
(�FLHQW (VWLPDWLRQ LQ 6HPLSDUDPHWULF 7LPH 6HULHV� WKH $&'

0RGHO

)HLNH &� 'URVW DQG %DV -�0� :HUNHU �

7LOEXUJ 8QLYHUVLW\

-DQXDU\ ��� ����

$EVWUDFW

,Q WKLV SDSHU ZH FRQVLGHU H�FLHQW HVWLPDWLRQ LQ VHPLSDUDPHWULF $&' PRGHOV� :H FRQVLGHU D

VXLWH RI PRGHO VSHFL�FDWLRQV WKDW LPSRVH OHVV DQG OHVV VWUXFWXUH� :H FDOFXODWH WKH FRUUHVSRQGLQJ

H�FLHQF\ ERXQGV� GLVFXVV WKH FRQVWUXFWLRQ RI H�FLHQW HVWLPDWRUV LQ HDFK FDVH� DQG VWXG\ WKH

H�FLHQF\ ORVV EHWZHHQ WKH PRGHOV� :H SURYLGH D VLPXODWLRQ VWXG\ WKDW VKRZV WKH SUDFWLFDO

JDLQ IURP XVLQJ WKH SURSRVHG VHPLSDUDPHWULF SURFHGXUHV� :H �QG WKDW� DOWKRXJK RQH GRHV QRW

JDLQ DV PXFK DV WKHRU\ VXJJHVWV� WKHVH VHPLSDUDPHWULF SURFHGXUHV GH�QLWHO\ RXWSHUIRUP PRUH

FODVVLFDO SURFHGXUHV� :H DSSO\ WKH SURFHGXUHV WR PRGHO VHPLSDUDPHWULFDOO\ GXUDWLRQV REVHUYHG

RQ WKH 3DULV %RXUVH IRU WKH $OFDWHO VWRFN LQ -XO\ DQG $XJXVW �����

.H\ZRUGV� $GDSWLYHQHVV� 'XUDWLRQV� 2QH�VWHS LPSURYHPHQW� 6HPLSDUDPHWULF H�FLHQF\�

�&HQW(5� 'HSDUWPHQW RI (FRQRPHWULFV� DQG )LQDQFH JURXS� 7LOEXUJ 8QLYHUVLW\� 3�2�%R[ ������ ���� /(� 7LOEXUJ�

7KH 1HWKHUODQGV� :H WKDQN -RDQQ -DVLDN IRU NLQGO\ SURYLGLQJ WKH GDWD�
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� ,QWURGXFWLRQ

7KH ODVW \HDUV� DQ HQRUPRXV SURJUHVV KDV EHHQ PDGH LQ WKH DUHD RI VHPLSDUDPHWULF HVWLPDWLRQ IURP
D WKHRUHWLFDO SRLQW RI YLHZ� 6WDUWLQJ ZLWK WKH ZRUN RI 6WHLQ ������ DERXW WKH SRVVLELOLW\ RI DGDS�
WLYHQHVV LQ WKH V\PPHWULF ORFDWLRQ PRGHO� WKH WHFKQLTXHV KDYH EHHQ GHYHORSHG VLQFH� 7KH ZRUN
E\ +�DMHN DQG /H &DP LV HVSHFLDOO\ ZRUWK PHQWLRQLQJ KHUH� 7UDGLWLRQDOO\� WKH PRGHOV FRQVLGHUHG
DUH EDVHG RQ L�L�G� REVHUYDWLRQV� $ IDLUO\ FRPSOHWH DFFRXQW RQ WKH VWDWH RI WKH DUW LQ L�L�G� PRG�
HOV FDQ EH IRXQG LQ WKH PRQRJUDSK E\ %LFNHO� .ODDVVHQ� 5LWRY� DQG :HOOQHU ������� KHQFHIRUWK
%.5: ������� 1HZH\ ������ LV DQ RYHUYLHZ SDSHU IURP DQ HFRQRPHWULF SHUVSHFWLYH� 6HPLSDUDPHW�
ULF H�FLHQF\ FRQVLGHUDWLRQV DQG DGDSWLYHQHVV LQ WLPH VHULHV KDYH EHHQ GLVFXVVHG DV ZHOO� EHJLQQLQJ
ZLWK .UHLVV �����D� DQG .UHLVV �����E� IRU $50$�W\SH PRGHOV� .RXO DQG 6FKLFN ������ GLVFXVVHV
QRQOLQHDU DXWRUHJUHVVLYH PRGHOV ZLWK VSHFLDO HPSKDVLV RQ WKH LQLWLDO YDOXH SUREOHP� 'URVW� .ODDVVHQ�
DQG :HUNHU ������ FRQVLGHUV VR�FDOOHG JURXS PRGHOV� FRYHULQJ QRQOLQHDU ORFDWLRQ�VFDOH WLPH VHULHV�
/LQWRQ ������ GLVFXVVHV OLQHDU PRGHOV ZLWK $5&+ HUURUV� 'URVW DQG .ODDVVHQ ������ SDUWLFXODUL]HV
WR WKH *$5&+ PRGHO DQG :HIHOPH\HU ������ FDOFXODWHV H�FLHQF\ ERXQGV LQ JHQHUDO 0DUNRYLDQ
W\SH PRGHOV�
7KH FUXFLDO LQJUHGLHQW LQ VHPLSDUDPHWULF H�FLHQF\ FDOFXODWLRQV LV WKH H�FLHQW VFRUH�IXQFWLRQ� /HW

XV UHFDOO WKLV FRQFHSW KHUH� )RU D ULJRURXV WUHDWPHQW� RQH PD\ FRQVXOW� H�J�� %.5: ������� &RQVLGHU
D VHWXS ZKHUH L GHQRWHV WKH REVHUYDWLRQ QXPEHU DQG � � � LV D �QLWH GLPHQVLRQDO SDUDPHWHU RI
LQWHUHVW� :H GHQRWH �FRQGLWLRQDO� H[SHFWDWLRQV XQGHU � E\ (�� ,Q JHQHUDO� D VFRUH IXQFWLRQ VL��� LV
D VHTXHQFH RI UDQGRP IXQFWLRQV� VXFK WKDW

(� IVL���J  �� � � �� L  �� � � � � Q� �����

2IWHQ� WKH H[SHFWDWLRQ LQ ����� KDV WR EH FRQGLWLRQDO RQ ?WKH SDVW� LQ RUGHU WR JHW D PDUWLQJDOH
VWUXFWXUH DOORZLQJ IRU WKH GHULYDWLRQ RI OLPLWLQJ GLVWULEXWLRQDO UHVXOWV RI HVWLPDWRUV EDVHG RQ V� $
=�HVWLPDWRU A� EDVHG RQ WKH VFRUH IXQFWLRQ V LV GH�QHG DV WKH VROXWLRQ RI

�

Q

Q;
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VL�A��  �� �����

8QGHU VX�FLHQW UHJXODULW\ FRQGLWLRQV� WKLV HVWLPDWRU LV DV\PSWRWLFDOO\ QRUPDO ZLWK LQ�XHQFH IXQFWLRQ

'�����VL���� �����

ZKHUH '���  �(� BVL��� DQG BV LV WKH GHULYDWLYH RI V ZLWK UHVSHFW WR �� 2EVHUYH WKDW ZH KDYH

'���  (�VL���BOL���� �����

ZKHUH BOL��� GHQRWHV WKH GHULYDWLYH RI WKH ORJ�OLNHOLKRRG IRU �� 7KLV SURSHUW\ LV ZHOO�NQRZQ IRU V  BO
�LQ ZKLFK FDVH '��� LV WKH )LVKHU LQIRUPDWLRQ�� $Q LPPHGLDWH FRQVHTXHQFH RI WKH +�DMHN�/H &DP
FRQYROXWLRQ WKHRUHP LV WKDW� IRU PRGHOV WKDW DUH UHJXODU LQ WKH VHQVH WKDW WKH\ VDWLVI\ WKH /RFDO
$V\PSWRWLF 1RUPDOLW\ SURSHUW\ �/$1�� RSWLPDO HVWLPDWRUV KDYH WKH LQ�XHQFH IXQFWLRQ ����� EDVHG
RQ V  BO�
7KH DERYH DQDO\VLV LV� E\ FRQVWUXFWLRQ� D SDUDPHWULF RQH� 7KH\ NH\ LGHD LQ VHPLSDUDPHWULF DQDO�

\VLV LV WR UHGXFH WKH VHPLSDUDPHWULF SUREOHP WR D VSHFL�F ZHOO�FKRVHQ SDUDPHWULF RQH� 7KLV VSHFLDO
SDUDPHWULF PRGHO LV FDOOHG WKH OHDVW�IDYRUDEOH SDUDPHWULF VXEPRGHO� &RPSDUH DOVR 1HZH\ �������
)RU FRPSOHWHQHVV� ZH UHSHDW WKH DUJXPHQW KHUH� )LUVW� FRQVLGHU DQ DUELWUDU\ SDUDPHWULF VXEPRGHO
RI WKH VHPLSDUDPHWULF PRGHO XQGHU FRQVLGHUDWLRQ� 2EYLRXVO\� VLQFH WKH LQIRUPDWLRQ IRU VWDWLVWLFDO
LQIHUHQFH GHFUHDVHV LI RQH HQODUJHV WKH PRGHO� ORZHU ERXQGV RQ WKH ORFDO DQG DV\PSWRWLF EHKDYLRU RI
HVWLPDWRUV LQ WKH SDUDPHWULF VXEPRGHO� DUH DOVR ORZHU ERXQGV IRU WKH EHKDYLRU RI HVWLPDWRUV LQ WKH
FRPSOHWH VHPLSDUDPHWULF PRGHO� 7KH VXSUHPXP RI WKH ORZHU ERXQGV RYHU WKH FODVV RI DOO SDUDPHWULF
VXEPRGHOV JLYHV� KHQFH� DOVR D ORZHU ERXQG IRU WKH VHPLSDUDPHWULF PRGHO� 7KH VHFRQG SUREOHP LV WR
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SURYH WKDW D JLYHQ ORZHU ERXQG LV VKDUS� 7R SURYH WKDW D JLYHQ ERXQG LV VKDUS� LV PRVW RIWHQ GRQH
E\ SURYLGLQJ D VHPLSDUDPHWULF HVWLPDWRU DWWDLQLQJ WKLV ERXQG� +HQFH� LI RQH �QGV D SDUDPHWULF
VXEPRGHO DQG DQ HVWLPDWRU IRU WKH VHPLSDUDPHWULF PRGHO� VXFK WKDW WKH ERXQG RI WKH SDUDPHWULF
VXEPRGHO LV DWWDLQHG E\ WKH VHPLSDUDPHWULF HVWLPDWRU� WKHQ WKH ERXQG LV VKDUS DQG WKH HVWLPDWRU
H�FLHQW� 7KH SDUWLFXODU SDUDPHWULF VXEPRGHO LV WKHQ D OHDVW�IDYRUDEOH SDUDPHWULF VXEPRGHO�
,Q RUGHU WR �QG WKH OHDVW�IDYRUDEOH VXEPRGHO� D WHFKQLTXH EDVHG RQ WDQJHQW VSDFHV KDV SURYHQ

WR EH YHU\ XVHIXO� ,I RQH SDVVHV IURP D SDUDPHWULF PRGHO �VD\ D PRGHO ZKHUH WKH GHQVLW\ I RI
WKH LQQRYDWLRQV LV FRPSOHWHO\ NQRZQ�� WR D VHPLSDUDPHWULF PRGHO ZKHUH RQH VXSSRVHV WKDW I LV
XQNQRZQ� WKHUH LV XVXDOO\ DQ H�FLHQF\ ORVV� 7KLV H�FLHQF\ ORVV LV FDXVHG E\ ORFDO FKDQJHV LQ WKH
GHQVLW\ I WKDW FDQQRW EH GLVWLQJXLVKHG IURP ORFDO FKDQJHV LQ WKH SDUDPHWHU RI LQWHUHVW �� /HW BO
GHQRWH WKH VFRUH IXQFWLRQ IRU � LQ WKH SDUDPHWULF PRGHO� 7KH WDQJHQW VSDFH IRU I LV GH�QHG DV WKH
VSDFH JHQHUDWHG E\ DOO SRVVLEOH VFRUH�IXQFWLRQV WKDW FDQ EH REWDLQHG E\ FKDQJHV LQ WKH QRQSDUDPHWULF
QXLVDQFH SDUDPHWHU I� 7KH OHDVW�IDYRUDEOH SDUDPHWULF VXEPRGHO VKRXOG LQGXFH D QXLVDQFH VFRUH �L�H�
DQ HOHPHQW RI WKH WDQJHQW VSDFH� WKDW LV FORVHVW WR WKH VFRUH LQGXFHG E\ �� L�H� BO� 7KLV HOHPHQW LV
WKHQ� E\ FRQVWUXFWLRQ� WKH SURMHFWLRQ RI BO RQWR WKH WDQJHQW VSDFH� 7KH UHVLGXDO RI WKLV SURMHFWLRQ
GH�QHV WKH LQIRUPDWLRQ OHIW IRU HVWLPDWLQJ � RQFH I LV XQNQRZQ� 7KLV UHVLGXDO LV FDOOHG WKH H�FLHQW
VFRUH�IXQFWLRQ� :H ZLOO XVH WKH VDPH WHFKQLTXH LQ RUGHU WR �QG WKH H�FLHQW VFRUH�IXQFWLRQ DQG KHQFH
WKH VHPLSDUDPHWULF H�FLHQF\ ERXQG�

� /RZHU ERXQGV LQ WKH $&' PRGHO

��� WKH SDUDPHWULF $&' PRGHO

,Q WKLV SDSHU ZH IRFXV RQ D SDUWLFXODU PRGHO� WKH $XWRUHJUHVVLYH &RQGLWLRQDO 'XUDWLRQV �$&'�
PRGHO DV LQWURGXFHG LQ (QJOH DQG 5XVVHO ������� 6XSSRVH WKDW ZH REVHUYH GXUDWLRQV [�� � � � � [Q�
7KHVH [
V UHSUHVHQW WKH WLPH HODSVHG EHWZHHQ WZR HYHQWV� H�J�� WUDQVDFWLRQV LQ VRPH DVVHW� /HW )L

GHQRWH WKH LQIRUPDWLRQ DYDLODEOH IRU PRGHOLQJ [L��� [L��� � � �� :H ZLOO VHW )L   �[L� [L��� � � � � [���
EXW LW LV YHU\ ZHOO SRVVLEOH WR LQFOXGH H[RJHQRXV YDULDEOHV LQ )L

�� 7KH NH\ LQJUHGLHQW LQ WKH $&'
PRGHO LV WKH �FRQGLWLRQDO� PHDQ GXUDWLRQ WLPH�

( I[LM)L��J  ¥L��� �����

,Q LWV PRVW VLPSOH IRUP� WKH IRUPXODWLRQ RI WKH $&' PRGHO LV FRPSOHWHG E\ VWLSXODWLQJ� H�J��

,3I[L � [M)L��J  ) �[ ¥L���� �����

¥L  �� �[L � �¥L��� �����

ZKHUH ) GHQRWHV D SDUWLFXODU GLVWULEXWLRQ IXQFWLRQ RQ WKH SRVLWLYH KDOI�OLQH� ,Q WKLV FDVH� WKH SD�
UDPHWHU RI SULPH LQWHUHVW LV �  ��� �� ��7 � ,Q D SDUDPHWULF VHWWLQJ� VWDQGDUG FKRLFHV IRU ) LQFOXGH
WKH H[SRQHQWLDO DQG :HLEXOO GLVWULEXWLRQV� 2IWHQ� ) LV QRUPDOL]HG WR KDYH H[SHFWDWLRQ RQH LQ RUGHU
WR LGHQWLI\ D SRVVLEOH FRQVWDQW LQ WKH VSHFL�FDWLRQ RI ¥L� ,I ) LV QRW VSHFL�HG� ZH REWDLQ D VHPLSDUD�
PHWULF PRGHO� 7KH PRGHO ����� LV LPSOLFLWO\ EDVHG RQ XQGHUO\LQJ L�L�G� LQQRYDWLRQV� ,W LV QRW GL�FXOW
WR VHH WKDW ����� LV HTXLYDOHQW WR VD\LQJ WKDW �L  [L ¥L�� GH�QHV D VHTXHQFH RI L�L�G� SRVLWLYH UDQGRP
YDULDEOHV� HDFK ZLWK GLVWULEXWLRQ IXQFWLRQ ) �

��� WKH VHPLSDUDPHWULF $&' PRGHO

2IWHQ� WKH VWURQJ L�L�G� DVVXPSWLRQ ����� LV FRQVLGHUHG WR EH XQVXLWDEOH DQG RQH ZRXOG OLNH WR UHOD[
WKLV FRQGLWLRQ� ,Q RXU VSHFL�FDWLRQ� WKLV LV QRWKLQJ HOVH WKDQ DOORZLQJ ) WR EH GHSHQGHQW RQ WKH

�7KLV LV EHFDXVH WKH GHULYDWLRQV WKDW IROORZ DUH LQGHSHQGHQW RI WKH SDUDPHWULF IRUP IRU WKH FRQGLWLRQDO GXUDWLRQ

¥L�� GH�QHG LQ �����

�



SDVW DV ZHOO� ,I LW LV XQNQRZQ LQ ZKDW ZD\ ) VKRXOG GHSHQG RQ WKH SDVW� D VHPLSDUDPHWULF DSSURDFK
VHHPV WR EH WKH PRVW UHDVRQDEOH RQH� :H GR DVVXPH WKDW RQH LV ZLOOLQJ WR GH�QH WKH VHW RI YDULDEOHV
WKDW ) PD\ GHSHQG RQ �DV LV XVXDO LQ HFRQRPHWULF PRGHOLQJ�� DQG ZH ZLOO VHH WKDW WKH DFWXDO FKRLFH
RI WKHVH YDULDEOHV LQ�XHQFHV WKH VHPLSDUDPHWULF DQDO\VLV�
,Q FRPSOHWH JHQHUDOLW\� ZH GHQRWH E\ +L�� � )L�� WKH LQIRUPDWLRQ VHW WKDW ,3I�L � �M)L��J PD\

GHSHQG RQ� :H GR QRW DVVXPH WKDW �+L� LV D �OWUDWLRQ� )RUPDOO\� RXU PRGHO LV QRZ GHVFULEHG E\

[L  ¥L���L� �����

/��LM)L���  /��LM+L��� D�V�� DQG �����

( I�LM)L��J  �� �����

7KH FKRLFH RI +L IRUPDOL]HV WKH GHSHQGHQFH DPRQJ WKH UDQGRP YDULDEOHV �L� 7KH PRGHO ZLWK
LQGHSHQGHQFH FDQ EH REWDLQHG E\ WDNLQJ + HTXDO WR WKH WULYLDO VLJPD��HOG� 7KHUH DUH WZR RWKHU
LPSRUWDQW FDVHV� ,I RQH FKRRVHV +L  )L� RQH OHDYHV WKH GHSHQGHQFH VWUXFWXUH IRU WKH �L FRPSOHWHO\
XQUHVWULFWHG� ,Q PRUH IDPLOLDU WHUPV� WKLV ZRXOG OHDG WR D PRGHO WKDW LV VROHO\ FKDUDFWHUL]HG E\ WKH
PRPHQW FRQGLWLRQ ������ 2QH FRXOG DOVR VHW +L   ��L�� ,Q WKDW FDVH� WKH FRQGLWLRQDO GLVWULEXWLRQ
RI �L JLYHQ WKH SDVW� PD\ RQO\ GHSHQG RQ �L��� 7KLV LQGXFHV D 0DUNRYLDQLW\ DVVXPSWLRQ RQ WKH
LQQRYDWLRQV� 2I FRXUVH� WKHUH DUH PDQ\ PRUH SRVVLELOLWLHV� 7KH WKHRUHWLFDO GHULYDWLRQV LQ WKH UHVW RI
WKLV SDSHU DUH EDVHG RQ D JHQHUDO VSHFL�FDWLRQ ZLWK DQ DUELWUDU\ +L DQG ZH ZLOO VSHFLDOL]H WR WKH
DERYH PHQWLRQHG FKRLFHV LQ RUGHU WR SRLQW RXW WKHLU GL�HUHQFHV IURP DQ HVWLPDWLRQ SRLQW RI YLHZ�
,Q RUGHU WR GHULYH H�FLHQF\ ERXQGV LQ WKH VHPLSDUDPHWULF PRGHO GHVFULEHG E\ �����^����� ZLWK

DQ DUELWUDU\ VSHFL�FDWLRQ RI ¥L��
� DQG +L��� ZH IROORZ WKH VWHSV DV VHW RXW LQ WKH LQWURGXFWLRQ�

/HW � GHQRWH WKH SDUDPHWHU RI LQWHUHVW DQG ZULWH IL�� IRU WKH GHQVLW\ DVVRFLDWHG ZLWK / ��LM+L����
:H DVVXPH WKDW IL�� DGPLWV D 5DGRQ�1LNRG\P GHULYDWLYH I�

L��
� :H ZLOO QRW IXUWKHU GLVFXVV DQ\

UHJXODULW\ FRQGLWLRQV QHHGHG� $ ULJRURXV VWDWHPHQW RI FRQGLWLRQV QHHGHG WR REWDLQ /RFDO $V\PSWRWLF
1RUPDOLW\ IRU PRGHOV RI WKH VDPH W\SH DV WKH RQH XQGHU FRQVLGHUDWLRQ� FDQ EH IRXQG LQ 'URVW�
.ODDVVHQ� DQG :HUNHU �������
7KH VFRUH IXQFWLRQ IRU � FDQ EH REWDLQHG E\ GL�HUHQWLDWLRQ RI WKH ORJ�OLNHOLKRRG�
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,Q RUGHU WR REWDLQ WKH H�FLHQW VFRUH IXQFWLRQ LQ WKH VHPLSDUDPHWULF PRGHO LQ ZKLFK IL�� UHPDLQV
XQVSHFL�HG� ZH QHHG WR FDOFXODWH WKH SURMHFWLRQ RI BOL��� RQ WKH WDQJHQW VSDFH JHQHUDWHG E\ WKH
QXLVDQFH IXQFWLRQ IL��� 7KLV WDQJHQW VSDFH 7L��� LV HDVLO\ VHHQ WR EH JLYHQ E\ DOO IXQFWLRQV KL����L�
RI �L IRU ZKLFK�

KL����� LV +L�� �PHDVXUDEOH� �����

�  ( IKL����L�M+L��J  

=
�

KL�����G,3 I�L � �M+L��J � �����

�  ( I�LKL����L�M+L��J  

=
�

�KL�����G,3I�L � �M+L��J � ������

&RQGLWLRQ ����� IROORZV IURP WKH IDFW WKDW IL�� LV NQRZQ WR GHSHQG RQ +L�� RQO\� VR WKDW VFRUHV
REWDLQHG E\ ORFDO FKDQJHV LQ IL�� GHSHQG DOVR RQ +L�� RQO\� &RQGLWLRQ ����� LV WKH VWDQGDUG
FRQVWUDLQW LQ WDQJHQW VSDFH FDOFXODWLRQV IROORZLQJ IURP WKH IDFW WKDW GHQVLWLHV E\ GH�QLWLRQ LQWHJUDWH
WR RQH� ,Q PRUH FODVVLFDO WHUPV LW UHSUHVHQWV WKH FRQGLWLRQ WKDW H[SHFWDWLRQV RI VFRUH IXQFWLRQV DUH
DOZD\V ]HUR �FRPSDUH ������� )LQDOO\� FRQGLWLRQ ������ UHVXOWV IURP WKH PRPHQW UHVWULFWLRQ ������
7KH DUJXPHQW LV DV IROORZV� /RFDO FKDQJHV KL�� LQ IL�� LQGXFH D FKDQJH LQ WKH �UVW �FRQGLWLRQDO�
PRPHQW RI

5
�
�KL�����G,3I�L � �M+L��J� +RZHYHU� WKLV PRPHQW LV UHVWULFWHG E\ FRQGLWLRQ �������

�:H UHTXLUH� DV XVXDO� WKDW ¥L�� LV )L���PHDVXUDEOH
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7KHUHIRUH� WKLV FKDQJH PXVW DOZD\V EH ]HUR �VLQFH RWKHUZLVH RQH ZRXOG QRW UHPDLQ LQ WKH VSHFL�HG
PRGHO��

/HPPD ��� ,Q WKH PRGHO ����������� WKH SURMHFWLRQ RI WKH VFRUH IXQFWLRQ BOL��� LQ ����� RQ WKH WDQJHQW

VSDFH 7L��� GH�QHG E\ ������������ LV JLYHQ E\
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3URRI� )LUVW RI DOO� QRWH WKDW WKH SURSRVHG SURMHFWLRQ LQGHHG VDWLV�HV FRQGLWLRQV �����^�������
6HFRQGO\� WKH UHVLGXDO RI WKH SURSRVHG SURMHFWLRQ FDQ EH ZULWWHQ DV
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:H VKRZ WKDW ERWK WHUPV DUH RUWKRJRQDO WR WKH WDQJHQW VSDFH� /HW KL�� � 7L��� EH DUELWUDU\� 7KHQ�
ZH REWDLQ IRU WKH �UVW WHUP�
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)URP HTXDWLRQ ����� DQG ������ ZH VHH WKDW WKH ODWWHU WHUP HTXDOV ]HUR� SURYLQJ WKH GHVLUHG RUWKRJ�
RQDOLW\�
)RU WKH VHFRQG WHUP� ZH REWDLQ
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ZKHUH WKH ODVW LQHTXDOLW\ IROORZV IURP ������ ,W LV HDVLO\ VHHQ WKDW WKLV H[SUHVVLRQ HTXDOV ]HUR� 7KLV
FRPSOHWHV WKH SURRI RI WKH OHPPD�

$V PHQWLRQHG EHIRUH� WKH UHVLGXDO RI WKH SURMHFWLRQ LQ ������ LV WKH H�FLHQW VFRUH IXQFWLRQ�
2SWLPDO VHPLSDUDPHWULF HVWLPDWRUV VKRXOG EH EDVHG RQ WKLV VFRUH�IXQFWLRQ� +RZHYHU� ������ FDQQRW
EH XVHG GLUHFWO\� VLQFH LW GHSHQGV RQ WKH XQNQRZQ �FRQGLWLRQDO� GHQVLW\ IL��� ,Q 6HFWLRQ � ZH

�



GLVFXVV KRZ WR HVWLPDWH IL�� LQ RUGHU WR JHW D VHPLSDUDPHWULFDOO\ H�FLHQW HVWLPDWRU IRU �� ,Q FDVH
WKH H�FLHQW VFRUH IXQFWLRQ ������ HTXDOV WKH SDUDPHWULF VFRUH IXQFWLRQ ����� ZH VD\ WKDW DGDSWLYHQHVV
RFFXUV� 7KXV� DGDSWLYHQHVV PHDQV WKDW WKH SURMHFWLRQ RQ WKH WDQJHQW VSDFH ������ LV ]HUR� ,Q WKDW
FDVH� WKHUH LV DV PXFK LQIRUPDWLRQ LQ WKH VHPLSDUDPHWULF PRGHO DV LQ WKH SDUDPHWULF PRGHO IRU
HVWLPDWLQJ �� WKH SDUDPHWULF VFRUH DQG WKH VHPLSDUDPHWULFDOO\ H�FLHQW VFRUH FRLQFLGH� ,Q WKH $&'
PRGHO DV ZH FRQVLGHU LW� WKHUH DUH WZR ZD\V LQ ZKLFK DGDSWLYHQHVV FDQ RFFXU� )LUVW RI DOO� LW FRXOG
EH WKDW
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,W LV HDVLO\ VHHQ WKDW WKLV LV HTXLYDOHQW WR� IRU VRPH F ! �
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+HQFH� DGDSWLYHQHVV RQO\ RFFXUV LI WKH FRQGLWLRQDO LQQRYDWLRQV
 GLVWULEXWLRQ LV D *DPPD GLVWULEXWLRQ
�UHVFDOHG WR KDYH H[SHFWDWLRQ ��� 6HFRQGO\� LW FRXOG EH WKDW
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+RZHYHU� IRU WKH VSHFL�FDWLRQ ������ WKLV FRQGLWLRQ JHQHUDOO\ GRHV QRW KROG�
6XPPDUL]LQJ� DGDSWLYHQHVV RQO\ RFFXUV LI WKH WUXH �FRQGLWLRQDO� GHQVLW\ IL�� EHORQJV WR WKH

*DPPD FODVV� 7KH SUDFWLFDO FRQVHTXHQFH RI VXFK D UHVXOW LV� RI FRXUVH� OLPLWHG VLQFH WKH ERXQG LV
FDOFXODWHG LQ D PRGHO WKDW GRHV QRW PDNH DQ\ GLVWULEXWLRQDO DVVXPSWLRQV� +RZHYHU� LW LV ZHOO�NQRZQ
WKDW GHQVLWLHV IRU ZKLFK DGDSWLYHQHVV RFFXUV DUH JHQHUDOO\ DOVR WKH GHQVLWLHV IRU ZKLFK WKH 40/(
LV FRQVLVWHQW �VHH� H�J�� %LFNHO �������� 7KLV VKRZV WKDW� D 40/( W\SH HVWLPDWRU PD\ EH XVHG LI
DQG RQO\ LI LW LV EDVHG RQ D *DPPD GLVWULEXWLRQ� 6LQFH IRU WKHVH GHQVLWLHV � � �I ���� I��� LV DOZD\V
SURSRUWLRQDO WR � � �� WKH REWDLQHG 40/( HVWLPDWRUV DUH LQ IDFW LGHQWLFDO� 7KH HVWLPDWRU WKXV
REWDLQHG LV FRQVLVWHQW IRU WKH IXOO VHPLSDUDPHWULF PRGHO� EXW RQO\ H�FLHQW LI WKH WUXH GHQVLW\ LV RI
WKH *DPPD W\SH� $Q HVWLPDWRU WKDW LV DOZD\V H�FLHQW ZLOO EH GLVFXVVHG LQ 6HFWLRQ ��
7KH LQIRUPDWLRQ IRU HVWLPDWLQJ � LQ WKH SDUDPHWULF PRGHO LV JLYHQ E\ WKH �OLPLWLQJ� YDULDQFH RI

WKH SDUDPHWULF VFRUH ������ $VVXPLQJ VWDWLRQDULW\ WKLV \LHOGV
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ZKHUH -I GHQRWHV WKH )LVKHU LQIRUPDWLRQ IRU VFDOH�
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7KH LQIRUPDWLRQ ORVV� ZLWK UHVSHFW WR WKH SDUDPHWULF PRGHO� LV JLYHQ E\ WKH YDULDQFH RI �������
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1RWH WKDW WKH LQIRUPDWLRQ ORVV LV LQGHHG ]HUR �DGDSWLYHQHVV� LI WKH �FRQGLWLRQDO� GHQVLW\ IL�� EHORQJV
WR WKH *DPPD FODVV� VLQFH ZH KDYH� E\ WKH &DXFK\�6FKZDU] LQHTXDOLW\�
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ZLWK HTXDOLW\ LI DQG RQO\ LI IL�� LV RI WKH IRUP ������� 7KH LQIRUPDWLRQ LQ WKH VHPLSDUDPHWULF PRGHO
LV JLYHQ E\ WKH YDULDQFH RI WKH UHVLGXDO RI WKH SURMHFWLRQ ZKLFK� E\ WKH 3\WKDJRUHDQ WKHRUHP� HTXDOV
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��� H[DPSOHV

:H FRQVLGHU WKH H�FLHQF\ FDOFXODWLRQV LQ PRUH GHWDLO IRU IRXU VSHFL�F PRGHOV�

([DPSOH ��� >LLG LQQRYDWLRQV@ ,Q FDVH +L LV WKH WULYLDO VLJPD��HOG� ZH REWDLQ WKDW
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LV D YHFWRU RI FRQVWDQWV� 7KLV LPSOLHV WKDW DOO FRPSRQHQWV RI WKH SURMHFWLRQ ������ JHQHUDWH WKH VDPH
GLUHFWLRQ LQ WKH WDQJHQW VSDFH 7L���� 7KHUHIRUH� RQH PD\ FRQVLGHU WKDW DGDSWLYHQHVV RFFXUV LI RQH
FKRRVHV� H�J�� WKH FRQVWDQW � LQ ����� DV D SDUDPHWULF QXLVDQFH SDUDPHWHU� 7KLV LV D SDUWLFXODU SUH�
VHQWDWLRQ RI D SKHQRPHQRQ WKDW LV PRUH JHQHUDOO\ REVHUYHG LQ WLPH VHULHV EDVHG RQ L�L�G� LQQRYDWLRQV
�VHH 'URVW� .ODDVVHQ� DQG :HUNHU ��������

([DPSOH ��� >0DUNRYLDQ LQQRYDWLRQV ,@ ,Q D WUXH 0DUNRYLDQ VHWWLQJ IRU WKH LQQRYDWLRQV� RQH ZRXOG
WDNH +L   ��L�� 7KH H�FLHQW VFRUH ������ GRHV QRW VLPSOLI\ LQ WKLV 0DUNRYLDQ FDVH� *HQHUDO
VWDWHPHQWV DUH WKHUHIRUH GL�FXOW WR PDNH LQ WKLV VHWWLQJ�

([DPSOH ��� >0DUNRYLDQ LQQRYDWLRQV ,,@ $QRWKHU SRVVLELOLW\ ZRXOG EH WR UHTXLUH WKDW WKH LQQR�
YDWLRQV
 GHQVLW\ PD\ RQO\ GHSHQG XSRQ WKH SDVW WKURXJK ¥L��� L�H� +L   �¥L�� ,Q WKDW FDVH� WKH
VHFRQG IDFWRU LQ ������ UHGXFHV WR G ORJ¥L�� G� DQG WKH H�FLHQW VFRUH EHFRPHV
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,Q WKLV H[SUHVVLRQ� WKH �FRQGLWLRQDO� GHQVLW\ IL�� HQWHUV RQO\ WKURXJK 9 I�LM¥L��J� 7KLV VKRZV
WKDW WKH VHPLSDUDPHWULFDOO\ H�FLHQW HVWLPDWRU IRU � LV WKH PRPHQW HVWLPDWRU EDVHG RQ ����� ZLWK
�RSWLPDO� LQVWUXPHQW� FRPSDUH :HIHOPH\HU �������

9 I�LM¥L��J
�� G

G�
ORJ�¥L����

1RWH WKDW RXU JHQHUDO VHPLSDUDPHWULF DSSURDFK VKRZV WKDW WKH RSWLPDO VHPLSDUDPHWULF HVWLPDWRU
LV D PRPHQW HVWLPDWRU� :H GLG QRW OLPLW DWWHQWLRQ D SULRUL WR PRPHQW HVWLPDWRUV�

([DPSOH ��� >PRPHQW FRQGLWLRQ@ &RQVLGHU WKH FDVH ZKHUH +L  )L� 7KHQ� WKH H�FLHQW VFRUH
IXQFWLRQ LV DV LQ WKH SUHYLRXV H[DPSOH� H[FHSW WKDW LQ WKLV FDVH 9 I�LM+L��J  9 I�LM)L��J� $JDLQ�
WKH RSWLPDO HVWLPDWRU LV D PRPHQW HVWLPDWRU ZLWK DERYH PHQWLRQHG LQVWUXPHQWV DQG ZHLJKWLQJ
PDWUL[� 7KH H�FLHQW VFRUH GRHV QRW DOWHU LI RQH HQODUJHV WKH 0DUNRYLDQ PRGHO RI ([DPSOH ��� WR
D PRGHO LQ ZKLFK QR DGGLWLRQDO VWUXFWXUH LV LPSRVHG� 2QH PD\ DOVR WXUQ WKLV DUJXPHQW DURXQG�
6WDUWLQJ IURP D PRGHO ZKLFK LV VROHO\ FKDUDFWHUL]HG E\ WKH UHODWLRQ ������ QR VWDWLVWLFDO LQIRUPDWLRQ
LV DGGHG LI RQH LPSRVHV WKDW WKH FRQGLWLRQDO GLVWULEXWLRQ RI WKH LQQRYDWLRQV JLYHQ WKH SDVW )L��

LV GHWHUPLQHG E\ ¥L�� DORQH� ,Q WKDW VHQVH� DGDSWLYHQHVV RFFXUV EHWZHHQ WKHVH WZR VLWXDWLRQV�
)URP D �ORFDOO\ DQG DV\PSWRWLFDOO\� VWDWLVWLFDO SRLQW RI YLHZ� LW PDNHV QR VHQVH WR ?ULVN� SRVVLEOH
PLVVSHFLIDWLRQ DQG FRQVLGHU ([DPSOH ����

�



��� FKDQJLQJ WKH LQIRUPDWLRQ VWUXFWXUH

,W LV ZRUWK LQYHVWLJDWLQJ WKH H�HFWV RI FKDQJLQJ WKH LQIRUPDWLRQ VWUXFWXUH +L IURP D VWDWLVWLFDO SRLQW
RI YLHZ� )LUVW RI DOO� QRWH WKDW� RI FRXUVH� UHVWULFWLQJ WKH LQIRUPDWLRQ VWUXFWXUH� L�H�� FRQVLGHULQJ
*L � +L LPSOLHV UHVWULFWLQJ WKH PRGHO� 7KHUHIRUH� VXFK DQ RSHUDWLRQ ZLOO JHQHUDOO\ LQFUHDVH WKH
LQIRUPDWLRQ IRU HVWLPDWLQJ �� 7KLV FDQ EH VHHQ GLUHFWO\ IURP WKH LQIRUPDWLRQ ORVV ������� VLQFH� E\
-HQVHQ
V LQHTXDOLW\�
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1RWH WKDW WKH �UVW IDFWRU LQ ������ LV XQDOWHUHG VLQFH ZH PXVW� REYLRXVO\� FRPSDUH '*3
V WKDW
EHORQJ WR WKH VPDOOHVW PRGHO LQ RUGHU IRU WKHVH FDOFXODWLRQV WR PDNH VHQVH� 7KXV� ERWK -IL�� DQG
9 I�LM+L��J  9 I�LM*L��J KDYH WR *L���PHDVXUDEOH LQ WKH GHULYDWLRQ DERYH�
)URP D WKHRUHWLFDO SRLQW RI YLHZ� RQH PLJKW ZDQW WR FRQVLGHU UHOD[LQJ WKH DVVXPSWLRQV LQ D

VHPLSDUDPHWULF PRGHO� DV ORQJ DV WKLV KDV QR UHSHUFXVVLRQV RQ H�FLHQF\ ERXQGV IRU WKH SDUDPHWHUV
RI LQWHUHVW� )URP WKH VHPLSDUDPHWULF LQIRUPDWLRQ PDWUL[ LQ ������� ZH �QG WKDW QR LQIRUPDWLRQ
ORVV RFFXUV LI RQH HQODUJHV WKH �OWUDWLRQ +L VR DV QRW WR LQ�XHQFH WKH FRQGLWLRQDO H[SHFWDWLRQ RI
�G G�� ORJ�¥L����

� &RQVWUXFWLRQ RI H�FLHQW HVWLPDWRUV

:H IROORZ VWDQGDUG OLQHV IRU WKH FRQVWUXFWLRQ RI H�FLHQW HVWLPDWRUV LQ WKH PRGHOV XQGHU FRQVLGHUD�
WLRQ� 7KH LGHD LV WR DSSO\ D RQH�VWHS LPSURYHPHQW RI D JLYHQ

S
Q�FRQVLVWHQW HVWLPDWRU� /HW BOL GHQRWH

WKH H�FLHQW VFRUH DV REWDLQHG DERYH� IRU D JLYHQ PRGHO� L�H�� IRU D JLYHQ VSHFL�FDWLRQ RI +L� 7KH
DSSURDFK LV DV IROORZV�

�� &RQVWUXFW D
S
Q�FRQVLVWHQW LQLWLDO HVWLPDWRU a�Q�

�� &RQVWUXFW D QHZ HVWLPDWRU IURP

A�Q  a�Q �

¥
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Q

Q;
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BOL� a�Q�BOL� a�Q�
7

�
��

�

Q

Q;
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BOL� a�Q�� �����

8QNQRZQ �FRQGLWLRQDO� GHQVLWLHV DUH FRQVLVWHQWO\ HVWLPDWHG E\ NHUQHO PHWKRGV� DQG WKH 1DGDUD\D�
:DWVRQ HVWLPDWRU LV D FRQVLVWHQW HVWLPDWRU RI WKH FRQGLWLRQDO YDULDQFH RI WKH LQQRYDWLRQV�
7KH LGHD RI VXFK DQ DSSURDFK LV UDWKHU ROG� ,QWXLWLYHO\� WKH HVWLPDWRU a�Q EULQJV \RX LQ D

S
Q�

QHLJKERUKRRG RI WKH WUXH YDOXH ��� 7KHQ� LQ RUGHU WR REWDLQ D ORFDOO\ DQG DV\PSWRWLFDOO\ H�FLHQW
HVWLPDWRU� ZH QHHG WR DFKLHYH DQ LQ�XHQFH IXQFWLRQ�

( BOL���� BOL����
7
�
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BOL�����
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7KH H[SHFWDWLRQ LQ WKLV H�FLHQW LQ�XHQFH IXQFWLRQ LV HVWLPDWHG E\ WKH FRUUHVSRQGLQJ VDPSOH PHDQ�
$OWHUQDWLYHO\� WKH DSSURDFK PD\ EH H[SODLQHG DV IROORZV� 7KH ORFDO *DXVVLDQ EHKDYLRU RI WKH PRGHO
�IROORZLQJ IURP WKH /$1 SURSHUW\�� LPSOLHV WKDW WKH ORJ�OLNHOLKRRG LV DSSUR[LPDWHO\ TXDGUDWLF� 7KH

HVWLPDWRU A�Q LV WKHQ WKH PD[LPXP OLNHOLKRRG HVWLPDWRU REWDLQHG IURP PD[LPL]LQJ WKH DSSUR[LPDWH
TXDGUDWLF ORJ�OLNHOLKRRG IROORZLQJ IURP WKH LQLWLDO HVWLPDWRU a�Q� )RU PRUH GHWDLOV RQ WKH FRQVWUXFWLRQ�
ZH UHIHU WKH UHDGHU WR� H�J�� %.5: �������

� 6LPXODWLRQ UHVXOWV

,Q WKLV VHFWLRQ� ZH FRQVLGHU WKH EHKDYLRU RI WKH HVWLPDWRUV GLVFXVVHG DERYH LQ D VLPXODWLRQ VWXG\�
:H XVH WKH VSHFL�FDWLRQ ����� ZLWK SDUDPHWHUV ��� ��  ������ ��� ��  ������� RU ��� ��  ���� ���
ZLWK LQ DOO FDVHV WKH FRQVWDQW VWDQGDUGL]HG DV �  �� � � ��
,Q WKLV �UVW GUDIW ZH SUHVHQW D VPDOO VLPXODWLRQ VWXG\ ZKHUH WKH LQQRYDWLRQV DUH VLPXODWHG

DV L�L�G� UDQGRP YDULDEOHV ZLWK HLWKHU DQ H[SRQHQWLDO GLVWULEXWLRQ RU D :HLEXOO GLVWULEXWLRQ ZLWK
SDUDPHWHU ����� :H SUHVHQW UHVXOWV IRU VHYHUDO HVWLPDWRUV� 40/( UHIHUV WR WKH HVWLPDWRU EDVHG RQ
WKH DVVXPSWLRQ WKDW WKH LQQRYDWLRQV IROORZ D *DPPD GLVWULEXWLRQ� 0/( UHIHUV WR WKH �SDUDPHWULF�
PD[LPXP OLNHOLKRRG HVWLPDWRU EDVHG RQ WKH WUXH GHQVLW\ IRU WKH LQQRYDWLRQV� 7KH VHPLSDUDPHWULF
HVWLPDWRUV XQGHU WKH L�L�G� DVVXPSWLRQ �VHH ([DPSOH ���� LV GHQRWHG DV 63�� 7KH VHPLSDUDPHWULF
HVWLPDWRUV 63� DQG 63� UHIHU WR ([DPSOHV ��� DQG ���� $V DUJXHG LQ 6HFWLRQ �� WKH VHPLSDUDPHWULF
ORZHU ERXQG ZLOO QRW EH LQ�XHQFHG E\ WKH H[DFW VSHFL�FDWLRQ RI +L��� )RU 63�� WKH YDULDQFH LV
HVWLPDWHG RQ D 1DGDUD\D�:DWVRQ HVWLPDWRU XVLQJ SDVW HUURUV� ZKLOH WKH YDULDQFH HVWLPDWRU LQ 63�
XVHV SDVW REVHUYDWLRQV� $OO VLPXODWLRQ UHVXOWV DUH EDVHG RQ ���� REVHUYDWLRQV DQG ��� UHSOLFDWLRQV�
7KH �UVW FRQFOXVLRQV DUH VWLPXODWLQJ� )RU WKH H[SRQHQWLDO HUURUV� ZH NQRZ WKDW WKH 40/(

HVWLPDWRU LV RSWLPDO� DQG KHQFH WKH VHPLSDUDPHWULF ORZHU ERXQGV DUH HTXDO WR WKH ERXQG LQGXFHG
E\ WKH 40/( 0/( HVWLPDWRU� 7KLV LV UH�HFWHG E\ WKH DSSUR[LPDWLRQV LQ VTXDUH EUDFNHWV RI WKH
�VLPXODWHG� LQYHUVHV RI WKH WKHRUHWLFDO )LVKHU LQIRUPDWLRQ PDWUL[� 7KH UHDOL]HG YDULDQFHV RI WKH
HVWLPDWRUV DUH TXLWH FORVH� LPSO\LQJ WKDW PRUH DGYDQFHG HVWLPDWRUV EDVHG RQ NHUQHO SURFHGXUHV GR
QRW VX�HU IURP VPDOO VDPSOH ELDVHV LQ WKH FXUUHQW VHW�XS�
)RU WKH :HLEXOO HUURUV� WKH VLWXDWLRQ LV VOLJKWO\ GL�HUHQW VLQFH WKH 40/( HVWLPDWRU LV QRW WKH

RSWLPDO RQH� $V ZH FDQ VHH IURP WKH �JXUHV EHWZHHQ VTXDUH EUDFNHWV LQ 7DEOH �� WKH WKHRUHWLFDO
GL�HUHQFHV EHWZHHQ WKH GL�HUHQW HVWLPDWRUV DUH VPDOO� -XVW DV IRU WKH H[SRQHQWLDO FDVH� WKLV LV
UH�HFWHG E\ WKH UHDOL]HG YDULDQFHV RI WKH HVWLPDWRUV�
6LQFH WKH VPDOO�VDPSOH EHKDYLRU RI WKH GL�HUHQW HVWLPDWRUV LV TXLWH SURPLVLQJ LQ WKH FODVVLFDO L�L�G�

IUDPHZRUN� ZH H[SHFW WKH VHPLSDUDPHWULF SURFHGXUHV DOVR WR EH UHOLDEOH LQ PRUH FRPSOH[� QRQ�L�L�G�
VLWXDWLRQV� 7KLV WRSLF ZLOO EH LQFOXGHG LQ DQ XSGDWHG YHUVLRQ RI WKLV SDSHU�

� (PSLULFDO LOOXVWUDWLRQ

:H LOOXVWUDWH RXU UHVXOWV XVLQJ GXUDWLRQV REVHUYHG DW WKH 3DULV %RXUVH IRU WUDQVDFWLRQV LQ $OFDWHO�
7KH REVHUYDWLRQV FRYHU -XO\ DQG $XJXVW ����� 'XULQJ WKLV SHULRG DOO WUDQVDFWLRQ DUH REVHUYHG�
7KH WUDGLQJ V\VWHP DW WKH RSHQLQJ RI WKH 3DULV %RXUVH GL�HUV IURP WKDW GXULQJ WKH GD\� ,Q RUGHU WR
DYRLG SUREOHPV FDXVHG E\ WKLV� ZH GHOHWHG REVHUYDWLRQV ZLWK WUDGHV ZLWKLQ �� PLQXWHV RI WKH RSHQLQJ�
FRPSDUH *RXULHURX[ DQG -DVLDN ������� 6LPXOWDQHRXV WUDGHV ZKHUH DJJUHJDWHG� VR WKDW WKHUH DUH
QR ]HUR GXUDWLRQV LQ RXU GDWDVHW� 7KHVH VLPXOWDQHRXV WUDGHV DUH XVXDOO\ GXH WR ODUJH RUGHUV RQ RQH
VLGH RI WKH PDUNHW WKDW DUH PDWFKHG DJDLQVW VHYHUDO RUGHUV RQ WKH RWKHU VLGH�
,Q RUGHU WR JHW DQ LGHD RI WKH GDWD� )LJXUH ��� VKRZV WKH WUDGLQJ LQWHQVLW\ IRU �YH FRQVHFXWLYH

GD\V� 1RWH WKDW WKH LV D FOHDU �DWWHQLQJ RI WKH FXPXODWLYH LQWHQVLW\ DURXQG OXQFK WLPH� 7KHUH LV DQ

�2WKHU VLPXODWLRQV LQFOXGLQJ *DPPD VSHFL�FDWLRQV DUH DYDLODEOH RQ UHTXHVW

�



([SRQHQWLDO LQQRYDWLRQV
��� ��  ����� ��� ��  ���� �� ��� ��  ���� ���

� � � � � � � � �

40/( 0/( ������ ������� Q�L� ������ ������ ������� ������ ������ ������
40/( 0/( ������ ������ ������� ������ ������ ������ ������ ������
40/( 0/( >����@ >����@ >�����@ >����@ >����@ >����@ >����@ >����@

63� ������ ������� Q�L� ������ ������ ������� ������ ������ ������
63� ������ ������ ������� ������ ������ ������ ������ ������
63� >����@ >����@ >�����@ >����@ >����@ >����@ >����@ >����@

63� ������ ������� Q�L� ������ ������ ������ ������ ������ ������
63� ������ ������ ������� ������ ������ ������ ������ ������
63� >����@ >����@ >�����@ >����@ >����@ >����@ >����@ >����@

63� ������ ������� Q�L� ������ ������ ������� ������ ������ ������
63� ������ ������ ������� ������ ������ ������ ������ ������
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7DEOH �� (VWLPDWHV RI WKH SDUDPHWHUV LQ WKH $&' PRGHO ����� EDVHG RQ WKH IRXU SURFHGXUHV GHVFULEHG
LQ WKH PDLQ WH[W� 6WDQGDUG HUURUV DUH UHSRUWHG LQ SDUHQWKHVHV�

LQFUHDVH LQ LQWHQVLW\ GXULQJ WKH ODWH DIWHUQRRQ DV 86 PDUNHWV RSHQ� 6LPLODU JUDSKV IRU RWKHU GD\V
VKRZ FRPSDUDEOH SDWWHUQV�
:H HVWLPDWHG WKH $&' PRGHO XVLQJ WKH 40/( PHWKRG DQG WKH WKUHH VHPLSDUDPHWULF PHWKRGV

DV GHVFULEHG EHIRUH� $V PHQWLRQHG EHIRUH� WKH 40/( PHWKRG LV H�FLHQW LQ FDVH WKH LQQRYDWLRQV
DUH L�L�G� H[SRQHQWLDO RU JDPPD UDQGRP YDULDEOHV� 7KH �UVW VHPLSDUDPHWULF HVWLPDWRU UHOD[HV WKH
GLVWULEXWLRQDO DVVXPSWLRQ DQ RQ WKH LQQRYDWLRQV� ZKLOH VWLOO LPSRVLQJ LQGHSHQGHQW HUURUV� 7KH �QDO
WZR VHPLSDUDPHWULF HVWLPDWRUV DOVR UHOD\ WKH LQGHSHQGHQF\ DVVXPSWLRQ� ,Q RUGHU WR VWDQGDUGL]H WKH
SDUDPHWHUV� ZH QRUPDOL]HG DOO GXUDWLRQV WR KDYH XQLW PHDQ� (VWLPDWLRQ UHVXOWV DUH SUHVHQWHG LQ
7DEOH �� 7KH HPSLULFDO UHVXOWV XQGHUOLQH WKH FRQFOXVLRQV IURP WKH VLPXODWLRQ VWXG\� 7KH VHPLSDUD�
PHWULF SURFHGXUHV QRW UHO\LQJ RQ LQGHSHQGHQFH RXWSHUIRUP IRU WKH HVWLPDWLRQ RI � DQG KDYH VLPLODU
SHUIRUPDQFH IRU WKH HVWLPDWLRQ RI � DQG �� 7KH JDLQ ZLWK UHVSHFW WR � LV DERXW ��� LQ WHUPV RI
QXPEHU RI REVHUYDWLRQV� 7KLV PHDQV WKDW� LQ RUGHU WR DFKLHYH FRPSDUDEOH FRQ�GHQFH LQWHUYDOV RQH
ZRXOG QHHG ��� PRUH REVHUYDWLRQV LI XVLQJ WKH 40/( SURFHGXUH� 1RWH WKDW WKH SRLQW HVWLPDWHV
IRU � GR VKLIW DV ZHOO� ZKLFK FRXOG LQGLFDWH D IRUP RI PRGHO PLVVSHFL�FDWLRQ� :H GLG QRW SHUIRUP D
IRUPDO WHVW IRU WKLV�
$QRWKHU SRLQW RI FRQFHUQ LV VWDELOLW\ RI WKH SDUDPHWHUV� 2QH PLJKW DUJXH WKDW SDUDPHWHUV VKRXOG

GHSHQG RQ WKH FORFN�WLPH GXULQJ WKH GD\� 7KLV ZLOO EH LQYHVWLJDWHG LQ WKH QHDU IXWXUH�

� &RQFOXGLQJ UHPDUNV

,Q WKLV SDSHU ZH FRQVLGHU VHYHUDO VHPLSDUDPHWULF $&' PRGHOV� 7KH PRGHOV GL�HU ZLWK UHVSHFW WR
WKH FRQGLWLRQDO GLVWULEXWLRQ RI WKH LQQRYDWLRQV� 0RGHOV ZLWK L�L�G� LQQRYDWLRQV RU PRGHOV GHVFULEHG
E\ RQO\ D PRPHQWV FRQGLWLRQ DUH REWDLQHG DV H[WUHPH H[DPSOHV RI RXU PRUH JHQHUDO VHWXS� )RU DOO
VSHFL�FDWLRQV� ZH GHULYH H�FLHQW VFRUHV DQG VHPLSDUDPHWULF ORZHU ERXQGV� :H GLVFXVV DGDSWLYHQHVV
EHWZHHQ WKH PRGHOV� :H GHULYH VHPLSDUDPHWULF H�FLHQW HVWLPDWRUV DORQJ VWDQGDUG OLQHV� 6LPXODWLRQ
UHVXOWV VKRZ WKDW WKH VHPLSDUDPHWULF SURFHGXUHV GH�QLWHO\ RXWSHUIRUP 40/( EDVHG SURFHGXUHV�
EXW GR QRW JDLQ DV PXFK DV LV VXJJHVWHG E\ WKHRUHWLFDO FRQVLGHUDWLRQ� 2QH KDV WR NHHS LQ PLQG�
KRZHYHU� WKDW �QLWH VDPSOH EHKDYLRU RI WKH VHPLSDUDPHWULF HVWLPDWRUV PD\ EH IXUWKHU LPSURYHG
XVLQJ PRUH UH�QHG QRQSDUDPHWULF HVWLPDWLRQ SURFHGXUHV IRU WKH QXLVDQFH IXQFWLRQV� :H LOOXVWUDWH
RXU UHVXOWV XVLQJ WUDGH GXUDWLRQV DV REVHUYHG IRU WKH $OFDWHO VWRFN RQ WKH 3DULV %RXUVH�

5HIHUHQFHV

%LFNHO� 3�-�� &�$�-� .ODDVVHQ� <� 5LWRY� DQG -�$� :HOOQHU ������� (�FLHQW DQG

$GDSWLYH 6WDWLVWLFDO ,QIHUHQFH IRU 6HPLSDUDPHWULF 0RGHOV� -RKQ +RSNLQV 8QLYHUVLW\
3UHVV� %DOWLPRUH�

'URVW� )�&�� DQG &�$�-� .ODDVVHQ ������� (�FLHQW HVWLPDWLRQ LQ VHPLSDUDPHWULF
*$5&+ PRGHOV� -RXUQDO RI HFRQRPHWULFV� ��� ���^��� �

'URVW� )�&�� &�$�-� .ODDVVHQ� DQG %�-�0� :HUNHU ������� $GDSWLYH HVWLPDWLRQ
LQ WLPH�VHULHV PRGHOV� 7KH $QQDOV RI 6WDWLVWLFV� ��� ���^����
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'URVW� )�&�� &�$�-� .ODDVVHQ� DQG %�-�0� :HUNHU ������� 6HPLSDUDPHWULF /RZHU
%RXQGV LQ 7LPH 6HULHV 0RGHOV ZLWK 1RQ�,�,�'� (UURU 6WUXFWXUHV� ZRUN LQ SURFHVV�

(QJOH� 5�)� DQG -�5� 5XVVHOO ������� $XWRUHJUHVVLYH &RQGLWLRQDO 'XUDWLRQ� $ 1HZ
0RGHO IRU ,UUHJXODUO\ 6SDFHG 7UDQVDFWLRQ 'DWD� (FRQRPHWULFD� ��� ����^�����

*RXULHURX[� &� DQG -� -DVLDN ������� 1RQOLQHDU $XWRFRUUHORJUDPV� DQ $SSOLFDWLRQ
WR ,QWHUWUDGH 'XUDWLRQV� ZRUNLQJ SDSHU�

.RXO� +�/�� DQG $� 6FKLFN ������� (�FLHQW HVWLPDWLRQ LQ QRQOLQHDU DXWRUHJUHVVLYH
WLPHVHULHV PRGHOV� %HUQRXOOL� �� ��������

.UHLVV� -��3�� �����D�� 2Q DGDSWLYH HVWLPDWLRQ LQ VWDWLRQDU\ $50$ SURFHVVHV� 7KH
$QQDOV RI 6WDWLVWLFV� ��� ���^����

.UHLVV� -��3�� �����E�� 2Q DGDSWLYH HVWLPDWLRQ LQ DXWRUHJUHVVLYH PRGHOV ZKHQ WKHUH
DUH QXLVDQFH IXQFWLRQV� 6WDWLVWLFV 	 'HFLVLRQV� �� ������

/LQWRQ� 2�� ������� $GDSWLYH HVWLPDWLRQ LQ $5&+ PRGHOV� (FRQRPHWULF 7KHRU\� ��
���^����

1HZH\� :�.�� ������� 6HPLSDUDPHWULF H�FLHQF\ ERXQGV� -RXUQDO RI $SSOLHG (FRQR�

PHWULFV� �� ��^����

6WHLJHUZDOG� '�*�� ������� $GDSWLYH HVWLPDWLRQ LQ WLPH VHULHV UHJUHVVLRQ PRGHOV�
-RXUQDO RI (FRQRPHWULFV� ��� ���^����

6WHLQ� &� ������� (�FLHQW QRQSDUDPHWULF WHVWLQJ DQG HVWLPDWLRQ� 3URFHHGLQJV RI WKH

7KLUG %HUNHOH\ 6\PSRVLXP RQ 0DWKHPDWLFDO 6WDWLVWLFV DQG 3UREDELOLW\� �� ���^����

:HIHOPH\HU� :� ������� 4XDVL�OLNHOLKRRG PRGHOV DQG RSWLPDO LQIHUHQFH� 7KH DQQDOV
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