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7KH ��' SKDVH FRUUHODWLRQ DOJRULWKP SURSRVHG E\ $OOLQH\ IRU

WUDQVODWLRQDO LPDJH UHJLVWUDWLRQ LV H[WHQGHG E\ LQFOXGLQJ SKDVH

FRUUHODWLRQV RI WKH WZR GLDJRQDO SURMHFWLRQV RI LPDJHV WR JDLQ

UREXVWQHVV DJDLQVW WKH ZLGH�EDQG QRLVH� 7KH EHVW 0 SRLQWV

IURP WKH SKDVH FRUUHODWLRQ IXQFWLRQV RI WKH YHUWLFDO DQG

KRUL]RQWDO SURMHFWLRQV DUH VHOHFWHG FRPSRVLQJ 00 ×
WUDQVODWLRQ FDQGLGDWHV� (DFK FDQGLGDWH WUDQVODWLRQ LV DVVLJQHG D

UDWH RQ WKH EDVLV RI VXSSRUW JLYHQ E\ WKH EHVW 0 SRLQWV IURP WKH

FRUUHODWLRQ IXQFWLRQV RI WKH GLDJRQDO SURMHFWLRQV� %HFDXVH RI

WKH UDQGRP GLVWULEXWLRQ RI WKH IDOVH WUDQVODWLRQV WKH WUXH

WUDQVODWLRQ RQO\ JDWKHUV VXSSRUW WKXV WDNHV WKH ILUVW SODFH DIWHU

WKH UDWLQJ FRPSXWDWLRQV� $ VLPSOH FRVW IXQFWLRQ� ZKLFK IDYRUV

WKH WUXH WUDQVODWLRQ LQ PRVW FDVHV� LV RIIHUHG� ([SHULPHQWDO

UHVXOWV ZLWK ��=0 FKRVHQ VKRZ WKDW WKH H[WHQGHG DOJRULWKP

SURYLGHV D YDOXDEOH UREXVWQHVV HVSHFLDOO\ IRU LPDJHV RI ZLGH�

EDQG VSHFWUXP� 7KH ��' H[WHQGHG DOJRULWKP PD\ DOVR UHSODFH

WKH ��' DOJRULWKP ZKHQ UHODWLYHO\ VPDOO WUDQVODWLRQV DUH

H[SHFWHG�

�� ,1752'8&7,21

*HRPHWULFDOO\ DOLJQLQJ WZR GLJLWDO LPDJHV FRQWDLQLQJ VRPH

FRPPRQ VFHQH LV NQRZQ DV LPDJH UHJLVWUDWLRQ LQ WKH LPDJH

SURFHVVLQJ OLWHUDWXUH� 7KH VLPSOHVW LPDJH UHJLVWUDWLRQ WDVN

LQYROYHV DFFXUDWH DQG UHOLDEOH PHDVXUHPHQW RI WKH UHODWLYH

GLVSODFHPHQW EHWZHHQ WZR LPDJHV ZKHQ WUDQVODWLRQDO GLIIHUHQFH

H[LVWV RQO\� 7KLV NLQG RI UHJLVWUDWLRQ WDVN KDV EHHQ WKH PDLQ

VXEMHFW LQ PDQ\ SUDFWLFDO DSSOLFDWLRQV VXFK DV JXLGLQJ D PLVVLOH

WR D SUHVHOHFWHG WDUJHW E\ FRPSDULQJ D UHIHUHQFH LPDJH ZLWK D

VHTXHQFH RI LPDJHV WDNHQ E\ D YLGHR FDPHUD RU PHDVXULQJ WKH

YHORFLW\ RI D PRYLQJ LPDJLQJ V\VWHP E\ XVLQJ WZR LPDJHV

DFTXLUHG ZLWKLQ D VKRUW DQG DFFXUDWH NQRZQ WLPH LQWHUYDO�

,PDJH SURFHVVLQJ DQG FRPSXWHU YLVLRQ DSSOLFDWLRQV EDVHG RQ

LPDJH VXEWUDFWLRQ �H�J� GHWHFWLRQ RI FKDQJHV LQ D VFHQH RU

DXWRPDWLF LQVSHFWLRQ RI VRPH LQGXVWULDO SURGXFWV� FDQ RQO\ EH

DFKLHYHG DIWHU WKH VXFFHVVIXO UHJLVWUDWLRQ RI WKH WZR LPDJHV WR

EH FRPSDUHG�

��' SKDVH FRUUHODWLRQ VKRZV UHPDUNDEOH SHUIRUPDQFH ZKHQ

SXUH SODQDU WUDQVODWLRQV DUH H[SHFWHG EHWZHHQ LPDJHV� ,W FDQ

HYHQ FRSH ZLWK WKH LPDJHV FRUUXSWHG E\ QRLVH DQG VXEMHFWHG WR

FKDQJHV LQ LOOXPLQDWLRQ RU LQ JDLQ WKXV PDNLQJ LWVHOI D IDYRXULWH

FKRLFH IRU PDQ\ SUDFWLFDO DSSOLFDWLRQV >�����@� 3KDVH FRUUHODWLRQ

KDV DOVR EHHQ SRSXODU LQ WKH ILHOG RI PRWLRQ HVWLPDWLRQ DQG

FRPSHQVDWLRQ�EDVHG YLGHR FRGLQJ IRU ORZ ELW�UDWH WUDQVPLVVLRQ

RI YLGHR IUDPHV >�@� ,Q D UHODWLYHO\ UHFHQW ZRUN >�@� LW KDV EHHQ

VKRZQ WKDW IROORZLQJ VRPH SURSHU FRRUGLQDWH WUDQVIRUPV LQ WKH

)RXULHU 7UDQVIRUP SODQH� ��' SKDVH FRUUHODWLRQ FDQ EH XVHG WR

UHJLVWHU WZR LPDJHV QRW RQO\ GLIIHULQJ E\ WUDQVODWLRQ EXW DOVR E\

SODQDU RULHQWDWLRQ DQG VFDOH FKDQJH�

,Q WKH ��' SKDVH FRUUHODWLRQ DOJRULWKP >�@� KRUL]RQWDO DQG

YHUWLFDO SURMHFWLRQV RI WKH WZR LPDJHV DUH ILUVW FRPSXWHG� $

SKDVH FRUUHODWLRQ EHWZHHQ WKH YHUWLFDO SURMHFWLRQV \LHOGV D SHDN

DW WKH SRLQW RI WKH UHODWLYH KRUL]RQWDO WUDQVODWLRQ� ,Q WKH VDPH

PDQQHU� D SKDVH FRUUHODWLRQ EHWZHHQ WKH KRUL]RQWDO SURMHFWLRQV

OHDGV WR GHWHFWLRQ RI WKH UHODWLYH YHUWLFDO WUDQVODWLRQ�

:KHQ LPDJHV FRQWDLQ ZLGH�EDQG QRLVH ZLWK UHODWLYHO\ KLJK

YDULDQFH RU ZKHQ WUDQVODWLRQV DUH QRW VPDOO� ORFDWLRQ RI WKH SHDN

LQ D SKDVH FRUUHODWLRQ IXQFWLRQ LQ WKH ��' DOJRULWKP LV XVXDOO\

QRW DW WKH FRUUHFW WUDQVODWLRQ SRLQW� ,Q VXFK FDVHV WKH

FRQYHQWLRQDO ��' SKDVH FRUUHODWLRQ DOJRULWKP IDLOV VLQFH LW

VLPSO\ VHDUFKHV IRU WKH SHDN LQ D FRUUHODWLRQ IXQFWLRQ IRU D

GHFLVLRQ� ,Q VSLWH RI WKH GHJUDGDWLRQ RI WKH FRUUHODWLRQ IXQFWLRQ

WKH FRUUHFW WUDQVODWLRQ SRLQW LV VWLOO DPRQJ WKH SRLQWV ZLWK

UHODWLYHO\ KLJK FRUUHODWLRQ YDOXHV� ,Q WKLV SDSHU� WKH

FRQYHQWLRQDO DOJRULWKP LV H[WHQGHG E\ SKDVH FRUUHODWLRQV RI WKH

WZR GLDJRQDO SURMHFWLRQV RI LPDJHV� 2QO\ WKH EHVW 0 SRLQWV LQ

HDFK RI WKH XVXDO FRUUHODWLRQ IXQFWLRQV DUH FRQVLGHUHG

FDQGLGDWHV IRU WKH KRUL]RQWDO DQG YHUWLFDO SDUWV RI WKH WUXH

WUDQVODWLRQ� (DFK WUDQVODWLRQ IRUPHG E\ RQH FDQGLGDWH SRLQW

IURP YHUWLFDO FRUUHODWLRQ IXQFWLRQ DQG RQH IURP KRUL]RQWDO

FRUUHODWLRQ IXQFWLRQ� LV DVVLJQHG D UDWH RQ WKH EDVLV RI VXSSRUW

JLYHQ �LI DQ\� E\ WKH EHVW 0 SRLQWV IURP WKH FRUUHODWLRQ

IXQFWLRQV RI WKH GLDJRQDO SURMHFWLRQV� 7KH WUDQVODWLRQ ZLWK WKH

EHVW UDWH LV GHFLGHG WR EH WKH WUXH WUDQVODWLRQ� 7KH GLDJRQDO

FRUUHODWLRQ IXQFWLRQV DOVR EHDU LQIRUPDWLRQ DERXW WKH WUXH

WUDQVODWLRQ� 7KHUHIRUH� D FRQILUPDWLRQ LV SURYLGHG E\ WKH

UHOHYDQW SRVLWLRQV �DPRQJ WKRVH ZLWK KLJK FRUUHODWLRQ YDOXHV� LQ

WKH GLDJRQDO SKDVH FRUUHODWLRQ IXQFWLRQV�

,Q WKH IROORZLQJ VHFWLRQ WKH ��' DQG ��' SKDVH FRUUHODWLRQ

DOJRULWKPV DQG WKHLU SHUIRUPDQFHV DUH VXPPDUL]HG� 6HFWLRQ �

H[SODLQV WKH LPSOHPHQWDWLRQ RI WKH H[WHQGHG ��' DOJRULWKP LQ

GHWDLO� 6HFWLRQ � SUHVHQWV WKH SHUIRUPDQFH UHVXOWV RI WKH

H[WHQGHG DOJRULWKP IRU QRLV\ LPDJHV� )LQDOO\� D FRQFOXVLRQ LV

JLYHQ LQ 6HFWLRQ ��
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��� 7KH &RQYHQWLRQDO $OJRULWKPV
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\[I DQG ���
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\[I GHQRWH WZR LPDJHV WDNHQ DW GLIIHUHQW

WLPHV DQG DVVXPH WKDW WKHUH LV D UHODWLYH WUDQVODWLRQ EHWZHHQ WKH

LPDJH FRQWHQWV� WKDW LV
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0RVW RI WKH LQIRUPDWLRQ DERXW WKH UHODWLYH GLVSODFHPHQW

EHWZHHQ WZR LPDJHV LV FRQWDLQHG LQ WKH SKDVH RI WKHLU FURVV�

SRZHU VSHFWUXP� 7KH ZKLWHQHG RU QRUPDOL]HG FURVV�SRZHU

VSHFWUXP ��� YX* LV GHILQHG DV
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UHVSHFWLYHO\� DQG 
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) LV WKH FRPSOH[ FRQMXJDWH RI

�
) � 7KH

LQYHUVH )RXULHU WUDQVIRUP RI WKH ��� YX* \LHOGV D GHOWD IXQFWLRQ

ORFDWHG DW ���
��

\[ LQ WKH VSDWLDO GRPDLQ� 7KXV UHODWLYH

WUDQVODWLRQV
�

[ DQG
�

\ DUH VLPSO\ GHWHUPLQHG E\ VHDUFKLQJ IRU

WKH SRVLWLRQ RI WKH SHDN� 6LQFH
�

I DQG
�

I DUH GLVFUHWH DQG GR

QRW YDQLVK DW WKH ERXQGDULHV RI WKH LPDJH IUDPHV LQ SUDFWLFH� WKH

GHOWD IXQFWLRQ LV UHSODFHG E\ D XQLW DPSOLWXGH QDUURZ SXOVH�

7KH SKDVH FRUUHODWLRQ DOJRULWKP LV LQVHQVLWLYH WR EULJKWQHVV DQG

FRQWUDVW GLIIHUHQFHV EHWZHHQ LPDJHV DQG FRSHV ZLWK WKH QDUURZ�

EDQG QRLVH VLQFH DOO VSDWLDO IUHTXHQFLHV FRQWULEXWH WR WKH

FRUUHODWLRQ IXQFWLRQ� 7KH DOJRULWKP FDQ HYHQ VXFFHHG LQ WKH

SUHVHQFH RI KLJK OHYHO ZLGH�EDQG QRLVH DQG SHUVSHFWLYH

GLVWRUWLRQV�

8QIRUWXQDWHO\ WKH FRQYHQWLRQDO SKDVH FRUUHODWLRQ DOJRULWKP LV

EDVHG RQ WKH XVH RI ��' )RXULHU WUDQVIRUPV DQG LWV UHDO�WLPH

LPSOHPHQWDWLRQ QHHGV FRVWO\ KDUGZDUH WR RYHUFRPH WKH

FRPSXWDWLRQDO ORDG� ,Q RUGHU WR UHGXFH WKH FRPSXWDWLRQDO

FRPSOH[LW\� DQ DOJRULWKP XVLQJ ��' )RXULHU WUDQVIRUPDWLRQV RI

WKH LPDJH SURMHFWLRQV KDV EHHQ SURSRVHG >�@� ,I [ DQG \

SURMHFWLRQV
[

I DQG
\

I RI DQ LPDJH I DUH GHILQHG DV
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\[I UHVSHFWLYHO\� 7KHLU )RXULHU WUDQVIRUPV

VDWLVILHV WKH HTXDWLRQ
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$ VLPLODU SURFHGXUH LV XVHG WR ILQG
�

\ � %HFDXVH RQO\ ��'

WUDQVIRUPDWLRQV DUH UHTXLUHG� WKH QXPEHU RI FRPSOH[ RSHUDWLRQV

LV GUDPDWLFDOO\ UHGXFHG�

��� 3HUIRUPDQFH RI WKH ��' $OJRULWKP

:KHQ WKH LPDJHV DUH PXOWLSOLHG E\ DQ DSSURSULDWH ZLQGRZ

IXQFWLRQ ��� \[Z EHIRUH WDNLQJ WKH SURMHFWLRQV� WKH ��'

DOJRULWKP SURYLGHV VDWLVIDFWRU\ UHVSRQVHV IRU UHODWLYHO\ VPDOO

WUDQVODWLRQV RI WKH LPDJH SDLU �W\SLFDOO\ IRU
�

\ DQG

1[ ����
�

< � JLYHQ 11 × LPDJHV� >�@� 7KH LGHD EHKLQG WKH

ZLQGRZLQJ LV WR UHGXFH WKH LPDJH SL[HO YDOXHV QHDU WKH LPDJH

ERXQGDULHV VR WKH GLVWXUEDQFHV LQGXFHG E\ WKH ZLQGRZ

ILQLWHQHVV RI WKH UHDO�ZRUOG LPDJHV EHFRPH OHVV HIIHFWLYH�

6HYHUDO ��' ZLQGRZ IXQFWLRQV PRQRWRQLFDOO\ GHFUHDVLQJ DQG

V\PPHWULFDO ZLWK UHVSHFW WR WKH LPDJH FHQWHU VXFK DV

H[SRQHQWLDO� *DXVVLDQ RU UDLVHG FRVLQH FDQ EH DSSOLHG�

+RZHYHU� WKH SHUIRUPDQFH RI WKH DOJRULWKP DOVR GHSHQGV RQ WKH

W\SH RI WKH ZLQGRZ IXQFWLRQ� $OWKRXJK LW VHHPV WKDW WKH ��'

DOJRULWKP GHVFULEHG DERYH FDQ EH XVHG LQVWHDG RI WKH ��'

DOJRULWKP ZKHQ UHODWLYHO\ VPDOO WUDQVODWLRQV DUH H[SHFWHG� LWV

VWUDLJKWIRUZDUG LPSOHPHQWDWLRQ OHDGV WR WKH SRRU UHVXOWV LQ

SUDFWLFH EHFDXVH RI WZR PDMRU UHDVRQV�

• 7KH LQIRUPDWLRQ DYDLODEOH LQ WKH LPDJH ��� \[I LV

GHJUDGHG E\ WKH SURMHFWLRQ�

• 7KH QRLVH DQG SDUWLDO GLVVLPLODULWLHV LQ WKH FRQWHQWV RI WKH

LPDJHV ERWK LQWURGXFH DQ DUUD\ RI UDQGRP SKDVH HUURU LQ

WKH FURVV�SRZHU VSHFWUXP� 7KLV UHVXOWV LQ D UDQGRP

FRQWULEXWLRQ RI D FHUWDLQ DPRXQW RI HQHUJ\ WR WKH

FRUUHODWLRQ IXQFWLRQ WKDW LV VKDUHG E\ 1 ORFDWLRQV LQ WKH ��'

DOJRULWKP LQVWHDG RI �
1 LQ WKH ��' SKDVH FRUUHODWLRQ�

7R DFKLHYH UREXVWQHVV DJDLQVW QRLVH DQG�RU UHOLDEOH UHJLVWUDWLRQ

SHUIRUPDQFH DW ODUJHU WUDQVODWLRQV LW LV HVVHQWLDO WKDW PRUH RI

LPDJH LQIRUPDWLRQ EH XVHG LQ WKH FRPSXWDWLRQV�
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,Q WKLV ZRUN� H[WHQGLQJ WKH FRQYHQWLRQDO ��' SKDVH FRUUHODWLRQ

DOJRULWKP ZLWK WKH FRUUHODWLRQV RI WKH SURMHFWLRQV DORQJ WKH

GLUHFWLRQV SDUDOOHO WR WKH LPDJH GLDJRQDOV LV H[SORUHG LQ DQ

DWWHPSW WR JDLQ UREXVWQHVV HVSHFLDOO\ DJDLQVW WKH ZLGH�EDQG

QRLVH�

��� :LQGRZLQJ ,PDJHV

7KH ZLQGRZ IXQFWLRQ XVHG LQ WKLV ZRUN LV LQ WKH IRUP RI

URWDWLRQDOO\ V\PPHWULFDO ��' UDLVHG FRVLQH� 7KH ��' ZLQGRZ

FRHIILFLHQWV ��� \[Z DUH IRXQG XVLQJ WKH ��' FXUYH DV IROORZV�
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7KH SURMHFWLRQV RI WKH ZLQGRZHG LPDJHV ������ \[I\[Z
L

DUH

XVHG LQ WKH DOJRULWKP� +HUH� 11 × LPDJHV DUH DVVXPHG�

��� 3URMHFWLRQV

7ZR QHZ YDULDEOHV� RQH IRU WKH PDLQ GLDJRQDO �IURP WKH WRS OHIW

WR WKH ERWWRP ULJKW� D[LV \[V += � DQG WKH RWKHU IRU WKH

VHFRQGDU\ GLDJRQDO �SHUSHQGLFXODU WR WKH PDLQ GLDJRQDO� D[LV



\[W −= DUH LQWURGXFHG� 7KH SURMHFWLRQV RI D GLJLWDO LPDJH

UHSUHVHQWHG E\ D VPDOO PDWULFH JLYHQ EHORZ DUH WDNHQ DV

IROORZV�
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)RU DQ 11 × GLJLWDO LPDJH� �����������DQG�� −= 1WV\[

:KHQ WDNLQJ WKH GLDJRQDO SURMHFWLRQV� OLQHV RI SURMHFWLRQV DUH

FRPELQHG WZR E\ WZR VR WKDW WKH VL]H RI WKH GLDJRQDO SURMHFWLRQV

UHGXFHV WR 1� WKXV HTXDOV WKH VL]H RI WKH RWKHU SURMHFWLRQV�

��� ,PSOHPHQWDWLRQ

%\ DSSO\LQJ WKH ��' SKDVH FRUUHODWLRQ DOJRULWKP WR WKH W

SURMHFWLRQV ��
�

VI
W

DQG ��
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VI
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RI WKH WZR LPDJHV WKH FRUUHODWLRQ

IXQFWLRQ
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LV REWDLQHG� 7KH SHDN LQ WKH FRUUHODWLRQ IXQFWLRQ LV H[SHFWHG DW

���
\[V += � 6LPLODUO\� E\ DSSO\LQJ WKH DOJRULWKP WR WKH V

SURMHFWLRQV RI WKH WZR LPDJHV D FRUUHODWLRQ SHDN LV H[SHFWHG DW
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$IWHU FRPSXWLQJ WKH SKDVH FRUUHODWLRQ IXQFWLRQV ���[J
\

��� \J
[

��VJ
W

DQG ���WJ
V

WKH WUXH WUDQVODWLRQ EHWZHHQ WKH WZR LPDJHV

FDQ EH GHWHUPLQHG E\ WKH IROORZLQJ PHWKRG� )URP HDFK

FRUUHODWLRQ IXQFWLRQ WKH ILUVW 0 SRLQWV ZLWK WKH KLJKHVW

FRUUHODWLRQ YDOXHV DUH VHOHFWHG DQG SXW RQ IRXU VHSDUDWH OLVWV LQ

GHVFHQGLQJ RUGHU E\ WKH FRUUHODWLRQ YDOXH� /HW XV GHQRWH WKH

OLVWV E\ ;� <� 6 DQG 7� UHVSHFWLYHO\� 7KHQ� IRU HDFK SRVVLEOH

WUDQVODWLRQ ��� ML \[ IURP WKH ; DQG < OLVWV �RI WRWDO

00 × FRPELQDWLRQV� D UDWH ��� MLU EDVHG RQ WKH DYDLODEOH

VXSSRUW IURP WKH 6 DQG 7 OLVWV DUH FRPSXWHG DV IROORZV�

�� 'R 6WHSV ��� IRU DOO ��� ML \[ �

0L ��������= DQG 0M ��������=
�� ,QLWLDOLVH ��� MLU WR WKH ODUJHVW LQWHJHU�

�� 'R 6WHSV ��� IRU DOO ���
ON
WV � 0N ��������= DQG

0O ��������=
�� LI �≤−+ NML V\[ DQG �≤−− OML W\[ � FXUUHQW

WUDQVODWLRQ ��� ML \[ LV VXSSRUWHG� &RPSXWH WKH FRVW IRU WKH

FXUUHQW WUDQVODWLRQ ��� ML \[ � ��� ONMLF
NO

+++=
�� LI ��� MLUF

NO
< � XSGDWH WKH UDWH�

NO
FMLU =���

%HFDXVH RI WKH QHDUO\ UDQGRP GLVWULEXWLRQ RI WKH IDOVH

WUDQVODWLRQ FRPELQDWLRQV� WKH WUXH WUDQVODWLRQ DQG SRVVLEO\ D IHZ

IDOVH WUDQVODWLRQV LQ DGGLWLRQ JDWKHU VXSSRUW LQ WKH UDWLQJ

FRPSXWDWLRQV� $W WKH HQG RI WKH FRPSXWDWLRQV� WKH PLQLPXP RI

WKH UDWHV LV IRXQG� /HW ��� QPU EH WKH PLQLPXP� 7KLV LQGLFDWHV

WKDW WKH WUDQVODWLRQ ���
QP

\[ LV GHFLGHG WR EH WKH WUXH

WUDQVODWLRQ� $ FRVW IXQFWLRQ
NO

F LV QHHGHG LQ RUGHU WR JUDGH DOO

WUDQVODWLRQ FRPELQDWLRQV ZKLFK JDWKHU VXSSRUW IURP WKH 6 DQG 7

OLVWV VR WKDW WKH EHVW RQH FDQ EH FKRVHQ DPRQJ WKHP� 7KH VLPSOH

FRVW IXQFWLRQ JLYHQ LQ 6WHS � LV LQ IDYRU RI WKH WUDQVODWLRQV

ORFDWHG DW WKH WRS SRVLWLRQV RQ D OLVW� 7KLV LQFUHDVHV WKH

SUREDELOLW\ RI DVVLJQLQJ D EHWWHU FRVW WR WKH WUXH WUDQVODWLRQ�

3RVLWLRQV LQ WKH 6 DQG 7 OLVWV JLYH PRUH ZHLJKW WR WKH VXJJHVWHG

FRVW IXQFWLRQ WKDQ WKRVH LQ WKH ; DQG < OLVWV GR� EHFDXVH

GLDJRQDO SURMHFWLRQV FRQWDLQ PRUH LPDJH LQIRUPDWLRQ FRPSDUHG

WR WKH YHUWLFDO DQG KRUL]RQWDO SURMHFWLRQV� +RZHYHU� WKH

VXJJHVWHG FRVW IXQFWLRQ GRHV QRW JXDUDQWHH WKDW WKH WUXH

WUDQVODWLRQ ZLOO DOZD\V WDNH WKH PLQLPXP UDWH� 2WKHU FRVW

IXQFWLRQV KDYLQJ D KLJKHU FRPSOH[LW\ FDQ EH LQYHVWLJDWHG WR

REWDLQ D EHWWHU SHUIRUPDQFH� KRZHYHU� WKH VXJJHVWHG IXQFWLRQ

JLYHV VDWLVIDFWRU\ UHVXOWV ZKHQ 0 LV UHODWLYHO\ VPDOO�

��� &RPSXWDWLRQDO /RDG

7KH FRPSXWDWLRQDO ORDG RI WKH H[WHQGHG DOJRULWKP LV KLJKHU

WKDQ WZLFH RI WKDW RI WKH FRQYHQWLRQDO DOJRULWKP VLQFH WZR PRUH

SKDVH FRUUHODWLRQV DUH DGGHG� &RPSXWDWLRQV LQFUHDVH E\ WKH

YDOXH RI 0 DQG E\ WKH FRPSOH[LW\ RI WKH FRVW IXQFWLRQ� EXW LQ D

W\SLFDO DSSOLFDWLRQ WKH WRWDO WLPH UHTXLUHG IRU WKH DOJRULWKP ZLOO

EH OHVV WKDQ WULSOH RI WKDW RI WKH FRQYHQWLRQDO DOJRULWKP�

7KHUHIRUH WKH FRPSXWDWLRQDO ORDG VWLOO UHPDLQV YHU\ VPDOO

FRPSDUHG WR WKDW RI WKH ��' DOJRULWKP�

�� (;3(5,0(17$/ 5(68/76

,Q RUGHU WR FRPSDUH WKH SHUIRUPDQFHV RI WKH ��' FRQYHQWLRQDO

DOJRULWKP DQG WKH H[WHQGHG DOJRULWKP VRPH H[SHULPHQWDO ZRUN

ZDV GRQH� $ WHVW LPDJH RI ��� x ��� SL[HO ZLWK ��� JUH\ OHYHOV

ZDV XVHG LQ WKH H[SHULPHQWV� )URP WKH WHVW LPDJH D UHIHUHQFH

LPDJH RI ��� x ��� SL[HO� ORFDWHG DW WKH XSSHU�OHIW SDUW� ZDV FXW

RXW� 8QLIRUPO\ GLVWULEXWHG ]HUR�PHDQ ZKLWH QRLVH ZLWK D

VWDQGDUG GHYLDWLRQ
Q

σ ZDV DGGHG WR WKH UHIHUHQFH LPDJH DV

VKRZQ LQ )LJ� �� $ VHW RI ��� x ��� SL[HO LPDJHV ZHUH DOVR FXW

RXW IURP WKH VDPH WHVW LPDJH DW GLIIHUHQW VKLIWV RQ D JULG VSDFHG

E\ �� SL[HOV LQ ERWK GLUHFWLRQV� )RU HDFK FRXSOH� WKH QRLV\

UHIHUHQFH LPDJH DQG HDFK RI WKH VKLIWHG LPDJHV LQ WKH VHW� WKH

H[WHQGHG ��' DOJRULWKP ZDV DSSOLHG DIWHU ZLQGRZLQJ WKH

LPDJHV DQG WDNLQJ WKH SURMHFWLRQV DORQJ WKH [� \� V DQG W D[HV�

7KH QXPEHU RI FDQGLGDWH SRLQWV� ��=0 ZDV FKRVHQ� 7KH

UHVXOWV ZHUH UHFRUGHG RQ D UHJLVWUDWLRQ SHUIRUPDQFH PDS DV

VKRZQ LQ )LJ� �� (DFK FHOO LQ WKH PDS FRQWDLQV WKH UHVXOWV RI

ERWK DOJRULWKPV IRU WKH FRXSOH EHWZHHQ ZKLFK WKHUH LV D UHODWLYH

VKLIW VSHFLILHG E\ LWV ORFDWLRQ� $ EODFN FHOO LQGLFDWHV D FRUUHFW

WUDQVODWLRQ IRXQG E\ WKH H[WHQGHG DOJRULWKP DW ZKLFK WKH

FRQYHQWLRQDO DOJRULWKP IDLOHG� %RWK DOJRULWKPV ZHUH VXFFHVVIXO

DW WKH WUDQVODWLRQV ZLWK D JUH\ FHOO DQG IDLOHG DW WKRVH ZLWK D

ZKLWH FHOO� 7KH UHJLVWUDWLRQ SHUIRUPDQFH PDS VKRZQ LQ )LJ� ��D�

LQGLFDWHV WKDW WKH H[WHQGHG DOJRULWKP SURYLGHV DERXW ����

LQFUHDVH LQ WKH WUDQVODWLRQ UDQJH LQ ZKLFK D VXFFHVVIXO

UHJLVWUDWLRQ LV REWDLQHG ZKHQ D KLJK QRLVH SRZHU LV H[SHFWHG LQ

WKH LPDJHV� +HUH� WKH VWDQGDUG GHYLDWLRQV RI WKH UHIHUHQFH

LPDJH DQG WKH ZLGH�EDQG QRLVH ZHUH DERXW WKH VDPH� (UURUV RI

�± SL[HO LQ WKH WUDQVODWLRQV GHWHUPLQHG E\ WKH DOJRULWKP ZHUH

DOORZHG VLQFH DFFXUDF\ DW VHYHUH QRLVH LQHYLWDEO\ UHGXFHV�

$QRWKHU H[SHULPHQW ZDV SHUIRUPHG RQ WKH VDPH WHVW LPDJH DW D

ORZ QRLVH SRZHU LQ RUGHU WR VHH WKH FDSDELOLW\ RI WKH H[WHQGHG

DOJRULWKP ZKHQ LPDJHV FDQ EH WDNHQ LQ ZHOO�FRQWUROODEOH



HQYLURQPHQWV� )LJ� ��E� VKRZV WKDW WKH LQFUHDVH LQ WKH

WUDQVODWLRQ UDQJH SURYLGHG E\ WKH H[WHQGHG DOJRULWKP LV

EHWZHHQ ��� DQG ��� IRU WKLV FDVH�

,Q RUGHU WR VHH WKH SHUIRUPDQFH RI WKH H[WHQGHG DOJRULWKP RQ

LPDJHV ZLWK D QDUURZ�EDQG VSHFWUXP� D KHDYLO\ EOXUUHG YHUVLRQ

RI WKH WHVW LPDJH ZDV FUHDWHG DQG XVHG LQ WKH H[SHULPHQWV LQ WKH

VDPH ZD\� 7KH SHUIRUPDQFH RI WKH H[WHQGHG DOJRULWKP LV QR

ORQJHU UHPDUNDEOH DW D KLJK QRLVH SRZHU DV VKRZQ LQ )LJ� ��E��

7KLV LV GXH WR WKH FRQWULEXWLRQ RI WKH VSDWLDO IUHTXHQFLHV LQ WKH

XSSHU EDQG RFFXSLHG E\ WKH QRLVH RQO\� ,I WKH EDQGZLGWK RI WKH

LPDJHV LV NQRZQ D SULRUL� EHWWHU UHVXOWV FDQ EH REWDLQHG E\ ORZ�

SDVV ILOWHULQJ LQ WKH IUHTXHQF\ GRPDLQ�

�� &21&/86,21

$ JRRG WUDQVODWLRQDO LPDJH UHJLVWUDWLRQ DOJRULWKP IRU UHDO�WLPH

DSSOLFDWLRQV LV GHVLUHG WR KDYH WKUHH PDLQ IHDWXUHV� D ORZ

FRPSXWDWLRQDO ORDG� D ODUJH WUDQVODWLRQ UDQJH LQ ZKLFK WKH

DOJRULWKP UHOLDEO\ ZRUNV DQG UREXVWQHVV DJDLQVW ERWK ZLGH�EDQG

DQG QDUURZ�EDQG QRLVH� ��' SKDVH FRUUHODWLRQ KDV D ODUJH

FRPSXWDWLRQDO ORDG DQG ��' SKDVH FRUUHODWLRQ VXIIHUV IURP WKH

VHYHUH ZLGH�EDQG QRLVH GXH WR WKH LQVXIILFLHQW LPDJH

LQIRUPDWLRQ� 7KH H[WHQGHG ��' SKDVH FRUUHODWLRQ DOJRULWKP

SUHVHQWHG LQ WKLV SDSHU GRXEOHV WKH LPDJH LQIRUPDWLRQ LQYROYHG

LQ WKH FRPSXWDWLRQV E\ WKH XVH RI GLDJRQDO SURMHFWLRQV� 7KH

�D� �E�

)LJXUH �� �D� ��� x ��� PRRQ LPDJH� �E� 7KH UHIHUHQFH LPDJH ZDV FXW RXW IURP �D� WKHQ QRLVH ZLWK ��=
Q

σ ZDV DGGHG�

�D� �E�

)LJXUH �� 5HJLVWUDWLRQ SHUIRUPDQFH PDSV� �D� ��=
Q

σ � �E� �=
Q

σ �
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H[SHULPHQWDO UHVXOWV VKRZ WKDW WKH H[WHQGHG DOJRULWKP LV YHU\

UREXVW DJDLQVW ZLGH�EDQG QRLVH HVSHFLDOO\ IRU LPDJHV RI ZLGH�

EDQG VSHFWUXP� 7KH H[WHQGHG DOJRULWKP GUDPDWLFDOO\

RXWSHUIRUPV WKH FRQYHQWLRQDO ��' DOJRULWKP DV WKH SRZHU RI

ZLGH�EDQG QRLVH LQFUHDVHV� (YHQ IRU WKH LPDJHV FRQWDLQLQJ D

ZHDN QRLVH� WKH DOJRULWKP \LHOGV DQ LQFUHDVHG WUDQVODWLRQ UDQJH

E\ PDNLQJ LWVHOI SUHIHUDEOH WR WKH FRQYHQWLRQDO ��' DOJRULWKP�

:LWK WKH ORZ FRPSXWDWLRQDO ORDG DQG WKH UREXVWQHVV WR WKH

ZLGH�EDQG QRLVH WKH H[WHQGHG ��' DOJRULWKP FDQ HYHQ EH DQ

DGYDQWDJHRXV DOWHUQDWLYH WR WKH ��' SKDVH FRUUHODWLRQ DOJRULWKP

ZKHQ UHODWLYHO\ VPDOO WUDQVODWLRQV DUH H[SHFWHG�

�� 5()(5(1&(6
>�@ -�-� 3HDUVRQ� '�&� +LQHV� 6� *RORVPDQ� DQG &�'� .XJOLQ�

³9LGHR�UDWH ,PDJH &RUUHODWLRQ 3URFHVVRU�´ LQ 3URF� 63,(�

$SSO� RI 'LJLWDO ,PDJH 3URFHVVLQJ �,2&& ������ ����� SS�

��������

>�@ &�'� .XJOLQ� $�)� %OXPHQWKDO� DQG -�-� 3HDUVRQ� ³0DS�

PDWFKLQJ 7HFKQLTXHV IRU 7HUPLQDO *XLGDQFH 8VLQJ )RXULHU

3KDVH ,QIRUPDWLRQ�´ 63,( �'LJLWDO 3URFHVVLQJ RI $HULDO

,PDJHV�� YRO� ���� SS� ������ �����

>�@ &� 0RUDQGL� )� 3LD]]D� DQG 5� &DSDQFLRQL� ³'LJLWDO ,PDJH

5HJLVWUDWLRQ E\ 3KDVH &RUUHODWLRQ EHWZHHQ %RXQGDU\

0DSV�´ ,(( 3URF� (� &RPSXW� DQG 'LJLWDO 7HFK�� YRO� ����

SS� �������� �����

>�@ 5�-� &ODUNH� ³%DVLF 3ULQFLSOHV RI 0RWLRQ (VWLPDWLRQ DQG

&RPSHQVDWLRQ�´ ,(( &ROORTXLXP RQ µ$SSOLFDWLRQV RI

0RWLRQ &RPSHQVDWLRQ¶� SS� ���� �����

>�@ %�6� 5HGG\ DQG %�1� &KDWWHUML� ³$Q ))7�%DVHG 7HFKQLTXH

IRU 7UDQVODWLRQ� 5RWDWLRQ� DQG 6FDOH�,QYDULDQW ,PDJH

5HJLVWUDWLRQ�´ ,((( 7UDQV� ,PDJH 3URFHVVLQJ� YRO� �� SS�

���������� �����

>�@ 6� $OOLQH\ DQG &� 0RUDQGL� ³'LJLWDO ,PDJH 5HJLVWUDWLRQ

8VLQJ 3URMHFWLRQV�´ ,((( 7UDQV� 3DWWHUQ $QDO� 0DFKLQH

,QWHOO�� YRO� 3$0,��� SS� �������� �����

�D� �E�

)LJXUH �� �D� 7KH 5HIHUHQFH LPDJH FXW RXW IURP D EOXUUHG YHUVLRQ RI PRRQ LPDJH DIWHU QRLVH ZLWK ��=
Q

σ ZDV DGGHG

�E� 5HJLVWUDWLRQ SHUIRUPDQFH PDS IRU WKH LPDJH LQ �D��
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