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,1752'8&7,210XOWLFDVWLQJ�UHIHUV�WR�WKH�WUDQVPLVVLRQ�RI�GDWD�IURP�RQH�QRGH��VRXUFH�QRGH��WR�D�VHOHFWHG� JURXS� RI� QRGHV� �PHPEHU� QRGHV� RU� GHVWLQDWLRQ� QRGHV�� LQ� D� FRPPXQLFDWLRQ�QHWZRUN�� ,QVWHDG� RI� VHQGLQJ� D� VHSDUDWH� FRS\� RI� WKH� GDWD� WR� HDFK� LQGLYLGXDO� JURXS�PHPEHU�� D� PXOWLFDVW� VRXUFH� VHQGV� D� VLQJOH� FRS\� WR� DOO� WKH� PHPEHUV�� $Q� XQGHUO\LQJ�PXOWLFDVW� URXWLQJ�DOJRULWKP�GHWHUPLQHV��ZLWK� UHVSHFW� WR�FHUWDLQ�RSWLPL]DWLRQ�REMHFWLYH��D�PXOWLFDVW�WUHH�FRQQHFWLQJ�WKH�VRXUFH�V��DQG�WKH�JURXS�PHPEHUV��'DWD�JHQHUDWHG�E\�WKH�VRXUFH� IORZV� WKURXJK� WKH�PXOWLFDVW� WUHH�� WUDYHUVLQJ� HDFK� WUHH� HGJH� H[DFWO\� RQFH��$V� D�UHVXOW�� PXOWLFDVW� LV�PRUH� UHVRXUFH� HIILFLHQW�� DQG� LV�ZHOO� VXLWHG� IRU� DSSOLFDWLRQV� VXFK� DV�YLGHR�GLVWULEXWLRQ��0XOWLFDVW�VHUYLFHV�KDYH�EHHQ�LQFUHDVLQJO\�XVHG�E\ YDULRXV�FRQWLQXRXV�PHGLD� DSSOLFDWLRQV�� )RU� H[DPSOH�� WKH�PXOWLFDVW� EDFNERQH� �0ERQH�� RI� WKH� ,QWHUQHW� KDV�EHHQ�XVHG�WR�WUDQVSRUW�UHDO�WLPH�DXGLR�DQG�YLGHR�IRU�QHZV��HQWHUWDLQPHQW��DQG�GLVWDQFH�OHDUQLQJ�� :LWK� IDVW� GHYHORSPHQW� RI� KDUGZDUH� WHFKQRORJLHV�� FRPPHUFLDOL]DWLRQ� RI� WKH�,QWHUQHW�� DV� ZHOO� DV� WKH� LQFUHDVLQJ� GHPDQG� RI� TXDOLW\�RI�VHUYLFHV� �4R6�� IXHOHG� E\�HPHUJLQJ�FRQWLQXRXV�PHGLD�DSSOLFDWLRQV��RIIHULQJ�JXDUDQWHHG�DQG�EHWWHU�WKDQ�EHVW�HIIRUW�VHUYLFHV�ZLOO�DGG�WR�WKH�FRPSHWLWLYH�HGJH�RI�D�VXFFHVVIXO�VHUYLFH�SURYLGHU��7KH�QRWLRQ�RI�4R6� ZDV� SURSRVHG� WR� FDSWXUH� WKH� TXDOLWDWLYHO\� RU� TXDQWLWDWLYHO\� GHILQHG� SHUIRUPDQFH�FRQWUDFW� EHWZHHQ� WKH� VHUYLFH� SURYLGHU� DQG� WKH� XVHU� DSSOLFDWLRQV�� 4R6� SURYLVLRQLQJ�HQWDLOV� WKH�GHYHORSPHQW�RI�VHYHUDO�HVVHQWLDO� WHFKQLTXHV�� L�H��GHILQLWLRQ�DQG�VSHFLILFDWLRQ�RI� 4R6�� GHVLJQ� RI� 4R6�GULYHQ� �RU� WHUPHG� HOVHZKHUH� FRQVWUDLQHG�EDVHG�� XQLFDVW��PXOWLFDVW� URXWLQJ� SURWRFROV�� SDFNHW� VFKHGXOLQJ� DOJRULWKPV� IRU� OLQN� VKDULQJ�� DV� ZHOO� DV�UHVRXUFH�UHVHUYDWLRQ�DQG�PDQDJHPHQW��,Q� JHQHUDO�� D� PXOWLFDVW� FRPPXQLFDWLRQ� VHVVLRQ� LQYROYHV� PXOWLSOH� VRXUFHV�WUDQVPLWWLQJ� WR� PXOWLSOH� GHVWLQDWLRQV�� 7KLV� LV� WKH� PDQ\�WR�PDQ\� PXOWLFDVWLQJ� SUREOHP��9LGHRFRQIHUHQFLQJ� LV� DQ� REYLRXV� H[DPSOH� RI� DQ� DSSOLFDWLRQ� LQYROYLQJ�PXOWLSOH� VRXUFHV�DQG�PXOWLSOH� UHFHLYHUV�� 7KH� RQH�WR�PDQ\�PXOWLFDVWLQJ�SUREOHP� LV�D� VSHFLDO� FDVH�RI� WKH�PDQ\�WR�PDQ\� SUREOHP�� LQ� ZKLFK� WKH� PXOWLFDVW� VHVVLRQ� LQYROYHV� RQO\� RQH� VRXUFH�� $Q�



�
H[DPSOH� RI� RQH�WR�PDQ\� FRPPXQLFDWLRQ� LV� UHDO�WLPH� FRQWURO� DSSOLFDWLRQ� LQ� ZKLFK� D�VHQVRU�WUDQVPLWV�LWV�UHDGLQJV�WR�PRUH�WKDQ�RQH�UHPRWH�FRQWURO�VWDWLRQV��2QH�DSSURDFK�WR�HVWDEOLVK�D�PDQ\�WR�PDQ\�FRPPXQLFDWLRQ�VHVVLRQ�LV�E\�VHWWLQJ�XS�PXOWLSOH�RQH�WR�PDQ\�VHVVLRQV��7KH�KRVW�JURXS�PRGHO�LV�GHILQHG�DV�D�PXOWLFDVW�JURXS�WKDW�LV�D�VHW�RI�UHFHLYHUV��LGHQWLILHG�E\�D�XQLTXH�JURXS�DGGUHVV��7KH�XVH�RI�D�XQLTXH�JURXS�DGGUHVV�DOORZV�ORJLFDO�DGGUHVVLQJ�� L�H��� D� VRXUFH� QHHGV� RQO\� WR� NQRZ� WKH�JURXS�DGGUHVV� LQ�RUGHU� WR� UHDFK�DOO�UHFHLYHUV�� ,W� GRHV� QRW� QHHG� WR� NQRZ� WKH� DGGUHVVHV� RI� WKH� LQGLYLGXDO� UHFHLYHUV�� ,Q�DGGLWLRQ�� WKH� VRXUFH� LWVHOI� QHHG� QRW� EH� D� PHPEHU� RI� WKH� PXOWLFDVW� JURXS�� /RJLFDO�DGGUHVVLQJ� LV� DGYDQWDJHRXV� IRU� DSSOLFDWLRQV� ZLWK� ODUJH� QXPEHUV� RI� VRXUFHV� DQG�UHFHLYHUV��VXFK�DV�PDLOLQJ� OLVWV�RU�QHZV�JURXSV��DQG�IRU�G\QDPLF�DSSOLFDWLRQV��VXFK�DV�FRPSXWHU�VXSSRUWHG� FRRSHUDWLYH�ZRUN��ZKHUH� UHFHLYHUV�PD\� MRLQ�RU� OHDYH� WKH�JURXS�DW�DQ\�WLPH�DQG�VRXUFHV�PD\�VWDUW�RU�VWRS�WUDQVPLVVLRQ�WR�WKDW�JURXS�DW�DQ\�WLPH�0RVW� UHDO�WLPH� DSSOLFDWLRQV� RI� FRPSXWHU� QHWZRUNV�� VXFK� DV� WHOHFRQIHUHQFLQJ��UHPRWH�FROODERUDWLRQ�DQG�GLVWDQFH� OHDUQLQJ�� UHO\�RQ�WKH�DELOLW\�RI� WKH QHWZRUN� WR�SURYLGH�PXOWLFDVW� FRPPXQLFDWLRQ�� � 7KHVH� DSSOLFDWLRQV� PD\� UHTXLUH� HQG�WR�HQG� GHOD\V�� GHOD\�MLWWHU��DQG�ORVV�UDWH�ZKLFK�DUH�H[SUHVVHG�DV�4R6�SDUDPHWHUV�ZKLFK�PXVW�EH�JXDUDQWHHG�E\� WKH� XQGHUO\LQJ� QHWZRUN�� 7KH� XSSHU� ERXQG� RQ� HQG�WR�HQG� GHOD\� IURP� DQ\� VRXUFH� WR�DQ\� UHFHLYHU� LQ�D� UHDO�WLPH�VHVVLRQ� LV� WKH�PDLQ�4R6�SDUDPHWHU�ZH�FRQVLGHU�GXULQJ�RXU�LQYHVWLJDWLRQ� LQ� WKLV� GLVVHUWDWLRQ�� ,Q� KLJK�VSHHG� ZLGH�DUHD� QHWZRUNV�� WKH� WUDQVPLVVLRQ�GHOD\�LV�VPDOO�DQG�WKH�TXHXLQJ�GHOD\�LV�DOVR�VPDOO��EHFDXVH�VPDOO�EXIIHU�VL]HV�DUH�XVHG���7KHUHIRUH�� WKH� SURSDJDWLRQ� GHOD\� LV� WKH� GRPLQDQW� FRPSRQHQW� RI� WKH� OLQN� GHOD\�� 7KH�SURSDJDWLRQ� GHOD\� LV� SURSRUWLRQDO� WR� WKH� GLVWDQFH� WUDYHUVHG� E\� WKH� OLQN�� ,W� LV� IL[HG��LUUHVSHFWLYH�RI�WKH�OLQN�XWLOL]DWLRQ��7KHUHIRUH�D�URXWH�VHOHFWLRQ�DOJRULWKP�FDQ�JXDUDQWHH�DQ�XSSHU�ERXQG�RQ�WKH�HQG�WR�HQG�GHOD\�E\�FKRRVLQJ�WKH�DSSURSULDWHG�OLQNV�IRU�WKH�VHVVLRQ�EHLQJ�LQLWLDWHG��VXFK�WKDW�WKH�GHOD\�IURP�DQ\�VRXUFH�WR�DQ\�UHFHLYHU�GRHV�QRW�H[FHHG�WKH�GHOD\�ERXQG�:LWK� WKH� DGYHQW� RI� PXOWLPHGLD� DSSOLFDWLRQV� WKH� IRFXV� RI� WKH� FRPPXQLFDWLRQ�QHWZRUN�KDV� VKLIWHG� IURP� LQLWLDO� HPSKDVLV�RQ� UHOLDEOH�GHOLYHU\�RI� WH[W� WR� LQFOXGH�VXSSRUW�IRU� 4R6� UHTXLUHPHQWV� RI� FRQWLQXRXV� PHGLD� GDWD�� &RPSOH[� FRQWURO� DOJRULWKPV� DQG�VRSKLVWLFDWHG� URXWLQJ�� VFKHGXOLQJ�� DQG� UHVRXUFH� DOORFDWLRQ�PHFKDQLVPV� DUH� QHHGHG� WR�VXSSRUW� WKH� EDQGZLGWK� DQG� 4R6� UHTXLUHPHQWV� LQ� D� FRQWH[W� ZKHUH� WKH� QHWZRUN�
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WUDQVPLVVLRQ�VSHHGV�DUH�LQFUHDVLQJ�DW�D�UDWH�IDVWHU�WKDQ�WKH�SURFHVVLQJ�VSHHG��7KXV��WKH�QHWZRUN� FRQWURO� DOJRULWKPV� DQG� SURWRFROV� PXVW� EH� VXIILFLHQWO\� VLPSOH� WR� RSHUDWH� DW� RU�QHDU� OLQN�EDQGZLGWK�VSHHG��EXW�EH�IOH[LEOH�HQRXJK�WR�VXSSRUW�DSSOLFDWLRQV�ZLWK�GLIIHUHQW�4R6�UHTXLUHPHQWV�7KH� vEHVW�HIIRUW� SDUDGLJPw� RIIHUHG� E\� WKH� FXUUHQW� GDWDJUDP� VHUYLFH�� ZKLFK�SURYHG�WR�EH�YHU\�VXFFHVVIXO�LQ�WKH�UHDOL]DWLRQ�RI�D�XQLYHUVDO�QHWZRUN�LQ�D�KHWHURJHQHRXV�HQYLURQPHQW�� LV�QRW�DGHTXDWH�WR�VXSSRUW�UHDO�WLPH�WUDIILF��7KH�QHWZRUN�SURWRFRO�RIIHUV�QR�JXDUDQWHHV� DERXW� WLPHO\�� UHOLDEOH�� DQG� RUGHUHG� GHOLYHU\� RI� SDFNHWV�� &LUFXLW� VZLWFKLQJ��ZKLFK�LV�WKH�VWDQGDUG�PHWKRG�IRU�SURYLGLQJ�UHDO�WLPH�SHUIRUPDQFH��GRHV�QRW�RSWLPL]H�WKH�XWLOL]DWLRQ� RI� WKH� QHWZRUN� UHVRXUFHV�� DQG� PD\� EH� YHU\� LQDGHTXDWH� IRU� YDULDEOH� ELW�UDWH�DSSOLFDWLRQV�7R� DGGUHVV� UHDO�WLPH� UHTXLUHPHQWV� IRU� PXOWLPHGLD� DSSOLFDWLRQV� LQ� DQ� HIILFLHQW�PDQQHU�� WKH� GHYHORSPHQW� RI� QHZ� QHWZRUN� FKDQQHO� DEVWUDFWLRQV� LV� UHTXLUHG�� ,W� LV� FOHDU�KRZHYHU�� WKDW� ZLWKRXW� SURSHU� FKDUDFWHUL]DWLRQ� RI� WKH� QHWZRUN� FRPSRQHQWV� DQG� ZLWKRXW�DQ\�UHVRXUFH�DOORFDWLRQ�� LW� LV�H[WUHPHO\�GLIILFXOW�� LI�QRW� LPSRVVLEOH��WR�SURYLGH�SUHGLFWDEOH�SHUIRUPDQFH� JXDUDQWHHV� WR PXOWLPHGLD� DSSOLFDWLRQV�� 7ZR� DSSURDFKHV� FDQ� EH� XVHG� WR�SURYLGH� QHWZRUN� SHUIRUPDQFH� JXDUDQWHHV�� 7KH� ILUVW� DSSURDFK� LV� WR� RYHUHQJLQHHU� WKH�QHWZRUN�WR�WKH�H[WHQW�WKDW�DQ�DSSOLFDWLRQ�LV�FHUWDLQ�WR�JHW�WKH�UHVRXUFH�LW�QHHGV��7KXV��WKH�DSSOLFDWLRQV� FDQ� EH� XQFRQVWUDLQHG� LQ� WKHLU� UHVRXUFH� XVDJHV� DQG� VWLOO� UHFHLYH� WKH�JXDUDQWHHG�OHYHO�RI�SHUIRUPDQFH��,Q�D�KLJK�VSHHG�QHWZRUN��WKLV�DSSURDFK�ZRXOG�UHTXLUH�D�SURKLELWLYHO\�ODUJH�DPRXQW�RI�UHVRXUFHV��7KH� VHFRQG� DSSURDFK� LQYROYHV� PRQLWRULQJ� DQG� FRQWUROOLQJ� UHVRXUFH� DOORFDWLRQ�DQG�XVDJH�IRU�HDFK�DSSOLFDWLRQ��7KLV�DSSURDFK�UHTXLUHV�WKDW�DQ�DSSOLFDWLRQ�VSHFLILHV�LWV�UHVRXUFH�QHHGV�D�SULRUL��DQG�XQOHVV�LWV�QHHGV�FDQ�EH�PHW��LW�LV�EORFNHG�RU�UHMHFWHG��2QFH�VWDUWHG�� PHFKDQLVPV� DUH� SURYLGHG� WR� HQVXUH� WKDW� WKH� DSSOLFDWLRQ� GRHV� QRW� XVH� PRUH�UHVRXUFHV�WKDQ�UHTXHVWHG��%HFDXVH�HYHU\�DSSOLFDWLRQ�XVHV�RQO\� LWV�VKDUH�UHVRXUFHV��DOO�SHUIRUPDQFH� QHHGV� FDQ� EH� PHW�� 7KLV� DSSURDFK� KDV� EHHQ� DGRSWHG� LQ� VHYHUDO�IUDPHZRUNV�RI�LQWHJUDWHG�VHUYLFH�SDFNHW�QHWZRUNV���7KH�VHUYLFH�PRGHOV�GHVFULEHG�LQ�WKHLQWHJUDWHG�VHUYLFH�QHWZRUN�IRFXV�RQ�SURYLGLQJ�HLWKHU�SUHGLFWLYH�RU�JXDUDQWHHG�VHUYLFH�IRU�UHDO�WLPH�DSSOLFDWLRQV�RQ�D�RQH�WR�RQH�EDVLV�



�
,Q�RUGHU�WR�VXSSRUW�DSSOLFDWLRQVu�UHDO�WLPH�UHTXLUHPHQWV��WKH�QHWZRUN�DUFKLWHFWXUH�VKRXOG� SURYLGH� D� EDVLF� IUDPHZRUN� XSRQ� ZKLFK� DSSOLFDWLRQV� ZLWK� ZLGHO\� YDU\LQJ� WUDIILF�UHTXLUHPHQWV� FDQ� UHFHLYH� VDWLVIDFWRU\� VHUYLFH�� %XLOGLQJ� VXFK� DQ� DUFKLWHFWXUH� UHTXLUHV�LQYHVWLJDWLRQ�RI�PXOWLSOH�GHVLJQ�LVVXHG��7KHVH�LVVXHV�FDQ�EH�GLYLGHG�DV�IROORZV�

x )ORZ�6SHFLILFDWLRQ��7KH�QHWZRUN�DQG�WKH�DSSOLFDWLRQV�UHTXLUH�D�FRPPRQ�ODQJXDJH�WR�VSHFLI\� WKH� UHTXLUHPHQWV� IRU� WUDQVPLWWLQJ� UHDO�WLPH�GDWD�� �$�VRXUFH�WUDQVPLWWLQJ�UHDO�WLPH� GDWD� QHHGV� WR� LQIRUP� WKH� QHWZRUN� RI� LWV� 4R6� UHTXLUHPHQWV�� 7KHVH�UHTXLUHPHQWV�DUH�FRPPXQLFDWHG�WR�WKH�QHWZRUN�QRGHV�DORQJ�WKH�SDWK�WR�YHULI\�WKH�IHDVLELOLW\�RI�VXSSRUWLQJ�WKHVH�UHTXLUHPHQWV�x $GPLVVLRQ�&RQWURO���6LQFH�QHWZRUN�UHVRXUFHV�DUH�ILQLWH��WKH�QHWZRUN�FDQQRW�DFFHSW�DOO� FRQQHFWLRQ� UHTXHVWV�ZKLOH�PDLQWDLQLQJ�4R6� UHTXLUHPHQWV�� 7KH�QHWZRUN�KDV� WR�YHULI\� WKDW� WKHUH� DUH� HQRXJK UHVRXUFHV� EHIRUH� JUDQWLQJ� DQ\� UHTXHVW�� +RZHYHU��ZKHQ� WKH�DSSOLFDWLRQ�GRHV�QRW� RSHUDWH�DW� LWV�SHDN�� H[SHQVLYH�QHWZRUN� UHVRXUFHV�FDQ�EH�XQGHUXWLOL]HG��x 3DWK� (VWDEOLVKPHQW� DQG� 5RXWLQJ�� � 7KH� QHWZRUN� QHHGV� WR� GHFLGH� ZKLFK� URXWH� WR�SLFN� WR� VHQG� WKH�SDFNHWV� RI� D VHVVLRQ��6HOHFWLQJ�D� URXWH�FDQ�EH�KDUGHU� IRU� UHDO�WLPH� FRPPXQLFDWLRQV� ZKHUH� WKHUH� DUH� VRPH� UHTXLUHPHQWV� RQ� WKH� 4XDOLW\� RI�6HUYLFH��4R6��WKDW�KDYH�WR�EH�VDWLVILHG��x 3ROLFLQJ�� ,Q� RUGHU� WR� YHULI\� WKDW� DSSOLFDWLRQV� FRQIRUP� WR� WKHLU� VSHFLILHG� UDWHV�� D�SROLFLQJ PHFKDQLVP� LV� QHHGHG� DW� WKH� HGJH� RI� WKH� QHWZRUN�� %\� SUHYHQWLQJ� DQ�RIIHQGLQJ� DSSOLFDWLRQ� IURP� H[FHVVLYHO\� XWLOL]LQJ� WKH� QHWZRUN� UHVRXUFHV�� WKH�OLNHOLKRRG�WKDW�WKLV�DSSOLFDWLRQ�QHJDWLYHO\�DIIHFWV�RWKHU�DSSOLFDWLRQVu�4R6�LV�JUHDWO\�UHGXFHG�x 6FKHGXOLQJ��6FKHGXOLQJ�SROLFLHV�VSHFLI\�KRZ�UHVRXUFHV�DUH�DOORFDWHG�WR� LQFRPLQJ�SDFNHWV� DV� WKH\� DUULYH� DW� LQWHUPHGLDWH� QRGHV�� $� VFKHGXOLQJ� SROLF\� GHWHUPLQHV�ZKHQ�D�SDFNHW�ZLOO�EH� WUDQVPLWWHG��'HSHQGLQJ�RQ� WKH�VFKHGXOLQJ�SROLF\��GLIIHUHQW�JXDUDQWHHV�FDQ�EH�RIIHUHG��$�VFKHGXOLQJ�SROLF\�FDQ�RIIHU�JXDUDQWHHV� LQ� WHUPV�RI�EDQGZLGWK��GHOD\�RU�ERWK��7KH�W\SHV�RI�4R6�JXDUDQWHHV�SURYLGHG�E\�D�VFKHGXOLQJ�SROLF\� DUH� FODVVLILHG� DV� GHWHUPLQLVWLF RU� VWDWLVWLFDO� $� GHWHUPLQLVWLF� JXDUDQWHH�SROLF\� HQVXUHV� DOO� DSSOLFDWLRQ� SHUIRUPDQFH� UHTXLUHPHQWV� ZLOO� EH� PHW� EDUULQJ�



�
VRIWZDUH�RU�KDUGZDUH�IDLOXUHV��,Q�FRQWUDVW��D�VWDWLVWLFDO�JXDUDQWHH�SROLF\�SURYLGHV�D�SUREDELOLVWLF�JXDUDQWHH� IRU� WKH�DSSOLFDWLRQ� WUDIILF�� ,Q�RWKHU�ZRUGV��JLYHQ�DQ� LQILQLWH�WLPH��WKH�VWDWLVWLFDO�JXDUDQWHH�SROLF\�HQVXUHV�WKDW�WKH�SHUIRUPDQFH�UHTXLUHPHQWV�RI�D� VSHFLILHG� SHUFHQWDJH� RI� WKH� DSSOLFDWLRQV�SDFNHWV�ZLOO� EH�PHW� RQ� DYHUDJH� RYHU�WKH�WLPH��,Q� WKH� FXUUHQW� ,QWHUQHW�� IDXOW�WROHUDQW� RU� VXUYLYDEOH� FDSDELOLW\� ZDV� DOUHDG\� LQFRUSRUDWHG��0DQ\�RI� WKH�GHVLJQ�GHFLVLRQV�ZHUH� WDNHQ� WR�HQVXUH� WKDW� WKH�QHWZRUN�ZRXOG�VXUYLYH� WKH�IDLOXUH�RI�PXOWLSOH� URXWLQJ�DQG� WUDQVPLVVLRQ�HOHPHQWV��7R� LQFUHDVH� WKH�V\VWHP�UHOLDELOLW\��DGGLWLRQDO� UHVRXUFHV� PXVW� EH� UHVHUYHG� DV� D� SULRUL�� VXFK� DV� PXOWLSOH� FRS\� VFKHPHV��GLVSHUVLW\�URXWLQJ�>�@�DQG�VSDUH�UHVRXUFH�DOORFDWLRQ�VFKHPHV��7KH�PDMRU�UHVHDUFK�LVVXH�ZLWK� WKHVH�VFKHPHV�VHHPV� WR�EH� WKH� UHGXFWLRQ�RI� WKH� UHVRXUFH�RYHUKHDG�E\�PHDQV�RI�WHFKQLTXHV�VXFK�DV�VKDULQJ�RI� UHVRXUFHV�DFURVV�FRQQHFWLRQV�RU�EHWZHHQ�GLVMRLQW�SDWKV�IRU� WKH� VDPH� FRQQHFWLRQ�� � 7KLV� DOVR� SRLQWV� WR� WKH� PDLQ� GLIIHUHQFH� EHWZHHQ� VXFK�SURDFWLYH�VFKHPHV��DQG�WKH�UHDFWLYH�RQHV��:LWK�UHDFWLYH�VFKHPHV��WKHUH�LV�QR�UHVRXUFH�RYHUKHDG�LQ�WKH�FRPPRQ��QR�IDLOXUH��FDVH���2QO\�ZKHQ�D�IDLOXUH�RFFXUV�GRHV�WKH�QHWZRUN�DWWHPSW� WR� ILQG� WKH� UHVRXUFHV� QHFHVVDU\� WR� UHFRYHU� IURP� WKH� IDLOXUH�� 7KH� LQHYLWDEOH�FRQVHTXHQFH� RI� WKLV� vOD]LQHVVw� LV� WKH� ODWHQF\� RI� UHFRYHU\�� DQG� WKH� SRVVLELOLW\� RI� EHLQJ�XQDEOH�WR�UHFRYHU�LI�WKH�QHWZRUN�LV�WRR�KLJKO\�ORDGHG��:H�LPDJLQH�WKDW�FRQQHFWLRQV�ZLWK�D�YHU\�KLJK� UHTXLUHPHQW� IRU� UHOLDELOLW\�ZLOO�EH�VHW�XS�ZLWK�D�SULRUL�JXDUDQWHHV�RQ� UHOLDELOLW\��ZKLOH�PRVW�RI� WKH�RWKHU�FRQQHFWLRQV�ZLOO�EH�VDWLVILHG�ZLWK�TXLFN�UHFRYHU\�IRU�PRVW�RI�WKH�WUDIILF� :LWK�WKH�SKHQRPHQDO�JURZWK�RI�WKH�,QWHUQHW��D�ZLGH�DUUD\�RI�QHWZRUN�DSSOLFDWLRQV�DUH� EHLQJ� GHYHORSHG� IRU� XVH� RYHU� WKH� ,QWHUQHW�� 0RUH� DQG� PRUH� RI� WKHVH� DSSOLFDWLRQV�LQYROYH� WUDQVPLVVLRQ� RI� PXOWLPHGLD� LQIRUPDWLRQ� DQG� XVH� PXOWLSRLQW� FRQQHFWLRQV�� 7KH�SRSXODULW\� DQG� DYDLODELOLW\� RI� WKHVH� PXOWLFDVW� DSSOLFDWLRQV� KDV� OHDG� WR� D� SKHQRPHQDO�JURZWK� RI� WKH� PXOWLFDVW� EDFNERQH� RU 0ERQH�� 0XOWLPHGLD� DSSOLFDWLRQV� DUH� EDQGZLGWK�LQWHQVLYH� DQG� UHDO�WLPH� LQ� QDWXUH� RQ� ZKLFK� WKH\� LPSRVH� D� JUHDWHU� ORDG� WR� WKH�LQWHUQHWZRUN��0XOWLSRLQW� FRPPXQLFDWLRQ� FDQ� EH� LPSOHPHQWHG� DV� D� VHW� RI� RQH�WR�RQH�FRPPXQLFDWLRQ� ZKLFK� UHTXLUHV� WKH� VHQGHU� WR� VHQG� DQ� LQGLYLGXDO� FRS\� WR� HDFK�



�
GHVWLQDWLRQ� VHTXHQWLDOO\�� 7KH� LQFUHDVH� LQ� WKH� QXPEHU� RI� GHVWLQDWLRQV� LQ� WKH� PXOWLFDVW�LQFUHDVHV� WKH� ORDG� RQ� WKH� ZLGH�DUHD� QHWZRUN� EHFDXVH� FRSLHV� RI� SDFNHWV� PXVW� EH�UHSOLFDWHG�WR�VHQG�WR�HDFK�GHVWLQDWLRQ��:LWK�PXOWLFDVW�DSSURDFK��UHVRXUFH�XVDJH�LV�LPSURYHG�ZKHUHE\�D�PXOWLFDVW�WUHH�LV�FRQVWUXFWHG� DQG� XVHG� DV� GLVWULEXWLRQ� SDWKV� IURP� D� VRXUFH� WR� PXOWLSOH� UHFHLYHUV��'XSOLFDWLRQ� RI� LQIRUPDWLRQ� LV� RQO\� SHUIRUPHG� DW� WKH� IRUNV� LQ� WKH� WUHH� GHILQHG� IRU� WKH�PXOWLFDVW��6HQGLQJ�RQO\�D�VLQJOH�FRS\ VDYHV�EDQGZLGWK�RQ�OLQNV�DQG�UHGXFHV�FRQJHVWLRQ�LQ� WKH� QHWZRUN� OD\HU�� 7KH� LQIRUPDWLRQ� LV� VHQW� LQ� SDUDOOHO� WR� WKH� UHFHLYHUV� DORQJ� WKH�EUDQFKHV�RI�WKH�WUHH��LPSURYLQJ�WKH�DYHUDJH�ODWHQF\�IURP�WKH�VRXUFH�WR�WKH�UHFHLYHUV�$OJRULWKPV�DUH�QHHGHG� LQ� WKH�QHWZRUN WR�FRPSXWH�PXOWLFDVW� WUHHV��ZH�FDOO� VXFK�DOJRULWKPV�� PXOWLFDVW� DOJRULWKPV�� $� PXOWLFDVW� DOJRULWKP� FRQVWUXFWV� D� PXOWLFDVW� WUHH� E\�VHWWLQJ� XS� VWDWH� LQ� WKH�PXOWLFDVW� URXWLQJ� WDEOHV� RI� WKH� URXWHUV� LQ� WKH� FRPSXWHU� QHWZRUN��7KHVH�WDEOHV�PDLQWDLQ�SRLQWHUV�WR�QHLJKERUV�WR�ZKLFK�PXOWLFDVW�SDFNHWV�DUH�IRUZDUGHG�LQ�RUGHU� WR�UHDFK�WKHLU�GHVWLQDWLRQV��0XOWLFDVW� URXWLQJ�FDQ�RSHUDWH�HLWKHU� LQ�D�GLVWULEXWHG�RU�FHQWUDOL]HG�PDQQHU�WR�FRPSXWH�WKH�PXOWLFDVW�WUHH���,W�LV�QRW�GHVLUDEOH�RU�IHDVLEOH�WR�KDYH�D� FHQWUDO� FRQWURO� LQ� D� YHU\� ODUJH� QHWZRUN�� ,Q� WKH� FHQWUDOL]HG� PHWKRG�� WKHUH� LV� D� KLJK�FRPPXQLFDWLRQ� FRVW� DQG� VLQJOH� SRLQW� RI� IDLOXUH�� ,W� PD\� EH� WRR� H[SHQVLYH� LQ� WHUPV� RI�EDQGZLGWK�� PHPRU\� DQG� SURFHVVLQJ� RYHUKHDG� IRU� D� FHQWUDO� FRQWURO� WR� KDYH� DOO� WKH�LQIRUPDWLRQ�DERXW�WKH�JURXS�PHPEHUVKLSV�DQG�FDUU\�RXW�DOO�WKH�FRPSXWDWLRQ�WR�FRQVWUXFW�WKH�PXOWLFDVW� WUHH�� 7KHQ� WKH� FHQWUDO� FRQWURO� KDV� WR� EURDGFDVW� WKH� LQIRUPDWLRQ� DERXW� WKH�WUHH�WR�DOO�WKH�URXWHUV�LQ�WKH�QHWZRUN�UHOLDEO\�0XOWLFDVWLQJ�KDV�EHHQ�H[WHQGHG�WR�RSHUDWH�LQ�WKH�ZLGH�DUHD�QHWZRUNV�E\�KDYLQJ�WKH� ,QWHUQHW� *URXS� 0HVVDJH� 3URWRFRO� �,*03��� WR� GLVVHPLQDWH� PXOWLFDVW� PHPEHUVKLS�LQIRUPDWLRQ� WR� PXOWLFDVW� URXWHUV� DQG� SHUPLWV� URXWHUV� WR� G\QDPLFDOO\� GHWHUPLQH� KRZ� WR�IRUZDUG�PHVVDJHV�� $� GHOLYHU\� WUHH� LV� FRQVWUXFWHG� RQ�GHPDQG� DQG� LV� GDWD�GULYHQ�� 7KH�WUHH�LQ�WKH�H[LVWLQJ�,3�DUFKLWHFWXUH�LV�WKH�UHYHUVH�VKRUWHVW�SDWK�WUHH�DQG�VKRUWHVW�SDWK�WUHH�IURP� WKH� VRXUFH� WR� WKH� JURXS� IRU� GLVWDQFH�YHFWRU�� QDPHO\� '9053� �'LVWDQFH� 9HFWRU�0XOWLFDVW�5RXWLQJ�3URWRFRO��DQG� OLQN�VWDWH� URXWLQJ��QDPHO\�0263)��0XOWLFDVW�([WHQVLRQV�WR�2SHQ�6KRUWHVW�3DWK�)LUVW���UHVSHFWLYHO\��+RZHYHU��WKHUH�DUH�VHYHUDO�VKRUWFRPLQJV�ZLWK�WKH� H[LVWLQJ� ,3�PXOWLFDVW� DUFKLWHFWXUH�� L�H�� '9053� DQG�0263)�� )LUVW�� DOO� URXWHUV� LQ� WKH�,QWHUQHW�KDYH�WR�JHQHUDWH�DQG�SURFHVV�SHULRGLFDOO\�FRQWURO�PHVVDJHV�IRU�HYHU\�PXOWLFDVW�



�
JURXS��UHJDUGOHVV�RI�ZKHWKHU�RU�QRW�WKH\�EHORQJ�WR�WKH�PXOWLFDVW�WUHH�RI�WKH�JURXS��7KXV��URXWHUV� QRW� RQ� WKH�PXOWLFDVW� WUHH� LQFXU�PHPRU\� DQG� SURFHVVLQJ� RYHUKHDG� WR� FRQVWUXFW�DQG� PDLQWDLQ� WKH� WUHH� IRU� WKH� OLIHWLPH� RI� WKH� JURXS�� 3DFNHWV� WKDW� GR� QRW� OHDG� WR� DQ\�UHFHLYHUV�RU�VRXUFHV�DUH�SHULRGLFDOO\�IORRGHG�WKURXJKRXW�WKH�,QWHUQHW��WKHUHE\�FRQVXPLQJ�DQG�ZDVWLQJ�EDQGZLGWK�� ,Q�'9053�� LW� LV� WKH�GDWD�SDFNHWV� WKDW� DUH�SHULRGLFDOO\� IORRGHG�ZKHQ� WKH� VWDWH� LQIRUPDWLRQ� IRU� D�PXOWLFDVW� WUHH� WLPHV� RXW�� ,Q�0263)�� LW� LV� WKH� OLQN�VWDWH�SDFNHWV�� FRQWDLQLQJ� WKH� VWDWH� LQIRUPDWLRQ� IRU� JURXS� PHPEHUVKLS�� WKDW� DUH� SHULRGLFDOO\�IORRGHG�� 6HFRQG�� WKH� PXOWLFDVW� URXWLQJ� LQIRUPDWLRQ� LQ� HDFK� URXWHU� LV� VWRUHG� IRU� HDFK�VRXUFH� VHQGLQJ� WR� D� JURXS�� )LQDOO\�� WKH� ,3� PXOWLFDVW� SURWRFROV�� EHLQJ� H[WHQVLRQV� RI�XQLFDVW� URXWLQJV�VXFK�DV� WKH�'9053�DQG�0263)��DUH� WLJKWO\�FRXSOHG�WR�WKH�XQGHUO\LQJ�XQLFDVW� URXWLQJ� DOJRULWKP�� 7KLV� FRPSOLFDWHV� LQWHU�GRPDLQ� PXOWLFDVWLQJ� LI� WKH� GRPDLQV�LQYROYHG� XVH� GLIIHUHQW� XQLFDVW� URXWLQJ�� 7KH� XQLFDVW� URXWLQJ� DOVR� EHFRPHV� PRUH�FRPSOLFDWHG�E\�LQFRUSRUDWLQJ�WKH�PXOWLFDVW�UHODWHG�UHTXLUHPHQWV�$PRQJ� PDQ\� PXOWLFDVW� DOJRULWKPV�� WKH� FRUH�EDVHG� WUHH� �&%7�� PHWKRG� KDV�UHFHLYHG� D� JUHDW� GHDO� RI� DWWHQWLRQ�� 7KH� &%7� ZDV� SURSRVHG� WR� RYHUFRPH� WKH� DERYH�VKRUWFRPLQJV�>�@� &%7�SURWRFRO�LQYROYHV�KDYLQJ�D�VLQJOH�QRGH��NQRZQ�DV�WKH�FRUH�RI�WKH�WUHH��IURP�ZKLFK�WKH�EUDQFKHV�VWUHWFK��7KHVH�EUDQFKHV�IRUP�WKH�VKRUWHVW�SDWKV�EHWZHHQ�WKH�PHPEHUV�RI�WKH�PXOWLFDVW�JURXS�DQG�WKH�FRUH���&%7�DOVR�DOORZV�PXOWLSOH�&RUH�URXWHUV�WR�EH�VSHFLILHG�ZKLFK�DGGV�D�OLWWOH�UHGXQGDQF\�LQ�FDVH�WKH�FRUH�EHFRPHV�XQUHDFKDEOH��+RZHYHU�� WKH�FRUH�EDVHG� WUHH�PHWKRG�PD\�KDYH�D� UHOLDELOLW\�SUREOHP��$�VLQJOH�SRLQW�RI�IDLOXUH�RQ� WKH� WUHH�ZLOO�SDUWLWLRQ� WKH� WUHH�DQG�PDNH� LW�GLIILFXOW�� WR� IXOILOO� WKH� UHTXLUHPHQW�RI�PXOWLFDVWLQJ�� &RUH� VHOHFWLRQ� PHWKRG� IRU� PXOWLFDVW� URXWLQJ� KDV� D� VLJQLILFDQW� LPSDFW� RQ�SHUIRUPDQFH�FKDUDFWHULVWLFV�VXFK�DV�GHOD\��EDQGZLGWK�DQG�WUDIILF�FRQFHQWUDWLRQ�5HDO�WLPH� PXOWLFDVW� LV� D� W\SH� RI� PXOWLFDVW� ZKLFK� UHTXLUHV� WKDW� PHVVDJHV� EH�UHFHLYHG�E\�DOO GHVWLQDWLRQV�ZLWKLQ�D�GHOD\�ERXQG��7KHUH�DUH�PDQ\�QHWZRUN�DSSOLFDWLRQV�UHO\LQJ�RQ� UHDO�WLPH�PXOWLFDVW� VHUYLFHV��VXFK�DV� LQWHUDFWLYH�YRLFH�RU�YLGHR�FRQIHUHQFLQJ�V\VWHPV�� UHDO�WLPH� FRQWURO� DQG� PRQLWRULQJ� V\VWHPV�� DQG� VR� RQ�� 7R� RSHUDWH� UHDO�WLPH�PXOWLFDVW�RQ &%7�� WKH�GLVDGYDQWDJHV�DUH� LWV�SRRU�SHUIRUPDQFH�>���@� LQ� WHUPV�RI�GHOD\��FRPSDUHG� ZLWK� RWKHU� PXOWLFDVW� SURWRFRO� VXFK� DV� '9053� DQG� LWV� UHOLDELOLW\� LQ� FDVH� RI�IDXOW\� FRUH� URXWHU�� +RZHYHU�� &%7� DOORZV� XV� WR� VLJQLILFDQWO\� LPSURYH� WKH� RYHUDOO� VFDOLQJ�IDFWRU� RI�6�[ 1 ZH�KDYH� LQ� WKH� VRXUFH�EDVHG� WUHH� WR� MXVW�1��ZKHUH�6 LV� WKH�QXPEHU�RI�



�
DFWLYH� VRXUFHV� SHU�PXOWLFDVW� JURXS�� DQG�1 LV� WKH� QXPEHU� RI�PXOWLFDVW� JURXSV�SUHVHQW��ZKLFK� LV� WKH� UHVXOW� RI� KDYLQJ� MXVW� RQH�PXOWLFDVW� WUHH�SHU�JURXS�DV�RSSRVHG� WR�RQH� WUHH�SHU� �VRXUFH��JURXS��SDLU��:H�EHOLHYH� WKDW�&RUH�%DVHG�7UHHV�KDV� WKH�SRWHQWLDO� WR�PDNH�PRUH�HIILFLHQW�XVH�RI�UHVRXUFHV��DQG�VFDOLQJ�RYHU�D�QXPEHU�RI�KRVWV��SURYLGHG�WKDW�WLPH�GHOD\� IURP� VRXUFH� WR� JURXS� GHVWLQDWLRQV� DUH� ERXQGHG�� 7KH� NH\� LVVXH� LV� WR� PRGHO� WKH�WUDIILF�RQ�&%7�� WKH�VKDUHG�PXOWLFDVW� WUHH��VR� WKDW�D�GHOD\�ERXQG�FDQ�EH�GHULYHG�� ,Q� WKLV�GLVVHUWDWLRQ��ZH�DWWHPSW� WR�HQKDQFH�WKH�&%7�SURWRFRO�ZLWK� IDXOW�WROHUDQW�FDSDELOLW\�ZKLOH�LPSURYLQJ�LWV�SHUIRUPDQFH��ZLWKRXW�YLRODWLQJ�WKH�HQG�WR�HQG�SDFNHW�GHOD\�DQG�PLQLPL]HVWKH�UHVRXUFH�FRQVXPSWLRQ�RI�WKH�QHWZRUN������0RWLYDWLRQ7KH�,QWHUQHW�KDV�SURYHQ�WR�EH�KLJKO\�VXFFHVVIXO�LQ�VXSSRUWLQJ�HODVWLF�DSSOLFDWLRQV��ZKLFK�DGDSW�WR�YDU\LQJ�GHOD\V�DQG�SDFNHW�ORVV��0XFK�RI�WKLV�VXFFHVV�DULVHV�IURP�WKH�,QWHUQHWuV�XVH�RI�WKH�GDWDJUDP DV�D�EXLOGLQJ�EORFN��RYHU�ZKLFK�RWKHU�VHUYLFHV�LQFOXGLQJ�HQG�WR�HQG�UHOLDELOLW\� DUH� EXLOW�� $W� WKH� KHDUW� RI� WKH� ,QWHUQHW� DUH� URXWHUV� WKDW� LPSOHPHQW� EHVW�HIIRUW�VHUYLFH�� URXWHUV� GR� QRW� JXDUDQWHH� GHOLYHU\� RU� SHUIRUPDQFH�� 5HFHQWO\�� WKH� ,QWHUQHW� KDV�EHJXQ� XVLQJ� PXOWLFDVW� GHOLYHU\� WR� VXSSRUW� JURXS� FRPPXQLFDWLRQV�� 0XOWLFDVW� GHOLYHUV�SDFNHWV� IURP� D� VHQGHU� WR� D� JURXS� RI� UHFHLYHUV� RYHU� PXOWLFDVW� WUHH�� 7KH� SULPDU\�DGYDQWDJH�WKDW�PXOWLFDVW�KDV�RYHU�WUDGLWLRQDO�XQLFDVW�GHOLYHU\�LV�WKDW�WKH�VHQGHU�WUDQVPLWV�D�VLQJOH�SDFNHW�WR�UHDFK�DOO�RI�WKH�JURXS�PHPEHUV��UDWKHU�WKDQ�VHQGLQJ�D�VHSDUDWH�FRS\�WR�HDFK�UHFHLYHU��5HSOLFDWLRQ�RI�HDFK�SDFNHW�LV�KDQGOHG�E\�WKH�QHWZRUN�DQG�LV�GRQH�RQO\�ZKHQ� QHFHVVDU\�� L�H�� DW� WKH� EUDQFKLQJ� SRLQWV� LQ� WKH� PXOWLFDVW� WUHH�� )XUWKHUPRUH�� WKH�JURXS� PRGHO� XVHG� E\� WKH� ,QWHUQHW� LV� UHFHLYHU�RULHQWHG�� UHFHLYHUV� PD\� MRLQ� D� JURXS�LQGHSHQGHQWO\� �L�H�� VHQGHUV� GR� QRW� FRQWURO�PHPEHUVKLS��� DQG� VHQGHUV� GR� QRW� QHHG� WR�NQRZ� WKH� LGHQWLWLHV� RI� JURXS� PHPEHUV�� %\� DYRLGLQJ� WKH� SRWHQWLDO� ERWWOHQHFN� DW� WKH�VHQGHU�� G\QDPLF�PXOWLFDVW� DSSOLFDWLRQV�PD\� JURZ� WR� HQFRPSDVV� YHU\� ODUJH� JURXSV� RI�UHFHLYHUV�$QRWKHU� UHFHQW� GHYHORSPHQW� KDV� EHHQ� WKH� LQFUHDVLQJ� XVH� RI� UHDO�WLPH�DSSOLFDWLRQV� LQ� WKH� ,QWHUQHW�� 5HDO�WLPH� DSSOLFDWLRQV� LPSRVH� VWULQJHQW� GHOD\� DQG�WKURXJKSXW�FRQVWUDLQWV�RQ�WKH�QHWZRUN��DV�FRPSDUHG�ZLWK�WUDGLWLRQDO�HODVWLF�DSSOLFDWLRQV��:KHQ� UHDO�WLPH� DSSOLFDWLRQV� FRPPXQLFDWH� DFURVV� QHWZRUN�� GDWD� PXVW� WUDYHUVH� WKH�
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QHWZRUN� LQ� WLPH� IRU� WKH�DSSOLFDWLRQ� WR�XVH� LW��7KXV�� WKH�DSSOLFDWLRQVu� UHTXLUHPHQWV��VXFK�DV�WKH�HQG�WR�HQG�GHOD\��GHOD\�MLWWHU��DQG�ORVV�UDWH��DUH�H[SUHVVHG�DV�4XDOLW\�RI�6HUYLFH��4R6��SDUDPHWHUV�PXVW�EH�JXDUDQWHHG�E\�WKH�XQGHUO\LQJ�QHWZRUN��7KH�XSSHU�ERXQG�RQ�HQG�WR�HQG�GHOD\�IURP�DQ\�VRXUFH�WR�DQ\�UHFHLYHU�LQ�D�UHDO�WLPH�VHVVLRQ�LV�WKH�PDLQ�4R6�SDUDPHWHU�ZH�FRQVLGHU�LQ�WKH�GLVVHUWDWLRQ��$W�WKH�LQFHSWLRQ�RI�UHVHDUFK�LQ�IDXOW�WROHUDQW�V\VWHPV�DV�ZHOO�DV�LQ�PXOWLFDVW�UHDO�WLPH�QHWZRUN��VRPHKRZ� WKHLU� LQWHU�GHSHQGHQFLHV�ZHUH�QRW� WDNHQ� LQWR�DFFRXQW��7KLV�KDV�OHG� WR� WKH� SUHVHQW� VWDWH� ZKHUH� ZH� KDYH� D� VL]DEOH� DPRXQW� RI� UHVHDUFK� DFWLYLWLHV� DQG�UHVXOWV� LQ� ERWK� ILHOGV�� ZKLFK� ODUJHO\� WUHDG� DORQJ� SDUDOOHO� SDWKV�� 7KH� XQGHUO\LQJ�DVVXPSWLRQV� IRU� KDYLQJ� IDXOW� WROHUDQFH� FDSDELOLW\� ZHUH� RIWHQ� VHHQ� DV� FRQIOLFWLQJ� ZLWK�WKRVH� IRU� UHDO�WLPH�SHUIRUPDQFH��DQG�YLFH�YHUVD��'XH� WR� WKRVH�FRQIOLFWV�� WRGD\�ZH�KDYH�YHU\� IHZ� V\VWHPV� WKDW� FDQ� EH� JXDUDQWHHG� WR� PHHW� FULWLFDO� WLPLQJ� FRQVWUDLQWV� LQ� WKH�SUHVHQFH� RI� IDXOWV�� 7KLV� PRWLYDWHV� XV� WR� VWXG\� WKH� LVVXHV� WKDW� FRQVLGHU� ERWK� IDXOW�WROHUDQFH�DQG�UHDO�WLPH�PXOWLFDVWLQJ�LQ�RQH�V\VWHP�,Q� FRQVWUXFWLQJ� D� PXOWLFDVW� WUHH�� LW� LV� QHFHVVDU\� WR� LQGLFDWH� ZKDW� FRQVWLWXWHV� D�vJRRGw� WUHH�E\�GHILQLQJ�WKH�FRVW�RI� WKH� WUHH��7KHUH�DUH�VHYHUDO�SRSXODU�DOWHUQDWLYH�ZD\V�RI�GHILQLQJ�WKH�FRVW�RI�WKH�PXOWLFDVW�WUHH��7KH�WUHH�FRVW�FDQ�EH�GHILQHG�DV�WKH�WRWDO�FRVW�RI�WKH� OLQNV�RI� WKH�WUHH�WKDW�VSDQV�WKH�GHVWLQDWLRQV� LQ� WKH�PXOWLFDVW�JURXS��7KLV�GHILQLWLRQ� LV�SHUWLQHQW�ZKHQ�WKH�REMHFWLYH�LV�WR�PDQDJH�QHWZRUN�UHVRXUFHV�HIILFLHQWO\��$QRWKHU�ZD\�WR�GHILQH�WKH�WUHH�FRVW�LV�DV�WKH�VXP�RI�WKH�FRVW�RI�WKH�SDWK�IURP�D�GHVLJQDWHG�KRVW��FDOOHG�WKH�VRXUFH��WR�WKH�GHVWLQDWLRQV�LQ�WKH�PXOWLFDVW�JURXS��7KLV�GHILQLWLRQ�RI�FRVW�LV�LPSRUWDQW�IRU� GHOD\�VHQVLWLYH�� UHDO�WLPH� DQG� LQWHUDFWLYH� DSSOLFDWLRQV�� 7KH�PLQLPL]DWLRQ� RI� WKLV� WUHH�FRVW�LV�PRGHOHG�DV�WKH�VKRUWHVW�SDWK�SUREOHPV��ZKLFK�FDQ�EH�VROYHG�LQ�SRO\QRPLDO�WLPH��,Q� DGGLWLRQ� WR� PLQLPL]LQJ� WKH� FRVW� RI� WKH� PXOWLFDVW� WUHH� WR� EH� FRQVWUXFWHG�� DQRWKHU�LPSRUWDQW� FRQVLGHUDWLRQ� LV� FRQVWUDLQLQJ� VRPH�SURSHUWLHV� RI� WKH� WUHH��&RQVWUDLQWV�RQ� WKH�PXOWLFDVW�WUHH�DUH�FRPPRQO\�LQWHQGHG�WR�JXDUDQWHH�VSHFLILHG�SHUIRUPDQFH PHWULFV�DERXW�WKH�WUHH��$Q�LPSRUWDQW�H[DPSOH�RI�WKLV�LV�WKH�GHOD\�FRQVWUDLQHG�PXOWLFDVW�WUHH��ZKHUH�WKH�PXOWLFDVW� WUHH�PXVW�VDWLVI\�DQ�XSSHU�ERXQG�RQ� WKH�FRVW�RI� WKH�SDWK� IURP�WKH�URRW�RI� WKH�GHVWLQDWLRQ��2WKHU�FRQVWUDLQHG�WUHH�FRQVWUXFWLRQV�LQFOXGH�GHJUHH�FRQVWUDLQHG�DQG�GHOD\�YDULDWLRQ�FRQVWUDLQHG��
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)LQDOO\�� LW� KDV� EHHQ� REVHUYHG� WKDW� LW� LV� H[SHQVLYH� LQ� WHUPV� RI� RYHUKHDG� IRU� WKH�FRQVWUXFWLRQ�RI�PXOWLFDVW�WUHH�IRU�HDFK�VHQGHU��,Q�RUGHU�WR�FRQVHUYH�QHWZRUN�UHVRXUFHV��LW�LV� EHWWHU� WR� FRQVWUXFW� D� JURXS�VKDUHG WUHH�� ZKLFK� LV� XVHG� WR� GLVWULEXWH� WKH� LQIRUPDWLRQ�IURP�DOO�VRXUFHV�VHQGLQJ�WR�WKH�JURXS��*URXS�VKDUHG�WUHHV��KRZHYHU��DUH�QRW�DSSURSULDWH�ZKHQ�WKH�UHTXLUHG�SDWK�PHWULF��VXFK�DV�GHOD\��WR�GHVWLQDWLRQV�KDV�WR�EH�PLQLPL]HG��,Q�DVKDUHG�WUHH��WKH�SDFNHWV�IURP D�VRXUFH�GR�QRW�WUDYHUVH�WKH�VKRUWHVW�SDWK�IURP�WKH�VRXUFH�WR�HDFK�GHVWLQDWLRQ��0RUHRYHU��JURXS�VKDUHG�WUHHV�FDQ�VXIIHU� IURP�WUDIILF�FRQFHQWUDWLRQ��ZKHUH�WKH�WUDIILF�IURP�DOO�VRXUFHV�DUH�FRQFHQWUDWHG�RQ�IHZ�OLQNV�LQ�WKH�QHWZRUN��OHDGLQJ�WR�LQFUHDVHG�FRQJHVWLRQ�RQ�WKH�OLQNV��6RXUFH�EDVHG� WUHHV� XVXDOO\� FRQWDLQ� D� VKRUWHVW� GHOD\� SDWK� EHWZHHQ� VRXUFH� DQG�HDFK� GHVWLQDWLRQ� DQG� DUH� WKHUHIRUH� DSSURSULDWH� IRU� GHOD\�VHQVLWLYH� DSSOLFDWLRQV�� 7KH�PDLQ� VKRUWFRPLQJV� RI� VRXUFH�EDVHG� WUHHV� DUH� WKH� SRRU� VFDOLQJ� SURSHUW\� DQG� WKH�SRVVLEOH�KLJK�FRVW�RI�WKH�UHVXOWLQJ�WUHH��,Q�WKLV�GLVVHUWDWLRQ��ZH�LQWHQG�WR�VWXG\�WKH�LVVXHV�LQYROYHG�LQ�WKH�GHVLJQ�RI�IDXOW�WROHUDQW�UHDO�WLPH�PXOWLFDVW�SURWRFRO��EDVHG�RQ�D SUDFWLFDO�&%7�SURWRFRO��:H�EHOLHYH�RXU�ZRUN�LV�GLIIHUHQW�IURP�RWKHUV�ZKLFK�FRQFHQWUDWH�RQ�VRXUFH�EDVHG�WUHHV�� WKDW� LV�VXLWDEOH�IRU�D�VLQJOH�VRXUFH��ZKLOH�RXUV�IRFXV�RQ�VKDUHG�EDVHG�WUHH�ZLWK�SUH�FRPSXWHG�GLVMRLQW�EDFNXS�SDWKV�������3UREOHP�6WDWHPHQW0XFK�RI�WKH�RQJRLQJ�ZRUN�UHODWHG�WR�4R6�VXSSRUW�RI�PXOWLPHGLD�DSSOLFDWLRQV�IRFXVHV�RQ�SRLQW�WR�SRLQW� FRPPXQLFDWLRQ�� +RZHYHU�� WKHUH� DUH� DGGLWLRQDO� SUREOHPV� ZLWK� PXOWLFDVW�FRPPXQLFDWLRQ�ZKHUH� XQLFDVW� VROXWLRQV� DUH� QRW� QHFHVVDULO\� H[WHQGDEOH� WR�PXOWLFDVWLQJ��)RU�H[DPSOH��ZKLOH�LW�LV�HDV\�WR�GHWHUPLQH�DQ�RSWLPDO�URXWH�IRU�XQLFDVW�FRPPXQLFDWLRQV��LW�KDV�EHHQ�VKRZQ�WKDW�GRLQJ�WKH�VDPH�IRU�PXOWLFDVW�FRPPXQLFDWLRQ�LV�13�FRPSOHWH��$OVR��VXSSRUWLQJ� 4R6� UHTXLUHPHQWV� IRU� PXOWLFDVW� LV� PRUH� GLIILFXOW� WKDQ� IRU� XQLFDVW� EHFDXVH�WKHUH�DUH�PXOWLSOH�UHFHLYHUV�DV�RSSRVHG�WR�RQH�UHFHLYHU�LQ�XQLFDVW�FRPPXQLFDWLRQV��7KHUH� LV� D� QHHG� WR� GHYHORS� HIILFLHQW� URXWLQJ� DOJRULWKPV� WR� VXSSRUW� UHDO�WLPH�PXOWLFDVWLQJ�� 7KH� DOJRULWKPV� PXVW� FRQQHFW� WKH� PXOWLFDVW� PHPEHUV� ZLWK� WKH� OHDVW�FRVW�WUHH� DQG� DW� WKH� VDPH� WLPH� ERXQGHG� E\� HQG�WR�HQG� GHOD\� WLPH� FRQVWUDLQWV� RI� WKH�DSSOLFDWLRQV�� /LQN� FRVW� FDQ� EH� HLWKHU� D� ILQDQFLDO� OLDELOLW\� RU� FDQ� EH� EDVHG� XSRQ� WKH�EDQGZLGWK�XWLOL]DWLRQ��RU�GLVWDQFH��KRS�FRXQW��RI�WKH�OLQNV��,Q�DGGLWLRQ�WR�WKH�FRVW��QHWZRUN�
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OLQNV�PD\� EH� DVVRFLDWHG�ZLWK� GHOD\V�� $� OLQN� GHOD\� LQFOXGHV�&38�SURFHVVLQJ�� TXHXLQJ��WUDQVPLVVLRQ�DQG�SURSDJDWLRQ�WLPH�VXIIHUHG�E\�SDFNHW�RYHU�WKH�OLQN�0XOWLFDVWLQJ� LQ� D� PXOWLPHGLD� HQYLURQPHQW� UHTXLUHV� VDWLVI\LQJ� WKH� 4R6�UHTXLUHPHQWV�� DV� ZHOO� DV� PLQLPL]LQJ� RU� UHGXFLQJ� WKH� RYHUDOO� FRVW�� ,Q� SDUWLFXODU��PXOWLPHGLD� PXOWLFDVWLQJ� UHTXLUHV� ERXQGLQJ� WKH� HQG�WR�HQG� GHOD\� IURP� WKH� VRXUFH� WR�HYHU\� GHVWLQDWLRQ�� ,W� LV� QRW� QHFHVVDU\� WR�PLQLPL]H� WKH� GHOD\� RQ� DOO� OLQNV� VSDQQLQJ� IURP�VRXUFH�WR�DOO�GHVWLQDWLRQV��$QRWKHU� DVSHFW� RI� WKH� PXOWLFDVWLQJ� SUREOHP� IRFXVHV� RQ� WKH� LVVXHV� WKDW� DULVH�ZKHQ� WKH� QRGHV� MRLQ� RU� OHDYH� D� PXOWLFDVW� VHVVLRQ� G\QDPLFDOO\�� 7KLV� LQYROYHV� PDQ\�DGGLWLRQV�DQG�GHOHWLRQV� WR� WKH�PXOWLFDVW�VHVVLRQ�RYHU� WLPH��6XSSRUW� IRU�G\QDPLFDOO\� MRLQ�DQG�OHDYH�RSHUDWLRQV�EULQJV�DERXW�QHZ�FKDOOHQJHV�WKDW�QHHG�WR�EH�DGGUHVVHG��$V�QRGHV�MRLQ� DQG� OHDYH� WKH� JURXS� FRPPXQLFDWLRQ�� WKH�PXOWLFDVW� WUHH�PD\� QHHG� WR� EH� XSGDWHG��+HQFH��WKH�URXWLQJ�DOJRULWKP�WKDW�EXLOGV�WKH�WUHH�FRQQHFWLQJ�WKH�PXOWLFDVW�QRGHV�VKRXOG�PDLQWDLQ� HIILFLHQW� FRQQHFWLRQV� EHWZHHQ� WKH� QRGHV� ZKHQ� RWKHU� QRGHV� MRLQ� RU� OHDYH� D�PXOWLFDVW�VHVVLRQ��)DXOW WROHUDQFH� LV� DQ� DSSURDFK� IRU� HQVXULQJ� WKDW� WKH� V\VWHP� UHPDLQV� WR� EH�IXQFWLRQDO�XQGHU�IDXOWV��7KH�NH\�WR�IDXOW�WROHUDQFH�LQ�D�PXOWLFDVW�QHWZRUN�LV�UHGXQGDQF\�RI�WKH�SDWKV�IURP�VRXUFH�WR�DOO�PXOWLFDVW�JURXS�PHPEHUV��,Q�WKH�FDVH�RI�UHDO�WLPH�V\VWHPV��WKH�VWULQJHQF\�RI�WLPLQJ�UHTXLUHPHQWV��WKH�IDXOW�WROHUDQFH�UHTXLUHPHQWV�DQG�WKH�QHHG�IRU�HIILFLHQF\� DUH� SUREOHPV� ZKLFK� QHHG� WR� EH� DGGUHVVHG� GXULQJ� WKH� GHVLJQ� SKDVH� RI� WKH�V\VWHP�� 7KH� WDVN� RI� VKRZLQJ� WKDW� VXFK� V\VWHPV� GR� VLPXOWDQHRXVO\� PHHW� DOO� WKH�IXQFWLRQDO�� WLPLQJ� DQG� IDXOW�WROHUDQFH� UHTXLUHPHQWV�� UHPDLQV� DQ� H[WUHPHO\� FKDOOHQJLQJ�DQG�FRPSOLFDWHG�SUREOHPV������'LVVHUWDWLRQ�2EMHFWLYHV*LYHQ�WKH�QHHG�WR�VXSSRUW�JURXS�FRPPXQLFDWLRQV�LQ�UHDO�WLPH�HQYLURQPHQWV�DQG�WR�EXLOG�HIILFLHQW� PXOWLFDVW� FRPPXQLFDWLRQ�� WKH� ILUVW REMHFWLYH� RI� WKLV� GLVVHUWDWLRQ� LV� WR� GHVLJQ� D�ERXQGHG�GHOD\�PXOWLFDVW�DOJRULWKP�ZKLOH�FRVW�LV�RXU�VHFRQGDU\�FRQFHUQ��6R�LW�LV�WR�ILQG�D�VXERSWLPDO�VROXWLRQ�RQ�PXOWLFDVW�URXWLQJ�ZKLOH�GHOD\�FRQVWUDLQW�FULWHULD�KDV�WR�EH�PHW��:H�DSSO\� WKLV� FRQFHSW� WR� D� VKDUHG� WUHH�PXOWLFDVW� URXWLQJ�SURWRFRO��&%7� �FRUH�EDVHG� WUHH���&%7�LV�NQRZQ�IRU�LWV�VXSHUE�TXDOLW\�RI�VFDODELOLW\�LQ�WKDW�RQO\�RQH�VKDUHG�WUHH�LV�UHTXLUHG�
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IRU� DQ\� VRXUFH��PXOWLFDVW� JURXS�� DV� RSSRVHG� WR� WKH�SRRU� VFDODELOLW\� LQ� WKH� VRXUFH� WUHH��+RZHYHU�� ZH� KDYH� WR� RYHUFRPH� WKH� SUREOHPV� RI�PHHWLQJ� HQG�WR�HQG�GHOD\�ZKLFK� LV� D�PDMRU�GUDZEDFN�RI� WKH�VKDUHG�WUHH��$OVR��WKH�LPSOLFDWLRQ�RI�WKH�VKDUHG�WUHH�PLJKW�UHVXOW�LQ� WUDIILF� FRQFHQWUDWLRQ� DURXQG� WKH� FRUH� URXWHU�� � 6ROXWLRQV� WR� WKH� SUREOHPV� ZLOO� EH�SURSRVHG� LQ� WKLV�GLVVHUWDWLRQ��2XU�DOJRULWKPV�DLP�DW�VDWLVI\LQJ� WKH� IROORZLQJ�GHVLJQ�DQG�SHUIRUPDQFH�FULWHULD�
x (QG�WR�HQG� GHOD\�� 7KH� GHOD\� RI� D� SDFNHW� LV� GHILQHG� DV� WKH� VXPPDWLRQ� RI� WKH�URXWLQJ�GHOD\��WUDQVPLVVLRQ�GHOD\�DQG�TXHXLQJ�GHOD\��$OVR��WKH�UHVXOW�VKRXOG�SURYH�WKDW�RXU�SURWRFRO�FDQ�URXWH�WKH�SDFNHW�ZLWKLQ�WLPH�GHOD\�FRQVWUDLQW�RI�WKH�UHDO�WLPH�DSSOLFDWLRQ�XQGHU�IDXOW�RU�QR�IDXOW�VFHQDULR�x 1HWZRUN� UHVRXUFH� XVDJH�� � 7RWDO� QXPEHU� RI� KRSV� D� PXOWLFDVW� SDFNHW� WUDYHOV� WR�UHDFK�DOO�GHVWLQDWLRQ�LQ�WKH�PXOWLFDVW�JURXSV�x 7UDIILF�FRQFHQWUDWLRQ���7UDIILF�FRQFHQWUDWLRQ�LV�PHDVXUHG�E\�WKH�PD[LPXP�QXPEHU�RI�IORZV�WUDYHUVLQJ�D�XQLGLUHFWLRQDO� OLQN��WKH�ORDG�RI�WKH�PRVW�FRQJHVWHG�OLQN���7KLV�DOVR�VKRZV�OLQN�XWLOL]DWLRQ�RI�RXU�SURSRVHG�SURWRFRO�DJDLQVW�WKH�&%7�Y��x /RVV�UDWH��7KH� ORVV�UDWH�PHDVXUHV�WKH�IUDFWLRQ�RI�WKH�WUDQVPLWWHG�SDFNHWV�WKDW�DUH�QRW� GHOLYHUHG� DW� DOO� RU� DUH� GHOLYHUHG� VR� ODWH� DV� WR� EH� XVHOHVV� IRU� UHDO�WLPH�DSSOLFDWLRQV�� 7KH� ORVV� UDWH� FDQ� EH� VHHQ� DV� WKH� IDLOXUH� UDWH� RI� RXU� SURSRVHG�SURWRFRO�WR�FRQVWUXFW�WKH�GHOD\�ERXQG�PXOWLFDVW�WUHH�x ([HFXWLRQ� WLPH�� 7KH� H[HFXWLRQ� WLPH� PHDVXUHV� WKH� UXQQLQJ� WLPH� RI� RXU� DOJRULWKP�IURP�VWDUW�XQWLO�WKH�WLPH�WKH�PXOWLFDVW�WUHH�LV�FRPSOHWHO\�IRUPHG�7KH�VHFRQG�REMHFWLYH�RI�WKLV�GLVVHUWDWLRQ�LV�DGGUHVVLQJ�WKH�IDXOW�WROHUDQFH�DVSHFW�RI�RXU�SURSRVHG�UHDO�WLPH�PXOWLFDVW�SURWRFRO�LQ�DGGLWLRQ�WR�PHHWLQJ�WKH�GHOD\�FRQVWUDLQW�YDOXHV��$�NH\� LVVXH�KHUH� LV� WR� ILQG�D�SUH�FRPSXWHG�GLVMRLQW�EDFNXS�SDWKV� IRU�DQ\� WZR�QRGHV� LQ�WKH� PXOWLFDVW� WUHH� DQG� XVH� WKHP� DV� DOWHUQDWLYH� SDWKV� ZKHQ� D� VLQJOH� OLQN� IDLOXUH� LV�HQFRXQWHUHG�� $OO� GLVMRLQW� EDFNXS� SDWKV� PXVW� EH� FKHFNHG� IRU� PHHWLQJ� UHDO�WLPH�FRQVWUDLQWV� EHIRUH� WKH� UHURXWLQJ� RI� WKH� SDWKV� WDNH� SODFH�� ,Q� GRLQJ� VR�� WKH� PXOWLFDVW�SURWRFRO�VKRXOG�FKHFN�ZKHWKHU� WKH�UHDO�WLPH�FRQVWUDLQW� LV�QRW�YLRODWHG�UHVXOWLQJ�IURP�WKH�URXWHU� UHFRQILJXUDWLRQ�� 2XU� IDXOW�WROHUDQW� SURWRFRO� DLPV� DW� VDWLVI\LQJ� WKH� SHUIRUPDQFH�FULWHULD�PHQWLRQHG�HDUOLHU�
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�����'LVVHUWDWLRQ�&RQWULEXWLRQV2XU�FRQWULEXWLRQV�LQ�WKLV�GLVVHUWDWLRQ�DUH�WKH�IROORZLQJ�
x :H�SURSRVHG�D�VKRUWHVW� WR� WKH�VKRUWHVW�SDWK� WR�RSWLPL]H� WKH�SDWK IURP�VRXUFH� WR�WKH�PXOWLFDVW�WUHH�WKXV�E\SDVVLQJ�WKH�FRUH�URXWHU��7KH�FRQYHQWLRQDO�&%7�ILQGV�WKH�VKRUWHVW� SDWK� WUHH� IURP� WKH� VRXUFH� QRGH� WR� WKH� FRUH� QRGH� DQG� XVHV� WKLV� SDWK� WR�URXWH� WKH� WUDIILF� WR�DOO�PXOWLFDVW�PHPEHUV�� UHVXOWLQJ� LQ� WUDIILF�FRQFHQWUDWLRQ�DURXQG�WKH� FRUH�� :LWK� WKLV� PRGLILFDWLRQ�� &%7� KDV� PRUH� FKDQFH� WR� PHHW� WKH� HQG�WR�HQG�GHOD\� FRQVWUDLQWV�� ZKLOH� WUDIILF� FRQFHQWUDWLRQ� DURXQG� FRUH� URXWHU� GHFUHDVHV�VLJQLILFDQWO\�x :H� SURSRVHG� WZR� QHZ� SDWK� VHOHFWLRQ� PHWKRGV� WR� HQVXUH� WKDW� WKH� SDWKV� IURP�VRXUFH� WR�DOO�PHPEHUV� LQ� WKH�VKDUHG�PXOWLFDVW� WUHH�GR�QRW�YLRODWH� WKH�HQG�WR�HQG�GHOD\� FRQVWUDLQW� FRQGLWLRQ�� ZKLOH� FRVW� RI� WKH� PXOWLFDVW� WUHH� LV� UHGXFHG�VXEVWDQWLDOO\��7KH�ILUVW�SDWK�VHOHFWLRQ�PHWKRG�LV�EDVHG�RQ�ZHLJKWHG�'LMNVWUDuV�SDWK�VHOHFWLRQ�DOJRULWKP���7KH�'LMNVWUDuV�6KRUWHVW�3DWK�7UHH�DOJRULWKP�>��@�ZDV�PRGLILHG�E\� VXEVWLWXWLQJ� WKH� RULJLQDO� SDWK� VHOHFWLRQ� ZLWK� WKH� ZHLJKWHG� SDWK� VHOHFWLRQ�IXQFWLRQ� LQ�RUGHU�WR�FUHDWH�RSWLPDO�VROXWLRQ�EDODQFLQJ�FRVW�DQG�GHOD\�SDUDPHWHUV��7KH�VHFRQG�SDWK�VHOHFWLRQ�PHWKRG�LV�EDVHG�RQ�.RPSHOODuV�VHOHFWLRQ�IXQFWLRQ�>��@�ZKLFK� FRQVLGHUV� UHVLGXDO� GHOD\� LQ� DGGLWLRQ� WR� ORZ� FRVW� WUHH�� 7KH� QHZ� VHOHFWLRQ�IXQFWLRQ�H[SOLFLWO\�XVHV�ERWK�FRVW�DQG�GHOD\�LQ�LWV�IXQFWLRQDO�IRUP��,W�WULHV�WR�FKRRVH�ORZ�FRVW�SDWKV��EXW�PRGXODWHV� WKH�FKRLFH�E\� WU\LQJ� WR�SLFN�HGJHV� WKDW�PD[LPL]H�WKH�UHVLGXDO�GHOD\��7KH�LGHD�LV�WR�UHGXFH�WKH�FRVW�RI�WKH�WUHH�WKURXJK�SDWK�VKDULQJ��:H�XVHG�VLPXODWLRQ�WR�SURYH�WKH�HIILFDF\�RI�RXU�SURWRFROV�DJDLQVW�WKH�RULJLQDO�&%7�Y��x :H�SURSRVHG�D�QHZ�IDXOW�WROHUDQW�SURWRFRO�WR�HQKDQFH�WKH�SURSRVHG�RSWLPDO�UHDO�WLPH� SURWRFRO�� 7KH� LGHD� LV� WR� SUH�FRPSXWH� GLVMRLQW� EDFNXS� SDWKV� EHWZHHQ� HDFK�QRGH�SDLU�IRU�DOO�OLQNV�LQ�WKH�PXOWLFDVW�WUHH��:KHQ�D�FHUWDLQ�OLQN�RQ�WKH�PXOWLFDVW�WUHH�IDLOV��RXU�SURWRFRO�ZLOO�FKHFN�LI�WKHUH�H[LVWV�D�GLVMRLQW�EDFNXS�SDWK�IRU�WKDW�OLQN��7KH�SURWRFRO�ZLOO� DOVR�FKHFN� LI� WKH�QHZ�GLVMRLQW�EDFNXS�SDWKV�FDQ�VXVWDLQ�HQG�WR�HQG�GHOD\� FRQVWUDLQWV�� 7KHQ�� WKH� SURWRFRO� YHULILHV� LI� WKH� VZLWFKLQJ� RI� URXWHV� IURP� WKH�IDLOHG�OLQN�WR�WKH�EDFNXS�OLQN�WDNHV�QR�PRUH�WKDQ�WKH�PD[LPXP�WLPH�GHOD\�DOORZHG��



��
x :H�XVHG�VLPXODWLRQ�WR�HYDOXDWH�WKH�DOJRULWKPV�ZH�SURSRVHG��,Q�RXU�VLPXODWLRQ��ZH�LPLWDWHG�WKH�UHDOLVWLF�,QWHUQHW�QHWZRUN�HQYLURQPHQW��:H�FRQGXFWHG�WKH�H[SHULPHQW�XVLQJ�QV���VLPXODWRU�WR�VLPXODWH�D�UDQGRP�QHWZRUN��7KH�VLPXODWLRQ�VKRZV�WKDW�RXU�SURSRVHG� SURWRFRO� SHUIRUPV� ZHOO� XQGHU� D� VLQJOH� OLQN� IDLOXUH� FRQGLWLRQ� ZLWK�PRGHUDWH�H[HFXWLRQ�WLPH�DQG�ORZHU�FRVW�WUHH�FRPSDUHG�WR�WKDW�RI�WKH�RULJLQDO�&%7��ZKLOH� WUDIILF� FRQFHQWUDWLRQ� DQG� QHWZRUN� UHVRXUFH� XVDJH� GHFUHDVHG� VXEVWDQWLDOO\��2XU�SURSRVHG�SURWRFRO�YHULILHV�LI� WKH�HQG�WR�HQG�GHOD\�FRQGLWLRQ�LV�QRW�YLRODWHG�LQ�WKH�VLPXODWHG�VFHQDULRV������'LVVHUWDWLRQ�2XWOLQH&KDSWHU� �� VWDUWV� ZLWK� D� FODVVLILFDWLRQ� RI� PXOWLFDVW� URXWLQJ� DOJRULWKPV�� IROORZHG� E\� WKH�VXUYH\� RI� SUHYLRXV� ZRUN� RQ� YDULRXV� PXOWLFDVW� URXWLQJ� DQG� UHODWHG� KHXULVWLF� DOJRULWKPV��EDVHG�RQ� WKH�SUREOHPV� WKH\�DGGUHVV�� ,Q�FKDSWHU���ZH�VWXG\� WKH�VKDUHG� WUHH�PXOWLFDVW�URXWLQJ�SURWRFRO��QDPHO\� WKH�FRUH�EDVHG� WUHH� �&%7��� LWV�DUFKLWHFWXUH��SURWRFRO�RYHUYLHZ��SURWRFRO� IRUPDW� DQG� LWV� IXQFWLRQV�� :H� VWXG\� LWV� DGYDQWDJHV� DQG� GLVDGYDQWDJHV�FRPSDUHG�ZLWK�WKH�VRXUFH�VSHFLILF�PXOWLFDVW�WUHH�&KDSWHU� �� SUHVHQWV� D� IRUPDO� GHILQLWLRQ� RI� WKH� UHDO�WLPH� PXOWLFDVW� SUREOHPV��SUHYLRXV� DSSURDFKHV� RI� WKH� UHDO�WLPH� PXOWLFDVW� SUREOHPV�� DQG� RXU� SURSRVHG�DSSURDFKHV�� :H� DOVR� GHVFULEHG� KRZ� WKH� SUHYLRXV� DSSURDFKHV� ZRUN� DQG� GLVFXVV�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�HDFK�DSSURDFK��:H�WKHQ�IRFXV�RQ�&%7�DQG�FRPH�XS�ZLWK� D� VWUDWHJ\� WR� DGDSW�&%7� WR� D� UHDO�WLPH� UHTXLUHPHQW��:H� LQWURGXFH� D� WHFKQLTXH� RI�RSWLPL]LQJ� WKH�SDWK�SUHYLRXVO\�XVHG�E\�D�VRXUFH� UHDFKLQJ� WKH�VKDUHG�PXOWLFDVW� WUHH�E\�XVLQJ� WKH� VKRUWHVW� RI� WKH� VKRUWHVW�SDWK�� WR�D� VSHFLILF�RQ�WUHH�QRGH��7KHQ��ZH�SURSRVHG�WZR�QHZ�SDWK�VHOHFWLRQ�PHWKRGV��EDVHG�RQ�'LMNVWUDuV�DOJRULWKP�>��@�DQG�5HVLGXDO�GHOD\�FRQFHSW�EDVHG�RQ�.RPSHOODuV�DOJRULWKP�>��@��WR�ILQG�RSWLPDO�SDWKV�IRU�WKH�QHZ�PXOWLFDVW�WUHHV�ZKHUHE\� WKH�HQG�WR�HQG�GHOD\�FRQGLWLRQ� LV�QRW�YLRODWHG��:LWK�RXU�DSSURDFKHV�� WKH�FRVW�RI� WKH�PXOWLFDVW� WUHH�GLPLQLVKHG�VXEVWDQWLDOO\��:H� WKHQ�GHVFULEHG�RXU�VLPXODWLRQ� WR�SURYH�WKH�HIILFDF\�RI�RXU�SURWRFRO�ZKLFK�EDVHV�RQ�&%7�Y���:H�FRPSDUHG�RXU�SURSRVHG�SURWRFRO� ZLWK� WKH� &%7� Y�� DQG� VKRZ� LWV� LPSURYHPHQW� LQ� WHUPV� RI� DYHUDJH� HQG�WR�HQG�GHOD\�� QHWZRUN� FRVW�� QHWZRUN� UHVRXUFH� XVDJH�� WUDIILF� FRQFHQWUDWLRQ�� ORVV� UDWH� DQG�H[HFXWLRQ�WLPH��



��
&KDSWHU���SUHVHQWV� WKH�FRQFHSW�RI� IDXOW�WROHUDQFH� IUDPHZRUN�� IDLOXUH�PRGHO�DQG�VROXWLRQ� WR� UHFRYHU� WKH� QHWZRUN� IURP� IDLOXUH�� :H� VWXG\� WKH� FRQFHSW� RI� GHSHQGDEOH�QHWZRUN�ZKHUHE\�GLVMRLQW�EDFNXS�SDWKV�DUH�LGHQWLILHG�RII�OLQH��7KH�UHVRXUFH�WR�WKH�GLVMRLQW�EDFNXS� SDWK� ZLOO� EH� DOORFDWHG� DW� UXQWLPH�� :LWK� WKLV� VFKHPH�� WKH� UXQWLPH� RYHUKHDG�UHPDLQV�WKH�VDPH��DQG�WKHUHIRUH��WKH�QHWZRUN�SHUIRUPDQFH�LV�QRW�FRPSURPLVHG�,Q� FKDSWHU� ��� ZH� VWXG\� WKH� IDXOW�WROHUDQFH� DVSHFW� RI� WKH� UHDO�WLPH� WUDIILF�� DQG�DSSURDFKHV�WR�HQKDQFH�WKH�UHOLDELOLW\�RI�WKH�QHWZRUN�XQGHU�D�VLQJOH�OLQN�IDLOXUH�FRQGLWLRQ��:H�GLVFXVV�PDQ\�DSSURDFKHV� WR� LPSURYH� WKH�QHWZRUN� UHGXQGDQFLHV�DQG� LQWURGXFH�RXU�IDXOW�WROHUDQW�DSSURDFK�WR�WKH�DOJRULWKPV�SURSRVHG�LQ�FKDSWHU����2XU�DSSURDFK�LV�EDVHG�RQ� ILUVW�� ILQGLQJ� WKH� SUH�FRPSXWHG� GLVMRLQW� EDFNXS� SDWKV� DQG� VHFRQGO\�� SURSRVLQJ� DQ�DOJRULWKP� WR� VZLWFK� IURP� WKH� SULPDU\� OLQN� WR� VHFRQGDU\� OLQN� ZLWKLQ� HQG�WR�HQG� GHOD\�FRQVWUDLQWV� LPSRVHG� E\� WKH� DSSOLFDWLRQV�� 7KLV� LQYROYHV� WKH� DGPLVVLRQ� WHVW� RI� WKH� SUH�FRPSXWHG� EDFNXS� SDWKV� SULRU� WR� VZLWFKLQJ� RI� WKH� IDLOHG� SDWK� WR� WKH� EDFNXS� SDWK��:H�VKRZ� WKDW� RXU� SURSRVHG� DSSURDFKHV� FDQ� UHOLDEO\� VZLWFK� WKH�PXOWLFDVW� WUDIILF� DORQJ� WKH�IDLOHG�OLQN�WR�WKH�EDFNXS�OLQN�ZLWKLQ�WLPH�ERXQG�DQG�VWLOO�SHUIRUPV�EHWWHU�WKDQ�WKH�&%7�Y��LQ�WHUPV�RI�WKH�SHUIRUPDQFH�PHWULFV��GHVFULEHG�LQ�SUHYLRXV�FKDSWHU��&RQFOXVLRQV�DQG� IXWXUH�ZRUN�DUH�SUHVHQWHG� LQ�FKDSWHU����)LQDOO\��ZH�VXPPDUL]H�WKH�FRQWULEXWLRQV�RI�WKH�UHVHDUFK�FRQGXFWHG�LQ�WKLV�GLVVHUWDWLRQ�



&+$37(5��
08/7,&$67�5287,1*�352%/(0�����,QWURGXFWLRQ0XOWLFDVWLQJ� UHIHUV� WR� WKH� WUDQVPLVVLRQ� RI� GDWD� IURP� RQH� QRGH� �VRXUFH� QRGH�� WR� D�VHOHFWHG� JURXS� RI� QRGHV� �PHPEHU� QRGHV� RU� GHVWLQDWLRQ� QRGHV�� LQ� D� FRPPXQLFDWLRQ�QHWZRUN�� ,QVWHDG� RI� VHQGLQJ� D� VHSDUDWH� FRS\� RI� WKH� GDWD� WR� HDFK� LQGLYLGXDO� JURXS�PHPEHU�� D�PXOWLFDVW� VRXUFH�VHQGV�D�VLQJOH�FRS\� WR�DOO� WKH�PHPEHUV��0XOWLFDVW� URXWLQJ�UHTXLUHV�WKH�HVWDEOLVKPHQW�RI�D�PXOWLFDVW�WUHH�WR�DOORZ�JURXS�PHPEHUV�WR�H[FKDQJH�GDWD�HIILFLHQWO\�� ,Q�VRPH�FDVH�� WKH�REMHFWLYH�RI FRQVWUXFWLQJ�D�PXOWLFDVW� WUHH� LV� WR�HQVXUH� WKDW�WKH�4R6� UHTXLUHPHQWV�RI� WKH�XQGHUO\LQJ�PXOWLFDVW� WUDIILF�DUH�PHW� LQ�DGGLWLRQ� WR� WKH�GDWD�H[FKDQJH�WR�WKH�JURXS�PHPEHUV�7KH� FKDSWHU� LV� RUJDQL]HG� DV� IROORZV��:H�JLYH� D�GLVFXVVLRQ�DQG�EDFNJURXQG�RI�WKH� 0XOWLFDVW� URXWLQJ� LQ� VHFWLRQ� ����� IROORZHG� E\� WKH� 0XOWLFDVW� SUREOHP� GHILQLWLRQ� LQ�VHFWLRQ������,Q�VHFWLRQ������ZH�VXUYH\�ERWK�VRXUFH�VSHFLILF�PXOWLFDVW�SURWRFROV��EDVHG�RQ�XQFRQVWUDLQHG�DQG�GHOD\�FRQVWUDLQHG�FRQGLWLRQV��DQG�ZH�GLVFXVV�VKDUH�EDVHG�PXOWLFDVW�URXWLQJ�SURWRFROV��6HFWLRQ�����VWXGLHV� WKH�IDXOW�WROHUDQW�DVSHFW� LQ�PXOWLFDVW�QHWZRUN��7KH�FKDSWHU�FRQFOXGHV�ZLWK�VHFWLRQ������������0XOWLFDVW�5RXWLQJ�$�PXOWLFDVW�URXWLQJ�DOJRULWKP�LV�D�PHWKRG�RI�VHOHFWLQJ�SDWKV�WR�FRQQHFW�D�VHW�RI�VRXUFHV�WR� RQH� RU�PRUH�GHVWLQDWLRQV�� 6XSSRUW� IRU�PXOWLFDVW� URXWLQJ�ZLWKLQ� WKH� VFRSH� RI� D� VLQJOH�ORFDO�DUHD� QHWZRUN� �/$1�� LV� VLPSOH�� %URDGFDVW� /$1V� LQFOXGH� WKH� SURYLVLRQ� RI�PXOWLFDVW�DGGUHVVHV�DW�WKH�PHGLXP�DFFHVV�FRQWURO�OHYHO��+RVWV�FDQ�EH�FRQILJXUHG�WR�EH�D�PHPEHU�RI�D�VHOHFWHG�VHW RI�PXOWLFDVW�JURXSV��*URXS�PHPEHUV�WDNH�DGYDQWDJH�RI�WKH�EURDGFDVW�QDWXUH�RI� WKH�/$1� WR�H[FKDQJH�GDWD�E\� WUDQVPLWWLQJ�D�VLQJOH�FRS\�RI� WKH�GDWD� IUDPH� WR�WKH�PXOWLFDVW� JURXS�� 8SRQ� UHFRJQLWLRQ� RI� LWV�PXOWLFDVW� JURXS� DGGUHVV�� D� KRVW� FDSWXUHV�DQG� IRUZDUGV� WKH WUDQVPLWWHG� IUDPH� WR� XSSHU� OD\HU� SURWRFROV�� 7KH� PRVW� FRQVWUDLQLQJ�DVSHFW� RI� OLQN�OD\HU�PXOWLFDVW� VROXWLRQV� LV� WKH�SURYLVLRQLQJ� RI�PXOWLFDVW� JURXSV��8VXDOO\��



��
PXOWLFDVW�JURXSV�DUH�VWDWLFDOO\�VHW�XS�E\� WKH�QHWZRUN�SURYLGHU�DQG�FDQ�EH�FKDQJH�RQO\�E\�D�UHFRQILJXUDWLRQ�RI�WKH�QHWZRUN�0XOWLFDVWLQJ�LV�IDU�PRUH�FRPSOH[�WR�VXSSRUW�LQ�D�ZLGH�DUHD�QHWZRUN�WKDQ�D�VKDUHG�ORFDO�DUHD�QHWZRUN��6HYHUDO�LVVXHV�PDNH�VXFK�D�WDVN�GLIILFXOW��+RVWV�PXVW�EH�DEOH�WR�MRLQ�DQG� OHDYH� WKH� QHWZRUN� ZLWKRXW� QHFHVVDULO\� UHTXLULQJ� WKH� LQWHUYHQWLRQ� RI� WKH� QHWZRUN�VHUYLFH� SURYLGHU�� )XUWKHUPRUH�� QHWZRUN� PXOWLFDVW� URXWHUV� PXVW� EH� DEOH� WR� LGHQWLI\� DQG�ORFDWH� PHPEHUV� RI� WKH� PXOWLFDVW� JURXS�� $Q� HIILFLHQW� PXOWLFDVW� URXWLQJ� VWUDWHJ\� PXVW��WKHUHIRUH��EH�GHYLVHG�WR�GLVVHPLQDWH�WUDQVPLWWHG�GDWD�WR�DOO�RI�WKH�LQWHQGHG�UHFLSLHQWV�*LYHQ�D�PXOWLFDVW�JURXS�0 DQG�SRVVLEO\�D�VHW�RI�RSWLPL]DWLRQ�REMHFWLYH� IXQFWLRQV�2��PXOWLFDVW�URXWLQJ�LV�D�SURFHVV�RI�FRQVWUXFWLQJ��EDVHG�RQ�WKH�QHWZRUN�WRSRORJ\�DQG�WKH�QHWZRUN� VWDWH�� D�PXOWLFDVW� WUHH� 7 WKDW� RSWLPL]HV� WKH� REMHFWLYH� IXQFWLRQV�� ,Q� WKH� FDVH� RI�FRQVWUDLQW�EDVHG�PXOWLFDVW�URXWLQJ��D�VHW�RI�FRQVWUDLQWV�& LQ�WKH�IRUP�RI�HQG�WR�HQG�GHOD\�ERXQG�� LQWHUUHFHLYHU� GHOD\� MLWWHU� ERXQG�� PLQLPXP� EDQGZLGWK�� ORVV� SUREDELOLW\� DQG�RU� D�FRPELQDWLRQ� WKHUHRI�� LV� JLYHQ�� 7KH� UHVXOWLQJ� PXOWLFDVW� WUHH� PXVW� SURYLGH� QRW� RQO\�UHDFKDELOLW\� IURP�VRXUFH�V�� WR�D� VHW� RI�GHVWLQDWLRQV��EXW� DOVR�FHUWDLQ�4R6�PHULWV� RQ� WKH�URXWHV� IRXQG� LQ� RUGHU� WR� VDWLVI\� WKH� FRQVWUDLQWV�� 7KH� RSWLPL]DWLRQ� REMHFWLYHV� VRXJKW� IRU�DUH�XVXDOO\�GHILQHG�LQ�WKH�IRUP�RI�PLQLPL]LQJ�WKH�FRVW�RI�D�PXOWLFDVW�WUHH��ZKHUH�WKH�FRVW�PD\� EH� WKH� WRWDO� EDQGZLGWK� XVHG� DQG�RU� D� PRQRWRQLFDOO\� QRQ�GHFUHDVLQJ� IXQFWLRQ� RI�QHWZRUN� XWLOL]DWLRQ�� 7KH� FRQVWUDLQWV� LPSRVHG� FDQ� EH� FODVVLILHG� LQWR� WZR� FDWHJRULHV�� DV�IROORZV�
x /LQN�FRQVWUDLQWV�� �7KH� OLQN�FRQVWUDLQWV�DUH�UHVWULFWLRQV�RQ�WKH�XVH�RI� OLQNV� IRU� URXWH�VHOHFWLRQ��)RU�H[DPSOH��RQH�PD\�UHTXHVW�WKDW�WKH�EDQGZLGWK�RU�EXIIHU�DYDLODEOH�RQ�D�OLQN�EH�JUHDWHU�WKDQ�RU�HTXDO�WR�D�SUH�GHWHUPLQHG�YDOXH�x 7UHH�FRQVWUDLQWV���7KH�WUHH�FRQVWUDLQWV�DUH�HLWKHU��L��ERXQGV�RQ�WKH�FRPELQHG�YDOXH�RI�D�SHUIRUPDQFH�PHWULF�DORQJ�HDFK�LQGLYLGXDO�SDWK�IURP�WKH�VRXUFH�WR�D�UHFHLYHU�LQ�D�PXOWLFDVW�WUHH��H�J��WKH�HQG�WR�HQG�GHOD\�ERXQG�RQ�WKH�SDWKV�IURP�WKH�VRXUFH�WR� DOO� WKH� UHFHLYHUV�� RU� �LL�� ERXQGV� RQ� WKH� GLIIHUHQFH� RI� WKH� FRPELQHG� YDOXH� RI� D�SHUIRUPDQFH� PHWULF� DORQJ� WKH� SDWKV� IURP� WKH� VDPH� VRXUFH� WR� DQ\� WZR� GLIIHUHQW�UHFHLYHUV�� H�J�� WKH� LQWHU�UHFHLYHU� GHOD\� MLWWHU� ERXQG� GHILQHG� DV� WKH� GLIIHUHQFH�EHWZHHQ�WKH�HQG�WR�HQG�GHOD\V�DORQJ�WKH�SDWKV�IURP�WKH�VDPH�VRXUFH�WR�DQ\�WZR�



��
GLIIHUHQW� UHFHLYHUV�� ,Q� WKH�FDVH�RI�KHWHURJHQHRXV�4R6��D�GLIIHUHQW�FRQVWUDLQW�PD\�EH�LPSRVHG�IRU�HDFK�UHFHLYHU��'HSHQGLQJ�RQ�KRZ�D�WUHH�FRQVWUDLQW�LV�GHULYHG�IURP�WKH�FRUUHVSRQGLQJ�OLQN�PHWULFV��WUHH�FRQVWUDLQWV�FDQ�EH�IXUWKHU�FODVVLILHG�LQWR�WKH�IROORZLQJ�WKUHH W\SHV�

x $GGLWLYH� WUHH� FRQVWUDLQWV�� )RU� DQ\� SDWK� � 37�X�Y��  � �� X�� L�� M�� h�N�� Y�� WKH� WUHH�FRQVWUDLQW�LV�DGGLWLYH�LI��P�X�Y�� �P�X��L����P�L��M���hh�P�N�Y�� ������)RU�H[DPSOH��WKH�HQG�WR�HQG�GHOD\�G�X�Y� IURP�QRGH�X WR�QRGH�Y��LV�DGGLWLYH�DQG�LV�HTXDO�WR�WKH�VXP�RI�LQGLYLGXDO�OLQN�PHWULF�G �L��M� DORQJ�WKH�SDWK�37�X�Y��x 0XOWLSOLFDWLYH�WUHH�FRQVWUDLQWV���7KH�WUHH�FRQVWUDLQW�LV�PXOWLSOLFDWLYH�LI�P�X�Y�� �P�X��L��[�P�L��M��[hh�P�N�Y�� �����)RU�H[DPSOH��WKH�SUREDELOLW\����S/ �X�Y���IRU�D�SDFNHW�WR�UHDFK�QRGH�Y IURP�QRGH�X DORQJ�37�X�Y� LV� PXOWLSOLFDWLYH� DQG� LV� HTXDO� WR� WKH� SURGXFW� RI� LQGLYLGXDO� OLQN� PHWULF� ��S/ �L�M���DORQJ�WKH�SDWK��37�X�Y��x &RQFDYH�WUHH�FRQWUDLQWV���7KH�WUHH�FRQVWUDLQW�LV�FRQFDYH�LI��P�X�Y�� �PLQ�>P�X��L����P�L��M�hh���P�N��Y�@� �����)RU� H[DPSOH�� WKH� EDQGZLGWK�E�X�Y�� DYDLODEOH� DORQJ� D� SDWK� IURP� QRGH� X WR� QRGH� Y�� LV�FRQFDYH�DQG�LV�HTXDO�WR�WKH�PLQLPXP�EDQGZLGWK�DPRQJ�WKH�OLQNV�RQ�SDWK�37�X�Y��'HSHQGLQJ�RQ�WKH�OLQN��WUHH�FRQVWUDLQWV�LPSRVHG�DQG�WKH�REMHFWLYH�IXQFWLRQ�XVHG��D�PXOWLFDVW�URXWLQJ�SUREOHP�FDQ�EH�IRUPXODWHG�DV�
x /LQN� FRQVWUDLQHG� SUREOHP�� $� OLQN� FRQVWUDLQW� LV� LPSRVHG� WR� FRQVWUXFW� IHDVLEOH�PXOWLFDVW�WUHHV��H�J��EDQGZLGWK�FRQVWUDLQHG�URXWLQJ�x 0XOWLSOH� OLQN� FRQVWUDLQHG� SUREOHP�� 7ZR� RU� PRUH� OLQN� FRQVWUDLQWV� DUH� LPSRVHG� WR�FRQVWUXFW�IHDVLEOH�WUHHV��H�J��EDQGZLGWK�DQG�EXIIHU�FRQVWUDLQHG�URXWLQJ�



��
x 7UHH� FRQVWUDLQHG� SUREOHP�� $� WUHH� FRQVWUDLQW� LV� LPSRVHG� WR� FRQVWUXFW� IHDVLEOH�PXOWLFDVW�WUHHV��H�J��GHOD\�FRQVWUDLQHG�URXWLQJ�x 0XOWLSOH� WUHH� FRQVWUDLQHG� SUREOHP�� 7ZR� RU�PRUH� WUHH� FRQVWUDLQWV� DUH LPSRVHG� WR�FRQVWUXFW� IHDVLEOH� PXOWLFDVW� WUHHV�� H�J�� GHOD\� DQG� LQWHU�UHFHLYHU� GHOD\� MLWWHU�FRQVWUDLQHG�URXWLQJ�x /LQN� DQG� WUHH� FRQVWUDLQHG� SUREOHP�� $� OLQN� FRQVWUDLQW� DQG� D� WUHH� FRQVWUDLQW� DUH�LPSRVHG� WR� FRQVWUXFW� IHDVLEOH� PXOWLFDVW� WUHHV�� H�J�� GHOD\� DQG� EDQGZLGWK�FRQVWUDLQHG�URXWLQJ�x /LQN�RSWLPL]DWLRQ�SUREOHP��$�OLQN�RSWLPL]DWLRQ�IXQFWLRQ�LV�XVHG�WR�ORFDWH�DQ�RSWLPDO�PXOWLFDVW� WUHH�� H�J�� PD[LPL]DWLRQ� RI� WKH� OLQN� EDQGZLGWK� RYHU� RQ�WUHH� OLQNV� LQ� D�PXOWLFDVW�WUHH�x 7UHH� RSWLPL]DWLRQ� SUREOHP�� � $� WUHH� RSWLPL]DWLRQ IXQFWLRQ� LV� XVHG� WR� ORFDWH� DQ�RSWLPDO�PXOWLFDVW�WUHH��H�J��PLQLPL]DWLRQ�RI�WKH�WRWDO�FRVW�RI�D�PXOWLFDVW�WUHH��7KLV�LV�DOVR�NQRZQ�DV�WKH�6WHLQHU�WUHH SUREOHP�x /LQN�FRQVWUDLQHG�OLQN�RSWLPL]DWLRQ�SUREOHP��$�OLQN�FRQVWUDLQW�LV�LPSRVHG�DQG�D�OLQN�RSWLPL]DWLRQ IXQFWLRQ� LV� XVHG� WR� ORFDWH� DQ� RSWLPDO� PXOWLFDVW� WUHH� WKDW� IXOILOOV� WKH�FRQVWUDLQW��H�J��WKH�EDQGZLGWK�FRQVWUDLQHG�EXIIHU�RSWLPL]DWLRQ�SUREOHP�x /LQN� FRQVWUDLQHG� WUHH� RSWLPL]DWLRQ� SUREOHP�� � $� OLQN� FRQVWUDLQW� LV� LPSRVHG� DQG� D�WUHH� RSWLPL]DWLRQ� IXQFWLRQ� LV� XVHG� WR� ORFDWH� DQ� RSWLPDO� PXOWLFDVW� WUHH�� H�J�� WKH�EDQGZLGWK�FRQVWUDLQHG�6WHLQHU�WUHH�SUREOHP�x 7UHH� FRQVWUDLQHG� OLQN� RSWLPL]DWLRQ� URXWLQJ� SUREOHP�� $� WUHH� FRQVWUDLQW� DQG� D� OLQN�RSWLPL]DWLRQ� IXQFWLRQ� LV� XVHG� WR� ORFDWH� DQ� RSWLPDO� PXOWLFDVW� WUHH�� H�J��� WKH� GHOD\FRQVWUDLQHG�EDQGZLGWK�RSWLPL]DWLRQ�SUREOHP�x 7UHH� FRQVWUDLQHG� WUHH� RSWLPL]DWLRQ� URXWLQJ� SUREOHP�� $� WUHH� FRQVWUDLQW� DQG� D� WUHH�RSWLPL]DWLRQ� IXQFWLRQ� LV� XVHG� WR� ORFDWH� DQ� RSWLPDO� PXOWLFDVW� WUHH�� H�J�� WKH� GHOD\�FRQVWUDLQHG�6WHLQHU�WUHH�SUREOHP�x /LQN� DQG� WUHH� FRQVWUDLQHG� WUHH� RSWLPL]DWLRQ� URXWLQJ� SUREOHP�� /LQN� DQG� WUHH�FRQVWUDLQWV�DQG�D� WUHH�RSWLPL]DWLRQ�IXQFWLRQ�LV�XVHG�WR� ORFDWH�DQ�RSWLPDO�PXOWLFDVW�WUHH��H�J��WKH�EDQGZLGWK�DQG�GHOD\�FRQVWUDLQHG�WUHH�RSWLPL]DWLRQ�SUREOHP�
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1XOO�FRQVWUDLQW

7UHH�FRQVWUDLQW
/LQN�	�WUHHFRQVWUDLQWV

/LQN�FRQVWUDLQW
1R�RSWLPL]DWLRQ

����WUHH�FRQVWUDLQHGSRO\QRPLDO�WLPH�FRPSOH[LW\����PXOWLSOH�WUHH�FRQVWUDLQHG13�FRPSOHWH�FRPSOH[LW\����OLQN�	�WUHH�FRQVWUDLQHGSRO\QRPLDO�WLPH�FRPSOH[LW\

����OLQN�FRQVWUDLQHGSRO\QRPLDO�FRPSOH[LW\����PXOWLSOH�OLQN�FRQVWUDLQHGSRO\QRPLDO�FRPSOH[LW\

/LQN�RSWLPL]DWLRQ����OLQN�RSWLPL]DWLRQSRO\QRPLDO�WLPH�FRPSOH[LW\����OLQN�FRQVWUDLQHG�OLQNRSLWPL]DWLRQ�SRO\QRPLDOWLPH�FRPSOH[LW\�����WUHH�FRQVWUDLQHG�OLQNRSWLPL]DWLRQ�SRO\QRPLDOWLPH�FRPSOH[LW\

7UHH�RSWLPL]DWLRQ

������WUHH�FRQVWUDLQHG�WUHHRSWLPL]DWLRQ�13�FRPSOHWHFRPSOH[LW\�����OLQN�	�WUHH�FRQVWUDLQHGWUHH�RSWLPL]DWLRQ�13�FRPSOHWH�FRPSOH[LW\

����WUHH�RSWLPL]DWLRQ�13�FRPSOHWH�FRPSOH[LW\����OLQN�FRQVWUDLQHG�WUHHRSWLPL]DWLRQ�13�FRPSOHWHFRPSOH[LW\

7DEOH�������$�WD[RQRP\�RI�PXOWLFDVW�URXWLQJ�SUREOHPV�
7DEOH�����JLYHV�D�VXPPDU\�RI� WKHVH�SUREOHPV�� � ,Q�RXU� IRUPXODWLRQ�ZKLFK�IDOOV� LQ�WKH� FDWHJRU\� RI� � v7UHH� FRQVWUDLQHG� SUREOHPw�� ZH� DUH� LQWHUHVWHG� LQ� ILQGLQJ� WKH� VKDUHG�PXOWLFDVW� WUHH� ZKLFK� VDWLVILHV� WKH� PD[LPXP� HQG�WR�HQG� GHOD\� ERXQG� FRQGLWLRQ� DQG� LWV�EDFNXS�SDWKV� RI� VXFK� WUHH�� VXFK� WKDW� WKH�RYHUDOO� WUHH�FRVW� LV� UHGXFHG�� ,Q�PDQ\�FDVHV��WKLV� SUREOHP� LV� FODVVLILHG� DV� WKH� vGHOD\� FRQVWUDLQHG�PXOWLFDVW� URXWLQJw� SUREOHP�� 'HOD\�FRQVWUDLQWV�DQG�&RVW�FRQVWUDLQWV�DUH�ERWK�FRQVLGHUHG�DGGLWLYH�PHWULFV��7R� VDWLVI\� PXOWLSOH� FRQVWUDLQWV�� D� VLQJOH� PL[HG� PHWULF� KDV� EHHQ� SURSRVHG� LQ�FXUUHQW�QHWZRUNV��2QH�SRVVLEOH�DSSURDFK�PLJKW�EH�WR�GHILQH�D�IXQFWLRQ�DQG�JHQHUDWH�D�VLQJOH�PHWULF� IURP�PXOWLSOH�SDUDPHWHUV��7KH�LGHD�LV�WR�PL[�YDULRXV SLHFHV�RI� LQIRUPDWLRQ�LQWR�D�VLQJOH�PHDVXUH�DQG�XVH�LW�DV�WKH�EDVLV�IRU�URXWLQJ�GHFLVLRQV��)RU�H[DPSOH��D�PL[HG�PHWULF� 0� PD\� EH� SURGXFHG� ZLWK� EDQGZLGWK�%�� GHOD\�' DQG� ORVV� SUREDELOLW\� / ZLWK� D�IRUPXOD�I�S�  � ��î�� �� S/S' S% $�SDWK�ZLWK�D�ODUJH�YDOXH�LV�OLNHO\�WR�EH�D�EHWWHU�FKRLFH�LQ�WHUPV�RI�EDQGZLGWK�� GHOD\� DQG� ORVV� SUREDELOLW\�� +RZHYHU�� E\� PL[LQJ� SDUDPHWHUV� RI� GLIIHUHQW�FRPSRVLWLRQ�UXOHV��WKHUH�PD\�QRW�EH�D�VLPSOH�FRPSRVLWLRQ�UXOH�IRU�WKH�VHOHFWHG�IXQFWLRQ��$QRWKHU�DOWHUQDWLYH�WR�D�VLQJOH�PL[HG�PHWULF�LV�WKH�PXOWLSOH�PHWULFV�DSSURDFK��EXW�ILQGLQJ�D�SDWK� VXEMHFW� WR�PXOWLSOH�FRQVWUDLQWV� LV� LQKHUHQWO\�KDUG��3RO\QRPLDO�WLPH�DOJRULWKPV� IRU�WKH�SUREOHP�PD\�QRW�H[LVW��:H�ZLOO�H[SORUH�WKLV�LGHD�IXUWKHU�LQ�FKDSWHU��������0XOWLFDVW�SUREOHP�'HILQLWLRQV$�SRLQW�WR�SRLQW�FRPPXQLFDWLRQ�QHWZRUN�LV�UHSUHVHQWHG�DV�D�GLUHFWHG��FRQQHFWHG��VLPSOH�QHWZRUN�*� � �9��(��� ZKHUH�9 LV� D� VHW� RI� QRGHV� DQG�( LV� D� VHW� RI� GLUHFWHG� OLQNV�� � 7KH�



��
H[LVWHQFH�RI�D�OLQN�H  ��X��Y��IURP�QRGH�X WR�QRGH�Y LPSOLHV�WKH�H[LVWHQFH�RI�D�OLQN�'  �Y��X��IRU�DQ\�X��Y� 9��L�H���IXOO�GXSOH[�LQ�QHWZRUNLQJ�WHUPV���$�OLQN��X��Y��� ( LV�DQ�RXWJRLQJ�OLQN�IRU�QRGH�X � 9 DQG�DQ�LQFRPLQJ�OLQN�IRU�Y � 9���$Q\�OLQN�H  ��X��Y��� ( KDV�D�FRVW�&�H���VDPH�DV�&�X� Y���DQG�D�GHOD\�'�H���VDPH�DV�'�X��Y���DVVRFLDWHG�ZLWK�LW���&�H��DQG�'�H��PD\�WDNH�DQ\�QRQQHJDWLYH�UHDO�YDOXHV���7KH�OLQN�FRVW�&�H��PD\�EH�HLWKHU�D�PRQHWDU\�FRVW� RU� VRPH�PHDVXUH� RI� WKH� OLQNuV� XWLOL]DWLRQ�� 7KH� OLQN� GHOD\�'�H�� LV� D�PHDVXUH� RI� WKH�GHOD\�D�SDFNHW�H[SHULHQFHV�ZKHQ�WUDYHUVLQJ�WKH�OLQN�H���7KXV�LW�PD\�FRQVLVW�RI�TXHXLQJ��WUDQVPLVVLRQ�� DQG� SURSDJDWLRQ� FRPSRQHQWV�� � %HFDXVH� RI� WKH� DV\PPHWULF� QDWXUH� RI�FRPSXWHU�QHWZRUNV��LW�LV�RIWHQ�WKH�FDVH�WKDW�&�H��z &�'��DQG�'�H��z '�'����,I�WKH�QHWZRUN�LV�V\PPHWULF��LW�FDQ�EH�UHSUHVHQWHG�DV�DQ�XQGLUHFWHG�QHWZRUN LQ�ZKLFK�&�H�� �&�'��DQG�'�H�� �'�'��IRU�DOO�H� (���:H�GHILQH�D�SDWK�DV�DQ�DOWHUQDWLQJ�VHTXHQFH�RI�QRGHV�DQG�OLQNV�3�Y���YN�� �Y���H���H���Y���h��YN����HN��YN�� VXFK� WKDW�HYHU\�HL  ��YL����YL��� (����� L � N�� �$�SDWK�FRQWDLQV�ORRSV�LI�VRPH�RI�LWV�QRGHV�DUH�QRW�GLVWLQFW���,I�DOO�QRGHV�DUH�GLVWLQFW��WKHQ�WKH�SDWK�LV�ORRS�IUHH���,Q�WKH�UHPDLQGHU�RI�WKLV�GLVVHUWDWLRQ��LW�ZLOO�EH�H[SOLFLWO\�PHQWLRQHG�LI�D�SDWK�FRQWDLQV�ORRSV�� �2WKHUZLVH�D� vSDWKw�DOZD\V�GHQRWHV�D� ORRS�IUHH�SDWK�� �:H�ZLOO�XVH� WKH� IROORZLQJ�QRWDWLRQ�WR�UHSUHVHQW�D�SDWK��3�Y���YN�� �^Y� È Y� È h�È YN�� È YN`�� �7KH�FRVW�RI�D�SDWK�3�Y���YN��LV�GHILQHG�DV�WKH�VXP�RI�WKH�FRVWV�RI�WKH�OLQNV�FRQVWLWXWLQJ�3�Y���YN���

&RVW��3�Y����YN����� ��������¦ �����&��H��H�3��Y����YN�� �����
6LPLODUO\�� WKH� HQG�WR�HQG� GHOD\� DORQJ� WKH� SDWK� 3�Y��� YN�� LV� GHILQHG� DV� WKH� VXP� RI� WKH�GHOD\V�RQ�WKH�OLQNV�FRQVWLWXWLQJ�3�Y���YN��

'HOD\��3�Y����YN�������� ���������¦ ������'��H��H�3��Y����YN�� �����
7KH� GHILQLWLRQV� JLYHQ� EHORZ� DSSO\� IRU� D� PXOWLFDVW� VHVVLRQ� ZLWK� D� VLQJOH� VRXUFH�� � $�PXOWLFDVW�JURXS�*  �^J���h��JQ`�� 9��ZKHUH�Q  �_*__9�_��LV�D�VHW�RI�QRGHV�SDUWLFLSDWLQJ�LQ�WKH�VDPH�QHWZRUN�DFWLYLW\��DQG�LV�LGHQWLILHG�E\�D�XQLTXH�JURXS�DGGUHVV�L���$��QRGH�V�� 9LV�D�PXOWLFDVW�VRXUFH�IRU�WKH�PXOWLFDVW�JURXS�*���$�PXOWLFDVW�VRXUFH�V PD\�RU�PD\�QRW�EH�LWVHOI�D�PHPEHU�RI�WKH�JURXS�*�� �$�VRXUFH�VSHFLILF�PXOWLFDVW�WUHH�7�V��*��� (�� LV�D�WUHH�



��
URRWHG�DW�WKH�VRXUFH�V DQG�VSDQQLQJ�DOO�PHPEHUV�RI�WKH�JURXS�*���7KH�WRWDO�FRVW�RI�D�WUHH�7�V��*��LV�VLPSO\�WKH�VXP�RI�WKH�FRVW�RI�DOO�OLQNV�LQ�WKDW�WUHH�

&RVW���7��V��* ���� ���� ¦ &��H��H�7���V��* � �����
,Q�JHQHUDO��DQ�DOJRULWKP� WKDW�PLQLPL]HV� WKH� WRWDO�FRVW�RI�D�PXOWLFDVW� WUHH�ZLOO�HQFRXUDJH�WKH�VKDULQJ�RI�OLQNV���7KH�PD[LPXP�HQG�WR�HQG�GHOD\�RI�D�PXOWLFDVW�WUHH�LV�WKH�PD[LPXP�GHOD\�IURP�WKH�VRXUFH�WR�DQ\�PXOWLFDVW�JURXS�PHPEHU�

0D[B'HOD\ ��7�V ��* ��� ��PD[��� ¦ �'� �H���H�37 �V��J �J�* �����
ZKHUH�37�V��J��LV�WKH�SDWK�IURP�V WR�J DORQJ�WKH�WUHH�7�V��*�������6XUYH\�RI�0XOWLFDVW�5RXWLQJ�$OJRULWKPV0XOWLFDVW� URXWLQJ� DOJRULWKPV�DUH�JURXSHG� WRJHWKHU� LQ� FRPSOLDQFH�ZLWK� WKH�FODVVLILFDWLRQ�SURYLGHG�LQ�WKH�SUHYLRXV�VHFWLRQ���)RU�VLPSOLFLW\�SXUSRVHV��ZH�ZLOO�FRQVLGHU�WZR�PXOWLFDVW�URXWLQJ� WUHH� FRQVWUXFWLRQ� QDPHO\�� VRXUFH�EDVHG� WUHHV� DQG� VKDUHG�EDVHG� WUHHV�� 7KH�WD[RQRP\�RI�YDULRXV�W\SHV�RI�DSSURDFKHV�WR�WKH�PXOWLFDVWLQJ�SUREOHPV�LV�VKRZQ�LQ�ILJXUH�����DQG�ILJXUH������

0XOWLFDVW�URXWLQJ�DOJRULWKPV
6RXUFHEDVHG�WUHH 6KDUHGEDVHG�WUHH

8QFRQVWUDLQHG 'HOD\FRQVWUDLQHG
6KRUWHVWSDWK�WUHH 0LQLPXPVWHLQHU�WUHH &%7 3,0�60 &HQWHU�VHOHFWLRQ�'LDPHWHU&RQVWUDLQHG� 2SWLPL]H�SDWKVHOHFWLRQ

:HLJKWHG�'LMNVWUDSDWK�VHOHFWLRQ�0RGLILHG�&%7:'�
5HVLGXDO�GHOD\�0RGLILHG&%75'�

8QFRQVWUDLQHG 'HOD\FRQVWUDLQHG
6KRUWHVWSDWK�WUHH 0LQLPXPVWHLQHU�WUHH )DXOW�WROHUDQWSURWRFRO

)LJXUH�������7UHH�VWUXFWXUHV�RI�VROXWLRQ�DSSURDFKHV�WR�WKH�PXOWLFDVWLQJ�SUREOHPV
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$V� IRU� WKH� IDXOW�WROHUDQW� SURWRFRO� RI� RXU�SURSRVHG�DSSURDFK��ZH� IROORZ� WKH� IDXOW�WROHUDQW�WUHH�VWUXFWXUH�VKRZQ�LQ�ILJXUH������DV�IROORZV�

)DXOW�WROHUDQWSURWRFRO
6LQJOH�OLQNIDLOXUH 0XOWLSOH�OLQNIDLOXUH

5HDO�WLPH 1RQ�UHDO�WLPH
3UH�FRPSXWHGGLVMRLQW�EDFNXS 2Q�GHPDQG

$GPLVVLRQ�WHVWRI�EDFNXS�SDWK)LJXUH�������)DXOW�WROHUDQW�SURWRFRO�GHVFULSWLRQ
)XOO�GHWDLO�RI�RXU�IDXOW�WROHUDQFH�VWXG\�FDQ�EH�IRXQG�LQ�FKDSWHU����������6RXUFH�VSHFLILF�0XOWLFDVW�WUHHV:H� FRQGXFWHG� RXU� PXOWLFDVW� URXWLQJ� VXUYH\� RQ� VRXUFH�VSHFLILF� PXOWLFDVW� WUHH� SUREOHP�ZKLFK� LV FODVVLILHG� LQWR� XQFRQVWUDLQHG� DQG� GHOD\� FRQVWUDLQHG� DOJRULWKPV�� (DFK�FODVVLILFDWLRQ� FDQ� EH� VXEGLYLGHG� IXUWKHU� LQWR� 6KRUWHVW� 3DWK� DOJRULWKPV� DQG� 0LQLPXP�6WHLQHU�DOJRULWKPV�
x 8QFRQVWUDLQHG�6KRUWHVW�3DWK�$OJRULWKPV$V�WKH�QDPH�LQGLFDWHV��D�VKRUWHVW�SDWK�DOJRULWKP�PLQLPL]HV�WKH�VXP�RI�WKH�OHQJWKV�RI�WKH�LQGLYLGXDO� OLQNV� RQ� HDFK� LQGLYLGXDO� SDWK� IURP� WKH� VRXUFH� QRGH� WR� D� PXOWLFDVW� JURXS�PHPEHU�� � 7KH� SURSHUWLHV� RI� D� VKRUWHVW� SDWK� WUHH� GHSHQG� RQ� WKH�PHWULF� WKH� OLQN� OHQJWK�UHSUHVHQWV�� � ,I�XQLW� OLQN� OHQJWKV�DUH�XVHG� WKH�UHVXOWLQJ�VKRUWHVW�SDWK� WUHH� LV�D�PLQLPXP�KRS� WUHH�� � ,I� WKH� OLQN� OHQJWK� LV�VHW�HTXDO� WR� WKH� OLQN�FRVW�� WKHQ�D�VKRUWHVW�SDWK�DOJRULWKP��GHQRWHG� DV� WKH� OHDVW�FRVW� �/&�� DOJRULWKP� LQ� WKLV� FDVH�� FRPSXWHV� WKH� /&� WUHH�� � 7KH�REMHFWLYH�RI�DQ�/&�DOJRULWKP�FDQ�EH�H[SUHVVHG�PDWKHPDWLFDOO\�DV�IROORZV�
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&RVW��37���V���J �� ��J���*�7�V��*��W���V��*�PLQ �����

ZKHUH�W �*��LV�WKH�VHW�RI�WUHHV�DW�V DQG�VSDQQLQJ�DOO�QRGHV�LQ�*���7KH�WRWDO�FRVW�RI�DQ�/&�WUHH� LV�QRW�QHFHVVDULO\�RSWLPDO�� � ,I� WKH� OHQJWK�RI�D� OLQN� LV�D�PHDVXUH�RI� WKH�GHOD\�RQ�WKDW�OLQN�� WKHQ�D�VKRUWHVW�SDWK�DOJRULWKP��GHQRWHG�DV� OHDVW�GHOD\� �/'��DOJRULWKP� LQ� WKLV�FDVH��FRPSXWHV�WKH�/'�WUHH���7KH�REMHFWLYH�IXQFWLRQ�RI�DQ�/'�DOJRULWKP�LV�WR��
'HOD\��37���V���J �� ��J���*�7�V��*��W���V��*�PLQ �����

$Q�/'�WUHH�LV�RSWLPDO�ZLWK�UHVSHFW�WR�HQG�WR�HQG�GHOD\���,Q�FDVH�RI�UHDO�WLPH�DSSOLFDWLRQV��LI�WKH�/'�WUHH�FDQQRW�VDWLVI\�WKH�LPSRVHG�GHOD\�FRQVWUDLQW��QR�RWKHU�PXOWLFDVW�WUHH�FDQ�%HOOPDQ�)RUG� DOJRULWKP� >��@� DQG� 'LMNVWUD� DOJRULWKP� >��@� DUH� WZR� ZHOO� NQRZQ�VKRUWHVW� SDWK� DOJRULWKPV�� � %RWK� DOJRULWKPV� DUH� H[DFW� DQG� UXQ� LQ� SRO\QRPLDO� WLPH�� � 7KH�ZRUVW� FDVH� WLPH� FRPSOH[LW\� RI� WKH� %HOOPDQ�)RUG� DOJRULWKP� LV�2�_9_��� ZKHUH� _9_ LV� WKH�QXPEHU� RI� QRGHV� LQ� WKH� QHWZRUN�� � $Q� H[DFW�� GLVWULEXWHG� YHUVLRQ� RI� WKH� %HOOPDQ�)RUG�DOJRULWKP�LV�JLYHQ�LQ�>��@���,W�UHTXLUHV�RQO\�OLPLWHG�LQIRUPDWLRQ�DERXW�WKH�QHWZRUN�WRSRORJ\�WR� EH� NHSW� DW� HDFK� QRGH�� � $ZHUEXFK� HW� DO�� >�@� VKRZ� WKDW� WKH� ZRUVW� FDVH� PHVVDJH�FRPSOH[LW\�RI�WKH�H[DFW��GLVWULEXWHG�%HOOPDQ�)RUG�DOJRULWKP�PD\�JURZ�H[SRQHQWLDOO\�ZLWK�WKH�QXPEHU�RI�QRGHV��7R�DYRLG�WKLV�H[FHVVLYH�FRPSOH[LW\��WKH\�SURSRVH�WZR�DSSUR[LPDWH�GLVWULEXWHG� YHUVLRQV� RI� WKH� DOJRULWKP�� � )RU� 'LMNVWUDuV� VKRUWHVW� SDWK� DOJRULWKP�� RQO\�FHQWUDOL]HG�YHUVLRQV�H[LWV���,WV�H[HFXWLRQ�WLPH�LV�2�_9_���WLPH�LQ�WKH�ZRUVW�FDVH���(IILFLHQW��QRQGLVWULEXWHG�YHUVLRQV�RI�ERWK�%HOOPDQ�)RUG�DQG�'LMNVWUDuV�DOJRULWKPV�KDYH�FRPSDUDEOH�DYHUDJH�UXQQLQJ�WLPHV�>��@���%RWK�DOJRULWKPV�UHPDLQ�H[DFW�IRU�DV\PPHWULF�QHWZRUNV�7KH� UHYHUVH� SDWK� IRUZDUGLQJ� �53)�� DOJRULWKP� SURSRVHG� E\� 'DODO� DQG� 0HWFDOIH�>��@� LV�DQ�DOJRULWKP� IRU�EURDGFDVWLQJ� LQ�GDWDJUDP�QHWZRUNV�� �(DFK�SDFNHW� LV� IRUZDUGHG�IURP�WKH�VRXUFH�WR�WKH�UHFHLYHUV�RYHU�WKH�UHYHUVH�VKRUWHVW�SDWKV��L�H���WKH�VKRUWHVW�SDWKV�IURP� WKH� UHFHLYHUV� EDFN� WR� WKH� VRXUFH�� � 7KXV� 53)� FUHDWHV� DQ� RSWLPDO� VKRUWHVW� SDWK�EURDGFDVW� WUHH�RQO\� LI� WKH�QHWZRUN� LV�V\PPHWULF�� �'HHULQJ� >������@�JHQHUDOL]HG� WKH�53)�DOJRULWKP� �753%�� DOJRULWKP� DQG� WKH� UHYHUVH� SDWK� PXOWLFDVWLQJ� �530�� DOJRULWKP�� � 7KH�REMHFWLYH�IXQFWLRQ�RI�753%�DQG�530�FDQ�EH�VWDWHG�DV�



��
��J���*�7�V��*��W���V��*�PLQ ¦ ������&��H
���H�37���V��J� ������

ZKHUH�H  ��X��Y��DQG�'  ��Y��X����753%�DQG�530�GR�QRW�VXIIHU�IURP�VRPH�RI�WKH�OLPLWDWLRQV�ZKLFK�53)�VXIIHUV� IRUP�ZLWK� UHVSHFW� WR� LWV�DSSOLFDELOLW\� WR�PXOWL�DFFHVV�QHWZRUNV�� �53)��753%��DQG�530�DUH�GLVWULEXWHG�DOJRULWKPV�WKDW�UHO\�RQ�OLPLWHG�LQIRUPDWLRQ�DW�HDFK�QRGH�LQ� WKH� QHWZRUN�� � 7KH\� VFDOH� ZHOO� ZLWK� WKH� VL]H� RI� WKH QHWZRUN�� DQG� G\QDPLF�LPSOHPHQWDWLRQV�RI�WKHVH�DOJRULWKPV�H[LVW�
x 8QFRQVWUDLQHG�0LQLPXP�6WHLQHU�7UHH�$OJRULWKPV7KH� REMHFWLYH� RI� WKH�PLQLPXP�6WHLQHU� WUHH� SUREOHP� LV� WR�PLQLPL]H� WKH� WRWDO� FRVW� RI� WKH�PXOWLFDVW�WUHH��L�H��

&RVW���7����V���* ���7�V��*��W���V��*�PLQ ������
7KLV� SUREOHP� LV� NQRZQ� WR� EH�13�FRPSOHWH� >��@�� � +ZDQJ� >��@� SURYLGHG� DQG� H[WHQVLYH�VXUYH\� RI� ERWK� H[DFW� DQG�KHXULVWLF�PLQLPXP�6WHLQHU� WUHH�DOJRULWKPV�� �$V�HDUOLHU� VXUYH\�ZDV�JLYHQ�E\�:LQWHU� >���@�� �9HU\� IHZ�DOJRULWKPV�KDYH�EHHQ�SURSRVHG� IRU� WKH�PLQLPXP�6WHLQHU� WUHH� SUREOHP� LQ� DV\PPHWULF� QHWZRUNV�� DQG� DOO� RI� WKHP� RSHUDWH� XQGHU� VSHFLDO�DVVXPSWLRQV�� H�J�� DF\FOLF� QHWZRUNV�� � ,I� WKH� PXOWLFDVW� JURXS� LQFOXGHV� DOO� QRGHV� LQ� WKH�QHWZRUN�� WKH�PLQLPXP�VSDQQLQJ� WUHH�SUREOHP� LQ� V\PPHWULF� QHWZRUNV� FDQ�EH�VROYHG� LQ�2�_9_��� WLPH� LQ WKH� ZRUVW� FDVH� XVLQJ� 3ULPuV� DOJRULWKP� >��@�� � 8QFRQVWUDLQHG� PLQLPXP�6WHLQHU�WUHH�DOJRULWKPV�GR�QRW�DWWHPSW�WR�RSWLPL]H�WKH�HQG�WR�HQG�GHOD\�DW�DOO���7KHUHIRUH�WKH\�PD\� QRW� EH� VXLWDEOH� IRU� UHDO�WLPH� DSSOLFDWLRQV�� � 7KH�EHVW� NQRZQ�PLQLPXP�6WHLQHU�WUHH� KHXULVWLFV� ZHUH� SURSRVHG� E\� .RX�� 0DUNRZVN\�� DQG� %HUPDQ� �.0%� KHXULVWLF�� >��@��7DNDKDVKL�DQG�0DWVX\DPD��70�KHXULVWLF��>��@��DQG�5D\ZDUG�6PLWK��56�KHXULVWLF��>��@�7KH�.0%�KHXULVWLF�>��@�XVHV�3ULPuV�PLQLPXP�VSDQQLQJ�WUHH�DOJRULWKP�>��@�GXULQJ�LWV�FRPSXWDWLRQ���3ULPuV�DOJRULWKP�LV�RSWLPDO�RQO\�IRU�V\PPHWULF�QHWZRUNV���7KXV�WKH�FRVW�SHUIRUPDQFH� WR� WKH� .0%� KHXULVWLF� PD\� EH� DIIHFWHG� LI� LW� LV� DSSOLHG� WR� DV\PPHWULF�QHWZRUNV���7KH�ZRUVW�FDVH�WLPH�FRPSOH[LW\�RI�WKH�.0%�KHXULVWLF�LV�2�_*_ _9_����ZKHUH�_*_LV�WKH�VL]H�RI�WKH�PXOWLFDVW�JURXS���:DOO�>��������@�SURSRVHG�D�GLVWULEXWHG�YHUVLRQ�RI�WKH�.0%� KHXULVWLF�� � 7KH� WRWDO� FRVW� RI� WUHHV� JHQHUDWHG� XVLQJ� .0%� KHXULVWLF� LQ� V\PPHWULF�



��
QHWZRUNV�LV�RQ�WKH�DYHUDJH�RQO\����ZRUVH�WKDQ�WKH�FRVW�RI�WKH�RSWLPDO�PLQLPXP�6WHLQHU�WUHH�>������@�7KH�70�KHXULVWLF�>��@�VWDUWV�ZLWK�D�WUHH�WKDW�FRQWDLQV�WKH�VRXUFH�QRGH�RQO\���7KHQ�LW�DGGV�WKH�PXOWLFDVW�JURXS�PHPEHUV��RQH�DW�D�WLPH��WR�WKH�H[LVWLQJ�WUHH�YLD�WKH�FKHDSHVW�/&�SDWK�WR�DQ\�QRGH�DOUHDG\�LQ�WKH�WUHH���70�KHXULVWLF�UXQV�LQ�2�_*_ _9_���WLPH�LQ�WKH�ZRUVW�FDVH� 7KH� 56� KHXULVWLF� >��@� VWDUWV� ZLWK� D� IRUHVW� RI� WUHHV�� ZLWK� HDFK� PXOWLFDVW� JURXS�PHPEHU�FRQVWLWXWLQJ�D�WUHH���7KHQ�WKH�KHXULVWLF�XQLWHV�WUHHV�WKDW�DUH�FORVHVW�WR�HDFK�RWKHU��LQ� WHUPV� RI� FRVW�� E\� DGGLQJ� WKH� DSSURSULDWH� OLQNV� XQWLO� LW� HQGV� XS� ZLWK� D� VLQJOH� WUHH���8VLQJ� D� OLPLWHG� QXPEHU� RI� VLPXODWLRQV��5D\ZDUG�6PLWK� DQG�&ODUH� >��@� VKRZHG� WKDW�56�KHXULVWLF� \LHOGV� WUHH� FRVWV� WKDW� DUH� FORVHU� WR� RSWLPDO� WKDQ� .0%� DQG� 70� KHXULVWLFV���8QIRUWXQDWHO\��KRZHYHU��56�KHXULVWLF�ZDV�GHVLJQHG�IRU�V\PPHWULF�QHWZRUNV��DQG�ZH�FDQ�QRW�HQYLVLRQ�DQG�HIILFLHQW�PHWKRG�IRU�LPSOHPHQWLQJ�LW�LQ�FDVH�RI�DV\PPHWULF�QHWZRUNV�-LDQJ� >��@�SUHVHQWHG�PRGLILHG�YHUVLRQV�RI�.0%�KHXULVWLF�DQG�56�KHXULVWLFV� WKDW�FRQVWUXFW�PXOWLFDVW� WUHHV�ZLWK� ORZHU�FRVWV� WKDQ� WKH�RULJLQDO�KHXULVWLFV�� �7KH�DXWKRU�XVHG�KHWHURJHQHRXV�OLQN�FDSDFLWLHV�LQ�WKH�V\PPHWULF��UDQGRP�QHWZRUNV�KH�VLPXODWHG��DQG�KH�GHILQHG� WKH� OLQN� FRVW� DV� IXQFWLRQ� RI� WKH� XWLOL]HG� OLQN� EDQGZLGWK�� � 7KH� VDPH�DXWKRU� DOVR�SURSRVHG�D�GLVWULEXWHG�PLQLPXP�6WHLQHU�WUHH�KHXULVWLF�LQ�>��@�5HFHQWO\�� 5DPDQDWKDQ� >��@� SURSRVHG� D� KHXULVWLF� IRU� FRQVWUXFWLQJ� PLQLPXP�6WHLQHU�WUHHV�LQ�DV\PPHWULF�QHWZRUNV���7KLV�KHXULVWLF�SHUPLWV�WUDGLQJ�RII�ORZ�WUHH�FRVW�IRU�IDVW� H[HFXWLRQ� WLPH� E\� SURSHU� VHOHFWLRQ� RI� D� SDUDPHWHU� N�� 7KH� DXWKRU� VKRZHG� WKDW�'LMNVWUD�VKRUWHVW�SDWK�DOJRULWKPV��.0%�PLQLPXP�6WHLQHU�WUHH�KHXULVWLF��DQG�70�PLQLPXP�6WHLQHU�WUHH�KHXULVWLF�DUH�SDUWLFXODU�FDVHV�RI�WKH�SURSRVHG�KHXULVWLFV�ZKHQ�N� LV�VHW�WR�����_*_������DQG�_9_ UHVSHFWLYHO\�0DQ\�RWKHU�KHXULVWLFV� IRU� FRQVWUXFWLQJ�PLQLPXP�6WHLQHU� WUHHV� LQ FRPPXQLFDWLRQ�QHWZRUNV�ZHUH�SURSRVHG���6HH�IRU�H[DPSOH�&KRZ�>��@��/HXQJ�DQG�<XP�>��@��DQG�%DXHU�DQG�9DUPD�>��@�
x 'HOD\�&RQVWUDLQHG�6KRUWHVW�3DWK�$OJRULWKPV'HOD\�FRQVWUDLQHG�VKRUWHVW�SDWK�DOJRULWKPV�PLQLPL]H�WKH�FRVW�RI�HDFK�SDWK��L�H���WKH�VXP�RI�WKH�OLQN FRVWV��IURP�WKH�VRXUFH�QRGH�WR�D�PXOWLFDVW�JURXS�PHPEHU�VXEMHFW�WR�DQ�HQG�



��
WR�HQG�GHOD\�FRQVWUDLQW�� �7KXV�WKH�WUHH�LV�D�GHOD\�FRQVWUDLQHG�/&�WUHH���$Q�DOJRULWKP�IRU�VROYLQJ�WKH�GHOD\�FRQVWUDLQHG�/&�SUREOHP�KDV�WKH�VDPH�REMHFWLYH�IXQFWLRQ�DV�WKDW�RI�WKH�XQFRQVWUDLQHG�/&�SUREOHP��VWDWHG�LQ�HTXDWLRQ������ZLWK�WKH�DGGHG�FRQVWUDLQW�WKDW�

0D[B'HOD\���7��V���*���� d��'� ������
ZKHUH�' LV� WKH�YDOXH�RI� WKH� LPSRVHG�GHOD\�FRQVWUDLQW�� �7KH�GHOD\�FRQVWUDLQHG�VKRUWHVW�SDWK�SUREOHP�LV�13�KDUG�>��@���$�IHZ�DOJRULWKPV�IRU�VROYLQJ�WKDW�SUREOHP�ZHUH�SURSRVHG�UHFHQWO\�� PRWLYDWHG� E\� WKH� LQFUHDVLQJ� LPSRUWDQFH� RI� HQG�WR�HQG� GHOD\� DV� D� 4R6�FRQVWUDLQW�IRU�UHDO�WLPH�DSSOLFDWLRQV���:H�VXPPDUL]H�WKH�GLVWLQJXLVKLQJ�FKDUDFWHULVWLFV�RI�HDFK� DOJRULWKP� EHORZ�� � 1RWH� WKDW� WKH� GHOD\�FRQVWUDLQHG� PXOWLFDVW� URXWLQJ� DOJRULWKPV�VXUYH\HG� LQ� WKLV�VHFWLRQ�DQG� LQ� WKH�QH[W�VHFWLRQ�DUH�RQO\�DSSOLFDEOH�IRU�WKH�FRQVWUXFWLRQ�RI VRXUFH�VSHFLILF�WUHHV�:LG\RQR� >���@� SUHVHQWHG� WKH� FRQVWUDLQHG� %HOOPDQ�)RUG� �&%)�� DOJRULWKP�� � &%)�SHUIRUPV�D�EUHDGWK�ILUVW�VHDUFK�WR�ILQG�WKH�GHOD\�FRQVWUDLQHG�VKRUWHVW�SDWK�WUHH���&%)�LV�RSWLPDO�DQG� WKHUHIRUH� LWV� UXQQLQJ� WLPHV�JURZ�H[SRQHQWLDOO\�ZLWK� WKH VL]H�RI� WKH�QHWZRUN���:LG\RQR� XVHG� &%)� DV� D� EDVLV� IRU� VHYHUDO� GHOD\�FRQVWUDLQHG� PLQLPXP� 6WHLQHU� WUHH�KHXULVWLFV�ZKLFK�ZLOO�EH�VXUYH\HG�LQ�WKH�QH[W�VHFWLRQ�6XQ� DQG� /DQJHQGRHUIHU� >��@� SURSRVHG� D� GHOD\�FRQVWUDLQHG� VKRUWHVW� SDWK�KHXULVWLF�� �:H� FDOO� LW� WKH� FRQVWUDLQHG�'LMNVWUD� KHXULVWLF� �&'.6�� EHFDXVH� LW� LV� EDVHG� RQ�'LMNVWUD�VKRUWHVW�SDWK�DOJRULWKP�� �7KLV�KHXULVWLF�FRPSXWHV�DQ�XQFRQVWUDLQHG�/&� WUHH�� � ,I�WKH�HQG�WR�HQG�GHOD\� WR�DQ\�JURXS�PHPEHU�YLRODWHV� WKH�GHOD\�FRQVWUDLQW�� WKH�SDWK� IURP�WKH� VRXUFH� WR� WKDW� JURXS� PHPEHU� LV� UHSODFHG� ZLWK� WKH� /'� SDWK�� � 7KXV� LI� WKH� /&� WUHH�YLRODWHV� WKH� GHOD\� FRQVWUDLQW�� DQG� /'� WUHH� PXVW� EH� FRPSXWHG�� DQG� WKH� WZR� WUHHV� DUH�PHUJHG�� �7KLV�DOJRULWKP�DOZD\V� ILQGV�D�FRQVWUDLQHG�PXOWLFDVW� WUHH� LI�RQH�H[LVWV�� �&'.6�UXQV� LQ�2�_9_��� WLPH�� WKH VDPH�DV�'LMNVWUDuV�DOJRULWKP�� �7KH�DXWKRUV�FRPSDUHG� WKH�FRVW�SHUIRUPDQFH�RI�WKHLU�KHXULVWLF�WR�/'�DQG�.33��D�GHOD\�FRQVWUDLQHG�PLQLPXP�6WHLQHU�WUHH�KHXULVWLF� ZKLFK� ZLOO� EH� SUHVHQWHG� LQ� WKH� QH[W� VHFWLRQ�� XVLQJ� VLPXODWLRQ� RYHU� UDQGRP�QHWZRUNV���7KH\�XVHG�XQLW�OLQN�FRVWV�DQG�LQWHJHU�OLQN�GHOD\V�UDQJLQJ�LQ�YDOXH�IURP���WR���:L�DQG�&KRL� >���@�SUHVHQWHG�D�GLVWULEXWHG�/'�DOJRULWKP�DQG�SURSRVHG�WR�XVH�LW�IRU� VROYLQJ� WKH� GHOD\�FRQVWUDLQHG� VKRUWHVW� SDWK� SUREOHP�� � 7KH\� XVHG� VLPXODWLRQ� WR�



��
HYDOXDWH� LWV� SHUIRUPDQFH� DQG H[HFXWLRQ� WLPHV� UHODWLYH� WR� .33� IRU� ���QRGH� V\PPHWULF�QHWZRUNV�
x 'HOD\�&RQWUDLQHG�0LQLPXP�6WHLQHU�7UHH�$OJRULWKPV7KH� GHOD\�FRQVWUDLQHG� VRXUFH�VSHFLILF� PLQLPXP� 6WHLQHU� WUHH� SUREOHP� ZDV� ILUVW� IRU�PXODWHG� E\� .RPSHOOD�� 3DVTXDOH�� DQG� 3RO\]RV� >���� ��@�� � 7KH� DXWKRUV� SURYHG� WKH�13�FRPSOHWHQHVV�RI�WKH�SUREOHP���7KH�REMHFWLYH�RI�WKH�SUREOHP�LV�WR�PLQLPL]H�WKH�WRWDO�FRVW�RI�WKH�WUHH��HTXDWLRQ�������ZLWKRXW�YLRODWLQJ�WKH�LPSRVHG�GHOD\�FRQVWUDLQW��HTXDWLRQ��������2SWLPDO� DOJRULWKPV� IRU� WKLV� SUREOHP� H[LVW�� � )RU� H[DPSOH� 1RUDQKD� DQG� 7REDJL� >��@�SURSRVHG� DQ� DOJRULWKP�� EDVHG� RQ� LQWHJHU� SURJUDPPLQJ�� ZKLFK� FRQVWUXFWV� WKH� RSWLPDO�VRXUFH�VSHFLILF�GHOD\�FRQVWUDLQHG�PLQLPXP�6WHLQHU� WUHHV� IRU�PXOWLSOH�PXOWLFDVW�VHVVLRQV�VLPXOWDQHRXVO\�� � +RZHYHU�� WKLV� DOJRULWKP� LV� UDWKHU� FRPSOH[� DQG� LV� XVHIXO� RQO\� DV� D�UHIHUHQFH�WR�HYDOXDWH�KHXULVWLF�VROXWLRQV�IRU�WKH�VDPH�SUREOHP�7KH� ILUVW� KHXULVWLF� IRU� WKH� GHOD\�FRQVWUDLQHG�PLQLPXP�6WHLQHU� WUHH� SUREOHP�ZDV�JLYHQ� E\� .RPSHOOD�� 3DVTXDOH�� DQG� 3RO\]RV� >���� ��@�� �:H� ODEHO� WKLV� WKH� .33� KHXULVWLF���.33�DVVXPHV�WKDW�WKH�OLQN�GHOD\V�DQG�WKH�GHOD\�FRQVWUDLQW��'��DUH�LQWHJHUV�ZKLOH�WKH�OLQN�FRVWV� PD\� WDNH� DQ\� SRVLWLYH� UHDO� YDOXH�� � 7KH� KHXULVWLF� LV� GRPLQDWHG� E\� FRPSXWLQJ� D�FRQVWUDLQHG�FORVXUH�JUDSK�ZKLFK�WDNHV�WLPH�2�'_9_���� �7KXV�.33�WDNHV�SRO\QRPLDO�WLPH�RQO\� LI�' KDV� D� IL[HG� YDOXH�� � :KHQ� WKH� OLQN� GHOD\V� DQG�'� WDNH� QRQLQWHJHU� YDOXHV��.RPSHOOD�HW�DO��SURSRVH� WR�PXOWLSO\�RXW� IUDFWLRQDO�YDOXHV� WR�JHW� LQWHJHUV�� �)ROORZLQJ� WKLV�DSSURDFK��.33�LV�JXDUDQWHHG�WR�FRQVWUXFW�D�FRQVWUDLQHG�WUHH�LI�RQH�H[LVWV���+RZHYHU��LQ�VRPH�FDVHV� WKH�JUDQXODULW\�RI� WKH�GHOD\�FRQVWUDLQW�EHFRPHV�YHU\�VPDOO��DQG�KHQFH�WKH�QXPEHU�RI�ELWV�UHTXLUHG�WR�UHSUHVHQW� LI� LQFUHDVHV�FRQVLGHUDEO\���$V�D�UHVXOW�WKH�RUGHU�RI�FRPSOH[LW\��2�'_9_����PD\�EHFRPH� WRR� KLJK�� � 7R� DYRLG�SURKLELWLYHO\� ODUJH�FRPSXWDWLRQ�WLPHV��D�IL[HG�JUDQXODULW\�PD\�EH�XVHG���+RZHYHU��IL[LQJ�WKH�JUDQXODULW\�KDV�VLGH�HIIHFWV���:KHQ� WKH� JUDQXODULW\� LV� FRPSDUDEOH� WR� WKH� DYHUDJH� OLQN� GHOD\V�� .33uV� DFFXUDF\� LV�FRPSURPLVHG�DQG� LQ�PDQ\�FDVHV� LW� IDLOV� WR�FRQVWUXFW�D�FRQVWUDLQHG�PXOWLFDVW�WUHH�ZKHQ�RQH� H[LVWV�� � 7KH� DXWKRUV� SURSRVHG� WZR� DOWHUQDWLYH� REMHFWLYH� IXQFWLRQV� IRU� .33� WR� XVH�GXULQJ� WUHH� FRQVWUXFWLRQ�� � 7KH� ILUVW� LV� D� IXQFWLRQ� RI� WKH� OLQN� FRVW� RQO\�� � 7KH� VHFRQG�REMHFWLYH� IXQFWLRQ� LV�D� IXQFWLRQ�RI�ERWK� WKH� OLQN�FRVW�DQG�WKH�UHVLGXDO�GHOD\� LI� WKLV� OLQN� LV�



��
DGGHG�WR�WKH�WUHH���7KH�DXWKRUV�XVHG�VLPXODWLRQ�RI�UDQGRP��V\PPHWULF�QHWZRUNV�ZLWK�XS�WR�����QRGHV�WR�HYDOXDWH�WKHLU�KHXULVWLF�6LPLODU� WR�.0%��.33�XVHV�3ULPuV� DOJRULWKP� >��@� WR� REWDLQ� D�PLQLPXP�VSDQQLQJ�WUHH�RI�D�FORVXUH�JUDSK�� �3ULPuV�DOJRULWKP� LV�RQO\�RSWLPDO� IRU�V\PPHWULF�QHWZRUNV�� �7KLV�PLJKW�DIIHFW�WKH�SHUIRUPDQFH�RI�.33�ZKHQ�DSSOLHG�WR�DV\PPHWULF�QHWZRUNV�.RPSHOOD��3DVTXDOH��DQG�3RO\]RV�DOVR�SURSRVHG�D�GLVWULEXWHG�KHXULVWLF�VROXWLRQ�IRU�WKH�GHOD\�FRQVWUDLQHG�PLQLPXP�6WHLQHU�WUHH�SUREOHP�>��@���7KH�KHXULVWLF�LV�EDVHG�RQ�3ULPuV� DOJRULWKP� >��@�� EXW� LW� LQYROYHV� WKH� PDNLQJ� DQG� EUHDNLQJ� RI� F\FOHV� GXULQJ� WKH�FRQVWUXFWLRQ� RI� WKH�PXOWLFDVW� WUHH�� � ,W� UXQV� LQ�2�_9_��� WLPH�� DQG� LV JXDUDQWHHG� WR� ILQG� D�PXOWLFDVW�WUHH��LI�RQH�H[LVWV�:LG\RQR�>���@�SURSRVHG�IRXU�GHOD\�FRQVWUDLQHG�PLQLPXP�6WHLQHU�WUHH�KHXULVWLFV���7KH� IRXU�GHOD\�FRQVWUDLQHG�KHXULVWLFV�DUH�EDVHG�RQ�WKH�&%)�DOJRULWKP�GHVFULEHG� LQ� WKH�SUHYLRXV� VHFWLRQ�� � 7KHUHIRUH� DOO� RI� WKHP� KDYH� ZRUVW� FDVH� VFHQDULRV� ZLWK� H[SRQHQWLDOO\�JURZLQJ� H[HFXWLRQ� WLPHV�� � :LG\RQRuV� FRQVWUDLQHG� DGDSWLYH� RUGHULQJ� �&$2�� KHXULVWLF�\LHOGV�EHWWHU� SHUIRUPDQFH� WKDQ� WKH�RWKHU� WKUHH�FRQVWUDLQHG�KHXULVWLFV�KH�SURSRVHG�� � ,Q�&$2��WKH�&%)�DOJRULWKP�LV�XVHG�WR�FRQQHFW�RQH�JURXS�PHPEHU�DW�D�WLPH�WR�WKH�VRXUFH���$IWHU�HDFK�UXQ�RI�&%)��WKH�XQFRQQHFWHG�PHPEHU�ZLWK�WKH�FKHDSHVW�FRQVWUDLQHG�/&�SDWK�WR� WKH�VRXUFH� LV�FKRVHQ�DQG� LV�DGGHG�WR� WKH�H[LVWLQJ�VXEWUHH�� �7KH�FRVWV�RI� OLQNV� LQ� WKH�DOUHDG\� H[LVWLQJ� VXEWUHH� DUH� VHW� WR� ]HUR�� � &$2� LV� DOZD\V� FDSDEOH� RI� FRQVWUXFWLQJ� D�FRQVWUDLQHG�PXOWLFDVW�WUHH��LI�RQH�H[LVWV��EHFDXVH�RI�WKH�QDWXUH�RI�WKH�EUHDGWK�ILUVW�VHDUFK�&%)�FRQGXFWV���:LG\RQR�GHILQHG�WKH�OLQN�FRVW�DV�D�IXQFWLRQ�RI�WKH�DYDLODEOH�EDQGZLGWK��WKH�UHVLGXDO�EXIIHU�VSDFH��DQG�WKH�OLQNuV�GHOD\���7KH�OLQN�GHOD\�ZDV�GHILQHG�DV�WKH�VXP�RI�WKH�TXHXLQJ��WUDQVPLVVLRQ��DQG�SURSDJDWLRQ�GHOD\V�DORQJ�WKH�OLQN���7KH�DXWKRU�HYDOXDWHG�KLV�KHXULVWLFV�XVLQJ�VLPXODWLRQ�RI�HLJKW�PHVK�QHWZRUNV�7KH�ERXQGHG�VKRUWHVW�PXOWLFDVW�DOJRULWKP��%60$��ZDV�SURSRVHG�E\�=KX��3DUVD��DQG� *DUFLD�/XQD�$FHYHV� >���@�� � %60$� VWDUWV� E\� FRPSXWLQJ� DQ� /'� WUHH� IRU� D� JLYHQ�VRXUFH� DQG� PXOWLFDVW� JURXS�� � 7KHQ� LW� LWHUDWLYHO\� UHSODFHV� VXSHUHGJHV� LQ� WKH� WUHH� ZLWK�FKHDSHU�VXSHUHGJHV�QRW� LQ�WKH�WUHH��ZLWKRXW�YLRODWLQJ�WKH�GHOD\�FRQVWUDLQW��XQWLO� WKH�WRWDO�FRVW� RI� WKH� WUHH� FDQQRW� EH� UHGXFHG� DQ\� IXUWKHU�� � %60$� XVHV� D� NWK�VKRUWHVW� SDWK�DOJRULWKP�WR� ILQG�FKHDSHU�VXSHUGJHV�� � ,W� UXQV� LQ�2�N_9_�ORJ _9� _�� WLPH�� � ,Q�FDVH�RI� ODUJH��GHQVHO\� FRQQHFWHG� QHWZRUNV�� N PD\� EH� YHU\� ODUJH�� DQG� LW� PD\ EH� GLIILFXOW� WR� DFKLHYH�



��
DFFHSWDEOH�UXQQLQJ�WLPHV���,W�LV�SRVVLEOH�WR�WUDGHRII�PXOWLFDVW�WUHH�FRVW�IRU�IDVW�H[HFXWLRQ�VSHHG� ZKHQ� XVLQJ� %60$� E\� HLWKHU� OLPLWLQJ� WKH� YDOXH� RI� N LQ� WKH� NWK�VKRUWHVW� SDWK�DOJRULWKP�RU�E\� OLPLWLQJ� WKH�QXPEHU�RI�VXSHUHGJH�UHSODFHPHQWV�� �%60$�DOZD\V�ILQGV�D�FRQVWUDLQHG�PXOWLFDVW� WUHH�� LI� RQ�H[LVWV��EHFDXVH� LW� VWDUWV�ZLWK�DQ�/'� WUHH�� �7KH�DXWKRUV�GHILQHG�WKH�OLQN�FRVW�DV�D�IXQFWLRQ�RI�WKH�OLQN�XWLOL]DWLRQ�DQG�GHILQHG�WKH�OLQN�GHOD\�DV�WKH�VXP�WKH�TXHXHLQJ�GHOD\��WUDQVPLVVLRQ�GHOD\��DQG�SURSDJDWLRQ�GHOD\�RYHU�WKH�OLQN���7KH\�HYDOXDWHG� WKH� SHUIRUPDQFH� RI� %60$� DQG� FRPSDUHG� LW� WR� .0%� DQG� /'�� � 5DQGRP�QHWZRUNV�ZLWK� XS� WR� ���� QRGHV�JHQHUDWHG� XVLQJ�:D[PDQuV� UDQGRP�QHWZRUN�JHQHUDWRU�>���@�ZHUH�XVHG�:H�FRQVLGHU�WKH�PLQLPXP�6WHLQHU�WUHH�KHXULVWLF�SURSRVHG�E\�:DWHUV�>���@�WR�EH�VHPL�FRQVWUDLQHG�� EHFDXVH� LW� XVHV� WKH�PD[LPXP� HQG�WR�HQG� GHOD\� IURP� WKH� VRXUFH� WR�DQ\�QRGH� LQ� WKH�QHWZRUN� �QRW� WR�DQ\�JURXS�PHPEHU��DV� WKH�GHOD\�FRQVWUDLQW�� �1RWH� WKDW�WKLV� FRQVWUDLQW� LV� QRW� UHODWHG� GLUHFWO\� WR� WKH� DSSOLFDWLRQuV� 4R6� FRQVWUDLQWV�� DQG� WKDW��GHSHQGLQJ�RQ� WKH�QHWZRUN�GHOD\V�� WKLV� LQWHUQDOO\�FRPSXWHG�FRQVWUDLQW�PD\�EH� WRR�VWULFW�RU� WRR� OHQLHQW� DV� FRPSDUHG� WR� WKH�4R6� UHTXLUHPHQWV� RI� WKH� DSSOLFDWLRQ�� � 7KH� KHXULVWLF�WKHQ� FRQVWUXFWV� D� EURDGFDVW� WUHH� WKDW� GRHV� QRW� YLRODWH� WKH� LQWHUQDO� GHOD\� FRQVWUDLQW���)LQDOO\� WKH�EURDGFDVW� WUHH� LV�SUXQHG�EH\RQG� WKH�PXOWLFDVW�QRGHV�� �7KH�DXWKRUV�FDOO� WKLV�WKH� VHPLFRQVWUDLQHG� �6&�� KHXULVWLF�� � ,Q� >��@�� WKH\� LPSOHPHQWHG� WKH� RULJLQDO� DOJRULWKP�SURSRVHG�LQ�>���@�ZKLFK�UHVHPEOHV�D�VHPL�FRQVWUDLQHG�PLQLPXP�VSDQQLQJ�WUHH��DQG�WKH�DXWKRUV� DOVR� LPSOHPHQWHG� D� PRGLILHG� YHUVLRQ� ZKLFK� LV� FORVHU� WR� D� VHPL�FRQVWUDLQHG�VKRUWHVW�SDWKV�EURDGFDVW�WUHH���6LPXODWLRQ�UHVXOWV�JLYHQ�LQ�>��@�VKRZHG�WKDW�WKH�PRGLILHG�YHUVLRQ�� GHQRWHG� DV� WKH� PRGLILHG� VHPLFRQVWUDLQHG� �06&�� KHXULVWLF� DOZD\V� SHUIRUPV�EHWWHU� WKDQ� WKH� RULJLQDO� KHXULVWLF� ZLWK� UHVSHFW� WR� WUHH� FRVWV�� HQG�WR�HQG� GHOD\V�� DQG�QHWZRUN�EDODQFLQJ���6&�DQG�06&�LV�GRPLQDWHG�E\�WKH�FRPSXWDWLRQ�RI�WKH�LQWHUQDO�GHOD\�ERXQG�� � 7KLV� FRPSXWDWLRQ� XVHV� DQ� H[WHQVLRQ� WR� 'LMNVWUDuV� DOJRULWKP�� DQG� WKHUHIRUH� LW�WDNHV�2�_9_���WLPH�LQ�WKH�ZRUVW�FDVH�,Q� DGGLWLRQ� WR� WKH� DOJRULWKPV� VXUYH\HG� DERYH�� PDQ\� RWKHU� YDULDWLRQV� RI� WKH�PXOWLFDVW� URXWLQJ�SUREOHP�KDYH�EHHQ�VWXGLHG�RYHU� WKH�\HDUV�� �5HVHDUFK� UHSRUWV�RQ� WKH�G\QDPLF�PXOWLFDVW� URXWLQJ� SUREOHP�� LQ� SDUWLFXODU�� DSSHDUHG� IUHTXHQWO\� LQ� WKH� OLWHUDWXUH���:H�GHGLFDWH�WKH�QH[W�VHFWLRQ�WR�SUHYLRXV�ZRUN�RQ�WKDW�SUREOHP���



��
x '\QDPLF�0XOWLFDVW�5RXWLQJ�$OJRULWKPV'\QDPLF� PXOWLFDVW� URXWLQJ� DOJRULWKPV� ZHUH� SURSRVHG� WR� DYRLG� UHURXWLQJ� DQ� HQWLUH�PXOWLFDVW�WUHH�ZKHQHYHU�D�QRGH�MRLQV�RU�OHDYHV�D�PXOWLFDVW�VHVVLRQ���,Q�G\QDPLF�PXOWLFDVW�URXWLQJ� DOJRULWKPV�� ZKHQ� D� QRGH� OHDYHV� D�PXOWLFDVW� VHVVLRQ�� WKH� SDWK� FRQQHFWLQJ� WKDW�QRGH�LV�VLPSO\�SUXQHG�IURP�WKH�WUHH�LI�LW�LV�QRW�XVHG�WR�FRQQHFW�DQ\�RWKHU�PXOWLFDVW�JURXS�PHPEHUV���7KH�VLWXDWLRQ�LV�PRUH�GLIILFXOW�ZKHQ�D�QRGH�MRLQV�DQ�H[LVWLQJ�PXOWLFDVW�VHVVLRQ�:D[PDQ�>�������@�SUHVHQWHG�D�JUHHG\�G\QDPLF�PXOWLFDVW�URXWLQJ�DOJRULWKP���7KH�DOJRULWKP�KDV�D�ZHLJKWLQJ�SDUDPHWHU�Z WKDW�YDULHV� IURP���WR������ �:KHQ�Z  ����D�QRGH�MRLQV�DQ�H[LVWLQJ�VRXUFH�VSHFLILF�PXOWLFDVW�WUHH�YLD�WKH�VKRUWHVW�SDWK�WR�WKH�WUHH���:KHQ�Z � ����� WKH� QRGH� LV� DGGHG� WR� WKH� H[LVWLQJ� WUHH� YLD� WKH� VKRUWHVW� SDWK� WR� WKH� VRXUFH���:D[PDQ� HYDOXDWHG� KLV� DOJRULWKP� XVLQJ� VLPXODWLRQ� RYHU� UDQGRPO\� JHQHUDWHG� ���QRGH�DQG����QRGH�QHWZRUNV�� �+H�SURSRVHG�DQ�DOJRULWKP�IRU�JHQHUDWLQJ�UDQGRP�QHWZRUNV�WKH�UHVHPEOH�UHDOLVWLF�QHWZRUNV���7KLV�UDQGRP�QHWZRUN�JHQHUDWRU�KDV�EHHQ�DGRSWHG�E\�PDQ\�UHVHDUFKHUV�LQ�VXEVHTXHQW�\HDUV�'RDU� DQG� /HVOLH� >��@� LQYHVWLJDWHG� D� QDLYH� DSSURDFK� WKDW� DOZD\V� FRQQHFWV� D�MRLQLQJ�QRGH� WR� WKH�H[LVWLQJ� WUHH�YLD� WKH�VKRUWHVW�SDWK� IURP� WKH�VRXUFH�� �7KH\�VLPXODWHG�WKLV�PHFKDQLVP� XVLQJ� UDQGRPO\� JHQHUDWHG� QHWZRUNV�� ERWK� IODW� DQG� KLHUDUFKLFDO�� � 7KHLU�UDQGRP� QHWZRUN� JHQHUDWRU� LV� D� PRGLILHG� YHUVLRQ� RI�:D[PDQuV� JHQHUDWRU�� � 6LPXODWLRQV�RYHU� ����QRGH� QHWZRUNV� VKRZHG� WKDW� WKH� QDLYH� DSSURDFK� FRQVWUXFWV� WUHHV� WKDW� DUH� RQ�WKH�DYHUDJH�����PRUH�H[SHQVLYH� WKDQ�FRVWV�RI� WUHHV�FRQVWUXFWHG�XVLQJ�WKH�VWDWLF�.0%�KHXULVWLF�.DGLULUH� >��@� GHILQHG� WKH�JHRJUDSKLF� VSUHDG� DV� WKH� VKRUWHVW�GLVWDQFH� IURP�DQ\�QRGH� LQ� WKH� QHWZRUN� WR� WKH� H[LVWLQJ� WUHH� DYHUDJHG� RYHU� DOO� QRGHV� QRW� LQ� WKH� WUHH�� � +H�SURSRVHG�D�JHRJUDSKLF�VSUHDG�G\QDPLF�PXOWLFDVW��*6'0��DOJRULWKP�WKDW�PD[LPL]HG�WKH�SHUIRUPDQFH� RI� *6'0� DQG� FRPSDUHG� LW� WR�:D[PDQuV� KHXULVWLF� DQG�'RDU� DQG� /HVOLHuV�KHXULVWLF� LQ� >��@� XVLQJ� VLPXODWLRQ� RYHU� UDQGRP� QHWZRUNV� ZLWK� XS� WR� ���� QRGHV�� � +H�VKRZHG� WKDW� *6'0� DQG� :D[PDQuV� KHXULVWLFV� \LHOG� VLPLODU� SHUIRUPDQFH� DQG� DUH�FRQVLVWHQWO\�EHWWHU�WKDW�'RDU�DQG�/HVOLHuV�QDLYH�DSSURDFK�%LHUVDFN� DQG� 1RQQHQPDFKHU� >��@� SURSRVHG� D� G\QDPLF�� GLVWULEXWHG� PXOWLFDVW�URXWLQJ� DOJRULWKP� QDPHG�:$9(�� �:$9(� XVHV� D�ZHLJKWHG� IXQFWLRQ� RI� WKH� FRVW� DQG� WKH�



��
GHOD\�WR�DWWDFK�D�MRLQLQJ�QRGH�WR�WKH�H[LVWLQJ�WUHH���7KH�DXWKRUV�HYDOXDWHG�WKHLU�DOJRULWKP�LQ�FRPSDULVRQ�WR�VWDWLF�DOJRULWKPV RQO\�%DXHU�DQG�9DUPD�>��@�SUHVHQWHG�D�G\QDPLF�PXOWLFDVW�URXWLQJ�DOJRULWKP���$5,(6���7KH�RSHUDWLRQ�RI�$5,(6�LV�VLPLODU�WR�:D[PDQuV�G\QDPLF�DOJRULWKP���,Q�DGGLWLRQ��KRZHYHU��D� VXEWUHH� RI� WKH�PXOWLFDVW� WUHH�PXOWLFDVW� WUHH� LV� FRPSOHWHO\� UHFRQVWUXFWHG� HDFK� WLPH� D�SUH�VSHFLILHG� QXPEHU� RI� MRLQV� DQG� OHDYHV� DIIHFWV� WKDW� VXEWUHH�� � 7KH� VXEWUHH�UHFRQVWUXFWLRQ� HQVXUHV� WKDW� WKH� FRVW� RI� WKH� PXOWLFDVW� WUHH� UHPDLQV� FORVH� WR� RSWLPDO���$5,(6� ZDV� HYDOXDWHG� XVLQJ� VLPXODWLRQ� RYHU� ����QRGH� UDQGRP� QHWZRUNV�� � 7KH� DXWKRUV�XVHG�D�PRGLILHG�YHUVLRQ�RI�:D[PDQuV�UDQGRP�QHWZRUN�JHQHUDWRU�
x 2WKHU�0XOWLFDVW�5RXWLQJ�$OJRULWKPV,Q� WKLV� VHFWLRQ�� ZH� EULHIO\� VXUYH\� D� IHZ� PRUH� PXOWLFDVW� URXWLQJ� DOJRULWKPV� WKDW� GR� QRW�EHORQJ�WR�DQ\�RI�WKH�FDWHJRULHV�OLVWHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQV�%KDUDWK�.XPDU� DQG� -DIIH� >��@� SUHVHQWHG� D� WUDGHRII� DOJRULWKP� EHWZHHQ� WKH�PLQLPXP�6WHLQHU� WUHH�DQG� WKH�/'� WUHH�� � 7KLV�DOJRULWKP�FRQVWUXFWV� WKH�PLQLPXP�6WHLQHU�WUHH�� WKHQ� LW� ORFDWHV� WKH� UHFHLYHU�ZLWK� WKH� ODUJHVW�GLIIHUHQFH�EHWZHHQ�WKH�GHOD\�DORQJ� LWV�SDWK�LQ�WKH�PLQLPXP�6WHLQHU�WUHH�DQG�WKH�GHOD\�DORQJ�WKH�/'�SDWK�IURP�WKH�VRXUFH�WR�WKDW�UHFHLYHU�� 7KH� DOJRULWKP� WKHQ� UHSODFHV� WKH� PLQLPXP� 6WHLQHU� WUHH� SDWK� ZLWK� WKH�FRUUHVSRQGLQJ� /'� SDWK�� 7KH� VDPH� DXWKRUV� DOVR� SURSRVHG� WZR� GLVWULEXWHG� PXOWLFDVW�URXWLQJ�KHXULVWLFV�ZKLFK�DUH�EDVHG�RQ�ORFDO�LQIRUPDWLRQ�IURP�QHDUE\�QRGHV�RQO\�5RXVNDV� DQG� %DOGLQH� >��@� VWXGLHG� WKH� SUREOHP� RI� FRQVWUXFWLQJ�PXOWLFDVW� WUHHV�VXEMHFW� WR� ERWK� DQ� HQG�WR�HQG� GHOD\� FRQVWUDLQW� DQG� D�GHOD\� YDULDWLRQ� FRQVWUDLQW�� � 7KH\�GHILQHG�WKH�GHOD\�YDULDWLRQ�FRQVWUDLQW�DV�WKH�PD[LPXP�GLIIHUHQFH��WKDW�FDQ�EH�WROHUDWHG��EHWZHHQ� WKH� HQG�WR�HQG� GHOD\V� DORQJ� WKH�SDWKV� IURP� WKH� VRXUFH� WR� DQ\� WZR� UHFHLYHUV���7KH� DXWKRUV� SURYHG� WKDW� WKLV� SUREOHP� LV�13�FRPSOHWH�� WKHQ� WKH\� SURSRVHG� D� KHXULVWLF�VROXWLRQ�5HVHDUFK� RQ� WKH�GHJUHH�FRQVWUDLQHG�PXOWLFDVW� URXWLQJ�SUREOHP� LV�PRWLYDWHG�E\�WKH�IDFW�WKDW�FXUUHQW�PXOWLFDVW�FDSDEOH�KLJK�VSHHG�VZLWFKHV�KDYH�OLPLWHG�FRS\�FDSDELOLW\���,Q� DGGLWLRQ�� OLPLWLQJ� WKH� PD[LPXP� GHJUHH� DW� DQ\� QRGH� LQ� WKH� PXOWLFDVW� WUHH� UHVXOWV� LQ�PRUH�HYHQO\�GLVWULEXWHG�ORDG�DPRQJ�DOO�QRGHV�LQ�WKH�QHWZRUN���7RGH�HW�DO��>��@�SURSRVHG�WZR� DOJRULWKPV� IRU� GHJUHH�FRQVWUDLQHG�PXOWLFDVW� URXWLQJ�� � 7KH� ILUVW� DOJRULWKP�PLQLPL]HV�



��
WKH� DYHUDJH� GHJUHH� RI� WKH� PXOWLFDVW� WUHH� LW� FRQVWUXFWV�� ZKLOH� WKH� VHFRQG� DOJRULWKP�DWWHPSWV� WR� FRQVWUXFW� D� ORZ�FRVW� PXOWLFDVW� WUHH� VXEMHFW� WR� D� JLYHQ� PD[LPXP� GHJUHH�FRQVWUDLQW�� � 7KH�DXWKRUV� VHW� WKH� OLQN�FRVWV�HTXDO� WR� WKH� OLQN�GHOD\V�ZKHQ�HYDOXDWLQJ� WKH�SHUIRUPDQFH�RI�WKHLU�KHXULVWLFV�%DXHU� DQG� 9DUPD� >��@� LQYHVWLJDWHG� D� YDULDWLRQ� RI� WKH� GHJUHH�FRQVWUDLQHG�PXOWLFDVW URXWLQJ� SUREOHP� LQ� ZKLFK� WKH� GHJUHH�FRQVWUDLQW� PD\� YDU\� IRU� WKH� GLIIHUHQW�QRGHV� LQ� WKH� QHWZRUN�� � 8VLQJ� VLPXODWLRQ�� WKH\� VKRZHG� WKDW� PDQ\� RI� WKH� H[LVWLQJ�XQFRQVWUDLQHG� PLQLPXP� 6WHLQHU� WUHH� KHXULVWLFV� DUH� FDSDEOH� RI� FRQVWUXFWLQJ� GHJUHH�FRQVWUDLQW� PXOWLFDVW� WUHHV�� � 7KH� DXWKRUV� DOVR� SURSRVHG� D� VLPSOH� GHJUHH�FRQVWUDLQHG�KHXULVWLF� ZKLFK� SHUIRUPV� EHWWHU� WKDQ� DOO� RWKHU� DOJRULWKPV� RI� WKH� VDPH� RU� OHVVHU�FRPSOH[LW\�$PPDU� HW� DO�� >�@� VWXGLHG� WKH�SUREOHP�RI� URXWLQJ� YLUWXDO� SDWKV� �93�� IRU�PXOWLFDVW�FRPPXQLFDWLRQ� LQ� $70� QHWZRUNV�� � :KHQ� FRQVWUXFWLQJ� D� PXOWLFDVW� WUHH�� WKH\� WRRN� LQWR�DFFRXQW�WKH�EDQGZLGWK�FRVW��WKH�VZLWFKLQJ�FRVW��DQG�WKH�FRQQHFWLRQ�HVWDEOLVKPHQW�FRVW���7KH�DXWKRUV�VWXGLHG�GLIIHUHQW� W\SHV�RI�93V�� �7KH\�IRUPXODWHG�WKH�SUREOHP�DV�DQ�LQWHJHU�SURJUDPPLQJ� SUREOHP DQG� SURSRVHG� KHXULVWLF� VROXWLRQV� EDVHG� RQ� WKH� WUDQVVKLSPHQW�VLPSOH[� DOJRULWKP�� � 7KH� DXWKRUV� XVHG� D� VLQJOH� ���QRGH� QHWZRUN� IRU� HYDOXDWLQJ� WKHLU�KHXULVWLFV�.LP� >��@� VWXGLHG� D� VLPLODU� SUREOHP�� � +H� SURSRVHG� DQ� RSWLPDO� VROXWLRQ� WR� WKH�SUREOHP�RI�URXWLQJ�PXOWLSOH�PXOWLFDVW�FRQQHFWLRQV�VLPXOWDQHRXVO\�LQ�$70�QHWZRUNV��������6KDUHG�0XOWLFDVW�WUHHV�0DQ\� QHWZRUN� DSSOLFDWLRQV� LQYROYH� PXOWLSOH� VRXUFHV� DQG� PXOWLSOH� UHFHLYHUV�� H�J���YLGHRFRQIHUHQFLQJ��7KH�PXOWLFDVW�URXWLQJ�SUREOHP�IRU�WKHVH�DSSOLFDWLRQV�LV�NQRZQ�DV�WKH�PDQ\�WR�PDQ\� SUREOHP�� 7KHUH� DUH� WZR� DOWHUQDWH� DSSURDFKHV� WR� DGGUHVV� WKLV� SUREOHP��2QH� DSSURDFK� LV� WR� FRQVLGHU� WKH� PDQ\�WR�PDQ\� SUREOHP� DV� PXOWLSOH� RQH�WR�PDQ\�PXOWLFDVW� URXWLQJ� SUREOHPV�� DQG� WR� FRQVWUXFW� D� VRXUFH�VSHFLILF� PXOWLFDVW� WUHH� IRU� HDFK�VRXUFH�� 7KH� RWKHU� DSSURDFK� LV� WR� XVH� D� VLQJOH� VKDUHG� PXOWLFDVW� WUHH�� ZKLFK� LV�FRQVWUXFWHG� IRU� D� SDUWLFXODU� VRXUFH�� PXOWLFDVW� JURXS�� ,Q� WKLV� DSSURDFK�� WUDIILF� VWUHDPV�IURP�PXOWLSOH�VRXUFH�VKDUH�WKH�OLQNV�RI�WKH�VDPH�WUHH�DQG�KHQFH�JLYHV�WKH�QDPH�VKDUHG�PXOWLFDVW� WUHHV�� 7DEOH� ���� FRPSDUHV� WKH� QXPEHU� RI� URXWHU� VWDWH� EHWZHHQ� WKH� VRXUFH�



��
VSHFLILF�PXOWLFDVW� WUHH�WR� WKDW�RI� WKH�VKDUHG�PXOWLFDVW� WUHH� LQ�PDQ\�WR�PDQ\�PXOWLFDVWLQJ�VFHQDULR�� 7KH� VKDUHG� PXOWLFDVW� WUHH� RIIHUV� PRUH� VFDODEOH� VROXWLRQV� LQ� WHUPV� RI� URXWHU�VWDWHV�DW�ODUJHU�PXOWLFDVW�JURXS�VL]H�

0XOWLFDVW�JURXS�VL]H�QXPEHU�RI�PHPEHUV�
�����1XPEHU�RI�PXOWLFDVWJURXSV

1XPEHU�RI�VRXUFHVSHU�JURXS
1XPEHU�RI�VRXUFH�WUHHURXWHU�HQWULHV
1XPEHU�RI�VKDUHG�WUHHURXWHU�HQWULHV
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7DEOH�������&RPSDULVRQ�RI�VRXUFH�DQG�VKDUHG�PXOWLFDVW�WUHH�URXWHU�VWDWH�
6KDUHG�0XOWLFDVW�7UHHV�YHUVXV�6RXUFH�6SHFLILF�0XOWLFDVW�7UHHV�%RWK� VRXUFH�VSHFLILF�PXOWLFDVW� WUHHV� DQG� VKDUHG�PXOWLFDVW� WUHHV� KDYH� WKHLU� DGYDQWDJHV�DQG�GLVDGYDQWDJHV��6KDUHG�PXOWLFDVW� WUHHV�KDYH� WKH� IROORZLQJ�DGYDQWDJHV�RYHU�VRXUFH�VSHFLILF�PXOWLFDVW�WUHHV�
x ,W� WDNHV� OHVV� RYHUKHDG� WR� FRQVWUXFW� DQG� PDLQWDLQ� RQH� VKDUHG� WUHH� SHU� PXOWLFDVW�VHVVLRQ� WKDQ� WR� FRQVWUXFW� D� VRXUFH�VSHFLILF� PXOWLFDVW� WUHH� IRU� HYHU\� VRXUFH�WUDQVPLWWLQJ�WR�WKDW�VHVVLRQ��:LWK�VKDUHG�PXOWLFDVW�WUHHV��ZKHQ�D�QHZ�VRXUFH�VWDUWV�WUDQVPLWWLQJ�WR�DQ�DOUHDG\�H[LVWLQJ�PXOWLFDVW�VHVVLRQ��LW�GRHV�QRW�KDYH�WR�FRQVWUXFW�DQ�HQWLUH�VRXUFH�VSHFLILF� WUHH�� ,W�PHUHO\�KDV� WR� ILQG D�SDWK� WR�FRQQHFW� LWVHOI� WR� WKH�H[LVWLQJ� VKDUHG� WUHH� RI� WKDW� VHVVLRQ�� 6LPLODUO\�� ZKHQ� D� QRGH� MRLQV� DQ� H[LVWLQJ�PXOWLFDVW�VHVVLRQ�DV�D�UHFHLYHU��LW�PHUHO\�KDV�WR�ILQG�D�SDWK�WR�FRQQHFW�LWVHOI�WR�WKDW�VHVVLRQuV� VKDUHG� WUHH�� ,I� VRXUFH�VSHFLILF� DUH� XVHG� LQVWHDG�� WKH� QHZ� UHFHLYHU� ZLOO�KDYH� WR� MRLQ� WKH� VRXUFH�VSHFLILF� WUHHV� RI� HDFK� VRXUFH� WUDQVPLWWLQJ� WR� WKH� DOUHDG\�H[LVWLQJ�PXOWLFDVW�VHVVLRQ�
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x :KHQ� XVLQJ� VKDUHG� PXOWLFDVW� WUHHV�� D� VRXUFH� QRGH� GRHV� QRW� KDYH� WR� NHHS� DQ�H[SOLFLW� OLVW� RI� WKH�PHPEHUV� RI� WKH�PXOWLFDVW� VHVVLRQ�� 6LPLODUO\��ZKHQ�D�QRGH� LV�D�PHPEHU� LQ� D� PXOWLFDVW� VHVVLRQ�� LW� GRHV� QRW� KDYH� WR� NHHS� DQ� H[SOLFLW� OLVW� RI� DOO�VRXUFHV�2Q� WKH� RWKHU� KDQG�� VKDUHG�PXOWLFDVW� WUHHV� VXIIHU� IURP� WKH� IROORZLQJ� GLVDGYDQWDJHV� DV�FRPSDUHG�WR�VRXUFH�VSHFLILF�PXOWLFDVW�WUHHV��
x +LJK�WUDIILF�FRQFHQWUDWLRQ��7UDIILF�VWUHDPV�IURP�GLIIHUHQW�VRXUFHV�VKDUH�WKH�OLQNV�RI�WKH�VDPH�WUHH��ZKLFK�UHVXOWV�LQ�KLJK�WUDIILF�FRQFHQWUDWLRQ�RQ�WKHVH�OLQNV��7KH�WUDIILF�RI�D�JLYHQ�PXOWLFDVW�VHVVLRQ�ZLOO�EH�FRQFHQWUDWHG�RQ�WKH�OLQNV�RI�WKH�VKDUHG�WUHH�x (QG�WR�HQG� GHOD\V� DORQJ� VKDUHG� WUHHV� DUH� ORQJHU� WKDQ� WKH� FRUUHVSRQGLQJ�GHOD\V�ZKHQ�VRXUFH�VSHFLILF� WUHHV�DUH�XVHG��$Q�H[DPSOH��FRPSDULQJ�WKH�GHOD\V�DORQJ�D�VKDUHG�WUHH�WR�WKH�GHOD\V�LI�VRXUFH�VSHFLILF�WUHHV�DUH�XVHG�LQVWHDG�,QWHQVLYH�GHYHORSPHQW�HIIRUWV�DUH�FXUUHQWO\�XQGHU�ZD\� LQ� WKH�VWDQGDUG�ERGLHV� WR�HYROYH�HIILFLHQW� VFDODEOH�PXOWLFDVW� URXWLQJ� SURWRFROV�� DQG� VKDUHG�PXOWLFDVW� WUHHV�� QDPHO\� 3,0�60� DQG� &%7� DUH� LQFOXGHG� LQ� WKH� VSHFLILFDWLRQV� RI� WKHVH� SURWRFROV�� ,Q� ERWK� SURWRFROV��UHFHLYHUV� MRLQ� WKH� VKDUHG� PXOWLFDVW� WUHH� YLD� WKH� IRUZDUG� VKRUWHVW� SDWKV� WRZDUGV� WKH�FHQWHU��DQG�VRXUFHV� WUDQVPLW� WR� WKH�VKDUHG� WUHH�YLD� WKH� IRUZDUG�VKRUWHVW�SDWKV� WRZDUGV�WKH� FHQWHU�� 7KXV� UHFHLYHUV� UHFHLYH� WKH� VRXUFHVu� WUDIILF� VWUHDPV�YLD� WKH� VKRUWHVW� UHYHUVH�SDWKV�IURP�WKH�FHQWHU��7KH�GLIIHUHQFH�EHWZHHQ�WKH�VKDUHG�PRGHV�RQ�3,0�60�DQG�&%7�LV�PDLQO\�LQ�WKH�PHFKDQLVPV�XVHG�WR�PDLQWDLQ�WKH�WUHH�&%7�SHUPLWV�WKH�XVH�RI�PXOWLSOH�FRUHV��$�UHFHLYHU�KDV�WR�MRLQ�RQO\�RQH�FRUH��DQG�D�VRXUFH�XQLFDVWV� LWV�SDFNHWV� WRZDUGV�RQH�FRUH�RQO\��$V�VRRQ�DV� WKH�SDFNHWV�DUULYH�DW�DQ\�QRGH�LQ�WKH�VKDUHG�WUHH��WKH\�DUH�PXOWLFDVW�WRZDUGV�DOO�GHVWLQDWLRQV��,Q�&%7��WKHUH�LV�RQH� SULPDU\� FRUH�� 7KH� RWKHU� FRUHV� MRLQ� WKH� SULPDU\� FRUH� YLD� WKH� VKRUWHVW� SDWKV� WR�FRQVWUXFW�D�FRUH�EDFNERQH��7KH�UHVXOW�LV�D�VLQJOH�VKDUHG�WUHH�ZLWK�PXOWLSOH�FRUHV��)LJXUH�����LOOXVWUDWHV�WKH�PXOWLSOH�FRUH�EDVHG�WUHH�VWUXFWXUH�



��

 �FRUH�URXWHU �QRQ�FRUH�URXWHU �FRUH�WUHH��&%7��EDFNERQH��)LJXUH�������0XOWLSOH�FRUH�EDVHG�WUHHV�VWUXFWXUH
$Q� HDUOLHU� GUDIW� RI� 3,0�60�SHUPLWWHG� WKH� XVH� RI�PXOWLSOH� 53V� �5HQGH]YRXV�SRLQWV�� SHU�JURXS� (DFK� VRXUFH� VHQGV� SDFNHWV� WRZDUGV� HDFK� RI� WKH� 53V�� EXW� UHFHLYHUV� RQO\� MRLQ�WRZDUGV� D� VLQJOH� 53�� 7KLV� UHVXOWV� LQ� 53� KDYLQJ� LWV� RZQ� VKDUHG� WUHH� WKDW� VSDQV� RQO\� D�VXEVHW�RI� WKH�PXOWLFDVW�JURXS�PHPEHUV��7KH�PRWLYDWLRQ� IRU�KDYLQJ�PXOWLSOH�53V�ZDV� WR�DFKLHYH�IDXOW� WROHUDQW�RSHUDWLRQ�LQ�FDVH�RI�53�IDLOXUHV��7KH�PRVW�UHFHQW�GUDIW�RI�3,0�60��KRZHYHU�� QR� ORQJHU� SHUPLWV� WKH� XVH� RI� PXOWLSOH� 53V�� &XUUHQWO\�� D� PXOWLFDVW� VHVVLRQ�VHOHFWV�DQ�53�OLVW�IURP�D�SUHVSHFLILHG�53�VHW��2QO\�RQH�QRGH�IURP�WKH�53�OLVW�LV�WKH�DFWLYH�53�� 1RW� PXFK� UREXVWQHVV� LV� VDFULILFHG�� VLQFH� WKH� RWKHU� QRGHV� LQ� WKH� 53� OLVW� DFW� DV�PXOWLSOH�EDFNXS�53V��DQG�UHFRYHU\�WLPH�DIWHU�DQ�53�IDLOXUH�LV�VPDOO�,Q�3,0�60��DQ�53� LV�FKRVHQ� UDQGRPO\� IURP� WKH�FDQGLGDWH�53V� OLVW��DQG� LQ�&%7�FRUHV� DUH� SODFHG� E\� KDQG� EDVHG� RQ� WKH� WRSRORJLFDO� GLVWULEXWLRQ� RI� WKH� JURXS�PHPEHUVKLS� DW� VHVVLRQ� LQLWLDWLRQ� WLPH�� 3UHYLRXV� ZRUN� RQ� VKDUHG� EDVHG� WUHHV� DUH�UHYLHZHG�DV�IROORZV�'DYLG� :DOO� >���@� LQYHVWLJDWHG� WKH� SUREOHPV� RI� EURDGFDVWLQJ� DQG� PXOWLFDVWLQJ��VHOHFWLYH� EURDGFDVWLQJ�� LQ� KLV� 3K'� GLVVHUWDWLRQ�� +LV� PDLQ� IRFXV� ZDV� RQ� EURDGFDVWLQJ�DQG� QRW�PXOWLFDVWLQJ�� 7KH� RQO\� FRVW� IXQFWLRQ� KH� FRQVLGHUHG�ZDV� OLQN� GHOD\V�� 7KHUHIRUH�KLV� VKRUWHVW� SDWK� WUHHV� ZHUH� OHDVW�GHOD\� WUHHV�� +H� GHGLFDWHG� WZR� FKDSWHUV� IRU�EURDGFDVWLQJ� DQG�PXOWLFDVWLQJ� RYHU� VKDUHG� WUHHV�� +H� SURSRVHG� GLIIHUHQW� FULWHULD� WR� EH�RSWLPL]HG� LQ�D�VKDUHG�WUHH��H�J��� WKH�DYHUDJH�HQG�WR�HQG�GHOD\�RU�WKH�PD[LPXP�HQG�WR�



��
HQG�GHOD\��+H�DOVR�GHVFULEHG�WKH�RSWLPXP�VKDUHG�WUHH�FRUUHVSRQGLQJ�WR�HDFK�FULWHULRQ�KH� SURSRVHG�� 7KH� RSWLPXP� VROXWLRQV� ZHUH� FRPSOLFDWHG� DQG� LQ� VRPH� FDVHV� HYHQ�13�FRPSOHWH��7R�DYRLG� WKLV�H[FHVVLYH�FRPSOH[LW\��:DOO�SURSRVHG�WKUHH�KHXULVWLF�DOJRULWKPV�WR�VHOHFW�WKH�FHQWHU�RI�D�EURDGFDVW��RU�D�PXOWLFDVW��WUHH��
x 7KH�ILUVW�KHXULVWLF�DOJRULWKP�VHOHFWV�WKH�QRGH�WR�EH�WKH�FHQWHU�ZKRVH�VKRUWHVW�SDWK�WUHH�VSDQQLQJ�DOO�PHPEHUV�KDV� WKH� OHDVW�PD[LPXP�GHOD\� WR�DQ\�PHPEHU��7KLV� LV�WKH�JUDSK�WKHRUHWLFDO�FHQWHU�x 7KH�VHFRQG�KHXULVWLF�DOJRULWKP�VHOHFWV� WKH�QRGH� WR�EH� WKH�FHQWHU�ZKRVH�VKRUWHVW�SDWK�WUHH�VSDQQLQJ�DOO�PHPEHUV�KDV�WKH�OHDVW�DYHUDJH�GHOD\�WR�DOO�PHPEHUV��7KLV�LV�WKH�JUDSK�WKHRUHWLFDO�PHGLDQ�x 7KH�WKLUG�KHXULVWLF�DOJRULWKP�VHOHFWV�WKH�QRGH�WR�EH�WKH�FHQWHU�ZKRVH�VKRUWHVW�SDWK�WUHH�VSDQQLQJ�DOO�PHPEHUV�KDV�WKH�OHDVW�GLDPHWHU��:DOO�GHILQHG�WKH�GLDPHWHU�RI�D�WUHH�DV�WKH�PD[LPXP�GHOD\�EHWZHHQ�DQ\�WZR�QRGHV�LQ�WKH�WUHH�,Q� KLV� GLVVHUWDWLRQ�� :DOO� DOVR� FRPSDUHG� WKH� GHOD\V� DORQJ� VKDUHG� WUHHV� WR� WKH� GHOD\� LI�VRXUFH�VSHFLILF� VKRUWHVW� SDWK� WUHHV� ZHUH� XVHG� LQVWHDG�� +H� HVWDEOLVKHG� VHYHUDO� XSSHU�ERXQGV�RQ�WKH�DYHUDJH�DQG�PD[LPXP�GHOD\V�WKDW�FDQ�EH�DFKLHYHG�E\�VKDUHG�WUHHV��+LV�PRVW�LPSRUWDQW�UHVXOW�LV�WKDW�LI�WKH�VKRUWHVW�SDWK�WUHH�RI�D�UDQGRPO\�FKRVHQ�FHQWHU�QRGH�LV�XVHG�DV�D�VKDUHG�WUHH��WKHQ�WKH�PD[LPXP�GHOD\�EHWZHHQ�DQ\�WZR�QRGHV�DORQJ�WKDW�WUHH�LV� DW� PRVW� WZR� WLPHV� WKH�PD[LPXP� GHOD\� DFKLHYHG� LI� VRXUFH�VSHFLILF� WUHHV� ZHUH� XVHG�LQVWHDG�)LQDOO\�� :DOO� SURSRVHG� D� GLVWULEXWHG� LPSOHPHQWDWLRQ� VFKHPH� IRU� KLV� WKUHH�KHXULVWLFV�� 7KLV� VFKHPH� FRQVLVWV� RI� WZR� SKDVHV�� )LUVW�� HDFK� QRGH� LQ� WKH� QHWZRUN�FRPSXWHV� LWV� FULWHULRQ� �PD[LPXP� GHOD\�� DYHUDJH� GHOD\�� RU� GLDPHWHU�� EDVHG� RQ� WKH�LQIRUPDWLRQ�LW�KDV��7KHQ�HDFK�QRGH�EURDGFDVWV�LWV�FULWHULRQ�YDOXH�WR�DOO�RWKHU�QRGHV��7KH�YDOXHV�DUH�FRPSDUHG�GLVWULEXWHGO\�DQG�WKH�QRGH�ZLWK�EHVW�FULWHULRQ�LV�VHOHFWHG�WR�EH�WKH�FHQWHU��7R� LPSOHPHQW�KLV�VFKHPH�HIILFLHQWO\��:DOO�SURSRVHG� WKDW�ZKHQ�D�QRGH�UHFHLYHV�WKH�FULWHULRQ�YDOXHV� IURP� WZR�RU�PRUH�RWKHU�QRGHV�� WKDW�QRGH�VKRXOG�FRPSDUH�DOO� WKHVH�YDOXHV� DQG� RQO\� FRQWLQXH� EURDGFDVWLQJ� WKH� EHVW� YDOXH� LW� UHFHLYHG� VR� IDU�� � ,Q�:HL� DQG�(VWULQuV� ZRUN� >����� ���@�� WKH\� VWXGLHG� WKH� WUDGHRIIV� EHWZHHQ� VRXUFH�VSHFLILF� PXOWLFDVW�WUHHV�DQG�VKDUHG�PXOWLFDVW� WUHHV�XVLQJ�VLPXODWLRQ��$�VKDUHG� WUHH�ZDV�FRPSDUHG� WR� WKH�
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FRUUHVSRQGLQJ� VRXUFH�VSHFLILF� WUHHV� EDVHG� RQ� WKH� PD[LPXP� HQG�WR�HQG� GHOD\�� WKH�DYHUDJH� HQG�WR�HQG� GHOD\�� WKH� WUHH� FRVWV�� DQG� WKH� UHVXOWLQJ� WUDIILF� FRQFHQWUDWLRQ�� 7KH\�GHILQHG� PD[LPXP� WUDIILF� FRQFHQWUDWLRQ� DV� WKH� QXPEHU� RI� WUDIILF� VWUHDPV� IURP� GLIIHUHQW�VRXUFHV�ZKLFK�WUDYHUVH�WKH�VDPH�OLQN��7KH�DXWKRUV�XVHG�ERWK�UHDO�QHWZRUNV�DQG�UDQGRP�QHWZRUNV� RI� XS� WR� ���� QRGHV� LQ� WKHLU� VLPXODWLRQV�� (DFK� OLQN� KDG� D� GHOD\� DQG� D� FRVW��6HYHUDO� VKDUHG� WUHH� DOJRULWKPV� DQG� VRXUFH�VSHFLILF� DOJRULWKPV� ZHUH� VWXGLHG�� 6RPH�DOJRULWKPV�RSWLPL]HG�FRVW�ZKLOH�RWKHUV�RSWLPL]HG�GHOD\�:HL�DQG�(VWULQuV�VLPXODWLRQ�UHVXOWV�VKRZHG�WKDW�VRXUFH�VSHFLILF�OHDVW�GHOD\�WUHHV�DFKLHYH��RQ�WKH�DYHUDJH��XS�WR�����VPDOOHU�PD[LPXP�GHOD\V�DQG�XS�WR�����OHVV�WUDIILF�FRQFHQWUDWLRQ�WKDQ�VKDUHG�WUHHV��+RZHYHU��WKH�FRVW�RI�D�VKDUHG�WUHHV�ZDV�DSSUR[LPDWHO\����� OHVV� WKDQ� WKDW� RI� D� VRXUFH�VSHFLILF� OHDVW�GHOD\� WUHH�� 7KH� DXWKRUV� DOVR� SURSRVHG�DOJRULWKPV� WKDW� UHVWULFW� WKH�FKRLFH�RI� WKH�PXOWLFDVW�FHQWHUV� WR� WKH�VHW�RI�PXOWLFDVW�JURXS�PHPEHUV�� DQG� WKH\� VKRZHG� WKDW� WKLV� UHVWULFWLRQ� GRHV� QRW� VLJQLILFDQWO\� DIIHFW� WKH�SHUIRUPDQFH�RI�WKH�UHVXOWLQJ�VKDUHG�WUHHV��,Q�>���@��6KXNOD�HW�DO��SURSRVHG�D�SURWRFRO�IRU�FRQVWUXFWLQJ PXOWLFDVW�WUHHV�LQ�DV\PPHWULFDOO\�ORDGHG�QHWZRUNV��7KHLU�SURWRFRO�DOORZV�WKH�XVH�RI�HLWKHU�VRXUFH�VSHFLILF�WUHHV�RU�VKDUHG�WUHHV��7KH�DXWKRUV�GHILQHG�WKH�FRVW�RI�D�OLQN�DV�D�IXQFWLRQ�RI�ERWK�WKH�OLQNuV�GHOD\�DQG�LWV�XWLOL]DWLRQ��7KH\�SURSRVHG�D�FHQWHU�VHOHFWLRQ�SURWRFRO� IRU� VKDUHG�PXOWLFDVW� WUHHV�EDVHG�RQ� D� WRXUQDPHQW��$� VLPSOLILHG� YHUVLRQ� RI� WKH�WRXUQDPHQW�ZRUNV�DV�IROORZV��(DFK�UHFHLYHU� LV�SDLUHG�ZLWK�D�VRXUFH�LQ�GHFUHDVLQJ�RUGHU�RI�GLVWDQFH��7KH�QRGH�DW�WKH�PLGGOH�RI�WKH�VKRUWHVW�SDWK�EHWZHHQ�HDFK�SDLU�LV�WKH�ZLQQHU�RI� WKDW� SDLU�� $OO� ZLQQHUV� DUH� WKHQ� SDLUHG� WRJHWKHU�� DQG� WKH� QH[W� JURXS� RI� ZLQQHUV� LV�FRPSXWHG��DQG�VR�RQ�XQWLO�RQO\�RQH�ZLQQLQJ�QRGH�UHPDLQV��7KLV�QRGH�LV�WKH�FHQWHU�RI�WKH�VKDUHG� WUHH�� 7KH� DXWKRUV� DOVR� SURSRVHG� D� VKDUHG� WUHH� URXWLQJ� DOJRULWKP� WR�EH� DSSOLHG�DIWHU�VHOHFWLQJ�WKH�FHQWHU��8QOLNH�3,0�DQG�&%7��WKH�UHVXOWLQJ�VKDUHG�WUHHV�DUH�FRPSOHWHO\�IRUZDUG�VKRUWHVW�SDWK� WUHHV��+RZHYHU�� WKH�WHUP�vWUHHw� LV�QRW�DSSURSULDWH�WR�GHVFULEH�WKH�RXWSXW�RI�WKH�SURSRVHG�URXWLQJ�DOJRULWKP��6XSSRVH�ZH�DUH�JLYHQ�D�QRGH�Q WKDW�LV�ERWK�D�VRXUFH�DQG�D�UHFHLYHU�DQG�DOVR�JLYHQ�D�FHQWHU�F� ,Q�DQ�DV\PPHWULF�QHWZRUN�WKH�IRUZDUG�VKRUWHVW� SDWK� IURP� WKH� VRXUFH� Q� WR� WKH� FHQWHU� F� LV� QRW� QHFHVVDULO\� WKH� VDPH� DV� WKH�IRUZDUG� VKRUWHVW� SDWK� IURP� WKH� FHQWHU� F� WR� WKH� UHFHLYHU� Q�� VLQFH� WKH� WZR�SDWKV� DUH� QRW�QHFHVVDULO\�LGHQWLFDO��EXW�WKHLU�HQG�SRLQWV�DUH�WKH�VDPH��WKHLU�VXSHUSRVLWLRQ�PD\�UHVXOW�LQ�D�ORRS��7KH�DXWKRUV�DWWHPSW�WR�LQFOXGH�ERWK�SDWKV�LQ�WKHLU�URXWLQJ�VWUXFWXUH��DQG�WKHUHIRUH�



��
WKH� UHVXOW� PD\� FRQWDLQ� ORRSV�� DQG� KHQFH� LW� PD\ QRW� DOZD\V� EH� D� WUHH�� 7KH� DXWKRUVu�H[SHULHQFH� LQGLFDWHV� WKDW�FRQVWUXFWLQJ�D�VKDUHG�WUHH�LQ�DV\PPHWULF�QHWZRUNV�DQG�WU\LQJ�WR�RSWLPL]H�LW�LQ�ERWK�GLUHFWLRQV��IURP�DOO�VRXUFHV�WRZDUGV�WKH�FHQWHU�DQG�IURP�WKH�FHQWHU�WRZDUGV�DOO�UHFHLYHUV��LV�YHU\�FRPSOLFDWHG�1H[W�� ZH� VWXGLHG� WKH� SUHYLRXV�ZRUN�E\�&DOYHUW�� =HJXUD�� DQG�'RQDKRR�� ,Q� >��@��WKH� DXWKRUV� FRPSDUHG� GLIIHUHQW� DOJRULWKPV� IRU� VHOHFWLQJ� D� FHQWHU� ZLWK� UHVSHFW� WR� WKHLU�HIIHFW� RQ� EDQGZLGWK� DQG� GHOD\�� 7KH\� XVHG� VLPXODWLRQ� RYHU� UDQGRP� QHWZRUNV� LQ� WKHLU�VWXG\�� 7KH\� FRQFOXGHG� WKDW� WKHUH� LV� QR� VLQJOH� EHVW� DOJRULWKP� IRU� VHOHFWLQJ� D� FHQWHU��7UDGH�RIIV� EHWZHHQ� SHUIRUPDQFH� �EDQGZLGWK� DQG� GHOD\�� DQG� WKH� UHTXLUHG� LQIRUPDWLRQ�PXVW� EH� FRQVLGHUHG� ZKHQ� FKRRVLQJ� D� FHQWHU� VHOHFWLRQ� DOJRULWKP�� � 7KH� DXWKRUV� DOVR�VWXGLHG� WKH�HIIHFWV�RI�FHQWHU�VHOHFWLRQ�DOJRULWKPV�RQ�WUDIILF�FRQFHQWUDWLRQ��7KH\�VKRZHG�WKDW� ZKHQ� FHQWHU� VHOHFWLRQ� DOJRULWKPV�� ZKLFK� GLVWULEXWH� WKH� FHQWHUV� XQLIRUPO\� RYHU� DOO�QRGHV�LQ�WKH�QHWZRUN��DUH�XVHG��WKH�WUDIILF�FRQFHQWUDWLRQ�UHVXOWLQJ�IURP�VKDUHG�WUHHV�LV�DV�JRRG DV�WKH�WUDIILF�FRQFHQWUDWLRQ�UHVXOWLQJ�IURP�VRXUFH�VSHFLILF� WUHHV�� ,Q�DQRWKHU�SDSHU��'RQDKRR�DQG�=HJXUD�>��@��SURSRVHG�DQ�DOJRULWKP�WKDW�SHUPLWV�G\QDPLF�FHQWHU�PLJUDWLRQ�LQ� RUGHU� WR� HIILFLHQWO\� VXSSRUW�PXOWLFDVW� VHVVLRQV� LQ� ZKLFK� VRXUFHV� DQG� GHVWLQDWLRQ� DUH�DOORZHG�WR�MRLQ�DQG�OHDYH�G\QDPLFDOO\��'LVWULEXWHG� FHQWHU� VHOHFWLRQ� SURWRFROV� ZHUH� SURSRVHG� LQ� >��@� 7KDOHU� DQG�5DYLVKDQNDU� SURSRVHG� WZR� GLVWULEXWHG� FHQWHU� VHOHFWLRQ� SURWRFROV� DQG� WZR� YHUVLRQV� RI�HDFK�SURWRFRO��7KH�WZR�YHUVLRQV�GLIIHU�LQ�WKH�DPRXQW�RI�LQIRUPDWLRQ�HDFK�RI�WKHP�XVHV�IRU�LWV� FRPSXWDWLRQ�� (LWKHU� RQH� RI� WKH� SURSRVHG� SURWRFROV� FDQ� EH� DSSOLHG� WR� VHOHFW� PRUH�WKDQ�RQH�FHQWHU� IRU�D�JLYHQ�PXOWLFDVW�VHVVLRQ��+RZHYHU��WKHVH�SURWRFROV�GR�QRW�DWWHPSW�WR� GLVWULEXWH� WKH� FHQWHUV� HYHQO\� WKURXJKRXW� WKH� QHWZRUN�� 7KH� SURSRVHG� SURWRFROV� DOORZ�WKH�FHQWHUV�WR�PLJUDWH�IURP�RQH�QRGH�WR�DQRWKHU�G\QDPLFDOO\�DV�WKH�JURXS�PHPEHUVKLS�FKDQJHV� RU� WKH� ORDG� RQ� WKH� QHWZRUN� FKDQJHV�� 7KH� DXWKRUV� HYDOXDWHG� WKHLU� DOJRULWKPV�DQG�PRVW�RI�WKH�SUHYLRXVO\�SURSRVHG�DOJRULWKPV�XVLQJ�VLPXODWLRQ�RYHU�UDQGRP�QHWZRUNV��,Q� WKHLU� VLPXODWLRQV�� WKH\� VHOHFWHG� RQO\� RQH� FHQWHU� IRU� HDFK� PXOWLFDVW� VHVVLRQ�� 7KH�DXWKRUV�DOVR�FRPSDUHG� WKH�DPRXQW�RI� LQIRUPDWLRQ�UHTXLUHG�DW�HDFK�QRGH�IRU�GLVWULEXWHG�LPSOHPHQWDWLRQ�RI�WKH�SUHYLRXVO\�SURSRVHG�DOJRULWKPV�



��
�����)DXOW�WROHUDQW�LQ�0XOWLFDVW�1HWZRUN7KH� LVVXH� RI� SURYLGLQJ� IDXOW�WROHUDQFH� LQ� 0XOWLFDVW� 1HWZRUN� KDV� EHFRPH� D� SUREOHP� RI�JURZLQJ� LPSRUWDQFH�� 7KLV� PRWLYDWHV� WKH� QHHG� IRU� VXUYLYDEOH� QHWZRUNV� LQ� PXOWLFDVW�HQYLURQPHQW�� WKH� QHWZRUN� ZKLFK� KDYH� WKH� FDSDELOLW\� WR� WROHUDWH� RU� GHWHFW� DQG� UHFRYHU�IURP� IDXOWV�� 6XUYLYDEOH� QHWZRUNV� FDQ� EH� FODVVLILHG� LQWR� WZR� EURDG� FDWHJRULHV�� �L��SURWHFWLRQ� EDVHG� QHWZRUNV� DQG� �LL�� UHVWRUDWLRQ� EDVHG� QHWZRUNV�� ,Q� SURWHFWLRQ� EDVHG�QHWZRUNV��GHGLFDWHG�SURWHFWLRQ�PHFKDQLVPV��DUH�SURYLGHG WR�FRSH�XS�ZLWK�IDXOWV��7KHVH�QHWZRUNV�XVH�IRUZDUG�UHFRYHU\�DSSURDFK��,W�LV�DQ�H[DPSOH�RI�D�SURWHFWLRQ�PHFKDQLVP�LQ�ZKLFK�PXOWLSOH�FRSLHV�RI�D�SDFNHW��RU�HQRXJK�UHGXQGDQW�LQIRUPDWLRQ�WR�UHFRYHU�IURP�WKH�ORVV�RI�D�SDFNHW��DUH�VHQW�VLPXOWDQHRXVO\�RYHU�GLVMRLQW�SDWKV�WR�PDVN�WKH�HIIHFW�RI�IDXOWV��7KH� DSSURDFK� XVHG� LQ� D� XQLFDVW� QHWZRUN� LV� YHU\� VLPLODU� WR� WKH�PXOWLFDVW� QHWZRUN�� 7KH�DGYDQWDJH� RI� WKLV� DSSURDFK� LV� WKDW� LW� WUDQVSDUHQWO\� KDQGOHV� IDXOWV� ZLWKRXW� VHUYLFH�GLVUXSWLRQ��+RZHYHU��LW�LQFXUV�H[WUD�FRVW�LQ�WHUPV�RI�WKH�H[WUD�EDQGZLGWK�XVHG�WR�DFKLHYH�IDXOW�WROHUDQFH��7UDIILF�GLVSHUVLRQ�LV�D�PHFKDQLVP�LQ�ZKLFK�WKH�WUDIILF�IURP�D�VRXUFH�QRGH�LV�GLVSHUVHG�DORQJ�PXOWLSOH�SDWKV�WR�D�GHVWLQDWLRQ�V���,Q�UHVWRUDWLRQ�EDVHG�QHWZRUNV��RQ�WKH�RFFXUUHQFH�RI�D�IDXOW��DQ�DWWHPSW� LV�PDGH�WR�DFTXLUH� WR� UHVRXUFHV�QHFHVVDU\� IRU� UHVWRULQJ� WKH�FKDQQHO� IURP� IDXOW��7KHVH�QHWZRUNV�XVH�GHWHFW� DQG� UHFRYHU\� DSSURDFK�� 7KH�GHWHFW� DQG� UHFRYHU\� DSSURDFK� FDQ�EH� IXUWKHU�FODVVLILHG�LQWR�WZR�FDWHJRULHV��
x 5HDFWLYH�PHWKRGV��ZKHUHLQ��D�QHZ�OLQN�RU�FKDQQHO�LV�HVWDEOLVKHG�XSRQ�GHWHFWLRQ�RI�D� IDXOW��7KLV�KDV� ORZ�RYHUKHDG� LQ� WKH�DEVHQFH�RI� IDXOWV��EXW�KDV�PRUH� UHVWRUDWLRQ�WLPH��x 6SDUH� UHVRXUFH� UHVHUYDWLRQ� PHWKRGV�� ZKHUHLQ�� WR� DYRLG�PLQLPL]H� UHVRXUFH�VKRUWDJH�GXULQJ�UHFRYHU\��VSDUH�UHVRXUFHV�DUH�UHVHUYHG D�SULRUL��:KLOH� WKHUH� KDV� EHHQ� D� ORW� RI� UHVHDUFK� LQ� IDXOW�WROHUDQW� XQLFDVW� FRPPXQLFDWLRQ��IDXOW�WROHUDQW� PXOWLFDVW� FRPPXQLFDWLRQ� KDV� UHFHLYHG� OHVV� DWWHQWLRQ�� :KLOH� WKH� LGHD� RI�GLVSHUVLW\� URXWLQJ� RU�PXOWLSDWK� URXWLQJ� KDV� EHHQ� DURXQG� IRU�PDQ\� \HDUV�� WKH� WUDGLWLRQDO�XVHV�RI�GLVSHUVLW\�URXWLQJ�KDYH�EHHQ�DW�WKH�SK\VLFDO�OD\HU�RI�QHWZRUN�FRPPXQLFDWLRQ��,Q�
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IDXOW�WROHUDQFH� LQ�FKDSWHU� ��DQG�SURSRVH�RXU�DSSURDFK� WR� IXUWKHU�HQKDQFH�RXU�SURWRFRO�ZLWK�GLVMRLQW�EDFNXSV�LQ�FKDSWHU����
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&%7�y 7+(�35272&2/�����,QWURGXFWLRQ7KH� &RUH� %DVHG� 7UHH� �&%7�� PXOWLFDVW� DUFKLWHFWXUH� GLIIHUV� TXLWH� FRQVLGHUDEO\� IURP� WKH�H[LVWLQJ� ,3� PXOWLFDVW� DUFKLWHFWXUH� LQ� WKDW� LW� XWLOL]HV� D� VLQJOH�� VKDUHG� GHOLYHU\� WUHH� WKDW�VSDQV�D�JURXSuV� UHFHLYHUV��0XOWLFDVW�GDWD� LV� VHQW�DQG� UHFHLYHG�RYHU� WKH�VDPH�GHOLYHU\�WUHH�� LUUHVSHFWLYH� RI� WKH� VRXUFH�� $�&RUH�%DVHG� 7UHH� LQYROYHV� KDYLQJ� D� VLQJOH� QRGH�� RU�URXWHU��ZKLFK�DFWV�DV�D�FRUH�RI�WKH�WUHH��ZLWK�DGGLWLRQDO�FRUHV�IRU�UREXVWQHVV���IURP�ZKLFK�EUDQFKHV� HPDQDWH�� 7KHVH� EUDQFKHV� DUH�PDGH� XS� RI� RWKHU� URXWHUV�� VR�FDOOHG� QRQ�FRUH�URXWHU��DQG�WKH�FRUH��$�URXWHU�DW�WKH�HQG�RI�D�EUDQFK�LV�NQRZQ�DV�D�OHDI�URXWHU�RQ�WKH�WUHH��7KH� FRUH� URXWHU� QHHG� QRW� EH� WRSRORJLFDOO\� FHQWHUHG� EHWZHHQ� WKH� QRGHV� RQ� WKH� WUHH��VLQFH�PXOWLFDVWV� YDU\ LQ� QDWXUH�� DQG� FRUUHVSRQGLQJO\�� VR� VKRXOG� WKH� IRUP� RI� D� JURXSuV�GHOLYHU\� WUHH��&%7� LV�XQLTXH� LQ� WKDW� LW� DOORZV� WKH�PXOWLFDVW� WUHH� WR�EH�EXLOW� WR� UHIOHFW� WKH�QDWXUH�RI�WKH�DSSOLFDWLRQ�&%7� WDNHV� IXOO� DGYDQWDJH� RI� YDULRXV� DVSHFWV� RI� WKH� H[LVWLQJ� PXOWLFDVW�LQIUDVWUXFWXUH��VXFK�DV�FODVV�'�,3�DGGUHVVHV��XVHG�IRU� LGHQWLI\LQJ�PXOWLFDVW�JURXSV��DQG�WKH� ,QWHUQHW�*URXS�0DQDJHPHQW�3URWRFRO� �,*03���ZKLFK� LV�XVHG�E\�PXOWLFDVW� URXWHUV� WR�HVWDEOLVK� JURXS� PHPEHU� SUHVHQFH� RI� GLUHFWO\�FRQQHFWHG� VXEQHWZRUNV�� $� FODVV� '�DGGUHVV�LGHQWLILHV�D�VLQJOH�KRVW�JURXS��7KH�FODVV�'�DGGUHVV�VSDFH�LV�VHSDUDWH�SRUWLRQ�RI�WKH� ,3�DGGUHVV�VSDFH��GHILQHG�WR�EH�EHWZHHQ�����������DQG����������������� LQFOXVLYH��$�VPDOO�QXPEHU�RI�FODVV�'��RU�JURXS��DGGUHVVHV�DUH�UHVHUYHG�IRU�XVH�E\�YDULRXV�URXWLQJ�SURWRFROV�� VXFK� DV� ���������� WKH� DOO�V\VWHPV� DGGUHVV�� WR� ZKLFK� DOO� PXOWLFDVW�FDSDEOH�81,;�HQG�V\VWHPV�DUH�SHUPDQHQWO\�VXEVFULEHG�,Q�&%7��D�vFRUH�URXWHUw��RU�MXVW�vFRUHw��LV�D�URXWHU�ZKLFK�DFWV�DV�D�vPHHWLQJ�SRLQWw�EHWZHHQ� D� VHQGHU� DQG� JURXS� UHFHLYHUV�� � 7KH� WHUP� vUHQGH]YRXV� SRLQW� �53�w� LV� XVHG�HTXLYDOHQWO\�LQ�VRPH�FRQWH[WV���$�FRUH�URXWHU�QHHG�QRW�EH�FRQILJXUHG�WR�NQRZ�LW�LV�D�FRUH�URXWHU�
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$�URXWHU�WKDW�LV�SDUW�RI�D�&%7�GLVWULEXWLRQ�WUHH�LV�NQRZQ�DV�DQ�vRQ�WUHHw�URXWHU���$Q�RQ�WUHH�URXWHU�PDLQWDLQV�DFWLYH�VWDWH�IRU�WKH�JURXS���:H�UHIHU�WR�D�EURDGFDVW�LQWHUIDFH�DV�DQ\�LQWHUIDFH�WKDW�VXSSRUWV�PXOWLFDVW�WUDQVPLVVLRQ���$Q� vXSVWUHDPw� LQWHUIDFH� �RU� URXWHU�� LV� RQH� ZKLFK� LV� RQ� WKH� SDWK� WRZDUGV� WKH�JURXSuV�FRUH� URXWHU�ZLWK� UHVSHFW� WR� WKLV� LQWHUIDFH� �RU� URXWHU��� �$�vGRZQVWUHDPw� LQWHUIDFH��RU�URXWHU��LV�RQH�ZKLFK�LV�RQ�WKH�SDWK�DZD\�IURP�WKH�JURXSuV�FRUH�URXWHU�ZLWK�UHVSHFW�WR�WKLV� LQWHUIDFH� �RU� URXWHU��� 2WKHU� WHUPLQRORJ\� LV� LQWURGXFHG� LQ� LWV� FRQWH[W� WKURXJKRXW� WKH�FKDSWHU�:KHQHYHU� D� KRVW� ZLVKHV� WR� VXEVFULEH� WR� D� SDUWLFXODU� JURXS�� LW� VHWV� LWV� QHWZRUN�LQWHUIDFH� VR� DV� WR� UHFHLYH� DOO� SDFNHWV� ZKRVH� GHVWLQDWLRQ� DGGUHVV� FRUUHVSRQGV� WR� D�SDUWLFXODU�FODVV�'�DGGUHVV��$OO�HQG�V\VWHPV�ZLVKLQJ�WR�SDUWLFLSDWH�LQ�PXOWLFDVW�PXVW�KDYH�D� GLUHFWO\� FRQQHFWHG�PXOWLFDVW�FDSDEOH� URXWHU�� 7KLV� LV� WUXH�ERWK� IRU�&%7�DQG�3,0�� DQG�ROGHU�VFKHPH�OLNH�'9053�,*03� LV� WKH� SURWRFRO� LPSOHPHQWHG� LQ� KRVWV� DQG� URXWHUV� RQ� /$1V� WR� PRQLWRU�PXOWLFDVW� JURXS� SUHVHQFH� RQ� D� VXEQHWZRUN�� 2QH� URXWHU� SHU� /$1� LV� HOHFWHG� DV�PHPEHUVKLS� LQWHUURJDWRU��7KLV�HOHFWLRQ� LV� LPSOLFLW� LQ� WKH� ,*03�SURWRFRO�DQG�KDSSHQV�DW�VWDUW�XS� WLPH�� $W� IL[HG� LQWHUYDOV� WKH� HOHFWHG� LQWHUURJDWRU� VHQGV� D� QRQ�JURXS�VSHFLILF�PHPEHUVKLS�TXHU\�WR�WKH�DOO�V\VWHPV�PXOWLFDVW�JURXS��+RVWV�UHFHLYLQJ�WKLV�TXHU\�GR�QRW�UHVSRQG� LPPHGLDWHO\�� EXW� UDWKHU� UDQGRPLVH� WKHLU� UHVSRQVH� RYHU� D� WHQ� VHFRQG� LQWHUYDO��2Q�H[SLU\�RI�WKLV�LQWHUYDO�D�KRVW�VHQGV�D�JURXS�PHPEHUVKLS�UHSRUW��RQFH�IRU�HDFK�JURXS�LW� LV� DIILOLDWHG� WR� DQG� DGGUHVVHG� WR� WKH� FRUUHVSRQGLQJ�JURXS��$OO� ORFDO�PXOWLFDVW� URXWHUV�UHFHLYH� WKLV� UHSRUW�� � ,I�D�JURXS� UHSRUW�DUULYHV�DW�D�KRVW�EHIRUH� LWV�RZQ�UHVSRQVH� LQWHUYDO�H[SLUHV��WKH�FRUUHVSRQGLQJ�PHPEHUVKLS�UHSRUW�LV�FDQFHOOHG�DW�WKH�UHFHLYLQJ�KRVW��,Q�WKLV�ZD\�� WKH� PHPEHUVKLS� LQWHUURJDWLQJ� URXWHU� OHDUQV� RI� VXEQHWZRUN� JURXS� SUHVHQFH�� DQG�VXEQHWZRUN�EDQGZLGWK�FRQVXPSWLRQ�GXH�WR�PHPEHUVKLS�UHSRUWLQJ�LV�PLQLPL]HG���7KLV�FKDSWHU�GHVFULEHV� WKH�&%7�SURWRFRO� LQ�GHWDLO��7KH�FKDSWHU� LV�RUJDQL]HG�DV�IROORZV��&%7�IXQFWLRQDO�RYHUYLHZV�DUH�GHVFULEHG�LQ�VHFWLRQ������IROORZHG�E\�WKH�SURWRFRO�VSHFLILFDWLRQ� GHWDLOV� LQ� VHFWLRQ� ����� ,Q� VHFWLRQ� ����� ZH� GLVFXVV� WKH� SURWRFRO� RYHUYLHZV�DQG�LWV�IXQFWLRQDOLWLHV��:H�GHVFULEH�WKH�SURFHVV�RI�VHWWLQJ�XS�D�FRUH�EDVHG�GHOLYHU\�WUHH��DV�LV�W\SLFDOO\�LQVWLJDWHG�E\�RQH�JURXS�PHPEHU�y WKH�VR�y FDOOHG�JURXS�LQLWLDWRU���:H�DOVR�GHVFULEH� KRZ� D� QHZ� JURXS� PHPEHU� MRLQV� DQ� H[LVWLQJ� &%7� GHOLYHU\� WUHH�� DQG� KRZ�
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EUDQFKHV�RI�D�WUHH�DUH�UHPRYHG�ZKHQ�UHFHLYHUV��GLUHFWO\�FRQQHFWHG�WR�VXFK�EUDQFKHV�E\�D� &%7� URXWHU�� OHDYH� WKH� JURXS�� :H� IROORZ� ZLWK� DQ� H[WHQVLYH� GHVFULSWLRQ� RI� WUHH�PDLQWHQDQFH�LVVXHV��VKRZLQJ�KRZ�D�&%7�GHOLYHU\�WUHH�DGDSWV�WR�URXWHU��DQG�FRUH�IDLOXUH���:H� JR� RQ� WR� SUHVHQW� VRPH� VLPSOH� KHXULVWLFV� IRU� FRUH� SODFHPHQW�� DQG� VR�FDOOHG�GHVLJQDWHG� URXWHU� �'5� HOHFWLRQ� RQ� D� PXOWL�DFFHVV� VXEQHWZRUN�� � ,Q� VHFWLRQ� ����� ZH�GHVFULEH� WKH� &%7uV� SDFNHW� DQG�PHVVDJH� W\SHV� LQ� GHWDLO�� 6HFWLRQ� ���� IRFXVHV� RQ� FRUH�URXWHU�GLVFRYHU\�DQG�GLVFXVVHV�WKH�vERRWVWUDSw�PHFKDQLVP��:H�JLYH�D�EULHI�GLVFXVVLRQ�RQ�QRGH� IDLOXUH� LQ� VHFWLRQ������ IROORZHG�E\�GLVFXVVLRQ�RQ� ORRS�GHWHFWLRQ� LQ�VHFWLRQ������:H�DOVR�VKRZ�KRZ�D�ORRS�IUHH�WUHH�LV�IRUPHG�GHVSLWH�WKH�SRVVLEOH�SUHVHQFH�RI�WUDQVLHQW�ORRSV�LQ�D�&%7�URXWHUuV�GDWDEDVH��7KH�FKDSWHU�FRQFOXGHV�ZLWK�VHFWLRQ������$� FRUH� EDVHG� WUHH� LV� VKRZQ� LQ� ILJXUH� ����� 2QO\� RQH� FRUH� LV� VKRZQ� IRU�GHPRQVWUDWLRQ�SXUSRVH��7KH�GRWWHG�DUURZHG�OLQHV�LQGLFDWH�KRZ�D�&%7�PXOWLFDVW�SDFNHW��VHQW�IURP�D�QRQ�PHPEHU�VHQGHU��VSDQV�D�&%7�WUHH

,QFRPLQJ��PXOWLFDVW��SDFNHWFRQWDLQLQJ�&25(�DGGUHVVDQG�JURXS�LG�

 �&25(�5287(5 �3DWK�WDNHQ�E\�PXOWLFDVW�SDFNHW �1RQ�FRUH�URXWHU)LJXUH�������$�&%7�PXOWLFDVW�GHOLYHU\�WUHH
7KH�&%7� SURWRFRO� LV� EXLOW� VR� DV� WR� UHIOHFW� WKH�&%7�DUFKLWHFWXUH�� MXVW� GHVFULEHG��7KLV�DUFKLWHFWXUH�DOORZV�IRU�WKH�HQKDQFHPHQW RI�WKH�VFDODELOLW\�RI�WKH�PXOWLFDVW�DOJRULWKP��LQ� WHUPV� RI� JURXS�VSHFLILF� VWDWH� PDLQWDLQHG� LQ� WKH� QHWZRUN�� SDUWLFXODUO\� IRU� WKH� FDVH�
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ZKHUH�WKHUH�DUH�PDQ\�DFWLYH�VHQGHUV�LQ�D�SDUWLFXODU�JURXS��7KH�&%7�DUFKLWHFWXUH�RIIHUV�DQ� LPSURYHPHQW� LQ� VFDODELOLW\� RYHU� H[LVWLQJ� VRXUFH�VSHFLILF� WUHH� E\� D� IDFWRU� RI� WKH�QXPEHU�RI�DFWLYH�VRXUFHV�7KH� UHDVRQ� IRU� WKH� VFDODELOLW\� LPSURYHPHQW� LV� EHFDXVH� WKH� IRUZDUGLQJ� RI�PXOWLFDVWV�RYHU�D�VKDUHG�WUHH�GRHV�QRW�GHSHQG�RQ�WKH�VRXUFH�RI�WKRVH�PXOWLFDVWV��XQOLNH�VRXUFH�VSHFLILF� WUHH� VFKHPHV��5RXWHUV� WKDW� FRPSULVH�D�VRXUFH�URRWHG�PDLQWDLQ�VRXUFH�VSHFLILF� JURXS� LQIRUPDWLRQ�� 7KXV�� LI� ZLWKLQ� VRPH� WLPHIUDPH�� DOO� PHPEHUV� RI� D� JURXS�EHFRPH� DFWLYH� VHQGHUV� RU� VHQG� VLPXOWDQHRXVO\�� D�PHVK� RI� WUHHV� UHVXOWV�� ZLWK� QHWZRUN�URXWHUV� KDYLQJ� WR� NHHS� VWDWH� IRU� HDFK� VRXUFH� WUHH�� )LJXUH� ���� LOOXVWUDWHV� WKH� PHVK� RI�PXOWLFDVW�GHOLYHU\�WUHH�

 �JURXS�VHQGHU �(DFK�GLVWLQFW�DUURZ�UHSUHVHQWV�VWDWH�PDLQWDLQHG�LQ�WKH�QHWZRUN
)LJXUH�������0HVK�RI�PXOWLFDVW�GHOLYHU\�WUHHV�

7KHUHIRUH�� D� FRUH�EDVHG� DUFKLWHFWXUH� DOORZV� XV� WR� VLJQLILFDQWO\� LPSURYH� WKH�RYHUDOO�VFDODELOLW\ RI�6�;�1 ZH�KDYH�LQ�WKH�VRXUFH�EDVHG�WUHH�DUFKLWHFWXUH��WR�MXVW�1��7KLV�LV�WKH�UHVXOW�RI�KDYLQJ�MXVW�RQH�PXOWLFDVW�WUHH�SHU�PXOWLFDVW�JURXS�DV�RSSRVHG�WR�RQH�WUHH�SHU��VRXUFH��PXOWLFDVW�JURXS��SDLU���,W� LV�DOVR�LQWHUHVWLQJ�WR�QRWH�WKDW�URXWHUV�EHWZHHQ�D�QRQ�PHPEHU�VHQGHU�DQG�WKH�&%7� GHOLYHU\� WUHH� QHHG� QR� NQRZOHGJH� RI� WKH� PXOWLFDVW� WUHH� �L�H�� PXOWLFDVW� JURXS��ZKDWVRHYHU�LQ�RUGHU�WR�IRUZDUG�&%7�PXOWLFDVWV��VLQFH�SDFNHWV�IURP�QRQ�PHPEHU�VHQGHUV�DUH� XQLFDVW� WRZDUGV� WKH� FRUH�� 7KLV� WZR�SKDVH� URXWLQJ� DSSURDFK� LV XQLTXH� WR� WKH� &%7�DUFKLWHFWXUH��2QH�VXFK�DSSOLFDWLRQ�WKDW�FDQ�WDNH�DGYDQWDJH�RI�WKLV�WZR�SKDVH�URXWLQJ�LV�UHVRXUFH� GLVFRYHU\�� ZKHUHE\� D� UHVRXUFH�� IRU� H[DPSOH�� D� UHSOLFDWHG� GDWDEDVH�� LV�GLVWULEXWHG� LQ� GLIIHUHQW� ORFDWLRQV� WKURXJKRXW� WKH� ,QWHUQHW�� 7KH�GDWDEDVHV� LQ� WKH�GLIIHUHQW�



��
ORFDWLRQV�PDNH� XS� D� VLQJOH�PXOWLFDVW� JURXS�� OLQNHG� E\� D� &%7� WUHH�� $� FOLHQW� QHHG� RQO\�NQRZ�WKH�DGGUHVV�RI���RQH�RI��WKH�FRUHV�IRU�WKH�JURXS�LQ�RUGHU�WR�VHQG��XQLFDVW��D�UHTXHVW�WR�LW��6XFK�D�UHTXHVW�ZRXOG�QRW�VSDQ�WKH�WUHH�LQ�WKLV�FDVH� EXW�ZRXOG�EH�DQVZHUHG�E\�WKH�ILUVW� WUHH� URXWHU� HQFRXQWHUHG��PDNLQJ� LW� TXLWH� OLNHO\� WKDW� WKH� UHTXHVW� LV�DQVZHUHG�E\� WKH�vQHDUHVWw� VHUYHU�� � 7KLV� LV� DQ� H[DPSOH� RI� DQ\FDVWLQJ�� 7KH� RWKHU� PDLQ� GULYLQJ� WKH� &%7�DSSURDFK� LV� WKDW� LW� LV� XQLFDVW� URXWLQJ� SURWRFRO� LQGHSHQGHQW�� PHDQLQJ� WKDW� WKH� FRUUHFW�RSHUDWLRQ� RI� WKH� PXOWLFDVW� SURWRFRO� LV� QRW� OLQNHG� WR� WKH� H[LVWHQFH� RI� D� SDUWLFXODU�XQGHUO\LQJ�XQLFDVW�SURWRFRO�� )RU� H[DPSOH��'9053� LV�D�PXOWLFDVW�SURWRFRO� WKDW� UHOLHV�RQ�VXFK�IHDWXUHV���:H�ZLOO�GLVFXVV�WKH�IXQFWLRQDO�RYHUYLHZV�RI�WKH�&%7�QH[W�������&%7�)XQFWLRQDO�2YHUYLHZ7KH�&%7�SURWRFRO� LV�GHVLJQHG�WR�EXLOG�DQG�PDLQWDLQ�D�VKDUHG�PXOWLFDVW�GLVWULEXWLRQ�WUHH�WKDW�VSDQV�RQO\�WKRVH�QHWZRUNV�DQG�OLQNV�OHDGLQJ�WR�LQWHUHVWHG�UHFHLYHUV�7R� DFKLHYH� WKLV�� D� KRVW� ILUVW� H[SUHVVHV� LWV� LQWHUHVW� LQ� MRLQLQJ� D� JURXS� E\�PXOWLFDVWLQJ�DQ�,*03�KRVW�PHPEHUVKLS�UHSRUW�DFURVV�LWV�DWWDFKHG�OLQN���2Q�UHFHLYLQJ�WKLV�UHSRUW�� D� ORFDO� &%7� DZDUH� URXWHU� LQYRNHV� WKH� WUHH� MRLQLQJ� SURFHVV� E\� JHQHUDWLQJ� D�-2,1B5(48(67�PHVVDJH��ZKLFK�LV�VHQW�WR�WKH�QH[W�KRS�RQ�WKH�SDWK�WRZDUGV�WKH�JURXSuV�FRUH�URXWHU�� �7KLV� MRLQ�PHVVDJH�PXVW�EH�H[SOLFLWO\�DFNQRZOHGJHG��-2,1B$&.��HLWKHU�E\�WKH�FRUH�URXWHU�LWVHOI��RU�E\�DQRWKHU�URXWHU�WKDW�LV�RQ�WKH�SDWK�EHWZHHQ�WKH�VHQGLQJ�URXWHU�DQG�WKH�FRUH��ZKLFK�LWVHOI�KDV�DOUHDG\�VXFFHVVIXOO\�MRLQHG�WKH�WUHH�7KH�MRLQ�PHVVDJH�VHWV�XS�WUDQVLHQW� MRLQ�VWDWH� LQ�WKH�URXWHUV�LW�WUDYHUVHV��DQG�WKLV�VWDWH�FRQVLVWV�RI��JURXS�� LQFRPLQJ� LQWHUIDFH��RXWJRLQJ� LQWHUIDFH!�� �v,QFRPLQJ�LQWHUIDFHw�DQG� vRXWJRLQJ� LQWHUIDFHw� PD\� EH� vSUHYLRXV� KRSw� DQG� vQH[W� KRSw�� UHVSHFWLYHO\�� LI� WKH�FRUUHVSRQGLQJ�OLQNV�GR�QRW�VXSSRUW�PXOWLFDVW�WUDQVPLVVLRQ���v3UHYLRXV�KRSw�LV�WDNHQ�IURP�WKH� LQFRPLQJ� FRQWURO� SDFNHW
V� ,3� VRXUFH� DGGUHVV�� DQG� vQH[W� KRSw� LV� JOHDQHG� IURP� WKH�URXWLQJ�WDEOH�� WKH�QH[W�KRS�WR�WKH�VSHFLILHG�FRUH�DGGUHVV�� 7KLV�WUDQVLHQW�VWDWH�HYHQWXDOO\�WLPHV� RXW� XQOHVV� LW� LV� vFRQILUPHGw� ZLWK� D� MRLQ� DFNQRZOHGJPHQW� �-2,1B$&.�� IURP�XSVWUHDP�� � 7KH� -2,1B$&.� WUDYHUVHV� WKH� UHYHUVH� SDWK� RI� WKH� FRUUHVSRQGLQJ� MRLQ�PHVVDJH��ZKLFK� LV� SRVVLEOH�GXH� WR� WKH�SUHVHQFH� RI� WKH� WUDQVLHQW� MRLQ VWDWH�� �2QFH� WKH�DFNQRZOHGJHPHQW�UHDFKHV�WKH�URXWHU�WKDW�RULJLQDWHG�WKH�MRLQ�PHVVDJH��WKH�QHZ�UHFHLYHU�FDQ�UHFHLYH�WUDIILF�VHQW�WR�WKH�JURXS�



��
/RRSV� FDQQRW� EH� FUHDWHG� LQ� D�&%7� WUHH�EHFDXVH� WKHUH� LV� RQO\� RQH� DFWLYH� FRUH�SHU�JURXS��DQG� WUHH�EXLOGLQJ�PDLQWHQDQFH�VFHQDULRV�ZKLFK�PD\� OHDG� WR� WKH�FUHDWLRQ�RI�WUHH� ORRSV� DUH� DYRLGHG�� � )RU� H[DPSOH�� LI� D� URXWHUuV� XSVWUHDP� QHLJKERU� EHFRPHV�XQUHDFKDEOH�� WKH� URXWHU� LPPHGLDWHO\� vIOXVKHVw� DOO� RI� LWV�GRZQVWUHDP�EUDQFKHV�� DOORZLQJ�WKHP� WR� LQGLYLGXDOO\� UHMRLQ� LI� QHFHVVDU\�� � 7UDQVLHQW� XQLFDVW� ORRSV� GR� QRW� SRVH� D� WKUHDW�EHFDXVH�D�QHZ�MRLQ�PHVVDJH�WKDW�ORRSV�EDFN�RQ�LWVHOI�ZLOO�QHYHU�JHW�DFNQRZOHGJHG��DQG�WKXV�HYHQWXDOO\�WLPHV�RXW�7KH� VWDWH� FUHDWHG� LQ� URXWHUV� E\� WKH� VHQGLQJ� RU� UHFHLYLQJ� RI� D� -2,1B$&.� LV� EL�GLUHFWLRQDO� � GDWD� FDQ� IORZ� HLWKHU� ZD\� DORQJ� D� WUHH� vEUDQFKw�� DQG� WKH� VWDWH� LV� JURXS�VSHFLILF� � LW�FRQVLVWV�RI� WKH�JURXS�DGGUHVV�DQG�D� OLVW�RI� ORFDO� LQWHUIDFHV�RYHU�ZKLFK� MRLQ�PHVVDJHV� IRU� WKH�JURXS�KDYH�SUHYLRXVO\�EHHQ�DFNQRZOHGJHG�� �7KHUH� LV�QR�FRQFHSW�RI�vLQFRPLQJw�RU�vRXWJRLQJw� LQWHUIDFHV��WKRXJK�LW� LV�QHFHVVDU\�WR�EH�DEOH�WR�GLVWLQJXLVK�WKH�XSVWUHDP�LQWHUIDFH�IURP�DQ\�GRZQVWUHDP�LQWHUIDFHV���,Q�&%7��WKHVH�LQWHUIDFHV�DUH�NQRZQ�DV�WKH�vSDUHQWw�DQG�vFKLOGw�LQWHUIDFHV��UHVSHFWLYHO\���$�URXWHU�LV�QRW�FRQVLGHUHG�vRQ�WUHHw�XQWLO�LW�KDV�UHFHLYHG�D�-2,1B$&.�IRU�D�SUHYLRXVO\�VHQW�-2,1B5(48(67���:LWK� UHJDUGV� WR� WKH� LQIRUPDWLRQ�FRQWDLQHG� LQ� WKH�PXOWLFDVW� IRUZDUGLQJ�FDFKH��RQ�OLQN� W\SHV�QRW�VXSSRUWLQJ�QDWLYH�PXOWLFDVW� WUDQVPLVVLRQ�DQ�RQ�WUHH� URXWHU�PXVW�VWRUH� WKH�DGGUHVV� RI� D� SDUHQW� DQG� DQ\� FKLOGUHQ�� �2Q� OLQNV� VXSSRUWLQJ�PXOWLFDVW� KRZHYHU�� SDUHQW�DQG� DQ\� FKLOG� LQIRUPDWLRQ� LV� UHSUHVHQWHG� ZLWK� ORFDO� LQWHUIDFH� DGGUHVVHV� �RU� VLPLODU�LGHQWLI\LQJ� LQIRUPDWLRQ�� VXFK� DV� DQ� LQWHUIDFH� vLQGH[w�� RYHU�ZKLFK� WKH� SDUHQW� RU� FKLOG� LV�UHDFKDEOH���'DWD�IURP�QRQ�PHPEHU�VHQGHUV�PXVW�EH�HQFDSVXODWHG��,3�LQ�,3��E\�WKH�ILUVW�KRS�URXWHU�� DQG� LV� XQLFDVW� WR� WKH� JURXS
V� FRUH� URXWHU�� � &RQVHTXHQWO\�� QR� JURXS� VWDWH� LV�UHTXLUHG�LQ�WKH�QHWZRUN�EHWZHHQ�WKH�ILUVW�KRS�URXWHU�DQG�WKH�JURXSuV�FRUH���2Q�DUULYLQJ�DW�WKH� FRUH� URXWHU�� WKH� GDWD� SDFNHWuV� URXWHU� HQFDSVXODWLQJ� KHDGHU� LV� UHPRYHG� DQG� WKH�SDFNHW�LV�GLVVHPLQDWHG�RYHU�WKH�JURXS�VKDUHG�WUHH�DV�GHVFULEHG�EHORZ���:KHQ� D� PXOWLFDVW� GDWD� SDFNHW� DUULYHV� DW� D� URXWHU�� WKH� URXWHU� XVHV� WKH� JURXS�DGGUHVV� DV� DQ� LQGH[� LQWR� WKH� PXOWLFDVW� IRUZDUGLQJ� FDFKH�� � $� FRS\� RI� WKH� LQFRPLQJ�PXOWLFDVW�GDWD�SDFNHW�LV�IRUZDUGHG�RYHU�HDFK�LQWHUIDFH��RU�WR�HDFK�DGGUHVV��OLVWHG�LQ�WKH�HQWU\�H[FHSW�WKH�LQFRPLQJ�LQWHUIDFH���



��
(DFK� URXWHU� WKDW� FRPSULVHV� D� &%7� PXOWLFDVW� WUHH�� H[FHSW� WKH� FRUH� URXWHU�� LV�UHVSRQVLEOH� IRU� PDLQWDLQLQJ� LWV� XSVWUHDP� OLQN�� SURYLGHG� LW� KDV� LQWHUHVWHG� GRZQVWUHDP�UHFHLYHUV�� L�H�� WKH�FKLOG� LQWHUIDFH� OLVW� LV�QRW�18//�� �$�FKLOG� LQWHUIDFH�LV�RQH�RYHU�ZKLFK�D�PHPEHU� KRVW� LV� GLUHFWO\� DWWDFKHG�� RU� RQH� RYHU� ZKLFK� D� GRZQVWUHDP� RQ�WUHH� URXWHU� LV�DWWDFKHG�� �7KLV�vWUHH�PDLQWHQDQFHw� LV�DFKLHYHG�E\�HDFK�GRZQVWUHDP�URXWHU�SHULRGLFDOO\�VHQGLQJ�D�&%7�vNHHSDOLYHw�PHVVDJH��(&+2B5(48(67��WR�LWV�XSVWUHDP�QHLJKERU��L�H��LWV�SDUHQW� URXWHU�RQ� WKH� WUHH�� �2QH�NHHSDOLYH�PHVVDJH� LV�VHQW� WR�UHSUHVHQW�HQWULHV�ZLWK� WKHVDPH�SDUHQW�� WKHUHE\� LPSURYLQJ�VFDODELOLW\�RQ� OLQNV�ZKLFK�DUH�VKDUHG�E\�PDQ\�JURXSV���2Q�PXOWLFDVW�FDSDEOH�OLQNV��D�NHHSDOLYH�LV�PXOWLFDVW�WR�WKH�vDOO�&%7�URXWHUVw�JURXS��,$1$�DVVLJQHG�DV��������������WKLV�KDV�D�VXSSUHVVLQJ�HIIHFW�RQ�DQ\�RWKHU�URXWHU�IRU�ZKLFK�WKH�OLQN�LV�LWV�SDUHQW�OLQN���,I�D�SDUHQW�OLQN�GRHV�QRW�VXSSRUW�PXOWLFDVW�WUDQVPLVVLRQ��NHHSDOLYHV�DUH�XQLFDVW���7KH� UHFHLSW� RI� D� NHHSDOLYH� PHVVDJH� RYHU� D� YDOLG� FKLOG� LQWHUIDFH� SURPSWV� D�UHVSRQVH� �(&+2B5(3/<��� ZKLFK� LV� HLWKHU� XQLFDVW� RU� PXOWLFDVW�� DV� DSSURSULDWH�� � 7KH�(&+2B5(3/<�PHVVDJH�FDUULHV�D�OLVW�RI�JURXSV�IRU�ZKLFK�WKH�FRUUHVSRQGLQJ�LQWHUIDFH�LV�D�FKLOG�LQWHUIDFH���,W� FDQQRW� EH� DVVXPHG� DOO� RI� WKH� URXWHUV� RQ� D�PXOWL�DFFHVV� OLQN� KDYH� D� XQLIRUP�YLHZ�RI�XQLFDVW� URXWLQJ�� WKLV� LV�SDUWLFXODUO\� WKH�FDVH�ZKHQ�D�PXOWL�DFFHVV� OLQN�VSDQV�WZR�RU�PRUH� XQLFDVW� URXWLQJ�GRPDLQV�� � 7KLV� FRXOG� OHDG� WR�PXOWLSOH� XSVWUHDP� WUHH�EUDQFKHV�EHLQJ�IRUPHG��DQ�HUURU�FRQGLWLRQ��XQOHVV�VWHSV�DUH�WDNHQ�WR�HQVXUH�DOO�URXWHUV�RQ�WKH�OLQN�DJUHH�ZKLFK� LV� WKH� XSVWUHDP� URXWHU� IRU� D� SDUWLFXODU� JURXS�� �&%7� URXWHUV� DWWDFKHG� WR� D�PXOWL�DFFHVV�OLQN�SDUWLFLSDWH�LQ�DQ�H[SOLFLW�HOHFWLRQ�PHFKDQLVP�WKDW�HOHFWV�D�VLQJOH�URXWHU��WKH�GHVLJQDWHG� URXWHU� �'5��� DV� WKH� OLQNuV�XSVWUHDP� URXWHU� IRU�DOO�JURXSV�� �6LQFH� WKH�'5�PLJKW�QRW�EH� WKH� OLQN
V�EHVW�QH[W�KRS� IRU�D�SDUWLFXODU�FRUH� URXWHU�� WKLV�PD\� UHVXOW� LQ� MRLQ�PHVVDJHV� EHLQJ� UH�GLUHFWHG� EDFN� DFURVV� D�PXOWL�DFFHVV� OLQN�� � ,I� WKLV� KDSSHQV�� WKH� UH�GLUHFWHG�MRLQ�PHVVDJH�LV�XQLFDVW�DFURVV�WKH�OLQN�E\�WKH�'5�WR�WKH�EHVW�QH[W�KRS��WKHUHE\�SUHYHQWLQJ� D� ORRSLQJ� VFHQDULR�� � 7KLV� UH�GLUHFWLRQ� RQO\� HYHU� DSSOLHV� WR� MRLQ� PHVVDJHV���:KLOVW� WKLV� LV�VXERSWLPDO� IRU� MRLQ�PHVVDJHV��ZKLFK�DUH�JHQHUDWHG� LQIUHTXHQWO\��PXOWLFDVW�GDWD�QHYHU�WUDYHUVHV�D�OLQN�PRUH�WKDQ�RQFH��HLWKHU�QDWLYHO\��RU�HQFDSVXODWHG����,Q� DOO� EXW� WKH� H[FHSWLRQ� FDVH� GHVFULEHG� DERYH�� DOO� &%7� FRQWURO� PHVVDJHV� DUH�PXOWLFDVW� RYHU�PXOWLFDVW� VXSSRUWLQJ� OLQNV� WR� WKH� vDOO�&%7� URXWHUVw�JURXS��ZLWK� ,3�77/�����



��
7KH�,3�VRXUFH�DGGUHVV�RI�&%7�FRQWURO�PHVVDJHV�LV�WKH�RXWJRLQJ�LQWHUIDFH�RI�WKH�VHQGLQJ�URXWHU�� � 7KH� ,3� GHVWLQDWLRQ� DGGUHVV� RI� &%7� FRQWURO� PHVVDJHV� LV� HLWKHU� WKH� vDOO�&%7�URXWHUVw� JURXS� DGGUHVV�� RU� D� XQLFDVW� DGGUHVV�� DV� DSSURSULDWH�� � $OO� WKH� QHFHVVDU\�DGGUHVVLQJ�LQIRUPDWLRQ�LV�REWDLQHG�E\�RQ�WUHH�URXWHUV�DV�SDUW�RI�WUHH�VHW�XS���,I� &%7� LV� LPSOHPHQWHG� RYHU� D� WXQQHOHG� WRSRORJ\��ZKHQ� VHQGLQJ� D�&%7� FRQWURO�SDFNHW� RYHU� D� WXQQHO� LQWHUIDFH�� WKH� VHQGLQJ� URXWHU� XVHV� DV� WKH� SDFNHW
V� ,3� VRXUFH�DGGUHVV�WKH�ORFDO�WXQQHO�HQG�SRLQW�DGGUHVV��DQG�WKH�UHPRWH�WXQQHO�HQG�SRLQW�DGGUHVV�DV�WKH�SDFNHW
V�,3�GHVWLQDWLRQ�DGGUHVV������3URWRFRO�6SHFLILFDWLRQ�'HWDLOV'HWDLOV� RI� WKH� &%7� SURWRFRO� DUH� SUHVHQWHG� LQ� WKH� FRQWH[W� RI� D� VLQJOH� URXWHU�LPSOHPHQWDWLRQ���������&%7�+(//2�3URWRFRO7KH�+(//2�SURWRFRO� LV�XVHG�WR�HOHFW�D�GHVLJQDWHG�URXWHU��'5��RQ�EURDGFDVW�W\SH�OLQNV���,W� LV� DOVR� XVHG� WR� HOHFW� D� GHVLJQDWHG� ERUGHU� URXWHU� �%5�� ZKHQ� LQWHUFRQQHFWLQJ� D� &%7�GRPDLQ� ZLWK� RWKHU� GRPDLQV�� � $OWHUQDWLYHO\�� WKH� GHVLJQDWHG� %5� PD\� EH� HOHFWHG� DV� D�PDWWHU�RI�ORFDO�SROLF\���$� URXWHU� UHSUHVHQWV� LWV� VWDWXV� DV� D� OLQNuV� '5� E\� VHWWLQJ� WKH� '5�IODJ� RQ� WKDW�LQWHUIDFH� D�'5�IODJ�LV�DVVRFLDWHG�ZLWK�HDFK�RI�D�URXWHUuV�EURDGFDVW�LQWHUIDFHV���7KLV�IODJ�FDQ�RQO\�DVVXPH�RQH�RI�WZR�YDOXHV��758(�RU�)$/6(���%\�GHIDXOW��WKLV�IODJ�LV�)$/6(���$� QHWZRUN� PDQDJHU� FDQ� SUHIHUHQFH� D� URXWHU
V� '5� HOLJLELOLW\� E\� RSWLRQDOO\�FRQILJXULQJ�DQ�+(//2�SUHIHUHQFH��ZKLFK� LV� LQFOXGHG� LQ� WKH� URXWHUuV�+(//2�PHVVDJHV���9DOLG� FRQILJXUDWLRQ� YDOXHV� UDQJH� IURP� �� WR� ���� �GHFLPDO��� �� UHSUHVHQWLQJ� WKH� vPRVW�HOLJLEOHw� YDOXH�� � ,Q� WKH� DEVHQFH� RI� H[SOLFLW� FRQILJXUDWLRQ�� D� URXWHU� DVVXPHV� WKH� GHIDXOW�+(//2�SUHIHUHQFH YDOXH� RI� ����� � 7KH� HOHFWHG�'5� XVHV�+(//2�SUHIHUHQFH� ]HUR� ���� LQ�+(//2�DGYHUWLVHPHQWV��LUUHVSHFWLYH�RI�DQ\�FRQILJXUHG�SUHIHUHQFH���7KH�'5�FRQWLQXHV�WR�XVH�SUHIHUHQFH�]HUR�IRU�DV�ORQJ�DV�LW�LV�UXQQLQJ���+(//2� PHVVDJHV� DUH� PXOWLFDVW� SHULRGLFDOO\� WR� WKH� DOO�&%7� URXWHUV� JURXS��������������XVLQJ�,3�77/�����7KH�DGYHUWLVHPHQW�SHULRG�LV�>+(//2B,17(59$/@�VHFRQGV���



��
+(//2� PHVVDJHV� KDYH� D� VXSSUHVVLQJ� HIIHFW� RQ� WKRVH� URXWHUV� ZKLFK� ZRXOG�DGYHUWLVH� D� vOHVVHU� SUHIHUHQFHw� LQ� WKHLU� +(//2� PHVVDJHV�� D� URXWHU� UHVHWV� LWV�>+(//2B,17(59$/@� LI� WKH� UHFHLYHG� +(//2� LV� vEHWWHUw� WKDQ� LWV� RZQ�� � 7KXV�� LQ� VWHDG\�VWDWH��WKH�+(//2�SURWRFRO�LQFXUV�YHU\�OLWWOH�WUDIILF�RYHUKHDG�7KH�'5�HOHFWLRQ�ZLQQHU�LV�WKDW�ZKLFK�DGYHUWLVHV�WKH�ORZHVW�+(//2�SUHIHUHQFH��RU�WKH�ORZHVW�DGGUHVVHG�LQ�WKH�HYHQW�RI�D�WLH�7KH�VLWXDWLRQ�ZKHUH�WZR�RU�PRUH�URXWHUV�DWWDFKHG�WR�WKH�VDPH�EURDGFDVW�OLQN�DUH�DGYHUWLVLQJ� +(//2� SUHIHUHQFH� �� VKRXOG� QHYHU� DULVH�� � +RZHYHU�� VKRXOG� WKLV� VLWXDWLRQ�DULVH��DOO�EXW� WKH� ORZHVW�DGGUHVVHG�]HUR�DGYHUWLVLQJ� URXWHU� UHOLQTXLVKHV� LWV�FODLP�DV�'5�LPPHGLDWHO\�E\�XQVHWWLQJ�WKH�'5�IODJ�RQ�WKH�FRUUHVSRQGLQJ�LQWHUIDFH���7KH�UHOLQTXLVKLQJ�URXWHU�V�� VXEVHTXHQWO\� DGYHUWLVH� WKHLU� SUHYLRXVO\� XVHG� SUHIHUHQFH� YDOXH� LQ� +(//2�DGYHUWLVHPHQWV�

x 6HQGLQJ�+(//2V:KHQ� D� URXWHU� VWDUWV� XS�� LW� PXOWLFDVWV� WZR� +(//2� PHVVDJHV� RYHU� HDFK� RI� LWV�EURDGFDVW� LQWHUIDFHV� LQ� VXFFHVVLRQ�� � 7KH� '5� IODJ� LV� LQLWLDOO\� XQVHW� �)$/6(�� RQ� HDFKEURDGFDVW� LQWHUIDFH�� � 7KLV� DYRLGV� WKH� VLWXDWLRQ� LQ� ZKLFK� HDFK� URXWHU� RQ� D�PXOWL�DFFHVV�VXEQHW� EHOLHYHV� LW� LV� WKH� '5�� WKXV� SUHYHQWLQJ� WKH� PXOWLSOH� IRUZDUGLQJ� RI� MRLQ�UHTXHVWV�VKRXOG�WKH\�DUULYH�GXULQJ�WKLV�VWDUW�XS�SHULRG���,I�QR�vEHWWHUw�+(//2�PHVVDJH�LV�UHFHLYHG�DIWHU� +2/'7,0(� VHFRQGV�� WKH� URXWHU� DVVXPHV� WKH� UROH� RI� '5� RQ� WKH� FRUUHVSRQGLQJ�LQWHUIDFH���$� URXWHU� VHQGV� DQ� +(//2�PHVVDJH�ZKHQHYHU� LWV� >+(//2B,17(59$/@� H[SLUHV���:KHQHYHU�D�URXWHU�VHQGV�DQ�+(//2�PHVVDJH��LW�UHVHWV�LWV�KHOOR�WLPHU�
x 5HFHLYLQJ�+(//2V$� URXWHU� GRHV� QRW� UHVSRQG� WR� DQ� +(//2� PHVVDJH� LI� WKH� UHFHLYHG� +(//2� LV�vEHWWHUw�WKDQ�LWV�RZQ��RU�HTXDOO\�SUHIHUHQFH�EXW�ORZHU�DGGUHVVHG���$� URXWHU� PXVW� UHVSRQG� WR� DQ� +(//2� PHVVDJH� LI� WKDW� UHFHLYHG� LV� OHVVHU�SUHIHUHQFH� �RU� HTXDOO\� SUHIHUHQFH� EXW� KLJKHU� DGGUHVVHG�� WKDQ� ZRXOG� EH� VHQW� E\� WKLV�URXWHU�RYHU�WKH�VDPH�LQWHUIDFH���7KLV�UHVSRQVH�LV�VHQW�RQ�H[SLU\�RI�DQ�LQWHUYDO�WLPHU�ZKLFK�



��
LV� VHW�EHWZHHQ�]HUR ����DQG� >+2/'7,0(@� VHFRQGV�ZKHQ� WKH� OHVVHU�SUHIHUHQFH�+(//2�PHVVDJH�LV�UHFHLYHG��������-2,1B5(48(67�3URFHVVLQJ$�-2,1B5(48(67�LV�WKH�&%7�FRQWURO�PHVVDJH�XVHG�WR�UHJLVWHU�D�PHPEHU�KRVWuV�LQWHUHVW�LQ�MRLQLQJ�WKH�GLVWULEXWLRQ�WUHH�IRU�WKH�JURXS�
x 6HQGLQJ�-2,1B5(48(67V$�-2,1B5(48(67�FDQ�RQO\�HYHU�EH�RULJLQDWHG�E\�D�OHDI�URXWHU��L�H��D�URXWHU�ZLWK�GLUHFWO\�DWWDFKHG�PHPEHU�KRVWV���7KLV�MRLQ�PHVVDJH�LV�VHQW�KRS�E\�KRS�WRZDUGV�WKH�FRUH�URXWHU�IRU�WKH�JURXS���7KH�RULJLQDWLQJ�URXWHU�FDFKHV��JURXS��18//��XSVWUHDP�LQWHUIDFH!�VWDWH� IRU� HDFK� MRLQ� LW� RULJLQDWHV�� � 7KLV� VWDWH� LV� NQRZQ� DV� vWUDQVLHQW� MRLQ� VWDWHw�� � 7KH�DEVHQFH� RI� D� vGRZQVWUHDP� LQWHUIDFHw� �18//�� LQGLFDWHV� WKDW� WKLV� URXWHU� LV� WKH� MRLQ�PHVVDJH� RULJLQDWRU�� DQG� LV� WKHUHIRUH� UHVSRQVLEOH� IRU� DQ\� UHWUDQVPLVVLRQV� RI� WKLV�PHVVDJH� LI� D� UHVSRQVH� LV� QRW� UHFHLYHG� ZLWKLQ� >57;B,17(59$/@�� � ,W� LV� DQ� HUURU� LI� QR�UHVSRQVH�LV�UHFHLYHG�DIWHU�>-2,1B7,0(287@�VHFRQGV���,I�WKLV�HUURU�FRQGLWLRQ�RFFXUV��WKH�MRLQLQJ� SURFHVV�PD\� EH� UH�LQYRNHG� E\� WKH� UHFHLSW� RI� WKH� QH[W� ,*03� KRVW�PHPEHUVKLSUHSRUW�IURP�D�ORFDOO\�DWWDFKHG�PHPEHU�KRVW���1RWH� WKDW� LI� WKH� LQWHUIDFH� RYHU� ZKLFK� D� -2,1B5(48(67� LV� WR� EH� VHQW� VXSSRUWV�PXOWLFDVW�� WKH�-2,1B5(48(67�LV�PXOWLFDVW�WR�WKH�DOO�&%7�URXWHUV�JURXS��XVLQJ�,3�77/�����,I� WKH�OLQN�GRHV�QRW�VXSSRUW�PXOWLFDVW�� WKH�-2,1B5(48(67�LV�XQLFDVW�WR�WKH�QH[W�KRS�RQ�WKH�XQLFDVW�SDWK�WR�WKH�JURXSuV�FRUH�
x 5HFHLYLQJ�-2,1B5(48(67V2Q� EURDGFDVW� OLQNV�� -2,1B5(48(67V� ZKLFK� DUH� PXOWLFDVW� PD\� RQO\� EH�IRUZDUGHG�E\�WKH�OLQNuV�'5���2WKHU�URXWHUV�DWWDFKHG�WR�WKH�OLQN�PD\�SURFHVV�WKH�MRLQ��VHH�EHORZ��� � -2,1B5(48(67V� ZKLFK� DUH� PXOWLFDVW� RYHU� D� SRLQW�WR�SRLQW� OLQN� DUH� RQO\�SURFHVVHG�E\�WKH�URXWHU�RQ�WKH�OLQN�ZKLFK�GRHV�QRW�KDYH�D�ORFDO�LQWHUIDFH�FRUUHVSRQGLQJ�WR� WKH� MRLQuV�QHWZRUN� OD\HU� �,3��VRXUFH�DGGUHVV�� �8QLFDVW�-2,1B5(48(67V�PD\�RQO\�EH�SURFHVVHG�E\�WKH�URXWHU�ZKLFK�KDV�D�ORFDO�LQWHUIDFH�FRUUHVSRQGLQJ�WR�WKH�MRLQ
V�QHWZRUN�OD\HU��,3��GHVWLQDWLRQ�DGGUHVV���



��
:LWK� UHJDUG� WR� IRUZDUGLQJ�D� UHFHLYHG�-2,1B5(48(67�� LI� WKH� UHFHLYLQJ� URXWHU� LV�QRW� RQ�WUHH� IRU� WKH� JURXS�� DQG� LV� QRW� WKH� JURXSuV� FRUH� URXWHU�� DQG� KDV� QRW� DOUHDG\�IRUZDUGHG�D� MRLQ� IRU� WKH�VDPH�JURXS�� WKH� MRLQ� LV� IRUZDUGHG� WR� WKH�QH[W�KRS�RQ� WKH�SDWK�WRZDUGV� WKH� FRUH�� � 7KH� MRLQ� LV�PXOWLFDVW�� RU� XQLFDVW�� DFFRUGLQJ� WR�ZKHWKHU� WKH�RXWJRLQJ�LQWHUIDFH�VXSSRUWV�PXOWLFDVW���7KH�URXWHU�FDFKHV�WKH�IROORZLQJ�LQIRUPDWLRQ�ZLWK�UHVSHFW�WR�WKH� IRUZDUGHG� MRLQ�� �JURXS�� GRZQVWUHDP� LQWHUIDFH�� XSVWUHDP� LQWHUIDFH!�� � 6XEVHTXHQW�-2,1B5(48(67V�UHFHLYHG�IRU�WKH�VDPH�JURXS�DUH�FDFKHG�XQWLO�WKLV�URXWHU�KDV�UHFHLYHG�D� -2,1B$&.� IRU� WKH� SUHYLRXVO\� VHQW� MRLQ�� DW� ZKLFK� WLPH� DQ\� FDFKHG� MRLQV� FDQ� DOVR� EH�DFNQRZOHGJHG���,I� WKLV� WUDQVLHQW� MRLQ� VWDWH� LV� QRW� vFRQILUPHGw� ZLWK� D� MRLQ� DFNQRZOHGJPHQW��-2,1B$&.�� PHVVDJH� IURP� XSVWUHDP�� WKH� VWDWH� LV� WLPHG� RXW� DIWHU�>75$16,(17B7,0(287@�VHFRQGV���,I� WKH� UHFHLYLQJ� URXWHU� LV� WKH� JURXSuV� FRUH� URXWHU�� WKH� MRLQ� LV� vWHUPLQDWHGw� DQG�DFNQRZOHGJHG� E\� PHDQV� RI� D� -2,1B$&.�� � 6LPLODUO\�� LI� WKH� URXWHU� LV� RQ�WUHH� DQG� WKH�-2,1B5(48(67� DUULYHV� RYHU� DQ� LQWHUIDFH� WKDW� LV� QRW� WKH� XSVWUHDP� LQWHUIDFH� IRU� WKH�JURXS��WKH�MRLQ�LV�DFNQRZOHGJHG���,I� D� -2,1B5(48(67� IRU� WKH� VDPH� JURXS� LV� VFKHGXOHG� WR� EH� VHQW� RYHU� WKH�FRUUHVSRQGLQJ� LQWHUIDFH� �L�H�� DZDLWLQJ� D� WLPHU� H[SLU\��� WKH� -2,1B5(48(67� LV�XQVFKHGXOHG���,I�WKLV�URXWHU�KDV�D�FDFKH�GHOHWLRQ�WLPHU�>&$&+(B'(/B7,0(5@�UXQQLQJ�RQ�WKH�DUULYDO�LQWHUIDFH�IRU�WKH�JURXS�VSHFLILHG�LQ�D�PXOWLFDVW�MRLQ��WKH�WLPHU�LV�FDQFHOOHG��������-2,1B$&.�3URFHVVLQJ$� -2,1B$&.� LV� WKH�PHFKDQLVP�E\�ZKLFK� DQ� LQWHUIDFH� LV� DGGHG� WR� D� URXWHUuV�PXOWLFDVW�IRUZDUGLQJ�FDFKH��WKXV��WKH�LQWHUIDFH�EHFRPHV�SDUW�RI�WKH�JURXS�GLVWULEXWLRQ�WUHH�

x 6HQGLQJ�-2,1B$&.V7KH� -2,1B$&.� LV� VHQW� RYHU� WKH� VDPH� LQWHUIDFH� DV� WKH� FRUUHVSRQGLQJ�-2,1B5(48(67�ZDV� UHFHLYHG�� �7KH�VHQGLQJ�RI� WKH�DFNQRZOHGJPHQW�FDXVHV�WKH�URXWHU�WR�DGG�WKH�LQWHUIDFH�WR�LWV�FKLOG�LQWHUIDFH�OLVW�LQ�LWV�IRUZDUGLQJ�FDFKH�IRU�WKH�JURXS��LI� LW� LV�QRW�DOUHDG\���



��
$�-2,1B$&.�LV�PXOWLFDVW�RU�XQLFDVW��DFFRUGLQJ�WR�ZKHWKHU�WKH�RXWJRLQJ�LQWHUIDFH�VXSSRUWV�PXOWLFDVW�WUDQVPLVVLRQ�RU�QRW�

x 5HFHLYLQJ�-2,1B$&.V7KH� JURXS� DQG� DUULYDO� LQWHUIDFH� PXVW� EH� PDWFKHG� WR� D� �JURXS�� h��� XSVWUHDP�LQWHUIDFH!�IURP�WKH�URXWHUuV�FDFKHG WUDQVLHQW�VWDWH���,I�QR�PDWFK�LV�IRXQG��WKH�-2,1B$&.�LV� GLVFDUGHG�� � ,I� D� PDWFK� LV� IRXQG�� D� &%7� IRUZDUGLQJ� FDFKH� HQWU\� IRU� WKH� JURXS� LV�FUHDWHG��ZLWK�vXSVWUHDP�LQWHUIDFHw�PDUNHG�DV�WKH�JURXSuV�SDUHQW�LQWHUIDFH���,I� vGRZQVWUHDP� LQWHUIDFHw� LQ� WKH�FDFKHG� WUDQVLHQW�VWDWH� LV�18//�� WKH�-2,1B$&.�KDV� UHDFKHG� WKH�RULJLQDWRU�RI� WKH�FRUUHVSRQGLQJ�-2,1B5(48(67�� WKH�-2,1B$&.�LV�QRW�IRUZDUGHG� GRZQVWUHDP�� � ,I� vGRZQVWUHDP� LQWHUIDFHw� LV� QRQ�18//�� D� -2,1B$&.� IRU� WKH�JURXS� LV�VHQW�RYHU� WKH�vGRZQVWUHDP� LQWHUIDFHw� �PXOWLFDVW�RU�XQLFDVW��DFFRUGLQJO\��� �7KLV�LQWHUIDFH�LV�LQVWDOOHG�LQ�WKH�FKLOG�LQWHUIDFH�OLVW�RI�WKH�JURXSuV�IRUZDUGLQJ�FDFKH�HQWU\���2QFH� WUDQVLHQW� VWDWH� KDV� EHHQ� FRQILUPHG� E\� WUDQVIHUULQJ� LW� WR� WKH� IRUZDUGLQJ�FDFKH��WKH�WUDQVLHQW�VWDWH�LV�GHOHWHG��������48,7B127,),&$7,21�3URFHVVLQJ$� &%7� WUHH� LV� vSUXQHGw� LQ� WKH� GLUHFWLRQ� GRZQVWUHDP�WR�XSVWUHDP� ZKHQHYHU� D� &%7�URXWHUuV�FKLOG�LQWHUIDFH�OLVW�IRU�D�JURXS�EHFRPHV�18//�
x 6HQGLQJ�48,7B127,),&$7,21V$�48,7B127,),&$7,21� LV�VHQW� WR�D� URXWHUuV�SDUHQW� URXWHU�RQ� WKH� WUHH�ZKHQHYHUWKH� URXWHUuV� FKLOG� LQWHUIDFH� OLVW� EHFRPHV�18//�� � ,I� WKH� OLQN�RYHU�ZKLFK� WKH�TXLW� LV� WR�EH�VHQW� VXSSRUWV� PXOWLFDVW� WUDQVPLVVLRQ�� LI� WKH� VHQGLQJ� URXWHU� LV� WKH� OLQNuV� '5� WKH� TXLW� LV�XQLFDVW��RWKHUZLVH�LW�LV�PXOWLFDVW�$� 48,7B127,),&$7,21� LV� QRW� DFNQRZOHGJHG� RQFH� VHQW�� DOO� LQIRUPDWLRQ�SHUWDLQLQJ�WR�WKH�JURXS�LW�UHSUHVHQWV�LV�GHOHWHG�IURP�WKH�IRUZDUGLQJ�FDFKH�LPPHGLDWHO\�7R� KHOS� HQVXUH� FRQVLVWHQF\� EHWZHHQ� D� FKLOG� DQG� SDUHQW� URXWHU� JLYHQ� WKH�SRWHQWLDO�IRU�ORVV�RI�D�48,7B127,),&$7,21��D�WRWDO�RI�>0$;B57;@�48,7B127,),&$7,21V�DUH�VHQW��HDFK�+2/'7,0(�VHFRQGV�DIWHU�WKH�SUHYLRXV�RQH�



��
7KH� VHQGLQJ� RI� D� TXLW� �WKH� ILUVW�� DOVR� LQYRNHV� WKH� VHQGLQJ� RI� D� )/86+B75((�PHVVDJH�RYHU�HDFK�GRZQVWUHDP�LQWHUIDFH�IRU�WKH�FRUUHVSRQGLQJ�JURXS�

x 5HFHLYLQJ�48,7B127,),&$7,21V7KH� JURXS� UHSRUWHG� LQ� WKH� 48,7B127,),&$7,21� PXVW� EH� PDWFKHG� ZLWK� D�IRUZDUGLQJ�FDFKH�HQWU\�� � ,I�QR�PDWFK�LV�IRXQG��WKH�48,7B127,),&$7,21�LV� LJQRUHG�DQG�GLVFDUGHG�� � ,I� D�PDWFK� LV� IRXQG�� LI� WKH� DUULYDO� LQWHUIDFH� LV� D� YDOLG� FKLOG� LQWHUIDFH� LQ� WKH�JURXS� HQWU\�� KRZ� WKH� URXWHU SURFHHGV� GHSHQGV� RQ� ZKHWKHU� WKH� 48,7B127,),&$7,21�ZDV�PXOWLFDVW�RU�XQLFDVW�,I� WKH� 48,7B127,),&$7,21� ZDV� XQLFDVW�� WKH� FRUUHVSRQGLQJ� FKLOG� LQWHUIDFH� LV�GHOHWHG�IURP�WKH�JURXS
V�IRUZDUGLQJ�FDFKH�HQWU\��DQG�QR�IXUWKHU�SURFHVVLQJ�LV�UHTXLUHG��,I� WKH� 48,7B127,),&$7,21� ZDV� PXOWLFDVW�� DQG� WKH� DUULYDO� LQWHUIDFH� LV� D� YDOLG� FKLOG�LQWHUIDFH� IRU� WKH� VSHFLILHG� JURXS�� WKH� URXWHU� VHWV� D� FDFKH�GHOHWLRQ�WLPHU�>&$&+(B'(/B7,0(5@�%HFDXVH� WKLV� URXWHU�PLJKW�EH�DFWLQJ�DV�D�SDUHQW� URXWHU� IRU�PXOWLSOH�GRZQVWUHDP�URXWHUV� DWWDFKHG� WR� WKH� DUULYDO� OLQN�� >&$&+(B'(/B7,0(5@� LQWHUYDO� JLYHV� WKRVH� URXWHUV�WKDW� GLG� QRW� VHQG� WKH�48,7B127,),&$7,21��EXW� UHFHLYHG� LW� RYHU� WKHLU�SDUHQW� LQWHUIDFH��WKH�RSSRUWXQLW\� WR�HQVXUH� WKDW� WKH�SDUHQW� URXWHU�GRHV�QRW� UHPRYH� WKH� OLQN� IURP� LWV�FKLOG�LQWHUIDFH� OLVW�� � 7KHUHIRUH�� RQ� UHFHLSW� RI� D�PXOWLFDVW�48,7B127,),&$7,21� RYHU� D� SDUHQW�LQWHUIDFH��D�UHFHLYLQJ�URXWHU�VFKHGXOHV�D�-2,1B5(48(67�IRU�WKH�JURXS�IRU�VHQGLQJ�DW�D�UDQGRP� LQWHUYDO� EHWZHHQ� �� �]HUR�� DQG� +2/'7,0(� VHFRQGV�� � ,I� D� PXOWLFDVW�-2,1B5(48(67� LV� UHFHLYHG� RYHU� WKH� FRUUHVSRQGLQJ� LQWHUIDFH� �SDUHQW�� IRU� WKH� VDPH�JURXS�EHIRUH� WKLV� URXWHU� VHQGV� LWV� RZQ� VFKHGXOHG� -2,1B5(48(67�� LW� XQVFKHGXOHV� WKH�PXOWLFDVWLQJ�RI�LWV�RZQ�-2,1B5(48(67��������(&+2B5(48(67�3URFHVVLQJ7KH�(&+2B5(48(67�PHVVDJH�DOORZV�D�FKLOG�WR�PRQLWRU�UHDFKDELOLW\�WR�LWV�SDUHQW�URXWHU�IRU� D� JURXS� �RU� UDQJH� RI� JURXSV� LI� WKH�SDUHQW� URXWHU� LV� WKH�SDUHQW� IRU�PXOWLSOH� JURXSV����*URXS�LQIRUPDWLRQ�LV�QRW�FDUULHG�LQ�(&+2B5(48(67�PHVVDJHV�
x 6HQGLQJ�(&+2B5(48(67V



��
:KHQHYHU� D� URXWHU� FUHDWHV� D� IRUZDUGLQJ� FDFKH� HQWU\� GXH� WR� WKH� UHFHLSW� RI� D�-2,1B$&.�� WKH�URXWHU�EHJLQV� WKH�SHULRGLF�VHQGLQJ�RI�(&+2B5(48(67�PHVVDJHV�RYHU�LWV� SDUHQW� LQWHUIDFH�� � 7KH� (&+2B5(48(67� LV� PXOWLFDVW� WR� WKH� vDOO�&%7�URXWHUVw� JURXS�RYHU�PXOWLFDVW�FDSDEOH� LQWHUIDFHV�� XQOHVV� WKH� VHQGLQJ� URXWHU� LV� WKH�'5�RQ� WKH� LQWHUIDFH�RYHU� ZKLFK� WKH� (&+2B5(48(67� LV� EHLQJ� VHQW�� LQ� ZKLFK� FDVH� LW� LV� XQLFDVW� �DV� LV� WKH�FRUUHVSRQGLQJ�(&+2B5(3/<��(&+2B5(48(67�PHVVDJHV�DUH�VHQW�DW�>(&+2B,17(59$/@�VHFRQG�LQWHUYDOV�:KHQHYHU�DQ�(&+2B5(48(67�LV�VHQW��>(&+2B,17(59$/@�LV�UHVHW�,I� QR� UHVSRQVH� LV� IRUWKFRPLQJ�� DQ\� JURXSV� SUHVHQW� RQ� WKH� SDUHQW� LQWHUIDFH�ZLOO�HYHQWXDOO\� H[SLUH� >*5283B(;3,5(B7,0(@�� � 7KLV� UHVXOWV� LQ� WKH� VHQGLQJ� RI� D� 48,7B�127,),&$7,21� XSVWUHDP�� DQG� VHQGV� D� )/86+B75((� PHVVDJH� GRZQVWUHDP� IRU� HDFK�JURXS�IRU�ZKLFK�WKH�XSVWUHDP�LQWHUIDFH�ZDV�WKH�SDUHQW�LQWHUIDFH�

x 5HFHLYLQJ�(&+2B5(48(67V,I� DQ� (&+2B5(48(67� LV� UHFHLYHG� RYHU� DQ\� YDOLG� FKLOG� LQWHUIDFH�� WKH� UHFHLYLQJ�URXWHU� VFKHGXOHV� DQ� (&+2B5(3/<�PHVVDJH� IRU� VHQGLQJ� RYHU� WKH� VDPH� LQWHUIDFH�� WKH�VFKHGXOHG� LQWHUYDO� LV� EHWZHHQ� �� �]HUR�� DQG� +2/'7,0(� VHFRQGV�� � 7KLV� PHVVDJH� LV�PXOWLFDVW� WR� WKH� vDOO�&%7�URXWHUVw� JURXS� RYHU�PXOWLFDVW�FDSDEOH� LQWHUIDFHV�� DQG� XQLFDVW�RWKHUZLVH�,I� D�PXOWLFDVW� (&+2B5(48(67�PHVVDJH� DUULYHV� YLD� DQ\� YDOLG�SDUHQW� LQWHUIDFH��WKH� URXWHU� UHVHWV� LWV� >(&+2B,17(59$/@ WLPHU� IRU� WKDW� XSVWUHDP� LQWHUIDFH�� WKHUHE\�VXSSUHVVLQJ�WKH�VHQGLQJ�RI�LWV�RZQ�(&+2B5(48(67�RYHU�WKDW�XSVWUHDP�LQWHUIDFH��������(&+2B5(3/<�3URFHVVLQJ(&+2B5(3/<�PHVVDJHV�DOORZ�D�FKLOG�WR�PRQLWRU�WKH�UHDFKDELOLW\�RI�LWV�SDUHQW��DQG�KHOS�HQVXUH�WKH�JURXS�VWDWH�LQIRUPDWLRQ�LV�FRQVLVWHQW�EHWZHHQ�WKHP�
x 6HQGLQJ�(&+2B5(3/<�PHVVDJHV$Q�(&+2B5(3/<�PHVVDJH�LV�VHQW�LQ�UHVSRQVH�WR�UHFHLYLQJ�DQ�(&+2B5(48(67�PHVVDJH��SURYLGHG�WKH�(&+2B5(48(67� LV�UHFHLYHG�RYHU�DQ\�RQH�RI�WKLV�URXWHUuV�YDOLG�FKLOG�LQWHUIDFHV���$Q�(&+2B5(3/<�UHSRUWV�DOO�JURXSV�IRU�ZKLFK�WKH�OLQN�LV�LWV�FKLOG�



��
(&+2B5(3/<�PHVVDJHV�DUH�XQLFDVW�RU�PXOWLFDVW��DV�DSSURSULDWH�

x 5HFHLYLQJ�(&+2B5(3/<�PHVVDJHV$Q�(&+2B5(3/<�PHVVDJH�PXVW� EH� UHFHLYHG� YLD� D� YDOLG� SDUHQW� LQWHUIDFH�� � )RU�HDFK�JURXS�UHSRUWHG�LQ�DQ�(&+2B5(3/<��WKH�GRZQVWUHDP�URXWHU�DWWHPSWV�WR�PDWFK�WKH�JURXS� ZLWK� RQH� LQ� LWV� IRUZDUGLQJ� FDFKH� IRU� ZKLFK� WKH� DUULYDO� LQWHUIDFH� LV� WKH� JURXSuV�SDUHQW� LQWHUIDFH���)RU�HDFK�VXFFHVVIXO�PDWFK��WKH�HQWU\�LV�vUHIUHVKHGw���,I�KRZHYHU��DIWHU�>*5283B(;3,5(B7,0(@� VHFRQGV� D� JURXS� KDV� QRW� EHHQ� vUHIUHVKHGw�� D�48,7B127,),&$7,21� LV� VHQW� XSVWUHDP�� DQG� D� )/86+B75((� PHVVDJH� LV� VHQW�GRZQVWUHDP��IRU�WKH�JURXS�,I� WKLV� URXWHU� KDV� GLUHFWO\� DWWDFKHG�PHPEHUV� IRU� DQ\� RI� WKH� IOXVKHG�JURXSV�� WKH�UHFHLSW� RI� DQ� ,*03� KRVW� PHPEHUVKLS� UHSRUW� IRU� DQ\� RI� WKRVH� JURXSV� ZLOO� SURPSW� WKLV�URXWHU�WR�UHMRLQ�WKH�FRUUHVSRQGLQJ�WUHH�V���������)/86+B75((�3URFHVVLQJ7KH� )/86+B75((� �IOXVK�� PHVVDJH� LV� WKH� PHFKDQLVP� E\� ZKLFK� D� URXWHU� LQYRNHV� WKH�WHDULQJ�GRZQ�RI�DOO� LWV�GRZQVWUHDP�EUDQFKHV�IRU�D�SDUWLFXODU�JURXS���7KH�IOXVK�PHVVDJH�LV�PXOWLFDVW� WR� WKH�vDOO�&%7�URXWHUVw�JURXS�ZKHQ�VHQW�RYHU�PXOWLFDVW�FDSDEOH� LQWHUIDFHV��DQG�XQLFDVW�RWKHUZLVH�
x 6HQGLQJ�)/86+B75((�PHVVDJHV$�)/86+B75((�PHVVDJH�LV�VHQW�RYHU�HDFK�GRZQVWUHDP��FKLOG��LQWHUIDFH�ZKHQ�D�URXWHU� KDV� ORVW� UHDFKDELOLW\� ZLWK� LWV� SDUHQW� URXWHU� IRU� WKH� JURXS� �GHWHFWHG� YLD�(&+2B5(48(67� DQG� (&+2B5(3/<�PHVVDJHV��� � $OO� JURXS� VWDWH� LV� UHPRYHG� IURP� DQ�LQWHUIDFH�RYHU�ZKLFK�D�IOXVK�PHVVDJH�LV�VHQW���$�IOXVK�FDQ�VSHFLI\�D�VLQJOH�JURXS��RU�DOO�JURXSV��,1$''5B$1<��
x 5HFHLYLQJ�)/86+B75((�PHVVDJHV$� )/86+B75((� PHVVDJH� PXVW� EH� UHFHLYHG� RYHU� WKH� SDUHQW� LQWHUIDFH� IRU� WKH�VSHFLILHG� JURXS�� RWKHUZLVH� WKH� PHVVDJH� LV� GLVFDUGHG�� � 7KH� IOXVK� PHVVDJH� PXVW� EH�



��
IRUZDUGHG� RYHU� HDFK� FKLOG� LQWHUIDFH� IRU� WKH� VSHFLILHG� JURXS�� 2QFH� WKH� IOXVK�PHVVDJH�KDV� EHHQ� IRUZDUGHG�� DOO� VWDWH� IRU� WKH� JURXS� LV� UHPRYHG� IURP� WKH� URXWHU
V� IRUZDUGLQJ�FDFKH������3URWRFRO�2YHUYLHZ7KLV�VHFWLRQ�GHVFULEHV�KRZ�&%7�ZRUNV�LQ�WHUPV�RI�LWV�IXQFWLRQDOLW\��DV�IROORZV��������&%7�*URXS�,QLWLDWLRQ/LNH�DQ\�RI� WKH�RWKHU�PXOWLFDVW�VFKHPHV��RQH�XVHU�� WKH�JURXS�LQLWLDWRU��RU�JURXS�OHDGHU��LQLWLDWHV�D�&%7�PXOWLFDVW�JURXS���7KH�SURFHGXUHV�LQYROYHG�LQ�LQLWLDWLQJ�DQG�MRLQLQJ�D�&%7�JURXS� LQYROYHV� D� OLWWOH� PRUH� XVHU� LQWHUDFWLRQ� WKDQ� FXUUHQW� ,3� PXOWLFDVW� VFKHPHV�� IRU�H[DPSOH�� LW� LV�QHFHVVDU\� WR�VXSSO\� LQIRUPDWLRQ�VXFK�DV�GHVLUHG�JURXS�VFRUH VR�WKDW�WKH�JURXSuV� FRUHV� FDQ� EH� VHOHFWHG� DSSURSULDWHO\� ZLWKLQ� WKH� GHVLUHG� UHJLRQ�� � 7KH� FXUUHQW�LPSOHPHQWDWLRQ� PDNHV� XVH� RI� WKUHH� FRQILJXUDWLRQ� ILOHV� ZKLFK� FRUUHVSRQG� WR� WKH� WKUHH�FXUUHQWO\�GHILQHG� JURXS� VFRSHV� ORFDO�� QDWLRQDO�� DQG� LQWHUQDWLRQDO� (DFK� RI� WKHVH� ILOHV�FRQWDLQV� DQ� RUGHUHG� OLVW� RI� FRUHV� ZKLFK� DUH� XVHG� IRU� DOO� JURXSV� VHOHFWLQJ� WKDW� JURXS�VFRSH� ([SOLFLW�FRUH�UDQNLQJV KHOS�SUHYHQW�ORRSV�ZKHQ�WKH�FRUH�WUHH�LV�LQLWLDOO\�VHW�XS���,W�DOVR�DVVLVWV�LQ�WKH�WUHH�PDLQWHQDQFH�SURFHVV�VKRXOG�WKH�WUHH�EHFRPH�SDUWLWLRQHG�*URXS� LQLWLDWLRQ� FRXOG� EH� FDUULHG� RXW� E\� D� QHWZRUN� PDQDJHPHQW� FHQWHU�� RU� E\�VRPH�RWKHU�H[WHUQDO�PHDQV��UDWKHU�WKDQ�KDYH�D�XVHU�DFW�DV�JURXS�LQLWLDWRU�������7UHH�-RLQLQJ�3URFHVV2QFH�WKH�FRUHV�KDYH�EHHQ�VHOHFWHG�E\�D�JURXSuV�LQLWLDWRU��WKH�JURXS�LQLWLDWLQJ�KRVW�VHQGV�D�VSHFLDO�&25(�127,),&$721�PHVVDJH�WR�HDFK�RI�WKHP��ZKLFK�LV�DFNQRZOHGJHG���7KH�SXUSRVH� RI� WKLV�PHVVDJH� LV� WZRIROG�� � ILUVWO\�� WR� FRPPXQLFDWH� WKH� LGHQWLWLHV� RI� DOO� RI� WKH�FRUHV��WRJHWKHU�ZLWK�WKHLU�UDQNLQJV��WR�HDFK�RI�WKHP�LQGLYLGXDOO\��VHFRQGO\��WR�LQYRNH�WKH�EXLOGLQJ�RI� WKH�FRUH�EDFNERQH���7KHVH�WZR�SURFHGXUHV�IROORZ�RQ�RQH�WR�WKH�RWKHU� LQ�WKH�RUGHU� MXVW� GHVFULEHG�� � 1HZ� UHFHLYHUV� DWWHPSWLQJ� WR� MRLQ�ZKLOVW� WKH� EXLOGLQJ� RI� WKH� FRUH�EDFNERQH� LV� VWLOO� LQ� SURJUHVV� KDYH� WKHLU� H[SOLFLW� -2,1�5(48(67� PHVVDJHV� VWRUHG� E\�ZKLFKHYHU�&%7�FDSDEOH�URXWHU��LQYROYHG�LQ�WKH�FRUH�MRLQLQJ�SURFHVV��LV�HQFRXQWHUHG�ILUVW���



��
5RXWHUV� RQ� WKH� FRUH� EDFNERQH�ZLOO� XVXDOO\� LQFOXGH� QRW� RQO\� WKH� FRUHV� WKHPVHOYHV�� EXW�LQWHUYHQLQJ�&%7�FDSDEOH�URXWHUV�RQ�WKH�XQLFDVW�SDWK�EHWZHHQ�WKHP���2QFH�WKLV�VHW�XS�LV�FRPSOHWH��DQ\�SHQGLQJ�MRLQV�IRU�WKH�VDPH�JURXS�FDQ�EH�DFNQRZOHGJHG�$OO�WKH�&%7�FDSDEOH�URXWHUV�WUDYHUVHG�E\�D�-2,1�$&.QRZOHGJPHQW�FKDQJH�WKHLU�VWDWXV� WR�&%7�QRQ�FRUH� URXWHUV� IRU� WKH� JURXS� LGHQWLILHG� E\� JURXS�LG�� � 7KH� -2,1�$&.�IROORZV� WKH� UHYHUVH RI� WKH�SDWK� WUDFHG�RXW�E\� WKH�FRUUHVSRQGLQJ�-2,1�5(48(67�� � ,W� LV�WKH�-2,1�$&.�WKDW�DFWXDOO\�FUHDWHV�D�WUHH�EUDQFK���7KH�WUHH�EUDQFK�LV�D�UHYHUVH�VKRUWHVW�SDWK�URRWHG�DW�WKH�QRGH�ZKHUH�WKH�FRUUHVSRQGLQJ�-2,1�5(48(67�RULJLQDWHG�7KH� -2,1�$&.�FDUULHV� WKH� FRPSOHWH� FRUH� OLVW� IRU� WKH�JURXS��ZKLFK� LV� VWRUHG�E\�HDFK� RI� WKH� URXWHUV� LW� WUDYHUVHV�� � %HWZHHQ� VHQGLQJ� D� -2,1�5(48(67� DQG� UHFHLYLQJ� D�-2,1�$&.�� D� URXWHU� LV� LQ� D� VWDWH� RI�SHQGLQJ�PHPEHUVKLS�� � $� URXWHU� WKDW� LV� LQ� WKH� MRLQ�SHQGLQJ� VWDWH� FDQQRW� VHQG� MRLQ� DFNQRZOHGJHPHQWV� LQ� UHVSRQVH� WR� RWKHU� MRLQ� UHTXHVWV�UHFHLYHG� IRU� WKH�VDPH�JURXS��EXW� UDWKHU�FDFKHV� WKHP� IRU�DFNQRZOHGJPHQW�VXEVHTXHQW�WR�LWV�RZQ�MRLQ�EHLQJ�DFNQRZOHGJHG���)XUWKHUPRUH��LI D�URXWHU�LQ�WKH�SHQGLQJ�VWDWH�JHWV�D�EHWWHU�URXWH�DIWHU�FDQFHOLQJ�LWV�SUHYLRXV�MRLQ��WKLV�LV�UHTXLUHG�WR�GHDO�ZLWK�XQLFDVW�WUDQVLHQW�ORRSV�� 1RQ�PHPEHU� VHQGHUV�� DQG� QHZ� JURXS� UHFHLYHUV�� DUH� H[SHFWHG� WR� NQRZ� WKH�DGGUHVV� RI� DW� OHDVW� RQH� RI� WKH� FRUUHVSRQGLQJ JURXSuV� FRUHV� LQ� RUGHU� WR� VHQG� WR�MRLQ� D�JURXS�� � 7KH�FXUUHQW� VSHFLILFDWLRQ�GRHV�QRW� VWDWH�KRZ� WKLV� LQIRUPDWLRQ� LV�JOHDQHG��EXW� LW�PLJKW� EH� REWDLQDEOH� IURP� D� GLUHFWRU\� VXFK� DV� vVGw� �WKH�PXOWLFDVW� VHVVLRQ�GLUHFWRU\�� RU�IURP�WKH�'RPDLQ�1DPH�6\VWHP��'16��,Q�DFFRUGDQFH�ZLWK�H[LWLQJ� ,3�PXOWLFDVW�VFKHPHV��&%7�PXOWLFDVWLQJ� UHTXLUHV� WKH�SUHVHQFH� RI� DW� OHDVW� RQH� &%7�FDSDEOH� URXWHU� SHU� VXEQHWZRUN� IRU� KRVWV� RQ� WKDW�VXEQHWZRUN� WR�XWLOL]H�&%7�PXOWLFDVWLQJ�� �2QO\�RQH� ORFDO� URXWHU�� WKH�GHVLJQDWHG�URXWHU�� LV�DOORZHG� WR� VHQG� WR� UHFHLYH� IURP�XSWUHH� �L�H�� WKH�EUDQFK� OHDGLQJ� WR�IURP� WKH�FRUH�� IRU� D�SDUWLFXODU�JURXS�� �:H� WKHUHIRUH�PDNH�D�FOHDU�GLVWLQFWLRQ�EHWZHHQ�D�JURXS�PHPEHUVKLS�LQWHUURJDWRU�WKH�URXWHU�UHVSRQVLEOH� IRU�VHQGLQJ�,*03�KRVW�PHPEHUVKLS�TXHULHV�RQWR�WKH�ORFDO�VXEQHW��DQG�WKH�GHVLJQDWHG�URXWHU���+RZHYHU��WKH\�PD\�QRW�EH�RQH�DQG�WKH�VDPH���/$1�VSHFLILFV�DUH�GLVFXVVHG�ODWHU�RQ�LQ�WKH�FKDSWHU�2QFH�WKH�PRVW�DSSURSULDWH�GHVLJQDWHG�URXWHU��'5��KDV�EHHQ�HVWDEOLVKHG��L�H��WKH�URXWHU� WKDW� LV� RQ� WKH� VKRUWHVW�SDWK� WR� WKH� FRUUHVSRQGLQJ� FRUH�� WKH� QHZ� UHFHLYHU� �KRVW��



��
VHQGV�D�VSHFLDO�&%7�UHSRUW�WR�LW��UHTXHVWLQJ�WKDW�LW�MRLQ�WKH�FRUUHVSRQGLQJ�GHOLYHU\�WUHH�LI�LW� KDV� QRW� DOUHDG\�� � ,I� LW� KDV�� WKHQ� WKH�'5�PXOWLFDVWV� WR� WKH� JURXS� D� QRWLILFDWLRQ� WR� WKDW�HIIHFW�EDFN�DFURVV�WKH�VXEQHW���,QIRUPDWLRQ�LQFOXGHG�LQ�WKLV�QRWLILFDWLRQ�LQFOXGHV�ZKHWKHU�WKH�'5�ZDV� VXFFHVVIXO� LQ� MRLQLQJ� WKH� FRUUHVSRQGLQJ� WUHH�� DQG�DFWXDO�FRUH� DIILOLDWLRQ�� ,I�WKH� ORFDO� '5� KDV� QRW� MRLQHG� WKH� WUHH�� WKHQ� LI� SURFHHGV� WR� VHQG� D� -2,1�5(48(67� DQG�DZDLWV� DQ� DFNQRZOHGJHPHQW�� DW� ZKLFK� WLPH� WKH� QRWLILFDWLRQ�� DV� GHVFULEHG� DERYH�� LV�PXOWLFDVW�DFURVV�WKH�VXEQHWZRUN��������7UHH�/HDYLQJ�3URFHVV$�48,7�5(48(67� LV� D� UHTXHVW� E\� D�&%7� URXWHU� WR� OHDYH� D�JURXS�� �$�48,7�5(48(67�PD\�EH�VHQW�E\�D�URXWHU�WR�GHWDFK�LWVHOI�IURP�D�WUHH�LI�DQG�RQO\�LI� LW�KDV�QR�PHPEHUV�IRU�WKDW�JURXS�RQ�DQ\�GLUHFWO\�DWWDFKHG�VXEQHWV��DQG� LW�KDV� UHFHLYHG�D�48,7�5(48(67�RQ�HDFK�RI�LWV�FKLOG�LQWHUIDFHV�IRU�WKDW�JURXS��LI�LW�KDV�DQ\����7KH�48,7�5(48(67�FDQ�RQO\�EH�VHQW� WR� WKH� SDUHQW� URXWHU�� � 7KH� SDUHQW� LPPHGLDWHO\� DFNQRZOHGJHV� WKH�48,7�5(48(67�ZLWK� D�48,7�$&.�DQG� UHPRYHV� WKDW� FKLOG� LQWHUIDFH� IURP� WKH� WUHH�� �$Q\�&%7� URXWHU� WKDW�VHQGV� D� 48,7�$&.� LQ� UHVSRQVH� WR� UHFHLYLQJ� D� 48,7�5(48(67� VKRXOG� LWVHOI� VHQG� D�48,7�5(48(67�XSVWUHDP�LI�WKH�FULWHULD�GHVFULEHG�DERYH�DUH�VDWLVILHG�)DLOXUH� WR� UHFHLYH� D� 48,7�$&.� GHVSLWH� VHYHUDO� UH�WUDQVPLVVLRQV� JLYHV� WKH�VHQGLQJ� URXWHU� WKH� ULJKW� WR� UHPRYH� WKH� UHOHYDQW� SDUHQW� LQWHUIDFH� LQIRUPDWLRQ�� DQG� E\�GRLQJ�VR��UHPRYHV�LWVHOI�IURP�WKH�&%7�WUHH�IRU�WKDW�JURXS��������7UHH�0DLQWHQDQFH�,VVXHV5REXVWQHVV� IHDWXUHV�PHFKDQLVPV�KDYH�EHHQ�EXLOW� LQWR� WKH�&%7�SURWRFRO� DV�KDYH�EHHQ�GHHPHG�DSSURSULDWH�WR�HQVXUH�WLPHO\�WUHH�UH�FRQILJXUDWLRQ�LQ�WKH�HYHQW�RI�D�QRGH�RU�FRUH�IDLOXUH���7KHVH�PHFKDQLVPV�DUH�LPSOHPHQWHG�LQ�WKH�IRUP�RI�UHTXHVW�UHVSRQVH�PHVVDJHV���7KHLU�IUHTXHQF\�LV�FRQILJXUDEOH��ZLWK�WKH�WUDGH�RII�EHLQJ�EHWZHHQ�SURWRFRO�RYHUKHDG�DQG�WLPHOLQHVV�LQ�GHWHFWLQJ�D�QRGH�IDLOXUH��DQG�UHFRYHULQJ�IURP�WKDW�IDLOXUH��������&RUH�3ODFHPHQW$V�LW�VWDQGV��WKH�FXUUHQW�LPSOHPHQWDWLRQ�RI�&%7��YHUVLRQ����XVHV�WULDO�KHXULVWLF�DOJRULWKPV�IRU� FRUH� SODFHPHQW�� &DUHIXO� SODFHPHQW� RI� FRUH�V�� QR� GRXEW� DVVLVWV� LQ� RSWLPL]LQJ� WKH�



��
URXWHV�EHWZHHQ�DQ\�VHQGHU�DQG�JURXS�PHPEHUV�RQ� WKH� WUHH�� �'HSHQGLQJ�RQ�SDUWLFXODU�JURXS�G\QDPLFV��VXFK�DV�VHQGHU�UHFHLYHU�SRSXODWLRQ��DQG�WUDIILF�SDWWHUQV��LW�PD\�ZHOO�EH�FRXQWHU�SURGXFWLYH� WR� SODFH� D� FRUH�V�� QHDU� RU� DW� WKH� FHQWHU� RI� D� JURXS�� � ,Q� DQ\� HYHQW��WKHUH�H[LVWV�QR�SRO\QRPLDO�WLPH�DOJRULWKP�WKDW�FDQ�ILQG�WKH�FHQWHU�RI�D�G\QDPLF�PXOWLFDVW�VSDQQLQJ�WUHH�>���@�2QH� VXJJHVWLRQ� PLJKW� EH� WKDW� FRUHV� EH� VWDWLFDOO\� FRQILJXUHG� WKURXJKRXW� WKH�,QWHUQHW�WKHUH� QHHG� RQO\� EH� VRPH� UHODWLYHO\� VPDOO� QXPEHU� RI� FRUHV� SHU� EDFNERQH�QHWZRUN��DQG�WKH�DGGUHVVHV�RI�WKHVH�FRUHV�ZRXOG�EH�vZHOO�NQRZQw�$OWHUQDWLYHO\��DQG�SRVVLEO\�PRUH�DSSURSULDWHO\��DQ\�URXWHU�FRXOG�EHFRPH�D�FRUH�ZKHQ�D�KRVW�RQ�RQH RI� LWV�DWWDFKHG�VXEQHWV�ZLVKHV�WR� LQLWLDWH�D�JURXS���7KLV�SDUWLFXODUO\�DWWUDFWLYH�IRU�D�RQH�WR�PDQ\�vEURDGFDVWw�ZKHUH�WKH�VHQGHU�UHPDLQV�FRQVWDQW��VLQFH��LI�WKH�VHQGHU�LV�WKH�FRUH��WKH�PXOWLFDVW�WUHH�IRUPHG�ZLOO�EH�D�VKRUWHVW�SDWK�VSDQQLQJ�WUHH�URRWHG�DW�WKH�VHQGHU�:H�KDYH�VWUHVVHG�WKDW� WKH�SODFHPHQW�RI�D�JURXSuV�FRUH�VKRXOG�SRVLWLYHO\�UHIOHFW�WKDW�JURXSuV�FKDUDFWHULVWLFV���,Q�WKH�DEVHQFH�RI�DQ\�EHWWHU�PHFKDQLVP���&%7�DGRSWV�WKH�vKDQG�VHOHFWLRQw�DSSURDFK�WR�VHOHFWLQJ�D�JURXSuV�FRUHV��EDVHG�RQ�D�MXGJPHQW�RI�ZKDW�LV�NQRZQ�DERXW�WKH�QHWZRUN�WRSRORJ\�EHWZHHQ�WKH�FXUUHQW�PHPEHUV�$� IDVW� DQG� VFDODEOH� DOJRULWKP� IRU� ORFDWLQJ� vGLVWULEXWLRQ� FHQWHUVw� ZDV� XVHG� LQ�VLPXODWLRQV� >��@�� � 7KLV� DOJRULWKP� WDNHV� LQWR� DFFRXQW� QHWZRUN� ORDG�� DQG� SDUWLFLSDQWVu�UHVRXUFH� UHTXLUHPHQWV�� � +RZHYHU�� LW� UHTXLUHV� D� SULRUL NQRZOHGJH� RI� SDUWLFLSDQWVu�ORFDWLRQV��������/$1�'HVLJQDWHG�5RXWHU$V� ZH� KDYH� VDLG�� WKHUH� PXVW� RQO\� HYHU� H[LVW� RQH� '5� �'HVLJQDWHG� 5RXWHU�� IRU� DQ\�SDUWLFXODU� JURXS� WKDW� LV� UHVSRQVLEOH� IRU� XSWUHH� IRUZDUGLQJ�UHFHSWLRQ� RI� GDWD�SDFNHWV��$�JURXSuV� '5� LV� HOHFWHG� E\� PHDQV� RI� DQ� H[SOLFLW� PHFKDQLVP�� :KHQHYHU� D� KRVW�LQLWLDWHV�MRLQV� D� JURXS�� SDUW� RI� WKH� SURFHVV� LV� IRU� LW� WR� VHQG� D� &%7�'5�62/,&,7$7,21�PHVVDJH�� DGGUHVVHG� WR� WKH�&%7� vDOO�URXWHUVw� DGGUHVV��ZKLFK� LV� D� UHTXHVW� IRU� WKH�EHVW�QH[W�KRS�URXWHU�WR�D�VSHFLILHG�FRUH�



��
,I� WKH�JURXS� LV� EHLQJ� LQLWLDWHG�� D�'5�ZLOO� DOPRVW� FHUWDLQO\�QRW�EH�SUHVHQW� RQ� WKH�ORFDO�VXEQHW�IRU�WKH�JURXS��ZKHUHDV�LI�D�JURXS�LV�EHLQJ�MRLQHG��WKH�'5�PD\�RU�PD\�QRW�EH�SUHVHQW��GHSHQGLQJ�RQ�ZKHWKHU�WKHUH�H[LVW�RWKHU�JURXS�PHPEHUV�RQ�WKH�/$1��VXEQHW��,I� D�'5� LV�SUHVHQW� IRU� WKH� VSHFLILHG�JURXS�� LW� UHVSRQGV� WR� WKH� VROLFLWDWLRQ�ZLWK�D�&%7�'5�$'9(57,6(0(17��ZKLFK�LV�DGGUHVVHG�WR�WKH�JURXS�,I� QR� '5� LV� SUHVHQW�� HDFK� &%7� URXWHU� LQVSHFWV� LWV� XQLFDVW� URXWLQJ� WDEOH� WR�HVWDEOLVK�ZKHWKHU�LW�LV�WKH�QH[W�EHVW�KRS�WR�WKH�VSHFLILHG�FRUH�$�URXWHU�ZKLFK�FRQVLGHUV� LWVHOI� WKH�EHVW�QH[W�KRS�GRHV�QRW�UHVSRQG�LPPHGLDWHO\�ZLWK�DQ�DGYHUWLVHPHQW��EXW�UDWKHU�VHQGV�D�&%7�'5�$'9�127,),&$7,21�WR�WKH�&%7�vDOO�URXWHUVw� DGGUHVV�� � 7KLV LV� D� SUHFDXWLRQDU\� PHDVXUH� WR� SUHYHQW� PRUH� WKDQ� RQH� URXWHU�DGYHUWLVLQJ� LWVHOI� DV� WKH� '5� IRU� WKH� JURXS� �LW� LV� FRQFHLYDEOH� WKDW�PRUH� WKDQ� RQH� URXWHU�PLJKW� WKLQN� LWVHOI� DV� WKH� EHVW� QH[W�KRS� WR� WKH� FRUH��� � ,I� URXWHU� ZLWK� WKH� ORZHVW� DGGUHVV�ZLQQLQJ�WKH�HOHFWLRQ���7KH�ORZHVW�DGGUHVVHG�URXWHU�VXEVHTXHQWO\�DGYHUWLVHV�LWVHOI�DV�'5�IRU�WKH�JURXS��������1RQ�PHPEHU�6HQGLQJ)RU� QRQ�PHPEHU� VHQGHUV� ZLVKLQJ� WR� VHQG� PXOWLFDVWV� EH\RQG� WKH� VFRSH� RI� WKH� ORFDO�VXEQHWZRUN�� WKH�SUHVHQFH�RI�D� ORFDO�&%7�FDSDEOH�URXWHU� LV�PDQGDWRU\�� �7KH�VHQGLQJ�RI�PXOWLFDVW�SDFNHWV� IURP�D�QRQ�PHPEHU�KRVW� WR�D�SDUWLFXODU�JURXS� LV� WZR�SKDVH�� WKH� ILUVW�SKDVH� LQYROYHV� D� KRVW� XQLFDVWLQJ� WKH� SDFNHW� IURP� WKH� RULJLQDWLQJ� KRVW� WR� RQH� RI� WKH�JURXSuV�FRUHV� �WKH�GHVWLQDWLRQ� ILHOG�RI� WKH� ,3�KHDGHU�FDUULHV� WKH�XQLFDVW�DGGUHVV�RI� WKH�FRUHw�� 7KH� VHFRQG�SKDVH� LV� WKH�GLVVHPLQDWLRQ�RI� WKH�SDFNHW�E\� WKH� UHFHLYLQJ� URXWHU� WR�QHLJKERULQJ� �DGMDFHQWw� URXWHUV� RQ� WKH� FRUUHVSRQGLQJ� WUHH�� 6LPLODUO\�� ZKHQ� DQ� RQ�WUHH�QHLJKERU�UHFHLYHV�WKH�SDFNHW��LW�GLVWULEXWHV�LW�LQ�WKH�VDPH�IDVKLRQ�%HIRUH� WKH� PXOWLFDVW� OHDYHV� WKH� RULJLQDWLQJ� VXEQHWZRUN�� LW� LV� QHFHVVDU\� IRU� WKH�ORFDO� &%7� '5� WR� DSSHQG� G� &%7� KHDGHU� WR� WKH� SDFNHW� �EHKLQG� WKH� ,3� KHDGHU��� DQG�FKDQJH�WKH�,3�GHVWLQDWLRQ�DGGUHVV�ILHOG�IURP�D�PXOWLFDVW�DGGUHVV�WR�WKH�XQLFDVW�DGGUHVV�RI� D� FRUH� IRU� WKH� JURXS�� � +RZ� GRHV� WKH� &%7� '5� NQRZ� WKDW� WKLV� PXOWLFDVW� DGGUHVV� LV�DVVRFLDWHG�ZLWK�D�&%7�JURXS"�7KH�DQVZHU�LV�WKDW�WKHUH�PXVW�EH�VRPH�IRUP�RI�PDSSLQJ�PHFKDQLVP�� ZKLFK� KDV� LQIRUPDWLRQ� DERXW� ZKLFK� JURXS� DGGUHVV� FRUUHVSRQG� WR� &%7�



��
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RQ� VORZHU��ZLGH�DUHD� OLQNV�� � ,W� LV� WKHUHIRUH�HVVHQWLDO� WKDW�� RQFH� WKHUH�DUH�QR� ORQJHU�DQ\�UHFHLYHUV�RQ�D�VXEQHW�� WKH�FRUUHVSRQGLQJ�WUDIILF�IORZ�VKRXOG�FHDVH�DV�VRRQ�DV�SRVVLEOH�WKHUHDIWHU�$V�ZH� KDYH� VDLG�� ORZHU� OHDYH� ODWHQF\� LV� SRVVLEOH� WKURXJK� WKH� LQWURGXFWLRQ� RI� D�QHZ�,*03�PHVVDJH�W\SH�� � ,*03�+267�0(0%(56+,3�/($9(�� �:KHQ�KRVW�UHOLQTXLVKHV�LWV� ODVW� FODLP� WR� D� SDUWLFXODU� JURXS� PHPEHUVKLS�� LW� PXOWLFDVWV� D� ,*03�+267�0(0%(56+,3�/($9(� PHVVDJH� WR� WKH� vDOO�&%7�URXWHUVw� DGGUHVV�� � 7KLV� PHVVDJH�FRQWDLQV�WKH�PXOWLFDVW�DGGUHVV�RI�WKH�JURXS�EHLQJ�UHOLQTXLVKHG���,UUHVSHFWLYH�RI�ZKHWKHU�DQ\�RI� WKH�UHFHLYLQJ�&%7�URXWHUV� LV�WKH�VXEQHWuV�PHPEHUVKLS�LQWHUURJDWRU��D�&%7�URXWHU�UHVSRQGV� WR� WKH�/($9(�PHVVDJH�E\�VHQGLQJ�DQ� ,*03�+267�0(0%(56+,3�48(5<� WR�WKH� vDOO�V\VWHPVw� PXOWLFDVW� DGGUHVV�� � 2QO\� RQH� &%7� URXWHU� DFWXDOO\� UHVSRQGV� ZLWK� DTXHU\�� VLQFH� WKH� UHVSRQVHV� DUH� UDQGRPL]HG� RYHU� DQ� LQWHUYDO� RI� ILYH� VHFRQGV�� DQG� WKH�UHFHLSW�RI�D�TXHU\�FDQFHOV�RXW�D�&%7�URXWHUuV�SHQGLQJ�TXHU\�)URP� WKH� PRPHQW� WKH� /($9(� PHVVDJH� DUULYHV� DW� D� &%7� URXWHU�� D� WLPHU� VWDUWV�UXQQLQJ� IRU� WKH� JURXS� EHLQJ� UHOLQTXLVKHG�� DQG� LV� RQO\� FDQFHOOHG� LI�� VXEVHTXHQW� WR� WKH�TXHU\��D�UHSRUW�DUULYHV�EHIRUH�WKH�WLPHRXW�SHULRG��ZKLFK�FXUUHQWO\�LV�DURXQG����VHFRQGV���7KLV�LV�FRPSULVHG�RI�WKH����VHFRQGV�UDQGRPL]HG�UHVSRQVH�LQWHUYDO�RI�KRVWV�DIWHU�KHDULQJ�D�TXHU\��SOXV�D���VHFRQG�VDIHW\�PDUJLQ�/HDYH� ODWHQF\�FRXOG EH� IXUWKHU�UHGXFHG� LI�KRVWVu� UDQGRPL]HG�UHVSRQVH� LQWHUYDOV�ZHUH� VKRUWHQHG� WR�� VD\�� �� VHFRQGV�� � 7KH� WUDGH�RII� WKHQ� LV� EHWZHHQ� LQFUHDVHG�SURWRFRO�RYHU�KHDG�EDQGZLGWK� FRQVXPSWLRQ� RI� PRUH� IUHTXHQW� ,*03� PHVVDJHV�� DQG� D� VKRUWHU�JURXS�OHDYLQJ�WLPH������&%7�3DFNHW�)RUPDWV�DQG�0HVVDJH�7\SHV&%7�SDFNHWV� WUDYHO� LQ� ,3�GDWDJUDPV�� �)RU�FODULW\��ZH�GLVWLQJXLVK�EHWZHHQ�WKUHH�W\SHV�RI�&%7�SDFNHW�� WKRVH�GLUHFWO\�FRQFHUQHG�ZLWK� WUHH�EXLOGLQJ��DQG�UH�FRQILJXUDWLRQ�VR�FDOOHG�SULPDU\� PDLQWHQDQFH� PHVVDJHV�� WKRVH� FRQFHUQHG� ZLWK� JHQHUDO� WUHH� PDLQWHQDQFH�VR�FDOOHG�DX[LOLDU\�PDLQWHQDQFH�PHVVDJHV� WKRVH�FDUU\LQJ�PXOWLFDVW�GDWD�$OO�RI�WKH�DERYH�PHVVDJH�W\SHV�DUH�HQFDSVXODWHG�LQ�D�&%7�KHDGHU�� 3ULPDU\�DQG�DX[LOLDU\�PDLQWHQDQFH�PHVVDJHV�DUH�DGGLWLRQDOO\�HQFDSVXODWHG�LQ�D�&%7�FRQWURO�KHDGHU���$OO� SDFNHWV� WKHQ�� GDWD� DQG� FRQWURO�� FDUU\� WKH� &%7� KHDGHU�� EXW� FRQWURO� SDFNHWV� RQO\�



��
UHTXLUH�WKH�SDUVLQJ�RI�IRXU�RI�WKH�ILHOGV�RI�WKH�&%7�KHDGHU���7KH�UHDVRQ�D�&%7�KHDGHU�LV�SUHVHQW�HYHQ�SDUWLDOO\� LQ�FRQWURO�SDFNHWV� LV�SDUWO\�DGPLQLVWUDWLYH�LW�UHTXLUHV�WKH�GHILQLWLRQ�RI� MXVW� RQH� SURWRFRO� QXPEHU�� 7KLV� SURWRFRO� QXPEHU� ZDV� VHW� WR� EH� ��� � &RQWURO� SDFNHWV�WKHUHIRUH�� WUDYHO� LQVLGH��D�SRUWLRQ�RI��D�&%7�KHDGHU��DQG�DUH� LGHQWLILDEOH�DV�VXFK�E\�WKH�FRQWHQWV�RI�WKH�7<3(�ILHOG�LQ�WKH�&%7�KHDGHU��7<3(�FDQ�RQO\�EH�vFRQWUROw�RI�vGDWDw��
x &%7�+HDGHU�)RUPDW7KH�&%7�KHDGHU�LV�LOOXVWUDWHG�EHORZ�

� 9HUV 8QXVHG W\SH KGU�OHQJWK SURWRFROFKHFNVXP ,3�77/ RQ�WUHH XQXVHGJURXS�LGHQWLILHU
� � ������

FRUH�DGGUHVVSDFNHW�RULJLQIORZ�LGHQWLILHUVHFXULW\�ILHOGV��7�%�'����

�� ��

)LJXUH�������&%7�+HDGHU
:H�SURFHHG�WR�GHVFULEH�HDFK�RI�WKH�ILHOGV�RI�WKH�&%7�KHDGHU�x 9HUV� 9HUVLRQ�QXPEHU�WKLV�UHOHDVH�VSHFLILHV�YHUVLRQ���x 7\SH� LQGLFDWHV�ZKHWKHU�WKH�SD\ORDG�LV�GDWD�RU�FRQWURO�LQIRUPDWLRQ�x +GU�OHQJWK� OHQJWK�RI�WKH�KHDGHU��IRU�SXUSRVH�RI�FKHFNVXP�FDOFXODWLRQ�x 3URWRFRO� XSSHU�OD\HU�SURWRFRO�QXPEHU�x &KHFNVXP� WKH� ���ELW� RQHuV� FRPSOHPHQW� RI� WKH� RQHuV� FRPSOHPHQW� RI� WKH�&%7�KHDGHU��FDOFXODWHG�DFURVV�DOO�ILHOGV�x ,3�77/� 77/�YDOXH�JOHDQHG�IURP�WKH�,3�KHDGHU�ZKHUH�WKH�SDFNHW�RULJLQDWHG���,W��LV�GHFUHPHQWHG�HDFK�WLPH�LW�WUDYHUVHV�D�&%7�URXWHU�x 2Q�WUHH� LQGLFDWHV�ZKHWKHU�WKH�SDFNHW�LV�RQ�� RU�� RII�WUHH���2QFH WKLV�ILHOG�LV�VHW��L�H��RQ�WUHH���LW�LV�QRQ�FKDQJLQJ�x *URXS�LGHQWLILHU� PXOWLFDVW�JURXS�DGGUHVV�x &RUH�DGGUHVV� WKH�XQLFDVW�DGGUHVV�RI�D�FRUH�IRU�WKH�JURXS���$�FRUH�DGGUHVV�LV�DOZD\V� LQVHUWHG� LQWR� WKH�&%7�KHDGHU�E\�DQ�RULJLQDWLQJ�KRVW�� VLQFH�DW�DQ\�



��
LQVWDQW�� LW�GRHV�QRW�NQRZ�LI� WKH� ORFDO�'5�IRU� WKH�JURXS� LV�RQ�WUHH�� � ,I� LW� LV�QRW��WKH�ORFDO�'5�PXVW�XQLFDVW�WKH�SDFNHW�WR�WKH�VSHFLILHG�FRUH�x 3DFNHW�RULJLQ� VRXUFH�DGGUHVV�RI�WKH�RULJLQDWLQJ�HQG�V\VWHP�x )ORZ�LGHQWLILHU� YDOXH�XQLTXHO\�LGHQWLI\LQJ�D�SUHYLRXVO\ VHW�XS�GDWD�VWUHDP�x 6HFXULW\� ILHOGV� WKHVH� ILHOGV��7�%�'��ZLOO�HQVXUH� WKH�DXWKHQWLFLW\�DQG� LQWHJULW\�RI�WKH�UHFHLYHG�SDFNHW�

x &RQWURO�3DFNHW�+HDGHU�)RUPDW)LJXUH� ���� VKRZV� D� &%7� FRQWURO� SDFNHW� KHDGHU�� 7KH� LQGLYLGXDO� ILHOGV� DUH�GHVFULEHG� EHORZ�� � ,W� VKRXOG� EH� QRWHG� WKDW� WKH� FRQWHQWV� RI� WKH� ILHOGV� EH\RQG� vJURXS�LGHQWLILHUw�DUH�HPSW\�LQ�VRPH�FRQWURO�PHVVDJHV�x 9HUV� 9HUVLRQ�QXPEHU�WKLV�UHOHDVH�VSHFLILHV�YHUVLRQ��x 7\SH� LQGLFDWHV�FRQWURO�PHVVDJH�W\SH�
� 9HUV XQXVHG W\SH FRGH XQXVHGFKHFNVXPKHDGHU�OHQJWK JURXS�LGHQWLILHU

� � ������

FRUH�DGGUHVVSDFNHW�RULJLQ
&RUH���

VHFXULW\�ILHOGV��7�%�'������

�� ��

&RUH���&RUH���&RUH���&RUH���5HVRXUFH�5HVHUYDWLRQ�ILHOGV��7�%�'������

)LJXUH�������&%7�&RQWURO�3DFNHW�+HDGHU
x &RGH� LQGLFDWHV�VXE�FRGH�RI�FRQWURO�PHVVDJH�W\SH�x +HDGHU�OHQJWK� OHQJWK�RI�WKH�KHDGHU��IRU�SXUSRVH�RI�FKHFNVXP�FDOFXODWLRQ�x &KHFNVXP� WKH� ���ELW� RQHuV� FRPSOHPHQW� RI� WKH� RQHuV� FRPSOHPHQW� RI� WKH�&%7�FRQWURO�KHDGHU��FDOFXODWHG�DFURVV�DOO�ILHOGV�



��
x *URXS�LGHQWLILHU� PXOWLFDVW�JURXS�DGGUHVV�x &RUH�DGGUHVV� GHVLUHG�DFWXDO�FRUH�DIILOLDWLRQ�RI�FRQWURO�PHVVDJH�x &RUH��� =� 0D[LPXP� RI� �� FRUH� DGGUHVVHV�PD\� EH� VSHFLILHG� IRU� DQ\� RQH�JURXS���x 5HVRXUFH� UHVHUYDWLRQ� ILHOGV� WKHVH� ILHOGV� �7�%�'��� DUH� XVHG� WR� UHVHUYH�UHVRXUFHV�DV�SDUW�RI�WKH�&%7�WUHH�VHW�XS�SURFHGXUH�x 6HFXULW\� ILHOGV� WKHVH� ILHOGV� �7�%�'��� HQVXUH� WKH� DXWKHQWLFLW\� DQG� LQWHJULW\�RI�WKH�UHFHLYHG�SDFNHW�

x 3ULPDU\�0DLQWHQDQFH�0HVVDJH�7\SHV�7KHUH�DUH�VL[�W\SHV�RI�&%7�SULPDU\�PDLQWHQDQFH�PHVVDJH��QDPHO\�x -2,1�5(48(67� LQYRNHG�E\�DQG�HQG�V\VWHP��JHQHUDWHG�DQG�VHQW��XQLFDVW��E\�D�&%7�URXWHU�WR�WKH�VSHFLILHG�FRUH�DGGUHVV���,WV�SXUSRVH�LV�WR�HVWDEOLVK�WKH�VHQGLQJ�&%7�URXWHU�DV�SDUW�RI�WKH�FRUUHVSRQGLQJ�GHOLYHU\�WUHH�x -2,1�$&.� DQ� DFNQRZOHGJHPHQW� WR� WKH� DERYH�� � 7KH� IXOO� OLVW� RI� FRUH�DGGUHVVHV� LV�FDUULHG� LQ�D�-2,1�$&.�� WRJHWKHU�ZLWK� WKH�DFWXDO�FRUH�DIILOLDWLRQ��WKH�MRLQ�PD\�KDYH�EHHQ�WHUPLQDWHG�E\�DQ�RQ�WUHH�URXWHU�RQ�LWV�MRXUQH\�WR�WKH�VSHFLILHG�FRUH��DQG�WKH�WHUPLQDWLQJ�URXWHU�PD\�RU�PD\�QRW�EH�DIILOLDWHG�WR�WKH�FRUH�VSHFLILHG�LQ�WKH�RULJLQDO�MRLQ����$�-2,1�$&.�WUDYHUVHV�WKH�VDPH�SDWK�DV�WKH�FRUUHVSRQGLQJ�-2,1�5(48(67��DQG� LW� LV� WKH�UHFHLSW�RI�D�-2,1�$&.�WKDW�DFWXDOO\�FUHDWHV�D�WUHH�EUDQFK�x -2,1�1$&.�� � D� QHJDWLYH� DFNQRZOHGJHPHQW�� LQGLFDWLRQ� WKDW� WKH� WUHH� MRLQ�SURFHVV�KDV�QRW�EHHQ�VXFFHVVIXO�x 48,7�5(48(67� D�UHTXHVW��VHQW�IURP�D�FKLOG�WR�D�SDUHQW��WR�EH�UHPRYHG�DV�D�FKLOG�WR�WKDW�SDUHQW�x 48,7�$&.� DFNQRZOHGJHPHQW�WR�WKH�DERYH���,I�WKH�SDUHQW��RU�WKH�SDWK�WR�LW�LV�GRZQ��QR�DFNQRZOHGJHPHQW�ZLOO�EH�UHFHLYHG�ZLWKLQ�WKH�WLPHRXW�SHULRG���7KLV�UHVXOWV�LQ�WKH�FKLOG�QHYHUWKHOHVV�UHPRYLQJ�LWV�SDUHQW�LQIRUPDWLRQ�x )/86+�75((� D�PHVVDJH�VHQW�IURP�SDUHQW�WR�DOO�FKLOGUHQ��ZKLFK�WUDYHUVHV�D�FRPSOHWH� EUDQFK�� � 7KLV� PHVVDJH� UHVXOWV� LQ� DOO� WUHH� LQWHUIDFH� LQIRUPDWLRQ�



��
EHLQJ� UHPRYHG� IURP� HDFK� URXWHU� RQ� WKH� EUDQFK�� SRVVLEO\� EHFDXVH� RI� D� UH�FRQILJXUDWLRQ�VFHQDULR�7KH� -2,1�5(48(67� KDV� WKUHH� YDOLG� VXE�FRGHV�� QDPHO\� -2,1�$&7,9(�� 5(�-2,1�$&7,9(��DQG�5(�-2,1�1$&7,9(�$�-2,1�$&7,9(� LV�VHQW� IURP�D�&%7�URXWHU� WKDW�KDV�QR�FKLOGUHQ�IRU� WKH�VSHFLILHG�JURXS� $�5(�-2,1�$&7,9(� LV�VHQW� IURP�D�&%7�URXWHU� WKDW�KDV�DW� OHDVW�RQH�FKLOG� IRU� WKH�VSHFLILHG�JURXS�$�5(�-2,1�1$&7,9(�RULJLQDOO\�VWDUWHG�RXW�DV�DQ�DFWLYH�UH�MRLQ��EXW�KDV�UHDFKHG�DQ�RQ�WUHH�URXWHU�IRU�WKH�FRUUHVSRQGLQJ�JURXS���$W�WKLV�SRLQW��WKH�URXWHU�FKDQJHV�WKH�MRLQ�VWDWXV� WR� QRQ�DFWLYH UH�MRLQ� DQG� IRUZDUGV� LW� RQ� LWV� SDUHQW� EUDQFK�� DV� GRHV� HDFK� &%7�URXWHU� WKDW� UHFHLYHV� LW�� �6KRXOG� WKH� URXWHU� WKDW�RULJLQDWHG�WKH�DFWLYH�UH�MRLQ�VXEVHTXHQWO\�UHFHLYH� WKH�QRQ�DFWLYH� UH�MRLQ�� LW�PXVW� LPPHGLDWHO\�VHQG�D�48,7�5(48(67� WR� LWV�SDUHQW�URXWHU���,W�WKHQ�DWWHPSWV�WR�UH�MRLQ�DJDLQ���,Q�WKLV�ZD\�WKH�UH�MRLQ�DFWV�DV�D�ORRS�GHWHFWLRQSDFNHW�

x $X[LOLDU\�0DLQWHQDQFH�0HVVDJH�7\SHV�7KHUH�DUH�HOHYHQ�&%7�DX[LOLDU\�PDLQWHQDQFH�PHVVDJH�W\SHV�
x &%7�'5�62/,&,7$7,21� D�UHTXHVW�VHQW IURP�D�KRVW�WR�WKH�&%7�vDOO�URXWHUVw�PXOWLFDVW� DGGUHVV�� IRU� WKH� DGGUHVV� RI� WKH�EHVW� QH[W�KRS�&%7� URXWHU� RQ� WKH�/$1�WR�WKH�FRUH�DV�VSHFLILHG�LQ�WKH�VROLFLWDWLRQ�x &%7�'5�$'9(57,6(0(17�� D� UHSO\� WR� WKH� DERYH�� � $GYHUWLVHPHQWV� DUH�DGGUHVVHG�WR�WKH�vDOO�V\VWHPVw PXOWLFDVW�JURXS�x &%7�&25(�127,),&$7,21� XQLFDVW� IURP� D� JURXS� LQLWLDWLQJ� KRVW� WR� HDFKFRUH�VHOHFWHG�IRU�WKH�JURXS��WRJHWKHU�ZLWK�WKHLU�FRUH�UDQNLQJ���7KH�UHFHLSW�RI�WKLV�PHVVDJH�LQYRNHV�WKH�EXLOGLQJ�RI�WKH�FRUH�WUHH E\�DOO�FRUHV�RWKHU�WKDQ�WKH�KLJKHVW�UDQNHG��SULPDU\�FRUH��x &%7�&25(�127,),&$7,21�5(3/<� D� QRWLILFDWLRQ� RI� DFFHSWDQFH� WR�EHFRPLQJ�D�FRUH�IRU�D�JURXS��WR�WKH�FRUUHVSRQGLQJ�HQG�V\VWHP�



��
x &%7�(&+2�5(48(67� RQFH� D� WUHH� EUDQFK� LV� HVWDEOLVKHG�� WKLV� PHVVDJH�DFWV�DV�D�vNHHSDOLYHw��DQG�LV�XQLFDVW�IURP�FKLOG�WR�SDUHQW�x &%7�(&+2�5(3/<� SRVLWLYH�UHSO\�WR�WKH�DERYH�x &%7�&25(�3,1*� XQLFDVW� IURP�D�&%7�URXWHU� WR�D�FRUH�ZKHQ�D� WUHH� URXWHUuV�SDUHQW� KDV� IDLOHG�� � 7KH� SXUSRVH� RI� WKLV� PHVVDJH� LV� WR� HVWDEOLVK� FRUH�UHDFKDELOLW\�EHIRUH�VHQGLQJ�D�-2,1�5(48(67�WR�LW�x &%7�3,1*�5(3/<� SRVLWLYH�UHSO\�WR�WKH�DERYH�x &%7�7$*�5(3257� XQLFDVW� IURP� DQ� HQG�V\VWHP� WR� WKH� GHVLJQDWHG� URXWHU�IRU� WKH� FRUUHVSRQGLQJ� JURXS�� VXEVHTXHQW� WR� WKH� HQG�V\VWHP� UHFHLYLQJ� D�GHVLJQDWHG�URXWHU�DGYHUWLVHPHQW��DV�ZHOO�DV�D�FRUH�QRWLILFDWLRQ�UHSO\�LI�JURXS�LQLWLDWLQJ�KRVW����7KLV�PHVVDJH�LQYRNHV�WKH�VHQGLQJ�RI�D�-2,1�5(48(67�LI�WKH�UHFHLYLQJ�URXWHU�LV�QRW�DOUHDG\�SDUW�RI�WKH�FRUUHVSRQGLQJ�WUHH�x &%7�&25(�&+$1*(� JURXS�VSHFLILF� PXOWLFDVW� E\� D� &%7� URXWHU� WKDW�RULJLQDWHG� D� -2,1�5(48(67� RQ� EHKDOI� RI� VRPH� HQG�V\VWHP� RQ� WKH� VDPH�/$1��VXEQHW��� �7KH�SXUSRVH�RI�WKLV�PHVVDJH�LV�WR�QRWLI\�HQG�V\VWHPV�RQ�WKH�/$1�EHORQJLQJ� WR� WKH�VSHFLILHG�JURXS�RI�VXFK� WKLQJV�DV��VXFFHVV� LQ� MRLQLQJ�WKH�GHOLYHU\�WUHH��DFWXDO�FRUH�DIILOLDWLRQ�x &%7�'5�$'9�127,),&$7,21� PXOWLFDVW� WR� WKH� &%7� wDOO�URXWHUVw� DGGUHVV��WKLV�PHVVDJH�LV�VHQW�VXEVHTXHQW�WR�UHFHLYLQJ�D�&%7�'5�62/,&,7$7,21��EXW�SULRU�WR�DQ\�&%7�'5�$'9(57,6(0(17�EHLQJ�VHQW�� � ,W�DFWV�DV�D�WLH�EUHDNLQJ�PHFKDQLVP� VKRXOG�PRUH� WKDQ�RQH� URXWHU� RQ� WKH� VXEQHW� WKLQN� LWVHOI� WKH�EHVW�QHVW�KRS�WR WKH�DGGUHVVHG�FRUH���,W�DOVR�SURPSWV�DQ�DOUHDG\�HVWDEOLVKHG�'5�WR�DQQRXQFH�LWVHOI�DV�VXFK�LI�LW�KDV�QRW�DOUHDG\�GRQH�VR�LQ�UHVSRQVH�WR�D�&%7�'5�62/,&,7$7,21��������&%7�&RQWURO�3DFNHW�)RUPDWV�&%7� FRQWURO� SDFNHWV� DUH� HQFDSVXODWHG� LQ� ,3�� &%7� KDV� EHHQ� DVVLJQHG� ,3� SURWRFRO�QXPEHU���E\�,$1$��&%7�SDFNHW�W\SHV�DUH�VXPPDUL]HG�DV�IROORZV�

x &%7�&RPPRQ�&RQWURO�3DFNHW�+HDGHU



��
$OO�&%7�FRQWURO�PHVVDJHV�KDYH�D�FRPPRQ�IL[HG�OHQJWK�KHDGHU�

���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������_��YHUV�_�W\SH��_��DGGU�OHQ�����_���������FKHFNVXP��������������_�����������������������������������������������������������������)LJXUH�������&%7�&RPPRQ�&RQWURO�3DFNHW�+HDGHU7KLV�&%7�VSHFLILFDWLRQ�LV�YHUVLRQ�����&%7�SDFNHW�W\SHV�DUH��
�W\SH����+(//2�W\SH����-2,1B5(48(67�W\SH����-2,1B$&.�W\SH����48,7B127,),&$7,21�W\SH����(&+2B5(48(67�W\SH����(&+2B5(3/<�W\SH����)/86+B75((�W\SH����%RRWVWUDS�0HVVDJH��RSWLRQDO��W\SH����&DQGLGDWH�&RUH�$GYHUWLVHPHQW��RSWLRQDO��$GGU�/HQJWK��DGGUHVV� OHQJWK� LQ�E\WHV�RI�XQLFDVW�RU�PXOWLFDVW�DGGUHVVHV�FDUULHG�LQ�WKH�FRQWURO�SDFNHW�� &KHFNVXP�� WKH� ��� ELW� RQHuV� FRPSOHPHQW� RI� WKH� RQHuV� FRPSOHPHQW� VXP� RI� WKH� HQWLUH�&%7�FRQWURO�SDFNHW�+(//2�3DFNHW�)RUPDW���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������_���������� &%7�&RQWURO�3DFNHW�+HDGHU������������������_�����������������������������������������������������������������



��
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VXERUGLQDWH� WR� LW�RQ� WKH�VDPH�EUDQFK�� WR� WKH�WUHH��1RWH�� UH�MRLQLQJ� LV�QRW�QHFHVVDU\� MXVW�EHFDXVH�XQLFDVW�FDOFXODWHV�D�QHZ�QH[W�KRS�WR�WKH�FRUH��6XEVHTXHQW� WR� VHQGLQJ�D�48,7�5(48(67�RQ� WKH�SDUHQW� OLQN��D�QRQ�FRUH� URXWHU�LQLWLDOO\� DWWHPSWV� WR� UH�MRLQ� WKH� WUHH�E\� VHQGLQJ�D�5(�-2,1�5(48(67� �VHH�XQGHU� v/RRS�'HWHFWLRQw�LQ�WKLV�VHFWLRQ��RQ�DQ�DOWHUQDWH�SDWK��WKH�DOWHUQDWH�SDWK�LV�GHULYHG�IURP�XQLFDVW�URXWLQJ�� WR� DQ� DUELWUDU\� DOWHUQDWH� FRUH� VHOHFWHG� IURP� WKH� FRUH� OLVW�� � 7KH� FRUUHVSRQGLQJ�FRUH� LV� WHVWHG� IRU� UHDFKDELOLW\� EHIRUH� WKH� UH�MRLQ� LV� VHQW�� E\� PHDQV� RI� WKH� FRQWURO�PHVVDJH�� �&%7�&25(�3,1*�� �)DLOXUH� WR�UHFHLYH�D�UHVSRQVH�IURP�WKH�VHOHFWHG�FRUH�ZLOO�UHVXOW� LQ� DQRWKHU� EHLQJ� VHOHFWHG�� DQG� WKH� SURFHVV� FRQWLQXHV� WR� UHSHDW� LWVHOI� XQWLO� D�UHDFKDEOH�FRUH�LV�IRXQG�7KH� VLJQLILFDQFH� RI� VHQGLQJ� D� 5(�-2,1�5(48(67� �DV� RSSRVHG� WR� D� -2,1�5(48(67�� LV� EHFDXVH� RI� WKH� SUHVHQFH� RI� VXERUGLQDWH� URXWHUV�� L�H�� WKHUH� H[LVWV� D�GRZQVWUHDP�EUDQFK�FRQQHFWHG�WR�WKH�UH�MRLQLQJ�URXWHU��&DUH�PXVW�EH�WDNHQ�LQ�WKLV�FDVH�WR�DYRLG�ORRSV�IRUPLQJ�RQ�WKH�WUHH� ,I�WKH�MRLQLQJ�URXWHU�GLG�QRW�KDYH�GRZQVWUHDP�URXWHUV�FRQQHFWHG�WR�LW�� LW�ZRXOG�QRW�EH�QHFHVVDU\�WR�WDNH�SUHFDXWLRQV�WR�DYRLG�ORRSV�VLQFH�WKH\�FRXOG�QRW�RFFXU��WKLV�LV�H[SODLQHG�LQ�PRUH�GHWDLO�EHORZ��,W� ZDV� DQ� HQJLQHHULQJ� GHVLJQ� GHFLVLRQ� QRW� WR� IOXVK� WKH� FRPSOHWH� �GRZQVWUHDP��EUDQFK�ZKHQ�VRPH��XSVWUHDP��URXWHU�GHWHFWV�D�IDLOXUH���:KLOVW�HDFK�URXWHU�ZRXOG�MRLQ�YLD�LWV VKRUWHVW�SDWK� WR� WKH� FRUUHVSRQGLQJ� FRUH�� LW� ZRXOG� UHVXOW� LQ� DQ� RYHUDOO� ORQJHU� UH�FRQQHFWLYLW\�ODWHQF\�$�)/86+�75((�FRQWURO�PHVVDJH� LV�KRZHYHU�VHQW� LI� WKH�EHVW�QH[W�KRS�RI� WKH�UH�MRLQ�LV�D�FKLOG�RQ�WKH�VDPH�WUHH������/RRS�'HWHFWLRQ7KH�&%7�SURWRFRO�LQFRUSRUDWHV�DQ�H[SOLFLW�ORRS�GHWHFWLRQ PHFKDQLVP���/RRS�GHWHFWLRQ�LV�RQO\�QHFHVVDU\�ZKHQ�D�URXWHU��ZLWK�DW�OHDVW�RQH�FKLOG��LV�DWWHPSWLQJ�WR�UH�FRQQHFW�LWVHOI�WR�WKH�FRUUHVSRQGLQJ�WUHH�:H� GLVWLQJXLVK� EHWZHHQ� WKUHH� W\SHV� RI� -2,1�5(48(67�� DFWLYH�� DFWLYH� UH�MRLQ��DQG�QRQ�DFWLYH�UH�MRLQ�$Q� DFWLYH -2,1�5(48(67� IRU� JURXS� $� LV� RQH� ZKLFK� RULJLQDWHV� IURP� D� URXWHU�ZKLFK�KDV�QR�FKLOGUHQ�EHORQJLQJ�WR�JURXS�$�
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$Q� DFWLRQ� UH�MRLQ IRU� JURXS� $� LV� RQH� ZKLFK� RULJLQDWHV� IURP� D� URXWHU� WKDW� KDV�FKLOGUHQ�EHORQJLQJ�WR�JURXS�$�$�QRQ�DFWLYH�UH�MRLQ LV�RQH�WKDW�RULJLQDOO\�VWDUWHG�RXW�DV�DQ�DFWLYH�UH�MRLQ��EXW�KDV�UHDFKHG�DQ�RQ�WUHH�URXWHU�IRU�WKH�FRUUHVSRQGLQJ�JURXS���$W�WKLV�SRLQW��WKH�URXWHU�FKDQJHV�WKH� MRLQ�VWDWXV� WR�QRQ�DFWLYH� UH�MRLQ�DQG� IRUZDUGV� LW�RQ� LWV�SDUHQW�EUDQFK��DV�GRHV�HDFK�&%7� URXWHU� WKDW� UHFHLYHV� LW�� � 6KRXOG� WKH� URXWHU� WKDW� RULJLQDWHG� WKH� DFWLYH� UH�MRLQ�VXEVHTXHQWO\�UHFHLYH�WKH�QRQ�DFWLYH�UH�MRLQ��D�ORRS�LV�REYLRXVO\�SUHVHQW�LQ�WKH�WUHH���7KH�URXWHU� PXVW� WKHUHIRUH� LPPHGLDWHO\� VHQG� D� 48,7�5(48(67� WR� LWV� SDUHQW� URXWHU�� DQG�DWWHPSW�WR�UH�MRLQ�DJDLQ���,Q�WKLV�ZD\�WKH�UH�MRLQ�DFWV�DV�D�ORRS�GHWHFWLRQ SDFNHW�$QRWKHU�VFHQDULR�WKDW�UHTXLUHV�FRQVLGHUDWLRQ�LV�ZKHQ�WKHUH�LV�D�EUHDN�LQ�WKH�SDWK��WXQQHO��EHWZHHQ�D�FKLOG�DQG�LWV�SDUHQW���$OWKRXJK�WKH�SDUHQW�LV�DFWLYH��WKH�FKLOG�EHOLHYHV�WKDW�WKH�SDUHQW�LV�GRZQ�WKH�FKLOG�FDQQRW�GLVWLQJXLVK�EHWZHHQ�WKH�SDUHQW�EHLQJ�GRZQ�DQG�WKH� SDWK� WR� LW� EHLQJ� GRZQ�� � ,I� WKH� SDWK� IDLOXUH� LV� VKRUW�OLYHG�� ZKLOVW� WKH� FKLOG� ZLOO� KDYH�FKRVHQ� D� QHZ� URXWH� WR� WKH� FRUH�� WKH� SDUHQW� ZLOO� EH� XQDZDUH� RI� WKLV�� DQG�ZLOO� FRQWLQXH�IRUZDUGLQJ�RYHU�LWV�FKLOG�LQWHUIDFHV��WKH�SRWHQWLDO�ULVN�EHLQJ�DSSDUHQW�:H� JXDUG� DJDLQVW� WKLV� XVLQJ� D�SDUHQW� DVVHUW�PHFKDQLVP��ZKLFK� LV� LPSOLFLW�� L�H��LQYROYHV�QR�FRQWURO�PHVVDJH�RYHUKHDG�� LQ� WKH�UHFHSWLRQ�RI�&%7�(&+2�5(48(67V�IURP�D�FKLOG�� � ,I�QR�&%7�(&+2�5(48(67� LV�KHDUG��DIWHU�D�FHUWDLQ� LQWHUYDO�WKH�FRUUHVSRQGLQJ�FKLOG�LQWHUIDFH�LV�UHPRYHG�E\�WKH�SDUHQW�$V�DQ�DGGLWLRQDO�SUHFDXWLRQ�DJDLQVW�SDFNHW� ORRSLQJ��PXOWLFDVW�GDWD�SDFNHWV� WKDW�DUH� LQ� WKH� SURFHVV� RI� VSDQQLQJ� D� &%7uV� GHOLYHU\� WUHH� EUDQFKHV� �UHPHPEHU�� ZH�GLVWLQJXLVK�EHWZHHQ�DFWXDO�WUHH�EUDQFKHV�DQG�DWWDFKHG�VXEQHWZRUNV��DOWKRXJK�WKHUH�DUH�FDVHV�ZKHQ�WKH\�DUH�RQH�DQG�WKH�VDPH� FDUU\�DQ�RQ�WUHH LQGLFDWRU�LQ�WKH�&%7�KHDGHU�RI�WKH� SDFNHW�� � 3URYLGHG� D� GDWD� SDFNHW� DUULYHV� YLD� D� YDOLG� WUHH� LQWHUIDFH�� DOO� URXWHUV� DUH�REOLJHG�WR�FKHFN�WKDW�WKH�RQ�WUHH�LQGLFDWRU�LV�VHW�DFFRUGLQJO\���$�GDWD�SDFNHW�DUULYLQJ�DW�WKH� WUHH� IRU� WKH� ILUVW� WLPH�IURP�D�QRQ�PHPEHU�VHQGHU�ZLOO�KDYH�WKH�RQ�WUHH LQGLFDWRU�ELWV�VHW�E\� WKH� UHFHLYLQJ� URXWHU�� �7KHVH�ELWV�VKRXOG�QHYHU�VXEVHTXHQWO\�EH�PRGLILHG�E\�DQ\�URXWHU�� �6KRXOG�D�SDFNHW�EH�HUURQHRXVO\�IRUZDUGHG�E\�DQ�RQ�WUHH�URXWHU�RYHU�DQ�RII�WUHH�LQWHUIDFH��VKRXOG�WKDW�SDFNHW�VRPHKRZ�ZRUN�LWV�ZD\�EDFN�RQ�WUHH��LW�FDQ�EH�LPPHGLDWHO\�UHFRJQL]HG� DQG� GLVFDUGHG�� VLQFH� LW� ZLOO� KDYH� DUULYHG� YLD� D� QRQ�WUHH� LQWHUIDFH�� EXW� ZLOO�KDYH�LWV�RQ�WUHH�ELWV�VHW�



��
�������8QLFDVW�7UDQVLHQW�/RRSV5RXWHUV�UHO\�RQ�XQGHUO\LQJ�XQLFDVW�URXWLQJ�WR�FDUU\�-2,1�5(48(67V�WRZDUGV�WKH�FRUH�RI�D�FRUH�EDVHG�WUHH���+RZHYHU��VXEVHTXHQW�WR�D�WRSRORJ\�FKDQJH��WUDQVLHQW�URXWLQJ�ORRSV��VR�FDOOHG�EHFDXVH�RI�WKHLU�VKRUW�OLYHG�QDWXUH��FDQ�IRUP�LQ�URXWLQJ�WDEOHV�ZKLOVW�WKH�URXWLQJ�DOJRULWKP�LV�LQ�WKH�SURFHVV�RI�FRQYHUJLQJ�RU�VWDELOL]LQJ�7KHVH� DUH� WZR� FDVHV� WR� FRQVLGHU� ZLWK� UHVSHFW� WR� &%7� DQG� XQLFDVW� WUDQVLHQW�ORRSV��QDPHO\�x D� MRLQ� LV� VHQW� RYHU� D� WUDQVLHQW� ORRS�� EXW� QR�SDUW� RI� WKH� FRUUHVSRQGLQJ�&%7� WUHH�IRUPV�SDUW�RI� WKDW� ORRS�� � ,Q� WKLV�FDVH�� WKH� MRLQ�ZLOO�QHYHU�JHW�DFNQRZOHGJHG�DQG�ZLOO� WKHUHIRUH� WLPHRXW�� � 6XEVHTXHQW� UH�WULHV�ZLOO� VXFFHHG�DIWHU� WKH� WUDQVLHQW� ORRS�KDV�GLVDSSHDUHG�x D�MRLQ�LV�VHQW�RYHU�D�WUDQVLHQW�ORRS��DQG�WKH�ORRS�FRQVLVWV�HLWKHU�SDUWO\�RU�HQWLUHO\�RI� URXWHUV� RQ� WKH� FRUUHVSRQGLQJ� &%7� WUHH�� � ,I� WKH� ORRS� FRQVLVWV� RQO\� SDUWO\� RI�URXWHUV�RQ�WKH�WUHH�DQG�WKH�MRLQ�RULJLQDWHG�DW�D�URXWHU�WKDW�LV�QRW�DWWHPSWLQJ�WR�UH�MRLQ�WKH�WUHH��WKHQ�WKH�-2,1�5(48(67�ZLOO�EH�DFNQRZOHGJHG���1R�IXUWKHU�DFWLRQ�LV�QHFHVVDU\�VLQFH�D�ORRS�IUHH�SDWK�H[LVWV�IURP�WKH�RULJLQDWLQJ�URXWHU�WR�WKH�WUHH���,I�WKH� ORRS� FRQVLVWV� HQWLUHO\� RI� URXWHUV� RQ� WKH� WUHH�� WKHQ� WKH� URXWHU� RULJLQDWLQJ� WKH�MRLQ� LV� DWWHPSWLQJ� WR� UH�MRLQ� WKH� WUHH�� � ,Q� WKLV� FDVH� DOVR�� WKH� MRLQ� FRXOG� EH�DFNQRZOHGJHG� ZKLFK� ZRXOG� UHVXOW� LQ� D� ORRS� IRUPLQJ� RQ� WKH� WUHH�� VR� ZH� KDYH�GHVLJQHG�D�ORRS�GHWHFWLRQ�PHFKDQLVP�ZKLFK�LV�GHVFULEHG�EHORZ������&RQFOXVLRQV,Q� WKLV� FKDSWHU�� ZH� LQWURGXFHG� WKH�&%7�PXOWLFDVW� SURWRFRO�� DQG�GHVFULEHG� LQ� GHWDLO� WKH�VSHFLILFV�RI� LWV� RSHUDWLRQ�� VXFK�DV�&%7� WUHH�EXLOGLQJ�� WUHH�PDLQWHQDQFH�� WUHH� WHDUGRZQ��/$1� GHVLJQDWHG� URXWHU� HOHFWLRQ�� DQG� GDWD� SDFNHW� IRUZDUGLQJ� DQG� UHFHSWLRQ�� :H�GLVFXVVHG� WKH� SURWRFRO� IXQFWLRQDOLWHV� LQ� GHWDLO�� WR� XQGHUVWDQG� WKH� VWDWHV� RI� WKH� &%7�SURWRFRO�DQG� LWV�SURWRFRO�GDWD�XQLWV�XVHG� LQ� WKH�&%7�URXWLQJ�SURFHVVHV��3DFNHW� IRUPDWV�DQG� PHVVDJH� W\SHV� ZHUH� DOVR� SUHVHQWHG�� :H� GHVFULEHG� WKH� YDULRXV� W\SHV� RI� FRQWURO�SDFNHWV�DQG�WKHLU�IXQFWLRQV��
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7KH� IXQGDPHQWDO�PRWLYDWLRQ�EHKLQG� WKH�GHVLJQ�RI� WKH�&%7�DUFKLWHFWXUH�ZDV� WKH�DELOLW\� WR� VLJQLILFDQWO\� LPSURYH� PXOWLFDVW� VFDODELOLW\�� 7KLV� LPSURYHPHQW� GRHV� QRW� FRPH�ZLWKRXW� LWV�FRVW��DQG� LQ� WKH�FDVH�RI�&%7�WKH�SULPDU\�GLVDGYDQWDJH�RI�WKH�DUFKLWHFWXUH�LV�WKH� SRWHQWLDO� IRU� LQFUHDVHG� GHOD\�EHWZHHQ� WZR�PXOWLFDVW� UHFHLYHUV� y D� FRQVHTXHQFH� RI�WKH�DEVHQFH�RI�VRXUFH�EDVHG�VKRUWHVW�SDWK�WUHHV��7KH�WUDGH�RIIV�LQWURGXFHG�E\�WKH�&%7�DUFKLWHFWXUH� IRFXV� SULPDULO\� EHWZHHQ� D� UHGXFWLRQ� LQ� WKH� RYHUDOO� VWDWH� WKH� QHWZRUN�PXVW�PDLQWDLQ�DQG�WKH�SRWHQWLDO�LQFUHDVHG�GHOD\�LPSRVHG�E\�D�VKDUHG�GHOLYHU\�WUHH��+RZHYHU��EHFDXVH�RI�&%7uV�vKDUG�VWDWHw�DSSURDFK�WR�WUHH�EXLOGLQJ��L�H��JURXS�WUHH�OLQN�LQIRUPDWLRQ�GRHV�QRW�WLPH�RXW�DIWHU�D�SHULRG�RI�LQDFWLYLW\��DV�RSSRVHG�WR�WKH�vVRIW�VWDWHw�DSSURDFK��IRU�H[DPSOH�� '9053��� &%7� EUDQFKHV� GR� QRW� DXWRPDWLFDOO\� DGDSW� WR� XQGHUO\LQJ� PXOWLFDVW�URXWH� FKDQJHV�� 7KLV� LV� LQ� FRQVWUDVW� WR� WKH� vVRIW�VWDWHw� RU vGDWD�GULYHQw� DSSURDFK�ZKLOH�GDWD� DOZD\V� IROORZV� WKH�SDWK� DV� VSHFLILHG� LQ� WKH� URXWLQJ� WDEOH�� ,Q�DGGLWLRQ�� vKDUG�VWDWHw�UHTXLUHV� WKH� LQFRUSRUDWLRQ� RI� FRQWURO� PHVVDJHV� WKDW� PRQLWRU� UHDFKDELOLW\� EHWZHHQ�DGMDFHQW� URXWHUV� RQ� WKH� PXOWLFDVW� WUHH�� 7KLV� FRQWURO� PHVVDJH� RYHUKHDG� FDQ� EH� TXLWH�FRQVLGHUDEOH�XQOHVV�VRPH�IRUP�RI�PHVVDJH�DJJUHJDWLRQ�LV�HPSOR\HG�7KH� PD[LPXP� GHOD\� ERXQG� RI� D� &%7� KDV� EHHQ� SURYHQ� WR� EH� WZLFH� WKDW� RI� D�VKRUWHVW�SDWK� WUHH�� ZKLFK� PD\� QRW� EH� DFFHSWDEOH� IRU� UHDO�WLPH� DSSOLFDWLRQV�� VXFK� DV�YRLFH�FRQIHUHQFLQJ��+RZHYHU��ZLWK�VRPH�PRGLILFDWLRQV�WR�WKH�RULJLQDO�&%7�SURWRFRO�� LW� LV�SRVVLEOH�WR�VDWLVI\�WKH�HQG�WR�HQG�WLPH�GHOD\�LPSRVHG�E\�WKH�UHDO�WLPH�DSSOLFDWLRQV��$QRWKHU�GLVDGYDQWDJHV�RI�&%7�LV�WKDW�WKH�FRUHV�IRU�D�SDUWLFXODU�JURXS��HVSHFLDOO\� ODUJH�ZLGHVSUHDG�JURXSV��FDQ�SRWHQWLDOO\�EHFRPH�WUDIILF�vKRW�VSRWVw�RU�vERWWOHQHFNVw�,Q� VXPPDU\�� WKH� &%7� DUFKLWHFWXUH� KDV� VHYHUDO� DGYDQWDJHV� FRPSDUHG� ZLWK�H[LVWLQJ�VFKHPHV��ZKLFK�LQFOXGH�x &%7� DUFKLWHFWXUH� HOLPLQDWHV� WKH� VRXUFH� VFDOLQJ� IDFWRU� RI� WKH� VRXUFH�EDVHG�DUFKLWHFWXUH��LQ�WHUPV�RI�JURXS�VSHFLILF�VWDWH�PDLQWDLQHG�LQ�WKH�QHWZRUN�x 1R� VWDWH� LV�PDLQWDLQHG�E\� WKH� QHWZRUN�EHWZHHQ� D�QRQ�PHPEHU� VHQGHU�DQG�WKH�GHOLYHU\�WUHH�x &%7uV� WZR�SKDVH� URXWLQJ� DSSURDFK� PHDQV� WKDW� LW� LV� D� FDQGLGDWH� IRU�LQIRUPDWLRQ� GLVFRYHU\� DSSOLFDWLRQV�� &%7� FDQ� RIIHU� DQ� HIILFLHQW� VROXWLRQ� WR�vDQ\FDVWLQJw�
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:H�DOVR�ORRNHG�DW�WKH�LPSOLFDWLRQV�RI�VKDUHG�PXOWLFDVW�GHOLYHU\�WUHHV��DQG�FRQFOXGH�WKDW�WKH\�DOVR�RIIHU�VHYHUDO�GLVDGYDQWDJHV��LQFOXGLQJ�x 6KDUHG� GHOLYHU\� WUHHV� GR� QRW� RSWLPL]H� GHOD\�� ZKLFK� LV FULWLFDO� WR� VRPH�PXOWLFDVW�DSSOLFDWLRQV�x &%7V� FDQ� UHVXOW� LQ� VR�FDOOHG� vWUDIILF� FRQFHQWUDWLRQw� RU� vKRW� VSRWVw� DURXQG�FRUH�URXWHUV�x &%7V� UHTXLUH� WKH� VHOHFWLRQ� RI� D� VPDOO� QXPEHU� RI� FRUH� URXWHUV�E\� D�JURXSuV�LQLWLDWRU�� &RUH� VHOHFWLRQ� DQG� SODFHPHQW�� L�H�� FRUH� PDQDJHPHQW�� DUH� QRW�UHTXLUHG�LQ�H[LVWLQJ�,3�PXOWLFDVW�VFKHPHV�'HVSLWH�LWV�GLVDGYDQWDJHV�IURP�RXU�VWXG\��ZH�VWLOO�WKLQN��ZLWK�LWV�UHODWLYHO\�VLPSOH�SURWRFRO�VWUXFWXUHV��LWV�VFDODELOLW\�DQG�ORZ�RYHUKHDG��&%7�KDV�WKH�SRWHQWLDO�IRU�UHDO�WLPH�PXOWLFDVW�DSSOLFDWLRQV� LQ� WKH� ,QWHUQHW�� SURYLGHG� WKDW� DQ� LPSURYHPHQW� WR� WKH� RULJLQDO� &%7� EH�LQFRUSRUDWHG�ZLWKRXW�VDFULILFLQJ�LWV�DGYDQWDJHV��+HQFH��WKLV�PRWLYDWHV�XV�WR�FRQGXFW�WKH�UHVHDUFK�WRZDUGV�WKH�PRGLILFDWLRQ�RI�WKH�RULJLQDO�&%7�WR�DGDSW�WR�WKH�UHDO�WLPH�PXOWLFDVW�WUDIILF�ZLWK�ORZ�FRVW��,Q�WKH�QH[W�FKDSWHU��ZH�ZLOO�IRUPXODWH�WKH�UHDO�WLPH�RSWLPDO�PXOWLFDVW�URXWLQJ�SUREOHPV�DQG�SURSRVH�D�VROXWLRQ�EDVHG�RQ�WKH�&%7�SURWRFRO��:H�WKHQ�SURSRVH�WKH�VWUDWHJ\� WR�RSWLPL]H� WKH�SDWK� IURP�VRXUFH�WR� WKH�VKDUHG�WUHH��$QG�ZH� ODWHU�SURSRVH�WZR�SDWK�VHOHFWLRQ�DOJRULWKPV� WKXV�RSWLPL]LQJ� WKH�RYHUDOO�&%7� WUHHV� WR�EDODQFH� WKH� WUHH�FRVW�IDFWRU�DQG�VXEMHFW�WR�WKH�HQG�WR�HQG�GHOD\�FRQVWUDLQWV���
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5($/�7,0(�237,0$/�08/7,&$67�5287,1*2YHUYLHZ�7KH� ,QWHUQHW� KDV� EHJXQ� XVLQJ� PXOWLFDVW� GHOLYHU\� WR� VXSSRUW� JURXS� FRPPXQLFDWLRQ��0XOWLFDVW�GHOLYHUV�SDFNHWV� IURP�D�VHQGHU� WR�D�JURXS�RI� UHFHLYHUV�RYHU�D�PXOWLFDVW� WUHH��7KH� SULPDU\� DGYDQWDJH� WKDW� PXOWLFDVW� KDV� RYHU� WUDGLWLRQDO� XQLFDVW� GHOLYHU\� LV� WKDW� WKH�VHQGHU�WUDQVPLWV�D�VLQJOH�SDFNHW�WR�UHDFK�DOO�RI�WKH�JURXS�PHPEHUV��UDWKHU�WKDQ�VHQGLQJ�D�VHSDUDWH�FRS\�WR�HDFK�UHFHLYHU��5HSOLFDWLRQ�RI�HDFK�SDFNHW�LV�KDQGOHG�E\�WKH�QHWZRUN�DQG� LV� GRQH� RQO\� ZKHQ QHFHVVDU\�� L�H�� DW� WKH� EUDQFKLQJ� SRLQWV� LQ� WKH� PXOWLFDVW� WUHH��$QRWKHU�UHFHQW�GHYHORSPHQW�KDV�EHHQ�WKH�LQFUHDVLQJ�XVH�RI�UHDO�WLPH�DSSOLFDWLRQV�LQ�WKH�,QWHUQHW�� 5HDO�WLPH� DSSOLFDWLRQV� LPSRVH� VWULQJHQW� GHOD\� DQG� WKURXJKSXW� FRQVWUDLQWV� RQ�WKH� QHWZRUN�� DV� FRPSDUHG� ZLWK� WUDGLWLRQDO� HODVWLF� DSSOLFDWLRQV�� :KHQ� UHDO�WLPH�DSSOLFDWLRQV�FRPPXQLFDWH�DFURVV�D�QHWZRUN��GDWD�PXVW� WUDYHUVH�WKH�QHWZRUN� LQ� WLPH�IRU�WKH�DSSOLFDWLRQ� WR�XVH� LW��/LNHZLVH��D�UHDO�WLPH�DSSOLFDWLRQ�RIWHQ�QHHGV�D�FHUWDLQ�DPRXQW�RI� WKURXJKSXW�� EHORZ� ZKLFK� LW� GRHV� QRW� UHFHLYHU� DGHTXDWH� VHUYLFH�� %HFDXVH� RI� WKHVH�FKDUDFWHULVWLFV�� UHDO�WLPH�DSSOLFDWLRQV� UHTXLUH�QHZ�PHFKDQLVPV��EH\RQG�7&3�DQG�EHVW�HIIRUW�VHUYLFH��WR�FRSH�ZLWK�GHOD\�DQG�ORVV��2QH� DSSURDFK� WR� LPSURYLQJ� WKH� SHUIRUPDQFH� RI� UHDO�WLPH� DSSOLFDWLRQV� RYHU� WKH�,QWHUQHW� LV� WR� GHVLJQ� QHZ� DGDSWLYH� WHFKQLTXHV�� VLPLODU� WR� WKH� XVH� RI� 7&3� IRU� HODVWLF�DSSOLFDWLRQV��7KHVH� WHFKQLTXHV� LQFOXGH�DGDSWLQJ�D�UHFHLYHUuV�DXGLR�SOD\EDFN�SRLQW�DQG�YDU\LQJ� D� UHFHLYHUuV� VXEVFULSWLRQ� WR� OHYHOV� RI� KLHUDUFKLFDOO\� HQFRGHG� YLGHR�� � $QRWKHU�DSSURDFK�LV�WR�XSJUDGH�WKH�EHVW�HIIRUW�VHUYLFH�PRGHO�RI�WKH�,QWHUQHW�WR�LQFOXGH�HQKDQFHG�OHYHOV� RI� VHUYLFH� FKDUDFWHUL]HG� E\� UHGXFHG� GHOD\� RU� LQFUHDVHG� EDQGZLGWK�� 0DQ\�UHVHDUFKHUV� LQ� WKLV�DUHD�KDYH�SURSRVHG�DQ� LQWHJUDWHG�VHUYLFHV�DUFKLWHFWXUH� WKDW�XVHV�D�FRPELQDWLRQ�RI� VFKHGXOLQJ�DOJRULWKPV��DGPLVVLRQ�FRQWURO�� DQG�D� UHVHUYDWLRQ�SURWRFRO� WR�FRQWURO�DFFHVV�WR�WKHVH�VHUYLFHV�OHYHOV��+XJH�HIIRUWV�DUH�FXUUHQWO\�XQGHU�ZD\��DW�ERWK�WKH�DOJRULWKP�DQG�SURWRFRO�OHYHOV��WR�GHYHORS�PXOWLFDVW�URXWLQJ�PHFKDQLVPV�ZKLFK�



��
x 6DWLVI\�WKH�4R6�UHTXLUHPHQWV�RI�WKH�UDSLGO\�HYROYLQJ�UHDO�WLPH�DSSOLFDWLRQV�x $UH�FDSDEOH�RI�PDQDJLQJ�WKH�QHWZRUN�UHVRXUFHV�HIILFLHQWO\��DQG��x 6FDOH�ZHOO�WR�ODUJH�QHWZRUN�VL]HV�5HVHDUFKHUV� KDYH� SURSRVHG� WKH� FRUH�EDVHG� WUHHV� �&%7�� DQG� SURWRFRO�LQGHSHQGHQW� PXOWLFDVWLQJ� �3,0�� SURWRFROV� WR� URXWH� PXOWLFDVW� GDWD� RQ� LQWHUQHWZRUNV��$OJRULWKPV� XWLOL]LQJ� &%7� FRQVWUXFW� D� VLQJOH� WUHH� IRU� HDFK� JURXS�� UHJDUGOHVV� RI� WKH�QXPEHU�RI�VHQGHUV��+RZHYHU��WKH�HQG�WR�HQG�GHOLYHU\�GHOD\�LV� ODUJHU�IRU�&%7�WKDQ�IRU�D�VRXUFH�EDVHG� WUHH� �6%7��� ,Q� WKLV� FKDSWHU�� ZH� SUHVHQWV� D� UHDO�WLPH� RSWLPDO� 0XOWLFDVW�URXWLQJ� EDVHG� RQ� PRGLILHG� &%7� Y�� SURWRFRO�� 7KH� SURSRVHG� SURWRFRO� FDQ� VXVWDLQ� WKH�VFDOLQJ� DGYDQWDJH� RI� &%7� ZLWKRXW� OHWWLQJ� WKH� GHOD\� IURP� VRXUFH� WR� DQ\� GHVWLQDWLRQ�H[FHHGV�D�UHDO�WLPH�FRQVWUDLQW��:H�DGRSWHG�D�VWUDWHJ\�FDOOHG�vWKH�VKRUWHVW�RI� WKH�VKRUWHVW�SDWKw�WR�RSWLPL]H�WKH�SDWK� IURP�VRXUFH� WR� WKH�VKDUHG�PXOWLFDVW� WUHH�� UHSODFLQJ� WKH�RULJLQDO�DSSURDFK�RI�&%7��ZKLFK�XVHV�D�VKRUWHVW�SDWK�IURP�VRXUFH�WR�D�FRUH�URXWHU���,Q�DGGLWLRQ�WR�VHOHFWLQJ�D�SDWK�LQ�D�PXOWLFDVW� WUHH�ZKLFK�GRHV�QRW�YLRODWH�WKH�HQG�WR�HQG�GHDGOLQH��ZH�SUHVHQW�WZR�QHZ�SDWK� VHOHFWLRQ�PHWKRGV� WKDW� WDNH�ERWK� FRVW� DQG�GHOD\� LQWR� FRQVLGHUDWLRQ��%\� FKDQJLQJ�WKH� SDWK� VHOHFWLRQ� IXQFWLRQ�� WKH� RYHUDOO� FRVW� RI� WKH� PXOWLFDVW� WUHH� FDQ� EH� UHGXFHG�VLJQLILFDQWO\� ZKLOH� VDWLVI\LQJ� WKH� UHDO�WLPH� GHOD\� FRQVWUDLQW� RI� WKH� DSSOLFDWLRQV�� � 2XU�VLPXODWLRQ�UHVXOWV�VKRZ�VLJQLILFDQW�LPSURYHPHQW�IRU�RXU�SURSRVHG�SURWRFRO�RYHU�WKH�&%7�Y���2Q� DYHUDJH� RXU� SURSRVHG�SURWRFRO� DOORZV� XV� WR� DFKLHYH WKH�EDODQFH� RI� RSWLPL]LQJ�FRVW�DQG�GHOD\�RI�WKH�VKDUHG�PXOWLFDVW�JURXS�WUHH������,QWURGXFWLRQ0XOWLFDVWLQJ� LV�D�FRPPXQLFDWLRQ�VHUYLFH�WKDW�DOORZV�DQ�DSSOLFDWLRQ�WR�HIILFLHQWO\�WUDQVPLW�FRSLHV�RI�D�GDWD�SDFNHW�WR�D�VHW�RI�UHFHLYHUV�WKDW�DUH�PHPEHUV�RI�D�PXOWLFDVW�JURXS��7KH�JURXS�LV�LGHQWLILHG�E\�D�ORFDWLRQ�LQGHSHQGHQW�PXOWLFDVW�JURXS�DGGUHVV��6HQGHUV�XVH�WKLV�DGGUHVV� LQ� WKH� GHVWLQDWLRQ� ILHOG� RI� WKH� SDFNHW�� PXOWLFDVW� URXWHUV� IRUZDUG� WKH� SDFNHW� WR�JURXS� PHPEHUV� XVLQJ� URXWLQJ� WDEOH� HQWULHV� IRU� WKLV� DGGUHVV�� 7KH� HQWULHV� IRUP� D� WUHH��ZKLFK�PD\�EH�D�VRXUFH�EDVHG� WUHH�RU�D�FHQWHU�EDVHG� WUHH�GHSHQGLQJ�RQ� WKH�PXOWLFDVW�URXWLQJ� SURWRFRO�� 0XOWLFDVW� JURXS� PHPEHUV� PD\� EH� VSUHDG� DFURVV� VHSDUDWH� SK\VLFDO�
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QHWZRUNV��WKH\�PD\�MRLQ�DQG�OHDYH�D�JURXS�GXULQJ�WKH�OLIH�RI�WKH�JURXS��DQG�WKH\�PD\�EH�PHPEHUV� RI� PXOWLSOH� JURXSV�� 0XOWLFDVW� URXWLQJ� KDV� EHHQ� SHUIRUPHG� E\� D� PXOWLFDVW�FDSDEOH�� YLUWXDO� QHWZRUN� UXQQLQJ� RQ� WRS� RI� WKH� LQWHUQHW� FDOOHG� WKH� PXOWLFDVW� EDFNERQH�v0ERQHw�� 7KH� 0ERQH� XVHV� WKH� GLVWDQFH� YHFWRU� PXOWLFDVW� URXWLQJ� �'9053� RU� WKH�PXOWLFDVW� H[WHQVLRQV� IRU� RSHQ� VKRUWHVW� SDWK� ILUVW� SURWRFRO� �0263)�� WR� URXWH� PXOWLFDVW�WUDIILF��&RPPRQ�XVHV�RI�PXOWLFDVWLQJ� LQFOXGH�DXGLR�DQG�YLGHR�FRQIHUHQFLQJ��GLVWULEXWHG�LQWHUDFWLYH� VLPXODWLRQ� �',6�� DFWLYLWLHV� VXFK� DV� WDQN� EDWWOH� VLPXODWLRQV�� DQG� H[FKDQJLQJ�H[SHULPHQWDO� GDWD� DQG� ZHDWKHU� PDSV�� '9053� DQG� 0263)� GHSHQG� RQ� IHDWXUHV� RI�XQGHUO\LQJ�SRLQW�WR�SRLQW� �XQLFDVW�� URXWLQJ�SURWRFROV��(IIRUWV� WR� UHPRYH� WKLV�GHSHQGHQF\�DQG� WR� GHYHORS� SRLQW�WR�PXOWLSRLQW� �PXOWLFDVW�� URXWLQJ� SURWRFROV� WKDW� RSHUDWH� LQ D�KLHUDUFKLFDO�PDQQHU�ZKLFK�VXEQHW�PXOWLFDVW� URXWLQJ�SURWRFROV� OHG�WR�WKH�GHYHORSPHQW�RI�WKH� FRUH�EDVHG� WUHH� �&%7�� SURWRFRO� >��� �@� DQG� WKH� VSDUVH� PRGH� RI� WKH� SURWRFRO�LQGHSHQGHQW�PXOWLFDVWLQJ��3,0��SURWRFRO�>��@��,Q�PXOWLFDVW� FRPPXQLFDWLRQ�� WKHUH� LV� D� VRXUFH� QRGH� V DQG� D� VHW� RI� GHVWLQDWLRQ�QRGHV� '�� 7KH� PXOWLFDVW� URXWLQJ� LV� WR� ILQG� D� URXWLQJ� WUHH� ZKLFK� LV� URRWHG� IURP� V DQG�FRQWDLQV� DOO� QRGHV� LQ� '�� 0XOWLFDVW� URXWLQJ� KDV� WZR� LPSRUWDQW� UHTXLUHPHQWV�� PLQLPDO�QHWZRUN�FRVW�DQG�VKRUWHVW�QHWZRUN�GHOD\��7KH�QHWZRUN FRVW�LV�WKH�RYHUDOO�QHWZRUN�FRVW�RI�WUDQVPLWWLQJ� D�PHVVDJH� WR� DOO� GHVWLQDWLRQV�� DQG� WKH� QHWZRUN� GHOD\� LV�PHDVXUHG� E\� WKH�ORQJHVW�GHOD\� IURP� WKH�VRXUFH� WR�DQ\�GHVWLQDWLRQV�� ,Q� UHDO�WLPH�DSSOLFDWLRQV�� WKHUH�RIWHQ�H[LVWV�D�UHDO�WLPH�FRQVWUDLQW�DQG�LW�LV�UHTXLUHG�WKDW�WKH�FRPPXQLFDWLRQ�EH�GRQH�ZLWKLQ�WKH�FRQVWUDLQW��7KHUH�LV�QR�QHHG�WR�DFKLHYH�WKH�VKRUWHVW�GHOD\�WR�HDFK�RI�WKH�GHVWLQDWLRQV�:H� SURSRVH� D� UHDO�WLPH� PXOWLFDVW� URXWLQJ� DOJRULWKP� ZKLFK� UHGXFHV� RYHUDOO�QHWZRUN� FRVW�ZLWKRXW� OHWWLQJ� WKH�GHOD\� IURP�D� VRXUFH� WR� DQ\�GHVWLQDWLRQ� H[FHHG�D� UHDO�WLPH� FRQVWUDLQW�� 6LPXODWLRQ� UHVXOWV� KDYH� VKRZQ� WKDW� RXU� DOJRULWKP� KDV� D� VLJQLILFDQW�LPSURYHPHQW�RYHU�WKH�RULJLQDO�&%7�Y��7KH� UHVW� RI� WKH� FKDSWHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� ���� SUHVHQWV� WKH� EULHI�SUHYLRXV�UHVHDUFK�LQ�UHDO�WLPH�PXOWLFDVW�QHWZRUN��6HFWLRQ�����GHVFULEHV�PXOWLFDVW�URXWLQJ�EDFNJURXQG�DQG�RXU�WZR�SURSRVHG�SDWK�VHOHFWLRQ�IXQFWLRQV�DUH�GLVFXVVHG�LQ�VHFWLRQ�����DQG�VHFWLRQ������6HFWLRQ�����GHVFULEHV� WKH�PRGLILFDWLRQ� WR� WKH�RULJLQDO�&%7�Y���ZLWK� WKH�IORZ�FKDUW�GHPRQVWUDWLQJ�WKH�PRGLILFDWLRQ�GHWDLO��6HFWLRQ�����VKRZV�WKH�VLPXODWLRQ�VHWXS�
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GHPRQVWUDWLQJ�WKH�FDSDELOLW\�RI�RXU�SURSRVHG�SURWRFRO��IROORZHG�E\�WKH�GLVFXVVLRQ�RI�WKH�VLPXODWLRQ�UHVXOWV�LQ�VHFWLRQ������7KH�FKDSWHU�FRQFOXGHV�ZLWK�6HFWLRQ����������3UHYLRXV�:RUN'HWDLO� VXUYH\� RI� WKH�PXOWLFDVW� URXWLQJ�SUREOHPV�FDQ�EH� IRXQG� LQ�FKDSWHU���� �:H�EULHIO\�GLVFXVVHG�VRPH�RI� WKH�PXOWLFDVW� URXWLQJ�DOJRULWKPV�ZKLFK�DUH�UHOHYDQW� WR� WKH�FRQWH[W�RI�UHDO�WLPH� PXOWLFDVW� URXWLQJ� SUREOHPV�� 2SWLPDO� DOJRULWKPV� IRU� FRQVWUXFWLQJ� GHOD\�FRQVWUDLQHG�PLQLPXP�6WHLQHU�WUHHV�H[LVW��EXW�WKHLU�H[HFXWLRQ�WLPHV�DUH�SURKLELWLYHO\�ODUJH��EHFDXVH� WKH� SUREOHP� LV� 13�FRPSOHWH� >��@�� 6HYHUDO� GHOD\�FRQVWUDLQHG� 6WHLQHU� WUHH�KHXULVWLFV� KDYH� EHHQ� SURSRVHG� GXULQJ� WKH� SDVW� IHZ� \HDUV�� 7KH� KHXULVWLFV� SURSRVHG� LQ�>���@� XVH� D� GHOD\�FRQVWUDLQHG� %HOOPDQ�)RUG� VKRUWHVW� SDWK� DOJRULWKP� GXULQJ� WKH�FRPSXWDWLRQ� RI� WKH� GHOD\�FRQVWUDLQHG� 6WHLQHU� WUHH�� >��@� SUHVHQWHG� D� GHOD\�FRQVWUDLQHG�KHXULVWLF� EDVHG� RQ� 'LMNVWUD� VKRUWHVW� SDWK� DOJRULWKP�� $� KHXULVWLF� WKDW� FRQVWUXFWV� D�0XOWLFDVW� WUHH� VXEMHFW� WR� ERWK� DQ� XSSHU� ERXQG� RQ� HQG�WR�HQG� GHOD\� DQG� RQ� GHOD\�YDULDWLRQ� LV�JLYHQ� LQ� >��@�� ,Q�.0%�DOJRULWKP�>��@��D�QHWZRUN� LV�DEVWUDFWHG�WR�D�FRPSOHWH�GLVWDQFH� JUDSK� FRQVLVWLQJ� RI� HGJHV� WKDW� UHSUHVHQW� WKH� VKRUWHVW� SDWKV� EHWZHHQ� WKH�VRXUFH� QRGH� DQG� HDFK� GHVWLQDWLRQ� QRGH�� 7KH� .0%� DOJRULWKP� FRQVWUXFWV� D� PLQLPXP�VSDQQLQJ� WUHH� LQ� WKH� FRPSOHWH� GLVWDQFH� JUDSK�� DQG� WKH� 6WHLQHU� WUHH� RI� WKH� RULJLQDO�QHWZRUN� LV� REWDLQHG� E\� DFKLHYLQJ� WKH� VKRUWHVW� SDWKV� UHSUHVHQWHG� E\� HGJHV� LQ� WKH�PLQLPXP�VSDQQLQJ�WUHH��.RPSHOOD��3DVTXDOH��DQG�3RO\]RV�>��@�SURSRVHG�WZR�KHXULVWLFV�WKDW� DGGUHVV�GHOD\�ERXQGHG�PXOWLFDVW� WUHHV�� FDOOHG�.33�� ,Q� WKHLU� IRUPXODWLRQ�� WKH�GHOD\�ERXQG� IRU� DOO� GHVWLQDWLRQV� LV� WKH� VDPH�� IXUWKHUPRUH�� WKH� DOJRULWKP� DVVXPHV� WKDW� OLQN�GHOD\V� DQG� WKH� GHOD\� ERXQG� DUH� LQWHJHU� YDOXHG� DQG� WKDW� OLQN� FRVWV� DQG� GHOD\V� DUH�V\PPHWULF��.33�H[WHQGV�WKH�.0%�DOJRULWKP�E\�WDNLQJ�LQWR�DFFRXQW�WKH�FRQVWUDLQW�RI�WKH�VSHFLILHG� GHOD\� ERXQG� LQ� WKH� FRQVWUXFWLRQ� RI� WKH� FRPSOHWH� GLVWDQFH� JUDSK�� >��@�SURSRVHG� WKH� ERXQGHG� VKRUWHVW� PXOWLFDVW� DOJRULWKP� �%60�� DOJRULWKP� IRU� FRQVWUXFWLQJ�PLQLPXP�FRVW� PXOWLFDVW� WUHHV� ZLWK� GHOD\� FRQVWUDLQWV�� � %60$� KDQGOHG� DV\PPHWULF� OLQN�FKDUDFWHULVWLFV�DQG�YDULDEOH�GHOD\�ERXQGV�RQ�GHVWLQDWLRQV��VSHFLILHG�DV�UHDO�YDOXHV��DQG�PLQLPL]HV� WKH� WRWDO�FRVW�RI�D�PXOWLFDVW� URXWLQJ� WUHH�� �%XW�%60$�LV�QRW�VXLWDEOH� IRU� ODUJH�VFDOH� QHWZRUNV� ZKHUHE\� KLHUDUFKLFDO� URXWLQJ� VKRXOG� EH� DSSOLHG� WR� FRSH� ZLWK� QHWZRUN�VL]H�VXFK�DV�263)��2SHQ�VKRUWHVW�SDWK�ILUVW��URXWLQJ�SURWRFRO�
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>��@�SURSRVHG�D�K\EULG�PXOWLFDVW�URXWLQJ�DOJRULWKP�RI WKH�&%7�DQG�3,0�60��7KH�SURSRVHG� DOJRULWKP� EXLOGV� D� ELGLUHFWLRQDO� VKDUHG� WUHH� FHQWHUHG� DURXQG� D� UHQGH]YRXV�SRLQW�DV�LQ�WKH�&%7�DQG�DOVR�EXLOGV�D�VKRUWHVW�SDWK�WUHH�URRWHG�DW�D�VHQGHU�DV�LQ�WKH�3,0�60� LI� WKH� PHVVDJH� WUDQVPLVVLRQ� UDWH� IURP� WKDW� VHQGHU� LV� DERYH� D� WKUHVKROG�� 7KH�PHVVDJH�WUDQVPLVVLRQ�GHOD\�LV� ORZHU�WKDQ�ERWK�WKH�&%7�DQG�WKH�3,0�60��+RZHYHU��WKH�RYHUKHDGV�GXH�WR�FRQWURO�PHVVDJHV�WR�EXLOG�DQG�PDLQWDLQ�WKHVH�WUHHV�DUH�VOLJKWO\�KLJKHU�WKDQ�WKH�3,0�60�DQG�PXFK�KLJKHU�WKDQ�WKH�&%7���6LPLODU�LGHD�ZDV�SURSRVHG�E\�>��@�LQ�FRSLQJ�ZLWK�WKH�GLVDGYDQWDJHV�RI�&%7�ZKHUHE\�D�QRQ�FRUHG�EDVHG�WUHH��1&%7��LV�XVHG��:LWK� WKLV� VFKHPH� QR� FRUH� QRGHV� DUH� DVVLJQHG�� EXW� D� PXOWLFDVW� QRGH� DPRQJ� RQ�WUHH�QRGHV�LV�DVVLJQHG�WR�HDFK�QHZ�LQFRPLQJ�PHPEHU��7KLV�PXOWLFDVW�QRGH�LV�VHOHFWHG�VXFK�WKDW�WKH�OHQJWK�RI�WKH�SDWK�IURP�WKH�LQFRPLQJ�XVHU�WR�D�PXOWLFDVW�QRGH�DQG�WKH�PD[LPXP�HQG�WR�HQG�GHOD\�RQ�WKH�WUHH�DUH�MRLQWO\�PLQLPL]HG���>���@�SURSRVHG�4R6�JXDUDQWHHG�RQ�&%7�ZLWK�PHPEHU�MRLQ�OHDYH�DGPLVVLRQ�WHVWV�VR�DV�WR�SURYLGH�DGHTXDWH�4R6���+RZHYHU��LW� LV� LQWHUHVWLQJ� WR� ILQG� DQ� DSSURSULDWH� WKUHVKROG� OHYHO� DW� ZKLFK� WKH� DGYDQWDJH� RI�FRPSOHWHO\� UHFRQVWUXFWLRQ� WKH�PXOWLFDVW� WUHH� �H�J�� KLJKHU� SUREDELOLW\� RI� DSSURYLQJ�PRUH�MRLQ� UHTXHVWV�� RIIVHW� WKH� FRUUHVSRQGLQJ� RYHUKHDG�� 5HFHQW� ZRUNV� RQ� UHDO�WLPH�PXOWLFDVW�URXWLQJ�ZHUH�GHVFULEHG�LQ�>������������@���:H�EHOLHYH�WKDW�RXU�ZRUN�LV�GLIIHUHQW�IURP�SUHYLRXV�UHDO�WLPH�PXOWLFDVW�DOJRULWKPV�ZKLFK�IRFXV�RQ�WKH�6WHLQHU�WUHHV��WKDW�LV�VXLWDEOH�IRU�D�VLQJOH�VRXUFH�DQG�VWDWLF�PXOWLFDVW�JURXS�HQYLURQPHQW��ZKLOH�RXUV�EDVHV�RQ�PRUH�SUDFWLFDO�VKDUHG�WUHHV�DQG�PRUH�VFDODEOH�PXOWLFDVW�URXWLQJ�SURWRFRO�VXFK�DV�&%7������0XOWLFDVW�5RXWLQJ�3URWRFROV�������6RXUFH�%DVHG�7UHHV�DQG�6KDUHG�7UHHV'DWD�SDFNHWV�DGGUHVVHG�WR�D�PXOWLFDVW�JURXS�PD\�EH�URXWHG�RQ�D�WUHH�WKDW�LV�VSHFLILF�WR�WKH� SDUWLFXODU� VHQGHU� DQG� JURXS� RU� D� WUHH� WKDW� LV� VKDUHG� E\� DOO� RI� WKH� VHQGHUV� WR� WKH�JURXS�� 7KH� ILUVW� DSSURDFK� XVHV� D� VRXUFH�EDVHG� WUHH� �6%7�� WKDW� LV� D� VKRUWHVW�SDWK� WUHH�URRWHG�DW�D�VHQGHU��7KH�EUDQFKHV�RI� WKH� WUHH�DUH� WKH�VKRUWHVW�SDWKV� IURP�WKH�VHQGHU� WR�HDFK� RI� WKH�JURXS�PHPEHUV��$� VHSDUDWH� WUHH�PXVW� EH� FRQVWUXFWHG� IRU� HDFK� VHQGHU� WR�HDFK�DFWLYH�PXOWLFDVW�JURXS��$�SURWRFRO�WKDW� LPSOHPHQWV�6%7�LV�WKH�GHQVH�PRGH�RI�3,0�
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)LJXUH�������)ORZ�FKDUW�RI�RXU�SURSRVHG�SURWRFRO�ZLWK�WZR�SDWK�VHOHFWLRQ�IXQFWLRQV
7KH�SURSRVHG�PHWKRG�WDNHV�PRUH�RII�OLQH�WLPH�WR�FROOHFW� ORFDWLRQV�RI�QRGHV�DQG�FRPSXWH� WKH� VKRUWHVW� SDWKV�� 2QFH� WKH� URXWH� LV� GHWHUPLQHG�� WKH� UXQWLPH� RYHUKHDG� LV�VOLJKWO\�KLJKHU�WKDQ�WKDW�LQ�WKH�&%7�Y��>��@���
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,Q� LPSOHPHQWLQJ� RXU� SURWRFRO�� KRZHYHU�� WKH� QHWZRUN� UHTXLUHV� DQ� DGGLWLRQDO�FDSDELOLW\�� $OO� QRGHV� LQ� WKH� QHWZRUN� VKRXOG�PDLQWDLQ� WKH� FXUUHQW� WUHH� LQIRUPDWLRQ�� VLQFH�RQH�RI�WKH�RQ�WUHH�QRGHV�LV�VHOHFWHG�DV�DQ�DFFHVV�SRLQW�WR�WKH�VKDUHG�WUHH�LQ�OLHX�RI�WKH�FRUH� QRGH� LQ� &%7�� ,Q� WKH� &%7� DSSURDFK�� DOO� QRGHV� LQ� WKH� QHWZRUN� PXVW� NHHS� WKH�LQIRUPDWLRQ�RI�WKH�FRUH�QRGH�ORFDWLRQ��7R�GR�WKLV��WKH�ERRWVWUDS�URXWHU��%65���EURDGFDVWV�WKH� LQIRUPDWLRQ� RI� FDQGLGDWH� FRUH� QRGHV� RQWR� DOO� &%7� URXWHUV�� 6LPLODUO\�� LQ� RXU�IRUPXODWLRQ��WKH�LQIRUPDWLRQ�RI�RQ�WUHH�QRGH�LV�EURDGFDVWHG�WR�DOO�URXWHUV��7KH�DGGLWLRQDO�RYHUKHDG� LV� WKH� DGGUHVV� RI� WKH� GHVLJQDWHG� RQ�WUHH� QRGH� IRU� HDFK� VRXUFH� DQG� HDFK�PXOWLFDVW�JURXS��1RWH� WKDW� WKH�RYHUKHDG�UHTXLUHG�IRU�WKH�WUHH�EXLOGLQJ�DQG�PDLQWHQDQFH�LV�QHDUO\�WKH�VDPH�IRU�ERWK�DSSURDFKHV�7R� SURYH� WKDW� RXU� SURSRVHG� SURWRFRO� LV� ORRS�IUHH�� ZH� DVVXPH� WKDW� WKH� H[LVWLQJ�WUHH�GRHV�QRW�FRQWDLQ�D�ORRS��DQG�SURYH�LQIRUPDOO\�WKDW�D�QHZO\�DGGHG�EUDQFK�GRHV�QRW�FUHDWH�D�ORRS�>�@��,Q�RXU�SURSRVHG�SURWRFRO��ZH�DVVXPH�WKDW�HYHU\�RQ�WUHH�QRGH�KDV�WKH�VDPH� LQIRUPDWLRQ� WKDW� WKH�FRUH�QRGH�KDV��6R�DOO�RQ�WUHH� URXWHUV�VLPXODWH� WKH� UROH�RI� WKH�FRUH�� L�H�� WKH� ZKROH� PXOWLFDVW� WUHH� VKRZV� WKH� VDPH� LQSXW� DQG� RXWSXW� DV� D� KXJH� FRUH��ZKLFK�KDV�HGJHV�FRQQHFWHG� WR�DOO� URXWHUV�DGMDFHQW� WR� WKH�WUHH��7KXV�� WKH�HVWDEOLVKPHQW�RI�D�QHZ�EUDQFK� LQ�RXU�SURSRVHG�SURWRFRO�VLPXODWHV�EXLOGLQJ�WKH�ILUVW�EUDQFK� LQ�D�&%7��7KXV��LI�&%7�LV�ORRS�IUHH��WKHQ�RXUV�LV�DOVR�ORRS�IUHH������6LPXODWLRQ�,Q� WKLV� VHFWLRQ��ZH�ZLOO� GHVFULEH� WKH� VLPXODWLRQ� UHVXOWV�DQG�GLVFXVV� WKH�SHUIRUPDQFH�RI�RXU� SURWRFRO�� :H� DGRSWHG� WKH� :D[PDQ� DSSURDFK� LQ� >���@� WR� FRQVWUXFW� RXU� QHWZRUN�JUDSK���,Q�RXU�H[SHULPHQWV��ZH�XVHG�DQ�DYHUDJH�QRGH�GHJUHH�RI����ZKLFK�LV�FORVH�WR�WKH�DYHUDJH�QRGH�GHJUHH�RI�WKH�FXUUHQW�,QWHUQHW��:H�GLVWULEXWHG�Q�QRGHV�UDQGRPO\�DFURVV�D�&DUWHVLDQ�FRRUGLQDWH�JULG�RI�VL]H�����E\������1RGHV�LQ�WKH�QHWZRUN�JUDSK�UHSUHVHQW�WKH�FRPPXQLFDWLRQ� HQGSRLQWV�� 7KH� HGJHV� FRQQHFWLQJ� WKH� QRGHV� UHSUHVHQW� OLQNV�� (GJHV�EHWZHHQ�QRGHV�DUH�DGGHG�E\�FRQVLGHULQJ�WKH�SUREDELOLW\�IXQFWLRQ�

3�X�Y�  �E H[S���G�X�Y���/D� �����
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IRU� DOO� SRVVLEOH�SDLU� �X�Y�� RI� QRGH��ZKHUH�G�X�Y� LV� WKH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ� WKH�QRGHV�X DQG�Y��/ LV� WKH�PD[LPXP�SRVVLEOH�GLVWDQFH�EHWZHHQ�DQ\�WZR�QRGHV��DQG�E��DDUH� SDUDPHWHUV� LQ� WKH� UDQJH� ������� /DUJH� YDOXHV� RI�E LQFUHDVHV� WKH� QXPEHU� RI� HGJHV�IURP�HDFK�QRGH�ZKLOH�VPDOOHU�YDOXHV�RI�D LQFUHDVHV�WKH�QXPEHU�RI�FRQQHFWLRQV�WR�QHDUHU�QRGHV�FRPSDUHG�WR�QRGHV�IXUWKHU�DZD\��,Q�RXU�VLPXODWLRQ��ZH�VHW�E WR������DQG�D WR�����WR�VLPXODWH�D�ODUJH�QHWZRUN�VXFK�DV�WKH�,QWHUQHW��7R�VLPXODWH�WKH�SURSDJDWLRQ�GHOD\��ZH�DVVLJQHG� WR� HDFK� HGJH�D�QHWZRUN�GHOD\�HTXLYDOHQW� WR� WKH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ�WKH� WZR� QRGHV�� $Q� H[DPSOH� RI� D� UDQGRPO\� JHQHUDWHG� QHWZRUN� RI� ��� QRGHV� DQG� DQ�DYHUDJH�GHJUHH�RI���LV�VKRZQ�LQ�ILJXUH�������,Q�WHUPV�RI�QHWZRUN�FRVW��ZH�H[SHULPHQWHG�ZLWK�UDQGRP�FRVW�YDOXH�LQ�WKH�UDQJH���WR����WR�HDFK�HGJH��DQG�ZLWK�XQLW�FRVW�HTXDWHV�WR�KRS�FRXQW�IRU�HDFK�HGJH��:H�IRXQG�WKDW�XVLQJ�XQLW�FRVW�SURGXFHV�VLPLODU�UHVXOWV�WR�WKDW�RI�WKH�UDQGRP�FRVW��
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)LJXUH�������$�UDQGRPO\�JHQHUDWHG�QHWZRUN�����QRGHV��DYHUDJH�GHJUHH���
&%7�YHUVLRQ��uV�VSHFLILFDWLRQV�GHVFULEHG�LQ�5)&������LV�DOVR�VLPXODWHG�RQ�QV���>��@�DV�D�EDVHOLQH��7KH�VLPXODWLRQ�HQYLURQPHQW� LV�GHSLFWHG� LQ�7DEOH������$W�HDFK�VLPXODWLRQ� WKH�PXOWLFDVW� JURXS� VL]H� DQG� WKH� UHDO�WLPH� FRQVWUDLQW� YDOXHV�' YDU\��(DFK� WLPH� WKH� VRXUFH�QRGH�DQG WKH�GHVWLQDWLRQ�VHW�ZHUH�UDQGRPO\�VHOHFWHG�IURP�WKH�QHWZRUN�JUDSK��:H�XVHG�D� VWDWLF� PXOWLFDVW� PRGHO� LQ� RXU� H[SHULPHQW�� :H� DVVXPHG� LQ� RXU� H[SHULPHQW� WKDW� WKH�QHWZRUN� LV�V\PPHWULF�� L�H��� OLQN�FRVW�DQG�OLQN�GHOD\�LQ�ERWK�GLUHFWLRQV�DUH�WKH�VDPH��7KLV�
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FDQ�EH�UHSUHVHQWHG�DV�DQ�XQGLUHFWHG�QHWZRUN�LQ�ZKLFK�&�H�� �&�'��DQG�'�H�� �'�'��IRU�DOO� H � (�� � 7KH� H[SHULPHQW� ZDV� UXQ� UHSHDWHGO\� XQWLO� WKH� FRQILGHQFH� LQWHUYDO� IRU� WKH�QXPEHU�RI�DOO�PHDVXUHG�TXDQWLWLHV�DUH�OHVV�WKDQ����XVLQJ�WKH�����FRQILGHQFH�OHYHO��2Q�WKH�DYHUDJH������GLIIHUHQW�QHWZRUNV�ZHUH�VLPXODWHG�LQ�HDFK�H[SHULPHQW�LQ�RUGHU�WR�UHDFK�VXFK� FRQILGHQFH� OHYHOV�� 7KH� ODEHO� v0RGLILHG� &%7:'w� GHQRWHV� RXU� SURSRVHG� PRGLILHG�&%7� SURWRFRO� XVLQJ� :HLJKWHG� 'LMNVWUDuV� SDWK� VHOHFWLRQ� PHWKRG�� ZKLOH� ODEHO� v0RGLILHG�&%75'w� FRUUHVSRQGV� WR� RXU� SURSRVHG�PRGLILHG� &%7� SURWRFRO� XVLQJ� WKH� UHVLGXDO� GHOD\�SDWK�VHOHFWLRQ�IXQFWLRQ��

6LPXODWLRQFRPSRQHQWV 'HVFULSWLRQ
&38
QV�2SHUDWLQJ�6\VWHP 3HQWLXP�,,,�����0K]������0%�5$0�����*%�+DUG�'LVN/LQX[�5HG�+DW����QV����E�

7DEOH�������6LPXODWLRQ�HQYLURQPHQW�
7KH�IROORZLQJ�SHUIRUPDQFH�PHWULFV�DUH�FRQVLGHUHG�x (QG�WR�HQG�GHOD\�ERXQG��7LPH�HODSVHG�EHWZHHQ WKH�JHQHUDWLRQ�RI� D�SDFNHW� DW�D�VRXUFH� DQG� WKH� UHFHSWLRQ� RI� WKDW� SDFNHW� E\� D� JURXS� PHPEHU�� 7KH� DYHUDJH�SURSDJDWLRQ�GHOD\�LV�FRPSDUHG�EHWZHHQ�RXU�SURSRVHG�SURWRFRO�WR� LWV�FRXQWHUSDUW�LQ�&%7� Y���$OVR�� WKH� UHVXOWV� VKRXOG�SURYH� WKDW� RXU�SURWRFRO� FDQ� URXWH� WKH SDFNHW�ZLWKLQ� D� WLPH� GHOD\� ERXQG� RI� WKH� UHDO�WLPH� DSSOLFDWLRQ� �PD[LPXP� HQG�WR�HQG�GHOD\���x 1HWZRUN�UHVRXUFH�XVDJH��7RWDO�QXPEHU�RI�KRSV�D�PXOWLFDVW�SDFNHW�WUDYHOV�WR�UHDFK�DOO�GHVWLQDWLRQ�LQ�WKH�PXOWLFDVW�JURXSV��,W�LV�FRPSXWHG�E\�GLYLGLQJ�WKH�WRWDO�QXPEHU�RI�KRSV�PHDVXUHG�LQ�D�VLPXODWLRQ�E\�WKH�QXPEHU�RI�SDFNHWV�UHFHLYHG�x 7UDIILF�FRQFHQWUDWLRQ��7UDIILF�FRQFHQWUDWLRQ� LV�PHDVXUHG�E\� WKH�PD[LPXP�QXPEHU�RI� IORZV�WUDYHUVLQJ�D�XQLGLUHFWLRQDO� OLQN��WKH� ORDG�RI� WKH�PRVW�FRQJHVWHG� OLQN���7KH�GLVWULEXWLRQ�RI� WUDIILF� LV�REVHUYHG�DQG�FRPSDUHG�ZLWK� WKDW�RI� WKH�&%7�Y���DOVR� WKH�
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FKDQJH� LQ� WKH� PD[LPXP� OLQN� ORDG� RI� HDFK� PXOWLFDVW� WUHH�� 7KLV� DOVR� VKRZV� OLQN�XWLOL]DWLRQ�RI�RXU�SURSRVHG�SURWRFRO�DJDLQVW�WKDW�RI�WKH�&%7�Y��x /RVV�5DWH��7KH�ORVV�UDWH�PHDVXUHV�WKH�IUDFWLRQ�RI�WKH WUDQVPLWWHG�SDFNHWV�WKDW�DUH�QRW� GHOLYHUHG� DW� DOO� RU� DUH� GHOLYHUHG� VR� ODWH� DV� WR� EH� XVHOHVV� IRU� UHDO�WLPH�DSSOLFDWLRQV��7KLV�DOVR�VKRZV�WKH�HIIHFWLYHQHVV�RI�RXU�SURWRFRO�LQ�FRQVWUXFWLQJ�WKH�DFFHSWDEOH�PXOWLFDVW�WUHH�IRU�D�JLYHQ�GHOD\�ERXQG�x ([HFXWLRQ� WLPH�� 7KH� H[HFXWLRQ� WLPH� PHDVXUHV� WKH� UXQQLQJ� WLPH� RI� RXU� DOJRULWKP�IURP�VWDUW�XQWLO�WKH�WLPH�WKH�PXOWLFDVW�WUHH�LV�FRPSOHWHO\�IRUPHG������3HUIRUPDQFH�HYDOXDWLRQ7KH�VLPXODWHG�WUDIILF�LV�ZLWK�EXUVW�VL]H���0%��DQG�DYHUDJH�UDWH�RI���0E�V��7KH�PD[LPXP�OHQJWK� RI� WKH� SDFNHW� ZDV� VHW� WR� ����� E\WHV�� 7KH� OLQN� FDSDFLW\� RI� DOO� WKH� OLQNV� LQ� WKH�QHWZRUN� ZDV� FKRVHQ� UDQGRPO\� IURP� WKH� VHW� RI� ^��� �� DQG� �`� 0E�V�� :H� UHSHDWHG� RXU�H[SHULPHQW�ZLWK�GLIIHUHQW�OLQN�FDSDFLW\��7KH�UHVXOWV�KDYH�VLPLODU�WUHQGV��:H�ZRXOG�OLNH�WR�PHQWLRQ�KHUH�WKDW�WKH�FKRLFH�RI�RXU�WUDIILF�LV�QRW�WR�EH�HPSKDVL]HG�LQ�WKLV�VWXG\�VLQFH�RXU�JRDO�LV�WR�FRPSDUH�WKH�SHUIRUPDQFH�SURGXFHG�E\�RXU�SURSRVHG�SURWRFRO�XQGHU�LGHQWLFDO�QHWZRUN�FRQGLWLRQV��������$YHUDJH�HQG�WR�HQG�GHOD\$YHUDJH�HQG�WR�HQG�GHOD\�LV�WKH�DYHUDJH�SHULRG�IRU�D�GDWD�SDFNHW�WR�EH�URXWHG�WKURXJK�WKH� QHWZRUN� IURP� WKH� DSSOLFDWLRQ� ZKHUH� LW� ZDV� FUHDWHG� WR� D� GHVWLQDWLRQ� DSSOLFDWLRQ��'LIIHUHQW� YDOXHV� RI�&Z�DQG�'Z� LQ�RXU�:HLJKWHG�'LMNVWUDuV�6KRUWHVW�3DWK�7UHH�DOJRULWKP�ZHUH�H[SHULPHQWHG�LQ�RUGHU�WR�REWDLQ�WKH�EHVW�WRWDO�QHWZRUN�FRVW�SHUIRUPDQFH��7KHQ��ZH�UHSHDWHG� WKH� H[SHULPHQW� XVLQJ� WKH� UHVLGXDO� GHOD\�SDWK� VHOHFWLRQ� IXQFWLRQ� WR�FUHDWH� WKH�PXOWLFDVW� WUHH�� )LJXUH�����DQG� ILJXUH����� VKRZ� WKH� UHVXOWV�RI� RXU�SURSRVHG�SURWRFROV� WR�WKHLU� FRXQWHUSDUWV� LQ� &%7� Y�� LQ WHUPV� RI� WRWDO� QHWZRUN� FRVW� DJDLQVW� PD[LPXP� QHWZRUN�HQG�WR�HQG�GHOD\�IRU�PXOWLFDVW�JURXS�VL]HV�RI����DQG������7KH\�UHYHDO�WKDW�RXU�SURSRVHG�SURWRFROV�\LHOG�EHWWHU�FRVW�DQG�GHOD\�SHUIRUPDQFH�WKDQ�WKRVH�RI�WKH�RULJLQDO�&%7�IRU�ERWK�PXOWLFDVW�JURXS�VL]HV��,W LV�HYLGHQW�IURP�ILJXUH�����WKDW�&%7�\LHOGV�WKH�ZRUVW�QHWZRUN�FRVW�WUHH��ZKLFK� LV�XS� WR� WKUHH� WLPHV�WKH�QHWZRUN�FRVW�RI�RXU�PRGLILHG�SURWRFROV��$W�DOO�GHOD\�FRQVWUDLQW�YDOXHV��PRGLILHG�&%75' FDQ�FRQVLVWHQWO\�VXVWDLQ�D�ORZHU�FRVW�WUHH�WKDQ�WKDW�RI�
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WKH�PRGLILHG�&%7:'��,W FDQ�EH�VHHQ�IURP�ILJXUH�����WKDW�PRGLILHG�&%75' FDQ�SURGXFH�XS�WR������OHVV�FRVW�WUHH�WKDQ�WKDW�RI�WKH�PRGLILHG�&%7:'�:H� DUH� LQWHUHVWHG� LQ� FRPSDULQJ� WKH� RYHUDOO� QHWZRUN� FRVW� DJDLQVW� UHDO�WLPH�FRQVWUDLQW�'�� )RU� D� VPDOOHU�'�� QR� URXWLQJ� WUHH� ZKLFK� VDWLVILHV� WKH� UHDO�WLPH� FRQVWUDLQW�H[LVWV��' LV� LQFUHPHQWHG��XQWLO� WKH�QHWZRUN�FRVW�DOPRVW� OHYHOV�RII��)LJXUH�����DQG� ILJXUH�����VKRZ� WKH�KLVWRJUDPV�RI� WKH� UDWLR�RI� WKH�DYHUDJH�HQG�WR�HQG�GHOD\� LQ�&%7��PRGLILHG�&%7:' DQG�PRGLILHG�&%75' UHVSHFWLYHO\�� ,W UHYHDOV� WKDW� WKH�ERWK�PRGLILHG�&%7:' DQG�PRGLILHG� &%75' KDYH� EHWWHU� GHOD\� SHUIRUPDQFH� WKDQ� WKDW� RI� WKH� &%7�� 2Q� DYHUDJH��PRGLILHG� &%75' SHUIRUPV� EHVW� LQ� WHUPV� RI� XWLOL]LQJ� D� VKRUWHU� GHOD\� SDWKV�� ZKLOH�PDLQWDLQLQJ�ORZHU�FRVW�WUHH��
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)LJXUH�������7RWDO�QHWZRUN�FRVW�DJDLQVW�HQG�WR�HQG�GHOD\�FRQVWUDLQW��PXOWLFDVW�JURXS�PHPEHU� �����
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)LJXUH�������$�+LVWRJUDP�RI�DYHUDJH�GHOD\�LQ�PRGLILHG�&%7:' FRPSDUHG�WR�LWV�FRXQWHUSDUW�LQ�&%7�
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)LJXUH�������$�+LVWRJUDP�RI�DYHUDJH�GHOD\�LQ�PRGLILHG�&%75' FRPSDUHG�WR�LWV�FRXQWHUSDUW�LQ�&%7�
�������1HWZRUN�UHVRXUFH�XVDJH$�VLPSOH�PHWKRG�WR�URXWH�D�SDFNHW�WR�DOO� LQWHUHVWHG�UHFHLYHUV�LV�WR�XQLFDVW�WKH�SDFNHW�WR�HDFK�UHFHLYHU��+RZHYHU��XQLFDVWLQJ� LV� OLNHO\� WR�URXWH�VHYHUDO�FRSLHV�RI� WKH�VDPH�SDFNHW�RYHU� OLQNV� LQ� WKH�QHWZRUN��0XOWLFDVW�SURWRFROV�VHQG�RQO\�D�VLQJOH�FRS\�RI�D�SDFNHW�RYHUDQ\� OLQN� LQ� WKH�QHWZRUN�DQG� UHTXLUH� IHZHU�KRSV� WR�GHOLYHU� WKH�SDFNHW� WKDQ�XQLFDVWLQJ� LQ�PRVW�FDVHV��2XU�VLPXODWLRQ�FRPSDUHV� WKH�PRGLILHG�&%7�DQG�&%7�Y�� LQ�ZKLFK�SURWRFRO�GHOLYHUV�D�FRS\�RI�D�SDFNHW�WR�DOO�JURXS�PHPEHUV�LQ�WKH�IHZHVW�QXPEHU�RI�KRSV��)LJXUH����DQG�ILJXUH�����VKRZ�WKH�UHVXOW�RI�WKH�QHWZRUN�UHVRXUFH�DJDLQVW�' ZKHUHE\�PXOWLFDVW�JURXS�VL]H�DUH�VHW�DW����DQG������7KH�VLPXODWLRQ�UHVXOWV�VKRZ�WKDW�WKH�QHWZRUN�UHVRXUFH�XVDJH�RI�RXU�SURSRVHG�SURWRFROV�DUH�ZLWKLQ�����OHVV�WKDQ�WKDW�RI�WKH�&%7��:LWK�UHOD[HG�HQG�WR�HQG� GHOD\� YDOXHV�� DOO� SURWRFROV� FDQ� HDVLO\� ILQG� OHVV� KRS� FRXQW� SDWK� WR� HDFK�PHPEHU��+HQFH��WKHUH�DUH�PRUH�DOWHUQDWH�SDWKV�WKDW�PLQLPL]H�WKH�QXPEHU�RI�KRS�FRXQWV�ZKLFK� LQGLUHFWO\�GHFUHDVH� WKH�GHOD\�DORQJ� WKDW�SDWK��:H�FRQGXFWHG�RXU�H[SHULPHQW�E\�YDU\LQJ� GLIIHUHQW� HQG�WR�HQG� GHOD\� WLPH� FRQVWUDLQW� YDOXHV� DQG� IRXQG� WKDW� RXU� PRGLILHG�SURWRFROV�� ZKLOH� FRPSO\LQJ� WR� HQG�WR�HQG� WLPH� GHOD\�� XVH� IHZHU� KRS� FRXQWV� WKDQ� WKHLU�FRXQWHUSDUW��:H�SHUIRUPHG�DQRWKHU�VHW�RI�H[SHULPHQW� WR�FRPSDUH�QHWZRUN�FRVW�DW� IL[HG�' ZLWK� GLIIHUHQW� PXOWLFDVW� JURXS� VL]HV�� )LJXUH� ���� VKRZV� WKDW� DV�PXOWLFDVW� JURXS� VL]H�
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LQFUHDVHV�� RXU� SURSRVHG�SURWRFROV� SURGXFHV� OHVV� FRVWO\� QHWZRUN� WKDQ� WKDW� RI� WKH�&%7��2XU�PRGLILHG�&%75' SHUIRUPV�EHWWHU� WKDQ� WKH�PRGLILHG�&%7:' LQ� DOO� FDVHV� LQ� WHUPV� RI�QHWZRUN� FRVW� DW� DOO�PXOWLFDVW�JURXS�VL]HV��0RGLILHG�&%75' FDQ�DFKLHYH�XS� WR����� OHVV�QHWZRUN�FRVW�WUHH�WKDQ�WKDW�RI�WKH�PRGLILHG�&%7:' DW�D�ODUJHU�PXOWLFDVW�JURXS�VL]H�
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)LJXUH�������1HWZRUN�FRVW�DJDLQVW�QXPEHU�RI�PXOWLFDVW�JURXS�VL]H�
�������7UDIILF�FRQFHQWUDWLRQ:H� GHILQH� D� IORZ� WR� EH� WKH� VWUHDP� RI� SDFNHWV� IURP� D� SDUWLFXODU� VHQGHU� WR� D�PXOWLFDVW�JURXS�� :H� DVVXPHG� WKDW� HDFK� VRXUFH� RI� WKH� PXOWLFDVW� JURXS� JHQHUDWHV� WUDIILF� DW�FRQVWDQW� XQLW� UDWH�� 7KH� WRWDO� QXPEHU� RI� XQLW� WUDIILF� IORZV� WKDW� WUDYHUVH�D� OLQN� LV�FRXQWHG���7UDIILF� FRQFHQWUDWLRQ� LV� PHDVXUHG� E\� WKH� PD[LPXP� QXPEHU� RI� IORZV� WUDYHUVLQJ� D�XQLGLUHFWLRQDO�OLQN��WKH�ORDG�RI�WKH�PRVW�FRQJHVWHG�OLQN���7KH�RYHUDOO�UDWH�RI�VRXUFH�WUDIILF�LV�DW���0E�V�� �:H�DYHUDJHG�RXW� WKH�VLPXODWLRQ� UHVXOWV�RI� WKH�PXOWLFDVW�JURXS�VL]H�RI����DQG� ����� )LJXUH� ������ ILJXUH� ����� DQG� ILJXUH� ����� VKRZ� WKH� WUDIILF� GLVWULEXWLRQ� LQ� &%7��PRGLILHG�&%7:' DQG�PRGLILHG�&%75' UHVSHFWLYHO\��7DEOH�����DOVR�VXPPDUL]HV�WKH�WUDIILF�IORZV�LQ�DOO�FDVHV��1RWH�WKDW� LQ�WKH�&%7�VLPXODWLRQ��VRPH�OLQN�DSSHDUV�WR�EH�RYHUORDGHG������ IORZV�� ZKLOH� RWKHUV� DUH� XQGHUXWLOL]HG� ��� IORZV��� 2Q� WKH� RWKHU� KDQG�� WKH� PRGLILHG�&%7:' DQG� PRGLILHG� &%75' VKRZ� JRRG� OLQN� XWLOL]DWLRQ�� 7KH� PD[LPXP� OLQN� ORDG� KDV�GHFUHDVHG� WR� PRUH� WKDQ� KDOI� LWV� YDOXH� LQ� &%7�� ZKLFK� GHFUHDVHV� WKH� SRVVLELOLW\� RI�FRQJHVWLRQ���0RGLILHG�&%75' SHUIRUPV�ZHOO� LQ�GLVWULEXWLQJ�ORDG�WR�PRUH�OLQNV�WKDQ�WKDW�RI�WKH�PRGLILHG�&%7:'��ZKLFK� LV� WKH� UHVXOWV�RI�RXU� UHVLGXDO�GHOD\�SDWK�VHOHFWLRQ�� ,W� VKRZV�WKDW� WKH� UHVLGXDO� GHOD\ IXQFWLRQ� FDQ� ILQG� EHWWHU� SDWKV� FRPSDULQJ� WR� RXU� :HLJKWHG�'LMNVWUDuV�SDWK�VHOHFWLRQ�
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�������/RVV�5DWH:H�PHDVXUHG� WKH� ORVV� UDWH� RI� WKH�SDFNHWV�E\�H[DPLQLQJ� WKH�SDFNHW� DUULYDO� WLPH�DW� WKH�GHVWLQDWLRQ� QRGH� YHUVXV� WKH� WLPH� WKH� SDFNHW� ZDV� JHQHUDWHG� DW� WKH� VRXUFH� QRGH�� � 7KH�
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QXPEHU�RI�SDFNHWV�DUULYHG�ZLWKLQ� WKH� WLPH�ERXQG��ZKLFK� LV� WKH� UHDO�WLPH�FRQVWUDLQW�ZDV�UHFRUGHG���6LQFH�GHOD\�ERXQG�YLRODWLRQ�LV�RQH�RI�WKH�UHDVRQV�WR�UHMHFW�D�PXOWLFDVW�WUHH�7KHUHIRUH��ORVV�UDWH�LV�GHILQHG�DV�WKH�UDWLR�RI�WKH�WRWDO�QXPEHU�RI�ORVV�SDFNHWV�RU�ODWH�SDFNHWV��WR�WKH�WRWDO�QXPEHU�RI�SDFNHWV�WUDQVPLWWHG��7KH�UHVXOWV��ZKLFK�DUH�JLYHQ�LQ�ILJXUH������DQG�ILJXUH�������VKRZ�WKDW�RXU�SURSRVHG�SURWRFROV�KDYH�XS�WR�����OHVV�ORVV�UDWH� FRPSDUHG� ZLWK� WKH� ORVV� UDWH� LQ� &%7�� $V� WKH� HQG�WR�HQG� GHOD\� EHFRPHV� OHVV�VWULQJHQW�� WKH� ORVV� UDWH� GHFOLQHV�� :H� FRPSDUH� WKH� ORVV� UDWH� SHUIRUPDQFH� RI� ERWK�SURWRFROV�IRU�GLIIHUHQW�PXOWLFDVW�JURXS�VL]H�RI��� DQG�������:H�FDQ�VHH�VLPLODU�UHVXOWV�LQ�ERWK�FDVHV�
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)LJXUH��������/RVV�UDWH�DJDLQVW�HQG�WR�HQG�GHOD\�FRQVWUDLQW�YDOXHV��PXOWLFDVW�JURXS�PHPEHU� �����
�������([HFXWLRQ�7LPH,Q� ILJXUH� ������ ZH� SUHVHQW� WKH� DYHUDJH� H[HFXWLRQ� WLPH� RI� DOO� DOJRULWKPV�� QDPHO\� &%7��PRGLILHG�&%7:' DQG�PRGLILHG�&%75' ZLWK�WKH�PXOWLFDVW�JURXS�VL]HV�XS�WR�����PHPEHUV��1RWH�� KRZHYHU�� WKDW� RXU� FRGH� IRU� WKHVH� DOJRULWKPV�ZDV� QRW� RSWLPL]HG� IRU� VSHHG��7KXV��WKH� LPSURYHPHQW� RI� WKH� H[HFXWLRQ� WLPH� FDQ� EH� IXUWKHU� LPSURYHG� XVLQJ� WKH� RSWLPL]HG�FRGH�� :H� REVHUYHG� IURP� WKH� H[SHULPHQW� WKDW� WKH� DYHUDJH� H[HFXWLRQ� WLPHV� RI� DOO�KHXULVWLFV� JURZ� DW� WKH� VDPH� UDWH� DQG� DUH� DOZD\V�ZLWKLQ� WKH� VDPH� RUGHU� RI�PDJQLWXGH��ZLWK�&%7�EHLQJ�FRQVWDQWO\�VORZHU�WKDQ�ERWK�PRGLILHG�&%7:' DQG�PRGLILHG�&%75'���%RWK�RXU� PRGLILHG� &%7� KHXULVWLFV� DUH� VORZHU� WKDQ� &%7�� ZKLFK� LV� WKH� UHVXOW� RI� &%7� WUHH�UHILQHPHQW�ZLWK� UHDO�WLPH� GHOD\� FRQVWUDLQWV�� 7KH� UXQQLQJ� WLPH� RI� RXU�PRGLILHG�&%75' LV�TXLWH� ODUJH�DQG�JURZV�UHODWLYHO\�IDVWHU�WKDQ�WKDW�RI�WKH�PRGLILHG�&%7:'��DV�WKH�PXOWLFDVW�JURXS� VL]H� LQFUHDVHV�� &%7� LV� REYLRXVO\� TXLWH� HIILFLHQW� ZLWK� ODUJHU� PXOWLFDVW� JURXS� LQ�WHUPV�RI�LWV�IDVW�H[HFXWLRQ�WLPH�



���

�����
����
���
�
��
���

� �� �� �� �� �� ���0XOWLFDVW�*URXS�VL]H

��([HF
XWLRQ�

7LPH�
��6HFR

QGV�� &%7�Y�0RGLILHG�&%70RGLILHG�&%7 :'5'

)LJXUH��������([HFXWLRQ�WLPH�DJDLQVW�PXOWLFDVW�JURXS�VL]H�
�����&RQFOXVLRQV,Q�WKLV�FKDSWHU��ZH�SURSRVHG�D�QHZ�PXOWLFDVW�URXWLQJ�SURWRFRO��EDVHG�RQ�WKH�&RUH�%DVHG�7UHH�� ZKHUHE\�� VKRUWHVW� RI� WKH� VKRUWHVW� SDWKV� RU� D� vQRQ�FRUHw� VFKHPH� KDV� EHHQ�LQFRUSRUDWHG�� � :LWK� WLPH� GHOD\� RI� UHDO�WLPH� WUDIILF� LPSRVHG� DV� RQH� RI� WKH� SURWRFRO�FRQVWUDLQW�� RXU� SURSRVHG� DSSURDFK� ZKLFK� LV� EDVHG� RQ� WKH� LGHD� RI� &RUH�EDVHG� WUHHV�YHUVLRQ� ��� DUH� EXLOW� ZLWK� ERXQGHG� WLPH� GHOD\� WKXV�� VXVWDLQLQJ� WKH� UHDO�WLPH� WUDIILF�UHTXLUHPHQWV� RI� WKH�DSSOLFDWLRQV�� ,Q� WKLV�FKDSWHU��ZH�DOVR�SURSRVHG� WZR�SDWK� VHOHFWLRQ�PHWKRGV�ZKLFK� WDNH� LQWR�DFFRXQW�RI�ERWK� WKH�FRVW�DQG� WKH�GHOD\��7KHVH�SDWK�VHOHFWLRQ�IXQFWLRQV� FDQ� EH� DSSOLHG� WR� YDULRXV� PXOWLFDVW� WUHH� EXLOGLQJ� DOJRULWKPV� WR EXLOG� WKH�RSWLPDO� PXOWLFDVW� URXWLQJ� SURWRFROV�� � :H� LQFRUSRUDWHG� WKH� ZHLJKWHG� SDWK� VHOHFWLRQ�IXQFWLRQ� LQWR� WKH�'LMNVWUDuV� VKRUWHVW�SDWK�DOJRULWKP��7KHQ�ZH�SURSRVHG�D� UHVLGXDO�GHOD\�IXQFWLRQ�DV�DQRWKHU�SDWK�VHOHFWLRQ�IXQFWLRQ��DQG�VXEVWLWXWH�WKLV�SDWK�VHOHFWLRQ�IXQFWLRQ�LQ�WKH�'LMNVWUDuV�VKRUWHVW�SDWK�DOJRULWKP�,Q�FRPSDULVRQ�ZLWK� WKH�FRQYHQWLRQDO�&%7�SURWRFRO�YHUVLRQ����D�VLPXODWLRQ� UHVXOW�LV�SUHVHQWHG�WR�SURYH�WKH�HIILFDF\�RI�RXU�SURWRFRO��2XU�SURWRFRO�KDV�D�FULWLFDO�DGYDQWDJH�WR� WKH�RULJLQDO�&%7�YHUVLRQ���� LQ�WKDW�WKH�FRUH�QRGH�VHOHFWLRQ�SUREOHP�GRHV�QRW�QHHG�WR�EH� DGGUHVVHG��$OVR�� LW� LV�GLIILFXOW� WR� VHOHFW� DQ�RSWLPDO�FRUH�QRGH�VLQFH� WKH� ORFDWLRQV�RI�
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JURXS�PHPEHUV� DUH� QRW� NQRZQ�D�SULRUL� IRU�PRVW� UHDO�WLPH�DSSOLFDWLRQV�� ,Q�DGGLWLRQ�� WKH�SHUIRUPDQFH�RI�WKH�&%7�VWURQJO\�GHSHQGV�RQ�WKH�VHOHFWHG�FRUH�QRGH��+RZHYHU��ZLWK�RXU�SURSRVHG�SURWRFRO��WKH�QHWZRUN�UHTXLUHV�DQ�DGGLWLRQDO�FDSDELOLW\�ZKHUHE\�DOO�QRGHV�PXVW�PDLQWDLQ�WKH�FXUUHQW�WUHH�LQIRUPDWLRQ��VLQFH�RQH�RI�WKH�FXUUHQW�RQ�WUHH�QRGHV�LV�VHOHFWHG�DV�D�GLVWULEXWLRQ�SRLQW� IRU�HDFK�QHZ� LQFRPLQJ�PHPEHU��7KLV�PXOWLFDVW�QRGH� LV�VHOHFWHG�VXFK� WKDW� WKH� OHQJWK� RI� WKH� SDWK� IURP� WKH� LQFRPLQJ� XVHU� WR� D� PXOWLFDVW� QRGH� DQG� WKH�PD[LPXP� HQG�WR�HQG� GHOD\� RQ� WKH� WUHH� DUH� MRLQWO\� PLQLPL]HG�� 7KXV�� WKH� SURSRVHG�SURWRFRO�FDQ�RYHUFRPH�WKH�GUDZEDFN�RI�&%7���,Q�WKH�H[SHULPHQW��ZH�FRQVLGHUHG�D�VWDWLF�VHW�RI�PXOWLFDVW�JURXS�PHPEHUV��$OORZLQJ�QRGHV�WR� MRLQ�DQG� OHDYH�DQ�H[LVWLQJ�PXOWLFDVW�JURXS� G\QDPLFDOO\� LV� DQRWKHU� IHDWXUH� WKDW� VKRXOG�EH� FRQVLGHUHG� LQ� RXU� IXWXUH�ZRUN�� DV�ZHOO� DV� WKH� LQYHVWLJDWLRQ� RI� WKH� QHWZRUN� UHVRXUFHV� VXFK� DV� VL]HV� RI� WKH� URXWLQJ� WDEOHV�PDLQWDLQHG�DQG� WKH�DYHUDJH�QXPEHU�RI�PHVVDJHV�H[FKDQJHG�EHWZHHQ�QRGHV�IRU�HDFK�WRSRORJ\�FKDQJHG��:H� DQWLFLSDWH� WKDW� DGGLWLRQDO� ZRUN� LV� QHHGHG� WR� PLQLPL]H� WKH� PHPRU\� DQG�SURFHVVLQJ�SRZHU RI�HDFK�QRGH�PDLQWDLQLQJ�WKH�FXUUHQW�WUHH�LQIRUPDWLRQ��7KH�FRQFHSW�RI�KLHUDUFKLFDO� URXWLQJ� FDQ� EH� DSSOLHG� LQ� WKLV� FRQWH[W� EHFDXVH� WKH� XQGHUO\LQJ� URXWLQJ�PHFKDQLVPV�XVHG� WR�GLVVHPLQDWH� WRSRORJ\�GDWD� UHTXLUH� WKH�DJJUHJDWLRQ�RI� LQIRUPDWLRQ�LQ� RUGHU� WR� FRSH� ZLWK� JURZLQJ� QHWZRUN� VL]H�� � 2XU� SURSRVHG� SURWRFRO� FDQ� DOVR� EH�H[WHQGHG� WR� KDYH� IDXOW�WROHUDQW� FDSDELOLW\�� LQ� FDVH� RI� D� QRGH� IDLOXUH� RU� vFRUHw� URXWHU�IDLOXUH� ZKLFK� LV� WKH� VXEMHFW� RI� FKDSWHU� ��� ,Q� WKH� QH[W� FKDSWHU�� ZH� ZLOO� LQYHVWLJDWH� DQG�VWXG\� WKH� IDXOW�WROHUDQW� FRQFHSW� IRU� UHDO�WLPH� WUDIILF�� DQG� ILQG� WKH� VWUDWHJ\� WR�FRXSOH� WKH�IDXOW�WROHUDQW�IHDWXUHV�LQWR�RXU�SURSRVHG�SURWRFRO�
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)$8/7�72/(5$17�35272&2/�����,QWURGXFWLRQ6XUYLYDELOLW\� KDV� EHHQ� DQ� LPSRUWDQW� WRSLF� RI� UHVHDUFK� LQ� WKH� FRQWH[W� RI�WHOHFRPPXQLFDWLRQ�QHWZRUNV�DQG�GDWD�QHWZRUNV� >��@�� �7KLV� LQWHUHVW�KDV�EHHQ� IXHOHG�E\�WKH�FRPPHUFLDO� LPSRUWDQFH�RI�SURYLGLQJ� IDXOW�IUHH�VHUYLFH� WR� WKH�XVHUV�RI� WKH� WHOHSKRQH�QHWZRUN�� DQG� WKH� PLOLWDU\� DGYDQWDJHV� RI� IDXOW�WROHUDQW� GLVWULEXWHG� FRPSXWLQJ� DQG� GDWD�FRPPXQLFDWLRQV�� +RZHYHU�� UHDO�WLPH� PXOWLFDVW� DSSOLFDWLRQV� PDNHV� LW� KDUGHU� IRU� WKH�UHFRYHU\�RI� WKH�QHWZRUN��ZKLFK� LV�VXEMHFW� WR� WKH� WLPH�GHOD\�FRQVWUDLQWV� LPSRVHG�E\� WKH�DSSOLFDWLRQ�EHWZHHQ�VHQGHU�DQG�PDQ\�UHFHLYHUV�EHORQJ�WR�D�PXOWLFDVW�JURXS���7KH� IDXOW� UHFRYHU\� PHFKDQLVPV� DUH� LQWHQGHG� WR� UHVWRUH� UHDO�WLPH� FRQQHFWLYLW\�ZLWK� WKH� RULJLQDO� SHUIRUPDQFH� JXDUDQWHHV� WR� WKH� DIIHFWHG� OLQNV�� +RZHYHU�� ZKHQ� D� IDXOW�RFFXUV�� GHSHQGLQJ� RQ� WKH� ORDG� LQ� WKH� QHWZRUN�� DOO� WKH� DIIHFWHG� OLQNV� PD\� QRW� EH�VXFFHVVIXOO\�URXWHG��5HURXWLQJ�DV�PXFK�WUDIILF�DV�SRVVLEOH�LV�DQ�LPSRUWDQW�REMHFWLYH��DQG�WKLV� GHILQHV� DQRWKHU� PHWULF� IRU� FRPSDULVRQ� RI� UHFRYHU\� VFKHPHV�� 7KH� HIIHFW� RI� WKH�UHURXWLQJ� SURFHVV� RQ� WKH� DELOLW\� RI� WKH� QHWZRUN� WR� DFFHSW� PRUH� FKDQQHOV� LPPHGLDWHO\�DIWHU� UHFRYHU\� SURFHVV� WHUPLQDWHV� LV� DOVR� D� FRQVLGHUDWLRQ��:H�ZRXOG� OLNH� WKH� UHFRYHU\�SURFHVV�WR�XVHG�UHVRXUFHV�DV�HIILFLHQWO\�DV�SRVVLEOH��7KH�REMHFWLYHV�RI�IDXOW�UHFRYHU\�DUH�DV�IROORZV�x 8VH�QR�H[WUD�UHVRXUFHV�GXULQJ�QRUPDO�RSHUDWLRQx 5HVWRUH� RULJLQDO� SHUIRUPDQFH� JXDUDQWHHV� WR� FKDQQHOV� RU� OLQN� EHWZHHQ�VHQGHU�DQG�UHFHLYHUVx 5HFRYHU� DV�PXFK� WUDIILF� DV�SRVVLEOH�ZLWKLQ�GHDGOLQH� �PD[LPXP�HQG�WR�HQG�GHOD\��x 0LQLPL]H�VZLWFKLQJ�WLPH�IURP�SULPDU\�SDWK�WR�WKH�EDFNXS�SDWKx 8VH�UHVRXUFHV�HIILFLHQWO\�GXULQJ�UHURXWLQJ
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7KH� UHVW� RI� WKH� FKDSWHU� LV� RUJDQL]HG� DV� IROORZV�� :H� LQYHVWLJDWH� WKUHH� UHURXWLQJ�DSSURDFKHV�LQ�FDVH�RI�IDXOWV�LQ�WKH�QH[W�VHFWLRQ��6HFWLRQ�����GHVFULEHV WKH�IDLOXUH�PRGHO�DQG� DVVXPSWLRQV� XVHG� LQ� WKLV� GLVVHUWDWLRQ�� ,Q� VHFWLRQ� �����ZH�SUHVHQW� WKH� IDXOW�WROHUDQW�FRQFHSWV�XVLQJ�GLVSHUVLW\��UHGXQGDQF\�DQG�GLVMRLQWQHVV��6HFWLRQ�����DQG�����SUHVHQW�WKH�SURSRVHG� IDXOW�WROHUDQW� PXOWLFDVW� DSSURDFKHV�� IROORZHG� E\� WKH� IDXOW�WROHUDQW� UHDO�WLPH�PXOWLFDVW�WHFKQLTXHV�DQG�VRPH�EULHI�GLVFXVVLRQ�RQ�'&0�URXWLQJ�DOJRULWKP�>��@��XVHG�WR�ILQG� GLVMRLQW� EDFNXS� SDWKV� XQGHU� UHDO�WLPH� FRQVWUDLQWV� LQ� VHFWLRQ� ����� � :H� JR� RQ� WR�SUHVHQW� WKH� DSSURDFK� WR� FRSH� ZLWK� PXOWLSOH� OLQN� IDXOWV� LQ� VHFWLRQ� ����� 6HFWLRQ� ����FRQFOXGHV�WKH�FKDSWHU���$SSURDFKHV� WR� UHURXWLQJ� DUH� FODVVLILHG� DORQJ� WKUHH� VFKHPHV�� &HQWUDOL]HG� YV��'LVWULEXWHG� 6FKHPHV�� 3UH�FRPSXWHG� YV�� '\QDPLF� �RQ�GHPDQG�� FRPSXWDWLRQ� RI� URXWHV��DQG�*OREDO�YV��/RFDO�.QRZOHGJH�6FKHPHV��������&HQWUDOL]HG�YV��'LVWULEXWHG�6FKHPHV$�FHQWUDOL]HG�VFKHPH�JDWKHUV�DOO� WKH�LPSRUWDQW�QHWZRUN�VWDWH�DW�RQH�FRPSXWHU��ZKHUH�D�QHZ�FRQILJXUDWLRQ�IRU�WKH�QHWZRUN�LV�FRPSXWHG��6LQFH�DOO�WKH�LQIRUPDWLRQ�LV�DYDLODEOH��LW�LV�SRVVLEOH� WR� FRPSXWH� D� FRQILJXUDWLRQ� WKDW� LV� RSWLPDO� DFFRUGLQJ� WR� VRPH� WDUJHW� IXQFWLRQ��7KLV�RSWLPDO�VFKHPH�PLJKW�EH�DEOH�WR�UHURXWH�PRUH�FKDQQHOV�VXFFHVVIXOO\�XQGHU�KHDY\�ORDG� FRQGLWLRQV�� +RZHYHU�� WKLV� JDLQ� FRPHV� DW� WKH� H[SHQVH� RI� D� SRVVLEO\� KLJKHU� GHOD\��VLQFH�WKH�WLPH�WR�JDWKHU�WKH�QHWZRUN�VWDWH�WR�RQH�ORFDWLRQ�DQG�WKHQ�GLVWULEXWH�WKH�QHWZRUN�FRQILJXUDWLRQ�WR�WKH�URXWHUV�PXVW�EH�DGGHG�WR�WKH�WLPH�WR�UXQ�WKH�DOJRULWKP��7KH�WLPH�WR�JDWKHU� WKH� QHWZRUN� VWDWH� KDV� WR� EH� FRQVLGHUHG� KHUH�� VLQFH�� XQOLNH� WKH� FURVV�FRQQHFW�QHWZRUNV�� UHDO�WLPH� QHWZRUNV� KDYH� D� YHU\� G\QDPLF� ORDG��ZLWK� FRQQHFWLRQV� FRPLQJ�DQG�JRLQJ�DV�DSSOLFDWLRQV�DUH�VWDUWHG�DQG�HQGHG��&HQWUDOL]HG� DOJRULWKPV� DUH� VXVFHSWLEOH� WR� VLQJOH�SRLQW� IDLOXUHV�� VLQFH� DOO�UHFRYHULHV�ZRXOG�EH�VWDOOHG�E\�D�IDLOXUH�RI�WKH�FHQWUDO�FRPSXWHU��RU�RI�WKH�FRQWURO�QHWZRUN�ZKLFK�FRQQHFWV�WKH�FHQWUDO�FRPSXWHU�WR�WKH�URXWHUV��,Q�WKH�WHOHFRPPXQLFDWLRQ�QHWZRUNV��WKLV�SUREOHP� LV�PLWLJDWHG�E\�KDYLQJ�PRUH�WKDQ�RQH�IDXOW� UHFRYHU\�FRPSXWHU�DQG�KDYLQJ�UHGXQGDQF\� LQ� WKH� FRQWURO� QHWZRUN�� VR� WKDW� WKH� FRQWURO� QHWZRUN� LWVHOI� LV� IDXOW�WROHUDQW��+RZHYHU�� WKLV� LQFUHDVHV� WKH�FRVW�RI� WKH�VROXWLRQ��:H�GR�QRW�DVVXPH�D�VHSDUDWH�FRQWURO�QHWZRUN��UDWKHU��WKH�UHFRYHU\�DFWLRQ�LV�FDUULHG�RXW�RYHU�WKH�GDWD�QHWZRUN�LWVHOI��+RZHYHU��
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WKLV� PDNHV� WKH� FHQWUDOL]HG� DSSURDFK� PXFK� OHVV� GHVLUDEOH�� VLQFH� WKH� IDLOXUHV� LQ� WKH�QHWZRUN� WKDW� ZH� QHHG� WR� UHFRYHU� IURP�� PDNH� FROOHFWLRQ� DQG� GLVWULEXWLRQ� SURFHVV� LWVHOI�XQUHOLDEOH��7KH�GLVWULEXWHG�DOJRULWKPV�GHDO�H[SOLFLWO\�ZLWK�WKH�SUREOHP�RI�IDLOHG�OLQNV��)RU�H[DPSOH��WKH�H[FKDQJH�RI�FRQWURO�PHVVDJHV�ZLWK�QHLJKERUV�PD\�EH�XVHG�DV�SDUW�RI�WKH�SURFHVV� WR� GHWHUPLQH� WKH� ZRUNLQJ� WRSRORJ\� RI� WKH� QHWZRUN�� VLQFH� WKH� LQDELOLW\� WR�H[FKDQJH�PHVVDJHV�LQGLFDWHV�D�IDLOXUH�RI�WKH�FRUUHVSRQGLQJ�OLQN�$� GLVWULEXWHG� DOJRULWKP� DOVR� VFDOHV� EHWWHU� WR� ODUJHU� QHWZRUNV�� VLQFH� WKH�SURFHVVLQJ�SRZHU�DYDLODEOH�LQFUHDVHV�ZLWK�WKH�QHWZRUN�VL]H��7KH�FHQWUDOL]HG�VFKHPH��RQ�WKH�RWKHU�KDQG��PXVW�UXQ�DQ�RSWLPL]DWLRQ�DOJRULWKP�RI�H[SRQHQWLDO�FRPSOH[LW\�RQ�D�VLQJOH�FRPSXWHU��7KXV�� WKH�PDMRU�GLVDGYDQWDJH�RI�XVLQJ�D�FHQWUDOL]HG�VROXWLRQ��L�H��� ILQGLQJ�DQ�RSWLPDO�VROXWLRQ�� LV� LQIHDVLEOH� IRU�DOO�EXW� WKH�VPDOOHU�QHWZRUNV��7KXV�� LQ� WKLV�GLVVHUWDWLRQ��ZH� DGRSWHG� WKH� GLVWULEXWHG� IDXOW� UHFRYHU\� VFKHPH�� ZLWK� ORFDO� QHWZRUN� WRSRORJ\�LQIRUPDWLRQ��$� GLVWULEXWHG� DOJRULWKP� ZRXOG� ILQG� D� QRQ�RSWLPDO� VROXWLRQ� EDVHG� RQ� D OLPLWHG�H[FKDQJH� RI� LQIRUPDWLRQ� IDVWHU� WKDQ� D� FHQWUDOL]HG� VFKHPH� DQG� ZLWKRXW� UHO\LQJ� RQ� DVLQJOH� FHQWUDO� FRPSXWHU�� 7KLV� FRPHV� DW� WKH� H[SHQVH� RI� SRVVLEO\� ILQGLQJ� D� VROXWLRQ�FRQVLGHUDEO\� ZRUVH� WKDQ� WKH� RSWLPDO�� 6LQFH� WKH� GLVWULEXWHG� HOHPHQWV� PD\� KDYH�LQFRQVLVWHQW� YLHZV� RI� WKH� QHWZRUN�� WKH� RYHUDOO� EHKDYLRU� RI� WKH� V\VWHP�PD\� EH� KDUG� WR�XQGHUVWDQG� IRU� DQ� LPSOHPHQWRU�� DQG� PD\� EH� IDU� IURP� WKH� H[SHFWHG� DQG� GHVLUDEOH�EHKDYLRU�� HYHQ� WKRXJK� HDFK� LQGLYLGXDO� HOHPHQW� KDV� D� VLPSOH� DQG� XQGHUVWDQGDEOH�EHKDYLRU�� ,Q�VSLWH�RI� WKHVH�GLVDGYDQWDJHV�� WKLV�DSSURDFK�DSSHDUV�PRUH�IHDVLEOH� IRU� WKH�FDVH�RI�UHDO�WLPH�QHWZRUNV��DQG�ZLOO�EH�H[SORUHG�KHUH��������3UH�FRPSXWHG�YV��'\QDPLF��RQ�GHPDQG��FRPSXWDWLRQ�RI�URXWHV7KH�WDVN�RI� UHURXWLQJ�PD\�EH�SDUWLDOO\�SUH�FRPSXWHG�LQ�RUGHU�WR�GHFUHDVH�WKH�UHVSRQVH�WLPH� RI� WKH� UHFRYHU\� DIWHU� D� IDLOXUH�� 7KLV� LGHD� KDV� EHHQ� H[SORUHG� LQ� WKH� FRQWH[W� RI� WKH�FURVV�FRQQHFW� OD\HU� RI� WHOHFRPPXQLFDWLRQ� QHWZRUNV�� %XW� LQ� WKH� FRQWH[W� RI� UHDO�WLPH�FRPPXQLFDWLRQ�QHWZRUNV��PXOWLPHGLD�WUDIILF�LV�H[SHFWHG�WR�EH�PXFK�PRUH�G\QDPLF WKDQ�WKH� FRQILJXUDWLRQ� SUHVHQWHG� E\� WKH� FURVV�FRQQHFW� FRQQHFWLRQV�� $� WUXQN� LV� D� UHODWLYHO\�ORQJ�OLYHG� FRQQHFWLRQ�� $V� VXFK�� WKH� UHTXLUHPHQWV� RI� D� VHW� RI� WUXQNV�� FKDUDFWHUL]HG� E\�VRXUFH��GHVWLQDWLRQ��DQG�EDQGZLGWK��DUH�IDLUO\�VWDWLF���$IWHU�WKH�VHW�RI�UHTXLUHG�WUXQNV�KDV�
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EHHQ� GHFLGHG�� WKH� FXUUHQW� FRQILJXUDWLRQ�� DV� ZHOO� DV� WKH� UHFRYHU\� FRQILJXUDWLRQV� IRU� DOO�OLNHO\� IDXOW� FRPELQDWLRQV��PD\� EH� FRPSXWHG� DQG� VWRUHG��2Q� WKH� RWKHU� KDQG� IRU� D� UHDO�WLPH�QHWZRUN��WKH�VHW�RI�DFWLYH�FRQQHFWLRQV�FKDQJHV�PXFK�PRUH�G\QDPLFDOO\��0RVW� SUHYLRXV� UHVHDUFK� RQ� IDXOW�WROHUDQW�� 4R6� URXWLQJ� KDV� LQYHVWLJDWHG� RQ�GHPDQG�SROLFLHV�WKDW�FRPSXWH�D�SDWK�DW�FRQQHFWLRQ�DUULYDO��5HFHQW�ZRUNV�FRQVLGHUV�SUH�FRPSXWDWLRQ� RI� EDFNXS� UHVRXUFHV� WKDW� DWWHPSW� WR� DPRUWL]H� WKH� RYHUKHDGV� RI� URXWH�FRPSXWDWLRQ�E\� UHXVLQJ� WKH�SDWKV� IRU�PXOWLSOH�FRQQHFWLRQ� UHTXHVWV��7KXV��EDFNXS�SDWK�SUH�FRPSXWDWLRQ� LQWURGXFHV� D� WUDGH�RII� EHWZHHQ�SURFHVVLQJ� RYHUKHDGV� DQG� WKH�TXDOLW\�RI� WKH� URXWLQJ� GHFLVLRQV�� +RZHYHU�� LQ� RXU� GLVVHUWDWLRQ�� WKH� FRQFHSW� RI� SUH�FRPSXWHG�EDFNXS�OLQNV ZLOO�EH�H[SORUHG��������*OREDO�YV��/RFDO�.QRZOHGJH�6FKHPHV7KH� H[WHQW� WR� ZKLFK� NQRZOHGJH� LV� XQLYHUVDOO\� VKDUHG� DPRQJ� WKH� HOHPHQWV� RI� D�GLVWULEXWHG� DOJRULWKP� FDQ� KDYH� D� WUHPHQGRXV� LPSDFW� RQ� WKH� SHUIRUPDQFH� DQG�FRUUHFWQHVV�RI�WKH�DOJRULWKP��$W�RQH�H[WUHPH� ZH�PLJKW�DOORZ�DOO�QRGHV�WR�JDLQ�FRPSOHWH�LQIRUPDWLRQ�DERXW�DQ\�FKDQJH�LQ�WKH�QHWZRUN�VWDWH�EHIRUH�FRPSXWLQJ�WKH�QH[W�VWHS�LQ�WKH�DOJRULWKP��6LQFH� WKLV�ZRXOG� LPSO\� WKDW�DOO�QRGHV�KDYH�FRPSOHWHO\�XS�WR�GDWH�NQRZOHGJH�RI� WKH� QHWZRUN� VWDWH� DQG� WRSRORJ\� LQIRUPDWLRQ� WKURXJKRXW� WKH� UHFRQILJXUDWLRQ� SURFHVV��7KLV� LV� HTXLYDOHQW� WR� D� FHQWUDOL]HG� DOJRULWKP� LQ� WHUPV� RI� JRRGQHVV� RU� RSWLPDOLW\� RI� WKH�VROXWLRQ�� $W� WKH� RWKHU� H[WUHPH�� ZH� PD\� FKRRVH� WR� DOORZ� DOO� QRGHV� WR� UXQ� WKHLU�UHFRQILJXUDWLRQ�DOJRULWKPV�ZLWK�WKH�YLHZ�RI WKH�QHWZRUN�VWDWH�WKDW�WKH\�KDG�DW�WKH�PRPHQW�RI� WKH� IDXOW��ZLWKRXW�DOORZLQJ�DQ\�DGGLWLRQDO�FRPPXQLFDWLRQ��7KLV�ZRXOG�KDYH�WKH�IDVWHVW�UHVSRQVH�WLPH�RI�DQ\�DOJRULWKP��EXW�ZRXOG�UHURXWH�IHZHU�FRQQHFWLRQV�VXFFHVVIXOO\��VLQFH�WKH� LQFRQVLVWHQFLHV� DPRQJ� WKH� QHWZRUN� YLHZV� RI� WKH� VHSDUDWH� HOHPHQWV� ZRXOG� OHDG� WR�SRRU� FRRSHUDWLRQ�EHWZHHQ� WKH� QRGHV�� 7KXV��E\�DOORZLQJ�PRUH� WLPH� IRU� FRPPXQLFDWLRQ��ZH�FDQ�LPSURYH�WKH�VXFFHVV�RI�WKH�UHURXWLQJ�DOJRULWKP��,Q�RXU�IRUPXODWLRQ��ZH�DVVXPHG�WKDW� DOO� RQ�WUHH� QRGHV� PDLQWDLQ� JOREDO� LQIRUPDWLRQ� RI� DOO� PXOWLFDVW� JURXS� LQIRUPDWLRQ��+RZHYHU�� DW� UHURXWLQJ� WLPH�� RQO\� WKH� ORFDO� URXWHUV� LQYROYHG� LQ� WKH� IDLOHG� OLQN� PD\� EH�UHFRQILJXUDWLRQ� UDWKHU� WKDQ� UHFRQILJXULQJ� DOO� WKH� URXWHUV�� :H� WKHQ� MXVW� UHFRQILJXUH� WKH�URXWHUV�WKDW�DUH�RQ�WKH�LQYROYHG�EDFNXS�SDWKV��
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�����)DLOXUH�0RGHO:H� SODFH� FHUWDLQ� UHVWULFWLRQV� RQ� WKH� IDLOXUHV� EHLQJ� VWXGLHG� DQG� LQYHVWLJDWHG�� :H� RQO\�IRFXV� RXU� DWWHQWLRQ� WR� D� VLQJOH� OLQN� IDLOXUH� LQ� WKLV� GLVVHUWDWLRQ�� 1RGH� IDLOXUHV� FDQ� EH�FRQVLGHUHG� PRUH� VHYHUH� DQG� WUHDWHG� DV� VLPXOWDQHRXV� PXOWLSOH� OLQN� IDLOXUHV� RI� DOO� OLQNV�FRQQHFWLQJ�WR�WKH�IDLOHG�QRGH��ZKLFK�LV�QRW�WKH�VXEMHFW�RI�WKLV�GLVVHUWDWLRQ��:H�DVVXPHG�WKDW� D� VLQJOH� OLQN� IDLOXUH� LV� D� IDLO�VWRS� IDLOXUH�� LQ� ZKLFK� WKH� IDLOHG� FRPSRQHQW� GRHV� QRW�FRQWLQXH� WR� WUDQVPLW�EDG�PHVVDJHV� LQWR� WKH� UHVW�RI� WKH�QHWZRUN��$QG�DIWHU�D�VLQJOH� OLQN�IDXOW� SHULRG� LV� RYHU�� LW� LV� SRVVLEOH� IRU� DQRWKHU� �VLQJOH�� OLQN� IDXOW� WR� VWDUW�� EXW� QRW�VLPXOWDQHRXVO\��:H� IXUWKHU� DVVXPHG� WKDW� ZKHQ� D� OLQN� IDLOV�� LW� VLPSO\� VWRSV� WUDQVPLWWLQJ�GDWD��������)DXOW�WROHUDQW�FDSDELOLW\7KHUH� H[LVWV� D� ERG\� RI� JUDSK�WKHRUHWLF� ZRUN� WKDW� LV� XVHIXO� LQ� FKDUDFWHUL]LQJ� WKH� IDXOW�WROHUDQW� FDSDELOLW\� RI� WKH� QHWZRUN�� $� QHWZRUN� LV� VDLG� WR� EH� N�QRGH� FRQQHFWHG� LI� HYHU\�VRXUFH�DQG�GHVWLQDWLRQ�LV�FRQQHFWHG�E\ N�QRGH�GLVMRLQW�SDWKV�>�@��7KH�HGJH�FRQQHFWLYLW\�RI� D� JUDSK� LV� WKH� HTXLYDOHQW� PHDVXUH� LI� ZH� FRQVLGHU� HGJH�GLVMRLQW� SDWKV�� � $� PLQLPDO�FXWVHW�RI�D�JUDSK�LV�WKH�VPDOOHVW�QXPEHU�RI�OLQNV��WKH�UHPRYDO�RI�ZKLFK�EUHDNV�WKH�JUDSK�LQWR� WZR�GLVFRQQHFWHG�FRPSRQHQWV��6LPLODUO\��DQ�DUWLFXODWLRQ�VHW� LV D�VHW�RI�QRGHV�� �7KH�UHPRYDO�RI�ZKLFK�EUHDN�WKH�JUDSK� LQWR� WZR�GLVFRQQHFWHG�FRPSRQHQWV�� ,W�FDQ�EH�VKRZQ�WKDW�WKH�FDUGLQDOLW\�RI�WKH�PLQLPDO�FXWVHW�RI�D�JUDSK�LV�WKH�VDPH�DV�LWV�HGJH�FRQQHFWLYLW\��DQG� WKH�FDUGLQDOLW\�RI� WKH�PLQLPDO�DUWLFXODWLRQ�VHW� LV� WKH�VDPH�DV� WKH�QRGH�FRQQHFWLYLW\��7KH�SUREOHP�RI�GHVLJQLQJ�PLQLPDO�FRVW�QHWZRUNV�ZLWK�D�JLYHQ�GHJUHH�RI�FRQQHFWLYLW\� LV�NQRZQ� WR� EH� 13�KDUG�� EXW� NQRZQ� KHXULVWLFV� DQG� DOJRULWKPV� ZLWK� JRRG� DYHUDJH� FDVH�EHKDYLRU�FDQ�VROYH�PDQ\�UHDO�ZRUOG�QHWZRUN�GHVLJQ�SUREOHPV�>��@��7UHH�VWUXFWXUH�RI�RXU�IDXOW�WROHUDQW�SURWRFRO�LV�VKRZQ�LQ�ILJXUH�����DV�IROORZV�
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)DXOW�WROHUDQWSURWRFRO

6LQJOH�OLQNIDLOXUH 0XOWLSOH�OLQNIDLOXUH
5HDO�WLPH 1RQ�UHDO�WLPH

3UH�FRPSXWHGGLVMRLQW�EDFNXS 2Q�GHPDQG
$GPLVVLRQ�WHVWRI�EDFNXS�SDWK)LJXUH�������7UHH�VWUXFWXUH�RI�RXU�IDXOW�WROHUDQW�SURWRFRO

7KH� VFKHPHV�RI� IDXOW� WROHUDQFH� FDQ�EH� FKDUDFWHUL]HG�E\� WKUHH�DSSURDFKHV��GLVSHUVLW\��UHGXQGDQF\��DQG�GLVMRLQWQHVV��������'LVSHUVLW\�'LVSHUVLW\�LV�WKH�LGHD�RI�VHQGLQJ�LQIRUPDWLRQ�DFURVV�D�QXPEHU�RI�SDWKV�LQ�WKH�QHWZRUN��,Q�D� UHDO�WLPH� QHWZRUN�� ZH� DOVR� PDNH� UHVHUYDWLRQ� RQ� HDFK� RI� WKH� SDWKV� WR� JXDUDQWHH�SHUIRUPDQFH� RQ� WKH� GLVSHUVLW\� V\VWHP�� 7KH� LQIRUPDWLRQ� WR� EH� VHQW� LV� GLYLGHG� XQLIRUPO\�DFURVV�WKH�SDWKV��HLWKHU�E\�IUDJPHQWLQJ�HDFK�PHVVDJH��RU�E\�VHQGLQJ�WKHP�URXQG�URELQ�RQ�WKH�SDWKV��7KH�DGYDQWDJHV�RI�VSUHDGLQJ�WKH�LQIRUPDWLRQ�RXW�RQ�1 SDWKV�DUH�x 7KH� ORDG� RQ� DQ\� RQH� VSHFLILF� SDWK� LV� VPDOOHU� DQG� WKH� HIIHFW� RI� EXUVWV� LV�VSUHDG�RXW�RYHU�WKH�QHWZRUN�x ,Q�WKH�HYHQW�RI�D�QHWZRUN�IDLOXUH��WKH�WUDQVPLVVLRQ�FDSDFLW\�RI�WKH�DJJUHJDWH�V\VWHP�LV�RQO\�SDUWLDOO\�DIIHFWHG�x ,I� WKH�PHVVDJH� LV� IUDJPHQWHG�� WUDQVPLVVLRQ� WLPH� LV� UHGXFHG� WR� ��1WK RI� LWV�VLQJOH�SDWK�YDOXH��7KLV�LV�OHVV�LPSRUWDQW�LQ�KLJK�VSHHG�QHWZRUNV��+RZHYHU�� WKLV� V\VWHP� LV� QRW� WUDQVSDUHQWO\� IDXOW�WROHUDQW�� ,W�PHUHO\� UHGXFHV� WKH� HIIHFW� RI�WKH� IDLOXUH� RQ� WKH� FOLHQW�� )RU� H[DPSOH�� D� -3(*� YLGHR� VWUHDP�� SDUWLWLRQHG� LQWR� PXOWLSOH�VWUHDPV�VXFK�WKDW DOO�WKH�GDWD�IRU�D�IUDPH�IROORZV�WKH�VDPH�SDWK��EXW�VHSDUDWH�IUDPHV�DUH�



���
VHQW� RQ� GLIIHUHQW� SDWKV�� ZRXOG� KDYH� WKLV� SURSHUW\�� ,I� RQH� RI� WKH� SDWKV� IDLOV�� HYHU\�1WKIUDPH� ZRXOG� EH� ORVW�� EXW� WKH� UHVXOWLQJ� YLGHR� VWUHDP� ZRXOG� EH� XVDEOH�� 7KH� QXPEHU� RI�SDWKV�FKRVHQ��1��LV�RQH�RI�WKH�YDULDEOHV�WKDW�FKDUDFWHUL]HG�D�GLVSHUVLW\�V\VWHP�7KH� EDVLF� LGHD� EHKLQG� WKH� GLVSHUVLW\� VFKHPHV� LV� WR� PDNH� UHVHUYDWLRQV� RQ�PXOWLSOH�SDWKV�WKURXJK�WKH�QHWZRUN�VR�WKDW�LQ�WKH�HYHQW�RI�IDLOXUH�WKH�DYDLODEOH�EDQGZLGWK�RI� WKH� V\VWHP� LV�QRW� UHGXFHG� WR� ]HUR��$� UDQJH�RI� IDXOW� WROHUDQW�VHUYLFHV�FDQ�EH�RIIHUHG�EDVHG� RQ� WKLV� LGHD�� )RU� H[DPSOH�� )RUZDUG� (UURU� &RUUHFWLRQ� �)(&�� WHFKQLTXHV� FDQ� EH�XVHG� LQ� FRQMXQFWLRQ�ZLWK�PXOWL�SDWK� UHVHUYDWLRQ� WR� SURYLGH� D� WUDQVSDUHQWO\� IDXOW� WROHUDQW�VHUYLFH���������5HGXQGDQF\5HGXQGDQF\� LV� WKH� LGHD�RI� VHQGLQJ�PRUH� LQIRUPDWLRQ� WKDQ� WKH�PHVVDJH�� LQ�RUGHU� WR�EH�DEOH� WR� UHFRQVWUXFW� WKH� PHVVDJH� LQ� WKH� HYHQW� RI� ORVV� LQ� WKH� QHWZRUN�� ,Q� D� GLVSHUVLW\�VFKHPH��ZH�FDQ�VHQG�WKH�UHGXQGDQW� LQIRUPDWLRQ�DORQJ�D�VHSDUDWH�SDWK�IURP�WKH�UHVW�RI�WKH�GDWD��)RU�H[DPSOH��RI�WKH�1 SDWKV��RQO\�. PD\�FDUU\�WKH�PHVVDJH�VWUHDP��7KXV��IRU�D�JLYHQ�PHVVDJH��WKH�V\VWHP�FRXOG�EUHDN�LW�LQWR�. HTXDO�VXEPHVVDJHV�DQG�WUDQVPLW�WKHP�RQ� WKH�. SDWKV�� 7KH� UHVW� RI� WKH�SDWKV�PD\�EH� XVHG� WR� WUDQVPLW� UHGXQGDQW� LQIRUPDWLRQ��ZKLFK�ZRXOG�EH�XVHG�WR�UHFRQVWUXFW�WKH�RULJLQDO�PHVVDJH�LQ�WKH�HYHQW�RI�ORVV�RI�VRPH�RI�WKH�. RULJLQDO�SLHFHV�RI�WKH�PHVVDJH��$�VLPSOH�UHGXQGDQW�V\VWHP�FDQ�EH�GHVLJQHG�ZLWK�.�  � 1� y � �� ,Q� WKLV� FDVH�� WKH� VLQJOH� UHGXQGDQF\� VXE�FKDQQHO� FDUULHV� D� ELWZLVH� SDULW\�FDOFXODWHG�RYHU�WKH�1�y ��SLHFHV�RI�WKH�PHVVDJH��,I�DQ\�RQH�RI�WKH�VXE�PHVVDJHV�LV�ORVW��WKH�GHVWLQDWLRQ�FDQ�FRPSXWH� LWV�YDOXH�IURP�WKH�UHPDLQLQJ�VXE�PHVVDJHV�DQG�WKH�SDULW\�VXE�PHVVDJH��(UURU�FRUUHFWLRQ�FRGHV�ZKLFK�ZRUN�IRU�DUELWUDU\�1 DQG�. H[LVW��,Q�WKH�FDVH�RI�PD[LPXP�GLVWDQFH�VHSDUDEOH�FRGHV��LI�DQ\�1�y . RI�WKH�VXE�PHVVDJHV�DUH�UHFHLYHG��WKH�PHVVDJH�FDQ�EH�UHFRYHUHG�7KH� YDULDEOH� . LQ� UHODWLRQ� WR� 1 GHILQHV� WKH� GHJUHH� RI� UHGXQGDQF\�� .�  � �FRUUHVSRQGV� WR� GXSOLFDWLQJ� WKH� VDPH� LQIRUPDWLRQ� RQ� 1 FKDQQHOV�� XVHV� 1 WLPHV� WKH�EDQGZLGWK�RI�D�QRQ�IDXOW�WROHUDQW�UHDOWLPH�FKDQQHO��DQG�KDV�WKH�ODUJHVW�IDXOW�WROHUDQFH��.� �1 FRUUHVSRQGV� WR� D�GLVSHUVLW\� V\VWHP�ZLWKRXW� UHGXQGDQF\��$�GLVSHUVLW\� V\VWHP�ZLWK�UHGXQGDQF\� UHTXLUHV�1�. WLPHV� WKH� EDQGZLGWK� RI� D� QRQ�IDXOW�WROHUDQW� UHDOWLPH� FKDQQHO�ZLWK� WKH� VDPH� WUDIILF� DQG� SHUIRUPDQFH� UHTXLUHPHQWV�� :KHQ� UHGXQGDQF\� LV� XVHG� LQ�
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�����)DXOW�WROHUDQW�LQ�UHDO�WLPH�FRPPXQLFDWLRQ7KH�GHOLYHU\�GHOD\� LQ�D�SRLQW�WR�SRLQW� VZLWFKLQJ�QHWZRUN� LV�GLIILFXOW� WR�FRQWURO�GXH� WR� WKH�FRQWHQWLRQ� DPRQJ� UDQGRPO\�DUULYLQJ� SDFNHWV� DW� HDFK� QRGHV� DQG� PXOWLKRSV� D� SDFNHW�PXVW� WUDYHO� EHWZHHQ� LWV� VRXUFH� DQG� GHVWLQDWLRQ�� ,W� LV� HYHQ� KDUGHU� IRU� WKH� PXOWLFDVWHG�QHWZRUN� WR� PDLQWDLQ� FRQVLVWHQW� HQG�WR�HQG� GHOD\� IRU� HDFK� VRXUFH�GHVWLQDWLRQ� SDLUV��'HVSLWH� WKLV� GLIILFXOW\�� WKHUH� DUH� DQ� LQFUHDVLQJ� QXPEHU� RI� DSSOLFDWLRQV� WKDW� UHTXLUH�SDFNHWV�WR�EH�GHOLYHUHG�UHOLDEO\�ZLWKLQ�VSHFLILHG�GHOD\�ERXQGV��7KH�DSSURDFK�RI� UHDO�WLPH�FKDQQHO�� ILUVW�SURSRVHG�E\�)HUUDUL DQG�9HUPD�>��@�� LV�WR�SURYLGH�GHOD\�ERXQG�JXDUDQWHHV�WR�UHDO�WLPH�FRQQHFWLRQV��:LWK�WKH�UHDO�WLPH�FKDQQHO�DSSURDFK�� HDFK� SDFNHW� LV� DVVLJQHG� D� GHDGOLQH� RYHU� HDFK� OLQN� RQ� LWV� URXWH� DQG� WKH�WUDQVPLVVLRQ�RI�SDFNHWV�RYHU�D� OLQN� LV�VFKHGXOHG�DFFRUGLQJ� WR� WKHLU�GHDGOLQHV��8VLQJ�D�SURSHU� GHDGOLQH� DVVLJQPHQW� SROLF\�� WKH� QHWZRUN� ZLOO� ILUVW� VHUYH� WKRVH� SDFNHWV� RI� WKH�FKDQQHOV� WKDW� UHTXLUH� WLJKW�GHOLYHU\�GHOD\V�DQG�RU�KLJK� OLQN�EDQGZLGWKV��2QH� LPSRUWDQW��\HW� XQGHU�H[SORUHG��SUREOHP� LV� WKH� IDXOW� WROHUDQFH�DVVRFLDWHG�ZLWK� WKH�FRQFHSW�RI� UHDO�WLPH� FKDQQHO�� )RU� HDVH� LQ� FRQWUROOLQJ� WKH� HQG�WR�HQG� SDFNHW� GHOD\V�� WKH� VWDWLF� URXWLQJ�DSSURDFK� LV� XVHG� IRU� UHDO�WLPH� FKDQQHOV�� $OO� SDFNHWV� RI� D� UHDO�WLPH� FKDQQHO� DUH�WUDQVPLWWHG�DORQJ�WKH�VDPH�SDWK��7KLV��XQIRUWXQDWHO\�� LV�PRUH�VXVFHSWLEOH�WR�FRPSRQHQW�IDLOXUHV�WKDQ�D�G\QDPLF�URXWLQJ�DSSURDFK��VLQFH�D�VLQJOH�FRPSRQHQW�IDLOXUH�PD\�GLVDEOH�WKH�ZKROH�FKDQQHO��ZKLOH�SDFNHWV�FDQ�EH�HDVLO\� URXWHG�DURXQG� WKH�EURNHQ�FRPSRQHQWV�ZLWK� D� G\QDPLF� URXWLQJ� DSSURDFK�� 7KHUH� KDYH� DOVR� EHHQ� SURSRVHG� IRUZDUG�UHFRYHU\�DSSURDFKHV� ZKHUH� PXOWLSOH� FRSLHV� RI� D� PHVVDJH� DUH� VHQW� YLD� GLVMRLQW� SDWKV� WR� PDVN�FRPSRQHQW� IDLOXUHV�� $� YDULDWLRQ� RI� WKHVH� DSSURDFKHV� FRXSOHG�ZLWK� WKH� HUURU�FRUUHFWLRQ�FRGLQJ�VFKHPH�FDQ�EH�IRXQG�LQ�>��@��7KH�PHWKRGV�SURSRVHG�LQ�>��@�UHTXLUHV DOO�IDLOXUHV�WR�EH�EURDGFDVW�WR�WKH�HQWLUH�QHWZRUN��:KHQ�D�VRXUFH�QRGH�LV�QRWLILHG�RI�WKH�IDLOXUH�RI�LWV�FKDQQHO��LW�WULHV�WR�HVWDEOLVK�D�QHZ�FKDQQHO�IURP�VFUDWFK���6LQFH�QR�UHVRXUFH�LV�UHVHUYHG�LQ� DGYDQFH� IRU� WKH� IDXOW� WROHUDQFH� SXUSRVH�� WKLV� PHWKRG� KDV� D� VPDOO� RYHUKHDG� LQ� WKH�DEVHQFH� RI� IDXOWV�� � +RZHYHU�� LW� GRHV� QRW� JLYH� DQ\� JXDUDQWHH� RQ� IDLOXUH� UHFRYHU\�� 7KH�FKDQQHO� UHHVWDEOLVKPHQW� DWWHPSW� IRU� IDLOXUH� UHFRYHU\�FDQ�EH� UHMHFWHG��HYHQ�ZKHQ� WKHUH�DUH� VXIILFLHQW� UHVRXUFHV�� DV� D� UHVXOW� RI� WKH� FRQWHQWLRQ� DPRQJ VHYHUDO� VLPXOWDQHRXV�
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UHFRYHU\� DWWHPSWV�� 0RUHRYHU�� VXFFHVVLYH� DWWHPSWV� RI� FKDQQHO� UHHVWDEOLVKPHQW� PD\�H[WHQG�WKH�UHFRYHU\�GHOD\�VLJQLILFDQWO\�0RVW� UHDO�WLPH� FRPPXQLFDWLRQ� VFKHPH� VKDUH� WKUHH� FRPPRQ� SURSHUWLHV�� 4R6�FRQWUDFWHG�� FRQQHFWLRQ�RULHQWHG�� DQG� UHVHUYDWLRQ�EDVHG�� $� FRQWUDFW� EHWZHHQ� D� FOLHQW�DQG� WKH� QHWZRUN� LV� HVWDEOLVKHG� EHIRUH�PHVVDJHV� DUH� DFWXDOO\� WUDQVIHUUHG�� 7R� WKLV� HQG��WKH�FOLHQW�PXVW�ILUVW�VSHFLI\�LWV�LQSXW�WUDIILF�EHKDYLRU�DQG�UHTXLUHG�4R6��7KHQ��WKH�QHWZRUN�FRPSXWHV� WKH� UHVRXUFH� QHHGV� �H�J�� OLQN� DQG�&38�EDQGZLGWKV�� DQG�EXIIHU� VSDFH�� IURP�WKLV� LQIRUPDWLRQ�� VHOHFWV� D� SDWK�� DQG� UHVHUYHV� QHFHVVDU\� UHVRXUFHV� DORQJ� WKH� SDWK�� ,I�WKHUH� DUH� QRW� HQRXJK� UHVRXUFHV� WR� PHHW� WKH� 4R6� UHTXLUHPHQW�� WKH� FOLQHWuV� UHTXHVW� LV�UHMHFWHG�� 7KH� FOLHQWuV� PHVVDJHV� DUH� WUDQVSRUWHG� RQO\� YLD� WKH� � VHOHFWHG� SDWK� ZLWK� WKH�UHVRXUFHV�UHVHUYHG��DQG�WKLV�YLUWXDO�FLUFXLW�LV�RIWHQ�FDOOHG�D�UHDO�WLPH�FKDQQHO��:KLOH�WKLV�UHVHUYDWLRQ�EDVHG� DSSURDFK� KDV� EHHQ� VXFFHVVIXO� LQ� SURYLGLQJ� vKDUGw� JXDUDQWHHV� RQ�WLPHOLQHVV�4R6�� LW� FDXVHV� D� VHULRXV� GLIILFXOW\� LQ� DFKLHYLQJ� IDXOW� WROHUDQFH� �EHFDXVH� WKH�DSSURDFK� UHOLHV�RQ�VWDWLF� URXWLQJ��� �7UDGLWLRQDO� IDLOXUH�KDQGOLQJ� WHFKQLTXHV� IRU�GDWDJUDP�VHUYLFHV� DUH� LQDGHTXDWH�� EHFDXVH� D� UHDO�WLPH�PHVVDJH� LV� DOORZHG� WR� WUDYHUVH� RQO\� WKH�SDWK� RQ� ZKLFK� UHVRXUFHV� DUH� UHVHUYHG� D� SULRUL� IRU� LW� DQG�� KHQFH�� FDQQRW� EH� GHWRXUHG�DURXQG� IDLOHG� FRPSRQHQWV� RQ� WKH� IO\�� ,QVWHDG�� D� QHZ� FKDQQHO�ZKLFK� GRHV� QRW� XVH� WKH�IDLOHG� FRPSRQHQWV� VKRXOG�EH� HVWDEOLVKHG�EHIRUH� UHVXPLQJ� WKH�GDWD� WUDQVIHU��+RZHYHU��HVWDEOLVKLQJ�D�QHZ�FKDQQHO� LV�XVXDOO\�D� WLPH�FRQVXPLQJ�SURFHVV��ZKLFK�FDQ�UHVXOW� LQ�D�ORQJ� VHUYLFH� GLVUXSWLRQ�� 0RUHRYHU�� VXFK� DQ� DSSURDFK� FDQQRW� PDNH� DQ\� JXDUDQWHH� RQ�VXFFHVVIXO�IDLOXUH�UHFRYHU\��EHFDXVH�WKHUH�PD\�QRW�H[LVW�D�SURSHU�GHWRXU��7R� DVVXUH� VXFFHVVIXO� UHURXWLQJ� DQG� DYRLG� WKH� WLPH�FRQVXPLQJ� FKDQQHO�UHHVWDEOLVKPHQW�SURFHVV��RQH�RU�PRUH�EDFNXS�FKDQQHOV�DUH�VHW�XS�D�SULRUL��LQ�DGGLWLRQ�WR�HDFK�SULPDU\�FKDQQHO��7KDW� LV�D�GHSHQGDEOH�UHDO�WLPH�FRQQHFWLRQ�FRQVLVWV�RI�D�SULPDU\�FKDQQHO�DQG�RQH�RU�PRUH�EDFNXS�FKDQQHOV��$�EDFNXS�FKDQQHO�UHPDLQV�D�FROG�VWDQGE\�XQWLO� LW� LV� DFWLYDWHG�� ,Q�RWKHU�ZRUGV�� LW�GRHV�QRW�FDUU\�DQ\�GDWD� LQ�D�QRUPDO�VLWXDWLRQ��VR�WKDW� WKH� UHVRXUFHV� UHVHUYHG� IRU� WKH� EDFNXS� FKDQQHO� PD\� EH� XVHG� E\� RWKHU� WUDIILF��+RZHYHU�� EDFNXSV� GHJUDGH� WKH� QHWZRUNuV� FDSDELOLW\� RI� DFFRPPRGDWLQJ� UHDO�WLPH�FKDQQHOV�� EHFDXVH� WKH\� UHVHUYH� UHVRXUFHV�ZKLFK� FDQ� EH� XVHG� WR� DFFRPPRGDWH� RWKHU�UHDO�WLPH�FKDQQHOV�RWKHUZLVH��
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�������'HSHQGDEOH�1HWZRUN�7KH�LGHD�RI�SURYLGLQJ�DQ�HIILFLHQW�VFKHPH�WR�TXLFNO\�UHVWRUH�UHDO�WLPH�FKDQQHOV�IURP�OLQN�IDLOXUHV� KDV� EHHQ� VWXGLHG� E\� PDQ\� UHVHDUFKHUV�� 7R� DVVXUH� VXFFHVVIXO� UHURXWLQJ� DQG�DYRLG� WKH� WLPH�FRQVXPLQJ� OLQN� UHHVWDEOLVKPHQW� SURFHVV�� RQH� RU�PRUH�EDFNXS� OLQNV� DUH�VHW� XS�D�SULRUL�� LQ� DGGLWLRQ� WR�HDFK�SULPDU\� OLQN�� 7KLV� LV� FDOOHG�� D�GHSHQGDEOH� UHDO�WLPHQHWZRUN RU�GHSHQGDEOH�UHDO�WLPH�FRQQHFWLRQ��FRQVLVWV�RI�D�SULPDU\�OLQN�DQG�RQH�RU�PRUH�EDFNXS�OLQNV��$�EDFNXS�OLQN�UHPDLQV�D�FROG�VWDQE\�XQWLO�LW�LV�DFWLYDWHG��,Q�RWKHU�ZRUGV��LW�GRHV� QRW� FDUU\� DQ\� GDWD� LQ� D� QRUPDO� VLWXDWLRQ�� VR� WKDW� WKH� UHVRXUFHV� UHVHUYHG� IRU� WKH�EDFNXS� OLQN�PD\� EH� XVHG� E\� RWKHU� WUDIILF�� $� GHSHQGDEOH� QHWZRUN� LV� D� QHWZRUN�ZLWK� DW�OHDVW�WZR�GLVMRLQW�URXWLQJ�SDWKV�EHWZHHQ�DQ\�WZR�QRGHV�LQ�WKH�QHWZRUN�*��,Q�RWKHU�ZRUGV��D�GHSHQGDEOH�QHWZRUN�LV�D�WZR�HGJH�FRQQHFWHG�DFFRUGLQJ�WR�WKH�0HQJHUuV�WKHRUHP�>��@�WKDW� WKH� UHPRYDO� RI� DQ\� RQH� HGJH� GRHV� QRW� GLVFRQQHFW� *�� :H� ZLOO� LQYHVWLJDWH� DQ�DOJRULWKP� WKDW� LPSOHPHQWV� WKH� FRQFHSW� RI� GHSHQGDEOH� QHWZRUN� FDOOHG� v'&0� URXWLQJ�DOJRULWKPw��������'&0�5RXWLQJ�$OJRULWKP,Q�WKLV�GLVVHUWDWLRQ��D�URXWLQJ�DOJRULWKP�XVHG�LQ�GHWHUPLQLQJ�DQG�URXWLQJ�DQ�DOWHUQDWH�SDWK�LV�EDVHG�RQ�WKH�'&0�5RXWLQJ�$OJRULWKP�E\�3DUULV�DQG�%DQHUMHD�>��@��7KH�ILUVW�REMHFWLYH�RI� '&0� URXWLQJ� DOJRULWKP� LV� WR� HVWDEOLVK� DQ� DOWHUQDWH� OLQN�� FRQIRUPLQJ� WR� WKH� VSHFLILHG�4R6� SDUDPHWHUV�� ZKLFK� LQ� RXU� FDVH� LV� WKH� HQG�WR�HQG� GHOD\� FRQVWUDLQWV�� 7KLV� GLVMRLQW�EDFNXS� OLQN� LV� HVWDEOLVKHG� LQ� WKH� SUHVHQFH� RI� WKH� SULPDU\� OLQN� RQ� ZKLFK� WKH� KRVW� LV�FXUUHQWO\� DFWLYH�� :KHQ� LW� HQFRXQWHU� WKH� IDLOXUH� VLWXDWLRQ�� WKLV� EDFNXS� UHVRXUFH� ZLOO� EH�LQYRNHG� DQG� JR� WKURXJK� DGPLVVLRQ� WHVW�� WR� FKHFN� LI� WKH� QHWZRUN� UHVRXUFH� LV� UHDGLO\�DYDLODEOH�EHIRUH�WKH�URXWH�FKDQJHV��URXWLQJ�UHFRQILJXUDWLRQ��IURP�SULPDU\�WR�EDFNXS�OLQN�LV�HVWDEOLVKHG�$V� PHQWLRQHG� HDUOLHU� WKDW�� WKLV� DOJRULWKP� GHWHUPLQHV� D� URXWH� IURP� WKH� VRXUFH�QRGH� WR� WKH� GHVWLQDWLRQ� QRGH� WDNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� WUDIILF� DQG� WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�WKH�FRQQHFWLRQ��L�H��HQG�WR�HQG�GHOD\�YDOXH���$QRWKHU�JRDO�RI�WKH�'&0�URXWLQJ�DOJRULWKP� LV� WR�EDODQFH� WKH�QHWZRUN� ORDG�DQG�REWDLQ� URXWHV� LQ�D� WLPHO\�PDQQHU��DOVR� WR� PD[LPL]H� WKH� SUREDELOLW\� WKDW� WKH� URXWH� SURYLGHG� E\� WKH� DOJRULWKP� ZLOO� EH�
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VXFFHVVIXOO\� HVWDEOLVKHG�� 7KH� URXWLQJ� DOJRULWKP� FDOFXODWHV� D� PLQLPDO�FRVW� URXWH� ZKHUH�WKH�FRVW�RI�WKH�URXWH�LV�WKH�VXP�RI�FRVWV�RI�WKH�OLQNV�FRPSULVLQJ�WKH�URXWH��7KH�FRVW�RI�D�OLQN�LV�D�GHOD\�YDOXH��ZKLFK�LV�WKH�VXP�RI�WKH�TXHXLQJ�GHOD\��WKH�WUDQVPLVVLRQ�GHOD\�DQG�WKH�SURSDJDWLRQ�GHOD\��7KH�'&0� URXWLQJ� DOJRULWKP�SURFHHGV� LQ� WZR� VWHSV�� ,Q� WKH� ILUVW� VWHS�� D�GLUHFWHG�JUDSK� LV� FUHDWHG� LQ�ZKLFK� WKH�QRGHV�FRUUHVSRQG� WR� VZLWFKHV�DQG�KRVWV� LQ� WKH�QHWZRUN�DQG�WKH�HGJHV�WR�WKH�OLQNV�FRQQHFWLQJ�WKHVH�VZLWFKHV�DQG�KRVWV��7KH�ZHLJKWV�DWWULEXWHG�WR�HDFK�HGJH�UHSUHVHQWV�WKH�OLQN�FRVW��7KH�OLQN�FRVW�DUH�FRPSXWHG�MXVW�SULRU�WR�DSSO\LQJ�WKH� DOJRULWKP� WKHUHE\� XVLQJ� WKH� PRVW� UHFHQW� OLQN� LQIRUPDWLRQ� REWDLQHG� IURP� URXWLQJ�XSGDWH�PHVVDJHV�� ,Q� WKH�VHFRQG�VWHS��D�FRQVWUDLQHG��PRGLILHG�YHUVLRQ�RI� WKH�%HOOPDQ�)RUG� DOJRULWKP� LV� WKHQ� DSSOLHG� WR� WKLV� JUDSK� WR� GHWHUPLQH� D� SRVVLEOH� GLVMRLQW� EDFNXS�OLQNV�� ,Q� WKLV�DOJRULWKP��FRQVHFXWLYH�VHDUFKHV�DUH�SHUIRUPHG�RQ�DOO�����h1���KRS�SDWKV�IURP� WKH� VRXUFH� WR� WKH� GHVWLQDWLRQ� QRGHV� XQWLO� WKH� GHOD\� FRQGLWLRQ�' LV� VDWLVILHG�� 7KH�'&0�URXWLQJ�DOJRULWKP�PD[LPL]HV�WKURXJKSXW�E\�PLQLPL]LQJ�WKH�QXPEHU�RI�LQWHUPHGLDWH�QRGHV� HQFRXQWHUHG� DORQJ� WKH� SDWK� IURP� WKH� VRXUFH� WR� GHVWLQDWLRQV�� 'HWDLO� RI� '&0�URXWLQJ�DOJRULWKPV�FDQ�EH�IRXQG�LQ�>��@������0XOWLSOH�/LQN�IDXOWV7KH� SURSRVHG� IDXOW�WROHUDQW� SURWRFRO� ZDV� GHVLJQHG� WR� KDQGOH� D� VLQJOH� OLQN� IDXOW� WKDW�RFFXUV�RQ�&%7�SDWKV��:H�QRZ�GLVFXVV�KRZ�WR�H[WHQG�LW�WR�GHDO�ZLWK�WKH�FDVHV�RI�PXOWLSOH�IDXOWV� WKDW� ZLOO� QRW� RQO\� LPSDFW� SDWKV� RQ� WKH� &%7�� EXW� DOVR� RII�WUHH� QRGHV�� /HW� XV� ILUVW�GLVFXVV�WKH�H[WHQVLRQ�RI�RXU�GHVLJQHG�SURWRFRO�VR�WKDW�HYHQ�LI�PXOWLSOH�VLPXOWDQHRXV�OLQN�IDXOWV�RFFXU��WKH�&%7�FDQ�VWLOO�IXQFWLRQ�SURSHUO\��7KH�PDMRU�H[WHQVLRQ�KDV�WR�GHDO�ZLWK�WKH�PHWKRGV� RI� GLVMRLQW� EDFNXS� SDWKV� VHOHFWLRQ� DQG� EDFNXS� SDWK� LQYRFDWLRQ�� ,Q� RUGHU� WR�WROHUDWH�P VLPXOWDQHRXV� IDXOWV��D� WULYLDO�H[WHQVLRQ� WR�EDFNXS�SDWKV�VHOHFWLRQ� LV� WR�VHOHFW�P GLVMRLQWHG� EDFNXS� SDWKV� IRU� HDFK� URXWHU�� 7KHVH� SDWKV� FRQQHFW� WKH� URXWHU� WR� LWV�JUDQGIDWKHU�� � +RZHYHU�� WKLV� LV� LQVXIILFLHQW�� IRU� H[DPSOH�� LI�P  � ��� WKHQ� ERWK� IDWKHU� DQG�JUDQGIDWKHU�FDQ�IDLO�� ,Q� ILJXUH������DVVXPH�WKDW�ERWK�5��DQG�5��EHFRPH�IDXOW\�DQG�WKDW�5��KDV�WZR�EDFNXS�SDWKV�IURP�LWVHOI�WR�LWV�JUDQGIDWKHU�5����5���5����5����5���5��!�DQG���5���5���5��!��6LQFH�5��LV�IDXOW\��WKHVH�WZR�EDFNXS�SDWKV�FDQQRW�EH�XVHG�WR�UHFRQQHFW�WKH�PXOWLFDVW�WUHH��7KDW�LV��WKH�&%7�ZLOO�EH�EURNHQ��7KXV��LQ�RUGHU�WR�WROHUDWH�P IDXOWV��IRU�
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5� FRUH

5��5��5��5�

5�5�

5�5�5�

5�5�

5� )DXOW\�5RXWHU /LQN�RQ�&%7 2WKHU�/LQN
)LJXUH�������%DFNXS�SDWK�VHOHFWLRQ�IRU�PXOWLSOH�IDXOWV�WROHUDQFH

6LPLODUO\�� LI�P  ����IRU�HDFK�URXWHU�RQ�WKH�&%7��ZH�QHHG�RQH�EDFNXS�SDWK�WR�FRQQHFW�WR�WKH�JUDQGIDWKHU� RI� JUDQGIDWKHU� WZR�GLVMRLQWHG�EDFNXS�SDWKV� WR�FRQQHFW� WR� WKH� IDWKHU�RI�WKH�JUDQGIDWKHU��DQG WKUHH�GLVMRLQWHG�EDFNXS�SDWKV�WR�FRQQHFW�WR�WKH�JUDQGIDWKHU��2QFH�DJDLQ��QRWH�WKDW�WKH�EDFNXS�SDWKV�WR�WKH�GLIIHUHQW�DQFHVWRUV�GR�QRW�KDYH�WR�EH�GLVMRLQWHG�ZLWK�HDFK�RWKHU�� � ,Q�JHQHUDO�FDVH��ZKHQ�P  �Q�� IRU�HDFK�URXWHU�RQ�&%7�ZH�QHHG� L �L  �������h��Q��GLVMRLQWHG�EDFNXS�SDWKV�WR�FRQQHFW�WR�WKH��Q���L��WK�DQFHVWRU�LI�LW�H[LVWV��1RZ�ZH�GLVFXVV�KRZ�WR�H[WHQG�EDFNXS�SDWK�LQYRFDWLRQ�DOJRULWKPV�WR�KDQGOH�WKH�FDVH� RI�PXOWLSOH� VLPXOWDQHRXV� OLQN� IDXOWV�� 6LQFH� WKHUH� DUH�PXOWLSOH� IDXOWV� DQG� WKH\�PD\�RFFXU� DQ\ZKHUH� �LQFOXGLQJ� RQ� VRPH� EDFNXS� SDWKV��� LQYRFDWLRQ� RI� D� EDFNXS� SDWK�PD\�QRW� DOZD\V� EH� VXFFHVVIXO�� $� WLPHU� VKRXOG� EH� XVHG� WR� WLPH�RXW� DQ� LQYRFDWLRQ� SURFHVV��
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7KLV� ZD\�� LI� LQGHHG� D� IDXOW� KDSSHQV� RQ� WKH� SDWK�� WKH� RZQHU� RI� WKH� SDWK� FDQ� LQYRNH�DQRWKHU�SDWK�7KH� VHFRQG� LVVXH� RI� EDFNXS� SDWK� LQYRFDWLRQ� LV� ORRS� HOLPLQDWLRQ�� *LYHQ� WKDW�VHYHUDO� URXWHUV� PD\� LQYRNH� VHYHUDO� RYHUODSSHG� SDWKV� VLPXOWDQHRXVO\�� D� ORRS� FRXOG�RFFXU�� 7KLV� NLQG� RI� ORRS� FDQ� EH� SUHYHQWHG� E\� SURSHUO\� WULPPLQJ� WKH� LQYROYHG� EDFNXS�SDWKV�GXULQJ�WKH�LQYRFDWLRQ�SURFHVV���$�VLPSOH�UXOH�IRU�WULPPLQJ�LV�WKDW�ZKHQHYHU�D�SDWK�LQYRFDWLRQ� PHVVDJH� UHDFKHV� DQ� RQ�SDWK� URXWHU� WKDW� KDV� EHHQ� FRQILJXUHG� GXH� WR� WKH�LQYRFDWLRQ� RI� VRPH�RWKHU� SDWKV�� WKH� FXUUHQW� LQYRFDWLRQ�SURFHVV� WHUPLQDWHV�� 7KDW� LV�� WKH�UHVW�RI�WKH�SDWK�LV�WULPPHG��,W�FDQ�EH�HDVLO\�SURYHQ�WKDW�WKLV�PHWKRG�UHVXOWV� LQ�D�FRUUHFW�&%7�WKDW�LV�ORRS�IUHH�)LQDOO\��ZH�FRQVLGHU�KRZ� WR�GHDO�ZLWK� IDXOWV� WKDW� LPSDFW�RII�WUHH�SDWKV��7R� OHW�DQ�RII�WUHH�SDWK� UHFRYHU� IURP� IDXOWV��ZH�PD\� WDNH� D� VLPLODU� DSSURDFK� DV�ZH�GLG�ZKHQ�ZH�GHDO�ZLWK� IDXOWV� WKDW� LPSDFW� WKH�&%7��7KLV� LV�EHFDXVH�D�VLPSOH�SDWK��IURP�RQH�URXWHU� WR�DQRWKHU�URXWHU��FDQ�EH�UHJDUGHG�DV�D�VSHFLDO�WUHH��*LYHQ�WKDW�DQ�RII�WUHH�SDWK�LV�WKH�RQH�XVHG� WR� URXWH� D� PHVVDJH� IURP� LWV� VRXUFH� WR� RQH� QRGH� RQ� WKH� FRUH�EDVHG� WUHH�� WKHVHOHFWLRQ�RI�EDFNXS�SDWKV�FDQ� WDNH�VRPH�DGYDQWDJHV��7KDW� LV��D�EDFNXS�SDWK�PD\�QRW�QHHG�WR�FRQQHFW�WR�WKH�URXWHUV�RQ�WKH�EURNHQ�SDWK��$V�ORQJ�DV�WKH�EDFNXS�SDWK�OHDGV�WR�WKH�FRUH�EDVHG�WUHH��WKH�SURWRFRO�ZLOO�IXQFWLRQ�FRUUHFWO\��,Q� VXPPDU\�� ZLWK� WKHVH� H[WHQVLRQV� RXU� SURWRFRO� FDQ� SURYLGH� HIILFLHQW� DQG�HIIHFWLYH� IDXOW�WROHUDQW� FRPPXQLFDWLRQ� LQ� DQ\� IDXOW\� VLWXDWLRQ��+RZHYHU�� RXU� IDXOW�WROHUDQW�SURWRFRO� KDV� WR� FKHFN� LI� WKH� HQG�WR�HQG� GHOD\� FRQGLWLRQ� VWLOO� KROGV�� 7KH� PRUH� EDFNXS�LQYRFDWLRQ��WKH�OHVV�OLNHO\�WKDW�WKH�GHOD\�FRQVWUDLQWV�FDQ�VWLOO�EH�PDLQWDLQHG�������&RQFOXVLRQV,Q� WKLV� FKDSWHU�� ZH� KDYH� VWXGLHG� WKH� IDXOW�WROHUDQFH� IUDPHZRUN� DQG� IRUPXODWHG� WKH�V\VWHPDWLF� VWXG\� RI� UHFRYHU\� RI� UHDO�WLPH� WUDIILF�� 7KH� IDXOW� WROHUDQFH� IUDPHZRUN� ZDV�SURSRVHG�ZKLFK� IRFXV� RQ� UHURXWLQJ� WUDIILF� EHIRUH� WKH�GHDGOLQH� H[SLUHV�� DQG�PLQLPL]LQJ�WKH�QHWZRUN�UHVRXUFH�XVHG�LQ�WKH�SURFHVV��7KH�DSSURDFK�WR�UHURXWLQJ�RI�WKH�SULPDU\�OLQN�WR� WKH� EDFNXS� OLQN� FDQ� EH� FODVVLILHG� LQ�� &HQWUDOL]HG� YV�� 'LVWULEXWHG� 6FKHPHV�� /LQN�UHURXWLQJ� YV� (QG�WR�HQG� UHURXWLQJ�� DQG� 3UH�FRPSXWDWLRQ� YV� G\QDPLF� �RQ�GHPDQG��FRPSXWDWLRQ�RI�URXWHV��:H�KDYH�SURSRVHG�GLVSHUVLW\�URXWLQJ�DV�D�PHFKDQLVP�WR�SURYLGH�
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IDXOW� WROHUDQFH� WR� UHDO�WLPH� FRPPXQLFDWLRQ� QHWZRUN�� :H� LQYHVWLJDWHG� WKH� UHURXWLQJ� RI�JXDUDQWHHG�SHUIRUPDQFH�VHUYLFH�FRQQHFWLRQV�RQ� WKH�RFFXUUHQFH�RI� OLQN� IDXOWV�� IRFXVLQJ�RQ� WKH� DVSHFWV� RI� URXWH� VHOHFWLRQ�� GLVMRLQW� EDFNXS� SDWKV� DQG� URXWLQJ� WDEOH�UHFRQILJXUDWLRQ� LQ� WKH� QHWZRUN�� 7KH� IDXOW�WROHUDQFH� VWUDWHJ\� RI� WKH� RULJLQDO� &%7� ZDV�GHVFULEHG��2XU�VWUDWHJ\�WR�LPSURYH�WKH�IDXOW�WROHUDQFH�IHDWXUH�RI�&%7�ZDV�VWXGLHG���7KH�FRQFHSW�RI�GHSHQGDEOH�QHWZRUN�ZDV�GLVFXVVHG�DQG�VWXGLHG��7KH�'&0�URXWLQJ�DOJRULWKP�ZDV�SURSRVHG�WR�ILQG�WKH�GLVMRLQW�EDFNXS�SDWK�EHWZHHQ�HDFK�QRGH�SDLU��L�H���VRXUFH�DQG�GHVWLQDWLRQ�QRGH� LQ�HDFK�PXOWLFDVW�JURXS��7KH�DOJRULWKP�GHWHUPLQHV�DQ�DOWHUQDWLYH�SDWK�IURP� WKH� VRXUFH� QRGH� WR� WKH� GHVWLQDWLRQ� QRGH� WDNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� WUDIILF� DQG�RWKHU� SHUIRUPDQFH� FKDUDFWHULVWLFV� RI� WKH� FRQQHFWLRQ�� 7KH� '&0� URXWLQJ� DOJRULWKP�PD[LPL]HV� WKURXJKSXW� E\� PLQLPL]LQJ� WKH� QXPEHU� RI� LQWHUPHGLDWH� QRGHV� HQFRXQWHUHG�DORQJ� WKH�SDWK� IURP� WKH�VRXUFH� WR� WKH�GHVWLQDWLRQV��:KHQ�D�VLQJOH� IDLOXUH�RFFXUV��'&0�DOJRULWKP�DOVR� FKHFNV� LI� WKH�GLVMRLQW�EDFNXS�SDWK��ZKLFK�ZDV�SUH�FRPSXWHG��FDQ�PHHW�WKH� WLPH� GHOD\� FRQVWUDLQW�� DQG� YHULILHV� LI� WKHUH� LV� HQRXJK� QHWZRUN� UHVRXUFH�� EHIRUH�UHURXWLQJ� DOO� URXWHUV� LQYROYHG� LQ� WKH� IDLOXUH�� /DVW�� ZH� DQDO\VH� WKH�PXOWLSOH� VLPXOWDQHRXV�IDXOW�VLWXDWLRQ��ZKHUHE\�PXOWLSOH�GLVMRLQW�EDFNXS�SDWKV�EHWZHHQ�WKH�LQYROYHG�URXWHUV�DQG�WR�LWV�JUDQGIDWKHU�PXVW�EH�VSHFLILHG��:H�FRQFOXGH�WKDW�WR�WROHUDWH�P VLPXOWDQHRXV�IDXOWV��IRU�HDFK�URXWHU��ZH�QHHG�DGGLWLRQDO�EDFNXS�SDWKV�WR�FRQQHFW�QRW�RQO\�WR�LWV�JUDQGIDWKHU�QRGH��EXW�DOVR�RWKHU�DQFHVWRUV�:H�ZLOO� LPSOHPHQW�WKH�IDXOW�WROHUDQW�SURWRFRO�DQG�SULQFLSDO�PHQWLRQHG�WKURXJKRXW�WKLV FKDSWHU��DQG�DSSO\� WKHP�WR� WKH�SURSRVHG�UHDO�WLPH�RSWLPDO�SURWRFRO�EDVHG�RQ�&%7�Y�� PHQWLRQHG� LQ� FKDSWHU� ��� DQG� SURYHG� E\� VLPXODWLRQ� WKH� HIILFDF\� RI� RXU� SURSRVHG�DSSURDFK�ZKLFK�LV�WKH�VXEMHFW�RI�FKDSWHU���
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)$8/7�72/(5$17�5($/�7,0(�08/7,&$67�5287,1*�35272&2/2YHUYLHZ'HYHORSPHQW�RI�HIILFLHQW�PXOWLFDVWLQJ�DOJRULWKPV�ZKLFK�VXSSRUW�ERWK�UHDO�WLPH�WUDIILF�DQG�IDXOW�WROHUDQW� FDSDELOLW\� DUH� FUXFLDO� WR� WKH� VXFFHVVIXO� GHSOR\PHQW� RI� PXOWLPHGLD�DSSOLFDWLRQV�� (PHUJLQJ� PXOWLPHGLD� WHFKQRORJLHV� LQWURGXFH� WKH� SUHYDOHQW� PXOWLFDVW�WUDQVPLVVLRQ�� DQG� WKH� PXOWLFDVW� WUHH� LV� GHWHUPLQHG� XVLQJ� WKH� WLPH�LQYDULDQW� QHWZRUN�SDUDPHWHUV�� )RU� UHOLDEOH� PXOWLFDVWLQJ�� VRPH� PHFKDQLVP� LV� UHTXLUHG� WR� UHFRYHU� IURP�IDXOWV�� ,I� RQH� RI� WKH JURXS� PHPEHUV� IDLOV� RU� RQH� RI� WKH� QRGHV� RU� OLQNV� XVHG� LQ� WKH�PXOWLFDVW� WUHH� IDLOV�� WKH� PXOWLFDVW� WUHH� FDQ� EHFRPH� GLVFRQQHFWHG�� ,W� LV� LPSRVVLEOH� IRU�PHVVDJHV� IURP� WKH�FRUH� WR� UHDFK� WKH�PHPEHUV�RI� WKH�GLVFRQQHFWHG�VXEWUHH��+RZHYHU��WKH� UHFRYHU\� SURFHVV� ZKLFK� LQYROYHV� WKH� UHURXWLQJ� RI� WKH� H[LVWLQJ� WUDIILF� WR� D� EDFNXS�FKDQQHO� PXVW� EH� DFKLHYHG� EHIRUH� WKH� DSSOLFDWLRQVu� GHDGOLQHV�� ,Q� WKLV� FKDSWHU� ZH�SURSRVH�WKH�IDXOW�WROHUDQW�PXOWLFDVW�URXWLQJ�DOJRULWKP�ZKLFK�LV�FDSDEOH�RI�GHWHUPLQLQJ�DQ�DOWHUQDWLYH�SDWK�IRU�UHDO�WLPH�DSSOLFDWLRQV�XQGHU�D�VLQJOH�OLQN�IDLOXUH�FRQGLWLRQ���:H�VWXG\�WKH�SUREOHP�RI�FRUH�EDVHG�WUHH�DQG�SURSRVH�DQ�HQKDQFHPHQW�WR�JXDUDQWHH�HQG�WR�HQG�GHOD\�UHDO�WLPH�FRQVWUDLQWV�ZKLOH�VXVWDLQLQJ�WKH�VKDUHG�WUHH�FKDUDFWHULVWLFV�RI�VFDODELOLW\��7KHQ��ZH�SURSRVH�D�VWUDWHJ\� WR� ILQG� WKH�EDFN�XS�SDWKV� WKDW�PHHW� WKH�HQG�WR�HQG�GHOD\�JXDUDQWHH� DQG�SURSRVH� WKH� DOJRULWKPV� WR� VZLWFK� IURP� WKH� IDXOW� WUHH� WR� WKH� QHZ� WUHH� VR�WKDW� WKH� DSSOLFDWLRQ� HQG�WR�HQG� GHOD\� WLPH� LV� ERXQG�� 7KH� DOJRULWKP� SHUIRUPV� DQ�DGPLVVLRQ� WHVW�RI� WKH�EDFNXS�SDWKV� WR�YHULI\� WKDW� WKH�HQG�WR�HQG�GHOD\�FRQVWUDLQW�RI� WKH�UHDO�WLPH� DSSOLFDWLRQV� LV� QRW� YLRODWHG�� 6LPXODWLRQ� UHVXOWV� VKRZ� WKDW� RXU� SURSRVHG�DOJRULWKP�SHUIRUPHG�UHODWLYHO\�ZHOO�LQ�WHUPV�RI�PHHWLQJ�WKH�HQG�WR�HQG�GHOD\�FRQVWUDLQWV��QHWZRUN� UHVRXUFH�� WUDIILF� FRQFHQWUDWLRQ�� ORVV� UDWH� DQG� H[HFXWLRQ� WLPHV� ZKHQ� WKHUH� LV� D�VLQJOH�OLQN�IDLOXUH�LQ�WKH�QHWZRUN�7KH�UHVW�RI�WKLV�FKDSWHU� LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ�����DQG�����JLYH�D�EULHI�LQWURGXFWLRQ� RI� WKH�PXOWLFDVW� URXWLQJ� DOJRULWKP��5HDO�WLPH�PXOWLFDVW� URXWLQJ� LV�GLVFXVVHG�ZLWK�SUREOHP�GHILQLWLRQ�LQ�VHFWLRQ�����DQG������6HFWLRQ�����GLVFXVVHV�RXU�SURSRVHG�IDXOW�
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WROHUDQW�SURWRFRO�DQG�WKH� LPSOHPHQWDWLRQ�RI�RXU� IDXOW�WROHUDQW� IHDWXUHV� WR�FRXSOH�ZLWK�WKH�UHDO�WLPH� PXOWLFDVW� SURWRFRO� SUHYLRXVO\� SURSRVHG� LQ� FKDSWHU� ��� :H� WKHQ� GHVFULEHV� WKH�VLPXODWLRQ� VHWXS� WR� FRPSDUH� WKH� HIILFDF\� RI� RXU� SURSRVHG� DSSURDFKHV� LQ� VHFWLRQ� �����6HFWLRQ� ���� JLYHV� WKH� VLPXODWLRQ� UHVXOWV� DQG� GLVFXVVLRQ� RI� WKH� SHUIRUPDQFH�PHWULFV�� $�FRQFOXVLRQ�WR�WKLV�FKDSWHU�LV�SUHVHQWHG�LQ�VHFWLRQ����������,QWURGXFWLRQ0XOWLFDVWLQJ� UHIHUV� WR� WKH� WUDQVPLVVLRQ� RI� GDWD� IURP� RQH� QRGH� �VRXUFH� QRGH�� WR� D�VHOHFWHG� JURXS� RI� QRGHV� �PHPEHU� QRGHV� RU� GHVWLQDWLRQ� QRGHV�� LQ� D� FRPPXQLFDWLRQ�QHWZRUN�� ,QVWHDG� RI� VHQGLQJ� D� VHSDUDWH� FRS\� RI� WKH� GDWD� WR� HDFK� LQGLYLGXDO� JURXS�PHPEHU�� D�PXOWLFDVW� VRXUFH�VHQGV�D�VLQJOH�FRS\� WR�DOO� WKH�PHPEHUV��0XOWLFDVW� URXWLQJ�UHTXLUHV�WKH�HVWDEOLVKPHQW�RI�D�PXOWLFDVW�WUHH�WR�DOORZ�JURXS�PHPEHUV�WR�H[FKDQJH�GDWD�HIILFLHQWO\�� ,Q�VRPH�FDVH�� WKH�REMHFWLYH�RI�FRQVWUXFWLQJ�D�PXOWLFDVW� WUHH� LV WR�HQVXUH� WKDW�WKH�4R6� UHTXLUHPHQWV�RI� WKH�XQGHUO\LQJ�PXOWLFDVW� WUDIILF�DUH�PHW� LQ�DGGLWLRQ� WR� WKH�GDWD�H[FKDQJH�WR�WKH�JURXS�PHPEHUV���$Q�XQGHUO\LQJ�PXOWLFDVW�URXWLQJ�DOJRULWKP�GHWHUPLQHV��ZLWK� UHVSHFW� WR�FHUWDLQ�RSWLPL]DWLRQ�REMHFWLYH��D�PXOWLFDVW� WUHH�FRQQHFWLQJ�WKH�VRXUFH�V��DQG�WKH�JURXS�PHPEHUV��'DWD�JHQHUDWHG�E\�WKH�VRXUFH�IORZV�WKURXJK�WKH�PXOWLFDVW�WUHH��WUDYHUVLQJ�HDFK�WUHH�HGJH�H[DFWO\�RQFH��$V�D�UHVXOW��PXOWLFDVW�LV�PRUH�UHVRXUFH�HIILFLHQW��DQG�LV�ZHOO�VXLWHG�IRU�DSSOLFDWLRQV�VXFK�DV�YLGHR�GLVWULEXWLRQ��0XOWLFDVW� VHUYLFHV� KDYH� EHHQ� LQFUHDVLQJO\� XVHG� E\� YDULRXV� FRQWLQXRXV� PHGLD�DSSOLFDWLRQV�� )RU� H[DPSOH�� WKH� PXOWLFDVW� EDFNERQH� �0ERQH�� RI� WKH� ,QWHUQHW� KDV� EHHQ�XVHG� WR� WUDQVSRUW� UHDO�WLPH� DXGLR� DQG� YLGHR� IRU� QHZV�� HQWHUWDLQPHQW�� DQG� GLVWDQFH�OHDUQLQJ�� :LWK� IDVW� GHYHORSPHQW� RI� KDUGZDUH� WHFKQRORJLHV�� FRPPHUFLDOL]DWLRQ� RI� WKH�,QWHUQHW�� DV� ZHOO� DV� WKH� LQFUHDVLQJ� GHPDQG� RI� TXDOLW\�RI�VHUYLFHV� �4R6�� IXHOHG� E\�HPHUJLQJ�FRQWLQXRXV�PHGLD�DSSOLFDWLRQV��RIIHULQJ�JXDUDQWHHG�DQG�EHWWHU�WKDQ�EHVW�HIIRUW�VHUYLFHV ZLOO�DGG�WR�WKH�FRPSHWLWLYH�HGJH�RI�D�VXFFHVVIXO�VHUYLFH�SURYLGHU��7KH�QRWLRQ�RI�4R6� ZDV� SURSRVHG� WR� FDSWXUH� WKH� TXDOLWDWLYHO\� RU� TXDQWLWDWLYHO\� GHILQHG� SHUIRUPDQFH�FRQWUDFW� EHWZHHQ� WKH� VHUYLFH� SURYLGHU� DQG� WKH� XVHU� DSSOLFDWLRQV�� 4R6� SURYLVLRQLQJ�HQWDLOV� WKH�GHYHORSPHQW�RI�VHYHUDO�HVVHQWLDO� WHFKQLTXHV�� L�H��GHILQLWLRQ�DQG�VSHFLILFDWLRQ�RI� 4R6�� GHVLJQ� RI� 4R6�GULYHQ� �RU� WHUPHG� HOVHZKHUH� FRQVWUDLQWHG�EDVHG�� XQLFDVW��
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6KRUWHVW�3DWK�7UHH$� VKRUWHVW� SDWK� DOJRULWKP� PLQLPL]HV� WKH� VXP� RI� WKH� ZHLJKWV� RQ� WKH� OLQNV� DORQJ� HDFK�LQGLYLGXDO�SDWK�IURP�WKH�VRXUFH�WR�D�UHFHLYHU� LQ�WKH�PXOWLFDVW�JURXS��,I� WKH�XQLW�ZHLJKW� LV�XVHG�� WKH� UHVXOWLQJ� WUHH� LV�D� OHDVW�KRS�WUHH�� ,I� WKH�ZHLJKW�UHSUHVHQWV� WKH� OLQN�GHOD\�� WKHQ�WKH�UHVXOWLQJ�WUHH�LV�D�OHDVW�GHOD\�WUHH��%HOOPDQ�)RUG�DOJRULWKP�DQG�'LMNVWUD�DOJRULWKP�>��@�DUH� WKH� WZR� ZHOO� NQRZQ� VKRUWHVW� SDWK� DOJRULWKPV�� ERWK� RI� ZKLFK� DUH� H[DFW� DQG� UXQ� LQ�SRO\QRPLDO� WLPH�� 6KRUWHVW� SDWK� DOJRULWKPV� FDQ� EH� XVHG� WR� VROYH� WUHH� FRQVWUDLQHG� �H�J��GHOD\�FRQVWUDLQHG��SUREOHPV�0LQLPXP�6SDQQLQJ�7UHH$�PLQLPXP�VSDQQLQJ�WUHH�LV�D�WUHH�WKDW�VSDQV�DOO�WKH�JURXS�PHPEHUV�DQG�PLQLPL]HV�WKH�WRWDO�ZHLJKW�RI� WKH� WUHH��7KH�ZHOO�NQRZQ�FHQWUDOL]HG�PLQLPXP�VSDQQLQJ�WUHH�DOJRULWKP�LV�3ULPuV�DOJRULWKP�>��@��DQG�D�GLVWULEXWHG�YHUVLRQ�ZDV�SURSRVHG�E\�*DOODJHU�HW�DO��>��@��,Q�3ULPuV�DOJRULWKP��WKH�WUHH�FRQVWUXFWLRQ�VWDUWV�IURP�DQ�DUELWUDU\�URRW�QRGH�DQG�JURZV�XQWLO�WKH�WUHH�VSDQV�DOO� WKH�QRGHV�LQ�WKH�QHWZRUN�� ,Q�HDFK�VWHS��D�OHDVW�FRVW�HGJH�FRQQHFWLQJ�DQ�RII�WUHH�QRGH�WR�WKH�SDUWLDO�WUHH�LV�DGGHG�WR�WKH�WUHH��7KH�DOJRULWKP�LV�JUHHG\�VLQFH�WKH�WUHH� LV� DXJPHQWHG�ZLWK� DQ� HGJH� WKDW� FRQWULEXWHV� WKH�PLQLPXP� DPRXQW� SRVVLEOH� WR� WKH�WUHHuV� WRWDO� FRVW�� 0LQLPXP� VSDQQLQJ� WUHH� DOJRULWKPV� FDQ� EH� XVHG� WR� VROYH� WUHH�RSWLPL]DWLRQ�SUREOHPV�6WHLQHU�7UHH7KH�6WHLQHU�WUHH�EDVHG�SUREOHP�DLPV�WR�PLQLPL]H�WKH�WRWDO�FRVW�RI�D�PXOWLFDVW�WUHH��DQG�LV�NQRZQ� WR� EH� 13�FRPSOHWH� >���� ���@�� ,I� WKH� PXOWLFDVW� JURXS� LQFOXGHV� DOO� QRGHV� LQ� WKH�QHWZRUN�� WKH� 6WHLQHU� WUHH� SUREOHP� UHGXFHV� WR� WKH� PLQLPXP� VSDQQLQJ� WUHH� SUREOHP��8QFRQVWUDLQHG�6WHLQHU�WUHH�DOJRULWKPV�FDQ�EH�XVHG�WR�VROYH�WUHH�RSWLPL]DWLRQ�SUREOHPV��+RZHYHU��WKH\�GR�QRW�DWWHPSW�WR�IXOILOO�WKH�WUHH�FRQVWUDLQWV�RQ�DQ�HQG�WR�HQG�EDVLV��KHQFH�PD\�QRW�EH�ZHOO�VXLWHG�IRU�DSSOLFDWLRQV�ZLWK�VXFK�UHTXLUHPHQWV��:H�VXPPDUL]H�WKH�.0%�DOJRULWKPV�WR�WKH�6WHLQHU�WUHH�SUREOHP��QH[W�7KH� .0%� KHXULVWLF� ZDV� SURSRVHG� E\� .RX�� 0DUNRZVN\�� DQG� %HUPDQ�� .0%�DSSOLHV�3ULPuV�PLQLPXP�VSDQQLQJ�WUHH�DOJRULWKP�WR�WKH�FRPSOHWH�GLVWDQFH�JUDSK��ZKHUH�WKH�FRPSOHWH�GLVWDQFH�JUDSK� LV�D�JUDSK� WKDW�FRQWDLQV�DOO� WKH�QRGHV� LQ� WKH�QHWZRUN�DQG�
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KDV�DQ�HGJH�EHWZHHQ�HYHU\�SDLU�RI�QRGHV�UHSUHVHQWLQJ�WKH�VKRUWHVW�SDWK�EHWZHHQ�WKHP��7KH� KHXULVWLF� ZRUNV� DV� IROORZV�� ���� LW� FUHDWHV� D� FRPSOHWH� GLVWDQFH� JUDSK� + IURP� WKH�RULJLQDO�QHWZRUN�WRSRORJ\�*������LW�ILQGV�WKH�PLQLPXP�VSDQQLQJ�WUHH�8 IRU�WKH�JUDSK�+������LW� EXLOGV� D� FRQQHFWHG� VXEJUDSK� 9 E\� FRQYHUWULQJ� HYHU\� QRGH� RI�8 LQWR� LWV� HTXLYDOHQW�VKRUWHVW� SDWK�� ���� LW� DSSOLHV� WKH� PLQLPXP� VSDQQLQJ� WUHH� DOJRULWKP� WR� VXEJUDSK� 9 WR�FUHDWH� D� VSDQQLQJ� WUHH� 7 �� DQG� ���� LW� SUXQHV� 7 RI� QRQ�PXOWLFDVW� OHDYHV� XQWLO� QR� QRQ�PXOWLFDVW� OHDYHV� UHPDLQ�� ,W� KDV�EHHQ� VKRZQ� LQ� >��@� WKDW� WKH�.0%�KHXULVWLF� ILQGV�D� WUHH�ZKRVH�FRVW�LV�ZLWKLQ�WZLFH�WKH�FRVW�RI�WKH�FRUUHVSRQGLQJ�6WHLQHU�WUHH��,Q�DGGLWLRQ�WR�.0%��7DNDKDVKL�HW�DO��>��@�SURSRVHG�D�KHXULVWLF�WKDW�FRQVWUXFWV�D�WUHH�ZKRVH�FRVW�LV�DOVR�ZLWKLQ�WZLFH� WKDW� RI� WKH� 6WHLQHU� WUHH�� DQG� %DXHU� DQG� 9HUPD� >��@� SURSRVHG� D� GLVWULEXWHG�DOJRULWKP�IRU�VROYLQJ�WKH�6WHLQHU�WUHH�SUREOHP�&RQVWUDLQHG�6WHLQHU�7UHH7KH� 6WHLQHU� WUHH� SUREOHP� KDV� EHHQ� H[WHQGHG� WR� LQFOXGH� RWKHU� VLGH� FRQVWUDLQWV�� IRU�H[DPSOH�� GHOD\�� GHOD\� MLWWHU�� RU� D� FRPELQDWLRQ� WKHUHRI�� 7KHVH� SUREOHPV� DUH� DOVR� 13�FRPSOHWH�� DQG� KHXULVWLF� DOJRULWKPV� DUH� VRXJKW� IRU�� 3UHYLRXV� UHVHDUFKHV� RQ� VRPH�KHXULVWLF�DOJRULWKP�LQ�WKH�FRQWH[W�RI�FRQVWUDLQHG�6WHLQHU�7UHH�DUH�SUHVHQWHG�DV�IROORZ�=KXuV� DOJRULWKP�� � =KX� HW� DO >���@� SURSRVHG� D� KHXULVWLF� DOJRULWKP�� FDOOHG� WKH�ERXQGHG�VKRUWHVW� PXOWLFDVW� DOJRULWKP� �%60$��� WR� VROYH� WKH� GHOD\� FRQVWUDLQHG� WUHH� RSWLPL]DWLRQ�SUREOHP�� � 7KH\� GHILQHG� WKH� OLQN� FRVW� DV� D� IXQFWLRQ� RI� WKH� OLQN� XWLOL]DWLRQ�� � 7KH\� DOVR�GHILQHG� D� VXSHUHGJH� RI� D� WUHH� DV� WKH� ORQJHVW� VLPSOH� SDWK� ZKRVH� LQWHUQDO� QRGHV� �L�H���H[FOXGLQJ� WKH� HQG� QRGHV� RQ� WKH�SDWK�� DUH� UHOD\� QRGHV� DQG� HDFK� UHOD\� QRGH�FRQQHFWV�H[DFWO\�WZR�WUHH�HGJHV���7KH�DOJRULWKP�VWDUWV�E\�FRPSXWLQJ�D�OHDVW�GHOD\�WUHH�URRWHG�DW�D�JLYHQ� VRXUFH� DQG� VSDQQLQJ� DOO� WKH� JURXS� PHPEHUV�� � ,W� WKHQ� LWHUDWLYHO\� UHSODFHV�VXSHUHGJHV� LQ� WKH� WUHH�ZLWK�FKHDSHU� VXSHUHGJHV�QRW� LQ� WKH� WUHH�ZKLOH�QRW�YLRODWLQJ� WKH�GHOD\� FRQVWUDLQW�� XQWLO� WKH� WRWDO� FRVW� RI� WKH� WUHH� FDQQRW� EH� IXUWKHU� UHGXFHG�� � &KHDSHU�VXSHUHGJHV�DUH� ORFDWHG�E\�XVLQJ�D�N�WK�VKRUWHVW�SDWK�DOJRULWKP�� �%60$�DOZD\V�ILQGV�D�GHOD\� FRQVWUDLQHG� PXOWLFDVW� WUHH� LI� RQH� H[LVWV� EHFDXVH� LW� VWDUWV� ZLWK� D� OHDVW� GHOD\�VSDQQLQJ�WUHH�
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.RPSHOODuV� FHQWUDOL]HG�DOJRULWKP�� �.RPSHOOD�HW�DO� >��@�SURSRVHG�D�KHXULVWLF�DOJRULWKP��FDOOHG�WKH�.33�KHXULVWLF� 7KH\�DVVXPHG�WKDW�WKH�OLQN�GHOD\��G�X��Y���RI�OLQN��X��Y��DQG�WKH�GHOD\�FRQVWUDLQW�' DUH� LQWHJHUV��ZKLOH� WKH� OLQN�FRVW��&�X��Y���RI� OLQN� �X��Y��PD\� WDNH�DQ\�SRVLWLYH�UHDO�YDOXH���7KH\�GHILQHG��L��D�FRQVWUDLQHG�FKHDSHVW�SDWK�EHWZHHQ�WZR�QRGHV�XDQG�Y DV�WKH�OHDVW�FRVW�SDWK�IURP�QRGH�X WR�QRGH�Y WKDW�KDV�GHOD\�OHVV�WKDQ�' �WKH�FRVW�DQG�GHOD\�RQ�VXFK�D�SDWK�DUH�GHQRWHG�DV�3F�X��Y��DQG�3G�X��Y���UHVSHFWLYHO\���DQG��LL��D�FORVXUH�JUDSK�*u RI�D�JUDSK�*� ��9��(��DV�D�FRPSOHWH�JUDSK�RYHU�WKH�QRGHV�LQ�9��ZLWK�HGJHV�UHSUHVHQWLQJ�FRQVWUDLQHG�FKHDSHVW�SDWKV�*LYHQ� WKH� VRXUFH� V DQG� D� PXOWLFDVW� JURXS� 0�� .33� ILUVW� FRPSXWHV� D� GHOD\�FRQVWUDLQHG� FORVXUH� JUDSK� *u RYHU� ^V`� � 0 XVLQJ� G\QDPLF� SURJUDPPLQJ�� � 7KH�FRQVWUDLQHG� FKHDSHVW� SDWK� IURP� QRGH� X WR� QRGH� Y LV� WKHQ� ORFDWHG�� � 7KHQ�� .33� XVHV�3ULPuV� DOJRULWKP� >��@� WR� REWDLQ� D� PLQLPXP� VSDQQLQJ� WUHH� RI� WKH� FORVXUH� JUDSK� * ���6WDUWLQJ�ZLWK� WKH� VRXUFH QRGH�� WKH� WUHH� LV� LQFUHPHQWDOO\� H[SDQGHG� E\� DGGLQJ� DQ� HGJH�RQH�DW�D�WLPH�XQWLO�DOO� WKH�UHFHLYHU�QRGHV�DUH�LQFOXGHG���7KH�HGJH�VHOHFWHG�HDFK�WLPH�LV�WKH�RQH�ZKLFK�����FRQQHFWV�DQ�RQ�WUHH�QRGH�DQG�DQ�RII�WUHH�QRG������GRHV�QRW�YLRODWH�WKH�GHOD\� FRQVWUDLQW�� DQG� ����PLQLPL]HV� D� VHOHFWLRQ� IXQFWLRQ�� � .33� SURSRVHG� WZR� VHOHFWLRQ�IXQFWLRQV��RQH�LV�WKH�OLQN�FRVW��DQG�WKH�RWKHU�VWULNHV�D�EDODQFH�EHWZHHQ�FRVW�PLQLPL]DWLRQ�DQG�GHOD\�PLQLPL]DWLRQ���)LQDOO\��.33�UHSODFHV�WKH�HGJHV�LQ�WKH�PLQLPXP�VSDQQLQJ�WUHH�ZLWK�SDWKV�LQ�WKH�RULJLQDO�JUDSK�*��/RRSV�LI�DQ\�DUH�UHPRYHG�+DEHUPDQuV�DOJRULWKP���+DEHUPDQ�HW�DO��>��@�FRQVLGHUHG�WKH�6WHLQHU�WUHH�SUREOHP�XQGHU�WKH�GHOD\�DQG�GHOD\�MLWWHU�FRQVWUDLQWV���7KH�DOJRULWKP�ILUVW�FRQVWUXFWV�D�UHIHUHQFH�WUHH��75��RI� OHDVW� FRVW� SDWKV� IURP� WKH� VRXUFH� QRGH� V WR� DOO� UHFHLYHU� QRGHV�� � 6HFRQG�� IRU� HDFK�UHFHLYHU�QRGH�GL � 0��WKH�DOJRULWKP�DWWHPSWV�WR�FRQVWUXFW�D�WUHH��7L��WKDW�LQLWLDOO\�FRQWDLQV�WKH� SDWK� LQ� 75 IURP� QRGH� V WR� QRGH� GL�� � 7KHQ�� WKH� DOJRULWKP� DXJPHQWV� 7L E\� DGGLQJ�vJRRGw�SDWKV� IURP�RQ�WUHH�QRGHV� WR�RII�WUHH� UHFHLYHU�QRGHV��XQWLO�DOO� WKH� UHFHLYHU�QRGHV�DUH� LQFOXGHG�� � ,I�PRUH� WKDQ�RQH�IHDVLEOH� WUHH� LV�HYHQWXDOO\�FRQVWUXFWHG��WKH�RQH�ZLWK�WKH�OHDVW�FRVW�LV�VHOHFWHG�.RPSHOODuV�GLVWULEXWHG�DOJRULWKP�� �.RPSHOOD�HW�DO�� >��@�SURSRVHG�D�GLVWULEXWHG�KHXULVWLF�DOJRULWKP�WR�FRQVWUXFW�GHOD\�FRQVWUDLQHG�6WHLQHU�WUHHV���7KH�DOJRULWKP�UHTXLUHV�WKDW�YHU\�QRGH� PDLQWDLQ� D� GLVWDQFH� YHFWRU� RI� WKH� PLQLPXP� GHOD\� WR� HYHU\� RWKHU� QRGH� LQ� WKH�
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QHWZRUN�� � ,W� VWDUWV�ZLWK�D� WUHH� WKDW� LQLWLDOO\�FRQWDLQV� WKH�VRXUFH�QRGH��DQG�DXJPHQWV� WKH�WUHH�E\� DGGLQJ� UHFHLYHUV� RQH� DW� D� WLPH�� XQWLO� DOO� WKH� UHFHLYHUV� DUH� LQFOXGHG� LQ� WKH� WUHH���7KH�DSSURDFK�XVHG� WR� VHOHFW� D� UHFHLYHU� IRU� LQFOXVLRQ� LV�DV� IROORZV�� � WKH�VRXUFH�QRGH�VPXOWLFDVWV�D�ILQG�PHVVDJH�YLD�WKH�SDUWLDO� WUHH���8SRQ�UHFHLSW�RI�D�ILQG�PHVVDJH��D�QRGH�ORFDWHV�DQ�RXWJRLQJ�OLQN�WKDW�FRQQHFWV�WR�DQ�RII�WUHH�UHFHLYHU��GRHV�QRW�YLRODWH�WKH�GHOD\�FRQVWUDLQW��DQG�PLQLPL]HV�D�VHOHFWLRQ�IXQFWLRQ���7KH�QRGH�WKHQ�VHQGV�EDFN�WR�WKH�VRXUFH�D�UHVSRQVH�PHVVDJH�WKH�FRQWDLQV�WKH�LGHQWLI\�RI� WKH�FDQGLGDWH�OLQN���8SRQ�UHFHLSW�RI�DOO�WKH� UHVSRQVHV�� QRGH� V GHFLGHV� WKH� EHVW� OLQN� O EH� DGGHG� WR� WKH� WUHH�� � 7KH� DOJRULWKP�UHTXLUHV�PXOWLSOH�SDVVHV�RI�FRQWURO�PHVVDJHV�-LDuV�GLVWULEXWHG�DOJRULWKP���-LD�>��@�SUHVHQWHG�DQRWKHU�GLVWULEXWHG�DOJRULWKP�WR�VROYH�WKH�GHOD\�FRQVWUDLQHG�WUHH�RSWLPL]DWLRQ�SUREOHP���,W�LV�DVVXPHG��SHUKDSV�XQUHDOLVWLFDOO\��WKDW�WKH�OHDVW�FRVW�SDWK�EHWZHHQ�WZR�QRGHV�LV�DOZD\V�WKH�VKRUWHVW�GHOD\�SDWK�EHWZHHQ�WKHP�7R� IDFLOLWDWH� GLVWULEXWHG� LPSOHPHQWDWLRQ�� D� WDEOH� LV� XVHG� WR� NHHS� WUDFN� RI� WKH�IROORZLQJ� LQIRUPDWLRQ� IRU�HDFK�UHFHLYHU�G�� �L��ZKHWKHU�RU�QRW�QRGH�G LV�FXUUHQWO\�RQ�WUHH���LL�� WKH� RQ�WUHH� QRGH��Q�� DW�ZKLFK�ZKLFK� D� WUHH�EUDQFK� VKRXOG�EH�JUDIWHG� WR�FRQQHFW� WR�QRGH�G�� WKH� WUHH�EUDQFK� LV�D�VKRUWHVW�SDWK�3� IURP�QRGH�Q WR�QRGH� WKDW� LQFXUV� WKH� OHDVW�FRVW�DQG�IXOILOOV�WKH�GHOD\�FRQVWUDLQW��DQG��LLL��WKH�OHDVW�FRVW�LQFXUUHG�LQ�3�7KH� DOJRULWKP� VWDUWV� ZLWK� D� WUHH� WKDW� FRQWDLQV� RQO\� WKH� VRXUFH� QRGH�� � )RU� HDFK�UHFHLYHU�QRGH�G��WKH�VRXUFH�QRGH�V FRQVWUXFWV�D�OHDVW�GHOD\�SDWK�3 IURP�LWVHOI�WR�QRGH�G���,I� VXFK� D� OHDVW� GHOD\�SDWK�3 VDWLVILHV� WKH�GHOD\� FRQVWUDLQW�� QRGH�V UHFRUGV� LQ� WKH� WDEOH�LWVHOI�DV�WKH�RQ�WUHH�QRGH�DW�ZKLFK�D�WUHH�EUDQFK��L�H���3��LV�JUDIWHG�WR�FRQQHFW�WR�QRGH�G���1RGH� V WKHQ� VHOHFWV� D� UHFHLYHU� ZKRVH� OHDVW� GHOD\� SDWK� LQFXUV� WKH OHDVW� FRVW� �OHW� WKH�UHFHLYHU�EH�GHQRWHG�UHFHLYHU� M���FRPSRVHV�D�VHWXS�PHVVDJH�WKDW�FDUULHV�WKLV�WDEOH�DQG�WKH�FXPXODWLYH�GHOD\�IURP�QRGH�V��' �ZKLFK�LV�LQLWLDOL]HG�WR�����DQG�VHQGV�WKH�PHVVDJH�WR�UHFHLYHU�M���7KH�PHVVDJH�LV�VHQW��KRS�E\�KRS��DORQJ�WKH�VKRUWHVW�SDWK�WR�UHFHLYHU�M�8SRQ� UHFHLSW� RI� D� VHWXS� PHVVDJH�� DQ� LQWHUPHGLDWH� QRGH� X XSGDWHV� DQG�UHPHPEHUV� WKH� SDUDPHWHU� '�� � ,Q� DGGLWLRQ�� QRGH� X FKHFNV� IRU� HDFK� FXUUHQWO\� RII�WUHH�UHFHLYHU�� L�� LI� D� FRQVWUDLQW�VDWLVI\LQJ� SDWK� ZLWK� D� VPDOOHU� FRVW� �WKDQ� WKH� RQH� FXUUHQWO\�UHFRUGHG�LQ�WKH�WDEOH��H[LVWV���,I�VR��IRU�HDFK�VXFK�UHFHLYHU�L��QRGH�X XSGDWHV�WKH�WDEOH�WR�UHIOHFW� WKDW� D� WUHH�EUDQFK� WR� UHFHLYHU� L VKRXOG�EH�JUDIWHG� IURP�QRGH�X�� �$IWHU� WKH�VHWXS�
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PHVVDJH�UHDFKHV�UHFHLYHU�M��UHFHLYHU�M VHOHFWV�WKH�QH[W�UHFHLYHU WR�MRLQ�WKH�PXOWLFDVW�WUHH�DV�WKH�RQH�ZKRVH�OHDVW�GHOD\�SDWK�WR�DQ�RQ�WUHH�QRGH�LQFXUV�WKH�OHDVW�FRVW�%DXHUuV�DOJRULWKP���%\�LPSRVLQJ�FRQVWUDLQWV�RQ�WKH�QXPEHU�RI�RXWJRLQJ�OLQNV�WKDW�FDQ�EH�XVHG�IRU�D�PXOWLFDVW�JURXS��ZKLFK�ZDV�WHUPHG�DV�WKH�FRS\LQJ�DELOLW\��DW�HDFK�LQGLYLGXDO�QRGH�� %DXHU� DQG� 9DUPD� >��@� SURSRVHG� D� QRGH� GHJUHH� FRQVWUDLQHG� 6WHLQHU� WUHH�DOJRULWKP�� � 7KH\�SURSRVHG� WR�PRGLI\� VL[� H[LVWLQJ� XQFRQVWUDLQHG�6WHLQHU� WUHH� KHXULVWLFV���$OO�WKH�KHXULVWLFV�KDYH�D�FRPPRQ�SURSHUW\��D�PXOWLFDVW�WUHH�LV�FRQVWUXFWHG�E\�FRQQHFWLQJ�GLIIHUHQW� FRPSRQHQWV�� � (DFK� KHXULVWLF� PHUJHV� WZR� FRPSRQHQWV� RI� D� JUDSK� E\� WKH�VKRUWHVW�SDWK�EHWZHHQ� WZR�FRPSRQHQWV�� � ,Q� WKH�GHJUHH�FRQVWUDLQHG�FDVH��RQH�RU�PRUH�VXFK�VKRUWHVW�SDWKV�PD\�H[KDXVW� WKH�DOORZDEOH�GHJUHH�RI�D�QRGH�� �7KXV�� WKH KHXULVWLFV�DUH�PRGLILHG�DV�IROORZV��ZKHQ�D�QRGHuV�GHJUHH�FRQVWUDLQW�LV�YLRODWHG�E\�D�SDUWLDO�WUHH��WKH�QRGH�DQG� LWV� UHPDLQLQJ�HGJHV�DUH�HOLPLQDWHG� IURP� IXUWKHU�FRQVLGHUDWLRQ�� �7KLV�PRGLILHG�WRSRORJ\�PD\�DOWHU�WKH�VKRUWHVW�SDWK�LQIRUPDWLRQ�IRU�WKH�UHPDLQLQJ�DOJRULWKP�VWHSV���$V�D�FRQVHTXHQFH�� PRGLILHG� KHXULVWLFV� PXVW� UH�HYDOXDWH� WKH� VKRUWHVW� SDWKV� EHWZHHQ� QRGHV�ZKHQ� QRGHV� DQG�RU� HGJHV� DUH� HOLPLQDWHG�� � 7KH� DXWKRUV� DOVR� SURSRVHG� DQ� DOWHUQDWLYH�KHXULVWLF�� FDOOHG� VKRUWHVW� SDWK� KHXULVWLF� ZLWK� LWHUDWLRQ �63+�5��� &RQVWUXFWLRQ� RI� D� WUHH�EHJLQV�ZLWK�DQ�DUELWUDU\�VWDUWLQJ�SRLQW��DQG�DQ�HGJH� WKDW� LV�FORVHVW� WR� WKH�SDUWLDO� WUHH� LV�DGGHG��RQH�DW�D� WLPH�� �7KH�VKRUWHVW�SDWK�KHXULVWLF� LV� UHSHDWHGO\�DSSOLHG� WR� WKH�QHWZRUN�JUDSK�IRU�GLIIHUHQW�VWDUWLQJ�SRLQWV���63+�5�WHUPLQDWHV�ZKHQ�LW�JHQHUDWHV�D�VROXWLRQ�0D[LPXP�%DQGZLGWK�7UHH6KDFKDP� >��@� SURSRVHG� D� PD[LPXP� EDQGZLGWK� WUHH� DOJRULWKP� IRU� GLVWULEXWLQJ�KLHUDUFKLFDOO\�HQFRGHG�GDWD�� � ,W�XVHV�D�'LMNVWUD�OLNH�DOJRULWKP� WR�FRPSXWH� WKH�PD[LPXP�VLQJOH�SDWK�EDQGZLGWK� WR�DOO�GHVWLQDWLRQV�� �7KHLU�DOJRULWKP�ZRUNV�DV� IROORZV�� �)LUVW�� WKH\�FRPSXWH�WKH�PD[LPXP�DYDLODEOH�EDQGZLGWK�SDWKV�WR�DOO�UHFHLYHUV�IURP�WKH�VRXUFH���7KH�VHW� RI� OLQNV� FRQQHFWLQJ� WKH� QRGHV� RQ� WKH� SDWKV� WR� WKH� UHFHLYHUV� IRUP� D� PD[LPXP�EDQGZLGWK� WUHH� E\� FRQVWUXFWLRQ�� � 6HFRQG� UHFHLYHUV� DUH� FODVVLILHG� LQWR� GLIIHUHQW�FDWHJRULHV�DFFRUGLQJ�WR�WKHLU�UHFHLYLQJ�FDSDELOLWLHV���$�TXDOLW\�YDOXH�LV�DVVLJQHG�IRU�HDFK�OD\HU�RI�GDWD���7KH�VDWLVIDFWRU\�OHYHO�RI�D�UHFHLYHU�LV�PHDVXUHG�E\�VXPPLQJ�XS�WKH�TXDOLW\�YDOXH� RYHU� DOO� LQWHQGHG� OD\HUV� WKDW� DUH� UHFHLYHG�� � 7KH� UDWH� DW� ZKLFK� HDFK� UHFHLYHU�ZLOO�
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UHFHLYH�LV�WKHQ�GHWHUPLQHG�WR�PD[LPL]H�WKH�VXP�RI�WKH�VDWLVIDFWRU\�OHYHO�RI�DOO�UHFHLYHUV���7KLV�RSWLPL]DWLRQ�SURFHGXUH�JLYHV�IRU�HDFK�LQGLYLGXDO�UHFHLYHU�WKH�LQWHQGHG�UDWH�DW�ZKLFK�LW�ZLOO� UHFHLYH� IURP� WKH�VRXUFH�� �7KH� OLQN�EDQGZLGWK�ZLOO� WKHQ�EH�DOORFDWHG�DSSURSULDWHO\�RQ�WKH�PD[LPXP�EDQGZLGWK�WUHH���7KH�PD[LPXP�EDQGZLGWK�WUHH�DOJRULWKP�VROYHV�WKH�OLQN�RSWLPL]DWLRQ�SUREOHP���0LVFHOODQHRXV�7UHHV5RXVNDV� HW� DO�� >��@� VWXGLHG� DQG� SURSRVHG� D� KHXULVWLF� DOJRULWKP� WR� WKH� SUREOHP� RI�FRQVWUXFWLQJ� VRXUFH�EDVHG� PXOWLFDVW� WUHHV� WR� PHHW� WKH� GHOD\� DQG� LQWHU�UHFHLYHU� GHOD\�MLWWHU�FRQVWUDLQWV���&KHQ�HW�DO��>��@�SURSRVHG�D�GLVWULEXWHG�UHFHLYHU�LQLWLDWHG�SUREH�EDVHG�PXOWLFDVW� URXWLQJ� DOJRULWKP� WR� FRQVWUXFW� D� PXOWLFDVW� URXWLQJ� WUHH� ZLWK� FHUWDLQ� 4R6�UHTXLUHPHQWV�7UHH�5HDUUDQJHPHQW�LQ�5HVSRQVH�WR�0HPEHU�-RLQ�/HDYH$�PXOWLFDVW�JURXS�PHPEHU�PD\�MRLQ�RU�OHDYH�D�PXOWLFDVW�VHVVLRQ�G\QDPLFDOO\���,W� LV�WKXV�LPSRUWDQW� WR� HQVXUH� WKDW� PHPEHU� MRLQ�OHDYH� ZLOO� QRW� GLVUXSW� WKH� RQ�JRLQJ PXOWLFDVW�VHVVLRQ��DQG�WKH�PXOWLFDVW�WUHH�DIWHU�PHPEHU�MRLQ�OHDYH�VWLOO�UHPDLQV�QHDU�RSWLPDO�DQG�RU�VDWLVILHV� WKH� 4R6� UHTXLUHPHQWV� RI� DOO� RQ�WUHH� UHFHLYHUV�� � ,I� D� PXOWLFDVW� WUHH� LV� UH�FRQVWUXFWHG�HDFK� WLPH�D�PHPEHU� MRLQV�RU� OHDYHV�� RQ�WUHH�QRGHV�PD\�QRW� VZLWFK� WR� WKH�QHZ� WUHH� VLPXOWDQHRXVO\� DQG� D� VHDPOHVV� WUDQVLWLRQ� PD\� QRW� EH� SRVVLEOH�� � 2QH� PD\�KDQGOH�G\QDPLF�PHPEHU�MRLQ�OHDYH�E\�LQFUHPHQWDOO\�FKDQJLQJ�WKH�PXOWLFDVW�WUHH���:KHQ�D� QHZ� PHPEHU� LQWHQGV� WR� MRLQ� WKH� GLVWULEXWLRQ� WUHH�� D� WUHH� EUDQFK� FRQQHFWV� WKH QHZ�PHPEHU�WR�WKH�QHDUHVW�WUHH�QRGH���:KHQ�D�PHPEHU�OHDYHV�WKH�PXOWLFDVW�JURXS��RQO\�WKH�FRUUHVSRQGLQJ� WUHH� EUDQFK� LV� WRUQ� GRZQ�� � 7KLV� LQFUHPHQWDO� FKDQJH� DSSURDFK� VXIIHUV�IURP�WKDW� WKH�TXDOLW\�RI�WKH�PXOWLFDVW�WUHH�PDLQWDLQHG�PD\�GHWHULRUDWH�RYHU�WLPH�LQ�WHUPV�RI��IRU�H[DPSOH��WKH�WRWDO�WUHH�FRVW�6HYHUDO� UHVHDUFKHUV� DGGUHVVHG� WKH�PXOWLFDVW� WUHH� UHDUUDQJHPHQW� LVVXH�� DPRQJ�ZKLFK� WKH� HGJH�ERXQGHG� DOJRULWKP �(%$�� >��@�� %DXHU� DQG� 9DUPDuV� DOJRULWKP� >��@��1DUYDH]uV� DOJRULWKP� >��@�� DQG� 6ULUDPuV� DOJRULWKP� >��@� PD\ KDYH� UHFHLYHG� WKH� PRVW�DWWHQWLRQ���7KH�PDLQ�LGHD�LV�WR�GHILQH�DQG�PRQLWRU�FHUWDLQ�GDPDJH�LQGH[�WR�WKH�PXOWLFDVW�
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WUHH� DV� PHPEHUV� MRLQ�OHDYH�� DQG� WULJJHU� WUHH� UHDUUDQJHPHQW� ZKHQ� WKH� LQGH[� H[FHHGV�FHUWDLQ�WKUHVKROG������5HDO�WLPH�$SSOLFDWLRQV5HDO�WLPH� DSSOLFDWLRQV� LPSRVH� VWULQJHQW� GHOD\� DQG� WKURXJKSXW� FRQVWUDLQWV� RQ� WKH�QHWZRUN�� DV� FRPSDUHG� ZLWK� WUDGLWLRQDO� GDWD� DSSOLFDWLRQV�� :KHQ� UHDO�WLPH� DSSOLFDWLRQV�FRPPXQLFDWH� DFURVV� D� QHWZRUN�� GDWD� PXVW� WUDYHUVH� WKH� QHWZRUN� LQ� WLPH� IRU� WKH�DSSOLFDWLRQ�WR�XVH�LW��0DQ\�LQ�WKH�UHVHDUFK�FRPPXQLW\�KDYH�LQYHVWLJDWHG�VROXWLRQV�WR�WKH�UHDO�WLPH� PXOWLFDVW� URXWLQJ� ZLWKLQ� WKH� FRQWH[W� RI� 4R6� URXWLQJ�� $� W\SLFDO� 4R6� URXWLQJ�VFKHPH�JOREDOO\�GLVWULEXWHV� WRSRORJ\�� OLQN� UHVRXUFH�DYDLODELOLW\��JURXS�PHPEHUVKLS�DQG�SHU�IORZ� UHVRXUFH� XVDJH�� $� VRXUFHuV� ILUVW�KRS� URXWHU� WKHQ� XVHV� WKLV� LQIRUPDWLRQ� WR�FRPSXWH� D� PXOWLFDVW� WUHH� WKDW� LV� NQRZQ� D�SULRUL WR� KDYH� DYDLODEOH� UHVRXUFHV�� %HFDXVH�WKHVH�4R6� URXWLQJ� DSSURDFKHV� UHTXLUH� JOREDO� GLVWULEXWLRQ� DQG� V\QFKURQL]DWLRQ� RI� VXFK�UDSLGO\�YDU\LQJ�TXDQWLWLHV��ZH�GR�QRW�EHOLHYH�WKH\�DUH�DSSOLFDEOH�WR�LQWHUGRPDLQ�URXWLQJ��ZKHUH� LVVXHV� RI� VFDOH� DUH� SDUDPRXQW�� $� JOREDO� GDWDEDVH� RI� WRSRORJ\� DORQH� VFDOHV�OLQHDUO\�ZLWK�WKH�VL]H�RI�WKH�QHWZRUN��QHLWKHU�JURXS�PHPEHUVKLS�QRW�WKH�QXPEHU�RI�IORZV�LV�OLPLWHG�E\�WKH�VL]H�RI�WKH�QHWZRUN���������5HDO�WLPH�0XOWLFDVW�URXWLQJ�0RGHO7KH�UHDO�WLPH�PXOWLFDVW�URXWLQJ�LV�GHILQHG�DV�WKH�IROORZLQJ�*LYHQ�D�QHWZRUN�JUDSK�*�9��(���D�VRXUFH�QRGH�V�� 9��D�VHW�RI�GHVWLQDWLRQ�QRGHV�'�� 9��DQG�D�UHDO�WLPH�FRQVWUDLQW�'��D�UHDO�WLPH�URXWLQJ�WUHH�IRU�PXOWLFDVW�FRQQHFWLRQV�LV�D�VXEWUHH�RI�WKH�JUDSK�*�9�(��URRWHG�IURP�V��WKDW�FRQWDLQV�DOO�RI� WKH�QRGHV�RI�' DQG�DQ�DUELWUDU\�VXEVHW�RI��9�'���ZKRVH�OHDI�VHW�FRQVLVWV�RQO\�RI�D�VXEVHW�RI�QRGHV�RI�'��DQG�WKH�GHOD\� IURP�V� WR�DQ\�QRGH� LQ�' LV�ZLWKLQ� WKH� WLPH�FRQVWUDLQW�'�� �+RZHYHU�� WKH�PXOWLFDVW�WUHHV�REWDLQHG�IURP�VXFK�FRQGLWLRQV�PD\�KDYH�D�KLJK�FRVW��6R��WKH�RSWLPDO�UHDO�WLPH�PXOWLFDVW�ZDV�SURSRVHG��7KH�RSWLPDO�UHDO�WLPH�PXOWLFDVW�VDWLVILHV� ���� WKH� RYHUDOO� QHWZRUN� FRVW� LV� UHGXFHG�� DQG� ���� WKH�PD[LPXP�GHOD\� IURP� WKH�VRXUFH�WR�DQ\�GHVWLQDWLRQV�LV�ZLWKLQ�D�VSHFLILHG�UHDO�WLPH�FRQVWUDLQW�'��7KH�QHWZRUN�FRVW�RI�PXOWLFDVWLQJ� D�PHVVDJH� WR� D�JURXS� RI� GHVWLQDWLRQV� LV�SURSRUWLRQDO� WR� WKH� VXP�RI� WKH�FRVW�RI�DOO�OLQNV�LQ�WKH�WUHH���:H�GHILQH�WKH�QHWZRUN�FRVW�RI�D�PXOWLFDVW�URXWLQJ�WUHH�DV�
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O�7¦F�O��1HWZRUN�&RVW��7���� �����

7KH�ERXQGHG�GHOD\�UHTXLUHPHQW�FDQ�EH�H[SUHVVHG�DV�WKH�IROORZLQJ��ZKHUH�3�V��X���X �'��LV�WKH�SDWK�IURP�V WR�X DORQJ�WKH�URXWLQJ�WUHH�' DQG�' LV�WKH�GHOD\�ERXQG�
�����O�3�V�X�¦ G�O��d�'1HWZRUN�'HOD\��7����� 

7KH�WKUHH�PDMRU�GLIILFXOWLHV�LQ�URXWLQJ�IRU�UHDO�WLPH�PXOWLFDVW�FRQQHFWLRQV�DUH��IXOO\�GLVWULEXWHG� URXWLQJ�� GHOD\�ERXQGHG� VXERSWLPDO� URXWLQJ�� DQG� LQWHJUDWLRQ� RI� URXWLQJ� ZLWK�FRQQHFWLRQ�FRQILJXUDWLRQV��:H�QRZ�GLVFXVV�VRPH�H[LVWLQJ�VROXWLRQV�WR�WKRVH�SUREOHPV�'LVWULEXWHG� 6WHLQHU� 7UHH� +HXULVWLFV� 6RPH� ZLGHO\� DGRSWHG� GLVWULEXWHG� KHXULVWLFV� DUH�EDVHG�RQ�PLQLPXP�VSDQQLQJ�WUHH��067��KHXULVWLFV���$Q�067�KHXULVWLF� LV�WR�JHQHUDWH�DQ�067�RI�WKH�QHWZRUN�JUDSK�*�9��(���VSDQQLQJ�DOO�QRGHV�LQ�9��7KHQ�DQ�DSSUR[LPDWH�6WHLQHU�WUHH� LV REWDLQHG�E\� UHPRYLQJ�� IURP� WKH�067��VXEWUHHV�FRQWDLQLQJ�QR�QRGHV� LQ� ^V`�� '��%DVLFDOO\�� WKHUH�DUH�WZR�W\SHV�RI�GLVWULEXWHG�067�DOJRULWKPV�>��@��2QH�W\SH�LV�EDVHG�RQ�WKH� 3ULPuV�067� DOJRULWKP�� 3ULPuV� DOJRULWKP� >��@� LQLWLDOL]HV� WKH� WUHH� DV� WKH� VRXUFH� QRGH�DQG�WKHQ�JURZV�WKH�WUHH�E\�VXFFHVVLYHO\�DGGLQJ�WKH�QH[W�FORVHVW�QRGH�WR�WKH�WUHH��XQWLO�DOO� QRGHV� DUH� LQ� WKH� WUHH�� 7KH� RWKHU� W\SH� LV� EDVHG� RQ� .UXVNDOuV� 067� DOJRULWKP� >��@��.UXVNDOuV�DOJRULWKP�LQLWLDOL]HV�HDFK�RI�WKH�QRGHV�DV�D�VXEWUHH�DQG�MRLQV�VXEWUHHV�SDLUZLVH�UHSHDWHGO\�XQWLO�DOO�WKH�QRGHV�DUH�LQ�D�VLQJOH�WUHH��7KHUH�DUH�WZR�GLVDGYDQWDJHV�WR�WKHVH�DOJRULWKPV��)LUVW�� DOO� WKH�QRGHV� LQ� WKH�QHWZRUN�DUH� LQYROYHG� LQ� WKH�H[HFXWLRQ�RI� WKH�067�DOJRULWKPV��ZKLFK�LV�YHU\�FRVWO\�LQ�ODUJH�QHWZRUNV��6HFRQG��LW�WDNHV�WZR VWHSV�WR�SURGXFH�D� URXWLQJ� WUHH�� ��� JHQHUDWH� DQ�067�RI� WKH�ZKROH�QHWZRUN�DQG����SUXQH� WKH�067� WR� WKH�URXWLQJ� WUHH�� ,W� FRVWV� PRUH� QHWZRUN� PHVVDJHV� DQG� WDNHV� D� ORQJHU� WLPH� WR� HVWDEOLVK� D�FRQQHFWLRQ�'HOD\�%RXQGHG�6XERSWLPDO�5RXWLQJ� 7KH�FRVW�UHTXLUHPHQW�RIWHQ�FRQIOLFWV�ZLWK�WKH�GHOD\�UHTXLUHPHQW� LQ�PXOWLFDVW� URXWLQJ�� $� 6WHLQHU� WUHH� ZLWK� RSWLPDO� QHWZRUN� FRVW�PD\� KDYH� D�ORQJ�GHOD\�WR�WKH�IDUWKHVW�GHVWLQDWLRQ��:KHUHDV�D�VKRUWHVW�SDWK�WUHH��637���LQ�ZKLFK�HDFK�SDWK� IURP� WKH� VRXUFH� WR� D� GHVWLQDWLRQ� LV� D� VKRUWHVW SDWK� �LQ� WHUPV� RI� GHOD\��� KDV� WKH�
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VKRUWHVW�GHOD\�� LW�PD\� LQFXU�D�KLJK�QHWZRUN�FRVW�� �$� WUDGHRII�DOJRULWKP�EHWZHHQ�RSWLPDO�QHWZRUN� FRVW� DQG� PLQLPXP� DYHUDJH� GHOD\� ZDV� SURSRVHG� E\� .XPDU� HW� DO >��@�� ,W�JHQHUDWHV�WZR�URXWLQJ�WUHHV��DQ�637�7 DQG�D�6WHLQHU�WUHH�7u���$�N�GHJUHH�WUDGHRII��N LV�D�SRVLWLYH� LQWHJHU�VSHFLILHG�E\� WKH�XVHU�� LV�DFKLHYHG�E\�ILUVW� LGHQWLI\LQJ�RXW�N GHVWLQDWLRQV�WR�ZKRP�WKH�GLIIHUHQFH�EHWZHHQ�WKH�GHOD\�LQ�7 DQG�WKH�GHOD\�LQ�7u LV�WKH�ODUJHVW��7KHQ�WKH�SDWKV� WR� N GHVWLQDWLRQV� LQ� 7u DUH� UHSODFHG� E\� WKH� FRUUHVSRQGLQJ� VKRUWHVW� SDWKV� LQ� 7��REWDLQLQJ�D� OHVV�RSWLPDO� URXWLQJ�7u�� EXW�ZLWK�D�VKRUWHU�DYHUDJH�GHOD\��7KLV� LGHD�FDQ�EH�H[WHQGHG� WR�GHOD\�ERXQGHG�URXWLQJ�E\� UHSODFLQJ� WKRVH�SDWKV� LQ� WKH�6WHLQHU� WUHH�ZKRVH�GHOD\� H[FHHGV� WKH� ERXQG� E\� WKHLU� VKRUWHVW� SDWKV�� ,Q� PXOWLPHGLD� DSSOLFDWLRQV�� WKHUH� LV�DFWXDOO\�QR�QHHG�WR�PLQLPL]H�WKH�DYHUDJH�GHOD\�WR�DOO�GHVWLQDWLRQV��,W�RIWHQ�UHTXLUHV�WKDW�WKH�GHOD\�WR�DQ\�GHVWLQDWLRQV�KDOO�EH�ZLWKLQ�D�ERXQG��$�UHFHQW�VXUYH\�RI�GHOD\�ERXQGHG�URXWLQJ� DOJRULWKPV� DQG� WKH� HYDOXDWLRQV� RI� WKHP� FDQ� EH� IRXQG� LQ� >��@�� .RPSHOOD� HW� DO��SURSRVHG� WZR� FHQWUDOL]HG KHXULVWLFV� LQ� >��@�� WKH� FRVW�GHOD\ KHXULVWLF� DQG� WKH� FRVWKHXULVWLF��%RWK�RI�WKHP�DUH�EDVHG�RQ�3ULPuV�067�DOJRULWKP��$�URXWLQJ�WUHH�JURZV�XS�IURP�WKH� VRXUFH�V�� (DFK� WLPH�ZKHQ� VHOHFWLQJ� WKH� QH[W� QRQWUHH� QRGH�Y WR� DOO� WR� WKH� WUHH�� WKH�FRVW�GHOD\ KHXULVWLF� XVHV� WKH� IROORZLQJ� IXQFWLRQ� WR� FRQYHUW� WKH� FRVW� DQG�GHOD\� RI� D� OLQN�LQWR�WKH�ZHLJKW�

,I��'>X@���W>X��Y@��� '7KHQ�Z>X��Y@� �F>X��Y@����'� �'>X@���W>X��Y@��2WKHUZLVH
Z>X��Y@� �v:KHUH�F DQG� W DUH� WKH�FRVW�PDWUL[�DQG�GHOD\�PDWUL[�� UHVSHFWLYHO\��X LV�D� WUHH�QRGH�DQG�'>X@�LV�WKH�GHOD\�IURP�V�WR�X�DORQJ�WKH�WUHH��7KHQ�LW�VHOHFWV�QRGH�Y ZKLFK�KDV�WKH�VPDOOHVW�Z >X��Y@�DQG�DGGV�LW� WR�WKH�WUHH��7KH�FRVW KHXULVWLF�VLPSO\�VHOHFWV�QRGH�Y ZKRVH�FRVW�WR�WKH�WUHH�LV�PLQLPDO�XQGHU�WKH�FRQGLWLRQ�'>Y@�d ' DQG�DGGV�LW�WR�WKH�WUHH�7KHVH� WZR� KHXULVWLFV� DUH� ODWHU� H[WHQGHG� WR� GLVWULEXWHG� YHUVLRQV� LQ� >��@�� ,Q� WKHLU�GLVWULEXWHG� YHUVLRQV�� WKH� WZR� KHXULVWLFV� RI� VHOHFWLQJ� HGJHV� UHPDLQ� WKH� VDPH�� %XW� HDFK�WLPH� RI� VHOHFWLQJ� DQ� HGJH�� DGGLQJ� WR� WKH� WUHH�� LW� WDNHV� RQH� URXQG� WULS� DORQJ� WKH� WUHH�
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IRUPHG� VR� IDU�� D�),1' PHVVDJH� LV� ILUVW� VHQW� IURP� V� GRZQ� WR� WKH� WUHH� OHDYHV�� QRGH� E\�QRGH��WR�GHWHUPLQH�WKH�EHVW�RXW�JRLQJ�HGJH�DW�HDFK�QRGH��WKHQ�WKH�EHVW�RXWJRLQJ�HGJHLV� SURSDJDWHG� IURP� WKH� OHDYHV� EDFN� WR� V�� UHSODFHG� E\� D� EHWWHU� FKRLFH� DORQJ� WKH�ZD\��7KLV�LV�D�WLPH�FRQVXPLQJ�DQG�PHVVDJH�FRVWO\�SURFHGXUH�-LD�HW�DO��>��@�SURSRVHG�D�FHQWUDOL]HG DOJRULWKP�ZKLFK�LPSURYHV�WKH�SHUIRUPDQFH�RI�.RPSHOODuV� FRVW� KHXULVWLF��:KHQ� VHOHFWLQJ� QRGH�Y WR� DGG� WR� WKH� WUHH�� LI�'>Y@� !�'�� LW�EDFNWUDFNV� WKH� WUHH� IRUPHG�VR� IDU� WR� ILQG�D�VWUXFWXUH�RI� WKH� WUHH�ZKLFK�FDQ� OLQN�Y WR� WKH�WUHH�ZLWK� WKH� OHDVW� FRVW� XQGHU� WKH� FRQGLWLRQ�'>Y@�d '�� � ,W� WKHQ� UHVWUXFWXUHV� WKH� WUHH� WR�LQFOXGH� Y� LQWR� WKH� WUHH�� 6KX� HW� DO�� SURSRVHG� DQRWKHU� FHQWUDOL]HG DOJRULWKP� FDOOHG� WKH�ERXQGHG� VKRUWHVW�PXOWLFDVW� DOJRULWKP� �%60$�� LQ� >���@�� %60$�VWDUWV�ZLWK� DQ�637� WR� DOO�GHVWLQDWLRQV��,W�WKHQ�LWHUDWLYHO\�UHSODFHV�VXSHU�HGJHV�LQ�WKH�WUHH�ZLWK�ORZHU�FRVW�SDWKV�QRW�LQ�WKH�WUHH�ZLWKRXW�YLRODWLQJ�WKH�GHOD\�ERXQG��$�VXSHU�HGJH�LV�D�SDWK�LQ�WKH�WUHH�EHWZHHQ�WZR� EUDQFKLQJ� QRGHV�� WZR� GHVWLQDWLRQV�� RU� D� EUDQFKLQJ� QRGH� DQG� D� GHVWLQDWLRQ�� 7KH�RSHUDWLRQ� FRQWLQXHV� XQWLO� WKH� WRWDO� FRVW� RI� WKH� WUHH� FDQQRW� EH� UHGXFHG�DQ\� IXUWKHU�� 7KH�FRPSXWDWLRQ� FRVW� RI� VHDUFKLQJ� WKH� EHVW� UHSODFHPHQW� RI� D� VXSHU�HGJH� HQGHU� WKH�GHOD\�FRQVWUDLQW� LV� YHU\� KLJK�� 7KH� FRPSXWLQJ� FRPSOH[LW\� LV� 2 �.Q� ORJ� Q��� ZKHUH� . LV� WKH�FRQYHUJHQFH�QXPEHU� LQ�VHDUFKLQJ�D�GHOD\�ERXQGHG�VKRUWHVW�SDWK� �VKRUWHVW� LQ� WHUPV�RI�FRVW��IRU�D�VXSHU�HGJH��DQG�Q LV�_9_�,QWHJUDWLRQ� RI� 5RXWLQJ� ZLWK� FRQQHFWLRQ� FRQILJXUDWLRQ�� ,Q� D� GLVWULEXWHG� HQYLURQPHQW��URXWLQJ� RSHUDWLRQ�PXVW� EH� LQWHJUDWHG�ZLWK� WKH� RSHUDWLRQ� RI� FRQQHFWLRQ� FRQILJXUDWLRQ� VR�WKDW� D� FRQQHFWLRQ� FDQ� EH� HVWDEOLVKHG� IDVWHU�� 7KLV� LV� EHFDXVH� FRQQHFWLRQ� FRQILJXUDWLRQ�QHHGV�WR�EH�GRQH�QRGH�E\�QRGH�DORQJ�WKH�GLUHFWLRQ�IURP�WKH�URRW�WR�DOO�OHDI�QRGHV��,I�WKH�URXWLQJ� RSHUDWLRQ� LV� VHSDUDWH� IURP� WKH� URRW� WR� DOO� OHDI� QRGHV�� ,I� WKH� URXWLQJ�RSHUDWLRQ� LV�VHSDUDWH� IURP� WKH� FRQILJXUDWLRQ�� LW� ZRXOG� WDNH� DQ� H[WUD WUDYHUVH� RI� WKH� ZKROH� WUHH� WR�FRQILJXUH� WKH� FRQQHFWLRQ�� ZKLFK� LV� FRVWO\� LQ� ERWK� WLPH� DQG� QHWZRUN� PHVVDJHV��&HQWUDOL]HG� DOJRULWKPV� FRPSXWH� URXWLQJ� WUHHV� DW� D� FHQWUDO� QRGH�� VR� WKH\� QHHG� DQRWKHU�SKDVH�IRU�FRQQHFWLRQ�FRQILJXUDWLRQ��6RPH�GLVWULEXWHG�KHXULVWLFV��VXFK�DV�WKRVH�EDVHG�RQ�.UXVNDOuV� 067� DOJRULWKP� >���� ��@�� FRQVWUXFW� URXWLQJ� WUHHV� LQ� SDUDOOHO�� 7KH� LQSXW� RXWSXW�GLUHFWLRQV�DW�D�WUHH�QRGH�DUH�QRW�NQRZQ�GXULQJ�WKH�WUHH�FRQVWUXFWLRQ�XQWLO�WKH�ZKROH�WUHH�
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LV� JHQHUDWHG�� 7KHUHIRUH�� WKH\� DOVR� QHHG� D� VHSDUDWH�SKDVH� WR� FRQILJXUH� WKH� FRQQHFWLRQ�DIWHU�WKH�URXWLQJ�WUHH�LV�JHQHUDWHG�������5HDO�WLPH�RSWLPDO�PXOWLFDVW�URXWLQJ:H� DGRSWHG� WKH� WZR� SDWK� VHOHFWLRQ� PHWKRGV� IURP� FKDSWHU� ��� DQG� DSSOLHG� WKH� VDPH�PRGLILFDWLRQ� WR� WKH� &%7� Y��� XVLQJ� WKH� PRGLILHG� 'LMNVWUDuV� VKRUWHVW SDWK� DOJRULWKPV� WR�REWDLQ� WKH� RSWLPXP� SDWKV� WKDW� VDWLVILHG� WKH� UHDO�WLPH� GHOD\� FRQVWUDLQWV� ZLWK� UHGXFHG�FRVW��:H� ODWHU� HQKDQFH� WKH� UHDO�WLPH� RSWLPDO�PXOWLFDVW� URXWLQJ� DOJRULWKP�ZLWK� WKH� IDXOW�WROHUDQW�SURWRFRO�ZKLFK�ZH�GLVFXVV�LQ�VHFWLRQ�������)LJXUH�����VKRZV�WKH�IORZ�FKDUW�RI�RXU�SURSRVHG� SURWRFRO� ZLWK�:HLJKWHG�'LMNVWUDuV� SDWK� VHOHFWLRQ�PHWKRG� DQG�5HVLGXDO� GHOD\�SDWK�VHOHFWLRQ�IXQFWLRQ��7KH�IORZ�FKDUW�ORRNV�VLPLODU�WR�WKH�RQH�LQ�FKDSWHU����ILJXUH���������
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���
SDWK�XQGHU�QRUPDO�FRQGLWLRQV��DQG�RWKHUV�DUH�XVHG�DV�EDFNXS�SDWKV�LI�WKH�SULPDU\�SDWK�IDLOV�>�����@��'LVSHUVLW\�URXWLQJ�LV�DOVR�XVHG�WR�VSOLW�WKH�WUDIILF�LQWR�PXOWLSOH�SDWKV��LQ�RUGHU�WR�LQFUHDVH�QHWZRUN�WKURXJKSXW�DQG�WR�GHFUHDVH�PHVVDJH�GHOD\�>�����@���������%DFNXS�3DWKV�ZLWK�UHDO�WLPH�FRQVWUDLQWV7KH�PDLQ�VFKHPHV�WR�SURYLGH�IDXOW�WROHUDQFH�LQ�URXWLQJ�DUH�GLVSHUVLW\�URXWLQJ�RU�PXOWLSDWK�URXWLQJ�� 2QH� LPSRUWDQW�� \HW� XQGHU� H[SORUHG�� SUREOHP� LV� WKH� IDXOW� WROHUDQFH� DVVRFLDWHG�ZLWK� WKH� UHDO�WLPH� FRQVWUDLQW� RI� PHHWLQJ� HQG�WR�HQG� GHOD\� JXDUDQWHH�� $V� PHQWLRQHG�HDUOLHU�WKDW��ZH�FDQ�HQKDQFH�WKH�PXOWLFDVW�URXWLQJ�SURWRFRO��ZLWK�IDXOW�WROHUDQFH�FDSDELOLW\�E\�ILQGLQJ�WKH�QRGH�GLVMRLQW�SDWKV�EHWZHHQ�HDFK�SDLU�RI�QRGHV�LQ�WKH�QHWZRUN��+RZHYHU��ILQGLQJ�WZR�QRGH�GLVMRLQW�SDWKV�EHWZHHQ�DQ\�SDLU�RI�QRGHV�ZHUH�SURSRVHG�LQ�>��@��*LYHQ�D�JUDSK *� ��9�(��DQG�D�VHW�RI�N�SDLUV�RI�YHUWLFHV�LQ�9��ZH�DUH�LQWHUHVWHG�LQ�ILQGLQJ�IRU�HDFK�SDLU�� D� SDWK� FRQQHFWLQJ� HDFK� QRGH�SDLU� VXFK� WKDW� WKH� VHW� RI�N SDWKV� VR� IRXQG� LV�HGJH�GLVMRLQW�� � )RU�DUELWUDU\�JUDSKV� WKH�SUREOHP� LV�13�FRPSOHWH��DOWKRXJK� WKH�SUREOHP�FDQ�EH�VROYHG�LQ�SRO\QRPLDO�WLPH�LI�N LV�IL[HG��>��@�,Q�RXU�IRUPXODWLRQ��ZH�DUH�LQWHUHVWHG�LQ�ILQGLQJ�D�EDFNXS�SDWK�IRU�HYHU\�QRGH�SDLU�WKDW�VDWLVILHV� WKH�HQG�WR�HQG�GHOD\�FRQVWUDLQW��)LUVW��ZH�DVVXPH�WKDW�DW� OHDVW�RQH�GLVMRLQW�EDFNXS� SDWK� H[LVWV� EHWZHHQ� DQ\� WZR� QRGHV� �H[FHSW� WKH� FRUH� QRGH�� LQ� D� VKDUHG� WUHH���7KLV�SUREOHP�KDV�EHHQ�VWXGLHG� LQ� WKH�FRQWH[W�RI�GHSHQGDEOH�QHWZRUN�* ZKHUHE\��* LV�GHSHQGDEOH�LI�DW� OHDVW�WZR�GLVMRLQW�URXWLQJ�SDWKV�EHWZHHQ�DQ\�QRGHV�LQ�* H[LVW��,Q�RWKHU�ZRUGV��D�GHSHQGDEOH�QHWZRUN� LV���HGJH�FRQQHFWHG�DFFRUGLQJ�WR�WKH�0HQJHUuV�WKHRUHP�WKDW� WKH� UHPRYDO� RI� DQ\� RQH� HGJH� GRHV� QRW� GLVFRQQHFW�* >��@�� 7KLV� FRQGLWLRQ� LV� YHU\�LPSRUWDQW� VLQFH� LI� D� QRQFRUH� QRGH� GRHV� QRW� KDYH� VXFK� GLVMRLQW� EDFNXS� SDWK�� WKHQ� WKH�QHWZRUN� LV� QRW� VLQJOH�IDXOW� WROHUDEOH�� ,I� PXOWLSOH� EDFNXS� SDWKV� H[LVW�� ZH� VHOHFW� WKH� RQHZLWK�WKH�VKRUWHVW�GLVWDQFH��OHVV�KRS�FRXQWV����,Q�RXU� IXWXUH�ZRUN�� LQ�RUGHU�WR�WROHUDWH�PXOWLSOH�VLPXOWDQHRXV�IDXOWV��DQ�H[WHQVLRQWR�EDFNXS�SDWKV�VHOHFWLRQ� LV�QHHGHG� WR�VHOHFW�PXOWLSOH�GLVMRLQWHG�EDFNXS�SDWKV� �H�J����EDFNXS� SDWKV� IRU� HDFK� QRGH� SDLU��� 7KHVH� SDWKV� FRQQHFW� WKH� URXWHU� WR� LWV� JUDQGIDWKHU��+RZHYHU��WKLV� LV�QRW�VXIILFLHQW�DQG�UHTXLUHV�DGGLWLRQDO�EDFNXS�SDWKV�WR�FRQQHFW�QRW RQO\�WR� LWV� JUDQGIDWKHU� EXW� DOVR� RWKHU� DQFHVWRUV�� � )RU� PXOWLSOH� IDXOWV� WROHUDQFH�� WKLV� ZLOO� EH�H[SORUHG�LQ�RXU�IXWXUH�ZRUN��7KHQ�ZH�UXQ�WKH�EDFNXS�SDWKV�WKURXJK�WKH�DGPLVVLRQ�WHVWV�
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E\�XVLQJ�WKH�'\QDPLF�&RQQHFWLRQ�0DQDJHPHQW���'&0��5RXWLQJ�DOJRULWKP�SURSRVHG�E\�3DUULV� DQG� )HUUDUL� LQ� >��@� WR� YHULI\� LI� WKH� EDFNXS� SDWKV� IXOILOO� WKH� HQG�WR�HQG� GHOD\�FRQVWUDLQWV��'&0�XWLOL]HV�D�FRQVWUDLQHG��PRGLILHG�YHUVLRQ�RI� WKH�%HOOPDQ�)RUG�DOJRULWKP�WR�JXDUDQWHH�WKH�WLPH�GHOD\�FRQVWUDLQW�FRQIRUPDQFH�RQ�WKH�EDFNXS�SDWKV�ZLWK�PLQLPXP�FRVW�SDWKV��7KDW�LV��WKH�SDWK�ZLOO�KDYH�WKH�ORZHVW�FRVW�SRVVLEOH�ZLWKRXW�YLRODWLQJ�WKH�GHOD\�FRQVWUDLQW���,I�WKH�SDWK�IDLOV�WKH�DGPLVVLRQ�WHVW��WKH�DOJRULWKP�ZLOO�FRQGXFW�VHDUFK�XQWLO�WKH�SDWK�XQGHU�WKH�GHOD\�FRQVWUDLQW�YDOXH�LV�IRXQG��LI�VXFK�SDWK H[LVWV��,I�VXFK�SDWK�GRHV�QRW�H[LVW��WKHQ�LW�LV�QRW�SRVVLEOH�WR�IRUP�WKH�PXOWLFDVW�WUHH��UHVXOWLQJ�LQ�ORVV�WUDIILF��6LQFH�SURYLGLQJ�HQG�WR�HQG�GHOD\�JXDUDQWHH�LQYROYHV�ILUVWO\��IDXOW�GHWHFWLRQ��QRGH�UHURXWLQJ�DQG�URXWHU�FRQILJXUDWLRQ��2XU�SUREOHP�LQ�WKLV FDVH�LV�WR�ILQG�WKH�EDFNXS�SDWKV�WKDW�JXDUDQWHH�QRW�RQO\�WKH�SURSDJDWLRQ�GHOD\�IURP�VRXUFH�WR�GHVWLQDWLRQ�EXW�WKH�H[FHVV�GHOD\�YDOXH�IURP�QRGH�UHURXWLQJ�DQG�URXWLQJ�UHFRQILJXUDWLRQ�WLPH�PHQWLRQHG�HDUOLHU��KDV�WR�EH�FRQVLGHUHG��DV�ZHOO��7R�GHILQH�WKH�H[FHVV�GHOD\�YDOXH��(��LW�LV�DVVRFLDWHG�ZLWK�HDFK�HGJH��[�\���LQ�DGGLWLRQ�WR�FRVW�& DQG�GHOD\�'��7KH�H[FHVV�GHOD\�YDOXH�LV�DSSRUWLRQHG�WR�WKH�HGJH�GXULQJ�WKH�EDFNXS�SDWKV�DGPLVVLRQ�SKDVH��,WV�YDOXH�LV�FDOFXODWHG�LQ�D�VXFK�D�ZD\� WKDW� DORQJ� DQ\� EDFNXS� SDWK� IURP� WKH� VRXUFH� WR� D� GHVWLQDWLRQ� QRGH�� WKH� VXP� RI�GHOD\V�DQG�H[FHVV�GHOD\V�LV�ERXQGHG�E\�'�

'�[��\������(�[��\� d ' �����7KH� UHVXOWV�ZLOO� EH� WKH� EDFNXS� SDWKV� WKDW� LPPXQH� WKH� QHWZRUN� IURP�DQ\� VLQJOH�IDLOXUH� LQ� WKH�VKDUHG� WUHH��:H�DVVXPH�WKDW� WKH� OLQN�EHWZHHQ�VRXUFH�DQG�WKH�GHVLJQDWHG�RQ�WUHH� QRGH� GRHV� QRW� IDLO�� ,W� VKRXOG� EH� REVHUYHG� WKDW� LI� QR� IDXOW� LV� GHWHFWHG� LQ� WKH�QHWZRUN�� RXU� SURSRVHG� SURWRFRO� ZLOO� WU\� WR� RSWLPL]H� WKH� SDWK� ZLWK� ERWK� GHOD\� DQG� FRVW�FRQVWUDLQW� E\� XVLQJ� WKH� ZHLJKWHG� 'LMNVWUDuV� DOJRULWKP� DQG� UHVLGXDO� SDWK� VHOHFWLRQ�IXQFWLRQ�� ,Q�FDVH�RI�D�VLQJOH� IDXOW�GHWHFWLRQ�� WKH�DOJRULWKP�ZLOO�DWWHPSW� WR�DGPLW� WKH�SUH�GHILQHG�EDFNXS�SDWKV�� KHQFH�� WR� YHULI\� WKDW� WKH� WLPH�GHOD\� FRQVWUDLQWV�FRQGLWLRQ�RI� WKH�PXOWLFDVW�WUHH�VWLOO�KROGV�������6LPXODWLRQ�UHVXOWV,Q� WKLV� VHFWLRQ��ZH�ZLOO� GHVFULEH� WKH� VLPXODWLRQ� UHVXOWV�DQG�GLVFXVV� WKH�SHUIRUPDQFH�RI�RXU�SURWRFRO��:H�XVHG�WKH�VDPH�QHWZRUN�WRSRORJLHV��FRVW�DQG�GHOD\�IXQFWLRQV�DQG�WUDIILF�
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VRXUFH�ZKLFK�ZH�XVHG�LQ�WKH�H[SHULPHQWV�RI�FKDSWHU����7KHUHIRUH��D�EULHI�VXPPDU\�RI�WKH�H[SHULPHQWDO� VHWXS� VXIILFHV�� :H� VLPXODWHG� D� UDQGRP� QHWZRUN� ZLWK� DQ� DYHUDJH� QRGH�GHJUHH� RI� ��� ZKLFK� LV� FORVH� WR� WKH� ,QWHUQHW� HQYLURQPHQW�� :H� GLVWULEXWHG� Q QRGHV�UDQGRPO\�DFURVV�D�&DUWHVLDQ�FRRUGLQDWH�JULG�RI�VL]H�����E\������1RGHV� LQ� WKH�QHWZRUN�JUDSK� UHSUHVHQW� WKH� FRPPXQLFDWLRQ� HQGSRLQWV�� 7KH� HGJHV� FRQQHFWLQJ� WKH� QRGHV�UHSUHVHQW�OLQNV��(GJHV�EHWZHHQ�QRGHV�DUH�DGGHG�E\�FRQVLGHULQJ�WKH�SUREDELOLW\�IXQFWLRQ�3�X�Y�� �E H[S���G�X�Y���/D� �����IRU� DOO� SRVVLEOH� SDLU� �X�Y�� RI� QRGH�� ZKHUH� G�X�Y� LV� WKH� (XFOLGHDQ� GLVWDQFH�EHWZHHQ� WKH� QRGHV� X DQG� Y�� / LV� WKH� PD[LPXP� SRVVLEOH� GLVWDQFH� EHWZHHQ� DQ\� WZR�QRGHV�� DQG�E��D DUH� SDUDPHQWHUV� LQ� WKH� UDQJH� ������� /DUJH� YDOXHV� RI�E LQFUHDVHV� WKH�QXPEHU� RI� HGJHV� IURP� HDFK� QRGH�ZKLOH� VPDOOHU� YDOXHV� RI�D LQFUHDVHV� WKH� QXPEHU� RI�FRQQHFWLRQV�WR�QHDUHU�QRGHV�FRPSDUHG�WR�QRGHV�IXUWKHU�DZD\��,Q�RXU�VLPXODWLRQ��ZH�VHW�E WR������DQG�D WR�����WR�VLPXODWH�D�ODUJH�QHWZRUN�VXFK�DV�WKH�,QWHUQHW���7R�VLPXODWH�WKH�SURSDJDWLRQ� GHOD\�� ZH� DVVLJQHG� WR� HDFK� HGJH� D� QHWZRUN� GHOD\� HTXLYDOHQW� WR� WKH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ�WKH�WZR�QRGHV��,Q�WHUPV�RI�QHWZRUN�FRVW��ZH�DVVLJQ�WKH�FRVW�YDOXH�VLPLODU�WR�WKDW�LQ�RXU�H[SHULPHQW�LQ�FKDSWHU���)DXOWV�DUH�DOVR�UDQGRPO\�JHQHUDWHG�ZLWK�; EHLQJ�WKH�DYHUDJH�OLIH�WLPH�RI�D�VLQJOH�OLQN�IDXOW��DQG�< EHLQJ�WKH�DYHUDJH�LQWHUDUULYDO�WLPH�RI�IDXOWV��DV�IROORZV�3I�� �3U��7KH�V\VWHP�LV�LQ�WKH�IDXOW�VWDWH�� �;�< �����7KDW�LV��3I�LV�WKH�SUREDELOLW\�WKDW�WKH�V\VWHP�LV�LQ�D�IDXOW\�VWDWH��7KH�QHWZRUN�SHUIRUPDQFH�ZLOO�EH�PHDVXUHG�DV�D�IXQFWLRQ�RI�3I��:H�DVVXPH�WKDW�D VLQJOH�OLQN�IDLOXUH�XVHV�D�IDLO�VWRS�OLQN�IDLOXUH�PRGHO��UHVXOWLQJ�LQ�D�VXGGHQ�VWRS�RI�D�IXQFWLRQLQJ�OLQN��DQG�WKHUHIRUH�UHVXOWLQJ�LQ� D� VLQJOH� OLQN� IDLOXUH�� � :H� DVVXPH� WKDW� DIWHU� D� VLQJOH� OLQN� IDXOW� SHULRG� LV� RYHU�� LW� LV�SRVVLEOH� IRU�DQRWKHU� �VLQJOH�� OLQN IDXOW� WR�VWDUW��EXW�QRW�DW� WKH�VDPH�WLPH�� �7KH�VDPH�OLQN�FDQ� IDLO� PRUH� WKDQ� RQFH� EXW� ZLWK� DYHUDJH� IDLOXUH� WLPH� RI� ;�� 7KH� FDVH� RI� PXOWLSOH�VLPXOWDQHRXV�OLQN�IDXOWV�ZLOO�EH�VWXGLHG�LQ�RXU�IXWXUH�ZRUN�&%7�YHUVLRQ��uV�VSHFLILFDWLRQV�GHVFULEHG�LQ�5)&������LV�DOVR�VLPXODWHG�RQ�QV���>��@�DV�D�EDVHOLQH��:H�DOVR�PRGLI\�WKH�H[LVWLQJ�&%7�YHUVLRQ���ZLWK�WKH�IHDWXUH�GHVFULEHG�LQ�VHFWLRQ�����DQG�VHFWLRQ�������%DFNXS�SDWKV�ZHUH�FDOFXODWHG�RII�OLQH�DQG�HDFK�EDFNXS�
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SDWK� KDV� WR� JR� WKURXJK� WKH� DGPLVVLRQ� WHVWV� DW� UXQ� WLPH� WR YHULI\� WKH� HQG�WR�HQG� GHOD\�DFFHSWDQFH�EHIRUH�WKH�VZLWFKLQJ�RI�WKH�SDWKV�WDNH�SODFH��$W�HDFK�VLPXODWLRQ� WKH�PXOWLFDVW�JURXS�VL]H�DQG�WKH�UHDO�WLPH�FRQVWUDLQW�' YDU\��(DFK� WLPH� WKH� VRXUFH� QRGH� DQG� WKH� GHVWLQDWLRQ� VHW� DUH� UDQGRPO\� VHOHFWHG� IURP� WKH�QHWZRUN JUDSK��:H�XVHG�D�VWDWLF�PXOWLFDVW�PRGHO�LQ�RXU�H[SHULPHQW��7KH�H[SHULPHQW�ZDV�UXQ�UHSHDWHGO\�XQWLO�WKH�FRQILGHQFH�LQWHUYDO�IRU�WKH�QXPEHU�RI�DOO�PHDVXUHG�TXDQWLWLHV�DUH�OHVV� WKDQ� ��� XVLQJ� WKH� ���� FRQILGHQFH� OHYHO��2Q� WKH� DYHUDJH�� ����GLIIHUHQW� QHWZRUNV�ZHUH� VLPXODWHG� LQ� HDFK� H[SHULPHQW� LQ� RUGHU� WR� UHDFK� VXFK� FRQILGHQFH� OHYHOV�� 7KH�IROORZLQJ�SHUIRUPDQFH�PHWULFV�DUH�FRQVLGHUHG�DV�IROORZV�
x (QG�WR�HQG�GHOD\�ERXQG��7KH�GHOD\�RI�D�SDFNHW�LV�GHILQHG�DV�WKH�VXPPDWLRQ�RI�WKH�URXWLQJ� GHOD\�� WUDQVPLVVLRQ� GHOD\� DQG� TXHXLQJ� GHOD\�� 5DWLR� RI� WKH� DYHUDJH� DQG�PD[LPXP� SURSDJDWLRQ� GHOD\� LQ� RXU� SURSRVHG� SURWRFRO� WR� LWV� FRXQWHUSDUW� LQ� &%7�Y���$OVR��WKH�UHVXOW�VKRXOG�SURYH�WKDW�RXU�SURWRFRO�FDQ�URXWH�WKH�SDFNHW�ZLWKLQ�WLPH�GHOD\� FRQVWUDLQW� �PD[LPXP� HQG�WR�HQG� GHOD\�� RI� WKH� UHDO�WLPH� DSSOLFDWLRQ� XQGHU�IDXOW�RU�QR�IDXOW�VFHQDULR�x 1HWZRUN�UHVRXUFH�XVDJH��7RWDO�QXPEHU�RI�KRSV�D�PXOWLFDVW�SDFNHW�WUDYHOV�WR�UHDFK�DOO�GHVWLQDWLRQ�LQ�WKH�PXOWLFDVW�JURXSV�x 7UDIILF�FRQFHQWUDWLRQ��7UDIILF�FRQFHQWUDWLRQ� LV�PHDVXUHG�E\� WKH�PD[LPXP�QXPEHU�RI�IORZV�WUDYHUVLQJ�D�XQLGLUHFWLRQDO�OLQN��WKH�ORDG�RI�WKH�PRVW�FRQJHVWHG�OLQN����/LQN�GLVWULEXWLRQ� LV� DOVR� REVHUYHG� DQG� FRPSDUHG� ZLWK� WKH� RULJLQDO� &%7� Y��� 7KLV� DOVR�VKRZV�OLQN�XWLOL]DWLRQ�RI�RXU�SURSRVHG�SURWRFRO�DJDLQVW�WKH�&%7�Y��x /RVV�5DWH��7KH�ORVV�UDWH�PHDVXUHV�WKH�IUDFWLRQ�RI�WKH�WUDQVPLWWHG�SDFNHWV�WKDW�DUH�QRW� GHOLYHUHG� DW� DOO� RU� DUH� GHOLYHUHG� VR� ODWH� DV� WR� EH� XVHOHVV� IRU� UHDO�WLPH�DSSOLFDWLRQV�� 7KH� ORVV� UDWH� FDQ� EH� VHHQ� DV� WKH� IDLOXUH� UDWH� RI� RXU� SURSRVHG�SURWRFRO�WR�FRQVWUXFW�WKH�GHOD\�ERXQG�PXOWLFDVW�WUHH�x ([HFXWLRQ� WLPH�� 7KH� H[HFXWLRQ� WLPH� PHDVXUHV� WKH� UXQQLQJ� WLPH� RI� RXU� DOJRULWKP�IURP�VWDUW�XQWLO�WKH�WLPH�WKH�PXOWLFDVW�WUHH�LV�FRPSOHWHO\�IRUPHG�
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�����&RQFOXVLRQV:H�SURSRVHG� WKH� IDXOW�WROHUDQW� IHDWXUHV�RQ�WRS�RI�RXU�UHDO�WLPH�SURWRFRO� LQ�FKDSWHU���� WR�FRSH� ZLWK� D� VLQJOH� OLQN� IDLOXUH� LQ� WKH� QHWZRUN�� 7KH� SUH�GHILQHG� EDFNXS� SDWKV� ZHUH�FRPSXWHG�DV�DOWHUQDWH�SDWKV�IRU�DOO�QRGH�SDLU� LQ�WKH�PXOWLFDVW�JURXS��7KHQ�WKH�DOWHUQDWH�SDWKV�DUH�WHVWHG�WR�YHULI\�WKDW�WKH\ SDVVHG�WKH�HQG�WR�HQG�GHOD\�FRQVWUDLQW��2XU�SURWRFRO�LV� UHVSRQVLEOH� IRU� LQYRNLQJ� WKH� EDFNXS� SDWKV� DQG� UHURXWLQJ� WKH� QHWZRUN� VXFK� WKDW� WKH�H[FHVV�GHOD\� YDOXH�DORQJ�ZLWK� WKH�GHOD\�YDOXH�GRHV�QRW�YLRODWH� WKH� UHDO�WLPH�FRQVWUDLQW�'��� :H�KDYH�SURSRVHG�GLVSHUVLW\�URXWLQJ�DV�D�PHFKDQLVP�WR�SURYLGH�IDXOW�WROHUDQFH�WR� UHDO�WLPH� FRPPXQLFDWLRQ� QHWZRUN�� :H� LQYHVWLJDWHG� WKH� UHURXWLQJ� RI� JXDUDQWHHG�SHUIRUPDQFH� VHUYLFH� FRQQHFWLRQV� RQ� WKH� RFFXUUHQFH� RI� OLQN� IDXOWV�� IRFXVLQJ� RQ� WKH�DVSHFWV�RI�URXWH�VHOHFWLRQ��GLVMRLQW�EDFNXS�SDWKV�DQG�URXWLQJ�WDEOH�UHFRQILJXUDWLRQ�LQ�WKH�QHWZRUN��7KH�IDXOW�WROHUDQFH�VWUDWHJ\�RI�WKH�RULJLQDO�&%7�ZDV�GHVFULEHG��2XU�VWUDWHJ\�WR�LPSURYH� WKH� IDXOW�WROHUDQFH� IHDWXUH� RI� &%7� ZDV� VWXGLHG�� � 7KH� FRQFHSW� RI� GHSHQGDEOH�QHWZRUN�ZDV�GLVFXVVHG�DQG�VWXGLHG��7KH�'&0�URXWLQJ�DOJRULWKP�ZDV�SURSRVHG� WR� ILQG�WKH�GLVMRLQW�EDFNXS�SDWK�EHWZHHQ�HDFK�QRGH�SDLU�� L�H��� VRXUFH�DQG�GHVWLQDWLRQ�QRGH� LQ�HDFK� PXOWLFDVW� JURXS�� 7KH� DOJRULWKP� GHWHUPLQHV� DQ� DOWHUQDWLYH� SDWK� IURP� WKH� VRXUFH�QRGH�WR�WKH�GHVWLQDWLRQ�QRGH�WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�WUDIILF�DQG�RWKHU�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI� WKH�FRQQHFWLRQ��7KH�'&0�URXWLQJ�DOJRULWKP�PD[LPL]HV� WKURXJKSXW�E\�PLQLPL]LQJ� WKH� QXPEHU� RI� LQWHUPHGLDWH� QRGHV� HQFRXQWHUHG� DORQJ� WKH� SDWK� IURP� WKH�VRXUFH� WR� WKH�GHVWLQDWLRQV��:KHQ�D�VLQJOH� IDLOXUH�RFFXUV��'&0�DOJRULWKP�DOVR�FKHFNV� LI�WKH�GLVMRLQW�EDFNXS�SDWK��ZKLFK�ZDV�SUH�FRPSXWHG��FDQ�PHHW�WKH�WLPH�GHOD\�FRQVWUDLQW��DQG�YHULILHV� LI� WKHUH� LV�HQRXJK�QHWZRUN�UHVRXUFH��EHIRUH�UHURXWLQJ�DOO� URXWHUV� LQYROYHG� LQ�WKH�IDLOXUH��/DVW�� ZH� DQDO\]HG� WKH� PXOWLSOH� VLPXOWDQHRXV� IDXOW� VLWXDWLRQ�� ZKHUHE\� PXOWLSOH�GLVMRLQW� EDFNXS� SDWKV� EHWZHHQ� WKH� LQYROYHG� URXWHUV� DQG� WR� LWV� JUDQGIDWKHU� PXVW� EH�VSHFLILHG��:H�FRQFOXGH�WKDW� WR� WROHUDWH�P VLPXOWDQHRXV�IDXOWV�� IRU�HDFK�URXWHU��ZH�QHHG�DGGLWLRQDO� EDFNXS� SDWKV� WR FRQQHFW� QRW� RQO\� WR� LWV� JUDQGIDWKHU� QRGH�� EXW� DOVR� RWKHU�DQFHVWRUV�
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&21&/86,216�$1'�)8785(�:25.,Q� WKLV� GLVVHUWDWLRQ�� ZH� VWXGLHG� D� QXPEHU� RI� URXWLQJ� SUREOHPV� IRU� UHDO�WLPH�FRPPXQLFDWLRQ� RQ� WKH� ,QWHUQHW�� 5HDO�WLPH� DSSOLFDWLRQV�� H�J�� PXOWLPHGLD� DQG� UHDO�WLPH�FRQWURO�� KDYH� 4R6� VHUYLFH� UHTXLUHPHQWV� ZKLFK�PXVW� EH� JXDUDQWHHG� E\� WKH� XQGHUO\LQJ�QHWZRUN��$�JXDUDQWHH LV�D�FRQWUDFW�EHWZHHQ�DQ�DSSOLFDWLRQ�DQG� WKH�VHUYLFH�SURYLGHU� WR�VDWLVI\� D� UHTXHVWHG� OHYHO� RI� 4R6� UHTXLUHPHQWV�� +RZHYHU�� WKH� vEHVW�HIIRUW� SDUDGLJPw�RIIHUHG� E\� WKH� FXUUHQW� GDWDJUDP� VHUYLFH�� ZKLFK� SURYHG� WR� EH� YHU\� VXFFHVVIXO� LQ� WKH�UHDOL]DWLRQ� RI� D� XQLYHUVDO� QHWZRUN� LQ� D� KHWHURJHQHRXV� HQYLURQPHQW�� LV� QRW� DGHTXDWH� WR�VXSSRUW�UHDO�WLPH�WUDIILF��7KH�QHWZRUN�SURWRFRO�RIIHUV�QR�JXDUDQWHH�DERXW�WLPHO\��UHOLDEOH��DQG�RUGHUHG�GHOLYHU\�RI�SDFNHWV��2QH� 4R6� UHTXLUHPHQW�� WKH� HQG�WR�HQG� GHOD\� FRQVWUDLQW�� FDQ� EH� JXDUDQWHHG� LQ�ZLGH�DUHD� QHWZRUNV� E\� XVLQJ� WKH� DSSURSULDWH� URXWLQJ� DOJRULWKPV�� +RZHYHU�� DQRWKHU�DSSURDFK� WR� VXSSRUW� DSSOLFDWLRQVu� UHDO�WLPH� UHTXLUHPHQWV�� LV� WR� XVH� WKH� FRPELQDWLRQ� RI�VFKHGXOLQJ� DOJRULWKPV�� DGPLVVLRQ� FRQWURO�� DQG� D� UHVHUYDWLRQ� SURWRFRO�� ZKLFK� LV� QRW� WKH�VXEMHFW� RI� WKLV� GLVVHUWDWLRQ�� 6XSSRUW� IRU�PXOWLFDVW� FRPPXQLFDWLRQ� ZLOO� SOD\� D� SURPLQHQW�UROH� LQ� WKH� IXWXUH� DV� WKH� GHSOR\PHQW� RI� UHDO�WLPH� PXOWLFDVW�EDVHG� DSSOLFDWLRQV� ZLOO�FRQWLQXH� WR� JURZ�� ,W� LV�� WKHUHIRUH�� LPSRUWDQW� WKDW� QHWZRUN� GHYHORSHUV� EH� DZDUH� RI� WKH�GHVLJQ� LVVXHG� UHODWHG� WR� UHDO�WLPH�PXOWLFDVW�FRPPXQLFDWLRQ� LQ�RUGHU� WR�DYRLG� LPSDFWLQJ�WKH�SHUIRUPDQFH�RI�WKH�PXOWLPHGLD�DSSOLFDWLRQV��,W�LV�DEVROXWH�QHFHVVDU\�WR�HQKDQFH�WKH�UHOLDELOLW\�RI�DSSOLFDWLRQV�LQ�VXFK�QDWXUH�7R� IXUWKHU� LQFUHDVH� WKH� UHOLDELOLW\� RI� WKH� UHDO�WLPH� PXOWLFDVW� DSSOLFDWLRQV�� ZH�LQYHVWLJDWH� DQG� VWXG\� WKH� IDLOXUH� KDQGOLQJ� DQG� UHFRYHU\� RI� WKH� PXOWLFDVW� URXWLQJ�SURWRFROV�� :H� EHOLHYH� WKDW� WR� LQFUHDVH� WKH� WROHUDQFH� WR� IDLOXUH�� LW� LV� SRVVLEOH� WR�LQFRUSRUDWH�XVHIXO� IDXOW�UHFRYHU\�DQG� IDLOXUH�KDQGOLQJ� LQ�GHVLJQLQJ�D� UHDO�WLPH�PXOWLFDVW�URXWLQJ� SURWRFRO�� 7KH� REMHFWLYH� LV� WR� REWDLQ� WKH� GHVLUHG� 4R6� HYHQ� ZKHQ� WKH� QHWZRUN�IDFHV�D�IDLOXUH�VLWXDWLRQ�
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,Q�FKDSWHU����ZH�VXUYH\HG�SUHYLRXV�ZRUN�RQ�PXOWLFDVW�URXWLQJ�ZLWK�QR�FRQVWUDLQW�DQG� XQGHU� WLPH� GHOD\� FRQVWUDLQW� &KDSWHU� �� VWDUWV� ZLWK� WKH� GHVFULSWLRQV� RI� WKH� FRUH�EDVHG�WUHH��&%7���LWV�DUFKLWHFWXUH��SURWRFRO�RYHUYLHZ��SURWRFRO�IRUPDW�DQG�LWV�IXQFWLRQV��&KDSWHU� �� SUHVHQWV� D� IRUPDO� GHILQLWLRQ� RI� WKH� UHDO�WLPH� PXOWLFDVW� SUREOHPV��SUHYLRXV� DSSURDFKHV� RI� WKH� UHDO�WLPH� PXOWLFDVW� SUREOHPV�� DQG� RXU� SURSRVHG�DSSURDFKHV�� :H� DOVR� GHVFULEHG� KRZ� WKH� SUHYLRXV� DSSURDFKHV� ZRUN� DQG� GLVFXVV�DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� HDFK� DSSURDFK�� :H� LQWURGXFH� D� WHFKQLTXH� RI�RSWLPL]LQJ� WKH�SDWK�SUHYLRXVO\�XVHG�E\�D�VRXUFH� UHDFKLQJ� WKH�VKDUHG�PXOWLFDVW� WUHH�E\�XVLQJ� WKH� VKRUWHVW� RI� WKH� VKRUWHVW�SDWK�� WR�D� VSHFLILF�RQ�WUHH�QRGH��7KHQ��ZH�SURSRVHG�WZR� QHZ� SDWK� VHOHFWLRQ� PHWKRGV�� EDVHV� RQ� 'LMNVWUDuV� DOJRULWKP� DQG� 5HVLGXDO� GHOD\�FRQFHSW� E\� .RPSHOODuV� DOJRULWKP�� WR� ILQG� RSWLPDO� SDWKV� IRU� WKH� QHZ� PXOWLFDVW� WUHHV�ZKHUHE\� WKH�HQG�WR�HQG�GHOD\�FRQGLWLRQ� LV�QRW�YLRODWHG�� �:LWK�RXU�DSSURDFKHV�� WKH�FRVW�RI�WKH�PXOWLFDVW�WUHH�GLPLQLVKHG�VXEVWDQWLDOO\���:H�WKHQ�GHVFULEHG�RXU�VLPXODWLRQ�WR�SURYH�WKH� HIILFDF\� RI� RXU� SURWRFRO� ZKLFK� EDVHV� RQ� &%7� Y��� :H� FRPSDUHG� RXU� SURSRVHG�SURWRFRO� ZLWK� WKH� &%7� Y�� DQG� VKRZ� LWV� LPSURYHPHQW� LQ� WHUPV� RI� DYHUDJH� HQG�WR�HQG�GHOD\�� QHWZRUN� FRVW�� QHWZRUN� UHVRXUFH� XVDJH�� WUDIILF� FRQFHQWUDWLRQ�� ORVV� UDWH� DQG�H[HFXWLRQ�WLPH��&KDSWHU� ��SUHVHQWV� WKH�FRQFHSW�RI� IDXOW�WROHUDQFH� IUDPHZRUN�� IDLOXUH�PRGHO�DQG�VROXWLRQ�WR�UHFRYHU�WKH�QHWZRUN�IURP�IDLOXUH��:H�VWXG\�WKH�FRQFHSW�RI�GHSHGDEOH�QHWZRUN�ZKHUHE\�GLVMRLQW�EDFNXS�SDWKV�DUH�LGHQWLILHG�RII�OLQH��7KH�UHVRXUFH�WR�WKH�GLVMRLQW�EDFNXS�SDWK� ZLOO� EH� DOORFDWHG� DW� UXQWLPH�� 7KH� UXQWLPH� RYHUKHDG� ZLOO� EH� UHGXFHG� VLJQLILFDQWO\�ZLWKRXW�FRPSURPLVLQJ�WKH�QHWZRUN�SHUIRUPDQFH�,Q� FKDSWHU� ��� ZH� VWXG\� WKH� IDXOW�WROHUDQFH� DVSHFW� RI� WKH� UHDO�WLPH� WUDIILF�� DQG�DSSURDFKHV� WR�VXVWDLQ� WKH� UHOLDELOLW\�RI� WKH�QHWZRUN�XQGHU�D�VLQJOH� OLQN� IDLOXUH�FRQGLWLRQ��:H�GLVFXVV�PDQ\�DSSURDFKHV� WR� LPSURYH� WKH�QHWZRUN� UHGXQGDQFLHV�DQG� LQWURGXFH�RXU�IDXOW�WROHUDQW� DSSURDFKHV� WR� WKH� DOJRULWKPV� SURSRVHG� LQ� FKDSWHU� ��� 2XU� DSSURDFK� LV�EDVHG�RQ�ILUVW��ILQGLQJ�WKH�SUH�FRPSXWHG�GLVMRLQW�EDFNXS�SDWKV�DQG�VHFRQGO\��SURSRVLQJ�DQ� DOJRULWKP� WR� VZLWFK� IURP� WKH� SULPDU\� OLQN� WR� VHFRQGDU\� OLQN�ZLWKLQ� HQG�WR�HQG� GHOD\�FRQVWUDLQWV� LPSRVHG� E\� WKH� DSSOLFDWLRQV�� 7KLV� LQYROYHV� WKH� DGPLVVLRQ� WHVW� RI� WKH� SUH�FRPSXWHG� EDFNXS� SDWKV� SULRU� WR� VZLWFKLQJ� RI� WKH� IDLOHG� SDWK� WR� WKH� EDFNXS� SDWK��:H�VKRZ� WKDW� RXU� SURSRVHG� DSSURDFKHV� FDQ� UHOLDEO\� VZLWFK� WKH�PXOWLFDVW� WUDIILF� DORQJ� WKH�
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IDLOHG�OLQN�WR�WKH�EDFNXS�OLQN�ZLWKLQ�WLPH�ERXQG�DQG�VWLOO�SHUIRUPV�EHWWHU�WKDQ�WKH�&%7�Y��LQ�WHUPV�RI�WKH�SHUIRUPDQFH�PHWULFV��GHVFULEHG�LQ�SUHYLRXV�FKDSWHU������)XWXUH�:RUN$OWKRXJK� ZH� KDYH� PDGH� LPSRUWDQW� SURJUHVV� LQ� VWXG\LQJ� DQG� LPSOHPHQWLQJ� WKH� IDXOW�WROHUDQW�UHDO�WLPH�PXOWLFDVW�SURWRFROV�EDVHG�RQ�WKH�FRUH�EDVHG�WUHH��D�QXPEHU�RI�LVVXHV�VWLOO�QHHG�WR�EH�H[SORUHG�IXUWKHU��DV�IROORZV�

x &%7�Y��� � ,Q� WKLV�GLVVHUWDWLRQ��ZH�EDVHG�RXU�H[SHULPHQW�RQ�&%7�Y��ZKLFK� LV�ZHOO�NQRZQ�DQG�UHVRXUFH�ULFK�� �&%7�Y��ZKLFK� LPSURYHV�WKH�ORRS�UHPRYDO� LQ�WKH�SURWRFRO�VKRXOG�EH�H[SORUHG�LQ�WKH�IXWXUH�UHVHDUFK��%\�GLVWULEXWLQJ�FRUHV�WKURXJKRXW� WKH� QHWZRUN� DQG� E\� PDLQWDLQLQJ� ORJLFDO� OHYHO� WRSRORJLFDO�LQIRUPDWLRQ��&%7� Y�� DOORZV� IRU� D� IOH[LEOH�PXOWLFDVW� JURXS� LQ�ZKLFK� WKH� FRUH�VWUXFWXUH� GRHV� QRW� KDYH� WR� EH� IL[HG� LQ� DGYDQFH�� :H� DQWLFLSDWH� WKDW� PRUH�RYHUKHDG�LQ�GHWHFWLQJ�WKH�WUHH�ORRS�ZLOO�EH�LQWURGXFHG��LI�RXU�HQKDQFHPHQW�LV�LPSOHPHQWHG�XVLQJ�&%7�Y��SURWRFRO�x 5HVRXUFH� UHVHUYDWLRQ� DQG� DGPLVVLRQ� FRQWURO�� $QRWKHU� DSSURDFK� WR�LPSURYLQJ�WKH�SHUIRUPDQFH�RI�UHDO�WLPH�DSSOLFDWLRQV�LV�WR� LQWHJUDWH�UHVRXUFH�UHVHUYDWLRQ�DQG�DGPLVVLRQ�FRQWURO�LQWR�WKH�URXWLQJ�SURWRFRO��$SSOLFDWLRQV�XVH�WKH� UHVHUYDWLRQ� SURWRFRO� WR� UHTXHVW� UHVRXUFHV� IURP� URXWHUV� DQG� DUH� HLWKHU�DFFHSWHG�RU� UHMHFWHG�E\�DGPLVVLRQ�FRQWURO�DW�HDFK�URXWHU��:H�VXJJHVW� WKDW�IXWXUH� ZRUN� RQ� UHDO�WLPH� PXOWLFDVW� URXWLQJ� VKRXOG� WDNH� WKLV� DVSHFW� LQWR�FRQVLGHUDWLRQ�x +LHUDUFKLFDO� VWUXFWXUH� RI� VWDWH� LQIRUPDWLRQ� H[FKDQJH�� � :H� DQWLFLSDWH� WKDW�DGGLWLRQDO�ZRUN�LV�QHHGHG�WR�PLQLPL]H�WKH�PHPRU\�DQG�SURFHVVLQJ�SRZHU�RI�HDFK� QRGH� PDLQWDLQLQJ� WKH� FXUUHQW� WUHH� LQIRUPDWLRQ�� 7KH� FRQFHSW� RI�KLHUDUFKLFDO� URXWLQJ� FDQ� EH� DSSOLHG� WR� WKH� URXWLQJ� SURWRFRO� EHFDXVH� WKH�XQGHUO\LQJ� URXWLQJ�PHFKDQLVPV� XVHG� WR� GLVVHPLQDWH� WRSRORJ\�GDWD� UHTXLUH�WKH�DJJUHJDWLRQ�RI�LQIRUPDWLRQ�LQ�RUGHU�WR�FRSH�ZLWK�JURZLQJ�QHWZRUN�VL]H���x '\QDPLF� MRLQ� DQG� OHDYH�7UHH� DUUDQJHPHQW�� ,Q� WKH� GLVVHUWDWLRQ�� ZH�FRQVLGHUHG� D� VWDWLF� VHW� RI� PXOWLFDVW� JURXS� PHPEHUV�� 2QH� PD\� KDQGOH�
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G\QDPLF� PHPEHU� MRLQ�OHDYH� E\� LQFUHPHQWDOO\� FKDQJLQJ� WKH� PXOWLFDVW� WUHH���:KHQ� D� QHZ� PHPEHU� LQWHQGV� WR� MRLQ� WKH� GLVWULEXWLRQ� WUHH�� D� WUHH� EUDQFK�FRQQHFWV� WKH� QHZ� PHPEHU� WR� WKH� QHDUHVW� WUHH� QRGH�� � :KHQ� D� PHPEHU�OHDYHV�WKH�PXOWLFDVW�JURXS��RQO\�WKH�FRUUHVSRQGLQJ�WUHH�EUDQFK�LV�WRUQ�GRZQ��7KH�PDLQ� LGHD� RI� WKH�PXOWLFDVW� WUHH� UHDUUDQJHPHQW� LVVXH�� LV� WR� GHILQH� DQG�PRQLWRU� FHUWDLQ�GDPDJH� LQGH[� WR� WKH�PXOWLFDVW� WUHH�DV�PHPEHUV� MRLQ�OHDYH��DQG� WULJJHU� WUHH� UHDUUDQJHPHQW�ZKHQ� WKH� LQGH[� H[FHHGV� FHUWDLQ� WKUHVKROG��$OORZLQJ�QRGHV�WR� MRLQ�DQG� OHDYH�DQ�H[LVWLQJ�PXOWLFDVW�JURXS�G\QDPLFDOO\� LV�DQRWKHU�IHDWXUH�WKDW�VKRXOG�EH�FRQVLGHUHG�LQ�RXU�IXWXUH�ZRUN��x 0XOWLSOH� VLPXOWDQHRXV� IDXOWV�� 7KH� SURSRVHG� IDXOW�WROHUDQW� SURWRFRO� ZDV�GHVLJQHG�WR�KDQGOH�D�VLQJOH� OLQN�IDXOW� WKDW�RFFXUV�RQ�&%7�SDWKV��,Q�RUGHU�WR�WROHUDWH�P�VLPXOWDQHRXV� IDXOWV��D� WULYLDO�H[WHQVLRQ�WR�EDFNXS�SDWKV�VHOHFWLRQ�LV�WR�VHOHFW�P�GLVMRLQWHG�EDFNXS�SDWKV�IRU�HDFK�URXWHU��7KHVH�SDWKV�FRQQHFW�WKH�URXWHU� WR� LWV�JUDQGIDWKHU��7KLV�VKRXOG�EH�H[SORUHG� LQ� WKH�IXWXUH�UHVHDUFK�ZRUN�RQ�IDXOW�WROHUDQW�PXOWLFDVW�x ,PSOHPHQWDWLRQ�RI�RXU�PRGLILHG�&%7�SURWRFROV�� ,Q�WKLV�GLVVHUWDWLRQ��ZH�KDYH�SUHVHQWHG� WKH�PRGLILHG�&%7�SURWRFROV� WKDW�FDQ�VXVWDLQ� WKH�PD[LPXP�GHOD\�ERXQG� FRQGLWLRQ� LPSRVHG� E\� WKH� DSSOLFDWLRQV� DQG� WROHUDWH� D� VLQJOH� IDXOW� LQ�WKH�QHWZRUN�E\�VLPXODWLRQ��+RZHYHU�� LQ�RUGHU�WR�SURYH�WKH�XVHIXOQHVV�RI�RXU�DSSURDFK�� LW� LV� LPSRUWDQW� WR� LQYHVWLJDWH� WKH� SHUIRUPDQFH� RI� RXU� SURSRVHG�SURWRFROV�WKURXJK�H[SHULPHQWV�LQ�D�UHDO�QHWZRUN�VXFK�DV�WKH ,QWHUQHW�������6XPPDU\�RI�0DLQ�&RQWULEXWLRQV2XU�FRQWULEXWLRQV�LQ�WKLV�GLVVHUWDWLRQ�DUH�WKH�IROORZLQJ�x :H� SURSRVHG� D� VKRUWHVW� WR� WKH� VKRUWHVW� SDWK� WR� RSWLPL]H� WKH� SDWK� IURP�VRXUFH� WR� WKH� PXOWLFDVW� WUHH� WKXV� E\SDVVLQJ� WKH� FRUH� URXWHU�� 7KH�FRQYHQWLRQDO�&%7 ILQGV� WKH� VKRUWHVW�SDWK� WUHH� IURP� WKH� VRXUFH�QRGH� WR� WKH�FRUH�QRGH�DQG�XVHV� WKLV�SDWK� WR� URXWH� WKH� WUDIILF� WR�DOO�PXOWLFDVW�PHPEHUV��UHVXOWLQJ�LQ�WUDIILF�FRQFHQWUDWLRQ�DURXQG�WKH�FRUH��:LWK�WKLV�PRGLILFDWLRQ��&%7�KDV� PRUH� FKDQFH� WR� PHHW� WKH� HQG�WR�HQG� GHOD\� FRQVWUDLQWV�� ZKLOH� WUDIILF�FRQFHQWUDWLRQ�DURXQG�FRUH�URXWHU�GHFUHDVHV�VLJQLILFDQWO\�
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x :H�SURSRVHG�WZR�QHZ�SDWK�VHOHFWLRQ�PHWKRGV�WR�HQVXUH�WKDW�WKH�SDWKV�IURP�VRXUFH�WR�DOO�PHPEHUV�LQ�WKH�VKDUHG�PXOWLFDVW�WUHH�GR�QRW�YLRODWH�WKH�HQG�WR�HQG� GHOD\� FRQVWUDLQW� FRQGLWLRQ�� ZKLOH� FRVW� RI� WKH�PXOWLFDVW� WUHH� LV� UHGXFHG�VXEVWDQWLDOO\��7KH�ILUVW�SDWK�VHOHFWLRQ�PHWKRG�LV�EDVHG�RQ�ZHLJKWHG�GLMNVWUDuV�SDWK� VHOHFWLRQ� DOJRULWKP�� � 7KH� 'LMNVWUDuV� 6KRUWHVW� 3DWK� 7UHH� DOJRULWKP�ZDV�PRGLILHG� E\� VXEVWLWXWLQJ� WKH� RULJLQDO� SDWK� VHOHFWLRQ�ZLWK� WKH�ZHLJKWHG�SDWK�VHOHFWLRQ� IXQFWLRQ� LQ� RUGHU� WR� FUHDWH� RSWLPDO� VROXWLRQ� EDODQFLQJ� FRVW� DQG�GHOD\� SDUDPHWHUV�� 7KH� VHFRQG� SDWK� VHOHFWLRQ� PHWKRG� LV� EDVHG� RQ�.RPSHOODuV� VHOHFWLRQ� IXQFWLRQ�ZKLFK�FRQVLGHUV� UHVLGXDO�GHOD\� LQ�DGGLWLRQ� WR�ORZ�FRVW�WUHH��7KH�QHZ�VHOHFWLRQ�IXQFWLRQ�H[SOLFLWO\�XVHV�ERWK�FRVW�DQG�GHOD\�LQ� LWV� IXQFWLRQDO� IRUP�� ,W� WULHV� WR� FKRRVH� ORZ� FRVW� SDWKV�� EXW�PRGXODWHV� WKH�FKRLFH�E\�WU\LQJ�WR�SLFN�HGJHV�WKDW�PD[LPL]H�WKH�UHVLGXDO�GHOD\��7KH�LGHD�LV�WR� UHGXFH� WKH�FRVW�RI� WKH� WUHH� WKURXJK�SDWK�VKDULQJ��:H�XVHG�VLPXODWLRQ� WR�SURYH�WKH�HIILFDF\�RI�RXU�SURWRFROV�DJDLQVW�WKH�RULJLQDO�&%7�Y��x :H�SURSRVHG�D�QHZ�IDXOW�WROHUDQW�SURWRFRO�WR�HQKDQFH�WKH�SURSRVHG�RSWLPDO�UHDO�WLPH� SURWRFRO�� 7KH� LGHD� LV� WR� SUH�FRPSXWH� GLVMRLQW� EDFNXS� SDWKV�EHWZHHQ�HDFK�QRGH�SDLU�IRU�DOO�OLQNV�LQ�WKH�PXOWLFDVW�WUHH��:KHQ�D�FHUWDLQ�OLQN�RQ� WKH�PXOWLFDVW� WUHH� IDLOV�� RXU� SURWRFRO� ZLOO� FKHFN� LI� WKHUH� H[LVWV� D� GLVMRLQW�EDFNXS� SDWK� IRU� WKDW� OLQN�� 7KH� SURWRFRO� ZLOO� DOVR� FKHFN� LI� WKH� QHZ� GLVMRLQW�EDFNXS�SDWKV�FDQ�VXVWDLQ�HQG�WR�HQG�GHOD\�FRQVWUDLQWV��7KHQ�� WKH�SURWRFRO�YHULILHV�LI�WKH�VZLWFKLQJ�RI�URXWHV�IURP�WKH�IDLOHG�OLQN�WR�WKH�EDFNXS�OLQN�WDNHV�QR�PRUH�WKDQ�WKH�PD[LPXP�WLPH�GHOD\�DOORZHG��x :H� XVHG� VLPXODWLRQ� WR� HYDOXDWH� WKH� DOJRULWKPV� ZH� SURSRVHG�� ,Q� RXU�VLPXODWLRQ�� ZH� LPLWDWHG� WKH� UHDOLVWLF� ,QWHUQHW� QHWZRUN� HQYLURQPHQW�� :H�FRQGXFWHG� WKH� H[SHULPHQW� XVLQJ� QV��� VLPXODWRU� WR� VLPXODWH� D� UDQGRP�QHWZRUN�� 7KH� VLPXODWLRQ� VKRZV� WKDW� RXU� SURSRVHG� SURWRFRO� SHUIRUPV� ZHOO�XQGHU�D�VLQJOH�OLQN�IDLOXUH�FRQGLWLRQ�ZLWK�PRGHUDWH�H[HFXWLRQ�WLPH�DQG�ORZHU�FRVW� WUHH� FRPSDUHG� WR� WKDW� RI� WKH� RULJLQDO� &%7�� ZKLOH� WUDIILF� FRQFHQWUDWLRQ�DQG� QHWZRUN� UHVRXUFH� XVDJH� GHFUHDVHG� VXEVWDQWLDOO\�� 2XU� SURSRVHG�SURWRFRO� YHULILHV� LI� WKH� HQG�WR�HQG� GHOD\� FRQGLWLRQ� LV� QRW� YLRODWHG� LQ� WKH�VLPXODWHG�VFHQDULRV�
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�� $PPDU��0���&KHXQJ��6��� DQG�6FRJOLR��&�� �5RXWLQJ�PXOWLSRLQW� FRQQHFWLRQV�XVLQJ�YLUWXDO� SDWKV� LQ� DQ� $70� QHWZRUNV�� ,Q� SURFHHGLQJV� RI� ,(((� ,1)2&20� u��������������������� $ZHUEXFK�� %��� %DU�1R\�� $��� DQG� *RSDO�� 0�� � $SSUR[LPDWH� GLVWULEXWHG� EHOOPDQ�IRUG DOJRULWKPV���,Q�SURFHHGLQJV�RI�,(((�,1)2&20�u�� �������������������� %DKN�� 6��� DQG� =DULN�� 0�� � $� G\QDPLF� PXOWL�SDWK� URXWLQJ� DOJRULWKP� IRU� $70�QHWZRUNV���-��+LJK�6SHHG�1HWZRUNV 9RO�����1R������������� %DOODUGLH�� $�� � &%7� ERUGHU� URXWHU� VSHFLILFDWLRQ� IRU� LQWHUFRQQHFWLQJ� D� &%7� VWXE�UHJLRQ� WR� D� '9053� EDFNERQH�� IWS���GV�LQWHUQLF�QHW�LQWHUQHW�GUDIWV�GUDIW�LHWI�LGPU�FEW�GP�LQWHURS��W[W���:RUNLQJ�GUDIW��0DUFK�������� %DOODUGLH�� $�� � &RUH� EDVHG� WUHHV� �&%7� YHUVLRQ� ��� PXOWLFDVW� URXWLQJ� � SURWRFRO�VSHFLILFDWLRQ���5)&���� �6HSWHPEHU���������� %DOODUGLH�� 7��� )UDQFLV�� 3��� DQG� &URZFURIW�� -�� � &RUH� EDVHG� WUHHV� �&%7��� � $Q�DUFKLWHFWXUH� IRU�VFDODEOH� LQWHU�GRPDLQ�PXOWLFDVW�URXWLQJ���3URFHHGLQJV�RI�WKH�$&0�6,*&200��6DQ�)UDQFLVFR �6HSWHPEHU���������� %DQHUMHD��$���$�WD[RQRP\�RI�GLVSHUVLW\�URXWLQJ�VFKHPHV�IRU�IDXOW�WROHUDQW�UHDOWLPH�FKDQQHOV�� � ,Q� SURFHHGLQJV� RI� (XURSHDQ� &RQI�� 0XOWLPHGLD� $SSOLFDWLRQ��6HUYLFHV� DQG� 7HFKQLTXHV� �(&0$67u���� /RXYDLQOD�1HXYH�� %HOLXP �0D\���������� %DQHUMHD�� $�� � )DXOW� UHFRYHU\� IRU� JXDUDQWHHG� SHUIRUPDQFH� FRPPXQLFDWLRQV�FRQQHFWLRQV���,(((�$&0�WUDQVDFWLRQV�RQ�QHWZRUNLQJ 9RO�����1R������2FWREHU���������� %DQHUMHD�� $�� � 6LPXODWLRQ� VWXG\� RI� WKH� FDSDFLW\� HIIHFWV� RI� GLVSHUVLW\� URXWLQJ� IRU�IDXOW� WROHUDQW� UHDO� WLPH� FKDQQHOV�� � ,Q� SURFHHGLQJV� RI� 6,*&200� 6\PS��$XJXVW�������� ���������
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��� %DUDWK�.XPDU�� .��� DQG� -DIIH�� -�� � 5RXWLQJ� WR� PXOWLSOH� GHVWLQDWLRQV� LQ� FRPSXWHU�QHWZRUNV���,(((�WUDQVDFWLRQV�RQ�FRPPXQLFDWLRQV YRO��&20�����QR�����0DUFK��������������������� %DXHU��)���DQG�9DUPD��$�� �$5,(6��$�UHDUUDQJHDEOH� LQH[SHQVLYH�HGJH�EDVHG�RQ�OLQH�6WHLQHU�DOJRULWKP���,(((�-6$& �$SULO���������������������� %DXHU��)���DQG�9DUPD��$�� �$5,(6��$�UHDUUDQJHDEOH� LQH[SHQVLYH�HGJH�EDVHG�RQ�OLQH�6WHLQHU�DOJRULWKP�� ,Q�SURFHHGLQJV�RI� ,(((� ,1)2&20�u�� ������� �������������� %DXHU�� )��� DQG� 9DUPD�� $�� � 'HJUHH�FRQVWUDLQHG� PXOWLFDVWLQJ� LQ� SRLQW�WR�SRLQW�QHWZRUNV���,Q�SURFHHGLQJV�RI�,(((�,1)2&20�u�� ��������������������� %DXHU��)���DQG�9DUPD��$���'LVWULEXWHG�DOJRULWKPV�IRU�PXOWLFDVW�SDWK�VHWXS�LQ�GDWD�QHWZRUNV���,(((�$&0�WUDQVDFWLRQV�RQ�QHWZRUNLQJ YRO�����QR�����$SULO��������������������� %DXHU��)���DQG�9DUPD��$���'LVWULEXWHG�DOJRULWKPV�IRU�PXOWLFDVW�SDWK�VHWXS�LQ�GDWD�QHWZRUNV���&RPSXWHU�(QJLQHHULQJ�'HSDUWPHQW��8QLYHUVLW\�RI�&DOLIRUQLD��6DQWD�&UX]��8&6&�&5/������ �$XJXVW����������� %HOOPDQ��5���'\QDPLF�SURJUDPPLQJ���3ULQFHWRQ�8QLYHUVLW\�3UHVV ������������ %HUWVHNDV�� '�� � /LQHDU� QHWZRUN� RSWLPL]DWLRQ�� DOJRULWKPV� DQG� FRGHV�� � 0,7� 3UHVV������������ %HUWVHNDV�� '��� DQG� *DOODJHU�� 5�� � 'DWD� QHWZRUNV�� �Q�S���� �QG HG��� 3UHQWLFH�+HOO������������ %LHUVDFN�� (��� DQG�1RQQHQPDFKHU�� -�� �:$9(��$ QHZ�PXOWLFDVW� URXWLQJ�DOJRULWKP�IRU� VWDWLF� DQG� G\QDPLF� PXOWLFDVW� JURXSV�� � ,Q� SURFHHGLQJV� RI� WKH� ILIWK�LQWHUQDWLRQDO�ZRUNVKRS�RQ�QHWZRUN�DQG�RSHUDWLQJ�V\VWHP�VXSSRUW� IRU�GLJLWDO�DXGLR�DQG�YLGHR ��������������������� &DOYHUW��.���=HJXUD��(���DQG�'RQDKRR��0�� &RUH�VHOHFWLRQ�PHWKRGV� IRU�PXOWLFDVW�URXWLQJ�� � ,Q�SURFHHGLQJV�RI� WKH� IRXUWK� LQWHUQDWLRQDO�FRQIHUHQFH�RQ�FRPSXWHU�FRPPXQLFDWLRQV�DQG�QHWZRUNLQJ��,&� 1�u��� �������������������
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��� &KHQ�%��� .DPDW�� 6��� DQG� =KDR�� :HL�� � )DXOW�WROHUDQW� UHDO�WLPH� FRPPXQLFDWLRQ� LQ�)'',�EDVHG�QHWZRUNV���,(((�&RPSXWHUV �$SULO����������� &KHQ�� 6��� DQG� 1DKUVWHGW�� .�� � 'LVWULEXWHG� 4R6� URXWLQJ� LQ� KLJK�VSHHG� QHWZRUNV�EDVHG�RQ�VHOHFWLYH�SURELQJ���7HFKQLFDO�UHSRUW��&6'��8,8&����������� &KRZ�� &��+��� � 2Q� PXOWLFDVW� SDWK� ILQGLQJ� DOJRULWKPV�� ,Q� SURFHHGLQJV� RI� ,(((�,1)2&20�u�� ����������������������� &RUPHQ��7���/HLVHUVRQ��&���DQG�5LYHVW��5���,QWURGXFWLRQ�WR�DOJRULWKPV���0,7�3UHVV����������� 'DODO�� <��� DQG� 0HWFDOIH�� 5�� � 5HYHUVH� SDWK� IRUZDUGLQJ� RI� EURDGFDVW� SDFNHWV��&RPPXQLFDWLRQV�RI�WKH�$&0 YRO������QR� ����'HFHPEHU������������������������ 'HHULQJ�� 6�� �0XOWLFDVW� URXWLQJ� LQ� D�GDWDJUDP� LQWHUQHWZRUN�� 3K'� WKHVLV�� 6WDQIRUG�8QLYHUVLW\��'HFHPEHU���������� 'HHULQJ�� 6��� DQG�&KHULWRQ�� '�� �0XOWLFDVW� URXWLQJ� LQ� GDWDJUDP� LQWHUQHWZRUNV� DQG�([WHQGHG�/$1V��$&0�7UDQVDFWLRQV�RQ�&RPSXWHU�6\VWHPV YRO�����QR�����0D\�������������������� 'HHULQJ��6���(VWULQ��'���)DULQDFFL��'���-DFREVRQ��9���/LX��&���DQG�:HL��/���3URWRFRO�LQGHSHQGHQW� PXOWLFDVW� �3,0��� 3URWRFRO� VSHFLILFDWLRQ�� � � ,QWHUQHW� 'UDIW� 5)&����������� 'HHULQJ��6���(VWULQ��'���)DULQDFFL��'���-DFREVRQ��9���/LX��&���DQG�:HL��/���7KH�3,0�DUFKLWHFWXUH� IRU� ZLGH�DUHD�PXOWLFDVW� URXWLQJ�� � ,(((�$&0� 7UDQV�� 1HWZRUNLQJ9RO�����1R�����$SULO���������������������� 'LMNVWUD��(�� �$�QRWH�RQ�WZR�SUREOHPV� LQ�FRQQHFWLRQ�ZLWK�JUDSKV�� � �1XPHU��0DWK�9RO���������������� 'LMNVWUD��(�� �7ZR�SUREOHPV� LQ�FRQQHFWLRQ�ZLWK�JUDSKV�� �1XPHULVFKH�0DWKHPDWLNYRO�����QR�����2FWREHU���������������������� 'RDU��0���0XOWLFDVW�LQ�WKH�DV\QFKURQRXV�WUDQVIHU�PRGH�HQYLURQPHQW���3K'�WKHVLV�8QLYHUVLW\�RI�&DPEULGJH��-DQXDU\�������
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��� 'RDU��0���DQG�/HVOLH�� ,�� �+RZ�EDG� LV�QDLYH�PXOWLFDVW� URXWLQJ�� � ,Q�SURFHHGLQJV�RI�,(((�,1)2&20�u�� ������������������� 'RQDKRR��0���DQG�=HJXUD��(�� �&RUH�PLJUDWLRQ� IRU�G\QDPLF�PXOWLFDVW� URXWLQJ�� � ,Q�SURFHHGLQJV� RI� WKH� ILIWK� LQWHUQDWLRQDO� FRQIHUHQFH� RQ� FRPSXWHU�FRPPXQLFDWLRQV�DQG�QHWZRUNLQJ��,&� 1�u��� �������������������� (VWULQ�� '��� HW� DO�� � 3URWRFRO� ,QGHSHQGHQW� 0XOWLFDVW� �3,0�� 6SDUVH� 0RGH�'HQVH�0RGH���$YDLODEOH�IURP��IWS���QHWZHE�XVF�HGX�SLP :RUNLQJ�GUDIWV���������� (VWULQ�� '�� � $� '\QDPLF� %RRWVWUDS� 0HFKDQLVP� IRU� 5HQGH]YRXV�EDVHG� 0XOWLFDVW�5RXWLQJ��HW�DO�� 7HFKQLFDO�5HSRUW���$YDLODEOH�IURP� IWS���FDWDULQD�XVF�HGX�SLP��� )HQQHU��:���,QWHUQHW�*URXS�0DQDJHPHQW�3URWRFRO��YHUVLRQ����,*03Y�����$YDLODEOH�IURP�� � IWS���GV�LQWHUQLF�QHW�LQWHUQHW�GUDIWV�GUDIW�LHWI�LGPU�LJPS�Y���W[W��:RUNLQJ�GUDIW���������� )HUUDUL��'���DQG�9HUPD��'�� �$�VFKHPH�IRU�UHDO�WLPH�FKDQQHO�HVWDEOLVKPHQW�ZLGH�DUHD� QHWZRUN�� � 7HFK��5SW���������� ,QWHUQDWLRQDO�&RPSXWHU�6FLHQFH� ,QVWLWXWH��%HUNHOH\��&DOLIRUQLD��0D\���������� )UHGPDQ�0��� DQG� 7DUMDQ�� 5�� � )LERQDFFL� KHDSV� DQG� WKHLU� XVHV� LQ� LPSURYHG�QHWZRUN�RSWLPL]DWLR�DOJRULWKPV���-��$&0 9RO������1R������������������������� )ULH]H��$���'LVMRLQW�3DWKV�LQ�([SDQGHU�*UDSKV�YLD�5DQGRP�:DONV��D�6KRUW�6XUYH\���7R�DSSHDU�LQ�3URFHHGLQJV�RI�5DQGRPu�� ����������� *DOODJHU�� 5��� +XPEOHW�� 3��� DQG� 6SLUD�� 3�� � $� GLVWULEXWHG� DOJRULWKP� IRU�PLQLPXP�ZHLJKW�VSDQQLQJ�WUHHV���$&0�7UDQVDFWLRQV�RQ�3URJUDPPLQJ�/DQJXDJHV�DQG�6\VWHPV �-DQXDU\�������������������� *DUH\��0���DQG�-RKQVRQ��'���&RPSXWHUV�DQG�LQWUDFWDELOLW\��$�JXLGH�WR�WKH�7KHRU\�RI�13�&RPSOHWHQHVV��1HZ�<RUN���:�+��)UHHPDQ�DQG�&R�������������� +DEHUPDQ�� %��� DQG� 5RXVNDV�*�� � &RVW�� GHOD\�� DQG� GHOD\� YDULDWLRQ� FRQVFLRXV�PXOWLFDVW� URXWLQJ�� � 7HFKQLFDO� 5HSRUW� 75�������� 1RUWK� &DUROLQD� 6WDWH�8QLYHUVLW\��������
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��� +ZDQJ�� )��� DQG� 5LFKDUGV�'�� � 6WHLQHU� 7UHH� 3UREOHPV�� 1HWZRUNV YRO�� ���� QR�� ���-DQXDU\������������������� ,PDVH��0���DQG�:D[PDQ��%���'\QDPLF�6WHLQHU�WUHH�SUREOHP���6,$0�M��'LVF��0DWK��$XJXVW���������������������� -LD��:��=KDR��:���;XDQ��'���DQG�;X��*���$Q�HIILFLHQW�IDXOW�WROHUDQW�PXOWLFDVW�URXWLQJ�SURWRFRO� ZLWK� FRUH�EDVHG� WUHH� WHFKQLTXHV�� � ,(((� 7UDQVDFWLRQV� RQ� 3DUDOOHO�DQG�'LVWULEXWHG�6\VWHPV 9RO�����1R������2FWREHU����������� -LD�� ;�� � $� 'LVWULEXWHG� $OJRULWKP� RI� 'HOD\�%RXQGHG� 0XOWLFDVW� 5RXWLQJ� IRU�0XOWLPHGLD�$SSOLFDWLRQV�LQ�:LGH�$UHD�1HWZRUNV���,(((�$&0�7UDQVDFWLRQV�RQ�1HWZRUNLQJ 9RO�����1R�����'HFHPEHU���������������������� -LD��;���2SWLPDO�PXOWLFDVW�URXWLQJ�ZLWK�TXDOLW\�RI�VHUYLFH�FRQVWUDLQWV��� -��1HWZRUN�6\VW��0DQDPHQW 9RO�����1R�������������������������� -LD�� ;��� &DR�� -��� DQG� -LD�� :�� � 5HDO�WLPH� PXOWLFDVW� URXWLQJ� ZLWK� RSWLPDO� QHWZRUN�FRVW�� � 3URFHHGLQJV� RI� WKH� ,(((� 5HDO�7LPH� &RPSXWLQJ� 6\VWHPV� DQG�$SSOLFDWLRQV�:RUNVKRS ����������� -LD�� ;��� 3DVVLQRX��1��� DQG�0DNNL�� .�� � $� UHDO�WLPH�PXOWLFDVW� URXWLQJ� DOJRULWKP� IRU�PXOWLPHGLD�DSSOLFDWLRQV���&RPSXWHU�&RPPXQ��-� 9RO������1R������1RYHPEHU������������������������ -LD�� ;��� =KDQJ�� <��� 3LVVLQRX�� 1��� DQG� 0DNNL�� 6�� � $Q� LQWHJUDWHG� URXWLQJ� DQG�DGPLVVLRQ� FRQWURO� PHFKDQLVP� IRU� UHDO�WLPH� PXOWLFDVW� FRQQHFWLRQ�HVWDEOLVKPHQW�� � ,QWHUQDWLRQDO� -RXUQDO� RI� &RPPXQLFDWLRQ� V\VWHPV 9RO�� ����,VVXH�����$SULO��������������������� -LDQJ�� ;�� � 5RXWLQJ� %URDGEDQG� 0XOWLFDVW� 6WUHDPV�� &RPSXWHU� &RPPXQLFDWLRQVYRO������QR�����-DQXDU\��)HEUXDU\������������������� -LDQJ�� ;�� � 5RXWLQJ� %URDGEDQG� 0XOWLFDVW� 6WUHDPV�� &RPSXWHU� &RPPXQLFDWLRQVYRO������QR������'HFHPEHU������������������
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��� .DGLULUH�� -�� � 0LQLPLVLQJ� 3DFNHW� &RSLHV� LQ� 0XOWLFDVW� 5RXWLQJ� E\� ([SORLWLQJ�*HRJUDSKLF�6SHUDG��&RPSXWHU�&RPPXQLFDWLRQ�5HYLHZ YRO������QR�����-XO\�������������������� .DGLULUH��-���DQG�.QLJKW��*��&RPSDULVRQ�RI�'\QDPLF�0XOWLFDVW�5RXWLQJ�$OJRULWKPV�IRU�:LGH�DUHD�3DFNHW�6ZLWFKHG��$V\QFKURQRXV�7UDQVIHU�0RGH��1HWZRUNV��,Q�3URFHHGLQJV�RI�,(((�,1)2&20�u�� ��������������������� .DUS�� 5�� � 5HGXFLELOLW\� DPRQJ� &RPELQDWRULDO� 3UREOHPV�� � ,Q� &RPSOH[LW\� RI�&RPSXWHU� &RPSXWDWLRQV �5�0LOOHU� DQG� -�� 7KDWFKHU�� HGV��� 3OHQXP� 3UHVV��������������������� .DWDEL�� '�� � 7KH� XVH� RI� ,3�$Q\FDVW� IRU� EXLOGLQJ� HIILFLHQW� PXOWLFDVW� WUHHV���3URFHHGLQJV�RI�WKH�,(((�*OREHFRPu�� ������������ .DWDQ\XWDYHHWLS��'�� �2Q�5RXWLQJ�5HDO�WLPH�0XOWLFDVW� 7UDIILF�� � ,Q�3URFHHGLQJV�RI�WKH� ,(((� ,6&,7� ����� �,QWHUQDWLRQDO� 6\PSRVLXP� RQ� &RPPXQLFDWLRQV� DQG�,QIRUPDWLRQ�7HFKQRORJ\�����1RYHPEHU���������� .DWDQ\XWDYHHWLS�� '�� � 5HDO�WLPH� 2SWLPDO� 0XOWLFDVW� 5RXWLQJ�� � 7R� DSSHDU� LQ�&RPSXWHU�&RPPXQLFDWLRQV�,QWHUQDWLRQDO�-RXUQDO��(OVHYLHU�6FLHQFH ���������� .DWDQ\XWDYHHWLS�� '�� � 5HOLDEOH� 5HDO�WLPH� 0XOWLFDVW� 6FKHPHV� RQ� ,QWHUQHW���3URFHHGLQJV�RI� WKH� ,(((� ,63$&6u��� �,QWHUQDWLRQDO�6\PSRVLXP�RQ� ,QWHOOLJHQW�6LJQDO�3URFHVVLQJ�DQG�&RPPXQLFDWLRQ�6\VWHPV� �'HFHPEHU����������� .DWDQ\XWDYHHWLS�� '�� � 7HFKQLFDO� 5HSRUW� RQ� 6HOI�KHDOLQJ�6XUYLYDEOH� FDSDELOLW\� LQ�$70�1HWZRUN�� �(QJLQHHULQJ�-RXUQDO�RI�6LDP�8QLYHUVLW\�� �9RO���� ������� ����������� .DWDQ\XWDYHHWLS�� '�� � 7RZDUGV� UHOLDEOH� UHDO�WLPH� 0XOWLFDVW� IUDPHZRUNV� RQ WKH�,QWHUQHW���(QJLQHHULQJ�-RXUQDO�RI�6LDP�8QLYHUVLW\��9RO����������������������� .LP�� 6��%�� � $Q� 2SWLPDO� 9S�%DVHG� 0XOWLFDVW� URXWLQJ� LQ� $70� 1HWZRUNV�� ,Q�3URFHHGLQJV�RI�,(((�,1)2&20�u�� ��������������������
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��� .RK�� 6��� 6KLQ��0��� <L�� -��� +DKP�� -��� DQG� 3DUN�� &�� 1RQ�FRUH� EDVHG� VKDUHG� WUHH�DUFKLWHFWXUH� IRU� ,3� PXOWLFDVWLQJ�� � ,((� (OHFWURQLFV� /HWWHUV 9RO�� ���� 1R�� �����0D\����������� .RPSHOOD�� 9��� 3DVTXDOH�� -��� DQG� 3OR\]RV�� *�� � 0XOWLFDVWLQJ� IRU� 0XOWLPHGLD�$SSOLFDWLRQV��,Q�SURFHHGLQJV�RI�,(((�,1)2&20�u�� ����������������������� .RPSHOOD�� 9��� 3DVTXDOH�� -��� DQG� 3RO\]RV�� *�� � 0XOWLFDVW� URXWLQJ� IRU� PXOWLPHGLD�FRPPXQLFDWLRQ�� ,(((�$&0�7UDQVDFWLRQV�RQ�1HWZRUNLQJ YRO�����QR���� �-XQH��������������������� .RPSHOOD�� 9��� 3DVTXDOH�� -��� DQG� 3OR\]RV�� *�� � 7ZR� GLVWULEXWHG� DOJRULWKPV� IRU�PXOWLFDVWLQJ�PXOWLPHGLD� LQIRUPDWLRQ�� � ,Q� SURFHHGLQJV� RI� ,&&&1u�� ������� ��������������� .RPSHOOD�� 9��� 3DVTXDOH�� -��� DQG�3OR\]RV��*�� 7ZR�'LVWULEXWHG�$OJRULWKPV� IRU� WKH�&RQVWUDLQHG� 6WHLQHU� 7UHH� 3UREOHP�� ,Q� SURFHHGLQJV� RI� WKH� 6HFRQG�,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU� &RPPXQLFDWLRQV� DQG� 1HWZRUNLQJ��,&�1�u��� ��������������������� .RX��/���0DUNRZVN\��*���DQG�%HUPDQ��/���$�)DVW�$OJRULWKP�IRU�6WHLQHU�7UHHV��$FWD�,QIRUPDWLFD YRO������QR������������������������� /HXQJ�� <��:��� DQG� <XP�� 7��6�� � (IILFLHQW� DOJRULWKPV� IRU� PXOWLSOH� GHVWLQDWLRQV�URXWLQJ�� ,Q� SURFHHGLQJV� RI� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�&RPPXQLFDWLRQV��,&&�u��� ����������������������� 0DWWD��,���DQG�*XR��/���2Q�URXWLQJ�UHDO�WLPH�PXOWLFDVW�FRQQHFWLRQV���3URFHHGLQJV�RI� WKH� ,(((� LQWHUQDWLRQDO� V\PSRVLXP� RQ� FRPSXWHUV� DQG� FRPPXQLFDWLRQV����������� 0D[HPFKXN�� 1�� )�� � 9LGHR� GLVWULEXWLRQ� RQ� PXOWLFDVW� QHWZRUNV�� � ,(((� MRXUQDO� RQ�VHOHFWHG�DUHDV�LQ�FRPPXQLFDWLRQV �$SULO��������������������� 0HQJHU�� .�� � =XU� DOOJHPHLQHQ� NXUYHQWKHRULH�� � )XQG��0DWK�� 9RO�� �� ������� �� � ��������
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��� 1DUYDH]�� 3��� 6LX�� .��� DQG� 7]HQJ�� +�� � 1HZ� G\QDPLF� 637� DOJRULWKP� EDVHG� RQ� DEDOO�DQG�VWULQJ�PRGHO���,(((�,1)2&20u����1HZ�<RUN �0DUFK����������� 1HWZRUN� 6LPXODWRU� y QV� �YHUVLRQ� ���� >2QOLQH@�� � $YDLODEOH� IURP� �� KWWS���ZZZ�PDVK�FV�EHUNHOH\�HGX�QV���� 1J�� -��� DQG�1J�� 3�� �&RVW�'HOD\�3DWK�6HOHFWLRQ�)XQFWLRQ� IRU�5HDO�7LPH�0XOWLFDVW�5RXWLQJ�� � 3URFHHGLQJV� RI� WKH� ,(((� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 0RGHOOLQJ�$QDO\VLV� DQG� 6LPXODWLRQ� RI� &RPSXWHU� DQG� 7HOHFRPPXQLFDWLRQ� 6\VWHPV����������� 1RURQKD�� &��� DQG� 7REDJL�� )�� 2SWLPXP� 5RXWLQJ� RI� PXOWLFDVW� 6WUHDPV�� ,Q�SURFHHGLQJV�RI�,(((�,1)2&20�u�� ��������������������� 3DUULV��&���'\QDPLF�&KDQQHO�0DQDJHPHQW���3K'�WKHVLV��8QLYHUVLW\�RI�&DOLIRUQLD�DW�%HUNHOH\����������� 3DUULV�� &��� DQG�%DQHUMHD�� $�� � $Q� LQYHVWLJDWLRQ� LQWR� IDXOW� UHFRYHU\� LQ� JXDUDQWHHG�SHUIRUPDQFH�VHUYLFH�FRQQHFWLRQV���,Q�SURFHHGLQJV�RI�,&&�683(5&200u����1HZ�2UOHDQV��/$ �0D\����������� 3DUULV�� &��� DQG� )HUUDUL�� '�� � 7KH� '\QDPLF� 0DQDJHPHQW� RI� *XDUDQWHHG�3HUIRUPDQFH�&RQQHFWLRQV� LQ�3DFNHW�6ZLWFKHG ,QWHJUDWHG�6HUYLFH�1HWZRUNV���7HFKQLFDO�5HSRUW�&6'���������8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\���������� 3DUVD��0�� �0XOWLFDVW� 5RXWLQJ� LQ� &RPSXWHU� 1HWZRUNV�� 3K'� WKHVLV�� 8QLYHUVLW\� RI�&DOLIRUQLD�DW�6DQWD�&UX]��8�6�$���-XQH���������� 3ULP�� 5�� � 6KRUWHVW� &RQQHFWLRQ� 1HWZRUNV� DQG� 6RPH� *HQHUDOL]DWLRQV�� 7KH� %HOO�6\VWHPV�7HFKQLFDO�-RXUQDO YRO������QR�����1RYHPEHU����������������������� 5DPDQDWKDQ�� 6�� � $Q� $OJRULWKP� IRU� PXOWLFDVW� WUHH� JHQHUDWLRQ� LQ� QHWZRUNV� ZLWK�DV\PPHWULF�OLQNV��,Q�SURFHHGLQJV�RI�,(((�,1)2&20�u�� ��������������������� 5D\ZDUG�6PLWK��9���DQG�&ODUH��$���2Q�)LQGLQJ�6WHLQHU�9HUWLFHV��1HWZRUNV YRO�����������������������
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��� 5D\ZDUG�6PLWK�� 9�� � 7KH� &RPSXWHU� RI� 1HDUO\� 0LQLPDO� 6WHLQHU� 7UHHV� LQ� *UDSKV��,QWHUQDWLRQDO�-RXUQDO�RI�PDWKHPDWLFDO�(GXFDWLRQ� LQ�6FLHQFH�DQG�7HFKQRORJ\YRO������QR�����-DQXDU\�)HEUXDU\������������������ 5RXVNDV��5���DQG�%DOGLQH�� ,� 0XOWLFDVW� URXWLQJ�ZLWK�HQG�WR�HQG�GHOD\�DQG�GHOD\�YDULDWLRQ� FRQVWUDLQWV�� ,Q� SURFHHGLQJV� RI� ,(((� ,1)2&20� u�� ������� �� ������������ 5RXVNDV��5���DQG�%DOGLQH�� ,� 0XOWLFDVW� URXWLQJ�ZLWK�HQG�WR�HQG�GHOD\�DQG�GHOD\�YDULDWLRQ� FRQVWUDLQWV�� � ,(((� -RXUQDO� RQ� 6HOHFWHG� $UHDV� LQ� &RPPXQLFDWLRQV�$SULO���������������������� 6DODPD�� +��� 5HHYHV�� '��� DQG� 9LQLRWLV�� <�� � (YDOXDWLRQ� RI� PXOWLFDVW� URXWLQJ�DOJRULWKPV� IRU� 5HDO�WLPH� FRPPXQLFDWLRQ� RQ� KLJK�VSHHG� QHWZRUNV�� � ,(((� -��6HOHFW��$UHDV�&RPPXQ� 9RO������$SULO��������������������� 6DODPD�� +��� 5HHYHV�� '��� 9LQLRWLV�� <��� DQG� 6KHX�� 7��/�� � &RPSDULVRQ� RI�0XOWLFDVW�5RXWLQJ�$OJRULWKPV�IRU�+LJK�6SHHG�1HWZRUNV��7HFK��3HS��75���������� ,%0��6HSWHPEHU���������� 6KDFKDP�� 1�� � 0XOWLSRLQW� FRPPXQLFDWLRQ� E\� KLHUDUFKLFDOO\� HQFRGHG� GDWD�� � ,Q�SURFHHGLQJV�,(((�,1)2&20u�� �0D\������������������������ 6KHQNHU��1���0DNLQJ�JUHHG�ZRUN�LQ�QHWZRUNV��$�JDPH�WKHRUHWLF�DQDO\VLV�RI�VZLWFK�VHUYLFH� GLVFLSOLQHV�� � ,Q� FRQIHUHQFH� SURFHHGLQJV� RI� $&0� 6LQJFRPP� u����$&0�6,*&200����6HSWHPEHU����������� 6KLHOGV�� &��� DQG� *DUFLD�/XQD�$FHYHV�� -�-�� � 7KH� RUGHUHG� FRUH� EDVHG� WUHH�SURWRFRO���,(((�,1)2&20 ����������� 6KLP��<���DQG�.DQJ��6���$Q�HIILFLHQW�DOJRULWKP�IRU�PXOWLFDVWLQJ�LQ�D�ODUJH�QHWZRUN���3URFHHGLQJV� RI� WKH� ,(((� $VLD�3DFLILF� &RQIHUHQFH� RQ� &RPSXWHU� DQG�2SWRHOHFWURQLFV�DQG�&RPPXQLFDWLRQV�&RQIHUHQFH ����������� 6ULUDP�� 5��� 0DQLPDUDQ�� *��� DQG� 0XUWK\�� &�� � $� UHDUUDQJHDEOH� DOJRULWKP� IRU� WKH�FRQVWUXFWLRQ� RI� GHOD\� FRQVWUDLQHG� G\QDPLF� PXOWLFDVW� WUHHV�� � ,(((�,1)2&20u����1HZ�<RUN �0DUFK��������
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��� 6XQ�� 4��� DQG� /DQJHQGRHUIHU�� +�� (IILFLHQW� PXOWLFDVW� URXWLQJ� IRU� GHOD\�VHQVLWLYH�DSSOLFDWLRQV�� ,Q� SURFHHGLQJV� RI� WKH� 6HFRQG� :RUNVKRS� RQ� 3URWRFROV� IRU�0XOWLPHGLD�6\VWHPV��35206�u��� ��������������������� 7DNDKDVKL��+��� DQG�0DWVX\DPD��$�� � $Q�$SSUR[LPDWH� IRU� WKH�6WHLQHU� 3UREOHP� LQ�*UDSKV��0DWKHPDWLFD�-DSRQLFD YRO������QR�����)HEUXDU\��������������������� 7KDOHU�� '��� DQG� 5DYLVKDQNDU�� &�� � 'LVWULEXWHG� FHQWHU�ORFDWLRQ� DOJRULWKPV��SURSRVDOV� DQG� FRPSDULVRQV�� � ,Q� SURFHHGLQJV� RI� ,(((� ,1)2&200� u��������������������� 7KDOHU��'���DQG�5DYLVKDQNDU��&�� �'LVWULEXWHG�FHQWHU�ORFDWLRQ�DOJRULWKPV�� � ,(((�-�6$& 9RO������1R������$SULO����������� 7RGH��+��� 6DNDL�� <���2NDGD��+��� DQG� 7H]XND�� <�� �0XOWLFDVW� URXWLQJ� DOJRULWKP� IRU�QRGDO�ORDG�EDODQFLQJ��,Q�SURFHHGLQJV�RI�,(((�,1)2&20�u�� ������������������������ 7VHQJ��:���DQG�.XR��6�� �5HDO�WLPH�0XOWLFDVW� URXWLQJ�ZLWK�HIILFLHQW�SDWK�VHOHFWLRQ�IRU�PXOWLPHGLD�DSSOLFDWLRQV�� � ,(,&(�7UDQVDFWLRQ�RQ�,QIRUPDWLRQ�DQG�6\VWHPV9RO��(���'��1R�����-XO\������������ 7\DQ��+���+RX� -���DQG�:DQJ��%���2Q�SURYLGLQJ�TXDOLW\�RI�VHUYLFH�IRU�FRUH�EDVHG�PXOWLFDVW� URXWLQJ�� �3URFHHGLQJV�RI� WKH�,(((�'LVWULEXWHG�&RPSXWLQJ�6\VWHPV�&RQIHUHQFH ������������ :DOO�� '�� � 0HFKDQLVPV� IRU� %URDGFDVW� DQG� 6HOHFWLYH� %URDGFDVW�� 3K'� WKHVLV��6WDQIRUG�8QLYHUVLW\��-XQH����������� :DOO��'���6HOHFWLYH�EURDGFDVW�LQ�SDFNHW�VZLWFKHG�QHWZRUN���,Q�SURFHHGLQJV�RI�WKH�6L[WK� %HUNHOH\� :RUNVKRS� RQ� 'LVWULEXWHG� 'DWD�0DQDJHPHQW� DQG� &RPSXWHU�1HWZRNV �)HEUXDU\���������������������� :DQJ�� %��� DQG� +RX�� -�� � 0XOWLFDVW� URXWLQJ� DQG� LWV� 4R6� H[WHQVLRQ�� 3UREOHPV��DOJRULWKPV��DQG�SURWRFROV���,(((�1HWZRUN �-DQXDU\����������������
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���� :DWHUV�� $�� � $� QHZ� KHXULVWLF� IRU� $70�PXOWLFDVW� URXWLQJ�� � ,Q� SURFHHGLQJV� RI� WKH�6HFRQG� ,),3� :RUNVKRS� RQ� 3HUIRUPDQFH� 0RGHOLQJ� DQG� (YDOXDWLRQ� RI� $70�1HWZRUNV �-XO\���������������������� :D[PDQ�� %�� � 3HUIRUPDQFH� HYDOXDWLRQ� RI� PXOWLSRLQW� URXWLQJ� DOJRULWKPV�� � ,Q�SURFHHGLQJV�RI�,(((�,1)2&20�u�� ���������������������� :D[PDQ��%���5RXWLQJ�RI�PXOWLSRLQW�FRQQHFWLRQV���,(((�-RXUQDO�RQ�6HOHFWHG�$UHDV�LQ�&RPPXQLFDWLRQV YRO�����QR�����'HFHPEHU ����������������������� :HL��/���DQG�(VWULQ��'���0XOWLFDVW�URXWLQJ�LQ�GHQVH�DQG�VSDUVH�PRGHV��6LPXODWLRQ�VWXG\�RI� WUDGHRIIV�DQG�G\QDPLFV�� � ,Q�SURFHHGLQJV�RI� ,&&1u�� �6HSWHPEHU������������������������ :HL�� /��� DQG� (VWULQ�� '�� � 7KH� WUDGH�RIIV� RI� PXOWLFDVW� WUHHV� DQG� DOJRULWKPV�� � ,Q�SURFHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU�&RPPXQLFDWLRQV�DQG�1HWZRUNLQJ��,&� 1�u��� �������������������� :L��6���DQG�&KRL��<���$�GHOD\�FRQVWUDLQHG�GLVWULEXWHG�PXOWLFDVW�URXWLQJ�DOJRULWKPV��,Q� SURFHHGLQJV� RI� WKH� 7ZHOYHWK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU�&RPPXQLFDWLRQ��,&&&�u��� ���������������������� :LG\RQR�� 5�� � 7KH� GHVLJQ� DQG� HYDOXDWLRQ� RI� URXWLQJ� DOJRULWKP� IRU� UHDO�WLPH�FKDQQHOV�� 7HFK�� 5HS�� ,&6,� 75�������� � ,QWHUQDWLRQDO� &RPSXWHU� 6FLHQFH�,QVWLWXWH��8QLYHUVLW\�RI�&DOLIRUQLD�DW�%HUNHOH\��-XQH����������� :LQWHU��3���6WHLQHU�SUREOHP�LQ�QHWZRUNV��$�VXUYH\��1HWZRUNV YRO������QR�������������������������� =DSSDOD�� '�� � 0XOWLFDVW� URXWLQJ� VXSSRUW� IRU� UHDO�WLPH� DSSOLFDWLRQV�� � 3K'� WKHVLV��8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD��8�6�$���'HFHPEHU����������� =KX��4��� 3DUVD��0��� DQG�*DUFLD�/XQD�$FHYHV�� -�� � $� VRXUFH�EDVHG�DOJRULWKP� IRU�GHOD\�FRQVWUDLQHG� PLQLPXP�FRVW� PXOWLFDVWLQJ�� ,Q� SURFHHGLQJV� RI� ,(((�,1)2&20�u�� �������������������
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