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5HFHLYHG�6HSWHPEHU��������
/XPLQHVFHQFH� VSHFWUD� LQ� OLTXLG� FU\VWDOOLQH� �/&�� VROYHQWV� ZHUH� PHDVXUHG� IRU� VWLOEHQH�

S�WHUSKHQ\O�� R�32323�� �����QDSKW\O����SKHQ\OR[D]ROH� � DQG� RWKHU� FRPSRXQGV� FRPPRQO\
XVHG�DV�OXPLQRSKRUHV�RU�VFLQWLOODWRUV��7KH�FKRLFH�RI�VXEVWDQFHV�ZDV�SURPSWHG�E\�WKH�DELOLW\
RI�WKHLU�PROHFXOHV�WR�DVVXPH�GLIIHUHQW�SUHGRPLQDQW�FRQIRUPDWLRQV�LQ�GLIIHUHQW�SKDVH�VWDWHV
�H�J���VWDQGDUG�RUJDQLF�VROXWLRQ�YV��PHOW�JURZQ�VLQJOH�FU\VWDO���)RU�HDFK�FRPSRXQG�VWXGLHG�
WKH�OXPLQHVFHQFH�VSHFWUD�ZHUH�FRPSDUHG�ZLWKLQ�WKH�VHTXHQFH��VWDQGDUG�RUJDQLF�VROXWLRQ�Û
VROXWLRQ�LQ�/&�PDWUL[�Û�VLQJOH�FU\VWDO���6HYHUDO�GLVWLQFW�FDVHV�FRXOG�EH�VLQJOHG�RXW��ZLWK
WKH�OXPLQHVFHQFH�SHDN�OPD[�VKLIWHG�WR�ORQJHU�ZDYHOHQJWKV��WR�VKRUWHU�ZDYHOHQJWKV��UHPDLQ�LQJ� HVVHQWLDOO\� XQFKDQJHG�� RU� EHLQJ� VSOLW� LQWR� WZR� VHSDUDWH� SHDNV� FRUUHVSRQGLQJ� WR� WZR
FRQIRUPDWLRQV� ZLWK� FORVH� GLVWULEXWLRQ� SUREDELOLWLHV�� )RU� HDFK� FRPSRXQG�� WKH� REVHUYHG
OXPLQHVFHQFH� EHKDYLRU� FRXOG� EH� HDVLO\� DVVRFLDWHG� ZLWK� WKH� FRUUHVSRQGLQJ� FKDQJHV� LQ� WKH
HIIHFWLYH�PROHFXODU�VKDSH�VXSSRVHGO\�LQGXFHG�E\�WKH�/&�DQG�FU\VWDO�RUGHULQJ��7KH�REWDLQHG
GDWD� FRXOG� VHUYH� DV� D� EDVLV� IRU� IXWXUH� VHDUFK� RI� HIILFLHQW� OLTXLG� FU\VWDOOLQH� VFLQWLOODWRUV�
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,W�LV�D�ZHOO�NQRZQ�IDFW�WKDW�OXPLQHVFHQFH
VSHFWUD�RI�PDQ\�FRPPRQO\�XVHG�OXPLQRSKR�
UHV�� PHDVXUHG� XQGHU� WKH� VDPH� H[FLWDWLRQ
FRQGLWLRQV�� FDQ� EH� VXEVWDQWLDOO\� GLIIHUHQW
GHSHQGLQJ� RQ� ZKHWKHU� WKH� OXPLQHVFHQFH� LV
VWXGLHG� LQ� WKH� VWDWH� RI� D� VWDQGDUG� GLOXWH
RUJDQLF�VROXWLRQ�RU��VD\��IRU�D�VLQJOH�FU\VWDO
VDPSOH�� 2QH� RI� WKH� REYLRXV� H[DPSOHV� LV

WUDQV�VWLOEHQH�� ZLWK� LWV� OXPLQHVFHQFH� SHDN
OPD[� VKLIWHG� E\� a��� QP� WR� ORQJHU� ZDYH�
OHQJWKV� IRU� D� VLQJOH� FU\VWDO� VDPSOH� DV� FRP�
SDUHG�ZLWK� LWV�VROXWLRQ�LQ�KHSWDQH�RU�F\FOR�
KH[DQH� >����@�� 7KLV� HIIHFW� FDQ� EH� URXWLQHO\
DVVRFLDWHG�ZLWK�VWLOEHQH�PROHFXOHV�SDFNHG�LQ
WKH�FU\VWDO�ODWWLFH�LQ�D�FRQIRUPDWLRQ�GLIIHU�
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HQW�IURP�WKDW�RFFXUULQJ�LQ�D�TXDVL�IUHH�VWDWH
RI�WKH�GLOXWHG�OLTXLG�VROXWLRQ��

,W�KDV�EHHQ�ORQJ�NQRZQ�>�@�WKDW�WKH�DYHU�
DJH�DQJOH�EHWZHHQ�SKHQ\O�ULQJV�RI�S�VXEVWL�
WXWHG�F\DQRELSKHQ\OV�FDQ�YDU\�IURP�LWV�FDO�
FXODWHG� YDOXH� IRU� WKH� LGHDO� JDV� VWDWH� �a����
WR�WKH�ILUPO\�HVWDEOLVKHG�YDOXH�RI���� LQ�WKH
VROLG� FU\VWDOOLQH� VWDWH� >�@� SDVVLQJ� WKURXJK
YDOXHV� RI� a���� �LVRWURSLF� OLTXLG� VWDWH��� a���
�QHPDWLF� VWDWH�� DQG� a���� �VPHFWLF�$� VWDWH��
7KLV�VXJJHVWHG�WKDW�DFWXDO�HIIHFWLYH�FRQIRU�
PDWLRQV� RI� VWLOEHQH� DQG� RWKHU� OXPLQRSKRUH
PROHFXOHV�FRXOG�DOVR�EH�YDULHG�LQ�WKH�OLTXLG
FU\VWDOOLQH� VWDWH� �L�H��� ZKHQ� WKHVH� OXPLQR�
SKRUH� VXEVWDQFHV� ZHUH� LQWURGXFHG� LQWR� /&
VROYHQWV�����������

7KH� LPSRUWDQFH� RI� WKLV� VWXG\� ZDV� VXS�
SRUWHG� HYHQ� PRUH� E\� WKH� H[SHFWHG� DSSOLFD�
WLRQV� RI� VWLOEHQH�� S�WHUSKHQ\O� DQG� RWKHU
VLPLODU� RUJDQLF� VFLQWLOODWRUV� LQ� WKH� IRUP� RI
SUHVVXUH�FRPSDFWHG� SRO\FU\VWDOOLQH� SHOOHWV
>�Ü�@��ZKHUH�SUHVVXUH�HIIHFWV�FRXOG�VXEVWDQ�
WLDOO\� DIIHFW� WKH� TXDVL�HTXLOLEULXP� FRQIRU�
PDWLRQ�VWDWH�RI�WKH�UHVSHFWLYH�PROHFXOHV�>�@�

7KH� LGHD� RI� LQWURGXFLQJ� RUJDQLF� OXPLQR�
SKRUHV�LQWR�D�/&�PDWUL[�LV�QRW�QHZ�LQ�LWVHOI�
7R�DYRLG�D�ORQJ�OLVW�RI�UHIHUHQFHV��ZH�ZRXOG
MXVW� PHQWLRQ� WKH� XVH� RI� /&�OXPLQRSKRUH
V\VWHPV�IRU�GHYHORSLQJ�RI�HOHFWURRSWLFDO�GH�
YLFHV� ZLWK� FRQWUROOHG� FRORU� FKDQJHV� >�@�� DV
ZHOO�DV�RWKHU�ZRUNV�>��Ü��@�ZKHUH�VXFK�V\V�
WHPV�ZHUH�XVHG�XQGHU�WKH�DVSHFW�RI�WXQDEOH
ODVLQJ�� *HQHUDOO\� VSHDNLQJ�� LQ� WKHVH� ZRUNV
OXPLQHVFHQW�GRSDQWV�ZHUH�XVHG�DV�LQYDULDEOH
FKHPLFDO�XQLWV��ZLWK�OLWWOH�DWWHQWLRQ�SDLG�WR
SRVVLEOH� HIIHFWV� RI� WKH� /&� PDWUL[� RQ� WKH
OXPLQHVFHQFH�VSHFWUXP�

2QH� RI� WKH� IHZ� ZRUNV� GHVFULELQJ� WKH� HI�
IHFWV�RI�WKH�/&�VROYHQW�XSRQ�WKH�OXPLQHVFHQW
VSHFWUD� >��@� UHIHUV� WR� ��R[\� EHQ]DQWKURQH
G\HV�� ZKLFK� GLVSOD\HG� D� VWURQJ� VKLIW� RI� WKH
OXPLQHVFHQFH� PD[LPXP� OPD[� WR� WKH� VKRUW�ZDYH�UHJLRQ��E\�PRUH�WKDQ����QP��XSRQ�GLV�
VROXWLRQ� LQ� WKH�QHPDWLF�PDWUL[�=/,������ �QR
GDWD�RQ�LWV�FKHPLFDO�FRPSRVLWLRQ�ZHUH�JLYHQ��

$� SUHVXPDEO\� FRPSUHKHQVLYH� SXEOLFDWLRQ
RQ�OLTXLG�FU\VWDO�EDVHG�VFLQWLOODWRUV�FRXOG�EH
IRXQG�LQ�>������@��,Q�WKHVH�ZRUNV��KRZHYHU�
WKH� DXWKRUV� XVHG� OXPLQRSKRUHV� ZLWK� NQRZ�
LQJO\� KLJK� HPLVVLRQ� HIILFLHQF\� LQ� F\DQR�
ELSKHQ\O�EDVHG� /&� PDWULFHV�� 7KLV� FRXOG� UH�
VXOW� LQ� WHFKQLFDOO\� JRRG� OXPLQHVFHQFH� FKDU�
DFWHULVWLFV�� EXW� WKH� SK\VLFR�FKHPLFDO
SUREOHP� UHPDLQHG� XQWRXFKHG�� ,W� KDV� EHHQ
NQRZQ� >��Ü��@� WKDW� F\DQRELSKHQ\O� OLTXLG
FU\VWDOV� VKRZ� WKHLU� RZQ� OXPLQHVFHQFH�� WKH
LQWHQVLW\� RI� ZKLFK� LV� RI� WKH� VDPH� RUGHU� RI
PDJQLWXGH� DV� FRPSDUHG� ZLWK� WKDW� RI� VWLO�
EHQH� RU� VLPLODU� FRPSRXQGV� LQWURGXFHG� LQWR

WKH� /&�PDWUL[� LQ� TXDQWLWLHV� RI� VHYHUDO� SHU
FHQW��0RUHRYHU�� IXUWKHU� FRPSOLFDWLRQV� DULVH
IURP�WKH�IDFW�WKDW�F\DQRELSKHQ\OV�FDQ�VKRZ
H[FLPHU� EDQGV� ZLWK� WKHLU� LQWHQVLW\� GHSHQG�
LQJ� XSRQ� WKH� FRQILQHG� JHRPHWU\� >��@�� 7KLV
PDNHV� F\DQRELSKHQ\OV� �DQG�� FRQVHTXHQWO\�
PRVW� RI� WKH� VWDQGDUG� /&� PDWULFHV�� FOHDUO\
XQDFFHSWDEOH� DV� VROYHQWV� IRU� VWXGLHV� RI� /&
RUGHULQJ�XSRQ�OXPLQHVFHQFH�

7KXV�� WKH� LGHD� RI� RXU� VWXG\� ZDV� �D�� WR
XVH�D�/&�PDWUL[�WKDW�ZRXOG�QRW�EH�D�VRXUFH
RI�LWV�RZQ�OXPLQHVFHQFH�FDSDEOH�WR�LQWHUIHUH
ZLWK� WKH� OXPLQHVFHQFH� FRPLQJ� IURP� WKH� LQ�
WURGXFHG� GRSDQWV�� DQG� �E�� WR� XVH� RUJDQLF
OXPLQRSKRUHV� RI� UHODWLYHO\� VLPSOH� FKHPLFDO
VWUXFWXUH� DQG� NQRZQ� FKDUDFWHULVWLFV�� DOORZ�
LQJ� D� VLPSOH� DQG� XQDPELJXRXV� LQWHUSUHWD�
WLRQ�RI�FRQIRUPDWLRQDO�FKDQJHV�LQ�WKHLU�PR�
OHFXODU� VWUXFWXUH� WKDW� FRXOG� EH� LQGXFHG� E\
WKH�QHPDWLF�PDWUL[��

7KH�/&�KRVW�XVHG�ZDV�D�QHPDWLF�PL[WXUH
=K.����� ���������PL[WXUH� RI���EXW\O�� DQG
��KH[\O�WUDQV�F\FORKH[DQHFDUER[\OLF�DFLGV���

7KH� OXPLQHVFHQW� GRSDQWV� LQFOXGHG�
WUDQV�VWLOEHQH�� S�WHUSKHQ\O� �S�7SK��� S\�
UHQH�� R�32323�� ����GLSKHQ\OR[D]ROH� �332��
�����QDSKW\O����SKHQ\OR[D]ROH� �132��� 7KH
GRSDQWV�ZHUH�GLVVROYHG�LQ�WKH�/&�PDWUL[�LQ
WKH� LVRWURSLF�SKDVH�ZLWK�VXEVHTXHQW�FRROLQJ
WR�WKH�QHPDWLF�VWDWH�

7KH�DEVRUSWLRQ�DQG�VWHDG\�VWDWH�OXPLQHV�
FHQFH� VSHFWUD� ZHUH�PHDVXUHG� LQ� D� VWDQGDUG
FHOO� �WKLFNQHVV� a��� PLFURQV�� ZLWK� SODQDU
DOLJQPHQW�RI�/&�DW�URRP�WHPSHUDWXUH�XVLQJ�D
+LWDFKL�����VSHFWURSKRWRPHWHU�DQG�D�)OXRUR�
PD[���VSHFWURIOXRULPHWHU��7KH�FRQFHQWUDWLRQV
XVHG� HQVXUHG� RSWLFDO� GHQVLW\� VLPLODU� WR� GL�
OXWHG��a��Ü�Ü��Ü��0��VROXWLRQV�LQ�KH[DQH��

7KH� PHDVXUHG� SKRWROXPLQHVFHQFH� VSHF�
WUXP� RI� QHPDWLF� =K.����� LV� VKRZQ� LQ
)LJ�� ��� )RU� FRPSDULVRQ� WKH� OXPLQHVFHQFH
VSHFWUXP�RI�FRPPRQO\�XVHG�QHPDWLF�/&�PD�
WUL[� �&%� PHDVXUHG� XQGHU� WKH� VDPH� FRQGL�
WLRQV� LV� VKRZQ� RQ� WKH� VDPH� SLFWXUH�� 7KH
LQWULQVLF� IOXRUHVFHQFH� LQWHQVLW\� RI� �&%� LV
VHYHUDO� RUGHUV� RI� PDJQLWXGH� KLJKHU� WKDQ
WKDW�RI�=K.������0RUHRYHU��WKH�EURDG�VKDSH
RI� �&%� VSHFWUXP�� LQ� IDFW�� UHIOHFWV� D� VXSHU�
SRVLWLRQ� RI� WKH� PRQRPHU� HPLVVLRQ� DW� ���Ü
���� QP� DQG� HPLVVLRQ� RI� �&%� DJJUHJDWHV� LQ
WKH�ORQJ�ZDYHOHQJWK�UHJLRQ�����Ü����QP���LQ�
FOXGLQJ�H[FLPHUV� �����QP���-�� DQG�+�GLPHUV
�DW� ���� DQG� ���� QP�� UHVSHFWLYHO\�� >������@�
7KXV��ZH�FKRVH�=K.�����DV�D�/&�VROYHQW�IRU
OXPLQHVFHQW�GRSDQWV�EHFDXVH�RI�LWV�QHJOLJLEO\
ORZ�LQWULQVLF�IOXRUHVFHQFH�LQWHQVLW\���

)RU�DOO�FRPSRXQGV�ZH�VWXGLHG�DEVRUSWLRQ
VSHFWUD� LQ� WKH� /&� PDWUL[� DQG� D� VWDQGDUG
RUJDQLF� VROYHQW�� DQG� SKRWROXPLQHVFHQFH
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VSHFWUD� LQ� /&�� LVRWURSLF� VROYHQW�� DQG� LQ
FU\VWDOOLQH�IRUP�

,W� KDV� EHHQ� NQRZQ� WKDW� VRPH� WUDQV�VWLO�
EHQH� GHULYDWLYHV� LQ� WKH� LVRWURSLF� VROXWLRQV
IRUP� VXSUDPROHFXODU� DJJUHJDWHV��ZKLFK� DUH
PDQLIHVWHG�LQ�WKH�OXPLQHVFHQFH�VSHFWUD�>��@�
6R�� LQ� WKH� ILUVW� VWDJH� RI� RXU� VWXGLHV� ZH
DWWHPSWHG� WR� YDOLGDWH� RXU� LGHD� WKDW� /&
RUGHU� FRXOG� IDFLOLWDWH� DJJUHJDWLRQ� RI� VWLO�
EHQH�PROHFXOHV��+RZHYHU�� QR� VXFK� HYLGHQFH
ZDV� IRXQG� Û� LW� VHHPV� WKDW� H[FLPHU�W\SH
DJJUHJDWLRQ�LV�UHDOO\�OLPLWHG�WR�VRPH�RI�VWLO�
EHQH� GHULYDWLYHV� >��@�� EXW� LV� QRW� REVHUYHG
IRU� VWLOEHQH� LWVHOI�� ,Q� =K.����� PDWUL[�� DV
FRPSDUHG�ZLWK�KH[DQH�VROXWLRQ��IRU�VWLOEHQH
ZH� REVHUYHG� DQ� LQVLJQLILFDQW� UHG� VKLIW
�DERXW� �� QP�� RI� DEVRUSWLRQ� VSHFWUXP� �)LJ�
����ZLWKRXW�FKDQJH�LQ�LWV�VKDSH��+RZHYHU��LQ
WKH� VDPH� FRQGLWLRQV� SKRWROXPLQHVFHQFH
VSHFWUXP�LQ�/&�GHPRQVWUDWHG�VWURQJ�EDWKR�
FKURPLF� VKLIW� ���� QP��ZLWK� UHVSHFW� WR� KH[�
DQH� VROXWLRQ�� 7KH� SRVLWLRQ� RI� VWLOEHQH� VSHF�
WUXP� LQ� WKH� /&�ZDV� D� VRUW� RI� LQWHUPHGLDWH
EHWZHHQ� WKH� LVRWURSLF� VROYHQW� DQG� D� VLQJOH
FU\VWDOOLQH� VDPSOH�� ,W� LV� ZRUWK� PHQWLRQLQJ
WKDW�IRW�S�73K�WKH�VDPH�TXDOLWDWLYH�SLFWXUH
ZDV�REVHUYHG��EXW�WKH�UHG�VKLIW�RI�WKH�SKR�
WROXPLQHVFHQFH�VSHFWUXP�LQ�/&�PDWUL[�ZLWK
UHVSHFW� WR� WKH� LVRWURSLF� VROXWLRQ� ZDV� PXFK
VPDOOHU� ��� QP��� ZKLFK� SUHVXPDEO\� UHIOHFWV
WKH� IDFW� WKDW� FRQIRUPDWLRQDO�PRYHPHQWV� RI
EHQ]\O� ULQJV� LQ� S�73K� LV� PRUH� UHVWULFWHG
WKDQ� LQ� VWLOEHQH�� 7KLV� K\SRWKHVLV� LV� VXS�
SRUWHG�E\�WKH�IDFW�WKDW�VWLOEHQH�SRO\FU\VWDO�
OLQH�VDPSOHV�DSSHDUHG�WR�EH�PRUH��VHQVLWLYH
WR� FRPELQHG� SUHVVXUH�WHPSHUDWXUH� HIIHFWV
WKDQ�WKRVH�RI�S�73K�>�@�

R�32323� LV� NQRZQ� IRU� LWV� ODUJH� 6WRNHV
VKLIW� GXH� WR� IODWWHQLQJ� RI� LWV� PROHFXOHV� LQ
WKH�H[FLWHG�VWDWH�>��@��,Q�WKH�/&�PDWUL[��ZH
REVHUYHG� QR� VLJQLILFDQW� FKDQJHV� LQ� WKH

VKDSH� DQG� SRVLWLRQ� RI� R�32323� DEVRUSWLRQ
VSHFWUD��)LJ������%XW�LQ�WKH�HPLVVLRQ�VSHFWUD
ZH�REVHUYHG�EURDGHQLQJ�RI�WKH�SHDN�DQG�LQ�
FUHDVLQJ�RI�WKH�6WRNHV�VKLIW� �E\�a���QP�� LQ
WKH� /&� VROYHQW� DV� FRPSDUHG� ZLWK� WKH� LVR�
WURSLF� PDWUL[�� 7KLV� HIIHFW� ZDV� DSSUR[L�
PDWHO\� RI� WKH� VDPH� RUGHU� RI� PDJQLWXGH� LQ
/&� PDWULFHV� RI� GLIIHUHQW� FKHPLFDO� QDWXUH
DQG� SRODULW\� Û� =K.����� DQG� �&%� �)LJ����
FXUYHV�������$�VKRUW�ZDYH�VKRXOGHU�DW����Ü
���� QP� LQ� FXUYH� ��� )LJ����� FRUUHVSRQGV� WR
HPLVVLRQ�RI�WKH�SXUH��&%�PDWUL[���7KLV�VXJ�
JHVWV� WKDW� LQ� WKHVH� FDVHV� WKH� NH\� UROH� LV
SOD\HG� QRW� E\� WKH� FKHPLFDO� QDWXUH� RI� WKH
VROYHQW�� EXW� MXVW� E\� WKH� SUHVHQFH� RI� /&� RU�
GHULQJ��$V�GLVWLQFW�IURP�WKH�FDVHV�RI�VWLOEHQH
DQG�S�73K��WKH�R�32323�VLQJOH�FU\VWDO�HPLV�
VLRQ� VSHFWUXP� ZDV� EOXH�VKLIWHG� ZLWK� UHVSHFW
WR� /&� DQG� HYHQ� LVRWURSLF� VROXWLRQV� RI� R�
32323�� 7KLV� FDQ� EH� H[SODLQHG� E\� WKH� UH�
VWUDLQW� RI� R�32323� PROHFXOH� FRQIRUPDWLRQ
FKDQJHV� LQ� WKH� FU\VWDOOLQH� IRUP� DQG� WKHLU
PRUH�IOH[LEOH�VWDWH�LQ�VROXWLRQV��7KH�/&�HQ�
YLURQPHQW� IDFLOLWDWHV� DGGLWLRQDO� IODWWHQLQJ
RI�WKH�OXPLQRSKRUH�PROHFXOHV�LQ�WKH�H[FLWHG

)LJ�����3KRWROXPLQHVFHQFH�VSHFWUD�RI�/&�PDWUL[
�&%� DQG� =KN����� PHDVXUHG� XQGHU� WKH� VDPH
FRQGLWLRQV�LQ�RXU�H[SHULPHQWV��O� �����QP�

)LJ����� $EVRUSWLRQ� ���� ��� DQG� OXPLQHVFHQFH
��Ü���VSHFWUD�RI�R�32323��O� �����QP������
Û���Ü��0�VROXWLRQ�LQ�KH[DQH�������Û������
VROXWLRQ� LQ� =K.������ ��Û� ����� VROXWLRQ� LQ
�&%����Û�VLQJOH�FU\VWDO�VDPSOH�

)LJ�����$EVRUSWLRQ��������DQG�OXPLQHVFHQFH���Ü
��� VSHFWUD� RI� VWLOEHQH�� O� ����� QP�� ��� �� Û
��Ü��0�VROXWLRQ� LQ�KH[DQH����� ��Û�����VROX�
WLRQ�LQ�=K.��������Û�VLQJOH�FU\VWDO�VDPSOH�
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VWDWH�� FDXVLQJ� DQ� LQFUHDVH� RI� WKH� 6WRNHV
VKLIW�

8QOLNH�WKH�SUHYLRXV�FDVHV��DEVRUSWLRQ�DQG
HPLVVLRQ�VSHFWUD�RI�S\UHQH�GHPRQVWUDWHG�DE�
VROXWHO\� WKH� VDPH� EHKDYLRU� LQ� /&� DQG� LVR�
WURSLF�VROYHQWV��1R�VSHFWUDO�VKLIW�GHSHQGLQJ
RQ�WKH�VROYHQW�RUGHULQJ�FRXOG�EH�QRWHG��)LJ�
���� ,Q� WKH� /&� PDWUL[� ZH� REVHUYHG� WKH� H[�
FLPHU� IRUPDWLRQ� IXOO\� FRUUHVSRQGLQJ� WR� WKH
ZHOO�NQRZQ� S\UHQH� SURSHUWLHV� LQ� WKH� LVR�
WURSLF� VROXWLRQV� >�����@�� $� EURDG� H[FLPHU
EDQG� DSSHDUHG� DW� a���� QP� DQG� VOLJKWO\
VKLIWHG� WR� WKH� ORQJ� ZDYHOHQJWK� ZLWK� LQ�
FUHDVHG� S\UHQH� FRQFHQWUDWLRQ�� ,W� FDQ� EH� DV�
VXPHG� WKDW�� EHFDXVH� RI� LWV� ULJLG� VWUXFWXUH
DQG� YHU\� VPDOO� DQLVRPHWU\�� S\UHQH�KDGV�QR
UHDVRQV� IRU� FKDQJLQJ� LWV� FRQIRUPDWLRQ� RU
REWDLQLQJ� D� SUHIHUUHG� RULHQWDWLRQ� LQ� D� /&
PDWUL[��ZKLFK�UHVXOWV� LQ� WKH�REVHUYHG�VLPL�
ODULW\� RI� WKH� PHDVXUHG� VSHFWUD� LQ� LVRWURSLF
DQG�DQLVRWURSLF�VROYHQWV���

)RU� 332� DQG� 132� �ZHOO�NQRZQ� RUJDQLF
OXPLQRSKRUHV� RI� VLPLODU� FKHPLFDO� VWUXFWXUH
>��@�� ZH� REWDLQHG� TXDOLWDWLYHO\� VLPLODU� UH�
VXOWV�� ZKLFK� �DV� LW� FRXOG� EH� H[SHFWHG��ZHUH
PRUH� SURQRXQFHG� LQ� WKH� FDVH� RI� 132�
&KDQJLQJ� WKH� VROYHQW� IURP� LVRWURSLF� �KH[�
DQH��WR�DQLVRWURSLF��=K.������OHG�WR�D�VOLJKW
EOXH�VKLIW��a��QP��LQ�WKH�DEVRUSWLRQ�VSHFWUD
RI� 132� �)LJ������ 7KH� FKDQJHV� LQ� HPLVVLRQ
VSHFWUD�ZHUH�PRUH�SURQRXQFHG��,QVWHDG�RI�D
VLQJOH� OXPLQHVFHQFH� SHDN� QRWHG� LQ� WKH� LVR�
WURSLF� VROXWLRQ� DW� a���� QP�� WZR� PDUNHG
SHDNV� DSSHDUHG� LQ� WKH� /&� VROYHQW� DW� a���
DQG� a���� QP� �)LJ������ 7KH� SRVLWLRQ� RI� WKH
ORQJ�ZDYHOHQJWK� SHDN� ����� QP�� LV� UDWKHU
FORVH� WR� WKH� � SKRWROXPLQHVFHQFH� SHDN� RI
132�FU\VWDOOLQH�SRZGHU� �����QP�� >��@��$G�
GLWLRQDO�PLFURVFRSLF�REVHUYDWLRQV�VKRZHG�QR
GRSDQW�FU\VWDOOL]DWLRQ�IURP�/&�VROXWLRQ��

:H� FDQ� DVFULEH� WKLV� HIIHFW� WR� WKH� H[LVW�
HQFH� RI� WZR� IDYRUHG� FRQIRUPDWLRQV� RI�132
�DQG� 332�� LQ� /&� HQYLURQPHQW�� 2QH� FRQIRU�
PDWLRQ� FRUUHVSRQGV� WR� WKH� SODQDU�VKDSHG
FRQIRUPDWLRQ�RI�132�PROHFXOH�ZLWK�QDSKW\O
JURXS� LQ�SODQH�ZLWK�WKH�SKHQ\OR[D]ROH�PRL�
HW\�� DV� LQ� WKH� FDVH� RI� FU\VWDOOLQH� VWDWH� RI
132��7KLV� FRQIRUPDWLRQ�FRUUHVSRQGV�WR� WKH
ORQJ�ZDYHOHQJWK� SKRWROXPLQHVFHQFH� SHDN� DW
a���� QP�� DQG� 132�PROHFXOHV� DUH� FRSODQDU
WR� PROHFXOHV� RI� /&�PDWUL[�� 7KH� RWKHU� FRQ�
IRUPDWLRQ� LV� FORVH� WR� WKDW� SUHGRPLQDQW� LQ
WKH� LVRWURSLF� VROXWLRQ� ZLWK� WKH� � QDSKW\O
JURXS� SHUSHQGLFXODU� WR� WKH� SKHQ\OR[D]ROH
PRLHW\� DQG� WR� WKH� SODQH� RI� /&� PROHFXOHV�
%HFDXVH� RI� WKH� VKRUWHQLQJ� RI� S�FRQMXJDWHG
FKDLQ��LQ�WKLV�FDVH�WKH�OXPLQHVFHQFH�SHDN�LV
EOXH�VKLIWHG��a����QP��

7KXV�� LW� FDQ� EH� FRQFOXGHG� WKDW� OXPLQHV�
FHQFH�VSHFWUD�RI�PDQ\�FRPSRXQGV�LQ�WKH�/&
VROYHQWV� VKRZ� VXEVWDQWLDO� GLIIHUHQFHV� DV
FRPSDUHG�ZLWK�WKHLU�VSHFWUD�LQ�WKH�LVRWURSLF
RUJDQLF� VROXWLRQ� DQG� FU\VWDOOLQH� VWDWH�� 7KH
HIIHFW�RI�WKH�/&�RUGHULQJ�RQ�WKH�SKRWROXPL�
QHVFHQFH� SHDN� SRVLWLRQ� �OPD[�� RI� WKH� VXE�VWDQFHV� VWXGLHG� LV� GXH� WR� IDYRULQJ� RI� WKHLU
FHUWDLQ�FRQIRUPDWLRQV�E\�/&�HQYLURQPHQW��

)RU� VWLOEHQH� DQG� S�73K� LQ� /&� PDWUL[�
OPD[� WDNHV� LQWHUPHGLDWH� SRVLWLRQ� EHWZHHQ
LVRWURSLF�VROYHQW�DQG�FU\VWDO�

)RU�R�32323��WKH�6WRNHV�VKLIW�LQ�WKH�/&
PDWUL[�ZDV�IXUWKHU�LQFUHDVHG�EHFDXVH�RI�/&
RUGHULQJ�IDFLOLWDWLQJ�IODWWHQLQJ�RI�WKH�OXPL�
QRSKRUH�PROHFXOH�

7KHUH� ZHUH� QR� UHPDUNDEOH� FKDQJHV� RI
OPD[�SRVLWLRQ�IRU�S\UHQH�EHFDXVH�RI�LWV�ULJLGVWUXFWXUH�DQG� OLWWOH�DQLVRPHWU\�WKDW�UHPDLQ
WKH�VDPH�LQ�WKH�GLIIHUHQW�SKDVH�VWDWHV�

)RU�132� DQG�332��OPD[� VSOLWV� LQWR� WZRVHSDUDWH�SHDNV�FRUUHVSRQGLQJ�WR�WZR�FRQIRU�

)LJ����� $EVRUSWLRQ� ���� ��� DQG� OXPLQHVFHQFH
��Ü���VSHFWUD�RI�S\UHQH��O� �����QP�������Û
��Ü��0�VROXWLRQ� LQ�KH[DQH����Û�������VROX�
WLRQ� LQ�=K.��������Û�����VROXWLRQ� LQ�=K.�
����������Û�����VROXWLRQ�LQ�=K.�����

)LJ����� $EVRUSWLRQ� ���� ��� DQG� OXPLQHVFHQFH
��Ü��� VSHFWUD� RI� 132�� O� �����QP����� ��Û
��Ü�� 0� VROXWLRQ� LQ� KH[DQH�� ��� �� Û� ���� �
VROXWLRQ�LQ�=K.��������Û�FU\VWDOOLQH�SRZGHU�
GDWD�IURP�>��@�
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PDWLRQV� LQGXFHG� E\� WKH� /&� PDWUL[� ZLWK
FORVH�GLVWULEXWLRQ�SUREDELOLWLHV�

7KH� REWDLQHG� HIIHFW� RI� /&� HQYLURQPHQW
RQ� HPLVVLRQ� SURSHUWLHV� RI� RUJDQLF� OXPLQR�
SKRUHV�� WRJHWKHU� ZLWK� GHWDLOHG� VWXG\� RI
PHVRPRUSKLF� DQG� SK\VLFR�FKHPLFDO� SURSHU�
WLHV� RI� VXFK� GRSHG� /&� V\VWHPV� >��@�� FRXOG
VHUYH� DV� D� EDVLV� IRU� IXWXUH� VHDUFK� RI� HIIL�
FLHQW�OLTXLG�FU\VWDOOLQH�VFLQWLOODWRUV�

$FNQRZOHGJHPHQWV�� 7KH� DXWKRUV� WKDQN
9�0�<DVKFKXN� IRU� HQFRXUDJLQJ� GLVFXVVLRQV
DQG�6�9�%XGDNRYVN\�IRU�SURYLGLQJ�WKH�VDP�
SOH�RI�VLQJOH�FU\VWDOOLQH�R�32323����
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