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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 VWXG\ H[SORUHV WKH GHYHORSPHQW RI D SUREDELOLVWLF �PLFURPHFKDQLFV� IUDPHZRUN DSSOLFD�

EOH WR FOHDYDJH IUDFWXUH WR SUHGLFW HIIHFWV RI FRQVWUDLQW ORVV DQG GXFWLOH WHDULQJ RQ PDFURVFRSLF IUDFWXUH

WRXJKQHVV �-F�� 6SHFLILFDOO\� D SUREDELOLVWLF PRGHO HPSOR\LQJ WKH VWDWLVWLFV RI PLFURFUDFNV �ZHDNHVW OLQN

SKLORVRSK\� DQG D ORFDO IDLOXUH FULWHULRQ IRU WUDQVJUDQXODU FOHDYDJH SURYLGHV WKH FRXSOLQJ EHWZHHQ WKH

PLFURUHJLPH RI IUDFWXUH �ZKLFK LQFOXGHV WKH VWUHVVHV WKDW GHYHORS DKHDG RI WKH PDFURVFRSLF FUDFN� ZLWK

PDFURVFRSLF �UHPRWH� ORDGLQJ� )RU VWUHVV�FRQWUROOHG� FOHDYDJH PHFKDQLVPV RI PDWHULDO IDLOXUH� WKH :HL�

EXOO VWUHVV �¹Z� HPHUJHV DV D SUREDELOLVWLF IUDFWXUH SDUDPHWHU GHILQLQJ FRQGLWLRQV OHDGLQJ WR �ORFDO� IUDF�

WXUH� 7KLV SDUDPHWHU SHUPLWV SUHGLFWLRQV RI WKH VWURQJ HIIHFWV RI FRQVWUDLQW YDULDWLRQV DQG GXFWLOH WHDU�

LQJ RQ �PDFURVFRSLF� FOHDYDJH IUDFWXUH WRXJKQHVV RYHU D ZLGH UDQJH RI ORDGLQJ DQG FUDFN FRQILJXUDWLRQV�

.H\ ZRUGV� FOHDYDJH IUDFWXUH� VWDWLVWLFDO HIIHFWV� ZHDNHVW OLQN� ORFDO DSSURDFK� :HLEXOO VWUHVV
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7KH IUDFWXUH EHKDYLRU RI VWUXFWXUDO FRPSRQHQWV VXEMHFWHG WR YDULRXV ORDGLQJ DQG HQYLURQPHQ�

WDO FRQGLWLRQV LV RI REYLRXV UHOHYDQFH LQ DVVHVVLQJ VWUXFWXUDO LQWHJULW\� 7KH LQFUHDVLQJ GHPDQG

IRU HQVXULQJ DFFHSWDEOH OHYHOV RI VWUXFWXUDO VDIHW\ KDV VSXUUHG D IOXUU\ RI SUHGLFWLYHPHWKRGROR�

JLHV DLPHG DW TXDQWLI\LQJ WKH LPSDFW RI GHIHFWV LQ ORDG�EHDULQJPDWHULDOV VXFK DV� IRU H[DPSOH�

FUDFNV LQ FULWLFDO ZHOGPHQWV RI KLJK SUHVVXUH YHVVHOV� 6XFK PHWKRGRORJLHV SOD\ D NH\ UROH LQ

UHSDLU GHFLVLRQV DQG OLIH�H[WHQVLRQ SURJUDPV IRU LQ�VHUYLFH VWUXFWXUHV �H�J�� DHURVSDFH� QXFOHDU

DQG RIIVKRUH VWUXFWXUHV�� :KLOH PHFKDQLFDO IDLOXUHV LQ VWUXFWXUDO PHPEHUV DQG FRPSRQHQWV

PD\ UHVXOW IURP D FRPELQDWLRQ RI VHYHUDO PDWHULDO GHJUDGDWLRQ SURFHVVHV� DVVHVVPHQWV RI

VWUXFWXUDO LQWHJULW\ JHQHUDOO\ IRFXV RQ FOHDYDJH IUDFWXUH� 7KLV IUDFWXUH PRGH SRWHQWLDOO\ OLPLW

WKH ORDGEHDULQJ FDSDFLW\ RI WKH VWUXFWXUH DV ORFDO FUDFN�WLS LQVWDELOLW\PD\ WULJJHU FDWDVWURSKLF

IDLOXUH DW ORZ DSSOLHG VWUHVVHV ZLWK OLWWOH SODVWLF GHIRUPDWLRQ�

&RQYHQWLRQDO IUDFWXUH DVVHVVPHQWV RI ODUJH HQJLQHHULQJ VWUXFWXUHV XVLQJ ODERUDWRU\ VSHFL�

PHQ GDWD PRVW RIWHQ HPSOR\ D RQH�SDUDPHWHU FKDUDFWHUL]DWLRQ >�@ RI ORDGLQJ DQG WRXJKQHVV

�.
,
� - RU &72'� ª�� 7KHPRUH UHFHQW WZR�SDUDPHWHU DSSURDFKHV �-�7 >���@ DQG -�4 >�� �@PHWK�

RGRORJLHV� UHWDLQ FRQWDFWZLWK WUDGLWLRQDO IUDFWXUHPHFKDQLFV DQG SURYLGH D FRQFLVH IUDPHZRUN

WR UHSUHVHQW PHDVXUHG WRXJKQHVV YDOXHV LQ WHUPV RI D -�7 RU -�4 IUDFWXUH ORFXV >��@� +RZHYHU�

VXFK PHWKRGV DUH FRQVHUYDWLYH �L�H�� WKH IDLOXUH RI D FUDFNHG FRPSRQHQW DW D JLYHQ ORDG LV RYHU�



SUHGLFWHG� DQG GR QRW SURYLGH D PHDQV WR SUHGLFW WKH HIIHFWV RI FRQVWUDLQW YDULDWLRQV DQG SULRU

GXFWLOH WHDULQJ RQ WRXJKQHVV� )XUWKHU� FOHDYDJH IUDFWXUH LV D KLJKO\ ORFDOL]HG� LQKHUHQWO\ UDQ�

GRP SKHQRPHQRQ ZKLFK H[KLELWV VWURQJ VHQVLWLYLW\ WR PDWHULDO FKDUDFWHULVWLFV DW WKH PLFUROH�

YHO� ,Q SDUWLFXODU� WKH UDQGRP LQKRPRJHQHLW\ LQ ORFDO IHDWXUHV RI WKHPDWHULDO FDXVHV ODUJH VFDW�

WHU LQ H[SHULPHQWDOO\ PHDVXUHG YDOXHV RI IUDFWXUH WRXJKQHVV �.
,F
� -F RU &72'� ï VHH >��@ IRU

LOOXVWUDWLYH GDWD� 6XFK IHDWXUHV PDNH DVVHVVPHQWV RI VWUXFWXUDO LQWHJULW\ XVLQJ ODERUDWRU\

WHVWLQJ RI VWDQGDUG VSHFLPHQV DQG VLPSOLILHG FUDFN FRQILJXUDWLRQV D FRPSOH[ WDVN� ZKDW LV WKH

¶¶DFWXDOµ PDWHULDO WRXJKQHVV DQG KRZ LV WKH VFDWWHU LQ PHDVXUHG YDOXHV RI IUDFWXUH WRXJKQHVV

LQFRUSRUDWHG LQ SURFHGXUHV IRU GHIHFW DVVHVVPHQWV"

7KHUH KDV UHFHQWO\ EHHQ D VXUJH RI LQWHUHVW LQ DQDO\]LQJ DQG SUHGLFWLQJ PDWHULDO IDLOXUH

FDXVHGE\ WUDQVJUDQXODU FOHDYDJH EDVHGXSRQDSUREDELOLVWLF LQWHUSUHWDWLRQ RI WKH IUDFWXUHSUR�

FHVV� $ SULPDU\ LPSHWXV IRU EULQJLQJ SUREDELOLVWLF IUDFWXUHPHFKDQLFV FRQFHSWV LQWR SOD\ LV WKH

LQKHUHQW UDQGRPQDWXUH RI IUDFWXUH� %HUHPLQ >�@�:DOOLQ HW DO� >�����@� /LQ HW DO� >��@� %U�FNQHU

HW DO� >��@� *RGVH DQG *XUODQG >��@ DPRQJ RWKHUV FRQVLGHUHG PRGHOV RI WKLV W\SH WR SURYLGH D

OLQN EHWZHHQ WKH VL]H RI FDUELGHV SDUWLFOHV GLVSHUVHG LQ WKH PDWHULDO DQG WKH LQKRPRJHQHRXV

VWUHVV ILHOGVDKHDGRI DPDFURVFRSLF FUDFN�7KHZRUNRI%HUHPLQ >�@DWWDLQVSDUWLFXODU UHOHYDQFH

KHUH DV LW LQWURGXFHG WKH :HLEXOO VWUHVV �¹Z� DV D VXLWDEOH FUDFN�WLS SDUDPHWHU LQFRUSRUDWLQJ

D ORFDO FULWHULRQ IRU IUDFWXUH�0RUH UHFHQW HIIRUWV LQ WKLV DUHD KDYH IRFXVHG RQ GHYHORSLQJ WUDQV�

IHUDELOLW\ PRGHOV IRU FOHDYDJH IUDFWXUH WRXJKQHVV EDVHG XSRQ WKH %HUHPLQ·V :HLEXOO VWUHVV�

%DNNHU DQG.RHUV >��@� 0LQDPL HW DO� >��@� 5XJJLHUL HW DO�>��@� DVVHVV HIIHFWV RI VSHFLPHQ WKLFN�

QHVV DQG FUDFN OHQJWK RQ HODVWLF�SODVWLF IUDFWXUH WRXJKQHVV �-F� ªF�� )XUWKHU VWXGLHV E\ 5XJ�

JLHUL DQG 'RGGV >�����@ JHQHUDOL]H WKH :HLEXOO VWUHVV IRU VWDWLRQDU\ DQG JURZLQJ FUDFNV WR LQ�

FOXGH HIIHFWV RI ORVV RI FRQVWUDLQW DQG GXFWLOH WHDULQJ RQ PDFURVFRSLF IUDFWXUH WRXJKQHVV�

7KH REMHFWLYHV LQ GHYHORSLQJ SUREDELOLVWLF PRGHOV WR GHVFULEH XQVWDEOH FUDFN SURSDJDWLRQ

DUH HVVHQWLDOO\ WZR IROG� )LUVW� IRU D VWUXFWXUH FRQWDLQLQJ FUDFNV RI GLIIHUHQW VL]HV DQG VXEMHFWHG

WR FRPSOH[ ORDGLQJKLVWRULHV�ZH VHHN WR GHWHUPLQH OLPLWLQJGLVWULEXWLRQV IRU WKH �ORFDO� IUDFWXUH

VWUHVV ZKLFK FRXSOH UHPRWH ORDGLQJ �DV PHDVXUHG E\ - RU &72'� ZLWK WKH RSHUDWLYH IUDFWXUH

PHFKDQLVP DW WKH PLFUROHYHO� ,Q WKH FRQWH[W RI SUREDELOLVWLF PRGHOV� D IUDFWXUH SDUDPHWHU

DVVRFLDWHG ZLWK WKH OLPLWLQJ GLVWULEXWLRQ WKHQ GHVFULEHV PDFURVFRSLF IUDFWXUH EHKDYLRU IRU D

ZLGH UDQJH RI ORDGLQJ FRQGLWLRQV DQG FUDFN FRQILJXUDWLRQV� $V D VHFRQG REMHFWLYH� ZH VHHN WR

SUHGLFW XQVWDEOH FUDFN SURSDJDWLRQ LQ ODUJHU IODZHG VWUXFWXUHV RQ WKH EDVLV RI D SUREDELOLVWLF

IUDFWXUH SDUDPHWHU� ([SHULPHQWDOO\ PHDVXUHG YDOXHV RI IUDFWXUH WRXJKQHVV IRU RQH FRQILJXUD�

WLRQ �H�J�� VPDOO ODERUDWRU\ VSHFLPHQV� DUH UDWLRQDOO\ H[WHQGHG WR SUHGLFW XQVWDEOH FUDFNSURSD�

JDWLRQ IRU RWKHU FUDFN FRQILJXUDWLRQV� SURYLGHG VLPLODULWLHV LQ ERWK OLPLWLQJ GLVWULEXWLRQV IRU

VXFK D IUDFWXUH SDUDPHWHU H[LVW�

7KLV VWXG\ H[SORUHV WKH GHYHORSPHQW RI D SUREDELOLVWLF �PLFURPHFKDQLFV� IUDPHZRUN DSSOL�

FDEOH WR FOHDYDJH IUDFWXUH WRSUHGLFW HIIHFWV RI FRQVWUDLQW ORVVDQGGXFWLOH WHDULQJRQPDFURVFRSLF

IUDFWXUH WRXJKQHVV� 7KH SUHVHQWDWLRQ LV JLYHQ LQ WKUHH SDUWV� 3DUW , GHVFULEHV D SUREDELOLVWLF

PRGHO HPSOR\LQJ WKH VWDWLVWLFV RI PLFURFUDFNV DQG D ORFDO IDLOXUH FULWHULRQ WR OLQN WKH PLFURUH�

JLPH RI IUDFWXUH DQG PDFURVFRSLF �UHPRWH� ORDGLQJ� 3DUW ,, SURYLGHV NH\ IHDWXUHV RI WKH PLFUR�

PHFKDQLFV DSSURDFK LQ FKDUDFWHUL]LQJ IUDFWXUH EHKDYLRU XQGHU VPDOO VFDOH \LHOGLQJ �66<� FRQ�

GLWLRQV >��@� WKH LVVXH RI SDUDPHWHU FDOLEUDWLRQ DQG UHSUHVHQWDWLYH DSSOLFDWLRQV RI WKH

PHWKRGRORJ\ DUH SUHVHQWHG LQ 3DUW ,,, >��@� 6SHFLILFDOO\ LQ 3DUW ,� WKH UDQGRP QDWXUH RI FOHDY�

DJH IUDFWXUH GXH WR LQKRPRJHQHLW\ LQ WKH ORFDO FKDUDFWHULVWLFV RI WKH PDWHULDO GULYHV WKH GHYHO�

RSPHQW RI D UHODWLRQVKLS WR FRXSOH PDFURVFRSLF IUDFWXUH EHKDYLRU ZLWK PLFURVFDOH HYHQWV� )RU

VWUHVV�FRQWUROOHG� FOHDYDJHPHFKDQLVPV RIPDWHULDO IDLOXUH� WKH:HLEXOO VWUHVV �¹Z� HPHUJHV DV

D SUREDELOLVWLF IUDFWXUH SDUDPHWHU GHILQLQJ FRQGLWLRQV OHDGLQJ WR �ORFDO� IUDFWXUH� 7KLV SDUDPH�

WHU SHUPLWV SUHGLFWLRQV RI WKH VWURQJ HIIHFWV RI FRQVWUDLQW YDULDWLRQV RQ �PDFURVFRSLF� FOHDYDJH

IUDFWXUH WRXJKQHVV RYHU D ZLGH UDQJH RI ORDGLQJ DQG FUDFN FRQILJXUDWLRQV� 7KLV VWXG\ DQG LWV

VHTXHOV EXLOG XSRQ SUHYLRXV ZRUN E\ 5XJJLHUL DQG 'RGGV >�����@�
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&OHDYDJH IUDFWXUH LQ ORZFDUERQ� IHUULWLF VWHHOV RFFXUVSULPDULO\E\ WKH IRUPDWLRQRIPLFURFUDFNV

DW FDUELGHV LQ UHJLRQV ZKLFK XQGHUJR LQKRPRJHQHRXV SODVWLF GHIRUPDWLRQ >�����@� 7KHVH

FUDFNHG FDUELGHV XVXDOO\ DSSHDU DORQJ JUDLQ ERXQGDULHV DQG SURYLGH WKH FOHDYDJH QXFOHDWLRQ

VLWHV� 7KH SUHVHQW ZRUN DGRSWV WKH YLHZSRLQW WKDW FOHDYDJH IUDFWXUH LV D WZR�VWDJH SURFHVV� D�

PLFURFUDFNV DUH JHQHUDWHG GXH WR ORFDOL]HG DQG LQKRPRJHQHRXV SODVWLF IORZ LQ D VXIILFLHQWO\

VWUHVVHG UHJLRQ RI WKH PDWHULDO >��@ DQG E� XQVWDEOH FUDFN SURSDJDWLRQ RFFXUV ZKHQ WKH ORFDO

WHQVLOH VWUHVVDFWLQJRQWKHVHPLFURFUDFNVUHDFKHVDFULWLFDO WHQVLOH VWUHVV� ¹F>��@�:LWKRXWPDN�

LQJ UHFRXUVH WR GHWDLOHGPHWDOOXUJLFDO GHVFULSWLRQV RI WKHPLFURVFDOH IUDFWXUH SURFHVV� WKHQHDU�

WLS VWUHVVHG UHJLRQ DKHDG RI DPDFURVFRSLF FUDFN RU DQRWFKGHSLFWHG LQ)LJ� ��D� GHILQHV WKH IUDF�

WXUH SURFHVV ]RQH� WKLV UHJLRQ ZLWK VL]H �� �� &72' �ª� FRQWDLQV WKH SRWHQWLDO VLWHV IRU

FOHDYDJH QXFOHDWLRQ�

)LJXUH � �D� )UDFWXUH SURFHVV ]RQH DKHDG D PDFURVFRSLF FUDFN FRQWDLQLQJ UDQGRPO\
GLVWULEXWHG IODZV� �E� 8QLW YROXPH DKHDG RI FUDFN WLS VXEMHFWHG WR D PXOWLD[LDO VWUHVV VWDWH�
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'HYHORSPHQW RI D OLPLWLQJ GLVWULEXWLRQ IRU WKH IUDFWXUH VWUHVV RI D PXOWLD[LDOO\ VWUHVVHG

FUDFNHGERG\EHJLQVE\ FRQVLGHULQJ D VWDWLRQDU\PDFURVFRSLF FUDFN O\LQJ LQPDWHULDO FRQWDLQLQJ

UDQGRPO\ RULHQWHG PLFURFUDFNV �PLFURIODZV�� XQLIRUPO\ GLVWULEXWHG LQ ORFDWLRQ� )LJXUH ��E� LO�

OXVWUDWHVDQDUELWUDULO\ VWUHVVHG�XQLWYROXPH9QHDUDFUDFNRUDQRWFK� WKH VWUHVV VWDWH LV UHSUH�

VHQWHG E\ WKH SULQFLSDO VWUHVVHV �¹
�
� ¹

�
� ¹

�
�� 7ZR IXQGDPHQWDO DVVXPSWLRQV XQGHUOLH WKH SUHV�

HQW SUREDELOLVWLF IUDPHZRUN� ��� WKH IUDFWXUH SURFHVV ]RQH QHDU WKH FUDFN WLS FRQVLVWV RI D ODUJH

QXPEHU RI VWDWLVWLFDOO\ LQGHSHQGHQW� XQLIRUPO\ VWUHVVHG� VPDOO YROXPH HOHPHQWV� GHQRWHG ª9�

DQG ��� IDLOXUH RI WKLV VPDOO YROXPH HOHPHQW RFFXUV ZKHQ WKH VL]H RI D UDQGRP IODZ H[FHHGV D

FULWLFDO VL]H� L�H�� D� DF� %DVHG XSRQ SUREDELOLW\ WKHRU\� WKH ZHOO�NQRZQ 3RLVVRQ SRVWXODWHV

�VHH� H�J�� )HOOHU >��@� SURYLGH WZR FRPSOHPHQWDU\ DVVXPSWLRQV� ��� IDLOXUHV RFFXUULQJ LQ QRQ�

RYHUODSSLQJ YROXPHV DUH VWDWLVWLFDOO\ LQGHSHQGHQW HYHQWV DQG ��� WKH SUREDELOLW\ RI IDLOXUH IRU

ª9 LV SURSRUWLRQDO WR LWV YROXPH� L� H�� ªI
 ³ª9ZKHQ ª9 LV VXIILFLHQWO\ VPDOO�+HUH� WKHSURSRU�



WLRQDOLW\ FRQVWDQW ³ LV WKH DYHUDJH QXPEHU RI IODZV ZLWK VL]H D� DF SHU XQLW YROXPH� 7KH HOH�

PHQWDO IDLOXUH SUREDELOLW\� ªI� LV WKHQ UHODWHG WR WKH GLVWULEXWLRQ RI WKH ODUJHVW IODZ LQ D UHIHU�

HQFH YROXPH RI WKH PDWHULDO� ZKLFK FDQ EH H[SUHVVHG DV

ªI
 ª9�Ö
DF

J�D�GD ���

ZKHUH J�D�GD GHILQHV WKH QXPEHU RI PLFURFUDFNV SHU XQLW YROXPH KDYLQJ VL]HV EHWZHHQ D DQG

D�GD�

8VLQJ D 7D\ORU VHULHV H[SDQVLRQ >��@ RI WKH H[SRQHQWLDO IXQFWLRQ H[ �ZLWK VHFRQG�RUGHU

WHUPVQHJOHFWHG IRU VXIILFLHQWO\ VPDOO [�� WKH SUREDELOLW\ WKDW QR IDLOXUH �SUREDELOLW\ RI VXUYLYDO�

ZLOO RFFXU LQ WKH YROXPH HOHPHQW EHFRPHV

�� ªI
 �� ª9�Ö
DF

J�D�GD
 H[S�
�
�
� ª9�Ö

DF

J�D�GD�
�
�
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1RZ� LQYRNLQJ ZHDNHVW OLQN DUJXPHQWV WR GHULYH WKH GLVWULEXWLRQ RI IDLOXUH IRU WKH HQWLUH

YROXPH 9 �VHH )LJ� ��� D ¶¶FKDLQµ DQDORJ\ LV UHDGLO\ HVWDEOLVKHG DOORZLQJ SURSHU LQWHUSUHWDWLRQ

RI WKH UHVXOWLQJ OLPLWLQJ GLVWULEXWLRQ� :LWKLQ WKLV FRQWH[W� 9 LV YLHZHG DV D FKDLQ FRQVLVWLQJ RI

Q VPDOO HOHPHQWV ª9 VR WKDW IDLOXUH RI D VLQJOH HOHPHQW OHDGV WR WKH FROODSVH RI WKH ZKROH FKDLQ�

7KH IDLOXUH SUREDELOLW\ RI 9� H[SUHVVHG E\ I
�
� LV WKHQ ZULWWHQ LQ WKH IRUP

I
�

 ���

Q

L
�

��� ªI
L
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ZKLFK LV WKH IDPLOLDU ZHDNHVW OLQN IRUPXODWLRQ DSSOLHG WR WKH YROXPH 9� 6XEVWLWXWLQJ (T� ���

LQ WKH DERYH (T� ��� DQGZRUNLQJ RXW WKH UHVXOWLQJ H[SUHVVLRQZLWK Q@Ö �DQG ª9
L
@ G9�� WKH

IDLOXUH SUREDELOLW\ RI 9 EHFRPHV

I
�

 �� H[S�

�
�
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7R DUULYH DW D FORVHG IRUP IRU WKH IDLOXUH SUREDELOLW\ RI WKH XQLW YROXPH 9 LQ WHUPV RI WKH

QHDU�WLS VWUHVV ILHOG� DQDSSUR[LPDWHGHVFULSWLRQ IRU WKHGLVWULEXWLRQRIPLFURFUDFNV LV UHTXLUHG�

$ FRPPRQ DVVXPSWLRQ DGRSWV DQ DV\PSWRWLF GLVWULEXWLRQ IRU WKH PLFURFUDFN GHQVLW\� J�D�� LQ

WKH IRUP >��� ��@

J�D�
 �
9
�

�F�D�
°

� ���

ZKHUH ° DQG F
�
DUH SDUDPHWHUV RI WKH GLVWULEXWLRQ DQG9

�
GHQRWHV D UHIHUHQFH YROXPH� 1RZ� WKH

LPSOLFLW GLVWULEXWLRQ RI IUDFWXUH VWUHVV FDQ EHPDGH H[SOLFLW E\ LQWURGXFLQJ WKH GHSHQGHQFH EH�

WZHHQ WKH FULWLFDO PLFURFUDFN VL]H� DF � DQG VWUHVV LQ WKH IRUP DF
 �. ��<¹��� ZKHUH < UHSUH�

VHQWV D JHRPHWU\ IDFWRU DQG ¹ GHQRWHV D WHQVLOH �RSHQLQJ� VWUHVV DFWLQJ RQ WKHPLFURFUDFNSODQH�

&RQVHTXHQWO\� VXEVWLWXWLQJ (T� ��� LQWR (T� ��� DQG ZRUNLQJ RXW WKH FUDFN VL]H LQWHJUDO \LHOGV

WKH H[SUHVVLRQ IRU I
�
LQ WKH IRUP

I
�

 �� H[S	� �

9
�

�
9
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ZKHUH SDUDPHWHUV P
�°�� DQG ¹X GHILQH WKH PLFURFUDFN GLVWULEXWLRQ�

(PSOR\LQJ WKH XVXDO WUDQVIRUPDWLRQ RI &DUWHVLDQ FRRUGLQDWHV �[
�
� [

�
� [

�
� LQ VSKHULFDO FRRU�

GLQDWHV �U� »� Ö� E\ WKH PDSSLQJ �VHH )LJ� ��



[
�

 U VLQÖ FRV »

[
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 U VLQÖ VLQ »

[
�

 U FRVÖ

���

WKH OLPLWLQJGLVWULEXWLRQ RI WKH IUDFWXUH VWUHVV IRU WKHXQLW YROXPH9DW D JLYHQ ORDG OHYHO �FRQYH�

QLHQWO\ UHSUHVHQWHG E\ - LQ WKH SUHVHQW ZRUN� IROORZV DV
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ZKHUH WKH VSHFLILF LQWHJUDWLRQ RI WKH �WHQVLOH� VWUHVV RYHU WKH FXUYLOLQHDU FRRUGLQDWHV �»� Ö� LQ�
FOXGHV WKH UDQGRP RULHQWDWLRQ RI PLFURFUDFNV� 6LQFH WKH UHIHUHQFH YROXPH� 9

�
� RQO\ VFDOHV J�D�

EXW GRHV QRW FKDQJH WKH GLVWULEXWLRQ VKDSH� LW KDV QR HIIHFW RQ P DQG LV DVVLJQHG D XQLW YDOXH

IRU FRQYHQLHQFH LQ WKH FRPSXWDWLRQV� ,Q WKH SUHVHQW ZRUN� WKH DFWLYH IUDFWXUH SURFHVV ]RQH LV

GHILQHG DV WKH ORFL ZKHUH ¹
�
� ²¹

�
� ZLWK ²� �� $OWHUQDWLYH GHILQLWLRQV IRU WKH IUDFWXUH SURFHVV

]RQH LQFOXGH WKH SODVWLF UHJLRQ DKHDG RI WKHPDFURVFRSLF FUDFN >����@� ¹H�¹
�
ZKHUH ¹H GHQRWHV

WKH HTXLYDOHQW 0LVHV VWUHVV�

8VLQJ DJDLQ ZHDNHVW OLQN DUJXPHQWV� (T� ��� FDQ EH JHQHUDOL]HG WR DQ\ PXOWLD[LDOO\

VWUHVVHG UHJLRQ� VXFK DV WKH IUDFWXUH SURFHVV ]RQH DKHDG RI D PDFURVFRSLF FUDFN RU QRWFK �VHH

)LJ� ��� 7KXV� WKH VWDWLVWLFDO SUREOHP RI GHWHUPLQLQJ D OLPLWLQJ GLVWULEXWLRQ IRU WKH IUDFWXUH

VWUHQJWK RI WKH HQWLUH VROLG LV HTXLYDOHQW WR GHWHUPLQLQJ WKH GLVWULEXWLRQ RI WKH ZHDNHVW XQLW

YROXPH 9� 7KH IXQGDPHQWDO DVVXPSWLRQ LV WKDW WKH QHDU�WLS IUDFWXUH SURFHVV ]RQH FRQVLVWV RI

1 DUELWUDU\ DQG VWDWLVWLFDOO\ LQGHSHQGHQW� XQLW YROXPHV9�&RQVHTXHQWO\� WKH IDLOXUH SUREDELOL�

W\ RI WKH FUDFNHG ERG\ ZKHQ 1@Ö� GHQRWHG DV I� LV JLYHQ E\
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ZKHUH � GHQRWHV WKH YROXPH RI WKH QHDU�WLS IUDFWXUH SURFHVV ]RQH�

(TXDWLRQ ��� LPSOLFLWO\ GHILQHV D ]HUR WKUHVKROG VWUHVV IRU IUDFWXUH� FRQVHTXHQWO\� VWUHVVHV

YDQLVKLQJO\ VPDOO FRPSDUHG WR WKH IUDFWXUH VWUHVVZLOO \LHOG D QRQ�]HUR �DOEHLW VPDOO� SUREDELOL�

W\ IRU IUDFWXUH� $ PRUH UHILQHG IRUP IRU WKH OLPLWLQJ GLVWULEXWLRQ IRU WKH IUDFWXUH VWUHQJWK RI D

FUDFNHG VROLG FDQ EH JLYHQ DV
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ZKHUH ¹
WK
LV WKH WKUHVKROG VWUHVV DQG KDV WKH SK\VLFDO LQWHUSUHWDWLRQ RI D ORZHU ERXQG VWUHQJWK

IRU IUDFWXUH�7KH IDLOXUHSUREDELOLW\ IRU WKH FUDFNHG VROLG LV ]HUR IRU DQ\ VWUHVVEHORZ ¹
WK
�+RZHY�

HU� EHFDXVH WKH WKUHVKROG VWUHVV UHSUHVHQWV D ORZHU ERXQG VWUHQJWK DW WKH PLFURVFDOH OHYHO� D

¶¶FRUUHFWµ YDOXH IRU ¹
WK
LVD VRPHZKDWHOXVLYH FRQFHSWZKLFK UDLVHV WKHTXHVWLRQRI LWV VLJQLILFDQFH

LQ DVVHVVLQJ WKH IUDFWXUH EHKDYLRU RI IODZHG VWUXFWXUHV� )XUWKHU� DV VKRZQ E\ 5XJJLHUL DQG

'RGGV >��@� VXFK UHILQHPHQW GRHV QRW DSSHDU WR SURYLGH VLJQLILFDQW LPSURYHPHQWV LQ SUHGLF�

WLRQV RI WKH IUDFWXUH EHKDYLRU� $OWKRXJK WKH GHEDWH RYHU D SK\VLFDOO\ PHDQLQJIXO YDOXH IRU ¹
WK

KDV REYLRXV LPSRUWDQFH�ZHDGRSW WKH VLPSOHVW IRUPRI WKH OLPLWLQJGLVWULEXWLRQ IRU WKH IUDFWXUH

VWUHVV E\ FRQYHQLHQWO\ VHWWLQJ ¹
WK
 � LQ (T� ����� $OO VXEVHTXHQW UHVXOWV DUH HTXDOO\ YDOLG IRU

DQ\ ¹
WK
� � �ZKLFK VKRXOG EH DGRSWHG RU NQRZQ D SULRUL� E\ VLPSO\ GHILQLQJ ¹



 ¹� ¹

WK
�

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

,Q WKH SUREDELOLVWLF IUDPHZRUN DGRSWHG KHUH� WKH LQWURGXFWLRQ RI D SUREDELOLVWLF IUDFWXUH SD�

UDPHWHU SOD\V D NH\ UROH LQ WKH GHYHORSPHQW RI SURFHGXUHV WKDW XQLI\ WRXJKQHVV PHDVXUHV



DFURVV GLIIHUHQW FUDFN FRQILJXUDWLRQV VXEMHFWHG WR YDU\LQJ ORDGLQJPRGHV� )ROORZLQJ WKH JHQHU�

DO GHYHORSPHQW SUHYLRXVO\ GHVFULEHG� WKH :HLEXOO VWUHVV �¹Z�� D WHUP FRLQHG E\ WKH %HUHPLQ

JURXS >�@� LV JLYHQ E\ LQWHJUDWLRQ RI WKH WHQVLOH VWUHVVHV RYHU WKH IUDFWXUH SURFHVV ]RQH LQ WKH

IRUP
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IURP ZKLFK WKH OLPLWLQJ GLVWULEXWLRQ ��� FDQ EH UHZULWWHQ DV

I�¹Z�
 �� H[S	� �¹Z
¹X
�P
 � ����

(TXDWLRQ ���� GHILQHV D WZR�SDUDPHWHU :HLEXOO GLVWULEXWLRQ >��@ LQ WHUPV RI WKH :HLEXOO

PRGXOXV P DQG WKH VFDOH IDFWRU ¹X� 3UHYLRXV ZRUN >�� ��� ��@ KDV VKRZQ WKDW P WDNHV D YDOXH

LQ WKH UDQJH ����� IRU W\SLFDO VWUXFWXUDO VWHHOV�

7KH:HLEXOO VWUHVV GHVFULEHV ORFDO FRQGLWLRQV OHDGLQJ WR XQVWDEOH �FOHDYDJH� IDLOXUH DQG DS�

SHDUV� DW OHDVW DV D ILUVW DSSUR[LPDWLRQ� WR UHPDLQ DSSOLFDEOH GXULQJ VPDOO DPRXQWV RI GXFWLOH

FUDFN H[WHQVLRQ� +LJKO\ ORFDOL]HG� QRQ�SODQDU FUDFN H[WHQVLRQ DQG YRLG JURZWK DW WKH ODUJHU

LQFOXVLRQV� ERWK RI ZKLFK RFFXU RYHU D VFDOH RI ' ª
,F
�WKH &72' DW RQVHW RI FUDFN JURZWK LQLWLD�

WLRQ�� VKRXOG QRW DOWHU WKHPDWHULDO SURSHUWLHV PDQG ¹XRYHU WKHPXFK ODUJHU SURFHVV ]RQH UHOH�

YDQW IRU FOHDYDJH LQLWLDWLRQ� )XUWKHU� VPDOO DPRXQWV RI GXFWLOH FUDFN JURZWKPRGLI\ WKH VWUHVV

KLVWRU\ RI PDWHULDO SRLQWV ZLWKLQ WKH SURFHVV ]RQH IRU FOHDYDJH IUDFWXUH ZKLFK DIIHFWV GLUHFWO\

WKH HYROXWLRQ RI:HLEXOO VWUHVV� $ GHWDLOHG GLVFXVVLRQ RI WKH DSSURDFK DGRSWHG KHUH IRU JHQHUDW�

LQJ WKH HYROXWLRQ RI WKH :HLEXOO VWUHVV ZLWK - �RU HTXLYDOHQWO\ &72'� IRU D JURZLQJ FUDFN LV

JLYHQ E\ 5XJJLHUL DQG 'RGGV >��@�

)LJXUH � LOOXVWUDWHV WKH GHYHORSPHQW RI WKH DFWLYH IUDFWXUH SURFHVV ]RQH �UHFDOO WKDW WKH IUDF�

WXUH SURFHVV ]RQH LV GHILQHG DV WKH ORFL ZKHUH ¹
�
� ²¹

�
� ZLWK ²� �� JLYHQ E\ D VQDSVKRW RI WKH

VWUHVV ILHOGDKHDGRI WKHJURZLQJ FUDFN�3RLQWV RQVXFKDFRQWRXUDOO OLHZLWKLQ WKH IRUZDUGVHFWRU

_»_d ¶��� 7KH HQYHORSH RI DOO PDWHULDO SRLQWV IRU ZKLFK ¹
�
� ²¹

�
GXULQJ WKH KLVWRU\ RI JURZWK

GHILQHV DQ DOWHUQDWLYH� FXPXODWLYH SURFHVV ]RQH� &RQVHTXHQWO\� WKH ��' IRUP RI WKH :HLEXOO

VWUHVV IRU D JURZLQJ FUDFN EHFRPHV VLPSO\
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ZKHUH �


GHQRWHV WKH DFWLYH YROXPH RI WKH IUDFWXUH SURFHVV ]RQH� ¹

�
� ²¹

�
� ZKLFK PRYHV IRU�

ZDUGZLWK WKHDGYDQFLQJ WLS�7KHSURSRVHGJHQHUDOL]DWLRQRI ¹Z WR LQFOXGHGXFWLOH WHDULQJPDLQ�

WDLQV WKH UHODWLYH VLPSOLFLW\ RI FRPSXWDWLRQV ZKLOH� DW WKH VDPH WLPH� IXOO\ LQFRUSRUDWLQJ WKH

HIIHFWV RI DOWHUDWLRQV LQ WKH VWUHVV ILHOG DKHDG RI WKH FUDFN WLS�

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

7KLV VHFWLRQ EULHIO\ VXPPDUL]HV WKH ILQLWH HOHPHQW IRUP RI WKH :HLEXOO VWUHVV H[SUHVVLRQ IRU D

VWDWLRQDU\ DQG D JURZLQJ FUDFN� (T� ���� DQG (T� ����� HPSOR\HG LQ QXPHULFDO FRPSXWDWLRQV

XWLOL]LQJ ¹Z >��@� ,Q SDUDPHWULF VSDFH� WKH FXUUHQW �GHIRUPHG� &DUWHVLDQ FRRUGLQDWHV [
L
RI DQ\

SRLQW LQVLGH D ��QRGH WUL�OLQHDU HOHPHQW DUH UHODWHG WR WKH SDUDPHWULF FRRUGLQDWHV ®
L
WKURXJK

WKH UHODWLRQVKLS >��@

[
L

�

�

N
�

1
N
[
LN

� L
 �� �� � ����
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)LJXUH � 6FKHPDWLF UHSUHVHQWDWLRQ IRU WKH HYROXWLRQ RI WKH IUDFWXUH SURFHVV ]RQH IRU D
JURZLQJ FUDFN� 7KH FUDFN KDV DGYDQFHG IURP D
D� WR D
D� �oD�

�
�

�
�

�
�

�
�

ZKHUH 1
N
DUH WKH VKDSH IXQFWLRQV FRUUHVSRQGLQJ WR QRGH N DQG [

LN
DUH WKH FXUUHQW �GHIRUPHG�

QRGDO FRRUGLQDWHV� [
L

 ;

L
� X

L
� 7KH VKDSH IXQFWLRQV KDYH VWDQGDUG IRUP

1
N
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ZKHUH ®
LN
GHQRWHV WKH SDUDPHWULF FRRUGLQDWHV RI QRGH N�

/HW _-_ GHQRWH WKH GHWHUPLQDQW RI WKH VWDQGDUG FRRUGLQDWH -DFRELDQ EHWZHHQ GHIRUPHG

&DUWHVLDQ DQG SDUDPHWULF FRRUGLQDWHV� 7KHQ XVLQJ VWDQGDUG SURFHGXUHV IRU LQWHJUDWLRQ RYHU

HOHPHQW YROXPHV� WKH :HLEXOO VWUHVV KDV WKH IRUP
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ZKHUH QH LV WKH QXPEHU RI HOHPHQWV LQVLGH WKH IUDFWXUH SURFHVV ]RQH QHDU WKH FUDFN WLS DQG �H

LV WKH YROXPH RI WKH HOHPHQW� 7KH SURFHVV ]RQH XVHG KHUH LQFOXGHV DOO PDWHULDO LQVLGH WKH ORFL

¹
�
� ²¹

�
� ZLWK ²
�� )RU FRPSXWDWLRQDO VLPSOLFLW\� DQ HOHPHQW LV LQFOXGHG LQ WKH IUDFWXUH SUR�

FHVV ]RQH LI WKH ¹
�
FRPSXWHG DW ®

�

®

�

®

�

� H[FHHGV �¹

�
�

$SSOLFDWLRQ RI (T� ���� UHTXLUHV D VSHFLILF GHILQLWLRQ IRU WKH WHQVLOH VWUHVV� ¹� DFWLQJ RQ WKH

PLFURFUDFN�7KLV WHQVLOH VWUHVV FDQEHGHWHUPLQHG IRU HDFKSDLU RI FRRUGLQDWHV �»�Ö� E\DGRSWLQJ
D FRQYHQLHQW IUDFWXUH FULWHULRQ FRXSOHGZLWKDJHRPHWULF VKDSH IRU WKHPLFURFUDFN >�����@�+RZ�

HYHU� OLWWOH DJUHHPHQW H[LVWV DERXWZKLFK FULWHULRQPRVW HIIHFWLYHO\ GHVFULEHV FOHDYDJH IUDFWXUH�

8VLQJ WKH VLPSOH�PD[LPXPSULQFLSDO WHQVLOH VWUHVV FULWHULRQ WR GHVFULEHXQVWDEOH FUDFNSURSD�

JDWLRQ� WKH :HLEXOO VWUHVV WDNHV WKH IRUP
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ZKLFK UHIOHFWV WKH LQGHSHQGHQFH RI WKH SULQFLSDO VWUHVV RQ WKH FXUYLOLQHDU FRRUGLQDWHV �»�Ö��
7KLV H[SUHVVLRQ IRU WKH:HLEXOO VWUHVV UHSUHVHQWV WKH LQWHJUDO IRUP LQSDUDPHWULF VSDFH RI%HUH�
PLQ·V IRUPXODWLRQ >�@�

� 
��
�	���� �������

:HKDYHSUHVHQWHG DSUREDELOLVWLF�EDVHG IUDPHZRUN WR SUHGLFW WKH HIIHFWV RI FRQVWUDLQW ORVV DQG
GXFWLOH WHDULQJ RQ PDFURVFRSLF PHDVXUHV RI FOHDYDJH IUDFWXUH WRXJKQHVV �-F� ªF� DSSOLFDEOH IRU
IHUULWLF PDWHULDOV LQ WKH GXFWLOH�WR�EULWWOH WUDQVLWLRQ UHJLRQ� 7R PRGHO WKH VWDWLVWLFV RI
PLFURFUDFNV DQG WKH SURQRXQFHG HIIHFWV RQ VFDWWHU RI PHDVXUHG -F �YDOXHV LQ WKH WUDQVLWLRQ UH�
JLRQ� ZH HPSOR\ WKH :HLEXOO VWUHVV� ¹Z� DV D QHDU�WLS� RU ORFDO� IUDFWXUH SDUDPHWHU� XQVWDEOH
FUDFNSURSDJDWLRQRFFXUVZKHQ ¹ZDWWDLQVD FULWLFDO YDOXH�%RWKFRQVWUDLQW ORVVDQGGXFWLOH WHDU�
LQJ DIIHFW WKH HYROXWLRQ RI ¹Z XQGHU LQFUHDVLQJ DSSOLHG - LQ FRPPRQ IUDFWXUH WHVW VSHFLPHQV�
&RQVHTXHQWO\� WKLV SDUDPHWHU SHUPLWV SUHGLFWLRQV RI WKH VWURQJ HIIHFWV RI FRQVWUDLQW YDULDWLRQV
DQG GXFWLOH WHDULQJ RQ �PDFURVFRSLF� FOHDYDJH IUDFWXUH WRXJKQHVV RYHU D ZLGH UDQJH RI ORDGLQJ
DQG FUDFN FRQILJXUDWLRQV� 7KH SUHGLFWLYH FDSDELOLW\ RI WKH PLFURPHFKDQLFV �SUREDELOLVWLF�
IUDPHZRUN LV H[SORUHG LQ 3DUWV ,, >��@ DQG ,,, >��@ RI WKLV VWXG\�

$FNQRZOHGJHPHQWV

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

6mR 3DXOR �)$3(63� XQGHU *UDQW ����������� &RPSXWDWLRQDO VXSSRUW IRU VRIWZDUH GHYHORSPHQW DQG

QXPHULFDO DQDO\VHV ZDV SURYLGHG WKH +LJK 3HUIRUPDQFH &RPSXWLQJ &HQWHU �/&&$� RI WKH 8QLYHUVLW\

RI 6mR 3DXOR�

������� �!

�� +XWFKLQVRQ� -�:�� ¶¶)XQGDPHQWDOV RI WKH 3KHQRPHQRORJLFDO 7KHRU\ RI 1RQOLQHDU )UDFWXUH0HFKDQLFV�·· -RXU�

QDO RI $SSOLHG 0HFKDQLFV� 9RO� ��� SS� ���������� �����

�� $O�$QL� $�0�� DQG+DQFRFN� -�:�� ¶¶-�'RPLQDQFH RI 6KRUW&UDFNV LQ7HQVLRQ DQG%HQGLQJ�··-RXUQDO RI0HFKDQ�

LFV DQG 3K\VLFV RI 6ROLGV� 9RO� ��� SS� ������ �����

�� %HWHJRQ� &�� DQG+DQFRFN� -�:�� ¶¶7ZR�3DUDPHWHU &KDUDFWHUL]DWLRQ RI (ODVWLF�3ODVWLF &UDFN 7LS )LHOGV�··-RXU�

QDO RI $SSOLHG 0HFKDQLFV� 9RO� ��� SS� �������� �����

�� 'X� =��=�� DQG +DQFRFN� -�:�� ¶¶7KH (IIHFW RI 1RQ�6LQJXODU 6WUHVVHV RQ &UDFN�7LS &RQVWUDLQW�·· -RXUQDO RI 0H�

FKDQLFV DQG 3K\VLFV RI 6ROLGV� 9RO� ��� SS� �������� �����

�� 3DUNV�'�0�� ¶¶$GYDQFHV LQ&KDUDFWHUL]DWLRQ RI(ODVWLF�3ODVWLF&UDFN�7LS)LHOGV�µ LQ7RSLFV LQ)UDFWXUH DQG)D�

WLJXH� $� 6� $UJRQ� (G�� 6SULQJHU 9HUODJ� SS� ������ �����

�� :DQJ�<�<�� ¶¶2QWKH7ZR�3DUDPHWHU&KDUDFWHUL]DWLRQRI(ODVWLF�3ODVWLF&UDFN�)URQW)LHOGV LQ6XUIDFH�&UDFNHG

3ODWHV�·· LQ&RQVWUDLQW (IIHFWV LQ )UDFWXUH� $670673 ����� +DFNHWW� HW DO� (GV�� $PHULFDQ 6RFLHW\ IRU 7HVWLQJ

DQG 0DWHULDOV� 3KLODGHOSKLD� SS� �������� �����

�� 2·'RZG� 1�3�� DQG 6KLK� &�)�� ¶¶)DPLO\ RI &UDFN�7LS )LHOGV &KDUDFWHUL]HG E\ D 7ULD[LDOLW\ 3DUDPHWHU� 3DUW , �

6WUXFWXUH RI )LHOGV�·· -RXUQDO RI WKH 0HFKDQLFV DQG 3K\VLFV RI 6ROLGV� 9RO� ���� 1R� �� SS� ��������� �����

�� 2·'RZG� 1�3�� DQG 6KLK� &�)�� ¶¶)DPLO\ RI &UDFN�7LS )LHOGV &KDUDFWHUL]HG E\ D 7ULD[LDOLW\ 3DUDPHWHU� 3DUW ,,

� )UDFWXUH $SSOLFDWLRQV�·· -RXUQDO RI WKH 0HFKDQLFV DQG 3K\VLFV RI 6ROLGV� 9RO� ��� SS� �������� �����

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

7UDQVDFWLRQV� 9RO� ��$� SS� ���������� �����

��� :DOOLQ�.��6DDULR�7��DQG7RUURQHQ�.�� ¶¶6WDWLVWLFDO0RGHO IRU&DUELGH,QGXFHG%ULWWOH)UDFWXUHLQ6WHHO�µ0HWDO

6FLHQFH� 9RO� ��� SS� ������ �����



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

��� :DOOLQ� .�� 6DDULR� 7�� 7RUURQHQ� .� DQG )RUVWpQ� -�� ¶¶%ULWWOH )UDFWXUH 7KHRU\ �:67 0RGHO�µ LQ 5HOLDELOLW\ RI

5HDFWRU0DWHULDOV�)UDFWXUH0HFKDQLFV�5HVHDUFK5HSRUW����.�7|UU|QHQDQG,�$KR�0DQWLOD�(GV��7HFKQLFDO

5HVHDUFK &HQWHU RI )LQODQG� �����

��� :DOOLQ�.�� ¶¶6WDWLVWLFDO$VSHFWV RI&RQVWUDLQWZLWK(PSKDVLV RQ7HVWLQJDQG$QDO\VLVRI/DERUDWRU\6SHFLPHQV

LQ WKH 7UDQVLWLRQ 5HJLRQ�µ LQ &RQVWUDLQW (IIHFWV LQ )UDFWXUH� $670 673 ����� +DFNHWW� HW DO� (GV�� $PHULFDQ

6RFLHW\ IRU 7HVWLQJ DQG 0DWHULDOV� 3KLODGHOSKLD� SS� �������� �����

��� /LQ� 7�� (YDQV� $�*� DQG5LWFKLH� 5�2�� ����� ¶¶$ 6WDWLVWLFDO0RGHO RI %ULWWOH )UDFWXUH E\ 7UDQVJUDQXODU&OHDY�

DJH�µ -RXUQDO RI 0HFKDQLFV DQG 3K\VLFV RI 6ROLGV� 9RO� ��� SS� �������� �����

��� *RGVH� 5� DQG*XUODQG� -�� ¶¶$ 6WDWLVWLFDO0RGHO IRU /RZ7HPSHUDWXUH &OHDYDJH )UDFWXUH LQ0LOG 6WHHOVµ�$FWD

0HWDOOXUJLFD� 9RO� ��� SS� ���ï����

��� 0XGU\�)������� ¶¶$/RFDO$SSURDFKWR&OHDYDJH)UDFWXUH�µ1XFOHDU(QJLQHHULQJDQG'HVLJQ�9RO�����SS�������

��� %UXFNQHU�)RLW� $�� (KO� :�� 0XQ]� '� DQG 7UROOGHQLHU� %�� ¶¶7KH 6L]H (IIHFW RI 0LFURVWUXFWXUDO ,PSOLFDWLRQV RI

WKH:HDNHVW/LQN0RGHO�µ)DWLJXH DQG)UDFWXUH RI (QJLQHHULQJ0DWHULDOV DQG6WUXFWXUHV� 9RO� ��� SS� ��������

�����

��� 7KLHPHLHU� 7�� %UXFNQHUï)RLW DQG .RONHU� +�� ¶¶,QIOXHQFH RI WKH )UDFWXUH &ULWHULRQ RQ WKH )DLOXUH 3UHGLFWLRQ

RI &HUDPLFV /RDGHG LQ %LD[LDO )OH[XUH�µ -RXUQDO RI WKH $PHULFDQ &HUDPLF 6RFLHW\� 9RO� ��� SS� ��ï��� �����

��� 0LQDPL�)��%U�FNQHU�)RLW�$��0XQ]�'�DQG7UROOGHQLHU�%�� ¶¶(VWLPDWLRQ3URFHGXUH IRUWKH:HLEXOO3DUDPHWHUV

8VHG LQ WKH /RFDO $SSURDFK�µ ,QWHUQDWLRQDO -RXUQDO RI )UDFWXUH� 9RO� ��� SS� �������� �����

��� 5XJJLHUL�&��0LQDPL�)� DQG7R\RGD�0�� ¶¶$6WDWLVWLFDO$SSURDFK IRU)UDFWXUH RI%ULWWOH0DWHULDOV%DVHG RQ WKH
&KDLQïRIï%XQGOHV0RGHOµ� -RXUQDO RI $SSOLHG 0HFKDQLFV� 9RO� ��� SS� ���ï���� �����

��� 5XJJLHUL� &� DQG'RGGV� 5�+�� ¶¶$ 7UDQVIHUDELOLW\0RGHO IRU %ULWWOH )UDFWXUH ,QFOXGLQJ&RQVWUDLQW DQG'XFWLOH
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