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7KH 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2� FRPSRXQGV� ERWK ZLWK 5XGGOHVGHQ�3RSSHU VWUXFWXUHV� KDYH EHHQ

V\QWKHVL]HG E\ WKH FHUDPLF PHWKRG DW ���� R& XQGHU DWPRVSKHULF SUHVVXUH� 7KH FU\VWDOORJUDSKLF VWUXFWXUH RI

WKH FRPSRXQGV ZDV DVVLJQHG WR WKH WHWUDJRQDO V\VWHP ZLWK VSDFH JURXS ,��PPP E\ ;�UD\ GLIIUDFWLRQ�;5'�

5LHWYHOG UHILQHPHQW� 7KH UHGXFHG ODWWLFH YROXPH DQG ODWWLFH SDUDPHWHUV LQFUHDVHG DV WKH 7D ZLWK �G VXEVWLWXWHV

IRU WKH 1E ZLWK �G LQ WKH FRPSRXQGV� 7KH &R�1E�7D�2 ERQG OHQJWK KDV EHHQ GHWHUPLQHG E\ ;�UD\ DEVRUSWLRQ

VSHFWURVFRSLF�(;$)6�;$1(6� DQDO\VLV DQG WKH ;5' UHILQHPHQW� 7KH &R2� RFWDKHGUD ZHUH WHWUDJRQDOO\ GLV�

WRUWHG E\ HORQJDWLRQ RI &R�2 ERQG DORQJ WKH F�D[LV� 7KH PDJQHWLF PHDVXUHPHQW VKRZV WKH FRPSRXQGV

6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2�KDYH SDUDPDJQHWLF SURSHUWLHV DQG WKH &R LRQV ZLWK LQWHUPHGLDWH VSLQ

VWDWHV EHWZHHQ KLJK DQG ORZ VSLQV LQ '�K V\PPHWU\� $OO WKH FRPSRXQGV VKRZHG VHPLFRQGXFWLQJ EHKDYLRU

ZKRVH HOHFWULFDO FRQGXFWLYLW\ LQFUHDVHG ZLWK WHPSHUDWXUH XS WR ���� .� 7KH HOHFWULFDO FRQGXFWLYLW\ LQFUHDVHG

DQG WKH DFWLYDWLRQ HQHUJ\ IRU WKH FRQGXFWLRQ GHFUHDVHG DV WKH QXPEHU RI SHURYVNLWH OD\HUV LQFUHDVHG LQ WKH FRP�

SRXQGV ZLWK FKHPLFDO IRUPXOD $Q��%Q2�Q���

,QWURGXFWLRQ

,QRUJDQLF FRPSRXQGV LQFOXGLQJ PHWDO R[LGHV KDYH EHHQ
ZLGHO\ DSSOLHG WR QHZ PDWHULDOV VXFK DV HOHFWULF� PDJQHWLF�
DQG RSWLFDO GHYLFHV� 7R GHVLJQ DQG V\QWKHVL]H QHZ PDWHULDOV
ZLWK WKH GHVLUHG SK\VLFDO SURSHUWLHV� YDULRXV PHWKRGV KDYH
EHHQ H[SORUHG LQ WKH DFDGHPLF DQG LQGXVWULDO ILHOGV� 3HURYV�
NLWH�UHODWHG R[LGHV ZLWK D JHQHUDO FKHPLFDO IRUPXOD $Q��%Q�
2�Q�� KDYH EHHQ H[WHQVLYHO\ VWXGLHG GXH WR WKHLU XQLTXH DQG
DSSOLFDEOH SURSHUWLHV���� 7KH SK\VLFDO SURSHUWLHV RI WKH PHWDO
R[LGHV GHSHQG JHQHUDOO\ RQ WKH HOHFWURQLF FRQILJXUDWLRQV RI
% FDWLRQ DQG VWUXFWXUDO FRQILJXUDWLRQV����$PRQJ FRPSRXQGV
ZLWK WKH JHQHUDO IRUPXOD $Q��%Q2�Q��� WKH PHWDO R[LGHV ZLWK
Q  � RU Q  � KDYH D WZR�GLPHQVLRQDO OD\HUHG VWUXFWXUH ZLWK
DQ DQLVRWURSLF SURSHUW\ DQG DOVR GLIIHUHQW SK\VLFDO SURSHUWLHV
IURP WKH WKUHH�GLPHQVLRQDO PDWHULDOV ZLWK Q  ! �����

7KH SK\VLFDO SURSHUWLHV RI WKH OD\HUHG FRPSRXQGV GHSHQG
RQ WKH VXSHUH[FKDQJH LQWHUDFWLRQ EHWZHHQ % LRQV WKURXJK
R[\JHQ LRQV ZLWKLQ WKH DE SODQH VLQFH WKH LQWHUDFWLRQV
EHWZHHQ OD\HUV DORQJ F�D[LV DUH YHU\ ZHDN� 7KH ZHDN LQWHU�
OD\HU LQWHUDFWLRQV JHQHUDOO\ UHVXOW LQ WKH HORQJDWLRQ RI %2�

RFWDKHGUD DORQJ F�D[LV��� )RU &D/D)H2� DQG 6U�,U�2� FRP�
SRXQGV ZLWK WZR GLPHQVLRQDO VWUXFWXUH� WKH PDJQHWLF SUR�
SHUW\ GHSHQGV RQ %�% GLVWDQFH DQG %�2 ERQG FRYDOHQF\
ZLWKLQ WKH SHURYVNLWH OD\HU������

7KH DYHUDJH GLVWDQFH RI )H�5X�2 LQ WKH 6U�)H5X2� DQG
6U�)H5X2� FRPSRXQGV LV VLPLODU WR WKDW LQ WKH WKUHH�GLPHQ�
VLRQDO 6U�)H5X2� FRPSRXQG� +RZHYHU� WKH 6U�)H5X2� DQG
6U�)H5X2� FRPSRXQGV KDYH WHWUDJRQDO GLVWRUWLRQV RI )H�
5X2� RFWDKHGUD DORQJ F�D[LV� ZKHUH DV WKH RFWDKHGUD RI ��'
6U�)H5X2� FRPSRXQG DUH UHJXODU��� 7KH PDJQHWLF LQWHUDF�
WLRQ RI SHURYVNLWH�UHODWHG FRPSRXQGV GHSHQGV RQ DQ DU�
UDQJHPHQW RI WKH WUDQVLWLRQ PHWDO LRQV� 7KH WZR�GLPHQVLRQDO
FRPSRXQGV VKRZ VSLQ JODVV EHKDYLRU E\ )H�5X�2�)H�5X�2
PDJQHWLF VXSHUH[FKDQJH LQWHUDFWLRQ EHWZHHQ FDWLRQ DQG

QHLJKERULQJ FDWLRQ ZLWKLQ WKH DE�SODQH�
,Q WKH SUHVHQW ZRUN� ZH V\QWKHVL]HG SHURYVNLWH�UHODWHG

FRPSRXQGV DQG H[SORUHG WKH UHODWLRQVKLS RI WKH VWUXFWXUDO
FKDQJH GXH WR WKH GLPHQVLRQDO FKDQJH DQG WKHLU SK\VLFDO
SURSHUWLHV� 7KH VWUXFWXUDO FKDQJH RI 6U�&R���1E�7D����2� DQG
6U�&R1E�7D�2� FRPSRXQGV ZHUH VWXGLHG E\ ;�UD\ DEVRUS�
WLRQ VSHFWURVFRS\ �;$6� DV ZHOO DV ;5' 5LHWYHOG UHILQH�
PHQW� 3K\VLFDO SURSHUWLHV VXFK DV HOHFWULFDO FRQGXFWLYLW\ DQG
PDJQHWLF VXVFHSWLELOLW\ DOVR ZHUH VWXGLHG LQ DFFRUGDQFH ZLWK
VWUXFWXUDO FKDUDFWHULVWLFV�

([SHULPHQWDO 6HFWLRQ

7KH FRPSRXQGV 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2�

ZLWK 5XGGOHVGHQ�3RSSHU W\SH VWUXFWXUHV ZHUH V\QWKHVL]HG
ZLWK WKH VWRLFKLRPHWULF VWDUWLQJ PDWHULDOV RI 6U&2�� &R�2��
1E�2�� DQG 7D�2�� 7KH VWDUWLQJ PDWHULDOV FRUUHVSRQGLQJ WR
HDFK FRPSRVLWLRQ ZHUH PL[HG DQG SUH�ILUHG DW ��� R& IRU �
KRXUV� $IWHU EHLQJ ZHOO JURXQG� WKH PL[WXUHV ZHUH KHDWHG DW
���� R& XQGHU DWPRVSKHULF SUHVVXUH IRU �� KRXUV DQG WKHQ
TXHQFKHG� 7KH JULQGLQJ DQG KHDWLQJ SURFHVVHV ZHUH UHSHDWHG
VHYHUDO WLPHV WR REWDLQ KRPRJHQHRXV VROLG VROXWLRQV� 7KH
KRPRJHQHRXV XQLSKDVH RI HDFK FRPSRXQG ZDV LGHQWLILHG E\
;�UD\ GLIIUDFWLRQ DQDO\VLV�
;�UD\ GLIIUDFWLRQ SDWWHUQV IRU WKH FRPSRXQGV ZHUH FRO�

OHFWHG E\ WKH 3KLOLSV 3: ���� SRZGHU GLIIUDFWRPHWHU ZLWK
1L ILOWHUHG &X .α UDGLDWLRQ LQ WKH UDQJH ��R � �θ� ���R�
7KH 5LHWYHOG UHILQHPHQWV RI DOO WKH FRPSRXQGV ZHUH FDUULHG
RXW XVLQJ '%:6�����3& VRIWZDUH LQ &HULXV � SURJUDP�
&R .�HGJH ;�UD\ DEVRUSWLRQ �;$1(6�(;$)6� VSHFWUD

ZHUH UHFRUGHG DW WKH %/�&� EHDPOLQH RI WKH 3RKDQJ /LJKW
6RXUFH �3/6� ZLWK WKH ULQJ FXUUHQW RI ������� P$� 6L�����
GRXEOH FU\VWDO PRQRFKURPDWRU ZDV XVHG WR WXQH WKH ;�UD\
HQHUJ\ IRU WKH VSHFWURVFRSLF GDWD� 7KH HQHUJ\ FDOLEUDWLRQ
ZDV FDUULHG RXW ZLWK &R�PHWDO IRLO EHIRUH DQG DIWHU PHDVXU�
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LQJ WKH VDPSOHV LQ WKH WUDQVPLVVLRQ PRGH� ;�UD\ DEVRUSWLRQ
ILQH VWUXFWXUH �;$)6� VSHFWUD ZHUH DQDO\]HG ZLWK 8:;$)6
��� DQG )()) ���� FRGH�
7KH HOHFWULFDO FRQGXFWLYLWLHV ZHUH PHDVXUHG LQ D WHPSHUD�

WXUH UDQJH RI ��� WR ���� . XQGHU DWPRVSKHULF SUHVVXUH�
)URP WKH SORW RI ORJ FRQGXFWLYLW\ YV �����7� WKH DFWLYDWLRQ
HQHUJ\ RI WKH HOHFWULFDO FRQGXFWLYLW\ ZDV FDOFXODWHG� 7KH
PDJQHWLF VXVFHSWLELOLWLHV ZHUH PHDVXUHG XVLQJ D 648,'
�VXSHUFRQGXFWLQJ TXDQWXP LQWHUIHUHQFH GHYLFHV� PDJQHWR�
PHWHU LQ WKH WHPSHUDWXUH UDQJH RI � WR ��� .� 7KH PHDVXUH�
PHQWV ZHUH FDUULHG RXW DIWHU WKH VDPSOHV ZHUH FRROHG LQ WKH
DEVHQFH RI DQ DSSOLHG ILHOG DQG WKHQ FRROHG LQ D PDJQHWLF
ILHOG RI ���� JDXVV WR � .�

5HVXOWV DQG 'LVFXVVLRQ

6WUXFWXUDO UHILQHPHQWV� $QDO\VLV RI ;�UD\ GLIIUDFWLRQ
SDWWHUQV FRQILUPHG WKDW DOO WKH 6U�&R���1E�7D����2� DQG
6U�&R1E�7D�2� FRPSRXQGV ZHUH KRPRJHQHRXVO\ V\QWKH�
VL]HG� 7KH ;5' VSHFWUD DVVLJQHG WKHP WR SHURYVNLWH�UHODWHG
FRPSRXQGV ZLWK WKH .�1L)� DQG 5XGGOHVGHQ�3RSSHU W\SH
WHWUDJRQDO V\VWHP� UHVSHFWLYHO\� 5LHWYHOG�UHILQHPHQWV IRU WKH
;5' SDWWHUQV ZHUH FDUULHG RXW XVLQJ WHWUDJRQDO SKDVH ZLWK
WKH VSDFH JURXS RI ,��PPP DV VKRZQ LQ )LJXUH �� )URP WKH
UHVXOWV RI WKH UHILQHPHQW� WKH DYHUDJH GLVWULEXWLRQ RI HDFK
HOHPHQW DQG WKH GLVWRUWLRQ RI WKH RFWDKHGUDO VLWH LQ WKH ODWWLFH
FDQ EH LGHQWLILHG� 7KH VWUXFWXUDO SDUDPHWHUV GHWHUPLQHG E\
WKH 5LHWYHOG UHILQHPHQW IRU ;5' SDWWHUQV DUH OLVWHG LQ 7DEOH
�� 7KH ODWWLFH SDUDPHWHUV RI WKH 1E�VXEVWLWXWHG FRPSRXQGV
DUH VPDOOHU WKDQ WKRVH RI WKH 7D�VXEVWLWXWHG FRPSRXQGV GXH
WR WKH VPDOOHU LRQLF UDGLL RI 1E� ,Q WKH 7DEOH �� WKH WHWUDJR�
QDOLW\ UHIHUV WR WKH UDWLR EHWZHHQ &R�1E�7D��2 ERQG OHQJWK
DORQJ F�D[LV DQG WKDW LQ DE�SODQH� 7KH WHWUDJRQDOLWLHV IRU 7D�
VXEVWLWXWHG FRPSRXQGV DUH ODUJHU WKDQ WKRVH IRU 1E�VXEVWL�

WXWHG FRPSRXQGV� 7KH SDUDPHWHUV DUH FORVHO\ UHODWHG ZLWK
WKH HOHFWURQLF FRQILJXUDWLRQ RI WKH WUDQVLWLRQ PHWDO DQG SK\V�
LFDO SURSHUWLHV RI WKH FRPSRXQGV�
7KH FRPSRXQGV 6U�&R���1E�7D����2�ZLWK Q  � LQ WKH JHQ�

HUDO IRUPXOD $Q��%Q2�Q�� FRQVLVW RI D URFN VDOW �$2� OD\HU
DQG D SHURYVNLWH �$%2�� OD\HU� ZKHUH DV WKH FRPSRXQGV
6U�&R1E�7D�2� ZLWK Q  � FRQVLVW RI D URFN VDOW OD\HU DQG
GRXEOH SHURYVNLWH OD\HU DOWHUQDWHO\ DORQJ F�D[LV� 7KH LQWHU�
OD\HU LQWHUDFWLRQ EHWZHHQ WKH URFN VDOW DQG WKH SHURYVNLWH
OD\HUV ZDV PXFK ZHDNHU WKDQ WKH LQWUDOD\HU LQWHUDFWLRQ LQ WKH
6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2� FRPSRXQGV� 7KH
ZHDN LQWHUOD\HU LQWHUDFWLRQV JHQHUDOO\ UHVXOWHG LQ WKH HORQJD�
WLRQ RI %�2 ERQG OHQJWK LQ %2� RFWDKHGUD DORQJ F�D[LV� 7KH
%2� RFWDKHGUD RI WKH FRPSRXQGV 6U�&R1E�7D�2� ZLWK GRX�

)LJXUH �� 5LHWYHOG UHILQHPHQW IRU ;5' SDWWHUQV RI WKH �D� 6U�&R���1E���2�� �E� 6U�&R���7D���2�� �F� 6U�&R1E2�� DQG �G� 6U�&R7D2�

FRPSRXQGV�

7DEOH �� 5LHWYHOG DQDO\VLV GDWD RI WKH 6U�&R���1E�7D����2� DQG
6U�&R1E�7D�2� FRPSRXQGV
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7KH WHWUDJRQDOLW\ PHDQV WKH UDWLR RI WKH ERQG OHQJWKV &R�1E�7D��2
DORQJ F�D[LV DQG WKRVH LQ DE�SODQH�
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EOH SHURYVNLWH OD\HUV EHWZHHQ URFN VDOW OD\HUV ZHUH PRUH
FRPSUHVVHG DORQJ F�D[LV WKDQ WKRVH RI 6U�&R���1E�7D����2��
7KH ;5' DQDO\VLV ZDV OLPLWHG RQ WKH DYHUDJH EXON VWUXF�

WXUH EHFDXVH WKH DQDO\VLV ZDV DVVRFLDWHG ZLWK WKH PHDQ
VWUXFWXUH RI ORQJ�UDQJH RUGHULQJ� 7KH GHWDLOHG ORFDO VWUXFWXUH
DURXQG WKH &R DWRP ZDV VWXGLHG ZLWK ;�UD\ DEVRUSWLRQ VSHF�
WURVFRS\� 7KH ORFDO VWUXFWXUHV DURXQG WKH DEVRUELQJ &R
DWRPV ZHUH VWXGLHG ZLWK WKH &R .�HGJH (;$)6 VSHFWUD IRU
WKH 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2� FRPSRXQGV�
)LJXUH � VKRZV )RXULHU WUDQVIRUPV �)7� RI WKH N� ZHLJKWHG
(;$)6 VSHFWUD ZLWKLQ WKH N�VSDFH UDQJH RI ��� WR ���� c−�

IRU WKH FRPSRXQGV� 7KH ILUVW )7 SHDN DW a��� c FRUUHVSRQGV
WR VL[�FRRUGLQDWHG R[\JHQV RI WKH QHDUHVW QHLJKERULQJ DWRP
DURXQG WKH DEVRUELQJ &R LRQ� 6LQFH WKH VFDWWHULQJ SDWKV LQ
WKH KLJKHU )7 UHJLRQ DUH KLJKO\ RYHUODSSHG� VHSDUDWLRQ RI WKH
)7 SHDNV LV GLIILFXOW� 7KHUHIRUH� REWDLQ WKH FRUUHFW LQIRUPD�
WLRQ IRU WKH ORFDO VWUXFWXUH RI WKH &R2� RFWDKHGUD ZLWK WZR
GLIIHUHQW &R�2 ERQGV� WKH ILUVW &R�2 SDWK ZLWKLQ ����� c
ZDV FRQVLGHUHG RQO\ GXULQJ ILWWLQJ� 2Q WKH EDVLV RI WKH ;5'
FU\VWDOORJUDSKLF VWUXFWXUH� ZH FRQILUPHG WKDW WKH ILUVW VKHOO

FRQVLVWV RI WZR GLIIHUHQW &R�2 ERQGV� :KHQ WKH )RXULHU ILO�
WHUHG (;$)6 VSHFWUD ZHUH ILWWHG� WKH FRRUGLQDWLRQ QXPEHU
RI &R ZDV IL[HG DV 1 � IRU &R�2 ERQGV DORQJ F�D[LV DQG
1 � IRU WKRVH DORQJ D�E�D[LV WR UHVROYH WKH LQIRUPDWLRQ RI
WZR GLIIHUHQW ERQGV�
6WUXFWXUDO SDUDPHWHUV REWDLQHG IURP WKH (;$)6 UHILQH�

PHQW DUH OLVWHG LQ 7DEOH �� )RU WKH 6U�&R���1E�7D����2� DQG
6U�&R1E�7D�2� FRPSRXQGV� GLIIHUHQFHV EHWZHHQ WKH &R�2
ERQG OHQJWKV LQ WKH 1E� DQG 7D�VXEVWLWXWHG FRPSRXQGV ZHUH
QRW VLJQLILFDQW� ,Q FRQWUDVW ZLWK WKH ODWWLFH SDUDPHWHUV� WKH
&R�2 ERQG OHQJWK ZDV QRW DIIHFWHG E\ WKH VXEVWLWXWHG PHWDO
LRQV LQ WKH FRPSRXQGV� 7KH WHWUDJRQDOLWLHV� WKH UDWLR EHWZHHQ
&R�2 ERQG OHQJWK �F�DE�� ZHUH REWDLQHG XVLQJ &R .�HGJH
(;$)6 DQG WKH\ DUH OLVWHG LQ 7DEOH �� 7KH &R2� RFWDKHGUD
RI WKH FRPSRXQGV 6U�&R���1E�7D����2� ZLWK VLQJOH SHURYV�
NLWH OD\HUV EHWZHHQ URFN VDOW OD\HUV ZHUH PRUH HORQJDWHG
DORQJ F�D[LV WKDQ WKDW RI 6U�&R1E�7D�2� ZLWK GRXEOH SHUR�
YVNLWH OD\HUV� 6LQFH WKH LQWHUOD\HU LQWHUDFWLRQV EHWZHHQ SHU�
RYVNLWH �$%2�� DQG URFN VDOW �$2� OD\HUV ZHUH YHU\ ZHDN�
WKH &R�2 ERQGV RI &R2� RFWDKHGUD LQ WKH SHURYVNLWH OD\HU

)LJXUH �� &R .�HGJH (;$)6 VSHFWUD LQ )RXULHU WUDQVIRUPHG U�VSDFH RI WKH �D� 6U�&R���1E���2�� �E� 6U�&R���7D���2�� �F� 6U�&R1E2�� DQG �G�
6U�&R7D2� FRPSRXQGV�

7DEOH �� 7KH ERQG OHQJWK EHWZHHQ DWRPV� 'HE\H :DOOHU IDFWRU� DQG HWF� RI WKH 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2� FRPSRXQGV

&RPSRXQG 3DWK �&R�2� 6�
� 1 σ��×���¨
c�� U �c�

7HWUDJRQDOLW\D

�F� �DE�D[HV�
5�IDFWRUE

6U�&R���1E���2� D�E D[HV ���� � ���� ���� ����� �����

F D[LV ���� � ���� ����

6U�&R���7D���2� D�E D[HV ���� � ���� ���� ����� �����

F D[LV ���� � ���� ����

6U�&R1E2� D�E D[HV ���� � ���� ���� ����� �����

F D[LV ���� � ���� ����

6U�&R7D2� D�E D[HV ���� � ���� ���� ����� �����

F D[LV ���� � ���� ����
D7HWUDJRQDOLW\ PHDQV WKH UDWLR RI &R�2 ERQG OHQJWKV DORQJ F�D[LV DQG WKRVH DORQJ D�E�D[LV� E5�IDFWRU PHDQV WKH JRRGQHVV RI ILW
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ZHUH HORQJDWHG DORQJ F�D[LV IRU WKH 5XGGOHVGHQ�3RSSHU W\SH
FRPSRXQGV� 7KH RFWDKHGUD RI WKH FRPSRXQGV 6U�&R���1E�
�7D����2� ZHUH PRUH HORQJDWHG WKDQ 6U�&R1E�7D�2� VLQFH D
SHURYVNLWH OD\HU RI WKH IRUPHU DOWHUQDWHG ZLWK URFN VDOW OD\�
HUV� $V WKH QXPEHU RI URFN VDOW OD\HUV LQFUHDVHG LQ WKH SHUR�
YVNLWH W\SH FRPSRXQGV ZLWK FKHPLFDO IRUPXOD $Q��%Q2�Q���
WKH WHWUDJRQDOLWLHV RI WKH FRPSRXQGV LQFUHDVHG�
)LJXUH � VKRZV WKH &R .�HGJH QRUPDOL]HG ;�UD\ DEVRUS�

WLRQ QHDU HGJH VWUXFWXUH �;$1(6� IRU WKH 6U�&R���1E�7D�����
2� DQG 6U�&R1E�7D�2� FRPSRXQGV� 7KH ZHDN ¦SUH�HGJH§
DEVRUSWLRQ SHDNV DW a���� H9 FRUUHVSRQG WR WKH WUDQVLWLRQ
IURP �V HOHFWURQ WR �G RUELWDO� 6LQFH WKH WUDQVLWLRQ �∆O  �� LV
HOHFWULF GLSROH IRUELGGHQ LQ DQ LGHDO RFWDKHGUDO V\PPHWU\�
WKHRUHWLFDOO\� WKH SUH�HGJH DEVRUSWLRQ VKRXOG QRW EH
REVHUYHG� +RZHYHU� WKH �V → �G WUDQVLWLRQ JDLQ VRPH LQWHQ�
VLW\ LQ &R .�HGJH ;$1(6 VSHFWUD RI WKH FRPSRXQGV GXH WR
HOHFWULF TXDGUXSOH FRXSOLQJV DQG WKH UHODWLYH &R �G��S FKD�
UDFWHU PL[LQJ LQ WKH QRQ�FHQWURV\PPHWULF HQYLURQPHQW
DURXQG &R LRQ LQ GLVWRUWHG &R2� RFWDKHGUDO VLWH� 7KH
6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2� FRPSRXQGV H[KLE�
LWV VRPH LQWHQVLW\ LQ WKH SUH�HGJH UHJLRQ VLQFH WKH ORFDO
VWUXFWXUH RI &R2� RFWDKHGUD ZHUH WHWUDJRQDOO\ GLVWRUWHG� 7KH
PDLQ SHDN FRUUHVSRQGV WR WKH �V → �S WUDQVLWLRQ� ZKLFK LV
DOORZHG E\ WKH GLSROHPRPHQW� 7KHUH DUH VPDOO VKLIWV LQ WKH
SHDN SRVLWLRQ� VLQFH WKH YDOHQFH VWDWH RI &R LRQV ZDV VDPH
IRU WKH 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2� FRPSRXQGV�
0DJQHWLF SURSHUW\� 7KH PDJQHWLF VXVFHSWLELOLWLHV IRU WKH

FRPSRXQGV ZHUH PHDVXUHG LQ WKH WHPSHUDWXUH UDQJH RI � WR
��� .� 7KH PDJQHWLF VXVFHSWLELOLWLHV PHDVXUHG DIWHU FRROLQJ
ZLWKRXW D PDJQHWLF ILHOG DUH FRPSDUDEOH WR WKRVH PHDVXUHG
DIWHU FRROLQJ ZLWK D PDJQHWLF ILHOG� 7KH VDPSOHV GLG QRW
VKRZ DQ\ VSLQ JODVV EHKDYLRU� 7KH LQYHUVH PRODU PDJQHWLF
VXVFHSWLELOLW\ DV D IXQFWLRQ RI WHPSHUDWXUH LV VKRZQ LQ )LJXUH
�� 7KH FRPSRXQGV 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2�

GLVSOD\HG SDUDPDJQHWLF FKDUDFWHU DERYH � .� 7KH PDJQHWLF
H[FKDQJH LQWHUDFWLRQ ZDV YHU\ ZHDN VLQFH WKH PDJQHWLF &R
LRQ ZDV VXUURXQGHG E\ QRQ�PDJQHWLF PHWDO LRQV� 7KHUHIRUH�

WKHUH ZDV QR ORQJ�UDQJH PDJQHWLF RUGHULQJ LQ WKH FRP�
SRXQGV 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2� DERYH � .�
0DJQHWLF SDUDPHWHUV VXFK DV WKH &XULH FRQVWDQW� WKH SDUD�
PDJQHWLF &XULH WHPSHUDWXUH� DQG WKH HIIHFWLYH PDJQHWLF
PRPHQWV ZHUH HVWLPDWHG E\ &XULH�:HLVV ODZ� 7KH\ DUH
OLVWHG LQ 7DEOH ��
$V VKRZQ LQ 7DEOH �� WKH SDUDPDJQHWLF &XULH WHPSHUDWXUH

DQG HIIHFWLYH PDJQHWLF PRPHQW GHFUHDVHG DV 7D ZDV VXEVWL�
WXWHG IRU 1E LQ WKH % VLWH RI WKH FRPSRXQGV� 7KH HIIHFWLYH
PDJQHWLF PRPHQWV GHSHQG RQ WKH HOHFWURQLF FRQILJXUDWLRQV
RI &R LRQV IRU WKH FRPSRXQGV 6U�&R���1E�7D����2� DQG
6U�&R1E�7D�2�� :H FRQILUPHG RQ WKH EDVLV RI WKH HIIHFWLYH
PDJQHWLF PRPHQWV WKDW WKH &R LRQV KDYH DQ LQWHUPHGLDWH
VSLQ VWDWH EHWZHHQ ORZ DQG KLJK VSLQ VWDWHV� *HQHUDOO\� &R��

LRQV FRQYHUW IURP ORZ VSLQ VWDWH WR KLJK VSLQ VWDWH ZLWK
LQFUHDVLQJ WHPSHUDWXUH� &R�� LRQV H[LVW ZLWK KLJK VSLQ VWDWH
LQ UHJXODU RFWDKHGUD RI SHURYVNLWH W\SH PHWDO R[LGHV DW URRP
WHPSHUDWXUH���+RZHYHU� VLQFH WKH &R2� RFWDKHGUD ZHUH WHW�
UDJRQDOO\ GLVWRUWHG DORQJ F�D[LV IRU WKH FRPSRXQGV 6U�&R����
1E�7D����2� DQG 6U�&R1E�7D�2�� WKH �G RUELWDO RI &R LRQV
H[KLELWHG '�K V\PPHWU\ LQ WHWUDJRQDO ILHOG� :KHQ WKH &R LRQ
ZDV LQ &R2� RFWDKHGUD ZLWK WKH '�K V\PPHWU\� WKH HJ RUELWDO
RI �G VSOLW LQWR D�J DQG E�J� ,I WKHUPDO HQHUJ\ GRHV QRW RYHU�
FRPH WKH HQHUJ\ JDS� WKH &R LRQV H[LVW ZLWK DQ LQWHUPHGLDWH
VSLQ VWDWH LQ WKH WZR�GLPHQVLRQDO FRPSRXQGV� 7KH &R LRQV
ZHUH LQ WKH WHWUDJRQDOO\�GLVWRUWHG RFWDKHGUD ZLWK LQWHUPHGL�
DWH VSLQ VWDWH IRU WKH FRPSRXQGV 6U�&R���1E�7D����2� DQG

)LJXUH �� &R .�HGJH ;$1(6 VSHFWUD RI WKH 6U�&R���1E�7D����2�

DQG 6U�&R1E�7D�2� FRPSRXQGV�
)LJXUH �� 3ORW RI LQYHUVH PRODU PDJQHWLF VXVFHSWLELOLW\ YV 7 IRU
WKH 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2� FRPSRXQGV DW WKH
WHPSHUDWXUH UDQJH RI � WR ��� .�

7DEOH �� 7KH PDJQHWLF SDUDPHWHUV RI WKH 6U�&R���1E�7D����2� DQG
6U�&R1E�7D�2� FRPSRXQGV DW WKH WHPSHUDWXUH UDQJH RI � WR ��� .

&RPSRXQG & θS �R&� µHII �%�0�

6U�&R���1E���2� ����� ����� ����

6U�&R���7D���2� ����� ����� ����

6U�&R1E2� ����� ����� ����

6U�&R7D2� ����� ����� ����
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6U�&R1E�7D�2� DW URRP WHPSHUDWXUH� 0RUHRYHU� WKH 7D�VXE�
VWLWXWHG FRPSRXQGV GLVSOD\HG VPDOOHU HIIHFWLYH PDJQHWLF
PRPHQWV WKDQ 1E�VXEVWLWXWHG FRPSRXQGV� VLQFH WKH WHWUDJR�
QDO GLVWRUWLRQ RU WHWUDJRQDOLW\ RI WKH IRUPHU LV ODUJHU WKDQ
WKRVH RI WKH ODWWHU�
(OHFWULFDO FRQGXFWLYLW\� 7KH HOHFWULFDO FRQGXFWLYLWLHV

ZHUH PHDVXUHG LQ WKH WHPSHUDWXUH UDQJH RI �������� .
XQGHU DWPRVSKHULF SUHVVXUH� $V VKRZQ LQ )LJXUH �� DOO WKH
FRPSRXQGV H[KLELW WKH W\SLFDO VHPLFRQGXFWLQJ SURSHUW\ RI
HOHFWULFDO FRQGXFWLYLW\ LQFUHDVLQJ ZLWK LQFUHDVLQJ WHPSHUD�
WXUH� 7KH DFWLYDWLRQ HQHUJ\ RI HOHFWULFDO FRQGXFWLYLWLHV DUH
FDOFXODWHG XVLQJ WKH VORSH LQ SORWV RI ORJ FRQGXFWLYLW\ YV

�����7� DQG WKH\ DUH OLVWHG LQ 7DEOH �� 7KH HOHFWULFDO FRQGXF�
WLYLW\ LV GHVFULEHG DV WKH KRSSLQJ FRQGXFWLRQ PHFKDQLVP�
ZKLFK GHSHQGV RQ WKH PRELOLW\ DV ZHOO DV WKH FRQFHQWUDWLRQ
RI WKH FRQGXFWLRQ FDUULHU�
7KH FRQGXFWLYLW\ RI WKH 6U�&R1E�7D�2� FRPSRXQGV ZDV

KLJKHU WKDQ WKDW RI WKH 6U�&R���1E�7D����2� FRPSRXQGV� 7KH
6U�&R1E�7D�2� FRPSRXQGV VKRZHG ODUJHU HIIHFWLYH PDJ�
QHWLF PRPHQWV WKDQ 6U�&R���1E�7D����2�� ZKLFK ZDV OLQNHG
WR WKH VWUXFWXUDO GLVWRUWLRQ RI RFWDKHGUD DV GHVFULEHG LQ WKH
PDJQHWLF SURSHUWLHV� 7KHUHIRUH� WKH 6U�&R1E�7D�2� FRP�
SRXQGV KDYH KLJKHU HOHFWULFDO FRQGXFWLYLWLHV VLQFH WKH FRQ�
FHQWUDWLRQ RI FRQGXFWLRQ FDUULHUV RI WKHVH FRPSRXQGV LV
ODUJHU WKDQ WKDW RI WKH 6U�&R���1E�7D����2��
,Q DGGLWLRQ� WKH 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2�

FRPSRXQGV KDYH VLQJOH DQG GRXEOH SHURYVNLWH OD\HUV�
UHVSHFWLYHO\� 6LQFH WKH QXPEHU RI SHURYVNLWH OD\HU LQFUHDVHV
DQG WKHQ WKH PRELOLW\ RI WKH FRQGXFWLRQ FDUULHU WKURXJK WKH
%�2�% OLQHDU ERQG LQFUHDVHV LQ WKH 6U�&R1E�7D�2� FRP�
SRXQGV� WKH FRQGXFWLYLW\ RI WKHVH FRPSRXQGV LV KLJKHU WKDQ
WKDW RI WKH 6U�&R���1E�7D����2� FRPSRXQGV��� )LQDOO\� WKH
HOHFWULFDO FRQGXFWLYLW\ LQFUHDVHG DQG WKH DFWLYDWLRQ HQHUJ\
IRU WKH FRQGXFWLRQ GHFUHDVHG DV WKH QXPEHU RI SHURYVNLWH
OD\HUV LQFUHDVHG LQ WKH FRPSRXQGV ZLWK FKHPLFDO IRUPXOD
$Q��%Q2�Q���

&RQFOXVLRQ

7KH 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2� FRPSRXQGV
ZLWK VLQJOH DQG GRXEOH SHURYVNLWH OD\HUV EHWZHHQ URFN�VDOW
OD\HUV ZHUH V\QWKHVL]HG� 6LQFH WKH LQWHUDFWLRQV EHWZHHQ OD\�
HUV DORQJ F�D[LV ZHUH YHU\ ZHDN LQ WKH FRPSRXQGV� WKH ZHDN
LQWHUOD\HU LQWHUDFWLRQV JHQHUDOO\ UHVXOWHG LQ WKH HORQJDWLRQ RI
%2� RFWDKHGUD DORQJ F�D[LV� $V WKH QXPEHU RI SHURYVNLWH
OD\HUV LQFUHDVHG LQ WKH FRPSRXQGV ZLWK JHQHUDO IRUPXOD
$Q��%Q2�Q��� WKH WHWUDJRQDOLWLHV RI WKH FRPSRXQGV GHFUHDVHG�
6LQFH WKH &R2� RFWDKHGUD DUH WHWUDJRQDOO\ GLVWRUWHG DORQJ F�
D[LV IRU WKH FRPSRXQGV 6U�&R���1E�7D����2� DQG 6U�&R�
1E�7D�2�� WKH �G RUELWDO RI &R LRQV KDYH '�K V\PPHWU\ LQ
WKH WHWUDJRQDO V\VWHP� 7KH &R LRQV ZHUH LQ WKH WHWUDJRQDOO\�
GLVWRUWHG RFWDKHGUD ZLWK DQ LQWHUPHGLDWH VSLQ VWDWH IRU WKH
FRPSRXQGV 6U�&R���1E�7D����2� DQG 6U�&R1E�7D�2�� 6LQFH
WKH QXPEHU RI SHURYVNLWH OD\HUV LQFUHDVHG DQG WKHQ WKH
PRELOLW\ RI WKH FRQGXFWLRQ FDUULHU WKURXJK WKH %�2�% OLQHDU
ERQG DORQJ WKH DE SODQH LQFUHDVHG LQ WKH 6U�&R1E�7D�2�

FRPSRXQGV� WKH HOHFWULFDO FRQGXFWLYLW\ LQFUHDVHG DQG WKH
DFWLYDWLRQ HQHUJ\ IRU WKH FRQGXFWLRQ GHFUHDVHG DV WKH QXP�
EHU RI SHURYVNLWH OD\HUV LQFUHDVHG LQ WKH FRPSRXQGV ZLWK
FKHPLFDO IRUPXOD $Q��%Q2�Q���

$FNQRZOHGJPHQW� 7KLV ZRUN ZDV VXSSRUWHG E\ SURMHFW
1R� ���������������� RI WKH .RUHDQ 6FLHQFH DQG (QJLQHHU�
LQJ )RXQGDWLRQ IRU ���� DQG DOVR VXSSRUWHG� LQ SDUW� E\ <RQ�
VHL 8QLYHUVLW\ 5HDVHDUFK )XQG IRU ����� :H DUH JUDWHIXO WR
3RKDQJ /LJKW 6RXUFH IRU WKH ;$6 PHDVXUHPHQW�
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