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Abstract: 7KH�FRPELQDWRULDO�H[SORVLRQ�SUREOHP�SUHYHQWV�FRPSOHWH�DOJRULWKPV�IURP�VROYLQJ�PDQ\�UHDO�OLIH�FRPELQDWRULDO�RSWLPL]DWLRQ�SUREOHPV��,Q� PDQ\� VLWXDWLRQV�� KHXULVWLF� VHDUFK� PHWKRGV� DUH� QHHGHG�� 7KLV� FKDSWHU�GHVFULEHV� WKH� SULQFLSOHV� RI� *XLGHG� /RFDO� 6HDUFK� �*/6�� DQG� )DVW� /RFDO�6HDUFK��)/6��DQG�VXUYH\V�WKHLU�DSSOLFDWLRQV��*/6�LV�D�SHQDOW\�EDVHG�PHWD�KHXULVWLF�DOJRULWKP�WKDW�VLWV�RQ�WRS�RI�RWKHU�ORFDO�VHDUFK�DOJRULWKPV��ZLWK�WKH�DLP�WR�LPSURYH�WKHLU�HIILFLHQF\�DQG�UREXVWQHVV��)/6�LV�D�ZD\�RI�UHGXFLQJ�WKH�VL]H�RI�WKH�QHLJKERUKRRG�VR�DV�WR�LPSURYH�WKH�HIILFLHQF\�RI�ORFDO�VHDUFK��7KH�FKDSWHU�DOVR�SURYLGHV�JXLGDQFH� IRU� LPSOHPHQWLQJ�DQG�XVLQJ�*/6�DQG�)/6��)RXU� SUREOHPV�� UHSUHVHQWDWLYH� RI� JHQHUDO� DSSOLFDWLRQ� FDWHJRULHV�� DUH�H[DPLQHG�ZLWK�GHWDLOHG�LQIRUPDWLRQ�SURYLGHG�RQ�KRZ�WR�EXLOG�D�*/6�EDVHG�PHWKRG�LQ�HDFK�FDVH�
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0DQ\�SUDFWLFDO�SUREOHPV�DUH�13�KDUG�LQ�QDWXUH��ZKLFK�PHDQV�FRPSOHWH��FRQVWUXFWLYH� VHDUFK� LV� XQOLNHO\� WR� VDWLVI\� RXU� FRPSXWDWLRQDO� GHPDQG�� )RU�H[DPSOH�� VXSSRVH�ZH� KDYH� WR� VFKHGXOH� ��� MREV� WR� ���PDFKLQHV�� VDWLVI\LQJ�YDULRXV�SURGXFWLRQ�FRQVWUDLQWV��7KH�VHDUFK�VSDFH�KDV����� OHDI�QRGHV��/HW�XV�DVVXPH�WKDW�ZH�XVH�D�YHU\�FOHYHU�EDFNWUDFNLQJ�DOJRULWKP�WKDW�H[SORUHV�RQO\�RQH� LQ� HYHU\� ���� OHDI� QRGHV�� /HW� XV� JHQHURXVO\� DVVXPH� WKDW� RXU�LPSOHPHQWDWLRQ� H[DPLQHV� ���� QRGHV� SHU� VHFRQG� �ZLWK� WRGD\¶V� KDUGZDUH��HYHQ�WKH�PRVW�QDwYH�EDFNWUDFNLQJ�DOJRULWKP�VKRXOG�EH�H[SHFWHG�WR�H[DPLQH�RQO\���� QRGHV�SHU�VHFRQG���7KLV�VWLOO�OHDYHV�XV�ZLWK�DSSUR[LPDWHO\�����\HDUV�WR�VROYH�WKH�SUREOHP��LQ�WKH�ZRUVW�FDVH��0DQ\�UHDO�OLIH�SUREOHPV�FDQQRW�EH�UHDOLVWLFDOO\� DQG� UHOLDEO\�EH� VROYHG�E\�FRPSOHWH� VHDUFK��7KLV�PRWLYDWHV� WKH�GHYHORSPHQW�RI�ORFDO�VHDUFK��RU�KHXULVWLF�PHWKRGV��,Q�WKLV�SDSHU��ZH�GHVFULEH�*/6��D�JHQHUDO�PHWD�KHXULVWLF�DOJRULWKP�DQG�LWV�DSSOLFDWLRQV�� */6� VLWV� RQ� WRS� RI� RWKHU� KHXULVWLF� PHWKRGV� ZLWK� WKH� DLP� WR�LPSURYH�WKHLU�HIILFLHQF\�RU�UREXVWQHVV��*/6�KDV�EHHQ�DSSOLHG�WR�D�QRQ�WULYLDO�QXPEHU�RI�SUREOHPV��DQG�IRXQG�WR�EH�HIILFLHQW�DQG�HIIHFWLYH��,W�LV�UHODWLYHO\�VLPSOH�WR�LPSOHPHQW�DQG�DSSO\��ZLWK�IHZ�SDUDPHWHUV�WR�WXQH�7KH� UHVW� RI� WKLV� FKDSWHU� ZLOO� EH� GLYLGHG� LQWR� WZR� SDUWV�� WKH� ILUVW� SDUW�GHVFULEHV� WKH� */6� DQG� VXUYH\V� LWV� DSSOLFDWLRQV�� 7KH� VHFRQG� SDUW� SURYLGHV�JXLGHOLQHV�RQ�KRZ�WR�LPSOHPHQW�DQG�XVH�*/6�LQ�SUDFWLFDO�DSSOLFDWLRQV�
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/RFDO� VHDUFK �/6�� LV� WKH� EDVLV� RI� PRVW� KHXULVWLF� VHDUFK� PHWKRGV�� ,W�VHDUFKHV�LQ�WKH�VSDFH�RI�FDQGLGDWH�VROXWLRQV��VXFK�DV�WKH�DVVLJQPHQW�RI�RQH�PDFKLQH�WR�HDFK�MRE�LQ�WKH�DERYH�H[DPSOH��7KH�VROXWLRQ�UHSUHVHQWDWLRQ�LVVXH�LV� VLJQLILFDQW�� WKRXJK� LW� LV� QRW� WKH� VXEMHFW� RI� RXU� GLVFXVVLRQ� KHUH�� 6WDUWLQJ�IURP� D� �SRVVLEO\� UDQGRPO\� JHQHUDWHG�� FDQGLGDWH� VROXWLRQ�� /6� PRYHV� WR� D�³QHLJKERU´� WKDW�LV�³EHWWHU´�WKDQ�WKH�FXUUHQW�FDQGLGDWH�VROXWLRQ�DFFRUGLQJ�WR�WKH�REMHFWLYH�IXQFWLRQ��/6�VWRSV�ZKHQ�DOO�QHLJKERUV�DUH�LQIHULRU�WR�WKH�FXUUHQW�VROXWLRQ�/6�FDQ�ILQG�JRRG�VROXWLRQV�YHU\�TXLFNO\��+RZHYHU�� LW�FDQ�EH�WUDSSHG�LQ�ORFDO� RSWLPD� ± SRVLWLRQV� LQ� WKH� VHDUFK� VSDFH� WKDW� DUH� EHWWHU� WKDQ� DOO� WKHLU�QHLJKERUV�� EXW� QRW� QHFHVVDULO\� UHSUHVHQWLQJ� WKH� EHVW� SRVVLEOH� VROXWLRQ� �WKH�JOREDO� RSWLPXP��� 7R� LPSURYH� WKH� HIIHFWLYHQHVV� RI� /6�� YDULRXV� WHFKQLTXHV�KDYH� EHHQ� LQWURGXFHG� RYHU� WKH� \HDUV�� 6LPXODWHG� $QQHDOLQJ� �6$��� 7DEX�
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6HDUFK��76��DQG�*XLGHG�/RFDO�6HDUFK��*/6��DOO�DWWHPSW�WR�KHOS�/6�HVFDSH�ORFDO�RSWLPXP��7KLV�FKDSWHU�IRFXVHV�RQ�*/6�*/6� LV� D� PHWD�KHXULVWLF� DOJRULWKP� JHQHUDOL]HG� DQG� H[WHQGHG� IURP� D�QHXUDO�QHWZRUN�EDVHG�PHWKRG�FDOOHG�*(1(7��:DQJ�DQG�7VDQJ��������������'DYHQSRUW�HW�DO���������7VDQJ�HW�DO����������*/6�ZDV�LQVSLUHG�E\�LGHDV�IURP�WKH�DUHD�RI�6HDUFK�7KHRU\ RQ�KRZ�WR�GLVWULEXWH�WKH�VHDUFKLQJ�HIIRUW��H�J��VHH�.RRSPDQ� �������� 6WRQH� ��������� *(1(7� LV� D� ZHLJKWHG� PHWKRG� IRU�FRQVWUDLQW� VDWLVIDFWLRQ�� 7KRXJK� RULJLQDWHG� IURP� QHXUDO� QHWZRUNV�� *(1(7�UHVHPEOHV�WKH�PLQ�FRQIOLFW�KHXULVWLF�UHSDLU�PHWKRG�E\�0LQWRQ�HW�DO� �������7KH�SULQFLSOHV�RI�*/6�FDQ�EH�VXPPDUL]HG�DV�IROORZV��$V�D�PHWD�KHXULVWLF�PHWKRG��*/6�VLWV�RQ�WRS�RI�/6�DOJRULWKPV��7R�DSSO\�*/6��RQH�GHILQHV�D�VHW�RI�IHDWXUHV�IRU�WKH�FDQGLGDWH�VROXWLRQV��:KHQ�/6�LV�WUDSSHG�LQ�ORFDO�RSWLPD��FHUWDLQ�IHDWXUHV�DUH�VHOHFWHG�DQG�SHQDOL]HG��/6�VHDUFKHV�XVLQJ�WKH� REMHFWLYH�IXQFWLRQ�DV�WKLV�LV�DXJPHQWHG�E\�WKH�DFFXPXODWHG�SHQDOWLHV��7KH�QRYHOW\�RI�*/6� LV� LQ� WKH� ZD\� WKDW� LW� VHOHFWV� IHDWXUHV� WR� SHQDOL]H�� */6� HIIHFWLYHO\�GLVWULEXWHV� WKH� VHDUFK� HIIRUW� LQ� WKH� VHDUFK� VSDFH�� IDYRULQJ� DUHDV� ZKHUH�SURPLVH�LV�VKRZQ�
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$V PHQWLRQHG� HDUOLHU��*/6�DXJPHQWV� WKH�JLYHQ�REMHFWLYH� IXQFWLRQ�ZLWK�SHQDOWLHV��7R�DSSO\�*/6��RQH�QHHGV�WR�GHILQH�IHDWXUHV�IRU�WKH�SUREOHP��)RU�H[DPSOH��LQ�WKH�WUDYHOOLQJ�VDOHVPDQ�SUREOHP��D�IHDWXUH�FRXOG�EH�³ZKHWKHU�WKH�FDQGLGDWH�WRXU�WUDYHOV�LPPHGLDWHO\�IURP�FLW\�$�WR�FLW\�%´��*/6�DVVRFLDWHV�D�FRVW�DQG�D�SHQDOW\�WR�HDFK�IHDWXUH��7KH�FRVWV�FDQ�RIWHQ�EH�GHILQHG�E\�WDNLQJ�WKH�WHUPV�DQG�WKHLU�FRHIILFLHQWV�IURP�WKH�REMHFWLYH�IXQFWLRQ��)RU�H[DPSOH��LQ�WKH�WUDYHOOLQJ�VDOHVPDQ�SUREOHP��WKH�FRVW�RI�WKH DERYH�IHDWXUH�FDQ�VLPSO\�EH�WKH�GLVWDQFH�EHWZHHQ�FLWLHV�$�DQG�%��7KH�SHQDOWLHV�DUH� LQLWLDOL]HG WR���DQG�ZLOO�RQO\�EH�LQFUHDVHG�ZKHQ�WKH�ORFDO�VHDUFK�UHDFKHV�D�ORFDO�RSWLPXP��*LYHQ�DQ�REMHFWLYH�IXQFWLRQ�J WKDW�PDSV�HYHU\�FDQGLGDWH�VROXWLRQ�V WR�D�QXPHULFDOYDOXH��*/6�GHILQHV�D�IXQFWLRQ�K WKDW�ZLOO�EH�XVHG�E\�/6��UHSODFLQJ�J���
K�V�� �J�V����O u 6�SL u ,L�V�� ���
ZKHUH�V LV�D�FDQGLGDWH�VROXWLRQ��O LV�D�SDUDPHWHU�WR�WKH�*/6�DOJRULWKP�� L�UDQJHV�RYHU�WKH�IHDWXUHV��SL LV�WKH�SHQDOW\�IRU�IHDWXUH� L �DOO�SL
V�DUH�LQLWLDOL]HG�WR����DQG�,L LV�DQ�LQGLFDWLRQ�RI�ZKHWKHU�V H[KLELWV�IHDWXUH�L�,L�V�� ���LI�V H[KLELWV�IHDWXUH L����RWKHUZLVH� ���
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6LWWLQJ�RQ�WRS�RI�ORFDO�VHDUFK�DOJRULWKPV��*/6�KHOSV�WKHP�WR�HVFDSH�ORFDO�RSWLPD�LQ�WKH�IROORZLQJ�ZD\��:KHQHYHU�WKH�ORFDO�VHDUFK�DOJRULWKP�VHWWOHV�LQ�D� ORFDO� RSWLPXP�� */6� DXJPHQWV� WKH� FRVW� IXQFWLRQ� E\� DGGLQJ� SHQDOWLHV� WR�VHOHFWHG� IHDWXUHV�� 7KH� QRYHOW\� RI�*/6� LV�PDLQO\� LQ� WKH�ZD\� WKDW� LW� VHOHFWV�IHDWXUHV� WR�SHQDOL]H��7KH� LQWHQWLRQ� LV� WR�SHQDOL]H� ³XQIDYRUDEOH IHDWXUHV´�RU�IHDWXUHV� WKDW ³PDWWHU�PRVW´ ZKHQ�D ORFDO�VHDUFK�VHWWOHV�LQ�D�ORFDO�RSWLPXP��7KH�IHDWXUH�WKDW�KDV�KLJK�FRVW�DIIHFWV�WKH�RYHUDOO�FRVW�PRUH��$QRWKHU�IDFWRU�WKDW� VKRXOG� EH� FRQVLGHUHG� LV� WKH� FXUUHQW� SHQDOW\� YDOXH�RI� WKDW� IHDWXUH��7KH�XWLOLW\�RI�SHQDOL]LQJ� IHDWXUH� L��XWLOL��XQGHU�D� ORFDO�RSWLPXP� V
�� LV�GHILQHG�DV�IROORZV��
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ZKHUH�FL LV�WKH�FRVW�DQG�SL LV�WKH�FXUUHQW�SHQDOW\�YDOXH�RI�IHDWXUH�L��,Q�RWKHU�ZRUGV�� LI� D� IHDWXUH� LV� QRW� H[KLELWHG� LQ� WKH� ORFDO�RSWLPXP� �LQGLFDWHG�E\� ,L���WKHQ�WKH�XWLOLW\�RI�SHQDOL]LQJ�LW�LV����7KH�KLJKHU�WKH�FRVW�RI�WKLV�IHDWXUH��WKH�JUHDWHU� FL��� WKH� JUHDWHU� WKH� XWLOLW\� RI� SHQDOL]LQJ� LW��%HVLGHV�� WKH�PRUH� WLPHV�WKDW�LW�KDV�EHHQ�SHQDOL]HG��WKH�JUHDWHU�SL���WKH�ORZHU�WKH�XWLOLW\�RI�SHQDOL]LQJ�LW�DJDLQ�� ,Q� D� ORFDO� RSWLPXP�� WKH� IHDWXUH�ZLWK� WKH� JUHDWHVW� XWLO YDOXH�ZLOO� EH�SHQDOL]HG��:KHQ�D�IHDWXUH�LV�SHQDOL]HG��LWV�SHQDOW\�YDOXH�LV�DOZD\V�LQFUHDVHG�E\����7KH�VFDOLQJ�RI�WKH�SHQDOW\�LV�DGMXVWHG�E\�O�%\�WDNLQJ�FRVW�DQG�WKH�FXUUHQW�SHQDOW\�LQWR�FRQVLGHUDWLRQ�LQ�VHOHFWLQJ�WKH�IHDWXUH�WR�SHQDOL]H��*/6�IRFXVHV�LWV�VHDUFK�HIIRUW�RQ�PRUH�SURPLVLQJ�DUHDV�RI�WKH� VHDUFK� VSDFH�� DUHDV� WKDW� FRQWDLQ� FDQGLGDWH� VROXWLRQV� WKDW� H[KLELW� ³JRRG�IHDWXUHV´�� L�H�� IHDWXUHV� LQYROYLQJ� ORZHU� FRVW�� 2Q� WKH� RWKHU� KDQG�� SHQDOWLHV�KHOS�WR�SUHYHQW�WKH�VHDUFK�IURP�GLUHFWLQJ�DOO�HIIRUW�WR�DQ\�SDUWLFXODU�UHJLRQ�RI�WKH�VHDUFK�VSDFH��)ROORZLQJ�LV�WKH�JHQHUDO�*/6�SURFHGXUH��D�PRUH�GHWDLOHG�SVHXGR�FRGH�IRU�*/6�ZLOO�EH�JLYHQ�LQ�VHFWLRQ������
3URFHGXUH */6��/� J� O� ,��F��
�J�LV�DQ�REMHFWLYH�IXQFWLRQ��/ LV�D�/6�VWUDWHJ\��,�DQG�F�DUH�DUUD\V�RI�IHDWXUHV�DQG�WKHLU�FRVWV��O LV�D�VFDOLQJ�QXPEHU��� *HQHUDWH�D�VWDUWLQJ�FDQGLGDWH�VROXWLRQ�UDQGRPO\�RU�KHXULVWLFDOO\��� ,QLWLDOL]H�DOO�WKH�SHQDOW\�YDOXHV��SL��WR����� 5HSHDW�WKH�IROORZLQJ�XQWLO�D�WHUPLQDWLRQ�FRQGLWLRQ��H�J��D�PD[LPXP�QXPEHU�RI�LWHUDWLRQV�RU�WLPH�OLPLW��KDV�EHHQ�UHDFKHG����� 3HUIRUP�ORFDO�VHDUFK��XVLQJ�/��DFFRUGLQJ�WR�WKH�IXQFWLRQ�K �ZKLFK�LV�J SOXV�WKH�SHQDOW\�YDOXHV��DV�GHILQHG�LQ�(T����DERYH��XQWLO�D�ORFDO�RSWLPXP�/0 KDV�EHHQ�UHDFKHG�
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1DWXUDOO\�WKH�FKRLFH�RI WKH�IHDWXUHV��WKHLU�FRVWV�DQG�WKH�VHWWLQJ�RI�O PD\�DIIHFW�WKH�HIILFLHQF\�RI�D�VHDUFK��([SHULHQFH�VKRZV�WKDW�WKH�IHDWXUHV�DQG�WKHLU�FRVWV�QRUPDOO\�FRPH�GLUHFWO\�IURP�WKH�REMHFWLYH�IXQFWLRQ��,Q�PDQ\�SUREOHPV��WKH�SHUIRUPDQFH�RI�*/6�LV�QRW�WRR�VHQVLWLYH�WR�WKH�YDOXH�O��7KLV�PHDQV�RQH�GRHV�QRW�UHTXLUH�WRR�PXFK�HIIRUW�WR�DSSO\�*/6�WR�D�QHZ�SUREOHP��,Q�FHUWDLQ�SUREOHPV��RQH�QHHGV�H[SHUWLVH�LQ�VHOHFWLQJ�WKH�IHDWXUHV�DQG�WKH�O SDUDPHWHU��&XUUHQW�UHVHDUFK�DLPV�WR�UHGXFH�WKH�VHQVLWLYLW\�RI�WKH�O SDUDPHWHU��0LOOV�DQG7VDQJ������E��
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2QH�IDFWRU�ZKLFK�DIIHFWV�WKH�HIILFLHQF\�RI�D�ORFDO�VHDUFK�DOJRULWKP�LV�WKH�VL]H�RI�WKH�QHLJKERXUKRRG��,I�WRR�PDQ\�QHLJKERXUV�DUH�FRQVLGHUHG��WKHQ�WKH�VHDUFK�FRXOG�EH�YHU\�FRVWO\��7KLV�LV�HVSHFLDOO\�WUXH�LI�WKH�VHDUFK�WDNHV�PDQ\�VWHSV� WR� UHDFK� D� ORFDO� RSWLPD�� DQG�RU� HDFK� HYDOXDWLRQ� RI� WKH� REMHFWLYH�IXQFWLRQ� UHTXLUHV� D� VLJQLILFDQW� DPRXQW� RI� FRPSXWDWLRQ�� %HQWOH\� �������SUHVHQWHG�WKH�DSSUR[LPDWH���2SW PHWKRG�WR�UHGXFH�WKH�QHLJKERXUKRRG�RI���2SW� LQ� WKH�763��:H�KDYH�JHQHUDOLVHG� WKLV�PHWKRG� WR�D�PHWKRG�FDOOHG�)DVW�/RFDO� 6HDUFK �)/6��� 7KH� SULQFLSOH� LV� WR�� JXLGHG� E\� KHXULVWLFV�� LJQRUH�QHLJKERXUV�WKDW�DUH�XQOLNHO\�WR�OHDG�WR�LPSURYLQJ�PRYHV�LQ�RUGHU�WR�HQKDQFH�WKH�HIILFLHQF\�RI�D�VHDUFK���� 7KH� QHLJKERUKRRG� FKRRVHQ� IRU� WKH� SUREOHP� LV EURNHQ� GRZQ� LQWR� D�QXPEHU�RI�VPDOO�VXE�QHLJKERUKRRGV�DQG�DQ�DFWLYDWLRQ�ELW�LV�DWWDFKHG�WR�HDFK�RQH� RI� WKHP��7KH� LGHD� LV� WR� VFDQ� FRQWLQXRXVO\� WKH� VXE�QHLJKERUKRRGV� LQ� D�JLYHQ�RUGHU��VHDUFKLQJ�RQO\�WKRVH�ZLWK�WKH�DFWLYDWLRQ�ELW�VHW�WR����7KHVH�VXE�QHLJKERUKRRGV� DUH� FDOOHG� DFWLYH� VXE�QHLJKERUKRRGV�� 6XE�QHLJKERUKRRGV�ZLWK�WKH�ELW�VHW�WR���DUH�FDOOHG�LQDFWLYH�VXE�QHLJKERUKRRGV�DQG�WKH\�DUH�QRW�EHLQJ�VHDUFKHG��7KH�QHLJKERUKRRG�VHDUFK�SURFHVV�GRHV�QRW�UHVWDUW�ZKHQHYHU�ZH�ILQG�D�EHWWHU�VROXWLRQ�EXW�LW�FRQWLQXHV�ZLWK�WKH�QH[W�VXE�QHLJKERUKRRG�LQ�WKH�JLYHQ�RUGHU��7KLV�RUGHU�PD\�EH�VWDWLF�RU�G\QDPLF��L�H��FKDQJH�DV�D�UHVXOW�RI�WKH�PRYHV�SHUIRUPHG��,QLWLDOO\�� DOO� VXE�QHLJKERUKRRGV� DUH� DFWLYH�� ,I� D� VXE�QHLJKERUKRRG� LV�H[DPLQHG� DQG� GRHV� QRW� FRQWDLQ� DQ\� LPSURYLQJ� PRYHV� WKHQ� LW� EHFRPHV�LQDFWLYH�� 2WKHUZLVH�� LW� UHPDLQV� DFWLYH� DQG� WKH� LPSURYLQJ� PRYH� IRXQG� LV�
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SHUIRUPHG�� 'HSHQGLQJ� RQ� WKH� PRYH� SHUIRUPHG�� D� QXPEHU� RI� RWKHU� VXE�QHLJKERUKRRGV� DUH� DOVR� DFWLYDWHG�� ,Q� SDUWLFXODU�� ZH� DFWLYDWH� DOO� WKH� VXE�QHLJKERUKRRGV�ZKHUH�ZH�H[SHFW�RWKHU�LPSURYLQJ�PRYHV�WR�RFFXU�DV�D�UHVXOW�RI� WKH�PRYH� MXVW�SHUIRUPHG��$V� WKH�VROXWLRQ� LPSURYHV� WKH�SURFHVV�GLHV�RXW�ZLWK� IHZHU� DQG� IHZHU� VXE�QHLJKERUKRRGV� EHLQJ� DFWLYH� XQWLO� DOO� WKH� VXE�QHLJKERUKRRG�ELWV�WXUQ�WR����7KH�VROXWLRQ�IRUPHG�XS�WR�WKDW�SRLQW�LV�UHWXUQHG�DV�DQ�DSSUR[LPDWH�ORFDO�RSWLPXP��7KH�RYHUDOO�SURFHGXUH�FRXOG�EH�PDQ\�WLPHV�IDVWHU�WKDQ�FRQYHQWLRQDO�ORFDO�VHDUFK�� 7KH� ELW� VHWWLQJ� VFKHPH� HQFRXUDJHV� FKDLQV� RI� PRYHV� WKDW� LPSURYH�VSHFLILF�SDUWV�RI�WKH�RYHUDOO�VROXWLRQ��$V�WKH�VROXWLRQ�EHFRPHV�ORFDOO\�EHWWHU�WKH�SURFHVV� LV�VHWWOLQJ�GRZQ��H[DPLQLQJ�IHZHU�PRYHV�DQG�VDYLQJ�HQRUPRXV�DPRXQWV� RI� WLPH� ZKLFK� ZRXOG� RWKHUZLVH� EH� VSHQW� RQ� H[DPLQLQJ�SUHGRPLQDQWO\�EDG�PRYHV��$OWKRXJK� IDVW� ORFDO� VHDUFK� SURFHGXUHV� GR� QRW� JHQHUDOO\� ILQG� YHU\� JRRG�VROXWLRQV�� ZKHQ� WKH\� DUH� FRPELQHG�ZLWK�*/6� WKH\� EHFRPH� YHU\� SRZHUIXO�RSWLPL]DWLRQ� WRROV�� &RPELQLQJ�*/6�ZLWK� )/6� LV� VWUDLJKWIRUZDUG�� 7KH� NH\�LGHD� LV� WR� DVVRFLDWH� IHDWXUHV� WR� VXE�QHLJKERUKRRGV�� 7KH� DVVRFLDWLRQV� WR� EH�PDGH� DUH� VXFK� WKDW� IRU� HDFK� IHDWXUH� ZH� NQRZ� ZKLFK� VXE�QHLJKERUKRRGV�FRQWDLQ�PRYHV� WKDW� KDYH� DQ� LPPHGLDWH� HIIHFW�XSRQ� WKH� VWDWH�RI� WKH� IHDWXUH��L�H��PRYHV�WKDW�UHPRYH�WKH�IHDWXUH�IURP�WKH�VROXWLRQ��%\�UHGXFLQJ�WKH�VL]H�RI�WKH�QHLJKERXUKRRG��RQH�PD\�VLJQLILFDQWO\�UHGXFH�WKH�DPRXQW�RI�FRPSXWDWLRQ�LQYROYHG�LQ�HDFK�ORFDO�VHDUFK�LWHUDWLRQV��7KH�KRSH�LV� WR� HQDEOH� PRUH� ORFDO� VHDUFK� LWHUDWLRQV� LQ� D� IL[HG� DPRXQW� RI� WLPH�� 7KH�GDQJHU� RI� LJQRULQJ� FHUWDLQ� QHLJKERXUV� LV� WKDW� VRPH� LPSURYHPHQWV�PD\� EH�PLVVHG��7KH�KRSH�LV�WKDW�WKH�JDLQ�RXW�ZHLJKV�WKH�ORVV�
�� */6�$1'�27+(5�0(7$+(85,67,&6

*/6� LV� FORVHO\� UHODWHG� WR� RWKHU� KHXULVWLF� DQG� PHWD�KHXULVWLF� PHWKRGV��5HFHQWO\��&KRL�HW�DO� �IRUWKFRPLQJ��VKRZ�WKH�UHODWLRQVKLS�EHWZHHQ�*(1(7��*/6¶V� SUHGHFHVRU�� DQG� WKH� /DJUDQJHDQ�0HWKRG�� ,Q� WKLV� VHFWLRQ��ZH� VKDOO�GLVFXVV� WKH� UHODWLRQVKLS� EHWZHHQ� */6� DQG� 7DEX� 6HDUFK� �76��� *HQHWLF�$OJRULWKPV��*$����� */6�DQG�7$%8�6HDUFK
*/6� LV� FORVHO\� UHODWHG� WR�7DEX� 6HDUFK� �76��� )RU� H[DPSOH�� SHQDOWLHV� LQ�*/6�FDQ�EH�VHHQ�DV�VRIW�WDERRV�LQ�76�WKDW�JXLGH�/6�DZD\�IURP�ORFDO�PLQLPD��7KHUH�DUH�PDQ\�ZD\V�WR�DGRSW�76�LGHDV�LQ�*/6��)RU�H[DPSOH��WDERR�OLVWV�DQG�DVSLUDWLRQ�LGHDV�KDYH�EHHQ�XVHG�LQ�ODWHU�YHUVLRQV�RI�*/6��3HQDOWLHV�DXJPHQW�WKH� RULJLQDO� REMHFWLYH� IXQFWLRQ�� 7KH\� KHOS� WKH� ORFDO� VHDUFK� WR� HVFDSH� ORFDO�



���*XLGHG�/RFDO�6HDUFK �
RSWLPXP��+RZHYHU��LI�WRR�PDQ\�SHQDOWLHV�DUH�EXLOW�XS�GXULQJ�WKH�VHDUFK��WKHORFDO�VHDUFK�FRXOG�EH�PLVJXLGHG��5HVHPEOLQJ�WKH�WDERR�OLVWV�LGHD��D�OLPLWHG�QXPEHU� RI� SHQDOWLHV� DUH� XVHG� ZKHQ� */6� LV� DSSOLHG� WR� WKH� TXDGUDWLF�DVVLJQPHQW�SUREOHP��:KHQ�WKH�OLVW�LV�IXOO��ROG�SHQDOWLHV�ZLOO�EH�RYHUZULWWHQ��9RXGRXULV�DQG�7VDQJ���������,Q� RXU FXUUHQW� ZRUN�� DVSLUDWLRQ� �LQVSLUHG� E\� 76�� LV� XVHG� WR� IDYRXU�SURPLVLQJ�PRYHV��'HWDLOV�RI�WKLV�ZRUN�ZLOO�EH�SUHVHQWHG�LQ�DQRWKHU�RFFDVLRQ��0LOOV�DQG�7VDQJ������E����� */6�DQG�*HQHWLF�$OJRULWKPV

$V� D� PHWD�KHXULVWLF� PHWKRG�� */6� FDQ� DOVR� VLW� RQ� WRS� RI� JHQHWLF�DOJRULWKPV� �*$�� �+ROODQG�� ������ *ROGEHUJ�� ������� 7KLV� KDV� EHHQ�GHPRQVWUDWHG� LQ�*XLGHG�*HQHWLF�$OJRULWKP� �**$�� �/DX� DQG�7VDQJ�� �����������/DX���������**$�LV�D�K\EULG�RI�*$�DQG�*/6��,W�LV�GHVLJQHG�WR�H[WHQG�WKH�GRPDLQ�RI�ERWK�*$�DQG�*/6��2QH�PDMRU�REMHFWLYH�LV WR�IXUWKHU�LPSURYH�WKH�UREXVWQHVV�RI�*/6��,W�FDQ�EH�VHHQ�DV�D�*$�ZLWK�*/6�WR�EULQJ�LW�RXW�RI�ORFDO�RSWLPXP��LI�QR� SURJUHVV� KDV� EHHQ�PDGH� DIWHU� D� VSHFLILF� RI� LWHUDWLRQV� �WKLV� QXPEHU� LV� D�SDUDPHWHU� WR� **$��� */6� PRGLILHV� WKH� ILWQHVV� IXQFWLRQ� �ZKLFK� LV� WKH�REMHFWLYH� IXQFWLRQ�� E\� PHDQV� RI� SHQDOWLHV�� XVLQJ� WKH� FULWHULD� GHILQHG� LQ�HTXDWLRQ� ����� *$� ZLOO� WKHQ� XVH� WKH� PRGLILHG� ILWQHVV� IXQFWLRQ� LQ� IXWXUH�JHQHUDWLRQV��7KH� SHQDOWLHV� DUH� DOVR�XVHG� WR�ELDV� FURVVRYHU� DQG�PXWDWLRQ� LQ�*$�± JHQHV�WKDW�FRQWULEXWH�PRUH�WR�WKH�SHQDOWLHV�DUH�PDGH�PRUH�VXVFHSWLYH�WR� FKDQJHV� E\� WKHVH� WZR� *$� RSHUDWRUV�� 7KLV� DOORZV� **$� WR� EH� PRUH�IRFXVVHG�LQ�LWV�VHDUFK�2Q�WKH�RWKHU�KDQG��**$�FDQ�URXJKO\�EH�VHHQ�DV�D�QXPEHU�RI�*/6¶V�IURP�GLIIHUHQW� VWDUWLQJ� SRLQWV� UXQQLQJ� LQ� SDUDOOHO�� H[FKDQJLQJ�PDWHULDO� LQ� D� *$�PDQQHU�� 7KH� GLIIHUHQFH� LV� WKDW� RQO\� RQH� VHW� RI� SHQDOWLHV� LV� XVHG� LQ� **$�ZKHUHDV�SDUDOOHO�*/6¶V�FRXOG�KDYH�XVHG�RQH�LQGHSHQGHQW�VHW�RI�SHQDOWLHV�SHU�UXQ�� %HVLGHV�� OHDUQLQJ� LQ� **$� LV� PRUH� VHOHFWLYH� WKDQ� SDUDOOHO� */6�� WKH�XSGDWLQJ� RI� SHQDOWLHV� LV� RQO\� EDVHG� RQ� WKH� EHVW� FKURPRVRPH� IRXQG� DW� WKH�SRLQW�RI�SHQDOL]DWLRQ�
�� $33/,&$7,216

*/6�� )/6� DQG� WKHLU� GHVFHQGHQWV� KDYH� EHHQ� DSSOLHG� WR� D� QRQ�WULYLDO�QXPEHU�RI�SUREOHPV�DQG�DFKLHYHG�ZRUOG�FODVV�UHVXOWV��



� &KDSWHU����� 5DGLR�/LQN�)UHTXHQF\�$VVLJQPHQW�3UREOHP
,Q�WKH�UDGLR�OLQN�IUHTXHQF\�DVVLJQPHQW�SUREOHP �5/)$3���WKH�WDVN�LV�WR�DVVLJQ� DYDLODEOH� IUHTXHQFLHV� WR� FRPPXQLFDWLRQ� FKDQQHOV� VDWLVI\LQJ�FRQVWUDLQWV�WKDW�SUHYHQW�LQWHUIHUHQFH��%RXMX�HW�DO�� �������,Q�VRPH�5/)$3V��WKH�JRDO�LV�WR�PLQLPL]H�WKH�QXPEHU�RI�IUHTXHQFLHV�XVHG��%RXMX�HW�DO� �������LV�DQ�HDUO\�ZRUN�WKDW�DSSOLHG�*(1(7�WR�UDGLR�OHQJWK�IUHTXHQF\�DVVLJQPHQW��)RU� WKH�&$/0$�VHW�RI�EHQFKPDUN�SUREOHPV��ZKLFK�KDV�EHHQ�ZLGHO\�XVHG��*/6�)/6� UHSRUWHG� WKH� EHVW� UHVXOWV� FRPSDUHG� WR� DOO� ZRUN� SXEOLVKHG�SUHYLRXVO\� �9RXGRXULV� DQG� 7VDQJ�� ������� ,Q� WKH� 1$72� 6\PSRVLXP� RQ�5/)$3� LQ� 'HQPDUN�� ������ **$� ZDV� GHPRQVWUDWHG� WR� LPSURYH� WKH�UREXVWQHVV�RI�*/6��/DX�DQG�7VDQJ���������,Q�WKH�VDPH�V\PSRVLXP��QHZ�DQG�VLJQLILFDQWO\�LPSURYHG�UHVXOWV�E\�*/6�ZHUH�UHSRUWHG��9RXGRXULV�DQG�7VDQJ���������*/6�DQG�**$�KROG�VRPH�RI� WKH�EHVW� UHVXOWV� LQ� WKH�&$/0$�VHW�RI�EHQFKPDUN�SUREOHPV���� :RUNIRUFH�6FKHGXOLQJ�3UREOHP
,Q� WKH� ZRUNIRUFH� VFKHGXOLQJ� SUREOHP� �:63�� �$]DUPL� DQG� $EGXO�+DPHHG���������WKH�WDVN�LV�WR�DVVLJQ�WHFKQLFLDQV�IURP�YDULRXV�EDVHV�WR�VHUYH�WKH� MREV�� ZKLFK� PD\� LQFOXGH� FXVWRPHU� UHTXHVWV� DQG� UHSDLUV�� DW� YDULRXV�ORFDWLRQV��&XVWRPHU�UHTXLUHPHQWV�DQG�ZRUNLQJ�KRXUV�UHVWULFW� WKH� WLPHV� WKDW�FHUWDLQ� MREV� FDQ� EH� VHUYHG� E\� FHUWDLQ� WHFKQLFLDQV�� 7KH� REMHFWLYH� LV� WR�PLQLPL]H�D�IXQFWLRQ�WKDW�WDNHV�LQWR�DFFRXQW�WKH�WUDYHOOLQJ�FRVW��RYHUWLPH�FRVW�DQG�XQVHUYHG�MREV��,Q�WKH�:)6��*/6�)/6�KROGV�WKH�EHVW�SXEOLVKHG�UHVXOWV�LQ�WKH� EHQFKPDUN� SUREOHP� DYDLODEOH� WR� WKH� DXWKRUV� �7VDQJ� DQG� 9RXGRXULV����������� 7UDYHOOLQJ�6DOHVPDQ�3UREOHP
7KH� PRVW� VLJQLILFDQW� UHVXOWV� RI� */6� DQG� )/6� DUH� SUREDEO\� LQ� WKHLU�DSSOLFDWLRQ� WR� WKH� WUDYHOOLQJ� VDOHVPDQ� SUREOHP� �763��� 7KH� /LQ�.HUQLJKDQ�DOJRULWKP� �/.�� LV� D� VSHFLDOLVHG� DOJRULWKP� IRU� 763� WKDW� KDV� ORQJ� EHHQ�SHUFHLYHG�DV�WKH�FKDPSLRQ�RI�WKLV�SUREOHP��/LQ�DQG�.HUQLJKDQ��������0DUWLQ�DQG� 2WWR�� ������� :H� WHVWHG� */6�)/6��2SW� DJDLQVW� /.� �9RXGRXULV� DQG�7VDQJ�������� LQ� D� VHW�RI�EHQFKPDUN�SUREOHPV� IURP� WKH�SXEOLF�763� OLEUDU\��5HLQHOW�� �������*LYHQ� WKH� VDPH�DPRXQW�RI� WLPH� �ZH� WHVWHG��� FSX�PLQXWHV�DQG� ��� FSX� PLQXWHV� RQ� D� '(&� $OSKD� ����������� */6�)/6��2SW� IRXQG�EHWWHU� UHVXOWV� WKDQ� /.� LQ� DYHUDJH�� */6�)/6��2SW� DOVR� RXW�SHUIRUPHG�6LPXODWHG� $QQHDOLQJ� �-RKQVRQ�� ������� 7DEX� 6HDUFK� �.QR[�� ������ DQG�*HQHWLF�$OJRULWKP��)UHLVOHEHQ�DQG�0HU]��������LPSOHPHQWDWLRQV�UHSRUWHG�RQ�WKH�763��2QH�PXVW�EH�FDXWLRXV�ZKHQ�LQWHUSUHWLQJ�VXFK�HPSLULFDO�UHVXOWV�DV�



���*XLGHG�/RFDO�6HDUFK �
WKH\� FRXOG� EH� DIIHFWHG� E\� PDQ\� IDFWRUV�� LQFOXGLQJ� LPSOHPHQWDWLRQ� LVVXHV��%XW�JLYHQ�WKDW�WKH�763�LV�DQ�H[WHQVLYHO\�VWXGLHG�SUREOHP��LW�WDNHV�VRPHWKLQJ�VSHFLDO�IRU�DQ�DOJRULWKP�WR�RXW�SHUIRUP�WKH�FKDPSLRQV�XQGHU�DQ\�UHDVRQDEOH�PHDVXUH��³ILQG�PH�WKH�EHVW�UHVXOWV�ZLWKLQ�D�JLYHQ�DPRXQW�RI�WLPH´�PXVW�EH�D�UHDOLVWLF�UHTXLUHPHQW���,W�PXVW�EH�HPSKDVL]HG�WKDW�/.�LV�VSHFLDOL]HG�IRU�763�EXW�*/6�DQG�)/6�DUH�PXFK�VLPSOHU�JHQHUDO�SXUSRVH�DOJRULWKPV��*/6� K\EULGV� KDYH� DOVR� EHHQ� SURSRVHG� IRU� WKH� 763� LQFOXGLQJ� WKH�FRPELQDWLRQ� RI� */6� ZLWK� 0HPHWLF� $OJRULWKPV� �+ROVWHLQ� DQG� 0RVFDWR�������� DQG� DOVR� ZLWK� WKH�� G\QDPLF�SURJUDPPLQJ� EDVHG�� '\QDVHDUFK�WHFKQLTXH�ZLWK�VRPH�HQFRXUDJLQJ�SUHOLPLQDU\�UHVXOWV�UHSRUWHG��&RQJUDP�DQG�3RWWV���������)LQDOO\��3DGURQ�DQG�%DODJXHU��������KDYH�DSSOLHG�*/6�WR�WKH�UHODWHG�5XUDO�3RVWPDQ�3UREOHP��533����� )XQFWLRQ�2SWLPLVDWLRQ

*/6�KDV�DOVR�EHHQ�DSSOLHG�WR�JHQHUDO�IXQFWLRQ�RSWLPLVDWLRQ�SUREOHPV�WR�LOOXVWUDWH� WKDW� DUWLILFLDO� IHDWXUHV� FDQ� EH� GHILQHG� IRU� SUREOHPV� LQ�ZKLFK� WKH�REMHFWLYH� IXQFWLRQ� VXJJHVWV� QR� REYLRXV� IHDWXUHV�� 5HVXOWV� VKRZ� WKDW�� DV�H[SHFWHG��*/6�VSUHDGV�LWV�VHDUFK�HIIRUW�DFURVV�VROXWLRQ�FDQGLGDWHV�GHSHQGLQJ�RQ� WKHLU� TXDOLW\� �DV� PHDVXUHG� E\� WKH� REMHFWLYH� IXQFWLRQ��� %HVLGHV�� */6�FRQVLVWHQWO\� IRXQG� VROXWLRQV� LQ� D� ODQGVFDSH� ZLWK�PDQ\� ORFDO� VXE�RSWLPDOV��9RXGRXULV������������ 6DWLVILDELOLW\�DQG�0D[�6$7�SUREOHP
*LYHQ�D�VHW�RI�SURSRVLWLRQV�LQ�FRQMXQFWLYH�QRUPDO�IRUP��WKH�6DWLVILDELOLW\��6$7��SUREOHP�LV�WR�GHWHUPLQH�ZKHWKHU�WKH�SURSRVLWLRQV�FDQ�DOO�EH�VDWLVILHG��7KH�0$;�6$7�SUREOHP�LV�D�6$7�SUREOHP�LQ�ZKLFK�HDFK�FODXVH�LV�JLYHQ�D�ZHLJKW��7KH� WDVN� LV� WR�PLQLPL]H� WKH� WRWDO�ZHLJKW�RI�WKH�YLRODWHG�FODXVHV��,Q�RWKHU�ZRUGV�� WKH�ZHLJKWHG�0$;�6$7�SUREOHP�LV�DQ�RSWLPLVDWLRQ�SUREOHP��0DQ\� UHVHDUFKHUV� EHOLHYH� WKDW� PDQ\� SUREOHPV�� LQFOXGLQJ� VFKHGXOLQJ� DQG�SODQQLQJ�FDQ�EH�IRUPXODWHG�DV�6$7�DQG�0$;�6$7�SUREOHPV��KHQFH� WKHVH�SUREOHPV�KDYH�UHFHLYHG�VLJQLILFDQW�DWWHQWLRQ�LQ�UHFHQW�\HDUV��H�J��VHH�*HQW�HW�DO���������*/66$7�� DQ� H[WHQVLRQ� RI� */6�� ZDV� DSSOLHG� WR� ERWK� WKH� 6$7� DQG�ZHLJKWHG� 0$;�6$7� SUREOHP� �0LOOV� DQG� 7VDQJ�� ����D��� 2Q� D� VHW� 6$7�SUREOHPV� IURP� ',0$&6�� */66$7� SURGXFHG� UHVXOWV� FRPSDUDEOH WR� WKRVH�SURGXFHG� E\� :DON6$7� �6HOPDQ� DQG� .DXW]�� ������� D� YDULDWLRQ� RI� *6$7��6HOPDQ�HW�DO����������ZKLFK�ZDV�VSHFLILFDOO\�GHVLJQHG�IRU�WKH�6$7�SUREOHP��2Q�D�SRSXODU�VHW�RI�EHQFKPDUN�ZHLJKWHG�0$;�6$7�SUREOHPV��*/66$7�SURGXFHG�EHWWHU�RU�FRPSDUDEOH�VROXWLRQV��PRUH�IUHTXHQWO\�WKDQ�VWDWH�RI�WKH�



�� &KDSWHU��
DUW�DOJRULWKPV��LQFOXGLQJ�'/0��6KDQJ�DQG�:DK���������:DON6$7��6HOPDQ�DQG�.DXW]��������DQG�*5$63��5HVHQGH�DQG�)HR����������� *HQHUDOL]HG�$VVLJQPHQW�3UREOHP

7KH�*HQHUDOL]HG�$VVLJQPHQW�3UREOHP�LV�D�JHQHULF�SUREOHP�LQ�ZKLFK�WKHWDVN�LV�WR�DVVLJQ�DJHQWV�WR�MREV���(DFK�MRE�FDQ�RQO\�EH�KDQGOHG�E\�RQH�DJHQW��DQG�HDFK�DJHQW�KDV�D�ILQLWH�UHVRXUFH�FDSDFLW\�WKDW�OLPLWV�WKH�QXPEHU�RI�MREV�WKDW� LW� FDQ� EH� DVVLJQHG�� $VVLJQLQJ� GLIIHUHQW� DJHQWV� WR� GLIIHUHQW� MREV� EHDU�GLIIHUHQW�XWLOLWLHV��2Q�WKH�RWKHU�KDQG��GLIIHUHQW�DJHQWV�ZLOO�FRQVXPH�GLIIHUHQW�DPRXQWV� RI� UHVRXUFHV� ZKHQ� GRLQJ� WKH� VDPH� MRE�� ,Q� D� VHW� RI� EHQFKPDUN�SUREOHPV��**$�IRXQG�UHVXOWV�DV�JRRG�DV�WKRVH�SURGXFHG�E\�D�VWDWH�RI�WKH�DUW�DOJRULWKP��ZKLFK�ZDV�DOVR�D�*$�DOJRULWKP��E\�&KX�DQG�%HDVOH\���������ZLWK�LPSURYHG�UREXVWQHVV��/DX�DQG�7VDQJ����������� 3URFHVVRU�&RQILJXUDWLRQ�3UREOHP
,Q�WKH�3URFHVVRUV�&RQILJXUDWLRQ�3UREOHP��RQH�LV�JLYHQ�D�VHW�RI�SURFHVVRUV��HDFK� RI� ZKLFK� ZLWK� D� IL[HG� QXPEHU� RI� FRQQHFWLRQV�� ,Q� FRQQHFWLQJ� WKH�SURFHVVRUV�� RQH� REMHFWLYH� LV� WR�PLQLPL]H� WKH�PD[LPXP� GLVWDQFHV� EHWZHHQ�SURFHVVRUV��$QRWKHU�SRVVLEOH�REMHFWLYH� LV� WR�PLQLPL]H� WKH�DYHUDJH�GLVWDQFH�EHWZHHQ� SDLUV� RI� SURFHVVRUV� �&KDOPHUV�� ������� ,Q� DSSO\LQJ� **$� WR� WKH�3URFHVVRUV�&RQILJXUDWLRQ�3UREOHP��UHSUHVHQWDWLRQ�ZDV�D�NH\�LVVXH��7R�DYRLG�JHQHUDWLQJ� LOOHJDO� FRQILJXUDWLRQV�� RQO\� PXWDWLRQ� LV� XVHG�� **$� IRXQG�FRQILJXUDWLRQV� ZLWK� VKRUWHU� DYHUDJH� FRPPXQLFDWLRQ� GLVWDQFH� WKDQ� WKRVH�IRXQG�E\�RWKHU�DOJRULWKPV�UHSRUWHG�SUHYLRXVO\��/DX�DQG�7VDQJ������������������ 9HKLFOH�5RXWLQJ�3UREOHP
,Q�D�YHKLFOH�URXWLQJ�SUREOHP��RQH�LV�JLYHQ�D�VHW�RI�YHKLFOHV��HDFK�ZLWK�LWV�VSHFLILF�FDSDFLW\�DQG�DYDLODELOLW\��DQG�D�VHW�RI�FXVWRPHUV�WR�VHUYH��HDFK�ZLWK�VSHFLILF� ZHLJKW� DQG�RU� WLPH� GHPDQG� RQ� WKH� YHKLFOHV�� 7KH� YHKLFOHV� DUH�JURXSHG� LQ� RQH� RU� PRUH� GHSRWV�� %RWK� WKH� GHSRWV� DQG� WKH� FXVWRPHUV� DUH�JHRJUDSKLFDOO\� GLVWULEXWHG�� 7KH� WDVN� LV� WR� VHUYH� WKH� FXVWRPHUV� XVLQJ� WKH�YHKLFOHV�� VDWLVI\LQJ� WLPH� DQG� FDSDFLW\� FRQVWUDLQWV�� 7KLV� LV� D� SUDFWLFDO�SUREOHP��/LNH�PDQ\�SUDFWLFDO�SUREOHPV��LW�LV�13�KDUG�.LOE\� HW� DO� DSSOLHG� */6� YHKLFOH� URXWLQJ� SUREOHPV� DQG� DFKLHYHG�RXWVWDQGLQJ�UHVXOWV���������������$V�D�UHVXOW��WKHLU�ZRUN�ZHUH�LQFRUSRUDWHG LQ�'LVSDWFKHU�� D� FRPPHUFLDO� SDFNDJH� GHYHORSHG� E\� ,/2*�KWWS���ZZZ�LORJ�IU�KWPO�SURGXFWV�� �%DFNHU�HW�DO�� �������



���*XLGHG�/RFDO�6HDUFK ����� &RQVWUDLQHG�/RJLF�3URJUDPPLQJ
/HH�DQG�7DP��������DQG�6WXFNH\�DQG�7DP��������HPEHGGHG�*(1(7�LQORJLF�SURJUDPPLQJ ODQJXDJHV LQ�RUGHU� WR�HQKDQFH�SURJUDPPLQJ�HIILFLHQF\��,Q� WKHVH� ORJLF� SURJUDPPLQJ� LPSOHPHQWDWLRQV�� XQLILFDWLRQ� LV� UHSODFHG� E\�FRQVWUDLQW�VDWLVIDFWLRQ��7KLV�HQKDQFHV�HIILFLHQF\�DQG�H[WHQGV�DSSOLFDELOLW\�RI�ORJLF�SURJUDPPLQJ������ 2WKHU�$SSOLFDWLRQV�RI�*(1(7�DQG�*/6
:H� KDYH� DOVR� DSSOLHG� */6� DQG� )/6� WR� D� YDULHW\� RI� RWKHU� SUREOHPV��LQFOXGLQJ�WKH�0D[LPXP�&KDQQHO�$VVLJQPHQW�SUREOHP��D�%DQGZLGWK�3DFNLQJ�SUREOHP� YDULDQW�� JUDSK� FRORXULQJ� FDU� VHTXHQFLQJ� SUREOHP�� */6� DQG� )/6�KDYH� DOVR� EHHQ� VXFFHVVIXOO\� DSSOLHG� WR� WKH� ��'� %LQ� 3DFNLQJ� 3UREOHP� E\�)DURH�HW�DO� ��������2WKHU�DSSOLFDWLRQV�RI�*(1(7�LQFOXGH�UDLO�WUDIILF�FRQWURO��-RVH�DQG�%R\FH� ������

3$57�,,��35$&7,&$/�*8,'(/,1(6�)25�86,1*�*8,'(' /2&$/�6($5&+
�� ,03/(0(17,1*�*8,'('�/2&$/�6($5&+

$V� H[SODLQHG� LQ� SUHYLRXV� VHFWLRQV�� D� ORFDO� VHDUFK� SURFHGXUH� IRU� WKH�SDUWLFXODU�SUREOHP�LV�UHTXLUHG��*XLGHG�/RFDO�6HDUFK�LV�UHSHDWHGO\�XVLQJ�WKLV�SURFHGXUH�WR�RSWLPL]H�WKH�DXJPHQWHG�REMHFWLYH�IXQFWLRQ�RI�WKH�SUREOHP��7KH�DXJPHQWHG� REMHFWLYH� IXQFWLRQ� LV� PRGLILHG� HDFK� WLPH� D� ORFDO� PLQLPXP� LV�UHDFKHG�E\�LQFUHDVLQJ�WKH�SHQDOWLHV�RI�RQH�RU�PRUH�RI�WKH�IHDWXUHV�SUHVHQW�LQ�WKH�ORFDO�PLQLPXP��7KHVH�IHDWXUHV�DUH�VHOHFWHG�E\�XVLQJ�WKH�XWLOLW\�IXQFWLRQ����� GHVFULEHG� LQ� VHFWLRQ� ��� 7KH� SVHXGR�FRGHV� IRU� LPSOHPHQWLQJ� D� *XLGHG�/RFDO�6HDUFK�PHWKRG�DQG�D�*XLGHG�)DVW�/RFDO�6HDUFK�PHWKRG�DUH�SUHVHQWHG�DQG�H[SODLQHG�LQ�WKH�VHFWLRQV�EHORZ����� 3VHXGR�FRGH�IRU�*XLGHG�/RFDO�6HDUFK
7KH�SVHXGR�FRGH�IRU�WKH�*XLGHG�/RFDO�6HDUFK�SURFHGXUH�LV�WKH�IROORZLQJ�

SURFHGXUH *XLGHG/RFDO6HDFK�S��J��O��>,�������,0@��>F������F0@��0�EHJLQN�m ���



�� &KDSWHU��
V� m &RQVWUXFWLRQ0HWKRG�S���
�VHW�DOO�SHQDOWLHV�WR���
�IRU�L�m��XQWLO�0�GR�SL��m ���
�GHILQH�WKH�DXJPHQWHG�REMHFWLYH�IXQFWLRQ�
�K�m J���O 
�¦SL
,L���ZKLOH 6WRSSLQJ&ULWHULRQ�GREHJLQVN�� m ,PSURYHPHQW0HWKRG�VN��K���
�FRPSXWH�WKH�XWLOLW\�RI�IHDWXUHV�
�IRU�L�m��XQWLO�0�GRXWLOL m ,L�VN����
�FL������SL���
�SHQDOL]H�IHDWXUHV�ZLWK�PD[LPXP�XWLOLW\�
��IRU HDFK L�VXFK�WKDW�XWLOL LV�PD[LPXP�GRSL m SL �����N�m N���HQGV
�m EHVW�VROXWLRQ�IRXQG�ZLWK�UHVSHFW�WR�REMHFWLYH�IXQFWLRQ�J�UHWXUQ�V
�HQG

ZKHUH�S��SUREOHP��J��REMHFWLYH�IXQFWLRQ��K��DXJPHQWHG�REMHFWLYH�IXQFWLRQ��O��ODPEGD�SDUDPHWHU�� ,L��LQGLFDWRU�IXQFWLRQ�RI�IHDWXUH� L��FL��FRVW�RI�IHDWXUH� L��0�� QXPEHU� RI� IHDWXUHV�� SL�� SHQDOW\� RI� IHDWXUH� L�� &RQVWUXFWLRQ0HWKRG�S���PHWKRG� IRU� FRQVWUXFWLQJ� D� LQLWLDO� VROXWLRQ� IRU� SUREOHP� S�� DQG�,PSURYHPHQW0HWKRG�VN�� K���PHWKRG� IRU� LPSURYLQJ� VROXWLRQ� VN DFFRUGLQJ� WR�WKH�DXJPHQWHG�REMHFWLYH�IXQFWLRQ�K���� *XLGHOLQHV�IRU�LPSOHPHQWLQJ�WKH�*/6�SVHXGR�FRGH
7R� XQGHUVWDQG� WKH� SVHXGR�FRGH�� OHW� XV� H[SODLQ� ILUVW� WKH� PHWKRGV� IRU�FRQVWUXFWLQJ� D� VROXWLRQ� DQG� LPSURYLQJ� D� VROXWLRQ�� ZKLFK� DUH� FRQWDLQHG� LQ�WKHUH�DQG�WKH\�DUH�ERWK�SUHUHTXLVLWHV�LQ�RUGHU�WR�EXLOG�D�*/6�DOJRULWKP�

����� &RQVWUXFWLRQ�PHWKRG
$V� ZLWK� RWKHU� PHWD�KHXULVWLFV�� *XLGHG� /RFDO� 6HDUFK� UHTXLUHV� D�FRQVWUXFWLRQ�PHWKRG�WR�JHQHUDWH�DQ�LQLWLDO��VWDUWLQJ��VROXWLRQ�IRU�WKH�SUREOHP��,Q�WKH�SVHXGR�FRGH��WKLV�LV�GHQRWHG�E\�&RQVWUXFWLRQ0HWKRG��7KLV�PHWKRG�FDQ�EH� JHQHUDWLQJ� D� UDQGRP� VROXWLRQ� RU� D� KHXULVWLF� VROXWLRQ� EDVHG� RQ� VRPH�NQRZQ� WHFKQLTXH� IRU� FRQVWUXFWLQJ� VROXWLRQV� IRU� WKH� SDUWLFXODU� SUREOHP��*XLGHG�/RFDO�6HDUFK�LV�QRW�YHU\�VHQVLWLYH�WR�WKH�VWDUWLQJ�VROXWLRQ�JLYHQ�WKDW�



���*XLGHG�/RFDO�6HDUFK ��
VXIILFLHQW�WLPH�LV�DOORFDWHG�WR�WKH�DOJRULWKP�WR�H[SORUH�WKH�VHDUFK�VSDFH�RI�WKH�SUREOHP��
����� ,PSURYHPHQW�PHWKRG

$�PHWKRG�IRU�LPSURYLQJ�WKH�VROXWLRQ�LV�DOVR�UHTXLUHG��,Q�WKH�SVHXGR�FRGH��WKLV� LV�GHQRWHG�E\� ,PSURYHPHQW0HWKRG��7KLV�PHWKRG�FDQ�EH�D�VLPSOH�ORFDO�VHDUFK�DOJRULWKP�RU�D�PRUH�VRSKLVWLFDWHG�RQH�VXFK�DV�9DULDEOH�1HLJKERUKRRG�6HDUFK� �+DQVHQ� DQG�0ODGHQRYLF�� ������� 9DULDEOH� 'HSWK� 6HDUFK� �/LQ� DQG�.HUQLJKDQ�� ������� (MHFWLRQ� &KDLQV� �*ORYHU� DQG� /DJXQD�� ������ RU�FRPELQDWLRQV�RI�ORFDO�VHDUFK�PHWKRGV�ZLWK�H[DFW�VHDUFK�DOJRULWKPV��3HVDQW�DQG�*HQGUHDX��������,W� LV�QRW� HVVHQWLDO� IRU� WKH� LPSURYHPHQW�PHWKRG� WR�JHQHUDWH�KLJK�TXDOLW\�ORFDO�PLQLPD��([SHULPHQWV�ZLWK�*/6�DQG�YDULRXV�763�KHXULVWLFV�UHSRUWHG�LQ��9RXGRXULV� DQG� 7VDQJ�� ������ KDYH� VKRZQ� WKDW� KLJK� TXDOLW\� ORFDO�PLQLPD�WDNH� WLPH� WR� SURGXFH�� UHVXOWLQJ� LQ� OHVV� LQWHUYHQWLRQ� E\�*/6� LQ� WKH� RYHUDOO�DOORFDWHG�VHDUFK�WLPH��7KLV�PD\�VRPHWLPHV�OHDG�WR�LQIHULRU�UHVXOWV�FRPSDUHG�WR�D�VLPSOH�EXW�PRUH�FRPSXWDWLRQDOO\�HIILFLHQW�LPSURYHPHQW�PHWKRG��1RWH�DOVR�WKDW�WKH�LPSURYHPHQW�PHWKRG�LV�XVLQJ�WKH�DXJPHQWHG�REMHFWLYH�IXQFWLRQ�LQVWHDG�RI�WKH�RULJLQDO�RQH�
����� ,QGLFDWRU�IXQFWLRQV�DQG�IHDWXUH�SHQDOL]DWLRQ

*LYHQ�WKDW�D�FRQVWUXFWLRQ�DQG�DQ�LPSURYHPHQW�PHWKRG�DUH�DYDLODEOH�IRU�WKH� SUREOHP�� WKH� UHVW� RI� WKH� SVHXGR�FRGH� LV� VWUDLJKWIRUZDUG� WR� DSSO\�� 7KH�SHQDOWLHV� RI� IHDWXUHV� DUH� LQLWLDOL]HG� WR� ]HUR� DQG� WKH\� DUH� LQFUHPHQWHG� IRU�IHDWXUHV�WKDW�PD[LPL]H�WKH�XWLOLW\�IRUPXOD��DIWHU�HDFK�FDOO�WR�WKH�LPSURYHPHQW�PHWKRG�7KH�LQGLFDWRU�IXQFWLRQV�,L IRU�WKH�IHDWXUHV�UDUHO\�QHHG�WR�EH�LPSOHPHQWHG��/RRNLQJ� DW� WKH� YDOXHV� RI� WKH� GHFLVLRQ� YDULDEOHV� FDQ GLUHFWO\� LGHQWLI\� WKH�IHDWXUHV� SUHVHQW� LQ� D� ORFDO� PLQLPXP�� :KHQ� WKLV� LV� QRW� SRVVLEOH�� GDWD�VWUXFWXUHV� ZLWK� FRQVWDQW� WLPH� GHOHWLRQ�DGGLWLRQ� RSHUDWLRQV� �H�J�� EDVHG� RQ�GRXEOH�OLQNHG�OLVWV��FDQ�LQFUHPHQWDOO\�PDLQWDLQ�WKH�VHW�RI�IHDWXUHV�SUHVHQW�LQ�WKH�ZRUNLQJ VROXWLRQ�DYRLGLQJ�WKH�QHHG�IRU�DQ�H[SHQVLYH�FRPSXWDWLRQ�ZKHQ�*/6�UHDFKHV�D�ORFDO�PLQLPXP�7KH�VHOHFWLRQ�RI� IHDWXUHV� WR�SHQDOL]H�FDQ�EH�HIILFLHQWO\� LPSOHPHQWHG�E\�XVLQJ�WKH�VDPH�ORRS�IRU�FRPSXWLQJ�WKH�XWLOLW\�IRUPXOD�IRU�IHDWXUHV�SUHVHQW�LQ�WKH� ORFDO�PLQLPXP��WKH�UHVW�FDQ�EH�LJQRUHG��DQG�DOVR�SODFLQJ�IHDWXUHV�ZLWK�PD[LPXP�XWLOLW\�LQ�D�YHFWRU��:LWK�D�VHFRQG�ORRS��WKH�IHDWXUHV�ZLWK�PD[LPXP�XWLOLW\�FRQWDLQHG�LQ�WKLV�YHFWRU�KDYH�WKHLU�SHQDOWLHV�LQFUHPHQWHG�E\�RQH�



�� &KDSWHU��
����� 7KH�ODPEGD�SDUDPHWHU

7KH�ODPEGD�SDUDPHWHU�LV�WKH�RQO\�SDUDPHWHU�WR�WKH�*/6�PHWKRG��DW�OHDVW�LQ�LWV�EDVLF�YHUVLRQ��DQG�LQ�JHQHUDO��LW�LV�LQVWDQFH�GHSHQGHQW��)RUWXQDWHO\��IRU�VHYHUDO�SUREOHPV�� LW�KDV�EHHQ�REVHUYHG� WKDW�JRRG�YDOXHV�IRU�ODPEGD�FDQ�EH�IRXQG� E\� GLYLGLQJ� WKH� YDOXH� RI� WKH� REMHFWLYH� IXQFWLRQ� LQ D� ORFDO�PLQLPXP�ZLWK� WKH� DYHUDJH�QXPEHU�RI� IHDWXUHV�SUHVHQW�� ,Q� WKHVH�SUREOHPV�� ODPEGD� LV�G\QDPLFDOO\�FRPSXWHG�DIWHU�WKH�ILUVW�ORFDO�PLQLPXP�DQG�EHIRUH�SHQDOWLHV�DUH�DSSOLHG� WR� IHDWXUHV� IRU� WKH� ILUVW� WLPH�� 7KH� XVHU� RQO\� SURYLGHV� DQ� DOSKDSDUDPHWHU�� ZKLFK� LV� UHODWLYHO\� LQVWDQFH� LQGHSHQGHQW�� 7KH� UHFRPPHQGHG�IRUPXOD�IRU�ODPEGD�DV�D�IXQFWLRQ�RI�DOSKD�LV�WKH�IROORZLQJ�
O  � D� 
� J�ORFDO� PLQLPXP���QR�� RI� IHDWXUHV� SUHVHQW� LQ� WKH� ORFDO�PLQLPXP�� ���
ZKHUH�J LV�WKH�REMHFWLYH�IXQFWLRQ�RI�WKH�SUREOHP��7XQLQJ�DOSKD�FDQ�UHVXOW�LQ�ODPEGD�YDOXHV��ZKLFK�ZRUN�IRU�PDQ\�LQVWDQFHV�RI�D�SUREOHP�FODVV���$QRWKHU� EHQHILW� IURP� XVLQJ� D LV� WKDW�� LI� WXQHG�� LW� FDQ� EH� IL[HG� LQ�LQGXVWULDOL]HG�YHUVLRQV�RI�VRIWZDUH��UHVXOWLQJ�LQ�UHDG\�WR�XVH�*/6�DOJRULWKPV�IRU�WKH�HQG�XVHU�

����� $XJPHQWHG�REMHFWLYH�IXQFWLRQ�DQG�PRYH�HYDOXDWLRQV
:LWK� UHJDUG� WR� WKH� REMHFWLYH� IXQFWLRQ� DQG� WKH� DXJPHQWHG� REMHFWLYH�IXQFWLRQ��WKH�SURJUDP�VKRXOG�NHHS�WUDFN�RI�WKH�DFWXDO�REMHFWLYH�YDOXH�LQ�DOO�RSHUDWLRQV�UHODWLQJ�WR�VWRULQJ�WKH�EHVW�VROXWLRQ�RU�ILQGLQJ�D�QHZ�EHVW�VROXWLRQ��.HHSLQJ� WUDFN� RI� WKH� YDOXH� RI� WKH� DXJPHQWHG� REMHFWLYH� YDOXH� �H�J�� DIWHU�DGGLQJ� WKH� SHQDOWLHV�� LV� QRW� QHFHVVDU\� VLQFH� ORFDO� VHDUFK�PHWKRGV� ZLOO� EH�ORRNLQJ� RQO\� DW� WKH� GLIIHUHQFHV� LQ� WKH� DXJPHQWHG� REMHFWLYH� YDOXH� ZKHQ�HYDOXDWLQJ�PRYHV��+RZHYHU�� WKH�PRYH�HYDOXDWLRQ�PHFKDQLVP�QHHGV� WR�EH� UHYLVHG� WR�ZRUN�HIILFLHQWO\� ZLWK� WKH� DXJPHQWHG� REMHFWLYH� IXQFWLRQ�� 1RUPDOO\�� WKH� PRYH�HYDOXDWLRQ�PHFKDQLVP� LV� QRW� GLUHFWO\� HYDOXDWLQJ� WKH� REMHFWLYH� YDOXH�RI� WKH�QHZ�VROXWLRQ�JHQHUDWHG�E\�WKH�PRYH��,QVWHDG��LW�FDOFXODWHV�WKH�GLIIHUHQFH�'JLQ� WKH� REMHFWLYH� IXQFWLRQ�� 7KLV� GLIIHUHQFH� VKRXOG� EH� FRPELQHG� ZLWK� WKH�GLIIHUHQFH� LQ� WKH� DPRXQW� RI� SHQDOWLHV��7KLV� FDQ�EH� HDVLO\�GRQH�DQG�KDV�QR�VLJQLILFDQW�LPSDFW�RQ�WKH�WLPH�QHHGHG�WR�HYDOXDWH�D�PRYH��,Q�SDUWLFXODU��ZH�KDYH� WR� WDNH� LQWR� DFFRXQW�RQO\� IHDWXUHV� WKDW�FKDQJH�VWDWH� �EHLQJ�GHOHWHG�RU�DGGHG���7KH�SHQDOWLHV�RI�WKH�IHDWXUHV�GHOHWHG�DUH�VXPPHG�WRJHWKHU��7KH�VDPH�LV� GRQH� IRU� WKH� SHQDOWLHV� RI� IHDWXUHV� DGGHG�� 7KH� FKDQJH� LQ� WKH� DPRXQW� RI�SHQDOWLHV�GXH�WR�WKH�PRYH�LV�WKHQ�VLPSO\�JLYHQ�E\�WKH�GLIIHUHQFH�



���*XLGHG�/RFDO�6HDUFK ��¦¦ �� DGGHGN�IHDWXUHVDOORYHU�GHOHWHGMIHDWXUHVDOORYHU� NM SS ���
ZKLFK�WKHQ�KDV�WR�EH�PXOWLSOLHG�E\�ODPEGD�DQG�DGGHG�WR�'J�$QRWKHU�PLQRU�LPSURYHPHQW�LV�WR�PRQLWRU�WKH�DFWXDO�REMHFWLYH�YDOXH�QRW�RQO\�IRU�WKH�VROXWLRQV�DFFHSWHG�E\�ORFDO�VHDUFK�EXW�DOVR�IRU�WKRVH�HYDOXDWHG��6LQFH� ORFDO� VHDUFK� LV� XVLQJ� WKH� DXJPHQWHG� REMHFWLYH� IXQFWLRQ�� D�PRYH� WKDW�JHQHUDWHV� D� QHZ� EHVW� VROXWLRQ� PD\� EH� PLVVHG�� )URP� RXU� H[SHULHQFH�� WKLV�PRGLILFDWLRQ� GRHV� QRW� LPSURYH� VLJQLILFDQWO\� WKH� SHUIRUPDQFH� RI� WKH�DOJRULWKP�DOWKRXJK� LW�FDQ�EH�SURYHG�XVHIXO�ZKHQ�*/6� LV�XVHG� WR� ILQG�QHZ�EHVW�NQRZQ�VROXWLRQV�WR�KDUG�EHQFKPDUN�LQVWDQFHV�

����� 6WRSSLQJ�FULWHULRQ
7KHUH�DUH�PDQ\�FKRLFHV�SRVVLEOH�IRU�WKH�6WRSSLQJ&ULWHWLRQ��6LQFH�*/6�LV�QRW� WUDSSHG� LQ� ORFDO� PLQLPD�� WKHUH� LV� QR� REYLRXV� SRLQW� ZKHQ� WR� VWRS� WKH�DOJRULWKP�� /LNH� LQ� RWKHU� PHWD�KHXULVWLFV�� ZH� XVXDOO\� UHVRUW� WR� D� PHDVXUH�UHODWHG�WR�WKH�OHQJWK�RI�WKH�VHDUFK�SURFHVV��)RU�H[DPSOH��ZH�PD\�FKRRVH�WR�VHW� D� OLPLW� RQ� WKH� QXPEHU� RI� PRYHV� SHUIRUPHG�� WKH� QXPEHU� RI� PRYHV�HYDOXDWHG�� RU� WKH� &38� WLPH� VSHQG� E\� WKH� DOJRULWKP�� ,I� D� ORZHU� ERXQG� LV�NQRZQ��ZH�FDQ�XWLOL]H�LW�DV�D�VWRSSLQJ�FULWHULRQ�E\�VHWWLQJ�WKH�H[FHVV�DERYH�WKH� ORZHU� ERXQG� WKDW� ZH� UHTXLUH� WR� EH� DFKLHYHG�� &ULWHULD� FDQ� DOVR� EH�FRPELQHG�WR�DOORZ�IRU�D�PRUH�IOH[LEOH�ZD\�WR�VWRS�WKH�*/6�PHWKRG�
,Q�WKH�QH[W�VHFWLRQ��ZH�ORRN�DW�WKH FRPELQDWLRQ�RI�*XLGHG�/RFDO�6HDUFK�ZLWK�)DVW�/RFDO�6HDUFK�UHVXOWLQJ�LQ�WKH�*XLGHG�)DVW�/RFDO�6HDUFK�PHWKRG��

�� ,03/(0(17,1*�*8,'('�)$67�/2&$/�6($5&+
*XLGHG�)DVW�/RFDO�6HDUFK� �*)/6�� LV�PRUH� VRSKLVWLFDWHG� WKDQ� WKH�EDVLF�*/6� DOJRULWKP� XVLQJ� D� QXPEHU� RI� VXE�QHLJKERUKRRGV�� ZKLFK� DUH�HQDEOHG�GLVDEOHG� GXULQJ� WKH� VHDUFK� SURFHVV�� 7KH�PDLQ� DGYDQWDJH� RI�*)/6�OLHV� LQ� LWV�DELOLW\� WR�SURYLGH�VHDUFK� IRFXV�DIWHU� WKH�SHQDOWLHV�RI� IHDWXUHV�DUH�LQFUHDVHG�� 7KLV� FDQ� GUDPDWLFDOO\� VKRUWHQ� WKH� WLPH� UHTXLUHG� E\� DQ�LPSURYHPHQW�PHWKRG WR� UH�RSWLPL]H� WKH� VROXWLRQ� HDFK� WLPH� WKH� DXJPHQWHG�REMHFWLYH�IXQFWLRQ�LV�PRGLILHG*XLGHG� )DVW� /RFDO� 6HDUFK� KDV� EHHQ� GHVFULEHG� LQ� VHFWLRQ� ���� RI� WKLV�FKDSWHU�� ,Q� WKH� IROORZLQJ� VHFWLRQV�� ZH� SURYLGH� WKH� SVHXGR�FRGH� IRU� WKH�PHWKRG� DQG� DOVR� VRPH� VXJJHVWLRQV� RQ� KRZ� WR� DFKLHYH� DQ� HIILFLHQW�



�� &KDSWHU��
LPSOHPHQWDWLRQ�� :H� ILUVW� ORRN� DW� WKH� SVHXGR�FRGH� IRU� )DVW� /RFDO� 6HDUFK��ZKLFK�LV�SDUW�RI�WKH�RYHUDOO�*XLGHG�)DVW�/RFDO�6HDUFK�DOJRULWKP���� 3VHXGR�FRGH�IRU�)DVW�/RFDO�6HDUFK

7KH�SVHXGR�FRGH�IRU�)DVW�/RFDO�6HDUFK�LV�WKH�IROORZLQJ�
SURFHGXUH )DVW/RFDO6HDFK�V��K��>ELW���«�ELW/@��/�EHJLQZKLOH �ELW��ELW� ���GR��
�L�H��ZKLOH�DFWLYH�VXE�QHLJKERUKRRG�H[LVWV�
�IRU�L�m��XQWLO�/�GREHJLQLI�ELWL  �� WKHQ�
�VHDUFK�VXE�QHLJKERUKRRG�L�
�EHJLQ0RYHV�m 0RYHV)RU6XEQHLJKERUKRRG�L��IRU�HDFK�PRYH P LQ�0RYHV�GREHJLQVc m P�V����
�Vc LV�WKH�UHVXOW�RI�PRYH�P�
�LI�K�Vc����K�V��WKHQ��
�PLQLPL]DWLRQ�FDVH�LV�DVVXPHG�KHUH�
�EHJLQ�
�VSUHDG�DFWLYDWLRQ�
�$FWLYDWH6HW�m6XEQHLJKERUKRRGV)RU0RYH�P��IRU HDFK�VXE�QHLJKERUKRRG MLQ�$FWLYDWH6HW�GR�ELWM m ��V�m Vc�JRWR ,PSURYLQJ0RYH)RXQGHQGHQGELWL m ����
�QR�LPSURYLQJ�PRYH�IRXQG�
�HQG,PSURYLQJ0RYH)RXQG�FRQWLQXH�HQG�UHWXUQ�V�HQG

ZKHUH� V�� VROXWLRQ�� K�� DXJPHQWHG� REMHFWLYH� IXQFWLRQ�� /�� QXPEHU� RI� VXE�QHLJKERUKRRGV�� ELWL�� DFWLYDWLRQ� ELW� IRU� VXE�QHLJKERUKRRG� L��0RYHV)RU6XEQHLJKERUKRRG�L��� PHWKRG� ZKLFK� UHWXUQV� WKH� VHW� RI� PRYHV�



���*XLGHG�/RFDO�6HDUFK ��
FRQWDLQHG� LQ� VXE�QHLJKERUKRRG� L�� DQG� 6XEQHLJKERUKRRGV)RU0RYH�P���PHWKRG�ZKLFK�UHWXUQV�WKH�VHW�RI�VXE�QHLJKERUKRRGV�WR�DFWLYDWH�ZKHQ�PRYH�PLV�SHUIRUPHG���� *XLGHOLQHV�IRU�LPSOHPHQWLQJ�WKH�)/6�SVHXGR�FRGH

$V�H[SODLQHG�LQ�VHFWLRQ������WKH�SUREOHP¶V�QHLJKERUKRRG�LV�EURNHQ�GRZQ�LQWR�D�QXPEHU�RI�VXE�QHLJKERUKRRGV�DQG�DQ�DFWLYDWLRQ�ELW LV�DWWDFKHG�WR�HDFK�RQH� RI� WKHP�� 7KH� LGHD� LV� WR� H[DPLQH� VXE�QHLJKERUKRRGV� LQ� D� JLYHQ� RUGHU��VHDUFKLQJ� RQO\� WKRVH� ZLWK� WKH� DFWLYDWLRQ� ELW� VHW� WR� ��� 7KH� QHLJKERUKRRG�VHDUFK� SURFHVV� GRHV� QRW� UHVWDUW� ZKHQHYHU� ZH� ILQG� D� EHWWHU� VROXWLRQ� EXW� LWFRQWLQXHV�ZLWK� WKH�QH[W� VXE�QHLJKERUKRRG� LQ� WKH�JLYHQ�RUGHU��7KH�SVHXGR�FRGH�JLYHQ�DERYH�LV�IOH[LEOH�VLQFH�LW�GRHV�QRW�VSHFLI\�ZKLFK�ELWV�DUH�LQLWLDOO\�VZLWFKHG� RQ� RU� RII�� VRPHWKLQJ� ZKLFK� LV� DQ� LQSXW� WR� WKH� SURFHGXUH�� � 7KLV�DOORZV�WKH�SURFHGXUH�WR�EH�IRFXVHG�WR�FHUWDLQ�VXE�QHLJKERUKRRGV�DQG�QRW�WKH�ZKROH�QHLJKERUKRRG��ZKLFK�PD\�EH�D�ODUJH�RQH��7KH�SURFHGXUH�KDV�WZR�SRLQWV�WKDW�QHHG�WR�EH�FXVWRPL]HG��7KH�ILUVW�LV�WKH�EUHDNLQJ�GRZQ� RI� WKH� QHLJKERUKRRG� LQWR� VXE�QHLJKERUKRRGV��0RYHV)RU6XEQHLJKERUKRRG� PHWKRG� LQ� SVHXGR�FRGH��� 7KH� VHFRQG� LV� WKH�PDSSLQJ� IURP� PRYHV� WR� VXE�QHLJKERUKRRGV� IRU� VSUHDGLQJ� DFWLYDWLRQ��6XEQHLJKERUKRRGV)RU0RYH PHWKRG�LQ�SVHXGR�FRGH���%RWK�WKHVH�SRLQWV�DUH�VWURQJO\�GHSHQGHQW�RQ�WKH�PRYH�RSHUDWRU�XVHG��,Q� JHQHUDO�� WKH� PRYH� RSHUDWRU� GHSHQGV� RQ� WKH� VROXWLRQ� UHSUHVHQWDWLRQ��)RUWXQDWHO\��VHYHUDO�SUREOHPV�VKDUH�WKH�VDPH�VROXWLRQ�UHSUHVHQWDWLRQ�ZKLFK�LV� W\SLFDOO\�EDVHG�RQ� VRPH�ZHOO�NQRZQ�VLPSOH�RU� FRPSRVLWH� FRPELQDWRULDO�VWUXFWXUH� �H�J�� VHOHFWLRQ�� SHUPXWDWLRQ�� SDUWLWLRQ�� FRPSRVLWLRQ�� SDWK�� F\FOLF�SDWK�� WUHH�� JUDSK�� HWF����7KLV� DOORZV�XV� WR�XVH� WKH�VDPH�PRYH�RSHUDWRUV� IRU�PDQ\�GLIIHUHQW�SUREOHPV��H�J����2SW����2SW��6ZDSV��,QVHUWLRQV��HWF����
����� %UHDNLQJ�GRZQ�WKH�QHLJKERUKRRG�LQWR�VXE�QHLJKERUKRRGV

7KH�PHWKRG�IRU�PDSSLQJ�VXE�QHLJKERUKRRGV�WR�PRYHV��ZKLFK�LV�GHQRWHGLQ� WKH� SVHXGR�FRGH� E\� 6XEQHLJKERXUKRRG7R0RYHV�� FDQ� EH� GHILQHG� E\�ORRNLQJ� DW� WKH� LPSOHPHQWDWLRQ� RI� D� W\SLFDO� ORFDO� VHDUFK� SURFHGXUH� IRU� WKH�SUREOHP��7KLV�LPSOHPHQWDWLRQ��DW�LWV�FRUH��ZLOO�XVXDOO\�FRQWDLQ�D�QXPEHU�RI�QHVWHG�IRU�ORRSV�IRU�JHQHUDWLQJ�DOO�SRVVLEOH�PRYH�FRPELQDWLRQV��7KH�YDULDEOH�LQ�WKH�RXWHU�PRVW�ORRS�LQ�WKH�PRYH�JHQHUDWLRQ�FRGH�FDQ�EH�XVHG�WR�GHILQH�WKH�VXE�QHLJKERUKRRGV�� 7KH� PRYHV� LQ� HDFK� VXE�QHLJKERUKRRG� ZLOO� EH� WKRVH�JHQHUDWHG�E\�WKH�LQQHU�ORRSV�IRU�WKH�SDUWLFXODU�VXE�QHLJKERUKRRG�LQGH[�YDOXH�DW�WKH�RXWHU�PRVW�ORRS����,Q�JHQHUDO�� WKH�VXE�QHLJKERUKRRGV�FDQ�EH�RYHUODSSLQJ��)DVW�ORFDO�VHDUFK�LV� XVXDOO\� H[DPLQLQJ� OLPLWHG� QXPEHUV� RI� PRYHV� FRPSDUHG� WR� H[KDXVWLYH�
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QHLJKERUKRRG� VHDUFK�PHWKRGV� DQG� WKHUHIRUH� GXSOLFDWLRQ� RI�PRYHV� LV� QRW� D�SUREOHP��0RUHRYHU��WKLV�FDQ�EH�GHVLUDEOH�VRPHWLPHV�WR�JLYH�D�JUHDWHU�UDQJH�WR�HDFK�VXE�QHLJKERUKRRG��6LQFH�QRW�DOO�VXE�QHLJKERUKRRGV�DUH�DFWLYH�LQ�WKH�VDPH�LWHUDWLRQ��LI�WKHUH�LV�QR�RYHUODSSLQJ��VRPH�RI�LPSURYLQJ�PRYHV�PD\�EH�PLVVHG�
����� 6SUHDGLQJ�DFWLYDWLRQ�ZKHQ�PRYHV�DUH H[HFXWHG

7KH� PHWKRG� IRU� VSUHDGLQJ� DFWLYDWLRQ�� GHQRWHG� E\�6XEQHLJKERXUKRRGV)RU0RYH��UHWXUQV�D�VHW�RI�VXE�QHLJKERUKRRGV�WR�DFWLYDWH�DIWHU� D� PRYH� LV� SHUIRUPHG�� 7KH� ORZHU� ERXQG� IRU� WKLV� VHW� LV� WKH� VXE�QHLJKERUKRRG�ZKHUH� WKH�PRYH� RULJLQDWHG�� 7KH� XSSHU� ERXQG� �DOWKRXJK� QRW�XVHIXO��LV�DOO�WKH�VXE�QHLJKERUKRRGV�LQ�WKH�SUREOHP��$�ZD\� WR�GHILQH� WKLV�PHWKRG� LV� WR� ORRN�DW� WKH�SDUWLFXODU�PRYH�RSHUDWRU�XVHG�� 0RYHV� ZLOO� DIIHFW� SDUW� RI� WKH� VROXWLRQ� GLUHFWO\� RU� LQGLUHFWO\� ZKLOH�OHDYLQJ�RWKHU�SDUWV�XQDIIHFWHG��,I�D�VXE�QHLJKERUKRRG�FRQWDLQV�DIIHFWHG�SDUWV�WKHQ� LW� QHHGV� WR� EH� DFWLYDWHG� VLQFH� DQ� RSSRUWXQLW\� FRXOG� DULVH� WKHUH� IRU� DQ�LPSURYLQJ�PRYH�DV�D�UHVXOW�RI�WKH�RULJLQDO�PRYH�SHUIRUPHG�
7KH�)DVW�/RFDO�6HDUFK�ORRS�LV�VHWWOLQJ�GRZQ�LQ�D�ORFDO�PLQLPXP�ZKHQ�DOO�WKH�ELWV�RI� VXE�QHLJKERUKRRGV� WXUQ� WR�]HUR� �L�H��QR� LPSURYLQJ�PRYH�FDQ�EH�IRXQG�LQ�DQ\�RI�WKH�VXE�QHLJKERUKRRGV���)DVW�/RFDO�6HDUFK�WR�WKDW�UHVSHFW�LV�VLPLODU� WR�RWKHU� ORFDO� VHDUFK�SURFHGXUHV��7KH�PDLQ�GLIIHUHQFHV�DUH� WKDW� WKH�PHWKRG�FDQ�EH�IRFXVHG�WR�VHDUFK�SDUWLFXODU�SDUWV�RI�WKH�RYHUDOO�QHLJKERUKRRG�DQG� VHFRQGO\�� LW� LV�ZRUNLQJ� LQ� D� RSSRUWXQLVWLF�ZD\� ORRNLQJ� DW� SDUWV� RI� WKH�VROXWLRQ�ZKLFK�DUH�OLNHO\�WR�FRQWDLQ�LPSURYLQJ�PRYHV�UDWKHU�WKDQ�WKH�ZKROH�VROXWLRQ�� ,Q� WKH� QH[W� VHFWLRQ��ZH� ORRN�DW�*XLGHG�)DVW�/RFDO�6HDUFK��ZKLFKXVHV�)DVW�/RFDO�6HDUFK�DV�LWV�LPSURYHPHQW�PHWKRG���� 3VHXGR�FRGH�IRU�*XLGHG�)DVW�/RFDO�6HDUFK�
7KH�SVHXGR�FRGH�IRU�*XLGHG�)DVW�/RFDO�6HDUFK�LV�JLYHQ�EHORZ�

SURFHGXUH *XLGHG)DVW/RFDO6HDUFK�S��J��O��>,�������,0@��>F������F0@��0��/�EHJLQN�m ���V� m &RQVWUXFWLRQ0HWKRG�S���
�VHW�DOO�SHQDOWLHV�WR���
�IRU�L�m��XQWLO�0�GR�SL��m ���
�VHW�DOO�VXE�QHLJKERUKRRGV�WR�WKH�DFWLYH�VWDWH�
��IRU�L�m��XQWLO�/�GR�
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ELWL��m ���
�GHILQH�WKH�DXJPHQWHG�REMHFWLYH�IXQFWLRQ�
�K�m J���O 
�¦SL
,L�ZKLOH 6WRSSLQJ&ULWHULRQ�GREHJLQVN�� m )DVW/RFDO6HDUFK�VN��K��>ELW���«�ELW/@��/���
�FRPSXWH�WKH�XWLOLW\�RI�IHDWXUHV�
�IRU�L�m��XQWLO�0�GR�XWLOL m ,L�VN����
�FL������SL����
�SHQDOL]H�IHDWXUHV�ZLWK�PD[LPXP�XWLOLW\�
��IRU HDFK L�VXFK�WKDW�XWLOL LV�PD[LPXP�GREHJLQSL m SL �����
�DFWLYDWH�VXE�QHLJKERUKRRGV�UHODWHG�WR�SHQDOL]HG�IHDWXUH�L�
�$FWLYDWH6HW�m 6XEQHLJKERUKRRGV)RU)HDWXUH�L��IRU HDFK�VXE�QHLJKERUKRRG M LQ�$FWLYDWH6HW�GR�ELWM m ��HQGN�m N���HQGV
�m EHVW�VROXWLRQ�IRXQG�ZLWK�UHVSHFW�WR�REMHFWLYH�IXQFWLRQ�J�UHWXUQ V
�HQG

ZKHUH�S��SUREOHP��J��REMHFWLYH�IXQFWLRQ��K��DXJPHQWHG�REMHFWLYH�IXQFWLRQ��O��ODPEGD�SDUDPHWHU�� ,L��LQGLFDWRU�IXQFWLRQ�RI�IHDWXUH� L��FL��FRVW�RI�IHDWXUH� L��0�� QXPEHU� RI� IHDWXUHV�� SL�� SHQDOW\� RI� IHDWXUH� L�� /�� QXPEHU� RI� VXE�QHLJKERUKRRGV�� ELWL�� DFWLYDWLRQ� ELW� IRU� VXE�QHLJKERUKRRG� L��&RQVWUXFWLRQ0HWKRG�S��� PHWKRG� IRU� FRQVWUXFWLQJ� D� LQLWLDO� VROXWLRQ� IRU�SUREOHP� S�� )DVW/RFDO6HDUFK�VN�� K�� >ELW��� «�ELW/@�� /��� WKH� IDVW� ORFDO� VHDUFK�PHWKRG� DV� GHSLFWHG� LQ� VHFWLRQ� ����� DQG� 6XEQHLJKERUKRRGV)RU)HDWXUH�L���PHWKRG�ZKLFK�UHWXUQV�WKH�VHW�RI�VXE�QHLJKERUKRRGV�WR�DFWLYDWH�ZKHQ�IHDWXUH�LLV�SHQDOL]HG���� *XLGHOLQHV�IRU�LPSOHPHQWLQJ�WKH�*)/6�SVHXGR�FRGH
7KLV�SVHXGR�FRGH�LV�VLPLODU�WR�WKDW�RI�*XLGHG�/RFDO�6HDUFK�H[SODLQHG�LQ�VHFWLRQ����$OO�GLIIHUHQFHV�UHODWH�WR�WKH�PDQLSXODWLRQ�RI�DFWLYDWLRQ�ELWV�IRU�WKH�SXUSRVH�RI�IRFXVLQJ�)DVW�/RFDO�6HDUFK��7KHVH�ELWV�DUH�LQLWLDOL]HG�WR����$V�D�UHVXOW�� WKH� ILUVW� FDOO� WR� )DVW� /RFDO� 6HDUFK� LV� H[DPLQLQJ� WKH� ZKROH�QHLJKERUKRRG�IRU�LPSURYLQJ�PRYHV�
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6XEVHTXHQW� FDOOV� WR� )DVW� /RFDO� 6HDUFK� H[DPLQH� RQO\� SDUW� RI� WKH�QHLJKERUKRRG�DQG� LQ�SDUWLFXODU�DOO� WKH�VXE�QHLJKERUKRRGV� WKDW� UHODWH� WR� WKH�IHDWXUHV�SHQDOL]HG�E\�*/6��

����� ,GHQWLI\LQJ�VXE�QHLJKERUKRRGV WR�DFWLYDWH�ZKHQ�IHDWXUHV�DUH�SHQDOL]HG
,GHQWLI\LQJ�WKH�VXE�QHLJKERUKRRGV�WKDW�DUH�UHODWHG�WR�D�SHQDOL]HG�IHDWXUH�LV�WKH�WDVN�RI�6XEQHLJKERUKRRGV)RU)HDWXUH�PHWKRG��7KH�UROH�RI�WKLV�PHWKRG�LV�VLPLODU�WR�WKDW�RI�6XEQHLJKERUKRRGV)RU0RYH PHWKRG�LQ�)DVW�/RFDO�6HDUFK��VHH�VHFWLRQ���������7KH�6XEQHLJKERUKRRGV)RU)HDWXUH PHWKRG�LV�XVXDOO\�GHILQHG�EDVHG�RQ�DQ�DQDO\VLV� RI� WKH� PRYH� RSHUDWRU�� $IWHU� WKH� DSSOLFDWLRQ� RI� SHQDOWLHV�� ZH� DUH�ORRNLQJ�IRU�PRYHV�ZKLFK�UHPRYH�RU�KDYH�WKH�SRWHQWLDO�WR UHPRYH�SHQDOL]HG�IHDWXUHV� IURP� WKH� VROXWLRQ�� 7KH� VXE�QHLJKERUKRRGV�� ZKLFK� FRQWDLQ� VXFK�PRYHV��DUH�SULPH�FDQGLGDWHV�IRU�DFWLYDWLRQ��6SHFLILF�H[DPSOHV�ZLOO�EH�JLYHQ�ODWHU�LQ�WKH�FKDSWHU�DQG�LQ�WKH�FRQWH[W�RI�*/6�DSSOLFDWLRQV�
*XLGHG�)DVW�/RFDO�6HDUFK�LV�PXFK�IDVWHU�WKDQ�EDVLF�*XLGHG�/RFDO�6HDUFK�HVSHFLDOO\� LQ� ODUJH� SUREOHP� LQVWDQFHV� ZKHUH� UHSHDWHGO\� DQG� H[KDXVWLYHO\�VHDUFKLQJ�WKH�ZKROH�QHLJKERUKRRG�LV�FRPSXWDWLRQDOO\�H[SHQVLYH�

�� 86()8/�)($785(6�)25�&20021�$33/,&$7,216�
$SDUW� IURP� WKH� QHFHVVDU\� VSHFLDOL]DWLRQ RI� WKH� DOJRULWKPV� H[SODLQHG� LQ�SUHYLRXV� VHFWLRQV�� DSSO\LQJ� *XLGHG� /RFDO� 6HDUFK� RU� *XLGHG� )DVW� /RFDO�6HDUFK� WR�D�SUREOHP�UHTXLUHV� LGHQWLI\LQJ�D� VXLWDEOH VHW�RI�IHDWXUHV�WR�JXLGH�WKH�VHDUFK�SURFHVV��$V�H[SODLQHG�LQ�VHFWLRQ����IHDWXUHV�QHHG�WR�EH�GHILQHG�LQ�WKH�IRUP�RI�LQGLFDWRU�IXQFWLRQV�WKDW�JLYHQ�D�VROXWLRQ�UHWXUQ���LI�WKH�IHDWXUH�LV�SUHVHQW�LQ�WKH�VROXWLRQ�RU���RWKHUZLVH��)HDWXUHV� SURYLGH� WKH� KHXULVWLF� VHDUFK� H[SHUW�ZLWK� TXLWH� D� SRZHUIXO� WRRO�VLQFH� DQ\� VROXWLRQ� SURSHUW\� FDQ� EH� SRWHQWLDOO\� FDSWXUHG� DQG� XVHG� WR� JXLGH�ORFDO�VHDUFK��8VXDOO\��ZH�DUH� ORRNLQJ�IRU�VROXWLRQ�SURSHUWLHV��ZKLFK�KDYH�D�GLUHFW� LPSDFW� RQ� WKH�REMHFWLYH� IXQFWLRQ��7KHVH� FDQ�EH�PRGHOHG�DV� IHDWXUHV�ZLWK� IHDWXUH�FRVWV�HTXDO�RU�DQDORJRXV� WR� WKHLU�FRQWULEXWLRQ� WR� WKH�REMHFWLYH�IXQFWLRQ� YDOXH�� %\� DSSO\LQJ� SHQDOWLHV� WR� IHDWXUHV�� */6� FDQ� JXLGH� WKH�LPSURYHPHQW�PHWKRG� WR� DYRLG� FRVWO\� �³EDG´�� SURSHUWLHV�� FRQYHUJLQJ� IDVWHU�WRZDUGV�DUHDV�RI�WKH�VHDUFK�VSDFH��ZKLFK�DUH�RI�KLJK�TXDOLW\��)HDWXUHV�DUH�QRW�QHFHVVDULO\�VSHFLILF�WR�D�SDUWLFXODU�SUREOHP�DQG�WKH\�FDQ�EH�XVHG�LQ�VHYHUDO�SUREOHPV�RI�VLPLODU�VWUXFWXUH��5HDO�ZRUOG�SUREOHPV��ZKLFK�
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VRPHWLPHV� LQFRUSRUDWH� HOHPHQWV� IURP� VHYHUDO� DFDGHPLF� SUREOHPV�� FDQ�EHQHILW� IURP� XVLQJ� PRUH� WKDQ� RQH� IHDWXUH�VHWV� WR� JXLGH� ORFDO� VHDUFK� WR�RSWLPL]H�EHWWHU�DOO�GLIIHUHQW�WHUPV�RI�D�FRPSOH[�REMHFWLYH�IXQFWLRQ��%HORZ�� ZH� SURYLGH� H[DPSOHV� RI� IHDWXUHV� WKDW� FDQ� EH� GHSOR\HG� LQ� WKH�FRQWH[W�RI�YDULRXV�SUREOHPV��7KH�UHDGHU�PD\�ILQG�WKHP�KHOSIXO�DQG�XVH�WKHP�LQ�KLV�KHU�RZQ�RSWLPL]DWLRQ�DSSOLFDWLRQ���� 5RXWLQJ�6FKHGXOLQJ�3UREOHPV

,Q� URXWLQJ�VFKHGXOLQJ� SUREOHPV�� RQH� LV� VHHNLQJ� WR� PLQLPL]H� WKH� WLPH�UHTXLUHG� E\� D� YHKLFOH� WR� WUDYHO� EHWZHHQ� FXVWRPHUV� RU� IRU� D� UHVRXUFH� WR� EH�VHWXS� IURP� RQH� DFWLYLW\� WR� WKH� QH[W�� 3UREOHPV� LQ� WKLV� FDWHJRU\� LQFOXGH� WKH�7UDYHOLQJ� 6DOHVPDQ 3UREOHP�� 9HKLFOH� 5RXWLQJ� 3UREOHP�� 0DFKLQH�6FKHGXOLQJ�ZLWK�6HTXHQFH�'HSHQGHQW�6HW�XS�7LPHV�DQG�RWKHUV��7UDYHO�RU�VHWXS�WLPHV�DUH�PRGHOHG�DV�HGJHV�LQ�D�SDWK�RU�JUDSK�VWUXFWXUH�FRPPRQO\�XVHG� WR� UHSUHVHQW� WKH� VROXWLRQ�RI� WKHVH�SUREOHPV��7KH�REMHFWLYH�IXQFWLRQ��RU�DW� OHDVW�SDUW�RI�LW��LV�JLYHQ�E\�WKH�VXP�RI�OHQJWKV�IRU�WKH�HGJHV�XVHG�E\�WKH�VROXWLRQ�(GJHV�DUH�LGHDO�*/6�IHDWXUHV��$�VROXWLRQ�HLWKHU�FRQWDLQV�DQ�HGJH�RU�QRW��)XUWKHUPRUH�� HDFK� HGJH� KDV� D� FRVW� HTXDO� WR� LWV� OHQJWK�� :H� FDQ� GHILQH� D�IHDWXUH�IRU�HDFK�SRVVLEOH�HGJH�DQG�DVVLJQ�D�FRVW�WR�LW�HTXDO�WR�WKH�HGJH�OHQJWK��*/6� TXLFNO\� LGHQWLILHV� DQG� SHQDOL]HV� ORQJ� DQG� FRVWO\� HGJHV� JXLGLQJ� ORFDO�VHDUFK� WR� KLJK� TXDOLW\� VROXWLRQV��ZKLFK� XVH� DV�PXFK� DV� SRVVLEOH� WKH� VKRUW�HGJHV�DYDLODEOH���� $VVLJQPHQW�3UREOHPV
,Q�DVVLJQPHQW�SUREOHPV��D�VHW�RI�LWHPV�KDV�WR�EH�DVVLJQHG�WR�DQRWKHU�VHW�RI�LWHPV��H�J��DLUSODQHV�WR�IOLJKWV��ORFDWLRQV�WR�IDFLOLWLHV��SHRSOH�WR�ZRUN�HWF����(DFK�DVVLJQPHQW�RI�LWHP� L WR�LWHP�M XVXDOO\�FDUULHV�D�FRVW�DQG�GHSHQGLQJ�RQ�WKH�SUREOHP��D�QXPEHU�RI�FRQVWUDLQWV�UHTXLUHG�WR�EH�VDWLVILHG��H�J��FDSDFLW\�RU�FRPSDWLELOLW\�FRQVWUDLQWV���7KH�DVVLJQPHQW�RI�LWHP�L WR�LWHP�M FDQ�EH�VHHQ�DV�D�VROXWLRQ�SURSHUW\�ZKLFK� LV�HLWKHU�SUHVHQW� LQ� WKH�VROXWLRQ�RU�QRW��6LQFH�HDFK�DVVLJQPHQW�DOVR�FDUULHV�D�FRVW��WKLV�LV�DQRWKHU�JRRG�H[DPSOH�RI�D�IHDWXUH�WR�EH�XVHG�LQ�D�*/6�LPSOHPHQWDWLRQ��,Q� VRPH� YDULDWLRQV� RI� WKH� SUREOHP� VXFK� DV� WKH� 4XDGUDWLF� $VVLJQPHQW�3UREOHP��WKH�FRVW�IXQFWLRQ�LV�PRUH�FRPSOLFDWHG�DQG�DVVLJQPHQWV�DUH�KDYLQJ�DQ� LQGLUHFW� LPSDFW� WR� WKH�FRVW��(YHQ� LQ� WKHVH�FDVHV��ZH IRXQG�WKH�*/6�FDQ�JHQHUDWH�JRRG�UHVXOWV�E\�DVVLJQLQJ�WR�DOO�IHDWXUHV�WKH�VDPH�IHDWXUH�FRVWV��H�J��HTXDO�WR���RU�VRPH�RWKHU�DUELWUDU\�YDOXH���$OWKRXJK��*/6�LV�QRW�JXLGLQJ�WKH�LPSURYHPHQW�PHWKRG�WR�JRRG�VROXWLRQV��VLQFH�WKLV�LQIRUPDWLRQ�LV�GLIILFXOW�WR�H[WUDFW�IURP�WKH�REMHFWLYH�IXQFWLRQ���LW�FDQ�VWLOO�GLYHUVLI\�WKH�VHDUFK�EHFDXVH�
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RI� WKH� SHQDOW\�PHPRU\� LQFRUSRUDWHG� DQG� LW� LV� FDSDEOH� RI�SURGXFLQJ� UHVXOWV�FRPSDUDEOH�WR�SRSXODU�KHXULVWLF�PHWKRGV���� 5HVRXUFH�$OORFDWLRQ�3UREOHPV

$VVLJQPHQW� SUREOHPV� FDQ� EH� XVHG� WR� PRGHO� UHVRXUFH� DOORFDWLRQ�DSSOLFDWLRQV��$�VSHFLDO�EXW�LPSRUWDQW�FDVH�LQ�UHVRXUFH�DOORFDWLRQ�LV�ZKHQ�WKH�UHVRXUFHV� DYDLODEOH� DUH� QRW� VXIILFLHQW� WR� VHUYLFH� DOO� UHTXHVWV�� 8VXDOO\�� WKH�REMHFWLYH�IXQFWLRQ�ZLOO�FRQWDLQ�D�VXP�RI�FRVWV�IRU�WKH�XQDOORFDWHG�UHTXHVWV�ZKLFK� LV� WR�EH�PLQLPL]HG��7KH�FRVW� LQFXUUHG�ZKHQ�D�UHTXHVW�LV�XQDOORFDWHG�ZLOO�UHIOHFW�WKH�LPSRUWDQFH�RI�WKH�UHTXHVW�RU�WKH�UHYHQXH�ORVW�LQ�WKH�SDUWLFXODU�VFHQDULR���$�SRVVLEOH�IHDWXUH�WR�FRQVLGHU�IRU�WKHVH�SUREOHPV�LV�ZKHWKHU�D�UHTXHVW�LV�XQDOORFDWHG�RU�QRW��,I�WKH�UHTXHVW�LV�XQDOORFDWHG�WKHQ�D�FRVW�LV�LQFXUUHG�LQ�WKH�REMHFWLYH� IXQFWLRQ�� ZKLFK� ZH� FDQ� XVH� DV� WKH� IHDWXUH� FRVW� WR� JXLGH� ORFDO�VHDUFK�� 7KH� QXPEHU� RI� IHDWXUHV� LQ� D� SUREOHP� LV� HTXDO� WR� WKH� QXPEHU� RI�UHTXHVWV� WKDW�PD\�EH� OHIW� XQDOORFDWHG�� RQH� IRU HDFK� UHTXHVW��7KHUH�PD\�EH�KDUG�FRQVWUDLQWV�ZKLFK�VWDWH�WKDW�FHUWDLQ�UHTXHVWV�VKRXOG�DOZD\V�EH�DOORFDWHG�D� UHVRXUFH�� WKHUH� LV�QR�QHHG� WR�GHILQH� D� IHDWXUH� IRU� WKHP��3UREOHPV� LQ� WKLV�FDWHJRU\� LQFOXGH� WKH� 3DWK� $VVLJQPHQW� 3UREOHP� � �$QGHUVRQ� HW� DO��� �������0D[LPXP� &KDQQHO� $VVLJQPHQW� 3UREOHP� �6LPRQ�� ������� :RUNIRUFH�6FKHGXOLQJ�3UREOHP��$]DUPL�DQG�$EGXO�+DPHHG��������DQG�RWKHUV���� &RQVWUDLQHG�2SWLPL]DWLRQ�3UREOHPV
&RQVWUDLQWV�DUH�YHU\�LPSRUWDQW�LQ�FDSWXULQJ�SURFHVVHV�DQG�V\VWHPV�LQ�WKH�UHDO� ZRUOG�� $� QXPEHU� RI� FRPELQDWRULDO� RSWLPL]DWLRQ� SUREOHPV� GHDOV� ZLWK�ILQGLQJ� D� VROXWLRQ�� ZKLFK� VDWLVILHV� D� VHW� RI� FRQVWUDLQWV� RU�� LI� WKDW� LV� QRW�SRVVLEOH�� PLQLPL]HV� WKH� QXPEHU� RI� FRQVWUDLQW� YLRODWLRQV� �UHOD[DWLRQV���&RQVWUDLQW�YLRODWLRQV�PD\�KDYH�FRVWV��ZHLJKWV��DVVRFLDWHG�WR�WKHP�� LQ�ZKLFK�FDVH�WKH�VXP�RI�FRQVWUDLQW�YLRODWLRQ�FRVWV�LV�WR�EH�PLQLPL]HG��/RFDO� VHDUFK� XVXDOO\� FRQVLGHUV� WKH� QXPEHU� RI� FRQVWUDLQW� YLRODWLRQV� �RU�WKHLU�ZHLJKWHG�VXP��DV�WKH�REMHFWLYH�IXQFWLRQ�HYHQ�LQ�FDVHV�ZKHUH�WKH�JRDO�LV�WR� ILQG� D� VROXWLRQ�� ZKLFK� VDWLVILHV� DOO� WKH� FRQVWUDLQWV�� &RQVWUDLQWV� E\� WKHLU�QDWXUH� FDQ� EH� HDVLO\� XVHG� DV� IHDWXUHV�� 7KH\� FDQ� EH� PRGHOHG� E\� LQGLFDWRU�IXQFWLRQV�DQG�WKH\�DOVR�LQFXU�D�FRVW��L�H��ZKHQ�YLRODWHG�UHOD[HG���ZKLFK�FDQ�EH�XVHG�DV�WKHLU�IHDWXUH�FRVW��3UREOHPV�ZKLFK�FDQ�EHQHILW�IURP�WKLV�PRGHOLQJ�LQFOXGH� WKH� &RQVWUDLQW� 6DWLVIDFWLRQ� DQG� 3DUWLDO� &RQVWUDLQW� 6DWLVIDFWLRQ�3UREOHP��7VDQJ���������WKH�IDPRXV�6$7�DQG�LWV�0$;�6$7�YDULDQW��*UDSK�&RORULQJ�� YDULRXV�)UHTXHQF\�$VVLJQPHQW�3UREOHPV� �0XUSKH\� HW�DO��� ������DQG�RWKHUV��



���*XLGHG�/RFDO�6HDUFK ��
7KH�IHDWXUHV�SURSRVHG�LQ�SDVW�VHFWLRQV��ZH�ZRXOG�VHH�WKHP�XVHG�LQ�FDVH�SUREOHPV��,Q�SDUWLFXODU��ZH�H[DPLQH�WKH�DSSOLFDWLRQ�RI�*/6�WR�WKH�IROORZLQJ�

± 7UDYHOLQJ�6DOHVPDQ�3UREOHP��5RXWLQJ�6FKHGXOLQJ�FDWHJRU\��± 4XDGUDWLF�$VVLJQPHQW�3UREOHP��$VVLJQPHQW�3UREOHP�FDWHJRU\��± :RUNIRUFH�6FKHGXOLQJ�3UREOHP��5HVRXUFH�$OORFDWLRQ�FDWHJRU\��± 5DGLR�/LQN�)UHTXHQF\�$VVLJQPHQW�3UREOHP��&RQVWUDLQW�2SWLPL]DWLRQ�FDWHJRU\��
)RU� HDFK� FDVH� SUREOHP�� ZH� SURYLGH� D� VKRUW� SUREOHP� GHVFULSWLRQ� DORQJ�ZLWK�JXLGHOLQHV�RQ�KRZ�WR�EXLOG�D�EDVLF� ORFDO�VHDUFK�SURFHGXUH��LPSOHPHQW�*/6�DQG�DOVR�*)/6�ZKHQ�DSSOLFDEOH��

��� 75$9(/,1*�6$/(60$1�352%/(0��763����� 3UREOHP�'HVFULSWLRQ
7KHUH�DUH�PDQ\�YDULDWLRQV�RI�WKH�7UDYHOLQJ�6DOHVPDQ�3UREOHP��763���,Q�KHUH��ZH�H[DPLQH�WKH�FODVVLF�V\PPHWULF�763��7KH�SUREOHP�LV�GHILQHG�E\�1FLWLHV� DQG� D� V\PPHWULF� GLVWDQFH� PDWUL[� ' >GLM@�ZKLFK� JLYHV� WKH� GLVWDQFH�EHWZHHQ�DQ\�WZR�FLWLHV� L DQG�M��7KH�JRDO�LQ�763�LV�WR�ILQG�D�WRXU��L�H��FORVHG�SDWK���ZKLFK�YLVLWV�HDFK�FLW\�H[DFWO\�RQFH�DQG�LV�RI�PLQLPXP�OHQJWK��$�WRXU�FDQ�EH�UHSUHVHQWHG�DV�D�F\FOLF�SHUPXWDWLRQ�S RQ�WKH�1 FLWLHV�LI�ZH�LQWHUSUHW�S�L� WR�EH�WKH�FLW\�YLVLWHG�DIWHU�FLW\�L��L  ��������1��7KH�FRVW�RI�D�SHUPXWDWLRQ�LV�GHILQHG�DV�
� � � �J GL LL

1S S  ¦� ���
DQG�JLYHV�WKH�FRVW�IXQFWLRQ�RI�WKH�763��

���� /RFDO�6HDUFK
������ 6ROXWLRQ�5HSUHVHQWDWLRQ

7KH�VROXWLRQ�UHSUHVHQWDWLRQ�XVXDOO\�DGRSWHG�IRU�WKH�763�LV�WKDW�RI�D�YHFWRU�ZKLFK� FRQWDLQV� WKH� RUGHU� RI� WKH� FLWLHV� LQ� WKH� WRXU�� )RU� H[DPSOH�� WKH� L �WK�HOHPHQW�RI�WKH�YHFWRU�ZLOO�FRQWDLQ�DQ�LGHQWLILHU�IRU�WKH�L�WK�FLW\�WR�EH�YLVLWHG��6LQFH�WKH�VROXWLRQ�RI�WKH�763 LV�D�FORVHG�SDWK�WKHUH�LV�DQ�HGJH�LPSOLHG�IURP�



�� &KDSWHU��
WKH� ODVW� FLW\� LQ� WKH� YHFWRU� WR� WKH� ILUVW� RQH� LQ� RUGHU� WR� FORVH� WKH� WRXU�� 7KH�VROXWLRQ� VSDFH� RI� WKH� SUREOHP� LV� WKDW� RII� DOO� SRVVLEOH� SHUPXWDWLRQV� RI� WKH�FLWLHV�DV�UHSUHVHQWHG�E\�WKH�YHFWRU�
������ &RQVWUXFWLRQ�0HWKRG

$�VLPSOH�FRQVWUXFWLRQ�PHWKRG�LV�WR�JHQHUDWH�D�UDQGRP�WRXU��,I�WKH�DERYH�VROXWLRQ� UHSUHVHQWDWLRQ� LV� DGRSWHG� WKHQ� DOO� WKDW� LV� UHTXLUHG� LV� D� VLPSOH�SURFHGXUH��ZKLFK� JHQHUDWHV� D� UDQGRP�SHUPXWDWLRQ� RI� WKH� LGHQWLILHUV�RI� WKH�FLWLHV�� 0RUH� DGYDQFHG� 763� KHXULVWLFV FDQ� EH� XVHG� LI� ZH� UHTXLUH� D� KLJKHU�TXDOLW\�VWDUWLQJ�VROXWLRQ�WR�EH�JHQHUDWHG��5HLQHOW���������7KLV�LV�XVHIXO�LQ�UHDO�WLPH�RQOLQH�DSSOLFDWLRQV�ZKHUH�D�JRRG�WRXU�PD\�EH�QHHGHG�YHU\�HDUO\�LQ�WKH�VHDUFK� SURFHVV� LQ� FDVH� WKH� XVHU� LQWHUUXSWV� WKH� DOJRULWKP�� ,I� WKHUH� DUH� QR�FRQFHUQV�OLNH�WKDW�WKHQ�D�UDQGRP�WRXU�JHQHUDWRU�VXIILFHV�VLQFH�WKH�*/6�PHWD�KHXULVWLF�WHQGV�WR�EH�UHODWLYHO\�LQVHQVLWLYH�WR�WKH�VWDUWLQJ�VROXWLRQ�DQG�FDSDEOH�RI�ILQGLQJ�KLJK�TXDOLW\�VROXWLRQV�HYHQ�LI�OHIW�WR�UXQ�IRU�D�UHODWLYHO\�VKRUW�WLPH���
������ ,PSURYHPHQW�0HWKRG

0RVW� LPSURYHPHQW�PHWKRGV�IRU�WKH�763�DUH�EDVHG�RQ�WKH� N�2SW�PRYHV��8VLQJ� N�2SW� PRYHV�� QHLJKERULQJ� VROXWLRQV� FDQ� EH� REWDLQHG� E\� GHOHWLQJ� NHGJHV�IURP�WKH�FXUUHQW�WRXU�DQG�UHFRQQHFWLQJ�WKH�UHVXOWLQJ�SDWKV�XVLQJ�N QHZ�HGJHV��7KH�N�2SW�PRYHV�DUH�WKH�EDVLV�RI�WKH�WKUHH�PRVW�IDPRXV�ORFDO�VHDUFK�KHXULVWLFV�IRU� WKH�763��QDPHO\���2SW��&URHV�����������2SW �/LQ��������DQG�/LQ�.HUQLJKDQ��/.� �/LQ�DQG�.HUQLJKDQ���������7KH� UHDGHU� FDQ� FRQVLGHU� XVLQJ� WKH� VLPSOH� ��2SW� PHWKRG�� ZKLFK� LQ�DGGLWLRQ�WR�LWV�VLPSOLFLW\�LV�YHU\�HIIHFWLYH�ZKHQ�FRPELQHG�ZLWK�*/6��:LWK���2SW� D�QHLJKERULQJ�VROXWLRQ�LV�REWDLQHG�IURP�WKH�FXUUHQW�VROXWLRQ�E\�GHOHWLQJ�WZR�HGJHV��UHYHUVLQJ�RQH�RI�WKH�UHVXOWLQJ�SDWKV�DQG�UHFRQQHFWLQJ�WKH�WRXU��,Q�SUDFWLFDO�WHUPV��WKLV�PHDQV�UHYHUVLQJ�WKH�RUGHU�RI�WKH�FLWLHV�LQ�D�FRQWLJXRXV�VHFWLRQ�RI�WKH�YHFWRU�RU�LWV�UHPDLQGHU�GHSHQGLQJ�RQ�ZKLFK�RQH�LV�WKH�VKRUWHVW�LQ�OHQJWK��&RPSXWLQJ�LQFUHPHQWDOO\�WKH�FKDQJH�LQ�VROXWLRQ�FRVW�E\�D���2SW�PRYH�LV�UHODWLYHO\�VLPSOH��/HW�XV�DVVXPH�WKDW�HGJHV�H���H��DUH�UHPRYHG�DQG�HGJHV�H���H��DUH�DGGHG�ZLWK�OHQJWKV�G���G���G���G��UHVSHFWLYHO\��7KH�FKDQJH�LQ�FRVW�LV�WKH�IROORZLQJ�
G����G��± G��± G�� ���
:KHQ�ZH�GLVFXVV�WKH�IHDWXUHV�XVHG�LQ�WKH�763��ZH�ZLOO�H[SODLQ�KRZ�WKLV�HYDOXDWLRQ� PHFKDQLVP� LV� UHYLVHG� WR� DFFRXQW� IRU� SHQDOW\ FKDQJHV� LQ� WKH�DXJPHQWHG�REMHFWLYH�IXQFWLRQ�



���*XLGHG�/RFDO�6HDUFK ������ *XLGHG�/RFDO�6HDUFK
)RU�WKH�763��D�WRXU�LQFOXGHV�D�QXPEHU�RI�HGJHV�DQG�WKH�VROXWLRQ�FRVW��WRXU�OHQJWK��LV�JLYHQ�E\�WKH�VXP�RI�WKH�OHQJWKV�RI�WKH�HGJHV�LQ�WKH�WRXU��VHH�������$V�PHQWLRQHG� LQ�VHFWLRQ������HGJHV�DUH� LGHDO� IHDWXUHV� IRU� URXWLQJ�SUREOHPV�VXFK�DV�WKH�763��)LUVW��D�WRXU�HLWKHU�LQFOXGHV�DQ�HGJH�RU�QRW�DQG�VHFRQG��HDFK�HGJH�LQFXUV�D�FRVW�LQ�WKH�REMHFWLYH�IXQFWLRQ�HTXDO�WR�WKH�HGJH�OHQJWK��DV�WKLV�LV�JLYHQ�E\�WKH�GLVWDQFH�PDWUL[�' >GLM@ RI�WKH�SUREOHP��$�VHW�RI�IHDWXUHV�FDQ�EH�GHILQHG�E\�FRQVLGHULQJ�DOO�SRVVLEOH�XQGLUHFWHG�HGJHV�HLM ��L  ����1��M  �L����1��L�z M���WKDW�PD\�DSSHDU�LQ�D�WRXU�ZLWK�IHDWXUH�FRVWV�JLYHQ�E\�WKH�HGJH�OHQJWKV�GLM��(DFK�HGJH�HLM FRQQHFWLQJ�FLWLHV�L�DQG�FLW\�M LV�DWWDFKHG�D�SHQDOW\�SLM LQLWLDOO\�VHW� WR���ZKLFK�LV�LQFUHDVHG�E\�*/6�GXULQJ�VHDUFK��:KHQ�LPSOHPHQWLQJ�WKH�*/6� DOJRULWKP� IRU� WKH� 763�� WKH� HGJH� SHQDOWLHV� FDQ� EH� DUUDQJHG� LQ� D�V\PPHWULF�SHQDOW\�PDWUL[�3 >SLM@��$V�PHQWLRQHG�LQ�VHFWLRQ����SHQDOWLHV�KDYH�WR�EH�FRPELQHG�ZLWK�WKH�SUREOHP¶V�REMHFWLYH�IXQFWLRQ�WR�IRUP�WKH�DXJPHQWHG�REMHFWLYH�IXQFWLRQ�ZKLFK�LV�PLQLPL]HG�E\�ORFDO�VHDUFK��:H�WKHUHIRUH�QHHG�WR�FRQVLGHU�WKH�DX[LOLDU\�GLVWDQFH�PDWUL[�
'c  �'���O�3� �>GLM ��O�SLM@ ���
/RFDO� VHDUFK� PXVW� XVH� 'c LQVWHDG� RI� ' LQ� PRYH� HYDOXDWLRQV�� */6�PRGLILHV� 3 DQG� �WKURXJK� WKDW�� 'c ZKHQHYHU� ORFDO� VHDUFK� UHDFKHV� D� ORFDO�PLQLPXP��,Q� RUGHU� WR� LPSOHPHQW� WKLV��ZH� UHYLVH� WKH� LQFUHPHQWDO�PRYH� HYDOXDWLRQ�IRUPXOD� ���� WR� WDNH� LQWR� DFFRXQW� WKH� HGJH� SHQDOWLHV� DQG� DOVR� WKH� ODPEGD�SDUDPHWHU��,I�S���S���S���S��DUH�WKH�SHQDOWLHV�DVVRFLDWHG�WR�HGJHV�H���H���H���DQG�H��UHVSHFWLYHO\�WKH�UHYLVHG�YHUVLRQ�RI�����LV�DV�IROORZV�
�G����G��± G��± G�����O 
��S����S��±S��±S�� ���
6LPLODUO\��ZH�FDQ�LPSOHPHQW�*/6�IRU�KLJKHU�RUGHU�N�2SW�PRYHV��7KH� HGJHV� SHQDOL]HG� LQ� D� ORFDO�PLQLPXP� DUH� VHOHFWHG� DFFRUGLQJ� WR� WKH�XWLOLW\�IXQFWLRQ������ZKLFK�IRU�WKH�763�WDNHV�WKH�IRUP�� � � �8WLO WRXU H , WRXU G SLM H LM

LMLM� � � �� ����
ZKHUH�



�� &KDSWHU��
� �, WRXU H WRXUH WRXUH LM

LMLM  ��­®̄���� ����
7KH� RQO\� SDUDPHWHU� RI� */6� WKDW� UHTXLUHV� WXQLQJ� LV� WKH� O SDUDPHWHU��$OWHUQDWLYHO\��ZH�FDQ� WXQH� WKH� D SDUDPHWHU�ZKLFK� LV�GHILQHG� LQ�VHFWLRQ� ���DQG�LW�LV�UHODWLYHO\�LQVWDQFH�LQGHSHQGHQW��([SHULPHQWLQJ�ZLWK�D�RQ�WKH�763��ZH� IRXQG� WKDW� WKHUH� LV� DQ� LQYHUVH� UHODWLRQ� EHWZHHQ� D DQG� ORFDO� VHDUFK�HIIHFWLYHQHVV��1RW�VR�HIIHFWLYH�ORFDO�VHDUFK�KHXULVWLFV�VXFK�DV���2SW�UHTXLUH�KLJKHU�D YDOXHV�FRPSDUHG�WR�PRUH�HIIHFWLYH�KHXULVWLFV�VXFK�DV���2SW�DQG�/.��7KLV�LV�SUREDEO\�EHFDXVH�WKH�DPRXQW�RI�SHQDOW\�QHHGHG�WR�HVFDSH�IURP�ORFDO�PLQLPD�GHFUHDVHV�DV� WKH�HIIHFWLYHQHVV�RI� WKH�KHXULVWLF� LQFUHDVHV�H[SODLQLQJ�ZK\� ORZHU� YDOXHV� IRU� D �DQG�FRQVHTXHQWO\� IRU�O ZKLFK� LV� D� IXQFWLRQ�RI�D��ZRUN� EHWWHU� ZLWK� ��2SW� DQG� /.�� )RU� ��2SW�� WKH� IROORZLQJ� UDQJH� IRU� DJHQHUDWHV�KLJK�TXDOLW\�VROXWLRQV�IRU�LQVWDQFHV�LQ�WKH�763/,%��5HLQHOW��������
����d D�d ��� ����
7KH�UHDGHU�PD\�UHIHU�WR��9RXGRXULV�DQG�7VDQJ��������IRU�PRUH�GHWDLOV�RQ�WKH�H[SHULPHQWDWLRQ�SURFHGXUH�DQG�WKH�IXOO�VHW�RI�UHVXOWV����� *XLGHG�)DVW�/RFDO�6HDUFK
:H�FDQ�H[SORLW� WKH�ZD\� ORFDO� VHDUFK�ZRUNV�RQ� WKH�763� WR�SDUWLWLRQ� WKH�QHLJKERUKRRG� LQ� VXE�QHLJKERUKRRGV� DV� UHTXLUHG� E\� *XLGHG� )DVW� /RFDO�6HDUFK�� (DFK� FLW\� LQ� WKH� SUREOHP� PD\� EH� VHHQ� DV� GHILQLQJ� D� VXE�QHLJKERUKRRG��ZKLFK�FRQWDLQV�DOO���2SW�HGJH�H[FKDQJHV�UHPRYLQJ�HLWKHU�RQH�RI� WKH� HGJHV� DGMDFHQW� WR� WKH� FLW\�� )RU� D� SUREOHP� ZLWK� 1 FLWLHV�� WKH�QHLJKERUKRRG�LV�SDUWLWLRQHG�LQWR�1�VXE�QHLJKERUKRRGV��RQH�IRU�HDFK FLW\�LQ�WKH�LQVWDQFH�7KH�VXE�QHLJKERUKRRGV�WR�EH�DFWLYDWHG�DIWHU�D�PRYH�LV�H[HFXWHG�DUH�WKRVH�RI�WKH�FLWLHV�DW�WKH�HQGV�RI�WKH�HGJHV�UHPRYHG�RU�DGGHG�E\�WKH�PRYH�)LQDOO\�� WKH� VXE�QHLJKERUKRRGV� DFWLYDWHG� DIWHU� SHQDOL]DWLRQ� DUH� WKRVH�GHILQHG�E\� WKH� FLWLHV DW� WKH� HQGV�RI� WKH�HGJH�V��SHQDOL]HG��7KHUH� LV�D�JRRG�FKDQFH�WKDW�WKHVH�VXE�QHLJKERUKRRGV�ZLOO�LQFOXGH�PRYHV�WKDW�UHPRYH�WKH�RQH�RU�PRUH�RI�WKH�SHQDOL]HG�HGJHV�



���*XLGHG�/RFDO�6HDUFK ����� 48$'5$7,&�$66,*10(17 352%/(0��4$3����� 3UREOHP�'HVFULSWLRQ
7KH�4XDGUDWLF�$VVLJQPHQW�3UREOHP� �4$3�� LV� RQH�RI� WKH�PRVW�GLIILFXOW�SUREOHPV�LQ�FRPELQDWRULDO�RSWLPLVDWLRQ��7KH�SUREOHP�FDQ�PRGHO�D�YDULHW\�RI�DSSOLFDWLRQV�EXW�LW�LV�PDLQO\�NQRZQ�IRU�LWV�XVH�LQ�IDFLOLW\�ORFDWLRQ�SUREOHPV��,Q�WKH�IROORZLQJ��ZH�GHVFULEH�WKH�4$3�LQ�LWV�VLPSOHVW�IRUP�*LYHQ�D�VHW�1  �^�����������Q` DQG�Q�u�Q�PDWULFHV�$ �>DLM@ DQG�%� �>ENO@� WKH�4$3�FDQ�EH�VWDWHG�DV�IROORZV�

� �¦¦  3� �Q
L

Q
M MSLSLMS %$1 � � ��PLQ ����

ZKHUH� S LV� D� SHUPXWDWLRQ� RI� 1� DQG� 31 LV� WKH� VHW� RI� DOO� SRVVLEOH�SHUPXWDWLRQV�� 7KHUH� DUH� VHYHUDO� RWKHU� HTXLYDOHQW� IRUPXODWLRQV� RI� WKHSUREOHP�� ,Q� WKH� IDFLOLW\� ORFDWLRQ� FRQWH[W�� HDFK� SHUPXWDWLRQ� UHSUHVHQWV� DQ�DVVLJQPHQW�RI�Q IDFLOLWLHV�WR�Q ORFDWLRQV��0RUH�VSHFLILFDOO\��HDFK�SRVLWLRQ�L LQ�WKH� SHUPXWDWLRQ� UHSUHVHQWV� D� ORFDWLRQ� DQG� LWV� FRQWHQWV� S�L� WKH� IDFLOLW\�DVVLJQHG� WR� WKDW� ORFDWLRQ�� 7KH� PDWUL[� $ LV� FDOOHG� WKH� GLVWDQFH� PDWUL[� DQG�JLYHV�WKH�GLVWDQFH�EHWZHHQ�DQ\�WZR�RI�WKH�ORFDWLRQV��7KH�PDWUL[�%�LV�FDOOHG�WKH� IORZ� PDWUL[� DQG� JLYHV� WKH� IORZ� RI� PDWHULDOV� EHWZHHQ� DQ\� WZR� RI� WKH�IDFLOLWLHV�� )RU� VLPSOLFLW\�� ZH� RQO\� FRQVLGHU� WKH� 6\PPHWULF� 4$3 FDVH� IRU�ZKLFK�ERWK�WKH�GLVWDQFH�DQG�IORZ�PDWULFHV�DUH�V\PPHWULF������ /RFDO�6HDUFK
4$3� VROXWLRQV� FDQ� EH� UHSUHVHQWHG� E\� SHUPXWDWLRQV� WR� VDWLVI\� WKH�FRQVWUDLQW� WKDW� HDFK� IDFLOLW\� LV� DVVLJQHG� WR� H[DFWO\� RQH� ORFDWLRQ�� $� PRYH�FRPPRQO\�XVHG�IRU� WKH�SUREOHP�LV�VLPSO\� WR�H[FKDQJH� WKH�FRQWHQWV�RI�WZR�SHUPXWDWLRQ�SRVLWLRQV��L�H��VZDS�WKH�IDFLOLWLHV�DVVLJQHG�WR�D�SDLU�RI�ORFDWLRQV���$� EHVW� LPSURYHPHQW� ORFDO� VHDUFK� SURFHGXUH� VWDUWV� ZLWK� D� UDQGRP�SHUPXWDWLRQ��,Q�HDFK�LWHUDWLRQ��DOO�SRVVLEOH�PRYHV��L�H��VZDSV��DUH�HYDOXDWHG�DQG� WKH� EHVW� LV� VHOHFWHG� DQG� SHUIRUPHG�� 7KH� DOJRULWKP� UHDFKHV� D� ORFDO�PLQLPXP�ZKHQ� WKHUH� LV� QR�PRYH��ZKLFK� LPSURYHV� IXUWKHU� WKH� FRVW� RI� WKH�FXUUHQW�SHUPXWDWLRQ�$Q� HIILFLHQW� XSGDWH� VFKHPH� FDQ� EH� XVHG� LQ� WKH� 4$3� ZKLFK� DOORZV�HYDOXDWLRQ� RI� PRYHV� LQ� FRQVWDQW� WLPH�� 7KH� VFKHPH� ZRUNV� RQO\� ZLWK� EHVW�LPSURYHPHQW� ORFDO� VHDUFK��0RYH� YDOXHV� RI� WKH� ILUVW� QHLJKERXUKRRG� VHDUFK�DUH�VWRUHG�DQG�XSGDWHG�HDFK�WLPH�D�QHZ�QHLJKERXUKRRG�VHDUFK�LV�SHUIRUPHG�WR� WDNH� LQWR� DFFRXQW� FKDQJHV� IURP� WKH� PRYH� ODVW� H[HFXWHG�� VHH� �7DLOODUG��



�� &KDSWHU��
������IRU�GHWDLOV��0RYH�YDOXHV�GR�QRW�QHHG�WR�EH�HYDOXDWHG�IURP�VFUDWFK�DQG�WKXV�WKH�QHLJKERXUKRRG�FDQ�EH�IXOO\�VHDUFKHG�LQ�URXJKO\�2�Q�� WLPH�LQVWHDG�RI�2�Q�� UHTXLUHG�RWKHUZLVH���7R�HYDOXDWH�PRYHV�LQ�FRQVWDQW�WLPH��ZH�KDYH�WR�H[DPLQH�DOO�SRVVLEOH�PRYHV LQ�HDFK�LWHUDWLRQ�DQG�KDYH�WKHLU�YDOXHV�XSGDWHG��%HFDXVH� RI� WKDW�� WKH� VFKHPH� FDQ� QRW� EH� HDVLO\� FRPELQHG�ZLWK� )DVW� /RFDO�6HDUFK��ZKLFK�H[DPLQHV�RQO\�D�QXPEHU�RI�PRYHV�LQ�HDFK�LWHUDWLRQ�WKHUHIRUH�SUHYHQWLQJ�EHQHILWLQJ�VXEVWDQWLDOO\�IURP�*)/6�LQ�WKLV�FDVH������ *XLGHG�/RFDO�6HDUFK

$�VHW�RI� IHDWXUHV� WKDW�FDQ�EH�XVHG� LQ� WKH�4$3� LV� WKH�VHW�RI�DOO�SRVVLEOH�DVVLJQPHQWV�RI�IDFLOLWLHV�WR�ORFDWLRQV��L�H��ORFDWLRQ�IDFLOLW\�SDLUV���7KLV�NLQG�RI�IHDWXUH� LV� JHQHUDO� DQG� FDQ� EH� XVHG� LQ� D� YDULHW\�RI� DVVLJQPHQW�SUREOHPV�DV�H[SODLQHG� LQ�VHFWLRQ������ ,Q�WKH�4$3��WKHUH�DUH�Q� SRVVLEOH�ORFDWLRQ�IDFLOLW\�FRPELQDWLRQV�� %HFDXVH� RI� WKH� VWUXFWXUH� RI� WKH� REMHFWLYH� IXQFWLRQ�� LW� LV� QRW�SRVVLEOH� WR� HVWLPDWH� HDVLO\� WKH� LPSDFW� RI� IHDWXUHV� DQG� DVVLJQ� WR� WKHP�DSSURSULDWH� IHDWXUH� FRVWV�� ,Q� SDUWLFXODU�� WKH� FRQWULEXWLRQ� LQ� WKH� REMHFWLYH�IXQFWLRQ�RI�D�IDFLOLW\�DVVLJQPHQW�WR�D�ORFDWLRQ�GHSHQGV�DOVR�RQ�WKH�SODFHPHQW�RI�WKH�RWKHU�IDFLOLWLHV�ZLWK�D�QRQ�]HUR�IORZ�WR�WKDW�IDFLOLW\�([SHULPHQWLQJ� ZLWK� WKH� SUREOHP�� ZH� IRXQG� WKDW� LI� DOO� IHDWXUHV� DUH�DVVLJQHG� WKH�VDPH�FRVW� �H�J������ WKH�DOJRULWKP�LV�VWLOO�FDSDEOH�RI�JHQHUDWLQJ�KLJK�TXDOLW\�VROXWLRQV��7KLV�LV�GXH�WR�WKH�DELOLW\�RI�*/6�WR�GLYHUVLI\�VHDUFK�XVLQJ� WKH�SHQDOW\�PHPRU\��6LQFH�IHDWXUHV�DUH�FRQVLGHUHG�RI�HTXDO�FRVW�� WKH�DOJRULWKP� LV� GLVWULEXWLQJ� VHDUFK� HIIRUWV� XQLIRUPO\� DFURVV� WKH� IHDWXUH� VHW��&RPSDUDWLYH� WHVWV� ZH� FRQGXFWHG� EHWZHHQ� */6� DQG� WKH� 7DERR� 6HDUFK� RI��7DLOODUG�� ������ LQGLFDWH� WKDW� ERWK� DOJRULWKPV� DUH� SHUIRUPLQJ� HTXDOO\�ZHOO�ZKHQ�DSSOLHG�WR�WKH�4$3/,%�LQVWDQFHV��%XUNDUG HW�DO���������ZLWK�QR�FOHDU�ZLQQHU�DFURVV�WKH�LQVWDQFH�VHW��*/6��DOWKRXJK�QRW�XVLQJ�IHDWXUH�FRVWV�LQ�WKLV�SUREOHP�� LV� VWLOO� YHU\� FRPSHWLWLYH� WR� VWDWH�RI�WKH�DUW� WHFKQLTXHV� VXFK� DV�7DERR�6HDUFK�
7R�GHWHUPLQH�O LQ�WKH�4$3��RQH�PD\�XVH�WKH�IRUPXOD�EHORZ��ZKLFK�ZDV�GHULYHG�H[SHULPHQWDOO\�
O  �D�
�Q�
��PHDQ�IORZ��
��PHDQ�GLVWDQFH� ����
ZKHUH�Q LV�WKH�VL]H�RI�WKH�SUREOHP�DQG�WKH�IORZ�DQG�GLVWDQFH�PHDQV�DUH�FRPSXWHG� RYHU� WKH� GLVWDQFH� DQG� IORZ�PDWULFHV� UHVSHFWLYHO\� �LQFOXGLQJ� DQ\�SRVVLEOH���HQWULHV�ZKLFK�DUH�FRPPRQ�LQ�4$3�LQVWDQFHV���([SHULPHQWLQJ�ZLWK�

� 7R� HYDOXDWH� WKH� FKDQJH� LQ� WKH� FRVW� IXQFWLRQ���� FDXVHG�E\� D�PRYH�QRUPDOO\� UHTXLUHV�2�Q�WLPH�� 6LQFH� WKHUH� DUH� 2�Q�� PRYHV� WR� EH� HYDOXDWHG�� WKH� VHDUFK� RI� WKH� QHLJKERXUKRRG�ZLWKRXW�WKH�XSGDWH�VFKHPH�UHTXLUHV�2�Q���WLPH�



���*XLGHG�/RFDO�6HDUFK ��
4$3/,%�LQVWDQFHV��ZH�IRXQG�WKDW�RSWLPDO�SHUIRUPDQFH�LV�DFKLHYHG�IRU�D� �������
��� :25.)25&(�6&+('8/,1* 352%/(0���� 3UREOHP�'HVFULSWLRQ

:H� QRZ� ORRN� DW� KRZ� */6� FDQ� EH� DSSOLHG� WR� D� UHDO�ZRUG� UHVRXUFH�DOORFDWLRQ� SUREOHP� ZLWK XQDOORFDWHG� UHTXHVWV� FDOOHG� WKH� :RUNIRUFH�6FKHGXOLQJ� SUREOHP� �:63��� VHH� �7VDQJ� DQG� 9RXGRXULV�� ������ IRU� PRUH�GHWDLOV��7KH�SUREOHP�LV� WR�VFKHGXOH�D�QXPEHU�RI�HQJLQHHUV�WR�D�VHW�RI�MREV��PLQLPL]LQJ� WRWDO� FRVW� DFFRUGLQJ� WR� D� IXQFWLRQ�� ZKLFK� LV� WR� EH� H[SODLQHG�EHORZ��(DFK�MRE�LV�GHVFULEHG�E\�D�WULSOH�
�/RF��'XU��7\SH� ����
ZKHUH�/RF LV�WKH�ORFDWLRQ�RI�WKH�MRE��GHSLFWHG�E\�LWV�[ DQG�\�FR�RUGLQDWHV���'XU LV�WKH�VWDQGDUG�GXUDWLRQ�RI�WKH�MRE�DQG�7\SH LQGLFDWHV�ZKHWKHU�WKLV�MRE�PXVW�EH�GRQH�LQ�WKH�PRUQLQJ��LQ�WKH�DIWHUQRRQ��DV�WKH�ILUVW�MRE�RI�WKH�GD\��DV�WKH�ODVW�MRE�RI�WKH�GD\��RU��GRQ
W�FDUH���(DFK�HQJLQHHU�LV�GHVFULEHG�E\�D���WXSOH�
�%DVH��67��(7��27BOLPLW��6NLOO� ����
ZKHUH�%DVH LV�WKH�[�DQG�\�FR�RUGLQDWHV�DW�ZKLFK�WKH�HQJLQHHU�ORFDWHV��67DQG� (7 DUH� WKLV� HQJLQHHU
V� VWDUWLQJ� DQG� HQGLQJ� WLPH�� 27BOLPLW LV� KLV�KHU�RYHUWLPH�OLPLW��DQG�6NLOO LV�D�VNLOO�IDFWRU�EHWZHHQ���DQG���ZKLFK�LQGLFDWHV�WKH�IUDFWLRQ�RI�WKH�VWDQGDUG�GXUDWLRQ�WKDW�WKLV�HQJLQHHU�QHHGV�WR�DFFRPSOLVK�D�MRE��7KH�FRVW�IXQFWLRQ�WKDW�LV�WR�EH�PLQLPL]HG�LV�GHILQHG�DV�IROORZV�� �¦¦¦    u��� 1R-

M MM1R7
L L1R7

L L 8)3HQDOW\'XU277&7RWDO&RVW ��
�

� ����
ZKHUH�

1R7  �QXPEHU�RI�HQJLQHHUV�1R-� �QXPEHU�RI�MREV�7&L  �7UDYHOOLQJ�&RVW�RI�HQJLQHHU�L�27L  �2YHUWLPH�RI�HQJLQHHU�L�'XUM  �6WDQGDUG�GXUDWLRQ�RI�MRE�M�8)M  ���LI�MRE M LV�XQDOORFDWHG����RWKHUZLVH�



�� &KDSWHU��
3HQDOW\� �FRQVWDQW��ZKLFK�LV�VHW�WR����LQ�WKH�WHVWV��

7KH�WUDYHOLQJ�FRVW�EHWZHHQ��[���\���WR��[���\���LV�GHILQHG�DV�IROORZV�

� � � �� �
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������ ����
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+HUH '[ LV� WKH� DEVROXWH� GLIIHUHQFH� EHWZHHQ� [� DQG� [��� DQG� '\ LV� WKH�DEVROXWH�GLIIHUHQFH�EHWZHHQ�\� DQG�\���7KH�JUHDWHU�RI�WKH�[ DQG�\ GLIIHUHQFHV�LV�KDOYHG�EHIRUH�VXPPLQJ��(QJLQHHUV�DUH�UHTXLUHG�WR�VWDUW�IURP�DQG�UHWXUQ�WR�WKHLU�EDVH�HYHU\GD\��$Q�HQJLQHHU�PD\�EH�DVVLJQHG�PRUH�MREV�WKDQ�KH�VKH�FDQ�ILQLVK������ /RFDO�6HDUFK
������ 6ROXWLRQ�5HSUHVHQWDWLRQ

:H� UHSUHVHQW� D� FDQGLGDWH� VROXWLRQ� �L�H�� D� SRVVLEOH� VFKHGXOH�� E\� D�SHUPXWDWLRQ�RI�WKH�MREV��(DFK�SHUPXWDWLRQ�LV�PDSSHG�LQWR�D�VFKHGXOH�XVLQJ�WKH�GHWHUPLQLVWLF�DOJRULWKP�GHVFULEHG�EHORZ�
SURFHGXUH (YDOXDWLRQ �LQSXW��RQH�SDUWLFXODU�SHUPXWDWLRQ�RI�MREV��� )RU� HDFK� MRE� RUGHU� WKH�TXDOLILHG� HQJLQHHUV� LQ�DVFHQGLQJ�RUGHU�RI�WKH�GLVWDQFHV�EHWZHHQ�WKHLU�EDVHV�DQG�WKH�MRE��VXFK�RUGHULQJV�RQO\�QHHG� WR� EH� FRPSXWHG� RQFH� DQG� UHFRUGHG� IRU� HYDOXDWLQJ� RWKHU�SHUPXWDWLRQV���� 3URFHVV� RQH� MRE� DW� D� WLPH�� IROORZLQJ� WKHLU� RUGHULQJ� LQ� WKH�LQSXW�SHUPXWDWLRQ�� )RU� HDFK� MRE� [�� WU\� WR� DOORFDWH� LW� WR� DQ� HQJLQHHU�DFFRUGLQJ�WR�WKH�RUGHUHG�OLVW�RI�TXDOLILHG�HQJLQHHUV������ WR�FKHFN�LI�HQJLQHHU�J�FDQ�GR�MRE�[��PDNH�[�WKH�ILUVW�MRE�RI�J��LI�WKDW�IDLOV�WR�VDWLVI\�DQ\�RI�WKH�FRQVWUDLQWV��PDNH�LW�WKH�VHFRQG�MRE�RI�J��DQG�VR�RQ����� LI� MRE�[� FDQ�EH� ILWWHG� LQWR�HQJLQHHU�J
V� FXUUHQW� WRXU�� WKHQ�WU\� WR� LPSURYH� J
V� QHZ� WRXU� �QRZ� ZLWK� [� LQ� LW��� WKH�LPSURYHPHQW�LV�GRQH�E\�D�VLPSOH���RSWLQJ�DOJRULWKP��VHH�VHFWLRQ� ����� PRGLILHG� LQ� WKH ZD\� WKDW� RQO\� EHWWHU� WRXUV�ZKLFK�VDWLVI\�WKH�UHOHYDQW�FRQVWUDLQWV�ZLOO�EH�DFFHSWHG����� LI� MRE� [� FDQQRW� EH� ILWWHG� LQWR� HQJLQHHU� J
V� FXUUHQW� WRXU��WKHQ� FRQVLGHU� WKH� QH[W� HQJLQHHU� LQ� WKH� RUGHUHG� OLVW� RI�



���*XLGHG�/RFDO�6HDUFK ��
TXDOLILHG� HQJLQHHUV� IRU� [�� WKH� MRE� LV� XQDOORFDWHG� LI� LW�FDQQRW�ILW�LQWR�DQ\�HQJLQHHU
V�FXUUHQW�WRXU���� 7KH� FRVW� RI� WKH� LQSXW� SHUPXWDWLRQ�� ZKLFK� LV� WKH� FRVW� RI� WKH�VFKHGXOH�WKXV�FUHDWHG��LV�UHWXUQHG�

������ &RQVWUXFWLRQ�0HWKRG
7KH� VWDUWLQJ� SRLQW� RI� ORFDO� VHDUFK� LV� JHQHUDWHG� KHXULVWLFDOO\� DQG�GHWHUPLQLVWLFDOO\��WKH MREV�DUH�RUGHUHG�E\�WKH�QXPEHU�RI�TXDOLILHG�HQJLQHHUV�IRU� WKHP�� -REV� WKDW� FDQ� EH� VHUYHG� E\� WKH� IHZHVW� QXPEHU� RI� TXDOLILHG�HQJLQHHUV�DUH�SODFHG�HDUOLHU�LQ�WKH�SHUPXWDWLRQ��

������ ,PSURYHPHQW�0HWKRG
*LYHQ�D�SHUPXWDWLRQ��ORFDO�VHDUFK�LV�SHUIRUPHG�LQ�D�VLPSOH�ZD\��D�SDLU�RI�MREV� LV� H[DPLQHG� DW� D� WLPH�� 7ZR� MREV� DUH� VZDSSHG� WR� JHQHUDWH� D� QHZ�SHUPXWDWLRQ� LI� WKH� QHZ� SHUPXWDWLRQ� LV� HYDOXDWHG� �XVLQJ� WKH� (YDOXDWLRQ�SURFHGXUH�DERYH��WR�D�ORZHU�FRVW�WKDQ�WKH�RULJLQDO�SHUPXWDWLRQ�1RWH� KHUH� WKDW� VLQFH� WKH� SUREOHP� LV� DOVR� FORVH� WR� WKH�9HKLFOH� 5RXWLQJ�3UREOHP� �953��� RQH� PD\� IROORZ� D� WRWDOO\� GLIIHUHQW� DSSURDFK� FRQVLGHULQJ�953�PRYH�RSHUDWRUV�VXFK�DV�LQVHUWLRQV��VZDSV�HWF��,Q�WKLV�FDVH��WKH�VROXWLRQ�UHSUHVHQWDWLRQ�DQG�FRQVWUXFWLRQ�PHWKRGV�QHHG�WR�EH�UHYLVHG��7KH�UHDGHU�PD\�UHIHU�WR �%DFNHU�HW�DO���������IRU�PRUH�LQIRUPDWLRQ�RQ�WKH�DSSOLFDWLRQ�RI�*/6�WR�WKH�953������ *XLGHG�/RFDO�6HDUFK
,Q� WKH� ZRUNIRUFH� VFKHGXOLQJ� SUREOHP�� ZH� XVH� WKH� IHDWXUH� W\SH�UHFRPPHQGHG�IRU�UHVRXUFH�DOORFDWLRQ�SUREOHPV�LQ�VHFWLRQ� �����,Q SDUWLFXODU��WKH�LQDELOLW\�WR�VHUYH�MREV�LQFXUV�D�FRVW��ZKLFK�SOD\V�WKH�PRVW�LPSRUWDQW�SDUW�LQ�WKH�REMHFWLYH�IXQFWLRQ��7KHUHIRUH��ZH�LQWHQG�WR�ELDV�ORFDO�VHDUFK�WR�VHUYH�MREV�RI�KLJK� LPSRUWDQFH��7R�GR�VR��ZH�GHILQH�D�IHDWXUH�IRU�HDFK� MRE� LQ� WKH�SUREOHP�

� � ®̄­ VFKHGXOHMRE VFKHGXOHMREVFKHGXOH, M
MMRE M LQ�DOORFDWHGLV�� LQ�GXQDOORFDWHLV�� ����

7KH�FRVW�RI�WKLV�IHDWXUH�LV�JLYHQ�E\��'XUM ��3HQDOW\��ZKLFK�LV�HTXDO�WR�WKH�FRVW�LQFXUUHG�LQ�WKH�FRVW�IXQFWLRQ������ZKHQ�D�MRE�LV�XQDOORFDWHG�7KH� MREV� SHQDOL]HG� LQ� D� ORFDO� PLQLPXP� DUH� VHOHFWHG� DFFRUGLQJ� WR� WKH�XWLOLW\�IXQFWLRQ�����ZKLFK�IRU�ZRUNIRUFH�VFKHGXOLQJ�WDNHV�WKH�IRUP�



�� &KDSWHU��� � � � � ���� M
MMREM S3HQDOW\'XUVFKHGXOH,MREVFKHGXOH8WLO M ��� ����

:63� H[KLELWV� SURSHUWLHV� IRXQG� LQ� UHVRXUFH� DOORFDWLRQ� SUREOHPV� �L�H��XQDOORFDWHG� MRE� FRVWV�� DQG� DOVR� LQ� URXWLQJ� SUREOHPV� �L�H�� WUDYHO� FRVWV��� ,Q�DGGLWLRQ� WR� WKH� DERYH� IHDWXUH� W\SH� DQG� IRU� EHWWHU� SHUIRUPDQFH�� ZH� PD\�FRQVLGHU� LQWURGXFLQJ�D� VHFRQG� IHDWXUH� W\SH�EDVHG�RQ�HGJHV�DV� VXJJHVWHG� LQ�VHFWLRQ���� IRU�URXWLQJ�SUREOHPV�DQG�H[SODLQHG�LQ�VHFWLRQ����� IRU�WKH�763��7KLV� IHDWXUH� VHW� FDQ� KHOS� WR� DJJUHVVLYHO\� RSWLPL]H� WKH� WUDYHO� FRVWV� DOVR�LQFRUSRUDWHG� LQ� WKH� REMHFWLYH� IXQFWLRQ� ������ )XUWKHUPRUH�� RQH� RU� ERWK�IHDWXUHV� VHWV� FDQ� EH� XVHG� LQ FRQMXQFWLRQ� ZLWK� D� 953� EDVHG� ORFDO� VHDUFK�PHWKRG����� *XLGHG�)DVW�/RFDO�6HDUFK
7R� DSSO\�*XLGHG� )DVW� /RFDO� 6HDUFK� WR�ZRUNIRUFH� VFKHGXOLQJ�� HDFK� MRE�SHUPXWDWLRQ� SRVLWLRQ� GHILQHV� D� VHSDUDWH� VXE�QHLJKERUKRRG�� 7KH� DFWLYDWLRQ�ELWV�DUH�PDQLSXODWHG�DFFRUGLQJ�WR�WKH�JHQHUDO�)/6�DOJRULWKP�RI�VHFWLRQ�������,Q�SDUWLFXODU�

�� DOO�WKH�DFWLYDWLRQ�ELWV�DUH�VHW�WR����RU��RQ���ZKHQ�*)/6�VWDUWV���� WKH�ELW�IRU�MRE�SHUPXWDWLRQ�SRVLWLRQ�[�ZLOO�EH�VZLWFKHG�WR����RU��RII���LI�HYHU\�SRVVLEOH�VZDS�EHWZHHQ�WKH�MRE�DW�SRVLWLRQ�[�DQG�WKH�RWKHU�MREV�XQGHU�WKH�FXUUHQW�SHUPXWDWLRQ�KDV�EHHQ�FRQVLGHUHG��EXW�QR�EHWWHU�SHUPXWDWLRQ�KDV�EHHQ�IRXQG���� WKH�ELW�IRU�MRE�SHUPXWDWLRQ�SRVLWLRQ�[�ZLOO�EH�VZLWFKHG�WR���ZKHQHYHU�[�LV�LQYROYHG�LQ�D�VZDS�ZKLFK�KDV�EHHQ�DFFHSWHG�
0DSSLQJ� SHQDOL]HG� MREV� WR� VXE�QHLJKERUKRRGV� LV� VWUDLJKWIRUZDUG�� :H�VLPSO\� DFWLYDWH� WKH� VXE�QHLJKERUKRRGV� FRUUHVSRQGLQJ� WR� WKH� SHUPXWDWLRQ�SRVLWLRQV�RI�WKH�SHQDOL]HG�MREV��7KLV�HVVHQWLDOO\�IRUFHV�)DVW�/RFDO�6HDUFK�WR�H[DPLQH�PRYHV��ZKLFK�VZDS�WKH�SHQDOL]HG�MREV��

��� 5$',2�/,1.�)5(48(1&< $66,*10(17�352%/(0���� 3UREOHP�'HVFULSWLRQ
7KH�5DGLR� /LQN�)UHTXHQF\�$VVLJQPHQW�3UREOHP �5/)$3�� �7LRXULQH� HW�DO���������0XUSKH\�HW�DO���������LV�DEVWUDFWHG�IURP�WKH�UHDO�OLIH�DSSOLFDWLRQ�RI�



���*XLGHG�/RFDO�6HDUFK ��
DVVLJQLQJ� IUHTXHQFLHV� WR� UDGLR� OLQNV�� 7KH� SUREOHP� EHORQJV� WR� WKH� FODVV� RI�FRQVWUDLQW� RSWLPL]DWLRQ� SUREOHPV� PHQWLRQHG� LQ� VHFWLRQ� ����� ,Q� EULHI�� WKH�LQWHUIHUHQFH�OHYHO�EHWZHHQ�WKH�IUHTXHQFLHV�DVVLJQHG�WR�WKH�GLIIHUHQW�OLQNV�KDV�WR�EH�DFFHSWDEOH��RWKHUZLVH�FRPPXQLFDWLRQ�ZLOO�EH�GLVWRUWHG��7KH�IUHTXHQF\�DVVLJQPHQWV� KDYH� WR� FRPSO\� ZLWK� FHUWDLQ� UHJXODWLRQV� DQG� SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�WUDQVPLWWHUV��0RUHRYHU��WKH�QXPEHU�RI�IUHTXHQFLHV�LV�WR�EH� PLQLPL]HG�� EHFDXVH� HDFK� IUHTXHQF\� XVHG� LQ� WKH� QHWZRUN� KDV� WR� EH�UHVHUYHG�DW�D�FHUWDLQ�FRVW��,Q�FHUWDLQ�FDVHV��VRPH�RI�WKH�OLQNV�PD\�KDYH�SUH�DVVLJQHG�IUHTXHQFLHV�ZKLFK�PD\�EH�UHVSHFWHG�RU�SUHIHUUHG�E\�WKH�IUHTXHQF\�DVVLJQPHQW� DOJRULWKP�� ,Q� KHUH�� ZH� H[DPLQH� D� VLPSOLILHG� YHUVLRQ� RI� WKH�SUREOHP� FRQVLGHULQJ� RQO\� WKH� LQWHUIHUHQFH� FRQVWUDLQWV�� ,QIRUPDWLRQ� RQ� WKH�DSSOLFDWLRQ� RI� */6� WR� WKH� IXOO� SUREOHP� FDQ� EH� IRXQG� LQ� �9RXGRXULV� DQG�7VDQJ���������$�GHILQLWLRQ�RI�WKH�VLPSOLILHG�SUREOHP�LV�WKH�IROORZLQJ��:H�DUH�JLYHQ�D� VHW�/ RI� OLQNV��)RU� HDFK� OLQN� L�� D� IUHTXHQF\� IL KDV� WR�EH�FKRVHQ�IURP�D�JLYHQ�GRPDLQ�'L��&RQVWUDLQWV�DUH�GHILQHG�RQ�SDLUV�RI�OLQNV�WKDW�OLPLW�WKH�FKRLFH�RI�IUHTXHQFLHV�IRU�WKHVH�SDLUV��)RU�D�SDLU�RI�OLQNV�^ L��M `�WKHVH�FRQVWUDLQWV�DUH�HLWKHU�RI�W\SH

_�IL ± IM _�!�GLM ����
RU�RI�W\SH
_�IL ± IM _� �GLM ����
IRU�D�JLYHQ�GLVWDQFH�GLM t ���7ZR�OLQNV�L DQG�M LQYROYHG LQ�D�FRQVWUDLQW�RI�W\SH� ����� DUH� FDOOHG� LQWHUIHULQJ OLQNV�� DQG� WKH� FRUUHVSRQGLQJ� GLM LV� WKH�LQWHUIHULQJ� GLVWDQFH�� 7ZR� OLQNV� ERXQG� E\� D� FRQVWUDLQW� RI� W\SH� ����� DUH�UHIHUUHG�WR�DV�D�SDLU�RI�SDUDOOHO OLQNV��HYHU\�OLQN�EHORQJV�WR�H[DFWO\�RQH�VXFK�SDLU��6RPH� RI� WKH� FRQVWUDLQWV� PD\� EH� YLRODWHG� DW� D� FHUWDLQ� FRVW�� 6XFK�UHVWULFWLRQV�DUH�FDOOHG�VRIW��LQ�FRQWUDVW�WR�WKH�KDUG�FRQVWUDLQWV��ZKLFK�PD\�QRW�EH�YLRODWHG��7KH�FRQVWUDLQWV�RI�W\SH������DUH�DOZD\V�KDUG��,QWHUIHUHQFH�FRVWV�FLM IRU� YLRODWLQJ� VRIW� FRQVWUDLQWV� RI� W\SH� ����� DUH� JLYHQ�� $Q� DVVLJQPHQW� RI�IUHTXHQFLHV�LV�FRPSOHWH�LI�HYHU\�OLQN�LQ�/ KDV�D�IUHTXHQF\�DVVLJQHG�WR�LW��:H�GHQRWH�E\�& WKH�VHW�RI�DOO VRIW�LQWHUIHUHQFH FRQVWUDLQWV��7KH� JRDO� LV� WR� ILQG� D� FRPSOHWH� DVVLJQPHQW� WKDW� VDWLVILHV� DOO� KDUG�FRQVWUDLQWV�DQG�LV�RI�PLQLPXP�FRVW��� �¦ d�� LMMLLM& GIIF GPLQ ����
VXEMHFW�WR�KDUG�FRQVWUDLQWV�



�� &KDSWHU��
_�IL ± IM _�!�GLM ��IRU�DOO�SDLUV�RI�OLQNV�^�L��M `�LQYROYHG LQ�WKH�KDUG�FRQVWUDLQWV�_�IL ± IM _� �GLM ��IRU�DOO�SDLUV�RI�SDUDOOHO�OLQNV�^�L��M `�IL�� 'L ��IRU�DOO�OLQNV�L�� /�
ZKHUH�G����LV���LI�WKH�FRQGLWLRQ�ZLWKLQ�EUDFNHWV�LV�WUXH�DQG���RWKHUZLVH�
:H�ORRN�QH[W�DW�D�ORFDO�VHDUFK�SURFHGXUH�IRU�WKH�SUREOHP����� /RFDO�6HDUFK

������ 8VLQJ�DQ�$OWHUQDWLYH�2EMHFWLYH�)XQFWLRQ
:KHQ� XVLQJ� KHXULVWLF� VHDUFK� WR� VROYH� D� FRPELQDWRULDO� RSWLPL]DWLRQ�SUREOHP��LW�LV�QRW�DOZD\V�QHFHVVDU\�WR�XVH�WKH�REMHFWLYH�IXQFWLRQ�DV�GLFWDWHG�LQ� WKH� SUREOHP� IRUPXODWLRQ��2EMHFWLYH� IXQFWLRQV� EDVHG� RQ� WKH�RULJLQDO�RQH�FDQ� EH� GHYLVHG� ZKLFK� UHVXOW� LQ� VPRRWKHU� ODQGVFDSHV�� 7KHVH� REMHFWLYH�IXQFWLRQV�FDQ�VRPHWLPHV�JHQHUDWH�VROXWLRQV�RI�KLJKHU�TXDOLW\��ZLWK�UHVSHFW�WR�WKH�RULJLQDO�REMHFWLYH�IXQFWLRQ��WKDQ�LI�WKH�RULJLQDO�RQH�LV�XVHG�,Q� WKH� 5/)$3�� ZH� FDQ� GHILQH� DQG XVH� D� VLPSOH� REMHFWLYH� IXQFWLRQ� J��ZKLFK� LV� JLYHQ� E\� WKH� VXP�RI� DOO� FRQVWUDLQW� YLRODWLRQ� FRVWV� LQ� WKH� VROXWLRQ�ZLWK� DOO� WKH� FRQVWUDLQWV� FRQWULEXWLQJ� HTXDOO\� WR� WKH� VXP� LQVWHDG� RI� XVLQJ�ZHLJKWV�DV�LQ�������7KLV�REMHFWLYH�IXQFWLRQ�LV�DV�IROORZV�� � � � � �� �¦� d� +DUG&& LMML GVIVIVJ G ����
VXEMHFW�WR�KDUG�FRQVWUDLQWV�
IL�V�� 'Lc ��IRU�DOO�OLQNV�L�� /�
ZKHUH�G��� LV��� LI� WKH�FRQGLWLRQ�ZLWKLQ�EUDFNHWV� LV� WUXH�DQG���RWKHUZLVH��IL�V� LV�WKH�IUHTXHQF\�DVVLJQHG�WR�OLQN� L LQ�VROXWLRQ�V��&+DUG LV�WKH�VHW�RI�KDUG�LQHTXDOLW\�FRQVWUDLQWV��& LV�WKH�VHW�RI�VRIW�LQHTXDOLW\�FRQVWUDLQWV�DQG�'Lc LV�WKH�UHGXFHG�GRPDLQ�IRU�OLQN�L FRQWDLQLQJ�RQO\�IUHTXHQFLHV�ZKLFK�VDWLVI\�WKH�KDUG�HTXDOLW\�FRQVWUDLQWV��$�VROXWLRQ�V ZLWK�FRVW���ZLWK�UHVSHFW�WR�J LV�VDWLVI\LQJ�DOO�KDUG�DQG�VRIW�FRQVWUDLQWV�RI WKH�SUREOHP�7KH�PRWLYDWLRQ�WR�XVH�DQ�REMHFWLYH�IXQFWLRQ�VXFK�DV������LV�FORVHO\�UHODWHG�WR� WKH�UXJJHG� ODQGVFDSHV�IRUPHG�LQ�5/)$3��LI� WKH�RULJLQDO�FRVW�IXQFWLRQ�LV�XVHG��,Q�SDUWLFXODU��KLJK�DQG�YHU\�ORZ�YLRODWLRQ�FRVWV�DUH�GHILQHG�IRU�VRPH�RI�WKH�VRIW�FRQVWUDLQWV��7KLV� OHDGV�WR�HYHQ�KLJKHU�YLRODWLRQ�FRVWV�WR�KDYH�WR�EH�GHILQHG� IRU�KDUG� FRQVWUDLQWV��7KH� ODQGVFDSH� LV�QRW� VPRRWK�EXW� IXOO�RI�GHHS�



���*XLGHG�/RFDO�6HDUFK ��
ORFDO�PLQLPD�PDLQO\�GXH�WR�WKH�KDUG�DQG�VRIW�FRQVWUDLQWV�RI�KLJK�FRVW��6RIW�FRQVWUDLQWV�RI�ORZ�FRVW�DUH�EXULHG�XQGHU�WKHVH�KLJK�FRVWV��$� VLPLODU� DSSURDFK� WR� UHSODFH� WKH� REMHFWLYH� IXQFWLRQ� KDV� EHHQ� XVHG�VXFFHVVIXOO\� E\� �0LOOV� DQG� 7VDQJ�� ������ LQ� WKH� 0$;�6$7� SUREOHP�VXJJHVWLQJ� WKH� XQLYHUVDO� DSSHDO� RI� WKH� LGHD� LQ� FRQVWUDLQW� RSWLPL]DWLRQ�SUREOHPV�
������ 6ROXWLRQ�5HSUHVHQWDWLRQ

$Q� HIILFLHQW� VROXWLRQ� UHSUHVHQWDWLRQ� IRU� WKH� SUREOHP� WDNHV� LQWR� DFFRXQW�WKH�IDFW�WKDW�HDFK�OLQN�LQ�5/)$3�LV�FRQQHFWHG�WR�H[DFWO\�RQH�RWKHU�OLQN�YLD�D�KDUG�FRQVWUDLQW�RI�W\SH�������,Q�SDUWLFXODU��ZH�FDQ�GHILQH�D�GHFLVLRQ�YDULDEOH�IRU� HDFK� SDLU� RI� SDUDOOHO� OLQNV� ERXQG� E\� DQ� HTXDOLW\� FRQVWUDLQW� ������ 7KH�GRPDLQ�RI�WKLV�YDULDEOH�LV�GHILQHG�DV�WKH�VHW�RI�DOO�SDLUV�RI�IUHTXHQFLHV�IURP�WKH� RULJLQDO� GRPDLQV� RI� WKH� SDUDOOHO� OLQNV� WKDW� VDWLVI\� WKH� KDUG� HTXDOLW\�FRQVWUDLQW�
������ &RQVWUXFWLRQ�0HWKRG

$�FRQVWUXFWLRQ�PHWKRG�FDQ�EH�LPSOHPHQWHG�E\�DVVLJQLQJ�WR�HDFK�GHFLVLRQ�YDULDEOH��DVVLJQV�YDOXHV�WR�D�SDLU�RI�OLQNV��D�UDQGRP�YDOXH�IURP�LWV�GRPDLQ��,Q� ODUJH� SUREOHP� LQVWDQFHV�� LW� LV� EHQHILFLDO� WR� FRQVLGHU� D� GRPDLQ� SUH�SURFHVVLQJ� DQG� UHGXFWLRQ� SKDVH�� 6RSKLVWLFDWHG� WHFKQLTXHV� EDVHG RQ� $UF�&RQVLVWHQF\� �7VDQJ�� ������ FDQ� EH� XWLOL]HG� GXULQJ� WKDW� SKDVH� WR� UHGXFH�GRPDLQV�EDVHG�RQ�WKH�SUREOHP¶V�KDUG�FRQVWUDLQWV��7KHVH�GRPDLQV�FDQ�WKHQ�EH�XVHG�LQVWHDG�RI�WKH�RULJLQDO�RQHV�IRU�WKH�UDQGRP�VROXWLRQ�JHQHUDWLRQ�DQG�DOVR�E\�WKH�LPSURYHPHQW�PHWKRG�
������ ,PSURYHPHQW�0HWKRG

$Q� LPSURYHPHQW� PHWKRG� FDQ� EDVHG� RQ� WKH� PLQ�FRQIOLFWV� KHXULVWLF� RI�0LQWRQ�HW�DO� �������IRU�&RQVWUDLQW�6DWLVIDFWLRQ�3UREOHPV��$���RSWLPDO�W\SH�PRYH� LV� XVHG�ZKLFK� FKDQJHV� WKH� YDOXH� RI� RQH� YDULDEOH� DW� D� WLPH�� 6WDUWLQJ�IURP�D�UDQGRP�DQG�FRPSOHWH�DVVLJQPHQW�RI�YDOXHV�WR�YDULDEOHV��YDULDEOHV�DUH�H[DPLQHG�LQ�DQ�DUELWUDU\�VWDWLF�RUGHU��(DFK�WLPH�D�YDULDEOH�LV�H[DPLQHG��WKH�FXUUHQW�YDOXH�RI�WKH�YDULDEOH�FKDQJHV�WR�WKH�YDOXH��LQ�WKH�YDULDEOH¶V�GRPDLQ��ZKLFK� \LHOGV� WKH� PLQLPXP� YDOXH� IRU� WKH� REMHFWLYH� IXQFWLRQ�� 7LHV� DUH�UDQGRPO\� UHVROYHG� DOORZLQJ� PRYHV� ZKLFK� WUDQVLW� WR� VROXWLRQV� ZLWK� HTXDO�FRVW�� 7KHVH� PRYHV� DUH� FDOOHG� VLGHZD\V� PRYHV �6HOPDQ� HW� DO��� ������ DQG�HQDEOH� ORFDO� VHDUFK� WR� H[DPLQH� SODWHDX� RI� VROXWLRQV� RFFXUULQJ� LQ� WKH�ODQGVFDSHV�RI�PDQ\�FRQVWUDLQW�RSWLPL]DWLRQ�SUREOHPV�



�� &KDSWHU������ *XLGHG�/RFDO�6HDUFK
7KH�PRVW�LPSRUWDQW FRVW�IDFWRU�LQ�WKH�5/)$3�LV�FRQVWUDLQW�YLRODWLRQ�FRVWV�GHILQHG�IRU�VRIW�LQHTXDOLW\�FRQVWUDLQWV��,QHTXDOLW\�FRQVWUDLQWV�FDQ�EH�XVHG�WR�GHILQH� D� EDVLF� IHDWXUH� VHW� IRU� WKH� 5/)$3�� (DFK� LQHTXDOLW\� FRQVWUDLQW� LV�LQWHUSUHWHG�DV�D�IHDWXUH�ZLWK�WKH�IHDWXUH�FRVW�JLYHQ�E\�WKH�FRQVWUDLQW�YLRODWLRQ�FRVW�FLM DV�GHILQHG�LQ�WKH�SUREOHP¶V�RULJLQDO�FRVW�IXQFWLRQ�������+DUG�LQHTXDOLW\�FRQVWUDLQWV�DUH�DOVR�PRGHOOHG�DV�IHDWXUHV�WKRXJK�WKH�FRVW�DVVLJQHG�WR�WKHP�LV�LQILQLW\��7KLV�UHVXOWV�LQ�WKHLU�XWLOLW\�WR�EH�SHQDOLVHG�WR�DOVR�WHQG�WR�LQILQLW\��7R�LPSOHPHQW�WKLV�LQ�WKH�FRGH��KDUG�FRQVWUDLQWV�DUH�VLPSO\�JLYHQ�SULRULW\�RYHU�VRIW�FRQVWUDLQWV�ZKHQ�SHQDOWLHV�DUH�DSSOLHG��7KLV�EDVLFDOO\�IRUFHV�ORFDO�VHDUFK�WR�UHWXUQ�EDFN�WR�D�IHDVLEOH�UHJLRQ�ZKHUH�SHQDOLVLQJ�VRIW�FRQVWUDLQWV�FDQ�UHVXPH��*/6� LV� HVSHFLDOO\� VXLWHG� WR� XVH� WKH� DOWHUQDWLYH� REMHFWLYH� IXQFWLRQ� �����EHFDXVH�RI�WKH�GHILQLWLRQ�RI�IHDWXUH�FRVWV�DV�GHVFULEHG�DERYH��7KH�DSSOLFDWLRQ�RI�SHQDOWLHV�FDQ�IRUFH�ORFDO�VHDUFK�WRZDUG�VROXWLRQV�ZKLFK�VDWLVI\�FRQVWUDLQWV�ZLWK�KLJK�YLRODWLRQ�FRVWV�� WR�VRPH�GHJUHH�LQGHSHQGHQWO\�IURP�WKH�REMHFWLYH�IXQFWLRQ�XVHG�E\�ORFDO�VHDUFK�ZKLOH�EHQHILWLQJ�IURP�WKH�VPRRWKHU�ODQGVFDSH�LQWURGXFHG�E\�������7KH�O SDUDPHWHU�FDQ�EH�VHW�WR���SURYLGHG�WKDW�ZH�XVH������DV�WKH�REMHFWLYH�IXQFWLRQ��7KH�VDPH�YDOXH�IRU�O KDV�DOVR�EHHQ�XVHG�LQ�0$;�6$7�SUREOHPV�LQ��0LOOV�DQG�7VDQJ��������ZKHUH�WKH�VDPH�DSSURDFK�LV�IROORZHG�ZLWK�UHVSHFW�WR�VPRRWKLQJ�WKH�ODQGVFDSH�$� YDULDWLRQ� RI� WKH� */6�PHWKRG� ZKLFK� VHHPV� WR� VLJQLILFDQWO\� LPSURYH�SHUIRUPDQFH� LQ� FHUWDLQ� 5/)$3� LQVWDQFHV� LV� WR� GHFUHDVH� SHQDOWLHV� DQG� QRW�RQO\� LQFUHDVH� WKHP� �9RXGRXULV� DQG� 7VDQJ�� ������� 0RUH� VSHFLILFDOO\�� WKH�YDULDQW� XVHV� D� FLUFXODU� OLVW� WR� UHWUDFW� WKH� HIIHFWV� RI� SHQDOW\� LQFUHDVHV�PDGH�HDUOLHU�LQ�WKH�VHDUFK�SURFHVV��LQ�D�ZD\�WKDW�YHU\�PXFK�UHVHPEOHV�D�WDEX�OLVW��,Q� SDUWLFXODU�� SHQDOWLHV� LQFUHDVHG� DUH� GHFUHDVHG� DIWHU� D� FHUWDLQ� QXPEHU� RI�SHQDOW\�LQFUHDVHV�LV�SHUIRUPHG��7KH�VFKHPH�XVHV�DQ�DUUD\�RI�VL]H� W ZKHUH�WKH�W PRVW� UHFHQW� IHDWXUHV� SHQDOLVHG� DUH� UHFRUGHG�� 7KH� DUUD\� LV� WUHDWHG� DV� D�FLUFXODU�OLVW��DGGLQJ�HOHPHQWV�LQ�VHTXHQFH�LQ�SRVLWLRQV���WKURXJK W DQG�WKHQ�VWDUWLQJ�RYHU�DW�SRVLWLRQ����(DFK�WLPH�WKH�SHQDOW\�RI�D�IHDWXUH�LV�LQFUHDVHG��E\�RQH�XQLW��� WKH�IHDWXUH� LV� LQVHUWHG� LQ� WKH�DUUD\�DQG�WKH�SHQDOW\� RI�WKH�IHDWXUH�SUHYLRXVO\� VWRUHG� LQ� WKH� VDPH� SRVLWLRQ� LV� GHFUHDVHG� �E\� RQH� XQLW��� 7KH�UDWLRQDO�EHKLQG�WKH�VWUDWHJ\�LV�WR�DOORZ�*/6�WR�UHWXUQ�WR�UHJLRQV�RI�WKH�VHDUFK�YLVLWHG�HDUOLHU� LQ� WKH�VHDUFK�SURFHVV��VR� LQWURGXFLQJ�D�VHDUFK�LQWHQVLILFDWLRQ�PHFKDQLVP�



���*XLGHG�/RFDO�6HDUFK ������ *XLGHG�)DVW�/RFDO�6HDUFK
%HVW�LPSURYHPHQW�ORFDO�VHDUFK�IRU�WKH�5/)$3�DV�XVHG�LQ�WKH�FRQWH[W�RI�7DEX�6HDUFK��IRU�DQ�H[DPSOH�VHH��+DR�HW�DO����������HYDOXDWHV�DOO�SRVVLEOH���RSWLPDO�PRYHV� RYHU� DOO� YDULDEOHV� EHIRUH� VHOHFWLQJ� DQG�SHUIRUPLQJ� WKH� EHVW�PRYH��*LYHQ�WKH�ODUJH�QXPEHU�RI�OLQNV�LQ�UHDO�ZRUOG�LQVWDQFHV��JUHHG\�ORFDO�VHDUFK�LV�D�FRPSXWDWLRQDOO\�H[SHQVLYH�RSWLRQ��7KLV�LV�HVSHFLDOO\�WKH�FDVH�IRU�WKH� 5/)$3� ZKHUH� ZH� FDQQRW� HDVLO\� GHYLVH� DQ� LQFUHPHQWDO� PRYH� XSGDWH�PHFKDQLVP��VXFK�DV�WKDW�IRU�WKH�4$3��IRU�DOO� WKH�SUREOHP¶V�YDULDWLRQV��7KH�ORFDO� VHDUFK� SURFHGXUH� GHVFULEHG� LQ� VHFWLRQ� ���� LV� DOUHDG\� D� IDVWHU�DOWHUQDWLYH�WKDQ�EHVW�LPSURYHPHQW��8VLQJ�*XLGHG�)DVW�/RFDO�6HDUFK��WKLQJV�FDQ�EH�LPSURYHG�IXUWKHU�7R� DSSO\�*XLGHG� )DVW� /RFDO� 6HDUFK� WR�5/)$3�� HDFK� GHFLVLRQ� YDULDEOH�GHILQHV� D� VXE�QHLJKERUKRRG� DQG� KDV� D� ELW� DVVRFLDWHG� WR� LW�� :KHQHYHU� D�YDULDEOH� LV� H[DPLQHG� DQG� LWV� YDOXH� LV� FKDQJHG� �L�H�� WKH� YDULDEOH¶V� SDUDOOHO�OLQNV�DUH�DVVLJQHG�WR�DQRWKHU�SDLU�RI�IUHTXHQFLHV�EHFDXVH�RI�DQ�LPSURYLQJ�RU�VLGHZD\V�PRYH�� WKH�DFWLYDWLRQ�ELW�RI� WKH�YDULDEOH�UHPDLQV� WR���RWKHUZLVH�LW�WXUQV� WR� �� DQG� WKH� YDULDEOH� LV� H[FOXGHG� LQ� IXWXUH� LWHUDWLRQV� RI� WKH�LPSURYHPHQW� ORRS��$GGLWLRQDOO\�� LI�D�PRYH�LV�SHUIRUPHG�DFWLYDWLRQ�VSUHDGV�WR�RWKHU�YDULDEOHV�ZKLFK�KDYH�WKHLU�ELWV�VHW�WR����,Q�SDUWLFXODU��ZH�VHW�WR���WKH�ELW�RI�YDULDEOHV�ZKHUH�LPSURYLQJ�PRYHV�PD\�RFFXU�DV�D�UHVXOW�RI�WKH�PRYH�MXVW�SHUIRUPHG��7KHVH�DUH�WKH�YDULDEOHV�IRU�ZKLFK�HLWKHU�RQH�RI�WKHLU�OLQNV�LV�FRQQHFWHG�YLD� D� FRQVWUDLQW� WR�RQH�RI� WKH� OLQNV�RI� WKH�YDULDEOH� WKDW�FKDQJHG�YDOXH�� 7KHUH� DUH� ILYH� SRWHQWLDO� VFKHPHV� IRU� SURSDJDWLQJ� DFWLYDWLRQ� DIWHU�FKDQJLQJ�WKH�YDOXH�RI�D�YDULDEOH��7KH\�DUH�WKH�IROORZLQJ�

�� $FWLYDWH�DOO�YDULDEOHV�FRQQHFWHG�YLD�D�FRQVWUDLQW�WR�WKH�YDULDEOH�ZKLFK�FKDQJHG�YDOXH���� $FWLYDWH�RQO\�YDULDEOHV�WKDW�DUH�FRQQHFWHG�YLD�D�FRQVWUDLQW�ZKLFK�LV�YLRODWHG��7KLV�UHVHPEOHV�&63�ORFDO�VHDUFK�PHWKRGV�ZKHUH�RQO\�YDULDEOHV�LQ�FRQIOLFW�KDYH�WKHLU�QHLJKERUKRRG�VHDUFKHG��� $FWLYDWH�RQO\�YDULDEOHV�WKDW�DUH�FRQQHFWHG�YLD�D�FRQVWUDLQW�ZKLFK�KDV�EHFRPH�YLRODWHG DV�D�UHVXOW�RI�WKH�PRYH��VXEVHW�RI�FRQGLWLRQ���DQG�DOVR������ $FWLYDWH�RQO\�YDULDEOHV�WKDW�DUH�FRQQHFWHG�YLD�D�FRQVWUDLQW�WKDW�FKDQJHG�VWDWH��L�H��YLRODWHG�o VDWLVILHG�RU�VDWLVILHG�o YLRODWHG��DV�D�UHVXOW�RI�WKH�PRYH��VXSHUVHW�RI�FRQGLWLRQ������ $FWLYDWH�YDULDEOHV�WKDW�IDOO�XQGHU�HLWKHU�FRQGLWLRQ���RU���
([SHULPHQWDWLRQ� VXJJHVWV� WKDW� VFKHPH��� WHQGV� WR�SURGXFH�EHWWHU� UHVXOWV�IRU�WKH�UHDO�ZRUOG�LQVWDQFHV�RI�5/)$3�DYDLODEOH�LQ�WKH�OLWHUDWXUH��)DVW�ORFDO�VHDUFK�VWRSV�ZKHQ�DOO�WKH�YDULDEOHV�DUH�LQDFWLYH�RU�ZKHQ�D� ORFDO�PLQLPXP�LV�



�� &KDSWHU��
GHWHFWHG� E\� RWKHU� PHDQV� �L�H�� D� QXPEHU� RI� VLGHZD\V� PRYHV� LV� SHUIRUPHG�ZLWKRXW�DQ�LPSURYLQJ�PRYH�IRXQG��)LQDOO\�� ZKHQ� D� FRQVWUDLQW� LV� SHQDOL]HG� ZH� DFWLYDWH� WKH� YDULDEOHV�FRQQHFWHG� YLD� WKH� FRQVWUDLQW� LQ� DQ� HIIRUW� WR� ILQG� ��2SW�PRYHV� ZKLFK�ZLOO�VDWLVI\�WKH�FRQVWUDLQW�
��� 6800$5<�$1'�&21&/86,216

)RU� PDQ\� \HDUV�� JHQHUDO� KHXULVWLFV� IRU� FRPELQDWRULDO� RSWLPLVDWLRQ�SUREOHPV� ZLWK� PRVW� SURPLQHQW� H[DPSOHV� WKH� PHWKRGV� RI� 6LPXODWHG�$QQHDOLQJ�DQG�*HQHWLF�$OJRULWKPV�KHDYLO\�UHOLHG�RQ�UDQGRPQHVV�WR�JHQHUDWH�JRRG�DSSUR[LPDWH�VROXWLRQV�WR�GLIILFXOW�13�+DUG�SUREOHPV��7KH�LQWURGXFWLRQ�DQG� DFFHSWDQFH� RI� 7DEX� 6HDUFK� �*ORYHU� DQG� /DJXQD�� ������ E\� WKH�2SHUDWLRQV�5HVHDUFK�FRPPXQLW\�LQLWLDWHG�DQ�LPSRUWDQW�QHZ�HUD�IRU�KHXULVWLF�PHWKRGV� ZKHUH� GHWHUPLQLVWLF� DOJRULWKPV� H[SORLWLQJ� KLVWRULFDO� LQIRUPDWLRQ�VWDUWHG�DSSHDULQJ�DQG�EHLQJ�XVHG�LQ�UHDO�ZRUOG�DSSOLFDWLRQV��*XLGHG� ORFDO� VHDUFK� GHVFULEHG� LQ� WKLV� FKDSWHU� IROORZV� WKLV� WUHQG�� */6�KHDYLO\� H[SORLWV� LQIRUPDWLRQ� �QRW� RQO\� WKH� VHDUFK� KLVWRU\�� WR� GLVWULEXWH� WKH�VHDUFK�HIIRUW�LQ�WKH�YDULRXV�UHJLRQV�RI�WKH�VHDUFK�VSDFH��,PSRUWDQW�VWUXFWXUDO�SURSHUWLHV�RI�VROXWLRQV�DUH�FDSWXUHG�E\�VROXWLRQ�IHDWXUHV��6ROXWLRQV�IHDWXUHV�DUH�DVVLJQHG�FRVWV�DQG�ORFDO�VHDUFK�LV�ELDVHG�WR�VSHQG�LWV�HIIRUWV�DFFRUGLQJ�WR�WKHVH�FRVWV��3HQDOWLHV�RQ�IHDWXUHV�DUH�XWLOLVHG�IRU�WKDW�SXUSRVH��:KHQ�ORFDO�VHDUFK�VHWWOHV�LQ�D�ORFDO�PLQLPXP��WKH�SHQDOWLHV�DUH�LQFUHDVHG�IRU� VHOHFWHG� IHDWXUHV� SUHVHQW� LQ� WKH� ORFDO�PLQLPXP��%\�SHQDOLVLQJ� IHDWXUHV�DSSHDULQJ�LQ�ORFDO�PLQLPD��*/6�DYRLGV�WKH�ORFDO�PLQLPD�YLVLWHG��H[SORLWLQJ�KLVWRULFDO�LQIRUPDWLRQ��EXW�DOVR�GLYHUVLILHV�FKRLFHV�IRU�WKH�YDULRXV�VWUXFWXUDO�SURSHUWLHV� RI� VROXWLRQV� FDSWXUHG� E\� WKH� VROXWLRQ� IHDWXUHV�� )HDWXUHV� RI� KLJK�FRVW�DUH�SHQDOLVHG�PRUH� WLPHV� WKDQ�IHDWXUHV�RI�ORZ�FRVW�� WKH�GLYHUVLILFDWLRQ�SURFHVV�LV�GLUHFWHG�DQG�GHWHUPLQLVWLF�UDWKHU�WKDQ�XQGLUHFWHG�DQG�UDQGRP��,Q� JHQHUDO�� VHYHUDO� SHQDOW\� F\FOHV� PD\� EH� UHTXLUHG� EHIRUH� D� PRYH� LV�H[HFXWHG� RXW� RI� D� ORFDO� PLQLPXP�� 7KLV� VKRXOG� QRW� EH� YLHZHG� DV� DQ�XQGHVLUDEOH� VLWXDWLRQ�� ,W� LV� FDXVHG� E\� WKH� XQFHUWDLQW\� LQ� WKH� LQIRUPDWLRQ� DV�FDSWXUHG�E\�WKH�IHDWXUH�FRVWV�ZKLFK�PDNHV�QHFHVVDU\�WKH�WHVWLQJ�RI�WKH�*/6�GHFLVLRQV�DJDLQVW�WKH�ODQGVFDSH�RI�WKH�SUREOHP�7KH� SHQDOL]DWLRQ� VFKHPH� RI�*/6� LV� LGHDOO\� FRPELQHG�ZLWK� )/6�ZKLFK�OLPLWV� QHLJKERXUKRRG� VHDUFK� WR� SDUWLFXODU� SDUWV� RI� WKH� RYHUDOO� VROXWLRQ�OHDGLQJ�WR�WKH�*)/6�DOJRULWKP��*)/6�VLJQLILFDQWO\�UHGXFHV�WKH�FRPSXWDWLRQ�WLPHV�UHTXLUHG�WR�H[SORUH�WKH�DUHD�DURXQG�D�ORFDO�PLQLPXP�WR�ILQG�WKH�EHVW�HVFDSH� URXWH� DOORZLQJ� PDQ\� PRUH� SHQDOW\� PRGLILFDWLRQ� F\FOHV� WR� EH�SHUIRUPHG�LQ�D�JLYHQ�DPRXQW�RI�UXQQLQJ�WLPH���



���*XLGHG�/RFDO�6HDUFK ��
7KH� */6� DQG� *)/6�PHWKRGV� DUH� VWLOO� LQ� WKHLU� HDUO\� VWDJHV� DQG� IXWXUH�UHVHDUFK� LV� UHTXLUHG� WR� GHYHORS� WKHP� IXUWKHU�� 7KH� XVH� RI� LQFHQWLYHV�LPSOHPHQWHG� DV� QHJDWLYH� SHQDOWLHV�� ZKLFK� HQFRXUDJH� WKH� XVH� RI� VSHFLILF�VROXWLRQ�IHDWXUHV��LV�RQH�SURPLVLQJ GLUHFWLRQ�WR�EH�H[SORUHG��2WKHU�LQWHUHVWLQJ�GLUHFWLRQV� LQFOXGH� IX]]\� IHDWXUHV ZLWK� LQGLFDWRU� IXQFWLRQV� UHWXUQLQJ� UHDO�YDOXHV� LQ� WKH� >��� �@� LQWHUYDO�� DXWRPDWHG� WXQLQJ� RI� WKH� ODPEGD� RU� DOSKD�SDUDPHWHUV�� GHILQLWLRQ� RI� HIIHFWLYH� WHUPLQDWLRQ� FULWHULD�� DOWHUQDW LYH� XWLOLW\�IXQFWLRQV� IRU� VHOHFWLQJ� WKH� IHDWXUHV� SHQDOLVHG� DQG� DOVR� VWXGLHV� DERXW� WKH�FRQYHUJHQFH�SURSHUWLHV�RI�*/6�:H� IRXQG� LW� UHODWLYHO\� HDV\� WR� DGDSW� */6� DQG� *)/6� WR� WKH� GLIIHUHQW�SUREOHPV� H[DPLQHG� LQ� WKLV� FKDSWHU�� $OWKRXJK� ORFDO� VHDUFK� LV� SUREOHP�GHSHQGHQW�� WKH� RWKHU� VWUXFWXUHV� RI� */6� DQG� DOVR� *)/6� DUH� SUREOHP�LQGHSHQGHQW��0RUHRYHU��D�VWHS�E\�VWHS�SURFHGXUH� LV�XVXDOO\�IROORZHG�ZKHQ�*/6� RU�*)/6� LV� DSSOLHG� WR� D� QHZ�SUREOHP� �L�H�� LPSOHPHQW� D� ORFDO� VHDUFK�SURFHGXUH�� LGHQWLI\� IHDWXUHV�� DVVLJQ� FRVWV�� GHILQH� VXE�QHLJKERUKRRGV�� HWF���VRPHWKLQJ�ZKLFK�PDNHV� HDVLHU� WKH� XVH� RI� WKH� WHFKQLTXH� E\� QRQ�VSHFLDOLVWV��H�J��VRIWZDUH�HQJLQHHUV��
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