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7KH LQVWUXPHQWDO YDULDEOHV �,9� DSSURDFK KDV EHHQ ZLGHO\ DSSOLHG LQ VLWXDWLRQV ZKHUH

WKH VWUXFWXUDO PRGHO LV SDUDPHWHUL]HG EXW WKH GLVWXUEDQFH GLVWULEXWLRQ LV QRQSDUDPHWULF�

,Q WKLV VHPLSDUDPHWULF VHWWLQJ� D JUHDW GHDO RI DWWHQWLRQ KDV EHHQ JLYHQ WR WKH VHOHFWLRQ

RI DQ RSWLPDO VHW RI LQVWUXPHQWV� %\ DQG ODUJH� KRZHYHU� WKH VXJJHVWHG LQVWUXPHQWV KDYH

EHHQ DV\PSWRWLFDOO\ HQGRJHQRXV �RU SUHGHWHUPLQHG� LQ WKH VHQVH WKDW WKH\ DUH IXQFWLRQV

RQO\ RI WKH H[RJHQRXV �SUHGHWHUPLQHG� YDULDEOHV DQG QRW WKH GLVWXUEDQFHV� ,Q WKLV SD�

SHU� , H[WHQG SUHYLRXV ZRUN WR VWXG\ HQGRJHQRXV LQVWUXPHQWDO YDULDEOHV HVWLPDWLRQ RI

QRQOLQHDU V\VWHPV XQGHU VHPLSDUDPHWULF DVVXPSWLRQV� )RU WKH FDVHV RI GLVWXUEDQFHV LQ�

GHSHQGHQW RI WKH H[RJHQRXV YDULDEOHV� FRQGLWLRQDO V\PPHWU\� DQG D FRPELQDWLRQ RI ERWK�

D VLPSOH DQG IHDVLEOH HQGRJHQRXV LQVWUXPHQWDO YDULDEOHV HVWLPDWRU LV GHYHORSHG� 7KH DV�

\PSWRWLF EHKDYLRU RI WKH HVWLPDWRUV LV LQYHVWLJDWHG DQG FRPSDUHG WR SUHYLRXV HVWLPDWRUV

RI WKH PRGHO� 7KH QHZ HVWLPDWRUV FDQ EH FRPELQHG ZLWK SUHYLRXVO\ SURSRVHG H[RJHQRXV

LQVWUXPHQWDO YDULDEOHV HVWLPDWRUV WR REWDLQ HVWLPDWRUV WKDW JOREDOO\ GRPLQDWH WKH ODWWHU�

LQ WHUPV RI DV\PSWRWLF TXDGUDWLF ORVV� $ 6DPSOLQJ H[SHULPHQW FRQGXFWHG RQ D VLPSOH

QRQOLQHDU PRGHO VXJJHVWV WKDW WKH QHZ HVWLPDWRUV FDQ SHUIRUP H[FHHGLQJO\ ZHOO ZKHQ

WKH XQGHUO\LQJ VWRFKDVWLF DVVXPSWLRQ LV VDWLV¿HG�

.(<:25'6� ,QVWUXPHQWDO YDULDEOHV HVWLPDWLRQ� VHPLSDUDPHWULF HVWLPDWLRQ�

QRQOLQHDU VLPXOWDQHRXV V\VWHPV� VHPLSDUDPHWULF HI¿FLHQF\ ERXQGV�

35(/,0,1$5<� 3OHDVH GR QRW TXRWH ZLWKRXW DXWKRU¶V SHUPLVVLRQ�
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7KH LQVWUXPHQWDO YDULDEOHV �,9� DSSURDFK KDV� ULJKWIXOO\� HQMR\HG D SURPLQHQW SRVLWLRQ LQ WKH

HFRQRPHWULFV OLWHUDWXUH� ,Q SDUWLFXODU� ,9 KDV EHHQ ZLGHO\ DSSOLHG LQ VLWXDWLRQV ZKHUH WKH VWUXFWXUDO

PRGHO LV SDUDPHWHUL]HG EXW WKH GLVWXUEDQFH GLVWULEXWLRQ LV QRQSDUDPHWULF� ,Q WKLV VHPLSDUDPHWULF

VHWWLQJ� D JUHDW GHDO RI DWWHQWLRQ KDV EHHQ JLYHQ WR WKH VHOHFWLRQ RI DQ RSWLPDO VHW RI LQVWUXPHQWV�

%\ DQG ODUJH� KRZHYHU� WKH VXJJHVWHG LQVWUXPHQWV KDYH EHHQ DV\PSWRWLFDOO\ SUHGHWHUPLQHG LQ WKH

VHQVH WKDW WKH\ DUH IXQFWLRQV RQO\ RI WKH H[RJHQRXV RU ODJJHG HQGRJHQRXV YDULDEOHV DQG QRW WKH

FXUUHQW HQGRJHQRXV YDULDEOHV RU GLVWXUEDQFHV� 8QGHU YDULRXV VWRFKDVWLF DVVXPSWLRQV� LQFOXGLQJ WKH

GLVWXUEDQFHV EHLQJ LQGHSHQGHQW RI WKH SUHGHWHUPLQHG YDULDEOHV RU KDYLQJ FRQGLWLRQDO PHDQ ]HUR

JLYHQ WKH SUHGHWHUPLQHG YDULDEOHV� VXFK LQVWUXPHQWV ZLOO EH DVVXUHG RI EHLQJ XQFRUUHODWHG ZLWK WKH

GLVWXUEDQFHV� 2I FRXUVH� EH\RQG XQFRUUHODWHGQHVV ZLWK WKH GLVWXUEDQFHV� ZH VHHN LQVWUXPHQWV WKDW

ZLOO PD[LPL]H WKH HI¿FLHQF\ �PLQLPL]H WKH YDULDQFHV� RI WKH UHVXOWLQJ HVWLPDWRUV�

)RU VHYHUDO OHDGLQJ FDVHV� WKH RSWLPDO LQVWUXPHQWDO YDULDEOHV HVWLPDWRU WXUQV RXW WR KDYH SUHGH�

WHUPLQHG LQVWUXPHQWV DQG� PRUHRYHU� DWWDLQV WKH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG� ,Q VWDWLF OLQHDU

PRGHOV� XQGHU DQ LQGHSHQGHQFH DVVXPSWLRQ� WKH WKUHH�VWDJH OHDVW VTXDUHV HVWLPDWRU� ZKLFK XVHV D

OLQHDU WUDQVIRUPDWLRQ RI WKH H[RJHQRXV YDULDEOHV DV LQVWUXPHQWV� LV WKH HI¿FLHQW LQVWUXPHQWDO YDUL�

DEOHV HVWLPDWRU DQG� DW OHDVW ORFDOO\� DWWDLQV WKH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG� ,Q VWDWLF QRQOLQHDU

PRGHOV� ZLWK GLVWXUEDQFHV XQUHVWULFWHG H[FHSW WR KDYH FRQGLWLRQDO PHDQ ]HUR� &KDPEHUODLQ >����@

KDV VKRZQ WKDW WKH HVWLPDWRU ZKLFK DFKLHYHV WKH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG LV DQ ,9 HVWL�

PDWRU ZLWK H[RJHQRXV LQVWUXPHQWV� 6LPLODUO\� IRU �SRVVLEO\� G\QDPLF PRGHOV� ZLWK GLVWXUEDQFHV

RQO\ UHVWULFWHG WR KDYH PHDQ ]HUR� WKH RSWLPDO *00 HVWLPDWRU� ZKLFK DWWDLQV WKH VHPLSDUDPHWULF

HI¿FLHQF\ ERXQG� LV DQ ,9 HVWLPDWRU ZLWK QRQVWRFKDVWLF DQG KHQFH SUHGHWHUPLQHG LQVWUXPHQWV �VHH

+DQVHQ >����@��

0RUH VSHFL¿FDOO\� IRU WKH QRQOLQHDU PRGHO XQGHU PRUH UHVWULFWLYH VWRFKDVWLF DVVXPSWLRQV� VXFK

DV LQGHSHQGHQFH RU FRQGLWLRQDO V\PPHWU\� WKHUH LV QR UHDVRQ ZK\ IXQFWLRQV RI HQGRJHQRXV YDUL�

DEOHV FDQQRW EH XQFRUUHODWHG ZLWK WKH GLVWXUEDQFHV DQG KHQFH LPSURYHG HVWLPDWRUV REWDLQHG WKURXJK

WKH XVH RI HQGRJHQRXV LQVWUXPHQWV� ,Q D SDUDPHWULF FRQWH[W� $PHPL\D >����@ KDV VKRZQ WKDW WKH

PD[LPXP OLNHOLKRRG HVWLPDWRU IRU WKH QRQOLQHDU VLPXOWDQHRXV HTXDWLRQ PRGHO ZLWK QRUPDOO\ GLV�

WULEXWHG GLVWXUEDQFHV KDV DQ LQVWUXPHQWDO YDULDEOHV LQWHUSUHWDWLRQ ZLWK LQVWUXPHQWV� DV LW WXUQV RXW�

WKDW DUH IXQFWLRQV RI HQGRJHQRXV YDULDEOHV� ,Q D VHPLSDUDPHWULF FRQWH[W� +DXVPDQ� 1HZH\� DQG

7D\ORU >����@ KDYH GHPRQVWUDWHG WKDW WKH PD[LPXP OLNHOLKRRG HVWLPDWRU XQGHU QRUPDOLW\ IRU WKH

OLQHDU PRGHO ZLWK FRYDULDQFH UHVWULFWLRQV� ZKLFK LV UHDOO\ D QRQOLQHDU PRGHO� LV DQ HQGRJHQRXV LQ�

VWUXPHQWDO YDULDEOHV HVWLPDWRU DQG UHPDLQV FRQVLVWHQW XQGHU QRQQRUPDOLW\ DQG LV KHQFH VHPLSDUD�

PHWULF� 6LPLODUO\� %URZQ DQG 0DULDQR >����@ KDYH DUJXHG WKDW WKH PD[LPXP OLNHOLKRRG HVWLPDWRU

IRU D VSHFL¿F WULDQJXODU QRQOLQHDU VLPXOWDQHRXV HTXDWLRQV PRGHO LV D VLPSOH HQGRJHQRXV LQVWUX�

PHQWDO YDULDEOHV HVWLPDWRU DQG LV FRQVLVWHQW XQGHU D YDULHW\ RI PLVVSHFL¿FDWLRQV RI WKH GLVWXUEDQFH

GLVWULEXWLRQ��

4, DP HQGHEWHG WR %REE\ 0DULDQR� ;LQJ 0LQJ� :KLWQH\ 1HZH\� DQG ,QJPDU 3UXFKD IRU KHOSIXO FRPPHQWV DW
YDULRXV VWDJHV RI WKH GHYHORSPHQW RI WKLV SDSHU� , DP� RI FRXUVH� VROHO\ UHVSRQVLEOH IRU DQ\ UHPDLQLQJ VKRUWFRPLQJV�

5%UHXVFK� 0L]RQ� DQG 6FKPLGW >����@� LQ D SDQHO GDWD PRGHO ZKHUH WKH LQGLYLGXDO HIIHFWV PD\ EH FRUUHODWHG ZLWK D
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7KH REMHFWLYH RI WKLV SDSHU LV WR V\VWHPDWLFDOO\ H[DPLQH WKH SRVVLELOLWLHV IRU REWDLQLQJ LPSURYHG

LQVWUXPHQWDO YDULDEOHV HVWLPDWRUV IRU QRQOLQHDU V\VWHPV WKURXJK WKH XVH RI HQGRJHQRXV LQVWUXPHQ�

WDO YDULDEOHV� 7KH EDVLF DSSURDFK WDNHQ LV WR SXUJH WKH UHJUHVVRUV WKDW ZRXOG EH XVHG LQ WKH DEVHQFH

RI VLPXOWDQHLW\ RI WKHLU OLQHDU UHODWLRQVKLS ZLWK WKH GLVWXUEDQFHV EXW SUHVHUYH WKH UHPDLQLQJ QRQOLQ�

HDU UHODWLRQVKLS� 7KH IRUPDO PRGHO LV LQWURGXFHG XQGHU D YDULHW\ RI VWRFKDVWLF DVVXPSWLRQV� LQ WKH

QH[W VHFWLRQ� WRJHWKHU ZLWK VRPH EDVLF DV\PSWRWLF SURSHUWLHV RI LQVWUXPHQWDO YDULDEOHV HVWLPDWRUV�

LQFOXGLQJ HQGRJHQRXV ,9 HVWLPDWRUV� ,Q WKH WKLUG VHFWLRQ� D VLPSOH FODVV RI HQGRJHQRXV ,9 HVWLPD�

WRUV LV LQWURGXFHG DQG DQDO\]HG� IRU HDFK VWRFKDVWLF DVVXPSWLRQ� EDVHG RQ HI¿FLHQW HVWLPDWHV RI WKH

UHVLGXDO RI WKH UHJUHVVRUV SURMHFWHG RQWR WKH GLVWXUEDQFHV� 7KH VHPLSDUDPHWULF HI¿FLHQW HVWLPDWRUV

IRU HDFK VWRFKDVWLF PRGHO DUH VKRZQ WR KDYH DQ HQGRJHQRXV ,9 LQWHUSUHWDWLRQ� LQ WKH IRXUWK VHFWLRQ

DQG FRPSDUHG WR WKH VLPSOH HQGRJHQRXV ,9 HVWLPDWRUV� $ VDPSOLQJ H[SHULPHQW LV FRQGXFWHG RQ

D VLPSOH QRQOLQHDU PRGHO� LQ WKH ¿IWK VHFWLRQ� WR YHULI\ WKH YDOLGLW\ RI WKH DV\PSWRWLF UHVXOWV LQ

PRGHUDWH VL]HG VDPSOHV�

7KH PDMRU ¿QGLQJV RI WKLV SDSHU DUH WKH IROORZLQJ� )RU WKH FDVHV RI GLVWXUEDQFHV LQGHSHQGHQW

RI WKH H[RJHQRXV YDULDEOHV� FRQGLWLRQDO V\PPHWU\� DQG FRPELQHG FRQGLWLRQDO V\PPHWU\ DQG LQGH�

SHQGHQFH� VLPSOH DQG IHDVLEOH HQGRJHQRXV LQVWUXPHQWDO YDULDEOHV HVWLPDWRUV DUH GHYHORSHG� 7KH

DV\PSWRWLF EHKDYLRU RI WKHVH HVWLPDWRUV LV HVWDEOLVKHG DQG FRPSDUHG WR SUHYLRXV HVWLPDWRUV RI WKH

PRGHO� 7KH QHZ HVWLPDWRUV DUH IRXQG WR EH FRQVLVWHQW DQG DV\PSWRWLFDOO\ QRUPDO ZKHQ WKH VWRFKDV�

WLF DVVXPSWLRQ ZKLFK XQGHUOLHV WKHLU IRUP LV VDWLV¿HG� 7KH QHZ HVWLPDWRUV DUH JHQHUDOO\ LQGH¿QLWH

UHODWLYH WR WKH IDPLOLDU EHVW QRQOLQHDU WKUHH�VWDJH OHDVW VTXDUHV HVWLPDWRU EXW PD\ EH FRPELQHG WR

REWDLQ DQ HVWLPDWRU WKDW JOREDOO\ GRPLQDWHV HLWKHU� )RU VRPH VSHFLDO FDVHV� WKH QHZ HVWLPDWRUV

DUH IRXQG WR ORFDOO\ DWWDLQ WKHLU UHVSHFWLYH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG ZKHQ WKH WUXH GLVWUL�

EXWLRQ RI WKH GLVWXUEDQFHV LV QRUPDO� ,Q WKH VDPSOLQJ H[SHULPHQW� ZKLFK ZDV DQ H[DPSOH RI WKH

VSHFLDO FDVH� WKH SHUIRUPDQFH RI WKH QHZ HVWLPDWRUV� SDUWLFXODUO\ WKH FRPELQHG LQGHSHQGHQFH DQG

V\PPHWU\ HVWLPDWRU� ZDV SDUWLFXODUO\ SURPLVLQJ�

�� 02'(/ $1' %$6,& &21&(376

&RQVLGHU� DV D SRLQW RI GHSDUWXUH� D VWDWLF QRQOLQHDU V\VWHP� ZKLFK FDQ EH IRUPDOO\ UHSUHVHQWHG

" ' 4E5c q�c �����

ZKHUH 5 LV D E}n&��� YHFWRU RI WKH REVHUYDEOH YDULDEOHV� " LV D }�� GLVWXUEDQFH YHFWRU� 4E+c %c q�
LV D }�� YHFWRU RI NQRZQ IXQFWLRQV� DQG q LV D R�� YHFWRU RI XQNQRZQ SDUDPHWHUV� ,I ����� DUH WKH

VWUXFWXUDO HTXDWLRQV RI D VLPXOWDQHRXV HTXDWLRQ V\VWHP� LW LV XVHIXO WR WR XWLOL]H WKH PRUH H[SOLFLW

UHSUHVHQWDWLRQ

" ' 4E+c %c q�c �����

ZKHUH + LV D } � � YHFWRU RI HQGRJHQRXV YDULDEOHV DQG % LV D & � � YHFWRU RI H[RJHQRXV YDULDEOHV�
6LQFH ����� PD\ EH YLHZHG DV WKH XQGHUO\LQJ VWUXFWXUH ZKLFK JHQHUDWHV WKH MRLQW EHKDYLRU RI WKH

VXEVHW RI WKH H[SODQDWRU\ YDULDEOHV� SURSRVH LQVWUXPHQWV WKDW DUH QRW VWULFWO\ H[RJHQRXV LQ WKH VHQVH WKDW WKH\ LQFOXGH

OLQHDU WUDQVIRUPDWLRQV RI WKH FRUUHODWHG YDULDEOHV� +RZHYHU� WKH OLQHDU WUDQVIRUPDWLRQV� DV SURSHU LQVWUXPHQWV� DUH
XQFRUUHODWHG ZLWK WKH LQGLYLGXDO HIIHFWV VR WKH FRUUHODWHG YDULDEOHV FDQ EH UHZULWWHQ DV WKH VLPSOH VXP RI D FRPSRQHQW

ZKLFK LV OLQHDU LQ WKH SURSRVHG LQVWUXPHQWV DQG LQ D UHDO VHQVH LV H[RJHQRXV DQG DQRWKHU WKDW LV FRUUHODWHG� ,Q IDFW�

WKH\ SRLQW RXW WKDW ZH FDQ ZULWH IRUPDO UHGXFHG IRUP HTXDWLRQV ZLWK WKH XQFRUUHODWHG �WUDQVIRUPHG� YDULDEOHV DV
H[SODQDWRU\ YDULDEOHV�
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REVHUYDEOH YDULDEOHV� LQ WKH ODWWHU FDVH� ZH DVVXPH WKH H[LVWHQFH RI WKH XQLTXH LQYHUVH UHODWLRQVKLS

+ ' ZE"c %c q�� �����

,Q SUDFWLFH� WKH LQYHUVH IRUP JLYHQ E\ ������ PD\ QRW EH DYDLODEOH LQ FORVHG IRUP EXW FDQ EH REWDLQHG

E\ QXPHULFDO VROXWLRQ WHFKQLTXHV�

,Q WKLV SDSHU� ZH RQO\ FRQVLGHU WKH FDVH ZKHUH WKH YHFWRU RI GULYLQJ YDULDEOHV E"�c %��� DUH MRLQWO\
����_� DQG KHQFH WKH FRPELQHG YHFWRU RI REVHUYDEOH YDULDEOHV 5 ' E+�c %��� LV DOVR MRLQWO\ ����_�
7KH MRLQW GLVWULEXWLRQ RI E"�c %��� ZLOO UHPDLQ XQVSHFL¿HG DQG XQUHVWULFWHG RWKHU WKDQ DGGLWLRQDO

DVVXPSWLRQV RQ WKH GHJUHH DQG QDWXUH RI WKH GHSHQGHQFH EHWZHHQ " DQG % DQG VRPH VPRRWKQHVV UH�

VWULFWLRQV� ZKLFK PDNHV WKLV D VHPLSDUDPHWULF SUREOHP� 7KH DOWHUQDWLYH DGGLWLRQDO VHPLSDUDPHWULF

DVVXPSWLRQV� LQ URXJK RUGHU RI LQFUHDVLQJ UHVWULFWLYHQHVV� DUH .d"o ' f� .d"m%o ' f� " V\PPHWUL�

FDOO\ GLVWULEXWHG JLYHQ %� " LQGHSHQGHQW RI %� DQG " V\PPHWULF DQG LQGHSHQGHQW RI %� 7KH YHFWRU
q ZLOO LQFOXGH LQWHUFHSW SDUDPHWHUV DQG " ZLOO KDYH PHDQ ]HUR H[FHSW IRU WKH FDVH ZKHUH " LV RQO\
DVVXPHG WR EH LQGHSHQGHQW RI %� 7KH H[LVWHQFH RI DQ LQYHUVH UHODWLRQVKLS� DV JLYHQ E\ ������ LV

QRW UHTXLUHG IRU WKH ]HUR XQFRQGLWLRQDO PHDQ DQG ]HUR FRQGLWLRQDO PHDQ FDVHV� ,Q DQ\ FDVH� " LV
DVVXPHG WR KDYH ¿QLWH XQFRQGLWLRQDO DQG FRQGLWLRQDO FRYDULDQFH PDWULFHV�

7KH LQVWUXPHQWDO YDULDEOHV DSSURDFK LV D VWUDLJKWIRUZDUG ZD\ WR WUDQVIRUP WKH VHPLSDUDPHWULF

UHVWULFWLRQV LQWR D VLPSOH 6�HVWLPDWRU� ,Q D QRQOLQHDU PRGHO� WKH } � R PDWUL[ RI GHULYDWLYHV

-E5c q� ' Y4E5c q�*Yq� �����

LV DQDORJRXV WR WKH UHJUHVVRU PDWUL[ LQ D OLQHDU PRGHO� 3URSHU LQVWUXPHQWV ZRXOG EH DQ\ VLPLODUO\

GLPHQVLRQHG PDWUL[ IXQFWLRQ RI WKH REVHUYDEOH GDWD� VD\ 'E5�� VXFK WKDW WKH LQVWUXPHQWV DUH� XQGHU

WKH VHPLSDUDPHWULF UHVWULFWLRQ� XQFRUUHODWHG ZLWK WKH GLVWXUEDQFHV

f ' .d'E5��"o ' .d'E5��4E5|c qf�o� �����

%DVHG RQ WKH XQFRUUHODWHG FRQGLWLRQ� ZH REWDLQ WKH LQVWUXPHQWDO YDULDEOHV �,9� HVWLPDWRU DV WKH

VROXWLRQ WR WKH �SRVVLEO\� QRQOLQHDU VHW RI R HTXDWLRQV

f '
?[
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'E5|�
�4E5|c 	q�� �����

)RU WKH PRPHQW ZH WUHDW 'E5� DV NQRZQ DQG LJQRUH WKH SRVVLELOLW\ WKDW LW PLJKW UHTXLUH HVWLPDWHV

RI XQNQRZQ SDUDPHWHUV LQFOXGLQJ q�
8QGHU IDLUO\ JHQHUDO FRQGLWLRQV� WKH DV\PSWRWLF EHKDYLRU RI WKH HVWLPDWRU GH¿QHG LQ ����� LV ZHOO

NQRZQ� 6SHFL¿FDOO\� ZH KDYH

?�*2E	q � q
f
�

_�$ � dfc �3�� � �3��o �����

ZKHUH

� '(d'E5��-E5c q
f
�o ¿QLWH DQG QRQVLQJXODU

� '(d'E5��4E5c qf� � 4E5c qf�
�' E5�o ¿QLWH�

�����

,PSOLFLW LQ ����� LV WKH QRWLRQ WKDW WKH LQVWUXPHQWV VKRXOG EH VXI¿FLHQWO\ ZHOO FRUUHODWHG ZLWK WKH

UHJUHVVRUV� ,Q IDFW� LW LV ZLGHO\ DUJXHG WKDW LQVWUXPHQWV VKRXOG EH DV KLJKO\ FRUUHODWHG ZLWK WKH

�



UHJUHVVRUV DV SRVVLEOH� VXEMHFW WR WKH FRQGLWLRQ RI RUWKRJRQDOLW\ UHODWLYH WR WKH GLVWXUEDQFHV� 7KLV

DUJXPHQW ZLOO EH IRUPDOL]HG EHORZ�

,Q WKH DEVHQFH RI VLPXOWDQHLW\� WKH PRVW KLJKO\ FRUUHODWHG LQVWUXPHQW PDWUL[ LV REYLRXVO\ WKH

UHJUHVVLRQ PDWUL[ VXLWDEO\ WUDQVIRUPHG� 6XSSRVH WKH XQFRQGLWLRQDO FRYDULDQFH PDWUL[

Pf ' .d4E5c qf� � 4E5c qf�
�o�.d4E5c qf�o � .d4E5c qf�o

� �����

LV QRQVLQJXODU� WKHQ WKH LQVWUXPHQWV

'E5� ' P3�

f
-E5c qf� ������

GH¿QH WKH QRQOLQHDU VHHPLQJO\ XQUHODWHG UHJUHVVLRQ �1/685� DV WKH VROXWLRQ WR WKH HTXDWLRQV

f '
?[
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-E5|c hq��hP3�4E5|c 	q�� ������

ZKHUH hq DQG hP DUH SUHOLPLQDU\ HVWLPDWRUV� 7KH SUREOHP� LQ JHQHUDO� LV WKDW

.d-E5c qf�
�P3�

f
4E5c qf�o ' _ 9' fc ������

GXH WR VLPXOWDQHLW\� ZKHUHXSRQ WKH 1/685 HVWLPDWRU ZLOO EH LQFRQVLVWHQW�

7KH ¿UVW OLQH RI GHIHQVH DJDLQVW VLPXOWDQHLW\ KDV W\SLFDOO\ EHHQ WR XWLOL]H SUHGHWHUPLQHG RU� LQ

WKH FXUUHQW VWDWLF PRGHO� H[RJHQRXV LQVWUXPHQWV� %\ H[RJHQRXV LQVWUXPHQWV� , PHDQ WKDW WKH LQVWUX�

PHQWV DUH� DW OHDVW DV\PSWRWLFDOO\� QRW D IXQFWLRQ RI WKH GLVWXUEDQFHV� 3URPLQHQW H[DPSOHV RI WKH

XVH RI H[RJHQRXV LQVWUXPHQWV DUH *00 IRU WKH ]HUR XQFRQGLWLRQDO PHDQ FDVH DQG &KDPEHUODLQ¶V

>����@ HVWLPDWRU IRU WKH ]HUR FRQGLWLRQDO PHDQ FDVH� ,Q DGGLWLRQ� IRU WKH FDVHV ZKHUH .d"m%o ' f
DQG .d""�m%o ' Pf� $PHPL\D >����@ KDV SURSRVHG WKH EHVW QRQOLQHDU WKUHH�VWDJH OHDVW VTXDUHV

LQVWUXPHQWV

'E5� ' P3�

f
-E%c wf� ������

ZKHUH Pf LV JLYHQ DERYH DQG

-E%c wf� ' .d-E5c q�m%o� ������

,Q IDFW� WKHVH DUH WKH RSWLPDO LQVWUXPHQWV WKDW DUH IXQFWLRQV RQO\ RI %� 9DULRXV DXWKRUV KDYH VKRZQ
KRZ DV\PSWRWLFDOO\ DSSURSULDWH HVWLPDWRUV RI WKHVH LQVWUXPHQWV FDQ EH XWLOL]HG WR REWDLQ D IHDVLEOH

%1/�6 HVWLPDWRU ZKLFK LV DV\PSWRWLFDOO\ HTXLYDOHQW WR WKH HVWLPDWRU WKDW XVHV WKH WUXH YDOXHV LQ

������ DV LQVWUXPHQWV��

7KH EDVLF LGHD EHKLQG WKH H[RJHQRXV LQVWUXPHQWV LV WR SXUJH WKH UHJUHVVRUV FRPSOHWHO\ RI DQ\

UHODWLRQVKLS ZLWK "� OHDYLQJ RQO\ SRVVLEOH GHSHQGHQFH RQ %� ,Q IDFW� DFFRUGLQJ WR WKH FULWHULD LQWUR�

GXFHG DERYH� DOO ZH ZDQW WR GR LV SXUJH WKH UHJUHVVRUV RI WKHLU OLQHDU UHODWLRQVKLS ZLWK WKH GLVWXU�

EDQFHV� ,Q D OLQHDU PRGHO� ZKHUH ZH FDQ GHFRPSRVH WKH VROXWLRQ RI WKH PRGHO LQWR WKH VXP RI DQ

H[RJHQRXV FRPSRQHQW GHSHQGLQJ RQO\ RQ % DQG D HQGRJHQRXV FRPSRQHQW GHSHQGLQJ RQO\ RQ "� WKH
WZR DSSURDFKHV DUH HTXLYDOHQW� ,Q QRQOLQHDU PRGHOV� KRZHYHU� WKHUH LV D UHDO GLVWLQFWLRQ EHWZHHQ

SXUJLQJ WKH UHJUHVVRUV RI RQO\ WKH OLQHDU UHODWLRQVKLS� ZKLFK ZRXOG OHDYH HQGRJHQRXV LQVWUXPHQWV�

DQG SXUJLQJ WKH UHJUHVVRUV FRPSOHWHO\ RI DQ\ UHODWLRQVKLS� ZKLFK ZRXOG OHDYH H[RJHQRXV LQVWUX�

PHQWV� ,W LV FRQFHLYDEOH WKDW WKH HQGRJHQRXV LQVWUXPHQWV ZLOO EH PRUH KLJKO\ FRUUHODWHG ZLWK WKH
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UHJUHVVRUV DQG KHQFH \LHOG LPSURYHG SUHFLVLRQ UHODWLYH WR D H[RJHQRXV DSSURDFK� &RQVHTXHQWO\� LQ

WKH VHTXHO� ZH FRQVLGHU WKH SRVVLELOLW\ WKDW 'E5� LV D QRQWULYLDO IXQFWLRQ RI "�
,I WKH LQVWUXPHQWV LQYROYH XQNQRZQ SDUDPHWHUV� WKH XVXDO SURFHGXUH KDV EHHQ WR XVH SUHOLPLQDU\

HVWLPDWHV DQG SURFHHG DV ZKHQ WKH LQVWUXPHQWV DUH NQRZQ� )RUPDOO\� ZH KDYH
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7KLV LV EHVW VHHQ WKURXJK WKH IROORZLQJ DV\PSWRWLF H[SDQVLRQ� ZKLFK LV YDOLG XQGHU IDLUO\ JHQHUDO
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7KH DSSHDO RI WKH H[RJHQRXV LQVWUXPHQWV LV QRZ HYLGHQW� VLQFH .d"m%o ' f LPSOLHV WKH FRQGLWLRQ

ZLOO OLNHO\ EH PHW LI 'E5c wf� LV D IXQFWLRQ RQO\ RI %�
7KH DV\PSWRWLF EHKDYLRU RI WKH HVWLPDWRU \LHOGHG E\ ������ LV VRPHZKDW GLIIHUHQW ZKHQ.diY'E5c wf�*Yq �j�

f� $VVXPLQJ WKDW HVWLPDWLRQ RI # LQWURGXFHV QR DGGLWLRQDO SUREOHPV� WKH DV\PSWRWLF EHKDYLRU RI

WKH HVWLPDWRU LV VWLOO JLYHQ E\

?�*2E	q � q
f
�

_�$ � dfc �3�� � �3��oc ������

DV LQ ������ EXW QRZ

� ' .dYi'E5c q
f
c #

f
��4E5c q

f
�j*q �o ¿QLWH DQG QRQVLQJXODU

� ' .d'E5c wf�
�4E5c q

f
� � 4E5c q

f
��'E5c wf�o ¿QLWH�

������

8QGHU IDLUO\ JHQHUDO FRQGLWLRQV� WKHVH FRPSRQHQWV FDQ EH FRQVLVWHQWO\ HVWLPDWHG IRU LQIHUHQFH
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PD\ VWRS DIWHU RQH VWHS RI D 1HZWRQ�5DSKVRQ SURFHGXUH�
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,Q WKLV VHFWLRQ� ZH REWDLQ D FODVV RI HVWLPDWRUV E\ GLUHFWO\ DSSO\LQJ WKH FULWHULD IRU LQVWUXPHQWV

ODLG RXW LQ WKH SUHYLRXV VHFWLRQ� 6SHFL¿FDOO\� ZH ZLOO DWWHPSW WR XWLOL]H LQVWUXPHQWV WKDW DUH XQ�

FRUUHODWHG ZLWK WKH GLVWXUEDQFHV EXW DUH DV KLJKO\ FRUUHODWHG ZLWK WKH UHJUHVVRUV DV SRVVLEOH� 7KLV

ZLOO EH DFFRPSOLVKHG E\ SXUJLQJ WKH LQVWUXPHQWV RQO\ RI WKH FRPSRQHQW WKDW LV FRUUHODWHG ZLWK WKH

GLVWXUEDQFHV� :H ZLOO ¿UVW LQWURGXFH WKH JHQHUDO DSSURDFK DQG SRLQW RXW VRPH SRVVLEOH GLI¿FXOWLHV

DQG WKHQ DSSO\ WKH DSSURDFK WR HDFK RI WKH VWRFKDVWLF FDVHV PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ�

,Q PDQ\ RI WKHVH FDVHV� WKH QHZ DSSURDFK \LHOGV HQGRJHQRXV LQVWUXPHQWV ZLWK D UDWKHU QDWXUDO

LQWHUSUHWDWLRQ�
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ZKHUH e� LV D R � � YHFWRU ZKLFK LV ]HUR H[FHSW IRU HOHPHQW �� ZKLFK LV XQLW\� 7KH FRUUHVSRQGLQJ

LQVWUXPHQW ZKLFK LV XQFRUUHODWHG ZLWK " ' 4E5c qf� EXW PRVW KLJKO\ FRUUHODWHG ZLWK o�E5c qf� LV
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1RZ .diY'E5c wf�*Yq �j�4E5c qf�o 9' f� LQ JHQHUDO� IRU WKLV FKRLFH RI 'E5�� VR ZH ZLOO QRW XVH D
SUHOLPLQDU\ HVWLPDWRU RI q LQ WKH LQVWUXPHQWV� $FFRUGLQJO\� D IHDVLEOH ,9 HVWLPDWRU EDVHG RQ WKHVH

LQVWUXPHQWV LV JLYHQ E\
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ZKHUH h# ' E h(c h��� DQG hP DUH SUHOLPLQDU\ HVWLPDWRUV� 7KH SUREOHP LV� RI FRXUVH� WKH DSSURSULDWH

FKRLFH RI HVWLPDWRUV IRU (� �� DQG Pf� 8QIRUWXQDWHO\� LI� EDVHG RQ D SUHOLPLQDU\ HVWLPDWRU hq � ZH
XVH WKH UDWKHU QDWXUDO VDPSOH DQDORJV DV HVWLPDWRUV RI WKHVH H[SHFWDWLRQV� QDPHO\

h( ' ?3�
S?

|'�
4E5|c hq� � 4E5|c hq��h�� ' ?3�

S?
|'�

o�E5|c hq� � 4E5|c hq��hP ' h( � d?3�
S?

|'�
4E5|c hq�o � d?3�

S?
|'�

4E5|c hq�o�c
�����

WKHQ WKH HVWLPDWRU SURSRVHG KHUH EHFRPHV WULYLDO� DV ZLOO EH VHHQ EHORZ� VLQFH 	q ' hq ZLOO VDWLVI\

������ 7KH VROXWLRQ SURSRVHG LQ WKLV VHFWLRQ LV WR XWLOL]H WKH HI¿FLHQW VHPLSDUDPHWULF �GLVWULEXWLRQ

IUHH� HVWLPDWRUV RI WKH H[SHFWDWLRQ IXQFWLRQV SURSRVHG LQ %URZQ DQG 1HZH\ >����@� 2I FRXUVH� DV

ZDV VKRZQ LQ WKDW ZRUN� WKH IRUP RI WKH HVWLPDWRUV GHSHQGV RQ WKH VWRFKDVWLF UHVWULFWLRQ HPSOR\HG�

&RQVLGHUDEOH LQVLJKW FDQ EH JDLQHG LQWR WKLV DSSURDFK E\ SODFLQJ ����� LQ DQ DOWHUQDWLYH UHSUH�
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ZKHUH WKH ODVW OLQH IROORZV IURP GLYLVLRQ E\ ? DQG D UHGL¿QLWLRQ RI WKH H[SUHVVLRQV LQ ����� XVLQJ 	q �

2EYLRXVO\� IRU 	( ' h( DQG 	�� ' h��� WKH HTXDWLRQ LV VDWLV¿HG WULYLDOO\ IRU ZKDWHYHU YDOXH RI q ZDV
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DV WXUQV RXW WR EH WKH FDVH IRU WKH FRQGLWLRQV RI LQWHUHVW FRQVLGHUHG EHORZ� WKHQ
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7KH ¿UVW WHUP FDQ EH VHHQ WR EH WKH 1/685 HVWLPDWLQJ HTXDWLRQ ZKLOH WKH VHFRQG WHUP LQWURGXFHV

D FRUUHFWLRQ IRU WKH IDFW WKDW WKH ¿UVW WHUP FRQYHUJHV WR D QRQ]HUR YDOXH� LQ JHQHUDO� ZKHQ HYDOXDWHG

DW WKH WUXH SDUDPHWHU SRLQW q
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7KH JHQHUDO DSSURDFK ZLOO QRZ EH DSSOLHG WR WKH FDVH ZKHUH WKH GLVWXUEDQFHV DUH XQUHVWULFWHG

H[FHSW WR KDYH ]HUR PHDQ� 7KLV DVVXPSWLRQ UHVXOWV LQ D PRGHO IRU ZKLFK *00 KDV EHHQ VXJJHVWHG

DV WKH RSWLPDO DSSURDFK� 'H¿QH S� ' �eSE���� _ ' �eSE(�� DQG
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$SSO\LQJ WKH UHVXOWV RI %URZQ DQG 1HZH\ IRU WKLV FDVH \LHOGV
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DV WKH HI¿FLHQW HVWLPDWRUV RI S� DQG _� 6XEVWLWXWLQJ WKHVH HVWLPDWRUV LQWR ����� RU ����� DQG UHDUUDQJ�

LQJ� ZH REWDLQ
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8QGHU WKH DVVXPSWLRQV RI ORFDO EHKDYLRU LQWURGXFHG LQ WKH QH[W VHFWLRQ� 	( � h( ZLOO EH JRE?
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VR ZH GH¿QH RXU HVWLPDWRU DV WKH VROXWLRQ WR WKH ¿UVW WHUP LQ �������

7KLV HVWLPDWRU KDV REYLRXV VLPLODULWLHV WR WKH *00 HVWLPDWRU� *LYHQ WKH NQRZQ RSWLPDOLW\

RI *00 XQGHU WKH FXUUHQW VWRFKDVWLF DVVXPSWLRQ� WKH QHZ HVWLPDWRU LV QRW SURSRVHG DV D VHULRXV

DOWHUQDWLYH� 5DWKHU LW LV SUHVHQWHG IRU FRPSOHWHQHVV DQG DOVR EHFDXVH LW JLYHV XV DGGLWLRQDO LQVLJKW

LQWR ZKHUH DQG ZK\ WKH QHZ HVWLPDWRU IDOOV VKRUW� 8QGHU IDLUO\ JHQHUDO FRQGLWLRQV WKLV HVWLPDWRU
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ZLOO EH FRQVLVWHQW DQG KDYH WKH IROORZLQJ OLPLWLQJ EHKDYLRU�
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ZLOO EH HTXLYDOHQW WR *00 LI- ' -�� 0RUH ZLOO EH VDLG RQ WKH UHODWLRQVKLS EHWZHHQ WKH WZR LQ WKH

QH[W VHFWLRQ� ,W LV ZRUWK QRWLQJ WKDW� VLQFH WKH UHVXOWDQW LQVWUXPHQWV DUH DV\PSWRWLFDOO\ H[RJHQRXV�

WKH VDPH DV\PSWRWLF EHKDYLRU ZLOO UHVXOW LI ZH XVH DQ\ SUHOLPLQDU\ HVWLPDWRU RI q LQ IRUPLQJ hP
DQG WKH ¿UVW EUDFNHWHG FRPSRQHQW LQ �������

:H QH[W WXUQ WR WKH UHODWHG FDVH ZKHUH WKH GLVWXUEDQFHV DUH RQO\ DVVXPHG WR KDYH ]HUR PHDQ

FRQGLWLRQDO RQ %� 7KLV IRUP RI WKH PRGHO DOORZV IRU XQVSHFL¿HG FRQGLWLRQDO KHWHURVNHGDVWLFLW\ DQG

KDV EHHQ DQDO\]HG H[WHQVLYHO\ E\ &KDPEHUODLQ >����@� ZKR KDV HVWDEOLVKHG WKH ORZHU ERXQG DQG DQ

HI¿FLHQW VHPLSDUDPHWULF HVWLPDWRU IRU WKH SUREOHP� $FFRUGLQJ WR %URZQ DQG 1HZH\� WKH HI¿FLHQW

HVWLPDWRUV RI S� DQG _ ZRXOG KDYH WKH IRUP
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ZKHUH 	.d�m%o LQGLFDWHV DQ DSSURSULDWH FRQGLWLRQDO H[SHFWDWLRQ HVWLPDWRU VXFK DV WKH NHUQHO� ,I ZH
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DV WKH FRUUHVSRQGLQJ HVWLPDWRU RI WKH FRQGLWLRQDO FRYDULDQFH VRPH DOJHEUD \LHOGV
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1RW WRR VXUSULVLQJO\� WKLV HVWLPDWRU LV FORVHO\ UHODWHG WR DQ HVWLPDWRU EDVHG RQ WKH VXJJHVWLRQV RI

&KDPEHUODLQ� $V LQ WKH SUHYLRXV FDVH� ZH GR QRW SURSRVH WKH QHZ HVWLPDWRU DV D VHULRXV DOWHUQDWLYH

VR PXFK DV SURRI WKDW WKH EDVLF DSSURDFK DGYRFDWHG LQ WKLV VHFWLRQ JHQHUDWHV UHDVRQDEOH HVWLPDWRUV�
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,Q HDFK RI WKH SUHYLRXV WZR FDVHV� WKH DSSURDFK DGYRFDWHG LQ WKLV VHFWLRQ \LHOGHG LQWHUHVWLQJ

LQVWUXPHQWV EXW WKH\ ZHUH H[RJHQRXV UDWKHU WKDQ HQGRJHQRXV� 7KDW LV� SXUJLQJ WKH UHJUHVVRUV RI

WKDW FRPSRQHQW ZKLFK LV FRUUHODWHG ZLWK WKH GLVWXUEDQFHV DOVR SXUJHG WKHP FRPSOHWHO\ RI DQ\

VWRFKDVWLF UHODWLRQVKLS ZLWK WKH GLVWXUEDQFHV� 6WUHQJWKHQLQJ RXU VWRFKDVWLF DVVXPSWLRQ WR UHTXLUH
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DV RXU IHDVLEOH HVWLPDWLQJ HTXDWLRQ� 7KH LQVWUXPHQWV JHQHUDWHG E\ WKH DSSURDFK RI WKLV VHFWLRQ DUH

FOHDUO\ HQGRJHQRXV IRU WKLV FDVH� HYHQ LQ ODUJH VDPSOHV�

7KLV HVWLPDWRU KDV D FORVH UHODWLRQVKLS� ZKLFK ZLOO EH UHYHDOHG LQ WKH QH[W VHFWLRQ� WR DQ HVWLPDWRU

SURSRVHG E\ 1HZH\ >����@� ,Q SDUWLFXODU� WKH SUHVHQFH RI WKH GRXEOH VXPPDWLRQ PHDQV WKDW WKH

HVWLPDWRU LV DQ H[DPSOH RI D ��VWDWLVWLF DV VWXGLHG E\ 6HUÀLQJ >����@� *LYHQ UHJXODULW\ FRQGLWLRQV

RI WKH W\SH XWLOL]HG WKHUH� ZH ¿QG WKDW WKH HVWLPDWRU JHQHUDWHG E\ ������ LV FRQVLVWHQW ZLWK WKH

IROORZLQJ DV\PSWRWLF GLVWULEXWLRQ�
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DOWHUQDWLYHV DFFRUGLQJ WR DV\PSWRWLF HI¿FLHQF\� ZH VKRXOG EH DEOH WR HDVLO\ FRPELQH WKH WZR WR

REWDLQ DQ HVWLPDWRU WKDW GRPLQDWHV ERWK� LQ JHQHUDO��

$Q DOWHUQDWLYH WR LQGHSHQGHQFH� LQ VWUHQJWKHQLQJ WKH DVVXPSWLRQ RI ]HUR FRQGLWLRQDO PHDQ� LV WR

LPSRVH FRQGLWLRQDO V\PPHWU\ RI WKH GLVWULEXWLRQ RI WKH GLVWXUEDQFHV DERXW ]HUR� JLYHQ %� $FFRUGLQJ

7:H VLPSO\ IRUP D *00 HVWLPDWLRQ SUREOHP E\ FRPELQLQJ WKH PRPHQW FRQGLWLRQ XQGHUO\LQJ ������� QDPHO\
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PDWUL[� 7KLV HVWLPDWRU VKRXOG GRPLQDWH ERWK RI WKH MXVW�LGHQWL¿HG HVWLPDWRUV H[FHSW LQ WKH FDVHV� JLYHQ LQ 6HFWLRQ ��
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DV WKH HVWLPDWLQJ HTXDWLRQ� 7KH LQVWUXPHQWV DUH FOHDUO\ HQGRJHQRXV LQ WKLV FDVH DQG KDYH DQ LQ�

WHUSUHWDWLRQ DV WKH HYHQ FRPSRQHQW� LQ WHUPV RI WKH GLVWXUEDQFHV� RI WKH UHJUHVVRUV� 8QGHU JHQHUDO

FRQGLWLRQV WKH UHVXOWLQJ HVWLPDWRU LV FRQVLVWHQW ZLWK OLPLWLQJ GLVWULEXWLRQ JLYHQ E\ ������ DQG �������
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LQ WKH QH[W VHFWLRQ�

&RPELQLQJ WKH SUHYLRXV WZR FDVHV� ZH QRZ HQWHUWDLQ WKH FDVH ZKHUH WKH GLVWXUEDQFHV DUH V\P�

PHWULF DERXW ]HUR DQG LQGHSHQGHQW RI %� )ROORZLQJ WKH JHQHUDO DSSURDFK SURSRVHG E\ %URZQ DQG
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ZKLOH WKH HI¿FLHQW HVWLPDWRU RI Pf LV WKH VDPH DV WKH ODVW WZR FDVHV� 6XEVWLWXWLQJ DQG UHDUUDQJLQJ

\LHOGV WKH IROORZLQJ HVWLPDWLRQ HTXDWLRQ
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8QGHU JHQHUDO FRQGLWLRQV� WKLV HVWLPDWRU ZLOO EH FRQVLVWHQW ZLWK DV\PSWRWLF GLVWULEXWLRQ DOVR JLYHQ

E\ ������ DQG ������ H[FHSW QRZ
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,I WKH DVVXPHG VWRFKDVWLF FRQGLWLRQV RI FRQGLWLRQDO V\PPHWU\ DQG LQGHSHQGHQFH KROG� WKLV HVWL�

PDWRU VKRXOG EH HI¿FLHQW UHODWLYH WR ERWK RI WKH ODVW WZR DOWHUQDWLYHV� 2I FRXUVH� WKLV LQFUHDVHG

HI¿FLHQF\ FRPHV DW WKH FRVW RI LQFUHDVHG ULVN RI PLVVSHFL¿FDWLRQ RI WKH GLVWULEXWLRQ DQG WKH DFFRP�

SDQ\LQJ LQFRQVLVWHQF\�
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7KH VHPLSDUDPHWULF HVWLPDWRUV SURSRVHG LQ WKH SUHYLRXV VHFWLRQ ZHUH GHVLJQHG WR EH RSWLPDO LQ

WHUPV RI EHLQJ DV KLJKO\ FRUUHODWHG ZLWK WKH UHJUHVVRUV DV SRVVLEOH� ,W LV RI LQWHUHVW WR FRPSDUH WKH

QHZ HVWLPDWRUV ZLWK H[LVWLQJ HVWLPDWRUV WKDW DUH NQRZQ WR EH JOREDOO\ RU ORFDOO\ VHPLSDUDPHWULF

HI¿FLHQW� $ JOREDOO\ VHPLSDUDPHWULF HI¿FLHQW HVWLPDWRU LV D UHJXODU VHPLSDUDPHWLF HVWLPDWRU ZKLFK

DWWDLQV WKH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG UHJDUGOHVV RI WKH WUXH GLVWULEXWLRQ� SURYLGHG WKH VWR�

FKDVWLF UHVWULFWLRQ LV PHW� %\ ORFDOO\ HI¿FLHQW� , PHDQ WKDW WKH HVWLPDWRU LV UHJXODU VHPLSDUDPHWULF

DQG KHQFH FRQVLVWHQW DJDLQVW PLVVSHFL¿FDWLRQ RI WKH GLVWULEXWLRQ SURYLGHG WKH VWRFKDVWLF UHVWULFWLRQ

LV VDWLV¿HG EXW ZLOO DWWDLQ WKH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG LI WKH GLVWXUEDQFHV KDYH D VSHFL�

¿HG GLVWULEXWLRQ VXFK DV WKH QRUPDO� ,Q FDVHV ZKHUH JOREDOO\ HI¿FLHQW HVWLPDWRUV DUH QRW IHDVLEOH�

VXFK HVWLPDWRUV DUH GHVLUDEOH VLQFH WKH\ DUH WKH EHVW HVWLPDWRU XQGHU WKH VSHFL¿HG GLVWULEXWLRQ WKDW

UHPDLQV FRQVLVWHQW LQ WKH HYHQW WKH GLVWULEXWLRQ LV PLVVSHFL¿HG�

7KH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG FDQ EH GH¿QHG DV WKH LQYHUVH FRYDULDQFH PDWUL[ RI WKH

HI¿FLHQW VFRUH� )RU D SDUWLFXODU FKRLFH RI GLVWULEXWLRQ� WKH XQUHVWULFWHG VFRUH FDQ EH GH¿QHG DV WKH

GHULYDWLYH RI WKH ORJ�OLNHOLKRRG ZLWK UHVSHFW WR WKH SDUDPHWHU YHFWRU q� )RU WKH SUREOHP DW KDQG LW

KDV WKH IRUP
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ORJOLNHKRRG ZLWK UHVSHFW WR WKH QXLVDQFH SDUDPHWHUV IRU DOO PRGHOV VDWLVI\LQJ WKH VHPLSDUDPHWULF

DVVXPSWLRQ� 7KH HI¿FLHQW VFRUH LV REWDLQHG DV WKH UHVLGXDO IURP WKH SURMHFWLRQ RI WKH XQUHVWULFWHG

VFRUH RQWR WKLV VSDFH

rE5� ' rqE5�� � oJ�ErqE5�mW � �����

DQG WKH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG LV JLYHQ E\

T W

q ' E.drE5� � rE5��o�3�� �����

6HH WKH VXUYH\ E\ 1HZH\ >����E@ RU %URZQ DQG 1HZH\ >����@ IRU GHWDLOV�

)RU WKH FDVH ZKHUH WKH GLVWXUEDQFHV DUH XQUHVWULFWHG H[FHSW WR KDYH ]HUR PHDQ WKH HI¿FLHQW VFRUH

FDQ EH VKRZQ WR EH
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��



GLVWULEXWLRQ� LV JLYHQ E\ WKH VROXWLRQ WR

f ' d?3�

?[
|'�

-E5|c hq�o�hP3�d?3�

?[
|'�

4E5|c 	q�o �����

ZKHUH hq DQG hP DUH SUHOLPLQDU\ FRQVLVWHQW HVWLPDWHV� 7KH VROXWLRQ WR WKHVH HVWLPDWLQJ HTXDWLRQV LV�

RI FRXUVH� WKH *00 HVWLPDWRU DQG LV WKH JOREDOO\ HI¿FLHQW ,9 HVWLPDWRU�

8QGHU FHUWDLQ FRQGLWLRQV� WKH ,9 HVWLPDWRU SURSRVHG LQ WKH SUHYLRXV VHFWLRQ IRU WKLV FDVH LV

ORFDOO\ HI¿FLHQW� 6XSSRVH
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IRU DOO GLVWULEXWLRQV VDWLVI\LQJ WKH VHPLSDUDPHWULF DVVXPSWLRQ� 'XH WR WKH XQUHVWULFWHG QDWXUH RI

WKHVH GLVWULEXWLRQV� WKLV FRQGLWLRQ ZLOO� LQ JHQHUDO� RQO\ EH PHW LI aqE5� LV FRQVWDQW� 6XEVWLWXWLQJ
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ZKLFK� IURP ������� PHDQV WKDW WKH VLPSOH ,9 HVWLPDWRU LV DV\PSWRWLFDOO\ HTXLYDOHQW WR *00 XQGHU

QRUPDOLW\ DQG WKH FRQGLWLRQ RQ WKH -DFRELDQ GHULYDWLYH� %XW WKLV PHDQV LW LV ORFDOO\ VHPLSDUDPHW�

ULF HI¿FLHQW� 1RWH WKDW VLQFH " LV V\PPHWULFDOO\ GLVWULEXWHG XQGHU WKH QRUPDOLW\ DVVXPSWLRQ� WKH

FRQGLWLRQ 	( � h( ' JRE?
3�*2� ZLOO EH PHW�

$ VLPLODU DQDO\VLV DSSOLHV IRU WKH FDVH ZKHUH WKH GLVWXUEDQFHV DUH RQO\ UHVWULFWHG WR KDYH FRQ�

GLWLRQDO PHDQ ]HUR� JLYHQ %� 7KLV SUREOHP KDV EHHQ ZHOO VWXGLHG E\ &KDPEHUODLQ DQG WKH HI¿FLHQW

VFRUH LV NQRZQ WR EH
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VXFK DQ HVWLPDWRU LV 5RELQVRQ¶V >����@ HVWLPDWRU IRU WKH OLQHDU UHJUHVVLRQ PRGHO ZLWK XQVSHFL¿HG

��



KHWHURVNHGDVWLFLW\ LQ ZKLFK 	.d-E5|c hq�m%|o LV JLYHQ GLUHFWO\ E\ WKH UHJUHVVRUV %| DQG hP| LV D VFDODU

DQG LV HVWLPDWHG XVLQJ QHDUHVW QHLJKERU WHFKQLTXHV�

$JDLQ� WKH VLPSOH ,9 HVWLPDWRU SURSRVHG IRU WKLV FDVH FDQ EH VKRZQ WR DWWDLQ WKH VHPLSDUDPHWULF

HI¿FLHQF\ ERXQG XQGHU FHUWDLQ FRQGLWLRQV� 6XSSRVH
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LI "m%| � �EfcP|� LV WKH WUXH GLVWULEXWLRQ� %XW� DFFRUGLQJ WR ������ DQG ������� WKLV PHDQV WKDW WKH

VLPSOH ,9 HVWLPDWRU DWWDLQV WKH ORZHU ERXQG DQG LV KHQFH ORFDOO\ HI¿FLHQW ZKHQ WKH GLVWXUEDQFHV

DUH FRQGLWLRQDOO\ QRUPDO DQG WKH -DFRELDQ FRQGLWLRQ ������ LV VDWLV¿HG�

7KH FDVH ZKHUH WKH GLVWXUEDQFHV DUH XQUHVWULFWHG H[FHSW WR EH LQGHSHQGHQW RI % KDV EHHQ H[WHQ�

VLYHO\ VWXGLHG E\ 1HZH\ >����@� ZKR KDV VKRZQ WKDW WKH HI¿FLHQW VFRUH IRU WKH SUREOHP WDNHV WKH

IRUP
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7KH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG LV JLYHQ DV WKH LQYHUVH FRYDULDQFH RI WKLV VFRUH� EXW LV QRW

SDUWLFXODUO\ LQIRUPDWLYH VR LV QRW UHSRUWHG KHUH� ,I WKH WUXH GLVWULEXWLRQ RI WKH GLVWXUEDQFHV LV MRLQW

QRUPDOLW\� KH VKRZV WKDW WKH HVWLPDWRU JLYHQ E\ WKH VROXWLRQ WR WKH IROORZLQJ HTXDWLRQ

f ' ?3�
S?

|'�
daqE5|c 	q�� ?3�

S?
r'�

aqEZE4E5|c 	q�c %rc 	q�c %rc 	q�o

nd-E5|c 	q�� ?3�
S?

r'�
-EZE4E5|c 	q�c %rc 	q�c %rc 	q�o

�hP3�4E5|c 	q�

������
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ZKLFK LV DQ ,9 HVWLPDWRU ZLWK HQGRJHQRXV LQVWUXPHQWV� 7KLV HVWLPDWRU GLIIHUV IURP WKH VLPSOH ,9

HVWLPDWRU SURSRVHG LQ WKH SUHYLRXV VHFWLRQ E\ WKH SUHVHQFH RI WKH -DFRELDQ GHULYDWLYH WHUPV� 7KH

WZR ZLOO EH WKH VDPH DQG KHQFH WKH VLPSOH HVWLPDWRU ZLOO EH VHPLSDUDPHWULF HI¿FLHQW LI aqE5� '
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8QGHU JHQHUDO FRQGLWLRQV� 1HZH\ KDV VKRZQ WKDW WKH HVWLPDWRU JLYHQ E\ WKH VROXWLRQ WR
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LV UHJXODU VHPLSDUDPHWULF DQG DWWDLQV WKH HI¿FLHQF\ ERXQG ZKHQ WKH WUXH GLVWULEXWLRQ LV QRUPDO� $V

LQ WKH SUHYLRXV FDVH� ZH FDQ H[SORLW WKH GH¿QLWLRQ RI hP WR UHZULWH WKLV HVWLPDWLQJ HTXDWLRQ LQ WKH

IRUP
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RU aqE5� LV V\PPHWULF LQ "� WKLV HVWLPDWRU UHGXFHV WR WKH VLPSOH ,9 HVWLPDWRU SURSRVHG LQ WKH

SUHYLRXV VHFWLRQ� 7KXV XQGHU QRUPDOLW\ DQG WKH -DFRELDQ UHVWULFWLRQ WKH HVWLPDWRU LV ORFDOO\ VHPL�

SDUDPHWULF HI¿FLHQW�

7KH ¿QGLQJV IRU WKH SUHYLRXV WZR FDVHV FDQ EH FRPELQHG IRU WKH FDVH ZKHUH WKH GLVWXUEDQFHV

DUH LQGHSHQGHQW RI % DQG V\PPHWULF DURXQG ]HUR� 7KH HI¿FLHQW VFRUH IRU WKLV FDVH LV
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,I WKH WUXH GLVWULEXWLRQ RI WKH GLVWXUEDQFHV LV QRUPDO� WKH HVWLPDWRU JLYHQ E\ WKH VROXWLRQ WR WKH

IROORZLQJ HTXDWLRQ
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DWWDLQV WKH ORZHU ERXQG GH¿QHG E\ WKH LQYHUVH FRYDULDQFH RI WKH HI¿FLHQW VFRUH� 7KLV HVWLPDWRU FDQ

DOVR EH UHDUUDQJHG XVLQJ WKH GH¿QLWLRQ RI hP WR REWDLQ
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ZKLFK LV DQ ,9 HVWLPDWRU ZLWK HQGRJHQRXV LQVWUXPHQWV� 7KLV HVWLPDWRU ZLOO UHGXFH WR WKH VLPSOH

,9 HVWLPDWRU RI WKH SUHYLRXV VHFWLRQ LI
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ZKLFK ZLOO RFFXU LI WKH -DFRELDQ GHULYDWLYH LV D IXQFWLRQ RQO\ RI % RU " RQO\ DQG LV V\PPHWULF� $QG�

RQFH DJDLQ� ZH ¿QG WKDW WKH VLPSOH ,9 HVWLPDWRU LV ORFDOO\ VHPLSDUDPHWULF HI¿FLHQW XQGHU QRUPDOLW\

LI D FRQGLWLRQ RQ WKH -DFRELDQ LV PHW�

7KH VLPSOH HQGRJHQRXV ,9 HVWLPDWRUV SURSRVHG LQ WKH SUHYLRXV VHFWLRQ ZHUH GHVLJQHG WR REWDLQ

WKH LQVWUXPHQWV ZKLFK DUH PRVW KLJKO\ FRUUHODWHG ZLWK WKH UHJUHVVRUV� 7KLV DSSURDFK GLG QRW� KRZ�

HYHU� UHVXOW LQ HVWLPDWRUV WKDW DFKLHYH WKH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG H[FHSW XQGHU VSHFLDO

FRQGLWLRQV RQ WKH -DFRELDQ�� 1RU ZHUH WKH\ WKH EHVW HQGRJHQRXV ,9 HVWLPDWRUV� VLQFH WKH RSWLPDO

HVWLPDWRU LQ HDFK FDVH KDG DQ ,9 LQWHUSUHWDWLRQ� 7KLV QRQRSWLPDOLW\ UHVXOWHG PRVW REYLRXVO\� IURP

VWXG\LQJ WKH HI¿FLHQW VFRUHV IRU WKH YDULRXV FDVHV� EHFDXVH WKH LPSDFW RI WKH -DFRELDQ ZDV LJQRUHG�

0RUH WR WKH SRLQW� WKRXJK� LW UHVXOWV EHFDXVH RXU FULWHULRQ IRU FKRRVLQJ HQGRJHQRXV LQVWUXPHQWV

DLPHG IRU WKH ZURQJ WDUJHW� :H ZHUH PD[LPL]LQJ WKH FRUUHODWLRQ ZLWK WKH UHJUHVVRUV� ZKLFK JXDU�

DQWHHG D UHGXFWLRQ LQ WKH OLPLWLQJ FRYDULDQFH PDWUL[ E\ PLQLPL]LQJ �3�� ZKLFK RFFXUV WZLFH� EXW

ZH LJQRUHG WKH UHPDLQLQJ FRPSRQHQW � � $Q LQWHUHVWLQJ ¿QGLQJ LV WKH UDWKHU FORVH UHODWLRQVKLS

EHWZHHQ ,9 HVWLPDWLRQ DQG QRUPDOLW\� (YHQ ZKHQ WKH DSSURSULDWH FRQGLWLRQ RQ WKH -DFRELDQ ZDV

PHW� WKH RSWLPDO ,9 HVWLPDWRU ORFDOO\ DWWDLQHG WKH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG RQO\ XQGHU

QRUPDOLW\�

�� $ 6$03/,1* (;3(5,0(17

7KH RSWLPDOLW\ FODLPV IRU WKH HVWLPDWRUV SURSRVHG LQ WKH SUHYLRXV VHFWLRQV DUH EDVHG RQ ODUJH�

VDPSOH DV\PSWRWLF DQDO\VLV� ,W LV RI LQWHUHVW WR TXDQWLI\ WKH PDJQLWXGH RI WKH LPSURYHPHQW LQ

SUHFLVLRQ UHVXOWLQJ IURP XWLOL]LQJ WKH DV\PSWRWLFDOO\ HI¿FLHQW HVWLPDWRUV UDWKHU WKDQ PRUH VWDQGDUG

DSSURDFKHV� ,W LV DOVR XVHIXO WR PHDVXUH WKH PDJQLWXGH RI WKH GHWHULRUDWLRQ RI WKH YDULRXV HVWLPDWRUV

ZKHQ WKH GLVWULEXWLRQ LV PLVVSHFL¿HG UHODWLYH WR WKH FRQGLWLRQV IRU ZKLFK LW ZDV GHVLJQHG� ,Q DGGL�

WLRQ� LW LV RI LQWHUHVW WR GHWHUPLQH WKH H[WHQW WR ZKLFK WKH DV\PSWRWLF UHVXOWV PDQLIHVW WKHPVHOYHV

LQ VPDOOHU VDPSOHV� 7KHVH LVVXHV DUH EHVW DGGUHVVHG� LI RQO\ SDUWLDOO\� E\ FRQGXFWLQJ D VDPSOLQJ

H[SHULPHQW RQ VSHFL¿F PRGHOV� 2I FRXUVH� WKH UHVXOWV RI WKH H[SHULPHQW DUH VXEMHFW WR WKH XVXDO

TXDOL¿FDWLRQV DQG FDQ EH JHQHUDOL]HG WR RWKHU PRGHOV RQO\ ZLWK JUHDW FDUH�

7KH VDPSOLQJ H[SHULPHQW LV FRQGXFWHG RQ D VLQJOH�HTXDWLRQ H[WHQGHG %R[�&R[ �(%&� PRGHO�

7KLV PRGHO FDQ EH IRUPDOO\ UHSUHVHQWHG
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ZKHUH .d"2o ' j2� ,Q WKH LQGHSHQGHQW FDVH WKH SDUDPHWHU q
�
ZLOO EH VXEVXPHG LQWR WKH GLVWULEXWLRQ

RI WKH GLVWXUEDQFHV� 7KLV PRGHO KDV VHYHUDO VDOLHQW IHDWXUHV� 7KH ¿UVW LV WKH IDFW WKDW LW LV QRQOLQHDU

82QH REYLRXV FDVH ZKHUH WKH FRQGLWLRQV RQ WKH -DFRELDQ GHULYDWLYH DUH PHW IRU DOO WKH VWRFKDWLF DOWHUQDWLYHV LV�

IROORZLQJ DQ DSSURSULDWH QRUPDOL]DWLRQ� D WULDQJXODU PRGHO� 7KH FRQGLWLRQV� KRZHYHU� FDQ EH VDWLV¿HG E\ PXFK PRUH
JHQHUDO PRGHOV LQFOXGLQJ WKH IROORZLQJ WZR�HTXDWLRQ QRQWULDQJXODU H[DPSOH
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LQ WKH YDULDEOHV DQG SDUDPHWHUV� 7KH VHFRQG LV WKDW WKH VROXWLRQ IRUP RI WKH PRGHO FDQ EH ZULWWHQ

LQ WKH FORVHG IRUP
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ZKLFK JUHDWO\ VLPSOL¿HV WKH JHQHUDWLRQ RI REVHUYDWLRQV LQ WKH H[SHULPHQW� 7KH WKLUG LV WKDW WKH

FRQGLWLRQV RQ WKH -DFRELDQ GHULYDWLYHV GLVFXVVHG LQ WKH SUHYLRXV VHFWLRQ DUH DOO PHW VR WKH VLPSOH

,9 HVWLPDWRUV DUH VHPLSDUDPHWULF HI¿FLHQW�

)RU HDFK PRGHO RI WKH GLVWULEXWLRQ ZH FRQGXFWHG ���� UHSOLFDWLRQV RI D 0RQWH &DUOR H[SHULPHQW

XVLQJ DOWHUQDWLYH VDPSOH VL]HV RI ���������������� 7KH DOWHUQDWLYH PRGHOV RI WKH GLVWULEXWLRQ RI WKH

GLVWXUEDQFHV XVHG ZHUH�

%DVLF� " � �Efc j2� LQGHSHQGHQW RI %c
1RQQRUPDOLW\� " � |Ee� � Ej*s2� LQGHSHQGHQW RI %
$V\PPHWU\� " � E
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7KH YDOXHV RI WKH SDUDPHWHUV XVHG WR JHQHUDWH WKH UHSOLFDWLRQV RI WKH H[SHULPHQW ZHUH FKRVHQ WR

DSSUR[LPDWH WKH YDOXHV REWDLQHG IURP HVWLPDWLQJ WKH PRGHO IRU WKH (QJHO FXUYH GDWD GHVFULEHG LQ

.RHQNHU DQG %DVVHWW >����@� 7KH VSHFL¿F YDOXHV XVHG ZHUH
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WKH YDOXHV RI WKH H[RJHQRXV YDULDEOHV ZHUH GUDZQ IURP % � � ES�.c f��b��� )RU HDFK UHSOLFD�

WLRQ� WKH PRGHO ZDV HVWLPDWHG E\ PD[LPXP OLNHOLKRRG EDVHG RQ D QRUPDOLW\ DVVXPSWLRQ �0/(

RU 40/(�� DQ ,9 HVWLPDWRU XVLQJ E�c Eq2 � %�2� DV LQVWUXPHQWV �%,9�� WKH UHVLGXDO�EDVHG IHDVLEOH

EHVW QRQOLQHDU WKUHH�VWDJH OHDVW VTXDUHV �%�65��� WKH RSWLPDO HQGRJHQRXV ,9 HVWLPDWRU GHVLJQHG

IRU LQGHSHQGHQFH �%,1'�� WKH HQGRJHQRXV ,9 HVWLPDWRU WKDW LV RSWLPDO XQGHU V\PPHWU\ �%6<0��

DQG WKH HQGRJHQRXV ,9 HVWLPDWRU GHVLJQHG IRU ERWK LQGHSHQGHQFH DQG V\PPHWU\ �%&20��

7KH UHVXOWV IRU WKH HVWLPDWHV RI q
�
IRU WKH EDVLF PRGHO DUH UHSRUWHG LQ 7DEOH �� :H UHSRUW WKH

PHGLDQ ELDV� PHGLDQ DEVROXWH HUURU �0$(�� PHDQ ELDV� DQG URRW PHDQ VTXDUHG HUURU �506(�� )RU

WKLV VWRFKDVWLF PRGHO� DOO WKH HVWLPDWRUV VKRXOG EH FRQVLVWHQW DQG0/( VKRXOG EH HI¿FLHQW� 7KH ELDV

�PHGLDQ DQG PHDQ� UHVXOWV VHHP WR EH RI RUGHU �*? DQG DUH URXJKO\ FRQVLVWHQW ZLWK ZKDW ZH H[SHFW�

7KH 0$( DQG 506( VHHP WR EH RI RUGHU �*
s
?� ZKLFK DOVR LV ZKDW ZH H[SHFW� 3HUKDSV WKH PRVW

VWULNLQJ IHDWXUH LQ WKH WDEOH LV WKH VWUHQJWK� LQ WHUPV RI 0$( DQG 506(� RI WKH %&20 HVWLPDWRU

ZKLFK VHHPV WR PDWFK WKH SHUIRUPDQFH RI WKH 0/( RQ LWV KRPH JURXQG� 7KHUH LV HYLGHQFH RI

IDW�WDLOHG EHKDYLRU ZKLFK FRXOG OHDG WR QRQH[LVWHQFH RI PRPHQWV IRU WKH %,1' HVWLPDWRU� ZKLFK LV

PDQLIHVWHG LQ VPDOO VDPSOHV E\ LWV UHODWLYHO\ SRRU SHUIRUPDQFH LQ WHUPV RI 506( DQG PHDQ ELDV

EXW LWV VWURQJ SHUIRUPDQFH LQ WHUPV RI PHGLDQ ELDV DQG 0$(� ,Q ODUJH VDPSOHV� %,1' VHHPV WR

GRPLQDWH ERWK %,9 DQG %�65 E\ DOO FULWHULD�

7KH ¿QGLQJV IRU WKH QRQQRUPDOLW\ FDVH ZKHUH WKH GLVWXUEDQFHV DUH GUDZQ IURP D | GLVWULEXWLRQ
ZLWK � GHJUHHV RI IUHHGRP DUH SUHVHQWHG LQ 7DEOH �� )RU WKLV VWRFKDVWLF PRGHO� ZH ZRXOG H[SHFW

DOO WKH PRGHOV WR EH FRQVLVWHQW ZLWK WKH SRVVLEOH H[FHSWLRQ RI PD[LPXP OLNHOLKRRG� ,W DSSHDUV�

KRZHYHU� WKH 40/( LV FRQVLVWHQW DJDLQVW WKLV SDUWLFXODU IRUP RI GLVWULEXWLRQDO PLVVSHFL¿FDWLRQ�

7KLV LV PRVW HYLGHQW LQ WKH ELDV QXPEHUV ZKLFK H[KLELW PXFK WKH VDPH EHKDYLRU IRU 40/( DV LQ WKH

QRUPDOLW\ FDVH� 7KH ELJJHVW FKDQJH UHODWLYH WR WKH QRUPDOLW\ FDVH LV VXEVWDQWLDO LPSURYHPHQW LQ WKH

SHUIRUPDQFH RI WKH %,9 DQG %�65 UHODWLYH WR WKH RWKHU HVWLPDWRUV� 7KLV LV SUREDEO\ D PDQLIHVWDWLRQ

96HH %URZQ >����@ DQG 5RELQVRQ >����@ IRU WKH IRUP RI WKH UHVLGXDO�EDVHG %1/�6 HVWLPDWRU�

��



RI WKH ORFDO QDWXUH RI WKH RSWLPDOLW\ RI WKH ODWWHU� 7KH\ DUH GHVLJQHG WR EH HI¿FLHQW ZKHQ WKH WUXH

GLVWULEXWLRQ LV QRUPDO EXW UHPDLQ FRQVLVWHQW LQ WKH HYHQW RI QRQQRUPDOLW\� 7KH\ FHUWDLQO\ H[KLELW

WKLV EHKDYLRU� EXW WKLV OHDYHV URRP IRU WKH SRVVLELOLW\ WKDW RWKHU HVWLPDWRUV ZLOO GR EHWWHU XQGHU

QRQQRUPDOLW\� +HUH DOVR WKHUH LV HYLGHQFH RI IDW�WDLOHG EHKDYLRU E\ WKH %,1' HVWLPDWRU�

7KH UHVXOWV IRU WKH VWRFKDVWLF PRGHO ZLWK DV\PPHWULF GLVWXUEDQFHV DUH JLYHQ LQ 7DEOH �� )RU WKLV

VWRFKDVWLF PRGHO� WKH %,9� %�65� DQG %,1' HVWLPDWRUV VKRXOG EH FRQVLVWHQW� ZKLOH WKH 40/(�

%6<0� DQG %&20 HVWLPDWRUV FRXOG FRQFHLYDEO\ EH LQFRQVLVWHQW� 7KLV H[SHFWDWLRQ LV FHUWDLQO\

ERUQ RXW E\ WKH ELDV UHVXOWV� ZKLFK FOHDUO\ KDYH WKH VDPH VRUW RI RUGHU DV EHIRUH IRU WKH IRUPHU EXW

DUH FRQYHUJLQJ WR SRVLWLYH QRQ]HUR YDOXHV IRU WKH ODWWHU� ,Q WHUPV RI 0$( DQG 506( WKH UHVXOWV

DUH OHVV FOHDU�FXW GXH WR WKH XVXDO PHDQ�YDULDQFH W\SH WUDGH�RII� 6SHFL¿FDOO\� LQ VPDOO VDPSOHV

WKH YDULDQFHV DUH ODUJH HQRXJK UHODWLYH WR WKH ELDVHV WKDW WKH HVWLPDWRUV WKDW SHUIRUPHG EHVW XQGHU

FRUUHFW VWRFKDVWLF VSHFL¿FDWLRQ FRQWLQXH WR GR ZHOO� ,Q ODUJH VDPSOHV� KRZHYHU� WKH YDULDQFHV VKULQN

DQG ZH DUH OHIW ZLWK WKH QRQ]HUR ELDV IRU WKH LQFRQVLVWHQW HVWLPDWRUV� ,W LV ZRUWK QRWLQJ WKDW %,1'

VHHPV WR H[KLELW EHWWHU SHUIRUPDQFH WKDQ %�65 DQG %,9 IRU WKLV FDVH� SDUWLFXODUO\ LQ ODUJH VDPSOHV�

ZKLFK LV WR EH H[SHFWHG�

7KH ¿QGLQJV IRU WKH VWRFKDVWLF PRGHO ZLWK QRQLQGHSHQGHQW RU KHWHURVNHGDVWLF GLVWXUEDQFHV DUH

UHSRUWHG LQ 7DEOH �� ,Q WKLV FDVH ZH H[SHFW WKH %,9� %�65� DQG %6<0 HVWLPDWRUV WR EH FRQVLVWHQW

EXW WKH 40/(� %,1'� DQG %&20 HVWLPDWRUV WR EH LQFRQVLVWHQW� $V ZLWK WKH SUHYLRXV FDVH� WKH

ELDV UHVXOWV FOHDUO\ DJUHH ZLWK WKLV H[SHFWDWLRQ ZLWK WKH ELDV DGYDQWDJH RI WKH FRQVLVWHQW HVWLPDWRUV

EHFRPLQJ DSSDUHQW LQ PRGHUDWH VL]HG VDPSOHV� $JDLQ WKHUH LV WKH ELDVGLVSHUVLRQ WUDGH�RII ZLWK

40/( DQG %&20 EHLQJ SUHIHUUHG LQ VPDOO VDPSOHV LQ WHUPV RI 0$( DQG 506(� GXH WR WKHLU

VPDOOHU YDULDQFH� EXW %6<0� %,9 DQG %�65 SUHIHUDEOH LQ ODUJH VDPSOHV� GXH WR WKHLU FRQVLVWHQF\�

7KH %6<0 VHHPV WR HQMR\ DQ DGYDQWDJH RYHU WKH RWKHU FRQVLVWHQW HVWLPDWRUV� DV PLJKW EH H[SHFWHG�

EXW WKH DGYDQWDJH LV YHU\ VPDOO�
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7KH H[LVWLQJ OLWHUDWXUH RQ LQVWUXPHQWDO YDULDEOHV �,9� HVWLPDWRUV KDV FRQFHQWUDWHG� DOPRVW H[FOX�

VLYHO\� RQ WKH XVH RI LQVWUXPHQWV WKDW DUH IXQFWLRQV RQO\ RI H[RJHQRXV �SUHGHWHUPLQHG� YDULDEOHV�

8QGHU D ZLGH YDULHW\ RI DVVXPSWLRQV� WKLV DSSURDFK \LHOGV LQVWUXPHQWV WKDW VDWLVI\ WKH SULPDU\

REMHFWLYH RI ,9 HVWLPDWRUV� QDPHO\� WKDW WKH LQVWUXPHQWV EH XQFRUUHODWHG ZLWK WKH GLVWXUEDQFHV� $

VHFRQGDU\ REMHFWLYH� IRU HI¿FLHQF\ UHDVRQV� LV WR FKRRVH LQVWUXPHQWV WKDW DUH DV KLJKO\ FRUUHODWHG

ZLWK WKH UHJUHVVRUV DV SRVVLEOH� ,Q OLQHDU PRGHOV DQG FHUWDLQ QRQOLQHDU PRGHOV� VSHFL¿F H[RJHQRXV

LQVWUXPHQWV FDQ DOVR VDWLVI\ WKH VHFRQG REMHFWLYH� ,Q RWKHU QRQOLQHDU PRGHOV� KRZHYHU� LW LV SRVVL�

EOH WKDW QRQOLQHDU IXQFWLRQV RI WKH HQGRJHQRXV YDULDEOHV DUH XQFRUUHODWHG ZLWK WKH GLVWXUEDQFHV DQG

KHQFH LPSURYHG LQVWUXPHQWV PD\ EH REWDLQHG E\ XVLQJ LQVWUXPHQWV WKDW DUH IXQFWLRQV RI ERWK HQ�

GRJHQRXV DQG H[RJHQRXV �SUHGHWHUPLQHG� YDULDEOHV� 7KH SXUSRVH RI WKLV SDSHU LV WR V\VWHPDWLFDOO\

H[DPLQH WKLV SRVVLELOLW\ ZLWKLQ WKH FRQWH[W RI WKH VWDWLF QRQOLQHDU VLPXOWDQHRXV HTXDWLRQ PRGHO

XQGHU QRQSDUDPHWULF GLVWULEXWLRQDO DVVXPSWLRQV�

7KH EDVLF DSSURDFK XVHG LQ WKLV SDSHU LV WR XVH DQ HVWLPDWH RI WKH UHVLGXDO IURP WKH OLQHDU SURMHF�

WLRQ RI WKH UHJUHVVRUV RQWR WKH GLVWXUEDQFHV DV WKH LQVWUXPHQWV� $ SUREOHP ZLWK WKLV DSSURDFK LV WKDW

XVLQJ WKH REYLRXV HVWLPDWRUV RI WKH FRPSRQHQWV� ZKLFK DUH H[SHFWDWLRQ IXQFWLRQV� LQ WKH SURMHFWLRQ

\LHOGV D WULYLDO HVWLPDWRU� 7KH VROXWLRQ LV WR XVH WKH VHPLSDUDPHWULF HI¿FLHQW HVWLPDWRUV RI WKH H[�

SHFWDWLRQ IXQFWLRQV SURSRVHG LQ %URZQ DQG 1HZH\ >����@ LQ IRUPLQJ WKH LQVWUXPHQWV� 7KH IRUP RI

WKH HVWLPDWHV GHSHQGV RQ WKH VWRFKDVWLF DVVXPSWLRQ UHJDUGLQJ WKH GHJUHH RI GHSHQGHQFH EHWZHHQ

WKH GLVWXUEDQFHV DQG WKH H[RJHQRXV YDULDEOHV� )RU DQ DVVXPSWLRQ RI HLWKHU XQFRQGLWLRQDO RU FRQ�

GLWLRQDO PHDQ ]HUR WKH UHVXOWLQJ HVWLPDWRU WXUQV RXW WR EH D IXQFWLRQ RQO\ RI H[RJHQRXV YDULDEOHV�

)RU DQ DVVXPSWLRQ RI LQGHSHQGHQFH WKH UHVXOWLQJ LQVWUXPHQWV DUH WKH UHJUHVVRUV OHVV DQ HVWLPDWH

RI WKH H[SHFWDWLRQ RI WKH LQVWUXPHQWV FRQGLWLRQHG RQ WKH GLVWXUEDQFHV� 8QGHU DQ DVVXPSWLRQ RI

FRQGLWLRQDO V\PPHWU\� WKH UHVXOWLQJ LQVWUXPHQWV DUH DQ HVWLPDWH RI WKH HYHQ FRPSRQHQW� LQ WHUPV

RI WKH GLVWXUEDQFHV� RI WKH UHJUHVVRUV� )RU FRPELQHG LQGHSHQGHQFH DQG V\PPHWU\� WKH UHVXOWLQJ LQ�

VWUXPHQWV DUH WKH UHJUHVVRUV OHVV DQ HVWLPDWH RI WKH H[SHFWDWLRQ RI WKHLU RGG FRPSRQHQW FRQGLWLRQHG

RQ WKH GLVWXUEDQFHV�

7KH QHZ HVWLPDWRUV DUH FRPSDUHG� LQ WHUPV RI DV\PSWRWLF EHKDYLRU� WR YDULRXV VHPLSDUDPHWULF

HVWLPDWRUV WKDW DUH NQRZQ WR EH HLWKHU JOREDOO\ RU ORFDOO\ VHPLSDUDPHWULF HI¿FLHQW� $Q HVWLPDWRU

LV ORFDOO\ VHPLSDUDPHWULF HI¿FLHQW XQGHU D SDUWLFXODU GLVWULEXWLRQ LI LW LV VHPLSDUDPHWULF DQG KHQFH

FRQVLVWHQW XQGHU WKH JHQHUDO VWRFKDVWLF DVVXPSWLRQ� ZKLFK DOORZV D YDULHW\ RI GLVWULEXWLRQV� EXW

DFKLHYHV WKH VHPLSDUDPHWULF HI¿FLHQF\ ERXQG IRU WKH SUREOHP ZKHQ WKH WUXH GLVWULEXWLRQ KDV WKH

VSHFL¿HG IRUP� 2EYLRXVO\� DQ HVWLPDWRU WKDW LV JOREDOO\ VHPLSDUDPHWULF HI¿FLHQW LV ORFDOO\ HI¿�

FLHQW IRU DQ\ GLVWULEXWLRQ WKDW VDWLV¿HV WKH VWRFKDVWLF DVVXPSWLRQV� 8QGHU DQ DVVXPSWLRQ WKDW WKH

WUXH GLVWULEXWLRQ RI WKH GLVWXUEDQFHV LV QRUPDO DQG D UHVWULFWLRQ RQ WKH GHULYDWLYH RI WKH -DFRELDQ

GHWHUPLQDQW ZLWK UHVSHFW WR WKH FRHI¿FLHQWV� HDFK RI WKH QHZ HVWLPDWRUV LV IRXQG WR EH ORFDOO\ VHPL�

SDUDPHWULF HI¿FLHQW XQGHU WKH VWRFKDVWLF DVVXPSWLRQ IRU ZKLFK LW ZDV GHVLJQHG� 7KH UHVWULFWLRQV RQ

WKH GHULYDWLYH RI WKH -DFRELDQ GHWHUPLQDQW UDQJH IURP EHLQJ FRQVWDQW WR EHLQJ D IXQFWLRQ RQO\ RI

WKH GLVWXUEDQFHV RU H[RJHQRXV YDULDEOHV�

7KH ¿QLWH VDPSOH SHUIRUPDQFH RI WKH QHZ HVWLPDWRUV LV H[DPLQHG LQ D VDPSOLQJ H[SHULPHQW RQ

D VLQJOH�HTXDWLRQ %R[�&R[ PRGHO� 7KLV PRGHO LV FKRVHQ IRU LWV REYLRXV VLPSOLFLW\ DQG EHFDXVH

LW VDWLV¿HV WKH FRQGLWLRQV RQ WKH -DFRELDQ GHULYDWLYH DQG KHQFH WKH QHZ HVWLPDWRUV ZLOO EH ORFDOO\

VHPLSDUDPHWULF HI¿FLHQW� 7KH UHVXOWV RI WKH H[SHULPHQW DUH FRQVLVWHQW ZLWK RXU H[SHFWDWLRQV ZLWK D
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FRXSOH RI H[FHSWLRQV� )LUVW� WKH QHZ HVWLPDWRU EDVHG RQ D FRPELQHG DVVXPSWLRQ RI LQGHSHQGHQFH

DQG V\PPHWU\ SHUIRUPHG DW OHDVW DV ZHOO DV WKH PD[LPXP OLNHOLKRRG HVWLPDWRU �0/(� HYHQ ZKHQ

WKH WUXH GLVWULEXWLRQ LV QRUPDO� ZKHUHXSRQ WKH 0/( VKRXOG EH SDUDPHWULFDOO\ HI¿FLHQW� 6HFRQG� WKH

PD[LPXP OLNHOLKRRG HVWLPDWRU EDVHG RQ QRUPDOLW\ VHHPHG WR EH FRQVLVWHQW DJDLQVW VRPH IRUPV RI

QRQQRUPDOLW\ RI WKH WUXH GLVWULEXWLRQ� 7KH XVXDO FDYHDWV UHJDUGLQJ WKH JHQHUDOLW\ RI WKH ¿QGLQJV RI

WKH VDPSOLQJ H[SHULPHQW EH\RQG WKH VSHFL¿F PRGHO XVHG DSSO\�

7KH DSSURDFK DQG HVWLPDWRUV DGYRFDWHG LQ WKLV SDSHU FDQ EH H[WHQGHG LQ VHYHUDO GLUHFWLRQV� ,I

WKH GLVWXUEDQFHV DUH DVVXPHG WR EH LQWHUWHPSRUDOO\ LQGHSHQGHQW� WKHQ WKH HVWLPDWRUV RI WKLV SDSHU

VKRXOG DSSO\ SUHWW\ PXFK DV LV ZLWK SUHGHWHUPLQHG YDULDEOHV UHSODFLQJ H[RJHQRXV YDULDEOHV� 8QGHU

PRUH JHQHUDO DVVXPSWLRQV UHJDUGLQJ WKH GHJUHH RI LQWHUWHPSRUDO GHSHQGHQFH WKH JHQHUDO DSSURDFK

RI XVLQJ HQGRJHQRXV LQVWUXPHQWV VKRXOG VWLOO KDYH YDOXH EXW WKH DSSURSULDWH IRUP ZLOO OLNHO\ EH

GLIIHUHQW� /LNHZLVH LQ WKH FRQWH[W RI ODWHQW YDULDEOHV PRGHOV WKH VSHFL¿F HVWLPDWRUV SURSRVHG KHUH

ZLOO QRW EH DSSURSULDWH EXW WKH JHQHUDO DSSURDFK VKRXOG SURYH YDOXDEOH LQ GHYHORSLQJ ,9 HVWLPDWRUV

ZLWK LPSURYHG HI¿FLHQF\� )LQDOO\� WKH LQWHUSUHWDWLRQ RI WKH JHQHUDO DSSURDFK DV WKH 685 HVWLPDWRU

ZLWK D FRUUHFWLRQ WHUP IRU WKH IDFW WKDW LW KDV QRQ]HUR H[SHFWDWLRQ DW WKH WUXWK FDQ EH XWLOL]H WR

GHYHORS D JHQHUDO FODVV RI ORFDOO\ VHPLSDUDPHWULF HI¿FLHQW HVWLPDWRUV� 6SHFL¿FDOO\� WKH VFRUHV IRU

D SDUWLFXODU FKRLFH RI GLVWULEXWLRQ FDQ EH FRUUHFWHG� LQ D VLPLODU IDVKLRQ� IRU WKH IDFW WKDW WKH\ KDYH

QRQ]HUR H[SHFWDWLRQ DW WKH WUXH SDUDPHWHUV ZKHQ WKH GLVWULEXWLRQ LV PLVVSHFL¿HG�

�� 5()(5(1&(6

$0(0,<$� 7� ������� ³7KH 0D[LPXP /LNHOLKRRG DQG WKH 1RQOLQHDU 7KUHH�6WDJH /HDVW 6TXDUHV

(VWLPDWRU LQ WKH *HQHUDO 1RQOLQHDU 6LPXOWQHRXV (TXDWLRQ 0RGHO�́ (FRQRPHWULFD ��� ��������

$1'5(:6� '� �����D�� ³$V\PSWRWLFV IRU 6HPLSDUDPHWULF (FRQRPHWULF 0RGHOV� ,� (VWLPDWLRQ�́

PLPHR� &RZOHV )RXQGDWLRQ� <DOH 8QLYHUVLW\�

$1'5(:6� '� �����E�� ³$V\PSWRWLFV IRU 6HPLSDUDPHWULF (FRQRPHWULF 0RGHOV� ,,� 6WRFKDVWLF

(TXLFRQWLQXLW\�́ PLPHR� &RZOHV )RXQGDWLRQ� <DOH 8QLYHUVLW\�

%5(86&+� 7�� *� 0,=21� $1' 3� 6&+0,'7 ������� ³(I¿FLHQW (VWLPDWLRQ 8VLQJ 3DQHO 'DWD�́

(FRQRPHWULFD ��� ��������

%52:1� %� ������� ³6LPXODWLRQ�%DVHG 6HPLSDUDPHWULF (VWLPDWLRQ DQG 3UHGLFWLRQ LQ 1RQOLQHDU

6\VWHPV�́ PLPHR� 'HSDUWPHQW RI (FRQRPLFV� 5LFH 8QLYHUVLW\�

%52:1 %�:� $1' 5�6� 0$5,$12 �O���E�� ³3UHGLFWRUV LQ '\QDPLF 1RQOLQHDU 0RGHOV� /DUJH

6DPSOH %HKDYLRU�́ (FRQRPHWULF 7KHRU\ �� ��������

%52:1� %� $1' :� 1(:(< ������� ³(I¿FLHQW 6HPLSDUDPHWULF (VWLPDWLRQ RI ([SHFWDWLRQV�́

PLPHR� 'HSDUWPHQW RI (FRQRPLFV� 5LFH 8QLYHHUVLW\�

&+$0%(5/$,1� *� ������� ³$V\PSWRWLF (I¿FLHQF\ LQ 6HPLSDUDPHWULF 0RGHOV ZLWK &HQVRULQJ�́

-RXUQDO RI (FRQRPHWULFV ��� ��������

+$16(1� /� ������� ³/DUJH 6DPSOH 3URSHUWLHV RI *HQHUDOL]HG 0HWKRG RI 0RPHQWV (VWLPDWRUV�́

(FRQRPHWULFD ��� ����������

.2(1.(5� 5� $1' *� %$66(77 ������� ³5REXVW 7HVWV IRU +HWHURVNHGDVWLFLW\ %DVHG RQ 5HJUHV�

VLRQ 4XDQWLOHV�́ (FRQRPHWULFD ��� ������

.(/(-,$1� +�+� ������� ³(I¿FLHQW ,QVWUXPHQWDO 9DULDEOHV (VWLPDWLRQ RI /DUJH�6FDOH 1RQOLQHDU

(FRQRPHWULF 0RGHOV�́ PLPHR�
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1(:(<� :� ������� ³/RFDOO\ (I¿FLHQW� 5HVLGXDO�%DVHG (VWLPDWLRQ RI 1RQOLQHDU 6LPXOWDQHRXV

(TXDWLRQV�́ PLPHR� 'HSDUWPHQW RI (FRQRPLFV� 3ULQFHWRQ 8QLYHUVLW\�

1(:(<� :� �����D�� ³(I¿FLHQW ,QVWUXPHQWDO 9DULDEOHV (VWLPDWLRQ RI 1RQOLQHDU 0RGHOV�́ (FRQR�

PHWULFD ��� ��������

1(:(<� :� �����E�� ³6HPLSDUDPHWULF (I¿FLHQF\ %RXQGV�́ -RXUQDO RI $SSOLHG (FRQRPHWULFV ��

�������

1(:(<� :� ������� ³7KH $V\PSWRWLF 9DULDQFH RI 6HPLSDUDPHWULF (VWLPDWRUV�́ PLPHR� 'HSDUW�

PHQW RI (FRQRPLFV� 0,7�

1(:(<� :� $1' '� 0&)$''(1 ������� ³(VWLPDWLRQ LQ /DUJH 6DPSOHV�́ PLPHR� 'HSDUWPHQW RI

(FRQRPLFV� 0,7�

3$*$1� $�5� $1' $� 8//$+ ������� ³7KH (FRQRPHWULF $QDO\VLV RI 0RGHOV ZLWK 5LVN 7HUPV�́

-RXUQDO RI $SSOLHG (FRQRPHWULFV �� �������

5,/6721(� 3� ������� ³6HPLSDUDPHWULF ,QVWUXPHQWDO 9DULDEOHV (VWLPDWLRQ�́ IRUWKFRPLQJ� -RXUQDO

RI (FRQRPHWULFV�

52%,1621� 3� ������� ³$V\PSWRWLFDOO\ (I¿FLHQW (VWLPDWLRQ LQ WKH 3UHVHQFH RI +HWHURVNHGDVWLFLW\

RI 8QNQRZQ )RUP�́ (FRQRPHWULFD ��� ��������

52%,1621� 3� ������� ³6HPLSDUDPHWULF (FRQRPHWULF� $ 6XUYH\�́ -RXUQDO RI $SSOLHG (FRQRPHW�

ULFV �� ������

52%,1621� 3� ������� ³%HVW 1RQOLQHDU 7KUHH 6WDJH /HDVW 6TXDUHV (VWLPDWLRQ RI &HUWDLQ (FRQR�

PHWULF 0RGHOV�́ (FRQRPHWULFD ��� ��������

6(5)/,1*� 5� ������� $SSUR[LPDWLRQ 7KHRUHPV RI 0DWKHPDWLFDO 6WDWLVWLFV� 1HZ <RUN� :LOH\�
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