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���,QWURGXFWLRQ
:KHQ� GHYHORSLQJ� D� QHZ� JHQHUDWLRQ� RI

PROHFXODU� GHYLFHV�� D� WRSLFDO� LVVXH� LV� WR� RE�
WDLQ� VWUXFWXUHV� ZLWK� D� UHJXODU� PROHFXODU
UHVROXWLRQ�>����@��ZKLFK�LV�FDOOHG��PROHFXODU
DUFKLWHFWXUH��� 7KH� /DQJPXLU�%ORGJHWW� �/%�
WHFKQLTXH� VHHPV� WR� EH� WKH� PRVW� VXLWDEOH
ZD\�WR�VXFK�VWUXFWXUHV�>�@��,W�PDNHV�LW�SRV�
VLEOH�QRW�RQO\�WR�REWDLQ�UHJXODU�VLQJOH�FRP�
SRQHQW�OD\HUV�ZLWK�WKH�PROHFXODU�FRQWURO�RI
WKHLU� WKLFNQHVV�� EXW� DOVR� WR� FUHDWH� FRPSOH[
VWUXFWXUHV� LQFOXGLQJ� WKH� GHVLUHG� FRPELQD�
WLRQV� RI� GLIIHUHQW� PDWHULDOV�� +RZHYHU�� WKH
VWUXFWXUH� RI� /DQJPXLU�%ORGJHWW� ILOPV� GH�
SHQGV� KHDYLO\� RQ� PROHFXODU� VHOI�RUJDQL]D�
WLRQ�LQ�IORDWLQJ�OD\HUV�IRUPLQJ�WKH�EDVLV�IRU
WKHVH� ILOPV�� 7KDW� LV� ZK\� LQ� WKH� SUHVHQW
ZRUN��ZH� DLPHG�DW� WKH�FRQVLGHUDWLRQ�RI� LQ�
IOXHQFH� RI� GLVFRWLF� FRPSRXQG� PROHFXODU
VWUXFWXUH� IHDWXUHV� RQ� WKHLU� PHVRPRUSKLF
SURSHUWLHV�DQG�VXSUDPROHFXODU�RUJDQL]DWLRQ
LQ�IORDWLQJ�OD\HUV�

7KH�VWUXFWXUH�RI�UHDOL]HG�VXSUDPROHFXODU
V\VWHPV� GHSHQGV� KHDYLO\� RQ� WKH� FKHPLFDO

VWUXFWXUH� IHDWXUHV� RI� FRPSRXQGV� IRUPLQJ
WKH� V\VWHPV�� :KLOH� WKH� RUJDQL]DWLRQ� IHD�
WXUHV� RI� SKWKDORF\DQLQH� GHULYDWLYHV� KDYH
EHHQ� VWXGLHG� LQ�GHWDLO� >�Ü�@�� IRU�SRUSK\ULQ
GHULYDWLYHV��GDWD�RQ�WKH�GHSHQGHQFH�RI�WKHLU
VXSUDPROHFXODU�RUJDQL]DWLRQ�LQ�WKH�EXON�DQG
LQ� WKLQ� ILOPV� RQ� WKH� VWUXFWXUH� RI� VSHFLILF
OLJDQGV� DQG� WKHLU� PHWDO� FRPSOH[HV� DUH
UDWKHU�VFDUFH��7KH�XUJHQF\�RI�VWXG\�RI�SRU�
SK\ULQ�GHULYDWLYHV�VXSUDPROHFXODU�RUJDQL]D�
WLRQ� LV� GXH� WR� WKH� IROORZLQJ� SRLQWV�� WKHLU
VXSUDPROHFXODU� RUJDQL]DWLRQ� LQYHVWLJDWLRQ
PDNHV� D� JUHDW� FRQWULEXWLRQ� WR� WKH� XQGHU�
VWDQGLQJ�RI�IRUPDWLRQ�RI�VXSUDPROHFXODU�DV�
VHPEOLHV� GHSHQGLQJ� RQ� WKH� VWUXFWXUH� RI
WKHVH� FRPSRXQGV� ZLGHVSUHDG� LQ� ZLOGOLIH�
ZKLFK� LV� YHU\� LPSRUWDQW� IRU�XQGHUVWDQGLQJ
WKH�IXQFWLRQLQJ�RI�OLYLQJ�V\VWHPV�>�@��$ORQJ
ZLWK� WKH� IXQGDPHQWDO� LPSRUWDQFH�� WKHVH
VWXGLHV� FRQWULEXWH� JUHDWO\� WR� WKH� SUDFWLFDO
XVH�RI�SRUSK\ULQ�GHULYDWLYHV�LQ�HQJLQHHULQJ�
PHGLFLQH��LQGXVWU\��HWF��>�����@�
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���([SHULPHQWDO�SURFHGXUH
)RXU� QHZ� FRPSRXQGV� ZLWK� PHVR�VXEVWL�

WXWHG�ZHUH�VWXGLHG��7KHLU�V\QWKHVLV�ZDV�FDU�
ULHG� RXW� E\� WKH� PHWKRG� GHVFULEHG� EHIRUH
>��@��7KH�SKDVH�VWDWH�RI�FRPSRXQGV�ZDV� LQ�
YHVWLJDWHG� E\� SRODUL]LQJ� RSWLFDO� PLFURVFRS\
�/HLW]�/DERUOX[����3RO�ZLWK�D�0HWWOHU�)3���
KRW� VWDJH���0RGHOLQJ�RI� FRPSRXQGV� ,� �5� ±2&�+���� ,,� �5� ±2&�+���� ,,,� �5� ±2&��+���� DQG� ,9� �5� ±2&��+���� DV�ZHOO� DVFDOFXODWLRQ� RI� WKHLU� JHRPHWULF� FKDUDF�
WHULVWLFV� �7DEOH����ZHUH�PDGH� LQ� WKH�+\SHU�
&KHP� SURJUDP� YHUVLRQ� ���� �00��PHWKRG��
*HRPHWULFDO� SURSHUWLHV� RI� PRGHOLQJ� PRQR�
PROHFXODU� SDFNDJHV� RI� VWXGLHG� FRPSRXQGV
DUH�UHSUHVHQWHG�LQ�)LJ����DQG�7DEOH���

7KH� /DQJPXLU� OD\HUV�ZHUH� IRUPHG� XVLQJ
D�)68(�/DQJPXLU�WURXJK���65&��1,23,.��
0RVFRZ�� 5XVVLD��� 7KH� VROXWLRQV� RI� FRP�
SRXQG� ,� �&� �������� ���� ,,� �&� 
�����������,,,��&� �����������DQG�,9��&� 
������� ��� LQ� FKORURIRUP� ZHUH� VSUHDG� RQ
GHLRQL]HG�ZDWHU�DW���r��&��7KH�FRPSUHVVLRQ
UDWH�ZDV����FP��PLQ��,QLWLDO�H[WHQWV�RI�VXU�
IDFH� FRDWLQJ� ZHUH� F� ����� ���� ���� ���� ���
���� ��� ��� F� ����� ���� ���� ���� ��� ��� F� 
����� ����� ����� ������ DQG� F� ����� ���� ���
����� ����� ����� ����� ����� ���� ��� UHVSHF�
WLYHO\�

7KH�FRPSUHVVLRQ�LVRWKHUPV�ZHUH�DQDO\]HG
TXDQWLWDWLYHO\� XVLQJ� S$ÜS� JUDSKV�� (YHU\
OLQHDU�VHFWLRQ�FRUUHVSRQGV�WR�D�VWDEOH�FRQGL�
WLRQ� RI� WKH� OD\HU�� 7KH� VSDFH� SHU� PROHFXOH
�$PRO��LV�HTXDO�WR�VORSH�DQJOH�WDQJHQW�RI�WKLVOLQHDU�VHFWLRQ��7KH�OD\HU�VWUXFWXUH�LV�FKDUDF�
WHUL]HG� E\� WKH� PROHFXOH� VORSH� DQJOH� LQ� WKH
VWDFN�UHODWLYH�WR�WKH�DLU�ZDWHU�LQWHUIDFH��\��

���5HVXOWV�DQG�GLVFXVVLRQ
:KHQ� VWXG\LQJ� WKH� EXON� VDPSOHV�� ZH

KDYH�UHYHDOHG�WKDW�DONR[\VXEVWLWXWHG�OLJDQG
RI�WHWUDSKHQ\OSRUSK\ULQ�,��ZLWK�VXEVWLWXWLRQ
LQ� RUWKR�SRVLWLRQ� RI� SKHQ\O� ULQJV�� )LJ����
SRVVHVV� PHVRPRUSKLF� SURSHUWLHV� �7DEOH����

3UREDEO\�� WKH� VKRUW� SHULSKHUDO� VXEVWLWXHQW
ILWV� RSWLPDOO\� LQ� WKH� IUHH� VSDFH� EHWZHHQ
SKHQ\O� IUDJPHQWV�� SURYLGLQJ� WKH� SUHUHT�
XLVLWHV� IRU� JRRG�PLFURVHJUHJDWLRQ� RI� VXSUD�
PROHFXODU� HQVHPEOH� DW� WKH� VDPH� WLPH��6XFK
EHKDYLRU� LV�QRW�W\SLFDO�RI�UHODWHG�DQDORJXHV
RI� SKWKDORF\DQLQH� ZKHUH� PHVRSKDVHV� DUH
IRUPHG� E\� PROHFXOHV� ZLWK� ORQJHU� ODWHUDO
VXEVWLWXHQWV�

7KH� VXEVWLWXWLRQ� LQ� WKH� SDUD�SRVLWLRQ
�FRPSRXQG�,,��OHDGV�WR�WKH�PHVRSKDVH�GLVDS�
SHDUDQFH� �7DEOH����� ,W� KDV� EHHQ� DOVR� IRXQG
WKDW� SRUSK\ULQ� GHULYDWLYHV� ZLWK� ±2&��+��

7DEOH����7\SHV�RI�PROHFXODU�DUUDQJHPHQWV�DQG
JHRPHWULF�FKDUDFWHULVWLFV�RI�WKH�PROHFXOHV�

&RPSRXQG 0ROHFXODU
DUUDQJHPHQW
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)LJ�����&KHPLFDO�VWUXFWXUH�RI�PHVR�VXEVWLWXWHG��WHWUDSKHQ\OSRUSK\ULQ�

)LJ����� 7\SHV� RI� PRXQWLQJ� DQG� JHRPHWU\
FKDUDFWHULVWLFV�RI�WKH�PROHFXOHV�,,�
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VXEVWLWXHQWV� ERWK� LQ� SDUD�� DQG� RUWKR�SRVL�
WLRQV��FRPSRXQGV�,,,��,9��SRVVHVV�PHVRPRU�
SKLF� SURSHUWLHV�� &RPSRXQG� ,9� DOVR� IRUPV
O\RPHVRSKDVHV� �LQ� ELQDU\� V\VWHPV�ZLWK� VRO�
YHQWV� OLNH� WROXHQH�� EHQ]HQH�� FKORURIRUP�
>������@�

7KH� VXSUDPROHFXODU� RUJDQL]DWLRQ� LQ� WKLQ
ILOPV�RI�FRPSRXQGV�,Ü,9�ZDV�LQYHVWLJDWHG�E\
/DQJPXLU� PHWKRG�� $QDO\VLV� RI� /DQJPXLU
OD\HU� FRPSUHVVLRQ� LVRWKHUPV� IRU� WKH� LQYHVWL�
JDWHG� SRUSK\ULQ� GHULYDWLYHV� DOORZV� WR� SRLQW
RXW� VHYHUDO� OLQHDU� VHFWLRQV� RQ� WKH� UHODWHG
S$ÜS� JUDSKV� FRUUHVSRQGLQJ� WR� WKH� VWDEOH
VWDWH�RI�WKH�OD\HUV��)LJ������7KH�DUHD�SHU�RQH
PROHFXOH��$PRO��DQG�SUHVVXUH�]RQH�ZKHUH�WKHFXUUHQW� VWDEOH� VWDWH� LV� UHDOL]HG� DUH� PDUNHG
E\� GRWV� RQ� WKH� JUDSKV�� � )RU�PHVR�DON\OR[\
VXEVWLWXWHG� WHWUDSKHQ\OSRUSK\ULQ� ,� ZLWK
VXEVWLWXHQW�LQ�RUWKR�SRVLWLRQ��$PRO�LQ�DOO�WKHVWDEOH�VWDWHV�LV�OHVV�WKDQ�WKDW�LQ�WKH�GHQVHVW
SDFNDJH� FRUUHVSRQGLQJ� WR� WKH� \]� SURMHFWLRQ
PROHFXODU�DUUDQJHPHQW��HYHQ�LQ�WKH�]RQH�RI
ORZ�SUHVVXUH�DW�F� ��������6R��WKH�VWUXFWXUH
ZLWK�\]�SURMHFWLRQ�DUUDQJHPHQW�LQ�WKH�VWXG�
LHG�UDQJH�RI�FRYHUDJH�LV�QRW�UHDOL]HG�

&RPSDULVRQ�RI�$PRO�DQG�$[]� LQ�WKH�GHQV�HVW� SDFNDJH� IRU� WKH� VSHFLILF� FRPSRXQG
�7DEOH����VKRZV�WKDW�WKH�VWDEOH�PRQROD\HU�LV

IRUPHG� RQO\� DW� F� ���� �� IRU� WKH� VWXGLHG
FRYHUDJH� UDQJH� LQ� WKH� PHQWLRQHG� SUHVVXUH
]RQH��3UHVVXUH�LQFUHDVH��DW�F� �������LV�DF�
FRPSDQLHG� E\� WKH� PRQROD\HU� WUDQVIHU� ZLWK
WLOW�DQJOH�\� ����� �)LJ������DFFRUGLQJ�WR�RXU
FDOFXODWLRQV�� LQWR� ELOD\HU� �\� ������� DQG�IRU
WKH� ODUJHU� FRYHUDJH�� E\� WUDQVIHU� RI� ELOD\HU
LQWR�SRO\OD\HU��

0HVR�DON\OR[\� VXEVWLWXWHG� WHWUD�
SKHQ\OSRUSKLQH� ,,� VKRZV� �'�DJJUHJDWLRQ� LQ
/DQJPXLU� OD\HUV��+RPRJHQHRXV� OD\HUV� VWDUW
WR� IRUP�RQO\�DW�F� �������,Q�DOO� WKH�VWDEOH
VWDWHV��$PRO� LV� OHVV�WKDQ�WKDW�LQ�WKH�GHQVHVWSDFNDJH� FRUUHVSRQGLQJ� WR� WKH�[]� SURMHFWLRQ
PROHFXODU�DUUDQJHPHQW��HYHQ�LQ�WKH�]RQH�RI
ORZ� SUHVVXUH� DW� F� �������� 6R�� WKH� VWXGLHG
FRPSRXQG� GRHV� QRW� IRUP� PRQROD\HU� VWUXF�
WXUHV�� &RPSRXQG� ,,� LV� DEOH� RQO\� WR� IRUP
ELOD\HUV� IRU�DOO� WKH� VWXGLHG�F��7KH�FRYHUDJH
LQFUHDVH�LV�DFFRPSDQLHG�E\�LQFUHDVLQJ�RI�WKH
PROHFXOH� WLOW� DQJOH� UHODWLYH� WR� WKH� ZDWHU�DLU
LQWHUIDFH�IURP�\� ������F� �������WR�\� ����
�F� ���� ���� 7KH� GHFUHDVLQJ� DUHD� $PRO� SHURQH�PROHFXOH�RI�FRPSRXQG�,�ZLWK�WKH�FRYHUDJH
LQFUHDVH� FDQ� EH� DSSUR[LPDWHG� DV� $PRO� �����������H[S�ÜF��������������H[S�ÜF������
�)LJ���D��� 7KH�PLQLPDO� SRVVLEOH� DUHD� SHU� RQH

)LJ�����S$ÜS�SORW�IRU�FRPSRXQG�,��F� �������

7DEOH����3KDVH�WUDQVLWLRQV�RI�WKH�SRUSK\ULQ�GHULYDWLYHV
1R��RI

FRPSRXQG
7KHUPRWURSLF�PHVRPRUSKLVP /\RWURSLF

PHVRPRUSKLVP
, &Ux������&�,VR��,VRx������&�0HVx�����&�*��)RUPV�WKH�JODVV�VWDWH

ZLWK�WKH�PHVRSKDVH�WH[WXUH�FRQVHUYDWLRQ
Ü

,, &Ux������&�,VR Ü
,,, &Ux�����&�,VR��,VRx�����&�0HVx�����&�&U� Ü
,9 &Ux������&�,VR��,VRx�����&�0HVx�����&�*��)RUPV�WKH�JODVV�VWDWH�ZLWK

WKH�PHVRSKDVH�WH[WXUH�FRQVHUYDWLRQ
�

�WROXHQH��EHQ]HQH�
FKORURIRUP�

�3KDVH�WUDQVLWLRQV�GXULQJ�WKH�FRROLQJ�SURFHVV��,VR�Û�LVRWURSLF��&U�Û�FU\VWDOOLQH�SKDVH��0HV�Û�OLTXLG
FU\VWDO�SKDVH����Û�SUHVHQFH�RU�DEVHQFH�RI�O\RWURSLF�PHVRPRUSKLVP�

)LJ����� 6WUXFWXUH� RI� PRQROD\HUV� IRU� FRP�
SRXQG�,��F� �������
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PROHFXOH� XQGHU� WKH� VSHFLILHG� H[SHULPHQW
FRQGLWLRQV� LV� ����� QP��� )RU� FRPSRXQG� ,,�
WKH�FRUUHVSRQGLQJ�GHSHQGHQFH� �LQ� WKH�UDQJH
RI� WKH� LQYHVWLJDWLRQ�� LV� H[SUHVVHG� E\� WKH
VWUDLJKW� OLQH� �)LJ���E�� $PRO� �����Ü������F�$V�WR�FRPSRXQG�,9��$PRO�LQ�DOO�VWDEOH�VWDWHVLV�OHVV�RU�HTXDO�WR�WKH�DUHD�SHU�RQH�PROHFXOH
LQ�WKH�GHQVHVW�SDFNDJH�FRUUHVSRQGLQJ�WR�WKH
\]�SURMHFWLRQ�PROHFXODU�DUUDQJHPHQW��7KHUH�
IRUH�� WKH� VWUXFWXUH� ZLWK� \]� SURMHFWLRQ� PR�
OHFXODU� DUUDQJHPHQW� LV� QRW� UHDOL]HG� LQ� WKH
VWXGLHG� FRYHUDJH� UDQJH�� 6WDEOH� ELOD\HUV� DUH
IRUPHG�RQO\� IRU�F� ����DQG�������,Q�RWKHU
FDVHV��SRO\OD\HU�VWUXFWXUHV�DUH�JHQHUDWHG��,W
LV� HVWDEOLVKHG� �)LJ���F�� WKDW� WKH� DUHD� $PROSHU�RQH�PROHFXOH�RI�FRPSRXQG�,9�GHFUHDVHV
OLQHDUO\� DV� WKH� F� ULVHV� �LQ� WKH� UDQJH� RI� WKH
H[SHULPHQW�� DFFRUGLQJ� WR� WKH� H[SUHVVLRQ
$PRO� �����Ü������F�� 0HVR�DON\OR[\� VXEVWL�
WXWHG� WHWUDSKHQ\OSRUSK\ULQ� ,,,� WHQGV� WR� �'
DJJUHJDWLRQ�LQ�/DQJPXLU�OD\HUV��+RPRJHQH�
RXV�SRO\OD\HU� VWUXFWXUHV� VWDUW� WR� IRUP�RQO\
IRU�WKH�FRYHUDJH�RI�������

���&RQFOXVLRQ
,QIOXHQFH� RI�PROHFXODU� VWUXFWXUH� FKDUDF�

WHULVWLFV� RQ� VXSUDPROHFXODU� RUJDQL]DWLRQ� LQ
WKH� EXON� VDPSOHV� DQG� WKLQ� OD\HUV� KDV� EHHQ
LQYHVWLJDWHG� WDNLQJ� IRXU� QHZ� PHVR�VXEVWL�
WXWHG� OLJDQGV� WHWUDSKHQ\OSRUSK\ULQHV� ZLWK
VXEVWLWXWLRQ� LQ� WKH�DONR[\�JURXSV� �±2&�+��±2&��+���� LQ� SDUD�� RU� RUWKR�SRVLWLRQV� RISKHQ\O�ULQJV�DV�H[DPSOHV��,W�KDV�EHHQ�IRXQG
WKDW� DPRQJ� FRPSRXQGV� ZLWK� VKRUW� VXEVWL�
WXHQWV� �±2&�+���� RQO\� FRPSRXQG� ZLWK� VXE�VWLWXHQWV� LQ� WKH� RUWKR�SRVLWLRQV� RI� SKHQ\O
ULQJV�VKRZV�PHVRPRUSKLF�SURSHUWLHV��$W�WKH
VDPH� WLPH�� DPRQJ� FRPSRXQGV� ZLWK� VXEVWL�
WXHQWV� �±2&��+����� ERWK� VWXGLHG� FRPSRXQGVH[KLELW� PHVRPRUSKLF� SURSHUWLHV�� &RPSRXQG
,9� DOVR� IRUPV� O\RPHVRSKDVHV�� 7KH� PHVR�
JHQLF� PHVR�DON\OR[\� VXEVWLWXWHG� WHWUD�
SKHQ\OSRUSK\ULQ� ZLWK� VXEVWLWXHQW� LQ� RUWKR�

SRVLWLRQ� �FRPSRXQG� ,�� IRUPV� KRPRJHQHRXV
VWDEOH� OD\HUV�DOUHDG\�DW�WKH� LQLWLDO�FRYHUDJH
RI������� ,Q� WKLV� FDVH�� WKH� WLOW�DQJOH�WR� WKH
ZDWHU�DLU� LQWHUIDFH� LQ� WKH� ILUVW� VWDEOH� VWDWH
LV� \� ������ 7KH� QRQ�PHVRJHQLF� PHVR�DON\�
OR[\� VXEVWLWXWHG� WHWUDSKHQ\OSRUSK\ULQ� ZLWK
VXEVWLWXHQW� LQ� SDUD�SRVLWLRQ� �FRPSRXQG� ,,�
IRUPV�VWDEOH�OD\HUV�RQO\�VWDUWLQJ�IURP�F� �����
DQG�LV�PRUH�LQFOLQHG�WR��'�DJJUHJDWLRQ�WKDQ
PHVRJHQLF� FRPSRXQG� ,�� ,Q� WKH� UDQJH� RI
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