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,Q� WKH�%L�7L�2��±%L)H2�� V\VWHP�� D� VHULHVRI� FRPSRXQGV� LV� UHDOL]DEOH� KDYLQJ� WKH� OD\�
HUHG�SHURYVNLWH�OLNH�VWUXFWXUH�VLPLODU�WR�WKH
$XULYLOOLXV�SKDVHV�DQG�FRUUHVSRQGLQJ�WR�WKH
JHQHUDO� IRUPXOD�%LP��)HP±�7L�2�P��� >�@�� ,QWKRVH�FRPSRXQGV��IHUURHOHFWULF��VHPLFRQGXF�
WRU� DQG� IHUURPDJQHWLF� SURSHUWLHV� DUH� FRP�
ELQHG�>����@��WKXV��WKRVH�DUH�RI�JRRG�SURVSHFWV
IRU�YDULRXV�WHFKQLFDO�DSSOLFDWLRQV�DQG��ILUVW�RI
DOO�� LQ� GHYHORSPHQW� RI� FRPSRVLWH� V\VWHPV� IRU
GDWD� VWRUDJH� DQG� SURFHVVLQJ� GHYLFHV�� :LWKLQ
WKH�XQLW�FHOOV�RI�WKRVH�FRPSRXQGV��WKH�IOXRULWH�
OLNH�ELVPXWK��R[\JHQ�OD\HUV�RI�WKH�^�%L�2����`fFRPSRVLWLRQ�DUH�LQWHUFKDQJHG�ZLWK�SHURYVNLWH�
OLNH�^�%LP��)HP±�7L�2�P�����`f�OD\HUV�RI�GLIIHUHQW�WKLFN�
QHVV��P��VHSDUDWHG� RXW� RI� WKH� SHURYVNLWH� ODW�
WLFH�E\�������SODQHV�

7KH� FRPSRXQGV� ZHUH� V\QWKHVL]HG� IURP
ELVPXWK�R[LGH��SXUH�JUDGH��� LURQ��,,,��R[LGH
�DQDO\WLFDO� SXULW\� JUDGH�� DQG� WLWDQLXP� �,9�
R[LGH� �VSHFLDO� SXULW\� JUDGH��� WKH� DPRXQWV
XVHG�FRUUHVSRQGLQJ�WR�WKH�����Q�����%L�2�������Q)H�2�����7L2��VWRLFKLRPHWU\�ZLWK�Q� ������������������������������������������������
��� ����� ��� ����� ��� ���� DQG� ��� 7KH� FRPSRVL�
WLRQV� PHQWLRQHG� DQVZHU� WR� WKH� UDWLR� RI
��PROH�%L�7L�2���SHU�Q�PROHV�%L)H2��DQG�WR%LP��)HP±�7L�2�P��� FRPSRXQGV� ZLWK� WKH

SHURYVNLWH�OLNH� OD\HU� QXPEHUV� LQ� WKH� VWUXF�
WXUH�P� �Q�����

$IWHU� HDFK� V\QWKHWLF� VWDJH�� WKH� VDPSOHV
ZHUH�VXEMHFWHG�WR�;�UD\�SKDVH�DQDO\VLV��;3$�
XVLQJ� '����+6� �6LHPHQV�� DQG� '521��� GLI�
IUDFWRPHWHUV� �&X� .D� HPLVVLRQ��� 7KH� VWUXF�
WXUH�DQG�;3$�VWXGLHV�ZHUH�EDVHG�RQ�SRZGHU
GLIIUDFWRJUDSKV�� 7KH� PLFURVWUXFWXUH� GLDJ�
QRVWLFV� DQG� FKHPLFDO� DQDO\VLV� RI� WKH� UH�
YHDOHG�SKDVHV�ZHUH�FDUULHG�RXW�E\�VFDQQLQJ
HOHFWURQ�PLFURVFRS\� DQG� HOHFWURQ� SUREH�PL�
FURDQDO\VLV�XVLQJ�D�&DP6FDQ�09�����VFDQ�
QLQJ� HOHFWURQ� PLFURVFRSH� ZLWK� DQ� 2[IRUG
/LQN� PLFURSUREH� H[WHQVLRQ�� 7KH� VDPSOH
WKHUPDO�EHKDYLRU�ZDV�H[DPLQHG�E\�GLIIHUHQ�
WLDO�WKHUPDO�DQDO\VLV��'7$��DQG�GLIIHUHQWLDO
VFDQQLQJ� FDORULPHWU\� �'6&�� XVLQJ� D
4�����'� GHULYDWRJUDSK� �3DXOLN�3DXOLN�
(UGH\��DQG�D�67$������1(7=6&+��FDORULPH�
WHU��UHVSHFWLYHO\��7R�GHWHUPLQH�WKH�VLQWHULQJ
RQVHW� WHPSHUDWXUHV� DQG� WKH� OLQHDU� WKHUPDO
H[SDQVLRQ� FRHIILFLHQWV�� D� ',/� ���� ('� GLOD�
WRPHWHU��1(7=6&+��ZDV�DOVR�XVHG�

7KH� V\QWKHVLV� DQG� ;3$� RI� WKH� OD\HUHG
SHURYVNLWH�OLNH� FRPSRXQGV� RI� WKH�%L�7L�2��±%L)H2�� V\VWHP�KDV�GHPRQVWUDWHG�D�KLJK�KR�PRORJLFDO�FDSDFLW\�RI�WKH�%LP��)HP±�7L�2�P��VHULHV� H[SUHVVHG� DV� UHDOL]DELOLW\� RI� QXPHU�
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RXV� VWUXFWXUDOO\� VLPLODU� FRPSRXQGV� FRUUH�
VSRQGLQJ� WR� ERWK� LQWHJHU� DQG� IUDFWLRQDO�P� YDO�
XHV��7KXV��LQ�WKH�%L�7L�2��±%L)H2��V\VWHP��FRP�SRXQGV� ZLWK� FRPSOH[� LQWHUFKDQJH� RI� WKH
SHURYVNLWH�OLNH� OD\HUV� LQ� WKH� FU\VWDO� VWUXFWXUH
PD\� H[LVW� DORQJ� ZLWK� WKRVH� KDYLQJ� LQWHJHU�P
YDOXHV��)RU�H[DPSOH��WKH�FRPSRXQG�%L��)H7L�2���P� �������FRQWDLQV�LQ�LWV�VWUXFWXUH�LQWHUFKDQJLQJ
SHURYVNLWH�OLNH� OD\HUV�KDYLQJ�WKLFNQHVV�YDOXHV�P� ����P�� ����P�� ����DQG�P�� ����&RQVLGHUDWLRQ�RI�WKH�XQLW�FHOO�SDUDPHWHUV
RI� $XULYLOOLXV� SKDVHV� KDV� VKRZQ� WKDW� WKH� F
SDUDPHWHU� FKDQJHV� HVVHQWLDOO\� OLQHDUO\� DV
WKH� QXPEHU� RI� WKH� SHURYVNLWH�OLNH� OD\HUV� LQ
WKH� VWUXFWXUH� LQFUHDVHV�� L�H��� WKH� GLVWRUWLRQ
H[WHQW� RI� WKH� SHURYVNLWH�OLNH� ODWWLFH� IUDJ�
PHQW� EXLOW�LQ� LQWR� WKH� OD\HUHG� FRPSRXQG
VWUXFWXUH� YDULHV� RQO\� VOLJKWO\� DORQJ� WKH� F
D[LV�� $W� WKH� VDPH� WLPH�� DV� WKH� QXPEHU� RI
WKH� SHURYVNLWH�OLNH� OD\HUV� LQFUHDVHV�� WKH
EDVDO�IDFH�DUHD��6� �DE��DSSURDFKHV�WKH�FRU�
UHVSRQGLQJ� YDOXH� IRU� %L)H2�� XQLW� FHOO� DW�WDLQLQJ�WKDW�YDOXH�DW�P� ����RU�����)LJ�����
6R�� WKH� VWUXFWXUH� SDUDPHWHUV� �DQG� WKXV� WKH
IRUPDWLRQ� HQHUJ\� RI� SHURYVNLWH�OLNH� OD\HUHG
FRPSRXQGV�� FDQ� EH� EHOLHYHG� WR� DSSURDFK
VLPLODU� FKDUDFWHULVWLFV� RI� QRQ�OD\HUHG
SHURYVNLWH�OLNH� %L)H2�� DV� P� LQFUHDVHV�� ,WIROORZV�WKHUHIURP�WKDW�WKH�VWDELOLW\�RI�PXO�
WLOD\HUHG� $XULYLOOLXV� SKDVHV� LQ� WKH
%L�7L�2��±%L)H2�� V\VWHP� GHFUHDVHV� DV� WKHOD\HU�QXPEHU�LQFUHDVHV�

$FFRUGLQJ� WR�7(0�DQG�HOHFWURQ�SUREH�PL�
FURDQDO\VLV�� DOO� WKH� VDPSOHV� VWXGLHG� VKRZ� D
JRRG�DJUHHPHQW�RI�WKH�HOHPHQWDO�FRPSRVLWLRQ
ZLWK�WKH�VWRLFKLRPHWU\�WKDW��EHLQJ�FRPELQHG
ZLWK�WKH�;�UD\�H[DPLQDWLRQ�GDWD��HYLGHQFHV

UHOLDEO\� WKDW� WKH�FRPSRXQGV�EHORQJ� WR� WKH
$XULYLOOLXV�SKDVH�IDPLO\��7KH�'7$�DQG�'6&
UHVXOWV� HYLGHQFH� D� SURJUHVVLYH� WKHUPDO� VWD�
ELOLW\� GHFUHDVH� IRU� WKH� %LP��)HP±�7L�2�P��FRPSRXQGV�DV�P� LQFUHDVHV�� WKXV�FRQILUPLQJ
WKH�DERYH�VXJJHVWLRQV��7KH�WKHUPDO�DQDO\VLV
GDWD�PDNH� LW� SRVVLEOH� WR� FRQVLGHU� WKH� WKHU�
PDO� GHFRPSRVLWLRQ� PHFKDQLVP� RI� WKH
SHURYVNLWH�OLNH�%L�7L�2��±%L)H2�� V\VWHP�FRP�SRXQGV� DV� D� VXFFHVVLYH� SHULWHFWLF� GHFRPSRVL�
WLRQ�LQWR�FRPSRXQGV�RI�WKH�VDPH�KRPRORJLFDO
VHULHV�EXW�FRQWDLQLQJ�D�VPDOOHU�QXPEHU�RI�WKH
SHURYVNLWH�OLNH�OD\HUV�LQ�WKH�VWUXFWXUH�

)LJ���� SUHVHQWV� WKH� &XULH� WHPSHUDWXUH
�7&�� GHSHQGHQFH� RQ� WKH� QXPEHU� P�� 7KH� 7&YDOXH�VHHPV�WR�EH�GHILQHG�E\�WKH�LURQ�LRQ�FRQ�
WHQW�LQ�WKH�SHURYVNLWH�OLNH�OD\HUV��%L)H2��PRODUFRQWHQW��

7KH� GDWD� RQ� WKHUPDO� H[SDQVLRQ� RI� WKH
%LP��)HP±�7L�2�P���FRPSRXQGV�VKRZ�WKDW�WKHOLQHDU�WKHUPDO�H[SDQVLRQ�FRHIILFLHQW�LV�HVVHQ�
WLDOO\� LQGHSHQGHQW� RQ� WKH� QXPEHU� RI� WKH
SHURYVNLWH�OLNH�OD\HUV�LQ�WKH�VWUXFWXUH�DQG�LWV
DYHUDJH� YDOXH� LV� DERXW� ���r�����Ü��.Ü��� 7KH
VLQWHULQJ�RQVHW� WHPSHUDWXUH�76� RI� WKH� VDP�SOHV� V\QWKHVL]HG� LV� ZLWKLQ� OLPLWV� RI� ���� WR
����&� DQG� GHFUHDVHV� SURJUHVVLYHO\� DV�P� LQ�
FUHDVHV�� WKXV� HYLGHQFLQJ� LQGLUHFWO\� WKH
DERYH�PHQWLRQHG�GHFUHDVH�LQ�WKHUPDO�VWDELOLW\�

7KLV�ZRUN�KDV�EHHQ�GRQH�XQGHU�ILQDQFLDO
VXSSRUW� RI� 5XVVLDQ� )RXQGDWLRQ� IRU� )XQGD�
PHQWDO�5HVHDUFKHV��*UDQW�������������D��
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