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/XPLQHVFHQFH�VSHFWUD�RI�FDUED]ROH��GLSKHQ\ODPLQH��WUL�S�WRO\ODPLQH�DQG�1�1c�GLSKHQ\O�

1�1c�ELV���PHWK\OSKHQ\O������c�GLSKHQ\O�����c�GLDPLQH� VROXWLRQV� LQ� WROXHQH� DQG� YDULRXV
SRO\PHU� PDWULFHV� KDYH� EHHQ� VWXGLHG� DW� �� DQG� ���� .�� 7KH� SUREDELOLW\� RI� LQWHUV\VWHP
FURVVLQJ� IURP� WKH� ILUVW� VLQJOHW� H[FLWHG� VWDWH�6�� WR� WKH� WULSOHW� RQH�7�� KDV� EHHQ� IRXQG� WRGHSHQG� RQ� WKH�PROHFXOH� FKHPLFDO� QDWXUH�� LWV� VSDWLDO� VWUXFWXUH�� DQG� LQWHUDFWLRQ� ZLWK� WKH
HQYLURQPHQW�DQG�WR�LQFUHDVHV�DV�WKH�SRO\PHU�PDWUL[�GHQVLW\�ULVHV��XQGHU�DSSOLHG�H[WHUQDO
XQLD[LDO�SUHVVXUH�DV�ZHOO�DV�XQGHU�LQIOXHQFH�RI�H[WHUQDO�KHDY\�EURPLQH�DWRP�
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3RO\VW\UHQH� �36�� DQG� SRO\FDUERQDWH� �3&�
ILOPV� FRQWDLQLQJ� DURPDWLF� DPLQHV� LQ� KLJK
FRQFHQWUDWLRQV� �DERXW� �� 0�� RU� DPRUSKRXV
ILOPV� IRUPHG� E\� DURPDWLF� DPLQH� GHSRVLWLRQ
DUH�XVHG�DV�KROH�WUDQVSRUWLQJ�OD\HUV�LQ�HOHF�
WUR�SKRWRJUDSK\�UHFHLYHUV�IRU�[HUR[�GHYLFHV
DQG� ODVHU�SULQWHUV� >�@� RU� LQ� OXPLQHVFHQW�GL�
RGHV� >�@��7KH�IXQFWLRQV�RI�WUDQVSRUWLQJ�DQG
HPLWWLQJ� OD\HUV� LQ� DQ� HOHFWUROXPLQHVFHQFH
GLRGH� FDQ� EH� FRPELQHG� E\� LQWURGXFLQJ� PR�
OHFXODU� IUDJPHQWV� RI� SKHQ\O�� VXEVWLWXWHG
DPLQHV�LQWR�D�SRO\PHU�PDFURPROHFXOH�>�@��,Q
SUDFWLFH�� WUL�S�WRO\ODPLQH� �77$�� DQG� 1�1c�
GLSKHQ\O�1�1c�ELV���PHWK\OSKHQ\O������c�GL
SKHQ\O�����c�GLDPLQH� �73'�� PROHFXOHV� DUH
XVHG�PRVW�RIWHQ�

,Q� WKH� FRXUVH� RI� HOHFWUR�SKRWRJUDSKLF
SURFHVV�� WKH� SKRWRUHFHLYHU� VXUIDFH� LV

FKDUJHG�LQ�DLU�XVLQJ�D�FRURQD�GLVFKDUJH�WKDW
LV� DFFRPSDQLHG� E\� 89� HPLVVLRQ�� IRUPDWLRQ
RI� VLQJOHW� R[\JHQ�� R]RQH� DQG� QLWURJHQ� R[�
LGHV�>����@��$V�D�UHVXOW��YDULRXV�SKRWRFKHPL�
FDO� UHDFWLRQV� UXQ� LQ� WKH� SKRWRUHFHLYHU�� LQ
SDUWLFXODU�� SKRWRF\FOL]DWLRQ� RI� SKHQ\O�VXE�
VWLWXWHG� DPLQHV� LQWR� FDUED]ROHV�� 7KLV� UHDF�
WLRQ� RFFXUV� DV� D� UXOH� XQGHU� WKH� PROHFXOH
H[FLWDWLRQ� LQWR� WKH� ORZHVW� WULSOHW� VWDWH� 7�>����@�� %HVLGHV�� WKH� QRQ�UDGLDWLYH� 6�Ü7�WUDQVLWLRQ� IURP� WKH� ILUVW� VLQJOHW� H[FLWHG
VWDWH��6���WR�7��RQH��LQWHUV\VWHP�FURVVLQJ��LVRI�JUHDW� LPSRUWDQFH� LQ�GHDFWLYDWLRQ�RI�HOHF�
WURQ�H[FLWHG�PROHFXOHV� >����@�� $OWKRXJK� WKH
6�Ü7��WUDQVLWLRQ�DV�ZHOO�DV�UDGLDWLYH��SKRV�SKRUHVFHQFH��DQG�QRQ�UDGLDWLYH��LQWHUV\VWHP
GHJUDGDWLRQ� RI� WKH� HOHFWURQ� HQHUJ\�� WUDQVL�
WLRQV� IURP� WKH� 7�� VWDWH� WR� WKH� JURXQG� 6�
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RQH� DUH� VSLQ�IRUELGGHQ�� WKH� SURKLELWLRQ� LV
HOLPLQDWHG� LQ�SDUW�GXH� WR� WKH� VSLQ�RUELW� LQ�
WHUDFWLRQ� WKDW�PL[HV� WKH� VLQJOHW�DQG� WULSOHW
PROHFXODU� VWDWHV�� 7KH� SUREDELOLW\� RI� WKH
WUDQVLWLRQV�PHQWLRQHG�GHSHQGV� ERWK�RQ� IHD�
WXUHV�RI�WKH�PROHFXOH�LWVHOI�DQG�RQ�LWV�LQWHU�
DFWLRQ�ZLWK�WKH�HQYLURQPHQW�>��������@��'XU�
LQJ� WKH� [HUR[� RU� ODVHU� SULQWHU� RSHUDWLRQ� DV
ZHOO� DV� LQ� IOH[LEOH� HOHFWUROXPLQHVFHQW
VFUHHQV��WKH�SRO\PHU�OD\HUV�DUH�VXEMHFWHG�WR
PHFKDQLFDO� ORDGLQJ�� 7KHUHIRUH�� LW� LV� RI� LQ�
WHUHVW� WR� VWXG\� WKH� HIIHFW� RI� XQLD[LDO� SUHV�
VXUH�RQ�WKH�SUREDELOLW\�RI�LQWHUV\VWHP�WUDQ�
VLWLRQV�LQ�DURPDWLF�DPLQH�PROHFXOHV�

,Q� WKLV� ZRUN�� WKH� IOXRUHVFHQFH� �)O�� DQG
SKRVSKRUHVFHQFH� �3K�� VSHFWUD� DUH� VWXGLHG
DQG� WKH� )O� TXDQWXP� \LHOG� YDOXHV� �))O�� DQG3K� GHFD\� WLPH� �W3K�� YDOXHV� DUH� GHWHUPLQHGIRU� FDUED]ROH�� GLSKHQ\ODPLQH� �'3$��� 77$�
DQG�73'�PROHFXOHV� LQ�WROXHQH��7R�HVWDEOLVK
D� GHSHQGHQFH� RI� WKH� 6�Ü7�� DQG� 7�Ü6�� LQ�WHUV\VWHP�FURVVLQJV�SUREDELOLW\�RQ�WKH�SRO\�
PHU�PDWUL[�GHQVLW\��U���)O�DQG�3K�VSHFWUD�RI
77$� DQG� 73'� PROHFXOHV� LQ� SRO\HWK\OHQH
�3(��� SRO\VW\UHQH� �36��� SRO\����EURPR�VW\�
UHQH� ��%U36��� SRO\FDUERQDWH� �3&�� DQG� SRO\�
YLQ\O�FKORULGH��39&O��DUH�VWXGLHG�DV�ZHOO�DV
)O� DQG�3K� VSHFWUD� RI�77$� DQG�73'� LQ�36�
�%U36�DQG�3&�XQGHU�DSSOLHG�XQLD[LDO�SUHV�
VXUH����NEDU���7KH�VWUXFWXUH�IRUPXODV�RI�WKH
VWXGLHG�PROHFXOHV�DUH�SUHVHQWHG�LQ�)LJ����

7KH�SRO\PHU�DQG�DURPDWLF�DPLQHV�SUHSD�
UDWLRQV�ZHUH�GLVVROYHG�LQ�WROXHQH��7KH����WR
����PP� WKLFN� ILOPV�ZHUH� REWDLQHG� E\� SRXU�
LQJ�WKH�VROXWLRQV�RQWR�PHWDO�VXEVWUDWHV�DQG
GU\LQJ�DW�URRP�WHPSHUDWXUH��7KH�)O�DQG�3K
VSHFWUD� ZHUH� UHFRUGHG� XVLQJ� D� 6'/��� VSHF�
WURPHWHU�DQG�D�KLJK�SUHVVXUH�PHUFXU\�ODPS

ZLWK�D�VHW�RI�DEVRUELQJ�JODVV�OLJKW�ILOWHUV�DV
WKH�H[FLWDWLRQ�VRXUFH��)RU�ORZ�WHPSHUDWXUH�H[�
SHULPHQWV��DQ�RSWLFDO�KHOLXP�FU\RVWDW�ZDV�XVHG
ZLWK� PROWHQ� TXDUW]� ZLQGRZV� SURYLGHG� ZLWK
DXWRPDWLF� WHPSHUDWXUH� VWDELOL]DWLRQ� V\VWHP�
7KH� DEVROXWH� )O� TXDQWXP� \LHOGV� IRU� 77$� DQG
73'�ZHUH�GHWHUPLQHG�LQ�UHODWLRQ�WR�WKH�)O�\LHOG
RI�WULSKHQ\ODPLQH�VROXWLRQ�LQ�WROXHQH�WKDW�JLYHV
))O�|�������DW�����.�>�@��7R�PHDVXUH�W3K��WKHFRQWLQXRXV� H[FLWLQJ� HPLVVLRQ� RI� WKH� PHUFXU\
ODPS�ZDV�FKRSSHG�E\�D�PHFKDQLFDO�VKXWWHU�DQG
WKH�VHFWLRQ�RI�3K�VSHFWUXP�LVRODWHG�E\�D�PRQR�
FKURPDWRU� �WKH� VSHFWUDO� VORW� ZLGWK� ZDV� OHVV
WKDQ�����QP��ZDV�UHFRUGHG�XVLQJ�D�307��7KH
VLJQDOV�ZHUH�SURFHVVHG�E\�D�3&�

7R� SURYLGH� D� KLJK� SUHVVXUH�� D� VSHFLDO
PLFUR�FODPS� ZDV� XVHG� FRQVLVWLQJ� RI� WZR
�� PP� WKLFN� VWHHO� SODWHV� WKDW� ZHUH� GUDZQ
WRJHWKHU�XVLQJ�WZR�VFUHZV��7KH�XSSHU�SODWH
ZDV� SURYLGHG� ZLWK� D� �� PP� GLD�� RULILFH
FORVHG� E\� D� �� PP� WKLFN� VDSSKLUH� ZLQGRZ�
7KH� VDPSOH� ZDV� SODFHG� EHWZHHQ� WKH� ORZHU
SODWH� DQG� WKH� VDSSKLUH�ZLQGRZ��7KH�PLFUR�
FODPS�ZLWK�WKH�VDPSOH�DQG�WHPSHUDWXUH�VHQ�
VRU� DQG�KHDWHU� FRQQHFWHG� WKHUHWR�ZDV� IL[HG
RQ�D�PDQLSXODWRU�DQG�SODFHG�LQWR�WKH�ZRUN�
LQJ� FKDPEHU� RI� WKH� FU\RVWDW�� 'XULQJ� WKH
PHDVXUHPHQWV�� WKH� VDPSOH� ZDV� VXUURXQGHG
ZLWK� KHOLXP� YDSRU�� 7KH� DEVROXWH� SUHVVXUH
DSSOLHG� WR� WKH� VDPSOH� ZDV� GHWHUPLQHG� DW
URRP� WHPSHUDWXUH� IURP� WKH� VKLIW� RI� UXE\
FU\VWDO� OXPLQHVFHQFH� OLQH� 5�� �������FPÜ�
WKDW� VKRZV� D� EDWKRFKURPLF� VKLIW� E\
������FPÜ��NEDU� DV� WKH� SUHVVXUH� LQFUHDVHV
ZLWKLQ��Ü����NEDU�UDQJH�>��@�

1RZ� OHW� WKH� FRQQHFWLRQ� EH� FRQVLGHUHG� EH�
WZHHQ� WKH� FKHPLFDO� VWUXFWXUH� RI� DQ� DPLQH
PROHFXOH�DQG�LWV�OXPLQHVFHQFH�SURSHUWLHV�LQ�OLT�
XLG� DQG� IUR]HQ� WROXHQH� VROXWLRQ� �OH[�� �����QP�

)LJ�����)OXRUHVFHQFH�VSHFWUD��OH[�� �����QP��7 �����.��RI�FDUED]ROH� �����'3$� ���� DQG�73'
����LQ�WROXHQH��&� ���Ü��0��
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&DUED]ROH 77$

'3$ 73'
)LJ����� 6WUXFWXUH� IRUPXODV� RI� FDUED]ROH�
'3$��77$�DQG�73'�
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&� ���Ü��0���,Q�)LJ�����SUHVHQWHG�DUH�WKH�)O
VSHFWUD� �7� �����.�� RI� FDUED]ROH��'3$�DQG
73'�� 7KH� FDUED]ROH� VROXWLRQ� VSHFWUXP� LV
VHHQ�WR�EH�RI�GLVWLQFWO\�YLEUDWLRQDO�VWUXFWXUH
�FXUYH� ���� ,Q� FRQWUDVW�� WKH� VSHFWUD� RI� '3$
VROXWLRQ� �FXUYH� ��� DV� ZHOO� DV� RI� 77$� DQG
73'��FXUYH����RQHV�FRQVLVW�RI�D�EURDG�VWUXF�
WXUHOHVV� EDQG�� 7KH� PD[LPXP� SRVLWLRQV� RI
WKH�LQLWLDO�)O�VSHFWUD��OPD[)O��DV�ZHOO�DV�))OYDOXHV� IRU� FDUED]ROH�� '3$�� 77$� DQG� 73'
DUH�SUHVHQWHG�LQ�WKH�7DEOH�EHORZ��1RWH�WKDW
WKH� )O� VSHFWUD� RI� FDUED]ROH� DQG� '3$� VROX�
WLRQV�LQ�WROXHQH��7� �����.��DUH�LGHQWLFDO�LQ
VKDSH�WR�VSHFWUD�RI�VROXWLRQV�LQ�HWKDQRO�DQG
F\FORKH[DQH�>������@�

7KH� OXPLQHVFHQFH� VSHFWUD� RI� IUR]HQ
�7�  � �� .�� WROXHQH� VROXWLRQV� RI� FDUED]ROH�
'3$��77$�DQG�73'�DUH�SUHVHQWHG�LQ�)LJ����
7KH�VWUXFWXUDO�3K�LV�REVHUYHG�LQ�DOO�WKH�IUR�
]HQ�VROXWLRQV��ZKLOH�QR�YLEUDWLRQDO�VWUXFWXUH
DSSHDUV� LQ� WKH� VSHFWUD� RI� IUR]HQ� '3$� DQG
77$� VROXWLRQV�� 7KH� DEVHQFH� RI� VDLG� VWUXF�
WXUH� LQ� WKH� )O� VSHFWUD� RI� OLTXLG� '3$�� 77$
DQG� 73'� VROXWLRQV� DV� ZHOO� DV� LQ� WKRVH� RI
IUR]HQ� '3$� DQG� 77$� VROXWLRQV� DSSHDUV� WR
EH� GXH� WR� LQKRPRJHQHRXV� H[SDQVLRQ� FDXVHG
E\� QRQ�ULJLG� PROHFXODU� VWUXFWXUHV�� 7KLV� LV
HYLGHQFHG� E\� WKH� GLVWLQFW� YLEUDWLRQDO� VWUXF�
WXUH� LQ� WKH� )O� VSHFWUXP� RI� FDUED]ROH� VROX�
WLRQ� �7� ����� .�� DQG� WKH� DEVHQFH� RI� WKDW
VWUXFWXUH�LQ�WKH�'3$�VSHFWUXP��)LJ������WKH
PROHFXOHV� RI� WKRVH� FRPSRXQGV� FRQWDLQ� �
HDFK�EXW�KDYH�WKH�ULJLG�SODQDU�VWUXFWXUH�DQG
QRQ�ULJLG� QRQ�SODQDU� RQH�� UHVSHFWLYHO\� >��@�
7KH� 7DEOH� FKDUDFWHUL]HV� WKH� SRVLWLRQV� RI
OPD[)O��PD[LPXP�SRVLWLRQV�RI�WKH�LQLWLDO�3KVSHFWUD� �OPD[3K��� WKH� HQHUJ\� LQWHUYDOV� EH�WZHHQ�WKH�)O�EDQG�PD[LPXP�DQG�WKH�LQLWLDO
EDQG�RI�3K�VSHFWUXP��(PD[)O�Ü�(PD[3K���WKHUDWLRV� RI� 3K� DQG� )O� TXDQWXP� \LHOGV
�)3K�))O�� DQG� W3K� YDOXHV� IRU� FDUED]ROH�'3$�� 77$� DQG� 73'� VROXWLRQV� LQ� WROXHQH
�7�  ��� .��� ,W� KDV� EHHQ� HVWDEOLVKHG� WKDW�
ZKHQ� SDVVLQJ� IURP� WROXHQH� VROXWLRQV� WR� 36
PDWUL[�� WKH�))O� �7� �����.�� IRU� VDLG�PROH�FXOHV� UHPDLQ� FRQVWDQW� WR� ZLWKLQ� ��� ��
ZKLOH�DV�WKH�WHPSHUDWXUH�LV�ORZHUHG�GRZQ�WR

��.��WKH�))O�YDOXHV�IRU�WKH�PROHFXOHV�LQ�36EHFRPH����WR������KLJKHU�
,W� IROORZV� IURP� WKH� 7DEOH� WKDW� LQ� WKH

'3$�77$�73'�VHTXHQFH��WKDW�LV��DV�WKH�PR�
OHFXODU� S�V\VWHP� VL]H� HQODUJHV�� WKH� OPD[)ODQG�OPD[3K� SRVLWLRQV� VKRZ� D� VPRRWK� EDWKR�FKURPLF� VKLIW� DQG� WKH� (PD[)O�Ü�(PD[3K� LQ�WHUYDO� GLPLQLVKHV�� OLNH� WR� WKH� VLWXDWLRQ� RE�
VHUYHG�IRU�OLQHDU�SRO\DFHQHV�>��@��0RUHRYHU�
'3$�DQG�77$�PROHFXOHV�VKRZ�D�YHU\�ORZ�)O
TXDQWXP� \LHOG�� ,W� KDV� EHHQ� VKRZQ� >�@� WKDW
DW�ORZ�WHPSHUDWXUHV��LW�LV�MXVW�WKH�LQWHUV\V�
WHP�FURVVLQJ�WKDW�LV�WKH�PDLQ�PHFKDQLVP�RI
QRQ�UDGLDWLYH�GHDFWLYDWLRQ�RI�WKH�6��VWDWH�RIFRPSOH[� DURPDWLF� PROHFXOHV�� LQFOXGLQJ

)LJ����� )OXRUHVFHQFH� DQG� SKRVSKRUHVFHQFH
VSHFWUD��OH[�� �����QP��7� ���.��RI�FDUED]ROH�����'3$������77$�����DQG�73'�����LQ�WROXHQH
�&� ���Ü��0��

7DEOH��/XPLQHVFHQFH�SDUDPHWHUV�RI�FDUED]ROH��'3$��77$�DQG�73'�LQ�WROXHQH

0ROHFXOH 7� �����z 7� ���z
OPD[)O��QP ))/ OPD[)O�QP

OPD[3K�QP
(PD[)O�Ü�(PD[3K��H9 )3K�))O W3K��V�

&DUED]ROH ��� ���� ��� ��� ���� � ��
'3$ ��� ���� ��� ��� ���� � ��
77$ ��� ���� ��� ��� ���� � ����
73' ��� ���� ��� ��� ���� ��� ����
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'3$�� WKH� TXDQWXP�\LHOG� RI� VDLG�SURFHVV� LQ
WKH�ODWWHU�FRPSRXQG�EHLQJ�FORVH�WR�XQLW\��,W
LV� NQRZQ� >����@� WKDW� WKH� 6�Ü7�� DQG�7�Ü6�WUDQVLWLRQ�SUREDELOLWLHV�LQ�D�PROHFXOH�GHSHQG
RQ� WKH� VSLQ�RUELW� LQWHUDFWLRQ� VWUHQJWK� DQG
WKH� HQHUJ\� GLIIHUHQFH� RI� WKH� VWDWHV� EHLQJ
PL[HG�� 8QOLNH� WKH� FDUED]ROH� PROHFXOH�� WKH
�S=� RUELWDO� RI� ORQH� HOHFWURQ� SDLU� RI� WKH� QL�WURJHQ�KHWHURDWRP� LQ�'3$�DQG�77$� LV� RUL�
HQWHG��GXH�WR�VSDWLDO�VWUXFWXUH�RI�WKH�PROH�

FXOHV��QRW�SDUDOOHO� WR��SS�RUELWDOV�RI�SKHQ\OULQJ� EXW� DW� D� FHUWDLQ� DQJOH� WKHUHWR�� 7KHUH�
IRUH�� WKH� SUREDELOLW\� RI� 6�Ü7�� DQG� 7�Ü6�LQWHUV\VWHP� WUDQVLWLRQV� LQ� VXFK� PROHFXOHV
PXVW�EH�KLJKHU�WKDQ�LQ�FDUED]ROH�>��@��,W�LV
VHHQ� IURP� WKH� 7DEOH� WKDW�� ZKHQ� SDVVLQJ
IURP� FDUED]ROH� WR� '3$� KDYLQJ� D� VLPLODU
YDOXH� RI�(PD[)O�Ü�(PD[3K� LQWHUYDO�� WKH�))ODQG� W3K� YDOXHV� GHFUHDVH� ZKLOH� WKH�)3K�))OUDWLR�LQFUHDVHV��7KXV��WKH�FKDQJHV�LQ�DERYH�
PHQWLRQHG� FKDUDFWHULVWLFV� DVVRFLDWHG� ZLWK
SDVVLQJ�IURP�FDUED]ROH�WR�'3$�DQG�77$�DUH
GXH�PDLQO\�WR� LQFUHDVH�RI�WKH�VSLQ�RUELW�LQ�
WHUDFWLRQ�FDXVHG�E\�WKH�PROHFXODU�VWUXFWXUH
QRQ�SODQDULW\��:KHQ�SDVVLQJ�IURP�'3$�DQG
77$� WR� 73'�� WKH� )3K�))O� UDWLR� GHFUHDVHVZKLOH� WKH� ))O� DQG� W3K� YDOXHV� LQFUHDVH�7KHUHIRUH�� LW� FDQ� EH� VXSSRVHG� WKDW� WKH
KLJKHU�))O� YDOXH� IRU�73'� LV�GXH�PDLQO\� WRORZHUHG� SUREDELOLW\� RI� WKH� 6�Ü7�� LQWHUV\V�WHP� FURVVLQJ� FDXVHG� E\� LQFUHDVHG� HQHUJ\
GLIIHUHQFH�EHWZHHQ�6��DQG�7��OHYHOV�1RZ�OHW�WKH�OXPLQHVFHQFH�VSHFWUD�EH�FRQ�
VLGHUHG�IRU�WKH�DURPDWLF�DPLQHV�LQ�SRO\PHU
PDWULFHV��,Q�)LJ�����SUHVHQWHG�DUH�WKH�)O�DQG
3K�VSHFWUD��OH[�� �����QP��7� ���.��RI�77$�&� ���Ü�� 0�� LQ� 3(�� 39&O�� 36� DQG� �%U36
PDWULFHV� DQG� LQ� )LJ����� VLPLODU� VSHFWUD� IRU
73'��&� ���Ü��0��LQ�36��3&��DQG��%U36��,W
LV�VHHQ�WKDW��ZKHQ�SDVVLQJ�IURP�IUR]HQ�WROX�
HQH� VROXWLRQV� WR� WKRVH� LQ�SRO\PHU�PDWULFHV�
WKH� YLEUDWLRQDO� VWUXFWXUH� RI� 77$� DQG� 73'
PROHFXODU�VSHFWUD�EHFRPHV�VPHDUHG��DV�ZHOO
DV� WKDW� WKH� UHODWLYH� 3K� LQWHQVLW\� �WKDW� LV�
WKH�)3K�))O��LQFUHDVHV��7KH�FKDQJHV�LQ�VSHF�WUD� LQWHQVLI\� LQ� WKH� DERYH�PHQWLRQHG� VH�
TXHQFHV� RI� SRO\PHUV�� )RU� H[DPSOH�� WKH
)3K�))O� UDWLR� EHFRPHV� DSSUR[LPDWHO\� GRX�EOHG� ZKHQ� SDVVLQJ� IURP� 3(� WR� 39&O� IRU
77$�RU� IURP�36� WR�3&� IRU�73'��7KH�PHQ�
WLRQHG�FKDQJHV�LQ�77$�DQG�73'�VSHFWUD�DUH

)LJ����� )OXRUHVFHQFH� DQG� SKRVSKRUHVFHQFH� VSHFWUD� �OH[�� �����QP��7� ���.�� RI� 73'� �&� ���Ü��0��D��LQ�36������3&�����DQG��%U36������E��LQ�36�DQG��%U36�XQGHU�SUHVVXUH�3� ���DQG���NEDU�

)LJ����� )OXRUHVFHQFH� DQG� SKRVSKRUHVFHQFH
VSHFWUD� �OH[�� ����� QP�� 7� ��� .�� RI� 77$�&� ���Ü��0���D��LQ�3(�����DQG�39&O������
E��LQ�36�����DQG��%U36�����
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LQ�FRUUHODWLRQ�ZLWK�LQFUHDVLQJ�GHQVLW\��U��RI
WKH�SRO\PHU�PDWUL[��U�|�����������������DQG
����J�FP��IRU�3(��36��3&�DQG�39&O��UHVSHF�
WLYHO\���+RZHYHU�� W3K� LV�QRW� FKDQJHG�DSSUH�FLDEO\�ZKHQ�SDVVLQJ�IURP�WKH�IUR]HQ�WROXHQH
VROXWLRQ� WR� VROXWLRQV� LQ� VDLG� SRO\PHUV�� $W
WKH� VDPH� WLPH��ZKHQ�36�PDWUL[� LV� FKDQJHG
WR� �%U36�� ))O� DQG� W3K� YDOXHV� EHFRPH� DS�SUR[LPDWHO\� KDOYHG� IRU� DOO� WKH� PROHFXOHV
VWXGLHG�� ZKLOH� WKH� )3K�))O� UDWLR� LQFUHDVHVWZLFH�RU�WKULFH��VHH��H�J���)LJV���D�DQG��E��

,Q� )LJ���E�� SUHVHQWHG� DUH� WKH� )O� DQG� 3K
VSHFWUD� �OH[�� ����� QP�� 7� ��� .�� RI� 73'�&� ���Ü�� 0�� LQ� 36� DQG� �%U36� PDWULFHV
PHDVXUHG� SULRU� WR� DQG� DIWHU� DSSOLFDWLRQ� RI
XQLD[LDO�SUHVVXUH����NEDU���7KH�VSHFWUDO�SR�
VLWLRQV�RI�)O�DQG�3K�EDQGV�LV�VHHQ�WR�EH�QRW
LQIOXHQFHV�E\� WKH�SUHVVXUH�ZKLOH�WKH�3K� LQ�
WHQVLW\� LQFUHDVHV�� 7KHVH� FKDQJHV� DUH� PRUH
SURQRXQFHG� ZKHQ� �%U36� PDWUL[� LV� VXEVWL�
WXWHG� IRU� 36� RQH�� ,W� KDV� EHHQ� HVWDEOLVKHG
DOVR�WKDW�WKH�W3K�RI�73'�UHPDLQV�XQFKDQJHGXQGHU� WKH� SUHVVXUH�� 6LPLODU� UHVXOWV� KDYH
EHHQ�REWDLQHG�IRU�77$�LQ�36��3&�DQG��%U36
PDWULFHV��7KH�FKDQJHV�LQ�OXPLQHVFHQFH�SURS�
HUWLHV� RI� WKH� DPLQHV� GXH� WR� WKH� 36�PDWUL[
VXEVWLWXWLRQ�E\��%U36�DUH�H[SODLQHG�E\�WKH
VWUHQJWKHQLQJ� RI� VSLQ�RUELW� LQWHUDFWLRQ� LQ
WKH� PROHFXOH� FDXVHG� E\� WKH� H[WHUQDO� KHDY\
EURPLQH� DWRP� >����@�� 7KH� )3K�))O� LQFUHDVHDFFRPSDQLHG�E\�GHFUHDVHG�))O�DQG�VKRUWHQHGW3K� HYLGHQFH� D� KLJKHU� SUREDELOLW\� RI�6�Ü7�DQG� 7�Ü6�� LQWHUV\VWHP� FURVVLQJV� GXH� WRPL[LQJ� RI� HOHFWURQ� ZDYH� IXQFWLRQV� RI� WKH
DPLQH� PROHFXOH� DQG� WKH� EURPLQH� DWRP�� $W
WKH�VDPH�WLPH��WKH�FKDQJHV�LQ�77$�DQG�73'
VSHFWUD�GXH�WR�LQFUHDVLQJ�PDWUL[�GHQVLW\�DW�
WDLQHG� E\� WKH� UHSODFHPHQW� RI� WKH� ODWWHU� RU
E\� WKH� SUHVVXUH� DSSOLFDWLRQ� �ZKHQ� )3K�))OLQFUHDVHV� EXW� W3K� UHPDLQV� XQFKDQJHG�� VKRZWKDW� RQO\� WKH� 6�Ü7�� LQWHUV\VWHP� FURVVLQJSUREDELOLW\� LQFUHDVHV� DV� WKH�PDWUL[� U� ULVHV�
ZKLOH�WKH�SUREDELOLWLHV�RI�ERWK�UDGLDWLYH�DQG
QRQ�UDGLDWLYH� 7�Ü6�� LQWHUV\VWHP� FURVVLQJSUREDELOLWLHV� DUH� QRW� FKDQJHG� DSSUHFLDEO\�
7KH� LQFUHDVH� RI� WKH� 6�Ü7�� LQWHUV\VWHPFURVVLQJ� SUREDELOLW\� PD\� EH� GXH� WR� WR� ���
LQWHQVLILHG� PL[LQJ� RI� HOHFWURQ� ZDYH� IXQF�
WLRQV�RI�WKH�DPLQH�PROHFXOH�DQG�WKH�SRO\PHU
PDWUL[� DW� VKRUWHQHG� PROHFXODU� LQWHUGLV�
WDQFHV�WKDW�LV�HVSHFLDOO\�SURQRXQFHG�DV�36�LV
UHSODFHG� E\� �%U36� �)LJ���E�� RU� ���� FKDQJHV
LQ�WKH�PROHFXODU�VSDWLDO�VWUXFWXUH�HYLGHQFHG
E\� VPHDUHG� YLEUDWLRQDO� VWUXFWXUH� LQ� OXPL�
QHVFHQFH�VSHFWUD�DULVLQJ�ZKHQ�WROXHQH�LV�UH�
SODFHG�E\�D�SRO\PHU�PDWUL[��)LJ����DQG��E��

7KXV��LW�KDV�EHHQ�VKRZQ�WKDW�WKH�ORZHUHG
IOXRUHVFHQFH� TXDQWXP� \LHOG� RI� '3$� DQG
77$�DV�FRPSDUHG�WR�73'�LV�DVVRFLDWHG�ZLWK
WKH� VPDOOHU� HQHUJ\� GLIIHUHQFH� EHWZHHQ� 6�DQG� 7�� OHYHOV� LQ� WKH� IRUPHU� PROHFXOHV�� $WWKH� VDPH� WLPH�� WKH� ORZHUHG� IOXRUHVFHQFH
TXDQWXP� \LHOG� RI� '3$�� 77$� DQG� 73'� DV
FRPSDUHG� WR�FDUED]ROH� LV�GXH�PDLQO\� WR� WKH
QRQ�SODQDU�VWUXFWXUH�WKHUHRI�WKDW�UHVXOWD�LQ
VWUHQJWKHQHG� VSLQ�RUELW� LQWHUDFWLRQ�� ,W� KDV
EHHQ� VKRZQ� DOVR� WKDW� WKH� SUREDELOLWLHV� RI
6�Ü7�� DQG� 7�Ü6�� LQWHUV\VWHP� FURVVLQJV� LQWKH�VWXGLHG�DPLQH�PROHFXOHV�GHSHQG�KHDYLO\
RQ�WKH�LQWHUDFWLRQ�ZLWK�WKH�HQYLURQPHQW�DQG
LQFUHDVH� XQGHU� LQIOXHQFH� RI� WKH� H[WHUQDO
EURPLQH� DWRP�� 0RUHRYHU�� WKH� 6�Ü7�� LQ�WHUV\VWHP� FURVVLQJ� SUREDELOLW\� LQ� 77$� DQG
<3'�PROHFXOHV�LQFUHDVHV�DV�WKH�SRO\PHU�PD�
WUL[� GHQVLW\� LQFUHDVHV� �DWWDLQHG� E\� LWV� UH�
SODFHPHQW� RU� XQGHU� WKH� H[WHUQDO� SUHVVXUH��
WKLV� PD\� EH� GXH� WR� LQWHQVLILHG� PL[LQJ� RI
HOHFWURQ�ZDYH� IXQFWLRQV�RI� WKH�DPLQH�PROH�
FXOH� DQG� WKH� SRO\PHU� PDWUL[� DW� VKRUWHQHG
PROHFXODU� LQWHUGLVWDQFHV� DV� ZHOO� DV� WR
FKDQJHV� LQ� WKH� PROHFXODU� VSDWLDO� VWUXFWXUH
RI�WKH�DPLQH�
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�������
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0RVFRZ��������>LQ�5XVVLDQ@�
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����-�%�%HUOPDQ��+DQGERRN�RI�)OXRUHVFHQFH�6SHF�
WUD�RI�$URPDWLF�0ROHFXOHV��$FDG��3UHVV��,QF��
1HZ�<RUN��������

����+�6KL]XND� HW� DO���-��$P��&KHP��6RF��� ���� ����
�������

<X�$�6NULVKHYVN\�HW�DO����(IIHFW�RI�SUHVVXUH�RQ����

)XQFWLRQDO�PDWHULDOV������������� ���



{¹ãÒm��Ò°}��ÓÈ�LÓ�Ë¯}ºäLÓÈ�L®ÓL�¹Ë¯Ë²º�Ò�äºãË}�ãÈ¯ºäÈ�Ò�ÓÒ²�ÈäLÓLm�
��k�v}¯Ò�Ëm°	}Ò®��k���{È²ÓLÓ�{�k�v}¯Ò�Ëm°	}Ò®��,�{��Èm¯Òã	�ËÓ}º��|�{��¯Ë�«}

iº°ãL�ÎËÓº� °¹Ë}�¯Ò� ã
äLÓË°�ËÓ�L�� ¯ºÏ�ÒÓLm� }È¯ÈÏºã��� �ÒÁËÓLãÈäLÓ��� �¯Ò�¹�
�ºã�ãÈäLÓ��L�1�1c��ÒÁËÓLã�1�1c�L°���äË�ÒãÁËÓLã������c��LÁËÓLã�����c��LÈäLÓÈ����ºã�ºãL��È
¯LÏÓºäÈÓL�ÓÒ²� ¹ºãLäË¯ÓÒ²� äÈ�¯Ò�«²� ¹¯Ò� �� �È� ���� z�� {°�ÈÓºmãËÓº�� �º� LäºmL¯ÓL°�	
LÓ�Ë¯}ºäLÓÈ�L®Óº��}ºÓmË¯°L��Ï�¹Ë¯�º�º�°ÒÓ�ãË�Óº�º�Ï��ÎËÓº�º�°�ÈÓ��6�����¯Ò¹ãË�ÓÒ®°�ÈÓ� 7�� ÏÈãËÎÒ�	� mL�� ²LäL�Óº�� ¹¯Ò¯º�Ò� äºãË}�ãÒ�� ��� ¹¯º°�º¯ºmº�� }ºÓÁL��¯È�L�� �ÈmÏÈ¼äº�L��Ï�º�º�ËÓÓ«ä�L�ÏLã	��¼�	°«�LÏ�ÏLã	�ËÓÓ«ä���°�ÒÓÒ�¹ºãLäË¯Óº��äÈ�¯Ò�L��¹¯Ò
�L�� ÏºmÓL�Ó	º�º� º�ÓºmL°Óº�º� �Ò°}��� È� �È}ºÎ� ¹L�� m¹ãÒmºä� ÏºmÓL�Ó	º�º� mÈÎ}º�º� È�ºäÈ
¯ºä��

<X�$�6NULVKHYVN\�HW�DO����(IIHFW�RI�SUHVVXUH�RQ����

��� )XQFWLRQDO�PDWHULDOV�������������


