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)LJ����� 7LPH� GHSHQGHQFH� RI� WKH� H[WUDFWLRQ� GH�JUHH��N�����RI�>)H�%3��@�� FRPSOH[�LQ�WKH�VWDWLF����DQG�SXPSLQJ�����UHJLPHV��P38)  ������J�& �)H�  �����µJ�PO��&�.+�32��  �����0�
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7KXV�� WKH� IRUPDWLRQ� RI� WKH� LRQLF� DVVRFL �DWH� >)H�%3��@�12�±�� ZDV� IRXQG� WR� UHVXOW� LQDQ� HVVHQWLDO� LPSURYHPHQW� RI� WKH� VRUSWLRQSURSHUWLHV� LQ� WKH� LQYHVWLJDWHG� V\VWHP�� )XU �WKHU��DOO�WKH�H[SHULPHQWV�ZHUH�FRQGXFWHG�LQWKH�SUHVHQFH�RI�.12� LQ�WKH�VROXWLRQ� ����WR��⋅���� PRO⋅O����7KH� GLIIXVH� UHIOHFWLRQ� VSHFWUD� RI� WKHLRQLF� DVVRFLDWH� >)H�%3��@�12�±�� RQ� WKH38)� VRUEHQW� VKRZ� D� VKDUS� PD[LPXP DW
λ  �����±��� QP� FRLQFLGHQW� HVVHQWLDOO\� ZLWKWKH�DEVRUSWLRQ�PD[LPXP�IRU�WKH�FRPSOH[�LQWKH� VROXWLRQ�� 7KLV� IDFW� VKRZV� WKDW� WKH� QD �WXUH� RI� WKH� FRRUGLQDWLRQ� HQYLURQPHQW� RILURQ� �,,�� LRQV� LQ� WKH� FRPSOH[� UHPDLQV� XQ �FKDQJHG�� DQG� WKLV�PD\� WHVWLI\� WKDW� WKH� LQ �WHUDFWLRQ� ZLWK� WKH� SRO\PHU�PDWUL[� RI� 38)VRUEHQW�LV�DEVHQW�,Q�WKH�FRXUVH�RI�WKLV�UHVHDUFK��WKH�UDQJHRI� OLQHDU� GHSHQGHQFH� EHWZHHQ� WKH� .XEHOND�0XQN� IXQFWLRQ� )�5�� DQG� WKH� )H�,,�� FRQFHQ�WUDWLRQ� LQ�WKH�VROXWLRQV�ZDV�HVWDEOLVKHG��$VIROORZV� IURP� )LJ����� WKH� OLQHDU� GHSHQGHQFHLV� REVHUYHG�XS� WR� ���� µJ�PO� RI� LURQ� �,,�� LQWKH� VROXWLRQ�� )RU� WKH� PRGHO� VROXWLRQV� ZLWKKLJKHU� LURQ� FRQFHQWUDWLRQV�� WKH� )�5�� IXQF�WLRQ� YDOXHV� GR� QRW� FKDQJH� DQG� IRUP� D� SOD �WHDX� RQ� WKH� SORW�� ZKLFK� WHVWLILHV� WR� PD[L �PXP�VDWXUDWLRQ�RI�WKH�VRUEHQW��$V� WR� WKH� WLPH� GHSHQGHQFH� RI� WKH� RI>)H�%3��@�12�±�� VRUSWLRQ� FRPSOHWHQHVV� RQ38)�VRUEHQW��LW�LV�VHHQ�IURP�)LJ����WKDW�WKHFRPSOHWH�H[WUDFWLRQ�RI�,$�IURP�WKH�VROXWLRQZKHUH� WKH� LQLWLDO� FRQWHQW� RI� LURQ� �,,�� LV� XSWR�����µJ�PO�� LV�REVHUYHG�VLQFH���WR���PLQ �XWHV�DIWHU�WKH�EHJLQQLQJ�RI�WKH�SURFHGXUH�7R� HVWLPDWH� WKH� GHWHFWLRQ� OLPLW� IRU� LURQLQ� WKH� SURSRVHG� WHVW� PHWKRG�� ZH� XVHG� WKH

DSSURDFK� EDVHG� RQ� VWXG\� RI� WKH� VR�FDOOHG�XQUHOLDEOH�UHDFWLRQ��UHJLRQ��LQ�WKLV�UHJLRQ�ORZ�FRQFHQWUDWLRQV�JLYH�DSSUR[LPDWHO\�HTXDOQXPEHU� RI� SRVLWLYH� DQG� QHJDWLYH� GHWHFWLRQUHVXOWV� >��@��� $V� IRXQG� H[SHULPHQWDOO\�� IRUWKH�FRQVLGHUHG�PHWKRG� VXFK� D�UHJLRQ�FRUUH �VSRQGV�WR�WKH�LQWHUYDO�RI�LURQ�,,��FRQFHQWUD �WLRQV�IURP�������XS�WR������� µJ�PO�,W� PXVW� EH� SUHOLPLQDULO\� HVWDEOLVKHG� E\LQGHSHQGHQW� REVHUYHUV� XVLQJ� D� FRORU� VFDOH�ZKLFK� RI� WKH� IRXU� W\SHV� RI� GLVWULEXWLRQ�²QRUPDO�� ORJQRUPDO�� H[SRQHQWLDO� RU�:D\EXOOGLVWULEXWLRQ�²�DOORZV�WR�TXDQWLWDWLYHO\�HVWL �PDWH� LURQ� �,,�� FRQWHQW� PRVW� VDWLVIDFWRULO\�3UHVHQWHG�LQ�7DEOH���DUH�H[SHULPHQWDO�UDWHVRI� LURQ� �,,��GHWHFWLRQ� LQ�WKH�PHQWLRQHG�FRQ �FHQWUDWLRQ� LQWHUYDO� DQG� VRPH� FDOFXODWHGDX[LOLDU\� IXQFWLRQV�� 3DUDPHWHUV� RI� WKHOLQHDUL]HG� GHSHQGHQFHV� RI� WKH� H[SHULPHQWDOUDWHV� RI� &)H IRU� WKH� VDLG� GLVWULEXWLRQV� DUHFRQWDLQHG� LQ� 7DEOH���� )RU� DOO� WKH� FRPSDUHGGLVWULEXWLRQV�� H[SHULPHQWDO� SRLQWV� IDOO� RQ

)LJ����� 'HSHQGHQFH� RI� WKH� H[WUDFWLRQ� GHJUHH�N�����RI� >)H�%3��@�� ����DQG� >)H�%3��@�12�±������ FRPSOH[HV�RQ�LURQ��,,��FRQFHQWUDWLRQ�LQ�WKHSXPSLQJ� UHJLPH�� P38)  ������ J�� τ  ����PLQ�&�.12��  ��⋅���� 0��&�.+�32��  �����0�
)LJ����� 'HSHQGHQFH� RI� WKH� GLIIXVH� UHIOHFWLRQ)�5�� RI� >)H�%3��@�12�±�� FRPSOH[�RQ� WKH� LURQ�,,�� FRQFHQWUDWLRQ��P38)  ������J��τ  ����PLQ�&�.12��  ��⋅��� 0��&�.+�32��  �����0� S+� �����λ  �����QP�

)LJ�����7LPH�GHSHQGHQFH�RI�WKH�H[WUDFWLRQ�GH�JUHH��N�����RI�>)H�%3��@�12�±�� FRPSOH[�RQ�WKHFRQFHQWUDWLRQ� RI� LURQ� �,,�� LQ� WKH�SXPSLQJ� UH�JLPH��P38)  ������J��&)H�,,� �µJ�PO��� ���� �������� ����� ���� ����� &�.12��  ��⋅���� 0�& �.+�32��  �����0� S+� �����
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WKH� FDOFXODWHG� VWUDLJKW� OLQHV� RI� \  �D ��E[W\SH�� &RPSDULVRQ� RI� WKH� HVWLPDWHG� OLQHDUFRUUHODWLRQ� FRHIILFLHQWV� U[\ DV� ZHOO� DV� WKHGLVSHUVLRQV� V\� IRU� FKDUDFWHUL]DWLRQ� RI� WKHVFDWWHU� RI� WKH� H[SHULPHQWDO� SRLQWV� \L ZLWKUHVSHFW� WR� WKH� FRUUHVSRQGLQJ� VWUDLJKW� OLQHVGRHV�QRW�JLYH�UHDVRQV�IRU�FKRRVLQJ�RQH�SUHI �HUDEOH� GLVWULEXWLRQ� W\SH�� 7KHUHIRUH�� WKH� GH �WHFWLRQ� OLPLW� ZDV� FDOFXODWHG� DVVXPLQJ� WKHQRUPDO�GLVWULEXWLRQ��7R�GHWHUPLQH� &PLQ��WKHIRUPXOD�&PLQ  �&��� �����T ZDV�XVHG��ZKHUH&��� LV� WKH� DYHUDJH� UHYHDOHG� FRQFHQWUDWLRQ�L�H�� WKH� FRQFHQWUDWLRQ� GHWHFWHG� ZLWK� ���SUREDELOLW\�DQG�HTXDO�WR�������µJ�PO��T��WKHSUREDEOH� GHYLDWLRQ� ZKLFK� FKDUDFWHUL]HV� WKHZLGWK�RI�WKH��XQUHOLDEO\��UHYHDOHG�LURQ�FRQ �FHQWUDWLRQ�UHJLRQ�DQG�HTXDO�WR������� µJ�PO����� LV� WKH� FRHIILFLHQW� ZKLFK� SURYLGHV� ����SUREDELOLW\�IRU�GHWHFWLRQ�RI�WKH�FRQFHQWUDWLRQHTXDO� WR�&PLQ���7KXV��WKH�FDOFXODWHG�YDOXH�RIGHWHFWLRQ�OLPLW�IRU�WKH�GHVFULEHG�WHVW�PHWKRGLV�&PLQ  ������µJ�PO�)H �,,��,,,��7KH� PHWKRG� ZDV� WHVWHG� ZKLOH� DQDO\]LQJPRWKHU� VROXWLRQV� RI� SRWDVVLXP� GLK\GURJHQSKRVSKDWH�XVHG�IRU�FU\VWDO�JURZWK��7HVW�GH �WHUPLQDWLRQV�RI�LURQ�ZHUH�FDUULHG�RXW�LQ���RU� ��� PO� GLVSRVDEOH� V\ULQJHV� DFFRUGLQJ� WRWKH� IROORZLQJ� SURFHGXUH�� 8VLQJ� D� V\ULQJH�ZLWKRXW� QHHGOH�� FRQWDLQLQJ� RQH� 38)� FXEHZLWK�LPPRELOL]HG�%3�DQG�VHYHUDO�FU\VWDOV�RIDVFRUELF� DFLG� DQG� SOXJJHG� E\� LWV� SOXQJHU�FROOHFWHG� ZHUH�� ���� PO� RI� WKH� DQDO\]HG.+�32� VROXWLRQ� SUHOLPLQDULO\� GLOXWHG�ZLWK

ZDWHU����PO�RI�.12� �⋅���� 0�GLVVROYHG� LQ����0� VROXWLRQ� RI� +�32� DQG� ZDWHU� WR� RE�WDLQ����PO�YROXPH�RI�WKH�PL[WXUH��7KHQ�WKHV\ULQJH� ZLWK� SOXJJHG� FDQQXOD� ZDV� EHLQJVKDNHQ� IRU� D� FHUWDLQ� WLPH�� $IWHU� VRUSWLRQ�WKH� OLTXLG�ZDV� VTXHH]HG� RXW� RI� WKH� V\ULQJHXQGHU�SUHVVXUH�WKURXJK�D�VRUEHQW�OD\HU��7KHLURQ�FRQFHQWUDWLRQ�ZDV�GHWHUPLQHG�YLVXDOO\�E\� FRPSDULQJ� WKH� VRUEHQW� FRORU� LQWHQVLW\ZLWK� WKDW� SUHOLPLQDULO\� REWDLQHG� IRU� VWDQG �DUG� LURQ� VROXWLRQV� XVLQJ� D� FRPSXWHU�VLPX �ODWHG�FRORU�VFDOH�7KH� UHVXOWV� RI� WKH� SHUIRUPHG� LQYHVWLJD �WLRQ� ZHUH� XVHG� DV� D� EDVH� IRU� YLVXDO� WHVWGHWHUPLQDWLRQ�RI�WKH�WRWDO�LURQ��,,��,,,��FRQ �WHQW� LQ� WKH� PRWKHU� VROXWLRQV� RI� SRWDVVLXPGLK\GURJHQ� SKRVSKDWH� XVHG� IRU� FU\VWDOJURZWK�� 7KH�PHWURORJLFDO� FKDUDFWHULVWLFV� RIWKH� GHYHORSHG� WHVW� PHWKRG� DQG� LWV� YDOLGLW\YHULILFDWLRQ� UHVXOWV� LQ� FRPSDULVRQ� ZLWKWKRVH�RI�WKH�SKRWRPHWULF�PHWKRG�RI�LURQ�GH �WHUPLQDWLRQ� EDVHG� RQ� W�FULWHULRQ� DUH� FRQ�WDLQHG� LQ� 7DEOH���� $V� VHHQ� IURP� WKH� SUH �VHQWHG�UHVXOWV�� WKH�PHWKRG�GHVFULEHG� LQ� WKHSUHVHQW� SDSHU� KDV� QR� V\VWHPDWLF� HUURU�� WKHUHODWLYH� VWDQGDUG� GHYLDWLRQ� RI� WKH� GHWHUPL �QDWLRQ�RI������WR������ µJ�PO�RI�)H �,,�� ,,,�DUH� ����� DQG� ����� �Q  ����� DQG� OLHV�ZLWKLQWKH� OLPLWV�SHUPLVVLEOH� IRU�VHPL�TXDQWLWDWLYHWHVW�GHWHUPLQDWLRQ�RI�VXFK�D�W\SH�

7DEOH����([SHULPHQWDO�UDWHV�RI� LURQ� �,,��GHWHFWLRQ� OLPLW�DQG�VRPH�FDOFXODWHG�DX[LOLDU\� IXQF WLRQVIRU�GHWHUPLQDWLRQ�RI�GLVWULEXWLRQ�W\SHFL 1L QL 3A (FL) �OQFL OQ]L OQOQ]L Ψ>3A �FL�@������ ��� �� ������ ����� ������ ������� ������������� ��� �� ������ ����� ������ ������� ������������� ��� �� ������ ����� ������ ������� ����������� ��� ��� ������ ����� ������ ������ ������������ ��� ��� ������ ����� ������ ������ ����������� ��� ��� ������ ����� ������ ������ ������

 FL LV�WKH�)H FRQFHQWUDWLRQ�LQ�WKH�L�WK�H[SHULPHQWDO�VHULHV��1L��WKH�QXPEHU�RI�REVHUYDWLRQV�QL��WKH�QXPEHU�RI�GHWHFWLRQV��3A �FL�� �QL�1L��WKH�H[SHULPHQWDO�IUHTXHQF\�RI�GHWHFWLRQV�
Ψ>3A �FL�@��WKH�IXQFWLRQ�UHFLSURFDO�WR�WKH�*DXVV�IXQFWLRQ�� ]L  �>��� 3A�FL�@����7DEOH����7\SHV�RI�GLVWULEXWLRQ�IRU�)H�,,��38)�WHVW�PHWKRG'LVWULEXWLRQ [ \ V�\ U[\1RUPDO &L Ψ>3A (FL)@ ������ ������/RJQRUPDO OQFL Ψ>3A (F)@ ������ ������([SRQHQWLDO &L OQ]L ������ ������:D\EXOO OQFL OQOQ]L ������ ������
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5HIHUHQFHV���%�/�7LPDQ�� 2�0�6PLUQRYD�� <X�1�9HOLNKRY� HWDO���=K��3K\V��.KLP����������������������+�-�0�%RZHQ�� -��&KHP��6RF��$��� ����� ��������������0�1�$EEDV�� $�9HUWHV�� 7�%UDXQ�� 5DGLRFKHP�5DGLDQDO��/HWW��������������������%�1DELYDQHF�� 9�6XNKDQ�� (�/XVHQNR�� 9�*RU�ODFK�� LQ�� $EVWU��,QW��&RQJU��RQ� $QDO\W��&KHP�0RVFRZ���������Y����S�N�������6�*�'PLWULHQNR�� 2�$�.RV\UHYD�� 9�.�5XQRY�<X�$�=RORWRY��0HQGHOHHY�&RPPXQV���1R����������������9�*�$PHOLQ��=K��$QDO\W��.KLP���������������������$�)�$O\XNDHYD��9�0�,YDQRY��$�*�7V\WVDULQ��=K�$QDO\W��.KLP����������������������6�*�'PLWULHQNR�� /�1�3\DWNRYD�� 9�.�5XQRY�=K��$QDO\W��.KLP������������������

���7�.DQHGD�� 6�7DNDQR�� &KHP��$EVWU��1R��������x�����������������/LX� ;XH�PHL�� ;LQJ� :DQ� /L�� 2X� <XR�URQJ�/LDQJMXQ��$QDO��6FL����������������������7�%UDXQ�� -�'�1DYUDWLO�� $�%�)DUDJ�� 3RO\XUH�WKDQH� )RDP� 6RUEHQWV� LQ� 6HSDUDWLRQ� 6FLHQFH�%RFD�5DWRQ��&5&�3UHVV������������¬�8PODQG�� $�-DQVVHQ�� '�7KLHULJ�� *�:XQVFK�7KHRULH�XQG�3UDNWLVFKH�$QZHQGXQJ�YRQ�.RP�SOH[ELOGQHUQ�� $NDGHP��9HUODJVJHVHO�� )UDQN�IXUW�DP�0DLQ��������������/�*�6LOOHQ��$�(�0DUWHOO��6WDELOLW\�&RQVWDQWV�RI0HWDO�,RQ�&RPSOH[HV��6SHF��3XEO���1R������7KH&KHP��6RF��� %XUOLQJWRQ� +RXVH�� :�9� 2%1/RQGRQ����������S���������5�3�3DQWDOHU�� $�.�7LPFKHQNR�� /�,�$YUD�PHQNR��$�%�%ODQN��=K��$QDO\W��.KLP�����������������
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