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���,QWURGXFWLRQ
7KH� HOHFWURQ�ODWWLFH� LQWHUDFWLRQ� �(/,��� DV

D� XELTXLWRXV� IXQGDPHQWDO� SKHQRPHQRQ� RI
VROLG�VWDWH� SK\VLFV�� LV� WUDQVIRUPHG� WR� D� SR�
WHQWLDOO\� XVHIXO� LQVWUXPHQW� LQ� GHYHORSPHQW
RI� PRGHUQ� PDWHULDOV� ZLWK� LPSRUWDQW� IXQF�
WLRQDO� SURSHUWLHV�� IRU� H[DPSOH�� WKH�*H6E7H
SKDVHFKDQJH� PDWHULDOV�� KLJK�VXSHUFRQGXF�
WRUV��HWF��>����@��7KH�LQWHQVLYH�GLVFXVVLRQ�RQ
WKH� QHZ� (/,� DVSHFWV� LV� VWLPXODWHG� E\� WKH
KLJK�LQWHUHVW�WR�WKH�QDQRGLVSHUVHG�PDWHULDOV
DQG� WKH�GHVLJQ�RI�QDQRPDFKLQHV� OLNH� VLQJOH
SKRWRQ� VRXUFHV�� TXDQWXP� LQIRUPDWLRQ� GH�
YLFHV�� HWF�� >����@�� 7KH� (/,� FRXOG� EH� YDULHG
IRU� VHPLFRQGXFWRUV� DQG� PHWDOV� E\� WKH
FKDUJH� GHQVLW\� YDU\LQJ� DW� WKH� )HUPL� OHYHO
XVLQJ� WKH� FKHPLFDO� GRSLQJ� >�@� RU� HOHFWULF
ILHOG�HIIHFWV�>�@��7KLV�GRHV�QRW�ZRUN�IRU�WKH
EXON�GLHOHFWULF�FU\VWDOV�EXW�FHUWDLQ�SRVVLELO�
LW\� DSSHDUV� WR� FRQWURO� WKH� (/,� LQ� WKHLU
QDQRVL]HG� YHUVLRQ� >�@�� 7KH� VKRUW�UDQJH� (/,
ZDV� GHPRQVWUDWHG� WR� EH� DQ� DQRPDORXVO\
VWURQJ� IRU� WKH� ORFDOL]HG� HOHFWURQ� VWDWHV
ZKLFK�FRXOG�EH�SURGXFHG�E\�D�VWDWLF�GLVRUGHU
RU� VSDWLDO� FRQILQHPHQW� RI� HOHFWURQ� ZDYH
IXQFWLRQV� DV�ZHOO� >�@��$V� WR� WKH� ORQJ�UDQJH
�)URHKOLFK� W\SH�� SRODU� LQWHUDFWLRQ� ZKLFK� LV

UHDOL]HG� IRU� QDQRSDUWLFOHV� GLVSHUVHG� LQWR� D
PHGLXP�ZLWK� GLHOHFWULF� FRQVWDQW� � HPHG�� WKH
(/,�ZDV� VKRZQ� WR�GHSHQG�RQ� HPHG�� �� LQ� DGGL�
WLRQ� WR� WKH� 3HNDU� IDFWRU� �H����Ü�Hf���� DQG� SR�
ODURQ� HQHUJ\� EHLQJ� D� FRPSOH[� IXQFWLRQ� RI
WKH�QDQRSDUWLFOH�VL]H�>�@��

-�$JJUHJDWHV� DUH� VHOI�DVVHPEOHG� PROHFX�
ODU�QDQRSDUWLFOHV�FRPSRVHG�E\�WKH� OLQHDU�RU
ULQJ�OLNH� DUUDQJHPHQW� FKDLQV� RI� WKH� SR�
O\PHWKLQH� RU� SKWDORF\DQLQH� G\HV� >��Ü��@�
-�$JJUHJDWHV� EHORQJ� WR� WKH� ODUJH� IDPLO\� RI
VR�FDOOHG� QRQ�FRYDOHQW� VWUXFWXUHV� OLNH
PLFHOOHV�� SURWHLQV�� OLSRVRPHV�� DP\ORLGV�
HWF��� EXW� WKHLU� VSHFLILF� IHDWXUH� LV� D� QDUURZ
DEVRUSWLRQ� EDQG� �-�EDQG�� UHG�VKLIWHG� ZLWK
UHVSHFW� WR� WKH� PRQRPHU� RQH� >��Ü��@�� 7KH
PDMRU� H[SHULPHQWDO� ILQGLQJ� IRU� -�DJJUH�
JDWHV� IRUPHG� LQ� DTXHRXV� VROXWLRQV�� OLNH� WKH
XQXVXDO� VKDUSQHVV� RI� WKH� -�EDQG� DQG� H[FL�
WRQ�VXSHUUDGLDQFH� >������@�ZHUH� LQWHUSUHWHG
VXFFHVVIXOO\�LQ�WKH�IUDPH�RI��'�)UHQNHO�H[�
FLWRQ�PRGHO�>��@��$�FHUWDLQ�W\SH�RI�-�DJJUH�
JDWHV� ZDV� FRQVLGHUHG� DV� VXSUDPROHFXODU
TXDQWXP� ZLUHV� ZKLFK� GHPRQVWUDWH� WKH� GH�
SHQGHQFH� RI� H[FLWRQ� HQHUJ\� RQ� WKH� ODWHUDO
FRQILQHPHQW� >��@�� 7KRXJK� WKH� ORQJ� KLVWRU\
>��Ü��@�� -�DJJUHJDWHV� DUH� FRQQHFWHG� E\� WKH
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ZLGH� EULGJH� ZLWK� WKH� XS�WR�GDWH� VFLHQFH�
VRPH�W\SHV�RI�-�DJJUHJDWHV�H[KLELW�DQ�HIIHF�
WLYH� H[FLWRQ� PLJUDWLRQ� >��@� VLPLODU� WR� WKH
EDOOLVWLF� HOHFWURQ� SURSDJDWLRQ� LQ� WKH� FDUERQ
QDQRWXEHV� >��@�� -�DJJUHJDWHV� FDQ� XQGHUJR
VWURQJ� FRXSOLQJ� �5DEL� VSOLWWLQJ� a���� PH9�
ZLWK� WKH� VXUIDFH� SODVPRQ�SRODULWRQ� PRGHV
WKDW� IDYRUV� WKH� GHYHORSPHQW� RI� QHZ� SODV�
PRQ�EDVHG�WHFKQRORJLHV�>��@��GXH�WR�WKH�SRV�
VLELOLW\� WR� WXUQ� WKH� H[FLWRQ� ORFDOL]DWLRQ�� -�
DJJUHJDWHV� DUH� SURPLVLQJ� V\VWHPV� IRU� WKH
TXDQWXP� FRPSXWLQJ� WHFKQRORJ\� >��@�� WKH
VSHFLILF� LQWHUDFWLRQ� EHWZHHQ� -�DJJUHJDWHV
DQG� LPSRUWDQW� ELRORJLFDO� REMHFWV� OLNH� PLWR�
FKRQGULD��'1$�DQG�51$�>������@�DOORZV� WR
FRQVLGHU�-�DJJUHJDWHV�DV�WKH�SHUVSHFWLYH�OX�
PLQHVFHQW� PDUNHUV� ZLWK� WKH� VSDWLDO� UHVROX�
WLRQ��

,Q� VSLWH� RI�QXPHURXV� DQG�FRPSUHKHQVLYH
HIIRUWV� XQGHUWDNHQ� WR� XQGHUVWDQG� WKH� RSWL�
FDO�DQG� OXPLQHVFHQFH�SURSHUWLHV�RI�-�DJJUH�
JDWHV�� WKHUH� LV� QR� FOHDU� FRQFHSWLRQ� UHODWLYH
WR� WKH� (/,� LQ� VXFK� QDQRVFDOH� REMHFWV�� 7KH
ZHDN� (/,� LV� JHQHUDOO\� DFFHSWHG� DQG� WKH
VKRUW�UDQJH� LQWHUDFWLRQ� LV� FRQVLGHUHG� WR� EH
UHDOL]HG� WKURXJK� WKH� GHIRUPDWLRQ� SRWHQWLDO
VLPLODUO\� WR� WKH� PROHFXODU� FU\VWDOV� >��@�
7KLV� PHDQV� ERWK� WKH� HQHUJ\� FKDQJLQJ� RI
VWDWLF� LQWHUDFWLRQ� RI� Q�WK� H[FLWHG� PROHFXOH
'Q��GLDJRQDO�(/,��DQG�WKH�UHVRQDQW�LQWHJUDOWUDQVIHU� E� �RII�GLDJRQDO� (/,�� DUH� IXQFWLRQV
RI� WKH� LQWHUPROHFXODU� GLVWDQFH�� 7KH� FULWLFDO
SDUDPHWHUV� JRYHUQLQJ� WKH� H[FLWRQ�SKRQRQ
G\QDPLFV�KDYH�EHHQ�LQWURGXFHG�E\�(�5DVKED
>������@� WR� EH� DV� IROORZV�� E�� H/5� LV� WKH� HQ�HUJ\� RI� ODWWLFH� UHOD[DWLRQ�� ZSK� LV� WKH� IUH�TXHQF\�RI�SKRQRQ�PRGH�FRXSOLQJ�ZLWK�H[FL�
WRQ�� 7KH� (/,� LV� XVXDOO\� SUHVHQWHG� E\� WKH
GLPHQVLRQOHVV� SDUDPHWHU� J� �H/5��E� ��E� LVWKH�KDOI�RI�H[FLWRQ�EDQG���'HSHQGLQJ�RQ�WKH
J�YDOXH��WKH�ZHDN�(/,��J������RU�WKH�VWURQJ
(/,��J�t����FRXOG�EH�UHDOL]HG��7KH�ZHDN�(/,
UHVXOWLQJ�LQ�DQ�LQWUDEDQG�H[FLWRQ�UHOD[DWLRQ
ZDV� XVHG� WR� DQDO\]H� WKH� GHVWUXFWLRQ� RI� VX�
SHUUDGLDQW� GHFD\� DQG� WKH� WKHUPDO� OLQH
EURDGHQLQJ�LQ�-�DJJUHJDWHV�>��@��7KH�RII�GL�
DJRQDO� (/,� VWUHQJWK� ZDV� HVWLPDWHG� WR� EH
DERXW� ��� PH9� IURP� WKH� WHPSHUDWXUH� GH�
SHQGHQFH�RI�VXSHUUDGLDQW�GHFD\�LQ�3,&�-�DJ�
JUHJDWHV� >��@��7KHUH� LV� QR�XQLYRFDO� FRQFHSW
RI� WKH� SKRQRQ� PRGH� SURYLGLQJ� WKH� (/,� LQ
-�DJJUHJDWHV�� %RWK� WKH� ORZ� IUHTXHQF\� PD�
WUL[� SKRQRQV� DQG� WKH� KLJK� IUHTXHQF\� RSWLF
SKRQRQV�RI�-�DJJUHJDWHV�KDYH�EHHQ�DFFHSWHG
>������������������@�� 7KH� VWURQJ� GLDJRQDO
(/,�KDV�EHHQ� LQYROYHG�LQWR�FRQVLGHUDWLRQ�WR
H[SODLQ� WKH� VLJQLILFDQW� SRODURQ� HIIHFW� FDXV�
LQJ� WKH� H[FLWRQ� VHOI�WUDSSLQJ� LQ� WKH� DPSKL�
3,&�-�DJJUHJDWHV�>��Ü��@��'LUHFW�HVWLPDWLRQ

RI� H/5� DQG� E� IRU� DPSKL�3,&� -�DJJUHJDWHVJLYHV� J�a���� LQGLFDWLQJ� WKH� VWURQJ� (/,� >���
��@��)RU�WKH��'�-�DJJUHJDWHV�LQ�WKH�IRUP�RI
/%�ILOPV��ERWK� WKH�ZHDN��J������DQG�VWURQJ
�J�!����(/,�ZHUH�HYDOXDWHG�>��@��6R��LW�LV�RI
LQWHUHVW� WR� DVFHUWDLQ� WKH�(/,� RULJLQ� IRU� WKH
VHOI�DVVHPEOHG�-�DJJUHJDWHV�LQ�VROXWLRQV��

,Q� WKLV� ZRUN�� ZH� SUHVHQW� IRU� WKH� ILUVW
WLPH� WKH� VHW� RI� LPSRUWDQW� GHHSO\� LQWHUFRQ�
QHFWHG�ILQGLQJV�FRQFHUQLQJ�WKH�(/,�PDQLIHV�
WDWLRQ�LQ�WKH�-�DJJUHJDWHV��7KH�(/,�FRXOG�EH
FRQWUROOHG� E\� FKDQJLQJ� RI� WKH� -�DJJUHJDWH
VROYDWH� VKHOO� XVLQJ� VXUIDFWDQWV�� 7KH� VWURQJ
FRUUHODWLRQ� EHWZHHQ� WKH� -�DJJUHJDWHV� OXPL�
QHVFHQFH� TXDQWXP� \LHOG� DQG� WKH� (/,
VWUHQJWK�KDV�EHHQ�UHYHDOHG�WKDW�DOORZV�XV�WR
FRQVLGHU� WKH� H[FLWRQ� VHOI�WUDSSLQJ� DV� WKH
PDLQ� PHFKDQLVP� RI� WKH� -�DJJUHJDWH� OXPL�
QHVFHQFH� ORVV�� 7KH� DQRPDORXV� HQKDQFHPHQW
�WZHQW\�IROG� LQ� VRPH� FDVHV�� RI� -�DJJUHJDWH
OXPLQHVFHQFH�XQGHU�(/,�VXSSUHVVLRQ�ZLOO�EH
GHPRQVWUDWHG�� 7KLV� PHFKDQLVP� LV� JHQHUDO
DQG� ZRUNV� IRU� GLIIHUHQW� W\SHV� RI� -�DJJUH�
JDWHV�

���([SHULPHQWDO�SDUW
7KH� G\H� �����GLPHWK\O���WKLHQ\O�WKLDFDU�

ERF\DQLQH� LRGLGH� �/����� ZDV� REWDLQHG� IURP
WKH� G\H� FROOHFWLRQ� RI� WKH� 'HSDUWPHQW� RI
&RPELQDWRULDO� &KHPLVWU\� �,QVWLWXWH� IRU�0R�
OHFXODU� %LRORJ\� DQG� *HQHWLFV�� 1$6� RI
8NUDLQH��� 7KH� G\HV� ���������WHWUDFKORUR�
���������WHWUDHWK\OEHQ]LPLGD]RO\OFDUERF\DQLQH
LRGLGH� �-&��� RU� 77%&�� DQG� ��PHWK\O����RF�
WDGHF\O������F\DQLQH� SHUFKORUDWH� �DPSKL�
3,&��ZHUH� V\QWKHVL]HG� E\�'U�,�%RURYR\� �,Q�
VWLWXWH� IRU� 6FLQWLOODWLRQ� 0DWHULDOV�� 1$6� RI
8NUDLQH��� 7KH� SXULW\� RI� WKH� G\HV� ZDV� FRQ�
WUROOHG� E\� WKLQ� OD\HU� FKURPDWRJUDSK\�������
'LHWK\O������F\DQLQH� LRGLGH� �3,&�� G\H� DQG
FDWLRQLF� VXUIDFWDQW� FHW\OS\ULGLQLXP
�KH[DGHF\OS\ULGLQLXP�� EURPLGH� �&3%�� ZHUH
SXUFKDVHG�IURP�6LJPD�$OGULFK�DQG�XVHG�DV�
UHFHLYHG��

-�$JJUHJDWHV� RI� /���� ZHUH� SUHSDUHG� E\
WKH� DGGLQJ� DQ� DSSURSULDWH� DPRXQW� RI� WKH
VXUIDFWDQW�&3%� WR� D� VWRFN� VROXWLRQ� RI�/���
LQ� GLPHWK\OIRUPDPLGH� �'0)��� 7KHQ� WKH� VR�
OXWLRQ�ZDV�GLOXWHG�ZLWK�DTXHRXV�EXIIHU�7ULV�
+&O� �&� ������0��S+� ����LQ�WKH�UDWLR������
7KH�/���� FRQFHQWUDWLRQ� LQ� WKH� VROXWLRQ�ZDV
����Ü�� 0�� 7KH� -&��� DJJUHJDWHV� ZHUH� SUH�
SDUHG�LQ�D�VLPLODU�ZD\�IURP�D�VWRFN�VROXWLRQ
RI� -&��� G\H� DQG� &3%� VXUIDFWDQW� LQ� '0)�
7KHQ� WKH� VROXWLRQ�ZDV�GLOXWHG�ZLWK� D� DTXH�
RXV� ERUDWH� EXIIHU� �1D�%�2�Ü+&O�� S+� �����LQ� WKH� UDWLR������7KH�-&��� FRQFHQWUDWLRQ� LQ
WKH�VROXWLRQ�ZDV�����Ü��0��3,&�-�DJJUHJDWHV
ZHUH�SUHSDUHG�E\�GLVVROYLQJ�WKH�3,&�G\H�DQG
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&3%�VXUIDFWDQW�LQ�DTXHRXV�1D&O������0��VR�
OXWLRQ� XQGHU� PRGHUDWH� KHDWLQJ� ��� ���&��
7KHQ�WKH�VROXWLRQ�ZDV�FRROHG�GRZQ�WR�URRP
WHPSHUDWXUH�� 7KH� 3,&� FRQFHQWUDWLRQ� LQ� WKH
VROXWLRQ� ZDV� ����Ü�� 0�� 7R� SUHSDUH� DPSKL�
3,&�-�DJJUHJDWHV�ZLWK�&3%��WKH�G\H�DQG�WKH
VXUIDFWDQW� ZHUH� GLVVROYHG� LQ� '0)�� WKHQ
GRXEO\�GLVWLOOHG�ZDWHU�ZDV�DGGHG�WR�REWDLQ�D
ELQDU\� VROXWLRQ� '0)�ZDWHU� ZLWK� ��� �
ZDWHU�FRQWHQW��7KH�DPSKL�3,&�FRQFHQWUDWLRQ
LQ�WKH�VROXWLRQ�ZDV�����Ü��0��7KH�&3%�FRQ�
FHQWUDWLRQ� LQ� DOO� WKH� VROXWLRQV� ZDV� ��Ü��0
�FULWLFDO� PLFHOOH� FRQFHQWUDWLRQ� IRU� &3%� LV
������Ü��0�>��@��

/XPLQHVFHQFH� DQG� OXPLQHVFHQFH� H[FLWD�
WLRQ� VSHFWUD� ZHUH� UHFRUGHG� XVLQJ� D� VSHF�
WURIOXRULPHWHU� EDVHG� RQ� WZR� JUDWLQJ�PRQR�
FKURPDWRUV�0'5����DQG�D�[HQRQ�ODPS��2QH
RI�WKH�PRQRFKURPDWRUV�ZDV�XVHG�WR�VHOHFW�D
UHTXLUHG�ZDYHOHQJWK��):+0�a�����QP���WKH
RWKHU� RQH� ZDV� XVHG� IRU� WKH� OXPLQHVFHQFH
FROOHFWLRQ�� )RU� DEVRUSWLRQ� VSHFWUD� PHDVXUH�
PHQWV�� WKH� VSHFWURIOXRULPHWHU� ZDV� VXSSOLHG
ZLWK�DQ�LQFDQGHVFHQW�ODPS��

$EVROXWH� TXDQWXP� \LHOGV� RI� SKRWROXPL�
QHVFHQFH�IRU�DOO�WKH�VROXWLRQV�ZHUH�PHDVXUHG
XVLQJ� D� KRPH�PDGH� LQWHJUDWLQJ� VSKHUH
�����PP�LQ�GLDPHWHU���ZKLFK�SURYLGHV�D�UH�
IOHFWDQFH� !��� �� RYHU� WKH� ���Ü����� QP
UDQJH�� $V� DQ� H[FLWDWLRQ� VRXUFH�� D� GLRGH�
SXPSHG� 1G���<$*� ODVHU� �O� ����� QP�� ZDV
XVHG��7KH�DEVROXWH�TXDQWXP�\LHOG�ZDV�FDOFX�
ODWHG� XVLQJ� WKH� PHWKRG� GHYHORSHG� LQ� >��@
DQG� VXFFHVVIXOO\� DSSOLHG� IRU� VROXWLRQV� LQ
>��@�� 7KH� H[SHULPHQWDO� VHWXS� ZDV� DGMXVWHG
DQG� WHVWHG� IRU� D� VWDQGDUG� G\H� �UKRGDPLQH
�*� LQ� HWKDQRO��&� ���Ü��0�� DV�GHVFULEHG� LQ
>��@��7R�PHDVXUH�WKH�WLPH�UHVROYHG�OXPLQHV�
FHQFH�VSHFWUD��D�PRGH�ORFNHG�1G���<$*�ODVHU
�VHFRQG� KDUPRQLFV�� OH[F� ����� QP�� DQG� DWLPH�FRUUHODWHG� SKRWRQ� FRXQWLQJ� V\VWHP
ZHUH�XVHG��7KH�LQVWUXPHQWDO�IXQFWLRQ�RI�WKH
VHWXS� ZDV� ���� QV�� 7KH� &)6B/6� VRIWZDUH
SDFNDJH� �&HQWHU� IRU� )OXRUHVFHQW� 6SHFWURV�
FRS\��86$��ZDV�XVHG�WR�SURFHVV�WKH�H[SHUL�
PHQWDO�OXPLQHVFHQFH�GHFD\�FXUYHV�

���5HVXOWV�DQG�GLVFXVVLRQ
,W� LV� ZHOO� NQRZQ� WKDW� LQ� UHDO� -�DJJUH�

JDWHV�� ZH� GHDO� ZLWK� GLVRUGHU�LQGXFHG� VSD�
WLDOO\� FRPSDFW� H[FLWRQV� ZKLFK� H[WHQVLRQ� LV
XVXDOO\� GHVFULEHG� E\� WKH� QXPEHU� RI� FRKHU�
HQWO\� FRXSOHG�PRQRPHUV�1GHO� >��@��:H� FDQ
FRQWURO� WKH� 1GHO� WKURXJK� WKH� VROYDWH� VKHOOZKLFK�LV�WKH�PDLQ�VRXUFH�RI�WKH�-�DJJUHJDWH
GLVRUGHU� >��Ü������@�� )RU� H[DPSOH�� WKH
VROYDWH� VKHOO� KHWHURJHQHLW\� SURPRWHV� DQ� LQ�
FUHDVLQJ�-�EDQG�ZLGWK�>��Ü��@�ZKLOH�LQ�FRQ�

WUDVW�� LQ� VXUIDFWDQW� VROXWLRQV�� -�EDQG� ZDV
VKRZQ� WR� WHQG� QDUURZLQJ� WKDW� ZDV� LQWHU�
SUHWHG� E\� DQ� LQFUHDVLQJ�1GHO� >������@�� 7KH1GHO�YDULDWLRQ�FRXOG�FDXVH�WKH�(/,�FKDQJLQJLQ�-�DJJUHJDWHV��VLQFH�WKH�(/,�VWUHQJWK�ZDV
GHFODUHG�E\�'UDEROG�>��@�WR�LQFUHDVH�IRU�WKH
ORFDOL]HG� HOHFWURQLF� VWDWHV�� 7R� YHULI\� WKLV
LGHD�� WKH� GLIIHUHQW� VXUIDFWDQW� PROHFXOHV
DLPLQJ�WR� ORFDWH�RQ�WKH�LQWHUIDFH�KDYH�EHHQ
ORRNHG� RYHU� WR� FRQWURO� WKH� VROYDWH� VKHOO� RI
-�DJJUHJDWHV�� :H� GHYHORSHG� D� WHFKQRORJ\
IUHH� IURP� WKH� VSHFLILF� VXUIDFWDQW�G\H� LQWHU�
DFWLRQ�QRWHG�LQ�>��@��$�QXPEHU�RI�H[WHQVLYH
SRO\PHWKLQH� G\HV� �)LJ����� ZDV� VHOHFWHG� WR
FUHDWH�-�DJJUHJDWHV��

,Q� ZKDW� IROORZV�� ZH� VKDOO� IRFXV� RQ� WKH
PRVW� UHPDUNDEOH� HIIHFW� DFKLHYHG� ZLWK� WKH
&3%�PROHFXOHV��)LJ������)RU�DOO�-�DJJUHJDWHV
WHVWHG�� WKH� -�EDQG� QDUURZLQJ� KDV� EHHQ� RE�
VHUYHG� LQ� WKH� VXUIDFWDQW� VROXWLRQ� DV� FRP�
SDUHG� WR�WKDW� LQ� WKH�DTXHRXV�VROXWLRQ� �7DEOH��
7KH�&3%�FRQFHQWUDWLRQ�FRUUHVSRQGHG�WR�FRQ�
GLWLRQ� Q&3%�QG\H�!���� 7KH� HOHFWURVWDWLF� UH�SXOVLRQ� RI� WKH� LGHQWLFDO� FKDUJHG� VXUIDFWDQW
PROHFXOHV� DQG� G\HV� �)LJ����� DQG� WKH� LQYDUL�

)LJ�����0ROHFXODU� VWUXFWXUHV� RI� WKH� G\HV� DQG
VXUIDFWDQW� LQYHVWLJDWHG�� D�� /����� E�� -&���� F�
3,&��G��DPSKL�3,&�DQG�H��&3%�
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DQFH� RI� WKH� PD[LPXP� RI� -�EDQGV� FRQILUP
WKDW�WKH�GLUHFW�&3%�LQWHUFDODWLRQ�LQWR�-�DJ�
JUHJDWHV� ERG\� LV� LPSRVVLEOH��&3%�PROHFXOHV
DUH� EHOLHYHG� WR� JDWKHU� DURXQG� -�DJJUHJDWHV
PDNLQJ� D� G\QDPLFDO� FRDW� WKDW� LV� FRQILUPHG
E\� WKH� LQFUHDVLQJ� RI� WKH� -�DJJUHJDWHV� DQ�
LVRWURS\� OXPLQHVFHQFH� GHFD\� >��@�� 7KH
-�EDQG� QDUURZLQJ� GHPRQVWUDWHV� WKH� VXUIDF�
WDQW� &3%� WR� DIIHFW� WKH� -�DJJUHJDWHV� VWUXF�
WXUH� ZKLFK� EHFRPHV� PRUH� SHUIHFW� >��Ü���
������@��%XW�ZH�KDYH�UHYHDOHG�WKH�G\QDPLFDO
SURFHVVHV�WR�JLYH�D�FRQVLGHUDEOH�FRQWULEXWLRQ
WR� WKH� -�EDQG� ZLGWK� DW� URRP� WHPSHUDWXUH�
,Q� SDUWLFXODU�� WKH� (/,� VWUHQJWK� ZDV� HVWL�
PDWHG�WR�EH�UHGXFHG�E\�WKH�&3%�PROHFXOHV�
6R��XVLQJ�WKH�DEVRUSWLRQ�EDQG�SDUDPHWHU�RI
PRQRPHUV�'):+0PRQ �DQG�-�DJJUHJDWHV�'):+0- �
RQH�FDQ�REWDLQ�RQO\�D�URXJK�HVWLPDWH��ORZHU
OLPLW��RI�WKH�1GHO�>��@�7R� VLQJOH�RXW� WKH�(/,� VWUHQJWK�IURP�WKH
-�EDQG�� ZH� KDYH� XVHG� WKH� 8UEDFK�0DUWLHQ�
VHQ��8�0��UXOH�>������@��

D�(�� �D�H[S�>�V�7�����(����(��e�N%7@� ���

V�7�� �V���N%7�e�K�ZSK��WDQK�K�ZSK�e��N%7�����
ZKHUH�(� LV� SKRWRQ� HQHUJ\��V�7��� WKH� VWHHS�
QHVV�SDUDPHWHU��N%��WKH�%ROW]PDQQ�FRQVWDQW
DQG�ZSK��WKH�SKRQRQ�PRGH�IUHTXHQF\��7KH�FRUUHFWQHVV�RI�8�0�UXOH�����KDV�EHHQ
ILUVWO\�H[DPLQHG�IRU�WKH�-�DJJUHJDWHV�WHVWHG
LQ�VROXWLRQV��)RU�H[DPSOH��ZH�KDYH�REVHUYHG
D� W\SLFDO� VORSH� YDULDWLRQ� RI� WKH� ORZ�IUH�
TXHQF\�-�EDQG�HGJH��)LJ�����DV�LW�ZDV�VKRZQ
IRU� -�DJJUHJDWHV� LQ� IRUP� RI� /%� ILOPV� >��@�
2I� FRXUVH�� WKH� VORSH� FKDQJLQJ� LV� LQVLJQLIL�
FDQW� DW� URRP� WHPSHUDWXUH� �)LJ����� EHFDXVH
WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�VWHHSQHVV�SD�
UDPHWHU� ���� WHQGV� WR� VDWXUDWLRQ� GXH� WR� WKH
K�ZSK�d�N%7�FULWHULRQ��7KH�ZSK�YDOXH�ZDV�RE�WDLQHG� IRU� FHUWDLQ� -�DJJUHJDWH� W\SHV� E\
0XNDPHO� �ZSK�a�����FPÜ��� >��@� DQG� ,QRXH
�ZSK�a�����FPÜ��� >��@��+HQFH�� WKH� FRQGLWLRQ
V�7��a�V�� LV� DFFHSWDEOH� DQG� ZH� FDQ� JHW� WKH

(/,�FRQVWDQW�IURP�WKH�H[SUHVVLRQ�J� �V�V�Ü��ZKHUH�V�LV�GLPHQVLRQOHVV�SDUDPHWHU�GHILQHG
E\� WKH� ODWWLFH� JHRPHWU\�� >������@�� )RU� �'
V\VWHP��V�LV�NQRZQ�WR�EH�D�IXQFWLRQ�RI�WHP�
SHUDWXUH�DQG�ZH�XVHG�WKH�GDWD�SUHVHQWHG�LQ
>��@� WR�HVWLPDWH� LWV�YDOXH��7KH� VHW�RI� WKH�J
YDOXHV� REWDLQHG� VKRZV� WKH� VXUIDFWDQW�PROH�
FXOHV�WR�SURYRNH�WKH�(/,�VWUHQJWK�UHGXFWLRQ
WKDW� FRUUHODWHV� ZLWK� -�EDQG� QDUURZLQJ
�7DEOH��� 7KH� ZHDN� (/,� LV� UHDOL]HG� RQO\� IRU
3,&�DJJUHJDWHV�ERWK�LQ�WKH�DTXHRXV�DQG�VXU�
IDFWDQW� VROXWLRQV��2WKHUV�-�DJJUHJDWHV�GHP�
RQVWUDWH� WKH� (/,� FKDQJH� IURP� WKH� VWURQJ
LQWHUDFWLRQ� �J�!���� WR� WKH� ZHDN� RQH� �J�����
LQ�WKH�VXUIDFWDQW�VROXWLRQV�

:H�KDYH�DVFHUWDLQHG�WKH�HYLGHQW�DQWLFRU�
UHODWLRQ� EHWZHHQ� WKH� (/,� VWUHQJWK� DQG� WKH

)LJ����� /RZ� HQHUJ\� HGJH� RI� 3,&� -�DJJUHJDWH
-�EDQG��GDVKHG�OLQHV��DWWHPSHUDWXUHV��.������
����� ���� ����� ���� LQ� WKH� &3%� SUHVHQFH� ����
6ROLG�OLQHV�UHSUHVHQW�DSSUR[LPDWLRQ�DFFRUGLQJ
8�0�UXOH�� ,QVHW��DSSOLFDWLRQ� RI�8�0�UXOH� IRU
3,&�-�DJJUHJDWHV�LQ�IUR]HQ�PDWUL[��7� ����.�
����.�� ����.������.��7KH� DUURZ� VKRZV� WKH
GLUHFWLRQ� RI� -�EDQG� VORSH� FKDQJLQJ� DW� WHP�
SHUDWXUH�HOHYDWLRQ�

7DEOH��6SHFWURVFRSLF�GDWD�IRU�GLIIHUHQW�-�DJJUHJDWHV�LQ�WKH�DEVHQFH�DQG�SUHVHQFH�RI�&3%��-�EDQG
ZLGWK��'Q):+0���OXPLQHVFHQFH�TXDQWXP�\LHOG��M��DQG�H[FLWRQ�SKRQRQ�FRXSOLQJ�FRQVWDQW��J����

'Q):+0��FPÜ� M��� J
1R�&3% &3% 1R�&3% &3% 1R�&3% &3%

/��� ��� ��� ��� ���� ���� ����
-&�� ��� ��� ��� �� ���� ����
3,& ��� ��� ��� �� ���� ���

DPSKL�3,& ��� ��� ��� ��� ���� ���
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-�DJJUHJDWH� OXPLQHVFHQFH�DEVROXWH�TXDQWXP
\LHOG� �7DEOH��� 7KH� FRQVLGHUDEOH� LQFUHDVH� RI
WKH�-�DJJUHJDWH�OXPLQHVFHQFH�LV�REVHUYHG�DV
WKH� (/,� GHFUHDVHV�� 6LPXOWDQHRXVO\�� WKH� OX�
PLQHVFHQFH� GHFD\� RI� DOO� -�DJJUHJDWHV� EH�
FRPHV� ORQJHU� �)LJ����� GXH� WR� WKH� LQKLELWLRQ
RI�SKRWRQOHVV�UHOD[DWLRQ�RI�H[FLWHG�-�DJJUH�
JDWHV��7KLV�PHDQV� WKH�H[FLWRQV�VXIIHU� IURP
WKH� TXHQFKLQJ� SURYLGHG� E\� WKH� VWURQJ�(/,�
$V� LW� IROORZV� IURP�7DEOH�� WKH� OXPLQHVFHQFH
ODFN� RI� -�DJJUHJDWHV� LV� REVHUYHG� ZKHQ� WKH
SRODURQ�IRUPDWLRQ�FULWHULRQ��J�t��� LV� UHDOL]�
DEOH�� 7KH� OLTXLG� VROYDWH� VKHOO� GRHV� QRW� SUH�
YHQW�-�DJJUHJDWHV�GHIRUPDWLRQ�DQG�WKH�VHOI�
WUDSSHG� VWDWH� FRXOG� EH� GHDFWLYDWHG� GXH� WR
WKH�PRQRWRQRXV�ORZHULQJ�RI�WKH�WRWDO�HQHUJ\
DQG� FRQVHTXHQW� SKRWRQOHVV� UHOD[DWLRQ��7KDW
LV�ZK\�WKH�TXDQWXP�\LHOG�RI�WKH�-�DJJUHJDWH
OXPLQHVFHQFH�LQ�VROXWLRQV�LV�ORZ��%XW�LQ�WKH
IUR]HQ� VROXWLRQ�� WKH� UHOD[DWLRQ� RI� WKH� VHOI�
WUDSSHG�VWDWH�FRXOG�EH�VWDELOL]HG�E\�WKH�HODV�
WLF�GHIRUPDWLRQ�RI�PROHFXODU�FKDLQ�DQG�PD�
WUL[� DQG� WKH� IUHH� H[FLWRQV� DQG� VHOI�WUDSSHG
H[FLWRQV� VLPXOWDQHRXVO\� DUH� PDQLIHVWHG� LQ
WKH� OXPLQHVFHQFH�VSHFWUXP��)LJ������$W�URRP
WHPSHUDWXUH�� WKH� EDQG� RI� VHOI�WUDSSHG� H[FL�
WRQV�YDQLVKHV�DW�DOO�UHIOHFWLQJ�WKH������ORVV
RI� -�DJJUHJDWH� OXPLQHVFHQFH� �DFFRUGLQJ� WR
WKH�EDQG�DUHD�UDWLR�RI�IUHH�DQG�VHOI�WUDSSHG
H[FLWRQV��

7KH� FRQWURO� RI� SRODURQ� IRUPDWLRQ
WKURXJK�1GHO� LV� FRUURERUDWHG� E\� WKH�PLFUR�VFRSLF�PRGHO� RI� SRODURQ� VWDWH� DV�ZHOO�� 7KLV
PRGHO� ZDV� SDUWLDOO\� GHYHORSHG� LQ� >������@
TDQG� DFFRXQWV� D� VSHFLILF� RI� SRO\PHWKLQH

G\HV� HOHFWURQLF� VWUXFWXUH�� 7KH� SRO\PHWKLQH
VWDWH�RI� WKHVH�G\HV�ZDV�VKRZQ�E\�6�'DHKQH
>��@� WR� EH� WKH� FKDUJH�PRGXODWLRQ� DORQJ� WKH
SRO\PHWKLQH�FKDLQ�FRQVLVWLQJ�DOZD\V�RI�RGG
DWRPV� �VHH� )LJ���D��� :LWKLQ� WKH� FKURPR�
SKRUH�FKDLQ�ZKLFK� LV�WKH�PDLQ�EORFN�RI�WKH
UHDO�-�DJJUHJDWH��WKHUH�LV�D��SODQH�WR�SODQH�
LQWHUDFWLRQ�� W\SLFDO� RI� PROHFXODU� FU\VWDOV
EXW� WKH� PLQLPXP� &RXORPE� FRXSOLQJ� VWLSX�
ODWHG� E\� WKH� FKDUJHV� RI� SRO\PHWKLQH� FKDLQV
LQ� WKH� QHDUHVW�QHLJKERU� PROHFXOHV� LV� SUR�
YLGHG� E\� LWV� VKLIW� �VHH� )LJ������ 7KH� FKDUJH
DOWHUQDWLRQ� EHFRPHV� WKH� RSSRVLWH� ZKHQ� WKH
G\H� KDV� EHHQ� H[FLWHG� LQWR� WKH� ILUVW� VLQJOHW
OHYHO��VHH�)LJ���E��WKDW�UHVXOWV�LQ�D�VXEVWDQ�
WLDO� FKDQJH� RI� WKH� &RXORPE� FRXSOLQJ� EH�
WZHHQ� WKH� QHDUHVW�QHLJKERU� PROHFXOHV�� 7KH
LQWHUDFWLRQ� HQHUJ\� EHFRPHV� QHJDWLYH�ZLWKLQ
WKH�GHHS�PLQLPXP��ZKHQ�WKH�VKLIW�EHWZHHQ
WZR� SRO\PHWKLQH� FKDLQV� LV� DEVHQW� �VHH� )LJ�
�E���+HQFH��WKH�FKURPRSKRUH�FKDLQ�GHIRUPD�
WLRQ��ZKHQ�WKH�GLVSODFHPHQWV�RI�VHTXHQWLDOO\
SRVLWLRQHG�PROHFXOHV��GQ��DQG�GQ����KDYH�RS�SRVLWH� VLJQV� �WKH� VXFFHVVLYH�PROHFXOHV� VKLIW
WUDQVYHUVHO\� WR� RSSRVLWH� VLGHV� IURP� WKH
FKDLQ�D[LV�ZKLFK�UHWDLQV�D�IL[HG�SRVLWLRQ��LV
YHU\� LPSRUWDQW� IRU� WKH� SRODURQ� IRUPDWLRQ�
EHFDXVH�LQ�WKLV�FDVH��WKH�ODWWLFH�GHIRUPDWLRQ
LQYROYHV� WKH� VPDOO� YROXPH� RI� WKH� RUGHU� RI
OH[�D�� �1GHO�D�� SURGXFLQJ� D� ORZ� HODVWLF� HQ�HUJ\�EHLQJ�RI�WKH�RUGHU�RI�N�1GHO�D�G���$V�LWLV�PXFK�PRUH�HQHUJ�IDYRXUDEOH�FRPSDUHG�WR
WKH� FRQWUDFWLRQ� RI� WKH� FKDLQ� VHJPHQWV��7KH

)LJ�����6SHFWUD�RI�DPSKL�3,&�-�DJJUHJDWHV�OX�
PLQHVFHQFH� DW� GLIIHUHQW� WHPSHUDWXUH� �IURP
7� ����.�XS�WR�7� �����.���$UURZV�VKRZ�GL�
UHFWLRQ� RI� EDQG� LQWHQVLW\� FKDQJLQJ� DW� WKH
WHPSHUDWXUH�JURZWK�

)LJ����� /XPLQHVFHQFH� GHFD\� FXUYHV� IRU� -&��
-�DJJUHJDWHV�LQ�WKH�DEVHQFH�����DQG�WKH�SUHV�
HQFH�����RI�&3%�����WKH�LQVWUXPHQW�IXQFWLRQ�
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DOWHUQDWH�VLJQ� GLVSODFHPHQWV� RI� PROHFXOHV
QXPEHUHG� LQ� WKH� FKDLQ� E\� VXEVFULSW�Q�� FDQ
EH�ZULWWHQ�GRZQ�LQ�WKH�IRUP�GQ� ��Ü��QX�QD��ZKHUH�X�[�� LV� D� IXQFWLRQ� VORZO\� YDU\LQJ� RQ
WKH� GLVWDQFH� OH[� �[� LV� D� FRRUGLQDWH� FRXQWHGDORQJ� WKH� FKDLQ��� 6LQFH� WKH� SRVLWLYH� DQG
QHJDWLYH� GLUHFWLRQV� RI� WUDQVYHUVH� GLVSODFH�
PHQWV�DUH�SK\VLFDOO\�HTXLYDOHQW��WKH�(/,�HQ�
HUJ\�ZLOO�QRW�FKDQJH�ZKHQ�WKH�IXQFWLRQ�X�[�
FKDQJHV� LWV� VLJQ��+HQFH��WKH�X�[��Û�H[SDQ�
VLRQ� RI� WKH� (/,� HQHUJ\� VWDUWV� ZLWK� X�[��
LWHP� LQVWHDG� RI� JHQHUDOO\� DFFHSWHG� OLQHDU
RQH�� 7KH� WRWDO� HQHUJ\� RI� WKH� FKURPRSKRUH
FKDLQV�FRQWDLQLQJ�DQ�H[FLWRQ�LV�

HWRW� �³^
�

D���1GHO
��PHII�������G\�[��e�G[����

��&���X�[�����\�[�����������.���X�[��������`�

���

7KH�UHODWLRQ�����VKRZV�WKDW�D�VHOI�WUDSSHG
VWDWH� FDQ� H[LVW� XQGHU� WKH� FRQGLWLRQ
\�[���&�!�.��ZKLFK�FRXOG�EH�PHW�LQ�WKH�FDVH
RI� D� ODUJH� H[FLWRQ� GHQVLW\� \�[��� RU� RI� D
VWURQJ�(/,�GHVFULEHG�E\�D�ODUJH�FRQVWDQW�&�
%RWK� FKDUDFWHULVWLFV�\�[��� DQG�&� �DFFRUGLQJ
WR�'UDEROG�>�����@��WHQG�WR�LQFUHDVH�DW�VPDOO
1GHO�� WKDW�PDNHV�1GHO� WR� EH� WKH�PDLQ�GULYHSDUDPHWHU� WR� FRQWURO� WKH�SRODURQ� IRUPDWLRQ
LQ�-�DJJUHJDWHV�SRO\PHWKLQH�G\HV��

���&RQFOXVLRQV�
7KH� VWURQJ� (/,� �J�t���� LV� VKRZQ� WR� EH

UHDOL]HG� IRU� QXPHURXV� -�DJJUHJDWHV� DQG� WR
FDXVH�WKH�ODFN�RI�-�DJJUHJDWH�OXPLQHVFHQFH�
$W� URRP� WHPSHUDWXUH�� WKH� 676� RI� H[FLWRQV
ZKLFK� LV� IRUPHG� XQGHU� WKH� VWURQJ� (/,� UH�
OD[HV� YLD� D� SKRWRQOHVV� SURFHVV�� 7KH� (/,� LQ
-�DJJUHJDWHV� FRXOG� EH� FKDQJHG� E\� ZD\� RI
1GHO�FRQWURO��

5HIHUHQFHV
� ���$�9�.RORERY�� 3�)RQV��$�,�)UHQNHO� HW� DO���1D�

WXUH�0DW�����������������
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� ���0�&�.OHLQ�� )�+DFKH�� '�5LFFDUG�� &�)O\W]DQLV�

3K\V��5HY��%�������������������
����'�0RELXV��$GY��0DWWHU������������������
����-�$JJUHJDWHV��HG��E\�7�.RED\DVKL��:RUOG�6FL�

HQWLILF� 3XEOLVKLQJ� &R�� 3WH�� /WG�� 6LQJDSRUH�
1HZ�-HUVH\��/RQGRQ��+RQJ�.RQJ��������

����%�,�6KDSLUR��5XVV��&KHP��5HY������������������
����(�:�.QDSS��&KHP��3K\V�����������������
����)�&�6SDQR�� -�5�.XNOLQVNL�� 6�0XNDPHO�� 3K\V�

5HY��/HWW������������������
����-�.QRHVWHU�� 9�0�$JUDQRYLFK�� LQ�� 9�0�$JUD�

QRYLFK��*�)�%DVVDQL���(GV����(OHFWURQLF�([FLWD�
WLRQV� LQ�2UJDQLF�%DVHG�1DQRVWUXFWXUHV��7KLQ
)LOPV� DQG� 1DQRVWUXFWXUHV�� YRO����� (OVHYLHU�
$PVWHUGDP��2[IRUG��������

����3�*�/DJRXGDNLV�� 0�0�GH� 6RX]D�� )�6FKLQGOHU
HW�DO���3K\V��5HY��/HWW���������������������

����,�*�6FKHEO\NLQ��2�<X�6OLXVDUHQNR��/�6�/HSQHY
HW�DO���-��3K\V��&KHP��%�������������������

����6�)UDQN�� 3K�3RQFKDUDO�� =�/�:DQJ�� :�$�GH
+HHU��6FLHQFH�������������������

����6�.RED\DVKL��)�6DVDNL��1RQOLQHDU�2SW���������
�������

����-��%�:DOGQHU��1DQRFRPSXWHUV�DQG�6ZDUP�,Q�
WHOOLJHQFH��:LOH\�,67(��/RQGRQ��������

����0�5HHUV�� 7�6PLWK�� /�&KHQ��%LRFKHPLVWU\�����
������������

����*�<D�*XUDOFKXN�� $�9�6RURNLQ�� ,�.�.DWUXQRY
HW�DO���-��)OXRUHVFHQFH�����������������

����(�,�5DVKED��2SW��6SHNWURVN����������������
����(�,�5DVKED�� LQ�� (�,�5DVKED� �HG���� ([FLWRQV�

1RUWK�+ROODQG� 3XEOLVKLQJ� &RPSDQ\��$PVWHU�
GDP��������

)LJ������D��$PSKL�3,&�G\H�VWUXFWXUH���E��IUDJ�
PHQW� RI� DPSKL�3,&� -�DJJUHJDWH� FKDLQ� �WZR
W\SHV�RI�PRQRPHU�GLVSODFHPHQWV�DUH�VKRZQ��
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����(�2�3RWPD�� '�$�:LHUVPD�� -��&KHP��3K\V��
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����<X�9�0DO\XNLQ�� 9�3�6HPLQR]KHQNR�� 2�*�7RY�
PDFKHQNR��=K��(NVS��7HRU��)L]������������������

����*�6�.DWULFK�� .�.HPQLW]�� <X�9�0DO\XNLQ�
$�0�5DWQHU��-��/XPLQHVFHQFH����������������

����<X�0DO\XNLQ�� 3K\V��6WDW��6RO���F��� ��� ����
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����$�<DPDJXFKL��1�.RPHWDQL��<�<RQH]DZD��7KLQ
6ROLG�)LOPV������������������

����3�0XNHUMHH��.�-�0\VHOV��&ULWLFDO�0LFHOOH�&RQ�
FHQWUDWLRQV� RI� $TXHRXV� 6XUIDFWDQW� 6\VWHPV�
86�'HSDUWPHQW�RI�&RPPHUFH��86�*RYHUQPHQW
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