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WKH� VWHDG\� VWDWH� WR� XQVWHDG\� RQH� LV� DFFRPSDQLHG� E\� WKH� SKRWRUHVSRQVH� VLJQDO� HQHUJ\
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7KH� YDULHW\� RI� VWUXFWXUDO� LQKRPRJHQHL�
WLHV� �6,�� DULVLQJ� LQ� SLH]RHOHFWULF� &G=Q7H
FU\VWDOV�XQGHU�VXEVWDQWLDOO\�QRQ�HTXLOLEULXP
FRQGLWLRQV� RI� WKHLU� PDQXIDFWXUH� JLYHV� ULVH
WR� LQKRPRJHQHRXV� LQWHUGHSHQGHQW� HODVWLF
DQG� HOHFWULF� ILHOGV�� 7KHLU� UHFRQILJXUDWLRQ
FDXVHG� E\� H[WHUQDO� DQG� LQWHUQDO� IDFWRUV
�SRZHU�ILHOGV��LUUDGLDWLRQ��UHVLGXDO�VWUHVV�UH�
OD[DWLRQ�� UDGLDWLRQ�� WHPSHUDWXUH� FKDQJHV�
HWF���GHILQHV�WKH�HYROYLQJ��VWUXFWXUH��RI�WKH
VHQVRU�UHVSRQVH��7KH�FKDUDFWHU�RI�VXFK�HYR�
OXWLRQ� LV� GHWHUPLQHG� IURP� LUUHYHUVLEOH
FKDQJHV� LQ� WKH� FU\VWDOV� SK\VLFDO� SURSHUWLHV�
DQG� WKHLU�RULJLQDWLRQ� LV�KDUGO\�YLVLEOH��EHLQJ
PDQLIHVWHG�LWVHOI�DV�WKH�LQLWLDWLRQ�RI�ORFDO�LQ�
VWDELOLWLHV��VSHFWUDO�DQG�RWKHU�DUWLIDFWV�>�Ü�@�
7KH�UHYHUVLEOH�RU�LUUHYHUVLEOH�FKDQJHV�LQ�WKH
FU\VWDO� FKDUDFWHULVWLFV� FDXVHV� WUDQVIRUPD�
WLRQV� LQ� WKH� LQIRUPDWLYH� FRQWHQW� RI� WKHLU
UHVSRQVH�ZKLFK�ZH�KDYH�PDQDJHG�WR�ILQG�E\
VWXG\LQJ� WKH� ORFDO� VSHFWUDO� LQVWDELOLW\� YLD
WKH� ZDYHOHW�DQDO\VLV� >�@�� $XWRPDWLRQ� DQG
FRPSXWHUL]LQJ� RI� UHVHDUFKHV� E\� LQFUHDVLQJ

WKH�VDPSOLQJ�UDWH�DQG�DSSOLFDWLRQ�RI�PRGHUQ
VLJQDO� SURFHVVLQJ� PHWKRGV� DOORZ� WR� WUDQV�
IRUP� SK\VLFDO� SUREOHPV� LQWR� LQIRUPDWLRQDO
RQHV�� 7KLV� RSHQV� IXQGDPHQWDOO\� QHZ� SRVVL�
ELOLWLHV� WR� UHYHDO� WKH� RULJLQ� RI� WKH� FU\VWDO
LQVWDELOLW\� GHYHORSPHQW� DQG� WR� VWXG\� WKHP�
WKDW�ZDV�WKH�PDLQ�SXUSRVH�RI�WKLV�ZRUN�
7KH�SKRWRFXUUHQW�NLQHWLFV�,�W��XQGHU�GRW�

WLQJ�SXOVH� SKRWRH[FLWDWLRQ� DQG� GHSHQGHQFH
RI� WKH� VWDWLRQDU\� SKRWRFXUUHQW� ,� RQ� WKH
PRQRFKURPDWLF� RSWLFDO� SUREH� FRRUGLQDWH� \
ZHUH�VWXGLHG�IRU�&G�±[=Q[7H��[� �����WR�����FU\VWDOV� JURZQ� E\� YHUWLFDO� FU\VWDOOL]DWLRQ
IURP�WKH�PHOW�XQGHU�YDULRXV�FRQGLWLRQV�DQG
FRQWDLQLQJ� D� YDULHW\� RI� WZR�GLPHQVLRQDO
VWUXFWXUDO� GHIHFWV� >�@�� *ROG� RU� LQGLXP�JDO�
OLXP�FRQWDFWV�ZHUH�GHSRVLWHG�RQWR�WKH�RSSR�
VLWH� ODUJHVW� IDFHV�RI� WKH� VDPSOHV�KDYLQJ�UH�
VLVWLYLW\� U�a�����y�����2KP�FP� DQG� VKDSHG
DV� UHFWDQJXODU� SDUDOOHOHSLSHGV� �u�u��PP��
7KH�PRQRFKURPDWLF� RSWLFDO� SXOVH� UHSHWLWLRQ
IUHTXHQF\� ZDV� YDULHG� LQ� WKH� UDQJH
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����y��+]��7KXV�� WKH�SXOVH� UHSHWLWLRQ�GXW\
IDFWRU�Q�ZDV��y����7KH�SKRWRFXUUHQW�NLQHW�
LFV�,�W��IRU�WKH�VDPSOHV�XQGHU�GRWWLQJ�SXOVHG
SKRWRH[FLWDWLRQ� ZDV� PHDVXUHG� LQ� WKH� ILHOG
RI� ��y���� 9�FP� VWUHQJWK� XVLQJ� DQ� HOHF�
WURPHWULF� WUDQVIRUPHU� EDVHG� RQ� DQ� $'���
RSHUDWLRQDO�DPSOLILHU��7KH�VLJQDO�ZDV�GLJLW�
L]HG� DQG� WKH� GDWD� REWDLQHG� ZHUH� SURFHVVHG
E\� FRPSXWHU� XVLQJ� WKH� ZDYHOHW�DQDO\VLV� LQ
WKH� 0DWODE� VRIWZDUH� SDFNDJH�� 7KH� HQHUJ\
GLVWULEXWLRQ� LQ� WKH� FU\VWDO� UHVSRQVH� VLJQDO
ZDV�HVWLPDWHG�E\� WKH� IUHTXHQF\�GHSHQGHQFH
$��I��RI�WKH�VTXDUHG�ZDYHOHW�FRHIILFLHQW�DP�
SOLWXGH�� 7KH� VWUXFWXUDO� LQKRPRJHQHLWLHV
ZHUH� UHYHDOHG� XVLQJ� WKH� SKRWR�HOHFWULF
PHWKRG� E\� PHDVXULQJ� WKH� ,�\�� GHSHQGHQFHV
DW� WKH� VDPSOH� DXWRPDWHG� PRYHPHQW� DW� D
FRQVWDQW�VSHHG�IURP�����WR����PP�PLQ�ZLWK
UHVSHFW� WR� WKH� ��Ü���� PP� ZLGH� RSWLFDO
SUREH�� 7KH� FU\VWDOV� ZHUH� SKRWRH[FLWHG� E\
WKH� RSWLFDO� SUREH� IURP� WKH� ���y����QP
ZDYHOHQJWK� UDQJH� XVLQJ� WKH� VHPLFRQGXFWRU
DQG�ODVHU�OLJKW�HPLWWLQJ�GLRGHV�DV�ZHOO�DV�D
KDORJHQ� ODPS� ZLWK� D� VHW� RI� LQIUDUHG� LQWHU�
IHUHQFH� OLJKW� ILOWHUV��$W� WKH� LQWHJUDO�SKRWR�
H[FLWDWLRQ��WKH�RSWLFDO�EHDP�GLDPHWHU�ZDV��
WR� ��� QP� DW� ���y���P:�FP�� UDGLDWLRQ
SRZHU� GHQVLW\�� 'XULQJ� WKH� H[SHULPHQW�� WKH
WLPH� GHSHQGHQFHV� RI� SKRWRUHVSRQVH� ,�W�� DQG
LWV�FKDQJH�UDWH� LQ�WLPH�G,�W��e�GW�ZHUH�PHDV�
XUHG� XQGHU� WKH� VDPSOH� SKRWRH[FLWDWLRQ� E\
WKH�SUREH�RU�LQ�LQWHJUDO�PRGH��7KHUHIRUH��LW
ZDV� IRXQG� WR� EH� SRVVLEOH� WR� GHVFULEH� WKH
SKRWRLQGXFHG� VWDWH� RI� WKH� VHQVRU� HOHFWURQLF
VXEV\VWHP�DW�HYHU\� LQVWDQW� W�E\�WKH�SDLU�RI
WKH�PHDVXUHG�,�W���G,�W��e�GW�YDOXHV� DQG� WKXV
WR�UHSUHVHQW�LW�JUDSKLFDOO\�DV�D�SRLQW�LQ�WKH
SKDVH� SODQH� ^,�W��� G,�W��e�GW`� >�@�� 7KH� FXUYH
IRUPHG� LQ� WKH� SKDVH� SODQH� E\� WKH� ^,�WL��G,�WL��GW`� SRLQWV� FRUUHVSRQGLQJ� WR� FRQVHFX�

WLYH�WLPH�PRPHQWV�WL�FRUUHVSRQGV�WKH�SKDVHWUDMHFWRU\�ZLWK�D�FRQILJXUDWLRQ�UHSUHVHQWLQJ
LQWHJUDWLYHO\� WKH� SKRWRUHVSRQVH�� 7KH� SRZHU
RI� WKH� SKRWRLQGXFHG� VWDWH� VXEVHW� DULVLQJ
XQGHU�H[FLWDWLRQ�RI�WKH�FU\VWDO�E\�DQ�RSWLFDO
SXOVH� LV� HTXDO� WR� WKH� DUHD� HQFORVHG� LQ� WKH
SKDVH� WUDMHFWRU\�� 7KXV�� WKH� VHWV� RI� WKH
,�W��G,�e�GW� SKDVH� GLDJUDPV� REWDLQHG� XQGHU
WKH� VLPXOWDQHRXV� GRWWLQJ�SXOVHG� SKRWRH[FL�
WDWLRQ� DQG� PRQRWRQRXV� KHDWLQJ� RU� FRROLQJ
PDNH�LW�SRVVLEOH�WR�VWXG\�WKH�VWHDG\��DWWUDF�
WRUV�� DQG� XQVWHDG\� SKRWRFXUUHQW� F\FOHV� RI
WKH� LQGXVWULDO�SKRWRGHWHFWRUV� >�@��7KH�KHDW�
LQJ� DQG� FRROLQJ�RI� WKH� VDPSOHV�ZDV� FDUULHG
RXW� DW� D� FRQVWDQW� UDWH� LQ� WKH� ���y����.
WHPSHUDWXUH�UDQJH�GXULQJ����WR�����PLQ��
2XU� VWXGLHV� KDYH� VKRZQ� WKDW� XQVWHDG\

HOHFWURQLF� SURFHVVHV� RULJLQDWH� LQ� WKH� ORFDO
UHJLRQV�DQG�PRGXODWH�WKH�LQWHJUDO�VHQVRU�UH�
VSRQVH�E\�IRUPLQJ�LWV�LQIRUPDWLYH�VWUXFWXUH
>�@��,Q�FRQWUDVW��DGGLWLRQ�RI�DQ�H[WHUQDO�GRW�
WLQJ�PRGXODWLQJ�ILHOG�SURPRWHV�WKH�GHYHORS�
PHQW�RU�HOLPLQDWLRQ�RI�ORFDO� LQVWDELOLW\��GH�
SHQGLQJ� RQ� WKH� ILHOG�SRODULW\��7KH� LQVWDELO�
LW\� PDQLIHVWV� LWVHOI� H[SOLFLWO\� RQO\� XQGHU
FHUWDLQ� H[FLWDWLRQ� SXOVH� UHSHWLWLRQ� IUHTXHQ�
FLHV� DQG� GXW\� IDFWRUV� >�@�� 7KDW� LV�� WKH� UH�
VSRQVH� LQVWDELOLW\� H[KLELWV� IHDWXUHV� RI� D
SURFHVV� ZLWK� D� YDULDEOH� LQIRUPDWLYH� VWUXF�
WXUH� >��@�� 7R� UHYHDO� DQG� VWXG\� WKH� VWUXF�
WXUH�� F\FOLF� PHDVXUHPHQWV� DUH� UHTXLUHG�
7KHUHIRUH�� WKH� SKRWRFXUUHQW� NLQHWLFV� VWDELO�
LW\�ZDV�VWXGLHG� LQ�WKH�F\FOLF�PRGH�IROORZHG
E\� LWV� WUDQVIRUPDWLRQ� LQWR� D� VHW� RI
,�W��G,�e�GW� GLDJUDPV� >�@�� ZKLFK� DUH� HVVHQ�
WLDOO\�VLJQDWXUHV�DQG�UHSUHVHQW�WKH�VHTXHQFH
RI�WKH�FU\VWDO�G\QDPLF�VWDWHV�
,QGHHG��WKH�,�W��G,�e�GW�GLDJUDPV�FRQVWUXFWHG

EDVLQJ� RQ� WKH� FU\VWDO� SKRWRFXUUHQW� NLQHWLFV
�)LJ���D�� E��� QRW� RQO\� DOORZ� WR� VHSDUDWH� WKH
VHTXHQFH�RI�WKH�VWDWHV�UHVXOWLQJ�LQ�WKH�SKR�

)LJ�����7KH�SKRWRFXUUHQW�NLQHWLFV�,�W��DW�WKH�DUHD�LQWHJUDO�SKRWRH[FLWDWLRQ�RI�D�&G���=Q���7H�FU\VWDO
�D��DQG�WKH�,�W��G,�e�GW�GLDJUDP��E��EDVHG�WKHUHRQ��$WWUDFWRUV�� �D����Ü����Ü����z����Ü����Ü����z�
��Ü����Ü����z��O� �����QP��(� �����9�FP�
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WRUHVSRQVH� LQVWDELOLW\�� EXW� DOVR� UHSUHVHQWV
ILQHU�LQGLYLGXDO�IHDWXUHV�RI�WKH�LQIRUPDWLYH
VWUXFWXUH� WUDQVIRUPDWLRQ�� ,W� LV� HVWDEOLVKHG
WKDW�WKH�VHWV�RI�OLPLW�F\FOHV�EHLQJ�DWWUDFWRUV
FRUUHVSRQG� WR� WKH� VWHDG\� SKRWRUHVSRQVH
VWDWHV� LQ� WKH� ,�W��G,�e�GW� GLDJUDPV�� 7KLV� LV
H[SHULPHQWDOO\� FRQILUPHG� E\� IROORZLQJ
IDFWV�� �D�� FHUWDLQ� WHPSHUDWXUH� LQWHUYDOV� '7
ZKHUH�WKH�SKRWRUHVSRQVH�DPSOLWXGH�LV�HVVHQ�
WLDOO\� LQYDULDEOH� FRUUHVSRQG� WR� VXFK� VHWV� RI
OLPLW�F\FOHV���E��DW�WKH�FRQVWDQW�SKRWRH[FLWD�
WLRQ� LQWHQVLW\�� D� PRQRWRQRXV� WHPSHUDWXUH
SKRWRFXUUHQW� TXHQFKLQJ� LV� REVHUYHG� LQ� WKH
WHPSHUDWXUH�UDQJHV�FRUUHVSRQGLQJ�WR�WKH�DW�
WUDFWRUV�� �F�� WKH� ELDV� ILHOG� VWUHQJWK� (� LQ�
FUHDVH�E\�D�IDFWRU�RI���WR���GRHV�QRW�UHVXOW
LQ�DQ\�ORVV�RI�WKH�OLPLW�F\FOH�VWDELOLW\�
7KH� SURFHVV� RI� SKRWRUHVSRQVH� WUDQVLWLRQ

IURP�WKH�VWHDG\�VWDWHV�WR�XQVWHDG\�RQHV�KDV
D�SURQRXQFHG�VWHSRZLVH�FKDUDFWHU�DQG�LV�DF�
FRPSDQLHG�E\�FKDQJHV�LQ�WKH�,�W��G,�e�GW�VLJ�
QDWXUH�VKDSHV��ZKHUH�WKH�VPRRWK�SKDVH�WUD�
MHFWRULHV�DUH�WUDQVIRUPHG�LQWR�D�VHTXHQFH�RI
VLPLODU�� EXW� QRQXQLIRUPO\� VFDOHG� ERZ�
VKDSHG�VHFWLRQV��7KLV�IDFW�DV�ZHOO�DV�DQRWKHU
RQH��DOO�WKH�UHYHDOHG�SKRWRUHVSRQVH�IHDWXUHV
PDQLIHVW� WKHPVHOYHV� RQO\� XQGHU� SHULRGLF
SXOVH� SKRWRH[FLWDWLRQ�� LQGLFDWH� WKH� RULJLQD�
WLRQ�RI�WKH�VHOI�RUJDQL]HG�HOHFWURQ�SURFHVVHV
LQ� WKH� FU\VWDO�� 6LPLODUO\� WR� QXPHURXV� SURF�
HVVHV� LQ� QDWXUH�� WKH� VHOI�RUJDQL]DWLRQ� UXQV
DFFRUGLQJ� WR� D� FHUWDLQ� DOJRULWKP� QDWXUDOO\
IRUPHG�DW�JURZWK��VLPLODU�WR�WKRVH�GHILQLQJ
WKH� IXQFWLRQ� RI� FRPSXWHU� SURJUDPV� >��@�
7KXV��WKH�FKDUDFWHU�RI�WKH�VHOI�RUJDQL]DWLRQ
G\QDPLFV� LQWHJUDWLYHO\� PDQLIHVWV� LWVHOI� LQ
FKDQJH�RI�WKH�UHVSRQVH�VLJQDWXUH�VKDSHV�DQG
DUHDV�� DQG� LWV� ILQHVW� IHDWXUHV�� LQ� DOWHUDWLRQ
RI� LQIRUPDWLYH� VWUXFWXUH��7KH�FRQVLGHUDWLRQ

RI� WKH� SKRWRUHVSRQVH� LQIRUPDWLYH� FRQWHQW
PDNHV� LW�SRVVLEOH� WR�VWXG\�TXDOLWDWLYHO\� WKH
FKDUDFWHU� RI� WKH� VHQVRU� VZLWFKLQJ� IURP� WKH
VWHDG\� WR� XQVWHDG\� VWDWH� DQG� WR� UHYHDO� WKH
FRPSHWLWLRQ�EHWZHHQ� WKH� IDVW�DQG�VORZ�SKR�
WRUHVSRQVH�FRQVWLWXHQWV�
,Q� WKLV� FRQQHFWLRQ�� RI� WKH� PRVW� LQWHUHVW

ZDV�WKH�GHWDLOHG�DQDO\VLV�RI�RULJLQDWLRQ�DQG
GHYHORSPHQW�SURFHVVHV�RI� WKH�SKRWRUHVSRQVH
LQVWDELOLW\�XVLQJ�WKH�ZDYHOHW�WUDQVIRUPDWLRQ
RI� WKH� SKRWRUHVSRQVH� NLQHWLFV�� )LJ���� VKRZV
WKH� ZDYHOHW�VSHFWURJUDPV� RI� WKH� SKRWRUH�
VSRQVH�NLQHWLFV�FRUUHVSRQGLQJ�WR�WKH�DWWUDF�
WRU� DQG� XQVWHDG\� VWDWHV� REWDLQHG� XVLQJ� WKH
+DDU� ZDYHOHW� IRU� RQH� RI� WKH� VWXGLHG� VDP�
SOHV�� 7KH� VHW� RI� WKH� ORFDOL]HG� VSHFWUDO� FRQ�
VWLWXHQWV� �)LJ���D��� ZLWK� DPSOLWXGHV� �DQG
WKXV�EULJKWQHVV��GHFUHDVLQJ�DW�WKH�IUHTXHQF\
UHGXFWLRQ� DUH� VHHQ� FOHDUO\�� 7KH� QXPEHU� RI
VXFK� FRQVWLWXHQWV� IRU� WKH� ZDYHOHW�VSHFWUR�
JUDP�RI�WKH�XQVWHDG\�SKRWRFXUUHQW�NLQHWLFV
LV� ���� WLPHV� OHVV�� WKDW� LV� UHODWHG� WR� OLPLWHG
WLPH�IUDPH�RI�WKH�UHVSRQVH�VWDELOLW\�SURFHVV
TXHQFKLQJ� �)LJ���E��� 7KH� ZDYHOHW� LV� VFDOHG
VPRRWKO\� DW� LQFUHDVLQJ� VFDOH� IDFWRUV�� WKDW
PDGH� LW� SRVVLEOH� WR� DQDO\]H� WKH� FKDQJHV� RI
LQIRUPDWLYH�VWUXFWXUH�RI�WLPH�DQG�IUHTXHQF\
VLJQDO� LPDJH� DW� KLJK� VSHFWUDO� UHVROXWLRQ�
7KXV�� WKH� SRZHU� UHGXFWLRQ� RI� WKH� FHUWDLQ
ZDYHOHW�FRHIILFLHQW� VXEVHWV� ZDV� UHYHDOHG� DW
VRPH�IUHTXHQFLHV�DQG�LWV�LQFUHDVLQJ�DW�RWKHU
RQHV�� 6R� LQ� WKH� IUHTXHQF\� UDQJH� ��� WR
���� +]� DQG� WKH� WLPH� LQWHUYDOV� �� WR� ��PLQ
DQG���WR�����PLQ��)LJ���D����DQG���UHJLRQV��
WKH�DPSOLWXGHV�RI�VRPH�VSHFWUDO�FRQVWLWXHQWV
LQ�WKH�FU\VWDO�UHVSRQVH�ZDV�REVHUYHG�DFFRP�
SDQLHG� E\� VLPXOWDQHRXV� LQFUHDVH� WKHUHRI� LQ
QHLJKERULQJ� IUHTXHQF\� UDQJHV�� 6XFK� DOWHUD�
WLRQ� RI� WKH� WLPH�DQG�IUHTXHQF\� VWUXFWXUH

)LJ����� :DYHOHW�VSHFWURJUDPV� RI� WKH� SKRWRFXUUHQW� NLQHWLFV� ,�W�� IRU� D� &G���=Q���7H� FU\VWDO�� O� ����QP��(� �����9�FP��3KRWRUHVSRQVH�VWDWH��D��VWHDG\��E��XQVWHDG\�
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LPDJH�FDQ�EH�FRQVLGHUHG�DV�WKH�RQVHW�RI�WKH
XQVWHDG\� VWDWH� IRUPDWLRQ�� L�H�� DV� WKH� RULJL�
QDWLRQ�RI�WKH�LQVWDELOLW\�QXFOHL�WKH�HYROXWLRQ
RI� ZKLFK� LQYROYHV� RWKHU� VFDOH� OHYHOV�� 7KH
OLPLW�F\FOHV�LQ�WKH���,�W��G,�e�GW�GLDJUDP�DUH
WKH� VHTXHQFH� RI� WKH� ERZ�VKDSHG� VHFWLRQV
EHLQJ� WUDQVLWHG� VPRRWKO\� LQ� HDFK� RWKHU�
ZKLFK�LQFOXGH�WKH�VHW�RI�WKH�SKRWRLQGXFWLYH
VWDWHV�� 7KHUHIRUH�� WKH� SKRWRUHVSRQVH� XQGHU
VXFK�FRQGLWLRQV�LV�VWDEOH�DV�D�ZKROH��DQG�WKH
LQIOXHQFH�RI�WKH�LQVWDELOLW\�QXFOHL�WKHUHRQ�LV
LQVLJQLILFDQW�� 7KLV� LV� WHVWLILHG� DOVR� E\� WKH
GLVFUHWH� FKDUDFWHU� RI� WKH� VLJQDO� HQHUJ\�GLV�
WULEXWLRQ�DQG�LWV�ORFDOL]DWLRQ�PDLQO\�DW�KLJK
IUHTXHQFLHV��)LJ���D��
$V�LV�VHHQ�LQ�)LJ���E��WKH�SURFHVV�RI�SKR�

WRUHVSRQVH� VWDELOLW\� TXHQFKLQJ� LV� DFFRPSD�
QLHG� QRW� RQO\� E\� GHVWUXFWLRQ� RI� DWWUDFWRUV
EXW�DOVR�E\�WUDQVIRUPDWLRQ�RI�WKH�VLJQDO�HQ�
HUJ\� GLVWULEXWLRQ� IURP� GLVFUHWH� WR� FRQWLQX�
RXV� RQH�� ZKLFK� LV� EHVLGHV� UHGLVWULEXWHG� WR�
ZDUG� ORZ� IUHTXHQFLHV�� ,QGHHG�� WKH� JUHDWHVW
DPSOLWXGH�KDYH�QRZ�WKH� ORZ�IUHTXHQF\�FRQ�
VWLWXHQWV�LQ�WKH����WR�����+]�LQWHUYDO��DV�LV
LQGLFDWHG� E\� WKH� KLJKHVW� YDOXHV� RI�ZDYHOHW�
FRHIILFLHQWV��)LJ���E���7KXV��WKH�FKDUDFWHU�RI
WKH�F\FOH�W\SH�FKDQJH�LQ�WKH�,�W��G,�e�GW�GLD�
JUDPV� HYLGHQFHV� WKH� QRQOLQHDU� FU\VWDO� UH�
VSRQVH��7KLV�LV�FRQILUPHG�E\��D��FRYHUDJH�RI
GLIIHUHQW�SKDVH�SODQH�UHJLRQV�E\�WKH�WUDMHF�
WRULHV���E��IDVW�GHYLDWLRQ�RI�WKH�SKDVH�WUDMHF�
WRULHV� IURP� DWWUDFWRU�� �F�� HOHPHQWV� RI� FKD�
RWLF� EHKDYLRU� RI� WUDMHFWRULHV� DW� WKH� OLPLW
F\FOH�GHVWUXFWLRQ��7KH�RXWFRPH�RI�SKDVH�WUD�
MHFWRULHV� EH\RQG� WKH� DWWUDFWRU� ERXQGV� IRU
VRPH�VDPSOHV�WHVWLILHV�RQ�WKH�RQH�KDQG�WKDW
WKH� FU\VWDO� DV� WKH� VWXG\� REMHFW� LV� D� QRQ�
OLQHDU� G\QDPLF� V\VWHP� FDSDEOH� RI� WKH� UH�
VSRQVH�VWHDG\�VWDWH�UHVWRUDWLRQ�E\�PHDQV�RI
VHOI�RUJDQL]DWLRQ� RI� WKH� VWUXFWXUH� RI� LQWHU�
FRQQHFWLRQV�� DQG� RQ� WKH� RWKHU� KDQG�� SRLQWV

WR�WKH�ORFDO�LQVWDELOLW\�WUDQVLWLRQ�WR�LQWHJUDO
RQH�
7KDW� LV�ZK\�RI�D�SDUWLFXODU� LQWHUHVW�ZDV

WR� GHWHUPLQH� WKH� VSDWLDO� FRRUGLQDWHV� RI
WKRVH� 6,� VHWV�� ZKLFK� DUH� WKH� QXFOHL� RI� WKH
SKRWRFXUUHQW� NLQHWLFV� LQVWDELOLW\�� +RZHYHU�
HYHQ� F\FOLF� VWXGLHV� RI� WKH� SKRWRFXUUHQW� GH�
SHQGHQFHV� RQ� WKH� PRQRFKURPDWLF� RSWLFDO
SUREH� FR�RUGLQDWH� ,�\�� DW� KLJK� VLJQDO� VDP�
SOLQJ� UDWH� DQG� WKH� SUREH� SRVLWLRQ� DFFXUDF\
DW� WKH� FU\VWDO� GLG�QRW�SURYLGH� WKHLU� SUHFLVH
ORFDOL]DWLRQ��2QO\�IRU�D�VPDOO�JURXS�RI�FU\V�
WDOV�� WKH� ,�\�� GHSHQGHQFHV� REWDLQHG� XVLQJ
PXOWLSOH�VFDQQLQJ�� LW�ZDV�SRVVLEOH�WR�UHYHDO
WKH� SRRUO\� UHSURGXFLEOH� H[WUHPHV� DQG� ORFDO
IOXFWXDWLRQV� RI� WKH� SKRWRFXUUHQW� JHQHUDWHG
E\� WKH� QRQ�XQLIRUPO\� VFDOHG� DJJUHJDWHV� RI
VWUXFWXUDO� LQKRPRJHQHLWLHV�� 7KLV� LV� FRQ�
ILUPHG�E\�VWXGLHV�RI�VSDWLDO�SKRWRFXUUHQW�LQ
YDULDEOH� GRWWLQJ�SXOVHG� >�@� DQG� KDUPRQLF
>��@�ILHOGV�
)RU�WKH�PDMRULW\�RI�VWXGLHG�&G=Q7H�FU\V�

WDOV�� WKH� XQVWHDG\� VWDWHV� RI� VSDWLDO� SKR�
WRFXUUHQW�DUH�PRUH�KLGGHQ��7KH�DVVXPSWLRQ
WKDW� WKH� RULJLQDWLRQ� DQG� GHYHORSPHQW� SURF�
HVVHV�RI�WKH�LQVWDELOLW\�VWDWHV�DUH�PDQLIHVWHG
HTXDOO\� ERWK� LQ� WKH� FKDUDFWHU� RI� SKRWRUH�
VSRQVH�NLQHWLFV�,�W��DQG�LQ�LWV�VSDWLDO�FKDUDF�
WHU� ,�\�� LV� FRQILUPHG� E\� WKH� FRPSDULVRQ� RI
WKH� ZDYHOHW�WUDQVIRUPDWLRQ� UHVXOWV� RI� WKH
,�W�� DQG� ,�\�� GHSHQGHQFHV� REWDLQHG� LQ� WKH
VDPH�FRQGLWLRQV��$�FKDUDFWHULVWLF�IHDWXUH�RI
WKH� FU\VWDO� VWHDG\� VSDWLDO� UHVSRQVH� �)LJ����
FRQVLVWV� LQ� WKH� GHFRPSRVLWLRQ� RI� WKH� ZDY�
HOHW�VSHFWURJUDPV� LQWR� D� VHTXHQFH� RI� WKH
RYHUODSSLQJ�VXEVHWV�RI�FRHIILFLHQWV��DQG��DF�
FRUGLQJO\�� IUHTXHQFLHV��� ZLWK� GLVWLQJXLVKHG
VSDWLDO�FR�RUGLQDWHV�RI�HDFK��2I�D�SDUWLFXODU
LQWHUHVW� DUH� WKRVH� FRHIILFLHQWV� VXEVHWV� �)LJ�
�����DQG���UHJLRQV��KDYLQJ�WKH�DUHDV�LQ�WKH
LQIRUPDWLYH�VSDFH�RI�ZDYHOHW�FRHIILFLHQWV�LQ�
FUHDVLQJ�PRVW�TXLFNO\�HYHQ�DW�WKH���WR���z

)LJ�����)UHTXHQF\�GLVWULEXWLRQ�RI�WKH�SKRWRUHVSRQVH�VLJQDO�HQHUJ\��
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WHPSHUDWXUH� ULVH� RU� WKH��� WR����9�FP�ILHOG
VWUHQJWK�LQFUHDVH��WKDW�SRLQWV�WR�WKH�WUDQVL�
WLRQ� RI� WKH� LQVWDELOLW\� SURFHVV� IURP� RQH
VFDOH� OHYHOV� WR� DQRWKHU�� $W� WKH� VDPH� WLPH�
WKH� FRHIILFLHQW� VXEVHWV� RYHUODSSLQJ� LV� RE�
VHUYHG� LQ� WKH� ZDYHOHW�VSHFWURJUDPV� RI� ,�W�
DQG� ,�\�� GHSHQGHQFHV�� WKDW� VHHPV� WR� EH� WKH
FDXVH�RI�WKH�GHYHORSPHQW�FKDUDFWHU�VLPLODU�
LW\� IRU� WKH� VSDWLDO� DQG� WLPH� SKRWRUHVSRQVH
LQVWDELOLWLHV�� ,QGHHG�� D� IXUWKHU� LQFUHDVH� RI
WHPSHUDWXUH�RU�ILHOG�VWUHQJWK�UHVXOWV�LQ�VWLOO
JUHDWHU� LQFUHDVH� RI� WKH� DUHDV� FRYHULQJ� WKH
ZDYHOHW�FRHIILFLHQW� VXEVHWV��:KHQ� WKRVH� EH�
FRPH� SUDFWLFDOO\� IXOO\� PHUJHG�� WKH� VSDWLDO
SKRWRUHVSRQVH� EHFRPHV� XQVWHDG\�� 7KH� UH�
YHDOHG� DOWHUDWLRQ� RI� WKH� ZDYHOHW�VSHFWUR�
JUDPV� LV� REVHUYHG� LQ� UDQJHV� RI� ���� WR
���� N+]� �)LJ����� UHJLRQ� ��� DQG� ���� WR
���� N+]� �)LJ����� UHJLRQ� ���� ZKLFK� FRUUH�
VSRQG� WR� WKH� RULJLQDWLRQ� IUHTXHQFLHV� RI� WKH
SKRWRFXUUHQW�,�W��NLQHWLFV�LQVWDELOLW\�
,W�VKRXOG�EH�QRWHG�WKDW�WKH�SRVVLELOLW\�WR

UHYHDO� WKH� FR�RUGLQDWHV� RI� UHJLRQV� EHLQJ
IXQFWLRQDOO\� WKH� QXFOHL� RI� LQVWDELOLW\� LV� QR
GRXEW�RI�D�SUDFWLFDO�LPSRUWDQFH��2Q�WKH�RQH
KDQG��WKLV�SURYLGHV�DQ�HIILFLHQW�VHOHFWLRQ�RI
FU\VWDOOLQH� ERXOH� FXWV� WR� PDQXIDFWXUH� WKH
GHWHFWRUV�DQG�VSHFWURPHWHUV�DOUHDG\�DW�HDUO\
WHFKQRORJLFDO� VWDJHV� DQG�� RQ� WKH� RWKHU� RQH�
LQGLFDWHV�WKH�KLJK�SRWHQWLDO�RI�WKH�VHOHFWLYH
HOHFWUR�DFRXVWLF� SURFHVVLQJ� PHWKRG� >��@
EDVHG� RQ� WKH� ORFDO� �KHDOLQJ�� RI� WKH� FU\VWDO
LQVWDELOLW\�VRXUFHV�
7KXV�� WKH� LQFUHDVH� RI� WKH� SKRWRUHVSRQVH

VLJQDO� VDPSOLQJ� UDWH� DQG� LWV�ZDYHOHW�DQDO\�
VLV� SURYLGH� WKH� UHYHDO� RI� WKH� FKDQJHV� RI
WLPH�DQG�IUHTXHQF\�LPDJH�VHWWLQJ�FRQGLWLRQV
IRU�WUDQVIRUPDWLRQ�RI�LQIRUPDWLYH�VWUXFWXUH
GXULQJ� WKH� LQVWDELOLW\� QXFOHL� DFWLYDWLRQ� LQ
&G=Q7H� FU\VWDOV�� &RPSDULQJ� WKH� ZDYHOHW�
VSHFWURJUDPV� UHSUHVHQWLQJ� SKRWRFXUUHQW� NL�
QHWLFV� ,�W�� DQG� LWV� FR�RUGLQDWH� ,�\�� GHSHQG�
HQFH� LQ� WKH� LQIRUPDWLYH� VSDFH� RI� WKH� ZDY�
HOHW�FRHIILFLHQWV�� WKH� RYHUODSSLQJ� RI� WKH
FRHIILFLHQW� VXEVHWV� KDV� EHHQ� UHYHDOHG� WKDW
SRLQWV� WR� FRUUHODWLRQ� EHWZHHQ� WKH� ORFDO� DQG
LQWHJUDO�LQVWDELOLWLHV��,W�LV�VKRZQ�WKDW�D�IXU�
WKHU� GHYHORSPHQW� RI� WKH� LQVWDELOLW\� LV� DF�
FRPSDQLHG� E\� WKH� VLJQDO� HQHUJ\� UHGLVWULEX�
WLRQ� IURP� KLJK� WR� ORZ� IUHTXHQFLHV� DQG� LWV
JUDGXDO�WUDQVLWLRQ�WR�ODUJHU�VFDOH�OHYHOV��7KH
WLPH�DQG�IUHTXHQF\�UDQJHV�RI�WKH�LQVWDELOLW\
SURFHVV� RULJLQDWLRQ� GHWHUPLQHG� IURP� WKH
ZDYHOHW�VSHFWURJUDPV� PDNH� LW� SRVVLEOH� WR

RSWLPL]H�WKH�FRQGLWLRQV�RI�WKH�HOHFWUR�DFRXV�
WLF�SURFHVVLQJ�>��@�DQG�WR�IRUHFDVW�WKH�FKDU�
DFWHU� RI� SKRWRUHVSRQVH� FKDQJH� LQ� H[WUHPH
FRQGLWLRQV��
7KLV� VWXG\�ZDV� VXSSRUWHG� E\� WKH�)XQGD�

PHQWDO� 5HVHDUFKHV� 6WDWH� )RXQGDWLRQ� RI
8NUDLQH�

5HIHUHQFHV
� ���3�)RXJHUHV��3�6LIIHUW��0�+DJHDOL�HW�DO���1XFO�

,QVWU��DQG�0HWK��LQ�3K\V��5HV������������������
� ���+�+HUPRQ�� 0�6FKLHEHU�� 5�%�-DPHV� HW� DO��

1XFO��,QVWU��DQG�0HWK������������������
� ���9�.�.RPDU��9�3�0\JDO��6�9�6XOLPD��$�6�3KRPLQ�

)L]��7HNKQ��3ROXSU������������������
� ���9�.�.RPDU��9�3�0\JDO��6�9�6XOLPD��$�6�3KRPLQ�

)L]��7HNKQ��3ROXSU������������������
� ���9�3�0\JDO�� $�6�3KRPLQ�� 7HFK��3K\V��/HWWHUV�

������������������
� ���9�.RPDU��$�*HNWLQ��'�1DOLYDLNR�HW�DO���1XFO�

,QVWU��DQG� 0HWK�� LQ� 3K\V�� 5HV��� ����� ���
�������

� ���9�3�0LJDO��$�6�3KRPLQ��,QRUJDQLF�0DWHULDOV�
����������������

� ���9�3�0LJDO�� ,�$�.OLPHQNR�� $�6�)RPLQ�� 2WNU�
,QI��.RPS��,QWHJU��7HNKQRO�����������������

� ���9�3�0LJDO�� $�6�3KRPLQ�� )XQFWLRQDO� 0DWHUL�
DOV�����������������

����,�9�$EUDPHQNRYD��9�9�.UXJORY��9�,�'O\��0XO�
WLPRGDO� )RUHFDVWLQJ� 0HWKRG� RI� WKH� 9DULDEOH
6WUXFWXUH�3URFHVVHV��)L]PDWOLW��0RVFRZ�������
>LQ�5XVVLDQ@�

����6�:ROIUDP��$�1HZ�.LQG�RI�6FLHQFH��:ROIUDP
0HGLD��&KDPSDLJQ��������

����9�3�0LJDO�� $�6�3KRPLQ�� )XQFWLRQDO� 0DWHUL�
DOV����������������

����8NUDLQLDQ�3DWHQW�¢������k��������

)LJ����� 7KH� ,� �I�\�� GHSHQGHQFH� IRU� D
&G���=Q���7H� FU\VWDO� DQG� LWV� ZDYHOHW�VSHFWUR�
JUDP��O� �����QP��7� �����.��(� �����9�FP�
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