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8QGRSHG� /L)� FU\VWDOV� KDYH� EHHQ� VWXGLHG� E\� WKHUPROXPLQHVFHQFH� �7/�� PHWKRGV� LQ� WKH
WHPSHUDWXUH�UDQJH�RI����WR�����.��$�PHWKRG�IRU�DQDO\VLV�RI�FRPSOH[�WKHUPROXPLQHVFHQFH
SHDNV� KDV� EHHQ� SURSRVHG� WDNLQJ� WKH� EURDG� ���� .� 7/� SHDN� DV� DQ� H[DPSOH�� 7KH� PHWKRG
HQDEOHV� WR� HVWDEOLVK�WKH�FDXVH�RI�WKH�SHDN�EURDGHQLQJ��WKDW� LV�� WR�HVWDEOLVK� LI� WKH�SHDN� LV
HOHPHQWDU\� RQH� �HPLWWHG� DFFRUGLQJ� WR� TXDGUDWLF� NLQHWLFV�� RU� D� FRPSOH[� SHDN� IRUPHG� E\
VHYHUDO�FORVHO\�SRVLWLRQHG�HOHPHQWDU\�SHDNV� IRUPLQJ�D�FRPPRQ�PD[LPXP��7KH�����.�7/
SHDN�KDV�EHHQ�VKRZQ� WR� FRQVLVW�RI� VHYHUDO� VLPSOH�SHDNV��7KH� ORZ�WHPSHUDWXUH�FRPSRQHQW
UHVXOWV� IURP� VXSHUSRVLWLRQ� RI� WZR� RU� PRUH� SHDNV� ZKLOH� WKH� KLJK�WHPSHUDWXUH� RQH� LV� DQ
HOHPHQWDU\� SHDN� �7PD[� ����� .�� ZLWK� OLQHDU� GHFD\� NLQHWLFV�� 2Q� WKH� KLJK� WHPSHUDWXUHVKRXOGHU� RI� WKLV�SHDN�� D� ORZ� LQWHQVLW\�SHDN�ZLWK�D�PD[LPXP�DW� DERXW�����.� LV�SUHVHQW�
7KH�WUDS�DFWLYDWLRQ�HQHUJLHV�DUH�GHWHUPLQHG�IRU�WKH�����.�SHDN�WDNLQJ�LWV�VWUXFWXUH�LQWR
DFFRXQW�
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1XPHURXV�PHWKRGV�DUH�XVHG�WR�GHWHUPLQH
WUDS� SDUDPHWHUV� IURP� WKHUPROXPLQHVFHQFH
�7/��FXUYHV�>�Ü�@��EXW�DOO�RI�WKHP�DUH�DSSOL�
FDEOH�RQO\�WR�LVRODWHG�RU�VOLJKWO\�RYHUODSSHG
7/� SHDNV�� ,Q� SUDFWLFH�� VWURQJO\� RYHUODSSHG
SHDNV� WKDW� IRUP� D� VLQJOH� PD[LPXP� DUH
RIWHQ�REVHUYHG��7KH�ODUJH�KDOIZLGWK�RI�VXFK
D� SHDN� SURYRNHV� VRPHWLPHV� WKH� FRQFOXVLRQ
WKDW�WKH�SHDN�GHFD\�LV�FKDUDFWHUL]HG�E\�VHF�
RQG� RUGHU� NLQHWLFV�� VLQFH� WKH� FRQVLGHUDEOH
UHWUDSSLQJ� SUREDELOLW\� LQFUHDVHV� WKH� SHDN
ZLGWK� DV� FRPSDUHG� WR� WKH� OLQHDU� NLQHWLFV
FDVH��+HUH��ZH�SURSRVH�D�VLPSOH�WHVW�SHUPLW�
WLQJ� WR� HVWDEOLVK� WKH� FDXVH� RI� WKH� SHDN
EURDGHQLQJ��WKDW�LV��WR�HVWDEOLVK�LI�WKH�SHDN

LV� DQ� HOHPHQWDU\� RQH� GHFD\LQJ� E\� VHFRQG
RUGHU� NLQHWLFV� RU� WKH� SHDN� LV� FRPSOH[� RQH
IRUPHG� E\� VHYHUDO� FORVH� HOHPHQWDU\� SHDNV
IRUPLQJ�D�VLQJOH�FRPPRQ�PD[LPXP�

$V� WKH� VWXG\� REMHFW�� D� /L)� FU\VWDO� ZDV
FKRVHQ�� ZKHUH� DQ� LQWHQVH� 7/� SHDN� ZLWK� D
PD[LPXP�DW�����.�LV�REVHUYHG��)LJ������7KH
SHDN�KDV�D�ODUJH�KDOIZLGWK��G� ����.��DQG�LV
DVVRFLDWHG� XVXDOO\�ZLWK� WKH� WKHUPDO� UHOHDVH
RI� VHOI�WUDSSHG� KROHV� �9N� FHQWHUV�� >�@�� /L)GRSHG�ZLWK�0J� DQG�7L� �7/'������ LV�XVHG� LQ
WKH� WKHUPROXPLQHVFHQFH� GRVLPHWU\�� DQG
WKHUH�DUH�PDQ\�ZRUNV�DLPHG�DW�WKH�/L)�WKHU�
PROXPLQHVFHQFH� SURSHUWLHV�� %XW� DOPRVW� DOO
RI� WKHP� GHDO� ZLWK� KLJK�WHPSHUDWXUH� 7/
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�7�!�����.��DQG�RQO\�IHZ�ZRUNV�DUH�GHYRWHG
WR� VWXG\� RI� WKH� ORZ�WHPSHUDWXUH� 7/� RI� /L)
�7�������.�� >�Ü��@��$QRWKHU�SUREOHP�EHLQJ
VROYHG� LQ� WKLV� ZRUN� ZDV� WR� GHWHUPLQH� WKH
DFWLYDWLRQ�HQHUJLHV�RI�WKH�WUDSV�IRUPLQJ�WKH
���� .� SHDN�� WDNLQJ� LQWR� DFFRXQW� WKH� SHDN
VWUXFWXUH�

7KH� 7/� H[SHULPHQWV� ZHUH� FDUULHG� RXW� LQ
WKH� WHPSHUDWXUH� UDQJH� EHWZHHQ� ��� DQG
���� .�� 7KH� FRQVWDQW� KHDWLQJ� UDWH
�����.�Vr�����ZDV� UHJXODWHG� E\� D� FRPSXWHU
SURJUDP��7KH�VDPSOHV�RI�DERXW����u�u��PP�
VL]H�SODFHG�LQ�D�YDFXXP�FU\RVWDW�ZHUH�LUUD�
GLDWHG�ZLWK�;�UD\V� �8� ����N9��,� ����P$�
WKURXJK�D�����PP�WKLFN�EHU\OOLXP�ZLQGRZ�
%HWZHHQ� WKH�;�UD\� LUUDGLDWLRQ� DQG� WKH� IRO�
ORZLQJ�7/�PHDVXUHPHQWV�� WKH� VDPSOHV�ZHUH
QRW�UHPRYHG�IURP�WKH�FU\RVWDW��7KH�7/�ZDV
UHFRUGHG� WKURXJK� D� TXDUW]� ZLQGRZ� RI� WKH
FU\RVWDW�� 7KH� VDPSOHV� ZHUH� VSOLW� RII� IURP
XQGRSHG� /L)� FU\VWDOV� JURZQ� IRU� RSWLFDO
XVDJH� �RSWLFDO� ZLQGRZV�� DQG� IRU� LQYHVWLJD�
WLRQV�� 7KH� VDPSOHV� GLIIHU� LQ� XQFRQWUROOHG
LPSXULWLHV� FRQFHQWUDWLRQV�� QR� GHWDLOHG
DQDO\VLV�RI�LPSXULW\�FRQWHQW�ZDV�SHUIRUPHG�
6DPSOH�1R���ZDV� LUUDGLDWHG�SUHOLPLQDU\�E\
J�&R��� DW� URRP� WHPSHUDWXUH�� LW� KDV� D� GDUN
FKHUU\�FRORU��:H�GLG�QRW�XVH�GRVLPHWULF�PD�
WHULDO� /L)�0J�7L� �7/'������� EHFDXVH� ZH
IRXQG� RQ� PDQ\� H[DPSOHV� WKDW� DW� FRQVLGHU�
DEOH� GRSDQW� FRQFHQWUDWLRQV� �����Ü�����FPÜ��
WKH� WUDS� DFWLYDWLRQ� HQHUJ\� VSHFWUXP� LV� QRW
GLVFUHWH�� WKDW� LV� ZLWK� LQFUHDVLQJ� RI� GRSDQW
FRQFHQWUDWLRQV� WKH� 7/� SHDNV� EURDGHQ� DQG
VLQJOH�OHYHOV�VPHDU�LQWR�EDQGV�

7KH� WUDS� DFWLYDWLRQ� HQHUJLHV�ZHUH� GHWHU�
PLQHG�XVLQJ�WKH�IUDFWLRQDO�7/�PHWKRG��7KH
HVVHQFH� RI� WKH� PHWKRG� YDULDWLRQ� XVHG� KHUH

FRQVLVWV� LQ� UHJLVWUDWLRQ� RI� LQLWLDO� 7/� FXUYH
VHFWLRQ� IRU� D� VLQJO\�H[FLWHG� VDPSOH� XQGHU
VORZ�KHDWLQJ�IROORZHG�E\�UDSLG�FRROLQJ�EDFN
WR� WKH� LQLWLDO� WHPSHUDWXUH�� $IWHU� UHFRUGLQJ
RI� WKH� GDWD�� WKH� VDPSOH� ZDV� KHDWHG� DJDLQ
ZLWK� WKH� 7/� LQWHQVLW\� UHJLVWUDWLRQ� DQG� VR
IRUWK�� 7KH� F\FOHV� RI� KHDWLQJ� DQG� FRROLQJ
ZHUH� UHSHDWHG�XS� WR� WKH� WRWDO� GHFD\� RI� RQH
RU� VHYHUDO� FORVHO\� ORFDWHG� 7/� SHDNV�� 7R� DW�
WDLQ� DERXW� WKH� VDPH�PD[LPDO� LQWHQVLWLHV� RI
LQLWLDO� VORSV�� WKH� VDPSOH� ZDV� KHDWHG� XS� LQ
HDFK�QH[W�F\FOH�WR�D�WHPSHUDWXUH�VRPHWKLQJ
KLJKHU�WKDQ�LQ�SUHYLRXV�RQH��7KH�DGYDQWDJH
RI�WKLV�PHWKRG�LV�WKH�RSSRUWXQLW\�WR�REWDLQ
IRU�FHUWDLQ� LQWHQVH�SHDNV�PRUH� WKDQ�D�KXQ�
GUHG�RI�XQLIRUP�GDWD��WKDW�VXEVWDQWLDOO\�LP�
SURYHV� WKH� GHWHUPLQDWLRQ� DFFXUDF\� RI� WKH
WUDS� DFWLYDWLRQ� HQHUJLHV�� %HVLGHV�� GLYLGLQJ
WKH� HQHUJ\� GHWHUPLQDWLRQ� LQWR� VWDJHV� RI
IUDFWLRQDO� FXUYH�UHJLVWUDWLRQ�DQG� WKH�FRUUH�
VSRQGLQJ� HQHUJ\� FDOFXODWLRQ� WKHUHIURP�SUR�
YLGHV� D� WKRURXJK� PDWKHPDWLFDO� SURFHVVLQJ
RI�H[SHULPHQWDO�GDWD��$OO�WKLV�PDNHV�LW�SRV�
VLEOH� WR� GHWHUPLQH� WKH� WUDS� DFWLYDWLRQ� HQ�
HUJ\� WR�ZLWKLQ� WKH� URRW�PHDQ�VTXDUH� �506�
RI���WR���PH9�

7KH� FRPSXWHUL]HG� GDWD� SURFHVVLQJ� SUR�
JUDP� LQFOXGHV� D� VHTXHQFH� RI� SURFHGXUHV�
VRPH�RI� WKRVH�DUH�EULHIO\�GHVFULEHG� LQ� >��@�
+HUH��ZH�PHQWLRQ�RQO\�WKH�EDFNJURXQG�VXE�
WUDFWLRQ�� 7KH� SURFHGXUH�ZDV� GHYHORSHG� VSH�
FLDOO\�IRU�WKH�DQDO\VLV�RI�WKH�����.�7/�SHDN
LQ�1D&O�>��@��ZKHUH�WKH��LQWULQVLF��7/�FXUYH
LV� IROORZHG�E\�D� UHODWLYHO\� LQWHQVH�HPLVVLRQ
RI� WKH� WXQQHO� RULJLQ�� ZKLFK� GHFD\V� VORZO\�
,Q�/L)��D�EDFNJURXQG�DFFRPSDQLHV�WKH�����.
7/�SHDN�HPLVVLRQ��$W�UHFRUGLQJ�RI�WKH�RYHU�
YLHZ� 7/� FXUYH� �)LJ������ WKH� EDFNJURXQG� LV
EDUHO\� QRWLFHDEOH�� 6LQFH� WKH� UHFRUGLQJ� RI
IUDFWLRQDO�FXUYHV�LV�FDUULHG�RXW�DW�WKH�PHDV�
XULQJ� DSSDUDWXV� VHQVLELOLW\� LQFUHDVHG� E\� D
IDFWRU� RI� ��� WR� ����� WKH� EDFNJURXQG� LQ�
FUHDVHV� UHVSHFWLYHO\�� ,PPHGLDWHO\� �'W�����V�
DIWHU� WKH� VDPSOH� FRROLQJ� WR� WKH� LQLWLDO� WHP�
SHUDWXUH�� WKH� EDFNJURXQG� LQWHQVLW\�PD\�DW�
WDLQ������RI� WKH� IUDFWLRQDO� FXUYH�PD[LPDO
LQWHQVLW\�� 7KH� IDVW� FRPSRQHQW� RI� WKH� EDFN�
JURXQG� ZDV� HOLPLQDWHG� E\� FRQGLWLRQLQJ� RI
VDPSOHV� DW� ��� .� IRU� W�t��� PLQ� EHIRUH� WKH
QH[W� IUDFWLRQDO� KHDWLQJ�� 7KH� VORZ� EDFN�
JURXQG� FRPSRQHQW� ZDV� H[FOXGHG� E\� WKLV
SURFHGXUH� LQ� DVVXPSWLRQ� RI� LWV� FRQVWDQF\
IRU�WKH�ZKROH�LQLWLDO�ULVH��7KH�GDWD�REWDLQHG
IURP� WKH� LQLWLDO� ULVHV�ZHUH� SURFHVVHG� XVLQJ
DQRWKHU� SURJUDP� ZKLFK� SHUPLWWHG� WR� JDLQ
WKH� IUDFWLRQDO� HQHUJ\� GHSHQGHQFHV� YV�� WKH
VHULDO�QXPEHU�RI�WKH�LQLWLDO�ULVH��Q��7KH�WUDS
DFWLYDWLRQ� HQHUJ\� ZDV� GHWHUPLQHG� LI� WKH
DERYH�GHSHQGHQFHV�H[KLELW�D�SODWHDX��$Q�RS�

)LJ�����/RZ�WHPSHUDWXUH�7/�FXUYHV�RI�/L)����
LQLWLDO� VDPSOH� 1R���� ��� WKH� VDPSOH� SUHOLPL�
QDU\� KHDWHG� WR� ���� .�� ��VDPSOH� 1R��� DIWHU
J�LUUDGLDWLRQ�
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SRUWXQLW\� WR�REWDLQ�VHYHUDO�WHQV�RI�XQLIRUP
YDOXHV� RI� IUDFWLRQDO� HQHUJLHV� LPSURYHV� VXE�
VWDQWLDOO\�WKH�GHWHUPLQDWLRQ�DFFXUDF\�RI�WKH
WUDS�DFWLYDWLRQ�HQHUJ\�

7KH� ORZ�WHPSHUDWXUH� SDUW� RI� WKH
7/�FXUYH� /L)� LV� SORWWHG� LQ� )LJ����� &XUYH� �
ZLWK� D� PD[LPXP� DW� 7P� ����� .� FRUUH�VSRQGV�WR�WKH�DV�JURZQ�VDPSOH�1R����FXUYH��
�7P� �����.�� LV� REWDLQHG� DIWHU� SUHOLPLQDU\KHDWLQJ�RI�WKH�H[FLWHG�VDPSOH�WR�����.��IRO�
ORZHG�E\�UDSLG�FRROLQJ�EDFN�WR����.��&XUYH��
�7P� ����� .�� FRUUHVSRQGV� WR� WKH� VDPSOH1R��� ZKLFK� ZDV� LUUDGLDWHG� E\� J�&R��� DW
URRP�WHPSHUDWXUH�SULRU�WR�;�UD\�H[FLWDWLRQ�

7KH� GHSHQGHQFH� RI� WKH� PDLQ� 7/� SHDN
PD[LPXP� SRVLWLRQ� RQ� WKH� VDPSOH� SUHOLPL�
QDU\� WUHDWLQJ� PHWKRG� DQG� LWV� ODUJH
KDOIZLGWK��G� ����.��PD\�EH�GXH�WR�WZR�GLI�
IHUHQW�FDXVHV������WKH�7/�SHDN�LV�QRW�HOHPHQ�
WDU\�� WKDW� LV�� LW� FRQVLVWV� RI� WZR� RU� PRUH
VLPSOH� SHDNV�� ��� WKH� DSSUHFLDEOH� UHWUDSSLQJ
SUREDELOLW\� RI� UHOHDVHG� FDUULHUV� UHVXOWLQJ� LQ
D� GHOD\HG� 7/� SURFHVV�� 7KH� DV\PPHWU\� SD�
UDPHWHU�P� ��7��Ü�7P���7��Ü�7����7���7��DUHWKH� WHPSHUDWXUHV� DW� WKH� KDOI�KHLJKW� RI� WKH
SHDN�DW�LWV�ORZ��DQG�KLJK�WHPSHUDWXUH�VLGHV�
UHVSHFWLYHO\�� OLHV� ZLWKLQ� OLPLWV� RI� ����� WR
������GHSHQGLQJ�RQ�WKH�VDPSOH�DQG�WKH�H[FL�
WDWLRQ�FRQGLWLRQV�� WKDW� LV� FORVH� WR�WKH�YDOXH
P� ������ FKDUDFWHULVWLF� IRU� WKH� ILUVW�RUGHU
NLQHWLFV�>�@�

7R�HOXFLGDWH�WKH�FDXVH�RI�WKH�SHDN�EURDG�
HQLQJ�� ZH� DSSOLHG� D� VLPSOH� WHVW�ZKLFK� FRQ�
VLVWV� LQ� VWXG\� RI� GHSHQGHQFHV� RI� WKH� SHDN
PD[LPXP� ORFDWLRQ� DQG� LWV� KDOIZLGWK� DV
IXQFWLRQV�RI�WKH�OLJKW�VXP�ZKLFK�FKDQJHG�LQ
WZR�PDQQHUV�� ���� E\� YDU\LQJ� RI� WKH� H[FLWD�
WLRQ� WLPH�� ���� E\�KHDWLQJ�RI� WKH� VDPSOH� H[�
FLWHG� LQ� VWDQGDUG� FRQGLWLRQV� �7H[F� ����.�

WH[F� ����PLQ�� XS� WR� GLIIHUHQW� LQWHUPHGLDWHWHPSHUDWXUHV�� IROORZHG� E\� UDSLG� FRROLQJ
EDFN� WR� WKH� LQLWLDO� H[FLWDWLRQ� WHPSHUDWXUH
DQG� VXEVHTXHQW� UHJLVWUDWLRQ� RI� WKH� UHVW� 7/
SHDN��,I�WKH�SHDN�LV�D�VLPSOH�RQH��WKHQ�ERWK
PDQQHUV� RI� WKH� OLJKW� VXP� FKDQJLQJ� PXVW
JLYH� LGHQWLFDO� UHVXOWV� LQGHSHQGHQWO\� RI� WKH
NLQHWLFV�RUGHU��EXW�LQ�WKH�FDVH�RI�D�FRPSOH[
SHDN�� WKH� FRUUHVSRQGLQJ� GHSHQGHQFHV� PXVW
EH�GLIIHUHQW��,Q�IDFW��LI�WKH�SHDN�LV�FRPSOH[
DQG� WKH� FRQFHQWUDWLRQ� RI� WKH� ILOOHG� WUDSV
FKDQJHV� E\� WKH� SUHOLPLQDU\� SDUWLDO� KHDWLQJ
�DQQHDOLQJ��� WKHQ� WKH� WUDSV� UHODWHG� WR� WKH
ORZ�WHPSHUDWXUH� SHDN� DUH� PRVWO\� HPSWLHG�
7KHUHIRUH�� DV� WKH� WRWDO� SHDN� LQWHQVLW\� GH�
FUHDVHV��WKH�SHDN�PD[LPXP�PXVW�VKLIW�LWVHOI
WRZDUGV� KLJKHU� WHPSHUDWXUHV�� DQG� LWV
KDOIZLGWK� PXVW� GHFUHDVH�� $W� YDULDWLRQ� RI
WKH� H[FLWDWLRQ� WLPH�� WKHVH� SDUDPHWHUV� PD\
FKDQJH�LQ�ERWK�GLUHFWLRQV��GHSHQGLQJ�RQ�WKH
UHODWLRQV�EHWZHHQ�WKH�ILOOLQJ�UDWHV�RI�GLIIHU�
HQW�W\SHV�RI�WUDSV�GXULQJ�WKH�H[FLWDWLRQ�

5HVXOWV�RI�WKLV�VWXG\�IRU�WKH�VDPSOH�1R��
DUH� SUHVHQWHG� LQ� )LJV���� DQG� ��� ,W� IROORZV
IURP� WKHVH� GDWD� WKDW� WKH� ���� .� 7/� SHDN
FRQVLVWV�RI�VHYHUDO�FORVH�HOHPHQWDU\��VLPSOH�
SHDNV�� $V� WKH� OLJKW� VXP� GHFUHDVHV� GXH� WR
KHDWLQJ� XS� WR� DQ� LQWHUPHGLDWH� WHPSHUDWXUH
�)LJV��������FXUYHV�����SDUDPHWHUV�7P�DQG�GFKDQJH�IDVW�DW�ILUVW�DQG�DIWHU�WKH�OLJKW�VXP
EHFRPHV�GHFUHDVHG�E\�D� IDFWRU� RI�DERXW����
DUH� IODWWHQHG� RXW�� ,QGHSHQGHQFH� RI� WKH� 7PSRVLWLRQ� RI� WKH� OLJKW� VXP� SRLQWV� WKDW� WKH
KLJK�WHPSHUDWXUH� FRPSRQHQW� RI� WKH� SHDN� LV
DQ�HOHPHQWDU\�RQH��7P� �����.�DQG�G� ����.�ZKLFK� GHFD\V� DFFRUGLQJ� WR� OLQHDU� NLQHWLFV�
7KLV� SHDN� REWDLQHG� E\� SDUWLDO� DQQHDOLQJ
�SUHOLPLQDU\�KHDWLQJ�WR�����.��LV�SUHVHQWHG
LQ� )LJ���� �FXUYH����� 2Q� D� KLJK� WHPSHUDWXUH

)LJ����� 'HSHQGHQFH� RI� WKH� PDLQ� SHDN�7P� RQWKH� OLJKW� VXP�� ��Û� YDULDWLRQ� RI� WKH� H[FLWD�
WLRQ�WLPH����Ü�SDUWLDO�DQQHDOLQJ�

)LJ����� 'HSHQGHQFH� RI� WKH� ���� .� 7/� SHDN
KDOIZLGWK�RQ�WKH�OLJKW�VXP����Û�YDULDWLRQ�RI
WKH�H[FLWDWLRQ�WLPH����Û�SDUWLDO�FOHDQLQJ�
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VKRXOGHU� RI� WKH� SHDN�� WKHUH� LV� D� ORZ�LQWHQ�
VLW\�SHDN�ZLWK� D�PD[LPXP�DW� DERXW�����.
LV�� LW� DOZD\V� IROORZV� WKH� PDLQ� ���� .� 7/
SHDN�>�Ü��@�

,W� WXUQHG� RXW� WKDW� WKH� FRQFHQWUDWLRQ� RI
WKH� ILOOHG� WUDSV� FRUUHVSRQGLQJ� WR� WKH� WRWDO
����.�SHDN�GHSHQGV�VWULFWO\�OLQHDUO\�RQ�WKH
LUUDGLDWLRQ� WLPH� �WKH� VWUDLJKW� OLQH� VORSH� LV
�'OQQ���'OQWH[S�� ��������ZLWKLQ�WKH�UDQJH�RIXVHG�LUUDGLDWLRQ�WLPHV��WH[S� ����WR������V��7KH� OLQHDULW\� RI� WKH� GRVH� GHSHQGHQFH� LV� LQ�
GLFDWLYH�RI�WKH�DEVHQFH�RI�VDWXUDWLRQ� LQ�WKH
WUDSV� RFFXSDWLRQ�� $W� WKH� VDPH� WLPH�� WKH
FXUYH��� LQ�)LJ���� LQGLFDWHV�VRPH�GHFUHDVLQJ
RI� WKH�WRWDO�SHDN�KDOIZLGWK�ZLWK� LQFUHDVLQJ
LUUDGLDWLRQ� WLPH�� 6XFK� EHKDYLRU� FDQ� EH� H[�
SODLQHG� E\� GHFUHDVLQJ� RI� WKH� WUDSV� ILOOLQJ
UDWH� IRU� WKH�����.�SHDN�ZLWK� LQFUHDVLQJ�RI
WKH� LUUDGLDWLRQ� GRVH�� &RQVLGHULQJ� DOVR� WKH
OLQHDULW\� RI� WKH� GRVH� GHSHQGHQFH� IRU� WKH
WRWDO�SHDN��LW�FDQ�EH�FRQFOXGHG�WKDW�IRU�WKH
UHVLGXDO� SHDN� DW� ���� .�� WKH� VDWXUDWLRQ� RI
WKH� WUDSV� RFFXSDWLRQ� RFFXUV� DQG�� DW� WKH
VDPH�WLPH��WKH�DEVHQFH�RI�VDWXUDWLRQ�IRU�WKH
ORZ�WHPSHUDWXUH�FRPSRQHQW��7KH�OLQHDU�GRVH
GHSHQGHQFH� HYLGHQFHV� D� KLJK� FRQFHQWUDWLRQ
RI� FRUUHVSRQGLQJ� WUDSV�ZKLFK� DUH� REYLRXVO\
FDXVHG� E\� LQWULQVLF� GHIHFWV� FUHDWHG� GXULQJ
WKH� LUUDGLDWLRQ� �LQ� WKLV� FDVH�� WKH� VHOI�
WUDSSHG� KROHV� >�@��� 7KH� VDWXUDWLRQ� IRU� WKH
KLJK� WHPSHUDWXUH� FRPSRQHQW� ����� .��� RQ
WKH�FRQWUDU\�� LQGLFDWHV�D� OLPLWHG�FRQFHQWUD�
WLRQ�RI�FRUUHVSRQGLQJ�WUDSV��VR�WKRVH�FDQ�EH
DWWULEXWHG�WR�H[WULQVLF�GHIHFWV�

/HW� XV� DQDO\]H� WKH� SHFXOLDULWLHV� RI� WKH
���� .� SHDN� KDOIZLGWK� EHKDYLRU� DW� SDUWLDO
DQQHDOLQJ� DVVXPLQJ� WKDW� WKH� SHDN� FRQVLVWV
RI�WZR�VLPSOH�SHDNV�RQO\��WKHVH�SHDNV�GHFD\�
LQJ� DFFRUGLQJ� WR� ILUVW� RUGHU� NLQHWLFV� DQG
EHLQJ� FKDUDFWHUL]HG� E\� GLVFUHWH� WUDS� HQHU�
JLHV�� :LWKRXW� SDUWLDO� DQQHDOLQJ�� WKH� 7/
SHDN�KDOIZLGWK�LV�GHILQHG�E\�LWV�LQWHQVH�ORZ�
WHPSHUDWXUH� FRPSRQHQW�� ,I� WKH� SDUWLDO� DQ�
QHDOLQJ�LV�SHUIRUPHG�XS�WR�WKH�WHPSHUDWXUH
ZKHQ�WKH�PDLQ�FRQWULEXWLRQ�WR�WKH�SHDN� LQ�
WHQVLW\�LV�GXH�WR�WKH�KLJK�WHPSHUDWXUH�FRP�
SRQHQW��WKHQ� LW� LV�MXVW�WKDW�FRPSRQHQW�WKDW
GHILQHV�WKH�SHDN�KDOIZLGWK��,Q�WKH� LQWHUPH�
GLDWH�FDVH��ZKHQ�DERXW�WKH�VDPH�DPRXQWV�RI
QRQ�HTXLOLEULXP� FKDUJHV� UHPDLQ� LQ� ERWK
W\SHV� RI� WUDSV�� WKH� ERWK� SHDN� FRPSRQHQWV
FRQWULEXWH� DSSUR[LPDWHO\� HTXDOO\� WR� WKH
WRWDO� KDOIZLGWK�� WKHUHIRUH�� QDWXUDOO\�� LW
PXVW� EH� WKH� ODUJHVW�� LI� WKH� FRPSRQHQWV� DUH
VOLJKWO\� VHSDUDWHG� LQ� WHPSHUDWXUH�� ,Q� H[�
SHULPHQW� �)LJ����� FXUYH� ���� ZLWK� LQFUHDVLQJ
DQQHDOLQJ� WHPSHUDWXUH�� D� PRQRWRQRXV� GH�
FUHDVH�IROORZHG�E\�VWDELOL]DWLRQ�RI�WKH�WRWDO
SHDN� KDOIZLGWK� LV� REVHUYHG� RQO\�� 6XFK� EH�

KDYLRU� DOORZV� WR� DGPLW� WKDW� WKH� ORZ�WHP�
SHUDWXUH� FRPSRQHQW� LV� D� VXSHUSRVLWLRQ� RI
WZR�RU�PRUH�YHU\�FORVH�SHDNV�� ,W� LV�QRW� LP�
SRVVLEOH� WKDW� D� FRQWLQXRXV� GLVWULEXWLRQ� RI
WKH� WUDSV� LQ�HQHUJLHV�DQG�RU� IUHTXHQF\� IDF�
WRUV�LV�UHDOL]HG�KHUH�

,Q� )LJ����� WKH� GDWD� RQ� WKH� SUHOLPLQDU\
IUDFWLRQDO� GHFD\� RI� WKH� ����.�7/� SHDN� IRU
WKH� VDPSOH� 1R��� DUH� SUHVHQWHG�� 7KH� SORW
����� LQ�)LJ����VKRZV�WKH�HQHUJ\�GHSHQGHQFH
YV�� WKH� RUGLQDO� QXPEHU� RI� WKH� LQLWLDO� IUDF�
WLRQDO� FXUYH� Q� �Q� ��� WR� ����� 7KLV� GHSHQG�
HQFH� LV� DQRPDORXV� LQ� WKH� VHQVH� WKDW� DV� RI
WKH� LQLWLDO� IUDFWLRQDO� FXUYH� QXPEHU� LQ�
FUHDVHV�� WKH� HQHUJ\� GRHV� QRW� LQFUHDVH� DV� LW
ZRXOG� EH� H[SHFWHG� FRQVLGHULQJ� WKH� FRPSOH[
SHDN� VWUXFWXUH� EXW�� RQ� WKH� FRQWUDU\�� GH�
FUHDVHV� PRQRWRQRXVO\� IURP� ����� H9� WR
����� H9�� $V� PHQWLRQHG� DERYH�� WKH� ���� .
SHDN� LV� REVHUYHG� DJDLQVW� D� WXQQHO� HPLVVLRQ
EDFNJURXQG�� WKH� VORZ� FRPSRQHQW� RI� WKLV
HPLVVLRQ�ZDV�H[FOXGHG�E\�WKH�SURJUDP�SUR�
FHGXUH� XQGHU� DVVXPSWLRQ� RI� LWV� FRQVWDQF\
IRU� DOO� WKH� LQLWLDO� IUDFWLRQDO� FXUYHV�� ZKLOH
LWV�IDVW�FRPSRQHQW�ZDV�HOLPLQDWHG�E\�FRQGL�
WLRQLQJ� WKH� VDPSOHV� DW� ��� .� IRU� W� ���PLQ
EHIRUH� WKH� QH[W� IUDFWLRQDO� KHDWLQJ�� $W� WKLV
FRQGLWLRQLQJ� WLPH�� WKH� UHODWLYH� GHFUHDVH� RI
WKH� EDFNJURXQG� LQWHQVLW\� GXULQJ� WKH� UHJLV�
WUDWLRQ� RI� WKH� LQLWLDO� IUDFWLRQDO� FXUYH
�a�� PLQ�� GLG� QRW� H[FHHG� �� ��� 7KH� EDFN�
JURXQG� YDOXH� QRUPDOL]HG� WR� XQLW\� LV� SUH�
VHQWHG� LQ� )LJ����� SORW� ��� 7KHUHLQ�� WKH� SORW
�OLQH�� �� UHSUHVHQWV� WKH� OLJKW� VXP� UHODWLYH
FKDQJH� DIWHU� WKH� UHJLVWUDWLRQ� RI� D� QH[W� LQ�
LWLDO�IUDFWLRQDO�FXUYH��$�JRRG�FRUUHODWLRQ�EH�
WZHHQ� WKHVH� WZR� GHSHQGHQFLHV� LV� ZRUWK� WR
QRWH�

7KH� H[SHULPHQW� GHVFULEHG� DERYH� KDV� RF�
FXUUHG� WRR� FRQWLQXRXV� DQG� VR� LW� ZDV� QRW

)LJ�����7KH�LQLWLDO�IUDFWLRQDO�FXUYH�GHSHQGHQFHV
RI� WKH� ����.�7/� SHDN����Û� LQLWLDO� IUDFWLRQDO
FXUYH�HQHUJ\����Û�EDFNJURXQG����Û�OLJKW�VXP�
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SHUIRUPHG� WR� WKH� FRPSOHWH� JORZLQJ� RI� WKH
����.�SHDN��7KH�PD[LPXP�WHPSHUDWXUH�DW�
WDLQHG� DW� WKH� ODVW� LQLWLDO� ULVH� UHJLVWUDWLRQ
�Q� �����ZDV� ����.� RQO\� �DQ� DUURZ� LQ� )LJ�
����7KH�SXUSRVH�RI�D�QH[W�H[SHULPHQW�ZDV�WR
GHWHUPLQH� WKH� ERXQGDU\� DFWLYDWLRQ� HQHUJLHV
IRU� WKLV� FRPSOLFDWHG� SHDN�� 7KH� H[FLWDWLRQ
WLPH�ZDV� LQFUHDVHG� WKUHH� WLPHV� DQG� WKH�GH�
YLFH� VHQVLWLYLW\� WHQ� WLPHV�� 7KH� FDOFXODWLRQ
UHVXOWV� DUH� SUHVHQWHG� LQ� )LJ����� SORW����7KH
HQHUJLHV�GHWHUPLQHG�IURP����LQLWLDO�ULVHV�ILW
WKH�SODWHDX�ZLWK�YDOXH�(� ������r������H9�
7KHQ�WKH�VDPSOH�ZDV�KHDWHG�WR�����.�ZLWKRXW
UHJLVWUDWLRQ� RI� WKH� JORZLQJ� LQWHQVLW\� DQG
FRROHG� UDSLGO\�� 7KH� UHVW� RI� OLJKW� VXP� ZDV
JORZHG� LQ� �� F\FOHV�� WKH� HQHUJ\� RI� WKH� KLJK
WHPSHUDWXUH�FRPSRQHQW������.��RI�WKH�FRPSOL�
FDWHG� SHDN� GHWHUPLQHG� IURP� WKHVH� LQLWLDO
ULVHV�ZDV�(� ������r������H9��)LJ�����SORW���� �
%HVLGHV� WKH� SURJUDP� PDQQHU� WKH� EDFN�
JURXQG� FDQ� EH� H[FOXGHG� E\� FRQGLWLRQLQJ
RI� WKH� VDPSOH� DW� ��� .� IRU� D� ORQJ� WLPH
DIWHU� QH[W� LQLWLDO� ULVH� UHFRUGLQJ�� $IWHU
FRQGLWLRQLQJ� RYHU� RQH� KRXU� WKH� EDFNJURXQG
YDOXH�GLG�QRW�H[FHHG�������RI�WKH�PD[LPXP
LQWHQVLW\� RI� DQ� LQLWLDO� ULVH��7KH�HQHUJLHV� FDO�
FXODWHG� FRQVLGHULQJ� WKH� UHVW� EDFNJURXQG� KDV
RFFXUUHG� FRQVLGHUDEO\� ODUJH�� (� ������H9�
)LJ�����SORW���

7KH�ORZ�LQWHQVLW\�����.�SHDN�LV�VLWXDWHG
DW�WKH�ORZ�WHPSHUDWXUH�VKRXOGHU�RI�WKH�PDLQ
���� .� SHDN�� WKHUHIRUH�� WKH� WUDS� DFWLYDWLRQ
HQHUJ\� GHWHUPLQHG� E\� WKH� LQLWLDO� ULVH
PHWKRG�PXVW�EH�RYHUYDOXHG��,Q�)LJ�����SORW���
WKH�HPLVVLRQ�RI�WKH�����.�SHDN�LV�LQGLFDWHG
E\� WZR� ILUVW� SRLQWV� ZLWK� WKH� HQHUJ\
a�����H9��$W�HVSHFLDOO\�VHOHFWHG�H[SHULPHQW
FRQGLWLRQV��D�VKRUW�H[SHULPHQW�GXUDWLRQ�DQG
D�KLJK�GHYLFH�VHQVLWLYLW\���WKH�REWDLQHG�WUDS
HQHUJ\� YDOXHV� LQFUHDVHG� PRQRWRQRXVO\
ZLWKLQ� WKH� UDQJH� RI������ WR� ���� H9��6R� WKH
HQHUJ\�RI� WKH�����.�SHDN�FDQ�EH�HVWLPDWHG
DV�(��������H9��7KH�LQWHQVLW\�RI�WKH�����.
7/�SHDN�RFFXUUHG�WRR�VPDOO�VR�ZH�FRXOG�QRW
GHWHUPLQH�WKH�FRUUHVSRQGLQJ�WUDS�HQHUJ\�

7KH�H[LVWHQFH� RI� EDFNJURXQG�DFFRPSDQ\�
LQJ� WKH� ORZ�WHPSHUDWXUH� 7/� LQ� /L)� LV� REYL�
RXVO\� FDXVHG�E\� D� ORZ�PRELOLW\� RI�KROHV� UH�
OHDVHG� IURP� WKH� 9N� FHQWHUV� DQG� VLPXOWDQH�RXVO\�E\�WKH�SRVVLELOLW\�RI�WKH�9N�FHQWHUV�WRGR� WKHUPRDFWLYDWHG� MXPSV� DW� ORZ� �a��� .�
WHPSHUDWXUHV� WKURXJK� WKH� URWDWLRQ� RI� WKH
)�Ü� PROHFXOH�� $W� UHJLVWUDWLRQ� RI� WKH� QH[WLQLWLDO� IUDFWLRQDO� FXUYH�� RQO\� D� IUDFWLRQ� RI
KROHV� UHOHDVHG� IURP� 9N� FHQWHUV� DWWDLQV� WKHUHFRPELQDWLRQ� FHQWHUV� GXH� WR� WKH� LQVLJQLIL�
FDQW� PRELOLW\� WKHUHRI�� $QRWKHU� IUDFWLRQ� RI
KROHV� DIWHU� PRYLQJ� IURP� WKHLU� DQWHFHGHQW
SRVLWLRQV� GRHV� QRW� UHFRPELQH� DQG� LV� IUR]HQ

DIWHU�WKH�VDPSOH�FRROLQJ��$�IUDFWLRQ�RI�WKHVH
GLVSODFHG� KROHV� LV� FDXJKW� XS� QHDU� WR� WKH
UHFRPELQDWLRQ� FHQWHUV� DQG� KDV� RSSRUWXQLW\
WR� UHFRPELQH�ZLWK� WKRVH� DIWHU�RQH�RU�D� IHZ
WKHUPRDFWLYDWHG� URWDWLRQ� MXPSV� RU� E\� WXQ�
QHOLQJ� LPPHGLDWHO\� LQWR� DQ� H[FLWHG� VWDWH� RI
WKH� OXPLQHVFHQFH� FHQWHU�� 7KH� QXPEHU� RI
KROHV� UHOHDVHG� LQ� D� IUDFWLRQDO� F\FOH� LV� SUR�
SRUWLRQDO�WR�WKH�QXPEHU�RI�ILOOHG�WUDSV�ZKDW
SURYLGHV� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� VXE�
WUDFWHG�EDFNJURXQG�LQWHQVLW\�DQG�WKH�UHVW�RI
OLJKW�VXP�

7KH�UHJXODULWLHV�LQ�WKH�HQHUJ\�VSHFWUD�RI
WUDSV�IRUPLQJ�WKH�����.�7/�SHDN�FRUUHODWH��DV
D�ZKROH��ZLWK�WKH�DERYH�FRQFOXVLRQV��7KH�DFWL�
YDWLRQ� HQHUJ\� RI� WKH� ���� .� SHDN� ZDV� GHWHU�
PLQHG� LQ� >��@�� 7KH� HQHUJ\� GHWHUPLQHG� E\� WKH
WRWDO� FXUYH� ILWWLQJ� PHWKRG� LV� (�� �������H9�ZKDW� LV� FRQVLGHUDEOH� OHVV� RI� WKH� YDOXH� RE�
WDLQHG� E\� XV�� 7KLV� LV� FDXVHG� REYLRXVO\� E\
WDNLQJ�QR�DFFRXQW�IRU�WKH�FRPSOH[�VWUXFWXUH
�VKDSH�� RI� WKH� SHDN� DQG� WKH� LQWHQVH� EDFN�
JURXQG�� 7KH� HQHUJ\� GHWHUPLQHG� E\� WKH� LQ�
LWLDO� IUDFWLRQDO� FXUYH�PHWKRG� KDV� RFFXUUHG�
WR�WKH�FRQWUDU\��WRR�ODUJH��(�� �������H9��$YDOXH�VLPLODU�WR�WKDW�FDQ�EH�REWDLQHG�LI�WKH
VDPSOH� LV� FRQGLWLRQHG� IRU� D� ORQJ� WLPH� �W�!
���� K�� EHIRUH� WKH� QH[W� IUDFWLRQDO� KHDWLQJ
DQG�WKH�EDFNJURXQG�LV�QRW�FRPSHQVDWHG��7KH
FDXVH�RI�WKH�HQHUJ\�YDOXH�LQFUHDVLQJ�IRU�WKH
���� .� SHDN� IURP� ������ H9� WR� ������ H9
DIWHU� GXUDEOH� LVRWKHUPDO� GHFD\� UHPDLQV�XQ�
NQRZQ�� ,Q� WKH� VXEVHTXHQW� VSHFLDO� VWXGLHV�
ZH� VKDOO� WU\� WR� HOXFLGDWH� WKH�PHFKDQLVP� RI
WKH�HQHUJ\�LQFUHDVLQJ�

6R�� ZKHQ� VWXG\LQJ� WKH� EURDG� ���� .� 7/
SHDN�� LW� KDV� EHHQ� IRXQG� WKDW� WKH� SHDN� FRQ�
VLVWV�RI�VHYHUDO�FORVH�VLPSOH�SHDNV��7KH�ORZ�
WHPSHUDWXUH� FRPSRQHQW� LV� D� VXSHUSRVLWLRQ
RI� WZR�RU�PRUH�YHU\�FORVH�SHDNV��7KH�KLJK�
WHPSHUDWXUH� FRPSRQHQW� RI� WKH� SHDN� LV� HOH�
PHQWDU\�RQH��7P� �����.��ZKLFK�GHFD\V�DF�FRUGLQJ�WR�OLQHDU�NLQHWLFV��$W�WKH�KLJK�WHP�

)LJ����� 'HWHUPLQDWLRQ� RI� HQHUJLHV� RI� WKH
����.�7/�SHDN��&RQGLWLRQLQJ�EHIRUH�UHJLVWUD�
WLRQ����Û���PLQ����Û����PLQ�
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SHUDWXUH�VKRXOGHU�RI�WKLV�SHDN��D�ORZ�LQWHQ�
VLW\� SHDN� ZLWK� D� PD[LPXP� DW� a���� .� LV
GLVSRVHG�� LW�DOZD\V� IROORZV�WKH�PDLQ�����.
7/�SHDN��7KH� WUDS�DFWLYDWLRQ� HQHUJLHV�ZHUH
DOVR�GHWHUPLQHG� IRU� WKH�����.�SHDN� WDNLQJ
LQWR�FRQVLGHUDWLRQ�LWV�VWUXFWXUH���7KH�FRUUH�
VSRQGLQJ�WUDSV�FDQ�EH�FKDUDFWHUL]HG�E\�DFWL�
YDWLRQ�HQHUJLHV������������H9��WKH�ORZ�WHP�
SHUDWXUH� FRPSRQHQWV�� DQG� ����� H9� �WKH
KLJK�WHPSHUDWXUH�FRPSRQHQW���$V�D�ZKROH��D
PHWKRG� KDV� EHHQ� SURSRVHG� WR� DQDO\]H� FRP�
SOH[� WKHUPROXPLQHVFHQFH� SHDNV� WDNLQJ� WKH
����.�7/�SHDN�DV�DQ�H[DPSOH��7KH�PHWKRG
PDNHV�LW�SRVVLEOH�WR�HVWDEOLVK�WKH�FDXVH�RI�WKH
SHDN� EURDGHQLQJ�� WKDW� LV�� WR� HVWDEOLVK� LI� WKH
SHDN�LV�HOHPHQWDU\�RQH�GHFD\LQJ�DFFRUGLQJ�WR
WKH� VHFRQG� RUGHU� NLQHWLFV� RU� LW� LV� D� FRPSOH[
RQH�IRUPHG�E\�VHYHUDO�FORVH�HOHPHQWDU\�SHDNV
IRUPLQJ�D�VLQJOH�FRPPRQ�PD[LPXP�
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