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7KLV SDSHU SUHVHQWV WKH ZRUN� SHUIRUPHG DW &00 DV

SDUW RI WKH (XURSHDQ 3520(7+(86 SURMHFW�

FRQFHUQLQJ URDG � ODQH VHJPHQWDWLRQ DQG REVWDFOH

GHWHFWLRQ LQ D G\QDPLF VFHQH� 5RDG � ODQH VHJPHQWD�

WLRQ LV XVHG WR VHOHFW 52, ZKHUH REVWDFOH GHWHFWLRQ

DOJRULWKPV DUH DSSOLHG� 7KLV VHJPHQWDWLRQ LV PDGH

XS RI D WHPSRUDO ILOWHU� DQ HGJH GHWHFWRU DQG D ZDWHU�

VKHG WUDQVIRUPDWLRQ� ,W SURGXFHV D PDUNHU RI WKH

FXUUHQW WUDIILF ODQH� 7KLV PDUNHU LV WKHQ XVHG IRU

FDOFXODWLQJ D URDG PRGHO ZKLFK LV FRQWLQXRXVO\

XSGDWHG� 7KH REVWDFOH GHWHFWLRQ XVHV YDULRXV FULWHULD�

H[LVWHQFH RI D GDUNHU UHJLRQ PDUNLQJ D YHKLFOH� VL]H

DQG FRQWUDVW RI REVWDFOHV DQG V\PPHWU\�

7KHVH WZR SURFHVVHV XVH WKH ZDWHUVKHG WUDQVIRUPD�

WLRQ ZKLFK LV XVXDOO\ WKH VORZHVW SDUW RI WKH VHJPHQ�

WDWLRQ� 7R VSHHG LW XS� D YHU\ HIILFLHQW HQKDQFHPHQW

RI WKH DOJRULWKP� EDVHG RQ DQDPRUSKRVLV� LV

SUHVHQWHG�

�� ,QWURGXFWLRQ

7KH &HQWHU RI 0DWKHPDWLFDO 0RUSKRORJ\ LV LQYROYHG

LQ WKH (XURSHDQ 3520(7+(86 SURMHFW ZLWK RWKHU

)UHQFK UHVHDUFK ODERUDWRULHV DQG ZLWK WKH FDU

PDQXIDFWXUHUV 36$ DQG 5HQDXOW IRU GHVLJQLQJ D FDU

GHPRQVWUDWRU QDPHG 3URODE�� 7KLV GHPRQVWUDWRU LV

HTXLSSHG ZLWK YDULRXV YLGHR FDPHUDV �WZR IURQW YLHZ

FDPHUDV� RQH UHDU YLHZ DQG WZR ODWHUDO FDPHUDV��

2QH RI WKH IURQW YLHZ FDPHUDV LV FRXSOHG ZLWK D

WHOHPHWHU� ,Q DGGLWLRQ WR WKHVH VHQVRUV� WZR &&'

OLQHDU FDPHUDV DUH XVHG IRU VWHUHRYLVLRQ� 2XU SDUWLFL�

SDWLRQ LQ WKLV GHPRQVWUDWRU LV WKH GHYHORSPHQW RI D

UHDO�WLPH� RQ�ERDUG LPDJH SURFHVVRU IRU DQDO\]LQJ

LPDJHV SURYLGHG HLWKHU E\ RQH RI WKH IURQW FDPHUDV

RU E\ WKH UHDU RQH� 7KH UHVXOW RI WKH LPDJH SURFHVV�

LQJ FRQVLVWV RI D OLVW RI REVWDFOHV LQ IURQW RI RU EHKLQG

WKH FDU� 7KH SRVLWLRQ DQG HVWLPDWHG GLVWDQFH RI HDFK

REVWDFOH LV JLYHQ WR D VXSHUYLVRU ZKLFK WKHQ GHOLYHUV

PHVVDJHV DQG ZDUQLQJV WR WKH GULYHU WKURXJK D

PDQ�PDFKLQH LQWHUIDFH� 7KLV LQIRUPDWLRQ LV SDUWLFX�

ODUO\ KHOSIXO LQ WKH FDVH RI WKH UHDU YLHZ FDPHUD

ZKHUH QR WHOHPHWHU LV DYDLODEOH IRU FRQWULEXWLQJ WR

WKH GLVWDQFH PHDVXUHPHQWV�

7ZR PDLQ WDVNV DUH SHUIRUPHG E\ WKH LPDJH SURFHV�

VRU� 7KH ILUVW RQH LV WKH VHJPHQWDWLRQ RI WKH URDG DQG

RI WKH WUDIILF ODQHV� 7KLV WDVN LV D EDFNJURXQG WDVN

SHUIRUPHG FRQWLQXRXVO\ E\ WKH SURFHVVRU� 7KH VHFRQG

RQH LV WKH REVWDFOH GHWHFWLRQ� 7KLV WDVN PD\ EH HLWKHU

D EDFNJURXQG WDVN �LQIRUPDWLRQ LV VHQW SHUPDQHQWO\�

RU D WDVN SHUIRUPHG RQ UHTXHVW E\ WKH VXSHUYLVRU�

7KLV SDSHU LV QRW GHYRWHG WR DQ LQ�GHSWK GHVFULSWLRQ

RI WKH DOJRULWKPV XVHG IRU DFKLHYLQJ WKHVH WDVNV� $Q

LQ�GHSWK UHYLHZ RI WKH PRUSKRORJLFDO WRROV XVHG LQ

WKLV SURMHFW FDQ EH IRXQG LQ >�@� >�@� >�@� >��@ DQG

>��@� :H VLPSO\ HPSKDVL]H WKH GLIIHUHQW DGMXVWPHQWV

DQG PRGLILFDWLRQV ZKLFK KDYH EHHQ SHUIRUPHG IRU

LQFUHDVLQJ WKH VSHHG RI WKH DOJRULWKPV ZLWKRXW

UHGXFLQJ WRR PXFK WKHLU HIILFLHQF\ DQG UREXVWQHVV�

6SHFLDO KDUGZDUH KDV EHHQ GHVLJQHG IRU SHUIRUPLQJ

WKH REVWDFOH GHWHFWLRQ DQG ODQH VHJPHQWDWLRQ LQ UHDO

WLPH >�@� >�@� 7KLV KDUGZDUH LV EDVHG RQ D 6,0'�13

DUFKLWHFWXUH EXLOW ZLWK D PDWKHPDWLFDO PRUSKRORJ\

$6,& QDPHG 3,00� >�@� $PRQJ WKH YDULRXV

PRUSKRORJLFDO WRROV XVHG� WKH PRVW LPSRUWDQW LV WKH

ZDWHUVKHG WUDQVIRUPDWLRQ >�@� $OWKRXJK LW LV D YHU\

HIILFLHQW WRRO IRU VHJPHQWDWLRQ� LW LV DOVR WLPH

FRQVXPLQJ� 5HFHQW DOJRULWKPV XVLQJ ),)2 DQG

KLHUDUFKLFDO TXHXHV �+4� VSHHG XS WKH ZDWHUVKHG >�@�

8QIRUWXQDWHO\� WKHUH LV VWLOO QR KDUGZDUH LPSOHPHQ�

WDWLRQ RI WKHVH +4 DOJRULWKPV DQG WKH\ FDQQRW EH

DSSOLHG WR D 6,0'�13 DUFKLWHFWXUH� 6R� DQRWKHU

DSSURDFK KDV EHHQ XVHG WR VSHHG XS WKH ZDWHUVKHG�

7KLV DSSURDFK LV EDVHG RQ WKH XVH RI FODVVLFDO

PRUSKRORJLFDO WUDQVIRUPV VXLWDEOH IRU D 6,0' DUFKL�

WHFWXUH� FRXSOHG ZLWK DQ DQDPRUSKRVLV WR UHGXFH WKH

QXPEHU RI SURFHVVHG JUD\ OHYHOV LQ WKH LPDJH�

5RDG 6HJPHQWDWLRQ DQG 2EVWDFOH 'HWHFWLRQ E\ D )DVW

:DWHUVKHG 7UDQVIRUPDWLRQ

6HUJH %HXFKHU� 0LFKHO %LORGHDX

&HQWUH GH 0RUSKRORJLH 0DWKpPDWLTXH� (FROH GHV 0LQHV GH 3DULV

��� 5XH 6DLQW +RQRUp� ����� )RQWDLQHEOHDX� )UDQFH

3KRQH ���� ����������� )D[ ���� ����������� EHXFKHU#FPP�HQVPS�IU



�� 5RDG DQG ODQH VHJPHQWDWLRQ

7KH ILUVW WDVN LV GHYRWHG WR WKH VHJPHQWDWLRQ RI WKH

URDG DQG RI WKH WUDIILF ODQHV�

3XUSRVH RI WKH VHJPHQWDWLRQ

7KH SXUSRVH RI WKH URDG DQG ODQH VHJPHQWDWLRQ LV QRW

DW ILUVW VLJKW REYLRXV� ,Q IDFW� WKLV SDUW RI WKH SURFHVV

LV RI PDMRU LPSRUWDQFH IRU WKH IROORZLQJ UHDVRQV�

� ,WV SURYLGHV XVHIXO LQIRUPDWLRQ RQ WKH FDU SRVLWLRQ

ZLWK UHVSHFW WR WKH ODQH ERXQGDULHV� 0RUHRYHU� WKH

QDWXUH RI WKH JURXQG PDUNLQJ FDQ EH DQDO\]HG� ZLWK

DV D ILQDO UHVXOW� DQ LQFUHDVH RI WKH GULYHU
V VDIHW\�

� ,W DOORZV XV WR FRPSXWH WKH FRRUGLQDWHV RI WKH

UHJLRQV RI LQWHUHVW LQ WKH VFHQH DQG LQ SDUWLFXODU

WKRVH RI WKH ZLQGRZV ZKHUH WKH REVWDFOH GHWHFWLRQ

DOJRULWKP LV DSSOLHG� 7KH VHOHFWLRQ RI UHJLRQV IRU

REVWDFOH GHWHFWLRQ KDV PDQ\ DGYDQWDJHV� WKH VL]H RI

WKH LPDJH WR EH SURFHVVHG LV UHGXFHG DQG FRQVH�

TXHQWO\ WKH FRPSXWDWLRQ WLPH� 0RUHRYHU� WKH

GHWHFWHG URDG RU ODQHV FDQ EH XVHG DV D WHPSODWH IRU

UHMHFWLQJ DUWLIDFWV RU IDOVH DODUPV SURGXFHG E\ WKH

REVWDFOH GHWHFWLRQ WDVN� )LQDOO\ ZKHQ WKH REVWDFOH

GHWHFWLRQ LV SHUIRUPHG RQ UHTXHVW� WKLV SURFHVV FDQ

EH HDVLO\ IRFXVHG RQ D SDUWLFXODU ODQH�

� 7KH GHWHFWLRQ RI WKH ODQH ERXQGDULHV DOVR SURYLGHV

WKH G\QDPLF SDUDPHWHUV �PDJQLILFDWLRQ IDFWRUV�

DOORZLQJ WKH FDOFXODWLRQ RI WKH �' UHDO FRRUGLQDWHV RI

REMHFWV RQ WKH URDG IURP WKHLU �' SRVLWLRQ LQ WKH

LPDJH� 7KHVH SDUDPHWHUV PXVW EH FRQWLQXRXVO\

XSGDWHG� ,I [H DQG \H DUH WKH FRRUGLQDWHV LQ WKH LPDJH

RI D SRLQW RQ WKH URDG� WKH FRUUHVSRQGLQJ FRRUGL�

QDWHV �[�\� LQ WKH UHDO ZRUOG �WKH FRRUGLQDWHV D[HV DUH

GUDZQ DW )LJXUH �� DUH JLYHQ E\�
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ZKHUH ' LV D PDJQLILFDWLRQ IDFWRU GHSHQGLQJ RQ WKH

RSWLFDO V\VWHP DQG 5 D SDUDPHWHU ZKLFK FDQ EH

GHULYHG IURP WKH �' HTXDWLRQV RI WKH ODQH

ERXQGDULHV� \) LV WKH OLQH FRRUGLQDWH LQ WKH LPDJH RI

WKH YDQLVKLQJ SRLQW RI WKH VFHQH�

/DQH VHJPHQWDWLRQ DOJRULWKPV

7ZR ODQH VHJPHQWDWLRQ DOJRULWKPV DUH XVHG� 7KH

ILUVW RQH LV XVHG GXULQJ WKH LQLWLDOL]DWLRQ VWHS DQG

SHUIRUPV D ILUVW H[WUDFWLRQ RI WKH FXUUHQW WUDIILF ODQH

IURP VFUDWFK� 7KH VHFRQG RQH LV DFWLYDWHG LQ WKH

VWHDG\ VWDWH DQG XVHV WKH SUHYLRXV VHJPHQWDWLRQ WR

PDWFK D FRPSXWHG PRGHO RI WKH ODQH ZLWK WKH QH[W

LPDJH� 7KLV PRGHO SURGXFHV D QHZ VHJPHQWDWLRQ

ZKLFK� LQ WXUQ� LV XVHG WR XSGDWH WKH URDG PRGHO�

%RWK SURFHVVHV XVH WKH VDPH PDLQ VWHSV DQG WKH

VDPH PRUSKRORJLFDO VHJPHQWDWLRQ WRRO� WKH ZDWHU�

VKHG WUDQVIRUPDWLRQ� 7KHVH PDLQ VWHSV DUH WKH

IROORZLQJ�
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)LJXUH �� ,PDJH DQG UHDO ZRUOG FRRUGLQDWHV

)LJXUH �� &RQQHFWLRQ RI WKH JURXQG PDUNLQJ

E\ D WHPSRUDO ILOWHU� RULJLQDO LPDJH �XS�� ILOWHUHG

LPDJH �GRZQ�



� $ PRUSKRORJLFDO WHPSRUDO ILOWHU >��@ LV DSSOLHG

RYHU D QXPEHU RI VXFFHVVLYH LPDJHV WR UHPRYH QRLVH

DQG WR FORVH WKH ZKLWH GLVFRQWLQXRXV �LI DQ\� JURXQG

PDUNLQJ� 7KH QXPEHU RI VXFFHVVLYH LPDJHV LV GHWHU�

PLQHG E\ WKH VSHHG RI WKH FDU DQG E\ WKH DFTXLVLWLRQ

UDWH� $OWKRXJK D WHPSRUDO DOWHUQDWH VHTXHQWLDO ILOWHU

ZRXOG EH UHFRPPHQGHG� LQ RUGHU WR UHGXFH WKH

FRPSXWDWLRQ WLPH� D VLPSOH WHPSRUDO GLODWLRQ LV XVHG

LQ SUDFWLFH� 0RUHRYHU� WKH VL]H RI WKLV GLODWLRQ �WKDW

LV� WKH QXPEHU RI VXFFHVVLYH LPDJHV� LV ORZHU GXULQJ

WKH VWHDG\ VWDWH VHJPHQWDWLRQ � WUDFNLQJ PRGH� WKDQ

LW LV GXULQJ WKH LQLWLDO VWHS �DFTXLVLWLRQ PRGH�� 7KLV

YDULDWLRQ RI VL]H OHDGV WR D EHWWHU PDQDJHPHQW RI WKH

FKDQJHV RI ODQH GXULQJ WKH WUDFNLQJ PRGH� 2Q WKH

RWKHU KDQG� WKH DFTXLVLWLRQ PRGH QHHGV D ODUJHU VL]H

RI WHPSRUDO GLODWLRQ DQG FRQVHTXHQWO\ FDQ RQO\ EH

GRQH ZKHQ WKHUH LV QR YHKLFOH LQ WKH IRUH�JURXQG

�)LJXUH ���

� $Q HGJH GHWHFWRU PDGH RI D FRPELQDWLRQ RI D

PRUSKRORJLFDO JUDGLHQW DQG RI D WRS�KDW WUDQVIRUP LV

WKHQ DSSOLHG WR WKH SUHYLRXV LPDJH�

)LJXUH �� :DWHUVKHG RI WKH JUDGLHQW

RI WKH ILOWHUHG LPDJH

� )LQDOO\� D ZDWHUVKHG WUDQVIRUPDWLRQ RI WKH JUDGLHQW

LPDJH LV SHUIRUPHG� 7KLV ZDWHUVKHG WUDQVIRUPDWLRQ

LV VOLJKWO\ GLIIHUHQW GHSHQGLQJ RQ LWV XVH GXULQJ WKH

DFTXLVLWLRQ PRGH RU GXULQJ WKH WUDFNLQJ PRGH� ,Q WKH

IRUPHU FDVH� D VLPSOH ZDWHUVKHG LV SHUIRUPHG�

3URYLGHG WKDW WKH WHPSRUDO ILOWHU LV VXIILFLHQWO\

HIILFLHQW� D VLPSOH FDWFKPHQW EDVLQ PDUNV WKH FXUUHQW

ODQH �)LJXUH ��� ,WV ULJKW DQG OHIW ERXQGDULHV FDQ WKHQ

EH XVHG WR FRPSXWH D ODQH PRGHO �D VWUDLJKW ODQH

PRGHO LV XVHG LQ SUDFWLFH�� ,Q WKH ODWWHU FDVH� WKH

SUHYLRXV ODQH PRGHO LV XVHG WR EXLOG D PDUNHU RI WKH

ODQH ZKLFK LV LQMHFWHG WR WKH ZDWHUVKHG WUDQVIRUP RI

WKH QH[W LPDJH� 7KHQ WKLV QHZ ZDWHUVKHG SURGXFHV D

VLPSOH FDWFKPHQW EDVLQ ILWWHG WR WKH QHZ ODQH LPDJH�

7KHQ D QHZ ODQH PRGHO LV FDOFXODWHG DQG WKH HQWLUH

SURFHVV FDQ EH UXQ DJDLQ RQ WKH IROORZLQJ LPDJH

�)LJXUH ���

)LJXUH �� 6HJPHQWDWLRQ LQ WUDFNLQJ PRGH �UHDU YLHZ�

)LJXUH �� &KDQJH RI ODQH DQG VHOHFWLRQ RI D QHZ

PDUNHU IURP WKH URDG PRGHO � �D� WLPH Q� �E� WLPH

Q��



0RUHRYHU� LI WKH QXPEHU RI ODQHV DQG WKH LQLWLDO

SRVLWLRQ RI WKH FDU DUH NQRZQ �WKHVH GDWD FDQ EH

HQWHUHG PDQXDOO\�� WKH FKDQJH RI ODQH FDQ EH WDNHQ

LQWR DFFRXQW LQ D YHU\ VWUDLJKWIRUZDUG PDQQHU

GXULQJ WKH WUDFNLQJ PRGH� 7R GR VR� WKH ODQH PRGHO

PXVW EH UHSODFHG E\ D URDG PRGHO� 7KH ERXQGDULHV RI

WKH SUHYLRXV FDWFKPHQW EDVLQ DUH XVHG WR GUDZ QRW

RQO\ WKH PRGHO RI WKH FXUUHQW ODQH EXW DOVR WKH

DGMDFHQW RQHV� 7KHUHIRUH� ZH JHQHUDWH DV PDQ\ SRVVL�

EOH PDUNHUV DV WKHUH DUH ODQHV� ,I WKH FDU SHUIRUPV D

FKDQJH RI ODQH� WKH ULJKW PDUNHU KRZHYHU LV VHOHFWHG

DQG LQMHFWHG LQ WKH ZDWHUVKHG WUDQVIRUPDWLRQ� 7KLV

PDUNHU FRUUHVSRQGV WR WKH RQH DSSHDULQJ LQ IURQW RI

WKH VFHQH �)LJXUH ��� 0RUHRYHU� WKH QXPEHU RI WKH

FXUUHQW ODQH DQG WKH GUDZLQJ RI WKH URDG PRGHO DUH

PRGLILHG DFFRUGLQJO\�

�� 2EVWDFOH GHWHFWLRQ

7KH VHFRQG SDUW RI WKH WUHDWPHQW LV WKH REVWDFOH

GHWHFWLRQ� 7KLV SURFHVV LV SHUIRUPHG LQ SDUDOOHO RQ

WKH UHJLRQV RI LQWHUHVW �52,� HPSKDVL]HG E\ WKH URDG

VHJPHQWDWLRQ� 6WDUWLQJ IURP WKH SRVLWLRQ RI WKH ODQH

ERXQGDULHV� LW LV HDV\ WR FRPSXWH WKH FRRUGLQDWHV RI D

ZLQGRZ HPEHGGLQJ WKH SDUW RI WKH LPDJH FRUUH�

VSRQGLQJ WR D JLYHQ UDQJH RI GLVWDQFH ZKHUH WKH

REVWDFOH GHWHFWLRQ DOJRULWKP FDQ EH DSSOLHG�

3ULQFLSOH RI WKH REVWDFOH GHWHFWLRQ

7KUHH PDLQ FKDUDFWHULVWLFV RI WKH YHKLFOHV DUH XVHG

IRU WKHLU H[WUDFWLRQ�

� 7KHUH DOZD\V H[LVWV D GDUNHU UHJLRQ LQ IURQW RI WKH

YHKLFOH FRUUHVSRQGLQJ WR LWV VKDGRZ� WKH ZKHHOV DQG

WKH EXPSHU� 7KLV UHJLRQ FDQ EH XVHG DV D PDUNHU LQ

IXUWKHU VHJPHQWDWLRQ DOJRULWKPV� $QRWKHU LQWHUHVWLQJ

SRLQW LV WKDW WKLV UHJLRQ DOZD\V WRXFKHV WKH URDG�

� 7KH JHRPHWU\ RI WKH YHKLFOHV LV UDWKHU VLPSOH� $V

PRVW RI WKH PDQXIDFWXUHG REMHFWV� YHKLFOHV DUH PDGH

RI KRUL]RQWDO DQG YHUWLFDO FRQWRXUV DQG WKHLU VL]H LV D

UDWKHU FRQVWDQW SDUDPHWHU �EHWZHHQ �P DQG ���P��

� 7KH YHKLFOHV DUH V\PPHWULF REMHFWV�

2EVWDFOH GHWHFWLRQ LQ SUDFWLFH

,Q SUDFWLFH� DPRQJ WKHVH WKUHH PDLQ FULWHULD� RQO\ WKH

WZR ILUVW RQHV KDYH EHHQ XVHG� 6\PPHWU\� DOWKRXJK LW

LV D YHU\ HIILFLHQW FULWHULRQ� KDV EHHQ FDQFHOHG

EHFDXVH RI LWV WRR ORQJ FRPSXWDWLRQ WLPH� 7KH GDUNHU

UHJLRQ LV GHWHFWHG E\ PHDQV RI D PRUSKRORJLFDO

WUDQVIRUP FDOOHG K�PLQLPD� 7KH DYDLODEOH PDUNHUV

DUH WKHQ ILOWHUHG DQG RQO\ WKRVH ZKLFK WRXFK WKH URDG

DQG ZKRVH VL]H FRUUHVSRQG WR WKH GLPHQVLRQ RI D

YHKLFOH DUH NHSW �)LJXUH ��� 7KHVH PDUNHUV FDQ EH

XVHG LQ ZDWHUVKHG DOJRULWKPV DSSOLHG RQ GLUHFWLRQDO

JUDGLHQW LPDJHV RU� PRUH VLPSO\� XVHG DV VXFK�

)LJXUH �� 'HWHFWLRQ RI WKH GDUN ]RQH LQ IURQW RI

YHKLFOHV �XS� DQG FRUUHVSRQGLQJ ERXQGLQJ ER[HV

�GRZQ�

0RUH UHILQHG REVWDFOH VHJPHQWDWLRQ DOJRULWKPV FDQ

DOVR EH GHVLJQHG� 7KH\ DUH EDVHG RQ KLHUDUFKLFDO

VHJPHQWDWLRQV >�@� 7KHLU FRPSOH[LW\ FRPHV IURP WKH

IDFW WKDW WKH\ QHHG WZR VXFFHVVLYH ZDWHUVKHG WUDQV�

IRUPDWLRQV� +RZHYHU� WKDQNV WR WKH VHOHFWLRQ RI 52,

LQ WKH LPDJH DQG WR WKH XVH RI IDVW ZDWHUVKHG

DOJRULWKPV� WKH\ DUH QRW WRR WLPH�FRQVXPLQJ�

�� )DVW ZDWHUVKHG DOJRULWKP

2Q QRQ VHTXHQWLDO FRPSXWHU KDUGZDUH� WKH VORZHVW

SDUW RI WKH VHJPHQWDWLRQ LV WKH ZDWHUVKHG WUDQVIRU�

PDWLRQ� 7KLV ZDWHUVKHG LV SHUIRUPHG E\ PHDQV RI

JHRGHVLF VNHOHWRQV RI LQIOXHQFH �6.,=� >�@� 7KH

VLPSOHVW ZD\ WR DFKLHYH LW FRQVLVWV LQ SURFHVVLQJ WKH

VXFFHVVLYH JUD\ OHYHOV RI WKH LPDJH (� /HW XV GHQRWH

=L�I�� WKH VHFWLRQ RI D IXQFWLRQ I DW OHYHO L�

=L
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*LYHQ WZR VHWV ; DQG <� ZLWK � WKH JHRGHVLF; B <

6.,= RI ; LQVLGH < LV GHQRWHG E\ 6.,=�;�<�� 7KLV

VHW LV PDGH RI WKH ]RQHV RI LQIOXHQFH LQ < RI WKH

YDULRXV FRQQHFWHG FRPSRQHQWV RI ;� $ ]RQH RI LQIOX�

HQFH RI D FRQQHFWHG FRPSRQHQW FRQWDLQV DOO WKH

SRLQWV RI < DW D ORZHU JHRGHVLF GLVWDQFH IURP WKDW

FRQQHFWHG FRPSRQHQW WKDQ IURP DQ\ RWKHU FRPSR�

QHQW� 7KH ZDWHUVKHG WUDQVIRUPDWLRQ :760�I� RI WKH

IXQFWLRQ I FRQWUROOHG E\ D PDUNHU VHW 0� FDQ WKHQ EH

REWDLQHG E\ LWHUDWLQJ WKH IROORZLQJ IRUPXOD IRU DOO

WKH VHFWLRQV =L�I��

:L+��I� = 6.,=�:L
�I�� = L+��I� �0�

ZLWK�

:−��I� = 0

$W WKH HQG RI WKH SURFHGXUH� ZKHQ WKH KLJKHVW JUD\

OHYHO Q LV SURFHVVHG� ZH KDYH�

:760�I� = :Q�I�

:KHQ WKH ZDWHUVKHG LV QRW PDUNHU�FRQWUROOHG� WKH

DOJRULWKP UHPDLQV WKH VDPH ZLWK 0  P�I�� PLQLPD

RI I�

'HVSLWH WKH IDFW WKDW WKH KDUGZDUH SURFHVVRU

GHVLJQHG IRU WKLV SURMHFW LV HTXLSSHG ZLWK HLJKW

3,00� FLUFXLWV DOORZLQJ WR SHUIRUP LQ D VLPSOH SDVV

XS WR �� HOHPHQWDU\ ELQDU\ PRUSKRORJLFDO WUDQVIRU�

PDWLRQV� WKLV SURFHVVRU UHPDLQV WRR VORZ IRU DFKLHY�

LQJ D UHDO�WLPH ZDWHUVKHG� $ SRVVLEOH VROXWLRQ IRU

LQFUHDVLQJ WKH FRPSXWDWLRQ VSHHG OHDGV LQ WKH UHGXF�

WLRQ RI WKH JUD\ OHYHOV� 7KLV UHGXFWLRQ LV PDGH E\

PHDQV RI DQ DQDPRUSKRVLV� $Q DQDPRUSKRVLV LV D&

PRQRWRQRXV LQFUHDVLQJ PDSSLQJ RI I�

I G &�I�

�[� \ � I�[� < I�\�J &�I�[�� < &�I�\��

+RZHYHU� LI ZH UHGXFH WKH QXPEHU RI JUD\ OHYHOV LQ

DQ LPDJH� FKDQFHV DUH� LQ WKH GLVFUHWH FDVH� WKDW WKH

ZDWHUVKHG RI LV GUDPDWLFDOO\ GLIIHUHQW IURP WKH&�I�

ZDWHUVKHG RI I� ,Q IDFW� LI WKH ZDWHUVKHG LV PDUNHU�

FRQWUROOHG� WKH GLIIHUHQFH EHWZHHQ :760�I� DQG

LV QRW YHU\ LPSRUWDQW EHFDXVH� LQ ERWK:760�&�I��

FDVHV� WKH ZDWHUVKHG OLQHV WDNH SODFH RQ WKH KLJKHVW

]RQHV VHSDUDWLQJ WKH PDUNHUV� 1RZ� WKH KLJKHVW

]RQHV RI I FRUUHVSRQG DOVR WR WKH KLJKHVW ]RQHV RI

� %XW� LI WKH ZDWHUVKHG RI I LV D VLPSOH ZDWHUVKHG�&�I�

WKH PLQLPD P�I� ZLOO EH YHU\ GLIIHUHQW IURP WKH

PLQLPD � 7KH VROXWLRQ IRU JHWWLQJ VLPLODUP�&�I��

ZDWHUVKHG WUDQVIRUPV FRQVLVWV LQ SHUIRUPLQJ D

PDUNHU�FRQWUROOHG ZDWHUVKHG RI ZLWK WKH PLQLPD&�I�

RI I�
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�&�I���< L+� �

ZLWK�

< L+� = =L+��&�I���0

ZKHUH�

0 = P�I�

$PRQJ WKH YDULRXV DYDLODEOH DQDPRUSKRVHV� WKH

IROORZLQJ RQH LV YHU\ HIILFLHQW RQ JUDGLHQW IXQFWLRQV�

&�I� = ORJ
�
�I + ��

7KLV WUDQVIRUPDWLRQ OHDYHV WKH ORZ YDOXHV SUDFWLFDOO\

XQFKDQJHG DQG GHFUHDVHV VLJQLILFDQWO\ WKH KLJK

YDOXHV� $Q LPDJH GHILQHG ZLWK ��� JUD\ OHYHOV LV

WKHQ UHGXFHG WR KHLJKW JUD\ OHYHOV� 7KXV WKH FRPSX�

WDWLRQ VSHHG LV PXOWLSOLHG E\ ��� ZLWK D VOLJKW GHJUD�

GDWLRQ RI WKH ZDWHUVKHG WUDQVIRUP DV LOOXVWUDWHG LQ

)LJXUH ��

)LJXUH �� &RPSDUL]RQ RI ZDWHUVKHG WUDQVIRUPDWLRQV�

WUXH ZDWHUVKHG �XS� DQG ZDWHUVKHG REWDLQHG ZLWK DQ

DQDPRUSKRVHG LPDJH �GRZQ�



�� &RQFOXVLRQ

7KH IDVW ZDWHUVKHG DOJRULWKP EDVHG RQ DQDPRUSKRVLV

OHDGV WR UREXVW DQG HIILFLHQW VHJPHQWDWLRQ

SURFHGXUHV� 7KLV WUDQVIRUPDWLRQ DSSOLHG RQ D

���[���[� ELWV SLFWXUH LV DFKLHYHG LQ OHVV WKDQ ��

PV� 6R� ZH DUH DEOH WR SURFHVV HDFK VFHQH LQ D SHULRG

RI WLPH ZKLFK QHYHU H[FHHGV ��� PV� ([SHULHQFH KDV

SURYHQ WKDW WKLV FRPSXWDWLRQ UDWH �� LPDJHV�V� LV

HQRXJK WR SURYLGH WKH VXSHUYLVLRQ SURFHVV ZLWK WKH

ZKROH LQIRUPDWLRQ UHJDUGLQJ REVWDFOHV�

�� 5HIHUHQFHV

>�@ %HXFKHU 6� ������� 6HJPHQWDWLRQ G
,PDJHV HW

0RUSKRORJLH 0DWKpPDWLTXH� 'RFWRUDWH 7KHVLV�

6FKRRO RI 0LQHV� 3DULV� -XQH �����

>�@ %HXFKHU 6� ������� :DWHUVKHG� +LHUDUFKLFDO

6HJPHQWDWLRQ DQG :DWHUIDOO $OJRULWKP� ,Q� 3URF� RI

,QWHUQ� 6\PS� RQ 0DWK� 0RUSK� ,600
��� )RQWDLQH�

EOHDX� )UDQFH� 6HSW� �����

>�@ %HXFKHU 6�� %LORGHDX 0�� <X ;� ������� 5RDG

6HJPHQWDWLRQ E\ :DWHUVKHG $OJRULWKPV� ,Q� 3URPH�

WKHXV � 3UR$UW :RUNVKRS RQ 9LVLRQ� 6RSKLD

$QWLSROLV� )UDQFH� $SULO �����

>�@ %HXFKHU 6�� 0H\HU )� ������� 7KH 0RUSKRORJLFDO

$SSURDFK WR 6HJPHQWDWLRQ� 7KH :DWHUVKHG 7UDQV�

IRUPDWLRQ� ,Q� 0DWKHPDWLFDO 0RUSKRORJ\ LQ ,PDJH

3URFHVVLQJ �(�5� 'RXJKHUW\� (G��� &KDS� ��� SS�

�������� 0DUFHO 'HNNHU� ,QF�� 1HZ <RUN�

>�@ %HXFKHU 6�� <X ;�� %LORGHDX 0� ������ 5RDG

6HJPHQWDWLRQ DQG 7UDFNLQJ E\ 0DWKHPDWLFDO

0RUSKRORJ\� ,Q� 3URF� RI WKH �WK 3URPHWKHXV

:RUNVKRS� &RPSLqJQH� )UDQFH� 2FW� ����� SS�
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>�@ %HXFKHU 6�� <X ;� ������� 5RDG UHFRJQLWLRQ LQ

FRPSOH[ WUDIILF VLWXDWLRQV� ,Q� ,)$& 76
�� 6\PSR�

VLXP� 7LDQMLQ� &KLQD� $XJXVW �����

>�@ %LORGHDX 0�� 3H\UDUG 5� ������� 0XOWL�SLSHOLQH

$UFKLWHFWXUH IRU 5HDO 7LPH 5RDG 6HJPHQWDWLRQ E\

0DWKHPDWLFDO 0RUSKRORJ\� ,Q� 3URF� RI WKH �UG

3URPHWKHXV &ROOLVLRQ $YRLGDQFH :RUNVKRS �1�

&ODUNH� (G��� SS� �������� 1XUWLQJHQ� 5)$�

>�@ 3H\UDUG 5�� *DXWKLHU 0�� .OHLQ -&� ������� 5HDO�

7LPH 5RDG 6HJPHQWDWLRQ 8VLQJ D 0RUSKRORJLFDO

0XOWL�3LSHOLQH 3URFHVVRU� ,Q� ,QWHOOLJHQW 9HKLFOHV

6\PSRVLXP 
��� 3DULV� )UDQFH� 2FW� �����

>�@ 3H\UDUG 5�� .OHLQ -&� ������� 6SHHGLQJ XS

0DWKHPDWLFDO 0RUSKRORJ\ 3URVHVVHV E\ 8VLQJ D 1HZ

$6,&� 3,00�� ,Q� 3URF� &RPSXWHU $UFKLWHFWXUH IRU

0DFKLQH 3HUFHSWLRQ � &$03�� �%� =DYLGRYLTXH� 3/�

:HQGHO� (GV��� SS� �������� 3DULV� )UDQFH�

>��@ <X ;� ������� 9LVLRQ '\QDPLTXH HW 0RUSKROR�

JLH 0DWKpPDWLTXH� 'RFWRUDWH 7KHVLV� 6FKRRO RI

0LQHV� 3DULV� 0D\ �����

>��@ <X ;�� %HXFKHU 6�� %LORGHDX 0� ������� 5RDG

7UDFNLQJ� /DQH 6HJPHQWDWLRQ DQG 2EVWDFOH 5HFRJQL�

WLRQ E\ 0DWKHPDWLFDO 0RUSKRORJ\� ,Q� 3URF� RI

,QWHOOLJHQW 9HKLFOHV 
�� 6\PSRVLXP� 'HWURLW� 86$�

�� -XQH� �VW -XO\ ����� SS� ��������

>��@ <X ;�� %HXFKHU 6� ������� 9HKLFOHV 5HFRJQLWLRQ

E\ 9LGHR &DPHUD� ,Q� ,)$& 76
�� 6\PSRVLXP�

7LDQMLQ� &KLQD� $XJXVW �����


