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6SHHFK UHFRJQLWLRQ V\VWHPV EDVHG RQ KLGGHQ 0DUNRY PRGHOV

�+00� IDYRXUDEO\ DSSO\ D OLQHDU GLVFULPLQDQW DQDO\VLV WUDQV�

IRUP �/'$� LQ RUGHU WR JHW ORZ�GLPHQVLRQDO DQG XQFRUUHODWHG

IHDWXUH FRPSRQHQWV� +RZHYHU� VLQFH WKH GLVWULEXWLRQV LQ WKH

+00 VWDWHV XVXDOO\ DUH PRGHOHG E\ PL[WXUH JDXVVLDQ

GHQVLWLHV� WKH GHVFULSWLRQ E\ VHFRQG�RUGHU PRPHQWV �VFDWWHU

PDWULFHV� QR ORQJHU LV FRUUHFW� )RU WKLV SXUSRVH ZH LQWURGXFHG D

QHZ ÄH[WHQGHG OLQHDU GLVFULPLQDQW DQDO\VLV³ WUDQVIRUP �(/'$�

ZKLFK VWDUWV IURP FRQYHQWLRQDO /'$� 7KH (/'$ WUDQVIRUP LV

GHULYHG E\ XVH RI D JUDGLHQW GHVFHQW RSWLPL]DWLRQ SURFHGXUH

EDVHG RQ D ÄPLQLPXP FODVVLILFDWLRQ HUURU³ �0&(� SULQFLSOH�

ZKLFK LV DSSOLHG WR WKH RULJLQDO KLJK�GLPHQVLRQDO SDWWHUQ

VSDFH� 7KH WUDQVIRUP PDWUL[� WKH EHVW ILWWLQJ SURWRW\SH RI WKH

FRUUHFW FODVV �L�H� +00 VWDWH� DQG WKH QHDUHVW ULYDO DUH

DGDSWHG� :H GHYHORSHG D PHWKRG ZKLFK DGGLWLRQDOO\ XSGDWHV

DOO SURWRW\SHV E\ D VHSDUDWH PD[LPXP OLNHOLKRRG �0/�

HVWLPDWLRQ VWHS� 7KLV DYRLGV WKDW VXFK PHDQV DQG FRYDULDQFHV�

ZKLFK PRVWO\ UHPDLQ XQDIIHFWHG E\ WKH 0&( SURFHGXUH� PD\

GLYHUJH VWHS E\ VWHS�
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$XWRPDWLF VSHHFK UHFRJQLWLRQ V\VWHPV FRPPRQO\ DUH

VHSDUDWLQJ WKLV WDVN LQWR VHYHUDO VXEWDVNV� ZKLFK SHUIRUP WKH

SUHSURFHVVLQJ RI WKH VSHHFK VLJQDO� H[WUDFW VXLWDEOH IHDWXUHV

DQG ILQDOO\ FDUU\ RXW FODVVLILFDWLRQ E\ PHDQV RI VWRFKDVWLF

PRGHOV� VXFK DV KLGGHQ 0DUNRY PRGHOV �+00�� ,W LV REYLRXV�

WKDW DQ RSWLPDO FODVVLILFDWLRQ VFKHPH QHHGV DOO WKHVH WKUHH

VWDJHV WR EH SHUIRUPHG DV JRRG DV SRVVLEOH ZLWK UHVSHFW WR WKH

RYHUDOO HUURU UDWH� )RU SUHSURFHVVLQJ XVXDOO\ VPRRWKHG

IUHTXHQF\ VSHFWUD RU FHSVWUDO FRHIILFLHQWV DORQJ D PHO VFDOH DUH

XVHG ZLWK JRRG VXFFHVV� ,Q RXU V\VWHP� ZH DSSO\ D IXQFWLRQDO

PRGHO RI KXPDQ ORXGQHVV VHQVDWLRQ ZKLFK \LHOGV VR�FDOOHG

ORXGQHVV VSHFWUD DUUDQJHG RQ D %DUN VFDOH >�@� 7KHVH ORXGQHVV

VSHFWUD KDYH DOVR SURYHQ WR EH ZHOO VXLWHG DV D EDVLV IRU VSHHFK

UHFRJQLWLRQ�

7KH UHPDLQLQJ FULWLFDO VWDJH LV WKH IHDWXUH H[WUDFWLRQ� ZKLFK

VKRXOG GHOLYHU FRPSRQHQWV KDYLQJ VSHFLDO SURSHUWLHV�

x WKH FRPSRQHQWV VKRXOG EH XQFRUUHODWHG VLQFH XVXDOO\ WKH

+00 FODVVLILHU RQO\ DSSOLHV GLDJRQDO FRYDULDQFH PDWULFHV�

x WKH UHVXOWLQJ QXPEHU RI FRPSRQHQWV �GLPHQVLRQDOLW\�

VKRXOG EH DV VPDOO DV SRVVLEOH LQ RUGHU WR UHGXFH WKH

QXPEHU RI SDUDPHWHUV WR EH HVWLPDWHG GXULQJ WUDLQLQJ�

x DQG ODVW QRW OHDVW WKH ORZ�GLPHQVLRQDO IHDWXUH UHSUHVHQ�

WDWLRQ VKRXOG JXDUDQWHH PLQLPDO FODVVLILFDWLRQ HUURU�

7KH ZHOO�NQRZQ OLQHDU GLVFULPLQDQW DQDO\VLV �/'$� KDV SURYHQ

WR EH D JRRG VWDUWLQJ SRLQW IRU IHDWXUH H[WUDFWLRQ� ,Q >�@ WKLV

WUDQVIRUP LV IXUWKHU DGDSWHG ZLWK UHVSHFW WR PLQLPL]LQJ WKH

FODVVLILFDWLRQ HUURU XVLQJ WKH VWHHSHVW GHVFHQW PHWKRG�

+RZHYHU� WKLV DGGLWLRQDO ÄVWHS WUDQVIRUP³ ZDV DSSOLHG WR WKH

ORZ�GLPHQVLRQDO IHDWXUH VSDFH� 6HYHUDO PHWKRGV KDYH EHHQ

SURSRVHG WR JR IXUWKHU DQG WR FRPELQH RSWLPL]DWLRQ RI IHDWXUH

H[WUDFWLRQ ZLWK RSWLPL]DWLRQ RI WKH FODVVLILHU SDUDPHWHUV� H�J�

IRU KLGGHQ 0DUNRY PRGHOV >�������@ RU IRU VLPSOH QHDUHVW

QHLJKERU FODVVLILHUV >�@� 7KH WUDQVIRUPV DOVR ZHUH UHSUHVHQWHG

E\ QHXUDO QHWV ZKLFK DUH GLVFULPLQDWLYHO\ WUDLQHG >�@� ,Q

FRQWUDVW WR PRVW RI WKHVH DSSURDFKHV� LQ RXU V\VWHP ZH

FRQVHTXHQWO\ XWLOL]H WKH LPSRUWDQW SRWHQWLDO RI WKH IHDWXUH

H[WUDFWLRQ VWDJH� WKDW LV WKH SRVVLEOH UHGXFWLRQ RI

GLPHQVLRQDOLW\� $ FRPSDUDEOH VROXWLRQ DOUHDG\ ZDV UHSRUWHG LQ

>�@ IRU VSRNHQ OHWWHUV� ,Q RXU DSSURDFK ZH DUH DEOH WR GHULYH

IURP D KLJK�GLPHQVLRQDO UDZ SDWWHUQ YHFWRU RU HYHQ IURP D

VHULHV RI FRQVHFXWLYH SDWWHUQ YHFWRUV �VR�FDOOHG VXSHU YHFWRUV�

WKH GHVLUHG ORZ�GLPHQVLRQDO IHDWXUH YHFWRUV� ZKLFK IDFLOLWDWH

WKH HVWLPDWLRQ RI WKH UHPDLQLQJ FODVVLILHU SDUDPHWHUV

FRQVLGHUDEO\�

)RU WKLV SXUSRVH ZH LQWURGXFHG D GLVFULPLQDQW WUDQVIRUP ZKLFK

DOVR LV GHULYHG IURP D OLQHDU GLVFULPLQDQW DQDO\VLV� :H FDOO WKLV

SURFHGXUH ÄH[WHQGHG OLQHDU GLVFULPLQDQW DQDO\VLV³ �(/'$��

7KH EDVLF LGHD IRU (/'$ LV WR VWDUW IURP D FRQYHQWLRQDO /'$

LQFOXGLQJ GLPHQVLRQDOLW\ UHGXFWLRQ� EXW WR RSWLPL]H WKLV

UHFWDQJXODU WUDQVIRUP PDWUL[ IXUWKHU ZLWK UHVSHFW WR

PLQLPL]LQJ WKH RYHUDOO HUURU UDWH� 7KLV LV QHFHVVDU\� VLQFH WKH

/'$ RQO\ XWLOL]HV WKH EHWZHHQ�FODVV VFDWWHU PDWUL[ DQG WKH

ZLWKLQ�FODVV VFDWWHU PDWUL[� 7KHUHIRUH� RSWLPDOLW\ LV RQO\

JXDUDQWHHG IRU WKH FDVH WKDW HDFK FODVV LV UHSUHVHQWHG E\ D

VLQJOH JDXVVLDQ GLVWULEXWLRQ� %XW WKLV DVVXPSWLRQ LV H[WUHPHO\

YLRODWHG LQ FDVH RI FRQWLQXRXV GHQVLW\ +00V� ZKLFK

LQFRUSRUDWH PL[WXUH GHQVLWLHV FRQVLVWLQJ RI VHYHUDO JDXVVLDQ

GHQVLWLHV LQ HDFK VWDWH� :KHQ WKH VWDWHV DUH DVVXPHG WR EH

GLVFULPLQDWHG E\ WKH IHDWXUH H[WUDFWLRQ VWHS� WKH QHFHVVDU\

DVVXPSWLRQV DUH LQ QR ZD\ IXOILOOHG�

,Q RUGHU WR UHDFK WKLV JRDO� WKH /'$ PDWUL[ LV IXUWKHU SURFHVVHG

LQ RXU QHZ DSSURDFK E\ XVLQJ D JUDGLHQW GHVFHQW RSWLPL]DWLRQ

SURFHGXUH RQ WKH EDVLV RI D PLQLPXP FODVVLILFDWLRQ HUURU

�0&(� SULQFLSOH >�@� ZKLFK LV DSSOLHG QRZ WR WKH RULJLQDO KLJK�

GLPHQVLRQDO SDWWHUQ VSDFH� 7KH RSWLPDO VROXWLRQ LV IRXQG E\

VLPXOWDQHRXVO\ FKDQJLQJ ERWK� WKH WUDQVIRUP PDWUL[ DQG WKH

PDLQ FODVVLILHU �+00� SDUDPHWHUV� :H VWDUW IURP ODEHOHG

VSHHFK WUDLQLQJ PDWHULDO� ZKHUH WKH DOLJQPHQW WR WKH VWDWHV RI

SKRQHPH +00V LV NQRZQ� 7KH VWDWHV RI DOO +00V DUH WKH

FODVVHV WR EH GLVFULPLQDWHG E\ WKH /'$ RU (/'$� 7KH HUURU

IXQFWLRQ WDNHV LQWR DFFRXQW IRU HDFK LQSXW YHFWRU WKH FRUUHFW

VWDWH �FRUUHFW FODVV� DV ZHOO DV WKDW VWDWH IURP DOO UHPDLQLQJ

VWDWHV� ZKLFK ILWV EHVW �WKLV LV D ÄULYDO³ VWDWH ZKLFK LV DVVXPHG



WR FRQWDLQ PRVW GDQJHU RI SRVVLEOH PLVFODVVLILFDWLRQ�� 7KXV�

RQO\ WKH SDUDPHWHUV �JDXVVLDQ GLVWULEXWLRQV� RI WKH EHVW PRGHV

LQ WKHVH WZR VHOHFWHG VWDWHV DUH FKDQJHG� 7KH FRUUHFW VWDWH LV

DOZD\V SRVLWLYHO\ DGDSWHG WR WKH LQSXW YHFWRU DQG WKH ULYDO VWDWH

LV DGDSWHG DZD\ IURP WKH LQSXW YHFWRU� ,Q WKLV ZD\ WKH

GLVFULPLQDWLYH SRZHU RI WKH +00V LV LQFUHDVHG� $GGLWLRQDOO\ �

DV WKH PDLQ VFRSH RI WKLV SDSHU � WKH SDUDPHWHUV RI WKH

WUDQVIRUP PDWUL[ DUH DGMXVWHG DFFRUGLQJO\� WKXV LQFUHDVLQJ WKH

GLVFULPLQDWLYH SRZHU RI WKH WUDQVIRUP�

7KH PDLQ SUREOHP LV EDVHG RQ WKH IDFW WKDW RQ WKH RQH KDQG WKH

WRWDO WUDQVIRUP PDWUL[ DOZD\V LV DGDSWHG� EXW RQ WKH RWKHU KDQG

RQO\ WKH VHOHFWHG PHDQV DQG FRYDULDQFHV DUH WRXFKHG� 7KHUHIRUH

WKH UHPDLQLQJ XQDIIHFWHG PHDQV DQG FRYDULDQFHV ZLOO GLYHUJH

VWHS E\ VWHS� XQWLO WKH\ DUH OLNHZLVH VHOHFWHG DV QHDUHVW

SURWRW\SHV� ,I WKLV GRHV QRW KDSSHQ RIWHQ HQRXJK� PRVW RI WKH

SURWRW\SHV ZLOO QR ORQJHU EH UHSUHVHQWDWLYH LQ WKLV QHZ IHDWXUH

VSDFH DQG WKH FRPSOHWH SURFHGXUH LV SUHGLFWHG WR GLYHUJH DQG WR

SURGXFH EDG RYHUDOO UHVXOWV�

:H SURSRVH WZR VROXWLRQV WR RYHUFRPH WKLV SUREOHP�

�� DOO SURWRW\SHV �PHDQV DQG FRYDULDQFH PDWULFHV� DUH

VXEMHFWHG WR WKH WUDQVIRUP� RU

�� DOO SURWRW\SHV DUH XSGDWHG E\ D VHSDUDWH PD[LPXP

OLNHOLKRRG �0/� HVWLPDWLRQ VWHS�

7KH ILUVW VROXWLRQ LV GLIILFXOW WR UHDOL]H LQ SUDFWLFH� VLQFH WKH

RULJLQDO YHFWRUV RI WKH PHDQV �LQ WKH RULJLQDO 1[1 VSDFH� GR

QRW H[LVW� ,Q WKLV SDSHU ZH WKHUHIRUH IDYRU WKH VHFRQG VROXWLRQ�

7KDW PHDQV WKDW DQ DGGLWLRQDO 0/ HVWLPDWLRQ VWHS ZLOO DGMXVW

DOO SURWRW\SHV� UHJDUGOHVV LI WKH\ DUH VHOHFWHG E\ WKH JUDGLHQW

DGMXVWPHQWV RU QRW� 2I FRXUVH WKH PHDQV ZLOO ORRVH WKHLU VSHFLDO

SRZHU QRZ IRU GLVFULPLQDWLQJ WKH FODVVHV� %XW VLQFH WKH

SULPDU\ JRDO LV WR HVWDEOLVK WKH (/'$ WUDQVIRUP� WKLV JRDO ZLOO

EH UHDFKHG QHYHUWKHOHVV� 7KH PHDQV DUH RQO\ WR EH VHHQ KHUH DV

LQWHUPHGLDWH DX[LOLDU\ SURWRW\SHV� ZKLFK DUH XWLOL]HG DV

VXEVWLWXWHV IRU WKH VXEVHTXHQW +00 PRGHOV ZKLFK DUH EXLOW XS

LQ WKH WUDLQLQJ SKDVH�

7KH PHWKRGV IRU HVWDEOLVKLQJ WKH FRQYHQWLRQDO /'$ DUH

DVVXPHG WR EH ZHOO�NQRZQ� ,Q WKH IROORZLQJ ZH SUHVHQW WKH

FRPSOHWH DOJRULWKP IRU (/'$� L�H� ZH GHILQH WKH HUURU PHDVXUH

IRU GLVFULPLQDWLQJ +00 VWDWHV DQG JLYH WKH IRUPXODH IRU

FDOFXODWLQJ WKH JUDGLHQWV ZLWK UHVSHFW WR DOO SDUDPHWHUV�
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:H VWDUW IURP WKH DYHUDJH LQWUD�FODVV VFDWWHU PDWUL[ 6Z �ÄZLWKLQ

FODVVHV³� DQG WKH DYHUDJH LQWHU�FODVV VFDWWHU PDWUL[ 6E

�ÄEHWZHHQ FODVVHV³�� ZKHUH WKH FODVVHV DUH FKRVHQ WR EH WKH

+00 VWDWHV� 7KH PDWUL[ 6Z LV FDOFXODWHG IURP DOO LQSXW YHFWRUV

[ � $ ��VWHS SURFHGXUH FUHDWHV WKH /'$ PDWUL[ :� DV XVXDO >�@�

7KH WUDQVIRUP PDWUL[ : LV QRZ DGDSWHG IXUWKHU ZLWK UHVSHFW WR

WKH PLQLPXP FODVVLILFDWLRQ HUURU� 7KH FODVVLILHU IRU (/'$

RSWLPL]DWLRQ LV D VLPSOLILHG YHUVLRQ RI WKH SKRQHPH +00V� ,W

FRQVLVWV RI WKH VWDWHV DORQH� ZKHUHE\ RQO\ WKH EHVW ILWWLQJ PRGH

LQ D VWDWH LV WDNHQ LQWR DFFRXQW� 7KHUHIRUH� WKH HPLVVLRQ

SUREDELOLW\ RI D SDWWHUQ YHFWRU \ LQ VWDWH L ZLWK O  ����/ PRGHV

LV DSSUR[LPDWHG E\�
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ZKHUH PL[LO LV WKH PL[WXUH FRHIILFLHQW IRU PRGH O LQ VWDWH L� DQG

5 LV WKH UHGXFHG GLPHQVLRQDOLW\� ,I WKH QHJ�ORJ SUREDELOLWLHV DUH

XVHG� ZH JHW D PHDVXUH IRU WKH GLVWDQFH WR WKH FODVV PHDQV�
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$ GLVFULPLQDQW PHDVXUH LV GHILQHG DV WKH GLIIHUHQFH G�\�

EHWZHHQ WKH GLVWDQFH RI \ WR WKH FRUUHFW VWDWH V  VF DQG WKH

QHDUHVW ULYDO VWDWH V  VN�
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ZKHUH WKH OHWWHU O GHQRWHV WKH LQGH[ IRU WKH EHVW ILWWLQJ JDXVVLDQ

GLVWULEXWLRQ LQ WKH FRUUHFW VWDWH F� DQG O� GHQRWHV WKH EHVW ILWWLQJ

GLVWULEXWLRQ LQ WKH ULYDO VWDWH N� :H GHFLGHG WR VHDUFK IRU WKH

ULYDO RQO\ LQ WKH QRQ�FRUUHFW VWDWHV� L�H� N z F � +HUH ZH KDYH

VRPH VLPLODULW\ WR WKH VROXWLRQ UHSRUWHG LQ >�@� ZKHUH WKH PHDQ

YHFWRUV FRQVWLWXWH D VLPSOH QHDUHVW QHLJKERU FODVVLILHU DQG WKH

YDULDQFHV DUH QRW WDNHQ LQWR DFFRXQW�

6LQFH WKH /'$ WUDQVIRUP LV XVHG IRU GLPHQVLRQDOLW\ UHGXFWLRQ�

WRR� RQO\ 5 FRPSRQHQWV DUH FDOFXODWHG IURP WKH RULJLQDO 1

FRPSRQHQWV� 7KDW PHDQV� RQO\ D UHFWDQJXODU SDUW 1 [ 5 RI WKH

RULJLQDO 1 [ 1 PDWUL[ LV XVHG� ,I ZH GHQRWH � IRU VDNH RI

VLPSOLFLW\ � WKH SDWWHUQ YHFWRU DIWHU PHDQ�VXEWUDFWLRQ DJDLQ DV

[� ZH JHW�

\ : [= ′
ZLWK /'$ PDWUL[ :1 5× DQG 5 � 1 � (^[`  �

,Q WKH IROORZLQJ� WKH FRYDULDQFH PDWULFHV DUH DOZD\V DVVXPHG

WR EH GLDJRQDO� VR WKDW PDWUL[ LQYHUVLRQ JHWV WULYLDO DQG RQO\ WKH

YDULDQFHV &LL DUH WDNHQ LQWR DFFRXQW� $SSO\LQJ WKH WUDQVIRUP WR

WKH DFWXDO PHDQ�VXEWUDFWHG LQSXW YHFWRU [ DQG SHUIRUPLQJ VRPH

EDVLF FDOFXODWLRQV� WKH GLVWDQFH G�\� LV H[SUHVVHG RQ WKH EDVLV

RI WKH VLQJOH FRPSRQHQWV DV�
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,I WKH GLVWDQFH PHDVXUH LV OHVV WKDQ ]HUR� ZH KDYH D FRUUHFW

FODVVLILFDWLRQ� EHFDXVH WKH ULYDO VWDWH N LV IDUWKHU DZD\ WKDQ WKH



FRUUHFW VWDWH F� 2Q WKH FRQWUDU\� D G�\� YDOXH JUHDWHU WKDQ ]HUR

GHQRWHV D ZURQJ FODVVLILFDWLRQ�

8VLQJ WKH VLJPRLG IXQFWLRQ� D ORVV IXQFWLRQ LV GHILQHG DV�
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7KH WRWDO ORVV / IRU DOO YHFWRUV \P� P  ����0 LV FDOFXODWHG DV

WKH VXP
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7KH ORVV IXQFWLRQ JHWV D VPDOO YDOXH� LI WKH GLVWDQFHV G�\P�

EHFRPH DV QHJDWLYH DV SRVVLEOH� DQG WKDW PHDQV WKDW ZH KDYH

FRUUHFW FODVVLILFDWLRQV� $ �ORFDO� PLQLPXP IRU / LV REWDLQHG E\

XVLQJ D JUDGLHQW GHVFHQW PHWKRG� 7KH SDUDPHWHUV RI DQ

DUELWUDU\ IXQFWLRQ ) KDYH WR EH DGMXVWHG LQ DQ LWHUDWLYH PDQQHU

IURP VWHS Q WR VWHS Q�� ZLWK WKH DGDSWDWLRQ FRQVWDQW H�
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O� � DQG WKH FRUUHVSRQGLQJ GLDJRQDO FRYDULDQFH

PDWULFHV FDQ EH UHFDOFXODWHG IRU HDFK FRPSRQHQW�
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8VLQJ WKH FKDLQ UXOH ZH JHW WKH GHVLUHG JUDGLHQWV IRU RQH LQSXW

YHFWRU [ �VHH WKH ER[ RI HTXDWLRQV EHORZ��

7KHVH JUDGLHQWV KDYH WR EH VXPPHG XS IRU DOO LQSXW YHFWRUV� LQ

RUGHU WR JHW DQ DGDSWDWLRQ ÄDOO DW D WLPH³� )RU LQVWDQFH� WKH

JUDGLHQWV IRU WKH WRWDO ORVV ZLWK UHVSHFW WR WKH : PDWUL[
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7KH DGDSWDWLRQ FRQVWDQWV H����� KDYH WR EH ZHOO DGMXVWHG LQ RUGHU

WR DYRLG FRUUXSWHG UHVXOWV� )RU LQVWDQFH� WKH YDULDQFHV VKRXOG

EH XSGDWHG ZLWK D VPDOO YDOXH� VLQFH WKH\ FRXOG JHW WRR QDUURZ

RU HYHQ JHW QHJDWLYH�

,W KDV WR EH QRWLFHG� WKDW WKH JUDGLHQWV RI WKH PHDQV DQG

FRYDULDQFH PDWULFHV DUH SUHVHQW RQO\ IRU WKRVH LQVWDQFHV� ZKLFK

DUH VHOHFWHG DV ÄFRUUHFW³ RU ÄULYDO³ DW WKH PRPHQW� 7KDW PHDQV�

PDQ\ RI WKH SURWRW\SHV PRVWO\ UHPDLQ XQWRXFKHG� )RU WKLV

UHDVRQ WKH QXPEHU XI XSGDWH FRQWULEXWLRQV PD\ EH UDWKHU

GLIIHUHQW IRU WKH VLQJOH LWHPV� 7KLV KDV WR EH WDNHQ LQWR DFFRXQW

ZKHQ VHWWLQJ WKH DGDSWDWLRQ FRQVWDQWV�

7KH ELJ FRPSXWDWLRQDO ORDG DSSHDUV RQO\ LQ WKH WUDLQLQJ SKDVH�

'XULQJ DSSOLFDWLRQ� ZH FDQ DSSO\ WKH WUDQVIRUP PDWUL[ : DV

XVXDO� UHGXFLQJ WKH GLPHQVLRQDOLW\ RI WKH LQSXW YHFWRUV IURP 1

WR 5� 6LQFH ZH VWDUW IURP D FODVVLFDO /'$� WKH UHVXOWV DUH

JXDUDQWHHG WR EH DW OHDVW DV JRRG DV WKRVH REWDLQHG ZLWK /'$�

+RZHYHU� ZH FDQ H[SHFW WKDW WKH QHZ (/'$ PDWUL[ REWDLQHG
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E\ WKH DGGLWLRQDO JUDGLHQW DGDSWDWLRQ ZLOO GHFUHDVH WKH HUURU

UDWH IXUWKHU�

�� (;3(5,0(17$/ 5(68/76

7KH PHWKRGV KDYH EHHQ WHVWHG ZLWK VSHHFK PDWHULDO IURP WKH

*HUPDQ 9HUEPRELO SURMHFW� 7KH WUDLQLQJ VHW FRQVLVWHG RI ����

VHQWHQFHV IURP �� GLIIHUHQW VSHDNHUV� VSRNHQ LQ D VSRQWDQHRXV

PDQQHU� 7KH LQGHSHQGHQW WHVW FRQVLVWHG RI ��� VHQWHQFHV IURP

�� QHZ VSHDNHUV� 7KH V\VWHP XVHG �� FRQWH[W�LQGHSHQGHQW

SKRQHPH PRGHOV �+00V� ZLWK ����� VWDWHV� $OWRJHWKHU WKHUH

ZHUH ��� VWDWHV JLYLQJ ��� FODVVHV IRU WKH /'$� 7KH OH[LFRQ

FRQWDLQHG ���� *HUPDQ ZRUGV�

7KH SUHSURFHVVLQJ VWHS \LHOGV ORXGQHVV VSHFWUD ZLWK ��

FRPSRQHQWV� GHOWD VSHFWUD DQG GHOWD�GHOWD VSHFWUD ZLWK ��

FRPSRQHQWV HDFK� 7RJHWKHU ZLWK WKH ORXGQHVV YDOXHV� D

PRGLILHG ORXGQHVV FRPSRQHQW DQG WKH ]HUR FURVVLQJ UDWH� ZH

JHW �� FRPSRQHQWV� 7KUHH FRQVHFXWLYH YHFWRUV DUH FROOHFWHG WR

UHSUHVHQW D VXSHU YHFWRU� GHQRWHG DV [ ZLWK ��� GLPHQVLRQV�

7KLV LQSXW YHFWRU LV UHGXFHG E\ WKH /'$ RU (/'$ WR D ���

GLPHQVLRQDO YHFWRU \ ZKLFK LV WKH LQSXW WR WKH +00 FODVVLILHU�

7KH VLJPRLG SDUDPHWHU J ZDV VHW WR ��� �

7KH IROORZLQJ WDEOH VKRZV WKH ZRUG HUURU UDWH DIWHU WKH

LQGLYLGXDO LWHUDWLRQV �WKH FRPSOHWH WUDLQLQJ PDWHULDO DSSOLHG

ÄDOO DW D WLPH³�� 7KH UHFRJQLWLRQ WHVW KDV EHHQ FDUULHG RXW ZLWK

WKH LQGHSHQGHQW WHVW VHW�

RULJ� /'$ (/'$ �LWHUDWLRQ � �� (/'$ �LWHUDWLRQ � ��

����� ����� �����

7DEOH �� 7RWDO ZRUG HUURU UDWH� (/'$ DGDSWDWLRQ DORQH�

7KH UHVXOWV LQ 7DEOH � VKRZ WKDW WKH HUURU UDWH VOLJKWO\ JRHV

GRZQ DIWHU � IXOO LWHUDWLRQ� DQG WKHQ GLVWLQFWO\ LQFUHDVHV� 7KLV

HIIHFW ZDV H[SHFWHG� VLQFH WKH (/'$ WUDQVIRUPHG IHDWXUH VSDFH

QR ORQJHU ILWV WR DOO SURWRW\SHV�

,Q RUGHU WR RYHUFRPH WKLV SUREOHP� ZH DSSOLHG D PD[LPXP

OLNHOLKRRG HVWLPDWLRQ VWHS DIWHU WKH (/'$ LWHUDWLRQ� UHGXFLQJ

WKH HUURU UDWH FRQVLGHUDEO\� VHH 7DEOH �� $ IXUWKHU (/'$

LWHUDWLRQ �� �� QRW FRQWDLQHG LQ WKH WDEOH� VWURQJO\ ULVHG WKH

HUURU UDWH DJDLQ� VLQFH LQ WKLV FDVH ZH REYLRXVO\ DOUHDG\ JRW

VRPH NLQG RI RYHUDGDSWDWLRQ� $SSO\LQJ WZR 0/ VWHSV JDYH

JRRG DQG UREXVW +00 PRGHOV� EXW WKH ZRUG HUURU UDWH

LQFUHDVHG DJDLQ� %HVW UHVXOWV ZHUH REWDLQHG E\ XVLQJ RQH (/'$

LWHUDWLRQ IROORZHG E\ RQH 0/ VWHS�

2ULJ� /'$ (/'$ �LWHU� � �� 0/ �LWHU� � �� 0/ �LWHU� � ��

����� ����� ����� �����

7DEOH �� 7RWDO ZRUG HUURU UDWH DIWHU DGGLWLRQDO 0/ HVWLPDWLRQ�

$OWRJHWKHU� ZLWK DSSOLFDWLRQ RI (/'$ DQ HUURU UDWH UHGXFWLRQ RI

��� � �RU UHODWLYHO\ ��� �� DV FRPSDUHG WR WKH RULJLQDO /'$

WUDQVIRUP FRXOG EH REWDLQHG LQ WKHVH ILUVW H[SHULPHQWV�

�� ',6&866,21

7KH YDULDQFHV DUH YHU\ VHQVLWLYH WR WKH JUDGLHQW DGDSWDWLRQ

PHWKRG� )RU WKLV UHDVRQ� LQ DQ DGGLWLRQDO H[SHULPHQW ZH

GLVFODLPHG WKHLU DGDSWDWLRQ� 7KH UHVXOWV REWDLQHG ZHUH YHU\

VLPLODU WR WKRVH GLVSOD\HG DERYH LQ 7DEOH �� 7KDW PHDQV WKDW

WKH PDLQ HIIHFWV DUH FDXVHG E\ WKH (/'$ WUDQVIRUP DQG E\

DGDSWDWLRQ RI WKH PHDQ YHFWRUV� DQG DGDSWDWLRQ RI WKH YDULDQFHV

FRXOG EH QHJOHFWHG�

6RPH UH�FODVVLILFDWLRQ WHVWV ZLWK WKH WUDLQLQJ PDWHULDO LWVHOI

VKRZHG� WKDW WKH HUURU UDWH FRXOG EH UHGXFHG FRQVLGHUDEO\

IXUWKHU� GRZQ WR �� �� %XW LQ WKLV FDVH ZH DOUHDG\ JRW D FOHDU

RYHUDGDSWDWLRQ HIIHFW� 7KDW PHDQV WKDW WKH WUDLQLQJ VHW KDV WR EH

HQODUJHG� LQ RUGHU WR JHW EHWWHU UHVXOWV IRU LQGHSHQGHQW WHVW VHWV�

,W ZLOO EH HVSHFLDOO\ LQWHUHVWLQJ WR WHVW WKH VHFRQG PHWKRG� WKDW

LV WR DSSO\ GXULQJ WKH LWHUDWLRQ VWHSV WKH QHZO\ FDOFXODWHG

(/'$ WUDQVIRUP WR DOO PHDQV LPPHGLDWHO\� WKXV DYRLGLQJ WKH

PLVPDWFK RI WKH XQDIIHFWHG PHDQ YHFWRUV� 7KHVH H[SHULPHQWV

DUH LQ SURJUHVV� ,Q DQ\ FDVH� WKH SUHVHQWHG PHWKRGV IRU

FDOFXODWLQJ WKH (/'$ WUDQVIRUP KDYH SURYHQ WR \LHOG D

VXLWDEOH� LPSURYHG IHDWXUH H[WUDFWLRQ VWDJH IRU VSHHFK

UHFRJQLWLRQ�

�� 5()(5(1&(6

>�@ 5XVNH� *� DQG %HKDP� 0�� *HK|UEH]RJHQH DXWRPDWLVFKH

6SUDFKHUNHQQXQJ� ,Q� �6SUDFKOLFKH 0HQVFK�0DVFKLQH�

.RPPXQLNDWLRQ�� �+� 0DQJROG� +UVJ��� 2OGHQERXUJ�

9HUODJ� 0�QFKHQ :LHQ� ����� �� � ���

>�@ $\HU� &�0� +XQW� 0�-�� DQG %URRNHV� '�0�� $ GLVFUL�

PLQDWLYHO\ GHULYHG OLQHDU WUDQVIRUP IRU LPSURYHG VSHHFK

UHFRJQLWLRQ� (XURVSHHFK ����� %HUOLQ� 9RO� �� S� ��� � ����

>�@ (XOHU� 6�� ,QWHJUDWHG RSWLPL]DWLRQ RI IHDWXUH WUDQVIRUPDWLRQ

IRU VSHHFK UHFRJQLWLRQ� (XURVSHHFK ����� 0DGULG� 9RO� ��

S� ��� � ����

>�@ 5DWKLQDYHOX� &� DQG 'HQJ� /�� +00�EDVHG VSHHFK UHFRJQL�

WLRQ XVLQJ VWDWH�GHSHQGHQW� OLQHDU WUDQVIRUPV RQ PHO�

ZDUSHG ')7 IHDWXUHV� ,((( ,&$663 ����� $WODQWD� � � ���

>�@ 5DWKLQDYHOX� &� DQG 'HQJ� /�� +00�EDVHG VSHHFK

UHFRJQLWLRQ XVLQJ VWDWH�GHSHQGHQW� GLVFULPLQDWLYHO\ GHULYHG

WUDQVIRUPV RQ PHO�ZDUSHG ')7 IHDWXUHV� ,((( 7UDQV� RQ

6SHHFK DQG $XGLR 3URF�� 9RO� � 1R� �� ����� ��������

>�@ %LHP� $� DQG .DWDJLUL� 6�� )HDWXUH H[WUDFWLRQ EDVHG RQ

PLQLPXP FODVVLILFDWLRQ HUURU�JHQHUDOL]HG SUREDEDOLVWLF

GHVFHQW PHWKRG� ,((( ,&$663 ����� 0LQQ�� ,,� ��� � ����

>�@ 3DOLZDO� .�.�� %DFFKLDQL� 0�� DQG 6DJLVDND� <�� 6LPXO�

WDQHRXV GHVLJQ RI IHDWXUH H[WUDFWRU DQG SDWWHUQ FODVVLILHU

XVLQJ WKH PLQLPXP HUURU WUDLQLQJ DOJRULWKP� 3URF� RI WKH

,((( :RUNVKRS RQ 1HXUDO 1HWZRUNV IRU 6LJQDO 3URFHVVLQJ�

%RVWRQ ����� S� �� � ���

>�@ 5DKLP� 0� *� DQG /HH� &��+�� 6LPXOWDQHRXV $11 IHDWXUH

DQG +00 UHFRJQL]HU GHVLJQ XVLQJ VWULQJ�EDVHG PLQLPXP

FODVVLILFDWLRQ HUURU �0&(� WUDLQLQJ� ,QW� &RQI� RQ 6SRNHQ

/DQJXDJH 3URFHVVLQJ����� 3KLODGHOSLD� S� ���� � �����

>�@ 5XVNH� *�� $XWRPDWLVFKH 6SUDFKHUNHQQXQJ� =ZHLWH� HUZHL�

WHUWH $XIODJH� 2OGHQERXUJ�9HUODJ� 0�QFKHQ :LHQ� �����

7KLV ZRUN ZDV IXQGHG E\ WKH %0%) ZLWKLQ WKH IUDPHZRUN

RI WKH 9HUEPRELO�3URMHFW�


