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$ 0XOWLGLPHQVLRQDO 6FDOLQJ 6WXG\ RI )ULFDWLYHV� D &RPSDULVRQ RI

3HUFHSWXDO DQG 3K\VLFDO 'LPHQVLRQV

:RQ 7RNXPD

6HLMR 8QLYHUVLW\� 7RN\R ��������� -DSDQ
Z�WRNXPD#ZG��VR�QHW�QH�MS

$EVWUDFW

7KLV VWXG\ DWWHPSWV WR PRGHO WKH SHUFHSWXDO VLPLODULW\ GDWD RI

QDWXUDO (QJOLVK YRLFHOHVV IULFDWLYH V\OODEOHV �ID 7D VD 6D KD� LQ

WHUPV RI WKH DXGLWRU\ GLVWDQFH PHWULFV XVLQJ

PXOWLGLPHQVLRQDO VFDOLQJ WHFKQLTXH �0'6�� )LUVW� LW ZDV

SURYHG WKDW WKH SHUFHSWXDO FRQILJXUDWLRQ RI QRQVSHHFK VRXQGV

LV DGHTXDWHO\ PRGHOOHG E\ (XFOLGHDQ GLVWDQFH VSDFH� 1H[W�

WKH WKUHH GLVWDQFH PHWULFV ZHUH DQDO\VHG WR VKRZ ZKLFK

PHWULF LV PRVW HIILFLHQW LQ PRGHOOLQJ WKH SHUFHSWLRQ RI VSHHFK

VRXQGV� )LQDOO\� LW ZDV VKRZQ WKDW WKH SHUFHSWXDO DQG

SK\VLFDO FRQILJXUDWLRQV RI ILYH YRLFHOHVV (QJOLVK IULFDWLYHV

ZHUH KLJKO\ FRUUHODWHG� 7KLV UHVXOW VHHPV WR VXSSRUW D PRGHO

RI VSHHFK SHUFHSWLRQ EDVHG PDLQO\ RQ WKH JHQHUDO SK\VLFDO

FKDUDFWHULVWLFV RI VSHHFK�

�� ,QWURGXFWLRQ

2QH RI WKH FHQWUDO SUREOHPV LQ VSHHFK SHUFHSWLRQ LV KRZ

OLVWHQHUV GHFRGH YDULDEOH DFRXVWLF VLJQDOV WR XQLWV RI

OLQJXLVWLF FRQWUDVWV� VXFK DV SKRQHPHV RU IHDWXUHV� 0DQ\

VWXGLHV KDYH EHHQ FRQFHQWUDWHG RQ LGHQWLI\LQJ SHUFHSWXDOO\

VDOLHQW DVSHFWV RI VSHHFK VLJQDOV E\ VWXG\LQJ VSHFWURJUDPV

DQG E\ WKH FDUHIXO PDQLSXODWLRQ RI V\QWKHWLF VSHHFK� 5HVXOWV

RI WKHVH VWXGLHV DUH FRPSOH[ LQWHUDFWLQJ DFRXVWLF FXHV WKDW

FRUUHVSRQG WR HDFK OLQJXLVWLF FRQWUDVW�

$ QRYHO DSSURDFK WR WKLV SUREOHP LV WKH FRQFHSW RI

VSDWLDO UHSUHVHQWDWLRQV RI VSHHFK XQLWV� ,Q WKLV DSSURDFK HDFK

OLQJXLVWLF FRQWUDVW LV UHSUHVHQWHG DV D UHJLRQ LQ

PXOWLGLPHQVLRQDO PHDVXUHPHQW VSDFH DW YDULRXV OHYHOV RI

VSHHFK SURFHVVLQJ VXFK DV SHUFHSWXDO� SK\VLFDO DQG OLQJXLVWLF�

7KH PHDVXUHPHQWV DUH EDVHG RQ GLVWDQFHV EHWZHHQ WKH

REMHFWV LQ UHVSHFWLYH VSDFHV� 7KLV DSSURDFK LV FRQVLVWHQW ZLWK

PRGHOV RI VSHHFK SHUFHSWLRQ VXFK DV WKH SURWRW\SH WKHRU\�

DFFRUGLQJ WR ZKLFK WKH FRUUHFW LGHQWLILFDWLRQ RI VSHHFK

VHJPHQWV GHSHQG RQ WKH SHUFHLYHG GLVWDQFHV EHWZHHQ VSHHFK

VWLPXOL DQG D SURWRW\SH�UHJLRQ LQ SHUFHSWXDO VSDFH >�@�

(DUO\ VWXGLHV RI WKLV NLQG KDYH EHHQ FDUULHG RXW RQ

'XWFK YRZHOV >�@� ,W ZDV VKRZQ WKDW WKH SHUFHSWXDO

GLPHQVLRQV REWDLQHG IURP PXOWLGLPHQVLRQDO VFDOLQJ VWXGLHV

RI SHUFHSWXDO VLPLODULW\ MXGJPHQWV ZHUH DFFXUDWHO\ SUHGLFWHG

IURP WKHLU SK\VLFDO FRQILJXUDWLRQV� 7KH FRQILJXUDWLRQV RQ WKH

ILUVW IHZ VLJQLILFDQW GLPHQVLRQV FRXOG EH HDVLO\ H[SODLQHG LQ

WHUPV RI WUDGLWLRQDO YRZHO SURSHUWLHV OLNH IURQW�EDFN� KHLJKW�

DQG URXQGQHVV� DV ZHOO DV WKHLU IRUPDQW YDOXHV�

7KH SXUSRVH RI WKLV VWXG\ LV WR LQYHVWLJDWH ZKHWKHU D

VLPLODU UHODWLRQVKLS H[LVWV IRU FRQVRQDQWV� $ VHW RI YRLFHOHVV

IULFDWLYHV ZHUH VHOHFWHG WR DGGUHVV WKLV LVVXH EHFDXVH� L� LQ

WKHRU\ DW OHDVW� WKH\ FDQ EH PRGHOOHG LQ WKH VDPH ZD\ DV

YRZHOV� LQ WHUPV RI WKH VSHFWUDO SROHV DQG ]HURV� LL� WKH\

RFFXU LQ ILYH GLIIHUHQW SODFHV RI DUWLFXODWLRQ LQ (QJOLVK� DQG

WKLV ZLOO JLYH D ODUJHU QXPEHU RI FRPELQDWLRQV RI VLPLODULW\

MXGJHPHQWV DQG SRLQWV RQ WKH SHUFHSWXDO VSDFH�

$ SLORW VWXG\ �VHH >�@� VKRZHG WKDW SHUFHSWXDO

FRQILJXUDWLRQV RI IULFDWLYHV PLJKW QRW EH UHDGLO\ H[SODLQHG

IURP WKHLU SK\VLFDO FRQILJXUDWLRQV� 7KLV PD\ EH LQGLFDWLYH RI

VRPHWKLQJ IDLUO\ H[FOXVLYH DERXW VSHHFK SHUFHSWLRQ� ,I WKLV LV

FRUUHFW� LW LV QHFHVVDU\ WR LQYHVWLJDWH WKH H[WHQW WR ZKLFK WKH

OLQJXLVWLF NQRZOHGJH RI D KHDUHU ZRXOG LQIOXHQFH WKH

SHUFHSWLRQ RI VSHHFK VLJQDOV� FRPSDUHG WR WKH SHUFHSWLRQ RI

QRQVSHHFK VRXQGV� )LUVW ZH ZLOO HVWDEOLVK WKDW WKH SHUFHSWLRQ

RI WKH QRQVSHHFK VRXQG LV HQWLUHO\ H[SODLQDEOH E\ WKHLU

SK\VLFDO SURSHUWLHV� 1H[W� ZH ZLOO FODULI\ ZKLFK GLVWDQFH

PHWULF� DPRQJ (XFOLGHDQ� 6ORSH DQG 1HJDWLYH VHFRQG

GLIIHUHQWLDO �1�'�� LV PRVW VXLWDEOH WR PRGHO WKH SHUFHSWLRQ

RI IULFDWLYHV� 6HFWLRQ � VKRZV WR ZKDW H[WHQW WKH SHUFHSWXDO

GLPHQVLRQV RI IULFDWLYHV FDQ EH PDWFKHG WR WKHLU SK\VLFDO

GLPHQVLRQV�

�� 6KDSHG ZKLWH QRLVHV

���� 3HUFHSWXDO VSDFH

7KH VWLPXOL ZHUH GUDZQ IURP WZR�IRUPDQW ILOWHULQJ RI ZKLWH

QRLVH VR WKDW WKH DFRXVWLF VWUXFWXUH RI WKH VRXQGV FDQ EH

SORWWHG LQ D WZR�GLPHQVLRQDO VSDFH� 6LQFH WKHUH DUH ILYH

IULFDWLYHV LQ (QJOLVK� WKH QXPEHU RI VWLPXOL ZDV VHW WR ILYH�

(DFK VWLPXOXV ZDV ZKLWH QRLVH ILOWHUHG WKURXJK WZR

UHVRQDWRUV ZLWK IL[HG EDQGZLGWK RI ����+] EXW ZLWK YDULRXV

FHQWUH IUHTXHQFLHV� 7R GHWHUPLQH WKH FHQWUH IUHTXHQF\ RI

HDFK UHVRQDWRU D WZR�GLPHQVLRQDO JULG ZDV FRQVWUXFWHG� DV

VKRZQ LQ )LJ �� VR WKDW QR SDLU RI UHVRQDWRU SHDNV FRXOG RFFXU

DW WKH VDPH IUHTXHQF\ DQG WKH QRLVH F LV HTXLGLVWDQW IURP WKH

RWKHUV� ,Q HIIHFW� HDFK QRLVH KDV WZR µIRUPDQWV¶ )� DQG )��
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)LJ �� 7ZR GLPHQVLRQDO JULG RI )� DJDLQVW )��

7KH DXGLWRU\ LQWHQVLW\ RI HDFK VWLPXOXV DW WKH ORXG VSHDNHU

ZDV QRUPDOL]HG XVLQJ D VSHHFK SUHVVXUH OHYHO PHWHU� 7KH

GXUDWLRQ RI HDFK VWLPXOXV ZDV ��� VHFRQGV�

/LVWHQHUV ZHUH DVNHG WR PDNH WULDGLF FRPSDULVRQ

MXGJPHQWV RQ SDLUV $% $& W\SH� �� � �[�[���� WULDGV ZHUH

FRQVWUXFWHG IURP WKHVH QRLVHV DQG UDQGRPLVHG� $Q LQWHUYDO RI

��� VHFRQGV EHWZHHQ WKH WRNHQV DQG � VHFRQGV HQGSDXVH
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ZHUH XVHG� 7KH VWLPXOL ZHUH JHQHUDWHG DQG UHFRUGHG RQWR D

'$7 WDSH ZLWK D SDXVH DQG D WRQH HYHU\ EORFN RI ILYH VWLPXOL

IRU SUHVHQWDWLRQ WR WKH OLVWHQHUV�

7HQ VWXGHQWV YROXQWHHUHG WR OLVWHQ WR WKH VWLPXOL� $OO RI

WKHP ZHUH QDWLYH VSHDNHUV RI (QJOLVK� DQG KDG QRUPDO

KHDULQJ�

'DWD ZHUH DFFXPXODWHG RYHU WULDOV VR WKDW WKH SDLUV

VHOHFWHG DV PRUH VLPLODU ZHUH DVVLJQHG D VFRUH RI �� DQG WKH

SDLUV ZKLFK ZHUH QRW VHOHFWHG DV D VFRUH RI �� $Q H[DPSOH RI

WKH PDWUL[ IRU RQH VXEMHFW LV VKRZQ EHORZ�
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7DEOH �� 6\PPHWULVHG VLPLODULWLHV PDWUL[ IRU D VXEMHFW�

��ZD\ LQWHUYDO OHYHO 0'6 DQDO\VLV KDV EHHQ FDUULHG RXW� 7KH

REMHFW RI WKLV WHFKQLTXH LV WR REWDLQ DQ RSWLPDO VSDWLDO

UHSUHVHQWDWLRQ RI WKH VFDOHG REMHFWV RQ WKH EDVLV RI DQDO\VHG

GLVWDQFHV� ,Q WKLV ZD\� ZH GHWHUPLQH WKH PLQLPDO QXPEHU RI

SHUFHSWXDO GLPHQVLRQV UHTXLUHG WR PRGHO WKH VLPLODULW\ GDWD

ZLWK PD[LPDO YDULDQFH LQ WKH GDWD DFFRXQWHG IRU� 7KH WZR�

GLPHQVLRQDO VSDFH ZDV FKRVHQ DV WKH VROXWLRQ� %DGQHVV�RI�ILW

IRU WKH RQH�GLPHQVLRQDO VROXWLRQ ZDV ���� DQG IRU WKH WZR�

GLPHQVLRQDO VROXWLRQ� LW ZDV ����� $ WKUHH�GLPHQVLRQDO

DQDO\VLV ZDV QRW SHUPLWWHG�

���� 3K\VLFDO VSDFH

7KH SK\VLFDO VSDFHV DUH REWDLQHG LQ IRXU PDLQ VWDJHV�

L� D VLPSOH ����RFW UDWH DXGLWRU\ WUDQVIRUP LV DSSOLHG WR WKH

IUHTXHQF\ D[LV RI WKH DFRXVWLF VSHFWUXP� 7KH ����RFW

WUDQVIRUP URXJKO\ VLPXODWHV WKH QRQ�OLQHDU VSDFLQJ DQG EDQG

ZLGWK RI WKH DXGLWRU\ ILOWHUV�

LL� WKH LQWHQVLW\ D[LV LV WUDQVIRUPHG LQWR D ORJDULWKPLF VFDOH�

WR UHIOHFW WKH QRQ�OLQHDU ORXGQHVV GHQVLW\ SDWWHUQ LQ WKH

DXGLWRU\ SHULSKHU\� 7KH RXWFRPH LV DQ DXGLWRU\ H[FLWDWLRQ

SDWWHUQ�

LLL� VSHFWUDO GLVWDQFHV EHWZHHQ WKHVH DXGLWRU\ H[FLWDWLRQ

SDWWHUQV DUH FDOFXODWHG XVLQJ (XFOLGHDQ� 6ORSH DQG 1�'

PHWULFV� 7KH (XFOLGHDQ PHWULF WDNHV WKH VTXDUH URRW RI WKH

VTXDUHG GLIIHUHQFHV LQ WKH RXWSXWV RI HDFK ILOWHU EHWZHHQ DQ\

WZR FRPSDUHG VSHFWUD� 7KH 6ORSH PHWULF FRPSDUHV VSHFWUDO

VORSHV JLYHQ E\ WKH ILUVW GLIIHUHQFH� ZKLOH WKH 1�' WDNHV WKH

DEVROXWH YDOXH RI WKH QHJDWLYH SDUW RI WKH VHFRQG GLIIHUHQWLDOV�

$ GHWDLOHG DFFRXQW RI WKHVH PHWULFV FDQ EH IRXQG LQ >�@�

���FKDQQHO ILOWHUV DUH XVHG IRU WKH (XFOLGHDQ PHWULF DQDO\VLV�

ZKLOH ���FKDQQHO ILOWHUV DUH XVHG IRU WKH 6ORSH DQG 1�'

PHWULFV�

LY� WKHVH GLVWDQFHV DUH XVHG DV WKH LQSXW WR ��ZD\ 0'6�

���� &DQRQLFDO FRUUHODWLRQV EHWZHHQ SHUFHSWXDO DQG

SK\VLFDO VSDFHV

3HUFHSWXDO DQG SK\VLFDO FRRUGLQDWHV REWDLQHG LQ SUHYLRXV

VHFWLRQV ZHUH XVHG DV LQSXWV WR FDQRQLFDO FRUUHODWLRQ DQDO\VLV�

7KH FDQRQLFDO FRHIILFLHQWV DQG WKHLU VLJQLILFDQFH DUH VKRZQ

LQ 7DEOH �� IRU WKH WKUHH GLIIHUHQW GLVWDQFH PHWULFV� 7KH

FRUUHODWLRQV VKRZ WKDW (XFOLGHDQ VSDFH FDQ DGHTXDWHO\

SUHGLFW WKH SHUFHSWXDO RUJDQL]DWLRQ RI WKH QRLVHV�

&DQRQLFDO FRUUHODWLRQV'LVWDQFH PHWULFV

'LPHQVLRQ � 'LPHQVLRQ �

(XFOLGHDQ ���� ����

6ORSH ���� ����

1�' ���� ����

7DEOH �� &DQ� FRUU� EHWZHHQ WKH SHUFHSWXDO DQG (XFOLGHDQ�

6ORSH DQG 1�' SK\VLFDO VSDFHV RI QRLVHV�

)RU WKH RWKHU PHWULFV� WKH FRUUHODWLRQV DUH KLJK IRU GLPHQVLRQ

�� EXW QRW IRU GLPHQVLRQ �� $ JUDSKLF GLVSOD\ RI FRUUHODWLRQV

IRU WKH (XFOLGHDQ PHWULF LV VKRZQ EHORZ�

-2.0 

-1.0 

0.0 

1.0 

2.0 

d
im

en
si

o
n

 2

-2.0 -1.0 0.0 1.0 2.0 
dimension 1

DSDS

ESES

FSFS

GSGS

HSHS

DD

EE

FF

GG

HH

)LJ �� &DQRQLFDO VFRUHV� QRLVHV ZLWK S DUH WKH SHUFHSWXDO

FRRUGLQDWHV ZKLOH RQHV ZLWKRXW S DUH SK\VLFDO FRRUGLQDWHV�

)LJ � SURYHV WKDW IRU QRLVHV� WKH SHUFHSWXDO DQG

(XFOLGHDQ VSDFHV ZHUH KLJKO\ FRUUHODWHG� ,I ZH UHLWHUDWH WKLV

UHVXOW IRU QRQVSHHFK VRXQGV LQ JHQHUDO� WKH SHUFHSWLRQ LV D

UHODWLYHO\ VLPSOH RQH�WR�RQH PDSSLQJ EHWZHHQ WKH DFRXVWLF

VLJQDOV DQG WKH SHUFHSWV�

�� 'LVWDQFH PHWULFV

7KH FRPSDULVRQ RI WKH WKUHH GLIIHUHQW PHWULFV LQ VHFWLRQ �

DQG WKH SLORW VWXG\ �LQ >�@� VKRZHG WKH (XFOLGHDQ PHWULF WR EH

WKH PRVW DFFXUDWH DW SUHGLFWLQJ WKH SHUFHSWXDO UHVXOWV� 7KDW LV�

WKH FDQRQLFDO FRUUHODWLRQV EHWZHHQ WKH SHUFHSWXDO DQG

SK\VLFDO VSDFHV ZHUH KLJKHVW ZKHQ WKH (XFOLGHDQ PHWULF ZDV

LPSOHPHQWHG�

7KLV IDLOV WR VXSSRUW WKH UHVXOWV REWDLQHG IRU WKH YRZHO

VRXQGV LQ SUHYLRXV VWXGLHV� ZKHUH LW ZDV UHSRUWHG WKDW WKH

PHWULFV ZKLFK HPSKDVLVH SHDNV DQG VKRXOGHUV RI WKH VSHFWUD

SUHGLFW WKH SHUFHSWXDO GDWD PRUH VXFFHVVIXOO\ >�@�

7ZR SRVVLEOH UHDVRQV IRU WKLV GLVFUHSDQF\ PD\ EH SXW

IRUZDUG� D� WKH PHWULFV DUH RQO\ HIIHFWLYH IRU WKH VPRRWK

YRZHO VSHFWUD� DQG QRW IRU WKH ZKLWH QRLVHV RU IULFDWLYHV� LQ

ZKLFK WKH VLJQDO IOXFWXDWHV UDSLGO\� E� WKH SUHYLRXV UHVXOWV

ZHUH RQO\ WUXH IRU WKH VSHFLILF VHWV RI VWLPXOL XVHG IRU WKHLU

H[SHULPHQWV�

,Q RUGHU WR LQYHVWLJDWH WKHVH WZR SRVVLEOH UHDVRQV� WKH

PHWULFV ZHUH DSSOLHG WR D VHW RI (QJOLVK YRZHOV �,� H $� 2� X���

SURQRXQFHG LQ WKH FRQWH[W �KBG�� $ PDOH VSHDNHU¶V

SURGXFWLRQ ZDV WDNHQ IURP D ODUJH GDWD EDVH� 3URFHGXUHV IRU

DXGLWRU\ DQDO\VHV ZHUH WKH VDPH DV EHIRUH �VHH VHFWLRQ �����

7KH SK\VLFDO PDSV EDVHG RQ (XFOLGHDQ� 6ORSH� DQG 1�'

PHWULFV DUH SUHVHQWHG LQ )LJV �D�F�

)LJ �D VKRZV WKH (XFOLGHDQ VSDFH RI WKH ILYH YRZHOV�

7KH FRQILJXUDWLRQ LV FRPSDUDEOH WR WKH (XFOLGHDQ VSDFH RI ��

'XWFK YRZHOV LQ >�@� +RZHYHU� DV LQ WKH FDVH RI WKH ZKLWH
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QRLVHV� WKH FRQILJXUDWLRQV IURP WKH 6ORSH DQG 1�' PHWULFV

GR QRW IROORZ WKH H[SHFWHG SDWWHUQ RI FRPSDWLELOLW\ ZLWK WKH

)��)� VSDFH� $Q LQFUHDVH LQ WKH QXPEHU RI ILOWHU FKDQQHOV WR

�� DQG ��� GLG QRW LPSURYH WKH FRQILJXUDWLRQV RI WKH 6ORSH

DQG 1�' PHWULFV�

7DEOH � OLVWV WKH IUHTXHQFLHV RI WKH ILUVW DQG VHFRQG

IRUPDQWV RI WKH (QJOLVK YRZHOV XVHG� 7KH IRUPDQWV ZHUH

GHWHUPLQHG IURP /3& PRGHOOHG VSHFWUD�

9RZHOV �L�� �H� �$�� �2�� �X��

)� �+]� ��� ��� ��� ��� ���

)� �+]� ���� ���� ���� ��� ����

7DEOH �� )RUPDQW IUHTXHQFLHV RI WKH YRZHOV�

7KH IRUPDQW YDOXHV ZHUH SORWWHG RQ D ORJDULWKPLF VFDOH� DV

VKRZQ LQ )LJ �� 7KH IRUPDQW FRQILJXUDWLRQV FORVHO\ UHVHPEOH

WKH (XFOLGHDQ PDS LQ )LJ �D� 7KH FDQRQLFDO FRUUHODWLRQV LQ

7DEOH � VXSSRUW WKLV REVHUYDWLRQ�

'LVWDQFH PHWULFV (XFOLGHDQ 6ORSH 1�'

'LP � ���� ���� ����&DQRQLFDO

&RUU� 'LP � ���� ���� ����

7DEOH �� &DQ� &RUU� EHWZHHQ )��)� SORW DQG SK\VLFDO VSDFHV�

7KHUHIRUH� WKH UHVXOWV VKRZ WKDW WKH PHWULFV DUH DOVR

LQHIIHFWLYH LQ UHSUHVHQWLQJ WKH SK\VLFDO VSDFH RI WKH YRZHOV

WKHPVHOYHV� SRLQWLQJ WR WKH UHDVRQ JLYHQ KHUH DV �E� IRU WKH

GLVFUHSDQF\ ZLWK SUHYLRXV VWXGLHV WKDW WKH PHWULFV DUH RQO\

XVHIXO IRU WKH VSHFLILF VHWV RI VWLPXOL XVHG LQ WKHLU

H[SHULPHQWV� ZKLFK PD\ KDYH EHHQ UDWKHU DUWLILFLDO�

,QGHHG� .ODWW¶V VWXG\ >�@ XVHG �� YDULDWLRQV RI WKH YRZHO

�D� HDFK GLIIHULQJ VXEWO\ LQ WHUPV RI DFRXVWLF SURSHUWLHV� .ODWW

IRXQG WKDW SDLUV RI V\QWKHVLVHG �D� YRZHOV ZKLFK GLIIHUHG LQ

WHUPV RI WKHLU IRUPDQW IUHTXHQFLHV ZHUH JLYHQ WKH KLJKHVW

GLVWDQFH VFRUHV LQ D ¶���SRLQW VFDOH¶ RI µSKRQHWLF GLVWDQFH¶

MXGJHPHQWV �DV RSSRVHG WR WKH µSV\FKRDFRXVWLF GLVWDQFH¶��

7KLV PHDQV WKDW KH QHHGHG WR GHYLVH D GLVWDQFH PHWULF ZKLFK

ZRXOG HPSKDVL]H WKH IRUPDQW IUHTXHQFLHV� ZKLOVW LJQRULQJ

RWKHU VSHFWUDO YDULDWLRQV� +RZHYHU� ZKHQ WKH GDWD LQYROYH

GLIIHUHQW YRZHOV ZLWK FOHDUO\ GLIIHUHQW IRUPDQW SRVLWLRQV LQ

WKH VSHFWUD� LW LV SRVVLEOH WKDW WKH PHWULF PD\ EH RYHU�

HPSKDVLVLQJ WKH GLIIHUHQFHV� 7KHUHIRUH� WKH PHWULF PD\ EH

UDWKHU VSHFLILF WR WKH SDUWLFXODU VWLPXOXV W\SH XVHG�

$OVR LQ WKH $VVPDQQ DQG 6XPPHUILHOG¶V VWXG\ >�@� WKHUH

ZDV FRQFHUQ RYHU KRZ ZHOO WKH SDWWHUQ�PDWFKLQJ SURFHGXUH

EDVHG RQ GLIIHUHQW GLVWDQFH PHWULFV SUHGLFWHG WKH YRZHO

LGHQWLILFDWLRQV LQ WKH SUHVHQFH RI FRPSHWLQJ YRLFH

�VLPXOWDQHRXV GRXEOH YRZHOV�� 7KLV PHDQV WKDW WKH\ PD\

KDYH DOVR QHHGHG WR JLYH H[WUD HPSKDVLV WR WKH VSHFWUDO SHDNV�

LQ RUGHU WR DOORZ HDFK YRZHO WR VWDQG RXW IURP WKH RWKHU LQ

WKH GRXEOH YRZHOV�

,Q WKH OLJKW RI WKHVH HYLGHQFHV� LW LV WKRXJKW WKDW WKH

6ORSH DQG 1�' PHWULFV� ZKLFK RYHUO\ FRQFHQWUDWH RQ SHDNV�

ZHUH EHWWHU SUHGLFWRUV RI SHUFHSWXDO GLVWDQFHV EHWZHHQ WZR

YHU\ VLPLODU VSHFWUD� EXW IRU WKH QDWXUDO VSHHFK VSHFWUD�

ZKLFK DUH GLVWLQFW IURP HDFK RWKHU� WKH PHWULFV PD\ QRW JLYH

DFFXUDWH GLVWDQFHV EHWZHHQ WKH VSHFWUD�
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)LJ �D�F� 3K\VLFDO VSDFH RI ILYH YRZHOV IURP WKUHH GLVWDQFH PHWULFV� )LJ �� )��)� SORW RI ILYH YRZHOV�

�� 1DWXUDO IULFDWLYHV

���� 3HUFHSWLRQ WHVW

7KH VWLPXOL ZHUH QDWXUDO SURGXFWLRQV RI YRLFHOHVV IULFDWLYHV�

>I 7 V 6 K@� IROORZHG E\ WKH YRZHO >D@� %\ QDWXUDO IULFDWLYHV

ZH PHDQ WKH VSHHFK VLJQDOV FRQWDLQ QRW RQO\ WKH IULFDWLYH

VHFWLRQ� EXW DOVR WKH IROORZLQJ WUDQVLWLRQV DQG YRZHOV� $

IHPDOH VSHDNHU UHFRUGHG HDFK FRQVRQDQW WZLFH� 7KH UHFRUGLQJ

ZDV GRQH LQ DQ DQHFKRLF FKDPEHU RQWR D 6RQ\ '7&�����(6

GLJLWDO DXGLR WDSH UHFRUGHU� 7KH\ ZHUH GLJLWLVHG ZLWK ���ELW

TXDQWLVDWLRQ DQG D VDPSOLQJ UDWH RI �� N+]� 7KH YRZHO

VHFWLRQV ZHUH FKHFNHG VR WKDW WKH SHDN LQWHQVLW\ RI HDFK

VWLPXOXV ZDV NHSW ZLWKLQ �a�G% GLIIHUHQFH DFURVV

FRQVRQDQWV� �� VWXGHQWV� QDWLYH VSHDNHUV RI (QJOLVK ZLWK

QRUPDO VSHHFK DQG KHDULQJ� ZHUH SDLG WR OLVWHQ WR WKH VWLPXOL�

7KHLU SHUFHSWXDO WDVN ZDV WKH VDPH DV LQ VHFWLRQ ��� �WULDGLF

FRPSDULVRQ�
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)LJ �� 3HUFHSWXDO VSDFH�

��ZD\ 3URF�$/6&$/ LQWHUYDO OHYHO DQDO\VLV KDV EHHQ

FDUULHG RXW� 7KH FKDQJHV LQ WKH EDGQHVV�RI�ILW YDOXHV �������

������ ������ DQG LQWHUSUHWDELOLW\ RI VROXWLRQV VXJJHVWHG D ��

GLPHQVLRQDO VROXWLRQ WR EH RSWLPDO� 7KH ��GLPHQVLRQDO

VROXWLRQ LV SUHVHQWHG LQ WKH )LJ �� 'LPHQVLRQ � FOHDUO\

VHSDUDWHV VLELODQWV �I 7 K� IURP QRQVLELODQWV �V 6�� 2Q
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GLPHQVLRQ �� IULFDWLYHV DUH RUGHUHG DFFRUGLQJ WR WKHLU SODFH RI

DUWLFXODWLRQ�

���� 3URGXFWLRQ WHVW

)LYH PDOH QDWLYH VSHDNHUV RI (QJOLVK UHFRUGHG WKH IULFDWLYH

V\OODEOHV �ID 7D VD 6D KD�� 7KH\ ZHUH DVNHG WR XWWHU WKH

V\OODEOHV WZLFH� FOHDUO\ DQG LQ D IDOOLQJ WRQH� 7KH UHFRUGLQJV

ZHUH PDGH LQ DQ DQHFKRLF URRP RQWR D 6RQ\ '7&�����(6

'$7 UHFRUGHU� 7KH\ ZHUH GLJLWLVHG ZLWK D ���ELW TXDQWLVDWLRQ

UDWH DQG D VDPSOLQJ UDWH RI �� N+]�

7KH\ ZHUH DQDO\VHG DV LQ VHFWLRQ ���� %XW IRU WKH ZKLWH

QRLVHV WKH GLVWDQFH DQDO\VHV FRPSDUHG D SDUWLFXODU VSHFWUDO

VHFWLRQ RI HDFK DXGLWRU\ H[FLWDWLRQ SDWWHUQ� +RZHYHU WKLV PD\

QRW EH DFFXUDWH VLQFH DUWLFXODWLRQ RI IULFDWLYHV DOVR FKDQJHV LQ

WLPH� 7R DFFRXQW IRU WKH G\QDPLF IOXFWXDWLRQ RI WKH IULFDWLYH

VLJQDO� DQG GLIIHUHQFHV LQ WKH OHQJWK EHWZHHQ WKH GLIIHUHQW

IULFDWLYHV DQG VSHDNHUV� D QRQ�OLQHDU WLPH DOLJQPHQW

WHFKQLTXH ZDV XVHG >�@� 7KLV WHFKQLTXH LV EDVHG RQ D VLPSOH

SULQFLSOH RI RSWLPLVDWLRQ� LW UHOLHV RQ ILQGLQJ WKH VKRUWHVW SDWK

EHWZHHQ WZR FRPSDUHG VHJPHQWV DOLJQHG RQ D JUDSK�

7KH GLVWDQFHV EHWZHHQ WKH DOLJQHG DXGLWRU\ VSHFWUD ZHUH

FDOFXODWHG IRU HDFK SURGXFWLRQ RI HDFK VSHDNHU DQG XVHG IRU

��ZD\� WULDQJXODU PDWULFHV� LQWHUYDO OHYHO 0'6 DQDO\VLV�
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)LJ �� 3K\VLFDO VSDFH�

7KH FDQRQLFDO FRUUHODWLRQ EHWZHHQ WKH SHUFHSWXDO DQG

SK\VLFDO VSDFHV ZDV YHU\ KLJK ������� ������� 2Q WKH

(XFOLGHDQ VSDFH �)LJ �� HDFK IULFDWLYH FDWHJRU\ RFFXSLHV D

GLVWLQFW UHJLRQ DQG HDFK UHJLRQ LV FOHDUO\ SRVLWLRQHG

DFFRUGLQJ WR WKH SODFH RI DUWLFXODWLRQ DQG

VLELODQFH�QRQVLELODQFH GLVWLQFWLRQ�

�� &RQFOXVLRQV

7KH PDLQ UHVXOWV KDYH VKRZQ WKDW WKHUH LV D FORVH

UHODWLRQVKLS EHWZHHQ SHUFHSWXDO DQG SK\VLFDO VSDFHV IRU WKH

IULFDWLYHV� DV ZHOO DV WKH ZKLWH QRLVHV� 7KH GLPHQVLRQV LQ )LJ

� FRUUHVSRQG WR µVLELODQFH¶ DQG µSODFH¶ LQ FRQYHQWLRQDO

SKRQHWLF WHUPV� $ SRVVLEOH DFRXVWLF LQWHUSUHWDWLRQ RI WKHVH

GLPHQVLRQV LV WKH IUHTXHQF\ RI WKH PDLQ VSHFWUDO SHDN DQG

WKH µSHDNLQHVV¶ RI VSHFWUD �VHH >�@ IRU GHWDLOV�� 7KHVH UHVXOWV

DUH FRQJUXHQW WR WKRVH IRXQG LQ YRZHOV VWXGLHV LQ WKDW WKH

FRQFHSW RI VSDWLDO UHSUHVHQWDWLRQV HQDEOHV XV WR LGHQWLI\ WKH

NH\ IDFWRUV LQYROYHG LQ HDFK GRPDLQ RI VSHHFK SURFHVVLQJ�

DQG GHPRQVWUDWH VLPSOH FRUUHODWLRQ DFURVV WKH GLIIHUHQW

GRPDLQV� 7KLV UHVXOW VWDQGV LQ VKDUS FRQWUDVW WR WKH

FRQWHPSRUDU\ GHWDLOHG FXH VWXGLHV LQ ZKLFK PDQ\ GLIIHUHQW

VSHFWUDO FKDUDFWHULVWLFV VHHP WR EH LQWULFDWHO\ LQWHUZRYHQ DQG

RIWHQ LQWHUDFW LQ VSHFLI\LQJ WKH SHUFHSWLRQ RI DQ\ RQH IULFDWLYH

FDWHJRU\�

$QRWKHU LPSRUWDQW ILQGLQJ ZDV WKDW WKH HVVHQWLDO

SHULSKHUDO DXGLWRU\ SURFHVVLQJ LQ WKH IULFDWLYH GDWD ZDV

DGHTXDWHO\ PRGHOOHG E\ WKH DXGLWRU\ WUDQVIRUPDWLRQV XVHG LQ

WKH YRZHO GDWD� $ ����RFWDYH EDQGSDVV ILOWHU EDQN DQDO\VLV

DQG QRQ�OLQHDU LQWHQVLW\ VFDOLQJ ZHUH XVHG� ,Q DGGLWLRQ� D

QRQ�OLQHDU WLPH DOLJQPHQW SURFHGXUH ZDV HPSOR\HG LQ RUGHU

WR DFFRXQW IRU WKH WLPH�YDU\LQJ VSHFWUDO SURSHUWLHV LQ

IULFDWLYHV� 7KLV ZDV SDUWLFXODUO\ LPSRUWDQW DV WKLV WHFKQLTXH

SURYLGHV D EDVLV IRU ZLGHU DSSOLFDWLRQ RI WKH VDPH DXGLWRU\

DQDO\VLV SURFHGXUH LQ VWXG\LQJ RWKHU FRQVRQDQWV�

6LPSOH (XFOLGHDQ GLVWDQFH PHWULF ZDV PRVW HIILFLHQW LQ

PRGHOOLQJ WKH SHUFHSWLRQ RI QDWXUDO VSHHFK VLJQDOV LQ

FRPSDULVRQ WR 6ORSH DQG 1�' PHWULFV�

1RWH DOVR WKDW WKH PDWHULDOV XVHG IRU SHUFHSWXDO DQG

SK\VLFDO WHVWV LQ VHFWLRQ � ZHUH IURP GLIIHUHQW VSHDNHU

JURXSV� IHPDOH DQG PDOH VSHDNHUV UHVSHFWLYHO\� 7KLV PHDQV

WKDW WKH VSDWLDO UHSUHVHQWDWLRQV EDVHG RQ VFDOHG GLVWDQFHV

EHWZHHQ VSHHFK VRXQGV� FDQ DXWRPDWLFDOO\ DFFRXQW IRU

VSHDNHU QRUPDOLVDWLRQ HIIHFW LQ GLIIHUHQW SURFHVVLQJ GRPDLQV�

2YHUDOO� WKHVH UHVXOWV LPSO\ WKDW IULFDWLYH SHUFHSWLRQ

FRXOG EH DGHTXDWHO\ PRGHOOHG RQ WKH EDVLV RI WKHLU JHQHUDO

SK\VLFDO FKDUDFWHULVWLFV� ZKLFK LV FRQVLVWHQW ZLWK SHUFHSWXDO

VWUDWHJLHV XVHG IRU YRZHOV DQG QRQVSHHFK VRXQGV� 7KLV VHHPV

WR VXJJHVW D XQLILHG H[SHULPHQWDO SDUDGLJP LQ ZKLFK WKH

GHYHORSPHQW RI VSHHFK SHUFHSWLRQ PRGHOV PD\ EH

LQYHVWLJDWHG LQ SDUDOOHO IRU ERWK YRZHOV DQG FRQVRQDQWV LQ

WHUPV RI VSDWLDO UHSUHVHQWDWLRQV�

�� $FNQRZOHGJHPHQWV

$ERYH DOO� , ZLVK WR WKDQN 0DUN +XFNYDOH ZKR VXSHUYLVHG WKH

3K�'� WKHVLV >�@ RQ ZKLFK WKLV SDSHU LV EDVHG� , DP DOVR

JUDWHIXO WR 6WXDUW 5RVHQ DQG RWKHU PHPEHUV RI :ROIVRQ

+RXVH� 8QLYHUVLW\ &ROOHJH /RQGRQ� IRU WKHLU KHOS DQG DGYLFH�

�� 5HIHUHQFHV

>�@ .XKO� 3� .� ������ 0HFKDQLVPV RI GHYHORSPHQWDO

FKDQJH LQ VSHHFK DQG ODQJXDJH� 3URF� ,&3K6 ��

6WRFNKROP� 9RO� �� ��������

>�@ 3ROV� /� &� :�� YDQ GHU .DPS� /� -� 7K� 	 3ORPS� 5�

������ 3HUFHSWXDO DQG SK\VLFDO VSDFH RI YRZHO VRXQGV�

-RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD ���

��������

>�@ &KRR� :� ������ 5HODWLRQVKLSV EHWZHHQ SKRQHWLF

SHUFHSWXDO DQG DXGLWRU\ VSDFHV IRU IULFDWLYHV� 3K' WKHVLV�

8QLYHUVLW\ RI /RQGRQ�

>�@ .ODWW� '� +� ������ 3UHGLFWLRQ RI SHUFHLYHG SKRQHWLF

GLVWDQFH IURP FULWLFDO�EDQG VSHFWUD� D ILUVW VWHS� 3URF�

,&$663���� ,((( WUDQVDFWLRQ� $FRXVWLFV� 6SHHFK� DQG

6LJQDO 3URFHVVLQJ� ����������

>�@ $VVPDQQ� 3� )� 	 6XPPHUILHOG� 4� ������ 0RGHOOLQJ

WKH SHUFHSWLRQ RI FRQFXUUHQW YRZHOV� 9RZHOV ZLWK WKH

VDPH IXQGDPHQWDO IUHTXHQF\� -RXUQDO RI WKH $FRXVWLFDO

6RFLHW\ RI $PHULFD ��� ��������

>�@ 6DNRH� +� 	 &KLED� 6� ������ '\QDPLF SURJUDPPLQJ

DOJRULWKP RSWLPL]DWLRQ IRU VSRNHQ ZRUG UHFRJQLWLRQ�

,((( WUDQVDFWLRQ� $FRXVWLFV� 6SHHFK� DQG 6LJQDO

3URFHVVLQJ ��� ������


