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$VVRFLDWLRQ�RI�FRPSOH[�RUJDQLF�PROHFXOHV
LV�XQGHU�LQWHQVH�LQYHVWLJDWLRQ�DW�SUHVHQW�>�Ü�@�
7KLV�LV�FDXVHG�ERWK�E\�WKH�VFLHQWLILF�LQWHUHVW
LQ�WKH�QDWXUH�RI�H[FLWHG�HOHFWURQ�VWDWHV�DQG
WKH�SDUW�SOD\HG�WKHUHE\�LQ�FKHPLFDO�DQG�ELR�
ORJLFDO� SURFHVVHV�� SKRWRFKHPLFDO� UHDFWLRQV�
HWF���DQG�E\�WKH�ZLGH�DSSOLFDWLRQ�RI�RUJDQLF
G\HV� LQ� VFLQWLOODWLRQ� DQG� ODVHU� HQJLQHHULQJ�
DV� OLJKW� JXLGHV�� HPLVVLRQ� FRQYHUWHUV�� LQ
VRODU� SRZHU� HQJLQHHULQJ� �DV� VRODU� HPLVVLRQ
FRQFHQWUDWRUV���DV�ZHOO�LQ�RWKHU�EUDQFKHV��,Q
DOO� WKH� DERYH� FDVHV�� D� OXPLQRSKRU� LV� XVHG
HLWKHU�LQ�WKH�IRUP�RI�OLTXLG�RU�VROLG�VROXWLRQ
RU� DV� D� YDFXXP�VSUD\HG� ILOP�� 7R� DWWDLQ� D
PD[LPXP� HIILFLHQF\� RI� DQ\� VFLQWLOODWLQJ�
ODVHU��RU�OLJKW�FRQYHUWLQJ�PDWHULDO��LW�LV�QHF�
HVVDU\�� RQ� WKH�RQH�KDQG�� WR�SURYLGH� D� FRP�
SOHWH� LQFLGHQW� OLJKW� DEVRUSWLRQ� PDNLQJ� XVH
RI� WKH� OXPLQRSKRU� FRQFHQWUDWLRQ�� RQ� WKH
RWKHU� KDQG�� WR� SUHYHQW� D� OXPLQHVFHQFH� LQ�
WHQVLW\�GHFUHDVH�DQG�D�FRQVLGHUDEOH�UHG�VKLIW
WKHUHRI�GXH� WR�IRUPDWLRQ�RI�DVVRFLDWHV��7KH
OXPLQHVFHQFH� TXHQFKLQJ� DW� KLJK� FRQFHQWUD�
WLRQV� RI� DQ� RUJDQLF� OXPLQRSKRU� LV� GXH� WR
UHVRQDQFH�WUDQVIHU�RI�WKH�HOHFWURQ�H[FLWDWLRQ

IURP�RQH�PRQRPHU�G\H�PROHFXOH�WR�DQRWKHU
LGHQWLFDO�PROHFXOH��6RPH�RI�VXFK�WUDQVLWLRQV
DUH�DFFRPSDQLHG�E\�TXHQFKLQJ��7KH�TXHQFK�
LQJ� ZDV� VXSSRVHG� WR� EH� DOVR� SRVVLEOH� ZKHQ
WKH� HQHUJ\� LV� WUDQVIHUUHG� EHWZHHQ� GLVWDQW
PROHFXOHV��EXW�WKH�H[FLWDWLRQ�TXHQFKLQJ�SURE�
DELOLW\� DW� WKH� PLJUDWLRQ� LQFUHDVHV� PRUH
VZLIWO\� WKDQ� WKDW� RI� TXHQFKLQJ�IUHH� WUDQVIHU
DV�WKH�GLVWDQFH�GLPLQLVKHV��7KXV��WKH�PROHFX�
ODU�DUUDQJHPHQW� LQ� VROXWLRQ�RU� LQ� VROLG� VWDWH
LV� RI� LPSRUWDQFH� LQ� WKH�SUREDELOLW\�YDULDWLRQ
RI�QRQ�UDGLDWLYH�WUDQVLWLRQV�

7KH� WULSKHQ\O� DPLQH� LV� LQ� RXU� RSLQLRQ
DPRQJ� WKH� VWUXFWXUHV� RI� JRRG� SURPLVH�
)LUVW�� WKH�PRLHW\� LV� RI� SURSHOOHU�OLNH� VWUXF�
WXUH� �WKH�DQJOHV�EHWZHHQ� WKH�QLWURJHQ�DWRP
DQG� SKHQ\O� ULQJV� DPRXQW� DERXW� ����� WKDW
KLQGHUV� FRQVLGHUDEO\� WKH� FORVH� PROHFXODU
SDFNLQJ�LQ�YDULRXV�DJJUHJDWH�VWDWHV��6HFRQG�
LW�LV�D�VWURQJ�HOHFWURQ�GRQRU�DQG��WKHUHIRUH�
PDNHV�LW�SRVVLEOH�WR�YDU\�ZLGHO\�WKH�DEVRUS�
WLRQ�DQG�HPLVVLRQ�VSHFWUDO�UDQJHV�RI�WKH�OX�
PLQRSKRUV� EHLQJ� GHYHORSHG�� %HDULQJ� LQ
PLQG� WKRVH� FLUFXPVWDQFHV��ZH� KDYH� V\QWKH�
VL]HG�WKH�VWLOEHQH�GHULYDWLYHV��,�� ,,��,,,�� ,9�
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DQG�GLVW\U\OEHQ]HQH�RQHV��9��9,��9,,��DV�HI�
ILFLHQW�RUJDQLF� OXPLQRSKRUV�RI�D�ZLGH�SUDF�
WLFDO�DSSOLFDWLRQ��7KH�FRPSRXQGV�FRPELQH�LQ
WKHLU� VWUXFWXUHV� ERWK� HOHFWURQ� GRQRUV� �LQ�
FOXGLQJ� WULHWK\O� DPLQH� JURXS�� DQG� VWURQJ
HOHFWURQ�DFFHSWRUV��QLWUR�JURXS�LQ�WKH�VWLOEHQH
GHULYDWLYHV� DQG� F\DQR� JURXS� LQ� WKH� GLVW\U\O�
EHQ]HQH�RQHV���,Q�WKH�FDVH�RI�VWLOEHQH�

:KLOH�LQ�WKH�FDVH�RI�GLVW\U\O�EHQ]HQH�

7R�HOXFLGDWH�WKH�GLDU\ODPLQR�JURXS�HIIHFW
RQ� WKH� VSHFWUDO� FKDUDFWHULVWLFV� RI� RUJDQLF
FRPSRXQGV� FRQWDLQLQJ� LW� DV� D� VXEVWLWXHQW�
ZH� KDYH� FDUULHG� RXW� WKH� TXDQWXP�FKHPLFDO
FDOFXODWLRQV�IRU�D�VHULHV�RI�PRGHO�PROHFXOHV
Û�S�QLWURVWLOEHQH�GHULYDWLYHV��&RPSRXQGV�,�
,,�� ,,,�� ,9��� 7KH� HOHFWURQ�GRQDWLQJ� FKDUDF�
WHULVWLFV�RI�VXEVWLWXWLQJ�PRLHWLHV�LQWURGXFHG
LQ� WKH� QLWURVWLOEHQH� PROHFXOH� ZLOO� GHSHQG
FRQVLGHUDEO\� RQ� WKH� FRQILJXUDWLRQ� RI� QLWUR�
JHQ� DWRP� WKURXJK� ZKLFK� WKH� PRLHWLHV� DUH
DWWDFKHG� WR� WKH� SDUHQW� PROHFXOH�� 7R� HOXFL�
GDWH� WKDW� SUREOHP�� WKH� FDOFXODWLRQV� KDYH
EHHQ�FDUULHG�RXW�IRU�&RPSRXQGV�,�WKURXJK�,9
ZLWK� WKH� IXOO� JHRPHWU\� RSWLPL]DWLRQ�ZLWKLQ
WKH�IUDPH�RI�$0��PHWKRG�>�@��6RPH�UHVXOWV
DUH�SUHVHQWHG�LQ�7DEOH����

7KH� PDLQ� JHRPHWU\� SDUDPHWHUV� DUH� DV
IROORZV��WKH�URWDWLRQ�DQJOH�RI�WKH�LQWURGXFHG
PRLHW\� ZLWK� UHVSHFW� WR� WKH� SODQH� RI� WKH
QHDUHVW� EHQ]HQH� ULQJ� �GLKHGUDO� DQJOH� T7,&7�DQG�WKH�S\UDPLGDOLW\�H[WHQW�RI�WKH�QLWURJHQ
DWRP� �YDOHQFH� DQJOH� TS\U�� WKDW� KDV� EHHQHYDOXDWHG� DV� WKH� DYHUDJH� DQJOH� EHWZHHQ� LWV
VLQJOH� ERQGV�� %DVLQJ� RQ� WKH� ODWWHU� FKDUDF�
WHULVWLF�� LW� LV� SRVVLEOH� WR� HVWLPDWH� WKH� UHOD�
WLYH�IUDFWLRQ�RI�VS��VS��ERXQGDU\�K\EULGL]HG
VWDWHV� IRU� WKH� DWRP� E\� FRPSDULQJ� WKH� TS\UYDOXH� ZLWK� WKH� OLPLWLQJ� YDOXHV� IRU� VS�� DQG
VS�� VWDWHV� ������ DQG� �������� UHVSHFWLYHO\��
0RUHRYHU�� WKH� 7DEOH� FRPSULVHV� WKH� &±1
ERQG� OHQJWK� �U&±1�� DQG� RUGHU� �S&±1�� YDOXHVWKDW�FKDUDFWHUL]H�DOVR�WKH�FRQMXJDWLRQ�RI�WKH
VXEVWLWXHQW� LQWURGXFHG� ZLWK� WKH� SDUHQW� QL�
WURVWLOEHQH� PROHFXOH�� GLSROH� PRPHQWV� �P��
FKDUJHV�RQ�WKH�QLWURJHQ�DWRP�RI�WKH�VXEVWL�
WXHQW� �T1�� DQG� WRWDO� QLWUR� JURXS� FKDUJHV�T12���WKDW�FKDUDFWHUL]H�WKH�HOHFWURQ�GHQVLW\UHGLVWULEXWLRQ� IURP� WKH� VXEVWLWXHQW� WR� WKH
HOHFWURQ�DFFHSWLQJ� FHQWHU� LQ� WKH� JURXQG
VWDWH�� $V� WKH� VXEVWLWXHQW� YROXPH� LV� LQ�
FUHDVHG��WKH�&±1�ERQG�OHQJWK�LV�VHHQ�WR�ULVH
DQG� LWV� RUGHU� WR� GHFUHDVH� UHVSHFWLYHO\�� 7KH
WXUQLQJ� DQJOH� RI� WKH� VXEVWLWXHQW� ZLWK� UH�
VSHFW� WR� WKH� SODQH� RI� WKH� QHDUHVW� EHQ]HQH
ULQJ�LQFUHDVHV�DOVR�LQ�WKH�,Ü,9�VHTXHQFH��$W
WKH�VDPH�WLPH��WKH�QLWURJHQ�DWRP�SLUDPLGDO�
LW\�H[WHQW�LV�PD[LPXP�LQ�DPLQR��DQG�S\UD�
]ROLQ\O�VXEVWLWXWHG�FRPSRXQGV�DQG� WKH�HOHF�
WURQ�GRQDWLQJ� HIIHFW� WUDQVPLVVLRQ� WR� WKH
QLWUR� JURXS� LV� PD[LPXP� LQ� WKH� GLPHWK\O
DPLQR�GHULYDWLYH�

7KH� UHVXOWV� REWDLQHG� IRU� GLSKHQ\O� DPLQR
GHULYDWLYH� DUH� RI� D� SDUWLFXODU� LQWHUHVW�� ,WV
QLWURJHQ� DWRP� KDV� EHHQ� IRXQG� VXUSULVLQJO\
WR�EH�LQ�WKH�HVVHQWLDOO\� LGHDO�VS��K\EULGL]HG
VWDWH� DOWKRXJK� WKH� SODQH� SDVVLQJ� WKURXJK
WKH�&±1� ERQGV� RI� WKDW� VXEVWLWXHQW� IRUPV� D
����DQJOH�ZLWK�WKH�ULQJ�SODQH��$V�D�UHVXOW�RI
VWHULF� KLQGUDQFHV� DULVLQJ� LQ� WKH� WULSKHQ\O�
DPLQR� JURXS�� WKH� ODWWHG� WDNHV� D� SURSHOOHU�
OLNH�FRQILJXUDWLRQ�ZLWK�WKH�&±1�ERQGV�O\LQJ
HVVHQWLDOO\�LQ�D�VLQJOH�SODQH��7KH�YDOLGLW\�RI
WKH�FDOFXODWLRQV�FDUULHG�RXW�LV�FRQILUPHG�E\
WKH� ;�UD\� VWUXFWXUH� DQDO\VLV� GDWD� IRU� FRP�
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SRXQGV� RI� VLPLODU� VWUXFWXUHV� >�@�� 7KH� HOHF�
WURQ� GHQVLW\� GHFUHDVH� DW� WKH� QLWURJHQ� DWRP
RI� WKH� VXEVWLWXHQW� LQ� WKH� ,Ü,9� VHTXHQFH� UH�
IOHFWV� LWV� GHORFDOL]DWLRQ� WR� WKH� PRLHWLHV� DW�
WDFKHG�WKHUHWR��7KXV��LQ�WKH�GLSKHQ\O�DPLQR
GHULYDWLYH�� WKH� FRQMXJDWLRQ� EHWZHHQ� WKH� QL�
WURJHQ�DWRP�ORQH�HOHFWURQ�SDLU�LQ�WKH�VXEVWL�
WXHQW� DQG� WKH� PROHFXODU� S�V\VWHP� LV� ZHDN�
HQHG� GXH� WR� WKH� VWHULF� KLQGUDQFHV� DOWKRXJK
LWV�SUHGRPLQDQW�VS��K\EULGL]HG�VWDWH�DOORZV
WR� H[SHFW� WKH� FRQMXJDWLRQ� UHFRYHU\� XQGHU
WKH� SRVVLEOH� FRQIRUPDWLRQDO� UH�EXLOGLQJ� LQ
DQ�H[FLWHG�VWDWH�>����@�

7KH� HOHFWURQ� DEVRUSWLRQ� VSHFWUD� RI� &RP�
SRXQGV�,Ü,9�KDYH�EHHQ�FDOFXODWHG�XQGHU�WKH
,1'2�6� DSSUR[LPDWLRQ� XVLQJ� WKH� R[\JHQ
DWRP� SDUDPHWHU� V\VWHP� PRGLILHG� ZLWK� WKH
DLP� WR� FDOFXODWH� FRUUHFWO\� WKH� QS�VWDWH� HQ�
HUJ\� YDOXHV� >�@�� 7KH� FDOFXODWHG� VSHFWUDO
FKDUDFWHULVWLFV� DUH� VXPPDUL]HG� LQ� 7DEOH��
ZKHUH� 'P
� LV� WKH� GLSROH� PRPHQW� FKDQJH
XQGHU� HOHFWURQ� H[FLWDWLRQ� DVVRFLDWHG� RQO\
ZLWK�WKH�HOHFWURQ�GHQVLW\�VKLIW�IURP�WKH�GR�
QDWLQJ� WR� DFFHSWLQJ� PROHFXODU� IUDJPHQW�
%DVLQJ� RQ� WKDW� TXDQWLW\�� WKH� FKDUJH� WUDQV�
IHU�H[WHQW�FDQ�EH�HVWLPDWHG�ZKHQ�WKH�QLWUR�
JHQ� DWRP� RI� WKH� VXEVWLWXWHG� DPLQR� JURXS
�QLWURJHQ� DWRP���RI� WKH�S\UD]ROLQH� ULQJ�� LV
FRQVLGHUHG�DV�WKH�HOHFWURQ�H[FHVV�FHQWHU�DQG
WKH�DPLQR�JURXS�QLWURJHQ�DWRP��DV�WKH�HOHF�
WURQ�GHSOHWHG�FHQWHU�

,W� LV� VHHQ� IURP� WKH� FDOFXODWHG� UHVXOWV
WKDW�DOO� WKH�FRPSRXQGV�XQGHU�FRQVLGHUDWLRQ
DUH� FKDUDFWHUL]HG� E\� D� VXEVWDQWLDO� HOHFWURQ
GHQVLW\�UHGLVWULEXWLRQ�XQGHU�H[FLWDWLRQ�WKDW
LV�UHIOHFWHG�LQ�D�FRQVLGHUDEOH�GLSROH�PRPHQW
LQFUHDVH� LQ� WKH�6�� VWDWH�� 7KH� FKDUJH� WUDQV�IHU�H[WHQW�LQ�WKH�DPLQR�DQG�GLPHWK\O�DPLQR

GHULYDWLYHV� FDQ� EH� HVWLPDWHG� DV� ��Ü��� �
ZKLOH�LW�DWWDLQV������LQ�WKH�GLSKHQ\O�DPLQR
RQH�� 7KLV� IDFW� LQGLFDWHV� WKDW� WKH� EHQ]HQH
ULQJV�DWWDFKHG�WR�WKH�QLWURJHQ�DWRP�DUH�LQ�
YROYHG�LQ�WKH�WRWDO�PROHFXOH�HOHFWURQ�H[FLWD�
WLRQ��D�IUDFWLRQ�RI�WKH�HOHFWURQ�GHQVLW\�FRQ�
FHQWUDWHG�LQ�WKH�S�V\VWHPV�LV�WUDQVIHUUHG�WR
WKH�QLWURJHQ�DWRP��WKXV� LQFUHDVLQJ�LWV�HOHF�
WURQ�GRQDWLQJ�SURSHUWLHV��,Q�FRQWUDVW��LQ�WKH
S\UD]ROLQH�GHULYDWLYH�,9��WKH�H[FHVV�HOHFWURQ
GHQVLW\�RI�WKH�QLWURJHQ�DWRP��� LV�UHGLVWULE�
XWHG� QRW� RQO\� WRZDUGV� WKH� QLWUR� JURXS� EXW
DOVR�WR�WKH�S\UD]ROLQH�ULQJ�DQG�WKH�EHQ]HQH
ULQJ� DWWDFKHG� WKHUHWR� LQ� WKH� �� SRVLWLRQ�
7KXV�� WKH� HOHFWURQ�GRQDWLQJ� SURSHUWLHV� RI
WKH� S\UD]ROLQH� VXEVWLWXHQW� PXVW� EH� VRPH�
ZKDW� GHFUHDVHG� DV� FRPSDUHV� WR� WKH� RWKHU
PRGHO� PROHFXOHV�� DV� LW� UHVXOWV� IURP� WKH
DERYH�FDOFXODWLRQ�

7KH�VROYHQW�HIIHFW�RQ�WKH�HOHFWURQ�DEVRUS�
WLRQ� VSHFWUD� RI� WKH� PRGHO� PROHFXOHV� KDV
EHHQ� HVWLPDWHG� DFFRUGLQJ� WR� >�@�� 7KH� DS�
SURDFK� LV� EDVHG� RQ� WKH� VROYDWRFKURPLF� GH�
SHQGHQFHV�E\�%LORW�DQG�.DYVN\�UHODWLQJ�WKH
VROYHQW� PDFURVFRSLF� SDUDPHWHUV� ZLWK� WKH
SRODU� DQG� VWUXFWXUH� SDUDPHWHUV� RI� WKH� H[�
FLWHG�DQG�XQH[FLWHG�VROXWH�PROHFXOH�
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+HUH�P�� DQG�P�� DUH�SDUDPHWHUV�GHSHQG�
LQJ� RQ� WKH� VROXWH� SURSHUWLHV�� GLSROH� PR�
PHQWV� LQ� WKH�JURXQG�DQG� H[FLWHG� VWDWHV� �P�DQG� P��� DV� ZHOO� DV� WKH� UDGLXV� RI� VSKHULFDO2QVDJHU� YRLG� RFFXSLHG� E\� WKH� PROHFXOH� LQ
WKH�VROYHQW�YROXPH�

7DEOH���� &KDUDFWHULVWLFV� RI� ORQJ�ZDYHOHQJWK� HOHFWURQ� WUDQVLWLRQV� LQ� DEVRUSWLRQ� VSHFWUD� RI� &RP�
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6XEVWLWXWLQJ�WKH�FDOFXODWHG�SRODU��7DEOH���
DQG� VWUXFWXUH� �7DEOH���� FKDUDFWHULVWLFV� RI
WKH�PROHFXOHV�EHLQJ�FRQVLGHUHG�LQWR������LW�LV
SRVVLEOH� WR� HVWLPDWH� WKH� VROYDWH�LQGXFHG
VKLIWV� ZKHQ� SDVVLQJ� IURP� YDFXXP� �GDWD
IURP�7DEOH����WR�VROXWLRQV��7DEOH���SUHVHQWV
WKH� UHVXOWV� IRU� WROXHQH� DQG� HWKDQRO�� IRU
RWKHU� VROYHQWV�� WKH� HVWLPDWLRQV� FDQ� EH� RE�
WDLQHG� LQ� D� VLPLODU� PDQQHU��� 7KH� ODUJHVW
FKDQJHV� LQ� WKH� HOHFWURQ� DEVRUSWLRQ� VSHFWUD
DUH� WR� EH� H[SHFWHG� IRU� DPLQR� DQG� GLDON\�
ODPLQR� VXEVWLWXHQWV�� 7KH� VROYDWH� HIIHFWV
VKRXOG� EH� VRPHZKDW� VPDOOHU� LQ� GLSKHQ\O�
DPLQR�GHULYDWLYH�DQG�LQ�S\UD]ROLQ\O�FRQWDLQ�
LQJ� PROHFXOHV�� WKH� VPDOOHVW�� $W� WKH� VDPH
WLPH�� LW� LV� QRWHZRUWK\� WKDW� WKH� DERYH� HVWL�
PDWLRQV�KDYH�EHHQ�GRQH�ZLWKRXW�WDNLQJ�LQWR
DFFRXQW� WKH� SRVVLEOH� FRQIRUPDWLRQ� FKDQJHV
RI� WKH� PROHFXOHV� XQGHU� H[FLWDWLRQ� ZKLOH
WKRVH� FKDQJHV�PD\� FRQWULEXWH� VXEVWDQWLDOO\
HQRXJK�WR�WKH�H[SHULPHQWDO�FKDQJHV�RI�VSHF�
WUDO� FKDUDFWHULVWLFV� >�@�� 7KH� DERYH� WKHRUHWL�
FDO� HVWLPDWLRQV�ZHUH�FKHFNHG� LQ�H[SHULPHQW
WDNLQJ� WKH� ,Ü,9� GHULYDWLYHV� DV� H[DPSOHV� DV
ZHOO� DV� XVLQJ� WKH� GLVW\U\OEHQ]HQH� GHULYD�
WLYHV� �9�� 9,�� 9,,�� FRQWDLQLQJ� VLPLODU� HOHF�
WURQ�GRQDWLQJ� JURXSV�� 7KH� VSHFWUDO� SURSHU�
WLHV� WKHUHRI� ZHUH� VWXGLHG� LQ� WROXHQH�� 7KH
UHSUHVHQWDWLYH�VSHFWUD�DUH�SUHVHQWHG�LQ�)LJV���
DQG���DQG�WKH�QXPHULFDO�UHVXOWV�DUH�VXPPD�
UL]HG�LQ�7DEOH���

,W�IROORZV�IURP�WKH�UHVXOWV�REWDLQHG�WKDW
LQ� VSLWH� RI� WKH� SUHVHQFH� RI� WKH� HOHFWURQ�DF�
FHSWLQJ�QLWUR�JURXS��WKH�QLWURVWLOEHQHV�VWXG�
LHG� H[KLELW� DQ� LQWHQVH� IOXRUHVFHQFH�� ,Q� WKLV
FDVH�� WKH� WULSOHW� QS
� OHYHOV� RI� WKH� QLWUR
JURXS�KDYH�D�KLJKHU� HQHUJ\� WKDQ� WKH� ORZHU
VLQJOHW� H[FLWHG� VWDWH� RI� WKH� PROHFXOHV� DQG
WKXV� FDQQRW� LQIOXHQFH� QHJDWLYHO\� WKH� VSHF�
WUDO� FKDUDFWHULVWLFV�� 7KH� LQFUHDVHG� H[WLQF�

WLRQ� FRHIILFLHQW� RI� &RPSRXQG� ,,,� DV� FRP�
SDUHG�WR�,,�FRQILUPV�WKH�DERYH�FRQFOXVLRQ�RQ
WKH� LQYROYHPHQW� RI� EHQ]HQH� ULQJV� DWWDFKHG
WR� WKH� QLWURJHQ� DWRP� LQ� WKH� FRQMXJDWLRQ
ZLWK�WKH�PROHFXODU�S�V\VWHP��7KH�S\UD]ROLQH
GHULYDWLYH� H[KLELWV� DQ� HYHQ� PRUH� LQFUHDVHG
H[WLQFWLRQ� FRHIILFLHQW� WKDW� UHIOHFWV� WKH� LQ�
FOXVLRQ� RI� ��SKHQ\O� VXEVWLWXWHG� S\UD]ROLQH
ULQJ� LQWR� WKH� WRWDO� FRQMXJDWHG� PROHFXODU
V\VWHP�RI�&RPSRXQG�,9��$W�WKH�VDPH�WLPH�
WKH� GLSKHQ\O� QLWURVWLOEHQH� GHULYDWLYH� VKRZV
IOXRUHVFHQFH� LQ� VRPHZKDW� VKRUWHU�ZDYH� UH�
JLRQ�WKDQ�LWV�GLPHWK\O�DPLQR�DQDORJ�DQG�WKH
ORQJHVW� HPLVVLRQ� ZDYHOHQJWK� LV� REVHUYHG� DW
WKH� S\UD]ROLQ\O� VXEVWLWXWHG� FRPSRXQG�� 7KH
6WRNHV� IOXRUHVFHQFH� VKLIWV� GHFUHDVH� LQ� WKH
VHTXHQFH� ,Ü,9� LQ� IXOO� DFFRUGDQFH� ZLWK� FRQ�
FOXVLRQ� RQ� WKH� PDQLIHVWDWLRQ� FKDUDFWHU� RI
VROYDWRFKURPLF� HIIHFWV� LQ� WKH� VHULHV� RI� VXE�
VWLWXWHG� QLWURVWLOEHQHV�� $V� WR� GLVW\U\OEHQ�
]HQH�GHULYDWLYHV�� WKH�SURSHUWLHV� RI� WKH� FRQ�
VLGHUHG� VXEVWLWXHQWV� DUH� PDQLIHVWHG� WKHP�
VHOYHV� LQ� D� VXEVWDQWLDOO\� LGHQWLFDO� PDQQHU�
H[FHSW� IRU� DQ� LQFUHDVHG� LQYROYHPHQW� RI
GLSKHQ\O�DPLQR� JURXS� EHQ]HQH� ULQJV� LQ� WKH
FRQMXJDWLRQ�� ,Q� DEVRUSWLRQ� VSHFWUD� RI� &RP�
SRXQG� 9� WKH� HOHFWURQ� WUDQVLWLRQ� EDQG� �� LV
PRUH�LQWHQVH�DQG�VKLIWHG�VRPHZKDW�WRZDUGV
ORQJHU�ZDYHOHQJWKV�DV� FRPSDUHG� WR�9,��7KH
VWXGLHG� GLVW\U\OEHQ]HQH� GHULYDWLYHV� DUH
FKDUDFWHUL]HG� E\� PXFK� ORZHU� 6WRNHV� VKLIWV
DV�FRPSDUHG�WR�WKH�DERYH�FRQVLGHUHG�QLWURV�
WLOEHQH� RQHV�� 7KLV� SRLQWV� WR� D� VXEVWDQWLDOO\
OHVVHU� LPSRUWDQFH� RI� VROYDWH� DQG� VWUXFWXUH
UHOD[DWLRQ� LQ� WKRVH� PROHFXOHV�� 7KDW� IDFW
VHHPV�WR�EH�TXLWH�QDWXUDO�LI�WKH�V\PPHWULFDO
VWUXFWXUHV�RI�9Ü9,,�DUH�WDNHQ�LQWR�DFFRXQW�

7KH� VSHFWUDO� DQG� OXPLQHVFHQFH� FKDUDF�
WHULVWLFV�KDYH�EHHQ�VWXGLHG�IRU�WROXHQH�VROX�
WLRQV� RI� RQH� V\QWKHVL]HG� OXPLQRSKRU�
��QLWUR��c�GLSKHQ\ODPLQRVWLOEHQH� �,,,�� DQG�
IRU� FRPSDULVRQ� VDNH�� RI� LWV� DQDORJXH�� ��GL�
PHWK\ODPLQR�VXEVWLWXWHG�FRPSRXQG��,,���2U�

)LJ����� $EVRUSWLRQ� DQG� IOXRUHVFHQFH� VSHFWUD
RI� VXEVWLWXWHG� QLWURVWLOEHQHV� LQ� WROXHQH�� ,,
�VROLG� OLQH��� ,,,� �GDVKHG� OLQH��� ,9� �GRW�DQG�
GDVKHG�OLQH��

)LJ����� $EVRUSWLRQ� DQG� IOXRUHVFHQFH� VSHFWUD
RI�VXEVWLWXWHG�VXEVWLWXWHG�GLVW\U\OEHQ]HQHV�LQ
WROXHQH�� 9� �VROLG� OLQH��� 9,� �GDVKHG� OLQH��� 9,,
�GRW�DQG�GDVKHG�OLQH��
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JDQLF� PROHFXOHV� DUH� NQRZQ� WR� IRUP� DVVRFL�
DWHV� LQ� WKH� JURXQG� VWDWH� GXH� WR�ZHDN�9DQ�
GHU�:DDOV� LQWHUDFWLRQV��6LQFH� WKH�PROHFXOHV
XQGHU� VWXG\� FRQWDLQ� QR� IXQFWLRQDO� JURXSV
FDSDEOH� RI� FRRUGLQDWLRQ� ERQGV� IRUPDWLRQ
ZLWK�HDFK�RWKHU��WKH�VSHFLILF�LQWHUDFWLRQV�RI
RWKHU� QDWXUH� FDQ� EH� QHJOHFWHG�� 7KH� IRUPD�
WLRQ� RI� 9DQ�GHU�:DDOV� DVVRFLDWHV� PXVW� UH�
VXOW� LQ� GLVWRUWLRQV� �EOXUULQJ�� ZLGHQLQJ�� RI
DEVRUSWLRQ� VSHFWUD�� +RZHYHU�� WKH� H[SHUL�
PHQWDO� HOHFWURQ� DEVRUSWLRQ� VSHFWUD� RI�&RP�
SRXQGV�,,�DQG�,,,�VKRZ�WKH�VKDSH�FRQVWDQF\
XS�WR�FRQFHQWUDWLRQV�RI����WR������Ü��PRO�/�
WKXV�� VXFK� LQWHUDFWLRQV� FDQ� EH� H[FOXGHG�
WRR�� RU� WKH� VDWXUDWHG� VROXWLRQ� FRQFHQWUD�
WLRQV� VKRXOG� EH� SURYLGHG� WR� UHFRUG� WKHP�
7KH� DVVRFLDWLRQ� LQ� H[FLWHG� VWDWH�PD\� UHVXOW
LQ� IOXRUHVFHQW� RU� QRQ�IOXRUHVFHQW� SURGXFWV�
,Q� WKH� ILUVW� FDVH�� WKRVH� DUH� H[FLPHUV� �H[�
FLWHG� GLPHUV�� VKRZLQJ� D� IOXRUHVFHQFH� DV� D

ZLGH� VWUXFWXUHOHVV� HPLVVLRQ� EDQG� ORFDOL]HG
LQ�D�ORQJHU�ZDYHOHQJWK�VSHFWUDO�UHJLRQ�WKDQ
WKH�PRQRPROHFXODU�FRPSRXQG� VSHFWUXP��$V
WR� &RPSRXQG� ,,,�� QHLWKHU� ZLGHQLQJ� QRU
VKLIWLQJ� RI� LWV� OXPLQHVFHQFH� EDQG� LV� RE�
VHUYHG��7KXV��WKH�IRUPDWLRQ�RI�H[FLPHU�OLNH
IOXRUHVFHQW� DVVRFLDWHV� FDQ� EH� H[FOXGHG� WR� D
KLJK�SUREDELOLW\��

7KH� IRUPDWLRQ� RI� QRQ�IOXRUHVFHQW� DVVRFL�
DWHV�GRHV�QRW�LQIOXHQFH�WKH�VKDSH�RI�DEVRUS�
WLRQ�DQG�HPLVVLRQ�VSHFWUD�DQG�FDQ�EH�GLVFRY�
HUHG� RQO\� EDVLQJ� RQ� WKH� IOXRUHVFHQFH� OLIH�
WLPH� YDULDWLRQ� DV� WKH� OXPLQRSKRU
FRQFHQWUDWLRQ�ULVHV��:KHQ�WKHUH� LV�QR�DVVR�
FLDWLRQ� �DW� ORZ�FRQFHQWUDWLRQV��� WKH� OXPLQR�
SKRU� UHFLSURFDO� OLIHWLPH� LV� WKH� VXP� RI� UDWH
FRQVWDQWV� RI� UDGLDWLYH� DQG� QRQ�UDGLDWLYH
SURFHVVHV� UHVXOWLQJ� LQ� GHDFWLYDWLRQ� RI� LWV
HOHFWURQ�H[FLWHG�PROHFXOHV�

7DEOH����3K\VLFDO�SURSHUWLHV�DQG�DQDO\WLFDO�GDWD�IRU�FRPSRXQGV�,Ü9,,

&RPS� )RUPXOD 0�S���&� <LHOG���� (OHPHQWDO�DQDO\VLV��FDOFXODWHG�IRXQG�
& + 1

, &��+��1�2� ��� �� ����� ���� �����
����� ���� �����

,, &��+��1�2� ��� �� ����� ���� �����
����� ���� ������

,,, &��+��1�2� ��� �� ����� ���� �����
����� ���� ����

,9 &��+��1�2� ��� �� ����� ���� ����
����� ���� ����

9 &��+��1� ��� �� ����� ���� �����
����� ���� �����

9, &��+��1� ��� �� ����� ���� ����
����� ���� ����

9,, &��+��1� ��� �� ����� ���� �����
����� ���� �����

7DEOH����6SHFWUDO�FKDUDFWHULVWLFV�RI�VXEVWLWXWHG�QLWURVWLOEHQHV�DQG�GLVW\U\OEHQ]HQHV�LQ�WROXHQH

&RPS� 5 QD OD HD QI OI 'Q67 MI
1LWURVWLOEHQHV

,, 1�&+��� ����� ��� ����� ����� ��� ���� ����
,,, 1�&�+��� ����� ��� ����� ����� ��� ���� ����
,9 3\UD]ROLQ\O ����� ��� ����� ����� ��� ���� ����

'LVW\U\OEHQ]HQHV
9 1�&+��� ����� ��� ����� ����� ��� ���� ����
9, 1�&�+��� ����� ��� ����� ����� ��� ���� ����
9,, 3\UD]ROLQ\O ����� ��� QR�GLV� ����� ��� ���� ����
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�
WD
� �UI���UG�

$V� WKH� DVVRFLDWHV� DUH� IRUPHG�� WKDW� H[�
SUHVVLRQ� VKRXOG�EH� VXSSOHPHQWHG�E\� WKH� DV�
VRFLDWLRQ�UDWH

�
WD
� �UI���UG���UDVV�

,Q� WKLV� FDVH�� WKH� OXPLQRSKRU� OLIHWLPH
PXVW� GURS� LQ� FRQFHQWUDWHG� VROXWLRQV�� 7KLV
SKHQRPHQRQ�LV�RIWHQ�UHIHUUHG�WR�DV��WKH�OX�
PLQHVFHQFH� FRQFHQWUDWLRQ� TXHQFKLQJ��� DO�
WKRXJK�WKH�OXPLQHVFHQFH�ZHDNHQLQJ�DW�KLJK
FRQFHQWUDWLRQV� LV� GXH� DOVR� WR� YDULRXV� RWKHU
PHFKDQLVPV�

7R� FKHFN� WKDW� SRVVLELOLW\��ZH� KDYH� VWXG�
LHG� WKH� OLIHWLPH� RI� GLPHWK\ODPLQR�� �,,�� DQG
GLSKHQ\ODPLQR��,,,�� VXEVWLWXWHG� QLWURVWLO�
EHQHV� ZLWKLQ� D� ZLGH� FRQFHQWUDWLRQ� UDQJH
���Ü�� WR� ����Ü�� PRO�/��� 7KH� VWXG\� UHVXOWV
DUH� SUHVHQWHG� LQ� )LJ���� ZKHUH� WKH� IOXRUHV�
FHQFH� TXHQFKLQJ� IXQFWLRQV� DIWHU� 6FKURHGHU�
9ROPHU� DUH� EXLOW�� )URP� WKH� VORSHV� RI� WKH
VWUDLJKW� OLQHV�REWDLQHG��WKH�DVVRFLDWLRQ�FRQ�
VWDQWV�LQ�H[FLWHG�VWDWH�FDQ�EH�FDOFXODWHG�DV

$
���$���o�UDVV���$
��
)RUP� WKH� NLQHWLF� H[SHULPHQW� GDWD�� WKH

UDWH� FRQVWDQWV� RI� FRQFHQWUDWLRQ� TXHQFKLQJ
�N4�� /�PROÜ��FÜ��� KDYH� EHHQ� FDOFXODWHG� WR
DPRXQW�����������IRU�±1�&+����DQG���������IRU� ±1�&�+����� )RU� FRPSRXQGV� FRQWDLQLQJ
WKH�GLSKHQ\ODPLQR�JURXS��WKH�FRQVWDQW�FRLQ�
FLGHV� HVVHQWLDOO\� ZLWK� WKH� UDWH� FRQVWDQW� RI
GLIIXVLRQ�FRQWUROOHG� SURFHVVHV�� 7KXV�� LQWUR�
GXFWLRQ� RI� WKH� EXON\� GLSKHQ\ODPLQR� JURXS
LQWR� VWLOEHQH� PROHFXOH�� WKXV� KLQGHULQJ� WKH

PXWXDO� DSSURDFK� RI� WZR� PROHFXOHV�� UHVXOWV
LQ� WKH� DVVRFLDWLRQ� FRQVWDQW� GHFUHDVH� E\� D
IDFWRU�RI�DOPRVW���

5HIHUHQFHV
� ���$�$�,VFKHQNR�� 6WUXFWXUH�� 6SHFWUDO� DQG� /XPL�

QHVFHQFH� 3URSHUWLHV� RI� 3RO\PHWKLQH� '\HV�
1DXNRYD�'XPND��.\LY��������>LQ�5XVVLDQ@�

� ���$�,�9RNLQ�� $�0�6KDOXQRYD�� 9�$�/RS\UHY� HW
DO���=K��2UJ��.KLP�������������������

� ���<X�$�0D]LORYD�� =�$�6L]RYD�� $�2�'RURVKHQNR�
9LVQ\N� .KDUN��1DWV��8QLY��� 1R������ .KLPLD�
������������������

� ���0�-�'HZDU�� (�*�=RHELFK�� (�(�+HDO\�� -��$P�
&KHP��6RF���������������������

� ���+�*X�� *�+XDQJ�� :�=DQJ�� HW�� DO��� -��0ROHF�
6WUXFW�������������������

� ���k�|�'RURVKHQNR��k�9�.LULFKHQNR��9�*�0LWLQD�
-��3KRWRFKHP��3KRWRELRO��&KHP�����������������

� ���k�9�.LULFKHQNR�� k�|�'RURVKHQNR�� 9�0�� 6KHU�
VKXNRY��.KLP��)L]LND����������������

����&�*�&UDPHU��'�*�7UXKODU��-��4XDQW��&KHP������
�����������

����0�0�.DUHOVRQ��0�&�=HUQHU��-��3K\V��&KHP������
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)LJ����� &RQFHQWUDWLRQ� GHSHQGHQFH� RI� UHFLSUR�
FDO�OLIHWLPH�
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