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&U\VWDOOLQH� PDQJDQHVH�GRSHG� OLWKLXP
WHWUDERUDWH� �/7%�� /L�%�2��0Q� LV� RQH� RI� WKHNQRZQ� WKHUPROXPLQHVFHQW� FU\VWDO� OXPLQR�
SKRUV�IRU�;�UD\�DQG�JDPPD�GRVLPHWU\��,P�
SURYHPHQW� RI� WKHUPROXPLQRSKRU� FKDUDF�
WHULVWLFV�� LQ� SDUWLFXODU�� UHGXFWLRQ� RI� EDFN�
JURXQG�VLJQDO��HQKDQFHPHQW�RI�OLJKW�RXWSXW
GXH� WR� FROOHFWLRQ� RI� OXPLQHVFHQW� HPLVVLRQ
IURP� WKH� HQWLUH� GHWHFWRU� YROXPH� DV�ZHOO� DV
UHGXFWLRQ� RI� K\JURVFRSLFLW\� FRXOG� EH� SUR�
YLGHG� E\� XVLQJ� WKH� VLQJOH� FU\VWDO� VDPSOHV
>�@�� 7KHUHIRUH�� WKH�PDQXIDFWXULQJ� PHWKRGV
RI� GRSHG� �LQ� SDUWLFXODU�� PDQJDQHVH�GRSHG�
/7%�VLQJOH�FU\VWDOV�DUH�EHLQJ�GHYHORSHG�DQG
WKHLU� WKHUPROXPLQHVFHQFH� �7/�� SURSHUWLHV
DUH� EHLQJ� VWXGLHG� >�@�� :H� KDYH� REWDLQHG
/7%�0Q� VLQJOH� FU\VWDOV� ZLWK� GLIIHUHQW
GRSDQW� FRQFHQWUDWLRQV�� VWXGLHG� WKHLU� GHFD\
FXUYHV� DQG�GHWHUPLQHG� WKH� WUDS�GHSWKV�DQG
7/�NLQHWLFV�RUGHU�

7KH�LQLWLDO�EOHQG�IRU�VLQJOH�FU\VWDO�JURZ�
LQJ�ZDV�SUHSDUHG�XVLQJ�H[WUD�SXUH�UHDJHQWV
E\� PHOWLQJ� WKH� VWRLFKLRPHWULF� DPRXQWV� RI
%�2�� DQG� /L�&2�� DQG� FDOFXODWHG� DPRXQW� RI

0Q2��LQ�D�SODWLQXP�FUXFLEOH�LQ�WKH�DLU��7DN�LQJ� LQWR� DFFRXQW� WKH� LQFRQJUXHQW� FKDUDFWHU
RI� /7%� HYDSRUDWLRQ� >����@�� DQG� LQ� RUGHU� WR
UHGXFH� WKH�ERURQ�R[LGH� ORVV�GXULQJ�WKH�VLQ�
JOH� FU\VWDO� JURZLQJ�� H[FHVV� %�2�� �XS� WR����PRO����ZDV�DGGHG�WR�WKH�EOHQG��7KH�VLQ�
JOH� FU\VWDOV� ZHUH� JURZQ� E\� &]RFKUDOVNL
PHWKRG� DORQJ� WKH� ����!� GLUHFWLRQ� DW� WKH
��PP�GD\�SXOOLQJ�UDWH�DQG��Ü���USP�URWD�
WLRQ�VSHHG��,Q�WKH�ORZHU�SDUW�RI�VLQJOH�FU\V�
WDOV�SURGXFHG��WKH�VROLG�SKDVH�DQG�JDV�LQFOX�
VLRQV� ZHUH� REVHUYHG�� :LWK� LQFUHDVLQJ
GRSDQW�FRQWHQW�LQ�WKH�LQLWLDO�EOHQG��WKH�VL]H
RI� DUHDV� IUHH� RI�PDFURGHIHFWV� LQ� WKH� XSSHU
SDUW�RI� VLQJOH� FU\VWDOV�GHFUHDVHG��$�FHUWDLQ
DPRXQW�RI�JDV� LQFOXVLRQV�ZDV�DOVR�REVHUYHG
DORQJ� WKH� VLQJOH� FU\VWDO� JURZWK� D[LV�� 7KLV
FRXOG�EH�H[SODLQHG�E\�LQVXIILFLHQW�PHOW�PL[�
LQJ�LQ�WKH�FHQWUDO�SDUW�RI�VXE�FU\VWDO�UHJLRQ
GXH� WR� LWV� KLJK�YLVFRVLW\� >����@�� ,Q�JHQHUDO�
GLVWULEXWLRQ�RI�LQFOXVLRQV�LQ�WKH�FU\VWDO�EXON
ZDV� VLPLODU� WR� WKDW� UHSRUWHG� LQ� >�@�� ZKHUH
WKH� PRVW� GHIHFW� DUHDV� ZHUH� ORFDWHG� LQ� WKH
FHQWUDO� SDUW� RI� VLQJOH� FU\VWDOV� DORQJ� WKH
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JURZWK� D[LV� DQG� IRUPHG� D� FLUFXODU� DUHDV�
ZKLOH� WKHLU� QXPEHU� ZDV�PXFK� OHVV� FORVH� WR
WKH� RXWHU� VXUIDFH��:LWK� LQFUHDVLQJ�PDQJD�
QHVH�FRQWHQW�LQ�WKH�LQLWLDO�EOHQG��WKH�VL]H�RI
FU\VWDO�DUHDV�ZLWK�VROLG�SKDVH�DQG�JDV�LQFOX�
VLRQV�DOVR�LQFUHDVHG��7KH�;�UD\�DQDO\VLV�UH�
VXOWV� RI� KLJK�TXDOLW\� /7%�0Q� FU\VWDO� SDUWV
DUH�DOPRVW�VLPLODU�WR�WKH�OLWHUDWXUH�GDWD�RE�
WDLQHG� IRU� XQGRSHG� /7%� VLQJOH� FU\VWDOV� >�@
DQG� VKRZ� WKH� DEVHQFH� RI� RWKHU� SKDVHV� Û
ERUDWHV� DQG� PDQJDQHVH� R[LGHV� �ZLWKLQ� WKH
VHQVLWLYLW\� OLPLWV� RI� WKH� PHWKRG��� 6DPSOHV
IRU�WKH�VWXGLHV�ZHUH�FXW�RXW�IURP�WKH�FU\V�
WDO� SDUWV� IUHH� RI� PDFURGHIHFWV� QRUPDOO\� WR
WKH� SXOOLQJ� GLUHFWLRQ�� 7KH� PHDVXUHPHQWV
ZHUH� FDUULHG� RXW� DW� SROLVKHG� VDPSOHV� RI
�u�u��PP��VL]H�

7R� GHWHUPLQH� WKH� FRQFHQWUDWLRQ� GHSHQG�
HQFH� RI�7/�\LHOG� LQ�/7%�0Q� VLQJOH� FU\VWDOV�
ZH� KDYH� SHUIRUPHG� D� VHULHV� RI� VLPLODU� DQ�
QHDOLQJ�LUUDGLDWLRQ�PHDVXUHPHQW� F\FOHV� IRU
WKH� VDPSOHV� ZLWK� GLIIHUHQW� GRSDQW� FRQFHQ�
WUDWLRQV�� 7KH� DQQHDOLQJ� ZDV� GRQH� DW� ����&
IRU� ���� V�� 7KH� VDPSOHV� ZHUH� LUUDGLDWHG
XVLQJ� DQ�;�UD\� WXEH�ZLWK� FRSSHU� DQWL�FDWK�
RGH� DW� ��� N9� RSHUDWLQJ� YROWDJH�� 7KH� DE�
VRUEHG� GRVH� ZDV� �� *\� DW� �� *\�PLQ� GRVH
UDWH��7KH�GHFD\�FXUYHV�ZHUH�UHFRUGHG�LPPH�
GLDWHO\� DIWHU� H[SRVXUH� XVLQJ� DQ� DXWRPDWHG
VHWXS�HTXLSSHG�ZLWK�D�)(8�����SKRWRPXOWL�
SOLHU� RSHUDWLQJ� LQ� WKH� SKRWRQ� FRXQWLQJ
PRGH��7R�PLQLPL]H�WKH�HIIHFW�RI�VDPSOH�DQG
KHDWHU�WKHUPDO�HPLVVLRQ��D�6=6����OLJKW�ILO�
WHU�ZDV�PRXQWHG�LQ�IURQW�RI�WKH�SKRWRPXOWL�
SOLHU�ZLQGRZ��7KH�OLQHDU�KHDWLQJ�UDWH�RI�WKH
VDPSOH�ZDV�����&�V��$�WKLQ� OD\HU�RI�VLOLFRQ
JUHDVH� ZDV� LQWURGXFHG� EHWZHHQ� WKH� KHDWHU
DQG�VDPSOH�WR�LPSURYH�WKH�WKHUPDO�FRQWDFW�
)RU� HDFK� GRSDQW� FRQFHQWUDWLRQ�� WKH� H[SHUL�
PHQW� ZDV� UHSHDWHG� XVLQJ� VHYHUDO� VDPSOHV
FXW�RXW�RI�WKH�VDPH�SDUW�RI�WKH�VLQJOH�FU\V�
WDO�� 7KH� GDWD� REWDLQHG� ZHUH� DYHUDJHG�� DQG
WKH�PHDVXUHPHQW�HUURU�ZDV�GHWHUPLQHG�E\�D
VWDQGDUG�SURFHGXUH�

7KH�IUDFWLRQDO�JORZ�WHFKQLTXH��)*7��ZDV
DSSOLHG� WR� LQYHVWLJDWH� WKH� WUDS� SDUDPHWHUV�
7KH� SUH�DQQHDOHG� VDPSOHV� ZHUH� H[SRVHG� WR
;�UD\� GRVH� RI� DERXW� ���� *\�� 'XULQJ� HDFK
)*7� F\FOH�� WKH� VDPSOH� WHPSHUDWXUH�ZDV� UH�
SHDWHGO\� LQFUHDVHG� E\� ��&� DW� DERXW� ����&�V
UDWH� DQG� ORZHUHG� E\� ��&� DW� WKH� VDPH� UDWH�
7KH� DERYH� SDUDPHWHUV� DSSHDUHG� WR� EH� RSWL�
PDO� IURP� WKH� VWDQGSRLQW� RI� WKH� PHWKRG
UHVROXWLRQ� DQG� PHDVXULQJ� WLPH�� 7KH� ZKROH
SURFHGXUH� FRQVLVWHG� RI� DERXW� ���� KHDW�
LQJ�FRROLQJ�F\FOHV��7KH�DYHUDJH�GHSWK�YDOXH
(L� RI� DOO� WUDSV� HPSWLHG� LQ� WKH� L�WK� F\FOH�ZDVFDOFXODWHG� XVLQJ� WKH� IRUPXOD� SURSRVHG� LQ� >�@

DQG� WDNLQJ� LQWR� DFFRXQW� WKH� GLIIHUHQFH� EH�
WZHHQ� WKH� KHDWLQJ� DQG� FRROLQJ� UDWLR� LQ� D
F\FOH�

(L� �(LK���
ZLF

ZLK���ZLF
�(LF���(LK��� ���

ZKHUH� (LK� DQG� (LF� DUH�� WKH� HQHUJLHV� HVWL�PDWHG� IRU� WKH� KHDWLQJ� DQG� FRROLQJ� SDUW� RI
7/�FXUYH��UHVSHFWLYHO\��LQ�L�WK�F\FOH��ZLK�DQGZLF�� WKH� OLQHDU�KHDWLQJ� DQG� FRROLQJ�UDWHV� LQWKH�L�WK�F\FOH��UHVSHFWLYHO\�

7KH� OXPLQHVFHQFH� HPLVVLRQ� RI� WKH� VLQJOH
FU\VWDO� �DV�ZHOO�DV�FU\VWDOOLQH��/7%�0Q� LV� LQ
WKH� RUDQJH� UHJLRQ� RI� WKH� YLVLEOH� VSHFWUXP�
)LJ���� VKRZV� JORZ� FXUYHV� RI� /7%�0Q� VLQJOH
FU\VWDO� VDPSOHV� ZLWK� GLIIHUHQW� 0Q� FRQFHQ�
WUDWLRQ� LQ� WKH� LQLWLDO�EOHQG��$V� LV� VHHQ�� WKH
FXUYHV� VKDSH� FKDQJHV� VLJQLILFDQWO\� DV� WKH
GRSDQW� FRQFHQWUDWLRQ� YDULHV�� EXW� DOO� WKH
FXUYHV� GHPRQVWUDWH� WZR� ZHOO� VHSDUDWHG
EURDG�SHDNV�� WKH� ILUVW� O\LQJ�ZLWKLQ�WKH���Ü
����&� UDQJH� DQG� VHFRQG�� ZLWKLQ� WKH� ���Ü
����&� RQH�� 7KH� SHDN� VKDSHV� FRUUHODWH� ZLWK
WKH�GDWD�RI�>��@�REWDLQHG�IRU�WKH�FU\VWDOOLQH
VDPSOHV� EXW�GLIIHUV� IURP�WKRVH� IRU� WKH� VLQ�
JOH� FU\VWDO� RQHV� >�@��$V� WKH� GRSDQW� FRQFHQ�
WUDWLRQ� LQFUHDVHV�� WKH� LQWHQVLW\� RI� WKH� ORZ�
WHPSHUDWXUH�SHDN�ULVHV��WKXV�H[FHHGLQJ�WKDW
RI�WKH�KLJK�WHPSHUDWXUH�RQH��ZKLOH�LWV�SRVL�
WLRQ�VKLIWV�WRZDUGV�ORZHU�WHPSHUDWXUHV��7KH
FRQFHQWUDWLRQ�GHSHQGHQFH� IRU� WKH�KLJK�WHP�
SHUDWXUH� SHDN� KDV� D� PRUH� FRPSOH[� FKDUDF�
WHU�� 1DPHO\�� DV� WKH� GRSDQW� FRQFHQWUDWLRQ
LQFUHDVHV�� LW� LV� ILUVW� EURDGHQHG� WRZDUGV
KLJKHU� WHPSHUDWXUHV� ZLWK� VLPXOWDQHRXV� LQ�
WHQVLW\�ULVH�DQG�DWWDLQV�D�PD[LPXP��$W�IXU�

)LJ�����*ORZ�FXUYHV�RI�/L�%�2��0Q�VLQJOH�FU\V�WDO� VDPSOHV� ZLWK� GLIIHUHQW�0Q� FRQFHQWUDWLRQ
LQ� WKH� LQLWLDO� EOHQG� �PDVV����� ������ ����
������ ����� ������ ����� ������ ����� ������ ����
�����������������������������
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WKHU� LQFUHDVH� RI� WKH� GRSDQW� FRQFHQWUDWLRQ�
WKLV� SHDN� ILUVW� FRQWLQXHV� WR� EURDGHQ�
VOLJKWO\� GHFUHDVLQJ� LQ� DPSOLWXGH�� DQG� WKHQ
EHFRPHV� QDUURZHU� WRZDUGV� WKH� ORZHU� WHP�
SHUDWXUHV�NHHSLQJ�DOPRVW�XQFKDQJHG�IRUP�

)LJ���� SUHVHQWV� WKH� UHVXOWV� RI� WKH� )*7
PHDVXUHPHQW� IRU� RQH� RI� WKH� VDPSOHV�� 7KH
V\PEROV� SUHVHQW� WKH� REWDLQHG� WUDS� GHSWK
YDOXHV�� ZKLOH� WKH� FXUYH� UHIOHFWV� WKH� OLJKW
VXP�HPLWWHG�LQ�HDFK�F\FOH��7KH�DEVFLVVD�FRU�
UHVSRQGV� WR� WKH� PD[LPXP� WHPSHUDWXUH� LQ
WKH�F\FOH�� ,Q�WKH�OHIW�KDQG�SDUW�RI�WKLV�SORW
WKDW� FRUUHVSRQGV� WR� WKH� JURXS� RI� WUDSV� UH�
VSRQVLEOH� IRU� WKH� ORZ�WHPSHUDWXUH� FRPSOH[
7/�SHDN��WKHUH�LV�VHYHUDO�PRUH�DQG�OHVV�SUR�
QRXQFHG� SODWHDXV�� 7KLV� LQGLFDWHV� WKH� SUHV�
HQFH� RI� VHYHUDO� WUDSV� LQ� WKH� FU\VWDO� ZLWK
VPDOO� GLIIHUHQFH� LQ� WKHLU�GHSWKV��7KH�DERYH
GLIIHUHQFH� LV� FORVH� WR� WKH� )*7� UHVROXWLRQ�
ZKLFK�� DFFRUGLQJ� WR� >��@�� LV� ��� PH9�� WKDW
FRPSOLFDWHV� WKH� LGHQWLILFDWLRQ� RI� WKHVH
WUDSV��7KH�PRVW�SURQRXQFHG�SODWHDXV�FRUUH�
VSRQG�WR�HQHUJ\�YDOXHV�RI������������������
������DQG������H9��,Q�WKH�KLJK�WHPSHUDWXUH
SDUW� RI� )LJ����� WKH� HUURU� LV� PXFK� JUHDWHU�
QHYHUWKHOHVV�� VRPH� SODWHDXV� FDQ� EH� GLVWLQ�
JXLVKHG��7KLV�DOVR�LQGLFDWHV�WKH�SUHVHQFH�RI
D�JURXS�RI�WUDSV�ZLWK�FORVH�GHSWKV��WKDW�DUH
UHVSRQVLEOH� IRU� WKH� KLJK�WHPSHUDWXUH� FRP�
SOH[� 7/� SHDN�� 7KH� PRVW� SURQRXQFHG� SOD�
WHDXV� FRUUHVSRQG� WR� HQHUJ\� YDOXHV� RI� ����
������DQG������H9�

7KH� UHVXOWV� RI� )*7� DSSOLFDWLRQ� WR� WKH
VDPSOHV� ZLWK� RWKHU� GRSDQW� FRQFHQWUDWLRQV
DOVR� LQGLFDWH� WKH� SUHVHQFH� RI� WZR� WUDS
JURXSV�� HDFK� LQFOXGLQJ� D� ODUJH� QXPEHU� RI
WUDSV�ZLWK� FORVH�GHSWKV�� ,Q� DGGLWLRQ�� LW�KDV
EHHQ�IRXQG�WKDW�WKH�PRVW�RI�REWDLQHG�HQHUJ\
YDOXHV� DUH� FRPPRQ� IRU� PRVW� VDPSOHV� ZLWK

GLIIHUHQW� GRSDQW� FRQFHQWUDWLRQ�� 7KLV� PD\
WHVWLI\�WR�WKH�VLPLODULW\�RI�WKH�HQHUJ\�VWUXF�
WXUH� RI� WKH� DERYH� VLQJOH� FU\VWDOV�� ,Q� WKDW
FDVH�� WKH� FKDQJH� RI� WKH� GHFD\� FXUYH� VKDSH
ZLWK�YDU\LQJ�GRSDQW�FRQFHQWUDWLRQ�FRXOG�EH
H[SODLQHG� E\� UHGLVWULEXWLRQ� RI� WKH� HOHPHQ�
WDU\�SHDN�LQWHQVLWLHV�WKDW�IRUP�WZR�FRPSOH[
SHDNV�RU��PRUH�FOHDUO\��E\�UHGLVWULEXWLRQ�RI
WUDSV� ILOOLQJ� GXULQJ� WKH� LUUDGLDWLRQ� RI� WKH
VDPSOH�

7R�GHWHUPLQH� WKH� RUGHU� RI� WKH�7/�NLQHW�
LFV�� ZH� KDYH� VWXGLHG� WKH� GHSHQGHQFH� RI
GHFD\�FXUYH�VKDSH�RQ�WKH�DEVRUEHG�GRVH�IRU
VHYHUDO� VDPSOHV� ZLWK� GLIIHUHQW� GRSDQW� FRQ�
FHQWUDWLRQ�� )LJ���� VKRZV� JORZ� FXUYHV� IRU
RQH�RI�WKH�VDPSOHV�QRUPDOL]HG�WR�XQLW\��7KH
LUUDGLDWLRQ� GRVHV� ZHUH� ������� ������ �����
�����DQG����*\��WKH�OLQHDU�KHDWLQJ�UDWH�ZDV
��&�V�� $V� LV� VHHQ� IURP� WKH� )LJXUH�� DV� WKH
DEVRUEHG� GRVH� LQFUHDVHV�� WKH� KLJK�WHPSHUD�
WXUH� SHDN� H[FHHGV� WKH� ORZ�WHPSHUDWXUH� RQH
DW� DOPRVW� FRQVWDQW� KDOI�ZLGWKV�� ZKLOH� WKH
WHPSHUDWXUH� SRVLWLRQ� LV� VKLIWHG� WRZDUGV
KLJKHU� WHPSHUDWXUHV� E\� RQO\� ��&�� 7KLV� LQ�
VLJQLILFDQW� VKLIW� FRXOG� EH� H[SODLQHG� E\� UH�
GLVWULEXWLRQ�RI�WKH�HOHPHQWDU\�SHDN�LQWHQVL�
WLHV� WRZDUGV� WKH� KLJK�WHPSHUDWXUH� FRPSR�
QHQWV�� 7KH� VOLJKW� FKDQJH� LQ� WKH� KDOI�ZLGWK
DQG� WHPSHUDWXUH� SRVLWLRQ� RI� WKH� 7/� SHDN
ZKLOH� WKH� DEVRUEHG�GRVH� LQFUHDVHV� E\� D� IDF�
WRU�RI�����WHVWLILHV�WR�WKH�ILUVW�RUGHU�RI�7/
NLQHWLFV�� 6LPLODU� UHVXOWV� DQG� FRQFOXVLRQV
ZHUH� REWDLQHG� IRU� WKH� VDPSOHV� ZLWK� RWKHU
GRSDQW�FRQWHQW�

$FFRUGLQJ� WR� >�����@��/7%� EHORQJV� WR� VR�
FDOOHG�FDUFDVV�VWUXFWXUHV�EDVHG�RQ�WKH�ULJLG
DQLRQ� VXEODWWLFH� IRUPHG� E\� WKH� �'� ERURQ�
R[\JHQ�QHW��,WV�EDVLF�VWUXFWXUDO�IUDJPHQW�LV

)LJ�����7KH�)*7�UHVXOWV�IRU�/L�%�2��0Q�VLQJOHFU\VWDO� VDPSOH� ZLWK� ������ PDVV��� 0Q� FRQ�
FHQWUDWLRQ�LQ�WKH�LQLWLDO�EOHQG�

)LJ�����*ORZ�FXUYHV�RI�/L�%�2��0Q�VLQJOH�FU\V�WDO�VDPSOH�ZLWK�������PDVV���0Q�FRQFHQWUD�
WLRQ� LQ� WKH� LQLWLDO� EOHQG� LUUDGLDWHG�ZLWK� GLI�
IHUHQW� GRVHV� �*\��� ������ ����� ����� ����� ����
���������������������
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%�2��±�JURXS��ZKHUH�WZR�ERURQ�DWRPV�DUH�LQWKH� WULDQJXODU� DQG� WZR�� LQ� WKH� WHWUDKHGUDO
FRRUGLQDWLRQ�� 7KHVH� FRPSOH[HV� DUH� LQWH�
JUDWHG� E\� FRPPRQ� R[\JHQ� DWRPV� LQWR� VSL�
UDOV� ZLWK� V\PPHWU\� D[LV� DORQJ� WKH� ����!
GLUHFWLRQ��7KH�VSLUDOV��LQ�WXUQ��DUH�DOVR�FRP�
ELQHG�E\�FRPPRQ�R[\JHQ�DWRPV��ZKLOH� OLWK�
LXP�LRQV�DUH�ORFDWHG�LQ�WKH�KROORZV�EHWZHHQ
WKH� VSLUDOV�� (OHFWURQ� GHQVLW\� SHDNV� LQ� WKH
%±2�ERQGV�DUH� VKLIWHG�WRZDUGV�R[\JHQ�� L�H�
WKH�FKHPLFDO�ELQGLQJ�LQ�WKH�DQLRQ�VXEODWWLFH
LV� SRODU� FRYDOHQW�� ZKLOH� WKDW� EHWZHHQ� WKH
OLWKLXP� LRQV� DQG� DQLRQ� VXEODWWLFH� LV� LRQLF
RQH��,Q�WKH�DQLRQ�VXEODWWLFH��WKHUH�DUH�FKDQ�
QHOV� RULHQWHG� DORQJ� WKH� ����!� FU\VWDO�
ORJUDSKLF�GLUHFWLRQ��ZKHUH� WHWUDKHGUDO�FRRU�
GLQDWHG� OLWKLXP� LRQV� DUH� ORFDWHG��7KRVH� DUH
UHODWLYHO\� ZHDNO\� ERXQG� ZLWK� DQLRQ� VXEODW�
WLFH�� WKXV� SURYLGLQJ� ERWK� LRQLF� FRQGXFWLRQ
UHDOL]HG� GXH� WR� WKH� OLWKLXP� LRQV� DFFRUGLQJ
WR� WKH�YDFDQF\�PHFKDQLVPV�DQG�D� FRQVLGHU�
DEOH�HOHFWULF�FRQGXFWLRQ�DQLVRWURS\�>��@�

,W� LV� NQRZQ� >��@� WKDW� WKH� ERURQ�R[\JHQ
WHWUDKHGURQV� LQ� WKH� /7%� VWUXFWXUH� DUH� SUR�
GXFHG� GXH� WR� DWWDFKPHQW� RI� DQ� DGGLWLRQDO
R[\JHQ�DWRP�SURGXFHG�GXH�WR�LQWHUDFWLRQ�RI
OLWKLXP� R[LGH� /L�2� ZLWK� ERURQ� R[LGH�%�2��DQG� WKH� FDWLRQV� DUH� ORFDWHG� FORVH� WR� %2�WHWUDKHGURQV�� WKXV� FRPSHQVDWLQJ� WKH� H[FHV�
VLYH� QHJDWLYH� FKDUJH� GLVWULEXWHG� RYHU� WKH
WHWUDKHGURQ�>��@��7KXV��WHWUDKHGUDO�FRPSOH[
EHFRPHV� D� QHJDWLYHO\� FKDUJHG� SRLQW� GHIHFW
SURYLGHG�LW�LV�LVRODWHG�IURP�WKH�OLWKLXP�FDW�
LRQ�WKDW�FRPSHQVDWHV�WKH�FKDUJH��7KH�DERYH
SRLQW� GHIHFWV� FRXOG� DFW� DV� KROH� WUDSV�� 2[\�
JHQ� YDFDQFLHV� LQ� WKH� VWUXFWXUH� IRUP� DGGL�
WLRQDOO\�FKDUJHG�SRLQW�GHIHFWV��KROHV��FDSDEOH
RI�WUDSSLQJ�HOHFWURQV��,Q�VRPH�FDVHV��HOHFWURQ
DQG�KROH�WUDSV�FRXOG�EH�DVVRFLDWHG�ZLWK�EULGJ�
LQJ�DQG�QRQ�EULGJLQJ�R[\JHQ�ERQGV�>��@�

,Q� WKH� SURFHVV� RI� /7%� VLQJOH� FU\VWDO
JURZWK�IURP�WKH�PHOW�ZLWK�ERURQ�R[LGH�H[�
FHVV�� WKH� VLQJOH� FU\VWDO� PD\�� DFFRUGLQJ� WR
>��@��FRQWDLQ�XS�WR�a����PRO���RI�H[FHVVLYH
%�2�� WKDW� FRUUHVSRQGV� WR� WKH� OLPLW� RI� WKHFRPSRXQG� KRPRJHQHLW\� GRPDLQ�� 2EYLRXVO\�
LQ�WKLV�FDVH��D�FHUWDLQ�QXPEHU�RI�QHJDWLYHO\
FKDUJHG� FDWLRQ� YDFDQFLHV� LV� SURGXFHG�� DQG
WKHLU� FKDUJH� LV� FRPSHQVDWHG� E\� WKH� LQ�
FUHDVHG� QXPEHU� RI� WULDQJXODU� ERURQ�R[\JHQ
FRPSOH[HV� DQG� WKXV�E\� WKH� LQFUHDVLQJ� UDWLR
EHWZHHQ� WKH�ERURQ�R[\JHQ�WHWUDKHGURQV�DQG
WULDQJOHV� LQ� WKH� DQLRQ� VXEODWWLFH� �ZKLFK� LV
���� LQ� VWRLFKLRPHWULF� /7%�� LQ� IDYRU� RI� WKH
ODWWHU�� ,Q� WKLV� FDVH�� WKH� FKHPLFDO� FRPSRVL�
WLRQ�RI�/7%� GRHV�QRW� H[FHHG� WKH�KRPRJHQH�
LW\� GRPDLQ�� 7KXV�� ERWK� HOHFWURQ� DQG� KROH
WUDSV� DSSHDU� PDLQO\� DW� WKH� GHIHFWV� UHODWHG
WR�WKH�EDVLF�VWUXFWXUDO�XQLWV�RI�WKH�ODWWLFH�

7DNLQJ� LQWR� DFFRXQW� WKH� SHFXOLDULWLHV� RI
/7%� VWUXFWXUH�� LQ� SDUWLFXODU�� WKH� DQLRQ
VXEODWWLFH�ULJLGLW\��GRSDQW�LQWURGXFWLRQ�LQWR
VXEODWWLFH�LV�PRVW�SUREDEOH�ZLWK�WKH�SURGXF�
WLRQ�RI�VXEVWLWXWLRQ��L�H��OLWKLXP�LRQ�VXEVWL�
WXWLRQ��DQG�HVWDEOLVKPHQW��LQ�WKH�LQWHUVWLWLDO
VLWHV� ORFDWHG� LQ� WKH� FRQGXFWLRQ� FKDQQHOV�
VROLG� VROXWLRQV�� ,W� LV� DOVR� WR� WDNH� LQWR� DF�
FRXQW�WKH�LRQ�VL]H�DQG�LWV�FKDUJH�VWDWH��$F�
FRUGLQJ� WR� >������@�� PDQJDQHVH� HQWHUV� /7%
LQ� WKH� RFWDKHGUDO� FRRUGLQDWLRQ� LQ� WKH� IRUP
RI� 0Q���� DQG� WKLV� VKRXOG� EH� H[SODLQHG� E\
GHFRPSRVLWLRQ� RI� WKHUPDOO\� XQVWDEOH� 0Q2�GXULQJ� WKH� V\QWKHVLV�DW�WHPSHUDWXUHV�DERYH
����&�ZLWK�0Q2�IRUPDWLRQ��,Q�WKLV�FDVH��WKH
H[FHVVLYH� FKDUJH� RI� 0Q/L� LV� FRPSHQVDWHGPRVW�OLNHO\�E\�WKH�LQFUHDVLQJ�QXPEHU�RI�FDW�
LRQ�YDFDQFLHV�DQG�ERURQ�R[\JHQ�WULDQJOHV�LQ
WKH� DQLRQ� VXEODWWLFH� GXH� WR� IRUPDWLRQ� RI
R[\JHQ�YDFDQFLHV�LQ�WKH�VLWHV�RI�EULGJH�R[\�
JHQ� DWRPV�� )RU� LQVWDQFH�� WKH� UDWLR� RI� WKH
�SK\VLFDO�� LRQLF� UDGLL� IRU� PDQJDQHVH� DQG
OLWKLXP�U0Q���U/L�� DW� WKH�RFWDKHGUDO�PDQJD�QHVH� FRRUGLQDWLRQ� DQG� WHWUDKHGURQ� OLWKLXP
RQH� LV� ���������� ������ >��@��7KLV� TXDQWLW\
LV� ODUJHU� WKDQ� WKDW� IRU�FRSSHU� �������EXW� LV
OHVV�DV�FRPSDUHG�WR�VLOYHU���������,Q�WKH�FDVH
RI� /7%�0Q� VLQJOH� FU\VWDO� JURZWK� IURP� WKH
PHOW� ZLWK� ORZ� ����Ü���� PRO���� H[FHVV� RI
%�2��� D� FHUWDLQ�QXPEHU�RI� FDWLRQ�YDFDQFLHVFRXOG� EH� IRUPHG�� WKXV� PDNLQJ� HDVLHU� WKH
IRUPDWLRQ� RI� ERWK� VXEVWLWXWLRQ� VROLG� VROX�
WLRQ� ZKHUH� OLWKLXP� LRQ� SRVLWLRQV� DUH� RFFX�
SLHG�E\�PDQJDQHVH��DQG��SUREDEO\��RI�HVWDE�
OLVKPHQW� VROLG� VROXWLRQ�� ZKHUH� WKH� ODWWHU
FRXOG� RFFXS\� LQWHUVWLWLDO� SRVLWLRQV� LQ� WKH
FRQGXFWLRQ� FKDQQHOV�� :KHQ� PDQJDQHVH� HQ�
WHUV� WKH� LQWHUVWLWLDO� VLWHV�� WKH�H[FHVVLYH�0QLFKDUJH�FRXOG�DOVR�EH�FRPSHQVDWHG�GXH�WR�WKH
IRUPDWLRQ�RI�YDFDQFLHV�LQ�WKH�FDWLRQ�VXEODW�
WLFH�� ,Q� DFFRUGDQFH� ZLWK� WKH� GDWD� >��@� RE�
WDLQHG� ZKHQ� VWXG\LQJ� WKH� /7%� WKHUPRHOHF�
WULF� SURSHUWLHV�� OLWKLXP� DWRPV� RFFXS\� HQHU�
JHWLFDOO\� QRQ�HTXLYDOHQW� SRVLWLRQV�� 2Q� WKLV
EDVLV�� WKH� GRSDQW� DWRPV� �PDQJDQHVH�� WKDW
VXEVWLWXWH� OLWKLXP� PD\� EH� DVVXPHG� WR� EH
DOVR� HQHUJHWLFDOO\� QRQ�HTXLYDOHQW�� 7KLV
FRXOG� VWLPXODWH� WKH� SUHVHQFH� RI� VHYHUDO
WUDSV� DQG�� UHVSHFWLYHO\�� WKH� FRPSOH[� VWUXF�
WXUH�RI�7/�FXUYH�
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