
&RPSDULVRQ�RI�'LIIHUHQW�6FKHGXOLQJ�$OJRULWKPV�IRU�3DFNHWL]HG�
5HDO�7LPH�7UDIILF�)ORZV�

�
.HQQHWK�6��/HH��DQG�0DJGD�(O�=DUNL��

�
��'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ�

8QLYHUVLW\�RI�3HQQV\OYDQLD�
3KLODGHOSKLD��3$��������

NVO#HH�XSHQQ�HGX�
��,QIRUPDWLRQ�DQG�&RPSXWHU�6FLHQFH�
8QLYHUVLW\�RI�&DOLIRUQLD��,UYLQH�

,UYLQH��&$��������
PDJGD#LFV�XFL�HGX�

�
�

$EVWUDFW�
�
7KHUH� KDV� EHHQ� DQ� LQFUHDVLQJ� LQWHUHVW� LQ� ,3�EDVHG� ZLUHOHVV�
QHWZRUNV� LQ�ZKLFK�DOO� WUDIILF�� LQFOXGLQJ� UHDO�WLPH� WUDIILF� VXFK�
DV� YRLFH�� LV� GHOLYHUHG� LQ� WKH� SDFNHWL]HG� IRUP�� � 2QH� PDLQ�
REVWDFOH� WR� XVLQJ� SDFNHW�EDVHG� WUDQVPLVVLRQ� LV� WKH� WLPH�
YDU\LQJ� FKDUDFWHULVWLFV� RI� WKH� ZLUHOHVV� FKDQQHO� DQG� WKH�
VWULQJHQW� GHOD\� UHTXLUHPHQW� RI� WKH� UHDO�WLPH� WUDIILF�� � ,Q� WKLV�
SDSHU��ZH�SURSRVH�D�VFKHGXOLQJ�DOJRULWKP�IRU�UHDO�WLPH�SDFNHW�
GDWD� EDVHG� RQ� WKH� SURSRVHG� SK\VLFDO� IUDPHZRUN� RI� WKH� QH[W�
JHQHUDWLRQ�&'0$�EDVHG�ZLUHOHVV� QHWZRUN�DQG�FRPSDUH� LW� WR�
VRPH� H[LVWLQJ� PHWKRGV�� � 7KH� VFKHGXOLQJ� DOJRULWKP� XWLOL]HV�
ERWK� WKH� FKDQQHO� FRQGLWLRQ� DQG� WKH� GHOD\� UHTXLUHPHQW� RI� WKH�
WUDIILF�WR�PLQLPL]H�WKH�WUDQVPLW�SRZHU�ZKLOH�PHHWLQJ�WKH�KDUG�
GHDGOLQHV�RI� WKH�UHDO�WLPH�SDFNHWV�� �)XUWKHU��ZH�XVH�WKH�GHOD\�
LQIRUPDWLRQ� IURP�573�57&3�FRPPRQO\�XVHG� LQ� ,3�QHWZRUNV�
WR� LPSURYH� WKH� SHUIRUPDQFH�� � 7KH� VFKHGXOLQJ� DOJRULWKP� LV�
FRPSDUHG� WR� WKH� FRQVWDQW�6,5� DSSURDFK� XVHG� LQ� FLUFXLW�
VZLWFKHG�YRLFH�QHWZRUNV�DQG�DOVR�WR�D�FKDQQHO�VWDWH�GHSHQGHQW�
�EXW� WUDIILF�LQGHSHQGHQW�� VFKHGXOLQJ� DOJRULWKP� SURSRVHG� IRU�
ZLUHOHVV�SDFNHW�GDWD�QHWZRUNV�� �:H�VKRZ� WKDW�DW� WKH�H[SHQVH�
RI�D�VPDOO�LQFUHDVH�LQ�FRPSOH[LW\��VLJQLILFDQW�LPSURYHPHQW�FDQ�
EH�REWDLQHG����
�

.H\�ZRUGV�
�
:LUHOHVV��,3��UHDO�WLPH��SDFNHW�VFKHGXOLQJ��4R6��
�

���,QWURGXFWLRQ�
�
7KHUH� LV� DQ� LQFUHDVLQJ� LQWHUHVW� LQ� KDYLQJ� D� VLQJOH� XQLILHG�
QHWZRUN�WKDW�FDQ�KDQGOH�D�ODUJH�YDULHW\�RI�PXOWLPHGLD�VHUYLFHV���
7KH� ZLUHOHVV� QHWZRUN� RI� WKH� IXWXUH� VKRXOG� EH� D� SDUW� RI� WKH�
XQLILHG� QHWZRUN�� � 7KH� FXUUHQW� SDFNHW� QHWZRUNV� KDYH� EHHQ�
GHVLJQHG�IRU�UHODWLYHO\�GHOD\�LQVHQVLWLYH�DSSOLFDWLRQV�ZKLOH�WKH�
FXUUHQW� FHOOXODU� ZLUHOHVV� QHWZRUNV� KDYH� EHHQ� GHVLJQHG�
SULPDULO\� IRU� YRLFH� FDOOV�� � ,Q� RUGHU� WR� KDYH� D� SDFNHW�EDVHG�
ZLUHOHVV�QHWZRUN��LW�LV�LPSHUDWLYH�WKDW�ZH�KDYH�VRPH�PHDQV�RI�
VXSSRUWLQJ� YDULHG� TXDOLW\� RI� VHUYLFH� �4R6�� UHTXLUHPHQWV� RI�
GLIIHUHQW�PXOWLPHGLD�VHUYLFHV���$Q�HVSHFLDOO\�FKDOOHQJLQJ�WDVN�
LV� WKH� VXSSRUW� RI� UHDO�WLPH� DSSOLFDWLRQV� VXFK� DV� YRLFH� RYHU�
SDFNHW� DQG� YLGHRFRQIHUHQFLQJ�� � 7KHVH� DSSOLFDWLRQV� UHTXLUHG�
ERXQGHG� GHOD\� DQG� JXDUDQWHHG� WKURXJKSXW� EXW� XVXDOO\� FDQ�

WROHUDWH�VRPH�HUURUV��H�J��E\�XVLQJ�HUURU�FRQFHDOPHQW�VFKHPHV�
>�@�����
�

,3� KDV� HPHUJHG� DV� WKH� QHWZRUN� SODWIRUP� IRU� WKH� XQLILHG�
ZLUHOLQH�ZLUHOHVV� QHWZRUN� GXH� WR� LWV� WUHPHQGRXV� SRSXODULW\�
DQG� XELTXLW\�� � 7R� SURPRWH� DSSOLFDWLRQ� LQGHSHQGHQFH� DQG�
GHFUHDVH� FRVWV� IRU� WUDQVSRUW� DQG� VZLWFKLQJ�� LW� LV� KLJKO\�
DWWUDFWLYH� WR� H[WHQG� ,3� RYHU� WKH� DLU� LQWHUIDFH� WR� WKH� HQG� XVHU�
HTXLSPHQW�UDWKHU�WKDQ�WHUPLQDWLQJ�WKH�,3�WUDQVSRUW�DW�WKH�EDVH�
VWDWLRQ� �%6��� � 7KLV� HOLPLQDWHV� WKH� GHSHQGHQFLHV� EHWZHHQ�
DSSOLFDWLRQV� DQG� WKH� ZLUHOHVV� DFFHVV� QHWZRUN�� DQG� WKH�
RSSRUWXQLW\� IRU�PRUH� SOD\HUV� WR� SDUWLFLSDWH� DQG� GHYHORS� QHZ�
DSSOLFDWLRQV�H[SDQGV���7KLV�VKRXOG�EH�FRPSDUHG�ZLWK�SUHVHQW�
GD\� FHOOXODU� VHUYLFHV�� ZKLFK� DUH� YHUWLFDOO\� LQWHJUDWHG� DQG�
RSWLPL]HG��UHVXOWLQJ�LQ�KLJK�VSHFWUDO�HIILFLHQF\�IRU�YRLFH�FDOOV�
EXW� ORZ� IOH[LELOLW\� LQ� LQWURGXFLQJ� QHZ� VHUYLFHV�� � ,Q� VSLWH� RI�
VRPH�UHPDLQLQJ�LVVXHV�VXFK�DV�HIILFLHQF\�RI�XVLQJ�,3�RYHU�WKH�
ZLUHOHVV� OLQN�� WKH� EHQHILWV� RI� KDYLQJ� D� FRQVLVWHQW� QHWZRUN�
LQIUDVWUXFWXUH�ZRXOG�EH�VLJQLILFDQW��DQG�VXFK�ZRUN�LV�RQ�JRLQJ�
>�@��

�
3URYLGLQJ� 4R6� JXDUDQWHHV� RQ� EDQGZLGWK�� HQG�WR�HQG�

GHOD\��GHOD\� MLWWHU�� DQG�SDFNHW� ORVV� LQ�D�ZLUHOHVV�QHWZRUN� LV� D�
FKDOOHQJLQJ� WDVN� GXH� WR� XQLTXH� SK\VLFDO� SUREOHPV� RI� WKH�
ZLUHOHVV� FKDQQHO� VXFK� DV� ORFDWLRQ�GHSHQGHQW� EXUVW\� HUURUV���
7KH�DOORFDWHG�EDQGZLGWK�DOVR�WHQGV�WR�EH�OLPLWHG�FRPSDUHG�WR�
ZLUHOLQH� QHWZRUNV�� � 7KHUH� KDYH� EHHQ� QXPHURXV� VWXGLHV� WKDW�
VRXJKW�WR�DGGUHVV�WKH�VXSSRUW�RI�PXOWLPHGLD�VHUYLFHV�RYHU�WKH�
ZLUHOHVV�QHWZRUN���+RZHYHU��WKH�HPSKDVLV�RI�WKHVH�ZRUNV�KDV�
EHHQ�RQ�WKH�0$&�SURWRFRO�>�@>�@�RU�DGPLVVLRQ�FRQWURO�>�@>�@��
UDWKHU� WKDQ� RQ� GHOLYHU\� RI� HDFK� SDFNHW� WR� PHHW� WKH� 4R6�
UHTXLUHPHQWV��

�
,Q�WKLV�SDSHU��ZH�SURSRVH�D�VFKHGXOLQJ�DOJRULWKP�VXLWDEOH�

IRU� UHDO�WLPH� SDFNHW� GDWD� VWUHDPV� EDVHG� RQ� WKH� SURSRVHG�
SK\VLFDO� IUDPHZRUN� RI� WKH� QH[W� JHQHUDWLRQ� GLUHFW�VHTXHQFH�
FRGH�GLYLVLRQ�PXOWLSOH�DFFHVV��'6�&'0$��ZLUHOHVV�QHWZRUNV�
DQG� FRPSDUH� LW� WR� VRPH� H[LVWLQJ� PHWKRGV�� � 7KH� VFKHGXOLQJ�
DOJRULWKP� XWLOL]HV� ERWK� WKH� FKDQQHO� FRQGLWLRQ� DQG� WKH� GHOD\�
UHTXLUHPHQW� RI� WKH� WUDIILF� WR� PLQLPL]H� WKH� UHVRXUFH� XVDJH�
ZKLOH� PHHWLQJ� WKH� KDUG� GHDGOLQHV� RI� WKH� UHDO�WLPH� SDFNHWV���
)XUWKHU�� ZH� XVH� WKH� GHOD\� LQIRUPDWLRQ� IURP� 573�57&3� >�@�
FRPPRQO\� XVHG� LQ� ,3� QHWZRUNV� WR� LPSURYH� WKH� SHUIRUPDQFH���
2QO\� WKH� GRZQOLQN� WUDQVPLVVLRQ� IURP� WKH� %6� WR� WKH� PRELOH�



WHUPLQDO� �07�� LV� FRQVLGHUHG� LQ� WKLV� SDSHU�� � ,Q� DGGLWLRQ� WR�
SDFNHW� VFKHGXOLQJ�� DGPLVVLRQ� FRQWURO� SOD\V� D� FUXFLDO� UROH� LQ�
SURYLGLQJ�WKH�GHVLUHG�4R6���*LYHQ�WKH�SHUIRUPDQFH�UHVXOWV�RI�
WKH�SDFNHW�VFKHGXOLQJ�SROLF\��D�VXLWDEOH�DGPLVVLRQ�FRQWURO�FDQ�
EH�GHYHORSHG��

�
���6\VWHP�0RGHO�

�
$�ZLUHOHVV�QHWZRUN�ZLWK�D�FHOOXODU�DUFKLWHFWXUH� LV�DVVXPHG�LQ�
WKLV�SDSHU���,3�LV�XVHG�LQ�WKH�UDGLR�DFFHVV�QHWZRUN��5$1��WKDW�
LQFOXGHV� WKH� ZLUHOHVV� OLQN� DQG� FRQQHFWHG� WR� WKH� ,QWHUQHW� WR�
IRUP� DQ� HQG�WR�HQG� ,3� QHWZRUN�� � 7R� HQVXUH� DGHTXDWH�
SHUIRUPDQFH�WR�WKH�PRELOH�XVHU��WKH�ZLUHOLQH�,3�QHWZRUN�PXVW�
SURYLGH�IRU�WKH�4R6�QHHGV�RI�UHDO�WLPH�DSSOLFDWLRQV���7KH�4R6�
DUFKLWHFWXUH� OLNHO\� WR� EH� GHSOR\HG� RQ� WKH� ,QWHUQHW� LV� WKH�
'LIIHUHQWLDWHG�6HUYLFHV��'LIIVHUY��>�@�PRGHO���,W�XVHV�WKH�7\SH�
RI� 6HUYLFH� ILHOG� RI� WKH� ,3� KHDGHU� WR� FODVVLI\� SDFNHWV� LQWR�
GLIIHUHQW�DJJUHJDWHV�� �7KH�SDFNHWV�DUH�WKHQ�IRUZDUGHG�XVLQJ�D�
SDUWLFXODU�SHU�KRS�EHKDYLRU��3+%��EDVHG�RQ�WKH�FODVVLILFDWLRQ���
2I� WKH� 3+%V� WKDW� KDYH� EHHQ� VWDQGDUGL]HG� E\� WKH� ,(7)�� RQO\�
H[SHGLWHG� IRUZDUGLQJ� �()�� VHHPV� VXLWDEOH� IRU� UHDO�WLPH�
DSSOLFDWLRQV� >�@�� � :H� XVH� WKLV� DUFKLWHFWXUH� WR� VLPXODWH� WKH�
SDFNHW�GHOLYHU\�WR�WKH�%6���
�

7KH�GRZQOLQN� LV�VKDUHG�E\�GLIIHUHQW�07V�XVLQJ�D�VORWWHG�
'6�&'0$�SURWRFRO�� �7KH�DGYDQWDJHV�RI�&'0$� IRU� FHOOXODU�
YRLFH�FRPPXQLFDWLRQ�KDYH�EHFRPH�ZHOO�NQRZQ�LQ�UHFHQW�\HDUV�
>��@�� � 7KH� VDPH� DGYDQWDJHV� KDYH� EHHQ� IXUWKHU� H[SORLWHG� WR�
VXSSRUW�PXOWLPHGLD�FRPPXQLFDWLRQ�RYHU� WKH�ZLUHOHVV�FKDQQHO�
>��@>��@�� �6LQFH� WKH�FDSDFLW\�RI�&'0$�V\VWHPV�DUH� W\SLFDOO\�
LQWHUIHUHQFH�OLPLWHG��WKH�WRWDO�WUDQVPLW�SRZHU�PXVW�EH�FDUHIXOO\�
FRQWUROOHG�� �2WKHUZLVH�� WKH� VLJQDO�WR�LQWHUIHUHQFH� UDWLRV� �6,5��
RI� RQ�JRLQJ� FRQQHFWLRQV� ZLOO� GHJUDGH� DQG� UHVXOW� LQ�
XQDFFHSWDEO\�KLJK�HUURU�UDWHV���,Q�WKHRU\��LW�LV�SRVVLEOH��DW�OHDVW�
LQ� WKH� GRZQOLQN�� WR� XVH� RUWKRJRQDO� VLJQDWXUH� VHTXHQFHV� RU�
FRGHV�IRU�GLIIHUHQW�07V�WR�DYRLG�LQWHUIHUHQFH�DPRQJ�GLIIHUHQW�
FRGHV�� � ,Q� SUDFWLFH�� KRZHYHU�� PXOWLSDWK� HIIHFWV� GHFUHDVH� WKH�
RUWKRJRQDOLW\�� DQG� WKH� VLJQDO� LQWHQGHG� IRU� RQH� XVHU� EHFRPHV�
LQWHUIHUHQFH�IRU�RWKHU�XVHUV��
�

7UDQVPLW� SRZHU� FRQWURO� LV� RQH� PHWKRG� RI� FRQWUROOLQJ�
LQWHUIHUHQFH�DQG�LV�DQ�LQWHJUDO�SDUW�RI�&'0$�RSHUDWLRQ���,W�KDV�
EHHQ�XVHG�LQ�SUHVHQW�&'0$�V\VWHPV�WR�HTXDOL]H�WKH�UHFHLYHG�
SRZHUV�IURP�07V�LQ�WKH�XSOLQN���+RZHYHU��LW�FDQ�DOVR�EH�XVHG�
WR� VXSSRUW� GLIIHUHQW� %(5� UHTXLUHPHQWV� RI� PXOWLPHGLD� WUDIILF�
E\�DVVLJQLQJ�GLIIHUHQW� WDUJHW�SRZHU� OHYHOV�RU�6,5� WR�GLIIHUHQW�
WUDIILF�FODVVHV�>��@>��@���,Q�RUGHU�WR�FRQVWUDLQ�WKH�WRWDO�WUDQVPLW�
SRZHU�� GDWD� PD\� EH� VHQW� RQO\� WR� D� VXEVHW� RI� 07V� ZLWK� RQ�
JRLQJ� FRQQHFWLRQV� DW� DQ\� JLYHQ� WLPH� �L�H�� LQ� HDFK� WLPH� VORW��
ZKLOH�RWKHU�07V�PDLQWDLQ�V\QFKURQL]DWLRQ�FRQWDFW�ZLWK�WKH�%6�
XVLQJ�D�ORZ�UDWH�FKDQQHO���7KLV�LV�LQ�FRQWUDVW�WR�FXUUHQW�FLUFXLW�
VZLWFKHG� FRQQHFWLRQV� LQ�ZKLFK� GDWD� LV� VHQW� WR� DOO�07V� DW� DOO�
WLPHV�DOEHLW�DW�GLIIHUHQW�GDWD�UDWHV���3DFNHW�GDWD�PRGH�LQ�VRPH�
WKLUG�JHQHUDWLRQ� V\VWHPV�XWLOL]HV� WKH�DSSURDFK�RI�PDLQWDLQLQJ�
ORZ�UDWH�FRQQHFWLRQV�LQ�RUGHU�WR�GHFUHDVH�WKH�DFTXLVLWLRQ�GHOD\�
W\SLFDOO\� DVVRFLDWHG� ZLWK� GLVFRQWLQXRXV� WUDQVPLVVLRQV� >��@���
7KLV� W\SH� RI� WUDQVPLVVLRQ� VFKHPH� LV� VLPLODU� WR� K\EULG�
&'0$�7'0$�SURSRVHG�LQ�>��@�DQG�>��@���
�

7KH�PD[LPXP�QXPEHU�RI�SDFNHWV�WKDW�FDQ�EH�WUDQVPLWWHG�
VLPXOWDQHRXVO\� DW� DQ\� JLYHQ� WLPH� VORW� GHSHQGV� RQ� WKH� 6,5�
UHTXLUHPHQWV�RI�RQ�JRLQJ�FRQQHFWLRQV���7KLV�LV�WKH�IXQFWLRQ�RI�
FKDQQHO�FRQGLWLRQV�RI�GLIIHUHQW�07V�GXH�WR�GLIIHUHQW�DPRXQWV�
RI� SRZHU� UHTXLUHG� XQGHU� GLIIHUHQW� FKDQQHO� FRQGLWLRQV���

(TXDWLRQ� ���� VKRZV� WKH� FRQGLWLRQ� WKDW� PXVW� EH� VDWLVILHG� IRU�
HDFK� FRQQHFWLRQ� L� WR� DFKLHYH� WKH� GHVLUHG� OHYHO� RI� 6,5�� DQG�
(TXDWLRQ�����VKRZV�WKH�OLPLWDWLRQ�RQ�WRWDO�WUDQVPLW�SRZHU�GXH�
WR�LQWHUFHOO�LQWHUIHUHQFH�UHTXLUHPHQWV����
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:�LV�WKH�FKLS�UDWH��5L�LV�WKH�LQIRUPDWLRQ�UDWH��3L�LV�WKH�WUDQVPLW�
SRZHU� DOORFDWHG� WR� 07� L�� K� LV� WKH� FKDQQHO� JDLQ�� I� LV� WKH�
RUWKRJRQDOLW\� IDFWRU��K� LV� WKH�EDFNJURXQG�QRLVH�� DQG� ,�� LV� WKH�
PD[LPXP�WUDQVPLW�SRZHU�OHYHO� WKDW�KDV�EHHQ�GHILQHG�D�SULRUL�
E\� WKH� QHWZRUN� RSHUDWRU� LQ� RUGHU� WR� OLPLW� WKH� PD[LPXP�
LQWHUFHOO� LQWHUIHUHQFH�� � ,I� FRQGLWLRQ� ���� LV� YLRODWHG� IRU� FHUWDLQ�
XVHUV��WKHQ�WKH\�ZLOO�QRW�KDYH�WKH�GHVLUHG�OHYHO�RI�6,5��DQG�LI�
FRQGLWLRQ� ���� LV�YLRODWHG�� WKDQ�XVHUV� LQ�QHLJKERULQJ�FHOOV�PD\�
QRW� DFKLHYH� WKH� GHVLUHG� OHYHOV� RI� 6,5�� � ,Q� WKLV� SDSHU�� SHUIHFW�
SRZHU�FRQWURO�LV�DVVXPHG��L�H��WKH�IRUZDUG�FKDQQHO�FRQGLWLRQ�LV�
DFFXUDWHO\� GHWHUPLQHG�� DQG� WKH� WUDQVPLW� SRZHU� LV� DGMXVWHG�
DFFRUGLQJO\�WR�PHHW�WKH�WDUJHW�6,5�DW�HDFK�07���'LIIHUHQW�ELW�
UDWH� UHTXLUHPHQWV� DQG� YDULDEOH� UDWH� HQFRGHG� VWUHDPV� DUH�
VXSSRUWHG� XVLQJ� ERWK� YDULDEOH� VSUHDGLQJ� JDLQ� DQG�PXOWL�FRGH�
&'0$�>��@>��@��
�

���3DFNHW�6FKHGXOHU�
�
3DFNHW�VFKHGXOLQJ�SUREOHP�IRU�FRQYHQWLRQDO�ZLUHOLQH�QHWZRUNV�
KDV� EHHQ� VWXGLHG� H[WHQVLYHO\� RYHU� WKH� \HDUV� �IRU� D�
FRPSUHKHQVLYH� VXUYH\� VHH� >��@��� �7KH� VWXGLHV�KDG�EHHQ�GRQH�
PRVWO\� IRU� WKH� QHWZRUN� OD\HU� RI� WKH�26,� RU� ,QWHUQHW� SURWRFRO�
DUFKLWHFWXUH���$V�VXFK��WKH�VFKHGXOLQJ�ZDV�GRQH�LQGHSHQGHQWO\�
RI� RWKHU� OD\HUV�� � $GDSWLQJ� WKHVH� DOJRULWKPV� WR� WKH� ZLUHOHVV�
GRPDLQ�KDV�QRW�EHHQ�D�WULYLDO� WDVN�GXH�WR�XQLTXH�SUREOHPV�RI�
WKH� ZLUHOHVV� FKDQQHO� WKDW� KDG� QRW� EHHQ� DQWLFLSDWHG�� � ,Q� WKLV�
ZRUN��ZH� SURSRVH� D� VFKHGXOLQJ� DOJRULWKP� WKDW� LV� WLHG� FORVHO\�
QRW�RQO\�WR�WKH�DSSOLFDWLRQV�OD\HU��L�H��573�57&3��EXW�DOVR�WR�
WKH�SK\VLFDO�DQG�GDWD�OLQN�OD\HUV��
�
����&RQYHQWLRQDO�VFKHGXOLQJ�DOJRULWKPV�
�
$PRQJ� WKH� PDQ\� VFKHGXOLQJ� DOJRULWKPV� WKDW� KDYH� EHHQ�
VWXGLHG� IRU� WKH� ZLUHOHVV� FKDQQHO�� ZH� GHVFULEH� WZR� VLPSOH�
DOJRULWKPV� WKDW� GHVFULEH� WKH� JHQHUDO� DSSURDFKHV� IRU�
FRPSDULVRQ�� �7KH� ILUVW�RQH� LV� D� VLPSOH� ILUVW�FRPH�ILUVW�VHUYHG�
�)&)6�� VFKHGXOLQJ�� � 7KH� VFKHGXOHU� �L�H�� WKH�%6�� FKRRVHV� WKH�
SDFNHW� WKDW�KDV�DUULYHG�EHIRUH�DQ\�RWKHU�SDFNHWV� LQ� WKH�TXHXH�
DQG� WUDQVPLWV� WKDW� SDFNHW� ZLWK� DSSURSULDWHO\� KLJK� WUDQVPLW�
SRZHU� WR� DFKLHYH� WKH� WDUJHW� 6,5�� � ,Q� D� '6�&'0$� V\VWHP��
PXOWLSOH� SDFNHWV�PD\� EH� WUDQVPLWWHG� VLPXOWDQHRXVO\�� � ,Q� WKLV�
FDVH��WKH�VFKHGXOHU�FKRRVHV�WKH�ILUVW�Q�SDFNHWV�LQ�WKH�TXHXH�DV�
ORQJ�DV�WKH�SRZHU�UHTXLUHG�WR�WUDQVPLW�WKRVH�SDFNHWV�GRHV�QRW�
YLRODWH�WKH�LQWUDFHOO�DQG�LQWHUFHOO�LQWHUIHUHQFH�UHTXLUHPHQWV����
�

:KLOH� VFKHGXOLQJ� LV� D� SDFNHW� VZLWFKLQJ�EDVHG� FRQFHSW��
)&)6� LV�FRPSDUDEOH� WR� WKH�FLUFXLW�VZLWFKHG�FRQQHFWLRQV�XVHG�
LQ� FXUUHQW� V\VWHPV�� � )RU� H[DPSOH�� LQ� D�'6�&'0$� V\VWHP�� D�
SHUVLVWHQW� FRQQHFWLRQ� LV� PDLQWDLQHG� EHWZHHQ� WKH� %6� DQG� WKH�
07�� DQG�GDWD� LV� WUDQVPLWWHG� DW� WKH� SRZHU� UHTXLUHG� WR� UHFHLYH�



WKH� VLJQDO� ZLWK� GHVLUHG� 6,5�� � 6LQFH� DW� DQ\� JLYHQ� WLPH� DOO�
FRQQHFWLRQV�PXVW�EH�VHUYHG��DGPLVVLRQ�FRQWURO�LV�XVHG�WR�OLPLW�
WKH� SRUWLRQ� RI� WLPH� ZKHUH� HLWKHU� LQWUDFHOO� RU� LQWHUFHOO�
LQWHUIHUHQFH� UHTXLUHPHQW� LV�YLRODWHG�� �7KH�GLIIHUHQFH�EHWZHHQ�
WKH� FLUFXLW�VZLWFKHG� FRQQHFWLRQ� DQG� )&)6� LV� WKDW� LQVWHDG� RI�
WUDQVPLWWLQJ�GDWD� WR� DOO�07V�DW� DOO� WLPHV� DW� ORZ� UDWHV�� GDWD� LV�
WUDQVPLWWHG�WR�RQO\�D�VXEVHW�RI�07V�DW�KLJKHU�UDWHV�LQ�WKH�RUGHU�
SDFNHWV� DUULYHG� DW� WKH� %6�� � 7KLV� DOORZV� WKH� SRVVLELOLW\� RI�
VWDWLVWLFDO� PXOWLSOH[LQJ� LQ� ZKLFK� GXULQJ� SHULRGV� RI� LQDFWLYLW\�
E\�RQH�XVHU��WKH�EDQGZLGWK�PD\�EH�XVHG�E\�RWKHU�XVHUV���7KXV��
)&)6� VKRXOG� DW� OHDVW� EH� HTXDO� LQ� SHUIRUPDQFH� WR� WKH� FLUFXLW�
VZLWFKHG�FRQQHFWLRQ��
�

$QRWKHU�FRPPRQ�DSSURDFK�WR�ZLUHOHVV�SDFNHW�VFKHGXOLQJ�
LV� RQH� WKDW� LV� FKDQQHO�GHSHQGHQW�� � 6LQFH� FKDQQHO� FRQGLWLRQV�
YDU\� ZLGHO\� DPRQJ� XVHUV� DQG� DUH� RIWHQ� XQFRUUHODWHG�� WKH�
OLPLWHG� WUDQVPLVVLRQ� UHVRXUFHV� PD\� EH� EHWWHU� XWLOL]HG� E\�
VHUYLQJ�XVHUV�ZLWK�EHWWHU�FKDQQHO�FRQGLWLRQV�ZKR�UHTXLUH� OHVV�
UHVRXUFH�� L�H�� WUDQVPLW� SRZHU�� � ,QVWHDG� RI� H[SDQGLQJ� D� ODUJH�
DPRXQW� RI� WUDQVPLW� SRZHU� WR� VHUYH� D�07�ZLWK� SRRU� FKDQQHO�
FRQGLWLRQ�� WKH� VDPH� DPRXQW� RI� SRZHU� FDQ� EH� XVHG� WR� VHUYH�
PRUH�07V�RU� WUDQVPLW�PRUH� GDWD� DW� D� KLJKHU� UDWH�� �$� VLPSOH�
FKDQQHO�GHSHQGHQW� DSSURDFK� LV� WR� VFKHGXOH� DQG� WUDQVPLW�
SDFNHWV� LQ� RUGHU� RI� WKHLU� FKDQQHO� FRQGLWLRQV� �EHVW�FKDQQHO�
ILUVW����7KH�%6�VHOHFWV�07V�ZLWK�WKH�EHVW�FKDQQHO�FRQGLWLRQV�LQ�
HDFK� WLPH�VORW� DQG�VHUYHV� WKH�SDFNHWV�GHVWLQHG� IRU� WKHP� ILUVW���
2QH�REYLRXV�GLVDGYDQWDJH�RI� WKLV� VFKHPH� LV� WKDW� LI� DQ�07� LV�
VXEMHFW�WR�ORQJ�WHUP�IDGLQJ�GXH�WR�LWV�ORFDWLRQ��IRU�H[DPSOH��LWV�
GDWD�PD\�QRW�EH�VHUYHG�IRU�DQ�H[WHQGHG�SHULRG�RI�WLPH���
�

7KH�IRFXV�RI�WKH�SDFNHW�VFKHGXOLQJ�DOJRULWKP�SURSRVHG�LV�
RQ�WKH�ODWH�SDFNHW�SUREDELOLW\��L�H��WKH�SRUWLRQ�RI�SDFNHWV�WKDW�LV�
QRW� GHOLYHUHG� WR� WKH� UHFHLYHU� E\� WKH� HQG� RI� WKH� SDFNHW¶V�
XVHIXOQHVV� �L�H�� WKH� GHDGOLQH��� � 7KH� GDWD� LV� WUDQVPLWWHG� ZLWK�
KLJK�HQRXJK� 6,5� VXFK� WKDW� UDQGRP� ELW� HUURUV� PD\� EH�
UHFRYHUHG�� RU� DSSOLFDWLRQ�OHYHO� HUURU� FRQFHDOPHQW� VFKHPHV�
PD\�UHGXFH�WKH�HIIHFWV�RI�VXFK�HUURUV�� �7KH�PDLQ�REMHFWLYH�RI�
WKH� SURSRVHG� VFKHGXOHU� LV� WR� WUDQVPLW� HDFK� SDFNHW� EHIRUH� LWV�
GHDGOLQH��DQG�LI�WKLV�LV�QRW�SRVVLEOH��WR�PLQLPL]H�WKH�QXPEHU�RI�
SDFNHWV�WKDW�YLRODWH�WKH�GHDGOLQH���7KH�GHDGOLQH�RI�WKH�SDFNHW�LV�
XSSHU� ERXQGHG� E\� WKH� WROHUDEOH� HQG�WR�HQG� GHOD\� DQG� PXVW�
DFFRXQW�IRU�WKH�FRGLQJ�GHFRGLQJ�GHOD\��WKH�SURSDJDWLRQ�GHOD\��
DQG� WKH�TXHXLQJ�GHOD\�RYHU� WKH�QHWZRUN� WKDW� OHDGV� WR� WKH�%6���
:H� LQLWLDOO\�DVVXPH�D� IL[HG�GHDGOLQH�DSSURSULDWH� IRU� WKH� W\SH�
RI�WUDIILF���+RZHYHU��LW�LV�SRVVLEOH�WR�GHWHUPLQH�RU�HVWLPDWH�WKH�
³UHDO´�GHDGOLQH�RI�HDFK�SDFNHW���

�
����3URSRVHG�VFKHGXOLQJ�DOJRULWKP�
�
7KH� SURSRVHG� VFKHGXOLQJ� SROLF\� LV� EDVHG� RQ� WKH� HDUOLHVW�
GHDGOLQH�ILUVW��(')��SROLF\���(')�SROLF\�KDV�EHHQ�VKRZQ�WR�EH�
GHOD\�RSWLPDO� LQ� ZLUHOLQH� QHWZRUNV� >��@� DQG� DOVR� IRU� FHUWDLQ�
UHVWULFWHG�FDVHV�LQ�ZLUHOHVV�FKDQQHOV�>��@���%HFDXVH�RI�YDULDEOH�
SDFNHW� OHQJWKV�DQG�PD[LPXP�WUDQVPLVVLRQ�UDWHV�� WKH�GHDGOLQH�
RI�HDFK�SDFNHW� LV�QRUPDOL]HG�E\�FDOFXODWLQJ�D�SULRULW\�PHWULF���
7KH�SULRULW\�RI�SDFNHW�L�DW�WLPH�W�LV�GHILQHG�DV�IROORZV���
�
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�
/L� LV� WKH� �UHPDLQLQJ�� OHQJWK� RI� SDFNHW� L��0L� LV� WKH�PD[LPXP�
WUDQVPLVVLRQ�UDWH�RI�WKH�GHVWLQHG�07��5L�LV�WKH�UHPDLQLQJ�WLPH�
XQWLO�WKH�GHDGOLQH�RI�SDFNHW�L�LV�UHDFKHG��DQG�W�LV�WKH�OHQJWK�RI�

D� WLPH� VORW�� � /RQJHU� SDFNHWV� PD\� EH� EURNHQ� LQWR� VKRUWHU�
VHJPHQWV��DQG�)�FRUUHVSRQGV�WR�WKH�IUDFWLRQ�RI�UHPDLQLQJ�VORWV�
�XQWLO� GHDGOLQH�� LQ� ZKLFK� D� VHJPHQW� VKRXOG� EH� WUDQVPLWWHG���
1RWH� WKDW� LI�)�LV� JUHDWHU� WKDQ� ��� WKHQ� WKH� SDFNHW� FDQQRW� EH�
GHOLYHUHG�EHIRUH�LWV�GHDGOLQH�DQG�WKXV�VKRXOG�EH�GURSSHG�DW�WKH�
%6�� � ,I�)�HTXDOV� ��� WKHQ� WKH� SDFNHW� PXVW� EH� WUDQVPLWWHG� LQ�
HYHU\� VORW� XQWLO� WKH� HQWLUH� SDFNHW� LV� WUDQVPLWWHG� WR� PHHW� WKH�
GHDGOLQH�� � ,Q� HDFK� WLPH� VORW�� WKH� VFKHGXOHU� FDOFXODWHV�)�IRU�
HDFK�SDFNHW�DQG�VFKHGXOHV�SDFNHWV�LQ�GHFUHDVLQJ�RUGHU�RI�)���
�

7KH� WKURXJKSXW� RI� WKH� ZLUHOHVV� FKDQQHO� FDQ� EH� GLYLGHG�
LQWR� WZR� UHJLRQV�� LQWUDFHOO� LQWHUIHUHQFH� OLPLWHG� DQG� LQWHUFHOO�
LQWHUIHUHQFH�OLPLWHG���$�JUDSKLFDO�GHSLFWLRQ�RI�WKH�WZR�UHJLRQV�
LV�VKRZQ�LQ�)LJXUH���IRU�D�VLQJOH�XVHU�V\VWHP���,Q�WKH�LQWUDFHOO�
LQWHUIHUHQFH� OLPLWHG�UHJLRQ��WKH� IODW�SRUWLRQ�RI� WKH�SORW���PRVW�
RI� WKH� LQWHUIHUHQFH� LV� FDXVHG� E\� WKH� FURVV�FRUUHODWLRQ� DPRQJ�
QRQ�RUWKRJRQDO�FRGHV�DQG�VHOI�LQWHUIHUHQFH���,Q�WKLV�UHJLRQ��QR�
DPRXQW�RI�WUDQVPLW�SRZHU�FDQ�LQFUHDVH�WKH�WKURXJKSXW�ZLWKRXW�
GHJUDGLQJ� WKH� 6,5� RI� RQ�JRLQJ� FRQQHFWLRQV�� � ,Q� WKH� LQWHUFHOO�
LQWHUIHUHQFH�OLPLWHG�UHJLRQ��WKH�PD[LPXP�WUDQVPLW�SRZHU�OLPLW�
KDV�EHHQ�UHDFKHG�GXH�WR�WKH�QHHG�WR�WUDQVPLW�WR�DQ�07�LQ�SRRU�
FKDQQHO� FRQGLWLRQ� DQG� UHDFKLQJ� WKH� PD[LPXP� LQWHUFHOO�
LQWHUIHUHQFH� OLPLWDWLRQ�� � ,I� WKH� WKURXJKSXW� LV� LQWHUFHOO�
LQWHUIHUHQFH� OLPLWHG�� DQG� LI�ZH� FDQ� GHOD\� WKH� WUDQVPLVVLRQ� WR�
WKH� SDFNHW� WKDW� LV� FDXVLQJ� WKH� WKURXJKSXW� WR� EH� LQWHUFHOO�
LQWHUIHUHQFH� OLPLWHG�� ZH� PD\� EH� DEOH� WR� WUDQVPLW� PRUH� GDWD�
XVLQJ�WKH�VDPH�DPRXQW�RI�UHVRXUFH����
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�)LJXUH����7KURXJKSXW�RI�WKH�GRZQOLQN�DV�D�IXQFWLRQ�RI�GLVWDQFH�
IURP�WKH�EDVH�VWDWLRQ�

�
7KH�SURSRVHG�VFKHGXOLQJ�DOJRULWKP�XVHV�)L� WR�GHWHUPLQH�

LI� SDFNHW� L� LV� FRQVLGHUHG� XUJHQW�� L�H�� LV�)L� JUHDWHU� WKDQ� VRPH�
WKUHVKROG"� � ,I� WKH� SDFNHW� LV� QRW� FRQVLGHUHG� XUJHQW�� WKHQ� WKH�
VFKHGXOHU�GHOD\V� WKH� WUDQVPLVVLRQ�RI� WKH�SDFNHW�XQWLO� WKH�QH[W�
VFKHGXOLQJ� HSRFK�DW�ZKLFK� WLPH� WKH� FKDQQHO� FRQGLWLRQ�RI� WKH�
GHVWLQHG� 07� PD\� KDYH� LPSURYHG�� � ,Q� WKH� PHDQ� WLPH�� E\�
UHIUDLQLQJ� WUDQVPLVVLRQ� WR� WKH� 07� ZLWK� SRRU� FKDQQHO�
FRQGLWLRQ��PRUH�GDWD�PD\�EH� WUDQVPLWWHG��SHUKDSV� WR�PXOWLSOH�
07V� �E\�PRYLQJ� WR� WKH� LQWUDFHOO� LQWHUIHUHQFH� OLPLWHG� UHJLRQ����
+RZHYHU��LI�WKH�SDFNHW�LV�FRQVLGHUHG�XUJHQW��L�H��KDV�ODUJH�)���
WKHQ� WKH� SDFNHW� LV� WUDQVPLWWHG� �ZLWK� DSSURSULDWHO\� KLJK�
WUDQVPLW� SRZHU�� GHVSLWH� WKH� IDFW� WKDW� LW� PD\� XVH�
GLVSURSRUWLRQDWHO\� ODUJH�DPRXQW�RI� WKH� WUDQVPLVVLRQ� UHVRXUFH���
7KH� SDUDPHWHU� WKDW� GHWHUPLQHV� WKH� XUJHQF\� RI� WKH� SDFNHW� LV�
GHQRWHG�priority_threshold��
�



����'HDGOLQH�GHWHUPLQDWLRQ�
�
7KH�RWKHU�HQGV�RI�RQ�JRLQJ�FRQQHFWLRQV�PD\�EH�DV�FORVH�DV�WKH�
VDPH�FHOO�RU�DV�IDU�DV�DFURVV�WKH�FRXQWU\���+HQFH��SDFNHWV�IURP�
WKRVH�HQGV�PD\�H[SHULHQFH� VLJQLILFDQWO\�GLIIHUHQW�DPRXQWV�RI�
GHOD\� WR� WKH� %6�� � ,I� ZH� FRXOG� PHDVXUH� VXFK� GHOD\V�� WKHQ�
LQVWHDG� RI� WUHDWLQJ� DOO� SDFNHWV� DUULYLQJ� DW� WKH�%6� HTXDOO\��ZH�
FRXOG�JLYH�SUHIHUHQFH�WR�WKRVH�SDFNHWV�KDYH�H[SHULHQFHG�PRUH�
GHOD\�DQG�DUH�FORVHU�WR�WKH�³UHDO´�GHDGOLQH���:H�SURSRVH�XVLQJ�
573�DQG�57&3�IRU�WKLV�SXUSRVH���7LPHVWDPSV�DUH�XVHG�LQ�573�
SULPDULO\� IRU� LQWUD�� DQG� LQWHU�PHGLD� V\QFKURQL]DWLRQ�� � %\�
V\QFKURQL]LQJ� WKH� FORFNV� DW� WKH� VHQGHU� DQG� WKH� UHFHLYHU�
�LQFOXGLQJ�WKH�%6�LQ�WKLV�FDVH��XVLQJ�H�J��*36��ZH�FDQ�PHDVXUH�
WKH� RQH�ZD\� GHOD\� DQG� WKH� GHDGOLQH� RI� HDFK� UHDO�WLPH� SDFNHW�
FDQ�EH�GHWHUPLQHG���7KH�RYHUKHDG�IURP�WKLV�RSHUDWLRQ�LV�VPDOO�
LI�,3�8'3�573�KHDGHU�FRPSUHVVLRQ�>��@�LV�SHUIRUPHG���2QH�RI�
WKH�SUREOHPV�RI�H[WHQGLQJ�,3�RYHU�WKH�ZLUHOHVV�OLQN�WR�WKH�07�
LV�WKH�RYHUKHDG�DVVRFLDWHG�ZLWK�WKH�GLIIHUHQW�SURWRFRO�KHDGHUV���
)RU�H[DPSOH��,3�83'�573�KHDGHUV�DUH�DW�OHDVW����E\WHV�ORQJ��
DQG�D�GDWD�SDFNHW�XVLQJ�*�����YRFRGHU�FRQWDLQV�RQO\����E\WHV�
RI�GDWD���,W�LV�DOPRVW�QHFHVVDU\�WR�XWLOL]H�VRPH�IRUP�RI�KHDGHU�
FRPSUHVVLRQ� LQ� RUGHU� WR� GHFUHDVH� WKH� LQHIILFLHQF\� RI� XVLQJ� D�
SDFNHWL]HG�WUDQVPLVVLRQ��

�
7KH�FRPSUHVVLRQ�LV�GRQH�RQ�D�OLQN�E\�OLQN�EDVLV��DQG�WKH�

VWDWH� RI� HDFK� FRQQHFWLRQ� PXVW� EH� PDLQWDLQHG� DW� HDFK� URXWHU���
7KH�QHHG�IRU�SHU�IORZ�VWDWH�DQG�SHU�IORZ�SURFHVVLQJ�UDLVHV�WKH�
VFDODELOLW\�FRQFHUQ�LQ�ODUJH�QHWZRUNV���2Q�WKH�RWKHU�KDQG��LQ�D�
ZLUHOHVV�,3�QHWZRUN��WKH�%6��ZKLFK�DOVR�IXQFWLRQV�DV�D�URXWHU��
PXVW� NHHS� WUDFN� RI� HDFK� DFWLYH�07� �L�H��PDLQWDLQ� VWDWH��� DQG�
WKH�KHDGHU�FRPSUHVVLRQ�VFKHPH�FDQ�UHDGLO\�EH�DFFRPPRGDWHG���
,W� LV� QHFHVVDU\� IRU� WKH� %6� WR� H[DPLQH� WKH� SDFNHW� KHDGHUV� LQ�
RUGHU� WR� SHUIRUP� WKH� FRPSUHVVLRQ� RYHU� WKH� ZLUHOHVV� OLQN���
7KXV�� LW� LV� RQO\� DQ� LQFUHPHQWDO� VWHS� WR� H[WUDFW� WKH� WLPHVWDPS�
DQG�PDLQWDLQ�WKH�GHDGOLQH�LQIRUPDWLRQ�IRU�HDFK�SDFNHW����

�
2QO\� WKH� VFKHGXOLQJ� RI� UHDO�WLPH� SDFNHWV� �VSHFLILFDOO\�

YRLFH� DQG�YLGHRFRQIHUHQFLQJ�� LV� VWXGLHG� LQ� WKLV� SDSHU�� �2WKHU�
LVVXHV�� VXFK� DV� IDLU� XVH� RI� XQXVHG� EDQGZLGWK� DQG� DGPLVVLRQ�
FRQWURO��ZLOO�EH�DGGUHVVHG�LQ�IXUWKHU�ZRUN���)RU�WKH�SXUSRVH�RI�
WKLV� VWXG\�� WKH� EDQGZLGWK� DOORFDWHG� WR� WKH� UHDO�WLPH� WUDIILF� LV�
DVVXPHG�WR�EH�IL[HG��SUHPLVHG�RQ�WKH�,3�3UHPLXP�6HUYLFH���

�
���3HUIRUPDQFH�(YDOXDWLRQ�

�
7KH� SHUIRUPDQFH� RI� WKH� SURSRVHG� VFKHGXOLQJ� DOJRULWKP� ZDV�
VLPXODWHG�XVLQJ�WKH�SDUDPHWHUV�LQ�7DEOH�����7KH�WUDIILF�VRXUFH�
PRGHOHG� D� FRPSUHVVHG� YRLFH� VRXUFH� ZLWK� YRLFH� DFWLYLW\�
GHWHFWLRQ� �*����� SDUDPHWHUV�� XVLQJ� D� 0DUNRY�PRGXODWHG�
VWRFKDVWLF� SURFHVV�� � 7KH� DYHUDJH� ELW� UDWH� SURGXFHG� E\� WKH�
YRFRGHU� ZDV� �� NESV�� � 7KH� SDFNHW� DUULYDOV� DW� WKH� %6� ZHUH�
GHULYHG� IURP� VLPXODWLQJ� DQ�()�3+%�XVLQJ� D� QRQ�SUHHPSWLYH�
SULRULW\� TXHXH�� � ,3�8'3�573� KHDGHU� FRPSUHVVLRQ� ZDV� XVHG�
RYHU�WKH�ZLUHOHVV�OLQN��

�
7ZR� GLVWLQFW� FKDQQHO� FRQGLWLRQV� ZHUH� FRQVLGHUHG� LQ� WKH�

VLPXODWLRQ���,Q�WKH�ILUVW�FDVH��RQO\�IDVW�IDGLQJ�ZDV�FRQVLGHUHG���
,W�LV�DVVXPHG�WKDW�RWKHU�WHFKQLTXHV�VXFK�DV�VORZ�SRZHU�FRQWURO�
DQG� IRUZDUG� HUURU� FRUUHFWLRQ� DUH� XVHG� WR� QRUPDOL]H� WKH�
FKDQQHOV� VXFK� WKDW� DOO� 07V� H[SHULHQFH� LGHQWLFDO� FKDQQHO�
VWDWLVWLFV��5D\OHLJK�GLVWULEXWLRQ��� �)RU�DYHUDJH�VL]HG�FHOOV�� WKH�
GLIIHUHQFHV� LQ� DWWHQXDWLRQ�GXH� WR� GLIIHUHQW� GLVWDQFHV� IURP� WKH�
EDVH� VWDWLRQ� FDQ� EH� RUGHUV� RI� PDJQLWXGH� ODUJHU� WKDQ� IDGLQJ�

HIIHFWV� OHDYLQJ� 07V� IXUWKHU� DZD\� IURP� WKH� EDVH� VWDWLRQ� DW�
PXFK� GLVDGYDQWDJH� LQ� WHUPV� RI� UHTXLULQJ� PRUH� UHVRXUFHV� WR�
UHFHLYH�WKH�VDPH�VHUYLFH���7KH�VLWXDWLRQ�LQFRUSRUDWLQJ�GLVWDQFH�
DWWHQXDWLRQ�DQG�VKDGRZ�IDGLQJ�LQ�DGGLWLRQ�WR�5D\OHLJK�IDGLQJ�
ZDV�VLPXODWHG�LQ�WKH�VHFRQG�SDUW���
�
����)DVW�IDGLQJ�RQO\�
�
)&)6�ZDV�VLPXODWHG�IRU�PXOWLSOH�07�VSHHGV�FRUUHVSRQGLQJ�WR�
GLIIHUHQW�IDGLQJ�UDWHV��)LJXUH������7KH�PDLQ�PHWULF�ZH�PHDVXUH�
LV� ODWH�SDFNHW�SUREDELOLW\�� L�H�� WKH� IUDFWLRQ�RI�SDFNHWV� WKDW�KDG�
QRW� EHHQ� GHOLYHUHG� WR� WKH� GHVWLQDWLRQ� EHIRUH� WKHLU� UHVSHFWLYH�
GHDGOLQHV�� � 7KH� GHDGOLQH� RI� HDFK� SDFNHW� KDG� EHHQ� VHW� WR� WKH�
DUULYDO� WLPH�SOXV� ���PV�� �5HFDOO� WKDW� WKH� WKURXJKSXW� LV� HLWKHU�
LQWHUFHOO� LQWHUIHUHQFH� RU� LQWUDFHOO� LQWHUIHUHQFH� OLPLWHG�� � ,I�
SDFNHW�V�� DW� WKH� KHDG�RI� WKH�TXHXH�DUH� WR�EH� WUDQVPLWWHG�RYHU�
SRRU� FRQGLWLRQV�� WKHQ� WKH� WKURXJKSXW� LV� GHJUDGHG�� ,Q� IDVWHU�
IDGLQJ�FRQGLWLRQV��WKH�FKDQQHO�FRQGLWLRQV�IRU�WKH�SDFNHWV�DW�WKH�
KHDG� RI� WKH� TXHXH� DUH� PRUH� OLNHO\� LPSURYH� LQ� WKH� QH[W�
VFKHGXOLQJ�HSRFK�DQG�QR�ORQJHU�OLPLW�WKH�WKURXJKSXW��
�
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�)LJXUH����)&)6�VFKHGXOLQJ�IRU�GLIIHUHQW�07�VSHHGV�
�

)LJXUH� �� VKRZV� WKH� SHUIRUPDQFH� RI� WKH� SURSRVHG�
VFKHGXOHU� FRPSDUHG� WR� WKRVH� RI� WKH� )&)6� DQG� EHVW�FKDQQHO�
ILUVW� DOJRULWKPV� GHVFULEHG� SUHYLRXVO\�� � � � )&)6� SHUIRUPHG�
ZRUVH� WKDQ� EHVW�FKDQQHO�ILUVW� IRU� PRVW� FDVHV� H[FHSW� IRU�
H[WUHPHO\� ORZ� ORDGV�� � 6LQFH� EHVW�FKDQQHO�ILUVW� VFKHGXOLQJ� LV�
LQGHSHQGHQW� RI� DUULYDO� WLPH� RU� GHDGOLQH�� LW� GRHV� QRW� WDNH�
DGYDQWDJH� RI� WKH� IDFW� WKDW� LQ� OLJKWO\�ORDGHG� FRQGLWLRQV�� HYHQ�
LQWHUFHOO� LQWHUIHUHQFH� OLPLWHG� FDSDFLW\� PD\� EH� VXIILFLHQW� WR�
KDQGOH�WKH�ORDG�DV�ORQJ�DV�WKH�SDFNHWV�ZLWK�HDUOLHU�GHDGOLQH�DUH�
VHUYHG� ILUVW�� � 7KH� SHUIRUPDQFH� RI� WKH� SURSRVHG� VFKHGXOLQJ�
DOJRULWKP� YDULHG� GHSHQGLQJ� RQ� WKH� YDOXH� RI�

7DEOH����6LPXODWLRQ�SDUDPHWHUV�DQG�WKHLU�YDOXHV�
,WHP� 9DOXH�

&DUULHU�IUHTXHQF\� ��*+]�
&KLS�UDWH� �����0FSV�

7LPH�VORW�OHQJWK� ������PV�
'LVWDQFH�ORVV�H[SRQHQW� ����
V�RI�VKDGRZ�IDGLQJ� ��G%�

&HOO�UDGLXV� �����P�
0D[LPXP�WUDQVPLVVLRQ�UDWH�

RI�DQ�07�
����NESV�

�



priority_threshold� �)LJXUH� ���� � 7KH� PD[LPXP� DQG� WKH�
PLQLPXP�YDOXHV�RI�ODWH�SDFNHW�SUREDELOLW\�DUH�VKRZQ�LQ�)LJXUH�
��� �7KH�priority_threshold� YDOXH�RI� �� �FRUUHVSRQGLQJ� WR�
WKH�³PD[´� OLQH� LQ�)LJXUH���� LV� HTXLYDOHQW� WR�)&)6�FDVH� VLQFH�
WKH� VDPH� YDOXH� RI� GHDGOLQH� ZDV� XVHG� IRU� DOO� IORZV�� � 7KH�
SURSRVHG� VFKHGXOLQJ� DOJRULWKP� SHUIRUPHG� EHWWHU� LQ� WHUPV� RI�
WLPHO\�GHOLYHU�RI�SDFNHWV�IRU�YDU\LQJ�WUDIILF�ORDGV�� �:KLOH� WKH�
EHVW�FKDQQHO�ILUVW� VFKHPH� REYLRXVO\� ZRXOG� KDYH� WKH� ODUJHVW�
WKURXJKSXW�IRU�GHOD\�LQVHQVLWLYH�GDWD��RXU�UHVXOWV�VKRZ�WKDW�IRU�
UHDO�WLPH�GDWD��LWV�SHUIRUPDQFH�PD\�VXIIHU�ZKHQ�FRPSDUHG�WR�D�
VFKHGXOLQJ� DOJRULWKP� WKDW� LV� PRUH� VHQVLWLYH� WR� WKH� GHOD\�
UHTXLUHPHQWV�RI�WKH�WUDIILF�DV�ZHOO�DV�WKH�FKDQQHO�FRQGLWLRQ����

�
7KH� ODWH� SDFNHW� SUREDELOLW\� DV� D� IXQFWLRQ� RI�

priority_threshold� LV� VKRZQ� LQ� )LJXUH� �� IRU� YDU\LQJ�
WUDIILF�ORDGV���7KH�priority_threshold�YDOXH�DW�ZKLFK�ODWH�
SDFNHW� SUREDELOLW\� UHDFKHV� WKH�PLQLPXP� LQFUHDVHV� IRU� KLJKHU�
ORDGV�� �7KLV� LV� OLNHO\�GXH� WR� WKH� IDFW� WKDW�DW�KLJKHU� ORDGV��RQH�
ZRXOG� OLNH� WR� FRQVHUYH� SRZHU� DQG� WUDQVPLW� WKRVH� SDFNHWV�
UHTXLULQJ� OHVV� UHVRXUFH� EHIRUH� WUDQVPLWWLQJ� WKRVH� UHTXLULQJ�
PRUH�� � $IWHU� D� FHUWDLQ� priority_threshold� YDOXH�� WKH�
SHUIRUPDQFH� LV� UHODWLYHO\� IODW� DV� D� W\SLFDO� 07� JRHV� WKURXJK�
PXOWLSOH� IDGHV� GXULQJ� WKH� ��� PV� D� SDFNHW� H[LVWV� DW� WKH� %6�
TXHXH���7KXV��LW�LV�QRW�DOZD\V�QHFHVVDU\�WR�WUDQVPLW�WR�DQ�07�
ZLWK�SRRU�FKDQQHO�FRQGLWLRQ�HYHQ�DV�WKH�SULRULW\�RI�WKH�SDFNHW�
LQFUHDVHV���

�
6LJQLILFDQWO\� EHWWHU� SHUIRUPDQFH� ZDV� REVHUYHG� LI� WKH�

³UHDO´� GHDGOLQH� RI� D� SDFNHW� ZDV� XVHG� LQVWHDG� RI� WUHDWLQJ� DOO�
YRLFH� SDFNHWV� DV� LI� WKH\�KDYH� WKH� VDPH� DFFXPXODWHG�GHOD\� WR�
WKH�%6���7KH�SURSDJDWLRQ�GHOD\V�IURP�WKH�RWKHU�HQGV�RI�IORZV�
WR� WKH�%6�ZHUH�YDULHG�VR�WKDW� WKH�OLIH� WLPHV�RI�SDFNHWV�YDULHG�
IURP� ��� WR� ���� PV�� � $V� PHQWLRQHG� SUHYLRXVO\�� WKH� WDVN� RI�
GHWHUPLQLQJ� WKH� ³UHDO´� GHDGOLQH� FDQ� EH� SHUIRUPHG� ZLWKRXW�
VLJQLILFDQW�RYHUKHDG�LQ�WKH�DUFKLWHFWXUH�DVVXPHG���7KH�UHVXOWV�
RI�WKH�VLPXODWLRQ�DUH�VKRZQ�LQ�)LJXUH����
�
����)XOO�FKDQQHO�PRGHO�
�
:KHQ� VLPXODWLRQ� ZDV� SHUIRUPHG� ZLWK� D� FKDQQHO� PRGHO� WKDW�
DFFRXQWV� IRU� ERWK� SURSDJDWLRQ� ORVV� DQG� VKDGRZ� IDGLQJ� LQ�
DGGLWLRQ� WR� 5D\OHLJK� IDGLQJ�� SHUIRUPDQFH� EHQHILWV� VLPLODU� WR�
WKRVH� IRU� WKH� 5D\OHLJK� IDGLQJ� RQO\� FKDQQHO� ZHUH� REVHUYHG�
�)LJXUH������+RZHYHU��WKHUH�ZDV�QR�FOHDU�UHODWLRQVKLS�EHWZHHQ�

ODWH� SDFNHW� SUREDELOLW\� DQG� WKH� YDOXH� RI�
priority_threshold���7KLV�LV�SUREDEO\�GXH�WR�WKH�IDFW�WKDW�
SURSDJDWLRQ�ORVV�DQG�VKDGRZ�IDGLQJ�GLIIHUHQFHV�EHWZHHQ�07V�
FDQ� EH� VHYHUDO� RUGHUV� RI� PDJQLWXGH� ODUJHU� WKDQ� 5D\OHLJK�
IDGLQJ�� DQG� UHODWLYH� FKDQQHO� FRQGLWLRQV� GR� QRW� FKDQJH� YHU\�
PXFK� RYHU� WKH� OLIHWLPH� RI� D� SDFNHW� DW� WKH� %6� TXHXH�� � 7KXV��
priority_threshold� VHHPHG� WR� KDYH� OLWWOH� HIIHFW� RQ� WKH�
SHUIRUPDQFH� DV� LW� KDG� LQ� WKH� FKDQQHO� PRGHO� WKDW� DFFRXQWHG�
RQO\�IRU�IDVW�IDGLQJ���7KH�HIIHFW�GRHV�UHWXUQ�ZKHQ�SDFNHWV�FDQ�
WROHUDWH� ORQJHU� GHOD\V� �H�J�� YLGHR� VWUHDPV�� RU� WKH� FKDQQHO�
FRQGLWLRQV� RI� WKH� 07V� FKDQJH� TXLFNHU� �H�J�� PRYH� GLUHFWO\�
WR�IURP�WKH�%6�DW�D�IDVW�VSHHG���
�

)LQDOO\�� ZH� ORRNHG� DW� WKH� IDLUQHVV� RI� WKH� VFKHGXOLQJ�
DOJRULWKP� IRU� WKH� WZR� GLIIHUHQW� FKDQQHO�PRGHOV�� �%HFDXVH� RI�
WKH� GLIIHUHQFHV� LQ� SURSDJDWLRQ� ORVV�� LW� PD\� EH� GLIILFXOW� WR�
HQVXUH� WKDW� DOO� XVHUV� UHFHLYH� D� VLPLODU�4R6�� � )LJXUH� �� VKRZV�
WKDW� LQ� WKH� IXOO� FKDQQHO� PRGHO� FDVH�� UHODWLYHO\� IHZ� XVHUV�
H[SHULHQFH�YHU\�ORZ�ODWH�SDFNHW�UDWHV�ZKLOH�RWKHUV�H[SHULHQFH�
PXFK�KLJKHU� UDWHV�� �7KH�GLIIHUHQFHV�DUH�QRW� DV� VHYHUH� IRU� WKH�
5DOHLJK� IDGLQJ� FDVH�� � 7KXV�� LW� VHHPV� QHFHVVDU\� WKDW� VRPH�
SURYLVLRQV� EH� PDGH� WR� FRPSHQVDWH� VRPH� XVHUV� IRU� WKH�
GLVDGYDQWDJH�RI�EHLQJ�ORFDWHG�IDU�DZD\�IURP�WKH�%6��
�
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���&RQFOXVLRQ�
�
:H� KDYH� SUHVHQWHG� D� VFKHGXOLQJ� DOJRULWKP� VXLWDEOH� IRU� UHDO�
WLPH�GDWD�LQ�SDFNHWL]HG�FHOOXODU�ZLUHOHVV�QHWZRUN�EDVHG�RQ�'6�
&'0$�� � 7KH� VFKHGXOLQJ� DOJRULWKP� XWLOL]HV� ERWK� WKH� FKDQQHO�
FRQGLWLRQ�DQG�WKH�GHOD\�UHTXLUHPHQW�RI�WKH�WUDIILF�WR�PLQLPL]H�
WKH� WUDQVPLW� SRZHU� ZKLOH� PHHWLQJ� WKH� KDUG� GHDGOLQHV� RI� WKH�
UHDO�WLPH� SDFNHWV�� � :H� FRPSDUHG� WKH� SHUIRUPDQFH�� YLD�
VLPXODWLRQ�� WR� WZR� SUHYLRXVO\� XVHG� DSSURDFKHV� IRU� ZLUHOHVV�
SDFNHW�GDWD���:H�DOVR�VKRZHG�WKDW�XWLOL]LQJ�GHOD\�LQIRUPDWLRQ�
IURP�573�57&3�FDQ�JUHDWO\�LPSURYH�WKH�SHUIRUPDQFH�RI�UHDO�
WLPH�IORZV���
�

���5HIHUHQFHV�
�
>�@� 6�� 6KLUDQL�� )�� .RVVHQWLQL�� DQG� 5�� :DUG�� ³(UURU�

&RQFHDOPHQW� 0HWKRGV�� $� &RPSDUDWLYH� 6WXG\�´� LQ�
3URFHHGLQJV� RI� &&(&(�� (GPRQWRQ�� $OEHUWD�� &DQDGD��
0D\�������SS����������

>�@� 5��$\DOD��.��%DVX�� DQG�6�� (OOLRWW�� ³,QWHUQHW� 7HFKQRORJ\�
%DVHG�,QIUDVWUXFWXUH�IRU�0RELOH�0XOWLPHGLD�6HUYLFHV�´�LQ�
3URFHHGLQJV� RI� :&1&�� 1HZ� 2UOHDQV�� /$�� 6HSWHPEHU�
������SS����������

>�@� -��6DQFKH]��5��0DUWLQH]��DQG�0��:��0DUFHOOLQ��³$�6XUYH\�
RI�0$&� 3URWRFROV� 3URSRVHG� IRU�:LUHOHVV�$70�´� ,(((�
1HWZRUN��YRO������SS���������1RYHPEHU�'HFHPEHU�������

>�@� )��$N\LOGL]��-��0F1DLU��/��&��0DUWRUHOO��5��3XLJMDQHU��DQG�
<�� <HVKD�� ³0HGLXP� $FFHVV� &RQWUROV� IRU� 0XOWLPHGLD�
7UDIILF�LQ�:LUHOHVV�1HWZRUN�´�,(((�1HWZRUN��YRO������SS��
�������-XO\�$XJXVW�������

>�@� -�� 6��(YDQV� DQG�'��(YHULWW�� ³(IIHFWLYH�%DQGZLGWK�%DVHG�
$GPLVVLRQ� &RQWURO� IRU� 0XOWLVHUYLFH� &'0$� &HOOXODU�
1HWZRUNV�´�,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\��
YRO������SS��������-DQXDU\�������

>�@� :��%��<DQJ� DQG� (��*HUDQLRWLV�� ³$GPLVVLRQ� 3ROLFLHV� IRU�
,QWHJUDWHG� 9RLFH� DQG� 'DWD� 7UDIILF� LQ� &'0$� 3DFNHW�
5DGLR� 1HWZRUNV�´� ,(((� -RXUQDO� RQ� 6HOHFWLYH� $UHDV� LQ�
&RPPXQLFDWLRQV��YRO������SS����������0D\�������

>�@� +��6FKXO]ULQQH��6��&DVQHU��5��)UHGHULFN��DQG�9��-DFREVRQ��
³573�´�,(7)�5)&�������-DQXDU\�������

>�@� 6��%ODNH��'��%ODFN��0��&DUOVRQ��(��'DYLHV��=��:DQJ��DQG�
:��:HLVV�� ³$Q�$UFKLWHFWXUH� IRU�'LIIHUHQWLDWHG�6HUYLFH�´�
,(7)�5)&�������'HFHPEHU�������

>�@� 9�� -DFREVRQ��.��1LFKROV�� DQG�.��3RGXUL�� ³$Q�([SHGLWHG�
)RUZDUGLQJ�3+%�´�,(7)�5)&�������-XQH�������

>��@�.��6��*LOKRXVHQ��,��0��-DFREV��5��3DGRYDQL��$��-��9LWHUEL��
/��$��:HDYHU��DQG�&��(��:KHDWOH\�,,,��³2Q�WKH�&DSDFLW\�
RI� &HOOXODU� &'0$� 6\VWHP�´� ,(((� 7UDQVDFWLRQ� RQ�
9HKLFXODU�7HFKQRORJ\��YRO�������SS����������0D\�������

>��@�/��&��<XQ�DQG�'��*��0HVVHUVFKPLWW��³3RZHU�&RQWURO�IRU�
9DULDEOH�426�RQ�D�&'0$�&KDQQHO�´� LQ�3URFHHGLQJV�RI�
0,/&20�� )RUW�0RQPRXWK��1-��2FWREHU� ������ SS�� ����
����

>��@�-�� 7�� :X� DQG� (�� *HUDQLRWLV�� ³3RZHU� &RQWURO� LQ�
0XOWLPHGLD�&'0$�1HWZRUNV�´� LQ�3URFHHGLQJV� RI�97&��
&KLFDJR��,/��-XO\�������SS����������

>��@�7�� 2MDQSHUl� DQG� 5�� 3UDVDG�� ³$Q� 2YHUYLHZ� RI� $LU�
LQWHUIDFH�0XOWLSOH� $FFHVV� IRU� 8076�,07������´� ,(((�
&RPPXQLFDWLRQ�0DJD]LQH��YRO������SS���������6HSWHPEHU�
������

>��@�(�� %UDQG� DQG� $�� +DPLG� $JKYDPL�� ³0XOWLGLPHQVLRQDO�
350$� ZLWK� 3ULRULWL]HG� %D\HVLDQ� %URDGFDVW� ±� $� 0$&�
6WUDWHJ\� IRU� 0XOWLVHUYLFH� 7UDIILF� RYHU� 8076�´� ,(((�
7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\��YRO������SS�������
����1RYHPEHU�������

>��@�7�� 2MDQSHUl�� ³)5$0(6� ±� +\EULG� 0XOWLSOH� $FFHVV�
7HFKQRORJ\�´� LQ� 3URFHHGLQJV� RI� ,6667$�� 0DLQ]��
*HUPDQ\��6HSWHPEHU�������SS���������

>��@�&��/�� ,� DQG� .�� .�� 6DEQDQL�� ³9DULDEOH� 6SUHDGLQJ� *DLQ�
&'0$�ZLWK� $GDSWLYH� &RQWURO� IRU� ,QWHJUDWHG� 7UDIILF� LQ�
:LUHOHVV� 1HWZRUNV�´� LQ� 3URFHHGLQJV� RI� 97&�� &KLFDJR��
,/��-XO\�������SS���������

>��@�&��/�� ,� DQG� 5��'�� *LWOLQ�� ³0XOWL�&RGH�&'0$�:LUHOHVV�
3HUVRQDO�&RPPXQLFDWLRQV�1HWZRUNV�´� LQ�3URFHHGLQJV�RI�
,&&��6HDWWOH��:$��-XQH�������SS����������

>��@�+�� =KDQJ�� ³6HUYLFH� 'LVFLSOLQHV� IRU� *XDUDQWHHG�
3HUIRUPDQFH� 6HUYLFH� LQ� 3DFNHW�6ZLWFKLQJ� 1HWZRUNV�´�
3URFHHGLQJV�RI� WKH� ,(((�� YRO������SS�����������2FWREHU�
������

>��@�6�� 3DQZDU�� '�� 7RZVOH\�� DQG� -�� :ROI�� ³2SWLPDO�
6FKHGXOLQJ�3ROLFLHV�IRU�D�&ODVV�RI�4XHXH�ZLWK�&XVWRPHU�
'HDGOLQHV� WR� WKH� %HJLQQLQJ� RI� 6HUYLFHV�´� -RXUQDO� RI�
$&0��YRO������SS����������2FWREHU�������

>��@�6�� 6KDNNRWWDL� DQG� 5�� 6ULNDQW�� ³6FKHGXOLQJ� 5HDO�7LPH�
7UDIILF� ZLWK� 'HDGOLQHV� 2YHU� D� :LUHOHVV� &KDQQHO�´� LQ�
3URFHHGLQJV� RI�:R:0R0�� 6HDWWOH��:$�� ������ SS�� ���
����

>��@�6��&DVQHU� DQG�9�� -DFREVRQ�� ³&RPSUHVVLQJ� ,3�8'3�573�
+HDGHUV� IRU�/RZ�6SHHG�6HULDO�/LQNV�´� ,(7)�5)&�������
)HEUXDU\�������


