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���,QWURGXFWLRQ
&LQQDPR\O� S\URQHV� �&3�� DUH� NQRZQ� DV

PHGLFDPHQWV� DQG� DV� LQWHUPHGLDWH� SURGXFWV
LQ� PHGLFDPHQW� V\QWKHVLV� >�Ü�@�� ,QYHVWLJD�
WLRQV� RI� &3� VSHFWUDO� SURSHUWLHV� KDV� VKRZQ
WKDW�WKH�DSSOLFDWLRQ�ILHOG�RI�PHQWLRQHG�FRP�
SRXQGV� LV� VLJQLILFDQWO\� EURDGHU�� 7KH\� FDQ
SOD\� D� UROH� RI� IOXRUHVFHQW� LQGLFDWRUV� LQ� WKH
ZLGH�UDQJH�RI� WKH�DFLGLW\��IURP�+�� �Ü��WRS+� �����0RUHRZHU��&3�FDQ�EH�XVHG�DV�IOXR�

UHVFHQW� G\HV� DQG� PDUNHUV� IRU� SRO\PHU
PHGLD�� ZKLFK� SHUPLWV� WR� FUHDWH� QHZ� HPLW�
WLQJ� IXQFWLRQDO�PDWHULDOV� EDVHG� RQ� SRO\PHU
FRPSRVLWLRQV�

7KH� LQYHVWLJDWLRQV� RI� &3� VKRZHG� WKDW
WKHVH� FRPSRXQGV� PXVW� EH� GLYLGHG� LQWR� WZR
JURXSV�KDYLQJ�GLIIHUHQW�VSHFWUDO�SURSHUWLHV�
&3� ZLWK� QHXWUDO� RU� ZHDN� HOHFWURQ�GRQDWLQJ
VXEVWLWXHQWV� LQ� VLGH� SKHQ\O� F\FOH� KDYH� QR
IOXRUHVFHQFH�LQ�OLTXLG�VROXWLRQV�QRU�LQ�SRO\�
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PHU� PDWULFHV� LUUHVSHFWLYHO\� RI� PHGLXP� SR�
ODULW\�� &3� ZLWK� VWURQJ� HOHFWURQ�GRQDWLQJ
VXEVWLWXHQWV� LQWHQVLYHO\� HPLW� LQ� QRQ�SRODU
VROYHQWV� >�@�� KRZHYHU�� WKH� SRODULW\� LQFUHDVH
UHVXOWV� LQ� D� GUDVWLFDO� GHFUHDVH� RI� TXDQWXP
\LHOGV�� ,Q� SRO\PHULF� PDWULFHV�� &3� IOXRUHV�
FHQFH� LV� LQWHQVH� QRW� GHSHQGLQJ� RQ� PHGLXP
SRODULW\�� WKDW� LV� YHU\� LPSRUWDQW�� LI� &3� DUH
XVHG�DV�SRO\PHU�PDUNHUV�

7R�XQGHUVWDQG�FDXVHV�RI�&3�IOXRUHVFHQFH
TXHQFKLQJ� DQG� WR� H[SODLQ� GHSHQGHQFH� EH�
WZHHQ� &3� VSHFWUDO� SURSHUWLHV� DQG� PHGLXP
SDUDPHWHUV�� ZH� WULHG� WR� LQYHVWLJDWH� DQG� WR
VLPXODWH� SKRWRSK\VLFDO� DQG� SKRWRFKHPLFDO
SURFHVVHV�WDNLQJ�SODFH�LQ�WKH�PROHFXOHV�

���([SHULPHQWDO�
7ZHOYH�&3�GHULYDWLYHV�DQG�Y\Q\ORJV�ZLWK

GLIIHUHQW� OHQJWK� RI� SRO\PHWKLQH� FKDLQ� V\Q�
WKHVL]HG�DFFRUGLQJ�WR�>����@�KDYH�EHHQ�LQYHV�
WLJDWHG�� 6WUXFWXUHV� RI� VWXGLHG� FRPSRXQGV
DUH�GHSLFWHG�RQ�6FKHPH����6ROYHQWV�XVHG�IRU
VSHFWUDO� LQYHVWLJDWLRQV� ZHUH� � SUHYLRXVO\
GULHG� DQG� SXULILHG� DFFRUGLQJ� WR� >�@�� 7KH
SUHVHQFH�RI�DEVRUELQJ�RU�HPLWWLQJ�LPSXULWLHV
LQ�WKH�VROYHQWV��DV�ZHOO�DV�LQ�SRO\PHULF�PD�
WULFHV� DW� ��� DQG� ���� .� LV� H[DPLQHG� XVLQJ
SKRWRPHWULF� DQG� IOXRULPHWULF� PHWKRGV�� $E�
VRUSWLRQ� DQG� HPLVVLRQ� VSHFWUD� ZHUH� UHJLV�
WHUHG�XVLQJ�+LWDFKL�8����� VSHFWURSKRWRPH�
WHU� DQG� +LWDFKL� )����� IOXRULPHWHU�� FRUUH�
VSRQGLQJO\�� /LIHWLPHV� RI� &3� PROHFXOHV� LQ
VROXWLRQV� DQG� SRO\PHU�PDWULFHV� ZHUH�PHDV�
XUHG� XVLQJ� SXOVH� SLFRVHFRQG� SKRWRQ�FRXQW�
LQJ� SKRWRPHWHU� 3LFR4XDQW� ZLWK� OH[F� ���� QP�� 3KRVSKRUHVFHQFH� VSHFWUD� DQG� OLIH�

WLPHV�ZHUH�PHDVXUHG�LQ�SRO\PHU�PDWULFHV�DW
WHPSHUDWXUH� ��� .� RQ� IOXRUHVFHQFH� VSHFWUR�
SKRWRPHWHU�&DU\�(FOLSVH�9DULDQ�RSHUDWHG�LQ
SKRVSKRULPHWHU�PRGH��

*HRPHWU\� RSWLPL]DWLRQ� DQG� FDOFXODWLRQV
RI�HOHFWURQLF�WUDQVLWLRQV�ZHUH�FDUULHG�RXW�E\
VHPL�HPSLULFDO� PHWKRG� 50�� >�@� LPSOH�
PHQWHG� WR� 023$&� ����� SURJUDP� SDFNDJH
>�@�� 6SLQ�RUELW� LQWHUDFWLRQ� FRHIILFLHQWV�ZHUH
FDOFXODWHG� XVLQJ� &1'2�6�62,� SURJUDP� >�@�
,QWHUV\VWHP� FURVVLQJ� FRQVWDQWV� N,6&� ZHUHREWDLQHG�E\�WKH�HTXDWLRQ
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ZKHUH�E�L�Û�PDWUL[�FRHIILFLHQWV�RI�RSHUDWRU
RI�VSLQ�RUELW� LQWHUDFWLRQ�EHWZHHQ�WKH�ORZHVW
VLQJOHW�H[FLWHG�VWDWH�6��DQG�XQGHUO\LQJ�WULS�OHW� VWDWHV� �HQHUJLHV� �(7L�� RI�ZKLFK�DUH� VLPL�
ODU�RU�ORZHU�WKDQ�HQHUJ\�RI�6���(6����>��@�

7KH�HVWLPDWLRQ�RI�H[SHULPHQWDO�DQG�WKHR�
UHWLFDO� NLQHWLF� FKDUDFWHULVWLFV� �NI�� NG��� DVZHOO� DV� WKHRUHWLFDO� OLIHWLPH� �W�� DQG� IOXRUHV�
FHQFH� TXDQWXP� \LHOG� �M�� ZHUH� FDUULHG� RXW
DFFRUGLQJ�WR�IRUPXODH�
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W� DQG�M� ZHUH� FDOFXODWHG� XQGHU� WKH� DVVXPS�
WLRQ� WKDW� LQWHUV\VWHP� FURVVLQJ� LV� D� PDLQ
FKDQQHO�RI� UDGLDWLRQOHVV�GHVDFWLYDWLRQ�RI�6�
VWDWH��L�H��NG�|�N,6&�

6FKHPH����6WUXFWXUHV�RI�FLQQDPR\O�S\URQHV�LQYHVWLJDWHG�

'�2�7\NKDQRY�HW�DO����3KRWRSK\VLFDO�DQG�SKRWRFKHPLFDO����

��� )XQFWLRQDO�PDWHULDOV�������������



���5HVXOWV�DQG�GLVFXVVLRQ�
3KRWRFKHPLFDO�SURFHVVHV� LQ�&3�PROHFXOHV�

7KH�GLYHUVLW\�RI�&3�VSHFWUDO�SURSHUWLHV�PD\
EH�H[SODLQHG�E\�VHYHUDO�FDXVHV�GXH�WR�SK\VL�
FDO� DQG� FKHPLFDO� SURFHVVHV� LQ� WKH� H[FLWHG
VWDWH�� 7KH� PRVW� SUREDEOH� SKRWRFKHPLFDO
SURFHVVHV�DUH�IROORZLQJ�

Ü� H[FLWHG�VWDWH� LQWUDPROHFXODU� SURWRQ
WUDQVIHU� �(6,37�� IURP� K\GUR[\� JURXS� LQ
D�S\URQH� IUDJPHQW� RQWR� H[RF\FOLF� FDUERQ\O
JURXS�� 7KH� K\GUR[\� DQG� FDUERQ\O� JURXSV
IRUP� D� VWURQJ� LQWUDPROHFXODU� K\GURJHQ
ERQG�� FORVLQJ� D� VL[�PHPEHUHG� F\FOH��3URWRQ
WUDQVIHU� LQ� VXFK� FRQGLWLRQV� WDNHV� SODFHV� LQ
PDQ\�RUJDQLF�FRPSRXQGV�>��Ü��@�

Ü� (6,37� IURP� D�S\URQH� K\GUR[\� JURXS
RQWR�HQGRF\FOLF�FDUERQ\O�JURXS�DQG�J�S\URQH
WDXWRPHU� IRUPDWLRQ�� 6XFK� D� WDXWRPHULVP
WDNHV� SODFH� ZLWK� SDUWLFLSDWLRQ� RI� VROYHQW
PROHFXOHV� DQG� LV� W\SLFDO� IRU� ��K\GUR[\FRX�
PDULQHV�DQG���K\GUR[\LVRIODYRQHV�>������@�

Ü� WUDQV�FLV�LVRPHUL]DWLRQ� DQG� GLPHUL]D�
WLRQ�RI�SRO\PHWKLQH�FKDLQV�W\SLFDO�IRU�FKDO�
FRQHV�>��@��SRO\PHWKLQH�G\HV�DQG�RWKHU�FRP�
SRXQGV�>������@�

(6,37�SUREDELOLW\�FDQ�EH�HVWLPDWHG�XVLQJ
ERWK� H[SHULPHQWDO� DQG� WKHRUHWLFDO�PHWKRGV�
,Q� WKH� ODVW� FDVH�� WKH� LQIRUPDWLRQ� PD\� EH
REWDLQHG� E\� WKH� FRPSDULVRQ� RI� FKDUJHV� RQ
&3�R[\JHQ�DWRPV�LQ�WKH�JURXQG�DQG�H[FLWHG
VWDWHV�� 3URWRQ� SKRWR� WUDQVIHU� LV� SRVVLEOH� LI
WKH� H[FLWDWLRQ�RI�D�PROHFXOH� UHVXOWV� LQ� VXE�
VWDQWLDO�GHFUHDVH�RI�QHJDWLYH�FKDUJH�RQ�R[\�
JHQ� DWRP� RI� K\GUR[\� JURXS� FRUUHVSRQGLQJ
WR�LQFUHDVH�RI�LWV�DFLGLW\��DQG�LQ�VLPXOWDQH�
RXV� LQFUHDVH� RI� QHJDWLYH� FKDUJH� RQ� R[\JHQ
DWRPV� RI� FDUERQ\O� JURXSV� FRUUHVSRQGLQJ� WR
JURZWK�RI�WKHLU�EDVLVLW\��6LQFH�ILUVW�VWDJH�RI

SURWRQ� WUDQVIHU� LV� WKH� GLVVRFLDWLRQ� RI� WKH
K\GUR[\� JURXS� �D� SURWRQ� GRQRU��� WKH� LQ�
FUHDVH�RI�LWV�DFLGLW\�LV�D�QHFHVVDU\�FRQGLWLRQ
RI�(6,37�

7DEOH��� SUHVHQWV� YDOXHV� RI� 0XOOLNHQ
FKDUJHV�RQ�&3�R[\JHQ�DWRPV� LQ� WKH�JURXQG
DQG�H[FLWHG�VWDWHV��7KH�LQIOXHQFH�RI�PHGLXP
SRODULW\��ZDWHU��RQ�WKH�FKDUJH�UHGLVWULEXWLRQ
LQ� &3� PROHFXOHV� ZDV� WDNHQ� LQWR� DFFRXQW
XVLQJ� &2602� PHWKRG� >��@�� 7DEOH��� VKRZV
WKDW�WKH�6��o�6��WUDQVLWLRQ�OHDGV�WR�WKH�LQ�FUHDVH� RI� QHJDWLYH� FKDUJH� ERWK� RQ� K\GUR[\
DQG� FDUERQ\O� IUDJPHQWV�� 7KXV�� WKH� H[FLWD�
WLRQ� UHVXOWV� LQ� LQFUHDVH� RI� FDUERQ\O� JURXS
EDVLVLW\� DQG� LQ� VXEVWDQWLDO� GHFUHDVH� RI� K\�
GUR[\� JURXS� DFLGLW\�� 7KH� ODVW� SKHQRPHQRQ
HYLGHQFHV� D� YHU\� ZHDN� SUREDELOLW\� RI� ERWK
W\SHV�RI�(6,37�PHQWLRQHG�DERYH�

([SHULPHQWDO� HVWLPDWLRQ� RI� (6,37� SURE�
DELOLW\� KDV� EHHQ� FDUULHG� RXW� E\� FRPSDULVRQ
RI� &3� GLVVRFLDWLRQ� DQG� SURWRQDWLRQ� FRQ�
VWDQWV�LQ�WKH�JURXQG�DQG�H[FLWHG�VWDWH��S.DYDOXHV� ZHUH� GHWHUPLQHG� E\� DFLG�EDVH� WLWUD�
WLRQ� LQ� D� ZLGH� UDQJH� RI� S+�+��� 7KH� S.DHVWLPDWLRQ� LQ� WKH� H[FLWHG� VWDWH� ZDV� PDGH
XVLQJ�)RUVWHU�PHWKRG�>��@�

7KH�WLWUDWLRQ�LQ�EDVLF�PHGLD�SHUPLWWHG�WR
REVHUYH� DQ� DQLRQ� IRUPDWLRQ� GXH� WR� WKH� K\�
GUR[\� JURXS� GLVVRFLDWLRQ�� 7KH� WLWUDWLRQ� LQ
WKH�DFLGLF�UDQJH�RI�S+�+��VKRZHG��WKDW�WKHPRVW� RI�&3�JLYHV� RQO\� RQH�Û�PRQRFDWLRQLF
IRUP�� &RQVHTXHQWO\�� RQO\� RQH� RI� FDUERQ\O
JURXSV� XQGHUJRHV� WKH� SURWRQDWLRQ� SURFHVV�
&3� GHULYDWLYHV� ZLWK� QLWURJHQ�FRQWDLQLQJ
VXEVWLWXHQWV�KDYH�DQ�DGGLWLRQDO�QXFOHRSKLOLF
FHQWHU�Û�QLWURJHQ� DWRP�� WKDW� LV�ZK\�� WKH\
GHPRQVWUDWH� WZR�VWHS� SURWRQDWLRQ�� ILUVW
VWDJH�RI�ZKLFK�LV�DPPRQLXP�LRQ�IRUPDWLRQ��

7DEOH����0XOOLNHQ�FKDUJHV��H
B
��RQ�R[\JHQ�DWRPV�RI�K\GUR[\�JURXS�DQG�FDUERQ\O�IUDJPHQWV�LQ�WKH

JURXQG��6���DQG�H[FLWHG��6���VWDWHV�
&3 +\GUR[\�JURXS (QGRF\FOLF�FDUERQ\O�IUDJPHQW ([RF\FOLF�FDUERQ\O�IUDJPHQW
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7KH�S.D�YDOXHV�OLVWHG�LQ�7DEOH���HYLGHQFHWKH� LQFUHDVH� RI� FDUERQ\O� EDVLVLW\� DQG� WKH
GHFUHDVH� RI� WKH� K\GUR[\O� JURXS� DFLGLW\� LQ
WKH� H[FLWHG� VWDWH�� WKDW� IXOO\� FRUUHVSRQGV� WR
UHVXOWV�REWDLQHG�E\�TXDQWXP�FKHPLFDO�PHWK�
RGV�� 7KH� S+�+�� UDQJHV�� ZKHUH� LV� SRVVLEOHWKH� H[LVWHQFH� RI� FDWLRQLF�� QHXWUDO� DQG� DQ�
LRQLF�&3�IRUPV��DUH�GHSLFWHG� LQ�)LJ�����7KH
(6,37� WDXWRPHU� IRUPDWLRQ� PD\� WDNH� SODFH
LQ�S+�+��UDQJHV��ZKHUH�VLPXOWDQHRXV�SUHV�HQFH� RI� D� FDWLRQ� DQG� DQ� DQLRQ� LV� SRVVLEOH�
6LQFH�WKHUH�DUH�QR�WKH�RYHUODSSLQJ�RI��DQLRQ
DQG�FDWLRQ�DUHDV��LQ�WKH�JURXQG�QRU�H[FLWHG
VWDWHV� �)LJ������ WKH� SURWRQ�WUDQVIHU� IRUPD�
WLRQ�RI�SKRWR� WDXWRPHUV�VHHPV�WR�EH�KDUGO\
SRVVLEOH�

,QYHVWLJDWLRQV�RI�WUDQV�FLV�SKRWR�LVRPHUL�
]DWLRQ� RI� WUDQV�FKDOFRQHV� >��@� VKRZHG� WKDW
WKH� LUUDGLDWLRQ�RI�WKHLU�VROXWLRQV�E\�D� OLJKW
EHDP�UHVXOWV�WR�FLV�LVRPHU�IRUPDWLRQ��$V�SR�
O\PHWKLQH� FKDLQ� LQ� FLV�LVRPHU� LV� QRW� SODLQ�
WKH� IRUPDWLRQ� RI� WKLV� ODVW� OHDGV� WR� SDUWLDO
EUDNH�RI�WKH�FRQMXJDWLRQ��DQG��FRQVHTXHQWO\�
WR� K\SVRFKURPLF� VKLIWV� RI� DEVRUSWLRQ� DQG
IOXRUHVFHQFH� EDQGV�� 0RUHRYHU�� SRO\PHWKLQH
FKDLQV�PD\� XQGHUJR� SKRWR� GLPHUL]DWLRQ� UH�
VXOWLQJ� LQ� WKH� IRUPDWLRQ�RI� F\FOREXWDQH�GH�
ULYDWLYHV� >��@�� %UHDNLQJ� S�FRQMXJDWLRQ� LQ
WKH� SRO\PHWKLQH� FKDLQ� XQGHU� WKH� SKRWR� GL�
PHUL]DWLRQ� OHDGV� WR� WKH� GLVDSSHDUDQFH� RI
ORQJ�ZDYHOHQJWK� DEVRUSWLRQ� EDQGV� DQG� RI
HPLVVLRQ�EDQG�

)LJ�����0RODU�IUDFWLRQV�&3�SURWRO\WLF�IRUPV�LQ�WKH�JURXQG��6���DQG�H[FLWHG��6���VWDWHV��D�Û�9��E�Û
;,,��$�Û� DQLRQV��1�Û� QHXWUDO� IRUPV��&1�Û� DPPRQLXP�PRQRFDWLRQV��&&2�Û�PRQRFDWLRQV� ZLWK
SURWRQDWHG�FDUERQ\O�JURXS��'�Û�GLFDWLRQV��3URWRO\WLF�IRUPV�LQ�WKH�H[FLWHG�VWDWHV�DUH�PDUNHG�E\��
��

7DEOH����3&�GLVVRFLDWLRQ�FRQVWDQWV�LQ�WKH�JURXQG��S.D��DQG�H[FLWHG��S.D
��VWDWHV�


&3 S.D�� S.
D�� S.D�� S.
D�� S.D�� S.
D��
, ����r���� ���� Ü����r���� ����
,, ����r���� ���� Ü����r���� ����
,,, ����r���� ���� Ü����r���� ����
,9 ����r���� ���� Ü����r���� �����
9 ����r���� ���� Ü����r���� ����
9, ����r���� ����� ����r���� Ü���� Ü����r���� ����
9,, ����r���� ����� ����r���� Ü���� Ü����r���� ����
9,,, ����r���� a���� ����r���� Ü���� Ü����r���� Ü����
,; ����r���� ���� Ü����r���� �����
; ����r���� ���� Ü����r���� ����
;, ����r���� ���� Ü����r���� ����
;,, ����r���� ����� ����r���� Ü���� Ü����r���� ����


� S.D��� DQG� S.
D��� DUH� SURWRO\WLF� FRQVWDQWV� RI� K\GUR[\� JURXS�� S.D��� DQG� S.
D��� DUH� SURWRO\WLFFRQVWDQWV� RI� QLWURJHQ� DWRP� LQ� 9,�� 9,,�� 9,,,� DQG� ;,,�� S.D��� DQG� S.
D��� DUH� SURWRO\WLF� FRQVWDQWV� RIFDUERQ\O�JURXS�
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7KH� LQYHVWLJDWLRQV�RI�&3� WUDQV�FLV�SKRWR
LVRPHULVP� DQG� GLPHUL]DWLRQ� ZHUH� FDUULHG
RXW� E\� PHDQV� RI� VDPSOH� LUUDGLDWLRQ� E\� WKH
PRQRFKURPDWLF� OLJKW� ZLWK� O� ����� QP� DQG
WKH� LQWHQVLW\�Û� ������Ü�� (V�PLQ��7KH� SKR�
WRFKHPLFDO�SURFHVVHV�ZHUH�VWXGLHG�LQ�KH[DQH
�QRQ�SRODU��DQG�PHWKDQROLF��SRODU��VROXWLRQV�
DV� ZHOO� DV� LQ� SRO\VW\UHQH� �QRQ� SRODU�� DQG
SRO\PHWK\OPHWDFU\ODWH� �SRODU�� PDWULFHV�
7UDQV�FLV� LVRPHUL]DWLRQ� GRHV� QRW� UHVXOW� LQ
VXEVWDQWLDO� FKDQJHV� RI� &3� PROHFXODU� YRO�
XPH�� WKHUHIRUH� WKLV� SURFHVV� FDQ� WDNH� SODFH
ERWK�LQ�OLTXLG�VROYHQWV�DQG�SRO\PHULF�PDWUL�
FHV��3KRWR�GLPHUL]DWLRQ�QHHGV� WKH�GLIIXVLRQ
RI�&3�PROHFXOHV�DQG�UHVXOWV�LQ�WKH�GRXEOLQJ
WKHLU�PROHFXODU�YROXPH��ZKLFK� DUH�QRW�SRV�
VLEOH� LQ� SRO\PHULF� PDWULFHV�� 7KDW� LV� ZK\�
WKH�GLIIHUHQFHV�LQ�&3�EHKDYLRU�LQ�OLTXLG�DQG
SRO\PHULF� PHGLD� SHUPLW� WR� GLVWLQJXLVK
FKHPLFDO� SURFHVVHV� WDNLQJ� SODFH� LQ� WKH� H[�
FLWHG�VWDWH���

7KH�LQYHVWLJDWLRQV�VKRZHG�WKDW�QRQ�IOXRUHV�
FHQW� &3� KDYH� D�ZHDN� SKRWR� VWDELOLW\� �)LJ�����
7KH� LUUDGLDWLRQ� RI� ,Ü9� DQG�;,Ü,;� UHVXOWV
LQ� K\SVRFKURPLF� VKLIW� RI� ORQJ�ZDYHOHQJWK
EDQGV� LQ� WKHLU� DEVRUSWLRQ� VSHFWUD� �)LJ�����
7KLV� VKLIW� LV� GHWHFWHG� ERWK� LQ� OLTXLG� DQG
SRO\PHULF� PHGLD� WKDW� HYLGHQFH� WKH� DEVHQFH
RI� QRWLFHDEOH� SKRWR� GLPHUL]DWLRQ� SURFHVV�

7KH� IRUPDWLRQ� RI� FLV�LVRPHU� LQ� SRODU� OLTXLG
DQG� SRO\PHULF�PHGLD� LV� IDVWHU�� WKDQ� LQ� WKH
QRQ�SRODU�RQHV�

)OXRUHVFHQW� &3� GHPRQVWUDWH� D� KLJK� SKR�
WRVWDELOLW\�� WKHLU� DEVRUSWLRQ� DQG� IOXRUHV�
FHQFH�VSHFWUD�GR�QRW�FKDQJH�XQGHU�WKH�LUUD�
GLDWLRQ�

,W� LV� NQRZQ� WKDW� WUDQV�FLV�LVRPHUL]DWLRQ
RFFXUV� WKURXJK� LQWHUPHGLDWH� ORQJ�OLYLQJ
WULSOHW� VWDWH� >��@�� 7KH� IDFW� WKDW� LVRPHULVP
WDNHV�SODFH�RQO\�LQ�WKH�FDVH�RI�QRQ�IOXRUHVFHQW
&3�SURYHV� WKDW� ,Ü9��;,Ü,;�KDYH�DQ� LQWHQVH
LQWHU�V\VWHP�FURVVLQJ�LQ�WKH�H[FLWHG�VWDWH�

3KRWRSK\VLFDO� SURFHVVHV� LQ� &3� PROHFXOHV�
,W� LV� ZHOO� NQRZQ� WKDW�� XSRQ� H[FLWDWLRQ�� D
PROHFXOH�� XQGHUJRLQJ� IDVW� SURFHVVHV� RI� LQ�
WHUQDO�FRQYHUVLRQ��VWUXFWXUDO�DQG�VROYDWH�UH�
OD[DWLRQV�� DFKLHYHV� D� UHODWLYHO\� ORQJ�OLYLQJ
UHOD[HG�H[FLWHG�VWDWH��7KLV�ODVW�FDQ�XQGHUJR
UDGLDWLYH� DQG� UDGLDWLRQOHVV� LQWHUQDO� FRQYHU�
VLRQV� LQWR� WKH� JURXQG� VWDWH�� LQWHUV\VWHP
FURVVLQJ� DQG� FKHPLFDO� UHDFWLRQV� >��@�� 5DWH
FRQVWDQWV� RI� FRUUHVSRQGLQJ� SURFHVVHV� DUH
PDUNHG�EHORZ�DV�NI��NG��N,6&�DQG�NFKHP�7R� DQDO\]H� SURFHVVHV� WDNLQJ� SODFH� LQ
PROHFXOHV� RI� IOXRUHVFHQW� &3�Û�9,Ü9,,,� DQG
;,,��H[WLQFWLRQ�FRHIILFLHQWV�LQ�ORQJ�ZDYHOHQJWK
DEVRUSWLRQ� EDQG� PD[LPD� �HPD[��� IOXRUHVFHQFHTXDQWXP�\LHOGV�DQG�OLIHWLPHV��M�DQG�W��LQ�VRO�
YHQWV�DQG�SRO\PHU�PDWULFHV�RI�GLIIHUHQW�SR�

)LJ�����&KDQJLQJ�DEVRUSWLRQ�VSHFWUD�RI�,��D��DQG
9,� �E�� LQ� 36� PDWULFHV� XQGHU� OLJKW� H[SRVLWLRQ
�O� �����QP��OLJKW�LQWHQVLW\�Û�������Ü��(V�K�
GXULQJ���KRXUV����Û�EHIRUH�H[SRVLWLRQ��
��Û�DIWHU�H[SRVLWLRQ�

)LJ�����'HSHQGHQFH� RI� DEVRUEDQFH� LQ� D�PD[L�
PXP� RI� ORQJ�ZDYHOHQJWK� DEVRUSWLRQ� EDQG� RI
QRQ��IOXRUHVFHQW�,�����DQG�IOXRUHVFHQW�9,�����&3
RQ� H[SRVLWLRQ� WLPH� LQ� WROXHQH�� PHWKDQRO�
SRO\VW\UHQH� �36�� DQG� SRO\PHWK\OPHWDFU\ODWH
�300$���
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ODULW\�ZHUH�PHDVXUHG��7DEOH�����2EWDLQHG�NL�
QHWLF� SDUDPHWHUV� VKRZHG� WKDW� PHQWLRQHG� &3
KDYH� VXIILFLHQWO\� ORZ� UDWHV� RI� WKH� UDGLDWLRQ�
OHVV�GHDFWLYDWLRQ��,Q�WKH�FDVH�RI�9,�DQG�9,,,�
NG� YDOXHV�DUH� RQ� WKH�RUGHU�RI��Ü������VÜ�� LQQRQ�SRODU� VROYHQWV�� DQG� ���� WLPHV� ORZHU� LQ
SRODU�PHGLD��/RZHU�NG�YDOXHV�KDYH�EHHQ�DOVRREVHUYHG�LQ�SRO\PHULF�PDWULFHV��&3�Y\Q\ORJ
Û�;,,� GHPRQVWUDWHV� DQRWKHU� EHKDYLRU�� WKH
ORZHVW� NG� YDOXH� �NG�a���������VÜ��� LV� W\SLFDOIRU�QRQ�SRODU�HQYLURQPHQW��DQG� LW� LQFUHDVHV
LQ�PRUH�SRODU�DQG�FRQGHQVHG�PHGLD��

/RZ� NG� YDOXHV� HYLGHQFH� WKH� DEVHQFH� RIDQ\� VXEVWDQWLDO� FRQWULEXWLRQ� RI� LQWHUV\VWHP
FURVVLQJ��WKXV��LW�LV�SRVVLEOH�WR�VXSSRVH�WKDW
N,6&���NG�� 7DNLQJ� LQWR� DFFRXQW� D� ORZ� SURE�DELOLW\� RI� WKH� SURWRQ� WUDQVIHU�� RI� WKH
WUDQV�FLV�LVRPHULVP� DQG� RI� WKH� SKRWR� GL�
PHUL]DWLRQ� �L�H�� NFKHP�a����� SKRWRSK\VLFDOSURFHVVHV�LQ�IOXRUHVFHQW�&3�PROHFXOHV�FRXOG�EH
UHSUHVHQWHG�E\�D�VLPSOH�VFKHPH��6FKHPH��D��

'DWD�OLVWHG�LQ�WKH�7DEOH���VKRZ�WKDW�IOXR�
UHVFHQFH�TXHQFKLQJ�RQ�JRLQJ�IURP�QRQ�SRODU
PHGLD� WR� SRODU� RQHV� LV� VXEVWDQWLDOO\� GXH� WR
VROYDWRFKURPLF� HIIHFWV�� WR� WKH� GHFUHDVH� RI

7DEOH����3KRWRSK\VLFDO�FKDUDFWHULVWLFV�RI�IOXRUHVFHQW�&3�LQ�VROXWLRQV�DQG�SRO\PHU�PDWULFLHV�
��



&3 0HGLXP QDEV��FPÜ� OJHPD[ M��� W��QV NI��VÜ� NG��VÜ�
9, '&0 ��� ���� ���� ���� �������� ��������

$1 ��� ���� ��� ���� �������� ��������
36 ���� ��������

300$ ���� ��������
9,,, '&0 ��� ���� ���� ���� �������� ��������

$1 ��� ���� ��� ���� �������� ��������
36 ���� ��������

300$ ���� ��������
;,, '&0 ��� ���� ���� ���� �������� ��������

$1 ��� ���� ���� ���� �������� ��������
36 ���� ��������

300$ ���� ��������


�7KH�PHGLD�DUH��'&0�Û�GLFKORURPHWKDQH��$1�Û�DFHWRQLWULOH��36�Û�SRO\VW\UHQH�PDWUL[��300$�Û
SRO\PHWK\O�PHWDFU\ODWH�PDWUL[��QDEV�Û�SRVLWLRQV�RI�ORQJ�ZDYHOHQJWK�DEVRUSWLRQ�EDQG�PD[LPD��HPD[�ÛPRODU�H[FWLQFWLRQ�FRHIILFLHQW�DW�QDEV��M�Û�TXDQWXP�\LHOG�RI�IOXRUHVFHQFH��W�Û�IOXRUHVFHQFH�OLIHWLPH�
NI�Û�IOXRUHVFHQFH�UDWH�FRQVWDQW��NG�Û�UDGLDWLRQOHVV�UDWH�FRQVWDQW�


�QDEV��H�DQG�M�Û�DUH�WDNHQ�IURP�>�@�

6FKHPH����3KRWRSK\VLFDO�SURFHVVHV�LQ�IOXRUHVFHQW��D��DQG�QRQ�IOXRUHVFHQW��E��&3������Û�SS
�VWDWHV�
��Û�QS
�VWDWHV��
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H[WLQFWLRQ� FRHIILFLHQWV� RI� ORQJ�ZDYHOHQJWK
DEVRUSWLRQ�EDQGV�ZLWK� WKH� LQFUHDVH� RI�HQYL�
URQPHQW�SRODULW\��7KLV�LV�SURYHG�E\�ORZ�YDO�
XHV� RI� LQWULQVLF� UDGLDWLRQ� UDWH� FRQVWDQWV
�NU��� REWDLQHG� IURP� HPD[� YDOXHV� DQG� FRPSD�UDEOH�ZLWK�NI�YDOXHV�$V� LW� ZDV� PHQWLRQHG� DERYH�� WKH� SKRWR
LVRPHULVP� RI� QRQ�IOXRUHVFHQW� &3� ,Ü9� DQG
,;Ü,;� GHQRWHV� DQ� DFWLYDWLRQ� RI� WKH� LQWHU�
V\VWHP�FURVVLQJ��7KH�FDXVH�RI�WKH�DFWLYDWLRQ
RI� WKLV�QHZ�FKDQQHO� RI� UDGLDWLRQOHVV�GHDFWL�
YDWLRQ� EHFRPH� HYLGHQW� DIWHU� DQDO\VLV� RI�&3
VSHFWUDO�EHKDYLRU�LQ�GLIIHUHQW�PHGLD�

7KH� LQYHVWLJDWLRQV� RI� VSHFWUDO� SURSHUWLHV
RI�&3�>�@�VKRZ�WKDW�HPLVVLRQ�DELOLW\�GHSHQGV
RQ� WKH� SRVLWLRQ� RI� WKH� ORQJ�ZDYHOHQJWK� DE�
VRUSWLRQ�EDQG��ODEV���&RPSRXQGV��ZKLFK�ODEVLV� LQ� WKH� UDQJH� RI� ���Ü���� QP�� KDYH� QR
IOXRUHVFHQFH��2Q�WKH�RWKHU�KDQG��IOXRUHVFHQW
&3�DEVRUE�DW�ODEV������QP��7KH�HPLVVLRQ�RI,;�GLVDSSHDUV��ZKHQ�WKH�LQFUHDVH�RI�VROYHQW
SRODULW\� OHDGV� WR� K\SVRFKURPLF� VKLIW� RI� WKH
DEVRUSWLRQ� EDQG� IURP� ���� QP� WR� ���� QP�
6XFK� D� VSHFWUDO� EHKDYLRU� SHUPLWV� WR� FRQ�
FOXGH�DERXW�WKH�SUHVHQFH�RI�D�IRUELGGHQ�HOHF�
WURQLF� WUDQVLWLRQ�� ZKRVH� DEVRUSWLRQ� EDQG� LV
DW� a� ���� QP�� 7KLV� HOHFWURQLF� WUDQVLWLRQ�
PRVW�SUREDEO\�ORFDWHG�RQ�H[RF\FOLF�FDUERQ\O
JURXS�� LV� UHVSRQVLEOH� IRU� WKH� DFWLYDWLRQ� RI
WKH�LQWHUV\VWHP�FURVVLQJ�

5HVXOWV� RI� WKHRUHWLFDO� HVWLPDWLRQV� RI� NL�
QHWLF� SDUDPHWHUV� RI� WKH� VSLQ�RUELW� LQWHUDF�
WLRQ� LQ� &3� PROHFXOHV� REWDLQHG� XVLQJ

&1'2�6�62,� PHWKRG� DUH� OLVWHG� LQ� WKH
7DEOH� ���7KH� FRPSDULVRQ�RI� WKHRUHWLFDO� YDO�
XHV� NU� DQG� N,6&� VKRZV� WKDW� WKH� NLQHWLF� SD�UDPHWHUV�FDOFXODWHG�E\�&1'2�6�62,�H[FHHGV
E\�D�IDFWRU�RI�WHQ�WKH�UHVXOWV�REWDLQHG�IURP
W� DQG� M� PHDVXUHPHQWV�� +RZHYHU�� WKH� FRP�
SDULVRQ�RI�WKHRUHWLFDO�NU�DQG�N,6&�IRU�GLIIHU�HQW� &3� SHUPLWV� WR� FRQFOXGH� DERXW� IOXRUHV�
FHQFH� TXHQFKLQJ� PHFKDQLVP�� 7KH� GDWD� SUH�
VHQWHG� LQ� 7DEOH��� VKRZ� WKDW� NU� YDOXHV� RIQRQ�IOXRUHVFHQW�&3�DUH��Ü��RUGHUV�RI�PDJQL�
WXGH� ORZHU�� WKDQ� NU� YDOXHV� RI� IOXRUHVFHQWFRPSRXQGV��6XFK�ORZ�YDOXHV�DUH�W\SLFDO�IRU
QS
� WUDQVLWLRQV�� WKDW� LV� LQ� DJUHHPHQW� ZLWK
H[SHULPHQWDO� REVHUYDWLRQV�� N,6&� YDOXHV� IRU,,Ü9� DQG� ,;Ü,;� DUH� WZR� RUGHUV� RI�PDJQL�
WXGH�KLJKHU�WKDQ�LQ�WKH�FDVH�RI�9,Ü9,,,�DQG
;,,��7KXV��WKH�UDWH�RI�LQWHUV\VWHP�FURVVLQJ
LQ� PROHFXOHV� RI� QRQ�IOXRUHVFHQW� &3� LV� DS�
SUR[LPDWHO\� ���� WLPHV� KLJKHU� WKDQ� WKDW� LQ
PROHFXOHV�RI�IOXRUHVFHQW�&3�

7KHRUHWLFDO� TXDQWXP� \LHOGV� RI� IOXRUHV�
FHQW� 9,Ü9,,,� DQG� ;,,� DUH� ORZHU� WKDQ� H[�
SHULPHQWDO�YDOXHV��7DEOHV���DQG�����KRZHYHU
FDOFXODWHG�M�YDOXHV�IRU�QRQ�IOXRUHVFHQW�,Ü9�
,;Ü,;� DUH� LQ� WKH� UDQJH� RI� ��Ü�Ü��Ü���
�L�H��WKHVH�FRPSRXQGV�KDYH�QR�IOXRUHVFHQFH��
WKDW�LV�DOVR�LQ�DJUHHPHQW�ZLWK�H[SHULPHQWDO
UHVXOWV�

7KH� FRPSDULVRQ� RI� WKHRUHWLFDO� DQG� H[�
SHULPHQWDO� NLQHWLF� SDUDPHWHUV� SHUPLWV� WR
SURSRVH� D�PHFKDQLVP� RI� H[FLWHG� VWDWH�GHDF�
WLYDWLRQ� GHSLFWHG� RQ� 6FKHPH��E�� $FFRUGLQJ

7DEOH���� 7KHRUHWLFDO� HVWLPDWLRQV� RI� LQWHUV\VWHP� FURVVLQJ� UDWHV�� LQWULQVLF� IOXRUHVFHQFH� UDWHV� DQG
HPLVVLRQ�SDUDPHWHUV�RI�&3


NU��FÜ� N,6&��FÜ� LQWHUDFWLQJ�VWDWHV M

���
, �������� ��������� 6��o�7���7���7� ���
,, �������� ��������� 6��o�7���7� ���
,,, �������� ��������� 6��o�7� ���
,9 �������� ��������� 6��o�7���7� ���
9 �������� ��������� 6��o�7� ���
9, �������� �������� 6��o�7���7���7� ����
9,, �������� �������� 6��o�7���7���7� ���
9,,, �������� �������� 6��o�7���7���7� ���
,; �������� ��������� 6��o�7���7� ���
; �������� ��������� 6��o�7���7� ���
;, �������� ��������� 6��o�7���7� ���
;,, �������� �������� 6��o�7� ����


�NU�LV�LQWULQVLF�IOXRUHVFHQFH�UDWH�FRQVWDQW��N,6&�LV�LQWHUV\VWHP�FURVVLQJ�UDWH�FRQVWDQW��M�LV�WKHRUHWLFDOTXDQWXP�\LHOG�


�7KHRUHWLFDO�TXDQWXP�\LHOG�ZHUH�FDOFXODWHG�E\�HTXDWLRQ�M� �NU��NU���N,6&��RQ�WKH�DVVXPSWLRQ�RI�NULV� HTXDO� WR� NI�� DQG� NG� LV� HTXDO� WR� N,6&� �L�H�� WKH� PDLQ� ZD\� RI� UDGLDWLRQOHVV� GHDFWLYDWLRQ� LV� WKHLQWHUV\VWHP�FURVVLQJ��
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WR� WKH� VFKHPH�� WKH� ORZHVW� H[FLWHG� VWDWH� 6�GHDFWLYDWHV�E\�LQWHUV\VWHP�FURVVLQJ�LQWR�RQH
RU� VHYHUDO� WULSOHW� VWDWHV� 6��o�7L� �VHH
7DEOH� ���� $IWHU� LQWHUQDO� FRQYHUVLRQ� SURF�
HVVHV��D�PROHFXOH�DFKLHYHV�ORQJ�OLYLQJ�ORZHVW
WULSOHW� VWDWH�Û�7���ZKLFK�� WKHQ�� XQGHUJRHVDV� UDGLDWLRQOHVV� GHDFWLYDWLRQ� �NG��� DV
WUDQV�FLV�LVRPHUL]DWLRQ� SURFHVV� �NLVR��� $WORZ� WHPSHUDWXUHV�� ZKHQ� NG� YDOXH� GHFUHDVHVDQG� EHFRPHV� FRPSDUDEOH� ZLWK� WKH� UDWH� RI
UDGLDWLYH� GHDFWLYDWLRQ� �NSK��� WKH� DSSHDUDQFHRI�WKH�SKRVSKRUHVFHQFH�PD\�EH�H[SHFWHG�

7KH� SURSRVHG� GHDFWLYDWLRQ� PHFKDQLVP
�6FKHPH��E�� ZDV� FRUURERUDWHG� E\� OXPLQHV�
FHQFH� PHDVXUHPHQWV� RI� VRPH� IOXRUHVFHQW
DQG� QRQ�IOXRUHVFHQW� &3� LQ� SRO\VW\UHQH� DQG
SRO\PHWK\O� PHWDFU\ODWH� PDWULFHV� DW� ��� .
�7DEOH�����,W�ZDV�IRXQG�WKDW�9,�DQG�;,,�KDYH
PRUH� LQWHQVH� HPLVVLRQ� WKDQ� DW� WKH� URRP
WHPSHUDWXUH��KRZHYHU�RWKHU�VSHFWUDO�FKDUDF�
WHULVWLFV�DV�SRVLWLRQV�RI�HPLVVLRQ�EDQG�PD[�
LPD��OIO��RU�IOXRUHVFHQFH�6WRNHV�VKLIWV��'Q6W�GR�QRW�GHSHQG�RQ� WHPSHUDWXUH� OHYHO�� ,Q� WKH
FDVH� RI�QRQ�IOXRUHVFHQW�&3�� WKH�GHFUHDVH� RI
WKH� WHPSHUDWXUH� UHVXOWV� LQ� WKH� DSSHDUDQFH
RI� SKRVSKRUHVFHQFH� KDYLQJ� 6WRNHV� VKLIWV� LQ
WKH�UDQJH�RI�����Ü�����FPÜ��DQG� OLIHWLPHV
�WSK��Û����Ü����PNV���

7KH�GDWD�SUHVHQWHG� LQ�7DEOH��� VKRZ�WKDW
WKH�HORQJDWLRQ�RI�SRO\PHWKLQH�FKDLQ�UHVXOWV
LQ� WKH� LQFUHDVH�RI� WKH�SKRVSKRUHVFHQFH� OLIH�
WLPH� �����PNV� SHU� RQH� GRXEOH� ERQG���0RUH�
RYHU�� WSK� YDOXH� LQ�QRQ�SRODU�PHGLD� LV� ORZHUWKDQ�LQ�SRODU�RQHV�

���&RQFOXVLRQ
7KH� SUHVHQWHG� ZRUN� SHUPLWV� WR� REWDLQ� D

JHQHUDO�VFKHPH�RI�SKRWRSK\VLFDO�DQG�SKRWR�
FKHPLFDO� LQWHUDFWLRQV� LQ� H[FLWHG� &3� PROH�
FXOHV�� 6SHFWUDO� �LQ� WKH� ILUVW� SODFH�� IOXRUHV�
FHQW�� SURSHUWLHV� RI� &3� GHSHQG� RQ� � UHODWLYH
SRVLWLRQV�RI�XQGHUO\LQJ�QS
�DQG�SS
�H[FLWHG
VWDWHV��,I�D�VXEVWLWXHQW�LQ�&3�PROHFXOH�OHDGV
WR�D�VLWXDWLRQ��ZKHQ�(SS
���(QS
��WKH�FRUUH�VSRQGLQJ� FRPSRXQG� KDV� WKH� IOXRUHVFHQFH
DQG�LV�VWDEOH�XQGHU�LUUDGLDWLRQ��,Q�WKH�FDVH�
ZKHQ�&3�GHULYDWLYH� KDV�(SS
�!�(QS
�� LW� KDVQR� IOXRUHVFHQFH� QRU� SKRWRVWDELOLW\�� EXW� FDQ
SKRVSKRUHVFH�XQGHU�ORZ�WHPSHUDWXUHV�

7KHVH� UHVXOWV� FDQ� EH� XVHG� IRU� V\QWKHVLV
RI� QHZ� SKRWRVWDEOH� HPLWWLQJ� G\HV� IRU� IOXR�
UHVFHQW�SRO\PHU�FRPSRVLWLRQV�

5HIHUHQFHV
� ���.�5HKVH��:�6FKLQNHO��8�6LHPDQ��$UFK��)DUP��

����������������

7DEOH����/XPLQHVFHQFH�SDUDPHWHUV�RI�F\QDPPR\O�S\URQHV�
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�300$�Û�SRO\PHWK\OPHWDFU\ODWH�PDWUL[��36�Û�SRO\VW\UHQH�PDWUL[��7�LV�PDWUL[�WHPSHUDWXUH��
OPD[�O�Û�IOXRUHVFHQFH�DQG�SKRVSKRUHVFHQFH�EDQG�PD[LPXP�SRVLWLRQV��
'Q6W�O�Û�6WRNHV�VKLIWV�RI�IOXRUHVFHQFH�DQG�SKRVSKRUHVFHQFH��WSK�Û�SKRVSKRUHVFHQFH�OLIHWLPH�
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� ���-�'UHZH�� 6K�.DVLEKDWOD�� %�7VHQJ� HW� DO��
%LRRUJ��0HG��&KHP��/HWW�������������������

� ���.�5DPNXPDU��.�9�7DPERY��5�*XQGOD� HW� DO��
%LRRUJ��0HG��&KHP�������������������

� ���'�$�7\NKDQRY�� ,�,�6HULNRYD�� )�*�<DUHPHQNR�
$�'�5RVKDO��&HQW��(XU��-��&KHP�����������������

� ���5�+�:LOH\�� &�+�-DUERH�� +�*�(OOHUW�� -��$PHU�
&KHP��6RF�������������������

� ���$�:HLVVEHUJHU�� (�6�3URVNDXHU�� -�$�5LGGLN�
(�(�7RRSV��2UJDQLF�6ROYHQWV��3K\VLFDO�3URSHU�
WLHV�DQG�0HWKRGV�RI�3XULILFDWLRQ�� ,QUHVFLHQFH
3XEOLVKHUV�,QF���1�<���/RQGRQ��������

� ���*�%�5RFKD��5�2�)UHLUH��$�0�6LPDV��-�-�3�6WH�
ZDUW��-��&RPS��&KHP��������������������

� ���-�3�3�6WHZDUW�� 023$&� ����70�� 6WHZDUW
&RPSXWDWLRQDO�&KHPLVWU\��������

� ���9�9�,YDQRY�� 9�)�3HGDVK�� &1'2�6�62,�� ,QVWL�
WXWH� RI� &KHPLVWU\��.DUD]LQ� 1DWLRQDO� 8QLYHU�
VLW\��������

����=�0�0XOGDKPHWRY�� %�)�0LQD\HY�� *�$�.HWVOH�
2SWLF� DQG�0DJQHWLF�3URSHUWLHV� RI� WKH�7ULSOHW
6WDWH��1DXND��$OPD�$WD��������>LQ�5XVVLDQ@�

����6�)RUPRVLQKR��/�*�$UQDXW��-��3KRWRFKHP��3KR�
WRELRO��$�&KHP�����������������

����-�$�2UJDQHUR�� $�'RXKDO�� &KHP��3K\V��/HWW��
����������������

����<�1RULNDQH�� +�,WRK�� 7�$UDL�� -��3KRWRFKHP�
3KRWRELRO��$�&KHP�������������������

����:�5�3RUWHU�� :�)�7UDJHU�� -��+HWHURF\FO��&KHP��
����������������

����:�5�3RUWHU�� -��&RPSXW��$LGHG� 0RO��'HV��� ���
�����������

����:�%�%ODFN�� 5�(�/XW]�� -��$P��&KHP��6RF��� ���
�������������

����(�1�8VKDNRY��0�9�$OILPRY�� 6�3�*URPRY��8V�
SHNKL�.KLPLL�����������������

����*�0RQWDXGR�� 6�&DFFDPHVH�� -��2UJ��&KHP��� ���
�����������

����$�.ODPW��*�=�6FKXXUPDQQ��-��&KHP��6RF���3HU�
NLQ�7UDQV�����������������

����7�=�)RUVWHU��(OHNWURFKHP�����������������
����-�5�/DNRZLF]�� 3ULQFLSOHV� RI� )OXRUHVFHQFH
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