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,Q WKLV FKDSWHU ROLJRSRO\ WKHRU\ DQG SRSXODWLRQ G\QDPLFV DUH FRPELQHGWR GHVFULEH WKH H[SORLWDWLRQ RI D OLYLQJ UHVRXUFH XQGHU LPSHUIHFW FRPSHWLWLRQ�7KLV UHTXLUHV DQ LQWHUGLVFLSOLQDU\ DSSURDFK� EHFDXVH SUR¿W PD[LPL]DWLRQ DU�JXPHQWV PXVW EH FRPELQHG ZLWK WKH ELRORJLFDO ODZV ZKLFK UHJXODWH WKH QDW�XUDO JURZWK RI OLYLQJ UHVRXUFHV LQ RUGHU WR GHWHUPLQH WKH ORQJ�UXQ EHKDYLRURI WKH QDWXUDO V\VWHP� 7KH UHVXOWV REWDLQHG DUH RIWHQ FKDUDFWHUL]HG E\ FRP�SOH[ EHKDYLRU DQG ELIXUFDWLRQ SKHQRPHQD� EHFDXVH WKH LQWHUDFWLRQ RI KXPDQHFRQRPLF GHFLVLRQ PDNLQJ ZLWK HFRORJLFDO G\QDPLFV DUH KLJKO\ QRQ OLQHDU�VHH H�J� 5RVVHU -U�� ������ ,QGHHG� UHVRXUFH HFRQRPLFV LV D YHU\ LPSRUWDQW¿HOG RI DSSOLFDWLRQ RI G\QDPLF DQDO\VLV� ,Q WKH OLWHUDWXUH RQ WKH HFRQRPLFVRI UHQHZDEOH UHVRXUFHV� D SOHWKRUD RI TXHVWLRQV KDV EHHQ VWXGLHG XVLQJ WKHWRROV IURP RSWLPDO FRQWURO WKHRU\� G\QDPLF SURJUDPPLQJ DQG WKH WKHRU\ RIQRQOLQHDU G\QDPLFDO V\VWHPV� 5HQHZDEOH UHVRXUFHV� H�J� JUDVV� WUHHV RU ¿VK�KDYH WKH FDSDFLW\ IRU UHSURGXFWLRQ DQG JURZWK RYHU WLPH DQG WKHLU VWRFN LVGLPLQLVKHG E\ WKH KDUYHVWLQJ DFWLYLWLHV RI D VROH RZQHU RU VHYHUDO LQGLYLG�XDOV� $PRQJ WKH SUREOHPV ZKLFK KDYH EHHQ LQYHVWLJDWHG H[WHQVLYHO\ DUH�+RZ GR �RSWLPDO� KDUYHVWLQJ SDWKV ORRN OLNH" 8QGHU ZKLFK FRQGLWLRQV LVLW PRUH OLNHO\ WR REVHUYH FRQVHUYDWLRQ RU H[WLQFWLRQ RI WKH UHVRXUFH" :KDWLV WKH LQÀXHQFH RI WKH PDUNHW VWUXFWXUH" ,Q WKH ODVW �� \HDUV FRQVLGHUDEOHSURJUHVV KDV EHHQ PDGH� LQ SDUWLFXODU� LQ ¿VKHU\ HFRQRPLFV �IRU DQ RYHUYLHZ�VHH &RQUDG ������ 7R DSSUHFLDWH WKH EUHDGWK RI WRSLFV ZKLFK DUH WKH IRFXV LQWKH HFRQRPLFV RI ¿VKHULHV DQG IRU D SUHVHQWDWLRQ RI WKH PDLQ HFRQRPLF LQ�VLJKWV� WKH LQWHUHVWHG UHDGHU LV DGYLVHG WR FRQVXOW WKH ERRN E\ &ODUNH �������)XUWKHUPRUH� WKH WH[WV RI &RQUDG DQG &ODUNH ������ DQG &RQUDG ������ FDQEH UHFRPPHQGHG� ,Q WKLV FKDSWHU� ZH ZLOO LQWURGXFH D ELRHFRQRPLF PRGHO RI
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FRPPHUFLDO ¿VKLQJ WR VWXG\ WKH HYROXWLRQ RI WKH VWRFN RI D ¿VK SRSXODWLRQZKLFK LV VXEMHFW WR KDUYHVWLQJ RYHU WLPH� :H ZLOO IRFXV RQ WKUHH SRLQWV� �L�WKH LQÀXHQFH RI WKH PDUNHW VWUXFWXUH� LQ SDUWLFXODU� WKH UROH RI VWUDWHJLF HI�IHFWV� �LL� WKH SUREOHP RI H[WLQFWLRQ RU FRQVHUYDWLRQ RI WKH UHVRXUFH DQG WKHUROH RI KDUYHVWLQJ FRVWV� �LLL� WKH LQÀXHQFH RI HUURUV LQ SUHGLFWLQJ WKH ¿VKVWRFN ZKHQ GHWHUPLQLQJ IXWXUH KDUYHVWLQJ DFWLYLWLHV�,Q RUGHU WR DGGUHVV WKH ¿UVW SUREOHP� ZH ZLOO DQDO\]H WKH PRGHO G\QDP�LFV XQGHU LPSHUIHFW FRPSHWLWLRQ LQ D GXRSRO\ IUDPHZRUN DQG FRPSDUH LW ZLWKWKH G\QDPLFV XQGHU WKH DVVXPSWLRQ WKDW WKH ULJKWV WR KDUYHVW WKH UHVRXUFH DUHKHOG E\ D VROH RZQHU� (TXLYDOHQWO\� ZH FDQ LQWHUSUHW WKLV DV D VLWXDWLRQ ZKHUHWKH FRPSHWLWRUV IRUP D FRRSHUDWLYH YHQWXUH� ,Q PDQ\ SDSHUV RQ WKH G\QDP�LFV RI UHQHZDEOH UHVRXUFHV LW KDV EHHQ DVVXPHG WKDW WKH VHD LV RSHQ DFFHVV�L�H� WKH ¿VK VWRFN LV KDUYHVWHG E\ D ODUJH QXPEHU RI XQUHJXODWHG� FRPSHWLWLYH¿VKHUPHQ ZLWK QR EDUULHU WR HQWU\ RU H[LW� 'XH WR SHUIHFWO\ FRPSHWLWLYH PDU�NHWV IRU KDUYHVWHG ¿VK� WKH SULFH IRU ¿VK KDV EHHQ WDNHQ WR EH FRQVWDQW� +HUH�KRZHYHU� ZH DVVXPH WKDW GXH WR VRPH IRUP RI UHJXODWLRQ� H�J� OLPLWHG HQWU\�DFFHVV WR WKH ¿VKHU\ LV UHVWULFWHG� )XUWKHUPRUH� ZH DVVXPH WKDW WKH UHVRXUFHLV RIIHUHG RQ WZR GLVWLQFW PDUNHWV ZLWK GRZQZDUG VORSLQJ GHPDQG� 7KH LVVXHRI LQWHUQDWLRQDO WUDGH KDV EHHQ LQWURGXFHG UHFHQWO\ LQWR FRPPHUFLDO ¿VKLQJPRGHOV E\ 2NXJXFKL ������ DQG 6]LGDURYV]NL DQG 2NXJXFKL ������� )RO�ORZLQJ WKHLU WHUPLQRORJ\� ZH ZLOO UHIHU WR WKH WZR PDUNHWV LQ RXU PRGHO DVWKH KRPH PDUNHW DQG WKH IRUHLJQ PDUNHW�:LWK UHVSHFW WR SUREOHP �LL�� ZH ZLOO WU\ WR SURYLGH VRPH LQVLJKWV XQGHUZKLFK FLUFXPVWDQFHV FRQVHUYDWLRQ RI WKH UHVRXUFH LV PRUH OLNHO\ WR EH RE�VHUYHG DQG KRZ WKLV GHSHQGV RQ WKH KDUYHVWLQJ FRVWV� 7KH FRVWV RI KDUYHVWLQJDUH FUXFLDO VLQFH WKH\ KDYH D GLUHFW LPSDFW RQ WKH �SUR¿W�PD[LPL]LQJ� EH�KDYLRU RI WKH ¿VKHUPHQ� )RU H[DPSOH� D UHJXODWRU FDQ LQÀXHQFH WKH FRVWV RIKDUYHVWLQJ E\ VXFK PHWKRGV DV UHVWULFWLQJ WKH OHQJWK RI WKH ¿VKLQJ VHDVRQ�VHWWLQJ WRWDO FDWFK OLPLWDWLRQV� DQG UHJXODWLQJ WKH W\SH RI ¿VKLQJ JHDU XVHG�VHH &ODUN ������ )XUWKHUPRUH� FRVWV FDQ EH UHGXFHG E\ JLYLQJ 5	' VXEVL�GLHV �VHH 2NXJXFKL ������ 7KLV LQ WXUQ GHWHUPLQHV WKH OHYHO RI WKH �RSWLPDO�KDUYHVWLQJ DFWLYLWLHV RI WKH ¿VKHUPHQ� $JDLQ� WKH GXRSRO\ FDVH ZLOO EH FRP�SDUHG WR WKH FRRSHUDWLYH YHQWXUH FDVH WR VHH WKH HIIHFWV RI KDUYHVWLQJ FRVWVDQG FRPSHWLWLRQ RQ FRQVHUYDWLRQ RI WKH UHVRXUFH�,Q GHDOLQJ ZLWK �LLL�� ZH DUH VWXG\LQJ WKH SUREOHP WKDW ¿VKHUPHQ DUH RQO\ERXQGHGO\ UDWLRQDO� :KHQ WKH\ GHWHUPLQH WKHLU RSWLPDO OHYHO RI IXWXUH KDU�YHVWLQJ DFWLYLWLHV� WKH\ GR QRW NQRZ WKH IXWXUH ¿VK VWRFN� ,QVWHDG� DOO WKH\KDYH LV DQ LPSHUIHFW SUHGLFWLRQ� ZKLFK LV UHYLVHG DV QHZ LQIRUPDWLRQ EH�FRPHV DYDLODEOH� 7R EH D OLWWOH ELW PRUH SUHFLVH� OHW[+w, GHQRWH WKH ELRPDVV



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ �
RU QXPEHU RI LQGLYLGXDOV LQ D ¿VK VWRFN� 7KHQ WKH DFWXDO HYROXWLRQ RI WKH ¿VKVWRFN RYHU WLPH LQ WKH DEVHQFH RI ¿VKLQJ LV GHWHUPLQHG E\ D VR�FDOOHG JURZWKIXQFWLRQ J+[,� ZKLFK LV RIWHQ H[SUHVVHG DV J+[, @ [U+[,� ZKHUH U LVWKH VSHFL¿F �RU XQLWDU\� JURZWK UDWH� $ ZLGHO\ XVHG IRUP IRUU LV WKH ORJLVWLFJURZWK U+[, @ +�� �[, = ���7KH SDUDPHWHU � LV UHIHUUHG WR DV WKH LQWULQVLF JURZWK UDWH DQG N @ �@� LVFDOOHG WKH FDUU\LQJ FDSDFLW\� ,I DQ H[WUD PRUWDOLW\ WHUP GXH WR KDUYHVWLQJ k+w,LV LQFOXGHG� WKH G\QDPLFV RI WKH ¿VK VWRFN LV JRYHUQHG E\[ +w. 4,�[+w, @[ +�� �[,�k+w,� ,Q UHVRXUFH HFRQRPLFV LW LV XVXDOO\ DVVXPHG WKDW ¿VKHU�PHQ� ZKHQ WKH\ GHWHUPLQH WKH OHYHO RI KDUYHVWLQJ k+w,� KDYH SUHFLVH NQRZO�HGJH RI WKLV UHODWLRQ� +RZHYHU� LQ WKH UHDO ZRUOG WKLV ZLOO KDUGO\ EH WKH FDVH�0RUH UHDOLVWLFDOO\� HFRQRPLF DJHQWV KDYH DFFHVV WR D FROOHFWLRQ RI SDVW GDWDDERXW WKH KDUYHVWHG DPRXQWV RI ¿VK DQG VRPH RWKHU LQGLFDWRUV RI WKH VL]HRI WKH ¿VK SRSXODWLRQ� IURP ZKLFK WKH\ WKHQ WU\ WR GHULYH DQ HVWLPDWH RI WKHIXWXUH ¿VK VWRFN� [e+w,� :LWK HYHU\ QHZ SLHFH RI LQIRUPDWLRQ� WKH HVWLPDWH[e+w, ZLOO EH XSGDWHG DQG EH XVHG WR GHWHUPLQH WKH IXWXUH KDUYHVWLQJ DFWLYL�WLHV� 2EYLRXVO\� WKHUH DUH PDQ\ ZD\V WR PRGHO KRZ DJHQWV GHULYH DQ HVWLPDWHIURP SDVW GDWD� :H ZLOO DVVXPH D VLPSOH OHDUQLQJ UXOH FDOOHG DGDSWLYH H[SHF�WDWLRQV� ZKLFK VWDWHV WKDW WKH QHZ HVWLPDWH LV D ZHLJKWHG DYHUDJH RI WKH SUH�YLRXV HVWLPDWH DQG FXUUHQW GDWD DERXW WKH DFWXDO ¿VK VWRFN� ZKHUH WKH ZHLJKWRQ WKH SDVW HVWLPDWH �RU EHOLHI� LV D PHDVXUH RI WKH LQHUWLD RI WKH DJHQWV� 7KLVOHDGV WR D WZR�GLPHQVLRQDO G\QDPLFDO V\VWHP� ZKHUH WKH G\QDPLF YDULDEOHVDUH WKH DFWXDO YDOXH DQG WKH H[SHFWHG YDOXH RI WKH ¿VK VWRFN� 7KH VWXG\ RI WKHJOREDO SURSHUWLHV RI WKLV WZR�GLPHQVLRQDO V\VWHP JLYHV XV VRPH LQWHUHVWLQJLQVLJKWV RQ WKH FRPELQDWLRQV RI WUXH DQG H[SHFWHG YDOXHV RI WKH ¿VK VWRFNZKLFK OHDG WR VXUYLYDO RU H[WLQFWLRQ LQ WKH ORQJ UXQ� $V ZH VKDOO VHH� WKLVLQIRUPDWLRQ LV REWDLQHG WKURXJK WKH VWXG\ RI WKH EDVLQV RI DWWUDFWLRQ� ZKLFKUHYHDOV DQRWKHU VRXUFH RI FRPSOH[LW\� UHODWHG WR WKH FRPSOH[ VWUXFWXUH RI WKHEDVLQV¶ ERXQGDULHV� 7KLV FDQ EH VWXGLHG E\ WKH PHWKRG RI FULWLFDO FXUYHV �VHH0LUD HW DO�� ����� RU WKH FKDSWHU � RI WKLV ERRN�� ,Q IDFW� WKH WZR GLPHQVLRQDOPDS� ZKRVH LWHUDWLRQ JLYHV WKH WLPH HYROXWLRQ RI WKH GXRSRO\ PRGHO ZLWKDGDSWLYH H[SHFWDWLRQV� LV QRQLQYHUWLEOH� 7KLV IHDWXUH FDXVHV WKH FUHDWLRQ RIFRPSOH[ WRSRORJLFDO VWUXFWXUHV RI WKH EDVLQV� VXFK DV QRQ�FRQQHFWHG RU PXO�WLSO\ FRQQHFWHG VHWV� HYHQ LI WKH DWWUDFWLQJ VHWV DUH YHU\ VLPSOH� H�J� VWDEOH¿[HG SRLQWV �RQ WKLV WRSLF VHH DOVR %LVFKL DQG .RSHO� ������7KLV FKDSWHU LV RUJDQL]HG DV IROORZV� )LUVW� ZH PDNH VRPH UHPDUNV RQ WKHORJLVWLF JURZWK PRGHO IRU GLIIHUHQW YDOXHV RI WKH LQWULQVLF JURZWK UDWH� VLQFH
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WKLV KDV EHHQ DQ LPSRUWDQW WRSLF LQ WKH OLWHUDWXUH� :H WKHQ LQYHVWLJDWH WKHG\QDPLFV RI WKH ¿VK VWRFN XQGHU LPSHUIHFW FRPSHWLWLRQ� :H DUH FRQVLGHULQJWKH HIIHFWV RI KDUYHVWLQJ FRVWV DQG DGDSWLYH H[SHFWDWLRQV RQ WKH SRVVLELOLW\ RIFRQVHUYDWLRQ DQG FRPSDUH WKH UHVXOWV ZLWK WKH FDVH RI D VROH RZQHU� :H HQGWKH FKDSWHU ZLWK VRPH FRQFOXGLQJ UHPDUNV�
� 7KH ORJLVWLF JURZWK PRGHO

7R EHJLQ ZLWK� ZH VXPPDUL]H VRPH UHVXOWV RQ WKH G\QDPLFV RI WKH XQKDU�YHVWHG ¿VK SRSXODWLRQ� $V PHQWLRQHG DERYH� LQ WKH DEVHQFH RI DQ\ KDUYHVW�LQJ� WKH VWRFN RI WKH ¿VK SRSXODWLRQ LQ SHULRG w LV GHWHUPLQHG E\ WKH GLVFUHWHWLPH ORJLVWLF HTXDWLRQ [+w. 4, @ [ +4 . �� �[, = ���7KH G\QDPLFDO EHKDYLRU RI WKLV HTXDWLRQ KDV EHHQ VWXGLHG H[WHQVLYHO\ E\0D\ ������ ����� DQG 0D\ DQG 2VWHU ������� 6HH DOVR &RQUDG DQG &ODUN�������7KH PDS LQ ��� LV FRQMXJDWH WR WKH VWDQGDUG ORJLVWLF PDS }� @ �}+4� },ZLWK SDUDPHWHU � @ 4.� WKURXJK WKH OLQHDU WUDQVIRUPDWLRQ[ @ +4.�,}@��)RU DQ\ � A 3 WKHUH DUH WZR ¿[HG SRLQWV
[Wf @ 3 DQG [W� @ �� = ���

7KH ¿UVW UHSUHVHQWV D SDUWLFXODU ELRORJLFDO HTXLOLEULXP� NQRZQ DV H[WLQFWLRQRI WKH VSHFLHV� WKH VHFRQG LV FDOOHG ³FDUU\LQJ FDSDFLW\´ RI WKH VSHFLHV ZKHQ QRKDUYHVWLQJ RFFXUV� 7KH HTXLOLEULXP SRLQW[Wf @ 3 LV XQVWDEOH IRU HDFK � A 3�DQG WKH SRVLWLYH HTXLOLEULXP [W� LV VWDEOH IRU 3 ? � ? 5� )RU 5 ? � ? 6�HYHQ LI [W� LV XQVWDEOH� D ERXQGHG SRVLWLYH DWWUDFWRU H[LVWV DURXQG LW� FKDUDF�WHUL]HG E\ RVFLOODWRU\ G\QDPLFV �SHULRGLF RU FKDRWLF� DQG WUDSSHG LQVLGH WKHDEVRUELQJ LQWHUYDO L @ k+4 . �,2 �6 . 5�� �2� @49�> +4 . �,2 @7�l� )RUHDFK 3 ? � ? 6� WKH EDVLQ RI DWWUDFWLRQ RI WKH SRVLWLYH DWWUDFWRU LV WKH LQWHUYDO
E @�3> 4 . �� � =

1RWH WKDW DQ\ LQLWLDO FRQGLWLRQ RXW RI WKLV LQWHUYDO ZRXOG JHQHUDWH D WUDMHFWRU\ZLWK QHJDWLYH YDOXHV� L�H� LW OHDGV WR H[WLQFWLRQ RI WKH ¿VK SRSXODWLRQ LQ ¿QLWHWLPH �VHH H�J� &ODUNH� ����� S�����
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,Q RUGHU WR VWXG\ WKH WKUHH TXHVWLRQV VWDWHG LQ WKH LQWURGXFWLRQ� QDPHO\ WKHLQWHUSOD\ EHWZHHQ KDUYHVWLQJ FRVWV DQG H[WLQFWLRQ� WKH LPSDFW RI FRPSHWLWLYHIRUFHV DQG WKH LQÀXHQFH RI DGDSWLYH H[SHFWDWLRQV� ZH FRQVLGHU WKH IROORZLQJPRGHO RI LQWHUQDWLRQDO FRPPHUFLDO ¿VKLQJ� 7ZR FRXQWULHV �WKH GXRSROLVWVRU SOD\HUV� KDUYHVW ¿VK DQG VHOO LW LQ WKHLU KRPH PDUNHW DQG LQ WKH IRUHLJQPDUNHW� 7KH LQYHUVH GHPDQG IXQFWLRQV IRU WKH PDUNHWV l @ 4> 5 DUH JLYHQ E\s� @ d��e�+{��.{2�,� ZKHUH {&�+w, GHQRWHV WKH DPRXQW RI ¿VK KDUYHVWHG E\SOD\HU n @ 4> 5 DQG VROG LQ PDUNHW l DW WLPH SHULRG w� (DFK SOD\HU¶V KDUYHVWLQJFRVWV GHSHQG RQ WKH KDUYHVW UDWH DQG� DGGLWLRQDOO\� RQ WKH WRWDO ¿VK VWRFN�7KLV ODWWHU DVVXPSWLRQ FDSWXUHV WKH IDFW WKDW LW LV HDVLHU DQG OHVV H[SHQVLYH WRFDWFK ¿VK� LI WKH ¿VK SRSXODWLRQ LV ODUJH� /HW [+w, EH WKH WRWDO ¿VK ELRPDVVDW WLPH w LQ WKH FRPPRQ VHD DQG k&+w,  {&�+w, . {&2+w, WKH DPRXQW RI ¿VKKDUYHVWHG E\ SOD\HU n DW WLPH w� 7KHQ WKH FRVW IXQFWLRQ RI SOD\HU n LV JLYHQ E\F& @ f& . �&k2&@[� ZKLFK VDWLV¿HV WKH FRPPRQ DVVXPSWLRQV WKDW FRVWV DUHFRQYH[ LQ WKH ¿VK VWRFN DQG FRQFDYH LQ KDUYHVW �VHH &ODUN ������ 1RWH WKDWSOD\HUV PLJKW EH KHWHURJHQHRXV ZLWK UHVSHFW WR WKHLU FRVWV� ,Q VXFK D FDVHWKH HIIHFW RI FRVW OHDGHUVKLS RI RQH SOD\HU RQ WKH UHVXOWLQJ HTXLOLEULXP FDQ EHLQYHVWLJDWHG� /HW v�+w,  {��+w, . {2�+w, EH WKH DPRXQW RI ¿VK VXSSOLHG �DQGVROG� LQ FRXQWU\ l DW WLPH SHULRG w� :H DVVXPH WKDW WKH WRWDO ¿VK KDUYHVWHGE\ WKH WZR FRPSHWLWRUV HTXDOV WKH WRWDO ¿VK VXSSOLHG LQ WKH WZR PDUNHWV� L�H�K+w, @ k�+w, . k2+w, @ v�+w, . v2+w,�
��� 5HDFWLRQ IXQFWLRQV DQG 1DVK HTXLOLEULXP
/HW [e� +w, GHQRWH SOD\HU m¶V H[SHFWDWLRQ DW WLPH w � 4 RI WKH ¿VK VWRFNSUHYDLOLQJ LQ WKH VHD DW WLPH w� )XUWKHUPRUH� OHW {e�&�+w,> m 9@ n EH SOD\HU m¶VH[SHFWDWLRQ DW WLPH w � 4 RI WKH DPRXQW RI ¿VK RIIHUHG IRU VDOH E\ ULYDO n LQPDUNHW l DW WLPH w� 7KHQ� WKH H[SHFWHG SUR¿WV DUH

�e�+w, @ ^d� � e�+{�� . {e�2�,`{�� . ^d2 � e2+{�2 . {e�22,`{�2 � f� � �� k2�+w,[e�+w,�e2+w, @ ^d� � e�+{e2�� . {2�,`{2� . ^d2 � e2+{e2�2 . {22,`{22 � f2 � �2 k22+w,[e2+w,:H DVVXPH WKDW SOD\HUV DUH RQO\ ERXQGHGO\ UDWLRQDO� 7KH\ WU\ WR GHWHUPLQHWKHLU KDUYHVWLQJ DFWLYLWLHV VXFK WKDW WKHLU FXUUHQW H[SHFWHG SUR¿W LV PD[L�
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PL]HG� 7KH ¿UVW RUGHU FRQGLWLRQV IRU ¿UP � DUH�C�e�C{�� @ d� � 5e�{�� � e�{e�2� � 5�� k�+w,[e�+w, @ 3C�e�C{�2 @ d2 � 5e2{�2 � e2{e�22 � 5�� k�+w,[e�+w, @ 3
IURP ZKLFK

{�� @ d�e� � +{�� . {e�2�,� 5��e� k�[e�{�2 @ d2e2 � +{�2 . {e�22,� 5��e2 k�[e�
IROORZV� $FFRUGLQJO\� WKH RSWLPDO KDUYHVWLQJ TXDQWLWLHV IRU SOD\HU �� {���IRU WKH PDUNHWV l @ 4> 5 GHSHQG RQ WKH SUHGLFWLRQV SOD\HU � PDNHV RI WKHTXDQWLWLHV RIIHUHG E\ LWV ULYDO DQG� DGGLWLRQDOO\� RQ WKH H[SHFWHG ¿VK VWRFN�(TXLYDOHQWO\� IURP WKH ¿UVW RUGHU FRQGLWLRQV IRU SOD\HU � ZH JHW WKDW WKH RSWL�PDO TXDQWLWLHV RI SOD\HU � GHSHQG RQ SOD\HU �¶V SUHGLFWLRQV RI WKH TXDQWLWLHVRIIHUHG E\ LWV ULYDO� {e2�� DQG {e2�2� DQG WKH H[SHFWHG ¿VK VWRFN[e2 �)RU VLPSOLFLW\� ZH DVVXPH WKDW WKH GXRSROLVWV KDYH KRPRJHQHRXV H[SHF�WDWLRQV DQG WKDW WKH SOD\HUV DUH DZDUH RI WKLV� L�H� [e�+w, @ [e2+w, @ [e+w,�)XUWKHUPRUH� VLQFH ZH DUH LQWHUHVWHG LQ WKH HTXLOLEULXP KDUYHVWLQJ TXDQWL�WLHV� ZH DVVXPH WKDW {e�&� @ {&�> l> m> n @ 4> 5> m 9@ n� *LYHQ WKHVH DVVXPS�WLRQV� VROYLQJ WKH V\VWHP DERYH ZRXOG \LHOG WKH RSWLPDO TXDQWLWLHV RI ¿VK�{W&�> l> n @ 4> 5� KDUYHVWHG E\ SOD\HU n DQG VROG LQ FRXQWU\ l DV D IXQFWLRQ RIWKH �FXUUHQW� H[SHFWDWLRQ [e� +HUH LQVWHDG� ZH IRFXV RQ WKH WRWDO DPRXQW RIKDUYHVW E\ SOD\HU n� $GGLQJ WKH HTXDWLRQV DERYH \LHOGV

k� @ 5D� +k� . k2,� 5E��[e k�
ZKHUH D @ 3=8 +d�@e� . d2@e2, DQG E @ +4@e� . 4@e2,� 7KH SDUDPHWHU DLV WKH DYHUDJH RI WKH PDUNHW YROXPHV RI WKH WZR PDUNHWV� 7KH SDUDPHWHU ELV D PHDVXUH RI WKH �SULFH��VHQVLWLYLW\ RI GHPDQG� ,I SULFHV LQ ERWK PDUNHWVGURS E\ � XQLW� WKHQ WRWDO GHPDQG IRU ¿VK LQFUHDVHV E\ E XQLWV� )URP WKLVHTXDWLRQ� ZH FDQ JHW WKH UHDFWLRQ IXQFWLRQ IRU SOD\HU ��

k� @ D4 . ���fe � 45+4 . ���fe ,k2=



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ �
$QDORJRXVO\� ZH JHW WKH UHDFWLRQ IXQFWLRQ IRU SOD\HU ��

k2 @ D4 . ��2fe � 45+4 . ��2fe ,k�=7KHVH WZR IXQFWLRQV� UHSUHVHQWHG E\ VWUDLJKW OLQHV� DUH GHSLFWHG LQ ¿J� ��2EYLRXVO\� LQ WKH GXRSRO\ FDVH WKH KDUYHVWLQJ TXDQWLWLHV DUH VWUDWHJLF VXEVWL�WXWHV� L�H� LI RQH SOD\HU LQFUHDVHV LWV TXDQWLW\ RIIHUHG RQ WKH PDUNHW� WKH RWKHUSOD\HU¶V RSWLPDO UHDFWLRQ LV WR UHGXFH LWV TXDQWLW\�
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)LJXUH �� 5HDFWLRQ FXUYHV
7KH LQWHUVHFWLRQ SRLQW RI WKH WZR OLQHV GH¿QHV WKH 1DVK HTXLOLEULXP�)URP WKH JUDSKLFDO UHSUHVHQWDWLRQ VHYHUDO SURSHUWLHV RI WKH 1DVK HTXLOLEULXPTXDQWLWLHV FDQ EH HDVLO\ GHULYHG� )RU H[DPSOH� LI WKH PDUNHW YROXPH D LQ�FUHDVHV� WKHQ ERWK UHDFWLRQ FXUYHV VKLIW WR WKH ULJKW� $FFRUGLQJO\� ERWK 1DVKHTXLOLEULXP KDUYHVWLQJ TXDQWLWLHV LQFUHDVH� )XUWKHUPRUH� VWUDWHJLF HIIHFWV FDQ



� *LDQ�,WDOR %LVFKL DQG 0LFKDHO .RSHO
DOVR EH VWXGLHG� ,I WKH FRVW SDUDPHWHU �2 LQFUHDVHV� WKHQ WKH LQWHUVHFWLRQ SRLQWRI WKH UHDFWLRQ FXUYH RI SOD\HU � ZLWK WKH YHUWLFDO D[LV PRYHV GRZQZDUGV� $VD FRQVHTXHQFH� WKH KDUYHVWLQJ TXDQWLW\ RI SOD\HU � LQ HTXLOLEULXP �RSWLPDOO\�GHFUHDVHV� 7KLV LV GXH WR WKH GLUHFW FRVW HIIHFW� $W WKH VDPH WLPH� SOD\HU � RS�WLPDOO\ LQFUHDVHV WKH KDUYHVWLQJ TXDQWLW\� ZKLFK LV D FRQVHTXHQFH RI D VWUDWH�JLF HIIHFW� 7KH KDUYHVWLQJ TXDQWLWLHV RI WKH SOD\HUV LQ WKH 1DVK HTXLOLEULXPFDQ EH FDOFXODWHG DV

kW� @ 5D 4 . 2��2fe7+4 . ���fe ,+4 . ��2fe ,� 4
kW2 @ 5D 4 . 2���fe7+4 . ���fe ,+4 . ��2fe ,� 4 =

%\ GH¿QLQJ
i+{, @ 44 . 2���% . 44 . 2��2% =

ZH FDQ UHZULWH WKHVH H[SUHVVLRQV DV
kW� @ 5D+4 . 2���fe ,+4 . i+[e,, ���
kW2 @ 5D+4 . 2��2fe ,+4 . i+[e,, =+HQFH� WKH WRWDO DPRXQW RI KDUYHVWLQJ RI WKH WZR SOD\HUV LV

KW+w, @ k�+w, . k2+w, @ 5D i+[e+w,,4 . i+[e+w,, @ ���
@ 7D +4 . �E��n�2�fe ,7+4 . ���fe ,+4 . ��2fe ,� 4 =7KH RSWLPDO KDUYHVWLQJ TXDQWLWLHV RI SOD\HU m LQ ��� GHSHQG RQ WKH DYHU�DJH RI WKH PDUNHW YROXPHV �D�� RQ WKH VHQVLWLYLW\ PHDVXUH RI GHPDQG �E��DQG RQ SOD\HU m¶V FRVW SDUDPHWHU �� � 1RWH WKDW WKH HTXLOLEULXP DFWLYLWLHVRI WKH WZR SOD\HUV DOVR GHSHQG RQ WKH SOD\HU¶V H[SHFWDWLRQ RI WKH ¿VK VWRFN�[e�� 7KLV HIIHFW LV XVXDOO\ DEVHQW LQ TXDQWLW\�VHWWLQJ GXRSRO\ PRGHOV DQG�KHQFH� ZRUWK WR EH LQYHVWLJDWHG LQ PRUH GHWDLO� $Q LQFUHDVH LQ WKH �FRPPRQ�H[SHFWDWLRQ RI WKH ¿VK VWRFN DIIHFWV ERWK SOD\HUV� 2QH PLJKW EH WHPSWHG WR



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ �
DUJXH WKDW WKH\ ERWK H[WHQG WKHLU KDUYHVWLQJ DFWLYLWLHV� +RZHYHU� LQ D VLWX�DWLRQ ZKHUH WKH WRWDO DPRXQW RI KDUYHVWLQJ RIIHUHG LQ WKH PDUNHW LV DOUHDG\YHU\ KLJK� GRLQJ VR ZRXOG GHFUHDVH WKH SULFHV RQ WKH PDUNHWV DQG ZRXOGORZHU SUR¿WV� $FFRUGLQJO\� LW VHHPV UHDVRQDEOH WKDW WKH UHODWLRQ EHWZHHQ�PDUJLQDO� KDUYHVWLQJ FRVWV SOD\ D FUXFLDO UROH LQ GHWHUPLQLQJ WKH RSWLPDO UH�DFWLRQ RI WKH SOD\HUV� &DOFXODWLQJ WKH GHULYDWLYH CkW�@C[e� RQH QRWLFHV WKDWWKH VLJQ GHSHQGV RQ WKH VLJQ RI WKH H[SUHVVLRQ+5�� � �2,[2 . 7E���2[ . 7E2���22 =+HQFH� IRU �2 ? 5�� ZH FDQ EH VXUH WKDW WKH GHULYDWLYH LV SRVLWLYH� 2Q WKHRWKHU KDQG� IRU �2 A 5�� LW WXUQV RXW WKDW WKH GHULYDWLYH LV SRVLWLYH RQO\ LI WKHH[SHFWHG ¿VK VWRFN LV VXI¿FLHQWO\ VPDOO �RWKHUZLVH QHJDWLYH�� $Q DQDO\VLV RIWKH GHULYDWLYH CkW2@C[e \LHOGV WKH VDPH TXDOLWDWLYH UHVXOWV ZLWK WKH LQGLFHVRI ¿UP � DQG � H[FKDQJHG� L�H� IRU �2 A 3=8�� WKH GHULYDWLYH LV SRVLWLYH�IRU �2 ? 3=8�� LW LV SRVLWLYH RQO\ LI WKH H[SHFWHG VWRFN LV VXI¿FLHQWO\ VPDOO�6XPPLQJ XS� RXU DQDO\VLV UHYHDOV WKDW LI WKH FRVW SDUDPHWHUV RI WKH GXRSROLVWVGR QRW GLIIHU WRR PXFK� L�H� 3=8�� ? �2 ? 5��� ERWK SOD\HUV LQFUHDVH WKHLUKDUYHVWLQJ DFWLYLWLHV LI WKH\ SUHGLFW D KLJKHU ¿VK VWRFN� 6XUSULVLQJO\� KRZHYHU�LI WKH FRVW DGYDQWDJH RI RQH ¿UP LV FRQVLGHUDEOH ��2 ? 3=8�� RU �� ? 3=8�2��WKHQ WKH FRVW OHDGHU LQFUHDVHV LWV TXDQWLW\ RQO\ IRU VXI¿FLHQWO\ VPDOO YDOXHV RIWKH H[SHFWHG ¿VK VWRFN� ,I WKH H[SHFWHG ¿VK VWRFN LV VXI¿FLHQWO\ KLJK� WKHQ WKHFRVW OHDGHU UHGXFHV LWV KDUYHVWLQJ HIIRUW� 7KH UHDVRQ LV WKDW WKH FRVW OHDGHU¶VKDUYHVWLQJ LV DOUHDG\ KLJK GXH WR WKH KLJK H[SHFWHG ¿VK VWRFN DQG GXH WR LWVORZ PDUJLQDO FRVW� ,Q VXFK D VLWXDWLRQ LW LV RSWLPDO� HYHQ LI D KLJKHU ¿VK VWRFNLV SUHGLFWHG� WR UHGXFH KDUYHVWLQJ���� 3HUIHFW IRUHVLJKW IRU ERWK FRXQWULHV

7DNLQJ LQWR DFFRXQW ���� WKH HYROXWLRQ RI WKH ¿VK VWRFN VXEMHFW WR KDUYHVW�LQJ E\ WKH GXRSROLVWV LV JRYHUQHG E\
[+w. 4, @ [+w, +4 . �� �[+w,,� 5Di+[e+w,,4 . i+[e+w,, ���

ZKHUH WKH SDUDPHWHUV ��� �� �� D DQG E DUH SRVLWLYH� %\ VSHFLI\LQJ KRZ WKHSOD\HUV IRUP WKHLU FRPPRQ H[SHFWDWLRQ[e� ZH REWDLQ D G\QDPLF PRGHO� 7RKDYH D EHQFKPDUN DYDLODEOH� ZH VWDUW IURP WKH FDVH ZKHUH ERWK SOD\HUV KDYHSHUIHFW IRUHVLJKW� L�H� [e+w, @ [+w, IRU HDFK w=



�� *LDQ�,WDOR %LVFKL DQG 0LFKDHO .RSHO
7KLV PHDQV WKDW WKH SOD\HUV DUH DEOH WR DFFXUDWHO\ SUHGLFW WKH ¿VK ELRPDVVZKLFK ZLOO SUHYDLO LQ WKH VHD LQ WKH QH[W SHULRG RU� LQ RWKHU ZRUGV� WKDW WKHSOD\HUV NQRZ WKH G\QDPLF HTXDWLRQ ZKLFK JRYHUQV WKH HYROXWLRQ RI WKH ¿VKSRSXODWLRQ� 7KH PRGHO ��� EHFRPHV[+w. 4, @ I +[+w,,ZKHUH

I +{, @ { +4 . �� �{,�K+{, @ { +4 . �� �{,� 5D i +{,4 . i +{,ZLWK
i+{, @ 5{ {.E +�� . �2,+{. 5E��, +{. 5E�2, =7KH ¿[HG SRLQW [Wf @ 3 DOZD\V H[LVWV� DQG SRVLWLYH ¿[HG SRLQWV� LI DQ\� DUHREWDLQHG DV VROXWLRQV RI WKH HTXDWLRQ

�� �{ @ K+{,{ = ���
:LWK UHVSHFW WR WKH RQH�GLPHQVLRQDO PDS RI WKH ORJLVWLF JURZWK IXQFWLRQ�ZKLFK GHVFULEHV WKH XQKDUYHVWHG SRSXODWLRQ� WKH SUHVHQFH RI KDUYHVWLQJK+{,PDNHV WKH XQLPRGDO FXUYH ORZHU DQG DQ LQÀHFWLRQ SRLQW PD\ H[LVW� 7KLV LP�SOLHV WKDW WKH PDS PD\ KDYH WKUHH ¿[HG SRLQWV� VD\ [Wf @ 3 ? [W� ? [W2 �ZLWK[Wf DQG[W2 VWDEOH DQG[W� XQVWDEOH�,I WKH SOD\HUV KDYH HTXDO FRVW SDUDPHWHUV� �� @ �2 @ �(� WKHQ WRWDOKDUYHVWLQJ EHFRPHVK+{, @ 7D{@+6{.5E�(, DQG WKH HTXDWLRQ WR ¿QG WKHSRVLWLYH ¿[HG SRLQWV EHFRPHV6�{2 . +5��(E � 6�,{. 5+5D�E��(, @ 3+HQFH� LI WKH FRPPRQ FRVW SDUDPHWHU LV VXI¿FLHQWO\ ODUJH� QDPHO\

�( A 5DE�> ���
WKH XQLTXH SRVLWLYH ¿[HG SRLQW

[W2c( @ 6�� 5��(E .t+6�. 5��(E,2 � 7;D�9� ���



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ ��
H[LVWV� 7ZR SRVLWLYH VROXWLRQV RI WKH TXDGUDWLF HTXDWLRQ H[LVW LI �( ? 5D@E�DQG 7;D� ? +6�. 5��(E,2 = 1R SRVLWLYH ¿[HG SRLQWV H[LVW LI 7;D� A+6�. 5��(E,2�*LYHQ WKH UHVXOWV RQ WKH ORFDO VWDELOLW\ RI WKH VWHDG\ VWDWHV LQ WKH FDVH RIKRPRJHQHRXV SOD\HUV� ZH FDQ GHULYH VRPH SUHOLPLQDU\ FRQFOXVLRQV FRQFHUQ�LQJ WKH FRQVHUYDWLRQ RI WKH UHQHZDEOH UHVRXUFH� 2EYLRXVO\� FRQVHUYDWLRQ RUH[WLQFWLRQ RI WKH UHVRXUFH GHSHQGV RQ WKH UHODWLYH PDJQLWXGH RI WKH LQWULQVLFJURZWK UDWH � RI WKH UHQHZDEOH UHVRXUFH LQ FRPSDULVRQ ZLWK WKH PDUNHW YRO�XPH� WKH SULFH VHQVLWLYLW\ RI WKH FRQVXPHUV� DQG WKH FRVW SDUDPHWHU �(� )URPD UHJXODWRU¶V SRLQW RI YLHZ� � DQG � DUH ELRORJLFDOO\ JLYHQ� DQG D DQG E DUHWKH JLYHQ PDUNHW FRQGLWLRQV �RI FRXUVH� WKH\ FRXOG EH LQÀXHQFHG E\ WKH ¿UPV¶PDUNHWLQJ DFWLYLWLHV�� $FFRUGLQJO\� RQO\ WKH SDUDPHWHU �( FDQ EH LQÀXHQFHGE\ D UHJXODWRU LQ RUGHU WR DFKLHYH FRQVHUYDWLRQ RI WKH ¿VK SRSXODWLRQ� ,I WKHYDOXH RI WKH FRVW SDUDPHWHU LV VXI¿FLHQWO\ KLJK ��( A 5D@E��� H[WLQFWLRQ RIWKH UHVRXUFH FDQ EH SUHYHQWHG �VHH ¿J� �D�� 1RWH WKDW WKH ORZHU WKH LQWULQVLFJURZWK UDWH RU WKH ODUJHU WKH PDUNHW YROXPH� WKH KLJKHU WKH FRVW SDUDPHWHUKDV WR EH LQ RUGHU WR DFKLHYH FRQVHUYDWLRQ� ,I �( ? 5D@E�� H[WLQFWLRQ FDQRFFXU� +RZHYHU� WKH VLWXDWLRQ GHSHQGV RQ WKH LQWHUSOD\ EHWZHHQ WKH ELRORJL�FDO DQG WKH PDUNHW SDUDPHWHUV� ,I WZR ¿[HG SRLQWV[W� DQG[W2 H[LVW �VHH ¿JV��E DQG �G�� WKHQ FRQVHUYDWLRQ UHVXOWV RQO\ LI WKH VWRFN RI WKH UHQHZDEOH UH�VRXUFH LV LQ DQ LQWHUPHGLDWH UDQJH �ODUJHU WKDQ[W� � EXW VPDOOHU WKDQ[W�E3����)RU VPDOOHU RU ODUJHU VL]HV RI WKH SRSXODWLRQ� H[WLQFWLRQ RFFXUV HLWKHU DV\PS�WRWLFDOO\ �VHH ¿J� �E� RU LQ ¿QLWH WLPH �VHH ¿J� �G�� 2EVHUYH WKDW LI WKH ¿VKVWRFN LV ODUJHU WKDQ [W�E3��� WKHQ QDWXUDO PRUWDOLW\ GXH WR RYHUSRSXODWLRQ WR�JHWKHU ZLWK WKH KDUYHVWLQJ DFWLYLWLHV UHGXFH WKH ¿VK VWRFN EHORZ WKH OHYHO[W� �)LQDOO\� LI WKH SDUDPHWHU RI WKH KDUYHVWLQJ FRVWV LV VXI¿FLHQWO\ VPDOO� WKHQ QR¿[HG SRLQW H[LVWV� DQG WKH UHVRXUFH LV GULYHQ H[WLQFW LQGHSHQGHQW RI WKH ¿VKVWRFN �VHH ¿J� �F��6HYHUDO UHPDUNV VKRXOG EH PDGH FRQFHUQLQJ RXU UHVXOWV� )LUVW� LW PDNHVVHQVH WKDW H[WLQFWLRQ GRHV QRW RFFXU LI FRVWV DUH VXI¿FLHQWO\ KLJK� 7KLV HIIHFWKDV EHHQ REVHUYHG EHIRUH LQ ELRHFRQRPLF PRGHOV RI WKH ¿VKHU\ �VHH 1HKHU����� 3HDUFH DQG 7XUQHU ����� &ODUN ������ ,W PLJKW EH VXUSULVLQJ� KRZ�HYHU� WKDW IRU �( ? 5D@E� H[WLQFWLRQ RFFXUV GHVSLWH WKH IDFW WKDW KDUYHVWLQJFRVWV LQFUHDVH IRU D GHFUHDVLQJ ¿VK VWRFN� 7KH UHDVRQ LV VLPSO\ WKDW LQ WKLVVLWXDWLRQ IRU VPDOO VL]HV RI WKH ¿VK VWRFN WKH RSWLPDO KDUYHVW �ZKLFK LV DERXW5D@E�(� LV JUHDWHU WKDQ WKH LQWHUQDO JURZWK UDWH � RI WKH UHVRXUFH� )L�QDOO\� REVHUYH WKDW D ¿VK SRSXODWLRQ FDQ EH YLHZHG DV D FDSLWDO DVVHW �VHH H�J�'DZLG DQG .RSHO� ����� RU 1HKHU� ������ 7KH RZQHUV RI WKH UHVRXUFH H[SHFWWKH DVVHW WR HDUQ GLYLGHQGV DW WKH QRUPDO UDWH RI UHWXUQ� RWKHUZLVH WKH\ ZRXOG



�� *LDQ�,WDOR %LVFKL DQG 0LFKDHO .RSHO
EH WHPSWHG WR GLVSRVH WKH DVVHW� :LWK UHVSHFW WR WKH ¿VK VWRFN� WKH RZQHUVFRPSDUH WKH LQWULQVLF JURZWK UDWH RI WKH UHVRXUFH ZLWK WKH UDWH RI UHWXUQ RIKDUYHVWLQJ WKH UHVRXUFH DQG LQYHVWLQJ WKH SURFHHGV� ([WLQFWLRQ RFFXUV� ZKHQWKH LQWULQVLF JURZWK UDWH LV QRW VXI¿FLHQWO\ KLJK� /RRNLQJ DW WKH ORFDO VWD�ELOLW\ UHVXOWV� DSSDUHQWO\ WKH RZQHUV LQ RXU PRGHO EHKDYH DFFRUGLQJ WR WKLVYLHZ �VHH ¿JV� �D�F�� +RZHYHU� QRWH WKDW YLHZLQJ WKH ¿VK VWRFN DV D FDSLWDODVVHW LV DQ LQKHUHQWO\ LQWHUWHPSRUDO LVVXH� L�H� WKH GHFLVLRQ LV PDGH E\ FRQ�VLGHULQJ WKH WUDGH�RII EHWZHHQ KDUYHVWLQJ QRZ �DQG LQYHVWLQJ WKH UHWXUQV� RUOHW WKH UHVRXUFH JURZ �DW WKH LQWHUQDO JURZWK UDWH� DQG KDUYHVW LQ WKH IXWXUH�7KH RZQHUV LQ RXU PRGHO DUH� LQ FRQWUDVW WR WKLV� QRW IRUZDUG�ORRNLQJ� 7KH\GHWHUPLQH WKH KDUYHVW VXFK WKDW WKH H[SHFWHG SUR¿W RI WKH FXUUHQW SHULRG LVPD[LPL]HG� ,Q GRLQJ WKLV� WKH\ GR QRW WDNH LQWR DFFRXQW WKH HIIHFWV RI WKHLUGHFLVLRQ WRGD\ RQ WKH ¿VK VWRFN DQG WKHLU RSSRUWXQLWLHV WRPRUURZ�
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)LJXUH �� 2QH GLPHQVLRQDO PDS )�[� ZKRVH LWHUDWLRQ JLYHV WKH G\QDPLFV ZLWKSHUIHFW IRUHVLJKW�



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ ��
,I WKH SOD\HUV DUH KHWHURJHQHRXV ZLWK UHVSHFW WR WKHLU FRVW SDUDPHWHUV�FRQGLWLRQV IRU WKH H[LVWHQFH RI WKH SRVLWLYH ¿[HG SRLQWV DUH KDUGHU WR FRPHE\� +RZHYHU� FRQGLWLRQV IRU WKH VWDELOLW\ RI WKH RULJLQ FDQ EH HDVLO\ IRXQGDQG D TXDOLWDWLYH GHVFULSWLRQ RI WKH UHVXOWLQJ G\QDPLFV FDQ EH JLYHQ� )RU� @ D+�� . �2,@E���2� ZH KDYH I �+3, @ 4� DQG D WUDQVFULWLFDO ELIXUFDWLRQRFFXUV� )RU

� A D�� . �2E���2 >
ZH KDYH I �+3, A 4� 7KH ¿[HG SRLQW [Wf LV XQVWDEOH DQG RQO\ D SRVLWLYH¿[HG SRLQW [W2 H[LVWV� ZKHUH [W2 ? �@�� 7KH SRVLWLYH HTXLOLEULXP PD\ EHVWDEOH RU XQVWDEOH DQG VXUURXQGHG E\ D ERXQGHG DWWUDFWRU� DV LQ WKH FDVH RIWKH XQKDUYHVWHG UHVRXUFH� )RU

D�� . �2E���2 � 4 ? � ? D�� . �2E���2
ZH KDYH 3 ? I �+3, ? 4� 7KH ¿[HG SRLQW [Wf LV VWDEOH DQG WZR VLWXDWLRQVDUH SRVVLEOH� )LUVW� D SDLU RI SRVLWLYH ¿[HG SRLQWV H[LVWV� [W� ? [W2 � XQVWDEOHDQG VWDEOH� UHVSHFWLYHO\� [W� LV WKH ERXQGDU\ ZKLFK VHSDUDWHV WKH EDVLQ RI[WfDQG WKDW RI [W2 � 6HFRQG� QR SRVLWLYH ¿[HG SRLQWV H[LVWV DQG DOO WKH ERXQGHGWUDMHFWRULHV FRQYHUJH WR [Wf �LQ ¿QLWH RU LQ¿QLWH WLPH�� )RU YDOXHV RI WKHLQWULQVLF JURZWK UDWH VOLJKWO\ VPDOOHU WKDQ D+�� . �2,@E���2� ZH H[SHFWWKDW WKH VLWXDWLRQ ZLWK WKUHH ¿[HG SRLQWV RFFXUV� )RU D+�� . �2,@E���2 �4 A �� WKHUH H[LVWV D QHLJKERUKRRG DURXQG [Wf VXFK WKDW I +[Wf , LV QHJDWLYH�7KLV FDQ EH LQWHUSUHWHG LQ VD\LQJ WKDW H[WLQFWLRQ LV UHDFKHG LQ ¿QLWH WLPH� DV[Wf LV QRW DQ HTXLOLEULXP LQ WKH ELRORJLFDO VHQVH� EHFDXVH WKH VSHFLHV JRHVH[WLQFW EHIRUH UHDFKLQJ LW �VHH DOVR &ODUN ����� S� ���� 2EVHUYH WKDW WKH VHWE RI LQLWLDO FRQGLWLRQV ZKLFK JHQHUDWH SRVLWLYH DQG ERXQGHG WUDMHFWRULHV LVJLYHQ E\ E @+3> R3�, >ZKHUH R3� ? +4 . �,@� LV REWDLQHG E\ VROYLQJ WKHHTXDWLRQ

4 . �� �{ @ K+{,{ =
� &RPSDULVRQ ZLWK WKH FRRSHUDWLYH YHQWXUH FDVH

)RU WKH VDNH RI FRPSDULVRQ� OHW XV DVVXPH WKDW WKH WZR SOD\HUV DJUHHWR IRUP D FRRSHUDWLYH YHQWXUH� (TXLYDOHQWO\� ZH PLJKW WKLQN RI WKLV DV D



�� *LDQ�,WDOR %LVFKL DQG 0LFKDHO .RSHO
VLWXDWLRQ ZKHUH WKH SURSHUW\ ULJKWV IRU WKH UHVRXUFH DUH LQ WKH KDQGV RI DVROH RZQHU� ZKLFK PD\ EH LPDJLQHG HLWKHU DV D SULYDWH ¿UP RU D JRYHUQPHQWDJHQF\ WKDW RZQV FRPSOHWH ULJKWV WR WKH H[SORLWDWLRQ RI WKH ¿VK SRSXODWLRQ�7KH VROH RZQHU KDUYHVWV ¿VK DQG VHOOV LW QRW RQO\ LQ LWV KRPH PDUNHW� EXWDOVR LQ D IRUHLJQ PDUNHW� 7KH LQYHUVH GHPDQG IXQFWLRQV IRU WKH PDUNHWV l @4> 5 DUH JLYHQ E\ s� @ d� � e�{�� ZKHUH {�+w, GHQRWHV WKH DPRXQW RI ¿VKKDUYHVWHG DQG VROG LQ PDUNHW l DW WLPH SHULRG w� /HW [+w, EH WKH WRWDO ¿VKELRPDVV DW WLPH w LQ WKH FRPPRQ VHD DQG k+w,  {�+w, . {2+w, WKH DPRXQWRI ¿VK KDUYHVWHG �DQG VROG� DW WLPH w� 7KHQ WKH FRVW IXQFWLRQ LV JLYHQ E\F @ f . �7k2@[� )XUWKHUPRUH� OHW [e+w, GHQRWH WKH RZQHUV SUHGLFWLRQ DWWLPH w� 4 RI WKH ¿VK VWRFN SUHYDLOLQJ LQ WKH VHD DW WLPH w� 7KHQ� WKH H[SHFWHGSUR¿W LQ SHULRG w UHDGV

�e+w, @ ^d� � e�{�`{� . ^d2 � e2{2`{2 � f� �7 k2+w,[e+w, =,I ZH DVVXPH WKDW WKH VROH RZQHU LV RQO\ ERXQGHGO\ UDWLRQDO LQ WKH VHQVH WKDWKH GHWHUPLQHV WKH KDUYHVWLQJ DFWLYLWLHV VXFK WKDW WKH H[SHFWHG SUR¿W RI WKHVXEVHTXHQW SHULRG LV PD[LPL]HG� LW LV HDV\ WR VHH WKDW WKH RSWLPDO KDUYHVWLQJTXDQWLW\ LV
kW+w, @ D4 . ��7feE|� ����

ZKHUH D DQG E DUH GH¿QHG DV EHIRUH� 7KH RSWLPDO KDUYHVWLQJ TXDQWLW\RI D VROH RZQHU FDQ EH FRPSDUHG ZLWK WKH WRWDO KDUYHVWLQJ TXDQWLW\ RI WKHGXRSROLVWV� ,I ZH DVVXPH WKDW WKH FRVW SDUDPHWHUV RI ERWK SOD\HUV DUH HTXDO�L�H� �� @ �2 @ �(� WKHQ WKH WRWDO DPRXQW RI KDUYHVWLQJ LQ HTXLOLEULXP LQWKH GXRSRO\ FDVH LV KW+[e, @ 7D@+6 . 5E�(@[e,� DFFRUGLQJ WR ���� ,WLV HDV\ WR VHH WKDW WKH IROORZLQJ KROGV� ,I �7 � 3=8�(� WKHQ IRU HDFK OHYHORI [e� KW+[e, A kW+[e,� ,Q RWKHU ZRUGV� FRPSHWLWLRQ KDV WKH HIIHFW WKDWWKH UHVRXUFH LV H[SORLWHG PRUH KHDYLO\ IRU HDFK OHYHO RI H[SHFWHG ¿VK VWRFN�7KLV KDV EHHQ QRWLFHG EHIRUH LQ WKH OLWHUDWXUH� IRU H[DPSOH� LQ FRQQHFWLRQZLWK RSHQ�DFFHVV H[SORLWDWLRQ �VHH &ODUN ������ DQG DOVR LQ WKH FRQWH[W RI DGLIIHUHQWLDO JDPH PRGHO RI ¿VKLQJ �VHH /HYKDUL DQG 0LUPDQ ����� DQG DOVR'XWWD DQG 6XQGDUDP ������ 1RWH� KRZHYHU� WKDW WKLV UHVXOW GRHV QRW JLYH DQ\LQIRUPDWLRQ RQ WKH UHODWLRQ EHWZHHQ WKH KDUYHVWLQJ DFWLYLWLHV LQ WKH ORQJ UXQ�L�H� LQ WKH ORQJ UXQ VWHDG\ VWDWH�,I ZH SXW WKH ORJLVWLF JURZWK IXQFWLRQ DQG WKH H[SUHVVLRQ ���� IRU RSWLPDOKDUYHVWLQJ WRJHWKHU� WKHQ WKH G\QDPLFV RI WKH ¿VK VWRFN VXEMHFW WR KDUYHVWLQJ



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ ��
E\ D VROH RZQHU LV GHWHUPLQHG E\

[+w. 4, @ [+w, +4 . �� �[+w,,� D4 . ��7feE|� = ����
,I ZH DVVXPH WKDW WKH RZQHU FDQ DFFXUDWHO\ SUHGLFW WKH OHYHO RI WKH ¿VK VWRFNLQ SHULRG w� L�H� [e+w, @ [+w, ;w> ZH REWDLQ D RQH�GLPHQVLRQDO G\QDPLFDOV\VWHP� 7KH WLPH HYROXWLRQ RI WKH ¿VK SRSXODWLRQ LV WKHQ GHVFULEHG E\ WKHLWHUDWLRQ RI WKH PDS

[ � @ I +[, @ [ +4 . �� �[,� D[[ .E�7 = ����
7KH VWHDG\ VWDWHV RI WKLV G\QDPLFDO HTXDWLRQ DUH WKH QRQ QHJDWLYH ¿[HG SRLQWVRI WKH PDS ����� 7KH\ DUH JLYHQ E\[Wf @ 3 DQG WKH SRVLWLYH VROXWLRQV RI WKHHTXDWLRQ �[2 � +�� ��7E,[ .D� ��7E @ 3=,I

� A D�7E> ����
KROGV� WKHQ WKH VORSH DW[Wf LVGI +3, @ 4.��D@�7E A 4� +HQFH�[Wf LVXQVWDEOH DQG WKHUH LV D XQLTXH SRVLWLYH HTXLOLEULXP JLYHQ E\

[W2c7 @ �� ��7E .t+�. ��7E,2 � 7D�5� ����
ZKLFK PD\ EH VWDEOH RU XQVWDEOH �ZLWK DQ DWWUDFWRU DURXQG LW�� 7KH HTXLOLE�ULXP OLHV LQVLGH WKH DEVRUELQJ LQWHUYDO ^f�> f` �OLNH LQ WKH VLWXDWLRQ VKRZQ LQ¿J� �D� ZLWK EDVLQ RI DWWUDFWLRQ �R>RE3���� ,I

� ? D�7E ? �. 4
WKHQ 3 ? GI +3, ? 4� DQG QR SRVLWLYH HTXLOLEULD H[LVW LID A +�. ��7E,2 @7��2Q WKH RWKHU KDQG� WZR SRVLWLYH HTXLOLEULD 3 ? [W� ? [W2 H[LVW� ZKHUH [W2LV JLYHQ E\ ����� LI D ? +�. ��7E,2 @7� DQG ��7E ? �� ,Q WKLV FDVH�[W� LV XQVWDEOH� 7KH RWKHU HTXLOLEULXP� [W2 � LV VWDEOH ZLWK EDVLQ JLYHQ E\
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E @�[W� > [W�E3���� ZKHUH [W�E3�� LV WKH UDQN�� SUHLPDJH RI [W� �FRPSDUH¿J� �E�� :KHQ [W2 LV XQVWDEOH� WKHQ E LV WKH EDVLQ RI WKH DEVRUELQJ LQWHUYDO^f�> f` DURXQG[W2 � SURYLGHG WKDW f ? [W�E3��� )LQDOO\� LI

� ? D�7E � 4> ����
WKHQ ZH KDYH D ULJKW QHLJKERUKRRG RI[Wf @ 3 ZKHUH I +[, LV QHJDWLYH�:H FDQ QRZ PDNH D FRPSDULVRQ EHWZHHQ WKH VWDELOLW\ FRQGLWLRQV IRUWKH GXRSRO\ FDVH DQG WKH FDVH RI D VROH RZQHU LQ RUGHU WR VHH WKH HIIHFWVRI KDUYHVWLQJ FRVWV DQG FRPSHWLWLRQ RQ WKH FRQVHUYDWLRQ RI WKH ¿VK SRSX�ODWLRQ� )LUVW� QRWH WKDW WKH WKUHVKROG ��� IRU WKH GXRSROLVWV¶V FRPPRQ FRVWSDUDPHWHU �( UHVXOWLQJ LQ FRQVHUYDWLRQ RI WKH UHVRXUFH LQGHSHQGHQW RI WKH¿VK VWRFN LV WZLFH DV ODUJH DV IRU WKH FDVH RI D VROH RZQHU� VHH ����� ,IZH FRQVLGHU� IRU H[DPSOH� WKH H[LVWHQFH DQG VWDELOLW\ RI WKH ¿[HG SRLQWV IRUD @ 8=8> E @ 5> � @ 4> � @ 6� WKHQ FRQVHUYDWLRQ RI WKH UHVRXUFH LQGHSHQ�GHQW RI WKH ¿VK VWRFN LV DFKLHYHG LI �� @ �2 @ �( A 4=;66� ZKHUHDV LQ WKHFDVH RI D VROH RZQHU� WKH YDOXH RI WKH FRVW SDUDPHWHU RQO\ QHHGV WR EH KDOIDV ODUJH� ,I ZH FRQVLGHU� IRU H[DPSOH� �7 @ 4 � D VROH RZQHU ZLWK SHUIHFWIRUHVLJKW ZRXOG DFKLHYH FRQVHUYDWLRQ RI WKH UHVRXUFH� ZKHUHDV FRPSHWLWLRQEHWZHHQ RQO\ WZR SOD\HUV OHDGV WR H[WLQFWLRQ RI WKH UHVRXUFH� ,QWHUHVWLQJLQVLJKWV FDQ EH JDLQHG LI ZH ORRN DW WKH ORQJ UXQ HYROXWLRQ RI WKH ¿VK SRS�XODWLRQ LQ WKH WZR FDVHV� /HW XV DVVXPH WKDW �7 @ 4 DQG �( @ 5� 5HFDOO�WKDW LQ VXFK D VLWXDWLRQ� IRU HDFK OHYHO RI [e� KW+[e, A kW+[e,� ,Q RWKHUZRUGV� D VROH RZQHU ZRXOG KDUYHVW D VPDOOHU TXDQWLW\ WKDQ WKH GXRSROLVWVWRJHWKHU� +RZHYHU� IRU WKH SDUWLFXODU VHW RI SDUDPHWHUV ZH DUH FRQVLGHU�LQJ� LQ WKH VWHDG\ VWDWHV [W2c7 DQG [W2c( WKH UHODWLRQ EHWZHHQ WKH KDUYHVWLQJTXDQWLWLHV LV UHYHUVHG� 7KH VROH RZQHU DFKLHYHV D KLJKHU SHUPDQHQW FDWFK�KW+[W2c(, @ 5 ? kW+[W2c7, @ 5=57� ZKHUH [W2c7 @ 4=6: A [W2c( @ 4� 6R�FRPSHWLWLRQ EHWZHHQ WKH GXRSROLVWV PD\ OHDG WR RYHUFRQVXPSWLRQ� ZLWK OHVVOHIW IRU IXWXUH SHULRGV�:LWK UHVSHFW WR FRQVHUYDWLRQ� LQ WKH FDVH RI KRPRJHQHRXV FRVWV� LW LV HDV\WR VHH WKDW D PRUH JHQHUDO VWDWHPHQW FDQ EH PDGH� ,I q ¿UPV KDUYHVW WKH UH�VRXUFH� WKHQ WKHLU FRPPRQ FRVW SDUDPHWHU PXVW EH q WLPHV DV ODUJH LQ RUGHUWR DFKLHYH FRQVHUYDWLRQ RI WKH UHVRXUFH� L�H� �� A qD@E� �WKH VXEVFULSWµR¶ VWDQGV IRU ROLJRSRO\�� +HQFH� WKLV LV DQRWKHU LQGLFDWLRQ WKDW FRPSHWLWLRQEHWZHHQ SOD\HUV PLJKW KDYH D GHWULPHQWDO HIIHFW RQ WKH UHVRXUFH� XQOHVV WKHFRVWV RI WKH ULYDOV DUH FRQVLGHUDEO\ KLJKHU WKDQ WKH FRUUHVSRQGLQJ FRVWV RID VROH RZQHU� 7KLV LV RI SDUWLFXODU LQWHUHVW LI ZH GLVFXVV WKH HIIHFW RI PDU�NHW HQWU\ �VHH DOVR 6]LGDURYV]NL DQG 2NXJXFKL ������ ,PDJLQH D VLWXDWLRQ LQ
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ZKLFK D VROH RZQHU KDUYHVWV ¿VK DQG RIIHUV LW RQ WKH WZR PDUNHWV� 'XH WRHFRQRPLHV RI VFDOH DQG OHDUQLQJ HIIHFWV� WKH VROH RZQHU¶V YDOXH RI WKH FRVWSDUDPHWHU LV TXLWH ORZ� H�J� �7 @ 4� 'HVSLWH VXFK ORZ FRVWV� QR PDWWHU ZKDWWKH DFWXDO ¿VK VWRFN� FRQVHUYDWLRQ RI WKH UHVRXUFH UHVXOWV� ,Q WKLV VLWXDWLRQ DSRWHQWLDO HQWUDQW LV FRQVLGHULQJ PDUNHW HQWU\� ,I HQWU\ LV DFFRPPRGDWHG E\WKH LQFXPEHQW �WKH VROH RZQHU�� WKHQ ZH DUH GHDOLQJ ZLWK D GXRSRO\ VLWXD�WLRQ MXVW DQDO\]HG� 7KH UHPDUNDEOH HIIHFW LV WKDW HYHQ LI WKH QHZ ¿UP KDVFRQVLGHUDEO\ KLJKHU FRVWV� H�J� �2 @ 8� H[WLQFWLRQ ZLOO UHVXOW�,Q WKH KHWHURJHQHRXV FDVH� WKH FRVW SDUDPHWHUV RI ERWK SOD\HUV SOD\ D FUX�FLDO UROH� DV WKH IROORZLQJ VLPSOH H[DPSOH GHPRQVWUDWHV� /HW XV DVVXPH WKDWD @ 4> E @ 4> � @ 4> � @ 5� 1RZ FRQVLGHU WKH VLWXDWLRQ RI D VROH RZQHU DQGDVVXPH WKDW WKH YDOXH RI WKH FRVW SDUDPHWHU LV �7 @ 4� 6LQFH �7 A D@E� @3=8> LW IROORZV WKDW WKH ¿VK SRSXODWLRQ VXUYLYHV LQGHSHQGHQW RI WKH LQLWLDO ¿VKVWRFN� &RQVLGHU� RQ WKH RWKHU KDQG� D GXRSRO\ VLWXDWLRQ ZKHUH WKH SOD\HUV DUHKHWHURJHQHRXV ZLWK UHVSHFW WR FRVWV� 6XSSRVH SOD\HU � KDV D YDOXH RI WKH FRVWSDUDPHWHU RI �� @ 4� 7KHQ D+�� . �2,@E���2 @ 4 . 4@�2� DQG FRQVHUYD�WLRQ RI WKH UHVRXUFH GHSHQGV RQ WKH YDOXH RI WKH FRVW SDUDPHWHU RI SOD\HU ��,I SOD\HU � LV WKH FRVW OHDGHU� L�H� �2 A �� @ 4� WKHQ 4 . 4@�2 ? � @ 5� DQGWKH UHVRXUFH LV SUHVHUYHG QR PDWWHU ZKDW WKH LQLWLDO ¿VK VWRFN LV� +RZHYHU� LISOD\HU � LV WKH FRVW OHDGHU� WKHQ FRQVHUYDWLRQ RI WKH ¿VK VWRFN GHSHQGV RQ WKHLQLWLDO VWRFN RI ¿VK� ,I SOD\HU �¶V FRVW DGYDQWDJH LV FRQVLGHUDEOH ��2 OHVV WKDQDERXW ������ WKHQ H[WLQFWLRQ RFFXUV IRU DOO LQLWLDO VWRFNV RI WKH UHVRXUFH� 7KHKLJKHU RSWLPDO KDUYHVWLQJ DFWLYLW\ E\ SOD\HU UHVXOWV� LQ WKLV FDVH� LQ H[WLQFWLRQRI WKH UHVRXUFH QR PDWWHU ZKDW WKH LQLWLDO VWRFN RI ¿VK LV�
� 'XRSRO\ DQG $GDSWLYH H[SHFWDWLRQV

:H QRZ GURS WKH DVVXPSWLRQ WKDW WKH SOD\HUV FDQ SUHFLVHO\ SUHGLFW WKHHYROXWLRQ RI WKH ¿VK VWRFN� ,QVWHDG� ZH DVVXPH WKDW WKH GXRSROLVWV IRUPWKHLU FRPPRQ EHOLHIV E\ XVLQJ WKH DGDSWLYH H[SHFWDWLRQV VFKHPH� 7KH PRGHOGHVFULELQJ WKH HYROXWLRQ RI WKH DFWXDO DQG WKH H[SHFWHG ¿VK VWRFN EHFRPHVWZR�GLPHQVLRQDO�
W = + [+w. 4, @ [+w, +4 . �� �[+w,,� 5D sEfeE|���nsEfeE|��[e+w. 4, @ +4� �,[e+w, . �[+w, ����

ZKHUH
i+{, @ 5{ {.E +�� . �2,+{. 5E��, +{. 5E�2, =
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+HQFH� IRU HDFK w WKH GXRSROLVWV KDYH KRPRJHQHRXV H[SHFWDWLRQV� ZKHUH� 5 +3> 4` GHQRWHV WKH LQHUWLD LQ UHYLVLQJ H[SHFWDWLRQV� $ KLJKHU YDOXH RI� FRLQFLGHV ZLWK D KLJKHU ZLOOLQJQHVV WR WDNH QHZ LQIRUPDWLRQ LQWR DFFRXQW�1RWH WKDW WKH OLPLWLQJ FDVH � @ 4 PHDQV WKDW WKH FRPSHWLWRUV KDYH QDLYHH[SHFWDWLRQV� 7KH WLPH HYROXWLRQ RI UHDOL]HG DQG H[SHFWHG YDOXHV LV RE�WDLQHG E\ WKH LWHUDWLRQ RI WKH WZR�GLPHQVLRQDO PDS W = +[+w,>[e+w,, $+[+w. 4,> [e+w. 4,,� 2Q WKH KRUL]RQWDO D[LV RI WKH VWDWH VSDFH WKH DFWXDO�RU UHDOL]HG� YDOXHV RI WKH ¿VK VWRFN DUH PHDVXUHG� ZKHUHDV DORQJ WKH YHUWLFDOD[LV WKH H[SHFWHG YDOXHV DUH PHDVXUHG DW HDFK WLPH SHULRG� +HQFH� SRLQWV LQD QHLJKERUKRRG RI WKH GLDJRQDO[ @ [e UHSUHVHQW JRRG HVWLPDWHV RI WKH ¿VKVWRFN� ZKHUHDV WKH SRLQWV LQ WKH UHJLRQ DERYH �EHORZ� WKH GLDJRQDO UHSUHVHQWVLWXDWLRQV ZKHUH WKH ¿VK VWRFN LV RYHU� �XQGHU�� HVWLPDWHG� )URP WKH VHFRQGFRPSRQHQW RI ���� LW IROORZV WKDW WKH ¿[HG SRLQWV PXVW EH ORFDWHG DORQJ WKHGLDJRQDO[e @ [� 7KLV LPSOLHV WKDW LQ HTXLOLEULXP WKH H[SHFWDWLRQV FRLQFLGHZLWK WKH DFWXDO VL]H RI WKH ¿VK VWRFN� ,Q RWKHU ZRUGV� LQ HTXLOLEULXP H[SHF�WDWLRQV DUH IXO¿OOHG DQG DUH� KHQFH� UDWLRQDO� $FFRUGLQJO\� ZH KDYH ³5DWLRQDO([SHFWDWLRQV (TXLOLEULD´ �5((�� ZKRVH FRRUGLQDWHV� REWDLQHG IURP WKH ¿UVWHTXDWLRQ LQ ���� ZLWK [e @ [� DUH WKH VDPH DV IRU WKH PRGHO ZLWK SHUIHFWIRUHVLJKW� QDPHO\ WKH ¿[HG SRLQW R @ +3> 3, DQG WKRVH REWDLQHG E\ VROYLQJHTXDWLRQ ����)RU WKH ORFDO VWDELOLW\ RI WKH 5((� ZH QRZ KDYH WR FRQVLGHU WKH WZR�GLPHQVLRQDO -DFRELDQ PDWUL[

GW +[>[e, @ % 4 . �� 5�[ �5D s �Efe�d�ns �Efe�o2� 4� �
&

FRPSXWHG DW WKH ¿[HG SRLQWV� )RU H[DPSOH� IRU WKH HTXLOLEULXP R @ +3> 3,�WKH UDQJH RI VWDELOLW\ LV
� ? D�� . �2E���2 ? 4� �4� ��DQG� KHQFH� VPDOOHU ZLWK UHVSHFW WR WKH FDVH RI SHUIHFW IRUHVLJKW �� ? D+��.�2,@E���2�� 7KLV VHW LV QRQ�HPSW\ RQO\ LI � ? 4� �+4� �,@�� L�H�

� ? �=
2I FRXUVH� LI � � 4 WKHQ � ? � LV QHYHU VDWLV¿HG� DQG R LV DOZD\V XQVWD�EOH� 7KLV UHVXOW� ZKLFK LV EDVHG RQO\ RQ D ORFDO VWDELOLW\ DUJXPHQW� VHHPVWR VXJJHVW WKDW H[WLQFWLRQ LV OHVV SUREDEOH ZLWK DGDSWLYH H[SHFWDWLRQV WKDQ



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ ��
ZLWK SHUIHFW IRUHVLJKW� +RZHYHU� LQ WKH WZR�GLPHQVLRQDO DGDSWLYH H[SHFWD�WLRQ FDVH� H[WLQFWLRQ PLJKW HYHQ RFFXU LI WKH ¿[HG SRLQW +3> 3, LV XQVWDEOH�/RRNLQJ DW ����� ZH UHDOL]H WKDW DV ORQJ DV WKH ¿VK VWRFN DQG WKH H[SHFWHGVL]H RI WKH ¿VK SRSXODWLRQ DUH SRVLWLYH� WKH H[SHFWDWLRQ UHPDLQV SRVLWLYH� 2QWKH RWKHU KDQG� GXH WR QDWXUDO PRUWDOLW\ DQG KDUYHVWLQJ� WKH ¿VK VWRFN PD\EHFRPH QHJDWLYH� (YHQ LI +3> 3, LV D ¿[HG SRLQW� L�H� DQ HTXLOLEULXP RI WKHG\QDPLFDO V\VWHP� LW PLJKW QRW EH D ELRORJLFDO HTXLOLEULXP� EHFDXVH WUDMHF�WRULHV VWDUWLQJ FORVH WR LW WDNH RQ QHJDWLYH YDOXHV IRU WKH ¿VK VWRFN� 6XFK DVLWXDWLRQ KDV WR EH LQWHUSUHWHG DV H[WLQFWLRQ LQ ¿QLWH WLPH �VHH &ODUN ��������2QO\ D ULJRURXV VWXG\ RI WKH EDVLQV RI WKH HTXLOLEULD JLYH IXUWKHU LQIRUPDWLRQLI DQG ZKHQ WKLV RFFXUV�)RU WKH VWXG\ RI WKH EDVLQV LW LV LPSRUWDQW WR QRWLFH� ¿UVW� WKDW WKH PDS ����LV D QRQLQYHUWLEOH PDS� EHFDXVH JLYHQ +[+w. 4,>[e+w. 4,, VHYHUDO GLVWLQFWSUHLPDJHV FDQ EH REWDLQHG E\ VROYLQJ ���� ZLWK UHVSHFW WR +[+w,>[e+w,,� $VWKH PDS W LV FRQWLQXRXVO\ GLIIHUHQWLDEOH� LW LV HDV\ WR REWDLQ WKH HTXDWLRQ RIOF3�� VLQFH LW LV LQFOXGHG LQ WKH VHW RI SRLQWV DW ZKLFK WKH GHWHUPLQDQW RI WKH-DFRELDQ YDQLVKHV� L�H�

ghwGW +[>[e, @ +4� �, +4 . �� 5�[, . �K �+[e, @ 3= ����
,W LV DOVR HDV\ WR REWDLQ WKH LPDJH RI OF3� E\ DSSO\LQJ W � L�H� OF @W +OF3�,� 7KHVH VHWV FRQVWLWXWH WKH VR FDOOHG FULWLFDO FXUYHV� ZKLFK VHS�DUDWH WKH SKDVH SODQH LQWR UHJLRQV ]& ZKRVH SRLQWV KDYH n SUHLPDJHV� RU�HTXLYDOHQWO\� ZKHUH n GLVWLQFW LQYHUVHV RI W DUH GH¿QHG �VHH H�J� 0LUD HW DO������� RU FKDSWHU � RI WKLV ERRN�� ,W LV LQWHUHVWLQJ WR QRWH WKDW IRU � ? 4 WKHFXUYH OF3� FDQ EH H[SUHVVHG DV

[ @ 45� �4 . �. �4� �K �+[e,� >
ZKHUHDV LI � @ 4 �L�H� LQ WKH FDVH RI QDLYH H[SHFWDWLRQV�� WKHQ ghwGW QHYHUYDQLVKHV� VLQFH ghwGW @ K �+[e, @ 5Di �+[e,@ ^4 . i+[e,`2 A 3 IRUHDFK [e� 6R� IRU � @ 4 QR FULWLFDO FXUYHV H[LVW� $V ZH VKDOO VHH LQ WKHIROORZLQJ� WKH SUHVHQFH RI FULWLFDO FXUYHV PD\ KDYH LPSRUWDQW FRQVHTXHQFHVRQ WKH VWUXFWXUH RI WKH EDVLQV¶ ERXQGDULHV DQG RQ WKH RFFXUUHQFH RI JOREDOELIXUFDWLRQV ZKLFK FDXVH TXDOLWDWLYH FKDQJHV LQ WKH VWUXFWXUH�:H KDYH VHHQ WKDW LQ D VLWXDWLRQ ZKHUH WKH GXRSROLVWV KDYH SHUIHFW IRUH�VLJKW� DV KDUYHVWLQJ EHFRPHV FKHDSHU� WKH GDQJHU RI H[WLQFWLRQ RI WKH UHVRXUFHJURZV� $ VLPLODU UHVXOW VHHPV SODXVLEOH IRU WKH PRGHO ���� ZLWK DGDSWLYH H[�SHFWDWLRQV� ,Q WKH UHPDLQGHU RI WKLV VHFWLRQ� ZH JLYH D PRUH ULJRURXV VWXG\
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RI WKH UHODWLRQ EHWZHHQ KDUYHVWLQJ FRVWV DQG WKH G\QDPLFV RI WKH UHVRXUFHLI ¿VKHUPHQ KDYH DGDSWLYH H[SHFWDWLRQV� :H DOVR FRPSDUH WKH UHVXOWV ZLWKWKH EHQFKPDUN FDVH RI SHUIHFW IRUHVLJKW� ,Q SDUWLFXODU� DV EHIRUH� ZH DUH LQ�WHUHVWHG LQ WKH HIIHFWV RI FKDQJHV LQ KDUYHVWLQJ FRVWV RQ WKH SUREDELOLW\ RIFRQVHUYDWLRQ �RU H[WLQFWLRQ�� $JDLQ� ZH DVVXPH WKDW WKH SOD\HUV DUH KRPR�JHQHRXV ZLWK UHVSHFW WR WKHLU FRVW SDUDPHWHUV� L�H� �� @ �2 @ �( DQG� LQRUGHU WR VKRZ VRPH QXPHULFDO VLPXODWLRQV� ZH FRQVLGHU WKH IROORZLQJ VHW RISDUDPHWHU YDOXHV� � @ 6� � @ 4� D @ 8=8� E @ 5= 5HFDOO WKDW� LQ WKH FDVH RID VROH RZQHU ZLWK SHUIHFW IRUHVLJKW� IRU �7 @ 4 FRQVHUYDWLRQ RI WKH UHVRXUFHRFFXUV LQGHSHQGHQW RI WKH LQLWLDO VL]H RI WKH ¿VK VWRFN� ,Q WKH GXRSRO\ FDVH�FRQVHUYDWLRQ RI WKH UHVRXUFH LV DFKLHYHG LI SOD\HU¶V FRVW SDUDPHWHUV DUH VXFKWKDW �( A 4=;66� L�H� WKH YDOXH RI WKH FRVW SDUDPHWHU KDV WR EH DW OHDVW �����KLJKHU� $FFRUGLQJO\� LI ZH DVVXPH �( @ 5� WKHQ LQ WKH GXRSRO\ FDVH XQGHUSHUIHFW IRUHVLJKW WKH UHVRXUFH LV FRQVHUYHG QR PDWWHU ZKDW WKH LQLWLDO VL]H RIWKH ¿VK SRSXODWLRQ LV� 0RUHRYHU� WKH UHVXOWV RQ WKH H[LVWHQFH RI WZR SRVLWLYH¿[HG SRLQWV [W� DQG [W2 VKRZ WKDW DV ORQJ DV �( A 4=;45� FRQVHUYDWLRQ LVDFKLHYHG DW OHDVW IURP VRPH LQLWLDO YDOXHV RI WKH UHVRXUFH VWRFN �WR EH PRUHSUHFLVH� IRU LQLWLDO VWRFN VL]HV LQ WKH LQWHUYDO ^[W� >[W�E3��`�� +RZ GRHV WKHVLWXDWLRQ FKDQJH ZKHQ SOD\HUV KDYH DGDSWLYH H[SHFWDWLRQV" 7KH ¿UVW WKLQJ WRQRWLFH LV WKDW IRU �( @ 5� H[WLQFWLRQ RI WKH UHVRXUFH RFFXUV IRU DOO LQLWLDO YDO�XHV RI WKH DFWXDO DQG WKH SUHGLFWHG ¿VK VWRFN� +HQFH� HUURUV LQ WKH SUHGLFWLRQRI WKH ¿VK VWRFN OHDG WR H[WLQFWLRQ XQOHVV FRVWV DUH KLJKHU WKDQ LQ D VLWXDWLRQZLWK SHUIHFW IRUHVLJKW� )RU DGDSWLYH H[SHFWDWLRQV ZLWK � @ 3=6� ZH VKRZ WKHEDVLQ RI WKH SRVLWLYH HTXLOLEULXP +[W2 > [W2, IRU �( @ 7 �¿J� �D�� �( @ 5=9�¿J� �E�� �( @ 5=8:8 �¿J� �F�� �( @ 5=8:6 �¿J� �G� DQG �( @ 5=89 �¿J��H�� 2EVHUYH WKDW WKH EDVLQ RI WKH HTXLOLEULXP +[W2 >[W2 ,� ZKLFK IRU WKLV VHWRI SDUDPHWHUV LV WKH RQO\ VWDEOH VWHDG\ VWDWH� LV UHSUHVHQWHG E\ WKH ZKLWH UH�JLRQV� ZKHUHDV WKH JUH\ SRLQWV GHQRWH WKH VHW RI LQLWLDO FRQGLWLRQV OHDGLQJ WRH[WLQFWLRQ� $OVR QRWH WKDW WKH KRUL]RQWDO D[LV UHSUHVHQWV WKH DFWXDO OHYHO RIWKH ¿VK VWRFN� ZKHUHDV WKH YHUWLFDO D[LV UHSUHVHQWV WKH H[SHFWHG ¿VK VWRFN�2EYLRXVO\� FRQVHUYDWLRQ RI WKH UHVRXUFH GHSHQGV ERWK RQ WKH LQLWLDO VL]HV RIWKH ¿VK VWRFN DQG WKH H[SHFWHG ¿VK VWRFN� )RU H[DPSOH� IRU D KLJK YDOXH RIWKH FRVW SDUDPHWHU� LI WKH SOD\HU¶V SUHGLFWLRQ RI WKH ¿VK VWRFN LV URXJKO\ DFFX�UDWH �L�H� WKH LQLWLDO FRQGLWLRQ LV WDNHQ IURP D QHLJKERUKRRG RI WKH GLDJRQDO�WKHQ FRQVHUYDWLRQ UHVXOWV H[FHSW LQ WKH FDVHV ZKHUH WKH �WKH DFWXDO DQG WKHSUHGLFWHG� UHVRXUFH VWRFN LV TXLWH KLJK �VHH ¿J� �D�� 2Q WKH RWKHU KDQG� LI WKHSOD\HUV LQLWLDOO\ RYHUHVWLPDWH WKH VL]H RI WKH ¿VK VWRFN �L�H� WKH LQLWLDO FRQ�GLWLRQ LV FKRVHQ DERYH WKH GLDJRQDO� ZLWK [e+3,  [+3,�� WKHQ WKLV PLJKWUHVXOW LQ H[WLQFWLRQ RI WKH UHVRXUFH� 5RXJKO\ VSHDNLQJ� WKH HYROXWLRQ LV DV



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ ��
IROORZV� 6LQFH WKH SOD\HU¶V H[SHFWDWLRQ RI WKH ¿VK VWRFN LV KLJK� KDUYHVWLQJHIIRUW LV KLJK� 7KLV� VXEVHTXHQWO\� UHVXOWV LQ D UHGXFWLRQ RI WKH DFWXDO ¿VKSRSXODWLRQ� 6LQFH � LV VPDOO� WKH SUHGLFWLRQ RI WKH IXWXUH ¿VK VWRFN UHPDLQVKLJK� DQG WKLV OHDGV WR D IXUWKHU UHGXFWLRQ RI WKH ¿VK VWRFN� 7KLV� WDNHQ WR�JHWKHU ZLWK WKH VPDOO UHSURGXFWLRQ RI WKH UHVRXUFH GXH WR LWV VPDOO VL]H� OHDGVWR H[WLQFWLRQ LQ ¿QLWH WLPH� 1RWH� KRZHYHU� WKDW WKH HYROXWLRQ RI WKH WUDMHFWR�ULHV PLJKW FUXFLDOO\ GHSHQG RQ WKH LQLWLDO YDOXHV RI VWRFN DQG H[SHFWDWLRQ� $VDQ H[DPSOH� FRQVLGHU D VLWXDWLRQ ZKHUH ERWK WKH H[SHFWHG DQG WKH DFWXDO ¿VKVWRFN DUH VPDOO� 'XH WR ORZ KDUYHVWLQJ DFWLYLWLHV� WKH ¿VK VWRFN LQFUHDVHV DQGWKH H[SHFWHG YDOXH LQFUHDVHV WRR� (YHQWXDOO\� WKH DFWXDO DQG WKH H[SHFWHG ¿VKVWRFN DUH UDWKHU ODUJH� 1RZ� GXH WR RYHUSRSXODWLRQ DQG WKH LQFUHDVH LQ KDU�YHVWLQJ DFWLYLWLHV� WKH DFWXDO ¿VK VWRFN LV VHYHUHO\ GLPLQLVKHG� 7KH HYROXWLRQRI WUDMHFWRULHV LV DERXW WKH VDPH� QR PDWWHU LI H[WLQFWLRQ UHVXOWV RU QRW� ,W QRZGHSHQGV RQ WKH SUHFLVH LQLWLDO VL]H RI WKH ¿VK SRSXODWLRQ DQG WKH SUHGLFWHGVWRFN LI H[WLQFWLRQ RFFXUV�2EVHUYH WKDW� JLYHQ WKH LQIRUPDWLRQ RQ WKH VWUXFWXUH RI WKH EDVLQV DQG WKHFULWLFDO FXUYHV� ZH FDQ PDNH D TXDOLWDWLYH SUHGLFWLRQ RI WKH HYROXWLRQ RI WKHWUDMHFWRULHV� VLQFH HDFK JUH\ WRQJXH GHSLFWHG LQ ¿JV� �D�G LV WKH SUHLPDJH RIWKH FRUUHVSRQGLQJ WRQJXH WR WKH ULJKW RI LW� 7KLV LV GXH WR WKH IROGLQJ DFWLRQ RIWKH QRQLQYHUWLEOH PDSSLQJ W � VHH 0LUD HW DO� ������� VHH DOVR FKDSWHU � RI WKLVERRN� ,QGHHG� WKH JOREDO ELIXUFDWLRQV ZKLFK FKDQJH WKH WRSRORJLFDO VWUXFWXUHRI WKH EDVLQ RI WKH SRVLWLYH HTXLOLEULXP� IURP VLPSO\ FRQQHFWHG �¿JV� �D�E� WRPXOWLSO\ FRQQHFWHG �¿J� �F� WR WKH XQLRQ RI QRQ FRQQHFWHG SRUWLRQV �¿J� �H��FDQ EH HDVLO\ H[SODLQHG RQ WKH EDVLV RI WKH WKHRU\ RI FULWLFDO FXUYHV LQ WHUPVRI FRQWDFWV EHWZHHQ WKH EDVLQ ERXQGDULHV DQG OF� )RU H[DPSOH� WKH FUHDWLRQRI ³JUH\ KROHV´ QHVWHG LQVLGH WKH ZKLWH EDVLQ RI WKH SRVLWLYH HTXLOLEULXP DUHWKH SUHLPDJHV RI WKH VPDOO SRUWLRQ RI WKH JUH\ UHJLRQ� LQGLFDWHG E\ DQ DUURZLQ ¿J� �F� ZKLFK HQWHUHG WKH UHJLRQ ]� DIWHU D FRQWDFW EHWZHHQ OF DQG WKHEDVLQ ERXQGDU\� $QDORJRXVO\� WKH WUDQVLWLRQ IURP D PXOWLSO\ FRQQHFWHG LQWR DQRQ FRQQHFWHG EDVLQ� L�H� IURP ¿J� �F WR ¿J� �G� LV D FRQVHTXHQFH RI D FRQWDFWEHWZHHQ WKH EDVLQ ERXQGDU\ DQG OF QHDU WKH SRLQW LQGLFDWHG E\ WKH DUURZLQ ¿J� �G� 7KH VSOLWWLQJ RI ZKLWH LVODQGV LQWR SDLUV RI VPDOOHU RQHV LV GXH WRDQRWKHU FRQWDFW EHWZHHQ OF DQG WKH EDVLQ ERXQGDU\ DW WKH SRLQW LQGLFDWHGE\ WKH DUURZ RI ¿J� �H� $V LQ WKH EHQFKPDUN PRGHO� IRU ORZHU YDOXHV RI WKHFRVW SDUDPHWHU� WKH SUREDELOLW\ RI H[WLQFWLRQ LQFUHDVHV LQ WKH FDVH RI DGDSWLYHH[SHFWDWLRQV �VHH ¿JV� �E�G�� L�H� WKH VHW RI VWRFN�H[SHFWDWLRQ�FRPELQDWLRQVUHVXOWLQJ LQ FRQVHUYDWLRQ RI WKH UHVRXUFH VKULQNV�2QFH KDUYHVWLQJ FRVWV UHDFK D FHUWDLQ OHYHO� WKH VLWXDWLRQ FKDQJHV UDSLGO\DQG GUDVWLFDOO\� ,Q RUGHU WR GHPRQVWUDWH WKH HIIHFW RI DGDSWLYH H[SHFWDWLRQV
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)LJXUH �� 6RPH QXPHULFDO FRPSXWDWLRQV RI WKH EDVLQV RI WKH SRVLWLYH HTXL�OLEULXP �ZKLWH UHJLR�� 7KH JUH\ UHJLRQ UHSUHVHQWV WKH VHW RI LQLWLDO FRQGLWLRQVOHDGLQJ WR H[WLQFWLRQ RI WKH ¿VK VWRFN�



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ ��
ZLWK D GLIIHUHQW GHJUHH RI LQHUWLD� ZH FRQVLGHU WKH VDPH VHW RI SDUDPHWHUVDV DERYH� EXW ZLWK � @ 3=4 DQG �( @ 5=89 �VHH ¿J� �I�� ,Q WKLV FDVH�ORZHU LQHUWLD LQ UHYLVLQJ H[SHFWDWLRQV HQKDQFH WKH VWDELOLW\ RI WKH SRVLWLYHHTXLOLEULXP DQG� FRQVHTXHQWO\� PDNH H[WLQFWLRQ RI WKH OLYLQJ UHVRXUFH OHVVOLNHO\� +RZHYHU� LW LV ZRUWK QRWLFLQJ WKDW WKH SRVLWLYH HTXLOLEULXP LV YHU\FORVH WR WKH XSSHU ERXQGDU\ RI LWV EDVLQ� 'HVSLWH WKH IDFW WKDW WKH V\VWHP LVFORVH WR LWV HTXLOLEULXP� D VOLJKW RYHUHVWLPDWLRQ RI WKH ¿VK VWRFN PD\ OHDG WRH[WLQFWLRQ RI WKH ¿VK SRSXODWLRQ�
� &RQFOXGLQJ UHPDUNV

7KH FRPELQDWLRQ RI ROLJRSRO\ JDPHV DQG UHVRXUFH HFRQRPLFV LV D FKDO�OHQJLQJ WDVN� VLQFH WKH ELRORJLFDO ODZ ZKLFK UHJXODWHV WKH QDWXUDO JURZWK RIWKH UHVRXUFH KDV WR EH WDNHQ LQWR DFFRXQW� ,Q IDFW� UHQHZDEOH UHVRXUFHV� OLNHD ¿VK SRSXODWLRQ� JURZ DQG GHFOLQH RYHU WLPH� 'XH WR WKHLU LQKHUHQW G\QDPLFQDWXUH� WKHLU HYROXWLRQ FDQ RQO\ EH XQGHUVWRRG XVLQJ G\QDPLF PRGHOV� ,QSDUWLFXODU� ZKHQ WKH UHVRXUFH LV VXEMHFW WR KDUYHVW� WKH SUREOHP RI FRQVHU�YDWLRQ LV D FRPSOH[ LVVXH� ,Q WKLV FKDSWHU ZH KDYH SURSRVHG D GLVFUHWH�WLPHG\QDPLF PRGHO ZKLFK GHVFULEHV WKH GHFLVLRQV RI GXRSROLVWV HQJDJHG LQ FRP�PHUFLDO ¿VKLQJ� ZKHUH HDFK RI WKH SOD\HUV VHOOV WKH KDUYHVWHG ¿VK ERWK LQ DKRPH DQG LQ D IRUHLJQ PDUNHW� :LWKLQ WKLV IUDPHZRUN ZH KDYH GLVFXVVHG VHY�HUDO LPSRUWDQW WRSLFV� IRU H[DPSOH� WKH UHODWLRQ EHWZHHQ KDUYHVWLQJ FRVWV DQGFRQVHUYDWLRQ RI WKH UHVRXUFH� WKH LQÀXHQFH RI WKH PDUNHW VWUXFWXUH DQG WKHFKDQJHV LI DJHQWV DUH QRW DEOH WR SUHGLFW WKH IXWXUH HYROXWLRQ RI WKH ¿VK VWRFNDFFXUDWHO\� :H VWXGLHG WKH GXRSRO\ FDVH LQ RUGHU WR VWUHVV WKH UROH RI FRP�SHWLWLRQ DQG FRPSDUHG WKLV VLWXDWLRQ ZLWK WKH FDVH RI D FRRSHUDWLYH YHQWXUH�)XUWKHUPRUH� DGDSWLYH H[SHFWDWLRQV KDYH EHHQ SURSRVHG WR VWUHVV WKH UROH RIH[SHFWDWLRQV IRUPDWLRQ XQGHU ERXQGHG UDWLRQDOLW\� ZKHUH ZH KDYH FRQIURQWHGWKH UHVXOWV ZLWK WKH SHUIHFW IRUHVLJKW FDVH�7KH DVVXPSWLRQ RI DGDSWLYH H[SHFWDWLRQV KDV OHG XV WR D WZR�GLPHQVLRQDOG\QDPLFDO V\VWHP LQ GLVFUHWH WLPH� 7KURXJK D JOREDO DQDO\VLV RI WKH UHVXOWLQJQRQLQYHUWLEOH PDS� ZH KDYH VKRZQ WKDW� HYHQ LI ZH OLPLWHG RXU VWXG\ WR D VHWRI SDUDPHWHUV ZKLFK JLYH YHU\ VLPSOH DWWUDFWRUV� QDPHO\ VWDEOH ¿[HG SRLQWV�DQRWKHU VRXUFH RI FRPSOH[LW\ DULVHV ZKLFK LV GXH WR WKH FUHDWLRQ RI FRPSOH[WRSRORJLFDO VWUXFWXUHV RI WKH EDVLQV RI DWWUDFWLRQ� 2XU DQDO\VLV KDV EHHQ EDVHGRQ D FRPELQDWLRQ RI DQDO\WLF� JHRPHWULF DQG QXPHULFDO PHWKRGV� 7KH JOREDO�RU FRQWDFW� ELIXUFDWLRQV ZKLFK FDXVHV WKH FUHDWLRQ RI FRPSOH[ VWUXFWXUHV RIWKH EDVLQV KDYH EHHQ VWXGLHG E\ WKH PHWKRG RI FULWLFDO FXUYHV �VHH 0LUD HW DO������� %LVFKL DQG .RSHO� ����� VHH DOVR WKH FKDSWHU � RI WKLV ERRN��
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2XU PDLQ ¿QGLQJV DUH TXLWH LQWXLWLYH DQG FDQ EH VXPPDUL]HG DV IROORZV�1RW VXUSULVLQJO\� KLJKHU KDUYHVWLQJ FRVWV WHQG WR DFKLHYH FRQVHUYDWLRQ RI WKHUHVRXUFH� LQGHSHQGHQW RI WKH IDFW LI WKH ULJKW WR KDUYHVW LV KHOG E\ D VROHRZQHU RU LI VHYHUDO SOD\HUV FRPSHWH� &RPSHWLWLRQ LQFUHDVHV WKH SUREDELOLW\RI H[WLQFWLRQ� )RU H[DPSOH� LI ZH WDNH WKH FDVH RI D VROH RZQHU DV D UHIHU�HQFH SRLQW DQG DVVXPH WKDW KDUYHVWLQJ FRVWV RI WKH VROH RZQHU DUH VXFK WKDWFRQVHUYDWLRQ LV DFKLHYHG� WKHQ ZLWK RQO\ WZR SOD\HUV� WKH KDUYHVWLQJ FRVWV RIWKH FRPSHWLWRUV KDYH WR EH WZLFH DV KLJK WR DFKLHYH WKH VDPH UHVXOW� 0RUH�RYHU� WKH QXPHULFDO H[DPSOH JLYHQ LQ WKLV SDSHU LQGLFDWHV WKDW WKH ORQJ UXQ¿VK VWRFN LQ WKH GXRSRO\ FDVH LV VPDOOHU WKDQ LQ WKH FRRSHUDWLYH YHQWXUH FDVHDQG WKH SHUPDQHQW FDWFK LQ WKH ODWWHU VLWXDWLRQ LV KLJKHU� ,I ZH� DGGLWLRQDOO\�DQG UHDOLVWLFDOO\�� DVVXPH WKDW DJHQWV DUH QRW DEOH WR SUHGLFW WKH IXWXUH ¿VKVWRFN DFFXUDWHO\ DQG LQVWHDG XVH DQ DGDSWLYH H[SHFWDWLRQ VFKHPH� H[WLQFWLRQEHFRPHV PRUH OLNHO\ ZLWK UHVSHFW WR WKH FDVH RI SHUIHFW IRUHVLJKW� HVSHFLDOO\ZKHQ ¿VKHUPHQ RYHUHVWLPDWH WKH ¿VK VWRFN�$FNQRZOHGJPHQWV� 7KLV ZRUN KDV EHHQ SHUIRUPHG XQGHU WKH DXVSLFHVRI &15� ,WDO\� DQG XQGHU WKH DFWLYLW\ RI WKH QDWLRQDO UHVHDUFK SURMHFW ³1RQOLQ�HDU '\QDPLFV DQG 6WRFKDVWLF 0RGHOV LQ (FRQRPLFV DQG )LQDQFH´� 08567�,WDO\�5HIHUHQFHV%LVFKL� *�,� DQG .RSHO� 0�� ����� ³(TXLOLEULXP 6HOHFWLRQ LQ D 1RQOLQHDU'XRSRO\ *DPH ZLWK $GDSWLYH ([SHFWDWLRQV´ -RXUQDO RI (FRQRPLF %HKDYLRUDQG 2UJDQL]DWLRQ� YRO� ����� �������&ODUN� &�:�� ����� 0DWKHPDWLFDO %LRHFRQRPLFV� �?_ HGLWLRQ� :LOH\ ,Q�WHUVFLHQFH&RQUDG� -�0� DQG &ODUN� &�:�� �����1DWXUDO 5HVRXUFH (FRQRPLFV� 1RWHVDQG SUREOHPV� &DPEULGJH 8QLYHUVLW\ 3UHVV�&RQUDG� -�0�� ����� ³%LRHFRQRPLF 0RGHOV RI WKH )LVKHU\´� LQ� +DQG�ERRN RI (QYLURQPHQWDO 0DQDJHPHQW� '�:� %URPOH\� (G�� &K� ��� ��������&RQUDG� -�0�� ����� 5HVRXUFH (FRQRPLFV� &DPEULGJH 8QLYHUVLW\ 3UHVV�'DZLG� +� DQG .RSHO� 0�� ����� ³2Q WKH (FRQRPLFDOO\ 2SWLPDO ([�SORLWDWLRQ RI D 5HQHZDEOH 5HVRXUFH� 7KH &DVH RI D &RQYH[ (QYLURQPHQWDQG D &RQYH[ 5HWXUQ )XQFWLRQ´� -RXUQDO RI (FRQRPLF 7KHRU\� ��� ��������'XWWD� 3�.� DQG 6XQGDUDP� 5�.�� ����� ³7KH 7UDJHG\ RI WKH &RPPRQV"´(FRQRPLF 7KHRU\� �� ��������/HYKDUL� '� DQG 0LUPDQ� /�-�� ����� ³7KH *UHDW )LVK :DU� $Q ([DPSOH8VLQJ D '\QDPLF &RXUQRW�1DVK 6ROXWLRQ´� LQ� (VVD\V LQ WKH (FRQRPLFV RI



&RPSHWLWLRQ LQ &RPPHUFLDO )LVKLQJ ��
5HQHZDEOH 5HVRXUFHV� /�-� 0LUPDQ DQG '�)� 6SXOEHU� (GV�� 1RUWK�+ROODQG���������0D\� 5�0�� ����� ³&KDRV DQG WKH '\QDPLFV RI %LRORJLFDO 3RSXODWLRQV´�3URF� 5� 6RF� /RQGRQ� $ ���� ������0D\� 5�0�� ����� ³6LPSOH 0DWKHPDWLFDO 0RGHOV :LWK 9HU\ &RPSOL�FDWHG '\QDPLFV´� 1DWXUH� ���� ��������0D\� 5�0� DQG 2VWHU� *�)�� ����� ³%LIXUFDWLRQV DQG '\QDPLF &RPSOH[�LW\ LQ 6LPSOH (FRORJLFDO 0RGHOV´� 7KH $PHULFDQ 1DWXUDOLVW� ���� ��������0LUD� &�� )RXUQLHU�3UXQDUHW� '�� *DUGLQL� /�� .DZDNDPL� +�� DQG &DWKDOD�-�&�� ����� ³%DVLQ ELIXUFDWLRQV RI WZR�GLPHQVLRQDO QRQLQYHUWLEOH PDSV� IUDF�WDOL]DWLRQ RI EDVLQV´� ,QWHUQDWLRQDO -RXUQDO RI %LIXUFDWLRQV DQG &KDRV� ����������0LUD� &�� *DUGLQL� /�� %DUXJROD� $�� DQG &DWKDOD� -�&�� ����� &KDRWLF'\QDPLFV LQ 7ZR�'LPHQVLRQDO 1RQLQYHUWLEOH 0DSV� :RUOG 6FLHQWL¿F�1HKHU� 3�$�� ����� 1DWXUDO 5HVRXUFH (FRQRPLFV� &RQVHUYDWLRQ DQG ([�SORLWDWLRQ� &DPEULGJH 8QLYHUVLW\ 3UHVV�2NXJXFKL� .�� ����� ³/RQJ�UXQ ¿VK VWRFN DQG LPSHUIHFWO\ FRPSHWLWLYHLQWHUQDWLRQDO FRPPHUFLDO ¿VKLQJ´� .HLR (FRQRPLF 6WXGLHV� ��� �����3HDUFH� '�:� DQG 7XUQHU� 5�.�� ����� (FRQRPLFV RI 1DWXUDO 5HVRXUFHVDQG WKH (QYLURQPHQW� -RKQ +RSNLQV 8QLYHUVLW\ 3UHVV�5RVVHU� -�%�� -U�� ����� ³&RPSOH[ HFRORJLF�HFRQRPLF G\QDPLFV DQG HQ�YLURQPHQWDO SROLF\´ (FRORJLFDO (FRQRPLFV� ������6]LGDURYV]NL� )� DQG 2NXJXFKL� .�� ����� ³$Q 2OLJRSRO\ PRGHO RI FRP�PHUFLDO ¿VKLQJ´� 6HRXO -RXUQDO RI (FRQRPLFV� 9RO� ��� ��������


