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PRKDPHG DQVDUL#KRWPDLO�FRP

$%675$&7 DSSURDFK SURYLGHV JRRG UHVXOWV ZKHQ FRPSDUHG WR WKH IRU�
PHU RQHV XVLQJ WKH DGMDFHQF\ FRQVWUDLQW�

7KH DLP RI WKLV ZRUN LV WR PDWFK UHJLRQV RI D SDLU RI VWHUHR�
7KH PDWFKLQJ SURFHVV LV DFKLHYHG LQ WZR VWDJHV� 7KH nUVWVFRSLF LPDJHV� 7KH PDLQ LGHD LV WR XVH WKH UHODWLYH SRVLWLRQ
VWDJH nQGV WKH SRVVLEOH FDQGLGDWH PDWFKHV EDVHG XSRQ WKHRI UHJLRQV� 7KH PDWFKLQJ K\SRWKHVLV ZKLFK GRQ
W YLRODWH WKH
UHODWLYH SRVLWLRQ FRQVWUDLQW� 7KH VHFRQG VWDJH VHOHFWV WKHUHODWLYH SRVLWLRQ FRQVWUDLQW RI UHJLRQV ZLOO EH JLYHQ PRUH
FRUUHFW PDWFKLQJV� DPRQJ DOO WKH FDQGLGDWH PDWFKHV� DF�FRQnGHQFH� 7R DFKLHYH WKLV WKH IROORZLQJ SULQFLSOH LV IRO�
FRUGLQJ WR WKH FRVW IXQFWLRQ ZKLFK ZH SURSRVH� 7KLV IXQF�ORZHG� WKH UHODWLYH SRVLWLRQ RI WZR UHJLRQV LQ RQH LPDJH ZLOO
WLRQ LV GHnQHG RQ WKH EDVLV RI ORFDO SURSHUW\ DW WKH YLFLQLW\EH WKH VDPH DV WKH UHODWLYH SRVLWLRQ RI WKHLU FRUUHVSRQG�
RI UHJLRQ FRQWRXUV� ZKLFK HQVXUH D JUHDW VLPLODULW\ EHWZHHQLQJ RQHV LQ WKH RWKHU LPDJH� 7KH SURFHVV RI PDWFKLQJ LV
UHJLRQV�DFKLHYHG LQ WZR VWDJHV� 7KH nUVW RQH nQGV SRVVLEOH FDQGL�

GDWH PDWFKHV RQ WKH EDVLV RI WKH UHODWLYH SRVLWLRQ FRQVWUDLQW� 7KH PDWFKLQJ SURFHVV LV H[WHQGHG WR WKH QHLJKERXULQJ UH�
7KH VHFRQG RQH VHOHFWV WKH EHVW PDWFK DFFRUGLQJ WR WKH FUL� JLRQV E\ XVLQJ WKH SURSHUW\ RI DGMDFHQF\ >��@� 6WDUWLQJ ZLWK
WHULRQ ZKLFK ZH GHnQH� ([SHULPHQWDO UHVXOWV GHPRQVWUDWH WKH FRXSOHV RI KRPRORJRXV EDVLF UHJLRQV >��@� WKH DGMDFHQW
WKH HmHFWLYHQHVV RI WKH PHWKRG� UHJLRQV DUH VHDUFKHG nUVW DQG PDWFKHG LI SRVVLEOH� 7KH SUR�

FHVV LV JUDGXDOO\ H[WHQGHG WR DOO WKH UHJLRQV RQ WKH LPDJH�
.H\ZRUGV� 6WHUHR YLVLRQ� UHJLRQV PDWFKLQJ� 7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 7KH
VHJPHQWDWLRQ� PDWFKLQJ DOJRULWKP LV GHVFULEHG EULHYHO\ LQ VHFWLRQ �� ([�

SHULPHQWDO UHVXOWV DUH SUHVHQWHG LQ VHFWLRQ �� 7KH SDSHU
�� ,1752'8&7,21 FORVHV ZLWK D FRQFOXVLRQ LQ VHFWLRQ ��

7KH NH\ SUREOHP LQ VWHUHR YLVLRQ LV D VHDUFK SUREOHP ZKLFK
�� 0$7&+,1* $/*25,7+0nQGV WKH FRUUHVSRQGLQJ �' SURMHFWHG REMHFW SRLQWV LQ D

ELQRFXODU LPDJH SDLU WKDW DUH FDVW E\ WKH VDPH SK\VLFDO
���� 6HOHFWLRQ RI SRVVLEOH FDQGLGDWH PDWFKHVSRLQW LQ D �' VFHQH�

7KH FRUUHVSRQGHQFH SUREOHP KDV EHHQ VROYHG SUHYLRXVO\ XV� ,Q RUGHU WR ORZHU WKH FRPELQDWRULDO FRPSOH[LW\ RI WKH PDWFK�
LQJ FRUUHODWLRQ WHFKQLTXHV >�@� DQG E\ PDWFKLQJ ORZ OHYHO LQJ SUREOHP� WKH SRVVLEOH KRPRORJRXV UHJLRQV PXVW PHHW
HQWLWLHV RU IHDWXUHV H[WUDFWHG IURP WKH LPDJHV VHSDUDWHO\ WZR UHTXLUHPHQWV� 7KH nOWHUV LQ XVH HOLPLQDWH D JUHDW QXP�
>�@>��@>��@>��@>�@� ,Q WKLV SDSHU� ZH LQYHVWLJDWH UHJLRQ EDVHG EHU RI UHJLRQV ZKLOH NHHSLQJ WKH UHDO KRPRORJRXV RQH�
PDWFKLQJ DV ZH IHHO WKDW PDQ\ RI WKH VKRUWFRPLQJV LQKHUHQW
LQ RWKHU DSSURDFKHV FDQ EH RYHFRPH E\ WDNLQJ PRUH GHYHO�

������ 7KH HSLSRODU FRQVWUDLQW RQ WKH LQHUWLD FHQWHUV
RSHG HQWLWLHV >�@>�@>�@>��@>��@>��@�

'XH WR WKH SDUDOOHO D[LV FDPHUD
V JHRPHWU\ >�@>�@>�@� WKH OR�)RU UHJLRQV PDWFKLQJ LQ D VWHUHR SDLU� DOJRULWKPV XVXDOO\
FDWLRQ RI WKH LQHUWLD FHQWHU RI WKH ULJKW UHJLRQ ZLOO EH GLV�XVH JHRPHWULF DQG SKRWRPHWULF FDUDFWHULVWLFV RI WKH UHJLRQV�
SODFHG E\ D GLVSDULW\ YDOXH LQ WKH OHIW LPDJH� ,GHDOO\� WKH%XW PRVW RI WKHVH DUH QRW KRPRJHQRXV E\ SURMHFWLRQ >��@�
GLVSDULW\ YDOXH LV VLPSO\ D KRUL]RQWDO VKLIW� L�H�� WKH LQHUWLD7R RYHUFRPH WKLV� WKH FRQVWUDLQW RI DGMDFHQF\ EHWZHHQ UH�
FHQWHUV VKRXOG EH RQ WKH VDPH HSLSRODU OLQH� +RZHYHU� GXHJLRQV KDYH EHHQ XVHG >��@>��@� 2EYLRXVO\� WKLV FRQVWUDLQW
WR JHRPHWULFDO GLVWRUWLRQ� LPSHUIHFWLRQV LQ WKH H[WUDFWLQJ RIIDLOV LQ RFFOXGHG LPDJHV DUHDV� L�H�� LQ WKH SDUWV RI WKH VFHQH
UHJLRQV� DQG SDUWLDO RFFOXVLRQ� WKH LQHUWLD FHQWHUV RI WKH FRU�WKDW DUH VHHQ E\ RQH FDPHUD EXW QRW E\ WKH RWKHU� 7KHUH�
UHVSRQGLQJ UHJLRQV PD\ QRW EH H[DFWO\ RQ WKH VDPH HSLSRODUIRUH� WKHUH UHPDLQ PLVV�FRUUHVSRQGHQFHV LQ WKH nQDO UHVXOWV�
OLQH� +RZHYHU� IRU PRVW RI WKH FRUUHVSRQGLQJ UHJLRQV� WKHLUZKLFK DUH GLpFXOW WR LGHQWLI\� ,Q WKLV SDSHU� ZH SURSRVH D
LQHUWLD FHQWHUV ZLOO IDOO ZLWKLQ D IHZ VFDQ OLQHV RI HDFK RWKHU�QHZ VROXWLRQ WR FLUFXPYHQW WKLV SUREOHP� 7KH PDLQ LGHD LV

WR XVH WKH UHODWLYH SRVLWLRQ RI UHJLRQV� 7KH PDWFKLQJ K\�
SRWKHVLV ZKLFK GRQ
W YLRODWH WKH UHODWLYH SRVLWLRQ FRQVWUDLQW ������ 7KH UHODWLYH SRVLWLRQ FRQVWUDLQW
RI UHJLRQV ZLOO EH JLYHQ PRUH FRQnGHQFH� 7R DFKLHYH WKLV
WKH IROORZLQJ SULQFLSOH LV IROORZHG� WKH UHODWLYH SRVLWLRQ RI /HW 5 D JLYHQ UHJLRQ� ZH GHnQH VXFFHVVLYHO\ WKH IROORZLQJ
UHJLRQV LQ RQH LPDJH ZLOO EH WKH VDPH DV WKH UHODWLYH SRVL� VHWV� $�5�  1HLJK�5�� WKH VHW RI DGMDFHQW UHJLRQV RI 5�
WLRQ RI WKHLU FRUUHVSRQGLQJ RQHV LQ WKH RWKHU LPDJH� 7KLV 7KHQ $�5� LV VSOLWWHG LQ WZR VXEVHWV 8$�5� DQG 0$�5�



VXFK DV� (GJH PDJQLWXGHV DORQJ WKHVH FRQWRXUV FDQ EH XVHG WR PHD�
VXUH WKH GLmHUHQFH EHWZHHQ WKH JUH\�OHYHO LQWHQVLWLHV DW WKHLU

8$�5�  I5  5 � $�5� DQG ���L L VLGHV� ,W FDQ EH HQIRUFHG WKDW WZR FRUUHFWO\ PDWFKHG FRQ�
WRXU SRLQWV VKRXOG KDYH VLPLODU HGJH PDJQLWXGHV� $ KLJKHU5 LV DQ XQPDWFKHG UHJLRQJL

FRVW IXQFWLRQ FDQ EH DVVLJQHG WR WKH FDQGLGDWH SDLU WKDW KDV
ODUJHU GLmHUHQFHV LQ WKHLU ORFDO SURSHUWLHV�

0$�5�  I5  5 � $�5� DQG ��� eL L /HW 5 DQG 5 EH WZR UHJLRQV LQ WKH ULJKW DQG OHIW LPDJHV� UH�
e5 LV D PDWFKHG UHJLRQJL VSHFWLYHO\� VXFK XV WKH UHJLRQ 5 LV D SRVVLEOH KRPRORJRXV

eRI WKH UHJLRQ 5 �5 � 3+�5��� )RU FRPSXWLQJ WKH FRVW
,I 0$�5� LV QRW HPSW\� ZH GHnQH WKH VHW RI WKH KRPRO� IXQFWLRQV� ZH XVH RQO\ WKH FRQWRXUV /0& DQG 50& RI WKH

RJRXV UHJLRQV RI 0$�5� E\ PDWFKDEOH UHJLRQV� )XUWKHUPRUH� WKH /0& RI WKH UHJLRQ 5
e> ZLOO EH PDWFKHG ZLWK WKH /0& RI WKH UHJLRQ 5 DQG WKH

+0$�5�  +RPRORJRXV�5 � ���L 50& RI WKH UHJLRQ 5 ZLOO EH PDWFKHG ZLWK WKH 50& RI
e

5 �0$�5� WKH UHJLRQ 5 �L

:H GHnQH DOVR WKH VHW 6�5� RI XQPDWFKHG UHJLRQV� ZKLFK
������ &RVW IXQFWLRQ DVVRFLDWHG WR WKH OHIWPRVW FRQWRXUV

EHORQJ WR WKH QHLJKERUKRRG RI WKH VHW +0$�5� E\
/HW m EH WKH QXPEHU RI SRVVLEOH SDLUV RI PDWFKLQJ SRLQWV>
RQ WKH OHIWPRVW FRQWRXUV /0& DQG /0& RI WKH UHJLRQVUO6�5�  8$�5 � ���L
e N N5 DQG 5 UHVSHFWLYHO\� DQG 8 DQG 8 EH WKH HGJH PDJ�UO5 �+0$�5�L

QLWXGHV DW WKH NWK SRLQW� 7KH FRVW IXQFWLRQ IRU PHDVXULQJ
e WKH GLmHUHQFH RI WKH ORFDO SURSHUWLHV IRU FRQWRXUV /0& DQG)LQDOO\� D UHJLRQ 5 � 6�5� LV SRVVLEOH KRPRORJRXV RI WKH O

/0& LV GHnQHG DVUHJLRQ 5 LI WKH UHODWLYH SRVLWLRQ RI 5 DQG 5 � 0$�5� LV UL
eVLPLODU WR WKH UHODWLYH SRVLWLRQ RI 5 DQG +RPRORJRXV�5 �L m;�IRU DOO 5 � 0$�5�� N NL &  M8 b 8 M ���� O U

m0DWKHPDWLFDOO\� WKH VHW 3+�5� LV GHnQHG E\
N �

e e3+�5�  I5  5 � 6�5�DQG ���
������ &RVW IXQFWLRQ DVVRFLDWHG WR WKH ULJKWPRVW FRQ�

e53 �5�5 �  53 �5 �+RPRORJRXV�5 ��L L WRXUV
� 5 � 0$�5� JL

/HW n EH WKH QXPEHU RI SRVVLEOH SDLUV RI PDWFKLQJ SRLQWV
e RQ WKH ULJKWPRVW FRQWRXUV 50& DQG 50& RI WKH UHJLRQVUOZKHUH 53 �5�5 � �UHVS�53 �5 �+RPRORJRXV�5 ��� LV WKHL L

e N N5 DQG 5 UHVSHFWLYHO\� DQG 9 DQG 9 EH WKH HGJH PDJQL�UOUHODWLYH SRVLWLRQ RI WKH UHJLRQV 5 DQG 5 �UHVS� WKH UHJLRQVL
e WXGHV DW WKH NWK SRLQW� 7KH FRVW IXQFWLRQ IRU PHDVXULQJ WKH5 DQG +RPRORJRXV�5 ���L

GLmHUHQFH RI WKH ORFDO SURSHUWLHV IRU FRQWRXUV 50& DQGO

50& LV GHnQHG DVU
���� &RVW IXQFWLRQV

7R VHOHFW WKH EHVW PDWFK IURP WKH VHW RI SRVVLEOH KRPRORJRXV
n;�3+�5�� WKH FRVW IXQFWLRQ SOD\V D FUXFLDO UROH� 7KHQ� ZH N N&  M9 b 9 M ����� O USURSRVH WR XVH D FULWHULRQ EDVHG RQ ORFDO SURSHUW\ DW WKH n
N �YLFLQLW\ RI UHJLRQ FRQWRXUV�

/HW 5 D JLYHQ UHJLRQ DQG r LWV FRQWRXU� 7KHQ� r FDQ EH ������ &KRLFH RI WKH KRPRORJRXV RI D PDWFKDEOH UHJLRQ
GLYLGHG LQWR WKUHH FRQWRXU SDUWV�

)RU D JLYHQ UHJLRQ 5� ZH FRQVLGHU WKH DVVRFLDWHG VHW 3+�5�q 7KH OHIWPRVW FRQWRXU �/0&� ZKLFK FRQWDLQV WKH SRLQWV
RI SRVVLEOH KRPRORJRXV� 7KHQ� DFFRUGLQJ WR WKH DERYH LQ�FRQWRXU ZKLFK DUH DW WKH OHIWPRVW RI WKH UHJLRQ 5� ,W

eIRUPDWLRQ� ZH FDQ REWDLQHG WKH EHVW FDQGLGDWH 5 DV WKHLV GHnQHG E\
VROXWLRQ RI WKH IROORZLQJ PLQLPL]DWLRQ SUREOHP�

e e e e/0&  I�[ � \ � � r [ � [ ��[� \ � � rJ ���
�

PLQ  �m & � n & � ����� �q 7KH ULJKWPRVW FRQWRXU �50&� ZKLFK FRQWDLQV WKH m� n
e5 �3+�5�

SRLQWV FRQWRXU ZKLFK DUH DW WKH ULJKWPRVW RI WKH UH�
JLRQ 5� ,W LV GHnQHG E\ :KHUH m DQG n DUH WKH VDPH GHnQHG EHIRUH�

e e e e50&  I�[ � \ � � r [ ! [ ��[� \ � � rJ ��� ���� 3URSDJDWLRQ RI WKH PDWFKLQJ SURFHVV

q 7KH UHPDLQLQJ FRQWRXU �50� ZKLFK LV GHnQHG E\ 7KLV SURFHVV FRQVLVWV LQ SURSDJDWLQJ WKH PDWFKLQJ WR WKH
RWKHU UHJLRQV E\ XVLQJ WKH GDMDFHQF\ UHODWLRQVKLS EHWZHHQ
WKH UHJLRQV >�@>��@>��@� 7KH SURFHVV VWDUWV E\ FKRRVLQJ D5&  r b �/0& �50&� ���
FRXSOH RI KRPRORJRXV EDVLF UHJLRQV >��@� $Q DGMDFHQW UH�
JLRQ LV VHOHFWHG DQG LWV KRPRORJRXV UHJLRQ LV VHDUFKHG RQ



WKH RWKHU LPDJH� WKH KRPRORJRXV PXVW PHHW WKH UHODWLYH >�@ %XYU\ 0�� =DJURXED (� DQG .UH\ &� -� ?$ UXOH�EDVHG
SRVLWLRQ FRQVWUDLQW� WKH HSLSRODU RQH� DQG PXVW EH VLPLODU V\VWHP IRU UHJLRQ VHJPHQWDWLRQ LPSURYHPHQW LQ VWHUHR�
WR WKH UHJLRQ VHOHFWHG DFFRUGLQJ WR WKH ORFDO SURSHUWLHV DW YLVLRQ�� ,67�63,( ,QWHUQDWLRQDO 7HFKQLFDO &RQIHUHQFH
WKH YLFLQLW\ RI WKH UHJLRQ FRQWRXUV� )XUWKHU� WKH SURFHVV LV RI 6DQ -RVH �&DOLIRUQLH 86$�� 9ROXPH ����� ,PDJH
UHSHDWHG XQWLO DOO WKH UHJLRQV DUH H[SORLWHG� DQG 9LGHR 3URFHVVLQJ ,,� SS� �������� ��� )YULHU �����

>�@ &RTHUL] -� 3� DQG *DJDORZLF] $� ?0LVH HQ FRUUHVSRQ�
�� (;3(5,0(17$/ 5(68/76 GDQFH GH UuHJLRQV GDQV XQH SDLUH G
LPDJHV VWuHUuHR�� 3URF�

&ROORTXH GX 0$5,�&(67$� SDJHV �������� 3DULV�
7KLV VHFWLRQ GLVFXVVHV WKH UHVXOWV REWDLQHG ZKHQ ZH DSSOLHG )UDQFH� 0D\ �����
RXU VWHUHR DOJRULWKP WR V\QWKHVL]HG DQG UHDO VWHUHR LPDJHV�

>�@ 'KRQG 8� 5� DQG $JJDUZDO -� .� ?6WUXFWXUH IURP
7KH UHJLRQV GHWHFWRU XVHG LV D UHJLRQ JURZLQJ DOJRULWKP VWHUHR � UHYLHZ�� ,((( 7UDQV� 6\VW� 0DQ� &\EHUQHW��
ZKLFK LV EDVHG RQ WKH VSOLW�DQG�PHUJH DOJRULWKP >��@� 7KH 9ROXPH ��� SS� ���������� �����
nUVW VWHS RI WKH DOJRULWKP VSOLWV WKH LPDJH XQWLO REWDLQLQJ

>�@ 'XGD 5� 2� DQG +DUW 3� (� ?3DWWHUQ FODVVLnFDWLRQ DQGD SDUWLWLRQ 3 VXFK DV DOO WKH UHJLRQV VDWLVI\ D KRPRJHQHLW\
VFHQH DQDO\VLV�� :LVOH\� 1HZ <RUN� �����FULWHULRQ� 7KH VHFRQG VWHS PHUJHV DGMDFHQW UHJLRQV E\ FRQ�

VLGHULQJ QHZ KRPRJHQHLW\ FULWHULRQV� 7KHQ� WKH YHU\ VPDOO >�@ (/ $QVDUL 0�� 0DVPRXGL /�� 5DGRXDQH /� DQG %HQ�
UHJLRQV DUH JURXSHG ZLWK WKH QHDUHVW DGMDFHQW ODUJH RQH� VUKDLU $� ?5HJLRQ�%DVHG 6WHUHR 0DWFKLQJ�� ,Q &RP�
7KH DOJRULWKP LV GHWDLOHG LQ >�@� SXWDWLRQDO ,QWHOOLJHQFH IRU 0RGHOOLQJ� &RQWURO DQG $X�

WRPDWLRQ� 0DVRXG 0RKDPPDGLDQ �(G��� ,26 3UHVV�:H nUVW DSSOLHG WKH VWHUHR DOJRULWKP WR WKH V\QWKHVL]HG
SS� ������ �����VWHUHR LPDJHV VKRZQ LQ )LJXUH � �REWDLQHG IURP ,15,$��

7KH VWHUHR LPDJHV KDYH D VL]H ���[��� ZLWK DQ LQWHQVLW\ >��@ )DXJHUDV 2� '� ?$ IHZ VWHSV WRZDUG DUWLnFLDO �' YL�
UHVROXWLRQ ���� )LJXUH � VKRZV WKH UHVXOWV SURYLGHG E\ WKH VLRQ�� 7HFKQLFDO 5HSRUW ���� ,15,$� )HEUXDU\ �����
VHJPHQWDWLRQ DOJRULWKP DQG WKH PDWFKLQJ SURFHVV� 7KH

>��@ *DJDORZLF] $� DQG &RTHUL] -� 3� ?8Q QRXYHO DOJR�
SURFHVV RI PDWFKLQJ LV SHUIRUPHG IURP ULJKW�WR�OHIW� 7ZR

ULWKPH GH PLVH HQ FRUUHVSRQGDQFH GH UuHJLRQV GDQV
PDWFKHG UHJLRQV DUH ODEHOHG ZLWK WKH VDPH QXPEHU RQ WKH

GHV SDLUHV G
LPDJHV VWuHUuHR�� �tHPH &RQJUtHV 5HFRQQDLV�
OHIW DQG ULJKW LPDJHV� 7KH QXPEHU RI PDWFKHG SDLUV LV

VDQFHV GHV )RUPHV HW ,QWHOOLJHQFH $UWLnFLHOOH� SDJHV
WZHOYH� $OO WKH SDLUV DUH FRUUHFWO\ PDWFKHG�

�������� )UDQFH� 1RYHPEUH �����
7KH VWHUHR DOJRULWKP KDV DOVR EHHQ DSSOLHG WR WKH LQGRRU

>��@ *DJDORZLF] $� DQG 9LQHW /� ?5HJLRQV PDWFKLQJ IRUVFHQH VWHUHR LPDJHV VKRZQ LQ )LJXUH �� 7KH VWHUHR LPDJHV
VWHUHR SDLUV�� 3URF� 6L[WK 6FDQGLQDYLDQ &RQIHUHQFH RQKDYH D VL]H ���[��� ZLWK DQ LQWHQVLW\ UHVROXWLRQ RI ���� )LJ�
,PDJH $QDO\VLV� SDJHV ������ 2XOX� )LQODQG� -XQHXUH � VKRZV WKH UHVXOWV RI ERWK VHJPHQWDWLRQ DQG PDWFKLQJ
�����DOJRULWKPV� 7KH QXPEHU RI PDWFKHG SDLUV LV WHQ� $OO WKH

SDLUV DUH FRUUHFWO\ PDWFKHG� >��@ +RUDXG 5� DQG 6NRUGDV 7� ?6WHUHR FRUUHVSRQGHQFH
WKURXJK IHDWXUH JURXSLQJ DQG PD[LPDO FOLTXHV�� ,(((
7UDQV� RQ SDWWHUQ $QDO\VLV DQG 0DFKLQH ,QWHOOLJHQFH��� &21&/86,21
9RO ��� 1XP ��� 1RYHPEHU �����

,Q WKLV SDSHU DQ DOJRULWKP� ZKLFK PDWFK WKH UHJLRQV RI D >��@ 1DVUDEDGL 1� 0� ?$ VWHUHR YLVLRQ WHFKQLTXH XV�
SDLU RI VWHUHRVFRSLF LPDJHV� LV SUHVHQWHG� ,W XVHV WKH UHO� LQJ FXUYH�VHJPHQWV DQG UHOD[DWLRQ PDWFKLQJ�� ,(((
DWLYH SRVLWLRQ RI UHJLRQV� ZKLFK DOORZ WKH UHGXFWLRQ RI WKH 7UDQV� RQ SDWWHUQ $QDO\VLV DQG 0DFKLQH ,QWHOOLJHQFH�
FRPELQDWRULDO FRPSOH[LW\ DQG HOLPLQDWH XQUHOLDEOH PDWFK� YRO� ��� 12� �� SS� �������� 0D\ �����
LQJ� 7KH UHVXOWV DUH YHU\ VDWLVI\LQJ VLQFH WKH PRVW UHOLDEOH

>��@ 3DYOLGLV 7� ?6WUXFWXUDO SDWWHUQ UHFRJQLWLRQ�� 6SLQJHU�PDWFKLQJ DUH GRQH nUVW DQG H[WHQGHG WR WKH RWKHU UHJLRQV
YHUODJ� %HUOLQ� +HLGHOEHUJ 1HZ�\RUN� �����E\ H[SORLWLQJ WKH SUHYLRXV UHVXOWV�

>��@ 9LQHW /� DQG *DJDORZLF] $� ?5HJLRQ PDWFKLQJ XVLQJ
QHLJKERUKRRG FRQVLVWHQF\�� 3URF� �tHPH &RQJUtHV 5H��� 5()(5(1&(6
FRQQDLVVDQFH GHV )RUPHV HW ,QWHOOLJHQFH $UWLnFLHOOH�
/\RQ�9LOOHXUEDQQH� SS� �������� 9RO� �� ����� 1RYHP�>�@ $EL�D\DG $�� 7KLHVVH %� DQG DO� ?/HV PXOWLSOHV IDFHWWHV
EUH �����GX SUREOtHPH GH FDOLEUDJH GH FDPuHUDV�� ,Q 3URF� �tHPH

FRQJUtHV 5HFRQQDLVVDQFH GHV )RUPHV HW ,QWHOOLJHQFH $U� >��@ =DJURXED (� DQG .UH\ &� ?5HJLRQ PDWFKLQJ E\ DG�
WLnFLHOOH� SS� �������� 3DULV� )UDQFH� 1RYHPEHU ����� MDFHQF\ SURSDJDWLRQ LQ VWHUHR YLVLRQ�� �QG ,QWHUQD�

WLRQDO &RQIHUHQFH RQ $XWRPDWLRQ� 5RERWLFV DQG &RP�>�@ $\DFKH 1� ?9LVLRQ VWuHUuHRVFRSLTXH HW SHUFHSWLRQ PXOWL�
SXWHU 9LVLRQ �,&$5&9
���� +\DWW 5HJHQF\� 6LQJD�VHQVRULHOOH� $SSOLFDWLRQ tD OD URERWLTXH PRELOH�� &ROOHF�
SRUH� 6HSWHPEHU �����WLRQ 6FLHQFH ,QIRUPDWLTXH� ,QWHU(GLWLRQV� )UDQFH �����

>�@ %DOODUG '� +� DQG %URZQ &� 0� ?&RPSXWHU YLVLRQ��
3UHQWLFH +DOO ,QFRUSRUDWLRQ� �����

>�@ %HQDPUDQH 1� ?&RQWULEXWLRQ tD OD YLVLRQ VWuHUuHRVFRSLTXH
SDU PLVH HQ FRUUHVSRQGDQFH GH UuHJLRQV�� 3K' WKHVLV�
8QLYHUVLWuH 9DOHQFLHQQHV HW GX +DLQDQW &DPEUHVLV� -DQ�
YLHU �����



)LJXUH �� 6\QWKHVL]HG VWHUHR LPDJHV� �D� OHIW LPDJH� �E� ULJKW LPDJH

)LJXUH �� 5HVXOWV RI WKH VHJPHQWDWLRQ DQG WKH PDWFKLQJ SURFHVV� �D� OHIW LPDJH� �E� ULJKW LPDJH



)LJXUH �� 5HDO VWHUHR LPDJHV� �D� OHIW LPDJH� �E� ULJKW LPDJH

)LJXUH �� 5HVXOWV RI WKH VHJPHQWDWLRQ DQG WKH PDWFKLQJ SURFHVV� �D� OHIW LPDJH� �E� ULJKW LPDJH


