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IRU�YDULDEOHV� ��� 7HV UHVSHFWLYHO\��ZKHUH� U LV�WKH�PDVV�GHQVLW\�� YF LV�WKH� VSHFLILF�KHDW�FDSDFLW\�� F7 LV� WKH� FULWLFDO� WHPSHUDWXUH�� � �F77 ��  K{K LV� WKH� W\SLFDO� YDOXH� RI� VKHDU�YLVFRVLW\� NFO Y7 �� �U{WK LV� WKH� WLPH� RI� KHDW� FRQGXFWLYLW\�� O LV� WKH� VFDOH� RI� KHDW�FRQGXFWLYLW\�� N LV� WKH� KHDW� FRQGXFWLYLW\� FRQVWDQW�� HW LV� WKH� UHOD[DWLRQ� WLPH� RI�PDWWHU�VWUDLQ�� HWK{ ���* � H�V VWV J�� � ���V�H HWH ����� 7� � ����2 � 10 17 H7 �7 7 � � �� � ���+HUH� WKH� VWUHVV� UHOD[DWLRQ� WLPH� VW � WKH� WHPSHUDWXUH� H7 RI�DWRPLFDOO\� IODW�PLFD�IULFWLRQ�VXUIDFHV�� DQG� WKH� FRQVWDQW� ��**J  DUH� LQWURGXFHG�� ZKHUH� *� LV� WKH� OXEULFDQW� VKHDU�PRGXOXV�� ,W� FDQ� EH� VHHQ� >���� ��@� WKDW� (TV�� ���� DQG� ���� DUH� WKH�0D[ZHOO �W\SH� DQG� WKH�.HOYLQ�9RLJW� HTXDWLRQV� IRU� YLVFRHODVWLF� PDWWHU�� FRUUHVSRQGLQJO\�� 7KH� ODWWHU� WDNHV� LQWR�DFFRXQW� WKH� GHSHQGHQFH� RI� WKH� VKHDU� YLVFRVLW\� RQ� WKH� GLPHQVLRQOHVV� WHPSHUDWXUH������� 7K K ��(TXDWLRQ�����UHSUHVHQWV�WKH�KHDW�FRQGXFWLYLW\�H[SUHVVLRQ��ZKLFK�GHVFU LEHV�WKH� KHDW� WUDQVIHU� IURP� WKH� IULFWLRQ�VXUIDFHV� WR� WKH� OD\HU� RI� OXEULFDQW�� WKH� HIIHFW� RI� WKH�GLVVLSDWLYH�KHDWLQJ� RI� D� YLVFRXV� OLTXLG� IORZLQJ� XQGHU� WKH� DFWLRQ�RI� WKH� VWUHVV�� DQG� WKH�UHYHUVLEOH�PHFKDQLF�DQG�FDORULF�HIIHFW�LQ�OLQHDU�DSSUR[LPDWLRQ��7KHVH�HTXDWLRQV�FRLQFLGH�ZLWK� WKH� V\QHUJHWLF�/RUHQ]�V\VWHP�IRUPDOO\�>������@��ZKHUH� WKH�HODVWLF�VKHDU�VWUHVV�DFWV�DV�WKH�RUGHU�SDUDPHWHU��WKH�FRQMXJDWH�ILHOG�LV�UHGXFHG�WR�WKH�HODVWLF�VKHDU�VWUDLQ��DQG� WKH�WHPSHUDWXUH� LV� WKH� FRQWURO� SDUDPHWHU�� $V� LV� NQRZQ� WKLV� V\VWHP� FDQ� EH� XVHG� IRU�GHVFULSWLRQ�RI�WKH�WKHUPRG\QDPLF�SKDVH�DQG�WKH�NLQHWLF�WUDQVLWLRQV�7KH�VWUXFWXUH�RI�WKH�DUWLFOH�LV�WKH�IROORZLQJ��6HFWLRQ���LV�GHYRWHG�WR�FRQVWUXFWLRQ�RI�WKH�*LQ]EXUJ�/DQGDX� VFKHPH�GHVFULELQJ� WKH� VSDWLDO�GLVWULEXWLRQV� RI�HODVWLF�DQG�WKHUPDO�ILHOGV� LQ�WKH� OXEULFDQW�ILOP�� ,Q�6HFWLRQ���WKH� DGGLWLYH�QRLVHV�RI�WKH�VKHDU�FRPSRQHQWV�RI�WKH� HODVWLF� VWUHVV� DQG� VWUDLQ�� DQG� WKH� WHPSHUDWXUH� DUH� WDNHQ� LQWR� DFFRXQW�� 7KH� SKDVH�GLDJUDPV�DUH�FDOFXODWHG�GHILQLQJ�WKH�GRPDLQV�RI�VOLGLQJ��VWLFN�VOLS��DQG�GU\ IULFWLRQ�LQ�WKH�SODQHV�WHPSHUDWXUH�QRLVH�LQWHQVLW\� � WHPSHUDWXUH�RI� IULFWLRQ�VXUIDFHV�DQG�QRLVH�LQWHQVLW\�RI� VKHDU� HODVWLF� VWUDLQ� � WHPSHUDWXUH� QRLVH� LQWHQVLW\�� ,Q� WKHVH� VHFWLRQV� WKH� VROLGOLNH�OXEULFDQW�LV�DVVXPHG�WR�EH�DPRUSKRXV��GLVRUGHUHG���7KHUHIRUH�, VWXG\�WKH�JODVV�WUDQVLWLRQ�UHSUHVHQWHG�LQ�WHUPV�RI�D�VHFRQG�RUGHU�WUDQVLWLRQ�� ,Q�6HFWLRQ���WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�GHIRUPDWLRQDO�GHIHFW�RI�WKH�VKHDU�PRGXOXV�WKH�FU\VWDO�IOXLG�WUDQVLWLRQ�LV�PRGHOHG�DV�D�ILUVW�RUGHU�WUDQVLWLRQ�$SSURDFK�GHVFULEHG�LQ�5HI��>��@�SHUPLWV�WR�WDNH�LQWR�DFFRXQW�WKH�QRQKRPRJHQHLW\�DORQJ�WKH�SHUSHQGLFXODU�GLUHFWLRQ�\ WR�WKH�FRQILQLQJ�ZDOOV� �YDOXH�\ ��FRUUHVSRQGV�WR�WKH�ERXQGDU\� RI�PRYLQJ�ZDOO���:LWK� WKLV� DLP�� RQH� VKRXOG� DVVXPH� WKDW� GLYHUJHQFH� RI� KHDW�FXUUHQW�YHFWRU� 7d�� T LV�HTXDO�WR� 7d77Od H �� �����GLY ���|� T � ZKHUH� � VWDQGV�IRU�D�GHULYDWLYH�ZLWK� UHVSHFW�WR� \��$FFRUGLQJO\��PHDVXULQJ� WKH�FRRUGLQDWH� \ LQ�XQLWV�RI� OHTXDWLRQ�����JHWV�WKH�DGGLWLRQDO�WHUP�GHVFULELQJ�WKH�QRQKRPRJHQHRXV�GLVWULEXWLRQ RI�WKH�WHPSHUDWXUH� �� �� V�VH���� W 7777 H7 � �� ���
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�� �� ���� ������ V�� V��� /O 7/O777 HHH �� ���

,QVHUWLRQ�RI�(T�� ���� LQWR� ����SURYLGHG� WKDW� �� ���� /O���V DQG� UHYHUVH�WUDQVLWLRQ�IURP� ���� /O WR�WKH�RSHUDWRU� �� JLYH�LQ�WKH�GRPDLQ� �|HJ7 V��V��V��V��V���|VWV ����� �������@���> JJJ7J H� �� ���7KHQ��ZLWKLQ� WKH� IUDPHZRUN� RI� DXWRPRGHO� UHSUHVHQWDWLRQ� LQ�DFFRUGDQFH� ZLWK� WKDW�HDFK�GHULYDWLYH�� DGGV�WKH�RUGHU�RI�VPDOOQHVV��QHJOHFWLQJ�WKH�SRZHUV�RI�1 ODUJHU�WKDQ�WKH�WKLUG� RUGHU�� WKH� V\VWHP� ����� ����� DQG� ���� LV� UHGXFHG� WR� WKH� WLPH�GHSHQGHQW� *LQ]EXUJ�/DQGDX�HTXDWLRQ�
Vww�V� VWV (�� �� ����ZKLFK�IRUP�LV�GHILQHG�E\�V\QHUJHWLF�SRWHQWLDO

�������@���> �� V��V�� J7J( H �� ����,I�WKH�WHPSHUDWXUH� H7 LV�VPDOOHU�WKDQ�WKH�FULWLFDO�YDOXH ��������� ���� H� {�{� 2�***JJ7F ����WKH� SRWHQWLDO� ����� DVVXPHV� D� PLQLPXP� FRUUHVSRQGLQJ� WR� WKH� VWUHVV� 1 � ��VR� WKDW� WKH�PHOWLQJ�FDQ�QRW�WDNH�SODFH�DQG�WKH�VROLGOLNH�VWDWH�LV�UHDOL]HG��$W�WKH�RSSRVLWH�FDVH� FH 77 !WKH�VWDWLRQDU\�VKHDU�VWUHVV�KDV�WKH�QRQ]HUR�YDOXH
� 6XEVHTXHQW� H[DPLQDWLRQ� VKRZV� WKDW� WKH� TXDQWLW\ O FDQ� EH� FRQVLGHUHG� DV� WKH�OXEULFDQW�ILOP�WKLFNQHVV�
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��� �������� ���� ��� � �� »¼º«¬ª � ��� HHHH 7J J777J JJ710 �� ����
,Q�WKH�VWHDG\�VWDWH� � V� HTXDWLRQ������KDV�WKH�ILUVW�LQWHJUDO> @����� ���������� ����� JJJ71(((( H � ���#{� V� �� ����+HUH� LW� LV� WDNHQ� LQWR� FRQVLGHUDWLRQ� WKDW� LQ� WKH� �RUGHUHG�� SKDVH� PHHWLQJ� \ ��� WKH�IXOILOOPHQW�RI�FRQGLWLRQV� ���  � 111 UHTXLUHV�WKH�HTXDOLW\�RI�LQWHJUDWLRQ�FRQVWDQW�WR�WKH�DEVROXWH�YDOXH�RI��RUGHULQJ��SRWHQWLDO�(��6ROXWLRQ� RI� (T�� ����� DW� WKH� VWDWLRQDU\� FRQGLWLRQV� VKRZV� WKDW� WKH� VKHDU� VWUHVV�GLVWULEXWLRQ�LV�SUHVHQWHG�E\�WKH�NLQN ������WDQK ��� ��{[¸̧¹·¨̈©§ [� JJ7\\11 H ����ZKHUH� WKH� FRUUHODWLRQ� OHQJWK� � LV� LQWURGXFHG� GLYHUJLQJ� DW� WKH� FULWLFDO� YDOXH� RI� IULFWLRQ�VXUIDFHV� WHPSHUDWXUH��7KH� LQWHJUDWLRQ� FRQVWDQW� \�!!� GHILQHV� WKH� ZLGWK� RI� D� ERXQGDU\�GRPDLQ�LQ�ZKLFK�WKH�VKHDU�VWUHVV�GHFUHDVHV�IURP�WKH�VWHDG\�VWDWH�YDOXH������WR�WKH�]HUR��6XEVWLWXWLRQ�RI� (T�� ����� LQWR� ���� JLYHV� WKH� VLPLODU� VWUDLQ� 0 YV� \ GHSHQGHQFH�� 3OXJJLQJ�GLVWULEXWLRQ�������GHFUHDVLQJ�RQ� WKH�FRUUHODWLRQ�OHQJWK� ��� LQWR� WKH� IRUPXOD� ����LW� LV� VHHQ�WKDW�LQ�WKH�WUDQVLWLRQ�UHJLRQ�WKH�WHPSHUDWXUH�PRQRWRQLFDOO\�LQFUHDVHV�IURP�WKH�YDOXH

���WDQK���� ���WDQK������
����� ����� [V�� [V��� \/O \7/O777 HHH ����

DW�\ ��WR�WKH�PD[LPDO�PDJQLWXGH� @�����> �/O77 H � DW�\ \���,I�WKH�YDOXH�RI�O LV�HTXDO�WR�ILOP� WKLFNQHVV� WKHQ� DW� \��\�O WKH� VKHDU� VWUHVV� FKDQJHV� VLJQ�DQG� LQFUHDVHV� LQ� DEVROXWH�YDOXH�EXW� WKH� WHPSHUDWXUH�GHFUHDVHV��6XFK�1�\��DQG�7�\��GHSHQGHQFLHV�LPSO\�WKDW�LQ�WKH�YLFLQLW\� RI� FRQILQLQJ� ZDOOV� WKH� NH\� UROH� LV� SOD\HG� E\� WKH� VKHDU� PHOWLQJ� DQG� QHDU� WKH�ERXQGDU\� \ \� WKH� WKHUPRG\QDPLF�PHOWLQJ� SUHYDLOV�� +RZHYHU�� LW� LV� ZRUWK� QRWLQJ� WKDW�IRUPDO�XVLQJ�RI�(T�������DW�\ \���FRUUHVSRQGLQJ�WR�WKH�1 � ��OHDGV�WR�WKH�ILQLWH�JUDGLHQW�RI�VKHDU�VWUHVV
����� �@����> ���JJJ7�11 H� ��  � �� ����,Q� WKLV� VHFWLRQ�� DV� ZHOO� DV� LQ� 5HI�� >��@�� D�PHOWLQJ� RI� XOWUDWKLQ� OXEULFDQW� ILOP� E\�IULFWLRQ�EHWZHHQ�DWRPLFDOO\�IODW�PLFD�VXUIDFHV�KDV�EHHQ�UHSUHVHQWHG�DV�D�UHVXOW�RI�DFWLRQ�RI�VSRQWDQHRXVO\�DSSHDULQJ�HODVWLF�ILHOG�RI�VWUHVV�VKHDU�FRPSRQHQW�FDXVHG�E\�WKH�KHDWLQJ�RI�IULFWLRQ�VXUIDFHV�DERYH�WKH�FULWLFDO�YDOXH� 7F ��J����7KXV��DFFRUGLQJ� WR�VXFK�DSSURDFK�WKH� VWXGLHG� VROLG�OLTXLG� WUDQVLWLRQ�RI� OXEULFDQW� ILOP� RFFXUV� GXH� WR� ERWK� WKHUPRG\QDPLF�DQG� VKHDU� PHOWLQJ�� 7KH� LQLWLDO� UHDVRQ�IRU� WKLV� VHOI�RUJDQL]DWLRQ� SURFHVV� LV� WKH� SRVLWLYH�IHHGEDFN�RI�7 DQG�1 RQ�0 >VHH�(T�����@�FRQGLWLRQHG�E\�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�VKHDU�YLVFRVLW\�OHDGLQJ�WR�LWV�GLYHUJHQFH��2Q�WKH�RWKHU�KDQG��WKH�QHJDWLYH�IHHGEDFN�RI� 1DQG�0 RQ�7 LQ�(T������SOD\V�DQ�LPSRUWDQW�UROH�VLQFH�LW�HQVXUHV�WKH�V\VWHP�VWDELOLW\�



672&+$67,&�02'(/6�2)�8/75$7+,1��� ��$FFRUGLQJ� WR WKLV� DSSURDFK� WKH� OXEULFDQW� UHSUHVHQWV�D� VWURQJO\� YLVFRXV� OLTXLG� WKDW�FDQ�EHKDYH�LWVHOI�VLPLODU�WR�WKH� VROLG� � KDV�D�KLJK�HIIHFWLYH�YLVFRVLW\� DQG�VWLOO�H[KLELWV�D�\LHOG�VWUHVV�>�����@��,WV�OLTXLGOLNH�VWDWH�FRUUHVSRQGV�WR�WKH�HODVWLF�VKHDU�VWUHVV�ZKLFK�UHO D[�WR�WKH�]HUR�YDOXH�GXULQJ�ODUJHU�WLPHV� 12 WKDQ�WKDW�RI�WKH�VROLGOLNH�VWDWH��0RUHRYHU��DW�1 ��(T�� ���� UHGXFHV� WR� WKH� 'HE\H� ODZ� GHVFULELQJ� WKH� UDSLG� UHOD[DWLRQ� RI� WKH� HODVWLF� VKHDU�VWUDLQ�GXULQJ�WKH�PLFURVFRSLF�WLPH� 02 a����� V��$W�WKDW�WKH�KHDW�FRQGXFWLYLW\�HTXDWLRQ�����WDNHV�WKH�IRUP�RI�VLPSOHVW�H[SUHVVLRQ�IRU�WHPSHUDWXUH�UHOD[DWLRQ�WKDW�GRHV�QRW�FRQWDLQ�WKH�WHUPV� UHSUHVHQWLQJ� WKH� GLVVLSDWLYH� KHDWLQJ� DQG� WKH� PHFKDQLF�DQG�FDORULF� HIIHFW� RI� D�YLVFRXV�OLTXLG��$OVR��LW�LV�DVVXPHG�WKDW�WKH�ILOP�EHFRPHV�PRUH�OLTXLGOLNH�DQG�WKH�IULFWLRQ�GHFUHDVHV� ZLWK� WKH� WHPSHUDWXUH� JURZWK� GXH� WR� GHFUHDVLQJ�DFWLYDWLRQ� HQHUJ\� EDUULHU� WR�PROHFXODU�KRSV�,Q�DFFRUGDQFH�ZLWK�5HI��>��@�LQ�WKH�DEVHQFH�RI�VKHDU�GHIRUPDWLRQV� WKH�WHPSHUDWXUH�PHDQ�VTXDUH� GLVSODFHPHQW� LV� GHILQHG� E\� HTXDOLW\� *D7X ��  ��ZKHUH� D LV� WKH� ODWWLFH�FRQVWDQW� RU�WKH� LQWHUPROHFXODU�GLVWDQFH��7KH� DYHUDJH�VKHDU�GLVSODFHPHQW�LV� IRXQG� IURP�WKH� UHODWLRQVKLS� ���� �*DX V �� 7KH� WRWDO�PHDQ�VTXDUH� GLVSODFHPHQW� UHSUHVHQWV� WKH�VXP� RI� WKHVH� H[SUHVVLRQV� SURYLGHG� WKDW� WKH� WKHUPDO� IOXFWXDWLRQV� DQG� WKH� VWUHVV� DUH�LQGHSHQGHQW��$ERYH� LPSOLHV WKDW� WKH� WUDQVLWLRQ�RI� OXEULFDQW� IURP� VROLGOLNH� WR� IOXLGOLNH�VWDWH�LV�LQGXFHG�ERWK�E\�KHDWLQJ�DQG�XQGHU�LQIOXHQFH�RI�VWUHVV�JHQHUDWHG�E\�VROLG�VXUIDFHV�DW�IULFWLRQ��7KLV�DJUHHV�ZLWK� H[DPLQDWLRQ�RI�VROLG�VWDWH� LQVWDELOLW\�ZLWKLQ�WKH� IUDPHZRUN�RI� VKHDU� DQG� G\QDPLF� GLVRUGHU�GULYHQ� PHOWLQJ� UHSUHVHQWDWLRQ� LQ� DEVHQFH� RI� WKHUPDO�IOXFWXDWLRQV�� 7KXV�� WKH� VWUDLQ� IOXFWXDWLRQV�� UHODWHG� WR� WKH� VWUHVV� RQHV�� DQG� WKH� WKHUPDO�IOXFWXDWLRQV�ZLOO�EH�FRQVLGHUHG�LQGHSHQGHQWO\�&RQVLGHU�QRZ� WKH� DIIHFW� RI� DGGLWLYH� QRLVHV� RI� WKH� H ODVWLF� VWUHVV� DQG� VWUDLQ� VKHDU�FRPSRQHQWV� �� HV DQG�WKH� WHPSHUDWXUH� 7 � :LWK�WKLV�DLP��RQH�VKRXOG�DGG�WR�ULJKW�KDQG�VLGHV�RI�(TV�����±����WKH�VWRFKDVWLF�WHUPV� [[[ HV ��������� �� 7,,, �KHUH�WKH�QRLVH�LQWHQVLWLHV�
7,,, �� HV DUH�PHDVXUHG�LQ�XQLWV� RI� � ������ ��� ON7FVV HWHV � FRUUHVSRQGLQJO\��DQG� ��W[ LV�WKH� G ± FRUUHODWHG�VWRFKDVWLF� IXQFWLRQ�� >��@��7KHQ��ZLWKLQ� WKH� DGLDEDWLF�DSSUR[LPDWLRQ�

7WW!!W HV � ��HTXDWLRQV�����DQG�����DUH�UHGXFHG�WR�WKH�WLPH�GHSHQGHQFLHV� � � � ���a��� ���a�����a�� �� VV�{HVV�V{H [� [H�H H
H G,,G7 W77W7WW

7H ����� � ���������a���� ����� V� VVV�{VV� H GG,,7G77 7H ����+HUH�� GHWHUPLQLVWLF� FRPSRQHQWV� DUH� UHGXFHG� WR� REWDLQHG� LQ� 5HI�� >��@�� ZKHUHDV�IOXFWXDWLRQDO�RQHV�IROORZ�IURP�WKH�NQRZQ�SURSHUW\�RI�YDULDQFH�DGGLWLYLW\�RI�LQGHSHQGHQW�*DXVVLDQ UDQGRP� TXDQWLWLHV� >��@�� 7KXV�� XVLQJ� WKH� VODYLQJ� SULQFLSOH� LQKHUHQW� LQ�V\QHUJHWLFV� >������@�WUDQVIRUPV�QRLVHV�RI�ERWK� VWUDLQ� H DQG� WHPSHUDWXUH� 7 ��ZKLFK�DUH�DGLDEDWLF� LQLWLDOO\��WR�PXOWLSOLFDWLYH� IRUP��$V�D� UHVXOW��D� FRPELQDWLRQ�RI�(TV�� ����� ������DQG������OHDGV�WR�WKH�/DQJHYLQ�HTXDWLRQ
Vww{[V�V VWV 9IW,I ��������� � ����ZKHUH�WKH�IRUFH� I LV�UHODWHG�WR�WKH�V\QHUJHWLF�SRWHQWLDO >��@



$� .KRPHQNR�� � ��� �OQ��������� V�¹̧·©̈§�V H7JJ9 ����DQG�DQ�H[SUHVVLRQ�IRU�WKH�HIIHFWLYH�QRLVH�LQWHQVLW\� � ���� ��� VV��{V HV GJ,,,, 7 ����LV�REWDLQHG�LQ�DFFRUGDQFH�ZLWK�DERYH�PHQWLRQHG�SURSHUW\�RI�QRLVH�YDULDQFH�DGGLWLYLW\��,Q�RUGHU� WR�DYRLG�PLVWDNHV��RQH� VKRXOG�QRWLFH� WKDW�D�GLUHFW� LQVHUWLRQ�RI�(TV�������DQG� �����LQWR�����UHVXOWV�LQ�WKH�DSSHDUDQFH�RI�D�VWRFKDVWLF�DGGLWLRQ� �> @ ������������� WJG,,, 7 [VV�� HV ����ZKRVH� VTXDUHG� DPSOLWXGH� LV� TXLWH� GLIIHUHQW� IURP� WKH� HIIHFWLYH� QRLVH� LQWHQVLW\� ������0RUHRYHU��LQ�FRQWUDVW�WR�WKH�H[SUHVVLRQV�������D�GLUHFW�XVH�RI�WKH�DGL DEDWLF�DSSUR[LPDWLRQ�LQ� (TV�� ���� DQG� ���� UHGXFHV� WKH� IOXFWXDWLRQDO� DGGLWLRQV� LQ� (TV�� ����� WR� WKH� IRUPV�����a ������ VV�{H H G,, 7 �� ����a ������ VV� H G,,7 7 ��7KH�ODWWHU�LV�REYLRXVO\�HUURQHRXV�VLQFH�WKH�HIIHFWLYH�QRLVH�RI�WKH�WHPSHUDWXUH� 7a GLVDSSHDUV�HQWLUHO\�IRU�WKH�VWUHVV� H V ,,7 � ��7KH�UHDVRQ�IRU�VXFK�D�FRQWUDGLFWLRQ�LV�WKDW�WKH�/DQJHYLQ�HTXDWLRQ�GRHV�QRW�SHUPLW�WKH�XVH�RI�XVXDO�DQDO\VLV�PHWKRGV��VHH�>��@��7R�FRQWLQXH�LQ�WKH�XVXDO�ZD\��OHW�XV�ZULWH�WKH�)RNNHU �3ODQFN�HTXDWLRQ�UHODWHG�WR WKH�/DQJHYLQ�(T������� > @¿¾½®̄ VVVww�VV�Vww wVw ������������� W3,W3IW 73 � ����$W� VWHDG\� VWDWH�� WKDW� LV� WKH� VLQJOH� FRQVLGHUHG� FDVH�� WKH� SUREDELOLW\� GLVWULEXWLRQ���� 73 V EHFRPHV� D� WLPH�LQGHSHQGHQW� IXQFWLRQ� ��V3 �� &RQVHTXHQWO\�� XQGHU� WKH XVXDO�FRQGLWLRQ��WKDW�WKH�H[SUHVVLRQ�LQ�EUDFHV�RI�WKH�ULJKW�KDQG�VLGH�RI�(T�������LV�HTXDO�WR�]HUR��WKLV�OHDGV�WR�D�VWDWLRQDU\�GLVWULEXWLRQ ^ `��H[S�� � V� V � 8=3 � ����ZKHUH� = LV�D�QRUPDOL]DWLRQ�FRQVWDQW��7KH�HIIHFWLYH�SRWHQWLDO�
Vww�{VcVcVc�V V ³V 9IG,I,8 ��� ����OQ�� � � ����

LV� GHWHUPLQHG� E\� WKH� V\QHUJHWLF� SRWHQWLDO� 9 >(T�� ����@� DQG� WKH� QRLVH� LQWHQVLW\� ��V,>(T������@�>��@��&RPELQLQJ�WKHVH�H[SUHVVLRQV��RQH�FDQ�ILQG� WKH�H[SOLFLW�IRUP�RI� ���V8ZKLFK�LV�WRR�FXPEHUVRPH� WR�EH�UHSURGXFHG�KHUH��7KH�HTXDWLRQ�GHILQLQJ�WKH� ORFDWLRQV�RI�WKH�PD[LPXPV�RI�WKH�GLVWULEXWLRQ�IXQFWLRQ� ��V3 ����� ������������� V�{ ������ H [,,J[,J[7J[J 77H � ����LV� PXFK� VLPSOHU�� $FFRUGLQJ� WR� (T�� ����� PD[LPXPV� DUH� LQVHQVLWLYH� WR� FKDQJHV� LQ� WKH�LQWHQVLW\�RI�WKH�QRLVH V, RI�WKH�VWUHVV� �V EXW�WKH\�DUH�GHWHUPLQHG�E\�WKH�YDOXH� H7 RI�WKH�IULFWLRQ�VXUIDFHV�WHPSHUDWXUH�DQG�WKH� LQWHQVLWLHV� H, DQG� 7, RI�WKH�QRLVHV�RI�WKH�VWUDLQ� HDQG� WKH� OXEULFDQW� ILOP� WHPSHUDWXUH� 7 �� ZKLFK� DFTXLUH� WKH� PXOWLSOLFDWLYH� FKDUDFWHU� LQ�(T�������+HQFH��IRU�VLPSOLFLW\� V, FDQ�EH�VHW�HTXDO�WR���DQG�(TV��������������DQG������JLYH�WKH�IROORZLQJ�H[SUHVVLRQ�IRU�WKH�HIIHFWLYH�SRWHQWLDO�
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$FFRUGLQJ� WR�(T�� �����WKH�HIIHFWLYH�SRWHQWLDO������KDV�D�PLQLPXP�DW� � V LI� WKH�WHPSHUDWXUH� H7 GRHV�QRW�H[FHHG�WKH�FULWLFDO�OHYHO ����� � H� ��� ,,JJ7 7F ����ZKRVH� YDOXH� LQFUHDVHV�DW� LQFUHDVLQJ�WKH�FKDUDFWHULVWLF� YDOXH� RI� VKHDU�YLVFRVLW\� �K DQG�WKH� WHPSHUDWXUH�QRLVH�LQWHQVLW\��EXW� GHFUHDVHV�ZLWK� JURZWK�RI� WKH� VKHDU�PRGXOXV� * RI�OXEULFDQW�DQG�WKH�VWUDLQ�QRLVH��+HUH��WKH�OXEULFDQW�ILOP�GRHV�QRW�PHOW��7KH�VROXWLRQV�RI�(T������ � � � � � � »»¼

º««¬
ª ¸̧¹·¨̈©§ ���¸̧¹·¨̈©§ ���r��� Vr �� ��� ��� ���� J7JJ7JJ7J HHH ����

DUH�REWDLQHG�RQ�WKH�OLQH�GHILQHG�E\�H[SUHVVLRQ������DIWHU�HOLPLQDWLRQ�RI�WKH�URRW� ��  V ��$W� � � ����� �� �� � J77 FH WKH� URRWV� rV DUH� FRPSOH[�� VWDUWLQJ� IURP� �FH 77  WKH\�EHFRPH� ]HUR�� DQG� DW� �FH 77 ! RQH� KDV� UHDO� PDJQLWXGHV� �zV� V �� WKDW� LPSOLHV�OXEULFDQW� ILOP�PHOWLQJ�� ,I� HTXDOLW\� ����� LV� IXOILOOHG�� WKH� URRW� � V FRUUHVSRQGV� WR� WKH�PLQLPXP� RI� WKH� HIIHFWLYH� SRWHQWLDO� ����� DW� �FH 77 � �� ZKHUHDV� DW� �FH 77 ! WKLV� URRW�FRUUHVSRQGV�WR�WKH�PD[LPXP��DQG�WKH�URRWV� rV � WR�V\PPHWULFDO�PLQLPXPV�1RZ��OHW�XV� ILQG� DQRWKHU�FRQGLWLRQ�IRU� WKH� VWDELOLW\� RI� WKH� URRW V� rV LQ�WKH� VLPSOH�FDVH� �� H, 6HWWLQJ�WKH�GLVFULPLQDQW�RI�(T�������HTXDO�WR�]HUR��RQH�JHWV�WKH�HTXDWLRQV
����� ������� ����������� ���  ���°¿°¾½°̄°® ���»¼º«¬ª ���� JJ 7J77JJJ,,, HHH777 � ����

WKH�VHFRQG�RI�ZKLFK�JLYHV � � ������� ��� ������������������� ���������� °¿°¾
½

°̄°®
 ���»»¼º««¬ª ���¸̧¹·¨̈©§ ���r���»¼º«¬ª ��� JJ 7J77JJJJ77JJJ, HHHHH7 ������

7KLV� HTXDWLRQ�GHILQHV�D� EHOO�VKDSHG� FXUYH� �� 7H ,7 ZKLFK� LQWHUVHFWV� WKH�KRUL]RQWDO�D[LV�DW�WKH�SRLQW ���
� �� � ��������� ���������� ������ °¿°¾½°̄°® ��»»¼º««¬ª ������� JJJJ JJJJ JJ,7 � ����

DQG�YHUWLFDO�D[LV�DW�WKH�SRLQW� � H7 ��,W�KDV�D�PD[LPXP� �� � J7H DW
� ���� J J,7 � � ����,W�LV�HDV\�WR�VHH�WKDW�OLQH������WRXFKHV�WKH�FXUYH������DW�WKH�WULFULWLFDO�SRLQW



$� .KRPHQNR��
��� ��������� JJ,J77 7FH � �  � � ����

7KXV�� WKLV�SRLQW�DGGUHVVHV� WR�WKH�DSSHDUDQFH�RI�UHDO�URRWV� �zVr �����RI�(T�������WKDW�PHDQV�OXEULFDQW�ILOP�PHOWLQJ�/HW�XV�QRZ�FRQVLGHU�WKH�PRUH�JHQHUDO�FDVH�RI�WZR�PXOWLSOLFDWLYH�QRLVHV� �� zH 7,, ��7KH�FRQGLWLRQ�RI�H[WUHPXP�RI�WKH�HIIHFWLYH�SRWHQWLDO������VSOLWV�LQWR�WZR�HTXDWLRQV��RQH�RI�ZKLFK�LV�VLPSO\� � V ��DQG�WKH�RWKHU�RQH� LV�JLYHQ�E\�(T��������$V�PHQWLRQHG�DERYH��WKH�DQDO\VLV�RI�WKH�ODWWHU�LQGLFDWHV�WKDW�WKH�OLQH�RI�H[LVWHQFH�RI�WKH�]HUR�VROXWLRQ�LV�GHILQHG�E\�H[SUHVVLRQ�������7KH�WULFULWLFDO�SRLQW� 7 KDV�WKH�FRRUGLQDWHV �������������� �� H�H� �� �� J,JJ,J,J7 7H � ����7KH� SKDVH� GLDJUDPV� IRU� WKH� IL[HG� LQWHQVLWLHV� H, DUH� VKRZQ� LQ� )LJ�� ��� 3K\VLFDOO\��RQH�VKRXOG�WDNH�LQWR�FRQVLGHUDWLRQ�WKDW�OLQHV���DQG���GHILQH�WKH�WKUHVKROGV�RI�VWDELOLW\�ORVV�RI�WKH� V\VWHP�� $ERYH� VWUDLJKW� OLQH� �� WKH� V\VWHP�PDQLIHVWV� D� VWDEOH� VOLGLQJ� IULFWLRQ� �6)��LQKHUHQW�LQ�WKH� OLTXLGOLNH�SKDVH�RI�OXEULFDQW��EHORZ�FXUYH���WKH�GU\� IULFWLRQ��')��RFFXUV�WKDW� LV� FKDUDFWHULVWLF� IRU� WKH� VROLGOLNH� VWDWH� RI� OXEULFDQW� ILOP�� %HWZHHQ� WKHVH� OLQHV� WKH�UHJLRQ�RI�WKH�VWLFN�VOLS�IULFWLRQ��66��PRGH�LV�UHDOL]HG��L�H���PRGH�WKDW�LV�FKDUDFWHUL]HG�E\�SHULRGLF�WUDQVLWLRQV�EHWZHHQ�WZR�G\QDPLF�VWDWHV�GXULQJ�VWHDG\�VWDWH�VOLGLQJ��,W�LV�UHOHYDQW�WR� DQ� LQWHUPLWWHQW� UHJLPH� RI� OXEULFDQW�PHOWLQJ�� ZKHUH� D�PL[WXUH� RI� ERWK� VROLGOLNH� DQG�OLTXLGOLNH�SKDVHV�H[LVWV��)RU� JJ, ����� ��H �� WKH�VLWXDWLRQ�LV�JHQHUDOO\�WKH�VDPH�DV�LQ�WKH�VLPSOH�FDVH� � H, �VHH�)LJ��OD���$W� JJ, ����� ��H �! WKH�VOLGLQJ�IULFWLRQ�LV�SRVVLEOH�HYHQ�IRU�VPDOO�YDOXHV�RI�WHPSHUDWXUH� H7 RI�IULFWLRQ�VXUIDFHV�DQG�QRLVH�LQWHQVLWLHV� 7, RI�WKH�OXEULFDQW�ILOP�WHPSHUDWXUH��)LJ���E���$FFRUGLQJ�WR������WKH�WULFULWLFDO�SRLQW�OLHV�RQ�WKH�
7, �D[LV�DW� JJ, ������ ��H � � DQG� LI� WKH� QRLVH� LQWHQVLW\� H, LV� ODUJHU�WKDQ� WKH� FULWLFDO�YDOXH� �� �H  J, � WKH� VWDEOH� GU\� IULFWLRQ� GRPDLQ� GLVDSSHDUV� �VHH� )LJ�� �F��� ,W� LV� ZRUWK�QRWLQJ� WKDW� WKLV� GRPDLQ� GHFUHDVHV� ZLWK� LQFUHDVH� RI� WKH� VKHDU� PRGXOXV� YDOXH� * DQG�GHFUHDVH�RI�WKH�FKDUDFWHULVWLF�YDOXH�RI�VKHDU�YLVFRVLW\� �K �
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)LJ�� ��� 3KDVH� GLDJUDPV� DW� ��� J DQG� IL[HG� YDOXHV� H, � D ± ��� H, �� E ± � H, �F ± � H, �� /LQHV� � DQG� � GHILQH� WKH� ERXQGDU\� RI� VWDELOLW\� GRPDLQV� RI� VOLGLQJ��6)���GU\� �')���DQG�VWLFN�VOLS��66��IULFWLRQ��7 LV�WKH� WULFULWLFDO�SRLQW�� & LV�WKH�FULWLFDO�SRLQW�
7KH� FRQVLGHUDWLRQ� RI� WKH� DGGLWLYH� QRLVHV� RI� HV� �� DQG� 7 VKRZV� WKDW� WKH�VWRFKDVWLFLW\� LQIOXHQFH� LV�QRQ�HVVHQWLDO� IRU� WKH� VKHDU�FRPSRQHQW� RI� HODVWLF� VWUHVV� WHQVRU�DQG� LW� LV�FUXFLDO� IRU�ERWK� WKH�FRUUHVSRQGLQJ� FRPSRQHQW� RI� VWUDLQ�DQG� WKH� OXEULFDQW� ILOP�WHPSHUDWXUH��7KH�ERXQGDU\� RI�WKH�GRPDLQ�RI�VOLGLQJ�IULFWLRQ�LV�IL[HG�E\�WKH�HTXDOLW\�IRU�WKH�QRLVH�LQWHQVLWLHV �������� JJ,,7 � H � ����IROORZLQJ IURP� (T�� ����� DW� WKH� FRQGLWLRQV� ����  V [ �� DQG� � H7 �� $FFRUGLQJ� WR�(T������ LQ� DEVHQFH� RI� WKH� WHPSHUDWXUH� QRLVH� WKH� OXEULFDQW�PHOWLQJ� RFFXUV� LI� WKH� QRLVH�LQWHQVLW\�RI�WKH�VKHDU�VWUDLQ�FRPSRQHQW�H[FHHGV�WKH�YDOXH�� ����� JJ, � H � ����FRUUHVSRQGLQJ� WR� WKH� SRLQW� 2 LQ�)LJ�� ���7KH� LQFUHDVH� RI� ERWK� WKH� VKHDU� VWUDLQ�DQG� WKH�WHPSHUDWXUH� QRLVHV� FDXVHV� WKH� OXEULFDQW� PHOWLQJ� LI� WKHLU� LQWHQVLWLHV� DUH� ERXQGHG� E\�FRQGLWLRQ� ������7KH� GRPDLQ� RI� WKH� VWLFN�VOLS� IULFWLRQ� DSSHDUV� ZLWK� IXUWKHU� LQFUHDVH� RI�WKHVH�LQWHQVLWLHV�DERYH�PDJQLWXGHV

��� ���� ��� J J,J J, 7� � � H ����



$� .KRPHQNR��DW�WKH� WULFULWLFDO�SRLQW� 7 LQ�)LJ�����6XFK�DQ�LQWHUPLWWHQW�EHKDYLRU� LV�UHDOL]HG�ZLWKLQ� WKH�UHJLRQ�ORFDWHG�DERYH�VWUDLJKW�OLQH������DQG�RXWVLGH�WKH�FXUYH�WKDW�LV�GHWHUPLQHG�E\�������� ������� ������ �������������� ������ °¿°¾½°̄°® »»¼º««¬ª ���¸̧¹·¨̈©§ ���»¼º«¬ª �� H 7777 ,J,,JJJJJJJJ,, �� ����
,I�WKH�QRLVH�LQWHQVLW\�RI�WKH�VKHDU�VWUDLQ�H[FHHGV�WKH�YDOXH� �H, GHILQHG�E\������ZLWK�WKH� WHPSHUDWXUH�QRLVH �� ������ JJ,7  �WKH�SRLQW�& LQ�)LJ������WKH GU\� IULFWLRQ�UHJLRQ�GLVDSSHDUV�DW�DOO��7KH�FXUYH������LQWHUVHFWV�WKH�YHUWLFDO�D[LV�DW�WKH�SRLQW

°¿
°¾½°̄°®


»»¼
º««¬

ª �¸̧¹·¨̈©§ ��� ����
��� ����������� ���� ����������� ���� �������� JJJJJ JJJJ J,7 ����

DERYH� WKDW� WKH� GU\� IULFWLRQ� GRHV� QRW� WDNH� SODFH�� 7KH� FRUUHVSRQGLQJ� SKDVH� GLDJUDP�GHSLFWHG� LQ� )LJ�� �� KDV� D� YHU\� QRQ�WULYLDO� IRUP� �HVSHFLDOO\�� ZLWKLQ� WKH� GRPDLQ�
�� HHH dd ,,, ��
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)LJ�����3KDVH�GLDJUDP�IRU�WKH�V\VWHP�ZLWK� �����   J7H ��DQG� �� zH 7,,
7KH�0D[ZHOO�HTXDWLRQ�����DVVXPHV�WKH�XVH�RI�WKH� LGHDOL]HG�*HQNL�PRGHO��)RU�WKH�GHSHQGHQFH� V�H�� RI� WKH� VWUHVV� RQ� WKH� VWUDLQ� WKLV� PRGHO� LV� UHSUHVHQWHG� E\� WKH� +RRNH�H[SUHVVLRQ�V *H DW�H ��HP DQG� WKH�FRQVWDQW�VP  *HP DW�H t HP �VP��HP DUH�WKH�PD[LPDO�VWUHVV� DQG� VWUDLQ�� V !� VP OHDGV� WR� YLVFRXV� IORZ� ZLWK� WKH� GHIRUPDWLRQ� UDWH�� � KV�V H �P� ��� $FWXDOO\�� WKH� GHSHQGHQFH� V�H�� FXUYH� KDV� WZR� UHJLRQV�� ILUVW� RQH��+RRNHDQ�� KDV� WKH� ODUJH� VORSH� IL[HG� E\� WKH� VKHDU�PRGXOXV�*�� DQG� LW� LV� IROORZHG�E\� WKH�PRUH� JHQWO\� VORSLQJ� VHFWLRQ� RI� WKH� SODVWLF� GHIRUPDWLRQ� ZKRVH� WLOW� LV� GHILQHG� E\� WKH�KDUGHQLQJ� IDFWRU�4 ��*�� 2EYLRXVO\� WKH� DERYH� SLFWXUH� PHDQV� WKDW� WKH� VKHDU� PRGXOXV��LQWURGXFHG��LQ�WHUPV�RI�WKH�UHOD[DWLRQ�WLPH� WV��LQ�(T�������GHSHQGV�RQ�WKH�VWUHVV�YDOXH��,Q�ZRUN�>��@�ZH�XVHG�WKH�VLPSOHVW�DSSUR[LPDWLRQ�
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ZKHUH� WKH� UHOD[DWLRQ� WLPH� LV� LQWURGXFHG� IRU� WKH� SODVWLF� IORZ� PRGH� 4K W V �S� *VV W{K LV� WKH� HIIHFWLYH� YDOXH� RI� YLVFRVLW\��� DQG� WKH� TXDQWLW\� �� �4 T * LV� WKH�SDUDPHWHU�GHVFULELQJ�WKH�UDWLR�RI�WKH�WLOWV�IRU�WKH�GHIRUPDWLRQ�FXUYH�RQ�WKH�SODVWLF�DQG�WKH�+RRNHDQ� GRPDLQV�� 1RWH� WKDW� DW� GHVFULSWLRQ� RI� WKH� VWUXFWXUDO� SKDVH� WUDQVLWLRQV� RI� D�OLTXLGOLNH�OXEULFDQW�WKH�WKLUG�RUGHU�LQYDULDQWV��EUHDNLQJ�WKH�SDULW\�RI�9 YV�V GHSHQGHQFH��LV�SUHVHQW��7KHUHIRUH� LQ�DSSUR[LPDWLRQ������ZH�XVHG�WKH�OLQHDU�WHUP�V�VS��LQVWHDG�RI�WKH�VTXDUH� RQH� �V�VS��� >��@�� ,W� LV� DSSDUHQW� WKDW� LQ� WKH� IROORZLQJ�� GHSHQGHQFH� ����� LV� QRW�DOUHDG\�HYHQ��:LWKLQ�WKH�DGLDEDWLF�DSSUR[LPDWLRQ�����WKH�V\VWHP�RI�WKH�/RUHQ]�HTXDWLRQV����������ZKHUH� LQVWHDG� RI� WKH� WV LW� LV�QHFHVVDU\� WR� XVH�GHSHQGHQFH� WV�V��� LV� UHGXFHG�DV�ZHOO� DV�DERYH�� WR� WKH�/DQJHYLQ�HTXDWLRQ������ZLWK� WS LQVWHDG� RI� WV��+RZHYHU� LQ� WKH� V\QHUJHWLF�SRWHQWLDO� ����� WKH� IDFWRU� ��**J  LV� UHSODFHG�E\� �� �� �4 4 **J �� WKDW�LV� IRUPDOO\�VXSSRVHG�WR�EH�QR�GHSHQGHQW�RQ�V��DQG�WKH�RGG�WHUP�DSSHDUV�SURSRUWLRQDO�WR� �� �T� �� � � � � � ��OQ��OQ����� ���� ¸̧¹·¨̈©§ DV��DV�TD�V�¹̧·©̈§ ��V� �44 H7JJ9 ����
+HUH�WKH�FRQVWDQW� VS VV{D � LV�LQWURGXFHG��7KH�HTXDWLRQ�GHILQLQJ�WKH�ORFDWLRQV�RI�WKH�PD[LPXPV�RI�WKH�VWDWLRQDU\�GLVWULEXWLRQ�IXQFWLRQ� ��V3 WDNHV�WKH�IRUP�>FI��(T������@

������� ������������ �� V�{ �����»»¼º««¬ª �D� �T�� H444��4 [,,J[,J[7J[[J 77H ������
$FFRUGLQJ�WR�(T�������WKH�SUREDELOLW\�GLVWULEXWLRQ� ��V3 KDV�QRW�D PD[LPXP�DW�1 ���L�H���VOLGLQJ�IULFWLRQ�RFFXUV��LI�WKH�WHPSHUDWXUH�7H H[FHHGV�WKH�FULWLFDO�OHYHO�������$OWKRXJK�WKHUH� LV�QR�ZD\� WR�FRQVWUXFW�WKH� SKDVH�GLDJUDPV�DQDO\WLFDOO\��WKHLU�QXPHULFDO� WUHDWPHQW�OHDGV�WR�WKH� VLWXDWLRQ�GHSLFWHG�LQ�)LJV����DQG����7KXV��WKH� V\VWHP�E HKDYLRU�TXDOLWDWLYHO\�FRLQFLGHV�ZLWK�WKDW�VWXGLHG�LQ�6HFWLRQ���7KH� DERYH� FRQVLGHUDWLRQ�RI� WKH� WKHUPDO� DQG� HODVWLF� ILHOGV� QRLVH� LQIOXHQFH� RQ� WKH�VROLG�OLTXLG� WUDQVLWLRQ�RI� XOWUDWKLQ� OXEULFDQW� ILOP� SHUPLWV� WR� GHILQH� WKH� GRPDLQV� RI� GU\��VOLGLQJ��DQG� VWLFN�VOLS� IULFWLRQ�PRGHV�LQ�WKH� SKDVH�GLDJUDP��6R� WKDW��DQ�HYLGHQFH� RI� WKH�SKDVH�GLDJUDP�FRPSOLFDWLRQ�LV� REWDLQHG�GXH� WR� VWXGLHG� IOXFWXDWLRQV��'HSHQGLQJ� RQ� WKH�LQLWLDO� FRQGLWLRQV� WKH� JURZWK� RI� OXEULFDQW� ILOP
V� WHPSHUDWXUH� QRLVH� FDQ� GHFUHDVH� RU�LQFUHDVH�IULFWLRQ��EXW�WKH�JURZWK�RI�HODVWLF�VKHDU�VWUDLQ�QRLVH�LQFUHDVHV�WKH�VOLGLQJ�IULFWLRQ�UHJLRQ�RQO\��,W�LV�VKRZQ�WKDW�GU\�IULFWLRQ�GRPDLQ�LV�ERXQGHG�E\�UHODWLYHO\�VPDOO�YDOXHV�RI�WKH� FRQILQLQJ� ZDOOV� WHPSHUDWXUH� DQG� WKH� QRLVH� LQWHQVLWLHV� RI� OXEULFDQW� VWUDLQ� DQG�WHPSHUDWXUH� �VHH� )LJV�� �� DQG� ���� 7KXV�� XVHG�KHUH� DSSURDFK�SUHGLFWV� WKH� SRVVLELOLW\� IRU�FRQWUROOLQJ�RI�IULFWLRQDO�EHKDYLRU�7KH� WKHRU\� RI� VHFRQG�RUGHU� WUDQVIRUPDWLRQ� LV� EDVHG� RQ� WKH� WLPH�GHSHQGHQW�*LQ]EXUJ�/DQGDX� HTXDWLRQ� ������ GHILQHG� E\� WKH� V\QHUJHWLF� SRWHQWLDO� ������ ZKLFK�



$� .KRPHQNR��GHVFULEHV� WKH� FRRUGLQDWH� GHSHQGHQFH� RI� WKH� EDVLF� IUHHGRP� GHJUHHV� GXULQJ� WKH� JODVV�PHOWLQJ� WUDQVLWLRQ�� 7KH� FRUUHVSRQGLQJ� V\VWHP
V� NLQHWLFV� LV� GHWHUPLQHG� E\� /DQJHYLQ�HTXDWLRQ� �����ZLWK� WKH� V\QHUJHWLF� SRWHQWLDO� ������$W� GHVFULSWLRQ� RI� ILUVW �RUGHU� �FU\VWDO�OLTXLG�� WUDQVLWLRQ� LQ� (T�� ����� UHOD[DWLRQ� WLPH� WV LV� UHSODFHG� E\� 4K W V �S DQG� WKH�SRWHQWLDO�KDV�WKH�IRUP�������$ERYH�WKH� FRQFHSW�RI�G\QDPLFDO�VKHDU�PHOWLQJ�RI� WKH�XOWUDWKLQ� OXEULFDQW� ILOP�KDV�EHHQ�XVHG�>������@��,Q�DFFRUGDQFH�ZLWK� LW�WKH�VWLFN�VOLS�IULFWLRQ�FDQ�EH�GHVFULEHG�DQG�VXFK�PHOWLQJ� LV� UHSUHVHQWHG�DV� D� UHVXOW� RI� DFWLRQ�RI� HODVWLF� ILHOG� RI� VKHDU� VWUHVV� FRPSRQHQW�FDXVHG� E\� WKH� KHDWLQJ� RI� IULFWLRQ� VXUIDFHV� DERYH� WKH� FULWLFDO� YDOXH�� 7KH� HVVHQWLDO�OLPLWDWLRQ�RI�WKLV�DSSURDFK�LV�WKH�IDFW�WKDW�VWLFN�VOLS�PRWLRQ�,�VWXGLHG�ZDV�LQGHSHQGHQW�RI�WKH�ZD\� LQ�ZKLFK�WKH�V\VWHP�ZDV�GULYHQ��L�H���HODVWLFLW\�DQG�PDVV�RI�WKH�FRQILQLQJ�ZDOOV��DOWKRXJK�IRU�VXFK�IULFWLRQ�PRGH�WKH�PHQWLRQHG�GHSHQGHQFH� LV�FUXFLDO��,W�LV�ZRUWK�QRWLQJ�WKDW� KHUH� WKH� WHPSHUDWXUH� RI� WKH� FRQILQLQJ�ZDOOV� H7 SOD\V� D� UROH� RI� WKH� SDUDPHWHU� RI�H[WHUQDO� LQIOXHQFH��%HVLGHV�� WKH� IULFWLRQ�IRUFH� GHFUHDVHV�ZLWK� LQFUHDVLQJ�YHORFLW\� DW� WKH�FRQWDFW� WO9 wHw � EHFDXVH�WKH�ODWWHU�OHDGV�WR�WKH�JURZWK�RI�WKH�VKHDU� VWUHVV�DFFRUGLQJ�WR�WKH�0D[ZHOO�W\SH�VWUHVV�VWUDLQ� H UHODWLRQ�� W*W wHw�WV wVw V ���� ��7KLV�ZRUN�LV�GHGLFDWHG�WR�PHPRU\�RI�P\�IULHQG�DQG�FROOHDJXH�'U��(�$��7RURSRY��,�DP� JUDWHIXO� WR� 3URI�� $�,�� 2OHPVNRL� IRU� KHOSIXO� VXJJHVWLRQV��'U�� ,�� .UDNRYVN\ DQG� 'U��0�0DUYDQ� IRU� IUXLWIXO� GLVFXVVLRQV� DQG� KRVSLWDOLW\� GXULQJ� VWD\� LQ� &KDUOHV� 8QLYHUVLW\��3UDJXH��DQG�,��/\DVKHQNR�IRU�KHOS�ZLWK�WKH�QXPHULFDO�DQDO\VLV�RI (T�������DQG�JUDSKLFV��7KH�ZRUN�ZDV�SDUWO\�VXSSRUWHG�E\�WKH�JUDQW�RI�0LQLVWHUV�&DELQHW�RI�8N UDLQH�
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�� 3HUVVRQ� %�1�-�� 6OLGLQJ� IULFWLRQ�� 3K\VLFDO� SULQFLSOHV� DQG� DSSOLFDWLRQV�� %HUOLQ��6SULQJHU�9HUODJ������������S��� )DPLO\�)���%UDLPDQ�<���+HQWVFKHO�+�*�(� ,Q��)ULFWLRQ��$UFKLQJ��&RQWDFW�'\QDPLFV��HGLWHG�E\�:ROI�'�(��DQG�*UDVVEHUJHU�3��:RUOG�6FLHQWLILF��6LQJDSRUH���������� %UDLPDQ�<���+HQWVFKHO�+�*�(���)DPLO\�)���0DN�&���.ULP�-��7XQLQJ�IULFWLRQ�ZLWK�QRLVH�DQG�GLVRUGHU����3K\V��5HY��(��������9RO������3��5����±5�������� %UDXQ� 2�0�� .LYVKDU� <X�6�� 1RQOLQHDU� G\QDPLFV� RI� WKH� )UHQNHO�.RQWRURYD� PRGHO�ZLWK�LPSXULWLHV��� 3K\V��5HY��%��������9RO������3������±������� 6RNRORII� -�%�� (IIHFWV� RI� GHIHFWV� RQ� WKH� IULFWLRQ� EHWZHHQ� ILOP� DQG� VXEVWUDWH� LQ� D�PLFUREDODQFH�H[SHULPHQW ���3K\V��5HY��%��������9RO������3���������������� .DZDJXFKL�7�� 0DWVXNDZD�+��6WDWLF�DQG�G\QDPLF�SURSHUWLHV�RI�IULFWLRQDO�SKHQRPHQD�LQ� D� RQH�GLPHQVLRQDO� V\VWHP�ZLWK� UDQGRPQHVV� �� 3K\V�� 5HY�� %�� ������ 9RO� ���� 3������±������� <RVKL]DZD�+��� ,VUDHODFKYLOL� -�� )XQGDPHQWDO� PHFKDQLVPV� RI� LQWHUIDFLDO� IULFWLRQ�� ���6WLFN�VOLS�IULFWLRQ�RI�VSKHULFDO�DQG�FKDLQ PROHFXOHV����-��3K\V��&KHP��������9RO������3� �����±��������� 6PLWK�(�'���5REELQV�0�2���&LHSODN�0��)ULFWLRQ�RQ�DGVRUEHG�PRQROD\HUV����3K\V��5HY��%������� 9RO������3������±������� .ULP� -��� 6ROLQD� '�+��� &KLDUHOOR� 5��1DQRWULERORJ\� RI� D� .U� PRQROD\HU�� $� TXDUW]�FU\VWDO�PLFUREDODQFH�VWXG\�RI�DWRPLF�VFDOH�IULFWLRQ��� 3K\V��5HY��/HWW� ������9RO������3� ���±��������&DUOVRQ� -�0���%DWLVWD� $�$��&RQVWLWXWLYH�UHODWLRQ�IRU� WKH� IULFWLRQ�EHWZHHQ� OXEULFDWHG�VXUIDFHV����3K\V��5HY��(��������9RO������3������±������
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