
&RQWUDVW�HQKDQFHPHQW�RI�;�UD\�IOXRUHVFHQFHVSHFWUD�XVLQJ�WKH�VHFRQGDU\�WZR�OD\HU�UDGLDWRU
,�)�0LNKDLORY��$�$�%DWXULQ��$�,�0LNKDLORY��6�6�%RULVRYD
1DWLRQDO�7HFKQLFDO�8QLYHUVLW\��.KDUNLY�3RO\WHFKQLFDO�,QVWLWXWH��

���)UXQ]H�6W���.KDUNLY��������8NUDLQH

5HFHLYHG�'HFHPEHU���������
7KH� GLVWULEXWLRQ� RI� VFDWWHULQJ� UDGLDWLRQ� EDFNJURXQG� DQG� WKH� FRQWUDVW� RI� WKH� VDPSOH

DQDO\WLFDO� OLQHV� KDYH� EHHQ� WKHRUHWLFDOO\� FDOFXODWHG� DQG� H[SHULPHQWDOO\� PHDVXUHG� XQGHU
IOXRUHVFHQFH�H[FLWDWLRQ�XVLQJ�D�WZR�OD\HU�VHFRQGDU\�UDGLDWRU��7KH�WRS�OD\HU�VHUYHV�WR�H[FLWH
OLJKW�HOHPHQW�OLQHV�DQG�WR�DEVRUE�WKH�FRQWLQXRXV�VSHFWUXP�VFDWWHUHG�E\�WKH�ERWWRP�OD\HU�
7KH� H[SUHVVLRQ�KDV� EHHQ� REWDLQHG� IRU� FDOFXODWLRQ� RI� WKH� WRS� OD\HU� RSWLPXP� WKLFNQHVV�� DW
ZKLFK� WKH�PD[LPXP� VSHFWUD� FRQWUDVW� LV� DFKLHYHG�� $W� WKH� FRDWLQJ� RSWLPXP� WKLFNQHVV�� LW
EHFDPH�SRVVLEOH�WR�REWDLQ�H[SHULPHQWDOO\�WKULFH�RU�IRXUIROG�FRQWUDVW�LQFUHDVH�DQG�VLJQLIL�
FDQWO\� LPSURYHG� VHQVLELOLW\� IRU� UHYHDOLQJ� PLQRU� LPSXULWLHV� LQ� WKH� ZDYHOHQJWK� UDQJH
���y���c�LQ�FRPSDULVRQ�ZLWK�D�KRPRJHQHRXV�UDGLDWRU�
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���,QWURGXFWLRQ
7KH� VHQVLELOLW\� RI� FRQYHQWLRQDO� ;�UD\

IOXRUHVFHQW�DQDO\VLV�LV�JHQHUDOO\�LQVXIILFLHQW
IRU�PHDVXUHPHQWV�RI����Ü���SSP� LPSXULW\
WUDFHV��7KLV�LV�FDXVHG�E\�ORZ�FRQWUDVW�RI�WKH
IOXRUHVFHQFH� VSHFWUXP� KDYLQJ� VXEVWDQWLDO
EDFNJURXQG� GXH� WR� FRQWLQXRXV� VSHFWUXP
VFDWWHUHG�E\�WKH�VDPSOH��7R�ORZHU�WKH�EDFN�
JURXQG��WKH�PRQRFKURPDWL]DWLRQ�RI�WKH�SUL�
PDU\� VSHFWUXP� LV�XVHG� >����@�� ,W� LV� SRVVLEOH
HLWKHU� E\� UHIOHFWLRQ� IURP� D� FU\VWDO�PRQR�
FKURPDWRU�� RU� E\� PHDQV� RI� UH�HPLVVLRQ
XVLQJ� D� VHFRQGDU\� UDGLDWRU�� %RWK� WKH� ZD\V
SURYLGH� D� ODUJH� JDLQ� LQ� WKH� VSHFWUXP� FRQ�
WUDVW� LQ� FRPSDULVRQ� ZLWK� D� FRQYHQWLRQDO
VFKHPH�RI�H[FLWDWLRQ�E\�WKH�;�UD\�WXEH�WRWDO
VSHFWUXP��+RZHYHU��D�VXEVWDQWLDO�GLVDGYDQ�
WDJH� RI� WKH�PRQRFKURPDWL]DWLRQ�ZD\� LV� ORZ
HIILFLHQF\� RI� OLQH� H[FLWDWLRQ� IRU� D� ZLGH

ZDYHOHQJWK�UDQJH��,QGHHG��WKH�OLJKW�HOHPHQW
OLQHV�SRVLWLRQHG�IDU�IURP�WKH�PRQRFKURPDWLF
OLQH� RI� WKH� UDGLDWRU� DUH� H[FLWDWHG� LQHIIL�
FLHQWO\� DQG� HYHQ� WKH� ORVV� LQ� VHQVLELOLW\� LV
SRVVLEOH� IRU� OLJKW� HOHPHQWV� LQ� FRPSDULVRQ
ZLWK� D� FRQYHQWLRQDO� VFKHPH�� 7KH� QDWXUDO
SUREOHP�VROXWLRQ�ZRXOG�EH�XVH�RI�WZR�LQWHU�
PHGLDWH�HPLWWHUV��WKH�ILUVW�Û�IRU�H[FLWDWLRQ
RI� VKRUW� DQG�PHGLXP�ZDYHOHQJWKV�� DQG� WKH
VHFRQG�Û� IRU� ORQJ�ZDYH� DQDO\WLFDO� OLQHV� RI
OLJKW�HOHPHQWV�

,Q�WKLV�ZRUN��WKH�WZR�OD\HU�DVVHPEOLQJ�RI
WKH�VHFRQGDU\�UDGLDWRU�LV�FRQVLGHUHG��,Q�WKLV
UDGLDWRU��WKH�WRS�OD\HU�VHUYHV�IRU�H[FLWDWLRQ
RI�OLJKW�HOHPHQW�OLQHV�DQG�DW�WKH�VDPH�WLPH�
LW�LV�DQ�DEVRUEHU�RI�WKH�FRQWLQXRXV�VSHFWUXP
VFDWWHUHG� E\� WKH� ERWWRP� OD\HU�� 7KH� ERWWRP
OD\HU�SURYLGHV�KDUG�UDGLDWLRQ�IRU�H[FLWDWLRQ
RI�VKRUW�DQG�PHGLXP�ZDYHOHQJWKV����

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

��� )XQFWLRQDO�PDWHULDOV�������������



���6DPSOHV�DQG�PHDVXUHPHQW
WHFKQLTXH

7KH� REMHFWV� XQGHU� VWXG\� ZHUH� *RYHUQ�
PHQW�6WDQGDUG�6DPSOHV� �*66��RI�6&K�JUDGH
FDVW�LURQV�ZLWK������Ü�����PDVV�����RI�VXO�
IXU� DQG� SKRVSKRU�� DQG� ���Ü����� PDVV�� �
RI�VLOLFRQ�� �0HDVXUHPHQWV�RI�;�UD\�IOXRUHV�
FHQW� VSHFWUD� ZHUH� FDUULHG� RXW� XVLQJ
�63587�� VSHFWURPHWHU� ��8NUUHQWJHQ�� &R��
8NUDLQH�� XQGHU� H[FLWDWLRQ� HLWKHU� XVLQJ� WKH
PRQRFKURPDWL]HG�UDGLDWLRQ�RI�WKH�VHFRQGDU\
$J� UDGLDWRU�RU�ZLWK�WKH�7L�$J� WZR�OD\HU�UD�
GLDWRU�� 7KH� VSHFWUXP� UHJLVWUDWLRQ� LQ� WKH
����Ü���c� ZDYHOHQJWK� UDQJH� ZDV� FDUULHG
RXW� ZLWK� 6L�3,1� ;����� GHWHFWRU� �$PSWHN�
86$���7KH� IXOO�SURILOH�DQDO\VLV� RI� WKH� VSHF�
WUD� ZDV� UHDOL]HG� XVLQJ� WKH� EDVH� SURJUDP
SDFNDJH�RI�WKH��63587��VSHFWURPHWHU��

7KH� H[SHULPHQWDO� FRPSDULVRQ� RI� VDPSOH
DQDO\WLFDO� OLQH� LQWHQVLWLHV� DQG� EDFNJURXQG
OHYHO� IRU� GLIIHUHQW� VSHFWUDO� UDQJHV�ZDV� FDU�
ULHG� RXW� XVLQJ� WKH� $J� VHFRQGDU\� UDGLDWRU
DQG�WKH�7L�$J�WZR�OD\HU�UDGLDWRUV�ZLWK�YDUL�
RXV�7L�OD\HU�WKLFNQHVVHV��7KH�GDWD�ZHUH�QRU�
PDOL]HG� WR� WKH� VSHFWUXP� LQWHJUDWHG� LQWHQ�
VLW\�� &RPSDULQJ� WKH� VHFRQGDU\� UDGLDWRUV� LV
FRQYHQLHQW�WR�UHDOL]H�E\�WKH�VSHFWUXP�GLVWUL�
EXWLRQ�RI�WKHLU�UDGLDWLRQ�VFDWWHUHG�E\�KLJK�
SXULW\�DPRUSKRXV�FDUERQ��7KLV�PDWHULDO�KDV
QR�DEVRUSWLRQ�EDQGV�LQ�WKH�UDQJH�XQGHU�FRQ�
VLGHUDWLRQ�DQG�UHIOHFWV�DGHTXDWHO\�WKH�UDGLD�
WRU� VSHFWUXP��2EYLRXVO\�� WKH�$J� OLQHV� WRWDO
VFDWWHULQJ� �FRKHUHQW���LQFRKHUHQW�� IUDFWLRQ
LQ� WKH� DPRUSKRXV� FDUERQ� VFDWWHULQJ� VSHF�
WUXP� GHWHUPLQHV� WKH� IOXRUHVFHQFH� LQWHQVLW\
RI�WKH�VDPSOH�HOHPHQWV�OLQHV�ZLWK�DEVRUSWLRQ
HGJHV� OHGL� EHLQJ� LQ� �O$J�OHGL�O7L��ZKLOH� WKH7L� OLQHV� VFDWWHULQJ� SRUWLRQ�Û� WKH� OLJKW� HOH�
PHQW�IOXRUHVFHQFH�LQWHQVLW\�OHGL!O7L��

���5HVXOWV
7KHRUHWLFDO� 3ULQFLSOHV�� /HW� XV� FRQVLGHU

WKH�VHFRQGDU\�UDGLDWRU�IRUPHG�RI�D�=��PDWH�ULDO� WKLQ� OD\HU� GHSRVLWHG� RQWR�=�� VHPL�LQIL�QLWH�VXEVWUDWH��7KH�=��OD\HU�ZLWK�U��GHQVLW\DQG� G� WKLFNQHVV� VFDWWHUV� WKH� O� ZDYHOHQJWK
UDGLDWLRQ�DFFRUGLQJ�WR�>����@�
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ZKHUH�V��O�� LV� WKH�PDVV� FRHIILFLHQW� RI� VFDW�
WHULQJ�� P�
�O�� �P��O����§̈©

�
VLQM���

�
VLQ\

·̧
¹
�� P��O��

WKH� OD\HU� PDVV� DWWHQXDWLRQ� FRHIILFLHQW�� M

DQG� \�� UDGLDWLRQ� LQFLGHQW� DQG� H[LW� DQJOHV�
UHVSHFWLYHO\��DQG�6��SU��� WKH�VROLG�DQJOH�RI
OLJKWLQJ�WKH�VHFRQGDU\�UDGLDWRU�

7KH� VFDWWHULQJ� E\� WKH� VHPL�LQILQLWH� VXE�
VWUDWH� O\LQJ� XQGHU� WKH� =�� OD\HU� LV� GHWHU�PLQHG�E\�WKH�H[SUHVVLRQ�
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ZKHUH� P��O�� LV� PDVV� DWWHQXDWLRQ� FRHIILFLHQW
LQ� WKH� VXEVWUDWH� DQG� WKH� H[SRQHQW� FRUUH�
VSRQGV�WR�DEVRUSWLRQ�LQ�WKH�ILUVW�OD\HU��7KHQ
WKH�WRWDO�VFDWWHULQJ�E\�WKH�VHFRQGDU\�UDGLD�
WRU�,� �,����,��FDQ�EH�ZULWWHQ�LQ�WKH�IRUP�
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,W� IROORZV� IURP� ���� WKDW�� GHSHQGLQJ� RQ
WKH� WRS� OD\HU� WKLFNQHVV� G�� WKH� VFDWWHULQJ
OHYHO� DW� O� ZDYHOHQJWK� LV� LQ� WKH� UDQJH� IURP
V�

P�
�O�
� DW� G�o�f� �IRU� VFDWWHULQJ� LQ� WKH� ILUVW

LQILQLWH�OD\HU��WR� V�
P�
�O�

�DW�G�o����IRU�VFDWWHU�
LQJ�LQ�WKH�VXEVWUDWH���

/HW� WKH� VXEVWUDWH� DEVRUSWLRQ� EDQG� HGJH
ZDYHOHQJWK� OHG�� LV� ORZHU� WKDQ� OHG�� RI� WKH
FRDWLQJ� PDWHULDO�� 7KHQ� IRU� OHG��O�OHG�
ZDYHOHQJWKV�� WKH� FRQGLWLRQ� V��O�

P�
�O�
���V��O�P�
�O�

KROGV� WUXH�� L�H�� WKH� VFDWWHULQJ� OHYHO� EHIRUH
WKH� DEVRUSWLRQ� MXPS� LV� ORZHU� WKDQ� WKDW� EH�
KLQG� WKH� VXEVWUDWH� DEVRUSWLRQ� MXPS�� &DOFX�
ODWLRQV� VKRZ� �)LJ����� WKDW� WKH�7L� FRDWLQJ� LQ
WKH�7L�$J�VHFRQGDU\�UDGLDWRU�SURYLGHV�D�VXE�
VWDQWLDO� ORZHULQJ� RI� WKH� VFDWWHUHG� UDGLDWLRQ
EDFNJURXQG� DQG� LPSURYLQJ� WKH� FRQWUDVW� LQ
WKH� VSHFLILHG� ZDYHOHQJWK� UDQJH� LQ� FRPSDUL�
VRQ�ZLWK�WKH�EXON�$J�LQWHUPHGLDWH�UDGLDWRU�
+RZHYHU��DW�WKH�VDPH�WLPH��WKH�LQWHQVLW\�RI
WKH� VXEVWUDWH� IOXRUHVFHQW� UDGLDWLRQ� FRPLQJ
IURP�XQGHU�WKH�FRDWLQJ�ZLOO�GHFUHDVH��)RU�D
VLQJOH�FRPSRQHQW�VXEVWUDWH�EHLQJ�XQGHU� WKH
OD\HU� RI� G� WKLFNQHVV�� E\� DQDORJ\� ZLWK� >�@�
WKH�DQDO\WLFDO�OLQH�O��LQWHQVLW\�LV�ZULWWHQ�DV

,�)�0LNKDLORY�HW�DO����&RQWUDVW�HQKDQFHPHQW�RI����

)XQFWLRQDO�PDWHULDOV������������� ���
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ZKHUH�w)��wO�LV�WKH�VSHFWUDO�GLVWULEXWLRQ�RI;�UD\� WXEH� >�@�� H[FLWLQJ� WKH� IOXRUHVFHQFH�
W��O��� PDVV� DEVRUSWLRQ� FRHIILFLHQW� LQ� WKHVXEVWUDWH� PDWHULDO�� WKH� H[SRQHQW� LV� GXH� WR
DWWHQXDWLRQ�RI�LQFLGHQW�P��O��DQG�H[LW�P��O��
UDGLDWLRQ� LQ� WKH� ILOP�� P�
�O�� �

P��O�
VLQM ���

P��O��
VLQ\ �

P�
�O�� �
P��O�
VLQM ���

P��O��
VLQ\ ��ZKHUH�M�DQG�\�DUH�LQ�

FLGHQW� DQG� H[LW� DQJOHV�� UHVSHFWLYHO\�� Z� Û
IOXRUHVFHQFH� \LHOG�� S� Û� WKH� IUDFWLRQ� RI� DQ
DQDO\WLFDO� OLQH� LQWHQVLW\� LQ� WKH� VSHFWUDO� VH�
ULHV�� 6T�� WKH� DEVRUSWLRQ� MXPS�� 6��SU��� WKHVROLG�DQJOH�RI� OLJKWLQJ� WKH�VHFRQGDU\�UDGLD�
WRU��)RU�D�VLQJOH�FRPSRQHQW�ILOP��WKH�LQWHQ�
VLW\�RI�D�O��DQDO\WLFDO�OLQH�>����@�
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ZLWK�P�
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VLQM ���

P��O��
VLQ\ �� ZKHUH�P��O�� DQG

P��O��� DUH� WKH� LQFLGHQW� DQG� WKH� H[LW� UDGLD�

WLRQ�DWWHQXDWLRQV�� UHVSHFWLYHO\�� LQ�WKH�ILOP�
W��O���DEVRUSWLRQ�E\�WKH�ILOP�DWRPV�8QGHU�LUUDGLDWLRQ�RI�D�VDPSOH�E\�WKH�VHF�
RQGDU\� UDGLDWRU�� WKH� LQWHQVLW\� RI� L�WK� DQD�
O\WLFDO� OLQH� IURP� WKH� DWRPV� FRQWDLQHG
WKHUHLQ�DW�&L�FRQFHQWUDWLRQ�������
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ZKHUH�
P�L
 �O�� �

PVS�O��
VLQMVS

���PVS�OL�VLQ\VS
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P�L
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PVS�O��
VLQMVS

���PVS�OL�VLQ\VS
��PVS�� WKH�DWWHQXDWLRQ

FRHIILFLHQW�LQ�WKH�VDPSOH�IRU�UDGLDWLRQV�ZLWK
O���O��DQG�O,��UHVSHFWLYHO\�
3�[�� �­®̄��DW[�!�����DW[�d�� ��D�VWHS�IXQFWLRQ���

7KH� VFDWWHUHG� UDGLDWLRQ� 5�O�� IURP� WKH
VDPSOH� FDQ� EH� REWDLQHG� E\� PXOWLSO\LQJ� WKH
���� E\� D� FRUUHVSRQGLQJ� H[SUHVVLRQ� §¨

©
VVS
PVS


·
¸
¹
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7KHQ�WKH�FRQWUDVW�YDOXH�.� �,IO�OL��5�OL��IRUGLIIHUHQW� DQDO\WLFDO�OL� OLQHV� GHSHQGV� RQ� WKHWRS�OD\HU�WKLFNQHVV�G��
7KH� WDVN� VROXWLRQ� RQ� WKH� FRQWUDVW� H[WUH�

PXP�w.�e�wG� ���JLYHV�WKH�YDOXH�RI�WKH�FRDW�
LQJ�RSWLPXP�WKLFNQHVV���

)LJ�����&DOFXODWHG�FRQWUDVW�.�YDOXHV�YV��ZDYH�
OHQJWK�O�IRU�DQDO\WLFDO� OLQHV�RI�&� ���PDVV���
LPSXULWLHV� RI� 0R� �O� ������c��� *D� �O� 
�����c���&X� �O� ������c���&U� �O� ������c���&O
�O� �����c��� 6L� �O� ������c��� DQG� 0J� �O� 
����c�� LQ�)H�PDWUL[�����$J� UH�UDGLDWRU�����7L
����PP��$J� UH�UDGLDWRU�� 7KH� SRLQWV� VKRZ� WKH
FDOFXODWHG�FRQWUDVW�.�YDOXHV�

)LJ�����&DOFXODWHG�ZDYHOHQJWK�GHSHQGHQFHV�RI
WKH� VHFRQGDU\� UDGLDWRU� VFDWWHULQJ� LQWHQVLW\�
��� EXON� 7L� UDGLDWRU�� ��� EXON� $J� UDGLDWRU�� ��
WZR�OD\HU�7L����PP��$J��EXON��UDGLDWRU��

,�)�0LNKDLORY�HW�DO����&RQWUDVW�HQKDQFHPHQW�RI����

��� )XQFWLRQDO�PDWHULDOV�������������
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'LUHFW� FDOFXODWLRQV� IRU� 7L�$J� SDLU� VKRZ
WKDW�IRU�WKH�����Ü�����c�ZDYHOHQJWK�UDQJH�
WKH� 7L� OD\HU� RSWLPXP� WKLFNQHVV� GHFUHDVHV
IURP����WR����PP�LQ�DSSURDFKLQJ�WR�7L�FRDW�
LQJ�DEVRUSWLRQ�MXPS������

,W� IROORZV� IURP� )LJ����� WKDW� XVLQJ� WZR�
OD\HU� 7L�$J� UDGLDWRU�� WKH� OLQH� FRQWUDVW� RI
WUDFH�LPSXULWLHV�LQ�WKH�)H�PDWUL[�LV�WZLFH�RU
WULSOH�KLJKHU�WKDQ�IRU�WKH�EXON�$J�UDGLDWRU�
7KH� PRVW� HIIHFWLYHO\� WKH� FRQWUDVW� HQKDQFH�
PHQW� VKRXOG� EHFRPH� DSSDUHQW� IRU� OLQHV� RI
OLJKW� HOHPHQWV�� VXFK� DV� VXOIXU�� SKRVSKRU�
VLOLFRQ�HWF��

([SHULPHQWDO�� $FFRUGLQJ� WR� RXU� WHFK�
QLTXH��ZH� LQYHVWLJDWHG� WKH�VHFRQGDU\�UDGLD�
WRU� VSHFWUXP� LQFLGHQW� XVLQJ� WKH� VFDWWHULQJ
VSHFWUXP� RI� KLJK�SXULW\� DPRUSKRXV� FDUERQ
DV�D�VDPSOH�

$V� WKH� UH�UDGLDWRU� WRS� OD\HU� WKLFNQHVV
JURZV�� LQ� WKH� DPRUSKRXV� FDUERQ� VDPSOH
VFDWWHULQJ� VSHFWUXP�� WKH� IUDFWLRQ� RI� WLWD�
QLXP� OLQHV� LQFUHDVHV� DQG�DWWDLQV� DQ� DV\PS�
WRWLF�YDOXH�|�����DW�G|����PP��)LJ������7KLV
LQGLFDWHV�WKDW�IOXRUHVFHQFH�LQWHQVLW\�RI�OLJKW
HOHPHQWV� LQ� WKH� VDPSOH� LUUDGLDWHG� E\� VXFK
UDGLDWRU� ZLOO� LQFUHDVH� DQG� UHDFK� WKH� PD[L�
PXP� YDOXH� DW� G� �����PP�� $W� WKH� VDPH
WLPH�� WKH�$JÜ.D� OLQH� DWWHQXDWHG� LQ� WKH� WRSOD\HU�RI�WKH�UH�UDGLDWRU�GHFUHDVHV�PRQRWRQL�
FDOO\� UHVXOWLQJ� LQ� ORZHULQJ� WKH� OLQH� LQWHQVL�
WLHV�LQ�WKH�O$J�O�O7L�UDQJH��7KXV��XVLQJ�WKHWZR�OD\HU� 7L�$J� UDGLDWRU� LW� LV� SRVVLEOH� WR
DFKLHYH� VXEVWDQWLDO� LQFUHDVLQJ� WKH� UDWLR� RI

OLJKW� HOHPHQW� OLQH� LQWHQVLW\� WR� WKDW� RI� WKH
UHVW� HOHPHQWV� LQ� WKH� VDPSOH� VSHFWUXP�� ,Q
IDFW�� DSSOLFDWLRQ� RI� WKH� WZR�OD\HU� UDGLDWRU
SURYLGHG� WKH� LQWHQVLW\� JDLQ� IRU� DQDO\WLFDO
OLQHV�RI�VLOLFRQ��SKRVSKRU�DQG�VXOIXU�LQ�FRP�
SDULVRQ� ZLWK� WKH� EXON�$J� UDGLDWRU� �)LJ�����
7KLV� SURYLGHG� LQFUHDVLQJ� WKH� VHQVLELOLW\� RQ
WKHVH� HOHPHQWV� E\� D� IDFWRU� RI� �� RU� ��� $F�
FRUGLQJ� WR� RXU� FDOFXODWLRQV� IRU�7L�$J� UH�UD�
GLDWRU��IRU�WKH�VDPSOH�ZLWK�&S� �����PDVV���SKRVSKRU� FRQFHQWUDWLRQ�� LWV� OLQH� FRQWUDVW
VKRXOG� EH� .� ������ WKDW� LV� UDWKHU� FORVH� WR
WKH� H[SHULPHQWDOO\� DFKLHYHG� YDOXH
.� �,OLQH���,IO,IO � ������������� � ������ 7KH� GH�
WHFWDELOLW\�WKUHVKROG�RI������y�����PDVV���
IRU�WKHVH�HOHPHQWV�LV�TXLWH�HQRXJK�IRU�SUDF�
WLFDO�PHDVXUHPHQWV�LQ�FDVW�LURQV�DQG�VWHHOV�

/HW� XV� FRQVLGHU� WKH� UHVXOWV� RI� PHDVXUH�
PHQWV� IRU� WKH� EDFNJURXQG� VFDWWHUHG� E\
DPRUSKRXV� FDUERQ� DW� O� ������c�� L�H�� QHDU
WKH� $J� VXEVWUDWH� O� ������c�� &RPSWRQ� OLQH
�)LJ�����FXUYH�����DQG�DW�O� ������c�QHDU�WKH
WLWDQLXP�FRDWLQJ�DEVRUSWLRQ�HGJH�OHG7L� ������c�)LJ����� FXUYH� ���� 7KH� FXUYH� �� GURSV� WR� DQ
DV\PSWRWLFDO�YDOXH�DOUHDG\�DW����PP�FRDWLQJ
WKLFNQHVV�� DQG� IXUWKHU� WKLFNQHVV� LQFUHDVH
GRHV� QRW� UHVXOW� LQ� DQ\� EDFNJURXQG� GHFUHDV�
LQJ�EXW�ORZHUV�WKH�$JÜ.�IOXRUHVFHQFH�UDGLD�
WLRQ�H[LW��7KHUHIRUH��WKH�PD[LPXP�FRQWUDVW
RI� OLQHV� ZLWK� O�OHG7L� LV� SURYLGHG� DW
G|���PP�� 7KH� EDFNJURXQG� DW� O� ������c
DIWHU� IDVW� IDOOLQJ� LQ� WKH� LQLWLDO� SDUW� RI� WKH
FXUYH� FRQWLQXHV� WR� GHFUHDVH� VORZO\� LQ� WKH
UDQJH� RI� G� ���Ü����PP�� 6XFK� GLIIHUHQFH
EHWZHHQ� WKH� FXUYHV� LQ� )LJ���� VXSSRUWV� WKH
FRQFOXVLRQ� DERXW� DEVHQFH� RI� D� VLQJOH� RSWL�

)LJ����� $� IUDJPHQW� RI� D� FDVW� LURQ� VWDQGDUG
VSHFWUXP�ZLWK�OLQHV�RI�6L��3�DQG�6��7KH�PDVV
SRUWLRQV�RI�WKH�HOHPHQWV�DUH����������DQG�����
PDVV����� UHVSHFWLYHO\�� ([SRVXUH� LV� ��� V�� ��
$J�UH�UDGLDWRU�����7L�����PP��$J�UH�UDGLDWRU�

)LJ�����([SHULPHQWDOO\�PHDVXUHG�IUDFWLRQV�RI
7LÜ.D� DQG�$JÜ.D� OLQH� LQWHQVLWLHV� LQ� WKH� VFDW�WHULQJ�VSHFWUXP�RI�DPRUSKRXV�FDUERQ� LUUDGL�
DWHG� E\�7L�$J� VHFRQGDU\� UDGLDWRUV�ZLWK�YDUL�
RXV�7L�FRDWLQJ�WKLFNQHVVHV�G��
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PXP� YDOXH� G� IRU� ZKROH� ZDYHOHQJWK� UDQJH�

���'LVFXVVLRQ
7KHRUHWLFDO� DQG� H[SHULPHQWDO� LQYHVWLJD�

WLRQV� RI� VFDWWHULQJ� VSHFWUD� KDYH� VXSSRUWHG
WKH� FRQFOXVLRQ� WKDW�� FRPSDUHG� WR� WKH� FRQ�
YHQLHQW� EXON� VHFRQGDU\� UDGLDWRU�� WKH� WZR�
OD\HU�UH�UDGLDWRU�SURYLGHV�VLJQLILFDQW�ORZHU�
LQJ� WKH� VFDWWHULQJ� EDFNJURXQG� DQG� LQFUHDV�
LQJ� WKH� FRQWUDVW� RI� IOXRUHVFHQW� OLQHV� LQ� WKH
ZDYHOHQJWK�UDQJH�EHWZHHQ�WKH�VXEVWUDWH�PD�
WHULDO�DQDO\WLFDO� OLQH�$JÜ.D�DQG�WKH�DEVRUS�WLRQ� HGJH� OHG� RI� WKH� FRDWLQJ�PDWHULDO� �WLWD�QLXP��� 7KHVH� SURYLGHV� DQ� LQFUHDVH� RI� WKH
DQDO\VLV� VHQVLELOLW\� LQ� WKH� VSHFLILHG� UDQJH�
:H� EHOLHYH� WKDW� WKH� PXOWL�OD\HU� VHFRQGDU\
UDGLDWRU�� FRPELQLQJ� IXQFWLRQV� RI�D� UDGLDWRU
DQG�D�ILOWHU�IRU�LQLWLDO�UDGLDWLRQ��SURYLGHV�D
QXPEHU�RI�DGYDQWDJHV�IRU�WKH�VSHFWUXP�FRQ�
WUDVW� HQKDQFHPHQW� LQ� FRPSDULVRQ� WR� ILOWHUV
RI�LQLWLDO�DQG�VHFRQGDU\�UDGLDWLRQV�>�@��$V�LW
ZDV� H[SHFWHG��D� ODUJH�JDLQ� LQ� WKH�VSHFWUXP
DQDO\WLFDO� OLQH� LQWHQVLW\� LV� REVHUYHG� IRU

O!O7L�� L�H�� IRU� OLJKW� HOHPHQW� OLQHV�� ,QWHQVH.�VHULHV� OLQHV� RI� WKH� FRDWLQJ� PDWHULDO� DUH
SRVLWLRQHG�FORVH�HQRXJK�WR�DEVRUSWLRQ�HGJHV
RI�,,,�SHULRG�HOHPHQWV�RI�WKH�3HULRGLF�7DEOH�
VR� WKH\� H[FLWH� WKHVH� HOHPHQWV� PRUH� HIIHF�
WLYHO\� WKDQ� /�VHULHV� RI� $J� VXEVWUDWH�� 7KLV
LPSOLHV�WKDW�DSSOLFDWLRQ�RI�WKH�WZR�OD\HU�UD�
GLDWRU� VLJQLILFDQWO\� H[WHQGV� WKH� HIIHFWLYH
H[FLWDWLRQ� ZDYHOHQJWK� UDQJH�� KHQFH�� WKH
KLJK�VHQVLELOLW\� DQDO\VLV� DV� ZHOO�� 7KH� RSWL�
PL]DWLRQ�WDVN�VROXWLRQ�IRU�WKH�FRDWLQJ�WKLFN�
QHVV� GRSW�O�� LV� ZDYHOHQJWK� GHSHQGLQJ�� )RULQVWDQFH�� GRSW�O�� YDULHV� E\� ���� WLPHV� LQ� WKHO$J�O�O7L�UDQJH�IRU�7L�$J�SDLU��$W�WKH�VDPHWLPH��GRSW�O��LV�JHQHUDOO\�OHVV�WKDQ�WKH�WKLFN�QHVV�ZKLFK�SURYLGHV�IOXRUHVFHQFH�DV\PSWRWL�
FDO� LQWHQVLW\� �GPLQ|����PP� IRU� 7L�$J��
7KHUHIRUH�� WKH� SUDFWLFDO� FKRLFH� RI� WKH� FRDW�
LQJ� WKLFNQHVV� LV� VXEMHFWLYH�� GHSHQGLQJ� RQ
LPSRUWDQFH� RI� RQH� RU� DQRWKHU� ZDYHOHQJWK
UDQJH�FRQWUDVW�HQKDQFHPHQW��

���&RQFOXVLRQV
$SSOLFDWLRQ�RI�WKH�WZR�OD\HU�VHFRQGDU\�UD�

GLDWRU�ZLWK� DQDO\WLFDO� OLQHV� O�� DQG� O��� ZKHQFRPSDUHG�WR�D�KRPRJHQHRXV�RQH��O����SURYLGHVWKH� DQDO\VLV� VHQVLELOLW\� HQKDQFHPHQW� LQ� WKH
ZKROH�ZDYHOHQJWK�UDQJH�GXH�WR�WKH�IROORZLQJ�
�L��WKUHH�IRXU�WLPHV�HIILFLHQF\�JDLQ�IRU�H[FLWD�
WLRQ�RI�OLJKW�HOHPHQWV�ZLWK�OHG!O��LQ�WKH�DQD�O\]HG�VDPSOH���LL��WZR�WKUHH�WLPHV�FRQWUDVW�HQ�
KDQFHPHQW�IRU�WKH�VDPSOH� OLQHV�SRVLWLRQHG� LQ
O�!OHG!O��UDQJH��EHLQJ�WKH�ODUJHU��WKH�FORVHUWR�WKH�FRDWLQJ�DEVRUSWLRQ�HGJH��

5HIHUHQFHV
� ���1�)�/RVHY��4XDQWLWDWLYH�;�5D\�6SHFWUDO�)OXR�

UHVFHQW� $QDO\VLV�� 1DXND�� 0RVFRZ� ������� >LQ
5XVVLDQ@�

� ���9�3�$IRQLQ�� 1�,�.RP\DN�� 9�3�1LNRODHY�
5�,�3ORWQLNRY�� ;�5D\� )OXRUHVFHQW� $QDO\VLV�
HG�� E\�1�)�/RVHY��1DXND��1RYRVLELUVN� ������
>LQ�5XVVLDQ@�

� ���(�0�/XN\DQFKHQNR�� 5�,�3ORWQLNRY�� =DYRG�
VND\D�/DERUDWRULD�������������������

� ���$�<X�*U\D]QRY��(�0�/XN\DQFKHQNR��LQ��;9,,
8UDO� ,QW�� 6FL�� 7HFKQ�� &RQI�� 6SHFWURVF��� 5HS�
$EVWU���(NDWHULQEXUJ��������>LQ�5XVVLDQ@��

)LJ����� $PRUSKRXV� FDUERQ� VFDWWHULQJ� EDFN�
JURXQG� LQWHQVLW\� ,§̈
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