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5HFHLYHG�6HSWHPEHU��������
7KH�/X�2��(X������DW�����QDQRSRZGHUV�KDYH�EHHQ�REWDLQHG�E\�SUHFLSLWDWLRQ�IURP�DTXH�

RXV� VROXWLRQ� XVLQJ� DPPRQLXP� K\GURFDUERQDWH� DV� WKH� SUHFLSLWDQW�� 7KH� LQIOXHQFH� RI� WKH
FDOFLQDWLRQ� WHPSHUDWXUH� RQ� WKH� PRUSKRORJ\�� DYHUDJH� SDUWLFOH� VL]H� DQG� VLQWHUDELOLW\� RI
/X�2��(X���SRZGHUV�KDYH�EHHQ�VWXGLHG��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�FDOFLQDWLRQ�WHPSHUDWXUHRI������&�SURYLGHV�WKH�SUHSDUDWLRQ�RI� ORZ�DJJORPHUDWHG�ILQH�SRZGHUV�RI�HXURSLXP�GRSHG
OXWHWLXP� R[LGH� ZLWK� VSKHULFDO� SDUWLFOHV� DQG� KLJK� VXUIDFH� DFWLYLW\� WKDW� FDQ� EH� XVHG� DV� D
VWDUWLQJ�PDWHULDO�IRU�WUDQVSDUHQW�FHUDPLFV�PDQXIDFWXULQJ�
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/XWHWLXP� R[LGH� /X�2�� LV� D� PDWHULDO� RIJRRG�SURPLVHV�IRU�YDULRXV�VSHFWURVFRSLF�DS�
SOLFDWLRQV�GXH�WR�LWV�KLJK�FKHPLFDO�VWDELOLW\�
WUDQVSDUHQF\� LQ� D� ZLGH� ZDYHOHQJWK� UDQJH
DQG� KLJK� LVRPRUSKLF� FDSDFLW\� IRU� GRSLQJ
ZLWK�OXPLQHVFHQW�UDUH�HDUWK�LRQV��)RU�H[DP�
SOH��H[FHOOHQW�WKHUPDO�DQG�PHFKDQLFDO�SURS�
HUWLHV�PDNH�LW�SRVVLEOH�WR�FRQVLGHU�/X�2��DVD� SURPLVLQJ� PDWUL[� IRU� KLJK�SRZHU� VROLG
VWDWH� ODVHUV�� ODVHU� IXVLRQ� GULYHUV�� HWF�� >�@�
/X�2��(X��� LV� D� SURVSHFWLYH� VFLQWLOODWRU� IRUPHGLFDO� LPDJLQJ�� IRU� LQVWDQFH�� IRU� ;�UD\
FRPSXWHU�DLGHG� WRPRJUDSK\� >����@�
/X�2��<E��� KDV� EHHQ� VWXGLHG� DV� D� VFLQWLOOD�WLRQ�PDWHULDO�SRVVHVVLQJ�FKDUJH�WUDQVIHU�OX�
PLQHVFHQFH� LQ� WULYDOHQW� \WWHUELXP� LRQV� >�@�
DQG�/X�2��7E�� DV�DQ�HIIHFWLYH�VWRUDJH�SKRV�SKRU� >�@�� +RZHYHU�� WKH� PDQXIDFWXUH� RI
/X�2�� VLQJOH� FU\VWDOV�PHHWV� VLJQLILFDQW� GLI�ILFXOWLHV� GXH� WR� H[WUHPHO\� KLJK� PHOWLQJ
SRLQW� RI� WKH� FRPSRXQG� ������&��� 7KHUH� LV
RQO\� IHZ� ZRUNV� DLPHG� DW� SURGXFWLRQ� RI
/X�2�� VLQJOH� FU\VWDOV�� EXW� QR� FU\VWDOV� RI

QHFHVVDU\� VL]H� DQG� RSWLFDO� TXDOLW\� ZHUH� RE�
WDLQHG�
5HFHQW� DGYDQFHV� LQ� RSWLFDO� FHUDPLF� SUR�

GXFWLRQ� PDNH� LW� SRVVLEOH� WR� REWDLQ� D� SRO\�
FU\VWDOOLQH� EXON� PDWHULDO�� ZKLFK� KDV� VWUXF�
WXUDO��IXQFWLRQDO�DQG�HFRQRPLFDO�DGYDQWDJHV
RYHU� WKH� FRUUHVSRQGLQJ� VLQJOH� FU\VWDOV�� 6R�
WKH� FHUDPLFV� HQDEOHV� KLJKHU� GRSDQW� FRQFHQ�
WUDWLRQV� ZLWK� FRQWUROOHG� GLVWULEXWLRQ� RYHU
WKH�FHUDPLF�ERG\�YROXPH��UHSURGXFLEOH�RSWL�
FDO� VSHFWUD�� LWV�SURGXFWLRQ�UHTXLUHV�UHGXFHG
JHQHUDO�FRVW�FRPSDUHG�WR�VLQJOH�FU\VWDO�SXOO�
LQJ� E\� FRQYHQWLRQDO�PHWKRGV�� 7KHVH� DGYDQ�
WDJHV� DUH� EDVHG� RQ� XWLOL]DWLRQ� RI� QDQRWHFK�
QRORJ\� DQG� SUHVVXUH�IUHH� YDFXXP� VLQWHULQJ
PHWKRG� >�@�� 7R� SURGXFH� WUDQVSDUHQW� FHUDP�
LFV��WKH�ILQH�QRQ�DJJORPHUDWHG�QDQRSRZGHUV
ZLWK�DYHUDJH�VSKHULFDO�SDUWLFOH�VL]H�RI�DERXW
���� QP� DUH� UHTXLUHG�� 1RZDGD\V�� YDULRXV
ZHW�FKHPLFDO�SURFHVVHV�ZHUH�XVHG�WR�SURGXFH
/X�2��(X���QDQRSRZGHUV��LQFOXGLQJ�WKH�FRP�EXVWLRQ�V\QWKHVLV�>�@��PROWHQ�VDOW�WHFKQLTXH
>�@�� DQG� FR�SUHFLSLWDWLRQ� PHWKRG�� +RZHYHU�
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XWLOL]DWLRQ�RI�FRQYHQWLRQDO�FKHPLFDO�SUHFLSL�
WDWLRQ� WHFKQLTXHV� DOORZV� RQH� WR� SURYLGH
QDQRVL]HG� SRZGHUV� ZLWK� FKDUDFWHULVWLFV� UH�
TXLUHG�WR�SURGXFH�RSWLFDO�FHUDPLFV��-XVW�UH�
FHQWO\� WKH� OLJKW� \LHOG� RI� ������ SKR�
WRQV�0H9� ZDV� DFKLHYHG� ZLWK� /X�2��(X�����DW�����FHUDPLFV�FRQVROLGDWHG�IURP�FR�SUH�
FLSLWDWHG� QDQRSRZGHUV�� 7KHUHIRUH�� WKH� SXU�
SRVH� RI� WKLV� ZRUN� LV� WR� REWDLQ� /X�2��(X��ZHOO�VLQWHUDEOH� QDQRSRZGHUV� IRU� RSWLFDO� FH�
UDPLFV�XVLQJ�FRQYHQWLRQDO�FR�SUHFLSLWDWLRQ�

/X�2��(X��� ��� DW����� QDQRSRZGHUV� ZHUH
REWDLQHG�E\�FR�SUHFLSLWDWLRQ�WHFKQLTXH�XVLQJ
DPPRQLXP� K\GURFDUERQDWH� 1+�+&2��!����� �� SXULW\�� DV� WKH� SUHFLSLWDQW�� 7KH
UHODWLYHO\�ORZ�HXURSLXP�FRQFHQWUDWLRQ����DW����
ZDV�FKRVHQ� WR�H[FOXGH�SRVVLEOH� LQIOXHQFH�RI
WKH� DFWLYDWRU� RQ� VLQWHULQJ� RI� /X�2��(X��SRZGHUV�� $TXHRXV� OXWHWLXP� DQG� HXURSLXP
QLWUDWH� VROXWLRQ�ZDV�SUHSDUHG�E\�GLVVROYLQJ
WKH� FRUUHVSRQGLQJ� R[LGHV� ��������� SXULW\�
LQ�QLWULF�DFLG��7KH�SUHFXUVRU�SUHFLSLWDWH�ZDV
SURGXFHG� E\� DGGLQJ� D� PRWKHU� VROXWLRQ� WR
DPPRQLXP� K\GURFDUERQDWH� �UHYHUVH� VWULNH
PHWKRG�� XQGHU� PLOG� VWLUULQJ� DW� URRP� WHP�
SHUDWXUH��7KH�UHVXOWDQW�VXVSHQVLRQ�ZDV�DJHG
IRU� ��� K�� ILOWHUHG� XVLQJ� VXFWLRQ�� ZDVKHG
WKRURXJKO\�VHYHUDO�WLPHV�E\�GHLRQL]HG�ZDWHU
DQG� HWK\O� DOFRKRO�� DQG� ILQDOO\� GULHG� DW
����&� IRU� ��� K�� 7KHQ�� WKH� SUHFXUVRU� ZDV
FDOFLQHG� DW� ����� ����� ����� DQG� �����&� IRU
�� K� WR� REWDLQ� HXURSLXP� GRSHG� OXWHWLXP
R[LGH��
7KH� ,5�DEVRUSWLRQ�VSHFWUD�ZHUH� REWDLQHG

XVLQJ� D� 6SHFWUXP� 2QH� )7�,5� VSHFWURPHWHU
�3HUNLQ� (OPHU�� ZLWK� .%U� SHOOHWV�� 'LIIHUHQ�
WLDO� WKHUPDO� �'7$�� DQG� WKHUPRJUDYLPHWULF
�7*�� DQDO\VLV� RI� WKH� SUHFXUVRU� ZDV� FDUULHG
RXW� XVLQJ� D� l|l� 4�����'� GHULYDWRJUDSK
�+XQJDU\�� DW� WKH� KHDWLQJ� UDWH� RI� ��&�PLQ
DQG�D�$O�2��DV�D�UHIHUHQFH��7KH�SKDVH�FKDU�DFWHUL]DWLRQ� RI� WKH� SUHFXUVRU� DQG� FDOFLQHG
SRZGHUV� ZDV� SHUIRUPHG� E\� WKH� ;�UD\� GLI�
IUDFWLRQ��;5'��PHWKRG�XVLQJ�D�'521���GLI�
IUDFWRPHWHU� �5XVVLD�� LQ� )H.D� UDGLDWLRQ� LQWKH��4�UDQJH�RI����WR����GHJUHHV��7KH�VSH�
FLILF� VXUIDFH� DUHD�ZDV�PHDVXUHG�XVLQJ�%(7
PHWKRG�ZLWK�KRPH�PDGH�VHWXS��7KH�SRZGHU
PRUSKRORJ\� ZDV� REVHUYHG� E\� WUDQVPLVVLRQ
HOHFWURQ�PLFURVFRS\� �7(0������5XVVLD�� DQG
E\� VFDQQLQJ� HOHFWURQ� PLFURVFRS\� �-60�����
/9��-(2/��-DSDQ���7KH�VLQWHULQJ�RI�QDQRSRZ�
GHUV� ZDV� VWXGLHV� XVLQJ� D�1(7=6&+� ���� p'
GLODWRPHWHU� LQ�WKH����WR������&�WHPSHUDWXUH
UDQJH�LQ�FRQVWDQW�UDWH�KHDWLQJ�PRGH�
7KH�,5�VSHFWUD�RI�SUHFXUVRU�GULHG�DW����&

DQG� RI� /X�2�� SRZGHUV� FDOFLQHG� DW� ���� DQG�����&�IRU���K�DUH�SUHVHQWHG�LQ�)LJ�����7KH
EURDG�DEVRUSWLRQ�EDQG�DW������FPÜ��ZDV�DW�

WULEXWHG� WR� 2±+� VWUHWFKLQJ�� 7KH� ZLGH� DE�
VRUSWLRQ� EDQGV� DW� ����Ü����� DQG� ����Ü
�����FPÜ��ZHUH� DVVLJQHG� WR�&±2� DV\PPHW�
ULF� VWUHWFK� LQ�&2��±�� 7KH� DEVRUSWLRQ� SHDNVDW� ����Ü����� FPÜ�� DQG� ���Ü���� FPÜ�� DS�
SHDULQJ� LQ� WKH� SUHFXUVRU� VDPSOH� DUH� SURE�
DEO\�FRQQHFWHG�ZLWK�VWUHWFKLQJ�DQG�EHQGLQJ
RI�&±2�EDQG�>�@��7KHVH�SHDNV�PD\�HYLGHQFH
WKH�SUHVHQFH�RI�FDUERQDWH�JURXSV�LQ�WKH�SUH�
FXUVRU�� 7KH� SUHFXUVRU� FDOFLQDWLRQ� DW� ���Ü
�����&�UHVXOWV�LQ�OXWHWLXP�R[LGH�IRUPDWLRQ�
7KH� DEVRUSWLRQ� SHDNV� DW� ���� DQG� ���� FPÜ�
LQ� WKH� VSHFWUD� RI� VDPSOH� FDOFLQHG� DW� ����&
DUH� FKDUDFWHULVWLF� SHDNV� UHODWHG� WR� /X±2
VWUHWFKLQJ� >��@�� LQGLFDWLQJ� WKH� FU\VWDO�
OL]DWLRQ� RI� OXWHWLXP�R[LGH�� 6HYHUDO� UHVLGXDO
ZHDN� DEVRUSWLRQ� EDQGV� ZHUH� DWWULEXWHG� WR
+�2� DQG�&2�� DEVRUEHG� DW� WKH� SRZGHU� VXU�IDFH�LQ�DLU�DWPRVSKHUH��7KHLU�DEVRUSWLRQ�LQ�
WHQVLW\�GHFUHDVHV�ZLWK�LQFUHDVLQJ�FDOFLQDWLRQ
WHPSHUDWXUH�
7KH�'7$�7*�WUDFHV�RI�SUHFXUVRU�DIWHU�LWV

GU\LQJ� DW� URRP� WHPSHUDWXUH� DUH� LOOXVWUDWHG
LQ�)LJ�����$�FRQWLQXRXV�VDPSOH�PDVV�ORVV�LV
REVHUYHG� XS� WR� ����&� DQG� DPRXQWV� �����
(QGRWKHUPLF� SHDNV� LQ� WKH� '7$� FXUYH� DW
����&� DQG� LQ� WKH� ���Ü����&� WHPSHUDWXUH
UDQJH� FRUUHVSRQG� WR� UHOHDVH� RI� PROHFXODU
DQG� K\GUDWLRQ� ZDWHU�� DQG� WR� GHFRPSRVLWLRQ
RI� SUHFXUVRU� �ZKLFK� LV� SUREDEO\� OXWHWLXP
FDUERQDWH��� 7KH� OXWHWLXP� R[LGH� IRUPDWLRQ
RFFXUV� DW� D� UHODWLYHO\� ORZ� WHPSHUDWXUH� DQG
LV� RYHU� DW� ����&�� 5HFHQWO\� LW� KDV� EHHQ
VKRZQ�>�@�WKDW�WKH�OXWHWLXP�QLWUDWH�SUHFLSL�
WDWLRQ� ZLWK� PL[HG� SUHFLSLWDQW� �1+�+&2���1+��+�H�� UHVXOWV� LQ� WKH� IRUPDWLRQ� RI� EDVLFOXWHWLXP�FDUERQDWH��7KH�SUHFXUVRU�FRPSRVL�
WLRQ�KDV�QRW�EHHQ�VWXGLHG�LQ�WKLV�ZRUN��KRZ�
HYHU�� )7�,5� VSHFWUD� DQG�'7$�7*� FXUYHV� RI
SUHFLSLWDWHG� SUHFXUVRU� DUH� LQ� D� JRRG� DJUHH�

)LJ�����)7�,5�VSHFWUD�RI�WKH�SUHFLSLWDWHG�SUH�
FXUVRU�����DQG�/X�2��(X������DW�����SRZGHUV�
FDOFLQHG�DW�����&�����DQG������&�����
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PHQW�ZLWK�WKH�GDWD�>�@��)RU�WKLV�UHDVRQ��ZH
VXSSRVH� WKDW� WKH� SUHFXUVRU� FRPSRVLWLRQ� LV
/X�2+�[�&2��\�Q+�2�7KH�;5'�DQDO\VLV�RI�/X�2��(X���SRZGHUVFDOFLQHG�DW�YDULRXV�WHPSHUDWXUHV�IRU���K�DUH
SUHVHQWHG� LQ� )LJ�����$FFRUGLQJ� WR� WKH�;5'
GDWD��WKH�SUHFXUVRU�DQG�SURGXFWV�RI�LWV�FDO�
FLQDWLRQ� DW� 7�������&� DUH� DPRUSKRXV�� 7KH
IRUPDWLRQ�RI� FXELF� OXWHWLXP�R[LGH� VWDUWV� DW
����&�� 7KH� WHPSHUDWXUH� LQFUHDVH� IURP� ���
WR������&�FDXVHV�WKH�KDOI�ZLGWK�GHFUHDVH�RI
GLIIUDFWLRQ� SHDNV� DQG� WKHLU� LQWHQVLW\� LQ�
FUHDVH�� 7KLV� LQGLFHWDV� DQ� LPSURYHPHQW� RI
/X�2��(X��� FU\VWDOOLQLW\�� 7KH� DYHUDJH� FU\V�WDOOLWH� VL]H� HVWLPDWHG� E\� 6FKHUUHU� HTXDWLRQ
DOVR�LQFUHDVHV�IURP������WR�������)LJ��������
$OO� WKH� GLIIUDFWLRQ� SHDNV� LQ� WKH� ;5'� SDW�
WHUQV�ZHUH�DWWULEXWHG�WR�FXELF�/X�2��(X���7KH� VSHFLILF� VXUIDFH� DUHD� YDOXHV� 6%(7DQG�FU\VWDOOLWH�VL]H�RI�REWDLQHG�SRZGHUV�FDO�
FXODWHG� IURP� 6FKHUUHU� HTXDWLRQ� �G;5'�� DQGHVWLPDWHG�IURP�VSHFLILF�VXUIDFH�DUHD��G%(7��FRQVLGHUDEO\� GHSHQGV� RQ� WKH� FDOFLQDWLRQ
WHPSHUDWXUH��)LJ�����7KH�SUHFXUVRU�GULHG�DW
����&�LV�FKDUDFWHUL]HG�E\�KLJK�VSHFLILF�VXU�
IDFH�DUHD�6%(7� ���Ü���P��J��QRW�VKRZQ�LQ
)LJ������7KH� WHPSHUDWXUH� LQFUHDVH� IURP����
WR������&�UHVXOWV� LQ�GHFUHDVLQJ�6%(7�YDOXHRI� /X�2��(X��� QDQRSRZGHUV� IURP� ��� WR��P��J�� 7KLV� LV� DFFRPSDQLHG� E\� VLPXOWDQH�
RXV� LQFUHDVH� RI� FU\VWDOOLQH� VL]H� G%(7� IURP��� WR� ���� QP�� 7(0� LPDJHV� ZHUH� XVHG� WR
FKDUDFWHUL]H� DQG� FRPSDUH� WKH� PLFURVWUXF�
WXUH� RI� QDQRSRZGHUV� FDOFLQHG� DW� YDULRXV
WHPSHUDWXUHV��)LJ������7KH�SRZGHUV�FDOFLQHG
DW�7�������&� SRVVHVV� D� KLJK� DJJORPHUDWLRQ
H[WHQW� GXH� WR� ORZ� SULPDU\� FU\VWDOOLQH� VL]H�
,QFUHDVH� RI� WKH� FU\VWDOOLWH� VL]H� UHVXOWV� LQ
GHFUHDVH�RI�WKH�DJJORPHUDWLRQ�H[WHQW�GXH�WR
VWURQJ� UHGXFWLRQ� RI� SDUWLFOH� LQWHUDFWLRQ
IRUFHV� �)LJ����� D��� $W� WKH� RSWLPXP� FDOFLQD�

WLRQ� FRQGLWLRQV� ��� ������&��� DOO� WKH� SDUWL�
FOHV� RI� /X�2��(X��� SRZGHUV� KDYH� QHDUO\VSKHULFDO� IRUP�� WKH� DYHUDJH� SDUWLFOH� VL]H
EHLQJ� ��Ü��� QP� DQG� 6%(7�� �� P��J�� 7KH
SDUWLFOHV� DUH� RQO\� VOLJKWO\� DJJORPHUDWHG�
DQG� DJJORPHUDWHV� KDYH� VSKHULFDO� VKDSH
�)LJ�����E���7KHVH�SRZGHUV�SRVVHVV�IDYRUDEOH
PRUSKRORJ\� IHDWXUHV� �SDUWLFOH� VL]H� DQG
VKDSH�� DJJORPHUDWLRQ� H[WHQW�� VXUIDFH� DFWLY�
LW\�� WR� EH� XVHG� DV� D� VWDUWLQJ� PDWHULDO� IRU
WUDQVSDUHQW� FHUDPLFV� SURGXFWLRQ�� 7KH� DYHU�
DJH�SDUWLFOH�VL]H�GHWHUPLQHG�IURP�7(0�GDWD

)LJ�����'7$�7*�FXUYHV� RI� WKH�SUHFXUVRU�SUH�
SDUHG�XVLQJ�1+�+&2��

)LJ�����;5'�SDWWHUQV�RI�/X�2��(X���SRZGHUV�FDO�FLQHG�DW�����&���������������������������������������

)LJ����� 'HSHQGHQFHV� RI� VSHFLILF� VXUIDFH� DUHD
6%(7� ���� DQG� DYHUDJH� FU\VWDOOLQH� VL]H� REWDLQHGXVLQJ� %(7� PHWKRG�� G%(7� ���� DQG� ;5'� GDWD�G;5'�����YV��SUHFXUVRU�FDOFLQDWLRQ�WHPSHUDWXUH�
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KDV� EHHQ� IRXQG� WR� EH� LQ� D� JRRG� DJUHHPHQW
ZLWK� WKH� FRUUHVSRQGLQJ� YDOXHV� FDOFXODWHG
XVLQJ� WKH� 6FKHUUHU� HTXDWLRQ�� ZKLOH� VLJQLIL�
FDQWO\�GLIIHULQJ� IURP�WKH�SDUWLFOH� VL]H�HVWL�
PDWHG� IURP� VSHFLILF� VXUIDFH� DUHD�� 3HUKDSV
WKLV�GLIIHUHQFH�LV�GXH�WR�WKH�IDFW�WKDW��ZKHQ
XVLQJ� WKH�VSHFLILF� VXUIDFH�DUHD�YDOXH�6%(7�ZH�GR�QRW�REWDLQ� WKH�SULPDU\�SDUWLFOH� VL]H�
EXW�WKH�VL]H�RI�DJJORPHUDWHV��)LJ������
7KH�VLQWHUDELOLW\�RI�/X�2��(X���QDQRSRZ�GHUV� FDOFLQHG� DW� YDULRXV� WHPSHUDWXUHV� ZDV

VWXGLHG� XVLQJ� WKH� VLQWHULQJ�PHWKRG� DW� FRQ�
VWDQW�KHDWLQJ�UDWH��7KH�/X�2��(X���SRZGHUVZHUH� FRPSDFWHG� E\� FRQYHQWLRQDO� XQLD[LDO
SUHVVXUH� LQ�RQH�EDWFK�XQGHU�����03D�SUHV�
VXUH�� 7KH� JUHHQ� ERGLHV� FRPSDFWHG� IURP
/X�2��(X��� QDQRSRZGHUV� FDOFLQHG� DW� ��������� ����� DQG� �����&� KDYH� WKH� UHODWLYH
GHQVLW\� RI� ���� ���� ��� DQG� ��� �� �)LJ�����
7KH�FDOFLQDWLRQ�WHPSHUDWXUH�LQFUHDVH�UHVXOWV
LQ� KLJKHU� GHQVLILFDWLRQ� RQVHW� WHPSHUDWXUH
GXH� WR�SDUWLFOH� VL]H�JURZWK�DQG�GHFUHDVH�RI
WKH�VXUIDFH�DFWLYLW\��)LJ������7KH�/X�2��(X��SRZGHUV� FDOFLQHG� DW� ����� ����� ����� DQG
�����&� GHQVLI\� WR� WKH� UHODWLYH� GHQVLWLHV� RI
���� ������� DQG� ������$FFRUGLQJ� WR�)LJ����
WKH� EHVW� VLQWHUDELOLW\� LV� VKRZQ� E\
/X�2��(X��� SRZGHUV� FDOFLQHG� DW� �����&�EHLQJ� GHQVLILHG� XS� WR� ��� �� RI� WKHRUHWLFDO
YDOXH��7KH�SUHVHQFH�RI�KDUG�DJJORPHUDWHV�LQ
WKH� SRZGHUV� KLQGHUV� FRQVLGHUDEO\� WKH� FRP�
SDFWLRQ� DQG� UHVXOWV� LQ� D� SRRU� VLQWHUDELOLW\�
)RU�H[DPSOH��WKH�SRZGHUV�FDOFLQHG�DW�����&
KDYH� WKH� KLJKHVW� 6%(7� YDOXH� DQG�� UHVSHF�WLYHO\�� WKH� KLJKHVW� DFWLYLW\�� KRZHYHU�� DUH
VWURQJO\�DJJORPHUDWHG�GXH�WR�ORZ�FU\VWDOOLWH
VL]H�� 7KH� VHYHUH� DJJORPHUDWLRQ� KLQGHUV� WKH
IRUPDWLRQ� RI� KRPRJHQRXV� JUHHQ� FRPSDFW�

DQG� KHQFH� OLPLWV� WKH� SRZGHUV� GHQVLW\�� WR� D
ORZHU�H[WHQW��U� ��������2Q�WKH�RWKHU�KDQG�
WKH� VWLOO� KLJK� VKULQNDJH� H[WHQW� RI� WKH�SRZ�
HUV� FDOFLQHG� DW� ����&� FDXVHV� LQ� VRPH� FDVHV
WKH� FUDFNLQJ� RI� FRPSDFW� DIWHU�KHDWLQJ��7KH
SRZGHUV� REWDLQHG� DW� �����&�� GHVSLWH� WKH
KLJKHVW� JUHHQ� GHQVLW\�� DUH� SRRUO\� VLQWHUHG
�XS� WR� ��� �� RI� WKHRUHWLFDO� YDOXH�� GXH� WR
LQFUHDVHG� SDUWLFOH� VL]H� DQG�� UHVSHFWLYHO\�� D
GUDVWLFDOO\�GHFUHDVHG�VXUIDFH�DFWLYLW\��7KXV�
WKH� RSWLPDO� FDOFLQDWLRQ� WHPSHUDWXUH� IRU� UH�
DFWLYH� /X�2��(X��� QDQRSRZGHUV� LV� �����&�:H� VXSSRVH� WKDW� XVLQJ� WKHVH� SRZGHUV�� ZH
ZLOO�PDQDJH� WR� DFKLHYH� WKH� KLJK� ILQDO� GHQ�
VLW\� DQG� WR� REWDLQ� WUDQVSDUHQW� /X�2��(X��VFLQWLOODWLRQ� FHUDPLFV� E\� YDFXXP� VLQWHULQJ�
ZKLFK�LV�WKH�VXEMHFW�RI�RXU�IXUWKHU�VWXGLHV�
7R� FRQFOXGH�� WKH� /X�2��(X��� ��� DW�� ��

QDQRSRZGHUV�KDYH�EHHQ�SUHSDUHG�E\� FR�SUH�
FLSLWDWLRQ� XVLQJ� DPPRQLXP� K\GUDFDUERQDWH

)LJ����� 5HODWLYH� GHQVLW\� YV�� WHPSHUDWXUH� IRU
/X�2��(X��� ��� DW�� ��� SRZGHUV� FDOFLQHG� DW� �
��&����������������������������������������

)LJ�����7(0�RI�/X�2��(X���SRZGHUV�FDOFLQHG�DW�����&��D��DQG������&��E��IRU���K�
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DV�WKH�SUHFLSLWDQW��%DVLQJ�RQR�)7�,5�VSHFWUD
DQG� '7$�7*� GDWD�� WKH� SUHFXUVRU� FRPSRVL�
WLRQ� KDV� EHHQ� VXSSRVHG� WR� EH
/X�2+�[�&2��\�Q+�2��,W�KDV�EHHQ�VKRZQ�WKDWWKH� SUHFXUVRU� FDOFLQDWLRQ� DW� ����&� DQG
KLJKHU� UHVXOWV� LQ� IRUPDWLRQ� RI� FU\VWDOOLQH
OXWHWLXP� R[LGH�� ,W� KDV� EHHQ� IRXQG� WKDW� D
UHDFWLYH� /X�2��(X��� ORZ�DJJORPHUDWHG
VSKHULFDO�SDUWLFOHV�ZLWK�VSHFLILF�VXUIDFH�DUHD
RI���P��J� DQG� DYHUDJH� SDUWLFOH� VL]H� RI� ��Ü
���QP�FDQ�EH�REWDLQHG�E\�WKH�SUHFXUVRU�FDOFL�
QDWLRQ� DW� �����&�� 7KHVH� SRZGHUV� SRVVHVV� ID�
YRUDEOH�IHDWXUHV� �SDUWLFOH�VL]H�DQG�VKDSH��DJ�
JORPHUDWLRQ� H[WHQW�� VXUIDFH� DFWLYLW\�� WR� EH
XVHG� DV� D� VWDUWLQJ� PDWHULDO� IRU� /X�2��(X��WUDQVSDUHQW�FHUDPLFV�SURGXFWLRQ�
7KH� DXWKRU� LV� JUDWHIXO� WR� 'U�� 7�,�.RU�

VKLNRYD� DQG� 'U�� (�$�9RYN� IRU� WKHLU� DVVLV�
WDQFH�LQ�H[SHULPHQWDO�ZRUN�

5HIHUHQFHV
� ���-�/X�� .�7DNDLFKL�� 7�8HPDWVX� HW� DO��� $SSO�

3K\V��/HWW�������������������

� ���$�/HPSLFNL�� &�%UHFKHU�� 3�6]XSU\F]\QVNL� HW
DO���1XFO��,QVWUXP��0HWK��3K\V��5HV��$����������
�������

� ���4�&KHQ��<�6KL��/�$Q�HW�DO���-��$P��&HUDP��6RF��
����������������

� ���1�9�*XHUDVLPRYD��,�$�.DPHQVNLNK��'�1�.UD�
VLNRY� HW� DO��� LQ�� 3URF��RI� �WK� ,QW��&RQIHU��RQ
,QRUJDQLF�6FLQWLOODWRUV�DQG�WKHLU�8VH�LQ�6FLHQ�
WLILF� DQG� ,QGXVWULDO� $SSOLFDWLRQV�� HG�� E\
$�*HNWLQ��%�*ULQ\RY��176��,QVWLWXWH�IRU�6LQ�
JOH�&U\VWDOV���.KDUNLY���������S�����
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-��$SSO��3K\V�������������������
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