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WLRQ SKRWRJUDSKV ZHUH XVHG IRU WKH FODVVLILFDWLRQ RI WKH LVRODWHG FRPSRXQGV LQWR ILYH� LQWHUQDOO\

LVRVWUXFWXUDO JURXSV�

.H\ZRUGV� GRXEOH R[DODWHV� UDUH HDUWKV �ODQWKDQRQV�� VRGLXP

,QWURGXFWLRQ

7KLV SDSHU UHSRUWV RQ WKH R[DODWRPHWDOODWHV RI ODQWKDQRQV�,,,� DQG VRGLXP�
/D��&�2���⋅1D�&�2�⋅[+�2 DQG /D��&�2���⋅�1D�&�2�⋅\+�2 >�@� 1D&H�&�2���⋅�+�2
DQG 1D�&H��&�2���⋅��+�2 >�@� 1D&H�&�2���⋅�+�2 >�@� 1D*G�&�2���⋅�+�2 >�@�
1D<E�&�2���⋅�+�2 >�@� 1D6P�&�2���⋅�+�2 >�@ DQG 1D6P�&�2���⋅���+�2 >�@ KDYH
EHHQ V\QWKHVL]HG DQG WKHLU WKHUPDO GHFRPSRVLWLRQ KDYH EHHQ VWXGLHG�

7KH SUHVHQW LQYHVWLJDWLRQ ZHUH FDUULHG RXW LQ RUGHU WR HVWDEOLVK WKH IRUPDWLRQ RI
FRPSOH[HV RI /Q�,,,� ZLWK VRGLXP R[DODWH DQG WR VWXG\ WKHLU WKHUPDO EHKDYLRXU XQGHU
FRQVWDQW FRQGLWLRQV RYHU WKH WHPSHUDWXUH UDQJH ��−���R&� 7KLV VWXG\ LV D FRQWLQX�
DWLRQ RI RXU ZRUN RQ WKH R[DODWHV FRPSOH[HV RI WULYDOHQW ODQWKDQRQV ZLWK GLIIHUHQW
PRQRYDOHQW FDWLRQV >�−��@�

([SHULPHQWDO

6WDUWLQJ VXEVWDQFHV IRU WKH V\QWKHVLV RI GRXEOH R[DODWHV ZHUH UDUH HDUWK�,,,�R[�
LGHV� JXDUDQWHHG SXUH ������ UHIHUULQJ WR WKH FRUUHVSRQGLQJ HOHPHQW IURP WKH ILUP
.RFK�/LJKW /DERUDWRULHV� &ROQEURRN� (QJODQG� DV D VRXUFH IRU SUHSDUDWLRQ RI FRUUH�
VSRQGLQJ QLWUDWHV� &RPSRXQGV ZHUH LVRODWHG E\ DGGLQJ VDWXUDWHG VROXWLRQ RI VRGLXP
R[DODWH WR � 0 VROXWLRQV RI /Q�12���� DW URRP WHPSHUDWXUH DW D S+ DURXQG �� 7KH
UDUH HDUWK�,,,� ZDV GHWHUPLQHG E\ JUDYLPHWU\ DV UDUH HDUWK�,,,�R[LGHV� DIWHU SUHFLSLWD�
WLRQ DV UDUH HDUWK�,,,�R[DODWH DQG LJQLWLRQ >��@� 7KH R[DODWH JURXS ZDV GHWHUPLQHG
SHUPDQJDQRPHWULFDOO\�

����±�������� � ����
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.OXZHU $FDGHPLF 3XEOLVKHUV� 'RUGUHFKW



3RZGHU SKRWRJUDSKV ZLWK *XLQLHU�GH :ROI FDPHUD ZLWK &X.α UDGLDWLRQ ZHUH
WDNHQ IRU DOO LVRODWHG FRPSRXQGV�

7KH FRQGLWLRQV RI WKHUPDO DQDO\VLV ZHUH DV IROORZV� 0HWWOHU¶V WKHUPRDQDO\VDWRU
>��@ ZLWK FRPELQHG 7'� PHDVXULQJ KHDG� UDWH RI KHDWLQJ �R& PLQ−�� GU\ DLU � O K±��
PDVV �� PJ DQG α�$O�2� DV WKH UHIHUHQFH PDWHULDO IRU '7$�

5HVXOWV�DQG�GLVFXVVLRQ

7KH FRPSRXQGV LQ 7DEOH �� ZHUH LVRODWHG ZLWK WKH PRODU UDWLR 1D�&�2��/Q
�� ��O�

$ VXUYH\ RYHU WKH WDEOH OHDGV XV WR WKH FRQFOXVLRQ WKDW WKH VWRLFKLRPHWU\ RI
1D/Q�&�2���⋅Q+�2 �ZKHUH Q ��� IRU 3U DQG 1G� Q � IRU 6P−'\ DQG Q ��� IRU
+R−<� LV SULQFLSDO� /DUJHU GHYLDWLRQV DSSHDU RQO\ LQ WKH FDVH RI WKH FRPSRXQGV ZLWK
/D� &H DQG /X� $QRWKHU FDVH RI VWRLFKLRPHWU\ DSSHDUV IRU /D� &H DQG /X DW D UDWLR
/Q

�+
�&�2�

�−=���� :LWK RWKHU UDUH HDUWK�,,,� HOHPHQWV WKH UDWLR /Q
�+
�&�2�

�−=��� DS�
SHDUV� 2Q WKH EDVLV RI ;�UD\ GLIIUDFWLRQ SDWWHUQV DOO LVRODWHG FRPSRXQGV FDQ EH GL�
YLGHG LQWR IROORZLQJ ILYH LVRVWUXFWXUDO JURXSV�

�� 1D�/Q��&�2���⋅��+�2 �/Q /D� &H�
�� 1D/Q�&�2���⋅���+�2 �/Q 3U� 1G�
�� 1D/Q�&�2���⋅�+�2 �/Q 6P−'\�
�� 1D/Q�&�2���⋅���+�2 �/Q +R−<E�<�
�� 1D�/Q��&�2���⋅��+�2 �/Q /X�

,Q WKH WKHUPDO DQDO\VLV� WKH ILUVW VWHS LV WKH WKHUPDO GHK\GUDWLRQ RI FRPSRXQGV
DQG WKH VHFRQG H[RWKHUPLF R[LGDWLRQ RI R[DODWH LRQ� 7KHLU 7*� '7* DQG '7$ DUH
JLYHQ LQ )LJ� � D−Q� ,W LV VHHQ WKDW WKH GHK\GUDWLRQ EHJLQV DW D WHPSHUDWXUH ORZHU WKDQ
���R&� 7KH FRPSOH[HV 1D�/D��&�2���⋅��+�2 DQG 1D�&H��&�2���⋅��+�2 ORVH DOO
WKHLU ZDWHU LQ D VLQJOH VWDJH �PDVV ORVV� FDOFXODWHG ������� IRXQG ����� IRU /D� DQG
FDOFXODWHG ������ DQG IRXQG ������ IRU &H� ZLWK DQ HQGRWKHUPLF SHDN DW ���R&
�/D� DQG DW ���R& �&H�� $OWKRXJK WKH WKHUPDO GHFRPSRVLWLRQ DUH VLPLODU� WKHUHIRUH�
WKH WKHUPDO GHFRPSRVLWLRQ VKRXOG EH GLVFXVVHG IRU HDFK LVRVWUXFWXUDO JURXS� 7KH
WKHUPDO GHFRPSRVLWLRQ RI WKH 3U DQG 1G FRPSRXQGV WDNHV SODFH RQO\ LQ WZR VWDJHV�
,Q WKH ILUVW VWDJH GHK\GUDWLRQ RFFXUV� 7KH 3U DQG 1G FRPSRXQGV ORVH ZDWHU LQ WKH
WHPSHUDWXUH ���R& �FDOF� YDOXH ������� IRXQG ������ IRU 3U FRPSRXQG DQG FDOF�
YDOXH ������� IRXQG ������ IRU 1G FRPSRXQG�� ,Q WKH VHFRQG VWDJH RI WKHUPDO GH�
FRPSRVLWLRQ� WKH GHFRPSRVLWLRQ RI WKH DQK\GURXV GRXEOH VDOW WR VRGLXPR[DODWRPHW�
DOODWHV WDNHV SODFH LQ ERWK FDVHV� 7KH ILQDO SURGXFW RI WKHUPDO GHFRPSRVLWLRQ DW
���R& LV WKH FRUUHVSRQGLQJ EDVLF FDUERQDWH �/Q�2�⋅&2�� DQG VRGLXP FDUERQDWH LQ
ERWK FDVHV �FDOF� YDOXH IRU 1D�&2��3U�2�⋅&2� LV ������� IRXQG ������� FDOF� YDOXH
IRU 1D�&2��1G�2�⋅&2� LV ������ IRXQG �������� ,Q WKH '7$ FXUYH �)LJ� �F� G� IRU
WKH 3U FRPSRXQG WKHUH LV DQ HQGRWKHUPLF SHDN DW ���R& DQG IRU WKH 1G FRPSRXQG DW
���R&�

,Q WKH GHK\GUDWLRQ RI WKH GRXEOH VDOWV RI 6P−'\ ILYH PROHV RI ZDWHU DUH ORVW LQ
WZR YHU\ FORVH VWHSV DW VLPLODU WHPSHUDWXUH LQWHUYDO ��−���R&� ,Q WKH ILUVW VWHS RI WKH
GHFRPSRVLWLRQ WKH FRPSRXQGV ORVH IRXU ZDWHU PROHV� UHSUHVHQWHG E\ WKH HQGRWKHU�
PLF SHDN DW ��R& �6P� (X�� DW ��R& �7E� DQG DW ��R& �*G� '\� LQ WKH '7$ FXUYHV
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)LJ� � 7*� '7* DQG '7$ FXUYHV RI 1D�/Q��&�2���⋅��+�2� D ± /D� E ± &H�
1D/Q�&�2���⋅���+�2� F ± 3U� G ± 1G� 1D/Q�&�2���⋅�+�2� H ± 6P� I ± (X� J ± *G�
K ± 7E
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�)LJ� �H−L�� ,Q WKH VHFRQG VWHS RI WKH GHK\GUDWLRQ WKH FRPSRXQGV ORVH RQH ZDWHU
PROH ZKLFK LV IROORZHG E\ DQ HQGRWKHUPLF SHDN DW ���R& �6P�� ���R& �*G�� ���R&
�(X� 7E� DQG DW ���R& �'\�� +HUH� WKH LVRODWLRQ RI PRQRK\GUDWHV ZRXOG SUREDEO\ EH
SRVVLEOH� ([RWKHUPLF R[LGDWLRQ RI R[DODWH RFFXUV DW WKH WHPSHUDWXUH ���±��R& UH�
JDUGOHVV RI WKH UDUH HDUWK� 7KH ILQDO SURGXFW RI WKHUPDO GHFRPSRVLWLRQ XS WR ���R&
ZDV WKH FRUUHVSRQGLQJ D PL[WXUH RI VRGLXP FDUERQDWH DQG HLWKHU WKH EDVLF FDUERQDWH
�/Q�2�⋅&2�� IRU WKH GRXEOH R[DODWHV IURP 6P WR '\�

7KH WKHUPDO GHFRPSRVLWLRQ RI WKH +R−<E DQG < FRPSRXQG LV YHU\ VLPLODU WR WKDW
RI 6P−'\ FRPSRXQGV� ,Q WKH WHPSHUDWXUH UDQJH ��−���R& WKH FRPSRXQG ORVH
��� ZDWHU PROHV LQ WZR VWHSV� ,Q WKH '7$ FXUYHV �)LJ� � M−Q� WKHUH DUH WZR HQGRWKHU�
PLF SHDNV� ,Q WKH WHPSHUDWXUH ���R& �+R� 7P� <E� DQG ��R& �(U� <� FRPSRXQGV ORVH

)LJ� � &RQWLQXHG� 7*� '7* DQG '7$ FXUYHV RI 1D�/Q��&�2���⋅��+�2� L ± '\�
1D/Q�&�2���⋅���+�2� M ± +R� N ± (U� H ± 7P� P ± <E� Q ± <
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IRXU ZDWHU PROHV� ,Q WKH VHFRQG VWHS RI GHK\GUDWLRQ WKH FRPSRXQGV ORVH WKH UHPDLQ�
LQJ ��� ZDWHU PROHV� 7KH ILUVW DQG WKH VHFRQG VWHSV IRU WKH FRPSRXQGV IURP +R−<E
FRUUHVSRQG WR WKH IRUPDWLRQ RI VHVTXLK\GUDWHV� 7KH ILQDO SURGXFW RI WKHUPDO GHFRP�
SRVLWLRQ XS WR ���R& ZDV FRUUHVSRQGLQJ D PL[WXUH RI VRGLXP FDUERQDWH DQG HLWKHU
WKH EDVLF FDUERQDWH �/Q�2�⋅&2�� LQ DOO FDVHV� DV FRQFOXGHG IURP WKH ;�UD\ SRZGHU
GLIIUDFWLRQ SDWWHUQV RI WKH UHVLGXHV� DQG DOVR IURP WKH FDOFXODWHG DQG H[SHULPHQWDOO\
IRXQG YDOXHV� $Q H[FHSWLRQ LV WKH FHULXP FRPSRXQG ZKHUH &H2� DQG 1D�&2� ZHUH
REWDLQHG �FDOFXODWHG YDOXH IRU 1D�&2��&H2� LV ������� IRXQG �������� 7KH '7$
PD[LPDO IRU WKH &H FRPSRXQG LV UHDFKHG DW ���R&� SUREDEO\ EHFDXVH RI IRUPDWLRQ
RI &H2��

7KH ;�UD\ SRZGHU GLIIUDFWLRQ SDWWHUQV VKRZHG WKDW WKH GRXEOH R[DODWHV RI
1D/Q�&�2��⋅�+�2 DQG ./Q�&�2���⋅�+�2 >��@ �/Q 6P−'\� DUH LVRPRUSKRXV� 7KH
7* DQG '7$ FXUYHV �)LJ� � H−L� DQG �)LJ� � G� H� >��@ DUH VLPLODU� LQGLFDWLQJ LQ JHQ�
HUDO WZR VWDJHV RI WKHUPDO GHFRPSRVLWLRQ LQ WKH WHPSHUDWXUH UDQJH ��−���R&� ,Q WKH
ILUVW VWDJH GHK\GUDWLRQ RFFXUV� DQG LQ WKH VHFRQG VWDJH RI WKHUPDO GHFRPSRVLWLRQ WKH
DQK\GURXV GRXEOH R[DODWH GHFRPSRVHV� 7KH GHK\GUDWLRQ WDNHV SODFH LQ WKH WHPSHUD�
WXUH LQWHUYDO ��±��−���R& ZLWK GLIIHUHQW YHORFLWLHV� ,Q WKH ILUVW VWHS RI WKH GHFRPSR�
VLWLRQ WKH 1D FRPSRXQGV ORVH ���� DQG . FRPSRXQGV ORVH ��� ZDWHU PROHV� 7KH ILUVW
DQG WKH VHFRQG VWHSV IRU WKH 1D DQG . FRPSOH[HV DW 6P−'\ FRUUHVSRQG WR WKH IRU�
PDWLRQ RI VHVTXLK\GUDWHV� 7KH VHFRQG VWDJH RI WKHUPDO GHFRPSRVLWLRQ RI WKH VRGLXP
FRPSRXQGV LV WRR YHU\ VLPLODU WR WKDW RI WKH SRWDVVLXP FRPSRXQGV� 7KH '7$ PD[L�
PDO IRU WKH VRGLXP DQG IRU WKH SRWDVVLXP FRPSRXQGV DUH DW ���±��R& FDXVHG E\ WKH
R[LGDWLRQ RI R[DODWH LRQ� 7KH ILQDO SURGXFW RI WKHUPDO GHFRPSRVLWLRQ XS WR ���R&
ZDV WKH FRUUHVSRQGLQJ PL[WXUH VRGLXP RU SRWDVVLXP FDUERQDWH DQG HLWKHU EDVLF
HDUWK�,,,�FDUERQDWH �/Q�2�⋅&2� ZKHUH /Q 6P−'\��

7KHUPDO GHFRPSRVLWLRQ DW KLJKHU WHPSHUDWXUH ZDV QRW H[DPLQHG EHFDXVH RI JUHDW
SRVVLELOLW\ RI FRUURVLRQ RI SODWLQXP YHVVHOV� 7KH FRPSRXQGV RI WKLV W\SH SUHVHQW D
SRWHQWLDO IRU WKH V\QWKHVLV RI WKH ELQDU\ R[LGHV RI VRGLXP RU SRWDVVLXP DQG HOHPHQWV
RI UDUH HDUWKV�

$OO WKH VDPSOHV ZHUH H[WUHPHO\ GLVSHUVLYH DQG WKHUHIRUH *XLQLHU GLDJUDPV ZHUH
QRW YHU\ VKDUS� )RU PRUH GHWDLOV� VLQJOH FU\VWDO VWUXFWXUHV RI WKH UHSUHVHQWDWLYHV RI DOO
1D DQG . FRPSRXQGV ZLOO EH QHHGHG�

:H KDG D ORW RI H[SHULPHQWV WR REWDLQ WKH PDFURFU\VWDOV� VXLWDEOH IRU WKH ;�UD\
VWUXFWXUDO DQDO\VLV� 8QIRUWXQDWHO\� ZLWKRXW VXFFHVV� IRU QRZ� $FFRUGLQJ WR WKH IRXQG
VWUXFWXUDO GDWD IRU WKH FRPSRXQGV� 1+�<�&�2���⋅+�2 >��@� .�/Q2;�⋅Q+�2
�/Q /D−7E�� .�/Q2;�⋅��+�2 �/Q 7E−<E� <� >��@� .��/Q2;�⋅+�2�⋅+�2 �/Q 1G�
6P� *G� 7E� >��@� WKH FRRUGLQDWH QXPEHU RI WKH ODQWKDQRQ FDWLRQ LV � �QLQH�� %HFDXVH
RI WKLV� ZH VXSSRVH WKDW VRPH SDUWV RI WKH ZDWHU DUH FRRUGLQDWLYHO\ OLQNHG DQG SURE�
DEO\ VRPH RWKHU SDUWV RI WKH ZDWHU� DUH EULGJLQJ OLJDQGV� DV ZHOO DV WKH R[DODWH LRQV�

5HIHUHQFHV

� ,� 0� .ROWKRII� 5� (OPTXLVW� -� $P� &KHP� 6RF�� �� ������ �����
� -� iWHUED�%ÒKP DQG $� 3LVDULéHN� &ROOHNW� &]HFK� &KHP� &RPPXQ�� � ������ ����
� (� *� 'DYLWDVKYLOL� 1� *� 6KHOL\D� 6� *� .XUDVKYLOL DQG 1� $ ']KDELVKYLOL� .RPSOHNVQ�

6RHG� 1HNRW� 3HUHNK� 5HG� (OHP�� ������ ��� &KHP� $EVWU�� �� ������ ����]�
� 3� %� 6DUNDU� %XOO� 6RF� &KLP�� )U�� �� ������ �����
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