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7KH� RQH� RI� WKH�PRVW� VWDEOH� DQG�UDGLDWLRQ�UHVLVWDQW� RUJDQLF� FU\VWDOV� LV� WKH�S�WHUSKHQ\O

RQH� GRSHG� ZLWK� GLSKHQ\O�EXWDGLHQH�� 7KHVH� FU\VWDOV� DUH� XVHG� IRU� DOSKD�� EHWD� DQG� IDVW
QHXWURQ�VSHFWURPHWU\�� VHOHFWLYH�GHWHFWLRQ�RI�DOSKD�DQG�IDVW�QHXWURQV� VFLQWLOODWLRQV� LQ� WKH
SUHVHQWV�RI�JDPPD�UDGLDWLRQ�EDFNJURXQG��$W�WKH�VDPH�WLPH�WKH�UDWLR�RI�FRQFHQWUDWLRQV�RI
PROHFXOHV�RI�����GLSKHQ\O�����EXWDGLHQH� LQ�WKH�FU\VWDO�DQG� LQ� WKH�PHOW�� WKHLU�GLVWULEXWLRQ
DORQJ� WKH� ERXOH� DUH� VWLOO� XQNQRZQ�� ,Q� WKH� SUHVHQW� ZRUN� WKH� FRQWHQW� RI� PROHFXOHV� RI
����GLSKHQ\O�����EXWDGLHQH�LQ�WKH�GLIIHUHQW�SDUWV�RI�ERXOH�ZDV�LQYHVWLJDWHG��7KH�WHFKQLTXH
RI� GHWHUPLQDWLRQ� RI� ����GLSKHQ\O�����EXWDGLHQH� LQ� D� S�WHUSKHQ\O� VLQJOH� FU\VWDO� ZLWK� DQ
DFFXUDF\�WR���Ü����KDV�EHHQ�GHYHORSHG�
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���,QWURGXFWLRQ
)RU� D� ORQJ� WLPH� S�WHUSKHQ\O� VLQJOH� FU\V�

WDOV� DUH�NQRZQ�DV�PDWHULDO� IRU�GHWHFWRUV� RI
LRQL]LQJ� UDGLDWLRQ�� ,W� LV� RQH� RI� WKH� PRVW
VWDEOH� DQG� UDGLDWLRQ�UHVLVWDQW� RUJDQLF� FU\V�
WDOV�� $W� WKH� VDPH� WLPH� WKH� OLJKW� \LHOG� RI
S�WHUSKHQ\O�LV�DERXW������RI�WKH�OLJKW�\LHOG
RI�DQWKUDFHQH��WKDW�LV�WKH�UHDVRQ�RI�UDUH�XVH
RI�S�WHUSKHQ\O�FU\VWDOV�LQ�VFLQWLOODWLRQ�HQJL�
QHHULQJ�>�@��$Q�LQWURGXFWLRQ�RI�������IUDF�
WLRQ�RI� WRWDO�PDVV�RI�����GLSKHQ\O�����EXWD�
GLHQH��JXHVW�PROHFXOHV�� LQ�S�WHUSKHQ\O� �KRVW
PROHFXOHV��PHOW� LQFUHDVHV� WKH� OLJKW�\LHOG� RI
D�VLQJOH�FU\VWDOOLQH�VFLQWLOODWRU�XS�WR������
UHODWLYHO\�WR�DQWKUDFHQH�RQHV�>�@��6WXGLHV�RI

UDGLROXPLQHVFHQFH� SXOVH� VKDSH� SDUDPHWHUV
RI�S�WHUSKHQ\O�VLQJOH�FU\VWDOV�ZLWK�GLIIHUHQW
FRQFHQWUDWLRQ� RI� ����GLSKHQ\O�����EXWDGLHQH
KDYH� VKRZQ� WKDW� WKLV� DPRXQW� RI� WKH� DGGL�
WLRQ� DJHQW� PROHFXOHV� LV� RSWLPDO� >�@�� 1RW�
ZLWKVWDQGLQJ� WKLV�� UHDO� DPRXQW� RI� ����
GLSKHQ\O�����EXWDGLHQH�LQ�WKH�JURZQ�FU\VWDO
ZDV�XQNQRZQ��

7KH�DLP�RI�WKH�ZRUN�LV�WR�VWXG\�WKH�YDUL�
DWLRQ� RI� D� SUREDELOLW\� RI� ����GLSKHQ\O�����
EXWDGLHQH� PROHFXOHV� DIILOLDWLRQ� IURP� WKH
PHOW� LQ� D� JURZLQJ� S�WHUSKHQ\O� VLQJOH� FU\V�
WDO��ZKLFK�FDQ�EH�GLIIHUHQW�IRU�YDULRXV�SDUWV
RI� ERXOH� IURP� WKH� FRQH� WR� WKH� WRS� RI� WKH
ERXOH�
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:H�KDYH�SUHYLRXVO\� VKRZQ� >�@�� WKDW�����
GLSKHQ\O�����EXWDGLHQH� PROHFXOHV� VXEVWLWXWH
VRPH� S�WHUSKHQ\O� PROHFXOHV� DQG� WKH� JXHVW
PROHFXOHV�ZHUH�QRW�GLVWULEXWHG�XQLIRUPO\�LQ
WKH�PROHFXODU� FU\VWDO� ODWWLFH� RI� S�WHUSKHQ\O
JURZLQJ� IURP� WKH� PHOW� E\� %ULGJPDQ�6WRN�
EDUJHU� PHWKRG�� 7KH� FRQFHQWUDWLRQ� RI� WKH
JXHVW�PROHFXOHV� LQFUHDVHV� IURP� WKH� FRQH� WR
WKH� WRS�RI� WKH�JURZQ�ERXOH��7KH�PHWKRG�RI
HVWLPDWLRQ� RI� ����GLSKHQ\O�����EXWDGLHQH
FRQFHQWUDWLRQ� XVHG� LQ� RXU� SUHYLRXV� ZRUNV
GLG�QRW�DOORZHG�SUHFLVH�GHWHUPLQDWLRQ�RI�WKH
GLVWULEXWLRQ� FRHIILFLHQW� RI� WKH� JXHVW� PROH�
FXOHV�

8QGHU�WKH�PL[LQJ�RI�WZR�RUJDQLF�PROHFX�
ODU� VXEVWDQFHV�ZH�FDQ�H[SHFW� WKH� IRUPDWLRQ
RI� VROLG� VROXWLRQV� MXVW� E\� VXEVWLWXWLRQ�ZD\�
5HDOO\��PROHFXODU� SDFNLQJ� DV� �EXPS�WR�KRO�
ORZ�� ZLWK� FRHIILFLHQW� RI� SDFNLQJ� HTXDO� WR
���Ü���� VKRZV� WKDW� YRLGV� LQ� WKH� VWUXFWXUH
DUH�YHU\�VPDOO�LQ�FRPSDULVRQ�ZLWK�D�VL]H�RI
PROHFXOHV�� 7KHUHIRUH� ILOOLQJ� RI� WKH� YRLGV
ZLWK� JXHVW� PROHFXOHV�� L�H�� IRUPDWLRQ� RI� LQ�
WHUVWLWLDO� VROLG� VROXWLRQV� E\� WKH� LQFOXVLRQ
ZD\� LV� KDUGO\� SRVVLEOH� IRU� TXLWH� ELJ� PROH�
FXOHV� RI� DURPDWLF� K\GURFDUERQV�� 7KH� QHFHV�
VDU\� DQG� VXIILFLHQW� FRQGLWLRQ� RI� IRUPDWLRQ
RI� VXEVWLWXWLRQ� VROLG� VROXWLRQ� FU\VWDOV� E\
WZR�RU�PRUH�RUJDQLF�VXEVWDQFHV�LV�VKDSH�DQG
VL]H� SUR[LPLW\� RI� PROHFXOHV� RI� LQLWLDO� VXE�
VWDQFHV� >�@�� )LJ���� ZDV� GUDZQ� DFFRUGLQJ� WR
WKH� GDWD� SUHVHQWHG� LQ� >�@� WR� FRPSDUH� WKH
VKDSH� DQG� VL]H� RI� S�WHUSKHQ\O� DQG� ����
GLSKHQ\O�����EXWDGLHQH� PROHFXOHV�� 7KH� ILJ�
XUH�VKRZV�WKDW�WKH�PROHFXOHV�KDYH�YLUWXDOO\
WKH� VDPH� OLQHDU� GLPHQVLRQV� DQG� FRQVH�
TXHQWO\�WKH�KRVW�PROHFXOH��S�WHUSKHQ\O��PD\
EH� VXEVWLWXWHG� E\� WKH� JXHVW� RQH� �����
GLSKHQ\O�����EXWDGLHQH��

���([SHULPHQWDO
S�7HUSKHQ\O�SXULILHG�E\�]RQH�PHOWLQJ�ZDV

SODFHG� LQ� D� JODVV� DPSRXOH� RI� � ��� PP� RQ
LQVLGH� GLDPHWHU� ZLWK� D� SUH�LQVWDOOHG� VHHG
DQG� WKHQ� ����GLSKHQ\O�����EXWDGLHQH� ZDV
DGGHG� WR� LW� LQ� WHUPV� RI� QXPEHUV� ������ RI
S�WHUSKHQ\O�PDVV�IUDFWLRQ��7KH�DPSRXOH�ZDV
ILOOHG� ZLWK� DUJRQ� DQG� SODFHG� LQ� D� YHUWLFDO
WXEH� IXUQDFH� ZLWK� WZR� VHSDUDWH� KHDWHUV�
&U\VWDO�JURZLQJ�ZDV�FDUULHG�RXW�DW�D�UDWH�RI
���� PP� SHU� KRXU� E\� %ULGJPDQ�6WRNEDUJHU
PHWKRG� WR� FRPSOHWH� FU\VWDOOL]DWLRQ� RI� WKH
PHOW� IROORZHG� E\� JUDGXDO� FRROLQJ� WR� URRP
WHPSHUDWXUH��7KHQ�WKH�DPSRXOH�ZDV�EURNHQ�
WKH� JURZQ� ERXOH� ZDV� WDNHQ� RXW� JHQWO\� DQG
ZDV� VDZHG� LQWR� SLHFHV� LQ� DFFRUGLQJ� WR� WKH
VFKHPDWLF� GLDJUDP� WKDW� LV� GHPRQVWUDWHG� E\
)LJ�����7KHQ�HDFK�RI�WKH�SLHFHV�ZDV�JURXQG�
7KH� JURXQG� VDPSOHV� RI� HDFK� RI� WKH� ERXOHV

SLHFHV��)LJ�����ZHUH�DQDO\]HG�E\�JDV�FKURPD�
WRJUDSK\�PDVV�VSHFWURPHWU\�PHWKRG�

'XULQJ� S�WHUSKHQ\O� VLQJOH� FU\VWDO� JURZ�
LQJ� RQH� PD\� H[SHFW� UHGLVWULEXWLRQ� RI� WKH
JXHVW�FRQFHQWUDWLRQ�LQ�WKH�VDPSOH��)RU�FRQ�
VLGHUHG�WDVN�LW�VKRXOG�EH�XVHG�PHWKRG�DOORZ�
LQJ� GHWHUPLQDWLRQ� RI� ����GLSKHQ\O�����EXWD�
GLHQH� FRQFHQWUDWLRQ� UHOLDEO\� RYHU� WKH� UDQJH
IURP�������WR��������7KH�JDV�FKURPDWRJUD�
SK\� PDVV�VSHFWURPHWU\� KDV� EHHQ� FKRVHQ� DV
VXFK� D� PHWKRG�� 7KH� VHQVLWLYLW\� RI� WKH
PHWKRG�WR�WKH�LQGLYLGXDO�FRPSRQHQWV�RI�WKH
PL[WXUH�PD\�EH� LQFUHDVHG�XVLQJ�GHWHUPLQD�
WLRQ� E\� VHOHFWHG� FKDUDFWHULVWLF� LRQV� RI� WKH
FRPSRQHQWV�

S�7HUSKHQ\O� LV� DQ� RUJDQLF� PDWHULDO� ZLWK
UHODWLYHO\� KLJK� PHOWLQJ� WHPSHUDWXUH�� ,W� LV
DOVR�SRRUO\�VROXEOH�LQ�PRVW�RUJDQLF�VROYHQWV
DW� URRP� WHPSHUDWXUH�� 7KHUHIRUH� DQ� H[WUDF�
WLRQ� RI� ����GLSKHQ\O�����EXWDGLHQH� ZDV� UXQ
E\� KHDWLQJ� WKH� VDPSOH� LQ� R�[\OHQH� XQWLO� LWV
FRPSOHWH� GLVVROXWLRQ� IROORZHG� E\� FU\VWDO�
OL]DWLRQ�RI�H[FHVV�S�WHUSKHQ\O��7KH�GHWHUPL�
QDWLRQ�RI�����GLSKHQ\O�����EXWDGLHQH�FRQFHQ�
WUDWLRQ� ZDV� FDUULHG� RXW� IURP� WKH� PRWKHU
OLTXRU�� ,W� UHGXFHG� VLJQLILFDQWO\� DPRXQW� RI
WKH�PDLQ� FRPSRQHQW� RI� WKH�PL[WXUH� �S�WHU�
SKHQ\O�� LQ� WKH� VROXWLRQ� DQG� WKHUHE\� GH�
FUHDVHG� LWV� LQIOXHQFH� GXULQJ� WKH� FKURPD�
WRJUDSKLF�DQDO\VLV��/RVVHV�RI�WKH�PHDVXULQJ
FRPSRQHQW� �����GLSKHQ\O�����EXWDGLHQH��� IRU
LQVWDQFH�� FDXVHG� E\� FR�FU\VWDOOL]DWLRQ� ZLWK
S�WHUSKHQ\O� ZDV� WDNHQ� LQWR� DFFRXQW� GXULQJ
WKH�FDOLEUDWLRQ�SURFHGXUH�

7KH� FDOFXODWLRQ�RI�����GLSKHQ\O�����EXWD�
GLHQH� FRQFHQWUDWLRQ� ZDV� FDUULHG� RXW� E\� WKH
PHWKRG� RI� LQWHUQDO� VWDQGDUG�� 7KH� LQWHUQDO
VWDQGDUG� KDV� WR� VDWLVI\� WKH� IROORZLQJ� UH�
TXLUHPHQWV�>�@�

)LJ����� 7KH� VFKHPDWLF� UHSUHVHQWDWLRQ� RI
S�WHUSKHQ\O� DQG� ����GLSKHQ\O�����EXWDGLHQH
PROHFXOHV��GLVWDQFHV�DUH�LQ�c��
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Ü�WR�KDYH�YRODWLOLW\�VLPLODU�WR�WKDW�RI�WKH
VXEVWDQFH�EHLQJ�GHWHUPLQHG�

Ü��WR�KDYH�D�ZHOO�UHVROYHG�SHDN�ORFDWHG�DW
WKH�FKURPDWRJUDP�QHDU�WKH�SHDN�RI�WKH�VXE�
VWDQFH�EHLQJ�GHWHUPLQHG��EXW�QRW�RYHUODSSHG
LW�

Ü�WR�DEVHQFH�DW�WKH�PL[WXUH�XQGHU�DQDO\�
VLV�

Ü� WR� GLVVROYH� ZHOO� LQ� WKH�PL[WXUH� XQGHU
DQDO\VLV�

Ü�QRW� WR�UHDFW�ZLWK�RWKHU�FRPSRQHQWV�RI
WKH�VDPSOH�

2Q�WKH�EDVLV�RI�WKH�UHVXOWV�RI�SUHOLPLQDU\
FKURPDWRJUDSKLF�VWXGLHV�ZH�KDYH�FKRVHQ�DQ�
WKUDFHQH� DV� D� VWDQGDUG�� ZKLFK� VDWLVILHV
ZKROH� WKH� DIRUHPHQWLRQHG� UHTXLUHPHQWV�
7KH�DPRXQW� RI� DQWKUDFHQH� DGGHG� WR� WKH�VR�
OXWLRQV� XQGHU� LQYHVWLJDWLRQ� ZDV� FRPPHQVX�
UDWH�ZLWK� WKH� H[SHFWHG� DPRXQW� RI� WKH� FRP�
SRQHQW� EHLQJ� DQDO\VHG�� $QDO\VHV� ZHUH� FDU�
ULHG� RXW� E\� WKH� JDV� FKURPDWRJUDSK\
PDVV�VSHFWURPHWHU�9DULDQ�����/��DQ�LRQL]D�
WLRQ�E\�HOHFWURQ�LPSDFW��LRQL]DWLRQ�HQHUJ\�LV
��� H9��� ,W� ZDV� XVHG� WKH� FDSLOODU\� FROXPQ
2SWLPD��� �0DFKHUH\�1DJHO��� SKDVH� Û� SRO\
�����GLSKHQ\O��������RI�GLPHWK\OVLOR[DQH��
:H� XVHG� WKH� IROORZLQJ� WHPSHUDWXUH� SUR�
JUDP�� LVRWKHUP� DW� ����&� IRU� RQH� PLQXWH�
KHDWLQJ� WR� ����&� DW� D� UDWH� RI� ���&� SHU
��PLQ��7KH�YROXPH�RI�WKH�LQWURGXFHG�VDPSOH
ZDV���PLFUR�OLWUH�� LQMHFWRU�WHPSHUDWXUH�ZDV
����&�� $FFXUDWHO\� ZHLJKWHG� VDPSOHV� ZHUH
XVHG�IRU�SUHSDUDWLRQ�RI�ZRUNLQJ�DQG�FDOLEUD�
WLRQ� VROXWLRQV� DQG� FRQFHQWUDWLRQV� RI� FRUUH�
VSRQGLQJ� FRPSRQHQWV� ZHUH� FDOFXODWHG�
:RUNLQJ� VROXWLRQV� RI� ������� J�PO� DQWKUD�
FHQH� DQG� ����GLSKHQ\O�����EXWDGLHQH� ZHUH
SUHSDUHG� E\� GLVVROYLQJ� WKH� SXUH� VXEVWDQFH
LQ� R�[\OHQH�� 7KH� ZRUNLQJ� VROXWLRQV� ZHUH
XVHG�IRU�SUHSDUDWLRQ�RI�WKH�FDOLEUDWLRQ�VROX�
WLRQV�ZLWK� FRQFHQWUDWLRQ� RI� DQWKUDFHQH� DQG
����GLSKHQ\O�����EXWDGLHQH� IURP� ������� WR
������� �7R�SUHSDUH� VROXWLRQV�IRU� LQYHVWLJD�
WLRQ�� ���� J� RI�S�WHUSKHQ\O� VDPSOH� EHLQJ� LQ�
YHVWLJDWHG� ZDV� SXW� LQ� D� WHVW�WXEH�� WKDQ
���� PO� RI� WKH� ZRUNLQJ� VROXWLRQ� RI� DQWKUD�
FHQH� DQG� ���� PO� RI� R�[\OHQH� ZHUH� DGGHG�
7KH� FDOLEUDWLRQ� VROXWLRQV� DQG� WKH� VROXWLRQV
EHLQJ� LQYHVWLJDWHG� ZHUH� KHDWHG� XQWLO� S�WHU�
SKHQ\O� FRPSOHWH� GLVVROXWLRQ� DQG� OHIW� IRU
WZHQW\�IRXU� KRXUV� IRU� FU\VWDOOLVDWLRQ�� %H�
IRUH�WKH�DQDO\VLV�WKH�VROXWLRQV�ZHUH�VKDNHQ�
OHW� WKH� S�WHUSKHQ\O� VHGLPHQW� VHWWOH� RU� ZDV
SUHFLSLWDWHG� E\� D� FHQWULIXJH� LI� QHFHVVDU\
DQG�WKHQ�WKH�OLTXLG�DERYH�WKH�VHGLPHQW�ZDV
DQDO\]HG�� 7KH� UHVXOW� RI� GHWHUPLQDWLRQ� RI
����GLSKHQ\O�����EXWDGLHQH� FRQFHQWUDWLRQ
IRU� HDFK� S�WHUSKHQ\O� VDPSOH� LV� DULWKPHWLF
DYHUDJH�RI�WKH�UHVXOWV�RI�WKUHH�DQDO\VHV���,W

ZDV� REWDLQHG� DW� OHDVW� WKUHH� FKURPDWRJUDPV
IRU�HDFK�VROXWLRQ��7KH�UHVXOWV�RI�GHWHUPLQD�
WLRQ� RI� ����GLSKHQ\O�����EXWDGLHQH� FRQFHQ�
WUDWLRQ�LQ�S�WHUSKHQ\O�VDPSOHV�DUH�SUHVHQWHG
LQ�7DEOH�

���5HVXOWV�DQG�GLVFXVVLRQ
7KH�UHVXOWV�SUHVHQWHG�LQ�7DEOH�VKRZV�WKDW

����GLSKHQ\O�����EXWDGLHQH� FRQFHQWUDWLRQ� LQ
WKH� JURZQ� ERXOH� LV� QRW� XQLIRUP� EXW� ULVHV
IURP�WKH�ERXOH�FRQH�WR�LW�WRS��7KH�PLQLPXP
RI� ����GLSKHQ\O�����EXWDGLHQH� FRQFHQWUDWLRQ
LV��������RI�S�WHUSKHQ\O�PDVV�IUDFWLRQ�WKDW
LV� DOPRVW� RQH�ILIWK� RI� LWV� LQLWLDOO\� LQWUR�
GXFHG� FRQFHQWUDWLRQ�� 7KHUHIRUH� SDUW� RI� WKH
JXHVW� VXEVWDQFH� ZDV� GULYHQ� EDFN� LQWR� WKH
PHOW� GXULQJ� WKH� FU\VWDO� JURZLQJ�� 0RUH� DF�
WLYH� VXEVWLWXWLRQ� RI� S�WHUSKHQ\O� PROHFXOHV
E\� WKH� JXHVW� PROHFXOHV� RFFXUUHG� DIWHU� LQ�
FUHDVLQJ�WKH�����GLSKHQ\O�����EXWDGLHQH�FRQ�
FHQWUDWLRQ�LQ�WKH�JURZLQJ�FU\VWDO��7KH�JXHVW
FRQFHQWUDWLRQ� H[FHHGHG� WKDW� RULJLQDOO\� LQ�
WURGXFHG� LQWR� WKH� PHOW� DW� WKH� WRS� RI� WKH
ERXOH� DQG� SUHIHUHQWLDO� SUHFLSLWDWLRQ� RI� WKH
JXHVW�FU\VWDOOLQH�JUDLQV�ZDV�REVHUYHG�

���&RQFOXVLRQV
7KH�JDV�FKURPDWRJUDSK\�PDVV�VSHFWURPH�

WU\�PHWKRG�XVHG� LQ� WKH�ZRUN�DOORZHG�XV� WR

7DEOHV��&RQWHQW�RI�����GLSKHQ\O�����EXWDGL�
HQH�LQ�WKH�VDPSOHV

7KH�VDPSOHV &RQWHQW�RI������GLSKHQ\O������
EXWDGLHQH�Z�r�'Z���

� ����r����
� �����r�����
� �����r�����
� �����r�����

�N��FRQH �����r�����

)LJ�����7KH� VFKHPH�RI
VDZLQJ� RI� WKH� JURZQ
EXON� DQG� QXPEHULQJ
RI�WKH�VDPSOHV��LW�FRU�
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GHWHUPLQH� ����GLSKHQ\O�����EXWDGLHQH� FRQ�
FHQWUDWLRQ� LQ� S�WHUSKHQ\O� VLQJOH� FU\VWDOV
JURZQ� IURP� WKH� PHOW�� ,W� KDV� EHHQ� VKRZQ
WKDW� ����GLSKHQ\O�����EXWDGLHQH� FRQFHQWUD�
WLRQ� LQFUHDVHV� ZLWK� KHLJKW� RI� WKH� JURZQ
ERXOH� IURP� WKH� FRQH� WR� WKH� WRS��7KH� GHWHU�
PLQDWLRQ�PHWKRG�RI�����GLSKHQ\O�����EXWD�
GLHQH� LQ�D�S�WHUSKHQ\O�VLQJOH�FU\VWDO�ZLWK
DQ� DFFXUDF\� WR� ��Ü�� �� KDV� EHHQ� GHYHO�
RSHG�� ,W� ZDV� IRXQG� WKDW� WKH� PLQLPDO
YDOXH� RI� ����GLSKHQ\O�����EXWDGLHQH� FRQ�
FHQWUDWLRQ� LV� HTXDO� ������r���������
ZKLOH� WKH� LQWURGXFHG� FRQFHQWUDWLRQ� LQ� WKH
PHOW�LV�������
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