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SUHSDUDWLRQ� WHFKQLTXH�DQG�FRQGLWLRQV�DV�ZHOODV�RQ�WKH�VXEVHTXHQW�KHDW�WUHDWPHQW�>�@�7KLV�ZRUN�GHDOV�ZLWK�HOOLSVRPHWULF�VWXGLHVRI� DPRUSKRXV� *H ILOPV� RQ� *D$V�� (OOLS�VRPHWU\� LV� KLJKO\� VHQVLWLYH� WR� WKH� VDPSOHSURSHUWLHV� LQ� WKH� QHDU�VXUIDFH� UHJLRQ�� ,W� HQ �DEOHV�RQH�WR�GHWHUPLQH�WKH�VWUXFWXUH�DQG�SD �UDPHWHUV� RI� D� V\VWHP� WKDW� LV� IRUPHG� ZKHQGHSRVLWLQJ� D� VHPLFRQGXFWRU� ILOP� RQWR� D� VXE �VWUDWH��:H�GHWHUPLQHG�WKH�UHIUDFWLYH�DQG�DE �VRUSWLRQ� LQGLFHV� IRU� DQ� DPRUSKRXV� JHUPD �QLXP�ILOP�DV�ZHOO�DV�WKH�UHIUDFWLYH�LQGH[�DQGWKLFNQHVV�RI�WKH�R[LGH�OD\HU�RQ�WKLV�ILOP�7KH� ILOPV� ZHUH� SUHSDUHG� XVLQJ� WKHUPDOHYDSRUDWLRQ�RI�*H LQ�YDFXXP��DW�D�SUHVVXUHRI� �⋅��Ü� 3D�� RQWR� VXEVWUDWHV� PDGH� RI� VLQ �JOH�FU\VWDOOLQH� VHPL�LQVXODWLQJ� *D$V ������7KH� VXEVWUDWHV� ZHUH� VXEMHFWHG� WR� FKHPLFDOG\QDPLFDO� SROLVKLQJ�� -XVW� EHIRUH� WKH� ILOPGHSRVLWLRQ��WKH�VXEVWUDWHV�ZHUH�HWFKHG�WR�UH �PRYH�WKH�GDPDJHG�VXUIDFH�OD\HU�DQG�KHOG�LQYDFXXP��DW�D�SUHVVXUH�RI�� ⋅��Ü� 3D��IRU�RQHKRXU�DW�D�WHPSHUDWXUH�RI���� �&��'XULQJ�WKHILOP� GHSRVLWLRQ�� WKH� VXEVWUDWH� WHPSHUDWXUHZDV�DERXW�����&��7KH�ILOP�WKLFNQHVV��G��ZDV����µP��7KH�SUHSDUHG�VDPSOHV�ZHUH�NHSW� LQDLU�IRU�D�ORQJ�WLPH��VHYHUDO�PRQWKV��7KH�ILOP�VWUXFWXUH�DQG�FU\VWDO�ODWWLFH�SD �UDPHWHUV�ZHUH�H[DPLQHG�XVLQJ�HOHFWURQ�GLI �IUDFWRPHWU\�� (OOLSVRPHWULF� PHDVXUHPHQWVZHUH� SHUIRUPHG� XVLQJ� D� YHUVLRQ� >��@� RI%HDWWLH� SKRWRHOHFWULF� WHFKQLTXH� ZKHUH� WKHHOOLSVRPHWULF� SDUDPHWHUV�� FRV� ∆ DQG� WJ� ψ�DUH�PHDVXUHG���∆ LV�WKH�SKDVH�GLIIHUHQFH�EH�WZHHQ� WKH� RUWKRJRQDO� SURMHFWLRQV� RI� WKHHOHFWULF�YHFWRU�RI�OLJKW�ZDYH��WJ�ψ��WKH�UDWLREHWZHHQ�WKH�UHIOHFWLRQ�FRHIILFLHQWV�IRU�WKHVHSURMHFWLRQV� DW� D� IL[HG� DQJOH� RI� LQFLGHQFH��7KH�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�DW�VHYHQVSHFWUDO�OLQHV�RI�WKH�PHUFXU\�ODPS�HPLVVLRQLQ� WKH� ���Ü���� QP� ZDYHOHQJWK� UDQJH�ZLWKLQ� D� ZLGH� UDQJH� RI� WKH� SURELQJ� EHDPLQFLGHQFH�DQJOH�RQ�WKH�VDPSOH�XQGHU�VWXG\�7KH�HOOLSVRPHWHU�ZDV�FDOLEUDWHG�XVLQJ�D�VLOL �FRQ�ZDIHU�ZLWK�HVVHQWLDOO\�WLPH�FRQVWDQW�RS �WLFDO� SURSHUWLHV� GXH� WR� D� SURWHFWLYH� QDWLYHR[LGH� ILOP�RQ� LWV� VXUIDFH��%HIRUH� WKH�PHDV �XUHPHQWV�� WKH� VDPSOH� VXUIDFH� ZDV� HWFKHGIRU� �Ü���PLQ� LQ� �Ü�����ZDWHU� VROXWLRQ�RIK\GURJHQ�SHUR[LGH�(OHFWURQ� GLIIUDFWRPHWU\� KDV� VKRZQ� WKDWWKH� ILOPV� VWXGLHG� KDG� DQ� DPRUSKRXV� VWUXF �WXUH��)LJ���D���+HDWLQJ�RI�VDPSOHV�DW�D�WHP �SHUDWXUH�RI����±���&�LQ�WKH�LQVWUXPHQW�FRO�XPQ� UHVXOWHG� LQ� WKH� ILOP� FU\VWDOOL]DWLRQ�L�H��� WKH� DPRUSKRXV� SKDVH� WUDQVIRUPHG� WRSRO\FU\VWDOOLQH� RQH� �)LJ���E��� 6XFK� D� ILOPFRQVLVWV�SUHGRPLQDQWO\�RI�FU\VWDOOLQH�JUDLQV

RI�VHYHUDO�WHQV�QP�LQ�VL]H��7KH�SRLQW�UHIOHF �WLRQV�IURP�ODUJH�FU\VWDOOLWHV�ZHUH�REVHUYHG�WRR��,Q�)LJ����SUHVHQWHG�DUH�WKH�DQJOH�GHSHQG �HQFHV� RI� HOOLSVRPHWULF� SDUDPHWHUV� REWDLQHGDW�WZR�ZDYHOHQJWKV�IURP�WKH�VSHFWUDO�UDQJHVWXGLHG�� 7KHVH� GHSHQGHQFHV� DUH� PRQRWRQLF�7KLV� HYLGHQFHV� D� FRQVLGHUDEOH� WKLFNQHVV� RIWKH� RXWHU� VXUIDFH� OD\HU�� RI� WKH� DPRUSKRXV*H ILOP��VR�WKH�SURELQJ�OLJKW�EHDP�GRHV�QRWSHQHWUDWH�WKURXJK�WKH�ILOP�WR�WKH�*D$V VXE�VWUDWH�� ,Q� IDFW�� WKH� GHSWK� RI� WKH� SURELQJEHDP� SHQHWUDWLRQ� LQWR� WKH� ILOP� LV� DERXW���QP�RQO\��GXH�WR�KLJK�OLJKW�DEVRUSWLRQ�LQ*H��ZKLOH� WKH�*H ILOP�WKLFNQHVV� LV����� µP�7KHUHIRUH� WKH� UHIOHFWHG� OLJKW� ZDYH� �WKDW� LVDQDO\]HG�LQ�HOOLSVRPHWULF�VWXGLHV�� LV�IRUPHGQHDU�WKH�RXWHU�VXUIDFH�RI�*H ILOP�)URP�WKH�PHDVXUHG�HOOLSVRPHWULF�SDUDPH �WHUV�RI�WKH�UHIOHFWHG�OLJKW�ZDYH�RQH�FDQ�GH �WHUPLQH�RSWLFDO�FRQVWDQWV��UHIUDFWLYH�DQG�DE �VRUSWLRQ� LQGLFHV�� RI� WKH� ILOP��DV�ZHOO� DV� LWVWKLFNQHVV� DQG� WKH� UHIUDFWLYH� LQGH[� RI� DQR[LGH� OD\HU� RQ� LWV� VXUIDFH�� 7KLV� LV� GRQHXVLQJ�WKH�LWHUDWLRQ�WHFKQLTXH�>��@��SURYLGHGWKDW� WKH� QXPEHU� RI� XQNQRZQ� SDUDPHWHUVGRHV�QRW�H[FHHG�WZR��,I��KRZHYHU��WKH�HOOLS �VRPHWULF� GDWD� DUH� REWDLQHG� IRU� WKH� VDPHVWUXFWXUH� DW� GLIIHUHQW� �XQNQRZQ�� WKLFNQHVVRI� WKH� VXUIDFH� R[LGH� OD\HU�� WKHQ� RQH� FDQE\SDVV� WKH� SUREOHP� RI� LWHUDWLRQ� SURFHGXUHGLYHUJHQFH� DQG� GHWHUPLQH� DOO� WKH� IRXU� SD �

)LJ����� (OHFWURQ� GLIIUDFWLRQ� SDWWHUQV� RI� *HILOPV��D Û�LQLWLDO��E Û�DIWHU�WKHUPDO�DQQHDO�LQJ�DW�7  ����±���&�
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UDPHWHUV� RI� D� UHIOHFWLQJ� V\VWHP�� LQYROYLQJWKH�XQNQRZQ�WKLFNQHVVHV�RI�DQ�R[LGH� OD\HU�2[LGH� OD\HUV� IRUPHG� RQ� *H VXUIDFHV� DUHNQRZQ� WR� EH� QRW� UHVLVWDQW� DJDLQVW� H[WHUQDOIDFWRUV�>��@��7KDW�LV�ZK\�WKH�XVHG�SURFHGXUHRI�VDPSOH�FOHDQLQJ�ZLWK�D�ZHDN�ZDWHU�VROX �WLRQ�RI�K\GURJHQ�SHUR[LGH�IRU�GLIIHUHQW�WLPHLQWHUYDOV� �LQ� WKH� UDQJH� RI� VHYHUDO�PLQXWHV�SURYLGHV� GLIIHUHQW� R[LGH� OD\HU� WKLFNQHVVHVIRU�WKH�VDPH�VXUIDFH�RI�DPRUSKRXV�*H��'XU�LQJ�WKH�DLU�H[SRVXUH��WKH�R[LGH�OD\HU�WKLFN �QHVV� LQFUHDVHG� DJDLQ�� 7KH� UHIUDFWLYH� LQGH[

RI� WKH� R[LGH� OD\HU�ZDV� DVVXPHG�WR�EH� LQGH �SHQGHQW�RI�WKH�VDPSOH�VXUIDFH�WUHDWPHQW�)URP� WKH� PHDVXUHPHQWV�� D� VHW� RI� HOOLS �VRPHWULF�GDWD�ZDV�REWDLQHG�FRUUHVSRQGLQJ�WRWKH� VDPH� ILOP� �DPRUSKRXV� JHUPDQLXP�� EXWWR� GLIIHUHQW� R[LGH� ILOP� WKLFNQHVVHV��7KH� HO �OLSVRPHWULF�SDUDPHWHUV��FRV� ∆ DQG�WJ�ψ��DUHGLIIHUHQW� DW� HDFK� IL[HG� DQJOH� RI� LQFLGHQFH�7KLV�PDNHV�LW�SRVVLEOH�WR�GHWHUPLQH�WKH�XQ �NQRZQ� SDUDPHWHUV� RI� D� UHIOHFWLQJ� V\VWHP�)LJ���� LOOXVWUDWHV� WKH� H[SHULPHQWDO�GDWD� RE �WDLQHG� IRU� VHYHUDO� ZDYHOHQJWKV� IURP� WKHVSHFWUDO� UDQJH� VWXGLHG�� 7KH� SRLQWV� LQ� WKHILJXUH� FRUUHVSRQG� WR� WKH� PHDVXUHG� YDOXHVREWDLQHG� DW� GLIIHUHQW� GHJUHHV� RI� VXUIDFHFOHDQQHVV�� 7KH� H[SHULPHQWDO� SDLUV� RI� FRV� ∆DQG�WJ�ψ YDOXHV�ILW�LQ�FHUWDLQ�FXUYHV�UHVHP�EOLQJ� WKHRUHWLFDO� RQHV� GHVFULELQJ� WKH� HOOLS �VRPHWULF� SDUDPHWHUV� LQ� WKH� FDVH� ZKHQ� RQO\WKH� R[LGH� OD\HU� WKLFNQHVV� LV� FKDQJHG�� :HVKDOO� UHIHU� WR� WKHVH� FXUYHV� DV� WKH� FRQVWDQWUHIUDFWLYH� LQGH[� �&5,�� FXUYHV�� 7KH� &5,FXUYHV� EHJLQ� DW� D� SRLQW� FRUUHVSRQGLQJ� WR]HUR� WKLFNQHVV� RI� WKH� R[LGH� OD\HU� �L�H��� WRWKH� FDVH� RI� DPRUSKRXV� *H ILOP� IUHH� IURPR[LGH���,Q�GHWHUPLQDWLRQ�RI�ERWK�R[LGH�OD\HUDQG�ILOP�SDUDPHWHUV��WKH�SUREOHP�LV�KRZ�WRILQG�VXFK�WKH�VWDUWLQJ�SRLQW�SRVLWLRQ�ZKHUHWKH� UHIUDFWLYH� LQGH[� YDOXH� IRU� WKH� R[LGHOD\HU� UHPDLQV� WKH� VDPH� DORQJ� WKH� H[SHUL �PHQWDO�&5,�FXUYH�

)LJ����� (OOLSVRPHWULF� SDUDPHWHUV� YV� DQJOH� RILQFLGHQFH� FXUYHV� DW� D� ZDYHOHQJWK� D Û
λ  �����QP�DQG�E Û�λ  �����QP��7KH�FXUYHVZHUH� FDOFXODWHG� IURP� WKH� HOOLSVRPHWU\� HTXD�WLRQ� XVLQJ� WKH� IROORZLQJ� SDUDPHWHU� YDOXHV�D Û� Q�  �������� N�  �������� Q�  ������G�  �����QP�DQG�E Û�Q�  ��������N�  �������Q�  ��������G�  �����QP��6TXDUHV�DQG�FLUFOHV�ÛH[SHULPHQWDO�UHVXOWV�

)LJ����� (OOLSVRPHWULF� SDUDPHWHUV� RI� DPRU�SKRXV�*H ILOPV��7KH�FXUYHV�DUH�FDOFXODWHG�DWGLIIHUHQW�YDOXHV�RI�UHIUDFWLYH�LQGH[�Q� RI�WKHR[LGH� OD\HU�� �� Û� ����� � Û� ����� � Û� �����6TXDUHV�DQG� FLUFOHV�SUHVHQW� WKH�H[SHULPHQWDOUHVXOWV�REWDLQHG�DW�GLIIHUHQW�GHJUHHV�RI�R[LGHUHPRYDO� IURP� WKH� VXUIDFH�� 7KH� R[LGH� OD\HUWKLFNQHVVHV� �LQ� QP�� DUH� LQGLFDWHG� DW� WKHFXUYHV�
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:H� KDYH� GHWHUPLQHG� WKH� SDUDPHWHUV� RIWKH�JHUPDQLXP�ILOP�DQG�R[LGH�OD\HU�LQ�VHY �HUDO� VWDJHV� XVLQJ� D� VHOI�FRQVLVWHQW� SURFH �GXUH��)LUVW��WKH�GLVWULEXWLRQ�RI�H[SHULPHQWDOSRLQWV� LQ� )LJ���� ZDV� GHVFULEHG� XVLQJ� DVTXDUH�ODZ� DSSUR[LPDWLRQ� IRUPXOD�� 7KHQ�WKH� WULDO�DQG�HUURU�PHWKRG� ZDV� XVHG� WR� GH �WHUPLQH� WKH� VWDUWLQJ�SRLQW� �L�H��� FRV� ∆� DQGWJ�ψ��� DW� WKH� H[WHQWLRQ� RI� WKH� DSSUR[LPDW �LQJ� FXUYH� SURYLGLQJ� WKH� VDPH� YDOXH� RI� WKHR[LGH� OD\HU� UHIUDFWLYH� LQGH[� DW� GLIIHUHQWSRLQWV� RI� WKH� DSSUR[LPDWLQJ� FXUYH�� ,Q� WKLVFDVH�� FDUH� ZDV� WDNHQ� WKDW� WKLFNQHVV� YDOXHVFRUUHVSRQGLQJ� WR� GLIIHUHQW� ZDYHOHQJWKVZHUH� WKH� VDPH��7KH� R[LGH� OD\HU� SDUDPHWHUVZHUH� FDOFXODWHG� XVLQJ� WKH� LWHUDWLRQ� WHFK �QLTXH�>��@�:H� PDQDJHG� WR� GHWHUPLQH� WKH� UHTXLUHGVWDUWLQJ�SRLQWV�IRU�DOO�WKH�ZDYHOHQJWKV�VWXG �LHG�� 7KH� FRUUHVSRQGLQJ� WKHRUHWLFDO� FXUYHVWKDW� GHVFULEH� WKH� REWDLQHG� H[SHULPHQWDOGDWD� ZHUH� FDOFXODWHG� XVLQJ� HOOLSVRPHWU\HTXDWLRQV� IRU� D� VLQJOH�OD\HU� V\VWHP�� 7KHVHFXUYHV�DUH�VKRZQ�LQ�)LJ����ZLWK�VROLG�OLQHV�7KH� RSWLFDO� FRQVWDQWV�� Q� DQG� N��� RI� WKHJHUPDQLXP� ILOP� ZHUH� FDOFXODWHG� IURP� WKHFRV� ∆� DQG� WJ� ψ� YDOXHV� XVLQJ� WKH� PHWDORSWLFV� H[SUHVVLRQV� >��@� IRU� D� VHPL�LQILQLWHPHGLXP�� 7KH� RSWLFDO� FRQVWDQWV� RI� WKH� JHU �PDQLXP� ILOP� DQG� SDUDPHWHUV� RI� WKH� R[LGHOD\HU�RQ�WKH�ILOP�VXUIDFH�FDOFXODWHG�IRU�GLI �IHUHQW� ZDYHOHQJWKV� DUH� JLYHQ� LQ� 7DEOH�� $JUHDW� VFDWWHU� LQ� H[SHULPHQWDO� YDOXHV� ZLWKUHVSHFW�WR�WKH�R[LGDWLRQ�FXUYH�LV�GXH�WR�XQ �FRQWUROODEOH� IDFWRUV� WKDW� DFFRPSDQ\� WKHHWFKLQJ� SURFHVV�� %HVLGHV�� GLIIHUHQW� &5,FXUYHV�DUH�FORVH�WR�HDFK�RWKHU�DW�VPDOO�OD\HUWKLFNQHVVHV� �L�H��� QHDU� WKH� VWDUWLQJ� SRLQW��

$V� D� UHVXOW�� WKH� UHIUDFWLYH� LQGH[� LV� GHWHU �PLQHG� DW� D� FRQVLGHUDEOH� HUURU�� 7KH� UHVXOWVREWDLQHG�LQGLFDWH�WKDW�DW�VPDOO��EHORZ����QP�WKLFNQHVVHV�WKH�R[LGH�OD\HUV�VWXGLHG�ZHUH�XQL �IRUP��,Q�IDFW��WKH�H[SHULPHQWDO�SRLQWV�IRU�WKHVDPSOHV�RI�GLIIHUHQW�GHJUHHV�RI�VXUIDFH�FOHDQ �QHVV� ILW� LQ� WKH� &5,� FXUYHV� FDOFXODWHG�ZLWKLQWKH� VLQJOH�OD\HU� PRGHO�� %HVLGHV�� WKH� DQJXODUGHSHQGHQFHV� RI� HOOLSVRPHWULF� SDUDPHWHUV� FDO �FXODWHG� XVLQJ� WKH� REWDLQHG� YDOXHV� RI� RSWLFDOFRQVWDQWV� DJUHH� ZHOO� ZLWK� WKH� H[SHULPHQWDOUHVXOWV�REWDLQHG�IURP�PXOWLDQJXODU�PHDVXUH �PHQWV��VHH�)LJ�����7KH� DXWKRUV� RI� >��@� DOVR� REVHUYHG� WKDWWKH�VWUXFWXUH�RI�*H2� ILOPV��SUHSDUHG�XVLQJKLJK�WHPSHUDWXUH� R[LGDWLRQ� RI� VLQJOH�FU\V �WDOOLQH� JHUPDQLXP�� DSSHDUHG� XQLIRUP� DWWKLFNQHVVHV�EHORZ�����QP��$�GHYLDWLRQ�IURPXQLIRUPLW\�ZDV�REVHUYHG�DW�VRPHZKDW�ODUJHUWKLFNQHVV� YDOXHV�� 1RQ�XQLIRUP� *H2� ILOPV�REWDLQHG� XVLQJ� VWHSZLVH� KLJK�WHPSHUDWXUHRYHUJURZLQJ�� ZHUH� DOVR� REVHUYHG� LQ� >��@�7KH� UHIUDFWLYH� LQGH[� RI� WKH� R[LGH� OD\HU� RE �WDLQHG� E\�XV� WKDW� GURSV� IURP����� WR����� LQWKH����Ü����QP�VSHFWUDO�UDQJH�DJUHHV�ZLWKWKH� YDOXH� ���±��� �� WKDW� ZDV� REWDLQHG� LQ>��@�DW�WKH�����QP�ZDYHOHQJWK�ZKHQ�R[LGL] �LQJ�JHUPDQLXP�DW�URRP�WHPSHUDWXUH�7KH� DXWKRUV� RI� >������@� ZKR� VWXGLHGILOPV�REWDLQHG�E\�WKHUPDO�R[LGDWLRQ�RI�JHU �PDQLXP� DW� KLJK� WHPSHUDWXUHV� UHODWH� WKHVHILOPV� WR� JHUPDQLXP� GLR[LGH�� WKH� UHIUDFWLYHLQGH[� EHLQJ� FORVH� WR� ����� DW� ������ QP�� *HR[LGDWLRQ� LQ� DLU� UHVXOWV� LQ� IRUPDWLRQ� RIPRQR[LGH�ZLWK�LWV�IXUWKHU�IDVW�R[LGDWLRQ�WR*H2� RU�� DW� OHDVW�� GHFRPSRVLWLRQ� LQWR� *HDQG�*H2� >��@��7KHUHIRUH��WKHUH�LV�D�UHDVRQWR� EHOLHYH� WKDW� WKH� R[LGH� OD\HUV� VWXGLHG� E\

7DEOH��5HIUDFWLYH�LQGH[�Q��DQG�WKLFNQHVV�G� RI�WKH�R[LGH�OD\HU��UHIUDFWLYH�LQGH[�Q� DQG�DEVRUSWLRQLQGH[�N� RI�DPRUSKRXV�*H DW�YDULRXV�ZDYHOHQJWKV�λ
λ��QP Q� G���QP Q� N� Q� >��@ N� >��@��� ��� ���� ���� ��� �������
 ����±���� ���±��� ���� ������� ��� � ���� ������� ��� ��� ���� ���� ��� ������ ��� ���� ��������
 ����±���� ���±��� ���� ������� ��� ��� ���� ���� � ������ ��� ��� ���� ������� ��� ��� ���� ���� � �
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XV� FRQVLVW� RI� *H GLR[LGH�� 6RPHZKDW� HQ�ODUJHG� �DV� FRPSDUHG� WR� WKH� UHIHUHQFH� GDWD�UHIUDFWLYH�LQGH[�PD\�EH�GXH�WR�WKH�H[LVWHQFHRI�XQERXQG�*H LQ�WKH�R[LGH�OD\HU�EXON��7KHR[LGH� OD\HU� WKLFNQHVV� GHSHQGV� RQ� WKH� GXUD �WLRQ� RI� ILOP� NHHSLQJ� LQ� DLU� DQG� GHJUHH� RIVXUIDFH� FOHDQQHVV�� ,W� LV� VHHQ� IURP� )LJ���WKDW� IRU� WKH� VDPSOHV� VWXGLHG� WKH� LQLWLDOR[LGH�OD\HU�WKLFNQHVV�LV�DERXW���QP��,W�PD\EH�UHGXFHG�DW�OHDVW�E\�KDOI�XVLQJ�HWFKLQJ�LQK\GURJHQ�SHUR[LGH�,Q� >��@�� HOOLSVRPHWU\� ZDV� XVHG� WR� VWXG\JHUPDQLXP� WUDQVLWLRQ� IURP� DPRUSKRXV� WRFU\VWDOOLQH� VWDWH� LQ� ILOPV� GHSRVLWHG� RQWR� DVXEVWUDWH� DW� GLIIHUHQW� VXEVWUDWH� WHPSHUD �WXUHV��7KH�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�RQIUHVKO\�SUHSDUHG�ILOPV��WKH�RSWLFDO�FRQVWDQWVZHUH�FDOFXODWHG�ZLWKRXW�WDNLQJ�LQWR�DFFRXQWWKH�R[LGH�OD\HU��7KH�RSWLFDO�FRQVWDQW�YDOXHVREWDLQHG� LQ� >��@� IRU� WKH� ILOPV� SUHSDUHGUDWKHU� VLPLODUO\� WR�RXU�FDVH� �DW�D� VXEVWUDWHWHPSHUDWXUH� RI� ����&�� DUH� LQ� JRRG� DJUHH�PHQW�ZLWK�RXU�UHVXOWV�LI�RXU�GDWD�ZHUH�SURF �HVVHG� ZLWKLQ� WKH� VHPL�LQILQLWH� PHGLXPPRGHO� �L�H��� ZLWKRXW� DFFRXQWLQJ� IRU� R[LGHOD\HU��� 7DNLQJ� LQWR� DFFRXQW� DQ� R[LGH� OD\HUHQDEOHG� XV� WR� REWDLQ� PRUH� UHOLDEOH� YDOXHVIRU�RSWLFDO�FRQVWDQWV�RI�DPRUSKRXV�*H��GLI�IHULQJ�FRQVLGHUDEO\�IURP�WKH�UHIHUHQFH�GDWD�VHH�7DEOH���7KXV�� HYHQ�RQ�IUHVKO\�SUHSDUHG*H ILOPV�� WKHUH� H[LVWV� VHYHUDO� QP� WKLFNR[LGH� OD\HU�� ,W� LV� WR� EH� WDNHQ� LQWR� DFFRXQWZKHQ� GHWHUPLQLQJ� WKH� RSWLFDO� FRQVWDQWV� RIILOPV��H�J���LQ�WKH�ZD\�XVHG�LQ�WKLV�ZRUN���,WVKRXOG� EH� QRWHG� WKDW� LQYHVWLJDWLRQV� RI� *HRSWLFDO� FRQVWDQWV� LQ� WKH� YLVLEOH� VSHFWUDO� UH �JLRQ� DUH� RI� JUHDW� LPSRUWDQFH�� VLQFH� WKHVSHFWUDO� VWUXFWXUH� GXH� WR� LQWUDEDQG� WUDQVL �WLRQV�LQ�WKH�FDVH�RI�VLQJOH�FU\VWDOOLQH�JHUPD �QLXP� LV� REVHUYHG� KHUH�� 7KLV� VWUXFWXUH� LVUDWKHU�VHQVLWLYH�WR�WKH�FU\VWDO�VWDWH��,W�YDU �LHV� FRQVLGHUDEO\� GHSHQGLQJ� RQ� WKH� *H ILOPSUHSDUDWLRQ�FRQGLWLRQV��:H�KDYH�VKRZQ�WKDWLW�LV�DOVR�VHQVLWLYH�WR�WKH�R[LGH�OD\HU�WKLFN �QHVV�� 7KDW� LV� ZK\� WDNLQJ� R[LGH� OD\HU� LQWRDFFRXQW�LV�HVVHQWLDO�7KXV�� RXU� HOOLSVRPHWULF� VWXGLHV� HQDEOHGXV� WR� GHWHUPLQH� RSWLFDO� FRQVWDQWV� RI� ERWKWKH� DPRUSKRXV�*H ILOP� DQG� R[LGH� OD\HU� RQLWV� VXUIDFH�� &RQVLGHULQJ� WKH� UHVXOWV� RE �WDLQHG�� WKH� VLQJOH�OD\HU� PRGHO� KDV� EHHQVKRZQ�WR�EH�VXLWDEOH�IRU�PXOWLDQJXODU�HOOLS �VRPHWULF� PHDVXUHPHQWV� ZKHQ� OLJKW� LV� UH �IOHFWHG� IURP� DPRUSKRXV� JHUPDQLXP�� 7KLVHYLGHQFHV� WKDW� WKH� R[LGH� OD\HU� IRUPHG� RQWKH� ILOP� VXUIDFH� LQ� DLU� LV� XQLIRUP�� 7KHR[LGH� OD\HU� WKLFNQHVV� DIWHU� ORQJ�WHUP�NHHS �LQJ� LQ� DLU� PD\� UHDFK� �� QP�� LWV� UHIUDFWLYHLQGH[� � EHLQJ� FORVH� WR� WKDW� RI� JHUPDQLXP

GLR[LGH��(WFKLQJ� LQ�DTXHRXV�VROXWLRQ�RI�K\ �GURJHQ�SHUR[LGH�UHGXFHV�WKH�OD\HU�WKLFNQHVVVHYHUDO�WLPHV�6SHFWUDO� GHSHQGHQFHV� RI� DPRUSKRXV� *HRSWLFDO� FRQVWDQWV� KDYH� EHHQ� REWDLQHG� XQGHUDFFRXQW� IRU� R[LGH� OD\HU��7KHVH�GHSHQGHQFHVHYLGHQFH� WKDW� WKHUH� LV� QR� VWUXFWXUH� VLPLODUWR�WKDW�LQ�WKH�FRUUHVSRQGLQJ�VSHFWUD�RI�VLQ �JOH�FU\VWDOOLQH�*H��7DNLQJ�DQ�R[LGH�OD\HU�RQWKH�*H ILOP�VXUIDFH�LQWR�DFFRXQW�HQDEOHG�XVWR� REWDLQ� PRUH� UHOLDEOH� YDOXHV� RI� RSWLFDOFRQVWDQWV�IRU�DPRUSKRXV�*H�5HIHUHQFHV���=K�,�$OIHURY�� 1�6�=LPRJRURYD�� $�0�6DPRO�\�DQRY�� 0�.�7UXNKDQ�� 8NU��)L]��=K��� ��� ���������������-�3�'RQHOO\��$�*�0LOQHV��,QW��-��(OHFWURQ����������������������1�&KDQG��-�.OHP��+�0RUNRF��$SSO��3K\V��/HWW����������������������7�9�%HORXVRYD�� ,�*�1HL]YHVWQ\L�� <X�*�6D�GRI�HY� HW� DO��� )L]��7HNKQ��3ROXSURY��� ���� ��������������-�&�0DULQDFH��,%0�-������ �-XO\������������9�0�9DOG�3HUORY�� 9�9�9HLWV�� 1�*�,YDVK�FKHQNR�� (OHNWURQQD\D� 7HNKQ��� 6HU���� 3ROXSUR�YRGQLNRY\H�3ULERU\��1R�����������������9�)�0LWLQ��<X�$�7NKRULN��(�)�9HQJHU��0LFUR�HOHFWURQLFV�-���������������������9�)�0LWLQ�� 6HPLFRQGXFWRU� 3K\VLFV�� 4XDQWXP(OHFWURQLFV�	�2SWRHOHFWURQLFV���������������������1�)�0RWW��(�$�'DYLV��(OHFWURQLF�3URFHVVHV� LQ1RQ�&U\VWDOOLQH�0DWHULDOV���QG�HG���&ODUHQGRQ3UHVV��2[IRUG��������������'�%HDJOHKROH�� 0�=DYHWRYD�� -��1RQ�&U\VW��6RO�LGV����������������������7�0�'RQRYDQ�� :�(�6SLFHU�� -�0�%HQQHW�(�-�$VKOH\��3K\V��5HY��%�����������������������*�-XQJN��3K\V��6WDW��6RO��E������������������������-�6WXNH��-��1RQ�&U\VW��6ROLGV�������������������5�6�%DXHU��6RO��6W��&RPPXQ�����������������������7�0�'RQRYDQ�� -��2SW��6RF��$PHU��� ���� ���������������9�$�2GDULFK��=DY��/DE�������������������������$�(�9RO�� 6WUXFWXUH� DQG� 3URSHUWLHV� RI� %LQDU\0HWDO� 6\VWHPV�� 9RO���� )L]PDWJL]� ������� >LQ5XVVLDQ@�����9�$�2GDULFK��9�,�3DQDV\XN��9�6�6WDVFKXN��=K�3ULNO��6SHNWURVN������������������������3ULQFLSOHVV� RI� (OOLSVRPHWU\�� HG�� E\$�9�5]KDQRY�� 1DXND�� 1RYRVLELUVN� ������� >LQ5XVVLDQ@������9�1�'UR]GRY�� 7�,�.RYDOHYVND\D�� $�9�5]KD�QRY�� .�.�6YLWDVKHY��0LNURHOHNWURQLND�� ��� ���������������/�/�9DVLO�HYD�� .�.�6YLWDVKHY�� $�,�6HPHQHQNRHW�DO���2SWLND�L�6SHNWURVN������������������������5�-�$UFKHU��3K\V��5HY�������������������������(�%�*RURNKRY�� 9�9�*ULVKFKHQNR�� LQ�� (OOLS�VRPHWU\�� 7KHRU\�� 7HFKQLTXHV�� $SSOLFDWLRQV�1DXND��1RYRVLELUVN��������>LQ�5XVVLDQ@�
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