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���([WHQGHG�GHILQLWLRQ�RI�WKH�RQO\�RSWLPDO�PRGHO�E\�WKH�WKHRU\RI�GLVFULPLQDWLQJ�FULWHULD,W� KDV� EHHQ� GHPRQVWUDWHG� WKHRUHWLFDOO\� DQG� H[SHULPHQWDOO\� WKDW� WKH� H[KDXVWLYH�VHDUFK� FXUYHVVKRZQ� LQ�)LJ�� �� DUH� JUDGXDO� DQG� XQLPRGDO� IRU� WKH� H[SHFWHG� YDOXH� RI� WKH� FULWHULRQ� >�����@�� 7KHQXPEHU�RI�FDQGLGDWH�PRGHOV�WHVWHG�LQ�HDFK�H[KDXVWLYH�VHDUFK�OD\HU�FDQQRW�EH�LQILQLWHO\�ODUJH��,QRWKHU�ZRUGV�� LQ�FRQVWUXFWLQJ�H[KDXVWLYH� VHDUFK�FXUYHV�� WKH�H[SHFWHG�YDOXH�RI� WKH�FULWHULRQ� LV� LQHIIHFW�UHSODFHG�E\�LWV�PHDQ��RU�OHDVW��YDOXH��%HFDXVH�RI�WKLV�� WKH�FXUYHV�WDNH�RQ�D�VOLJKWO\�ZDY\VKDSH��DQG�D�VPDOO�HUURU�PD\�FUHHS�LQWR�WKH�RSWLPDO�PRGHO�VWUXFWXUH�FKRLFH�7KH�WKHRU\�RI�GLVFULPLQDWLQJ�FULWHULD�KDV�EHHQ�GHYHORSHG�E\�)HGRURY�>��@�DQG�<XUDFKNRYVN\�>��@ZLWK� VSHFLDO� UHIHUHQFH� WR� H[SHULPHQWDO� GHVLJQ�� ,W� KDV�KRZHYHU� SURYHG� LWV� UHOHYDQFH� WR� WKH� VHOI�RUJDQL]DWLRQ� RI� PRGHOV� DQG� DFWLYH�QHXURQ� QHXUDO� QHWZRUNV�� 7KH� WKHRU\� SURFHHGV� IURP� WKHIROORZLQJ� SUHPLVHV�� �,�� WKHUH� H[LVWV� D� �WUXH�� PRGHO� UHSUHVHQWHG� LQ� WKH� GDWD� VDPSOH�� ���� WKHDVVXPHG� IHZ�REMHFW�GHVFULSWLRQV� ILW� WKH�PRGHO� WR� D� GLIIHUHQW� GHJUHH�� ���� WKH�PRGHO� WKDW� FRPHVFORVHVW� WR� WKH� WUXH�PRGHO�FDQ�EH� VHOHFWHG� IURP� LWV�FRPSOLDQFH�ZLWK�DQ�DX[LOLDU\�GLVFULPLQDWLQJFULWHULRQ�:LWK� VXFK� DQ� DSSURDFK�� HYHU\� *0'+� DOJRULWKP� FRQVHFXWLYHO\� XVHV� WZR� FULWHULD�� $W� ILUVW�� DQH[KDXVWLYH�VHDUFK�LV�DSSOLHG�WR�DOO�FDQGLGDWH�PRGHOV�IRU�FRPSOLDQFH�ZLWK�WKH�PDLQ�FULWHULRQ��DQG�DVPDOO�QXPEHU�RI�PRGHOV�ZKRVH�VWUXFWXUH�LV�FORVH�WR�RSWLPDO� LV�VHOHFWHG��7KHQ�RQO\�RQH�RSWLPDOPRGHO� LV� VHOHFWHG� WKDW� FRPSOLHV�ZLWK� D� VSHFLDO� GLVFULPLQDWLQJ� FULWHULRQ�� 7KH� WKHRU\� RI� RSWLPDOGLVFULPLQDWLQJ� FULWHULD� LV� VWLOO� LQ� WKH�GHYHORSPHQWDO� VWDJH��EXW� VXFFHVVIXO� GLVFULPLQDWLQJ� FULWHULDDUH�DOUHDG\�NQRZQ�,Q�FDVHV�LQYROYLQJ�WKH�VHOHFWLRQ�RI�D�VWUXFWXUH�IRU�RSWLPDO�SRO\QRPLDO�PRGHOV��WKH�DSSUR[LPDWLRQRU�IRUHFDVW�YDULDWLRQ�FULWHULRQ�VHUYHV�ZHOO��,Q�WKH�VHOHFWLRQ�RI�RSWLPDO�FOXVWHUL]DWLRQ��JRRG�UHVXOWVDUH�REWDLQHG�ZLWK�WKH�V\PPHWU\�FULWHULRQ�IRU�WKH�FOXVWHUV�GLVWDQFH�PDWUL[�FDOFXODWHG�UHODWLYH�WR�WKHVHFRQGDU\�GLDJRQDO�>��@��HWF����6HOI�RUJDQL]DWLRQ�RI�DQ�DFWLYH�QHXURQ�QHXUDO�QHWZRUN$�QHXUDO�QHWZRUN�LV�GHVLJQHG�WR�KDQGOH�D�SDUWLFXODU�WDVN��7KLV�PD\�LQYROYH�UHODWLRQ�LGHQWLILFDWLRQ�DSSUR[LPDWLRQ��� SDWWHUQ� DQG� VLWXDWLRQ� UHFRJQLWLRQ�� RU� D� IRUHFDVW� RI� UDQGRP� SURFHVVHV� DQGUHSHWLWLYH�HYHQWV� IURP� LQIRUPDWLRQ�FRQWDLQHG� LQ�D�VDPSOH�RI�REVHUYDWLRQV�RYHU�D� WHVW�RU�FRQWUROREMHFW�(DFK� QHXURQ� LV� DQ� HOHPHQWDU\� V\VWHP� WKDW� KDQGOHV� WKH� VDPH� WDVN�� 7KH� REMHFWLYH� VRXJKW� LQFRPELQLQJ�PDQ\�QHXURQV�LQWR�D�QHWZRUN�LV�WR�HQKDQFH�WKH�DFFXUDF\�LQ�DFKLHYLQJ�WKH�DVVLJQHG�WDVNWKURXJK� D� EHWWHU� XVH� RI� LQSXW� GDWD�� $V� DOUHDG\� QRWHG�� WKH� IXQFWLRQ� RI� DFWLYH� QHXURQV� FDQ� EHSHUIRUPHG� E\� YDULRXV� UHFRJQLWLRQ� V\VWHPV�� QRWDEO\�� E\� 5RVHQEODWW
V� WZR�OD\HU� SHUFHSWURQV� >�@�6XFK� D� QHXUDO� QHWZRUN� DFKLHYHV� WKH� WDVN� RI� SDWWHUQ� UHFRJQLWLRQ�� ,WV� WKHRU\� LV� SUHVHQWHG� LQ� WKHDOJHEUDLF�WKHRU\�GXH�WR�=KXUDYOHY�>�@�
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,Q� WKH� FDVH� RI� UHODWLRQ� DSSUR[LPDWLRQ� �LGHQWLILFDWLRQ� DQG� H[WUDSRODWLRQ� �IRUHFDVW�� RI� UDQGRPSURFHVVHV�DQG�UHSHWLWLYH�HYHQWV��WKH�DFWLYH�QHXURQV�DUH�WKH�*0'+�DOJRULWKPV�PHQWLRQHG�HDUOLHU�,Q� WKH�VHOI�RUJDQL]DWLRQ�RI�D�QHXUDO�QHWZRUN�� WKH�H[KDXVWLYH�VHDUFK� LV� ILUVW�DSSOLHG� WR�GHWHUPLQHWKH� QXPEHU� RI� QHXURQ� OD\HUV� DQG� WKH� VHWV� RI� LQSXW� DQG� RXWSXW� YDULDEOHV� IRU� HDFK� QHXURQ�� 7KHPLQLPXP�RI� WKH�GLVFULPLQDWLQJ�FULWHULRQ� VXJJHVWV� WKH�YDULDEOHV� IRU�ZKLFK� LW� LV� DGYDQWDJHRXV� WREXLOG�D�QHXUDO�QHWZRUN�DQG�KRZ�PDQ\�QHXURQ�OD\HUV�VKRXOG�EH�XVHG��7KXV��WKH�WKHRU\�RI�QHXUDOQHWZRUN�VHOI�RUJDQL]DWLRQ�LV�VLPLODU�LQ�PDQ\�UHVSHFWV�WR�WKDW�RI�HDFK�DFWLYH�QHXURQ�

�����7KH�VHDUFK�WHUPLQDWLRQ�UXOH,Q�VHOI�RUJDQL]DWLRQ��WKH�OD\HUV�RI�QHXURQV�DUH�H[WHQGHG�DV�ORQJ�DV�WKLV�LPSURYHV�WKH�DFFXUDF\�RIWKH�VROXWLRQ�\LHOGHG�E\� WKH�QHXUDO�QHWZRUN��7KLV�ZLOO�EH�GHPRQVWUDWHG� ODWHU�ZLWK� UHIHUHQFH� WR�DUHOHYDQW�H[DPSOH�
�����*URXS�DOORZDQFH�IRU�DUJXPHQWV:H�ZLOO�FDOO�DV�WKH�H[KDXVWLYH�VHDUFK�FKDUDFWHULVWLF RI�D�QHXUDO�QHWZRUN�WKH�JUDSK�WKDW�UHODWHV�WKHPDLQ�SUHFLVLRQ�FULWHULRQ�IRU�D�VSHFLILHG�YDULDEOH�WR�WKH�OD\HU�QXPEHU��7KLV�FKDUDFWHULVWLF�LV�VLPLODUWR�WKDW�RI�WKH�*0'+�DOJRULWKPV��7R�REWDLQ�D�VPRRWK�DQG�XQLPRGDO�FXUYH��WKH�H[KDXVWLYH�VHDUFKFKDUDFWHULVWLF� LV� FDOFXODWHG� IRU� PDQ\� WRROV� LQ� WKH� VDPSOH�� DQG� WKH� UHVXOWV� DUH� DYHUDJHG�7KHRUHWLFDOO\��WKH�H[KDXVWLYH�VHDUFK�FKDUDFWHULVWLF�KDV�EHHQ�LQYHVWLJDWHG�IRU�WKH�H[SHFWHG�YDOXH�RIWKH� FULWHULRQ� >�@�� ,Q� SUDFWLFH�� WKH� H[KDXVWLYH�VHDUFK� FXUYH� KDV� WR� EH� FRQVWUXFWHG� QRW� IRU� WKHH[SHFWHG�YDOXH�DQG�HYHQ�QRW�IRU�WKH�PHDQ�YDOXH�RI�WKH�FULWHULRQ��5DWKHU��LW�LV�FRQVWUXFWHG�IRU�WKHEHVW�UHVXOWV�RI�WKH�H[KDXVWLYH�VHDUFK�DSSOLHG�WR�D�JURXS�IRU�ZKLFK�WKH�FULWHULRQ�WDNHV�RQ�WKH�OHDVWYDOXH��7KLV�H[KDXVWLYH�VHDUFK�WHUPLQDWLRQ�UXOH�KROGV�RQO\�ZKHQ�PDQ\�DSSUR[LPDWLRQ�RU�IRUHFDVWUHVXOWV�DUH�DYHUDJH�
�����7KH�VHOHFWLRQ�RI�D�GLVFUHWH�WHPSODWH:KDW�W\SH�RI�WHPSODWH�WR�XVH�GHSHQGV�RQ�WKH�WDVN�DW�KDQG��)LJ������,Q�DQ�DSSUR[LPDWLRQ�WDVN��WKHWHPSODWH�GRHV�QRW�FRQWDLQ�GHOD\HG�DUJXPHQWV��LQ�D�IRUHFDVW�WDVN��WZR�RU�WKUHH�GHOD\V�KDYH�WKH�EHDOORZHG� IRU�� ,Q� WKH� IRUPHU� FDVH�� RQH� REWDLQV� VLQJOH�PRPHQW� HTXDWLRQV�� LQ� WKH� ODWWHU�� GLIIHUHQFHHTXDWLRQV�
�����([WHQGHG�GHILQLWLRQ�RI�RQH�RSWLPDO�PRGHO�IRU�HDFK�QHXURQ�LQ�D�QHWZRUN6HOI�RUJDQL]DWLRQ� RI� HDFK� QHXURQ� WDNHQ� VHSDUDWHO\� XVHV� WKH� GLIIHUHQWLDO� EDODQFH� FULWHULRQ� RU� WKHUHJXODULW\� SUHFLVLRQ� FULWHULRQ�� $V� DOUHDG\� QRWHG�� WKH� H[KDXVWLYH�VHDUFK� FXUYH� DSSURDFKHV� LWVPLQLPXP� LQ� D�JUDGXDO�PDQQHU�� DQG� WKH� FULWHULD� RI�PRGHOV� FORVH� WR� WKH�RSWLPDO�RQH�GLIIHU� RQO\VOLJKWO\� IURP� RQH� DQRWKHU� LQ� YDOXH�� 7KLV� H[SODLQV� ZK\� RQH� KDV� WR� XVH� DQ� H[WHQGHG� GHILQLWLRQDOJRULWKP��%\�WKLV�DOJRULWKP��LQVWHDG�RI�RQH��VHYHUDO�RI�WKH�EHVW�PRGHOV�DUH�VHOHFWHG��)URP�WKHP�RQO\�RQH�WKDW�FRPSOLHV�ZLWK�DQRWKHU�YDULDWLRQ�GLVFULPLQDWLQJ�FULWHULRQ�FKRVHQ�
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�����5HDGRXW�RI�PRGHOLQJ�UHVXOWV(DFK�OD\HU�LQ�D�QHXUDO�QHWZRUN�FRQWDLQV�QHXURQV��ZKRVH�RXWSXWV�FRUUHVSRQG�HDFK�WR�D�SDUWLFXODUVSHFLILHG�YDULDEOH�� WKH�RXWSXW�RI� WKH� ILUVW� QHXURQ� WR� WKH� ILUVW� YDULDEOH�� WKH� RXWSXW� RI� WKH� VHFRQGQHXURQ�WR�WKH�VHFRQG�YDULDEOH��HWF�(DFK�FROXPQ�FRQVLVWV�RI�QHXURQV�ZKRVH�RXWSXWV�FRUUHVSRQG�WR�RQH�RI� WKH�YDULDEOHV��)URP�HDFKFROXPQ�LQ�WXUQ��RQH�QHXURQ�ZLWK�D�PLQLPDO�YDULDWLRQ�FULWHULRQ�LV�VHOHFWHG��0RUH�VSHFLILFDOO\��RQHQHXURQ�KDYLQJ�WKH�EHVW�UHVXOW�LV�VHOHFWHG�IURP�WKH�ILUVW�FROXPQ�RI�QHXURQV�IRU�ZKLFK�WKH�RXWSXW�LVWKH�ILUVW�YDULDEOH��VLPLODUO\��RQH�QHXURQ�LV�VHOHFWHG�IURP�WKH�VHFRQG�FROXPQ�RI�QHXURQV�IRU�ZKLFKWKH�RXWSXW� LV� WKH�VHFRQG�YDULDEOH��HWF��7KLV�VHOHFWLRQ�SURFHGXUH�XQLTXHO\�GHILQHV� WKH�QXPEHU�RIOD\HUV�IRU�HDFK�YDULDEOH�DQG��WKXV��WKH�VWUXFWXUH�RI�WKH�QHXUDO�QHWZRUN�
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