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&ODXGLR 5XJJLHUL
'HSDUWPHQW RI 1DYDO $UFKLWHFWXUH DQG 2FHDQ (QJLQHHULQJ� 8QLYHUVLW\ RI 6mR 3DXOR

6mR 3DXOR� 63 �����ï���� (�PDLO� FUXJJL#XVS�EU� %UD]LO

$EVWUDFW ï7KLV SDSHU SUHVHQWV D QHZO\ GHYHORSHG SURFHGXUH WR FDOLEUDWH WKH :HLEXOO VWUHVV SDUDPHWHUV

�P� ¹
X
� ZKLFK EXLOGV XSRQ D VFDOLQJ PHWKRGRORJ\ WR FRUUHFW PHDVXUHG WRXJKQHVV GLVWULEXWLRQV IRU GLIIHU�

HQW FUDFN FRQILJXUDWLRQV� 'HWDLOHG QXPHULFDO DQDO\VHV HPSOR\LQJ D PRGLILHG ERXQGDU\ OD\HU �0%/�

PRGHO DQG ��' ILQLWH HOHPHQW DQDO\VHV IRU D VWDQGDUG ��7� 6(�%� VSHFLPHQ VKRZ WKH VWURQJ HIIHFW RI

FRQVWUDLQW ORVV RQ LQGLYLGXDO IUDFWXUH WRXJKQHVV YDOXHV IRU GLIIHUHQW PDWHULDO SURSHUWLHV� 6XFK UHVXOWV

SURYLGH FRPSHOOLQJ VXSSRUW WR FRQVWUXFW WKH SDUDPHWHU FDOLEUDWLRQ VFKHPH SURSRVHG LQ WKLV VWXG\� 7KH

FDOLEUDWLRQ SURFHGXUH LV WKHQ DSSOLHG WR GHWHUPLQH WKH :HLEXOO VWUHVV SDUDPHWHU� P �WKH :HLEXOO PRGX�

OXV� IRU D VWUXFWXUDO &�0Q VWHHO �%6 ���� *UDGH ��'��

.H\ ZRUGV� FOHDYDJH IUDFWXUH� VWDWLVWLFDO HIIHFWV� ZHDNHVW OLQN� ORFDO DSSURDFK� :HLEXOO VWUHVV

�� ������	
����

3DUWV , DQG ,, RI WKLV DUWLFOH >���@ GHVFULEHG D PHWKRGRORJ\� EDVHG XSRQ D ORFDO IDLOXUH PRGHO

HPSOR\LQJ WKH VWDWLVWLFV RIPLFURFUDFNV �ZHDNHVW OLQNSKLORVRSK\�� WR SUHGLFW WKH VWURQJO\ LQWHU�

DFWLQJ HIIHFWV RI FRQVWUDLQW YDULDWLRQV DQG GXFWLOH WHDULQJ RQ �PDFURVFRSLF� FOHDYDJH IUDFWXUH

WRXJKQHVV �-F�� ,Q SDUWLFXODU� D SUREDELOLVWLF IUDFWXUH SDUDPHWHUïWKH%HUHPLQ·V:HLEXOO VWUHVV

�¹Z� >�@ïZDV LQWURGXFHG WR SURYLGH D UREXVW FRXSOLQJ EHWZHHQ WKHPLFURUHJLPH RI IUDFWXUH DQG

PDFURVFRSLF FUDFN GULYLQJ IRUFHV �VXFK DV WKH -�LQWHJUDO�� $SSOLFDWLRQV RI WKLV PHWKRGRORJ\ LQ

IUDFWXUH DVVHVVPHQWV UHOLHV RQ WKHQRWLRQ RI WKH:HLEXOO VWUHVV DV D FUDFN�WLS GULYLQJ IRUFH >���@�

7KH FHQWUDO IHDWXUH LQ WKH SUHGLFWLYH IUDPHZRUN LV WKH VLPSOH D[LRP WKDW XQVWDEOH FUDFNSURSD�

JDWLRQ �FOHDYDJH� RFFXUVDWD FULWLFDO YDOXH RI WKH:HLEXOO VWUHVV� XQGHU LQFUHDVHG UHPRWH ORDGLQJ

�DVPHDVXUHG E\-�� GLIIHUHQFHV LQ HYROXWLRQ RI WKH:HLEXOO VWUHVV UHIOHFWV WKH SRWHQWLDOO\ VWURQJ

YDULDWLRQV RI QHDU�WLS VWUHVV ILHOGV� ,Q WKLV FRQWH[W� WKH:HLEXOO PRGXOXV�P� SOD\V D PDMRU UROH

LQ WKH SURFHVV WR FRUUHODWH HIIHFWV RI FRQVWUDLQW ORVV DQG GXFWLOH WHDULQJ IRU YDU\LQJ FUDFN FRQILJ�

XUDWLRQV� &RQVHTXHQWO\� UREXVW VFKHPHV WR FDOLEUDWH WKH :HLEXOO SDUDPHWHUV �P� ¹X� EHFRPH D

NH\ HOHPHQW LQ IUDFWXUH DVVHVVPHQW SURFHGXUHV EDVHG XSRQ ¹Z�

$ QXPEHU RI VWXGLHV KDV GHPRQVWUDWHG WKH SRWHQWLDO FDSDELOLW\ RI :HLEXOO VWUHVV EDVHG DS�

SURDFKHV WR SUHGLFW FRQVWUDLQW DQG GXFWLOH WHDULQJ HIIHFWV RQ PHDVXUHG GLVWULEXWLRQV RI -F�YDO�

XHV DQG &72'�YDOXHV IRU VWUXFWXUDO VWHHOV >�������@� 7KH DSSDUHQW VXFFHVV RI WKHVH UHVHDUFK

HIIRUWV KDV SUHYHQWHG� XQWLO UHFHQWO\� D PRUH DFWLYH SXUVXLW RI LPSURYHG VFKHPHV WR FDOLEUDWH



SDUDPHWHUV �P� ¹X�� ,Q VSLWH RI WKH SURPLVH HYLGHQW LQ WKRVH ZRUNV� GLIILFXOWLHV VWLOO SHUVLVW LQ

WKH FDOLEUDWLRQ RI :HLEXOO VWUHVV SDUDPHWHUV XQGHU VSHFLILF WHVWLQJ FRQGLWLRQV DV GHWDLOV RI WKH

DQDO\VLV SURFHGXUHV �H�J� ILQLWH VWUDLQ SODVWLFLW\� ��' YV ��'� HWF�� DQG WKH PHVK UHILQHPHQW

DGRSWHG WR FRPSXWH WKH VWUHVV ILHOGV EHFRPH D NH\ IDFWRU LQ WKH FDOLEUDWLRQ SURFHVV XVLQJ IUDF�

WXUH VSHFLPHQV� /DUJHP�YDOXHV DFFHQWXDWH WKH VPDOO GLIIHUHQFHV LQ FRPSXWHG VWUHVVHV DKHDG

RI D EOXQWLQJ FUDFN WLS ZKLFK VWURQJO\ DIIHFW WKH FDOLEUDWHG YDOXH�

3UHYLRXVO\ GHYHORSHG SURFHGXUHV WR FDOLEUDWH SDUDPHWHUV �P� ¹X� �VHH >�� ���� ��@ IRU DGGL�

WLRQDO GHWDLOV� HPSOR\ PHDVXUHG WRXJKQHVV GDWD IRU FOHDYDJH IUDFWXUH �VXFK DV -F�YDOXHV� WR

GHILQH FRUUHVSRQGLQJ YDOXHV RI WKH :HLEXOO VWUHVV DW IUDFWXUH� GHQRWHG ¹Z�F� WKHVH YDOXHV IRUP

WKH EDVLV XSRQ ZKLFK WKH :HLEXOO SDUDPHWHUV IRU WKH PDWHULDO DUH HVWLPDWHG ZLWKRXW PDNLQJ

UHFRXUVH WR GHWDLOHG PLFURPHDVXUHPHQWV� 6XFK D ZLGHO\ DGRSWHG PHWKRGRORJ\ EXLOGV XSRQ DQ

LWHUDWLYH SURFHGXUH LQFRUSRUDWLQJ D ILQLWH HOHPHQW GHVFULSWLRQ RI WKH FUDFN�WLS VWUHVV ILHOGV DQG

PHDVXUHG YDOXHV RI IUDFWXUH WRXJKQHVV� +RZHYHU� DV FRQYLQFLQJO\ GHPRQVWUDWHG E\ *DR HW DO�

>��@ DQG 5XJJLHUL HW DO >��@� D PDMRU SRLQW RI FULWLFLVP RI WKLV FDOLEUDWLRQ SURFHVV LV WKDW D QRQ�

XQLTXHQHVV DULVHV LQ WKH FDOLEUDWHG YDOXHV� L�H�� PDQ\ SDLUV RI �P�¹X� SURYLGH HTXDOO\ JRRG FRU�

UHODWLRQ RI FULWLFDO :HLEXOO VWUHVV YDOXHV ZLWK WKH PHDVXUHG GLVWULEXWLRQ RI WRXJKQHVV GDWD�

0RUHRYHU� WKHVH ZRUNV FOHDUO\ VKRZ WKDW LW LV QRW SRVVLEOH WR FDOLEUDWH D XQLTXH �P�¹X� SDLU XV�

LQJ RQO\ D VLQJOH GDWD VHW RI WRXJKQHVV YDOXHV�

7KLV SDSHU SUHVHQWV D QHZO\ GHYHORSHG SURFHGXUH WR FDOLEUDWH WKH :HLEXOO VWUHVV SDUDPH�

WHUV �P� ¹X� ZKLFK EXLOGV XSRQ D VFDOLQJ PHWKRGRORJ\ WR FRUUHFW PHDVXUHG WRXJKQHVV GLVWULEX�

WLRQV IRU GLIIHUHQW FUDFN FRQILJXUDWLRQV� 'HWDLOHG QXPHULFDO DQDO\VHV HPSOR\LQJ D PRGLILHG

ERXQGDU\ OD\HU �0%/� PRGHO DQG ��' ILQLWH HOHPHQW DQDO\VHV IRU D VWDQGDUG ��7� 6(�%� VSHFL�

PHQ VKRZ WKH VWURQJ HIIHFW RI FRQVWUDLQW ORVV RQ LQGLYLGXDO IUDFWXUH WRXJKQHVV YDOXHV� 7KH SUR�

FHGXUHTXDQWLILHV WKHH[WHQWRI ODUJHVFDOH\LHOGLQJ �/6<� WKDWGHYHORSV LQ WKH IUDFWXUHVSHFLPHQ

DV WKH LQLWLDOO\ VWURQJ VPDOO VFDOH \LHOGLQJ �66<� FRQGLWLRQV GLPLQLVK DV GHIRUPDWLRQ SURJ�

UHVVHV� 6XFK UHVXOWV SURYLGH FRPSHOOLQJ VXSSRUW WR FRQVWUXFW WKHSDUDPHWHU FDOLEUDWLRQ VFKHPH

SURSRVHG LQ WKLV VWXG\� 7KH FDOLEUDWLRQ SURFHGXUH LV WKHQ DSSOLHG WR GHWHUPLQH WKH :HLEXOO

VWUHVV SDUDPHWHU�P �WKH :HLEXOO PRGXOXV� IRU D VWUXFWXUDO &�0Q VWHHO �%6 ���� *UDGH ��'��
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7KH WKUHH�GLPHQVLRQDO FRPSXWDWLRQV UHSRUWHG KHUH DUH JHQHUDWHG XVLQJ WKH UHVHDUFK FRGH

:$53�' >��@ ZKLFK� ��� LPSOHPHQWV D0LVHV FRQVWLWXWLYHPRGHOV LQ D ILQLWH�VWUDLQ IUDPHZRUN�

��� VROYHV WKH HTXLOLEULXP HTXDWLRQV DW HDFK LWHUDWLRQ XVLQJ D OLQHDU SUH�FRQGLWLRQHG FRQMXJDWH

JUDGLHQW �/3&*� PHWKRG LPSOHPHQWHG ZLWKLQ DQ HOHPHQW�E\�HOHPHQW �(%(� VRIWZDUH DUFKL�

WHFWXUH� ��� HYDOXDWHV WKH -�LQWHJUDO XVLQJ D FRQYHQLHQW GRPDLQ LQWHJUDO SURFHGXUH DQG ��� DQD�

O\]HV IUDFWXUH PRGHOV FRQVWUXFWHG ZLWK WKUHH�GLPHQVLRQDO� ��QRGH WUL�OLQHDU KH[DKHGUDO HOH�

PHQWV�

7KH ILQLWH HOHPHQW FRPSXWDWLRQV HPSOR\ D GRPDLQ LQWHJUDO SURFHGXUH >��@ IRU QXPHULFDO

HYDOXDWLRQ RI WKH-�,QWHJUDO� $ WKLFNQHVV DYHUDJH YDOXH IRU - LV FRPSXWHG RYHU GRPDLQV GHILQHG

RXWVLGH PDWHULDO KDYLQJ WKH KLJKO\ QRQ�SURSRUWLRQDO KLVWRULHV RI WKH QHDU�WLS ILHOGV DQG WKXV

UHWDLQV D VWURQJ GRPDLQ �SDWK� LQGHSHQGHQFH� 6XFK -�YDOXHV DJUHH ZLWK HVWLPDWLRQ VFKHPHV

EDVHG XSRQ HWD�IDFWRUV IRU GHIRUPDWLRQ SODVWLFLW\ >��@� 7KH\ SURYLGH D FRQYHQLHQW SDUDPHWHU

WR FKDUDFWHUL]H WKH DYHUDJH LQWHQVLW\ RI IDU ILHOG ORDGLQJ RQ WKH FUDFN IURQW�

���� 
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7KH HODVWLF�SODVWLFPDWHULDO HPSOR\HG LQ WKH DQDO\VHV IROORZV D -
�

IORZ WKHRU\ZLWK FRQYHQWLRQ�

DO 0LVHV SODVWLFLW\� 7KH XQLD[LDO WUXH VWUHVV�ORJDULWKPLF VWUDLQ FXUYH REH\V D VLPSOH SRZHU�

KDUGHQLQJ PRGHO�
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DUH WKH UHIHUHQFH �\LHOG� VWUHVV DQG VWUDLQ� DQG Q LV WKH VWUDLQ KDUGHQLQJ H[SR�

QHQW�

6HFWLRQ � GHVFULEHV QXPHULFDO VROXWLRQV IRU WKH 66< ERXQGDU\�OD\HU PRGHO ZLWK 7
� DQG

D VWDQGDUG ��7� 6(�%� VSHFLPHQZLWK De:
���� 7KHVH ILQLWH HOHPHQW DQDO\VHV FRQVLGHUPDWHUL�

DO IORZ SURSHUWLHV FRYHULQJ PRVW VWUXFWXUDO DQG SUHVVXUH YHVVHO VWHHOV� Q
� �(�¹
�

����� ��

�(�¹
�

���� DQG �� �(�¹

�

���� ZLWK (
��� *3D DQG ´
���� WKHVH UDQJHV RI SURSHUWLHV DOVR

UHIOHFW WKHXSZDUG WUHQG LQ \LHOG VWUHVVZLWK WKH GHFUHDVH LQ VWUDLQKDUGHQLQJ H[SRQHQW FKDUDF�

WHULVWLF RI IHUULWLF VWHHOV� )RU WKH 6(�%� VSHFLPHQV XVHG LQ WKH IUDFWXUH WHVWLQJ GHVFULEHG LQ 6HF�

WLRQ�� WKHQXPHULFDO VROXWLRQVXWLOL]H DSLHFHZLVH OLQHDUDSSUR[LPDWLRQ WR WKHPHDVXUHG WHQVLOH

UHVSRQVH IRU WKH PDWHULDO DW WKH WHVW WHPSHUDWXUH� 7
����q& JLYHQ LQ >��@�

�� � ������ ������� ������ �! ��"#$ �%������� &�� ��' �����

��' ILQLWH HOHPHQW DQDO\VHV DUH GHVFULEHG IRU D SODQH�VLGH GHHS QRWFK �D�:
 ���� 6(�%� VSHFL�

PHQ ZLWK %
��PP >��7�@ DQG FRQYHQWLRQDO JHRPHWU\ �:�%
��� +HUH� D GHQRWHV WKH FUDFN

OHQJWKDQG: LV WKH VSHFLPHQZLGWK� )UDFWXUH WRXJKQHVV WHVWV DW GLIIHUHQW ORZHU VKHOI WHPSHUD�

WXUHV IRU D VWUXFWXUDO VWHHO �%6����*UDGH��'� >��@ZHUH SHUIRUPHGRQ WKH��SRLQW 6(�%� VSHF�

LPHQV ZLWK VL]H ����7� DQG ��7�� )LJXUH ��D� VKRZV WKH JHRPHWU\ DQG VSHFLPHQ GLPHQVLRQV RI

WKH 6(�%� VSHFLPHQV HPSOR\HG LQ WKH DQDO\VHV�

)LJXUH ��E� VKRZV D W\SLFDO ILQLWH HOHPHQWPRGHO FRQVWUXFWHG IRU DQDO\VHV RI WKH ��7� 6(�%�

VSHFLPHQ� $OO RWKHU FUDFN PRGHOV KDYH YHU\ VLPLODU IHDWXUHV� $ FRQYHQWLRQDO PHVK FRQILJXUD�

WLRQKDYLQJD IRFXVHG ULQJRI HOHPHQWV VXUURXQGLQJ WKH FUDFN IURQW LVXVHGZLWKD VPDOO NH\�KROH

DW WKH FUDFN WLS� WKH UDGLXV RI WKH NH\�KROH� ¸
�
� LV ��³P �����PP�� 6\PPHWU\ FRQGLWLRQV HQDEOH

DQDO\VHV XVLQJ RQH�TXDUWHU RI WKH ��' PRGHOV ZLWK DSSURSULDWH FRQVWUDLQWV LPSRVHG RQ WKH

V\PPHWU\ SODQHV� 7KH PHVK KDV �� YDULDEOH WKLFNQHVV OD\HUV GHILQHG RYHU WKH KDOI�WKLFNQHVV

�%���� WKH WKLFNHVW OD\HU LV GHILQHG DW =
� ZLWK WKLQQHU OD\HUV GHILQHG QHDU WKH IUHH VXUIDFH

�=
%��� WR DFFRPPRGDWH VWURQJ = YDULDWLRQV LQ WKH VWUHVV GLVWULEXWLRQ� 7KH TXDUWHU�V\PPHW�

ULF� ��'PRGHOV IRU WKH 6(�%� VSHFLPHQV W\SLFDOO\ KDYH �����QRGHV DQG����� HOHPHQWV� 7KHVH

ILQLWH HOHPHQW PRGHOV DUH ORDGHG E\ GLVSODFHPHQW LQFUHPHQWV LPSRVHG RQ WKH FHQWHUSODQH

QRGHV IRU WKH RXWHUPRVW � OD\HUV RI HOHPHQWV �L�H�� WKH WZR RXWHUPRVW URZ RI QRGHV RQ WKH FUDFN

OLJDPHQW SODQH � ORDGLQJ SRLQW UHJLRQ LQ )LJ� ��E��� $ W\SLFDO VROXWLRQ WR ORDG WKH VSHFLPHQ WR

-
��� N-�P� XVHV ��� ORDG LQFUHPHQWV DQG UHTXLUHV��� &38 KRXUV RQ D &5$< -��� VXSHU�

FRPSXWHU�

1XPHULFDO VROXWLRQV IRU VWDWLRQDU\ FUDFNV XQGHU ZHOO�GHILQHG 66< FRQGLWLRQV �ZLWK WKH 7�

VWUHVV WHUP VHW WR ]HUR� L�H��7
�� DUH JHQHUDWHG E\ LPSRVLQJGLVSODFHPHQWV RI WKH HODVWLF�0RGH

, VLQJXODU ILHOG RQ WKH RXWHU FLUFXODU ERXQGDU\ ZLWK UDGLXV 5ZKLFK HQFORVHV WKH FUDFN �U
 5��

6XFK DQDO\VHV IROORZ WKHPRGLILHG ERXQGDU\ OD\HU �0%/�PRGHO >��@ DOUHDG\ GHVFULEHG LQ 3DUW

,, RI WKLV VWXG\ >�@�

(YDOXDWLRQ RI WKH :HLEXOO VWUHVV UHTXLUHV LQWHJUDWLRQ RYHU WKH SURFHVV ]RQH� LQFOXGLQJ WKH

UHJLRQ DV U@ �� 7KH 66< DQG DOO RWKHU FUDFN PRGHOV SUHYLRXVO\ GHVFULEHG KDYH D VPDOO LQLWLDO

URRW UDGLXV DW WKH FUDFN IURQW �EOXQW WLS� ZKLFK SURYLGHV WZR QXPHULFDO EHQHILWV� ��� LW DFFHOHU�

DWHV FRQYHUJHQFH RI WKH ILQLWH�VWUDLQ SODVWLFLW\ DOJRULWKPV GXULQJ WKH LQLWLDO VWDJH RI EOXQWLQJ�

DQG ��� LWPLQLPL]HVQXPHULFDO SUREOHPVGXULQJ FRPSXWDWLRQ RI WKH:HLEXOO VWUHVV RYHUPDWHUL�

DO LQFLGHQW RQ WKH FUDFN WLS� 7R PDLQWDLQ FRQVLVWHQF\ ZLWK WKH ILQLWH HOHPHQW PRGHOV IRU WKH

6(�%� VSHFLPHQV XVHG WR FRQVWUXFW WKH -
/6<

o -
66<

FRUUHFWLRQV� WKH 66< PRGHO KDV WKH VDPH

PHVK FRQILJXUDWLRQ DW WKH FUDFN WLS DV WKH 6(�%�PRGHOV� 7KH 66<PRGHO KDV RQH WKLFNQHVV OD\�

HU RI ���� ��QRGH� ��' HOHPHQWV ZLWK SODQH�VWUDLQ FRQVWUDLQWV LPSRVHG RQ DOO QRGHV�
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)LJ� �� 6(�%� VSHFLPHQV ZLWK De:
��� HPSOR\HG LQ WKH DQDO\VHV �DOO XQLWV LQ PP��
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7KLV VHFWLRQ GHVFULEHV WKH UHVXOWV RI GHWDLOHG QXPHULFDO DQDO\VHV HPSOR\LQJ WKH 0%/ PRGHO

DQG �' ILQLWH HOHPHQW DQDO\VHV IRU WKH VWDQGDUG 6(�%� VSHFLPHQV ZLWK VL]H ��7� WR DVVHVV HI�

IHFWV RI FRQVWUDLQW ORVVRQ LQGLYLGXDO IUDFWXUH WRXJKQHVVYDOXHV IRUGLIIHUHQWPDWHULDOSURSHUWLHV

DQG VSHFLPHQ FRQILJXUDWLRQV� 7KH REMHFWLYH LV WR GHPRQVWUDWH WKH VWURQJ HIIHFW RI SDUDPHWHU

P �:HLEXOO PRGXOXV� RQ -
/6<

o -
66<

FRUUHFWLRQV� 7KHVH UHVXOWV VHUYH WR LQWURGXFH WKH IUDPH�

ZRUN WR FRQVWUXFW WKH SDUDPHWHU FDOLEUDWLRQ VFKHPH SUHVHQWHG LQ WKH QH[W VHFWLRQ�

)LJXUH � LOOXVWUDWHV WKH SURFHGXUH WR DVVHVV WKH HIIHFWV RI FRQVWUDLQW ORVV RQ IUDFWXUH WRXJK�

QHVV QHHGHG WR FRQVWUXFW -
/6<

YV� -
66<

WUDMHFWRULHV� 9HU\ GHWDLOHG� QRQOLQHDU ��' ILQLWH HOHPHQW

DQDO\VHV SURYLGH WKH IXQFWLRQDO UHODWLRQVKLS EHWZHHQ WKH :HLEXOO VWUHVV �¹Z� DQG WKH DSSOLHG

ORDGLQJ �-� IRU D VSHFLILHG YDOXH RI WKH :HLEXOO PRGXOXV� P� 7KH UHVHDUFK FRGH :675(66 >�@

LV HPSOR\HG WR FRPSXWH WKH :HLEXOO VWUHVV IRU DOO DQDO\VHV� %DVHG XSRQ WKH DUJXPHQW RI WKH

:HLEXOO VWUHVV DV WKH FUDFN GULYLQJ IRUFH� WKH VFDOLQJ PRGHO UHTXLUHV WKH DWWDLQPHQW RI HTXDO

YDOXHV IRU ¹Z WR WULJJHU FOHDYDJH IUDFWXUH DFURVV GLIIHUHQW VSHFLPHQ JHRPHWULHV� KHUH GHQRWHG

¹Z�F� HYHQ WKRXJK -�YDOXHV PD\ YDU\ ZLGHO\ GXH WR FRQVWUDLQW ORVV� )LJXUH � VKRZV FXUYHV RI

¹Z YV�- IRU D VWDQGDUG IUDFWXUH VSHFLPHQ �WKH SUHVHQWZRUN HPSOR\V RQO\ ��7�GHHSQRWFK6(�%�

VSHFLPHQV� DQG IRU D SODQH�VWUDLQ� 66< UHIHUHQFH VROXWLRQ �7�¹
�


�� ZLWK WKH VDPH WKLFNQHVV

RI WKH IUDFWXUH VSHFLPHQ� 6XFK FXUYHV DUH FRQVWUXFWHG IRU D IL[HG� UHSUHVHQWDWLYH YDOXH RI WKH

:HLEXOOPRGXOXV�P� IRU HDFK VHW RIPHFKDQLFDO SURSHUWLHV IORZSURSHUWLHV �WKH QRUPDOL]LQJ YRO�

XPH IRU WKH:HLEXOO VWUHVV� 9
�

� LV FRQYHQLHQWO\ DVVLJQHG WKH YDOXH RI � PP��� -
/6<

YDOXHV FRP�

SXWHG IURP WKH GRPDLQ LQWHJUDO SURFHGXUHV LQ WKH ILQLWH HOHPHQW DQDO\VHV RI WKH 6(�%� VSHFL�



PHQV UHSUHVHQW WKLFNQHVV DYHUDJH YDOXHV� ZKLFK DUH FRQVLVWHQW ZLWK H[SHULPHQWDO �DYHUDJH�

YDOXHV GHILQHG XVLQJ D SODVWLF HWD�IDFWRU DQG WKH PHDVXUHG DUHDV XQGHU WKH ORDG�ORDG OLQH GLV�

SODFHPHQW FXUYH >��@� )RU WKH SODQH�VWUDLQ 66<PRGHO� -66< EHFRPHV VLPSO\ WKH - YDOXH DW WKH

FUDFN WLS�*LYHQ WKH -/6<YDOXH IRU WKH IUDFWXUH VSHFLPHQ� WKH OLQHV VKRZQRQ)LJ�� UHDGLO\ LOOXV�

WUDWH WKH WHFKQLTXH XVHG WR GHWHUPLQH -66<�

��� �� � ��

�����

�	
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/6<



66<

�	��

)LJ� �� 7RXJKQHVV VFDOLQJ PRGHO XVHG WR FRQVWUXFW -/6<o -66< FRUUHFWLRQV�

)LJXUH��D�G�SURYLGHVWKHFRQVWUDLQWFRUUHFWLRQV �/6<@ 66<� IRU WKH��7�6(�%�VSHFLPHQV

ZLWK GLIIHUHQW PDWHULDO SURSHUWLHV �Q
� ZLWK (�¹
�

���� Q
�� ZLWK (�¹

�

���� Q
�� ZLWK

(�¹
�

���� DQG IRU YDU\LQJ :HLEXOO PRGXOL� P� 7KH SUHVHQW FRPSXWDWLRQV FRQVLGHU YDOXHV RI

P
��� ��� ��� �� DQG �� WR DVVHVV WKH VHQVLWLYLW\ RI FRQVWUDLQW FRUUHFWLRQV RQ WKH VSHFLILHG:HL�

EXOO PRGXOXV� 7KHVH P�YDOXHV DUH FRQVLVWHQW ZLWK SUHYLRXVO\ UHSRUWHG YDOXHV IRU VWUXFWXUDO

VWHHOV� (DFK FXUYH SURYLGHV SDLUV RI-�YDOXHV� -/6< LQ WKH6(�%� VSHFLPHQDQG -66< LQ 66<� WKDW

SURGXFH WKH VDPH ¹Z� 5HIHUHQFH OLQHV DUH VKRZQ ZKLFK GHILQH D FRQVWDQW UDWLR RI ¶¶FRQVWUDLQW

ORVVµ� H�J�� -DYJ
����-
�
ZKLFK LPSOLHV WKDW WKH 6(�%� DYHUDJH -PXVW EH ��� ODUJHU WKDQ WKH

66< YDOXH WR JHQHUDWH WKH VDPH :HLEXOO VWUHVV� )RU HDFK YDOXH RI WKH :HLEXOO PRGXOXV� WKH

6(�%� DQG 66< FXUYHV DJUHH YHU\ ZHOO HDUO\ LQ WKH ORDGLQJ KLVWRU\ ZKLOH WKH 6(�%� VSHFLPHQ

PDLQWDLQV QHDU 66< FRQGLWLRQV DFURVV WKH FUDFN IURQW �UHFDOO WKDW FRPSXWDWLRQ RI ¹Z LQ WKH

6(�%� VSHFLPHQV FRQVLGHUV WKH HQWLUH FUDFN IURQW�� 2QFH QHDU�IURQW VWUHVVHV GHYLDWH IURP WKH

�SODQH�VWUDLQ� 66< OHYHOV� WKH ¹Z FXUYHV IRU WKH 6(�%� VSHFLPHQV IDLO WR LQFUHDVH DW WKH VDPH

UDWH ZLWK IXUWKHU ORDGLQJ� 7KHVH UHVXOWV FOHDUO\ LOOXVWUDWH WKH JUDGXDO QDWXUH RI FRQVWUDLQW ORVV

LQ WKH GHHS�QRWFK 6(�%� VSHFLPHQV� HVSHFLDOO\ IRU PRGHUDWH WR ORZ KDUGHQLQJ PDWHULDOV� 7KH

:HLEXOO PRGXOXV GRHV KDYH DQ DSSUHFLDEOH HIIHFW RQ SUHGLFWLRQV RI FRQVWUDLQW ORVV� LQFUHDVLQJ

P YDOXHV LQGLFDWH D KLJKHU ORDG OHYHO DW WKH RQVHW RI FRQVWUDLQW ORVV DQG D UHGXFHG UDWH RI

FRQVWUDLQW ORVV XQGHU IXUWKHU ORDGLQJ� 7KH ODUJHU P YDOXHV� LQ HIIHFW� DVVLJQ D JUHDWHU ZHLJKW

IDFWRU WR VWUHVVHV DW ORFDWLRQV YHU\ QHDU WKH FUDFN IURQW� 7KH EHQGLQJ ILHOG� ZKLFK LPSLQJHV RQ

WKH FUDFN IURQW� DIIHFWV WKH VPDOOHU P FXUYHV PRUH UHDGLO\�



 �� 
&�&����� 
&��)�&���� 	���* +/6< � +66< ��&,��������

7KH SUHYLRXV UHVXOWV H[KLELW WKH HVVHQWLDO IHDWXUHV RI :HLEXOO VWUHVV EDVHG FRQVWUDLQW FRUUHF�

WLRQV IRU D NH\ VSHFLPHQ JHRPHWU\� (DFK66< WRXJKQHVV YDOXH FRUUHFWHG IURP LWV FRUUHVSRQGLQJ

/6< YDOXH UHIOHFWV ERWK WKH HIIHFWV RI VWUHVVHG QHDU�WLS YROXPH DQG WKH VWURQJ FKDQJHV LQ WKH

FKDUDFWHU RI WKH QHDU�WLS VWUHVV ILHOGV GXH WR FRQVWUDLQW ORVV� )XUWKHU� LQ WKH FRQWH[W RI SUREDELO�

LVWLF IUDFWXUHPHFKDQLFV� HDFKSDLU �-
66<

� -
/6<

� RQ D JLYHQP�FXUYH GHILQHV HTXDO IDLOXUH SURED�

ELOLWLHV IRU FOHDYDJH IUDFWXUH� 0RWLYDWHG E\ WKHVH REVHUYDWLRQV� WKH DOWHUQDWLYH SDUDPHWHU FDO�

LEUDWLRQ VFKHPH XVHV WKH VFDOLQJ PHWKRGRORJ\ SUHYLRXVO\ RXWOLQHG WR FRUUHFW PHDVXUHG

WRXJKQHVV GLVWULEXWLRQV IRU GLIIHUHQW FUDFN FRQILJXUDWLRQV� 7KH SURFHGXUH H[WHQGV SUHYLRXV

ZRUN E\ *5' >��@ WR FDOLEUDWH SDUDPHWHU �P� ¹X� XVLQJ KLJK FRQVWUDLQW �/6<� DQG ORZ

FRQVWUDLQW �66<� IUDFWXUH WRXJKQHVV GDWDPHDVXUHGDW WKH VDPH WHPSHUDWXUH DQG ORDGLQJ UDWH�

%HFDXVH HDFK PHDVXUHG -
/6<

�YDOXH LV FRUUHFWHG WR LWV HTXLYDOHQW -
66<

�YDOXH� WKH VWDWLVWLFDO

�:HLEXOO� GLVWULEXWLRQ RI -
/6<

�YDOXHV LV DOVR FRUUHFWHG WR DQ HTXLYDOHQW VWDWLVWLFDO �:HLEXOO� GLV�

WULEXWLRQ RI -
66<

�YDOXHV�

'HYHORSPHQW RI WKH FDOLEUDWLRQ SURFHGXUH EHJLQV E\ FRQVLGHULQJ D VWDWLVWLFDO GLVWULEXWLRQ

IRU WKH WRXJKQHVV GDWD� 8VLQJ ZHDNHVW OLQN VWDWLVWLFV� WKH ZHOO NQRZQ WZR�SDUDPHWHU :HLEXOO

IXQFWLRQ FRQYHQLHQWO\ FKDUDFWHUL]HV WKH GLVWULEXWLRQ RI WRXJKQHVV YDOXHV LQ WKH IRUP �VHH� H�J��

>��@�

)�-F�
 �� H[S�
�
�
� �-F

-
�

�§��� � ���

+HUH� § LV WKH:HLEXOO PRGXOXV �VKDSH SDUDPHWHU� IRU WKH -F�GLVWULEXWLRQ DQG -
�
LV WKH FKDUDF�

WHULVWLF WRXJKQHVV �VFDOH SDUDPHWHU�� 7KLV OLPLWLQJ GLVWULEXWLRQ UHPDLQV DSSOLFDEOH IRU RWKHU

PHDVXUHV RI IUDFWXUH WRXJKQHVV� VXFK DV .
,F
RU &72'� 3UHYLRXV ZRUN KDV DOVR GHPRQVWUDWHG

WKDW� XQGHU 66< FRQGLWLRQV� WKH VFDWWHU LQ FOHDYDJH IUDFWXUH WRXJKQHVV GDWD LV FKDUDFWHUL]HG

E\ §
 � IRU -F�GLVWULEXWLRQV >��@ RU §
 � IRU .
,F
�GLVWULEXWLRQV >�@�

&RQVHTXHQWO\� RXU VFKHPH GHILQHV WKH FDOLEUDWHG YDOXH RI P IRU WKH PDWHULDO DV WKH YDOXH

WKDW FRUUHFWV WKH FKDUDFWHULVWLF WRXJKQHVV -/6<
�

�L�H�� WKH VFDOH SDUDPHWHU RI (T� ���� WR LWV HTXLY�

DOHQW -66<
�

� %HFDXVH SDUDPHWHU P LV DVVXPHG LQGHSHQGHQW RI VSHFLPHQ JHRPHWU\ �DV ORQJ DV

WKH IUDPHZRUN XSRQ ZKLFK WKH :HLEXOO VWUHVV LV EDVHG UHPDLQV YDOLG�� WKH VFKHPH UHPDLQV

HTXDOO\ DSSOLFDEOH ZKHQ WZR VHWV RI IUDFWXUH WRXJKQHVV GDWD IURP GLIIHUHQW FUDFN FRQILJXUD�

WLRQV� EXWZLWK VXIILFLHQW GLIIHUHQFHV LQ WKH HYROXWLRQ RI ¹Z YV�-� DUHXVHG �H�J�� ��7� 6(�%� VSHFL�

PHQV ZLWK D�:
��� DQG D�:
������

7KH IROORZLQJ VWHSV GHVFULEH D VXPPDU\ RI NH\ SURFHGXUHV LQ WKH SURSRVHG FDOLEUDWLRQ

>�����@� 6HFWLRQ � LOOXVWUDWHV WKH SURFHVV IRU D IHUULWLF VWUXFWXUDO VWHHO �%6 ���� *U �� '��

6WHS �

7HVW WZR VHWV RI VSHFLPHQV ZLWK GLIIHUHQW FUDFN FRQILJXUDWLRQV �$ DQG %� LQ WKH '%7 UHJLRQ WR JHQHUDWH

WZR GLVWULEXWLRQV RI IUDFWXUH WRXJKQHVV GDWD� 6HOHFW WKH VSHFLPHQ JHRPHWULHV DQG WKH FRPPRQ WHVW WHP�

SHUDWXUH WR LQVXUH GLIIHUHQW HYROXWLRQV RI FRQVWUDLQW OHYHOV IRU WKH WZR FRQILJXUDWLRQV� 1R GXFWLOH WHDULQJ

VKRXOG GHYHORS SULRU WR FOHDYDJH IUDFWXUH LQ HLWKHU VHWV RI WHVWV�

6WHS �

3HUIRUP GHWDLOHG� ��' ILQLWH HOHPHQW DQDO\VHV IRU WKH WHVWHG VSHFLPHQ JHRPHWULHV� 7KH PHVK UHILQH�

PHQWV PXVW EH VXIILFLHQW WR LQVXUH FRQYHUJHG ¹Z YV� - KLVWRULHV IRU WKH H[SHFWHG UDQJH RIP�YDOXHV DQG

ORDGLQJ OHYHOV�

6WHS �

��� $VVXPH DQP�YDOXH� &RPSXWH WKH ¹Z YV� - KLVWRU\ IRU FRQILJXUDWLRQV$ DQG% WR FRQVWUXFW WKH

WRXJKQHVV VFDOLQJ PRGHO UHODWLYH WR ERWK FRQILJXUDWLRQ�



��� &RQVWUDLQW FRUUHFW -%
�
WR LWV HTXLYDOHQW -$

��P
�L�H�� WKH FRUUHFWHG YDOXH RI WKH VFDOH SDUDPHWHU

IRU WKH DVVXPHG P�YDOXH�� 'HILQH WKH HUURU RI WRXJKQHVV VFDOLQJ DV 5�P�
�-$
��P

ï-$
�
�e-$

�
� ,I

5�P���� UHSHDW ���ï��� IRU DGGLWLRQDO P�YDOXHV�

��� 3ORW 5�P� YV� P� 7KH FDOLEUDWHG :HLEXOO PRGXOXV PDNHV 5�P�
� ZLWKLQ D VPDOO WROHUDQFH�

6WHS �

&RPSXWH WKH ¹X�YDOXH� $IWHU P LV GHWHUPLQHG� ¹X LV REWDLQHG HDVLO\ IURP WKH ¹Z YV� - KLVWRU\ IRU WKH

FDOLEUDWHGP�YDOXH� ¹XHTXDOV WKH:HLEXOO VWUHVV YDOXH DW -
-$
�
RU -
-%

�
LQ WKH FRUUHVSRQGLQJ FRQILJX�

UDWLRQ�

-� 
���#������ �� (��#	�� ���	�	� ��� � ���	
�	��� �����

-�� ��&����� ���*.���� ������* 	���* ��"#$ �%�������

:LHVQHU DQG *ROGWKRUSH >��@ SURYLGH FOHDYDJH IUDFWXUH WRXJKQHVV YDOXHV DW GLIIHUHQW ORZHU

VKHOI WHPSHUDWXUHV REWDLQHG IURP WHVWLQJ RI ��SRLQW 6(�%� VSHFLPHQV �SODQH�VLGHG� ZLWK IL[HG

FUDFN OHQJWK WR ZLGWK UDWLR� D�:
���� DQG YDU\LQJ VSHFLPHQ WLFNQHVV� %� 7KH VSHFLPHQV KDYH

%
����PP� ��PPDQG��PPZLWKZLGWK:
�% DQG VSDQ6
�% �UHIHU WR )LJ� ��� 7KHPDWHUL�

DO LV D IHUULWLF &�0Q VWHHO �%6 ����*UDGH ��'� ZLWK KLJK VWUDLQ KDUGHQLQJ �¹X�¹\V
������ 0H�

FKDQLFDO WHQVLOH WHVW GDWD IRU WKLV PDWHULDO LV SUHVHQWHG LQ UHI� >��@�

)LJXUHV�SURYLGHVD:HLEXOO GLDJUDPRI WKHPHDVXUHG WRXJKQHVVYDOXHV IRU WKH WHVW WHPSHU�

DWXUH7
����q&�7KH RSHQ V\PEROV LQ WKH SORWV LQGLFDWH WKH H[SHULPHQWDO IUDFWXUH WRXJKQHVV

GDWD IRU WKH 6(�%� VSHFLPHQV� 9DOXHV RI FXPXODWLYH SUREDELOLW\� )� DUH REWDLQHG E\ RUGHULQJ WKH

-F�YDOXHV DQG XVLQJ )
�Lï�����1� ZKHUH L GHQRWHV WKH UDQN QXPEHU DQG 1 GHILQHV WKH WRWDO

QXPEHU RI H[SHULPHQWDO WRXJKQHVV YDOXHV� 7KH VWUDLJKW OLQHV LQGLFDWH WKH WZR�SDUDPHWHU:HL�

EXOO GLVWULEXWLRQ REWDLQHG E\ D PD[LPXP OLNHOLKRRG DQDO\VLV RI WKH GDWD VHW� 7KH PD[LPXP

OLNHOLKRRG HVWLPDWHV �§A �-
A

�
� IRU HDFK GDWD VHW DUH� ����� ����� IRU WKH ����7� VSHFLPHQ� ����� �����

IRU WKH��7� VSHFLPHQDQG ����� ����� IRU WKH��7� VSHFLPHQ�1RWH WKDW WKH §�YDOXHV RI WKH:HLEXOO

GLVWULEXWLRQ IRU -F GHYLDWH VLJQLILFDQWO\ IURP §
��

-�� 
&�&����� 
&��)�&����

7KH SURFHGXUH XVHG KHUH WR FDOLEUDWH WKH:HLEXOO VWUHVV SDUDPHWHUV IRU WKH &�0Q VWHHO IROORZV

WKH SURSRVHG VFKHPH RXWOLQHG LQ 6HFWLRQ ���� ,Q WKH SUHVHQW DSSOLFDWLRQ� ZH FDOLEUDWH SDUDPH�

WHU P E\ VFDOLQJ WKH PHDVXUHG WRXJKQHVV GLVWULEXWLRQ IRU WKH ����7� 6(�%� VSHFLPHQ WR DQ

HTXLYDOHQW WRXJKQHVV GLVWULEXWLRQ IRU WKH ��7� 6(�%� VSHFLPHQ� 9HU\ GHWDLOHG ILQLWH HOHPHQW

FRPSXWDWLRQV RI WKHVH VSHFLPHQV HQDEOHV FRQVWUXFWLRQ RI WKH -
����7�

o -
��7�

FRUUHFWLRQ VKRZQ

LQ )LJ� �� 7KH FDOLEUDWLRQ SURFHVV VLPSO\ EHFRPHV RQH RI GHWHUPLQLQJ DQP�YDOXH WKDW FRUUHFWV

-����7�

�
WR LWV HTXLYDOHQW -��7�

�
�

$ FHQWUDO IHDWXUH RI WKLV PHWKRGRORJ\ DOVR OLHV LQ WKH FKRLFH RI SDUDPHWHU § GHVFULELQJ WKH

VFDWWHU RI WKH WRXJKQHVV GLVWULEXWLRQ� 7KH SURFHGXUH DGRSWV D IL[HG YDOXH §
� WR GHVFULEH WKH

GLVWULEXWLRQ RI -F�YDOXHV ZKLFKPDNHV FRQWDFW ZLWK WKH SUREDELOLVWLF WUHDWPHQW RI IUDFWXUH XQ�

GHU 66< FRQGLWLRQV EDVHG XSRQ ZHDNHVW OLQN VWDWLVWLFV >�������@� KRZHYHU� SUHYLRXV DQDO\VHV

>��@ UHYHDO D ZHHN GHSHQGHQFH RI -� RQ §� )RU WKH 6(�%� VSHFLPHQV ZLWK %
����PP DW

7
����q&� WKHPD[LPXP OLNHOLKRRG HVWLPDWH RI -����7�

�
ZLWK §
� LV ���� N-�P� DQG GLIIHUV E\

��� IURP WKH SUHYLRXV YDOXH RI ���� N-�P� �UHFDOO WKH ODUJH GHYLDWLRQV RI WKH :HLEXOO PRGXOXV

IURP §
� IRU WKLV GDWD VHW�� 6LPLODUO\� IRU WKH 6(�%� VSHFLPHQVZLWK %
��PPDW7
����q&�

WKHPD[LPXP OLNHOLKRRG HVWLPDWH RI -����7�

�
ZLWK §
� LV ���� N-�P� DQG GLIIHUV E\ ��� IURP WKH

SUHYLRXV YDOXH RI ���� N-�P��:LWK WKH LQWURGXFWLRQ RI D IL[HG YDOXH §
�� RXU FDOLEUDWLRQ SURFH�
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)LJ� �� :HLEXOO SORWV RI WRXJKQHVV YDOXHV DW 7
����q&�
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GXUH \LHOGVP��� IRU WKH VWHHO WHVWHG DW7
����q&� )LJXUH � LOOXVWUDWHV WKH JUDSKLFDO SURFH�

GXUH WR GHWHUPLQH SDUDPHWHU P�

�� ��� ��� ����

)LJ� �� -����7�o -��7� FRUUHFWLRQ XVLQJ D VFDOLQJ PHWKRGRORJ\ EDVHG XSRQ WKH :HLEXOO VWUHVV
ZLWK YDU\LQJ :HLEXOO PRGXOL IRU WHVWHG VWUXFWXUDO VWHHO %6���� *U��� 7KH OLQHV RQ
WKH SORW LQGLFDWHV WKH FDOLEUDWLRQ SURFHVV WR GHWHUPLQH SDUDPHWHU P�

�
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2XU H[WHQVLYH QXPHULFDO DQDO\VHV WR DVVHVV FRQVWUDLQW ORVV HIIHFWV �/6<o 66<� IRU VWDQGDUG�

GHHS QRWFK 6(�%� VSHFLPHQV GHPRQVWUDWH WKH VWURQJ LQIOXHQFH RI WKH:HLEXOO VWUHVV SDUDPHWHU

P �:HLEXOO PRGXOXV� RQ -
/6<
o -

66<
FRUUHFWLRQV� 7KHVH DQDO\VHV SURYLGH VXSSRUW WR LQWURGXFH

DQDOWHUQDWLYH� LPSURYHGSURFHGXUH EDVHGXSRQD WRXJKQHVV VFDOLQJPRGHO WR FDOLEUDWH WKH:HL�

EXOO VWUHVV SDUDPHWHUV� �P� ¹X�� 7KH WRXJKQHVV VFDOLQJ PRGHO HQDEOHV FRQVWUXFWLRQ RI :HLEXOO

VWUHVV EDVHG FRQVWUDLQW FRUUHFWLRQV IRU H[SHULPHQWDOO\PHDVXUHG -F�YDOXHV WR SURYLGH WKH:HL�

EXOO SDUDPHWHUV IRU D VWUXFWXUDO &�0Q VWHHO �%6 ����*UDGH ��'�� )XUWKHU ZRUN LV LQ SURJUHVV

WR YDOLGDWH WKH SURSRVHG SURFHGXUH DV D PRUH JHQHUDO DQG UREXVW VFKHPH WR FDOLEUDWH WKH :HL�

EXOO VWUHVV SDUDPHWHUV IRU VHYHUDO FUDFN FRQILJXUDWLRQV DQG LWV LPSOLFDWLRQ RQ SUHGLFWLRQV RI

WRXJKQHVV GLVWULEXWLRQV DQG IUDFWXUH DVVHVVPHQW SURFHGXUHV�

$FNQRZOHGJHPHQWV

7KLV LQYHVWLJDWLRQ ZDV VXSSRUWHG E\ JUDQWV SULQFLSDOO\ IURP WKH 6FLHQWLILF )RXQGDWLRQ RI WKH 6WDWH RI

6mR 3DXOR �)$3(63� XQGHU *UDQW ����������� $FFHVV WR WKH &UD\ -��� DQG 6*,�2ULJLQ ��� DW WKH +LJK

3HUIRUPDQFH &RPSXWLQJ &HQWHU �/&&$� RI WKH 8QLYHUVLW\ RI 6mR 3DXOR LV DOVR DFNQRZOHGJHG�

��!�������

�� 5XJJLHUL�&�� ¶¶$)UDPHZRUNWR&RUUHODWH(IIHFWVRI&RQVWUDLQW/RVVDQG'XFWLOH7HDULQJRQ)UDFWXUH7RXJKQHVV
ï 3DUW ,� 3UREDELOLVWLF $SSURDFK�µ ��WK%UD]LOLDQ &RQJUHVV RI 0HFKDQLFDO (QJLQHHULQJ �&REHP ���� ÉJXDV GH
/LQGyLD� %UD]LO �������

�� 7URYDWR� (� DQG 5XJJLHUL� &�� ¶¶$ )UDPHZRUN WR &RUUHODWH (IIHFWV RI &RQVWUDLQW /RVV DQG 'XFWLOH 7HDULQJ RQ
)UDFWXUH7RXJKQHVVï3DUW ,,�)UDFWXUH8QGHU6PDOO6FDOH<LHOGLQJ&RQGLWLRQV�µ��WK%UD]LOLDQ&RQJUHVVRI0H�
FKDQLFDO (QJLQHHULQJ �&REHP ���� ÉJXDV GH /LQGyLD� %UD]LO �������

�� %HUHPLQ� )�0� ¶¶$ /RFDO &ULWHULRQ IRU &OHDYDJH )UDFWXUH RI D 1XFOHDU 3UHVVXUH 9HVVHO 6WHHO�µ0HWDOOXUJLFDO
7UDQVDFWLRQV� 9RO� ��$� SS� ����ï����� �����

�� 5XJJLHUL� &� DQG'RGGV� 5�+�� ¶¶$ 7UDQVIHUDELOLW\0RGHO IRU %ULWWOH )UDFWXUH ,QFOXGLQJ&RQVWUDLQW DQG'XFWLOH
7HDULQJ (IIHFWV� $ 3UREDELOLVWLF $SSURDFK�µ ,QWHUQDWLRQDO -RXUQDO RI )UDFWXUH� 9RO� ��� SS� �������� �����

�� 5XJJLHUL� &� DQG'RGGV� 5�+�� ¶¶3UREDELOLVWLF0RGHOLQJ RI %ULWWOH )UDFWXUH ,QFOXGLQJ ��'(IIHFWV RQ&RQVWUDLQW
/RVV DQG 'XFWLOH 7HDULQJ�µ -RXUQDO GH 3K\VLTXH� 9RO� �����

�� 5XJJLHUL� &� DQG'RGGV� 5�+�� ¶¶:675(665HOHDVH ���� 1XPHULFDO &RPSXWDWLRQ RI 3UREDELOLVWLF )UDFWXUH 3D�
UDPHWHUV IRU ��' &UDFNHG 6ROLGV�µ %7ï319ï���7HFKQLFDO 5HSRUW�� (3863� 8QLYHUVLW\ RI 6mR 3DXOR� �����

�� 5XJJLHUL�&��'RGGV�5�+�DQG:DOOLQ�.�� ¶¶&RQVWUDLQWV(IIHFWVRQ5HIHUHQFH7HPSHUDWXUH�7�� IRU)HUULWLF6WHHOV
LQ WKH 7UDQVLWLRQ 5HJLRQ�µ (QJLQHHULQJ )UDFWXUH 0HFKDQLFV� 9RO� ��� SS� ������ �����

�� :DOOLQ� .� ¶¶7KH 6FDWWHU LQ .,F 5HVXOWV�µ (QJLQHHULQJ )UDFWXUH 0HFKDQLFV� 9RO� ��� SS� ����ï����� �����

�� 0XGU\� )�� ����� ¶¶$ /RFDO $SSURDFK WR &OHDYDJH )UDFWXUHµ� 1XFOHDU (QJLQHHULQJ DQG 'HVLJQ� 9RO� ���� SS�
��ï���

��� 0LQDPL� )�� %U�FNQHUï)RLW� $�� 0XQ]� '�DQG 7UROOGHQLHU� %�� ¶¶(VWLPDWLRQ 3URFHGXUH IRU WKH :HLEXOO
3DUDPHWHUV 8VHG LQ WKH /RFDO $SSURDFK�µ ,QWHUQDWLRQDO -RXUQDO RI )UDFWXUH� 9RO� ��� SS� ���ï���� �����

��� *DR�;�� 5XJJLHUL� &� DQG 'RGGV� 5� +�� ¶¶&DOLEUDWLRQ RI :HLEXOO 6WUHVV 3DUDPHWHUV 8VLQJ )UDFWXUH 7RXJKQHVV
'DWD··� �6XEPPLWWHG IRU 3XEOLFDWLRQ��

��� 5XJJLHUL� &�� *DR� ;� DQG'RGGV� 5� +�� ¶¶7UDQVIHUDELOLW\ RI (ODVWLF�3ODVWLF )UDFWXUH 7RXJKQHVV 8VLQJ WKH:HL�
EXOO 6WUHVV $SSURDFK� 6LJQLILFDQFH RI 3DUDPHWHU &DOLEUDWLRQ··� �6XEPPLWWHG IRU 3XEOLFDWLRQ��

��� .RSSHQKRHIHU�.��*XOOHUXG�$��5XJJLHUL�&��'RGGV�5�DQG+HDO\�%�� ¶¶:$53�'�'\QDPLF1RQOLQHDU$QDO\VLV
RI6ROLGV8VLQJD3UHFRQGLWLRQHG&RQMXJDWH*UDGLHQW6RIWZDUH$UFKLWHFWXUHµ�6WUXFWXUDO5HVHDUFK6HULHV�656�
���� 8,/8ï(1*ï��ï�����8QLYHUVLW\ RI ,OOLQRLV DW 8UEDQDï&KDPSDLJQ� �����

��� 0RUDQ� %�� DQG 6KLK� &�)�� ¶¶$ *HQHUDO 7UHDWPHQW RI &UDFN 7LS &RQWRXU ,QWHJUDOVµ� ,QWHUQDWLRQDO -RXUQDO RI
)UDFWXUH� 9RO� ��� SS� ���ï���� �����

��� :LHVQHU� &� 6� DQG*ROGWKRUSH�0� 5�� ¶¶7KH (IIHFW RI 7HPSHUDWXUH DQG 6SHFLPHQ*HRPHWU\ RQ WKH3DUDPHWHUV
RI WKH /RFDO $SSURDFK WR &OHDYDJH )UDFWXUHµ LQ ,QWHUQDWLRQDO &RQIHUHQFH RQ /RFDO $SSURDFK WR )UDFWXUH �0(�
&$0$7 ���� )RQWDLQHEOHDX� )UDQFH� ����� SS� &�����ï����

��� .LUN�0�7�DQG'RGGV�5�+�� ¶¶-DQG&72'(VWLPDWLRQ(TXDWLRQV IRU6KDOORZ&UDFNVLQ6LQJOH(GJH1RWFK%HQG
6SHFLPHQV�·· -RXUQDO RI 7HVWLQJ DQG (YDOXDWLRQ� 9RO� ��� 1R� �� SS� ���ï���� �����

��� /DUVVRQ� 6�*� DQG&DUOVVRQ�$�-�� ¶¶,QIOXHQFHRI1RQï6LQJXODU6WUHVV7HUPVDQG6SHFLPHQ*HRPHWU\ RQ6PDOO
6FDOH<LHOGLQJDW&UDFNï7LSVLQ(ODVWLFï3ODVWLF0DWHULDOVµ�-RXUQDORI WKH0HFKDQLFVDQG3K\VLFVRI6ROLGV�9RO�
��� SS� ���ï���� �����

��� 0DQQ� 1� 5�� 6FKDIHU� 5� (� DQG 6LQJSXUZDOOD� 1� '��0HWKRGV IRU 6WDWLVWLFDO $QDO\VLV RI 5HOLDELOLW\ DQG /LIH
'DWD� -RQK :LOH\ 	 6RQV� 1HZ <RUN� �����
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)LJ� �� -/6<o -66< FRUUHFWLRQ XVLQJ D VFDOLQJ PHWKRGRORJ\ EDVHG XSRQ WKH :HLEXOO VWUHVV ZLWK YDU\LQJ :HLEXOO PRGXOL

IRU SODQH�VLGHG ��7� 6(�%� VSHFLPHQV�
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