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)RU� WKH�GHYHORSHG�FU\VWDOOL]DWLRQ�DVVHPEO\�� LW� LV� MXVW�WKH�FUXFLEOH�SRVLWLRQ�UHODWLYH�WR�WKH
LQGXFWRU��� WR���PP�KLJKHU� WKDQ� WKH� LQGXFWRU�XSSHU� WXUQ� WKDW�KDV�EHHQ�VKRZQ�WR�EH� WKH
RSWLPXP� RQH��'HWHUPLQHG� KDYH� EHHQ� WKH� JURZLQJ� SDUDPHWHUV� DQG� UHJLPHV� SURYLGLQJ� WKH
REWDLQLQJ� RI� KLJK� VSHFWURPHWULF� TXDOLW\� FU\VWDOV� RI� XS� WR� ���PP� LQ� GLDPHWHU� DQG� XS� WR
���� PP� OHQJWK�� 7KH����u���PP�� VFLQWLOODWRUV� SUHSDUHG� IURP� WKRVH� FU\VWDOV� VKRZ� WKH
HQHUJ\�UHVROXWLRQ��������XQGHU�J�LUUDGLDWLRQ�ZLWK����&V������NH9��
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*DGROLQLXP� R[\RUWKRVLOLFDWH� �*G�6L2��VLQJOH� FU\VWDOV� DFWLYDWHG� ZLWK� FHULXP
�*62�&H�� DUH� NQRZQ� WR� EH� FU\VWDO� OXPLQR�
SKRUV� VKRZLQJ� D� KLJK� FRQYHUVLRQ� HIILFLHQF\
RI� LRQL]LQJ� UDGLDWLRQ� DQG� D� VKRUW� ���� WR
���QV��GHFD\�WLPH��WKXV�EHLQJ�D�PDWHULDO�VXLW�
DEOH� IRU� IDVW�DFWLRQ� GHWHFWLQJ� V\VWHPV�� +RZ�
HYHU��WKH�ZLGH�XVH�RI�*62�&H�LV�KLQGHUHG�E\
LWV�KLJK�FRVW�WKDW�LV�GXH�QRW�RQO\�WR�WKH�SUR�
GXFWLRQ�FRVWV�RI�WKH�UDZ�PDWHULDOV�EXW�PDLQO\
WR�GLIILFXOWLHV�LQ�SURGXFWLRQ�RI�FU\VWDOV�ZLWK�D
ORZ� RSWLFDO� GHQVLW\� WKDW�� LQ� DGGLWLRQ�� VKRXOG
QRW�IDLO�GXULQJ�WKH�JURZLQJ�DQG�PDFKLQLQJ�

7KLV� IDLOXUH� LV� FRQQHFWHG� ZLWK� WKH� IDFW
WKDW�*62�&H� FU\VWDOV� VKRZ�D�SHUIHFW� FOHDY�
DJH�DORQJ�WKH�������SODQH��7KXV��WKH�FU\VWDO
PD\� EH� VWUDWLILHG� XS� WR� FRPSOHWH� VSOLWWLQJ
ERWK�LQ�WKH�FRXUVH�RI�JURZWK�DQG�XQGHU�PH�
FKDQLFDO� WUHDWPHQW�� 0RUHRYHU�� *62�&H� EH�

ORQJV�WR�PRQRFOLQLF�V\QJRQ\��WKH�VSDFH�V\P�
PHWU\� JURXS� 3���&�� WKDW� SUHGHWHUPLQHV� DSURQRXQFHG�DQLVRWURS\�RI�LWV�SKXVLFDO�SURS�
HUWLHV��,Q�SDUWLFXODU��WKH�WKHUPDO�H[SDQVLRQ
FRHIILFLHQW�RI�*62�&H�LQ�WKH�>���@�GLUHFWLRQ
H[FHHGV�E\�D�IDFWRU�RI���RU���WKDW�IRU�>���@
RQH��WKXV�LQFUHDVLQJ�DOVR�WKH�FU\VWDO�IDLOXUH
SUREDELOLW\� DORQJ� WKH� ������ SODQH� >�@�� 7KH
IDLOXUH� SUREDELOLW\� LQFUHDVHV� VKDUSO\� ZKHQ
PDFUR�LQFOXVLRQV� DUH� SUHVHQW� LQ� WKH� FU\VWDO
WKDW� DUH� D� W\SLFDO� VWUXFWXUH� GHIHFWV� LQ
*62�&H�� 7KHVH� PDFUR�LQFOXVLRQV� KDYH� EHHQ
HVWDEOLVKHG�WR�EH�RUGHUHG�DQG�WR�IRUP�FKDLQV
H[WHQGHG�DORQJ�WKH�>���@�GLUHFWLRQ�WKDW�PD\
EH� ORFDOL]HG� LQ� WKH� FU\VWDO� YROXPH� DV� D
JURZWK� FROXPQ� RU� DOWHUQDWLQJ� WUDQVYHUVDO
EDQGV�RI�LQKHUHQW�LPSXULW\�>�@�

,Q� >�Ü�@�� WKH� *62�&H� JURZLQJ� SURFHVV
KDV�EHHQ�VWXGLHG�FRPSUHKHQVLYHO\�DQG��EDV�
LQJ� RQ� WKH� H[SHULPHQWDO� UHVXOWV�� LW� KDV� EH
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FRQFOXGHG� WKDW� LW� LV� QHFHVVDU\� WR� JURZ
*62�&H� XQGHU� D� ORZ� WHPSHUDWXUH� JUDGLHQW
�DERXW� ��� .�FP��� $OVR�� LW� LV� UHDVRQDEOH� WR
RULHQW�WKH�FU\VWDO�LQ�VXFK�D�PDQQHU�WKDW�WKH
FU\VWDOORJUDSKLF�GLUHFWLRQ� >���@�ZRXOG�FRLQ�
FLGH� ZLWK� WKH� ORZHVW� WHPSHUDWXUH� JUDGLHQW
LQ�WKH�FU\VWDOOL]HU�WHPSHUDWXUH�ILHOG�DQG�WKH
>���@� RQH� ZRXOG� EH� SHUSHQGLFXODU� WR� WKH
JURZLQJ�D[LV��0RUHRYHU��WKH�JURZWK�JDV�PH�
GLXP� VKRXOG� FRQWDLQ� R[\JHQ� ������ SSP�� WR
SURYLGH� WKH� FU\VWDO� VWUHQJWKHQLQJ�� 7R� UH�
GXFH� WKH� PDFUR�� DQG� PLFUR�GHIHFWV� FRQWHQW
LQ� WKH� FU\VWDO�� LW�KDV� EHHQ� UHFRPPHQGHG� WR
WKH�UDWLR�EHWZHHQ�WKH�FU\VWDO�URWDWLRQ�VSHHG
DQG�LWV�GLDPHWHU�LQ�D�PDQQHU�SURYLGLQJ�WKH
IODWWHQHG�FU\VWDOOL]DWLRQ�IURQW� VKDSH�GXULQJ
WKH� JURZLQJ�� ,Q� SDUWLFXODU�� WKH� URWDWLRQ
VSHHG�VKRXOG�DPRXQW����USP�LI�WKH�JURZLQJ
FU\VWDO�GLDPHWHU�LV�WR�EH�RI����PP�

+DYLQJ�QR�GRXEWV�DERXW�WKH�H[SHULPHQWDO
UHVXOWV� REWDLQHG� LQ� WKH� ZRUNV� FLWHG� DERYH�
ZH�EHOLHYH�WKDW�WKH�TXDQWLWDWLYH�HVWLPDWLRQV
WKHUHLQ� DUH� UHODWHG� WR� VSHFLILF� YDULDQWV� RI
WKH� SURFHGXUHV� GHYHORSHG� WR� JURZ� WKH
*62�&H� FU\VWDOV� E\� &]RFKUDOVNL� WHFKQLTXH�
$V�D�ZKROH��WKH�H[SHULPHQWDO�ILQGLQJV�SRLQW
WR�WKH�QHFHVVLW\�RI�IXUWKHU�LQYHVWLJDWLRQV�WR
LPSURYH� WKH� UHOLDELOLW\� RI� WKH� SHUIHFW
*62�&H�FU\VWDOV�WHFKQRORJ\�

7KH� RSWLPXP� RI� WKH� VLQJOH�SKDVH� FU\VWDO�
OL]DWLRQ�DQG�WKH�FU\VWDO�PDFUR�VWUXFWXUH�LQ�WKH
FRXUVH�RI�JURZWK�IURP�WKH�ELQDU\�R[LGH�PHOW�LV
DWWDLQHG�ZKHQ�WKH�FOXVWHUV�RI� WKH�FRPSRQHQWV
IRUPLQJ� WKH� FU\VWDO� DUH� VWHUHRFKHPLFDOO\
PDWFKHG� ZLWK� WKH� JURZWK� VXUIDFH� VWUXFWXUH
DQG�FU\VWDOOL]DWLRQ�FHQWHUV�PLVRULHQWHG�LQ�UHOD�
WLRQ� WR� WKH� FU\VWDOORJUDSKLF� JURZWK� GLUHFWLRQ
DUH�DEVHQW�RQ�WKH�VXUIDFH�>�@��7HFKQRORJLFDOO\�
WKLV� WDVN� LV� DWWDLQHG� E\� SURSHU� VHOHFWLRQ� RI
WKHUPDO� FRQGLWLRQV� SURYLGLQJ� WKH� PHOW� RYHU�
KHDWLQJ� QHDU� WKH� FUXFLEOH� ZDOO� E\� UHQGHULQJ
DGGLWLRQDO�HQHUJ\�DQG�LWV�UHPRYDO�LQWR�HQYLURQ�
PHQW�GXH�WR�UDGLDQW�H[LWDQFH�RI�HPLWWLQJ�VXU�
IDFHV�DQG�FRQYHFWLYH�KHDW�WUDQVIHU�

,Q�WKH�&]RFKUDOVNL�PHWKRG�ZLWK�LQGXFWLYH
KHDWLQJ�� WKH�PHOW� IUHH� YROXPH� FDQ�EH� RYHU�
KHDWHG�HLWKHU�E\�LQFUHDVLQJ�WKH�UDGLDQW�H[L�
WDQFH�RI�WKH�FU\VWDO�RU�E\�FKDQJLQJ�WKH�FUX�
FLEOH� SRVLWLRQ� DORQJ� WKH� LQGXFWRU� D[LV� >�@
ZKHQ�WKH�FUXFLEOH�XSSHU�SDUW�LV�VKLIWHG�RXW
RI� WKH� LQGXFWRU� WRZDUGV� WKH� UHJLRQ� RI� WKH
LQGXFWRU� HGJH� HIIHFW� ZKHUH� WKH� PDJQHWLF
IOX[�GHQVLW\�GURSV�VKDUSO\�

7KH� UDZ� PDWHULDO� WR� JURZ� WKH� *62�&H
FU\VWDOV�ZDV�V\QWKHVL]HG�LQ�VROLG�SKDVH�IURP
JDGROLQLXP�DQG�VLOLFRQ�R[LGHV��*G�2���6L2��RI� LQGXVWULDO� SXULW\� JUDGH�� &HULXP� R[LGH
&H2��RI�WKH�VDPH�SXULW\�JUDGH�ZDV�XVHG�DVWKH� DFWLYDWRU�� 7KH� LQLWLDO� R[LGHV� ZHUH� FDO�

FLQHG� SUHYLRXVO\� WR� UHPRYH� PRLVWXUH� DQG
YRODWLOH�LPSXULW\�

7KH� *62�&H� FU\VWDOV� ZHUH� JURZQ� IURP
LULGLXP�FUXFLEOHV�RI����PP�GLDPHWHU� LQ�QL�
WURJHQ� �DUJRQ�� PHGLXP� ZLWK� R[\JHQ� DGGL�
WLYH� XS� WR� ���� �� E\� YROXPH�� 7KH� SXOOLQJ
VSHHG� ZDV� ���� WR� ���� PP�K�� WKH� URWDWLRQ
RQH�� ��� WR� ��� USP�� $Q� LULGLXP� GLDSKUDJP
ZDV�SODFHG�DERYH� WKH�FUXFLEOH�DW�D�GLVWDQFH
�� WR� ��PP� IURP� WKH� XSSHU� HGJH�� 7KH�PHOW
OHYHO�SULRU�WR�JURZLQJ�ZDV���WR���PP�ORZHU
WKDQ�WKH�XSSHU�FUXFLEOH�HGJH��7R�FRQWURO�WKH
WHPSHUDWXUH� JUDGLHQW� DERYH� WKH� PHOW� VXU�
IDFH�� DQ� DGGLWLRQDO� KHDWHU� ZDV� PRXQWHG� LQ
WKH�XSSHU�SDUW�RI�WKH�FU\VWDOOL]DWLRQ�DVVHP�
EO\�� ,WV� ZRUNLQJ� UHJLPH� ZDV� FRQWUROOHG� E\
GLIIHUHQWLDO�WKHUPRFRXSOHV�7������PP�DERYHWKH� LQLWLDO� PHOW� OHYHO�� DQG� 7�� ����� PPDERYH�WKH�VDPH�OHYHO��

7KH� LQLWLDO� VWDJH� RI� WKH� JURZWK� SURFHVV�
QDPHO\�� LQWURGXFWLRQ� RI� WKH� VHHG� FU\VWDO
LQWR�FRQWDFW�ZLWK�WKH�PHOW�DQG�IRUPDWLRQ�RI
WKH�JURZWK� FRQH�XS� WR� WKH�SUH�VSHFLILHG�GL�
DPHWHU�� LV� DPRQJ� WKH� WHFKQRORJLF� VWDJHV� RI
LPSRUWDQFH�� 7KLV� VWDJH� LV� WKH�PRVW� FULWLFDO
RQH� ZKHQ� WKH� *62�&H� FU\VWDO� LV� JURZQ
DORQJ� WKH� >���@��7KLV� LV� FRQQHFWHG�ZLWK� WKH
IDFW� LW� LI� MXVW�WKH�>���@�WKDW�SUHGRPLQDWLQJ
JURZWK�GLUHFWLRQ�RI�D�*62�&H�FU\VWDO�LQ�WKH
WKHUPDO� V\PPHWU\� W\SLFDO� RI� WKH� &]RFKUDO�
VNL� WHFKQLTXH�� 7KHUHIRUH�� LI� WKH� JURZWK
VWDUW� DORQJ� >���@� LV� QRW� SUHFHGHG� E\� WKH
PHOW� RYHUKHDWLQJ�� IRUPDWLRQ� RI� EORFNV� DQG
VSRQWDQHRXV�FU\VWDO�UHRULHQWDWLRQ�WR�D�GLUHF�
WLRQ� QHDU� WR� >���@� DUH� KLJKO\� SUREDEOH� >�@�
6XFK�FU\VWDO�IDLO�DOUHDG\�DW�WKH�LQLWLDO�VWDJH
RI� SRVW�JURZWK� DQQHDOLQJ�� 7KH� VLWXDWLRQ� LV
FRPSOLFDWHG� EHFDXVH� WKHUH� DUH�QR� DQ\� VLJQV
RI�WKH�VSRQWDQHRXV�FU\VWDO�UHRULHQWDWLRQ��LQ�
FOXGLQJ� WKH� YLVXDO� RQHV�� 7KH�*62�&H� FU\V�
WDOV� JURZQ� DORQJ� >���@� DUH� OHVV� GLVSRVHG� WR
WKH�IRUPDWLRQ�RI�EORFNV�� ,W� LV� MXVW�WKLV�IDFW
WKDW�KDV�SUHGHWHUPLQHG� WKH�VHOHFWLRQ�RI�WKH
*62�&H�JURZLQJ�GLUHFWLRQ��,Q�WKH�FRXUVH�RI
JURZLQJ�� WKH� PHOW� LV� HYDSRUDWHG� DW� D� UDWH
LQFUHDVLQJ�ZLWK�WKH�RYHUKHDW�OHYHO��7KH�FRP�
SRVLWLRQ� DQDO\VLV� RI� FU\VWDOOLQH� FRQGHQVDWH
KDV� VKRZQ� D�*G�2��6L2�� UDWLR� FORVH� WR� ����7KLV�IDFW�HYLGHQFHV�WKH�D]HRWURSLF�FKDUDFWHU
RI� WKH� PHOW� HYDSRUDWLRQ�� WKXV�� WKH� PHOW
VWRLFKLRPHWULF�FRPSRVLWLRQ� LV�QRW�WR�EH�FRU�
UHFWHG�DW�UHSHDWHG�JURZLQJ�

2XU� PHDVXUHPHQWV� RQ� WKH� PHOW� WKHUPR�
H�P�I�� KDYH� VKRZQ� WKDW� DV� WKH� FUXFLEOH� LV
VKLIWHG�GRZQ�E\����RU����PP�DV�FRPSDUHG
WR� WKH� LQGXFWRU�� WKH� PHOW� WHPSHUDWXUH� EH�
FRPHV� ORZHUHG� DQG� ��Ü��� PP� DERYH� WKH
FUXFLEOH� ERWWRP�� WKH� WHPSHUDWXUH� JUDGLHQW
FKDQJHV� LWV� VLJQ�� 7KLV� LV� FRQILUPHG� E\
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WKHUPR�H�P�I�� PHDVXUHPHQWV� RYHU� WKH� PHOW
GHSWK� WKDW� FKDQJHV� LWV� SRODULW\� LQ� WKLV� UH�
JLRQ�� 7KLV� SKHQRPHQRQ� UHVXOWV� LQ� D� UHGXF�
WLRQ� RI� WKH� HIIHFWLYH� PHOW� YROXPH� LQYROYHG
LQ�WKH�FU\VWDO�IRUPDWLRQ��VLQFH�WKH�PHOW�SDUW
DGMDFHQW� WR� WKH� ERWWRP� LV� QRW� LQYROYHG� LQ
WKH� WRWDO� PHOW� FRQYHFWLRQ�� ,Q� WKHVH� FRQGL�
WLRQV�� ZH� GLG� QRW� REWDLQ� WKH� FU\VWDOV� RI� D
VDWLVIDFWRU\�TXDOLW\��$�VWURQJ� OLJKW�VFDWWHU�
LQJ� DQG� D� FROXPQ� RI�PDFUR�LQFOXVLRQV�ZHUH
REVHUYHG� LQ� WKRVH� FU\VWDOV� ZKLFK�� LQ� DGGL�
WLRQ��EHFRPH�VWUDWLILHG�XQGHU�PDFKLQLQJ�

,Q� >�@�� WKH� PDFUR�GHIHFWV� KDYH� EHHQ
VKRZQ� WR� EH� DUUDQJHG� DV\PPHWULFDOO\� RYHU
WKH� FU\VWDO� FURVV� VHFWLRQ�� ,Q� RXU� RSLQLRQ�
WKLV�LV�GXH�WR�QRQHTXLYDOHQFH�RI�WKH�FU\VWDO�
OL]DWLRQ�SUHVVXUH��&3��WKDW�LV�GHILQHG�E\�WKH
IROORZLQJ�UHODWLRQVKLS�>�@

S� �'7���47����9�
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ZKHUH�'7� LV� WKH�FU\VWDO�RYHUFRROLQJ��4�� WKH
PRODU�FU\VWDOOL]DWLRQ�KHDW��7���WKH�VXEVWDQFHPHOWLQJ� WHPSHUDWXUH��9��� WKH�PRODU�YROXPHRI� WKH� FU\VWDO�� )RU� HDFK� JURZLQJ� IRUP� LQ�
YROYHG� LQ� WKH� FU\VWDO� IRUPDWLRQ�� WKHUH� LV� D
FHUWDLQ� OLPLWLQJ� &3� YDOXH�� EHORZ� RI� WKDW
YDOXH�� WKH� JURZLQJ� IRUP� LV� FDSDEOH� RI� KLQ�
GHULQJ� WKH� LPSXULW\� HQWHULQJ� LQWR� WKH� FU\V�
WDO�EHLQJ�JURZQ��7KH�OLPLWLQJ�&3�LV�DWWDLQHG
GXH� WR� DFFXPXODWLRQ� RI� WKH� LQKHUHQW� LPSX�
ULW\� QHDU� WKH� JURZWK� VXUIDFH�� 7KH� LQKHUHQW
LPSXULW\� LV� WKH� DJJUHJDWHG� PHOW� SDUWLFOHV
ZKHUH� WKH� JDGROLQLXP� FDWLRQV� IRUPLQJ� WKH
FU\VWDO� DUH� FRRUGLQDWHG� LQ� D� GLIIHUHQW� IDVK�
LRQ� WKDQ� LQ� WKH� JURZLQJ� IRUP�V��� 7DNLQJ
LQWR�DFFRXQW�WKDW�WKH�*G�6L�2��SKDVH�H[LVWVLQ� WKH� *G�2�±6L2�� SKDVH� GLDJUDP� DORQJZLWK� WKH� *G6L�2�� RQH�� LW� LV� MXVW� WKH*G�6L�2��SKDVH��UKRPELF�V\QJRQ\��ZKHUH�*GLRQV� KDYH� WKH� FRRUGLQDWLRQ� QXPEHU� �� RQO\
WKDW� FDQ�EH�DVVXPHG�WR�EH�WKH� LQKHUHQW� LP�
SXULW\�� E\� DQDORJ\� ZLWK� RWKHU� R[LGH� V\V�
WHPV��,Q�DGGLWLRQ��WKH�SVHXGR�JDVHRXV�VWUXF�
WXUH� FRPSOH[HV� EHLQJ� IRUPHG� LQ� WKH� PHOW
XQGHU�RYHUKHDWLQJ�PD\�DOVR�JLYH�ULVH�WR�WKH
�LQKHUHQW�LPSXULW\��

:KHQ� WKH� FUXFLEOH� LV� VKLIWHG� XS� ���� WR
���PP�DERYH�WKH�XSSHU�LQGXFWRU�WXUQ���WKH
FRQYHQWLRQ�YHFWRU� LQ� WKH� VXUIDFH�PHOW� OD\HU
FKDQJHV� LWV�GLUHFWLRQ�� ,Q� WKLV� FDVH�� YLVXDOO\
REVHUYDEOH�FU\VWDOV�DUH�IRUPHG�QHDU�WKH�FUX�
FLEOH� ZDOO�� 7KH� PHOW� VXUIDFH� KHDWLQJ� E\
PHDQV�RI�WKH�XSSHU�KHDWHU�UHVXOWV�LQ�GLVDS�
SHDUDQFH�RI�WKH�FU\VWDOOLWHV�DQG�UHGXFWLRQ�RI
WKH� D[LDO� WHPSHUDWXUH� JUDGLHQW� EHKLQG� RI

WKH� GLDSKUDJP� IURP� ��Ü��� .�FP� WR
���.�FP� WKDW� LV� UHFRPPHQGHG� LQ� >�@��1HY�
HUWKHOHVV�� JRRG� TXDOLW\� FU\VWDOV� DUH� QRW� RE�
WDLQDEOH� LQ� WKHVH� FRQGLWLRQV�� WRR��0DFUR�LQ�
FOXVLRQV�LQ�WKH�XSSHU�DQG�ORZHU�SDUWV�RI�WKH
*62�&H� FU\VWDOV� JURZQ� LQ� WKH� �ZDUPHG�
FU\VWDOOL]DWLRQ� DVVHPEO\� DUH� FKDUDFWHULVWLF
GHIHFWV�� 7KRVH� IODZV� PDNH� LW� LPSRVVLEOH� WR
SURGXFH�EXON�VFLQWLOODWRUV�RI�D�VL]H�FRPSDUD�
EOH�ZLWK�WKDW�RI�WKH�JURZQ�FU\VWDO��7KH�G\�
QDPLFV� RI� WHPSHUDWXUH� ILHOG� YDULDWLRQ� LQ� D
FU\VWDOOL]DWLRQ� DVVHPEO\� SURYLGHG� ZLWK� DQ
DGGLWLRQDO� KHDWHU� GXULQJ� WKH� IXOO� JURZLQJ
F\FOH�LV�VKRZQ�LQ�)LJ���D�

7KH� RSWLPXP� FUXFLEOH� SRVLWLRQ� LQ� UHOD�
WLRQ� WR� WKH� LQGXFWRU� LQ� WKH�VSHFLILF� FU\VWDO�
OL]DWLRQ� DVVHPEO\�GHVLJQ�ZDV� IRXQG�WR� EH��
WR���PP�DERYH�WKH�XSSHU�LQGXFWRU�WXUQ��7KH
WKHUPDO� ILHOG�GLVWULEXWLRQ� IRU� WKLV�FDVH�ZDV
VHOHFWHG�VR�WKDW�DW�WKH�LQLWLDO�JURZWK�VWDJH�
WKH� WHPSHUDWXUH� JUDGLHQW� DW� D� GLVWDQFH� RI
���PP�IURP�WKH�PHOW�WR�WKH�GLDSKUDJP�ZDV
DERXW� ���� .�FP�� ZKLOH� WKDW� LQ� WKH� VSDFH
EHWZHHQ� WKH� GLDSKUDJP� DQG� WKH� IXUQDFH
XSSHU�EXWW��DERXW����WR����.�FP��7KH�DGGL�

)LJ����� '\QDPLFV� RI� WKHUPDO� FRQGLWLRQ� YDUL�
DWLRQV�DW�YDULRXV�VWDJHV�RI�WKH�FU\VWDO�IRUPD�
WLRQ�GXULQJ�LWV�DXWRPDWHG�JURZLQJ�ZLWK�DGGL�
WLRQDO� KHDWLQJ�� 7��� WHPSHUDWXUH� YDULDWLRQ� DW��� PP� GLVWDQFH� IURP� WKH� LQLWLDO� PHOW� OHYHO�
7���WKH�VDPH�DW�����PP�IURP�WKH�LQLWLDO�PHOWOHYHO�� �D�� WKH� DGGLWLRQDO� KHDWLQJ� GXULQJ� WKH
IXOO�JURZLQJ�F\FOH��VWDUWLQJ�IURP�VHHGLQJ����E�
WKH� DGGLWLRQDO� KHDWLQJ� XVHG� GXULQJ� WKH� ILQDO
VWDJH��WKH�ORZHU�FRQH�IRUPDWLRQ��
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WLRQDO�KHDWHU� LQ�WKH�XSSHU�SDUW�RI�WKH�FU\V�
WDOOL]DWLRQ� DVVHPEO\� ZDV� VZLWFKHG� RQ� VWDUW�
LQJ� IURP� WKH� LQLWLDO� PRPHQW� RI� WKH� ORZHU
FRQH�RI�WKH�FU\VWDO��ZKHQ�WKH�FU\VWDO�XSSHU
SDUW� DWWDLQHG� WKH� WHPSHUDWXUH� ]RQH� FRUUH�
VSRQGLQJ� WR� LWV� HODVWLF� VWUDLQ�� $W� WKH� VDPH
WLPH�� WKH� FKDPEHU� DW� WKLV� VWDJH�ZDV� HYDFX�
DWHG�� WKXV� HQDEOLQJ� WR� ILQLVK� WKH� FU\VWDO
JURZLQJ� DQG� FRROLQJ� SURFHVV� DW� DQ� D[LDO
WHPSHUDWXUH� JUDGLHQW� QRW� H[FHHGLQJ� �� WR
�� .�FP� >�@�� 7KH� G\QDPLFV� RI� WHPSHUDWXUH
ILHOG�YDULDWLRQ�LQ�D�FU\VWDOOL]DWLRQ�DVVHPEO\
IRU�WKH�DERYH�UHJLPH�RI�WKH�*62�&H�FU\VWDO
JURZLQJ�LV�VKRZQ�LQ�)LJ���E�

,Q� PDQXIDFWXULQJ� RI� KLJK� RSWLFDO� SHUIHF�
WLRQ�*62�&H�FU\VWDOV�ZLWK�VWDEOH�VFLQWLOODWLRQ
FKDUDFWHULVWLFV��RQH�RI�SUREOHPV� LV�DVVRFLDWHG
ZLWK�FHULXP�GRSDQW��WKH�HIILFLHQW�GLVWULEXWLRQ
FRHIILFLHQW� �D�� WKHUHRI� FDSDEOH� RI� YDULDWLRQ
ZLWKLQ�D�ZLGH�UDQJH��IURP�����WR�����>�@���7KH
DFWXDO�D�YDOXH�LV�GHILQHG�DV�>��@

D� � D

D
��������D
����H�QGe'���

���

ZKHUH�D
�LV�WKH�HTXLOLEULXP�GLVWULEXWLRQ�FR�
HIILFLHQW� RI� FHULXP� LRQV�� Q�� WKH� FU\VWDO
JURZWK� VSHHG�� G�� WKH� GLIIXVLRQ� OD\HU� WKLFN�
QHVV��'��GLIIXVLRQ�FRHIILFLHQW�RI�FHULXP�LRQV
LQ� WKH� PHOW�� 7KH� G� YDOXH� GHSHQGV� RQ� WKH
JURZWK� SURFHVV� SDUDPHWHUV� �Q� DQG�Z�� EHLQJ
WKH� FU\VWDO� JURZWK� DQG� URWDWLRQ� VSHHGV�� DV
ZHOO� DV� RQ� WKH� IDFWRUV� GHILQLQJ� WKH� PHOW
SK\VLFDO�SURSHUWLHV��QDPHO\��LWV�YLVFRVLW\��K�
DQG�'�� 'XH� WR� VSHFLILF� IHDWXUHV� RI� WKH� &]R�
FKUDOVNL� WHFKQLTXH� GHILQLQJ� WKH� WHPSHUDWXUH
YDULDWLRQ� LQ� WKH� FRXUVH� RI� JURZWK�� K� DQG�'
DUH�YDULDEOH�SDUDPHWHUV�ZLWK�WKH�LQVWDQW�YDO�
XHV�GHSHQGLQJ�RQ�WKH�YDULDWLRQ�RI�WKH�JURZWK
WKHUPDO� FRQGLWLRQV�� ,I� Q� DQG� Z� DUH� FRQVWDQW
SURFHVV�SDUDPHWHUV��WKHQ�D� �I�G�'�7��$W�D�ORZJURZWK� VSHHG� DQG� D� FRQVWDQW� URWDWLRQ� VSHHG�
ZH� FDQ�ZULWH�G� ��'7����K7��������ZÜ����ZKHUH'7� LV� WKH� LQVWDQW� YDOXH� RI� WKHUPDO� FRQYHFWLYH
GLIIXVLYLW\� DQG�K7�� WKH�PHOW�NLQHPDWLF�YLVFRV�LW\��ERWK�EHLQJ�IXQFWLRQV�RI�WHPSHUDWXUH�

%HDULQJ� LQ� PLQG� WKDW� WKH� '� YDOXHV� IRU
YDVW�PDMRULW\�RI�LPSXULWLHV�GLIIHU�E\�VHYHUDO
GHFLPDO� RUGHUV� IURP� K� IRU� PHOWHG� R[LGHV
�WKH� 6FKPLGW� IDFWRU� H[FHHGV� ���� WKH� GLIIX�
VLRQ� OD\HU� WKLFNQHVV� FDQ� EH� DVVXPHG� WR� EH
GHILQHG� PDLQO\� E\� WKH� PHOW� YLVFRVLW\�� 7KH
PHOW� RYHUKHDWLQJ� GXULQJ� WKH� JURZLQJ� SUR�
YLGHV�D�YLVFRVLW\�UHGXFWLRQ�DQG�WKH�DWWDLQHG
RYHUKHDWLQJ� YDOXH� GHILQHV� LQ� WKH� HQG� WKH
DFWXDO�D�YDOXH�

$�UHGXFWLRQ�RI�D�GXH�WR�R[\JHQ�LQWURGXF�
WLRQ� WR� WKH� JDV� PHGLXP� �QLWURJHQ�� DW� *62
FU\VWDO�JURZLQJ�KDV�EHHQ�UHSRUWHG� >�@��7KLV
LV� FRQILUPHG� LQ� RXU� H[SHULPHQWV� ZKHUH� D
FHULXP�FRQWHQW�LQFUHDVHG�E\����WR������KDV
EHHQ� IRXQG� RYHU� WKH� FU\VWDO� OHQJWK� RI
���� PP�� ,W� LV� NQRZQ� >��@� WKDW� D� FRPPRQ
IHDWXUH� RI� PHOWHG� R[LGHV� REWDLQHG� LQ� DQ
LQHUW�JDV�PHGLXP�FRQVLVW�LQ�D�VWRLFKLRPHWULF
GLVRUGHULQJ� LQ� R[\JHQ� WKDW� LV� UDWKHU� KLJK�
LQ� SDUWLFXODU�� LQ�QLWURJHQ�DWPRVSKHUH��7KLV
LV� GXH� WR� WKH� IDFW� WKDW� XQGHU� R[\JHQ� GHIL�
FLHQF\�LQ�WKH�PHOW��QLWURJHQ�SDUWLFOHV�LQWHU�
DFW�ZLWK�WKH�FDWLRQV�DQG�IRUP�ULJLG�GLUHFWHG
QLWULGH� ERQGV� WKDW� UHVXOW� LQ� DQ� LQFUHDVHG
PHOW�YLVFRVLW\��$Q� LQFUHDVHG�SDUWLDO�R[\JHQ
SUHVVXUH� LQ� WKH� JDV� PHGLXP� DQG� LWV� GLIIX�
VLRQ�LQWR�WKH�PHOW�FDXVH�D�UHGXFHG�QLWURJHQ
VROXELOLW\� DQG� WKH� QLWULGH� ERQG� GHVWDELOL]D�
WLRQ��WKXV�UHGXFLQJ�WKH�PHOW�YLVFRVLW\��7KLV
ILQGLQJ� LV� FRQILUPHG�� LQ� SDUWLFXODU�� E\� WKH
YLVFRVLW\� VWXG\� RI� <�$O�2��� GHSHQGLQJ� RQWKH� JDV� PHGLXP� SUHVVXUH� DQG� FRPSRVLWLRQ
>��@�� ,Q� WKDW� ZRUN�� WKH� LQFUHDVH� RI� R[\JHQ
FRQFHQWUDWLRQ� LQ�QLWURJHQ�DWPRVSKHUH�XS�WR
�� �� �YRO��� FDXVHV� D� UHGXFWLRQ� RI� WKH� PHOW
G\QDPLF�YLVFRVLW\�E\�DERXW������

,W� FDQ� EH� DVVXPHG� EDVLQJ� RQ� WKH� DERYH
WKDW� WKH� FHULXP� GLVWULEXWLRQ� FRHIILFLHQW� DW
*62�JURZLQJ�LQ�QLWURJHQ�DWPRVSKHUH�FRQWDLQ�
LQJ�R[\JHQ�LV�GXH�WR�D�JUHDW�H[WHQW�WR�UHGXFHG
PHOW� YLVFRVLW\� DQG� UHVXOWLQJ� GHFUHDVHG� WKLFN�
QHVV�RI� WKH�GLIIXVLRQ� OD\HU� WKURXJK�ZKLFK�FH�
ULXP� LRQV�DUH� WUDQVSRUWHG��$W�WKH� VDPH� WLPH�
RXU� H[SHULPHQWV� KDYH� VKRZQ� WKDW� WKH� R[\JHQ
SDUWLDO�IUDFWLRQ�RI������WR���������YRO����LQWUR�
GXFHG�LQLWLDOO\�LQWR�WKH�JDV�PHGLXP�DQG�EHLQJ
FRQWUROOHG� GXULQJ� WKH� ZKROH� JURZLQJ� F\FOH
XVLQJ� D� �=LUNRQ�� JDV� DQDO\]HU�� LV� QRW� D� FRQ�
VWDQW�SDUDPHWHU�RI�WKH�JURZLQJ�SURFHVV�GXH�WR
R[LGDWLRQ�RI�WKH�LULGLXP�FUXFLEOH�UHVXOWLQJ�LQ�D
UHGXFWLRQ� RI� WKH� R[\JHQ� FRQFHQWUDWLRQ� LQWUR�
GXFHG�LQWR�WKH�LQLWLDO�VWDWLF�JDV�DWPRVSKHUH�E\
����WR��������7KLV�FRQWULEXWHV�DGGLWLRQDOO\�WR
WKH� PXOWLIDFWRU� GHSHQGHQFH� RI� WKH� GLIIXVLRQ
OD\HU�WKLFNQHVV�WKDW�FDQ�EH�VPRRWKHQHG�LQ�SDUW
E\� VHOHFWLQJ� WKH� WKHUPDO� FRQGLWLRQV� IDYRULQJ
WKH�PHOW�RYHUKHDWLQJ�DV�WKH�FU\VWDO�LV�SXOOHG�

7KH� VLQJOH�SKDVH�� FUDFN�IUHH�� RSWLFDOO\
KRPRJHQHRXV� *62�&H� FU\VWDOV� FRQWDLQLQJ
QR� PDFUR�GHIHFWV� DQG� OLJKW� VFDWWHULQJ� FHQ�
WHUV� XS� WR� ��� PP� LQ� GLDPHWHU� DQG� XS� WR
����PP�OHQJWK�ZHUH�JURZQ�LQ�VXFK�WKHUPDO
FRQGLWLRQV�� DOWKRXJK� WKH� FU\VWDOOL]DWLRQ� DV�
VHPEO\� RI� WKH� DERYH� GHVLJQ�PDNHV� LW� SRVVL�
EOH�WR�REWDLQ�WKH�FU\VWDOV�RI�XS�WR����PP�LQ
GLD� �VHH�)LJ������7KH����u���PP��VFLQWLOOD�
WRUV� PDQXIDFWXUHG� IURP� WKRVH� FU\VWDOV� KDYH
VKRZQ�WKH�HQHUJ\�UHVROXWLRQ�RI��������XQGHU
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WKH� ���&V�J�UDGLDWLRQ������NH9���7R�FRPSDUH�
WKH� VFLQWLOODWRUV� IURP� WKH� FU\VWDOV� JURZQ
XVLQJ� RWKHU� WHFKQRORJ\� YDULDQFHV� H[KLELWHG
WKH�DYHUDJH�HQHUJ\�UHVROXWLRQ�RI����WR������

7KXV�� LQ� WKLV� ZRUN�� WKH� IHDWXUHV� RI
*62�&H�FU\VWDO�JURZWK�KDYH�EHHQ�VWXGLHG�LQ
YDULRXV� WKHUPDO� FRQGLWLRQV� LQIOXHQFLQJ� WKH
FU\VWDO� TXDOLW\��7KH� IRUPDWLRQ�RI� DQ� LQKHU�
HQW� LPSXULW\�LQ�WKH�PHOW�KDV�EHHQ�IRXQG�WR
EH� WKH� GHFLVLYH� IDFWRU� WKDW� GHWHULRUDWHV� WKH
RSWLFDO� SHUIHFWLRQ� RI�*62�&H� FU\VWDOV�� 7KH
R[\JHQ� SDUWLDO� IUDFWLRQ� RQ� WKH� JDV�PHGLXP
KDV�EHHQ�IRXQG�WR�EH�QRW�D�FRQVWDQW�SDUDPH�
WHU�RI�WKH�*62�&H�FU\VWDO�JURZLQJ�SURFHVV�
7KLV� IDFW� UHVXOWV� LQ� DQ� LQFUHDVHG� LQKRPR�
JHQHLW\� RI� FHULXP� GLVWULEXWLRQ� RYHU� WKH
FU\VWDO� OHQJWK�� %DVLQJ� RQ� WKH� GHWHUPLQHG
JURZWK� SDUDPHWHUV� DQG� UHJLPHV�� D� WHFKQRO�
RJ\�KDV�EHHQ�GHYHORSHG�SURYLGLQJ�WKH�FUDFN�
IUHH� ���� PP� ORQJ� *62�&H� FU\VWDOV� RI
��� PP� LQ� GLDPHWHU�� 7KH� EXON� VFLQWLOODWRUV
PDGH� IURP� WKRVH� FU\VWDOV� KDYH� H[KLELWHG� D
KLJK�VSHFWURPHWULF�TXDOLW\�WKHUHRI�

7KLV�ZRUN�KDV� EHHQ� VXSSRUWHG�E\�67&8�
3URMHFW��*U����M��

5HIHUHQFHV
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� ���&�/�0HOFKHU�� -�6�6FKZHLW]HU��&�$�3HWHUVRQ�HW

DO���LQ��3URF��,QW��&RQI��RQ�,QRUJDQLF�6FLQWLOOD�
WRUV�DQG�7KHLU�$SSOLFDWLRQV��6&,17�����HG��E\
'HOIW��1HWKHUODQGV���������S�����

� ���+�,VKLEDVKL�� <�.XUDWD�� .�6XVD� HW� DO��� LQ�
+HDY\� 6FLQWLOODWRUV� IRU� 6FLHQWLILF� DQG� ,QGXV�
WULDO� $SSOLFDWLRQV�� 3URF��RI� WKH� �&5<67$/
������ ,QW�� :RUNVKRS�� )URQWLHUHV� �������
S������

� ���+�,VKLEDVKL��<�.XUDWD��0�.RED\DVKL�HW�DO���LQ�
3URF��,QW��&RQI��RQ�,QRUJDQLF�6FLQWLOODWRUV�DQG
7WKHLU� $SSOLFDWLRQV�� 6&,17� ���� 6KDQJKDL�
&KLQD���������S�����

� ���9�%RQGDU�� 9�*DYULOXN�� .�.DWUXQRY�� 9�.D�
QHYVNLL� HW� DO��� LQ�� 3URF��&RQI��RQ� ,QRUJDQLF
6FLQWLOODWRUV� DQG� 7KHLU� $SSOLFDWLRQV�� 6&,17
����0RVFRZ���������S������

� ���'�&�0LOOHU�� 7�/�3HUQHOO��-�&U\VW�� *URZWK�� ���
�����������

� ���5HDO� &U\VWDO� )RUPDWLRQ� 3URFHVVHV�� HG�� E\
.�3�%HORY��1DXND��0RVFRZ�� �������� S���� >LQ�5XV�
VLDQ@�

� ���8NUDLQLDQ� 3DW��1R������$� �3XEO��0DUFK� ���
������

����0�9�3DVKNRYVN\��(IIHFW� RI�6WUXFWXUH�'HIHFWV
RQ�3K\VLFDO�3URSHUWLHV�RI�7XQJVWDWHV��9\VFKD
6KNROD��/YºY��������>LQ�5XVVLDQ@�

����<X�0�6KDVKNRY�� &U\VWDO� *URZWK� E\� 3XOOLQJ�
0HWDOOXUJLD��0RVFRZ��������>LQ�5XVVLDQ@�

����,�$�1RYRNKDWVN\��*DVHV� LQ�2[LGH�0HOWV��0HWDO�
OXUJLD��0RVFRZ��������>LQ�5XVVLDQ@�

����9�3�0DUW\QRY�� 9�$�9RORVKLQ�� *�9�9RORVKLQD�
LQ��*URZLQJ��,QYHVWLJDWLRQ�DQG�$SSOLFDWLRQ�RI
&U\VWDOV�� 91,,0� 3XEO��� .KDUNRY�� 1R����� �
�������>LQ�5XVVLDQ@�

|¹�Òä�ÏÈ��«��Ë¹ãºmÒ²��äºm�mÒ¯º��mÈÓÓ«�}¯Ò°�ÈãLm*62�&H�äË�º�ºä� º²¯Èã	°	}º�º
{���rºÓ�È¯��{�,�z¯Òmº�Ë�Ó��{���lÈ¯�ÒÓºm�����sÈ�º¯ÓÈ��{�i�cÒÎÒ}ºm

iº°ãL�ÎËÓL��äºmÒ�}¯Ò°�ÈãLÏÈ�L��°ÒãL}È����È�ºãLÓL
�*G�6L2��&H�ÏÈãËÎÓº�mL��}¯Ò°�È�ãº�¯ÈÁL�Óº�º�ÓÈ¹¯«ä}���²Ó	º�º�mÒ¯º��mÈÓÓ«���¯LÏÓÒ²��Ë¹ãºmÒ²��äºmÈ²���º}ÈÏÈÓº���º
�ã«� ¯ºÏ¯º­ãËÓº�º� }¯Ò°�ÈãLÏÈ�L®Óº�º� m�ÏãÈ� º¹�ÒäÈã	ÓÒä� ¼� ¯ºÏ�È��mÈÓÓ«� �Ò�ã«� �º�º
LÓ��}�º¯È�ÓÈ��Ü��ää�mÒ�Ë�mË¯²Ó	º�º�mÒ�}È�LÓ��}�º¯È��{ÒÏÓÈ�ËÓº�¹È¯ÈäË�¯Ò�®�¯ËÎÒäÒ
¯º°�����º��ºÏmºã«
�	�º�Ë¯Î�mÈ�Ò�}¯Ò°�ÈãÒ��LÈäË�¯ºä��º����ää�L��ºmÎÒÓº
��º�����ää
mÒ°º}º�� °¹Ë}�¯ºäË�¯Ò�Óº�� «}º°�L�� v�ÒÓ�Òã«�º¯Ò� ���u���ää��� mÒ�º�ºmãËÓL� LÏ� �Ò²� }¯Ò°�
�ÈãLm�� ¹º}ÈÏÈãÒ� ËÓË¯�Ë�Ò�Ó�� ¯ºÏ�Lã	Ó�� Ï�È�ÓL°�	� ����� �� ¹¯Ò� º¹¯ºäLÓËÓÓL� J�mÒ¹¯º�
äLÓ
mÈÓÓ«ä����&V�ËÓË¯�L¼
�����}Ë{�

)LJ����� *62� FU\VWDO� JURZQ� XVLQJ� WKH� DGGL�
WLRQDO� KHDWLQJ� GXULQJ� WKH� ILQDO� VWDJH� RI� WKH
FU\VWDO�IRUPDWLRQ�
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