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���,QWURGXFWLRQ
7KH� SUREOHP� RI� VSHFWURPHWU\� RI� D� ORZ

LQWHQVLW\�IOX[HV�RI�IDVW�QHXWURQV�DQG�D�SDU�
WLFOHV� LV� RI� D� JUHDW� LPSRUWDQFH� LQ� PRGHUQ
HFRORJLFDO�� JHRORJLFDO�� ELRORJLFDO�� PHGLFDO
ILHOGV�� FXVWRP� VXUYH\�� HWF�� 6XFK� UDGLDWLRQV
DUH� DPRQJ� WKH� PRVW� KD]DUGRXV� IRU� KXPDQ
RUJDQLVP�� 7KH� KD]DUG� LV� FKDUDFWHUL]HG� E\
WKH� UDGLDWLRQ�ZHLJKWLQJ� IDFWRU�� 7KH� UDGLD�
WLRQ�ZHLJKWLQJ� IDFWRU� Z5� LV� WKH� YDOXH� H[�SUHVVLQJ� WKH� ORQJ�WHUP� ULVN� �SULPDULO\� FDQ�
FHU�� OHXNHPLD�� KHDY\� SXOPRQDU\� DOOHUJLHV�
HWF���RI�D� ORZ�OHYHO� FKURQLF�H[SRVXUH�� ,W�GH�
SHQGV� XSRQ� WKH� UDGLDWLRQ� W\SH� DQG� RWKHU
IDFWRUV�� )RU� H[DPSOH�� IRU� J�UDGLDWLRQ� SKR�
WRQV� Z5� ���� ZKLOH� IRU� IDVW� QHXWURQV� ZLWKHQHUJ\� (Qd�� 0H9�� WKH� Z5� ����� 6LPLODUKLJK�Z5�YDOXHV�FKDUDFWHUL]H�DOSKD�SDUWLFOHV�)RU� WKHUPDO� QHXWURQV��Z5� ��� >�@�� ,Q� QDWX�UDO�FRQGLWLRQV�WKHUH�DUH�QXPHURXV�K\GURJHQ�
FRQWDLQ� PHGLD� ZKHUH� WKH� IDVW� QHXWURQV� DUH
VORZHG� GRZQ� DQG� WUDQVIRUPHG� LQWR� WKHUPDO

QHXWURQV�� WKH� GHWHFWLRQ� RI� WKH� ODWWHU� DOORZ�
LQJ� WR� HVWLPDWH� WKH� IOX[� RI� SULPDU\� QHX�
WURQV��,Q�GHWHFWLRQ�RI�YHU\�ORZ�DFWLYLW\�LRQ�
L]LQJ�UDGLDWLRQ��ODUJH�VL]H�GHWHFWRUV�DUH�QHF�
HVVDU\� ZKHUH� DQ� LQFUHDVHG� GHWHFWLRQ
HIILFLHQF\� LV� DWWDLQHG� GXH� WR� LQFUHDVHG� VSD�
WLDO� DQJOH� RI� GHWHFWLRQ�� ,Q� DGGLWLRQ�� VXFK
GHWHFWRUV�VKRXOG�SURYLGH�WKH�VSHFWUDO�FRPSR�
VLWLRQ�RI�OXPLQHVFHQFH�PDNLQJ�LW�SRVVLEOH�WR
XVH� WKH� FRPPHUFLDO� �DQG� WKXV� LQH[SHQVLYH�
SKRWRGHWHFWRUV�� 7KH� PDWHULDOV� VKRXOG� SUR�
YLGH�WKH�VHSDUDWH�GHWHFWLRQ�RI�QHXWURQV�DQG
EDFNJURXQG� J�UDGLDWLRQ�� DQG� VKRZ� D� VXIIL�
FLHQWO\�KLJK�OLJKW�\LHOG�

,Q� WKLV�ZRUN��GHVFULEHG�DUH� WZR�SUHSDUD�
WLRQ� SURFHGXUHV� RI� FRPSRVLWH� VFLQWLOODWRUV
IRU� �L�� IDVW� QHXWURQV� EDVLQJ� RQ� JUDLQV� RI
VWLOEHQH� DQG� S�WHUSKHQ\O� FU\VWDOV� DQG� �LL�
WKHUPDO� QHXWURQV� EDVLQJ� RQ� JUDLQV� RI� JDG�
ROLQLXP� VLOLFDWH� &H�*G�6L2�� �&H�*62�� DQGS\URVLOLFDWH� &H�*G�6L�2�� �&H�*36��� 7KLV
ZRUN� LV� DFWXDO�� EHFDXVH� WKH� PD[LPXP� VL]H
RI� WKH� DERYH� RUJDQLF� VLQJOH� FU\VWDOV� JURZQ

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

)XQFWLRQDO�PDWHULDOV������������� ���



IURP�WKH�PHOW�LV�����PP�DQG�WKDW�RI�JDGROLQ�
LXP�S\URVLOLFDWH� VLQJOH� FU\VWDOV�� WHQ�PLOOLPH�
WHUV�� 7KH� &H�*62� VLQJOH� FU\VWDOV� ZHUH� ILUVW
SURSRVHG� IRU� GHWHFWLRQ� WKHUPDO� QHXWURQV� LQ
>�@��DQG�&H�*36�VLQJOH�FU\VWDOV��LQ�>�@�

���3UHSDUDWLRQ�RI�FRPSRVLWH
VFLQWLOODWRUV�

,Q� JHQHUDO�� WKH� VLQJOH� FU\VWDOV� ZHUH
FUXVKHG�� 7KH� JUDLQV� RI� GLIIHUHQW� VL]H� ZHUH
REWDLQHG� E\� SDVVLQJ� WKH� FUXVKHG� FU\VWDOV
WKURXJK�VLHYHV�ZLWK�GLIIHUHQW�FHOO�VL]HV��7KH
OLQHDU� VL]H�/� RI� RUJDQLF�JUDLQV�YDULHG� IURP
���� XS� WR� ���� PP� DQG� LQRUJDQLF� JUDLQV�
IURP� ����� XS� WR� ���� PP�� 7KH� FU\VWDOOLQH
JUDLQV�ZHUH� LQFRUSRUDWHG� LQWR�D� WZR�FRPSR�
QHQW�SRO\PHU�PDWUL[��7KH�SUHSDUHG�FRPSRV�
LWH� PDWHULDO� ZDV� SODFHG� LQWR� DQ� RSWLFDOO\
WUDQVSDUHQW�RUJDQLF�JODVV�FRQWDLQHU�

&RPSRVLWH� VFLQWLOODWLRQV� IRU� IDVW� QHXWURQ
GHWHFWLRQ�� $W� ILUVW�� WKH� VL]H� RI� FU\VWDOOLQH
JUDLQV� IRU� FRPSRVLWH� VFLQWLOODWRUV� LQWHQGHG
IRU�WKH�IDVW�QHXWURQ�GHWHFWLRQ�ZDV�SUH�HVWL�
PDWHG�� 7KH� IDVW� QHXWURQV� JHQHUDWH� LQ� WKH
RUJDQLF� PDWHULDO� WKH� UHFRLO� SURWRQV� ZLWK
PD[LPXP�HQHUJ\�HTXDO�WR�WKDW�RI�QHXWURQV�
7KH� JUDLQ� VL]H� VKRXOG� EH� DW� OHDVW� HTXDO� WR
WKH� UHFRLO� SURWRQ� SDWK� LQ� RXU� PDWHULDO�
7KHUHIRUH��GHSHQGLQJ�RQ�WKH�HQHUJ\�RI�QHX�
WURQV�WR�EH�GHWHFWHG��WKH�VFLQWLOODWRUV�DUH�WR
EH� SUHSDUHG� EDVLQJ� RQ� IUDFWLRQV� RI� YDULRXV
VL]HV� �IURP� VXEPLOOLPHWHU� UDQJH� WR� VHYHUDO
PLOOLPHWHUV��>�@��

7KH� WHFKQRORJ\� SURSRVHG� E\� XV� LQFOXGHG
WKH�IROORZLQJ�VWDJHV��

��� *URZLQJ� RI� VLQJOH� FU\VWDOV� ZLWK� KLJK
VWUXFWXUDO� SHUIHFWLRQ� XVLQJ� WKH� %ULGJPDQ�
6WRNEDUJHU�WHFKQLTXH��

��� 3UHSDUDWLRQ� RI� JUDLQV� DQG� VHSDUDWLRQ
WKHUHRI�LQWR�IUDFWLRQV�RI�YDULRXV�VL]HV�

���3UHSDUDWLRQ�RI�RUJDQRVLOLFRQ�SRO\PHULF
PDWUL[�

��� ,QWURGXFWLRQ� RI� WKH� REWDLQHG� JUDLQ
IUDFWLRQV�LQWR�WKH�PDWUL[�

���7KH�PDWUL[�LQWURGXFWLRQ�LQWR�WKH�VKDS�
LQJ�FRQWDLQHU��

���(YDFXDWLRQ�DQG�KROGLQJ�RI�WKH�VDPSOH
GXULQJ����K�

��� $SSOLFDWLRQ� RI� WKH� UHIOHFWLYH� FRDWLQJ
RQWR�WKH�FRQWDLQHU�

7KH�FU\VWDOOLQH�JUDLQV�RI�VWLOEHQH�DQG�S�WHU�
SKHQ\O�ZHUH�REWDLQHG�E\�FUXVKLQJ�RI�D�VWUXF�
WXUDOO\� SHUIHFW� VLQJOH� FU\VWDO� JURZQ� IURP
WKH�PHOW� E\� WKH� WHFKQLTXH� GHVFULEHG� LQ� >�@�
7KH� JURZQ� VLQJOH� FU\VWDOV� ZHUH� FUXVKHG� LQ
WKH� OLTXLG� QLWURJHQ�PHGLXP�� 7KDW� FUXVKLQJ
WHFKQLTXH� UHGXFHV� WKH� ORDGLQJV� LQIOXHQFLQJ
QHJDWLYHO\� WKH� VWUXFWXUDO� SHUIHFWLRQ� RI
JUDLQV� DQG� WKHLU� VFLQWLOODWLRQ� SURSHUWLHV�

7KH�JUDLQV�VR�REWDLQHG�ZHUH�GULHG�XS�LQ�GDUN�
QHVV�DW�D�URRP�WHPSHUDWXUH�IRU�DW�OHDVW����K�
7KHUHDIWHU�� WKH� FUXVKHG� PDWHULDO� ZDV� VLHYHG
WKURXJK� FDOLEUDWHG� VLHYHV� VHSDUDWLQJ� WKH
JUDLQV�LQWR�IUDFWLRQV�RI�GLIIHUHQW�VL]H�>����@�

'XULQJ� WKH� UHVHDUFKHV� >����@�� WKH� OLJKW
\LHOG� YDOXH� RI� VWLOEHQH�S�WHUSKHQ\O� FRPSRV�
LWH� VFLQWLOODWRUV� ZDV� HVWDEOLVKHG� WR� LQFUHDVH
ZLWK�WKH�JUDLQ�VL]H�/�DWWDLQLQJ�D�PD[LPXP
DW�/�a�����PP��DQG�WKHQ�UHPDLQV�XQFKDQJHG
DV�/� LQFUHDVHV��7KHUHIRUH��WKH�JUDLQV�RI����
WR� ���� OLQHDU� GLPHQVLRQ� ZHUH� XVHG� LQ� WKH
IXUWKHU�VWXG\�RI�RUJDQLF�FRPSRVLWH�VFLQWLOOD�
WRUV�� 7KLV� SURYLGHG� WKH� RSWLPXP� YDOXHV� RI
WKH� OLJKW� \LHOG� DQG� HIILFLHQF\� RI� IDVW� QHX�
WURQ� GHWHFWLRQ��$V� WKH�SRO\PHU�PDWUL[�� WKH
WZR�FRPSRQHQW� DGKHVLYH� FRPSRVLWLRQ� 6\O�
JDUG����� �'RZ�&RUQLQJ� &RUSRUDWLRQ� >86$@�
ZDV� XVHG� GXH� WR� LWV� LQHUWQHVV�� QRQ�K\JUR�
VFRSLFLW\�� DQG� PD[LPXP� WUDQVSDUHQF\� LQ
WKH�VWLOEHQH�OXPLQHVFHQFH�UDQJH�

7R� GHWHUPLQH� WKH� RSWLPXP� UDWLR� RI� VWLO�
EHQH�JUDLQV�DQG�RUJDQRVLOLFRQ�PDWUL[��D�VH�
ULHV�RI�FRPSRVLWH�VFLQWLOODWRUV�ZDV�SUHSDUHG
DQG� H[DPLQHG��7KH� H[SHULPHQWDO� GDWD� VKRZ
WKDW�WKH�RSWLPXP�DPRXQW�RI�VWLOEHQH�JUDLQV
LQ� WKH� LPPHUVLRQ�PHGLXP� LV� DW� OHDVW� ����
RI�WKH�PDWUL[�PDVV�>����@��7R�VKDSH�WKH�VFLQ�
WLOODWRU�� LW� LV� QHFHVVDU\� WR� SRO\PHUL]H� WKH
PDWUL[� LQ� D� VKDSLQJ� FDVH��:KLOH� SUHSDULQJ
WKH� FRQWDLQHU�� WKH� IROORZLQJ� UHTXLUHPHQWV
ZHUH�WDNHQ�LQWR�DFFRXQW��)LUVW��WKH�VFLQWLOOD�
WRU�KHLJKW�VKRXOG�SURYLGH�DQ�HIILFLHQW�GHWHF�
WLRQ�RI�IDVW�QHXWURQV�RI�VHYHUDO�0H9�HQHUJ\
DQG� WKH� VFLQWLOODWRU� PXVW� UHPDLQ� VXIIL�
FLHQWO\�WUDQVSDUHQW�WR�LWV�LQWULQVLF�HPLVVLRQ�
7KH� FRQWDLQHU� ZDV� EHHQ� PDGH� RI� RUJDQLF
JODVV�� 7KH� FRQWDLQHU� VXUIDFH� �H[FHSW� D� WDU�
JHW� ZLQGRZ� RI� VFLQWLOODWRU� GHWHFWRU�� ZDV
FRDWHG� ZLWK� WKH� 7HWUDWHN� GLIIXVH� UHIOHFWRU�
7KHVH�SURFHVVLQJ�PHWKRGV�KDYH�EHHQ�XVHG�WR
SUHSDUH� ODUJH�GLDPHWHU� FRPSRVLWH�GHWHFWRUV�
������PPu��� PP�� FRPSRVLWH� GHWHFWRU
EDVHG� RQ� VWLOEHQH� JUDLQV� DQG� RQ� DFWLYDWHG
S�WHUSKHQ\O�JUDLQV��7KRVH�ZHUH�XVHG�LQ�SDU�
WLFXODU�WR�UHVHDUFK�WKH� OLJKW�VLJQDO� LQKRPR�
JHQHLW\� LQ�YDULRXV�SRLQWV�RI�WKH�VFLQWLOODWRU
VXUIDFH�

&RPSRVLWH� VFLQWLOODWRUV� IRU� WKHUPDO� QHX�
WURQ� GHWHFWLRQ�� 7KH� IUHH� SDWK� RI� WKHUPDO
QHXWURQV� LQ� D� VXEVWDQFH� LV� PXFK� VKRUWHU
WKDW�RI�PRGHUDWHG�HQHUJ\�J�SKRWRQV��7KHUH�
IRUH�� RQ� WKH� RQH�KDQG�� WKH� LQRUJDQLF�GHWHF�
WRU�WKLFNQHVV�VKRXOG�EH�VXIILFLHQW�WR�UHFRUG
WKHUPDO� QHXWURQV� DQG� WKH� VHFRQGDU\� UDGLD�
WLRQV� JHQHUDWHG� E\� WKRVH�� 2Q� WKH� RWKHU
KDQG�� WKH� VDPH� GHWHFWRU� VKRXOG� EH� WKLQ
HQRXJK� WR� UHGXFH� SUREDELOLW\� RI� GHWHFWLQJ
EDFNJURXQG�J�UDGLDWLRQ��)RU�VXFK�WKLQ�VFLQ�
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WLOODWRU� �EXW� QRW� OLPLWHG� LQ� GLDPHWHU��� WKH
HIILFLHQF\�RI�WKHUPDO�QHXWURQ�GHWHFWLRQ�ZLOO
H[FHHG�WKDW�RI�EDFNJURXQG�UDGLDWLRQV�

7R� SUHSDUH� WKH� FRPSRVLWH� PDWHULDO�� WKH
JUDLQV� RI� &H� GRSHG� LQRUJDQLF� FU\VWDOV
*G�6L2��DQG�*G�6L�2��ZHUH�LQWURGXFHG�LQWRD�SRO\PHU�PDWUL[�>�@��7R�SUHSDUH�WKH�FU\VWDO
JUDLQV�� &H�*62� DQG� &H�*36� FU\VWDOV� ZHUH
PHFKDQLFDOO\� JURXQG�� 7KXV�� WKH�&H� FRQFHQ�
WUDWLRQ�LQ�WKH�JUDLQV�ZDV�WKH�VDPH�DV�LQ�WKH
UHIHUHQFH� VLQJOH� FU\VWDOV�� 7KH� REWDLQHG
JUDLQV�ZHUH�VLHYHG�WKURXJK�FDOLEUDWHG�VLHYHV
WR� REWDLQ� WKH� JUDLQV�ZLWK� QHFHVVDU\� VL]H�/�
7KH� JUDLQV� RI� WKH� FKRVHQ� IUDFWLRQV�ZHUH� LQ�
WURGXFHG� LQWR� QRQ�OXPLQHVFHQW� 6\OJDUG����
VLOLFRQH�PDWHULDO��7KHQ� WKH� FRPSRVLWLRQ�ZDV
DSSOLHG�RQWR�DQ�RSWLFDOO\�WUDQVSDUHQW�QRQ�
OXPLQHVFHQW�RUJDQLF�JODVV�SODWH��7KH�SRO\P�
HUL]DWLRQ� SURFHVV� IRU� 6\OJDUG����� WDNHV
���K�>�@�

7R�VWXG\�IXUWKHU�WKH�VLQJOH�OD\HU�FRPSRV�
LWH� VFLQWLOODWRUV�RQ� WKH�EDVH�RI�&H�*62�DQG
&H�*36� JUDLQV�� �� JUDLQ� VL]H� UDQJHV�ZLWK�/
YDOXHV�� QDPHO\�� ������ PP�� ����Ü����
���Ü����� ���Ü����� ���Ü���� PP�� $GGLWLRQ�
DOO\�����Ü����PP�JUDLQ�IUDFWLRQ�ZDV�XVHG�WR
SUHSDUH�PXOWL�OD\HU� ��� RU��� OD\HUV��&H�*62
FRPSRVLWH�VFLQWLOODWRUV��7R�GHWHUPLQH�WKH�RS�
WLPXP�FRPSRVLWLRQ�RI�WKH�LQRUJDQLF�VFLQWLOOD�
WRU��VDPSOHV�RI�����PP�� DUHD�ZHUH�XVHG��7R
VWXG\�WKH�OLJKW�VLJQDO�LQKRPRJHQHLW\�LQ�YDUL�
RXV� SRLQWV� RI� WKH� VFLQWLOODWRU� VXUIDFH�� ODUJH
GLDPHWHU�GHWHFWRUV�������PP��ZHUH�PDGH��

���5HVXOWV
,Q� ZKDW� IROORZV�� SUHVHQWHG� DUH� WKH� H[�

SHULPHQWDO� UHVXOWV� VKRZLQJ� VFLQWLOODWRU
SURSHUWLHV� RI� FRPSRVLWH� GHWHFWRUV� REWDLQHG
XVLQJ�WKH�VWLOEHQH�FU\VWDOV�JUDLQV�DV�ZHOO�DV
&H�*62�DQG�&H�*36�RQHV�

7KH�VWLOEHQH�EDVHG�FRPSRVLWH�VFLQWLOODWRUV
DV� IDVW� QHXWURQ� GHWHFWRUV�� 7R� HVWLPDWH� WKH
UHODWLYH� UHFRUGLQJ� HIILFLHQF\� RI� IDVW� QHX�
WURQV�� WKH� UHFRLO� SURWRQ� VSHFWUD� ZHUH� RE�
WDLQHG� IRU� WKH� VWLOEHQH� EDVHG� FRPSRVLWH� GH�
WHFWRU�����PPu���PP��DQG�IRU�D�UHIHUHQFH
VWLOEHQH� VLQJOH� FU\VWDO� ����PPu��PP���)RU
WKH�FKRVHQ�GHWHFWRUV��WKH�VFLQWLOODWRU�YROXPH
ZDV�HVVHQWLDOO\�WKH�VDPH��WDNHQ�LQWR�DFFRXQW
WKH� FRQWDLQHU� GLPHQVLRQV� RI� WKH� FRPSRVLWH
GHWHFWRU��7KH� WHFKQLTXH�RI�SDUWLFOH� LGHQWLIL�
FDWLRQ� EDVLQJ� RQ� WKH� VFLQWLOODWLRQ� SXOVH
VKDSH� >��@� KDV� DOORZHG� WR� GLVFULPLQDWH� WKH
IDVW� QHXWURQ� VFLQWLOODWLRQV� IURP�D� ���3X±%H
VRXUFH� DJDLQVW� WKH� EDFNJURXQG� J� UDGLDWLRQ�
)LJ���� VKRZV� WKH� VSHFWUD� RI� UHFRLO� SURWRQV
IRU� D� UHIHUHQFH� VWLOEHQH� VLQJOH� FU\VWDO
�FXUYH����DQG�IRU�VWLOEHQH�FRPSRVLWH�VFLQWLO�

ODWRU� �FXUYH� ��� LUUDGLDWHG� ZLWK� D� ���3X±%H
VRXUFH�� %RWK� VSHFWUD� ZHUH� FROOHFWHG� IRU� DQ
LGHQWLFDO� WLPH� LQWHUYDO�� ,Q� WKLV� FDVH�� WKH
UDWLR� RI� WKH� FROOHFWHG� SXOVH� QXPEHU� LQ� WKH
UHFRLO� SURWRQ� VSHFWUXP� IRU� WKH� FRPSRVLWH
VFLQWLOODWRU��FXUYH����WR�WKH�SXOVH�QXPEHU�LQ
D� VLPLODU� VSHFWUXP� IRU� VWLOEHQH� VLQJOH� FU\V�
WDO� �FXUYH� ��� FKDUDFWHUL]HV� WKH� UHODWLYH� GH�
WHFWLRQ�HIILFLHQF\�RI�IDVW�QHXWURQV�IURP�WKH
���3X±%H�VRXUFH�IRU�WKH�FRPSRVLWH�VFLQWLOOD�
WRU�� ,W� KDV� EHHQ� IRXQG� WKDW� IRU� FRPSRVLWH
VWLOEHQH�VFLQWLOODWRUV�LW�PDNHV����WR������RI
WKH�IDVW�QHXWURQ�GHWHFWLRQ�HIILFLHQF\�IRU�RU�
JDQLF�VLQJOH�FU\VWDOV�RI�VLPLODU�VL]H�

7KH� OLJKW� \LHOG� LQKRPRJHQHLW\� ZDV� HVWL�
PDWHG�IRU�WKH�REWDLQHG�ODUJH�GLDPHWHU�FRP�
SRVLWH� VFLQWLOODWRUV�� 7KH� OLJKW� \LHOG� YDOXHV
ZHUH� PHDVXUHG� DFFRUGLQJ� WR� WKH� VWDQGDUG
SURFHGXUH�XVLQJ�D����&V�VRXUFH��7R�HVWLPDWH
WKH� OLJKW� \LHOG� LQKRPRJHQHLW\�� WKH�'/<� SD�
UDPHWHU�ZDV�XVHG��
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ZKHUH� ,�� LV� WKH� RI� OLJKW� \LHOG� YDOXH� LQ� WKHVFLQWLOODWRU� FHQWHU�� DQG� ,L�� WKH� YDOXHV� IRUPHDVXULQJ�SRLQW�L�DW�WKH�VFLQWLOODWRU�VXUIDFH
>�@�� 7KH� DQDO\VLV� KDV� VKRZQ� WKDW� WKH�PD[L�
PXP�\LHOG�LQKRPRJHQHLW\�FDOFXODWHG�IRU�GLI�
IHUHQW� VLWHV� RI� WKH� ODUJH�GLDPHWHU� RUJDQLF
FRPSRVLWH�VFLQWLOODWRUV�LV�FRQVLGHUDEO\�ORZHU
WKDQ� WKH� OLJKW� \LHOG� GHWHUPLQDWLRQ� WKDW
PDNHV�����

7KH�&H�*62�DQG�&H�*36�EDVHG�FRPSRVLWH
VFLQWLOODWRUV��$V� D� UHVXOW� RI� D� WKHUPDO� QHX�
WURQ� FDSWXUH�� JDGROLQLXP� UDGLDWHV� FRQYHU�

)LJ����� 6SHFWUD� RI� UHFRLO� SURWRQV� IRU� D� UHIHU�
HQFH� VWLOEHQH� VLQJOH� FU\VWDO� ���� DQG� IRU� VWLO�
EHQH�FRPSRVLWH� VFLQWLOODWRU� ����XQGHU� LUUDGLD�
WLRQ� ZLWK� D� ���3X±%H� VRXUFH�� %RWK� VSHFWUD
FROOHFWHG�IRU�DQ�LGHQWLFDO�WLPH�LQWHUYDO�

1�/�.DUDYDHYD��2�$�7DUDVHQNR���/DUJH�VL]H�FRPSRVLWH����
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VLRQ� HOHFWURQV�� FKDUDFWHULVWLF� ;�UD\� DQG
J�UDGLDWLRQ��:KHQ�WKH�HGJH�HIIHFW�LQIOXHQFH
LV� ORZ�� IRU� WKH� JDGROLQLXP� EDVHG� VFLQWLOOD�
WRUV� PXVW� VKRZ� D� FKDUDFWHULVWLF� SHDN� ZLWK
���NH9�HQHUJ\�DQG�DORQJ�ZLWK� LW��D����NH9
SHDN� EHLQJ� WKH� VXP�RI� WKH� FRQYHUVLRQ� HOHF�
WURQ� SHDN� ���� NH9�� DQG� ;�UD\� UDGLDWLRQ
���� NH9�� >�@�� 7KH� WKLFNQHVV� RI� VLQJOH�OD\HU
FRPSRVLWH� VFLQWLOODWRUV� ZDV� GHWHUPLQHG� DV
WKH� DYHUDJH� VL]H� RI� WKH� FRUUHVSRQGLQJ� IUDF�
WLRQ�RI�JUDLQV��DQG�IRU�WKUHH�OD\HU�DQG�ILYH�
OD\HU�&H�*62�FRPSRVLWH�VFLQWLOODWRUV��DV�WUL�
SOH� DQG� ILYHIROG� YDOXH� RI� WKH� DYHUDJH� IUDF�
WLRQ� VL]H� ZLWK� /� ���� WR� �� PP�� WKDW� LV�
����� PP�� 2EWDLQHG� ZHUH� WKH� WKHUPDO� QHX�
WURQ� VFLQWLOODWLRQ� VSHFWUD� IRU� UHIHUHQFH� GH�
WHFWRUV�RQ�WKH�EDVLV�RI�&H�*62�DQG�&H�*36
VLQJOH� FU\VWDOV� DQG� IRU� FRPSRVLWH� GHWHFWRUV
FRQWDLQLQJ� WKH� JUDLQV� RI� &H�*62� DQG
&H�*36�FU\VWDOV�

)LJV���Ü�� GHPRQVWUDWH� WKH� PHDVXUHPHQW
SURFHGXUH� RI� WKH� WKHUPDO� QHXWURQ� VFLQWLOOD�
WLRQ�VSHFWUD�IRU�*G�EDVHG�GHWHFWRUV�WDNLQJ�D
&V�*36�VLQJOH�FU\VWDO�DV�DQ�H[DPSOH��&XUYH��
LQ�)LJ���� LV� WKH� WRWDO� VFLQWLOODWLRQ� VSHFWUXP
RI�D�&V�*36�VLQJOH�FU\VWDO�LUUDGLDWHG�VLPXO�
WDQHRXVO\� ZLWK� WKHUPDO� DQG� IDVW� QHXWURQV
IURP�D����3X±%H�VRXUFH�SODFHG�LQVLGH�D�SDU�
DIILQ�VSKHUH��&XUYH���UHSUHVHQWV�WKH�VFLQWLO�
ODWLRQ� VSHFWUXP�PHDVXUHG� IRU� WKH� VDPH� H[�
SHULPHQWDO� JHRPHWU\� EXW� ZLWK� D� FDGPLXP
VFUHHQ� SODFHG� EHWZHHQ� WKH� VRXUFH� DQG� WKH
VFLQWLOODWRU��7KH�DFFXPXODWLRQ�WLPH�ZDV�WKH
VDPH� IRU� ERWK� VSHFWUD�� 7KH� VSHFWUXP� SUH�
VHQWHG� LQ� )LJ���� LV� REWDLQHG� E\� VXEWUDFWLRQ
RI� WKH� IDVW� QHXWURQ� VFLQWLOODWLRQ� VSHFWUXP
�FXUYH��� LQ�)LJ����� IURP� WKH� WRWDO� VFLQWLOOD�
WLRQ� VSHFWUXP� �FXUYH� �� LQ� )LJ������ )LJ���
SUHVHQWV�DV�DQ�H[DPSOH�WKH�WKHUPDO�QHXWURQ
SHDN� DPSOLWXGH� VSHFWUXP� IRU� D� VLQJOH�OD\HU

&H�*36� FRPSRVLWH� GHWHFWRU� ZLWK� JUDLQ� VL]H
/����Ü����PP��

7KH�REWDLQHG�UHVXOWV�KDY�VKRZQ�WKDW�WKH
LQWHQVLW\� UDWLR� RI� ��� NH9� DQG� ��� NH9� VFLQ�
WLOODWLRQ�SHDNV�LQFUHDVHV�DV�WKH�JUDLQ�VL]H�RI
D� FRPSRVLWH� VFLQWLOODWRU� LV� GLPLQLVKHG�� 7KH
EHVW� QHXWURQ�WR�JDPPD� UDWLR� ZDV� REWDLQHG
IRU� WKH� VLQJOH�OD\HU� FRPSRVLWH� VFLQWLOODWRUV�
)RU� &H�*62� FRPSRVLWH� VFLQWLOODWRUV� ZLWK� �
RU���OD\HUV�RI����Ü��PP�JUDLQV��WKH�SHDN�RI
��� NH9� ZDV� QRW� REVHUYHG�� )RU� FRPSRVLWH
VFLQWLOODWRUV�� WKH� UHVROXWLRQ�RI�ERWK� OLQHV� LV
ZRUVH�WKDQ�IRU�WKH�UHIHUHQFH�VLQJOH�FU\VWDO�
7R�FKDUDFWHUL]H�WKH�SURSHUWLHV�RI�WKH�VFLQWLO�
ODWRUV�� ZH� KDYH� LQWURGXFHG� WKUHH� DUELWUDU\
HQHUJ\� UDQJHV� �VHH� )LJ������ QDPHO\�� ��� WR
���NH9� �WKH�DPSOLWXGH�UDQJH�RI�WKH�VFLQWLO�
ODWLRQ�SHDN�JHQHUDWHG�E\����NH9�FRQYHUVLRQ
HOHFWURQV������WR�����NH9��WKH�UDQJH�RI�WRWDO
���NH9�SHDN���DQG����WR�����NH9��WKH�ZKROH
VFLQWLOODWLRQ�VSHFWUXP���

)LJV���� DQG���SUHVHQW� WKH�FDOFXODWLRQ� UH�
VXOWV� RI� WKHUPDO� QHXWURQ� GHWHFWLRQ� HIIL�

)LJ����� $PSOLWXGH� VSHFWUD� RI� �����PP� WKLFN
&V�*36� VLQJOH� FU\VWDO� LUUDGLDWHG� ZLWK� IDVW
DQG� WKHUPDO�QHXWURQV� ���� DQG�ZLWK� IDVW�QHX�
WURQV�RQO\������

)LJ����� $PSOLWXGH� VSHFWUXP� RI� VLQJOH�OD\HU
&H�*36�FRPSRVLWH�GHWHFWRU�ZLWK�JUDLQ�VL]H�/
���Ü����PP�H[FLWHG�E\�WKHUPDO�QHXWURQV�

)LJ�����$PSOLWXGH�VSHFWUXP�RI������PP�WKLFN
&H�*36� VLQJOH� FU\VWDO� H[FLWHG� E\� WKHUPDO
QHXWURQV�
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FLHQF\�HWK�IRU�D�VHULHV�RI�&H�*62�FRPSRVLWHVFLQWLOODWRUV� DQG� IRU� D� VHULHV� RI� &H�*36
RQHV�� 'LUHFW� KRUL]RQWDO� VROLG� OLQHV� DUH� WKH
WKHUPDO� QHXWURQ� GHWHFWLRQ� HIILFLHQF\� IRU
&V�*36�VLQJOH�FU\VWDOV�������PP�WKLFN��DQG
�����PP�WKLFN�&V�*62� RQHV��9HUWLFDO� OLQHV
LQ� )LJV���� DQG� �� LQGLFDWHV� WKH� WKLFNQHVV� RI
WKH�UHIHUHQFH�VLQJOH�FU\VWDOV��

7KH�HIILFLHQF\�RI� WKHUPDO�QHXWURQ�GHWHF�
WLRQ�HWK�ZH�HVWLPDWHG�DV�IROORZV��
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ZKHUH�16�LV�WKH�QXPEHU�RI�WKHUPDO�QHXWURQGHWHFWLRQ� HYHQWV�� W�� WKH� DFFXPXODWLRQ� WLPH
RI� WKH� HYHQWV�� )IDVW�� WKH� IOX[� RI� IDVW� QHX�
WURQV�IURP�WKH�VRXUFH��KWK� �������WKH�QXP�EHU�RI�WKHUPDO�QHXWURQV�REWDLQHG�GXH�WR�GH�
FHOHUDWLRQ� RI� IDVW� QHXWURQV� LQ� WKH� SDUDIILQ
VSKHUH�SHU�RQH�IDVW�QHXWURQ��6��WKH�GHWHFWRU
DUHD��5��WKH�VRXUFH�WR�GHWHFWRU�GLVWDQFH��

,W� LV� VHHQ� IURP� )LJV���� DQG� �� WKDW� WKH
GHWHFWLRQ� HIILFLHQF\� RI� ��� NH9� FRQYHUVLRQ
HOHFWURQV� GHSHQGV� ZHDNO\� RQ� WKH� GHWHFWRU
WKLFNQHVV�� 7KH� YHU\� WKLQ� VFLQWLOODWLRQ� OD\HU
�/� OHVV� WKDQ� �����PP�� LV� HQRXJK� WR� GHWHFW
WKLV� UDGLDWLRQ�HIIHFWLYHO\��6XFK�D�UHVXOW�EH�
FRPHV� FOHDU� ZKHQ� WDNLQJ� LQWR� DFFRXQW� WKDW
WKH� IUHH� SDWK� RI� ��� NH9� HOHFWURQV� LQ� VXFK
VFLQWLOODWLRQ� PDWHULDOV� LV� DERXW� ������ PP
>��@�� 7KHUHIRUH�� D� VLQJOH� OD\HU� RI� WKH� *G�
FRQWDLQLQJ� FRPSRVLWH� VFLQWLOODWRU� ZLWK

JUDLQV� RI� WKH� DYHUDJH� VL]H� QRW� H[FHHGLQJ
����PP� LV� VXIILFLHQW� IRU� VHOHFWLYH�GHWHFWLRQ
RI� ��� NH9� FRQYHUVLRQ� HOHFWURQV�� 7KH� GHWHF�
WLRQ� HIILFLHQF\� RI� WKHUPDO� QHXWURQV� LQ� WKH
HQHUJ\� UDQJH� ��Ü��� NH9� PDNHV� a��� ��� $
&H�*36� FRQWDLQLQJ� FRPSRVLWH� VFLQWLOODWRU
KDV� D� KLJKHU� OLJKW� \LHOG� WKDQ�&H�*62� RQH�
WKHUHIRUH�� WKH� IRUPHU� VHOHFWV� WKH� VFLQWLOOD�
WLRQ� VLJQDO� IURP� ��� NH9� FRQYHUVLRQ� HOHF�
WURQV� EHWWHU� WKDQ� WKH� ODWWHU��$� VLQJOH�OD\HU
FRPSRVLWH� VFLQWLOODWRU� RQ� WKH� EDVH� RI
&H�*62� FU\VWDO� JUDLQV� �RU� RQ� WKH� EDVH� RI
&H�*36� JUDLQV� RI� ODUJHU� VL]H�� LV� JRRG� WR
GHWHFW� WKH� WRWDO� VFLQWLOODWLRQ� VLJQDO� IURP
���NH9�;�UD\�UDGLDWLRQ�DQG����NH9�FRQYHU�
VLRQ� HOHFWURQV�� 7KH� EDFNJURXQG� VLJQDO� LQ�
FUHDVHV� ZLWK� LQFUHDVLQJ� JUDLQ� VL]H� /� �VHH
)LJ������ 7KHUHIRUH�� WKH� DYHUDJH� VL]H� RI� WKH
JUDLQV� KDV� QRW� WR� EH� ODUJH�� )LJV���� DQG� �
VKRZ� WKDW� IRU� WKH� ��� WR� ���� NH9� HQHUJ\
UDQJH�� WKH� WKHUPDO� QHXWURQ� GHWHFWLRQ� HIIL�
FLHQF\� PDNHV� ��� WR� ��� ��� 2XU� UHVHDUFKHV
DOVR�KDYH�VKRZQ�WKDW�GHWHFWLRQ�HIILFLHQF\�RI
EDFNJURXQG� J� UDGLDWLRQ� LQUHDVHV� VKDUSO\
ZLWK�LQFUHDVLQJ�JUDLQ�VL]H��RU�D�WKLFNQHVV�RI
D�&G�FRQWDLQLQJ� LQRUJDQLF�VFLQWLOODWRU��1RWH
WKDW� WKH� GHWHFWLRQ� HIILFLHQF\� RI� J� SKRWRQV
ZLWK� HQHUJLHV�(J�!����� NH9� IRU� D� VFLQWLOOD�WRU� FRQWDLQLQJ�JUDLQV�ZLWK� WKH� DYHUDJH�VL]H
/d����PP�LV�QHJOLJLEO\�VPDOO��7KHUHIRUH��E\
RXU� HVWLPDWLRQV�� WKH� DYHUDJH� JUDLQ� VL]H� RI
WKH�VLQJOH�OD\HU�&H�*62�RU�&H�*36�GHWHFWRU
VKRXOG�EH�QR�PRUH�WKDQ�����PP��

)LJ����� 7KHUPDO� QHXWURQ� GHWHFWLRQ� HIILFLHQF\
HWK�IRU�D�VHULHV�RI�&H�*36�FRPSRVLWH�VFLQWLOOD�WRUV�FDOFXODWHG�IRU�GLIIHUHQW�HQHUJ\�UDQJHV�RI
WKHUPDO� QHXWURQ� GHWHFWLRQ�� +RUL]RQWDO� VROLG
OLQHV�SUHVHQW�WKH�HWK�YDOXHV�IRU������PP�WKLFN&V�*36� VLQJOH� FU\VWDO�� WKH�YHUWLFDO� OLQH� LQGL�
FDWHV� WKH� WKLFNQHVV� RI� WKH� UHIHUHQFH� VLQJOH
FU\VWDO�

)LJ����� 7KHUPDO� QHXWURQ� GHWHFWLRQ� HIILFLHQF\
HWK�IRU�D�VHULHV�RI�&H�*62�FRPSRVLWH�VFLQWLOOD�WRUV�FDOFXODWHG�IRU�GLIIHUHQW�HQHUJ\�UDQJHV�RI
WKHUPDO� QHXWURQ� GHWHFWLRQ�� +RUL]RQWDO� VROLG
OLQHV�SUHVHQW�WKH�HWK�YDOXHV�IRU������PP�WKLFN&V�*62� VLQJOH�FU\VWDO�� WKH�YHUWLFDO� OLQH� LQGL�
FDWHV� WKH� WKLFNQHVV� RI� WKH� UHIHUHQFH� VLQJOH
FU\VWDO�
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/HW�HWK6�DQG�HWK&�GHQRWH�WKH�WKHUPDO�QHX�WURQ�GHWHFWLRQ�HIILFLHQF\�YDOXHV�REWDLQHG�IRU
D� VLQJH� FU\VWDO� DQG�D� FRPSRVLWH� VFLQWLOODWRU
ZLWK� WKH� LQSXW�ZLQGRZ�DUHD�66� DQG�6&��UH�VSHFWLYHO\�� 7KH� UDWLR� EHWZHHQ� WKH� QXPEHUV
RI�WKHUPDO�QHXWURQV�GHWHFWHG�E\�WKH�FRPSRV�
LWH�VFLQWLOODWRU�WR�WKRVH�GHWHFWHG�E\�WKH�VLQ�
JOH� FU\VWDO�� DW� WKH� VDPH� QHXWURQ� IOX[� LV
HTXDO�WR�

]WK� �
HWK& 6&
HWK6 66
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7KH�D� YDOXH� LQ� ���� LV� D� FRQVWDQW�GHILQHG
E\�WKH�SURSHUWLHV�RI�WKH�VSHFLILF�VLQJOH�FU\V�
WDO� VDPSOH� DQG� WKH� FRPSRVLWH� VFLQWLOODWRU
WKDW�LV�PDGH�IURP�WKH�JUDLQV�RI�WKLV�FU\VWDO�
,Q�FRQWUDVW�WR�66��WKH�6&�YDOXH�KDV�QR�WHFK�QRORJLFDO�OLPLWDWLRQV��7KHUHIRUH��LI�66PD[�LV
WKH� ODUJHVW� SRVVLEOH� LQSXW� ZLQGRZ� DUHD� IRU
WKH�VLQJOH� FU\VWDO�� WKHQ�D�FRPSRVLWH�VFLQWLO�
ODWRU�ZLWK�6&��FDQ�EH�FKRVHQ�IRU�ZKLFK�

]WK� � �D
6&�
66PD[
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,W�PHDQV� WKDW� DOO� FRPSRVLWH� VFLQWLOODWRUV
KDYLQJ�WKH�VDPH�HWK&�DQG�6&�!�6&��DUH�PRUHHIIHFWLYH�GHWHFWRUV�RI�WKHUPDO�QHXWURQV�WKDQ
WKH� VLQJOH� FU\VWDO�XVHG� WR�SUHSDUH� WKH�FRP�
SRVLWHV��)LJV����DQG���VKRZ�WKDW�IRU�VLQJOH�
OD\HU�FRPSRVLWH�VFLQWLOODWRUV�ZLWK�JUDLQ�VL]H
/�VLPLODU�WR�WKH�WKLFNQHVV�RI�WKH�VLQJOH�FU\V�
WDO�VKRZ�LQ�WKH���Ü���NH9�HQHUJ\�UDQJH�WKH
HWK6� DQG� HWK&� YDOXHV� YHU\� � FORVH� WRJHWKHU�L�H�� D� LV� DERXW� ���� DQG� ���� IRU� FRPSRVLWH
VFLQWLOODWRUV� EDVHG� RQ� WKH� JUDLQV� RI� D
&V�*62� VLQJOH� FU\VWDO�DQG�D�&V�*36� VLQJOH
FU\VWDO�� UHVSHFWLYHO\���)RU� WKH�HQHUJ\�UDQJH
��Ü���� NH9�� D� LV� DERXW� ���� DQG� ���� IRU
FRPSRVLWH� VFLQWLOODWRUV� EDVHG� RQ� WKH� JUDLQV
RI� D� &V�*62� VLQJOH� FU\VWDO� DQG� D� &V�*36
VLQJOH�FU\VWDO��UHVSHFWLYHO\��,Q�DFFRUGDQFH�WR
�����WKH�HWK�YDOXHV�DUH�LQGHSHQGHQW�RI�6&�66UDWLR�� 6R�� HYHQ� IRU� FRPSRVLWH� VFLQWLOODWRUV
ZLWK� 6&�!��66PD[� �ZKHUH� H�J�� IRU� &H�*36
FU\VWDOV�66PD[� LV� DERXW��� FP��� WKH� QXPEHU
RI� GHWHFWHG� HYHQWV� LQ� WLPH� XQLW� ZLOO� EH
ODUJHU� WKDQ� IRU� VLQJOH� FU\VWDO�� 7KLV� YDOXH
JURZV� ZLWK� 6&� LQFUHDVH�� 7KH� PHDVXUHPHQWUHVXOWV� IRU� WKH� FRPSRVLWH� GHWHFWRU� RI
����PP�GLDPHWHU� SUHSDUHG� RQ� WKH� EDVLV� RI
&V�*62�FU\VWDO�JUDLQV�KDYH�VKRZQ�WKDW�WKH
PD[LPXP�OLJKW�\LHOG�LQKRPRJHQHLW\�'/<����
FDOFXODWHG�IRU�GLIIHUHQW�VLWHV�RI�VXFK�GHWHF�
WRU� LV� FRPSDUDEOH� WKH� OLJKW� \LHOG� PHDVXUH�
PHQW�HUURU��DERXW������

���&RQFOXVLRQ�
&RQVLGHULQJ� WKH� VWXG\� UHVXOWV� RI� VFLQWLOOD�

WLRQ�FKDUDFWHULVWLFV�IRU�RUJDQLF�DQG�LQRUJDQLF
FRPSRVLWH� VFLQWLOODWRUV�� WKH� IROORZLQJ� FRQFOX�
VLRQV�FDQ�EH�GUDZQ��7KH�SUHSDUDWLRQ�WHFKQRO�
RJ\�RI�RUJDQLF�FRPSRVLWH�VFLQWLOODWRUV�DV�IDVW
QHXWURQ�GHWHFWRUV�DV�ZHOO�DV�RI�QHZ�LQRUJDQLF
FRPSRVLWH�VFLQWLOODWRUV�DV�GHWHFWRUV�RI�WKHUPDO
QHXWURQV��)RU�VWLOEHQH�FRPSRVLWH�VFLQWLOODWRUV�
WKH� IDVW� QHXWURQ� GHWHFWLRQ� HIILFLHQF\� PDNHV
��� WR� ��� �� ZLWK� UHVSHFW� WR� RUJDQLF� VLQJOH
FU\VWDOV� RI� WKH� VLPLODU� VL]H�� 7KH� VLQJOH�OD\HU
FRPSRVLWH� VFLQWLOODWRUV� ZLWK� WKH� &H�*62� RU
&H�*36�FU\VWDO�JUDLQ�VL]H�/d����PP�SURYLGHV
GHWHFWLRQ�RI�WKHUPDO�QHXWURQV�E\�UHJLVWUDWLRQ
RI�VFLQWLOODWLRQ�SXOVHV�RI�FRQYHUVLRQ�HOHFWURQV
ZLWK����NH9�HQHUJ\� �WKH�HQHUJ\�UDQJH���� WR
���NH9��DW�HIILFLHQF\�HWK�a�������$W�VLPXOWD�QHRXV� UHJLVWUDWLRQ� RI� VFLQWLOODWLRQ� SXOVHV� RI
FRQYHUVLRQ� HOHFWURQV� ���� NH9�� DQG� WKH� WRWDO
VLJQDO� ���� NH9��� WKH� GHWHFWLRQ� HIILFLHQF\� RI
WKHUPDO� QHXWURQV� HWK� PDNHV� ��� WR� ��� �� LQWKH����WR�����NH9�HQHUJ\�UDQJH��7KH�FRPSRV�
LWH�VFLQWLOODWLRQV�DUH�QRQ�K\JURVFRSLF�HIILFLHQW
GHWHFWRUV�RI�QHXWURQV�IUHH�RI�WHFKQRORJLFDO�UH�
VWULFWLRQV� IRU� WKH� LQSXW� ZLQGRZ� VKDSH� DQG
DUHD�� WKDW� DOORZV� WR� REWDLQ� PRUH� HIIHFWLYH
QHXWURQ� GHWHFWRUV� LQ� FRPSDULVRQ� ZLWK� VLQJOH
FU\VWDOV�VFLQWLOODWRUV�

7KH� DXWKRUV� DUH� JUDWHIXO� WR� 'UV�
6�9�%XGDNRYVN\� DQG� 2�7�6LGOHWVNL\� ZKR
KDYH�RIIHUHG�WKH�VDPSOHV�RI�RUJDQLF�DQG�LQ�
RUJDQLF�VLQJOH�FU\VWDOV�IRU�WKLV�VWXG\��

5HIHUHQFHV
� ���7KH� ����� 5HFRPPHQGDWLRQV� RI� WKH� ,QWHUQD�

WLRQDO�&RPPLVVLRQ�RQ�5DGLRORJLFDO�3URWHFWLRQ�
3XEOLFDWLRQ� ����� $QQDOV� RI� WKH� ,&53�� Y���
�������S���

� ���/�5HHGHU��1XFO��,QVWU��DQG�0HWK�3K\V��5HV���$�����
�����������

� ���-�+DUXQD��-�+�.DQHNR��0�+LJXFKL� HW� DO��� LQ�
3URF��,(((�1XFOHDU�6FLHQFH�6\PS��&RQI��5HF��
+DYDLL��86$���������S�������

� ���6�9�%XGDNRYVN\�� 1�=�*DOXQRY�� %�9�*ULQ\RY
HW�DO���5DGLDW��0HDV������������������

� ���,�3�.UDLQRY�� 1�=�*DOXQRY�� 6�9�%XGDNRYVN\�
&U\VW��5HV��DQG�7HFKQRO������������������

� ���8NU��3DW��$SSO��8�����������
� ���1�/�.DUDYDHYD�� 2�$�7DUDVHQNR�� )XQFWLRQDO

0DWHULDOV����������������
����1�=�*DOXQRY��%�9�*ULQ\RY��1�/�.DUDYDHYD�HW

DO��� LQ�� 3URF��,(((� 1XFOHDU� 6FLHQFH� 6\PS�
&RQI��5HF��� 2UODQGR�� )ORULGD�� 86$� �������
1������S������

� ���-�+�%DNHU�� 1�=�*DOXQRY�� $�0�6WHSDQHQNR� HW
DO���5DGLDW��0HDV������������������

����+DQGERRN� RI� 5DGLRDFWLYLW\�� �QG� HG��� (OVHYLHU
6FLHQFH��86$���������
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