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'XULQJ� ODVW� WZR� GHFDGHV�� GLDPRQG�OLNH
D±&�+� DQG� D±&�1� QDQRVWUXFWXUDO� ILOPV� H[�
FLWHG� D� JUHDW� LQWHUHVW� GXH� WR� WKH� GHYHORS�
PHQW� RI� SODQDU� WHFKQRORJLHV�� WKH� QHHG� IRU
SURWHFWLYH� FRDWLQJV� RI� KLJK� VWUHQJWK� ZLWK
FRQWUROODEOH� KHDW� DQG� HOHFWULF� FRQGXFWDQFH
FRQWURO�� HWF�� 7KH� GRSLQJ� RI� FDUERQ� ILOPV
ZLWK� HLWKHU� K\GURJHQ� RU� QLWURJHQ� PDNHV� LW
SRVVLEOH� WR� LQFUHDVH� WKH� FRQWULEXWLRQ� RI� WKH
GLDPRQG�OLNH� SKDVH� DV� FRPSDUHG� WR� WKH
JUDSKLWH�RQH�DQG�WR�UHJXODWH�WKH�ILOP�SK\VL�
FDO�SURSHUWLHV��,Q�WKLV�FRQQHFWLRQ��WUDQVSDU�

HQF\�RI�WKH�ILOPV�LQ�WKH�,5�DQG�SDUWLDOO\�LQ
WKH� YLVLEOH� VSHFWUDO� UDQJH� VKRXOG� EH� PHQ�
WLRQHG��

:HOO�NQRZQ� LV� WKH�FRQVLGHUDEOH�HIIHFW�RI
QLWURJHQ� RQ� WKH� SURSHUWLHV� RI� GLDPRQG�OLNH
QDQRVWUXFWXUDO�D±&�+�ILOPV�ZKHQ�LW�LV�DGGHG
LQ� WKH� SURFHVV� RI� GHSRVLWLRQ�� $W� WKH� VDPH
WLPH�� GXH� WR�YDULHW\� RI�PHWKRGV� DQG� FRQGL�
WLRQV� RI� WKH� ILOP� GHSRVLWLRQ�� WKH� QLWURJHQ
LQIOXHQFH� PHFKDQLVP� LV� QRW� ILQDOO\� DVFHU�
WDLQHG�� 7KH� UHVXOWV� SUHVHQWHG� LQ� >��� �@� DUH
UDWKHU�FRQWUDGLFWRU\��6WLOO�PRUH�SUREOHPDWLF
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DUH� WKH� LQYHVWLJDWLRQV� RI� D±&�1� ILOPV� EH�
FDXVH� RI� PRUH� FRPSOH[� DWRPLF� ERQGV� LQ
WKHVH� ILOPV�� 7KDW� LV� ZK\� GHWDLOHG� RSWLFDO
LQYHVWLJDWLRQV� RI� D±&�1� ILOPV� DQG�� LQ� SDU�
WLFXODU��WKH�DQDO\VLV�RI�WKH�IXQGDPHQWDO�DE�
VRUSWLRQ�HGJH�GHSHQGLQJ�RQ�WKH�PHWKRGV�DQG
FRQGLWLRQV� RI� WKH� ILOP� SUHSDUDWLRQ�� DUH� RI
JUHDW� LQWHUHVW�� ,Q� WKLV� ZRUN�� SUHVHQWHG� DUH
WKH�UHVXOWV�RI�D±&�1�GLDPRQG�OLNH�ILOP�RSWL�
FDO� LQYHVWLJDWLRQV� LQ� 89�� YLVLEOH� DQG� QHDU
,5� VSHFWUDO� UHJLRQV� IRU� ILOPV� REWDLQHG� LQ
GLIIHUHQW�WHFKQRORJLFDO�FRQGLWLRQV�E\�PDJQH�
WURQ� VSXWWHULQJ� RI� D� JUDSKLWH� WDUJHW� LQ� QL�
WURJHQ�DWPRVSKHUH�

,Q�JHQHUDO�� WKH�RSWLFDO� VWXG\�PHWKRGV�RI
PXOWLOD\HU� WKLQ� ILOP� FRDWLQJV� GLUHFWHG� WR
VWXG\� WKHLU� HOHFWURQ� VWUXFWXUH� DUH� EDVHG�RQ
WKH� UHIUDFWLYH� HOOLSVRPHWU\�PHWKRG� LQ� FRP�
ELQDWLRQ� ZLWK� WKH� DQDO\VLV� RI� VSHFWUDO� GH�
SHQGHQFH� RI� WUDQVPLVVLRQ� FRHIILFLHQW� IRU
ZHDN�DEVRUELQJ�OD\HUV��7KH�HOOLSVRPHWULF�DQ�
JOHV� '� DQG� \� PHDVXUHG� DW� WKH� IL[HG� ZDYH�
OHQJWK�O��RI�WKH�LQFLGHQW�SRODUL]HG�OLJKW�DUHIXQFWLRQV� RI� WKH� LQFLGHQFH� DQJOH�ML�� RSWLFDOSDUDPHWHUV� RI� WKH� OD\HUV� DQG� VXEVWUDWH�DQG
DOVR�WKLFNQHVVHV�RI�WKH�OD\HU�

)RU�RQH�OD\HU�FRYHULQJ
\� �\�O��ML�Q�N�G�QV�NV��
'� �'�O��ML�Q�N�G�QV�NV��

ZKHUH�Q�DQG�N�DUH�UHIUDFWLYH� LQGH[�DQG�H[�
WLQFWLRQ� FRHIILFLHQW� RI� WKH� OD\HU��QV� DQG�NV�WKH� VLPLODU� SDUDPHWHUV� RI� WKH� VXEVWUDWH��G�
WKH�OD\HU�WKLFNQHVV�

)URP� WKH� NQRZQ� HOOLSVRPHWULF� DQJOHV
PHDVXUHG� DW� WKH�GLIIHUHQW� LQFLGHQFH�DQJOHV�
LW� LV� SRVVLEOH� WR� GHWHUPLQH� RSWLFDO� SDUDPH�
WHUV� RI� WKH� ILOP� FRDWLQJ� E\� VROYLQJ� WKH� LQ�
YHUVH� HOOLSVRPHWU\� SUREOHP� ZLWK� UHVSHFW� WR
HÜLG� �G� ��S�e�O�1GFRVM� LV� WKH� OD\HU� SKDVH
WKLFNQHVV�� 1� �Q�Ü�LN�� WKH� FRPSOH[� UHIUDF�
WLYH� LQGH[��� :H� KDYH� GHYHORSHG� WKH� DOJR�
ULWKP�DQG�FDOFXODWLRQ�SURJUDP�WR�VROYH� WKH
LQYHUVH� HOOLSVRPHWU\� SUREOHP�� 7KRVH� DUH
EDVHG�RQ�WKH�GHWHUPLQDWLRQ�RI�G�M��YDOXH�IRU
D�SDLU�RI�Q�M��DQG�N�M��YDOXHV�IURP�WKH�VSHFL�
ILHG� GDWD� VHW� IROORZLQJ� E\� VHOHFWLRQ� RI� WKH
VROXWLRQ� KDYLQJ� D� SK\VLFDO� VHQVH� >�@�� ,W
VKRXOG�EH�PHQWLRQHG�WKDW�DW�KLJK�VHQVLWLYLW\
RI� WKH� PHDVXUHG� HOOLSVRPHWULF� DQJOHV� WR
FKDQJHV�LQ�WKH�RSWLFDO�SDUDPHWHUV��WKH�DEVR�
OXWH�YDOXHV�RI�WKHVH�TXDQWLWHV�IRU�QDQRVWUXF�
WXUDO� FDUERQ� ILOPV� FDQQRW� EH�GHWHUPLQHG�DW
KLJK�DFFXUDF\�>����Ü��@�GXH�WR�VXUIDFH�LQKR�
PRJHQHLWLHV�RI�WKH�GHSRVLWHG�ILOPV�

7KH�IRXQG�YDOXHV�Q�O����N�O���DQG�G�PDNHLW�SRVVLEOH�WR�FDOFXODWH�WKH�WUDQVPLVVLRQ�FR�

HIILFLHQW�7��)RU�WKH�FDVH�RI�D�ZHDNO\�DEVRUE�
LQJ� ILOP� DQG� WUDQVSDUHQW� VXEVWUDWH�� LW�PD\
EH�SUHVHQWHG�LQ�]HUR�DSSUR[LPDWLRQ�DV��
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5HIOHFWLRQV� DW� WKH� DLU�ILOP�� ILOP�VXE�
VWUDWH� LQWHUIDFHV� DQG� LQWHUIHUHQFH� LQ� WKH
ILOP�DUH�QRW� WDNHQ� LQWR�DFFRXQW� LQ� WKDW�H[�
SUHVVLRQ��6XFK�DQ�DSSURDFK�FDQ�EH�MXVWLILHG
E\�WKH�IDFW�WKDW�WKH�ILOP�UHIUDFWLYH�LQGH[�LV
GHWHUPLQHG�RQO\�DW�DQ�DFFXUDF\�WR�RQH�GHFL�
PDO� VLJQ�� %HVLGHV�� LQWHUIHUHQFH� GRHV� QRW
PDQLIHVW� LWVHOI� LQ� WKH� WUDQVPLVVLRQ� FXUYHV
ZLWKLQ� WKH� FRQVLGHUHG� ZDYHOHQJWK� UDQJH�
ZKLFK�LV�DOVR�W\SLFDO�RI�D±&�+�ILOPV�>�@�

7KH�WUDQVPLVVLRQ�FRHIILFLHQW�YDOXH�DW�O� �O�
LV� FRQVLGHUHG� DV� D� UHIHUHQFH� SRLQW� IRU� VXE�
VHTXHQW�UHVWRULQJ�RI�WKH�Q�O��DQG�N�O���,W�LV
REYLRXVO\� WKDW� WKH� WUDQVPLVVLRQ� FRHIILFLHQW
7H[S� REWDLQHG� H[SHULPHQWDOO\� E\� GLUHFW
PHDVXUHPHQWV� DW� WKH� ZDYHOHQJWK� O� �O�
VKRXOG� FRLQFLGH� ZLWK� WKH� YDOXH� REWDLQHG
IURP� ����� :H� SURSRVH� WKH� IROORZLQJ� DOJR�
ULWKP� IRU� GHWHUPLQDWLRQ� RI� Q�O�� DQG� N�O�
EDVHG�RQ�WKH�SHUWXUEDWLRQ�WKHRU\�

Û� H[SHULPHQWDO� GHSHQGHQFH� OQ7���O�� LV
DSSUR[LPDWHG� E\� SRO\QRPLDO�3Q�[�� ZKHUH
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OQ$�[L���'[�� �OQ$�[����OQ$c�[����'[�� �LV�GHWHU�
PLQHG� LQ� WKH� SRLQW� [L���'[�� DQG� WKHQ� � 'NYDOXH�LV�FRUUHFWHG�LQ�WKLV�SRLQW�

7KH� WUDQVPLVVLRQ� FXUYHV� SURFHVVHG� LQ
VXFK�D�ZD\�SURYLGH�VSHFWUDO�GHSHQGHQFHV�Q�KQ�
DQG� N�KQ�� UHODWHG� WR� UHDO� Hc� DQG� LPDJLQDU\
Hcc� SDUWV� RI� WKH� GLHOHFWULF� IXQFWLRQ��$FFRUG�
LQJ� WR� WKH� RSWLFDO� DEVRUSWLRQ� WKHRU\� IRU
DPRUSKRXV�ILOPV�G�HYHORSHG�E\�7DXF�>�@��WKH
IXQGDPHQWDO�DEVRUSWLRQ�HGJH�LV�GHVFULEHG�E\
WKH�UHODWLRQVKLS

�KQ��Hcc��a��KQÜ(J���� ���
ZKHUH� (J� LV� WKH� RSWLFDO� HQHUJ\� JDS� ZLGWK�WKH�SURSRUWLRQ�FRHIILFLHQW�%�FDOOHG�7DXF�FR�
HIILFLHQW�GHWHUPLQLQJ�GHQVLW\�RI�WKH�HOHFWURQ
VWDWHV�� 7KXV�� RSWLFDO� HQHUJ\� JDS� ZLGWK� (JDQG� WKH� GHQVLW\� RI� HOHFWURQ� VWDWHV� FDQ� EH
GHWHUPLQHG�QHDU�WKH�IXQGDPHQWDO�DEVRUSWLRQ
HGJH�XVLQJ�WKH�GHSHQGHQFH�RI��KQ��CCCHcc �RQ�WKH
SKRWRQ�HQHUJ\�KQ�

7KH�D±&�1� ILOPV�ZHUH�JURZQ�XVLQJ�PDJ�
QHWURQ� VSXWWHULQJ� RI� D� JUDSKLWH� WDUJHW� LQ
QLWURJHQ�DWPRVSKHUH�ZLWK�GHSRVLWLRQ�RQ�WKH
VXEVWUDWHV� FRPSRVHG� RI� 6WROHWRY� SLOH� SODWHV
DQG� PHOWHG� TXDUW]�� $� VWDQGDUG� PDJQHWURQ
DWWDFKPHQW� IRU� 983�l� XQLW� ZDV� XVHG� DV� D
EDVLF� RQH� LQ� WKH� WHFKQRORJLFDO� SURFHVV�� 7KH
ILOPV� REWDLQHG� DW� WKH� VXEVWUDWH� WHPSHUD�
WXUHV� RI� ���� WR� ����&� DW� VSXWWHULQJ� GXUD�
WLRQ� IURP� ��� WR� ��� PLQ� DW� GLIIHUHQW� YROW�
DJHV�� JDV� GLVFKDUJH� FXUUHQWV� DQG� IL[HG� QL�
WURJHQ�SUHVVXUH�ZHUH�VWXGLHG��7R�GHWHUPLQH
WKH� ILOP� WKLFNQHVV�� HOOLSVRPHWULF� PHDVXUH�
PHQWV�RI�UHIUDFWLYH�LQGH[�DQG�H[WLQFWLRQ�FR�
HIILFLHQW� ZHUH� FDUULHG� RXW� DW� WKH� KHOLXP�
QHRQ� ODVHU� ZDYHOHQJWK� O�� ������� QP� DQGDQJOHV�RI�LQFLGHQFH�YDU\LQJ�IURP�����WR�����
7KH� WUDQVPLVVLRQ� VSHFWUD� ZHUH� PHDVXUHG
XVLQJ�D�6)���VSHFWURSKRWRPHWHU�LQ�WKH�ZDYH�
OHQJWK� UDQJH� ���Ü����� QP� ��� WR� ���� H9��
7KH� H[SHULPHQWDO� GDWD� ZHUH� SURFHVVHG� DF�
FRUGLQJ� WR� WKH� DERYH�PHQWLRQHG� SURFHGXUH�
7KH�PDLQ�UHVXOWV� IRU� VRPH�RI� WKH�H[DPLQHG

VDPSOHV� SUHSDUHG� DW� GLIIHUHQW� WHFKQRORJLFDO
FRQGLWLRQV�DUH�VXPPDUL]HG�LQ�7DEOH�

5HVXOWV�RI�HOOLSVRPHWU\��Q���N���G��VKRZQLQ�7DEOH�ZHUH�REWDLQHG�E\�WKH�VXP�WRWDO�DY�
HUDJLQJ� RI� DOO� DQJOHV� RI� LQFLGHQFH� DW�ZKLFK
PHDVXUHPHQWV� ZHUH� FDUULHG� RXW�� WKH� WUDQV�
PLVVLRQ�FRHIILFLHQW�7�ZDV�FDOFXODWHG�DFFRUG�
LQJ�WR�����XVLQJ�Q���N��DQG�G�REWDLQHG�IURPHOOLSVRPHWU\��$V�LV�VHHQ�IURP�WKH�7DEOH��WKH
GLUHFWO\� PHDVXUHG� WUDQVPLVVLRQ� FRHIILFLHQW
7H[S� DW� WKH� ZDYHOHQJWK� O�� FRUUHODWHV� ZHOOHQRXJK�ZLWK�WKH�FDOFXODWHG�RQH�

)LJ����LOOXVWUDWHV�WKH�HIIHFWLYHQHVV�RI�WKH
OQ7�[�� LQWHUSRODWLRQ� E\� SRO\QRPLDO� 3Q�[�WDNLQJ� RI� RQH� RI� WKH� VDPSOHV� �VDPSOH� �� LQ
7DEOH�� DV� DQ� H[DPSOH�� 7KH� FDOFXODWHG� GH�
SHQGHQFHV� Hc�KQ�� DQG� Hcc�KQ�� FRUUHODWH� ZHOO
ZLWK�.UDPHUV�.URQLJ�IRUPDOLVP�>��@�

6WXGLHV� RI� WKH� IXQGDPHQWDO� DEVRUSWLRQ
HGJH� DFFRUGLQJ� WR� 7DXF�PDGH� LW� SRVVLEOH� WR
GHWHUPLQH� RSWLFDO� HQHUJ\� JDS�ZLGWK�(J� DQGFRHIILFLHQW� %� IRU� WKH� D±&�1� ILOPV� REWDLQHG
XQGHU� GLIIHUHQW� WHFKQRORJLFDO� FRQGLWLRQV�
7DEOH�SUHVHQWV�(J�DQG�%�YDOXHV�IRU�VRPH�RIWKH�H[DPLQHG� ILOPV�REWDLQHG�XVLQJ� WKH�SUR�
SRVHG� LQYHVWLJDWLRQ� WHFKQLTXH��)LJ���� VKRZV
Hcc�KQ��GHSHQGHQFH� IRU� WZR�ILOPV�REWDLQHG�DW
GLIIHUHQW� VXEVWUDWH� WHPSHUDWXUHV� DQG� GLV�
FKDUJH� YROWDJHV� �VDPSOHV� �� DQG� ���� )LJ���
GHPRQVWUDWHV� IXQGDPHQWDO� DEVRUSWLRQ� HGJH
DFFRUGLQJ� WR� 7DXF� IRU� VRPH� VDPSOHV�� $V� LV
VHHQ� IURP�)LJV���� DQG��� DQG� WKH�GDWD� IURP

7DEOH�

1 6XEVWUDWH
WHPS�W���&

6SXWWHULQJ
GXUDW��W�
PLQ
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� ��� �� ��� �� ���� ��� ���� �� �� ���� ���
� ��� �� ��� �� ���� ��� ���� �� �� ��� ���

)LJ����� (IIHFWLYHQHVV� RI� WKH� OQ7�[�� LQWHUSROD�
WLRQE\�SRO\QRPLDO�3Q�[���
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7DEOH�� WKH� LQFUHDVH� RI� WKH� VXEVWUDWH� WHP�
SHUDWXUH� DQG� GLVFKDUJH� YROWDJH� GXULQJ� WKH
GHSRVLWLRQ�UHVXOWV� LQ� WKH� LQFUHDVHG�JUDSKLWH
SKDVH�FRQWULEXWLRQ��GHFUHDVH�RI�(J��ZKLFK�LVW\SLFDO�RI�D±&�+�ILOPV��WRR�

,Q� DFFRUGDQFH�ZLWK�PRGHO� FRQFHSWLRQV�RI
DPRUSKRXV� FDUERQ� HQHUJ\� VSHFWUXP� >�Ü��@�
WKH� IXQGDPHQWDO�DEVRUSWLRQ�HGJH� LV�GHILQHG
E\� WKH� SUHVHQFH� RI� JUDSKLWH� FOXVWHUV� ZKHUH
FDUERQ� DWRP� VS��K\EULGL]DWLRQ� LV� UHDOL]HG
XQGHU� LQYROYHPHQW� RI� S�HOHFWURQV�� 7KH� VR�
FDOOHG�GLDPRQG�SKDVH�DSSHDUV�WR�EH�D�PDWUL[
RI�VS��K\EULGL]HG�FDUERQ�DWRPV�ZLWK�SDUWLDO
VXEVWLWXWLRQ� E\� QLWURJHQ� �K\GURJHQ�� DWRPV�
%HVLGHV��WKH�ILOPV�DUH�FRQVLGHUHG�WR�FRQWDLQ
DQ� LQVLJQLILFDQW� QXPEHU� RI� FDUERQ� DWRPV
ZLWK�VS��ERQGV��7KH�ERXQG�QLWURJHQ��K\GUR�
JHQ��DWRPV�DUH�GHSRVLWHG�DOVR�DW�WKH�FOXVWHU
ERXQGDULHV�� 7KH� FOXVWHU� �JUDSKLWH� SKDVH�
VL]H�GHILQHV�WKH�GHQVLW\�RI�S�HOHFWURQ�VWDWHV�
L�H�� WKH� IRUELGGHQ�]RQH�ZLGWK�DQG� WKH�VORSH
RI� WKH�KQ�CCCHcc � GHSHQGHQFH� RQ�SKRWRQ� HQHUJ\�
$Q� LQFUHDVH� LQ� WKH� JUDSKLWH� SKDVH� DPRXQW
LQ�WKH�ILOP�PXVW�OHDG�WR�(J�GHFUHDVH�DQG�%ULVH��,QFUHDVH�RI��QN�LQ�WKLV�FDVH�LV�REYLRXV�
ZKLOH�DV�IRU�UHIUDFWLYH�LQGH[��LWV�LQFUHDVH�LQ
FDUERQ�ILOPV�FRQWDLQLQJ�K\GURJHQ� LV� FDXVHG
E\�WKH�ILOP�GHQVLW\�LQFUHDVH�GXH�WR�LQFUHDV�
LQJ� VL]H� RI� WKH� JUDSKLWH� FOXVWHUV�� ,Q� ILOPV
FRQWDLQLQJ� QLWURJHQ�� VXFK� EHKDYLRU� LV� QRW
REOLJDWRU\��%HVLGHV��ZH�VKRXOG�PHQWLRQ�WKDW
LQ�WKH�H[DPLQHG�ILOPV�ZLWK�QLWURJHQ��D�FRU�
UHODWLRQ�EHWZHHQ�LQFUHDVH�RI�(J�DQG�GHFUHDVHRI� 7DXF� FRHIILFLHQW� %� LV� QRW� DOZD\V� RE�
VHUYHG�� DV� LV� VHHQ� LQ� )LJV����� ��� 7KLV� IDFW
QHHGV� D� IXUWKHU� VWXG\�� $OO� WKH� EDVLF� UHJX�
ODULWLHV� PHQWLRQHG� DERYH� ZKLFK� DUH� FRQ�

QHFWHG� ZLWK� WKH� PRGHO� FRQFHSWLRQV� DERXW
FDUERQ� ILOPV� VWUXFWXUH� FDQ� EH� WUDFHG� DV� D
ZKROH� LQ� WKH� D±&�1� ILOPV� H[DPLQHG� GXULQJ
RXU�ZRUN�DQG�WKDW�LV�DOVR�FDQ�EH�VHHQ�IURP
WKH� GDWD� RI� 7DEOH�� 7KXV�� WKH� JHQHUDO� UHJX�
ODULWLHV�LQ�D±&�1�ILOPV�SURSHUWLHV�GR�QRW�GLI�
IHU� VXEVWDQWLDOO\� IURP� WKH� VLPLODU� RQHV� LQ
D±&�+�ILOPV�

$�FRQVLGHUDEOH�GLIIHUHQFH�RI�D±&�1�ILOPV
IURP�D±&�+�ILOPV�FRQVLVWV�LQ�WKH�SUHVHQFH�RI
WKUHH� *DXVVLDQ� FRQWRXUV� LQVHUWHG� LQWR
Hcc�KQ��GHSHQGHQFH�IRU�VRPH�RI�WKH�H[DPLQHG
D±&�1� ILOPV� DV� FRPSDUHG� WR� WZR� FRQWRXUV
ZKLFK� DUH� FKDUDFWHULVWLF� RI� D±&�+� ILOPV
�WKRVH�DUH�QRW�VKRZQ�LQ�)LJV����DQG�����7KH
SUHVHQFH�RI�WKH�ORZ�HQHUJ\���Ü��H9��FRQWRXU
LQ�WKH�ILOPV�RI�ERWK�W\SHV�LV�DVVRFLDWHG�ZLWK
S�HOHFWURQV�DQG�WKH�SUHVHQFH�RI�D�FRQWRXU�LQ
WKH� GRPDLQ� RI� KLJKHU� HQHUJLHV� ��Ü�� H9�� LV
FRQQHFWHG� K\SRWKHWLFDOO\� ZLWK� V�HOHFWURQ
FRQWULEXWLRQ� >��������@�� :H� LGHQWLILHG� LQ
VRPH� RI� H[DPLQHG� D±&�1� ILOPV� WKH� WKLUG
ZHDNO\�SURQRXQFHG�*DXVVLDQ�FRQWRXU�LQ�WKH
HQHUJ\�UDQJH�RI����Ü����H9�>��@�EXW�LWV�H[�
SODQDWLRQ�UHTXLUHV�IXUWKHU�VWXGLHV�
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