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9RURQH]K�6WDWH�8QLYHUVLW\����8QLYHUVLWHWVND\D�6T���
�������9RURQH]K��5XVVLDQ�)HGHUDWLRQ

$Q�DWWHPSW�KDV�EHHQ�PDGH�WR�H[SODLQ�WKH�FRPSOH[�FKDUDFWHU�RI�HOHFWURSK\VLFDO�FKDUDF�
WHULVWLFV�FKDQJHV�LQ�3E��\,Q\7H�rG�ILOPV�JURZQ�RQ�6L�VXEVWUDWHV�EDVLQJ�RQ�GLIIHUHQW�PHFKD�QLVPV� RI� SRLQW� GHIHFW� IRUPDWLRQ� LQ� YLHZ� RI� WKH� VWRLFKLRPHWU\� GHYLDWLRQ� H[WHQW� LQ� WKH
FRQWHQWV� RI� WKH�PDLQ� FRPSRQHQWV� XQGHU� WKH� FRQWURO� RI� VFDODU� GHQVLW\� YDOXH� RI� H[WHQGHG
GHIHFWV��GLVORFDWLRQV���)RU�3E��\,Q\7H�rG�ILOPV�SUHSDUHG�E\�WKH�VLQJOH�VWDJH�V\QWKHVLV�PHWKRGXVLQJ�WKH�PRGLILHG��KRW�ZDOO���WHFKQLTXH��LW�KDV�EHHQ�IRXQG�WKDW�3E��\,Q\7H�±G�VDPSOHV�ZLWK7H� GHILFLHQF\� UHJDUGLQJ� WKH� VWRLFKLRPHWULF� UDWLR� VKRZ� Q�W\SH� FRQGXFWLYLW\�� :LWKLQ� WKH
VFRSH�RI�FU\VWDO�TXDVLFKHPLFDO�DSSURDFK��WKH�DPSKRWHULF��GRQRU�DQG�DFFHSWRU��EHKDYLRU�RI
,Q� LPSXULW\�DWRPV� WDNLQJ� LQWR�DFFRXQW�WKHLU�GLIIHUHQW�FKDUJH�FRQGLWLRQ� �,Q��DQG� ,Q����DQG
SRVVLEOH� SRVLWLRQV� LQ� WKH� FU\VWDO� ODWWLFH� RI� WKH� OHDG� WHOOXULGH� �,Q3E� DQG� ,QL�� PDWUL[� DUHLQWHUSUHWHG�

v�ËãÈÓÈ� ¹º¹©�}È� º�«°ÓÒ�	� °ãºÎÓ©®� ²È¯È}�Ë¯� ÒÏäËÓËÓÒ«� ªãË}�¯ºÁÒÏÒ�Ë°}Ò²
°mº®°�m�¹ãËÓº}�3E��\,Q\7H�rG��m©¯È�ËÓÓ©²�ÓÈ�6L�¹º�ãºÎ}È²��¯ÈÏãÒ�Ó©äÒ�äË²ÈÓÒÏäÈäÒº¯ÈÏºmÈÓÒ«��º�Ë�Ó©²��ËÁË}�ºm�°���Ë�ºä�°�Ë¹ËÓÒ�º�}ãºÓËÓÒ«�º��°�Ë²ÒºäË�¯ÒÒ�m�°º�Ë¯�
ÎÈÓÒÒ�º°ÓºmÓ©²�}ºä¹ºÓËÓ�ºm�¹¯Ò�}ºÓ�¯ºãË�mËãÒ�ÒÓ©�°}Èã«¯Óº®�¹ãº�Óº°�Ò�¹¯º�«ÎËÓ�
Ó©²��ËÁË}�ºm���Ò°ãº}È�Ò®���iã«�¹ãËÓº}�3E��\,Q\7H�rG��¹ºã��ËÓÓ©²�äË�º�ºä�º�Óº°�È�Ò®�Óº�º� °ÒÓ�ËÏÈ� ¹¯Ò� ¹ºäº�Ò�äº�ÒÁÒ�Ò¯ºmÈÓÓº�º� äË�º�È� ��º¯«�Ë®� °�ËÓ}Ò��� �°�ÈÓºmãËÓº�
��º�º¯ÈÏ�©�3E��\,Q\7H��G��²È¯È}�Ë¯ÒÏ�
�ÒË°«�ÓË�º°�È�}ºä��Ëãã�¯È�º�Óº°Ò�Ëã	Óº�°�Ë²Ò�ºäË�¯Ò�Ë°}º�º�°º°�ÈmÈ��ºãÈ�È
��Q��Ò¹ºä�¹¯ºmº�Òäº°�Ò��{�¯Èä}È²�}¯Ò°�Èããº�}mÈÏÒ²Ò�
äÒ�Ë°}º�º�¹º�²º�È��ÈÓÈ�ÒÓ�Ë¯¹¯Ë�È�Ò«�ÈäÁº�Ë¯Óº�º� ��ºÓº¯Óº�º�Ò�È}�Ë¹�º¯Óº�º��¹ºmË�
�ËÓÒ«� ¹¯ÒäË°Ó©²� È�ºäºm� ÒÓ�Ò«� °� ��Ë�ºä� Ò²� ¯ÈÏãÒ�Óº�º� ÏÈ¯«�ºmº�º� °º°�º«ÓÒ«� �,Q�� Ò
,Q����� È� �È}ÎË� mºÏäºÎÓº�º� ¹ºãºÎËÓÒ«� m� }¯Ò°�ÈããÒ�Ë°}º®� ¯Ë�Ë�}Ë� Ò°²º�Óº®�äÈ�¯Ò�©
�Ëãã�¯Ò�È�°mÒÓ�È��,Q3E�Ò�,QL��

���,QWURGXFWLRQ
7KH�FKDOFRJHQLGHV�RI�,9�$�JURXS�PHWDOV�RI

WKH� 3HULRGLF� V\VWHP� FDQ� EH� XVHG� DV� WKH� EDVH
PDWHULDOV�IRU�WKH�DFWLYH�HOHPHQWV�LQ�GLIIHUHQW
GHYLFHV� RI� ,5� RSWRHOHFWURQLF� HQJLQHHULQJ� LQ
PLGGOH�DQG�IDU�VSHFWUDO�UDQJH�>�@�DV�ZHOO�DV
LQ�WKHUPRHOHFWULF�HQHUJ\�FRQYHUWHUV�>�@��7KH
HQHUJ\�VSHFWUXP�RI�3E7H,Q®�VLQJOH�FU\VWDOV
DQG�ILOPV�LV�NQRZQ�WR�EH�UDWKHU�FRPSOH[�>�@�
DQG�WKH�SUHVHQFH�RI�,Q�LPSXULW\�DWRPV�LV�QRW
UHGXFHG�WR�WKH�IRUPDWLRQ�RI�RQO\�RQH�LPSX�
ULW\�OHYHO�UHVXOWLQJ�LQ�WKH�VWDELOL]DWLRQ��SLQ�
QLQJ�� RI� WKH� )HUPL� OHYHO� SRVLWLRQ�� ,W� KDV

UHOLDEO\� GHPRQVWUDWHG� WKDW� LQ� 3E7H� VLQJOH
FU\VWDOV�DQG�WKLQ�ILOPV��WKH�EHKDYLRU�RI�LP�
SXULW\�DWRPV�RI�,,,�$�JURXS�PHWDOV�GHSHQGV
QRW� RQO\� XSRQ� WKHLU� FRQFHQWUDWLRQ�� EXW� RQ
GRSLQJ� WHFKQLTXH�� WRR�� 1HYHUWKHOHVV�� WKH
LQIRUPDWLRQ�SUHVHQWHG�LQ�QXPHURXV�SXEOLFD�
WLRQV�LV�VRPHWLPHV�UDWKHU�FRQWUDGLFWRU\��)RU
H[DPSOH��WKUHH�YHUVLRQV�DUH�FRQVLGHUHG�XQWLO
QRZ� WR� EH� D� UHDVRQ� RI� )HUPL� OHYHO� SLQQLQJ
HIIHFW�>�@��

7KH�PDLQ�SXUSRVH�RI�WKH�SUHVHQW�ZRUN�LV
DQ�DWWHPSW�WR�H[SODLQ�WKH�FRPSOH[�FKDUDFWHU
RI�RI�WKH�HOHFWULFDO�FKDUDFWHULVWLFV�HYROXWLRQ
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IRU� WKH� 3E��\,Q\7H�rG� ILOPV� JURZQ� RQ� D� 6L������DQG�6L2��6L�������VXEVWUDWHV�XVLQJ�WKHVLQJOH�VWDJH� YDULDQW� RI� D� PRGLILHG� �KRW
ZDOO�� WHFKQLTXH�� :LWKLQ� WKH� VFRSH� RI� WKH
FU\VWDO�TXDVLFKHPLFDO� � DSSURDFK�� WKH�GLIIHU�
HQW� PHFKDQLVPV� RI� SRLQW� GHIHFWV� IRUPDWLRQ
DUH� UHYLHZHG� WDNLQJ� LQWR� DFFRXQW� WKH
VWRLFKLRPHWU\� GHYLDWLRQ� H[WHQW� LQ� WKH� FRQ�
WHQWV�RI�WKH�EDVLF�FRPSRQHQWV��OHDG�DQG�WHO�
OXULXP��XQGHU� WKH� VFDODU�GHQVLW\� FRQWURO� RI
H[WHQGHG�GHIHFWV��GLVORFDWLRQV���

���([SHULPHQWDO��SURFHGXUH
7KH� PRGLILHG� �KRW� ZDOO�� WHFKQLTXH

�+:(��ZDV�HPSOR\HG�WR�SUHSDUH�WKH�PLUURU�
VPRRWK�VXUIDFH�3E7H� WKLQ� ILOPV�GRSHG�ZLWK
,Q��DERXW�����Ü�����PP�WKLFNQHVV��GHSRVLWHG
GLUHFWO\�RQWR�������6L�KLJK�RKPLF�VXEVWUDWHV
ERWK� ZLWK� DQG� ZLWKRXW� 6L2�� EXIIHU� OD\HU� >�@�8QGHU�RSWLPDO�H[SHULPHQWDO�FRQGLWLRQV��WKH�SUH�
YLRXVO\� V\QWKHVL]HG� ,Q[3E��[� ������d�[,Q�d� �����OLTXLG� DOOR\V� ZHUH� HPSOR\HG� VLPXOWDQHRXVO\
DV� WKH� VRXUFHV� RI� LQGLXP� DQG� OHDG� YDSRUV�
7R� IRUP� WHUQDU\�3E��\,Q\7H� OD\HUV� �)LJ�� ���DQ� DGGLWLRQDO� VRXUFH� RI� WKH� WHOOXULXP� YD�
SRXUV�ZDV�DFWLYDWHG��7KH�YDOXHV�RI�OHDG�DQG
WHOOXULXP� SDUWLDO� SUHVVXUHV� ZHUH� NHSW� WKH
VDPH� DV� DW� SUHSDUDWLRQ� RI� XQGRSHG�3E7H�6L
DQG�3E7H�6L2��6L� ILOPV� �FKDUDFWHUL]HG� E\�S�W\SH� FRQGXFWLYLW\� ZLWK� FKDUJH� FDUULHU� GHQ�
VLW\� RI� ������� Ü� �������FPÜ�� DW� ����z�� GH�
VFULEHG� HOVHZKHUH� >�@�� 7R� SUHSDUH� 3E7H,Q®
ILOPV�� KLJK�SXULW\� 3E� �������� ���� ,Q
�������� ���� DQG� 7H� ������� ��� ZHUH� XVHG�
7KH� UHVLGXDO� JDV� SDUWLDO� SUHVVXUH� RI� DERXW
����Ü�� 3D� GXULQJ� WKH� HYDSRUDWLRQ� SURFHVV
FDQ�EH�UHDOL]HG�LQ�D�JUDSKLWH�UHDFWLRQ�FKDP�
EHU� >�@�� 7KH� GLUHFW� H[SRVXUH� RI� WKH�6L� VXE�
VWUDWH�WR�7H��PROHFXOHV�IRU�������PLQ�SULRUWKH� FRQGHQVDWLRQ�RI� WKH�ELQDU\� VHPLFRQGXF�
WRU� ZDV� XVHG� WR� UHPRYH� WKH� 6L2�� QDWXUDO

OD\HU� IURP� WKH� VXEVWUDWH� VXUIDFH�� 2Q� WKH
RWKHU�KDQG��OHDG�WHOOXULGH�OD\HUV�ZHUH�JURZQ
RQ�6L�VXEVWUDWHV�XVLQJ�DQ�LQWHUPHGLDWH�EXII�
HU�OD\HU�FRQVLVWLQJ�RI����r���QP�WKLFN�SUH�
YLRXVO\�IRUPHG�6L2���7KH�SUHVHQFH�RI�GLHOHF�WULF�6L2�� EXIIHU� OD\HUV� LV� UHTXLUHG� IRU� IXU�WKHU� FRUUHFW�+DOO� FRHIILFLHQW� DQG� UHVLVWLYLW\
PHDVXUHPHQWV� LQ� RUGHU� WR� LVRODWH� 3E7H,Q®
ILOPV� DQG� 6L� ZDIHUV�� $V� LW� LV� VHHQ� IURP
;�UD\�GLIIUDFWLRQ�SDWWHUQV��6L2��EXIIHU� OD\�HUV� ZHUH� DPRUSKRXV� ZLWK� WUDFH� DPRXQW� RI
RUWKRURPELF� SKDVH� �VSDFH� JURXS� &PFP�
FU\VWDOOLWHV��

7KH� VXUIDFH� DQG� FOHDYH� PRUSKRORJ\� RI
WKH�V\QWKHVL]HG�3E��\,Q\7H�rG� �ILOPV��)LJ����ZDV� VWXGLHG� E\� 6(0� XVLQJ� WKH� -(2/�-&$�
����DQG�-(2/�-&0������/9�LQVWUXPHQWV��$
TXDQWLWDWLYH� HOHPHQWDO� FRPSRVLWLRQ� RI� DOO
SUHSDUHG� OD\HUV� ZDV� LQYHVWLJDWHG� E\� (30$
XVLQJ� WKH� lk5��� DQG� -(2/�-&$����� PL�
FURDQDO\]HUV� XVLQJ� VSHFWURPHWHUV� ZLWK� D
ZDYH� DQG� HQHUJ\� GLVSHUVLRQ�� 6HOHFWHG� SDUWV
RI�WKH�3E��\,Q\7H�rG�VDPSOHV�ZHUH�VWXGLHG�E\DWRPLF�DEVRUSWLRQ�DQDO\]HU�kkv�48$1780
�� =�(�k�� WRR�� 7KH� DQDO\VLV� RI�3E��\,Q\7H�rGOD\HUV� E\� (30$� PHWKRG� ZDV� UHDOL]HG� LQ
ORFDO�DQG�UDVWHU�PRGHV��DQG�KDV�EHHQ�GXSOL�
FDWHG� IRU� VHYHUDO�VSHFWUDO� OLQHV��([SHULPHQ�
WDO�UHVXOWV�ZHUH�FRPSDUHG�ZLWK�WKH�GLIIHUHQW
PHDVXUHPHQW�VWDQGDUGV��,Q�DOO�WKH�SUHSDUHG
3E��\,Q\7H�rG� ILOPV�� .D� DQG�0D� OLQHV� ZHUHXVHG�WR�GHWHUPLQH�OHDG�FRQFHQWUDWLRQ�DQG�/DDQG�/E�OLQHV�WR�GHWHUPLQH�LQGLXP�DQG�WHOOX�ULXP� FRQFHQWUDWLRQV�� $V� WKH� PHDVXUHPHQW
VWDQGDUGV�� 3E� PHWDO� RI� ��������� SXULW\�
3E7H�VLQJOH� FU\VWDOV�� ,Q�PHWDO�RI���������
SXULW\�� ,Q$V� VLQJOH� FU\VWDOV�� DQG� 7H� RI
��������SXULW\�ZHUH� XVHG��7KH� FDOFXODWLRQ
=$)� &255(&7,21� VRIWZDUH� ZDV� HPSOR\HG
GXULQJ� WKH� LQWHUSUHWDWLRQ� RI� WKH� REWDLQHG
GDWD�� 7KLV� DSSURDFK� SURYLGHG� DQ� LPSURYHG
LQWHUSUHWDWLRQ�RI�WKH�VWDWLVWLFDO�GDWD��UHVXOW�

)LJ�� ��� 7KH� � PLFURJUDSKV� � RI� � WKH� � FURVV� VHFWLRQV� RI� � WKH�3E��\,Q\7H�rG�6L2��6L� DQG� 3E��\,Q\7H�6LKHWHURVWUXFWXUHV��D��3E��\,Q\7H�rG��6L2��6L�������ILOP��E��3E��\,Q\7H�rG��6L�������ILOP�����6L�VXEVWUDWH����3E��\,Q\7H�ILOP�����6L2��EXIIHU�OD\HU�
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LQJ�LQ�GHFUHDVHG�GHWHUPLQDWLRQ�HUURU�RI�OHDG
'[3E�GRZQ�WR�r�������PROH�IUDFWLRQ��DQG�RILQGLXP�DQG� WHOOXULXP� �'[,Q� DQG�'[7H��GRZQWR�r�������PROH�IUDFWLRQ�

;�UD\� GLIIUDFWLRQ� �;5'�� SDWWHUQV� ZHUH
REWDLQHG�ZLWK�ILOWHUHG�&R.D�DQG�&X.D�UDGLD�WLRQ� RQ� D� FRPSXWHU�LQWHUIDFHG� '521�����
DQG� 7+(5027(&+12� $5/;�SHUW� GLIIUDF�
WRPHWHUV�� 'XULQJ� ;5'� H[SHULPHQWV�� VLQJOH
FU\VWDO� 6L� ������ DQG� 6L� ������ SODWHV� ZHUH
XVHG�DV�LQWHUQDO�VWDQGDUGV��7KH�������������
DQG���������������������;�UD\�UHIOHFWLRQ�SUR�
ILOHV� RI�6L� VXEVWUDWHV� RI� YDULRXV� RULHQWDWLRQ
DQG� 3E7H� ILOPV�� UHVSHFWLYHO\�� ZHUH� REWDLQHG
ZLWK�VSHFLDO�FDUH�E\�'521������GLIIUDFWRPH�
WHU� DW� ����� GHJ� VWHS�E\�VWHS� PRYHPHQW�� 7KH
ODWWLFH� SDUDPHWHU� YDOXHV� RI�3E7H� ILOPV� ZHUH
FDOFXODWHG�SUHFLVHO\�E\�H[WUDSRODWLRQ�WR�D�GLI�
IUDFWLRQ�DQJOH�T� ����GHJ��7R�HOLPLQDWH�V\V�
WHPDWLF�HUURUV��GLIIHUHQW�DSSUR[LPDWLRQ�IXQF�
WLRQV� ZHUH� WULHG�� 7KH� EHVW� UHVXOWV� ZHUH� RE�
WDLQHG�XVLQJ�WKH�1HOVRQ�5LOH\�IXQFWLRQ�>�@�

I�T�� ������FRV�T�T����FRV�T�VLQT�� ���
ZKHUH�T�LV�WKH�GLIIUDFWLRQ�DQJOH�

7KH� UHVHDUFKHV� RI� HOHFWULFDO� SDUDPHWHUV
IRU� 3E��\,Q\7H�rG� WKLQ� ILOPV� DUH� DVVRFLDWHGZLWK�D�QXPEHU�RI�H[SHULPHQWDO�GLIILFXOWLHV�
7KH� RI� HOHFWULFDO� FRQGXFWLYLW\� V� DQG� +DOO
IDFWRU�5+�RI�3E7H,Q®�ILOPV�ZHUH�PHDVXUHGE\� 9DQ� GHU� 3DXZ� GF� IRXU�SUREH� WHFKQLTXH
XQGHU� DFFRXQW� IRU� FRUUHFWLRQ� IDFWRUV� GH�
SHQGHQW� RQ� WKH� SDUWLFXODU� VDPSOH� JHRPHWU\
DV� ZHOO� DV� E\� LQYHVWLJDWLRQ� RI� WKH� &� �� 9
FXUYHV� ��+J� SUREH�� PHWKRG��� 3ULRU� WR� WKH
HOHFWULFDO�PHDVXUHPHQWV��WKH�FRQWDFW�SDGV�RI
���� PP� GLDPHWHU� ZHUH� IRUPHG� E\� WKHUPDO
GHSRVLWLRQ�RI�VLOYHU�LQ�YDFXXP�RQWR�WKH�VXU�
IDFH�RI�3E��\,Q\7H�rG�ILOPV�WKURXJK�D�VSHFLDOPDVN� LPPHGLDWHO\�DIWHU�HWFKLQJ�WKH�VXUIDFH
LQ� DUJRQ� SODVPD� DWPRVSKHUH� ZLWKLQ� WKH
IUDPHZRUN� RI� WKH� VDPH� WHFKQRORJLFDO� F\FOH�
$V� D� PDWHULDO� IRU� WKH� FRQWDFW� SDGV�� VLOYHU
ZDV�VHOHFWHG�RZLQJ�WR�FORVH�YDOXHV�RI�D�SKR�
WRHOHFWULF�ZRUN�IXQFWLRQ�RI�HOHFWURQV��

7R� VWXG\� WKH� V�  � I�7�� DQG� 5+�  � I�7�WHPSHUDWXUH� GHSHQGHQFHV�� WKH� 3E��\,Q\7H�rGVDPSOHV� WRJHWKHU� ZLWK� WKH� KROGHU� ZHUH
SODFHG� LQ� D� VSHFLDO� FU\RVWDW� H[FOXGLQJ� WKH
GLUHFW�FRQWDFW�RI�WKH�ILOP�XQGHU�VWXG\�ZLWK
OLTXLG� QLWURJHQ�� 7KH� GHHS� FRROLQJ� RI
3E��\,Q\7H�rG� VDPSOHV� �GRZQ� WR� ��� z�� ZDVUHDFKHG� E\� FRQWLQXRXV� IHHGLQJ� JDVHRXV� 1�IURP� WKH� FU\RVWDW� YROXPH� WR� WKH� ILOP� VXU�
IDFH�� 7KXV�� GXULQJ� DOO� F\FOH� RI� PHDVXUH�
PHQWV�� WKH� VDPSOH�ZDV� LQ�SURWHFWLYH�DWPRV�
SKHUH��WKDW�SURWHFWHG�LWV�VXUIDFH�IURP�IUHH]�
LQJ� RI�ZDWHU� YDSRUV�� 7KH� ODVW� FLUFXPVWDQFH

LV�RI�D�VSHFLDO� LPSRUFH�ZKHQ�LW� LV�QHFHVVDU\
WR� UHDOL]H� UHSHDWHG� PHDVXUHPHQWV� RQ� WKH
VDPH� REMHFW�� 'XULQJ� WKH� GHWHUPLQDWLRQ� RI
JHQHUDO� LQDFFXUDF\� RI� WKH� HOHFWULFDO� PHDV�
XUHPHQWV�� RQO\� WKH� V\VWHPDWLF� FRPSRQHQW
ZDV� WDNHQ� LQWR� DFFRXQW�� 7KH� HUURUV� DVVRFL�
DWHG� ZLWK� XVDJH� RI�PHDVXULQJ� LQVWUXPHQWV�
ZHUH� HYDOXDWHG� XVLQJ� WKH� HUURUV� RI� WKH
PHDVXULQJ� PHDQV�� ,Q� YLHZ� RI� WKH� FLUFXP�
VWDQFH�� WKH� JHQHUDO� HUURU� DW� GHWHUPLQDWLRQ
RI�WKH�+DOO�IDFWRU�5+�DQG�HOHFWULFDO�FRQGXF�WLYLW\�V��GLG�QRW�H[FHHG������

���5HVXOWV�DQG�GLVFXVVLRQ
7KH�3E��\,Q\7H�rG� VDPSOHV� V\QWKHVL]HG�E\WKH� VLQJOH�VWDJH� PHWKRG� XVLQJ� ,Q[3E��[PHOWV� DV� WKH� VRXUFHV� RI�PHWDOOLF� FRPSRQHQW

)LJ�� ��� 7KH� GHSHQGHQFHV� RI� WKH� FRQGXFWLYLW\
W\SH� DQG� FKDUJH� FDUULHU� GHQVLW\� RQ� ,Q� LPSX�
ULW\�FRQFHQWUDWLRQ�\,Q�DQG�WKH�GHYLDWLRQ�IURP
VWRLFKLRPHWULF�UDWLR�G�LQ�3E��\,Q\7H�rG��6L2��6LDQG� 3E��\,Q\7H�rG� �6L� ILOPV� DW� ��� .�� �D�� �'GHSHQGHQFH�� �E�� OQ�S��Q�� ��\,Q� ��SURMHFWLRQ���F�
WKH� GHYLDWLRQ� IURP� VWRLFKLRPHWULF� UDWLR� G� �Ü
\,Q�Ü�SURMHFWLRQ�����VDPSOHV�ZLWK�Q�W\SH�FRQGXF�WLYLW\������VDPSOHV�ZLWK��S�W\SH�FRQGXFWLYLW\�
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YDSRUV�DQG�LQWHQGHG�WR�UHDOL]H�WKH�HOHFWULFDO
PHDVXUHPHQWV� ZHUH� FRQWUROOHG� FDUHIXOO\� E\
;�UD\�LQYHVWLJDWLRQ��7R�PHDVXUH�WKH�5+�DQGV��KRPRJHQHRXV�3E��\,Q\7H�rG�ILOPV�ZHUH�VH�OHFWHG� ZLWK� WKH� VFDODU� GLVORFDWLRQ� GHQVLW\
DERXW������� �� �������FPÜ���7KH�VFDODU�GLVOR�
FDWLRQ� GHQVLW\�ZDV� GHWHUPLQHG� E\� WKH� WHFK�
QLTXH�GHVFULEHG�LQ�>�@�

:KHQ� FRQVLGHULQJ� WKH� HOHFWULFDO� FKDUDF�
WHULVWLFV� RI� 3E��\,Q\7H�rG� ILOPV�� D� UDWKHUFRPSOH[�SDWWHUQ�LV�REVHUYHG��)LJ������,W�KDV
EHHQ� IRXQG� WKDW� 3E��\,Q\7H��G� VDPSOHV
���������\,Q������������FKDUDFWHUL]HG�ZLWK�DOLWWOH� H[FHVV�RI� OHDG�RYHU� WKH�VWRLFKLRPHWULF
UDWLR� DOZD\V� VKRZ� WKH� Q�W\SH� FRQGXFWLYLW\�
WKH�LQFUHDVH�LQ�WKH�FRQWHQWV�RI�LPSXULW\�LQ�
GLXP� DWRPV� EHLQJ� DFFRPSDQLHG� E\� LQFUHDVH
RI� WKH� HOHFWURQ� GHQVLW\�� UHJDUGOHVV� RI� WKH
IDFW�WKDW�WKH�FRPPRQ�H[FHVV�FRQWHQWV�RI�3E
DQG� ,Q�GHFUHDVHG�LQ�WKHVH�VDPSOHV��L�H��WKHLU
FRPSRVLWLRQ� ZRXOG� FRPH� QHDUHU� WR
VWRLFKLRPHWULF�UDWLR��)LJ���E�DQG��F���2Q�WKH
RWKHU� KDQG�� LQ� 3E��\,Q\7H��G� ILOPV�� ZKLFKZLWK� D� OLWWOH� H[FHVV� RI� WHOOXULXP�� WKH� UHOD�
WLRQ� EHWZHHQ� WKH� W\SH� RI� FRQGXFWLYLW\� DQG
FKDUJH�FDUULHU�GHQVLW\�LV�QRW�VR�XQHTXLYRFDO�
$V� LW� LV� VHHQ� LQ� )LJ�� ��� DOO� WKH� VWXGLHG
3E��\,Q\7H��G� VDPSOHV�ZLWK� WHOOXULXP� H[FHVVDW� ,Q� FRQFHQWUDWLRQ� \,Q� �� ������ VKRZ� WKHS�W\SH� FRQGXFWLYLW\� LUUHVSHFWLYH� RI� WKH� LP�
SXULW\� LQGLXP�DWRPV�FRQWHQWV�WKHUHLQ��1HY�
HUWKHOHVV�� WKH� FKDUDFWHU� RI� WKH�KROH� GHQVLW\
GHSHQGHQFH�XSRQ�WKH�FRQFHQWUDWLRQ�RI�,Q�LP�
SXULW\�LV�XQPRQRWRQRXV��)LJ���E���,Q�DQ�LQWHU�
YDO�RI� ,Q�FRQFHQWUDWLRQ���������\,Q����������WKH� LQFUHDVH� LQ� WKH� LQGLXP� LPSXULW\� DWRP
FRQWHQW� LV� DFFRPSDQLHG� E\� LQFUHDVH� LQ� KROH
GHQVLW\�� :KHQ� WKH� FRQFHQWUDWLRQ� RI� LPSX�
ULW\� DWRPV� \,Q�  � ������� LV� DWWDLQHG�� D� IXU�WKHU� LQFUHDVH� LQ� WKH� LPSXULW\� FRQWHQW� UH�
VXOWV�LQ�GHFUHDVLQJ�KROH�GHQVLW\��

,W�LV�UHDVRQDEOH�WR�FRPSDUH�WKH�UHVXOWV�RI
WKH�HOHFWULFDO�PHDVXUHPHQWV�RI�3E��\,Q\7H�rGILOPV�ZLWK�HDUOLHU�GDWD�RQ�WKH�ODWWLFH�FRQVWDQW
HYROXWLRQ� LQ� WKHVH� OD\HUV� GHSHQGLQJ� RQ� WKH
FRQWHQWV�RI�,Q�LPSXULW\�DWRPV�WKHUHLQ�>����@��

$V�LV�VHHQ�LQ�)LJ�����WKH�FXUYH�D3E7H,Q®� I�\,Q�� LV� D� QRQPRQRWRQLF� IXQFWLRQ� DQG� GRHVQRW� REH\� WKH� 9HJDUG� ODZ�� ,W� FDQ� EH� GLYLGHG
LQWR� WKUHH� VHFWLRQV�� 7KH� ILUVW� VHFWLRQ� RI� WKLV
FXUYH�FRUUHVSRQGV�WR�WKH�GHFUHDVH�LQ�D3E7H,Q®YDOXHV� ZLWKLQ� WKH� FRQFHQWUDWLRQ� LQWHUYDO
����\,Q� �� �������� $W� \*D� �������r�������WKH� PLQLPXP� D3E7H,Q®� YDOXH� LV� REVHUYHG�7KH�VHFRQG�VHFWLRQ�RI�WKLV�GHSHQGHQFH�VKRZV
WKH� LQFUHDVH� LQ� WKH� ODWWLFH� SDUDPHWHU
D3E7H,Q®� ZLWKLQ� WKH� FRQFHQWUDWLRQ� LQWHUYDORI� DERXW� ��������\,Q�� ������� 2Q� WKH� RWKHUKDQG�� WKH� IXUWKHU� ULVLQJ� RI� ,Q� LPSXULW\

DWRPV� FRQWHQW� DW� \*D� !� ������ LV� DFFRPSD�QLHG� E\� HVVHQWLDOO\� FRQVWDQW� XQLW� FHOO� SD�
UDPHWHU�YDOXHV� RI� �3E7H,Q®� ILOPV��%HFDXVH
WKH� ODWWLFH� SDUDPHWHUV� YDOXHV� DUH� IL[HG� DW
HVVHQWLDOO\� \,Q� !� ������� WKLV� FRQFHQWUDWLRQPD\�EH�LQWHUSUHWHG�DV�WKH�VROXELOLW\�OLPLW�RI
,Q� LQ�3E7H� DW�7� ����r��.�� ,W� LV�QHFHVVDU\
WR� HPSKDVLVH� WKDW� H[SHULPHQWDO� GDWD� RE�
WDLQHG� LQ� WKLV�ZRUN�VKRZ�WKDW� WKH�UDQJH�RI
WKH�,Q�VROLG�VROXWLRQV�UHJLRQ�LQ�3E7H�PDWUL[
LV� QDUURZHU� WKDQ� WKDW� UHSRUWHG� EHIRUH� IRU
EXON�3E7H,Q®�DOOR\V�>�@�

7KH�VLPLODU�QDWXUH�RI�WKH�ODWWLFH�FRQVWDQW
FKDQJH�ZDV� REVHUYHG� EHIRUH�ZKHQ� FRQVLGHU�
LQJ�WKH� ,Q�GRSHG�EXON�VDPSOHV�RI�3E7H��

,Q�WKH�VHFRQG�VHFWLRQ�RI�D3E7H,Q®� �I�\,Q�FXUYH� DW� ������� �\,Q�� ������� D� VPRRWK� LQ�FUHDVH�LQ�WKH�LGHQWLW\�SDUDPHWHU�LV�UHYHDOHG�
,Q� WKH� WKLUG� IUDJPHQW� RI� D3E7H,Q®�  � I�\,Q�FXUYH� DW� WKH� FRQFHQWUDWLRQ� RI� ,Q� LPSXULW\
\,Q�!��������WKH�YDOXHV�RI�ODWWLFH�SDUDPHWHUGR� QRW� YDU\� DSSUHFLDEO\� ZLWKLQ� WKH� HUURU
OLPLWV�RI�;5'�H[SHULPHQW��7KH�FRQVWDQF\�RI
D3E7H,Q®�YDOXHV�LV�UHYHDOHG�ZLWKLQ�WKH�,Q�LP�SXULW\� FRQFHQWUDWLRQ� \,Q� !� ������ Ü� ������$V� WKH� DWRPLF� DQG� FDWLRQLF� UDGLL� RI� ,Q� DUH
VPDOOHU�WKDQ�WKRVH�RI�3E��WKH�IROORZLQJ�FRQ�
FOXVLRQV� DUH� SRVVLEOH� WR� EH� GUDZQ� IURP� WKH
IRXQG�D3E7H,Q®� �I�\,Q��UHODWLRVKLSV�LQ�FRQGL�WLRQV�ZKHQ�V\QWKHVL]LQJ�DQG�GRSLQJ�RI�ILOPV
WDNH�SODFH�VLPXOWDQHRXVO\�

�L�� 7KH� LQLWLDO� IUDJPHQW� RI� WKH� FXUYH� LQ
)LJ�� �� FRUUHVSRQGLQJ� WR� GHFUHDVLQJ� ODWWLFH
FRQVWDQW� LW� LV�SRVVLEOH� WR� FRQVLGHU�DV�DQ� LQ�
GLFDWLRQ�RI�WKH�SULPDU\�IRUPDWLRQ�RI�VXEVWL�
WXWLRQDO� VROLG� VROXWLRQV��7KXV�� DFFRUGLQJ� WR
WKH�VHOI�FRPSHQVDWLRQ�WKHRU\��WKH�GHFUHDVLQJ
LQ� WKH� LGHQWLW\� SHULRG� FDQ� EH� SURPRWHG� E\
IRUPDWLRQ�RI�7H�YDFDQFLHV���LL��7KH�LQWHUPH�
GLDWH� VHFWLRQ� RI� D3E7H,Q®�  � I�\,Q�� UHODWLRQ�VKLS�LV�SRVVLEOH�WR�EH�H[SODLQHG�E\�FKDQJLQJ

)LJ�� ��� 7KH� GHSHQGHQFHV� RI� WKH� ODWWLFH� SD�
UDPHWHU� D3E7H� RQ� WKH� ,Q� LPSXULW\� FRQFHQWUD�WLRQ� \,Q� LQ� WHUQDU\� 3E��\,Q\7H� ILOPV� REWDLQHG
DW�7VXE� ����r��.�����KRPRJHQHRXV�VDPSOHV����KHWHURJHQHRXV�SRO\FU\VWDOOLQH�VDPSOHV�
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RI� WKH�GRPLQDWLQJ�PHFKDQLVP�RI�VROLG�VROX�
WLRQV� IRUPDWLRQ�� RQH� IUDFWLRQ� RI� ,Q� DWRPV�
DV� EHIRUH�� LV� SRVLWLRQHG� LQ� UHJXODU� VLWHV� RI
WKH� FDWLRQLF� VXEODWWLFH�� ZKLOH� DQRWKHU� IUDF�
WLRQ� LV� LQ� LQWHUVWLFHV��$V� WKH�VL]HV�RI� LQWHU�
VWLWLDO� WHWUDKHGUDO� YRLGV� LQ� 3E7H� FU\VWDO
VWUXFWXUH�DUH�D�VRPHZKDW�VPDOOHU�WKDQ�LRQLF
UDGLL�RI�PHWDOV�IURP�,,,�$�JURXS��WKH�ILOOLQJ
WKHP�E\� ,Q� UHVXOWV� LQ� LQFUHDVLQJ� ODWWLFH� SD�
UDPHWHU�� 7KHUHIRUH�� DW� WKLV� LQWHUYDO� RI� ,Q
LPSXULW\� FRQFHQWUDWLRQ�� WKH� PL[HG� W\SH� RI
VROLG� VROXWLRQV� �VXEVWLWXWLRQ� �� LQWHUVWLWLDO�� LV
UHDOL]HG��7KH�H[LVWHQFH�RI�VXFK�VROLG�VROXWLRQV
ZDV� IRXQG� EHIRUH�� LQ� SDUWLFXODU�� LQ� WKH� VLOL�
FRQ�JROG� DQG� VLOLFRQ�FDUERQ� V\VWHPV� >�@�� �LLL�
7KH� WKLUG� SDUW� RI� D3E7H,Q®�  � I�\,Q�� FXUYHVKRZV�WKDW�WKH�LQFUHDVH�LQ�WKH�RI�,Q�LPSXULW\
FRQFHQWUDWLRQ� \,Q� !� ������ LQ� 3E��\,Q\7H��GILOPV�GRHV�QRW�UHVXOW�LQ�DQ\�HQODUJHPHQW�RI
WKH�XQLW� FHOO�SDUDPHWHU��7KLV� IDFW� FDQ� LQGL�
FDWH� WR� DSSURDFK� WR� WKH� VROXELOLW\� OLPLW� RI
,,,� $� JURXS� PHWDOV� LQ� WKH� LQLWLDO� 3E7H
PDWUL[��

&RPSDULQJ� WKH� H[SHULPHQWDO� GDWD� SUH�
VHQWHG�LQ�)LJ����DQG�)LJ�����LW�LV�SRVVLEOH�WR
ILQG� RXW� D� FHUWDLQ� FRUUHODWLRQ� EHWZHHQ� WKH
HYROXWLRQ� RI� WKH� ODWWLFH� SDUDPHWHU� D3E7H,Q®DQG� WKH� FKDQJLQJ� RI� FKDUJH� FDUULHU� GHQVLW\
GHSHQGLQJ�RQ� WKH� FRQFHQWUDWLRQ�RI� ,Q� LPSX�
ULW\� LQ� 3E��\,Q\7H��G� ILOPV� ZLWK� H[FHVV� RIWHOOXULXP�� 7KH� GHFUHDVLQJ� RI� WKH� KROH� GHQ�
VLW\�LQ�3E��\,Q\7H��G�VDPSOHV�DW�\,Q�!�������FDQ� EH� DVVRFLDWHG�ZLWK� WKH� FKDQJLQJ� RI� WKH
SUHIHUHQWLDO� PHFKDQLVP� RI� ,Q� LPSXULW\� LP�
SODQWDWLRQ�LQ�WKH�3E7H�FU\VWDOOLQH�PDWUL[�

7KH� DPSKRWHULF� EHKDYLRU� RI� ,Q� DWRPV� LQ
3E7H� LV� TXLWH� ORJLFDO� WR� EH� H[SODLQHG� E\
WKHLU� GLIIHUHQW� YDOHQFH� FRQGLWLRQV� >�@�� 7KH
FRPSDULVRQ�RI�WKH�,Q�LPSXULW\�FRQFHQWUDWLRQ
ZLWK� WKH� PD[LPXP� SRVVLEOH� FKDUJH� FDUULHU
GHQVLW\� LQ�3E7H�ZLWKLQ� OLPLWV�RI�KRPRJHQH�
LW\� UHJLRQ� GHPRQVWUDWHV� WKDW� LQ� WKLV� FDVH�
WKH� QHXWUDO� VWDWH� LV� WKH� JURXQG� RQH� IRU� ,Q
DWRPV�� )RU� H[DPSOH�� XQGHU� FRQGLWLRQ� WKDW
HDFK�,Q�DWRP�LV�VLQJO\�LRQL]HG��WKHLU�FRQFHQ�
WUDWLRQ� RI� DERXW� ������� PROH� IUDFWLRQ
VKRXOG�FRUUHVSRQG�WR�WKH�FKDUJH�FDUULHU�GHQ�
VLW\�a����������FPÜ���,W�LV�VHHQ�IURP�H[SHUL�
PHQWDO�GDWD��)LJ�����WKDW�LW�LV�LPSRVVLEOH�WR
REWDLQ�WKH�3E7H,Q®�ILOPV�SRVVHVVLQJ�VR�KLJK
FKDUJH�FDUULHU�GHQVLW\�E\�GLUHFW�GRSLQJ�GXU�
LQJ�WKH�JURZWK�SURFHVV��7DNLQJ�LQWR�DFFRXQW
WKH� IDFW� WKDW� IRU� ,Q� DWRPV�� WKH� �V��S�� QHX�
WUDO� FRQGLWLRQ� LV� SDUDPDJQHWLF� DQG� FRQVH�
TXHQWO\�OHVV�VWDEOH�>�@��LW�LV�SRVVLEOH�WR�VXVSHFW
WKDW�ORZ�HIILFLHQF\�RI�GRSLQJ��1G���QG�!!�>Q@RU�1D���QD�!!�>S@��LV�FRQQHFWHG�WR�SUHIHUHQ�WLDO� VHJUHJDWLRQ�RI� ,Q� LPSXULW\�DWRPV�DORQJ
WKH�LQWHUFU\VWDOOLQH�ERXQGDULHV�

%DVLQJ� RQ� FRPSDULVRQ� RI� WKH� H[SHULPHQ�
WDO� HOHFWULFDO� PHDVXUHPHQW� UHVXOWV� �)LJ�� ��
ZLWK�QRQ�OLQHDU�DQG�QRQPRQRWRQRXV�HYROXWLRQ
RI� WKH� D3E7H,Q®� ODWWLFH� SDUDPHWHU� �)LJ�� ��ZLWKLQ� WKH� VFRSH� RI� FU\VWDO�TXDVLFKHPLFDO
DSSURDFK�>��@��D�PRGHO�ZDV�SURSRVHG�DEOH�WR
H[SODLQ� FRPSOH[� DPSKRWHULF� �GRQRU� DQG� DF�
FHSWRU��EHKDYLRU�RI� ,Q� LPSXULW\� LQ�3E7H,Q®
ILOPV� WDNLQJ� LQWR� DFFRXQW� WKH� GLPHQVLRQDO
IDFWRU� RI� ,Q� DWRPV� DQG� LRQV� �7DEOH��� WKHLU
GLIIHUHQW� FKDUJH� FRQGLWLRQ� �,Q�� DQG� ,Q����
DQG� SRVVLEOH� SRVLWLRQV� LQ� WKH� FU\VWDO� ODWWLFH
RI�WKH�LQLWLDO�OHDG�WHOOXULGH�PDWUL[��,Q3E�DQG,QL���)RXU�SRVVLEOH�FDVHV�DUH�UHYLHZHG���� 6WDWLVWLFDO� GLVWULEXWLRQ� RI� ,Q� LPSXULW\
DWRPV� LQ� UHJXODU� VLWHV� RI� WKH� 7H�GHILFLHQW
FDWLRQLF�3E7H�VXEODWWLFH�GXULQJ�VLQJOH�VWDJH
V\QWKHVLV� IURP� WKH� YDSRU� SKDVH� �GHYLDWLRQV
IURP�WKH�VWRLFKLRPHWU\�G������

>93Eu 97Hu @��������\�3E�*����\,Q�*��������G� 7H��*��o
o�>3E���\�u ,Q�\��G�u ,Qc�G@3E>7H���G�u 9G���@7H

�
�

���

7DNLQJ� LQWR� DFFRXQW� LRQL]DWLRQ� RI� ,Q
DWRPV�

�G0Hc3E�/��G0H3Eu ����GHc ����
$QG�ILQDOO\�

>93Eu 97Hu @��������\�3E�*����\,Q�*���������G� 7H��*��o
o�>3E���\�u ,Q\u@3E>7H���G�u 9G���@7H����GHc

�
�

����

7KHUH� LV�DQ� LQFUHDVH�LQ�WKH�HOHFWURQ�GHQVLW\
E\��GHc�

��� ,PSODQWDWLRQ� RI� ,Q� LPSXULW\� DWRPV� LQ
LQWHUVWLWLDO� VLWHV� �WHWUDKHGUDO� YRLGV�� RI� 7H�
GHILFLHQW�3E7H�FU\VWDO�VWUXFWXUH�GXULQJ�VLQ�
JOH�VWDJH� V\QWKHVLV� IURP� WKH� YDSRU� SKDVH
�GHYLDWLRQV� IURP� WKH� VWRLFKLRPHWU\� G� �� ��
E�Ü�IUDFWLRQ�RI�,Q�DWRPV�RFFXS\LQJ�LQWHUVWL�
FHV������E����G��

>93Eu 97Hu @��������\�3E�*����\,Q�*��������G� 7H��*��o

o�>3E���\�u ,Q�\��G�E�u ,Qc��\@3E>,QEu��@L>7H���G�u 9G���@7H

�
��
���

7DNLQJ� LQWR� DFFRXQW� LRQL]DWLRQ� RI� ,Q
DWRPV�

�G,Q3Ec ���E0HLu�/�
�/��G0H3Eu ���E0HL���������G����E�Hc

���

$QG�ILQDOO\�
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>93Eu 97Hu @��������\�3E�*����\,Q�*��������G� 7H��*��o
o�>3E���\�u ,Q�\��G�E�u ,Q�Gu @3E>,QE�����@L>7H���G�u 9G���@7H��

����G����E�Hc

�
�
�
�

���
7KHUH�LV�DQ�LQFUHDVH� LQ�WKH�HOHFWURQ�GHQVLW\
E\���G��E�Hc�

��� 6WDWLVWLFDO� GLVWULEXWLRQ� RI� ,Q� LPSXULW\
DWRPV�LQ�UHJXODU�VLWHV�RI�WKH�FDWLRQLF�VXEODW�
WLFH� RI�3E7H� ZLWK� H[FHVV� RI�7H� GXULQJ� VLQ�
JOH�VWDJH� V\QWKHVLV� IURP� WKH� YDSRU� SKDVH
�GHYLDWLRQV�IURP�WKH�VWRLFKLRPHWU\�G�!����

>93Eu 97Hu @��������\�3E�*����\,Q�*��������G� 7H��*��o
o�>3E���\�G�u ,Q�\�G�u ,Q�G� 9Gcc�@3E>7H���G�u @7H

�
�

���

7DNLQJ� LQWR� DFFRXQW� LRQL]DWLRQ� RI� ,Q
DWRPV�

E,Q3E� �/�E,Q3Eu ����GK� ���
$QG�ILQDOO\�

>93Eu 97Hu @��������\�3E�*����\,Q�*��������G� 7H��*��o
o�>3E���\�G�u ,Q�\�G�u ,Q�Gu 9Gcc�@3E>7H���G�u @7H��

����GK� ����
7KHUH� LV� DQ� LQFUHDVH� LQ� WKH� KROH� GHQVLW\

E\��GK��
��� ,PSODQWDWLRQ� RI� ,Q� LPSXULW\� DWRPV� LQ

LQWHUVWLWLDOV� �WHWUDKHGUDO� YRLGV�� RI� 3E7H
FU\VWDO� VWUXFWXUH� ZLWK� H[FHVV� RI� 7H� GXULQJ
VLQJOH�VWDJH�V\QWKHVLV�IURP�WKH�YDSRU�SKDVH
�GHYLDWLRQV� IURP� WKH� VWRLFKLRPHWU\� G� !� ��
E�Ü�IUDFWLRQ�RI� ,Q�DWRPV�RFFXS\LQJ�LQWHUVWL�
FHV������E����G��

>93Eu 97Hu @��������\�3E�*����\,Q�*��������G� 7H��*��o

o�>3E���\�G�u ,Q�\�G�u ,QG�E� 9G
�
u�9G

��
E
�

cc @3E>,QEu@L>7H���G�u @7H

�
�

����

7DNLQJ� LQWR� DFFRXQW� LRQL]DWLRQ� RI� ,Q
DWRPV�

E,QLu�/�E,QL�������EHc ����
$QG�ILQDOO\�

>93Eu 97Hu @��������\�3E�*����\,Q�*��������G� 7H��*��o
o�>3E���\�G�u ,Q�\�G�u ,QG�E� 9G

�
u�9G

��
E
�

cc �@3E>,QE����@L>7H���G�u @7H��
���EHc

�
�
�
�

����

7KHUH� LV� DQ� LQFUHDVH� LQ� HOHFWURQ� GHQVLW\
E\��EHc�

$V�LW�FDQ�EH�VHHQ�IURP�HTXDWLRQV��������LQ
D�7H�GHILFLHQW�3E7H�PDWUL[��WKH�,Q�LPSXULW\
DWRPV� H[KLELW� WKH� GRQRU� SURSHUWLHV� DQG� ID�
FLOLWDWHG� WKH� JHQHUDWLRQ� RI� HOHFWURQV�� ,Q
3E7H�ZLWK� H[FHVV� RI�7H�� WKH� EHKDYLRU� RI� ,Q
DWRPV�LV�PRUH�FRPSOH[��$W�VWDWLVWLFDO�GLVWUL�
EXWLRQ� LQ� WKH� FDWLRQLF� VXEODWWLFH�� ,Q� LPSX�
ULW\� DWRPV� H[KLELWHG� DFFHSWRU� SURSHUWLHV
�HTXDWLRQV� ��������� ,Q� FDVH� WKDW� ,Q� LV� EXLOW
LQWR� LQWHUVWLFHV�� WKH�JHQHUDWLRQ�RI�HOHFWURQV
WDNHV�SODFH��GRQRU�SURSHUWLHV��DQG�KROH�FRP�
SHQVDWLRQ� LQ� LQLWLDO� 3E7H� ZLWK� S�W\SH� FRQ�
GXFWLYLW\��,Q�WKLV�FDVH��WKH�HYROXWLRQ�RI�WKH
HOHFWULFDO�SURSHUWLHV�VKRXOG�GHSHQG�XSRQ�WKH
UDWLR�E�DQG�G��

7KH�GDWD�REWDLQHG�EHIRUH�KDYH�VKRZQ�>�@
WKDW� WKH� UHJLRQ� RI� ,Q� VROXELOLW\� LQ� 3E7H� LV
DV\PPHWULFDO� DQG� HQODUJHG� ZLWK� WKH� WHP�
SHUDWXUH��,Q�WKLV�FRQQHFWLRQ��WDNLQJ�LQWR�DF�
FRXQW� WKH� PRGHO� SUHVHQWHG� DERYH�� WKH� UH�
JLRQV�ZLWK�WKH�GLIIHUHQW�W\SHV�RI�FRQGXFWLY�
LW\� FDQ� EH� SRLQWHG� LQVLGH� WKH� DUHD� RI� ,Q
GLVVROXELOLW\�LQ�WKH�3E7H�PDWUL[��)LJ������

7KXV�� LW� IROORZV� IURP� WKH� GDWD� REWDLQHG
WKDW�LQ�3E��\,Q\7H�rG�ILOPV�WKH�EHKDYLRU�RI�,QLPSXULW\�LV�FRQQHFWHG�LQ�FHUWDLQ�PDQQHU�ZLWK
GHYLDWLRQ� IURP� WKH� VWRLFKLRPHWU\� LQ� WKH� FRQ�
WHQW�RI�WKH�PDLQ�FRPSRQHQWV��OHDG�DQG�WHOOX�
ULXP���7KH�SUHVHQWHG�PRGHO�FRQILUPV�WKH�IDFW
RI� ORZ�GRSLQJ�HIILFLHQF\� �1G���QG�!!� >Q@� RU1D���QD�!!�>S@���,Q�7H�GHILFLHQW�3E��\,Q\7H��GILOPV� UHJDUGLQJ� WR� WKH� VWRLFKLRPHWULF� UDWLR�
WKH� ,Q� LPSXULW\� DWRPV� H[KLELW� GRQRU� SURSHU�
WLHV� RQO\�� ,Q� 3E��\,Q\7H��G� VDPSOHV� ZLWK� H[�FHVV� RI� WHOOXULXP�� ,Q� GHPRQVWUDWHV� DP�
SKRWHULF� EHKDYLRU�� DW� ORZ�OHYHO� FRQFHQWUD�
WLRQV� LW� DFWV� DV� DQ� DFFHSWRU��ZKLOH� DW� \,Q� !��������LW�H[KLELWV�WKH�GRQRU�SURSHUWLHV�

)LJ�����7KH�DUHD�RI�,Q�VROLG�VROXWLRQ�H[LVWHQFH
LQ�3E7H�ZLWK�UHJLRQV�RI�WKH�GLIIHUHQW�FRQGXF�
WLYLW\�W\SHV��
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���&RQFOXVLRQV
7KH� UHVXOWV� RI� HOHFWULFDO� PHDVXUHPHQWV

KDYH� VKRZQ� WKDW� 3E��\,Q\7H��G� VDPSOHV
���������\,Q������������FKDUDFWHUL]HG�E\�GH�ILFLHQF\�LQ�7H�UHJDUGLQJ�WR�WKH�VWRLFKLRPHW�
ULF� UDWLR�� DOZD\V� VKRZ� � WKH� Q�W\SH� FRQGXF�
WLYLW\�� 2Q� WKH� RWKHU� KDQG�� 3E��\,Q\7H��GILOPV� FKDUDFWHUL]HG�E\� H[FHVV� RI�7H� UHJDUG�
LQJ� WR� WKH� VWRLFKLRPHWULF� UDWLR� VKRZ� S�W\SH
FRQGXFWLYLW\� DW� \,Q� �� ������ LUUHVSHFWLYH� RI,Q� LPSXULW\� FRQWHQW� WKHUHLQ�� KRZHYHU�� HYR�
OXWLRQ�RI�WKH�KROH�GHQVLW\�GHSHQGLQJ�RQ�WKH
LPSXULW\� DWRPV� FRQWHQW� LV� QRQPRQRWRQRXV�
:LWKLQ� WKH� FRQFHQWUDWLRQ� LQWHUYDO
��������\,Q�����������WKH�LQFUHDVH�LQ�WKH� ,QFRQWHQW� LV� DFFRPSDQLHG� E\� LQFUHDVH� LQ� KROH
GHQVLW\�� $W� DFKLHYHPHQW� RI� FRQFHQWUDWLRQ
\,Q�  � �������� WKH� IXUWKHU� ULVLQJ� RI� WKH� LP�SXULW\� DWRP� FRQWHQW� UHVXOW� LQ� UHGXFWLRQ� RI
WKH�KROH�GHQVLW\��

7KH�PRGHO�SURSRVHG�LQ�WKH�VFRSH�RI�FU\V�
WDO�TXDVLFKHPLFDO� DSSURDFK� FRQILUPV� WKDW
WKH� EHKDYLRU� RI� ,Q� LPSXULW\� DWRPV� LQ
3E��\,Q\7H�rG�LV�FRQQHFWHG�LQ�FHUWDLQ�PDQQHUZLWK� GHYLDWLRQ� IURP� WKH� VWRLFKLRPHWU\� LQ
WKH� FRQWHQW� RI� WKH� PDLQ� FRPSRQHQWV� �OHDG
DQG� WHOOXULXP�� DQG� GHPRQVWUDWHV� ORZ� HIIL�
FLHQF\�RI�3E7H�GRSLQJ�E\�,Q�LPSXULW\�DWRPV�

7DNLQJ� LQWR�DFFRXQW�WKH�REWDLQHG�H[SHUL�
PHQWDO� UHVXOWV� DQG� FRQFOXVLRQV� IURP� WKH
SURSRVHG�PRGHO��WKH�UHJLRQV�ZLWK�WKH�GLIIHU�
HQW� FRQGXFWLYLW\� W\SHV� LQVLGH� WKH� H[LVWHQFH

DUHD� RI� ,Q� VROLG� VROXWLRQV� LQ�3E7H� DUH� LQGL�
FDWHG��

7KLV�ZRUN�KDV�EHHQ�VXSSRUWHG�LQ�SDUW�E\
5XVVLDQ� )HGHUDWLRQ� )RXQGDWLRQ� IRU� )XQGD�
PHQWDO� 5HVHDUFK� �*UDQW� �� ������������
UBFHQWHUBD��

5HIHUHQFHV
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