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7KLV SDSHU FRQVLGHUV XQLW URRW WHVWLQJ RI WLPH�VHULHV GDWD ZLWK PLVVLQJ REVHUYDWLRQV� 7KUHH SURFHGXUHV IRU GHDOLQJ ZLWK

WKH JDSV DUH GLVFXVVHG� 7KHVH LQFOXGH� LJQRULQJ WKH JDSV� UHSODFLQJ WKH JDSV ZLWK WKH ODVW DYDLODEOH REVHUYDWLRQ� DQG

ILOOLQJ WKH JDSV ZLWK D OLQHDU LQWHUSRODWLRQ PHWKRG� 7KH WHVWV IRU WKH ILUVW WZR SURFHGXUHV \LHOG WHVW VWDWLVWLFV ZKLFK KDYH

WKH VDPH DV\PSWRWLF GLVWULEXWLRQ DV WKDW WDEXODWHG E\ 'LFNH\ DQG )XOOHU ������ IRU WKH FRPSOHWH GDWD VLWXDWLRQ� 7KH

UHPDLQLQJ SURFHGXUH \LHOGV D WHVW VWDWLVWLF WKDW KDV DQ DV\PSWRWLF GLVWULEXWLRQ WKDW GLIIHUV IURP 'LFNH\ DQG )XOOHU©V

WDEXODWHG GLVWULEXWLRQ E\ DQ DGMXVWPHQW IDFWRU� ,Q DGGLWLRQ� PRGHOV WKDW LQFOXGH DQ $5,0$ �����T� HUURU DQG DXJPHQWHG

'LFNH\�)XOOHU WHVWV DUH DOVR FRQVLGHUHG LQ WKLV SDSHU� $ VLPXODWLRQ H[SHULPHQW LV SHUIRUPHG IRU WKH DERYH PRGHOV XVLQJ

WKH $�% VDPSOLQJ VFKHPH� 7KH UHVXOWV VKRZ WKDW LJQRULQJ JDSV LQ WLPH� VHULHV GDWD ZLWK PLVVLQJ REVHUYDWLRQV SURGXFHV

XQLW URRW WHVWV WKDW DUH PRUH SRZHUIXO WKDQ WKH RWKHU WZR DSSURDFKHV WKDW DUH FRQVLGHUHG�
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7KLV SDSHU GHDOV ZLWK WKH SUDFWLFDO SUREOHP RI WHVWLQJ IRU D XQLW URRW LQ WLPH�VHULHV GDWD ZKHQ WKHUH

DUH PLVVLQJ REVHUYDWLRQV� RU WKH GDWD DUH LUUHJXODUO\ REVHUYHG� 7KH VLWXDWLRQ RI PLVVLQJ REVHUYDWLRQV

LQ WLPH�VHULHV GDWD LV TXLWH FRPPRQ� \HW OLWWOH DWWHQWLRQ KDV EHHQ JLYHQ WR LW LQ WKH XQLW URRW OLWHUDWXUH�

)RU H[DPSOH� VHULHV RI WUDGLQJ GDWD UHODWLQJ WR ILQDQFLDO DVVHWV �VXFK DV VWRFNV RU IXWXUHV FRQWUDFWV�

PD\ KDYH �JDSV� LQ WKHP IRU FHUWDLQ GD\V� ,Q VRPH FRXQWULHV� IRU UHDVRQV UHODWLQJ WR EXGJHW

FRQVWUDLQWV RU SXEOLFDWLRQ GHOD\V� LW ZDV WKH FDVH KLVWRULFDOO\ WKDW VRPH HFRQRPLF WLPH�VHULHV ZHUH

SXEOLVKHG RQO\ DQQXDOO\ �RU TXDUWHUO\�� EXW PRUH UHFHQWO\ WKH\ KDYH EHHQ SXEOLVKHG TXDUWHUO\ �RU

PRQWKO\�� 2I FRXUVH� WKH XQGHUO\LQJ HFRQRPLF DFWLYLW\ ZDV DOZD\V WDNLQJ SODFH DW WKH KLJKHU

IUHTXHQF\ � LW ZDV VLPSO\ QRW EHLQJ UHFRUGHG� DQG VR WKH DVVRFLDWHG ORQJ�UXQ PHDVXUHG VHULHV

HIIHFWLYHO\ KDV �PLVVLQJ REVHUYDWLRQV�� IROORZLQJ D V\VWHPDWLF SDWWHUQ� LQ WKH HDUOLHU WLPH SHULRGV�

)LQDOO\� LQ PDQ\ LQVWDQFHV� ZH HQFRXQWHU HFRQRPLF WLPH�VHULHV GDWD ZKLFK H[KLELW D VPDOO QXPEHU

RI H[WUHPH RXWOLHU YDOXHV RI D W\SH WKDW FOHDU UHIOHFW PLV�UHFRUGHG GDWD� RU RQFH�DQG�IRU DOO HYHQWV�

$OWKRXJK D GXPP\�YDULDEOHV DSSURDFK PD\ EH KHOSIXO LQ VRPH VXFK LQVWDQFHV �H�J�� 3HUURQ ��������

DQRWKHU DSSURDFK LV WR UHPRYH VXFK REVHUYDWLRQV DQG WUHDW WKHP DV �PLVVLQJ�� 7KHVH� DQG RWKHU

UHODWHG PDWWHUV� DUH GLVFXVVHG LQ VRPH GHWDLO LQ WKH FRQWH[W RI IRUHFDVWLQJ VWDWLRQDU\ WLPH�VHULHV E\

+DUYH\ ������ SS���������� IRU H[DPSOH� +H DOVR JLYHV VRPH LQWHUHVWLQJ H[DPSOHV UHODWLQJ WR

HOHFWULFLW\ FRQVXPSWLRQ GDWD RYHU D SHULRG LQFOXGLQJ D PLQHUV
 VWULNH� DQG WR WLPH�VHULHV GDWD IRU URDG

GHDWKV LQ WKH FRQWH[W RI VWUXFWXUDO FKDQJHV DQG RXWOLHUV � +DUYH\ DQG 3LHUVH ������ DOVR GLVFXVV WKH�

SUREOHP RI PLVVLQJ WLPH�VHULHV REVHUYDWLRQV LQ WKH FRQWH[W RI WKH .DOPDQ ILOWHU� DQG LOOXVWUDWH WKHLU

PHWKRGV ZLWK WKH ZHOO�NQRZQ %R[�-HQNLQV ������ DLUOLQH SDVVHQJHU GDWD�

7KH SDSHU LV GLYLGHG LQWR VHYHQ VHFWLRQV� 6HFWLRQ � SURYLGHV WKH EDFNJURXQG IRU VRPH RI WKH H[LVWLQJ

OLWHUDWXUH RQ WHVWLQJ IRU XQLW URRWV� $Q H[DPLQDWLRQ RI SUHYLRXV UHODWHG ZRUN RQ WHVWLQJ IRU D XQLW URRW

XQGHU FRQGLWLRQV RI PLVVLQJ RU LUUHJXODUO\ REVHUYHG GDWD LV FRYHUHG LQ 6HFWLRQ �� 6HFWLRQ � SURYLGHV

WKH UHOHYDQW DV\PSWRWLF WKHRU\ DVVRFLDWHG ZLWK WKH SUREOHP EHLQJ VWXGLHG KHUH� 6HFWLRQ � HODERUDWHV

RQ VRPH H[WHQVLRQV� DQG RXWOLQHV WKH 0RQWH &DUOR VLPXODWLRQV WKDW ZH XVH WR HYDOXDWH WKH ILQLWH

VDPSOH FKDUDFWHULVWLFV RI RXU SURFHGXUHV� 7KH UHVXOWV RI WKHVH VLPXODWLRQV DUH GLVFXVVHG LQ 6HFWLRQ

�� DQG WKH ILQDO VHFWLRQ SURYLGHV FRQFOXVLRQV DQG VRPH VXJJHVWLRQV IRU IXUWKHU UHVHDUFK�
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0DQ\ VWXGLHV KDYH FRQVLGHUHG GLIIHUHQW ZD\V WR WHVW IRU WKH SUHVHQFH RI D XQLW URRW� 'LFNH\ DQG

)XOOHU ������ GHULYHG WKH GLVWULEXWLRQ IRU XQLW URRW WHVW VWDWLVWLFV ZKHQ WKH HVWLPDWHG PRGHO LV �D� ZLWK

QR GULIW DQG QR WUHQG� �E� ZLWK D GULIW DQG QR OLQHDU WUHQG� DQG �F� ZLWK ERWK D GULIW DQG OLQHDU WUHQG�

7KH QXOO GLVULEXWLRQV IRU WKH 'LFNH\�)XOOHU WHVW VWDWLVWLFV DUH EDVHG RQ GDWD JHQHUDWHG E\ DQ

DXWRUHJUHVVLYH LQWHJUDWHG PRYLQJ DYHUDJH SURFHVV RI RUGHU �S������ 7KHVH WHVWV PXVW EH UHFRQVLGHUHG

ZKHQ WKH GDWD FRQWDLQ D PRYLQJ DYHUDJH FRPSRQHQW� ,Q UHVSRQVH WR WKLV OLPLWDWLRQ� PDQ\ DXWKRUV

KDYH H[SORUHG H[WHQVLRQV WR 'LFNH\ DQG )XOOHU
V ZRUN�

'LFNH\ DQG )XOOHU ������ WHVWHG YDULRXV K\SRWKHVHV RI WKH H[LVWHQFH RI D XQLW URRW XVLQJ WKH

OLNHOLKRRG UDWLR WHVW� 7KH QXOO K\SRWKHVLV RI D XQLW URRW LV WHVWHG ZKHQ WKH WLPH�VHULHV < LV JHQHUDWHG
W

LQ WKH IROORZLQJ PDQQHU�

ZLWK � �� <  �� DQG (�X � �� YDU �X � ) � 7KH WKUHH 'LFNH\�)XOOHU �')� UHJUHVVLRQ HTXDWLRQV DUH
� W W

�

JLYHQ DV IROORZV�

HTXLYDOHQWO\� WKH ILWWHG UHJUHVVLRQV FDQ EH ZULWWHQ DV

DQG WKHQ ZH WHVW + ������ ��
�
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,Q WKLV SDSHU ZH DUH WHVWLQJ + � � � LQ HDFK FDVH E\ XVLQJ HLWKHU WKH 7�D��� VWDWLVWLF RU WKH W  �D �
R �

���VH�D� VWDWLVWLF� ZKHUH 7 LV WKH VDPSOH VL]H� D LV VRPH HVWLPDWRU RI �� DQG VH�D� LV WKH VWDQGDUG HUURU

IRU D� 7KHUH DOVR H[LVW FRUUHVSRQGLQJ MRLQW WHVWV RI + � �����  ����� LQ WKH GULIW�QR�WUHQG FDVH DQG
R

+ ��������  ������� DQG + �������� ������� LQ WKH GULIW�WUHQG FDVH� EXW WKHVH DUH FRQVLGHUHG KHUH�
� �

:KHQ WLPH�VHULHV GDWD DUH DJJUHJDWHG� RIWHQ D PRYLQJ DYHUDJH �0$� HUURU WHUP ZLOO DULVH� 2QH ZD\

WR GHDO ZLWK WKLV LV WR LQFOXGH ODJJHG YDOXHV RI WKH GHSHQGHQW YDULDEOH LQ WKH ') UHJUHVVLRQ� 6DLG DQG

'LFNH\ ������ GHULYHG D WHVW IRU D XQLW URRW EDVHG RQ DQ DSSUR[LPDWLRQ RI DQ DXWRUHJUHVVLYH�PRYLQJ

DYHUDJH PRGHO E\ DQ DXWRUHJUHVVLRQ� 7KH DXWRUHJUHVVLYH PRGHO VXJJHVWHG E\ 6DLG DQG 'LFNH\� LQ

WKH JHQHUDO GULIW�WUHQG FDVH� LV DV IROORZV�

ZKHUH � LV LLG ��� ) ��
W

�

'LFNH\ DQG 6DLG ������ GLVFXVVHG WHVWLQJ IRU D XQLW URRW ZLWK WKH K\SRWKHVLV + � ��� � ZKHQ WKH
R

RUGHUV RI WKH PRYLQJ DYHUDJH DQG DXWRUHJUHVVLYH SURFHVV �S�T� DUH NQRZQ� +RZHYHU� S DQG T DUH

W\SLFDOO\ XQNQRZQ DQG RQH PXVW GHWHUPLQH � SULRU WR HVWLPDWLQJ S DQG T� 6DLG DQG 'LFNH\ XVHG OHDVW

VTXDUHV WR HVWLPDWH WKH FRHIILFLHQWV LQ WKH DXWRUHJUHVVLYH PRGHO DQG IRXQG WKDW LI N DSSURDFKHV

LQILQLW\ DV 7 DSSURDFKHV LQILQLW\� WKH UHVXOWLQJ VWDWLVWLFV KDYH OLPLWLQJ GLVWULEXWLRQV LGHQWLFDO WR WKRVH

JLYHQ E\ )XOOHU ������� 7KHUHIRUH� LW LV SRVVLEOH WR GHWHUPLQH WKH H[LVWHQFH RI D XQLW URRW ZLWKRXW

NQRZLQJ S DQG T� DQG VRPH RI WKH �SUH�WHVW� LPSOLFDWLRQV RI WKLV DUH H[SORUHG E\ 'RGV DQG *LOHV

������� DQG RWKHUV�

3KLOOLSV ������ VKRZHG WKDW OHDVW VTXDUHV UHJUHVVLRQ FRQVLVWHQWO\ HVWLPDWHV D XQLW URRW LQ VSLWH RI WKH

SUHVHQFH RI DXWRFRUUHODWHG HUURUV RU KHWHURVFHGDVWLFLW\� DQG KH DOVR GHULYHG WKH OLPLWLQJ GLVWULEXWLRQV

RI ERWK WKH RUGLQDU\ OHDVW VTXDUHV �2/6� HVWLPDWRU RI � DQG LWV �W�VWDWLVWLF� LQ WKH QR�GULIW�QR�WUHQG

FDVH LQ ���� XQGHU YHU\ VSHFLDO HUURU VWUXFWXUHV� 7KH QRUPDOL]HG OLPLWLQJ GLVWULEXWLRQ RI WKH 2/6

HVWLPDWRU RI �� VD\ � LV�
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7KH V\PERO $<# LV XVHG WR VLJQLI\ WKH ZHDN FRQYHUJHQFH RI WKH DVVRFLDWHG SUREDELOLW\ PHDVXUHV DV

7��� 7KH TXDQWLWLHV FRQFHUQHG �7� ���� IRU H[DPSOH� FRQYHUJH WR D UDQGRP IXQFWLRQ� DQG WKH

LQWHJUDOV UHODWH WR IXQFWLRQDOV RI :LHQHU SURFHVVHV�

:KHQ WKH LQQRYDWLRQ RI X LV LLG���) �� WKHQ )  ) � ZKLFK OHDGV WR WKH IROORZLQJ UHSUHVHQWDWLRQ�
W

�

X

� �

3KLOOLSV ������ VKRZHG WKDW WKH OLPLWLQJ GLVWULEXWLRQ RI WKH �VXLWDEO\ VWDQGDUGL]HG� 2/6 HVWLPDWRU

RI � KDV WKH VDPH JHQHUDO IRUP IRU D ZLGH FODVV RI LQQRYDWLRQ SURFHVVHV� ^X `� 6LPLODUO\� WKH OLPLWLQJ
W

GLVWULEXWLRQ RI W IRU WHVWLQJ + � � � DOVR GHSHQGV RQ WKH YDULDQFH UDWLR ) �) �
� R X

� �
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,Q WKH LLG FDVH� ) ) DQG ���� VLPSOLILHV DFFRUGLQJO\�
X

+DPLOWRQ ������ SUHVHQWV WKH OLPLWLQJ GLVWULEXWLRQV RI WKH QRUPDOL]HG 2/6 HVWLPDWRU DQG W�VWDWLVWLF

IRU WKH GULIW�QR�WUHQG FDVH�

DQG WKH GULIW�WUHQG FDVH�

ZKHUH� $ >�,:�U�GU��,U:�U�GU@� >:����,:�U�GU@>��,U:�U�GU��,:�U�GU@�

' >,>:�U�@ GU� ��,:�U�GU,U:�U�GU� �>,:�U�GU@ � ��>,U:�U�GU@ � DOO LQWHJUDOV DUH RYHU WKH UDQJH� � �

>���@� DQG WR VLPSOLI\ WKH H[SUHVVLRQ� ZH KDYH DVVXPHG LLG HUURUV� )RU ILQLWH VDPSOHV� WKH 0DF.LQQRQ

������ SHUFHQWLOHV� EDVHG RQ 0RQWH &DUOR VLPXODWLRQV� PD\ EH XVHG�

3KLOOLSV DQG 3HUURQ ������ H[WHQGHG WKH UHVXOWV RI 3KLOOLSV ������ WR FDVHV ZKHUH �L� D GULIW DQG �LL�

D GULIW DQG D OLQHDU WUHQG� ZLWK WKH SUHVHQFH RI DXWRFRUUHODWHG HUURUV� DUH LQFOXGHG LQ WKH DQDO\VLV� ,Q

3KLOOLSV ������� WHVW VWDWLVWLFV DQG OLPLWLQJ GLVWULEXWLRQV ZHUH GHULYHG WKDW LQFOXGHG D WUDQVIRUPDWLRQ
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XVLQJ WKH 1HZH\�:HVW ������ FRQVLVWHQW HVWLPDWRU RI WKH HUURU FRYDULDQFH PDWUL[� 7KHVH WHVW

VWDWLVWLFV ZHUH DOVR XVHG LQ WKH 3KLOOLSV�3HUURQ H[WHQGHG DQDO\VLV�

7KH UHVXOWV REWDLQHG LQGLFDWHG WKDW WKH 3KLOOLSV�3HUURQ DSSUDRFK FDQ EH DGYDQWDJHRXV IRU SRVLWLYH

�DV VLJQHG LQ HTXDWLRQ ���� EHORZ� PRYLQJ DYHUDJH HUURUV� 7KH SRZHUV DVVRFLDWHG ZLWK WKLV WHVW ZHUH

EHWWHU WKDQ WKH RQHV H[DPLQHG E\ 'LFNH\ DQG 6DLG ������� +RZHYHU� ZLWK QHJDWLYH PRYLQJ DYHUDJH

HUURUV� WKH 6DLG�'LFNH\ SURFHGXUH ZDV UHFRPPHQGHG� 6LQFH QHJDWLYH 0$ HUURUV DUH OLNHO\ WR DULVH

LQ SUDFWLFH �'RGV DQG *LOHV ������ DQG 6FKZHUW �������� WKLV UHVXOW KDV LPSRUWDQW SUDFWLFDO

LPSOLFDWLRQV�

+DOO ������ WHVWHG IRU XQLW URRWV LQ D WLPH�VHULHV ZKLFK ZDV JHQHUDWHG ZLWK DQ 0$ FRPSRQHQW RI

RUGHU T� XVLQJ DQ LQVWUXPHQWDO YDULDEOH �,9� DSSURDFK� ,Q SDUWLFXODU� KH XVHG < �IRU N!T� DV WKHW�N

LQVWUXPHQW IRU < DQG FRQVLGHUHG WKH WKUHH UHJUHVVLRQ HTXDWLRQV DQDO\]HG E\ 3KLOOLSV DQG 3HUURQW��

������� 7KLV IRUP RI HVWLPDWLRQ DOORZHG +DOO WR XVH 'LFNH\ DQG )XOOHU
V ������ WDEXODWLRQV GLUHFWO\

EHFDXVH WKH DV\PSWRWLF ELDV FDXVHG E\ WKH FRUUHODWLRQ EHWZHHQ < DQG WKH HUURU WHUP� X � ZDV QRWW�� W

SUHVHQW� +DOO
V UHVXOWV LQGLFDWHG WKDW WKH ,9 WHVWV H[KLELWHG OHVV VL]H GLVWRUWLRQ LQ ILQLWH VDPSOHV WKDQ

WKH 3KLOOLSV�3HUURQ WHVWV� )RU QHJDWLYH �LQ WKH VHQVH RI HTXDWLRQ ���� EHORZ� 0$ HUURUV� WKLV

GLIIHUHQFH FRXOG EH VXEVWDQWLDO� 3DQWXOD DQG +DOO ������ H[WHQGHG +DOO
V ZRUN E\ FRQVLGHULQJ GDWD

JHQHUDWHG E\ DQ $5,0$ �S���T� PRGHO�

7R HVWLPDWH WKH PRGHO LQ HTXDWLRQ ����� WKH\ FRQVLGHUHG�
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$V X LV D PRYLQJ DYHUDJH SURFHVV RI RUGHU T� WKH UHJUHVVRU YDULDEOHV < DQG = DUH FRUUHODWHG ZLWKW W�� W�M

X � VR �IRU D IL[HG ODJ OHQJWK� S� WKH 2/6 HVWLPDWRUV RI � DQG � ZLOO EH LQFRQVLVWHQW DQG WKHLUW

GLVWULEXWLRQV ZLOO QRW FRQYHUJH WR WKH XVXDO 'LFNH\�)XOOHU GLVWULEXWLRQ�

3DQWXOD DQG +DOO IRXQG WKDW ,9 HVWLPDWRUV SHUIRUPHG ZHOO LQ UHODWLRQ WR 6DLG DQG 'LFNH\
V UHVXOWV�

7KH\ DOVR IRXQG WKDW RYHUVSHFLI\LQJ S DQG�RU T GRHV QRW KDYH DQ HIIHFW RQ WKH SRZHU RI WKH XQLW URRW

WHVWV� EXW XQGHUVSHFLI\LQJ S DQG�RU T OHDGV WR LQFRQVLVWHQW HVWLPDWRUV DQG XQDFFHSWDEOH WHVW SURSHUWLHV�

+DOO ������ WHVWHG IRU XQLW URRWV XVLQJ LQVWUXPHQWDO YDULDEOH HVWLPDWLRQ ZKHQ �S�T� ZHUH FKRVHQ IURP

WKH GDWD LQ D $SUH�WHVW# PDQQHU� +H FRQVLGHUHG WKH XVH RI WKH 3DQWXOD�+DOO WHVW VWDWLVWLFV DIWHU �S�T�

KDG EHHQ HVWLPDWHG IURP WKH GDWD� 7R HVWLPDWH �S�T�� +DOO GHULYHG D VHW RI UHVLGXDOV IURP WKH

IROORZLQJ WKUHH UHJUHVVLRQV� �D� UDQGRP ZDON� �E� GULIW EXW QR OLQHDU WUHQG� DQG �F� GULIW ZLWK D OLQHDU

WUHQG� +H DOVR SURYLGHG FRQGLWLRQV XQGHU ZKLFK WHVW VWDWLVWLFV EDVHG RQ WKH HVWLPDWHV RI �S�T�

FRQYHUJH WR WKH 'LFNH\�)XOOHU GLVWULEXWLRQ� +DOO FRQFOXGHG WKDW LI WKH HVWLPDWHV RI �S�T� DUH

DV\PSWRWLFDOO\ LQGHSHQGHQW RI WKH XQLW URRW WHVW VWDWLVWLF DQG WKH OLPLWLQJ SUREDELOLW\ RI XQGHU�VHOHFWLQJ

HLWKHU S RU T LV ]HUR� WKHQ WKH 3DQWXOD�+DOO WHVW VWDWLVWLF FRQYHUJHV WR WKH DSSURSULDWH 'LFNH\�)XOOHU

GLVWULEXWLRQ� )XUWKHU� ZKHQ �S�T� DUH HVWLPDWHG IURP WKH GDWD WKH XQLW URRW WHVW SHUIRUPV ZHOO

IRU PRGHUDWH WR ODUJH VL]HG 7�

+DOO ������ WHVWHG IRU D XQLW URRW LQ DQ DXWRUHJUHVVLYH LQWHJUDWHG WLPH�VHULHV �S ����� ZLWK SUHWHVW GDWD��

EDVHG VHOHFWLRQ RI S � DQG KH H[DPLQHG WKH LPSDFW RI WKLV VHOHFWLRQ $') WHVW� +H IRXQG HYLGHQFH WKDW�

WKHUH PD\ EH SRZHU JDLQV IURP FKRRVLQJ S IURP WKH GDWD� DQG KH GHULYHG FRQGLWLRQV XQGHU ZKLFK WKH

$') VWDWLVWLF FRQYHUJHV WR WKH DSSURSULDWH 'LFNH\�)XOOHU GLVWULEXWLRQ� 7KHVH FRQGLWLRQV KROG WUXH

ZKHQ S LV FKRVHQ XVLQJ D JHQHUDO WR VSHFLILF VWUDWHJ\� WKH +DQQDQ DQG 4XLQQ ������ LQIRUPDWLRQ

FULWHULRQ� RU WKH $NDLNH ������ LQIRUPDWLRQ FULWHULRQ� 0RUH VSHFLILFDOO\� WKLV XQLW URRW WHVW VKRXOG EH

FDOFXODWHG ZLWK S � S � DQG WKHQ WKH OLPLWLQJ GLVWULEXWLRQ RI WKH WHVW VWDWLVWLF� JLYHQ DQ HVWLPDWHG YDOXH
R

RI S M� LV WKDW RI WKH $') VWDWLVWLF ZKHQ S LV VHW D SULRUL WR M � S � 2WKHUZLVH WKH $') VWDWLVWLF ZLOO
R

QRW FRQYHUJH WR WKH XVXDO 'LFNH\�)XOOHU GLVWULEXWLRQ�
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$OWKRXJK WKH DERYH VWXGLHV GHDO ZLWK WHVWLQJ IRU D XQLW URRW XQGHU GLIIHUHQW FLUFXPVWDQFHV�

WKH\ GR QRW DGGUHVV WKH SUREOHP RI WLPH�VHULHV ZLWK PLVVLQJ REVHUYDWLRQV� 2IWHQ D WLPH�VHULHV GRHV

QRW FRQWDLQ REVHUYDWLRQV DW FRQVHFXWLYH WLPH SHULRGV� )RU LQVWDQFH� GDWD JDWKHUHG IURP WKH VWRFN

PDUNHW LV D SULPH H[DPSOH RI D VHULHV ZLWK PLVVLQJ REVHUYDWLRQV� :LWK WKH VWRFN PDUNHW EHLQJ FORVHG

RQ KROLGD\V DQG ZHHNHQGV� JDSV DUH JHQHUDWHG LQ VWRFN PDUNHW GDWD� $QRWKHU SUDFWLFDO LOOXVWUDWLRQ�

DQG RQH WKDW ZLOO EH SUHVHQWHG KHUH� LV ZKHQ WKH IUHTXHQF\ RI GDWD FROOHFWLRQ LV DOWHUHG� 6XSSRVH WKH

IUHTXHQF\ LV FKDQJHG IURP TXDUWHUO\ WR PRQWKO\� LQ WKH FDVH RI D VWRFN �UDWKHU WKDQ IORZ YDULDEOH��

7KH UHVXOWLQJ VHULHV ZLOO KDYH WZR PLVVLQJ PRQWKO\ REVHUYDWLRQV HDFK TXDUWHU LQ WKH HDUOLHU SDUW RI

WKH VHULHV�

7KH JHQHUDO WRSLF RI PLVVLQJ REVHUYDWLRQV LQ WKH DQDO\VLV RI VWDWLRQDU\ WLPH�VHULHV GDWD KDV EHHQ

H[DPLQHG E\� IRU H[DPSOH� /LWWOH DQG 5XELQ ������ ������ +DUYH\ DQG 3LHUVH ������� .RKQ DQG

$QVOH\ ������� DQG +DUYH\ ������� +RZHYHU� WHVWLQJ IRU D XQLW URRW LQ D WLPH�VHULHV ZLWK PLVVLQJ

REVHUYDWLRQV KDV UHFHLYHG OLWWOH DWWHQWLRQ� LW KDV EHHQ DGGUHVVHG WDQJHQWLDOO\ LQ HDUOLHU ZRUN E\ 6DYLQ

DQG :KLWH ������ DQG %KDUJDYD ������� 6DYLQ DQG :KLWH ������ FRQVLGHUHG WKUHH SURFHGXUHV IRU

WHVWLQJ IRU D ILUVW�RUGHU DXWRUHJUHVVLYH SURFHVV LQ UHJUHVVLRQ HUURUV ZKHQ WKHUH DUH PLVVLQJ

REVHUYDWLRQV� 7KH SURFHGXUHV LQFOXGHG WKH 'XUELQ�:DWVRQ WHVW� WHVWV EDVHG RQ D VHW RI XQFRUUHODWHG

UHVLGXDOV� DQG ODUJH VDPSOH OLNHOLKRRG UDWLR DQG :DOG WHVWV� 6DYLQ DQG :KLWH IRXQG WKDW LJQRULQJ WKH

PLVVLQJ REVHUYDWLRQV OHIW WKH QXOO GLVWULEXWLRQ XQDOWHUHG ZKHQ FRPSXWLQJ WKH XVXDO 'XUELQ�:DWVRQ

G VWDWLVWLF�

6DYLQ DQG :KLWH FRQVLGHUHG D PRGHO ZLWK P FRQVHFXWLYH PLVVLQJ REVHUYDWLRQV�

ZKHUH \ LV DQ �Q Ó�� �Q !�� YHFWRU RI FRQVHFXWLYH REVHUYDWLRQV RI WKH GHSHQGHQW YDULDEOH EHIRUH WKH���

� �

JDS� \ LV DQ �Q Ó�� �Q !�� YHFWRU RI FRQVHFXWLYH REVHUYDWLRQV RI WKH GHSHQGHQW YDULDEOH DIWHU WKH���

� �

JDS� ; LV DQ �QÓN� PDWUL[ RI Q� Q �Q � REVHUYDWLRQV RQ N IL[HG UHJUHVVRUV� SDUWLWLRQHG FRQIRUPDEO\

� �



�

(13)

(14)

(15)

ZLWK < � DQG X LV DQ �QÓ�� YHFWRU RI GLVWXUEDQFHV SDUWLWLRQHG FRQIRUPDEO\ ZLWK < � 7KH QXOO
 
 


K\SRWKHVLV RI + � ' � ZDV WHVWHG DJDLQVW + � '!� ZKHQ WKH HOHPHQWV RI X ZHUH JHQHUDWHG E\ WKH ILUVW� �



RUGHU DXWRUHJUHVVLYH SURFHVV�

$ 'XUELQ�:DWVRQ W\SH VWDWLVWLF ZDV FDOFXODWHG RI WKH IROORZLQJ IRUP�

ZKHUH ] ZDV WKH YHFWRU RI 2/6 UHVLGXDOV FRPSXWHG IURP D VDPSOH ZLWK PLVVLQJ REVHUYDWLRQV DQG


$ LV WKH XVXDO GLIIHUHQFLQJ PDWUL[� ,Q DGGLWLRQ� D VHFRQG 'XUELQ�:DWVRQ VWDWLVWLF� G � ZDV GHILQHG


DV�

ZKHUH WKH QXPHUDWRU RPLWV WKH VTXDUH RI WKH GLIIHUHQFH DFURVV WKH JDS� 7KHUHIRUH� LW IROORZV WKDW G


� G
 � ,W ZDV IRXQG WKDW IRU FHUWDLQ YDOXHV RI ' DQG P WKH VWDWLVWLF G DSSHDUHG SUHIHUDEOH WR G1�


7KH PDLQ DGYDQWDJH RI XVLQJ G1 DV RSSRVHG WR G LV WKDW LW KDV WKH VDPH QXOO GLVWULEXWLRQ DV WKH XVXDO


'XUELQ�:DWVRQ VWDWLVWLF LQ WKH DEVHQFH RI D JDS LQ WKH GDWD� +HQFH� H[LVWLQJ WDEOHV FDQ EH XVHG IRU

D ERXQGV WHVW RI + ZKHQ WKHUH DUH PLVVLQJ REVHUYDWLRQV� 7KH VDPH SRLQW DSSOLHV LI WKH H[DFW 'XUELQ�R

:DWVRQ WHVW LV XVHG� UDWKHU WKDQ WKH ERXQGV WHVW� ZLWK FULWLFDO YDOXHV FRPSXWHG IRU D JLYHQ ; PDWUL[

XVLQJ� IRU H[DPSOH WKH DOJRULWKP RI 'DYLHV ������ DV LQ WKH ',675,% FRPPDQG LQ WKH 6+$=$0

������ SDFNDJH�

%KDUJDYD ������ WHVWHG IRU VHULDO LQGHSHQGHQFH ZLWK PLVVLQJ REVHUYDWLRQV ZLWK WKH 'XUELQ�:DWVRQ

WHVW� +H DOVR FRQVLGHUHG WKH FODVVLFDO UHJUHVVLRQ PRGHO�



��

(16)

ZKHUH \ LV D �7Ó�� YHFWRU RI REVHUYDWLRQV RQ WKH GHSHQGHQW YDULDEOH� ; LV D �7Ó�N���� PDWUL[ RI


LQGHSHQGHQW YDULDEOHV� WKH ILUVW EHLQJ D FRQVWDQW WHUP� � LV WKH SDUDPHWHU YHFWRU WR EH HVWLPDWHG�


WKH HOHPHQWV RI � DUH ZKLWH QRLVH HUURU WHUPV ZLWK YDULDQFH ) � VR HDFK HOHPHQW RI X LV GLVWULEXWHG�

ZLWK ]HUR PHDQ DQG YDULDQFH ) ����' �� ,W LV DVVXPHG WKDW P REVHUYDWLRQV DUH PLVVLQJ DQG WKDW WKHUH� �

DUH T 
JDSV
 RI OHQJWK P �L  �����T� LQ WKH GDWD� ZLWK 7 �L  �����T��� REVHUYDWLRQV DYDLODEOH LQ HDFKL L

RI WKH VXEVDPSOHV� VR WKDW 7  7 �7 ����7 �� � T��

%KDUJDYD DOORZHG IRU WZR GLIIHUHQW 'XUELQ�:DWVRQ VWDWLVWLFV� G1 DQG G � GHSHQGLQJ RQ ZKHWKHU WKH


JDSV LQ WKH VHULHV ZHUH LJQRUHG� $V QRWHG E\ 6DYLQ DQG :KLWH� WKH ERXQGV IRU WKH WHVW VWDWLVWLF G ZLOO


EH GLIIHUHQW IURP WKRVH WDEXODWHG IRU G1� 7KHVH ERXQGV IRU G GHSHQG RQ WKH SRVLWLRQ RI WKH JDSV LQ


WKH GDWD DQG PXVW EH FDOFXODWHG VHSDUDWHO\ LQ GLIIHUHQW DSSOLFDWLRQV� +RZHYHU� D ERXQGV WHVW EDVHG

RQ WKH G1 VWDWLVWLF LV YHU\ FRQYHQLHQW� VR LW LV LPSRUWDQW WR H[DPLQH WKH FRQVHTXHQFHV RI LJQRULQJ WKH

JDSV LQ WKH GDWD IRU WKH SRZHU IXQFWLRQ RI WKH G1 WHVW�

7KH VWXG\ IRXQG WKDW LI WKH SRZHU IXQFWLRQV RI DQ\ RI WKHVH WHVWV DUH GLVFRQWLQXRXV DW DQ\ YDOXH RI

' LQ >���@� WKHQ LW LV GHVLUDEOH WR DYRLG WKH XVH RI WKDW SDUWLFXODU WHVW� +RZHYHU� SURYLGHG

WKDW D FRQVWDQW WHUP LV LQFOXGHG LQ WKH UHJUHVVLRQ PRGHO� WKH SRZHU IXQFWLRQV RI ERWK G1 DQG G DUH


FRQWLQXRXV LQ >���@ HYHQ LQ WKH SUHVHQFH RI JDSV LQ WKH GDWD� 6R� WKH XVH RI WKH XVXDO 'XUELQ�:DWVRQ

WHVW LQ WKH SUHVHQFH RI RFFDVLRQDO JDSV LQ WKH GDWD LV UHDVRQDEOH�

7KHUH KDV EHHQ RQO\ D YHU\ OLPLWHG GLVFXVVLRQ RI WKH HIIHFWV RI PLVVLQJ GDWD RQ XQLW URRW WHVWV�

6KLQ DQG 6DUNDU ������ WHVWHG IRU D XQLW URRW LQ DQ $5��� WLPH�VHULHV XVLQJ LUUHJXODUO\ REVHUYHG GDWD�

7KH\ FRQVLGHUHG WKH 2/6 HVWLPDWRU� WKH RQH�VWHS 1HZWRQ�5DSKVRQ HVWLPDWRU DQG DQ 2/6� W\SH

HVWLPDWRU ZKLFK LV D VLPSOH DSSUR[LPDWLRQ RI WKH 1HZWRQ�5DSKVRQ HVWLPDWRU� :KHQ D XQLW URRW ZDV

SUHVHQW �'  �� LQ <  '< � � � 6KLQ DQG 6DUNDU IRXQG WKDW WKH OLPLWLQJ GLVWULEXWLRQV DQGW W�� W

FRUUHVSRQGLQJ W�VWDWLVWLFV ZKHQ LJQRULQJ WKH JDSV ZHUH LGHQWLFDO WR WKRVH EDVHG RQ D FRPSOHWH VHULHV�



��

(17)

(18)

+HQFH� WKH OLPLWLQJ GLVWULEXWLRQV DQG W�VWDWLVWLFV GLG QRW GHSHQG RQ WKH VDPSOLQJ SDWWHUQ� DQG

DV\PSWRWLF WHVWLQJ IRU D XQLW URRW ZLWK LUUHJXODU VDPSOHV FDQ EH FDUULHG RXW XVLQJ WKH WDEOHV JLYHQ E\

)XOOHU ������� 7KLV UHVXOW DOVR DSSOLHV WR WKH PRUH JHQHUDO DXWRUHJUHVVLYH PRGHOV�

6KLQ DQG 6DUNDU ������ DOVR FRQVLGHUHG UHSODFLQJ HDFK JDS LQ WKH LUUHJXODUO\ REVHUYHG WLPH�VHULHV

ZLWK WKH ODWHVW DYDLODEOH REVHUYDWLRQ� DQG WKH\ LQYHVWLJDWHG WKH ILQLWH�VDPSOH SURSHUWLHV IRU ERWK

ZD\V RI GHDOLQJ ZLWK WKH PLVVLQJ REVHUYDWLRQV LQ WKH FDVH RI WKH �$�% VDPSOLQJ VFKHPH�� $ LV WKH

QXPEHU RI DYDLODEOH REVHUYDWLRQV DQG % LV WKH QXPEHU RI PLVVLQJ REVHUYDWLRQV� DQG WKH YDOXHV RI $

DQG % DUH UHSHDWHG IRU WKH OHQJWK� P� RI WKH WLPH�VHULHV� 7HQ WKRXVDQG UHSOLFDWLRQV ZHUH VLPXODWHG

IRU GLIIHUHQW YDOXHV RI P� $� %� DQG ' DQG WKH WHVWV ZHUH DSSOLHG DW WKH �� VLJQLILFDQFH OHYHO� 7KLV

VWXG\� DQG WKRVH QRWHG EHORZ� IRFXVVHG SULPDULO\ RQ VL]H�GLVWRUWLRQ� 7KH ODWWHU ZDV QRW WDNHQ LQWR

DFFRXQW LQ WKH YHU\ OLPLWHG SRZHU FDOFXODWLRQV WKDW ZHUH XQGHUWDNHQ�

7KH WHVWV IRU WKH PRGHOV RXWOLQHG LQ ���� KDG VPDOOHU SRZHUV FRPSDUHG WR WKH VLPSOH $5���

PRGHO ZLWKRXW ������ 7KLV UHVXOW ZDV H[SHFWHG EHFDXVH WKH FRPSXWDWLRQ RI WKH SRZHUV DQG WKH W�

VWDWLVWLFV LQYROYHG WKH HVWLPDWLRQ RI � DQG ����� UHVSHFWLYHO\� )LQDOO\� LQ PRVW FDVHV LW ZDV IRXQG WKDW

WKH HIIHFW RI PLVVLQJ REVHUYDWLRQV RQ WKH SRZHUV RI WKH WHVWV ZDV PLQRU LI WKH VDPSOH VL]H ZDV DURXQG

��� REVHUYDWLRQV�

6KLQ DQG 6DUNDU �����D� FRQVLGHUHG XQLW URRW WHVWV IRU WKH $5,0$ �����T� PRGHO

ZLWK LUUHJXODUO\ REVHUYHG VDPSOHV� 7KH XQLW URRW WHVW SURSRVHG LQ WKLV VWXG\ ZDV EDVHG RQ WKH

LQVWUXPHQWDO YDULDEOH HVWLPDWLRQ WHFKQLTXH GHYHORSHG E\ +DOO ������ ������ $JDLQ WKHVH WHVWV ZHUH

DSSOLHG LQ WKH FRQWH[W RI WKH XVXDO WKUHH ') UHJUHVVLRQV � QR�GULIW�QR�WUHQG� GULIW�QR�WUHQG� DQG

GULIW�WUHQG�



��

,QVWUXPHQWDO YDULDEOH HVWLPDWRUV IRU ' �WKH XQLW URRW FRHIILFLHQW� ZHUH GHILQHG IRU DOO WKUHH

') UHJUHVVLRQV� ZLWK T VHW WR RQH DQG � � LQ ����� YDULHG EHWZHHQ SRVLWLYH DQG QHJDWLYH YDOXHV� 7KH�

HPSLULFDO VL]HV IRU WKH WHVWV ZKHQ $�%  ���� ���� DQG ��� ZHUH FRPSDUDEOH WR WKRVH ZKHQ WKHUH�

ZHUH QR PLVVLQJ REVHUYDWLRQV� )RU QHJDWLYH YDOXHV RI � � WKH HPSLULFDO VL]HV IRU WKH WHVWV LQ WKH�

PLVVLQJ GDWD FDVHV ZHUH HYHQ EHWWHU WKDQ WKRVH LQ WKH QRQ�PLVVLQJ FDVH� +RZHYHU� ZKHQ �  �����

DOO RI WKH VL]HV ZHUH YHU\ GLIIHUHQW IURP WKH QRPLQDO OHYHO RI ��� $JDLQ� LW ZDV IRXQG WKDW WKH PRGHO

ZLWKRXW D GULIW DQG D WUHQG RXWSHUIRUPHG WKH RWKHU WZR PRGHOV�

)LQDOO\� 6KLQ DQG 6DUNDU �����E� HYDOXDWHG D OLNHOLKRRG UDWLR W\SH XQLW URRW WHVW IRU $5���

PRGHOV ZLWK QRQFRQVHFXWLYH REVHUYDWLRQV� 7KH\ FRQVLGHUHG $5��� PRGHOV WKDW FRQWDLQHG� �L� D

GULIW�QR�WUHQG DQG �LL� D GULIW�WUHQG� 7KH $�% VDPSOLQJ VFKHPH ZDV DJDLQ XWLOL]HG IRU GLIIHUHQW

VDPSOH VL]HV� 7KH VL]HV RI WKH WHVWV IRU $�%  ���� ��� ZHUH VLPLODU WR WKRVH IRU WKH FDVH ZKHUH WKHUH

DUH QR PLVVLQJ REVHUYDWLRQV� L�H�� $�%  ���� +RZHYHU� IRU $�%  ��� WKH HPSLULFDO VL]HV ZHUH

VRPHZKDW GLIIHUHQW� DV FRPSDUHG ZLWK WKH $�%  ��� FDVH� 6KLQ DQG 6DUNDU FRQFOXGHG WKDW WKH HIIHFW

RI PLVVLQJ REVHUYDWLRQV RQ WKH VL]HV RI WKH WHVWV DSSHDUHG WR EH VPDOO�

,Q WKLV SDSHU ZH H[WHQG 6KLQ DQG 6DUNDU
V VWXGLHV LQ VHYHUDO GLUHFWLRQV� )LUVW� ZH FRQVLGHU

DQRWKHU ZD\ RI ILOOLQJ WKH JDSV LQ WKH VHULHV� OLQHDUO\ LQWHUSRODWLQJ EHWZHHQ WZR REVHUYHG YDOXHV� $V

ZHOO DV WR FRVLGHULQJ HPSLULFDO VL]HV� ZH DOVR GHWHUPLQH WKH VL]H�DGMXVWHG SRZHUV DVVRFLDWHG ZLWK WKH

PRGLILHG ') WHVWV� )LQDOO\� ZH FRQVLGHU WKH DXJPHQWDWLRQ RI WKH ') UHJUHVVLRQV WR DOORZ IRU

0$ HUURUV LQ WKH LUUHJXODUO\ REVHUYHG GDWD�

�� $6<03727,& 5(68/76 )25 81,7 5227 7(676 :,7+ 0,66,1*

2%6(59$7,216

7KLV VHFWLRQ GHILQHV WKH DV\PSWRWLF GLVWULEXWLRQV DQG �W�VWDWLVWLFV� IRU WKH WKUHH XVXDO ') PRGHOV IRU

IRXU GLIIHUHQW FDVHV� �L� VHULHV ZLWK QR PLVVLQJ REVHUYDWLRQV� �LL� FORVHG VHULHV �L�H�� JDSV LJQRUHG�� �LLL�

JDSV ILOOHG ZLWK ODVW DYDLODEOH REVHUYDWLRQ� �LY� JDSV ILOOHG E\ OLQHDU LQWHUSRODWLRQ�



P

P
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(19)

(20)

&DVH �LY� KDV QRW EHHQ FRQVLGHUHG SUHYLRXVO\� )LUVW� ZH DVVXPH WKDW WKH ') UHJUHVVLRQV DUH

ILWWHG ZLWKRXW $DXJPHQWDWLRQ#� EXW ZH UHOD[ WKLV DVVXPSWLRQ VXEVHTXHQWO\

��� 1R�'ULIW�1R�7UHQG

)ROORZLQJ WKH 6KLQ�6DUNDU QRWDWLRQ� WKH 'DWD�*HQHUDWLQJ 3URFHVV �'*3� DQG WKH ILWWHG PRGHO

DUH DQ $5��� PRGHO \  '\ � X ZLWK '  �� \  �� DQG (�X �  �� IRU DOO W� 7KH XQLW URRW FRHIILFLHQW�
W W�� W R W

'� FRUUHVSRQGV WR � LQ RXU HDUOLHU GLVFXVVLRQ� 7KH OHQJWK RI WKH JDS LQ D VHULHV LV GHILQHG DV ��N�  

W � W � ZKHUH W GHQRWHV WKH SDVVDJH RI WLPH LQ WKH JHQHUDWLRQ RI WKH VHULHV DQG W GHQRWHV WKH
N N�� N

WLPLQJ RI WKH N©WK REVHUYDWLRQ DYDLODEOH RQ WKH VHULHV ZLWK WKH LQFRPSOHWH GDWD�

�L� 6HULHV ZLWK 1R 0LVVLQJ 2EVHUYDWLRQV�

7KH DV\PSWRWLF GLVWULEXWLRQ RI WKH QRUPDOL]HG 2/6 HVWLPDWRU RI ' LQ WKH FDVH RI D FRPSOHWH

VHULHV �3KLOOLSV ������� LV �

DQG LV WKH 2/6 HVWLPDWRU RI '� ,I WKH X 
V DUH LLG���) �� WKLV VLPSOLILHV WR�
W

�

ZKLFK LV DQDORJRXV WR WKH OLPLWLQJ GLVWULEXWLRQ LQ HTXDWLRQ ����



P
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(21)

(22)

(23)

7KH OLPLWLQJ GLVWULEXWLRQ IRU WKH W�VWDWLVWLF LQ WKLV FDVH LV MXVW WKDW GHULYHG E\ 3KLOOLSV �������

,I WKH HUURUV DUH LLG� WKHQ )  ) DQG ���� VLPSOLILHV WR�
X

�LL� &ORVHG 6HULHV

,Q WKLV FDVH� VXSSRVH WKHUH DUH Q UHFRUGHG REVHUYDWLRQV IRU < � )URP 6KLQ DQG 6DUNDU �������
W

XVLQJ UHVXOWV GHULYHG E\ 3KLOOLSV ������� WKH DV\PSWRWLF GLVWULEXWLRQ RI WKH QRUPDOL]HG 2/6 HVWLPDWRU

RI ' LV �

ZKHUH Q � 7 EHFDXVH WKH VHULHV LV FORVHG� LV WKH 2/6 HVWLPDWRU RI ' LQ WKH FORVHG VHULHV� DQG X  
N

\ � \ � $JDLQ� LI WKH X 
V DUH LQGHSHQGHQW WKHQ ) �)  � DQG WKH DV\PSWRWLF GLVWULEXWLRQ LV
WN WN�� W �

�

�

�

XQFKDQJHG IURP ���� IRU FDVH �L� DERYH� ,Q IDFW� )  ) DQG )  ) �
�

� �

�

�

X

�
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(24)

(25)

7KH OLPLW GLVWULEXWLRQ RI WKH W�VWDWLVWLF� XQGHU LQGHSHQGHQFH� LV WKDW LQ �����

�LLL� *DSV )LOOHG ZLWK /DVW $YDLODEOH ,QIRUPDWLRQ

/HW [  \ � IRU W � W � W � N  ������Q DQG [  \ � )XUWKHU� OHW D  [ � [ IRU W  W ��� W �������W � 7KH
W WN�� N�� N WQ WQ W W W�� � � Q

QHZ VHULHV� ^[ � W  W �W �������W ` FDQ EH WUHDWHG DV D FRPSOHWH GDWD VHW ZKHUH WKH PLVVLQJ YDOXHV� IRU
W � � Q

WgW �W �����W � DUH UHSODFHG ZLWK WKH ODWHVW DYDLODEOH REVHUYDWLRQV� 7KHUHIRUH� ZKHQ '  �� [  [ � D �
� � Q W W�� W

DQG WKHUH DUH QRZ DJDLQ 7 $REVHUYHG# GDWD SRLQWV� 7KH WZR PHWKRGV RI GHDOLQJ ZLWK WKH JDSV \LHOG

YDU\LQJ GDWD VHWV ZKLFK UHVXOWV LQ GLIIHUHQW YDULDQFHV IRU WKH HUURU WHUP�

7KH DV\PSWRWLF UHVXOWV IRU WKH FRPSOHWH GDWD VHULHV� [ FDQ EH WDNHQ GLUHFWO\ IURP 6KLQ DQG
W

6DUNDU ������� 7KH OLPLW GLVWULEXWLRQ IRU WKH QRUPDOL]HG 2/6 HVWLPDWRU RI ' LV �

ZKHUH LV WKH 2/6 HVWLPDWRU RI ' ZKHQ WKH JDSV DUH ILOOHG ZLWK WKH ODVW DYDLODEOH REVHUYDWLRQ� ,I

D LV LLG ���) �� WKHQ )  )  ) DQG ZH JHW WKH XVXDO DV\PSWRWLF GLVWULEXWLRQ� DV LQ ����� 6LPLODUO\�
W

�

�

�

�

� �
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(28)

8QGHU LQGHSHQGHQFH�

ZKLFK LV MXVW WKH XVXDO UHVXOW� �����

�LY� *DSV )LOOHG ZLWK /LQHDU ,QWHUSRODWLRQ

7KLV PHWKRG RI ILOOLQJ WKH JDSV KDV QRW EHHQ FRQVLGHUHG SUHYLRXVO\� EXW ZH KDYH FRQVLGHUHG

LW KHUH EHFDXVH LW KDV LQWXLWLYH DSSHDO� DQG LW VHHPV WR EH VRPHZKDW PRUH $UHILQHG# WKDQ DSSURDFKHV

�LL� RU �LLL� DERYH� )RU LQVWDQFH� LI D VHULHV KDV WZR REVHUYDWLRQV ZLWK WKUHH JDSV LQ EHWZHHQ� LW FRXOG

EH DUJXHG WKDW LQVWHDG RI XVLQJ WKH ODVW DYDLODEOH REVHUYDWLRQ WR ILOO WKHVH JDSV� D OLQHDU LQWHUSRODWLRQ

EHWZHHQ WKH NQRZQ REVHUYDWLRQV FRXOG SURYLGH D $VPRRWKHU# ZD\ RI GHDOLQJ ZLWK WKH JDSV� ,I WKH

SUHYLRXV NQRZQ REVHUYDWLRQ LV IDU OHVV �RU JUHDWHU� WKDQ WKH QH[W� ILOOLQJ WKH JDSV ZLWK WKLV YDOXH ZLOO

UHVXOW LQ D VHULHV ZLWK D ODUJH �MXPS�� 7KHUHIRUH� LW VHHPV VHQVLEOH WR XVH D WHFKQLTXH WKDW �VPRRWKV�

WKH VHULHV IURP WKH ILUVW NQRZQ ORZ �KLJK� REVHUYDWLRQ WR WKH QH[W KLJK �ORZ� YDOXH� +RZHYHU� WKH

GLVWULEXWLRQDO LPSOLFDWLRQV RI VXFK D SURFHGXUH UHTXLUH FDUHIXO FRQVLGHUDWLRQ� HYHQ LQ ODUJH VDPSOHV�

/HW [ 
  \ IRU N ������Q� $OVR OHW [ 
  [ 
����N�� �\ �\ � IRU W �W�W � N  ������Q� 'HILQLQJ D 
  
WN WN W W��

��

WN WN�� N�� N W

���N�� �\ �\ � \LHOGV WKH IROORZLQJ UHODWLRQVKLS���

WN WN��

1RZ� WKH DV\PSWRWLF GLVWULEXWLRQ RI 7� ��� LQ WKLV FDVH LV �
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(30)

(31)

DQG LV WKH 2/6 HVWLPDWRU RI ' ZKHQ WKH JDSV LQ WKH VHULHV DUH ILOOHG YLD OLQHDU LQWHUSRODWLRQ� D 
  
W

[ 
 � [
 DQG ^[ 
` LV WKH OLQHDUO\ LQWHUSRODWHG VHULHV� ,I ZH FRPSDUH WKLV VLWXDWLRQ ZLWK WKDW LQ FDVH �LLL�
W W�� W

DERYH� ZH VHH WKDW WKHUH D  � IRU DOO W DVVRFLDWHG ZLWK XQREVHUYHG GDWD SRLQWV� 6R� LQ WKH LLG FDVH�
W

)  ) � DV QRWHG SUHYLRXVO\� ,Q FRQWUDVW� KHUH LW LV WKH FDVH WKDW D 
 g � IRU DOO VXFK W� +RZHYHU� �D
�

�

�

�

W W

 � D 
�DQG VR )  ) � 2Q WKH RWKHU KDQG� ��D 
 �  ���N� ���D � � ZKLFK LPSOLHV WKDW )  
W �

�

�

�

W

� ��

W

�

�

�

) ���N�� � 6R� LQ JHQHUDO� ���� PD\ EH ZULWWHQ DV�
�

� ��

DQG WKLV PD\ EH H[SUHVVHG LQ WKH IRUP�

ZKHUH $'�7� ���� LV WKH DV\PSWRWLF GLVWULEXWLRQ GHULYHG LQ ����� 1RZ� LI D 
 LV LLG ���) �� WKHQ )
W

�

�

�

 ) � DQG ���� EHFRPHV�
�

�
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(33)

(34)

(35)

$V WKH DV\PSWRWLF GLVWULEXWLRQ LV VKLIWHG WR WKH ULJKW LI ZH OLQHDUO\ LQWHUSRODWH WKH JDSV LQ WKH GDWD�

WKH �� DQG ��� FULWLFDO YDOXHV ZLOO EH OHVV QHJDWLYH WKDQ IRU WKH XVXDO ') VWDWLVWLF� 7KH FRUUHVSRQGLQJ

W�VWDWLVWLF LV �

6R XQGHU WKH QXOO K\SRWKHVLV�

)URP 3KLOOLSV ������� ��7 (D
 <) DQG ��7 ([
 <) :�U� GU� LPSO\LQJ �
W

�

�

� �

W��

�

�

� �

6LQFH )  ) DQG )  ) ���N�� ZH KDYH�
�

�

�

�

�

�

�

� ��
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(36)

(37)

(38)

)LQDOO\� LQ WKH LLG FDVH� WKH OLPLWLQJ GLVWULEXWLRQ IRU WKH W�VWDWLVWLF ZLOO EH �

ZKHUH $'�W � LV WKH DV\PSWRWLF GLVWULEXWLRQ RI WKH XVXDO W�VWDWLVWLF VKRZQ LQ ����� :H VHH WKDW WKH
'

OLPLWLQJ GLVWULEXWLRQ IRU WKLV W�VWDWLVWLF LV WR WKH ULJKW RI WKDW IRU WKH XVXDO W�VWDWLVWLF� 7KH VFDOH

GHFUHDVHV DV ZHOO� FDXVLQJ WKH �� DQG ��� FULWLFDO YDOXHV WR EH OHVV QHJDWLYH WKDQ XVXDO� )LQDOO\�

WKH PRYHPHQW RI WKLV GLVWULEXWLRQ WR WKH ULJKW VKRXOG LQFUHDVH ZLWK N�

6KLQ DQG 6DUNDU ������ VKRZHG WKDW WKH OLPLW GLVWULEXWLRQV RI WKH QRUPDOL]HG 2/6 HVWLPDWRU

IRU '� DQG IRU WKH FRUUHVSRQGLQJ W�VWDWLVWLF� ZHUH QRW DIIHFWHG E\ WKHLU PHWKRGV RI GHDOLQJ ZLWK WKH

JDSV� +RZHYHU� ZH VHH WKDW ILOOLQJ WKH JDSV E\ OLQHDU LQWHUSRODWLRQ GRHV DIIHFW WKHVH DV\PSWRWLF

GLVWULEXWLRQV IRU WKH QR�GULIW�QR�WUHQG FDVH� 6R� WKH IROORZLQJ DV\PSWRWLF GLVWULEXWLRQV ZLOO KROG IRU

WKH GULIW�QR�WUHQG DQG GULIW�WUHQG ') UHJUHVVLRQV ZKHQ GHDOLQJ ZLWK JDSV LQ WKH GDWD YLD OLQHDU

LQWHUSRODWLRQ�

��� 'ULIW�1R�7UHQG

7KH OLPLW GLVWULEXWLRQ RI WKH QRUPDOL]HG 2/6 HVWLPDWRU� DV LQ 6HFWLRQ �� LV�
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(39)

(40)

(41)

(42)

6KLQ DQG 6DUNDU QRWH WKDW DSSURDFKHV �LL� DQG �LLL� DERYH WR GHDO ZLWK PLVVLQJ GDWD OHDYH WKLV UHVXOW

XQDOWHUHG� +RZHYHU� OLQHDUO\ LQWHUSRODWLQJ WR GHDO ZLWK WKH JDSV �

$V )  ) DQG )  ) ���N�� �
�

�

�

�

�

�

�

� ��

RU�

7KDW LV�

ZKHUH $'�7� ���� LV WKH DV\PSWRWLF GLVWULEXWLRQ IURP ����� )LQDOO\� LI WKH HUURUV DUH LLG�
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(43)

(44)

(45)

(46)

(47)

7KH OLPLWLQJ GLVWULEXWLRQ RI WKH W�VWDWLVWLF LQ WKH LLG FDVH� DOVR IURP 6HFWLRQ �� LV �

8VLQJ OLQHDU LQWHUSRODWLRQ DOWHUV WKH OLPLWLQJ GLVWULEXWLRQ LQ WKH IROORZLQJ ZD\�

$V )  ) DQG )  ) ���N�� �
�

�

�

�

�

�

�

� ��

DQG LI HUURUV DUH LLG WKHQ�
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(49)

(50)

(51)

ZKHUH $'�W � LV WKH DV\PSWRWLF GLVWULEXWLRQ RI WKH XVXDO W�VWDWLVWLF UHSRUWHG LQ �����
'

��� 'ULIW�7UHQG

7KH OLPLW GLVWULEXWLRQ RI WKH QRUPDOL]HG 2/6 HVWLPDWRU LQ WKH LLG FDVH LV VKRZQ LQ HTXDWLRQ

���� QDPHO\ �

ZKHUH DOO LQWHJUDOV DUH RYHU WKH UDQJH >���@�

$JDLQ� IURP 6KLQ DQG 6DUNDU� WKLV UHVXOW DOVR KROGV LI PHWKRGV �LL� RU �LLL� DERYH DUH XVHG WR GHDO ZLWK

WKH PLVVLQJ GDWD� +RZHYHU� XVLQJ OLQHDU LQWHUSRODWLRQ �

ZKHUH� WR VLPSOLI\ WKH H[SRVLWLRQ� ZH KDYH SUHVHQWHG RQO\ WKH LLG UHVXOW LQ �����

6LPLODUO\� LQ WKH LLG FDVH� WKH XVXDO OLPLWLQJ GLVWULEXWLRQ RI WKH W�UDWLR� IURP ���� LV �

+RZHYHU� XQGHU OLQHDU LQWHUSRODWLRQ�

ZKHUH $ DQG ' DUH GHILQHG LQ �����



��

��� $XJPHQWHG 'LFNH\�)XOOHU 7HVWV

7KH DERYH GLVFXVVLRQ LV DOO LQ WHUPV RI $VLPSOH# �UDWKHU WKDQ $DXJPHQWHG#� ') WHVWV� 7KH

$') DQG ') �W�VWDWLVWLFV� KDYH WKH VDPH OLPLW GLVWULEXWLRQV� DV ORQJ DV ZH FKRRVH WKH

DXJPHQWDWLRQ OHYHO WR JURZ ZLWK 7 �%DQHUMHH HW DO� ������ S���� DQG 6DLG DQG 'LFNH\ ��������

6R� DV\PSWRWLFDOO\� DXJPHQWLQJ GRHV QRW DIIHFW WKH DERYH UHVXOWV UHODWLQJ WR PLVVLQJ GDWD�

+RZHYHU� DXJPHQWLQJ GRHV DIIHFW WKH ILQLWH VDPSOH SURSHUWLHV RI WKH WHVWV �H�J�� 6FKZHUW ������

DQG 'RGV DQG *LOHV �������� 7KHUHIRUH� WKH $') WHVW LV FRQVLGHUHG VHSDUDWHO\ IURP WKH ') WHVW LQ

WKH VLPXODWLRQ H[SHULPHQW GHVFULEHG LQ 6HFWLRQ ��

�� $ 6,08/$7,21 (;3(5,0(17

,Q SUDFWLFH� WKH ILQLWH�VDPSOH SURSHUWLHV RI DOO WKUHH SURFHGXUHV IRU GHDOLQJ ZLWK WKH PLVVLQJ GDWD

DUH RI FRQVLGHUDEOH LQWHUHVW� :H KDYH XVHG 0RQWH &DUOR VLPXODWLRQ WR FRPSXWH WKH HPSLULFDO VL]HV

�LQ WKH VHQVH GHVFULEHG HDUOLHU� RI WKH PRGLILHG ') WHVWV� 7KHVH VL]HV ZHUH WKHQ FRPSDUHG ZLWK

WKHLU QRPLQDO VL]HV EDVHG RQ WKH �� DQG ��� FULWLFDO YDOXHV RI 0DF.LQQRQ ������� ZKLFK DVVXPH

QR EUHDNV LQ WKH GDWD� 6L]H�DGMXVWHG SRZHUV ZHUH REWDLQHG DV IROORZV� 8VLQJ WKH VLPXODWLRQ

UHVXOWV DVVRFLDWHG ZLWK HPSLULFDO VL]HV DERYH� WKH WKH WUXH FULWLFDO YDOXH QHHGHG WR FXW RII H[DFWO\

�� RU ��� LQ WKH OHIW WDLO RI HDFK QXOO GLVWULEXWLRQ ZDV IRXQG E\ LWHUDWLRQ� 7KHQ� WKH PRGHOV ZHUH

VLPXODWHG XQGHU WKH DOWHUQDWLYH K\SRWKHVLV� IRU YDULRXV VWDWLRQDU\ YDOXHV RI '� DQG XVLQJ WKLV H[DFW

FULWLFDO YDOXH �UDWKHU WKDQ WKH QRPLQDO 0DF.LQQRQ FULWLFDO YDOXH�� UHMHFWLRQ UDWHV ZHUH FRPSXWHG

IRU WKH QXOO K\SRWKHVLV� :KHQ WKH '*3 FRQWDLQHG 0$ HUURUV� DV LQ HTXDWLRQ ���� EHORZ� 0RQWH

&DUOR VLPXODWLRQV ZHUH UXQ WR REWDLQ WKH UHSODFHPHQW FULWLFDO YDOXHV LQ RUGHU WR GHYHORS SRZHU

FXUYHV IRU HDFK YDOXH RI ��

7KH LQWHUHVW LQ VXFK VL]H�DGMXVWHG SRZHU FXUYHV� HYHQ WKRXJK WKH W\SLFDO SUDFWLWLRQHU PD\ QRW

DGMXVW WKH FULWLFDO YDOXHV WKLV ZD\� LV WKDW WKH\ FDQ EH FRPSDUHG ZLWK RQH DQRWKHU GLUHFWO\ IRU WKH

SXUSRVHV RI DVVHVVLQJ SRZHU UDQNLQJV� ,Q DGGLWLRQ� XQDGMXVWHG SRZHU FXUYHV ZHUH REWDLQHG E\

XVLQJ 0DF.LQQRQ©V FULWLFDO YDOXHV XQGHU WKH DOWHUQDWLYH K\SRWKHVLV� DV ZRXOG PRVW DSSOLHG

UHVHDUFKHUV LQ SUDFWLFH� 7KHVH FXUYHV UHSUHVHQW UDZ UHMHFWLRQ UDWHV RI WKH ,��� QXOO ZKHQ LW LV IDOVH

WR VRPH GHJUHH� DQG FDUH PXVW EH WDNLQJ LQ FRPSDULQJ WKHP GLUHFWO\ ��



��

(52)

(53)

0RGLILHG $') WHVWV IRU D XQLW URRW DUH DOVR FRQVLGHUHG KHUH� 7KH OHYHO RI DXJPHQWDWLRQ FKRVHQ

IROORZHG HYLGHQFH IURP 'RGV DQG *LOHV ������� ZKR VKRZHG WKDW IRU VDPSOH VL]HV XS WR ���

REVHUYDWLRQV� DVVLJQLQJ S  � LV DQ HIIHFWLYH VWUDWHJ\ LQ WHUPV RI ORZ VL]H�GLVWRUWLRQ� $V ZH FRQVLGHU

VDPSOHV RQO\ XS WR WKLV VL]H� WKLV VDPH YDOXH RI S LV XVHG WR VLPSOLI\ WKH IROORZLQJ DQDO\VLV� �7KHUH

LV FOHDUO\ VFRSH IRU IXUWKHU UHVHDUFK EDVHG RQ RWKHU FKRLFHV RI S�� 7KH WKUHH XVXDO $') UHJUHVVLRQ

HTXDWLRQV DUH�

ZKHUH LW LV DVVXPHG WKDW X 
� X 

� DQG X 


 DUH LLG 1������W W W

7KH WLPH�VHULHV FRQVLGHUHG LQ RXU VWXG\ IROORZ WKH $�% VDPSOLQJ VFKHPH XVHG E\ 6KLQ DQG

6DUNDU� 7KDW LV� WKHUH DUH $ REVHUYHG YDOXHV IROORZHG E\ % PLVVLQJ YDOXHV� UHSHDWHG P WLPHV RYHU

WKH VDPSOH� VR WKH WRWDO QXPEHU RI DYDLODEOH REVHUYDWLRQV LV P$� 8QGHU WKLV VFKHPH REVHUYDWLRQV

DUH GHILQHG E\ WKH N �$Ó�� YHFWRUV < � < �����< � ZKHUH <  �\ �����\ � IRU K  ���������N�� � �N���


K K�$�%��� K�$�%��$

��� 7ZR IRUPV RI PLVVLQJ REVHUYDWLRQV DUH H[DPLQHG� DQG WKHVH FRXOG EH PRWLYDWHG E\ VWRFN �UDWKHU

WKDQ IORZ� GDWD DUH JHQHUDWHG PRQWKO\ EXW RQO\ REVHUYHG TXDUWHUO\ �$  � DQG %  ��� RU JHQHUDWHG

TXDUWHUO\ EXW REVHUYHG DQQXDOO\ �$  � DQG %  ��� 7KUHH GLIIHUHQW YDOXHV RI P ���� ��� ��� ZHUH

XVHG� EXW IRU WKH $') WHVWV RQO\ P  ��� �� ZHUH XVHG� 7KH WRWDO QXPEHUV RI REVHUYDWLRQV� LQFOXGLQJ

JDSV� IRU HDFK YDOXH RI P ZHUH ��� ��� DQG �� IRU WKH $  �� %  � FDVH� DQG ��� ��� DQG ��� IRU

WKH $  �� %  � FDVH� 7KH H[SHULPHQW ZDV UHSOLFDWHG WKRXVDQG UHSOLFDWLRQV DOO FRPELQDWLRQV RI P

 ��� ��� ��� $�%  ��� � ���� '  ��� ������ ����� DQG QRPLQDO VLJQLILFDQFH OHYHOV RI �� DQG ����

7KH '*3 ZLWK PRYLQJ DYHUDJH HUURUV ZDV ��

ZKHUH �  � ������ ������ ������
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(55)

�� 5(68/76�

��� 5HJXODU 'LFNH\�)XOOHU 5HJUHVVLRQV

7KH VHULHV < ZDV JHQHUDWHG DV �
W

ZKHUH <  �� � a LLG 1������ :H WKHQ FRQVLGHUHG WKH IROORZLQJ ') UHJUHVVLRQV�
� W

ZKHUH WKH HUURU WHUPV DUH DVVXPHG WR EH L�L�G� ZLWK FRQVWDQW PHDQ DQG YDULDQFH� )RU DOO YDOXHV RI P

�WKH QXPEHU RI REVHUYHG YDOXHV�� IRU ERWK QRPLQDO VLJQLILFDQFH OHYHOV� IRU ERWK $�% VDPSOLQJ

VFKHPHV� DQG IRU DOO WKUHH ') UHJUHVVLRQV� OHVV $VL]H GLVWRUWLRQ# �L�H�� WKH GLIIHUHQFH EHWZHHQ SUH�

DVVLJQHG VLJQLILFDQFH OHYHO DQG WKH HPSLULFDO UHMHFWLRQ UDWH XQGHU WKH QXOO� HPHUJHG ZKHQ WKH VHULHV

ZDV �FORVHG�� DV RSSRVHG WR ZKHQ WKH JDSV ZHUH ILOOHG LQ ZLWK WKH ODVW REVHUYHG YDOXH� 7DEOHV �

DQG � LOOXVWUDWH WKLV� +RZHYHU� WKHVH UHVXOWV ZHUH OHVV FOHDU ZKHQ WKH JDSV ZHUH ILOOHG E\ OLQHDU

LQWHUSRODWLRQ� 7KH DPRXQW RI VL]H GLVWRUWLRQ GHSHQGHG RQ WKH IRUP RI WKH ') UHJUHVVLRQ� :KHQ WKH

JDSV ZHUH LJQRUHG� WKH �QR�GULIW�QR�WUHQG� DQG �GULIW�WUHQG� ') WHVWV KDG OHVV VL]H GLVWRUWLRQ WKDQ WKHLU

OLQHDU LQWHUSRODWLRQ FRXQWHUSDUWV� IRU DOO YDOXHV RI P� DQG ERWK VLJQLILFDQFH OHYHOV� DQG ERWK $�%

VDPSOLQJ VFKHPHV� :KHQ LJQRULQJ WKH JDSV� WKH �GULIW�QR�WUHQG� WHVWV VRPHWLPHV KDG PRUH VL]H

GLVWRUWLRQ WKDQ GLG WKHLU OLQHDU LQWHUSRODWLRQ FRXQWHUSDUWV� IRU DOO VFHQDULRV H[DPLQHG� DV LV VKRZQ LQ

7DEOH � IRU P  ���

:KHQ FRPSDULQJ WKH WZR PHWKRGV RI ILOOLQJ LQ WKH JDSV� WKH VDPSOH VL]H GHWHUPLQHG ZKLFK

PHWKRG KDG OHVV VL]H GLVWRUWLRQ� %\ ILOOLQJ LQ WKH JDSV E\ OLQHDU LQWHUSRODWLRQ IRU P  ��� ��� IRU ERWK

QRPLQDO VLJQLILFDQFH OHYHOV� DQG IRU ERWK VDPSOLQJ VFKHPHV� OHVV VL]H GLVWRUWLRQ ZDV HYLGHQW WKDQ

ZKHQ WKH ODVW REVHUYHG YDOXH ZDV XVHG� +RZHYHU� WKLV DGYDQWDJH GLVDSSHDUHG ZKHQ P  ���



��

$ FRPSDULVRQ RI VL]H�DGMXVWHG SRZHUV \LHOGHG VLPLODU UHVXOWV� LJQRULQJ WKH JDSV LV D PRUH

SRZHUIXO VWUDWHJ\ WKDQ WKH RWKHU DOWHUQDWLYHV� )LJXUH � DQG 7DEOHV � DQG � LOOXVWUDWH WKLV IRU P  ��

DQG $�%  ���� DW WKH ��� VLJQLILFDQFH OHYHO� 7KLV SRZHU JDLQ ZDV HVSHFLDOO\ SURQRXQFHG ZKHQ

FRPSDUHG ZLWK WKH OLQHDU LQWHUSRODWLRQ VWUDWHJ\� 7KH SRZHU FXUYHV UHVXOWLQJ IURP FORVLQJ WKH VHULHV

LQFUHDVH DV ' GHFUHDVHV DQG ZHUH DOZD\V JUHDWHU WKDQ WKHLU FRXQWHUSDUWV IRU WKH OLQHDU LQWHUSRODWLRQ

FDVH� IRU ERWK $�% VDPSOLQJ VFKHPHV� DQG IRU DOO ') UHJUHVVLRQV� ,Q IDFW� WKH SRZHU FXUYHV IRU WKH

OLQHDU LQWHUSRODWLRQ PHWKRG JHQHUDOO\ GHFUHDVHG ZLWK '� IRU DOO YDOXHV RI P DQG IRU ERWK $�%

VDPSOLQJ VFKHPHV� ([FHSWLRQV LQFOXGHG WKH �QR�GULIW�QR�WUHQG� ') UHJUHVVLRQV IRU P  ���

)LOOLQJ WKH JDSV ZLWK WKH ODVW NQRZQ YDOXH SURGXFHG SRZHU FXUYHV WKDW LQFUHDVHG DV ' GHFUHDVHG IRU

P  ��� ��� DQG IRU ERWK $�% VDPSOLQJ VFKHPHV� +RZHYHU� WKHVH SRZHUV ZHUH GRPLQDWHG E\ WKRVH

DVVRFLDWHG ZLWK �FORVLQJ� WKH JDSV LQ WKH GDWD� ,Q DGGLWLRQ� WKH SRZHU FXUYHV DVVRFLDWHG ZLWK WHVWV

EDVHG RQ WKH �QR�GULIW�QR�WUHQG� ') UHJUHVVLRQV ZHUH H[DFWO\ WKH VDPH XQGHU ERWK RI WKHVH

DSSURDFKHV� 7KLV GLG QRW RFFXU ZKHQ WKH OLQHDU LQWHUSRODWLRQ PHWKRG ZDV XVHG� 7KLV LQWHUHVWLQJ

UHVXOW KDV EHHQ LQYHVWLJDWHG IXUWKHU� EXW ZLWKRXW D FRPSOHWH UHVROXWLRQ� :H KDYH HVWDEOLVKHG WKDW LW

GRHV QRW DULVH IURP DQ DOJHEUDLF HTXLYDOHQFH EHWZHHQ WKH �DGMXVWHG� WHVW VWDWLVWLFV� ,W DSSHDUV WR EH

D GLVWULEXWLRQDO UHVXOW� DQG ZH DUH H[DPLQLQJ WKLV LVVXH IXUWKHU LQ UHODWHG ZRUN�

([DPLQLQJ WKH SRZHU FXUYHV ZH VHH WKDW ILOOLQJ LQ WKH JDSV ZLWK WKH ODVW NQRZQ REVHUYDWLRQ

SURGXFHV XQLW URRW WHVWV ZKLFK DUH IDU PRUH SRZHUIXO LQ ILQLWH VDPSOHV WKDQ WKRVH EDVHG RQ WKH OLQHDU

LQWHUSRODWLRQ DSSURDFK� ZKLFK FDQ UHVXOW LQ D ELDVHG WHVW� $SSDUHQWO\ WKLV DULVHV EHFDXVH WKH ODWWHU

PHWKRG LQWURGXFHV QRQ�LQGHSHQGHQW YDOXHV WR $ILOO WKH JDSV#� )RU DOO YDOXHV RI P� IRU ERWK

VLJQLILFDQFH OHYHOV� IRU DOO ') UHJUHVVLRQV� DQG IRU ERWK $�% VDPSOLQJ VFKHPHV� WKH SUHYLRXV

REVHUYHG YDOXH PHWKRG RI ILOOLQJ WKH JDSV LQ WKH VHULHV UHVXOWHG LQ WKH KLJKHVW SRZHU FXUYHV� )LJXUH

� VKRZV WKH FRUUHVSRQGLQJ SRZHU FXUYHV IRU P  ��� IRU $�%  ���� DQG IRU WKH �GULIW�WUHQG� ')

UHJUHVVLRQ� DW WKH ��� VLJQLILFDQFH OHYHO�



��

��� 0$ (UURUV� 'LFNH\�)XOOHU 7HVWV

7KLV VHFWLRQ GHVFULEHV WKH QRPLQDO VL]HV DQG SRZHUV IRU DOO WKUHH ZD\V RI GHDOLQJ ZLWK WKH

JDSV ZKHQ WKH '*3 XQGHU 0$ HUURUV LV DV JLYHQ LQ 6HFWLRQ �� DQG �  ��� RU ����� )RU WKH RWKHU

YDOXHV RI �� WKH OLQHDU LQWHUSRODWLRQ SURFHGXUH ZDV GURSSHG GXH WR WKH ORZ SRZHU RI WKH WHVWV�

&RQVLGHULQJ ILUVW WKH VLWXDWLRQ ZKHQ � � �� WKH VSHFLILFDWLRQ RI WKH ') UHJUHVVLRQ ZDV DQ

LPSRUWDQW GHWHUPLQDQW RI WKH PHWKRG H[KLELWLQJ WKH OHDVW DPRXQW RI VL]H GLVWRUWLRQ IRU P  ���

��� :KHQ WKH ') UHJUHVVLRQ ZDV VSHFLILHG ZLWK HLWKHU GULIW�QR�WUHQG� RU GULIW�WUHQG� OHVV VL]H

GLVWRUWLRQ ZDV HYLGHQW LQ WKH FORVHG VHULHV DV FRPSDUHG ZLWK WKH VHULHV ZKHUH WKH JDSV ZHUH ILOOHG

ZLWK WKH ODVW NQRZQ REVHUYDWLRQ� 2Q WKH RWKHU KDQG� UHSODFLQJ WKH JDSV ZLWK WKH ODVW NQRZQ YDOXH

JHQHUDWHG WKH OHDVW DPRXQW RI VL]H GLVWRUWLRQ ZKHQ WKH QR� GULIW�QR�WUHQG ') UHJUHVVLRQ ZDV XVHG�

IRU ERWK $�% VDPSOLQJ VFKHPHV DQG ERWK VLJQLILFDQFH OHYHOV� +RZHYHU� IRU P  ��� ILOOLQJ WKH

JDSV SURGXFHG OHVV VL]H GLVWRUWLRQ WKDQ XVLQJ WKH FORVHG VHULHV IRU DOO ') UHJUHVVLRQV� /LQHDU

LQWHUSRODWLRQ JHQHUDOO\ SURGXFHG WHVWV ZLWK OHVV VL]H GLVWRUWLRQ WKDQ WKRVH FRUUHVSRQGLQJ WR

FORVLQJ WKH VHULHV RU XVLQJ WKH SUHYLRXV NQRZQ REVHUYDWLRQ WR UHSODFH WKH JDSV� )RU ERWK VDPSOLQJ

VFKHPHV� ERWK VLJQLILFDQFH OHYHOV� DQG P  ��� ��� OLQHDU LQWHUSRODWLRQ PLQLPL]HG WKH GHJUHH RI

VL]H GLVWRUWLRQ�

&ORVLQJ WKH VHULHV SURGXFHG XQLW URRW WHVWV ZKLFK ZHUH PRUH SRZHUIXO WKDQ WKRVH REWDLQHG

E\ ILOOLQJ WKH JDSV� $V P LQFUHDVHG RU � GHFUHDVHG� WKH GLIIHUHQWLDO EHWZHHQ WKH SRZHU FXUYHV

GHFUHDVHG� )LJXUHV � DQG � VKRZ WKH SRZHU FXUYHV IRU UHSUHVHQWDWLYH GULIW�WUHQG FDVHV�

,

:KHQ VL]H�DGMXVWHG SRZHUV ZHUH FDOFXODWHG� WKH OLQHDU LQWHUSRODWLRQ PHWKRG ZDV IDU OHVV SRZHUIXO

WKDQ FORVLQJ WKH VHULHV� 7DEOH � VKRZV WKH VL]H�DGMXVWHG SRZHUV IRU $�%  ��� VDPSOLQJ VFKHPH DQG

P  �� DW WKH ��� VLJQLILFDQFH OHYHO IRU WKH FORVHG VHULHV DQG WKH VHULHV ILOOHG E\ OLQHDU LQWHUSRODWLRQ�

)LOOLQJ LQ WKH VHULHV ZLWK WKH ODVW NQRZQ YDOXH DQG LJQRULQJ WKH JDSV SURGXFHG WHVWV ZKLFK ZHUH

FRPSDUDEOH LQ SRZHU� ZLWK WKH OLQHDU LQWHUSRODWLRQ PHWKRG EHLQJ TXLWH LQIHULRU�



��

$V H[SHFWHG� �  ���� SURGXFHG D ODUJH DPRXQW RI VL]H GLVWRUWLRQ IRU ERWK WKH FORVHG DQG IXOO

VHULHV DQG WKLV GLVWRUWLRQ LQFUHDVHG ZLWK WKH YDOXH RI P� )LOOLQJ WKH JDSV UHVXOWHG LQ OHVV VL]H

GLVWRUWLRQ WKDQ GLG XVLQJ WKH FORVHG VHULHV IRU DOO YDOXHV RI P� IRU ERWK VDPSOLQJ VFKHPHV� IRU DOO ')

UHJUHVVLRQV� DQG IRU ERWK VLJQLILFDQFH OHYHOV� 7DEOH �� IRU H[DPSOH� UHSRUWV WKH VL]HV ZKHQ P  ��

DQG $�%  ��� DW WKH ��� VLJQLILFDQFH OHYHO� 7KH XQLW URRW WHVWV ZHUH PRUH SRZHUIXO ZKHQ

WKH JDSV ZHUH LJQRUHG LQVWHDG RI UHSODFHG� )LJXUH � VKRZV WKH SRZHU FXUYHV IRU �  ����� P  ���

$�%  ���� DQG WKH GULIW�WUHQG ') UHJUHVVLRQ� DW WKH ��� VLJQLILFDQFH OHYHO� +RZHYHU� WKH XQLW URRW

WHVWV ZHUH QRW DV SRZHUIXO DV � DSSURDFKHG RQH� )LJXUH � VKRZV UHSUHVHQWDWLYH SRZHU FXUYHV IRU

YDULRXV � � ��

:LWK � � �� FORVLQJ WKH VHULHV SURGXFHG OHVV VL]H GLVWRUWLRQ DV FRPSDUHG WR ILOOLQJ WKH JDSV

LQ WKH GDWD� DQG WKLV GLVWRUWLRQ LQFUHDVHG DV GULIW DQG�RU WUHQG WHUPV ZHUH DGGHG WR WKH ') UHJUHVVLRQV�

EXW GLG QRW YDU\ V\VWHPDWLFDOO\ ZLWK �� $JDLQ� WKH SRZHUV RI WKH XQLW URRW WHVWV ZHUH JUHDWHU ZKHQ

WKH JDSV LQ WKH WLPH�VHULHV ZHUH LJQRUHG�

7KH XQLW URRW WHVWV UHPDLQHG PRUH SRZHUIXO ZKHQ WKH JDSV ZHUH LJQRUHG� DV FRPSDUHG WR

ILOOLQJ WKH JDSV LQ VRPH ZD\� DV LV LOOXVWUDWHG LQ )LJXUH �� )XUWKHU� WKH SRZHUV RI WKH XQLW URRW WHVWV

DUH JHQHUDOO\ JUHDWHU IRU SRVLWLYH � WKDQ IRU WKHLU FRXQWHUSDUWV ZKHQ � LV QHJDWLYH�

��� 0$ (UURUV� $XJPHQWHG 'LFNH\�)XOOHU 7HVWV

7KH '*3 UHPDLQHG WKH VDPH DV LQ 6HFWLRQ ���� EXW QRZ WKH XVXDO ') UHJUHVVLRQV ZHUH DXJPHQWHG

LQ WKH VDPH ZD\ DV 6DLG DQG 'LFNH\ ������� DQG DV UHSRUWHG LQ HTXDWLRQ ���� DERYH� ZLWK

DQ DXJPHQWDWLRQ OHYHO RI S  � IROORZLQJ WKH HYHLGHQFH RI 'RGV DQG *LOHV ������� )RU LOOXVWUDWLYH

SXUSRVHV� ZH GLVFXVV KHUH MXVW WKH UHVXOWV UHODWLQJ WR �  � DQG �  ������

)RU � � � DQG VDPSOLQJ VFKHPH $�%  ��� �ZLWK P  �� DQG ��� DQG WKH WZR VLJQLILFDQFH OHYHOV�

OHVV VL]H GLVWRUWLRQ DURVH ZKHQ WKH JDSV ZHUH UHSODFHG ZLWK WKH ODVW NQRZQ REVHUYDWLRQ� DV

RSSRVHG WR FORVLQJ WKH VHULHV� +RZHYHU� IRU VDPSOLQJ VFKHPH� $�%  ���� ERWK YDOXHV RI P� DQG

ERWK VLJQLILFDQFH OHYHOV� WKH RSSRVLWH ZDV WUXH� �7KLV UHODWLRQVKLS GLG QRW KROG IRU WKH QR�GULIW�QR�
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WUHQG ') UHJUHVVLRQ IRU ERWK YDOXHV RI P� DQG IRU ERWK VLJQLILFDQFH OHYHOV�� 7KH FRQYHUVH ZDV WUXH

IRU � � �� DQG DOO IRUPV RI WKH $') UHJUHVVLRQ�

,Q WKH FDVH RI VL]H�DGMXVWHG SRZHU� DXJPHQWLQJ WKH ') UHJUHVVLRQV SURGXFHG FXULRXV UHVXOWV�

ILOOLQJ WKH JDSV ZLWK WKH ODVW NQRZQ REVHUYDWLRQ SURGXFHG PRUH SRZHUIXO XQLW URRW WHVWV LQ

FRPSDULVRQ ZLWK WKH SRZHUV RI WKH XQLW URRW WHVWV REWDLQHG E\ LJQRULQJ WKH JDSV� 7KLV UHVXOW GLG QRW

GHSHQG RQ WKH GHJUHH RU VLJQ RI WKH 0$ HIIHFW� DV FDQ EH VHHQ IURP )LJXUHV �� � DQG �� DQG QHLWKHU

GLG LW GHSHQG RQ WKH LQFOXVLRQ RU H[FOXVLRQ RI GULIW RU WUHQG WHUPV LQ WKH $') UHJUHVVLRQV�

�� &21&/86,216

,Q WKLV VWXG\ ZH KDYH FRQVLGHUHG WKH DV\PSWRWLF DQG ILQLWH�VDPSOH GLVWULEXWLRQV RI WKH QRUPDOL]HG

2/6 HVWLPDWRU IRU '� DQG WKH FRUUHVSRQGLQJ �W�VWDWLVWLF�� IRU WHVWLQJ WKH QXOO RI D XQLW URRW

LQ WLPH�VHULHV GDWD ZLWK PLVVLQJ REVHUYDWLRQV� 6KLQ DQG 6DUNDU ������ JLYH WKH OLPLWLQJ

GLVWULEXWLRQV DVVRFLDWHG ZLWK D VHW RI GDWD ZLWK QR PLVVLQJ REVHUYDWLRQV� D WLPH�VHULHV ZKHUH WKH

JDSV DUH LJQRUHG �L�H�� WKH VHULHV ZDV FORVHG�� DQG D WLPH�VHULHV ZKHUH WKH JDSV DUH UHSODFHG ZLWK

WKH ODVW DYDLODEOH REVHUYDWLRQ� 7KH\ VKRZ WKDW UHSODFLQJ WKH JDSV ZLWK WKH ODVW REVHUYDWLRQ� RU

VLPSO\ LJQRULQJ WKH JDSV� GRHV QRW DOWHU WKH XVXDO DV\PSWRWLF UHVXOWV DVVRFLDWHG ZLWK VXFK 'LFNH\�

)XOOHU VWDWLVWLFV� :H UHSURGXFH WKHVH UHVXOWV LQ WKLV SDSHU�

:H KDYH H[WHQGHG WKHLU UHVXOWV E\ SURSRVLQJ D OLQHDU LQWHUSRODWLRQ PHWKRG IRU GHDOLQJ ZLWK

WKH JDSV LQ WKH GDWD� :H SURYH WKDW WKH OLPLWLQJ GLVWULEXWLRQ RI WKH QRUPDOL]HG 2/6 HVWLPDWRU RI

'� 7� ���� LQFOXGHV DQ DGMXVWPHQW IDFWRU ZKLFK UHVXOWV LQ FULWLFDO YDOXHV WKDW DUH OHVV QHJDWLYH WKDQ

IRU WKH XVXDO ') VWDWLVWLF� )XUWKHU� WKH UHVXOWLQJ DV\PSWRWLF GLVWULEXWLRQ IRU WKH ') W�VWDWLVWLF DOVR

LQFOXGHV DQ DGMXVWPHQW IDFWRU ZKLFK FDXVHV WKH FULWLFDO YDOXHV WR EH OHVV QHJDWLYH WKDQ XVXDO� ,W

LV LPSRUWDQW WR QRWH WKDW DOO RI WKHVH DV\PSWRWLF UHVXOWV DUH LQYDULDQW WR WKH QXPEHU RU SDWWHUQ RI

PLVVLQJ GDWD�SRLQWV LQ WKH VHULHV�

:H KDYH LQYHVWLJDWHG WKH ILQLWH�VDPSOH SURSHUWLHV RI WKHVH WHVWV YLD D VLPXODWLRQ H[SHULPHQW

ZKLFK XVHV WKH UHSHWLWLYH �$�% VDPSOLQJ VFKHPH� WR FUHDWH JDSV LQ WKH WLPH�VHULHV� :KLOH 6KLQ
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DQG 6DUNDU DGGUHVVHG RQO\ VL]H�XQDGMXVWHG SRZHUV� RXU VWXG\ DOVR FRQVLGHUV VL]H�DGMXVWHG SRZHUV�

WKXV IDFLOLWDWLQJ SURSHU FRPSDULVRQV� :H KDYH DOVR H[WHQGHG WKH HDUOLHU ZRUN E\ DOORZLQJ IRU '*3
V

ZLWK PRYLQJ�DYHUDJH HUURUV� DQG WKH �DXJPHQWHG� ') WHVWV� $OWKRXJK WKH OHYHO RI VL]H GLVWRUWLRQ

DPRQJ WKH PHWKRGV RI GHDOLQJ ZLWK WKH JDSV YDULHG WKURXJKRXW WKH VWXG\� FORVLQJ WKH VHULHV SURGXFHG

WKH EHVW SRZHU FXUYHV XQGHU DOO FLUFXPVWDQFHV�

7KH UHJXODU ') XQLW URRW WHVWV ZHUH DOZD\V PRUH SRZHUIXO ZKHQ WKH JDSV ZHUH LJQRUHG� DV

FRPSDUHG ZLWK WKH WZR DOWHUQDWLYHV� :KHQ UHSODFLQJ WKH JDSV� XVLQJ WKH ODVW DYDLODEOH REVHUYDWLRQ

SURGXFHG PRUH SRZHUIXO XQLW URRW WHVWV WKDQ WKRVH FDOFXODWHG ZKHQ XVLQJ OLQHDU LQWHUSRODWLRQ WR ILOO

WKH JDSV LQ WKH GDWD�

:LWK 0$ HUURUV LPSRVHG LQ WKH '*3 DQG XVLQJ UHJXODU ') UHJUHVVLRQV� FORVLQJ WKH VHULHV

SURYHG WR EH PRUH SRZHUIXO WKDQ UHSODFLQJ WKH JDSV ZLWK WKH ODVW DYDLODEOH REVHUYDWLRQ� :KHQ XVLQJ

WKH DXJPHQWHG ') SURFHGXUH� WKH SRZHU RI WKH XQLW URRW WHVW ZDV VXSHULRU ZKHQ WKH JDSV ZHUH

UHSODFHG LQVWHDG RI LJQRUHG� $V D UHVXOW� WKLV ILQGLQJ ZRXOG VXJJHVW ILOOLQJ WKH JDSV ZLWK WKH ODVW

NQRZQ REVHUYDWLRQ ZKHQ DXJPHQWLQJ WKH ') UHJUHVVLRQV WR FRPEDW WKH H[LVWHQFH RI 0$ HUURUV�

,W LV FOHDU IURP WKLV VWXG\ WKDW ZKHQ WHVWLQJ IRU D XQLW URRW XVLQJ UHJXODU 'LFNH\�)XOOHU W\SH

SURFHGXUHV LQ WLPH�VHULHV GDWD ZLWK PLVVLQJ REVHUYDWLRQV� LJQRULQJ WKH JDSV �L�H�� FORVLQJ WKH VHULHV�

ZLOO \LHOG WKH EHVW UHVXOWV� +RZHYHU� ZKHQ XVLQJ WKH DXJPHQWHG ') SURFHGXUH WR FRPEDW 0$ HUURUV

LQ WLPH�VHULHV GDWD ZLWK PLVVLQJ REVHUYDWLRQV� ILOOLQJ WKH JDSV LQ WKH GDWD ZLWK WKH ODVW NQRZQ

REVHUYDWLRQ \LHOGV PRUH SRZHUIXO XQLW URRW WHVWV� DV FRPSDUHG WR LJQRULQJ WKH JDSV� )XUWKHUPRUH�

UHJDUGOHVV RI WKH PHWKRG XVHG WR GHDO ZLWK WKH JDSV� EH LW LJQRULQJ RU UHSODFLQJ ZLWK WKH ODVW NQRZQ

REVHUYDWLRQ� ZH FDQ VWLOO XVH WKH UHJXODU ') FULWLFDO YDOXHV EHFDXVH WKH HVWLPDWRU IRU ' LQ WKH

UHVXOWLQJ VHULHV KDV WKH VDPH DV\PSWRWLF GLVWULEXWLRQ DV WKH HVWLPDWRU IRU ' LQ D VHULHV ZLWK QR

PLVVLQJ REVHUYDWLRQV�

$OWKRXJK WKHVH UHVXOWV SURYLGH VRPH XVHIXO SUHVFULSWLRQV IRU DSSOLHG UHVHDUFKHUV ZKR ZLVK

WR XVH 'LFNH\�)XOOHU XQLW URRW WHVWV ZLWK LQFRPSOHWH RU LQIUHTXHQWO\ REVHUYHG WLPH�VHULHV GDWD� WKHUH
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LV VFRSH IRU IXUWKHU UHVHDUFK� )LUVW� LW PXVW EH UH�HPSKDVLVHG WKDW ZH KDYH FRQVLGHUHG RQO\ '*3
V

ZKLFK H[FOXGH ERWK GULIW DQG WUHQG� DQG WKH DERYH SUHVFULSWLRQV PD\ YHU\ ZHOO FKDQJH LQ PRUH

JHQHUDO VHWWLQJV� )XUWKHU� 6KLQ DQG 6DUNDU©V �����D� VWXG\ RI +DOO©V LQVWUXPHQWDO YDULDEOH DSSURDFK

FRXOG EH H[WHQGHG WR LQFOXGH VL]H�DGMXVWHG SRZHU� DQG RWKHU ZD\V RI FKRRVLQJ WKH DXJPHQWDWLRQ

OHYHOV IRU WKH DXJPHQWHG 'LFNH\�)XOOHU XQLW URRW WHVWV FRXOG EH H[SORUHG� :H H[SORUHG WKH SRVVLELOLW\

RI XVLQJ D GXPP\�YDULDEOHV DSSURDFK �LQ WKH VSLULW RI 3HUURQ ������� WR ') WHVWLQJ ZLWK PLVVLQJ GDWD�

DQG WKH GLVFRXUDJLQJ UHVXOWV DUH UHSRUWHG E\ 5\DQ ������� 2WKHU XQLW URRW WHVWV FRXOG EH HYDOXDWHG

LQ WKH FRQWH[W RI PLVVLQJ GDWD� )RU LQVWDQFH� WKH 'XUELQ�:DWVRQ WHVWLQJ DSSURDFK RI +LVDPDWVX DQG

0DHNDZD ������� VHDVRQDO XQLW URRW WHVWV �HJ�� +\OOHEHUJ HW DO� �������� DQG RWKHU XQLW URRW WHVWV

FRQVWUXFWHG VR WKDW WKH QXOO K\SRWKHVLV LV WKDW WKH VHULHV LV VWDWLRQDU\ DQG WKH DOWHUQDWLYH LV WKDW LW LV

,��� �H�J�� .ZLDWNRZVNL HW DO� ������� FRXOG DOO EH DQDO\]HG� $OWKRXJK ZH KDYH QRW FRQVLGHUHG WKH

3KLOOLSV�3HUURQ ������ WHVW LQ WKLV VWXG\� LW ZRXOG EH ZRUWK\ RI LQYHVWLJDWLRQ LQ WKH FRQWH[W RI PLVVLQJ

REVHUYDWLRQV DQG WKHLU PL[LQJ�W\SH KHWHURJHQHLW\ RI WKH HUURUV� )LQDOO\� WKHUH LV WKH LPSRUWDQW SUREOHP

RI WKH HIIHFWV RI PLVVLQJ GDWD RQ WHVWV IRU FRLQWHJUDWLRQ EHWZHHQ GLIIHUHQW WLPH�VHULHV�

$V ZH KDYH HPSKDVL]HG LQ LQWURGXFLQJ WKH ZRUN LQ WKH SDSHU� PLVVLQJ RU LQIUHTXHQW REVHUYDWLRQV DUH

D IDFW RI OLIH ZKHQ ZRUNLQJ ZLWK HFRQRPLF WLPH�VHULHV GDWD� DQG LW ZLOO EH LPSRUWDQW WR FRQVLGHU WKH

LPSOLFDWLRQV RI VXFK FRQWDPLQDWLRQV IRU WKH IXOO VXLWH RI WHVWV WKDW XQGHUO\ PRGHUQ WLPH�VHULHV

HFRQRPHWULFV�

$&.12:/('*(0(17

:H ZRXOG OLNH WR WKDQN 'U 7RP )RPE\� 'U -XGLWK *LOHV� DQG 'U &ROLQ -RQHV IRU WKHLU YDOXDEOH

FRPPHQWV DQG VXJJHVWLRQV RQ HDUOLHU YHUVLRQV RI WKLV ZRUN�



��
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�� 6HH +DUYH\ ������ S���� DQG SS����������

�� +HUH� DQG WKURXJKRXW WKH UHVW RI WKLV SDSHU� $HPSLULFDO VL]H# �RU MXVW $VL]H#� ZLOO LPSO\ WKH

SURSRUWLRQ RI WLPHV WKH QXOO LV UHMHFWHG ZKHQ LW LV WUXH� UHJDUGOHVV RI DQ\ RWKHU FRQWDPLQDWLRQ

HIIHFWV LQ WKH RYHUDOO PRGHO� $3RZHU# ZLOO EH GHILQHG DQDORJRXVO\ ZKHQ WKH QXOO LV IDOVH�

�� 1RWH� KRZHYHU� WKDW LI RQH WHVW KDV ORZHU HPSLULFDO VL]H WKDQ D VHFRQG WHVW� DQG DOVR KDV KLJKHU

XQDGMXVWHG SRZHU WKDQ WKH VHFRQG WHVW �XQGHU WKH VDPH FRQGLWLRQV�� WKHQ WKH ILUVW WHVW LV

XQDPELJXRXVO\ PRUH SRZHUIXO WKDQ LV WKH VHFRQG� XQGHU WKRVH FRQGLWLRQV�

�� :H KDYH OLPLWHG RXU VWXG\ WR WKH VLWXDWLRQ ZKHUH WKH '*3 H[FOXGHV GULIW RU WUHQG WHUPV� 7KLV

DFFRUGV� RI FRXUVH� ZLWK WKH VWDQGDUG 'LFNH\�)XOOHU DQDO\VLV� EXW LV UDWKHU UHVWULFWLYH LQ SUDFWLFH�

:H DUH JUDWHIXO WR 7RP )RPE\ IRU FRUUHFWO\ SRLQWLQJ RXW WKDW LI WKH PDLQWDLQHG K\SRWKHVLV

DOORZHG IRU GULIW DQG WUHQG� RQH PLJKW H[SHFW D EHWWHU SHUIRUPDQFH IURP ERWK WKH �FORVLQJ WKH

JDSV� DQG �LQWHUSRODWLRQ PHWKRGV� HVSHFLDOO\ DV WKH JDS OHQJWKV LQFUHDVH� 7KLV FDYHDW VKRXOG

EH ERUQH LQ PLQG ZKHQ LQWHUSUHWLQJ WKH IROORZLQJ UHVXOWV�

�� 6HH 5\DQ ������ IRU D PRUH FRPSUHKHQVLYH VHW RI UHVXOWV IURP WKLV VWXG\�



��

5()(5(1&(6

$NDLNH� +� ������� ,QIRUPDWLRQ WKHRU\ DQG DQ H[WHQVLRQ RI WKH PD[LPXP OLNHOLKRRG SULQFLSOH�

LQ %� 3HWURY DQG )� &VDNH� HGV� �QG ,QWHUQDWLRQDO 6\PSRVLXP RQ ,QIRUPDWLRQ 7KHRU\� %XGDSHVW�

$NDGHPLDL .LDGR�

%KDUJDYD� $� ������� 0LVVLQJ REVHUYDWLRQV DQG WKH XVH RI WKH 'XUELQ�:DWVRQ VWDWLVWLF� %LRPHWULND

��� ��������

%R[� *� (� 3� DQG *� 0� -HQNLQV ������� 7LPH 6HULHV $QDO\VLV� )RUHFDVWLQJ DQG &RQWURO� 6DQ

)UDQFLVFR� +ROGHQ�'D\�

'DYLHV� 5� %� ������� 7KH GLVWULEXWLRQ RI D OLQHDU FRPELQDWLRQ RI 3 UDQGRP YDULDEOHV� DOJRULWKP $6�

���� $SSOLHG 6WDWLVWLFV ��� ��������

'LFNH\� '� $� DQG :� )XOOHU ������� 'LVWULEXWLRQ RI WKH HVWLPDWRUV IRU DXWRUHJUHVVLYH WLPH VHULHV ZLWK

D XQLW URRW� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ ��� ��������

'LFNH\� '� $� DQG :� )XOOHU ������� /LNHOLKRRG UDWLR VWDWLVWLFV IRU DXWRUHJUHVVLYH WLPH VHULHV

ZLWK D XQLW URRW� (FRQRPHWULFD ��� ����������

'LFNH\� '� $� DQG 6� (� 6DLG ������� 7HVWLQJ $5,0$ �S���T� YHUVXV $5,0$ �S���T�� 3URFHHGLQJV

RI WKH %XVLQHVV DQG (FRQRPLF 6WDWLVWLFV 6HFWLRQ� $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ� ��������

'RGV� -� /� DQG '� (� $� *LOHV ������� $OWHUQDWLYH VWUDWHJLHV IRU ¨DXJPHQWLQJ©WKH 'LFNH\�)XOOHU

WHVW� 6L]H�UREXVWQHVV LQ WKH IDFH RI SUH�WHVWLQJ� -RXUQDO RI 6WDWLVWLFDO &RPSXWDWLRQ DQG 6LPXODWLRQ

��� ��������

)XOOHU� :� ������� ,QWURGXFWLRQ WR 6WDWLVWLFDO 7LPH 6HULHV� 1HZ <RUN� :LOH\�

+DOO� $� ������ 7HVWLQJ IRU D XQLW URRW LQ WKH SUHVHQFH RI PRYLQJ DYHUDJH HUURUV� %LRPHWULND ���

������

+DOO� $� ������� 7HVWLQJ IRU D XQLW URRW LQ WLPH VHULHV XVLQJ LQVWUXPHQWDO YDULDEOH HVWLPDWRUV

ZLWK SUHWHVW GDWD EDVHG PRGHO VHOHFWLRQ� -RXUQDO RI (FRQRPHWULFV ��� ��������

+DOO� $� ������� 7HVWLQJ IRU D XQLW URRW LQ WLPH VHULHV ZLWK SUHWHVW GDWD EDVHG PRGHO VHOHFWLRQ� -RXUQDO

RI %XVLQHVV DQG (FRQRPLF 6WDWLVWLFV ��� ��������

+DPLOWRQ� -� '� ������� 7LPH 6HULHV $QDO\VLV� 3ULQFHWRQ� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�
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+DQQDQ� (� DQG %� 4XLQQ ������� 7KH GHWHUPLQDWLRQ RI WKH RUGHU RI DQ DXWRUHJUHVVLRQ� -RXUQDO RI

5R\DO 6WDWLVWLFDO 6RFLHW\ % ��� ��������

+DUYH\� $� &� ������� )RUHFDVWLQJ� 6WUXFWXUDO 7LPH 6HULHV DQG WKH .DOPDQ )LOWHU� &DPEULGJH�

&DPEULGJH 8QLYHUVLW\ 3UHVV�

+DUYH\� $� &� DQG 5� *� 3LHUVH ������� (VWLPDWLQJ PLVVLQJ REVHUYDWLRQV LQ HFRQRPLF WLPH VHULHV�

-RXUQDO RI $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ ��� ��������

+LVDPDWVX� +� DQG .� 0DHNDZD ������� 7KH GLVWULEXWLRQ RI WKH 'XUELQ�:DWVRQ VWDWLVWLF LQ

LQWHJUDWHG DQG QHDU�LQWHJUDWHG PRGHOV� -RXUQDO RI (FRQRPHWULFV ��� ��������

+\OOHEHUJ� 6�� 5� )� (QJOH� &� :� -� *UDQJHU� DQG %� 6� <RR ������� 6HDVRQDO LQWHJUDWLRQ DQG

FR�LQWHJUDWLRQ� -RXUQDO RI (FRQRPHWULFV ��� ��������

.RKQ� 5� (� DQG &� )� $QVOH\ ������� (VWLPDWLRQ� SUHGLFWLRQ DQG LQWHUSRODWLRQ IRU $5,0$ PRGHOV

ZLWK PLVVLQJ GDWD� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ ��� ��������

.ZLDWNRZVNL� '�� 3� &� %� 3KLOOLSV� 3� 6FKPLGW� DQG <� 6KLQ ������� 7HVWLQJ WKH QXOO K\SRWKHVLV

RI VWDWLRQDULW\ DJDLQVW WKH DOWHUQDWLYH RI D XQLW URRW� +RZ VXUH DUH ZH WKDW HFRQRPLF WLPH VHULHV KDYH

D XQLW URRW"� -RXUQDO RI (FRQRPHWULFV ��� ��������

/LWWOH� 5� -� $� DQG '� %� 5XELQ ������� 2Q MRLQWO\ HVWLPDWLRQ SDUDPHWHUV DQG PLVVLQJ GDWD� -RXUQDO

RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ ��� ��������

/LWWOH� 5� -� $� DQG '� %� 5XELQ ������� 6WDWLVWLFDO $QDO\VLV ZLWK 0LVVLQJ 'DWD� 1HZ <RUN� :LOH\�
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