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7KH�(FRQRPLFV�RI�$LUSRUW�&RQJHVWLRQ�3ULFLQJ�

(ULF�3HOV (ULN�7��9HUKRHI)UHH�8QLYHUVLW\�$PVWHUGDP��'HSDUWPHQW�RI�6SDWLDO�(FRQRPLFV'H�%RHOHODDQ������������+9�$PVWHUGDP��7KH�1HWKHUODQGV(PDLO��DSHOV#IHZHE�YX�QO HYHUKRHI#IHZHE�YX�QOWHOHSKRQH���������������� ��������������ID[����������������

$EVWUDFW�&RQYHQWLRQDO�HFRQRPLF�ZLVGRP�VXJJHVWV�WKDW�FRQJHVWLRQ�SULFLQJ�ZRXOG�EH�DQ�DSSURSULDWH�UHVSRQVH�WR�FRSH�ZLWKWKH�JURZLQJ�FRQJHVWLRQ�OHYHOV�FXUUHQWO\�H[SHULHQFHG�DW�PDQ\�DLUSRUWV��6HYHUDO�FKDUDFWHULVWLFV�RI�DYLDWLRQ�PDUNHWV�KRZHYHU��PD\�PDNH�QDLYH�FRQJHVWLRQ�SULFHV�HTXDO�WR�WKH�YDOXH�RI�PDUJLQDO�WUDYHO�GHOD\V�D�QRQ�RSWLPDO�UHVSRQVH�7KLV�SDSHU�GHYHORSV�D�PRGHO�RI�DLUSRUW�SULFLQJ�WKDW�FDSWXUHV�D�QXPEHU�RI�WKHVH�IHDWXUHV��7KH�PRGHO�LQ�SDUWLFXODUUHIOHFWV� ���� WKDW� DLUOLQHV� W\SLFDOO\� KDYH�PDUNHW�SRZHU�DQG�DUH� HQJDJHG� LQ� ROLJRSROLVWLF� FRPSHWLWLRQ� DW� GLIIHUHQWVXE�PDUNHWV�� ���� WKDW� SDUW� RI� H[WHUQDO� WUDYHO� GHOD\V� WKDW� DLUFUDIW� LPSRVH� DUH� LQWHUQDO� WR� DQ� RSHUDWRU� DQG� KHQFHVKRXOG�QRW�EH�DFFRXQWHG�IRU� LQ�FRQJHVWLRQ� WROOV��DQG����� WKDW�GLIIHUHQW�DLUSRUWV� LQ�DQ� LQWHUQDWLRQDO� QHWZRUN�ZLOOW\SLFDOO\� QRW� EH� UHJXODWHG� E\� WKH� VDPH� DXWKRULW\�� :H� SUHVHQW� DQ� DQDO\WLFDO� WUHDWPHQW� IRU� D� VLPSOH� WZR�QRGHQHWZRUN� DQG� VRPH� QXPHULFDO� UHVXOWV� WR� LOOXVWUDWH� RXU� ILQGLQJV�� 6RPH� PDLQ� FRQFOXVLRQV� DUH� WKDW� VHFRQG�EHVWRSWLPDO� WROOV� DUH� W\SLFDOO\� ORZHU� WKDQ� ZKDW� ZRXOG� EH� VXJJHVWHG� E\� FRQJHVWLRQ� FRVWV� DORQH� DQG� PD\� HYHQ� EHQHJDWLYH�� DQG� WKDW� FRRSHUDWLRQ� EHWZHHQ� UHJXODWRUV� QHHG� QRW� EH� VWDEOH� EXW� WKDW� QRQ�FRRSHUDWLRQ� PD\� OHDG� WRZHOIDUH�ORVVHV�DOVR�ZKHQ�FRPSDUHG�WR�D�QR�WROOLQJ�VLWXDWLRQ�
.H\ZRUGV��FRQJHVWLRQ��PDUNHW�SRZHU��QHWZRUNV��DLUSRUWV��DLUOLQHV
� 7KH�DXWKRUV�WKDQN�-DQ�%UXHFNQHU�IRU�H[FHOOHQW�FRPPHQWV�RQ�DQ�HDUOLHU�GUDIW��$Q\�UHPDLQLQJ�HUURUV�RUVKRUWFRPLQJV�DUH�WKH�DXWKRUV¶�UHVSRQVLELOLW\�DORQH��7KLV�SDSHU�LV�DQ�RXWIORZ�RI�HDUOLHU�UHVHDUFK�FDUULHG�RXW�IRU�WKHUHVHDUFK�SURMHFW�0&�,&$0��IXQGHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ��*5'�������������6,�����������7KLVILQDQFLDO�VXSSRUW�LV�JUDWHIXOO\�DFNQRZOHGJHG�
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0DQ\� DLUSRUWV� IDFH� FDSDFLW\� SUREOHPV�� ,Q� WKH� 8�6��� ��� DLUSRUWV� DUH� FODVVLILHG� DV� ³VHYHUHO\FRQJHVWHG´�E\�WKH�)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ��'DQLHO�>��@���ZKLOH�DOVR�LQ�(XURSH�PDQ\DLUSRUWV� IDFH� FRQJHVWLRQ� SUREOHPV� �H�J�� /RQGRQ� +HDWKURZ�� )UDQNIXUW� DQG� $PVWHUGDP6FKLSKRO���7KLV� UDLVHV� WKH�HFRQRPLF� LVVXH�RI�KRZ�WR�DOORFDWH�VFDUFH� UXQZD\�FDSDFLW\�� ,Q� WKH8�6��� WKLV� LV� XVXDOO\� GRQH� RQ� D� ILUVW�FRPH� ILUVW�VHUYHG� SULQFLSOH��:KHQ� FDSDFLW\� LV� OLPLWHG�DUULYLQJ�DLUFUDIW� FRQVHTXHQWO\�FDXVH�GHOD\V� �DQG� WKXV� FRVWV�� IRU�RWKHU� DUULYLQJ� DLUFUDIW��2QO\IRXU�86�DLUSRUWV��:DVKLQJWRQ�5RQDOG�5HDJDQ��1HZ�<RUN�/D*XDUGLD��1HZ�<RUN�.HQQHG\�DQG&KLFDJR� 2¶+DUH�� DUH� VORW�FRQVWUDLQHG�� ZLWK� VORW� WUDGLQJ� EHWZHHQ� DLUOLQHV� DOORZHG� �VHH�H�J�6WDUNLH� >��@��� (XURSHDQ� DLUSRUWV� DUH� XVXDOO\� VORW�FRQVWUDLQHG�� VORWV� DUH� DOORFDWHG� E\� D� VORWFRRUGLQDWRU�� 7KH� VORW�DOORFDWLRQ� PHFKDQLVP� DW� PRVW� DLUSRUWV� LV� QRW� EDVHG� RQ� HFRQRPLFSULQFLSOHV�� 7KH� XVHUV� RI� FDSDFLW\� �DLUOLQHV�� PD\� SD\� OHVV� WKDQ� WKH� PDUJLQDO� VRFLDO� FRVW�FRQJHVWLRQ�FRVWV�DUH�QRW�SDLG��HQWU\�LV�GHWHUUHG���DQG�DUH�QRW�QHFHVVDULO\�WKH��SRWHQWLDO��XVHUVWKDW�DWWDFK�WKH�KLJKHVW�HFRQRPLF�YDOXH�WR�WKH�FDSDFLW\�/LNH� VORW� WUDGLQJ�� DOVR� DLUSRUW� FRQJHVWLRQ� SULFLQJ� DLPV� WR� DOORFDWH� VFDUFH� FDSDFLW\� WRWKRVH�SDUWLHV� WKDW�DWWDFK� WKH�KLJKHVW�HFRQRPLF�YDOXH� WR� LW��&RQJHVWLRQ�SULFLQJ� LQ� DYLDWLRQ� LV�KRZHYHU�� D� UHODWLYHO\� XQGHU�H[SORUHG� RSWLRQ� LQ� WKH� OLWHUDWXUH�� 0RVW� VWXGLHV� RI� FRQJHVWLRQSULFLQJ� LQ� WUDQVSRUW� QHWZRUNV� FRQFHUQ� URDG� WUDIILF�� DQG� WKHUHIRUH� FRQVLGHU� OLQN�EDVHG� WROOV�+RZHYHU��IRU�DYLDWLRQ�±�DQG�RWKHU�PRGHV�±�LW�PD\�RIWHQ�EH�QRGHV��UDWKHU�WKDQ�OLQNV�EHWZHHQWKHP�� WKDW� IRUP� WKH� ERWWOHQHFNV�� $� TXHVWLRQ� WKDW� QDWXUDOO\� DULVHV� LV� ZKHWKHU� LQVLJKWV� IURPVWXGLHV�RQ�OLQN�EDVHG�SULFLQJ�LQ�URDG�QHWZRUNV�DUH�GLUHFWO\�WUDQVIHUDEOH�WR�QRGH�EDVHG�SULFLQJ�HVSHFLDOO\� XQGHU� VHFRQG�EHVW� FLUFXPVWDQFHV� ZKHUH� PXOWLSOH� PDUNHW� GLVWRUWLRQV� H[LVWVLPXOWDQHRXVO\�� ,W� PD\� LQ� SDUWLFXODU� EH� H[SHFWHG� WKDW� WKH� QDWXUH� RI� VXFK� RWKHU� PDUNHWGLVWRUWLRQV�� DGGLWLRQDO� WR� FRQJHVWLRQ� H[WHUQDOLWLHV�� DUH� GLIIHUHQW� DW� QRGHV� WKDQ� DORQJ� OLQNV�*LYHQ� WKH� VXEVWDQWLDO� DQG� JURZLQJ� FRQJHVWLRQ� DW� PDMRU� DLUSRUWV� DQG� RWKHU� WUDQVSRUW� KXEVWKURXJKRXW�WKH�ZRUOG��LW�VHHPV�UHOHYDQW�WR�LQYHVWLJDWH�WKH�LPSOLFDWLRQV�IRU�FRQJHVWLRQ�SULFLQJ�$Q�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�FRQJHVWLRQ�RQ�URDGV�DQG�LQ�DYLDWLRQ�LV�WKDW�LQGLYLGXDOURDG�XVHUV�W\SLFDOO\�GR�QRW�KDYH�PDUNHW�SRZHU��DQG�FDQ�WKXV�EH�DVVXPHG�WR�WDNH�WUDYHO�WLPHVDV�JLYHQ��$LUSRUWV��LQ�FRQWUDVW��DQG�HVSHFLDOO\�WKH�PRUH�FRQJHVWHG�KXEV��ZLOO�RIWHQ�KDYH�VSDWLDOPRQRSROLVWLF� SRZHU�� ZKLOH� WKHLU� SULPDU\� XVHU�V��� DLUOLQHV�� ZLOO� RIWHQ� FRPSHWH� XQGHUROLJRSROLVWLF� FRQGLWLRQV�� 0RUHRYHU�� HVSHFLDOO\� ZKHQ� SRVLWLYH� QHWZRUN� H[WHUQDOLWLHV� �RU



�
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ZKHUH�D!��DQG�E!���D UHSUHVHQWV�WKH�PD[LPXP�UHVHUYDWLRQ�SULFH��E LV�WKH�GHPDQG�VHQVLWLYLW\SDUDPHWHU��DQG�TL LV�WKH�QXPEHU�RI�SDVVHQJHUV�WUDQVSRUWHG�E\�DLUOLQH�L��:H�FRQVLGHU�RQH�FLW\SDLU�RQO\��VHUYHG�E\�GLUHFW�IOLJKWV��DQG�WKH�XQLW�RI�DQDO\VLV�LV�UHWXUQ�WULSV�
$VVXPSWLRQ����$Q�DLUOLQH¶V�IUHTXHQF\��LQ�ERWK�GLUHFWLRQV��LV�

LLL TI O� ���
ZKHUH�OL LV� WKH� JLYHQ� SURGXFW� RI� WKH� ORDG� IDFWRU� DQG� WKH� VHDW� FDSDFLW\�� DQG� WKXV� JLYHV� WKHQXPEHU�RI�SDVVHQJHUV�SHU�IOLJKW��&RQJHVWLRQ�RFFXUV�DW�QRGHV�RQO\��L�H���QRW�RQ�OLQNV��³FDSDFLW\LQ�WKH�DLU´�RU�WKH�FDSDFLW\�RI�WKH�DLU�WUDIILF�FRQWURO�V\VWHP�LV�DEXQGDQW���7KH�DYHUDJH�WLPH�ORVVSHU�SDVVHQJHU�RU�SHU�IOLJKW�GXH�WR�FRQJHVWLRQ�DW�QRGH�K��IK��LV�DVVXPHG�WR�LQFUHDVH�OLQHDUO\�LQWKH�WRWDO�IUHTXHQF\�DW�WKDW�QRGH�¦¦     �

�
�
�

�
L LLKL LKK T��I�I ���

ZKHUH�KK LV�WKH�VORSH�RI�WKH�FRQJHVWLRQ�IXQFWLRQ��1RWH�WKDW�DUULYLQJ�DQG�GHSDUWLQJ�PRYHPHQWVQHHG� QRW� FRQWULEXWH� HTXDOO\� WR�� DQG� VXIIHU� HTXDOO\� IURP� FRQJHVWLRQ�� +RZHYHU�� DV� ZH� RQO\FRQVLGHU�UHWXUQ�PDUNHWV��ZH�GR�QRW�KDYH�WR�PDNH�WKLV�GLVWLQFWLRQ��DQG�IK JLYHV�WKH�VXP�RI�WLPHORVVHV�GXULQJ�GHSDUWXUH�DQG�DUULYDO�RQ�WKH�DLUSRUW�7KH� FRQJHVWLRQ� WHUP� �LQ� WLPH� XQLWV�� WR� EH� LQFOXGHG� LQ� WKH� SDVVHQJHUV¶� DQG� DLUOLQHV¶�JHQHUDOL]HG��FRVW�IXQFWLRQV�LV�WKHQ�¦  �
�K KL II ���

0XOWLSO\LQJ�WKLV� WHUP�E\�WKH�SDVVHQJHUV¶�YDOXH�RI� WLPH��YRWS��DQG� WKH�DLUOLQHV¶�YDOXH�RI� WLPH�YRWO��\LHOGV�WKH�PRQHWL]HG�FRQJHVWLRQ�GHOD\�FRVW�WR�SDVVHQJHUV�DQG�DLUOLQHV��UHVSHFWLYHO\��YRWOLV� DVVXPHG� HTXDO� EHWZHHQ� DLUOLQHV��� 7KH� SDVVHQJHUV¶� YDOXH� RI� WLPH� ZRXOG� W\SLFDOO\� SXUHO\



�
UHIOHFW� ORVW� WLPH��7KH�DLUOLQH¶V�YDOXH�RI� WLPH�PD\�DOVR� LQFOXGH�DGGLWLRQDO� UHVRXUFH�FRVWV��YRWOZRXOG�FDSWXUH�H[SHQGLWXUHV�RQ�IXHO��FUHZ�WLPH��HWF�
$VVXPSWLRQ����7KH�JHQHUDOL]HG�FRVWV�IRU�DQ�DLUOLQHV¶�VHUYLFH��DV�H[SHULHQFHG�E\�SDVVHQJHUV��LVFKDUDFWHUL]HG� E\� D� JHQHUDOL]HG� XVHU� FRVW� IXQFWLRQ�JL�SL�� YRWSuIL�� ZKHUH SL LV� WKH� IDUH�� 7KHJHQHUDOL]HG�XVHU�FRVW�IXQFWLRQ�LV�OLQHDUO\�DGGLWLYH�LQ�IRUP�

LSLL YRWSJ Iu� ���
$VVXPSWLRQ����7KH�DLUOLQH¶V�FRVW�SHU��UHWXUQ��SDVVHQJHU�� TLF ��DQG�SHU��UHWXUQ�� IOLJKW�� ILF ��DUHFRQVWDQW�� 7KH� FRQJHVWLRQ� WROO� DW� QRGH�K LV� GHQRWHG� WK DQG� LV� YDOLG� IRU� RQH� DUULYDO� DQG� RQHGHSDUWXUH��7RWDO�RSHUDWLQJ�FRVWV�IRU�DLUOLQH�L DUH�WKHQ�

�
� LLTLLOK KILL )TFYRWWFI ��¹̧·©̈§ ��¦ I ���

ZKLFK�PD\�EH�UHZULWWHQ�DV�� �
� LTLLOK KILLL )FYRWWF�T �»¼º«¬ª �¹̧·©̈§ ��u ¦ I ��¶�

ZKHUH�)L LV�DLUOLQH�L¶V�IL[HG�FRVW�
$VVXPSWLRQ����7KH�DLUOLQHV�DFW�DV�&RXUQRW�GXRSROLVWV��L�H� WKH\�FKRRVH�DQ�RSWLPDO�RXWSXW��DQGIUHTXHQF\�� WDNLQJ� WKH� RWKHU� DLUOLQH¶V� RXWSXW� DV� JLYHQ���$LUOLQHV� GR� QRW� EHOLHYH� WKDW� E\� WKHLUDFWLRQV�� WKH\� FDQ� DIIHFW� WKH� UHJXODWRU¶V� WROOV� �L�H� UHJXODWRUV� DQG� DLUOLQHV� DUH� SOD\LQJ� D6WDFNHOEHUJ�W\SH�JDPH��WKH�UHJXODWRUV�EHLQJ�WKH�OHDGHU���3DVVHQJHUV�DUH�SXUH�SULFH�WDNHUV��ZKRUHJDUG� WKH� DLUOLQHV� DV� SXUH� VXEVWLWXWHV�� VR� WKDW� QHWZRUN� HTXLOLEULXP� FRQGLWLRQV� FDQ� EHUHSUHVHQWHG�DV�D�:DUGURS�HTXLOLEULXP�ZLWK�UHVSHFW�WR�JHQHUDOL]HG�FRVWV�
$OWKRXJK� WKHVH� DVVXPSWLRQV�PD\� VHHP UHVWULFWLYH��PDQ\� RI� WKHVH� DUH� TXLWH� FRPPRQ� LQ� WKHDYLDWLRQ�HFRQRPLFV� OLWHUDWXUH��7KH� IXQFWLRQDO� IRUP�RI� WKH�FRVW� IXQFWLRQ�XVHG� LQ� WKLV�SDSHU� LVVLPLODU�WR�WKH�RQH�XVHG�E\�%UXHFNQHU�DQG�6SLOOHU�>�@���&RPELQHG�ZLWK�D�OLQHDU�GHPDQG�FXUYH�WKH�³%UXHFNQHU�6SLOOHU´�PRGHO�KDV�EHHQ�XVHG�UHJXODUO\�WR�DQDO\]H�DYLDWLRQ�QHWZRUNV��'HVSLWHWKH�FRQFHSWXDO�VLPSOLFLW\��UHFHQW�WUHQGV�LQ�WKH�DYLDWLRQ�PDUNHWV�FDQ�HDVLO\�EH�H[SODLQHG�XVLQJWKLV�PRGHO��VHH�H�J� %UXHFNQHU�>�@�IRU�DQ�DQDO\VLV�RI�DLUOLQH�DOOLDQFHV��DQG�3HOV�HW�DO� >��@�IRU
� %UXHFNQHU�DQG�6SLOOHU�>�@�GR�QRW�LQFOXGH�FRQJHVWLRQ�LQ�WKHLU�FRVW�IXQFWLRQ�



�
DQ�DQDO\VLV�RI�RSWLPDO�DLUOLQH�QHWZRUNV���,W�LV�QRW�WKH�REMHFWLYH�RI�WKLV�SDSHU�WR�FDOFXODWH�H[DFWWROOV�IRU�H[LVWLQJ�DLUSRUWV��IRU�ZKLFK�WKHVH�DVVXPSWLRQV�ZRXOG�FOHDUO\�EH�WRR�UHVWULFWLYH��7KLVSDSHU�DLPV�WR�GHYHORS�WKHRUHWLFDO�LQVLJKWV�LQWR�WKH�FRQVHTXHQFHV�RI�DLUSRUW�FRQJHVWLRQ�SULFLQJ�IRU�ZKLFK�WKHVH�DVVXPSWLRQV�VXIILFH�
� 7+(�6<00(75,&�'8232/<�(48,/,%5,80��$1$/<7,&$/�62/87,21:LWK�WKHVH�DVVXPSWLRQV��ZH�FDQ�QRZ�GHULYH�VRPH�DQDO\WLFDO�UHVXOWV��7KHUH�DUH�WKUHH�W\SHV�RISOD\HUV� LQ� WKH� PRGHO�� SDVVHQJHUV�� DLUOLQHV� DQG� UHJXODWRU\� DXWKRULWLHV�� HDFK� ZLWK� WKHLU� RZQPD[LPL]DWLRQ�SUREOHP��7KH�PRGHO�LV�VROYHG�LQ�WKUHH�VWHSV��)LUVW��D�SDVVHQJHU�GHPDQG�IXQFWLRQIRU�QHWZRUN�RSHUDWRU�L LV�GHWHUPLQHG��7KHQ��XVLQJ�WKLV�GHPDQG�IXQFWLRQ��WKH�DLUOLQH�SUREOHP�LVVSHFLILHG��DQG�WKH�DVVRFLDWHG�SURILW�PD[LPL]LQJ�RSWLPDOLW\�FRQGLWLRQV�DUH�GHULYHG��)LQDOO\��WKHUHJXODWRU¶V�SUREOHP�LV�VROYHG��DJDLQ�XVLQJ�WKH�SDVVHQJHU�GHPDQG�IXQFWLRQ��DQG�DOVR�XVLQJ�WKHRSHUDWRU�RSWLPDOLW\�FRQGLWLRQV�DV�UHVWULFWLRQV�7R�GHWHUPLQH�WKH�HTXLOLEULXP��ZH�IRFXV�LQ�WKLV�VHFWLRQ�RQ�D�VLPSOH�V\PPHWULF�QHWZRUN�ZLWK�WZR�LGHQWLFDO�DLUSRUWV�DQG�WZR�LGHQWLFDO�DLUOLQHV�RIIHULQJ�VHUYLFHV�LQ�RQH��GLUHFW��PDUNHWRQO\��$OWKRXJK� WKHVH� V\PPHWU\�DVVXPSWLRQV�DUH�QRW�QHFHVVDU\� WR�GHWHUPLQH� WKH�HTXLOLEULXPDQDO\WLFDOO\�� LW� JUHDWO\� UHGXFHV� WKH� QRWDWLRQ� DQG� HQKDQFHV� WUDQVSDUHQF\�� 7KH� DVVXPSWLRQ� RIV\PPHWULF�DLUOLQHV�LV�UHOD[HG�LQ�D�QXPHULFDO�H[HUFLVH�EHORZ�,Q�WKLV�QHWZRUN��RSWLPDO�FRQJHVWLRQ�WROOV�DUH�DVVXPHG�WR�EH�WKH�VDPH�IRU�ERWK�DLUSRUWV�WR� UHIOHFW� V\PPHWU\�� EXW� RQH� RI� WKH� WZR� WROOV� FRXOG� EH� VHW� HTXDO� WR� ]HUR� ZLWKRXW� ORVV� RIJHQHUDOLW\��0RUHRYHU��WKH�FRQJHVWLRQ�WROO�FDQQRW�EH�GLVWLQJXLVKHG�IURP�D�VXEVLG\�QHFHVVDU\�WRFRXQWHU� WKH� PDUNHW�SRZHU� HIIHFW�� +HQFH�� RQO\� D� VLQJOH� WROO� W DSSHDUV� LQ� WKH� DLUOLQH� FRVWIXQFWLRQV��%XW�EHFDXVH�ERWK�DLUSRUWV�FKDUJH�WKLV�WROO��WKH�DLUOLQH�SD\V�LW� WZLFH�IRU�HDFK�UHWXUQIOLJKW�� ,Q�PRUH� FRPSOLFDWHG� QHWZRUNV�� DLUOLQH�PDUNHW� VSHFLILF� VXEVLGLHV� DQG� DLUSRUW� VSHFLILFFRQJHVWLRQ�WROOV�ZLOO�W\SLFDOO\�EH�QHFHVVDU\�WR�DFKLHYH�RSWLPDO�ZHOIDUH�
7KH�SDVVHQJHU�RSWLPL]DWLRQ�SUREOHP7KH�PDUJLQDO�SDVVHQJHU¶V�PD[LPXP�ZLOOLQJQHVV�WR�SD\�IRU�DLUOLQH�L��LQFOXGLQJ�PRQHWL]HG�WLPHFRVWV�� LV� JLYHQ�E\� HTXDWLRQ� ���� ZKLOH� HDFK� SDVVHQJHU¶V� JHQHUDOL]HG� XVHU� FRVW� IRU� WKH� XVH� RIRSHUDWRU�L DUH�JLYHQ�E\�JL�M����GHILQHG�LQ�HTXDWLRQ������ ,QWUD�PDUJLQDO�SDVVHQJHUV¶�QHW�EHQHILWV
� 6HH�%UXHFNQHU�>�@�IRU�DGGLWLRQDO�UHIHUHQFHV�



�
DUH� GHWHUPLQHG� DFFRUGLQJ� WR� WKH� IDPLOLDU� 0DUVKDOOLDQ� VXUSOXV�� $FFRUGLQJ� WR�:DUGURS¶VHTXLOLEULXP�FRQGLWLRQV��PDUJLQDO�EHQHILWV�DUH�HTXDO�WR�WKH�JHQHUDOL]HG�FRVWV�LQ�HTXLOLEULXP��RUPDUJLQDO�QHW�EHQHILWV�DUH�]HUR��IRU�ERWK�DLUOLQHV��VR�WKDW'���� JL������ L LQ�HTXLOLEULXP��ZKLOHWKH�JHQHUDOL]HG�FRVWV�RI�DQ�XQXVHG�DLUOLQH�FRXOG�QRW�EH�ORZHU�WKDQ�'�����DQG�ZRXOG�W\SLFDOO\�EHKLJKHU�� %HFDXVH� RSHUDWRUV� LQFXU� FRVWV� IRU� D� VHUYLFH� DOVR� ZKHQ�TL�M �� �VHH� ������ DQ� XQXVHGDLUOLQH� ZLOO� KRZHYHU� QRW� VXUYLYH� LQ� RXU� PRGHO�� DQG� WKLV� SRVVLELOLW\� ZLOO� EH� GLVFDUGHG�� %\DVVXPSWLRQ�� GHPDQG� DQG� JHQHUDOL]HG� FRVW� IXQFWLRQV� DUH� OLQHDU�� VR� WKDW� WKH� HTXLOLEULXPFRQGLWLRQ�IRU�ERWK�DLUOLQHV�LQ�WKH�VLPSOH�QHWZRUN�LPSOLHV�WKH�IROORZLQJ�IDUHV�� �� � OKD OKD
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���� ���
7KH� WKLUG�5+6�WHUP� LV�PXOWLSOLHG� E\� �� EHFDXVH� FRQJHVWLRQ� LV� H[SHULHQFHG� DW� ERWK� DLUSRUWV�7KLV� RSHUDWRU� VSHFLILF� LQYHUVH� GHPDQG� FXUYH� LQFRUSRUDWHV� SDVVHQJHUV¶� RSWLPL]LQJ� EHKDYLRU�DQG� LV� XVHG� LQ� WKH� QH[W� VWHS� WR�PD[LPL]H� RSHUDWRU� SURILWV�� 1RWH� WKDW� WKH� DUJXPHQWV� RI� WKLVLQYHUVH�GHPDQG� IXQFWLRQ� LQFOXGH� WKH�TXDQWLWLHV�VROG�E\�FRPSHWLQJ�DLUOLQH�� DQG� WKDW� WKH� IDUHVPXVW�EH�HTXDO�LQ�DQ�LQWHULRU��V\PPHWULF��HTXLOLEULXP�
7KH�DLUOLQH�PD[LPL]DWLRQ�SUREOHP$V�VWDWHG�LQ�DVVXPSWLRQ����ZH�DVVXPH�&RXUQRW�EHKDYLRU�LQ�PRGHOLQJ�DLUOLQH�FRPSHWLWLRQ��7KLVLV�PRWLYDWHG� E\� HDUOLHU� �HPSLULFDO�� UHVHDUFK�� ,Q� D�&RXUQRW� ROLJRSRO\�� H[FHVV� SURILWV� FDQ� EHPDGH�ZKHQ�WKH�QXPEHU�RI�VXSSOLHUV�LV�ILQLWH��7KH�FXUUHQW�ILQDQFLDO�SUREOHPV�RI�PDQ\�DLUOLQHVGR�QRW�PHDQ�WKDW�&RXUQRW�ROLJRSRO\�PRGHOLQJ�ZRXOG�QRW�EH�DSSURSULDWH�IRU�WKLV�VHFWRU��+LJKIL[HG�FRVWV�PD\�FRQWULEXWH�WR�ILQDQFLDO�SUREOHPV��DOVR�XQGHU�&RXUQRW�FRPSHWLWLRQ�7KXV�� WKH� RSHUDWRUV� LQ� WKLV� PRGHO� PD[LPL]H� SURILWV� ZLWK� UHVSHFW�WR� TL�� WDNLQJ� WKHFRPSHWLWRUV�TXDQWLWLHV� DV�JLYHQ� �QRWH� WKDW� WKH� DVVXPSWLRQ� RI� D� IL[HG� SDVVHQJHU� ORDG� LPSOLHV
� :DUGURS¶V� ILUVW� SULQFLSOH� �:DUGURS� >��@�� LV� FRPPRQO\� XVHG� LQ� WKH� URDG� SULFLQJ� OLWHUDWXUH� WR� FKDUDFWHUL]HQHWZRUN� HTXLOLEULXP� FRQGLWLRQV�� ,Q� VKRUW�� LW� VWDWHV� WKDW� LQ� HTXLOLEULXP�� WKH� JHQHUDOL]HG� XVHU� FRVW� RI� DOO� XVHGDOWHUQDWLYHV��H�J���URXWHV��IRU�D�JLYHQ�PDUNHW��H�J���DV�GHILQHG�E\�RULJLQ�GHVWLQDWLRQ�SDLUV��PXVW�EH�HTXDOL]HG�ZKLOHQR�ORZHU�FRVW�DOWHUQDWLYHV�FDQ�EH�DYDLODEOH� �RWKHUZLVH�SHRSOH�ZRXOG�VZLWFK�DOWHUQDWLYHV���:LWK�HODVWLF�GHPDQG�WKH� UHVXOWLQJ� HTXLOLEULXP� DYHUDJH� JHQHUDOL]HG� XVHU� FRVW�PXVW� LQ� DGGLWLRQ� EH� HTXDO� WR� WKH�PDUJLQDO� EHQHILWV� RIWUDYHO��LI��IRU�LQVWDQFH��WKH�PDUJLQDO�EHQHILWV�ZRXOG�EH�KLJKHU��DGGLWLRQDO�SDVVHQJHUV�ZRXOG�HQWHU�WKH�QHWZRUN��� )RU�LQVWDQFH��LQ�DQ�HPSLULFDO�DQDO\VLV�RI�&KLFDJR�EDVHG�DLUOLQH�URXWHV�LQYROYLQJ�$PHULFDQ�$LUOLQHV�DQG�8QLWHG$LUOLQHV��2XP�HW�DO��>��@�FRQFOXGH�WKDW�³WKH�RYHUDOO�UHVXOWV�LQGLFDWH�WKDW�WKH�GXRSROLVWV¶�FRQGXFW�PD\�EH�GHVFULEHGDV� VRPHZKHUH� EHWZHHQ� %HUWUDQG� DQG� &RXUQRW� EHKDYLRU�� EXW� PXFK� FORVHU� WR� &RXUQRW�� LQ� WKH� PDMRULW\� RI� WKHVDPSOH�REVHUYDWLRQV´��%UDQGHU�DQG�=KDQJ�>�@��XVLQJ� VLPLODU�GDWD�� ILQG�³�VWURQJ�HYLGHQFH�«�DJDLQVW� WKH�KLJKO\FRPSHWLWLYH�%HUWUDQG�K\SRWKHVLV´��%UDQGHU�DQG�=KDQJ�>�@�ILQG�&RXUQRW�EHKDYLRU�SODXVLEOH�IRU�WKH�PDUNHWV�XQGHUFRQVLGHUDWLRQ��&KLFDJR�EDVHG�URXWHV�ZKHUH�$PHULFDQ�$LUOLQHV�DQG�8QLWHG�$LUOLQHV�WRJHWKHU�KDYH�D�PDUNHW�VKDUHH[FHHGLQJ�������%DVHG�RQ�WKHVH�REVHUYDWLRQV��ZH�DVVXPH�&RXUQRW�FRPSHWLWLRQ�



�
WKDW�PD[LPL]DWLRQ�ZLWK� UHVSHFW� WR� IUHTXHQFLHV� LQGHSHQGHQW� RI� SDVVHQJHU� QXPEHUV� LV� QHLWKHUSRVVLEOH�QRU�QHFHVVDU\���,Q�JHQHUDO��WKH�PD[LPL]DWLRQ�SUREOHP�IRU�RSHUDWRU�L �L �����LV�
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(DFK� DGGLWLRQDO� SDVVHQJHU� WUDQVSRUWHG� E\� DLUOLQH�L FDXVHV� D�PDUJLQDO� GLUHFW� FRQJHVWLRQ� FRVW
��� �YRWT OKL K IRU� ERWK� DLUOLQH� L DQG� DLUOLQH�±L�� ZKLFK� LV� WKH� LQFUHDVH� LQ� RSHUDWLQJ� FRVWV� IRURWKHU�SDVVHQJHUV�WUDQVSRUWHG��/LNHZLVH��D�PDUJLQDO�FRQJHVWLRQ�FRVW�RI� OK �� SKYRW LV�LPSRVHGRQ�WKH�SDVVHQJHUV�WUDQVSRUWHG�E\�ERWK�DLUOLQH�L DQG�DLUOLQH�±L��ZKLFK�FDQ�EH�VHHQ�DV�DQ�LQGLUHFWFRQJHVWLRQ� FRVW� IURP� DQ� DLUOLQH¶V� SHUVSHFWLYH�� LQ� WKH� VHQVH� WKDW� LW� UHGXFHV� WKH� SDVVHQJHUV¶ZLOOLQJQHVV� WR� SD\� IRU� D� WLFNHW�� )URP� WKH� ILUVW�RUGHU� FRQGLWLRQ� IRU� SURILW�PD[LPL]DWLRQ�� LW� LVDSSDUHQW� WKDW� DLUOLQH�L RQO\� LQWHUQDOL]HV� WKH� FRQJHVWLRQ� LQFXUUHG� E\� LWVHOI� DQG� LWV� SDVVHQJHUV�WKH�ODVW�/+6�WHUP�DQG�WKH�IRXUWK�/+6�WHUP�UHVSHFWLYHO\���%HFDXVH�WKH�DLUOLQHV�KDYH�WKH�VDPHRXWSXWV� LQ� WKH� V\PPHWULF� HTXLOLEULXP�� LW� IROORZV� WKDW� WKH� DLUOLQHV� LQWHUQDOL]H� KDOI� RI� WKHFRQJHVWLRQ�WKH\�FDXVH��WKH�VDPH�UHVXOW�LV�REWDLQHG�E\�%UXHFNQHU�>�@���6ROYLQJ�WKH�ILUVW�RUGHUFRQGLWLRQV�\LHOGV�WKH�IROORZLQJ�HTXLOLEULXP�RXWSXWV�> @� �OS

TI YRWYRW FFWTT �� ���  OKEO ODOO � ��� ��� ����
ZKLFK�DUH�SRVLWLYH�ZKHQ

TIO FFW ODO ��! � ����7KH�ODWWHU�FRQGLWLRQ�VLPSO\�VWDWHV�WKDW�RXWSXWV�DUH�SRVLWLYH�ZKHQ�WKH�KLJKHVW�UHVHUYDWLRQ�SULFH�D��PXOWLSOLHG�E\�WKH�ORDG��H[FHHGV�WKH�DYHUDJH�FRVW�RI�WKH�VHUYLFH�)URP� WKH� ILUVW�RUGHU� FRQGLWLRQ� DQG� WKH� JHQHUDOL]HG� FRVW� IXQFWLRQ�� ZH� FDQ� GHULYH� WKHHTXLOLEULXP�IDUH�
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�������� ���  �¸̧¹·¨̈©§ ���»¼º«¬ª �¹̧·©̈§ ��� L����� �YRW� �YRWTFTT�YRWWF�S KOKSLTKOILL EO ����

7KH� ILUVW� 5+6�WHUP� �LQ� VTXDUH� EUDFNHWV�� LV� WKH� DLUOLQH¶V� RSHUDWLQJ� FRVW� SHU� SDVVHQJHU�� 7KHVHFRQG�5+6�WHUP�LV�D�PDUN�XS�FRQVLVWLQJ�RI�WZR�WHUPV���L�� � �� ��YRWYRW�T OSKL �K� UHIOHFWVWKH� ILUP�LQWHUQDO� GLUHFW� DQG� LQGLUHFW� FRQJHVWLRQ� FRVWV� DQG� �LL� TLE UHIOHFWV� D� PDUNHW� SRZHUHIIHFW�� ZKLFK� DV� H[SHFWHG� LQFUHDVHV� ZKHQ� GHPDQG� EHFRPHV� OHVV� HODVWLF� �HYDOXDWHG� LQ� WKHHTXLOLEULXP��� 7KH� LQWHUQDOL]DWLRQ� RI� FRQJHVWLRQ� H[WHUQDOLWLHV� DV� VXFK� LV� FRQVLVWHQW� ZLWKHIILFLHQW� SULFH� VHWWLQJ�� DOWKRXJK� WKH� QHJOHFW� RI� WKRVH� LPSRVHG� RQ� WKH� RWKHU� DLUOLQH� DQG� LWVSDVVHQJHUV�LV�QRW��7KH�PDUNHW�SRZHU�HIIHFW�LV�QRW�FRQVLVWHQW�ZLWK�HIILFLHQW�SULFLQJ�,W� IROORZV� IURP� ����� WKDW� WKH� HTXLOLEULXP�YDOXH� IRU�TL LV� D� IXQFWLRQ�RI� WKH� WROO�W��7KHRSWLPDO�WROO�LV�GHWHUPLQHG�E\�WKH�UHJXODWRU��DQG�LV�GHULYHG�LQ�WKH�QH[W�VXEVHFWLRQ�
7KH�UHJXODWRU¶V�PD[LPL]DWLRQ�SUREOHP
)URP�WKH�DQDO\VLV�LQ�WKH�SUHFHGLQJ�VXEVHFWLRQ��LW�LV�FOHDU�WKDW�WKHUH�DUH�SRWHQWLDO�GLVWRUWLRQV�LQHTXLOLEULXP� SULFH� VHWWLQJ� GXH� WR� QRQ�LQWHUQDOL]HG� FRQJHVWLRQ� H[WHUQDOLWLHV�� DQG� GXRSROLVWLFSULFLQJ��,Q�WKLV�VHFWLRQ��ZH�FRQVLGHU�VWUDWHJLHV�IRU�D�UHJXODWRU�WR�GHDO�ZLWK�WKHVH�LQHIILFLHQFLHV�,Q� WHUPV� RI� REMHFWLYHV��ZH� FRQVLGHU�ZHOIDUH�PD[LPL]LQJ� UHJXODWLRQ�� 6LQFH� WKHUH� LV� DPDUNHW�SRZHU� HIIHFW�� ZKLFK� UHTXLUHV� D� VXEVLG\� ZKHQ� FRQVLGHUHG� LQ� LVRODWLRQ�� WKH� UHVXOWLQJRSWLPDO� WROO� PD\� YHU\� ZHOO� EH� QHJDWLYH�� %HFDXVH� ERWK� DLUOLQHV� KDYH� WKH� VDPH� RSHUDWLQJFKDUDFWHULVWLFV��DQG�GHPDQG�LV�VKDUHG�HYHQO\�EHWZHHQ�WKH�FDUULHUV��D�UHJXODWRU�ZLOO�VHW�RQO\�RQHWROO��WKLV�WROO�LV�SDLG�E\�ERWK�DLUOLQHV�IRU�WKH�XVH�RI�ERWK�DLUSRUWV��,Q�DQ�DV\PPHWULF�HTXLOLEULXP�GLIIHUHQWLDWHG� WROOV� WK�L ZRXOG� W\SLFDOO\� EH� QHFHVVDU\�� 7KH� VDPH� DSSOLHV� IRU� QRQ�FRRSHUDWLQJUHJXODWRUV��DV�LQ�6HFWLRQ����7KH�JOREDO�UHJXODWRU�PD[LPL]HV�VXUSOXV�IRU�WKH�HQWLUH�QHWZRUN��WKH�UHJXODWRU�FRQVLGHUVFRQVXPHU�VXUSOXV�DQG�SURILWV�RI�ERWK�RSHUDWRUV��,W�VHWV�D�FRPPRQ�WROO�W IRU�ERWK�QRGHV�K LQ�WKHV\VWHP��7KH�UHJXODWRU¶V�PD[LPL]DWLRQ�SUREOHP�LV�
� � � � � � � � »¼º«¬ª �¹̧·©̈§ ��������
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7KH� ILUVW�5+6�WHUP� UHSUHVHQWV� WRWDO� EHQHILWV� �DV� LQWHJUDO� RI� WKH�0DUVKDOOLDQ� LQYHUVH�GHPDQGIXQFWLRQ���7KH�VHFRQG�5+6�WHUP�UHSUHVHQWV�WRWDO�JHQHUDOL]HG�FRVWV��H[FOXGLQJ�WKH�DLUOLQH�IDUHV�



��
ZKLFK� FDQFHO� RXW� DJDLQVW� WKH� DLUOLQH� UHYHQXHV��� 7KH� WKLUG� 5+6�WHUP� UHSUHVHQWV� DLUOLQHRSHUDWLQJ�FRVWV��H[FOXGLQJ�WKH�H[SHQGLWXUHV�RQ�WROOV��ZKLFK�FDQFHO�RXW�DJDLQVW�WROO�UHYHQXHV��7KH�WKUHH�WHUPV�WRJHWKHU�WKXV�JLYH�VRFLDO�VXUSOXV�&RPSDULQJ� WKH� ILUVW�RUGHU� FRQGLWLRQV� IRU� ZHOIDUH� PD[LPL]DWLRQ� DQG� SURILWPD[LPL]DWLRQ�\LHOGV�

OEOOKSY WTYRWYRWTTT LOSKLL
*

L
* �� ��¹̧·©̈§ �� ww�ww � ����

ZKHUH�WKH�ILUVW�5+6�WHUP�LV�WKH�FRQJHVWLRQ�WKDW�LV�QRW�LQWHUQDOL]HG�E\�FDUULHU�L DQG�WKH�VHFRQG5+6�WHUP� LV� WKH�PDUNHW� SRZHU� HIIHFW�� 7KH� WKLUG� 5+6�WHUP� LV� WKH� WROO� SHU� SDVVHQJHU� �IRU� DUHWXUQ� IOLJKW���7R�FDOFXODWH� WKH�ZHOIDUH�RSWLPL]LQJ� WROO�� LW� LV�QHFHVVDU\� WKDW� ����� HTXDOV� ]HUR�6ROYLQJ�WKLV�HTXDWLRQ�IRU�W \LHOGV��WKH�VXSHUVFULSW�Z LQGLFDWHV�D�ZHOIDUH�PD[LPL]LQJ�WROO��
»¼º«¬ª �¹̧·©̈§ � � EOOKO LOSKLZ TYRWYRWTW �� ����

,Q�WKH�V\PPHWULF�HTXLOLEULXP��T�L TL��VR�WKDW�WKH�ILUVW�EHVW�ZHOIDUH�PD[LPL]LQJ�WROO�LV�QHJDWLYHZKHQ�WKH�FRQJHVWLRQ�HIIHFW� � �� ��YRWYRW�T OSKL �K� LV�VPDOOHU�WKDQ�WKH�PDUNHW�SRZHU�HIIHFWTLE� 6XEVWLWXWLQJ�WKH�WROO�UXOH������LQWR�WKH�RSWLPDO�RXWSXW�������DQG�WDNLQJ�LQWR�DFFRXQW�WKDWTL T�L LQ�WKH�V\PPHWULF�HTXLOLEULXP��\LHOGV�WKH�RSWLPDO�TXDQWLW\�SHU�DLUOLQH��WKH�VXSHUVFULSW�ZDJDLQ�LQGLFDWHV�D�ZHOIDUH�PD[LPL]LQJ�TXDQWLW\��� �� �OS
TIZ YRWYRW FFT �� �� OKEO ODOO �� � ����

7KLV�RSWLPDO�RXWSXW�LPSOLHV�WKH�IROORZLQJ�FORVHG�IRUP�RSWLPDO�WROO�OHYHO�� � � �> @� �OS
OSKTIZ YRWYRW YRWYRWFFW �� ���� OKEO EOOKODO ��� ��

� ����
ZKLFK��DJDLQ��LV�QHJDWLYH�ZKHQ�WKH�PDUNHW�SRZHU�HIIHFW�H[FHHGV�WKH�FRQJHVWLRQ�HIIHFW�%HFDXVH� QHJDWLYH� WROOV� �VXEVLGLHV�� PD\� QRW� EH� SROLWLFDOO\� YLDEOH� LQ� SUDFWLFH�� WKHUHJXODWRU�PD\�LPSRVH�D�QRQ�QHJDWLYLW\�FRQVWUDLQW��$V�ORQJ�DV�WKH�PDUNHW�SRZHU�HIIHFW�H[FHHGVWKH�FRQJHVWLRQ�HIIHFW��WKH�UHVXOWLQJ�WROO�ZLOO�HTXDO�]HUR��7KH�FRUUHVSRQGLQJ�RXWSXWV�DUH�JLYHQ�LQ������ZLWK�W ���%UXHFNQHU�>�@�SURSRVHV�DQRWKHU�WROO�UXOH��ZKLFK�ZH�ZLOO�FDOO�WKH�µSXUH�FRQJHVWLRQ�WROO¶WF��:LWK�WKLV�WROO��WKH�DLUOLQHV�DUH�FKDUJHG�IRU�WKH�FRQJHVWLRQ�WKDW�LV�QRW�LQWHUQDOL]HG�
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¹̧·©̈§ � � OK OSKLF YRWYRWTW ����
ZKLFK� LV� QHFHVVDULO\� SRVLWLYH� ZKHQ�T!�� �L�H� ZKHQ� ����� KROGV��� 6XEVWLWXWLQJ� ����� LQWR� ����\LHOGV� � �� �OS

TIF YRWYRW FFT �� �� OKEO ODOO �� � ����� � � �� �OS
OSTIF YRWYRW YRWYRWFFW �� ��� OKEO OKODO �� � ����

:KHQ� ZH� FRPSDUH� WKH� ZHOIDUH� RSWLPL]LQJ� RXWSXW� LQ� ����� ZLWK� WKH� µFRQJHVWLRQ� RSWLPL]LQJRXWSXW¶� LQ� ������ZH�VHH� WKDW� WKH� ODWWHU�QHYHU�H[FHHGV� WKH�IRUPHU� �EHFDXVH� WKH�GHQRPLQDWRU� LVODUJHU���&RQJHVWLRQ��ZKHQ�FRQVLGHUHG�LQ�LVRODWLRQ��UHTXLUHV�D�SRVLWLYH�WROO�WR�LQGXFH�D�UHGXFWLRQLQ�WKH�RXWSXWV��WKLV�WROO�LV�JLYHQ�LQ�HTXDWLRQ�������2QO\�ZKHQ�GHPDQG�LV�SHUIHFWO\�HODVWLF��E ���WKH�PDUNHW�SRZHU�HIIHFW�YDQLVKHV�DQG� WKH� WROO� LQ� �����EHFRPHV�RYHUDOO�RSWLPDO� DQG�HTXDO� WRWKDW� LQ� ������ DQG� DOVR� ����� DQG� �����EHFRPH� HTXDO� �L�H��� WF WZ���7KH� RXWSXWV� LQ� ����� DUH� DOVRDGMXVWHG�DFFRUGLQJO\��L�H� DUH�VHW�DW�WKH�ZHOIDUH�PD[LPL]LQJ�OHYHO���ZKLFK�FDQ�EH�YHULILHG�IURPWKH�UHVXOWLQJ�HTXDOLW\�RI������DQG������:KHQ� WKH�PDUNHW�SRZHU�HIIHFW� H[FHHGV� WKH�FRQJHVWLRQ�HIIHFW�� D� VXEVLG\� LV�QHFHVVDU\ZKHQ�ZHOIDUH�LV�WR�EH�PD[LPL]HG��VR�WKDW�WKH�DLUOLQHV�ZLOO�LQFUHDVH�WKHLU�RXWSXWV�WR�WKH�ZHOIDUHRSWLPL]LQJ�OHYHO��:KHQ�WKLV�PDUNHW�SRZHU�HIIHFW�LV�LJQRUHG�DQG�D�SRVLWLYH�FRQJHVWLRQ�WROO�WF LVLPSOHPHQWHG��WF!����RXWSXWV�ZLOO�EH�GHFUHDVHG�UDWKHU�WKDQ�LQFUHDVHG��DQG�ZHOIDUH�ZLOO�UHGXFH�7KH�WROO�WF FHUWDLQO\�EHFRPHV�ZHOIDUH�UHGXFLQJ�ZKHQ�WZ LV�QHJDWLYH��7KLV�DOVR�GHILQHV�WKH�SRLQWZKHUH�D�]HUR�WROO�ZRXOG�EH�WKH�RSWLPDO�FKRLFH�ZKHQ�±�IRU�SROLWLFDO�UHDVRQV�±�LW�LV�GHFLGHG�WKDWVXEVLGL]DWLRQ�RI�DLUOLQHV�LV�QRW�ZDUUDQWHG��DQG�WZ ZRXOG�EH�FRQVWUDLQHG�WR�EH�QRQ�QHJDWLYH�7KH� FORVHG�IRUP� ZHOIDUH� OHYHOV� IRU� WKH� WKUHH� WROO� OHYHOV� RI� LQWHUHVW� �ZHOIDUHPD[LPL]LQJ��FRQJHVWLRQ� WROOLQJ�DQG�QR� WROO�� DUH�SUHVHQWHG� LQ�7DEOH���� WKHVH� DUH�REWDLQHG�E\VXEVWLWXWLQJ�WKH�DVVRFLDWHG�HTXLOLEULXP�RXWSXWV�LQWR�WKH�ZHOIDUH�IXQFWLRQ�
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WROO�UHJLPH :HOIDUH�OHYHOW WZ � �� �OS
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OSTIF YRWYRW YRWYRWFF �� ���� OKEO OKEODOOZ
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OSTI

YRWYRW YRWYRWFF �� ���� OKEO OKEODOOZ
7DEOH����&ORVHG�IRUP�ZHOIDUH�OHYHOV�IRU�GLIIHUHQW�WROO�UHJLPHV
,W� LV� VWUDLJKWIRUZDUG� WKDW� FZ ZZ t DQG� �ZZ tZ �� WKLV� IROORZV� IURP� WKH� GHILQLWLRQ� RI� WKHRSWLPL]DWLRQ� SUREOHP�� 7KHVH� LQHTXDOLWLHV� FDQ� EH� VKRZQ� WR� KROG� IRU� DQ\� SDUDPHWHUFRQVWHOODWLRQ��0RUH�LQWHUHVWLQJ�LV�WKH�FRPSDULVRQ�RI� FZ DQG� �Z ��6XEWUDFWLQJ�WKH�WZR�ZHOIDUHOHYHOV�\LHOGV��VWLOO�LQ�FORVHG�IRUP��� � � �� �> @ � �> @����
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ZKHUH � � > @NSNSSN YRWYRWYRWYRWYRWYRW OOKEOKOOE ���� ������� ������ < ����
,W�LV�FOHDU�WKDW� �� !�ZZ F ZKHQ�\!���%HFDXVH�\ LV�D�TXDGUDWLF�IXQFWLRQ�RI�E ZLWK�D�QHJDWLYHFRHIILFLHQW�IRU�WKH�VTXDUHG�WHUP��\!��IRU�DQ\�YDOXH�RI�E EHWZHHQ�WKH�WZR�URRWV�RI�\��6ROYLQJ\ ��IRU�E \LHOGV�WKH�IROORZLQJ�WZR�URRWV�� � � �
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,W� IROORZV� WKDW� �� t�ZZ F IRU� E � � � � �@�����������> �� OOKOOK OSOS YRWYRWYRWYRW ��� �� ZKHUH� WKH
ORZHU�ERXQG�LV�HFRQRPLFDOO\�LUUHOHYDQW��EHFDXVH�LW�LPSOLHV�WKDW�E���DQG�KHQFH�WKH�VORSH�RI�WKH
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LQYHUVH�GHPDQG� IXQFWLRQ�ZRXOG�EH�SRVLWLYH���:KHQ�E LV� ODUJHU� WKDQ� WKH�XSSHU�ERXQG�RI� WKLVLQWHUYDO��WKH�FRQJHVWLRQ�WROO�OHDGV�WR�D�ZHOIDUH�GHJUDGDWLRQ�FRPSDUHG�WR�QR�WROO�VFHQDULR�)URP�HTXDWLRQ������ZH�NQRZ�WKDW� WKH�PDUNHW�SRZHU�HIIHFW�GRPLQDWHV� WKH�FRQJHVWLRQHIIHFW� ZKHQ� � � ��� OOKE OSK YRWYRW �! �� :H� ZLOO� GHQRWH� WKLV� FRPSDFWO\� DV� E!��� ZLWK� E
GHILQHG�DV� � �� � ��� ��� OOKE OSK YRWYRW ��:KHQ� WKLV� LV� WKH�FDVH�� WKH�ZHOIDUH�PD[LPL]LQJ� WROO� LVQHJDWLYH��:KHQ� WKH� LQHTXDOLW\� LV� UHYHUVHG� �E����� WKH� FRQJHVWLRQ� HIIHFW� GRPLQDWHV� DQG� WKHZHOIDUH�PD[LPL]LQJ�WROO�LV�SRVLWLYH��)RU�DQ\�E EHWZHHQ�������DQG����WKH�ZHOIDUH�PD[LPL]LQJWROO� LV� SRVLWLYH�� ZKLOH� WKH� SXUH� FRQJHVWLRQ� WROO� �GHVSLWH� LWV� FRUUHFW� VLJQ�� DOUHDG\� OHDGV� WR� DZHOIDUH�ORVV��7KLV�UHIOHFWV� WKDW� WKH�ZHOIDUH�PD[LPL]LQJ�WROO�JHWV� UHODWLYHO\�FORVH� WR�]HUR��DQGUHODWLYHO\�IDU�EHORZ�WKH�SXUH�FRQJHVWLRQ�WROO�)LJXUH� �� VXPPDUL]HV� WKHVH� ILQGLQJV�� 7KH� OLQH� MXVW� DERYH�E VKRZV� WKH� VLJQ� RI� WKHZHOIDUH�PD[LPL]LQJ�WROO�WZ��DQG�WKH�XSSHU�OLQH�WKDW�RI�ZF�Z��

)LJXUH����2SWLPDOLW\�RI�WKH�SXUH�FRQJHVWLRQ�WROO
,Q� VXPPDU\�� D� ZHOIDUH� PD[LPL]LQJ� UHJXODWRU� VKRXOG� VHW� D� WROO� WKDW� FDSWXUHV� ERWK� �ILUP�H[WHUQDO��FRQJHVWLRQ�H[WHUQDOLWLHV�DQG�WKH�PDUNHW�SRZHU�HIIHFW��7KLV�WROO�FDQ�EH�QHJDWLYH��,I�DQHJDWLYH�WROO�LV�QRW�IHDVLEOH��WKHQ�WKH�UHJXODWRU�VKRXOG�VHW�D�]HUR�WROO�ZKHQ�WKH�PDUNHW�SRZHUHIIHFW�GRPLQDWHV�WKH�FRQJHVWLRQ�HIIHFW��E!��LQ�WKH�V\PPHWULF�FDVH�� 7KH�SXUH�FRQJHVWLRQ�WROOWF FRLQFLGHV�ZLWK�WKH�RSWLPDO�WROO�RQO\�LI�WKH�PDUNHW�SRZHU�HIIHFW�YDQLVKHV��E ���
� 180(5,&$/�(;$03/(67KLV�VHFWLRQ�ZLOO�SUHVHQW�VRPH�QXPHULFDO�UHVXOWV� WKDW�IXUWKHU� LOOXVWUDWH� WKH�FRPSDUDWLYH�VWDWLFSURSHUWLHV� RI� RXU� PRGHO�� :H� ZLOO� EHJLQ� ZLWK� D� V\PPHWULF� FDVH�� DQG� WKHQ� PRYH� RQ� WR� DQDV\PPHWULF�VHW�XS�

������ ��E
SRVLWLYH QHJDWLYHZF�Z� QHJDWLYH
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SRVLWLYH
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��� 6\PPHWULF�FDVH7DEOH���VKRZV�WKH�SDUDPHWUL]DWLRQ�IRU�WKH�V\PPHWULF�FDVH��$V�VWDWHG��LW�LV�QRW�WKH�SXUSRVH�RIWKLV�SDSHU� WR�DFFXUDWHO\�GHVFULEH�D�UHDO�OLIH�DYLDWLRQ�QHWZRUN��7KH�SDUDPHWHUV� WKHUHIRUH�QHHGQRW�FRUUHVSRQG�WR�UHDO�OLIH�YDOXHV��+RZHYHU��ZH�ZLOO�FDOFXODWH�WKH�HTXLOLEULXP�SULFH�HODVWLFLW\RI� GHPDQG� DQG� FRPSDUH� WKLV� WR� HVWLPDWHV� IURP� WKH� OLWHUDWXUH�� DQG� ZLOO� FKHFN� WKH� UDWLR� RISDVVHQJHUV¶� FRQJHVWLRQ� FRVWV� WR� JHQHUDOL]HG� FRVWV�� DQG� DLUOLQHV¶� FRQJHVWLRQ� FRVWV� WR� WRWDORSHUDWLQJ�FRVWV��WR�FRQILUP�WKH�SODXVLELOLW\�RI�WKH�SDUDPHWUL]DWLRQ�
'HPDQG�FKDUDFWHULVWLFV $LUOLQH�FKDUDFWHULVWLFV 1RGH�FKDUDFWHULVWLFVD ���� YRWS �� IF ������ O ��� K ���E � TF ��� YRWO ���

7DEOH����3DUDPHWHU�YDOXHV�IRU�WKH�V\PPHWULF�QXPHULFDO�PRGHO
7DEOH� �� JLYHV� WKH� QR�WROO� HTXLOLEULXP�� 7KH� FDOFXODWHG� SULFH� HODVWLFLW\� LQ� HTXLOLEULXP� RI±�����URXJKO\�FRUUHVSRQGV�WR�WKH�YDOXH�RI�±������UHSRUWHG�E\�%URQV�HW�DO� >�@��WKH�YDULDEOH�HZLOO� EH�XVHG� WR� LQGLFDWH� WKH� DEVROXWH�YDOXH�RI�GHPDQG�HODVWLFLW\�ZLWK� UHVSHFW� WR� JHQHUDOL]HGFRVWV���7KH�ODWWHU�ILJXUH�LV�WKH�RYHUDOO�PHDQ�RI�����HVWLPDWHV�IURP�WKH�OLWHUDWXUH��7KLV�VXJJHVWVWKDW�ZH�RSHUDWH�RQ�D� UHOHYDQW�VHJPHQW�RI� WKH�GHPDQG�FXUYH��3DVVHQJHU�FRQJHVWLRQ�FRVWV�DUHVRPH�����RI�WKHLU�JHQHUDOL]HG�FRVWV��ZKLOH�IRU�WKH�DLUOLQHV��FRQJHVWLRQ�FRVWV�DPRXQW�WR�VRPH���RI�WKHLU�WRWDO�RSHUDWLQJ�FRVWV��$OVR�WKHVH�ILJXUHV�DSSHDU�UHDVRQDEOH��7KH�KLJKHU�ILJXUH�IRUSDVVHQJHUV�ZRXOG�UHIOHFW�WKDW�WKH\�LQFXU�FRQJHVWLRQ�FRVWV�LQ�WKH�WHUPLQDO��LQ�DGGLWLRQ�WR�WKRVHLQ�WKH�DLU�

JHQHUDOL]HG�FRVWV ZHOIDUH�HIIHFWVT IDUH FRQJHVWLRQ H FRQVXPHU�VXUSOXV SURILWV ZHOIDUHDLUOLQH�� ���� ���� ��� ���� �������� �������� ��������DLUOLQH�� ���� ���� ��� ���� �������� �������� ��������WRWDO ���� �������� �������� ��������7DEOH����(TXLOLEULXP�RXWSXWV�DQG�ZHOIDUH��QR�WROO
7DEOH� �� JLYHV� WKH� HTXLOLEULXP� IRU� WKH� �ILUVW�EHVW�� ZHOIDUH� PD[LPL]LQJ� WROO� WZ�� 7KH� WROO� LVQHJDWLYH��DQG�TXLWH� ODUJH�LQ�DEVROXWH�YDOXH��FRPSDUHG�WR��IRU� LQVWDQFH�� WKH�PDUJLQDO�FRVW�SHUIOLJKW��� 7KH� QHJDWLYH� VLJQ� UHIOHFWV� WKDW� WKH� PDUNHW� SRZHU� HIIHFW� LQ� WKH� QR�WROO� HTXLOLEULXPH[FHHGV�WKH�FRQJHVWLRQ�HIIHFW��%HFDXVH�WKH�DLUOLQHV� UHFHLYH�VXEVWDQWLDO�VXEVLGLHV�� WKH�RSWLPDORXWSXWV�DQG�SURILWV�DUH�ODUJHU�WKDQ�LQ�WKH�QR�WROO�HTXLOLEULXP��%HFDXVH�WKH�RSWLPDO�RXWSXWV�DUH



��
KLJKHU�� FRQJHVWLRQ� FRVWV� DUH� DOVR� KLJKHU�� :LWKRXW� WROOV�� WKH� DLUOLQHV� VHW� WKHLU� HTXLOLEULXPRXWSXWV�WRR�ORZ��DQG�DV�D�UHVXOW��WKH�FRQJHVWLRQ�FRVWV�DUH�WRR�ORZ�LQ�WKH�RSWLPXP��7KH�ZHOIDUHPD[LPL]LQJ� WROO� IL[HV� WKLV� SUREOHP�� :KHQ� WKLV� ZHOIDUH� PD[LPL]LQJ� WROO� LV� LPSOHPHQWHG�RYHUDOO� ZHOIDUH� LQFUHDVHV� E\� ��� FRPSDUHG� WR� WKH� EDVH� FDVH�� WKLV� LV� WKH�PD[LPXP� SRVVLEOHLQFUHDVH�LQ�ZHOIDUH�

T JHQHUDOL]HG�FRVWV H WROO ZHOIDUH�HIIHFWVIDUH FRQJHVWLRQ FRQVXPHUVXUSOXV SURILWV WROOUHYHQXHV ZHOIDUH
DLUOLQH�� ���� ���� ��� ���� ��������� �������� �������� ±�������� ��������DLUOLQH�� ���� ���� ��� ���� ��������� �������� �������� ±�������� ��������WRWDO ���� ���� �������� �������� ±�������� ��������7DEOH����(TXLOLEULXP�RXWSXWV�DQG�ZHOIDUH��ILUVW�EHVW�ZHOIDUH�PD[LPL]LQJ�WROO
7KH�HTXLOLEULXP�LQ�7DEOH���PD\�EH�RI� OLPLWHG�SUDFWLFDO� LQWHUHVW��EHFDXVH�VXEVLGL]LQJ�DLUOLQHVPD\�EH�FRQVLGHUHG�SROLWLFDOO\�XQDFFHSWDEOH��$Q�DOWHUQDWLYH�ZRXOG� WKHQ�EH� WR� LPSRVH� D�QRQ�QHJDWLYLW\�FRQVWUDLQW�RQ�WKH�WROO��7KH�UHVXOW�LV�WKH�QR�WROO�HTXLOLEULXP�LQ�7DEOH����ZKHUH�RYHUDOOZHOIDUH��FRQVXPHU�VXUSOXV�SOXV�SURILWV�H[FOXGLQJ�WROOV��LV�RI�FRXUVH�ORZHU�WKDQ�LQ�7DEOH���:H� KDYH� DOUHDG\� VKRZQ� WKDW� D� SXUH� FRQJHVWLRQ� WROO� WF LV� QRW� RSWLPDO�� :H� QRZGHWHUPLQH� WKH� ZHOIDUH� HIIHFWV� RI� D� SXUH� FRQJHVWLRQ� WROO� IRU� RXU� QXPHULFDO� PRGHO�� 7DEOH� �FRQWDLQV�WKH�UHOHYDQW�LQIRUPDWLRQ�

T JHQHUDOL]HG�FRVWV H WROO ZHOIDUH�HIIHFWVIDUH FRQJHVWLRQ FRQVXPHUVXUSOXV SURILWV WROOUHYHQXHV ZHOIDUH
DLUOLQH�� ���� ���� ��� ���� ����� �������� �������� �������� ��������DLUOLQH�� ���� ���� ��� ���� ����� �������� �������� �������� ��������WRWDO ���� �������� �������� �������� ��������7DEOH����(TXLOLEULXP�RXWSXWV�DQG�ZHOIDUH��SXUH�FRQJHVWLRQ�WROO
7KH�WROO�WF LV�SRVLWLYH��DV�H[SHFWHG���DQG�WKLV�LV�DOVR�UHIOHFWHG�LQ�FRQVXPHU�SULFHV��WKH�DLUOLQHVSDVV�WKH��SDUW�RI��WKH�H[SHQGLWXUHV�RQ�WKH�WROO�RQWR�WKH�SDVVHQJHUV��%HFDXVH�WKH�IDUHV�LQFUHDVH�FRQVXPHU� VXUSOXV� GHFUHDVHV� FRPSDUHG� WR� WKH� QR�WROO� HTXLOLEULXP�� $LUOLQH� SURILWV� GHFUHDVH�EHFDXVH� WKH�UHGXFWLRQ� LQ�DLUOLQH�FRQJHVWLRQ�FRVWV�GRHV�QRW�RXWZHLJK� WKH� H[SHQGLWXUHV�RQ� WKHFRQJHVWLRQ� WROO��:H� DOUHDG\� FRQFOXGHG� WKDW� LQ� WKH� QR�WROO� HTXLOLEULXP�� WKH� DLUOLQHV� VHW� WKHLUHTXLOLEULXP�RXWSXWV� WRR� ORZ��7KH�SXUH� FRQJHVWLRQ� WROO� FDXVHV� WKH� RXWSXWV� WR� EH� HYHQ� ORZHU�7KH�GHFUHDVH�LQ�ZHOIDUH�LV�DURXQG�����RI�WKH�PD[LPXP�SRVVLEOH�LQFUHDVH�LQ�ZHOIDUH��:F �ZF�



��
Z����ZZ�Z�� ±����� �ZLWK�:F GHQRWLQJ� WKH� UHODWLYH� HIILFLHQF\� JDLQ� GXH� WR� SXUH� FRQJHVWLRQSULFLQJ���)RU�WKH�FKRVHQ�SDUDPHWHU�FRQVWHOODWLRQ��WKH�ZHOIDUH�GHFUHDVH�LV�WKHUHIRUH�VXEVWDQWLDO�

)LJXUH����:HOIDUH�HIIHFWV�RI�SXUH�FRQJHVWLRQ�WROOLQJ�WF
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%HFDXVH� WKH� GLIIHUHQFH� EHWZHHQ� WKH� RSWLPDO� ZHOIDUH� WROO�WZ DQG� WKH� SXUH� FRQJHVWLRQ� WROO� WFGHSHQGV�FUXFLDOO\�RQ�WKH�HODVWLFLW\�RI�GHPDQG��DV�H[SODLQHG�LQ�6HFWLRQ����� LW� LV�RI� LQWHUHVW� WRVHH�KRZ�:F YDULHV�ZLWK�WKH��DEVROXWH�YDOXH�RI��WKH�HTXLOLEULXP�GHPDQG�HODVWLFLW\��H��)LJXUH��VKRZV�WKH�UHVXOWV��ZKLFK�ZHUH�REWDLQHG�QXPHULFDOO\�E\�VLPXOWDQHRXVO\�DGMXVWLQJ�D DQG�E VRWKDW� WKH� VDPH� QR�WROO� HTXLOLEULXP� ZDV� REWDLQHG� IRU� HDFK�H VKRZQ���� 2QO\� IRU� UDWKHU� KLJKHODVWLFLWLHV��DERYH���LQ�DEVROXWH�YDOXH��GRHV�WF \LHOG�D�SRVLWLYH�ZHOIDUH�HIIHFW� �LQGLFDWHG�E\�DSRVLWLYH�YDOXH�RI�:F���7KLV� LV�ZKHUH� WKH� FRQJHVWLRQ�HIIHFW� VXIILFLHQWO\�RXWZHLJKV� WKH�PDUNHWSRZHU�HIIHFW��FRPSDUH�)LJXUH�����)RU�ORZHU�HODVWLFLWLHV��:F DSSURDFKHV�±f IRU�WKDW�SDUWLFXODUFRPELQDWLRQ�RI�D DQG�E IRU�ZKLFK�ERWK�WZ DQG�LWV�ZHOIDUH�HIIHFWV�EHFRPH�]HUR��EHFDXVH�WKHFRQJHVWLRQ�HIIHFW�DQG�WKH�PDUNHW�SRZHU�HIIHFW�H[DFWO\�FDQFHO��IRU�H QHDU������LQ�WKH�GLDJUDP��7KH�JUH\�OLQH�±�GHSLFWLQJ�WKH�DEVROXWH�ZHOIDUH�FKDQJH�GXH�WR�WF ±�VKRZV�WKDW�DOVR�DW�WKDW�SRLQW�
� %HFDXVH�WKH�LVVXH�KHUH�LV�WKH�HIIHFW�RI�PDUNHW�SRZHU��DQG�QRW�WKH�HIIHFW�RI�LQLWLDO�GHPDQG�RQ�WKH�RSWLPDOLW\�RIWKH�WROO��WKH�UHVHUYDWLRQ�SULFH�D LV�YDULHG�WRJHWKHU�ZLWK�E VR�DV�WR�REWDLQ�WKH�VDPH�QR�WROO�HTXLOLEULXP�LQ�WHUPV�RITXDQWLWLHV�T� DQG� T��� 7KLV� ZDV� UHDOL]HG� WHFKQLFDOO\� E\� WUHDWLQJ�T� DQG� T� SDUDPHWULFDOO\� LQ� HTXDWLRQ� ����� DQGVROYLQJ�IRU�D DV�D�IXQFWLRQ�RI�E IRU�WKH�UHVXOWLQJ�HTXDWLRQ��NHHSLQJ�DOO�RWKHU�SDUDPHWHUV�IL[HG��



��
VXEVWDQWLDO� ZHOIDUH� ORVVHV� GXH� WR� SXUH� FRQJHVWLRQ� SULFLQJ� RFFXU�� VR� WKDW� LW� LV� QRW� VROHO\� DGHQRPLQDWRU�HIIHFW�LQ�:F WKDW�PDNHV�WF DSSHDU�KDUPIXO�WR�HIILFLHQF\��)RU�\HW�ORZHU�HODVWLFLWLHV�WKHLU�QXPHULFDO�YDOXHV�EHFRPH�PRUH�SODXVLEOH�IURP�DQ�HPSLULFDO�SHUVSHFWLYH��EXW�:F UHPDLQVQHJDWLYH��,W�DSSURDFKHV�]HUR�IURP�EHORZ�DV�GHPDQG�EHFRPHV�SHUIHFWO\�LQHODVWLF��LQ�ZKLFK�FDVHV\PPHWULF�WROOV�IRU�V\PPHWULF�GXRSROLVWV�ZLOO�QRW�DIIHFW�V\PPHWULF�GHPDQG�OHYHOV��DQG�KHQFHFRQJHVWLRQ�OHYHOV�DQ\PRUH�)LJXUH� �� LPSOLHV� WKDW� SDWWHUQV� DV� LQ�)LJXUH� ��ZLOO� EH� IRXQG� DOVR� IRU� RWKHU� SDUDPHWHUFRQVWHOODWLRQV�� ,Q� SDUWLFXODU�� QRWH� WKDW�PRYLQJ� IURP� ULJKW� WR� OHIW� LQ� )LJXUH� ��PHDQV�PRYLQJIURP�OHIW�WR�ULJKW�LQ�)LJXUH����:KHQ�GRLQJ�VR��ZH�WKHUHIRUH�DOZD\V�H[SHFW�:F WR�EH�QHJDWLYHQHDU�SHUIHFW�LQHODVWLFLW\�RI�GHPDQG��IRU�KLJK�YDOXHV�RI�E��RQ�WKH�OHIW�HQG�RI�)LJXUH���DQG�WKHULJKW� HQG� RI� )LJXUH� ���� WR� IDOO� WR� ±f ZKHQ�E IDOOV� WR� ��� WR� UHPDLQ� QHJDWLYH� DV� ORQJ� DV�EH[FHHGV��������DQG�WR�LQFUHDVH�DERYH�]HUR�ZKHQ�E IDOOV�EHORZ�������±�DSSURDFKLQJ�XQLW\�DVGHPDQG�HODVWLFLW\�DSSURDFKHV�LQILQLW\�,W� LV� RI� FRXUVH� WKH�SDUWLFXODU�SDUDPHWUL]DWLRQ� RI� WKH� QXPHULFDO�PRGHO� WKDW� FDXVHV� WKHZHOIDUH�HIIHFW�RI�WF WR�EHFRPH�SRVLWLYH�RQO\� IRU� GHPDQG� HODVWLFLWLHV� DERYH� DQ�XQUHDOLVWLFDOO\KLJK�YDOXH�RI����LQ�DEVROXWH�YDOXH��LQ�)LJXUH����,QWXLWLRQ�VXJJHVWV�WKDW�ZKHQ�FRQJHVWLRQ�ZRXOGEHFRPH�UHODWLYHO\�PRUH� LPSRUWDQW��RQH�ZRXOG�H[SHFW� WKLV�FULWLFDO�H WR� IDOO� �WKLV�DOVR� IROORZVIURP�HTXDWLRQ������DQG�)LJXUH�����7R�YHULI\�WKLV��ZH�SORW�LQ�)LJXUH���WKH�FXUYH�:F ���ZKLFK�LVHTXLYDOHQW� ZLWK� ZF Z��� IRU� YDULRXV� FRPELQDWLRQV� RI� YDOXHV� RI�K DQG� H�� DJDLQ� VXFK� WKDWHTXLOLEULXP� GHPDQG� OHYHOV� UHPDLQ� XQDOWHUHG��� 7KH� ORZHU� FXUYH� LQ� )LJXUH� �� JLYHV� WKHFRPELQDWLRQV�RI�H DQG�K IRU�ZKLFK�WKH�PDUNHW�SRZHU�HIIHFW�HTXDOV�WKH�FRQJHVWLRQ�HIIHFW��L�H�ZZ Z���� 7R� WKH� OHIW RI� WKLV� FXUYH�� WKH� PDUNHW� SRZHU� HIIHFW� H[FHHGV� WKH� FRQJHVWLRQ� HIIHFW� �� ���� OOKE OSK YRWYRW �! ��VR�WKDW�D�VXEVLG\�LV�UHTXLUHG��D�SXUH�FRQJHVWLRQ�WROO�WKHQ�FDQQRWEH�RSWLPDO��)URP�WKH�XSSHU�FXUYH�LQ�)LJXUH����:F ����ZH�PD\�FRQFOXGH�WKDW�WKH�HODVWLFLW\�DWZKLFK�D�SXUH�FRQJHVWLRQ�WROO�LV�QRW�ZHOIDUH�UHGXFLQJ�GHFUHDVHV�ZKHQ�FRQJHVWLRQ��K��LQFUHDVHV�7KH�ORZHU�OLPLW�WR�WKH�HODVWLFLW\�DW�ZKLFK�D�SXUH�FRQJHVWLRQ�WROO�FHDVHV�WR�FDXVH�ZHOIDUHORVVHV��DV�GLVFXVVHG�DERYH��YDULHV�ZLWK�K��YRWS��YRWO DQG O��$�GHFUHDVH�LQ�O NHHSLQJ�K IL[HG��IRU

� )ROORZLQJ� WKH� SURFHGXUH� GHVFULEHG� LQ� IRRWQRWH� ���D FDQ� EH� H[SUHVVHG� LQ�E DQG� K�� $IWHU� VXEVWLWXWLQJ� WKLVH[SUHVVLRQ�IRU�D LQ�:F��DQG�JLYHQ�K��RQH�FDQ�VROYH�:F ��IRU�E��ZKLFK�LV�WKHQ�WUDQVIRUPHG�LQWR�DQ�HODVWLFLW\�



��
H[DPSOH��ZRXOG�PRYH�WKH�WZR�FXUYHV�LQ�)LJXUH���WR�WKH�OHIW�� 7KH�UHDVRQ�LV�WKDW�WKLV�LV�DQRWKHUZD\�RI�PDNLQJ�FRQJHVWLRQ�UHODWLYHO\�PRUH�LPSRUWDQW�

)LJXUH����2SWLPDOLW\�RI�SXUH�FRQJHVWLRQ�WROOLQJ�WF
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����$Q�DV\PPHWULF�QXPHULFDO�PRGHO,W� LV� LQWHUHVWLQJ� WR� EULHIO\� LQYHVWLJDWH� VRPH� LPSOLFDWLRQV� RI� LQWURGXFLQJ� GLIIHUHQFHV� EHWZHHQDLUOLQHV�LQ�WKH�DERYH�PRGHO��$V�VWDWHG��WKLV�PDNHV�WKH�DQDO\WLFV�RI�WKH�PRGHO�FXPEHUVRPH��EXWWKH�QXPHULFDO�PRGHO�VWLOO�SURGXFHV�LQWXLWLYH�UHVXOWV��:H� LQFUHDVH�DLUOLQH��¶V�DLUFUDIW� FDSDFLW\E\������DQG�ZH�UHGXFH�DLUOLQH¶V���FRVW�SHU�SDVVHQJHU�DQG�IOLJKW�E\������VHH�7DEOH�����7KLVSDUDPHWHU�FRQVWHOODWLRQ�PRUH�RU� OHVV� UHIOHFWV� WKH�VLWXDWLRQ�RI�HQWU\�RI�D� ORZ�FRVW�FDUULHU� LQ�DPDUNHW� WKDW� XVHG� WR� EH� VHUYHG� E\� D� �³FRQYHQWLRQDO´�� PRQRSROLVW�� DOWKRXJK� WKH� LQFUHDVH� LQDLUFUDIW� FDSDFLW\� DQG� GHFUHDVH� LQ� FRVWV� LV� FKRVHQ� DUELWUDULO\�� 1RWH� WKDW� WKH� DLUSRUWV� UHPDLQLGHQWLFDO�

� $W�WKH�JLYHQ�SDUDPHWUL]DWLRQ��DQG�ZLWK�O ������ZZ Z� LI�K �������E��)RU�O �����ZZ Z� LI�K �������E��7KLVLQGLFDWHV�WKDW�WKH�HQWLUH�FXUYH�VKLIWV�WR�WKH�OHIW�ZKHQ�WKH�DLUFUDIW�ORDG�LV�UHGXFHG��)RU�LQVWDQFH��DW�H ���K ����ZKHQ�O �����:KHQ�O �����K �����DW�H �����7R�VDYH�VSDFH��QR�SORW�VLPLODU�WR�)LJXUH���ZDV�PDGH�IRU�O ����'HWDLOV�DUH�DYDLODEOH�XSRQ�UHTXHVW�



��
'HPDQG�FKDUDFWHULVWLFV $LUOLQH�FKDUDFWHULVWLFV 1RGH�FKDUDFWHULVWLFVD ���� YRWS �� I�F ������ I�F ����� O� ��� YRWO ��� K ���E � T�F ��� T�F �� O� ���

7DEOH����3DUDPHWHU�YDOXHV�IRU�WKH�DV\PPHWULF�PRGHO
7KH� UHVXOWLQJ� HTXLOLEULXP� LV� JLYHQ� LQ� 7DEOH� ��� &RPSHWLWLRQ� FRPELQHG�ZLWK� WKH� SDVVHQJHUV¶HTXLOLEULXP� FRQGLWLRQV� IRUFHV� WKH� DLUOLQHV� WR� FKDUJH� WKH� VDPH� WLFNHW� SULFH�� GHVSLWH� WKHLUGLIIHUHQW�FRVW�VWUXFWXUHV��$V�D�UHVXOW��WKH�PRUH�HIILFLHQW�DLUOLQH���ZLOO�HQMR\�D�JUHDWHU�SDWURQDJHDQG�KLJKHU�SURILWV�LQ�HTXLOLEULXP��7KH�LQHIILFLHQW�DLUOLQH����KRZHYHU��UHPDLQV�LQ�RSHUDWLRQ�

JHQHUDOL]HG�FRVWV ZHOIDUH�HIIHFWVT IDUH FRQJHVWLRQ H FRQVXPHU�VXUSOXV SURILWV ZHOIDUHDLUOLQH�� ���� ���� ��� ���� �������� �������� ��������DLUOLQH�� ���� ���� ��� ���� �������� �������� ��������WRWDO ���� �������� �������� ��������7DEOH����(TXLOLEULXP�RXWSXWV�DQG�ZHOIDUH�LQ�WKH�DV\PPHWULF�VHWWLQJ��QR�WROO
)RU� WKLV� DV\PPHWULF� FDVH��ZH� REWDLQ� WKH� IROORZLQJ� HTXLYDOHQW� RI� ����� IRU� WKH� FDOFXODWLRQ� RIRSWLPDO�DLUOLQH�VSHFLILF�WROOV�

L
LLL

OSL
KLL

*
L
* WTYRWYRWTTT OEOOKSY �� ��¸̧¹·¨̈©§ �� ww�ww ��� ����

IURP�ZKLFK�WKH�RSWLPDO�WROOV�WZ FDQ�EH�GHULYHG�DV�
»¼º«¬ª �¸̧¹·¨̈©§ � ��� EOOKO LL

OSL
KLLZ TYRWYRWTW �� ����

ZKLFK�LV�D�VWUDLJKWIRUZDUG�JHQHUDOL]DWLRQ�RI�������7KH�UHOHYDQW�WF FDQ�EH�GHULYHG�IURP������E\±�DJDLQ�±�UHPRYLQJ�WKH�PDUNHW�SRZHU�HIIHFW��DQG�LV�LGHQWLFDO�WR������ZLWK�O±L VXEVWLWXWHG�IRU�O�7KH� DV\PPHWU\� KDV� YDULRXV� FRQVHTXHQFHV�� )LUVW�� DEVHQW� FRQJHVWLRQ�� RQO\� RQH� DLUOLQHZRXOG�VXUYLYH�LQ�WKH�HFRQRPLF�RSWLPXP��6WDUWLQJ�LQ�WKH�QR�WROO�HTXLOLEULXP��WKH�VXEVLG\�SHUSDVVHQJHU�ZRXOG� EH� ODUJHU� IRU� WKH� ODUJHU� �PRUH� HIILFLHQW�� DLUOLQH��ZKLFK�ZRXOG� WKHQ� H[SDQGVHUYLFHV�� REWDLQ� D� \HW� ODUJHU� VXEVLG\�� DQG� VR� RQ�� XQWLO� WKH� RWKHU� DLUOLQH� LV� SXVKHG� RXW� RI� WKHPDUNHW��6HFRQGO\��LW�LV�YHU\�OLNHO\�WKDW�ZLWK�FRQJHVWLRQ��WKLV�HIIHFW�LV�DJJUDYDWHG��EHFDXVH�WKHODUJHU�DLUOLQH�ZLOO�W\SLFDOO\�FDXVH�UHODWLYHO\�ORZ�H[WHUQDO�FRQJHVWLRQ�FRVWV��DV�PRVW�FRQJHVWLRQFRVWV�FDXVHG�DUH�ILUP�LQWHUQDO��RQO\�XQGHU�VWURQJ�DV\PPHWULHV�LQ�O PLJKW�WKLV�QRW�EH�WKH�FDVH��:LWK�WKH�FKRVHQ�SDUDPHWHU�YDOXHV��DLUOLQH���LV�LQGHHG�SXVKHG�RXW�RI�EXVLQHVV�ZKHQ�WKHUHJXODWRU� VHWV�ZHOIDUH�PD[LPL]LQJ� WROOV�� $� ILUVW�� HFRQRPLFDOO\� LUUHOHYDQW� VROXWLRQ� �ZKLFK� LV



��
WKHUHIRUH�QRW�UHSRUWHG��VKRZV�WKDW�WKH�WROO�IRU�DLUOLQH���LV�SRVLWLYH��DQG�WKDW�DLUOLQH��¶V�UHVXOWLQJRSWLPDO�RXWSXW�LV�QHJDWLYH��,Q�RWKHU�ZRUGV��DLUOLQH���SXOOV�RXW�RI�WKH�PDUNHW��5HDGMXVWLQJ�WKHPRGHO�WR�WKH�QHZ�VLWXDWLRQ�UHVXOWV�LQ�WKH�RSWLPXP�LQ�7DEOH����%HFDXVH�WKH�PRQRSRO\�DLUOLQHLQWHUQDOL]HV�DOO�FRQJHVWLRQ��WKH�WROO�LQ�7DEOH���LV�VROHO\�D�UHVSRQVH�WR�LWV�PDUNHW�SRZHU�

T JHQHUDOL]HG�FRVWV H WROO ZHOIDUH�HIIHFWVIDUH FRQJHVWLRQ FRQVXPHUVXUSOXV SURILWV WROOUHYHQXHV ZHOIDUH
DLUOLQH�� ���� ���� ��� ���� ��������� �������� ��������� ±�������� ��������7DEOH����(TXLOLEULXP�RXWSXWV�DQG�ZHOIDUH�LQ�WKH�DV\PPHWULF�VHWWLQJ��ILUVW�EHVW�ZHOIDUHPD[LPL]LQJ�WROO
:KHQ�QRQ�QHJDWLYLW\�FRQVWUDLQWV�DUH�LPSRVHG��DLUOLQH��¶V�WROO�ZLOO�EH�HTXDO�WR����,Q�WKDW�FDVH��LWVHWV� LWV� RXWSXW� EHORZ� WKH�ZHOIDUH� RSWLPL]LQJ� RXWSXW�� OHDYLQJ� VRPH� URRP� IRU� DLUOLQH� �� WR� UH�HQWHU�WKH�PDUNHW��RU�WR�UHPDLQ�LQ�EXVLQHVV���)L[LQJ�WKH�WROO�IRU�DLUOLQH���DW���DQG�VROYLQJ�IRU�WKHRSWLPDO� WROO� IRU� DLUOLQH� �� \LHOGV� D� QHJDWLYH� WROO�� VR� WKDW� DOVR� IRU� DLUOLQH� �� WKH� QRQ�QHJDWLYLW\FRQVWUDLQW�EHFRPHV�ELQGLQJ��7KH�HYHQWXDO�UHVXOW�LV�WKH�QR�WROO�HTXLOLEULXP�UHSRUWHG�LQ�7DEOH���,Q�WKLV�FDVH��WKH�UHODWLYHO\�LQHIILFLHQW�DLUOLQH�UHPDLQV�LQ�EXVLQHVV��0RUHRYHU��DJJUHJDWHFRQVXPHU� VXUSOXV� LV� PXFK� ORZHU� FRPSDUHG� WR� 7DEOH� ��� EHFDXVH� RXWSXWV� DUH� VHW� EHORZ� WKHZHOIDUH�HFRQRPLF�RSWLPXP��:HOIDUH� �FRQVXPHU� VXUSOXV�SOXV�SURILWV�H[FOXGLQJ� WROOV�� LV����KLJKHU�ZKHQ�D�ZHOIDUH�PD[LPL]LQJ�µWROO¶�LV�VHW�E\�WKH�UHJXODWRU�WKDQ�ZLWKRXW�WROOLQJ�1H[W��ZH�FRPSDUH�WKH�ZHOIDUH�HFRQRPLF�SHUIRUPDQFH�RI�D�SXUH�FRQJHVWLRQ�WROO�WR�WKHZHOIDUH� HFRQRPLF� SHUIRUPDQFH� RI� D� ]HUR� WROO�� 7DEOH� �� VKRZV� WKDW� ERWK� WROOV� DUH� SRVLWLYH�ZKHUHDV� ZHOIDUH� PD[LPL]DWLRQ� ZRXOG� UHTXLUH� RQH� VXEVLGL]HG� VXSSOLHU�� :H� FDQ� WKHUHIRUHFRQFOXGH�WKDW�DW�WKH�FKRVHQ�SDUDPHWHU�FRQVWHOODWLRQ��WKH�SXUH�FRQJHVWLRQ�WROO�LV�DJDLQ�ZHOIDUHUHGXFLQJ�FRPSDUHG�WR�WKH�EDVH�FDVH�RI�WKH�]HUR�WROO�

T JHQHUDOL]HG�FRVWV H WROO ZHOIDUH�HIIHFWVIDUH FRQJHVWLRQ FRQVXPHUVXUSOXV SURILWV WROOUHYHQXHV ZHOIDUH
DLUOLQH�� ���� ���� ��� ���� ����� �������� �������� �������� ��������DLUOLQH�� ���� ���� ��� ���� ����� �������� �������� �������� ��������WRWDO ���� �������� ������� �������� ��������7DEOH����(TXLOLEULXP�RXWSXWV�DQG�ZHOIDUH�LQ�WKH�DV\PPHWULF�VHWWLQJ��SXUH�FRQJHVWLRQ�WROOV



��
� 9$5,$7,216�21�7+(�5(*8/$725¶6�237,0,=$7,21�352%/(0�/2&$/�:(/)$5(�0$;,0,=$7,21
7KH�DERYH�DQDO\VLV�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�D�VLQJOH�UHJXODWRU�UHJXODWHV�ERWK�DLUSRUWV�,Q�UHDOLW\��RQH�PD\�KDYH�WZR��QDWLRQDO�RU�UHJLRQDO��UHJXODWRUV��HDFK�UHJXODWLQJ�DQ�DLUSRUW��$QLPSRUWDQW� TXHVWLRQ� WKHQ� EHFRPHV� KRZ� LPSRUWDQW� LW� LV� WKDW� WKHVH� UHJXODWRUV� FRRUGLQDWH� WKHLUDFWLYLWLHV�� LQVWHDG� RI� SXUVXLQJ� ORFDO� ZHOIDUH� PD[LPL]DWLRQ�� )RU� UHDVRQV� RI� VSDFH�� ZH� ZLOOFRQVLGHU�WKLV�LVVXH�RQO\�EULHIO\��EXW�ILQG�LW�WRR�LPSRUWDQW�WR�LJQRUH�DOWRJHWKHU��:H�DVVXPH�WKDWERWK�UHJLRQV�KRVW�RQH�µKRPH�DLUOLQH¶��DQG�WKDW�GHPDQG�LV�V\PPHWULF�EHWZHHQ�UHJLRQV��L�H���KDOIRI�DQ\�HTXLOLEULXP�GHPDQG�IRU�UHWXUQ�WULSV�FRQFHUQV�WULSV�E\�FRQVXPHUV�IURP�RQH�UHJLRQ��DQGWKH� RWKHU� KDOI� IURP� WKH� RWKHU� UHJLRQ��� $� ORFDO� UHJXODWRU� LQ� QRGH�K ZRXOG� WKHQ� KDYH� WKHREMHFWLYH�RI�PD[LPL]LQJ�ORFDO�ZHOIDUH�DV�JLYHQ�LQ������� � � � � �> @ ¦³  
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7KH�ILUVW�5+6�WHUP�LV�KDOI�RI�WKH�WRWDO�FRQVXPHU�VXUSOXV��7KH�VHFRQG�5+6�WHUP�LV�WKH�SURILW�RIWKH�DLUOLQH�XVLQJ�DLUSRUW�K DV�LWV�KRPH�DLUSRUW��7KH�WKLUG�5+6�WHUP�LV�WKH�WRWDO�WROO�UHYHQXHV�IRUUHJXODWRU�K��,W�FDQ�EH�VKRZQ�WKDW�WKH�VXPPDWLRQ�RI������RYHU�K \LHOGV�WRWDO�ZHOIDUH�GHILQHG�LQ����� ZKHQ� WROOV� DUH� XQGLIIHUHQWLDWHG� �L�H�� WK�L W�K�L��� ,Q� DEVHQFH� RI� SROLF\� FRRUGLQDWLRQ�� ZHDVVXPH�WKDW�WKH�UHJXODWRUV�WDNH�WKH�WROO�RI�WKH�RWKHU�UHJXODWRU�DV�JLYHQ��DQG�KHQFH�H[KLELW�1DVKEHKDYLRXU� EHWZHHQ� WKHP� �DOWKRXJK� ERWK� DFW� DV� D� 6WDFNHOEHUJ� OHDGHU� ZLWK� UHVSHFW� WR� WKHDLUOLQHV���)RU�UHDVRQV�RI�WUDQVSDUHQF\��ZH�FRQVLGHU�WKH�V\PPHWULF�FDVH��LQ�ZKLFK�DLUOLQHV�KDYHWKH�VDPH�RSHUDWLQJ�FKDUDFWHULVWLFV��DQG�LQ�ZKLFK�WKH�FRQJHVWLRQ�LPSDFW�DW�ERWK�DLUSRUWV�LV�WKHVDPH��(DFK�DLUSRUW�RSHUDWRU�WKHQ�PD[LPL]HV�KDOI�RI�WKH�WRWDO�ZHOIDUH��EXW�WKLV�RI�FRXUVH�GRHVQRW�PHDQ�WKDW�WKH\�MRLQWO\�PD[LPL]H�WRWDO�ZHOIDUH��%HFDXVH�WKH�DQDO\WLFDO�H[SUHVVLRQV�IRU�WKHORFDOO\� RSWLPDO� WROOV� DUH� QRW� SDUWLFXODUO\� LQVLJKWIXO�� ZH� LPPHGLDWHO\� SURFHHG� ZLWK� WKHQXPHULFDO�LOOXVWUDWLRQ��7KH�DQDO\WLFDO�H[SUHVVLRQV�DUH�JLYHQ�LQ�$SSHQGL[���$�ILUVW�SRVVLELOLW\�ZH�FRQVLGHU�LV�ZKHQ�WKH�ORFDO�UHJXODWRUV�FRXOG�VHW�GLIIHUHQWLDWHG�WROOV�IRU�ERWK�DLUOLQHV���%HFDXVH� WKH�JHQHUDOL]HG�SULFH� IRU�FRQVXPHUV� LV�HTXDOL]HG� LQ�HTXLOLEULXP�FRQVXPHUV�IURP�ERWK�FLWLHV�FDQ�EH�H[SHFWHG�WR�XVH�ERWK�DLUOLQHV�LQ�HTXDO�SURSRUWLRQV��WKHUH�DUHQR� OR\DOW\� SURJUDPV� RU� QDWLRQDOLVWLF� SUHIHUHQFHV� LQ� RXU� PRGHO��� DQG� WKHUH� LV� QR� UHDVRQ� WRGLIIHUHQWLDWH� WROOV� RYHU� ERWK� DLUOLQHV� IURP� WKLV� SHUVSHFWLYH� �WKH� ILUVW� WHUP� LQ� HTXDWLRQ� ������/LNHZLVH�� WROO� UHYHQXHV� �WKH� WKLUG� WHUP�� DUH� HTXDOO\�ZHLJKWHG�� LQGHSHQGHQW� RI�ZKLFK� DLUOLQHSD\V�WKHP��DQG�DOVR�IRU�WKLV�UHDVRQ�WKHUH�LV�QR�UHDVRQ�WR�GLIIHUHQWLDWH�WROOV��7KH�PLGGOH�WHUP�LQ



��
�����GRHV�SURYLGH�D�UHDVRQ�IRU�WROO�GLIIHUHQWLDWLRQ��RQO\�SURILWV�IRU�WKH�ORFDO�DLUOLQH�PDWWHU�IRUORFDO�ZHOIDUH�7KH� WKLUG� FROXPQ� LQ� 7DEOH� ��� VKRZV� WKDW� WKLV� JLYHV� ULVH� WR� D� VXEVWDQWLDO� WROOGLIIHUHQWLDWLRQ�LQ�HTXLOLEULXP��WKH�KRPH�FDUULHU¶V�WROO�LV�OHVV�WKDQ�����RI�WKH�IRUHLJQ�FDUULHU¶VWROO�� %RWK� WROOV� DUH� SRVLWLYH�� DQG� DV� D� UHVXOW�� ZHOIDUH� GHWHULRUDWHV� FRPSDUHG� WR� WKH� QR�WROOHTXLOLEULXP��:  �±��������7KH�FORVHG�IRUP�WROO�H[SUHVVLRQV�LQ�$SSHQGL[���VXJJHVW�WKDW�ZLWKRXWSROLF\�FRRUGLQDWLRQ��HTXLOLEULXP�WROOV�ZLOO�DOZD\V�EH�SRVLWLYH��LQ�V\PPHWULF�HTXLOLEULD���IRU�WKHGHPDQG�DQG�FRVW�IXQFWLRQV�ZH�XVH��7KH�LQWXLWLRQ�LV�WKDW�VXEVLGL]DWLRQ�WR�FRUUHFW�IRU�GXRSROLVWLFSULFLQJ�EHFRPH�OHVV�DWWUDFWLYH�IURP�D�ORFDO�UHJXODWRU¶V�SRLQW�RI�YLHZ��2QO\�KDOI�RI�WKH�UHVXOWLQJEHQHILWV�DUH�DFFRXQWHG�IRU�LQ�������WKRVH�DFFUXLQJ�WR�WKH�ORFDO�FRQVXPHUV�DQG�DLUOLQH�RQO\��%XWWKH�IXOO�ORVVHV�DUH�FRQVLGHUHG��WKH�UHGXFWLRQ�LQ�ORFDO�WROO�UHYHQXHV��0RUHRYHU��D�UHDVRQ�DULVHVIRU� IXUWKHU� RYHUFKDUJLQJ� RI� WKH� IRUHLJQ� DLUOLQH�� EHFDXVH� WKLV� UDLVHV� ORFDO� WROO� UHYHQXHV� DQGLQGLUHFWO\�LQFUHDVHV�ORFDO�SURILWV�DV�WKH�ORFDO�DLUOLQH¶V�FRPSHWLWLYH�SRVLWLRQ�LPSURYHV�

JOREDO�ZHOIDUHPD[LPL]DWLRQ ]HUR�WROO ORFDO�ZHOIDUH�PD[LPL]DWLRQ�GLIIHUHQWLDWHG�WROOV ORFDO�ZHOIDUH�PD[LPL]DWLRQ�XQGLIIHUHQWLDWHG�WROOVWL ��������� � ��������� ���������W±L ��������� � �������� ���������Z �������� �������� �������� ��������: � � ����� �����7DEOH�����/RFDO�ZHOIDUH�OHYHOV��V\PPHWULF�HTXLOLEULXP
:KHQ� WKH� ORFDO� UHJXODWRUV� DUH�ERWK� IRUFHG� WR� FKDUJH� WKH� VDPH��XQGLIIHUHQWLDWHG� WROO� IRU� ERWKDLUOLQHV�� D� VLPSOLVWLF� H[SHFWDWLRQ� ZRXOG� EH� WKDW� WKLV� WROO� ZLOO� EH� QHDU� WKH� DYHUDJH� RI� WKHGLIIHUHQWLDWHG�WROOV��7KLV��LQGHHG��WXUQV�RXW�WR�EH�WKH�FDVH��ZLWK�WKH�QRWHZRUWK\�LPSOLFDWLRQ�WKDWIRU�RYHUDOO�ZHOIDUH�� LW� LV� SUDFWLFDOO\� LPPDWHULDO�ZKHWKHU�RU�QRW� ORFDO�ZHOIDUH�PD[LPL]HUV� VHWGLIIHUHQWLDWHG� WROOV�� 7KH� FORVHG�IRUP� WROO� H[SUHVVLRQ� LQ� $SSHQGL[� �� DJDLQ� VKRZV� WKDW� WKHXQGLIIHUHQWLDWHG�WROO�ZLOO�DOZD\V�EH�SRVLWLYH��DQG�FRQILUPV�LWV�YDOXH�LV�QHDU�WKH�DYHUDJH�RI�WKHXQGLIIHUHQWLDWHG�WROOV���,Q�RWKHU�ZRUGV��IURP�RXU�UHVXOWV��LW�DSSHDUV�WR�EH�LPSRUWDQW�ZKHWKHU�RUQRW�DLUSRUW�DXWKRULWLHV�FRRUGLQDWH� WKHLU�SROLFLHV�ZKHQ�VHWWLQJ�FRQJHVWLRQ� WROOV��%XW� LI� WKH\�GRQRW�GR�VR�� LW� LV� UHODWLYHO\�XQLPSRUWDQW�ZKHWKHU�RU�QRW� WKH\�FKDUJH�GLIIHUHQWLDWHG� WROOV� IRU� WKHWZR�DLUOLQHV�



��
UHJXODWRU���VHWV�]HUR�WROO UHJXODWRU���PD[LPL]HVORFDO�ZHOIDUHUHJXODWRU���VHW�]HUR�WROO �������� ��������UHJXODWRU���PD[LPL]HV�ORFDO�ZHOIDUH �������� ��������7DEOH�����/RFDO�ZHOIDUH�OHYHOV�DW�DLUSRUW���

7KH� ODUJH� GLVFUHSDQF\� EHWZHHQ� ZHOIDUH� XQGHU� SROLF\� FRRUGLQDWLRQ� DQG� XQGHU� SROLF\FRPSHWLWLRQ�PDNHV�LW�OLNHO\�WKDW�VRPH�IRUP�RI�FRRUGLQDWLRQ�ZRXOG�LQGHHG�DULVH�LQ�WKH�FRQWH[WZH�FRQVLGHU��%XW� LI� LW�GRHV�QRW�� LW�ZLOO�QRW�EH� OLNHO\� WKDW� D�VWDWXV�TXR ZLWK� ]HUR� WROOV�ZRXOGSHUVLVW��7DEOH����JLYHV�WKH�UHOHYDQW�SD\�RIIV�WR�UHJXODWRU����GXH�WR�V\PPHWU\��D�VLPLODU�WDEOHDSSOLHV�IRU�UHJXODWRU�����DQG�VKRZV�WKDW��ZKHQ�VWDUWLQJ�ZLWK�]HUR�WROOV��UHJXODWRU���KDV�D�FOHDULQFHQWLYH� WR� LPSOHPHQW� D� ORFDO� ZHOIDUH� PD[LPL]LQJ� WROO�� 5HJXODWRU� �� WKHQ� �VWLOO�� KDV� DQLQFHQWLYH� WR�GR� WKH� VDPH��DQG� D�FODVVLF�SULVRQHUV�GLOHPPD�DULVHV� LQ�DEVHQFH�RI� FRRUGLQDWLRQ�DQG�IRU�D�RQH�VKRW�JDPH��
&21&/86,21
&RQYHQWLRQDO� HFRQRPLF� ZLVGRP� VXJJHVWV� WKDW� FRQJHVWLRQ� SULFLQJ� ZRXOG� EH� DQ� DSSURSULDWHUHVSRQVH�WR�FRSH�ZLWK�WKH�JURZLQJ�FRQJHVWLRQ�OHYHOV�FXUUHQWO\�H[SHULHQFHG�DW�PDQ\�DLUSRUWV�6HYHUDO� FKDUDFWHULVWLFV� RI� DYLDWLRQ� PDUNHWV�� KRZHYHU�� PD\� PDNH� QDwYH� FRQJHVWLRQ� SULFHV�HTXDO� WR� WKH� YDOXH� RI� PDUJLQDO� WUDYHO� GHOD\V�� D� QRQ�RSWLPDO� UHVSRQVH�� 7KLV� SDSHU� KDVGHYHORSHG�D�PRGHO�RI�DLUSRUW�SULFLQJ�WKDW�FDSWXUHV�VRPH�RI�WKHVH�IHDWXUHV��7KH�PRGHO�UHIOHFWVWKDW� DLUOLQHV� W\SLFDOO\�KDYH�PDUNHW�SRZHU� DQG� DUH� HQJDJHG� LQ�ROLJRSROLVWLF� FRPSHWLWLRQ�� DQGWKDW�D�SDUW�RI�H[WHUQDO�WUDYHO�GHOD\V�WKDW�DLUFUDIW�LPSRVH�DUH�LQWHUQDO�WR�DQ�RSHUDWRU�DQG�KHQFHVKRXOG�QRW�EH�DFFRXQWHG�IRU�LQ�FRQJHVWLRQ�WROOV��:H�KDYH�DOVR�EULHIO\�FRQVLGHUHG�WKH�LVVXH�RISROLF\�FRRUGLQDWLRQ�EHWZHHQ�DLUSRUWV�6RPH� PDLQ� FRQFOXVLRQV� DUH� WKDW� VHFRQG�EHVW� RSWLPDO� WROOV� DUH� W\SLFDOO\� ORZHU� WKDQZKDW�ZRXOG�EH�VXJJHVWHG�E\�FRQJHVWLRQ�FRVWV�DORQH�DQG�PD\�HYHQ�EH�QHJDWLYH��DQG�WKDW�SXUHFRQJHVWLRQ� WROOV��HYHQ�ZKHQ�FRUUHFWHG�IRU� ILUP�LQWHUQDO�FRQJHVWLRQ��PD\�FDXVH�D�GHFUHDVH� LQZHOIDUH�ZKHQ�WKHUH�LV�VLJQLILFDQW�PDUNHW�SRZHU��ZKLFK�LQ�LWVHOI�ZRXOG�FDOO�IRU�VXEVLGL]DWLRQ�%UXHFNQHU�>�@�KDV�PDGH�FOHDU�WKDW�FRQJHVWLRQ�WROOV�RQ�DLUSRUWV�PD\�EH�VPDOOHU�WKDQ�H[SHFWHGZKHQ� FRQJHVWLRQ� FRVWV� DPRQJ� DLUFUDIW� DUH� LQWHUQDO� IRU� D� ILUP��+H� DOVR� DFNQRZOHGJHG� WKDW� DSXUH�FRQJHVWLRQ�WROO�PD\�QRW�EH�ZHOIDUH�RSWLPDO��DQG�PD\�HYHQ�OHDG�WR�D�ZHOIDUH�GHJUDGDWLRQ



��
ZKHQ� WKH� PDUNHW� SRZHU� HIIHFW� H[FHHGV� XQLQWHUQDOL]HG� FRQJHVWLRQ� �ZLWKRXW�� KRZHYHU�LQFRUSRUDWLQJ�WKLV�LQ�KLV�DQDO\WLFDO�PRGHO���2XU�SDSHU�PDNHV�WKHVH�ZHOIDUH�HIIHFWV�H[SOLFLW��DQGVKRZV� WKDW� WKH� ZHOIDUH� RSWLPDO� WROO� LV� QHJDWLYH� ZKHQ� WKH� PDUNHW� SRZHU� HIIHFW� H[FHHGV� WKHZHOIDUH�HIIHFW��,QVRIDU�DV�VXEVLGL]DWLRQ�LV�FRQVLGHUHG�XQDFFHSWDEOH�IRU�ZKLFKHYHU�UHDVRQ��RXUUHVXOWV�VXJJHVW�WKDW�WKH�PRVW�HIILFLHQW�DPRQJ�WKH�QRQ�QHJDWLYH�WROOV�ZRXOG�W\SLFDOO\�EH�D�]HURWROO� :H� KDYH� DOVR� VHHQ� WKDW� SROLF\� FRRUGLQDWLRQ� EHWZHHQ� DLUSRUWV� UHJXODWRUV� PD\� EHLPSRUWDQW� IURP� DQ� RYHUDOO� ZHOIDUH� SHUVSHFWLYH�� 7KH� LQFHQWLYH� WR� DGMXVW� WROOV� GRZQZDUGV� WRDFFRXQW� IRU� PDUNHW� SRZHU� EHFRPHV�GLVSURSRUWLRQDOO\� VPDOOHU� ZLWKRXW� FRRUGLQDWLRQ�� ZKLFKPD\�±�DV�LQ�RXU�PRGHO�±�FDXVH�WKH�HTXLOLEULXP�WROOV�WR�KDYH�WKH�ZURQJ�VLJQ�DQG�KHQFH�WR�EHZHOIDUH�UHGXFLQJ�7KH�PRGHO�LQ�WKLV�SDSHU�FRQWDLQV�D�IHZ�VLPSOLI\LQJ�DVVXPSWLRQV�WKDW�PD\�EH�UHOD[HG�LQIXWXUH�ZRUN�� /RDG� IDFWRUV� DQG� DLUFUDIW� FDSDFLW\� DUH� IL[HG� LQ� WKLV�PRGHO� IRU� VLPSOLFLW\�� ,Q� DPRUH�DGYDQFHG�YHUVLRQ�RI�WKLV�PRGHO��ORDG�IDFWRUV�DQG�DLUFUDIW�FDSDFLW\�FDQ�EH�HQGRJHQL]HG�2QH�FDQ�DOVR�DGG�D�IRXUWK�OD\HU�WR�WKH�PRGHO��GHVFULELQJ�D�SULYDWH�DLUSRUW¶V�SURILW�RSWLPL]DWLRQSUREOHP�� 1R� GLVWLQFWLRQ� LV� PDGH� EHWZHHQ� SHDN� DQG� RII�SHDN� WUDIILF� LQ� WKLV� SDSHU�� 7KLVGLVWLQFWLRQ� LV� TXLWH� FRPPRQ� LQ� WKH� OLWHUDWXUH� �VHH� H�J��%UXHFNQHU� >�@�� 'DQLHO� >���� ��@�� DQGFRXOG�� DV� GLVFXVVHG�� PDNH� D� VWUDLJKWIRUZDUG� EXW� LPSRUWDQW� H[WHQVLRQ� RI� RXU� PRGHO�)XUWKHUPRUH��ZH�LQWHQG�WR�EURDGHQ�RXU�DQDO\VLV�WR�WKH�FRQVLGHUDWLRQ�RI�ODUJHU��KXE�DQG�VSRNH�QHWZRUNV��WKDW�DOORZ�FRQVLGHUDWLRQ�RI�WKH�LQWULJXLQJ�TXHVWLRQ�RI�KRZ�FRQJHVWLRQ��SULFLQJ��DQGPDUNHW�SRZHU��UHJXODWLRQ��LQWHUDFW�ZKHQ�DLUOLQHV¶�QHWZRUN�FRQILJXUDWLRQV�DUH�HQGRJHQRXV�
5()(5(1&(6
��� :�-�� %DXPRO� DQG� :�(�� 2DWHV�� 7KH� WKHRU\� RI� HQYLURQPHQWDO� SROLF\�� VHFRQG� HGLWLRQ�&DPEULGJH�8QLYHUVLW\�3UHVV�������� -�$�� %UDQGHU� DQG� $�� =KDQJ�� 0DUNHW� FRQGXFW� LQ� WKH� DLUOLQH� LQGXVWU\�� DQ� HPSLULFDOLQYHVWLJDWLRQ��5DQG�-RXUQDO�RI�(FRQRPLFV ��������������������0��%URQV��(��3HOV��3��1LMNDPS�DQG�3��5LHWYHOG��3ULFH�HODVWLFLWLHV�RI�GHPDQG�IRU�SDVVHQJHUDLU�WUDYHO��D�PHWD�DQDO\VLV��-RXUQDO�RI�$LU�7UDQVSRUW�0DQDJHPHQW���������������������� -�.�� %UXHFNQHU�� 7KH� HFRQRPLFV� RI� LQWHUQDWLRQDO� FRGHVKDULQJ�� DQ� DQDO\VLV� RI� DLUOLQHDOOLDQFHV��,QWHUQDWLRQDO�-RXUQDO�RI�,QGXVWULDO�2UJDQL]DWLRQ ��������������������� -�.�� %UXHFNQHU��$LUSRUW� FRQJHVWLRQ� SULFLQJ�ZKHQ� FDUULHUV� KDYH�PDUNHW� SRZHU��$PHULFDQ(FRQRPLF�5HYLHZ �����������������������-�.��%UXHFNQHU��,QWHUQDOL]DWLRQ�RI�DLUSRUW�FRQJHVWLRQ��D�QHWZRUN�DQDO\VLV��ZRUNLQJ�SDSHU�,QVWLWXWH� RI� *RYHUQPHQW� DQG� 3XEOLF� $IIDLUV�� 8QLYHUVLW\� RI� ,OOLQRLV� DW� 8UEDQD�&KDPSDLJQ��������



��
��� -�.�� %UXHFNQHU�� DQG� 3�7�� 6SLOOHU�� (FRQRPLFV� RI� WUDIILF� GHQVLW\� LQ� D� GHUHJXODWHG� DLUOLQHLQGXVWU\��,QWHUQDWLRQDO�-RXUQDO�RI�,QGXVWULDO�2UJDQL]DWLRQ �������������������� -�0�� %XFKDQDQ�� ([WHUQDO� GLVHFRQRPLHV�� H[WHUQDO� WD[HV�� DQG� PDUNHW� VWUXFWXUH��$PHULFDQ(FRQRPLF�5HYLHZ �������������������� $�� &DUOLQ� DQG� 5�� 3DUN�� 0DUJLQDO� FRVW� SULFLQJ� RI� DLUSRUW� UXQZD\� FDSDFLW\��$PHULFDQ(FRQRPLF�5HYLHZ ���������������������-�,��'DQLHO��'LVWULEXWLRQDO�FRQVHTXHQFHV�RI� DLUSRUW�FRQJHVWLRQ�SULFLQJ��-RXUQDO�RI�8UEDQ(FRQRPLFV ����������������������-�,��'DQLHO��-�,���&RQJHVWLRQ�SULFLQJ�DQG�FDSDFLW\�RI�ODUJH�KXE�DLUSRUWV��D�ERWWOHQHFN�PRGHOZLWK�VWRFKDVWLF�TXHXHV�(FRQRPHWULFD ���������������������7�+��2XP��$��=KDQJ�DQG�<��=KDQJ��,QWHU�ILUP�ULYDOU\�DQG�ILUP�VSHFLILF�SULFH�HODVWLFLWLHV�LQGHUHJXODWHG� DLUOLQH�PDUNHWV��-RXUQDO� RI� 7UDQVSRUW� (FRQRPLFV� DQG� 3ROLF\ ��� �����������������7�+��2XP�DQG�<��=KDQJ��$LUSRUW� 3ULFLQJ��&RQJHVWLRQ� WROOV�� OXPS\� LQYHVWPHQW� DQG� FRVWUHFRYHU\��-RXUQDO�RI�3XEOLF�(FRQRPLFV ��������������������� (�� 3HOV�� 3�� 1LMNDPS� DQG� 3�� 5LHWYHOG�� $� QRWH� RQ� WKH� RSWLPDOLW\� RI� DLUOLQH� QHWZRUNV�(FRQRPLFV�/HWWHUV�����������������������'��6WDUNLH��6ORW� WUDGLQJ�DW�8QLWHG�6WDWHV�DLUSRUWV��$� UHSRUW� IRU� WKH�'LUHFWRU�*HQHUDO� IRU7UDQVSRUW� RI� WKH� &RPPLVVLRQ� RI� WKH� (XURSHDQ� &RPPXQLWLHV�� 3XWQDP�� +D\HV� DQG%DUWOHWW�/WG���/RQGRQ�����������-��:DUGRS��6RPH�WKHRUHWLFDO�DVSHFWV�RI�URDG�WUDIILF�UHVHDUFK��3URFHHGLQJV�RI�WKH�,QVWLWXWHRI�&LYLO�(QJLQHHUV�������������������



��
$SSHQGL[�� $QDO\WLFDO�H[SUHVVLRQV�IRU�ORFDO�RSWLPL]DWLRQ
%RWK� UHJXODWRUV� KDYH� DQ� LQFHQWLYH� WR� VHW� GLIIHUHQWLDWHG� WROOV�� RQH� IRU� LWV� ³KRPH� DLUOLQH´�GHQRWHG�E\�WKH�VXEVFULSW�L���DQG�D�KLJKHU�RQH�IRU�WKH�YLVLWLQJ�DLUOLQH��GHQRWHG�E\�WKH�VXEVFULSW±L���&ORVHG�IRUP�WROO�OHYHOV�DUH�REWDLQHG�REWDLQHG�E\�VXEVWLWXWLQJ�WKH�HTXLOLEULXP�T¶V�DV�JLYHQLQ�������ZLWK�GLIIHUHQWLDWHG�WROOV�UDWKHU�WKDQ�WKH�VLPSOH�WKH�W¶V��LQWR������DQG�PD[LPL]LQJ�RYHUW��DQG�UHDG�� � � �� �OS

OSKTIOZL YRWYRW YRWYRWFFW �� ��� OKEO OKODO ��� ��� �$����� � � �> @� �OS
OSKTIOZL YRWYRW YRWYRWFFW �� ���� � OKEO EOOKODO ��� �� �

�� �$����
/LNHZLVH��WKH�IROORZLQJ�XQGLIIHUHQWLDWHG�ORFDO�WROO�LV�REWDLQHG�� � � �> @� �OS
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