
�� 1RY ����

UH� ³5HYLHZ RI 6FKQHLGHU HW DO�´� $QRQ\PRXV 5HIHUHH � �� �� 6HS ����

:H DSSUHFLDWH \RXU SRVLWLYH UHYLHZ DQG DUH FRQVLGHULQJ \RXU FRPPHQWV DV ZH UHYLVH WKHPDQXVFULSW�
)ROORZLQJ EHORZ LV RXU UHVSRQVH �LQ EOXH� WR \RXU JHQHUDO DQG VSHFLILF FRPPHQWV� ZKLFK DUH LWDOL�
FL]HG KHUH IRU UHIHUHQFH�

� 7KLV LV D YHU\ ZHOO ZULWWHQ PDQXVFULSW WKDW LV PRWLYDWHG DQG DUWLFXODWHG FOHDUO\� , DP QRW DQ
H[SHUW LQ (60V RU WKHLU YDULRXV FRPSRQHQW PRGHOV� DQG WKHUHIRUH FDQQRW FRPPHQW RQ WKH
DXWKRUV¶ VSHFLILF LPSOHPHQWDWLRQ RI ILUQ FRPSDFWLRQ PRGHOV LQWR WKH (�60 /DQG 0RGHO�
7KDQN \RX IRU WKH NLQG UHPDUNV� :H DSSUHFLDWH \RXU SHUVSHFWLYH DQG DUH ZRUNLQJ WR UHDFK
UHDGHUV ZLWK DQG ZLWKRXW HVWDEOLVKHG H[SHUWLVH LQ (DUWK V\VWHP PRGHOLQJ�

� 7KH VWDWHG JRDO RI WKLV ZRUN LV WR PRUH DFFXUDWHO\ VLPXODWH VQRZSDFN HYROXWLRQ LQ WKH (/0�
LQFOXGLQJ RYHU WKH *UHHQODQG DQG $QWDUFWLF LFH VKHHWV� :LWK WKLV JRDO� ZK\ GR WKH DXWKRUV
LQFUHDVH WKH VQRZSDFN IURP �P �LQ WKH SUHYLRXV YHUVLRQ� WR XS WR ��P LQ WKLV YHUVLRQ" ,Q
WKH GU\ VQRZ ]RQH� LW¶V FRPPRQ IRU ILUQ FROXPQ WR YDU\ LQ GHSWK IURP �� WR ���P �&XIIH\ 	
3DWHUVRQ� ������ GHSHQGLQJ RQ VLWH FRQGLWLRQV� 0DQ\ VLWHV KDYH ILUQ FROXPQV GHHSHU WKDQ ��
P �DQG HYHQ WKH �� P GHSWK WKDW )LJXUH � LQGLFDWHV LV SRVVLEOH�� DQG WKHUHIRUH WKLV HVWLPDWH
RI VQRZSDFN HYROXWLRQ ZRQ¶W EH YDOLG IRU ODUJH VZDWKV RI WKH *UHHQODQG DQG $QWDUFWLF LFH
VKHHWV� ,I LQVWHDG WKH DXWKRUV DUH UHIHUULQJ WR GHSWKV LQ P 6:(� WKLV VKRXOG EH PDGH H[SOLFLW
ZLWKLQ WKH WH[W DQG LQ WKH ILJXUH D[HV�
7KHPD[LPXP GHSWK RI WKH QHZ VQRZSDFNPRGHO ± WKH GLVWDQFH IURP WKH VXUIDFH� QRW LQ WHUPV
RI VQRZ ZDWHU HTXLYDOHQW �6:(� ± LV D UHFXUUHQW SRLQW RI FRQIXVLRQ IRU UHDGHUV� :KLOH WKH
QHZ YHUWLFDO JULG KDV D ERWWRP PRVW OD\HU ZLWKRXW D ERXQG RQ LWV PD[LPXP WKLFNQHVV� ZH
FKRRVH ��P EHFDXVH WKDW LV URXJKO\ KRZ IDU EHORZ WKH VXUIDFH WKH �� OD\HUV RI ILQLWH WKLFNQHVV
ZLOO H[WHQG ZKHQ WKH\ UHDFK WKHLU PD[LPXP WKLFNQHVVHV �)LJXUH ��� 7KHUHIRUH� WKH JULG LV
WUXO\ VHPL�LQILQLWH� EXW ZH FKRRVH WR H[FOXGH WKH VHPL�LQILQLWH OD\HU IURP �DQG WKXV UHVWULFW WKH
YHUWLFDO H[WHQW RI� RXU DQDO\VLV EHFDXVH WKH PRGHO FDQQRW UHVROYH G\QDPLF YDULDEOHV GHHSHU
WKDQ �� P DW D YHUWLFDO VFDOH DSSURSULDWH IRU VLPXODWLQJ GHQVLILFDWLRQ� %HFDXVH WKH IRFXV RI
RXU VWXG\ LV RQ JHWWLQJ WKH EXON GHQVLW\ VWUXFWXUH RI WKH ILUQ FRUUHFW� RXU SULPDU\ GRPDLQ RI
LQWHUHVW LV ZKHUH PRVW RI WKH GHQVLILFDWLRQ WDNHV SODFH� L�H�� FORVHU WR WKH VXUIDFH� %\ QDWXUH�
WKH UHSUHVHQWDWLRQ RI ILUQ LQ DQ (DUWK V\VWHP PRGHO KDV WR KDYH VRPH DSSUR[LPDWLRQV DQG
OLPLWV LQ LWV DFFXUDF\ DQG GHWDLO� )RU RXU SXUSRVHV� ZH GHHP DQ HYDOXDWLRQ RI WKH WRS �� P
DGHTXDWH IRU FDSWXULQJ WKH YDVW PDMRULW\ RI WKH ILUQ GHQVLILFDWLRQ RQ LFH VKHHWV� 0XFK ORZHU
WKDQ �� P� GHQVLILFDWLRQ UDWHV EHFRPH UHODWLYHO\ VPDOO DQG DUH RI VHFRQG RUGHU LPSRUWDQFH�
7R DOOHYLDWH FRQIXVLRQ� ZH FKDQJHG WKH ZRUGLQJ LQ WKH FDSWLRQ RI )LJ� � WR EHWWHU UHIOHFW RXU
VHPL�LQILQLWH VQRZSDFN JULG�

� ,Q YDULRXV SODFHV WKH DXWKRUV GHVFULEH ³LPSURYHPHQWV´ RU ³VOLJKW LPSURYHPHQWV´ EHWZHHQ
PRGHOV� HVSHFLDOO\ LQ 6HFLWRQ ���� +RZ GR WKH DXWKRUV GHWHUPLQH WKHVH LPSURYHPHQWV" $UH
WKH\ TXDQWLILDEOH"
7KH TXDOLWDWLYH LPSURYHPHQWV ZH GHVFULEH DUH PRVWO\ MXVWLILHG E\ GLUHFWO\ FRPSDULQJ GHQVLW\
SURILOHV DQG HVWLPDWHG VWUDLQ UDWHV VLPXODWHG LQ (/0 WR WKH HPSLULFDO PRGHO RI +HUURQ DQG



/DQJZD\ ������� :H DWWHPSW WR VKRZ WKHVH FRPSDULVRQV LQ )LJV� �� � DQG �� EXW GXH WR
RXU SUHVHQWDWLRQ RI WKH UHVXOWV DQG GLVFXVVLRQ� LW FDQ EH GLIILFXOW IRU UHDGHUV WR HYDOXDWH GDWD
IURP DOO WKH H[SHULPHQWV� ,W LV DOVR FOHDU WKDW FODLPV RI LPSURYHG GHQVLW\ SURILOHV QHHG IXUWKHU
TXDQWLILFDWLRQ�
7R LPSURYH WKH UHDGDELOLW\ DQG LQWHUSUHWDWLRQ RI RXU PDLQ ILQGLQJV� ZH DUH VSOLWWLQJ 6HFWLRQ
� LQWR WZR VHSDUDWH ³5HVXWV´ DQG ³'LVFXVVLRQ´ VHFWLRQV� ,Q WKHVH VHFWLRQV� ZH ILUVW SUHVHQW
GHQVLW\ SURILOHV� QRZ VHSDUDWHG E\ (/0 JULG�FHOOV� IURP HDFK H[SHULPHQW LQ WKH RUGHU ZKLFK
WKH\ DUH GHVFULEHG LQ RXU UHYLVHG 6HFWLRQ �� 7R TXDQWLI\ LPSURYHPHQWV� ZH DGG WR 6HFWLRQ �
URRW PHDQ VTXDUHG HUURUV �506(� FDOFXODWHG ZLWK UHIHUHQFH WR D FRPSUHKHQVLYH GDWDVHW RI
DYDLODEOH PHDVXUHPHQWV GHVFULEHG E\ 0RQWJRPHU\ HW DO� ������� :H DOVR UHSODFH ³LPSURYH�
PHQWV´ ZLWK PRGHO ³GHYHORSPHQWV´ XQOHVV MXVWLILHG ZLWK TXDQWLWDWLYH DQDO\VLV�

� 6HFWLRQ ��� ± 7KH DEVWUDFW VWDWHV WKDW WKH DXWKRUV LPSURYH WKH GHSWK RI VQRZSDFN LQ WKH (/0
IURP � P WR XS WR �� P� ZKLOH WKH )LJXUH � FDSWLRQ VWDWHV WKDW WKH QHZPRGHO OD\HUV FDQ H[WHQG
WR �� P� :K\ LV WKHUH D GLVFUHSDQF\ EHWZHHQ WKHVH WZR H[WHQGHG GHSWKV"
2XU YHUVLRQ RI (/0 QRZ KDV D YHUWLFDO UHVROXWLRQ RI URXJKO\ � P LQ WKH WRS �� P RI ILUQ�
:LWK D VHPL�LQILQLWH ERWWRP PRVW OD\HU� (/0 FDQ DOVR DFFRPPRGDWH D WRWDO ILUQ WKLFNQHVV
PXFK GHHSHU WKDQ �� P� DV GHPRQVWUDWHG LQ )LJXUH �� %HFDXVH WKH JULG VSDFLQJ EHORZ DERXW
�� P GHHS LQFUHDVHV LQGHILQLWHO\� ZH JHQHUDOO\ H[FOXGH UHVXOWV IURP WKLV VHPL�LQILQLWH OD\HU
ZKHQ LWV GHSWK H[FHHGV �� P� KHQFH WKH �� P YDOXH VWDWHG LQ WKH DEVWUDFW�
$JDLQ� WR EHWWHU UHIOHFW WKLV LPSRUWDQW GHWDLO� ZH FKDQJHG WKH ZRUGLQJ LQ WKH FDSWLRQ RI )LJ�
�� ZKLFK QRZ LQFOXGHV ³VHPL�LQILQLWH�´

� 6HFWLRQ ����� ± D EULHI GHVFULSWLRQ RI WKH *UHHQODQG VLWHV XVHG IURP WKH 0RVOH\�7KRPSVRQ
HW DO� ������ VWXG\ ZRXOG EH KHOSIXO KHUH� 7KHUH ZHUH TXLWH D IHZ FRUHV LQ WKDW WKRURXJK
VWXG\� +RZ GLG WKH DXWKRUV GHFLGH ZKLFK FRUHV WR DYHUDJH LQWR D FRPSRVLWH *U,6 GHQVLW\
SURILOH" 7KH DFFXPXODWLRQ UDWH YDULHV TXLWH D ELW DFURVV *UHHQODQG� HVSHFLDOO\ QRUWK WR VRXWK�
:HUH QRUWKHUQ DQG VRXWKHUQ VLWHV DYHUDJHG WRJHWKHU" $GGLWLRQDOO\� RQO\ VLWHV QHDU 6LSOH
'RPH ZHUH XVHG LQ $QWDUFWLFD� 6LQFH VLWHV LQ (DVW $QWDUFWLFD KDV PXFK ORZHU PHDQ DQQXDO
WHPSHUDWXUHV DQG DFFXPXODWLRQ UDWHV WKDW 6LSOH 'RPH� LW PD\ EH PRUH DSSURSULDWH WR FODLP
WKDW WKLV DSSOLHV WR :HVW $QWDUFWLFD WKDQ ERWK $QWDUFWLF LFH VKHHWV�
:H DJUHH WKDW WKH FRPSDULVRQ DJDLQVW WKH 0RVOH\�7KRPSVRQ HW DO� ������ VWXG\ LV XQGHUGH�
YHORSHG DQG RYHU VLPSOLILHG� ,W LV DOVR LQVXIILFLHQW WR H[WUDSRODWH UHVXOWV IURP RXU 6LSOH 'RPH
FDVH VWXG\ WR WKH HQWLUH $QWDUFWLF ,FH 6KHHW�V��
7R LPSURYH �DQG XSGDWH� WKHVH FDVH VWXGLHV� ZH DUH DGGLQJ WR 6HFWLRQ � D QHZ DQDO\VLV WKDW
FRQWUROV UHVXOWV IRU JHRJUDSKLF ORFDWLRQ DQG LQFOXGHV 506(V FDOFXODWHG ZLWK UHIHUHQFH WR D
FRPSUHKHQVLYH VHW RI DYDLODEOH PHDVXUHPHQWV GHVFULEHG E\ 0RQWJRPHU\ HW DO� ������� 7KLV
QHZ DQDO\VLV� LQ DGGLWLRQ WR SURYLGLQJ JHRJUDSKLFDOO\ FRQWUROOHGPHWULFV IRU HYDOXDWLQJPRGHO
SHUIRUPDQFH� EHWWHU VHUYHV RXU VWXG\¶V SULPDU\ REMHFWLYH RI LPSURYLQJ WKH UHSUHVHQWDWLRQ RI
GU\ ILUQ GHQVLILFDWLRQ LQ (/0¶V DFFXPXODWLRQ ]RQHV�

� 6HFWLRQ ��� ± /LQHV �������� ,W ZRXOG EH KHOSIXO WR WKH UHDGHU LI WKH DXWKRUV LQGLFDWH ZKLFK
PRGHO WKH\¶UH UHIHUULQJ KHUH ZKHQ WKH\ VD\ ³���WKLV G\QDPLF LPSOHPHQWDWLRQ RI HT� ������´ DQG
³���WKH RULJLQDO FRPSDFWLRQ SDUDPHWHUL]DWLRQ� IURP HT� ����´ $UH WKHVH UHIHUULQJ WR PRGHOV
Y.¶��� DQG $¶��� UHVSHFWLYHO\"
$QRWKHU UHYLHZHU DOVR EURXJKW XS WKDW 6HFWLRQ � LV FRQIXVLQJ DQG WKDW ZH VKRXOG UHYLVH 6HF�
WLRQ � WR LPSURYH WKH FODULW\ RI WKH PDQXVFULSW�

�



7R PLQLPL]H JXHVV ZRUN D UHDGHU PXVW HQGXUH� ZH DUH IROORZLQJ 9LQFHQW 9HUMDQ¶V VXJJHVWLRQ
RI UHRUJDQL]LQJ 6HFWLRQ � VR WKDW LWV �VXE��VXEVHFWLRQV ZLOO FRUUHVSRQG WR DQG LGHQWLI\ WKH
XQLTXH PRGHO FRQILJXUDWLRQV WKDW DSSHDU WKURXJKRXW WKH PDQXVFULSW� 2XU UHYLVHG 6HFWLRQ ���
DOVR IROORZV WKDW RXWOLQH�

� /LQHV �������� :KDW LV WKH MXVWLILFDWLRQ IRU XVLQJ WKH ��������� UHDQDO\VLV GDWD WR JHQHUDWH
WKH VWHDG\�VWDWH GHQVLW\ SURILOHV" ,V WKLV FRQVLGHUHG DQ DYHUDJH SHULRG RI WLPH" ,I VR� ZKDW
PHWULF ZDV XVHG WR GHWHUPLQH WKDW LW ZDV EHVW WR XVH WKH GDWD IURP ���������"
:H XVH WKH ��������� WLPH SHULRG IRU WZR UHDVRQV� )LUVW� DFFRUGLQJ WR WKH ,3&& )LIWK $V�
VHVVPHQW 5HSRUW� WKHVH GHFDGHV UHSUHVHQW D UHODWLYHO\ VWDEOH VXUIDFH FOLPDWH LQ WHUPV RI WKH
JOREDO PHDQ WHPSHUDWXUH �+DUWPDQQ HW DO�� ������ 6HFRQG� WKHVH GHFDGHV DUH WKH HDUOLHVW
GHFDGHV DYDLODEOH IURP WKH &581&(3 DWPRVSKHULF IRUFLQJ GDWD� ZKLFK EULQJV XV DV FORVH WR
D SUH�LQGXVWULDO FOLPDWH IRUFLQJ DV SRVVLEOH�
,Q RXU UHYLVLRQ� ZH ZLOO DGG WKLV PRWLYDWLRQ ZKHUH ZH LQWURGXFH WKH DWPRVSKHULF IRUFLQJ
�SUHYLRXVO\ 6HFWLRQ ��������

� /LQHV �������� 7KH VSLQ�XS RI WKH PRGHO VLPXODWHG ��� \HDUV RI VQRZ DFFXPXODWLRQ LV DG�
HTXDWH IRU FUHDWLQJ D W\SLFDO GU\ VQRZ�]RQH ILUQ FROXPQ LQ *UHHQODQG EXW ZRXOG QRW UHDFK
EDFN IDU HQRXJK WR HUDVH WKH QDWXUDO ILUQ GHQVLW\ SURILOHV LQ (DVW $QWDUFWLFD� :K\ ZDV D
VSLQ�XS RI ��� \HDUV FKRVHQ"
:H DUH DZDUH RI WKH GLIILFXOWLHV DVVRFLDWHG ZLWK VSLQQLQJ XS WKH VQRZSDFN DQG ILUQ FROXPQ
IRU (DVW $QWDUFWLFD� 'RLQJ VR ZRXOG VLPSO\ UHTXLUH FRPSXWDWLRQDO UHVRXUFHV EH\RQG RXU
DOORWPHQW�
:H FKRRVH ��� \HDUV IRU WKH GXUDWLRQ RI WKH VSLQ�XS SHULRG EHFDXVH LW DFKLHYHV D EDODQFH RI
IXOILOOLQJ D ODUJH QXPEHU RI JULG�FHOOV RI LQWHUHVW ZKLOH EHLQJ FRPSXWDWLRQDOO\ IHDVLEOH� 7KH
H[DFW YDOXH RI ��� \HDUV LV VRPHZKDW DUELWUDU\� ZKLFKZH UHDFKHG EDVHG RQ URXJK FDOFXODWLRQV
IRU KRZ ORQJ LW ZRXOG WDNH WR UHDFK SRUH FORVH RII EDVHG RQ YDOXHV IURP &XIIH\ 	 3DWHUVRQ�
�����

� /LQHV �������� DUH WKH DXWKRUV UHIHUULQJ WR WZR RI WKH H[DPSOHV JLYHQ ����& DQG ���&� KHUH"
'HVFULELQJ UHVXOWV IRU VFHQDULRV ZLWK PHDQ DQQXDO WHPSHUDWXUH ³ZLWKLQ D FRXSOH GHJUHHV RI
���&´ LV LPSUHFLVH DQG OHDYHV WKH UHDGHU ZRQGHULQJ LI WKH\¶UH PLVVLQJ D SDQHO LQ )LJXUH �
IRU WKH ���& VFHQDULR �DQG RWKHU VFHQDULRV LQ EHWZHHQ��
:H DJUHH WKDW WKH SUHVHQWDWLRQ RI UHVXOWV KHUH DUH LPSUHFLVH DQG QHHG IXUWKHU VSHFLILFDWLRQ�
7R KHOS UHDGHUV EHWWHU LQWHUSUHW WKHVH UHVXOWV� ZH DUH FKDQJLQJ WKH SDQHOV LQ )LJV� �� �� DQG �
WR VKRZ PHDQ DQQXDO WHPSHUDWXUHV RI ���� ���� DQG ��� ◦C� ZKLOH PRGLI\LQJ GHVFULSWLRQV LQ
WKH WH[W WR EH PRUH SUHFLVH�

� /LQHV �������� ,W¶G EH KHOSIXO WR LQGLFDWH KHUH WKDW WKH UHVXOWV IURP WKH +HUURQ 	 /DQJZD\
PRGHO DUH WKH FRORUHG EDUV LQ )LJXUH ��
7KDW LV DOUHDG\ VWDWHG LQ WKH ILJXUH FDSWLRQV� EXW ZH ZLOO DGG LW WR WKH WH[W WR LPSURYH UHDG�
DELOLW\�

� /LQHV �������� ,Q WKH GLVFXVVLRQ RI )LJXUH � KHUH� WKH DXWKRUV GHVFULEH WKDW WKH G\QDPLF
LPSOHPHQWDWLRQ RI HT� ��� LQ WKH (/0 �$JDLQ� LV WKLV WKH Y.¶��"� UHVXOWV LQ FKDUDFWHULVWLFV
GHSWK ���� NJ�P�� PRUH FRQVLVWHQW ZLWK +HUURQ 	 /DQJZD\ IRU 7> ���&� EXW WKH DXWKRUV GR
QR>W@ SUHVHQW DQ\ RI WKH UHVXOWV IRU WKH 7 ���& VFHQDULR� +RZ ZDV WKLV FXWRII GHWHUPLQHG"
$GGLWLRQDOO\� WKH SDQHO IRU WKH 7  ���& VFHQDULR VKRZV WKDW QHLWKHU $¶�� QRU Y.¶��� GR D

�



JRRG MRE SUHGLFWLQJ WKH FKDUDFWHULVWLF GHSWK� 7KHUHIRUH� KRZ GR WKH DXWKRUV FRQFOXGH WKDW
WKH UHVXOWV DUH PRUH FRQVLVWHQW ZLWK +	/ IRU 7 > ���&"
,W LV �DJDLQ� FRQIXVLQJ IRU UHDGHUV WR XQGHUVWDQG ZKLFK PRGHO FRQILJXUDWLRQ FRUUHVSRQGV ZLWK
ZKLFK HTXDWLRQV� 7KLV LV GXH WR WKH SRRU VWUXFWXUH RI 6HFWLRQV � DQG �� 7KH ��� ◦& ³FXWRII´ LV
D URXJK RQH� ZKLFK ZRXOG EH PRUH DSSDUHQW ZLWK D GLIIHUHQW �RU PRUH FRPSOHWH� VHW RI SDQHOV
WR JR ZLWK )LJV� �� �� DQG �� 7KH FKDUDFWHULVWLF GHSWK LV QRW ZHOO SUHGLFWHG IRU WHPSHUDWXUHV
JUHDWHU WKDQ ��� ◦&� ZKHUH LW LV OLNHO\ WKDW PHOW VWDUWV DFFHOHUDWLQJ GHQVLILFDWLRQ LQ (/0� DQ
HIIHFW QRW UHDOO\ DFFRXQWHG IRU E\ +HUURQ DQG /DQJZD\ �������
:H DUH DSSO\LQJ VHYHUDO FKDQJHV WR WKH PDQXVFULSW WR FOHDU XS WKHVH FRQIXVLQJ PDWWHUV LQ
RXU UHYLVLRQ� )LUVW� DV GHVFULEHG DERYH� ZH DUH UHVWUXFWXULQJ 6HFWLRQV � DQG � VR WKDW WKH\
ZLOO VWUHDPOLQH WKH (/0 H[SHULPHQWV LQWR �VXE��VXEVHFWLRQV� KRSHIXOO\ UHPRYLQJ VRPH JXHVV
ZRUN UHDGHUV PXVW FXUUHQWO\ HQGXUH WR LQWHUSUHW WKH UHVXOWV� 6HFRQG� ZH DUH FKDQJLQJ WKH
PHDQ DQQXDO WHPSHUDWXUHV VKRZQ LQ )LJV �� �� DQG � �L�H�� WR ���� ���� DQG ��� ◦C� WR EHWWHU
UHIOHFW WKH VSHFLILF REMHFWLYH RI WKH VWXG\� ZKLFK IRFXVHV RQ GU\ ILUQ GHQVLILFDWLRQ DQG WKXV
FDQQRW PDNH GHILQLWLYH FRQFOXVLRQV IRU UHJLRQV WKDW DUH ZDUPHU WKDQ URXJKO\ ��� ◦&� 7KLUG�
ZH ZLOO FODULI\ WKDW RXU LQWHUSUHWDWLRQV VWDWHG DERYH GR QRW SHUWDLQ WR ZDUPHU UHJLRQV ZKHUH
PHOW SUREDEO\ DIIHFWV GHQVLILFDWLRQ UDWHV DQG WKXV GHWHULRUDWHV WKH FRPSDULVRQ YDOLGLW\ DJDLQVW
+HUURQ DQG /DQJZD\ �������

� )LJXUHV � 	 �� ZKLFK OLQHV DUH WKH DXWKRUV UHIHUULQJ WR LQ WKHVH FDSWLRQV ZKHQ WKH\ VD\ ³/LQH
JUDSKV VKRZ ����\HDU PHDQV IURP (/0 VLPXODWLRQV���´" $OO RI WKH OLQHV �H[FHSW GDVKHG 	
GRWWHG"�" 7KLV YDJXH VWDWHPHQW LV FRQIXVLQJ GXH WR WKH QXPEHU RI OLQHV SORWWHG�
:H DUH UHIHUULQJ WR WKH (/0 VLPXODWLRQ UHVXOWV�
%HFDXVH WKLV LV QRW FOHDU� LQVWHDG RI SORWWLQJ PXOWLSOH (/0 H[SHULPHQWV RQ WKH VDPH ILJXUH�
ZH ZLOO VHSDUDWH (/0 UHVXOWV E\ H[SHULPHQW LQ )LJV� �� �� DQG �� ZKLFK ZH DUH PRYLQJ LQWR
D QHZ� VHSDUDWH ³'LVFXVVLRQ´ VHFWLRQ WR HPSKDVL]H D QHZ DQDO\VLV LQ 6HFWLRQ � WKDW PRUH
GLUHFWO\ HYDOXDWHV (/0 VLPXODWLRQ UHVXOWV DJDLQVW REVHUYDWLRQV�

� )LJXUH � ± KRZ DUH WKH UDQJH RI VXUIDFH GHQVLWLHV XVHG LQ WKH HPSLULFDO PRGHOLQJ VKRZQ LQ
WKH ILJXUH"
:H FKRRVH ��� WR ��� NJ P−3 IRU WKH UDQJH RI VXUIDFH GHQVLWLHV WR SOXJ LQWR WKH PRGHO RI
+HUURQ DQG /DQJZD\ ������� 7KHVH YDOXHV� WKRXJK VRPHZKDW DUELWUDU\� DUH VHOHFWHG WR EH
UHSUHVHQWDWLYH RI VXUIDFH GHQVLWLHV REVHUYHG RQ LFH VKHHWV�

� )LJXUH � ± FRPSDULQJ WKH VWHDG\�VWDWH GHQVLW\ SURILOHV JHQHUDWHG IRU WKH � PHDQ DQQXDO WHP�
SHUDWXUHV WR VLWHV ZLWK VLPLODU FRQGLWLRQV �7DEOH ���� &XIIH\ 	 3DWHUVRQ� ������ LW DSSHDUV
WKDW WKH (/0 DQG HPSLULFDO PRGHOLQJ UHVXOWV UHDFK SRUH FORVH�RII GHQVLW\ DW WRR VKDOORZ RI
D GHSWK IRU ���&� HPSLULFDO PRGHOLQJ UHVXOWV�
<HV� 'HQVLILFDWLRQ GRHV KDSSHQ TXLFNO\ IRU UHODWLYHO\ ZDUP UHJLRQV� 7KLV PLJKW LQGLFDWH WKDW
WKH PRGHOV¶ WHPSHUDWXUH VHQVLWLYLWLHV DUH WRR VWURQJ� RU WKDW WKH HIIHFWV RI PHOW DUH PXGG\LQJ
WKH FRPSDULVRQ WR ZKDW LV JHQHUDOO\ DQ HPSLULFDO PRGHO IRU GU\ ILUQ GHQVLILFDWLRQ�
%HFDXVH WKLV VWXG\ IRFXVHV RQ GU\ ILUQ GHQVLILFDWLRQ� ZH DUH UHPRYLQJ DOO RXU UHVXOWV DQG
LQWHUSUHWDWLRQV IURP (/0 JULG FHOOV WKDW KDYH PHDQ DQQXDO WHPSHUDWXUHV JUHDWHU WKDQ ��� ◦&�
7KLV LQFOXGHV LQ ERWK )LJV� ��� �� DQG �� DQG LQ WH[W�

� )LJXUH � ± 7KH VWDWHG JRDO IRU WKLV ILJXUH LV WR EHWWHU XQGHUVWDQG ZKDW GULYHV UDSLG GHQVLILFD�
WLRQ QHDU WKH VXUIDFH� 7KHUHIRUH� LW ZRXOG KHOS WKH UHDGHU WR KDYH D VHFRQG [�D[LV GLVSOD\LQJ

�



WKH GHSWK� 6LQFH ZH GRQ¶W KDYH D GHSWK�DJH VFDOH� LW¶V KDUG WR LQWHUSUHW ZKHUH WKH QHDU�VXUIDFH
LV LQ WKLV ILJXUH� :KDW FDXVHV WKH MXPS LQ YHUWLFDO VWUDLQ UDWH LQ WKH HPSLULFDO PRGHOLQJ UH�
VXOWV �FRORUHG OLQHV�" $GGLWLRQDOO\� WKH HUURU EDUV PDNH LW YHU\ KDUG WR VHH WKH EODFN DQG JUH\
OLQH WUHQGV� &RQVLGHU DOWHULQJ WKH HUURU EDUV LQ VRPH ZD\ WR DOORZ WKH OLQHV WR EHFRPH PRUH
YLVLEOH� ,Q WKH ORZHU SDQHO� ZK\ GR WKH (/0 VLPXODWLRQ OLQHV EHJLQ QHDU �� \HDUV LQVWHDG RI
�"
:H XQGHUVWDQG WKDW )LJ� � LV GLIILFXOW WR LQWHUSUHW�
:H ZLOO KHHG \RXU VXJJHVWLRQV ZKHQ ZH UHPDNH )LJ� ��

� 7HFKQLFDO &RUUHFWLRQV�
± /��� UHPRYH µZKHQ¶ IURP µFRPSDUHG WR ZKHQ XVLQJ���¶
'RQH�

± /��� µFRXSOHG¶ WZLFH LQ WKLV VHQWHQFH� VRXQGV DZNZDUG
:H ZLOO UHSKUDVH WKLV VHQWHQFH�

± /��� QHHG µLW¶ DIWHU µLPSOHPHQWHG¶ KHUH
:H GLVDJUHH� EXW UHZRUGHG WKLV VHQWHQFH �³���DQG LPSOHPHQWHG���´ → ³���� LPSOHPHQW�
LQJ���´� WR SRVVLEO\ LPSURYH FODULW\�

± /���� WKH DXWKRUV VWDUW ZKDW ³ZLWK D EDVHOLQH FRQILJXUDWLRQ� � �´"
:H ZH PHDQ VRPHWKLQJ OLNH ³���VWDUW RXU SUHVHQWDWLRQ���´ EXW WKLV LV DQ DZNZDUG ZD\ WR
EHJLQ D VHFWLRQ�
:H ZLOO UHZRUG WKLV VHQWHQFH LQ RXU UHYLVHG 6HFWLRQ ��

± /���� GRQ¶W QHHG FRPPD DIWHU ³(/0´
5HPRYHG�

± )LJXUH �� GHVFULEH YDULDEOH µ]¶ LQ WKH FDSWLRQ
:H ZLOO UHQDPH WKLV D[LV ODEHO ³'HSWK´�

± )LJXUHV � 	 �� WKH ERWWRP URZ RI ILJXUHV RYHUODSV WKH \�D[LV XQLWV� VSDFH WKHVH RXW
VOLJKWO\ VR WKDW HDFK D[LV LV OHJLEOH�
:H ZLOO VSDFH RXW WKH VXESORWV DFFRUGLQJO\�

± )LJXUH �� WKH WRS URZ RI ILJXUHV RYHUODSV WKH \�D[LV XQLWV� VSDFH WKHVH RXW VOLJKWO\ VR
WKDW WKH D[LV LV OHJLEOH�
:H ZLOO VSDFH RXW WKH VXESORWV DFFRUGLQJO\�

± )LJXUH �� DGG GHVFULSWLRQ RI GHQVLW\ PHDVXUHPHQWV DUH VKRZQ LQ EOXH� DV ZHOO DV WKDW WKH
GRWWHG DQG GDVKHG OLQHV UHSUHVHQW WKH FKDUDFWHULVWLF GHQVLW\ DQG SRUH FORVH�RII GHQVLW\�
UHVSHFWLYHO\� WR WKH FDSWLRQ�
:H ZLOO XSGDWH WKH FDSWLRQ DFFRUGLQJO\�

�



)RU D GLUHFW ORRN DW KRZZH DGGUHVV WKHVH FRPPHQWV� SOHDVH VHH WKH IRUWKFRPLQJ UHYLVHGPDQXVFULSW�

6LQFHUHO\�

$GDP 0� 6FKQHLGHU HW DO�

�


