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0HWDO� R[LGH� VHPLFRQGXFWRU� ILHOG� HIIHFWWUDQVLVWRU��026)(7��GRVLPHWHUV�DUH�LQFUHDV �LQJO\� XWLOL]HG� LQ� UDGLDWLRQ� WKHUDSLHV� DQG�PRUH� UHFHQWO\�� LQ� UDGLDWLRQ� GLDJQRVLV�� 7KHDGYDQWDJHV� RI� 026)(7� GRVLPHWHUV� LQFOXGHVPDOO� VL]H�� LPPHGLDWH� UHDGRXW�� DQG� HDVH� RIXVH�� PDNLQJ� WKHP� H[FHOOHQW� WRROV� IRU� KLJKHQHUJ\� SKRWRQ� DSSOLFDWLRQV�� ,Q� WKH� ORZ� HQ �HUJ\�UDQJH��KRZHYHU��026)(7�GRVLPHWHU�UH �VSRQVH��ZKLFK� LV�PDLQO\�PDGH�RI� VLOLFRQ�� LVFRPSOLFDWHG� E\� WKH� IDFW� WKDW� LQWHUDFWLRQSUREDELOLW\� RI� SKRWRHOHFWULF� HIIHFW� VKRZVVLJQLILFDQW� GHSHQGHQFH� RQ� WKH� DWRPLF� QXP �

EHU�RI�HDFK�GRVLPHWHU�FRPSRQHQW��7KH�REMHF �WLYH� RI� WKLV� VWXG\� LV� WR� GHYHORS� D� GHWDLOHG��GLPHQVLRQDO� 0RQWH� &DUOR� VLPXODWLRQPRGHO� RI� D� 026)(7� GRVLPHWHU� IRU� FKDUDF �WHUL]DWLRQV�DQG�FDOLEUDWLRQV�IRU�ORZ�DQG�PH �GLXP�HQHUJ\�SKRWRQV��7KLV� VWXG\� PRGHOV� WKH� +LJK�6HQVLWLYLW\026)(7� GRVLPHWHU� �71�����5'�� 7KRPVRQDQG�1LHOVHQ�(OHFWURQLFV��/WG���2WWDZD��&DQ �DGD���7KH�+LJK�6HQVLWLYLW\�026)(7�GRVLPH �WHU� LV� PDGH� RI� D� VLOLFRQ� FKLS� ZLWK� �� PP�DUHD� DQG� ����� PP� WKLFNQHVV�� 7KH� FKLS� LVORFDWHG� XQGHU� D� OD\HU� RI� EODFN� HSR[\� EXOE�
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7KH� VLOLFRQ� FKLS� LQFOXGHV� WZR� 026)(7� GH �YLFHV�� HDFK� RI� ZKLFK� KDV� DQ� DFWLYH� DUHD� RI����PP×���� PP� DQG� DFWLYH� WKLFNQHVV� RI��µP��7KH�VLOLFRQ�FKLS�DQG�EXOE�LV�SODFHG�DWWKH� HQG� RI� D� YHU\� WKLQ� DQG� IOH[LEOHSRO\DPLGH� ODPLQDWH� FDEOH� �a�����PP� WKLFN��� PP� ZLGH�� HQFDSVXODWLQJ� WZR� JROG� ZLUHV�5HDGHUV� DUH� UHIHUUHG� WR�0F.D\� >�@� IRU� WKHGHWDLOHG�PHFKDQLFV�KRZ�D�026)(7�ZRUNV�DVD�GRVLPHWHU��,Q�VKRUW��WKH�GLIIHUHQFH�LQ�YROW �DJH� VKLIW� EHIRUH� DQG� DIWHU� H[SRVXUH� LV� SUR �SRUWLRQDO� WR� UDGLDWLRQ� GRVH�� DQG� LW� FDQ� EHUHDG�RXW�LPPHGLDWHO\��,Q� WKLV� VWXG\�� D� ��'�0RQWH� &DUOR�PRGHORI� WKH� +LJK�6HQVLWLYLW\� 026)(7� GRVLPHWHUZDV�GHYHORSHG�XVLQJ�0RQWH�&DUOR�1�3DUWLFOH�0&13���&�>�@��'HWDLOHG� OD\RXW�DQG�FRPSR �VLWLRQ� RI� WKH� PRGHO� DUH� EDVHG� RQ� WKH� GDWDSURYLGHG�E\�WKH�PDQXIDFWXUHU��(IIRUWV�ZHUHPDGH� WR� DFFXUDWHO\� GHWHUPLQH� WKH� HQHUJ\GHSRVLWLRQ� LQ� WKH� VHQVLWLYH� YROXPH� RI� WKH026)(7�GRVLPHWHU��7KH�VHQVLWLYH�YROXPH�RIWKH� GRVLPHWHU� LV� YHU\� WKLQ� ��� µP�� DQG� WKHVWDQGDUG�0&13�WDOOLHV�GR�QRW�DFFXUDWHO\�GH �WHUPLQH� DEVRUEHG� GRVH� WR� WKH� VHQVLWLYH� YRO �XPH�� 7KHUHIRUH�� WKH� DEVRUEHG� GRVH� LQ� WKHWKLQ�YROXPH�ZDV�GLUHFWO\�GHWHUPLQHG�E\�WKHHOHFWURQ� WUDFN� OHQJWK� GRVH� HVWLPDWRU� GHYHO �RSHG�E\�6FKDDUW�HW�DO��>�@��7UDQVSRUW�RI�HOHF �WURQV�LQ�PHGLXP�LV�FRPSOLFDWHG�LQ�WKDW�HOHF �WURQ� SDWKZD\V� DUH� FKDUDFWHUL]HG� E\� PDQ\LQWHUDFWLRQV� HDFK�KDYLQJ� VPDOO� HQHUJ\� ORVV�)RU�H[DPSOH��DQ�HOHFWURQ�RI���0H9�FDQ�KDYHPRUH� WKDQ� ��� FROOLVLRQV� LQ�ZDWHU� EHIRUH� LWFRPSOHWHO\� VWRSV�� 7KLV� ODUJH� QXPEHU� RI� LQ �WHUDFWLRQV�PDNHV�LW�LPSUDFWLFDO�WR�WUDQVSRUWHYHU\� VLQJOH� HOHFWURQ� FROOLVLRQ� LQ� 0RQWH&DUOR� VLPXODWLRQ� DQG� WKH� VR�FDOOHG� �PXOWL�VFDWWHULQJ� WKHRU\�� LV� WKXV� DGRSWHG� LQ0&13�� ,Q� VXFK� DQ� DSSURDFK�� DQ� HOHFWURQSDWK� LV� EURNHQ� LQWR� VPDOO� HQHUJ\� VWHSV� DQGDOO� VLPXODWLRQ�SDUDPHWHUV�DUH�FDOFXODWHG�RQVXFK� VWHS� EDVLV�� ,Q� RUGHU� WR� UHSUHVHQW� WKHHOHFWURQ�V� WUDMHFWRU\�PRUH� DFFXUDWHO\�� WKHVHHQHUJ\�VWHSV�DUH�IXUWKHU�EURNHQ�LQWR�VPDOOHUVXEVWHSV�E\�GLYLGLQJ�WKH�HQHUJ\�VWHSV�E\�DQLQWHJHU�P��,Q�RXU�VLPXODWLRQV��WKH�YDOXHV�RIP DUH�FKRVHQ�WR�DVVXUH�WKDW�HOHFWURQV�PDNHDW�OHDVW�WHQ�VXEVWHSV�LQ�WKH�VHQVLWLYH�YROXPHRI�WKH�026)(7�GRVLPHWHU��,W�KDV�EHHQ�GRFX �PHQWHG� LQ� WKH� OLWHUDWXUH� WKDW� WKH� GHIDXOW0&13�VW\OH�LQGH[LQJ�DOJRULWKP�JLYHV�PXFKODUJHU�HUURU�WKDQ�WKH�,76�VW\OH�LQGH[LQJ�DO �JRULWKP�LQ�HOHFWURQ�WUDQVSRUW�GXH�WR�LWV�LQ �FRQVLVWHQF\� ZLWK� WKH� GHILQLWLRQ� RI� HQHUJ\JURXSV� >����@�� 7KHUHIRUH�� WKLV� VWXG\� XVHGWKH�,76�VW\OH�LQGH[LQJ�DOJRULWKP�IRU�DOO�WKHVLPXODWLRQV��

7KLV� VWXG\� SHUIRUPHG� WKUHH� H[SHULPHQWVWR�YDOLGDWH�WKH�0&13�PRGHO�����FRPSDULVRQZLWK� WKH�PHDVXUHPHQW� RI� D� &V����� VRXUFH����FRPSXWDWLRQDO�H[SHULPHQW�WR�YDOLGDWH�WKHGRVH�HVWLPDWRU��DQG����FRPSDULVRQ�RI�FDOFX �ODWHG�HQHUJ\�GHSHQGHQFH�ZLWK� WKH�SUHGLFWHGYDOXH� IURP� WKHRU\�� )LUVW�� WKH� 026)(7� GR �VLPHWHU� UHVSRQVH� IURP� GLIIHUHQW� SKRWRQ� GL �UHFWLRQV� ZDV� PHDVXUHG� XVLQJ� D� &V����VRXUFH� HPLWWLQJ� ���� NH9� JDPPD� UD\� SKR �WRQV�� 7KH� GRVLPHWHU� ZDV� URWDWHG� DORQJ� LWVD[LDO�HYHU\����GHJUHH�DQG�WKH�H[SRVXUH�WLPHZDV�RQH�KRXU� LQ�HDFK�FDVH��7KH�VDPH�VHWXSZDV�VLPXODWHG�LQ�0&13�DQG�WKH�GLUHFWLRQ�RISKRWRQ� EHDP�ZDV� URWDWHG� XVLQJ� WKH� FRRUGL �QDWH�WUDQVIRUPDWLRQ��75��FDUG��)LJ����VKRZVWKDW� WKH� VLPXODWLRQ� DQG� PHDVXUHPHQW� UH �VXOWV� DUH� LQ� D� JRRG� DJUHHPHQW�� %RWK� WKHVLPXODWLRQ� DQG� PHDVXUHPHQW� UHVXOWV� LQGL �FDWH� WKDW� WKH� 026)(7� GRVLPHWHU� VKRZVKLJKHU�UHVSRQVH��E\�a�����IRU�SKRWRQV�FRP �LQJ�IURP�WKH�HSR[\�VLGH�7KH�0&13�PRGHO�PD\�EHFRPH�XQUHDOLVWLFLI� WKH� VHQVLWLYH� YROXPH� LV� YHU\� WKLQ� DQGHOHFWURQ�VWHSV�DUH�IUHTXHQWO\�LQWHUUXSWHG�E\WKH� FHOO� ERXQGDULHV�� 7R� FKHFN� WKLV� RXW�� DEORFN� RI� 6L2� F\OLQGHU� ZDV� GHILQHG� LQ0&13��(OHFWURQV�ZHUH�JHQHUDWHG�XQLIRUPO\WKURXJKRXW� WKH� HQWLUH�YROXPH�RI� WKH�EORFN�$�VPDOO��WDOO\��RU�GHWHFWLRQ�YROXPH�ZDV�GH �ILQHG� DW� WKH� FHQWHU� RI� WKH�EORFN��:LWK� WKLVFRQILJXUDWLRQ��ZH� FDQ�FDOFXODWH� WKH��H[DFW�YDOXH� RI� WKH� DEVRUEHG� GRVH� WR� WKH� WDOO\LQJYROXPH� DVVXPLQJ� UDGLDWLRQ� HTXLOLEULXP�� ,Q0&13�� WKH� DEVRUEHG� GRVH� WR� WKH� GHWHFWLRQYROXPH� ZDV� GHWHUPLQHG� E\� XVLQJ� WKH� HOHF �WURQ� WUDFN� OHQJWK� HVWLPDWRU� GHYHORSHG� LQWKLV� VWXG\�� 7KLV� VWXG\� FDOFXODWHG� WKH� SHU �FHQWDJH�GLIIHUHQFH�EHWZHHQ�WKH�0&13�UHVXOWDQG� �H[DFW�� YDOXH� IRU� GHWHFWLRQ� YROXPH

)LJ����� $QJXODU� GHSHQGHQFH� RI� WKH� 026)(7GRVLPHWHU� IRU� &V����� VRXUFH�� 7KH� �� GHJUHHFRUUHVSRQGV� WR� SKRWRQ� LQFLGHQW� SHUSHQGLFX�ODUO\�RQ�WKH�VLOLFRQ�VLGH�DQG�����GHJUHH�LV�RQWKH�HSR[\�VLGH�
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WKLFNQHVV� YDU\LQJ� IURP� ���� µP� WR� �� FP�*HQHUDOO\��RXW�UHVXOWV�VKRZ�WKDW�WKH�GLIIHU �HQFHV� DUH� OHVV� WKDQ� ����IRU� DOO� WKH�SKRWRQHQHUJLHV� DQG� WKLFNQHVV� FRQVLGHUHG� LQ� WKLVVWXG\�� 7KH� GLIIHUHQFHV� DUH� ODUJHU� IRU� WKLQ �QHU� YROXPHV�� EXW� GR� QRW� VKRZ� DQ\� VSHFLILFWHQGHQF\�RU�ELDV��)LQDOO\�� ZH� VLPXODWHG� WKH� 026)(7� GR �VLPHWHU� UHVSRQVH� IRU� YDULRXV� SKRWRQ� HQHU �JLHV� UDQJLQJ� IURP� ��� NH9� WR� �� 0H9�� 7KHHQHUJ\�GHSHQGHQFH�ZDV�WKHQ�FRPSDUHG�ZLWKWKH� WKHRUHWLFDO� YDOXHV� WKDW� DUH� FDOFXODWHGIURP�WKH�UDWLR�RI�WKH�PDVV�HQHUJ\�DEVRUSWLRQFRHIILFLHQW� RI� VLOLFRQ� WR� WKDW� RI� DLU�� )LJ���VKRZV� WKDW� WKH� 0&13� UHVXOW� LV� LQ� D� JRRGDJUHHPHQW� ZLWK� WKH� WKHRUHWLFDO� YDOXHV�7KHUH�LV�VPDOO�GLIIHUHQFH�EHWZHHQ�WKHVH�WZRFXUYHV��ZKLFK�LV�GXH�WR�WKH�ODFN�RI�FKDUJHGSDUWLFOH�HTXLOLEULXP�DW�WKH�LQWHUIDFH�RI�VLOL �FRQ�DQG�HSR[\��7KLV�UHVXOW�VKRZV�WKDW�WKHUHLV�VLJQLILFDQW�VHOI�VKLHOGLQJ�HIIHFW�ZKHUH�WKHSKRWRQ� HQHUJ\� LV� YHU\� ORZ� ����� NH9��� )RUKLJK� HQHUJLHV� �!��0H9��� WKH� GRVLPHWHU� XQ �GHUHVWLPDWH�WKH�DEVRUEHG�GRVH�VLQFH�FKDUJHGSDUWLFOH�HTXLOLEULXP��&3(��GRHV�QRW�H[LVW�DWWKH�VHQVLWLYH�YROXPH�RI�WKH�GRVLPHWHU��7KLVSUREOHP� FDQ� EH� DYRLGHG� E\� DGGLQJ� D� EXLOG�XS�OD\HU�RQ�WKH�WRS�RI�WKH�GRVLPHWHU��7KH� DXWKRUV� WKDQN� WKH� ,QQRYDWLYH� 7HFK �QRORJ\� &HQWHU� IRU� 5DGLDWLRQ� 6DIHW\� �,756�DW� +DQ\DQJ� 8QLYHUVLW\� LQ� .RUHD� IRU� VXS �SRUWLQJ�WKLV�VWXG\�
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