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,Q WKLV SDSHU� ZH SURSRVH D QRYHO VFHQH�OHYHO DQDO\VLV

PHWKRG IRU YLGHR DEVWUDFWLRQ� 9LGHR DEVWUDFWLRQ UHIHUV WR

WKH FRPSDFW UHSUHVHQWDWLRQ RI D ORQJ RULJLQDO YLGHR DQG LV

XVHIXO IRU D XVHU WR GHFLGH ZKHWKHU WKH YLGHR LV ZRUWK WR

YLHZLQJ RU QRW� 7R HIIHFWLYHO\ FRQVWUXFW YLGHR DEVWUDFWLRQ�

LW LV QHFHVVDU\ WR XQGHUVWDQG YLGHR GDWD VHPDQWLFDOO\� 2QH

SRVVLEOH DSSURDFK WR XQGHUVWDQG VHPDQWLFV LQ YLGHR GDWD

LV WR FRPSXWH WKH FRQWH[WXDO LQIRUPDWLRQ ZLWKLQ D VFHQH

DQG LQWHU�VFHQHV� :H GLYLGH WKH FRQWH[W LQ WKH VFHQH LQWR

ORFDO FRQWH[W DQG JOREDO FRQWH[W� :H GHILQH WKH ORFDO VFHQH

FRQWH[W DV WKH FRQWH[W ZLWKLQ WKH VFHQH VXFK DV WKH VKRWV¶

FRKHUHQFHV DQG LQWHUDFWLRQV LQ WKH VFHQH� :H DOVR GHILQH

WKH JOREDO VFHQH FRQWH[W DV WKH FRQWH[W RI LQWHU�VFHQHV

VXFK DV WKH VLPLODULW\ DPRQJVW VFHQHV DQG UHODWLYH

LPSRUWDQFH RI WKH VFHQH LQ FRPSRVLQJ YLGHR GDWD� :H

FRPSXWH FRQWH[WXDO LQIRUPDWLRQ DW WKH VFHQH�OHYHO DQG

GHWHFW GRPLQDWLQJ VFHQHV IRU YLGHR DEVWUDFWLRQ�

([SHULPHQWDO UHVXOWV DUH SUHVHQWHG�

.H\ZRUGV� YLGHR DEVWUDFWLRQ� VFHQH�OHYHO DQDO\VLV�

FRQWH[WXDO LQIRUPDWLRQ� VHPDQWLFV

����������������

9LGHR DEVWUDFWLRQ LV WKH FRPSDFW UHSUHVHQWDWLRQ RI D

ORQJ YLGHR GDWD DQG LV XVHIXO WR D YLHZHU WR GHFLGH

ZKHWKHU WKH YLGHR LV ZRUWK YLHZLQJ RU QRW� ,Q YLGHR

DEVWUDFWLRQ� WKHUH DUH WZR DSSURDFKHV VXFK DV VXPPDU\

VHTXHQFHV DQG KLJKOLJKWV� 7KH VXPPDU\ VHTXHQFHV DUH

JRRG IRU GRFXPHQWDULHV EHFDXVH WKH\ JLYH DQ RYHUYLHZ RI

WKH HQWLUH YLGHR ZKHUHDV KLJKOLJKWV DUH JRRG IRU PRYLH

WUDLOHUV EHFDXVH WKH\ FRQWDLQ RQO\ WKH PRVW LQWHUHVWLQJ

YLGHR FOLSV >�@�

7R HIIHFWLYHO\ FRQVWUXFW YLGHR DEVWUDFWLRQ VXFK DV

VXPPDU\ VHTXHQFHV DQG KLJKOLJKWV� LW LV QHFHVVDU\ WR

XQGHUVWDQG WKH YLGHR VWUXFWXUH VHPDQWLFDOO\� 3UHYLRXV

UHVHDUFK ZRUNV DUH PDLQO\ GRQH RQ WKH VKRW�OHYHO DQDO\VLV

XVLQJ ORZ�OHYHO IHDWXUHV >���@� +RZHYHU� WKHVH DSSURDFKHV

FDQQRW ZHOO UHIOHFW VHPDQWLFV LQ WKH YLGHR DEVWUDFWLRQ

SURFHVV�

,Q RUGHU WR UHIOHFW VHPDQWLF IHDWXUHV RQ YLGHR

DEVWUDFWLRQ� LW LV QHFHVVDU\ WR DQDO\]H WKH VFHQH�OHYHO

IHDWXUHV EHFDXVH D VFHQH LV D XQLW ZKLFK KDV VHPDQWLF

FRKHUHQFHV LQ YLGHR GDWD� 2QH SRVVLEOH DSSURDFK WR

DQDO\]H VFHQH�OHYHO IHDWXUHV LV WR FRPSXWH WKH FRQWH[WXDO

LQIRUPDWLRQ ZLWKLQ D VFHQH RU LQWHU�VFHQHV�

,Q WKLV SDSHU� ZH SURSRVH D QRYHO VFHQH�OHYHO DQDO\VLV

PHWKRG IRU YLGHR DEVWUDFWLRQ E\ FRPSXWLQJ FRQWH[WXDO

LQIRUPDWLRQ� 7KLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ �

GHVFULEHV SUHYLRXV ZRUNV RQ YLGHR DEVWUDFWLRQ� 6HFWLRQ �

GLVFXVVHV VFHQH�OHYHO FRQWH[WXDO LQIRUPDWLRQ� :H SUHVHQW
ORFDO FRQWH[WXDO LQIRUPDWLRQ DQG JOREDO FRQWH[WXDO

LQIRUPDWLRQ LQ GHWDLO� 6HFWLRQ � VKRZV H[SHULPHQWDO

UHVXOWV XVLQJ RXU DSSURDFK�
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0DQ\ UHVHDUFKHUV KDYH PDGH JUHDW HIIRUWV LQ UHFHQW

\HDUV RQ WKH YLGHR DEVWUDFWLRQ >���@� 0RVW RI UHVHDUFK

ZRUNV DUH DERXW FRQVWUXFWLQJ VXPPDU\ VHTXHQFHV IURP

YLGHR GDWD� 9DULRXV GRPDLQV RI YLGHR GDWD VXFK DV PRYLHV�

79 GUDPDV� GRFXPHQWDULHV� DQG QHZVFDVWV DUH WHVWHG WR

FUHDWH JRRG TXDOLW\ RI VXPPDU\ VHTXHQFHV�

)RU WKH DEVWUDFWLRQ RI GRFXPHQWDULHV DQG QHZVFDVWV

LQ WKH &08 ,QIRUPHGLD 'LJLWDO 9LGHR /LEUDU\ SURMHFW�

YLGHR VNLPPLQJ >�@ LV SURSRVHG� ,Q WKLV DSSURDFK� WKH

YLGHR GDWD DQG WKH WUDQVFULSW DUH DOLJQHG E\ WKH ZRUG
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VSRWWLQJ DQG WKH ODQJXDJH DQDO\VLV LV XVHG WR LGHQWLI\

LPSRUWDQW ZRUGV LQ WKH WUDQVFULSWV� )RU H[DPSOH� LI D IDFH

LV GHWHFWHG LQ WKH YLGHR GDWD DQG D SURSHU QDPH DSSHDUV LQ

WKH WUDQVFULSW� LW LV DVVXPHG WKDW D SHUVRQ LV LQWURGXFHG DQG

WKHUHIRUH D ��VHFRQG YLGHR FOLS IURP WKLV VFHQH LV VHOHFWHG

LQWR WKH VXPPDU\ VHTXHQFHV�

+DQMDOLF HW DO� >�@ SURSRVH DQ DXWRPDWHG YLGHR

DEVWUDFWLRQ PHWKRG E\ UHPRYLQJ YLVXDO�FRQWHQW

UHGXQGDQF\ DPRQJ YLGHR IUDPHV� 7KH\ ILUVW JURXS DOO

IUDPHV RI D YLGHR VHTXHQFH LQWR PXOWLSOH FOXVWHUV DQG WKHQ

VHOHFW WKH PRVW VXLWDEOH FOXVWHULQJ RSWLRQV XVLQJ DQ

XQVXSHUYLVHG SURFHGXUH IRU FOXVWHU�YDOLGLW\ DQDO\VLV� )URP

HDFK YDOLG FOXVWHU� NH\ IUDPHV DUH H[WUDFWHG DQG WKHQ WKH

YLGHR VKRWV� WR ZKLFK NH\ IUDPHV EHORQJ� DUH FRQFDWHQDWHG

WR IRUP WKH VXPPDU\ VHTXHQFHV�

7KH JHQHUDWLRQ PHWKRGV RI SLFWRULDO VXPPDU\

VHTXHQFHV DUH DOVR SURSRVHG� <HXQJ HW DO� >�@ SURSRVH D

VKRW�EDVHG RUJDQL]DWLRQ VWUXFWXUHV LQ ZKLFK WKH VWRU\ IORZ

LV VKRZQ E\ WKH VFHQH�WUDQVLWLRQ JUDSK� 6FHQH WUDQVLWLRQ

JUDSK XVHV YLVXDO DQG WHPSRUDO LQIRUPDWLRQ DQG

LQFRUSRUDWHV WHPSRUDO UHODWLRQVKLSV EHWZHHQ WKH VKRWV WR

EXLOG D JUDSK� 7KLV DSSURDFK LV JRRG IRU WKH HIILFLHQW

EURZVLQJ DQG RUJDQL]DWLRQ RI YLGHR�

8FKLKDVKL HW DO� >�@ SURSRVH D PHWKRG IRU FUHDWLQJ

SLFWRULDO YLGHR VXPPDULHV OLNH FRPLF ERRNV� 7KH\

FRPSXWH WKH UHODWLYH LPSRUWDQFH PHDVXUH RI HDFK VHJPHQW

EDVHG RQ VHJPHQW¶V UDULW\ DQG GXUDWLRQ� :HLJKWHG NH\

IUDPH VHOHFWLRQ PHWKRG EDVHG RQ WKH NQRZOHGJH RI YLGHR

FRQWHQWV LV XVHG� 7KH\ WHVW PHHWLQJ YLGHRV WR HYDOXDWH

WKHLU PHWKRG� 7KHLU V\VWHP FDSWXUHV VHPDQWLFDOO\

LPSRUWDQW HYHQWV ZLWK D FRPSDFW DUUDQJHPHQW RI VPDOO

LPDJHV� DQG LV VXLWDEOH IRU ZHE�EDVHG DSSOLFDWLRQV�

,Q FRQWUDVW WR VXPPDU\ VHTXHQFHV� D IHZ ZRUNV DUH

GRQH RQ WKH JHQHUDWLRQ RI WKH KLJKOLJKWV IURP YLGHR�

/LHQKDUW HW DO� >���@ SURSRVH DQ DXWRPDWHG JHQHUDWLRQ RI

PRYLH WUDLOHUV E\ LQYHVWLJDWLQJ ORZ�OHYHO YLVXDO DQG DXGLR

IHDWXUHV� PRWLRQ LQIRUPDWLRQ� DQG FRORU LQIRUPDWLRQ� 7KH\

XVH KHXULVWLFV RYHU WKH EDVLF SK\VLFDO SDUDPHWHUV RI WKH

YLGHR GDWD WR VHOHFW FOLSV RI LPSRUWDQW REMHFWV� SHRSOH�

DFWLRQ� GLDORJV� WLWOH WH[W� DQG WLWOH PXVLF� $IWHU WKDW�

H[WUDFWHG YLGHR FOLSV� DXGLR SLHFHV� LPDJHV� DQG WH[WV DUH

FRPSRVHG WR PDNH DQ DEVWUDFW�

%DEDJXFKL >�@ SURSRVHV D PHWKRG IRU DEVWUDFWLQJ

VSRUWV YLGHR XVLQJ HYHQW�EDVHG LQGH[LQJ VFKHPH� 7R GHWHFW

HYHQWV LQ YLGHR GDWD� KH XVHV FORVHG FDSWLRQ VWUHDP

DQDO\VLV DQG WKH YLVXDO VWUHDP DQDO\VLV� $IWHU GHWHFWLQJ

HYHQWV� KH FRPSXWHV DQ LPSDFW IDFWRU UHIOHFWLQJ WKH

LPSRUWDQFH RI WKH HYHQW DQG WKHQ DSSURSULDWH KLJKOLJKWV

DUH VHOHFWHG� +H WHVWV KLV PHWKRG WR $PHULFDQ IRRWEDOO

JDPHV� 7KH JHQHUDWHG YLGHR FOLSV DUH VWLOO GLIIHUHQW IURP

DFWXDO FOLSV XVHG LQ PDQXDOO\ JHQHUDWHG YLGHR KLJKOLJKWV�

EXW WKH UHVXOWV SRLQW WRZDUG D SURPLVLQJ GLUHFWLRQ LQ YLGHR

DEVWUDFWLRQ�

(YHQ WKRXJK WKHVH DSSURDFKHV DUH XVHIXO LQ

FRQVWUXFWLQJ YLGHR DEVWUDFWV RI UHDVRQDEOH TXDOLW\� VRPH

LPSRUWDQW VFHQH�OHYHO IHDWXUHV OLNH FRQWH[WXDO LQIRUPDWLRQ

LQ YLGHR DUH PLVVLQJ� ,Q WKH QH[W VHFWLRQ� ZH ZLOO GLVFXVV D

QHZ PHWKRG WR FRPSXWH VFHQH�OHYHO FRQWH[WXDO

LQIRUPDWLRQ IRU YLGHR DEVWUDFWLRQ��
�
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7R XQGHUVWDQG YLGHR GDWD VHPDQWLFDOO\� LW LV GHVLUDEOH

WR DQDO\]H VFHQH�OHYHO IHDWXUHV EHFDXVH D VFHQH RU D VWRU\

XQLW FRQVLVWV RI FRQVHFXWLYH VKRWV DQG KDV WKH VHPDQWLF

FRKHUHQFHV� ,Q RUGHU WR DQDO\]H VFHQH�OHYHO IHDWXUHV� ZH

FRPSXWH WKH FRQWH[WXDO LQIRUPDWLRQ LQ YLGHR VFHQHV� :H

GLYLGH WKH VFHQH FRQWH[W LQWR ORFDO VFHQH FRQWH[W DQG

JOREDO VFHQH FRQWH[W� :H GHILQH WKH ORFDO VFHQH FRQWH[W DV

WKH FRQWH[W ZLWKLQ WKH VFHQH VXFK DV WKH VKRWV¶ FRKHUHQFHV

DQG WKHLU LQWHUDFWLRQV LQ WKH VFHQH� :H DOVR GHILQH WKH

JOREDO VFHQH FRQWH[W DV WKH FRQWH[W RI LQWHU�VFHQHV VXFK DV

WKH VLPLODULW\ EHWZHHQ VFHQHV DQG WKH UHODWLYH LPSRUWDQFH

RI HDFK VFHQH LQ FRPSRVLQJ RI YLGHR GDWD� ,Q WKLV VHFWLRQ�

ZH ZLOO GLVFXVV FRQWH[WXDO LQIRUPDWLRQ LQ WKH VFHQH�

�
���� /RFDO &RQWH[WXDO ,QIRUPDWLRQ

6LQFH D VFHQH LV D FROOHFWLRQ RI FRQVHFXWLYH VKRWV� WKH

ORFDO FRQWH[W LQ WKH VFHQH UHIHUV WR WKH VKRWV¶ FRKHUHQFHV

DQG WKHLU LQWHUDFWLRQV LQ WKH VFHQH� 8VLQJ VKRWV¶

FRKHUHQFHV LQ WKH VFHQH� ZH JURXS WKH VKRWV LQWR D QXPEHU

RI FOXVWHUV DQG ILQG WKH UHSUHVHQWDWLYH VKRW DQG GRPLQDQW

REMHFWV IURP HDFK FOXVWHU� )URP VKRWV¶ LQWHUDFWLRQV� ZH

ILQG GLDORJXHV WKDW DUH XVXDOO\ LPSRUWDQW LQ FKDUDFWHUL]LQJ

D VFHQH� )LJXUH � VKRZV WKH ORFDO FRQWH[WXDO LQIRUPDWLRQ

LQ WKH VFHQH� 7KH VFHQH LQ )LJXUH � FRQVLVWV RI � FOXVWHUV

DQG KDV GLDORJXHV EHWZHHQ VKRW ³$´ DQG WKH VKRW ³%´�

�
������ &RKHUHQFH 'HWHFWLRQ

�
7R GHWHFW FRKHUHQFHV EHWZHHQ VKRWV LQ WKH VFHQH� ZH

DSSO\ N�PHDQV FOXVWHULQJ DOJRULWKP RQ IHDWXUH YHFWRUV IRU

DOO NH\ IUDPHV RI VKRWV LQ WKH VFHQH� 7KH IHDWXUH YHFWRU RI

WKH NH\ IUDPH LV FRPSXWHG IURP WKH FRORU LQIRUPDWLRQ�

2QH SUREOHP LQ N�PHDQV FOXVWHULQJ LV WR ILQG DQ RSWLPDO

QXPEHU RI FOXVWHUV IRU WKH JLYHQ GDWD VHW LQ DGYDQFH� 7R

ILQG WKH RSWLPDO QXPEHU� ZH ILUVW FODVVLI\ DOO NH\ IUDPHV

LQWR ��WR�1 FOXVWHUV� ZKHUH 1 LV D ODUJH QXPEHU OLNH WKH

QXPEHU RI VKRWV LQ WKH VFHQH� 7KHQ� ZH XVH WKH FOXVWHU�

YDOLGLW\ DQDO\VLV WHFKQLTXH SURSRVHG LQ >�@ WR ILQG DQ

RSWLPDO QXPEHU� )URP WKLV WHFKQLTXH� ZH ILQG FOXVWHUV WKDW

PLQLPL]H LQWUD�FOXVWHU GLVWDQFHV ZKLOH PD[LPL]LQJ LQWHU�

FOXVWHU GLVWDQFHV� 7KH FOXVWHU VHSDUDWLRQ PHDVXUH LV

GHILQHG DV
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9LGHR VKRW

)LJXUH �� /RFDO &RQWH[WXDO ,QIRUPDWLRQ

)URP HDFK FOXVWHU� D IUDPH ZKLFK LV WKH FORVHVW WR WKH

FHQWHU RI WKH FOXVWHU LV FKRVHQ DV D UHSUHVHQWDWLYH IUDPH IRU

HDFK FOXVWHU DQG WKH VKRW WR ZKLFK WKH UHSUHVHQWDWLYH IUDPH

EHORQJV LV WKH UHSUHVHQWDWLYH VKRW RI WKH FOXVWHU� 6LQFH D

VFHQH FRQVLVWV RI D QXPEHU RI FOXVWHUV� ZH FDQ H[WUDFW

VHYHUDO UHSUHVHQWDWLYH VKRWV IURP HDFK VFHQH�

)URP WKH NH\ IUDPH RI HDFK UHSUHVHQWDWLYH VKRW� ZH

VHSDUDWH IRUHJURXQG UHJLRQV DQG EDFNJURXQG UHJLRQV >�@�

7KHQ� ZH FKRRVH WKH ODUJHVW IRUHJURXQG UHJLRQ LQ WKH

IUDPH DQG GHQRWH LW DV WKH GRPLQDQW REMHFW RI WKH VKRW� ,I

WKH UDWLR RI WKH IRUHJURXQG UHJLRQV WR WKH ZKROH IUDPH LV

OHVV WKDQ �� �� ZH LJQRUH WKDW IUDPH LQ FRPSXWLQJ
GRPLQDQW REMHFWV� :H DOVR FRPSXWH PHDQLQJIXO VKRW¶V

FDPHUD PRWLRQ SKDVH DQG LQWHQVLW\ XVLQJ RSWLFDO IORZ >�@�

7KH FDPHUD PRWLRQ LQ WKH VKRW LV FODVVLILHG LQWR ³SDQQLQJ´�

³WLOWLQJ´� ³]RRPLQJ´ DQG ³QR FDPHUD PRWLRQ´ FDVHV >��@�
6R� E\ FRPSXWLQJ FRKHUHQFHV EHWZHHQ VKRWV� ZH FDQ

GHWHFW UHSUHVHQWDWLYH VKRWV LQ WKH VFHQH� )URP WKH

UHSUHVHQWDWLYH VKRWV� ZH DOVR ILQG GRPLQDQW REMHFWV DQG

VKRWV¶ FDPHUD PRWLRQ LQ WKH VFHQH� ,I WKH QXPEHU RI

GRPLQDQW REMHFWV LV ODUJHU WKDQ RQH LQ WKH VFHQH� LW LV

GHVLUDEOH WR GHWHFW LQWHUDFWLRQV EHWZHHQ REMHFWV�

������ ,QWHUDFWLRQ 'HWHFWLRQ�

6KRWV¶ LQWHUDFWLRQ UHSUHVHQWV D GLDORJXH EHWZHHQ
VKRWV DQG LV LPSRUWDQW LQ XQGHUVWDQGLQJ YLGHR GDWD� 7R

GHWHFW GLDORJXHV� ZH ILUVW ODEHO HDFK VKRW LQ WKH VFHQH

DFFRUGLQJ WR WKH FOXVWHUV WR ZKLFK WKH VKRW EHORQJV� $IWHU

WKDW� WKH VFHQH LV UHSUHVHQWHG E\ D VHTXHQFH RI ODEHOV RU
V\PEROV �VHH )LJXUH ��� )URP WKH VHTXHQFH RI V\PEROV�

WKH GLDORJXH GHWHFWLRQ ILQGV GHVLUDEOH V\PERO SDWWHUQV�

2QH PHWKRG WR GHWHFW GLDORJXHV LV WR XVH SHULRGLF DQDO\VLV

WUDQVIRUP DQG VWDWLVWLFDO WHVWV >��@� :LWK WKLV DSSURDFK�
KRZHYHU� LW LV YHU\ GLIILFXOW WR GHWHFW GLDORJXHV LQ WKH

FRPSOH[ VFHQH OLNH $%&%'$%(&$ V\PERO VHTXHQFH� ,Q

WKLV VHTXHQFH� WKH VKRWV ³$´� ³%´ DQG ³&´ KDYH

LQWHUDFWLRQV OLNH GLDORJXHV�

,Q RXU DSSURDFK� ZH GHWHFW GLDORJXHV E\ FRXQWLQJ FR�

RFFXUUHQFH SDWWHUQV 3�L� M� LQ WKH VHTXHQFH� :H ILUVW FRXQW

WKH RFFXUUHQFHV IRU HDFK V\PERO� 6WDUWLQJ IURP WKH V\PERO

KDYLQJ WKH ODUJHVW RFFXUUHQFH FRXQW� ZH FRXQW WKH QXPEHU
RI FR�RFFXUUHQFH SDWWHUQV 3�L� M� ZLWK GLVSODFHPHQW G

ZKHUH L DQG M DUH D SDLU RI V\PEROV LQ WKH VHTXHQFH� DQG G

LV WKH GLVSODFHPHQW EHWZHHQ WZR V\PEROV� ,Q FRXQWLQJ WKH

QXPEHU RI FR�RFFXUUHQFH SDWWHUQV� ZH VHW G WR � RU ��
6XSSRVH WKDW WKHUH LV D VFHQH¶V V\PERO VHTXHQFH OLNH

³$%&%'$%(&$´� 7KLV LV VKRZQ LQ )LJXUH �� ³%´ KDV

WKH ODUJHVW RFFXUUHQFH FRXQW LQ WKH V\PERO VHTXHQFH� 7KHQ�

ZH FRXQW WKH FR�RFFXUUHQFH SDWWHUQV 3�L� M� ZKHUH L LV ³%´

DQG M FDQ EH ³$´� ³&´� ³'´ RU ³(´� 7KH GLVSODFHPHQW G LV

� RU �� )RU H[DPSOH� LI G LV �� WKH SRVVLEOH FR�RFFXUUHQFH

SDWWHUQV DUH ³%$´� ³%&´� ³%'´� RU ³%(´� ,I G LV �� WKH

SRVVLEOH FR�RFFXUUHQFH SDWWHUQ LV ³%;$´� ZKHUH WKH ;

UHSUHVHQWV WKH VKRW V\PERO LQ WKDW SRVLWLRQ ZKLFK FDQ EH

LJQRUHG LQ FRXQWLQJ WKH QXPEHU RI FR�RFFXUUHQFH SDWWHUQV�

,I WKH FR�RFFXUUHQFH SDWWHUQ RFFXUV PRUH WKDQ RQFH� WKH

VKRWV UHSUHVHQWLQJ FR�RFFXUUHQFH SDWWHUQ KDYH LQWHUDFWLRQV�

,Q WKLV H[DPSOH� VKRW ³%´ KDV WKH ODUJHVW RFFXUUHQFH FRXQW

RI �� 6R� ZH FRXQW WKH FR�RFFXUUHQFH SDWWHUQ 3�L� M� ZKHUH L

LV % DQG M FDQ EH RWKHU V\PEROV H[FHSW V\PERO ³%´ ZLWK G

 � RU �� 7KH FR�RFFXUUHQFH SDWWHUQ OLNH ³%&´ RU ³%;&´

KDV WKH FRXQW RI �� 7KH LQWHUDFWLRQ LV FKHFNHG DV ³�´� 6R�
VKRW ³%´ DQG VKRW ³&´ KDV GLDORJXHV� 1H[W� ZH FRXQW

DQRWKHU FR�RFFXUUHQFH SDWWHUQ 3�L� M� ZKHUH L LV WKH VKRW

KDYLQJ WKH VHFRQG ODUJHVW RFFXUUHQFH FRXQW �VHH )LJXUH ���

,Q RXU H[DPSOH� VKRW ³$´ KDV WKH VHFRQG ODUJHVW

RFFXUUHQFH FRXQW� $IWHU FRXQWLQJ SDWWHUQV� ZH ILQG VKRW

³$´ DQG VKRW ³%´ KDYH LQWHUDFWLRQV� 7KHUHIRUH� VKRW ³$´�

VKRW ³%´� DQG VKRW ³&´ KDYH LQWHUDFWLRQV LQ WKH VFHQH�

7KH\ PD\ KDYH GLDORJXHV�

8VXDOO\� WKH VFHQHV LQ YLGHR FDQ EH FODVVLILHG LQWR

WKUHH W\SHV� D SURJUHVVLYH VFHQH� D GLDORJXH VFHQH� DQG D

K\EULG VFHQH >��@� $ SURJUHVVLYH VFHQH UHIHUV WR WKH VFHQH

KDYLQJ OLQHDU SURJUHVVLRQ RI YLVXDOV ZLWKRXW DQ\ UHSHWLWLYH

VWUXFWXUHV� $ GLDORJXH VFHQH� KRZHYHU� KDV UHSHWLWLYH



�

VWUXFWXUHV� :KHQ D GLDORJXH VFHQH LV HPEHGGHG LQ D

SURJUHVVLYH VFHQH� WKH UHVXOWLQJ VFHQH LV D K\EULG VFHQH�

7KH SURJUHVVLYH VFHQH LV FKDUDFWHUL]HG E\ GRPLQDQW

REMHFWV DQG FDPHUD PRWLRQV RI WKH UHSUHVHQWDWLYH VKRWV�

7KH GLDORJXH VFHQH LV FKDUDFWHUL]HG E\ VKRWV¶ LQWHUDFWLRQ

DQG WKH K\EULG VFHQH LV FKDUDFWHUL]HG E\ GRPLQDQW REMHFWV�

FDPHUD PRWLRQ DQG VKRWV¶ LQWHUDFWLRQ� 6R� E\ FRPSXWLQJ

ORFDO FRQWH[WXDO LQIRUPDWLRQ LQ WKH VFHQH� ZH FDQ

XQGHUVWDQG WKH VFHQH W\SH DQG VWUXFWXUH�

�$& RU $;&

��$% RU $;%

�%( RU %;(

�%' RU %;'
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9LGHR VKRW

)LJXUH �� 'LDORJXH GHWHFWLRQ PHWKRG

���� *OREDO &RQWH[WXDO ,QIRUPDWLRQ

*OREDO FRQWH[WXDO LQIRUPDWLRQ LQ WKH VFHQH UHIHUV WR

WKH YLGHR VFHQH¶V HQYLURQPHQW RU LWV UHODWLRQVKLS ZLWK

RWKHU YLGHR VFHQHV� ,W LV WKH FRQWH[W H[LVWLQJ LQ WKH LQWHU�

VFHQHV� ,Q RUGHU WR UHSUHVHQW WKH JOREDO FRQWH[W RI D JLYHQ

VFHQH� ZH FRPSXWH WKH VFHQH¶V VLPLODULWLHV DQG UHODWLYH

LPSRUWDQFH LQ FRPSDULVRQ ZLWK RWKHU VFHQHV� )URP WKH

JOREDO FRQWH[WXDO LQIRUPDWLRQ� ZH FDQ GHWHFW GRPLQDWLQJ

VFHQHV LQ WKH YLGHR DFFRUGLQJ WR WKH FULWHULD� )LJXUH �

VKRZV JOREDO FRQWH[WXDO LQIRUPDWLRQ LQ WKH VFHQH�

������ 6LPLODULW\

6LPLODULW\ LQIRUPDWLRQ RI LQWHU�VFHQHV LV LPSRUWDQW

IRU YLGHR DEVWUDFWLRQ EHFDXVH LW SURYLGHV WKH VHPDQWLF

VWUXFWXUH LQ XQGHUVWDQGLQJ YLGHR GDWD� 7KH VLPLODULW\

DPRQJVW VFHQHV LV FRPSXWHG E\ DSSO\LQJ KLHUDUFKLFDO

FOXVWHULQJ DOJRULWKP RQ WKH NH\ IUDPHV RI UHSUHVHQWDWLYH

VKRWV LQ HDFK VFHQH� $V GLVVLPLODULW\ PHDVXUH� ZH XVH /
�

FRORU KLVWRJUDP GLVWDQFHV EHWZHHQ WZR IUDPHV� )RU

KLHUDUFKLFDO FOXVWHULQJ RI NH\ IUDPHV� ZH XVH D VLQJOH�

OLQNDJH DOJRULWKP >��@� 7KLV LV REWDLQHG E\ GHILQLQJ WKH

GLVVLPLODULW\ YDOXH EHWZHHQ WZR FOXVWHUV WR EH WKH VPDOOHVW

GLVVLPLODULW\ YDOXH EHWZHHQ D SRVVLEOH SDLU RI WZR NH\

IUDPHV WKDW EHORQJ WR GLIIHUHQW FOXVWHUV� 7KH GLVVLPLODULW\
YDOXHV EHWZHHQ FOXVWHUV DUH XSGDWHG LQ WKH SURFHVV RI

JURXSLQJ�

$IWHU KLHUDUFKLFDO FOXVWHULQJ� D GHQGURJUDP LV IRUPHG

DQG ZH FDQ ILQG GHVLUDEOH YLGHR VFHQH FOXVWHUV E\
GLVVHFWLQJ DW WKH VSHFLILF OHYHO� )LQDOO\� WKH VFHQHV DUH

JURXSHG LQWR D QXPEHU RI FOXVWHUV �VHH )LJXUH ��� )URP WKH

FOXVWHU RI VFHQHV� ZH FDQ FRPSXWH YDULRXV IHDWXUHV IRU

YLGHR DEVWUDFWLRQ�

������ 5HODWLYH ,PSRUWDQFH

7KH UHODWLYH LPSRUWDQFH PHDVXUH RI D JLYHQ VFHQH LV

DQRWKHU FRPSRQHQW LQ D VFHQH¶V JOREDO FRQWH[W WKDW ZH XVH�

7KLV LV LPSRUWDQW LQ FRQVWUXFWLQJ YLGHR DEVWUDFWLRQ

EHFDXVH LW LV QHFHVVDU\ WR PDNH VFHQHV RUGHUHG

DFFRUGLQJ WR WKHLU LPSRUWDQFH� +RZHYHU� LW LV YHU\ GLIILFXOW

EHFDXVH HDFK VFHQH KDV YDULRXV IHDWXUHV� ,Q RXU DSSURDFK�

ZH JURXS VFHQHV LQWR D QXPEHU RI FOXVWHUV XVLQJ VFHQHV¶

VLPLODULW\ ZLWK HDFK RWKHU DQG WKHQ FRPSXWH UHODWLYH

LPSRUWDQFH PHDVXUH RI HDFK VFHQH LQ WKH FOXVWHU� 7KH

FULWHULD XVHG LQ LPSRUWDQFH PHDVXUH DUH VFHQH¶V OHQJWK� WKH

QXPEHU RI GRPLQDQW REMHFWV� DQG LQWHUDFWLRQV WKDW DUH

FRPSXWHG IURP WKH ORFDO FRQWH[WXDO LQIRUPDWLRQ� $ VFHQH

LV LPSRUWDQW LI LW LV ORQJ DQG LI WKHUH DUH LQWHUDFWLRQV

EHWZHHQ REMHFWV� 7KH LPSRUWDQFH PHDVXUH RI WKH VFHQH L

�,L� LV FRPSXWHG DV
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ZKHUH /L LV WKH OHQJWK RI VFHQH L DQG WKH VXPPDWLRQ JLYHV

WKH WRWDO OHQJWK RI DOO VFHQHV LQ WKH FOXVWHU &� ,17

UHSUHVHQWV WKH LQWHUDFWLRQ LQ WKH VFHQH� ,I WKH LQWHUDFWLRQV

H[LVW LQ WKH VFHQH� WKH YDOXH LV �� 2WKHUZLVH� WKH YDOXH LV ��

180 LV WKH QXPEHU RI GRPLQDQW REMHFWV� ,I WKH VFHQH KDV

LQWHUDFWLRQV ZLWK D ODUJH QXPEHU RI REMHFWV� WKH
LPSRUWDQFH YDOXH LV ODUJH�

%DVHG RQ WKH UHODWLYH LPSRUWDQFH YDOXH� ZH VHOHFW WKH

VFHQHV ZKRVH LPSRUWDQFH YDOXHV DUH ODUJHU WKDQ WKH

WKUHVKROG 7G DV GRPLQDWLQJ VFHQHV� 7KH GRPLQDWLQJ VFHQHV
DUH WKH EDVLV LQ VHOHFWLQJ PHDQLQJIXO VKRWV WR JHQHUDWH

YLGHR DEVWUDFWLRQ� 7KH FDQGLGDWHV IRU PHDQLQJIXO VKRWV DUH

WKRVH WKDW KDYH ORQJ GXUDWLRQ� KLJK FRQWUDVW� ODUJH

DFWLYLWLHV� RU LQWHUDFWLRQV� 8VXDOO\� WKH ORQJ GXUDWLRQ RU
KLJK FRQWUDVW RI D VKRW GHOLYHUV LWV LPSRUWDQFH WR WKH

YLHZHU� 7KH VKRW ZKLFK KDV ODUJH DFWLYLWLHV FDQ EH D SDUW RI

WKH DFWLRQ DQG LV DOVR LPSRUWDQW WR D YLHZHU� 7KH

LQWHUDFWLQJ VKRWV DUH XVXDOO\ WKH GLDORJ VFHQHV ZKLFK

LQFOXGHV LPSRUWDQW PHVVDJH� 6R� JOREDO FRQWH[WXDO

LQIRUPDWLRQ DQG ORFDO FRQWH[WXDO LQIRUPDWLRQ DW WKH VFHQH

OHYHO DUH XVHIXO LQ VHPDQWLF XQGHUVWDQGLQJ RI YLGHR GDWD�
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:H H[SHULPHQW RXU DOJRULWKP RQ WZR ���PLQXWH 79

GUDPDV� 7R GHWHFW VFHQH�OHYHO IHDWXUHV� ZH XVH VKRW

FKDQJH GHWHFWLRQ DOJRULWKP EDVHG RQ WKH FRORU KLVWRJUDP

DQG UHJLRQ LQIRUPDWLRQ� $QG WKHQ� RQH RU D IHZ NH\

IUDPHV DUH H[WUDFWHG IURP HDFK VKRW XVLQJ FRORU DQG

PRWLRQ LQIRUPDWLRQ >��@� 7R VHOHFW NH\ IUDPHV RI HDFK

VKRW� ZH GHWHFW WKH FDPHUD PRWLRQ XVLQJ RSWLFDO IORZ LQ

HDFK YLGHR VKRW� %DVHG RQ FDPHUD PRWLRQ LQIRUPDWLRQ� ZH

FODVVLI\ WKH YLGHR VKRWV LQWR ³SDQQLQJ´� ³WLOWLQJ´�

³]RRPLQJ´� DQG ³QR FDPHUD PRWLRQ´� $IWHU WKDW� LQ HDFK

FDWHJRU\� ZH DSSO\ DSSURSULDWH IX]]\ UXOHV WR WKH VHOHFWLRQ

RI NH\ IUDPHV EDVHG RQ GRPLQDQW UHJLRQV DQG WKHLU

WHPSRUDO YDULDWLRQV LQ WKH VKRW >��@�

:H GHWHFW VFHQH ERXQGDULHV XVLQJ FRQWLQXRXV YLGHR

FRKHUHQFH PRGHO EDVHG RQ VKRUW�WHUP PHPRU\�EDVHG

PRGHO >��@� )LQDOO\� WKH VWUXFWXUH RI YLGHR�VFHQH�VKRW�NH\

IUDPH LV H[WUDFWHG� ,Q RXU H[SHULPHQW� WKH GUDPD�� KDV ��

VFHQHV ZLWK ��� VKRWV DQG GUDPD�� KDV �� VFHQHV ZLWK ���

VKRWV�

7R FRPSXWH ORFDO FRQWH[WXDO LQIRUPDWLRQ LQ WKH VFHQH�

ZH DSSO\ N�PHDQV FOXVWHULQJ DOJRULWKP RQ WKH NH\ IUDPHV

RI VKRWV IRU HDFK VFHQH� :H ILQG WKH RSWLPDO QXPEHU RI

FOXVWHUV XVLQJ FOXVWHU�YDOLGLW\ DQDO\VLV WHFKQLTXH >�@� $V D

IHDWXUH YHFWRU LQ FOXVWHULQJ� ZH XVH TXDQWL]HG <89 FRORU

KLVWRJUDP� ,Q GUDPD�� FDVH� WKH RSWLPDO QXPEHU IRU

FOXVWHULQJ ZKLFK LV FRPSXWHG IURP FOXVWHU�YDOLGLW\

DQDO\VLV ZRUNV ZHOO LQ �� VFHQHV RXW RI �� VFHQHV� )RU

HDFK FOXVWHU� ZH FKRRVH WKH IUDPH ZKLFK LV WKH FORVHVW WR

WKH FOXVWHU FHQWHU DV D UHSUHVHQWDWLYH IUDPH� 7KH VKRW WR

ZKLFK WKH UHSUHVHQWDWLYH IUDPH EHORQJV LV WKH

UHSUHVHQWDWLYH VKRW RI WKH FOXVWHU� )RU HDFK VFHQH� ZH

GHWHFW VHYHUDO UHSUHVHQWDWLYH VKRWV� 7KLV LV VKRZQ LQ

)LJXUH ��

7R GHWHFW GLDORJXHV LQ WKH VFHQH� ZH QDPH WKH VKRWV

LQ WKH VFHQH ZLWK D VHTXHQFH RI ODEHOV �RU V\PEROV� E\

DVVLJQLQJ WKH VDPH ODEHO IRU WKH VKRWV LQ WKH VDPH FOXVWHU�

7KH GLDORJXH GHWHFWLRQ LV GRQH E\ FRXQWLQJ WKH QXPEHU RI

FR�RFFXUUHQFH SDWWHUQV� )LJXUH � VKRZV DQ H[DPSOH� 7KH

ODEHO LQ WKH VFHQH LV VRUWHG E\ WKH RFFXUUHQFH FRXQWV LQ

GHVFHQGLQJ RUGHU� )URP WKH ILUVW RQH� ZH GHWHFW FR�

RFFXUUHQFH SDWWHUQV� ,Q )LJXUH �� ³/´ KDV WKH ODUJHVW

RFFXUUHQFH FRXQW RI �� :H FRPSXWH WKH FRXQW RI FR�

RFFXUUHQFH SDWWHUQ 3�L�M� ZKHUH L LV / DQG M LV 0 RU . ZLWK

G  � RU �� 7KH FR�RFFXUUHQFH SDWWHUQ ³/0´ RU ³/;0´

RFFXUV WKUHH WLPHV� 6LQFH LW LV ODUJHU WKDQ RQH� WKH

LQWHUDFWLRQ LV FKHFNHG DV ³�´� 6R� VKRW ³/´ DQG VKRW ³0´

KDYH LQWHUDFWLRQV� 1H[W� ZH GHWHFW FR�RFFXUUHQFH SDWWHUQV

XVLQJ ³0´ EHFDXVH ³0´ KDV WKH VHFRQG ODUJHVW RFFXUUHQFH

FRXQW� :H ILQG WKDW WKH VKRW ³0´ DQG WKH VKRW ³/´ KDYH

LQWHUDFWLRQV� 7KLV GLDORJXH GHWHFWLRQ DOJRULWKP KDV DQ

DFFXUDF\ RI �� � LQ WZR ���PLQXWH GUDPDV� (UURUV DUH

XVXDOO\ JHQHUDWHG IURP WKH LQFRUUHFW FOXVWHULQJ UHVXOW�
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5HSUHVHQWDWLYH

VKRW

5HSUHVHQWDWLYH VKRW

5HSUHVHQWDWLYH VKRW

)LJXUH �� &OXVWHULQJ UHVXOW LQ D VFHQH

7KH JOREDO FRQWH[WXDO LQIRUPDWLRQ LV FRPSXWHG E\

VLPLODULW\ DQG UHODWLYH LPSRUWDQFH RI VFHQHV LQ YLGHR� 7R

FRPSXWH VLPLODULW\ EHWZHHQ VFHQHV� ZH SHUIRUP

KLHUDUFKLFDO FOXVWHULQJ RQ VFHQHV DQG D GHQGURJUDP LV

IRUPHG� ,I WKH GLVVLPLODULW\ YDOXH LQ WKH FOXVWHULQJ SURFHVV

LV ODUJHU WKDQ WKUHVKROG 7V� ZH VWRS FOXVWHULQJ SURFHVV� %\

GRLQJ WKLV� WKH GHQGURJUDP LV QRW IRUPHG� ,Q GUDPD��� ZH

REWDLQ � FOXVWHUV� )RU HDFK FOXVWHU� WKH VFHQHV¶ OHQJWK� WKH

QXPEHU RI GRPLQDQW REMHFWV� DQG VFHQH¶V PRWLRQ DUH

FRPSXWHG� :H GHWHFW GRPLQDWLQJ VFHQHV XVLQJ UHODWLYH

LPSRUWDQFH PHDVXUH DV VWDWHG LQ 6HFWLRQ ������ 7KH

GRPLQDWLQJ VFHQHV KDYH LQWHUDFWLRQV� ODUJH QXPEHU RI

GRPLQDWLQJ REMHFWV DQG ORQJ GXUDWLRQ� 7KH\ DUH WKH EDVLV

LQ WKH VHOHFWLRQ RI PHDQLQJIXO VKRWV IRU FRQVWUXFWLQJ YLGHR

DEVWUDFWV� 7KHUHIRUH� WKH FRQWH[WXDO LQIRUPDWLRQ DW WKH
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VFHQH�OHYHO LV LPSRUWDQW IRU YLGHR DEVWUDFWLRQ SURFHVV�
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)LJXUH �� $Q H[DPSOH RI GLDORJXH GHWHFWLRQ�
�

�
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,Q WKLV SDSHU� ZH GLVFXVV D QHZ VFHQH�OHYHO DQDO\VLV

PHWKRG IRU YLGHR DEVWUDFWLRQ� 7R XQGHUVWDQG YLGHR GDWD

VHPDQWLFDOO\� ZH FRPSXWH ORFDO DQG JOREDO FRQWH[WXDO

LQIRUPDWLRQ DW WKH VFHQH�OHYHO� :H GHILQH WKH ORFDO VFHQH

FRQWH[W DV WKH FRQWH[W ZLWKLQ WKH VFHQH VXFK DV WKH VKRWV¶

FRKHUHQFHV DQG WKHLU LQWHUDFWLRQV LQ WKH VFHQH� :H DOVR

GHILQH WKH JOREDO VFHQH FRQWH[W DV WKH FRQWH[W RI LQWHU�

VFHQHV VXFK DV WKH VLPLODULW\ DQG UHODWLYH LPSRUWDQFH RI

WKH VFHQHV LQ FRPSRVLQJ YLGHR GDWD� 8VLQJ FRQWH[WXDO

LQIRUPDWLRQ� GRPLQDWLQJ VFHQHV FDQ EH VHOHFWHG IRU YLGHR

DEVWUDFWLRQ� )URP GRPLQDWLQJ VFHQHV� PHDQLQJIXO VKRWV

DUH VHOHFWHG WR FRQVWUXFW YLGHR DEVWUDFWV�

7KHUH DUH VWLOO VRPH OLPLWDWLRQV WR SUDFWLFDOO\ UHDOL]H

YLGHR DEVWUDFWLRQ SURFHGXUH� 7KH ILUVW OLPLWDWLRQ LV WKDW LW

LV YHU\ GLIILFXOW WR GHYHORS D V\VWHP ZKLFK FDSWXUHV

PHDQLQJIXO VKRWV DXWRPDWLFDOO\ EHFDXVH PHDQLQJIXO VKRWV

DUH GHFLGHG E\ WKH XVHU¶V SHUFHSWLRQ RU DIIHFWLRQ� 7KLV LV

GXH WR WKH IDFW WKDW WKH PHDQLQJIXOQHVV LQ KXPDQ EHLQJV LV

YHU\ VXEMHFWLYH� 6R� LW LV QRW DQ HDV\ WDVN WR PDNH DQ

DXWRPDWHG DEVWUDFWLRQ SURFHVV VXFK WKDW VLPLODU

DEVWUDFWLRQ UHVXOWV DUH JHQHUDWHG ERWK PDQXDOO\ DQG

DXWRPDWLFDOO\� $QRWKHU OLPLWDWLRQ LV WKDW WKH HYDOXDWLRQ

SURFHGXUH LV DOVR VXEMHFWLYH� 7KDW LV� WKHUH LV QR REMHFWLYH

JURXQG WUXWK IRU WKH HYDOXDWLRQ��

(�������)
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7KLV ZRUN LV IXQGHG E\ 8QLYHUVLW\ 5HVHDUFK 3URJUDP

VXSSRUWHG E\ 0LQLVWU\ RI ,QIRUPDWLRQ 	 &RPPXQLFDWLRQ

LQ 5HSXEOLF RI .RUHD�

�

�

+������������

�
>�@ 5� /LHQKDUW� 6� 3IHLIIHU� DQG 9� (IIHOVEHUJ� ³9LGHR

$EVWUDFWLQJ�´ &RPP� RI $&0� 9RO� ��� 1R� ��� SS� ���

��� 'HF� �����

>�@ 0� &KULVWDO� 0� 6PLWK� &� 7D\ORU DQG '� :LQNOHU�

³(YROYLQJ 9LGHR 6NLPV LQWR 8VHIXO 0XOWLPHGLD

$EVWUDFWLRQV�´ 3URF� &+,¶��� SS� �������� �����

>�@ $� +DQMDOLF DQG +� =KDQJ� ³$Q ,QWHJUDWHG 6FKHPH IRU

$XWRPDWHG 9LGHR $EVWUDFWLRQ %DVHG RQ 8QVXSHUYLVHG

&OXVWHU�9DOLGLW\ $QDO\VLV�´ ,((( 7UDQV� &LU� 	 6\V� IRU

9LGHR 7HFK�� 9RO� �� 1R� �� SS� ���������� 'HF� �����

>�@ 0� <HXQJ� %� <HR DQG %� /LX� ³6HJPHQWDWLRQ RI 9LGHR

E\ &OXVWHULQJ DQG *UDSK $QDO\VLV�´ &RPSXWHU 9LVLRQ DQG

,PDJH 8QGHUVWDQGLQJ� 9RO� ��� 1R� �� SS� ������� �����

>�@ 6� 8FKLKDVKL� -� )RRWH� $� *LUJHQVKRQ� DQG -� %RUHF]N\�

³9LGHR 0DQJD� *HQHUDWLQJ 6HPDQWLFDOO\ 0HDQLQJIXO

9LGHR 6XPPDULHV�´ 3URF� $&0 00¶��� �����

>�@ 6� 3HLIIHU� 5� /LHQKDUW� 6� )LVKHU� DQG :� (IIHOVEHUJ�

³$EVWUDFWLQJ 'LJLWDO 0RYLHV $XWRPDWLFDOO\� ´ ,QW� -RXU�

9LVXDO &RPPXQLFDWLRQ DQG ,PDJH 5HSUHVHQWDWLRQ� 9RO� ��

1R� �� SS� �������� �����

>�@ 1� %DEDJXFKL� ³7RZDUGV $EVWUDFWLQJ 6SRUWV 9LGHR E\

+LJKOLJKWV�´ 3URF� ,&0(¶��� 1HZ <RUN� 1<� $XJ� �����

>�@ 0� .LP� -� &KRL� '� .LP� +� /HH� &� $KQ DQG <� +R�

³$ 923 *HQHUDWLRQ 7RRO� $XWRPDWLF 6HJPHQDWLRQ RI

0RYLQJ 2EMHFWV LQ ,PDJH 6HTXHQFHV %DVHG RQ 6SDWLR�

7HPSRUDO ,QIRUPDWLRQ�´ ,((( 7UDQV� &LU� 6\V� IRU 9LGHR

7HFK�� 9RO� �� 1R� �� SS� ���������� 'HF� �����

>�@ %� '� /XFDV DQG 7� .DQDGH� ³$Q ,WHUDWLYH 7HFKQLTXH RI

,PDJH 5HJLVWUDWLRQ DQG ,WV $SSOLFDWLRQ WR 6WHUHR�´ 3URF�

,-$&,� SS� �������� �����

>��@ +� ±%� .DQJ� ³.H\ )UDPH 6HOHFWLRQ XVLQJ 5HJLRQ

,QIRUPDWLRQ DQG ,WV 7HPSRUDO 9DULDWLRQV�´ 3URF� ,06$¶���

1DVVDX� *UDQG %DKDPDV� SS� ������ 2FW� �����

>��@ +� 6XQGDUDP DQG 6� &KDQJ� ³'HWHUPLQLQJ

&RPSXWDEOH 6FHQHV LQ )LOPV DQG 7KHLU 6WUXFWXUHV XVLQJ

$XGLR�9LVXDO 0HPRU\ 0RGHOV�´ 3URF� $&0 00¶���

�����

>��@ (� *URVH� 5� -RKQVRQEDXJK DQG 6� -RVW� 3DWWHUQ

5HFRJQLWLRQ DQG ,PDJH $QDO\VLV� 3UHQWLFH +DOO 375� �����

>��@ +� ±%� .DQJ� ³&RQWLQXRXV 9LGHR &RKHUHQFH

&RPSXWLQJ 0RGHO IRU 'HWHFWLQJ 6FHQH %RXQGDULHV�´ 63,(

3URF� ,QWHUQHW 0XOWLPHGLD 0DQDJHPHQW 6\VWHPV ,,�

'HQYHU� &2� SS� ���� $XJ� �����


