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7KH�XUJHQF\�RI�WKH�SUREOHP�RI�FRDO�JDV�PL[WXUH�LJQLWLRQ�DQG�GHWRQDWLRQ�LV�FDXVHGE\�WKLV�PHGLXP�ZLGH�XVH�DV�IXHO�PL[WXUH� LQ�SRZHU�IDFLOLWLHV�DQG�E\ WKH SUREOHPV�RI� WKHFRPEXVWLRQ�DQG�ILUH�VDIHW\�LQ�FRDO�PLQLQJ�DQG�SRZHU�LQGXVWULHV�7KHUH�DUH�D�QXPHURXV�SDSHUV�GHYRWHG�WR�WKH�WKHRUHWLFDO�VWXG\�RI�WKLV SUREOHP��7KHFULWLFDO� LJQLWLRQ�H[WLQFWLRQ�FRQGLWLRQV�RI�6HPHQRY¶V� WKHUPDO�H[SORVLRQ� WKHRU\�ZHUH�XVHGZLGHO\�LQ�WKH�VWXGLHV�SHUIRUPHG�LQ�WKH�IUDPH�RI WKH SRLQW�ZLVH�DSSUR[LPDWLRQ�PRGHOV�RILJQLWLRQ�RI FRDO�VDPSOHV DQG�DHURVXVSHQVLRQV��7KH�VLPSOLILHG�NLQHWLF�GHVFULSWLRQ�DFFHSWHGLQ�PRVW SDSHUV�SURPRWHV�WKLV�IUDPHZRUN��7KH�DWWHPSWV�ZHUH�GRQH�DOVR�WR�DWWUDFW�WKH�WKHRU\RI� WKHUPDO�FKDLQ� H[SORVLRQ� WHFKQLFV� IRU� WKHRUHWLFDO� DQDO\VLV RI� WKH� SURFHVVHV�� 7KHGHVFULSWLRQ�RI�WKHUPDO�DQG�PDVV�WUDQVIHU�SURFHVVHV�HLWKHU LQ�JDVHRXV�PHGLD VXUURXQGLQJ�DVLQJOH� UHDFWLQJ� SDUWLFOHV�� RU� LQ� WZR�SKDVH� PL[WXUH� IORZV� LV� W\SLI\LQJ� IRU� WKH� SDSHUVSHUIRUPHG� RQ� WKH� EDVLV� RI� WKH� GLVWULEXWHG� DSSURDFK�� ,Q� ERWK� FDVHV� LJQLWLRQ� DQG� EXUQLQJZHUH� XVXDOO\� FRQVLGHUHG� DV� XQLILHG� UHDFWLRQ� SURFHVV�� 7KH� HTXDWLRQV� RI� PHFKDQLFV RIKHWHURJHQHRXV� PHGLD� LQ� RQH� RU� DQRWKHU� DSSURDFK� ZHUH� DWWUDFWHG� IRU� PRGHOLQJ� RI� FRDODHURVXVSHQVLRQ�IORZV WRR�,Q� WKLV� SDSHU� D� PDWKHPDWLFDO� PRGHO� RI� LJQLWLRQ� RI� D� PXOWLFRPSRQHQW� FRDODHURVXVSHQVLRQ�LV�SUHVHQWHG�ZLWKLQ�D�SRLQW�ZLVH�DSSURDFK�RI�PHFKDQLFV�RI�KHWHURJHQHRXVPHGLD��7KH�SUREOHP�RI�FRDO�JDV�PL[WXUH�LJQLWLRQ�EHKLQG�D�UHIOHFWLRQ�VKRFN�ZDYH�LV�VROYHGDV�DQ�DSSOLFDWLRQ� 7KH�VHFRQG�SDUW�RI�WKH�SDSHU�LV�GHYRWHG�WR�WKH�SUREOHP�RI�PDWKHPDWLFDOPRGHOOLQJ�RI�GHWRQDWLRQ�SURFHVVHV�LQ�FRDO�SDUWLFOH�JDV�PL[WXUHV�7KH�PDWKHPDWLFDO�PRGHO� RI� LJQLWLRQ� WDNHV� LQWR� DFFRXQW� EDVLF� LQIOXHQWLDO� SK\VLFDODQG�FKHPLFDO�SURFHVVHV��7KHVH�DUH�S\URO\VLV�RI�IXHO�SDUWLFOHV��R[LGDWLRQ�RI�YRODWLOH�PDWWHUVDQG� FRNH�� FRQYHFWLYH� DQG� UDGLDWLRQ� KHDW� LQWHUSKDVH� WUDQVIHU�� 7KH� WZR�SKDVH�PHGLXP� LV
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FRQVLGHUHG� WR� EH� D� PXOWLFRPSRQHQW� PL[WXUH�� 7KH� JDV� SKDVH� FRQVLVWV� LQ� R[\JHQ�FRPEXVWLEOH� YRODWLOH�PDWWHU�� JDVHRXV� SURGXFW� RI� YRODWLOH�PDWWHU� FRPEXVWLRQ� DQG� FDUERQR[LGDWLRQ� UHDFWLRQ�� LQHUW� FRPSRQHQWV� RI� LQLWLDO� JDV�PL[WXUH� DQG� YRODWLOHV��7KH� GLVSHUVHGSKDVH� FRQVLVWV� LQ� FRQGHQVHG�YRODWLOH�PDWWHU� FRPSRQHQW�� FDUERQ� DQG� LQHUW� FRPSRQHQW� RIIXHO��DVK���)RUPDO�NLQHWLFV�RI�S\URO\VLV�DQG�R[LGDWLRQ�UHDFWLRQ�KDV�D�JOREDO�FKDUDFWHU�7KH�LQLWLDO�SUREOHP�IRU�D�VWLII�V\VWHP�RI�QRQOLQHDU�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV�LVVROYHG��7KLV�PDWKHPDWLFDO�PRGHO�LQYROYHV�SKDVH�DQG�FRPSRQHQW�PDVV�FRQVHUYDWLRQ�ODZVDQG� KHDW� H[FKDQJH� ODZV�� $� QXPEHU� RI� GLIILFXOWLHV� RI� TXDOLWDWLYH� DQG� TXDQWLWDWLYHLQYHVWLJDWLRQ�RI�PRGHO�FHQWUH�DURXQG�DQ�DSSHDUDQFH�RI�FULWLFDO�SKHQRPHQD�IRU�H[RWKHUPDOUHDFWLRQV�DQG�SRVVLEOH�©GDPSLQJª�LQIOXHQFH�RI�D�GHYRODWLOL]DWLRQ�SURFHVV�7KH� GLVWLQFWLYH� YDULDQWV� RI� WKH� PL[WXUH� WKHUPDO� KLVWRU\� UHDOL]HG� XQGHU� YDULRXVSURSRUWLRQV�EHWZHHQ�UHOD[DWLRQ�WLPHV�RI�QRQHTXLOLEULXP�SURFHVVHV�DUH�VKRZQ�x KHWHURJHQHRXV�LJQLWLRQ�GXH�WR�FRNH�R[LGDWLRQ�UHDFWLRQx KRPRJHQHRXV�LJQLWLRQ�E\�PHDQV�RI�JDV�SKDVH�YRODWLOHV�PDWWHUV�UHDFWLRQx K\EULG�LJQLWLRQ�GXH�WR�FRNH�DQG�YRODWLOH�PDWWHU�R[LGDWLRQ�SURFHVVHV�VLPXOWDQHRXVO\�7KH�PRGHO�YHULILFDWLRQ�LV�UHDOL]HG�XVLQJ�WKH�H[SHULPHQWDO�GDWD�RI�>�@�UHODWLQJ�WR�WKHLJQLWLRQ� GHOD\� WLPHV� RI� WKH� PL[WXUH� RI� WKH� FRDO� SDUWLFOHV� ZLWK� DLU� DQG� R[\JHQ� XQGHUFRQGLWLRQV�EHKLQG�UHIOHFWLQJ�VKRFN�ZDYH��7KH�FDOFXODWHG�GHSHQGHQFH�RI�WKH�LJQLWLRQ�GHOD\WLPH� RI� WKH� FRDO� SDUWLFOH� DHURVXVSHQVLRQ� RQ� WKH� JDV� WHPSHUDWXUH� EHKLQG� VKRFN� ZDYH� LVVKRZQ�LQ�)LJ� �� IRU� WKH�YDOXHV�RI�YRODWLOHV� LQLWLDO�PDVV� IUDFWLRQ������FXUYH������������DQG� ��� ����� 7KH� VDWLVIDFWRU\� FRLQFLGHQFH� RI� WKHRUHWLFDO� GDWD� DQG� H[SHULPHQWDO� GDWD�GHQRWHG� E\� V\PEROV�� GHPRQVWUDWHV� WKH� PRGHO� HIILFLHQF\� LQ� D� UDWKHU� ZLGH� UDQJH� RISDUDPHWHUV�7KH SUREOHP� RI� WKH� FRDO� DHURVXVSHQVLRQ� GHWRQDWLRQ� KDV� DOUHDG\� EHHQ� XQGHUGLVFXVVLRQ�LQ�OLWHUDWXUH��1HYHUWKHOHVV��LW�VHHPV�DYDLODEOH�WR�XV�WR�UHYLVH�LW�RQ�WKH�EDVLV�RIVRPH� VLPSOLILHG� DVVXPSWLRQV� FRQFHUQLQJ� WKH� NLQHWLF� SURFHVV� RI� FRPEXVWLEOH� PL[WXUHFRPSRQHQW�R[LGDWLRQ��$QG�WKH�SXUSRVH�LV�IDVW�HVWLPDWLRQ�RI�DQ�RSSRUWXQLW\�RI�GHWRQDWLRQUHJLPH�RI�FRPEXVWLRQ�LQLWLDWLRQ�
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$�PDWKHPDWLFDO�PRGHO�RI�GHWRQDWLRQ�RI�FRDO�GXVW�LQ�DLU�DQG�R[\JHQ�ZDV�GHYHORSHGIRU� WKH� SXUSRVH� PHQWLRQHG�� 7KH� PRGHO� LV� EDVHG� RQ� WKH� FRQFHSWLRQV� RI� PHFKDQLFV� RIKHWHURJHQHRXV� PHGLD� LQ� RQH�YHORFLW\� WZR�WHPSHUDWXUH� DSSURDFK� LQFOXGLQJ� JOREDOFKHPLFDO� NLQHWLF� HTXDWLRQV� IRU� S\URO\VLV�� FRDO�YRODWLOH� PDWWHU� FRPEXVWLRQ�� DQG� FRNHFRPEXVWLRQ� SURFHVVHV�� 7KH� YDOXHV� RI� WKH� JHQHUDOL]HG� FRQVWDQWV� FKDUDFWHUL]LQJ� FKHPLFDOUHDFWLRQ�KHDW�UHOHDVH�MXVW�DV�WKH�YDOXHV�RI�WKH�FKDUDFWHULVWLF�WLPHV�RI�WKH�FRPEXVWLRQ�DQGS\URO\VLV� SURFHVVHV� DUH� GHWHUPLQHG� SDUWO\� IURP� WKH� OLWHUDWXUH� VRXUVHV�� $OVR� WKHFRUUHVSRQGHQFH�RI�FDOFXODWHG�UHVXOWV�DQG�NQRZQ�H[SHULPHQWDO�GDWD�>�@�RQ�WKH�GHSHQGHQFHRI�GHWRQDWLRQ�YHORFLW\�RQ� LQLWLDO� FRDO� SDUWLFOH� FRQFHQWUDWLRQ� LQ� WKH�PL[WXUH� LV� WDNHQ� LQWRDFFRXQW�7KH� VWDWLRQDU\� UHJLPHV� RI� KHWHURJHQHRXV� GHWRQDWLRQ� RI� FRDO� DHURVXVSHQVLRQ� DUHLQYHVWLJDWHG�E\�PHDQV�RI�DQDO\VLV�RI�WKH�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV�V\VWHP�GHVFULELQJQRQHTXLOLEULXP�IORZ�RI�WKH�PL[WXUH�EHKLQG�WKH�VWDWLRQDU\�GHWRQDWLRQ�ZDYH��&RPSDULVRQ�RI



WKH�HVWLPDWHG�YDOXHV�RI�FKDUDFWHULVWLF�WLPHV�RI�YHORFLW\�UHOD[DWLRQ�SURFHVV��S\URO\VLV��FRDO�YRODWLOH�PDWWHU�FRPEXVWLRQ��DQG�FRNH�FRPEXVWLRQ�SURFHVVHV�DSSHDUV�WKH�IROORZLQJ�7KH� FDUERQ� FRPEXVWLRQ� WDNHV� SODFH� PDLQO\� ZKHQ� WKH� RWKHU� SURFHVVHV� �KHDWUHOD[DWLRQ�� FRDO�YRODWLOH� PDWWHU� FRPEXVWLRQ�� DUH� RYHU�� WKDW� LV� SUDFWLFDOO\� LQ� HTXLOLEULXPPHGLXP��7KHUHIRUH� WRWDO� KHDW� UHOHDVH� LV� DOZD\V�PRQRWRQLF� DQG�ZHDN� GHWRQDWLRQ� UHJLPH�WKH�VROXWLRQ�ZLWK�DQ�LQWHUQDO�VRQLF�SRLQW��LV�QRW�UHDOL]HG�DW�SDUWLFOH�FRQFHQWUDWLRQ�YDOXHVOHVV� WKHQ� VWRLFKLRPHWULF� SRLQW�� 7KH� RQO\� SRVVLEOH� QRUPDO� VWDWLRQDU\� UHJLPH� FDQ� EH&KDSPDQ�-RXJXHW� GHWRQDWLRQ� ZDYH�� )RU� ODUJH�VL]H� SDUWLFOH� IUDFWLRQV� DQG� DW� VLJQLILFDQWFRQFHQWUDWLRQ�H[FHVV�RYHU�WKH�VWRLFKLRPHWULF�YDOXH�WKLV�FRQGLWLRQ�LV�YLRODWHG�EHFDXVH�JDVDQG�SDUWLFOH�KHDW�H[FKDQJH�JRHV�RQ�DIWHU�WKH�FRPEXVWLRQ�SURFHVV�ILQLVKLQJ��7KHQ�WKH�WRWDOKHDW�UHOHDVH�EHFRPHV�QRQ�PRQRWRQLF�DQG�LQWHUQDO�VLQJXODU�SRLQW�RI�VDGGOH� W\SH�DULVHV� LQWKH�VROXWLRQ��7KLV�SRLQW�LV�VRQLF�SRLQW�ZLWK�UHVSHFW�WR�IUR]HQ�VRXQG�YHORFLW\��,Q�WKLV�FDVHZHDN�VWDWLRQDU\�GHWRQDWLRQ�UHJLPH�FDQ�EH�REWDLQHG�7KH� IORZ� VWUXFWXUH� EHKLQG� WKH� GHWRQDWLRQ� ZDYH� IURQW� LQ� FRDO� PL[WXUH� DW� LQLWLDOSDUDPHWHU�YDOXHV�DQG�FRQGLWLRQV�FRUUHVSRQGLQJ�WR�H[SHULPHQWDO�GDWD�>�@�LV�DQDO\VHG�RQ�WKHEDVLV� RI� QXPHULFDO� LQYHVWLJDWLRQ�� 7KH� FDOFXODWLRQV� ZHUH� FDUULHG� RXW� IRU� WZR� SDUWLFOHIUDFWLRQV��WKH�VL]H�RI�SDUWLFOH�LV����PP�DQG����PP��DQG�WZR�FRQFHQWUDWLRQ�YDOXHV��FORVH�WRVWRLFKLRPHWULF� FRPSRVLWLRQ� ����� RI� WKH� PL[WXUH� PDVV� YDOXH�� DQG� SRRU� ����� RI� WKHPL[WXUH�PDVV�YDOXH���,W�LV�REWDLQHG�WKDW�IRU�FRDO�TXDOLWLHV�ZLWK�SRRU�YRODWLOH�PDWWHU�FRQWHQW�����IRU�SDUWLFOH�VL]H�RI����PP�� WKH�SURFHHV�RI�YRODWLOH�PDWWHU� FRPEXVWLRQ�H[FHHGV� WKHKHDW� UHOD[DWLRQ� SURFHVV�� DQG� FRQFHTXHQWO\� WKH� LJQLWLRQ� GHOD\� WLPH�� 7KHUHIRUH� WKHDVVXPSWLRQ� DERXW� LQVWDQWDQHRXV� FKDUDFWHU� RI� YRODWLOH� PDWWHU� FRPEXVWLRQ� DFFHSWHG� LQVHYHUDO�ERRNV��IRU�H[DPSOH��>�@��LV�QRW�DOORZHG�EH�MXVWLILHG��$OWKRXJK�WKH�YRODWLOH�PDWWHUFRPEXVWLRQ�HQHUJ\�UHOHDVH�LQ�WKLV�FDVH�LV�VXIILFLHQWO\�OHVV�WKHQ�WKH�HQHUJ\�UHOHDVH�DW�FRNHEXUQLQJ� DQG� LV� FRPSDUDEOH� ZLWK� WKH� HQHUJ\� H[SHQGLQJ� IRU� WKH� SDUWLFOH� KHDWLQJ� WR� WKHHTXLOLEULXP� WHPSHUDWXUH� EHKLQG� WKH� IUR]HQ� VKRFN� ZDYH�� )RU� FRDO� IUDFWLRQV� ZLWK� ODUJHYRODWLOH� PDWWHU� FRQWHQW� ���� PP�� YRODWLOH� PDWWHU� FRQFHQWUDWLRQ� ����� WKH� SURFHVVHV� RIS\URO\VLV�DQG�YRODWLOH�PDWWHU�FRPEXVWLRQ�DUH�VWLOO�PRUH�GHOD\HG�EHFDXVH� WKH�VWDWH�EHKLQGWKH�IUR]HQ�VKRFN�ZDYH�LQ�WKH�PL[WXUH�LV�FKDUDFWHUL]HG�ORZHU�JDV�SUHVVXUH�DQG�WHPSHUDWXUHYDOXHV��7KH�SURSDJDWLRQ�YHORFLW\�LQ�DFFRUGDQFH�WR�>�@�GHFUHDVHV�IURP�����NP�V�IRU����PPWR� ����� NP�V� IRU� ���PP��$� FKDUDFWHULVWLF� IHDWXUH� RI� WKH� FRDO� DHURVXVSHQVLRQ� GHWRQDWLRQ



UHJLPHV� LV� WKDW� WKH� VXIILFLHQW� SDUWLFOH� GHQVLW\� ULVLQJ� EHKLQG� WKH� GHWRQDWLRQ� ZDYH� � U �FORXG�� LV�QRW�REVHUYHG��)RU� ORZ�YHORFLW\�GHWRQDWLRQ� UHJLPHV� WKH�HTXOLEULXP� WHPSHUDWXUHEHKLQG�WKH�GHWRQDWLRQ�ZDYH�IURQW�GRHV�QRW�H[FHHG�WKH�LJQLWLRQ�OLPLW��WKHUHIRUH�WKH�LJQLWLRQGHOD\� KHUH� LV� HQWLUHO\� GHWHUPLQHG� E\� WKH� SURFHVVHV� RI� S\UROLV\V� DQG� YRODWLOH� PDWWHUFRPEXVWLRQ�7KH� DQDO\VLV� RI� YHORFLW\� UHOD[DWLRQ� ]RQHV� DQG� FRPSDULVRQ� RI� WKH� FKDUDFWHULVWLFWLPHV�RI�YHORFLW\�UHOD[DWLRQ�DQG�FRPEXVWLRQ�SURFHVVHV�LQ�WKH�PL[WXUH�DOORZV�WR�PDNH�WKHFRQFOXVLRQ� WKDW� SUDFWLFDOO\� DOO� LQYHVWLJDWLRQV� RI� GHWRQDWLRQ� SURFHVVHV� LQ� FRDODHURVXVSHQVLRQV�FDQ�EH�PDGH�LQ�WKH�IUDPH�RI�RQH�YHORFLW\�DSSURDFK�7KH� ZRUN� ZDV� VXSSRUWHG� E\� ,17$6� 23(1� ��������� ,67&�������� DQG� WKH� 5XVVLDQ)RXQGDWLRQ�IRU�%DVLF�5HVHDUFK��WKH�SURMHFW�FRGHV���������������������������
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