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W�YDU\�SUDFWLFDOO\�ZLWK�WKH�LQFUHDVH�RI�WKH�UDWLR�D�K��:H�QRWLFH�WKDW�LQGHSHQGHQWO\�WR� WKH�'XQGHUV� SDUDPHWHU�� WKHUH� LV� D� FULWLFDO� UDWLR� D�K� HTXDO� WR� ���� EH\RQG� RI� ZKLFK� WKH� HQHUJ\�UHOHDVH�UDWH�DW�WKH�FUDFN�KHDG�JURZV�DSSUHFLDEO\��7KLV�JURZWK�LV�PDUNHG�PRUH�ZKHQ�WKH�SDUDPHWHU�D LQFUHDVHV�� )RU�ZHDN� UDWLR� D�K������� WKH� HQHUJ\� UHOHDVH� UDWH�EHFRPHV� FRQVWDQW� DQG� LWV� YDULDWLRQ�
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DFFRUGLQJ�WR�WKH�SDUDPHWHU�D LV�DOPRVW�ZHDN��7KH FULWLFDO�UDWLR�LV�UHDFKHG�ZKHQ�WKH�FUDFN�VL]H�WHQGV�WRZDUG�WKH�PLG�ZLGWK�RI�WKH�EL�PDWHULDO�

)LJXUH�����*,�*� YHUVXV�D���K� ZLWK�YDULRXV�D )LJXUH����*, �*� YHUVXV��D �D��K� o ��
7R�EHWWHU�LOOXVWUDWH�WKH�HIIHFW�RI�WKH�SDUDPHWHU�D RQ�WKH�HQHUJ\�UHOHDVH�UDWH�DW�WKH�FUDFN�WLS��ZH�UHSUHVHQWHG�RQ�WKH�ILJXUH����WKH�YDULDWLRQ�RI�WKLV�HQHUJ\�DFFRUGLQJ�WR�WKLV�SDUDPHWHU�RI�D�EL�PDWHULDO�IRU� � D�K� WHQG� WRZDUG����ZKLFK�PHDQV� WKDW� WKH�FUDFN� LV� LQ� WKH�YLFLQLW\�RI� � WKH� LQWHUIDFH��:KHQ� WKH�FUDFN� SURSDJDWHV� IURP� WKH�GXFWLOH PDWHULDO� �PHWDO�� WRZDUG� WKH�EULWWOH� RQH �FHUDPLF�� WKH� HQHUJ\�UHOHDVH� UDWH� GHFUHDVHV� WRZDUG� WKH� YDOXH� RI� WKH� KRPRJHQHRXV� PDWHULDO� QHDU� WKH� LQWHUIDFH� �� $Q�LQYHUVH�EHKDYLRXU�LV�REVHUYHG�WKHUHIRUH�ZKHQ�WKH�FUDFN SURSDJDWHV�IURP�WKH�PRVW�EULWWOH��PDWHULDO�WRZDUG�D�PRUH�GXFWLOH�PDWHULDO�FDXVLQJ�DQ�LQFUHDVH�RI�WKH�HQHUJ\�UHOHDVH�UDWH��

���� 'HIOHFWLRQ�3HQHWUDWLRQ�IRU�D�FUDFN�SHUSHQGLFXODU�WR�WKH�LQWHUIDFH7KH�HIIHFW�RI�GHIOHFWLRQ�DQG�SHQHWUDWLRQ�RI�WKH�FUDFNVDW�LQWHUIDFH�LV�UHSUHVHQWHG�RQ�WKH�ILJXUH����7ZR�W\SHV�RI�GHYLDWLRQ�ZHUH� VWXGLHG�� WKH�VLQJOH�DQG�GRXEOH�GHYLDWLRQ�� �:H�QRWH� WKDW�ZKDWHYHU� LV�WKH� YDOXH� RI�D�� D� VLQJOH� GHYLDWLRQ� RI� WKH� FUDFN� OHDGV� WR�PRUH�PHDQLQJIXO� RI� HQHUJ\� UHOHDVH� UDWHV�WKDQ�WKRVH�JLYHQ�E\�D�GRXEOH�GHYLDWLRQ�RI�WKH�FUDFN��7KLV�SKHQRPHQRQ�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW� IRU� D� GRXEOH� GHYLDWLRQ� RI� WKH� FUDFN�� WKH� HQHUJ\� UHOHDVH� UDWH� LV� VXEGLYLGHG� LQ� WZR� YDOXHV� LQ�FRQVHTXHQFH�WR�WKH�GLYLVLRQ�RI�WKH�LQLWLDO�FUDFN�LQ�WZR�VPDOO�FUDFNV�DQG�HDFK�RI�WKHP�FRUUHVSRQGV�WR� D� GLVWLQFW� HQHUJ\� UHOHDVH� UDWH�� :H� QRWH� WKDW� WKH� YDULDWLRQ� RI� WKH� HQHUJ\� UHOHDVH� UDWH� UDWLR� RI�GHYLDWLRQ� RQ� WKH� RQH� RI� WKH� SHQHWUDWLRQ� �*G�*S�� LV� QHDUO\� VLPLODU� WR� WKH� RQH� UHSUHVHQWHG� RQ� WKH�ILJXUH�����2Q�WKH�ILJXUH����ZH�LOOXVWUDWHG WKH�YDULDWLRQ�RI�WKH�SKDVH�DQJOH�< IRU�D�VLQJOH�DQG�GRXEOH�GHYLDWLRQV�RI�WKH�FUDFN�DFFRUGLQJ�WR�WKH�SDUDPHWHU�D��:H�QRWH�WKDW�D�SURSDJDWLRQ�RI�WKH�FUDFN�IURP�WKH�KDUGHVW PDWHULDO�WRZDUG�WKH��GXFWLOH PDWHULDO�FDXVHV�D�FRQVLGHUDEOH�GHFUHDVH�RI�\��)RU�WKH�VDPH�YDOXH� RI� WKH� 'XQGXUV� SDUDPHWHU�D�� D� FUDFN� ZLWK� GRXEOH� GHYLDWLRQ� GULYHV� D� ZHDN� YDOXH� RI� �\FRPSDUHG�ZLWK�VLQJOH�GHYLDWLRQ��
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)LJXUH����*G�*S YDULRXV�D���������������������������������)LJXUH����\ YDULRXV�D�
���� 'HIOHFWLRQ�3HQHWUDWLRQ�IRU�D�LQFOLQHG��FUDFN�)LJXUHV� �� DQG��� UHSUHVHQW� UHVSHFWLYHO\� WKH�YDULDWLRQ� RI� WKH�QRUPDOLVHG� HQHUJ\� UHOHDVH� UDWH� � LQ�PRGH� ,� DQG� ,,�� IRU� GLIIHUHQW�RULHQWDWLRQV�RI� � WKH�FUDFN�DQG� IRU� WKH�FDVH�RI�FRXSOH�$O�2� ��$O� �D �������DQG��$O���$O�2� �D ���������

)LJXUH����*,���*� YDULRXV�D��E��� )LJXUH����*,,���*� YDULRXV�D��E�7KHVH�WZR�ILJXUHV�VKRZ��WKDW��IRU�DOO�VL]HV�RI�WKH�FUDFN��WKH�HQHUJ\�UHOHDVH�UDWH�GHFUHDVHV�DV�KH�DQJOH�T LQFUHDVHV��$FFRUGLQJ�WR�WKH�ILJXUHV���DQG���ZH�QRWH�WKDW�IRU�SRVLWLYH�YDOXH�RI�WKH�SDUDPHWHU�D�� WKH� LQFUHDVH� RI� WKH� FUDFN� VL]H� JLYHV� � PRUH� LPSRUWDQW� HQHUJ\� UHOHDVH� UDWH�� 7KLV� EHKDYLRU� LV�REVHUYHG� IRU� DOO� RULHQWDWLRQV� RI� WKH� FUDFN� DQG� ZKDWHYHU� LWV� � PRGH� RISURSDJDWLRQ�� ��:KHQ�D LV�QHJDWLYH���WKH�YDULDWLRQ�RI�WKH�HQHUJ\�UHOHDVH�UDWH�DFFRUGLQJ�WR�WKH�FUDFN�VL]H��DQG�LWV�LQFOLQDWLRQ�LV�OHVV� LPSRUWDQW��7KH�PD[LPXP�RI� WKLV� UDWH� LV�REWDLQHG� IRU� D�FUDFN� VL]H� �D�E� ������ � DQG�ZKHQ� WKH�FUDFN� LV� QRUPDO� WR� WKH� LQWHUIDFH��)LJXUH� �� VKRZV� WKH�YDULDWLRQ�RI�DV�D� IXQFWLRQ�RI�D IRU� GLIIHUHQW�LQFOLQDWLRQV�RI�WKH�FUDFNV�
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)LJXUH����*G�*S YDULRXV�D���������������������������������)LJXUH����*G�*S YDULRXV�DS �K�
7KH�UDWLR�*G ��*S� LQFUHDVHV�ZLWK�WKH�LQFUHDVH�RI�D DQG�ZLWK�WKH�GHFUHDVH�RI�WKH�LQFOLQDWLRQ�RI�WK�FUDFN���7KH�HIIHFW�RI�FUDFN�SHQHWUDWLRQ�RQ�WKH�YDULDWLRQ�RI�WKH�UDWLR�*G ��*S� LV�VKRZQ�LQ��ILJXUH����$�JURZWK�RI�WKH�UDWLR�DS�K�SURYRNHV�D�GHFUHDVH�RI�WKH�UDWH�RI�HQHUJ\�UHOHDVH�FKDUDFWHUL]HG�E\�WKH�UDWLR��*G�*S���7KLV�UDWLR�LV�PRUH� LPSRUWDQW�IRU�D�FUDFN�ZLWK�VLQJH�GHYLDWLRQ�DQG�IRU�D�QHJDWLYH�YDOXH�RI�WKH�SDUDPHWHU�D��7KLV�SKHQRPHQRQ�LV�REVHUYHG�ZKHQ�WKH�FUDFN�LV�FORVH�WR�WKH�LQWHUIDFH��7KH�*G�*SUDWLR� WHQGV� WRZDUG� D� QXOO� YDOXH�ZKHQ� WKH� FUDFN�OHQJWK� LQFUHDVHV� �� ,W� LV� QRWHG� WKDW� WKH�*G�*S� UDWLR�YDULHV�VOLJKWO\��ZLWK�WKH�LQFUHDVH�RI�WKH�SHQHWUDWLRQ�GHSWK�RI�WKH�FUDFN�ZLWK�GRXEOH�GHYLDWLRQ��,Q�WKLV�FDVH�WKH�HQHUJ\�LV�GLVWULEXWHG�LQ�WKH�WZR�VHQVHV�RI�GHYLDWLRQ��

��&21&/86,21,Q�WKLV�VWXG\�WKH ILQLWH�HOHPHQW�PHWKRG KDV�EHHQ�XVHG�WR�DQDO\VH�WKH�LQWHUDFWLRQ�HIIHFW�EHWZHHQ�FUDFN�DQG�LQWHUIDFH�DQG�WKH�HIIHFW�RI� WKH�GHIOHFWLRQ�SHQHWUDWLRQ�IRU��QRUPDO�DQG�LQFOLQHG�FUDFNV�WR�WKH�FHUDPLF� PHWDO�LQWHUIDFH��7KH�REWDLQHG�UHVXOWV�DOORZ�XV�WR�GHGXFH�WKH�IROORZLQJ�FRQFOXVLRQV�
� :KHQ�WKH�FUDFN�SURSDJDWHV�WRZDUG�D�OHVV�ULJLG�PDWHULDO�LW�GUDJV�DQ�LQFUHDVH�RI�LWV��HQHUJ\�UHOHDVH�UDWH��FDVH�RI�WKH�FRXSOHV�FHUDPLF�PHWDO��� 7KH�SUHVHQFH� RI� WKH� FUDFN� LQ� D� GXFWLOH�PDWHULDO� �PHWDO� �� FHUDPLF�� GHFUHDVHV� WKH� HQHUJ\� UHOHDVH�UDWH��� 7KH�HQHUJ\�UHOHDVH�UDWH�DW��FUDFN�ZLWK�D�VLQJOH�GHYLDWLRQ�LV�PRUH�LPSRUWDQW�FRPSDUHG�ZLWK�FUDFN�ZLWK�GRXEOH�GHYLDWLRQ�� 7KH�SURSDJDWLRQ�RI�WKH�FUDFN�IRU�WKH�EULWWOH�PDWHULDO�WRZDUG�WKH�GXFWLOH�RQH�OHDGV�WR�D�FRQVLGHUDEOH�UHGXFWLRQ� RI� WKH� DQJOH�\�� � )RU� WKH� VDPH�YDOXHV� RI� WKH�SDUDPHWHU� � D� FUDFN�ZLWK� GRXEOH�GHYLDWLRQ�OHDUGV�WR�WKH�VLJQLILFDQW�UHGXFWLRQ�RI�WKH�*G�*S UDWLR�FRPSDUHG�ZLWK�D�VLQJOH�GHYLDWLRQ�� 7KH�UDWLR�*G�*S LQFUHDVH�ZLWK��D DQG�ZLWK�WKH�GHFUHDVH�RI�WKH�FUDFN�RULHQWDWLRQ�GH�OD�ILVVXUH��7KH�*G�*S YDU\�VOLJKWO\�ZLWK�WKH�FUDFN�SHQHWUDWLRQ�RI�D�GRXEOH�GHYLDWLRQ���
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