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5HFHLYHG�1RYHPEHU���������
7KH� VWUXFWXUH� RI� PHWDO� ILOPV� GHSRVLWHG� IURP� IOX[HV� RI� HQHUJHWLF� DQG� WKHUPDOL]HG

VSXWWHUHG�DWRPV�KDV�EHHQ�VWXGLHG�LQ�GHWDLO��7KH�JURZWK�VXUIDFH�WHPSHUDWXUH�7VXUI�GHYHORS�LQJ� GXULQJ� WKH� FRQGHQVDWLRQ� RI� VSXWWHUHG� DWRPV� KDV� EHHQ�PHDVXUHG� E\� WZR� LQGHSHQGHQW
WHFKQLTXHV�9DULDWLRQV� LQ� WKH� ILOP� VWUXFWXUH� IURP� ILQH�JUDLQHG� LQ� WKH� LQWHUIDFH� UHJLRQ� WR
FRDUVH�JUDLQHG� LQ� WKH� XSSHU� SDUW� RI� WKH� ILOP� FRUUHODWH�ZLWK� YDULDWLRQV� LQ� WKH�7VXUI� ��7KH7VXUI�EHLQJ�HTXDO� WR� WKH� VXEVWUDWH�WHPSHUDWXUH�DW�WKH�EHJLQQLQJ�RI�WKH�GHSRVLWLRQ�VWHHSO\LQFUHDVHV� DQG� UHPDLQV� VHYHUDO� WLPHV� KLJKHU� WKDQ� WKH� VXEVWUDWH� WHPSHUDWXUH� GXULQJ� WKH
SURFHVV�� :H� H[SODLQ� WKLV� HIIHFW� E\� IRUPDWLRQ� RI� D� OLTXLG�OLNH� OD\HUZLWK� ORZ� WKHUPDO
FRQGXFWLYLW\� WKDW� IRUPV� RQ� WKH� JURZWK� VXUIDFH� GXULQJ� GHSRVLWLRQ�� 'XH� WR� WKLV� OD\HU� ZH
DVVHUW�WKDW�WKH�ILOP�JURZV�E\�D��JDVoOLTXLGoVROLG��UDWKHU�WKDQ�D��JDVoVROLG��PHFKDQLVP
LQGHSHQGHQWO\�RQ�WKH�GHSRVLWLRQ�PHWKRG�
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)LOPV�GHSRVLWHG�E\�SODVPD�EDVHG�PHWKRGV
JURZ�IURP�IOX[HV�RI�SDUWLFOHV�ZLWK�LQFUHDVHG
NLQHWLF� HQHUJ\�� &RQWHPSRUDU\� JURZWK� WKHR�
ULHV� GHYHORSHG� IRU� VXFK� ILOPV�PDLQO\� IRFXV
RQ�FROOLVLRQ�LQGXFHG�HIIHFWV�SURGXFHG�E\�HQ�
HUJHWLF� VSHFLHV� RQ� WKH� JURZWK� VXUIDFH�� $W
WKH�VDPH�WLPH��PRVW�RI�WKH�HQHUJ\�ORVVHV�E\
VXFK� VSHFLHV� GXULQJ� FRQGHQVDWLRQ� DUH� UHDO�
L]HG� DV� KHDW� >�@�� 7KHUHIRUH� RQH� FDQ� H[SHFW
WKDW� WKH� UHDOHDVLQJ� KHDW� LQFUHDVHV� VXUIDFH
�JURZWK�� WHPSHUDWXUH�7VXUI� DQG� WKXV�PLJKWFRQVLGHUDEO\� DIIHFW� WKH� ILOP� VWUXFWXUH�
:KHUHDV� WKH�GHYHORSPHQW� RI� KLJK�7VXUI� QR�

WLFHDEO\�H[FHHGLQJ�VXEVWUDWH�WHPSHUDWXUH�76GXULQJ� ILOP� GHSRVLWLRQ� >�Ü�@� KDV� EHHQ� UH�
SRUWHG�� WKHUH� DUH� QR� ZRUNV� H[SORULQJ� WKH
FRUUHODWLRQ� EHWZHHQ� WKH� ILOP� VWUXFWXUH� DQG
WKH�7VXUI�� ,Q� WKLV� SDSHU��ZH�SUHVHQW� WKH� UH�VXOWV� RI� LQYHVWLJDWLRQ� RI� WKH� VWUXFWXUH� RI
FKURPLXP� ILOPV� GHSRVLWHG� E\� PDJQHWURQ
VSXWWHULQJ� IURP� IOX[HV� RI� HQHUJHWLF� DQG
WKHUPDOL]HG�DWRPV�DORQJ�ZLWK�WKH�UHVXOWV�RI
PHDVXUHPHQWV�RI�WKH�7VXUI�GHYHORSHG�GXULQJFRQGHQVDWLRQ� RI� VSXWWHUHG� DWRPV�� 6WURQJ
FRUUHODWLRQ� EHWZHHQ� WKH� ILOP� VWUXFWXUH
FKDQJHV� DORQJ� WKLFNQHVV� DQG� YDULDWLRQV� LQ
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WKH� 7VXUI� GXULQJ� GHSRVLWLRQ� LV� UHYHDOHG�� $PRGHO�H[SODLQLQJ�WKLV�HIIHFW�LV�SUHVHQWHG�
7KH� H[SHULPHQWDO� GHWDLOV� RI� WKH� ILOP

GHSRVLWLRQ� E\� PDJQHWURQ� VSXWWHULQJ� WHFK�
QLTXH�DUH�SUHVHQWHG�HOVHZKHUH�>�@��7KH�PDJ�
QHWURQ� ZDV� HTXLSSHG� ZLWK� �� PP� WKLFN� &U�
7L�� &X� RU� 0R� �������� WDUJHW� RI� ��� PP� LQ
GLDPHWHU�ERQGHG�ZLWK�$J�SDVWH�WR�WKH�FRROHG
&X� EDFNLQJ� SODWH�� 7KH� EDFNJURXQG� DUJRQ
SUHVVXUH�ZDV�S�� ���Ü�����Ü��3D�ZKHUHDV�WKHRSHUDWLQJ�SUHVVXUHV�ZHUH�S$U� �����DQG���3D�ORZ� DQG� KLJK� SUHVVXUH� FRQGLWLRQV�� UHVSHF�
WLYHO\��� 7KH� KLJK� SUHVVXUH� FRQGLWLRQV� SUR�
YLGHG� WKH� ILOP� GHSRVLWLRQ� IURP� IXOO\� WKHU�
PDOL]HG�DWRPV�ZKLOH�WKH�ILOPV�JURZQ�DW�ORZ
SUHVVXUH� ZHUH� GHSRVLWHG� IURP� KLJK�HQHUJ\
DWRPLF� IOX[HV��7KH� IOX[�RI� VSXWWHUHG� DWRPV
�GHSRVLWLRQ�UDWH��ZDV�UHJXODWHG�E\�YDULDWLRQ
RI�WKH�GLVFKDUJH�FXUUHQW��

7KH� 7VXUI� ZDV� PHDVXUHG� E\� WZR� LQGH�SHQGHQW� PHWKRGV�� ,Q� WKH� ILUVW� PHWKRG� WKH
7VXUI� ZDV� PHDVXUHG� E\� PHDQV� RI� 9$5,26�&$1� +LJK� 5HVROXWLRQ� 7KHUPRJUDSK\� 6\V�
WHP��-(1237,&�/DVHU��2SWLF�6\VWHP�*PE+�
ZLWK� SRVW� SURFHVVLQJ� RI� WKHUPRJUDPV� UH�
FRUGHG� GXULQJ� GHSRVLWLRQ� XVLQJ� WKH� ,5%,6
3URIHVVLRQDO� VRIWZDUH�� 7HPSHUDWXUH� PHDV�
XUHPHQWV� ZLWKLQ� WKH� UDQJH� IURP� Ü��� WR
������&� ZLWK� WKH� DFFXUDF\� r�� �� RI� WKH
IXOO�VFDOH�YDOXH�ZHUH�FDUULHG�RXW�E\�FRPSDU�
LQJ� WKH� UDGLDWLRQ� LQWHQVLW\� RI� WKH� KHDWHG
REMHFW� DQG� UHIHUHQFH� VRXUFH�PRXQWHG� LQVLGH
WKH�,5�FDPHUD��$�=Q6H�ZLQGRZ��WUDQVSDUHQW
LQ� ,5� UHJLRQ� ��Ü��� PP��� VHUYHG� DV� D� YLHZ�
SRUW� IRU� WKH� ,5� FDPHUD�� 6LOLFRQ� SODWHV� SUH�
FRDWHG� ZLWK� ����� QP� WKLFN� &U�� 7L� RU� &X
FRDWLQJV�ZHUH�XVHG�DV� VXEVWUDWHV��7KH�FRDW�
LQJV�ZHUH�SUHSDUHG�WR�EH�VXUH�WKDW�WKH�HPLW�
WDQFH�H�RI�WKH�GHSRVLWLQJ�ILOP�LV�HTXDO�WR�WKH
H� RI� WKH� VXEVWUDWH� WKDW� VXEVWDQWLDOO\� LQ�
FUHDVHG�WKH�DFFXUDF\�RI�WKH�VXUIDFH�WHPSHUD�
WXUH� GHWHUPLQDWLRQ�� 7KH� VXEVWUDWHV� ZHUH
WLJKWO\� DWWDFKHG� WR� WKH� FRROLQJ� VXEVWUDWH
KROGHU�WKDW�SURYLGHG�WKH�VXEVWUDWH�WHPSHUD�
WXUH�76�WR�EH�LQ�WKH�UDQJH�RI���Ü���&�GXU�LQJ� WKH� ZKROH� SURFHVV�� 7KH� FKURPHO�DOXPHO
WKHUPRFRXSOH� IL[HG� WR� WKH� VXEVWUDWH� ZDV
XVHG�WR�PHDVXUH�WKH�76�$QRWKHU� PHWKRG� IRU� WKH� 7VXUI� PHDVXUH�PHQWV�ZDV�GHYHORSHG�IRU�WKH�ILUVW�WLPH�DQG
LV�EDVHG�RQ�WKH�IROORZLQJ�FRQVLGHUDWLRQ��7KH
WHPSHUDWXUH� RI� D� VDPSOH� VXEMHFWHG� WR� DQ\
W\SH� RI� HQHUJHWLF� LUUDGLDWLRQ� LQFUHDVHV�
:KHQ�LW�LV�\HW�VR�ORZ�WKDW�WKH�KHDW�LUUDGLD�
WLRQ� LV� QHJOLJLEOH�� WKH� LQIOX[� RI� HQHUJ\� TLQWR� WKH� VDPSOH� LV� TLQ� �P���F���6Ü����'7�e�'W��
:KHQ�WKH�WHPSHUDWXUH�UHDFKHV�PD[LPXP�DW�D
JLYHQ� TLQ� WKH� KHDW� RXWIOX[� TU� ��V���H��76��Ü

7���� LUUDGLDWHG� IURP� WKH� VDPSOH� EHFRPHVHTXDO�WR�WKH�TLQ��SURYLGHG�WKDW�WKH�KHDW�GRHVQRW�OHDN�DZD\�E\�DQ\�RWKHU�PHFKDQLVP��L�H��
TLQ� �TU�� 7KH� YDOXHV� LQ� WKH� (TV� DUH� DV� IRO�ORZV�� '7�'W� LV� D� WHPSRUDO� WHPSHUDWXUH� GH�
SHQGHQFH� WDNHQ� IURP� D� OLQHDU� SDUW� RI� WKH
KHDWLQJ�FXUYH��P���PDVV��F���VSHFLILF�KHDW��6��
VXUIDFH� DUHD� RI� WKH� VDPSOH��VLJPD�� �� 6WHIDQ�
%ROW]PDQQ�FRQVWDQW��76���WHPSHUDWXUH�RI�WKH
VDPSOH�DW�DQ�HTXLOLEULXP�VWDWH��DQG�7��WHP�
SHUDWXUH� LQ� WKH� FKDPEHU�,I� E\� DQ\� UHDVRQ
WKH�RXWIOX[HV�IURP�WKH�SODWH�V�VLGHV�DUH�QRW
HTXDO�WKH�WHPSHUDWXUH�RI�WKH�VLGH�ZLWK�ORZHU
RXWIOX[�ZLOO�EH�ORZHU�WKDQ�WKDW�RI�WKH�RWKHU
VLGH�� ,Q� WKLV� FDVH� TU�� �TU����TU�� V���H���>�7���Ü�7������� �7���Ü�7���@�� ZKHUH� TU�LV� WKH� WRWDO� KHDW� IOX[� LUUDGLDWHG� IURP� WKH
SODWH�� TU��� TU�� DUH� WKH� RXWIOX[HV� DQG� 7��7�� Ü� WKH� WHPSHUDWXUHV� RI� WKH� SODWH� VLGHV�UHVSHFWLYHO\�� 7R� VDWLVI\� WKH� ODWWHU� HTXDWLRQ
HPLVVLYLW\� H� PXVW� EH� HTXDO� IRU� ERWK� VLGHV
ZKDW� FDQ� EH� DFKLHYHG� E\� SUH�FRDWLQJ� RI� WKH
SODWH�ZLWK�WKH�UHVSHFWLYH�PDWHULDO��0HDVXULQJ
WKH� WHPSHUDWXUH� 7�� E\� WKH� WKHUPRFRXSOHIL[HG�WR�WKH�SODWH��DQG�FDOFXODWLQJ�WKH�LQIOX[
TLQ�ZH�ILQG�WKH�RWKHU�SODWH�V�VLGH�WHPSHUDWXUH7��%DVHG� RQ� WKLV� UHDVRQLQJ� WKH� PHDVXUH�
PHQWV� RI� WKH�7VXUI�GXULQJ�GHSRVLWLRQ�RI�&U�&X�� 7L� DQG� 0R� ILOPV� ZHUH� SHUIRUPHG�� 7R
HVWDEOLVK�WKH�UHODWLRQVKLS�EHWZHHQ�7VXUI�DQGTLQ� WKH� ILOPV� ZHUH� GHSRVLWHG� ZLWK� YDULRXVGHSRVLWLRQ� UDWHV� �TLQ�V�� RQWR� IUHH�KDQJLQJSROLVKHG� FRSSHU� SODWHV� SUH�FRDWHG� ZLWK� WKH
UHVSHFWLYH�PHWDO��7R�SUHYHQW�KHDW�ORVVHV�GXH
WR� WKHUPDO� FRQGXFWLYLW\� WKH� SODWH� ZDV� VXV�
SHQGHG�RQ�D�WKLQ�FKURPHO�DOXPHO�WKHUPRFRX�
SOH� XVHG� IRU� WKH� WHPSHUDWXUH� PHDVXUHPHQWV
ZLWK� WKH� WLS� IL[HG� WR� WKH� SODWH�� 7R� FRPSDUH
WKH� HIIHFWV� RI� DWRPLF� FRQGHQVDWLRQ� DQG� FRQ�
YHQWLRQDO� ,5� UDGLDWLRQ� WKH� SUH�FRDWHG� SODWHV
ZHUH� VXEMHFWHG� WR� ,5� LUUDGLDWLRQ� IURP� WKH� LQ�
FDQGHVFHQW� ODPS� ZLWK� YDULDEOH� ��Ü����� :�
SRZHU� LQ� WKH� FKDPEHU� ILOOHG� ZLWK� $U� DW� WKH
VDPH�SUHVVXUH��7KH�SURFHGXUH�RI�PHDVXUHPHQWV
DQG� FDOFXODWLRQV�ZDV� VLPLODU� WR� WKDW� XVHG� IRU
WKH�ILOP�GHSRVLWLRQ�

7KH� VWUXFWXUH� RI� WKH� VDPSOHV� SUHSDUHG
IRU� FURVV�VHFWLRQDO� LQYHVWLJDWLRQV� ZDV� VWXG�
LHG� XVLQJ� VHOHFWHG�DUHD� HOHFWURQ� GLIIUDFWLRQ
�6$('�� DQG� KLJK�UHVROXWLRQ� WUDQVPLVVLRQ
HOHFWURQ�PLFURVFRS\��+57(0���)RU�WKLV�SXU�
SRVH�� D� KLJK�UHVROXWLRQ� ����� QP� E\� SRLQW�
���� N9� DFFHOHUDWLQJ� YROWDJH�� -(2/�����
HOHFWURQ� PLFURVFRSH� ZDV� XWLOL]HG�� 6SHFLDO
PHDVXUHV� ZHUH� WDNHQ� WR� LQFUHDVH� WKH� DFFX�
UDF\�RI�WKH�ODWWLFH�SDUDPHWHU�PHDVXUHG�IURP
WKH� 6$('� GDWD� >�@�� 7KH� DQDO\VLV� RI� WKH� ILOP
FRPSRVLWLRQ�XVLQJ� DQ� HQHUJ\�GLVSHUVLYH�;�UD\

/�5�6KDJLQ\DQ�HW�DO����7KH�FRUUHODWLRQ�EHWZHHQ�ILOP����
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VSHFWURPHWHU� �HQHUJ\� UHVROXWLRQ� ���� H9�
VSDWLDO� UHVROXWLRQ� ��� QP�� DWWDFKHG� WR� WKH
6����+� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� FRQ�
ILUPHG� WKDW� WKH� ILOPV� GLG� QRW� FRQWDLQ� DQ\
LPSXULWLHV� RWKHU� WKDQ� ���Ü���� ZW��� RI� FDUE�
RQ�

�'HWDLOHG�DQDO\VLV�RI�6$('�SDWWHUQV�DQG
PLFURJUDSKV� WDNHQ� IURP� GLIIHUHQW� SDUWV� RI
WKH� ILOP� GHSRVLWHG� IURP� WKHUPDOL]HG� DWRPV
VKRZV�WKDW�WKH�ILOP�LV�FU\VWDOOL]HG�LQ�ORZ�WHP�
SHUDWXUH� �/7�� &U� SKDVH� >�@�� XQLIRUP� DORQJ
WKLFNQHVV�� DQG� FRQVLVWV� RI� a��� QP�GLDPHWHU
QDUURZ� FROXPQV� ZKLFK� LQ� WXUQ� DUH� IRUPHG
RI� ��Ü��� QP� FU\VWDOOLWHV� �)LJ������ 7R� WKH
FRQWUDU\�� WKH� ILOP� GHSRVLWHG� IURP� KLJK�HQ�
HUJ\� DWRPLF� IOX[� �TLQ� ������:�FP��� RQ� D
QRQ�KHDWHG�VXEVWUDWH�LV�FU\VWDOOL]HG�LQ�RUGL�
QDU\�KLJK�WHPSHUDWXUH��+7��&U�SKDVH�DQG�LV
QRQ�XQLIRUP� DORQJ� WKLFNQHVV� >�@�� DV� VKRZQ
LQ�)LJ�����7KH�ORZHU�SDUW�RI�WKH�ILOP��ZKLFK
VSDQV� OHVV� WKDQ����� RI� WKH� WRWDO� ILOP� WKLFN�
QHVV��FRQVLVWV�RI�VPDOO�URXQG�VKDSHG�FU\VWDO�
OLWHV� RI� DERXW� �Ü�� QP� �)LJ���E�� ZKLOH� WKH
DYHUDJH�FU\VWDOOLWH�VL]H�LQ�WKH�XSSHU�SDUW�RI
WKLV� ILOP� LV� DERXW� ��Ü��� QP� ZLWK� FU\VWDO�
OLWHV� HORQJDWHG� DQG� SUHIHUHQWLDOO\� RULHQWHG
DORQJ� WKH� FROXPQV� �)LJ���D��� $W� WKH� VDPH
WLPH�� WKH�ILOP�GHSRVLWHG�DW�����&�LV�DOPRVW
XQLIRUP�DORQJ� WKH� WKLFNQHVV�ZLWK� WKH� DYHU�
DJH�FU\VWDOOLWH�VL]H�RI�a��Ü���DQG���Ü���QP
LQ� WKH� ORZHU� �)LJ���E�� DQG� XSSHU� �)LJ���D�
SDUWV�� UHVSHFWLYHO\�� 7KH� FU\VWDOOLWHV� LQ� WKH
XSSHU�SDUW�DUH�HORQJDWHG�DQG�SUHIHUHQWLDOO\
RULHQWHG�DORQJ�WKH�FROXPQV�ZKHUHDV�WKRVH�LQ
WKH� ORZHU� SDUW� DUH� PRUH� HTXLD[HG� DQG� GLV�

WULEXWHG� PRUH� FKDRWLFDOO\�� $Q� LPSRUWDQW
IHDWXUH�RI�WKH�����&�ILOP�LV�WKDW� LWV� ODWWLFH
FRQVWDQW� LV� HTXDO� WR� WKDW� RI� WKH�XSSHU�SDUW

)LJ�����&URVV�VHFWLRQDO�YLHZ�RI�&U�ILOP�GHSRV�
LWHG� DW� KLJK�SUHVVXUH� FRQGLWLRQV�� ,QVHUWHG
6$('� SDWWHUQV� ZKHUH� WDNHQ� IURP� WKH� ORZ�
PLGGOH� DQG� WRS� SDUWV� RI� WKH� ILOP�� 7KH� ILOP
WKLFNQHVV�LV�a�����QP�

)LJ�����&URVV�VHFWLRQDO�YLHZV�DQG�6$('�SDWWHUQV�RI��D��WKH�XSSHU��DQG��E��WKH�ORZHU�SDUWV�RI�&U�ILOP
GHSRVLWHG�RQ�D�QRQ�KHDWHG�6L� VXEVWUDWH�DW� ORZ�SUHVVXUH�FRQGLWLRQV� �TLQ� ������:�FP����7KH�GDVKHG
OLQHV�VKRZ�WKH�DSSUR[LPDWH�ERXQGDULHV�RI�WKH�FU\VWDOOLWHV��7KH�WRWDO�ILOP�WKLFNQHVV�LV�a�����QP�
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RI�WKH�ILOP�GHSRVLWHG�XQGHU�WKH�VDPH�FRQGL�
WLRQV�RQWR�D�QRQ�KHDWHG�VXEVWUDWH�>�@�

7KH�WLPH�GHSHQGHQFHV�RI�WKH�7VXUI�DQG�76PHDVXUHG�E\�WKH�,5�FDPHUD�GXULQJ�&U�GHSR�
VLWLRQ� DW� YDULRXV� IOX[� GHQVLWLHV� �GHSRVLWLRQ
UDWHV��DUH�SUHVHQWHG�LQ�)LJ�����,W�LV�VHHQ�WKDW
WKH�7VXUI� LV�SURSRUWLRQDO�WR� WKH�DWRPLF�IOX[GHQVLW\�� VKDUSO\� JURZV� DV� WKH� FRQGHQVDWLRQ
LV� VWDUWHG�� GRHV� QRW� FKDQJH� XQGHU� VWHDG\�
VWDWH� FRQGLWLRQV�� DQG� VWHHSO\� GHFD\V� DIWHU
VZLWFKLQJ� WKH� IOX[� RII�� $W� WKH� VDPH� WLPH�
WKH�76� HLWKHU� FKDQJHG� LQ� WKH� VDPH�PDQQHUDV� WKH� 7VXUI� IRU� WKH� QRQ�FRROLQJ� VXEVWUDWHUHPDLQLQJ� VHYHUDO� WLPHV� ORZHU� WKDQ� WKH
7VXUI� �)LJ���D��� RU� GLG� QRW� FKDQJH� �IRU� WKHFRROLQJ� VXEVWUDWH� WKH� 76da���&� IRU� DOO� H[�SHULPHQWV��)LJ���E���6LPLODU�WR�WKHVH�UHVXOWV

ZHUH� REWDLQHG� E\� WKH� FDORULPHWULF� PHWKRG�
7HPSHUDWXUH�WLPH�GHSHQGHQFHV�7�W��SUHVHQWHG
LQ�)LJ����ZHUH� UHFRUGHG�GXULQJ� GHSRVLWLRQ� RI
7L�ILOPV�DW�YDULRXV�GHSRVLWLRQ�UDWHV��

7KH�IRUPDWLRQ�RI�WKH�/7�&U�SKDVH�LQ�WKH
ILOP�GHSRVLWHG�IURP�WKHUPDOL]HG�DWRPV�LQGL�
FDWHV� WKDW� WKH� JURZWK� WHPSHUDWXUH� GXULQJ
GHSRVLWLRQ�ZDV������&�>�@��7R�WKH�FRQWUDU\�
WKH� ILOP� GHSRVLWHG� IURP� QRQ�WKHUPDOL]HG
DWRPV� RQ� D� QRQ�KHDWHG� VXEVWUDWH� ZDV� FU\V�
WDOOL]HG� LQ� WKH�RUGLQDU\�+7�&U�SKDVH��6LQFH
WKH� RQO\� IDFWRU� GHILQLQJ� IRUPDWLRQ� RI� WKH
+7�&U� SKDVH� LV� WKH� WHPSHUDWXUH�� LW� LV� UHD�
VRQDEOH�WR�DVVXPH�WKDW�WKH�JURZWK�WHPSHUD�
WXUH�GHYHORSHG�GXULQJ�GHSRVLWLRQ�RI�WKH�ILOP
IURP�QRQ�WKHUPDOL]HG�DWRPV�ZDV�!����&��DW
ZKLFK�WKH�IRUPDWLRQ�RI�WKH�/7�SKDVH�LV� LP�

)LJ�����&URVV�VHFWLRQDO�YLHZV�DQG�6$('�SDWWHUQV�RI��D��WKH�XSSHU��DQG��E��WKH�ORZHU�SDUWV�RI�&U�ILOP
GHSRVLWHG� RQ�6L� VXEVWUDWH� �76� �����&�� DW� ORZ�SUHVVXUH�FRQGLWLRQV� �TLQ� ������:�FP����7KH�GDVKHG
OLQHV�VKRZ�WKH�DSSUR[LPDWH�ERXQGDULHV�RI�WKH�FU\VWDOOLWHV��7KH�WRWDO�ILOP�WKLFNQHVV�LV�a�����QP�

)LJ�����0HDVXUHPHQWV�E\�WKH�,5�FDPHUD��7LPH�GHSHQGHQFHV�RI�WKH�7VXUI�DQG�76�REWDLQHG�GXULQJ�GHSRVL�WLRQ�RI�&U�RQ�6L���D��RQ�FRROLQJ����Ü�TLQ ���������Ü����������Ü��������Ü���������Ü���������Ü������:�FP��
�E��QRQ�FRROLQJ�VXEVWUDWHV��DV�IXQFWLRQV�RI�WKH���Ü�TLQ� ���������Ü���������Ü������:�FP���7KH�VXEVWUDWH
WHPSHUDWXUH�GXULQJ�GHSRVLWLRQ�RQ�FRROLQJ�VXEVWUDWH�GLG�QRW�H[FHHG�a����.�GXULQJ�PHDVXUHPHQWV��
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SRVVLEOH�� 7KLV� DVVXPSWLRQ� LV� VXSSRUWHG� E\
WKH� IDFW� WKDW� WKH� ODWWLFH� SDUDPHWHU� RI� WKH
XSSHU�SDUW�RI�WKH�ODWWHU�ILOP�FRLQFLGHV�ZLWK
WKDW�RI�WKH�ILOP�GHSRVLWHG�DW�����&�

&KDQJHV�RFFXUULQJ� LQ� WKH�PLFURVWUXFWXUH
RI� WKH� ILOP� GHSRVLWHG� IURP� QRQ�WKHUPDOL]HG
DWRPV�FRUUHODWH�ZLWK�WKH�EHKDYLRU�RI�WKH�WLPH
GHSHQGHQFH� RI� WKH�7VXUI� �TLQ� ������:�FP���
$FWXDOO\��WKH�SDUW�RI�WKH�ILOP�IRUPHG�DW�WKH
EHJLQQLQJ�RI�WKH�GHSRVLWLRQ��WKH�SDUW�DGMDFHQW
WR�WKH�VXEVWUDWH��FRQVLVWV�RI�VPDOO�FU\VWDOOLWHV
ZLWK�D�GHIHFW�FU\VWDO�VWUXFWXUH��)LJ���E��ZKHQ
WKH� 7VXUI� LV� VPDOO� DQG� FORVH� WR� WKH� 76�)LJ���D��� 7KH� XSSHU� SDUW� RI� WKLV� ILOP� LV
IRUPHG� RI� FU\VWDOOLWHV� ZLWK� ODUJHU� VL]H� DQG
LPSURYHG�VWUXFWXUH��)LJ���D���ZKLFK�LV�LQ�DF�
FRUGDQFH� ZLWK� WKH� KLJK� 7VXUI� GHYHORSHG� DWWKH�HQG�RI�WKH�GHSRVLWLRQ��$W�WKH�VDPH�WLPH�
WKH� 76� ZDV� a����&� GXULQJ� JURZWK� RI� WKLVILOP��)LJ���D���7KHVH�REVHUYDWLRQV�VKRZ�WKDW
WKH�UHDO�JURZWK�WHPSHUDWXUH�LV�WKH�WHPSHUD�
WXUH� GHYHORSLQJ� RQ� WKH� VXUIDFH� UDWKHU� WKDQ
WKH� VXEVWUDWH� WHPSHUDWXUH�� 7KH� RQO\� SK\VL�
FDO�UHDVRQ�IRU�WKH�ODUJH�WHPSHUDWXUH�GLIIHU�
HQFH�EHWZHHQ�WKH�VXUIDFH�DQG�WKH�VXEVWUDWH�
L�H���WKH�GHYHORSPHQW�RI�D�ODUJH�WHPSHUDWXUH
JUDGLHQW�DFURVV�WKH�JURZLQJ�ILOP��LV�LWV�ORZ
WKHUPDO� FRQGXFWLYLW\� N�� ZKLFK� LV� LQYHUVHO\
UHODWHG�WR�WKH�WKHUPDO�UHVLVWDQFH��5� ���N�

7R�UHYHDO�WKH�UHDVRQ�IRU�WKH�ORZ�WKHUPDO
FRQGXFWLYLW\��RU�KLJK�WKHUPDO�UHVLVWDQFH��RI

WKH�JURZLQJ�ILOP�� OHW�XV�FRQVLGHU� LWV�SK\VL�
FDO� �QRW� FU\VWDO�� VWUXFWXUH�� 'XULQJ� WKH
JURZWK�WKH�ILOP�FRQVLVWV�RI�WKUHH�IUDFWLRQV�
�L�� D� WKLQ� VXSHUILFLDO� OD\HU��ZKLFK�IRUPV�RQ
WKH� JURZWK� VXUIDFH� GXH� WR� FRQGHQVDWLRQ� RI
VSXWWHUHG�DWRPV�DQG�FRQVLVWV�RI�PRELOH�DGD�
WRPV�� �LL�� D� VROLG� ILOP� EHQHDWK� LW�� DQG� �LLL�
DQ� LQWHUIDFH�EHWZHHQ�WKH�VROLG�ILOP�DQG�WKH
VXEVWUDWH��7KH�WKHUPDO�UHVLVWDQFH�RI�VXFK�D
V\VWHP� LV� D� VXP� RI� WKH� UHVLVWDQFHV� RI� LWV
FRQVWLWXHQWV�� 7KH� FRPELQHG� WKHUPDO� UHVLV�
WDQFH� RI� WKH� PHWDO� ILOP� DQG� WKH� LQWHUIDFH�
SURYLGHG�WKDW�WKH�ILOP�LQWLPDWHO\�DGKHUHV�WR
WKH�VXEVWUDWH��LV�RI�WKH�RUGHU�RI�WKDW�RI�EXON
PHWDOV�� L�H���RI�WKH�RUGHU�RI�WKRXVDQGWKV�RI
P.:Ü���7KHUHIRUH�WKH�PDLQ�FRQWULEXWLRQ�WR
WKH� WKHUPDO� UHVLVWDQFH� RI� WKH� JURZLQJ� ILOP
LV� WKH� VXSHUILFLDO� OD\HU� H[LVWLQJ� GXULQJ
DWRPLF� FRQGHQVDWLRQ�� 7DNLQJ� YDOXHV� RI� WKH
VXUIDFH� DQG� VXEVWUDWH� WHPSHUDWXUHV�� 7VXUIDQG�76�� IURP� WKH� H[SHULPHQW� DQG� FDOFXODW�LQJ�WKH�HQHUJ\�IOX[�WR�WKH�FRQGHQVDWLRQ�VXU�
IDFH��TLQ��DV�LQ�>�@��ZH�HVWLPDWH�WKH�WKHUPDOFRQGXFWLYLW\� RI� WKLV� OD\HU�� EDODQFLQJ� TLQZLWK� WKH� KHDW� IOX[� LUUDGLDWHG� IURP� WKH
JURZWK� VXUIDFH� TUDG� �FDOFXODWHG� IURP� WKH6WHSKHQ�%ROW]PDQQ� ODZ��� DQG� WKH� HQHUJ\
ORVVHV�TWF�GXH�WR�WKH�WKHUPDO�FRQGXFWLYLW\�RIWKH�OD\HU��TLQ� �TUDG���TWF��)ROORZLQJ�WKH�DS�SURDFK�GHYHORSHG� LQ� >�@��TWF� LV� H[SUHVVHG�DVTWF� �NO���6����7VXUI�Ü�76��W�� $VVXPLQJ� D
OD\HU� WKLFNQHVV� RQ� WKH� RUGHU� RI� W�a���Ü��P�
ZKLFK�LV�WKH�DYHUDJH�WKLFNQHVV�DW�ZKLFK�WKH
VXUIDFH�WHPSHUDWXUH�VDWXUDWHV��ZH�REWDLQ�NOa���Ü��:PÜ�.Ü��� &RPSDULQJ� WKLV� YDOXH
ZLWK� WKDW� RI� WKH� EXON� FKURPLXP�ZH� REWDLQ
NO�NEXON�a���Ü���7KLV�VKRZV�WKDW�WKH�WKHUPDOFRQGXFWLYLW\� RI� WKH� OD\HU� H[LVWLQJ� GXULQJ
WKH� FRQGHQVDWLRQ� LV�� LQGHHG�� QHJOLJLEO\� VPDOO
FRPSDUHG� WR� WKH� EXON� PHWDOV� DQG� EHFRPHV
FORVH�WR�LW�DIWHU�VZLWFKLQJ�WKH�DWRPLF�IOX[�RII�

(VWLPDWLRQ� RI� WKH� WKHUPDO� FRQGXFWLYLW\
RI� WKLV� OD\HU� EDVHG� RQ� WKH�PRGHO� GHYHORSHG
LQ� >��@� VKRZV� IDLUO\� JRRG� DJUHHPHQW� EH�
WZHHQ� WKH� NO�NEXON� YDOXH� FDOFXODWHG� DERYH�7KXV� WKH� VXUIDFH� WHPSHUDWXUH�PHDVXUHG� E\
PHDQV�RI�WKH�,5�FDPHUD�GXULQJ�GHSRVLWLRQ�LV
D� WHPSHUDWXUH� RI� D� WKLQ� VXSHUILFLDO� �KRW�
OD\HU� WKDW� FRQVLVWV� RI� PRELOH� DGDWRPV� DQG
SRVVHVVHV� H[WUHPHO\� ORZ� WKHUPDO� FRQGXFWLY�
LW\��6XFK�D�ORZ�WKHUPDO�FRQGXFWLYLW\�LV�FRQ�
GLWLRQHG� E\� WKH� YHU\� OLPLWHG� HQHUJ\� H[�
FKDQJH� EHWZHHQ� DGDWRPV� LQ� WKH� OD\HU� DQG
WKH�VROLGLILHG�ILOP�EHQHDWK��7KLV��KRW��OD\HU
UHSUHVHQWV�D�VXEVWDQFH�VHSDUDWLQJ�WKH�YDSRU
SKDVH�IURP�WKH�VROLG�DQG�FDQ�EH�YLHZHG�DV�D
KRW�OLTXLG�OLNH�OD\HU��

)URP�WKH�UHDVRQLQJ�DERYH�LW�IROORZV�WKDW
WKH�OD\HU�ZLOO�IRUP�RQ�WKH�JURZWK�VXUIDFH�DW

)LJ����� &DORULPHWULF�PHDVXUHPHQWV�� 7LPH� GH�
SHQGHQFHV� RI� WKH�7VXUI� REWDLQHG�GXULQJ�GHSR�VLWLRQ�RI�7L�RQ�GRXEOH�VLGH�7L�FRDWHG�&X�SODWH�
DV� D� IXQFWLRQ� RI� WKH� TLQ�� 7KH� QXPEHUV� RYHUWKH�SORWV�UHSUHVHQW�WKH�PHDVXUHG�76�DQG�FDO�FXODWHG�7VXUI��UHVSHFWLYHO\��
��Ü7V �����7��7VXUI� �����7��TLQ ������:�FP��
��Ü7V �����7��7VXUI� �����7��TLQ ������:�FP��
��Ü7V �����7��7VXUI� �����7��TLQ ������:�FP��
��Ü7V �����7��7VXUI� �����7��TLQ ������:�FP��
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DQ\�GHSRVLWLRQ�FRQGLWLRQV��+RZHYHU�VLQFH�LWV
H[LVWHQFH�FDQ�EH�IL[HG�RQO\�E\�PHDVXULQJ�RI
LWV�WHPSHUDWXUH��7VXUI��ZKLFK�GHSHQGV�VROHO\RQ� WKH� IOX[� RI� HQHUJ\� GHOLYHUHG� WR� WKH
JURZWK�VXUIDFH��TLQ�� IRU�GHSRVLWLRQ�PHWKRGVZLWK� ORZ� TLQ�V� WKH� OD\HU� ZLOO� EH� QHJOLJLEO\VPDOO��7KH�ODWWHU�IDFW�FRXOG�EH�D�UHDVRQ�ZK\
WKH�HDUOLHU�DWWHPSWV�WR�PHDVXUH�WKH�7VXUI�IRUHYDSRUDWLRQ�PHWKRGV�ZKHUH�IDLOHG�>��@�

%DVHG� RQ� WKH� UHVXOWV� DQG� GLVFXVVLRQ
DERYH� ZH� DVVXPH� WKDW� WKH� ILOP� GHSRVLWHG
IURP�DWRPV�ZLWK�UHODWLYHO\�ODUJH�NLQHWLF�HQ�
HUJ\� JURZV�� �L�� XQGHU� JUDGXDO� HOHYDWLRQ� RI
WKH� VXUIDFH� WHPSHUDWXUH�� 7VXUI�� �LL�� LQLWLDOVWDJHV� RI� WKH� JURZWK� RFFXU� DW� WHPSHUDWXUH
FORVH� WR� WKH� VXEVWUDWH� WHPSHUDWXUH�� 76�ZKLOH�WKH�IXUWKHU�JURZWK�RFFXUV�DW�7VXUI!76GHSHQGLQJ� RQ� WKH� IOX[� RI� HQHUJ\� GHOLYHUHG
WR� WKH�JURZLQJ�VXUIDFH�� �LLL�� WKH�FKDQJHV� LQ
WKH� 7VXUI� FDXVH� WKH� IRUPDWLRQ� RI� QRQ�XQL�IRUP�ILOP�VWUXFWXUH�� �LY�� WKH� ILOP�JURZV�E\
�YDSRUoOLTXLGoVROLG�� UDWKHU� WKDQ
�YDSRUoVROLG��PHFKDQLVP��ZKHUH�WKH�OLTXLG
SKDVH�LV�UHSUHVHQWHG�E\�D�VXSHUILFLDO�OLTXLG�

OLNH�OD\HU�ZKLFK�WHPSHUDWXUH�LV�FRQVLGHUDEO\
KLJKHU�WKDQ�WKH�VXEVWUDWH�WHPSHUDWXUH�
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