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PRGLILHG 1HZPDUN H[SOLFLW PHWKRG DQG α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG LQ SVHXGRG\QDPLF WHVWV�
7KH 1HZPDUN H[SOLFLW PHWKRG LV QRQ�GLVVLSDWLYH ZKLOH WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG DQG WKH
PRGLILHG 1HZPDUN H[SOLFLW PHWKRG DUH GLVVLSDWLYH DQG FDQ HOLPLQDWH WKH VSXULRXV SDUWLFLSDWLRQ RI KLJK
IUHTXHQF\ UHVSRQVHV� ,Q DGGLWLRQ� HUURU SURSDJDWLRQ DQDO\VLV VKRZV WKDW WKH PRGLILHG 1HZPDUN H[SOLFLW
PHWKRG DQG WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG SRVVHVV PXFK EHWWHU HUURU SURSDJDWLRQ SURSHUWLHV
ZKHQ FRPSDUHG WR WKH 1HZPDUN H[SOLFLW PHWKRG� 7KH PDMRU GLVDGYDQWDJHV RI WKH PRGLILHG 1HZPDUN
H[SOLFLW PHWKRG DUH WKH SRVLWLYH ORZHU VWDELOLW\ OLPLW DQG XQGHVLUHG QXPHULFDO GLVVLSDWLRQ� 7KXV� WKH α�
IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG PLJKW EH WKH PRVW DSSURSULDWH H[SOLFLW SVHXGRG\QDPLF DOJRULWKP�

.H\ZRUGV� HUURU SURSDJDWLRQ DQDO\VLV� H[SOLFLW SVHXGRG\QDPLF DOJRULWKP�

�� 7KH VWHS�E\�VWHS SVHXGRG\QDPLF WHVW SURFHGXUH

7KH SVHXGRG\QDPLF WHVW SURFHGXUH �7DNDQDVKL HW DO� ����� LV EDVLFDOO\ WKH VDPH DV WKH VWHS�E\�

VWHS LQWHJUDWLRQ SURFHGXUH WR HYDOXDWH WKH WLPH KLVWRU\ UHVSRQVH RI WKH WHVWHG VWUXFWXUH� $W ILUVW� WKH

WHVW VSHFLPHQ LV LGHDOL]HG DV D GLVFUHWH V\VWHP DQG WKXV WKH HTXDWLRQV RI PRWLRQ WR JRYHUQ WKH

G\QDPLF EHKDYLRUV FDQ EH HDVLO\ GHULYHG� 7KHQ� D VWHS�E\�VWHS LQWHJUDWLRQ PHWKRG PXVW EH XVHG WR

VROYH WKH JRYHUQLQJ HTXDWLRQV LQ SHUIRUPLQJ D SVHXGRG\QDPLF WHVW� ,W VKRXOG EH PHQWLRQHG WKDW WKH

LQHUWLDO DQG GDPSLQJ SURSHUWLHV LQ WKH HTXDWLRQV RI PRWLRQ DUH DQDO\WLFDOO\ SUHVFULEHG ZKLOH WKH

UHVWRULQJ IRUFHV DUH QR ORQJHU IRUPXODWHG DV WKH SURGXFW RI WKH VWLIIQHVV PDWUL[ DQG GLVSODFHPHQWV DV

XVXDOO\ VHHQ LQ D VWHS�E\�VWHS LQWHJUDWLRQ SURFHGXUH� ,Q IDFW� LQ RUGHU WR RYHUFRPH WKH GLIILFXOW\ LQ

PDWKHPDWLFDOO\ PRGHOLQJ WKH VWUHVV�VWUDLQ RU ORDG�GLVSODFHPHQW UHODWLRQV DFFXUDWHO\ IRU QRQOLQHDU

VWUXFWXUHV� WKH UHVWRULQJ IRUFHV ZLOO EH H[SHULPHQWDOO\ PHDVXUHG LQ SHUIRUPLQJ D SVHXGRG\QDPLF WHVW�

7KLV VWURQJO\ LQGLFDWHV WKDW SVHXGRG\QDPLF WHVWV ZLOO SURYLGH PRUH DFFXUDWH WHVW UHVXOWV WKDQ IRU WKH

VWHS�E\�VWHS WLPH KLVWRU\ DQDO\VLV VLQFH WKH LGHDOL]HG PDWKHPDWLFDO PRGHOV DUH QRW HPSOR\HG� 7KH

GLVSODFHPHQW UHVSRQVHV LQ HDFK VWHS RI WKH SVHXGRG\QDPLF WHVW DUH FRPSXWHG DQG LPSRVHG XSRQ WKH

WHVW VWUXFWXUH WKURXJK K\GUDXOLF DFWXDWRUV�

8QOLNH WKH TXDVL�VWDWLF RU F\FOLF ORDGLQJ WHVWV� SVHXGRG\QDPLF HUURUV ZLOO EH SURSDJDWHG DQG

DFFXPXODWHG �&KDQJ HW DO� ����� 6KLQJ HW DO� ����� 6KLQJ HW DO� ������ ,Q WKH SVHXGRG\QDPLF WHVWLQJ

SURFHGXUH� WKH FRPSXWHG GLVSODFHPHQWV PD\ QRW EH SHUIHFWO\ LPSRVHG XSRQ WKH VSHFLPHQ GXH WR

� $VVRFLDWH 5HVHDUFK )HOORZ
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FRQWURO HUURUV DQG WKXV OHDG WR WKH UHVWRULQJ IRUFH HUURUV� 7KH H[SHULPHQWDOO\ PHDVXUHG UHVWRULQJ

IRUFHV ZLWK HUURUV ZLOO EH UHWXUQHG WR WKH RQ�OLQH FRPSXWHU DQG EH XVHG WR FRPSXWH WKH QH[W VWHS

GLVSODFHPHQWV� 7KLV LPSOLHV WKDW RQFH WKH SVHXGRG\QDPLF HUURUV DUH LQWURGXFHG DW DQ\ WLPH VWHS WKH\

ZLOO EH FDUULHG RYHU WR WKH UHVW RI WKH WHVW� 7KHUHIRUH� LW LV YHU\ LPSRUWDQW WR H[SORUH WKH HUURU

SURSDJDWLRQ FKDUDFWHULVWLFV RI D VWHS�E\�VWHS LQWHJUDWLRQ PHWKRG EHIRUH LWV DSSOLFDWLRQ WR SHUIRUP

SVHXGRG\QDPLF WHVWV VLQFH WKH SVHXGRG\QDPLF WHVW HUURUV PXVW EH FRQWUROOHG ZLWKLQ D FHUWDLQ OLPLWV

LQ RUGHU WR KDYH UHOLDEOH WHVW UHVXOWV� ,Q WKLV SDSHU� WKH HUURU SURSDJDWLRQ HIIHFWV IRU WKH 1HZPDUN

H[SOLFLW PHWKRG �1HZPDUN ������ WKH PRGLILHG 1HZPDUN H[SOLFLW PHWKRG �6KLQJ DQG 0DKLQ �����

DQG WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG �&KDQJ ����� &KDQJ ����� LQ SVHXGRG\QDPLF WHVWV

ZLOO EH WKHRUHWLFDOO\ DQDO\]HG DQG FDXWLRXVO\ FRPSDUHG� ,Q DGGLWLRQ� QXPHULFDO LOOXVWUDWLRQV ZLOO EH

SURYLGHG�

�� ([SOLW SVHXGRG\QDPLF DOJRULWKPV

$OO WKH DERYH PHQWLRQHG WKUHH H[SOLFLW SVHXGRG\QDPLF DOJRULWKPV FDQ EH REWDLQHG IURP WKH

IROORZLQJ H[SUHVVLRQV�

���

ZKHUH 0 DQG & DUH WKH PDVV DQG GDPSLQJ PDWULFHV� GL��� YL�� DQG DL�� DUH WKH YHFWRUV RI

GLVSODFHPHQWV� YHORFLWLHV� DQG DFFHOHUDWLRQV� IL�� LV WKH H[WHUQDO IRUFH YHFWRU� DQG UL�� LV WKH UHVWRULQJ

IRUFH YHFWRU� 7KH VXEVFULSW �L��� LQGLFDWHV WKH WLPH VWHS DW W �L����∆W�� )RU OLQHDU HODVWLF V\VWHPV� WKH
UHVWRULQJ IRUFH YHFWRU FDQ EH IXUWKHU H[SUHVVHG DV UL�� .GL�� ZKHUH . LV WKH VWUXFWXUDO VWLIIQHVV

PDWUL[� ,Q WKLV JHQHUDO IRUPXODWLRQ� WKH V\PERO α FDQ EH XVHG WR UHSUHVHQW D FRQVWDQW RU D PDWUL[ IRU

PXOWL�GHJUHH�RI�IUHHGRP V\VWHPV DQG LV D FRQVWDQW IRU VLQJOH�GHJUHH�RI�IUHHGRP V\VWHPV� 9DULRXV

IRUPV RI α FDQ OHDG WR WKH IROORZLQJ WKUHH GLIIHUHQW DOJRULWKPV�

α � 1HZPDUN H[SOLFLW PHWKRG

PRGLILHG 1HZPDUN H[SOLFLW PHWKRG ���

α F�∆W��.0−� α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG

ZKHUH , UHSUHVHQWV DQ LGHQWLW\ PDWUL[� ,Q DGGLWLRQ� α GHQRWHV D VFDODU IRU WKH 1HZPDUN H[SOLFLW

PHWKRG �1HZPDUN ����� ZKLOH LW LV D PDWUL[ IRU WKH RWKHU WZR PHWKRGV �&KDQJ ����� 6KLQJ DQG

0DKLQ ����� ZKHUH WKH FRHIILFLHQWV D� E DQG F DUH VRPH DSSURSULDWH FRQVWDQWV� )RU WKH PRGLILHG

1HZPDUN H[SOLFLW PHWKRG DQG WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG� α LV FRPSXWHG EDVHG RQ

WKH LQLWLDO VWLIIQHVV PDWUL[ . DQG NHSW FRQVWDQW IRU D FRPSOHWH WHVW VLQFH WKH VWLIIQHVV PDWUL[ LV QRW

GHWHUPLQHG GXULQJ D SVHXGRG\QDPLF WHVW�
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(UURU SURSDJDWLRQ HIIHFWV IRU H[SOLFLW SVHXGRG\QDPLF DOJRULWKPV ���

�� 5HVXOWV RI HUURU SURSDJDWLRQ DQDO\VLV

(PSOR\LQJ WKH VDPH SURFHGXUH GHYHORSHG E\ 6KLQJ DQG 0DKLQ ������ WR FRPSOHWH WKH HUURU

SURSDJDWLRQ DQDO\VLV RI D VLQJOH�GHJUHH�RI�IUHHGRP V\VWHP LI XVLQJ WKH VWHS�E\�VWHS LQWHJUDWLRQ

SURFHGXUH RI (T� ���� WKH FXPXODWLYH GLVSODFHPHQW HUURU LV IRXQG WR EH�

���

,Q WKLV HTXDWLRQ� LV XVHG WR UHSUHVHQW WKH FRPSXWHG QDWXUDO IUHTXHQF\� 7KH V\PEROV

DQG GHQRWH WKH GLVSODFHPHQW HUURU DQG IRUFH HUURU LQWURGXFHG DW VWHS L� UHVSHFWLYHO\� ,Q

DGGLWLRQ� LV LQWURGXFHG WR GHQRWH WKH DPRXQW RI GLVSODFHPHQW HUURU FRUUHVSRQGLQJ WR DQG KDV

WKH UHODWLRQVKLS RI � ,W ZLOO EH PRUH FRQYHQLHQW WR FRPSDUH WKH SURSDJDWLRQ HIIHFWV RI WKH

GLVSODFHPHQW DQG IRUFH HUURUV DQG WR GHULYH WKH FXPXODWLYH (T� ��� LI WKH QHZ HUURU WHUP LV

GHILQHG DV VXFK� 7KH ILUVW DQG VHFRQG WHUPV RQ WKH ULJKW KDQG VLGH DUH WKH FXPXODWLYH HUURUV GXH WR

GLVSODFHPHQW IHHGEDFN HUURUV DQG IRUFH IHHGEDFN HUURUV� UHVSHFWLYHO\� 7KH FRHIILFLHQWV 'L DQG )L DUH

WKH DPSOLILFDWLRQ IDFWRUV IRU WKH GLVSODFHPHQW IHHGEDFN HUURUV DQG WKH IRUFH IHHGEDFN HUURUV DQG DUH�

���

ZKHUH � DQG LV WKH QDWXUDO IUHTXHQF\ RI WKH VLQJOH�GHJUHH�RI�IUHHGRP V\VWHP�

7KH V\PEROV N DQG P DUH XVHG WR UHSUHVHQW WKH VWLIIQHVV DQG PDVV RI WKH V\VWHP� ,W LV FOHDU WKDW 'L

DQG )L GHSHQG RQ WKH YDOXHV RI α DQG �Q−L�� ZKHUH Q LV WKH QXPEHU RI WRWDO WLPH VWHSV DQG L LV WKH

VSHFLILF L�WK WLPH VWHS� ,Q DGGLWLRQ� )L Ω'L FDQ EH HDVLO\ REWDLQHG� ,W LV ZRUWK QRWLQJ WKDW IRU WKH

FDVH RI α �� (T� ��� EHFRPHV�

���

7KLV FOHDUO\ UHYHDOV WKDW WKH DPSOLILFDWLRQ IDFWRUV IRU WKH 1HZPDUN H[SOLFLW PHWKRG DUH LQGHSHQGHQW

RI �Q−L��
9DULDWLRQV RI 'L DQG )L YHUVXV Ω IRU DOO WKH WKUHH DOJRULWKPV DUH VKRZQ LQ )LJ� � DQG )LJ� ��

UHVSHFWLYHO\� ,Q WKLV VWXG\� D ����� E −����� DQG F ���� DUH FRQVLGHUHG DQG WKH QXPEHU RI WRWDO

WLPH VWHSV LV DVVXPHG WR EH Q ���� )RU WKH 1HZPDUN H[SOLFLW PHWKRG� 'L DQG )L LQFUHDVH ZLWK

LQFUHDVLQJ Ω � 7KHVH FXUYHV IRU 'L DQG )L DUH LQFUHDVHG VWDUWLQJ IURP � DQG � HDFK YHU\ VORZO\ IRU

WKH VPDOO YDOXH RI Ω DQG WKH\ JURZ XS YHU\ UDSLGO\ DV Ω WHQGV WR VWDELOLW\ OLPLW �� ZKLFK LV WKH

PD[LPXP YDOXH RI Ω ω�∆W� WR KDYH VWDEOH FRPSXWDWLRQV IRU WKH 1HZPDUN H[SOLFLW PHWKRG� ,W

VKRXOG EH PHQWLRQHG WKDW WKH VWDELOLW\ OLPLW LV VKRUWHQHG IRU WKH PRGLILHG 1HZPDUN H[SOLFLW PHWKRG

DQG WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG GXH WR WKH SUHVHQFH RI QXPHULFDO GLVVLSDWLRQ� 8QOLNH

WKH 1HZPDUN H[SOLFLW PHWKRG� WKH FXUYHV IRU 'L DQG )L RI WKH PRGLILHG 1HZPDUN H[SOLFLW PHWKRG

DQG WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG DUH YDULHG ZLWK L IRU D JLYHQ YDOXH RI Q� ,Q IDFW� IRU

WKH WZR PHWKRGV� 'L DQG )L FXUYHV ZKLFK FRUUHVSRQG WR D VSHFLILHG WLPH VWHS L PRYH XSZDUG DV WKH

HQ �+
G

 
L �=

Q

∑ 'LFRV Q L–( )Ω θ+[ ]{ }H L

G
�

L �=

Q

∑ )LVLQ Q L–( )Ω[ ]{ } αHL

UG− � α+( )H L �+
UG[ ]

Ω ω ∆W( )� ω
HL

G
H L

U

HL

UG
HL

U

H L

U
 NHL

UG

HL

UG

'L 
� αΩ�–

Q L–( )

�
�

�
���– � α+( )�Ω�

�������������������������������������������� � )L 
Ω � αΩ�–

Q L–( )

�
�

�
���– � α+( )�Ω�

�������������������������������������������� � θ WDQ �–

�

�
��� � α+( )Ω

�
�

�
���– � α+( )�Ω�

��������������������������������������������

Ω ω ∆W( ) ω N�P

'L 
�

�−�
�
���Ω�

��������������������� � )L 
Ω

�−�
�
���Ω�

��������������������� � θ WDQ �–

�

�
���Ω

�−�
�
���Ω�

���������������������

 
 

 
 



��� 6KXHQQ�<LK &KDQJ

VWHS L LQFUHDVHV IURP � WR ���� ,Q WKLV H[DPSOH� IRU WKH PRVW WLPH VWHSV �VD\ L EHWZHHQ � DQG �����

DOO WKH 'L FXUYHV GURS IURP � WR � DV Ω LQFUHDVHV IURP � WR � DQG WKH\ DUH DOO XQGHU WKH 'L FXUYH IRU

WKH 1HZPDUN H[SOLFLW PHWKRG� )RU WKH ODVW IHZ VWHSV �VD\ ��� � L � ����� WKH 1HZPDUN H[SOLFLW

PHWKRG VWLOO KDV ODUJHU DPSOLILFDWLRQ IDFWRU 'L WKDQ WKRVH RI WKH RWKHU WZR PHWKRGV DQG RQO\ DW

)LJ� � (UURU DPSOLILFDWLRQ IDFWRU IRU GLVSODFHPHQW IHHGEDFN HUURU

)LJ� � (UURU DPSOLILFDWLRQ IDFWRU IRU IRUFH IHHGEDFN HUURU



(UURU SURSDJDWLRQ HIIHFWV IRU H[SOLFLW SVHXGRG\QDPLF DOJRULWKPV ���

L ��� LW VKRZV D VPDOOHU YDOXH� 9HU\ VLPLODU UHVXOWV DUH DOVR IRXQG IRU WKH DPSOLILFDWLRQ IDFWRU )L�

*HQHUDOO\ VSHDNLQJ� WKH PRGLILHG 1HZPDUN H[SOLFLW PHWKRG DQG α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW

PHWKRG SRVVHVV PXFK OHVV HUURU SURSDJDWLRQ HIIHFW IRU ERWK WKH GLVSODFHPHQW IHHGEDFN HUURUV DQG

WKH IRUFH IHHGEDFN HUURUV ZKHQ FRPSDUHG WR WKH 1HZPDUN H[SOLFLW PHWKRG�

�� 1XPHULFDO VLPXODWLRQ

,Q RUGHU WR LOOXVWUDWH WKDW WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG FDQ HIIHFWLYHO\ HOLPLQDWH WKH

VSXULRXV JURZWK RI KLJK IUHTXHQF\ UHVSRQVH GXH WR WKH SUHVHQFH RI HUURUV DQG WKXV KDV LPSURYHG

HUURU SURSDJDWLRQ FKDUDFWHULVWLFV� D FRPSXWHU VLPXODWLRQ RI D SVHXGR G\QDPLF WHVW LV LQYHVWLJDWHG� ,Q

WKLV VLPXODWLRQ� WKH LPSRVHG GLVSODFHPHQW LQFUHPHQW ∆G DW HDFK VWHS LV DVVXPHG WR EH D UDQGRP

YDULDEOH ; ZLWK D WUXQFDWHG QRUPDO GLVWULEXWLRQ �&KDQJ ����� &KDQJ DQG 0DKLQ ������ VLQFH DEQRUPDOO\

ODUJH GLVSODFHPHQW HUURUV GR QRW RFFXU LQ D SURSHUO\ DGMXVWHG V\VWHP� ,Q IDFW� WKH SUREDELOLW\ GHQVLW\

IXQFWLRQ RI WKH UDQGRP YDULDEOH ; ZLWK WUXQFDWHG QRUPDO GLVWULEXWLRQ LV WDNHQ WR EH�

���

ZKHUH σ LV WKH VWDQGDUG GHYLDWLRQ DQG µ LV WKH PHDQ YDOXH RI WKH UDQGRP YDULDEOH ;� )LJ� � VKRZV

WKH SUREDELOLW\ GHQVLW\ IXQFWLRQ RI WKH WUXQFDWHG QRUPDO GLVWULEXWLRQ� LQ ZKLFK WKH FXUYH ZLWK µ ∆G
VWDQGV IRU WKH SUREDELOLW\ GHQVLW\ IXQFWLRQV RI D SURSHUO\ DGMXVWHG V\VWHP� ,Q WKH IROORZLQJ VLPXODWLRQV�

WKH FDVH RI σ  ������P DQG µ  ∆G IRU HDFK GHJUHH RI IUHHGRP LV IXUWKHU DVVXPHG�

,Q WKLV H[DPSOH� D IRXU�VWRU\ VKHDU�EHDP W\SH VWUXFWXUH LV VWXGLHG� 7KH PDVV DQG VWLIIQHVV IRU HDFK

VWRU\ DUH DVVXPHG WR EH � NJ DQG ���� 1�P� 7KH VWUXFWXUH LV VXEMHFWHG WR WKH (O &HQWUR ���� �16�

JURXQG DFFHOHUDWLRQ ZKRVH SHDN JURXQG DFFHOHUDWLRQ LV VFDOHG WR ���� J� 1XPHULFDO UHVXOWV DUH
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REWDLQHG E\ HPSOR\LQJ DOO WKH WKUHH DOJRULWKPV XVLQJ ∆W  ���� VHFRQG� )RU WKH PRGLILHG 1HZPDUN

H[SOLFLW PHWKRG� D ���� DQG E  −����� DUH FKRVHQ DQG IRU WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW

PHWKRG� F ���� LV XVHG� 7KLV ZLOO OHDG WR URXJKO\ WKH VDPH PD[LPXP QXPHULFDO GLVVLSDWLRQ� )RU

WKHVH VSHFLILHG FRHIILFLHQWV� WKH QXPHULFDO GLVVLSDWLRQ SURSHUWLHV IRU DOO WKH WKUHH DOJRULWKPV DUH

GHSLFWHG LQ )LJ� �� ,W LV PDQLIHVWHG IURP WKLV ILJXUH WKDW WKH 1HZPDUN H[SOLFLW PHWKRG GRHV QRW

H[KLELW DQ\ QXPHULFDO GLVVLSDWLRQ ZKLOH WKH QXPHULFDO GDPSLQJ UDWLR IRU WKH PRGLILHG 1HZPDUN

H[SOLFLW PHWKRG LV DOPRVW OLQHDUO\ SURSRUWLRQDO WR WKH QDWXUDO IUHTXHQF\ DQG WKH α�IXQFWLRQ
GLVVLSDWLYH H[SOLFLW PHWKRG FDQ KDYH GHVLUHG QXPHULFDO GLVVLSDWLRQ� 7KH QXPHULFDO GDPSLQJ UDWLR IRU

WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG KDV D ]HUR VORSH DW WKH RULJLQ DQG WKHQ WXUQV XSZDUG

JUDGXDOO\� 7KLV LQGLFDWHV WKDW WKH KLJK IUHTXHQF\ UHVSRQVHV FDQ EH HOLPLQDWHG ZKLOH ORZHU PRGHV DUH

LQWHJUDWHG DFFXUDWHO\� )RU WKH FRQYHQLHQFH RI VXEVHTXHQW GLVFXVVLRQV� WKH QDWXUDO IUHTXHQFLHV RI WKH

IRXU�VWRU\ VWUXFWXUH DQG QXPHULFDO GDPSLQJ UDWLRV RI WKH IRXU PRGHV IRU DOO WKH WKUHH DOJRULWKPV

DUH VXPPDUL]HG LQ 7DEOH ��

7KH VWDELOLW\ UDQJH IRU WKH PRGLILHG 1HZPDUN H[SOLFLW PHWKRG LV ������Ω� ����� IRU WKH JLYHQ

YDOXHV RI D ���� DQG E −����� �6KLQJ DQG 0DKLQ ������ ,Q WKLV QXPHULFDO H[SHULPHQW� LQ RUGHU WR

KDYH YHU\ VPDOO QXPHULFDO GDPSLQJ IRU WKH ILUVW PRGH WKH VWHS VL]H RI ���� VHFRQG LV XVHG� 7KXV� LW

ξ

)LJ� � &RPSDULVRQV RI QXPHULFDO GDPSLQJ UDWLR

7DEOH � 1XPHULFDO GDPSLQJ UDWLR

ω �UDG�VHF� ����� ����� ����� �����

 Ω  ω�∆W� ����� ����� ����� �����

 1HZPDUN H[SOLFLW PHWKRG ����� ����� ����� �����

 PRGLILHG 1HZPDUN H[SOLFLW PHWKRG ����� ����� ����� �����

  α−IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG ����� ����� ����� �����

ξ
ξ
ξ



(UURU SURSDJDWLRQ HIIHFWV IRU H[SOLFLW SVHXGRG\QDPLF DOJRULWKPV ���

ZLOO UHVXOW LQ Ω�=ω��∆W� ����� ZKLFK LV VOLJKWO\ ODUJHU WKDQ WKH ORZHU VWDELOLW\ OLPLW� ,W LV FOHDU WKDW

WKH YDOXH RI Ω� PD\ EHFRPH VPDOOHU WKDQ WKH ORZHU VWDELOLW\ OLPLW ����� DV WKH VWUXFWXUH \LHOGV�

7KXV� LQVWDELOLW\ RU QHJDWLYH GDPSLQJ PLJKW RFFXU GXULQJ D QRQOLQHDU RVFLOODWLRQ �6KLQJ DQG 0DKLQ

������

1XPHULFDO UHVXOWV RI WKH FRPSXWHU VLPXODWLRQV DUH SORWWHG LQ )LJ� �� 7KH GLVSODFHPHQW UHVSRQVHV

REWDLQHG IURP WKH 1HZPDUN H[SOLFLW PHWKRG VLJQLILFDQWO\ GHYLDWH IURP WKH FRUUHFW VROXWLRQV GXH WR

WKH HUURUV LQWURGXFHG VLQFH LW GRHV QRW SRVVHVV DQ\ QXPHULFDO GLVVLSDWLRQ WR VXSSUHVV WKH VSXULRXV

JURZWK RI KLJK IUHTXHQF\ UHVSRQVHV� ([FHVVLYH QXPHULFDO GLVVLSDWLRQ LV PDQLIHVWHG E\ WKH UHVXOWV RI

WKH PRGLILHG 1HZPDUN H[SOLFLW PHWKRG� 7KLV LV EHFDXVH WKDW WKH PRGDO UHVSRQVHV RI WKH VHFRQG�

WKLUG DQG IRXUWK PRGHV DUH TXLFNO\ HOLPLQDWHG E\ ODUJH QXPHULFDO GLVVLSDWLRQ DV OLVWHG LQ 7DEOH ��

7KH UHVXOWV IRU WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG LQGLFDWHV WKDW WKLV PHWKRG FDQ DSSURSULDWHO\

HOLPLQDWH WKH VSXULRXV JURZWK RI KLJKHU PRGHV ZKLOH WKH ORZHU PRGHV DUH LQWHJUDWHG YHU\

)LJ� � %RWWRP VWRU\ UHVSRQVH RI D ��VWRU\ VWUXFWXUH



��� 6KXHQQ�<LK &KDQJ

DFFXUDWHO\� )RU WKLV H[SOLFLW PHWKRG� QXPHULFDO GDPSLQJ UDWLRV IRU WKH ILUVW WZR PRGHV DUH YHU\ VPDOO

DV LQGLFDWHG LQ 7DEOH �� 7KXV� UHVSRQVHV IRU WKHVH WZR PRGHV FDQ EH LQWHJUDWHG YHU\ DFFXUDWHO\� 7KH

WKLUG PRGH LV DSSURSULDWHO\ VXSSUHVVHG E\ WKH QXPHULFDO GDPSLQJ UDWLR RI ���� DQG WKH IRXUWK PRGH

FDQ EH HQWLUHO\ ILOWHUHG RXW E\ WKH QXPHULFDO GDPSLQJ UDWLR RI ����� ,Q DGGLWLRQ WR GHVLUHG QXPHULFDO

GLVVLSDWLRQ� WKH LPSURYHG HUURU SURSDJDWLRQ FKDUDFWHULVWLFV IRU WKH α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW

PHWKRG OHDG WR OHVV HUURU SURSDJDWLRQ HIIHFW IRU WKH KLJKHU PRGHV� 7KXV� LW JLYHV SUHWW\ JRRG UHVXOWV�

�� &RQFOXVLRQV

)RU DOO WKH WKUHH H[SOLFLW SVHXGRG\QDPLF DOJRULWKPV� WKH 1HZPDUN H[SOLFLW PHWKRG LV VKRZQ WR

KDYH WKH ZRUVW HUURU SURSDJDWLRQ FKDUDFWHULVWLFV� ,Q DGGLWLRQ� LW FDQ QRW SURYLGH DQ\ QXPHULFDO

GDPSLQJ WR VXSSUHVV RU HOLPLQDWH WKH VSXULRXV JURZWK RI KLJK IUHTXHQF\ UHVSRQVHV� (YHQ WKRXJK WKH

PRGLILHG 1HZPDUN H[SOLFLW PHWKRG LV GLVVLSDWLYH� WKH ORZHU PRGHV H[FHSW WKH IXQGDPHQWDO PRGH

PLJKW EH GDPSHG WRR VWURQJO\ IRU D VWUXFWXUH ZLWK XQLIRUP VSUHDG IUHTXHQFLHV VLQFH LWV QXPHULFDO

GLVVLSDWLRQ LV IUHTXHQF\�SURSRUWLRQDO� )XUWKHUPRUH� WKH SRVLWLYH ORZHU VWDELOLW\ OLPLW LQGLFDWHV WKDW

WKH VRIWHQLQJ RI WKH VSHFLPHQ PLJKW OHDG WR DQ LQVWDELOLW\ SUREOHP� 7KH α�IXQFWLRQ GLVVLSDWLYH

H[SOLFLW PHWKRG SRVVHVVHV WKH GHVLUHG QXPHULFDO GLVVLSDWLRQ WR GDPS RXW WKH VSXULRXV JURZWK RI

KLJKHU PRGHV ZKLOH WKH ORZHU PRGHV FDQ EH REWDLQHG DFFXUDWHO\� )XUWKHUPRUH� LWV DSSOLFDWLRQV LQ

SVHXGRG\QDPLF WHVWV DUH VLJQLILFDQWO\ HQKDQFHG E\ WKH LPSURYHG HUURU SURSDJDWLRQ FKDUDFWHULVWLFV�

7KXV� WKH XVH RI α�IXQFWLRQ GLVVLSDWLYH H[SOLFLW PHWKRG LQ H[SOLFLW SVHXGRG\QDPLF WHVWV LV

UHFRPPHQGHG�
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