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3URMHFW�VFKHGXOLQJ�KDV�EHHQ�D�VXEMHFW�RI�ZLGH�LQWHUHVW�VLQFH�ODVW�IHZ�GHFDGHV��6HYHUDO

DOJRULWKPV�KDYH�EHHQ�SURSRVHG�WR�VFKHGXOH�WKH�DFWLYLWLHV�RI�D�SURMHFW��6FKHGXOLQJ�RI�DFWLYLWLHV

FRQVLGHULQJ� WKH� UHVRXUFH�FRQVWUDLQWV�DORQJ�ZLWK�SUHFHGHQFH� UHODWLRQV�JLYHV� ULVH� WR�D�FODVV�RI

SUREOHPV�FDOOHG�WKH�5&363��,Q�WKLV�SDSHU�WKH�DXWKRUV�SURSRVH�DQ�DOJRULWKP�WR�VROYH�5&363

FRQVLGHULQJ�YDULRXV�SDUDPHWHUV�VXFK�DV�PD[LPXP�UHPDLQLQJ�SDWK�OHQJWK��GHOD\�LQ�SURMHFWV�GXH

WR�WKH�DFWLYLWLHV�ZDLWLQJ�IRU�UHVRXUFHV��UHVRXUFHV�DYDLODEOH�YHUVXV�UHVRXUFHV�UHTXLUHG��SULRULW\

RI� WKH�SURMHFW�HWF��7KHUH�RFFXUV�D�GHFLVLRQ�SRLQW�HYHU\� WLPH�ZKHQ� WKH�UHVRXUFHV�UHTXLUHG�E\

WKH� VWDUWLQJ� DFWLYLWLHV� DUH�PRUH� WKDQ� WKH� H[LVWLQJ� UHVRXUFHV��$W� HYHU\�GHFLVLRQ�SRLQW� D� VHW� RI

FRPSHWLQJ� DFWLYLWLHV� LV� IRUPHG� DQG� WKH�ZLQQLQJ� DFWLYLWLHV� DUH� DOORFDWHG� WKH� UHVRXUFH�� ,Q� WKH

SURSRVHG�DOJRULWKP��DW�HDFK�GHFLVLRQ�SRLQW��WKRVH�DFWLYLWLHV�DUH�DOVR�FRQVLGHUHG�ZKRVH�SUHFHGLQJ

DFWLYLWLHV�DUH�QHDU�FRPSOHWLRQ�DORQJ�ZLWK� WKH�DFWLYLWLHV�ZKRVH�SUHGHFHVVRUV�KDYH� ILQLVKHG�DV

LV�GRQH�LQ�PRVW�RI�WKH�H[LVWLQJ�DOJRULWKPV��7KLV�PLJKW�JLYH�D�SUHIHUHQFH�WR�D�FULWLFDO�DFWLYLW\

ZKRVH�SUHFHGLQJ�DFWLYLW\�LV�QHDU�FRPSOHWLRQ�ZKLFK�RWKHUZLVH�ZRXOG�EH�LJQRUHG�DW�WKLV�GHFLVLRQ

SRLQW� DQG� KHQFH� WKH� SURMHFW� FRXOG� EH� GHOD\HG�� 7KH� DOJRULWKP� WDNHV� FDUH� RI� WKH� VKLIWLQJ

FULWLFDOLW\� DV� WKH� FULWLFDO� SDWK� FKDQJHV�ZLWK� WKH� DOORFDWLRQ� RI� FRQIOLFWLQJ� UHVRXUFHV�

.H\�:RUGV

3URMHFW�VFKHGXOLQJ��5&363��VFKHGXOH�SHUIRUPDQFH�LQGH[��63,���PD[LPXP�UHPDLQLQJ
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6FKHGXOLQJ�IRUPV�WKH�EDVLV�RI�DQ\�SURMHFW�DQG�KHQFH�SOD\V�DQ�LPSRUWDQW

UROH� LQ� LQGXVWULHV� OLNH�SURGXFWLRQ�� VRIWZDUH�� FRQVWUXFWLRQ�HWF��6FKHGXOLQJ�RI�DQ\

SURMHFW� LQYROYHV� GHFLVLRQ�PDNLQJ� DW� WZR� OHYHOV�� RQFH� WR� VFKHGXOH� WKH� DFWLYLWLHV

DFFRUGLQJ� WR� SUHFHGHQFH� UHODWLRQV� DQG� WKHQ� DFFRUGLQJ� WR� WKH� DYDLODELOLW\� RI

UHVRXUFHV�� 8VLQJ� &30� D� VFKHGXOH� LV� GHYHORSHG� ZKLFK� GRHV� QRW� FRQVLGHU� DQ\

UHVRXUFH�FRQVWUDLQWV��KHQFH�QHHGV�WR�EH�UHIUDPHG�JLYLQJ�ULVH�WR�UHVRXUFH�FRQVWUDLQW

SURMHFW�VFKHGXOLQJ�SUREOHPV��7KLV�UHVHDUFK�DLPV�DW�GHYHORSLQJ�RQH�VXFK�DOJRULWKP

IRU�DOORFDWLRQ�RI� OLPLWHG� UHVRXUFHV� WR�FRPSHWLQJ�DFWLYLWLHV�

5&363�KDV�EHFRPH�D�VWDQGDUG�SUREOHP�LQ�SURMHFW�VFKHGXOLQJ�DQG�D�ODUJH

UHVHDUFK� KDV� EHHQ� GRQH� RQ� LW�� +HXULVWLF�PHWKRGV� KDYH� EHHQ� DSSOLHG� WR� DOORFDWH

FRQVWUDLQHG�UHVRXUFHV��7DUXQ�HW�DO���������������KDYH�SURSRVHG�YDULRXV�PHWKRGV

IRU�WKH�FDOFXODWLRQ�RI�FULWLFDO�SDWK�E\�DOORFDWLQJ�FRQVWUDLQHG�UHVRXUFHV�WR�FRPSHWLQJ

DFWLYLWLHV�� 7KH\� KDYH� XVHG� IX]]\� QXPEHUV� DQG� KHXULVWLFV�� FRQVLGHULQJ� D� IHZ

DVVXPSWLRQV�DV� WKH�DFWLYLWLHV�EHLQJ�QRQ�SUH�HPSWLYH��IL[HG�UHVRXUFH�UHTXLUHPHQW

DQG�DYDLODELOLW\��IL[HG�SUHFHGHQFH�UHODWLRQVKLS�ZLWK�DQ�REMHFWLYH�RI�PLQLPL]DWLRQ

RI�H[SHFWHG�SURMHFW�FRPSOHWLRQ� WLPH��&RQVLGHULQJ� WKH�XQFHUWDLQWLHV� LQ�D�SURMHFW�

WKH\� KDYH� GHYHORSHG� DQ� DOJRULWKP� WKDW� WDNHV� FDUH� RI� WKH� XQFHUWDLQWLHV� RI� WKH

DFWLYLWLHV�ZKLFK�KDYH�QRW�EHHQ�VFKHGXOHG�DW�D�SDUWLFXODU�SRLQW�RI� WLPH��$W�HYHU\

GHFLVLRQ� SRLQW�� RXW� RI� WKH� VHW� RI� FRPSHWLQJ� DFWLYLWLHV�� WKH� VXEVHW� VDWLVI\LQJ

UHVRXUFH� FRQVWUDLQWV� DQG� KDYLQJ� PD[LPXP� FULWLFDOLW\� LV� JLYHQ� WKH� SUHIHUHQFH�

7DUXQ�HW�DO���������DOVR�GHYHORSHG�D�QRQ�UHFXUVLYH�KHXULVWLF�FDOOHG�UHVRXUFH�WLPH

UDWLR�H[SRQHQW�WHFKQLTXH�WR�HYDOXDWH�63,�IRU�5&363�WR�REWDLQ�PLQLPXP�PDNH�VSDQ

VFKHGXOH��7KH\�XVHG� LW� WR� VROYH�.ROLVFK� DQG�6SUHFKHU�EHQFKPDUN�SUREOHPV�DQG

IRXQG� WKH� UHVXOWV� WR� EH� EHWWHU� WKDQ� RWKHU� PHWKRGV�

$� IXQGDPHQWDO� DVVXPSWLRQ� LQ�5&363� LV� WKDW� WKH�DFWLYLWLHV�DUH�QRQ�SUH�

HPSWLYH�� )UDQFLVFR� %DOOHVW"�Q� HW� DO�� ������� FRQFOXGH� E\� WKH� VXUYH\� RQ� SDSHUV

GHDOLQJ�ZLWK� VFKHGXOLQJ� RI� WKH� SUH�HPSWLYH� DFWLYLWLHV� WKDW� LW� KDV� OLWWOH� HIIHFW� RQ

SURMHFW�OHQJWK�ZKHQ�FRQVWDQW�UHVRXUFH�DYDLODELOLW\�OHYHOV�DUH�GHILQHG��7KH\�KDYH

GHYHORSHG�D�JHQHUDOL]DWLRQ�RI�5&363�ZKHUH�D�PD[LPXP�RI�RQH�LQWHUUXSWLRQ�SHU

DFWLYLW\�LV�DOORZHG�DQG�FDQ�IXUWKHU�EH�DSSOLHG�WR�PRUH�JHQHUDO�SUH�HPSWLYH�SUREOHPV�

6RQNH�+DUWPDQQ�HW�DO���������GHILQH�5&363�DV�D�EDVLF�PRGHO�ZKLFK�KDV

DVVXPSWLRQV� WKDW� DUH� WRR� UHVWULFWLYH� IRU� PDQ\� SUDFWLFDO� DSSOLFDWLRQV� DQG� KHQFH

KDYH�SUHVHQWHG�YDULRXV�H[WHQVLRQV�RI�WKH�EDVLF�5&363�EDVHG�RQ�WKH�VWUXFWXUH�RI

WKH�SUREOHPV��7KH\�KDYH�JHQHUDOLVHG�WKH�FRQFHSWV�RI�WKH�DFWLYLW\��WKH�SUHFHGHQFH

UHODWLRQV� DQG� WKH� UHVRXUFH� FRQVWUDLQWV� DQG� KDYH� GLVFXVVHG� DOWHUQDWH� DSSURDFKHV

IRU�VFKHGXOLQJ�PXOWLSOH�SURMHFWV�
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-DQ� :H�JODU]� HW� DO�� ������� SUHVHQWHG� D� VXUYH\� RQ� WKH� VLQJOH�SURMHFW

SUREOHPV�ZKLFK�DUH�GHWHUPLQLVWLF��VLQJOH�REMHFWLYH��DQG�PXOWL�PRGH�

+H�GL� &KWRXURX� HW� DO�� ������� KDYH� SUHVHQWHG� DQ� DOJRULWKP� IRU� UREXVW

UHVRXUFH�FRQVWUDLQHG�SURMHFW� VFKHGXOLQJ� LQ� WZR� LQ� WZR�SKDVHV�� ,Q� WKH� ILUVW�SKDVH

WKH\� KDYH� SUHVHQWHG� DQ� DOJRULWKP� WKDW� VROYHV� 5&363� IRU�PLQLPLVLQJ� WKH�PDNH

VSDQ� RQO\� XVLQJ� D� SULRULW\�UXOH�EDVHG� KHXULVWLF�� DQG� WKH� VHFRQG� SKDVH� FRQVLVWV

RI�DQ�DOJRULWKP�VROYHG�IRU�PD[LPL]LQJ�WKH�VFKHGXOH�UREXVWQHVV�ZKLOH�FRQVLGHULQJ

WKH�PDNH� VSDQ� REWDLQHG� LQ� WKH� ILUVW� VWDJH�

7KHUH� DOZD\V� H[LVWV� D� PLVPDWFK� EHWZHHQ� WKH� SURSRVHG� VFKHGXOH� DQG

DFWXDO�LPSOHPHQWDWLRQ�RI�WKH�SURMHFW��2\D�,��7XNHO�HW�DO���������SURSRVHG�WR�WDFNOH

WKLV� E\� LQVHUWLQJ� EXIIHUV� DW� YDULRXV� VWDJHV� RI� WKH� SURMHFW� VFKHGXOH�� /XRQJ� 'XF

/RQJ�HW�DO���������GHYHORSHG�D�IX]]\�FULWLFDO�FKDLQ�PHWKRG�IRU�5&363��7KH\�DGGHG

D�EXIIHU� RQO\� DW� WKH� HQG�RI� WKH� VFKHGXOH� DQG�XSGDWHG� WKH� VFKHGXOH� DFFRUGLQJ� WR

WKH� H[WHQW� WR�ZKLFK� WKH�SURMHFW� EXIIHU� LV� FRQVXPHG��7KH\�FDOFXODWHG� WKH� VL]H�RI

SURMHFW� EXIIHU� E\� FRPSXWDWLRQV�ZLWK� IX]]\�QXPEHUV�

0DKGL�0RELQL� HW� DO�� ������� DGRSWHG� D� GLIIHUHQW� DSSURDFK�� WKH\� XVHG� D

PHWD�KHXULVWLF�DOJRULWKP�FDOOHG�$UWLILFLDO�,PPXQH�$OJRULWKP��$,$���ZKLFK�LV�LQVSLUHG

E\� WKH�YHUWHEUDWH� LPPXQH�V\VWHP� WR�VROYH� WKH�5&36�SUREOHP�FRQVLGHULQJ�PDNH

VSDQ� PLQLPLVDWLRQ� DV� WKH� REMHFWLYH�� 7KHLU� FRPSXWDWLRQDO� UHVXOWV� VKRZ� WKDW� WKH

SURSRVHG� DOJRULWKP� KDV� FRPSHWLWLYH� UHVXOWV� LQ� FRPSDULVRQ� ZLWK� WKH� H[LVWLQJ

DOJRULWKPV��KHQFH�LQVSLUH�IRU�VROYLQJ�UHDO�ZRUOG�SUREOHPV��$QRWKHU�DSSURDFK�XVLQJ

D� PHWD� KHXULVWLF� DOJRULWKP� LV� SUHVHQWHG� E\� 6LDPDN� %DUDGDUDQ� HW� DO�� �������

&RQVLGHULQJ�WKH�UHVRXUFH�FRQVWUDLQHG�SURMHFW�VFKHGXOLQJ�SUREOHP�DV�DQ�13�KDUG

PRGHO�� WKH\� XVHG� D� PHWD� KHXULVWLF� DOJRULWKP� QDPHO\� WKH� K\EULG� VFDWWHU� VHDUFK�

7KH\�DSSOLHG�WKH�DOJRULWKP�DW�HDFK�GHFLVLRQ�SRLQW�ZKHUH�PRUH� WKDQ�RQH�DFWLYLW\

DZDLWV� WR� EH� RSHUDWHG� EXW� UHVRXUFH� UHTXLUHG� LV� VFDUFH�� 7KH\� XVHG� QXPHULFDO

H[DPSOH�WR�H[SODLQ�LW�

3HGUR�*RGLQKR�HW�DO���������SURSRVHG�DQ�DGDSWLYH�PRGHO�IRU�PXOWL�PRGH

SURMHFW� VFKHGXOLQJ�XQGHU�XQFHUWDLQW\��7KH\�DVVXPHG� WKDW� WKHUH� LV� D�GXH�GDWH� IRU

FRQFOXGLQJ� WKH� SURMHFW� DQG� D� WDUGLQHVV� SHQDOW\� IRU� IDLOLQJ� WR�PHHW� WKLV� GXH� GDWH

DQG� WKDW� VHYHUDO� GLVWLQFW� PRGHV� PD\� EH� XVHG� WR� XQGHUWDNH� HDFK� DFWLYLW\�� 7KH\

GHILQHG�VFKHGXOLQJ�SROLFLHV�EDVHG�RQ�D�VHW�RI�WKUHVKROGV�DQG�SURSRVHG�D�SURFHGXUH

EDVHG� RQ� WKH� HOHFWURPDJQHWLVP� KHXULVWLF� IRU� FKRRVLQJ� VFKHGXOLQJ� SROLF\�� 7KH\

FRQFOXGHG�WKDW�ZKHQ�WKH�GLIIHUHQW�PRGHV�KDYH�GLIIHUHQW�FKDUDFWHULVWLFV�DQG�WKHUH

LV� D� UHDVRQDEOH� GLIIHUHQFH� EHWZHHQ� WKH� DYHUDJH� GXUDWLRQ� RI� WKH� SURMHFW� DQG� WKH

GXH� GDWH�� WKH� FRVW� DGYDQWDJH� RI� WKH� DGDSWLYH� SROLF\� EHFRPHV� YHU\� VLJQLILFDQW�

7KLV�SDSHU�SURSRVHV�DQ�DOJRULWKP�IRU�SURMHFW�VFKHGXOLQJ�XQGHU�FRQVWUDLQHG

UHVRXUFHV� FRQVLGHULQJ� XQFHUWDLQW\� LQ� WKH� HVWLPDWHG� DFWLYLW\� GXUDWLRQV�ZKLFK� DUH
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DVVXPHG�WR�EH�QRUPDOO\�GLVWULEXWHG��7KH�SURSRVHG�DOJRULWKP�SURGXFHV�DQ�HIIHFWLYH

VFKHGXOH� E\� DOORFDWLQJ� WKH� OLPLWHG� UHVRXUFHV� DW� HDFK� GHFLVLRQ� SRLQW� VR� DV� WR

HQVXUH�RSWLPDO�DOORFDWLRQ�RI�UHVRXUFHV�OHDGLQJ�WR�PLQLPDO�SURMHFW�GXUDWLRQ��,W�DLPV

DW�GHYHORSLQJ�D�VFKHGXOH�IRU�PXOWLSOH�SURMHFWV�UXQQLQJ�VLPXOWDQHRXVO\��$Q�DOJRULWKP

KDV� EHHQ� GHYHORSHG� E\� 7DUXQ� HW� DO�WR� VROYH� 5&363� EDVHG� RQ� 63,� �6FKHGXOH

3HUIRUPDQFH� ,QGH[��� ,Q� KLV� DOJRULWKP�� WKH� DFWLYLWLHV� FRPSHWLQJ� DW� DQ\� GHFLVLRQ

SRLQW� LQFOXGHV� DOO� WKRVH� DFWLYLWLHV�ZKRVH� SUHGHFHVVRUV� KDYH� ILQLVKHG��%XW� LQ� WKH

SURSRVHG� DOJRULWKP�� HYHQ� WKRVH� DFWLYLWLHV� DUH� FRQVLGHUHG� DPRQJ� WKH� FRPSHWLQJ

ZKRVH� SUHGHFHVVRUV� DUH� DERXW� WR� ILQLVK�� 7KH� µDERXW� WR� ILQLVK¶� DFWLYLWLHV� LQFOXGH

WKRVH�DFWLYLWLHV�ZKRVH�/67�LV�OHVV�WKDQ�RU�HTXDO�WR�WKH�ILQLVK�WLPH�RI�WKH�DFWLYLWLHV

UHDG\� WR� VWDUW��$ORQJ�ZLWK� WKH� FRQFHSW� RI�PD[LPXP� UHPDLQLQJ� SDWK� OHQJWK� DQG

UDWLR� RI� UHVRXUFH� UHTXLUHG� DQG� UHVRXUFH� DYDLODEOH� DV� JLYHQ� E\� 7DUXQ� HW� DO�� WKH

SURSRVHG�DOJRULWKP�DOVR�FRQVLGHUV�GHOD\�LQ�WKH�SURMHFW�GXH�WR�DQ�DFWLYLW\�LI�LW�GRHV

QRW� JHW� WKH� UHVRXUFH�� $QRWKHU� IDFWRU� DGGHG� LQ� WKH� H[SUHVVLRQ� RI� 63,� LQ� WKH

SURSRVHG�DOJRULWKP�LV�FRQVLGHULQJ�WKH�SURILWV�IHWFKHG�E\�D�SURMHFW��0RUHRYHU��WKH

FRPSHWLQJ�VXEVHWV�DUH�IRUPHG�EDVHG�RQ�WKH�UHVRXUFH�WKH\�UHTXLUH�UDWKHU�WKDQ�WKH

FRPSOHWLRQ� RI� WKHLU� SUHGHFHVVRUV�

6HFWLRQ���RI�WKH�SDSHU�SUHVHQWV�WKH�QRWDWLRQV�XVHG�LQ�WKH�DOJRULWKP��7KH

SUREOHP� LV� GHILQHG� LQ� VHFWLRQ� �� DQG� VHFWLRQ� �� H[SODLQV� WKH� SURSRVHG� DOJRULWKP�

&RPSDULVRQ� EHWZHHQ� WKH� VFKHGXOH� REWDLQHG� WKURXJK� WKH� DOJRULWKP� SURSRVHG� E\

7DUXQ�HW�DO��������DQG�WKURXJK�WKH�DOJRULWKP�SURSRVHG�LQ�WKLV�SDSHU��ZLWK�WKH�KHOS

RI� D� K\SRWKHWLFDO� FDVH� VWXG\� LV� SUHVHQWHG� LQ� 6HFWLRQ� ��� 6HFWLRQ� �� JLYHV� WKH

GLVFXVVLRQ� RI� UHVXOWV� DQG� IXWXUH� VFRSH�

127$7,216

XM � 2SWLPLVWLF�WLPH�UHTXLUHG�IRU�DFWLYLW\�M�

EM � 3HVVLPLVWLF�WLPH�UHTXLUHG�IRU�DFWLYLW\�M�

M � 7KH� VWDQGDUG�GHYLDWLRQ�RI� WLPH� IRU� DFWLYLW\� M�

M � $FWLYLW\�QXPEHU�RI�WKH�SURMHFW��������������������Q�����ZKHUH���DQG�Q��

�� DUH� GXPP\� VWDUW� DQG� GXPP\� HQG� QRGHV� UHVSHFWLYHO\�

WM � 'XUDWLRQ�RI�DFWLYLW\��D� UDQGRP�YDULDEOH�

0M � 0D[LPXP�UHPDLQLQJ�SDWK�OHQJWK�RI�DFWLYLW\�M�

$M � 6HW�RI�DFWLYLWLHV�RQ�WKH�SDWK�RI�PD[LPXP�OHQJWK�VWDUWLQJ�IURP�DFWLYLW\

M�

$� � 6HW� RI� DFWLYLWLHV� RQ� WKH� FULWLFDO� SDWK�

6M � 1HW� VWDQGDUG� GHYLDWLRQ� RI� WKH� SDWK� DVVRFLDWHG� WR� 0M� JLYHQ� E\

�

��� � � � � � � � � 9LEKD� 6DLKMSDO� HW� DO�� �� ,QGLDQ�0DQDJHPHQW� 6WXGLHV� -RXUQDO� ��� ������� �����



UMN � 5HQHZDEOH� UHVRXUFH�RI� W\SH�N� UHTXLUHG� WR�SHUIRUP�DFWLYLW\� M�

5N � 7RWDO� DYDLODEOH� UHVRXUFH� RI� W\SH�N�

7 � 3URMHFW�FRPSOHWLRQ�WLPH�ZLWKRXW�UHVRXUFH�FRQVWUDLQWV��7KLV�LV�WKH�FULWLFDO

SDWK� OHQJWK� RI� WKH� SURMHFW� EDVHG� RQ� WKH� H[SHFWHG� YDOXH� RI� WKH� WLPH

WDNHQ� E\� HDFK� DFWLYLW\�

6 � 6WDQGDUG� GHYLDWLRQ� RI� WKH� FULWLFDO� SDWK�

.
5 � 0LQLPXP�UHVRXUFH�RI�W\SH�N�UHTXLUHG�WR�FRPSOHWH�WKH�SURMHFW�LQ�WLPH

7� DVVXPLQJ� QR� RWKHU�.�±��� UHVRXUFH� FRQVWUDLQWV�

7N � 7LPH� WDNHQ� �EDVHG� RQ� WKH� H[SHFWHG� YDOXH� RI� WKH� DFWLYLW\� WLPH�� WR

FRPSOHWH� WKH�SURMHFW�FRQVLGHULQJ�RQO\� WKH�NWK� UHVRXUFH�FRQVWUDLQW�DQG

QR� RWKHU� UHVRXUFH� FRQVWUDLQWV�

L � 1XPEHU� RI� D� GHFLVLRQ� SRLQW�� $� GHFLVLRQ� SRLQW� RFFXUV� HLWKHU� DW� WKH

EHJLQQLQJ�RI�WKH�SURMHFW�RU�ZKHQ�DW�OHDVW�RQH�RI�WKH�UXQQLQJ�DFWLYLWLHV

LV�FRPSOHWHG�

5LN � 5HVRXUFH� RI� W\SH� N� DYDLODEOH� DW� GHFLVLRQ� SRLQW� L�

&L � 7KH� VHW� RI� DFWLYLWLHV� ZKLFK� DUH� UHDG\� WR� EH� VFKHGXOHG� LQ� GHFLVLRQ

SRLQW� L�� 7KLV� LV� WKH� VHW� RI� DFWLYLWLHV�� ZKLFK� VDWLVILHV� WKH� SUHFHGHQFH

UHODWLRQVKLS�

G � 'HOD\� LQ�SURMHFW� LI� WKH�DFWLYLW\� LV�PDGH� WR�ZDLW�

KJ � 3UHIHUHQFH�YDOXH�RI� WKH� SURMHFW�J�

3J � 3URILW� WKURXJK� WKH� SURMHFW�J�

=LP � 7KH�YDOXH�RI�63,�RI� DFWLYLW\�P� LQ�F\FOH� L�

=M � 7KH�YDOXH�RI�63,�RI�DFWLYLW\� M�

352%/(0�'(6&5,37,21

7KH�DOJRULWKP�SURSRVHG�LQ�WKLV�SDSHU�LV�IRU�WKH�FODVV�RI�SUREOHPV�ZLWK

XQFHUWDLQ�DFWLYLW\�GXUDWLRQV�DQG� OLPLWHG�UHVRXUFHV��7KH�DFWLYLW\�GXUDWLRQV�DUH

HVWLPDWHG� EDVHG� RQ� SUHYLRXV� H[SHULHQFH� DQG� DOVR�� DW� WLPHV�� RQ� QDWXUH� RI� WKH

PDQDJHU�� ,W� GHSHQGV� RQ� WKH� LQGLYLGXDO� KRZ�PXFK� VDIHW\� WLPH� KH� DGGV� WR� WKH

GXUDWLRQ�RI�HDFK�DFWLYLW\��6LQFH�WKH�SURSRVHG�DFWLYLW\�GXUDWLRQ�PD\�QRW�H[DFWO\

PDWFK� WKH� DFWXDO� WLPH� WKH� DFWLYLW\� ILQLVKHV� LQ�� ORZHU� DQG� XSSHU� ERXQG

LV� FRQVLGHUHG� IRU� WKH� GXUDWLRQ� RI� HDFK� DFWLYLW\�� 7KH� DFWLYLW\� GXUDWLRQV� DUH

DVVXPHG� WR� EH� QRUPDOO\� GLVWULEXWHG�� 7KH� SUREOHP� XQGHU� FRQVLGHUDWLRQ� LV� RI

WLPH� PLQLPL]DWLRQ� ZLWK� RSWLPDO� UHVRXUFH� DOORFDWLRQ� KDYLQJ� WKH� IROORZLQJ

SURSHUWLHV� �

�� $�ZHOO�GHILQHG�VHW�RI�DFWLYLWLHV�

�� 5DQGRP�DFWLYLW\�GXUDWLRQ�ZKLFK�LV�QRUPDOO\�GLVWULEXWHG�DQG�LV�EDVHG
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RQ� ORZHU� DQG� XSSHU� ERXQGV�

�� )L[HG�SUHFHGHQFH�UHODWLRQVKLSV�

�� )L[HG� UHTXLUHPHQW� DQG� DYDLODELOLW\� RI� UHVRXUFHV� FRQVLGHULQJ� RQO\

UHQHZDEOH� UHVRXUFHV�

�� 3UH�HPSWLRQ�LV�QRW�DOORZHG�

�� ([SHFWHG�RXWFRPH�RI� SURMHFWV� LQ� WHUPV�RI� SURILW� RU� DWWDLQLQJ�PRUH

SURMHFWV� LV� NQRZQ�

7+(�352326('�$/*25,7+0

7KH�SUREOHP�GHDOV�ZLWK�WKH�RSWLPDO�DOORFDWLRQ�RI�UHVRXUFHV�WR�DFWLYLWLHV

DW�HYHU\�GHFLVLRQ�SRLQW�L�H��ZKHUHYHU�D�UHVRXUFH�FRQVWUDLQW�RFFXUV��7KH�SURSRVHG

DOJRULWKP�DOORFDWHV� WKH� UHVRXUFHV�DFFRUGLQJ� WR�D�SULRULW\� UXOH�ZKLFK� LV� IROORZHG

DW� HYHU\�GHFLVLRQ�SRLQW��$�GHFLVLRQ�SRLQW� RFFXUV� DW� WKH�EHJLQQLQJ�RI� WKH�SURMHFW

RU�ZKHQ�DQ\�DFWLYLW\�ILQLVKHV��2QH�RU�PRUH�GHFLVLRQ�SRLQWV�RFFXU�IRU�HDFK�OLPLWHG

UHVRXUFH��$W�HYHU\�GHFLVLRQ�SRLQW��D�VHW�RI�FRPSHWLQJ�DFWLYLWLHV� LV� IRUPHG�ZKLFK

FRQWDLQV� WKH� DFWLYLWLHV� UHTXLULQJ� D� SDUWLFXODU� UHVRXUFH� DQG� ZKRVH� SUHFHGLQJ

DFWLYLWLHV�DUH�ILQLVKHG�RU�DUH�DERXW�WR�ILQLVK���$PRQJ�WKH�DFWLYLWLHV�ZKRVH�SUHFHGLQJ

DFWLYLWLHV� DUH� DERXW� WR� ILQLVK�� WKRVH� DFWLYLWLHV� DUH� FRQVLGHUHG�ZKRVH�/67� LV� OHVV

WKDQ�WKH�ILQLVKLQJ�WLPH�RI�WKH�DFWLYLWLHV�UHDG\�WR�VWDUW��7KH�SULRULW\�UXOH�WR�GHFLGH

WKH�ZLQQLQJ� DFWLYLW\� IRU� DOORFDWLRQ� LV� EDVHG�RQ� WKH� IROORZLQJ�SDUDPHWHUV� �

�� 0D[LPXP�UHPDLQLQJ�SDWK�OHQJWK��0RGHU�HW�DO���������

�� 'HOD\� LQ� WKH� SURMHFW� GXH� WR� DQ� DFWLYLW\� IRUFHG� WR�ZDLW�

�� 5DWLR�RI� UHVRXUFH� UHTXLUHPHQW� WR� UHVRXUFH�DYDLODELOLW\�

�� 3UHIHUHQFH� JLYHQ� WR� DQ\� SURMHFW� EDVHG� RQ� LWV� H[SHFWHG� SURILW�

0D[LPXP�5HPDLQLQJ�3DWK�/HQJWK�DQG�'HOD\�)DFWRU

7KH�PD[LPXP�UHPDLQLQJ�SDWK�OHQJWK��0M�RI�D�SDUWLFXODU�DFWLYLW\�LV� WKH

OHQJWK� RI� WKH� ORQJHVW� UHPDLQLQJ� SDWK� VWDUWLQJ� IURP� WKDW� DFWLYLW\�� 7KH� VHW� RI

DFWLYLWLHV� RQ� WKLV� SDWK� LV� GHQRWHG� E\� $M�� 7R� WDNH� FDUH� RI� WKH� XQFHUWDLQW\� LQ

DFWLYLW\�GXUDWLRQV��WKH�VWDQGDUG�GHYLDWLRQ�PXOWLSOLHG�WR�Q��WKH�ZHLJKW�DJH�JLYHQ

WR�WKH�VWDQGDUG�GHYLDWLRQ��RI�HDFK�DFWLYLW\�LV�DGGHG�WR�WKH�OHQJWK�RI�WKH�UHPDLQLQJ

SDWK�RI�WKH�DFWLYLW\��,W�LV�JLYHQ�E\�0M� � M $MWM���Q6M��$�GHOD\�IDFWRU�G�LV�DGGHG

WR�0M��7R� JLYH� D� SUHIHUHQFH� WR� WKH� DFWLYLWLHV� RQ� WKH� FULWLFDO� SDWK� DW� D� GHFLVLRQ

SRLQW��0M���G�LV�GLYLGHG�E\�7���Q6��:KHQ�G�LV�]HUR��WKLV�UDWLR�LV�DOZD\V�OHVV�WKDQ

RQH� DQG� LV� KLJKHU� IRU� WKH� DFWLYLWLHV� RQ� WKH� FULWLFDO� FKDLQ�� KHQFH� JLYLQJ� WKHP� D

SUHIHUHQFH�� 7KH� SDUDPHWHU� Q� LQGLFDWHV� WKH� ZHLJKWDJH� JLYHQ� WR� WKH� VWDQGDUG

GHYLDWLRQ� L�H�� WKH� XQFHUWDLQW\� LQ� DFWLYLW\� GXUDWLRQV�� 7KH� UDWLR� LV� UDLVHG� WR� WKH

SRZHU�T�ZKLFK�WDNHV�FDUH�RI�WKH�RYHUDOO�FULWLFDOLW\�RI�WKH�SURMHFW��T�LV�PHDVXUHG

��� � � � � � � � � 9LEKD� 6DLKMSDO� HW� DO�� �� ,QGLDQ�0DQDJHPHQW� 6WXGLHV� -RXUQDO� ��� ������� �����



DV� WKH� UDWLR�RI�PD[�7N� WR� WKDW�RI�7��7N� UHSUHVHQWV� WKH� WLPH� WDNHQ�E\� WKH�SURMHFW

WR� ILQLVK�FRQVLGHULQJ�RQO\�NWK� W\SH�RI� UHVRXUFH�FRQVWUDLQW�DQG�QR�RWKHU� �N�±���WK

UHVRXUFH� FRQVWUDLQWV�� ,W� FDQ� EH� FDOFXODWHG� XVLQJ� WKH� QRUPDO� SURFHGXUH� IRU

FDOFXODWLQJ� &30� FRQVLGHULQJ� WKLV� UHVRXUFH� FRQVWUDLQW� DV� DQRWKHU� SUHFHGHQFH

UHODWLRQ�

$� IDFWRU�G� FDOOHG� WKH� GHOD\� IDFWRU�� DGGHG� WR�0M� LQWURGXFHV� WKH� GHOD\� LQ

WKH�SURMHFW�LI�WKH�DFWLYLW\�LQ�TXHVWLRQ�LV�IRUFHG�WR�ZDLW�IRU�WKH�UHVRXUFH��$W�WLPHV�

WKH�053/�IRU�DQ�DFWLYLW\�PD\�EH� ORQJHU�DQG�KHQFH�D�KLJKHU�63,��EXW� WKHUH�PD\

H[LVW�D�ODUJH�VODFN�LQ�WKH�UHPDLQLQJ�SDWK�DQG�WKH�RWKHU�FRPSHWLQJ�DFWLYLW\�PLJKW

KDYH�D�VPDOOHU�053/�DORQJ�ZLWK�D�VPDOO�VODFN��+HUH�LI�WKH�UHVRXUFH�LV�DOORFDWHG

WR� WKH� DFWLYLW\� ZLWK� VPDOOHU� VODFN� SURMHFW� PD\� QRW� EH� GHOD\HG� DW� DOO� EXW� LI� WKH

DOORFDWLRQ�LV�GRQH�WKH�RWKHU�ZD\��WKH�SURMHFW�PD\�JHW�GHOD\HG�EHFDXVH�RI�VPDOOHU

VODFN�RI�WKH�ZDLWLQJ�DFWLYLW\��7KLV�ZRXOG�EH�DSSOLFDEOH�IRU�WKH�QRQ�FULWLFDO�SDWKV

EXW� LW�KDV� WR�EH�FRQVLGHUHG�EHFDXVH�QRQ�FULWLFDO�SDWKV�PD\�EHFRPH�FULWLFDO�DIWHU

UHVRXUFH� DOORFDWLRQ�

5DWLR�RI�5HVRXUFH�5HTXLUHPHQW�WR�5HVRXUFH�$YDLODELOLW\

3UHIHUHQFH�LV�JLYHQ�WR�WKH�DFWLYLW\�UHTXLULQJ�ODUJHU�XQLWV�RI�UHVRXUFHV��,W

LV�PHDVXUHG�E\� WKH� UDWLR� � L�H�� UDWLR�RI� WKH� UHVRXUFH�DYDLODEOH� WR� WKH� UHVRXUFH

UHTXLUHG� WR� FRPSOHWH� WKH� SURMHFW� LQ� WKH� PLQLPXP� SRVVLEOH� WLPH�� 7KLV� IDFWRU� LV

UDLVHG� WR� WKH� SRZHU�3N� ZKLFK� UHSUHVHQWV� WKH� SUREDELOLW\� RI� WKH� UHVRXUFH� FUXQFK

RI� WKDW� W\SH�RI� UHVRXUFH�GXULQJ� WKH�ZKROH� WLPH� VSDQ�RI� WKH�SURMHFW� DQG� LV�JLYHQ

E\�3N�  � �

3UHIHUHQFH�*LYHQ�WR�$Q\�3URMHFW�%DVHG�RQ�LWV�([SHFWHG�3URILW

0DNLQJ� PRQH\� RXW� RI� WKH� SURMHFW� LV� WKH� XOWLPDWH� DLP� RI� WKH� SURMHFW

PDQDJHU� KHQFH�SUHIHUHQFH� LV� JLYHQ� WR� WKH�SURMHFW�ZKLFK� IHWFKHV� ODUJHU� SURILW� RU

ZKLFK�FDQ�IHWFK�PRUH�SURMHFWV��)RU�WKLV�D�IDFWRU�JLYHQ�E\� �LV�LQWURGXFHG

LQ�WKH�H[SUHVVLRQ�IRU�63,��+HUH�P�GHQRWHV�WKH�QXPEHU�RI�SURMHFWV�UXQQLQJ�SDUDOOHO

DQG� VKDULQJ� UHVRXUFHV�� 7KLV� UDWLR� JLYHV� WKH� ZHLJKW� WR� WKH� SURMHFW�� 7KLV� IDFWRU

ZRXOG� EH� KLJKHU� IRU� SURMHFWV� EHDULQJ� KLJKHU� ZHLJKWDJH� VLQFH� WKH� GHQRPLQDWRU

UHPDLQV� FRQVWDQW�
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+HQFH� WKH� ILQDO�H[SUHVVLRQ� IRU�63,� LV�JLYHQ�E\

��� ������

7KH�DFWLYLW\�ZLWK�PD[LPXP�YDOXH�RI���LV�DOORFDWHG�WKH�UHVRXUFH�ILUVW�RI�DOO�

IROORZHG�E\�WKH�RQH�ZLWK�OHVVHU�YDOXH�RI���DQG�VR�RQ�WLOO�WKH�UHVRXUFH�LV�FRPSOHWHO\

H[KDXVWHG�

5HPDUN

7KH�SURSRVHG�DOJRULWKP�ZLOO�EH�NQRZQ�DV�3DUL�5&363��7KH�QDPH�KDV�EHHQ

FRLQHG� LQ� WKH�PHPRU\� RI� EHORYHG� GDXJKWHU� /DWH�0V�� 3DUL� RI� VHFRQG� DXWKRU�

&20387$7,21$/�352&('85(

�� &DOFXODWH�WKH�FULWLFDO�SDWK�XVLQJ�&30�DQG�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH

FULWLFDO�SDWK�XVLQJ�PRVW� OLNHO\� WLPH�RI� WKH�DFWLYLWLHV�

�� &DOFXODWH� WKH� YDOXHV� RI�7N��5LN�� 3N� DQG�T�

�� $W�HYHU\�GHFLVLRQ�SRLQW�� FDOFXODWH� WKH�YDOXH�RI�=M� IRU� DOO� WKH� FRPSHWLQJ

DFWLYLWLHV�

�� $OORFDWH� WKH� UHVRXUFHV� WR� WKH� DFWLYLWLHV� LQ� WKH� GHFUHDVLQJ� RUGHU� RI�=M�

&$6(�678'<

0U��;�RZQV�D�SURGXFWLRQ�FRPSDQ\��+H�LV�ZRUNLQJ�RQ�WZR�SURMHFWV�3��DQG

3��VLPXOWDQHRXVO\��,I�3��ILQLVKHV�LQ�WLPH�KLV�FRPSDQ\�ZRXOG�JHW�PXOWLSOH�SURMHFWV�

DOWKRXJK�3��LV�D�SURMHFW�RI�DQRWKHU�UHJXODU�FOLHQW��+HQFH�3��LV�PRUH�LPSRUWDQW�IRU

0U�� ;�� $FWLYLW\� GXUDWLRQV�� SUHFHGHQFH� UHODWLRQV� DQG� UHVRXUFHV� WR� EH� XVHG� LQ

SURMHFWV� 3�� DQG�3�� DUH� JLYHQ� LQ� WDEOHV� EHORZ�
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7DEOH� �

� � � � � � � � 3URMHFW� � � � � � � 3URMHFW� �

$FWL�� � � � 'XUDWLRQ 6XFFH� 5HVRXUFH $FWL�� � � 'XUDWLRQ 6XFFH� 5HVRXUFH

YLW\ DM EM VVRU UHTXLUHG YLW\ DM EM VVRU UHTXLUHG

� ± ± ��������� ± � ± ± ������� ±

� �� �� ��� 5� � �� �� ����� 5�

� �� �� ����� 5� � �� �� � 5�

� � �� � 5� � �� �� � 5�

� �� �� � 5� � �� �� ����� 5�

� � �� ����� 5� � �� �� �� 5�

� �� �� ����� 5� � �� �� ����� 5�

� � �� � 5� � �� �� ����� 5�

� �� �� ����� 5� � �� �� �� 5�

� � �� �� 5� � �� �� �� 5�

�� �� �� �� 5� �� � �� �� 5�

�� � �� �� 5� �� � �� �� 5�

�� �� �� �� 5� �� � �� �� 5�

�� ± ± ± ± �� � �� �� 5�

�� � �� �� 5�

�� � �� �� 5�

�� �� �� �� 5�

�� ± ± ± ±

6LQFH�SURMHFW���ZRXOG�IHWFK�PXOWLSOH�SURMHFWV�WR�0U��;��KH�KDV�IL[HG�WKH

YDOXH�RI�K ��IRU�SURMHFW�3��DQG�K ��IRU�SURMHFW�S��ZKLFK�LV�DQ\�URXWLQH�SURMHFW�

3��ZRXOG� JDLQ�0U�� ;� D� SURILW� RI� ��� ODNKV� DQG� 3��ZRXOG� IHWFK� KLP� �� ODNKV� DV

HVWLPDWHG�E\�KLV�DFFRXQWV�SHUVRQQHO��0U��;�RZQV�RQH�XQLW�HDFK�RI�UHVRXUFHV�5��

5���5��DQG�5��DQG�WZR�XQLWV�HDFK�RI�5��DQG�5���$VVXPLQJ�WKH�DFWLYLW\�GXUDWLRQV

WR� EH� QRUPDOO\� GLVWULEXWHG�� WKH� PRVW� OLNHO\� DFWLYLW\� GXUDWLRQV� DQG� WKH� VWDQGDUG

GHYLDWLRQV� LV� FDOFXODWHG� DV� JLYHQ� LQ�7DEOH� ��
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8VLQJ� WKH� PRVW� OLNHO\� DFWLYLW\� GXUDWLRQ�� WKH� (67�� /67�� ()7�� /)7� LV

FDOFXODWHG� DV� JLYHQ� LQ� WDEOH� �� DQG� WDEOH� �� DQG� WKH� FULWLFDO� SDWKV� DUH� IRXQG� DV

VKRZQ� LQ� ILJ��� DQG� ILJ��� UHVSHFWLYHO\� IRU�3URMHFW��� DQG�3URMHFW���

7DEOH� �

� � � � � � 3URMHFW� � � � � � � � 3URMHFW� �

$FWLYLW\ 'XUDWLRQ 6WDQGDUG $FWLYLW\ 'XUDWLRQ 6WDQGDUG

�W
M
� 'HYLDWLRQ �W

M
� 'HYLDWLRQ

�PRVW� OLNHO\� �PRVW� OLNHO\�

� ± ± � ± ±

� �� � � �� �����

� �� � � �� ����

� �� ���� � �� �����

� �� � � �� �

� �� ����� � �� ����

� �� ����� � �� �

� �� � � �� �����

� �� ���� � �� �

� �� � � �� �����

�� �� ����� �� �� �

�� �� ����� �� �� �

�� �� ���� �� � �����

�� ± �� �� ����

�� �� �

�� � �����

�� �� �

�� ± ±

7DEOH� �

$FWLYLW\ � � � � � � � � � �� �� �� ��

(67 � � � � � �� �� �� �� �� �� �� ��

()7 �� �� �� �� �� �� �� �� �� �� �� �� ��

/67 � �� �� � �� �� �� �� �� �� �� �� ��

/)7 �� �� �� �� �� �� �� �� �� �� �� �� ��
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)LJXUH� �� �� 1HWZRUN� 'LDJUDP� IRU� 3URMHFW� �

7DEOH� �

$FWLYLW\ (67 ()7 /67 /)7

� � �� �� ��

� � �� �� ��

� � �� � ��

� � �� �� ��

� �� �� �� ��

� �� �� �� ��

� �� �� �� ��

� �� �� �� ��

� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ���

�� �� �� �� ���

�� �� �� �� ���

�� �� �� �� ���

�� �� �� �� ��

�� �� ��� �� ���

�� ± ± ± ±
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7KH� VFKHGXOHV� REWDLQHG� DV� VKRZQ� LQ� )LJ�� �� DQG� )LJ�� �� JLYH� WKH� EDVLF

VFKHGXOH� ZKHUH� WKH� UHVRXUFH� DYDLODELOLW\� LV� QRW� FRQVLGHUHG�� :KHUHHYHU� WKH

DYDLODELOLW\� RI� UHVRXUFHV� LV� FRQVWUDLQHG�� D� GHFLVLRQ� QHHGV� WR� EH� WDNHQ� IRU� WKH

DOORFDWLRQ�RI�UHVRXUFH��7KLV�SDSHU�XVHV�WZR�FULWHULRQV�IRU�DOORFDWLRQ��RQH�XVLQJ�WKH

SURSRVHG� DOJRULWKP� DQG� WKH� RWKHU� XVLQJ� WKH� DOJRULWKP� SURSRVHG� E\� 7DUXQ� HW

DO�ZKLFK�KDV�EHHQ�PRGLILHG�WR�GHYHORS�WKH�SURSRVHG�DOJRULWKP��)LUVW�ZH�VROYH�WKH

SUREOHP� RI� UHVRXUFH� DOORFDWLRQ� XVLQJ� WKH� SURSRVHG� DOJRULWKP�

$W�WKH�VWDUWLQJ�SRLQW�RI�WKH�SURMHFW�UHVRXUFH�5��LV�UHTXLUHG�E\�$��RI�3��

$��RI�3��DQG�$��RI�3���6R� WKLV� LV� D�GHFLVLRQ�SRLQW��7R�GHFLGH� WKH�DFWLYLWLHV� IRU

DOORFDWLRQ��63,� LV�FDOFXODWHG� IRU�HDFK�DFWLYLW\�DQG� WKH�RQH�ZLWK�KLJKHVW�YDOXH�RI

63,�JHWV�WKH�UHVRXUFH��7KH�YDOXHV�RI�63,�DV�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ�������

IRU�$��RI�3���$��RI�3��DQG�$��RI�3��DUH���������������DQG��������UHVSHFWLYHO\�

+HQFH� WKH�ZLQQLQJ�DFWLYLWLHV�ZRXOG�EH�$��RI�3��DQG�$��RI�3��� DV� WZR�XQLWV�RI

5��DUH�DYDLODEOH��6LQFH�$��RI�3��ZLOO�KDYH�WR�ZDLW�WLOO�5��JHWV�IUHH��DOO�WKH�DFWLYLWLHV

VXFFHHGLQJ�$��RI�3��ZLOO�DOVR�JHW�SRVWSRQHG��+HQFH�WKH�(67��/67��()7�DQG�/)7

QHHG�WR�EH�UHVFKHGXOHG�IRU�DOO�WKRVH�DFWLYLWLHV��6LPXOWDQHRXVO\��D�GHFLVLRQ�ZRXOG

EH� WDNHQ�IRU� WKH�DOORWPHQW�RI�5��WR�$��RI�3��RU�$��RI�3���DQG�5��IRU�$��RI�3�

RU�$��RI�3���6LQFH�DW�WKH�VWDUWLQJ�WLPH��RQO\�$��RI�3��UHTXLUHV�5���LW�JHWV�DOORFDWHG

WR�$���6LPLODUO\�5��JHWV�DOORFDWHG�WR�$��RI�3���$V�DOO�WKHVH�DOORFDWLRQV�DUH�GRQH�

WKH�(67��/67��()7�DQG�/)7�JHW�UHVFKHGXOHG�IRU�WKH�DFWLYLWLHV�ZKLFK�KDYH�WR�ZDLW

DQG�DOO�WKHLU�VXFFHHGLQJ�DFWLYLWLHV��7KH�QH[W�GHFLVLRQ�SRLQWV�DUH�LGHQWLILHG�DFFRUGLQJ

WR� UHYLVHG�YDOXHV�RI�(67��/67��()7�DQG�/)7��7KH�QH[W�GHFLVLRQ�SRLQWV� DQG� WKH

ZLQQLQJ�DFWLYLWLHV�DUH�VXPPDULVHG�LQ�7DEOH����,Q�WKH�FROXPQ�RI�FRPSHWLQJ�DFWLYLWLHV�

WKH� KLJKOLJKWHG� DFWLYLWLHV� DUH� WKH�ZLQQLQJ� DFWLYLWLHV�

)LJXUH� �� �� 1HWZRUN� 'LDJUDP� IRU� 3URMHFW� �
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1H[W�� WKH� VFKHGXOLQJ� LV� GRQH�XVLQJ� WKH� DOJRULWKP�JLYHQ�E\�7DUXQ� HW� DO�

7KH�DOORFDWLRQ�DW�YDULRXV�GHFLVLRQ�SRLQWV� LV� VXPPDULVHG� LQ�7DEOH����+HUH�63,� LV

FDOFXODWHG� XVLQJ� WKH� H[SUHVVLRQ� �

=LP� �� ������

:KHUH�FLP�LV�WKH�VXEVHW�P�RI�WKH�VHW�&L WKDW�FDQ�EH�IRUPHG�WDNLQJ�DV�PDQ\

DFWLYLWLHV�DV�SRVVLEOH�ZLWKRXW�YLRODWLQJ�DQ\�UHVRXUFH�FRQVWUDLQW��P� �������������0�

OLP�GHQRWHV� WKH�QXPEHU�RI�DFWLYLWLHV� LQ� WKH�VXEVHW�&LP� �DQG�=LQ� LV� WKH�YDOXH�RI�63,

RI� VXEVHW�P� LQ� F\FOH� L�

5(68/76�$1'�',6&866,216

7KH�VFKHGXOH�REWDLQHG� LQ�7DEOH��� ILQLVKHV� WKH�3URMHFW���DW����XQLWV�DQG

SURMHFW���DW�����XQLWV�ZKLOH�WKH�RQH�LQ�7DEOH���ILQLVKHV�3URMHFW���DW�����XQLWV�DQG

SURMHFW� �� DW� ���� XQLWV�� KHQFH� H[WHQGLQJ� WKH� SURMHFWV� E\� ������ DQG� �����

UHVSHFWLYHO\�

)RU�HYHU\�DFWLYLW\�WKHUH�H[LVWV�DQ�LQWHUYDO�LQ�ZKLFK�WKH�VWDUWLQJ�WLPH�IDOOV�

VWDUWLQJ�IURP�(67�WR�/67��6WDUWLQJ�WKH�DFWLYLW\�DW�(67�SURYLGHV�D�ODUJHU�VODFN�DQG

KHQFH�DEVRUEV�VRPH�GHOD\V�EXW�VWDUWLQJ�WKH�DFWLYLW\�DW�/67�ZRXOG�GHFUHDVH�:,3

DQG�PD\� OHDG� WR� UHVRXUFH� OHYHOOLQJ� LQ� VRPH�FDVHV��+HUH� OLHV� WKH� IXWXUH� VFRSH� WR

WKLV�SUREOHP��$Q�RSWLPDO� VWDUWLQJ� WLPH�ZRXOG�JLYH�D�PRUH�HIILFLHQW� VFKHGXOH�E\

UHGXFLQJ�WKH�:,3�WLPH�ZKHUH�DSSOLFDEOH�DQG�LQFUHDVLQJ�WKH�VODFN��KHQFH�UHGXFLQJ

WKH� GHOD\� FDXVHG� GXH� WR� UHVRXUFH� FRQVWUDLQW� ZKHUH� SRVVLEOH�

5HIHUHQFHV

%DOOHVW"�Q� )UDQFLVFR� D�� 9LFHQWH� 9DOOV� E�� DQG� 6DFUDPHQWR� 4XLQWDQLOOD� �������� 3UH�HPSWLRQ

LQ� 5HVRXUFH�FRQVWUDLQHG� 3URMHFW� 6FKHGXOLQJ�� (XURSHDQ� -RXUQDO� RI� 2SHUDWLRQDO

5HVHDUFK��9RO� ����� SS�� ����±�����

%DUDGDUDQ� 6LDPDN�� *KRPL� 6��0�� 7�� )DWHPLO��0RELQL�0DKGL�� DQG�+DVKHPLQ� 6�� 6�� ��������

$� +\EULG� 6FDWWHU� 6HDUFK� $SSURDFK� IRU� 5HVRXUFH�FRQVWUDLQHG� 3URMHFW� 6FKHGXOLQJ

3UREOHP� LQ�3(57�W\SH�1HWZRUNV��9ROXPH����� ,VVXHV������-XO\�$XJXVW��SS�� ��������

%KDVNDU� 7DUXQ�� 3DO� � 0DQDEHQGUD�� 1�� 3DO�� DQG� $VLP� .�� �������� $� +HXULVWLF� 0HWKRG� IRU

5&363� ZLWK� )X]]\� $FWLYLW\� 7LPHV�� (XURSHDQ� -RXUQDO� RI� 2SHUDWLRQDO� 5HVHDUFK�

9ROXPH� ����� ,VVXH� ����� -DQXDU\��SS�� ������

%KDVNDU�� 7DUXQ�� 0DQDEHQGUD�� 1DWK� 3DO�� 3URMHFW� 6FKHGXOLQJ� XQGHU� 8QFHUWDLQW\�� �������

��WK� ,50$� ,QWHUQDWLRQDO� &RQIHUHQFH�� 9DQFRXYHU�� &DQDGD��0D\� ������

� � � � �9LEKD�6DLKMSDO� HW� DO�� �� ,QGLDQ�0DQDJHPHQW� 6WXGLHV� -RXUQDO� ��� ������� ������ � � � � � � � � � � ��



&KWRXURX�+H�GL��DQG�+DRXDUL�0RKDPHG����������$�7ZR�VWDJH�SULRULW\�UXOH�EDVHG�$OJRULWKP

IRU� 5REXVW� 5HVRXUFH�FRQVWUDLQHG� 3URMHFW� 6FKHGXOLQJ�� &RPSXWHUV� 	� ,QGXVWULDO

(QJLQHHULQJ� 9ROXPH� ���� ,VVXH� ���$XJXVW� ������SS�� ��������

*ODU]� -DQ�:H��� -R]HIRZVND� -RDQQD�� 0LND� 0DUHN�� DQG�:DOLJRUD� *U]HJRU]� �������� 3URMHFW

6FKHGXOLQJ�ZLWK�)LQLWH�RU�,QILQLWH�1XPEHU�RI�$FWLYLW\�3URFHVVLQJ�0RGHV�±�$�6XUYH\�

(XURSHDQ� -RXUQDO� RI� 2SHUDWLRQDO� 5HVHDUFK�� 9ROXPH� ����� ,VVXH� ����� )HEUXDU\��SS�

��������

+DUWPDQQ� 6RQNH�� DQG� %ULVNRUQ� 'LUN� ��������$� 6XUYH\� RI� 9DULDQWV� DQG� ([WHQVLRQV� RI� WKH

5HVRXUFH�FRQVWUDLQHG�3URMHFW�6FKHGXOLQJ�3UREOHP��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO

5HVHDUFK�� 9ROXPH� ����� ,VVXH� ������ 1RYHPEHU��SS�� �����

/RQJ�/XRQJ�'XF��DQG�2KVDWR�$ULR���������)X]]\�&ULWLFDO�&KDLQ�0HWKRG�IRU�3URMHFW�6FKHGXOLQJ

XQGHU� 5HVRXUFH� &RQVWUDLQWV� DQG� 8QFHUWDLQW\�� ,QWHUQDWLRQDO� -RXUQDO� RI� 3URMHFW

0DQDJHPHQW� 9ROXPH� ���� ,VVXH� ���$XJXVW��SS�� ��������

0RELQLD�0DKGL��0RELQLE�=DKUD��DQG�5DEEDQLD�0DVRXG���������$Q�$UWLILFLDO�,PPXQH�$OJRULWKP

IRU� WKH� 3URMHFW� 6FKHGXOLQJ� 3UREOHP� XQGHU� 5HVRXUFH� &RQVWUDLQWV�� $SSOLHG� 6RIW

&RPSXWLQJ��9ROXPH� ���� ,VVXH� ���0DUFK��SS�� ����������

0RGHU� -�� -��� 3KLOOLSV�&��5��� DQG�'DYLV�(��:�� �������� 3URMHFW� 6FKHGXOLQJ�ZLWK� 3(57��&30

DQG�3UHFHGHQFH�'LDJUDPPLQJ��9DQ�1RVWUDQG�5HLQKROG�&RPSDQ\�

3DO�0DQDEHQGUD�1���7DUXQ�%KDVNDU�� DQG�5DMDQ�3DO� ��������$�7LPH�(IILFLHQW�1RQ�UHFXUVLYH

+HXULVWLF�5HVRXUFH�&RQVWUDLQHG�3URMHFW�VFKHGXOLQJ�SUREOHPV��6HFRQG�:RUOG�&RQIHUHQFH

RQ�320�DQG���WK�$QQXDO�320�&RQIHUHQFH��&DQFXP��0H[LFR��$SULO� ��� WR�0D\���

$EVWUDFW� 1R�� ���B�����

7XNHO�2\D�,����������5RP�:DOWHU�2���(NVLRJOX�6DQGUD�'XQL���$Q�LQYHVWLJDWLRQ�RI�EXIIHU�VL]LQJ

WHFKQLTXHV� LQ�FULWLFDO�FKDLQ�VFKHGXOLQJ��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�

9RO�� ����� SS�� ���±����
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