH\� KDYH� WR� LPSOHPHQW� SHHU� VZLWFKLQJ� 
PHFKDQLVP� >�@�� $� SHHU� SDUWLFLSDWLQJ� LQ� WKH� GHOLYHU\� SURFHVV� 
DQG�ZKLFK� OHDYHV� WKH� V\VWHP�KDV� WR�EH� UHSODFHG�ZLWK�DQRWKHU� 
SHHU�� 7KLV� SHHU� VZLWFKLQJ� PHFKDQLVP� FDQ� DGG� D� VLJQLILFDQW� 
RYHUKHDG�GXH�WR�SHHU�VHOHFWLRQ�DQG�UHPSODFHPHQW�� 

:H� DGGUHVV� WKH� DERYHPHQWLRQHG� LVVXHV� LQ� RXU� SURSRVHG� 
YLGHR� VWUHDPLQJ� PHFKDQLVP� E\� FRPELQLQJ� WKH� FKDUDFWHULVWLFV� 
RI� SXVK� DQG� SXOO� FRQWHQW� GHOLYHU\� DQG� E\� LQFRUSRUDWLQJ� SHHUV� 
RUJDQL]DWLRQ� LQWR� FOXVWHUHG� RYHUOD\V�� IRUPLQJ� D� 6PDOO�:RUOG�  
�6:�� >�@�� 2XU� PHFKDQLVP� LQFOXGHV� ���� SHHUV� RUJDQL]DWLRQ� LQ� 
GLIIHUHQW� RYHUOD\� QHWZRUN�� ���� YLGHR� FRQWHQW� GHOLYHU\� IURP� 
VHQGHU� SHHU� XVLQJ� SXVK�SXOO� PHFKDQLVP�� DQG� ���� TXDOLW\� 
DGDSWDWLRQ� WR� VHUYH� YLGHR� FRQWHQW� WR� KHWHURJHQHRXV� UHFHLYHU� 
SHHUV�LQ�DFFRUGDQFH�WR�WKHLU�QHWZRUN�DQG�WHUPLQDO�FDSDELOLWLHV�� 

,W� LV� ZRUWK� QRWLQJ� WKDW� WKH� RUJDQL]DWLRQ� RI� SHHUV� LQ� VPDOO� 
ZRUOG�DOORZV�HQVXULQJ�ORZHU�GHOD\�IURP�VRXUFH�WR�GHVWLQDWLRQ� 
SHHU�� 7KLV� RUJDQL]DWLRQ� LV� EDVHG� RQ� D� UHODWLYH� SULRULW\� RI� WKH� 
VHQGHU�SHHUV�FRQWULEXWLQJ�WR�WKH�VWUHDPLQJ�� 

,Q�WKLV�PHFKDQLVP�GLIIHUHQW�SHHUV�UHFHLYH�GLIIHUHQW�SDUWV�RI� 
YLGHR� IURP� PXOWLSOH� VHQGHU� SHHUV� XVLQJ� WKH� SXVK� DQG� SXOO� 
PHFKDQLVP�DV� VKRZQ�LQ�)LJXUH���� ,Q� WKLV� ILJXUH�D� VLQJOH�SHHU� 
UHFHLYHV� YLGHR� IURP� PXOWLSOH� VHQGHU� SHHUV� XVLQJ� WKH� 386+� 
PHFKDQLVP�DQG�WKH�PLVVLQJ�SDUWV�DUH�UHWULHYHG�XVLQJ�WKH�38//� 
PHFKDQLVP�� ,Q� VXFK� PHFKDQLVP� D� UHFHLYHU� VLGH� VFKHGXOHU� LV� 
LPSOHPHQWHG� WR�RUFKHVWUDWH� WKH�GHOLYHU\�RI� WKH�GLIIHUHQW�SDUWV� 
RI� YLGHR� IURP� GLIIHUHQW� VHQGHU� SHHUV�� $OO� WKH� YLGHR� SDFNHWV� 
UHFHLYHG� IURP� WKH� VHQGHU� SHHUV� DUH� FRPELQHG� LQ� GLIIHUHQW� 
EXIIHUV�WKDW�DUH�PRQLWRUHG�UHJXODUO\�WR�LGHQWLI\�ZKHQ�ZH�QHHG� 
WR� LPSOHPHQW� SXOO�EDVHG� PHFKDQLVP� WR� UHFHLYH� WKH� PLVVLQJ� 
SDUWV�RI�WKH�YLGHR�EHIRUH�WKHLU�DFWXDO�SOD\EDFN�GHDGOLQH��� 

� 

� 
)LJXUH����$UFKLWHFWXUH�IRU�5HFHLYHU�&HQWULF�9LGHR�6WUHDPLQJ� 

0RUHRYHU�� RXU� SURSRVHG� PHFKDQLVP� LV� EDVHG� RQ� 6FDODEOH� 
9LGHR� &RGLQJ� �69&�� WKDW� LV� FRQVLGHUHG� PRUH� VXLWDEOH� IRU� 
KHWHURJHQHRXV� QHWZRUNV� DQG� UHFHLYHUV� GXH� WR� LWV� VLPSOH� UHDO� 
WLPH� FRQWHQW� DGDSWDWLRQV� FDSDELOLWLHV�� )XUWKHUPRUH�� ZH� 
LQFRUSRUDWH� TXDOLW\� DGDSWDWLRQ� RYHU� UHFHLYHG� 69&� OD\HUV� LQ� 
DFFRUGDQFH�WR�WKH�UHFHLYHU¶V�FKDUDFWHULVWLFV�DQG�SUHIHUHQFHV��� 

7KH� UHVW� RI� WKH� SDSHU� LV� RUJDQL]HG� LQ� GLIIHUHQW� VHFWLRQV�� $� 
EULHI�UHODWHG�ZRUN�DQG�PRWLYDWLRQ�LV�SUHVHQWHG�LQ�VHFWLRQ����7KH� 

SURSRVHG� PHFKDQLVP� LV� GHVFULEHG� LQ� GHWDLOV� LQ� VHFWLRQV� �� 
DGGUHVVLQJ�PDMRU�FRPSRQHQWV� LQYROYHG� LQ�YLGHR�GHOLYHU\�RYHU� 
3�3�QHWZRUNV��6HFWLRQ���LOOXVWUDWHV�WKH�SHUIRUPDQFH�HYDOXDWLRQ� 
DQG� VHFWLRQ� �� SUHVHQWV� D� EULHI� FRQFOXVLRQ� ZKLOH� KLJKOLJKWLQJ� 
VRPH�RI�WKH�IXWXUH�SHUVSHFWLYHV�� 

,,�� 5(/$7('�:25.6� 
3�3�EDVHG� YLGHR� VWUHDPLQJ� V\VWHPV� KDYH� DWWUDFWHG� ERWK� 

UHVHDUFK� DQG� DFDGHPLD� DQG� D� QXPEHU� RI� VROXWLRQV� KDYH� EHHQ� 
SURSRVHG� WR� DGGUHVV� GLIIHUHQW� FKDOOHQJLQJ� LVVXHV�� ,Q� WKLV� 
VHFWLRQ��ZH�KLJKOLJKW�VRPH�RI�WKH�NQRZQ�VROXWLRQV�WKDW�H[SORLW� 
WKH�SXVK�DQG�SXOO�YLGHR�GLVWULEXWLRQ��� 

&RRO6WUHDPLQJ�'21HW� �&6�� >�@� SUHVHQWV� D� IUDPHZRUN� IRU� 
OLYH� PHGLD� VWUHDPLQJ� EDVHG� RQ� GDWD�GULYHQ� RYHUOD\� QHWZRUNV� 
ZKHUH� HDFK� SHHU� SHULRGLFDOO\� H[FKDQJHV� GDWD� DYDLODELOLW\� 
LQIRUPDWLRQ� ZLWK� HDFK� RWKHU�� 7KH� SDUWLFLSDWLQJ� SHHUV� IRUP� D� 
PHVK�QHWZRUN��DQG�WKH�SHHUV�LQ�WKH�GDWD�GULYHQ�RYHUOD\�QHWZRUN� 
DUH� RUJDQL]HG� LQ� D� %UHDWK�)LUVW�6HDUFK� �%)6�� WUHH�� (DFK� SHHU� 
UHFHLYHV� YLGHR� FRQWHQW� IURP� LWV� SDUHQW� SHHU�� DIWHU� WKLV� 
RUJDQL]DWLRQ�� 7KLV� DSSURDFK� RUJDQL]HV� WKH� SDUWLFLSDWLQJ� SHHUV� 
LQWR� PXOWLSOH� WUHHV� IRU� LQFRUSRUDWLQJ� YLGHR� GHOLYHU\�� 7KLV� 
IUDPHZRUN� KDV� VKRZQ� D� JUHDW� LPSURYHPHQW� LQ� WKH� YLGHR� 
GLVWULEXWLRQ� ZLWK� KLJK� VFDODELOLW\�� +RZHYHU�� LW� GRHV� QRW� 
LQFRUSRUDWH� WKH� IXQGDPHQWDO� GHVLJQ� RI� PHVK� QHWZRUN� LQ� WKH� 
SURSRVHG�VROXWLRQ��� 

35,0(� >�@� SUHVHQWV� UHFHLYHU�FHQWULF� YLGHR� VWUHDPLQJ� 
PHFKDQLVP� RYHU� 3�3� PHVK� QHWZRUNV�� 7KLV� VWXG\� VKRZV� WKDW� 
PHVK�EDVHG� 3�3� OLYH� VWUHDPLQJ� FDQ� HIIHFWLYHO\� LQFRUSRUDWH� 
VZDUPLQJ� FRQWHQW� GHOLYHU\�� 7KH� PHVK�EDVHG� QHWZRUNV� H[SORLW� 
WKH�FKDUDFWHULVWLFV�RI�UHWULHYLQJ�WKH�PLVVLQJ�SDUWV�RI�YLGHR��7KH� 
PDLQ�REMHFWLYH�RI�WKLV�V\VWHP�UHVLGHV�LQ�PLQLPL]LQJ�WKH�HIIHFWV� 
RI�EDQGZLGWK�DQG�FRQWHQW�ERWWOHQHFN��7KH�SURSRVHG�PHFKDQLVP� 
SURYLGHV� KLJK� VFDODELOLW\� DQG� FRVW� HIIHFWLYH� OLYH� YLGHR� 
GLVWULEXWLRQ�� 7KH� XQGHUO\LQJ� YLGHR� HQFRGLQJ� LV� EDVHG� RQ� 
PXOWLSOH�GHVFULSWLRQV�FRGLQJ��0'&���KRZHYHU� WKHUH� LV�QR� UHDO� 
FRGHF�DYDLODEOH� IRU� WKLV�HQFRGLQJ�VFKHPH�WKDW�FDQ�EH�XVHG�IRU� 
UHDO�LPSOHPHQWDWLRQ��� 

³*ULG0HGLD´� >�@� LV� DQRWKHU� ZHOO� NQRZQ� V\VWHP� RIIHULQJ� 
3�3�EDVHG�,379�VHUYLFHV��,W�RUJDQL]HV�WKH�SHHUV�LQ�XQVWUXFWXUHG� 
RYHUOD\� QHWZRUNV� DQG� LPSOHPHQWV�D� SXVK�SXOO�EDVHG�DSSURDFK� 
WR� IHWFK� WKH� PHGLD� FRQWHQWV� IURP� WKH� QHLJKERU� SHHUV�� ,W� 
LPSOHPHQWV� D� EORFN� VFKHGXOLQJ� PHFKDQLVP� IRU� HIILFLHQW� 
FRQWHQWV� VKDULQJ� DPRQJ� WKH� SHHUV�� 7KH� QHLJKERU� SHHUV� DUH� 
VHOHFWHG�RQ�WKH�UDQGRP�EDVLV��7KH�SXVK�SXOO�EDVHG�PHFKDQLVP� 
RIIHUV� WKH� EHQHILWV� RI� WKH� UHFHLYHU�FHQWULF� DSSURDFK� DQG� DOVR� 
UHGXFHV�WKH�RYHUDOO� ODWHQF\��³L*ULG0HGLD´�>��@�LV�DQ�H[WHQVLRQ� 
RI�WKH�³*ULG0HGLD´�SURWRFRO�WKDW�LV�RSHQ�VRXUFH�VROXWLRQ��7KLV� 
SURWRFRO� IRFXVHV� RQ� SURYLGLQJ� GHOD\�JXDUDQWHHG� VHUYLFHV� WR� 
VXSSRUW�UHDO�WLPH�DSSOLFDWLRQV�� ,W�SURYLGHV�KLJK�VFDODELOLW\�DQG� 
LW� LV� FRQVLGHUHG� VXLWDEOH� HYHQ� IRU� YHU\� ODUJH� QXPEHU�RI� XVHUV�� 
UHTXHVWLQJ�IRU�VDPH�FKDQQHO��� 

&KDLQVDZ�>��@�HPSOR\HG�D�SXOO�EDVHG�PHFKDQLVP�RQ�WRS�RI� 
DQ� XQVWUXFWXUHG� WRSRORJ\�� (DFK� SHHU� LV� FRQQHFWHG� WR� D� VHW� RI� 
QHLJKERUV��(YHU\�SHHU�FUHDWHV�D�OLVW�RI�GHVLUHG�SDFNHWV��:KHQ�D� 
SHHU� UHFHLYHV�D�SDFNHW� LW� VHQGV�QRWLILFDWLRQ� WR� LWV�QHLJKERUV�� ,I� 
QRWLILFDWLRQ� PHVVDJH� FRQWDLQV� WKH� VHTXHQFH� QXPEHU� RI� WKRVH� 
SDFNHWV�DV�LQ�GHVLUHG�SDFNHW�OLVW��LW�UHTXHVWV�WKRVH�SDFNHWV�IURP� 
QHLJKERU��� 

,Q�FRQWUDVW� WR� WKH�RWKHU�DYDLODEOH� VROXWLRQV��ZH�SURSRVHG�D� 
PHFKDQLVP�WR�RUJDQL]H�WKH�SHHUV� LQ�RYHUOD\�QHWZRUNV�IRUPLQJ� 



WKH� VPDOO� ZRUOG�� 7KH� SDUWLFLSDWLQJ� SHHUV� DUH� RUJDQL]HG� LQ� WZR� 
GLIIHUHQW� OD\HUV� RQ� WKH� EDVLV� RI� WKHLU� UHODWLYH� SULRULW\� WRZDUGV� 
RIIHUHG� 4R6�� 0RUHRYHU�� ZH� LQFRUSRUDWHG� SXVK�SXOO� FRQWHQW� 
GHOLYHU\� PHFKDQLVP� WKDW� LV� XVHG� WR� UHFHLYH� WKH� ZKROH� YLGHR� 
FRQWHQWV� WKDW� RYHUFRPH� WKH� SUREOHP� RI� VLPSOH� SXVK� RU� SXOO� 
EDVHG�FRQWHQW�GHOLYHU\��)XUWKHUPRUH�� WKH�XVH�RI�VFDODEOH�YLGHR� 
FRGLQJ� �69&�� PDNHV� RXU� V\VWHP� PRUH� SURPLVLQJ� WKDW� LV� 
FRQVLGHUHG� KLJKO\� VXLWDEOH� IRU� KHWHURJHQHRXV� QHWZRUNV� DQG� 
WHUPLQDOV�GXH�WR�LWV�UHDO�WLPH�FRQWHQW�DGDSWDWLRQ�FKDUDFWHULVWLFV��� 

,,,�� 386+�38//�0(&+$1,60�)25�$'$37,9(�9,'(2� 
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7ZR�PDMRU�FRPSRQHQWV�DUH�GHVLJQHG�DQG� LPSOHPHQWHG�IRU� 
RXU� VWUHDPLQJ� V\VWHP�� ���� RYHUOD\� RUJDQL]DWLRQ� PHFKDQLVP� WR� 
RUJDQL]H�SDUWLFLSDWLQJ�SHHUV�DQG�����HQG�WR�HQG�FRQWHQW�GHOLYHU\� 
XWLOL]LQJ� SXVK�SXOO� PHFKDQLVPV�� 7KH� 3�3� V\VWHP� FRPSULVHV� 
WKHVH�IRXU�HQWLWLHV���D��6RXUFH�VHUYHU�RU�6HHGHU���E��7UDFNHU���F�� 
VXSHU� SHHUV�� DQG� �G�� RUGLQDU\� SHHUV�� 7KH� VRXUFH� VHUYHU� LV� WKH� 
VHHGHU� RI� WKH� RULJLQDO� YLGHR� FRQWHQWV�� ,W� FDQ� EH� D� GHGLFDWHG� 
VHUYHU�RU�DQ�RUGLQDU\� VHHGHU�SHHU��7UDFNHU�SOD\V� DQ� LPSRUWDQW� 
UROH� LQ� WKH� SURSRVHG� V\VWHP� WKDW� LV� UHVSRQVLEOH� IRU� DVVLVWLQJ� 
SDUWLFLSDWLQJ� SHHUV� WR� FRPPXQLFDWH� ZLWK� HDFK� RWKHUV� WR� ILQG� 
WKHLU� ERRWVWUDSSLQJ� SHHUV�� :KHQHYHU� D� QHZ� SHHU� HQWHUV� WKH� 
V\VWHP��LW�FRQWDFWV�WKH�WUDFNHU�DQG�SURYLGHV�KLP�LWV�,3�DGGUHVV� 
DQG� LWV� DYDLODEOH� EDQGZLGWK� UDQJH�� ,Q� UHVSRQVH�� WKH� WUDFNHU� 
SURYLGHV� D� OLVW� RI� DYDLODEOH� VXSHU�  SHHUV� WKDW� OLHV� LQ�  WKH� VDPH�  
EDQGZLGWK�UDQJH��7KH�SDUWLFLSDWLQJ�SHHUV� LQ�3�3�QHWZRUNV�DUH� 
FODVVLILHG�DV�VXSHU�SHHUV�RU�RUGLQDU\�SHHUV�KDYLQJ�GLVWLQFW�UROH� 
LQ� WKH� VWUHDPLQJ� PHFKDQLVP�� 7KH� GHWDLOHG� VWUHDPLQJ� 
PHFKDQLVP�LV�SUHVHQWHG�LQ�WKH�IROORZLQJ�VXE�VHFWLRQV�� 

$�� 2YHUOD\�2UJDQL]DWLRQ� 
,Q� 3�3� QHWZRUNV�� DOO� WKH� SHHUV� DUH� RUJDQL]HG� LQ� RYHUOD\� 

QHWZRUNV� WKDW� DUH� YLUWXDO� QHWZRUNV�� FRQVWUXFWHG� RQ� WKH� WRS� RI� 
WKH�SK\VLFDO�QHWZRUNV��:H�RUJDQL]H�WKH�SDUWLFLSDWLQJ�SHHUV�LQWR� 
RYHUOD\� QHWZRUN� LQ� WKH� IRUP� RI� D� VPDOO� ZRUOG� �6:�� IRUPLQJ� 
GLIIHUHQW� FOXVWHUV�� 7KLV� VPDOO� ZRUOG� UHSUHVHQWV� D� FODVV� RI� 
UDQGRP�JUDSK�LQ�ZKLFK�HYHU\�SHHU�LV�DFFHVVLEOH�IURP�RWKHU�SHHU� 
LQ� VPDOO� QXPEHU�  RI� KRSV�  >�@��  7KH� PRWLYDWLRQ�  RI� XVLQJ� VPDOO�  
ZRUOG� LV� WR� HQVXUH� UREXVWQHVV� DQG� JXDUDQWHHG� EDQGZLGWK� WKDW� 
FDQ� EH� DFKLHYHG� E\� GHFUHDVLQJ� WKH� QXPEHU� RI� KRSV� EHWZHHQ� 
VRXUFH� DQG� UHFHLYHU� SHHUV� IURP� DSSOLFDWLRQ� �RYHUOD\�� OHYHO� 
SHUVSHFWLYH��7KXV�� LW�GHFUHDVHV� WKH�HQG�WR�HQG� �H�H��GHOD\� WKDW� 
LV�GHVLUHG�IRU�WKH�UHDO�WLPH�VWUHDPLQJ�DSSOLFDWLRQV�FRPSDUHG�WR� 
SXUH�WUHH�EDVHG�DSSURDFK�� 

/HW� ³'N´� UHSUHVHQWV� WKH� WRWDO� GHOD\� WR� UHDFK� DQ\� SHHU� µN¶�� 

FOXVWHUV�RI�VPDOO�ZRUOG��$OO�RUGLQDU\�SHHUV�LQ�WKH�VDPH�FOXVWHU� 
DUH� FRQQHFWHG� ZLWK� HDFK� RWKHU� IRUPLQJ� D� PHVK� QHWZRUN� DQG� 
DOVR�FRQQHFWHG�WR�D�VXSHU�SHHU��7KH�RYHUOD\�EDVHG�VPDOO�ZRUOG� 
SHHUV�RUJDQL]DWLRQ�LV�VKRZQ�LQ�)LJXUH����� 

6:6: 

6XSHU�3HHU 

2UGLQDU\�3HHU 

6RXUFH�3HHU 

6:��6PDOO�:RUOG� 6: 
� 

)LJXUH����6PDOO�:RUOG�2YHUOD\�2UJDQL]DWLRQ�RI�3HHUV� 

�����6XSHU�SHHUV�DUH�VHOHFWHG�DPRQJ�RUGLQDU\�SHHUV�GXH� WR� WKHLU� 
KLJK� XSOLQN� FDSDELOLWLHV�� 7KH� DYDLODELOLW\� RI� PXOWLSOH� VXSHU� 
SHHUV� DGGUHVVHV� WKH� LVVXHV� RI� VLQJOH� SRLQW� RI� IDLOXUH� DQG� 
HQKDQFHV� WKH� RYHUDOO� VFDODELOLW\� RI� WKH� V\VWHP�� $Q� DOWHUQDWLYH� 
VXSHU�SHHU�LV�VHOHFWHG�LQ�WKH�FDVH�ZKHQ�D�VXSHU�SHHU�LV�QR�PRUH� 
DYDLODEOH� DQG�RU� XQDEOH� WR� FRQWULEXWH� IRU� WKH� YLGHR� FRQWHQW� 
GHOLYHU\�� ,Q� WKH� SURSRVHG� DUFKLWHFWXUH�� DOO� WKH� VXSHU� SHHUV� DUH� 
FRQQHFWHG�WR�HDFK�RWKHU�LQ�D�IODW�XQVWUXFWXUHG�RYHUOD\�QHWZRUN�� 
6XSHU� SHHUV� DUH� QRW� VWDWLF� HQWLWLHV� EXW� WKH\� DUH� G\QDPLFDOO\� 
VHOHFWHG� E\� WKH� WUDFNHU� WKDW� NHHSV� WUDFN� RI� DOO� WKH� VXSHU� SHHUV� 
DQG� RWKHU� SDUWLFLSDWLQJ� SHHUV�� 7KH� RYHUOD\� RUJDQL]DWLRQ� LV� 
FDUULHG� E\� WKH� VXSHU� SHHUV� VHOHFWLRQ� DQG� SHHUV� MRLQLQJ� DQG� 
OHDYLQJ�PHFKDQLVPV�WKDW�DUH�SUHVHQWHG�LQ�ZKDW�IROORZV��� 

��� 0HFKDQLVP�IRU�6XSHU�3HHU�6HOHFWLRQ� 
6RXUFH�3HHU�LV�UHVSRQVLEOH�IRU�GLVWULEXWLQJ�YLGHR�FRQWHQWV�WR� 

D� IL[HG� QXPEHU� RI� VXSHU� SHHUV� WKDW� GHSHQGV� RQ� WKH� XSOLQN� 
EDQGZLGWK�FDSDFLW\�RI�WKH�PHGLD�VRXUFH�DQG�WKH�VWUHDPLQJ�UDWH� 
RI�WKH�YLGHR�FRQWHQW�DV�SUHVHQWHG�LQ�(T������ 

KDYLQJ�SDUHQW�SHHU�µM¶�IURP�D�VRXUFH�SHHU�µ6¶��7KH�YDOXH�RI�³'N´�� 
LV�JLYHQ�DV�� 

XSOLQN�EDQGZLGWK�PHGLD�VRXUFH�

|��6XSHU3HHUV��6��

,QLWLDOO\��VXSHU�SHHUV�DUH�VHOHFWHG�RQ�WKH�EDVLV�RI�WKHLU�XSOLQN� 
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,Q�(T�����³GM�N´�UHSUHVHQWV�WKH�H�H��GHOD\�IURP�SHHU�µM¶�WR�SHHU� 
µN¶��7KH�VPDOO�ZRUOG�QHWZRUN�LV�XVHG�LQ�RUGHU�WR�PLQLPL]H�WKH� 
³'N´� IURP� VRXUFH� WR� WKH� UHFHLYLQJ� SHHU�� 7KH� VPDOO� ZRUOG� 
RYHUOD\�RUJDQL]DWLRQ�LV�XVHG�WR�PLQLPL]H�WKH�GHOD\�E\�OLPLWLQJ� 
WKH� WRWDO� QXPEHU� RI� KRSV� EHWZHHQ� VHQGHU� SHHUV� DQG� UHFHLYHU� 
SHHUV�� 

7KH�SDUWLFLSDWLQJ�SHHUV�DUH�RUJDQL]HG�LQ�RYHUOD\�QHWZRUN�RI� 
WZR� OD\HUV�� )LUVW� OD\HU� LV� FRPSULVHG� RI� VXSHU� SHHUV�� ZKHUHDV� 
RUGLQDU\�SHHUV�DUH�RUJDQL]HG�LQ�VHFRQG�OD\HU�IRUPLQJ�GLIIHUHQW� 
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EDQGZLGWK� DV� SURYLGHG� WR� WUDFNHU� ZKLOH� MRLQLQJ� WKH� QHWZRUN�� 
2QFH� VWUHDPLQJ� SURFHVV� VWDUWV�� WKHVH� VXSHU� SHHUV� DUH� 
SHULRGLFDOO\� XSGDWHG� DFFRUGLQJ� WR� WKHLU� FRQWULEXWLRQ� WRZDUGV� 
DFWXDO�FRQWHQWV�GHOLYHU\�� 

7UDFNHU� LV� UHVSRQVLEOH� IRU� FDOFXODWLQJ� WKH� SHHUV¶� 
FRQWULEXWLRQ� DQG� XSGDWHV� WKH� OLVW� RI� VXSHU�  SHHUV��  7UDFNHU�  
SHULRGLFDOO\�SHUIRUPV� WKH� DFWLYH� PHDVXUHPHQW� WR� FDOFXODWH� WKH� 
VHUYLQJ�VWUHQJWK��66��RI�HYHU\�SHHU��6HUYLQJ�VWUHQJWK�LV�GHILQHG� 
DV�WKH�UDWLR�RI�XSORDG�FDSDFLW\�WR�GRZQORDG�FDSDFLW\��7KLV�³66´� 
LV�IXUWKHU�XVHG�WR�GHWHUPLQH�WKH�FRQWULEXWLRQ�UDWLR��&5��RI�HDFK� 
SHHU��3L��SUHVHQW�LQ�WKH�VPDOO�ZRUOG��� 



 

	

	

 

 

  
 

VHUYLQJ�VWUHQJWK&RQWULEXWLRQ�5DWLR�3 ��&5�� � (T���� L GLVWDQFH�VRXUFH�3L � 

7KH�GLVWDQFH�RI�D�SHHU��3L��IURP�WKH�VRXUFH�FDQ�EH�LWV�GHOD\� 
WLPH�WKDW�LV�WKH�WLPH�WDNHQ�E\�SDFNHWV�WR�DUULYH�DW�WKH�SHHU�DIWHU� 
WKH�VRXUFH�KDV�VWUHDPHG�RXW��(T����VKRZV�WKDW�WKH�VHOHFWHG�VXSHU� 
SHHU�ZLOO�H[KLELWV�WKH�EHVW�VHUYLQJ�FDSDFLW\�DQG�PRUH�ORFDOL]HG� 
WR� PHGLD� VRXUFH�� 7KXV�� FUHDWLQJ� D� OD\HU� RI� VXSHU� SHHUV� FDQ� 
HIILFLHQWO\�GLVWULEXWH�WKH�FRQWHQWV�WR�RYHUOD\���7KH�FRQWULEXWLRQ� 
UDWLR� EDVHG� VHOHFWLRQ� RI� VXSHU� SHHUV� DOVR� LQWURGXFHG� WKH� 
LQFHQWLYH� PHFKDQLVP�� 3HHUV� SURYLGLQJ� JUHDWHU� FRQWULEXWLRQ� WR� 
WKH�RYHUOD\�QHWZRUN�DUH�VHOHFWHG�DV�VXSHU�SHHUV�DQG�WKXV��WKH\� 
DUH� DEOH� WR� UHFHLYH� FRQWHQWV� GLUHFWO\� IURP� 0HGLD� VRXUFH�� 7KLV� 
PHFKDQLVP�HQFRXUDJHV�WKH�RUGLQDU\�SHHUV�WR�FRQWULEXWH�PRUH�WR� 
WKH�RYHUOD\�QHWZRUN�� 

7KH�IRUZDUGLQJ�RI�³&5´�LQIRUPDWLRQ�WR�WUDFNHU�PD\�QRW�EH� 
VXLWDEOH� GXH� WR� LWV� H[FHVVLYH� RYHUKHDG� ZKHQ� WKHUH� LV� D� ODUJH� 
QXPEHU�RI�SHHUV�SUHVHQW�LQ�WKH�QHWZRUN��7KXV��ZH�FRQVLGHU�WKH� 
SHHUV� KDYLQJ� ³&5´� YDOXH� JUHDWHU� WKDQ� D� FHUWDLQ� WKUHVKROG� WR� 
OLPLW� WKH�RYHUKHDG��)XUWKHUPRUH��ZH�DVVXPH�WKDW�QR�PDOLFLRXV� 
SHHUV� DUH� SDUW� RI� RXU� VPDOO� ZRUOG� EHFDXVH� SHHU� WUXVW� � 
UHSXWDWLRQ� LV� RXW� RI� VFRSH� RI� WKLV� SDSHU�� +HQFH�� WKH� SURYLGHG� 
LQIRUPDWLRQ�E\�HDFK�SHHU� LV�DFFXUDWH�DQG� LV�XVHG� WR�GHWHUPLQH� 
WKH� EHVW� VXSHU� SHHU� VHOHFWLRQ�� 7UDFNHU� UHJXODUO\� XSGDWHV� WKH� 
PHGLD�VRXUFH�DERXW�WKH�QHZ�VXSHU�SHHUV�SUHVHQW�LQ�WKH�QHWZRUN�� 

��� 3HHU�-RLQLQJ� �/HDYLQJ� 
3�3� QHWZRUNV� SRVVHVV� G\QDPLF� FKDUDFWHULVWLFV� ZKHUH� DQ\� 

SHHU� PD\� HQWHU� DQG�RU� OHDYH� WKH� QHWZRUN� ZLWKRXW� DQ\� SULRU� 
QRWLILFDWLRQ��7KLV�YRODWLOLW\�RI�SHHUV�LV�QRW�VXLWDEOH�IRU�WKH�UHDO� 
WLPH� FRQWHQW� GHOLYHU\� DQG� SRVHV� VLJQLILFDQW� FKDOOHQJHV� IRU� WKH� 
PDLQWHQDQFH�RI�WKH�RYHUOD\�RUJDQL]DWLRQ��� 

IXQFWLRQ�-RLQQHWZRUN�3L��%:L����� 
���LI��0D[VXSHUSHHU IDOVH�����������������,QLWLDO�FDVH�� 
�������������^&RQQHFW�3L��WR�0VRXUFH���������������0VRXUFH���0HGLD�6RXUFH��� 
���������������8SGDWHVXSHUSHHU��3L�����$GG�3L�WR�VHW�RI�VXSHUSHHUV�� 
���������������8SGDWHVRXUFH��3L�������`�� 
��(OVH�LI�^�IRU�HDFK�M� �VHWBVXSHUSHHU�� 
��^���������LI��0D[FOXVWHUVL]H� IDOVH��� 
���������������UHWXUQ��M�� 
���`�� 
��HOVH�^�IRU�HDFK�N�� ��VHWBRUGLQDU\SHHU�� 
������������UHWXUQ�N������ 
����������`�� 
IXQFWLRQ��VXSHUSHHUXSGDWH��3L��&6L�������6XSHUSHHU�XSGDWLRQ��� 
���IRU�HDFK�M� �VHWBVXSHUSHHU�� 
�������������^�LI���&6-�����&6L��^�� 
���������������5HSODFH�&6L��ZLWK�&6-��� 
���������������8SGDWHVXSHUSHHU��3L���� 
���������������8SGDWHVRXUFH��3L�����`�� 
��(OVHLI�GHDGOLQHH[SLUH� �WUXH����.HHSDOLYH�GHDGOLQH�H[SLUHV�� 
�������������^�����&6-�� �QXOO�� 
���������������������VXSHUSHHUXSGDWH��3M��&6M�������������� 
��������������`�� 

)LJXUH����7UDFNHU�$OJRULWKP� 

� 

�:KHQ�D�QHZ�SHHU�UHTXHVW�WKH�WUDFNHU�WR�MRLQV�WKH�QHWZRUN�� 
WUDFNHU�LQ�UHWXUQ�SURYLGHV�D�OLVW�RI�DYDLODEOH�VXSHU�SHHUV�ZLWK�LQ� 
VDPH�EDQGZLGWK�UDQJH��$OWHUQDWLYHO\�� LI� WKHUH� LV�QR�VXSHU�SHHU� 

DYDLODEOH�WKDW�FDQ�DFFRPPRGDWH�DQ\�QHZ�SHHU��D�OLVW�RI�RUGLQDU\� 
SHHUV� KDYLQJ� VLPLODU� EDQGZLGWK� UDQJH� LV� SURYLGHG�� ,Q� ERWK� 
FDVHV�� WKH�QHZ�SHHU�VHOHFWV�D�VXSHU�RUGLQDU\�SHHU� IURP�WKH� OLVW� 
DQG� VHQGV� WKH� MRLQ� UHTXHVW�� 2QFH�� WKH� QHZ� SHHU� MRLQV� WKH� 
QHWZRUN�LWV�SDUHQW�SHHU��VXSHU�RUGLQDU\��XSGDWHV�WKH�WUDFNHU�WKDW� 
NHHSV� WUDFN� RI� QXPEHU� RI� SHHUV� MRLQLQJ� DQ\� VXSHU� SHHU�� 7KH� 
DOJRULWKP�IRU�WKH�WUDFNHU�LV�GHVFULEHG�LQ�)LJXUH���� 

,Q�3�3�QHWZRUN�ZKHQ�D�SHHU�OHDYHV�WKH�QHWZRUN��LW�LQLWLDWHV� 
D�GHSDUWXUH�PHVVDJH�WR�LWV�SDUHQW�SHHU�WKDW�UHOHDVHV�WKH�RXWJRLQJ� 
EDQGZLGWK�DQG�QRWLILHV�WKH�WUDFNHU�IRU�WKH�JUDFHIXO�GHSDUWXUH�RI� 
WKLV�SDUWLFXODU� SHHU��7KH�RWKHU� FDVH� LV� QRW� WULYLDO�� ZKHQ� D� SHHU� 
VXGGHQO\� OHDYHV� WKH� QHWZRUN� ZLWKRXW� DQ\� SULRU� QRWLILFDWLRQ�� 
7KLV�VXGGHQ�GHSDUWXUH�FDQ�EH�HQFRXQWHUHG�E\�SHULRGLFDO�³NHHS� 
DOLYH´� PHVVDJH� EHWZHHQ� WUDFNHU� DQG� VXSHU� SHHUV� DQG� VXSHU� 
SHHUV�DQG�RUGLQDU\�SHHUV��,I�WKHUH�LV�QR�UHVSRQVH�UHFHLYHG�IURP� 
DQ\�SHHU�ZLWK�LQ�VLJQLILFDQW�DPRXQW�RI�WLPH��LW�LV�DVVXPHG�WKDW� 
WKH� SDUWLFXODU� SHHU� LV� QR� PRUH� DYDLODEOH� LQ� WKH� QHWZRUN�� ,Q� 
UHWXUQ�� VRPH� DOWHUQDWLYH� VXSHU� SHHU� LV� VHOHFWHG� WR� HQVXUH� WKH� 
VPRRWK�FRQWHQW�GHOLYHU\�� 

%�� (QG�WR�(QG�&RQWHQW�'HOLYHU\� 
7KH�PDLQ�REMHFWLYH�RI� WKH�SURSRVHG� VWUHDPLQJ� PHFKDQLVP� 

LV� WR� HQVXUH� WKH� H�H� FRQWHQW� GHOLYHU\� ZLWK� LPSURYHG� 4R6�� ,Q� 
WKLV� VHFWLRQ�� ZH� SUHVHQW� RXU� SURSRVHG� SXVK�SXOO� PHFKDQLVP� 
RYHU�3�3�QHWZRUNV��� 

��� 3URSRVHG�3XVK�3XOO�0HFKDQLVP� 
7KH� SURSRVHG� FRQWHQW� GHOLYHU\� PHFKDQLVPV� DUH� IDFLOLWDWHG� 

E\� LQFRUSRUDWLRQ� RI� SXVK� DQG� SXOO� PRGHV� RI� WKH� FRQWHQWV� 
GHOLYHU\�� ,Q� WKH� ILUVW� VWHSV�� YLGHR� FRQWHQWV� �GLIIHUHQW� SDUWV� RI� 
69&� YLGHR� OD\HUV�� DUH� SXVKHG� IURP� VRXUFH� SHHU� WR� UHFHLYHU� 
SHHU��:KHUHDV�� LQ� WKH� VHFRQG�SKDVH�� UHFHLYHU�SHHU� LPSOHPHQWV� 
SXOO�PHWKRG�WR�DFTXLUH�WKH�PLVVLQJ�SDFNHWV�RI�WKH�YLGHR�OD\HUV� 
WR�FRQVWUXFW�WKH�RULJLQDO�YLGHR�� 

7KH� REMHFWLYH� RI� WKH� SXVKLQJ� FRPSRQHQW� LV� WR� TXLFNO\� 
GLVWULEXWH�D�GDWD�EORFN�WR�D�FHUWDLQ�QXPEHU�RI�SHHUV��LQ�RUGHU�WR� 
IXHO� WKH� VXEVHTXHQW� SXOO� EDVHG� H[FKDQJHV�� :H� XVHG� SXVK�SXOO� 
EDVHG� PHFKDQLVP� WR� UHGXFH� WKH� ORQJ� GHOD\V� RI� SXUHO\� SXOO� 
EDVHG�DSSURDFKHV��EHFDXVH�RI�WKH�VWULNLQJ�ODWHQF\�DFFXPXODWHG� 
KRS�E\�KRS��3XVK�3XOO�PHFKDQLVP�JUHDWO\�GHFUHDVHV�WKH�ODWHQF\� 
DQG� LQKHULWV� VLPSOLFLW\� DQG� UREXVWQHVV� RI� WUDGLWLRQDO� SXOO� 
PHWKRG�� 7KXV�� WKH� SURSRVHG� SXVK�SXOO� PHFKDQLVP� FDQ� REWDLQ� 
WKH�VDPH�GHOLYHU\�UDWLR�ZLWK�PXFK�VPDOOHU�DEVROXWH�GHOD\�WKDQ� 
WKH�VLPSOH�SXOO�PHWKRG��� 

,Q� RUGHU� WR� LQFUHDVH� WKH� SDFNHW� GHOLYHU\� UDWLR�� HDFK� VXSHU� 
SHHU�� SURDFWLYHO\� SXVK� GDWD� SDFNHWV� WR� FRQQHFWHG� RUGLQDU\� 
SHHUV�� :H� LPSOHPHQW� D� EXIIHU� PDS� IRU� WKH� YLGHR� FRQWHQWV� 
DYDLODEOH� DW� GLIIHUHQW� SHHUV�� 7KH� EXIIHU� PDS� SURYLGHV� 
LQIRUPDWLRQ� IRU� WKH� UHVSHFWLYH� VHTXHQFH� QXPEHU� DQG� WKH� 
SOD\EDFN� GHDGOLQH� IRU� WKLV� YLGHR� SDFNHW�� 6RPH� RI� WKH� YLGHR� 
SDFNHWV�DUH�ORVW�GXULQJ�WUDQVPLVVLRQ�GXH�WR�WKH�XQUHOLDELOLW\�RI� 
WKH� QHWZRUN� OLQNV� DQG�RU� QHWZRUN� FRQJHVWLRQ� RYHU� SDUWLFXODU� 
OLQNV�� $Q� RYHUOD\� SHHU� FDQ� HDVLO\� GHWHFW� PLVVLQJ� SDFNHWV� E\� 
XVLQJ�JDSV�LQ�WKH�SDFNHW�VHTXHQFH�QXPEHUV��7KLV�LQIRUPDWLRQ�LV� 
XVHG�WR�SXOO�WKH�PLVVLQJ�SDFNHWV�IURP�RWKHU�PHPEHUV�SUHVHQW�LQ� 
WKH�FOXVWHU��7KH�DOJRULWKP�IRU�SXOO�PHFKDQLVP�LV�VLPLODU�WR�WKH� 
KHXULVWLF�XVHG�LQ�&RRO6WUHDPLQJ�'21HW�DQG�%LW7RUUHQW�>��@��,I� 
FOXVWHU� PHPEHUV� DUH� XQDEOH� WR�SURYLGH� WKRVH�SDFNHWV��PLVVLQJ� 
SDFNHWV� DUH� UHTXHVWHG� IURP� VXSHU� SHHU�� 7KH� IODW� KLHUDUFKLFDO� 
VWUXFWXUH�RI�VXSHU�SHHU�OD\HU��DOORZV�IHWFKLQJ�WKH�FRQWHQWV�IURP� 
RWKHU�VXSHU�SHHUV���� 



,Q� RXU� SURSRVHG� PHFKDQLVP�� ZH� IRFXV� WR� UHWULHYH� WKH� 
PLVVLQJ� SDUWV� RI� WKH� YLGHR� IURP� DOWHUQDWLYH� SHHUV� LQVWHDG� RI� 
LPSOHPHQWLQJ�SHHU�VWUHDP�VZLWFKLQJ�PHFKDQLVP�>��@�WKDW�DGGV� 
VLJQLILFDQW�RYHUKHDG��+RZHYHU��LI�WKH�PLVVLQJ�YLGHR�SDFNHWV�DUH� 
QRW� DYDLODEOH� ZLWK� RUGLQDU\� SHHUV� WKHQ� SHHU� VZLWFKLQJ� 
PHFKDQLVP� LV� LQHYLWDEOH�� ,Q� SHHU� VZLWFKLQJ� PHFKDQLVP�� DQ� 
DOWHUQDWLYH� VRXUFH� SHHU� LV� VHOHFWHG� DQG� UHFHLYHU�VLGH� VFKHGXOHU� 
DVVLJQ�WR�UHWULHYH�WKH�PLVVLQJ�SDUW�RI�YLGHR�IURP�WKLV�SHHU���� 

,Q� 3�3� QHWZRUNV�� SHHUV� DUH� LQWHUFRQQHFWHG� WKURXJK� 
DV\PPHWULF�QHWZRUNV�OLQN��,Q�WKLV�VFHQDULR��D�VLQJOH�VHQGHU�SHHU� 
LV� QRW� FDSDEOH� WR�  GHOLYHU� KLJK� TXDOLW\� YLGHR�  FRQWHQWV��  ,Q�  RXU�  
PHFKDQLVP��D�UHFHLYHU�VLGH�VFKHGXOHU�SOD\V�DQ�LPSRUWDQW�UROH�LQ� 
YLGHR� FRQWHQW� VKDULQJ� PHFKDQLVP�� *HQHUDOO\�� WKHUH� LV� ODUJH� 
QXPEHU� RI� VRXUFH� SHHUV� DYDLODEOH� LQ� WKH� QHWZRUN� IRU� SRSXODU� 
YLGHR� FRQWHQWV�� +RZHYHU�� LQ� UHDO�WLPH� YLGHR� VKDULQJ� LW� LV� QRW� 
DFFHSWDEOH�WR�FRPPXQLFDWH�ZLWK�D�ODUJH�QXPEHU�RI�VRXUFH�SHHUV� 
VLPXOWDQHRXVO\�� 7KH� H�H� FRPPXQLFDWLRQ� DPRQJ� HDFK� VHQGHU� 
DQG� UHFHLYHU� SHHUV� DGG� VLJQLILFDQW� RYHUKHDG� WKDW� GHJUDGH� WKH� 
4R6� IRU� UHDO�WLPH� VWUHDPLQJ�� 7KXV�� UHFHLYHU� SHHU� RUFKHVWUDWHV� 
WKH�ZKROH� VWUHDPLQJ�PHFKDQLVP�DQG�VHOHFWV�D� OLPLWHG�QXPEHU� 
RI� VRXUFH� SHHUV�� 7KH� VFKHGXOHU� GHWHUPLQHV� WKDW� ZKLFK� SDUW� RI� 
WKH� UHTXHVWHG� YLGHR� ZLOO� EH� UHFHLYH� IURP� ZKLFK� VRXUFH� SHHU�� 
7KH� VHOHFWLRQ� DQG� DVVLJQPHQW� RI� YLGHR� SDUWV� LV� EDVHG� RQ� WKH� 
UHODWLYH�SULRULW\�RI�HDFK�VRXUFH�SHHU�WRZDUGV�RIIHUHG�4R6���� 

��� 4XDOLW\�$GDSWDWLRQ� 
4XDOLW\�DGDSWDWLRQ�EHFRPHV�LPSRUWDQW�ZKHQ�D�UHFHLYHU�SHHU� 

VHOHFW� PXOWLSOH� VHQGHU� SHHUV� WR� UHFHLYH� DQ\� YLGHR�� 7KLV� 
PHFKDQLVP� LV� HVVHQWLDO� LQ� GHOLYHULQJ� WKH� YLGHR� FRQWHQWV� ZLWK� 
UHVSHFW� WR� UHFHLYHU¶V� QHWZRUN�� WHUPLQDO� FDSDELOLWLHV� DQG� RWKHU� 
SUHIHUHQFHV� RYHU� KHWHURJHQHRXV� QHWZRUNV� ZKHUH� SDUWLFLSDQWV� 
SRVVHVV�GLVWLQFW�FKDUDFWHULVWLFV��:H�IRFXVHG�WR�XVH�+�����69&� 
>��@� IRU� HQFRGLQJ� WKH� RULJLQDO� YLGHR� FRQWHQWV� WKDW� DUH� XVHG� WR� 
SURGXFH� KLJKO\� FRPSUHVVHG� ELW� VWUHDPV� WR� JHQHUDWH� D� ZLGH� 
YDULHW\� RI� ELW� UDWHV�� ,Q� VXFK� YLGHR� HQFRGLQJ� VFKHPD�� RULJLQDO� 
YLGHR�VWUHDP�LV�WUXQFDWHG�LQWR�PDQ\�GLIIHUHQW�YLGHR�OD\HUV��7KH� 
³EDVH� OD\HU´� SURYLGHV� D� VLJQLILFDQW� SURSRUWLRQ� RI� WKH� YLGHR� 
TXDOLW\�ZKHUHDV�WKH�³HQKDQFHPHQW�OD\HUV´�DUH�XVHG�WR�HQKDQFH� 
WKH� YLGHR� TXDOLW\� LQ� GLIIHUHQW� GLPHQVLRQV�� ³%DVH� OD\HU´� LV� 
FRQVLGHUHG� DV� WKH� PRVW� LPSRUWDQW� OD\HU� EHFDXVH� DOO� WKH� 
³HQKDQFHPHQW� OD\HUV´� DUH� RQO\� GHFRGDEOH� ZLWK� UHIHUHQFH� WR� 
ORZHU�OD\HUV�DQG�³%DVH�OD\HU´��� 

7KH� SDFNHW� RUGHULQJ� EDVHG� TXDOLW\� DGDSWDWLRQ� QRW� RQO\� 
HQVXUHV� WKH� EDVH� YLGHR� TXDOLW\� IRU� VWUHDPLQJ� VHVVLRQ� EXW� DOVR� 
DGGV� UHVLOLHQFH� IRU� WKH� ORZHU� YLGHR� OD\HUV�� 7KH� SDFNHW¶V� 
RUGHULQJ� KLJKO\� GHSHQGV� RQ� WKH� UHFHLYHU� SUHIHUHQFHV� WRZDUGV� 
WKH� SHUFHLYHG� TXDOLW\�� 69&� EDVHG� YLGHR� FRGLQJ� RIIHUV� WKH� 
UHFHLYHU�  WR� VHOHFW� WKH� YLGHR� HLWKHU� ZLWK� KLJK� 615� TXDOLW\��  
WHPSRUDO� UHVROXWLRQV� IRU� YDU\LQJ� IUDPH� UDWHV�� RU� VSDWLDO� 
UHVROXWLRQ�IRU�WKH�GLIIHUHQW�UHVROXWLRQV�� 

,Q�WKH�SURSRVHG�PHFKDQLVP��UHFHLYHU�SHHUV�UHFHLYH�GLIIHUHQW� 
SDUWV�RI�WKH�YLGHR�IURP�VHQGHU�SHHUV�WKURXJK�WKH�³VXSHU�SHHUV´� 
ZKLOH� HPSOR\LQJ� WKH� ³=LJ]DJ� SDWWHUQ´� IRU� FRQWHQW� GHOLYHU\� 
>��@>��@�� 

,9�� 3(5)250$1&(�(9$/8$7,21� 
7KLV� VHFWLRQ� GHVFULEHV� WKH� SHUIRUPDQFH� HYDOXDWLRQV� RI� WKH� 

SURSRVHG� DGDSWLYH� YLGHR� VWUHDPLQJ� PHFKDQLVP� IRU� GLIIHUHQW� 
4R6�SDUDPHWHUV�XVLQJ�16���VLPXODWLRQV�>��@�� 

$�� 6LPXODWLRQ�6HWXS� 
:H� SHUIRUPHG� LQWHQVLYH� VLPXODWLRQV� WR� VWXG\� WKH� 

SHUIRUPDQFH�RI� RXU�SURSRVHG�PHFKDQLVP� LQ� RUGHU� WR� TXDQWLI\� 
WKH� RYHUDOO� 4R6� SDUDPHWHUV� DJDLQVW� &RRO6WUHDPLQJ� �&6�� 
PHFKDQLVP� WKDW� LPSOHPHQWV� SXVK�SXOO� EDVHG� FRQWHQW� GHOLYHU\� 
PHFKDQLVP�RQ�DQ�RUJDQL]HG�RYHUOD\�VWUXFWXUH��� 

3HUIRUPDQFH� 0HWULFV�� 7KH� SHUIRUPDQFH� HYDOXDWLRQ� LV� FDUULHG� 
IRU� GLIIHUHQW� 4R6� PHWULFV� WKDW� LQFOXGH�� SDFNHW� GHOLYHU\� UDWLR�� 
GHOLYHU\�/DWHQF\��KRS�FRXQW�DQG�-LWWHU��7KHVH�SDUDPHWHUV�KDYH� 
VLJQLILFDQW�UROH�LQ�GHWHUPLQLQJ�WKH�RYHUDOO�4R6�IRU�WKH�UHDO�WLPH� 
VWUHDPLQJ�DSSOLFDWLRQV�� 

9LGHR�&RGLQJ��:H�XVHG�+�����69&�DV�HQFRGLQJ�VFKHPH��:H� 
WUXQFDWH� WKH�RULJLQDO�69&�YLGHR� LQ�GLIIHUHQW�OD\HUV� �EDVH� OD\HU� 
DQG� HQKDQFHPHQW� OD\HUV�� DQG� GLVWULEXWH� WKHP� DPRQJ� GLIIHUHQW� 
VXSHU�SHHUV�� +RZHYHU�� RXU� PDLQ� IRFXV� UHVLGHV� WR� HYDOXDWH� WKH� 
DERYH�VWDWHG�4R6�SDUDPHWHUV�� 

1HWZRUN� 7RSRORJ\�� :H� XVHG� WKH� %5,7(� XQLYHUVDO� WRSRORJ\� 
JHQHUDWRU� >��@� LQ� WKH� WRS�GRZQ� KLHUDUFKLFDO� PRGH� WR� PDS� WKH� 
SK\VLFDO� QHWZRUN�� 7KH� QHWZRUN� WRSRORJ\� FRQVLVWV� RI� 
DXWRQRPRXV�V\VWHP��$6��DQG�IL[HG�QXPEHU�RI�URXWHUV��$OO�$6� 
DUH� DVVXPHG� WR� EH� LQ� WKH� 7UDQVLW�6WXE� PDQQHU�� 3HHUV� DUH� 
DWWDFKHG�WR�WKH�URXWHUV�UDQGRPO\��7KH�GHOD\�RQ�WKH�DFFHVV�OLQNV� 
DUH� UDQGRPO\� VHOHFWHG� EHWZHHQ� �� WR� ��� PV�� 0RUHRYHU�� HDFK� 
VXSHU�SHHU�LV�IXUWKHU�FRQQHFWHG�WR���RUGLQDU\�SHHUV�ZLWKLQ�HDFK� 
FOXVWHU�� 7KH� LQFRPLQJ� EDQGZLGWK� RI� VXSHU� DQG� RUGLQDU\� SHHUV� 
YDULHV� EHWZHHQ� ���� NESV� WR� �� 0ESV� DQG� LV� XQLIRUPO\� 
GLVWULEXWHG� WKURXJKRXW� WKH� QHWZRUN�� :H� GHSOR\HG� D� VLQJOH� 
PHGLD�VRXUFH�DQG�WKH�XSOLQN�EDQGZLGWK�RI�PHGLD�VRXUFH�LV�DOVR� 
UDQGRPO\�VHOHFWHG�IURP�DERYH�PHQWLRQHG�UDQJH��3HHUV�MRLQ�WKH� 
QHWZRUN� DW� UDQGRP� LQWHUYDOV��:H�DOVR� LQWURGXFHG� VXGGHQ�SHHU� 
GHSDUWXUH�DW�UDQGRP�LQWHUYDOV��� 

%�� 5HVXOWV�DQG�'LVFXVVLRQ� 
)LJXUH���VKRZV�WKH�DYHUDJH�GHOLYHU\�UDWLR�IRU�RXU�SURSRVHG� 

VROXWLRQ�LQ�FRPSDULVRQ�WR�³&6´��'HOLYHU\�UDWLR�LV�GHILQHG�DV�WKH� 
QXPEHU�RI�SDFNHWV�GHOLYHUHG�EHIRUH�GHDGOLQH�RYHU�WRWDO�QXPEHU� 
RI�SDFNHWV�HQFRGHG��3DFNHWV�DUH�SURDFWLYHO\�SXVKHG�WR�RUGLQDU\� 
SHHUV�LQ�WKH�VPDOO�ZRUOG��$�JDS�LQ�VHTXHQFH�QXPEHU�LGHQWLILHV� 
WKH�PLVVLQJ�SDFNHWV��7KHVH�PLVVLQJ�SDFNHWV�DUH�UHTXHVWHG�IURP� 
WKH� RWKHU� PHPEHUV� RI� VPDOO� ZRUOG�� ,I� D� SDFNHW� LV� SXOOHG� 
VXFFHVVIXOO\� ZLWKLQ� LWV� SOD\EDFN� GHDGOLQH� LW� LV� FRQVXPHG� 
RWKHUZLVH� GURSSHG�� )LJXUH� �� GHSLFWV� WKDW� ERWK� ³&6´� DQG� 
SURSRVHG� PHFKDQLVP� SHUIRUP� EHWWHU� ZLWK� LQFUHDVLQJ� VZDUP� 
VL]H�� KRZHYHU�� ³&6´� KDV� ORZHU� SDFNHW� GHOLYHU\� UDWLR� GXH� WR� 
UDQGRP� FRQWHQW� GHOLYHU\� DV� FRPSDUHG� WR� RXU� SURSRVHG� VPDOO� 
ZRUOG�ZKHUH�FRQWHQW� IORZ� LQ�DQ�RUJDQL]HG�ZD\��7KH�UHDVRQ� LV� 
WKDW�VZDUPLQJ�EDVHG�SURWRFROV�DUH�QRW�DIIHFWHG�ZLWK�LQFUHDVLQJ� 
QXPEHU� RI� SHHUV�� 7KH� REWDLQHG� UHVXOWV� LQGLFDWH� WKDW� WKH� 
SHUIRUPDQFH�RI� VPDOO� ZRUOG�EDVHG�SXVK�SXOO�SURWRFRO� UHPDLQV� 
DOPRVW�VDPH�ZLWK�LQFUHDVLQJ�QXPEHU�RI�SHHUV�ZKHUH�PRUH�WKDQ� 
����SDFNHWV�DUH� UHFHLYHG�EHIRUH�SOD\EDFN�GHDGOLQH��7KXV�� WKH� 
LPSURYHG� SDFNHW� GHOLYHU\� UDWLR� HQVXUHV� WKH� VPRRWK� FRQWHQW� 
GHOLYHU\�� 
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Number of Nodes �
 

)LJXUH����3DFNHW�'HOLYHU\�5DWLR� 

)LJXUH� �� VKRZV� WKH� GHOLYHU\� ODWHQF\� H[SHULHQFHG� E\� GDWD� 
SDFNHWV� DW� GLIIHUHQW� SHHUV�� :H� PHDVXUH� WKH� DYHUDJH� WLPH� IRU� 
ILUVW�SDFNHW�DUULYDO��IRU�ERWK�PHFKDQLVPV��:H�QRWLFHG�WKDW�ERWK� 
PRGHOV� VXIIHU� IURP� LQFUHDVHG� DYHUDJH� WLPH� RI� ILUVW�  SDFNHW�  
DUULYDO�� KRZHYHU�� WKH\� VWD\� UHODWLYHO\� FRQVWDQW� ZLWK� LQFUHDVLQJ� 
QXPEHU�RI�SHHUV��'XH�WR�WKH�H[LVWHQFH�RI�VXSHU�SHHUV�DQG�SXVK� 
SXOO� GHOLYHU\�� SDFNHWV� KDYH� KLJKHU� FKDQFHV� WR� EH� GHOLYHUHG� WR� 
WKH� FRQQHFWHG� FOLHQWV� LQ� D� VPDOOHU� SHULRG� RI� WLPH�� 7KH� RWKHU� 
UHDVRQ�LV�WKH�V\VWHPDWLF�IORZ�RI�FRQWHQW�DPRQJ�GLIIHUHQW�VPDOO� 
ZRUOGV�ZLWK�QHDU�RSWLPDO�RYHUOD\�KRSV��

 1800


 1600


 100  150  200  250  300  350  400  450  500
 

Number of Nodes �
 
)LJXUH����$YHUDJH�-LWWHU�5DWH�YV�����RI�3HHUV� 

2XU�SURSRVHG�PHFKDQLVP�KDV�FRPSDUDWLYHO\�ORZHU�MLWWHU�UDWH�DV� 
FRPSDUHG� WR�&6�� 6RPHWLPHV� DQ� LQWHUPHGLDWH�SLHFH�ZKLFK� FDQ� 
QRW� EH� IHWFKHG� PD\� LQFUHDVH� WKH� MLWWHU� UDWH�� ,Q� RXU� SURSRVHG� 
PHFKDQLVP�FKDQFHV�RI�PLVVLQJ�SDFNHWV�DUH� UHODWLYHO\� ORZ�GXH� 
WR�RUJDQL]HG�FRQWHQW� IORZ��,I�D�SDFNHW� LV�DFTXLUHG�E\�D�FOXVWHU� 
PHPEHU�� LW� LPSOLHV� WKDW� WKHUH�DUH�DW� OHDVW�RQH�RU�PRUH� VRXUFHV�  
IRU���WKH���FRQWHQWV����7KLV���IORZ���RI���FRQWHQWV���VDYHV���WLPHV��� 
DV�FRPSDUHG�WR�&6�� 

)LJXUH� �� VKRZV� WKH� FRPSDULVRQ� RI� DYHUDJH� GHOLYHU\� UDWLR� 
ZLWK� YDU\LQJ� VWUHDPLQJ� UDWHV�� ,W� LV� REVHUYHG� WKDW� DV� VWUHDPLQJ� 
UDWH� LQFUHDVHV�� WKH� GHOLYHU\� UDWLR� IRU� SURSRVHG� PHFKDQLVP� 
UHPDLQV� UHODWLYHO\� KLJK�� (YHQ� ZLWK� WKH� VWUHDPLQJ� UDWH� JUHDWHU� 
WKDQ����.ESV��GHOLYHU\� UDWLR� LV� JUHDWHU� WKDQ� �����7KLV� VKRZV� 
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Number of Nodes � 

)LJXUH����$YHUDJH�3DFNHW�/DWHQF\�YV����RI�3HHU� 

� 

0.2

 200  250  300  350  400  450  500  550  600
 

0RUHRYHU��ZH�HYDOXDWHG�WKH�MLWWHU�UDWH�IRU�WKH�ERWK�PHFKDQLVPV� 
DQG�WKH�UHVXOWV�DUH�SUHVHQWHG�LQ�)LJXUH����7KH�XQDYDLODELOLW\�RI� 
D�SDFNHW�DW�LWV�SOD\EDFN�WLPH�FDXVHV�D�MLWWHU���

Streaming Rate (Kbps) � 

)LJXUH����$YHUDJH�'HOLYHU\�5DWLR�YV��6WUHDPLQJ�5DWH� 

� 

)LJXUH�����VKRZV��WKH��DYHUDJH��KRS��FRXQW��RI��WKH��SURSRVHG� 
PHFKDQLVP��LQ��FRPSDULVRQ��ZLWK��&6���+RS�FRXQW�LV�UHIHUUHG�DV� 
WKH�QXPEHU�RI�LQWHUPHGLDWH�SHHUV�LQYROYHG�RQ�WKH�RYHUOD\�SDWK� 
IURP�VRXUFH�WR�UHFHLYLQJ�SHHU��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�VPDOO�� 
RYHUOD\���SDWK���GRHVQRW���QHFHVVDULO\���JXDUDQWHH���VPDOO���GHOD\�� 
KRZHYHU��ZH��ZDQW��WR��HPSKDVL]H��WKH��RUJDQL]DWLRQ�RI��RYHUOD\� 
XVLQJ� � SURSRVHG� � PHFKDQLVP�� ,W� LV� REVHUYHG� WKDW� SURSRVHG� 
PHFKDQLVP���KDYH���OHVV���QXPEHU���RI���KRS���FRXQWV���GXH���WR� 
RUJDQL]DWLRQ�RI�SHHUV�LQ�VPDOO�ZRUOG����� 
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100  150  200  250  300  350

Number of Nodes 

400  450  500 

� 

)LJXUH�����$YHUDJH�+RS�&RXQWV�YV���RI�SHHUV� 

9�� &21&/86,21� �)8785(�3(563(&7,9(6� 
:H� SUHVHQWHG� DQ� DGDSWLYH� YLGHR� VWUHDPLQJ� PHFKDQLVP� E\� 

RUJDQL]LQJ�WKH�SDUWLFLSDWLQJ�SHHUV�LQ�FOXVWHUHG�RYHUOD\�QHWZRUNV� 
LQ� WKH� IRUP� RI� VPDOO� ZRUOG�� 7KH� RYHUOD\� RUJDQL]DWLRQ� LV� 
LQIOXHQFHG� E\� WKH� ³FRQWULEXWLRQ� UDWLR´� RI� WKH� SHHUV� WRZDUGV� 
FRQWHQW� GHOLYHU\�� 7KH� RYHUOD\� LV� RUJDQL]HG� LQWR� WZR� 
LQGHSHQGHQW� OD\HUV� IRU� VXSHU� SHHUV� DQG� RUGLQDU\� SHHUV�� 7KH� 
DFWXDO� FRQWHQW� GHOLYHU\� LV� IDFLOLWDWHG�E\� D� FRPELQHG�SXVK�SXOO� 
PHFKDQLVP�� 7KLV� PHFKDQLVP� DOORZV� UHFHLYLQJ� WKH� IXOO� YLGHR� 
FRQWHQW� E\�H[SOLFLWO\� IHWFKLQJ� WKH� PLVVLQJ�SDUWV� RI� YLGHR��2XU� 
SURSRVHG�PHFKDQLVP�UHVXOWHG�LQ�LPSURYHG�SDFNHW�GHOLYHU\�DQG� 
UHGXFHG�ODWHQF\�WR�JXDUDQWHH�RYHUDOO�4R6�IRU�WKH�YLGHR�FRQWHQW�� 
7KH�SURSRVHG�PHFKDQLVP�LV�HYDOXDWHG�E\�QHWZRUN�VLPXODWLRQV�� 
7KH� REWDLQHG� UHVXOWV� VKRZ� UHPDUNDEOH� LPSURYHPHQWV� LQ� WKH� 
UHFHLYHG�YLGHR�TXDOLW\��)XUWKHUPRUH�� WKH�RUJDQL]DWLRQ�RI�SHHUV� 
LQWR� FOXVWHU� SURYLGHV� EHWWHU� FRQWHQW� GHOLYHU\� DQG� FRQWHQW� 
GLVWULEXWLRQ��� 

)RU� WKH� IXWXUH�SHUVSHFWLYH��ZH�DLP� WR�H[WHQG� WKH�SURSRVHG� 
RYHUOD\�RUJDQL]DWLRQ�DQG�SXVK�SXOO�PHFKDQLVP� WR�D� ODUJH�3�3� 
QHWZRUN� KDYLQJ� PXOWLSOH� VHQGHU� SHHUV� DUULYLQJ� DW� GLIIHUHQW� 
LQWHUYDOV�� )XUWKHUPRUH� ZH� ZDQW� WR� LQYHVWLJDWH� WKH� HIIHFW� RI� 
FKXUQ� RQ� RXU� SURSRVHG� PHFKDQLVP�� :H� DLP� WR� SHUIRUP� UHDO� 
WLPH� HYDOXDWLRQ� IRU� WKH� PRUH� SHUVRQDOL]HG� 9R'� DQG� ,379� 
VHUYLFH��� 

� 

� 

� 

� 

5()(5(1&(6� 
>�@�	 :��3�.��<LX��;��-LQ��DQG�6��+�*��&KDQ��³&KDOOHQJHV�DQG�$SSURDFKHV�LQ� 

/DUJH�6FDOH�3HHU�WR�3HHU�0HGLD�6WUHDPLQJ´�� LQ� ,(((�0XOWLPHGLD��9RO�� 
����1R�����SS���������$SULO�-XQH������� 

>�@�	 0��&DVWUR��3��'UXVFKHO��$�0��.HUPDUUHF��$��1DQGL��$��5RZVWURQ�DQG�$�� 
6LQJK�� �6SOLW6WUHDP�� +LJK�EDQGZLGWK� FRQWHQW� GLVWULEXWLRQ� LQ� D� 
FRRSHUDWLYH� HQYLURQPHQW��� 3HHU�WR�3HHU� 6\VWHPV� ,,� �,3736 ����� 
%HUNHOH\��&$��)HEUXDU\������ 
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