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:KHQ� VWXG\LQJ� WKH� IRUPDWLRQ� RI� OLJKW
VFDWWHULQJ� FHQWHUV� LQ� VDSSKLUH� FU\VWDOV
JURZQ� IURP� D� QRQ�VWRLFKLRPHWULF� PHOW�� WKH
GHIHFWV� ZHUH� VXSSRVHG� WR� EH� PLFURVFDOH� LQ�
FOXVLRQV� RI� D� SKDVH� KDYLQJ� ORZHU� R[\JHQ
FRQWHQW� WKDQ� WKH� FRUXQGXP� >�@�� /DWHU�� WKH
FRUXQGXP� WUDQVIRUPDWLRQ� LQWR� VSLQHO� DQG�D
KH[DJRQDO� V\PPHWU\� SKDVH� GXULQJ� WKH� UH�
GXFLQJ� DQQHDOLQJ� ZDV� REVHUYHG� >����@�� 7KLV
VXSSRVLWLRQ�ZDV�FRQILUPHG�LQGLUHFWO\�E\�WKH
SUHSDUDWLRQ�FRQGLWLRQV��WKH�FU\VWDO�FKHPLFDO
WUDQVIRUPDWLRQ� UHJXODULWLHV�� DV� ZHOO� DV� E\
WKH� PDVV� JDLQ� LQ� WKH� REWDLQHG� FRPSRXQGV
XQGHU� R[LGDWLRQ�� +RZHYHU�� WKH� QDWXUH� RI
VWDELOL]HUV�QHFHVVDU\�WR�SURYLGH�H[LVWHQFH�RI
WKRVH� VWUXFWXUHV�ZDV� QRW� HVWDEOLVKHG�XQDP�
ELJXRXVO\��:KHQ�GLVFXVVLQJ� WKH�PHFKDQLVP
RI�WKH�WUDQVIRUPDWLRQV�REVHUYHG��WKH�YDFDQ�
FLHV� IRUPHG�GXH� WR� WKH� UHGXFWLRQ�ZHUH� VXS�
SRVHG�WR�EH�FDSDEOH�RI�WKH�YDOHQFH�UHGXFWLRQ
RI� WKH� VXUURXQGLQJ� FDWLRQV� DQG� WKXV� DFW� DV

D�VWDELOL]HU��,Q�WKLV�ZRUN��WKH�IXUWKHU�VWXG\
UHVXOWV�DUH�SUHVHQWHG�IRU�WKH�SHFXOLDULWLHV�RI
SKDVH� WUDQVIRUPDWLRQV� XQGHU� KLJK�WHPSHUD�
WXUH�UHGXFWLRQ�RI�D�$O�2���LQFOXGLQJ�WKH�QD�WXUH�RI�WKH�VWDELOL]HUV�IRU�IRUPHG�SKDVHV�
3ODQH�SDUDOOHO�VDSSKLUH�VDPSOHV�DQG�D�$O�2�SRZGHUV�����WR����PP�SDUWLFOH�VL]H��ZLWK�WKH

PDLQ� LPSXULW\� FRQWHQW� RI� d��� SSP� ZHUH
XVHG�LQ�WKH�VWXGLHV��7KH�UHGXFLQJ�DQQHDOLQJ
ZDV� FDUULHG� RXW� LQ� D� IXUQDFH� ZLWK� FDUE�
RQ�JUDSKLWH� KHDW� VFUHHQV� >�@� DW� ����� WR
�����&��7KH� WHPSHUDWXUH�ZDV�PRQLWRUHG�E\
D� 0DUDWKRQ� 05,6&6)� LQWHJUDO� ,5� S\URPH�
WHU�� 7KH� IXUQDFH� ZDV� SUH�KHDWHG� XS� WR
����Ü�����&� XQGHU� IRUH�YDFXXP� SXPSLQJ�
RXW�� $IWHU� WKH� UHVLGXDO� SUHVVXUH� RI� DERXW
���� WR� ���� 7RUU� ZDV� DWWDLQHG�� WKH� IXUQDFH
ZDV� ILOOHG�ZLWK� DUJRQ�XS� WR�����7RUU�SUHV�
VXUH��'XH�WR�WKH�DGVRUEHG�R[\JHQ�DQG�ZDWHU
YDSRU� LQWHUDFWLRQ�ZLWK�FDUERQ�JUDSKLWH�PD�
WHULDOV�� DQ� DWPRVSKHUH� LV� VSRQWDQHRXVO\
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IRUPHG�LQ�WKH�IXUQDFH�FRQWDLQLQJ�PDLQO\�WKH
UHGXFLQJ� FRPSRQHQWV�� &2� DQG� +��� 7KH� DW�PRVSKHUH� FRPSRVLWLRQ� ZDV� FKHFNHG� XVLQJ� D
.ULVWDOO����0�JDV�FKURPDWRJUDSK��7KH�WRWDO
FRQFHQWUDWLRQ�RI�WKH�UHGXFLQJ�FRPSRQHQWV�LV
DERXW����� WR��������WKH�UHODWLYH�FRQWHQW�RI
&2� DQG� +�� YDULHV� ZLWKLQ� OLPLWV� 3+��3&2DERXW� ����� WR� ������ GHSHQGLQJ� RQ� WKH� SUH�
OLPLQDU\� YDFXXP� WUHDWPHQW�� :KHQ� QHFHV�
VDU\�� WKH� &2� DQG� +�� FRQFHQWUDWLRQ� LQ� WKHDWPRVSKHUH� ZDV� YDULHG� IURP� �� WR� ��� �
�DERXW� �� WR� ��� 7RUU�� DW� YDULRXV� 3+��3&2UDWLR� YDOXHV�� ,Q� VXFK� FDVHV�� WKH� IROORZLQJ
UHGXFLQJ� DGGLWLYHV�ZHUH�XVHG�� WHFKQLFDO�SX�
ULW\� JUDGH� FDUERQ� GLR[LGH� WKDW� LV� D� &2
VRXUFH� GXH� WR� FDUERQ� JDVLILFDWLRQ� UHDFWLRQ
&���&2�o�&2�� HWKDQRO� EHLQJ� D�&2� DQG�+�VRXUFH��FKHPLFDO�SXULW\�JUDGH�K\GURJHQ�SUH�
SDUHG�XVLQJ�D�*9���K\GURJHQ�JHQHUDWRU�
7KH�PDLQ�UHVLGXDO�JDV�FRPSRQHQW�LQ�WKH�DQ�

QHDOLQJ� DWPRVSKHUH� LV� QLWURJHQ�� LWV� FRQFHQWUD�
WLRQ��&1���DIWHU�WKH�VWDQGDUG�YDFXXP�SUHWUHDW�PHQW�GRLQJ�QRW�H[FHHG�����YRO��������7RUU��
7KH�UHGXFLQJ�DQQHDO�RI�WKH�VLQJOH�FU\VWDO

VDPSOHV�UHVXOWV�LQ�WUDQVIRUPDWLRQ�RI�D�QHDU�
VXUIDFH� �XS� WR� ���PP� WKLFN�� VDSSKLUH� OD\HU
LQWR�D�SRO\FU\VWDOOLQH�RQH�ZLWK�D�SKDVH�FRP�
SRVLWLRQ�GLIIHUHQW�IURP�WKDW�RI�WKH�EXON�PD�
WHULDO��)LJ������7KH�IRUPDWLRQ�WLPH�RI�DQ�XS
WR����PP�WKLFN� OD\HU�GRHV�QRW�H[FHHG����RU
���PLQ�� 6LPLODU� FKDQJHV� RI� WKH� SKDVH� FRP�
SRVLWLRQ� DUH� REVHUYHG� XQGHU� UHGXFWLRQ� RI
D�$O�2�� SRZGHUV�� 7\SLFDO� GLIIUDFWLRQ� SDW�WHUQV� RI� WKH� UHGXFWLRQ� SURGXFWV� DUH� SUH�
VHQWHG� LQ� )LJ�����$FFRUGLQJ� WR�;�UD\� SKDVH
DQDO\VLV� �;3$�� UHVXOWV� REWDLQHG� XVLQJ� D
'521�����GLIIUDFWRPHWHU�LQ�&X�.D����UDGLD�WLRQ� �WKH� ������ S\URJUDSKLWH� PRQRFKURPD�

WRU�� DFFRUGLQJ� WR� WKH� TÜ�T� VFKHPH�� WKH� UH�
GXFWLRQ�SURGXFWV�FRQVLVW�RI�WZR�SKDVHV��2QH
SKDVH�LV�FXELF��VSDFH�JURXS�)G�P��D�VSLQHO��
WKH�RWKHU��+�SKDVH���KH[DJRQDO��VSDFH�JURXS
3���PF��ZXUW]LWH�VWUXFWXUH���7KH�ODWWLFH�SH�
ULRGV�RI�WKH�+�SKDVH�YDU\�ZLWKLQ�WKH�IROORZ�
LQJ�OLPLWV��D��������WR�������c��F��������WR
������c�� VSLQHO�� ������ WR� ������c�� GHSHQG�
LQJ�RQ� WKH�SKDVH� IRUPDWLRQ�FRQGLWLRQV��7KH
DQQHDOLQJ� LQ� WKH� ����� WR� �����&� UDQJH� UH�
VXOWV� LQ� FRUXQGXP� WUDQVIRUPDWLRQ� LQWR� WKH
+�SKDVH��$W�KLJKHU�WHPSHUDWXUHV��WKH�SKDVH
FRPSRVLWLRQ� YDULHV� IURP� WKH� SKDVH�PL[WXUH
ZLWK�D�KLJK��!������+�SKDVH�FRQWHQW�WR�HV�
VHQWLDOO\�FRPSOHWH��ZLWKLQ�WKH�;3$�VHQVLWLY�
LW\�OLPLWV��WUDQVIRUPDWLRQ�LQWR�VSLQHO�
:KHQ� WKH� VLQJOH� FU\VWDO� VDPSOHV� DUH� DQ�

QHDOHG�� GHSHQGLQJ� RQ� WKH� UHGXFWLRQ� FRQGL�
WLRQV�� GHQVH� WUDQVIRUPHG� OD\HUV� VWURQJO\
ERQGHG� ZLWK� WKH� VXEVWUDWH� DUH� IRUPHG� LQ
VRPH�FDVHV��ZKLOH� LQ�RWKHU�FDVHV�� WKH�WUDQV�
IRUPHG� OD\HU� KDV� D� ORRVH� VWUXFWXUH� DQG� FDQ
EH�VHSDUDWHG�HDVLO\�IURP�WKH�VXEVWUDWH��7KH
GHQVH� +�SKDVH� DQG� VSLQHO� OD\HUV� VKRZ� D
PRUH� RU� OHVV� VKDUS� WH[WXUH� DORQJ� ZLWK� DQ
LVRWURSLF� FRPSRQHQW�� 7KH� VWXGLHV� RI� WH[�
WXUHG� OD\HUV� KDYH� VKRZQ� WKDW� WKH� QHZ
SKDVHV�DUH� IRUPHG�XQGHU� LQKHULWDQFH�RI� WKH
PDWUL[�FU\VWDOORJUDSK\��WKDW�LV��WKH�WH[WXUH
D[LV�FRLQFLGHV�ZLWK�WKH�QRUPDO�WR�WKH�FRUXQ�
GXP�FU\VWDOORJUDSKLF�SODQH�DQG�QRW�ZLWK�WKH
QRUPDO� WR� WKH� VDPSOH�JHRPHWULF� VXUIDFH�� ,Q
VRPH� FDVHV�� KH[DJRQDO� QHHGOH�OLNH� FU\VWDOV
XS�WR����u��PP��VL]H�KDYH�EHHQ�REVHUYHG�WR
JURZ�RQ�WKH�WUDQVIRUPHG�OD\HU�VXUIDFH��)LJ���F��
7KH� FU\VWDOV� DUH� FKDUDFWHUL]HG� E\� D� UDWKHU
SHUIHFW� DOWKRXJK� EORFN� VWUXFWXUH� �)LJ�����
6RPH�FU\VWDOV�VKRZ�EOXLVK�QXDQFH�DV�ZHOO�DV
VRPH�DUHDV�RI�WKH�WUDQVIRUPHG�OD\HU��)LJ���F��

)LJ����� 6DSSKLUH� VXUIDFH� WUDQVIRUPDWLRQ� GXH� WR� UHGXFLQJ� DQQHDOLQJ�� WKH� LQLWLDO� SROLVKHG� VDSSKLUH
VDPSOH� �D��� WKH� VDPSOH� ZLWK� WUDQVIRUPHG� DERXW� ��� PP� WKLFN� QHDU�VXUIDFH� OD\HU� �E��� IRUPDWLRQ� RI
QHHGOH�OLNH�FU\VWDOV�DW�WKH�VXUIDFH�RI�WUDQVIRUPHG�OD\HU��F��
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7KH� IRUPDWLRQ� FRQGLWLRQV� DQG� VWUXFWXUH
FKDUDFWHULVWLFV� RI� WKH�SKDVHV�PHQWLRQHG� DUH
VLPLODU� WR� WKRVH� REWDLQHG� LQ� >�Ü�@� ZKHUH
DOXPLQXP� FRPSRXQGV� LQ� WKH� $O±2� V\VWHP
KDYH�EHHQ�VWXGLHG�KDYLQJ�D�UHGXFHG��DV�FRP�
SDUHG� WR� $O�2��� R[\JHQ� FRQWHQW�� $OWKRXJKWKH�GDWD�RQ�WKRVH�FRPSRXQGV�DUH�VFDUFH��WKH
SK\VLFDO�� RSWLFDO�� FKHPLFDO� DQG� VRPH� RWKHU
FKDUDFWHULVWLFV�KDYH�EHHQ�GHWHUPLQHG� >�Ü�@�
DQG�WKHUPRG\QDPLF�SURSHUWLHV�RI�WKH�VSLQHO
SKDVH� KDYH� EHHQ� HVWLPDWHG� >�@�� 7KH� IRUPD�
WLRQ� PHFKDQLVP� RI� R[\JHQ�GHSOHWHG� SKDVHV
DVVXPHV� WKDW�XQGHU�UHGXFWLRQ��D� VXSHUVDWX�
UDWHG� VROXWLRQ� RI� DQLRQLF� YDFDQFLHV� LV
IRUPHG�LQ�WKH�R[LGH� ODWWLFH�WKDW�LV�WKHQ�GH�
FRPSRVHG� XQGHU� LVRODWLRQ� RI� QXFOHL� RI
SKDVHV� EHLQJ� HTXLOLEULXP� XQGHU� WKH� VSHFL�
ILHG� FRQGLWLRQV� >�@�� $W� WKH� VDPH� WLPH�� WKH
VWUXFWXUH� FKDUDFWHULVWLFV� RI� FRPSRXQGV� RE�
WDLQHG� E\�XV� DUH� UDWKHU� VLPLODU� WR� WKRVH� RI
ZHOO�NQRZQ�SKDVHV�ZLWK�VSLQHO�DQG�ZXUW]LWH
VWUXFWXUHV�LQ�WKH�$O�2�±$O�&��DQG�$O�2�±$O1V\VWHPV� >��Ü��@�� ,W� LV� WR�QRWH� WKDW�WKH�HDU�
OLHU�WKHUPRG\QDPLF�HVWLPDWLRQV�>��@�GLG�QRW

)LJ����� ;�UD\� GLIIUDFWLRQ� SDWWHUQV� RI� FRUXQGXP� UHGXFWLRQ� SURGXFWV�� &X� .D���� UDGLDWLRQ�� SRZGHU�
+�SKDVH�!������D� �������c��F� �������c���D���SRZGHU��VSLQHO�!������D� �������c���E��

)LJ�����;�UD\� URFNLQJ� FXUYH� IURP�D� FRORUOHVV
QHHGOH�OLNH� FU\VWDO�� '521��� GLIIUDFWRPHWHU�
�Q�� ÜP�� VFKHPH�� ^���`� UHIOHFWLRQ��&X�.D�� UD�GLDWLRQ��PRQRFKURPDWRU�*H��������
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IRUHFDVW�WKH�IRUPDWLRQ�SRVVLELOLW\�RI�R[\FDU�
ELGHV� LQ� DSSUHFLDEOH� DPRXQWV�XQGHU� WKH� H[�
SHULPHQWDO� FRQGLWLRQV��7KH�IRUPDWLRQ�SRVVL�
ELOLW\�RI�R[\QLWULGH�FRPSRXQGV�ZDV�QRW�FRQ�
VLGHUHG� DW� ILUVW� GXH� WR� ORZ� QLWURJHQ
FRQFHQWUDWLRQV� LQ� WKH� DQQHDOLQJ� DWPRVSKHUH
>����@�
7KH� SRZGHUV� REWDLQHG� LQ� YDULRXV� FRQGL�

WLRQV� DQG� WKH� QHHGOH�VKDSHG� FU\VWDOV� ZHUH
DQDO\]HG�FKHPLFDOO\�XVLQJ�DQ�(852($�����
HOHPHQWDO�DQDO\]HU��VHH�7DEOH�����7KH�DQDO\�
VLV� UHVXOWV� VKRZ� WKDW� WKH� QLWURJHQ� FRQFHQ�
WUDWLRQ� LQ� WKH� VDPSOHV� DWWDLQV� UDWKHU� KLJK
YDOXHV�ZKLOH�FDUERQ�LV�SUHVHQW�DW�FRQFHQWUD�
WLRQV� ORZHU� WKDQ�����DQG� LV�QRW�D�SULPDU\
LPSXULW\��7KH�WUDQVIRUPHG�VXUIDFH�OD\HUV�RI
WKH� VLQJOH� FU\VWDO� VDPSOHV� FRQWDLQLQJ�XS� WR
����� RI� WKH� +�SKDVH� FRPSULVH� DOVR� DQ� LQ�
FUHDVHG�QLWURJHQ�DPRXQW��DV�LV�VKRZQ�XVLQJ
D�.UDWRV�;36�����;�UD\�SKRWRHOHFWURQ�VSHF�
WURPHWHU�� 7KXV�� LW� IROORZV� IURP� WKH� FKHPL�
FDO� DQDO\VLV� GDWD� WKDW� WKH� SKDVHV� REWDLQHG
DUH� FRPSRXQGV� RI� WKH� $O�2�±$O1� V\VWHP�7ZR�JURXSV� RI�DOXPLQXP�R[\QLWULGH�SKDVHV
DUH�NQRZQ�ZLWKLQ�WKDW�V\VWHP��RQH�EDVHG�RQ
WKH�$O1�ZXUW]LWH�VWUXFWXUH��$O1!���PRO����
DQG� WKH� RWKHU�� RQ� WKH� $O�2�� VWUXFWXUH�$O1���� PRO����� 7KH� PRVW� ZLGHVSUHDG
PRGHO� RI� WKH� DOXPLQXP� R[\QLWULGH� �$O21�
VWUXFWXUH�� LQFOXGLQJ� WKH� VSLQHO� SKDVH� �J�
$O21��� LV� WKH� PRGHO� FRQWDLQLQJ� D� FRQVWDQW
QXPEHU� RI� DQLRQV� >������@�� :LWKLQ� WKDW
PRGHO�� WKH� VWUXFWXUH� IRUPXOD� RI� WKH� FRP�
SRXQG�FDQ�EH�SUHVHQWHG�DV

$O����[��e��9���[��e��& 2����[�1[�� ���
ZKHUH� 9&� DUH� FDWLRQLF� YDFDQFLHV� WKH� SUHV�
HQFH� RI�ZKLFK� LV� FRQGLWLRQHG�E\� WKH�SUHVHU�
YDWLRQ�RI�HOHFWULF�QHXWUDOLW\��3URFHHGLQJ�IURP
WKRVH� FRQFHSWV�� WKH� VSLQHO� SKDVH� REWDLQHG� E\

XV� �1R��� LQ� 7DEOH���� KDV� WKH� FRPSRVLWLRQ
�$O1�������$O�2�������Ü��$O1�������$O�2��������RU�DERXW
$O1��$O�2��� WKDW� LV� ZLWKLQ� WKH� VSLQHO� SKDVHVWDELOLW\� UHJLRQ� LQ� WKH� SKDVH� GLDJUDP� RI
$O�2�±$O1�V\VWHP�>��@��$V�WKH�+�SKDVH�FRQ�WHQW�ULVHV��WKH�QLWURJHQ�FRQFHQWUDWLRQ�LQ�WKH
VDPSOHV�LQFUHDVHV��1RV�������LQ�7DEOH����DQG
DWWDLQV�DERXW����WR������IRU�WKH�+�SKDVH
�1RV�� ��� ��� DSSURDFKLQJ� WR� WKDW� LQ� $O1
�DERXW� ������� %DVLQJ� RQ� WKH� QLWURJHQ� FRQ�
FHQWUDWLRQ� GDWD�� WKH� +�SKDVH� VDPSOHV� KDYH
WKH� FRPSRVLWLRQ� �$O1�������$O�2������� Ü
�$O1�������$O�2������� RU� |��$O1���$O�2��� Ü
��$O1���$O�2��� DQG� FRLQFLGH� WR� WKH� ��5� DQG��5�SRO\W\SHV�LQ�WKH�SKDVH�GLDJUDP�>��@�
3RVVLEOH� PRGHOV� ZHUH� FRQVLGHUHG� IRU� WKH

FU\VWDO� VWUXFWXUH� RI� FRPSRXQGV� REWDLQHG�
:KHQ� FDOFXODWLQJ� WKH�PRGHO� ;�UD\� GLIIUDF�
WLRQ� SDWWHUQ� �XVLQJ� WKH� 32:'(5� &(//
Y����� VRIWZDUH� >��@��� WKH� H[SHULPHQWDO� YDO�
XHV� RI� ODWWLFH� SHULRGV� DQG� WKH� FKHPLFDO
DQDO\VLV� GDWD� �7DEOH���� ZHUH� XVHG� WR� GHWHU�
PLQH� WKH� RFFXSDQF\� RI� WKH� V\PPHWU\� SRVL�
WLRQV��7KH�WHPSHUDWXUH�IDFWRU�ZDV�QRW�WDNHQ
LQWR�DFFRXQW��%� �����:KHQ�FRQVWUXFWLQJ�WKH
PRGHOV��WKH�FDOFXODWHG�DQG�H[SHULPHQWDO�GLIIUDF�
WLRQ�SDWWHUQ�ZHUH�FRPSDUHG� IRU� DOO� WKH�GLIIUDF�
WLRQ�OLQHV�ZLWKLQ�WKH��T�UDQJH�IURP�����WR������
7KH� 5�IDFWRU� YDOXH� 5� �¦_,H[S�Ü�,LH[S_�� ¦,LFDOF
ZDV� XVHG� DV� WKH� PRGHO� YDOLGLW\� FULWHULRQ�
ZKHUH� ,LH[S� DQG� ,LFDOF� DUH� WKH� H[SHULPHQWDODQG�FDOFXODWHG�UHODWLYH� LQWHQVLW\�RI�WKH� L�WK
UHIOHFWLRQ�� UHVSHFWLYHO\�� :KHQ� VLPXODWLQJ
WKH�VSLQHO�VWUXFWXUH��D�JRRG�DJUHHPHQW�ZLWK
WKH� H[SHULPHQWDO� UHVXOWV� ZDV� REWDLQHG� IRU
WKH�PRGHO�VLPLODU�WR�J�$O21��7DEOH�����:KHQ
FRPSDULQJ� WKH� FDOFXODWHG� GDWD�ZLWK� WKH� H[�
SHULPHQWDO� GLIIUDFWLRQ� SDWWHUQ� �)LJ���E�� IRU

7DEOH����,PSXULW\�FRQWHQW�LQ�WKH�FRUXQGXP�UHGXFWLRQ�SURGXFWV
1R� 3UHSDUDWLRQ�FRQGLWLRQV 3KDVH�FRPSRVLWLRQ��;3$�GDWD� ,PSXULW\�FRQFHQWUDWLRQ��ZW���

1 & +
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WKH� FRPSRXQG� 1R��� �7DEOH����� WKH� 5�IDFWRU
FDOFXODWHG� RQ� WKH� EDVLV� RI� DOO� WKH� ��� RE�
VHUYHG� LQWHUIHUHQFH� OLQHV� DPRXQWV� DERXW
������ ZKLOH� EHLQJ� DERXW� ������ LI� WKH� OLQHV
ZLWKLQ� WKH� ����� WR� ����� UDQJH� �ZKHUH� WKH
WHPSHUDWXUH�IDFWRU�LV�PRUH�SURQRXQFHG��DUH
QHJOHFWHG��7KXV��WKH�PRGHO�SURYLGHV�DQ�DGH�
TXDWH�GHVFULSWLRQ�RI�WKH�FRPSRXQG�REWDLQHG
LQ�H[SHULPHQW�
7KH� VWUXFWXUH� RI� +�SKDVH� ZDV� GHVFULEHG

XVLQJ� D� PRGHO� VLPLODU� WR� $O1� �7DEOH����
:KHQ� FRPSDULQJ� WKH� FDOFXODWHG� GDWD� ZLWK
WKH�H[SHULPHQWDO�GLIIUDFWLRQ�SDWWHUQ��)LJ���D�
RI�WKH�FRPSRXQG�1R��� �7DEOH����WR�WKDW�WKH
FRPSRVLWLRQ� $O���2����1����� LV� DVFULEHG� EDV�LQJ� RQ� WKH�PRGHO� ZLWK� FRQVWDQW� QXPEHU� RI
DQLRQV��$O�±[��2[1�±[�>��@���WKH�5�IDFWRU�FDO�FXODWHG� RQ� WKH� EDVLV� RI� DOO� WKH� ��� REVHUYHG
LQWHUIHUHQFH� OLQHV� DPRXQWV� DERXW� ������
ZKLOH� EHLQJ�DERXW������� LI� WKH� OLQHV�ZLWKLQ
WKH������WR������UDQJH�DUH�QHJOHFWHG��7KXV�
WKH�+�SKDVH�LV�RI�$O1�VWUXFWXUH��DOWKRXJK�DW
VXFK� QLWURJHQ� FRQFHQWUDWLRQV�� WKH� ��5
�$O�2�1��� DQG� ��5� �$O�2�1��� DUH� REVHUYHGDFFRUGLQJ�WR�OLWHUDWXUH�GDWD�>��@�
7KH�QHHGOH�VKDSHG�FU\VWDOV�FRQVLVW�RI�DOX�

PLQXP� R[\QLWULGH� FRPSRXQGV�� WRR�� 7KH
FRPSRVLWLRQ�WKHUHRI��1RV����DQG����7DEOH���
LV� FORVH� WR� �$O1�$O�2�� RU� �$O1�$O�2�SRO\W\SHV� >��@� DQG� WKH� JURZWK� VHHPV� WR
RFFXU�IURP�WKH�JDV�SKDVH��SHUKDSV�GXH�WR�$O
DQG� $O� VXER[LGHV� LQWHUDWLRQ� ZLWK� 1�� DV� LVVXSSRVHG� LQ� >��@�� 7KH� QLWURJHQ� FRQFHQWUD�
WLRQ� GHFUHDVH� LQ� WKH� DWPRVSKHUH� GRZQ� WR
�����YRO����GRHV�QRW�DIIHFW�LQ�SULQFLSOH�WKH
FRUXQGXP� WUDQVIRUPDWLRQ� FKDUDFWHU� EXW� QR
QHHGOH�OLNH�FU\VWDOV�DUH�IRUPHG�LQ�WKLV�FDVH�
7KH�EOXLVK�FRORU�RI�VRPH�QHHGOH�OLNH�FU\VWDOV

DV� ZHOO� DV� VRPH� DUHDV� LQ� WKH� WUDQVIRUPHG
OD\HU�PD\�EH�FRQQHFWHG�ZLWK�WKH�FDUERQ�LP�
SXULW\�KDYLQJ�DQ�LQFUHDVHG�FRQFHQWUDWLRQ�LQ
WKRVH�VDPSOHV��7DEOH����
7KH�IRUPDWLRQ�FRQGLWLRQV�RI�YDULRXV�FRP�

SRXQGV� LQ� WKH� $O�2�±$O1� V\VWHP� DUH� XQGHUUDWKHU�LQWHQVLYH�VWXGLHV��KRZHYHU��QR�OLWHUD�
WXUH� GDWD� DUH� DYDLODEOH� RQ� WKH� $O1� DQG
J�$O21�IRUPDWLRQ�LQ�VLPLODU�FRQGLWLRQV��7KH
DOXPLQXP�QLWULGH�DQG�R[\QLWULGH�DUH�V\QWKH�
VL]HG� DV� D� UXOH� LQ� QLWURJHQ� RU� QLWURJHQ�FRQ�
WDLQLQJ� JDVHV� �1+�±&�+���1+�±+�� DQG� RWKHUPL[WXUHV��� $W� FDUERQ�WKHUPDO� UHGXFWLRQ� RI
$O1� DQG� $O21�� PL[WXUHV� RI� YDULRXV� SRO\�
PRUSKV� RI� DOXPLQXP� R[LGH� �J�� G�� T��D�� ZLWK
FDUERQ� DUH� REWDLQHG� LQ� QLWURJHQ� >������@� RU
DLU�>��@�DWPRVSKHUH��7KHUH�DUH�IHZ�VWXGLHV�RQ
$O1�DQG�$O21�IRUPDWLRQ�DW�WKH�FRUXQGXP�VXU�
IDFH� XQGHU� KHDWLQJ� LQ� &2±1�� PL[WXUHV�� WKHPL[WXUH� ZLWK� D� KLJK� QLWURJHQ� FRQFHQWUDWLRQ
�3&2�31�|����� EHLQJ� XVHG� LQ� WKRVH� ZRUNV>��@��:KHQ�GLVFXVVLQJ�WKH�$O1�DQG�$O21�IRU�
PDWLRQ� PHFKDQLVP�� WKH� IROORZLQJ� UHDFWLRQV
DUH�FRQVLGHUHG�LQ�WKRVH�FDVHV�>������@�

$O�2��V�����&�V����1��J�� 
 ��$O1�V�����&2�J���

���

>������[��e��[@$O�2��V�����&�V����1��J�� 
 ����e�[�$O����[��e��2���[1[����&2�J���

���

,Q� RXU� H[SHULPHQWV�� FRUXQGXP� GRHV� QRW
FRQWDFW� GLUHFWO\� ZLWK� FDUERQ�� WKXV�� WKH� RE�
VHUYHG�SKDVH� WUDQVIRUPDWLRQV� FRXOG�EH� VXS�
SRVHG�WR�RFFXU�XQGHU�LQYROYHPHQW�RI�UHGXF�
LQJ�JDVHV�&2�DQG�+��

7DEOH����$WRPLF�FRRUGLQDWHV�LQ�PRGHO�VWUXFWXUH�RI�VSLQHO�FU\VWDO��)G�P��D� �������c�
$WRP 3RVLWLRQ &RRUGLQDWH 2FFXSDQF\
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7KH�$O1� DQG�$O21� IRUPDWLRQ� SUREDELOLW\
IRU� WKH� FDVH� RI� UHGXFWLRQ� ZLWK� &2� DV� WKH
PDLQ� UHGXFLQJ� FRPSRQHQW� RI� WKH� JDV� SKDVH
ZDV� HVWLPDWHG� WKHUPRG\QDPLFDOO\�� )LJ���
SUHVHQWV�WKH�HVWLPDWHG�HTXLOLEULXP�SUHVVXUH
RI�QLWURJHQ��31��� IRU�UHDFWLRQ� ����DQG�IRUPD�WLRQ� RI� J�$O21� �$O1��$O�2��� 1R���� 7DEOH���DFFRUGLQJ�WR�WKH�UHDFWLRQ�

�$O�2�����&2���1�� 
 ��>$O1����$O�2�@����&2�n�

���

ZLWKLQ� WKH� H[SHULPHQWDO� &2� FRQFHQWUDWLRQ
UDQJH� RI� ���� WR� ��� YRO����� ,Q� WKH� FDOFXOD�
WLRQV�� WKH� IRUPDWLRQ�HQHUJ\�YDOXHV� IRU�$O1�
'*R�$O1�� �Ü��������������7� >��@� DQG� IRU
$O1��$O�2��� 'I*R�$O�2�1�� �� Ü�����������

��������7� >��@� ZHUH� XVHG� DV� ZHOO� DV� WKH
UHIHUHQFH�GDWD�>��@�DQG�WKH�DVVXPSWLRQ�WKDW
WKH�UDWLR�3&2��3&2�LV�GHILQHG�E\�WKH�HTXLOLE�ULXP�RI�WKH�UHDFWLRQ�&���&2�� ��&2��,W�IRO�
ORZV� IURP� WKH� HVWLPDWLRQV� WKDW� DW� WKH� &2
FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�DERXW���YRO����
WKH�UHDFWLRQV�����DQG�����DUH�SRVVLEOH�DW�WHP�
SHUDWXUHV�H[FHHGLQJ������&�HYHQ�LI�31��YDO�XHV�DUH�ORZHU�WKDQ�WKRVH�REVHUYHG�LQ�H[SHUL�
PHQW� �)LJ���D��� $W� D� ORZHU� &2� FRQFHQWUD�
WLRQ��WKH�31�� LV�VWLOO� ORZHU��)LJ���D���$V�WKH&2�SUHVVXUH�LQFUHDVHV��KLJKHU�&1��DUH�QHFHV�VDU\�WR�JHQHUDWH�WKH�SKDVHV�PHQWLRQHG��KRZ�
HYHU��&1��GRHV�QRW�H[FHHG�����YRO����DW�7�!
�����&��)LJ���F��
,Q� FRQWUDVW� WR� $O1� DQG� $O21� IRUPDWLRQ

XQGHU� FDUERQ�WKHUPDO� UHGXFWLRQ� ZKHUH� WKH
UHDFWLRQV�����DQG�����RFFXU�LQ�WKH�ZKROH�EXON
RI� WKH� $O�2��FDUERQ� UHDFWLRQ� PL[WXUH�� WKHUHDFWLRQV� ����� ���� DQG� ���� UHVXOW� LQ� SKDVH
WUDQVIRUPDWLRQV�RQO\�DW�WKH�VXUIDFH�FRQWDFW�
LQJ� GLUHFWO\� ZLWK� WKH� JDV� DWPRVSKHUH�� 7KH
IRUPDWLRQ� RI� WUDQVIRUPHG� OD\HU� ZLWK� D
WKLFNQHVV� DWWDLQLQJ� DERXW� ��� PP� LQ� VRPH
FDVHV�VXJJHVWV�WKH�SHQHWUDWLRQ�RI�WKH�R[\QL�
WULGH� OD\HU� IRUPHG�DW� WKH� VXUIDFH�GHHS� LQWR
WKH� FU\VWDO�� WKH� SHQHWUDWLRQ� PHFKDQLVP
EHLQJ� XQFOHDU�� $� PHFKDQLVP� LQFOXGLQJ� UH�
GXFWLRQ� DQG� GLIIXVLRQ� VHHPV� WR� EH� UDWKHU
SUREDEOH��WKDW�PHFKDQLVP�KDV�EHHQ�VXSSRVHG

)LJ�����31�
�HVWLPDWLRQV�DW�&2�FRQFHQWUDWLRQ�LQ�WKH�DQQHDOLQJ�DWPRVSKHUH��YRO�����������D������E�����

�F���&XUYHV���IRU�UHDFWLRQ������FXUYHV���IRU�UHDFWLRQ�����
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EDVLQJ�RQ�WKH�UHVXOWV�REWDLQHG�DW�WKH�VSLQHO
SKDVH�R[LGDWLRQ�
%DVLQJ� RQ� ����� WKH� VSLQHO� SKDVH� REWDLQHG

E\� XV� DQG� FRQWDLQLQJ� ���� WR� ���� ZW���� RI
QLWURJHQ�FRUUHVSRQGV�WR�D�VWUXFWXUH�IRUPXOD
VLPLODU� WR�$O1��$O�2���:KHQ� WKH� FRPSRXQG
LV�R[LGL]HG�DFFRUGLQJ�WR�WKH�UHDFWLRQ�
��$O1����$O�2�������e��2��o��$O�2����1�n�

WKH�PDVV�PXVW�LQFUHDVH�E\�DERXW������+RZ�
HYHU�� D� PDVV� JDLQ� RI� ���� WR� �� �� ZDV� RE�
VHUYHG� LQ� R[LGDWLRQ� H[SHULPHQWV� RQ� WKH
VSLQHO� SKDVH� SRZGHU�� 6XFK� D� FRQVLGHUDEOH
GLVFUHSDQF\� FDQQRW� EH� DVFULEHG� WR� WKH� SUHV�
HQFH� RI� FDUERQ� �DERXW� ���� ZW�� ��� LQ� WKH
FRPSRXQG��7DEOH�����,W�LV�WR�QRWH�WKDW�R[LGD�
WLRQ�RI�VSLQHO�SKDVH�REWDLQHG�E\�VLQWHULQJ�RI
$O1�DQG�$O�2��>��@�UHVXOWV�LQ�WKH�PDVV�JDLQFRUUHVSRQGLQJ� WR� QLWURJHQ� FRQWHQW� LQ� WKH
FRPSRXQG��$W� WKH� VDPH� WLPH��ZKHQ� R[LGL]�
LQJ� WKH� VSLQHO� SKDVH� REWDLQHG� E\� FDUERQ�
WKHUPDO� UHGXFWLRQ�� WKH� PDVV� JDLQ� DERXW
���� �� ZDV� REVHUYHG� >��@�� WKXV�� WKH� FRP�
SRXQG�REWDLQHG� FRXOG�EH� DVVXPHG� WR� EH� WKH
VWRLFKLRPHWULF� R[\QLWULGH� VSLQHO� $O1�$O�2��+RZHYHU�� VXFK� D� FRPSRVLWLRQ� ZDV� VKRZQ
ODWHU�>����������@�WR�EH�RXWVLGH�RI�WKH�VSLQHO
SKDVH�VWDELOLW\�UHJLRQ� LQ�WKH�$O1±$O�2��V\V�WHP�� 2QH� RI� SRVVLEOH� UHDVRQV� IRU� WKDW� GLV�
FUHSDQF\�PD\� FRQVLVW� LQ� WKDW� WKH� WUXH�FRP�
SRVLWLRQ�RI�WKH�UHGXFHG�VSLQHO�SKDVH�GLIIHUV
IURP�WKDW�FDOFXODWHG�XVLQJ������$FFRUGLQJ�WR
GLUHFW� HVWLPDWLRQV�� WKH� H[SHULPHQWDO� PDVV
JDLQ�RI�����WR�����FRLQFLGHV�ZLWK�WKH�FDOFX�
ODWHG�RQH�IRU�WKH�FRPSRVLWLRQ�$O����2���1����L�H��� ZKHQ� WKH� QXPEHU� RI� RFFXSLHG� FDWLRQLF
SRVLWLRQV� H[FHHGV� WKDW� FDOFXODWHG� XVLQJ� ���
�$O���2���1������ ,I� WKDW� VWUXFWXUH� IRUPXOD� LV
SUHVHQWHG� IRUPDOO\� DV� $O1���$O�2���9$�����ZKHUH� 9$� GHQRWHV� DQLRQLF� YDFDQF\��� WKHQ
WKH� FRPSRXQGV� REWDLQHG� FDQ� EH� FRQVLGHUHG
DV�SKDVHV�LQ�WKH�$O1±$O�2�±[9$[�V\VWHP�6XPPDUL]LQJ�WKH�GDWD�REWDLQHG��WKH�SUHV�
HQFH� RI�D�KLJK� FRQFHQWUDWLRQ�RI� DQLRQLF�YD�
FDQFLHV� LQ� FRUXQGXP� FDQ� EH� VXSSRVHG� WR
IDYRU�WKH�QLWURJHQ�GLIIXVLRQ�LQWR�WKH�PDWUL[
DQG�WKH�SKHQRPHQD�REVHUYHG�WR�UHVXOW�IURP
UHDFWLRQV� RI� GLVVROYHG� QLWURJHQ�ZLWK� DQLRQ�
GHIHFWHG� FRUXQGXP�� 7KH� IRUPDWLRQ� SURE�
DELOLW\� RI� R[\QLWULGH� FRPSRXQGV� LV� GHILQHG
LQ� WKLV� FDVH�� LQ�SDUWLFXODU��E\�VXUIDFH�UHDF�
WLRQV� ���� DQG� ����� 3HUKDSV� RQH� VWHS� RI� WKH
FU\VWDO�FKHPLFDO�WUDQVIRUPDWLRQ�PD\�FRQVLVW
LQ�IRUPDWLRQ�RI�R[\JHQ�GHILFLHQW�PHWDVWDEOH
SKDVHV� LQ� WKH�$O±$O�2�� V\VWHP�WKDW�DUH� VWD�ELOL]HG� LQ� SDUW�ZLWK� QLWURJHQ�� ,Q� WKDW� FDVH�

WKH�DQLRQLF�YDFDQFLHV�LQ�FRUXQGXP�PD\�FRQ�
WULEXWH�WR�FRQVHUYDWLRQ�RI�HOHFWULF�QHXWUDOLW\
LQ� WKH� FRPSRXQGV� REWDLQHG�� +RZHYHU�� DW
SUHVHQW�� WKHUH� LV� QR� XQLTXH� GHVFULSWLRQ� RI
FU\VWDO�FKHPLFDO� UHDFWLRQV� UHVXOWLQJ� LQ
R[\QLWULGH� SKDVHV� IRUPDWLRQ� LQ� D� PDFUR�
VFDOH�QHDU�VXUIDFH�YROXPH�RI�D�FU\VWDO�XQGHU
UHGXFLQJ�DQQHDOLQJ� LQ� DWPRVSKHUH�ZLWK� ORZ
QLWURJHQ�FRQFHQWUDWLRQ�
7KH�UHVXOWV�REWDLQHG�DUH�RI�D�FRQVLGHUDEOH

LQWHUHVW� LQ� FRQQHFWLRQ� ZLWK� HYHU�ZLGHQLQJ
DSSOLFDWLRQ� ILHOG� RI� PDWHULDOV� EHORQJLQJ� WR
WKH�$O1±$O�2��V\VWHP��LQFOXGLQJ�QLWULGH�DQGR[\QLWULGH� OD\HUV� DW� VDSSKLUH� VXUIDFHV� >��@�
7KH�UHVXOWV�JLYH�DOVR�ULVH�WR�DVVXPSWLRQ�WKDW
WKH� OLJKW�VFDWWHULQJ�FHQWHUV� LQ�VDSSKLUH�FU\V�
WDOV� JURZQ� IURP� QRQ�VWRLFKLRPHWULF� PHOW� >�@
PD\�RFFXU�XQGHU�LQYROYHPHQW�RI�QLWURJHQ�
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