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���,QWURGXFWLRQ&RPPXWLQJ�KDV�EHHQ�WKH�VXEMHFW�RI�LQFUHDVLQJ�SXEOLF�DWWHQWLRQ�DQG�LQWHQVLYH�UHVHDUFKLQ�UHFHQW�GHFDGHV��VHH�1LMNDPS�DQG�5RXZHQGDO�������5RXZHQGDO�DQG�1LMNDPS��������5LVLQJZDJHV� KDYH� HQDEOHG� SHRSOH� WR� VSHQG�PRUH�PRQH\� RQ� WUDQVSRUW� DQG� WR� FKRRVH� D� UHVLGHQWLDOORFDWLRQ� IXUWKHU� IURP� WKHLU�ZRUN��7KLV� LQFUHDVH� LQ� WUDYHO� KDV�SURPSWHG� LPSURYHPHQWV� LQ� WKHWUDQVSRUWDWLRQ�V\VWHP��ZKLFK�LQ�WXUQ�KDYH�IXUWKHU�VWLPXODWHG�FRPPXWLQJ��,Q�FRPELQDWLRQ�ZLWKULVLQJ�FDU�RZQHUVKLS��WKH�ORQJHU�FRPPXWLQJ�GLVWDQFHV�KDYH�FDXVHG�DQ�XQSUHFHGHQWHG�LQFUHDVHLQ� WUDIILF� LQ� DQG� DURXQG� XUEDQ� DUHDV�� 7KH� LQFUHDVLQJ� UROH� RI� FRPPXWLQJ� KDV� IDU�UHDFKLQJFRQVHTXHQFHV�IRU�SXEOLF�SROLF\�FRQFHUQLQJ�WUDIILF��LQIUDVWUXFWXUH�DQG�VSDWLDO�SODQQLQJ��DV�ZHOODV�KRXVLQJ�DQG�ODERU�PDUNHWV��7KHRUHWLFDO�DQG�DSSOLHG�UHVHDUFK�RQ�FRPPXWLQJ�LVVXHV�FDQ�KHOSWR�FODULI\�WKH�UHOHYDQW�HIIHFWV�$Q� LPSRUWDQW� SROLF\� LVVXH� LV� WKH� HYDOXDWLRQ� RI� SURSRVHG� QHZ� LQIUDVWUXFWXUH�� 7KHRSHQLQJ�RI�URDGV�RU�UDLOZD\V�ZLOO�UHGXFH�JHQHUDOL]HG�WUDQVSRUW�FRVW�DQG�VWLPXODWH�FRPPXWLQJ�7KH� UHVXOWLQJ� FKDQJHV� LQ� FRPPXWLQJ� SDWWHUQV� ZLOO� DOVR� DIIHFW� UHJLRQDO� KRXVLQJ� DQG� ODERUPDUNHWV�� 7KLV� LV� UHOHYDQW� IRU� FRVW�EHQHILW� DQDO\VLV� DQG� IRU� WKH� UHJLRQDO� UHGLVWULEXWLRQ� RIZHOIDUH��7R�SUHGLFW� WKH� VL]H�RI� WKHVH�HIIHFWV�� LW� LV� LPSRUWDQW� WR�NQRZ�KRZ�FRPPXWLQJ� IORZVGHSHQG� RQ� WUDQVSRUW� FRVW�� )XUWKHU�� FRPPXWLQJ� IORZV� FRQQHFW� ODERU� DQG� KRXVLQJ� PDUNHWV�.QRZOHGJH� RI� WKH� LQWHQVLW\� DQG� VSDWLDO� H[WHQW� RI� WKLV� LQWHUDFWLRQ� LV� UHOHYDQW� IRU� VSDWLDOSODQQLQJ�� 7KLV� NQRZOHGJH� FDQ�� IRU� LQVWDQFH�� EH� XVHG� WR� GHWHUPLQH� WKH� DFFHVVLELOLW\� RI� DORFDWLRQ�WR�FHQWHUV�RI�SRSXODWLRQ�DQG�HPSOR\PHQW�7KH� DQDO\VLV� RI� WKH� VL]HV� RI� FRPPXWLQJ� IORZV� EHWZHHQ� FLWLHV� RU� UHJLRQV�� DQG� WKHLUHIIHFWV� RQ� KRXVLQJ� DQG� ODERU�PDUNHWV�� LV� SDUW� RI� WKH�PXFK�ZLGHU� DUHD� RI� VSDWLDO� LQWHUDFWLRQPRGHOLQJ��6SDWLDO�,QWHUDFWLRQ�0RGHOV�DUH�DSSOLHG�QRW�RQO\�WR�FRPPXWLQJ�EXW�DOVR�WR�PLJUDWLRQ�LQWHUQDWLRQDO�WUDGH��VKRSSLQJ�EHKDYLRU��DQG�RWKHU�WRSLFV�UHODWHG�WR�RULJLQ�GHVWLQDWLRQ�IORZV��$QLPSRUWDQW�LVVXH�LQ�VXFK�PRGHOV�LV�WKH�VSHFLILFDWLRQ�RI�WKH�IXQFWLRQDO�IRUP�RI�GLVWDQFH�RU�WUDYHOFRVW��,Q�WKH�OLWHUDWXUH��WKLV�GLVWDQFH�GHFD\�IXQFWLRQ�LV�XVXDOO\�DVVXPHG�WR�EH�DQ�H[SRQHQWLDO�RUD�SRZHU�IXQFWLRQ�³,Q� SUDFWLFH�� WKH� GHEDWH� RYHU� WKH� IRUP� RI� WKH� FRVW� IXQFWLRQ� LQ� VSDWLDO� LQWHUDFWLRQ� PRGHOV� KDVHYROYHG�WR�D�UHDVRQDEO\�ZLGHVSUHDG�FRQVHQVXV�WKDW�WKH�H[SRQHQWLDO�IXQFWLRQ�LV�PRUH�DSSURSULDWHIRU�DQDO\VLQJ�VKRUW�GLVWDQFH�LQWHUDFWLRQV�VXFK�DV�WKRVH�WKDW�WDNH�SODFH�ZLWKLQ�DQ�XUEDQ�DUHD��7KHSRZHU� IXQFWLRQ�� FRQYHUVHO\�� LV� JHQHUDOO\� KHOG� WR� EH� PRUH� DSSURSULDWH� IRU� DQDO\VLQJ� ORQJHUGLVWDQFH�LQWHUDFWLRQV�VXFK�DV�PLJUDWLRQ�IORZV´ �)RWKHULQJKDP�DQG�2¶.HOO\�������SS���������
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:H�ZLOO�SURSRVH�D�PRUH�IOH[LEOH�VSHFLILFDWLRQ�RI�WKH�GHFD\�IXQFWLRQ��7KH�UHVHDUFK�SUHVHQWHG�LQWKLV�SDSHU�LV�DQ�DSSOLFDWLRQ�RI�6SDWLDO�,QWHUDFWLRQ�0RGHOLQJ��DQG�WKH�PHWKRGRORJLFDO�LVVXHV�DUHQRW�OLPLWHG�WR�FRPPXWLQJ�7KH�SXUSRVH�RI� WKLV�SDSHU� LV� WR�GHWHUPLQH� WKH�HIIHFW� RI� WUDQVSRUW� FRVW� RQ� FRPPXWLQJIORZV� EHWZHHQ� UHJLRQV��:H� XVH� GDWD� RQ� FRPPXWLQJ� IORZV� DQG� WUDYHO� FRVW� EHWZHHQ� WKH� ���PXQLFLSDOLWLHV�LQ�'HQPDUN�LQ�������)RU�'HQPDUN��D�VHW�RI�FRPSOHWH�DQG�GLVDJJUHJDWHG�GDWD�LVDYDLODEOH��7KH�GLVWDQFH�GHFD\�HTXDWLRQ�ZKLFK�ZH�HVWLPDWH�LQ�WKLV�SDSHU�LV�SDUW�RI�VHYHUDO�W\SHVRI�6SDWLDO� ,QWHUDFWLRQ�0RGHOV�� ,W�GHVFULEHV� WULSV�DV�EHLQJ�GHSHQGHQW�RQ�EDODQFLQJ� IDFWRUV� IRURULJLQV�DQG�GHVWLQDWLRQV��DQG�DV�D�IXQFWLRQ�RI�JHQHUDOL]HG�FRVW��7KLV�LV�D�SDUWLDO�DQDO\VLV��DQGQRW�DQ�HTXLOLEULXP�DSSURDFK��7KH�UHODWLRQVKLSV�EHWZHHQ�DFFHVVLELOLW\�WR�MREV�DQG�ODERU�IRUFH�RQ�WKH�RQH�KDQG��DQG�WKH�ORFDWLRQ�RI�SRSXODWLRQ�DQG�HPSOR\PHQW��RQ�WKH�RWKHU��DUH�RXWVLGH�WKHVFRSH�RI�WKLV�SDSHU��)RU�SUHGLFWLRQV��LW�LV�LPSRUWDQW�WR�WDNH�IHHGEDFN�HIIHFWV�LQWR�DFFRXQW��EXWHFRQRPHWULF�LQIHUHQFH�FDQ�EH�EDVHG�RQ�D�VLQJOH�HTXDWLRQ�7KHUH�DUH�VRPH�HFRQRPHWULF�FRPSOLFDWLRQV�LQ�WKH�HVWLPDWLRQ�RI�WKH�WULSV�HTXDWLRQ�RI�D6SDWLDO�,QWHUDFWLRQ�0RGHO��)LUVW��WKH�HTXDWLRQ�FRQWDLQV�QRW�RQO\�D�GLVWDQFH�GHFD\�IXQFWLRQ�EXWDOVR�XQREVHUYHG�EDODQFLQJ�IDFWRUV��6HFRQGO\��]HUR� IORZV�DUH�GLIILFXOW� WR�KDQGOH��7KLUGO\�� WKHYDULDQFH�RI�D� IORZ�ZLOO�EH�UHODWHG�WR� LWV�H[SHFWDWLRQ��VR�WKHUH� LV�KHWHURVFHGDVWLFLW\��6ROXWLRQVIRU� WKHVH�SUREOHPV�KDYH�EHHQ�SURSRVHG� LQ� WKH� OLWHUDWXUH�� ,Q� WKLV�SDSHU�ZH� DSSO\� D�QRQOLQHDUZHLJKWHG�OHDVW�VTXDUHV�HVWLPDWLRQ��1/:/6��PHWKRG�� WKDW� LV�PDLQO\�WKH�QRQOLQHDU�YHUVLRQ�RI3URFHGXUH� �� GHVFULEHG� LQ� 6HQ� DQG� 6PLWK� ������� SS�� ���������� +RZHYHU�� ZH� LPSURYH� WKHWUHDWPHQW�RI�KHWHURVFHGDVWLFLW\�LQ�WZR�ZD\V��ZH�EDVH�WKH�ZHLJKWV�RQ�D�FRPELQDWLRQ�RI�3RLVVRQHUURU� DQG� ORJQRUPDO� VSHFLILFDWLRQ� HUURU�� DQG� ZH� XVH� ZHLJKWHG� DYHUDJHV� WR� HVWLPDWH� WKHEDODQFLQJ�IDFWRUV��$V�WKH�SRVLWLYH�IORZV�YDU\�IURP�RQH�WR�WKRXVDQGV��KHWHURVFHGDVWLFLW\�FDQ�EHFRQVLGHUDEOH�:H� GR� QRW� LPSRVH� D� GLVWDQFH�GHFD\� IXQFWLRQ� IURP� WKHRU\�� EXW� LQIHU� WKH� IXQFWLRQDOIRUP� IURP� WKH� GDWD�� ,W� DSSHDUV� WKDW� 'DQLVK� FRPPXWLQJ� IORZV� FDQQRW� EH� GHVFULEHG� E\� DQH[SRQHQWLDO�GLVWDQFH�GHFD\�IXQFWLRQ��$�SRZHU�VSHFLILFDWLRQ�JLYHV�EHWWHU�UHVXOWV��EXW�SHUIRUPVSRRUO\�IRU�YHU\�VPDOO�DQG�YHU\�ODUJH�GLVWDQFHV��7R�LQYHVWLJDWH�WKLV��ZH�LQWURGXFH�D�SLHFHZLVHSRZHU� IXQFWLRQ��7KH� HVWLPDWHG� HODVWLFLWLHV� DUH� �LQ� DEVROXWH� YDOXH�� VPDOO� IRU� VPDOO� GLVWDQFHV�ODUJH� IRU� LQWHUPHGLDWH�GLVWDQFHV�� DQG� WKHQ� WKH\�GHFUHDVH� JUDGXDOO\� DV� WKH�GLVWDQFH� LQFUHDVHV�7KLV� DG�KRF� VSHFLILFDWLRQ� FDQ� EH� DSSUR[LPDWHG� XVLQJ� D� ORJLVWLF� IXQFWLRQ�� ,Q� RXU� ILQDO
� $V�FRVWV�DQG�GLVWDQFHV�DUH�KLJKO\�VLPLODU��ZH�RIWHQ�XVH�WKH�WHUP�³GLVWDQFH�GHFD\�IXQFWLRQ´��ZKLOH�LW�LV�DFWXDOO\�DIXQFWLRQ�RI�FRVW�



�

VSHFLILFDWLRQ��ORJ�WULSV�LV�D�GRZQZDUGV�ORJLVWLF�IXQFWLRQ�RI�ORJ�JHQHUDOL]HG�FRVW��7KH�EHQGLQJSRLQW�RI�WKH�ORJLVWLF�IXQFWLRQ��ZKHUH�FRPPXWLQJ�LV�PRVW�HODVWLF��OLHV�QHDU����NP��7KDW�WKH�FRVWHODVWLFLW\�RI�FRPPXWLQJ�YDULHV�RYHU�GLVWDQFH�LV� LPSRUWDQW�IRU� WKH�HYDOXDWLRQ�RI� LQIUDVWUXFWXUHSURMHFWV��0DMRU�QHZ�OLQNV�KDYH�EHHQ�FRQVWUXFWHG�LQ�'HQPDUN��VXFK�DV�WKH�*UHDW�%HOW�FURVVLQJ�7KH� XVH� RI� D� SRZHU�GHFD\� IXQFWLRQ�� ZKLFK� LPSRVHV� FRQVWDQW� HODVWLFLW\�� PLJKW� OHDG� WRRYHUHVWLPDWLRQ� RI� WKH� HIIHFW� RI� QHZ� ORQJ�GLVWDQFH� FRQQHFWLRQV�� DQG� XQGHUHVWLPDWLRQ� RI� WKHHIIHFW�RI�VKRUWHU�GLVWDQFH�LQIUDVWUXFWXUH�7KH� SDSHU� LV� VWUXFWXUHG� DV� IROORZV�� 6HFWLRQ� �� GHVFULEHV� WKH�PRGHO� DQG� WKH� GDWD�� DQG6HFWLRQ���WKH�HVWLPDWLRQ�PHWKRG��,Q�6HFWLRQ���ZH�HVWLPDWH�YDULRXV�GLVWDQFH�GHFD\�IXQFWLRQV�,Q� 6HFWLRQ� �� ZH� GLVFXVV� WKH� UHVXOWV�� )LQDOO\�� 6HFWLRQ� �� FRQFOXGHV�� 6HYHUDO� GHULYDWLRQV� DUHSODFHG�LQ�$SSHQGLFHV�$�DQG�%�
���0RGHO�DQG�GDWD6SDWLDO� ,QWHUDFWLRQ� 0RGHOV� GHVFULEH� IORZV� EHWZHHQ� D� VHW� RI� RULJLQV� DQG� D� VHW� RIGHVWLQDWLRQV�� )RU� D� JHQHUDO� LQWURGXFWLRQ� WR� 6SDWLDO� ,QWHUDFWLRQ� 0RGHOV�� ZH� UHIHU� WR)RWKHULQJKDP�DQG�2¶.HOO\� ��������0RVW�6SDWLDO� ,QWHUDFWLRQ�0RGHOV�FDQ�EH� UHSUHVHQWHG� LQ� DIRUP�WKDW�FRQWDLQV�WKH�IROORZLQJ�HTXDWLRQV��%DWWHQ�DQG�%R\FH�������'H�9ULHV�HW�DO��������

LMMLMLLM )'2%$7  ���¦ M LML 72 ���¦ L LMM 7' ���ZKHUH� LM7 LV�WKH�FRPPXWLQJ�IORZ� �µWULSV¶��IURP�PXQLFLSDOLW\� L WR�PXQLFLSDOLW\� M �� L$ DQG� M%DUH�XQREVHUYHG�EDODQFLQJ�IDFWRUV��ZKLFK�PDNH�LW�SRVVLEOH�WR�VDWLVI\�����DQG������ L2 LV�WKH�WRWDOQXPEHU�RI�ZRUNLQJ�SHRSOH� OLYLQJ� LQ� �RULJLQ��PXQLFLSDOLW\� L �� VR� WKDW� LW� LQFOXGHV�QRW�RQO\� WKHRXWZDUG�FRPPXWLQJ�IORZ�EXW�DOVR�WKH�SHRSOH�OLYLQJ�DQG�ZRUNLQJ�LQ�WKDW�SODFH�� M' LV�WKH�WRWDOQXPEHU�RI�ZRUNHUV� LQ� �GHVWLQDWLRQ��PXQLFLSDOLW\� M �� DQG� LM) LV� D� GHFUHDVLQJ� IXQFWLRQ� RI� WKHJHQHUDOL]HG�WUDYHO�FRVW�IURP�PXQLFLSDOLW\� L WR�PXQLFLSDOLW\� M �� LM* �,Q�WKH�OLWHUDWXUH��LW�LV�JHQHUDOO\�DJUHHG�WKDW�DQ�H[SRQHQWLDO�VSHFLILFDWLRQ
LM*LM H) �� JJ ���

� ,I� L  � M ��WKLV�IORZ�LV�WKH�QXPEHU�RI�SHRSOH�ERWK�ZRUNLQJ�DQG�OLYLQJ�LQ�WKDW�UHJLRQ�
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LV�LQ�DFFRUGDQFH�ZLWK�D�XWLOLW\�IUDPHZRUN��&RFKUDQH��������+RZHYHU��LQ�DSSOLFDWLRQV�RIWHQ�DSRZHU�VSHFLILFDWLRQ
�� JJ LMLM *)  ���DSSHDUV�WR�KDYH�D�EHWWHU�ILW��&KRXNURXQ������� SURYLGHV�D�SRVVLEOH�WKHRUHWLFDO�MXVWLILFDWLRQ�IRUD� SRZHU� VSHFLILFDWLRQ��'HYLDWLRQV� IURP� DQ� H[SRQHQWLDO� IRUP� WRZDUGV� D� SRZHU� IRUP� FDQ� EHFDXVHG� E\� KHWHURJHQHLW\� RI� XVHU� SUHIHUHQFHV�� XVH� RI� YDULRXV� WUDYHO� PRGHV�� DQG� ORZHU� WULSIUHTXHQF\� IRU� ORQJ�GLVWDQFH� FRPPXWHUV�� 7KH� UHVXOWLQJ� IXQFWLRQDO� IRUP� GHSHQGV� RQ� WKHPDWKHPDWLFDO�DVVXPSWLRQV�FRQFHUQLQJ� WKH�KHWHURJHQHLW\��2WKHU� W\SHV�RI�GHFD\� IXQFWLRQV� DUHQRW�H[FOXGHG�LQ�DGYDQFH�:H� WU\� WR� DQVZHU� WKH�TXHVWLRQ� FRQFHUQLQJ� WKH� IXQFWLRQDO� IRUP�RI� WKH�GLVWDQFH�GHFD\IXQFWLRQ�IURP�DQ�HPSLULFDO�VWDUWLQJ�SRLQW��6R�ZH�VSHFLI\� LM) YHU\�JHQHUDOO\�DV�

LMLMLM X*I) � ��OQ ���7KH� IXQFWLRQ� I ��ZKLFK� UHSUHVHQWV� WKH� GLVWDQFH�GHFD\��ZLOO� EH� FKRVHQ� LQ� WKH� FRXUVH� RI� WKHLQIHUHQFH��LQ�6HFWLRQ����7KH�FRQVWUXFWLRQ�RI�JHQHUDOL]HG�FRVW� LM* ZLOO�EH�GLVFXVVHG�DW�WKH�HQGRI� WKH�SUHVHQW�VHFWLRQ��$VVXPSWLRQV�RQ� WKH�GLVWXUEDQFH� WHUP� LMX ZLOO�EH� VWDWHG� LQ�6HFWLRQ���7KH�HVWLPDWLRQ�RI�WKH�GLVWDQFH�GHFD\�IXQFWLRQ�ZLOO�EH�EDVHG�RQ�����WR�����LQ�FRPELQDWLRQ�ZLWK�����D�VHW�RI�HTXDWLRQV�ZKLFK�FDQ�EH�SDUW�RI�VHYHUDO�W\SHV�RI�6SDWLDO�,QWHUDFWLRQ�0RGHOV�,Q�WKLV�SDSHU�ZH�GR�QRW�VSHFLI\�D�FRPSOHWH�PRGHO��$�FRPSOHWH�PRGHO�FDQ�EH�REWDLQHGE\�DGGLQJ�HTXDWLRQV�IRU� L2 DQG� M' ��7KH�EDODQFLQJ�IDFWRUV� L$ DQG� M% FDQ�EH�LQWHUSUHWHG�DVDFFHVVLELOLW\�LQGLFDWRUV��$ORQVR�������+XD��������,I� L$ LV�ORZ��UHVLGHQFH�PXQLFLSDOLW\� L KDVJRRG�DFFHVV� WR� MREV�� ,I� M% LV� ORZ��ZRUN�PXQLFLSDOLW\� M KDV�JRRG�DFFHVV� WR� WKH� ODERU� IRUFH�7KH�GLIIHUHQFH�EHWZHHQ� WKH� YDULRXV� W\SHV� RI� 6SDWLDO� ,QWHUDFWLRQ�0RGHOV� OLHV� LQ� DVVXPSWLRQVFRQFHUQLQJ�WKH�UHODWLRQ�EHWZHHQ�RULJLQ�DQG�GHVWLQDWLRQ�WRWDOV�DQG�DFFHVVLELOLW\��,Q�WKH�JHQXLQHGRXEO\�FRQVWUDLQHG�PRGHO�� L2 DQG� M' DUH�DVVXPHG�WR�EH�H[RJHQRXV��,I� L2 LV�SURSRUWLRQDO�WR
DFFHVVLELOLW\� WR� MREV�� ��L$ ��DQG� M' LV�SURSRUWLRQDO� WR�DFFHVVLELOLW\� WR� WKH�ODERU� IRUFH� � ��M% ��WKH� XQFRQVWUDLQHG� JUDYLW\� PRGHO� �&DUH\� ������ 6WHZDUW� ����� UHVXOWV�� 6LQJO\�FRQVWUDLQHGPRGHOV�DUH�D�FRPELQDWLRQ�RI�WKHVH��:LOVRQ��������,Q�$ORQVR¶V�7KHRU\�RI�0RYHPHQWV��$ORQVR������+DPHUVODJ�������%LNNHU�������%LNNHU�DQG�'H�9RV������� WKH�UHODWLRQ�EHWZHHQ� L2 DQG
� 1RWH� WKDW� I LV� QRW� WKH� GLVWDQFH�GHFD\� IXQFWLRQ� LWVHOI�� EXW� LWV� ORJDULWKP�� )RU�PRVW� IXQFWLRQDO� IRUPV� WKLV� LV� DFRQYHQLHQW�UHSUHVHQWDWLRQ��H�J��LI�WKH�GHFD\�IXQFWLRQ�LV�H[SRQHQWLDO�� I LV�OLQHDU�
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L$ DQG� WKH� UHODWLRQ� EHWZHHQ� M' DQG� M% DUH� VSHFLILHG� LQ� DGGLWLRQDO� HTXDWLRQV�� FRQWDLQLQJSDUDPHWHUV�WR�EH�HVWLPDWHG�
7KH� HVWLPDWLRQ� RI� WKH� GLVWDQFH�GHFD\� IXQFWLRQ�ZLOO� EH� EDVHG� RQ� GDWD� RQ� FRPPXWLQJEHWZHHQ�PXQLFLSDOLWLHV�LQ�'HQPDUN�LQ�������'HQPDUN�FRQVLVWV�RI�WKH�-XWODQG�SHQLQVXOD��D�IHZVL]HDEOH� LVODQGV�� DQG� PDQ\� VPDOO� LVODQGV�� ,Q� ����� 'HQPDUN� KDG� ���� PLOOLRQ� LQKDELWDQWV��3RSXODWLRQ�GLVWULEXWLRQ�EHWZHHQ�UHJLRQV�LV�UDWKHU�XQHYHQ��/DUJH�SDUWV�RI�-XWODQG�DUH�VSDUVHO\SRSXODWHG��7KH�VKDUH�RI�WKH�&RSHQKDJHQ�PHWURSROLWDQ�DUHD�LQ�WRWDO�SRSXODWLRQ�LV�RYHU�����7KH�*UHDW�%HOW��VWUDLW��GLYLGHV�WKH�FRXQWU\�LQWR�WZR�SDUWV��ZLWK�DSSUR[LPDWHO\�KDOI�RIWKH�SRSXODWLRQ�RQ�HDFK�VLGH��:HVW�RI�WKH�*UHDW�%HOW�����PLOOLRQ�SHRSOH�OLYH�LQ�-XWODQG�DQG����PLOOLRQ�RQ�)XQHQ��(DVW�RI�WKH�*UHDW�%HOW��WKH�SRSXODWLRQ�RI�=HDODQG�LV�����PLOOLRQ��LQFOXGLQJ����PLOOLRQ�LQ�*UHDWHU�&RSHQKDJHQ���DQG���������SHRSOH�OLYH�RQ�/ROODQG�)DOVWHU��,Q������WKHIL[HG� �URDG� DQG� UDLO�� OLQN� RYHU� WKH� *UHDW� %HOW� ZDV� QRW� \HW� ILQLVKHG�� 9DULRXV� IHUU\� URXWHVSURYLGHG�WKH�FRQQHFWLRQ�RYHU�WKH�*UHDW�%HOW��:LWKLQ�WKH�-XWODQG�)XQHQ�UHJLRQ�DQG�ZLWKLQ�WKH=HDODQG�/ROODQG�)DOVWDU� UHJLRQ�� EULGJHV� FRQQHFW� WKH�PDMRU� LVODQGV�� 7KH� LVODQG� RI� %RUQKROP�SRSXODWLRQ� RQO\� �������� LV� IDUWKHU� HDVW�� LQ� WKH� %DOWLF� 6HD�� DQG� LV� FRQQHFWHG� WR� WKH� UHVW� RI'HQPDUN�E\�IHUULHV�:H�XVH�WKH�IROORZLQJ�GDWD��x LM7 ��D�����E\����� WDEOH�RI� WKH�DFWLYH�SRSXODWLRQ� LQ�'HQPDUN� LQ������E\�PXQLFLSDOLW\�RIUHVLGHQFH� DQG� PXQLFLSDOLW\� RI� ZRUN�� 7KLV� WDEOH� UHVXOWV� IURP� WKH� SRSXODWLRQ� FHQVXV�$OWKRXJK�ZH�ZLOO�FDOO�WKHVH�SHUVRQV�µFRPPXWHUV¶��ZH�KDYH�WR�NHHS�LQ�PLQG�WKDW�HVSHFLDOO\IRU�ORQJHU�GLVWDQFHV�SHRSOH�SUREDEO\�GR�QRW�PDNH�WKH�WULS�HYHU\�GD\�x L2 DQG� M' ��RULJLQ�DQG�GHVWLQDWLRQ�WRWDOV��FRPSXWHG�IURP� LM7 XVLQJ�����DQG�����x LM& ��D�����E\�����WDEOH�RI�WUDYHO�FRVW��7KLV�LV�WKH�ILQDQFLDO�FRVW�RI�D�FRPPXWLQJ�WULS�E\�FDU�LQ�'DQLVK�FURZQV��'..���7KLV�FRVW�LV�FRQVWUXFWHG�DV�WKH�ODQG�GLVWDQFH��DV�WKH�FURZ�IOLHV�

� 3RSXODWLRQ�GDWD�IURP�6WDWLVWLFV�'HQPDUN�� 'DWD�RQ�WKH�FRPPXWLQJ�EHWZHHQ�PXQLFLSDOLWLHV�LQ�'HQPDUN�LQ�������WUDYHO�FRVWV�EHWZHHQ�WKH�PXQLFLSDOLWLHV�LQ������DV�ZHOO�DV�D�OLVW�RI�WKH�PXQLFLSDOLWLHV�DQG�WKHLU�RIILFLDO�VWDWLVWLFDO�QXPEHUV��ZHUH�PDGH�DYDLODEOH�E\�$QQH.DDJ�$QGHUVHQ�RI� WKH�'DQLVK� ,QVWLWXWH� RI�/RFDO�*RYHUQPHQW�6WXGLHV�$.)��KWWS���ZZZ�DNI�GN���0RUH� VSHFLILFGHILQLWLRQV�RI�WKH�EDFNJURXQG�GDWD�LQFOXGLQJ�WUDYHO�FRVW�DUH�JLYHQ�LQ�$QGHUVHQ���������:H�REWDLQHG�WKH�GLYLVLRQRI�WKH�PXQLFLSDOLWLHV�RYHU�WKH�FRXQWLHV�IURP�KWWS���ZZZ�GDQPDUN�GN���,Q�DGGLWLRQ��ZH�XVHG�VHYHUDO�PDSV�WR�ORFDWHRXWOLHUV�
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WLPHV�D�NLORPHWHU�SULFH��VHW�WR���'..�NP���SOXV�WKH�UDWH�RI�D�SRVVLEOH�IHUU\��IRU�D�FDU�DQGGULYHU���PLQXV�WKH�WD[�GHGXFWLRQ�IRU�FRPPXWLQJ�FRVW� �$QGHUVHQ�������x 7KH�DGPLQLVWUDWLYH�GLYLVLRQ�RI�'HQPDUN��:H�ZLOO�FRQVWUXFW�GXPP\�YDULDEOHV�IRU�VSHFLILFFRPELQDWLRQV�RI�RULJLQ�DQG�GHVWLQDWLRQ�FRXQWLHV��WR�UHSUHVHQW�JHRJUDSKLFDO�HIIHFWV��LVODQGV�DQG�XUEDQL]DWLRQ�HIIHFWV��FRQJHVWLRQ���)LJXUH���VKRZV�WKH�FRXQWLHV�RI�'HQPDUN��ZLWK�WKHLU'DQLVK�QDPHV��

� 2QH�'..�LV�DSSUR[LPDWHO\����HXURFHQWV��7KH�IDFW�WKDW�WKH�NLORPHWHU�UDWH�LV�VHW�WR�WKH�URXQG�QXPEHU�RI���'..LPSOLHV�WKDW�WKH�WUDYHO�FRVW�QXPHULFDOO\�HTXDOV�WKH�GLVWDQFH��DV�ORQJ�DV�QR�IHUULHV�DUH�LQYROYHG�DQG�ZH�LJQRUH�WKHWD[�GHGXFWLRQ��7KLV�ZLOO�EH�XVHIXO�IRU� WKH�LQWHUSUHWDWLRQ�RI� WKH�HVWLPDWHG�GLVWDQFH�GHFD\�IXQFWLRQV�� ,I� WKH�DFWXDONLORPHWHU�SULFH�ZHUH� WR�GHYLDWH� IURP� WKLV�� WKH� LQWHUSUHWDWLRQ� LQ� NLORPHWHUV�ZRXOG� VWLOO� KROG��EXW� D� FRUUHFWLRQ� WRIHUU\�UDWHV�ZRXOG�EH�UHTXLUHG�

)LJXUH� ���0DS� RI� 'HQPDUN�� ZLWK� GLYLVLRQ� LQWR� FRXQWLHV�� 7KH� *UHDW� %HOW� LV� WKH� VWUDLWEHWZHHQ 9HVWVM OODQGV�$PW�DQG )\QV�$PW�
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$V�VWDWHG�DERYH��IHUU\�UDWHV�DUH�LQFOXGHG�LQ�WKH�FRVW�PHDVXUH�� +RZHYHU��WKH�FRVW�GDWDGRHV�QRW�LQFOXGH�WLPH�FRVW��8VXDOO\��GLVWDQFH��WUDYHO�FRVW��DQG�WUDYHO�WLPH�DUH�KLJKO\�FRUUHODWHG�EXW�LQ�WKH�FDVH�RI�IHUULHV�WKH�UDWLR�PLJKW�GLIIHU�IURP�WKDW�RQ�WKH�URDGV��7KHUHIRUH��ZH�LQFOXGHGXPP\�YDULDEOHV� IRU� WKH� FURVVLQJ� RI� WKH�*UHDW� %HOW� DQG� WUDYHO� IURP�WR�%RUQKROP��:H� DOVRLQFOXGH�D�GXPP\�YDULDEOH� IRU� WKH�DUHD�DURXQG�&RSHQKDJHQ�� WR�FRPSHQVDWH�IRU� WKH�UHODWLYHO\KLJK� WUDYHO� WLPH� LQ� FRQJHVWHG� DUHDV�� )LQDOO\�� ZH� LQFOXGH� D� GXPP\� IRU� WUDYHO� DURXQG� WKH,VHIMRUG��ZKLFK�LV�WKH�ED\�LQ�WKH�QRUWK�RI�=HDODQG�� 7DEOH���SURYLGHV�WKH�H[DFW�GHILQLWLRQV�RI

� 1RWH�WKDW�WKH�FRVW�LV�EDVHG�RQ�WKH�UDWH�IRU�EULQJLQJ�D�FDU�RQ�WKH�IHUU\��,I�D�VXEVWDQWLDO�SDUW�RI�WKH�FRPPXWHUV�XVHWKH�IHUU\�DV�IRRW�SDVVHQJHUV�RU�E\�WUDLQ��LQ�ERWK�FDVHV�DW�ORZHU�FRVW���WKH�FRVW�LV�RYHUHVWLPDWHG�LQ�WKH�GDWD��:H�GRQRW�KDYH�GDWD�RQ�PRGH�FKRLFH��*HQHUDOO\��PRVW�RI�WKH�FRPPXWLQJ�LV�E\�FDU��EXW�RQ�ODUJHU�GLVWDQFHV�WKH�VKDUH�RIWKH�WUDLQ�PLJKW�EH�KLJKHU�� $V�ERWK�VLGHV�RI�WKH�,VHIMRUG�DUH�RQ�WKH�VDPH�LVODQG��WKH�FRVW�LQ�WKH�GDWD�LV�FRPSXWHG�RYHU�WKH�GLVWDQFH�DV�WKHFURZ�IOLHV��ZKLOH�LQ�UHDOLW\�D�ORQJHU�WULS�DURXQG�WKH�,VHIMRUG�RU�D�PRUH�H[SHQVLYH�IHUU\�SDVVDJH�LV�UHTXLUHG�

7DEOH����'HILQLWLRQV�RI�GXPP\�YDULDEOHV D
'XPP\�YDULDEOH LV���IRU�DQG�RQO\�IRU����HOVH�*UHDW%HOW WULSV� IURP� .¡EHQKDYQV� $PW�� )UHGHULNVERUJ� $PW�� 5RVNLOGH� $PW�9HVWVM OODQGV�$PW��6WRUVWU¡PV�$PW

WR� )\QV� $PW�� 6¡QGHUM\OODQGV� $PW�� 5LEH� $PW�� 9HMOH� $PW�5LQJNM¡ELQJ�$PW��cUKXV�$PW��9LERUJ�$PW��1RUGM\OODQGV�$PW
RU�WKH�RWKHU�ZD\�DURXQG

%RUQKROP WULSV�IURP�WR�%RUQKROPV�$PW��EXW�QRW�ZLWKLQ�%RUQKROPV�$PW�&RSHQKDJHQ WULSV�ZLWKLQ .¡EHQKDYQV�$PW E
,VHIMRUG WULSV�IURP�)UHGHULNVERUJ�$PW WR�9HVWVM OODQGV�$PW

RU�WKH�RWKHU�ZD\�DURXQG
D ,Q� WKH� GHILQLWLRQ� RI� GXPP\� YDULDEOHV� .¡EHQKDYQV� $PW �FRXQW\� &RSHQKDJHQ�� LV� WDNHQ� WR� LQFOXGH� WKHPXQLFLSDOLWLHV�&RSHQKDJHQ� DQG� )UHGHULNVEHUJ��ZKLFK� DUH� IRUPDOO\� QRW� SDUW� RI� WKH� FRXQW\�&RSHQKDJHQ� EXWHQMR\�WKHLU�RZQ�FRXQW\�VWDWXV�E 7KLV�FRYHUV�WKH�PDMRU�SDUW�RI�WKH�PHWURSROLWDQ�DUHD�
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WKH�GXPP\�YDULDEOHV��7KH�FRVW�GDWD� LM& DUH�FRPELQHG�ZLWK�WKH�GXPP\�YDULDEOHV� LQ�RUGHU�WRREWDLQ�JHQHUDOL]HG�FRVW� LM* �
LMLMLMLMLMLMLMLM &&&* � ���� ,VHIMRUG&RSHQKDJHQ%RUQKROP*UHDW%HOW GGGG ���� ���:H�RPLW�WKH�REVHUYDWLRQV�RQ�LQWUD]RQDO�IORZV�LQ�DOO�JUDSKV�DQG�HVWLPDWLRQV�SUHVHQWHGLQ�WKLV�SDSHU��� ,Q�RXU�DQDO\VLV�ZH�ILUVW�LQFOXGHG�WKHP��XVLQJ�DQ�DSSUR[LPDWLRQ�IRU�WKH�GLVWDQFHZLWKLQ� D� PXQLFLSDOLW\�� DQG� D� GXPP\� YDULDEOH� IRU� LQWUD]RQDO� IORZV�� 7KLV� OHG� WR� HVWLPDWLRQSUREOHPV� IRU� VHYHUDO� VSHFLILFDWLRQV� RI� WKH� GHFD\� IXQFWLRQ��7R� XQGHUVWDQG� WKDW�� LW� LV� UHOHYDQWWKDW�ZH�PRGHO�GXPP\�YDULDEOHV�DV�FRUUHFWLRQV�WR�JHQHUDOL]HG�FRVW��QRW�DV�VHSDUDWH�HIIHFWV�RQWULSV��,QWUD]RQDO�IORZV�DSSHDU�WR�EH�ODUJHU�WKDQ�WKH�PRGHO�ZRXOG�SUHGLFW�IRU�]HUR�JHQHUDOL]HGFRVW��6R�WKH�SUREOHP�LV�QRW�LQ�WKH�PHDVXUHPHQW�RI�WUDYHO�FRVW�ZLWKLQ�D�PXQLFLSDOLW\��EXW�LQ�WKHIDFW� WKDW� FRPPXWLQJ� EHKDYLRU� ZLWKLQ� D� PXQLFLSDOLW\� DSSDUHQWO\� GLIIHUV� IURP� WKDW� EHWZHHQPXQLFLSDOLWLHV��+RPH�EDVHG�ZRUNHUV�DUH� WKH�SUREDEOH�FDXVH�RI� WKH�GLIIHUHQFH��7KHUHIRUH��ZHH[FOXGH�WKH�LQWUD]RQDO�IORZV�IURP�WKH�IXUWKHU�DQDO\VLV�7KH�HTXDWLRQ�ZKLFK�ZH�DUH�JRLQJ�WR�HVWLPDWH�UHVXOWV�IURP�WKH�VXEVWLWXWLRQ�RI�����LQWR����LQWR������6RPH�HOHPHQWV�DUH�QRW�\HW�VSHFLILHG��WKH�GLVWULEXWLRQ�RI�WKH�GLVWXUEDQFH�WHUP�ZLOOEH�GLVFXVVHG�LQ�6HFWLRQ����DQG� LQ�6HFWLRQ���ZH�ZLOO� LQYHVWLJDWH�YDULRXV� IXQFWLRQDO� IRUPV�IRUWKH�GLVWDQFH�GHFD\�IXQFWLRQ�

���(VWLPDWLRQ�PHWKRG7KH�HVWLPDWLRQ�PHWKRG�WKDW�ZH�XVH�LQ� WKLV�SDSHU�FRPELQHV�NQRZQ�HOHPHQWV�IURP�WKHOLWHUDWXUH�ZLWK�D�IHZ�LQQRYDWLRQV��:H�DSSO\�WKH� OHDVW�VTXDUHV�PHWKRG�RI�&HVDULR� ��������EXWDGG� WR� WKDW� WKH� XVH� RI� ZHLJKWV�� EDVHG� RQ� D� FRPELQDWLRQ� RI� VSHFLILFDWLRQ� HUURU� DQG� 3RLVVRQHUURU�� 2XU� VSHFLILFDWLRQ� RI� WKH� GHFD\� IXQFWLRQ� DQG� JHQHUDOL]HG� FRVW� PDNHV� WKH� HVWLPDWLRQQRQOLQHDU��)RU�WKH�WUHDWPHQW�RI�VPDOO�DQG�]HUR�IORZV��ZH�XVH�D�PHWKRG�GHYHORSHG�E\�6HQ�DQG6RRW���������2XU�HVWLPDWLRQ�PHWKRG�LV�VLPLODU�WR�³3URFHGXUH��´�RI�6HQ�DQG�6PLWK��������SS�����������EXW�GLIIHUV�LQ�WKUHH�UHVSHFWV��)LUVWO\��LW�LV�QRQOLQHDU��WR�DOORZ�IRU�PRUH�FRPSOLFDWHGGHFD\�IXQFWLRQV��6HFRQGO\��WKH�ZHLJKWV�GLIIHU��DV�ZH�WKLQN�WKDW�VSHFLILFDWLRQ�HUURU�FDQ�QRW�EHLJQRUHG��7KLUGO\�� WKH�ZHLJKWV� DUH� DOVR�XVHG�ZKHQ�GHYLDWLRQV� IURP� WKH� DYHUDJH� DUH� WDNHQ�� DV
� 7KH�ZD\�WKH�GXPP\�YDULDEOHV�DIIHFW�JHQHUDOL]HG�FRVW�GLIIHUV��7KH�FRUUHFWLRQ�IRU� WKH�XVH�RI�D� IHUU\� LV�D� IL[HGDPRXQW��7KH�FRUUHFWLRQ�IRU�FRQJHVWLRQ�LV�SURSRUWLRQDO�WR�WKH�FRVW��7KH�FRUUHFWLRQ�IRU�WKH�,VHIMRUG�LV�ODUJH�IRU�ORZFRVW��DQG�GHFUHDVHV�DV�FRVW�LQFUHDVHV��� 7KH�LQWUD]RQDO�IORZV�DUH��KRZHYHU��VWLOO�LQFOXGHG�LQ�WKH�RULJLQ�DQG�GHVWLQDWLRQ�WRWDOV�



�

IROORZV� IURP� WKH� ILUVW�RUGHU� FRQGLWLRQV� IRU� ZHLJKWHG� OHDVW�VTXDUHV� �:/6�� �'H� 9ULHV� HW� DO��������,Q�WKH�UHPDLQGHU�RI�WKLV�VHFWLRQ��ZH�GHVFULEH�WKH�HVWLPDWLRQ�PHWKRG�LQ�PRUH�GHWDLO�7KH�HVWLPDWLRQ�LV�EDVHG�RQ������,I�ZH�WDNH�ORJV�DQG�VXEVWLWXWH�����IRU� LM)OQ ��ZH�KDYH�
LMLMMLMLLM X*I'2%$7 ����� ��OQOQOQOQOQ ���7KLV� HTXDWLRQ� FRQWDLQV� WKH� HQGRJHQRXV� YDULDEOHV� L$ �� M% �� L2 DQG� M' �� EXW� WKHUH� LV� QRHQGRJHQHLW\�SUREOHP��DV�WKHVH�YDULDEOHV�GR�QRW�KDYH�DQ�DVVRFLDWHG�SDUDPHWHU�� L2 DQG� M' DUHREVHUYHG��DQG� L$ DQG� M% ZLOO�EH�HVWLPDWHG��)RU�SUHGLFWLRQ�LW�LV�LPSRUWDQW�WR�XVH�D�FRPSOHWHPRGHO��)RU� HVWLPDWLRQ�SXUSRVHV�� KRZHYHU��ZH� FDQ� FRQFHQWUDWH�RQ� D� VXEVHW� RI� HTXDWLRQV�� ���DQG�����DUH�MXVW�GHILQLWLRQV��:H�FDQ�HVWLPDWH������LUUHVSHFWLYH�RI�KRZ�HTXDWLRQV�IRU� L2 DQG� M'DUH�VSHFLILHG��6R�WKH�PHWKRGV�DQG�UHVXOWV�SUHVHQWHG�LQ�WKLV�SDSHU�DUH�YDOLG�IRU�D�ZLGH�UDQJH�RI6SDWLDO�,QWHUDFWLRQ�0RGHOV��,Q�$ORQVR¶V�7KHRU\�RI�0RYHPHQWV��WKH�HVWLPDWHG� L$ DQG� M% VHUYHDV� LQSXW� IRU�D� IXUWKHU�HVWLPDWLRQ�VWDJH��ZKHUH� WKH� UHODWLRQVKLS�EHWZHHQ� WKH�EDODQFLQJ� IDFWRUVDQG�WKH�LQIORZV�DQG�RXWIORZV�LV�LQYHVWLJDWHG��/HGHQW�������3RRW�������'H�9ULHV�HW�DO��������,Q�����ZH�XVH�ORJDULWKPV�RI�WKH�WULSV��%XW�WKHUH�DUH�WZR�SUREOHPV�DVVRFLDWHG�ZLWK�WKDW�7KH�ORJDULWKPLF�WUDQVIRUPDWLRQ�RI�WKH�GHSHQGHQW�YDULDEOH�ZLOO�FDXVH�D�ELDV��DV�WKH�H[SHFWDWLRQRI�WKH�ORJDULWKP�LV�QRW�HTXDO�WR�WKH�ORJDULWKP�RI�WKH�H[SHFWDWLRQ��6HQ�DQG�6RRW�������S�������$QG�PDQ\�IORZV�DUH�]HUR��VR�WKDW�LQ�WKHVH�FDVHV�WKH�ORJDULWKP�GRHV�QRW�H[LVW��7R�VROYH�WKHVHSUREOHPV��ZH� DSSO\� WKH� VXJJHVWLRQ� RI� 6HQ� DQG� 6RRW� ������� S�� ����� WR� DGG�ò� WR� HDFK� IORZEHIRUH� WDNLQJ� ORJV�� 6HQ� DQG� 6PLWK� ������� S�� ����� DVVXPH� WKDW� WKH� WULSV� KDYH� D� 3RLVVRQGLVWULEXWLRQ�� VR� LM7YDU  LM(7 �� )URP� D� 7D\ORU�DSSUR[LPDWLRQ� DURXQG� LM(7 �� LW� FDQ� WKHQ� EHGHULYHG��XVLQJ�WKH�HTXDOLW\�RI�YDULDQFH�DQG�H[SHFWDWLRQ��WKDW�
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,I� LM(7 LV�QRW�WRR�VPDOO��WKH�ODWWHU�WHUP�FDQ�EH�QHJOHFWHG�(1'�2)�3522)�6R�WKH�XVH�RI� �OQ� ���LM7 DV�WKH�GHSHQGHQW�YDULDEOH�ZLOO�VWURQJO\�UHGXFH�WKH�ELDV��6HQ�DQG�6RRW������6HQ�DQG�6PLWK�������S��������,W�DOVR�SURYLGHV�D�VROXWLRQ�WR�WKH�SUREOHP�RI�]HUR�IORZV�
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6HQ�DQG�6RRW��������S�������DQG�6HQ�DQG�6PLWK��������S�������VXJJHVW�DSSO\LQJ�:/6�DV� KHWHURVFHGDVWLFLW\� PD\� EH� H[SHFWHG�� 7KH\� DVVXPH� WKDW� WKH� IORZV� KDYH� D� 3RLVVRQGLVWULEXWLRQ��,Q�WKDW�FDVH�
LMLM (77 ���OQ�YDU �� |� ����DQG� ZHLJKWV� FDQ� EH� GHULYHG� IURP� WKDW�� +RZHYHU�� D� GLVDGYDQWDJH� RI� WKH� DVVXPSWLRQ� RI� D3RLVVRQ�GLVWULEXWLRQ� LV� WKDW� LW� GRHV�QRW� WDNH� VSHFLILFDWLRQ� HUURU� LQWR� DFFRXQW� �'H�9ULHV� HW� DO��������7KHUH�DUH�IDFWRUV�DIIHFWLQJ�WKH�FRPPXWLQJ�SDWWHUQ�WKDW�DUH�QRW�LQFOXGHG�LQ�WKH�PRGHO��,IWKLV� LV� LJQRUHG�� ODUJH�IORZV�ZLOO�JHW�PXFK� WRR�KHDY\�D�ZHLJKW��$Q�DOWHUQDWLYH�DSSURDFK� LV� WRDVVXPH�WKDW� LMX KDV�FRQVWDQW�YDULDQFH� �XV ��7KLV�ZLOO�ZRUN�ZHOO�WR�WUHDW�VSHFLILFDWLRQ�HUURU��EXWLJQRUHV� WKH� IDFW� WKDW� VPDOO� IORZV� KDYH� D� UHODWLYHO\� ODUJHU� VWDQGDUG� GHYLDWLRQ�� 7KHUHIRUH�� ZHFRPELQH�ERWK�YDULDQFHV��� DQG�DVVXPH�� � ¸̧¹·¨̈©§ � � LMXXLMXLM (7(7X ��� ����YDU VVV ����:H�HVWLPDWH� �XV LQ�WKH�UHJUHVVLRQ��DQG�ZHLJK�WKH�REVHUYDWLRQV�E\�

��
��� �¸̧¹·¨̈©§ � LMXLM (7Z V ����7KLV� LPSOLHV� WKDW� ]HUR� IORZV� JHW� D� YHU\� VPDOO�ZHLJKW� LI� WKH� H[SHFWHG� IORZ� LV� FORVH� WR� ]HUR�ZKLOH�WKH�ZHLJKW�DSSURDFKHV���IRU�ODUJH�H[SHFWHG�IORZV��7KH�ZHLJKWV�GHSHQG�RQ�ERWK� �XV DQG

LM(7 �� ZKLFK� KDYH� WR� EH� HVWLPDWHG�� VR� ZH� LWHUDWH� EHWZHHQ� WKH� :/6� SURFHGXUH� DQG� WKHFDOFXODWLRQ�RI�WKH�ZHLJKWV��7KH�LWHUDWLRQ�KDV�WKH�DGGLWLRQDO�DGYDQWDJH�WKDW�ZH�FDQ�XVH�H[SHFWHGLQVWHDG�RI�REVHUYHG�YDOXHV�LQ�WKH�ZHLJKWV��WKXV�WDNLQJ�DZD\�D�VRXUFH�RI�ELDV��:H�H[FOXGH�WKHLQWUD]RQDO�IORZV�E\�VHWWLQJ�WKHLU�ZHLJKWV�WR�]HUR�)RU�PRVW�FKRLFHV�RI�GHFD\�IXQFWLRQ� I ��WKH�HTXDWLRQ�UHVXOWLQJ�IURP�VXEVWLWXWLRQ�RI����LQWR�����LV�QRQOLQHDU��6R�ZH�DSSO\�QRQOLQHDU�OHDVW�VTXDUHV��6WRHU�DQG�%XOLUVFK�������SS������������7KLV�LV�DQ�LWHUDWLYH�SURFHGXUH��$�UHJUHVVLRQ�EDVHG�RQ�D�OLQHDU�DSSUR[LPDWLRQ�DURXQG�WKHPRVW� UHFHQW�SDUDPHWHU� HVWLPDWHV� UHVXOWV� LQ�XSGDWHV� IRU� WKHVH� HVWLPDWHV��7KH� LWHUDWLRQ� IRU� WKHZHLJKWV�FDQ�EH�LQWHJUDWHG�LQ�WKH�LWHUDWLRQ�RI�WKH�QRQOLQHDU�OHDVW�VTXDUHV�SURFHGXUH�
�� 7KH�LQWURGXFWLRQ�RI�VSHFLILFDWLRQ�HUURU�KDV�QR�FRQVHTXHQFHV�IRU�WKH�SURFHGXUH�RI�DGGLQJ�ò�WR�HDFK�REVHUYDWLRQEHIRUH�WDNLQJ�ORJV��7KH�GDWD�JHQHUDWLQJ�SURFHVV�FDQ�EH�FRQVLGHUHG�WR�FRQVLVW�RI�WZR�VWHSV��$�YDOXH�GUDZQ�IURP�DORJQRUPDO�GLVWULEXWLRQ�LV�XVHG�DV�WKH�H[SHFWHG�YDOXH�LQ�D�3RLVVRQ�GLVWULEXWLRQ��7DNLQJ�ORJV�RI�D�3RLVVRQ�YDULDEOHUHTXLUHV�FRUUHFWLRQ�E\�DGGLQJ�ò��7DNLQJ�ORJV�RI�D�ORJQRUPDO�YDULDEOH�UHVXOWV�LQ�D�QRUPDOO\�GLVWULEXWHG�YDULDEOH�



��

7KH�XQREVHUYHG�EDODQFLQJ� IDFWRUV� L$ DQG� M% LQ� ����QHHG� WR�EH� HVWLPDWHG��%DVLFDOO\�ZH�XVH�WKH�PHWKRG�SURSRVHG�E\�&HVDULR��������S��������7KH�LGHD�LV�WKDW�����FDQ�EH�HVWLPDWHGE\�OHDVW�VTXDUHV�� LQFOXGLQJ�GXPP\�YDULDEOHV� IRU�DOO�RULJLQV�DQG�GHVWLQDWLRQV��+RZHYHU��ZLWK���� GXPP\� YDULDEOHV�� D� VWDQGDUG� UHJUHVVLRQ� SURFHGXUH� ZLOO� WDNH� D� FRQVLGHUDEOH� DPRXQW� RIFRPSXWHU�WLPH�DQG�PHPRU\��6HQ�DQG�6PLWK�������S��������7KHUHIRUH��ZH�GHFRPSRVH�����LQWRWKH� RYHUDOO� DYHUDJH�� DQ� L �FRPSRQHQW�� D� M �FRPSRQHQW�� DQG� WKH� UHPDLQGHU�� 7KH� ODWWHUFRPSRQHQW�LV�WKH�GHYLDWLRQ�IURP�WKH�DYHUDJH�RYHU� L DQG�WKH�DYHUDJH�RYHU� M ��VR�WKH�EDODQFLQJIDFWRUV� FDQFHO�� 7KH� SDUDPHWHUV� RI� WKH� GLVWDQFH�GHFD\� IXQFWLRQ� FDQ� WKHQ� EH� HVWLPDWHG� E\UHJUHVVLRQ��&HVDULR�������S�������6HQ�DQG�6PLWK�������S��������+RZHYHU��WKH�XVH�RI�:/6�KDVLPSOLFDWLRQV� IRU� WKH� GHFRPSRVLWLRQ�� VR� RXU� PHWKRG� LV� VRPHZKDW� GLIIHUHQW�� $SSHQGL[� $GHVFULEHV� WKH�GHFRPSRVLWLRQ� LQ�PRUH�GHWDLO�� LQFOXGLQJ� WKH� UROH�RI�ZHLJKWV�� ,I� WKH� HTXDWLRQ� LVQRQOLQHDU��WKLV�GHFRPSRVLWLRQ�QHHGV�WR�EH�DSSOLHG�WR�WKH�OLQHDU�DSSUR[LPDWLRQ�LQ�HDFK�LWHUDWLRQVWHS� 7R�VXPPDUL]H��ZH�HVWLPDWH�
LMLMMLMLLM X*I'2%$7 ����� � ��OQOQOQOQ�OQ� �� ����ZKHUH� LM* LV�JLYHQ�E\������E\�1/:/6��XVLQJ�ZHLJKWV�JLYHQ�LQ�������7KLV�SURFHGXUH�� UHVXOWV�LQHVWLPDWHV�IRU�� WKH�SDUDPHWHUV� LQ� WKH�GLVWDQFH�GHFD\�IXQFWLRQ�� WKH�GXPP\�SDUDPHWHUV� WKDW�DUHLQFOXGHG�LQ�WKH�JHQHUDOL]HG�FRVW��DQG�EDODQFLQJ�IDFWRUV�IRU�DOO�RULJLQV�DQG�GHVWLQDWLRQV��,Q�WKHQH[W�VHFWLRQ�ZH�ZLOO�DSSO\�WKLV�PHWKRG�WR�YDULRXV�VSHFLILFDWLRQV�RI�WKH�GHFD\�IXQFWLRQ�

���'LVWDQFH�GHFD\�IXQFWLRQ,Q�WKLV�VHFWLRQ�ZH�DQDO\]H�WKH� UHODWLRQ�EHWZHHQ�WULSV��RULJLQV��GHVWLQDWLRQV��DQG�WUDYHOFRVW��:H�LQYHVWLJDWH�YDULRXV�IXQFWLRQDO�IRUPV�IRU�WKH�GLVWDQFH�GHFD\�IXQFWLRQ��7KH�GDWD�ZH�XVHDUH�RQ�D�IDLUO\�ORZ�OHYHO�RI�DJJUHJDWLRQ��VR�WKH�GDWD�VHW�LV�ODUJH��2I�WKH�RYHU��������GDWD�SRLQWVRQ�PXQLFLSDOLW\�WR�PXQLFLSDOLW\�FRPPXWLQJ�IORZV������DUH����6R�WKH�LVVXH�RI�KRZ�WR�KDQGOH]HUR� IORZV� LV� LPSRUWDQW� KHUH��$V�ZDV� GLVFXVVHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� WKH� ]HUR� IORZV� DUHLQFOXGHG�LQ�WKH�DQDO\VLV��EXW�WKH�ZHLJKW�WKH\�JHW�LV�VPDOO�LI�WKH�H[SHFWHG�IORZ�LV�FORVH�WR�]HUR�$OVR� WKH� SRVLWLYH� IORZV� DUH� XVXDOO\� VPDOO�� ����RI� WKH� REVHUYDWLRQV� DUH� HTXDO� WR� ��� ���� OLHEHWZHHQ���DQG�����DQG�RQO\����DUH� ODUJHU� WKDQ�����)ORZV�ZLWKLQ�PXQLFLSDOLWLHV�DUH�RPLWWHG
�� 7KH�FRPSXWDWLRQV� IRU� WKLV�SDSHU�ZHUH�GRQH�XVLQJ�WKH�SDFNDJH�2[��'RRUQLN��������)RU�PRUH� LQIRUPDWLRQ�RQ2[��VHH�KWWS���ZZZ�QXII�R[�DF�XN�8VHUV�'RRUQLN���7KH�SURJUDP�DQG�WKH�WH[W�SDUW�RI� WKH�RXWSXW�DUH�DYDLODEOH�RQUHTXHVW�IURP�WKH�DXWKRUV�RU�RQ�WKHLU�ZHE�VLWH��VHH�ILUVW�SDJH�RI�WKLV�SDSHU��
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IURP� WKH� DQDO\VLV�� 7KH� ODUJHVW� IORZV� EHWZHHQ� GLIIHUHQW� PXQLFLSDOLWLHV� DUH� WKRVH� EHWZHHQ&RSHQKDJHQ� DQG� QHDUE\� PXQLFLSDOLWLHV�� ������� FRPPXWHUV� IURP� )UHGHULNVEHUJ� WR&RSHQKDJHQ� DQG� ������� WKH� RWKHU� ZD\� DURXQG�� DQG� ������� FRPPXWHUV� IURP� *HQWRIWH� WR&RSHQKDJHQ�7RI�WKH�ZRI�RYHU�����'.DYHUDJHRULJLQ�GFRVW��XSUROH�RI�W7VRPH�SO

7DEOH����1XPEHU�RI�WULSV�SHU�FRVW�FDWHJRU\
&RVW�FDWHJRU\ 1XPEHU�RIFRPPXWHUV 6KDUH�LQ�WRWDO &XPXODWLYHVKDUH $YHUDJHFRPPXWLQJIORZD
/RFDO ��������� ������ ������ ������������ ������� ����� ������ ���������±��� ������� ������ ������ ���������±��� ������� ����� ������ ���������±��� ������� ����� ������ ��������±��� ������ ����� ������ ��������±���� ������ ����� ������ ��������±���� ������ ����� ������ ��������±���� ����� ����� ������ ��������±���� ������ ����� ������ ����!���� ����� ����� ������� ����7RWDO ��������� ������ �����
D $YHUDJH� FRPPXWLQJ� IORZ�  � WKH� QXPEHU� RI� FRPPXWHUV� GLYLGHG� E\� WKH� QXPEHU� RI� RULJLQ�GHVWLQDWLRQFRPELQDWLRQV�LQ�WKDW�FRVW�FDWHJRU\�
��

DEOH���VKRZV�KRZ�WKH�FRPPXWLQJ�LV�GLVWULEXWHG�RYHU�FRVW�FDWHJRULHV��0RUH�WKDQ�KDOIRUNLQJ�SRSXODWLRQ�ZRUNV�LQ�WKH�PXQLFLSDOLW\�RI�UHVLGHQFH�����KDYH�D�FRPPXWLQJ�FRVW���'..��HTXLYDOHQW�WR����NP�DV�WKH�FURZ�IOLHV�������KDYH�D�FRPPXWLQJ�FRVW�RI�RYHU.��7KRVH�FDVHV�XVXDOO\�LQFOXGH�D�IHUU\�SDVVDJH��7KH�ODVW�FROXPQ�RI�7DEOH���JLYHV�WKH�VL]H�RI�WKH�FRPPXWLQJ�IORZV��L�H��WKH�QXPEHU�RI�FRPPXWHUV�GLYLGHG�E\�WKH�QXPEHU�RIHVWLQDWLRQ�FRPELQDWLRQV�LQ�WKDW�FRVW�FDWHJRU\��7KH�DYHUDJH�IORZV�GHFUHDVH�UDSLGO\�ZLWK�WR�D�FRVW�RI�����'..��1RWH�WKDW�WKH�ILJXUHV�LQ�WKLV�WDEOH�DUH�DIIHFWHG�QRW�RQO\�E\�WKHUDQVSRUW�FRVW�LQ�FRPPXWLQJ�EXW�DOVR�E\�WKH�VSDWLDO�FRQILJXUDWLRQ�RI�FLWLHV�R� JHW� DQ� LGHD� DERXW� WKH� IXQFWLRQDO� IRUP� RI� WKH� GLVWDQFH�GHFD\� IXQFWLRQ�� ZH� PDGHRWV�EDVHG�RQ�D�UHDUUDQJHPHQW�RI������



��

)LJXUH����7KH�ORJDULWKP�RI�WKH�FRPPXWLQJ�IORZ��UHODWLYH�WR�UDQGRP�FRPPXWLQJ��DV�D�IXQFWLRQRI� WUDYHO�FRVW� �IORZV�ZLWKLQ�PXQLFLSDOLWLHV�RPLWWHG��� ,I� WKH�GHFD\� IXQFWLRQ�ZHUH� H[SRQHQWLDO�WKH�SRLQWV�ZRXOG�OLH�DURXQG�D�VWUDLJKW�OLQH�
LMLMMLMLLM X*I%$'27 ��� ��� ��OQOQOQOQ�OQ� �� ����:H�ZDQW�WR�GHFRPSRVH�WKH�REVHUYDWLRQV�RQ�WKH�OHIW�KDQG�VLGH�RI������LQWR�EDODQFLQJ�IDFWRUV��DIXQFWLRQ� RI� FRVW� DQG� JHRJUDSKLFDO� GXPPLHV�� DQG� D� GLVWXUEDQFH� WHUP�� 7KH� EDODQFLQJ� IDFWRUVUHSUHVHQW� WKH�DFFHVVLELOLW\�RI� WKH�PXQLFLSDOLWLHV��ZKLFK� LV� UHODWHG� WR� WKHLU�SRVLWLRQ� UHODWLYH� WRRWKHU�PXQLFLSDOLWLHV��,I�ZH�LJQRUH�GLIIHUHQFHV�LQ�DFFHVVLELOLW\�IRU�WKH�PRPHQW��D�SORW�EDVHG�RQ�����FDQ�LQGLFDWH�WKH�IXQFWLRQDO�IRUP�RI�WKH�GHFD\�IXQFWLRQ� I ��)LJXUH���VKRZV�WKH�OHIW�KDQGVLGH� RI� ����� DJDLQVW� WKH� FRVW��� ,I� WKH� GLVWDQFH�GHFD\� IXQFWLRQ� ZHUH� H[SRQHQWLDO�� WKH� SRLQWVZRXOG�EH�DURXQG�D�VWUDLJKW�OLQH��7KLV�LV�FOHDUO\�QRW� WKH�FDVH��)LUVW�� WKHUH� LV�D�VKDUS�GHFUHDVH�

�� :H� XVH� REVHUYHG� FRVW� KHUH�� QRW� JHQHUDOL]HG� FRVW�� ,QWUD]RQDO� IORZV� DUH� RPLWWHG� 7R� LPSURYH� UHDGDELOLW\�� ZHVFDOHG�WKH�YDULDEOH�RQ�WKH�YHUWLFDO�D[LV�� ����� �� MLLM '27 � ��E\�PXOWLSO\LQJ�LW�E\�WKH�WRWDO�QXPEHU�RI�ZRUNHUV�LQ
'HQPDUN��¦L L2 �ZKLFK�RI�FRXUVH�HTXDOV�¦ M M' ���,Q�WKLV�ZD\��ZH�FRPSDUH�WKH�VL]H�RI�WKH�FRPPXWLQJ�IORZ
ZLWK�WKH�WKHRUHWLFDO�FDVH�RI�UDQGRP�FRPPXWLQJ��ZKHUH�GLVWDQFH�LV�LUUHOHYDQW��6HWWLQJ� LM) HTXDO�WR� ¦L L2�� LQ
�����DQG�DOO�EDODQFLQJ�IDFWRUV�WR����ZLOO�SURGXFH�WKLV�FDVH��7KRUVHQ�HW�DO��������



��

DQG�WKHQ�WKH�JUDSK�LV�URXJKO\�KRUL]RQWDO��,Q�)LJXUH���ZH�PDGH�WKH�SORW�XVLQJ�WKH�ORJ�RI�FRVW�7KLV�LV�PRUH�OLNH�D�FRQVWDQW�GHFUHDVH��7KLV�FRUUHVSRQGV�WR�D�SRZHU�GLVWDQFH�GHFD\�IXQFWLRQ�

)LJXUH����7KH�ORJDULWKP�RI�WKH�FRPPXWLQJ�IORZ��UHODWLYH�WR�UDQGRP�FRPPXWLQJ��DV�D�IXQFWLRQRI� WKH� ORJDULWKP� RI� WUDYHO� FRVW� �IORZV�ZLWKLQ�PXQLFLSDOLWLHV� RPLWWHG��� ,I� WKH� GHFD\� IXQFWLRQZHUH�D�SRZHU�IXQFWLRQ��WKH�SRLQWV�ZRXOG�OLH�DURXQG�D�VWUDLJKW�OLQH�
)RU�FRPSOHWHQHVV��ZH�ILUVW�HVWLPDWH�WKH�H[SRQHQWLDO�GHFD\�IXQFWLRQ�

LMLMMLMLLM X*'2%$7 ������ � ���� OQOQOQOQ�OQ� JJ ����ZKHUH�JHQHUDOL]HG�FRVW� LM* LV�D�IXQFWLRQ�WKDW�LQFOXGHV�VHYHUDO�GXPPLHV��VHH������7DEOH���JLYHVWKH� UHVXOW� RI� WKH� HVWLPDWLRQ�� 7KH� VWDQGDUG� GHYLDWLRQ� RI� WKH� UHVLGXDO� LV� ������ �VR� WKHUH� LV� D������HUURU��ZKLFK�LV�UDWKHU�ODUJH����$OO�SDUDPHWHU�HVWLPDWHV�DUH�H[WUHPHO\�VLJQLILFDQW��� 7KHHVWLPDWHG� FRVW� FRHIILFLHQW� LPSOLHV� WKDW� WKH� QXPEHU� RI� FRPPXWHUV� LV� UHGXFHG� E\� ����� LI� WKHFRVW�ULVHV�E\���'..��RU�NLORPHWHU���7KH�HVWLPDWH�IRU�WKH�&RSHQKDJHQ�GXPP\�KDV�QRW�RQO\�WKH
�� 7KH�VWDQGDUG�HUURUV�IRU�WKH�SDUDPHWHU�HVWLPDWHV�DUH�FRPSXWHG�LQ�WKH�XVXDO�ZD\��7KLV�LPSOLHV�WKDW�WKH\�DUH�YDOLGXQGHU� WKH� DVVXPSWLRQ� RI� LQGHSHQGHQW�� LGHQWLFDOO\� GLVWULEXWHG� GLVWXUEDQFHV�� 7KLV� DVVXPSWLRQ� LV� YLRODWHG� LQ� WKHSUHVHQW�DSSOLFDWLRQ��'LIIHUHQFHV�LQ�TXDOLW\�RI�WKH�WUDQVSRUWDWLRQ�QHWZRUN�ZLOO�DIIHFW�PXOWLSOH�IORZV��,Q�SDUWLFXODU�WKH�GLVWXUEDQFH�IRU�WKH�IORZ�IURP� L WR� M ZLOO�EH�FRUUHODWHG�ZLWK�WKH�GLVWXUEDQFH�IRU�WKH�IORZ�IURP� M WR� L ��6R�WKHVWDQGDUG� HUURUV� DUH� XQGHUHVWLPDWHG��$V� DOO� HVWLPDWHV� DUH� H[WUHPHO\� VLJQLILFDQW�� WKLV� LV� QR� JUHDW� SUREOHP�� �7KLVKROGV�IRU�DOO�HVWLPDWHV�LQ�7DEOH����



��

ZURQJ� VLJQ� EXW� DOVR� DQ� XQDFFHSWDEOH� YDOXH�� LW� LQGLFDWHV� WKDW� WUDQVSRUW� FRVW� LV� ����� ORZHUDURXQG�&RSHQKDJHQ��DQG�VR�LV�QHJDWLYH���)LJXUH��D��ZKLFK�VKRZV�WKH�UHVLGXDOV�DV�D�IXQFWLRQ�RIORJ�FRVW��DOVR�LQGLFDWHV�WKDW�H[SRQHQWLDO�GHFD\�LV�QRW�WKH�FRUUHFW�IXQFWLRQDO�IRUP�

)LJXUH� �� :HLJKWHG� UHVLGXDOV� RI� YDULRXV� GHFD\� IXQFWLRQV� �DV� IXQFWLRQV� RI� WKH� ORJDULWKP� RIWUDYHO�FRVW�
)URP�)LJXUHV���DQG���ZH�LQIHUUHG�WKDW�D�SRZHU�VSHFLILFDWLRQ�PLJKW�GR�EHWWHU��DQG�IRUWKH�PRPHQW�ZH�ZLOO�FRQWLQXH�ZLWK�WKDW�VSHFLILFDWLRQ��6R�ZH�HVWLPDWHG�D�SRZHU�GHFD\�IXQFWLRQE\�1/:/6�

LMLMMLMLLM X*'2%$7 ������ � OQOQOQOQOQ�OQ� ���� JJ ����7KH� UHVXOWV� DUH� DOVR� SUHVHQWHG� LQ� 7DEOH� ���:H� VHH� WKDW� WKH� SRZHU� IXQFWLRQ� SHUIRUPV�PXFKEHWWHU� WKDQ� WKH� H[SRQHQWLDO� GHFD\� IXQFWLRQ�� 5� LV� PXFK� KLJKHU�� DQG� WKH� UHVLGXDO� VWDQGDUGGHYLDWLRQ�LV�UHGXFHG�WR��������7KH�FRVW�SDUDPHWHU�LQ�WKLV�SRZHU�VSHFLILFDWLRQ�LV�FORVH�WR�WKHFODVVLFDO� YDOXH� RI� ���� )URP� )LJXUH� �E� LW� DSSHDUV� WKDW� WKH� VSHFLILFDWLRQ� ����� LV� VWLOO� QRW� WKHFRUUHFW�IXQFWLRQDO�IRUP��7KH�UHVLGXDOV�VKRZ�DQ�XSZDUG�WHQGHQF\�XS�WR�D�FRVW�RI�DURXQG�����DGRZQZDUG�WHQGHQF\�IRU�LQWHUPHGLDWH�FRVW��DQG�DJDLQ�DQ�XSZDUG�WHQGHQF\�IRU�FRVW�RYHU�����$VWUDLJKW�OLQH�DQG�VRPH�GXPP\�YDULDEOHV�FDQ�QRW�GHVFULEH�WKH�SDWWHUQ�LQ�)LJXUH���7R�LQYHVWLJDWH�WKH�IXQFWLRQDO�IRUP��ZH�DOORZHG�VRPH�NLQNV�LQ�WKH�GHFD\�IXQFWLRQ��:HUHSODFHG� ����� E\� D� VSHFLILFDWLRQ� WKDW� LV� RQ� LQWHUYDOV� OLQHDU� LQ� LM*OQ �� DQG� LV� FRQWLQXRXV�� EXW



��

FKDQJHV�LQ�VORSH�DW�YDULRXV�SRLQWV��:H�VHW� WKH�NLQN�SRLQWV�DW�JHQHUDOL]HG�FRVW�RI����������������DQG�������7KHVH�YDOXHV�FDQ�URXJKO\�EH�LQWHUSUHWHG�DV�GLVWDQFHV�LQ�NLORPHWHUV��

7DEOH����(VWLPDWLRQ�UHVXOWV�IRU�YDULRXV�GHFD\�IXQFWLRQV([SRQHQWLDO 3RZHU 3LHFHZLVH /RJLVWLF�EDVHG5� ����� ����� ����� �����6WDQGDUGGHYLDWLRQ�RIUHVLGXDOV
����� ����� ����� �����

&RQVWDQW ����������������� ���������������� ���������������� �����������������&RVW �����������������/RJ�*HQ�& ���������������� ����������������!���� ����������������!���� ����������������!���� ����������������!���� ����������������!���� ����������������/RJORJLVW ���������������%HQGLQJSRLQW ����������������6WHHSQHVV ���������������*UHDW%HOW ��������������� ����������������� ��������������� ����������������%RUQKROP ��������������� ����������������� ���������������� �����������������&RSHQKDJHQ �������������� ��������������� ��������������� ���������������,VHIMRUG ��������������� ��������������� ��������������� ���������������6WDQGDUG�HUURUV�LQ�SDUHQWKHVHV������VLJQLILFDQW������VLJQLILFDQW������VLJQLILFDQW��������VLJQLILFDQW�
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����7KH� HVWLPDWLRQ� UHVXOWV� IRU� WKLV� SLHFHZLVH� GHFD\� IXQFWLRQ� DUH� DOVR� JLYHQ� LQ� 7DEOH� ���� 7KHVWDQGDUG�HUURU�RI�WKH�UHVLGXDOV�LV�IXUWKHU�UHGXFHG��WR��������)LJXUH��F�VKRZV�WKDW�WKH�SUREOHPVZLWK�WKH�IXQFWLRQDO�IRUP�KDYH�EHHQ�VROYHG��DOWKRXJK�WKHUH�LV�VWLOO�VRPH�KHWHURVFHGDVWLFLW\�OHIW�7KH� GHFD\� IXQFWLRQ� KDV� D� FOHDU� SDWWHUQ�� )RU� FRVW� �� ���� LW� LV� PXFK� IODWWHU� WKDQ� WKH� SRZHUIXQFWLRQ�� %HWZHHQ� ��� DQG� ���� LW� LV� YHU\� VWHHS�� ZLWK� DQ� HODVWLFLW\� WKDW� LV� LQ� DEVROXWH� YDOXHJUHDWHU�WKDQ����)RU�FRVW�!�����WKH�IXQFWLRQ�EHFRPHV�JUDGXDOO\�IODWWHU��7KH�GHYHORSPHQW�RI�WKHFRHIILFLHQWV�LV�UDWKHU�UHJXODU��([FHSW�IRU�WKH�ILUVW�FRHIILFLHQW��WKH�SDWWHUQ�LV�WKDW��ZKHQ�WKH�FRVWGRXEOHV��WKH�VORSH�RI�WKH�GHFD\�IXQFWLRQ�DSSUR[LPDWHO\�KDOYHV�7KH� SLHFHZLVH� GHFD\� IXQFWLRQ� LQ� ����� FDQ� EH� DSSUR[LPDWHG� XVLQJ� D� �GRZQZDUGV�ORJLVWLF�IXQFWLRQ�RI� LM*OQ �
���

�
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JJJJJ ¸̧¹·¨̈©§�

� �� � LM*LM *H*I LM

����7KLV�LV�GHPRQVWUDWHG�LQ�$SSHQGL[�%��7KH�SDUDPHWHU� �J GHWHUPLQHV�WKH�ORFDWLRQ�RI�WKH�EHQGLQJSRLQW��LQ�WKH�VDPH�XQLWV�DV�JHQHUDOL]HG�FRVW���7KH�SDUDPHWHU� �J JRYHUQV�WKH�VWHHSQHVV�RI�WKHORJLVWLF�IXQFWLRQ��$�ORJLVWLF�IXQFWLRQ�KDV�WKH�SURSHUWLHV�WKDW�ZH�QRWHG��,W�VWDUWV�UDWKHU�IODW��WKHQEHFRPHV�VWHHSHU��DQG�WKHQ�JUDGXDOO\�IODWWHU�DJDLQ��6R�WKH�QH[W�VSHFLILFDWLRQ�ZH�HVWLPDWHG�LV�� � LMLMMLMLLM X*'2%$7 ������� � ������ � �OQOQOQOQ�OQ� JJJJ ����7KH�SDUDPHWHU�HVWLPDWHV�DUH�OLVWHG�LQ�WKH�ODVW�FROXPQ�RI�7DEOH����DQG�WKH�UHVLGXDOV�DUH�GHSLFWHGLQ�)LJXUH��G��)RU�WKH�ORJLVWLF�EDVHG�GHFD\�IXQFWLRQ�WKH�VWDQGDUG�HUURU�RI�WKH�UHVLGXDOV�LV�������VOLJKWO\�KLJKHU�WKDQ�IRU�WKH�SLHFHZLVH�VSHFLILFDWLRQ��+RZHYHU��WKH�ORJLVWLF�EDVHG�VSHFLILFDWLRQXVHV�WKUHH�SDUDPHWHUV�OHVV��DQG�GRHV�QRW�GHSHQG�RQ�D�FKRLFH�RI�NLQN�SRLQWV��:H�FRQFOXGH�WKDWORJ�WULSV�FDQ�EH�DGHTXDWHO\�GHVFULEHG�DV�D�ORJLVWLF�IXQFWLRQ�RI�ORJ�JHQHUDOL]HG�FRVW��ZLWK�RULJLQDQG�GHVWLQDWLRQ�GXPPLHV�DGGHG�

�� 7KH�LWHUDWLRQ�IRU�WKH�SLHFHZLVH�GHFD\�IXQFWLRQ�GLG�QRW�FRQYHUJH�IXOO\��EXW�F\FOHG�LQ�D�VPDOO�SDUDPHWHU�UDQJH�



��

���5HVXOWV�DQG�GLVFXVVLRQ,Q�WKLV�VHFWLRQ�ZH�ZLOO�GLVFXVV�WKH�UHVXOWV�RI�WKH�HVWLPDWLRQ��,Q�)LJXUH���ZH�SORWWHG�WKHIRXU�GHFD\�IXQFWLRQV�� IRU�FRVW�XS�WR�����ZKLFK�FDQ�URXJKO\�EH�LQWHUSUHWHG�DV�NLORPHWHUV���7KHH[SRQHQWLDO� GHFD\� IXQFWLRQ� LV� VR� FORVH� WR� WKH� KRUL]RQWDO� D[LV� WKDW� LW� LV� KDUGO\� YLVLEOH��� 7KHORJLVWLF�EDVHG� GHFD\� IXQFWLRQ� VWDUWV� DW� D� ILQLWH� YDOXH� IRU� ]HUR� FRVW� DQG� GHFUHDVHV� VPRRWKO\�%RWK�WKH�SRZHU�IXQFWLRQ�DQG�WKH�SLHFHZLVH�SRZHU�IXQFWLRQ�VWDUW�DW�LQILQLW\�IRU�]HUR�FRVW��7KHYDOXH�RI� WKH�SRZHU� IXQFWLRQ� LV�FRQVLGHUDEO\�EHORZ�WKDW�RI� WKH� ORJLVWLF�EDVHG� IRU�FRVW�DURXQG���� 7DEOH� �� OLVWV� WKH� YDOXHV� RI� WKH� GHFD\� IXQFWLRQV� IRU� YDULRXV� YDOXHV� RI� JHQHUDOL]HG� FRVW�)LJXUH� �� VKRZV� WKH� GHFD\� IXQFWLRQV� ZLWK� ORJDULWKPLF� D[HV�� 7KLV� JUDSK� VKRZV� WKH� GLIIHUHQWFKDUDFWHULVWLFV�RI�WKH�IRXU�GHFD\�IXQFWLRQV��DQG�FDQ�EH�FRPSDUHG�WR�WKH�SRLQW�FORXG�LQ�)LJXUH�� 7KH�EHQGLQJ�SRLQW�RI�WKH�ORJLVWLF�EDVHG�GLVWDQFH�GHFD\�IXQFWLRQ�OLHV�DW����'..��7KLVLV�LQ�DFFRUGDQFH�ZLWK�WKH�UHVXOWV�IRU�WKH�SLHFHZLVH�SRZHU�GLVWDQFH�GHFD\�IXQFWLRQ��ZKLFK�KDVWKH� ODUJHVW� HODVWLFLW\� IRU� WKH� FRVW� UDQJH���� WR����'..��7KHVH� QXPEHUV� FDQ�PRUH� RU� OHVV� EHLQWHUSUHWHG� DV� NLORPHWHU� GLVWDQFHV�� DOWKRXJK� IRU� WKH� &RSHQKDJHQ� UHJLRQ� D� FRUUHFWLRQ� LVUHTXLUHG�GXH�WR�WKH�GXPP\�YDULDEOH��(VWLPDWHV�IRU�WKH�GXPP\�SDUDPHWHUV�DUH�KLJKO\�VLPLODULQ�WKH�ORJLVWLF�EDVHG�DQG� WKH�SLHFHZLVH�VSHFLILFDWLRQ��7KH�HVWLPDWHG�SDUDPHWHUV� IRU� WKH� IHUU\GXPPLHV�DUH�ERWK�QHJDWLYH�� UHIOHFWLQJ� WKDW� WKH�JHQHUDOL]HG�FRVW� LV�RYHUHVWLPDWHG� LQ� WKH�GDWD�)HUULHV�PD\�EH�VORZ�FRPSDUHG�ZLWK�FDU�WUDIILF��EXW�WKH\�DUH�HYHQ�PRUH�H[SHQVLYH��,QDVIDU�DVWUDYHO�FRVW�IXQFWLRQV�DV�D�SUR[\�IRU�WUDYHO�WLPH��LW�LV�RYHUHVWLPDWHG�IRU�UHODWLRQV�XVLQJ�D�IHUU\�7KHVH� WZR�SDUDPHWHUV�FDQ�EH� LQWHUSUHWHG�DV�DPRXQWV� LQ�'..��7KH�HVWLPDWHG� FRHIILFLHQW� IRUWKH�%RUQKROP�GXPP\�LV�ODUJH��&RPPXWLQJ�IURP�DQG�WR�%RUQKROP�LV�QRW�XVXDOO\�GRQH�E\�FDU�VR�WKH�KLJK�IHUU\�FRVW�LV�QRW�YHU\�UHOHYDQW�KHUH��$URXQG�&RSHQKDJHQ��WUDYHO�FRVW�SHU�NLORPHWHULV�QHDUO\�����KLJKHU��7KH�,VHIMRUG�GXPP\�SDUDPHWHU�KDV�QR�GLUHFW�LQWHUSUHWDWLRQ�7KH� HODVWLFLW\� RI� ±����� HVWLPDWHG� LQ� WKH� SRZHU� VSHFLILFDWLRQ� JLYHV� D� WRR� VLPSOHUHSUHVHQWDWLRQ�RI�UHDOLW\��)RU�WKH�ORJLVWLF�EDVHG�GHFD\�IXQFWLRQ��WKH�HODVWLFLW\�YDULHV�EHWZHHQ��
�� )LJXUHV���DQG���DQG�7DEOH���FRPSDUH�WKH�IRXU�HVWLPDWHG�GHFD\�IXQFWLRQV��$JDLQ��ZH�VFDOHG� LM) E\�PXOWLSO\LQJ
LW� E\� WKH� WRWDO� QXPEHU� RI� ZRUNHUV� LQ� 'HQPDUN��¦L L2 �ZKLFK� RI� FRXUVH� HTXDOV�¦ M M' ��� ,Q� WKLV� ZD\�� ZH
FRPSDUH� WKH� YDOXHV� RI� WKH� GHFD\� IXQFWLRQ� ZLWK� WKH� WKHRUHWLFDO� FDVH� RI� UDQGRP� FRPPXWLQJ�� ZKHUH� GLVWDQFH� LVLUUHOHYDQW���6HH�IRRWQRWH������� ([SRQHQWLDO�GHFD\�IXQFWLRQV�FDQ�EH�XVHIXO� IRU� VKRUW�GLVWDQFHV��+RZHYHU�� LQ� WKLV� FDVH�� WKH�H[SRQHQWLDO�GHFD\IXQFWLRQ�ZDV�HVWLPDWHG�XVLQJ�GDWD�IRU�D�ZLGH�UDQJH�RI�GLVWDQFHV��7KH�UHVXOW�LV�WKDW�WKH�HVWLPDWHG�IXQFWLRQ�LV�UDWKHUIODW��DQG�WRR�ORZ�IRU�VKRUW�GLVWDQFHV��)RU�FRVWV�EHWZHHQ����DQG������LW�KDV�WKH�FRUUHFW�OHYHO��FI��)LJXUH����



��

DQG� ���JJ�  � ������ �VHH� 7DEOH� �� DQG�$SSHQGL[� %��� 7KH� IROORZLQJ� SLFWXUH� RI� FRPPXWLQJEHKDYLRU�DULVHV��$V�ORQJ�DV�GLVWDQFHV�DUH�XQGHU��VD\�����NP��FRPPXWHUV�DUH�UDWKHU�LQGLIIHUHQW�,Q� WKH� LQWHUPHGLDWH� UDQJH���� WR����NP��GLVWDQFH� LV�YHU\� LPSRUWDQW� IRU�FRPPXWLQJ�GHFLVLRQV�/RQJ�GLVWDQFH� FRPPXWHUV�� WUDYHOLQJ� PRUH� WKDQ� ��� NP�� GR� QRW� FDUH� YHU\� PXFK� DERXW� WKHGLVWDQFH���6HYHUDO�RWKHU�UHVHDUFKHUV�DOVR�IRXQG�WKDW�WKH�VHQVLWLYLW\�RI�FRPPXWHUV�ZLWK�UHVSHFW�WRWUDYHO�FRVW��RU�WLPH�RU�GLVWDQFH��LV�VWURQJHU�IRU�LQWHUPHGLDWH�GLVWDQFHV�WKDQ�IRU�VKRUW�DQG�ORQJGLVWDQFHV��7R�PRGHO�WKLV��DQ�6�VKDSHG�GHFD\�IXQFWLRQ�LV�UHTXLUHG��+LOEHUV�DQG�9HUURHQ�������VXJJHVW�XVLQJ�D�ORJ�ORJLVWLF�GHFD\�IXQFWLRQ�
LM*LM H*) OQ� ����� JJJ�� ����

�� 7KH�IDFW�WKDW�WKH�ORJLVWLF�EDVHG�GHFD\�IXQFWLRQ�EHFRPHV�IODWWHU�IRU�ODUJH�GLVWDQFHV��DQG�GRHV�QRW�DSSURDFK�]HURLI� GLVWDQFH� EHFRPHV� LQILQLWH�� LV� SDUWO\� FDXVHG� E\� WKH� W\SH� RI� GDWD� ZH� XVH�� 7KH� IORZV� DUH� QRW� DFWXDO� WULSV�� EXWFRPELQDWLRQV�RI�UHVLGHQFH�DQG�ZRUN�ORFDWLRQV��)RU�ORQJ�GLVWDQFHV�SHRSOH�ZLOO�WUDYHO�OHVV�IUHTXHQWO\�IURP�KRPH�WRZRUN��)RU�WKH�ORQJHVW�GLVWDQFHV��GDWD�HUURUV�PLJKW�QRW�EH�QHJOLJLEOH�

)LJXUH��� 9DULRXV�GHFD\�IXQFWLRQV�
�
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7KH�GLIIHUHQFH�ZLWK������LV�WKDW�KHUH�RQ�WKH�OHIW�KDQG�VLGH�LV�WKH�GHFD\�IXQFWLRQ�LWVHOI��DQG�QRWLWV� ORJDU�����������D�VHQVLWLY7D�WKHRUHJLYH� UDQSULQFLSO7KH�ZHGLVWDQFH
�� ,Q�WKH�QDPH�IRU��� 'HVSLWHRI�7KRUVHFRQGLWLRQ)XUWKHUPPRGHO�� ZVKRXOG�EHFKRLFH�

7DEOH��� 9DOXH�RI�GHFD\�IXQFWLRQV��UHODWLYH�WR�UDQGRP�FRPPXWLQJ���IRU�YDULRXV�YDOXHV�RIJHQHUDOL]HG�FRVW
&RVW ([SRQHQWLDO 3RZHU 3LHFHZLVH /RJLVWLF�EDVHG� ���� LQILQLW\ LQILQLW\ ������ ���� ����� ����� ������� ���� ���� ����� ������� ���� ���� ���� ������ ���� ���� ���� ������ ���� ���� ���� ������ ���� ���� ���� ������� ���� ���� ���� ������� ���� ���� ���� ����
LWKP��� 7KLV� ORJ�ORJLVWLF�GHFD\�IXQFWLRQ�LV�DOVR�XVHG�E\�*HXUV�DQG�5LWVHPD�YDQ�(FNIRU�'XWFK� FRPPXWLQJ��$Q�6�VKDSHG�GHFD\� IXQFWLRQ� LV� DOVR� XVHG� E\� -RKDQVVRQ� HW� DO�����E��IRU�DQ�HPSLULFDO�DQDO\VLV�RI�FRPPXWLQJ�LQ�6ZHGHQ��7KH\�XVH�GLIIHUHQW� WLPH�LW\�SDUDPHWHUV�IRU�ORFDO��UHJLRQDO��DQG�H[WUD�UHJLRQDO�LQWHUDFWLRQ�KRUVHQ�HW�DO�������� XVH�D�ORJLVWLF�IXQFWLRQ�WR�PRGHO�GLVWDQFH�GHWHUUHQFH��DQG�SURYLGHWLFDO�MXVWLILFDWLRQ�IRU�VXFK�DQ�6�VKDSHG�FXUYH��7KHLU�EDVLF�LGHD�LV�WKDW�VKRUW�GLVWDQFHVGRP� FRPPXWLQJ� IORZV�� ZKHUHDV� ORQJ� GLVWDQFHV� DUH� JRYHUQHG� E\� D� PLQLPXP� FRVWH� �S�������7KH\�H[SUHVV� WKH� WULSV�PDWUL[�DV�D�FRQYH[�FRPELQDWLRQ�RI� WKHVH�H[WUHPHV�LJKW�RI�WKH�PLQLPXP�FRVW�VROXWLRQ�VKRXOG�EH�VPDOO�IRU�VPDOO�GLVWDQFHV�� LQFUHDVH�ZLWK�� DQG� DSSURDFK� �� LI� GLVWDQFH� JRHV� WR� LQILQLW\�� $� ORJLVWLF� IXQFWLRQ� VDWLVILHV� WKLV��� ,Q
OLWHUDWXUH�������LV�NQRZQ�DV�ORJ�ORJLVWLF�GHFD\� IXQFWLRQ��7R�DYRLG�FRQIXVLRQ��ZH�FDQ�QRW�XVH� WKH�VDPH������7KHUHIRUH�ZH�XVH�WKH�WHUP�³ORJLVWLF�EDVHG�GHFD\�IXQFWLRQ´�
��

�WKH�VLPLODULWLHV�WKHUH�DUH�QHYHUWKHOHVV�LPSRUWDQW�GLIIHUHQFHV�EHWZHHQ�RXU�PRGHO�VSHFLILFDWLRQ�DQG�WKDWQ�HW�DO����������:H�WDNH�ORJV�RI�FRVW�EHIRUH�DSSO\LQJ� WKH� ORJLVWLF� IXQFWLRQ��$FWXDOO\�� WKLV�VDWLVILHV� WKHV� RI�7KRUVHQ� HW� DO�� ������ EHWWHU� WKDQ� WKHLU� RZQ� FKRLFH�� DV� LW� UHVXOWV� LQ� D� ZHLJKW� RI� �� IRU� ]HUR� FRVW�RUH�� WKHLU� IRUPXODWLRQ� LV� LQ� WULSV�� RXUV� LQ� ORJ� WULSV�� $QG� WKH\� XVH� DQRWKHU� W\SH� RI� VSDWLDO� LQWHUDFWLRQKHUH� WKH� GHWHUUHQFH� IXQFWLRQ� KDV� D� GLIIHUHQW� UROH�� 7KH� SRLQW� RI� VLPLODULW\� LV� WKDW� DQ� 6�VKDSHG� FXUYH�XVHG� WR�PRGHO�GLVWDQFH�GHFD\�� DQG� WKDW� VRPH� WUDQVIRUPDWLRQ�RI� WKH� ORJLVWLF� IXQFWLRQ� LV� D� FRQYHQLHQW



��

6HFWLRQ���ZH�PHQWLRQHG�WKDW�YDULRXV�IRUPV�RI�KHWHURJHQHLW\�FRXOG�H[SODLQ�GHYLDWLRQV�IURP�DQH[SRQHQWLDO�WRZDUGV�D�SRZHU�IRUP�RI�WKH�GHFD\�IXQFWLRQ��7KLV�UHDVRQLQJ�PLJKW�EH�H[WHQGHG�WRGHULYH�D�ORJLVWLF�EDVHG�IRUP�,Q�$SSHQGL[�%�ZH�GHULYH�VHYHUDO�SURSHUWLHV�RI�WKH�ORJLVWLF�EDVHG�GHFD\�IXQFWLRQ������)RU� VKRUW� GLVWDQFHV�� WKH� ORJLVWLF�EDVHG�GHFD\� IXQFWLRQ� FDQ� EH� DSSURDFKHG� E\� DQ� H[SRQHQWLDOGHFD\�IXQFWLRQ��)RU�LQWHUPHGLDWH�GLVWDQFHV��LW�FDQ�EH�DSSURDFKHG�E\�D�SRZHU�GHFD\�IXQFWLRQ�)RU� ORQJ� GLVWDQFHV�� WKH� HODVWLFLW\� LQ� WKH� ORJLVWLF�EDVHG� GHFD\� IXQFWLRQ� DSSURDFKHV� ]HUR�� 7KHGLIIHUHQW�EHKDYLRU�RI�WKH�GHFD\�IXQFWLRQ�IRU�YDULRXV�FRVW�UDQJHV�LV�UHOHYDQW�IRU�HVWLPDWLRQ��7KHYDULRXV� IXQFWLRQDO� IRUPV�IRXQG� LQ�HPSLULFDO�VWXGLHV�FDQ�EH� LQWHUSUHWHG�DV� DSSUR[LPDWLRQV�RIFHUWDLQ�SDUWV�RI�DQ�6�VKDSHG�FXUYH��$OVR��WKH�HVWLPDWHG�HODVWLFLW\�LQ�D�SRZHU�VSHFLILFDWLRQ�ZLOOGHSHQG�RQ�WKH�FRVW�UDQJH�LQ�WKH�GDWD��7KH�WUHDWPHQW�RI�KHWHURVFHGDVWLFLW\�DIIHFWV�WKH�ZHLJKW�RIYDULRXV�SDUWV�RI�WKH�GHFD\�IXQFWLRQ��DV�ORZ�FRVWV�DUH�DVVRFLDWHG�ZLWK�ODUJH�IORZV�DQG�KLJK�FRVWVZLWK�VPDOO�IORZV�� ,Q�WKH�DEVHQFH�RI�ZHLJKWLQJ�� WKH�PDQ\�VPDOO� IORZV��HVSHFLDOO\�]HUR� IORZV�ZLOO�GRPLQDWH�WKH�UHVXOW��,I�WKH�ZHLJKWV�DUH�EDVHG�RQ�D�3RLVVRQ�GLVWULEXWLRQ��D�IHZ�ODUJH�IORZVRQ� VKRUW� GLVWDQFH� ZLOO� GRPLQDWH�� 7R� DYRLG� VXFK� SUREOHPV�� ZH� WRRN� LQWR� DFFRXQW� ERWKVSHFLILFDWLRQ�HUURU�DQG�WKH�3RLVVRQ�SURFHVV�
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)LJXUH��� 9DULRXV�GHFD\�IXQFWLRQV�LQ�D�ORJ�ORJ�VHWWLQJ



��

7KH�VPDOO�HODVWLFLWLHV�IRU�ODUJHU�GLVWDQFHV�LQ�WKH�ORJLVWLF�EDVHG�GHFD\�IXQFWLRQ�FRQWUDVWZLWK�WKH�SRZHU�GHFD\�IXQFWLRQ��FRQVWDQW�HODVWLFLWLHV���DQG�ZLWK�WKH�H[SRQHQWLDO�GHFD\�IXQFWLRQ�VWURQJO\� LQFUHDVLQJ� HODVWLFLWLHV��� 7KLV� GLIIHUHQFH� LV� LPSRUWDQW� IRU� WKH� HYDOXDWLRQ� RI� PDMRULQIUDVWUXFWXUH�SURMHFWV��VXFK�DV� WKH� IL[HG� OLQN�RYHU� WKH�*UHDW�%HOW��(YHQ�DIWHU� WKH�RSHQLQJ�RIWKH�QHZ�OLQN��GLVWDQFHV�DQG�FRVWV�IRU�FURVVLQJ�WKH�*UHDW�%HOW�DUH�UHODWLYHO\�KLJK�FRPSDUHG�ZLWKFRPPRQ� FRPPXWLQJ� GLVWDQFHV� DQG� FRVWV�� $FFRUGLQJ� WR� WKH� ORJLVWLF�EDVHG� GHFD\� IXQFWLRQ�HODVWLFLWLHV�DUH�UHODWLYHO\�VPDOO�ZKHUH�GLVWDQFHV�DUH�ORQJ��,Q�WKHVH�FLUFXPVWDQFHV��WKH�XVH�RI�DSRZHU�GHFD\�IXQFWLRQ�PLJKW� OHDG�WR�RYHUHVWLPDWLRQ�RI� WKH�HIIHFW�RI� WKH�RSHQLQJ�RI� WKH� IL[HGOLQN��7KLV�LV�LOOXVWUDWHG�E\�WKH�IROORZLQJ�H[DPSOH��� 6XSSRVH�WKDW�WKHUH�LV�D�SURMHFW�WKDW�UHGXFHVWKH� WUDYHO� FRVW� EHWZHHQ� WZR� FLWLHV� IURP� ���� WR� ���� �6RPHWKLQJ� OLNH� WKH� IL[HG� OLQN� RYHU� WKH*UHDW�%HOW���$V�FDQ�EH�VHHQ�IURP�7DEOH���� WKH�SRZHU�DQG� WKH� ORJLVWLF�EDVHG�GHFD\� IXQFWLRQVKDYH�VLPLODU�YDOXHV�IRU� WKH�ROG�VLWXDWLRQ��ZLWK�FRVW������+RZHYHU�� IRU�FRVW����� WKH�SUHGLFWHGYDOXH�RI� WKH�SRZHU�GHFD\�IXQFWLRQ�LV� WZLFH�WKDW�RI� WKH�ORJLVWLF�EDVHG�GHFD\�IXQFWLRQ��+HQFH�WKH�XVH�RI�D�PRGHO�EDVHG�RQ�D�SRZHU�GHFD\�IXQFWLRQ�FDQ�OHDG�WR�D�FRQVLGHUDEOH�RYHUHVWLPDWLRQRI�WKH�HIIHFW�RI�WKH�QHZ�LQIUDVWUXFWXUH�RQ�FRPPXWLQJ�
�� ,Q�WKH�H[DPSOHV�LQ�WKLV�VHFWLRQ��ZH�RQO\�FRQVLGHU�WKH�GLUHFW�HWR� FKDQJHV� RQ� WKH� ODERU� DQG� KRXVLQJ� PDUNHWV�� DQG� VXEVWLWXWLRHIIHFWV�GHSHQG�RQ�WKH�VSDWLDO�FRQILJXUDWLRQ�RI�SRSXODWLRQ�DQG�HLV�UHTXLUHG�

7DEOH����(ODVWLFLW\�RI�GHFD\�IXQFWLRQV�ZLWK�UHVSHFW�WR�JHQHUDOL]HG�FRVW��IRU�YDULRXV�YDOXHVRI�JHQHUDOL]HG�FRVW&RVW ([SRQHQWLDO 3RZHU 3LHFHZLVH /RJLVWLF�EDVHG� � ����� ����� �� ����� ����� ����� ������� ����� ����� ����� ������� ����� ����� ����� ������� ����� ����� ����� ������� ����� ����� ����� ������� ����� ����� ����� �������� ����� ����� ����� �������� ����� ����� ����� �����
IIHFWV��7KH�FKDQJHV�LQ�FRPPXWLQJ�IORZV�ZLOO�OHDGQ� EHWZHHQ� FRPPXWLQJ� UHODWLRQV�� 7KHVH� LQGLUHFWPSOR\PHQW��7R�HYDOXDWH�WKHVH��D�FRPSOHWH�PRGHO



��

1RZ�VXSSRVH�ZH�KDYH�DQRWKHU�SURMHFW��RQ�D�UHJLRQDO�OHYHO��ZKLFK�UHGXFHV�WUDYHO�FRVWIURP���� WR�����$JDLQ� WKH�SRZHU�GHFD\� IXQFWLRQ� DQG� WKH� ORJLVWLF�EDVHG� GHFD\� IXQFWLRQ� KDYHVLPLODU�YDOXHV� IRU� WKH�VWDUWLQJ�VLWXDWLRQ��%XW�QRZ�WKH�SRZHU� IXQFWLRQ�SUHGLFWV� DQ� LQFUHDVH�RIFRPPXWLQJ�E\������ZKLOH�WKH�ORJLVWLF�EDVHG�VSHFLILFDWLRQ�SUHGLFWV�DQ�LQFUHDVH�E\�������6R�IRU�LQWHUPHGLDWH�GLVWDQFHV��WKH�SRZHU�IXQFWLRQ�ZLOO�XQGHUHVWLPDWH�WKH�ULVH�LQ�FRPPXWLQJ��$V�DWKLUG� H[DPSOH��ZH� WDNH� DQ� RYHUDOO� UHGXFWLRQ� LQ� JHQHUDOL]HG� FRVW� RI� ������ 7KHQ� WKH� SRZHUIXQFWLRQ�SUHGLFWV�DQ�RYHUDOO�LQFUHDVH�RI�FRPPXWLQJ�E\�����IRU�WKH�GLUHFW�HIIHFW��� $FFRUGLQJWR� WKH� ORJLVWLF�EDVHG� GHFD\� IXQFWLRQ�� WKH� LQFUHDVH� RI� FRPPXWLQJ� SULPDULO\� RFFXUV� RQLQWHUPHGLDWH� GLVWDQFHV� �VD\� EHWZHHQ� ��� DQG� ��� NP��� DQG� FDQ� EH� XS� WR� ���� IRU� GLVWDQFHVEHWZHHQ����DQG����NP�
���6XPPDU\�DQG�FRQFOXVLRQ,Q� WKLV� SDSHU� ZH� KDYH� DQDO\]HG� WKH� HIIHFW� RI� WUDQVSRUW� FRVW� RQ� WKH� VL]H� RI� WKHFRPPXWLQJ� IORZV� EHWZHHQ� WKH� ���� PXQLFLSDOLWLHV� LQ� 'HQPDUN� LQ� ������ :H� HVWLPDWHG� WKHGLVWDQFH�GHFD\�IXQFWLRQ�E\�1/:/6�LQ�ORJV��7KH�EDODQFLQJ�IDFWRUV�ZHUH�HVWLPDWHG�DV�GXPP\SDUDPHWHUV� �&HVDULR� ������� )RU� FRPSXWDWLRQDO� UHDVRQV�� ZH� GHFRPSRVHG� WKH� YDULDEOHV� LQWRDYHUDJHV�DQG�GHYLDWLRQV� IURP�WKH�DYHUDJH��&HVDULR��������7R�FRUUHFW� IRU� WKH�ELDV�FDXVHG�E\WDNLQJ�ORJV��ZH�DGGHG�ò�WR�HDFK�IORZ��6HQ�DQG�6RRW��������0RVW�RI�WKH�FRPPXWLQJ�IORZV�DUHVPDOO� DQG� WKHUH� DUH� PDQ\� ]HUR� IORZV�� ZKLFK� DUH� GLIILFXOW� WR� KDQGOH�� 7R� FRUUHFW� IRUKHWHURVFHGDVWLFLW\��ZH�XVHG�ZHLJKWV�EDVHG�RQ�D�FRPELQDWLRQ�RI�VSHFLILFDWLRQ�HUURU�DQG�3RLVVRQHUURU��7KLV�VSHFLILFDWLRQ�RI�ZHLJKWV��ZKLFK�UHTXLUHV�LWHUDWLRQ��LV��WR�RXU�NQRZOHGJH��QHZ��:HDOVR�XVHG� WKH�ZHLJKWV� LQ� WKH� FDOFXODWLRQ� RI� DYHUDJHV� IRU� WKH� GHFRPSRVLWLRQ� �'H�9ULHV� HW� DO��������:H�RPLWWHG�WKH�LQWUD]RQDO�IORZV��EHFDXVH�WKH\�GLG�QRW�ILW�WKH�PRGHO��:H�LQYHVWLJDWHGYDULRXV� IXQFWLRQDO� IRUPV� DQG� ILQDOO\� FKRVH� D� ORJLVWLF�EDVHG� IRUP� IRU� WKH� GLVWDQFH�GHFD\IXQFWLRQ�&RPPXWLQJ� EHWZHHQ� PXQLFLSDOLWLHV� LQ� 'HQPDUN� FDQ� QRW� EH� GHVFULEHG� E\� DQH[SRQHQWLDO�GLVWDQFH�GHFD\�IXQFWLRQ��ZKLOH�D�SRZHU�GLVWDQFH�GHFD\�IXQFWLRQ�VDWLVILHV�RQO\�RQDQ�LQWHUPHGLDWH�FRVW�UDQJH��%XW�D�GHVFULSWLRQ�ZKHUH�ORJ�WULSV�LV�D�GRZQZDUGV�ORJLVWLF�IXQFWLRQ
�� 2YHUDOO�FKDQJHV�LQ�JHQHUDOL]HG�WUDYHO�FRVW�FDQ�RFFXU�LQ�WKH�FRXUVH�RI�WKH�\HDUV�E\�LQFUHDVLQJ�LQFRPH��VR�WKDWPRQHWDU\�FRVW�ZLOO�EH�UHGXFHG�UHODWLYH�WR�LQFRPH���FKDQJHV�LQ�IXHO�WD[HV�RU�URDG�SULFLQJ��DQG�FKDQJHV�LQ�DYHUDJHVSHHG��VR�WKDW�WLPH�FRVW�FKDQJHV���� 2I�FRXUVH��ZLWK�DQ�RYHUDOO�FKDQJH��LQGLUHFW�HIIHFWV�DUH�HVVHQWLDO��DQG�WKH�ILQDO� LQFUHDVH�ZLOO�EH�PXFK�VPDOOHU�8QGHU� D� �VLQJO\� RU� GRXEO\�� FRQVWUDLQHG�PRGHO� ZLWK� D� SRZHU� GHFD\� IXQFWLRQ�� QRWKLQJ� ZLOO� FKDQJH� LQ� WKH� WULSVPDWUL[�E\�DQ�RYHUDOO�PXOWLSOLFDWLYH�FRVW�FKDQJH��(YDQV�������)RWKHULQJKDP�DQG�2¶.HOO\�������SS���������
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RI� ORJ� JHQHUDOL]HG� FRVW� ILWV� WKH� GDWD� ZHOO�� 7KH� HODVWLFLW\� RI� FRPPXWLQJ� ZLWK� UHVSHFW� WRJHQHUDOL]HG�WUDQVSRUW�FRVW�LV��LQ�DEVROXWH�YDOXH��VPDOO�IRU�VPDOO�GLVWDQFHV��UHDFKHV�D�YDOXH�RIXS� WR� �� IRU� GLVWDQFHV� DURXQG� ��� NP�� DQG� DSSURDFKHV� ]HUR� IRU� ODUJH� GLVWDQFHV�� 7KH� ORJLVWLF�EDVHG� GLVWDQFH�GHFD\� IXQFWLRQ� FDQ� EH� DSSUR[LPDWHG� E\� DQ� H[SRQHQWLDO� GHFD\� IXQFWLRQ� IRUVKRUW� GLVWDQFHV�� DQG� E\� D� SRZHU� GHFD\� IXQFWLRQ� IRU� LQWHUPHGLDWH� GLVWDQFHV�� 7KLV� LV� LQDFFRUGDQFH�ZLWK�WKH�REVHUYDWLRQ�RI�)RWKHULQJKDP�DQG�2¶.HOO\������� FLWHG�LQ�6HFWLRQ����7KHORJLVWLF�EDVHG�GHFD\�IXQFWLRQ�FDQ�XQLI\�WKHVH�DSSURDFKHV�LQ�D�VLQJOH�PRGHO��+RZHYHU��IRU�ORQJGLVWDQFHV�� WKH� ORJLVWLF�EDVHG�GHFD\� IXQFWLRQ�GLIIHUV�FRQVLGHUDEO\� IURP� WKRVH�DSSUR[LPDWLRQV�7KH� HODVWLFLW\� RI� WKH� VL]H�RI� WKH� FRPPXWLQJ� IORZ�ZLWK� UHVSHFW� WR� JHQHUDOL]HG� FRVW� JUDGXDOO\GHFUHDVHV��LQ�DEVROXWH�YDOXH��LI�WKH�GLVWDQFH�LQFUHDVHV�7KH�VSHFLILFDWLRQ�RI�WKH�GLVWDQFH�GHFD\�IXQFWLRQ�FDQ�KDYH�LPSRUWDQW�FRQVHTXHQFHV�IRUWKH�HYDOXDWLRQ�RI�QHZ�LQIUDVWUXFWXUH��:H�IRXQG�WKDW�FRPPXWLQJ�LV�YHU\�HODVWLF�ZLWK�UHVSHFW�WRFRVWV� RQ� LQWHUPHGLDWH� GLVWDQFHV�� DQG� UHODWLYHO\� LQHODVWLF� IRU� ODUJHU� GLVWDQFHV�� 7KH� XVH� RI� DSRZHU� GHFD\� IXQFWLRQ��ZKLFK� LPSRVHV� FRQVWDQW� HODVWLFLW\�� LJQRUHV� WKLV� GLIIHUHQFH�� 7KLV� ZLOOOHDG�WR�RYHUHVWLPDWLRQ�RI�WKH�HIIHFW�RI�QHZ�ORQJ�GLVWDQFH�FRQQHFWLRQV�RQ�ODERU�PDUNHWV��2Q�WKHRWKHU�KDQG�� WKH�XVH�RI� D�SRZHU�GHFD\� IXQFWLRQ�ZLOO� OHDG� WR�XQGHUHVWLPDWLRQ� RI� WKH� HIIHFW� RIUHJLRQDO�LPSURYHPHQWV�LQ�LQIUDVWUXFWXUH��)RU�UHDOLVWLF�SUHGLFWLRQV�� LW� LV� LPSRUWDQW� WR� WDNH�LQWRDFFRXQW�WKDW�WKH�FRVW�HODVWLFLW\�RI�FRPPXWLQJ�YDULHV�RYHU�GLVWDQFH�
$SSHQGL[�$��7KH�GHFRPSRVLWLRQ,Q�WKLV�$SSHQGL[�ZH�SUHVHQW�WKH�IRUPXODV�IRU�WKH�GHFRPSRVLWLRQ�ZKLFK�LV�XVHG�LQ�WKH�HVWLPDWLRQ�PHWKRG�6HFWLRQ�����7R�VLPSOLI\�WKH�QRWDWLRQ�ZH�XVH�ORZHUFDVH�IRU�ORJV�RI�YDULDEOHV��DQG�ZULWH� LMI IRU �� LM*I ��:H�FDQWKHQ�UHZULWH�����DV�

LMLMMLMLLM XIGREDW ����� �$��ZKHUH� LMI LV�D�VXEPRGHO�ZKLFK�ZLOO�JHQHUDOO\�FRQWDLQ�PXOWLSOH�H[SODQDWRU\�YDULDEOHV�DQG�SDUDPHWHUV��DQG�FDQ�EHQRQOLQHDU��:H�HVWLPDWH��$���E\�ZHLJKWHG�OHDVW�VTXDUHV��:/6���VR�ZH�PXOWLSO\�WKH�HTXDWLRQ�IRU�HDFK�REVHUYDWLRQE\�ZHLJKW� LMZ �� 7KH�:/6�HVWLPDWRUV� FDQ� EH� GHVFULEHG� E\� ILUVW�RUGHU� FRQGLWLRQV�� )RU� H[DPSOH�� WKH� ILUVW�RUGHU
FRQGLWLRQ�IRU� LDÖ �WKH�SDUDPHWHU�RI�D�GXPP\�YDULDEOH��LV���Ö�������  ¦M LMLMLM XZZ �$��7KH�HVWLPDWRU�FDQ�EH�FRPSXWHG�IURP�WKH�ZHLJKWHG�DYHUDJHV�RYHU� M ��7KH�ZHLJKWV�XVHG�LQ�WKH�FRPSXWDWLRQ�RI�WKH
ZHLJKWHG�DYHUDJHV�DUH�WKH�VTXDUHV�RI�WKH�ZHLJKWV�XVHG�LQ�WKH�UHJUHVVLRQ��6LPLODUO\�� ME� FDQ�EH�FRPSXWHG�IURP�WKH
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ZHLJKWHG� DYHUDJHV� RYHU� L �� 7KH� GHFRPSRVLWLRQ� LV� D� FRPSXWDWLRQDOO\�HIILFLHQW� ZD\� WR� HVWLPDWH� WKH� GXPP\SDUDPHWHUV�
7KH�GHFRPSRVLWLRQ�LV�DV�IROORZV��ZKHUH�D�GRW�LQGLFDWHV�WKDW�D�ZHLJKWHG�DYHUDJH��ZLWK�ZHLJKWV� �LMZ ��LVWDNHQ�RYHU�WKH�VXEVFULSW�LW�UHSODFHV��

xxxxxxxxxx ����� XIGREDW �$��
xxxxxxxxxxx ������� � XXIIRRDDWW LLLLL �$��

xxxxxxxxxxx ������� � XXIIGGEEWW MMMMM �$��
xxxxxxxxxxxx ������� ��� XXXXIIIIWWWW MLLMMLLMMLLM �$���$���LV�WKH�VXP�RI��$���WR��$����:H�XVH�WKLV�GHFRPSRVLWLRQ�WR�HVWLPDWH�WKH�SDUDPHWHUV�LQ�WKH�GHFD\�IXQFWLRQ� I �

DV�ZHOO�DV� WKH�EDODQFLQJ� IDFWRUV� LD DQG� ME ��)URP�WKH� ILUVW�RUGHU�FRQGLWLRQV� IRU� WKH�:/6�HVWLPDWRU�RI� �$���� LW
IROORZV�WKDW�WKH�HVWLPDWRU�IRU�WKH�SDUDPHWHUV�LQ� I �RWKHU�WKDQ�WKH�FRQVWDQW��LV�WKH�:/6�HVWLPDWRU�EDVHG�RQ��$���
ZKHUH� WKH�GLVWXUEDQFH� WHUP�FDQ�EH� WUHDWHG�DV� LQGHSHQGHQW��8VLQJ� WKH�HVWLPDWHG� I �� x� DDL FDQ�EH� HVWLPDWHG
IURP��$���� x�EE M IURP��$����DQG�WKH�FRQVWDQW� LQ� I IURP��$����7KH�EDODQFLQJ�IDFWRUV�DUH�RQO\�LGHQWLILHG�LQ
GHYLDWLRQV�IURP�WKHLU�ZHLJKWHG�DYHUDJHV��DV� I FRQWDLQV�D�FRQVWDQW�WHUP��7KHUHIRUH��ZH�VHW� � xD DQG� � xEDV�D�QRUPDOL]DWLRQ�7KH�XVH�RI�VXFK�D�GHFRPSRVLWLRQ�ZDV�SURSRVHG�E\�&HVDULR��������S��������EXW��DV�KH�XVHG�2/6�DQG�QRW:/6��KLV�GHFRPSRVLWLRQ�LV�XQZHLJKWHG��,W� LV�DOVR�GHVFULEHG�E\�6HQ�DQG�6PLWK��������S��������+RZHYHU��DV�ZHXVH�:/6��DOO�WKH�DYHUDJHV�XVHG�IRU�WKH�GHFRPSRVLWLRQ�DOVR�QHHG�WR�EH�ZHLJKWHG��'H�9ULHV�HW�DO��������
$SSHQGL[�%��7KH�ORJLVWLF�IXQFWLRQ

7KH�ORJLVWLF�EDVHG�GLVWDQFH�GHFD\�IXQFWLRQ� � ���� � ��� JJJJ LMLM **I �� �%��KDV�VRPH�LQWHUHVWLQJ�SURSHUWLHV��,I�JHQHUDOL]HG�FRVW�DSSURDFKHV�]HUR�� �pLM* ��WKHQ� �> @ � � �� ������� ��� JJ JJJJJJJ LMLMLM ***I �� ��| �%��1RZ�LI�WKH�VWHHSQHVV�SDUDPHWHU� ��  J ��ZH�KDYH�
LMLM **I �

����� JJJJ ��| �%��7KLV� LV� DQ� H[SRQHQWLDO� GLVWDQFH�GHFD\� IXQFWLRQ� �FRPSDUH� ������ ZLWK� D� SDUDPHWHU� WUDQVIRUPDWLRQ��� 6R�� LI� WKHVWHHSQHVV� SDUDPHWHU� HTXDOV� ��� WKH� ORJLVWLF�EDVHG� GHFD\� IXQFWLRQ� DSSURDFKHV� DQ� H[SRQHQWLDO� GHFD\� IXQFWLRQ� IRUORZ�FRVW���$V�WKH�HVWLPDWH�IRU�WKH�VWHHSQHVV�SDUDPHWHU�LV������WKLV�UHVXOW�GRHV�QRW�KROG�IRU�WKH�ILWWHG�ORJLVWLF�EDVHGGHFD\� IXQFWLRQ���$URXQG� WKH� EHQGLQJ� SRLQW� WKH� ORJLVWLF� IXQFWLRQ� FDQ� EH� DSSUR[LPDWHG� E\� D� OLQHDU� IXQFWLRQ� �LQ
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LM*OQ ���VR�IRU�LQWHUPHGLDWH�GLVWDQFHV�WKH�ORJLVWLF�EDVHG�GHFD\�IXQFWLRQ�FDQ�EH�DSSUR[LPDWHG�E\�D�SRZHU�GHFD\
IXQFWLRQ��,I�JHQHUDOL]HG�FRVW�EHFRPHV�YHU\�ODUJH�� foLM* ��WKHQ�� � ������ JJJJ ��| LMLM **I �%��DQG�WKH�HODVWLFLW\ � � ����OQ �� JJJJ ��| LMLM

LM **G *GI
�%��6R�� LI�JHQHUDOL]HG�FRVW� ULVHV�E\�D�FHUWDLQ� IDFWRU�� WKH�HODVWLFLW\�GHFUHDVHV�E\�D� JLYHQ�SRZHU�RI� WKDW� IDFWRU�� ,I� WKHVWHHSQHVV�SDUDPHWHU�HTXDOV����WKHVH�IDFWRUV�DUH�WKH�VDPH��7KLV�LV�WKH�SURSHUW\�WKDW�ZH�QRWHG�LQ�6HFWLRQ���LQ�WKHHVWLPDWHG�HODVWLFLWLHV�IRU�WKH�SLHFHZLVH�SRZHU�IXQFWLRQ��WKH�VORSH�KDOYHV�IRU�HTXDO�LQFUHDVHV�LQ� LM*OQ �7KH�HODVWLFLW\�RI�WULSV�ZLWK�UHVSHFW�WR�JHQHUDOL]HG�FRVW�LV�

� � � � »»¼º««¬ª ���� �� ���� � ��� �OQ �� JJ JJJJ LMLMLM
LM ***G *GI

�%��$W� � LM* �� WKH�HODVWLFLW\�HTXDOV�]HUR��7KH� ODUJHVW�HODVWLFLW\� �LQ�DEVROXWH�YDOXH�� LV�DWWDLQHG�IRU� �J LM* ��DQG
HTXDOV� � ��JJ� ��)RU� foLM* ��WKH�HODVWLFLW\�DSSURDFKHV�]HUR�
5HIHUHQFHV
$ORQVR��:�� �������� ³$�7KHRU\�RI�0RYHPHQWV�´� ,Q��+XPDQ�6HWWOHPHQW� 6\VWHPV�� ,QWHUQDWLRQDO�3HUVSHFWLYHV� RQ6WUXFWXUH��&KDQJH�DQG�3XEOLF�3ROLF\�� HG��1��0��+DQVHQ��%DOOLQJHU�3XEOLVKLQJ�&RPSDQ\��&DPEULGJH�0DVVDFKXVHWWV��SS����������$QGHUVHQ��$��.����������/RFDWLRQ�DQG�&RPPXWLQJ��XQSXEOLVKHG�3K'�WKHVLV��8QLYHUVLW\�RI�&RSHQKDJHQ�%DWWHQ��'��)��DQG�%R\FH��'��(����������³6SDWLDO�,QWHUDFWLRQ��7UDQVSRUWDWLRQ��DQG�,QWHUUHJLRQDO�&RPPRGLW\�)ORZ0RGHOV�´� ,Q�� +DQGERRN� RI� 5HJLRQDO� DQG� 8UEDQ� (FRQRPLFV�� HG�� 3�� 1LMNDPS�� 1RUWK�+ROODQG�$PVWHUGDP��SS����������%LNNHU�� -�� $�� DQG�'H�9RV�� $�� )�� �������� ³$� UHJLRQDO� VXSSO\� DQG� GHPDQG� PRGHO� IRU� LQSDWLHQW� KRVSLWDO� FDUH�´(QYLURQPHQW�DQG�3ODQQLQJ�$�������������������%LNNHU�� -�� $�� �������� ³$Q� ,QWHUQDWLRQDO� 7UDGH� )ORZ� 0RGHO� ZLWK� 6XEVWLWXWLRQ�� $Q� ([WHQVLRQ� RI� WKH� *UDYLW\0RGHO�´�.\NORV�����)DVF��������������&DUH\��+��&����������3ULQFLSOHV�RI�VRFLDO�VFLHQFH��/LSSLQFRWW��3KLODGHOSKLD�&HVDULR�� )�� -�� �������� ³7KH� LQWHUSUHWDWLRQ� DQG� FDOFXODWLRQ� RI� JUDYLW\� PRGHO� ]RQH�WR�]RQH� DGMXVWPHQW� IDFWRUV�´(QYLURQPHQW�DQG�3ODQQLQJ�$�������������&KRXNURXQ��-��0����������³$�JHQHUDO�IUDPHZRUN�IRU�WKH�GHYHORSPHQW�RI�JUDYLW\�W\SH�WULS�GLVWULEXWLRQ�PRGHOV�´5HJLRQDO�6FLHQFH�DQG�8UEDQ�(FRQRPLFV�������������&RFKUDQH��5��$�� �������� ³$�SRVVLEOH�HFRQRPLF�EDVLV� IRU� WKH� JUDYLW\�PRGHO�´�-RXUQDO� RI�7UDQVSRUW�(FRQRPLFVDQG�3ROLF\��������������
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'H�9ULHV��-��-���1LMNDPS��3���DQG�5LHWYHOG��3����������³$ORQVR¶V�7KHRU\�RI�0RYHPHQWV��'HYHORSPHQWV�LQ�6SDWLDO,QWHUDFWLRQ�0RGHOLQJ�´�-RXUQDO�RI�*HRJUDSKLFDO�6\VWHPV����������������'H�9ULHV��-��-���1LMNDPS��3���DQG�5LHWYHOG��3����������³(VWLPDWLRQ�RI�$ORQVR¶V�7KHRU\�RI�0RYHPHQWV�E\�0HDQVRI�,QVWUXPHQWDO�9DULDEOHV�´�1HWZRUNV�DQG�6SDWLDO�(FRQRPLFV����������������'RRUQLN�� -�� $�� ��������2[�� DQ� REMHFW�RULHQWHG� PDWUL[� SURJUDPPLQJ� ODQJXDJH�� 7LPEHUODNH� &RQVXOWDQWV��:HVW:LFNKDP��.HQW�(YDQV��$��:����������³6RPH�SURSHUWLHV�RI�WULS�GLVWULEXWLRQ�PRGHOV�´�7UDQVSRUWDWLRQ�5HVHDUFK�����������)RWKHULQJKDP��$�� 6�� DQG�2¶.HOO\��0��(�� ��������6SDWLDO� ,QWHUDFWLRQ�0RGHOV�� )RUPXODWLRQV� DQG� $SSOLFDWLRQV�.OXZHU��'RUGUHFKW�*HXUV��.��7��DQG�5LWVHPD�YDQ�(FN��-��5����������³(YDOXDWLRQ�RI�DFFHVVLELOLW\�LPSDFWV�RI�ODQG�XVH�VFHQDULRV��WKHLPSOLFDWLRQV� RI� MRE� FRPSHWLWLRQ�� ODQG�XVH�� DQG� LQIUDVWUXFWXUH� GHYHORSPHQWV� IRU� WKH� 1HWKHUODQGV�´(QYLURQPHQW�DQG�3ODQQLQJ�%��3ODQQLQJ�DQG�'HVLJQ������������+DPHUVODJ�� 5�� �������� ³6SDWLDO� GHYHORSPHQW�� GHYHORSPHQWV� LQ� WUDIILF� DQG� WUDQVSRUWDWLRQ�� DQG� FKDQJHV� LQ� WKHWUDQVSRUWDWLRQ�V\VWHP�´�,Q��&KDQJHV�LQ�WKH�ILHOG�RI�WUDQVSRUW�VWXGLHV��HGV��-��%��3RODN�DQG�-��%��YDQ�GHU.DPS��0DUWLQXV�1LMKRII��7KH�+DJXH��SS��������+LOEHUV��+��'��DQG�9HUURHQ��(��-����������³+HW�EHRRUGHOHQ�YDQ�GH�EHUHLNEDDUKHLG�YDQ�ORNDWLHV´��³7KH�HYDOXDWLRQRI�WKH�DFFHVVLELOLW\�RI�ORFDWLRQV´��LQ�'XWFK���5HS��1R��,152�99*����������712��'HOIW�+XD��&��,����������³$Q�H[SORUDWLRQ�RI�WKH�QDWXUH�DQG�UDWLRQDOH�RI�D�V\VWHPLF�PRGHO�´�(QYLURQPHQW�	�3ODQQLQJ�$����������������-RKDQVVRQ��%���.ODHVVRQ��-���DQG�2OVVRQ��0�� �����D���³2Q� WKH�1RQ�/LQHDULW\�RI� WKH�:LOOLQJQHVV� WR�&RPPXWH�´3DSHU�SUHVHQWHG�DW�WKH���QG�(56$�&RQJUHVV��'RUWPXQG�-RKDQVVRQ��%���.ODHVVRQ��-���DQG�2OVVRQ��0�������E���³7LPH�GLVWDQFHV�DQG�ODERU�PDUNHW� LQWHJUDWLRQ�´�3DSHUV�LQ5HJLRQDO�6FLHQFH�����������������/HGHQW��-����������³&DOLEUDWLQJ�$ORQVR¶V�JHQHUDO�WKHRU\�RI�PRYHPHQW��WKH�FDVH�RI�LQWHUSURYLQFLDO�PLJUDWLRQ�IORZVLQ�&DQDGD�´�6LVWHPL�8UEDQL�������������1LMNDPS��3��� DQG�5RXZHQGDO�� -��� HGV�� �������� 6SHFLDO� LVVXH� RQ�$GYDQFHV� LQ� &RPPXWLQJ� 6WXGLHV��*URZWK� DQG&KDQJH ������3RRW��-����������³$�V\VWHP�DSSURDFK�WR�PRGHOOLQJ�WKH�LQWHU�XUEDQ�H[FKDQJH�RI�ZRUNHUV�LQ�1HZ�=HDODQG�´�6FRWWLVK-RXUQDO�RI�3ROLWLFDO�(FRQRP\�����������������5RXZHQGDO�� -�� DQG� 1LMNDPS�� 3�� �������� ³/LYLQJ� LQ� 7ZR� :RUOGV�� $� 5HYLHZ� RI� +RPH�WR�:RUN� 'HFLVLRQV�´*URZWK�DQG�&KDQJH�����������������6HQ��$��DQG�6PLWK��7��(����������*UDYLW\�0RGHOV�RI�6SDWLDO�,QWHUDFWLRQ�%HKDYLRU��6SULQJHU��%HUOLQ�6HQ��$��DQG�6RRW��6����������³6HOHFWHG�SURFHGXUHV�IRU�FDOLEUDWLQJ�WKH�JHQHUDOL]HG�JUDYLW\�PRGHO�´�3DSHUV�RI�WKH5HJLRQDO�6FLHQFH�$VVRFLDWLRQ��������������6WHZDUW��-��4����������³$Q�,QYHUVH�'LVWDQFH�9DULDWLRQ�IRU�&HUWDLQ�6RFLDO�,QIOXHQFHV�´�6FLHQFH������������6WRHU��-��DQG�%XOLUVFK��5����������,QWURGXFWLRQ�WR�1XPHULFDO�$QDO\VLV��6SULQJHU��1HZ�<RUN�7KRUVHQ�� ,��� 8ERH�� -��� DQG� 1DHYGDO�� *�� �������� ³$� QHWZRUN� DSSURDFK� WR� FRPPXWLQJ�´�-RXUQDO� RI� 5HJLRQDO6FLHQFH����������������:LOVRQ��$��*����������³$�IDPLO\�RI�VSDWLDO�LQWHUDFWLRQ�PRGHOV��DQG�DVVRFLDWHG�GHYHORSPHQWV�´�(QYLURQPHQW�DQG3ODQQLQJ����������


