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,QWHUYDO $ULWKPHWLFV �,$� DXJPHQWV WKH EDVLF 9HFWRU�4XDQWL]DWLRQ

�94� SDUDGLJP IRU LPDJH FRPSUHVVLRQ� 7KH UHIRUPXODWHG 94

VFKHPD DOORZV SURWRW\SHV WR DVVXPH UDQJHV RI DGPLVVLEOH ORFDWLRQV

UDWKHU WKDQ EH FODPSHG WR VSHFLILF VSDFH SRVLWLRQV� 7KH LPDJH�

UHFRQVWUXFWLRQ SURFHVV H[SORLWV WKH UHVXOWLQJ GHJUHHV RI IUHHGRP WR

PDNH XS IRU WKH H[FHVVLYH GLVFUHWL]DWLRQ �VXFK DV EORFNLQHVV� WKDW

RIWHQ DIIHFWV 94�EDVHG FRGLQJ� 7KH SDSHU GHVFULEHV WKH DOJRULWKPV

IRU ERWK WKH WUDLQLQJ DQG WKH UXQ�WLPH XVH RI ,$94 FRGHERRNV� WKH

SRVVLELOLW\ RI GDWD�GULYHQ WUDLQLQJ HQGRZV WKH SURSRVHG

PHWKRGRORJ\ ZLWK WKH IOH[LELOLW\ DQG DGDSWLYHQHVV RI VWDQGDUG 94

PHWKRGV� DV FRQILUPHG E\ H[SHULPHQWDO UHVXOWV RQ UHDO LPDJHV�

��� ,1752'8&7,21

7KH DELOLW\ WR DWWDLQ FRQVLGHUDEOH FRPSUHVVLRQ UDWLRV LQ KLJK�

GLPHQVLRQDO GRPDLQV PDNHV 9HFWRU 4XDQWL]DWLRQ �94� >�@ VXLWDEOH

IRU LPDJH FRPSUHVVLRQ >���@� $V WR WKH TXDOLW\ RI UHFRQVWUXFWHG

LPDJHV� TXDQWL]LQJ WKH VSDFH LQWR D IHZ SDUWLWLRQV RIWHQ OHDGV WR DQ

H[FHVVLYH GLVFUHWL]DWLRQ RI UHSUHVHQWHG GDWD �EORFNLQHVV�� 5HPRYLQJ

VXFK DUWLIDFWV LV VWLOO DQ RSHQ SUREOHP�

,QWHUYDO $ULWKPHWLFV �,$� >�@ FDQ EH SURILWDEO\ LQWHJUDWHG ZLWKLQ

WKH 94 SDUDGLJP� WKH PDMRU DGYDQWDJH LV WKDW UHFRQVWUXFWLRQ

TXDOLW\ LV HQKDQFHG ZLWKRXW DIIHFWLQJ FRPSUHVVLRQ SHUIRUPDQFH�

,QWHUYDO�$ULWKPHWLFV 9HFWRU 4XDQWL]DWLRQ �,$94� UHGHILQHV 94

SURWRW\SHV DQG OHWV WKHP EH SODFHG LQ UDQJHV RI DGPLVVLEOH

ORFDWLRQV UDWKHU WKDQ VSHFLILF VSDFH SRVLWLRQV� 7KXV D 94 SURWRW\SH

EHFRPHV DQ ¦LQWHUYDO SURWRW\SH§� $ PLQLPXP�GLVWDQFH FULWHULRQ

UXOHV FRGHZRUG VHOHFWLRQ� KHQFH WKH QXPEHU RI ELWV DQG WKH WLPH IRU

HQFRGLQJ D SL[HO EORFN DUH WKH VDPH DV WKRVH RI FODVVLFDO 94�

,QWHUYDO SURWRW\SHV DW WKH UHFHLYHU HQG SURYLGH WKH SL[HO�

UHFRQVWUXFWLRQ SURFHVV ZLWK GHJUHHV RI IUHHGRP WKDW LPSURYH LPDJH

UHQGHULQJ� 7KH ILQDO VHWWLQJ RI SL[HO YDOXHV UHVXOWV IURP DQ

RSWLPL]DWLRQ SURFHVV LPSRVLQJ D ORFDO�VPRRWKQHVV DVVXPSWLRQ� D

&HOOXODU 1HXUDO 1HWZRUN �&11� >���@ VXSSRUWV WKH ILQDO LPDJH�

UHQGHULQJ SURFHVV� )LJXUH � SUHVHQWV D VLPSOLILHG VFKHPD RI WKH

PHWKRGRORJ\�

7KH ,$94 PHWKRG IRUPXODWHV WKH LPDJH�UHFRQVWUXFWLRQ SURFHVV DV

D FRQVWUDLQHG TXDGUDWLF�SURJUDPPLQJ SUREOHP >�@ ZKHUH LQWHUYDO

FRGHZRUGV LPSRVH WKH ERXQGV WR WKH VROXWLRQ VSDFH� 6XFK ERXQGV

DUH GRPDLQ�DGDSWLYH� DV ,$94 FRGHERRNV FDQ EH WUDLQHG

HPSLULFDOO\ E\ PHDQV RI VLPSOH� IDVW DOJRULWKPV� 7KXV ,$94

HQVXUHV WKH IOH[LELOLW\ DQG H[DPSOH�GULYHQ DELOLW\ RI 94 VFKHPDWD�

$V FRPSDUHG ZLWK FODVVLFDO ORZ�SDVV ILOWHULQJ >�@� LQWHUYDO

TXDQWLWLHV FRQWURO WKH ILOWHULQJ DFWLRQ DQG XOWLPDWHO\ SUHYHQW

JHQHUDOL]HG EOXUULQJ HIIHFWV� 7KH DXJPHQWHG PRGHO GRHV QRW DIIHFW

HLWKHU FRPSUHVVLRQ UDWLR RU VSHHG SHUIRUPDQFH� 7KH FLUFXLWU\

VXSSRUWLQJ GDWD FRGLQJ XVHV VWDQGDUG�94 KDUGZDUH

LPSOHPHQWDWLRQV >�@� DQG WKH DSSOLFDWLRQ RI D &11 WR WKH GHFRGLQJ

SURFHVV PDNHV LW SRVVLEOH WR H[SORLW ZHOO�NQRZQ UHVXOWV LQ WKH +:

OLWHUDWXUH >���@�

7KH SDSHU GHVFULEHV ERWK WKH WUDLQLQJ SURFHVV DQG WKH UXQ�WLPH XVH

RI ,$94 FRGHERRNV� ([SHULPHQWDO UHVXOWV SURYH WKH QRWDEOH

SHUIRUPDQFH RI WKH DXJPHQWHG PHWKRGRORJ\�

��� 7+(25(7,&$/�)5$0(:25.

7KH EDVLF 94 VFKHPD DVVRFLDWHV ZLWK HDFK G�GLPHQVLRQDO SRLQW�

94 FRGHERRN ,$94 FRGHERRN

&RGHZRUG

VHOHFWLRQ

3L[HOV

$UUD\V RI SL[HOV

&RGHZRUG

UHWULHYDO

,QGH[HV

,QWHUYDO

SL[HOV

&11

5HFRQVWUXFWHG LPDJH

)LJXUH �� 7KH ,$94�EDVHG LPDJH�FRGLQJ VFKHPD
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6HYHUDO DOJRULWKPV KDYH EHHQ SURSRVHG WR EXLOG XS D VXLWDEOH

FRGHERRN IRU D JLYHQ 94�FRGLQJ WDVN� 7KH UHVHDUFK SUHVHQWHG LQ

WKLV SDSHU DGRSWHG D GHGLFDWHG DOJRULWKP WR DVVHVV ERWK WKH QXPEHU�

QK� DQG WKH SRVLWLRQV RI FRGHYHFWRUV� 7KLV FKRLFH ZDV PDLQO\

PRWLYDWHG E\ WKH DYDLODELOLW\ RI DQ HIILFLHQW KDUGZDUH

LPSOHPHQWDWLRQ RI WKH PHWKRG >�@� 94�EDVHG LPDJH FRPSUHVVLRQ

LQ WKH SL[HO GRPDLQ GLYLGHV D SLFWXUH LQWR VHYHUDO �XVXDOO\ VTXDUH�

EORFNV UHSUHVHQWLQJ FRGHG VDPSOHV� [O��
G
� O ����QS� ZKHUH G LV

WKH QXPEHU RI SL[HOV ZLWKLQ D EORFN� DQG QS LV WKH QXPEHU RI EORFNV

PDNLQJ XS WKH SLFWXUH� (DFK EORFN LV HQFRGHG E\ ZRUNLQJ RXW LWV

DVVRFLDWH EHVW�PDWFKLQJ FRGHYHFWRU DFFRUGLQJ WR ���� ,Q WKH

VDPSOH FDVH RI D VWDQGDUG� ��ESS LPDJH WKDW LV VSOLW LQWR EORFNV

FRYHULQJ �[� SL[HOV �G ���� D FRGHERRN KROGLQJ QK ��� FRGHZRUGV

\LHOGV D FRPSUHVVLRQ UDWLR FU ���

,QWHUYDO $ULWKPHWLFV ZDV LQWURGXFHG >�@ DV D KDQG\ IRUPDOLVP WR

WUHDW TXDQWLWLHV LQ WKH SUHVHQFH RI XQFHUWDLQW\ WKDW PDNHV H[DFW

GHWHUPLQDWLRQV LPSRVVLEOH� $Q LQWHUYDO YDULDEOH GHILQHV D UDQJH RI

SRVVLEOH YDOXHV IRU WKDW TXDQWLW\� DQ\ YDOXH ZLWKLQ WKH LQWHUYDO LV

HTXDOO\ OLNHO\� $Q LQWHUYDO� ;� LV GHILQHG DV DQ RUGHUHG SDLU ;  

>[/� [8@� VXFK WKDW [/� [8 �� DQG [/ d [8� 7KH ERXQGV DUH

DGPLVVLEOH YDOXHV IRU WKH DVVRFLDWH TXDQWLW\� ,Q WKH IROORZLQJ� E\

FRQYHQWLRQ� XSSHUFDVH OHWWHUV ZLOO DOZD\V GHQRWH LQWHUYDO TXDQWLWLHV�

ZKHUHDV ORZHUFDVH OHWWHUV ZLOO VWDQG IRU VFDODU YDULDEOHV� 7KH

LQWHUYDO IRUPDOLVP VXSSRUWV D FRPSDFW DOJHEUDLF QRWDWLRQ LQ WKH

VSDFH RI LQWHUYDOV �<� $� % � �� [ � ��� H�J��
VXP� <  $ � % � <  >D/ � E/� D8 � E8@�
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,Q FRPSDULVRQ ZLWK FODVVLFDO DOJHEUD� VRPH RSHUDWLRQV UHTXLUH

DGGLWLRQDO FRPSXWDWLRQV WR HQVXUH WKH FRQVLVWHQF\ RI ERXQGV� $ G�

GLPHQVLRQDO LQWHUYDO YHFWRU LV UHSUHVHQWHG E\ DQ DUUD\ RI LQWHUYDOV�

:  �:������ :�G���

��� ,$94�%$6('�,0$*(�&2',1*

��� ,$94 FRGHERRN WUDLQLQJ

&RGHERRN WUDLQLQJ UHTXLUHV GHWHUPLQLQJ WKH SRVLWLRQV DQG UDQJHV RI

DOO LQWHUYDO FRGHZRUGV� $Q H[KDXVWLYH DSSURDFK VHHPV XQUHDOLVWLF

EHFDXVH RI WKH KXJH QXPEHU RI SDUDPHWHUV� $ VLPSOLILHG WUDLQLQJ

VWUDWHJ\ SURFHHGV LQ WZR VWHSV� ILUVW D VWDQGDUG 94 DOJRULWKP SODFHV

SURWRW\SHV LQ WKH GRPDLQ VSDFH� WKHQ LQWHUYDO FRGHZRUGV DUH

¦LQIODWHG§ DURXQG WKH 94�JHQHUDWHG LQLWLDO SRVLWLRQV� $V WKH UROH RI

D FRGHZRUG LV WR GULYH VXEVHTXHQW ILOWHULQJ E\ WKH &11� WKH

DPSOLWXGH RI HDFK LQWHUYDO FRQWUROV WKH H[WHQW RI WKH DVVRFLDWH

GHJUHH RI IUHHGRP� ,QWXLWLYHO\� ODUJHU LQWHUYDOV VKRXOG UHVXOW LQ D

EHWWHU LQWHUSRODWLRQ� ,Q IDFW� ]HUR�ZLGWK LQWHUYDOV UHGXFH WKH ZKROH

VFKHPD WR EDVLF� XQILOWHUHG 94 FRGLQJ� EXW ZLGHU LQWHUYDOV�

FRYHULQJ WKH ZKROH UDQJH RI SRVVLEOH SL[HO YDOXHV� OHDG WR

XQFRQVWUDLQHG ORZ�SDVV ILOWHULQJ� $ GDWD�GULYHQ WUDLQLQJ SURFHVV

FDQ ZRUN RXW D WUDGHRII EHWZHHQ VXFK H[WUHPHV HPSLULFDOO\� WKXV

PDNLQJ SL[HO UHFRQVWUXFWLRQ GRPDLQ�DGDSWLYH�

7KH LQWHUYDO�ZLGWK RSWLPL]DWLRQ VWDUWV IURP D WUDLQHG 94 FRGHERRN

\  ^ZM`� 7KH RQO\ DVVXPSWLRQ LV WKDW \ LV DGMXVWHG E\ XVLQJ DQ

/%*�OLNH DOJRULWKP >�@� /%* LV DQ LWHUDWLYH FRGHZRUG�SRVLWLRQLQJ

DOJRULWKP DQG JXDUDQWHHV WKDW� DW FRQYHUJHQFH� HDFK SURWRW\SH ZLOO

EH SODFHG LQ WKH FHQWURLG RI WKH DVVRFLDWH SDUWLWLRQ� $V SL[HOV GR QRW

KDYH SUHIHUHQWLDO JUD\ OHYHOV� WKH LVRWURSLF QDWXUH RI WKH SUREOHP

VHDUFKHV IRU D 94�FHQWHUHG LQWHUYDO FRGHZRUG� JLYHQ E\
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$ WKHRUHWLFDO DSSURDFK WR WKH WUDLQLQJ SUREOHP OHDGV WR D VHW RI

7KHRUHPV JLYLQJ DQDO\WLFDO IRUPXODWLRQV RI WKH LQWHUYDO UDQJHV�

6XFK DPSOLWXGHV� KRZHYHU� UHVXOW IURP D PLQLPL]DWLRQ SURFHVV�

KHQFH QRQWULYLDO GDWD GLVWULEXWLRQV �H�J�� SL[HO EORFNV� ZLOO \LHOG

YHU\ QDUURZ UDQJHV� D SDLU RI VDPSOHV O\LQJ FORVH WR D FRPPRQ

ERXQGDU\ FDQ VTXHH]H WKH YDULDWLRQ PDUJLQ HYHQ LI WKH UHPDLQLQJ

VDPSOHV ZLWKLQ HDFK SDUWLWLRQ DUH WLJKWO\ FOXVWHUHG� $ PRUH UREXVW

VWUDWHJ\ LV UHTXLUHG LQ RUGHU WR DWWDLQ ZLGHU LQWHUYDOV�

7KH HPSLULFDO DSSURDFK UHWDLQV WKH VWDWLVWLFDO GLVWULEXWLRQ RI GDWD E\

FRQVLGHULQJ HDFK VSDFH GLPHQVLRQ VHSDUDWHO\� 7KH WUDLQLQJ PHWKRG

VWDUWV IURP D VWDQGDUG�94 FRGHERRN WUDLQHG ZLWK DQ\ /%*�OLNH

DOJRULWKP� /HW � �� �LM[S � EH WKH SUREDELOLW\ GHQVLW\ IXQFWLRQ WKDW

GHVFULEHV WKH YDOXHV DVVXPHG LQ WKH L�WK GLPHQVLRQ E\ WKH VDPSOHV

EHORQJLQJ WR WKH M�WK SDUWLWLRQ� � � � �^ `MO
L
O

LM [[ S�� [VXFK WKDW� � 7KH

SLFWXUH SL[HO GHSWK ERXQG WKHVH YDOXHV�
� � ML[[[ LM ��dd 0$;
�

0,1 � 7KH UREXVW DOJRULWKP FRPSXWHV WKH

KLVWRJUDP RI WKH REVHUYHG YDOXHV IRU HDFK VSDFH GLPHQVLRQ� 7KH

LQWHUYDO DPSOLWXGH LV VHW E\ LPSRVLQJ WKDW WKH UHVXOWLQJ UDQJH

LQFOXGH D JLYHQ VKDUH RI WKH FRYHUHG VDPSOHV� 7KH ,$94 FRGHERRN

FRPSULVHV� IRU HDFK FRGHZRUG� DQ LQWHUYDO DQG LWV �UHIHUHQFH� YDOXH

�WKH RULJLQDO 94 FRGHZRUG SRVLWLRQ��

,$94 WUDLQLQJ DOJRULWKP

�� ,QSXW� \  ^ZM M ����QK`� 94 /%* FRGHERRN�

SM� M ���� QK� VDPSOH SDUWLWLRQV VSDQQHG E\ \�
� � W d �� WKH UHTXHVWHG FRYHUDJH RI GDWD YDOXHV�

�� )RU HDFK SDUWLWLRQ SM� M ����QK
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¦3HDN§ GHQVLWLHV� UHIOHFWLQJ FRQFHQWUDWHG GLVWULEXWLRQV RI YDOXHV�

ZLOO GHWHUPLQH QDUURZ LQWHUYDOV� ZKHUHDV VKDOORZ GHQVLWLHV ZLOO
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\LHOG ZLGHU LQWHUYDOV� 6SDFH SDUWLWLRQV ZLWK KLJK FRQFHQWUDWLRQV RI

VDPSOHV ZLOO EH UHSUHVHQWHG E\ ¦QDUURZ§ LQWHUYDOV� XOWLPDWHO\

ZLWQHVVLQJ D KLJKHU OHYHO RI FRQILGHQFH LQ WKH SURWRW\SH SRVLWLRQ�

6SDFH UHJLRQV FRYHULQJ VFDWWHUHG VDPSOHV ZLOO EH UHSUHVHQWHG E\

¦ZLGHU§ DQG PRUH XQFHUWDLQ LQWHUYDO FRGHZRUGV�

��� ,$94�EDVHG LPDJH FRGLQJ

7KH EDVLF LGHD RI WKH LPDJH�FRPSUHVVLRQ PHWKRG LV WR OHDYH WKH

FRPSUHVVLRQ VWUDWHJ\ XQDIIHFWHG �L�H�� VXSSRUWHG E\ D VWDQGDUG 94

FRGHERRN DQG :7$ FRPSHWLWLRQ�� 7KH HQFRGHU FRQVLGHUV RQO\ WKH

�UHIHUHQFH� FRGHZRUG SRVLWLRQV� DQG VFDODU GLVWDQFHV DUH LQYROYHG

LQ :7$ VHOHFWLRQ� 7KH DGGLWLRQDO LQWHUYDO LQIRUPDWLRQ LV XVHG LQ

WKH GHFRGLQJ SURFHVV DW WKH UHFHLYHU HQG� 7KH LPDJH�FRGLQJ

DOJRULWKP MXVW UHSHDWV LWV 94 FRXQWHUSDUW�

,$94�EDVHG LPDJH�FRGLQJ DOJRULWKP

�� ,QSXW� ,PDJH EORFNV� E  ^[����[%`

94 FRGHERRN� \ � ,QGH[ VHW� T  �

�� )RU HDFK EORFN [ �E
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�� 2XWSXW� WKH VHW RI FRGHZRUG LQGH[HV� T  ^T������ T%`

7KH GHVFULSWLRQ RI WKH FRPSUHVVHG SLFWXUH LV WKH VDPH IRU 94 DQG

,$94� 6XFK DQ DSSURDFK YLUWXDOO\ GHFRXSOHV WKH LPDJH FRGHU DQG

WKH LPDJH GHFRGHU� ,$94 EHFRPHV D VXSHUVHW RI 94� KHQFH WKH

UHFHLYHU DFWV DV DQ DXJPHQWHG YHUVLRQ RI D FODVVLFDO 94 GHFRGHU�

0RUHRYHU� WKH RYHUDOO FRPSUHVVLRQ SHUIRUPDQFH UHPDLQV

XQDIIHFWHG� DV WKH FRPSUHVVLRQ UDWLR NHHSV FRQVWDQW� )LQDOO\� WKH

FRPSXWDWLRQDO FRVW EURXJKW DERXW E\ SOXJJLQJ LQ ,$94 LV HQWLUHO\

VXSSRUWHG E\ WKH UHFHLYHU�

��� ,$94�EDVHG LPDJH GHFRGLQJ

7KH LPDJH GHFRGHU UHWULHYHV LQWHUYDO FRGHZRUGV IURP UHFHLYHG

LQGH[HV� ,$94�EDVHG LPDJH UHFRQVWUXFWLRQ UHTXLUHV VHOHFWLQJ WKH

YDOXHV WKDW PD[LPL]H SLFWXUH TXDOLW\ IURP WKH LQWHUYDOV DVVRFLDWHG

ZLWK LPDJH SL[HOV� 0HDQ 6TXDUH (UURU LV WKH DQDO\WLFDO PHDVXUH RI

GLVWRUWLRQ� DQG SL[HO HVWLPDWLRQ LV IRUPDOL]HG DV D FRQVWUDLQHG

06(�PLQLPL]DWLRQ SUREOHP� 7KH ILUVW FRQVWUDLQW WDNHV LQWR DFFRXQW

WKH FRQWLJXLW\ RI SL[HOV� DQG LPSRVHV WKDW WKH YDOXHV RI DGMDFHQW

SL[HOV EH QRW VHQVLEO\ GLIIHUHQW� 7KH VPRRWKQHVV DVVXPSWLRQ

EULQJV ORZ�SDVV ILOWHULQJ LQWR WKH UHFRQVWUXFWLRQ DFWLRQ� 7KH VHFRQG

FRQVWUDLQW UHTXLUHV WKH YDOXHV RI UHFRQVWUXFWHG SL[HO QRW WR H[FHHG

WKH DVVRFLDWH LQWHUYDO ERXQGV� %\ WKLV PHFKDQLVP� ,$94

LQWURGXFHV D EDODQFLQJ FRQWURO WKDW LQKLELWV XQLIRUP ORZ�SDVV

ILOWHULQJ�

$ &HOOXODU 1HXUDO 1HWZRUN >���@ VXSSRUWV WKH UHFRQVWUXFWLRQ

SURFHVV� EXLOG XS D &11 ZLWK WKH VDPH SODQDU VWUXFWXUH DV WKH

UHFRQVWUXFWHG LPDJH� /HW \�U�F� GHQRWH WKH UHFRQVWUXFWHG SL[HO YDOXH

RQ WKH LPDJH FRRUGLQDWHV �U�F�� DQG OHW \94�U�F� EH WKH DVVRFLDWH

UHIHUHQFH YDOXH� JLYHQ E\ WKH FRRUGLQDWHV RI WKH RULJLQDO 94

SURWRW\SH� (DFK QHWZRUN FHOO LV FKDUDFWHUL]HG E\ DQ LQWHUQDO VWDWXV

YDULDEOH� X�U�F� >�@� WKH QRQOLQHDU IXQFWLRQ \LHOGLQJ WKH RXWSXW

DFWLYDWLRQ \�U�F� �L�H�� WKH FRUUHVSRQGLQJ SL[HO YDOXH� LV JLYHQ E\

>�@�
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ZKHUH P DQG Q DUH WKH QXPEHU RI URZV DQG FROXPQV LQ WKH LPDJH�

UHVSHFWLYHO\� DQG � �FU\ �/ DQG � �FU\ �8 DUH WKH ORZHU DQG XSSHU

ERXQGV� UHVSHFWLYHO\� RI WKH LQWHUYDO UHSUHVHQWLQJ WKH SL[HO DW WKH

SRVLWLRQ �U�F�� $V FRPSDUHG ZLWK WKH VWDQGDUG &11 PRGHO >�@� WKH

ORZHU DQG XSSHU VDWXUDWLRQ OHYHOV LQ WKH FHOO QRQ�OLQHDULW\ DUH

GHWHUPLQHG� IRU HDFK FHOO� E\ WKH ORZHU DQG XSSHU ERXQGV RI WKH

LQWHUYDO ,$94 SURWRW\SH HQFRGLQJ WKH VSHFLILF ORFDWLRQ� 7KLV VHWV D

OLPLW RQ WKH JHQHUDOL]HG ORZ�SDVV ILOWHULQJ HIIHFW E\ SUHYHQWLQJ

XQFRQVWUDLQHG IOXFWXDWLRQV RI SL[HO YDOXHV�

7KH 06(�EDVHG SUREOHP IRUPXODWLRQ LPSOLHV D TXDGUDWLF

RSWLPL]DWLRQ SUREOHP� WKH VROXWLRQ RI ZKLFK PXVW EH IRXQG ZLWKLQ

WKH �K\SHU�ER[ ERXQGHG E\ LQWHUYDO UDQJHV� 7KLV OHDGV WR D FODVV RI

YHU\ FRPSOH[ SUREOHPV� DQG LQ SULQFLSOH RQH PLJKW TXHVWLRQ WKH

XVH RI &11 WR WKLV SXUSRVH� 7KH WKHRU\ SUHVHQWHG LQ >�@� KRZHYHU�

JLYHV DQ HIIHFWLYH DQG HIILFLHQW DOJRULWKP WR WDFNOH TXDGUDWLF�

SURJUDPPLQJ SUREOHPV� $ WKHRUHWLFDO DQDO\VLV VKRZV WKDW WKH

LPDJH�UHFRQVWUXFWLRQ IRUPDOLVP DQG WKH FHOO PRGHO ��� FDQ EH

SURYHG WR EH HTXLYDOHQW WR WKH SUREOHP VHWWLQJ XVHG LQ >�@� 7KH

UHFRQVWUXFWLRQ DOJRULWKP FDQ EH RXWOLQHG DV IROORZV�

,$94�EDVHG LPDJH�GHFRGLQJ DOJRULWKP
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�� 5XQ WKH &11 UXOHG E\ ��� DFFRUGLQJ WR WKH DOJRULWKP >�@�

�� 2XWSXW� WKH ILQDO VHW RI SL[HO YDOXHV ^ \�U�F� `�

0RVW RI WKH UHFHLYHU FRPSXWDWLRQDO FRVW GHSHQGV RQ WKH &11

HYROXWLRQ SURFHVV� ZKLFK \LHOGV WKH UHFRQVWUXFWHG SL[HO YDOXHV�

7KDQNV WR ERWK WKH VWDQGDUG IHDWXUHV RI WKH QHXUDO VWUXFWXUH DQG WKH

JHQHUDO YDOLGLW\ RI WKH RSWLPL]DWLRQ DOJRULWKP� WKH PHWKRG IXOO\

EHQHILWV IURP WKH KXJH OLWHUDWXUH DERXW HIIHFWLYH +:

LPSOHPHQWDWLRQV RI &11V >���@�

��� (;3(5,0(17$/�5(68/76

7KH H[SHULPHQWDO YDOLGDWLRQ RI WKH SUHVHQWHG PHWKRGRORJ\

LQYROYHG D FRPSDULVRQ EHWZHHQ VWDQGDUG &11�ILOWHUHG LPDJHV DQG

WKRVH REWDLQHG E\ WKH ,$94 UHFRQVWUXFWLRQ PHWKRG� %RWK

QXPHULFDO �06( SORWV� DQG TXDOLWDWLYH UHVXOWV DUH UHSRUWHG�

VKRZLQJ WKH VXSHULRU SHUIRUPDQFH GHULYLQJ IURP WKH LQWHUYDO�EDVHG

FRQWURO RI ORZ�SDVV ILOWHULQJ� ,Q DOO WKH H[SHULPHQWV� XQFRQVWUDLQHG

ILOWHULQJ UHVXOWHG LQ D IDU ODUJHU 06( DW WKH FRQYHUJHQFH WLPH�

LQVWHDG� WKH GLVWRUWLRQ FXUYHV DVVRFLDWHG ZLWK WKH ,$94 PHWKRG

DOZD\V H[KLELWHG D VDWXUDWLRQ WUHQG� VHWWOLQJ DW FRQVWDQW YDOXHV� 7KH

ODWWHU SKHQRPHQRQ ZLWQHVVHV WKH OLPLWLQJ HIIHFW RI ,$94 ERXQGV

RQ FHOO QRQOLQHDULWLHV� DV WKH\ SUHYHQWHG XQFRQWUROOHG SL[HO

YDULDWLRQV DQG LQKLELWHG LPDJH GHJUDGDWLRQ�
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8QFRQVWUDLQHG ILOWHULQJ \LHOGV LPDJHV VXIIHULQJ IURP DSSDUHQW

EOXUULQJ HIIHFWV� %\ FRQWUDVW� LPDJHV GHFRGHG E\ WKH ,$94 PHWKRG

WDNH DGYDQWDJH RI ORZ�SDVV ILOWHULQJ� ZKLFK FRQWULEXWHV WR UHPRYLQJ

EORFNLQHVV� EXW ORFDO GHWDLOV DUH SUHVHUYHG�
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1R��� SS���������

>�@ 6DOHUQR 0� 6DUJHQL )� %RQDLXWR 9 ¦$ GHGLFDWHG PXOWL�FKLS

SURJUDPPDEOH V\VWHP IRU &HOOXODU 1HXUDO 1HWZRUNV§ $QDORJ

,QW� &LUF� DQG 6LJ�3URF�� ����� YRO���� SS��������

>�@ /LQGH <� %X]R $� *UD\ 50 �$Q $OJRULWKP IRU YHFWRU
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)LJXUH �� &RPSDULVRQ RI VWDQGDUG &11 DQG ,$94�EDVHG LPDJH UHFRQVWUXFWLRQ

OHIW� UHVXOWV IURP VWDQGDUG &11 ORZ�SDVV ILOWHULQJ� FHQWHU� UHVXOWV IURP ,$94� ULJKW� FRPSDUDWLYH SORWV RI DVVRFLDWH 06(V
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