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���9RORG\P\UVND�6W���������.\LY��8NUDLQH9�/DVKNDU\RY�,QVWLWXWH�RI�6HPLFRQGXFWRU�3K\VLFV��
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH��

���1DXNL�$YH���������.\LY��8NUDLQH
0RGLILFDWLRQ� RI� WKH� PLFURUHOLHI� DQG� VWUXFWXUH� RI� D� &R�EDVHG� DPRUSKRXV� PHWDO� DOOR\

ULEERQ�VXUIDFH�OD\HUV�DIWHU�WKHUPDO�WUHDWPHQW�DW�HOHYDWHG�DQG�FU\RJHQLF�WHPSHUDWXUHV�DQG
XQGHU� DQ� H[WHUQDO� PDJQHWLF� ILHOG� KDV� EHHQ� VWXGLHG� XVLQJ� OLJKW� VFDWWHULQJ� PHWKRG� DQG
DWRPLF� IRUFH� PLFURVFRS\�� 7KH� VXUIDFH� URXJKQHVV� SDUDPHWHUV� ZHUH� FDOFXODWHG� IURP� WKH
H[SHULPHQWDO�OLJKW�VFDWWHULQJ�LQGLFDWULFHV��,W�LV�VKRZQ�WKDW�KHDWLQJ�RI�WKH�PHWDO�ULEERQV�WR
7� ����Ü����&�UHOLHYHV�SDUWLDOO\�WKH�VWUHVVHV�DULVLQJ�LQ�WKH�FRXUVH�RI�WKH�ULEERQ�SUHSDUD�
WLRQ�DQG�LQFUHDVHV�WKH�VXUIDFH�URXJKQHVV�DV�FRPSDUHG�WR�WKDW�RI�DV�SUHSDUHG�VDPSOHV�
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&REDOW�EDVHG� DPRUSKRXV� PHWDOOLF� DOOR\V
�$0$V��DUH�XQGHU� LQWHQVH� VWXG\� LQ�YLHZ�RI
WKHLU�ZLGH�SUDFWLFDO�DSSOLFDWLRQ�DV�UHFRUGLQJ
PHGLD��7KH�PDJQHWLF�DQG�HOHFWURQLF�SURSHU�
WLHV� RI� VXFK� PDWHULDOV� SUHSDUHG� DV� ULEERQV
IRUPHG�E\� WKH�PHOW� VSLQQLQJ�GLIIHU� VLJQLIL�
FDQWO\�IURP�WKH�SURSHUWLHV�RI�FRUUHVSRQGLQJ
FU\VWDOOLQH� DQDORJXHV�� 7KH� GLIIHUHQFHV� DUH
GHILQHG�QRW�RQO\�E\�WKH�VWUXFWXUH�IRUPHG�LQ
WKH� FRXUVH� RI� WKH�PDWHULDO� SUHSDUDWLRQ� EXW
DOVR� E\� VXEVHTXHQW� WKHUPDO� DQG� FU\RJHQLF
WUHDWPHQWV�� :KHQ� DPRUSKRXV� PHWDO� DOOR\V
DUH� WKHUPDOO\� WUHDWHG�� H[WHUQDO� ILHOGV� RU
VWUHVVHV� DOVR� FKDQJH� WKH� VXUIDFH� UHOLHI�
ZKLFK� LV� UHODWHG� WR� WKH� VXUIDFH� GLIIXVLRQ
DQG�VWUXFWXUDO�SKDVH�WUDQVIRUPDWLRQV�LQ�WKH
VXUIDFH� OD\HU�� 6XFK� SURFHVVHV� DUH� DFFRPSD�
QLHG�E\�PLJUDWLRQ�RI�ERWK� LQGLYLGXDO�DWRPV
DQG�DJJUHJDWHV�WKHUHRI� �LQFOXGLQJ�KXQGUHGV

DQG�WKRXVDQGV�RI�DWRPV��WR�WKH�VXUIDFH�>�@�
,Q� WKLV� FDVH�� WKH� VXUIDFH� UH�EXLOGLQJ�RFFXUV
PDLQO\� DW� WKH� QDQR�� DQG� PLFUROHYHOV�� VLQFH
PXFK� ORZHU� HQHUJ\� LV� UHTXLUHG� WR� FKDQJH
WKH�VL]H��VKDSH��DQG�ORFDWLRQ�RI�PLFURVFRSLF
LUUHJXODULWLHV� DV� FRPSDUHG� WR� PDFURVFRSLF
VXUIDFH� LUUHJXODULWLHV�� ,W� LV� WR� QRWH� WKDW� LQ
PRVW� VWXGLHV� RI� DPRUSKRXV�PHWDOOLF� DOOR\V�
WKH�PDLQ�DWWHQWLRQ�ZDV�JLYHQ�WR�WKH�DWRPLF
VWUXFWXUH�� $W� WKH� VDPH� WLPH�� WKH� VXUIDFH�
OD\HU�PLFURUHOLHI�PRGLILFDWLRQV� GXH� WR� KHDW
WUHDWPHQW� UHPDLQ� XQVWXGLHG� LQ� PDQ\� DV�
SHFWV�� 7KH� KLJKO\� LQIRUPDWLYH� PHWKRG� RI
OLJKW� VFDWWHULQJ�ZDV�XVHG� WR� VWXG\� WKH� VXU�
IDFH� OD\HU� PLFURUHOLHI� DQG� HODVWLFDOO\
VWUDLQHG� VWDWH� RI� DPRUSKRXV� DOOR\� ULEERQV�
,W� LV� ZHOO� NQRZQ� WKDW� WKH� VSDWLDO� GLVWULEX�
WLRQ�DQG�SRODUL]DWLRQ�FKDUDFWHULVWLFV�RI�VFDW�
WHUHG� OLJKW� DUH� FRPSOHWHO\� GHILQHG� E\� WKH
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VXUIDFH� VWDWH� >�@�� 7KH� LQYHVWLJDWLRQ� RI� WKH
VFDWWHUHG� OLJKW� ILHOG� SURYLGHV� LQIRUPDWLRQ
RQ�WKH�RSWLFDO�SURSHUWLHV�DQG�VWDWLVWLFDO�GLV�
WULEXWLRQ�RI� VXUIDFH� LQKRPRJHQHLWLHV�ZLWKLQ
UHODWLYHO\� ODUJH� DUHDV� �WKRXVDQGV� RI� VTXDUH
PLFURPHWHUV��

7KH�OLJKW�VFDWWHULQJ�IURP�D�VXUIDFH�FKDU�
DFWHUL]HG� E\� ORZ� URRW�PHDQ� VTXDUH� URXJK�
QHVV� �PXFK� OHVV�WKDQ�WKH�ZDYHOHQJWK�RI�WKH
SURELQJ� OLJKW�� LV� OLQHDU��7KH� OLJKW� VFDWWHUHG
IURP� LQGLYLGXDO� UHOLHI� FRPSRQHQWV� FDQ� EH
VLQJOHG� RXW� RI� WKH� VFDWWHUHG� OLJKW� VSDWLDO
GLVWULEXWLRQ� DQG� DQDO\]HG� LQGHSHQGHQWO\�
)RU� WKDW� DQDO\VLV�� WKH� VXUIDFH� UHOLHI� LV� UHS�
UHVHQWHG� LQ� WKH� IRUP� RI� D� WZR�GLPHQVLRQDO
VXP� RI� GLIIUDFWLRQ� JUDWLQJV� ZLWK� GLIIHUHQW
SHULRGV�� DPSOLWXGHV�� DQG� SKDVHV� >�@�� 7KH
VFDWWHULQJ�IURP�RQH�GLIIUDFWLRQ�JUDWLQJ�ZLWK
D�IL[HG�VSDWLDO�IUHTXHQF\��WKH�LQYHUVH�SHULRG
RI� WKH� JUDWLQJ�� RFFXUV� LQ� D� FHUWDLQ� DQJXODU
UDQJH�� +HQFH�� WKH� OLJKW� VFDWWHULQJ� PHWKRG
SURYLGHV� LQIRUPDWLRQ� RQ� WKH� VHW� RI� VXFK
JUDWLQJV�� ,Q� WKLV� FDVH�� LW� LV� FRQYHQLHQW� WR
UHSUHVHQW� DQG� DQDO\]H� WKH� VFDWWHULQJ� GDWD
DFFRUGLQJ� WR� WKH� VSDWLDO� IUHTXHQF\� YDOXH� LQ
WKH�H[SDQVLRQ�RI�WKH�VXUIDFH�UHOLHI�I�WKDW�LV
UHODWHG� WR� WKH� SRODU� VFDWWHULQJ� DQJOH� T� E\
WKH�H[SUHVVLRQ�I� �VLQT�O��7KH�H[SHULPHQWDO
OLJKW� VFDWWHULQJ� GDWD� IRU� D� ORZ� URXJKQHVV
VXUIDFH� FDQ� EH� XVHG� WR� FDOFXODWH� WKH� SRZHU
VSHFWUDO� GHQVLW\� �36'�� IXQFWLRQV� IRU� WKH
VXUIDFH�URXJKQHVV��7KH�36'�IXQFWLRQ�\LHOGV
LQIRUPDWLRQ� RQ� WKH� VWDWLVWLFDO� GLVWULEXWLRQ
DQG�VL]H�RI�VXUIDFH�DVSHULWLHV�ZLWK�GLIIHUHQW
VSDWLDO� IUHTXHQFLHV�� LW� LV� HTXDO� WR� WKH
VTXDUHG�PDJQLWXGH�RI�WKH�)RXULHU�WUDQVIRUP
RI� WKH� IXQFWLRQ� K�U��� ZKLFK� GHVFULEHV� WKH
VXUIDFH�PLFURUHOLHI�
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ZKHUH�U�LV�WKH�UDGLXV�YHFWRU�H[WHQGLQJ�IURP�WKH
RULJLQ�RI�FRRUGLQDWHV�WR�D�SRLQW�LQ�WKH�VXUIDFH�

)RU� LQYHVWLJDWLRQV�� ULEERQV� RI� WKH� DPRU�
SKRXV� PHWDO� DOOR\� &R��)H�1L��6L��%��� ZHUHSUHSDUHG�XVLQJ�WKH�PHOW�VSLQQLQJ�PHWKRG�>�@�
7KHUH� ZHUH� WZR� VHULHV� RI� WKH� VDPSOHV�� 7KH
ILUVW�RQH�FRQVLVWHG�RI�WKH�VDPSOHV�DQQHDOHG�DW
7D� ������ ����� ����� DQG� ����&� IRU� ���PLQ�ZKLOH� WKH� VHFRQG� RQH� LQFOXGHG� WKH� VDPSOHV
VXEMHFWHG� WR� FU\RJHQLF� WUHDWPHQW� DW� OLTXLG�QL�
WURJHQ�WHPSHUDWXUH��7� ����.��IRU�IRXU�KRXUV
IROORZHG�E\�KHDWLQJ�XS�WR�URRP�WHPSHUDWXUH�RU
WR�WKH�FU\RJHQLF�WUHDWPHQW�LQ�D�PDJQHWLF�ILHOG
�%�a���� P7�� GLUHFWHG� SHUSHQGLFXODUO\� WR� WKH
ULEERQ�VXUIDFH�DV�ZHOO�DV�WR�WKH�ODVHU�WUHDWPHQW

�O� ������QP���7KH�FU\RJHQLF�WUHDWPHQW�ZDV
SHUIRUPHG� DV� IROORZV�� 7KH� DPRUSKRXV� DOOR\
VDPSOHV�ZHUH� LPPHUVHG� IRU���K� LQ�D�'HZDU
IODVN� ZLWK� OLTXLG� QLWURJHQ� DQG� WKHQ� KHDWHG
WR�URRP�WHPSHUDWXUH�LQ�DLU�

7KH� PLFURUHOLHI� RI� WKH� DPRUSKRXV� DOOR\
ULEERQV�ZDV�VWXGLHG�E\�DQDO\]LQJ�WKH�VSDWLDO
LQWHQVLW\�GLVWULEXWLRQ�RI� WKH� OLJKW� VFDWWHUHG
IURP� WKH� VXUIDFH� XQGHU� VWXG\�� 7KH� FLUFX�
ODUO\� SRODUL]HG� OLJKW� ZLWK� WKH� LQWHQVLW\� ,�JHQHUDWHG� E\� WKH� +H±1H� ODVHU� �WKH� ZDYH�
OHQJWK�O� �������QP��ZDV�LQFLGHQW�QRUPDOO\
RQ� WKH� VDPSOH� VXUIDFH� �)LJ������ 6XFK� D� SR�
ODUL]DWLRQ�ZDV�FKRVHQ�WR�H[FOXGH�WKH�FRQWUL�
EXWLRQ� RI� VFDWWHULQJ� DQLVRWURS\� DVVRFLDWHG
ZLWK�WKH�SRODUL]DWLRQ�HIIHFWV��7KH�OLJKW�VSRW
GLDPHWHU� GLG� QRW� H[FHHG� ����PP��7KH� VFDW�
WHUHG� OLJKW� �LQWHQVLW\�,VFDW��ZDV�GHWHFWHG�E\D� SKRWRPXOWLSOLHU� URWDWHG� ZLWK� UHVSHFW� WR
WKH�SRLQW� RI�PHDVXUHPHQW� LQ� WKH� D]LPXWKDO
DQG� SRODU� GLUHFWLRQV� XVLQJ� VWHSSHU� PRWRUV�
6XFK�D�YDULDWLRQ�RI� WKH�SKRWRPXOWLSOLHU�DQ�
JXODU� SRVLWLRQ� PDGH� LW� SRVVLEOH� WR� PHDVXUH
WKH� VFDWWHUHG� OLJKW� GLVWULEXWLRQ� ZLWKLQ� WKH
KHPLVSKHUH�DERYH�WKH�VDPSOH�VXUIDFH��$ORQJ
ZLWK� PHDVXUHPHQWV� RI� WKH� OLJKW� VFDWWHULQJ
ZLWKLQ�WKH�KHPLVSKHUH��ZH�DOVR�DQDO\]HG�WKH
SRODU�GHSHQGHQFHV�RI�WKH�VFDWWHUHG� OLJKW�LQ�
WHQVLW\� DW� D� IL[HG� D]LPXWKDO� DQJOH�M�� 6XFK
PHDVXUHPHQWV� ZHUH� SHUIRUPHG� IRU� VHYHUDO
VXUIDFH�DUHDV� ORFDWHG�FORVH�WR�WKH�D[LDO� OLQH
RI� D� ULEERQ�� WKHQ� WKH� VFDWWHULQJ� GDWD� IRU
GLIIHUHQW� DUHDV� ZHUH� DYHUDJHG�� 7KH� OLJKW
VFDWWHULQJ� GDWD� ZHUH� XVHG� WR� FDOFXODWH� WKH
VFDWWHUHG� OLJKW� QRUPDOL]HG� LQWHQVLW\� $56
�DQJOH�UHVROYHG� VFDWWHULQJ�� DV� D� IXQFWLRQ� RI
WKH�DQJOHV�T�DQG�M�E\�WKH�UHODWLRQ�>�@
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)LJ����� 6FKHPH� RI� H[SHULPHQWDO� VHWXS� WR
PHDVXUH�DQJXODU�GLVWULEXWLRQ�RI�OLJKW�VFDWWHU�
LQJ�LQWHQVLW\�
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ZKHUH�G,VFDWW� LV� WKH� LQWHQVLW\� RI� OLJKW� VFDW�
WHUHG�ZLWKLQ�WKH�VROLG�DQJOH�G:�

7KH� VXUIDFH� PLFURUHOLHI� RI� DPRUSKRXV
DOOR\�ULEERQV�DV�FDVW�DQG�WKHUPDOO\�DQQHDOHG
DW�7D� ���������������DQG�����&�IRU����PLQZDV� LQYHVWLJDWHG� E\� $)0�� WRR�� 7KH� VWXG\
ZDV� FDUULHG� RXW� XVLQJ� D� 7RSR0HWUL[� 630
$WRPLF� )RUFH� 0LFURVFRSH�� 7KH� H[SHULPHQWV
ZHUH� IXOILOOHG� XVLQJ� FRQWDFW� UHJLPH� LQ� DLU�
7KH���u���PP��DUHDV�RI�ULEERQ�VXUIDFH�ZHUH
VWXGLHG�� 7KH� URXJKQHVV� SDUDPHWHUV�5T��5D�5]�DQG�5P�ZHUH�GHWHUPLQHG�IRU�VXUIDFHV�RIWKHVH�ULEERQV��7KHVH�SDUDPHWHUV�ZHUH�FDOFX�
ODWHG�E\�PHDQV�RI�7RSR0HWUL[�630/DE�SUR�
JUDPPH�� $IWHU� PDWKHPDWLFDO� GDWD� SURFHVV�
LQJ�� WKH� TXDQWLWDWLYH� FKDUDFWHULVWLFV� RI
URXJKQHVV�ZHUH�REWDLQHG��$PRQJ�WKRVH��WKH
PRVW� ZLGHO\�XVHG� RQH� LV� WKH� URRW�PHDQ
VTXDUH�VXUIDFH�URXJKQHVV�KHLJKW�>�@�
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ZKHUH�]B� LV�DYHUDJH�SURILOH� �WKH�PHDQ�SODQH�
RI� WKH� VXUIDFH� DV�ZHOO� DV� DYHUDJH� �DULWKPH�
WLF�� URXJKQHVV� SDUDPHWHU� 5D� ZKLFK� LV� DPHDVXUH� RI� WKH� DEVROXWH� GHYLDWLRQ� RI� WKH
SURILOH� RUGLQDWH� KHLJKWV� =L� IURP� WKH� PHDQ�UHIHUHQFH��SODQH��
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7KH� YDOXH� 5]� DV� D� GLIIHUHQFH� EHWZHHQKHLJKWV�RI� WKH�KLJKHVW�DQG� ORZHVW�SRLQWV�RI
WKH� VXUIDFH� RU� SHDN�WR�YDOOH\� URXJKQHVV
KHLJKW� DQG� WKH� YDOXH� 5P� DV� D� PD[LPDOKHLJKW� RI� WKH� VXUIDFH� KDYH� EHHQ� LQFRUSR�
UDWHG�LQWR�RIWHQ�PHDVXUHG�PDJQLWXGH�

7KH� VXUIDFH� XQGHU� VWXG\� FRQWDLQV� DVSHU�
LW\�RI� WZR� W\SHV��7KHUH�DUH� ����PDFURVFRSLF
LUUHJXODULWLHV� RI� KHLJKWV� FRPSDUDEOH� WR� WKH
SURELQJ�OLJKW�ZDYHOHQJWK�DQG�FKDUDFWHULVWLF
GLPHQVLRQV�LQ�WKH�ODWHUDO�GLUHFWLRQ�RI�D�IHZ
WHQV� RI� PLFURPHWHUV� DQG� ���� PLFUR�LUUHJX�
ODULWLHV�RI�KHLJKWV�PXFK� ORZHU� WKDQ� WKH�UD�
GLDWLRQ�ZDYHOHQJWK��7KH�PDFURVFRSLF�DVSHU�
LW\� DULVHV� XSRQ� SUHSDUDWLRQ� RI� WKH� DPRU�
SKRXV� DOOR\� VDPSOHV� GXH� WR� WKH� PHOW
VSUHDGLQJ� RYHU� WKH� URWDWLQJ� GLVN� DQG� WKH
VXEVHTXHQW� IDVW� TXHQFKLQJ� >�@�� 'XH� WR� WKLV
VSHFLILF�IHDWXUHV�RI�WKH�VDPSOH�SUHSDUDWLRQ�
WKH� PDFURVFRSLF� DVSHULW\� KDG� WKH� VKDSH� RI
OLQHDU� GHSUHVVLRQV� RULHQWHG� DORQJ� WKH� GLUHF�
WLRQ�RI�WKH�PHOW�VSUHDGLQJ��7KH�FKDUDFWHULVWLF
VL]H�RI�WKH�PLFUR�LUUHJXODULWLHV�LV�VHYHUDO�WHQV

WLPHV� VPDOOHU�� DQG� WKRVH� DUH� ORFDWHG� ZLWKLQ
WKH� PDFURVFRSLF� LUUHJXODULWLHV�

6LQFH�WKH�VXUIDFH�PDFURVFRSLF�LUUHJXODUL�
WLHV�DUH�RULHQWHG�DORQJ�WKH�ORQJLWXGLQDO�D[LV
RI� WKH� DPRUSKRXV� DOOR\� ULEERQ�� WKH� OLJKW
VFDWWHUHG� IURP� WKRVH� VKRZV� DQ� DQLVRWURS\
ZLWK� D� PD[LPXP� LQ� WKH� LQGLFDWUL[� DW� WKH
D]LPXWKDO�DQJOH�M� ������7KH�VFDWWHULQJ�RF�
FXUV�ZLWKLQ�WKH�UDQJH�RI�SRODU�DQJOHV�T�IURP
��� WR� ����� ZKLFK� FRUUHVSRQG� WR� ORZ� VSDWLDO
IUHTXHQFLHV� �IURP� �� WR� ���� PPÜ���� DQG� H[�
FHHGV� WKH� VFDWWHULQJ� IURP�PLFUR�LUUHJXODUL�
WLHV� E\� VHYHUDO� RUGHUV� RI� PDJQLWXGH�� $V� D
UHVXOW�� D� VLJQLILFDQW� FKDQJH� LQ� WKH� VFDWWHU�
LQJ� LQWHQVLW\� LV� REVHUYHG� LQ� WKH� YLFLQLW\� RI
WKH�SRODU� DQJOH�T� ������ZKLFK�PDGH� LW�GLI�
ILFXOW�WR�PHDVXUH�WKH�VFDWWHUHG�OLJKW�ZLWKLQ
WKH� HQWLUH� KHPLVSKHUH�� 6LQFH� WKH� SURFHVVHV
RI� VXUIDFH� UH�EXLOGLQJ� FDXVHG� E\� WKHUPDO
WUHDWPHQWV�DQG�WKH�DFWLRQ�RI�H[WHUQDO�ILHOGV
RFFXU�PDLQO\� DW� WKH� QDQR�� DQG�PLFUROHYHOV�
LW� ZDV� RI� LQWHUHVW� WR� VWXG\� WKH� KHLJKW� SD�
UDPHWHUV�RI�WKH�VXUIDFH�PLFURUHOLHI��L�H���WKH
PLFUR�LUUHJXODULWLHV� FKDUDFWHUL]HG� E\� KLJK
VSDWLDO� IUHTXHQFLHV�� 7KHUHIRUH�� LQ� WKLV
VWXG\��ZH�KDYH�DQDO\]HG�WKH�VFDWWHUHG�OLJKW
ILHOG� LQ� WKH�UDQJH�RI�SRODU�DQJOHV� IURP����
WR�����ZKHUH�QR�VFDWWHULQJ�IURP�WKH�PDFUR�
VFRSLF� VXUIDFH� LUUHJXODULWLHV� LV� REVHUYHG�
7KH� LQGLFDWULFHV� RI� WKH� QRUPDOL]HG� VFDWWHU�
LQJ� LQWHQVLW\� $56� �T�� M�� IRU� DPRUSKRXV
DOOR\�&R��)H�1L��6L��%���ULEERQ�KDYH�EHHQ�RE�WDLQHG��7KH�D]LPXWKDO�GLVWULEXWLRQ�$56�T��M�
LV�GHVFULEHG�E\�FORVHG�FXUYHV��LVRSKRWHV��LQ�
GLFDWLQJ� WKH� HTXDO� LQWHQVLW\� OHYHOV� RI� WKH
VFDWWHUHG�OLJKW��)RU�D�VXUIDFH�RI�WKLV�DV�FDVW
ULEERQ� WKDW�ZDV� QRW� WKHUPDOO\� WUHDWHG�� DQ\
RSWLFDO�DQLVRWURS\�ZDV�QRW�REVHUYHG���0RUH�
RYHU�� GHVSLWH� RI� UHVXOWV� RQ� )H�EDVHG� DPRU�
SKRXV� DOOR\V� >�@�� IRU� WKH� LQYHVWLJDWHG� &R�
EDVHG� RQHV� DIWHU� ERWK� FU\RJHQLF� WUHDWPHQW

)LJ����� 36'� IXQFWLRQV� FDOFXODWHG� IRU� DPRU�
SKRXV� &R��)H�1L��6L��%��� DOOR\� VDPSOHV
DV�FDVW� ���� DQG� DQQHDOHG� DW�7D� ��&��� ���� ���������������������������������������DQG���������
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ZLWKRXW� DQG�ZLWK� DSSOLHG�PDJQHWLF� ILHOG� DV
ZHOO� DV� ODVHU�DQQHDOLQJ�DIWHU�WKH�PHQWLRQHG
WUHDWPHQW�� WKH� RSWLFDO� DQLVRWURS\� ZDV� QRW
IRXQG�� WRR�� ,Q� RXU� RSLQLRQ�� WKLV� UHVXOW� IRU
&R�EDVHG�DPRUSKRXV�DOOR\�PD\�EH�UHODWHG�WR
]HUR�PDJQHWRVWULFWLRQ� RI� VXFK� DOOR\� DQG� LWV
ZHDN�WHPSHUDWXUH�GHSHQGHQFH�

:KHQ� FRQVLGHULQJ� WKH� OLJKW� VFDWWHULQJ
PHDVXUHPHQW� GDWD� H[SUHVVHG� DV� 36'� GH�
SHQGHQFHV� �)LJ������ WKH� DSSURSULDWH� FXUYHV
DUH� VHHQ� WR�KDYH� WKH� VDPH� VORSH� IRU�DV�FDVW

VDPSOHV� �DW� VHYHUDO� SURELQJ� DUHDV� E\� WKH
PHQWLRQHG� RSWLFDO� PHWKRG�� DQG� WKRVH� DQ�
QHDOHG� DW� WHPSHUDWXUHV� XS� WR� ����&�� 7KLV
PHDQV�WKDW�WKH�ULEERQ�VXUIDFHV�DUH�KRPRJH�
QHRXV� DQG� SRVVHVV� LVRWURSLF� RSWLFDO� SURSHU�
WLHV�� %XW� DIWHU� DQQHDOLQJ� RI� WKH� ULEERQV� DW
����&�� VRPH� VPDOO� FKDQJHV� LQ� ORZ� VSDWLDO
IUHTXHQF\�UDQJH�GXH�WR�HQKDQFHPHQW�RI�WKH
36'� FXUYH� VORSH� DUH� REVHUYHG�� 7KLV� LV� FRQ�
QHFWHG�ZLWK�D�VOLJKW�VXUIDFH�OD\HU�VWUXFWXUH
PRGLILFDWLRQ� DQG� FKDQJHV� LQ� WKH� VWDWLVWLFDO
GLVWULEXWLRQ�FKDUDFWHU�RI�WKH�PDFURVFRSLF�LU�
UHJXODULWLHV�� 6LPLODU� EHKDYLRU� RI� WKH� 36'
FXUYH� LV� DOVR� REVHUYHG� DW� 7� �����&�� 7KH
PHDVXUHPHQW� RI� WKH� OLJKW� VFDWWHULQJ� LQWHQ�
VLW\�DV�D�IXQFWLRQ�RI�T� �M� �FRQVW��DV�FRUUH�
VSRQGLQJ�36'�IXQFWLRQ�\LHOGV�WKH�URXJKQHVV
SDUDPHWHUV� ZKLFK� FDQ� EH� FDOFXODWHG� EDVLQJ
WKHUHRQ�� 7KH� REWDLQHG� YDOXHV� RI� WKH� URXJK�
QHVV�SDUDPHWHUV�DUH�SUHVHQWHG�LQ�)LJ�����DQG
WKHQ� ZHUH� FRQILUPHG� E\� DWRPLF� IRUFH� PL�
FURVFRS\�GDWD�

)LJV���DÜ�G�� SUHVHQW� WKH� �'�LPDJHV� RI
WKH� QRQ�FRQWDFW� VLGH� VXUIDFH� RI� D� ULEERQ� RI
DPRUSKRXV�PHWDOOLF�DOOR\�&R��)H�1L��6L��%��DV�FDVW� DQG� VXEMHFWHG� WR� LVRFKURQLF� WKHUPDO
DQQHDOLQJ�� $W� YHUWLFDO� D[LV�� WKH� SDUDPHWHU
5P�ZKLFK�FRUUHVSRQGV�WR�PD[LPDO�KHLJKW�RIWKH� VXUIDFH� PLFURUHOLHI� URXJKQHVV� LV� SUH�
VHQWHG��,W�LV�WR�QRWH�WKDW�DORQJ�RUGLQDWH�D[LV

)LJ�����$WRPLF�IRUFH�PLFURVFRS\�GDWD�IRU�D���u���PP��DUHD�DW�WKH�QRQ�FRQWDFW�VXUIDFH�RI�DV�FDVW��È���DQG
WKHUPDOO\�DQQHDOHG�DW�����&��������E��������F��DQG������G��DPRUSKRXV�&R��)H�1L��6L��%���DOOR\�VDPSOH�

)LJ����� 'HSHQGHQFH� RI� URRW�PHDQ� VTXDUH
URXJKQHVV� SDUDPHWHU� RQ� WKH� DQQHDOLQJ� WHP�
SHUDWXUH� IRU� QRQ�FRQWDFW� ULEERQ� VXUIDFHV� RI
DPRUSKRXV� &R��)H�1L��6L��%��� DOOR\� LQ� DF�FRUGDQFH�ZLWK�OLJKW�VFDWWHULQJ�GDWD�
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LQ� )LJ���G�� D� VPDOOHU� VFDOH� LV� VHOHFWHG� WR
GHVFULEH� WKH�DSSURSULDWH� VXUIDFH�URXJKQHVV�
,W� LV� VHHQ� IURP�)LJ���D� WKDW� WKH�QRQFRQWDFW
VXUIDFH� RI� DV�FDVW� ULEERQ� VKRZV� D� UDWKHU
VPRRWK�PLFURUHOLHI�ZLWK�SHULRGLF�DOWHUQDWLRQ
RI�SHDNV�DQG�YDOOH\V�DW�WKH�PD[LPDO�URXJK�
QHVV�RI�����QP��7KH�RFFXUUHQFH�RI�VXFK�VXU�
IDFH�PLFURUHOLHI�PXVW�EH�H[SODLQHG�E\�SHFX�
OLDULWLHV�RI�WKH�PHOW�VSUHDGLQJ�DW�LWV�TXHQFK�
LQJ� GXULQJ� WKH� ULEERQ� SUHSDUDWLRQ� E\
VSLQQLQJ�PHWKRG��7KH�DQQHDOLQJ�RI�D�ULEERQ
DW� 7D� �����&� �)LJ���E�� FDXVHV� WKH� DSSHDU�DQFH� RI� PLFURUHOLHI� IHDWXUHV� DV� SHDNV� RI
DERXW����QP�KHLJKW�DQG� ODWHUDO�SURILOH�VL]H
RI���PP�RU�OHVV�RQ�WKH�VXUIDFH�WKDW�KDV�WKH
FKDUDFWHULVWLFV� VLPLODU� WR� WKRVH� IRU� DV�FDVW
ULEERQ�� 7KHUPDO� DQQHDOLQJ� DW� KLJKHU� WHP�
SHUDWXUH�7D� �����&� �)LJ���F�� FDXVHV� WKH� DS�SHDUDQFH�RI� VPDOOHU�SHDNV�RI�DERXW� WKH�VDPH
KHLJKW� DV� DW� 7D� �����&�� $V� D� UHVXOW�� WKHQXPEHU� RI� VXFK� SHDNV� RQ� WKH� DUHD� LQYHVWL�
JDWHG�LQFUHDVHV�FRQVLGHUDEO\��7KHUPDO�DQQHDO�
LQJ� DW� WKH� KLJKHVW� WHPSHUDWXUH� 7D� �����&�)LJ���G�� UHVXOWV� LQ� LVRODWHG� SHDNV� RI� PRUH
WKDQ�����QP�KHLJKW�ZLWK�ODWHUDO�GLPHQVLRQV
RI� DERXW� ��PP�� 6XFK� FKDQJHV� RI� WKH� DPRU�
SKRXV� ULEERQ� VXUIDFH� PRUSKRORJ\� XQGHU
WKHUPDO�DQQHDOLQJ�DJUHH�ZLWK�WKH�UHVXOWV�RE�
WDLQHG�E\�VFDQQLQJ�WXQQHOLQJ�PLFURVFRS\�LQ

>�@� IRU� ELQDU\� PHWDO�PHWDOORLG� DPRUSKRXV
V\VWHP�

$V�WR�WKH�PLFURUHOLHI�RI�DV�FDVW�&R�EDVHG
DPRUSKRXV� ULEERQ� VXUIDFH� WKDW�ZDV� LQ� FRQ�
WDFW�ZLWK�GLVN�FRROHU�GXULQJ�TXHQFKLQJ��LVR�
ODWHG� YDOOH\V� DQG� SHDNV� RI� ODUJHU� WKDQ
���� QP� KHLJKW� DQG� ODWHUDO� GLPHQVLRQV� RI
VHYHUDO�PLFURPHWHUV�DUH�FKDUDFWHULVWLF��6XFK
SHFXOLDULWLHV� FRXOG� EH� H[SODLQHG� E\� DLU� FDS�
WXUH� GXULQJ� PHOW� TXHQFKLQJ� UHVXOWLQJ� LQ
IRUPDWLRQ�RI�EXEEOHV�DW�WKH�GLVN�FRROHU�ULE�
ERQ�LQWHUIDFH��$W�WKH�QRQ�FRQWDFW�VXUIDFH�RI
DV�FDVW�VDPSOH��QR�VLPLODU�IHDWXUHV�DUH�SUH�
VHQW�� 7KH� DQQHDOLQJ� DW� HOHYDWHG� WHPSHUD�
WXUHV� FDXVHV� D� JUDGXDO� HQKDQFHPHQW� RI� WKH
URXJKQHVV� SDUDPHWHU� IRU� FRQWURO� VXUIDFH
ZLWKRXW�HVVHQWLDO�HYROXWLRQ�RI�WKH�VXUIDFH�PL�
FURUHOLHI� �7D� ����� DQG� ����&�� DV� FRPSDUHGWR�GDWD�IRU�DV�FDVW�ULEERQ��7KH�RQO\�H[FHSW�LV
WKH�ULEERQ�DQQHDOHG�DW�7D� �����&�ZKHUH�WKHSHDNV� KLJKHU� WKDQ� ���� QP� ZLWK� ODWHUDO� GL�
PHQVLRQV� RI� VHYHUDO� PLFURPHWHUV� DUH� RE�
VHUYHG�

7KH� GHSHQGHQFHV� RI� ULEERQ� VXUIDFH
URXJKQHVV�SDUDPHWHUV�RQ�WKH�DQQHDOLQJ�WHP�
SHUDWXUH�IRU�QRQ�FRQWDFW�DQG�FRQWDFW�ULEERQ
VXUIDFHV�DUH�VKRZQ�LQ�)LJ�����,W�LV�VHHQ�WKDW
URXJKQHVV�SDUDPHWHUV�5T�DQG�5D�RI�QRQ�FRQ�WDFW� ULEERQ� VXUIDFH� �)LJ���D�� ULVH� PRQRWR�

)LJ�����'HSHQGHQFHV�RI�URXJKQHVV�SDUDPHWHUV�5T��5D��D�E��DQG�5]��5P��F�G��RQ�DQQHDOLQJ�WHPSHUDWXUHIRU�QRQ�FRQWDFW��D�DQG�F��DQG�FRQWDFW��E�G��ULEERQ�VXUIDFHV�RI�DPRUSKRXV�&R��)H�1L��6L��%���DOOR\�LQDFFRUGDQFH�ZLWK�$)0�GDWD�
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QRXVO\� IURP� 5T� ����� QP��5D� ����� QP� IRUDV�FDVW� UDSLGO\� TXHQFKHG� VDPSOH� �7� ����&�
WR� 5T� ����Ü���� QP�� 5D� ����Ü���� QP� IRUWKH� ULEERQ� VXUIDFH� DQQHDOHG� DW� 7D� ����Ü����&�� $V� WKH� DQQHDOLQJ� WHPSHUDWXUH� ULVHV
XS�WR�7D� �����&��DQ�DSSUHFLDEOH�LQFUHDVH�RIERWK�URRW�PHDQ�VTXDUH� �5T��DQG�DYHUDJH� �5D�VXUIDFH�URXJKQHVV�SDUDPHWHUV�LV�REVHUYHG�DQG
WKHVH� SDUDPHWHUV� EHFRPH� 5T� ���� QP� DQG5D�  ����� QP�� UHVSHFWLYHO\�� 7KH� SDUDPHWHU�5]IRU� QRQ�FRQWDFW� ULEERQ� VXUIDFH� �)LJ���F�� LQ�
FUHDVHV�PRQRWRQRXVO\�IURP�����QP�IRU�DV�FDVW
VDPSOH� WR����QP� IRU� WKH� VDPSOH� DQQHDOHG� DW
WKH� KLJKHVW� WHPSHUDWXUH�7D� �����&�� 6LPLODUFKDQJHV�DUH�W\SLFDO�RI� WKH�SDUDPHWHU�5P�EXWIRU� WKH� VDPSOH� DQQHDOHG� DW� ����&�� WKLV� SD�
UDPHWHU�LQFUHDVHV�XS�WR�����QP�

7KH� REWDLQHG� PLFURUHOLHI� HYROXWLRQ� IRU
QRQ�FRQWDFW� VXUIDFH� DW� WKHUPDO� DQQHDOLQJ
DQG� WKH� GHSHQGHQFH� RI� URXJKQHVV� SDUDPH�
WHUV� RQ� DQQHDOLQJ� WHPSHUDWXUH� HYLGHQFH� WKH
LQLWLDWLQJ� FU\VWDOOL]DWLRQ� RI� WKH� &R�EDVHG
DPRUSKRXV� DOOR\� DW� WKH� KLJKHVW� DQQHDOLQJ
WHPSHUDWXUH�� EHFDXVH� IRU� DOOR\� EHLQJ� VWXG�
LHG�� WKH� FU\VWDOOL]DWLRQ� WHPSHUDWXUH� 7FU� LQDFFRUGDQFH� ZLWK� ;�UD\� DQDO\VLV� GDWD� LV
����&�� ,W� LV�EH\RQG�GRXEW� WKDW� WKH�PRQRWR�
QRXV�ULVH�RI�WKH�QRQ�FRQWDFW�VXUIDFH�URXJK�
QHVV� SDUDPHWHUV� DW� LQFUHDVLQJ� DQQHDOLQJ
WHPSHUDWXUH� LV� GXH� WR� VWUXFWXUDO� UHOD[DWLRQ
RI� WKH� &R�EDVHG� DPRUSKRXV� DOOR\�� 7KH� UH�
OD[DWLRQ�SURFHVV�RI�VXFK�W\SH�WDNHV�SODFH�LQ
WKH� WHPSHUDWXUH� LQWHUYDO� 7D� ����Ü����&�,W�LV�RI�LPSRUWDQFH�WKDW�WKH�PLFURUHOLHI�HYR�
OXWLRQ�REWDLQHG� DIWHU�SUH�FU\VWDOOL]DWLRQ� DQ�
QHDOLQJ� IRU� DPRUSKRXV� DOOR\
&R��)H�1L��6L��%��� FRUUHVSRQGV� WR� WKH� FU\V�WDOOL]DWLRQ� RQVHW� RI� WKH� ULEERQ� EHJLQQLQJ
IURP�LWV�VXUIDFH��6LPLODU�FKDQJHV��QDPHO\�WKH
FU\VWDOOL]DWLRQ� RQVHW� LQ� DPRUSKRXV� ULEERQ
ZLWKLQ� LWV� VXUIDFH� OD\HU�ZLWK�FRQVHUYDWLRQ�RI
DPRUSKRXV�VWUXFWXUH�LQ�WKH�EXON�ZDV�REVHUYHG
LQ�>�@�IRU�DPRUSKRXV�DOOR\�)H��%���)RU� WKH� FRQWDFW� VXUIDFH� �)LJ���E� DQG� �G�
RI� DV�FDVW� &R�EDVHG� DPRUSKRXV� DOOR\�� WKH
URXJKQHVV�SDUDPHWHU�YDOXHV�H[FHHG�E\�PRUH
WKDQ�RQH�RUGHU�WKHLU�YDOXHV�IRU�QRQ�FRQWDFW
VXUIDFH�� 7KH� FKDUDFWHULVWLF� GLIIHUHQFH� LQ
WHPSHUDWXUH� GHSHQGHQFH� RI� WKH� URXJKQHVV
SDUDPHWHUV� IRU� FRQWDFW� VXUIDFH� FRQVLVWV� LQ
WKDW�DOO�WKH�GHWHUPLQHG�SDUDPHWHUV�LQFUHDVH
GXULQJ� DQQHDOLQJ� DW� 7D� �����&�� WKHLU� IXU�

WKHU� GHFUHDVH� DW� 7D� �����&� DQG� VKRZ� DVKDUS�MXPS�DW�7D� �����&��2QO\�WKH�SDUDPH�WHU� 5D� GRHV� QRW� VKRZ� VXFK� VKDUS� FKDQJHV�7KXV��WKH�URXJKQHVV�SDUDPHWHUV�IRU�FRQWDFW
ULEERQ� VXUIDFH� FKDQJH� PRUH� FKDRWLFDOO\
XQGHU� WKHUPDO� DQQHDOLQJ� WKDQ� WKRVH� RI� WKH
QRQ�FRQWDFW�VXUIDFH�

7KXV��XVLQJ�WKH�DWRPLF�IRUFH�PLFURVFRS\�
LW�KDV�EHHQ�VKRZQ�WKDW�WKHUPDO�DQQHDOLQJ�RI
DPRUSKRXV�DOOR\�UHVXOWV�LQ�PRQRWRQRXV�ULVH
RI� WKH�URXJKQHVV�SDUDPHWHUV� IRU� WKH�ULEERQ
QRQ�FRQWDFW� VXUIDFH�� 7KH� FKDQJHV� PD\� EH
H[SODLQHG� E\� WKH� LQFLSLHQW� FU\VWDOOL]DWLRQ
SURFHVV� DW� WKH� KLJKHVW� DQQHDOLQJ� WHPSHUD�
WXUH�� )RU� WKH� ULEERQ� FRQWDFW� VXUIDFH�� WKH
URXJKQHVV�SDUDPHWHUV�VKRZ�RVFLOODWLRQV�ZLWK
PD[LPDO� LQFUHDVH� DW�7D� �����&�� 7KH� VSHF�WUDO�PDJQHWR�RSWLFDO� UHVHDUFK�KDV� EHHQ� DOVR
FDUULHG� RXW� IRU� VXFK� &R�EDVHG� DPRUSKRXV
DOOR\V�� 7KH� H[SHULPHQWDO� YDOXHV� RI� SRODU
.HUU� URWDWLRQ� TS� DQG� HOOLSWLFLW\� KS� IRU�&R�EDVHG�ULEERQV�LQ�WKH�LQFLGHQW�SKRWRQ�HQHUJ\
UDQJH����dKZd����H9�KDYH�EHHQ�GHWHUPLQHG�
2XU�UHVXOWV�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�GDWD
RI� PDJQHWR�RSWLFDO� VWXG\� RI� VLPLODU� &R�
EDVHG� DOOR\� V\VWHP� >�@� ZKLFK� KDV� VKRZQ� D
KLJK� GHQVLW\� RI� KFS� &R� JUDLQV� LQ� WKH� DQ�
QHDOHG�ULEERQ�ILOP�

5HIHUHQFHV
� ���%�$�1HVWHUHQNR��9�*�/\DSLQ�� LQ��3KDVH�7UDQ�

VLWLRQV�RQ�)UHH�)DFHV�DQG�,QWHUSKDVH�%RXQGD�
ULHV� LQ� 6HPLFRQGXFWRUV�� 1DXNRYD� 'XPND�
.LHY��������>LQ�5XVVLDQ@�

� ���-�0�%HQQHWW�� /�0DWWVRQ�� LQ�� ,QWURGXFWLRQ� WR
6XUIDFH� 5RXJKQHVV� DQG� 6FDWWHULQJ�� 2SW��6RF�
$PHU���:DVKLQJWRQ��'�&���������

� ���+�/LEHUPDQ��LQ��$PRUSKRXV�0HWDO�$OOR\V��HG�
E\� )�(�/\XERUVNL\�� 0HWDOOXUJL\D�� 0RV°RZ
��������S����>LQ�5XVVLDQ@�

� ���*�%LQQLJ�� &�)�4XDWH�� &K�*HUEHU�� 3K\V��5HY�
/HWW������������������

� ���/�9�3RSHUHQNR��9�*�.UDYHWV��2SWLND�L�6SHNWU��
���������������

� ���/�9�3RSHUHQNR�� 6�,�/\VHQNR�� .�/�9LQQLFKHQ�
NR��2SWLND�L�6SHNWU������������������

� ���'�(�%XUJOHU�� &�0�6FKPLGW�� '�0�� 6FKDOOHU� HW
DO���3K\V��5HY��%�������������������

� ���3�9DYDVVRUL�� )�5RQFRQL�� (�3XSSLQ�� -��$SSO�
3K\V�������������������

� ���9�.UDYHWV��$�3HWIRUG�/RQJ��;�3RUWLHU��/�3RS�
HUHQNR���0DWHULDOV� 6FLHQFH� )RUXP�� ���Ü����
�����������
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