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2XU JURXS KDV UHVHDUFKHG DERXW D PHWKRG RI WKH FRQVWUXFWLRQ RI XUEDQ PRGHO E\ 0RWLRQ 6WHUHR ZLWK PRWLRQ LPDJHV

WRRN IURP D FDPHUD RQ D YHKLFOH� %XW LQ WKH UHDO FLW\ HQYLURQPHQW� LW ZDV GLIILFXOW WR FRQVWUXFW WKH PRGHO DFFXUDWHO\�

EHFDXVH D UDQJH RI PHDVXUHG �' GDWD RI EXLOGLQJV FOXVWHU DQG WKH VOLJKW PRWLRQ RI LPDJHV GXH WR WKH SLWFK� \DZ DQG UROO

IURP WKH YHKLFOH PRWLRQ FDQQRW EH UHPRYHG FRPSOHWHO\� 7KLV SDSHU SURSRVHV D PHWKRG RI WKH FRQVWUXFW RI XUEDQ VFHQH

PRGHO ZLWK D ODUJH VFDOH GLJLWDO PDS DQG �' PHDVXUHG GDWD� $ ODUJH VFDOH PDS LV H[SUHVVHG WKH WRSRJUDSKLFDO VKDSH RI

EXLOGLQJV DFFXUDWH FRPSDUDWLYHO\� 7KHQ� ZH HVWDEOLVKHG WKH UHODWLRQ EHWZHHQ �' PHDVXUHG GDWD E\ 0RWLRQ 6WHUHR DQG D

GLJLWDO PDS� DQG FRQVWUXFWHG WKH DFFXUDWH DQG SKRWRUHDOLVWLF FLW\ PRGHO DGGLQJ KHLJKW DQG WH[WXUH GDWD WR HDFK EXLOGLQJ�

� ,1752'8&7,21

�' PRGHO RI XUEDQ VFHQH LV PDGH ZLGHO\ XVH LQ YDULRXV ILHOGV� VXFK DV FLW\ HQJLQHHULQJ� WUDIILF HQJLQHHULQJ DQG

DPXVHPHQW� 8QGHU SUHVHQW FRQGLWLRQV� WKHVH PRGHOV DUH PDGH PDQXDOO\ ZLWK &* PRGHOLQJ WRROV� +HQFH� KXJH WLPH DQG

FRVW DUH ZDVWHG� DQG XWLOL]DWLRQ RI WKHVH PRGHOV LV UHVWULFWHG� 7KHUHIRUH� LQ RUGHU WR FRQVWUXFW PRGHO HIILFLHQWO\ DQG

DXWRPDWLFDOO\� PDQ\ DSSURDFKHV KDYH EHHQ VXJJHVWHG� 7KHVH DSSURDFKHV DUH URXJKO\ GLYLGHG LQWR WZR PHWKRGV� 2QH LV

H[SUHVVLRQ XVLQJ VWRUHG ��� UHDO LPDJHV IURP REVHUYDWLRQ SRLQW ZLWKRXW �' GDWD>�@>�@� 7KLV PHWKRG LV FDOOHG ,%5

�,PDJH %DVHG 5HQGHULQJ�� LW LV SRVVLEOH WR UHDOL]H SKRWRUHDOLVWLF XUEDQ VFHQH� %XW RQ WKH RWKHU KDQG� LW LV QHFHVVDU\ WR

XVH D ODUJH TXDQWLW\ RI GDWD WR XWLOL]H PDQ\ LPDJHV� 7KH RWKHU LV WR PDNH PRGHO XVLQJ PHDVXUHG �' GDWH RI EXLOGLQJV

ZLWK WKH VWHUHR PHWKRG RU D ODVHU PHDVXUHPHQW>�@� 7KLV PHWKRG HQDEOHV WR PRYH D YLHZSRLQW IUHHO\ DQG FRQVWUXFW PRGHO

ZLWK D VPDOO TXDQWLW\ RI GDWD� :H KDYH FRQVWUXFWHG XUEDQ VFHQH PRGHO EDVHG RQ �' GDWD� WRR� 2XU JURXS SURSRVHG D
PHWKRG RI PRGHOLQJ XVLQJ PHDVXUHG �' GDWD RI EXLOGLQJV DQG WH[WXUH GDWD RI WDUJHW EXLOGLQJV ZLWK PRWLRQ LPDJHV WRRN

IURP D FDPHUD RQ D YHKLFOH>�@� �' GDWD ZHUH REWDLQHG E\ DSSO\LQJ ([WHQGHG (3, �(SLSRODU 3ODQH ,PDJH� DQDO\VLV WKDW

KDG EHHQ LPSURYHG RYHU (3, DQDO\VLV SURSRVHG E\ %ROOHV HW DO>�@� $QG WH[WXUH GDWD ZHUH REWDLQHG IURP WKH VOLW

VSDWLRWHPSRUDO SODQH LPDJH IURP LPDJH VHTXHQFH� )LJXUH � VKRZV WKH UHVXOW RI PRGHOLQJ ZLWK WKH SURSRVHG PHWKRG IRU

RXU JURXS� 7KLV PHWKRG FDQQRW VHSDUDWH HYHU\ EXLOGLQJ EHFDXVH WKH FRQVWUXFWLRQ UHVXOW ZDV RQO\ H[SUHVVHG WKH PHDVXUHG

�' GDWD� $QG LQ WKH UHDO FLW\ HQYLURQPHQW� LW LV GLIILFXOW WR PHDVXUH �' GDWD RI EXLOGLQJV EHFDXVH RI WKH H[LVWHQFH RI

REMHFWV H[FHSW EXLOGLQJV� VXFK DV D WKLFN JURZWK RI WUHHV� JXDUGUDLOV DQG SROHV� )RU UHDVRQV PHQWLRQHG DERYH� LW ZDV

GLIILFXOW WR FRQVWUXFW WKH UHDOLVWLF PRGHO�

)LJXUH �� 3UHYLRXV UHVXOW RI PRGHOLQJ )LJXUH �� ([DPSOH RI GLJLWDO PDS
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)LJXUH �� 7UDFH RI IHDWXUH SRLQW RQ (3,

:H UHVROYH WKH DERYH SUREOHP E\ XWLOL]LQJ D ODUJH VFDOH GLJLWDO PDS� ,Q WKH ODVW IHZ \HDUV� D GLJLWDO PDS KDV EHHQ

VSUHDGLQJ UHPDUNDEO\� 7KH GLJLWDO PDS ZH XVHG LV H[SUHVVHG WKH WRSRJUDSKLFDO VKDSH RI EXLOGLQJV DFFXUDWH

FRPSDUDWLYHO\ �VHH )LJXUH ��� VR ZH NQRZ ZKHUH EXLOGLQJV DUH VHSDUDWHG� $QG� FRQVLGHUHG XWLOL]DWLRQ RI ZLGH DUHD FLW\

PRGHOV� LW LV QHFHVVDU\ WR SUHSDUH GDWD EDVHG RQ D GLJLWDO PDS IRU PRGHOLQJ� 7KHUHIRUH� LQ WKLV SDSHU� ZH SURSRVH D

PHWKRG RI WKH FRQVWUXFWLRQ RI XUEDQ VFHQH PRGHO XVLQJ D GLJLWDO PDS DGGLQJ �' GDWD RI EXLOGLQJV E\ PRWLRQ LPDJH

DQDO\VLV�

)LUVW� ZH PHQWLRQ WKH PHWKRG KRZ WR REWDLQ �' GDWD RI EXLOGLQJV LQ &KDSWHU �� VHFRQGO\ &KDSWHU � GHVFULEHV WKH

PDWFKLQJ PHWKRG ZLWK PHDVXUHG �' GDWD DQG D GLJLWDO PDS GDWD� ([SHULPHQWDO UHVXOWV DUH VKRZQ LQ &KDSWHU �� DQG

&KDSWHU � GHVFULEHV FRQFOXVLRQ RI WKLV UHVHDUFK�

� ,0$*( 6(48(1&( $1$/<6,6

��� 2EWDLQLQJ GHSWK GDWD E\ (3, DQDO\VLV

�' GDWD RI EXLOGLQJV DUH REWDLQHG E\ (3, DQDO\VLV� 7KH

WUDFHV RI IHDWXUH SRLQWV DSSHDU RQ WKH (SLSRODU SODQH

LPDJH ZKHQ WKH FDPHUD PRWLRQ LV XQLIRUP OLQHDU PRWLRQ

�VHH )LJXUH ��� 7KHVH WUDFHV DUH VWUDLJKW OLQHV LI WKH RSWLFDO

D[LV RI D FDPHUD LV SHUSHQGLFXODU WR WKH FDPHUD SDWK� 7KH

GLVWDQFH IURP WKH FDPHUD SDWK WR WKH WDUJHW EXLOGLQJV LV

DEOH WR EH PHDVXUHG WKH VODQWV RI WKHVH OLQHV�

,W LV QHFHVVDU\ WR SUHSDUH PDQ\ FDPHUDV IRU ZLGH DUHD

REVHUYDWLRQ LQ DQ (3, DQDO\VLV� ,Q DQ ((3, DQDO\VLV� DOO

IORZV RI VWDWLRQDU\ REMHFWV DSSHDU IURP )2( �)RFXV RI

([SDQVLRQ� DUH SLFNHG XS E\ WKH FDPHUD ZKRVH WKH RSWLFDO

D[LV LV SDUDOOHO WR WKH FDPHUD SDWK �VHH )LJXUH ��� 7KXV D

ZLGH UHJLRQ FDQ EH REVHUYHG DW RQFH E\ D VPDOO QXPEHU RI

FDPHUDV� 7KH REWDLQHG ((3, �VHH )LJXUH �� FDQ EH

WUDQVODWHG WR (3, ZLWK VLPSOH JHRPHWULF IRUPXODV�

��� &RQVWUXFW RI GDWD

7KH WH[WXUH GDWD IRU H[SUHVVLRQ RI XUEDQ VFHQH DUH

REWDLQHG IURP WKH LPDJH VHTXHQFH� 7KH VOLW VSDWLRWHPSRUDO

SODQH LPDJH XWLOL]HG DV WH[WXUH GDWD LQWHJUDWH YHUWLFDO OLQHV

RI ERWK VLGHV RI HDFK IUDPH RI LPDJH VHTXHQFH WRZDUG WKH

WHPSRUDO D[LV �VHH )LJXUH ���

/HW WKLV VOLW LPDJH FRUUHVSRQGV WR GLVWDQFH GDWD REWDLQHG

WKH ((3, DQDO\VLV DERYH� ZH FDOO WKLV GHSWK PDS RI XUEDQ

VFHQH�

)LJXUH �� )ORZ RI VWDWLRQDU\ REMHFW XQGHU VWUDLJKW PRYLQJ
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� 0$7&+,1* 0($685(' �' '$7$:,7+ '2*,7$/ 0$3

$V PHQWLRQHG LQ &KDSWHU �� LW LV GLIILFXOW WR PHDVXUH �' GDWD RI EXLOGLQJV EHFDXVH RI WKH H[LVWHQFH RI REMHFWV� VXFK DV D

WLFN JURZWK RI WUHHV DQG JXDUGUDLOV LQ WKH UHDO FLW\ HQYLURQPHQW� 0RUHRYHU� WKH UHVXOWV RI (3, DQDO\VLV VKRZ WKDW RQ WKH

HGJH SDUWV RI WH[WXUH DOWHUDWLRQ �' GDWD RI EXLOGLQJV DUH GHQVHO\ PHDVXUHG PHDQZKLOH RQ WKH SDUWV RI OHVV RU QR

DOWHUDWLRQ �' GDWD DUH URXJKO\ PHDVXUHG�

)RU WKH UHDVRQV JLYHQ DERYH� LW KDV EHHQ GLIILFXOW WR FRQVWUXFW WKH FLW\ PRGHO DFFXUDWHO\ RQO\ IURP PHDVXUHG GDWD E\ (3,

DQDO\VLV� 'LJLWDO PDS FRYHUV WKH �' PHDVXUHG SRLQWV� ,Q WKH IROORZLQJ VHFWLRQ� ZH H[SODLQ WKH PDWFKLQJ PHWKRG

XWLOL]LQJ ERXQGDU\ LQIRUPDWLRQ EHWZHHQ EXLOGLQJV LQ RUGHU WR PDWFK �' GDWD ZLWK GLJLWDO PDS�

��� 'HWHFWLQJ ERXQGDU\ RI EXLOGLQJV IURP GHSWK PDS

$V WKH ZKLWH SRLQWV VKRZ LQ )LJXUH �� WKH �' PHDVXUHG SRLQWV DSSHDU RQ WKH SDUWV RI WKH YHUWLFDO HGJH RQ WKH GHSWK PDS�

7KHVH SDUWV DUH HTXLYDOHQW WR VWHHS WH[WXUH DOWHUDWLRQ� VXFK DV ERXQGDULHV EHWZHHQ EXLOGLQJV� ZLQGRZV DQG GRRUV�

7KHUHIRUH� ZKHQ ZH PDNH WKH KLVWRJUDP RI PHDVXUHG SRLQWV LQ WKH GLUHFWLRQ RI WKH FDPHUD SDWK �=�D[LV�� WKH SHDN RI WKLV

KLVWRJUDP FDQ EH OLNHO\ MXGJHG WKH SURVSHFWLYH ERXQGDU\ RI EXLOGLQJV �VHH )LJXUH ��� $W WKLV WLPH� ZH XWLOL]H WKH

KLVWRJUDP RI WKH PHDVXUHG SRLQWV LQ WKH GLUHFWLRQ RI WKH ; DQG =�D[LV ZLWK WKH PHDVXUHG SRLQWV RI EXLOGLQJV IDFH WKH

VWUHHW�

)LJXUH �� 0HDVXUHG SRLQWV E\ (3, DQDO\VLV )LJXUH �� +LVWRJUDP RI PHDVXUHG SRLQWV

)LJXUH �� ((3, )LJXUH �� 6OLW LPDJH
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)LJXUH �� %XLOGLQJ ERXQGDU\ SDWWHUQ E\ GLJLWDO PDS

2Q WKH RWKHU KDQG� ZH PDNH WKH SDWWHUQ RI WKH EXLOGLQJ

ERXQGDU\ IURP D GLJLWDO PDS OLNH )LJXUH �� 7UDFH WKH WUDFN

RI WKH YHKLFOH E\ *36 RYHU WKH GLJLWDO PDS� $

SHUSHQGLFXODU OLQH LV GUDZQ IURP WKH EXLOGLQJ¶V HGJH IDFHV

WKH VWUHHW WRZDUG WKLV WUDFN� 7KH UHFRUG RI LQWHUVHFWLRQ RI

WKLV OLQH DQG WUDFH LV XWLOL]HG WR PDNH WKH SDWWHUQ RI

EXLOGLQJV�

7KH QH[W VWHS RI SURFHVV LV WR PDWFK WKH KLVWRJUDP RI

PHDVXUHG SRLQWV E\ (3, DQDO\VLV ZLWK WKH SDWWHUQ RI WKH

EXLOGLQJV PDGH IURP D PDS� WKHQ MXGJH WKH ORFDWLRQ RI WKH

EXLOGLQJ ERXQGDU\ LQ WKH SHDN RI WKH KLVWRJUDP�

��� '3 PDWFKLQJ

,Q WKLV UHVHDUFK� ZH DSSO\ '3 PDWFKLQJ PHWKRG WR PDWFK

GLJLWDO PDS GDWD ZLWK �' PHDVXUHG GDWD E\ (3, DQDO\VLV�

7KH SDWWHUQ RI EXLOGLQJ ERXQGDU\ IURP GLJLWDO PDS DQG WKH

SURVSHFWLYH SDWWHUQ RI EXLOGLQJ ERXQGDU\ IURP WKH

KLVWRJUDP RI WKH �' PHDVXUHG SRLQWV E\ (3, DQDO\VLV DUH

XWLOL]HG DV WKH IHDWXUH YHFWRUV� )LJXUH �� VKRZV DQ

H[DPSOH RI WKH SDWK RI '3 PDWFKLQJ� ,Q WKLV ILJXUH� WKH

YHUWLFDO OLQH LV WKH SURVSHFWLYH SDWWHUQ RI EXLOGLQJ

ERXQGDU\ IURP WKH KLVWRJUDP� DQG D KRUL]RQWDO OLQH LV WKH

SDWWHUQ IURP WKH KLVWRJUDP RI WKH �' PHDVXUHG GDWD E\

(3, DQDO\VLV� ,I WKHVH WZR SDWWHUQV FRUUHVSRQG FRPSOHWHO\�

WKH SDWK RI '3 PDWFKLQJ LQ )LJXUH �� EHFRPHV VWUDLJKW�

%XW ZLQGRZV RU GRRUV RI EXLOGLQJV H[FHSW EXLOGLQJ

ERXQGDU\ DUH GHWHFWHG ZLWK �' SRLQW KLVWRJUDP� WKH SDWK

RI '3 PDWFKLQJ WDNHV D ]LJ]DJ FRXUVH�

0DWFKLQJ XUEDQ VFHQH LQIRUPDWLRQ ZLWK D PDS GDWD

XWLOL]HG '3 PDWFKLQJ PHWKRG KDV UHSRUWHG LQ >�@� ,Q WKDW

UHVHDUFK� WKH ERXQGDU\ SDWWHUQ PDGH IURP REWDLQHG

SDQRUDPD LPDJH RI XUEDQ VFHQH KDV PDWFKHG ZLWK WKH

EXLOGLQJ ERXQGDU\ SDWWHUQ PDGH IURP D PDS� 7KLV UHVHDUFK

XWLOL]HV WKH GHSWK�GDWD RI EXLOGLQJV E\ (3, DQDO\VLV�

� (;3(5,0(17$/ 5(68/76

,Q WKHVH H[SHULPHQW� ZH XVHG ��� FRQVHFXWLYH LQSXW

LPDJHV EXLOW IURP WKH YLGHR LPDJH WRRN E\ D FDU UXQQLQJ

DORQJ GRZQWRZQ �VHH )LJ� ���� 7KH FDU HTXLSSHG ZLWK WKH

J\UR VHQVRU DQG GLVWDQFH VHQVRU LQ RUGHU WR UHFRUG

YLEUDWLRQ DQG WR REWDLQ WKH PRYLQJ GLVWDQFH� *36 ZDV

XVHG WR UHFRUG WKH ORFDWLRQ RI WKH YHKLFOH� 2EWDLQHG LPDJH

VHTXHQFH ZDV QRUPDOL]HG XVLQJ GLVWDQFH VHQVRU�

%HFDXVH RI UHDO HQYLURQPHQW� LW LV QHFHVVDU\ WR UHYLVH

YLEUDWLRQ IRU LPDJH VHTXHQFH� $V D UHVXOW RI PHDVXUHPHQW

RI J\UR VHQVRU� ZH KDG NQRZQ WKDW WKH YLEUDWLRQ RI D FDU

UXQQLQJ RQ WKH URDG LV PRUH LQIOXHQFHG E\ D SLWFK WKDQ E\

D \DZ DQG UROO� 7KHUHIRUH� ZH VKLIWHG RQH RI WKH WZR

FRQVHFXWLYH LPDJHV XS DQG GRZQ� DQG FDOFXODWHG WKH

FRUUHODWLRQ EHWZHHQ WZR LPDJHV LV PD[LPL]HG� )LJXUH

���D� VKRZHG WKH VOLW LPDJH EHIRUH YLEUDWLRQ UHPRYHG� DQG

)LJXUH ���E� VKRZHG WKH LPDJH DIWHU YLEUDWLRQ UHPRYHG�

)LJXUH ��� ([DPSOH RI SDWK RI '3 PDWFKLQJ

)LJXUH ��� 6RXUFH LPDJH
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�D� %HIRUH YLEUDWLRQ UHPRYHG �E� $IWHU YLEUDWLRQ UHPRYHG

)LJXUH ��� 5HVXOWV RI YLEUDWLRQ UHPRYHG

�E� KLVWRJUDP RQ WKH ;�= SODQH

)LJXUH ��� 5HVXOWV RI KLVWRJUDP RI �' PHDVXUHG SRLQWV

�D� �' PHDVXUHG SRLQWV RQ GHSWK�PDS DQG KLVWRJUDP
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:H DQDO\]HG WKH (3, WR PDNH WKH VOLW LPDJH� DQG EXLOG WKH

GHSWK PDS� )LJXUH ���D� VKRZHG WKH �' PHDVXUHG SRLQWV RQ

WKH GHSWK�PDS DQG LWV KLVWRJUDP� )LJXUH ���E� VKRZHG WKH

KLVWRJUDP RQ WKH ;�= SODQH� :H FDQ MXGJH WKDW WKH SHDN LV

DERXW � a � PHWHUV IURP )LJXUH ���E�� 7KLV SDUW LV VXSSRVHG

WKDW WKH EXLOGLQJ VXUIDFH IDFHV WKH VWUHHW� $QG WKH SHDNV RQ

WKH KLVWRJUDP DUH WKH SURVSHFWLYH RI EXLOGLQJ ERXQGDU\ LQ

)LJXUH �� �D��

8VLQJ WKHVH UHVXOWV� ZH FRQGXFWHG WKH PDWFKLQJ ZLWK WKH

PHWKRG IURP VHFWLRQ ���� )LJXUH ���D� VKRZHG WKH LPDJH

EHIRUH PDWFKLQJ� 7KH VWUDLJKW OLQHV RQ HDFK LPDJH ZHUH

VLJQLI\LQJ WKH SDWWHUQ RI EXLOGLQJ ERXQGDULHV IURP D PDS�

7KH OLQHV LQ )LJXUH ���E� VLJQLI\ WKH EXLOGLQJ ERXQGDULHV

DIWHU PDWFKLQJ�

%\ WKH DQDO\VLV DERYH� ZH FRQVWUXFWHG WKH XUEDQ VFHQH

PRGHO� 7KH WH[WXUH GDWD RI EXLOGLQJV ZHUH EURXJKW HYHU\

EXLOGLQJ IURP )LJXUH ���E� XVLQJ EXLOGLQJ ERXQGDU\

LQIRUPDWLRQ� 7KH VKDSH RI EXLOGLQJ ZDV H[SUHVVHG D

UHFWDQJXODU SDUDOOHOHSLSHG� DQG SXWWLQJ WKH WH[WXUH RQ LW�

)LJXUH �� VKRZHG WKH XUEDQ VFHQH PRGHO� 7KLV PRGHO ZDV

QRW H[SUHVVHG VN\ WH[WXUH� $QG WKH SDUWV RI XQDEOH

REVHUYDWLRQ DW PRELOH REVHUYDWLRQ KDG QR WH[WXUH� 7KHVH

SDUWV ORRNHG EODFN LQ )LJXUH ��� ,Q WKLV PRGHO� LW LV SRVVLEOH

WR ZDON WKURXJK DQG WR ORFDWH D YLHZSRLQW IUHHO\�

�D� %HIRUH PDWFKLQJ

�E� $IWHU PDWFKLQJ

)LJXUH ��� 5HVXOW RI PDWFKLQJ

�D� �E�

�F�

)LJXUH ��� 5HVXOW RI FRQVWUXFW PRGHO

�D� VKRZHG WKH YLHZ DW VWDUWLQJ SRLQW RI REVHUYDWLRQ�

�E� VKRZHG WKH YLHZ DW PRYLQJ SRLQW WR WKH XSSHU

ULJKW IURP �D�� �F� VKRZHG WKH YLHZ WR WKH ULJKW

IRUZDUG DIWHU VRPH DGYDQFH�
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� &21&/86,216

7KLV SDSHU GHVFULEHG WKH PHWKRG RI WKH �' PRGHO FRQVWUXFWLRQ IURP WKH PRWLRQ LPDJHV RI XUEDQ VFHQH E\ WKH FDPHUD RQ

WKH YHKLFOH DQG GLJLWDO PDS GDWD� ,Q RUGHU WR DSSO\ LQ UHDO HQYLURQPHQW� WKH YLEUDWLRQ ZDV UHPRYHG WR REWDLQ LPDJH

VHTXHQFH� $ SKRWRUHDOLVWLF XUEDQ PRGHO ZDV UHDOL]HG DV D UHVXOW RI FRQVWUXFWLRQ PRGHO ZLWK WKLV PHWKRG�

)RU IXWXUH UHVHDUFK� ZH H[DPLQH WKH PHWKRG RI H[SUHVVLRQ IURP REMHFWV H[FHSW EXLOGLQJV VXFK DV SROHV DQG JXDUGUDLOV�

$OVR ZH ZLOO UHDOL]H WKH FRQVWUXFWLRQ RI D ZLGH DUHD XUEDQ VFHQH �' PDS E\ H[SUHVVLQJ D FURVVLQJ�

5()(5(1&(6

>�@ 0�+LURVH� 6�:DWDQDEH DQG 7�(QGR� ³*HQHUDWLRQ RI ZLGH�UDQJH YLUWXDOVSDFH XVLQJ SKRWRJUDKLFV LPDJHV´� 3URF�

95,6¶��� SS��������� �����

>�@ <�2KWD DQG +�7DPXUD� ³0L[HG 5HDOLW\´� SS�������� �&KDSWHU ��� ³%XLOGLQJ D 9LUWXDO :RUOG IURP WKH 5HDO :RUOG´��

�����

>�@ +�=KDR DQG 5�6KLEDVDNL� ³6LPXODWLRQ RQ $XWRPDWHG 5HFRQVWUXFWLRQ RI 8UEDQ �' 2EMHFW XVLQJ /DVHU 5DQJH )LQGHU

�/5)� GDWD´� -RXUQDO RI WKH -DSDQ 6RFLHW\ RI 3KRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ� 9RO���� 1R��� �����

>�@0�1RWRPL� 6�2]DZD DQG +�=HQ� ³&RQVWUXFWLRQ RI 8UEDQ 6FHQH 0RGHO E\ 0RELOH 2EVHUYDWLRQ �́ 7UDQV� ,(,&(�

9RO�-���'�,,� 1R��� SS��������� 0D\� �����

>�@5�%ROOHV� +�%DNHU DQG '�0DULPRQW� ³(SLSRODU�3ODQH ,PDJH $QDO\VLV� $Q $SSURDFK WR 'HWHUPLQLQJ 6WUXFWXUH IURP

0RWLRQ´� ,QWHUQDWLRQDO -RXUQDO RI &RPSXWHU 9LVLRQ� �� �� SS����� �������

>�@+�.DZDVDNL� 7�<DWDEH� .�,NHXFKL DQG 0�6DNDXFKL� ³,QWHUDFWLYH 6\VWHP RI 5HDO�:RUOG 9LGHR %DVHG RQ 6HOI�

2UJDQL]HG 'DWD 6WUXFWXUH�´ 7UDQV� ,(,&(� 9RO�-���'�,,� 1R���� SS����������� 2FW� � �����
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