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6LOLFD�EDVHG��SKRWRQLF�FU\VWDO�ILEHUV��DUH�D�QRYHO�W\SH�RI�OLJKWJXLGHV�ZLWK�SHFXOLDU�SURSHUWLHV�
DWWUDFWLYH�IRU�D�ZLGH�UDQJH�RI�RSWLFDO�DSSOLFDWLRQV���7KHVH�ILEHUV�FRQVLVW�RI�D�PRUH�RU�OHVV�UHJXODU�
DUUDQJHPHQW� RI� DLU� KROHV�ZLWK� VSHFLILHG� GLDPHWHU� DQG� VSDFLQJ� DURXQG� D� JODVV\� RU� KROORZ� FRUH��
1RUPDOO\��WKH\�DUH�PDGH�E\�FROODSVLQJ�DQG�GUDZLQJ�RI�FDSLOODULHV�ZLWK�GLIIHUHQW�GLDPHWHUV�LQ�VHYHUDO�
SUHSDUDWLRQ� VWHSV�� 7LOO� QRZ�� WKH� IDEULFDWLRQ� WHFKQLTXH� LV� IDLUO\� LPPDWXUH� DQG� GHYHORSHG�RQ� DQ�
HPSLULFDO�DSSURDFK���

$V� D� FRQWULEXWLRQ� WR� WKH� WHFKQRORJ\� RI� �SKRWRQLF� FU\VWDO� ILEHUV��� ZH� FRQVLGHU� KHUH� � WKH�
FRPELQHG�GUDZLQJ�DQG�FROODSVLQJ�RI�D�VLQJOH�JODVV�FDSLOODU\�RQ�WKH�EDVLV�RI�DQ�HOHPHQWDU\�PRGHO��
6WULFWO\�VSRNHQ��ZH�QHJOHFW�WKH�UDGLDO�GHSHQGHQFH�RI�WKH�D[LDO�IORZ�YHORFLW\��7KLV�DSSURDFK��ZKLFK�LV�
RIWHQ�XVHG�LQ�WKH�FRQVLGHUDWLRQ�RI�VROLG�ILEHU�GUDZLQJ�>VHH�H�J����@��FDQQRW�UHSUHVHQW�DOO�VXEWOH�GHWDLOV�
RI�WKH�UHDO�SURFHVV��,W�LV��KRZHYHU��YHU\�KHOSIXO�IRU�WKH�EDVLF�XQGHUVWDQGLQJ�DQG�WKH�HVWLPDWLRQ�RI�WKH�
HIIHFW�RI�SUHVVXUH�GLIIHUHQFHV�EHWZHHQ�WKH�LQQHU�DQG�RXWHU�DWPRVSKHUH�RI�WKH�KROORZ�WXEH��ZKLFK�ZLOO�
EH�WKH�FHQWUDO�DLP�RI�RXU�LQYHVWLJDWLRQV�KHUH��,Q�WKH�WUHDWPHQW�RI�FDSLOODU\�GUDZLQJ��OLWWOH�DWWHQWLRQ�
ZDV�SDLG�WR�WKLV�HIIHFW�XS�WR�QRZ�������
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����7KH�KRPRJHQHRXV�IORZ�EHKDYLRXU�RI�D�KROORZ�F\OLQGHU�

7KH�KRPRJHQHRXV�HORQJDWLRQ�RU�FRPSUHVVLRQ�RI�D�F\OLQGHU�LV�RQH�RI�WKH�VLPSOHVW�H[DPSOHV�LQ�
WKH�WKHRU\�RI�WKH�YLVFRXV�IOX[��ZLWK�GLIIHUHQW�DSSOLFDWLRQV��H�J��WKH�YLVFRVLW\�GHWHUPLQDWLRQ�E\�ILEHU�
HORQJDWLRQ��EXW�DOVR�LQ�WKH�WKHRU\�RI�VLQWHULQJ�SRURXV�JODVV�ERGLHV��&RQVLGHU�D�KROORZ�F\OLQGHU�ZLWK�
RXWHU�UDGLXV�UD��LQQHU�UDGLXV�UL��DQG�OHQJWK�«��8QGHU�WKH�LQIOXHQFH�RI�RXWHU�IRUFHV�WKH�GLPHQVLRQV�RI�
WKLV�WXEH�DUH�DOORZHG�WR�FKDQJH�E\�YLVFRXV�IORZ��KRZHYHU�SUHVHUYLQJ�WKH�F\OLQGULFDO�VKDSH��7KLV�
PHDQV�ZH�KDYH�WR�GR�ZLWK�UDGLDO�DQG�D[LDO�FRPSRQHQWV�RI�WKH�YHORFLW\�Y�LQ�WKH�IRUP�Y±�±��DQG�Y]�]���
ZKHUH�±��]�DUH�WKH�F\OLQGULFDO�FRRUGLQDWHV�VXLWDEOH�IRU�VROYLQJ�WKH�SUREOHP��7DNLQJ�WKH�WXEH�PDWHULDO�
DV�DQ�LQFRPSUHVVLEOH�1HZWRQLDQ�IOXLG��WKH�IORZ�FDQ�EH�GHVFULEHG�E\�WKH�1DYLHU�6WRNHV�HTXDWLRQV�LQ�
6WRNHV�IORZ�DSSUR[LPDWLRQ��QHJOHFWLRQ�RI�DFFHOHUDWLRQ�IRUFHV����
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SD�DQG�SL�DUH�WKH�DWPRVSKHULF�SUHVVXUHV�RXWVLGH�DQG�LQVLGH�RI�WKH��FORVHG��WXEH��³�LV�WKH�VXUIDFH�
WHQVLRQ�RI�WKH�WXEH�PDWHULDO��DQG�)�LV�D�WHQVLRQDO�IRUFH�DFWLQJ�RQ�WKH�IURQW�IDFH�RI�WKH�F\OLQGHU��1RWH�
WKDW�KHUH�WKH�FRQWULEXWLRQ�RI�WKH�IURQW�IDFH�WR�WKH�VXUIDFH�HQHUJ\�RI�WKH�F\OLQGHU�LV�QHJOHJWHG��7KLV�
PHDQV�WKH�FRQVLGHUDWLRQV�DUH�MXVWLILHG�IRU�D�ORQJ�F\OLQGHU�ZLWK�«�!!�UD���UL�RU��ZKLFK�DJUHHV�ZLWK�RXU�
IROORZLQJ�DSSOLFDWLRQV��IRU�D�YROXPH�HOHPHQW�RI�D�FRQWLQXRV�F\OLQGHU�ZKHUH�WKH�IURQW�VXUIDFHV�DUH�QRW�
IUHH��$IWHU�VRPH�DULWKPHWLFV��WKH�GLIIHUHQWLDO�HTXDWLRQV�ZKLFK�JRYHUQ�WKH�WHPSRUDO�FKDQJH�RI�WXEH�
UDGLL�DQG�OHQJWK�DUH�REWDLQHG��
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7KH�WHUP��.��DFFRXQWV�IRU�WKH�ÅGUDZLQJ´��L�H��WKH�SURSRUWLRQDO�YDULDWLRQ�RI�UD�DQG�UL��DQG�WKH�WHUP�.��
GHVFULEHV�WKH�ÅFROODSVLQJ´��LQFOXGLQJ�DOVR�D�ÅEORZLQJ�XS´��RI�WKH�WXEH��
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����$SSOLFDWLRQ�WR�WKH�WXEH�FROODSVH�

,I��WKH�GUDZLQJ�WHQVLRQ�LV�VHW�WR�]HUR��ZH�KDYH�WKH�FDVH�RI�D��IUHH�FROODSVH��RI�WKH�WXEH�ZKHUH�WKH�
WXEH�OHQJWK�LV�GHFUHDVHG�E\�WKH�VXUIDFH�WHQVLRQ�DORQH��0RUH�LPSRUWDQW�WKDQ�WKH��IUHH�FROODSVH���
ZKLFK�LV�GLIILFXOW�WR�UHDOL]H��LV�WKH�FDVH�ZKHUH�WKH�OHQJWK�RI�WKH�WXEH�UHPDLQV�FRQVWDQW��WKH�XVXDO�
FROODSVLQJ�RI�D�WXEH�PRXQWHG�LQ�D�JODVV�ZRUNLQJ�ODWKH��7KHQ��.��LV�FRQVWUDLQHG�WR�EH�]HUR�ZKLFK�
PHDQV�WKDW�D�FHUWDLQ�IRUFH�)� ��°³�UD���UL��LV�JHQHUDWHG�LQ�WKH�F\OLQGHU�IDFHV��,W�LV�DGYDQWDJHRXV�WR�
WUDQVIRUP�WKH�WLPH�YDULDEOH�W�LQWR�D�GLPHQVLRQOHVV�FRRUGLQDWH�´F�DFF��WR�
�
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5HSODFLQJ�GW�E\�G´F��.��E\�.�F� ����DQG�.��E\�.�F�DGDSWV�WKH�HTXDWLRQV����������WR�WKH�FROODSVH�FDVH��
7KLV�OHDGV�WR�WKH�VDPH�HTXDWLRQV�ZKLFK�ZHUH�GHULYHG�HDUOLHU�IRU�WKH�FDVH�RI�WKH�RQH�GLPHQVLRQDO�
FROODSVH�RI�D�WXEH�>����@��,W�FDQ�EH�VKRZQ�WKDW�IRU�´F� ���WKH�WXEH�LV�FRPSOHWHO\�FROODSVHG�XQGHU�WKH�
LQIOXHQFH�RI�WKH�VXUIDFH�WHQVLRQ�DORQH���S� ����IURP��LQILQLWO\�ODUJH�LQLWLDO�UDGLL�WR�UL� ����3UDFWLFDOO\��
WKH� WXEH� LV� PRVWO\� FROODSVHG� E\� D�PRYHG� KHDWLQJ� ]RQH� DQG� WKH� YDOXH� RI� ´F� FDQ� EH� FDOFXODWHG�
VXEVWLWXWLQJ�GW�E\�G]�YE��
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ZKHUH� YE� LV� WKH� YHORFLW\� DQG��]E� LV� WKH� D[LDO�ZLGWK�RI� WKH�KHDWLQJ� ]RQH��1RWH� WKDW� IRU�YDU\LQJ�
WHPSHUDWXUH� WKH�YLVFRVLW\�EHFRPHV�D� IXQFWLRQ�RI� WKH�D[LDO�SRVLWLRQ�DQG�PXVW�EH�FRQVLGHUHG�E\�
LQWHJUDWLRQ�RI���§�RYHU�G]��7KHQ��§�LQ������LV�WKH�YLVFRVLW\�DW�WKH�PD[LPXP�RI�WKH�D[LDO�WHPSHUDWXUH�
SURILOH��DQG��]E�LV�DQ�HIIHFWLYH�SURILOH�ZLGWK�ZKLFK�FDQ��EH�HVWLPDWHG�E\�PHWKRGV�GHULYHG�LQ�>��@��)RU�
D�FHUWDLQ�SUHVVXUH�GLIIHUHQFH��WKH�WXEH�GLDPHWHU�UHPDLQV�FRQVWDQW��7KLV�ÅHTXLOLEULXP�SUHVVXUH´�SHT�
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��UL���«�ZKLFK�LV�PRYHG�WKURXJK�WKH�KHDWLQJ�]RQH�DQG�LV�HQODUJHG�DQG�SDUWLDOO\�FROODSVHG��$VVXPLQJ�
Y]�DV�FRQVWDQW�RYHU�WKH�FURVV�VHFWLRQ���WKLV�SURFHVV�FDQ�REYLRXVO\�EH�GHVFULEHG�E\�WKH�HTXDWLRQV�
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WKXV�ZH�FDQ�UHSODFH�WKH�FRUUHVSRQGLQJ�TXDQWLWLHV�LQ�����������
6WDWLRQDU\�UHODWLRQV�VXSSRVHG��WKH�OHQJWK�RI�WKH�YROXPH�HOHPHQW�LV�GLUHFWO\��SURSRUWLRQDO�WR�WKH�D[LDO�
YHORFLW\�Y�LQ�WKH�GUDZLQJ�SURFHVV��ZKLFK�LV�YS��SUHIRUP�IHHG�UDWH��DW�WKH�HQWUDQFH�LQWR�WKH�KHDWLQJ�
]RQH� DQG� YI� �ILEHU� GUDZLQJ� YHORFLW\�� DW� WKH� H[LW�� VR� WKDW�ZH� FDQ� GLUHFWO\� UHSODFH� «� LQ� ���� E\� Y��
0RUHRYHU��ZH�FRQVLGHU�WKDW�WKH�SURGXFW�Y��UD����UL��� �YS��UDS����ULS���UHPDLQV�FRQVWDQW��UDS��ULS��DUH�WKH�
UDGLL�RI�WKH�VWDUWLQJ�SUHIRUP���+HQFH�LW�IROORZV�E\�LQWHJUDWLRQ�
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�

>��Y@�GY�G´G� ���>���UD����UL��@�G�UD����GUL����G´G� ��� � ������
�

����´G� �OQYI���OQYS� � � � � �����
������������������������������������������������������������
ZKLFK�VKRZV�WKH�H[SRQHQWLDO�LQFUHDVH�RI�Y�DQG�WKH�H[SRQHQWLDO�GHFUHDVH�RI�WKH�WXEH�FURVV�VHFWLRQ�
DUHD�ZLWK�´G���
)XUWKHU�LW�FDQ�EH�VKRZQ�RQ�WKH�EDVLV�RI����������WKDW�WKH�ÅHTXLOLEULXP�SUHVVXUH´�IRU�WKH�WXEH�GUDZLQJ�
SURFHVV��ZKHUH� WKH� UDWLR�RI�RXWHU� DQG� LQQHU� UDGLXV� UHPDLQV�FRQVWDQW��FDQ�EH�GHVFULEHG� LQ�JRRG�
DSSUR[LPDWLRQ�E\��
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���6XUIDFH�WHQVLRQ�RI�VLOLFD�GHWHUPLQHG�E\�FROODSVLQJ�H[SHULPHQWV�

&RQVLGHULQJ��������WKH�VXUIDFH�WHQVLRQ�FDQ�EH�GHWHUPLQHG�YHU\�HDVLO\�E\�FROODSVLQJ�H[SHULPHQWV�
IURP�WKH�HTXLOLEULXP�SUHVVXUH�ZKHUH�WKH�GLDPHWHUV�RI�WKH�WXEH�UHPDLQ�FRQVWDQW��$V�DOUHDG\�UHSRUWHG�

LQ�����WKH�VXUIDFH�WHQVLRQ�RI�VLOLFD�LQ�WKH�KLJK�WHPSHUDWXUH�UHJLRQ�EHWZHHQ������DQG�����°&�LV�RI�WKH�
RUGHU�RI�����1⋅P����&DUHIXO� H[SHULPHQWV�ZLWK� VLOLFD� WXEHV�RI�GLIIHUHQW�JHRPHWULHV�DQG�GLIIHUHQW�
PDWHULDOV��ERWK�V\QWKHWLF�VLOLFD�DQG�TXDU]�JODVV�PDGH�E\�PHOWLQJ�RI�URFN�FU\VWDOV�LQ�D�IODPH�RU�E\�
HOHFWULF�PHOWLQJ�RI�UDZ�PDWHULDOV��KDYH�FRQILUPHG�WKH�HDUOLHU�UHVXOWV��VRPH�H[DPSOHV�DUH�JLYHQ�LQ�
)LJ���� )RU� 9\FRU� JODVV�� D� UHPDUNDEOH� GHFUHDVH� RI� ³� ZDV� IRXQG� DQG� �� LQ� FRQWUDVW� WR� VLOLFD� �� D�
WHPSHUDWXUH�GHSHQGHQFH�LQ�IRUP�RI��DQ�LQFUHDVH�RI�³�ZLWK�ULVLQJ�WHPSHUDWXUH��,Q�FRPSDULVRQ�ZLWK�

HDUOLHU�UHSRUWHG�YDOXHV�RI��������������1⋅P����������GHWHUPLQHG�E\�VHVVLOH�GURS�DQG�ILEHU�HORQJDWLRQ�
PHWKRGV��WKH�FROODSVLQJ�H[SHULPHQWV�\LHOG�GLVWLQFWO\�KLJKHU�YDOXHV��8QIRUWXQDWHO\��LQ�������WKH�W\SH�DQG�
WKH�SXULW\�RI�WKH�XVHG�JODVV�ZHUH�QRW�VSHFLILHG�LQ�GHWDLO��$V�VKRZQ�E\�WKH�FRPSDULVRQ�ZLWK�9\FRU��
DOUHDG\�D�UHODWLYHO\�VPDOO�FKDQJH�RI�WKH�VLOLFD�FRPSRVLWLRQ�FDQ�OHDG�WR�D�SURQRXQFHG�GHFUHDVH�RI�WKH�
VXUIDFH�WHQVLRQ����
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���7KH�UROH�RI�LQWHUQDO�SUHVVXUH�LQ�FDSLOODU\�GUDZLQJ�

,Q�WKH�GUDZLQJ�RI�KROORZ�FDSLOODULHV�IURP�WXEHV�ZH�KDYH�DOVR�D�FHUWDLQ�FROODSVLQJ�HIIHFW�ZKLFK�
OHDGV� WR�DQ� LQFUHDVH�RI� WKH� UDWLR� �UD�UL��UL�RI� WKH�KROORZ�ILEHU�UHODWLYH�WR�WKH�VWDUWLQJ�WXEH�� LI� WKH�
SUHVVXUH�GLIIHUHQFH�KROGV�WR�]HUR��:LWK�LQFUHDVLQJ��S��WKLV�SDUWLDO�FROODSVH�FDQ�EH�GLPLQLVKHG��DQG��
WKH�ILEHU�FDQ�EH�EORZQ�XS�HYHQ�XQWLO�WKH�ILEHU�LV�GHVWUR\HG�GXULQJ�GUDZLQJ��������

,Q�)LJ���DQG����WKH�H[SHULPHQWDO�GHWHUPLQHG�GLDPHWHU�RI�GUDZQ�ILEHUV�DQG�WKH�UHODWLYH�ZDOO�
WKLFNQHVV� �UD�UL��UL� � IRU� VWDUWLQJ� WXEHV� �����PP�[�����PP�DQG���PP�[���PP�� UHVSHFWLYHO\�� DUH�
FRPSDUHG�ZLWK�WKH�UHVXOWV�RI�WKH�FDOFXODWLRQV��'XULQJ�D�VLQJOH�H[SHULPHQWDO�UXQ��WKH�SUHIRUP�IHHG�
UDWH��WKH�GUDZLQJ�YHORFLW\��WKH�WHPSHUDWXUH�DQG�WKH�GUDZLQJ�IRUFH�ZHUH�KHOG�FRQVWDQW�DQG�WKH�LQQHU�
SUHVVXUH�ZDV�YDULHG�LQ�VHFUHWH�WHPSRUDO�VWHSV�ZKLFK�DUH�ORQJ�HQRXJK�WR�HQVXUH�WKH�DFKLHYHPHQW�RI�
VWDWLRQDU\�FRQGLWLRQV��,Q�JHQHUDO��ZH�ILQG�D�VXIILFLHQW�DJUHHPHQW�EHWZHHQ�H[SHULPHQWDO�UHVXOWV�DQG�
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