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,Q� WKH� FXUUHQW� UHVHDUFK�� WHWKHU� VOLQJ� GHVLJQV� DUH� GHYHORSHG� IRU� KXPDQ� WUDQVSRUWDWLRQ� V\VWHPV�EHWZHHQ� (DUWK� DQG�0DUV�� � 5HFHQW� GHYHORSPHQWV� LQ� WKH� GHVLJQ� RI� &\FOHU� WUDMHFWRULHV� PD\� EHQHILW�JUHDWO\�IURP�WKH�FRQVWUXFWLRQ�RI�D�WHWKHU�VOLQJ�IDFLOLW\�RQ�3KRERV���7KH�WHWKHU�VOLQJ�KDV�WKH�SRWHQWLDO�WR�ODXQFK� YHKLFOHV� IURP�0DUV�ZLWK� OLWWOH�� RU� QR� SURSHOODQW� UHTXLUHG�� VLQFH� LW� LV� VRODU� SRZHUHG�� � )RU�FXUUHQW�WUDMHFWRU\�GHVLJQV�DQG�WHWKHU�PDWHULDOV��LW�LV�VKRZQ� WKDW�D�WHWKHU�VOLQJ�IDFLOLW\�LV�VXSHULRU�WR�FKHPLFDO�SURSXOVLRQ�V\VWHPV ZKHQ�PXOWLSOH�ODXQFKHV�IURP�0DUV�DUH�FRQVLGHUHG�
,1752'8&7,213XLJ�6XDUL� HW� DO�� SURSRVH� D� WHWKHU� VOLQJ� IDFLOLW\�VWDWLRQHG� DW� 3KRERV�� DQG� VKRZ� WKDW�RQFH� EXLOW� LW� FRXOG�SURYLGH�DQ�LQH[KDXVWLEOH�PHDQV�RI�WUDQVSRUWLQJ�YHKLFOHV�DQG� DVWURQDXWV�� � 7KH� VOLQJ� LV� SRZHUHG� E\� VRODU� FHOO�DUUD\V�WR�LQLWLDWH�DQG�PDLQWDLQ�VSLQ�UDWH���)RU�+RKPDQQ�WUDQVIHUV��WKH�WHWKHU�PDVV�WHQGV�WR�EH�DERXW�WKH�VDPH�DV�WKH�SURSHOODQW�UHTXLUHG�LQ�D�FKHPLFDO�SURSXOVLRQ�V\VWHP���.XFKQLNL� HW� DO�� H[WHQG� WKLV� ZRUN� E\� H[DPLQLQJ� WKH�G\QDPLFV�RI�D�WHWKHU�VOLQJ���7KH�PHFKDQLFDO�DGYDQWDJHV�RI�WHWKHUV�LQ�VSDFH�KDYH�EHHQ� UHFRJQLVHG� IRU� VRPH� WLPH� DV� UHSRUWHG� LQ� WKH�RYHUYLHZ� E\� 3HQ]R� DQG� $PPDQ� DQG� &RVPR� DQG�/RUHQ]LQL��� 7HWKHUV� FDQ� EH� XVHG� IRU� PRPHQWXP�WUDQVSRUWDWLRQ� UHGXFLQJ�� RU� HOLPLQDWLQJ�� WKH� QHHG� IRU�SUHFLRXV�� H[SHQGDEOH� SURSHOODQW�� � ,QGHHG�� VHYHUDO�FRQFHSWV� KDYH� EHHQ� SURSRVHG� WKDW� GHPRQVWUDWH� WKH�DELOLW\� RI� WHWKHUHG� V\VWHPV� WR� DFW� DV� WUDQVSRUW�IDFLOLWLHV����
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SRWHQWLDO�LQ�WKH�GHVLJQ�RI�D�KXPDQ�WUDQVSRUWDWLRQ�V\VWHP�EHWZHHQ�(DUWK�DQG�0DUV���0,1,080�0$66�6/,1*�'(6,*167DSHUHG�7HWKHU�$QDO\VLV,Q� D� WHWKHU� VOLQJ� IDFLOLW\� WKH� PD[LPXP� WHQVLRQ�RFFXUV� DW� WKH� DWWDFKPHQW� SRLQW� EHWZHHQ� WKH� WHWKHU� DQG�WKH� KXE�� � &RQYHUVHO\�� WKH� PLQLPXP� WHQVLRQ� RFFXUV� DW�WKH�HQG�RI�WKH�WHWKHU�ZKHUH�WKH�SD\ORDG�PDVV�LV�DWWDFKHG��WLS����3XLJ�6XDUL�HW�DO�� GHYHORS�D�WDSHUHG�WHWKHU�GHVLJQ�WKDW�PLQLPL]HV� WKH�PDVV�RI� WKH� WHWKHU� E\�PDWFKLQJ� WKH�FURVV�VHFWLRQDO� DUHD� ZLWK� WKH� WHQVLRQ� DW� D� SDUWLFXODU�ORFDWLRQ� DORQJ� WKH� WHWKHU�� � 7KH� IROORZLQJ� GLVFXVVLRQ�RXWOLQHV� VRPH� RI� WKH� NH\� UHVXOWV� IURP� WKHLU� DQDO\VLV��ZKLFK� IRUP� WKH� EDVLV� RI� WKH� FXUUHQW� WDSHUHG� WHWKHU�GHVLJQ�)RU�D�ORFDWLRQ�DORQJ�WKH�WHWKHU�DW�D�GLVWDQFH�[ IURP�WKH�KXE��WKH�WHQVLOH�IRUFH�LV�
SO
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ZKHUH��$\ LV�WKH�WHWKHU�DUHD�DW�SRLQW�\ DQG�V LV�WKH�WHQVLOH�VWUHQJWK�RI�WKH�PDWHULDO���%\�GLIIHUHQWLDWLQJ�(T������DQG�WKHQ� LQWHJUDWLQJ�� WKH� H[SUHVVLRQ� IRU� WKH� WHWKHU� DUHD�EHFRPHV �� ���� ��>> @@��� ��H[S ����  O[Y$$ O[ VU � ���+HUH��$O LV� WKH� FURVV�VHFWLRQDO�DUHD�RI� WKH� WHWKHU�DW� WKH�HQG�ZKHUH�WKH�SD\ORDG�LV�DWWDFKHG���$O LV�GHILQHG�DV�� �OYP$ SO V� � ���7KH�PDVV�RI�WKH�WHWKHU�FDQ�EH�UHSUHVHQWHG�DV³ O [W [$P � GU � ���%\� VXEVWLWXWLQJ� IRU� $[ DQG� SHUIRUPLQJ� DQ� DSSURSULDWH�FKDQJH�RI�YDULDEOHV��WKH�WHWKHU�PDVV�FDQ�EH�H[SUHVVHG�LQ�WHUPV�RI�WKH�HUURU�IXQFWLRQ�DV
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DQG�LQ�WHUPV�RI�D�PDVV�UDWLR�DV � � � �� HUIH[S YYYPP SW S � ���7KH�QRQGLPHQVLRQDO�YHORFLW\��Y��LV�GHILQHG�DV� � FYYYY   ��� VU ���ZKHUH�� YF LV� WKH� FKDUDFWHULVWLF� YHORFLW\� RI� WKH� WHWKHU�PDWHULDO�3XLJ�6XDUL� HW� DO�� DOVR� GHULYH� DQ� H[SUHVVLRQ� IRU� WKH�NLQHWLF� HQHUJ\� UHTXLUHG� IRU� WKH� WHWKHU� VOLQJ�� � 7KH�PRPHQW�RI�LQHUWLD�RI�WKH�V\VWHP�ZDV�IRXQG�WR�EH� � � � � �� HUIH[S� ��� YYYOP, S S ����ZKLFK�OHDGV�WR�WKH�H[SUHVVLRQ� IRU�WKH� URWDWLRQDO�NLQHWLF�HQHUJ\�UHTXLUHG�IRU�D�GHVLUHG�WLS�YHORFLW\�� � � � � � � HUIH[S� ��� FUHT YYYY( S ����7KH� DPRXQW� RI� SRZHU� VXSSOLHG� E\� VRODU� SDQHOV� WR�JHQHUDWH�WKH�UHTXLUHG�URWDWLRQDO�NLQHWLF�HQHUJ\�LV� � W3W$$3(VRODU   ����ZKHUH��$ LV�WKH�DUHD�RI�WKH�VRODU�DUUD\��W LV�WLPH�DQG�3�$UHSUHVHQWV�WKH�RXWSXW�RI�WKH�VRODU�DUUD\�SHU�XQLW�DUHD�0LVVLRQ�6FHQDULRV,Q�VL]LQJ�WKH�WHWKHU�VOLQJ�IDFLOLW\��WZR�VFHQDULRV�DUH�FRQVLGHUHG�� � 7KH� ILUVW� HPSOR\V� WKH� WHWKHU� VOLQJ� DV� D�ODXQFK�IDFLOLW\�IRU�GLUHFWO\�WUDQVIHUULQJ�PDWHULDO�EHWZHHQ�0DUV�DQG�(DUWK���7KLV�VFHQDULR�FDQ�EH�DFKLHYHG�WKURXJK�D� VHPL�F\FOHU� WUDMHFWRU\�� D� +RKPDQQ� WUDQVIHU�� D� UDSLG�WUDQVIHU�WUDMHFWRU\��ZLWK�D�WLPH�RI�IOLJKW�OHVV�WKDQ�KDOI�D�\HDU���RU�0DUV�IUHH�UHWXUQ�WUDMHFWRULHV���,Q�HDFK�FDVH��WKH�YHKLFOH�EHLQJ�ODXQFKHG�LV�DVVXPHG�WR�KDYH�D�PDVV�RI����PHWULF� WRQV�� � )RU� FRPSDULVRQ�� WKH� PDVV� QHHGHG� WR�DFKLHYH� WKH� VDPH� ODXQFK� FRQGLWLRQV� IRU� D� FKHPLFDO�URFNHW� HPSOR\LQJ� OLTXLG� R[\JHQ� DQG� PHWKDQH��/2;�&+��� LV� LQFOXGHG�� � 7KH� UDWLR� RI� WKH� VWUXFWXUDO�PDVV�WR�WKH�SURSHOODQW�PDVV�LV�DVVXPHG�WR������IRU�WKH�VLQJOH�VWDJH�URFNHW�7KH�VHFRQG�VFHQDULR�FRQVLGHUV�WKH�XVH�RI�WKH�WHWKHU�VOLQJ� WR� ODXQFK� WD[L�YHKLFOHV��ZKLFK� UHQGH]YRXV�ZLWK� D�F\FOHU�YHKLFOH�DV�LW�SHUIRUPV�D�IO\E\�RI�0DUV�� � ,Q�WKLV�VFHQDULR�� WKH� WD[L�PDVV� LV� DERXW� ���PHWULF� WRQV�� � 7ZR�URFNHW� PRGHOV�� ZKLFK� XVH� /2;�&+�� SURSHOODQW�� DUH�
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LQFOXGHG� IRU� FRPSDULVRQ�� � 7KH� ILUVW�PRGHO� FRQVLGHUV� D�VLQJOH�VWDJH�URFNHW��ZKLOH�WKH�VHFRQG�LV�VWDJHG�WR�FORVHO\�PDWFK� WKH� 0DUV� WD[L� V\VWHP� SURSRVHG� E\� .QRFN���)LJXUH���VKRZV�WKH�SURSHOODQW�PDVV�SHUIRUPDQFH�SURILOH�RI�WKH�0DUV�WD[L�PRGHO�XVHG�LQ�WKH�FXUUHQW�LQYHVWLJDWLRQ�

�)LJXUH����0DVV�SURILOH�RI�WKH�WD[L�URFNHW�PRGHO��7HWKHU�6OLQJ�3HUIRUPDQFH7KH� SHUIRUPDQFH� RI� WKH� WHWKHU� VOLQJ�� LQ� WHUPV� RI�PDVV��LV�GHSHQGHQW�RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�WHWKHU�PDWHULDO���7DEOH���OLVWV�WKH�PHFKDQLFDO�SURSHUWLHV�IRU�VHYHUDO�WHWKHU�PDWHULDOV�WKDW�KDYH�EHHQ�LPSOHPHQWHG�LQ�WKH�OLWHUDWXUH���7DEOH����7HWKHU�PDWHULDO�PHFKDQLFDO�SURSHUWLHV0DWHULDO 6SHFWUD����� =\ORQ .HYODU +HUFXOHV�,0�7HQVLOH�6WUHQJWK��*3D� ���� ��� ��� ����
'HQVLW\��NJ�P�� ��� ���� ���� ����

)LJXUH� �� SUHVHQWV� WKH� PDVV� SHUIRUPDQFH� RI� WKH�WHWKHU� VOLQJ� UHODWLYH� WR� WKH� SURSHOODQW� UHTXLUHG� E\� D�VLQJOH� VWDJH� URFNHW� WR� SURGXFH� WKH� VDPH� ILQDO� YHORFLW\���&OHDUO\�� WKH� PDWHULDOV� ZLWK� KLJK� VWUHQJWK�WR�ZHLJKW�UDWLRV� SURGXFH� D� PRUH� IDYRXUDEOH�PDVV� UDWLR�� � 7KLV� LV�SDUWLFXODUO\� HYLGHQW� DW� KLJKHU� ODXQFK� YHORFLWLHV�� � 7KH������PDWHULDO� LV� EDVHG�XSRQ� D� OLQHDU SURMHFWLRQ� RI� WKH�VWUHQJWK�WR�ZHLJKW�UDWLRV�RI�PDWHULDOV�WKDW�KDYH�EHFRPH�DYDLODEOH���1RWDEO\��WKH�VWUHQJWK�WR�ZHLJKW�UDWLRV�RI�WKH�6SHFWUD������DQG�=\ORQ�PDWHULDOV�DUH�VLPLODU��UHVXOWLQJ�LQ�FORVHO\�PDWFKLQJ�PDVV�SHUIRUPDQFH�SURILOHV���6LPLODU�WUHQGV� DUH� REVHUYDEOH� LQ� )LJ�� ��� ZKLFK� UHSUHVHQWV� WKH�

PDVV�SHUIRUPDQFH� RI� WKH� WHWKHU� VOLQJ� UHODWLYH� WR� WKH�SURSHOODQW� UHTXLUHPHQWV� FDOFXODWHG�XVLQJ� WKH�0DUV� WD[L�PRGHO�� �,Q�WKLV�LQVWDQFH��KRZHYHU�� WKH�ORZHU�SURSHOODQW�QHHGV�RI� WKH�PXOWL�VWDJH�URFNHW� UHVXOWV� LQ� � � WHWKHU�PDVV�WR�SURSHOODQW�PDVV�UDWLRV�WKDQ�IRU�WKH�VLQJOH�VWDJH�URFNHW�PRGHO�DW�KLJK�ODXQFK�YHORFLWLHV��!��NP�V��([DPLQLQJ� (T�� �� UHYHDOV� WKDW� WKH� WHWKHU� PDVV� LV�SURSRUWLRQDO�WR�WKH�SD\ORDG�PDVV���7KH�HIIHFW�RI�VOLQJLQJ�DQ� DVWURWHO� DV� RSSRVHG� WR� WKH� WD[L�YHKLFOH� LV� HYLGHQW� LQ�)LJ�������7KH�FXUYHV�LQ�)LJ�����ZKLFK�FRUUHVSRQG�WR�WKH���GLIIHUHQW� PDWHULDOV�� LQFUHDVH� WR� D� PDVV� UDWLR� RI� ��� DW�ORZHU� VOLQJ� YHORFLWLHV� WKDQ� LQ� WKH� )LJV�� �� DQG� ��� � 7KLV�LPSOLHV� WKDW� WKHUH� LV� D� ORZHU� OLPLW� IRU� WKH� UDQJH� RI�IHDVLEOH� RSHUDWLQJ� VOLQJ� YHORFLWLHV� IRU� DQ� DVWURWHO�SD\ORDG�WKDQ�IRU�D�WD[L�SD\ORDG�

�)LJXUH����7HWKHU�VOLQJ�PDVV�SHUIRUPDQFH��IRU�WKH�WD[L�YHKLFOH��UHODWLYH�WR�SURSHOODQW�PDVV�XVLQJ�D�VLQJOH�VWDJH�URFNHW�7DEOH� �� SUHVHQWV� GHVLJQV� RI� D� WHWKHU� VOLQJ� IDFLOLW\�VWDWLRQHG� RQ� 3KRERV� IRU� VSHFLILF� PLVVLRQ� VFHQDULRV���6HYHUDO�WUDQVIHU�WUDMHFWRULHV�DUH�UHSUHVHQWHG�LQ�WKH�WDEOH��%RWK�GLUHFW�PDVV�WUDQVIHUV�EHWZHHQ�0DUV�DQG�(DUWK��DQG�UHQGH]YRXV� ZLWK� DVWURWHOV� RQ� F\FOHU� WUDMHFWRULHV� DUH�LQYHVWLJDWHG���,Q�DOO�FDVHV��WKH�ZRUVW�FDVH�WR�PDLQWDLQ�WKH�SDUWLFXODU� WUDMHFWRU\� IRU� WKH� SURSRVHG� ODXQFK�GDWHV� DQG�V\QRGLF� SHULRGV� DUH� FRQVLGHUHG�� � ,Q� DOO� FDVHV�� WKH�PHFKDQLFDO� SURSHUWLHV� RI� =\ORQ� KDYH� EHHQ�LPSOHPHQWHG�(DFK� RI� WKH� WUDMHFWRULHV� FODVVLILHG� LQ� WKH� ³GLUHFW�WUDQVIHU FDWHJRU\´� UHTXLUH� DQ� DVWURWHO� WR� EH� ODXQFKHG�XVLQJ� WKH� WHWKHU� VOLQJ�� � )LUVW� DPRQJ� WKHVH� DUH� WKH�WUDMHFWRULHV�FODVVLILHG�DV�VHPL�F\FOHU���DQG� VHPL�F\FOHU���� � 7KH� VHPL�F\FOHU� WUDMHFWRULHV� LQYROYH� D� ODXQFK� DQG�DUULYDO� DW� 0DUV� ZLWK� IO\E\V� RI� (DUWK�� � 1H[W�� DUH WZR�0DUV�WR�(DUWK� WUDQVIHUV� FRUUHVSRQGLQJ� WR� D� +RKPDQQ�
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WUDQVIHU� DQG� D� WUDQVIHU� ZLWK� D� WLPH� RI� IOLJKW� EHWZHHQ�0DUV� DQG� (DUWK� RI� OHVV� WKDQ� KDOI� D� \HDU�� � )LQDOO\�� DQ�(DUWK� IUHH�UHWXUQ� WUDMHFWRU\� LV� FRQVLGHUHG� IRU� D� ODXQFK�IURP�0DUV�XVLQJ�D�WHWKHU�VOLQJ�

)LJXUH����7HWKHU�VOLQJ�PDVV�SHUIRUPDQFH��IRU�WKH�WD[L�YHKLFOH��UHODWLYH�WR�SURSHOODQW�PDVV�XVLQJ�WKH�WD[L�PRGHO�

)LJXUH����7HWKHU�VOLQJ�PDVV�SHUIRUPDQFH��IRU�WKH�DVWURWHO��UHODWLYH�WR�SURSHOODQW�PDVV�XVLQJD�VLQJOH�VWDJH�URFNHW�$V� FDQ� EH� VHHQ� IURP� 7DEOH� ��� WKH� WHWKHU� VOLQJ�FRPSDUHV�IDYRXUDEO\�WR�WKH�URFNHW�LQ�WHUPV�RI�PDVV�IRU�

WKH� GLUHFW� WUDQVIHU� WUDMHFWRULHV�� � )RU� WKHVH� WUDMHFWRULHV��WKH� ODUJHVW� WHWKHU�PDVV�WR�SURSHOODQW�PDVV� UDWLR� LV� ������5HIOHFWLQJ�RQ�WKH�IDFW�WKDW�WKH� WHWKHU�VOLQJ� LV�D�UHXVDEOH�V\VWHP��WKH�WHWKHU�ZLOO�SURGXFH�VLJQLILFDQW�PDVV�VDYLQJV�DIWHU� WKH� IRXUWK� ODXQFK�� � 7KH� SURSHOODQW� PDVV�UHTXLUHPHQWV� WR� DFKLHYH� WKH� GHVLUHG� YHORFLWLHV� DUH�FDOFXODWHG�XVLQJ�D�VLQJOH�VWDJH�URFNHW�PRGHO���$V�VWDWHG�LQ� (T�� ��� WKH� WHWKHU� OHQJWK� LV� D� IXQFWLRQ� RI� WKH� VOLQJ�YHORFLW\�DQG�WKH�PD[LPXP�DOORZDEOH�DFFHOHUDWLRQ�RI�WKH�SD\ORDG�� � 7KH� WHWKHU� OHQJWKV� IRU� WKH� GLUHFW� WUDQVIHU�VFHQDULRV� UDQJH�IURP���� WR�����NP�� � ,Q�DOO� FDVHV�� LW� LV�DVVXPHG� WKDW� WKH� WHWKHU� VOLQJ� IDFLOLW\� PXVW� LPSDUW�HQRXJK�FKDQJH�LQ�YHORFLW\� WR�SURYLGH�WKH�SD\ORDG�ZLWK�WKH�DSSURSULDWH�K\SHUEROLF�H[FHVV�VSHHG�DIWHU�ODXQFKLQJ�IURP�3KRERV���7KH� ILQDO� WKUHH� WUDMHFWRULHV� SUHVHQWHG� LQ� 7DEOH� ��UHSUHVHQW� VFHQDULRV� ZKHUH� WKH� WHWKHU� VOLQJ� ODXQFKHV� D�WD[L� YHKLFOH� WR� UHQGH]YRXV�ZLWK� DQ� DVWURWHO� LQ� D� F\FOHU�RUELW���(DFK�RI�WKH�K\SHUEROLF�H[FHVV�VSHHGV�OLVWHG�KDYH�EHHQ�REWDLQHG�IURP�UHVHDUFK�LQWR�RSWLPLVLQJ�WKH�$OGULQ�&\FOHU�� DQG� GHYHORSLQJ� DOWHUQDWLYH� F\FOHU�WUDMHFWRULHV����� �� 7KH�$OGULQ�&\FOHU�V\VWHP�FRQVLVWV�RI�WZR� DVWURWHOV� FDOOHG� DQ� XS�F\FOHU� DQG� D� GRZQ�F\FOHU���7KH�XS�F\FOHU�LV� LQ�DQ�HOOLSWLF�RUELW�DERXW� WKH�VXQ�VXFK�WKDW�LW�KDV�D�W\SH���WUDQVIHU������q��IURP�(DUWK�WR�0DUV�HYHU\� V\QRGLF� SHULRG� ������ \HDUV��� � &RQYHUVHO\�� WKH�GRZQ�F\FOHU� KDV� D� W\SH��� WUDQVIHU� IURP�0DUV� WR� (DUWK�HYHU\�V\QRGLF�SHULRG���3DWFKLQJ�VHPL�F\FOHU�WUDMHFWRULHV�WRJHWKHU� KDV� EHHQ� DQ� DSSURDFK� DGRSWHG�� WR� GHYHORS�F\FOHU�WUDMHFWRULHV�� �,W� LV�IURP�WKLV�DUHD�RI�UHVHDUFK�WKDW�WKH� UHPDLQLQJ� F\FOHU� WUDMHFWRULHV� LQ� 7DEOH �� KDYH�RULJLQDWHG���5HSHDWLQJ�F\FOHV�RI�0DUV�(DUWK�(DUWK�0DUV��0�(�(�0��DQG�(DUWK�0DUV�0DUV�(DUWK��(�0�0�(��DUH�WZR�SRWHQWLDO�FDQGLGDWHV�IRU�F\FOHU�WUDMHFWRULHV�$V� WKH� SK\VLFDO� FKDUDFWHULVWLFV� RI� WKH� WHWKHU� VOLQJ�DUH� KLJKO\� GHSHQGHQW� RQ� WKH� UHTXLUHG� YHORFLW\� DW� WKH�WHWKHU� WLS�� WKH� VL]H� RI� WKH� WHWKHU� QHHGHG� IRU� WKH�$OGULQ�&\FOHU� LV� SURKLELWLYHO\� ODUJH�� � )RU� WKH� RWKHU� F\FOHU�WUDMHFWRULHV�� KRZHYHU�� WKH� WHWKHU� VOLQJ� SHUIRUPDQFH� LV�H[WUHPHO\�HQFRXUDJLQJ���7KH�PDVV�UDWLRV�IRU�WKH�SDWFKHG�VHPL�F\FOHU�WUDMHFWRULHV�DUH�ERWK� OHVV�WKDQ�����ZKLFK�LV�UHDVRQDEOH�� DOORZLQJ� IRU� WKH� UHXVDELOLW\� RI� WKH� WHWKHU�V\VWHP���
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35$&7,&$/�6/,1*�'(6,*167KH� PLQLPXP�PDVV� GHVLJQ� GRHV� QRW� DOORZ� IRU�HUURUV� LQ� WKH� PDQXIDFWXUH� RI� WKH� WHWKHU�� ZKLFK� PD\�UHVXOW� LQ� IOXFWXDWLRQV� LQ� WKH� FURVV�VHFWLRQDO� DUHD� DORQJ�WKH� OHQJWK�RI� WKH� WHWKHU�� �1RU� GRHV� WKH�PLQLPXP�PDVV�GHVLJQ�FRQVLGHU� WKH� HIIHFW� RI� LQFOXGLQJ� D� VDIHW\� IDFWRU���7KH�IROORZLQJ�DQDO\VLV�FRQVLGHUV�WKH�LPSOLFDWLRQV�RI�WKH�LQFOXVLRQ� RI� WKH� ILUVW� RI� WKHVH� GHVLJQ� HOHPHQWV� RQ� WKH�PDVV�RI�WKH�WHWKHU�VOLQJ�7DSHUHG�7HWKHU�$QDO\VLV7KH� FURVV�VHFWLRQDO� DUHD� RI� WKH� WDSHUHG� WHWKHU� FDQ�WDNH�VHYHUDO�SURILOHV�GHSHQGLQJ�XSRQ�ZKHWKHU�D�FDEOH�RU�WDSH�WHWKHU�LV�DGRSWHG���)LJXUH���GHSLFWV�SRWHQWLDO�FURVV�VHFWLRQV�IRU�HDFK�RI�WKHVH�WHWKHU�W\SHV���,Q�RUGHU�WR�NHHS�WKH� DQDO\VLV� RI� WKH� HIIHFW� RI� PDQXIDFWXULQJ� HUURUV�

JHQHUDO�� IOXFWXDWLRQV� LQ� FURVV�VHFWLRQDO� DUHD� KDYH� EHHQ�FRQVLGHUHG�DV�RSSRVHG�WR�GLPHQVLRQDO�WROHUDQFHV�
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&DEOH�WHWKHU7DSH�WHWKHU
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7R� WDNH LQWR� DFFRXQW� HUURUV� LQ� WKH� FURVV�VHFWLRQDO�DUHD�� WKH�PLQLPXP�SURGXFLEOH�DUHD�DW� D� JLYHQ� ORFDWLRQ�PXVW� EH� FDSDEOH� RI� ZLWKVWDQGLQJ� WKH� WHQVLOH� IRUFHV�JHQHUDWHG� E\� WKH� PD[LPXP� WHWKHU� DUHD� DW� DOO� RWKHU�ORFDWLRQV�� � � %\� WKLV� SULQFLSOH�� WKH� DUHD� DW� WKH� HQG� RI�WHWKHU� FDOFXODWHG� E\� WKH� PLQLPXP�PDVV� DQDO\VLV�EHFRPHV� WKH�PLQLPXP�DOORZDEOH� DUHD� DW� WKDW� ORFDWLRQ���7KH� PLQLPXP� WLS� DUHD� UHODWHV� WR� WKH� QRPLQDO� GHVLJQ�DUHD�E\ � � � � QRP�PLQ � OSO $OYP$ '�  V � ����7KLV�LV�DVVXPLQJ�WKDW�DQ\�FURVV�VHFWLRQ�FDQ�IOXFWXDWH�E\�r'u������ � 6XEVHTXHQWO\�� WKH� PD[LPXP� SURGXFLEOH�DUHD�DW�WKH�WHWKHU�WLS�LV� �� � PLQ�PD[ �� OO $$ �'�'� � ����&RQVLGHULQJ�WKH�H[WUHPH�FDVH�ZKHUH�WKH�PD[LPXP�DUHD�LV�SURGXFHG�DW�DOO�ORFDWLRQV�DORQJ�WKH�WHWKHU�DOORZV�WKH�GHYHORSPHQW�RI� DQ�DSSURSULDWH�GHVLJQ�� �7KLV� LV� WKH�VLWXDWLRQ�ZKLFK�ZLOO�SURGXFH�WKH�PRVW�WHQVLOH�IRUFH��DQG�ODUJHVW� WHWKHU� PDVV�� � )LJXUH� �� VKRZV� WKH� ZRUVW�FDVH�VFHQDULR� ZKHUH� WKH� PD[LPXP� WHWKHU� SURILOH� PXVW� EH�VXSSRUWHG�E\�D�PLQLPXP�WHWKHU�SURILOH�LQ�D�FDEOH�WHWKHU�VOLQJ�
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7KH�LQFOXVLRQ�RI�IOXFWXDWLRQV�LQ�WKH�FURVV�VHFWLRQDO�DUHD�RI�WKH�WHWKHU�VOLQJ�DOWHUV�WKH�UHVXOWV�REWDLQHG�IRU�WKH�WUDQVIHU� WUDMHFWRULHV� EHWZHHQ�(DUWK� DQG�0DUV�� �7DEOH���FRQWDLQV�XSGDWHG� UHVXOWV� IURP�WKRVH�SUHVHQWHG�LQ�7DEOH��� IRU� WKH� PLQLPXP�PDVV� DQDO\VLV�� � 7KH� GHWDLOV� RI� WKH�WUDMHFWRULHV� DQG� WKH� FRUUHVSRQGLQJ� SURSHOODQW�UHTXLUHPHQWV� DUH� XQFKDQJHG�� � +RZHYHU�� WKH� SK\VLFDO�GLPHQVLRQV�DQG�PDVV�RI�WKH�WHWKHU�KDYH�LQFUHDVHG���)RU�HDFK� RI� WKH� WUDMHFWRULHV� OLVWHG�� WKUHH� GLDPHWHUV� DUH�LQFOXGHG� IRU� WKH� WHWKHU� WLS� DQG� KXE� DWWDFKPHQW� SRLQW���7KHVH� YDOXHV� FRUUHVSRQG� WR� WKH� PD[LPXP�� PLQLPXP�DQG�QRPLQDO�PDQXIDFWXUHG�GLDPHWHUV�RI�WKH�WHWKHU���)RU�WKH� SXUSRVHV� RI� GLVFXVVLQJ� WKH�ZRUVW� WHWKHU�VOLQJ�PDVV�SHUIRUPDQFH��WKH�PD[LPXP�WHWKHU�PDVV�DQG�PDVV�UDWLR�UHVXOWV� DUH� LQFOXGHG�� � )RU� WKH� ORZHU� WKURZ� YHORFLW\�VFHQDULRV��WKH�HIIHFW�RI�WKH�DGMXVWHG�WHWKHU�GHVLJQ�RQ�WKH�

WHWKHU�PDVV�WR�SURSHOODQW�PDVV� UDWLR� LV�TXLWH� VPDOO�� � ,Q�PRVW� FDVHV�� WKH� PDVV� UDWLR� FRQWLQXHV� WR� UHPDLQ� XQGHU������7KH�H[FHSWLRQV�WR�WKLV�DUH�WKH�$OGULQ�&\FOHU�DQG�WKH�0�(�(�0�SDWFKHG�VHPL�F\FOHU�WUDMHFWRULHV�� �,Q�WKH�FDVH�RI�WKH�SDWFKHG�VHPL�F\FOHU��WKH�PDVV�UDWLR�KDV�LQFUHDVHG��ZLWK�UHVSHFW�WR�WKH�VLQJOH�VWDJH�URFNHW�PRGHO��IURP������WR ��������,QFRUSRUDWLQJ�D�VDIHW\�IDFWRU�LQWR�WKH�GHVLJQ�UHVXOWV�LQ� DQ� LQFUHDVH� LQ� WKH� PDVV� RI� WKH� WHWKHU� DQG��VXEVHTXHQWO\�� DQ� LQFUHDVH� LQ� WKH� PDVV� UDWLR�� � )RU� WKH�GHYHORSPHQW�RI� DQ� HIIHFWLYH� WHWKHU� VOLQJ�� RU� DQ\�PDVV�VHQVLWLYH� WHWKHU� DSSOLFDWLRQ�� QRQ�LGHDO� GHVLJQV�PXVW� EHFRQVLGHUHG�� � 7KH� OLPLWDWLRQV� RI� WKH� PDQXIDFWXULQJ�SURFHVVHV�DQG� DFFRXQWLQJ� IRU� XQFHUWDLQWLHV� WKURXJK� WKH�LQOFXVLRQ� RI� DQ� DSSURSULDWH� VDIHW\� IDFWRU� DUH� FUXFLDO�LVVXHV�LQ�SUDFWLFH�

7DEOH���� 7HWKHU�VOLQJ�V\VWHP�SURSHUWLHV�IRU�WUDQVIHU�WUDMHFWRULHV�EHWZHHQ�(DUWK�DQG�0DUV�DOORZLQJ�IRU�IOXFWXDWLRQV�LQ�WKH�FURVV�VHFWLRQDO�DUHD�RI�WKH�WHWKHU��
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&21&/86,2167KH�FXUUHQW�UHVHDUFK�LQYHVWLJDWHV WKH�XVH�RI�D�WHWKHU�VOLQJ� IDFLOLW\� LQ�KXPDQ� WUDQVSRUWDWLRQ� V\VWHPV�EHWZHHQ�(DUWK� DQG� 0DUV�� � )RU� WKH� PLVVLRQ� VFHQDULRV� DQG�WUDMHFWRULHV�SUHVHQWHG�� WKH� WHWKHU�VOLQJ�PDVV�LV�XS�WR����WLPHV� WKH� HTXLYDOHQW� SURSHOODQW� PDVV� UHTXLUHPHQWV���7KLV� LV� VLJQLILFDQW� GXH� WR� WKH� IDFW� WKDW� WKH� VOLQJ LV�FDSDEOH� RI� PXOWLSOH� ODXQFKHV�� ZKLFK� ZLOO� HYHQWXDOO\�UHVXOW� LQ� HQRUPRXV� PDVV� VDYLQJV�� � :LWK� FRQWLQXHG�DGYDQFHPHQWV� LQ� WKH� ILHOG� RI� PDWHULDO� VFLHQFH� DQG�LPSURYHPHQWV� LQ� WUDMHFWRU\� GHVLJQV�� WKH� PDVV�SHUIRUPDQFH� RI� D� WHWKHU� VOLQJ� IDFLOLW\� ZLOO� JUHDWO\�LPSURYH�� �8OWLPDWHO\��D� WHWKHU� VOLQJ� IDFLOLW\� RQ�3KRERV�PD\�EH�RI�WUHPHQGRXV�EHQHILW�WR�DGYDQFLQJ� WKH�KXPDQ�H[SORUDWLRQ�RI�VSDFH�$&.12:/('*(0(1767KLV�ZRUN�ZDV�PDGH�SRVVLEOH��LQ�SDUW�� WKURXJK�WKH�*UDGXDWH� 6FKRRO� 5HVHDUFK� 7UDYHO� $ZDUG� �*657$��VFKHPH� RI� WKH� 8QLYHUVLW\� RI� 4XHHQVODQG� *UDGXDWH�6FKRRO� 5()(5(1&(6�3XLJ�6XDUL�� -���/RQJXVNL�� -��0�� DQG� 7UDJHVVHU�� 6��*��� ³$� 7HWKHU� 6OLQJ� IRU� /XQDU� DQG� ,QWHUSODQHWDU\�([SORUDWLRQ´�� $FWD� $VWURQDXWLFD�� 9RO�� ���� ������SS� ���������.XFKQLFNL�� 6��1���7UDJHVVHU��6��*�� DQG�/RQJXVNL��-�� 0��� ³'\QDPLFV� RI� D� 7HWKHU� 6OLQJ´�� LQ� $$6�$,$$�$VWURG\QDPLFV 6SHFLDOLVW� &RQIHUHQFH�� 3DSHU� $$6� ��������6XQ�9DOOH\��,'��������3HQ]R��3��$��DQG�$PPDQ��3��:���(GLWRUV���7HWKHUV�LQ� 6SDFH� +DQGERRN�� �QG� HG��� 2IILFH� RI� 6SDFH� )OLJKW�$GYDQFHG� 3URJUDPPHV�� 1$6$�� :DVKLQJWRQ�� '&��������&RVPR�� 0�� /�� DQG� /RUHQ]LQL�� (�� &�� �(GLWRUV���7HWKHUV� LQ� 6SDFH� +DQGERRN�� �UG� HG��� 6PLWKVRQLDQ�$VWURSK\VLFDO�2EVHUYDWRU\��������+R\W��5��3�� DQG�8SKRII��&��:���³&LVOXQDU�7HWKHU�7UDQVSRUW�6\VWHP´��-RXUQDO�RI�6SDFHFUDIW�DQG�5RFNHWV��9RO������QR�����������SS�����������)RUZDUG�� 5�� DQG�1RUGOH\��*��� ³0DUV�(DUWK�5DSLG�,QWHUSODQHWDU\� 7HWKHU� 7UDQVSRUW� �0(5,77�� 6\VWHP��,QLWLDO�)HDVLELOLW\� 6WXG\´�� ��WK�$,$$�$60(�6$(�$6((�-RLQW�3URSXOVLRQ�&RQIHUHQFH�DQG�([KLELW��$,$$�3DSHU����������/RV�$QJHOHV��&$�������
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