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FDQQRW�SUHVHQW�WKH�UHVXOWV�KHUH��7KH�ERWWRP�OLQH�KRZHYHU�LV�WKDW��DV�IDU�DV�ZRUVW�FDVH�UHVXOWV�DUHFRQFHUQHG�� WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�FDVHV��:H�DOVR�FDPH�DFURVV�RWKHUDSSOLFDWLRQV� WR�ZKLFK�ELQ�SDFNLQJ�ZLWK� LWHP� IUDJPHQWDWLRQ�PD\� EH� DSSOLFDEOH� �H�J��� VFKHGXOLQJ%DQGZLGWK�RQ�'HPDQG�LQ�,3�VDWHOOLWH�QHWZRUNV�DQG�DSSOLFDWLRQV�LQ�9/6,�FLUFXLW�GHVLJQ���7KLV�KDVPRWLYDWHG� XV� WR� FRQVLGHU� RWKHU� YDULDQWV� RI� WKH� SUREOHP�� ,Q� WKLV� SDSHU� ZH� SUHVHQW� WZR� YDULDQWVZKLFK�GLIIHU�LQ�WKH�FRVW�WKH\�DVVRFLDWH�ZLWK�IUDJPHQWDWLRQ�7R� PDNH� WKH� SUREOHP� RI� ELQ� SDFNLQJ� ZLWK� LWHP� IUDJPHQWDWLRQ� QRQWULYLDO� D� FRVW� PXVW� EHDVVRFLDWHG� ZLWK� IUDJPHQWDWLRQ�� :H� VWXG\� WZR� SRVVLEOH� FRVW� IXQFWLRQV� DQG� DV� D� UHVXOW� JHW� WZRYDULDQWV� RI� ELQ� SDFNLQJ� ZLWK� LWHP� IUDJPHQWDWLRQ�� ,Q� WKH� ILUVW� YDULDQW�� FDOOHG� ELQ� SDFNLQJ� ZLWKVL]H�LQFUHDVLQJ�IUDJPHQWDWLRQ�� WKH�FRVW�IXQFWLRQ�DGGV�RQH��RU�PRUH��RYHUKHDG�XQLW� WR�WKH�VL]H�RIHYHU\�IUDJPHQW�� ,Q� WKH�VHFRQG�YDULDQW� WKH�FRVW� IXQFWLRQ�LQFUHDVHV�WKH�FRVW�RI�DQ� LWHP�XSRQ�HDFKIUDJPHQWDWLRQ��EXW�GRHV�QRW�FKDQJH�LWV�VL]H��:H�FDOO�WKLV�YDULDQW�� ELQ�SDFNLQJ�ZLWK�VL]H�SUHVHUYLQJIUDJPHQWDWLRQ��7KH�VFKHGXOLQJ�SUREOHP��ZKHUH�WKH�FRVW�LV�GXH�WR�WKH�H[WUD�RYHUKHDG�ELWV�WKDW�DUHDGGHG�WR�HDFK�IUDJPHQW��VHUYHV�DV�D�PRGHO�WR�WKH�ILUVW�YDULDQW�� 7KH�VHFRQG�YDULDQW�LV�VXLWDEOH�IRUSUREOHPV�ZKHUH� WKH� FRVW� DVVRFLDWHG�ZLWK� IUDJPHQWDWLRQ� LV� D� UHVXOW� RI� H[WUD� SURFHVVLQJ� WLPH� RUUHDVVHPEO\�GHOD\��7KH�WZR�FRVW�IXQFWLRQV�ZH�SUHVHQW�KHUH�DUH�QRW�WKH�RQO\�SRVVLEOH�FRVW�IXQFWLRQV�,Q�RWKHU�DSSOLFDWLRQV��IRU�H[DPSOH��WKH�FRVW�PD\�EH�UHODWHG�WR�WKH�VL]H�RI�WKH�LWHP��D�FRPELQDWLRQRI� WKH�WZR�FRVW�IXQFWLRQV�LV�DOVR�SRVVLEOH�� ,W� LV� LQWHUHVWLQJ� WR�QRWH� WKDW�ZKHQ� WKH�FRVW� DVVRFLDWHGZLWK� IUDJPHQWDWLRQ� LV� LJQRUHG� WKH� SDFNLQJ� SUREOHP� EHFRPHV� WULYLDO�� DQG�ZKHQ� WKH� FRVW� LV� YHU\KLJK��LW�GRHV�QRW�SD\�WR�IUDJPHQW�LWHPV�DQG�ZH�IDFH�WKH�FODVVLFDO�SUREOHP��+HQFH��WKH�SUREOHP�LVLQWHUHVWLQJ�ZLWK�WKH�PLGGOH�UDQJH�FRVWV��,W�KDV�EHHQ�VKRZQ�LQ�>��@ WKDW�IRU�QRQ�]HUR�FRVW�WKH�DELOLW\WR� IUDJPHQW� LWHPV� GRHV� QRW� UHGXFH� WKH� FRPSOH[LW\� RI� WKH� SUREOHP�� WKDW� LV�� WKH� SUREOHP� RI� ELQSDFNLQJ�ZLWK�LWHP�IUDJPHQWDWLRQ�LV�13�KDUG�:H�SUHVHQW�D�ZRUVW�FDVH�DQDO\VLV�RI�ERWK�YDULDQWV�RI�ELQ�SDFNLQJ�ZLWK�LWHP�IUDJPHQWDWLRQ� :HEHJLQ� E\� VKRZLQJ� WKDW� ERWK� YDULDQWV� DUH� 13�+DUG� LQ� WKH� VWURQJ� VHQVH�� :H� WKHQ� GHYLVHDSSUR[LPDWLRQ� DOJRULWKPV� IRU� WKH� SUREOHP� DQG LQYHVWLJDWH� WKHLU� SHUIRUPDQFH�� :H� UHVWULFW� RXUDWWHQWLRQ� WR� SUDFWLFDO� ELQ� SDFNLQJ� DOJRULWKPV�� L�H��� RI� ORZ� RUGHU� SRO\QRPLDO� UXQQLQJ� WLPH�� DQGH[DPLQH�ERWK�RQOLQH DQG�RIIOLQH DOJRULWKPV��2QOLQH�DOJRULWKPV�DUH�DSSOLFDEOH�WR�FDVHV�ZKHUH�WKHLWHPV� DUULYH� LQ� VRPH� RUGHU� DQG� PXVW� EH� DVVLJQHG� WR� WKH� ELQV� DV� VRRQ� DV� WKH\� DUULYH�� 2IIOLQHDOJRULWKPV� DVVXPH� WKH� HQWLUH� OLVW� RI� LWHPV� LV� NQRZQ� EHIRUH� WKH� SDFNLQJ� EHJLQV�� :H� GHYLVHDOJRULWKPV�ZKLFK�DUH�EDVHG�RQ� ZHOO�NQRZQ�ELQ�SDFNLQJ�DOJRULWKPV�EXW�LQFOXGH�WKH�FDSDELOLW\� RIIUDJPHQWLQJ� LWHPV�� :H� LQYHVWLJDWH� WKH� SHUIRUPDQFH� RI� DOJRULWKPV� VXFK� DV� 1H[W �)LW� �1)�� DQG)LUVW�)LW�'HFUHDVLQJ��))'���DV�ZHOO�DV�RI�RWKHU�DOJRULWKPV��$V�ZH�PHQWLRQHG��WKLV�SDSHU�SUHVHQWRQO\�ZRUVW�FDVH�DQDO\VLV�RI�WKH�DOJRULWKPV��2XU�ZRUN�LQFOXGH�DYHUDJH�FDVH�DQDO\VLV�RI�VRPH�RI�WKHDOJRULWKPV�EXW�WKLV�DQDO\VLV�FRXOG�QRW�EH�LQFOXGHG�LQ�WKLV�SDSHU�2XU� ZRUN� KDV� ERWK� WKHRUHWLFDO� DQG� SUDFWLFDO� YDOXH�� 7KH� SUREOHP� RI� ELQ� SDFNLQJ� ZLWK� LWHPIUDJPHQWDWLRQ�KDV�QRW�EHHQ�H[SORUHG�\HW�DQG�PDQ\�LQWHUHVWLQJ�TXHVWLRQV�DUH�OHIW�RSHQ��7KLV�SDSHUSURYLGHV� WKH� EDVLF� GHILQLWLRQ� RI� WKH� SUREOHP�� SUHVHQW� SUDFWLFDO� DOJRULWKPV� DQG� LQYHVWLJDWH� WKHLUZRUVW�FDVH�SHUIRUPDQFH��)XWXUH�ZRUN�PD\� UHIHU�WR�VXEMHFWV� VXFK� DV�GHYLVLQJ�D SRO\QRPLDO� WLPH
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DSSUR[LPDWLRQ�VFKHPH��37$6�� IRU� WKH�SUREOHP��SURYLGLQJ�DYHUDJH�FDVH�UHVXOWV�DQG�FRQVLGHULQJRWKHU�YDULDQWV��H�J���YDULDEOH�VL]H�ELQV�DQG�LWHPV�ELJJHU�WKDQ�WKH�ELQ�VL]H��7KH�UHPLQGHU�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�6HFWLRQ� � ZH�DGGUHVV�WKH�SUREOHP�RI�ELQSDFNLQJ�ZLWK� VL]H�LQFUHDVLQJ�IUDJPHQWDWLRQ��6HFWLRQ� � LV�GHYRWHG�WR�WKH�SUREOHP�RI�ELQ�SDFNLQJZLWK�VL]H�SUHVHUYLQJ�IUDJPHQWDWLRQ��� %LQ�3DFNLQJ�ZLWK�6L]H�,QFUHDVLQJ�)UDJPHQWDWLRQ
,Q� WKLV� VHFWLRQ� ZH� VWXG\� WKH� YDULDQW� RI� ELQ� SDFNLQJ� ZLWK� LWHP� IUDJPHQWDWLRQ� ZKHUHIUDJPHQWDWLRQ� LQFUHDVHV� WKH� VL]H�RI�DQ� LWHP��:H�GHILQH� WKH�SUREOHP� VLPLODU� WR� WKH�FODVVLFDO� ELQSDFNLQJ�SUREOHP��7KH�FODVVLFDO�ELQ�SDFNLQJ�SUREOHP�GHDOV�ZLWK� HTXDO �VL]HG� �XQLW�FDSDFLW\��ELQVDQG�D�OLVW�RI�LWHPV�HDFK�RI�ZKLFK�FDQ�ILW�LQ�HYHU\�ELQ��7R�KDQGOH�IUDJPHQWDWLRQ��ZH�XVH�D�GLVFUHWHYHUVLRQ�RI� WKH�SUREOHP� DQG�DGG�D� IUDJPHQWDWLRQ�FRVW� IXQFWLRQ� WKDW�DGGV�RYHUKHDG�XQLWV� WR� HDFKIUDJPHQW��:H�SURFHHG�WR�IRUPDOO\�GHILQH�WKH�SUREOHP�%LQ�3DFNLQJ�ZLWK� 6L]H�,QFUHDVLQJ�)UDJPHQWDWLRQ� �%3�6,)���:H� DUH� JLYHQ� D� OLVW� RI� LWHPV/ �D��D������DQ��� HDFK�ZLWK� D� VL]H� V�DL��^��������8`��7KH� LWHPV�PXVW� EH� SDFNHG� LQWR� D�PLQLPXPQXPEHU�RI�ELQV��ZKLFK�DUH�DOO�WKH�VL]H�RI�8 XQLWV��:KHQ�SDFNLQJ�D�IUDJPHQW�RI�DQ�LWHP��RQH�XQLW�RIRYHUKHDG�LV�DGGHG�WR�WKH�VL]H�RI�HYHU\ IUDJPHQW�([DPSOH��$VVXPH�WKH�ELQ�VL]H�LV�8 �� DQG�ZH�DUH�JLYHQ�WKUHH�LWHPV�RI�VL]HV����� DQG����:H�FDQSDFN�WKH�LWHPV�LQ�RQO\�WZR�ELQV�LQ�WKH�IROORZLQJ�ZD\��:H�SDFN�WKH�LWHPV�RI�VL]HV� � DQG�� RQH�LQ�DELQ� DQG� IUDJPHQW� WKH� LWHP� RI� VL]H� � LQWR� WZR� IUDJPHQWV� RI� VL]HV� � DQG� ���:KHQ� ZH� SDFN� WKHIUDJPHQWV�ZH�DGG�RQH�RYHUKHDG�XQLW�WR�HDFK��VR�WKHLU�VL]HV�EHFRPH� � DQG����UHVSHFWLYHO\��:H�SDFNWKH�IUDJPHQW�RI�VL]H�� ZLWK�WKH�LWHP�RI�VL]H�� DQG�WKH�IUDJPHQW�RI�VL]H�� ZLWK�WKH�LWHP�RI�VL]H���3HUIRUPDQFH�5DWLR�:H�XVH�WKH�VDPH�GHILQLWLRQ�DV�LV�W\SLFDOO\�XVHG�LQ�DQDO\]LQJ�WKH�FODVVLFDOSUREOHP��)RU�D�JLYHQ�OLVW�/ DQG�DOJRULWKP�$��OHW�$�/� EH�WKH�QXPEHU�RI�ELQV�XVHG�ZKHQ�DOJRULWKP$ LV�DSSOLHG�WR�OLVW�/��OHW�237�/� GHQRWH�WKH�RSWLPXP�QXPEHU�RI�ELQV�IRU�D�SDFNLQJ�RI� /��DQG�OHW5$�/�{ $�/��� 237�/���7KH�DV\PSWRWLF�ZRUVW�FDVH�SHUIRUPDQFH�UDWLR 5$f LV�GHILQHG�WR�EH�1�`�237�/�O��/�ZLWK�U��IRU��DO�/�5���PH��1���IRU��VR^U5 $$ td!t{f ��LQI � ���7KH�ELQ�SDFNLQJ�SUREOHP�LV�NQRZ� WR�EH�13�+DUG� LQ� WKH�VWURQJ�VHQVH� >��@��:H�VKRZ�WKDW� WKHFRPSOH[LW\�RI�%3�6,)�LV�WKH�VDPH�&ODLP� %3�6,)�LV�13�+DUG�LQ�WKH�VWURQJ�VHQVH�3URRI�� :H� GHQRWH� E\� '�%3�6,)�� WKH� GHFLVLRQ� YHUVLRQ� RI� %3�6,)� DQG� VKRZ� WKDW� LW� LV13�&RPSOHWH� LQ� WKH� VWURQJ� VHQVH�� :H� GR� VR� E\� UHGXFLQJ� WKH� ��3$57,7,21� SUREOHP� WR� DUHVWULFWHG�LQVWDQFH�RI�'�%3�6,)���7KH���3$57,7,21�SUREOHP��GHILQHG�IRUPDOO\�EHORZ��LV�NQRZQWR�EH�13�&RPSOHWH�LQ�WKH�VWURQJ�VHQVH�>�@�
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��3$57,7,21�� JLYHQ� D� OLVW� / RI� Q �P LQWHJHUV��Z��Z������ZQ DQG� D� ERXQG� �% =� VXFK� WKDW���� %Z% M �� IRU� QM ������ DQG� ¦   QM M P%Z� �� FDQ� / EH� SDUWLWLRQHG� LQWR� P GLVMRLQW� VXEVHWV6������6P VXFK�WKDW� %ZL6M M  ¦ � IRU�L  �������P":H�GHILQH�'�%3�6,)��DV�IROORZV��JLYHQ�D�OLVW�RI�LWHPV�/��D�VL]H�V�D��=� IRU�HDFK�LWHP�D�/��DSRVLWLYH�LQWHJHU�ELQ�FDSDFLW\�8 DQG�D�SRVLWLYH�LQWHJHU�.��LV�WKHUH�D�IHDVLEOH�SDFNLQJ�RI�/ LQ�. ELQVRI�VL]H�8"�$Q\�LQVWDQFH�, RI���3$57,7,21�FDQ�EH�SRO\QRPLDOO\�WUDQVIRUPHG�LQWR�DQ�HTXLYDOHQWLQVWDQFH� ,¶ RI�'�%3�6,)�� E\� VHWWLQJ�8 % DQG . P� 7R� UHDOL]H� WKH� WZR� GHFLVLRQ� SUREOHPV� DUHHTXLYDOHQW�QRWH�WKDW��VLQFH�WKH�WRWDO�VL]H�RI�DOO�LWHPV�LV�HTXLYDOHQW�WR�WKH�WRWDO�FDSDFLW\�RI�DOO�ELQV�LQ�DQ\�³\HV´�LQVWDQFH�RI�'�%3�6,)��DOO�Q LWHPV�DUH�SDFNHG�ZLWKRXW�IUDJPHQWDWLRQ�DQG�WKH�SDFNLQJLV� WKHUHIRUH� DOVR� YDOLG� IRU� ��3$57,7,21�� &OHDUO\� WKH� SDFNLQJ� RI� DQ\� ³\HV´� LQVWDQFH� RI��3$57,7,21�LV�DOVR�YDOLG�IRU�'�%3B6,)���7KLV�PHDQV�WKDW�WKH�³\HV´�DQG�³QR´�LQVWDQFHV�RI�WKHWZR�SUREOHPV�DUH�HTXLYDOHQW����� ¡:KHQ�SDFNLQJ�D�OLVW�RI�Q LWHPV�LQWR�P ELQV��WKH�PD[LPXP�QXPEHU�RI�IUDJPHQWDWLRQV�SRVVLEOH�LVPQ � �HDFK�LWHP�LV�IUDJPHQWHG�RYHU�DOO�ELQV���)URP�WKH�GHILQLWLRQ�RI�WKH�SUREOHP�LW�LV�REYLRXV�WKDWD�JRRG�DOJRULWKP�VKRXOG� WU\� WR�SHUIRUP� WKH�PLQLPXP�QXPEHU�RI� IUDJPHQWDWLRQV��7KHUHIRUH�ZHZRXOG�RQO\�OLNH�WR�FRQVLGHU�DOJRULWKPV�WKDW�GR�QRW�IUDJPHQW�LWHPV�XQQHFHVVDULO\�'HILQLWLRQ� ��� $Q� DOJRULWKP� $ LV� VDLG� WR� SUHYHQW� XQQHFHVVDU\� IUDJPHQWDWLRQ LI� LW� IROORZV� WKHIROORZLQJ�WZR�UXOHV��� 1R�XQQHFHVVDU\�IUDJPHQWDWLRQ��$Q�LWHP��RU�IUDJPHQW�RI�DQ�LWHP��LV�IUDJPHQWHG�RQO\�LI�LW�LVWR�EH�SDFNHG�LQWR�D�ELQ�WKDW�FDQQRW�FRQWDLQ�LW��,Q�FDVH�RI�IUDJPHQWDWLRQ��WKH�LWHP��RU�IUDJPHQW�LV� GLYLGHG� LQWR� WZR� IUDJPHQWV�� 7KH� ILUVW� IUDJPHQW� PXVW� ILOO� RQH� RI� WKH� ELQV�� 7KH� VHFRQGIUDJPHQW�LV�SDFNHG�DFFRUGLQJ�WR�WKH�SDFNLQJ�UXOHV�RI�WKH�DOJRULWKP��� 1R�XQQHFHVVDU\�ELQV��$Q�LWHP�LV�SDFNHG� LQ�D�QHZ�ELQ�RQO\� LI� LW�FDQQRW�ILW� LQ�DQ\�RI� WKHRSHQ�ELQV�XVHG�E\�$�$OJRULWKPV�WKDW�SUHYHQW�XQQHFHVVDU\�IUDJPHQWDWLRQ� KDYH�WKH�IROORZLQJ�SURSHUW\�/HPPD��� )RU�DQ\�DOJRULWKP�$��WKDW�SUHYHQWV�XQQHFHVVDU\�IUDJPHQWDWLRQV�� �� !d �f ����85 88$ �3URRI��$VVXPH�WKDW�WKH�QXPEHU�RI�ELQV�XVHG�E\�WKH�DOJRULWKP�LV� P/$  �� ��6LQFH�$ SUHYHQWVXQQHFHVVDU\�IUDJPHQWDWLRQ�LW�FDQ�SHUIRUP�DW�PRVW� P±� IUDJPHQWDWLRQV�ZKLOH�SDFNLQJ�P ELQV��QRIUDJPHQWDWLRQ�LQ�WKH�ODVW�ELQ���UHJDUGOHVV�RI�WKH�VL]H�RI�WKH�OLVW ��(DFK�IUDJPHQWDWLRQ�DGGV�� XQLWV�RIRYHUKHDG�DW�WKH�PRVW��7KHUHIRUH��LQ�WKH�ZRUVW�FDVH�� ��P±���XQLWV�RI�RYHUKHDG�DUH�DGGHG�WR�WKH�WRWDOVL]H�RI�DOO�LWHPV��1RWH�WKDW�LQ�WKLV�FDVH�RQO\�WKH�ODVW�ELQ�PD\�EH�OHIW�XQILOOHG��$VVXPLQJ�WKH�RSWLPDOSDFNLQJ�GRHV�QRW�IUDJPHQW�DQ\�LWHP��WKH�QXPEHU�RI�ELQV�XVHG�E\�LW�VDWLVILHV�
8888 ��P�8�P ��P237�/� ������ � ������ � t ���7KH�DV\PSWRWLF�SHUIRUPDQFH�UDWLR�IROORZV�

88$P8P P8/237/$$ 5/5 �������������� �ffo��� d�� o�d ¡



�

5HPDUN� )RU�WKH�PRUH�JHQHUDO�FDVH��ZKHUH� U XQLWV�RI�RYHUKHDG��LQVWHDG�RI�RQH��DUH�DGGHG�WR�WKHVL]H�RI�HYHU\�IUDJPHQW��LW�FDQ�EH�VKRZQ�E\�VLPLODU�DUJXPHQWV��WKDW� U����85 U88$ �� !d �f �:H�QRZ�KDYH�DQ�XSSHU�ERXQG�RQ�WKH�SHUIRUPDQFH�UDWLR�RI�DQ\�DOJRULWKP��,Q�WKH�UHPDLQGHU�RIWKLV�VHFWLRQ�ZH�LQYHVWLJDWH�VSHFLILF�DOJRULWKPV�WR�ILQG�WKHLU�DFWXDO�SHUIRUPDQFH�UDWLR��)RU�D�JLYHQDOJRULWKP�$ ZH�GHILQH�D�YHUVLRQ�RI�WKH�DOJRULWKP�WKDW�DOORZV�LWHP�IUDJPHQWDWLRQ�DQG�GHQRWH�LW�E\$I��:H�LQYHVWLJDWH�WKH�ZRUVW�FDVH�SHUIRUPDQFH�UDWLR�RI�WKH�IROORZLQJ�DOJRULWKPV��1) I��1)'I �1),I�DQG�))'I �%)'I������ 1H[W�)LW�ZLWK�LWHP�IUDJPHQWDWLRQ�� 1)I7KH�1)I DOJRULWKP�LV�GHILQHG�VLPLODU�WR�WKH�1)�DOJRULWKP�$OJRULWKP�1)I � ,Q�HDFK�VWDJH�WKHUH�LV�RQO\�RQH�RSHQ�ELQ��7KH�LWHPV�DUH�SDFNHG��DFFRUGLQJ�WRWKHLU� RUGHU� LQ� WKH� OLVW� /�� LQWR� WKH� RSHQ� ELQ�� :KHQ� DQ� LWHP� GRHV� QRW� ILW� LQ� WKH� RSHQ� ELQ�� LW� LVIUDJPHQWHG�LQWR�WZR�SDUWV��7KH�ILUVW�SDUW�ILOOV�WKH�RSHQ�ELQ�DQG�WKH�ELQ�LV�FORVHG��7KH�VHFRQG�SDUW�LVSDFNHG� LQWR� D�QHZ�ELQ�ZKLFK�EHFRPHV� WKH�RSHQ�ELQ��2IIOLQH� YHUVLRQ� RI� WKH� DOJRULWKP� VRUWV� WKHLWHPV�LQ�GHFUHDVLQJ��1)'I��RU�LQFUHDVLQJ��1),I��RUGHU�EHIRUH�SDFNLQJ�WKH�OLVW�7KH�1)I DOJRULWKP�LV�YHU\�VLPSOH��FDQ�EH�LPSOHPHQWHG�WR�UXQ�LQ�OLQHDU�WLPH�DQG�UHTXLUHV�RQO\RQH�RSHQ�ELQ��ERXQGHG�VSDFH���+RZHYHU��DV�ZH�VKRZ�QH[W��VLPLODU�WR�WKH�FODVVLFDO�SUREOHP��WKHSHUIRUPDQFH�UDWLR�WKH�DOJRULWKP�DFKLHYHV�LV�WKH�ZRUVW�SRVVLEOH�7KHRUHP��� )RU�DOJRULWKP�1)I � ��1)I t� �f �8���5 88 �3URRI�� /HPPD� SURYLGHV� DQ� XSSHU� ERXQG� RQ� WKH� SHUIRUPDQFH� UDWLR� RI� WKH� DOJRULWKP�� :HSUHVHQW�DQ�H[DPSOH�WKDW�SURYHV�WKH�ORZHU�ERXQG��/HW�XV�ILUVW�FRQVLGHU�WKH�FDVH�ZKHUH�WKH�ELQ�VL]H8 LV�DQ�HYHQ�QXPEHU��$V�D�ZRUVW�FDVH�H[DPSOH�ZH�FKRRVH�WKH�IROORZLQJ�OLVW� /��7KH�ILUVW�LWHP�LV�RIVL]H�8����WKH�QH[W� ��� � �8 LWHPV�DUH�RI�VL]H����7KH�UHVW�RI�WKH�OLVW�UHSHDWV�WKLV�SDWWHUQ� N8 WLPHV��$QH[DPSOH�RI�VXFK�D�OLVW��IRU�8 ���LV�JLYHQ�LQ�)LJXUH ���7KH�RSWLPDO�SDFNLQJ�DYRLGV�IUDJPHQWDWLRQVE\�SDFNLQJ�ELQV�ZLWK�WZR�LWHPV�RI�VL]H�8�� RU�8 LWHPV�RI�VL]H����7KH�WRWDO�QXPEHU�RI�ELQV�XVHG�LV��N�8�N�N237�/� 88 ���� � �� ��2Q� WKH�RWKHU�KDQG��DOJRULWKP�1)I IUDJPHQWV� HDFK� LWHP�RIVL]H�8�� �H[FHSW�IRU�WKH�ILUVW� LWHP���2YHUDOO� ��N8����XQLWV�RI�RYHUKHDG�DUH�DGGHG�WR� WKH�SDFNLQJDQG�WKHUHIRUH�WKH�QXPEHU�RI�ELQV�XVHG�E\�1)I LV�ª º ª º 8N8NNN/ 888N88  � ��� � ����I ������1) � ���$�ZRUVW�FDVH�H[DPSOH�IRU�WKH�FDVH�ZKHUH�8 LV�DQ�RGG�QXPEHU�LV�VLPLODU��7KH�ILUVW�LWHP�LQ�/ LV�RIVL]H� �8������� WKH�QH[W� ��� �� �8� LWHPV�DUH� RI� VL]H� ���7KH� UHVW� RI� WKH� OLVW� UHSHDWV� WKLV� SDWWHUQ� N8WLPHV��,W�LV�HDV\�WR�YHULI\�WKDW��DV�LQ�WKH�SUHYLRXV�H[DPSOH��237�/� �8���N��ZKLOH�1)I�/� N8�7KHUHIRUH�IRU�HDFK�8t ���WKH�DV\PSWRWLF�SHUIRUPDQFH�UDWLR�LV�� ��/�1)1) II �f   88237�/�5 ����� ¡:KHQ�WKH�ELQ�VL]H�LV�YHU\�VPDOO�WKH�DERYH�SURRI�GRHV�QRW�KROG��)RU�WKH�YDOXHV� �� d�8 ZH�FDQVKRZ�>��@ WKDW��WKH�ZRUVW�FDVH�DV\PSWRWLF�SHUIRUPDQFH�UDWLR�LV�� ��1)I  f5 �
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D�L���  ��D��N��D�  �D�  � D�L��  ��D�L��  � D�L��  ��D��ND��N��D�  D�  D�L��  ��D�L��  ��D�L��  �D��N��D��N��D�  �D�  � D�L  ��%�N�� ±%� ±�%�N%�N%�N��%�%� 237� /�� ��N1)I �/�� ��8��8����237�/�� ��N,WHP�RI�VL]H��,WHP�RI�VL]H��2YHUKHDG�GXH�WR�IUDJPHQWDWLRQ)LJXUH ���$Q�H[DPSOH�IRU�WKH�SDFNLQJ�RI�1)I IRU�8 ���WKH�OLVW�LV�/  �^��������������`�,W� LV� LQWHUHVWLQJ� WR� FRPSDUH� WKH� 1)I DOJRULWKP� WR� WKH� FODVVLF� 1)� DOJRULWKP� IRU� ZKLFK� WKHDV\PSWRWLF�ZRUVW�FDVH�SHUIRUPDQFH�UDWLR�LV�� ���1) t� �f �8���5 88 � :KLOH�WKH�SHUIRUPDQFH�UDWLR�RI1)�LV�LQFUHDVLQJ�ZLWK�8 WKH�SHUIRUPDQFH�UDWLR�RI�1)I LV�GHFUHDVLQJ�ZLWK�8� 7KLV�LV�LQWXLWLYH�VLQFHDV�WKH�ELQ�VL]H�JHWV�ODUJHU�WKH�HIIHFWLYH�FRVW�RI�IUDJPHQWDWLRQ�JHWV�VPDOOHU�
������ 1)'I DQG�1),I $OJRULWKPV*LYHQ� WKH� SRRU� SHUIRUPDQFH� RI� WKH� 1)I DOJRULWKP�� RQH� PD\� DVN� ZKHWKHU� VRUWLQJ� WKH� LWHPVEHIRUH�DSSO\LQJ� WKH�1)I SDFNLQJ��ZRXOG�\LHOG�EHWWHU�UHVXOWV��,W� WXUQV�RXW� WKDW�� LQ� WKH�ZRUVW�FDVH�DOJRULWKPV�1)'I DQG�1),I DUH�YHU\�VLPLODU�WR�WKH�1)I DOJRULWKP��7KH�DFWXDO�SHUIRUPDQFH�UDWLR�RIWKHVH�DOJRULWKPV�GHSHQGV�RQ�WKH�ELQ�VL]H�8��EXW�LQ�DOO�FDVHV�LW�LV�QRW�IDU�IURP�WKH�UDWLR�RI�1) I��7RDYRLG�GHDOLQJ�ZLWK�HDFK�YDOXH�RI�8 VHSDUDWHO\��ZH�SUHVHQW�DQ�H[DPSOH�IRU�D�JHQHUDO�YDOXH��7KHH[DPSOH�VHUYHV�DV�D�ORZHU�ERXQG�RQ�WKH�SHUIRUPDQFH�UDWLR�IRU�DQ\�YDOXH�RI� 8��EXW�DV�ZH�VKHOO�VHHLQ�VRPH�FDVHV�WKH�UDWLR�PD\�EH�HYHQ�ZRUVH��2XU�OLVW�RI�LWHPV�LV�PDGH�RI� N LWHPV�RI�VL]H�8�� DQG�NLWHPV�RI�VL]H����7KH�RSWLPDO�SDFNLQJ�XVHV�N ELQV�ZKHUH�HDFK�ELQ�FRQWDLQV�WZR�LWHPV��RQH�RI�HDFKNLQG��7KH�1)'I DOJRULWKP�ILUVW�SDFNV�N LWHPV��RI�VL]H�8����LQWR�N ELQV��7KHQ�N�� LWHPV�RI�VL]H�� DUHSDFNHG� LQWR� ª º8N ����� � ELQV� LI�8 LV� HYHQ�� RU� ª º�������� �� 8N ELQV� LI� LW� LV� RGG�� 7KH� 1),IDOJRULWKP�ZLOO�XVH�WKH�VDPH�QXPEHU�RI�ELQV��VLQFH�WKH�RQO\�GLIIHUHQFH�LV�WKDW�WKH�LWHPV�DUH�SDFNHGLQ�UHYHUVH�RUGHU��7KLV�VLPSOH�H[DPSOH�JLYHV�XV�WKH�IROORZLQJ�ORZHU�ERXQGV�

8855 �1),1)' II �ff t ��IRU�DQ\�HYHQ� �t8 � ���
��1),1)' II 8�855 �ff t ����IRU�DQ\�RGG��8t �� ���7KH�DERYH�H[DPSOH�VHUYHG�DV�D�ORZHU�ERXQG��:H�QRZ�GHPRQVWUDWH�WKDW�LQ�VRPH�FDVHV�WKH� 1)'IDQG�1),I DOJRULWKPV� FDQ� SHUIRUP� MXVW� DV� EDG� DV� 1)I�� 7KH� ILUVW� H[DPSOH� LV� IRU� 8 � DQG� D� OLVW/ ^���������������`��IRU�ZKLFK� ��1)1),1)' III    fff 555 ��7R�VHH�WKDW�VXFK�H[DPSOHV�DUH�QRW�UHVWULFWHGWR�ORZ�YDOXHV�RI�ELQ�VL]H��FRQVLGHU 8 �� DQG�FKRRVH�D�OLVW�RI���N LWHPV�RI�VL]H��� DQG���N LWHPV�RIVL]H����,Q�WKH�RSWLPDO�SDFNLQJ�WKH�FRQWHQW�RI�HDFK�ELQ�LV�^ ������������`��WKHUHIRUH�237�/� ���N�



�

7KH� WRWDO�QXPEHU�RI�ELQV�XVHG�E\� WKH�DOJRULWKPV�LV��1)' I�/� �1),I�/� �N� VLQFH�DOO� ELQV� �VDYHWZR��FRQWDLQV�WZR�XQLWV�RI�RYHUKHDG��7KH�SHUIRUPDQFH�UDWLR�LQ�WKLV�FDVH�LV�WKH�ZRUVW�SRVVLEOH�
��������N�N��81), 1)' _I I � f f     8855 �� ���

2Q�WKH�RWKHU�KDQG�IRU�VRPH�YDOXHV�RI�ELQ�VL]H��1), I DQG�1)'I KDYH�D�EHWWHU�SHUIRUPDQFH�UDWLRWKDQ�1)I��)RU�H[DPSOH�ZKHQ�8 ��� ��1),1)' II   ff 55 ��ZKLOH� ��1)I  f5 ����� )LUVW�)LW�'HFUHDVLQJ�ZLWK�LWHP�IUDJPHQWDWLRQ�� ))'I:H�QRZ�GHYHORS�DQ�DOJRULWKP�EDVHG�RQ�WKH�))'�KHXULVWLF��/HW�XV�ILUVW�GHVFULEH�DOJRULWKP�))' IZKLFK�SDFNV�LWHPV�IURP�D�OLVW�/��LQWR�D�IL[HG QXPEHU�RI�P ELQV�$OJRULWKP ))'I � )LUVW�)LW�'HFUHDVLQJ�ZLWK�LWHP�IUDJPHQWDWLRQ��7KH�DOJRULWKP�SDFNV�WKH�LWHPVLQ�GHFUHDVLQJ�RUGHU��$Q�LWHP�LV�SDFNHG�LQWR�WKH�ORZHVW� LQGH[HG�ELQ�LQWR�ZKLFK�LW�ILWV��,I�DQ� LWHPGRHV�QRW�ILW� LQWR�DQ\�ELQ�LW� LV�IUDJPHQWHG��:KHQ�IUDJPHQWLQJ�DQ�LWHP�WKH�ILUVW� IUDJPHQW�ILOOV� WKHORZHVW� LQGH[HG� ELQ� WKDW� LV� DV� \HW� QRW� IXOO�� ,I� WKH� VHFRQG� IUDJPHQW� FDQ� EH� SDFNHG� ZLWKRXWIUDJPHQWDWLRQ�� LW� LV� SDFNHG� LQWR� WKH� ORZHVW� LQGH[HG� ELQ� LQWR� ZKLFK� LW� ILWV�� RWKHUZLVH� DQRWKHUIUDJPHQWDWLRQ�LV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�DERYH�UXOH�5HPDUN� 2WKHU� GHILQLWLRQV�DUH� SRVVLEOH��)RU�H[DPSOH��XSRQ� IUDJPHQWDWLRQ�ZH�PD\� FKRRVH� WRLQVHUW�WKH�VHFRQG�IUDJPHQW�EDFN�WR�WKH�OLVW��$QRWKHU�SRVVLELOLW\�LV�WR�ILUVW�JR�RYHU�WKH�ZKROH�OLVW�DQGSDFN�LWHPV�ZLWKRXW�IUDJPHQWDWLRQ�DQG�RQO\�WKHQ�SDFN�WKH�UHPDLQLQJ�LWHPV�LQWR�WKH�DYDLODEOH�IUHHVSDFH�1RWH�WKDW�))'I PD\�QRW�EH�DEOH�WR�SDFN�DOO�WKH�LWHPV�LQ� /��7R�HQVXUH�DOO�LWHPV�DUH�SDFNHG��ZHXVH�WKH�IROORZLQJ�LWHUDWLYH�DOJRULWKP�$OJRULWKP ))'I ,WHUDWLYH��))'I�,��� 7KH�))'I�,�DOJRULWKP�WULHV�WR�SDFN�WKH�OLVW�/ LQWR�D�IL[HGQXPEHU�RI�P ELQV��,I�LW�IDLOV�LW�LQFUHDVHV�P E\�RQH�DQG�WULHV�DJDLQ��/HW� V�/��EH�WKH�VXP�RI�DOO�LWHPVLQ�/��WKH�ILUVW�YDOXH�RI�P LV��P� ª º8/V ��� � ZKLFK�LV�WKH�PLQLPXP�QXPEHU�RI�ELQV�SRVVLEOH�7KH�DOJRULWKP�SHUIRUPV�WKH�IROORZLQJ�VWHSV��� 6HW�P  �P� � ª º8/V ��� ��� 7U\�WR�SDFN�WKH�OLVW�/ LQWR�P ELQV�XVLQJ�WKH�))'I DOJRULWKP��� ,I�DOO�LWHPV�ZHUH�SDFNHG�VWRS��� 2WKHUZLVH�VHW�P P�� DQG�JR�WR�VWHS���,W� LV� LQWHUHVWLQJ� WR� VHH� LI�))'I�,� LPSURYHV� WKH�SHUIRUPDQFH�UDWLR�RI�1)I��$V�ZH� VKHOO� VHH� WKHLPSURYHPHQW�LV�VLJQLILFDQW�IRU�VPDOO�YDOXHV�RI�ELQ�VL]H�7KHRUHP��� 7KH�DV\PSWRWLF�SHUIRUPDQFH�UDWLR�RI�WKH�))'I�,�DOJRULWKP�VDWLVILHV��L� �,�))'I �f d 885 ZKHQ��� ��d8�LL� �,�))'� I �f� �� 8888 5 ZKHQ��� ��t8
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3URRI��7R� SURYH� WKH� WKHRUHP�ZH�XVH� D� SURSHUW\�ZKLFK�ZH� FDOO� WKH� ERUGHU� ELQ� SURSHUW\��:HDVVXPH�))'I�,�KDV�P ELQV�WR�SDFN�DQG�QXPEHU�WKH�ELQV�%������%P DFFRUGLQJ�WR�WKH�RUGHU�WKH\�DUHRSHQHG�E\� WKH�DOJRULWKP��/RRNLQJ�DW� WKH� OHYHO� �XVHG�VSDFH��RI� WKH�ELQV�DW�D�FHUWDLQ� WLPH�GXULQJDOJRULWKP�H[HFXWLRQ��ZH� VD\� WKDW� ELQ�% M�� M�P�� LV� D� ERUGHU� ELQ DW� WKDW� WLPH� LI� LWV� OHYHO� VDWLVILHV�O�%M�z O�%M����&ODLP� $W�DQ\�WLPH�EHIRUH�WKH�ILUVW�LWHP�LV�IUDJPHQWHG��WKH�SDFNLQJ�RI�))'I�, FRQWDLQV�DW�PRVW�8�ERUGHU�ELQV�3URRI��7KH�))'I�,�DOJRULWKP�SDFNV�WKH�LWHPV�LQ�GHFUHDVLQJ�VL]H�RUGHU��:H�FRQVLGHU�WKH�QXPEHURI�ERUGHU�ELQV�EHIRUH�WKH�ILUVW� LWHP� LV� IUDJPHQWHG��'HQRWH�E\� %5�N�� WKH�QXPEHU�RI�ERUGHU�ELQV�DIWHU�N GLIIHUHQW�VL]HV�RI�LWHPV�KDYH�EHHQ�SDFNHG�E\�))'I�,��&OHDUO\�%5���d ���VLQFH�LWHPV�RI�WKHVDPH�VL]H�DUH�SDFNHG� LQ�D�VLPLODU�ZD\��:KHQHYHU�HDFK�DGGLWLRQDO�VL]H� LV�SDFNHG� WKH�QXPEHU�RIERUGHU�ELQV�PD\�LQFUHDVH�E\�DW�PRVW�WZR��WKHUHIRUH��%5�N�d %5�N�������6LQFH�WKHUH�DUH�DW�PRVW�8GLIIHUHQW�VL]HV��%5�8�d �8��DQG�WKH�FODLP�IROORZV�� ¡:H�QRZ�SURFHHG�WR�SURYH�WKH�WKHRUHP�IRU�HDFK�UDQJH�VHSDUDWHO\��L� ��d8 ��:H�HVWDEOLVK� ��88 DV�DQ�XSSHU�ERXQG�RQ�WKH�DV\PSWRWLF�SHUIRUPDQFH�UDWLR��:H�FDQVKRZ� WKDW� DV� ORQJ� DV� WKH� QXPEHU� RI� ELQV� ZLWK� � XQLWV� RI� RYHUKHDG� LV� VPDOO�� L�H��� 2����� WKHDV\PSWRWLF�SHUIRUPDQFH� UDWLR�FDQQRW� H[FHHG� ��88 �WKH�SURRI� LV� VLPLODU� WR� WKDW�RI�/HPPD����:HPDNH�WKH�IROORZLQJ�REVHUYDWLRQ�&ODLP� 7KH�ILQDO�SDFNLQJ�RI�WKH�))'I�,�DOJRULWKP�FDQQRW FRQWDLQ�PRUH�WKDQ�2����ELQV�ZLWK��XQLWV�RI�RYHUKHDG��LI�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�LV�PHW��� %HIRUH�WKH�ILUVW�IUDJPHQWDWLRQ�RFFXUV��WKH�IUHH�VSDFH�LQ�WKH�ELQV�LV���RU�OHVV��� 7KH�IUDJPHQWHG�LWHPV�DUH�RI�VL]H�� RU�OHVV�3URRI��&RQVLGHU�WKH�PRPHQW�EHIRUH�WKH�ILUVW�IUDJPHQWDWLRQ�LV�SHUIRUPHG��7KH�ILUVW�FRQGLWLRQ�LVWULYLDO�VLQFH�DW�PRVW� � XQLW�RI�RYHUKHDG� FDQ�EH�SDFNHG�ZKHQ� WKH�IUHH�VSDFH� LQ� WKH�ELQV� LV� ���7RSURYH�WKH�VHFRQG�FRQGLWLRQ��NQRZLQJ�WKDW�WKH�IUHH�VSDFH�LQ�WKH�ELQV�LV�DW�OHDVW� ���ZH�QHHG�RQO\�WHVWWKH�FDVH�RI�LWHPV�RI�VL]H�� �DQG�ELQV�ZLWK�IUHH�VSDFH�����:KHQ�DQ�LWHP�RI�VL]H�� LV�IUDJPHQWHG�RYHUWZR�ELQV�ZLWK�IUHH�VSDFH�RI�VL]H����RQO\�RQH�XQLW�RI�RYHUKHDG�LV�SDFNHG�LQ�HDFK�ELQ��WRJHWKHU�ZLWK�DIUDJPHQW�RI�VL]H����7KH�RQO\�ZD\�WR�JHW�D�ELQ�ZLWK� � XQLWV�RI�RYHUKHDG��LV�WR�IUDJPHQW�DQ�LWHP�RIVL]H�� RYHU�WKUHH�ELQV�ZKLFK�PXVW�KDYH�IUHH�VSDFH�RI�VL]HV� ����� RU��������LQ�WKLV�FDVH�WKH�ODVW�ELQRI�HDFK�WULSOHW�FRQWDLQV� � XQLWV�RI�RYHUKHDG��+RZHYHU�� WKH�QXPEHU�RI�VXFK�WULSOHWV�LV�2� ����VLQFHHDFK�RI�WKHP�FRQWDLQV�DW�OHDVW�RQH�ERUGHU�ELQ�DQG�DFFRUGLQJ�WR�WKH� ERUGHU�ELQV�SURSHUW\��WKHUH�DUHDW�PRVW��8 ERUGHU�ELQV��,W�IROORZV�WKDW�WKH�QXPEHU�RI�ELQV�FRQWDLQLQJ� � RYHUKHDG�XQLWV�LV�OHVV�WKDQ�8��ZKLFK�LV�2����IRU�P!!8��¡,W� LV� HDV\� WR� YHULI\� WKDW� WKH� FRQGLWLRQV� VHW� E\� WKH� DERYH� FODLP� FDQQRW� EH� H[WHQGHG�� VLQFHIUDJPHQWLQJ�LWHPV�RI�VL]H�� RYHU�ELQV�RI�VL]H�� UHVXOWV�LQ�RQH�WKLUG�RI�WKH�ELQV�FRQWDLQLQJ� � XQLWV�RIRYHUKHDG��7KHUHIRUH��LQ�RUGHU�WR�JHW�D�VLJQLILFDQW�QXPEHU�RI�ELQV�ZLWK� � XQLWV�RI�RYHUKHDG��LWHPVRI�VL]H�� RU�PRUH�PXVW�EH�IUDJPHQWHG��7KLV�PHDQV�WKDW�WKH�OLVW�VKRXOG�FRQWDLQ�LWHPV�RI�VL]H� � RUPRUH�� 1RWH� WKDW� LI� ))'I�, IUDJPHQWV� LWHPV� RI� VL]HV� V�DL� �8t �� WKH\� DUH� DOVR� IUDJPHQWHG� E\� WKH



��

RSWLPDO�SDFNLQJ��:H�FRQFOXGH�WKDW�LQ�RUGHU�WR�FUHDWH�D�GLIIHUHQFH�RI�PRUH�WKDQ�RQH�RYHUKHDG�XQLW�EHWZHHQ� WKH� RSWLPDO� SDFNLQJ� DQG� WKH� SDFNLQJ� RI� ))'I�,�� WZR� LWHPV� RI� VL]H� V�DL�t � PXVW� EHSDFNHG� LQ�D�ELQ�DQG�OHDYH�D�IUHH�VSDFH�RI�DW� OHDVW� ���7R�GR�VR�� WKH�ELQ� VL]H�PXVW� VDWLVI\�8t ���+RZHYHU��LQ�WKH�FDVH�RI�8 ����LWHPV�RI�VL]H�� DUH�SDFNHG�ZLWKRXW�IUDJPHQWDWLRQ�DQG�WKHUHIRUH�WKHYDOXH� ��88 LV�DQ�XSSHU�ERXQG�RQ WKH�DV\PSWRWLF�SHUIRUPDQFH�UDWLR�IRU�8d ����LL� 8t �� ��:H�ILUVW�SURYH�WKH�ORZHU�ERXQG�DQG�WKHQ�WKH�XSSHU�ERXQG�&ODLP��)RU�WKH�))'I�,�DOJRULWKP�� 588 f� � ,�))'� I �3URRI� �� )RU� HDFK� YDOXH�8t ����ZH� SUHVHQW� DQ� H[DPSOH�ZKHUH� WKH�SHUIRUPDQFH� UDWLR� H[FHHGV
��88 ��:H�ILUVW�FRQVLGHU�WKH�FDVH�ZKHUH�8 LV�HYHQ�DQG�WKHQ�WKH�FDVH�ZKHUH�8 LV�RGG�&DVH����(YHQ�8 �X��:H�FKRRVH�WKH�IROORZLQJ�LWHP�OLVW � /��N LWHPV�RI�VL]H�X����WKHQ�N LWHPV�RIVL]H�X�� DQG�ILQDOO\�N LWHPV�RI�VL]H����7KH�RSWLPDO�SDFNLQJ�ILOOV�N ELQV�HDFK�ZLWK�RQH�LWHP�RI�HDFKVL]H��237�/� N��:KHQ�))'I�,�LV�DSSOLHG�WR�/ WKH�ILUVW�N ELQV�FRQWDLQ�DOO�LWHPV�H[FHSW�IRU�WKH�ODVWN�� LWHPV�RI� VL]H� ��� ,Q� WKH�EHVW� FDVH� �8 LV� D�PXOWLSOH� RI� ���QR�PRUH� RYHUKHDG� LV� SURGXFHG� DQG
8N�� PRUH�ELQV�DUH�XVHG��7KH�WRWDO�QXPEHU�RI�ELQV� UHTXLUHG�E\� WKH�DOJRULWKP�LV��))' I�,�/�t �N ��N��8�� 7KH�SHUIRUPDQFH�UDWLR�LQ�WKLV�FDVH�LV����� ��,�))'I t�!t ��f HYHQ�8��5 8888 � ���&DVH����2GG�8 �X����7KLV�WLPH�ZH�FKRRVH�WKH�IROORZLQJ�LWHP�OLVW�� N LWHPV�RI�VL]H�X����WKHQ�NLWHPV� RI� VL]H� X�� DQG� ILQDOO\� N LWHPV� RI� VL]H� ��� 7KH� SDFNLQJ� LV� VLPLODU� WR� WKH� RQH� LQ� WKH� ODVWH[DPSOH� DQG� WKH� WRWDO� QXPEHU� RI� ELQV� XVHG� E\� WKH� DOJRULWKP� LV�� ))'I�,�/�t � 8NN ���� �� 7KHH[DPSOH�IRU�WKH�RGG�FDVH�SURYLGHV�D�VOLJKWO\�ORZHU�ERXQG����� ��,�))'I t�!t ��f RGG�8�5 8888 ����� ¡ ���:H�QRZ�WXUQ�WR�WKH�XSSHU�ERXQG�RQ�WKH�SHUIRUPDQFH�UDWLR��:H�VKRZ�WKDW�IRU�DQ\�ELQ�VL]H� 8��WKHSHUIRUPDQFH�UDWLR�LV�VPDOOHU�WKDQ� ��88 ��ZKLFK�LV�WKH�XSSHU�ERXQG�VHW�E\�/HPPD��



��

&ODLP� )RU�WKH�))'I�,�DOJRULWKP�� �,�))'I �f � 885 �3URRI���,Q�RUGHU�WR�SURYH�WKH�FODLP�ZH�VKRZ�WKDW�WKH�DOJRULWKP�FDQQRW�SURGXFH�D�SDFNLQJ�ZKHUHHDFK�ELQ��PD\EH�H[FHSW�IRU�D�QHJOLJLEOH�QXPEHU��FRQWDLQV� � XQLWV�RI�RYHUKHDG��7KH�ERUGHU�ELQVSURSHUW\ �SDJH� (UURU�� %RRNPDUN� QRW� GHILQHG��� LPSOLHV� WKDW� MXVW� EHIRUH� WKH� ILUVW� LWHP� LVIUDJPHQWHG��WKH�ELQV�DUH�DUUDQJHG�LQ�ORQJ�VHTXHQFHV�ZKHUH�WKH�IUHH�VSDFH�LQ�DOO�ELQV�LV�HTXDO��7KHLWHPV�DUH�DOVR�SDFNHG�LQ�ORQJ�VHTXHQFHV��/HW�XV�DVVXPH�WKH�IUHH�VSDFH�LQ�D�VHTXHQFH�LV� [ DQG�WKHVL]H�RI�WKH�LWHPV�SDFNHG� LV�\��2EYLRXVO\� [�\ RWKHUZLVH�WKH�LWHPV�DUH�QRW� IUDJPHQWHG��1RWH� WKDWZKHQ�DQ�LWHP�LV�IUDJPHQWHG�RYHU�PRUH�WKDQ� � ELQV��RQO\�WKH�ILUVW�DQG�ODVW�ELQV�FDQ�FRQWDLQ� � XQLWVRI�RYHUKHDG��7KHUHIRUH�LW� LV�HQRXJK�WR�FRQVLGHU�RQO\� WKH�FDVH�ZKHUH�DQ�LWHP�LV�IUDJPHQWHG�RYHUWZR� ELQV�� $VVXPH� WKDW� LWHP� QXPEHU� N LV� IUDJPHQWHG� RYHU� WZR� ELQV� VXFK� WKDW� ELQ� QXPEHU� �FRQWDLQV�D�IUDJPHQW�RI�VL]H�D DQG�ELQ�QXPEHU�� FRQWDLQV�D�IUDJPHQW�RI�VL]H D�\ ��7KH�QH[W�LWHP�QXPEHU�N����LV�DOVR�IUDJPHQWHG�DQG�D�IUDJPHQW�RI�VL]H� ���� D\[ LV�SDFNHG�LQ�ELQ�QXPEHU� ��,Q�RUGHU� WR�FUHDWH�D�UHSHDWHG�F\FOH�RI� IUDJPHQWDWLRQV�WKH�VL]H�RI� WKH�ILUVW� IUDJPHQW�RI�HDFK� LWHPPXVW�EH�HTXDO��WKDW�LV� ���� DD \[ ��7KLV�LV�WUXH�IRU� �� [\ ��EXW�IRU�WKDW�YDOXH�WKH�LWHPV�DUHQRW� IUDJPHQWHG� LQ� WKH� ILUVW� SODFH�� 6LQFH� ZH� FDQ� QRW� FUHDWH� D� UHSHDWHG� F\FOH� RI� HTXDO� VL]HIUDJPHQWDWLRQV��WKH�VL]H�RI�WKH�ILUVW�IUDJPHQW�SDFNHG�LQ�D�ELQ� LQFUHDVHV��XQWLO�LW�UHDFK�WKH�VL]H�RIWKH�ELQ��LQ�ZKLFK�FDVH�RQO\�RQH�XQLW�RI�RYHUKHDG�LV�SDFNHG�LQ�WKH�ELQ��7KLV�PHDQV�WKDW�DW�OHDVW� � RIHYHU\�\��WKH�VL]H�RI�WKH�IUDJPHQWHG�LWHP��ELQV�FRQWDLQV�RQO\�RQH�XQLW�RI�RYHUKHDG��6LQFH� \d8��ZH�FDQ�HVWDEOLVK�WKDW�
�� �,�))'I ����df 888 85 8 ����� ¡ ���

7KLV�FRQFOXGHV�WKH�SURRI�RI�(UURU��5HIHUHQFH�VRXUFH�QRW�IRXQG������� ¡7KH�LPSURYHPHQW�RI�))'I�,�RYHU�1)I LV�VLJQLILFDQW�IRU�ORZ�YDOXHV�RI�ELQ�VL]H��8d �����ZKLFKDUH� WKH�PRVW� PHDQLQJIXO� YDOXHV� �VLQFH� WKH� SHUIRUPDQFH� UDWLR� LV� GHFUHDVLQJ� ZLWK� WKH� ELQ� VL]H��0RUHRYHU��))'I�,�LV�VXSHULRU�IRU�DQ\�YDOXH�RI�8��:H�PDNH�WKH�IROORZLQJ�UHPDUNV�L� )RU�8t ���� HTXDWLRQV� (UURU�� 5HIHUHQFH� VRXUFH� QRW� IRXQG� DQG� ��� HQDEOH� XV� WR� VHW� DWLJKWHU�ERXQG�RQ�WKH�SHUIRUPDQFH�UDWLR��WKDQ�ZKDW�LV�VWDWHG�LQ�WKH�WKHRUHP�LL� )RU�HDFK�RI� WKH�IROORZLQJ�YDOXHV��8�^������������������ ���� ��`�� LW� LV�SRVVLEOH� WR� ILQG�DQH[DPSOH�ZKHUH�WKH�UDWLR�LV� ��88 ��KHQFH �,�))'I �f  885 � >��@�LLL� :KHQ�8d ��� �,�))'I  f5 ��KRZHYHU ZKHQ�8�^���`� �,�))'I !f5 ��7KLV�LV�LQWHUHVWLQJ��VLQFH�IRUWKH�FODVVLFDO�SUREOHP�WKH�SHUIRUPDQFH�UDWLR�RI�))'�LV�� �))'  f5 �LY� :H�PD\�GHILQH�DOJRULWKP�%)'I�,�LQ�D�VLPLODU�ZD\�WR�))'I�,��RQO\�WKLV�DOJRULWKP�LV�EDVHGRQ�WKH�%HVW�)LW�'HFUHDVLQJ�KHXULVWLF��:H�FDQ�VKRZ�WKDW�WKH�%)' I�,�DOJRULWKP�KDV�WKH�VDPHSHUIRUPDQFH�UDWLR�DV�))'I�,� >��@�
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�� %LQ�3DFNLQJ�ZLWK�6L]H�3UHVHUYLQJ�)UDJPHQWDWLRQ
,Q�WKLV�VHFWLRQ�ZH�VWXG\�D�GLIIHUHQW�IUDJPHQWDWLRQ�FRVW�IXQFWLRQ�LQ�ZKLFK�IUDJPHQWLQJ�DQ�LWHPGRHV�QRW�LQFUHDVH�LWV�VL]H��,QVWHDG��ZH�DVVXPH�WKDW�SDFNLQJ�DQ�LWHP�LV�DVVRFLDWHG�ZLWK�D�FRVW�DQGIUDJPHQWDWLRQ�LQFUHDVHV�WKLV�FRVW��7KH�FRVW�RI�SDFNLQJ�DQ�LWHP��RU�IUDJPHQWLQJ�LW��GHSHQGV�RQ�WKHDSSOLFDWLRQ��$V�DQ�H[DPSOH��WDNH�WKH�VFKHGXOLQJ�SUREOHP�EXW�DVVXPH�WKDW�IUDJPHQWLQJ�D�GDWDJUDPGRHV�QRW�LQFUHDVH�LWV�VL]H��EHFDXVH�WKH�IRUPDW�RI�WKH�GDWDJUDP�DOUHDG\�LQFOXGHV�WKH�IUDJPHQWDWLRQILHOGV�� 2Q� WKH� RWKHU� KDQG� IUDJPHQWDWLRQ� UHTXLUHV� DGGLWLRQDO� UHVRXUFHV� IURP� WKH� V\VWHP� �&38�PHPRU\��DQG�WDNHV�ORQJHU�WR�SURFHVV��,Q�RWKHU�DSSOLFDWLRQV��VXFK�DV�LQ�VWRFN �FXWWLQJ�SUREOHPV��LWPD\�VLPSO\�FRVW�WR�IUDJPHQW�DQ�LWHP��FXW�D�SLHFH�RI�SLSH�IRU�H[DPSOH��RU�SXW�LW�EDFN�WRJHWKHU�� :HSURFHHG�WR�IRUPDOO\�GHILQH�WKH�SUREOHP�%LQ�3DFNLQJ�ZLWK�6L]H�3UHVHUYLQJ�)UDJPHQWDWLRQ��%3�63)���:H�DUH�JLYHQ�D�OLVW�RI�Q LWHPV/ �D��D������DQ���HDFK�ZLWK�D�VL]H�V�DL��^��������8`�DQG�D�FRVW F�DL��=�� 7KH�LWHPV�PXVW�EH�SDFNHGLQWR P LGHQWLFDO� ELQV�� RI� VL]H�8� ,W� LV� SRVVLEOH� WR� IUDJPHQW� DQ\� LWHP�� LQ�ZKLFK� FDVH� RQH� XQLW� LVDGGHG�WR�LWV�FRVW�EXW�GRHV�QRW�FKDQJH�LWV�VL]H��7KH�JRDO�LV�WR�PLQLPL]H�WKH�WRWDO�FRVW�'HQRWH�E\� V�/� DQG�F�/��WKH�WRWDO�VL]H�DQG�FRVW�RI�DOO� LWHPV�� UHVSHFWLYHO\��7R�HQVXUH�DOO� LWHPVFDQ�EH�SDFNHG��ZH�DVVXPH�V�/�dP8�3HUIRUPDQFH� 7KHUH� DUH� VHYHUDO� ZD\V� WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI� DQ� DOJRULWKP� IRU� WKHSUREOHP��:H�REVHUYH�WKDW�VLQFH�WKH�FRVW�RI�IUDJPHQWDWLRQ�LV�QRW�UHODWHG�WR�WKH�VL]H�RU�FRVW�RI�DQLWHP�� WKH� DGGLWLRQDO� FRVW� RI� DQ� DOJRULWKP� GHSHQGV� RQO\� RQ� WKH� QXPEHU� RI� IUDJPHQWDWLRQV� LWSHUIRUPV��:H�WKHUHIRUH�FKRVH�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�DQ�DOJRULWKP�E\�LWV� RYHUKHDG��)RU�DJLYHQ�OLVW�/ DQG�DOJRULWKP�$��OHW�F�$�/� EH�WKH�WRWDO�FRVW�RI�DOJRULWKP�$��OHW�F�237�/� GHQRWH�WKHRSWLPDO� �PLQLPDO�� FRVW� DQG�GHILQH� WKH�RYHUKHDG� RI� $ DV�� F�237�/�F�$�/��/�2+ $ �{ ��)RU� WKHFDVH�RI�237�/� P��ZH�GHILQH�WKH�ZRUVW�FDVH�RYHUKHDG�RI�DOJRULWKP�$� 2+P$ ��DV�P�`�237�/�O��/�ZLWK�K��IRU��DO�/�2+^K��2+ $P$  d{ LQI �����:H�ILUVW�VKRZ WKDW�WKH�FRPSOH[LW\�RI�%3�63)�LV�VLPLODU�WR�WKDW�RI�%3�6,)�&ODLP� %3�63)�LV�13�+DUG�LQ�WKH�VWURQJ�VHQVH�3URRI��7KH�SURRI� LV� VLPLODU� WR� WKDW�RI�%3�6,)��:H�GHILQH� WKH�GHFLVLRQ� YHUVLRQ�'�%3�63)�� DVIROORZV��JLYHQ�D�OLVW�RI�LWHPV�/��D�VL]H�V�D��=� DQG�D�FRW�F�D��=� IRU�HDFK�LWHP�D�/��D�SRVLWLYHLQWHJHU�ELQ�FDSDFLW\�8 DQG�WZR�SRVLWLYH�LQWHJHUV��. DQG�&�� LV� WKHUH�D�IHDVLEOH�SDFNLQJ�RI� / LQ�.ELQV�RI�VL]H�8 VXFK�WKDW�WKH�WRWDO�FRVW�LV�&"�$Q\�LQVWDQFH�, RI���3$57,7,21�FDQ�EH�SRO\QRPLDOO\WUDQVIRUPHG� LQWR� DQ� HTXLYDOHQW� LQVWDQFH� ,¶ RI� '�%3�63)�� E\� VHWWLQJ� 8 %� . P DQG� & F�/��ZKLFK�LPSOLHV�WKDW�IRU�DQ\�³\HV´�LQVWDQFH�DOO�Q LWHPV�DUH�SDFNHG�ZLWKRXW�IUDJPHQWDWLRQ����� ¡:H�FRQVLGHU�RQO\�DOJRULWKPV�WKDW�SUHYHQW�XQQHFHVVDU\�IUDJPHQWDWLRQ��VHH� 'HILQLWLRQ� ����6XFKDOJRULWKPV�KDYH�WKH�IROORZLQJ�SURSHUW\�



��

/HPPD��� )RU�DQ\�DOJRULWKP�$��WKDW�SUHYHQWV�XQQHFHVVDU\�IUDJPHQWDWLRQV�� ��d P2+P$ �3URRI�� 6LQFH� $ SUHYHQWV� XQQHFHVVDU\� IUDJPHQWDWLRQV� LW� PD\� SHUIRUP� DW� PRVW� P±�IUDJPHQWDWLRQV ZKHQ� SDFNLQJ� P ELQV�� 7KH� PD[LPXP� FRVW� RI� DOJRULWKP� $ LV� WKHUHIRUH���PF�/�F�$�/� ��� �� &OHDUO\� F�237�/�t F�/��� ZKLFK� PHDQV� WKDW� IRU� DQ\� OLVW� /���d P�/�2+ $ ���� ¡:H�QRZ�H[DPLQH�WKH�SHUIRUPDQFH�RI�WKH�1) I DQG�))'I DOJRULWKPV��GHILQHG�LQ�6HFWLRQV���� DQG�����UHVSHFWLYHO\���:H�VKRZ�WKDW�WKH�SHUIRUPDQFH�RI�WKH�1) I DOJRULWKP�LV�WKH�ZRUVW�SRVVLEOH�ZKLOH))'I SHUIRUPV�EHWWHU�7KHRUHP��� 7KH�RYHUKHDG�RI�DOJRULWKP�1)I IRU�HYHU\�Pt � LV � 8P2+P d�� ���I1) �3URRI��/HPPD�� SURYLGHV� DQ�XSSHU� ERXQG��:H�VKRZ� WKDW� WKLV� LV� DOVR� WKH� ORZHU�ERXQG��$V�DZRUVW� FDVH� H[DPSOH�FKRRVH� WKH� IROORZLQJ� OLVW�RI� LWHPV��RQH� LWHP�RI� VL]H� 8±� IROORZHG�E\�P±�LWHPV�RI�VL]H�8��7KH�RSWLPDO�SDFNLQJ�FDXVHV�QR�IUDJPHQWDWLRQV�E\�SDFNLQJ�HDFK�LWHP�LQ�D�ELQ��7KH1)I DOJRULWKP�IUDJPHQWV�DOO�WKH�LWHPV�RI�VL]H�8��7KH�WRWDO�RYHUKHDG�LV�WKHUHIRUH�P±���� ¡:H�QRZ� WXUQ� WR� WKH�))'I DOJRULWKP��:H�H[SHFW�))'I WR�SHUIRUP�EHWWHU� WKDQ�1)I DQG� WKLV� LVLQGHHG�WUXH�ZKHQ�WKH�ELQ�VL]H�8 LV�VPDOO��+RZHYHU��ZH�VKRZ�WKDW�LI�WKH�ELQ�VL]H�LV�QRW�ERXQGHG�WKH�ZRUVW�FDVH�RYHUKHDG�RI�))'I LV�WKH�PD[LPXP�SRVVLEOH��WKDW�LV��WKHUH�H[LVW�D�OLVW� / IRU�ZKLFK�IRU�DQ\�YDOXH�RI�P�� �))'I � � PF�237�/��/�F� �&ODLP��)RU�WKH�))'I DOJRULWKP� IRU�HYHU\�Pt � DQG 8P ����� � �I))' � P2+P �3URRI��:H�FKRRVH�D�ELQ�VL]H�VDWLVI\LQJ�� ��� �! P8 ��7KH�OLVW��/��LV�PDGH�RI�N UHSHWLWLRQV�RI�WKHIROORZLQJ�VHW��/¶ ^8������8������8������8������8��±���8��±�`��7ZR�ELQV�RI�VL]H�8 DUH�QHHGHGWR� SDFN� /¶�� WKHUHIRUH� P �N ELQV� DUH� QHHGHG� WR� SDFN� /�� 7KH� RSWLPDO� SDFNLQJ� FDXVH� QRIUDJPHQWDWLRQV�E\�SDFNLQJ�N ELQV�ZLWK�LWHPV�RI�VL]H�8������8���� DQG�8������WKH�RWKHU�N ELQV�DUHSDFNHG�ZLWK� LWHPV�RI�VL]H�8������8���� DQG�8������7KH�))'I DOJRULWKP�SDFNV�WKH�LWHPV�LQ� WKHIROORZLQJ�ZD\��7KH�ILUVW��N LWHPV�DUH�SDFNHG�ZLWKRXW�IUDJPHQWDWLRQV��7KH�IUHH�VSDFH�LQ�WKH�ILUVW� NELQV�LV�8��±���LQ�WKH�UHPDLQLQJ�N ELQV�WKH�IUHH�VSDFH�LV����6LQFH�WKH�IUHH�VSDFH�LQ�DOO�ELQV�LV�VPDOOHUWKDQ�WKH�VL]H�RI�WKH�LWHPV��WKH�LWHPV�DUH�IUDJPHQWHG��(DFK�LWHP�H[FHSW�WKH�ODVW�LV�IUDJPHQWHG�RYHUWZR�ELQV��:KHQ�SDFNLQJ�WKH�ODVW�LWHP��ELQV�%�����%N�� DUH�IXOO��ELQ�%N KDV�IUHH�VSDFH�RI�8���N�� DQGHDFK�ELQ�%N�������%�N KDV�IUHH�VSDFH�RI����$V�D�UHVXOW��WKH�ODVW�LWHP�LV�IUDJPHQWHG�RYHU�WKH�UHPDLQLQJIUHH�VSDFH��FDXVLQJ� N PRUH� IUDJPHQWDWLRQV��7KH� WRWDO�QXPEHU�RI� IUDJPHQWDWLRQV� LV� P±� DQG� WKHRYHUKHDG�LV�WKHUHIRUH� �I))' � P2+P ��� ¡7R�KROG� IRU�HYHU\�YDOXH�RI�P WKH�DERYH�FODLP� UHTXLUHV�DQ�XQERXQGHG�ELQ� VL]H�� 6LQFH�ZH�DUHPDLQO\� LQWHUHVWHG�LQ�DV\PSWRWLF�EHKDYLRU��L�H���8��P��WKLV�LV�FOHDUO\�QRW�D�SUDFWLFDO�DVVXPSWLRQ�)RU�WKH�PRUH�UHDVRQDEOH�FDVHV�ZKHUH P!8 ZH�KDYH�WKH�IROORZLQJ�SURSHUW\�RI�))'I�&ODLP��)RU�WKH�))'I��LI� 8P ! WKHQ�WKHUH�LV� �!1 IRU�ZKLFK � P1P2+P ���� ��I))' �
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