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%OLQG 6LJQDO 6HSDUDWLRQ �%66� LV D SRZHUIXO WHFKQLTXH IRU

VHSDUDWLRQ RI PL[HG VLJQDOV ZLWK ZHDN DVVXPSWLRQV RQ WKH

LQFRPLQJ VLJQDOV� 7KH REMHFWLYHV RI %66 DUH DQDORJRXV WR

WKH REMHFWLYHV RI ([SORUDWRU\ 3URMHFWLRQ 3XUVXLW ZKLFK LV

ZLGHO\ XVHG LQ WKH VWDWLVWLFDO FRPPXQLW\ IRU ILQGLQJ

VWUXFWXUH LQ KLJK GLPHQVLRQDO GDWD VHWV� ,Q WKLV SDSHU� ZH

DGDSW ([SORUDWRU\ 3URMHFWLRQ SXUVXLW IRU %66� )LUVW� ZH

LQWURGXFH ([SORUDWRU\ 3URMHFWLRQ 3XUVXLW DQG WKH DVVRFLDWHG

SURMHFWLRQ SXUVXLW LQGH[ �33,�� :H DGDSW WKH 33, IRU

DSSOLFDWLRQ WR %66� :H DOVR LQYHVWLJDWH WKH RUGHU RI

DSSUR[LPDWLRQ UHTXLUHG WR DFKLHYH VDWLVIDFWRU\ VHSDUDWLRQ

XVLQJ WKH 33,� DQG FRPSDUH LWV SHUIRUPDQFH WR D PD[LPXP�

OLNHOLKRRG %66 WHFKQLTXH XVLQJ D *UDP�&KDUOLHU

([SDQVLRQ�

,1752'8&7,21

6LJQDO 0RGHO

:H PDNH WKH VWDQGDUG DVVXPSWLRQV RQ WKH VLJQDO PRGHO IRU

ELQG VLJQDO VHSDUDWLRQ� L�H� LQGHSHQGHQWO\ GLVWULEXWHG

VLJQDOV DUH OLQHDUO\ PL[HG E\ D PL[LQJ PDWUL[ $�

[ $V Q= + ���

ZKHUH Q LV $:*1� :H DVVXPH UHDO VLJQDOV� UHDO QRLVH� DQG

D UHDO PL[LQJ PDWUL[� :H ZLOO YDU\ WKH QRLVH LQ RXU

VLPXODWLRQV� EXW ZH LJQRUH WKH QRLVH IRU WKH SXUSRVHV RI

DQDO\VLV�

([SORUDWRU\ 3URMHFWLRQ 3XUVXLW

:H ZLOO JLYH D EULHI LQWURGXFWLRQ WR ([SORUDWRU\ 3URMHFWLRQ

3XUVXLW� )XOO GHWDLOV RI WKH DOJRULWKP DUH GLVFXVVHG LQ >�@�

3URMHFWLRQ SXUVXLW LV D VWDWLVWLFDO PHWKRG IRU IXQFWLRQ

DSSUR[LPDWLRQ �DQG GHQVLW\ HVWLPDWLRQ� XVLQJ D

UHSUHVHQWDWLRQ DV D SURGXFW RI RQH GLPHQVLRQDO IXQFWLRQV�
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$V ZLWK EOLQG VLJQDO VHSDUDWLRQ� SURMHFWLRQ SXUVXLW ILUVW

GRHV D VSKHULQJ RI WKH GDWD� 7KLV FRQVLVWV RI GHWHUPLQLQJ

WKH VDPSOH FRYDULDQFH PDWUL[ RI WKH LQFRPLQJ GDWD� WKH

69' RI WKH FRYDULDQFH PDWUL[ LQWR 9'97 ZKHUH 9 LV WKH

PDWUL[ RI HLJHQYHFWRUV DQG ' LV WKH GLDJRQDO PDWUL[ RI

HLJHQYDOXHV� :KHQ WKHVH DUH DSSOLHG WR WKH LQFRPLQJ GDWD�

; �ZKLFK LV KHUH DVVXPHG WR KDYH PHDQ ]HUR��
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WKH UHVXOWLQJ GDWD = KDV XQLW YDULDQFH LQ DOO SURMHFWLRQ

GLUHFWLRQV� $V VKRZQ E\ +DUUR\�/DFRXPH >�@� WKLV

UHFRYHUV WKH FROXPQ VSDFH HLJHQYHFWRUV DQG HLJHQYDOXHV RI

WKH PL[LQJ PDWUL[ $� EXW WKH PDWUL[ RI URZ VSDFH

HLJHQYHFWRUV �D XQLWDU\ PDWUL[� FDQQRW EH UHFRYHUHG IURP

WKH FRUUHODWLRQ PDWUL[�

7KH FULWHULRQ SURMHFWLRQ SXUVXLW XVHV WR ILQG DSSUR[LPDWLRQ

GLUHFWLRQV �¨LQWHUHVWLQJ© GLUHFWLRQV� LV WKH GLVWDQFH RI WKH

RQH GLPHQVLRQDO GHQVLW\ HVWLPDWH LQ D SDUWLFXODU GLUHFWLRQ

IURP WKH *DXVVLDQ GHQVLW\� ,Q SUHYLRXV PHWKRGV >�@� WKLV

GLVWDQFH IURP *DXVVLDQLW\ ZDV PHDVXUHG XVLQJ D .XOOEDFN�

/HLEOHU GLYHUJHQFH ZKLFK DPRXQWHG WR PD[LPXP�

OLNHOLKRRG GHQVLW\ HVWLPDWLRQ� 7KH 33, PHDVXUHV GLVWDQFH

IURP *DXVVLDQLW\ LQ D GLIIHUHQW ZD\� E\ SDVVLQJ WKH GDWD

WKURXJK DQ HUURU IXQFWLRQ WUDQVIRUPDWLRQ DQG HVWLPDWLQJ

WKH UHVXOWLQJ GDWD GHQVLW\ XVLQJ /HJHQGUH SRO\QRPLDOV�

%HFDXVH WKH /HJHQGUH SRO\QRPLDOV DUH RQO\ DSSOLFDEOH

RYHU WKH UDQJH >����@ DQG WR UHPRYH DQ\ PXOWLSOLFDWLYH

*DXVVLDQ IDFWRU LQ WKH GHQVLW\� WKH GDWD LV SDVVHG WKURXJK

DQ HUURU IXQFWLRQ QRQOLQHDULW\ SULRU WR EHLQJ HVWLPDWHG�
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ZKHUH I LV WKH HUURU IXQFWLRQ �*DXVVLDQ FXPXODWLYH

GLVWULEXWLRQ IXQFWLRQ� DQG D LV D YHFWRU DORQJ ZKLFK WKH

GDWD GHQVLW\ LV HVWLPDWHG� 7KH I IXQFWLRQ IRUFHV DOO WKH

GDWD LQ WKH UDQJH >�f� f@ WR OLH LQ WKH UDQJH >���@� DQG

GLYLGHV WKH GDWD GHQVLW\ E\ D *DXVVLDQ GHQVLW\ WKXV

UHPRYLQJ DQ\ *DXVVLDQ FRPSRQHQW RI WKH GDWD GHQVLW\�

7KH LQGH[ XVHG WR GHWHUPLQH LQWHUHVWLQJ GLUHFWLRQV LV WKH

IROORZLQJ�
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ZKHUH 3M LV WKH MWK /HJHQGUH SRO\QRPLDO DQG - LV WKH

QXPEHU RI WHUPV LQ WKH /HJHQGUH H[SDQVLRQ RI WKH GHQVLW\�

7KH PRWLYDWLRQ IRU XVLQJ WKH /HJHQGUH SRO\QRPLDOV OLHV LQ

WKHLU HDVH RI FRPSXWDWLRQ� 7KH UHFXUVLRQ HTXDWLRQV IRU WKH

MWK /HJHQGUH SRO\QRPLDO DUH JLYHQ E\�
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7KH HTXDWLRQV IRU WKH GHULYDWLYH DUH DOVR VWUDLJKWIRUZDUG LI

RQH ZDQWHG WR GR JUDGLHQW GHVFHQW� )ULHGPDQ XVHV JUDGLHQW

GHVFHQW DV ZHOO DV FRDUVH VHDUFK WR ILQG ¨LQWHUHVWLQJ

GLUHFWLRQV©� +RZHYHU� ZH IRXQG JUDGLHQW GHVFHQW WR EH

SUREOHPDWLF IRU %66 DQG DYRLGHG LWV XVH DOWRJHWKHU� 7KH

UHDVRQV DUH GLVFXVVHG LQ WKH %RG\ RI WKLV SDSHU�

%OLQG VLJQDO VHSDUDWLRQ

%OLQG VLJQDO VHSDUDWLRQ LV WKH UHFRYHU\ RI VLJQDOV WKDW KDYH

EHHQ OLQHDUO\ FRPELQHG ZLWK D PL[LQJ PDWUL[ $ DV LQ WKH

VLJQDO PRGHO DERYH� $ LV DVVXPHG QRQVLQJXODU� $V LQ

SURMHFWLRQ SXUVXLW� WKH VLJQDO PRGHO LV RIWHQ PRGLILHG E\

WDNLQJ WKH FRUUHODWLRQ PDWUL[ RI WKH LQFRPLQJ GDWD�

GHWHUPLQLQJ LWV 69'� DQG SURMHFWLQJ WKH GDWD RQWR WKH

VLJQDO VXEVSDFH DQG VFDOLQJ VR WKDW WKH UHVXOWLQJ GDWD KDV

XQLW YDULDQFH LQ DOO GLUHFWLRQV� 7KH 69' RI WKH PL[LQJ

PDWUL[ FDQ EH UHFRYHUHG LQ WKLV ZD\ H[FHSW IRU D XQLWDU\

PDWUL[� SURGXFLQJ WKH IROORZLQJ PRGHO RI WKH SURMHFWHG DQG

VFDOHG LQFRPLQJ GDWD�
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ZKHUH 8 LV D XQLWDU\ PDWUL[� 6WDQGDUG PHWKRGV IRU

UHFRYHULQJ WKH XQLWDU\ WUDQVIRUPDWLRQ DUH EDVHG RQ GHQVLW\

HVWLPDWLRQ XVLQJ FXPXODQWV >���@� FXPXODQW PDWFKLQJ >�@�

GHQVLW\ HVWLPDWLRQ XVLQJ NHUQHOV >�@� WHPSRUDO SURFHVVLQJ

ZLWK MRLQW GLDJRQDOL]DWLRQ RI FRUUHODWLRQ PDWULFHV >�@� 7KH

GHQVLW\ HVWLPDWLRQ PHWKRGV DVVXPH L�L�G� VRXUFHV DQG ZULWH

WKH MRLQW SGI DV D SURGXFW RI RQH GLPHQVLRQDO SGI©V� 7KH

RQH GLPHQVLRQDO SGI©V DUH HVWLPDWHG DV OLQHDU FRPELQDWLRQV

RI +HUPLWH SRO\QRPLDOV ZKHUH WKH SRO\QRPLDO FRHIILFLHQWV

DUH FXPXODQWV RI WKH GDWD�

352-(&7,21�38568,7�,1'(;�)25�%66

0RGLILFDWLRQV RI 33, IRU %66

6LQFH ZH NQRZ WKH SURMHFWLRQ GLUHFWLRQV RI WKH VRXUFHV DUH

RUWKRJRQDO� DQG HDFK VRXUFH GLUHFWLRQ VKRXOG FRUUHVSRQG WR

DQ ¨LQWHUHVWLQJ© GLUHFWLRQ LQ WKH 33, VHQVH� ZH PRGLI\ WKH

33, WR LQFOXGH ERWK GLUHFWLRQV VLPXOWDQHRXVO\� :H UHVWULFW

RXUVHOYHV WR � LQGHSHQGHQWO\ GLVWULEXWHG UHDO LQSXW VLJQDOV

DQG D UHDO PL[LQJ PDWULFHV VR WKDW WKH XQLWDU\ PDWUL[ PD\

EH SDUDPHWUL]HG DV WKH RUWKRQRUPDO WUDQVIRUPDWLRQ LQ WKH

IROORZLQJ ZD\�
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:H PRGLI\ WKH 33, WR WKH VXP RI WKH SURMHFWLRQ SXUVXLW

LQGH[ LQ RUWKRQRUPDO GLUHFWLRQV�
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6LQFH WKH ��G GHQVLWLHV LQ WKH RUWKRJRQDO GLUHFWLRQV DUH

ERWK IDUWKHVW DZD\ IURP *DXVVLDQ �UHODWLYH WR RWKHU SDLUV RI

RUWKRJRQDO GLUHFWLRQV�� WKLV FRPSRVLWH LQGH[ VKRXOG EH

PRUH UREXVW WKDQ WKH 33, LQ HLWKHU SURMHFWLRQ GLUHFWLRQ

DORQH�

,QWHUSUHWDWLRQ RI 33, %66 UHODWLYH WR (GJHZRUWK

H[SDQVLRQ

7KH DSSOLFDWLRQ RI WKH *DXVVLDQ WUDQVIRUPDWLRQ WR WKH GDWD

LQ HDFK SURMHFWLRQ GLUHFWLRQ LPSURYHV UREXVWQHVV WR

RXWOLHUV� IRUFHV WKH GDWD LQWR WKH UDQJH >����@ VR WKDW WKH

/HJHQGUH SRO\QRPLDOV PD\ EH XVHG� DQG GLYLGHV WKH RXWSXW

GHQVLW\ E\ D *DXVVLDQ GHQVLW\ FDXVLQJ WKH HVWLPDWH WR

DSSURDFK WKH (GJHZRUWK H[SDQVLRQ� 7KH (GJHZRUWK

H[SDQVLRQ LV WKH H[SDQVLRQ DURXQG D *DXVVLDQ GHQVLW\

XVLQJ FXPXODQWV� 7KH HVWLPDWLQJ GHQVLW\ LV DVVXPHG WR

KDYH WKH IRUP�
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ZKHUH I LV D *DXVVLDQ GHQVLW\� N DUH FXPXODQWV DQG K DUH

+HUPLWH 3RO\QRPLDOV� 7KH QRWDWLRQ IROORZV WKDW RI >�@�

1RZ� WKH GDWD SDVVHG WKURXJK WKH *DXVVLDQ GLVWULEXWLRQ

IXQFWLRQ LQ WKH SURMHFWLRQ SXUVXLW WHFKQLTXH KDV WKH IRUP�

ρ ρ ϑ φ ϑ� � � � �� � � � ��5 5 5[= − −� � ����

ZKHUH

ϑ φ− −= +� � � �� � � �� � � ��5 8 5 ����

VR WKDW LI WKH LQFRPLQJ GDWD LV DVVXPHG WR KDYH WKH GHQVLW\

I[�[�N�� WKHQ
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DQG WKLV LV WKH GHQVLW\ WKDW LV HVWLPDWHG XVLQJ /HJHQGUH

SRO\QRPLDOV� 7KXV� WKH GHQVLW\ WKDW (GJHZRUWK DWWHPSWV WR

DSSUR[LPDWH XVLQJ +HUPLWH SRO\QRPLDOV� 33, %66

HVWLPDWHV XVLQJ /HJHQGUH SRO\QRPLDOV� 6LQFH WKH UHFXUVLRQ

HTXDWLRQ IRU /HJHQGUH SRO\QRPLDOV LQYROYHV RQO\ RWKHU

/HJHQGUH SRO\QRPLDOV� LW LV HDV\ WR FRPSXWH� 7KLV JLYHV DQ

LQWHUSUHWDWLRQ RI WKH UHODWLRQ EHWZHHQ WKH 3URMHFWLRQ

SXUVXLW WHFKQLTXH DQG WKH VWDQGDUG (GJHZRUWK �RU UHODWHG

*UDP�&KDUOLHU� H[SDQVLRQ �VHH >�@��
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3URFHGXUH

:H WHVWHG WKH SURMHFWLRQ SXUVXLW LQGH[ DJDLQVW WKH ILUVW

PD[LPXP�OLNHOLKRRG HVWLPDWRU RI +DUUR\�/DFRXPH DV

SUHVHQWHG LQ >�@
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%RWK HVWLPDWRUV ZHUH XVHG WR GHWHUPLQH WKH URWDWLRQ DQJOH

RI GDWD JHQHUDWHG DFFRUGLQJ WR WKH SURGXFW RI � RQH�

GLPHQVLRQDO GLVWULEXWLRQV DQG SDVVHG WKURXJK D PL[LQJ

PDWUL[� /DSODFH DQG XQLIRUP GLVWULEXWLRQV ZHUH XVHG WR

JHQHUDWH WKH GDWD� :H DOVR YDULHG WKH IROORZLQJ SDUDPHWHUV

WR GHWHUPLQH WKHLU HIIHFW RQ WKH HVWLPDWLRQ DFFXUDF\�

QXPEHU RI VDPSOHV RI WKH GDWD� URWDWLRQ DQJOH� RUGHU RI WKH

SSL HVWLPDWH� UHVROXWLRQ RI WKH SSL VHDUFK� DQG QRLVH OHYHO�

$OO VLPXODWLRQV ZHUH GRQH LQ 0DWODE�

$V PHQWLRQHG LQ WKH LQWURGXFWLRQ� ZH HQFRXQWHUHG GLIILFXOW\

LQ GRLQJ JUDGLHQW GHVFHQW WR ILQG WKH URWDWLRQ DQJOH�

%HFDXVH HYHQ KLJK GLPHQVLRQDO %66 FDQ EH UHGXFHG WR

FRPSRVLWLRQV RI � GLPHQVLRQDO URWDWLRQV� ZH RSWHG WR GR

%66 RYHU WZR GLPHQVLRQV DW D WLPH� 7KLV UHVWULFWHG WKH

VHDUFK VSDFH RI URWDWLRQ DQJOHV WR >�S���S��@� 7KH VHDUFK

VSDFH EHLQJ VR VPDOO� ZH FRXOG UHDVRQDEO\ FDUU\ RXW EUXWH

IRUFH VHDUFK RI WKH 33, DW WKH URWDWLRQ DQJOHV RYHU WKH UDQJH

RI LQWHUHVW� :H GLG WKLV LQWHOOLJHQWO\ XVLQJ WKH IROORZLQJ

DOJRULWKP DQDORJRXV WR &RPRQ>�@�

GHWHUPLQH 33, DW T �

IRU N ��Q

LI 33, DW T�S��N�� LV ! 33, DW T

T T�S��N���

HOVH LI 33, DW T�S��N�� LV ! 33, DW T

T T�S��N���

HQG

HQG

WKLV GRHV D ELQDU\ VHDUFK RI WKH UDQJH VSDFH SURGXFLQJ DQ

HVWLPDWH RI WKH URWDWLRQ DQJOH WR ZLWKLQ S��N�� LQ N VWHSV�

5HVXOWV

%HORZ� ZH VKRZ WKH HVWLPDWLRQ DFFXUDF\ RI WKH URWDWLRQ

DQJOH HVWLPDWH DV D IXQFWLRQ RI WKH RUGHU XVHG WR GHWHUPLQH

WKH 33,� :H FDUULHG RXW WKLV DQDO\VLV IRU ERWK XQLIRUP DQG

/DSODFH GHQVLWLHV DV GRQH LQ >�@� $V H[SHFWHG� IRU GHQVLWLHV

IDU IURP *DXVVLDQ� VXFK DV WKH XQLIRUP� D PXFK ODUJHU RUGHU

LV UHTXLUHG WR REWDLQ JRRG DQJOH HVWLPDWHV� 7KH /DSODFLDQ

GHQVLW\� EHLQJ PXFK FORVHU WR WKH *DXVVLDQ� UHTXLUHG ORZHU

RUGHU /HJHQGUH SRO\QRPLDOV WR REWDLQ JRRG HVWLPDWHV�

)LJXUH �� (UURU LQ URWDWLRQ DQJOH DV D IXQFWLRQ RI

RUGHU RI /HJHQGUH SRO\QRPLDO DSSUR[LPDWLRQ IRU

XQLIRUP GHQVLW\�

)LJXUH �� (UURU LQ URWDWLRQ DQJOH DV D IXQFWLRQ RI

RUGHU RI /HJHQGUH 3RO\QRPLDO $SSUR[LPDWLRQ IRU

/DSODFLDQ 'HQVLW\�

7KLV LV FRQVLVWHQW ZLWK WKH REVHUYDWLRQV RI )ULHGPDQ HW� DO�

>�@ ZKR FODLP WKDW WKH DELOLW\ WR ILQG LQWHUHVWLQJ GLUHFWLRQV

LV QRW FULWLFDOO\ GHSHQGHQW RQ WKH RUGHU - DV ORQJ DV - LV LQ

WKH UDQJH >���@ DQG VDPSOH VL]HV DUH QRW VPDOO�

:H DOVR FRPSDUHG WKH 33, WR WKH *UDP�&KDUOLHU HVWLPDWRU

�DV SURSRVHG E\ +DUUR\�/DFRXPH� LQ HVWLPDWLQJ WKH

URWDWLRQ DQJOH� 7KH ELDV LQ WKH HVWLPDWH DV D IXQFWLRQ RI

WKH URWDWLRQ DQJOH DUH VKRZQ LQ JUDSKV EHORZ� 7KH GDWD

ZHUH GLVWULEXWHG DFFRUGLQJ WR WKH MRLQW XQLIRUP DQG

/DSODFLDQ GHQVLWLHV PHQWLRQHG DERYH� 7KLV GDWD ZDV WDNHQ

DW DQ 615 RI ��GE DQG ���� VDPSOHV� EXW WKH VDPH

FDWDVWURSKLF LQFUHDVH LQ HUURU RFFXUV IRU WKH *UDP�&KDUOLHU

HVWLPDWH DW VLJQDO 615©V RI �G% DQG ��G% DQG VDPSOH

VL]HV RI ��� DQG ���� VDPSOHV DW D URWDWLRQ DQJOH RI

DSSUR[LPDWHO\ �� GHJUHHV� 7KH 33, SHUIRUPV XQLIRUPO\

ZHOO DFURVV DOO URWDWLRQ DQJOHV�



)LJXUH �� (UURU LQ URWDWLRQ DQJOH HVWLPDWH DV D

IXQFWLRQ RI URWDWLRQ DQJOH IRU *UDP�&KDUOLHU PHWKRG

�WRS JUDSK� DQG 33, PHWKRG �ERWWRP JUDSK�� 7KH

*UDP�&KDUOLHU PHWKRG KDV FDWDVWURSKLF LQFUHDVH LQ

HUURU IRU URWDWLRQ DQJOH! �� GHJUHHV�

',6&866,21

&RPSDULVRQ RI 33, ZLWK *UDP�&KDUOLHU

H[SDQVLRQ

7KH 33, KDV VHYHUDO DGYDQWDJHV RYHU ORJ�OLNHOLKRRG ZLWK

WKH *UDP�&KDUOLHU H[SDQVLRQ� ,Q SDUWLFXODU� WKH *UDP�

&KDUOLHU HVWLPDWRU LV OLPLWHG WR QXOO VNHZQHVV DQG NXUWRVLV

ZLWKLQ WKH UDQJH >���@ �>�@� S����� 7KH 33, LV QRW OLPLWHG LQ

WKLV ZD\� 7KLV PD\ H[SODLQ WKH IDLOXUH RI WKH *UDP�&KDUOLHU

HVWLPDWH DW ODUJH URWDWLRQ DQJOHV �L�H�!�� GHJUHHV��

,Q IDFW� DOWKRXJK +DUUR\ DQG /DFRXPH FODLP WKH\ DUH XVLQJ

WKH *UDP�&KDUOLHU H[SDQVLRQ� WKHLU UHVXOW DOVR KROGV IRU WKH

(GJHZRUWK H[SDQVLRQ IRU D V\PPHWULF GHQVLW\ �VXFK DV ZH

DUH XVLQJ KHUH�� 7KH (GJHZRUWK H[SDQVLRQ LV VLPSO\ D

*UDP�&KDUOLHU H[SDQVLRQ H[FHSW WKDW WHUPV WKDW FRQYHUJH DW

WKH VDPH UDWH DUH JURXSHG WRJHWKHU� %XW LQ WKH (GJHZRUWK

H[SDQVLRQ� WKH �UG RUGHU FXPXODQWV DQG �WK RUGHU FXPXODQWV

YDQLVK IRU V\PPHWULF SGI©V VR WKH UHPDLQLQJ WHUPV LQ WKH

(GJHZRUWK H[SDQVLRQ >�@YDQLVK� 7KXV� LQ WKH V\PPHWULF

SGI FDVH� WKH *UDP�&KDUOLHU DQG (GJHZRUWK H[SDQVLRQV

ZRXOG SURGXFH WKH VDPH HVWLPDWH�

&21&/86,21

:H KDYH SUHVHQWHG ([SORUDWRU\ 3URMHFWLRQ 3XUVXLW

WHFKQLTXH DQG DGDSWHG LW WR %OLQG 6LJQDO 6HSDUDWLRQ� :H

KDYH DOVR H[SORUHG LWV FRQQHFWLRQ ZLWK WKH PD[LPXP�

OLNHOLKRRG XVLQJ WKH *UDP�&KDUOLHU H[SDQVLRQ� :H KDYH

WHVWHG WKH WHFKQLTXH RQ VRPH VWDQGDUG GHQVLWLHV WR VWXG\ WKH

RUGHU UHTXLUHG IRU JRRG URWDWLRQ DQJOH HVWLPDWHV� :H KDYH

DOVR FRPSDUHG LWV SHUIRUPDQFH WR D VWDQGDUG URWDWLRQ DQJOH

HVWLPDWRU�

5()(5(1&(6

>�@ %HORXFKUDQL� $�� $EHG�0HUDLP� .�� &DUGRVR� -��)��

0RXOLQHV� (� ¦$ EOLQG VRXUFH VHSDUDWLRQ WHFKQLTXH

XVLQJ VHFRQG�RUGHU VWDWLVWLFV§� ,((( 7UDQVDFWLRQV RQ

6LJQDO 3URFHVVLQJ� YRO���� �QR���� ,(((� )HE� �����

S��������

>�@ &DUGRVR� -��)�� %RVH� 6�� )ULHGODQGHU� %� ¦2Q RSWLPDO

VRXUFH VHSDUDWLRQ EDVHG RQ VHFRQG DQG IRXUWK RUGHU

FXPXODQWV§� 3URFHHGLQJV� �WK ,((( 6LJQDO 3URFHVVLQJ

:RUNVKRS RQ 6WDWLVWLFDO 6LJQDO DQG $UUD\ 3URFHVVLQJ�

&RUIX� *UHHFH� ����� -XQH ������ /RV $ODPLWRV� &$�

86$� ,((( &RPSXW� 6RF� 3UHVV� ����� S��������

>�@ &RPRQ� 3� ¦,QGHSHQGHQW FRPSRQHQW DQDO\VLV� D QHZ

FRQFHSW"§ 6LJQDO 3URFHVVLQJ� YRO���� �QR���� $SULO

����� S���������

>�@ )ULHGPDQ� -� +�� ¦([SORUDWRU\ 3URMHFWLRQ 3XUVXLW§�

-RXUQDO RI 7KH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ�

0DUFK ����� Y� ��� Q����� SS��������

>�@ +DUUR\� )�� /DFRXPH� -��/� ¦0D[LPXP OLNHOLKRRG

HVWLPDWRUV DQG &UDPHU�5DR ERXQGV LQ VRXUFH

VHSDUDWLRQ§� 6LJQDO 3URFHVVLQJ� YRO���� �QR���� (OVHYLHU

IRU (85$6,3� 'HF� ����� S��������

>�@ 0F&XOODJK� 3�� 7HQVRU PHWKRGV LQ VWDWLVWLFV� /RQGRQ �

1HZ <RUN � &KDSPDQ DQG +DOO� �����

>�@ 3KDP� '� 7� ¦%OLQG VHSDUDWLRQ RI LQVWDQWDQHRXV

PL[WXUH RI VRXUFHV YLD DQ LQGHSHQGHQW FRPSRQHQW

DQDO\VLV§� ,((( 7UDQVDFWLRQV RQ 6LJQDO 3URFHVVLQJ�

YRO���� �QR����� ,(((� 1RY� ����� S���������


