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<RVKLKLVD 7DKDUD

5HDFWRU &RUH (QJLQHHULQJ 	 6DIHW\ (QJLQHHULQJ 'HSDUWPHQW 0LWVXELVKL +HDY\ ,QGXVWULHV� /WG�

����0LQDWRPLUDL ��FKRPH 1LVKL�NX <RNRKDPD ��������

H�PDLO� WDKDUD#DWRP�KT�PKL�FR�MS

+LGH\XNL 1RGD

(QJLQHHULQJ 'HSDUWPHQW 5HDFWRU $QDO\VLV *URXS (QJLQHHULQJ 'HYHORSPHQW &R�� /WG�

����0LQDWRPLUDL ��FKRPH 1LVKL�NX <RNRKDPD ��������

H�PDLO� QRGD#DWRP�KT�PKL�FR�MS

,Q RUGHU WR H[DPLQH WKH DGHTXDF\ RI QXFOHDU GDWD� WKH 7&$ 82� DQG 02; FRUH

H[SHULPHQWV ZHUH DQDO\]HG ZLWK 093 XVLQJ WKH OLEUDULHV EDVHG RQ (1')�%�9, 0RG��

DQG -(1'/����� 7KH (1')�%�9, GDWD XQGHUSUHGLFW NHII YDOXHV� 7KH UHSODFHPHQW RI ���8

GDWD ZLWK WKH -(1'/���� GDWD DQG WKH DGMXVWPHQW RI ���ν�YDOXH UDLVH WKH NHII YDOXHV E\

���� IRU 82� FRUHV� EXW VWLOO XQGHUSUHGLFW NHII YDOXHV� 2Q WKH RWKHU KDQG� WKH QXFOHDU GDWD

RI -(1'/���� IRU +� 2� $O� ���8 DQG ���8 RI� (1')�%�9, ZKRVH ���ν�YDOXH LQ WKHUPDO

HQHUJ\ UHJLRQ LV DGMXVWHG WR WKH DYHUDJH YDOXH RI -(1'/���� JLYH D JRRG SUHGLFWLRQ RI

NHII �

�� ,QWURGXFWLRQ 82� DQG 02; FRUH H[SHULPHQWV FDUULHG RXW XVLQJ 7&$ RI -$(5, KDYH

EHHQ DQDO\]HG ZLWK WKH FRQWLQXRXV HQHUJ\ 0RQWH &DUOR FRGH 093 XVLQJ WKH OLEUDULHV

EDVHG RQ (1')�%�9, 0RG�� DQG -(1'/���� WR H[DPLQH WKH DGHTXDF\ RI WKH QXFOHDU GDWD�

7KH HIIHFW RQ NHII ZLWK IXHO EXUQXS ZDV DOVR HYDOXDWHG ZLWK ��' WUDQVSRUW GHSOHWLRQ

FDOFXODWLRQ FRGH 3+2(1,;�3 XVLQJ D ���JURXS OLEUDU\ EDVHG RQ (1')�%�9,�

�� $QDO\VHV DQG GLVFXVVLRQV 093 FDOFXODWLRQV DUH SHUIRUPHG LQ WKUHH�GLPHQVLRQDO FRUH

FRQILJXUDWLRQ VKRZQ LQ )LJ��� 7KH FRUHV ZKRVH PRGHUDWRU WR IXHO YROXPH UDWLRV DUH ���

～��� IRU 82� DQG ����～���� IRU 02; DUH DQDO\]HG� 7KH WKUHH OLEUDULHV DUH H[DPLQHG

KHUH � (1')�%�9,� (1')�%�9, ZKRVH ���8 GDWD DUH UHSODFHG ZLWK WKDW RI -(1'/����

-(1'/���� 7KH UHVXOWV DUH VKRZQ LQ

7DEOH���

7KH IROORZLQJV FDQ EH IRXQG IURP WKH WDEOH �

① (1')�%�9, JLYHV ORZHU NHII E\ DERXW ����

ΔN�N IRU 82� FRUHV DQG DERXW �����ΔN�N

IRU 02; FRUHV�

② ���8 RI -(1'/���� UDLVHV NHII E\ ����

ΔN�N IRU 82� FRUHV DQG ����ΔN�N IRU

02; FRUHV�

③ -(1'/��� JLYHV KLJKHU NHII E\ ��� WR ����

ΔN�N IRU 82� FRUHV DQG ��� WR ���� ΔN�N

IRU 02; FRUHV�

)XHO�$LU è��#-é

)XHOë:DWHU

:DWHU 5HIOHFWRU

è��#-é

)LJ�� &RUH &RQILJXUDWLRQ



� 7KH UHVXOWV DUH DOVR VKRZQ LQ )LJ�� DQG )LJ���

7KH UHDVRQ ZK\ (1')�%�9, GDWD XQGHUSUHGLFW NHII YDOXHV ZDV LQYHVWLJDWHG� $FFRUGLQJ

WR +�7DNDQR� WKH NHII YDOXHV FDOFXODWHG ZLWK (1')�%�9, DUH XQGHUSUHGLFWHG DQG WKH

KDUGHU QHXWURQ VSHFWUXP GXH WR WKH LQHODVWLF VFDWWHULQJ RI ���8 DQG WKH ν�YDOXH RI ���8

DUH WKH FDXVH RI WKH XQGHUSUHGLFWLRQ>�@� 7KHUHIRUH� ZH GLG WKH FKHFN FDOFXODWLRQV WR

FRQILUP WKH HIIHFWV�

)LUVW� ZH SURFHVVHG LQHODVWLF FURVV�VHFWLRQV DQG VFDWWHULQJ PDWULFHV RI ���8 RI

(1')�%�9, DQG -(1'/���� ZLWK 1-2<� 7KH UHVXOWV DUH VKRZQ LQ )LJ�� DQG )LJ���

)LJ�� ,Q�HODVWLF 6FDWWHULQJ &URVV�VHFWLRQV DQG 0DWUL[ RI (1')�%�9,

7DEOH�� NHII FDOFXODWHG ZLWK 093 IRU 7&$ 8�02; &RUHV
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 $ FURVV�VHFWLRQ OLEUDU\ EDVHG RQ WKH (1')�%�9, 0RG�� LV XVHG
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)LJ�� ,Q�HODVWLF 6FDWWHULQJ &URVV�VHFWLRQV DQG 0DWUL[ RI -(1'/����

,W LV REYLRXV IURP WKH ILJXUHV WKDW WKH FRQWLQXXP VFDWWHULQJ PDWUL[ RI (1')�%�9, LV

VPDOOHU WKDQ WKDW RI -(1'/���� DQG JLYHV KDUGHU QHXWURQ VSHFWUXP� DQG KHQFH PRUH

QHXWURQ OHDNDJH�

,Q RUGHU WR FRQILUP WKDW WKH FDXVH RI WKH XQGHUSUHGLFWLRQ RI NHII IRU WKH 7&$ FULWLFDO

H[SHULPHQWV LV WKH QHXWURQ OHDNDJH IURP WKH FRUH� WKH NLQI YDOXHV RI 093 ZHUH FRPSDUHG

IRU DQ LQILQLWH DUUD\ RI WKH 3:5 VWDQGDUG FHOO VKRZQ LQ )LJ��� $V FDQ EH VHHQ IURP 7DEOH

�� WKH UHSODFHPHQW RI ���8 QXFOHDU GDWD JLYHV OLWWOH HIIHFW RQ NLQI RI WKH LQILQLWH DUUD\

V\VWHP� 6R� LW LV FOHDU WKDW WKH GLIIHUHQFH RI LQHODVWLF VFDWWHULQJ PDWUL[� HVSHFLDOO\ WKDW RI

WKH FRQWLQXXP� DIIHFWV VWURQJO\ NHII SUHGLFWLRQ RI H[SHULPHQWDO FRUHV WKURXJK WKH FKDQJH

LQ QHXWURQ OHDNDJH IURP WKH FRUHV�

)LJ�� 3:5 VWDQGDUG FHOO

6HFRQGO\� WKH ILVVLRQ�UHDFWLRQ UDWH �σｆφ� DYHUDJHG ν�YDOXH RI -(1'/��� LQ WKH

WKHUPDO HQHUJ\ UDQJH EHORZ ��� H9 ZDV FDOFXODWHG DQG WKHQ ν�YDOXH RI ���8 RI -(1'/����

ZDV IRXQG WR EH ELJJHU WKDQ WKDW RI (1')�%�9, E\ ����� DQG WKH DGMXVWPHQW WR ν�YDOXH
RI ���8 RI (1')�%�9, LQFUHDVH PXOWLSOLFDWLRQ IDFWRU E\ �����ΔN�N�
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7KH HIIHFW RI WKH UHSODFHPHQW RI ���8 LV ����ΔN�N DQG WKH DGMXVWPHQW RI ���ν LV ����Δ
N�N� )LQDOO\� VXPPLQJ XS WKRVH HIIHFWV� ZH FDQ H[SODLQ ���� GLIIHUHQFH WRWDOO\ LQ ���～
���� GLIIHUHQFH IRXQG LQ 7DEOH �� ,W LV VKRZQ LQ )LJ�� DQG )LJ�� WKDW WKH PRGLILHG OLEUDU\

WDNHQ LQWR DFFRXQW RI WKHP JLYHV DOPRVW WKH VDPH FDOFXODWLRQ DFFXUDF\ RI NHII IRU ERWK

82� DQG 02; FRUHV�

7KH HIIHFW RQ NHII GXH WR WKH FKDQJH LQ ���8 DQG ���νGDWD ZLWK IXHO EXUQXS KDYH EHHQ

DOVR HYDOXDWHG ZLWK ��' WUDQVSRUW GHSOHWLRQ FDOFXODWLRQ FRGH 3+2(1,;�3� 1XFOHDU GDWD

RI ERWK OLEUDULHV ZHUH SURFHVVHG DQG �� HQHUJ\�JURXS OLEUDULHV ZHUH JHQHUDWHG ZLWK

1-2< IRU WKLV SXUSRVH� $ ��×�� 3:5 VWDQGDUG DVVHPEO\ ZDV XVHG IRU WKH HYDOXDWLRQ�

7KH UHVXOW LV VKRZQ LQ )LJ��� ,W FDQ EH IRXQG IURP WKH ILJXUH WKDW WKH WRWDO HIIHFW RQ NHII LV

����ΔN�N DW � 0:G�W DQG �����％ΔN�N DW �� *:G�W IRU D 3:5 ��×�� VWDQGDUG

DVVHPEO\ ZLWK ��� Z�R HQULFKHG 82� URGV�
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7KH HIIHFW RI WKH GLIIHUHQFH RI QXFOHDU GDWD EHWZHHQ -(1'/���� DQG (1')�%�9, RQ NHII

YDOXH ZDV LQYHVWLJDWHG IRU WKH 7&$ ��×�� 82� FRUH ZLWK IXHO URGV RI ���Z�R ���8� 7KH

UHVXOWV DUH VKRZQ LQ WKH 7DEOH � ZKHUH� H�J�� LQ WKH FDVH RI ´-(1'/���� EDVHµ� WKH

UHIHUHQFH NHII YDOXH LV EDVHG RQ DOO WKH -(1'/���� GDWD DQG WKH QXFOHDU GDWD RI D QXFOLGH

LV UHSODFHG ZLWK WKH FRUUHVSRQGLQJ GDWD RI (1')�%�9,� &RQVLGHULQJ WKH UHVXOW REWDLQHG

SUHYLRXVO\ ZLWK UHJDUG WR ���ν� LW FDQ EH FRQFOXGHG WKDW WKH XVH RI WKH -(1'/���� GDWD

ZLWK ���8 RI (1')�%�9, ZKRVH ���νLQ WKHUPDO UDQJH LV DGMXVWHG WR WKH DYHUDJH YDOXH RI

-(1'/���� JLYHV JRRG FULWLFDOLW\ � NHII �������������� ��������

7DEOH � NHII YDOXHV FDOFXODWHG ZLWK 093 IRU WKH 7&$ ��×�� FRUH

�� &RQFOXVLRQV 82� DQG 02; FRUH H[SHULPHQWV RI 7&$ KDYH EHHQ DQDO\]HG ZLWK 093

XVLQJ WKH OLEUDULHV EDVHG RQ (1')�%�9, DQG -(1'/����� ,W KDV EHHQ IRXQG WKDW WKH

UHSODFHPHQW RI ���8 GDWD ZLWK WKH -(1'/���� GDWD DQG WKH DGMXVWPHQW RI ���ν�YDOXH UDLVH
WKH NHII YDOXHV REWDLQHG XVLQJ (1')�%�9, EDVHG OLEUDU\ E\ ���� IRU 82� FRUHV� EXW VWLOO

XQGHUSUHGLFW NHII YDOXHV� 2Q WKH RWKHU KDQG� WKH XVH RI D FRPELQHG OLEUDU\ RI -(1'/����

IRU +� 2� $O� ���8 DQG (1')�%�9, IRU ���8 ZKRVH ���ν LQ WKHUPDO HQHUJ\ UHJLRQ LV DGMXVWHG
WR WKH DYHUDJH YDOXH RI -(1'/���� VHHPV WR JLYH D JRRG SUHGLFWLRQ RI NHII � ZKLOH WKH

DGHTXDF\ VKRXOG EH H[DPLQHG IURP RWKHU SRLQWV RI YLHZ� H�J�� UHDFWLRQ UDWH UDWLR

PHDVXUHPHQWV� 3,( GDWD HWF�

$FNQRZOHGJHPHQWV

7KH DXWKRUV H[SUHVV WKHLU WKDQNV WR 0U� <DVXQRUL 1DJD\D RI -$(5,� ZKR VXSSOLHG WKHP ZLWK

WKH 093 OLEUDU\ EDVHG RQ (1')�%�9, 0RG���

5HIHUHQFH

>�@ 7DNDQR� +�� HW DO� ´5HDFWRU %HQFKPDUN 7HVWLQJ IRU -(1'/����-()�����DQG

(1')�%�9,���µ ,QW� &RQI� 3K\V� RI 1XFO� 6FL� 7HFKQRO� ������．

(1')�%�9, %DVH

093
&URVV�VHFWLRQ /LEUDU\

.HII Δρ�％�

①(1')�%�9, �+�2�$O�8����8���） �������ç������ �����

②(1')�%�9, �2�$O�8����8���）
　-���（+）

�������ç������ �����

③(1')�%�9, �+�$O�8����8���）
　-���（2）

�������ç������ �����

④(1')�%�9, �+�2�8����8���）
　-���（$O）

�������ç������ �����

⑤(1')�%�9, �+�2�$O�8���）
　-���（8���）

�������ç������ �����

⑥(1')�%�9, �+�2�$O�8���）
　-���（8���）

�������ç������ �����

⑦-����+�2�$O�8����8���� �������ç������ �����

+ LV WKH FURVV�VHFWLRQ RI +
�
2�

-(1'/��� %DVH
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&URVV�VHFWLRQ /LEUDU\

.HII Δρ�％�

①-���（+�2�$O�8����8���） �������±������ �����

②-���（2�$O�8����8���）
　(1')�%�9,�+�

�������±������ ������

③-���（+�$O�8����8���）
　(1')�%�9,�2�

�������±������ ������

④-���（+�2�8����8���）
　(1')�%�9,�$O�

�������±������ ������

⑤-���（+�2�$O�8���）
　(1')�%�9,�8����

�������±������ ������

⑥-���（+�2�$O�8���）
　(1')�%�9,�8����

�������±������ ������

⑦(1')�%�9,�+�2�$O�8����8���� �������±������ ������

+ LV WKH FURVV�VHFWLRQ RI +�2�


