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���,QWURGXFWLRQ�
1RZDGD\V� R[LGH� VFLQWLOODWLRQ� PDWHULDOV

DUH� FRQVLGHUHG� DV� SURPLVLQJ� PDWHULDOV� IRU
GLJLWDO� PHGLFDO� LPDJLQJ� DQG� UDGLRJUDSK\
>�@��7UDGLWLRQDOO\��&V,�7O��%L�*H�2����&G:2�LQ� WKH� VLQJOH� FU\VWDOOLQH� IRUP� DUH� XVHG� WR
FRQYHUW�;�UD\V� LQWR� YLVLEOH� OLJKW��+RZHYHU�
PDVV� IDEULFDWLRQ� RI� EXON�PDWHULDOV� UHTXLUHV
KLJK�HQHUJ\�DQG�PDWHULDO�FRQVXPSWLRQ�GXU�
LQJ�FU\VWDO�JURZWK�DQG�PDFKLQLQJ�SURFHVVHV�
DQG�LV�YHU\�H[SHQVLYH��'XULQJ�ODVW�WZR�GHF�
DGHV� RSWLFDO� FHUDPLFV�ZDV� LQWURGXFHG� DV� DQ
DOWHUQDWLYH� IRU� VLQJOH� FU\VWDOOLQH� ;�UD\� GH�
WHFWRUV�>�@��7KH�PRGHUQ�WHFKQRORJ\�RI�WUDQV�
SDUHQW� FHUDPLFV� SURGXFWLRQ� UHSUHVHQWV� D
PXOWLVWDJH�SURFHVV�WKDW�GHPDQGV�XWLOL]DWLRQ
RI� VSHFLDO� KRW� SUHVVLQJ� HTXLSPHQW� >�@�� 3UR�
GXFWLRQ�RI�ODUJH�DUHD�FHUDPLFV�RI�KLJK�RSWL�
FDO�TXDOLW\�LV�D�VLJQLILFDQW�FKDOOHQJH��0RUH�
RYHU��WR�LPSURYH�FRQWUDVW�DQG�VSDWLDO�UHVROX�
WLRQ� WUDQVSDUHQW� FHUDPLFV� VKRXOG� EH
SL[LODWHG� LQWR� DUUD\V� RI� SL[HOV� >�@�� DQG� UH�

VXOWLQJ� UHVROXWLRQ� RI� VFLQWLOODWLRQ� FHUDPLFV
ZLOO� EH� OLPLWHG� DPRQJ� RWKHU� IDFWRUV� E\� WKH
SL[HO�VL]H��W\SLFDOO\�WHQV�RI�PLFURQV��

6FLQWLOODWLRQ� SRZGHUHG� VFUHHQV� DQG� WKLQ
VFLQWLOODWLQJ�ILOPV�DUH�DQRWKHU�FODVV�RI�PDWH�
ULDOV� IRU� GHWHFWLRQ� RI�;�UD\V�� )RU� H[DPSOH�
PLFURQ� VL]HG�*G�2�6�7E��� �*26�7E���� SRZ�GHUV� DUH� ZLGHO\� XVHG� IRU� KLJKO\� HIILFLHQW
;�UD\�VFUHHQV�IRU�PHGLFDO�GLDJQRVWLFV�>����@�
(XURSLXP� GRSHG� OXWHWLXP� R[LGH� /X�2��(X��LV� D� QHZ� R[LGH� LQRUJDQLF� VFLQWLOODWRU� ZKLFK
ZDV� LQWURGXFHG�DV�RQH�RI� WKH�PRVW�SHUVSHF�
WLYH�PDWHULDO�IRU�;�UD\�GHWHFWRUV�GXH�WR�H[�
FHOOHQW�VFLQWLOODWLRQ�SURSHUWLHV��FKHPLFDO�VWD�
ELOLW\� DV�ZHOO� DV�KLJK� OLJKW� FRQYHUVLRQ� HIIL�
FLHQF\� �DSSUR[LPDWHO\� ��� �� RI� &V,�7O�� >�@�
KLJK� GHQVLW\� ����� J�VP��� DQG� HIIHFWLYH
DWRPLF�QXPEHU�=HII� ����>����@��6KDUS�HPLV�VLRQ�LQ�WKH�UHG�UHJLRQ�RI�WKH�VSHFWUXP��ZLWK
D�PD[LPXP� DW� a���� QP�� DOORZV� RQH� WR� XVH
/X�2��(X��� VFUHHQV� LQ� FRPELQDWLRQ� ZLWK� D±6L�+� DQG� &&'� DUUD\V�� /X�2��(X��� VFLQWLOOD�WLRQ� ILOPV� ZDV� SUHSDUHG� E\� GLIIHUHQW� WHFK�
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QLTXHV� >����@�� /DUJH� DUHD� VFUHHQV� EDVHG� RQ
PLFURQ� VL]HG� /X�2��(X��� SRZGHUV� SRVVHVV� DOLJKW� \LHOG� FRPSDUDEOH� ZLWK� FRPPHUFLDO
*26�7E���VFUHHQV��EXW�VRPHZKDW�ORZHU�VSD�
WLDO� UHVROXWLRQ� >�@�� ,PSURYHG�VSDWLDO� UHVROX�
WLRQ�RI�VFLQWLOODWLRQ�VFUHHQV�FDQ�EH�DFKLHYHG
ZLWK� VXEPLFURQ� RU� QDQRVL]HG� SRZGHUV�� )RU
H[DPSOH�� QDQR�FU\VWDOOLQH� ILOP� SKRVSKRUV
FDQ�VKRZ�QRW�RQO\�HQKDQFHG�UHVROXWLRQ�>��@�
EXW� DOVR� KLJKHU� GHWHFWLRQ� HIILFLHQF\� FRP�
SDUHG� WR� FRPPHUFLDOO\� DYDLODEOH� SKRVSKRUV
ZLWK� ODUJHU� SDUWLFOH� VL]H�ZKHQ� WKH\� DUH� H[�
SRVHG�E\�VRIW�;�UD\V� >��@��ZKDW�LV�YHU\�LP�
SRUWDQW�IRU�;�UD\�PLFURVFRS\�DQG�RWKHU�DSSOL�
FDWLRQV�WKDW�UHTXLUH�VXEPLFURQ�UHVROXWLRQ�

7R�REWDLQ� WKLQ� ILOPV�RU� FRDWLQJV�RI�KLJK
RSWLFDO�TXDOLW\�ZLWK�VXEPLFURQ�VSDWLDO�UHVR�
OXWLRQ�� WKH� XQLIRUP� WKLFNQHVV� RI� SKRVSKRU
DFURVV� WKH�VXUIDFH� RI� WKH� ILOP� LV�QHFHVVDU\�
7KH� VWUXFWXUH� RI� WKH� OD\HU� VKRXOG� DOVR� EH
VPRRWK�DQG�IUHH�IURP�SRUHV�DQG�FUDFNV�>���
��@�� 6RO�JHO� WHFKQRORJ\� LV� RQH� RI� WKH� PRVW
SURPLVLQJ�DSSURDFK�WR�REWDLQ�KRPRJHQHRXV�
WUDQVSDUHQW� ILOPV�ZLWK� FRQWUROOHG� WKLFNQHVV
DQG� KRPRJHQHRXV� GLVWULEXWLRQ� RI� DFWLYDWRU
LQ� WKH� SKRVSKRU� ODWWLFH� >������@��0RUHRYHU�
WKLV�WHFKQRORJ\�UHTXLUHV�PXFK�ORZHU�V\QWKH�
VLV�WHPSHUDWXUHV�FRPSDUHG�WR�FODVVLFDO�VROLG�
SKDVH�PHWKRG�>��@��7KH�DLP�RI�WKLV�VWXG\�LV
WR�REWDLQ�DQG�FKDUDFWHUL]H�/X�2��(X���PRQR�OD\HU� ILOPV� ZLWK� VXEPLFURQ� WKLFNQHVV� E\
VLPSOH�VSLQ�FRDWLQJ�WHFKQLTXH��

���([SHULPHQWDO
/XWHWLXP� QLWUDWH�� HXURSLXP� QLWUDWH

�&�(X���� ��� DW�� ��� DQG� FLWULF� DFLG� ZHUH
XVHG� DV� VWDUWLQJ� UHDJHQWV� LQ� VRO�JHO� SURFHVV
>�����@�� 6WRLFKLRPHWULF� DPRXQWV� RI� QLWUDWHV
ZHUH�GLVVROYHG�LQ���PHWKR[\HWKDQRO�ZLWK�DG�
GLWLRQ�RI�FLWULF�DFLG��5DWLR�RI�PHWDO�FDWLRQV
WR� WKH� FLWULF� DFLG� DQLRQV� �0H���&LWÜ�� ZDV
����� $IWHU� FRPSOHWH� GLVVROXWLRQ� RI� WKH� SUH�
FXUVRU�� IRUPDOGHK\GH� ZDV� DGGHG� DV� D� GU\�
LQJ�FRQWURO� FKHPLFDO� DGGLWLYH� �'&&$�� �E\
����RI�WKH�WRWDO�VROXWLRQ�YROXPH���7R�REWDLQ
/X�2��(X��� PRQROD\HU� ILOPV� WKH� VDSSKLUHVXEVWUDWH�ZDV� FRDWHG� E\� ����PO� RI� WKH� SUH�
SDUHG� VXVSHQVLRQ� XVLQJ� VSLQ�FRDWLQJ
PHWKRG�� 7KH� FRQFHQWUDWLRQ� RI� UDUH�HDUWK
LRQV�LQ�WKH�VROXWLRQ�ZDV����Ü����PRO�O��7KH
VXEVWUDWH�URWDWLRQ�VSHHG�ZDV������USP��7KH
SUHFXUVRUV� GHSRVLWHG� RQ� WKH� VDSSKLUH� VXE�
VWUDWH�ZHUH�DQQHDOHG�LQ�DLU�LQ�WKH�7� ����Ü
�����&� WHPSHUDWXUH� UDQJH� IRU� �� KRXUV� LQ
RUGHU� WR� IRUP� FU\VWDOOLQH� ILOPV�� :H� XVHG
VDSSKLUH� DV� D� VXEVWUDWH� GXH� WR� LWV� XQLTXH
SURSHUWLHV� �KLJK� WHPSHUDWXUH� UHVLVWDQFH�
WRXJKQHVV�� FKHPLFDO� UHVLVWDQFH� DQG� KLJK
WUDQVSDUHQF\� LQ� D� ZLGH� VSHFWUXP� UDQJH�

>��@�� ,Q� DGGLWLRQ�� JRRG� PDWFKLQJ� RI� R[LGHV
ODWWLFHV�ZLOO�PLQLPL]H�WKHUPDO� VWUHVVHV�GXU�
LQJ�ILOP�IRUPDWLRQ�

7KH�PRUSKRORJ\�RI�ILOPV�ZDV�DQDO\]HG�E\
PHDQV� RI� VFDQQLQJ� HOHFWURQ� PLFURVFRS\
�6(0�� ZLWK� D� -60�����/9� �-(2/�� -DSDQ�
DQG�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0�
XVLQJ�(0������6HOPL��8NUDLQH��RSHUDWLQJ�DW
DFFHOHUDWLQJ� YROWDJH� RI� ���� N9�� 7KH� ILOPV
WKLFNQHVVHV�ZHUH�GHWHUPLQHG� IURP� WKH�6(0
GDWD�� $WRPLF� IRUFH� PLFURVFRSH� �$)0�
6ROYHU352�ZDV�XVHG�WR�H[DPLQH�WKH�VPRRWK�
QHVV� RI� WKH� ILOPV�� ([FLWDWLRQ� DQG� OXPLQHV�
FHQFH� VSHFWUD� LQ� WKH� UDQJH� ���Ü���� QP
ZHUH� GHWHUPLQHG� XVLQJ� D� FRPELQHG� IOXRUHV�
FHQFH� VSHFWURPHWHU� )/6� ���� ZLWK� D� WLPH
UHVROXWLRQ��

���5HVXOWV�DQG�GLVFXVVLRQV
7R� REWDLQ� WKLQ�� KRPRJHQHRXV� DQG� WUDQV�

SDUHQW� ILOPV��ZH�XVHG� VXVSHQVLRQV� REWDLQHG
E\� VRO�JHO� WHFKQLTXH�� 7KH� /X�2��(X��� ILOPVZHUH�IRUPHG�RQ�VDSSKLUH�VXEVWUDWHV�E\�VSLQ�
FRDWLQJ� WHFKQLTXH�� 6RO�JHO� PHWKRG� SURYLGHV
D�KLJK� GHJUHH� RI�KRPRJHQL]DWLRQ�RI� WKH� LQ�
LWLDO� FRPSRQHQWV�GXH� WR� WKH�FRPSOHWH�GLVVR�
OXWLRQ� RI� SUHFXUVRUV� LQ� WKH� VWDUWLQJ� VROX�
WLRQ��&UDFN�DQG�SRUH�IRUPDWLRQ�GXULQJ�GU\�
LQJ� SURFHVV� LV� RQH� RI� WKH� PRVW� VHULRXV
SUREOHPV� LQ� VRO�JHO�SURFHVVLQJ�RI� WKLQ�ILOP�
7KH�SRUH�VL]H�DQG�OLTXLG�YDSRU�SUHVVXUH�FDQ
EH�FRQWUROOHG�E\�DGGLQJ�'&&$�WR�WKH�PL[HG
PHWDO�DONR[LGH� VROXWLRQ�� (WK\OHQH� JO\FRO
�+2&+�&+�2+��DQG�IRUPDOGHK\GH�DUH�RIWHQXVHG�DV�'&&$�>��@��)XUWKHUPRUH�� WR�REWDLQ
WUDQVSDUHQW� XQLIRUP� ILOPV� WKH� RUGHU� RI� UH�
DJHQWV� DGGLQJ� LQWR� VXVSHQVLRQ� LV� H[WUHPHO\
LPSRUWDQW��'LUHFW�PL[LQJ� RI� VWDUWLQJ�PDWH�
ULDOV� �QLWUDWHV�� FLWULF� DFLG� DQG� '&&$�� ZLWK
WKH�VROYHQW�UHVXOWV�LQ�WKH�UDSLG�IRUPDWLRQ�RI
PRQROLWKLF�JHO�� �$Q� LQFUHDVH� LQ� WKH� V\QWKH�
VLV� WLPH� OHDGV� WR� JHO� VROLGLILFDWLRQ�� ,Q� WKLV
UHJDUG��'&&$��IRUPDOGHK\GH��ZDV�DGGHG�GL�
UHFWO\� LQWR� WKH� VRO� DIWHU� VHYHUDO� KRXUV� RI
PL[LQJ� RI� WKH� PDLQ� FRPSRQHQWV�� )LJXUH� �
VKRZV� WKH� HIIHFW� RI� '&&$� DGGLWLRQ� RQ� WKH
PRUSKRORJ\� RI� WKH� VXUIDFHV� RI� /X�2��(X��ILOPV�� $V� FDQ� EH� VHHQ�� WKH� ILOPV� REWDLQHG
ZLWKRXW� '&&$� DUH� SRURXV� �)LJ���D��� ZKLOH
WKH� DGGLWLRQ� RI� '&&$� SURPRWHV� IRUPDWLRQ
RI� D� KRPRJHQHRXV� FUDFN�IUHH� DQG� SRUH�IUHH
ILOPV��)LJ���E��

&RQFHQWUDWLRQ�RI�UDUH�HDUWK�LRQV�LQ�VROX�
WLRQ�ZKLFK� GHWHUPLQH� WKH� VROXWLRQ�YLVFRVLW\
LV�RQH�RI�WKH�PDLQ�SDUDPHWHUV�DIIHFWLQJ�WKH
XQLIRUPLW\� RI� WKH� ILOP��+LJK� FRQFHQWUDWLRQ
RI� WKH� UDUH� HDUWK� LRQV� LQ� VROXWLRQ� �&� 
����PRO�O�� OHDGV� WR� WKH� IRUPDWLRQ�RI� FUDFNV
�)LJ���D���7KLV�LV�GXH�WR�WKH�SUHVHQFH�RI�WZR
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OLTXLGV� RI� GLIIHUHQW� QDWXUH� LQ� WKH� UHDFWLRQ
V\VWHP�� 7KHVH� OLTXLGV� LQFUHDVH� WKH� VXUIDFH
WHQVLRQ� RI� WKH� VROYHQW� ���PHWKR[\HWKDQRO�
DQG�� FRQVHTXHQWO\�� LQFUHDVH� WKH� FDSLOODU\
IRUFHV� GXULQJ� GU\LQJ�� 'HFUHDVH� WKH� UDUH
HDUWK� LRQV� FRQFHQWUDWLRQ� XS� WR� &� 
����PRO�O� DQG�PRUH� �DFFRPSDQ\LQJ� E\� VXE�
VHTXHQW�VROXWLRQ�YLVFRVLW\�GHFUHDVH��OHDGV�WR
IRUPDWLRQ�RI�D�KRPRJHQHRXV�ILOPV��)LJ���E��
8WLOL]DWLRQ� RI� OHVV� FRQFHQWUDWHG� VROXWLRQV
OHDGV� WR� WKH� IRUPDWLRQ� RI� WKLQQHU� ILOPV� LQ
ZKLFK� VRPH� SRUHV� RI� �Ü��PP� DUH� SUHVHQWHG
DIWHU�DQQHDOLQJ��7KH�SRUHV�IRUPDWLRQ�FDQ�EH
FDXVHG�E\�VXUIDFH�KHWHURJHQHLW\�RI�WKH�VXE�
VWUDWH� GXH� WR� IDXOW\� SROLVKLQJ� RI� VXEVWUDWH
RU� QRQ�XQLIRUP� GU\LQJ� RI� WKH� ILOP� GXULQJ
GHSRVLWLRQ��+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW
GHSRVLWLRQ� RI� WKH� VDPH� DPRXQW� RI� VROXWLRQ
ZLWK� GLIIHUHQW� UDUH� HDUWK� LRQV� FRQFHQWUD�
WLRQV� DIIHFWV� WKH� WKLFNQHVV� RI� UHVXOWLQJ
ILOPV��7KH�ILOP�WKLFNQHVV�ZDV�GHWHUPLQHG�E\
VFDQQLQJ�HOHFWURQ�PLFURVFRS\��7KH�WKLFNQHVV
RI�WKH�PRQROD\HU�/X�2��(X���VRO�JHO�ILOP�GH�SHQGV�RQ�FRQFHQWUDWLRQ�RI�UDUH�HDUWK�LRQV�LQ
VROXWLRQ�DQG�KDV�D�YDOXH�LQ�WKH����Ü����QP
UDQJH��)LJ���E��LQVHW���

)LJ���D� VKRZ� DSSHDUDQFH� RI� /X�2��(X��VRO�JHO� ILOP�� 7KH� ILOP�ZDV� WUDQVSDUHQW�� WKH
PHDVXUHG� LQ�OLQH� DEVRUSWLRQ� FRHIILFLHQW�ZDV
KLJKHU�WKDQ������LQ�WKH�YLVLEOH�ZDYHOHQJWK
UDQJH��7KH�KLJK�WUDQVSDUHQF\�LV�YHU\�IDYRU�
DEOH� IRU� DFKLHYLQJ� KLJK� OXPLQHVFHQFH� \LHOG
DQG� KRPRJHQRXV� GLVWULEXWLRQ� RI� WKH� OXPL�
QHVFHQFH� RYHU� WKH� ILOP� VXUIDFH�� 7KH� $)0
LPDJH� RI� /X�2��(X��� VRO�JHO� ILOP� �)LJ���E�GHPRQVWUDWHV� SUDFWLFDOO\� LGHDO� VPRRWK� ILOP
WRSRORJ\� IRU� WKH� VDPSOH� DQQHDOHG� DW�����&�
7KLV�DOORZV�RQH� WR�FRQVLGHU� VRO�JHO� ILOPV�DV
SURPLVLQJ�PDWHULDOV�IRU�PRGHUQ�;�UD\V�GLJL�
WDO� LPDJLQJ� DQG� UDGLRJUDSK\� ZLWK� VXEPL�
FURQ�UHVROXWLRQ�

7KH�PLFURVWUXFWXUH�RI�/X�2��(X���VRO�JHOILOP�ZDV�VWXGLHG�E\�7(0��)LJ���� VKRZV� WKH
IUDJPHQW� RI� /X�2��(X��� ILOP� VFUDSHG� DZD\IURP� WKH� VDSSKLUH� VXEVWUDWH�� 7KH� ILOP� FRQ�
VLVWV� RI� QHDU� PRQRGLVSHUVHG� FORVH�SDFNHG
QDQRFU\VWDOOLWHV� ZLWK� DYHUDJH� VL]H� RI� ��Ü
���QP��:H�KDYH�QRW�PHDVXUHG�WKH�ILOP�GHQ�
VLW\��KRZHYHU�W\SLFDO�UHODWLYHO\�GHQVLWLHV�IRU
VRO�JHO�ILOP�OLH�ZLWKLQ���Ü�����UDQJH�IURP
WKH�WKHRUHWLFDO�YDOXH�>������@��6RPH�UHVLGXDO
SRUHV� RI� �� QP� LQ� GLDPHWHU� ZHUH� REVHUYHG

)LJ�����6(0�LPDJHV�RI�/X�2��(X���VRO�JHO�ILOP�SUHSDUHG�ZLWKRXW�'&&$��D��DQG�ZLWK�'&&$��E��DQGDQQHDOHG�DW�7� �����&�IRU���K�

)LJ�����6(0�LPDJHV�RI�/X�2��(X���VRO�JHO�ILOPV�REWDLQHG�IURP�VROXWLRQ�FRQWDLQLQJ�GLIIHUHQW�FRQFHQ�WUDWLRQV�RI�UDUH�HDUWK�LRQV��&� �����PRO�O��D���&� �����PRO�O��E��DQG�&� �����PRO�O��F���7KH�LQVHW�LQ
)LJ���E�VKRZV�WKH�FURVV�VHFWLRQ�RI�/X�2��(X���ILOP�
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EHWZHHQ� WKH� QDQRFULVWDOOLWHV�� ([WUHPHO\
VPDOO� VL]H� RI� UHVLGXDO� SRUHV� �PXFK� VPDOOHU
WKDQ�WKH�YLVLEOH� OLJKW�ZDYHOHQJWK�� LV�RQH�RI
WKH� PDLQ� IDFWRUV� JRYHUQLQJ� WKH� RSWLFDO
WUDQVSDUHQF\�RI� WKH�REWDLQHG� ILOPV��)RU�H[�
DPSOH�� VRPH� QDQRVWUXFWXUHG� FHUDPLFV� ZLWK
SRUH� VL]H� VPDOOHU� WKDQ� ��� QP� DOVR� SRVVHVV

RSWLFDO� WUDQVSDUHQF\� >������@�� 7KH� VHOHFWHG
DUHD� GLIIUDFWLRQ� SDWWHUQ� LQ� )LJ���E� YHULILHV
WKH� SRO\FU\VWDOOLQH� VWUXFWXUH� RI� /X�2��(X��VRO�JHO�ILOP��

7KH� SKRWROXPLQHVFHQFH� VSHFWUXP� RI� VLQ�
JOH�OD\HU� /X�2��(X��� ��� DW����� VRO�JHO� ILOP
FRQVLVWV� RI� JURXS� RI� OLQHV� FRUUHVSRQGLQJ� WR
�'�o�)-��-� ��Ü���WUDQVLWLRQV�LQ�(X���LRQV�7KLV�FRQILUPV�WKDW�DFWLYDWRU�LRQV�HQWHU�LQWR
FU\VWDO� ODWWLFH� RI� OXWHWLXP�R[LGH� LQ� WKH� WUL�
YDOHQW� VWDWH� �)LJ������ 7KH� OXPLQHVFHQFH
PD[LPXP� REVHUYHG� DW� O� ����� QP� FRUUH�
VSRQGV� WR� �'�o�)�� HOHFWULF� GLSROH� WUDQVL�WLRQV� LQ� HXURSLXP� LRQV�� 7KH� SKRWROXPLQHV�
FHQFH� H[FLWDWLRQ� VSHFWUXP� IRU� WKH� HPLVVLRQ
OLQH� DW� O� ����� QP� LV� SUHVHQWHG� E\� D� ZLGH
EDQG�ZLWK�D�PD[LPXP�DW�������QP�DQG�OHVV
LQWHQVH� DQG� OHVV� SURQRXQFHG� EDQG� LQ� WKH
���Ü����QP�ZDYHOHQJWK� UDQJH��7KH� H[FLWD�
WLRQ�EDQG�SODFHG�DW�������QP�FRUUHVSRQGV�WR
EDQG�WR�EDQG� H[FLWDWLRQ� RI� LPSXULW\� OXPL�
QHVFHQFH�� EHFDXVH� WKH� IXQGDPHQWDO� DEVRUS�
WLRQ� RI� /X�2�� VWDUWV� DW� ���� H9� ����� QP�>��@�� 7KH� H[FLWDWLRQ� EDQG� DW� ���Ü���� QP
ZDYHOHQJWK�UDQJH�LV�(X��±2�±�FKDUJH�WUDQV�
IHU� EDQG�� 7KH� KLJK� H[FLWDWLRQ� HIILFLHQF\� RI
LPSXULW\� OXPLQHVFHQFH� RI� /X�2��(X��� ILOPVLV�D�FRQVHTXHQFH�RI�HIILFLHQW�HQHUJ\�WUDQVIHU
SURFHVVHV� IURP� ODWWLFH� WR� OXPLQHVFHQFH� FHQ�
WHUV� �HXURSLXP�LRQV��YLD�KROH�UHFRPELQDWLRQ
PHFKDQLVP� >��@�� /X�2��(X��� LQ� WKH� QDQR�FU\VWDOOLQH�IRUP�LV�NQRZQ�DV�D�PDWHULDO�WKDW
SRVVHVVHV�PXOWLSOLFDWLRQ�RI�HOHFWURQLF�H[FLWD�
WLRQV��7KH�SKRWRQLF�PXOWLSOLFDWLRQ� VWDUWV� DW
WKH�HQHUJLHV�RI��Ü��(J�GXH�WR�JHQHUDWLRQ�RIVHFRQGDU\� HOHFWURQ�KROH� SDLUV� E\� KRW� FDUUL�
HUV�� 7KLV� OHDGV� WR� LQFUHDVH� RI� OXPLQHVFHQFH
\LHOG� RI� (X���FHQWHUV� >��@�� 7KH� PXOWLSOLFD�

)LJ�����7KH�PLFURVWUXFWXUH��D��DQG�6$('�SDWWHUQ��E��RI�/X�2��(X���ILOP�DQQHDOHG�DW�7� �����&�

)LJ����� $V�SUHSDUHG� PRQROD\HU� /X�2��(X��VRO�JHO�ILOP�DQQHDOHG�DW�7� �����&�IRU���K��D�
DQG�$)0�LPDJH�RI�WKH�ILOP�VXUIDFH��E���
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WLRQ� RI� HOHFWURQLF� H[FLWDWLRQ� LQ� /X�2��(X��QDQRFU\VWDOV�LQ�WKH�KQ�!����H9�HQHUJ\�UDQJH
LV�RQH�RI�WKH�UHDVRQV�IRU�WKHLU�XVH�DV�HIIHF�
WLYH� VFLQWLOODWRUV� RU� SKRVSKRUV� ZLWK� TXDQ�
WXP�\LHOGV�KLJKHU�WKDQ���

7KH� OXPLQHVFHQFH� VSHFWUXP� RI� HXURSLXP
LRQV� LQ� /X�2��(X��� VRO�JHO� ILOPV� LV� DOPRVWWKH�VDPH�DV�IRU�WKH�EXON�PDWHULDO�>��@��+RZ�
HYHU�� WKH� OXPLQHVFHQFH� \LHOG� VWURQJO\� GH�
SHQGV� RQ� WKH� VL]H� RI� FU\VWDOOLWHV�� HVSHFLDOO\
XQGHU�KLJK�HQHUJ\�H[FLWDWLRQ��7KLV�LV�GXH�WR
VLJQLILFDQW�FRQWULEXWLRQ�RI�VXUIDFH�VWDWHV�WR
WKH� UHOD[DWLRQ� RI� KLJK� HQHUJ\� H[FLWDWLRQ� LQ
QDQRFU\VWDOOLQH� SKRVSKRUV� DQG� ILOPV�� 7KH
SHUWXUEHG�VXUIDFH�VWDWHV�DUH�UHVSRQVLEOH�IRU
FUHDWLRQ� RI� D� �GHDG�� VXUIDFH� OD\HU� ZKLFK
OHDGV� WR�QRQ�UDGLDWLYH� ORVVHV�RQ� WKH� VXUIDFH
GHIHFWV� DQG� WR� D� GHFUHDVH� LQ� OXPLQHVFHQFH
TXDQWXP� HIILFLHQF\� >��@�� )LJ���� VKRZV� QRU�
PDOL]HG� SKRWROXPLQHVFHQFH� \LHOG� RI
/X�2��(X��� VRO�JHO� ILOPV� YV�� DQQHDOLQJ� WHP�SHUDWXUH�� 7KH� WHPSHUDWXUH� LQFUHDVH� LV� DF�
FRPSDQLHG� E\� SKRWROXPLQHVFHQFH� LQWHQVLW\
ULVH� ZKLFK� LV� SUREDEO\� FRQQHFWHG� ZLWK� LQ�
FUHDVH� RI� DYHUDJH� VL]H� RI� QDQRFU\VWDOOLWHV�
+RZHYHU�� UHDFKLQJ� WKH� WHPSHUDWXUH� RI
�����&� OHDGV� WR� GHJUDGDWLRQ� RI� SKRWROXPL�
QHVFHQFH�\LHOG��

7KLV� IDFW� LV� SUREDEO\� FRQQHFWHG�ZLWK� LQ�
WHQVLILFDWLRQ�RI�GLIIXVH�PDVV�WUDQVSRUW�SURF�
HVVHV�� UHVXOWLQJ� LQ� IRUPDWLRQ� RI� QRQ�XQL�
IRUP� E\� WKH� FRPSRVLWLRQ� �/X�±[(X[��2�SKDVH�ZLWK�(X���LRQV�FRQFHQWUDWLRQ�JUDGLHQW
LQVLGH� WKH� LQGLYLGXDO� QDQRFU\VWDOOLWH�� DV� LW
ZDV� UHFHQWO\� VKRZQ� IRU� 6L2���/X�±[(X[��2�FRUH�VKHOO�KHWHURVWUXFWXUHV�>��@��$V�D�UHVXOW�
OXPLQHVFHQFH� RI� HXURSLXP� LRQV� ZKLFK� KDYH
PLJUDWHG� WR� WKH� FU\VWDOOLWH� VXUIDFH� ZLOO� EH

TXHQFKHG�� WKXV� OHDGLQJ� WR� GHFUHDVH� RI� SKR�
WROXPLQHVFHQFH� LQWHQVLW\� RI� ILOPV� DQQHDOHG
DW������&��7KH�GHJUDGDWLRQ�RI�OXPLQHVFHQFH
\LHOG� ZLWK� DQQHDOLQJ� WHPSHUDWXUH� ZDV� UH�
FHQWO\�REVHUYHG�IRU�<�2��(X���ILOPV�>��@��,WVKRXOG� EH� QRWHG� WKDW� SKRWROXPLQHVFHQFH
VSHFWUD� RI� /X�2��(X��� VRO�JHO� ILOPV� UHPDLQWKH� VDPH� HYHQ� IRU� WKH� DQQHDOLQJ� WHPSHUD�
WXUH�RI������&�LQGLFDWLQJ�QR�VROLG�SKDVH�LQ�
WHUDFWLRQ� RQ� WKH� �VDSSKLUH� VXEVWUDWH� Û
�/X�±[(X[��2�� QDQRFU\VWDOOLQH� ILOP�� LQWHU�IDFH��

���&RQFOXVLRQV
+RPRJHQHRXV� VLQJOH�OD\HU� /X�2��(X����� DW�� ��� ILOPV� ZLWK� VXEPLFURQ� WKLFNQHVV

KDYH� EHHQ� REWDLQHG� E\� VRO�JHO� SURFHVV�� 7KH
SK\VLFR�FKHPLFDO� FRQGLWLRQV� IRU� REWDLQLQJ� D
FUDFN�IUHH� ILOP� E\� VRO�JHO� SURFHVVLQJ� KDV
EHHQ� GHWHUPLQHG� �FRQFHQWUDWLRQ� RI� UDUH
HDUWK�LRQV�LQ�WKH����Ü����PRO�O�UDQJH��DGGL�
WLRQ� RI� '&&$��� 7KH� ILOP� DQQHDOHG� DW� 7� 
����&� FRQVLVW� RI� QHDU� PRQRGLVSHUVH� FORVH�
SDFNHG� QDQRFU\VWDOOLWHV� ZLWK� GLDPHWHU� RI
��Ü��� QP�� 7KH� REWDLQHG� /X�2��(X��� ILOPVDUH� WUDQVSDUHQW� DQG� GHPRQVWUDWH� LGHDO
VPRRWK�VXUIDFH��7KH�GHSHQGHQFH�RI�OXPLQHV�
FHQFH� LQWHQVLW\� RI� /X�2��(X��� ILOP� RQ� DQ�QHDOLQJ� WHPSHUDWXUH� KDV� EHHQ� VWXGLHG�� 7KH
REWDLQHG� UHVXOWV� LQGLFDWH� WKDW� WUDQVSDUHQW
QDQRFU\VWDOOLQH�/X�2��(X��� VRO�JHO� ILOPV�DUHSURPLVLQJ�PDWHULDOV� IRU� KLJK�UHVROXWLRQ� GH�
WHFWRUV�RI�;�UD\V��

7KH� SKRWROXPLQHVFHQFH�PHDVXUHPHQWV� E\
6�$�9DV\XNRY� DUH� JUHDWO\� DFNQRZOHGJHG�
6RPH� RI� WKH� DXWKRUV� �5�3�<DYHWVNL\� DQG
1�9�%DED\HYVND\D�� DUH� JUDWHIXO� IRU� ILQDQ�
FLDO� DVVLVWDQFH� RI� 1$6� RI� 8NUDLQH� WKURXJK
WKH� JUDQW� IRU� \RXQJ� VFLHQWLVWV� XQGHU� FRQ�
WUDFW�1R��$������IURP�-XO\����������

)LJ����� 1RUPDOL]HG� URRP�WHPSHUDWXUH� H[FLWD�
WLRQ� ���� DQG� OXPLQHVFHQFH� ���� VSHFWUD� RI
PRQROD\HU�/X�2��(X���VRO�JHO�ILOP�DQQHDOHG�DW7� �����&�IRU���KRXUV��

)LJ�����(PLVVLRQ�LQWHQVLW\�RI�/X�2��(X���VRO�JHOILOPV�DV�D�IXQFWLRQ�RI�DQQHDOLQJ�WHPSHUDWXUH��
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