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$EVWUDFW

7KH HIIHFWV RI FLVSODWLQ DQG LWV WUDQV LVRPHU WUDQVSODWLQ RQ WKH WKHUPDO GHQDWXUDWLRQ RI *�DFWLQ

ZHUH VWXGLHG ZLWK D 0LFUR '6&�,,, GLIIHUHQWLDO VFDQQLQJ FDORULPHWHU� 7KH GHQDWXUDWLRQ HQWKDOS\

RI *�DFWLQ ZDV IRXQG WR EH �� - J−�� DQG WKH GHQDWXUDWLRQ WHPSHUDWXUH ZDV ��� .� 7KH WKHUPDO GH�

QDWXUDWLRQ FXUYH VKRZHG WKDW LQFUHDVLQJ FLVSODWLQ FRQFHQWUDWLRQ GHFUHDVHG WKH HQWKDOS\ FKDQJH�

+RZHYHU� DIWHU WKH UDWLR RI FLVSODWLQ WR *�DFWLQ DWWDLQHG ��� �PRO�PRO�� WKH GHQDWXUDWLRQ HQWKDOS\

QR ORQJHU GHFUHDVHG� 7UDQVSODWLQ GHFUHDVHG WKH HQWKDOS\ FKDQJH PRUH UDSLGO\� ,Q FRQWUDVW ZLWK FLV�

SODWLQ� WKH GHQDWXUDWLRQ SHDN DW ��� . GLVDSSHDUHG� DQG D VWURQJ H[RWKHUPLF SHDN DSSHDUHG DW

��� . ZKHQ WKH UDWLR RI WUDQVSODWLQ WR *�DFWLQ ZDV ��� �PRO�PRO�� 7KH HQWKDOS\ FKDQJH ZDV

�� - J−�� ZKLFK LV IDU LQ H[FHVV RI WKH UDQJH RI ZHDN LQWHUDFWLRQV� 7KLV VWURQJ H[RWKHUPLF SKH�

QRPHQRQ SUREDEO\ UHIOHFWV WKH DJJOXWLQDWLRQ RI SURWHLQ� 7KH HIIHFWV RI FLVSODWLQ DQG WUDQVSODWLQ RQ

WKH QXPEHU RI WKH IUHH WKLRO JURXSV RI *�DFWLQ DUH GLVFXVVHG�

.H\ZRUGV� DFWLQ� FLVSODWLQ� '6&� WKLRO� WUDQVSODWLQ

,QWURGXFWLRQ

$FWLQ� D F\WRVNHOHWRQ SURWHLQ� LV ZLGHO\ SUHVHQW LQ HXNDU\RWLF FHOOV� DQG SOD\V LP�
SRUWDQW UROHV LQ ELRORJLFDO SURFHVV� VXFK DV PXVFOH FRQWUDFWLRQ� FHOO PRWLOLW\� FHOO GL�
YLVLRQ� F\WRSODVPLF VWUHDPLQJ� HWF� >�@� 7KLV SURWHLQ FDQ H[LVW LQ D JOREXODU
PRQRPHULF IRUP �*�DFWLQ� RU D ILODPHQWRXV SRO\PHULF IRUP �)�DFWLQ�� $ ELRORJLFDO
EDODQFH RI WKHVH WZR IRUPV H[LVWV LQ YLYR� ZKLFK LV ODUJHO\ UHJXODWHG E\ $73� WKH
LRQLF VWUHQJWK� DFWLQ�ELQGLQJ SURWHLQ� HWF� *�DFWLQ �0: �� N'� FRQVLVWV RI D VLQJOH
FKDLQ RI ���a��� DPLQR DFLG UHVLGXHV� LQFOXGLQJ � F\VWHLQH UHVLGXHV� 7KHVH � F\VWH�
LQH UHVLGXHV GLVSOD\ GLIIHUHQW DFWLYLWLHV >�@� &\V���� −��� DQG −��� FDQ EH DON\ODWHG
XQGHU QDWLYH FRQGLWLRQV� &\V���� FDQ EH DON\ODWHG XQGHU GHQDWXULQJ FRQGLWLRQV� DQG
&\V���� FDQQRW EH DON\ODWHG XQGHU DQ\ FRQGLWLRQV� 7KHVH GLIIHUHQFHV DUH SUREDEO\
UHODWHG WR WKH VSDWLDO VLWHV LQ WKH SURWHLQ�

&LVSODWLQ LV DQ DQWLWXPRXU DJHQW� ,W KDV EHHQ GHHSO\ VWXGLHG� 7KH HDUO\ ZRUN IR�
FXVHG RQ WKH LQWHUDFWLRQ RI FLVSODWLQ ZLWK '1$� EXW UHFHQW UHVHDUFK GHPRQVWUDWHG
WKDW FLVSODWLQ FRXOG SURYRNH D FRPSOH[ UHVSRQVH LQ WKH FHOO >�@� 0LOOHU HW DO� >�@ IRXQG
WKDW FLVSODWLQ FRXOG FDXVH WKH FURVVOLQNLQJ RI DFWLQ ZLWK '1$ LQ WKH &KLQHVH KDPVWHU
RYDU\ FHOO� /XR HW DO� >�@ UHSRUWHG WKDW FLVSODWLQ DQG LWV DQDORJXHV FRXOG LQGXFH WKH
UHFRPSRVLWLRQ DQG GLVVRFLDWLRQ RI PLFURILODPHQWV� )XUWKHU VWXGLHV >�@ RI =HQJ HW DO�
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VKRZHG WKDW FLVSODWLQ DQG WUDQVSODWLQ DW GLIIHUHQW FRQFHQWUDWLRQV KDG GLIIHUHQW HIIHFWV
RQ WKH DVVRFLDWLRQ RI DFWLQ� 7KRXJK WKH WKLRO JURXS ZDV FRQVLGHUHG WR EH WKH SUREDEOH
ELQGLQJ VLWH WR FLVSODWLQ� WKH H[DFW PHFKDQLVP RI WKHVH HIIHFWV LV QRW \HW NQRZQ�
7UDQVSODWLQ GLIIHUV IURP FLVSODWLQ RQO\ LQ WKH FRQIRUPDWLRQ� EXW LW KDV D GLIIHUHQW
SK\VLRORJLFDO DFWLYLW\� &LVSODWLQ H[KLELWV DQWLWXPRXU DFWLYLW\� ZKLOH WUDQVSODWLQ
FDXVHV WR[LFLW\ LQ WKH FHOO� 7KH GLIIHUHQFH LQ LQWHUDFWLRQ PHFKDQLVP EHWZHHQ FLV�
SODWLQ DQG WUDQVSODWLQ LV DQ LQWHUHVWLQJ WRSLF�

7KH SUHVHQW SDSHU UHSRUWV WKH HIIHFWV RI FLVSODWLQ DQG WUDQVSODWLQ RQ *�DFWLQ LWVHOI�
7KH GHQDWXUDWLRQ RI SURWHLQV UHIOHFWV WKH GHVWUXFWLRQ RI WKH VSDWLDO VWUXFWXUH RI WKH
SURWHLQ GLUHFWO\� ,I WKH FRQIRUPDWLRQ RI WKH SURWHLQ FKDQJHV� WKH GHQDWXUDWLRQ WHP�
SHUDWXUH RU HQWKDOS\ PD\ FKDQJH FRUUHVSRQGLQJO\� 7KHUHIRUH� XVHIXO LQIRUPDWLRQ FDQ
EH REWDLQHG E\ GHWHFWLRQ RI WKH SURWHLQ GHQDWXUDWLRQ SURFHVV� 'LIIHUHQWLDO VFDQQLQJ
FDORULPHWU\ �'6&� KDV EHHQ H[WHQVLYHO\ XVHG WR VWXG\ ELRORJLFDO VDPSOHV� %HUWD]]RQ
HW DO� >�@ VWXGLHG WKH GHQDWXUDWLRQ RI DFWLQ E\ PHDQV RI '6&� &' DQG IOXRUHVFHQFH�
:H KDYH QRZ VWXGLHG WKH HIIHFWV RI FLVSODWLQ DQG WUDQVSODWLQ RQ WKH GHQDWXUDWLRQ RI
*�DFWLQ E\ '6&� 7KH FKDQJHV LQGXFHG LQ WKH QXPEHU RI IUHH WKLRO JURXSV E\ FLVSODWLQ
DQG WUDQVSODWLQ DUH DOVR GLVFXVVHG�

0DWHULDOV�DQG�PHWKRGV

$FWLQ SXULILFDWLRQ

$FWLQ ZDV LVRODWHG DQG SXULILHG IURP UDEELW VNHOHWDO PXVFOH DFFRUGLQJ WR WKH
PHWKRG RI 3DUGHH DQG 6SXGLFK >�@ �EXIIHU $� � P0 7ULV�+&O� ��� P0 1D�$73�
��� P0 ��PHUFDSWRHWKDQRO� ��� P0 &D&O�� ������ 1D1�� S+ ����� 7KH SXULW\ RI
WKH DFWLQ ZDV FKHFNHG E\ 6'6�3$*(� LW JDYH D VLQJOH �� N' EDQG� 7KH SXULILHG *�
DFWLQ ZDV O\RSKLOL]HG LQWR *�DFWLQ SRZGHU DQG VWRUHG DW −��R&� 7KH *�DFWLQ SRZGHU
ZDV GLVVROYHG LQ GRXEOH GLVWLOOHG ZDWHU SULRU WR XVH� 7KH SURWHLQ FRQFHQWUDWLRQ ZDV
GHWHUPLQHG E\ 89 VSHFWURSKRWRPHWU\ >�@� ZLWK %6$ DV D VWDQGDUG�

'LIIHUHQWLDO VFDQQLQJ FDORULPHWU\

'6& ZDV SHUIRUPHG ZLWK D 0LFUR'6&�,,, GLIIHUHQWLDO VFDQQLQJ FDORULPHWHU
�6HWDUDP� )UDQFH�� %\ PHDQV RI '6&� WKH HQWKDOS\ FKDQJHV LQ WKH VDPSOH RYHU WHP�
SHUDWXUH DQG�RU WLPH FDQ EH PRQLWRUHG� 6XFK FKDQJHV LQFOXGH H[RWKHUPLF DQG HQGR�
WKHUPLF HYHQWV� DQG DOVR JODVV WUDQVLWLRQV� HLWKHU GXULQJ FKHPLFDO UHDFWLRQV RU GXULQJ
VWDWH FKDQJHV� 7KH VHQVLWLYLW\ RI WKH FDORULPHWHU ZDV ��� µ:� 7KH RQVHW SRLQW� ZKLFK
ZDV REVHUYHG DV WKH VWDUWLQJ RI WKH GHQDWXUDWLRQ� DQG WKH DUHD� ZKLFK ZDV REVHUYHG
DV WKH HQWKDOS\ FKDQJH� ZHUH REWDLQHG YLD WKH VSHFLDO VRIWZDUH SURYLGHG E\ WKH
PDQXIDFWXUHU� 7KH VWDQGDUG EDWFK YHVVHOV �YROXPH � PO� ZHUH XVHG� 7KH WHPSHUDWXUH
VFDQQLQJ UDQJH ZDV IURP ��� WR ��� . DW D UDWH RI � . PLQ−�� $ VHULHV RI FLVSODWLQ RU
WUDQVSODWLQ DW GLIIHUHQW FRQFHQWUDWLRQV ZDV DGGHG WR WKH DFWLQ VROXWLRQ� 7KH\ ZHUH
NHSW DW ��� . IRU � K� 7KH VDPH SURFHGXUHV ZHUH WKHQ SHUIRUPHG�
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)UHH WKLRO JURXS GHWHUPLQDWLRQ

7KH QXPEHU RI WKLRO JURXSV ZDV REWDLQHG E\ WKH PHWKRG RI (OOPDQ >��@� '71%
ZDV REWDLQHG IURP )OXND� $EVRUEDQFHV ZHUH GHWHUPLQHG ZLWK D 89����* VSHFWUR�
SKRWRPHWHU �6KDQJKDL $QDO\WLFDO ,QVWUXPHQW 3ODQW� &KLQD��

5HVXOWV�DQG�GLVFXVVLRQ

)LJXUH � LV WKH FXUYH RI WKH WKHUPDO GHQDWXUDWLRQ RI *�DFWLQ� 7KH GHWHFWHG GHQDWX�
UDWLRQ HQWKDOS\ RI *�DFWLQ ��� - J−�� DQG WKH GHQDWXUDWLRQ WHPSHUDWXUH ���� .� ZHUH
LQ DFFRUGDQFH ZLWK WKH UHVXOWV RI %HUWD]]RQ HW DO� >�@� 7KH DGGLWLRQ RI FLVSODWLQ KDG
QR VLJQLILFDQW HIIHFW RQ WKH GHQDWXUDWLRQ WHPSHUDWXUH� EXW LW GHFUHDVHG WKH HQWKDOS\
RI GHQDWXUDWLRQ� 7KH YDULDWLRQV LQ WKH HQWKDOS\ RI *�DFWLQ WKHUPDO GHQDWXUDWLRQ ZLWK
WKH PROH UDWLR RI FLVSODWLQ WR *�DFWLQ DUH VKRZQ LQ )LJ� �� 7KH GHFUHDVH LQ ∆+ ZLWK
LQFUHDVH RI WKH FRQFHQWUDWLRQ RI FLVSODWLQ ZDV LQLWLDOO\ OLQHDU� DQG UHDFKHG D OLPLW DW D

)LJ� � (QWKDOS\ FKDQJHV DW GLIIHUHQW PROH UDWLRV RI FLVSODWLQ WR *�DFWLQ ���� PJ�

)LJ� � 'HQDWXUDWLRQ H[SHULPHQWV RQ *�DFWLQ ���� PJ�� 2QVHW SRLQW� ��� .� (QWKDOS\ FKDQJH�
�� - J
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UDWLR RI FLVSODWLQ WR *�DFWLQ HTXDO WR ���� 6DWXUDWLRQ DSSHDUHG WR EH UHDFKHG� ,W ZDV
UHSRUWHG E\ =HQJ >��@ WKDW WKH WKHUPDO SURFHVV RI WKH UHDFWLRQ RI FLVSODWLQ DQG DFWLQ
ZDV UDSLG� WKH WKHUPRDQDO\WLFDO FXUYH RI *�DFWLQ GLVSOD\HG RQO\ DQ H[RWKHUPLF SHDN�
DQG WKH UHDFWLRQ ZDV FRPSOHWHG LQ D IHZ PLQXWHV� $V FRQFHUQV WKH TXDQWLW\ RI KHDW�
LW ZDV D FRPELQDWLRQ UHDFWLRQ� ,W FDQ EH VXJJHVWHG WKDW WKH GHFUHDVH LQ WKH GHQDWXUD�
WLRQ HQWKDOS\ LQGLFDWHG WKDW *�DFWLQ XQGHUZHQW PXOWLSOH�VSRW ELQGLQJ WR FLVSODWLQ�
:LWK LQFUHDVH RI WKH FRQFHQWUDWLRQ RI FLVSODWLQ� WKH SURWHLQ VWUXFWXUH ZDV SURJUHV�
VLYHO\ GHVWUR\HG� DQG WKH HQWKDOS\ FKDQJH EHFDPH VPDOOHU� +RZHYHU� WKH HQWKDOS\
FKDQJH ZDV VWLOO � - J−� DW VDWXUDWLRQ� ,W PD\ EH FRQFOXGHG WKDW FLVSODWLQ GRHV QRW
FRPSOHWHO\ GHVWUR\ WKH SURWHLQ VWUXFWXUH�

)LJ� � (QWKDOS\ FKDQJHV DW GLIIHUHQW PROH UDWLRV RI WUDQVSODWLQ WR *�DFWLQ ���� PJ�

)LJ� � 'HQDWXUDWLRQ H[SHULPHQWV RQ *�DFWLQ ���� PJ� LQ WKH SUHVHQFH RI WUDQVSODWLQ� 7UDQV�
SODWLQ�*�DFWLQ �PRO�PRO� ���� 2QVHW SRLQW� ��� .� (QWKDOS\ FKDQJH� �� - J
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/LNH FLVSODWLQ� WUDQVSODWLQ KDG QR VLJQLILFDQW HIIHFWV RQ WKH GHQDWXUDWLRQ WHPSHUD�
WXUH� EXW LW GHFUHDVHG WKH HQWKDOS\ FKDQJH PRUH UDSLGO\ �)LJ� ��� 7KH HQWKDOS\ FKDQJH
ZDV FORVH WR ]HUR ZKHQ WKH UDWLR RI WUDQVSODWLQ WR *�DFWLQ ZDV ���� 7KLV LQGLFDWHG WKDW
WUDQVSODWLQ GHVWUR\HG WKH SURWHLQ VWUXFWXUH PRUH H[WHQVLYHO\ WKDQ GLG FLVSODWLQ� ,W DO�
PRVW FRPSOHWHO\ GHVWUR\HG WKH SURWHLQ VWUXFWXUH� *�DFWLQ DOVR XQGHUZHQW PXOWLSOH�
VSRW ELQGLQJ WR WUDQVSODWLQ� WKH QXPEHU ZDV ORZHU WKDQ WKDW RI FLVSODWLQ� $ VLJQLILFDQW
GLIIHUHQFH IURP FLVSODWLQ ZDV WKDW WKH GHQDWXUDWLRQ SHDN DW ��� . GLVDSSHDUHG ZKHQ
WKH UDWLR RI WUDQVSODWLQ WR *�DFWLQ ZDV ��� �)LJ� �� DQG D VWURQJ H[RWKHUPLF SHDN DS�
SHDUHG DW DURXQG ��� .� 7KH HQWKDOS\ FKDQJH ZDV �� - J−�� ZKLFK ZDV IDU EH\RQG WKH
UDQJH RI ZHDN LQWHUDFWLRQV� 7KLV VWURQJ H[RWKHUPLF SHDN SUREDEO\ UHVXOWHG IURP WKH
DJJOXWLQDWLRQ RI SURWHLQ� �:H IRXQG DQ DQDORJRXV H[RWKHUPLF SKHQRPHQRQ LQ VWXGLHV
RI WXEXOLQ�� 7KH GLIIHUHQW WKHUPDO SKHQRPHQRQ HYLGHQWO\ UHIOHFWV D GLIIHUHQW PHFKD�
QLVP RI LQWHUDFWLRQ RI FLVSODWLQ ZLWK *�DFWLQ IURP WKDW ZLWK WUDQVSODWLQ�

7KH HIIHFWV RI FLVSODWLQ DQG WUDQVSODWLQ RQ WKH QXPEHU RI IUHH WKLRO JURXSV LQ *�
DFWLQ DUH VKRZQ LQ 7DEOH �� 7KH QXPEHU RI IUHH WKLRO JURXSV LQ *�DFWLQ ZDV IRXQG WR
EH ��� E\ WKH PHWKRG RI (OOPDQ >��@� %HFDXVH RI WKH GLIIHUHQW VLWHV RI WKH F\VWHLQH
UHVLGXHV LQ *�DFWLQ� VRPH WKLRO JURXSV FDQQRW EH GHWHFWHG� $V VKRZQ LQ 7DEOH �� ERWK
FLVSODWLQ DQG WUDQVSODWLQ GHFUHDVHG WKH PHDVXUDEOH QXPEHU RI WKLRO JURXSV� 7KLV UH�
VXOW UHYHDOHG WKDW ERWK FLVSODWLQ DQG WUDQVSODWLQ DUH ERXQG WR IUHH WKLRO JURXSV�
WKHUHE\ GHFUHDVLQJ WKH QXPEHU RI IUHH WKLRO JURXSV� ,W ZDV DOVR REVHUYHG WKDW WUDQV�
SODWLQ ZDV OHVV HIIHFWLYH WKDQ FLVSODWLQ XQGHU WKH VDPH FRQGLWLRQV� 7KLV LQGLFDWHG WKDW
WUDQVSODWLQ KDG IHZHU ELQGLQJ VLWHV IRU WKLRO JURXSV� ZKLFK ZDV LQ DFFRUGDQFH ZLWK
WKH SUHYLRXV FDORULPHWULF UHVXOWV� $QRWKHU UHDVRQ IRU WKH ZHDN HIIHFWV RI WUDQVSODWLQ
RQ WKH FKDQJH LQ WKH QXPEHU RI WKLRO JURXSV PD\ EH WKDW WUDQVSODWLQ FDQ ELQG WR RWKHU
JURXSV >�@�

)URP WKH FDORULPHWULF UHVXOWV DQG WKH GHWHFWLRQ RI WKH QXPEHU RI WKLRO JURXSV� LW
PD\ EH FRQFOXGHG WKDW ERWK FLVSODWLQ DQG WUDQVSODWLQ FDQ FKDQJH WKH FRQIRUPDWLRQ RI
*�DFWLQ E\ ELQGLQJ WR WKLRO JURXSV� EXW WKH PHFKDQLVPV RI DFWLRQ RI FLVSODWLQ DQG
WUDQVSODWLQ DUH GLIIHUHQW� 7UDQVSODWLQ KDV IHZHU ELQGLQJ VLWHV RQ WKLRO JURXSV� EXW LW
KDV VWURQJHU HIIHFWV RQ WKH FRQIRUPDWLRQV RI *�DFWLQ� ZKLFK LV SUREDEO\ UHODWHG WR WKH
GLIIHUHQW SKDUPDFRORJLFDO RU WR[LFRORJLFDO DFWLRQV RI FLVSODWLQ DQG WUDQVSODWLQ�


 
 


7DEOH � 7KH HIIHFWV RI FLVSODWLQ RU WUDQVSODWLQ RQ WKH GHWHFWHG QXPEHU RI IUHH WKLRO JURXSV


&LVSODWLQ�*�DFWLQ
�PRO�PRO�

'HWHFWHG QXPEHU
7UDQVSODWLQ�*�DFWLQ

�PRO�PRO�
'HWHFWHG QXPEHU

� ��� � ���

��� ��� ��� ���

��� ��� ���� ���

���� ��� ���� ���


3URWHLQ FRQFHQWUDWLRQ� �� µPRO O
−�

=+28 HW DO�� ())(&76 2) &,63/$7,1 $1' 75$163/$7,1 ���

-� 7KHUP� $QDO� &DO�� ��� ����



7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD �����������

:H WKDQN +XLKXL =HQJ IRU SURYLGLQJ WKH FLVSODWLQ DQG WUDQVSODWLQ�

5HIHUHQFHV

� (� '� .RUQ� 3K\VLRO� 5HY�� �� ������ ����
� 3� 6KHWHUOLQH DQG -� &� 6SDUURZ� 3URWHLQ 3URILOH� � ������ ��
� *� &KX� -� %LRO� &KHP�� ��� ������ ����
� &� $� 0LOOHU� 0� '� &RKHQ DQG 0� &RVWD� &DUFLQRJHQHVLV� �� ������ ����
� 6� /XR� -� 7DR DQG 4� +H� 3URJ� %LRFKHP� %LRSK\V�� �� ������ ����
� +� =HQJ� %� :DQJ� <� =KDQJ DQG .� :DQJ� 7KHUPRFKLP� $FWD� ��� ������ ���
� $� %HUWD]]RQ� *� +� 7LDQ� $� /DPEOLQ DQG 7� <� 7VRQJ� %LRFKHPLVWU\� �� ������ ����
� -� '� 3DUGHH DQG -� $� 6SXGLFK� 0HWKRGV LQ &HOO %LRORJ\� $FDGHPLF 3UHVV� ����� 9RO� ���
S� ����

� 0� 0� %UDGIRUG� $QDO� %LRFKHP�� �� ������ ����
�� *� /� (OOPDQ� $UFKLYHV RI %LRFKHPLVWU\ DQG %LRSK\VLFV� �� ������ ���
�� +� +� =HQJ� 3K�'� 7KHVLV� %HLMLQJ 0HGLFDO 8QLYHUVLW\� �����
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