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F� u �0D[7LPH�± 7M����F� ��F� ��F� �F� u GLVWDQFHLM ��F� u RYHUDOO�ORDG:KHUH�GLVWDQFHLM�LV�WKH�GLVWDQFH�EHWZHHQ�QRGHV�L DQG�M��HQHUJ\M LV�WKH�FXUUHQW�HQHUJ\�RI�QRGH�M��DQG�&)N DUH�FRVW�IDFWRUV�GHILQHG�DV�IROORZV�R &)��� &RPPXQLFDWLRQ� FRVW�  � F� u �GLVWDQFHLM�O�� F� LV� VRPH�FRQVWDQW��7KLV�IDFWRU�UHIOHFWV�WKH�FRVW�RI�WKH�ZLUHOHVV�WUDQVPLVVLRQ�SRZHU�� ZKLFK� LV� GLUHFWO\� SURSRUWLRQDO� WR� WKH� GLVWDQFH� UDLVHG� WR�VRPH�SRZHU�O��9DOXH�RI�WKH�SDUDPHWHU�O GHSHQGV�RQ�WKH�QDWXUH�RI�WKH�HQYLURQPHQW��7KH�FORVHU�D�QRGH�WR�WKH�GHVWLQDWLRQ��WKH�OHVV�LWV�FRVW�IDFWRU�&)���WKH�PRUH�DWWUDFWLYH�LW�LV�IRU�URXWLQJ��R &)���(QHUJ\�DPRXQW� �F� u I�HQHUJ\M� IRU�QRGH�M��7KLV�FRVW�IDFWRU�IDYRUV� WKH� QRGHV�ZLWK� PRUH� HQHUJ\�� 7KH� QRGHV�ZLWK� DEXQGDQW�HQHUJ\�DUH�H[SHFWHG�WR�ODVW�ORQJ�DQG��WKXV�LQFUHDVH�WKH�UHOLDELOLW\�WR�WKH�SDWKV�VHOHFWHG�IRU�URXWLQJ��7KH�IXQFWLRQ�µI¶¶�LV�FKRVHQ�WR�UHIOHFW�D�EDWWHU\¶V�UHPDLQLQJ�OLIHWLPH���R &)���(QHUJ\�FRQVXPSWLRQ�UDWH� �F� u �0D[7LPH�± 7M���ZKHUH�7MLV�WKH�H[SHFWHG�WLPH�IRU�WKH�FXUUHQW�FRQVXPSWLRQ�UDWH�WLOO�LWV�HQHUJ\�DPRXQW�KLWV�WKH�PLQLPXP�DFFHSWDEOH�WKUHVKROG�IRU�D�URXWLQJ�QRGH�M��7KH�&)� LQFUHDVHV�ZKHQ�WKH�QRGH�LV�FORVH�WR�GLH��,W�PDNHV�WKH�RYHU�XVHG�QRGHV�OHVV�DWWUDFWLYH��HYHQ�LI�WKH\�KDYH�D�ORW�RI�HQHUJ\��VWLOO�EHLQJ�RYHUORDGHG�ZLOO�PDNH�WKHP�GLH�VRRQ�HQRXJK�WR�PDNH�WKH� SDWKV� JRLQJ� WKURXJK� WKHP� OHVV� UHOLDEOH� DQG� KDYLQJ� VKRUWHU�OLIHWLPH�R &)���5HOD\LQJ�HQDEOLQJ�FRVW� �F���WKH�RYHUKHDG�UHTXLUHG�WR�HQDEOH�D�QRGH�WR�EH�D UHOD\�IURP�EHLQJ�LQDFWLYH��7KH�FRVW�LV�DGGHG�WR�DOO�QRGHV�DW�WKH�EHJLQQLQJ�DQG�VXEWUDFWHG�ZKHQ�D�QRGH�LV�HQDEOHG�DV�D�UHOD\��7KLV�IDFWRU�DOORZV�EDODQFLQJ� WKH�GHVLUH�WR�RIIORDG�FXUUHQW�UHOD\�QRGHV�E\�XWLOL]LQJ�LQDFWLYH�QRGHV�DQG�WKH�FRQVHUYLQJ�HQHUJ\�RQ�WKH�FOXVWHU�OHYHO���R &)���6HQVLQJ�HQDEOLQJ�FRVW� �F���WKH�DPRXQW�RI�RYHUKHDG�DGGHG�ZKHQ�DFWLYDWLQJ�WKH�VLJQDO�SURFHVVLQJ�FLUFXLW�RQ�WKH�VHQVRU��7KLV�IDFWRU�IDYRUV�OHVV�WKH�VHQVLQJ�HQDEOHG�QRGHV�WR�EH�XVHG�DV�UHOD\V��VLQFH�WKHVH�QRGHV�DOUHDG\�FRQVXPH�VRPH�HQHUJ\�LQ�WKHLU�VHQVLQJ�FLUFXLWV��:H�SUHIHU�QRW�WR�RYHUORDG�WKHVH�QRGHV�ZLWK�UHOD\LQJ�VLQFH�WKH\� DUH� FULWLFDO� IRU� WKH� IXQFWLRQDOLW\� RI� WKH� VHQVRU� QHWZRUN��WKHUHIRUH�LW�LV�EHWWHU�WR�NHHS�WKHVH�VHQVLQJ�HQDEOHG�QRGHV�OLYH�DV�ORQJ�DV�SRVVLEOH�R &)��� 0D[LPXP� FRQQHFWLRQV� SHU� URXWHU�� RQFH� WKLV� WKUHVKROG� LV�UHDFKHG��ZH�DGG�DQ�H[WUD�FRVW�F� WR�DYRLG�PRUH�SDWKV�WR�H[FHHG�OLPLW�RI�FRQQHFWLRQV�SHU�UHOD\��7KLV�IDFWRU�KHOSV�WR�IDYRU�OHVV�WKH�RYHUORDGHG�UHOD\�HQDEOHG�QRGHV�LQ�RUGHU�WR�H[WHQG�WKHLU�OLIHWLPHV��VLQFH�WKH\�DUH�DOUHDG\�FULWLFDO�E\�EHLQJ�RQ�PRUH�WKDQ�RQH�SDWK��R &)��� �F� u GLVWDQFHLM��F� LV�WKH�VSHHG�RI�ZLUHOHVV�WUDQVPLVVLRQ��7KH�IDUWKHU�WKH�QRGH�IURP�WKH�JDWHZD\��WKH�PRUH�GHOD\�LW�WDNHV�WKH�

ZLUHOHVV� FRPPXQLFDWLRQ� WR� WUDQVPLW�D�PHVVDJH�IURP� LW��6R�� WKLV�IDFWRU�IDYRUV�FORVHU�QRGHV�LQ�GLVWDQFH�R &)���4XHXLQJ�&RVW� �F� u O ��P��ZKHUH�O  �6 OL��ZKHUH�OL LV�WKH�SDFNHW� DUULYDO� UDWH� IRU� HDFK� VHQVRU� QRGH� L ZKRVH� URXWH� SDVVHV�WKURXJK� WKH�QRGH� M��DQG�P LV� WKH�VHUYLFH�UDWH��PDLQO\�VWRUH�DQG�IRUZDUG� SURFHVV��� 7KH� H[SUHVVLRQ� O �� P LV� WKH� DYHUDJH� TXHXH�OHQJWK� IRU� WKH� 0�0��� TXHXLQJ� PRGHO�� 7KLV� IDFWRU� FDQ� EH�PDWKHPDWLFDOO\�VLPSOLILHG�WR�EH�WKH�RYHUDOO�ORDG�WR�WKH�UHOD\�QRGH��ZKHUH� WKH� RYHUDOO� ORDG� LV� WKH� WRWDO� QXPEHU� RI� VHQVLQJ�HQDEOHG�QRGHV�ZKRVH�GDWD�PHVVDJHV�DUH�VHQW�YLD�URXWHV�WKURXJK�WKLV�QRGH�WR�WKH�JDWHZD\��$VVXPLQJ�HTXDO�VHUYLFH�UDWH�P IRU�HDFK�UHOD\�DV�ZHOO�DV�HTXDO�GDWD�VHQVLQJ�UDWH�IRU�HDFK�VHQVLQJ�HQDEOHG�QRGH��WKH�FRQVWDQW�P FDQ�EH�UHGXFHG�LQVLGH�F���DQG�O FDQ�EH�UHGXFHG�WR�WKH�RYHUDOO�ORDG�WLPHV�WKH�FRQVWDQW�GDWD�VHQVLQJ�UDWH�IRU�HDFK�VHQVRU��7KXV�&)�  �F� u RYHUDOO�ORDG��7KLV�IDFWRU�IDYRUV�OHVV�WKH�UHOD\V�ZLWK� ORQJHU� TXHXH�OHQJWKV� WR� DYRLG� GURSSLQJ� RU� GHOD\LQJ� GDWD�SDFNHWV�,W¶V�FOHDU�WKDW�PDQ\�RI�WKHVH�IDFWRUV�DUH�FRQWUDGLFWLQJ��&KRRVLQJ�D�VSHFLILF�YDOXH�IRU�HDFK�RI�WKH�SDUDPHWHUV�GHSHQGV�RQ�WKH�QDWXUH�RI�WKH� VHQVRU� QHWZRUN� PLVVLRQ� DQG� RQ� WKH� UHTXLUHG� SHUIRUPDQFH�SDUDPHWHUV�� 7KH� DERYH� PRGHO� LV� D� W\SLFDO� SDWK�RSWLPL]DWLRQ�URXWLQJ� SUREOHP��ZKLFK� FDQ� EH� VROYHG� XVLQJ� D� VKRUWHVW� SDWK��OHDVW�FRVW�� DOJRULWKP� >��@�� 2XU� URXWLQJ� SUREOHP� FDQ� EH�FRQVLGHUHG�DV� WKH�WUDQVSRVH�RI�WKH�RQH�WR�VRPH�VKRUWHVW�SDWK��:H�XVH�'LMNVWUD¶V�DOJRULWKP��ZKLFK� LV�VKRZQ�WR�VXLWH�RQH�WR�VRPH�VKRUWHVW�SDWK�SUREOHPV�>��@������ (QHUJ\�0RGHO�IRU�WKH�6HQVRU�1RGHV$� PRGHO�EDVHG� HQHUJ\� FRQVXPSWLRQ� IRU� WKH� GDWD� SURFHVVRU��UDGLR�WUDQVPLWWHU�DQG�UHFHLYHU�WR�WUDFN�WKH�OLIH�RI�WKH�VHQVRU�EDWWHU\�LV�XVHG�LQ�WKH�URXWLQJ�FRVW�IXQFWLRQ��)RU�WKH�GDWD�SURFHVVRU�GDWD�PRGHO��ZH� XVHG� WKH� OHDNDJH� FXUUHQW� PRGHO>�@>�@>�@>�@�� ,Q� RXU�FRPPXQLFDWLRQ� HQHUJ\� FRQVXPSWLRQ� PRGHO�� WKH� NH\� HQHUJ\�SDUDPHWHUV�IRU�FRPPXQLFDWLRQ�DUH�WKH�HQHUJ\�ELW�FRQVXPHG�E\�WKH�WUDQVPLWWHU� HOHFWURQLFV� �D����� HQHUJ\�GLVVLSDWHG� LQ� WKH� WUDQVPLW�RS�DPS��D����DQG�HQHUJ\�ELW�FRQVXPHG�E\�WKH�UHFHLYHU�HOHFWURQLFV��D�����$VVXPLQJ�D���GQ SDWK�ORVV��WKH�HQHUJ\�FRQVXPHG�WKXV�EHFRPHV�(W[� ��D�� ��D�GQ��
�U DQG� (U[� �D�� 
�U:KHUH�(W[ LV� WKH�HQHUJ\�FRQVXPHG� WR�VHQG�µU¶�ELWV�DQG�(U[ LV�WKH�HQHUJ\ FRQVXPHG�WR�UHFHLYH�µU¶ ELWV�>�@ >�@>�@��7KH�JDWHZD\�XSGDWHV�WKH�VHQVRU�HQHUJ\�PRGHO�ZLWK�HDFK�SDFNHW�UHFHLYHG�E\�FKDQJLQJ�WKH�UHPDLQLQJ�EDWWHU\�FDSDFLW\�IRU�WKH�QRGHV�DORQJ�WKH�SDWK�IURP�WKH�LQLWLDWLQJ�VHQVRU�QRGH�WR�WKH�JDWHZD\��)LJ����
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VKRZV�DQ�H[DPSOH�7KH� HQHUJ\� PRGHO� FDQ� GHYLDWH� IURP� WKH� DFWXDO� QRGH�EDWWHU\�OHYHO�GXH�WR�LQDFFXUDF\�LQ�WKH�PRGHO��SDFNHW�GURS�GXH�WR� FRPPXQLFDWLRQ� HUURU�� RU� SDFNHW� GURS� GXH� WR� EXIIHU�RYHUIORZ�DW�D�QRGH��7KLV�GHYLDWLRQ�PD\�OHDG�WR�LQDFFXUDF\�LQ�WKH� URXWLQJ� GHFLVLRQV�� ZKLFK� PD\� DIIHFW� WKH� QHWZRUN�SHUIRUPDQFH�� 7R� FRPSHQVDWH� IRU� WKLV� GHYLDWLRQ�� WKH� QRGHV�UHIUHVK� WKH� JDWHZD\� HQHUJ\� PRGHO� SHULRGLFDOO\� DW� D� ORZ�IUHTXHQF\�� $OO� QRGHV�� LQFOXGLQJ� LQDFWLYH� QRGHV�� VHQG� WKHLU�UHIUHVK� SDFNHWV� DW� D� SUH�VSHFLILHG� WLPH� DQG� WKHQ� WXUQ� WKHLU�UHFHLYHUV� RQ� DW� D� SUHGHWHUPLQHG� WLPH� LQ� RUGHU� WR� KHDU� WKH�JDWHZD\¶V� URXWLQJ� GHFLVLRQ�� ,I� D� QRGH¶V� UHIUHVK� SDFNHW� LV�GURSSHG� GXH� WR� FRPPXQLFDWLRQ� HUURU�� WKH� JDWHZD\� DVVXPHV�WKDW� WKH�QRGH� LV�QRQIXQFWLRQLQJ�GXULQJ� WKH�QH[W� F\FOH��ZKLFK�OHDGV� WR� WXUQLQJ� WKLV� QRGH� RII�� 7KH�QH[W� VHFWLRQ� VXPPDUL]HV�RXU�0$&�OD\HU�SURWRFRO���� 0$&�/D\HU�3URWRFRO$OWKRXJK�RXU�URXWLQJ�SURWRFRO�LV�LQGHSHQGHQW�RI�WKH�0$&�OD\HU�SURWRFRO��ZH�FKRRVH�WR�LPSOHPHQW�D� WLPH�GLYLVLRQ�PXOWLSOH�DFFHVV��7'0$��EDVHG�0$&�OD\HU�ZKRVH�VORW�DVVLJQPHQW�LV�PDQDJHG�E\�WKH� JDWHZD\�� 7KH� JDWHZD\� LQIRUPV� HDFK� QRGH� DERXW� WKH� VORWV� LQ�ZKLFK�LW�VKRXOG�OLVWHQ�WR�RWKHU�QRGHV¶�WUDQVPLVVLRQ�DQG�WKH�VORWV�WKDW�WKH�QRGH�FDQ�XVH�IRU�LWV�RZQ�WUDQVPLVVLRQ��7KH�7'0$�0$&�OD\HU�SURYLGHV�WZR�IHDWXUHV�WKDW�DUH�DGYDQWDJHRXV�WR�RXU�DSSURDFK��)LUVW��FORFN� V\QFKURQL]DWLRQ� LV� EXLOW� LQ� WKH� 7'0$� SURWRFRO�� 6HFRQG��FROOLVLRQ� DPRQJ� WKH� QRGHV� FDQ� EH� DYRLGHG� ZLWK� DVVLJQLQJ� QRQ�RYHUODSSLQJ�WLPH�VORWV��7R� VHW� WKH� URXWHV�� WKH� JDWHZD\� VHQGV� WR� HDFK� VHQVLQJ�QRGH� WKH�WUDQVPLVVLRQ� UDQJH� WR� FRYHU� VR� WKDW� GDWD� FDQ� UHDFK� WKH�QH[W� UHOD\�QRGH�RQ�WKH�URXWH��,Q�DGGLWLRQ��WKH�JDWHZD\�VHQGV�D�IRUZDUGLQJ�WDEOH�WR�UHOD\�QRGHV��7KH�IRUZDUGLQJ�WDEOH�FRQVLVWV�RI�RUGHUHG�WXSOHV�RI�WKH�IRUP�� �WLPH� VORW�� GDWD�RULJLQDWLQJ� QRGH�� WUDQVPLVVLRQ� UDQJH��� 7KH�³WLPH�VORW´�HQWU\�VSHFLILHV�ZKHQ�WR�WXUQ�RQ�WKH�UHFHLYHU�LQ�RUGHU�WR�OLVWHQ�IRU�DQ�LQFRPLQJ�SDFNHW��7KH�³VRXUFH�QRGH´�LV�WKH�VHQVRU�QRGH�WKDW RULJLQDWHG� WKLV� GDWD� SDFNHW�� DQG� WKH� ³WUDQVPLVVLRQ� UDQJH´�VSHFLILHV� WKH� WUDQVPLVVLRQ� SRZHU� WR� XVH� LQ� VHQGLQJ� WKH�GDWD��7KLV�WUDQVPLVVLRQ�SRZHU�VKRXOG�EH�HQRXJK�WR�UHDFK�WKH�QH[W�UHOD\�RQ�WKH�SDWK� IURP� WKH� RULJLQDWLQJ� QRGH� WR� WKH� JDWHZD\��7KH� WUDQVPLVVLRQ�UDQJH�HQVXUHV�WKDW�WKH�QH[W�UHOD\�QRGH��ZKLFK�LV�DOVR�WROG�WR�IRUZDUG�WKDW�GDWD�SDFNHW��FDQ�FOHDUO\�UHFHLYH�WKH�GDWD�SDFNHW��7KH� SURWRFRO� FRQVLVWV� RI� IRXU� PDLQ� SKDVHV�� GDWD� WUDQVIHU��UHIUHVK��HYHQW�WULJJHUHG�UHURXWLQJ��DQG�UHIUHVK�EDVHG�UHURXWLQJ�SKDVH�� )LJ�� �� VKRZV� DQ� H[DPSOH� RI� D� W\SLFDO� VHTXHQFH� RI�SKDVHV�� ,Q� WKH�GDWD� WUDQVIHU� SKDVH�� VHQVRUV� VHQG� WKHLU�GDWD� LQ�WKH� WLPH�VORWV� DOORFDWHG� WR� WKHP��5HOD\V�XVH� WKHLU� IRUZDUGLQJ�WDEOHV� WR� IRUZDUG� WKLV� GDWD� WRZDUGV� WKH� JDWHZD\�� ,QDFWLYH�VHQVRU� QRGHV� UHPDLQ� RII� XQWLO� WKH� WLPH� IRU� VHQGLQJ� D� VWDWXV�XSGDWH� RU� WR� UHFHLYH� URXWH� EURDGFDVW� PHVVDJHV�� 7KH� UHIUHVK�SKDVH� LV� GHVLJQDWHG� IRU� XSGDWLQJ� WKH� VHQVRU� PRGHO� DW� WKH�

JDWHZD\��7KLV�SKDVH�LV�SHULRGLF�DQG�RFFXUV�DIWHU�PXOWLSOH�GDWD�WUDQVIHU�SKDVHV�7ZR�SKDVHV�DUH�GHVLJQDWHG IRU�UHURXWLQJ�DQG�VFKHGXOHG�DW�GLIIHUHQW� IUHTXHQFLHV�� 7KH� ILUVW� SKDVH� LV� FDOOHG� HYHQW�EDVHG�UHURXWLQJ� DQG� DOORZV� WKH� JDWHZD\� WR� UHDFW� WR� FKDQJHV� LQ� WKH�VHQVRU� RUJDQL]DWLRQ� DQG� WR� GURSV� LQ� WKH� DYDLODEOH� HQHUJ\� RI�RQH�RI�WKH�UHOD\�VHQVRUV�EHORZ�D�SUHVHW�DFFHSWDQFH�OHYHO���7KH�VHFRQG� UHURXWLQJ� SKDVH� RFFXUV� LPPHGLDWHO\� DIWHU� WKH� UHIUHVK�SKDVH� WHUPLQDWHV�� 'XULQJ� ERWK� SKDVHV�� WKH� JDWHZD\� UXQV� WKH�URXWLQJ� DOJRULWKP� DQG� VHQGV� QHZ� URXWHV� WR� HDFK� QRGH� LQ� LWV�SUH�DVVLJQHG� VORW� QXPEHU� DQG� LQIRUPV� HDFK� VHQVRU� DERXW� LWVQHZ�VWDWH�DQG�VORW�QXPEHUV�� 3HUIRUPDQFH�(YDOXDWLRQ:H�SUHVHQW� KHUH� SHUIRUPDQFH� HYDOXDWLRQ� IRU� WKH� URXWLQJ�DOJRULWKP� LQ� D� VLPXODWHG� WDUJHW�WUDFNLQJ� HQYLURQPHQW�� ZLWK�HPSKDVLV�IRU�KHDY\�ORDG�FRQGLWLRQV��7KLV�VHFWLRQ�SUHVHQWV�WKH�SHUIRUPDQFH� PHWULFV�� WKH� VLPXODWLRQ� HQYLURQPHQW�� DQG�SHUIRUPDQFH� HYDOXDWLRQ� UHVXOWV� RI� WKH� QHZ� DOJRULWKP�FRPSDUHG�ZLWK�RWKHU�URXWLQJ�DOJRULWKPV���� 3HUIRUPDQFH�0HWULFV�:H�XVH�WKH�IROORZLQJ�PHWULFV�WR�FDSWXUH�WKH�SHUIRUPDQFH�RI�RXU�URXWLQJ�DSSURDFK�DQG�WR�FRPSDUH�LW�ZLWK�RWKHU�DOJRULWKPV�x 7LPH�WR�QHWZRUN�SDUWLWLRQ��:KHQ�WKH�ILUVW�QRGH�UXQV�RXW�RI�HQHUJ\��WKH�QHWZRUN�LV�VDLG�WR�EH�SDUWLWLRQHG�>�@�x 7LPH� IRU� ODVW� QRGH� WR� GLH�� 7KLV�PHWULF�� DORQJ�ZLWK� WKH� WLPH� WR�QHWZRUN�SDUWLWLRQ�PHWULF��JLYHV�DQ�LQGLFDWLRQ�RI�QHWZRUN�OLIHWLPH��x $YHUDJH�DQG�VWDQGDUG�GHYLDWLRQ�RI�QRGHV¶�OLIHWLPH��7KLV�DOVR�JLYHV�D� JRRG� PHDVXUH� RI� WKH� QHWZRUN� OLIHWLPH�� $� URXWLQJ� DOJRULWKP��ZKLFK� PLQLPL]HV� WKH� VWDQGDUG� GHYLDWLRQ� RI� QRGH� OLIHWLPH�� LV�SUHGLFWDEOH�DQG�WKXV�GHVLUDEOH�x $YHUDJH� GHOD\� SHU� SDFNHW�� 'HILQHG� DV� WKH� DYHUDJH� WLPH� WKDW� D�SDFNHW� VHQW� E\� D� QRGH� LQ� WKH� VHQVLQJ� VWDWH� WDNHV� WR� UHDFK� WKH�JDWHZD\��0RVW�HQHUJ\�DZDUH�URXWLQJ�DOJRULWKPV�WU\� WR�PLQLPL]H�WKH� FRQVXPHG� HQHUJ\��+RZHYHU�� VRPH�VHQVRU� QHWZRUN�PLVVLRQV�DUH�GHOD\�VHQVLWLYH��VR�WKLV�PHWULF�LV�LPSRUWDQW��x $YHUDJH�HQHUJ\�FRQVXPHG�SHU�SDFNHW��7KLV�PHWULF�UHSUHVHQWV�WKH�DYHUDJH� HQHUJ\� FRQVXPHG� LQ� WUDQVPLWWLQJ�� DQG� UHFHLYLQJ� D� GDWD�SDFNHW��$�URXWLQJ�DOJRULWKP�WKDW�PLQLPL]HV�WKH�HQHUJ\�FRQVXPHG�SHU� SDFNHW� ZLOO�� LQ� JHQHUDO�� \LHOGV� EHWWHU� HQHUJ\� VDYLQJV� DQG�LQFUHDVHG�QHWZRUN�OLIHWLPH�x 1HWZRUN�7KURXJKSXW��'HILQHG�DV�WKH�UDWH�RI�GDWD�SDFNHWV�UHFHLYHG�DW�WKH�JDWHZD\���� (QYLURQPHQW�6HWXS,Q� WKH�H[SHULPHQWV� WKH�FOXVWHU�FRQVLVWV�RI�����UDQGRPO\�SODFHG�
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QRGHV�LQ�D�����u�����PHWHU�VTXDUH�DUHD��7KH�JDWHZD\�SRVLWLRQ�LV�GHWHUPLQHG� UDQGRPO\�ZLWKLQ� WKH� FOXVWHU� ERXQGDULHV��$� IUHH� VSDFH�SURSDJDWLRQ� FKDQQHO�PRGHO� >��@ LV� DVVXPHG�ZLWK� GDWD� UDWH� VHW� WR��0E�V��3DFNHW� OHQJWKV�DUH����NELW� IRU�GDWD�SDFNHWV�DQG ��NELW� IRU�URXWLQJ� DQG� UHIUHVK� SDFNHWV�� 7KH� EXIIHU� VL]H� DW� HDFK� QRGH� LV� ���SDFNHWV�� (DFK� QRGH� KDV� DQ� LQLWLDO� HQHUJ\� RI� �� MRXOHV��$� QRGH� LV�FRQVLGHUHG�QRQ�IXQFWLRQDO�LI�LWV�HQHUJ\�OHYHO�UHDFKHV����)RU�D�QRGH�LQ�WKH�VHQVLQJ�VWDWH��SDFNHWV�DUH�JHQHUDWHG�DW�D�FRQVWDQW�UDWH�RI���SDFNHW�VHF��7KLV�YDOXH�LV�FRQVLVWHQW�ZLWK�WKH�VSHFLILFDWLRQV�RI�WKH�$FRXVWLF�%DOOLVWLF�0RGXOH�IURP�6HQ7HFK�,QF�>�@��(DFK�GDWD�SDFNHW�LV�WLPH�VWDPSHG�ZKHQ�LW�LV�JHQHUDWHG�WR�DOORZ�WKH�FDOFXODWLRQ�RI�DYHUDJH�GHOD\�SHU�SDFNHW��,Q�DGGLWLRQ��HDFK�SDFNHW�KDV�DQ�HQHUJ\�ILHOG�WKDW�LV�XSGDWHG�GXULQJ�WKH�SDFNHW�WUDQVPLVVLRQ�WR�FDOFXODWH�WKH�DYHUDJH�HQHUJ\�FRQVXPHG�SHU�SDFNHW��$�SDFNHW�GURS�SUREDELOLW\�LV�WDNHQ�HTXDO�WR�������7KLV�LV�XVHG�WR�PDNH�WKH�VLPXODWRU�PRUH�UHDOLVWLF�DQG�WR�VLPXODWH�WKH�GHYLDWLRQ�RI�WKH�JDWHZD\�HQHUJ\�PRGHO�IURP�WKH�DFWXDO�HQHUJ\�PRGHO�RI�QRGHV��:H� DVVXPH� WKDW� WKH� FOXVWHU� LV� WDVNHG� ZLWK� D� WDUJHW�WUDFNLQJ�PLVVLRQ�LQ�WKH�H[SHULPHQW��7KH�LQLWLDO�VHW�RI�VHQVLQJ�QRGHV�LV�FKRVHQ�WR�EH�WKH�QRGHV�RQ�WKH�FRQYH[�KXOO�RI�WKH�VHQVRUV�RI�WKH�FOXVWHU��7KH�VHW� RI� VHQVLQJ� QRGHV� FKDQJH� DV� WDUJHWV� PRYH�� 6LQFH� WDUJHWV� DUH�DVVXPHG�WR�FRPH�IURP�RXWVLGH�WKH�FOXVWHU��WKH�VHQVLQJ�FLUFXLWU\�RI�DOO�ERXQGDU\�QRGHV�LV�DOZD\V�WXUQHG�RQ��7KH�VHQVLQJ�FLUFXLWU\�RI�RWKHU�QRGHV� DUH� XVXDOO\� WXUQHG� RII� EXW� FDQ� EH� WXUQHG� RQ� DFFRUGLQJ� WR�WDUJHWV�PRYHPHQW��7DUJHWV� DUH� DVVXPHG� WR� VWDUW� DW� D� UDQGRP� SRVLWLRQ� RXWVLGH� WKH�FRQYH[�KXOO��:H�H[SHULPHQWHG�ZLWK�GLIIHUHQW�W\SHV�RI�WDUJHWV�EXW�IRU�WKLV�SDSHU�ZH�FKRRVH�WKH�OLQHDUO\�PRYLQJ�WDUJHWV��7KHVH�WDUJHWV�DUH�FKDUDFWHUL]HG�E\�KDYLQJ�D�FRQVWDQW�VSHHG�FKRVHQ�XQLIRUPO\�IURP�WKH�UDQJH�IRXU�P�V�WR�VL[�P�V�DQG�D�FRQVWDQW�GLUHFWLRQ�FKRVHQ�XQLIRUPO\�GHSHQGLQJ�RQ�WKH�LQLWLDO�WDUJHW�SRVLWLRQ�LQ�RUGHU�IRU�WKH�WDUJHW�WR�FURVV�WKH�FRQYH[�KXOO�UHJLRQ��7DUJHWV�DUULYH�LQ�WKH�GHSOR\PHQW�DUHD�DFFRUGLQJ�WR�D�3RLVVRQ�DUULYDO�SURFHVV��7KH�DYHUDJH�LQWHU�DUULYDO�WLPH�LV�FKRVHQ�VXFK�WKDW�WKH�DYHUDJH�QXPEHU�RI�WDUJHWV�SHU�XQLW�WLPH�UDQJHV�IURP���WR������(DFK�WDUJHW�UHPDLQV�DFWLYH�XQWLO�LW�OHDYHV�WKH�GHSOR\PHQW�UHJLRQ�DUHD���� 3HUIRUPDQFH�(YDOXDWLRQ�5HVXOWV,Q� WKLV� VHFWLRQ� ZH� SUHVHQW� VRPH� UHVXOWV� REWDLQHG� E\�VLPXODWLRQ��)RU�WKH�SXUSRVH�RI�RXU�VLPXODWLRQ�H[SHULPHQWV�WKH�YDOXHV� IRU� WKH� SDUDPHWHUV� ^FL`� DUH� LQLWLDOO\� SLFNHG� EDVHG� RQ�VXE�RSWLPDO� KHXULVWLFV� IRU� EHVW� SRVVLEOH� SHUIRUPDQFH�� 7KH�SHUIRUPDQFH�RI�WKH�QHZ�DOJRULWKP�LV�FRPSDUHG�ZLWK�WKH�IROORZLQJ�URXWLQJ�DOJRULWKPV�x 'LUHFW�URXWLQJ�DOJRULWKP��,Q�WKLV�DOJRULWKP��HDFK�QRGH�VHQGV�LWV�GDWD�GLUHFWO\�WR�WKH�JDWHZD\�>�@��x 0LQLPXP�WUDQVPLVVLRQ�HQHUJ\�URXWLQJ�DOJRULWKP��7KLV�DOJRULWKP�FKRRVHV� WKH� LQWHUPHGLDWH� QRGHV� VXFK� WKDW� WKH� WUDQVPLW�DPSOLILHU�HQHUJ\�LV�PLQLPL]HG��7KH�FKRVHQ�FRVW�IXQFWLRQ�WULHV�WR�PLQLPL]H�WKH�VXP�RI�WKH�GLVWDQFH�VTXDUHG�EHWZHHQ�D�QRGH�DQG��JDWHZD\�>�@�x /LQHDU� EDWWHU\�� 7KLV� URXWLQJ� DOJRULWKP� FKRRVHV� WKH� SDWKV� VXFK�WKDW�QRGHV�ZLWK�GHSOHWHG�HQHUJ\�UHVHUYHV�GR�QRW�OLH�RQ�PDQ\�SDWKV��,Q�WKLV�URXWLQJ�DOJRULWKP��WKH�QRGH�UHPDLQLQJ�OLIHWLPH�LV�WDNHQ�WR�EH�D�OLQHDU�IXQFWLRQ�RI�LWV�UHPDLQLQJ�HQHUJ\��ZKLFK�LV�WKH�QRUPDO�EHKDYLRU�RI�VRPH�DONDOLQH�EDWWHULHV�>�@�)LJXUHV���WKURXJK����VXPPDUL]H�WKH�FRPSDUDWLYH�UHVXOWV���:H�FDQ�VHH� IURP� WKH� ILJXUHV� WKDW� VRPH� DOJRULWKPV�� VXFK� DV� WKH�PLQLPXP�
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XQGHU� GLIIHUHQW� WDUJHW� DUULYDO� UDWHV��0RUHRYHU�� XQGHU� KHDY\� ORDG��WKH� QHZ� DOJRULWKP� JLYHV� WKH� EHVW� DYHUDJH� HQHUJ\� FRQVXPHG� SHU�SDFNHW� ZLWK� D� ���� HQKDQFHPHQW�� 7KLV� LV� H[SHFWHG� DV� WKH� QHZ�DOJRULWKP� WULHV� WR� PLQLPL]H� WKH� HQHUJ\� FRQVXPSWLRQ� ZKLOH� RWKHU�DOJRULWKPV�HLWKHU� IDLO� WR�ZRUN� RU�GR�QRW� WDNH�HQHUJ\�FRQVXPSWLRQ�LQWR� FRQVLGHUDWLRQ� LQ� WKH� URXWLQJ� GHFLVLRQ�� $OWKRXJK� WKH� OLQHDU�EDWWHU\� URXWLQJ� DOJRULWKP� WULHV� WR� FRQVHUYH� HDFK�QRGH¶V�EDWWHU\�� LW�GRHV� QRW� WU\� WR� UHGXFH� WKH� HQHUJ\� FRQVXPHG� SHU� SDFNHW�� )RU�H[DPSOH�� WKH� OLQHDU� EDWWHU\� URXWLQJ� DOJRULWKP� PD\� FKRRVH� D� IDU�DZD\�QRGH�ZLWK� D� ODUJH� UHPDLQLQJ�EDWWHU\� OHYHO�RYHU�D�QHDU�QRGH�ZLWK� PRGHUDWH� HQHUJ\� OHYHO� OHDGLQJ� WR� D� ODUJH� DPRXQW� RI�WUDQVPLVVLRQ�HQHUJ\�SHU�SDFNHW�7KH� QHWZRUN� WKURXJKSXW� LV� VKRZQ� LQ� )LJ�� ���� 7KH� QHZ�DOJRULWKP¶V� SHUIRUPDQFH� LV� DFFHSWHG� XQGHU� GLIIHUHQW� WDUJHW� DUULYDO�UDWHV�� 7KH� EHVW� WKURXJKSXW� LV� DFKLHYHG� XVLQJ� WKH� GLUHFW� URXWLQJ�DOJRULWKP� DV� LW� JLYHV� WKH� PLQLPXP� DYHUDJH� GHOD\� SHU� SDFNHW� DV�VKRZQ�LQ�)LJ������+RZHYHU�WKH�QRGHV�GR�QRW�VWD\�ORQJ�XQGHU�GLUHFW�URXWLQJ� HYHQ� XQGHU� OLJKW� ORDG�� DV� SUHYLRXVO\� FRQFOXGHG� IURP�ILJXUHV�������)LJXUH� ��� VKRZV� WKH�DYHUDJH�GHOD\�SHU�SDFNHW� IRU� WKH�GLIIHUHQW�URXWLQJ� DOJRULWKPV�� 7KH� ILJXUH� VKRZV� WKDW� WKH� QHZ� DOJRULWKP�SHUIRUPDQFH� LV� DOVR� FRQVLVWHQW� XQGHU� GLIIHUHQW� WDUJHW� DUULYDO� UDWHV��7KH�EHVW�DYHUDJH�GHOD\�SHU�SDFNHW� LV�DFKLHYHG�E\�XVLQJ�WKH�GLUHFW�URXWLQJ� DOJRULWKP� ZKLOH� WKH� ZRUVW� DYHUDJH� GHOD\� SHU� SDFNHW� LV�DFKLHYHG� ZKHQ� WKH� PLQLPXP� WUDQVPLVVLRQ� HQHUJ\ URXWLQJ�DOJRULWKP� LV� XVHG�� $JDLQ�� WKH� PLQLPXP� WUDQVPLVVLRQ� HQHUJ\URXWLQJ� DOJRULWKP� WULHV� WR� PLQLPL]H� WKH� WUDQVPLVVLRQ� SRZHU� E\�WDNLQJ� VKRUW� GLVWDQFHV DQG� ODUJHU� QXPEHU� RI� KRSV� OHDGLQJ� WR�LQFUHDVHG� GHOD\�� 7KH� RSSRVLWH� UHDVRQLQJ� LV� DSSOLHG� WR� WKH�HQHUJ\�FRQVXPHG�SHU�SDFNHW�VKRZQ�LQ�)LJ����7KH� DERYH� UHVXOWV� VKRZ� WKDW� WKH� QHZ� DOJRULWKP� JLYHV� D�UHODWLYHO\� JRRG� SHUIRUPDQFH� IRU� DOO� WKH� PHWULFV�� 2WKHU�DOJRULWKPV� PD\� VOLJKWO\� RXWSHUIRUP� RXU� DOJRULWKP� LQ� VRPH�PHWULFV�� +RZHYHU�� WKH� VDPH� DOJRULWKPV� SHUIRUP� SRRUO\� RQ�RWKHU� PHWULFV�� 0RUHRYHU�� XQGHU� KHDY\� ORDG�� WKH� QHZ�DOJRULWKP� JLYHV� WKH� EHVW� YDOXHV� LQ� WHUPV� RI� WLPH� WR� QHWZRUN�SDUWLWLRQLQJ� �ZLWK� DQ� RUGHU� RI� PDJQLWXGH� HQKDQFHPHQW���SUHGLFWDELOLW\� �ZLWK� ���� HQKDQFHPHQW��� DQG� DYHUDJH� HQHUJ\�FRQVXPHG�SHU�SDFNHW��ZLWK�����HQKDQFHPHQW��� &RQFOXVLRQV�DQG�)XWXUH�:RUN,Q�WKLV�SDSHU��ZH�VWXGLHG�WKH�SHUIRUPDQFH�RI�D�QHZ�HQHUJ\�DZDUH�URXWLQJ�SURWRFRO�XQGHU�KHDY\�ORDG�FRQGLWLRQV��7KH�QHZ�DOJRULWKP� WULHV� WR� EDODQFH� GLIIHUHQW� 4R6� UHTXLUHPHQWV� E\�XVLQJ� D� PXOWL�REMHFWLYH� FRVW� IXQFWLRQ� ZHLJKWLQJ� GLIIHUHQW�HQHUJ\�DQG�GHOD\�UHTXLUHPHQWV��7KH�UHVXOWV�VKRZ�WKDW�WKH�QHZ�DOJRULWKP� JLYHV� D� UHODWLYHO\� JRRG� SHUIRUPDQFH� IRU� DOO� WKH�SHUIRUPDQFH� PHWULFV�� 8QGHU� KHDY\� ORDG�� WKH� QHZ� DOJRULWKP�JLYHV�DQ�RUGHU�RI�PDJQLWXGH�HQKDQFHPHQW�LQ�WLPH�WR�QHWZRUN�SDUWLWLRQLQJ�� ���� HQKDQFHPHQW� LQ SUHGLFWDELOLW\� �VWDQGDUG�GHYLDWLRQ� RI� QRGH¶V� OLIHWLPH��� DQG� ���� HQKDQFHPHQW� LQ�DYHUDJH� HQHUJ\� FRQVXPHG� SHU� SDFNHW� ZKHUHDV� RWKHU� URXWLQJ�DOJRULWKP�PD\�FRPSOHWHO\�IDLO�WR�ZRUN�:H� DUH� FXUUHQWO\� LQYHVWLJDWLQJ� HIILFLHQW� DOJRULWKPV� IRU�G\QDPLF�VORW�DVVLJQPHQW�LQ�RXU�7'0$�EDVHG�0$&�SURWRFRO��2XU� IXWXUH� SODQ� LQFOXGHV� H[WHQGLQJ� WKH� URXWLQJ� PRGHO� WR�KDQGOH� 4R6� FRQVWUDLQWV� DQG� WR� DOORZ� IRU� QRGH�PRELOLW\��:H�
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