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7KLV� SDSHU� LV� GHYRWHG� WR� D� VHJPHQWDWLRQ� PHWKRG� XVLQJ

DGYDQFHG� PRUSKRORJLFDO� ILOWHULQJ� E\� UHFRQVWUXFWLRQ

IROORZHG�E\�FOXVWHULQJ�E\�N�PHDQV�DOJRULWKP��$GYDQFHG

PRUSKRORJLFDO� ILOWHULQJ� EDVHV� RQ� PRUSKRORJLFDO

UHFRQVWUXFWLRQ� DQG� WZR� ILOWHUV� DUH� DSSOLHG�� RSHQLQJ� E\

UHFRQVWUXFWLRQ� DQG� FORVLQJ� E\� UHFRQVWUXFWLRQ�� 7KLV� NLQG

RI�RSHUDWLRQ�KDV�YHU\�LPSRUWDQW�DGYDQWDJH�IURP�WKH�SRLQW

RI� YLHZ� RI� VHJPHQWDWLRQ� �� LW� SUHVHUYHV� WKH� ERUGHUV� RI

UHJLRQV�� 7UDGLWLRQDO� ILOWHUV� �RSHQLQJ�� FORVLQJ�� OLQHDU

ILOWHUV�� UHPRYH� QRLVH�� EXW� RQ� WKH� RWKHU� KDQG� WKH\� FDXVH

VRPH�EOXU�HIIHFWV��ZKLFK�FDQ�EH� WKH�VHULRXV�REVWDFOH�IRU

FRUUHFW� VHJPHQWDLRQ�� 0RUSKRORJLFDO� ILOWHULQJ� E\

UHFRQVWUXFWLRQ�KDV�YHU\�JRRG�ILOWUDWLRQ�SURSHUWLHV�ZLWKRXW

FKDQJLQJ�WKH�VKDSHV�

$IWHU� VHJPHQWDWLRQ� VLPSOH� N�PHDQV� FOXVWHULQJ� LV

SHUIRUPHG�� 7ZR� YHUVLRQV� RI� N�PHDQV� FOXVWHULQJ

DOJRULWKP� LV� GHVFULEHG�� FODVVLF� DQG� IX]]\� RQH�� )LUVW�


FULVS
�YHUVLRQ�ZLOO�EH�DSSOLHG�WR�FDVHV�ZLWK�D�NQRZOHGJH

UHJDUGLQJ� QXPEHU� RI� FOXVWHUV� JLYHQ� D� SULRUL�� )X]]\

YHUVLRQ� VKRXOG� EH� XVHG� ZKHQ� LW� LV� GLIILFXOW� WR� GHILQH

QXPEHU� RI� FOXVWHUV�� 7KH� DOJRULWKP� ZLOO� DXWRPDWLFDOO\

DGDSW�QXPEHU�RI�FOXVWHUV�LQWR�WKH�VWUXFWXUH�RI�WKH�LPDJH�

$� FRPELQDWLRQ� RI� ILOWHULQJ� E\� PRUSKRORJLFDO

UHFRQVWUXFWLRQ�DQG�FOXVWHULQJ�PDNHV�SRVVLEOH�WR�FRQVLGHU

WZR� NLQG� RI� LQIRUPDWLRQ�� VSDWLDO� �ILOWHULQJ�� DQG� VSHFWUDO

�FOXVWHULQJ��

.H\�ZRUGV��PDWKHPDWLFDO�PRUSKRORJ\��UHFRQVWUXFWLRQ�

ILOWHULQJ��FOXVWHULQJ��N�PHDQV

,1752'8&7,21

7KH� SUHVHQWHG� PHWKRG� LV� GLYLGHG� LQWR� WZR� VWHSV�

PRUSKRORJLFDO� ILOWHULQJ� QDG� FOXVWHULQJ�� )LUVW� VWHS� LV� WKH

PDLQ� RQH� SHUIRUPHG� LQ� RUGHU� WR� FRQVLGHU� VSDWLDO

GHSHQGHQFLHV�LQ�WKH�LPDJH��7KH�PDLQ�DUHDV�RI�WKH�LPDJH

DUH�WUDQVIRUPHG�WR�PRUH�KRPRJHQHRXV��,W�PHDQV�WKDW�DOO

RI� � SL[HOV� ZLWK� WKH� JUD\WRQH� FRQVLGHUDEO\� OLJKWHU� RU

GDUNHU� WKDQ� WKHLU� EDFNJURXQG� DUH� UHPRYHG� LQ� RUGHU� WR

DYRLG� PLVFODVVLILFDWLRQV� GXULQJ� WKH� VHFRQG�� FOXVWHULQJ

VWHS��7\SLFDO�VROXWLRQ�IRU�VXFK�NLQG�RI�SUREOHP�LV�OLQHDU

ILOWHULQJ�RU�PRUSKRORJLFDO� ILOWHULQJ�EDVHG�RQ�RSHQLQJ�RU

FORVLQJ��%XW�WKH\�FKDQJH�VKDSHV�RI�UHJLRQV�RQ�WKH�LPDJH

�EOXULQJ���ZKLFK� LV� WKH�PDLQ�REVWDFOH� IRU�XVLQJ� WKLV�NLQG�RI

ILOWHUV�LQ�VHJPHQWDWLRQ�SURFHVV��6HJPHQWDWLRQ�VKRXOG�H[WUDFW

WKH� VKDSHV� LQ� WKH� LPDJH�� VR� HDFK� GLVWRUWLRQ� RI� VKDSH� LV

GDQJHURXV�� ,Q� RUGHU� WR� VROYH� WKLV� SUREOHP� PRUH� DGYDQFHG

PDWKHPDWLFDO� PRUSKRORJ\� LV� XVHG�� JHRGHVLF� RSHUDWRUV�

%DVHG�RQ�WKLV�RSHUDWRUV�WZR�ILOWHUV�FDQ�EH�GHILQHG��RSHQLQJ

E\�UHFRQVWUXFWLRQ�DQG�FORVLQJ�E\�UHFRQVWUXFWLRQ��7KH\�ERWK

UHPRYH� OLJKWHU� RU� GDUNHU� SL[HOV� RU� DUHDV� RQ� WKH� LPDJH
V

VXUIDFH��EXW� WKH\�GRQ
W�FKDQJH� WKH�VKDSHV��6R� WKH\�DUH�YHU\

ZHOO�VXLWHG�IRU�WKH�VHJPHQWDWLRQ�SXUSRVHV��,PDJH�ILOWHUHG�LQ

VXFK�D�ZD\�LV�DQ�H[FHOOHQW�LQSXW�LPDJH�IRU�WKH�VHJPHQWDWLRQ

DOJRULWKP��,Q�RXU�SDSHU�D�IDPLO\�RN�N�PHDQV�OLNH�DOJRULWKPV

LV�DSSOLHG��7KLV�DOJRULWKP�LV�D�FOXVWHULQJ�RQH�DQG�LV�GHVWLQHG

KHUH� WR� D� FODVLILFDWLRQ� RI� LPDJH
V� SL[HOV�� ,W� LV� LWHUDWLYH� DQG

FRQVLVWV�RI�WZR�VWHSV��FODVLILFDWLRQ�DQG�FDOFXODWLRQ�RI�FOXVWHU

FHQWHUV�� (DFK� LWHUDWLRQ� JLYHV� EHWWHU� DSSUR[LPDWLRQ� RI� WKH

FOXVWHU� FHQWHUV�� &OXVWHUV� DUH� UHSUHVHQWHG� E\� WKHLUV� FHQWHUV�

DQG� WKH\� FRUUHVSRQG� ZLWK� WKH� UHJLRQV� RQ� WKH� LPDJH�� 7ZR

NLQGV�RI�D�N�PHDQV�DOJRULWKPV�DUH�DSSOLHG��7KH� ILUVW�RQH� LV

WUDGLWLRQDO� DQG� JLYHV� DV� WKH� UHVXOW� JLYHQ� QXPEHU� RI� FOXVWHU

FHQWHUV��7KH�VHFRQG�LV�EDVHG�RQ�IX]]\�ORJLF�DQG�JLYHV�DV�WKH

UHVXOW� WKH� QXPEHU� RI� FOXVWHUV� ZKLFK� FDQ� EH� GLIIHUHQW� IURP

WKRVH� JLYHQ� DW� WKH� EHJLQQLQJ� RI� WKH� DOJRULWKP�� ,Q� WKLV� FDVH

WKH�QXPEHU�RI�FOXVWHUV�LV�DGDSWHG�WR�WKH�UHDO�VWUXFWXUH�RI�WKH

LPDJH�

,Q� WKH� SDSHU� WKUHH� DSSOLFDWLRQV� DUH� GHVFULEHG�� )LUVW� GHDOV

ZLWK� WKH� VHJPHQWDWLRQ� RI�PDWHULDO� LPDJHV�� 7KH\� FRQVLVW� RI

VRPH� LQFOXVLRQV� RI� D� GLIIHUHQW� PDWHULDOV�� ZKLFK� VKRXOG� EH

H[WUDFWHG�ZLWKRXW�FKDQJLQJ�WKHLUV�VKDSH��6HFRQG�DSSOLFDWLRQ

LV�GHYRWHG� WR�VHJPHQWDWLRQ�RI� LPDJHV�ZLWK�KXPDQ� IDFHV�RQ

LW�� $GYDQFHG� PRUSKRORJLFDO� ILOWHUV� DUH� DSSOLHG� LQ� WKH

DOJRULWKP� RI� H[WUDFWLRQ� RI� VRPH� IHDWXUHV� RI� KXPDQ� IDFH�

%RWK�DERYH�PHQWLRQHG�DSSOLFDWLRQV�DUH�DSSO\LQJ� WUDGLWLRQDO

YHUVLRQ� RI� N�PHDQV� DOJRULWKP�� ,Q� WKDW� FDVH� QXPEHU� RI

FOXVWHUV� VKRXOG� EH� NQRZQ� D� SULRUL�� ,Q� WKLUG� DSSOLFDWLRQ

SUHVHQWHG�KHUH�VRPH�UHDO�VFHQHV�DUH�FRQVLGHUHG�DQG�QXPEHU

RI�FOXVWHUV�FDQQRW�EH�ZHOO�GHILQHG��6RPH�QXPEHU�VKRXOG�EH

JLYHQ�D�SULRUL��EXW�WKLV�QXPEHU�LV�FKDQJLQJ�GXULQJ�WKH�UXQ�RI

WKH�DOJRULWKP�

,Q� WKH�QH[W� WZR�FKDSWHUV�EDVLFV�RI�DGYHQFHG�PRUSKRORJLFDO

ILOWHUV� DQG� N�PHDQV� DOJRULWKPV� DUH� SUHVHQWHG�� /DWHU� WKH

UHVXOWV�RI�H[SHULPHQWV�DUH�JLYHQ�
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0DWKHPDWLFDO�PRUSKRORJ\� LV� D� YHU\� HIILFLHQW� QRQ�OLQHDU

WRRO�IRU�VLJQDO�DQG�LPDJH�SURFHVVLQJ��$Q�LQWURGXFWLRQ�WR

PDWKHPDWLFDO� PRUSKRORJ\� LV� WR� ILQG� LQ� >���@�� ,Q� WKLV

SDSHU� PRUSKRORJLFDO� ILOWHULQJ� E\� UHFRQVWUXFWLRQ� LV

FRQVLGHUHG�� 7KH� IROORZLQJ� SDUW� GHVFULEHV� EULHIO\

WKHRUHWLFDO� EDFNJURXQG� IRU� RSHQLQJ� DQG� FORVLQJ� E\

UHFRQVWUXFWLRQ�� %RWK� RSHUDWLRQV� EHORQJ� WR� RQH� JURXS

FDOOHG� JHRGHVLF� PRUSKRORJLFDO� WUDQVIRUPDWLRQV� �6RLOOH�

������

*HRGHVLF�GLODWLRQ��HURVLRQ��RI�VL]H���RI�WKH�PDUNHU�LPDJH

I� ZLWK� UHVSHFW� WR� WKH� PDVN� LPDJH� J� ZKHUH

I J≤ � I J≥ �� LV� GHILQHG� DV� LQILQLPXP� �VXSUHPXP�

LPDJH� RI� PDVN� LPDJH� DQG� PDUNHU� LPDJH� DIWHU� GLODWLRQ

�HURVLRQ�� RI� VL]H� RQH� �� ZLWK� HOHPHQWDU\� VWUXFWXULQJ
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8QOLNH� WUDGLWLRQDO� RSHQLQJ� DQG� FORVLQJ�� RSHQLQJ� E\

UHFRQVWUXFWLRQ� DQG� FORVLQJ� E\� UHFRQVWUXFWLRQ� SUHVHUYHV

VKDSHV� LQ� WKH� LPDJH�� ,W� LV� YHU\� LPSRUWDQW� ZKLOH� XVLQJ

WKHVH�RSHUDWLRQV�DV�D�ILUVW�VWHS�RI�VHJPHQWDWLRQ��,W�PDNHV

SRVVLEOH� UHPRYDO� RI� WKH� ORFDO� SHDNV� RI� JUD\�LQWHQVLW\

ZLWKRXW�FKDQJLQJ�WKH�ERUGHUV�RI�UHJLRQV��ZKLFK�KDSSHQV

LQ�WUDGLWLRQDO�RSHQLQJ�DQG�FORVLQJ��

2QH� RI� WKH� PRVW� HIILFLHQW� ILOWHUV� DUH� DOWHUQDWLQJ

VHTXHQFLDO� ILOWHUV� �$6)���ZKLFK�FRQVLVWV�RI� WZR� IDPLOLHV

RI� ILOWHUV�� (DFK� IDPLO\� FRQWDLQV� RSHUDWLRQ� RI� WKH� VDPH

W\SH�EXW�RI�GLIIHUHQW��LQFUHDVLQJ��VL]H��,W�FDQ�EH�GHILQHG�DV

IROORZV�
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3URSRVHG�FOXVWHULQJ�PHWKRG�EDVHV�RQ�WKH�N�PHDQV�WHFKQLTXH

>���@��.�PHDQV� DOJRULWKP� DLPV� DW� FODVVLI\LQJ� HDFK�PHPEHU

RI� JLYHQ� VHW� RI� LQSXW� GDWD� LQWR� JLYHQ� QXPEHU� RI� FOXVWHUV�

$OJRULWKP�GHDOV�ZLWK�GLVWDQFHV�EHWZHHQ�VDPSOHV�DQG�FOXVWHU

FHQWHUV��7KLV�GLVWDQFH�LV�LWHUDWLYHO\�PLQLPL]HG�LQ�WZR�VWHSV�

)LUVW� RQH� GLVWULEXWHV� VDPSOHV� LQWR� WKH� FOXVWHUV�� VHFRQG

XSGDWHV� FOXVWHU� FHQWHUV�� (DFK� VDPSOH� LV� FODVVLILHG� WR� WKH

FOXVWHU�ZKLFK�FHQWHU�LV�WKH�QHDUHVW�LQ�JLYHQ�PHWULF��8SGDWLQJ

RI�FOXVWHU�FHQWHUV� LV�SHUIRUPHG�E\�FRPSXWLQJ�D�QHZ�FOXVWHU

FHQWHU�E\�SODFLQJ�LW�LQ�WKH�PLGGOH��DULWKPHWLF�PHDQ�YDOXH��RI

DOO�RI�WKH�VDPSOHV�EHORQJLQJ�WR�WKH�FOXVWHU��7KHVH�WZR�VWHSV

DUH�SHUIRUPHG�LWHUDWLYHO\�ZKLOH�FOXVWHUV�FHQWHUV�FKDQJH�WKHLU

SRVLWLRQ��,I�LQ�WKH�ODVW�SHUIRUPHG�LWHUDWLRQ�FOXVWHU�FHQWHUV�GLG

QRW�PRYH�� LW�PHDQV� WKDW�RSHUDWLRQ�RI� VDPSOHV�FODVVLILFDWLRQ

LV� ILQLVKHG�� ,Q� FDVH� RI� DSSO\LQJ� N�PHDQV� DOJRULWKP� IRU

LPDJHV�QRWLRQV�RI�VDPSOH�DQG�FOXVWHU�FHQWHU�DUH�UHSUHVHQWHG

E\� SL[HO
V� JUD\WRQH�� &OXVWHU� FHQWHUV� REWDLQHG� ILQDOO\

UHSUHVHQWV� JUD\WRQHV� RI� WKH� RXWSXW� LPDJH�� 7KHVH� JUD\WRQHV

UHIHUV�WR�UHJLRQV�RQ�WKH�LPDJH�VXUIDFH�

,Q� YHUVLRQ� RI� WKH� DOJRULWKP� GHVFULEHG� DERYH� QXPEHU� RI

FOXVWHUV�LV�IL[HG�DQG�FDQQRW�EH�FKDQJHG��7KLV�VROXWLRQ�LV�QRW

DOZD\V� VXIILFLHQW�� 6RPHWLPHV� RQH� ZRXOG� KDYH� IOH[LEOH

DOJRULWKP�ZKLFK�FDQ�FKDQJH�WKH�QXPEHU�RI�FOXVWHU�DFFRUGLQJ

WR�WKH�UHDO�VLWXDWLRQ�RQ�WKH�LPDJH��,Q�WKLV�FDVH�IX]]\�YHUVLRQ

RI� N�PHDQV� DOJRULLWKP� �IX]]\� N�PHDQV� �� ).0�� FDQ� EH

DSSOLHG��6RPH�IX]]\�YHUVLRQV�RI�N�PHDQV�ZDV�GHYHORSHG��,Q

WKLV� SDSHU� YHUVLRQ� WDNHQ� IURP� >�@� LV� DSSOLHG�� 7KH� PDLQ

GLIIHUHQFH� EHWZHHQ� WUDGLWLRQDO� DQG� ).0� DOJRULWKP� LV

UHSUHVHQWDWLRQ�RI�WKH�UHVXOW��,Q�WUDGLWLRQDO�YHUVLRQ�HDFK�SRLQW

LV�ODEHOOHG�E\�WKH�FOXVWHU�QXPEHU��)X]]\�YHUVLRQ�SURGXFHV�VR

FDOOHG� 
IX]]\� SDUWLWLRQ
��� D� YHFWRU� ZKLFK� LQFOXGHV

PHPEHUVKLS�YDOXHV��7KHVH�YDOXHV� WHOO� XV� 
KRZ�PXFK
� JLYHQ

SRLQW� LV� VLPLOLDU� WR� HDFK� RI� WKH� FOXVWHUV�� 7KLV� LV� QRW� RQO\

LQGLFDWLRQ�RI�WKH�FORVHVW�FOXVWHU�FHQWHU�EXW�DOVR�D�GHVFULSWLRQ

RI�VLPLOLDULW\�ZLWK�RWKHU�FOXVWHUV�

,Q� RUGHU� WR� DSSO\� WKH� ).0� DOJRULWKP� WR� WKH� VHJPHQWDWLRQ

ZLWKRXW� JLYHQ� QXPEHU� RI� FOXVWHUV� VRPH� DGGLWLRQDO� VWHSV

VKRXOG� EH� PDGH�� ).0� DOJRULWKP� LV� SHUIRUPHG� XQWLO

FRQYHUJHQFH�� :KHQ� WKH� IX]]\�SDUWLWLRQ� HOHPHQWV� VWRSV

FKDQJLQJ� WKHLU� HOHPHQWV�� QH[W� VWHS� LV� H[HFXWHG�� &OXVWHU

FHQWHUV�DUH�FRPSDUHG�LQ�RUGHU�WR�FKHFN�LI�WKHUH�DUH�FOXVWHUV

ZLWK� FHQWHUV� FORVH� WR� HDFK� RWKHU�� ,I� WZR� RU� PRUH� FOXVWHUV

KDYH�WKHLU�FHQWHUV�FORVH��WKH\�UHSUHVHQW�LQ�IDFW�RQH�FOXVWHU��,Q

WKLV�FDVH�QXPEHU�RI�FOXVWHUV�N�GHFUHDVHV�DQG�).0�DOJRULWKP

LV�SHUIRUPHG�RQFH�DJDLQ��:KHQ�QXPEHU�RI�FOXVWHUV�LV�VWDEOH

QH[W� VWHS� LV� SHUIRUPHG�� 1RZ� DOO� WKH� SL[HOV� ZLWK� WKH



PHPEHUVKLS� YDOXHV� KLJK� HQRXJK� DUH� FODVVLILHG� WR� WKH

FOXVWHUV� ZLWK� WKH� KLJKHVW� PHPEHUVKLS� YDOXH�� 7KH

WKUHVKROGLQJ� RSHUDWLRQ� ZLWK� WKUHVKROG� ZKLFK� GHVFULEHV

KRZ�
KLJK
�LV�
KLJK�HQRXJK
�LV�FDOOHG�α�FXW��$OO�WKH�SL[HOV
QRW�FODVVLILHG��WKHLU�PHPEHUVKLS�YDOXHV�ZHUH�WRR�VPDOO�WR

EH� FODVVLILHG� SURSHUO\�� DUH� FODVVLILHG� RQFH� DJDLQ� XVLQJ

).0�

7KH� DOJRULWKP� VWDUWV�ZLWK� JLYHQ� QXPEHU� RI� FOXVWHUV� DQG

ODWHU�WKLV�QXPEHU�FDQ�LQFUHDVH�RU�GHFUHDVH�GHSHQGLQJ�RQ

WKH�VSHFWUDO�GLVWULEXWLRQ�RI�LPDJH
V�SL[HOV�

5(68/76

3URSRVHG� DOJRULWKP�ZDV� XVHG� LQ� WKUHH� DSOLFDWLRQV�� )LUVW

RQH� VHJPHQWV� PDWHULDO� LPDJHV�� 7KH\� FRQWDLQ� VRPH

VWUXFWXUHV� ZLWK� GLIIHUHQW� W\SHV� RI� LQFOXVLRQV� LQVLGH�

6HJPHQWDWLRQ� LV� SHUIRUPHG� LQ� RUGHU� WR� ILQG� WKHVH

LQFOXVLRQV�

)LJ������D����LQSXW�LPDJH��PDQJDQ����E����DIWHU�$6)5�RI�VL]H���

�F����DIWHU�$6)5�RI�VL]H���DQG�N�PHDQV��N ���

)LJ�����VKRZV�WKH�UHVXOWV�RI�ILOWHULQJ�E\�$6)5��,W�LV�$6)5

ILOWHU�RI�VL]H���FRQWDLQHG�RI�FORVLQJ�E\�UHFRQVWUXFWLRQ�DQG

RSHQLQJ� E\� UHFRQVWUXFWLRQ� �VL]H� �� DQG� ���� ,PDJH� LV

ILOWHUHG�ZLWKRXW�DQ\�FKDQJH�RI�VKDSH�RI�REMHFWV�

,PDJH�ILOWHUHG�E\�$6)5�LV�PXFK�EHWWHU�LQSXW�IRU�N�PHDQV

DOJRULWKP� WKDQ� LPDJH� ZLWKRXW� ILOWHULQJ�� 2QO\� WKH

LPSRUWDQW� UHJLRQV� H[LVWV� DQG� WKHLUV� ERUGHUV� DUH

XQFKDQJHG�� ,Q� WKLV� FDVH� 
FULVS
� YHUVLRQ� RI� N�PHDQV

DOJRULWKP�ZDV�DSSOLHG��1XPEHU�RI�FOXVWHUV�LV�NQRZQ���ZH

KDYH�WR�H[WUDFW�GDUNHU�VKDSHV�RQ�OLJKWHU�EDFNJURXQG���DQG

LV�HTXDO�WR����5HVXOW�RI�N�PHDQV�RI�VL]H���LV�SUHVHQWHG�LQ

)LJ���F�

)LJ�����2WKHU�H[DPSOHV���D��JUDQLWH���E��JUDQLWH�DIWHU�$6)5�RI

VL]H���DQG�N�PHDQV��N ���

)LJ�� ��� FRQWDLQV� RWKHU� DSOLFDWLRQ� RI� SURSRVHG� VHJPHQWD�

WLRQ� PHWKRG� DOVR� ZLWK� 
FULVS
� N�PHDQV�� )LJ���D� SUHVHQWV

VWUXFWXUH� RI� JUDQLWH�� 7KUHH� PDLQ� DUHDV� H[LVWV� RQ� WKLV

LPDJH��7KLV� FDVH� QHHGV�$6)5� RI� VL]H� �� DQG�N�PHDQV�ZLWK

N ����UHVXOW�LV�VKRZQ�RQ�)LJ���E�

6HFRQG�DSSOLFDWLRQ��ZKLFK� UHVXOWV� DUH�SUHVHQWHG�KHUH��ZHUH

GHYRWHG� WR� ILQGLQJ� RI� VSHFLILF� DUHDV� RQ� WKH� KXPDQ� IDFH� DV

H\HV��OLSV��HWF�

0RUSKRORJLFDO� ILOWHULQJ� E\� UHFRQVWUXFWLRQ� LV� DQ

H[FHOOHQW�WRRO�IRU�ILOWHULQJ�ZLWKRXW�GLVWXUELQJ�WKH�ERUGHUV�RI

UHJLRQV�RQ�WKH�LPDJH��,Q�FDVH�RI�H[WUDFWLQJ�VSHFLILF�HOHPHQWV

RI� KXPDQ� IDFH� WKLV� LV� H[WUHPHO\� LPSRUWDQW� EHFDXVH� DQ\

XQH[SHFWHG� GLVWXUEDQFH� RI� VKDSH� FDQ� FDXVH� SUREOHPV� ZLWK

EDGO\�UHFRJQL]HG�IDFH��LQ�WKH�QH[W�VWHS�RI�SURFHVVLQJ��

)LUVW�VWHSV�RI�SURFHVVLQJ�EDVHV�RQ�PRUSKRORJLFDO�ILOWHUV

E\� UHFRQVWUXFWLRQ�� )LOWHUV� E\� UHFRQVWUXFWLRQ� DUH� H[WUHPHO\

XVHIXO� IRU� DOO� RI� WKH� SXUSRVHV� ZKHUH� RQH� VKRXOG� UHPRYH

VRPH�QRLVH�RU�HOHPHQWV�IURP�WKH�LPDJH��EXW�ZLWKRXW�FKDJLQJ

WKH� VKDSH� RI� UHPDLQLQJ� REMHFWV�� 7UDGLWLRQDO� ILOWHUV� UHPRYH

WKH� QRLVH�REHMHFWV� IURP� WKH� LPDJH�� EXW� RQ� WKH� RWKHU� KDQG

WKH\� FDXVH� GLVWXUEDQFHV� RI� VKDSH�� 2SHQLQJ�FORVLQJ� E\

UHFRQVWUXFWLRQ� LQ� WKH� ILUVW� VWDJH� �HURVLRQ�GLODWLRQ�� UHPRYHV

DUHDV�RI�JLYHQ�VL]H�IURP�WKH�LPDJH�DQG��LQ�WKH�VHFRQG�VWDJH

UHFRQVWUXFWV�QRW�UHPRYHG�REMHFWV�

)LUVW�VWHS�LV�DSSOLHG�LQ�RUGHU�WR�UHPRYH�WKH�QRLVH�IURP

WKH� LPDJH� �SUH�ILOWHULQJ��� 7KLV� VWHS� FRQVLVWV� RI� FORVLQJ� E\

UHFRQVWUXFWLRQ� RI� VL]H� �� SUHFHHGHG� E\� RSHQLQJ� E\

UHFRQVWUXFWLRQ� RI� VL]H� ��� )LUVW� RI� WKHVH� WZR� RSHUDWLRQV

UHPRYHV� GDUNHU� WKDQ� EDFNJURXQG� SL[HOV� IURP� WKH� LPDJH�

VHFRQG� �� OLJKWHU��5HVXOW� RI� WKDW�ZLOO� EH� ODWHU� FDOOHG� ILOWHUHG

LPDJH�� 5HVXOW� RI� WKLV� VWHS� LV� SUHVHQWHG� RQ� )LJ�� �E� �� LQSXW

LPDJH�LQ�RQ�)LJ��D�

)LJ�����)LOWHULQJ�E\�$6)5�RI�KXPDQ�IDFH��LQSXW�LPDJH��D���$6)5

VL]H����E���VL]H����F���VL]H����G���VL]H����H���$6)�VL]H����I��

,Q� WKH� VHFRQG� VWHS�PDLQ� ILOWHULQJ� E\� UHFRQVWUXFWLRQ� LV

SHUIRUPHG��$6)5���6XFK�NLQG�RI� ILOWHULQJ� UHPRYHV� LQ� HDFK

VWHS� ELJJHU� REMHFWV�� 7KH� UHVXOW� RI� $6)5� LV� VKRZQ� RQ

)LJ��F�G�H��)DFH�RQ�)LJ��H�LV�QRW�LQFOXGLQJ�WKH�FKDUDFWHULVWLF

IHDWXUHV�OLNH�H\HV��OLSV�HWF��7KH�VKDSH�RI�WKH�IDFH�LV�KRZHYHU

SUHVHUYHG�� ,Q� RUGHU� WR� FRPSDUH�ZLWK� WUDGLWLRQDO� DOWHUQDWLQJ

VHTXHQWLDO�ILOWHULQJ��E\�WUDGLWLRQDO�RSHQLQJ�FORVLQJ��)LJ��I�LV

VKRZQ�� ,W� LV� YLVLEOH�� WKDW� WKH� VKDSH� RI� WKH� IDFH� LV� FKDQJHG�

3LFWXUHV�EHORZ�LPDJHV�RQ�)LJ���VKRZ���'�ZLHYV�RI� LPDJHV



PDGH�E\�KRUL]RQWDO�FXW�RI�WKH�LPDJH�DW�\ ����2Q�WKH�ILUVW

LPDJH�VRPH�QRLVH�LV�YLVLEOH��6HFRQG�LPDJH��DIWHU�$6)5

RI� VL]H����GRHVQ
W� LQFOXGH� WKDW��(DFK�QH[W� LPDJH� GRHVQ
W

FRQWDLQ�REMHFWV�RI�DSSOLHG�ILOWHU
V�VL]H�

,PDJH�ILOWHUHG�E\�$6)5�LV�QRZ�ELQDUL]HG�LQ�RUGHU�WR

REWDLQ� WKH� IDFH� DUHD�� %LUQDULVDWLRQ� LV� PDGH� E\�N�PHDQV

DOJRULWKP�ZLWK�N ���5HVXOW�RI� LW� LV� WKH�VKDSH�RI� WKH�IDFH

DUHD�DQG�LV�SUHVHQWHG�LQ�)LJ��D��1RZ��WKH�IHDWXUHV�RI�WKH

IDFH� �H\HV�� OLSV�� DUH� JRLQJ� WR� EH� H[WUDFWHG�� ,PDJH� DIWHU

$6)5� FRPSDUHG� ZLWK� WKH� ILOWHUHG� RQH� �)LJ��E�� GRVQ
W

LQFOXGH� HOHPHQWV� RI� WKH� IDFH�� )URP� WKLV� LPDJH� LQLWLDO

LPDJH� LV�QRZ�VXEWUDFWHG��7KH�RSHUDWLRQ�RI� ILOWHULQJ�DQG

VXEWUDFWLQJ��FDOOHG�WRS�KDW�E\�UHFRQVWUXFWLRQ��UHPRYHV�WKH

EDFNJURXQG�RI�WKH�LPDJH��2QO\�WKH�REMHFWV�RI�FHUWDLQ�VL]H

�ILOWHU
V�VL]H��DUH�H[LVWLQJ�RQ� WKLV� LPDJH��,PSRUWDQW�DUHDV

RQ� WKH� IDFH� DUH� YLVLEOH� �� H\HV� DQG� OLSV� DUH� FRQVLGHUDEO\

OLJKWHU�WKDQ�WKH�UHVW�RI�WKH�LPDJH�

)LJ����6WHSV�RI�SURSRVHG�SURFHVVLQJ�PHWKRG��IDFH�DUHD��D���WRS�

KDW��E���ELQDUL]HG�WRS�KDW��F���SDUW�RI�ELQDUL]HG�WRS�KDW�LQFOXGHG

LQ�IDFH�DUHD��G���IHDWXUH�DUHDV��H���IHDWXUH�DUHDV���FRQWRXU�RI

IDFH�DUHD��I��

7KLV�LPDJH�FDQ�EH�HDVLO\�ELQDUL]HG�E\�N�PHDQV�WHFKQLTXH

�� VHH� )LJ�� �F�� ,Q� RUGHU� WR� UHPRYH� WKHVH� SDUWV� RI� WKH

ELQDUL]HG� LPDJH��ZKLFK�DUH� GRHV� QRW� EHORQJ� WR� WKH� IDFH

DUHD��ZH�MXVW�WDNH�WKH�LQWHUVHFWLRQ�RI�LW�DQG�WKH�IDFH�DUHD�

$IWHU� WKLV� RSHUDWLRQ� WKH� LPDJH� LQFOXGHV� LPSRUWDQW

IHDWXUHV�RI�RXU�LPDJH���H\HV�DQG�OLSV���VHH�)LJ���G

,Q�RUGHU�WR�GHWHUPLQH�QRW�RQO\�IHDWXUHV��EXW�ZKROH�DUHDV

ZKHUH�IHDWXUHV�FDQ�EH�IRXQG��VRPH�DGGLWLRQDO�RSHUDWLRQV

DUH� SHUIRUPHG�� $IWHU� WKLV� DUHDV� DUH� H[FOXGHG� IURP� WKH

LPDJH���VHH�)LJ���H�

)LJ���VKRZV�VRPH�RWKHU�UHVXOW�RI�IHDWXUH�H[WUDFWLRQ�VKRZQ�RQ

LQLWLDO�LPDJHV��,Q�DOO�RI�WKHP�IHDWXUHV�DUH�H[WUDFWHG�FRUUHFWO\�

8VLQJ�RXU�PHWKRG�ZH�FDQ� ILQG� VSHFLILF� HOHPHQWV�RQ� WKH

KXPDQ� IDFH�� 7KLV� VSHFLILF� DUHDV� RQ� VRPH� IDFHV� DUH

SUHVHQWHG�RQ�)LJ���

,Q� DSSOLFDWLRQV�GHVFULEHG�DERYH�QXPEHU�RI� FOXVWHUV�ZDV

HDV\�WR�GHILQH�D�SULRUL��%XW�VRPHWLPHV�LW� LV�QRW�SRVVLEOH�

1XPEHU�RI� FOXVWHUV� FDQ�EH�QRW� DYDLODEOH� D� SULRUL��7KLV� FDQ

KDSSHQ� LQ� VFHQH� DQDO\VLV�� ,Q� WKLV� FDVH� ZH� DSSO\� IX]]\

YHUVLRQ� RI� N�PHDQV� �).0��� ,PDJH� VKRZQ� LQ� )LJ�� �D

UHSUHVHQWV�D�VFHQH��)URP�WKH�SRLQW�RI�YLHZ�RI�VHJPHQWDWLRQ

LW� FRQWDLQV� D� ORW�RI�QRLVH�� HVSHFLDOO\�RQ� LWV� ULJKW�KDQG� VLGH�

$6)5�LV�DSSOLHG�LQ�RUGHU�WR�UHPRYH�SRVVLEO\�ORW�RI�QRLVH��,Q

WKLV� FDVH� $6)5� RI� VL]H� �� ZDV� DSSOLHG�� )LOWHUHG� LPDJH� LV

SUHVHQWHG�RQ�)LJ���E�

1XPEHU� RI� FOXVWHUV� FDQ� EH� GHILQHG� KHUH� RQO\� URXJKO\�� ,Q

SURSRVHG� ).0� DOJRULWKP� VRPH� SDUDPHWHUV� VKRXOG� EH

GHILQHG�� 3DUDPWHU� N� UHSUHVHQWV� LQLWLDO� QXPEHU� RI� FOXVWHUV�

3DUDPHWHU�α LQGLFDWHV�WKUHVKROG�IRU�FODVVLILHG�SL[HOV��'XULQJ
WKH�H[SHULPHQWV�����α�����ZDV�FKRVHQ��6HJPHQWHG�LPDJHV

ZLWK�GLIIHUHQW�SDUDPHWHUV�N�DUH�VKRZQ�RI�)LJ���F�DQG�)LJ���G�

7KH� UHDO� QXPEHU� RI� FOXVWHUV� LV� LQ� ERWK� FDVHV� ELJJHU� WKDQ

GHILQHG� E\� SDUDPHWHU�N�� 5HVXOW� LV� DXWRPDWLFDO\� DGDSWHG� WR

WKH�LPDJH
V�VWUXFWXUH��,Q�WKLV�FDVH�
FULVS
�N�PHDQV�ZRXOG�JLYH

QRW� 
QDWXUDO
� UHVXOW� �� H[WUDFWHG� UHJLRQV� ZRXOG� EH� QRW� JRRG

ILWHG�WR�WKH�UHDO�UHJLRQV�RQ�WKH�LQSXW�LPDJH�

)LJ������D��LQSXW�LPDJH��VFHQH����E��$6)5�RI�VL]H�����F��).0�N ��

α ������G��).0�N ���α=150.

&RPELQDWLRQ�RI�DGYDQFHG�PRUSKRORJLFDO�ILOWHULQJ�DQG�).0

�� DSSOLHG� LQ� WKH� ODVW� DSSOLFDWLRQ� �� VHHPV� WR� EH� D� JRRG

VHJPHQWDWLRQ� PHWKRG�� ,W� FDQ� EH� XVHG� IRU� H�J�� VRPH

SUHSURFHVVLQJ�IRU�FRGLQJ�RI�LPDJHV�RU�VHTXHQFHV�

&21&/86,216

$GYDQFHG� PRUSKRORJLFDO� ILOWHULQJ� LV� D� YHU\� JRRG� WRRO� IRU

VHJPHQWDWLRQ�SXUSRVHV��,W�PDNHV�WKH�UHJLRQV�RQ�WKH�LPDJH
V

VXUIDFH�PRUH� KRPRJHQLRXV� �� LW� UHPRYHV� HOHPHQWV� RI� JLYHQ

VL]H�ZLWKRXW�GLVWXUELQJ�WKH�VKDSH�RI�UHPDLQLQJ�REMHFWV��$IWHU

VXFK� D� ILOWHULQJ� LV� QR� QHHG� WR� XVH� D� FRPSOLFDWHG

VHJPHQWDWLRQ� DOJRULWKPV�� $V� WKH� JLYHQ� H[DPSOHV� KDYH



VKRZQ�� D� VLPSOH�N�PHDQV�OLNH� FOXVWHULQJ� LV� VXIILFLHQW� WR

VHJPHQW�ZHOO�ILOWHUHG�LPDJH�

7ZR�W\SHV�RI�N�PHDQV�DOJRULWKP�ZDV�DSSOLHG��WUDGLWLRQDO

YHUVLRQ� DQI� IX]]\� RQH�� )LUVW� RQH� FDQ� EH� DSSOLHG� WR� WKH

LPDJHV�ZKHUH�QXPEHU�RI�FOXVWHUV�FDQ�EH�GHILQHG�E\� WKH

XVHU��%XW�QRW�LQ�DOO�FDVHV�LW�FDQ�EH�GRQH��)RU�VXFK�D�FDVH

IX]]\� N�PHDQV� LV� DSSOLHG�� 7KLV� YDULDQW� QHHGV� DQ� LQLWLDO

QXPEHU� RI� FOXVWHUV�� EXW� GXULQJ� WKH� UXQ� RI� WKH� DOJRULWKP

WKLV�QXPEHU�FDQ�FKDQJH�DFFRUGLQJ�WR�UHDO�LPDJH�FRQWHQW�

([SHULPHQWV�FDUULHG�RXW�VKRZ�WKDW�SURSRVHG�FRPELQDWLRQ

RI� DGYDQFHG� PRUSKRORJLFDO� ILOWHULQJ� DQG� VLPSOH

FOXVWHULQJ� E\�N�PHDQV� RU� IX]]\�N�PHDQV� FRQVLGHUV� ERWK

VSHFWUDO�DQG�VSDWLDO�QDWXUH�RI�LPDJH�DQG�JLYHV�JRRG�DQG

SURPLVLQJ�UHVXOWV�

$&.12:/('*(0(176

7KLV� ZRUN� ZDV� VXSSRUWHG� E\� 3ROLVK� &RPPLWWHH� RI

6FLHQWLILFDO� 5HVHDUFKHV� �.%1��� SURMHFW� QXPEHU�

���7��&���������

5()(5(1&(6

��� 5�2�'XGD��3�(�+DUW��3DWWHUQ�FODVVLILFDWLRQ�DQG�VFHQH

DQDO\VLV��:LOOH\�DQG�6RQV�������

��� 7�/�+XQWVEHUJHU�� &�/�-DFREV�� 5�/�&DQQRQ�� ,WHUDWLYH

IX]]\� LPDJH� VHJPHQWDWLRQ�� 3DWWHUQ� 5HFRJQLWLRQ

9RO������1R�����SS����������������

��� 0�,ZDQRZVNL�� .�PHDQV� DOJRULWKP� IRU� JUH\WRQH

UHGXFWLRQ�� 7HFKQLFDO� 5HSRUW�� 6FKRRO� RI� 0LQHV� RI

3DULV��1�������00�������

��� 0�,ZDQRZVNL��6�6NRQHF]Q\�� -�6]RVWDNRZVNL�� �,PDJH

VHJPHQWDWLRQ� E\� DGYDQFHG� PRUSKRORJLFDO� ILOWHULQJ

DQG� FOXVWHULQJ��� LQ�3URFHHGLQJV� RI� ,QWHUQDWLRQDO

&RQIHUHQFH� RI� 7KH� 4XDQWLWLYH� 'HVFULSWLRQ� RI

0DWHULDOV�0LFURVWUXFWXUH��:DUVDZ�������$SULO�����

SS���������

��� )�0H\HU�� 6�%HXFKHU�� 0RUSKRORJLFDO� 6HJPHQWDWLRQ�

-RXUQDO� RI�9LVXDO�&RPP�� DQG� ,PDJH�5HSUHVHQWDLRQ�

9RO����1R����6HSWHPEHU��SS��������������

��� -�6HUUD�� ,PDJH� DQDO\VLV� DQG� PDWKHPDWLFDO

PRUSKRORJ\��$FDGHPLF�3UHVV�������

��� -�6HUUD�� HG�� ,PDJH� DQDO\VLV� DQG� PDWKHPDWLFDO

PRUSKRORJ\�� 9ROXPH� ��� WKHRUHWLFDO� DGYDQFHV�

$FDGHPLF�3UHVV�������

��� -�6HUUD�� /�9LQFHQW�� $Q� RYHUYLHZ� RI� PRUSKRORJLFDO

ILOWHULQJ��&LUFXLWV�6\VWHPV�6LJQDO�3URFHVVLQJ�9RO����

1R���������

��� 3�6RLOOH��*HRGHVLF�7UDQVIRUPDWLRQV� LQ�0DWKHPDWLFDO

0RUSKRORJ\��DQ�2YHUYLHZ��7HFKQLFDO�5HSRUW��6FKRRO

RI�0LQHV�RI�3DULV��1�������00�������

����/�9LQFHQW�� 0RUSKRORJLFDO� *UD\VFDOH� 5HFRQVWUXFWLRQ�

'HILQLWLRQ��(IILFLHQW�$OJRULWKP�DQG�$SOLFDWLRQV�LQ�,PDJH

$QDO\VLV�� ,(((� &RPS�9LV�� DQG� 3DWW�5HF��� 3URFHHGLQJV�

������SS���������


