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6XSSRUWLQJ�UHDO�WLPH�PXOWLPHGLD�DSSOLFDWLRQV�RYHU�WKH�SDFNHW�ZLUHOHVV�QHWZRUN�SRVHV�D�KXJH�FKDOOHQJH�GXH�WR�WKH�VWULQJHQW�
4R6�UHTXLUHPHQWV�DQG�WKH�WLPH�YDU\LQJ�DQG�ORFDWLRQ�YDU\LQJ�FKDUDFWHULVWLFV�RI�WKH�ZLUHOHVV�FKDQQHO���,Q�WKLV�SDSHU��ZH�VWXG\�D�
GRZQOLQN� SDFNHW� VFKHGXOLQJ� DOJRULWKP� GHVLJQHG� WR� VXSSRUW� UHDO�WLPH� DSSOLFDWLRQV� ZLWK� KDUG� GHDGOLQHV� RYHU� WKH� ZLUHOHVV�
QHWZRUN�� � 7KH� VFKHGXOLQJ� GHSHQGV� RQ� WKH� FKDQQHO� FKDUDFWHULVWLFV� DV� ZHOO� DV� WKH� GHDGOLQH� RI� HDFK� SDFNHW�� � $� K\EULG�
7'0$�&'0$�SK\VLFDO�OD\HU�LV�XVHG�WR�DVVHVV�WKH�FKDQQHO�FRQGLWLRQ�DQG�WR�VXSSRUW�WKH�WDUJHW�%(5�RI�GLIIHUHQW�XVHUV���573�
SDFNHW�KHDGHUV�DUH�XVHG� WR�FDOFXODWH� WKH�GHDGOLQH�RI�HDFK�SDFNHW�� �$�PRGLILHG�IRUP�RI�(')�LV�XVHG� WR�VFKHGXOH�SDFNHWV� LQ�
RUGHU�RI�XUJHQF\� DQG� FKDQQHO� FRQGLWLRQ�� �2XU� UHVXOWV� LQGLFDWH� WKDW� E\� MRLQWO\� FRQVLGHULQJ� WKH� FKDQQHO� LQIRUPDWLRQ� DQG� WKH�
DSSOLFDWLRQ�OHYHO� LQIRUPDWLRQ��D�VLJQLILFDQW�SHUIRUPDQFH�JDLQ�FDQ�EH�DFKLHYHG�� �,Q�DGGLWLRQ��D�PRUH�IDLU�VHUYLFH�LV�DFKLHYHG�
HYHQ�WKRXJK�FKDQQHO�FRQGLWLRQV�RI�GLIIHUHQW�XVHUV�YDU\�JUHDWO\�GXH�WR�SURSDJDWLRQ�ORVVHV�DQG�IDGLQJ�HIIHFWV�RI� WKH�ZLUHOHVV�
FKDQQHO��
�
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�
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9RLFH�KDV�EHHQ� WKH�SULPDU\�GULYHU�RI� WKH� WUHPHQGRXV�JURZWK� LQ�FHOOXODU�ZLUHOHVV�QHWZRUNV�� �+RZHYHU�� WKHUH�DUH� LQFUHDVLQJ�
GHPDQGV�IRU�D�ODUJHU�YDULHW\�RI�PXOWLPHGLD�VHUYLFHV�RYHU�WKH�ZLUHOHVV�QHWZRUN���8QOLNH�LQ�WKH�YRLFH�RQO\�V\VWHP��WKH�IXWXUH�
QHWZRUNV�PXVW�EH�DEOH�WR�KDQGOH�KHWHURJHQHRXV�WUDIILF�ZLWK�YDU\LQJ�FKDUDFWHULVWLFV�DQG�TXDOLW\�RI�VHUYLFH��4R6��UHTXLUHPHQWV���
6RPH�RI�WKH�WUDIILF�ZLOO�EH�GHOD\�VHQVLWLYH��H�J��YRLFH�FDOOV��YLGHR�FRQIHUHQFLQJ��ZKLOH�RWKHUV�ZLOO�EH�OHVV�VHQVLWLYH�WR�GHOD\�
EXW�PRUH�VHQVLWLYH�WR�HUURUV��H�J��HPDLO��ILOH�WUDQVIHUV����&LUFXLW�VZLWFKHG�FRQQHFWLRQV�FXUUHQWO\�HPSOR\HG�LQ�ZLUHOHVV�QHWZRUNV�
ZLOO�QRW�EH�DEOH�WR�SURYLGH�VXIILFLHQW�IOH[LELOLW\�DQG�HIILFLHQF\�UHTXLUHG�WR�VXSSRUW�VXFK�KHWHURJHQHRXV�WUDIILF���7KXV��SDFNHW�
VZLWFKHG�QHWZRUNV�WKDW�HQFRPSDVV�WKH�ZLUHOHVV�OLQN�DUH�VHULRXVO\�EHLQJ�FRQVLGHUHG����%HFDXVH�RI�WKH�SRSXODULW\�DQG�XELTXLW\�
RI�,QWHUQHW�3URWRFRO��,3��QHWZRUNV�DQG�UHODWHG�DSSOLFDWLRQV��WKH�PRVW�SURPLVLQJ�FDQGLGDWH�IRU�WKH�IXWXUH�ZLUHOHVV�QHWZRUN�LV�
,3�EDVHG�� � $OWKRXJK� WKHUH� DUH� VHYHUDO� RSHQ� LVVXHV�ZLWK� EXLOGLQJ�ZLUHOHVV� ,3� QHWZRUNV� �H�J�� HIILFLHQF\�� 4R6� VXSSRUW��� WKH�
EHQHILWV�RI�KDYLQJ�D�FRQVLVWHQW�QHWZRUN� LQIUDVWUXFWXUH� LV�VLJQLILFDQW�QRW�RQO\� LQ� WHUPV�RI�PDQDJLQJ�FRPSOH[LW\��EXW�DOVR� LQ�
WDNLQJ�DGYDQWDJH�RI�WKH�HYHU�GHFUHDVLQJ�FRVWV�DQG�LQFUHDVLQJ�SHUIRUPDQFH�RI�,QWHUQHW�HTXLSPHQW���6XFK�D�QHWZRUN�PD\�DOVR�
VLPSOLI\�WKH�GHYHORSPHQW�DQG�GHSOR\PHQW�RI�QHZ�IHDWXUHV�DQG�HQKDQFHPHQWV�WKURXJKRXW�WKH�HQWLUH�QHWZRUN��
�
7KH�XVH�RI�DSSOLFDWLRQV�WKDW�UHTXLUH�EHWWHU�WKDQ�EHVW�HIIRUW�VHUYLFH�SURYLGHG�E\�WKH�WUDGLWLRQDO�,QWHUQHW�KDV�EHHQ�LQFUHDVLQJ�RYHU�
WKH� \HDUV�� DQG� WKH� PHFKDQLVPV� QHHGHG� WR� SURYLGH� WKH� QHFHVVDU\� 4R6� JXDUDQWHHV� KDYH� EHHQ� DQ� DFWLYH� DUHD� RI� UHVHDUFK����
3URYLGLQJ�JXDUDQWHHV�RQ�YDULRXV�4R6�PHDVXUHV�VXFK�DV�EDQGZLGWK��GHOD\��GHOD\�MLWWHU��DQG�SDFNHW�ORVV�LQ�WKH�SDFNHW�ZLUHOHVV�
QHWZRUN� KDV� EHHQ� PRUH� RI� D� FKDOOHQJH� GXH� WR� SK\VLFDO� FKDUDFWHULVWLFV� XQLTXH� WR� WKH� ZLUHOHVV� FKDQQHO� LQFOXGLQJ� OLPLWHG�
EDQGZLGWK�DQG�KLJK�DQG�EXUVW\�ELW�HUURU�UDWHV��%(5����6XSSRUWLQJ�PXOWLPHGLD�VHUYLFHV�RYHU�WKH�ZLUHOHVV�QHWZRUN�KDV�EHHQ�WKH�
VXEMHFW�RI�QXPHURXV�VWXGLHV���+RZHYHU�� LQ�WKHVH�ZRUNV��WKH�IRFXV�ZDV�RQ�WKH�SHUIRUPDQFH�RI�WKH�ZLUHOHVV�OLQN�DORQH�UDWKHU�
WKDQ�RQ�WKH�HQG�WR�HQG�4R6�SHUFHLYHG�E\�WKH�XQGHUO\LQJ�DSSOLFDWLRQV�DQG�WKH�HQG�XVHUV���7KXV��WKH\�IDLO�WR�WDNH�DGYDQWDJH�RI�
WKH�QHWZRUN�OHYHO�DQG�WKH�DSSOLFDWLRQ�OHYHO�UHTXLUHPHQWV�DQG�LQIRUPDWLRQ��
�
:KLOH� WKH� WKLUG� JHQHUDWLRQ�PRELOH�ZLUHOHVV� QHWZRUN� GHYHORSPHQWV� VXFK� DV�:&'0$�DQG�&'0$����� KDYH� LQFUHDVHG� WKH�
DYDLODEOH� FDSDFLW\� RI� WKH� ZLUHOHVV� QHWZRUN� RYHU� WKH� FXUUHQW� V\VWHP����� WKH� UDSLGO\� JURZLQJ� GHPDQG� IRU� EDQGZLGWK� ZLOO�
FRQWLQXH�WD[�WKH�FDSDFLW\���7KH�LQFUHDVHG�EXUVWLQHVV�DQG�GLIIHUHQW�4R6�UHTXLUHPHQWV�RI�PXOWLPHGLD�WUDIILF�IXUWKHU�WKH�FDVH�IRU�
SDFNHW�VZLWFKHG�ZLUHOHVV�QHWZRUN�RYHU�WKH�WUDGLWLRQDO�FLUFXLW�VZLWFKHG�RQH���,Q�WKLV�SDSHU�ZH�SUHVHQW�D�QHZ�SDFNHW�VFKHGXOLQJ�
DOJRULWKP�IRU�WKH�ZLUHOHVV�OLQN�WKDW�LV�GHVLJQHG�WR�VXSSRUW�UHDO�WLPH�DSSOLFDWLRQV�LQ�DQ�HQG�WR�HQG�ZLUHOHVV�,3�QHWZRUN���7KH�
PDLQ�JRDO�RI� WKH� VFKHGXOHU� LV� WR� DOORFDWH� WKH� OLPLWHG�DPRXQW�RI� UHVRXUFHV� WR�FRQWHQGLQJ� VHVVLRQV�ZKLOH� VDWLVI\LQJ� WKH�4R6�



QHHGV�RI�HDFK�VHVVLRQ��DQG� WKLV�VKRXOG�EH�GRQH� LQ� WKH�PDQQHU� WKDW�PDNHV� WKH�PRVW�HIILFLHQW�XVH�RI� WKH�DYDLODEOH�UHVRXUFHV���
2QO\�WKH�GRZQOLQN��IURP�WKH�EDVH�VWDWLRQ�WR�WKH�PRELOH�VWDWLRQ��LV�FRQVLGHUHG�LQ�WKLV�SDSHU���7KH�PRWLYDWLRQ�EHKLQG�VWXG\LQJ�
WKH�GRZQOLQN�ILUVW�LV�WKDW�VLQFH�WKH�EDVH�VWDWLRQ��%6��LV�DZDUH�RI�WKH�VWDWHV�RI�WKH�SDFNHW�TXHXH�DQG�WKH�FKDQQHO��DQ�LQWHOOLJHQW�
GHFLVLRQ�FDQ�EH�PDGH�XWLOL]LQJ�WKH�LQIRUPDWLRQ���$OVR��GHVSLWH�WKH�LQLWLDO�EHOLHI�WKH�XSOLQN�ZDV�WKH�ERWWOHQHFN��WKHUH�DUH�VRPH�
HYLGHQFH�WKDW�WKH�GRZQOLQN�PD\�EH�WUXH�ERWWOHQHFN��� �7KLV�SUREOHP�PD\�ZRUVHQ�DV�PRUH�DV\QFKURQRXV�VHUYLFHV�DUH�FDUULHG�
RYHU�WKH�ZLUHOHVV�QHWZRUN���7KH�SUHVHQWHG�VFKHGXOLQJ�DOJRULWKP�UHOLHV�RQ�LQIRUPDWLRQ�DYDLODEOH�IURP�GLIIHUHQW�OD\HUV�RI�WKH�
SURWRFRO� VWDFN�� QDPHO\� WKH� &'0$�EDVHG� SK\VLFDO� OD\HU� DQG� 5HDO� 7LPH� 3URWRFRO� �573��� OD\HU�� ZKLFK� LV� ZLGHO\� XVHG� LQ�
WUDQVSRUWLQJ�UHDO�WLPH�WUDIILF�RYHU�WKH�,QWHUQHW���%\�WDNLQJ�DGYDQWDJH�RI�D�PXOWLWXGH�RI�OD\HUV�RI�LQIRUPDWLRQ�DYDLODEOH�LQ�HDFK�
SDFNHW��EHWWHU�SHUIRUPDQFH�FDQ�EH�DFKLHYHG���$GPLVVLRQ�FRQWURO�SOD\V�D�FULWLFDO�UROH�LQ�SURYLGLQJ�WKH�GHVLUHG�4R6�E\�DOORZLQJ�
RQO\� WKRVH�VHVVLRQV� WKDW�FDQ�HIIHFWLYHO\�EH�VHUYLFHG�E\� WKH� UHODWHG�SDFNHW�VFKHGXOHU�� �*LYHQ� WKH�SHUIRUPDQFH� UHVXOWV�RI� WKH�
SDFNHW�VFKHGXOLQJ�SROLF\��D�VXLWDEOH�DGPLVVLRQ�FRQWURO�FDQ�EH�GHYHORSHG��
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�
$�ZLUHOHVV� ,3�QHWZRUN�ZLWK� WKH� FHOOXODU� DUFKLWHFWXUH�RI� WKH� W\SH� VKRZQ� LQ�)LJXUH� �� LV� DVVXPHG� LQ� WKLV� SDSHU�� �2QH�RU�ERWK�
HQGSRLQWV�RI�WKH�QHWZRUN�PD\�EH�DWWDFKHG�RYHU�WKH�ZLUHOHVV�OLQN���7KH�VWDQGDUG�,3�QHWZRUN�LQIUDVWUXFWXUH�LV�EURXJKW�DV�FORVH�
DV�SRVVLEOH�WR�WKH�ZLUHOHVV�OLQN���7KH�%6�DOVR�IXQFWLRQV�DV�DQ�,3�URXWHU�LQ�WKLV�DUFKLWHFWXUH���,Q�WKLV�DUFKLWHFWXUH�RQO\�WKH�%6�
PXVW�EH�VSHFLDOO\�PRGLILHG�IRU�WKH�ZLUHOHVV�OLQN��DOO�RWKHU�SDUWV�RI�WKH�QHWZRUN�LQIUDVWUXFWXUH�DUH�LQGHSHQGHQW�RI�WKH�ZLUHOHVV�
OLQN�DQG�PD\�UHPDLQ�XQPRGLILHG�� �7R�HQVXUH�DGHTXDWH�SHUIRUPDQFH�RI�D�JLYHQ�DSSOLFDWLRQ��QRW�RQO\�PXVW� WKH�ZLUHOHVV� OLQN�
SURYLGH�DGHTXDWH�4R6��WKH�ZLUHG�,3�QHWZRUN��L�H��WKH�EDFNERQH�QHWZRUN��PXVW�DOVR�SURYLGH�DGHTXDWH�4R6���,W�LV�ZHOO�NQRZQ�
WKDW�GLIIHUHQW�W\SHV�RI�WUDIILF�KDYH�GLIIHUHQW�4R6�UHTXLUHPHQWV���6RPH�WUDIILF��VXFK�DV�7UDQVPLVVLRQ�&RQWURO�3URWRFRO��7&3��
WUDIILF�� WHQGV� WR� EH�PRUH� VHQVLWLYH� WR� HUURUV� DQG� OHVV� VHQVLWLYH� WR� GHOD\�� � 2WKHU� WUDIILF�� VXFK� DV� UHDO�WLPH� WUDIILF� �L�H�� 573�
WUDIILF��� WHQGV�WR�EH�PRUH�VHQVLWLYH�WR�GHOD\�DQG�OHVV�VHQVLWLYH�WR�HUURUV�RU�SDFNHW�ORVVHV�� �$PRQJ�PDQ\�SURSRVDOV�� WKH�4R6�
DUFKLWHFWXUH�PRVW�OLNHO\�WR�EH�GHSOR\HG�RQ�WKH�,QWHUQHW�LQ�WKH�QHDU�IXWXUH�VHHPV�WR�EH�WKH�'LIIHUHQWLDWHG�6HUYLFHV��'LII6HUY��
PRGHO����,W�XVHV�WKH�7\SH�RI�6HUYLFH��726��ILHOG�RI�WKH�,3�KHDGHU�WR�FODVVLI\�HDFK�SDFNHW�LQWR�GLIIHUHQW�DJJUHJDWH��DQG�HDFK�
DJJUHJDWH� LV� WKHQ�VHUYLFHG�XVLQJ�D�SDUWLFXODU�SHU�KRS�EHKDYLRU� �3+%��EDVHG�RQ� WKH�726�FODVVLILFDWLRQ�� �2I� WKH�3+%¶V� WKDW�
KDYH�FXUUHQWO\�EHHQ�VWDQGDUGL]HG�E\�WKH�,(7)��RQO\�WKH�VHUYLFHV�SURYLGHG�E\�H[SHGLWHG�IRUZDUGLQJ��()���VHHP�VXLWDEOH�IRU�
UHDO�WLPH�DSSOLFDWLRQV���$�SUHOLPLQDU\�ZRUN�E\�1DGDV�HW�DO���DQG�RXU�RZQ�ZRUN�LQGLFDWH�WKDW�D�VHUYLFH�XWLOL]LQJ�WKH�()�3+%�
FDQ�SURYLGH�WKH�VPDOO�GHOD\�DQG�GHOD\�MLWWHU�UHTXLUHPHQWV�RI�UHDO�WLPH�DSSOLFDWLRQV��
�
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$OO�PRELOH�VWDWLRQV��06¶V��VKDUH�D�FRPPRQ�5)�FKDQQHO�IRU�GRZQOLQN�FRPPXQLFDWLRQ�XVLQJ�D�VORWWHG�GLUHFW�VHTXHQFH�FRGH�
GLYLVLRQ� PXOWLSOH� DFFHVV� �'6�&'0$�� SURWRFRO�� � 7KH� DGYDQWDJHV� RI� '6�&'0$� IRU� FHOOXODU� YRLFH� FRPPXQLFDWLRQ� KDYH�
EHFRPH�ZHOO�NQRZQ�LQ�UHFHQW�\HDUV�����6RPH�RI�WKHVH�DGYDQWDJHV�KDYH�EHHQ�H[SORLWHG�WR�VXSSRUW�PXOWLPHGLD�VHUYLFHV�RYHU�WKH�
ZLUHOHVV�FKDQQHO��������,Q�JHQHUDO��WKH�FDSDFLW\�RI�D�'6�&'0$�V\VWHP�LV�LQWHUIHUHQFH�OLPLWHG��L�H��WKH�LQWHUIHUHQFH�IURP�RWKHU�
XVHUV��ERWK�LQ�WKH�VDPH�FHOO�DQG�WKH�QHLJKERULQJ�FHOOV��OLPLW�ERWK�WKH�TXDQWLW\�DQG�WKH�TXDOLW\�RI�RQ�JRLQJ�FRQQHFWLRQV���7KXV��
LQ� WKH� GRZQOLQN�� WKH� WRWDO� WUDQVPLW� SRZHU� HPLWWHG� E\� WKH� %6� PXVW� EH� FDUHIXOO\� FRQWUROOHG�� � 2WKHUZLVH�� WKH� VLJQDO�WR�
LQWHUIHUHQFH� UDWLRV� �6,5¶V��RI� RQ�JRLQJ� FRQQHFWLRQV�ZLOO� GHJUDGH� DQG� UHVXOW� LQ�XQDFFHSWDEO\� KLJK� HUURU�SUREDELOLW\�� � ,Q� WKH�
FXUUHQW�&'0$�V\VWHP��DQ�DGPLVVLRQ�FRQWURO�GHVLJQHG�IRU�WKH�ZRUVW��RU�QHDU�ZRUVW��FDVH�LV�XVHG�WR�FRQWURO�WKH�LQWHUIHUHQFH���
7KLV�DSSURDFK�KDV�EHHQ�DGHTXDWH�IRU�FLUFXLW�VZLWFKHG�FRQQHFWLRQV�� �+RZHYHU�� LQ�RXU�SDFNHW�VZLWFKHG�V\VWHP��ZH�HPSOR\�D�
VORWWHG�PRGHO�LQ�ZKLFK�GDWD�PD\�EH�VHQW�RQO\�WR�D�VXEVHW�RI�06¶V�ZLWK�RQ�JRLQJ�FRQQHFWLRQ�DW�DQ\�JLYHQ�WLPH��L�H��LQ�HDFK�



WLPH�VORW��LQ�RUGHU�WR�FRQWURO�WKH�WUDQVPLW�SRZHU�DQG�WKXV�WKH�LQWHUIHUHQFH���2WKHU�06¶V�PDLQWDLQ�V\QFKURQL]DWLRQ�FRQWDFW�ZLWK�
WKH�%6�XVLQJ�D�ORZ�UDWH�FKDQQHO���$FTXLVLWLRQ�GHOD\V�W\SLFDOO\�DVVRFLDWHG�ZLWK�VXFK�D�GLVFRQWLQXRXV�WUDQVPLVVLRQ�VFKHPH�FDQ�
EH� GHFUHDVHG� XVLQJ� WKLV� DSSURDFK�� � 7KLV� K\EULG� 7'0$�&'0$� VFKHPH� LV� VLPLODU� WR� WKDW� SURSRVHG� E\� %UDQG� HW� DO���� DQG�
2MDQSHUl���� � 3RZHU� FRQWURO� WUDGLWLRQDOO\� KDV� QRW� EHHQ� DQ� HVVHQWLDO� SDUW� RI�'6�&'0$�RSHUDWLRQ� LQ� WKH� GRZQOLQN� VLQFH� WKH�
PXOWLSOH[HG�VLJQDOV�RI�GLIIHUHQW�XVHUV�H[SHULHQFH� WKH�VDPH�FKDQQHO�FKDUDFWHULVWLFV�DQG� WKXV�GR�QRW�VXIIHU� IURP�WKH�QHDU�IDU�
SUREOHP�RI�WKH�XSOLQN���+RZHYHU��SRZHU�FRQWURO�FDQ�DOVR�EH�XVHG�WR�VXSSRUW�GLIIHUHQW�%(5�UHTXLUHPHQWV�RI�PXOWLPHGLD�WUDIILF�
E\� DVVLJQLQJ� GLIIHUHQW� WDUJHW� SRZHU� OHYHOV� �L�H�� WKH� WDUJHW� 6,5�� WR� GLIIHUHQW� WUDIILF� FODVVHV�� � ,Q� IDFW�� LQ� VHYHUDO� ,07������
SURSRVDOV��WKH�EHQHILWV�RI�IDVW�WUDQVPLW�SRZHU�FRQWURO�LQ�WKH�GRZQOLQN�KDYH�EHHQ�UHFRJQL]HG�DQG�DUH�LQFOXGHG�LQ�WKH�SURSRVDO���
7R�DFFRPPRGDWH�GLIIHUHQW�ELW�UDWH�UHTXLUHPHQWV��ERWK�YDULDEOH�VSUHDGLQJ�JDLQ�DQG�PXOWL�FRGH�&'0$�DUH�XWLOL]HG�������
��
2QH�RI�WKH�SUREOHPV�ZLWK�H[WHQGLQJ�,3�RYHU�WKH�ZLUHOHVV�QHWZRUN�LV�WKH�RYHUKHDG�DVVRFLDWHG�ZLWK�WUDQVPLWWLQJ�,3�DQG�RWKHU�
KLJKHU�OHYHO�SURWRFRO�KHDGHUV�ZLWK�HDFK�GDWD�SDFNHW�� �7KH�SUREOHP�LV�PRUH�VHYHUH�IRU�UHDO�WLPH�DSSOLFDWLRQV�VLQFH�PXOWLSOH�
OD\HUV�RI�SURWRFRO�DUH�W\SLFDOO\�XVHG�LQ�WKH�GDWD�SODQH���$V�LV�FXUUHQWO\�GRQH�RQ�WKH�,QWHUQHW��RXU�PRGHO�XVHV�,3��8'3��DQG�573�
WR�HQVXUH�GHOLYHU\�DQG�SOD\EDFN�RI�UHDO�WLPH�GDWD���7RJHWKHU��WKHVH�KHDGHUV�DUH�DW�OHDVW����E\WHV�ORQJ���,Q�FRPSDULVRQ��D�*�����
YRFRGHU�XVLQJ����PLOOLVHFRQG�IUDPHV�JHQHUDWHV�D�SD\ORDG�RI����E\WHV�GXULQJ�VSHHFK�DFWLYLW\���7KH�RYHUKHDG�SUREOHP�KDV�EHHQ�
DGGUHVVHG�E\�DQ�,3�8'3�573�KHDGHU�FRPSUHVVLRQ�VFKHPH����ZKLFK�UHGXFHV�WKH�,3�8'3�573�SDFNHW�KHDGHU�WR�WZR�E\WHV�PRVW�
RI�WKH�WLPH�ZKHQ�8'3�FKHFNVXPV�DUH�QRW�XVHG���+RZHYHU��FRPSUHVVLRQ�DQG�GHFRPSUHVVLRQ�PXVW�EH�SHUIRUPHG�RQ�D�OLQN�E\�
OLQN� EDVLV�� UHTXLULQJ� HDFK� HQG� �H�J�� D� URXWHU�� WR� PDLQWDLQ� VDWH� IRU� HDFK� VHVVLRQ�� � 7KH� QHHG� IRU� SHU�IORZ� VWDWH� DQG� SDFNHW�
SURFHVVLQJ�UDLVHV� WKH�VFDODELOLW\�FRQFHUQ� LQ� ODUJH�QHWZRUNV�� �2Q� WKH�RWKHU�KDQG�� LQ�D�ZLUHOHVV�QHWZRUN�� WKH�%6��ZKLFK�DOVR�
IXQFWLRQV�DV�D�URXWHU��PXVW�NHHS�WUDFN�RI�HDFK�DFWLYH�06��L�H��PDLQWDLQ�VWDWH���DQG�WKH�KHDGHU�FRPSUHVVLRQ�VFKHPH�FDQ�UHDGLO\�
EH�DFFRPPRGDWHG���7KH�LQIRUPDWLRQ�JDWKHUHG�GXULQJ�SDFNHW�KHDGHU�SURFHVVLQJ�LV�DOVR�XVHG�E\�WKH�SURSRVHG�VFKHGXOHU��
�

���3$&.(7�6&+('8/,1*�$/*25,7+0�
�
7KH�SDFNHW�VFKHGXOLQJ�SUREOHP�IRU�FRQYHQWLRQDO�ZLUHG�SDFNHW�QHWZRUNV�KDV�EHHQ�WKH�VXEMHFW�RI�QXPHURXV�VWXGLHV�RYHU� WKH�
\HDUV��IRU�D�FRPSUHKHQVLYH�VXUYH\��VHH�=KDQJ¶V�SDSHU������7KHUH�DOVR�KDYH�EHHQ�QXPHURXV�DWWHPSWV�WR�DGDSW�WKH�DOJRULWKPV�
GHYHORSHG�IRU�WKH�ZLUHG�QHWZRUN�WR�WKH�ZLUHOHVV�QHWZRUN�����6XFK�DGDSWDWLRQV�DUH�QHFHVVDU\�GXH�WR�WKH�XQLTXH�SUREOHPV�RI�WKH�
ZLUHOHVV�FKDQQHO�QRW�FRPPRQO\�HQFRXQWHUHG�LQ�WKH�ZLUHG�FKDQQHO���7KH�ZLUHOHVV�FKDQQHO�LV�W\SLFDOO\�PRGHOHG�XVLQJ�D�WZR�
VWDWH�0DUNRY�FKDLQ���7KH�WZR�VWDWHV�FRUUHVSRQG�WR�WKH�³JRRG´�DQG�WKH�³EDG´�FKDQQHO�VWDWHV�IRU�HDFK�06���:KHQ�WKH�FKDQQHO�LV�
JRRG��WKHQ�UHODWLYHO\�HUURU�IUHH�WUDQVPLVVLRQ�FDQ�WDNH�SODFH���+RZHYHU��ZKHQ�WKH�FKDQQHO�LV�EDG��WKHQ�WKH�WUDQVPLVVLRQ�ZRXOG�
OLNHO\�EH�HUURU�SURQH���7KXV��WUDQVPLVVLRQ�LV�DOORZHG�RQO\�WR�WKRVH�06¶V�WKDW�KDYH�WKH�JRRG�FKDQQHO�VWDWH���'LIIHUHQW�VFKHPHV�
GLIIHU� LQ� WKH�ZD\V� RI� NHHSLQJ� WUDFN� DQG� FRPSHQVDWLQJ� WKRVH�06¶V� WKDW�ZHUH� QRW� DEOH� WR� WUDQVPLW� EHFDXVH� RI� WKH� FKDQQHO�
FRQGLWLRQ�� �7KH�PDLQ�SUHPLVH�EHKLQG� WKLV�DSSURDFK� LV� WKDW� WKH�FKDQQHO�JRRGSXW�FDQ�EH� LQFUHDVHG�E\�VZDSSLQJ� WKH�FKDQQHO�
XVDJH�EHWZHHQ�WKH�HUURU�SURQH��WKH�EDG�VWDWH��DQG�HUURU�IUHH��WKH�JRRG�VWDWH��IORZV�VLQFH�WUDQVPLWWLQJ�WR�D�06�ZLWK�WKH�EDG�
FKDQQHO�VWDWH�PRVW�OLNHO\�ZRXOG�UHVXOW�LQ�WKH�SDFNHW�EHLQJ�UHFHLYHG�ZLWK�DQ�HUURU�DQ\ZD\���7KH�WKUHVKROG�EHWZHHQ�WKH�JRRG�
DQG� WKH� EDG� FKDQQHO� VWDWHV�PXVW� EH� FKRVHQ� FDUHIXOO\� DV� LW� FDQ� KDYH� D� ODUJH� HIIHFW� RQ� WKH� SHUIRUPDQFH� RI� WKH� VFKHGXOLQJ�
DOJRULWKP���$OVR��WKH�WKUHVKROG�PD\�KDYH�WR�EH�GLIIHUHQW�IRU�GLIIHUHQW�06¶V�LI�WKH�4R6�UHTXLUHPHQWV�DUH�GLIIHUHQW��
��
7KH� IDVW� WUDQVPLW� SRZHU� FRQWURO� DYDLODEOH� LQ� WKH� 7'0$�&'0$� V\VWHP� XQGHU� FRQVLGHUDWLRQ� FDQ� RYHUFRPH� VRPH� RI� WKH�
GHILFLHQFLHV�DVVRFLDWHG�ZLWK�WKH�WZR�VWDWH�FKDQQHO�PRGHO���,Q�D�W\SLFDO�'6�&'0$�V\VWHP��DOO�DFWLYH�06¶V�XWLOL]H�WKH�HQWLUH�
EDQGZLGWK�FRQFXUUHQWO\���8VLQJ�RUWKRJRQDO�RU�QHDU�RUWKRJRQDO�FRGHV�DOORZV�HDFK�06�WR�VHOHFW�RQO\�LWV�RZQ�VLJQDO�DQG�UHJDUG�
WKH�VLJQDOV�LQWHQGHG�IRU�RWKHU�XVHUV�DV�EDFNJURXQG�QRLVH���7KXV�WKH�WUDQVPLW�SRZHU�DOORFDWHG�WR�HDFK�06�PXVW�EH�FDUHIXOO\�
FRQWUROOHG�� �%HFDXVH�PRUH� WUDQVPLW� SRZHU� FDQ�EH� DOORFDWHG� WR� D�06�H[SHULHQFLQJ�SRRU� HUURU�SURQH� FKDQQHO� FRQGLWLRQ�� WKH�
ILGHOLW\�RI�WKH�FKDQQHO�FDQ�EH�LQFUHDVHG�WR�WKH�GHVLUHG�OHYHO��L�H��WKH�WDUJHW�%(5����+RZHYHU��LQFUHDVLQJ�WKH�WUDQVPLW�SRZHU�WR�
RQO\�RQH�06�GHJUDGHV�WKH�SHUIRUPDQFH�RI�RWKHU�XVHUV�LQ�WKH�VDPH�FHOO���7KXV�WKH�WUDQVPLW�SRZHU�DOORFDWHG�WR�RWKHU�XVHUV�LQ�
WKH�VDPH�FHOO�PXVW�EH�LQFUHDVHG�E\�WKH�VDPH�IDFWRU���%HFDXVH�WKH�DYDLODEOH�WUDQVPLW�SRZHU�DW�WKH�%6�LV�OLPLWHG��WUDQVPLWWLQJ�
RYHU� WKH� SRRU� FKDQQHO� PD\� OLPLW� WKH� QXPEHU� RI� VLPXOWDQHRXV� WUDQVPLVVLRQV� DQG� WKXV� WKH� WRWDO� WKURXJKSXW�� � (YHQ� LI� WKH�
DYDLODEOH�WUDQVPLW�SRZHU�DW�WKH�%6�ZHUH�XQOLPLWHG��LW�FDQQRW�EH�LQFUHDVHG�ZLWKRXW�ERXQG�VLQFH�WKH�LQWHUIHUHQFH�LQ�QHLJKERULQJ�
FHOOV�ZLOO�LQFUHDVH�DQG�FDXVH�GHJUDGDWLRQ�LQ�WKH�6,5¶V�RI�WKH�FRQQHFWLRQV�LQ�WKHVH�FHOOV��
�
&OHDUO\��WR�PD[LPL]H�WKH�RYHUDOO�WKURXJKSXW�RI�WKH�FKDQQHO��WKH�WUDQVPLVVLRQ�VKRXOG�WDNH�SODFH�RQO\�WR�WKRVH�06¶V�ZLWK�JRRG�
FKDQQHO�FRQGLWLRQV���7KLV�PLQLPL]HV�WKH�WUDQVPLW�SRZHU�UHTXLUHG�DW�WKH�%6�VR�WKDW�WKH�PD[LPXP�SRZHU�DYDLODEOH�DW�WKH�%6�LV�
QRW� WKH� WKURXJKSXW�OLPLWLQJ� IDFWRU�� DQG� LW� DOVR� GHFUHDVHV� WKH� LQWHUIHUHQFH� WR� QHLJKERULQJ� FHOOV�� � +RZHYHU�� UHDO�WLPH�
DSSOLFDWLRQV� UHTXLUH� WLPHO\� GHOLYHU\� RI� GDWD� SDFNHWV�� DQG� DOORZLQJ� WUDQVPLVVLRQ� RQO\� WR� WKRVH� 06¶V� ZLWK� JRRG� FKDQQHO�
FRQGLWLRQV�PD\�FDXVH�D�ODUJH�IUDFWLRQ�RI�SDFNHWV�WR�EH�TXHXHG�DW�WKH�%6�DQG�QRW�EH�GHOLYHUHG�LQ�WLPH�IRU�SOD\EDFN���7KLV�LV�WKH�
WUDGHRII� WKDW�PXVW�EH�PDGH�E\� WKH�VFKHGXOHU�� �7KH�VFKHGXOHU�PXVW�GHFLGH�ZKHWKHU� LW� LV�ZRUWKZKLOH� WR� WUDQVPLW�D�SDUWLFXODU�



SDFNHW� WR� WKH� GHVWLQHG�06� HYHQ�ZKHQ� WKH�06� LV� H[SHULHQFLQJ� SRRU� FKDQQHO� FRQGLWLRQ�� WKXV� GHFUHDVLQJ� WKH� LQVWDQWDQHRXV�
FKDQQHO�WKURXJKSXW���,QFUHDVLQJ�WKH�WUDQVPLW�SRZHU�WR�FRPSHQVDWH�IRU�WKH�SRRU�FKDQQHO�FRQGLWLRQ�RI�RQH�RU�PRUH�06¶V�PD\�
SUHYHQW�WKH�GHOLYHU\�RI�RWKHU�SDFNHWV��DQG��FRQYHUVHO\��TXHXLQJ�WKH�SDFNHW�XQWLO�WKH�FKDQQHO�FRQGLWLRQ�LPSURYHV�PD\�UHVXOW�LQ�
WKH�SDFNHW�QRW�EHLQJ�GHOLYHUHG�RQ�WLPH���,Q�WKLV�SDSHU��SHUIHFW�SRZHU�FRQWURO�LV�DVVXPHG��L�H��WKH�IRUZDUG�FKDQQHO�FRQGLWLRQ�IRU�
HDFK�06�LV�DFFXUDWHO\�GHWHUPLQHG�DQG�IHG�EDFN�WR�WKH�%6��DQG�WKH�WUDQVPLW�SRZHU�LV�DGMXVWHG�DFFRUGLQJO\�WR�PHHW�WKH�WDUJHW�
6,5�DW�HDFK�06��
�
7KHUH� DUH� VHYHUDO� FULWHULD� WKDW� FDQ� EH� XVHG� WR� GHVLJQ� DQG� WR� PHDVXUH� WKH� SHUIRUPDQFH� RI� D� SDFNHW� VFKHGXOHU�� LQFOXGLQJ�
WKURXJKSXW��GHOD\��GHOD\�MLWWHU��DQG�SDFNHW� ORVV�UDWH�� �)RU�UHDO�WLPH�DSSOLFDWLRQV��SHUKDSV�WKH�PRVW� LPSRUWDQW�FULWHULRQ�LV� WKH�
SDFNHW� ORVV�UDWH�� L�H�� WKH�SHUFHQWDJH�RI�SDFNHWV� WKDW�DUH�QRW�GHOLYHUHG�FRUUHFWO\� WR� WKH�GHVWLQDWLRQ�E\�WKH�HQG�RI� WKH�SDFNHW¶V�
XVHIXOQHVV��L�H��WKH�GHDGOLQH����3DFNHW�ORVV�FDQ�EH�FDXVHG�E\�UDQGRP�ELW�HUURUV�WKDW�FDQQRW�EH�FRUUHFWHG�DW�WKH�UHFHLYHU��EXIIHU�
RYHUIORZ�DW�DQ\�RI� WKH�URXWHUV� LQ� WKH�SDFNHW¶V�SDWK��RU� WKH�DJJUHJDWH�GHOD\�H[SHULHQFHG�E\�WKH�SDFNHW�EHLQJ�ODUJHU� WKDQ�WKH�
PD[LPXP�WROHUDEOH�GHOD\�RI�WKH�DSSOLFDWLRQ���7KH�ILUVW�IDFWRU�LV�LJQRUHG�LQ�RXU�VLPXODWLRQ�DV�WKH�WDUJHW�6,5�DOUHDG\�DFFRXQWV�
IRU�DQ�DFFHSWDEOH�OHYHO�RI�%(5�DQG�SDFNHW�HUURU�UDWH��3(5����7KH�VHFRQG�IDFWRU�FDQ�EH�LJQRUHG�LI�WKH�EDFNERQH�URXWHUV�SURYLGH�
4R6�JXDUDQWHHV�DSSURSULDWH�IRU�UHDO�WLPH�DSSOLFDWLRQV���7KXV��RQO\�WKH�ODVW�IDFWRU�LV�FRQVLGHUHG�LQ�RXU�ZRUN���7KH�REMHFW�RI�WKH�
SURSRVHG�VFKHGXOHU��WKHQ��LV�WR�GHOLYHU�HDFK�SDFNHW�WR�WKH�GHVWLQDWLRQ�EHIRUH�LWV�GHDGOLQH�ZLWK�DSSURSULDWH�%(5��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\� RI� WKH� SDUWLFXODU� DSSOLFDWLRQ� DQG� PXVW� DFFRXQWV� IRU� VXFK� IDFWRUV� DV� FRGLQJ�GHFRGLQJ� GHOD\��
SURSDJDWLRQ�GHOD\��DQG�TXHXLQJ�GHOD\�RYHU�WKH�QHWZRUN�WKDW�VHUYHV�WKH�%6���$�WUDGLWLRQDO�GHDGOLQH�EDVHG�VFKHGXOLQJ�DOJRULWKP�
XVHV�D�GHDGOLQH� WKDW� LV� FDOFXODWHG�D�SULRUL�� L�H��ZKHQ�D�SDFNHW� DUULYHV�DW� WKH� VFKHGXOHU�� D�SUH�GHWHUPLQHG�DPRXQW�RI� WLPH� LV�
DGGHG�WR�WKH�DUULYDO�WLPH�WR�FDOFXODWH�WKH�GHDGOLQH�� �7KH�GHDGOLQH��WKXV��KDV�YHU\�OLWWOH�WR�GR�ZLWK�WKH�³UHDO´�GHDGOLQH�RI�WKH�
SDFNHW�� � ,Q� WKH� SURSRVHG� SDFNHW� VFKHGXOLQJ� SROLF\�� WKH� ³UHDO´� GHDGOLQH� RI� HDFK� SDFNHW� LV� DVVXPHG� WR� EH� NQRZQ�RU� FDQ� EH�
HVWLPDWHG�ZLWK�UHDVRQDEOH�DFFXUDF\���7LPHVWDPSV�DUH�FRPPRQO\�XVHG�LQ�WUDQVSRUWLQJ�UHDO�WLPH�GDWD��SULPDULO\�IRU�LQWUD��DQG�
LQWHU�PHGLD�V\QFKURQL]DWLRQ��H�J��573�KHDGHU�KDV�D�ILHOG�IRU�WLPHVWDPS����%\�V\QFKURQL]LQJ�WKH�FORFNV�DW�WKH�VHQGHU�DQG�WKH�
UHFHLYHU��LQFOXGLQJ�WKH�%6�LQ�WKLV�FDVH��XVLQJ�H�J��*36��WKH�GHDGOLQH�RI�HDFK�UHDO�WLPH�SDFNHW�FDQ�EH�GHWHUPLQHG���6LQFH�WKH�
%6� IXQFWLRQV� DV� WKH� ODVW� KRS� URXWHU� LQ� WKH� ZLUHOHVV� ,3� QHWZRUN�� WKH� %6� SHUIRUPV� WKH� ,3�8'3�573� KHDGHU� FRPSUHVVLRQ���
&DOFXODWLRQ�RI�GHDGOLQH�IRU�HDFK�SDFNHW�UHTXLUHV�RQO\�D�VPDOO�DGGLWLRQDO�HIIRUW�LI�KHDGHU�FRPSUHVVLRQ�LV�SHUIRUPHG��
�
7KH�SURSRVHG�VFKHGXOLQJ�DOJRULWKP�LV�EDVHG�RQ�WKH�HDUOLHVW�GHDGOLQH�ILUVW��(')��SROLF\���%HFDXVH�SDFNHW�OHQJWKV�DUH�YDULDEOH�
DQG�GLIIHUHQW�06¶V�FDQ�KDYH�GLIIHUHQW�PD[LPXP�WUDQVPLVVLRQ�UDWHV��WKH�GHDGOLQH�IRU�HDFK�SDFNHW�LV�QRUPDOL]HG�E\�FDOFXODWLQJ�
D�SULRULW\�PHWULF�)���)�RI�SDFNHW�L�DW�WLPH�W�LV�GHILQHG�LQ�WKH�IROORZLQJ�ZD\����
�
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ZKHUH�/L� LV� WKH� �UHPDLQLQJ�� OHQJWK� RI� SDFNHW� L��0L� LV� WKH�PD[LPXP� WUDQVPLVVLRQ� UDWH� RI� WKH� GHVWLQHG�06��5L� LV� WKH� WLPH�
UHPDLQLQJ� XQWLO� WKH� GHDGOLQH� RI� SDFNHW� L�� DQG� W� LV� WKH� OHQJWK� RI� D� WLPH� VORW�� � /RQJHU� SDFNHWV�PD\� UHTXLUH� VHYHUDO� VORWV� WR�
WUDQVPLW�FRPSOHWHO\��DQG�)�FRUUHVSRQGV�WR�WKH�IUDFWLRQ�RI�UHPDLQLQJ�VORWV��EHIRUH�WKH�GHDGOLQH��LQ�ZKLFK�WKH�SDFNHW�PXVW�EH�
WUDQVPLWWHG�ZLWK�UDWH�5L�WR�PHHW�WKH�GHDGOLQH���1RWH�WKDW�LI�)�LV�JUHDWHU�WKDQ����WKHQ�WKH�SDFNHW�FDQQRW�EH�GHOLYHUHG�EHIRUH�LWV�
GHDGOLQH�DQG�WKXV�LV�GURSSHG�DW�WKH�%6�UDWKHU�WKDQ�EHLQJ�GHOLYHUHG�WR�WKH�06�EHODWHGO\���,I�)�HTXDOV����WKHQ�WKH�SDFNHW�PXVW�EH�
WUDQVPLWWHG�LQ�HYHU\�VORW�XQWLO�WKH�SDFNHW�LV�FRPSOHWHO\�WUDQVPLWWHG�LQ�RUGHU�WR�PHHW�WKH�GHDGOLQH���,Q�HDFK�VORW��WKH�VFKHGXOHU�
FDOFXODWHV�)� RI� HDFK�SDFNHW� DQG� VFKHGXOHV� SDFNHWV� LQ� GHFUHDVLQJ�RUGHU� RI�)�� �+RZHYHU�� EHIRUH� D� SDFNHW� LV� DOORZHG� WR� EH�
VFKHGXOHG� IRU� WUDQVPLVVLRQ�� ERWK� WKH� LQWUD�� DQG� LQWHU�FHOO� LQWHUIHUHQFH� UHTXLUHPHQWV�PXVW� EH�PHW�� � 7KH�PD[LPXP� WUDQVPLW�
SRZHU� DYDLODEOH� DW� WKH� %6�� DQG� WKH� QHHG� WR� SUHYHQW� H[FHVVLYH� LQWHU�FHOO� LQWHUIHUHQFH� OLPLW� WKH� PD[LPXP� QXPEHU� RI�
VLPXOWDQHRXV�WUDQVPLVVLRQV�LQ�HDFK�VORW���7KH\�FDQ�EH�TXDQWLILHG�XVLQJ�(TXDWLRQV�����DQG�����EHORZ��
�
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(TXDWLRQ�����PXVW�EH�VDWLVILHG�IRU�HDFK�06�LQ�WKH�FHOO�IRU�HDFK�FRQQHFWLRQ�WR�PHHW�WKH�GHVLUHG�OHYHO�RI�6,5���:�LV�WKH�FKLS�UDWH��
5L� LV� WKH� LQIRUPDWLRQ� UDWH��3L� LV� WKH� WUDQVPLW� SRZHU� DOORFDWHG� WR�06� L�� DQG�K� LV� WKH�PLQLPXP� FKDQQHO� JDLQ� DPRQJ�06¶V�



VFKHGXOHG�IRU�WUDQVPLVVLRQ�LQ�WKH�VORW���6HWWLQJ�D�OLPLW�RQ�WKH�WRWDO�WUDQVPLW�SRZHU�E\�WKH�%6�FRQWUROV�WKH�DPRXQW�RI�LQWHU�FHOO�
LQWHUIHUHQFH��(TXDWLRQ������� �7KH�PD[LPXP�DJJUHJDWH�WUDQVPLW�SRZHU��,��� LV�GHWHUPLQHG�D�SULRUL�E\�WKH�QHWZRUN�RSHUDWRU�WR�
VDWLVI\� WKH� %(5� UHTXLUHPHQWV� RI� D� FHUWDLQ� SHUFHQWDJHV� RI�06¶V� LQ� WKH� FHOO� ����� LQ� RXU� VLPXODWLRQ��� � ,I� FRQGLWLRQ� ���� LV�
YLRODWHG�� WKHQ� H[FHVVLYH� LQWHU�FHOO� LQWHUIHUHQFH� ZLOO� EH� JHQHUDWHG�� DQG� WKH� SHUIRUPDQFH� RI�06¶V� LQ� QHLJKERULQJ� FHOOV� ZLOO�
GHJUDGH�� �,I� WKH�QHLJKERULQJ�%6¶V�DUH�DOORZHG�WR�H[FKDQJH� LQIRUPDWLRQ�UHJDUGLQJ� WKH�VWDWXV�RI�TXHXHG�SDFNHWV�DW�HDFK�%6��
WKHQ�LW�LV�SRVVLEOH�WR�G\QDPLFDOO\�DGMXVW�,��VR�WKDW�WKH�OLPLWDWLRQ�LQ�(TXDWLRQ�����LV�PRUH�UHOD[HG���:H�ZLOO�VHH�ODWHU�WKDW�WKLV�
UHVXOWV�LQ�LPSURYHG�SHUIRUPDQFH��
�
,Q�FRQWUDVW�WR�SUHYLRXV�ZRUNV�RQ�SDFNHW�VFKHGXOLQJ�RYHU�WKH�ZLUHOHVV�QHWZRUN��SDFNHWV�DUH�DOORZHG�WR�EH�WUDQVPLWWHG�WR�06¶V�
ZLWK�SRRU�FKDQQHO�FRQGLWLRQV�XQGHU�FHUWDLQ�FRQGLWLRQV�� �5HFDOO� WKDW� WUDQVPLWWLQJ� WR�D�06�ZLWK�SRRU�FKDQQHO�FRQGLWLRQ�PD\�
UHGXFH�WKH�RYHUDOO�WKURXJKSXW�RI�WKH�FKDQQHO���7KXV��LI�D�SDFNHW�LV�QRW�FRQVLGHUHG�XUJHQW��L�H��)�RI�WKH�SDFNHW�LV�OHVV�WKDQ�VRPH�
WKUHVKROG���WKH�VFKHGXOHU�PD\�GHOD\�WKH�WUDQVPLVVLRQ�RI�WKH�SDFNHW�XQWLO�WKH�QH[W�HSRFK�DW�ZKLFK�WLPH�WKH�FKDQQHO�FRQGLWLRQ�RI�
WKH� GHVWLQHG�06� PD\� KDYH� LPSURYHG�� � ,Q� WKH� PHDQ� WLPH�� E\� UHIUDLQLQJ� IURP� WUDQVPLWWLQJ� WR� WKH�06� ZLWK� SRRU� FKDQQHO�
FRQGLWLRQ��PRUH�SDFNHWV�PD\�EH�WUDQVPLWWHG�XWLOL]LQJ�WKH�VDPH�DPRXQW�RI�SRZHU���+RZHYHU��LI�WKH�SDFNHW�LV�FRQVLGHUHG�XUJHQW�
�L�H��)�LV�JUHDWHU�WKDQ�WKH�WKUHVKROG���WKH�SDFNHW�LV�WUDQVPLWWHG�ZLWK�DSSURSULDWHO\�KLJK�WUDQVPLW�SRZHU�GHVSLWH�WKH�IDFW�WKDW�LW�
XVHV� D� GLVSURSRUWLRQDWHO\� ODUJH� DPRXQW� RI� WUDQVPLVVLRQ� UHVRXUFH�� � 7KH� WKUHVKROG� WKDW� GHWHUPLQHV� WKH� GHFLVLRQ� LV� GHQRWHG�
35,2B7+5(6+2/'��
��

���6,08/$7,21�5(68/76�
�
7KH�SHUIRUPDQFH�RI�WKH�SURSRVHG�SDFNHW�VFKHGXOHU�ZDV�HYDOXDWHG�XVLQJ�FRPSXWHU�VLPXODWLRQ���2QO\�WKH�VFKHGXOLQJ�RI�UHDO�
WLPH� SDFNHWV� �VSHFLILFDOO\� YRLFH� DQG� YLGHRFRQIHUHQFLQJ� WUDIILF�� LV� VWXGLHG� LQ� WKLV� SDSHU�� �2WKHU� LVVXHV�� VXFK� DV� IDLU� XVH� RI�
XQXVHG�EDQGZLGWK�DQG�DGPLVVLRQ�FRQWURO��ZLOO�EH�DGGUHVVHG�LQ�IXWXUH�ZRUN���)RU�WKH�SXUSRVHV�RI�WKLV�VWXG\��WKH�EDQGZLGWK�DQG�
SRZHU�DOORFDWHG�WR�WKH�UHDO�WLPH�WUDIILF�LV�DVVXPHG�WR�EH�IL[HG���7KH�IROORZLQJ�V\VWHP�SDUDPHWHUV�ZHUH�XVHG�LQ�WKH�VLPXODWLRQ����
�
7DEOH����3DUDPHWHUV�DQG�WKHLU�YDOXHV�XVHG�LQ�WKH�VLPXODWLRQ�
,WHP� 9DOXH�
&DUULHU�IUHTXHQF\� ��*+]�
&KLS�UDWH� �����������0FSV�
)UDPH�OHQJWK� ���PV�
6ORW�OHQJWK� ������PV�
'LVWDQFH�ORVV�H[SRQHQW� ����
V�RI�VKDGRZ�IDGLQJ� ��G%�
&HOO�UDGLXV� �����P�
&RQYROXWLRQDO�FRGH�UDWH� ��������������
0D[�WUDQVPLVVLRQ�UDWH�IRU�YRLFH�WHUPLQDO�� ����NESV�
0D[�WUDQVPLVVLRQ�UDWH�IRU�YLGHR�WHUPLQDO�� ����NESV�
$YJ�ELW�UDWH�RI�YRLFH�FDOO� ��NESV�
$YJ�ELW�UDWH�RI�YLGHRFRQIHUHQFLQJ�FDOO�� �����NESV�
�
%RWK�YRLFH�WUDIILF�DQG�YLGHRFRQIHUHQFLQJ�WUDIILF�ZHUH�PRGHOHG�DV�0DUNRY�PRGXODWHG�VWRFKDVWLF�SURFHVVHV���7KH�YRLFH�WUDIILF�
PRGHOHG� WKH� WUDIILF� JHQHUDWHG� IURP� D� *����� YRFRGHU� ZLWK� YRLFH� DFWLYLW\� GHWHFWLRQ�� � 7KH� YLGHRFRQIHUHQFLQJ� WUDIILF� ZDV�
PRGHOHG�DIWHU�D�YDULDEOH�ELW�UDWH��9%5��+�����HQFRGHU���7KH�SDFNHW�DUULYDO�VWDWLVWLFV�DW�WKH�%6�ZHUH�GHULYHG�E\�VLPXODWLQJ�DQ�
,3�3UHPLXP�6HUYLFH�XWLOL]LQJ�()�3+%��XVLQJ�D�QRQ�SUHHPSWLYH�SULRULW\�TXHXH����,3�8'3�573�KHDGHU�FRPSUHVVLRQ�ZDV�XVHG�
RYHU�WKH�ZLUHOHVV�OLQN���7KH�ZLUHOHVV�FKDQQHO�PRGHO�LQFRUSRUDWHG�GLVWDQFH�DWWHQXDWLRQ��VKDGRZ�IDGLQJ��DQG�5D\OHLJK�IDGLQJ���
�
7KH� SHUIRUPDQFH� RI� WKH� SURSRVHG� VFKHGXOHU� ZDV� VLPXODWHG� XQGHU�PRGHUDWHO\� KHDY\� WUDIILF� ORDGV�� � 7KH� SHUIRUPDQFH� ZDV�
LQLWLDOO\�FRPSDUHG�WR�D�ILUVW�FRPH�ILUVW�VHUYH��)&)6��VFKHGXOHU�ZKLFK�DSSUR[LPDWHV�WKH�FRPPRQ�DSSURDFK�RI�DJJUHJDWLQJ�DOO�
UHDO�WLPH�SDFNHWV�LQWR�D�VLQJOH�TXHXH�DQG�VHUYLFLQJ�LW�LQ�WKH�RUGHU�RI�DUULYDO���7KH�)&)6�VFKHGXOHU�SHUIRUPHG�UHDVRQDEO\�ZHOO�
FRPSDUHG�WR�WKH�SURSRVHG�SULRULW\�EDVHG�VFKHGXOHU�ZKHQ�UHDO�WLPH�WUDIILF�FRQVLVWHG�RQO\�RI�YRLFH�FDOOV��)LJXUH������+RZHYHU��
DV�PXFK�EXUVWLHU�9%5�YLGHRFRQIHUHQFLQJ�WUDIILF�ZDV�LQWURGXFHG��WKH�)&)6�VFKHGXOHU�EHJDQ�WR�XQGHU�SHUIRUP��)LJXUH������7KH�
35,2B7+5(6+2/'�IRU�WKH�DERYH�FDVHV�KDV�EHHQ�VHW�WR����L�H��SDFNHWV�DUH�WUDQVPLWWHG�HYHQ�RYHU�SRRU�FKDQQHO�FRQGLWLRQV����
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�
,Q�)LJXUH����WKH�ODWH�SDFNHW�SUREDELOLW\�LV�SORWWHG�DV�D�IXQFWLRQ�RI�
35,2B7+5(6+2/'�ZLWK�06¶V�PRYLQJ�DW�GLIIHUHQW�VSHHGV���,I�)�
RI� WKH� SDFNHW�ZDV� JUHDWHU� WKDQ� 35,2B7+5(6+2/'�� WKH� SDFNHW�
ZDV� WUDQVPLWWHG� HYHQ� RYHU� SRRU� FKDQQHO�� GHFUHDVLQJ� WKH�
WKURXJKSXW�RI� WKH�FKDQQHO�DV�D�FRQVHTXHQFH�� �)URP�)LJXUH����ZH�
VHH�WKDW�WKH�06�VSHHG�GRHV�QRW�LPSDFW�WKH�SHUIRUPDQFH�DV�PXFK���
7KH� ODWH� SDFNHW� SUREDELOLW\� UHDFKHG� WKH� PLQLPXP� DURXQG� WKH�
35,2B7+5(6+2/'�YDOXH�RI������ IRU�ERWK�VSHHGV�VKRZQ�� �7KH�
VLPLODULW\�PD\�EH�GXH� WR� WKH� IDFW� WKDW� WKH�DYHUDJH� IDGH�GXUDWLRQV�
IRU�GLIIHUHQW�06� VSHHGV�ZHUH� VKRUWHU� WKDQ� WKH� W\SLFDO� DPRXQW�RI�
WLPH� D� SDFNHW� VSHQGV� LQ� WKH� %6� TXHXH�� � 7KXV�� WKH� IDGLQJ�
FKDUDFWHULVWLFV�DSSHDU�VWDWLVWLFDOO\�VLPLODU�RYHU�WKH�GXUDWLRQ�RI�WKH�
SDFNHW¶V� H[LVWHQFH� DW� WKH�%6�� � 6LPXODWLRQV�ZHUH� SHUIRUPHG�ZLWK�
WZR� GLIIHUHQW� YDOXHV� RI� FKDQQHO� EDQGZLGWK� ������0+]� DQG� �����
0+]����,QFUHDVHG�VWDWLVWLFDO�PXOWLSOH[LQJ�SRVVLELOLW\�LQWURGXFHG�E\�
WKH� ZLGHU� EDQGZLGWK� �DQG� FRUUHVSRQGLQJO\� ODUJHU� QXPEHU� RI�
IORZV�� GLG� QRW� UHVXOW� LQ� LPSURYHG� SHUIRUPDQFH� IRU� )&)6�
VFKHGXOHU�� � +RZHYHU�� VLPLODUO\� FRQVLGHUDEOH� SHUIRUPDQFH�
LPSURYHPHQW� �L�H�� UHGXFHG� ODWH� SDFNHW� SUREDELOLW\��ZDV� REVHUYHG�
ZKHQ�WKH�SURSRVHG�VFKHGXOLQJ�DOJRULWKP�ZDV�XVHG��
�
$V�SUHYLRXVO\�QRWHG��LI�QHLJKERULQJ�%6¶V�DUH�DOORZHG�WR�H[FKDQJH�LQIRUPDWLRQ�UHJDUGLQJ�WKH�SDFNHWV�TXHXHG�DW�HDFK�%6��LW�LV�
SRVVLEOH�WR�G\QDPLFDOO\�DGMXVW�,��VR�WKDW�WKH�OLPLWDWLRQ�LQ�(TXDWLRQ�����LV�PRUH�UHOD[HG���7KXV��PRUH�XUJHQW�SDFNHWV�LQ�RQH�FHOO�
FDQ�EH�VHUYLFHG�E\�UHGXFLQJ�WKH�DPRXQW�RI�WUDIILF�RYHU�WKH�ZLUHOHVV�FKDQQHO�LQ�QHLJKERULQJ�FHOOV���7KLV�VFHQDULR�ZDV�VLPXODWHG�
XVLQJ�D���FHOO�FRQILJXUDWLRQ�� �)LJXUH���VKRZV� WKH� LPSURYHPHQW� LQ�FDSDFLW\�ZKHQ�VXFK�D�VFKHPH� LV�XVHG�� �&DSDFLW\�KHUH� LV�
GHILQHG� DV� WKH� PD[LPXP� QXPEHU� RI� YRLFH� FDOOV� LQ� ZKLFK� ODWH� SDFNHW� SUREDELOLW\� LV� OHVV� WKDQ� RU� HTXDO� WR� ������ � 7KH�
LPSURYHPHQW�LQ�FDSDFLW\�VDWXUDWHV�UDWKHU�TXLFNO\�DV�WKH�ORDG�LQ�WKH�QHLJKERULQJ�FHOO�GHFUHDVHV�WR�����VLQFH�DW�WKLV�SRLQW��WKH�
FDSDFLW\� LV�QR�ORQJHU� OLPLWHG�E\� LQWHU�FHOO� LQWHUIHUHQFH�EXW�UDWKHU�E\� LQWUD�FHOO� LQWHUIHUHQFH�� �7KLV�SRLQW� LV�FRQWUROOHG�E\� WKH�
PD[LPXP�YDOXH�RI�,��LQ�(TXDWLRQ�������,I�LW�LV�NQRZQ�WKDW�QHLJKERULQJ�%6¶V�FDQ�VKDUH�LQIRUPDWLRQ��WKHQ�WKH�PD[LPXP�YDOXH�RI�
,��FDQ�EH�LQFUHDVHG�WR�WDNH�EHWWHU�DGYDQWDJH�RI�ORZHU�ORDGV�LQ�QHLJKERULQJ�FHOOV����
�
$OWKRXJK�QRW�H[SOLFLWO\�FRQVLGHUHG� LQ� WKH�GHVLJQ�RI� WKH� VFKHGXOHU�� DQRWKHU� LPSRUWDQW�SHUIRUPDQFH�PHWULF� LV� WKH� IDLUQHVV�RI�
VHUYLFH�DPRQJ�WKH�06¶V���%HFDXVH�SURSDJDWLRQ�ORVVHV�FDQ�YDU\�VHYHUDO�RUGHUV�RI�PDJQLWXGH�DPRQJ�WKH�06¶V�LQ�WKH�VDPH�FHOO��
D�06�IDUWKHU�DZD\�IURP�WKH�%6�LV�PRUH�OLNHO\�WR�EH�LQ�SRRU�FKDQQHO��L�H��PRUH�WUDQVPLW�SRZHU�LV�QHHGHG�WR�DFKLHYH�WKH�GHVLUHG�
OHYHO� RI� 6,5�� � )LJXUH� �� VKRZV� WKH� FXPXODWLYH� GLVWULEXWLRQ� IXQFWLRQ� RI� WKH� ODWH� SDFNHW� SUREDELOLW\�� � ,W� VKRZV� WKDW� ZLWK�
35,2B7+5(6+2/'� HTXDO� WR� ����� ���� RI� 06¶V� H[SHULHQFHG� ODWH� SDFNHW� SUREDELOLW\� OHVV� WKDQ� ������ �u � ZKLOH� ZLWK�
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�
$� VFKHGXOLQJ� DOJRULWKP� GHVLJQHG� WR� VXSSRUW� UHDO�WLPH� WUDIILF� RYHU� WKH�ZLUHOHVV� OLQN� LQ� D�ZLUHOHVV� ,3� FHOOXODU� QHWZRUN�ZDV�
SUHVHQWHG� LQ� WKLV� SDSHU�� � 7KH�ZLUHOHVV� OLQN�ZDV� DVVXPHG� WR� EH� WKH� ODVW� KRS� RI� DQ� HQG�WR�HQG� ,3� QHWZRUN�� � 7KH� UHDO�WLPH�
DSSOLFDWLRQV�ZHUH�VXSSRUWHG�XVLQJ�573�RYHU�8'3�,3���)DVW�WUDQVPLW�SRZHU�FRQWURO�RI�D�K\EULG�7'0$�&'0$�SK\VLFDO�GDWD�
OLQN� OD\HUV� ZDV� XVHG� LQ� FRQMXQFWLRQ� ZLWK� WKH� WLPH� LQIRUPDWLRQ� DYDLODEOH� IURP� 573� DQG� 57&3� OD\HU� WR� GHVLJQ� D� GDWD�
OLQN�QHWZRUN� OD\HU� SDFNHW� VFKHGXOLQJ� DOJRULWKP� DSSURSULDWH� IRU� UHDO�WLPH� WUDIILF�� � ([SORLWLQJ� LQIRUPDWLRQ� DYDLODEOH� IURP� D�
PXOWLWXGH�RI�SURWRFRO� OD\HUV�� D� SDFNHW� VFKHGXOLQJ� DOJRULWKP�ZLWK�PXFK� LPSURYHG�SHUIRUPDQFH�RYHU�)&)6� VFKHGXOLQJ�ZDV�
GHVLJQHG���2XU�VFKHGXOLQJ�DOJRULWKP�LV�DOVR�HDVLO\�DEOH�WR�WDNH�DGYDQWDJH�RI�ORZHU�ORDGV�LQ�QHLJKERULQJ�FHOOV�XVLQJ�D�VLPSOH�
PHWULF�� �$V� WKH�GHPDQG� IRU�PXOWLPHGLD� VHUYLFHV�RYHU�PRELOH�ZLUHOHVV�QHWZRUNV� FRQWLQXHV� WR�JURZ�� LW�ZLOO� EH� LPSRUWDQW� WR�
XWLOL]H�DOJRULWKPV�WKDW�MRLQWO\�FRQVLGHU�DQG�H[SORLW�DOO�DYDLODEOH�LQIRUPDWLRQ��HYHQ�IURP�GLIIHUHQW�OD\HUV�RI�WKH�SURWRFRO�VWDFN��
WR�PRUH�HIILFLHQWO\�XWLOL]H�WKH�OLPLWHG�UHVRXUFHV��
�
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���� 5��5DPMHH��7��)��/D�3RUWD��/��6DOJDUHOOL��6��7KXHO��.��9DUDGKDQ��DQG�/��/L��³,3�%DVHG�$FFHVV�1HWZRUN�,QIUDVWUXFWXUH�

IRU�1H[W�*HQHUDWLRQ�:LUHOHVV�'DWD�1HWZRUNV�´�,(((�3HUVRQDO�&RPPXQLFDWLRQV�����SS���������������
��� -��:URFODZVNL��³7KH�8VH�RI�5693�ZLWK�,(7)�,QWHJUDWHG�6HUYLFHV�´�,(7)�5)&�������6HSWHPEHU�������
��� 7�� 2MDQSHUl� DQG� 5�� 3UDVDG�� ³$Q� 2YHUYLHZ� RI� $LU� LQWHUIDFH� 0XOWLSOH� $FFHVV� IRU� 8076�,07������´� ,(((�

&RPPXQLFDWLRQ�0DJD]LQH������SS���������������
��� '��1��.QLVHO\�� 6��.XPDU�� 6��/DKD�� DQG�6��1DQGD�� ³(YROXWLRQ� RI�:LUHOHVV�'DWD� 6HUYLFHV�� ,6���� WR�&'0$�����´�

,(((�&RPPXQLFDWLRQ�0DJD]LQH������SS���������������
��� 3�� %HQGHU�� 3�� %ODFN�� 0�� *URE�� 5�� 3DGRYDQL�� 1�� 6LQGKXVKD\DQD�� DQG� $�� 9LWHUEL�� ³&'0$�+'5�� $� %DQGZLGWK�

(IILFLHQW�+LJK�6SHHG�:LUHOHVV�'DWD�6HUYLFH� IRU�1RPDGLF�8VHUV�´� ,(((�&RPPXQLFDWLRQV�0DJD]LQH������SS��������
������

��� +��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$Q�([SHGLWHG�)RUZDUGLQJ�3+%�´�,(7)�5)&�������
��� 6��1DGDV��/��/L��DQG�9��3HULV��³,%0�'LIIVHUY�,PSOHPHQWDWLRQ�([SHULPHQWV�´�,QWHUQHW�'UDIW��-XQH�������
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&HOOXODU�&'0$�6\VWHP�´�,(((�7UDQVDFWLRQ�RQ�9HKLFXODU�7HFKQRORJ\�������SS����������������
���� /��&��<XQ�DQG�'��*��0HVVHUVFKPLWW��³3RZHU�&RQWURO�IRU�9DULDEOH�426�RQ�D�&'0$�&KDQQHO�´� LQ�3URFHHGLQJV�RI�
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���� -��7��:X�DQG�(��*HUDQLRWLV��³3RZHU�&RQWURO�LQ�0XOWLPHGLD�&'0$�1HWZRUNV�´�LQ�3URFHHGLQJV�RI�97&¶����SS������

����&KLFDJR��,/��������
����� (�� %UDQG� DQG� $�� +DPLG� $JKYDPL�� ³0XOWLGLPHQVLRQDO� 350$� ZLWK� 3ULRULWL]HG� %D\HVLDQ� %URDGFDVW� ±� $� 0$&�

6WUDWHJ\�IRU�0XOWLVHUYLFH�7UDIILF�RYHU�8076�´�,(((�7UDQVDFWLRQV�RQ�9HKLFXODU�7HFKQRORJ\������SS�����������������
����� 7��2MDQSHUl��³)5$0(6�±�+\EULG�0XOWLSOH�$FFHVV�7HFKQRORJ\�´�LQ�3URFHHGLQJV�RI�,6667$�¶����SS���������0DLQ]��
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���� &��/�� ,� DQG� .�� .�� 6DEQDQL�� ³9DULDEOH� 6SUHDGLQJ� *DLQ� &'0$� ZLWK� $GDSWLYH� &RQWURO� IRU� ,QWHJUDWHG� 7UDIILF� LQ�

:LUHOHVV�1HWZRUNV�´�LQ�3URFHHGLQJV�RI�97&¶����SS���������&KLFDJR��,/��������
���� &��/�� ,� DQG�5��'��*LWOLQ�� ³0XOWL�&RGH�&'0$�:LUHOHVV� 3HUVRQDO�&RPPXQLFDWLRQV�1HWZRUNV�´� LQ�3URFHHGLQJV� RI�

,&&¶����SS����������6HDWWOH��:$��������
���� 6��&DVQHU� DQG�9�� -DFREVRQ�� ³&RPSUHVVLQJ� ,3�8'3�573�+HDGHUV� IRU�/RZ�6SHHG�6HULDO�/LQNV�´� ,(7)�5)&�������

)HEUXDU\�������
���� +��=KDQJ��³6HUYLFH�'LVFLSOLQHV�IRU�*XDUDQWHHG�3HUIRUPDQFH�6HUYLFH�LQ�3DFNHW�6ZLWFKLQJ�1HWZRUNV�´�3URFHHGLQJV�RI�

WKH�,(((������SS����������������
���� 9��%KDUJKDYDQ��6��/X�� DQG�7��1DQGDJRSDO�� ³)DLU�4XHXLQJ� LQ�:LUHOHVV�1HWZRUNV�� ,VVXHV� DQG�$SSURDFKHV�´� ,(((�

3HUVRQDO�&RPPXQLFDWLRQV�����SS����������������


