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7RGD\ WKHUH LV D UHODWLYHO\ ODUJH ERG\ RI
ZRUN RQ DXWRPDWLF DFTXLVLWLRQ RI OH[LFR�
V\QWDFWLFDO SUHIHUHQFHV �VXEFDWHJRUL]DWLRQ�
IURP FRUSRUD� 9DULRXV WHFKQLTXHV KDYH EHHQ
GHYHORSHG WKDW QRW RQO\ SURGXFH PDFKLQH�
UHDGDEOH VXEFDWHJRUL]DWLRQ GLFWLRQDULHV EXW
DOVR WKH\ DUH FDSDEOH RI ZHLJKLQJ WKH
YDULRXV VXEFDWHJRUL]DWLRQ IUDPHV
SUREDELOLVWLFDOO\� &OHDUO\ WKHUH VKRXOG EH D
SRWHQWLDO WR XVH VXFK ZHLJKWHG OH[LFDO
LQIRUPDWLRQ WR LPSURYH VWDWLVWLFDO SDUVLQJ�
WKRXJK SXEOLVKHG H[SHULPHQWV SURYLQJ �RU
GLVSURYLQJ� VXFK K\SRWKHVLV DUH
FRPSDUDWLYHO\ UDUH� 2QH H[SHULPHQW LV
GHVFULEHG LQ �&DUUROO HW DO�� ����� ² WKH\
XVH VXEFDWHJRUL]DWLRQ SUREDELOLWLHV IRU
UDQNLQJ WUHHV JHQHUDWHG E\ XQLILFDWLRQ�EDVHG
SKUDVDO JUDPPDU� 7KH SUHVHQW SDSHU� RQ WKH
RWKHU KDQG� LQYROYHV D VWDWLVWLFDO GHSHQGHQF\
SDUVHU� $OWKRXJK GHSHQGHQF\ DQG
FRQVWLWXHQF\ SDUVLQJ DUH RI TXLWH D GLIIHUHQW
QDWXUH� ZH VKRZ WKDW D VXEFDWHJRUL]DWLRQ
PRGHO LV RI PXFK XVH KHUH DV ZHOO�

,QWURGXFWLRQ

/DUJH�VFDOH PDFKLQH�UHDGDEOH GLFWLRQDULHV DUH
EHFRPLQJ DYDLODEOH DV JURZV WKH VFDOH RI
FRUSRUD DEOH WR VHUYH DV VRXUFH RI VXFK
GLFWLRQDULHV DQG WKH YDULDELOLW\ RI WHFKQLTXHV IRU
H[WUDFWLQJ OH[LFDO LQIRUPDWLRQ IURP WKH FRUSRUD
DXWRPDWLFDOO\� 7KH UHVXOWLQJ GLFWLRQDULHV EHDU
�DPRQJ RWKHUV� GDWD RQ YHUE VXEFDWHJRUL]DWLRQ
�L�H� W\SHV RI DUJXPHQWV WKH SDUWLFXODU YHUE
UHTXLUHV� DV RSSRVHG WR DGMXQFWV WKDW FDQ PRGLI\
DQ\ YHUE�� 2IWHQ VXFK GDWD DUH DFFRPSDQLHG E\
WKH UHODWLYH IUHTXHQFLHV RI WKH DOWHUQDWLYHV�
9DULRXV OH[LFDOLVHG JUDPPDUV KDYH EHHQ
SURSRVHG �5HVQLN ����� 6FKDEHV ����� &DUUROO

DQG :HLU ����� WKDW WDNH DGYDQWDJH RI
VXEFDWHJRUL]DWLRQ LQIRUPDWLRQ� &DUUROO HW DO�
������ UHSRUW RQ DQ H[SHULPHQW ZKHUH YHUE
IUDPHV ZHUH XVHG WR UH�UDQN DQDO\VHV DIWHU
SDUVLQJ� +RZHYHU� HYHQ WKH\ GLG QRW HPSOR\ WKH
VXEFDWHJRUL]DWLRQ GLUHFWO\ GXULQJ SDUVLQJ�

,Q WKLV SDSHU� ZH YLHZ WKH FRQWULEXWLRQ RI
VXEFDWHJRUL]DWLRQ IUDPHV WR SDUVLQJ IURP D
GLIIHUHQW SHUVSHFWLYH� 7KH PRGHO ODQJXDJH RI
RXUV LV &]HFK� 6LQFH &]HFK EHORQJV WR WKH SDUW RI
WKH ZRUOG ZKHUH WKH GHSHQGHQF\ IUDPHZRUN LV
SRSXODU� RXU SDUVHU LV EDVHG RQ D VWDWLVWLFDO
GHSHQGHQF\ PRGHO� ,QVWHDG RI XVLQJ D JUDPPDU
DQG UHFRQVWUXFWLQJ VHQWHQFH VWUXFWXUH DV D VLGH
HIIHFW RI WKH SURFHVV RI VHQWHQFH GHULYDWLRQ� WKH
SDUVHU GLUHFWO\ FRQVLGHUV SRVVLEOH GHSHQGHQFLHV
EHWZHHQ ZRUGV DQG WKHLU SUREDELOLWLHV� 8SRQ
VXFK LQIRUPDWLRQ LW FRQVHTXHQWO\ EXLOGV WKH
RSWLPDO GHSHQGHQF\ VWUXFWXUH �WUHH�� 7KH
GHSHQGHQF\ SDUVHU FDQ EH OH[LFDOL]HG VLPSO\ E\
PRGHOLQJ WKH ZRUG GHSHQGHQFLHV LQVWHDG RI
GHSHQGHQFLHV RI PRUSKRORJLFDO WDJV� :H DUJXH
WKDW D ³VPDUW´ OH[LFDOL]DWLRQ GULYHQ E\
VXEFDWHJRUL]DWLRQ OHDGV WR IDU EHWWHU UHVXOWV WKDQ
WKH RQH PHQWLRQHG DERYH�

� %DFNJURXQG

��� 9HUE 6XEFDWHJRUL]DWLRQ LQ &]HFK

&]HFK LV D ³IUHH ZRUG�RUGHU´ ODQJXDJH� 7KLV
PHDQV WKDW WKH DUJXPHQWV RI D YHUE GR QRW KDYH
IL[HG SRVLWLRQV DQG DUH QRW JXDUDQWHHG WR EH LQ D
SDUWLFXODU FRQILJXUDWLRQ ZLWK UHVSHFW WR WKH YHUE�

7KH H[DPSOHV EHORZ VKRZ WKDW ZKLOH
&]HFK KDV D UHODWLYHO\ IUHH ZRUG�RUGHU VRPH
RUGHUV DUH VWLOO PDUNHG� 7KH 692� 296� 629�
DQG 269 RUGHUV LQ �� �� �� DQG � UHVSHFWLYHO\�
GLIIHU LQ HPSKDVLV EXW KDYH WKH VDPH SUHGLFDWH�
DUJXPHQW VWUXFWXUH� 7KH H[DPSOHV � DQG � FDQ
RQO\ EH LQWHUSUHWHG DV D TXHVWLRQ� 6XFK ZRUG



RUGHUV UHTXLUH SURSHU LQWRQDWLRQ LQ VSHHFK� RU D
TXHVWLRQ PDUN LQ WH[W�

7KH H[DPSOH � GHPRQVWUDWHV KRZ
PRUSKRORJ\ LV LPSRUWDQW LQ LGHQWLI\LQJ WKH
DUJXPHQWV RI WKH YHUE� &I� � ZLWK �� 7KH HQGLQJ
�D RI 0DUWLQ LV WKH RQO\ GLIIHUHQFH EHWZHHQ WKH
WZR VHQWHQFHV� ,W KRZHYHU FKDQJHV WKH
PRUSKRORJLFDO FDVH RI 0DUWLQ DQG WXUQV LW IURP
VXEMHFW LQWR REMHFW� &]HFK KDV � FDVHV WKDW FDQ EH
GLVWLQJXLVKHG PRUSKRORJLFDOO\�

�� 0DUWLQ RWYtUi VRXERU�
�692� ³0DUWLQ RSHQV WKH ILOH�´�

�� 6RXERU RWYtUi 0DUWLQ�

�296 z ³7KH ILOH RSHQV 0DUWLQ�´�
�� 0DUWLQ VRXERU RWYtUi�
�� 6RXERU 0DUWLQ RWYtUi�
�� � 2WYtUi 0DUWLQ VRXERU�
�� � 2WYtUi VRXERU 0DUWLQ�
�� 6RXERU RWYtUi 0DUWLQD�

� ³7KH ILOH RSHQV 0DUWLQ�´�

$V ZH MXVW GHPRQVWUDWHG� WKH FDVHV GLVWLQJXLVK
EHWZHHQ VXEMHFW DQG REMHFW� 6LPLODUO\ WKH\ DOORZ
IRU D GLVWLQFWLRQ DPRQJ GLIIHUHQW VRUWV RI REMHFWV
DQG� PRVW LPSRUWDQWO\� LQ VHQWHQFHV FRQWDLQLQJ
PRUH WKDQ RQH YHUE WKH FDVHV KHOS D ORW WR
UHVROYH ZKLFK DUJXPHQW EHORQJV WR ZKLFK YHUE�
7KH\ WKXV IRUP DQ LQWHJUDO SDUW RI YHUE
VXEFDWHJRUL]DWLRQ DQG PXVW EH HQFRGHG LQ
VXEFDWHJRUL]DWLRQ GDWD� 7KHUHIRUH WKH &]HFK
IUDPHV FRQWDLQ HOHPHQWV VXFK DV 1�«1� UDWKHU
WKDQ VLPSOH 13�

)RU H[WUDFWLQJ VXEFDWHJRUL]DWLRQ IUDPHV�
SUHSRVLWLRQV LQ &]HFK KDYH WR EH KDQGOHG
FDUHIXOO\� ,Q VRPH IUDPHV� D SDUWLFXODU
SUHSRVLWLRQ LV UHTXLUHG E\ WKH YHUE� ZKLOH LQ
RWKHUV LW LV D FODVV RI SUHSRVLWLRQV VXFK DV
ORFDWLYH SUHSRVLWLRQV �H�J� LQ� RQ� EHKLQG� «�
WKDW DUH UHTXLUHG E\ WKH YHUE� ,Q FRQWUDVW�
DGMXQFWV FDQ XVH D ZLGHU YDULHW\ RI SUHSRVLWLRQV�
3UHSRVLWLRQV VSHFLI\ WKH FDVH RI WKHLU QRXQ
SKUDVH FRPSOHPHQWV EXW VRPH SUHSRVLWLRQV FDQ
WDNH FRPSOHPHQWV ZLWK PRUH WKDQ RQH FDVH
PDUNLQJ ZLWK D GLIIHUHQW PHDQLQJ IRU HDFK FDVH
�H�J� QD PRVW�  RQ WKH EULGJH� QD PRVW  RQWR
WKH EULGJH�� ,Q JHQHUDO� YHUEV VHOHFW QRW RQO\ IRU
SDUWLFXODU SUHSRVLWLRQV EXW DOVR LQGLFDWH WKH FDVH
PDUNLQJ IRU WKHLU QRXQ SKUDVH FRPSOHPHQWV�

+HUH DUH VRPH H[DPSOHV RI WKH IUDPHV�

)UDPH 'HVFULSWLRQ ([DPSOH

1� GLUHFW REMHFW LQ
DFFXVDWLYH

QHVH ]DYD]DGOR
³KH FDUULHV
OXJJDJH´

1� 1� GLWUDQVLWLYH ²
DFFXVDWLYH DQG
GDWLYH REMHFWV

GDO EUDWURYL NQLKX
³KH JDYH D ERRN
WR KLV EURWKHU´

VH 1� UHIOH[LYH SDUWLFOH
VH DQG D JHQLWLYH
REMHFW

ERMt VH P� ³KH LV
IULJKWHQHG RI PH´

9,1) LQILQLWLYH �ZLWK
PRGDO YHUEV�

PXVt RGHMtW ³KH
KDV WR OHDYH´

5��Y� 33 ZLWK WKH SUHS�
Y JRYHUQLQJ DQ
13 LQ DFFXVDWLYH

Y��t Y %RKD ³KH
EHOLHYHV LQ *RG´

-6�åH� FODXVH VWDUWLQJ
ZLWK åH ³WKDW´

�HNO� åH WR Yt ³KH
VDLG KH NQHZ LW´

3XEOLVKHG VRXUFHV VXJJHVW WKDW &]HFK YHUEV FDQ
EH VXEFDWHJRUL]HG LQWR PRUH WKDQ ��� FODVVHV
�6DUNDU DQG =HPDQ� ������

��� 6XEFDWHJRUL]DWLRQ $FTXLVLWLRQ

3UHOLPLQDU\ ZRUN RQ VXEFDWHJRUL]DWLRQ IUDPH
H[WUDFWLRQ IURP FRUSRUD ZDV GRQH E\ %UHQW
������ ����� ������ 8VKLRGD HW DO� ������� DQG
0DQQLQJ ������� 7KH\ DOO XVH 3R6 WDJJHG
FRUSRUD DQG ILQLWH VWDWH VKDOORZ SDUVHUV WKDW
VHDUFK WKH FRUSRUD IRU SRVVLEOH IUDPHV� %UHQW
DQG 0DQQLQJ WKHQ XVH WKH K\SRWKHVLV WHVWLQJ
PHWKRG WR GHFLGH ZKHWKHU D YHUE�IUDPH FR
RFFXUUHQFH ZDV VLJQLILFDQW RU RQO\ DFFLGHQWDO�
8VKLRGD HW DO� XVH KHXULVWLFV WR PDNH WKH
GHFLVLRQ� 7KH\ DOVR FROOHFW IUHTXHQFLHV RI
UHVSHFWLYH SDWWHUQV� 0DQQLQJ FRYHUV WKH ELJJHVW
QXPEHU RI YHUEV ² ���� ² DQG LQ KLV
FRPSDULVRQ RI WKH HQWULHV IRU WKH PRVW FRPPRQ
�� ZLWK D KDQG�PDGH GLFWLRQDU\ KH DFKLHYHG D
SUHFLVLRQ RI ��� DQG UHFDOO RI ���� $OO WKUHH
DXWKRUV VXSSRVH WKH VHW RI SRVVLEOH FDWHJRULHV LV
UHODWLYHO\ VPDOO DQG NQRZQ LQ DGYDQFH� %ULVFRH
DQG &DUUROO ������ DOVR KDYH D SUHGHILQHG VHW EXW
LW FRQWDLQV ��� GLIIHUHQW IUDPHV�

*DKO ������ SUHVHQWV DQ 5(�EDVHG
H[WUDFWLRQ WRRO WKDW FUHDWHV VXEFRUSRUD RI WKH
%1& FRQWDLQLQJ GLIIHUHQW VXEFDWHJRUL]DWLRQ
IUDPHV IRU YHUEV� QRXQV DQG DGMHFWLYHV� 7KH
UHVXOWLQJ VXEFRUSRUD FDQ EH XVHG WR GHWHUPLQH
WKH �UHODWLYH� IUHTXHQFLHV RI WKH IUDPHV�

&DUUROO DQG 5RRWK ������ XVH DQ LWHUDWLYH
DSSURDFK� WKH\ VWDUW IURP D PDQXDOO\�GHYHORSHG



FRQWH[W�IUHH JUDPPDU� WUDLQ D SUREDELOLVWLF
YHUVLRQ RI WKH JUDPPDU OH[LFDOL]HG RQ UXOH
KHDGV� WKHQ HPSOR\ WKH (0 DOJRULWKP WR
FDOFXODWH WKH H[SHFWHG IUHTXHQFLHV RI D KHDG
ZRUG DFFRPSDQLHG E\ D SDUWLFXODU IUDPH� DQG
ILQDOO\ IHHG WKH IUHTXHQFLHV EDFN LQWR WKH
JUDPPDU DQG UHSHDW WKH SUHYLRXV VWHSV� $W WKH
VDPH WLPH WKHLU SDUVHU FDQ EH YLHZHG DV RQH RI
WKH ILUVW DWWHPSWV WR XVH WKH OHDUQHG
VXEFDWHJRUL]DWLRQ IRU SDUVLQJ EXW WKH\ JLYH QR
ILJXUHV RQ KRZ WKH SDUVLQJ DFFXUDF\ LPSURYHG�
&KLDQJ ������ GRHV XVH VXEFDW LQIRUPDWLRQ
�H[WUDFWHG IURP WKH 3HQQ 7UHHEDQN FRUSXV� IRU
VWDWLVWLFDO SDUVLQJ� +H GRHV QRW HYDOXDWH WKH
VSHFLILF FRQWULEXWLRQ PDGH E\ WKH VXEFDW
LQIRUPDWLRQ�

$OO SDSHUV PHQWLRQHG VR IDU UHSRUW
H[SHULPHQWV ZLWK (QJOLVK� $GGLWLRQDO UHVXOWV
KDYH EHHQ SXEOLVKHG IRU ,WDOLDQ �%DVLOL DQG
9LQGLJQL ������ *UHHN �.HUPDQLGRX HW DO�
������ DQG &]HFK �6DUNDU DQG =HPDQ� ������
6DUNDU DQG =HPDQ FRPSDUH WKUHH GLIIHUHQW
VWDWLVWLFDO PHWKRGV IRU PHDVXULQJ IUDPH
UHOHYDQFH� K\SRWKHVLV WHVWLQJ DXJPHQWHG ZLWK D
QHZ VXEIUDPH VHDUFKLQJ WHFKQLTXH� WKH ORJ�
OLNHOLKRRG UDWLR DQG WKH W�VFRUHV� .RUKRQHQ HW DO�
������ JLYH DQRWKHU FRPSDULVRQ RI PHDVXULQJ
PHWKRGV� LQFOXGLQJ VLPSOH UHODWLYH IUHTXHQF\� ,Q
RXU H[SHULPHQW ZH UHXVH WKH &]HFK V\VWHP RI
6DUNDU DQG =HPDQ �������

��� 6WDWLVWLFDO 0RGHOLQJ RI 'HSHQGHQFLHV�
WKH 3DUVHU

2XU SDUVHU LV D FORQH RI WKH RQH GHVFULEHG LQ
=HPDQ ������ DQG =HPDQ LQ �+DMLþ� %ULOO HW DO�
������ ,W XVHV D GHSHQGHQF\ WUHHEDQN WR OHDUQ
GHSHQGHQFLHV EHWZHHQ PRUSKRORJLFDO �3R6� WDJV
RI ZRUGV �WKH QRQ�OH[LFDOL]HG YHUVLRQ�� DSWO\ WKH
OHPPDV RU WKH ZRUG IRUPV WKHPVHOYHV
�OH[LFDOL]HG YHUVLRQ�� ,QVWHDG RI XVLQJ WKH
FRPSOHWH &]HFK WDJ VHW �DV GHVFULEHG LQ +DMLþ�
����� ZH XVH D UHGXFHG WZR�OHWWHU WDJ VHW
�&ROOLQV LQ +DMLþ� %ULOO HW DO� ����� ZKLFK LV
PRUH VXLWDEOH IRU SDUVLQJ� 7KH WRWDO QXPEHU RI
���� GLIIHUHQW WDJV IRXQG LQ WKH WUDLQLQJ FRUSXV
GURSSHG WR ���

7KH SDUVHU PDLQWDLQV D WDEOH RI DOO
GHSHQGHQFLHV EHWZHHQ ZRUGV RI SDUWLFXODU
PRUSKRORJLFDO FDWHJRU\ �H�J� EHWZHHQ D QRXQ LQ

QRPLQDWLYH FDVH �1�� DQG DQ DGMHFWLYH LQ WKH

VDPH FDVH �$��� WRJHWKHU ZLWK WKHLU UHODWLYH

IUHTXHQFLHV� :KHQ DSSOLHG WR D UDZ WH[W LW ILUVW
GHWHUPLQHV WKH SRVVLEOH GHSHQGHQFLHV� 7KHQ LW
HVWLPDWHV WKH SUREDELOLWLHV RI WKH GHSHQGHQFLHV
DV WKHLU UHODWLYH IUHTXHQFLHV� $QG WKHQ LW
SHUIRUPV D VWDFN VHDUFK WR ILQG D WUHH ZLWK WKH
KLJKHVW SRVVLEOH SURGXFW RI GHSHQGHQF\
SUREDELOLWLHV�

7KLV VLPSOH PHFKDQLVP LWVHOI LV WRR ZHDN
WR EXLOG FRUUHFW GHSHQGHQF\ VWUXFWXUHV� 6HYHUDO
FRQVWUDLQWV DUH GHILQHG WR PDNH WKH SDUVHU ZRUN�
2QH RI VXFK FRQVWUDLQWV LV SURMHFWLYLW\�

����� 3URMHFWLYLW\

3URMHFWLYLW\ LV D SURSHUW\ WKDW FRPELQHV WUHH
VWUXFWXUH DQG WKH ZRUG RUGHU LQ VHQWHQFH� $
GHSHQGHQF\ $�% �ZKHUH $ LV WKH JRYHUQLQJ
QRGH� LV SURMHFWLYH LI DQG RQO\ LI DOO WKH ZRUGV
WKDW DUH SODFHG EHWZHHQ $ DQG % DUH LQFOXGHG LQ
WKH VXEWUHH RI $� ,I WKH WUHH LV GLVSOD\HG VR WKDW
WKH [�FRRUGLQDWHV RI QRGHV FRUUHVSRQG WR WKH
ZRUG RUGHU� HDFK QRQ�SURMHFWLYH GHSHQGHQF\
ZLOO FURVV DW OHDVW RQH SHUSHQGLFXODU IURP
DQRWKHU QRGH �LW ZLOO QRW QHFHVVDULO\ FURVV
DQRWKHU GHSHQGHQF\��

3URMHFWLYLW\ LV DQ LPSRUWDQW DWWULEXWH RI WKH
ZRUG RUGHU� ,W GRHV QRW GHSHQG RQ WKH OHQJWK RI
WKH SKUDVHV EXW LW VWLOO DOORZV XV WR GLVWLQJXLVK
³QRUPDO´ VHQWHQFH VWUXFWXUHV IURP WKH ³ZLOG´
RQHV� :H GHOLEHUDWHO\ GR QRW FDOO WKHP
³LQFRUUHFW´ EHFDXVH QRW DOO QRQ�SURMHFWLYH
GHSHQGHQFLHV DUH HUURUV LQ &]HFK�� 1HYHUWKHOHVV
VXFK GHSHQGHQFLHV DUH TXLWH UDUH� +DMLþ HW DO�
������ FRXQWHG RQO\ ��� � RI GHSHQGHQFLHV LQ D
������VHQWHQFHV FRUSXV EHLQJ QRQ�SURMHFWLYH��

6LQFH WKH DFFXUDF\ RI RXU SDUVHU LV IDU IURP
���� �� LW LV XVHIXO WR UHTXLUH LQ RXU H[SHULPHQWV
WKDW DOO WKH GHSHQGHQFLHV JHQHUDWHG E\ WKH SDUVHU
EH SURMHFWLYH� 8QOLNH WKH =HPDQ¶V ���� SDUVHU�
RXU YHUVLRQ HQIRUFHV SURMHFWLYLW\ E\ FRQQHFWLQJ

� 1RWH KRZHYHU WKDW QRQ�SURMHFWLYH FRQVWUXFWLRQV
FDQQRW EH GHVFULEHG E\ DQ RUGLQDU\ FRQWH[W�IUHH

JUDPPDU�
� 7KH FRUSXV XVHG WR PHDVXUH QRQ�SURMHFWLYLW\ ZDV D
SDUW RI WKH 3UDJXH 'HSHQGHQF\ 7UHHEDQN �3'7� VHH
%|KPRYi HW DO��� 7KH DYHUDJH VHQWHQFH OHQJWK LQ WKLV
SDUW LV ���� ZRUGV �GHSHQGHQFLHV�� $ERXW ���� � RI
DOO WUHHV KDYH DOO GHSHQGHQFLHV SURMHFWLYH� 7KH
QXPEHU RI WUHHV WKDW FRQWDLQ RQH RU QR FURVVLQJ �QRQ�
SURMHFWLYH� GHSHQGHQF\ LV ���� � DQG WKH QXPEHU RI
WUHHV ZLWK DW PRVW WZR VXFK GHSHQGHQFLHV LV ���� ��



DW HDFK VWHS RQO\ QHLJKERULQJ FRPSRQHQWV �LQ
FHUWDLQ FRQILJXUDWLRQV� LQ D IRUHVW�

����� 'LUHFWLRQ DQG GLVWDQFH

)LQDOO\� WKHUH DUH WZR LPSRUWDQW IHDWXUHV WKDW
UHIOHFW WKH PXWXDO SRVLWLRQV RI WKH WZR
GHSHQGHQF\ PHPEHUV LQ WKH VHQWHQFH� 7KH ILUVW
RQH LV GLUHFWLRQ� 7KH PRGHO DVVLJQV VHSDUDWH
SUREDELOLWLHV WR D GHSHQGHQF\ ZKHUH WKH
GHSHQGLQJ QRGH LV �LQ WKH VHQWHQFH� WR WKH OHIW RI
WKH JRYHUQLQJ QRGH� DQG WR WKH VDPH GHSHQGHQF\
ZKHUH LW LV WR WKH ULJKW RI WKH JRYHUQLQJ QRGH�
)RU LQVWDQFH� D SUHSRVLWLRQ VWDQGV DOZD\V WR WKH
OHIW RI LWV GHSHQGHQW�

7KH VHFRQG WKLQJ LV GLVWDQFH� RU EHWWHU�
DGMDFHQF\� 7KH SDUVHU DVNV ZKHWKHU WKH WZR
QRGHV DUH DGMDFHQW LQ WKH VHQWHQFH RU QRW� ,I QRW�
LW IXUWKHU DVNV ZKHWKHU WKHUH LV DW OHDVW RQH
FRPPD EHWZHHQ WKH QRGHV RU QRW�� 6HSDUDWH
SUREDELOLW\ HVWLPDWHV DUH NHSW IRU DOO WKUHH
RSWLRQV�

� 7KH ([SHULPHQW

��� 7KH %DVHOLQH 3DUVHU

7KH EDVHOLQH SDUVLQJ V\VWHP FRPSULVHV�

x $ PRUSKRORJLFDO WDJJHU 	 OHPPDWL]HU
�+DMLþ DQG +ODGNi� ������ )RU HDFK
LQSXW ZRUG WKH WDJJHU SURGXFHV RQO\ WKH
VLQJOH KLJKHVW�UDQNHG WDJ� 0HDQ
DPELJXLW\ LV URXJKO\ ��� WDJV SHU ZRUG�
DQG VLQFH WKH DOWHUQDWLYHV RIWHQ GLIIHU LQ
FDVH� WKH HUURUV RI WKH WDJJHU VRPHWLPHV
YLRODWH SDUVLQJ DFFXUDF\� +DMLþ DQG
+ODGNi UHSRUW DQ RYHUDOO DFFXUDF\ RI
��� RI WKH WDJJHU RXWSXW� :H
DGGLWLRQDOO\ PHDVXUHG LWV SUHFLVLRQ RQ
WKH FDVH RI QRXQV WR EH ����

x $ WDJ PDSSLQJ WRRO IURP WKH VWDQGDUG
VHW WR WKH UHGXFHG WZR�OHWWHU VHW�

x $Q LQVWDQFH RI WKH SDUVHU GHVFULEHG LQ
VHFWLRQ ���� ZKLFK PRGHOV GHSHQGHQFLHV
VROHO\ RQ WKH PRUSKRORJLFDO WDJV�

x 7UDLQLQJ DQG WHVW WUHHEDQNV �RI �����
DQG ���� VHQWHQFHV UHVSHFWLYHO\�
GHULYHG DXWRPDWLFDOO\ IURP WKH 3UDJXH

� 7KLV FRPPD IHDWXUH LV DOVR QHZ LQ RXU YHUVLRQ RI
WKH =HPDQ¶V SDUVHU� ,W LV PRWLYDWHG E\ &ROOLQV ������
������

'HSHQGHQF\ 7UHHEDQN �3'7� %|KPRYi
HW DO� ������

&DUUROO HW DO� ������ WHVW WKHLU V\VWHP RQ D VXEVHW
RI WKH 6XVDQQH FRUSXV WKDW FRQWDLQV RQO\
VHQWHQFHV FRYHUHG E\ WKHLU JUDPPDU� 7KH\ DUJXH
WKDW D IDLU SURSRUWLRQ RI WKH UHVW DUH HOOLSWLFDO
QRXQ RU SUHSRVLWLRQDO SKUDVHV� IUDJPHQWV IURP
GLDORJXH DQG VR IRUWK� ZKLFK WKH\ GR QRW DWWHPSW
WR FRYHU� 7KH SDUVHU ZH XVHG LV E\ QDWXUH UREXVW
HQRXJK WR SDUVH DQ\ VHQWHQFH� DQG ZH JLYH WKH
UHVXOWV IRU DOO VHQWHQFHV LQ RXU (YDOXDWLRQ
6HFWLRQ� )RU WKH VDNH RI FRPSDULVRQ ZLWK &DUUROO
HW DO�� KRZHYHU� ZH DOVR UDQ WKH VDPH H[SHULPHQW
RQ GDWD ZKHUH ³ZHLUG´ VHQWHQFHV ZHUH QRW
SUHVHQW� 3'7 PDUNV HOOLSWLFDO FRQVWUXFWLRQV E\
WKH V\QWDFWLF WDJ (['� VR DQ\ VHQWHQFH
FRQWDLQLQJ D GHSHQGHQF\ PDUNHG WKLV ZD\ ZDV
QRW XVHG LQ WKH H[SHULPHQW� 0RUHRYHU� ZH DOVR
GURSSHG VHQWHQFHV ZLWK FRRUGLQDWLRQV RU
DSSRVLWLRQV EHFDXVH RXU FXUUHQW GHSHQGHQF\
PRGHO LV QRW ZHOO DGMXVWHG WR VXFK QRQ�
GHSHQGHQF\ UHODWLRQV� ,I ZH LQFOXGHG WKRVH
VHQWHQFHV� WKH UHVXOWV ZRXOG EH ELDVHG E\ HUURUV
WKDW KDYH QRWKLQJ WR GR ZLWK VXEFDWHJRUL]DWLRQ�
*HQUHV LQ WKH 3UDJXH 'HSHQGHQF\ 7UHHEDQN DUH
PL[HG RQO\ PLOGO\� 7KH PDMRULW\ LV QHZVZLUH
WH[W� WKH UHVW DUH EXVLQHVV UHSRUWV DQG VFLHQWLILF
ZULWLQJ� 7KH PHDQ VHQWHQFH OHQJWK LV �� ZRUGV�

��� ,QFRUSRUDWLQJ $FTXLUHG
6XEFDWHJRUL]DWLRQ ,QIRUPDWLRQ

&DUUROO HW DO� ������ XVH VXEFDWHJRUL]DWLRQ WR
UDQN WKH YDULRXV DQDO\VHV RI D VHQWHQFH DIWHU
SDUVLQJ LV GRQH� :H SURSRVH VHYHUDO OHYHOV RI
LQFRUSRUDWLQJ LW GLUHFWO\ LQWR WKH SDUVLQJ PHWKRG�

����� /H[LFDOL]HG 'HSHQGHQF\ 0RGHO

2QH FRXOG DUJXH WKDW HYHQ D OH[LFDOL]HG YHUVLRQ
RI WKH GHSHQGHQF\ PRGHO �L�H� D PRGHO RI ZRUG
GHSHQGHQFLHV� LQ FRQWUDVW WR WDJ GHSHQGHQFLHV�
LQKHUHQWO\ FRQWDLQV D SULPLWLYH VXEFDWHJRUL]DWLRQ
DFTXLVLWLRQ V\VWHP� 7KH SUREOHP LV WKDW
VXEFDWHJRUL]DWLRQ LQ VXFK V\VWHP KDV WRR OLWWOH
SRZHU WR FRPSHWH ZLWK RWKHU IDFWRUV� $Q\ OH[LFDO
GHSHQGHQF\ PRGHO QHHGV D YHU\ FDUHIXO
VPRRWKLQJ WR HQVXUH WKDW LW ZLOO LPSURYH WKH
UHVXOWV HYHQ D OLWWOH ELW� 7R LOOXVWUDWH WKLV� ZH
LQFOXGH LQ WKH UHVXOWV WKH SHUIRUPDQFH RI WKH
IROORZLQJ PRGHO� 3UREDELOLW\ RI HDFK
GHSHQGHQF\ LV HVWLPDWHG DV

� �
WZ

SSS OO �� � � ZKHUH SZ LV WKH



SUREDELOLW\ RI WKH ZRUG�ZRUG GHSHQGHQF\ DQG SW

LV WKH SUREDELOLW\ RI WKH WDJ�WDJ GHSHQGHQF\�

(PSLULFDOO\ ZH IRXQG WKH RSWLPDO YDOXH RI O WR
EH ��������� 6LQFH WKH YDOXH KDV WR EH GULYHQ
IURP KHOG�RXW GDWD� DQG LWV LPSDFW RQ WKH UHVXOWV
LV YHU\ ORZ �VHH WKH HYDOXDWLRQ VHFWLRQ�� LW LV
GRXEWIXO ZKHWKHU VXFK SODLQ OH[LFDOL]DWLRQ FDQ
KHOS DW DOO�

����� 6HOHFWLYH /H[LFDOL]DWLRQ

3UREDEO\ WKH VLPSOHVW VKLIW WRZDUGV
VXEFDWHJRUL]DWLRQ LV VHOHFWLYH OH[LFDOL]DWLRQ� 7KH
OH[LFDOL]HG PRGHO GHVFULEHG DERYH WRRN LQWR
DFFRXQW WKH OH[LFDO LQIRUPDWLRQ IRU ERWK HQGV RI
D GHSHQGHQF\� IRU WKH JRYHUQRU DV ZHOO DV WKH
GHSHQGHQW� DQG LW GLG VR IRU HDFK DQG HYHU\ SDLU
RI ZRUGV LQ WKH FRUSXV� ,Q FRQWUDVW� D
VXEFDWHJRUL]DWLRQ GLFWLRQDU\ GRFXPHQWV WKDW LQ
PDQ\ FDVHV RQO\ RQH PHPEHU RI WKH GHSHQGHQF\
�XVXDOO\ WKH JRYHUQRU ² YHUE� SRVVLEO\ DOVR
DGMHFWLYH RU QRXQ� LV GHWHUPLQHG OH[LFDOO\� ZKLOH
WKH RWKHU LV GHWHUPLQHG E\ LWV PRUSKRORJLFDO
FODVV� ,Q RWKHU FDVHV� WKH GHSHQGHQW QRGH KDV WR
EH OH[LFDOL]HG DV ZHOO �SUHSRVLWLRQV�
VXERUGLQDWLQJ FRQMXQFWLRQV OLNH åH ³WKDW´ HWF���

,Q RXU H[SHULPHQWV ZH OH[LFDOL]HG DOO
SUHSRVLWLRQV E\ UHSODFLQJ WKH FDVH PDUNHU LQ
WKHLU WDJ E\ WKHLU OHPPD� 7KXV� WKH 5� WDJ IRU N
³WR´ �PHDQLQJ WKDW LW LV D SUHSRVLWLRQ UHTXLULQJ D
QRXQ LQ GDWLYH� EHFRPHV 5N�� 6LPLODUO\ ZH
OH[LFDOL]H WDJV RI VXERUGLQDWLQJ FRQMXQFWLRQV �-�
IRU åH ³WKDW´ EHFRPHV -åH�� DGYHUEV RWKHU WKDQ
GHULYHG IURP DGMHFWLYHV �'E IRU YtFH ³PRUH´
EHFRPHV 'YtFH� DQG UHIOH[LYH SDUWLFOHV �3� IRU
VH EHFRPHV 3VH��

:H PXVW EH FDUHIXO ZKHQ DSSO\LQJ WKH
GHVFULEHG WHFKQLTXH WR JRYHUQLQJ YHUEV� 7KH
QXPEHU RI GLIIHUHQW YHUEV LV WRR ELJ WR UHSODFH
WKHLU WDJV E\ WKHLU OHPPDV� VR ZH FDQQRW VLPSO\
WUDQVLW IURP WKH WDJ 9% IRU YHUEV OLNH JLYH WR D
³OH[LFDOL]HG WDJ´ 9JLYH ² WKH WDJ GHSHQGHQF\
SUREDELOLWLHV ZRXOG ORVH WKHLU DELOLW\ WR VPRRWK
WKH PRGHO� 5DWKHU ZH VXP XS WKH OH[LFDO �9JLYH�
DQG QRQ�OH[LFDO �9%� SUREDELOLWLHV�� 7KLV LV D

� 7KH QXPEHU RI SUHSRVLWLRQDO WDJV UDLVHG IURP �

WR ���
� 1RWH WKDW WKLV GLIIHUV IURP WKH LQWHUSRODWLRQ
GHVFULEHG DERYH� 7KHUH ZH LQWHUSRODWHG SUREDELOLWLHV
RI ZKROH GHSHQGHQFLHV DQG WKH SDUWV ZHUH D ZRUG�
ZRUG GHSHQGHQF\ DQG D WDJ�WDJ GHSHQGHQF\� +HUH ZH
DOWHUQDWH RQO\ WKH JRYHUQLQJ SDUW RI RQO\ VRPH

YLRODWLRQ RI SUREDELOLW\ ODZV DQG WKH UHVXOWLQJ
ZHLJKW LV LQGHHG QRW D WUXH SUREDELOLW\ EXW WKH
UHDO HIIHFW LV SRVLWLYH� ,Q IDFW� YHUE�GULYHQ
GHSHQGHQFLHV DUH KRQRUHG DV WKHLU UHODWLYH
IUHTXHQF\ IURP WKH FRUSXV LV FRXQWHG PRUH WKDQ
RQFH� 7KLV LV H[DFWO\ ZKDW ZH ZRXOG OLNH WR GR
ZLWK VXEFDWHJRUL]HG GHSHQGHQFLHV� $QG YHUE�
GULYHQ GHSHQGHQFLHV QRW OHDUQHG IURP WKH FRUSXV
JHW D ZHLJKW HTXDO WR WKHLU RULJLQDO QRQ�OH[LFDO
SUREDELOLW\�

7KH ODVW LPSURYHPHQW ILWWLQJ LQWR WKLV
FDWHJRU\ �DOWKRXJK LW LV QRW D VXEFDWHJRUL]DWLRQ
LQ LWV YHU\ VHQVH� LQYROYHV WKH YHUE EêW ³WR EH´�
,WV WDJ LV DOZD\V HQULFKHG E\ LWV IRUP IURP WKH
VHQWHQFH �SRVVLEOH QHJDWLYH SUHIL[ DQG JHQGHU
HQGLQJ VWULSSHG�� 7KLV DOORZV WKH PRGHO WR
GLVWLQJXLVK FRQVWUXFWLRQV OLNH EXGH G�ODW �³KH
ZLOO GR´� GR LV JRYHUQRU� IURP FRQVWUXFWLRQV OLNH
P$åH G�ODW �³KH FDQ GR´� FDQ LV JRYHUQRU�� ,W LV
QR PRUH QHFHVVDU\ WR LQFOXGH ³VXEFDWHJRUL]DWLRQ
IUDPHV´ IRU WR EH �DQG LW LV HYHQ XQGHVLUDEOH
EHFDXVH WKLV YHUE KDV WRR PDQ\ GLIIHUHQW
IXQFWLRQV LQ &]HFK� DV DQ DX[LOLDU\ YHUE� DV D
SDUW RI D QRPLQDO SUHGLFDWH� DV D IXOO�PHDQLQJ
YHUE HWF���

����� 3UHIHUULQJ 6XEFDWHJRUL]HG 'HSHQGHQFLHV

6R IDU ZH KDYH QRW DFWXDOO\ XVHG DQ\ VXEFDWHJR�
UL]DWLRQ GLFWLRQDU\� 7KH VHOHFWLYH SUHIHUHQFHV RI
YHUEV ZHUH OHDUQHG WRJHWKHU ZLWK DOO RWKHU
SUHIHUHQFHV LQ WKH FRUSXV EXW QR GLVWLQFWLRQ ZDV
EHLQJ PDGH EHWZHHQ DUJXPHQWV DQG DGMXQFWV�
/H[LFDO DFTXLVLWLRQ V\VWHPV GHVFULEHG DERYH
PDNH WKLV GLVWLQFWLRQ XVLQJ WKHLU RZQ VWDWLVWLFDO
WHFKQLTXHV� ,Q WKLV DQG WKH QH[W VHFWLRQV ZH
GHVFULEH KRZ ZH XVH DQ DXWRPDWLFDOO\ DFTXLUHG
VXEFDWHJRUL]DWLRQ GLFWLRQDU\�

:H XVH D GLFWLRQDU\ JHQHUDWHG E\ D
V\VWHP VLPLODU WR WKH RQH GHVFULEHG E\ 6DUNDU
DQG =HPDQ ������� 7KH GLFWLRQDU\ LV D OLVW RI
YHUE�IUDPH SDLUV �WRJHWKHU ZLWK IUDPH
IUHTXHQFLHV� ZKHUH RQH YHUE PD\ RFFXU LQ PRUH
WKDQ RQH SDLU� $ IUDPH LV D OLVW RI IUDPH
PHPEHUV VXFK DV 1�� 5��SURWL� HWF� 7KH RUGHU RI
WKH IUDPH PHPEHUV LV QRW VLJQLILFDQW VR WKH\ DUH
VRUWHG DOSKDEHWLFDOO\� 2XU SDUVHU XVHV WKH
GLFWLRQDU\ DV DQ DGGLWLRQDO LQSXW DQG EHIRUH
DQDO\]LQJ RI HYHU\ VHQWHQFH LW ILQGV DOO YHUEV� IRU

GHSHQGHQF\ SDLUV� DQG ZH XVH OH[WDJ �OHPPD� LQVWHDG
RI ZRUG IRUP�



HDFK RI LW VHHNV DOO LWV IUDPHV LQ WKH GLFWLRQDU\
DQG JHWV DOO WKH ZRUGV LQ WKH VHQWHQFH WKDW PDWFK
D PHPEHU LQ DW OHDVW RQH RI WKH IUDPHV� 7KH OLQNV
EHWZHHQ WKH YHUE DQG WKHVH ZRUGV DUH WKHQ DGGHG
WR D OLVW RI ³VXEFDWHJRUL]HG GHSHQGHQFLHV´�
7KHVH DUH VRUWHG DFFRUGLQJ WR WKHLU SUREDELOLWLHV
LQ WKH GHSHQGHQF\ PRGHO DQG WR WKH SUREDELOLWLHV
RI WKH SDUWLFXODU IUDPHV UHODWLYH WR WKH YHUE �WKH
ODWWHU LV VXSSOLHG E\ WKH VXEFDWHJRUL]DWLRQ
GLFWLRQDU\�� $QRWKHU VRUWLQJ FULWHULRQ LV GLVWDQFH�
DQ DUJXPHQW FDQQRW EH DWWDFKHG WR D YHUE VR WKDW
WKH GHSHQGHQF\ ZRXOG VNLS D FORVHU YHUE
DZDLWLQJ DQ DUJXPHQW RI WKH VDPH FODVV� 'XULQJ
WKH WUHH EXLOGLQJ SKDVH WKH VXEFDWHJRUL]HG
GHSHQGHQFLHV DUH FRQVLGHUHG ILUVW� 2WKHU
GHSHQGHQFLHV DUH FRQVLGHUHG RQO\ LI WKH
VXEFDWHJRUL]HG GHSHQGHQF\ FDQQRW EH DGGHG DW
WKH JLYHQ PRPHQW�

����� 7DNLQJ :KROH )UDPHV LQWR $FFRXQW

7KH PRGHO EHFRPHV HYHQ PRUH DGHTXDWH ZKHQ
WKH VXEFDWHJRUL]HG GHSHQGHQFLHV DUH QRW LVRODWHG
IURP WKHLU IUDPHV� 6RPH DUJXPHQWV RFFXU LQ DOO
IUDPHV RI D SDUWLFXODU YHUE ZKLOH RWKHUV RQO\ LQ
RQH� :H KRQRXU WKH IRUPHU DQG SHQDOL]H WKH
ODWWHU E\ DGGLQJ WKH IUHTXHQF\ RI WKH RWKHU
IUDPHV� 2Q WKH RWKHU KDQG� ZKHQ RQH PHPEHU RI
D IUDPH LV VHOHFWHG� WKH RWKHU IUDPHV IRU WKH VDPH
YHUE DUH SHQDOL]HG� $ VSHFLDO FDVH RI WKDW LV
PXOWLSOH ILOOLQJ RI WKH VDPH IUDPH VORW ² ZKLFK
RI FRXUVH LV QRW DOORZHG� $OO VXFK FRQVWUDLQWV
ZRXOG HDVLO\ EH H[SUHVVHG E\ D &) JUDPPDU EXW
ZH KDYH WR FRQVLGHU WKHP VHSDUDWHO\ RQFH ZH
EXLOG D VWDWLVWLFDO GHSHQGHQF\ PRGHO�

� (YDOXDWLRQ

7KH VWDQGDUG PHWKRG IRU HYDOXDWLQJ GHSHQGHQF\
SDUVLQJ LV WKH �GHSHQGHQF\� DFFXUDF\ ² WKH
QXPEHU RI FRUUHFWO\ DVVLJQHG GHSHQGHQFLHV
GLYLGHG E\ WKH QXPEHU RI WRWDO GHSHQGHQFLHV
�ZRUGV��� :H HYDOXDWHG WKH DFFXUDF\ RI DOO
GHSHQGHQFLHV DIIHFWHG E\ VXEFDWHJRUL]DWLRQ �LQ
WHVW FRUSXV WKH\ DUH GHQRWHG E\ WKH V�WDJV 6E�
2EM� $GY� 3QRP DQG $X[7�� 1RWH WKDW RXU
HYDOXDWLRQ LV VLPLODU WR WKH ³*UDPPDWLFDO
5HODWLRQ (YDOXDWLRQ´ XVHG E\ &DUUROO HW DO�
������� )LUVW� ZH HYDOXDWHG WKH QRQ�VHOHFWLYHO\

� $V ORQJ DV WKH SDUVHU DVVLJQV RQH GHSHQGHQF\ WR
HYHU\ ZRUG LQ WKH FRUSXV� WKHUH LV QR QHHG WR
GLVWLQJXLVK SUHFLVLRQ DQG UHFDOO�

OH[LFDOL]HG PRGHO ZLWK WKUHH GLIIHUHQW ODPEGDV
WR LOOXVWUDWH WKH VPDOO LQIOXHQFH RI VXFK
OH[LFDOL]DWLRQ� 7KH FROXPQV FRUUHVSRQG WR
GLIIHUHQW VXEVHWV RI WKH WUDLQLQJ DQG WHVW VHWV�
³HOOLSV´ PHDQV WKH HOOLSWLF VHQWHQFHV ZHUH
H[FOXGHG� ³FRRUG´ PHDQV VHQWHQFHV ZLWK
FRRUGLQDWLRQV RU DSSRVLWLRQV ZHUH H[FOXGHG DV
ZHOO�
OO DOO HOOLSV FRRUG

� ���� ���� ����
�������� ���� ���� ����
� ���� ���� ����

7KH VHFRQG WDEOH VKRZV WKH DFFXUDF\ IRU WKH
EDVHOLQH PRGHO� DQG WKH VXEFDWHJRUL]DWLRQ�DZDUH
PRGHO UHVSHFWLYHO\�
0RGHO DOO HOOLSV FRRUG

%DVHOLQH ���� ���� ����
6XEFDWHJRUL]HG ���� ���� ����

� &RQFOXVLRQ

:H VXUYH\HG H[LVWLQJ ZRUN RQ DXWRPDWLF
DFTXLVLWLRQ RI VXEFDWHJRUL]DWLRQ IURP FRUSRUD�
7KHQ ZH GHVFULEHG D GHSHQGHQF\ SDUVHU EDVHG
RQ VWDWLVWLFDO GHSHQGHQF\ PRGHOLQJ DQG VKRZHG
WKUHH OHYHOV RI LQFRUSRUDWLQJ VXEFDWHJRUL]DWLRQ
LQWR WKH PRGHO� )LQDOO\ ZH GHPRQVWUDWHG LQ DQ
H[SHULPHQW WKDW VXEFDWHJRUL]DWLRQ DZDUH
OH[LFDOL]DWLRQ� DV RSSRVHG WR ³QDwYH´
OH[LFDOL]DWLRQ� LPSURYHV VLJQLILFDQWO\ WKH
SHUIRUPDQFH RI WKH SDUVHU� &XUUHQW DQG IXWXUH
ZRUN LQFOXGHV LQYHVWLJDWLQJ FRRUGLQDWHG
DUJXPHQWV DQG DGMXQFWV DQG HQULFKLQJ WKH PRGHO
WR KDQGOH FRRUGLQDWLRQV DQG DSSRVLWLRQV�

� $FNQRZOHGJHPHQWV

7KH UHVHDUFK KDV EHHQ FDUULHG RXW XQGHU WKH
SURMHFW 0â07 /1��$����

� 5HIHUHQFHV

5REHUWR %DVLOL� 0LFKHOH 9LQGLJQL ������� $GDSWLQJ D
VXEFDWHJRUL]DWLRQ OH[LFRQ WR D GRPDLQ� ,Q�
³3URFHHGLQJV RI WKH (&0/¶�� :RUNVKRS
7$1/36� &KHPQLW]� *HUPDQ\�

$OHQD %|KPRYi� -DQ +DMLþ� (YD +DMLþRYi� %DUERUD
+ODGNi ������� 7KH 3UDJXH 'HSHQGHQF\ 7UHHEDQN�
7KUHH�/HYHO $QQRWDWLRQ 6FHQDULR� ,Q� $QQH $EHLOOp
�HG��� ³7UHHEDQNV� %XLOGLQJ DQG 8VLQJ
6\QWDFWLFDOO\ $QQRWDWHG &RUSRUD�´ .OXZHU



$FDGHPLF 3XEOLVKHUV� 'RUGUHFKW� 1HWKHUODQGV� 6HH
DOVR KWWS���XIDO�PII�FXQL�F]�SGW��

0LFKDHO %UHQW ������� $XWRPDWLF DFTXLVLWLRQ RI
VXEFDWHJRUL]DWLRQ IUDPHV IURP XQWDJJHG WH[W� ,Q�
$&/ ����� SS� �������� %HUNHOH\� &DOLIRUQLD�

0LFKDHO %UHQW ������� )URP JUDPPDU WR OH[LFRQ�
XQVXSHUYLVHG OHDUQLQJ RI OH[LFDO V\QWD[� ,Q�
&RPSXWDWLRQDO /LQJXLVWLFV� ��������������

7HG %ULVFRH� -RKQ &DUUROO ������� $XWRPDWLF
H[WUDFWLRQ RI VXEFDWHJRUL]DWLRQ IURP FRUSRUD� ,Q�
³3URFHHGLQJV RI WKH �WK $1/3 &RQIHUHQFH´� SS�
�������� :DVKLQJWRQ� 86$�

-RKQ &DUUROO� 'DYLG :HLU ������� (QFRGLQJ
IUHTXHQF\ LQIRUPDWLRQ LQ OH[LFDOL]HG JUDPPDUV� ,Q�
³3URFHHGLQJV RI WKH �WK $&/�6,*3$56(
,QWHUQDWLRQDO :RUNVKRS RQ 3DUVLQJ 7HFKQRORJLHV
�,:37����´� SS� ����� &DPEULGJH� 0DVVDFKXVHWWV�

-RKQ &DUUROO� *XLGR 0LQQHQ� 7HG %ULVFRH �������
&DQ 6XEFDWHJRULVDWLRQ 3UREDELOLWLHV +HOS D
6WDWLVWLFDO 3DUVHU" ,Q� ³3URFHHGLQJV RI WKH �WK

$&/�6,*'$7 :RUNVKRS RQ 9HU\ /DUJH &RUSRUD´�
0RQWUpDO� 4XpEHF�

*OHQQ &DUUROO� 0DWV 5RRWK ������� 9DOHQFH LQGXFWLRQ
ZLWK D KHDG�OH[LFDOL]HG 3&)*� ,Q� ³3URFHHGLQJV RI
WKH �UG &RQIHUHQFH RQ (PSLULFDO 0HWKRGV LQ
1DWXUDO /DQJXDJH 3URFHVVLQJ �(01/3 ��´�
*UDQDGD� 6SDLQ�

(XJHQH &KDUQLDN ������� 6WDWLVWLFDO 7HFKQLTXHV IRU
1DWXUDO /DQJXDJH 3DUVLQJ� ,Q� ³$, 0DJD]LQH� YRO�
��� QR� �� $PHULFDQ $VVRFLDWLRQ IRU $UWLILFLDO
,QWHOOLJHQFH�

'DYLG &KLDQJ ������� 6WDWLVWLFDO 3DUVLQJ ZLWK DQ
$XWRPDWLFDOO\�H[WUDFWHG 7UHH $GMRLQLQJ *UDPPDU�
,Q� 3URFHHGLQJV RI $&/� +RQJ .RQJ� &KLQD�

0LFKDHO &ROOLQV ������� $ 1HZ 6WDWLVWLFDO 3DUVHU
%DVHG RQ %LJUDP /H[LFDO 'HSHQGHQFLHV� ,Q�
³3URFHHGLQJV RI WKH ��WK $&/´� 6DQWD &UX]�

0LFKDHO &ROOLQV ������� 7KUHH *HQHUDWLYH�
/H[LFDOLVHG 0RGHOV IRU 6WDWLVWLFDO 3DUVLQJ� ,Q�
3URFHHGLQJV RI WKH ��WK $&/´� 0DGULG� 6SDLQ�

6XVDQQH *DKO ������� $XWRPDWLF H[WUDFWLRQ RI
VXEFRUSRUD EDVHG RQ VXEFDWHJRUL]DWLRQ IUDPHV
IURP D SDUW�RI�VSHHFK WDJJHG FRUSXV� ,Q� ³3URF� RI
&2/,1*�$&/ ¶��´� 0RQWUpDO� 4XpEHF�

-DQ +DMLþ ������� %XLOGLQJ D 6\QWDFWLFDOO\ $QQRWDWHG
&RUSXV� 7KH 3'7� ,Q� ³,VVXHV RI 9DOHQF\ DQG
0HDQLQJ�´ .DUROLQXP� 3UDKD� &]HFKLD�

-DQ +DMLþ� %DUERUD +ODGNi ������� 7DJJLQJ LQIOHFWLYH
ODQJXDJHV� 3UHGLFWLRQ RI PRUSKRORJLFDO FDWHJRULHV
IRU D ULFK� VWUXFWXUHG WDJVHW� ,Q� ³3URF� RI &2/,1*
�$&/ ��´� SS� �������� 0RQWUpDO� 4XpEHF�

-DQ +DMLþ� (ULF %ULOO� 0LFKDHO &ROOLQV� %DUERUD
+ODGNi� 'RXJODV -RQHV� &\QWKLD .XR� /DQFH
5DPVKDZ� 2UHQ 6FKZDUW]� &KULVWRSK 7LOOPDQQ�
'DQLHO =HPDQ ������� :RUNVKRS �� )LQDO 5HSRUW�
KWWS���ZZZ�FOVS�MKX�HGX�ZV���SURMHFWV�QOS�UHSRUW��
%DOWLPRUH� 0DU\ODQG�

.DWLD�/vGD .HUPDQLGRX� 0DQROLV 0DUDJRXGDNvV�
1LNRV )DN{WDNvV� *H{UJLRV .RNNLQDNvV �������
,QIOXHQFH RI &RQGLWLRQDO ,QGHSHQGHQFH $VVXPSWLRQ
RQ 9HUE 6XEFDWHJRUL]DWLRQ 'HWHFWLRQ� ,Q� 9iFODY
0DWRXãHN HW DO� �HGV��� ³3URFHHGLQJV RI 76' ����´
6SULQJHU /1$, ����� äHOH]Qi 5XGD� &]HFKLD�

$QQD .RUKRQHQ ������� 8VLQJ 6HPDQWLFDOO\
0RWLYDWHG (VWLPDWHV WR +HOS 6XEFDWHJRUL]DWLRQ
$FTXLVLWLRQ� ,Q� ³3URF� RI 6,*'$7 (01/3 DQG
9HU\ /DUJH &RUSRUD´� +RQJ .RQJ� &KLQD�

$QQD .RUKRQHQ� *HQHYLHYH *RUUHOO� 'LDQD 0F&DUWK\
������� 6WDWLVWLFDO )LOWHULQJ DQG 6XEFDWHJRUL]DWLRQ
)UDPH $FTXLVLWLRQ� ,Q� ³3URF� RI 6,*'$7 (01/3
DQG 9HU\ /DUJH &RUSRUD´� +RQJ .RQJ� &KLQD�

&KULVWRSKHU '� 0DQQLQJ ������� $XWRPDWLF
DFTXLVLWLRQ RI D ODUJH VXEFDWHJRUL]DWLRQ GLFWLRQDU\
IURP FRUSRUD� ,Q� ³3URFHHGLQJV RI WKH ��VW 0HHWLQJ
RI WKH $&/´� SS� �������� &ROXPEXV� 2KLR�

3KLOLS 5HVQLN ������� 3UREDELOLVWLF WUHH�DGMRLQLQJ
JUDPPDU DV D IUDPHZRUN IRU VWDWLVWLFDO QDWXUDO
ODQJXDJH SURFHVVLQJ� ,Q� ³3URFHHGLQJV RI
&2/,1*���´� SS� �������� 1DQWHV� )UDQFH�

$QRRS 6DUNDU� 'DQLHO =HPDQ ������� $XWRPDWLF
([WUDFWLRQ RI 6XEFDWHJRUL]DWLRQ )UDPHV IRU &]HFK�
,Q� ³3URFHHGLQJV RI &2/,1*�����´� 6DDUEU�FNHQ�

<YHV 6FKDEHV ������� 6WRFKDVWLF OH[LFDOL]HG WUHH�
DGMRLQLQJ JUDPPDUV� ,Q� ³3URFHHGLQJV RI WKH ��WK

,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWDWLRQDO
/LQJXLVWLFV �&2/,1*����´� SS� �������� 1DQWHV�
)UDQFH�

+DQD 6NRXPDORYi ������� &]HFK 6\QWDFWLF /H[LFRQ
�3K' 7KHVLV�� 8QLYHU]LWD .DUORYD� 3UDKD� &]HFKLD�

0DUNpWD 6WUD�iNRYi�/RSDWNRYi� =GHQ�N äDERNUWVNê
������� 9DOHQF\ 'LFWLRQDU\ RI &]HFK 9HUEV�
&RPSOH[ 7HFWRJUDPPDWLFDO $QQRWDWLRQ� ,Q�
3URFHHGLQJV RI /5(& ����� YRO� �� SS� ��������
/DV 3DOPDV GH *UDQ &DQDULD� 6SDLQ�

$NLUD 8VKLRGD� 'DYLG $� (YDQV� 7HG *LEVRQ� $OH[
:DLEHO ������� 7KH DXWRPDWLF DFTXLVLWLRQ RI
IUHTXHQFLHV RI YHUE VXEFDWHJRUL]DWLRQ IUDPHV IURP
WDJJHG FRUSRUD� ,Q� %RJXUDHY� 3XVWHMRYVN\ �HGV���
³3URF� RI WKH :RUNVKRS RQ $FTXLVLWLRQ RI /H[LFDO
.QRZOHGJH IURP 7H[W´� &ROXPEXV� 2KLR�

'DQLHO =HPDQ ������� $ 6WDWLVWLFDO $SSURDFK WR
3DUVLQJ RI &]HFK� ,Q� ³3UDJXH %XOOHWLQ RI &RPS�
/LQJ�´� YRO� ��� 8QLYHU]LWD .DUORYD� 3UDKD�
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