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,QWKHODVHUFOHDYDJHRIJODVVWKHODVHULVPRVWO

\ 

DGRSWHGDVDKHDWVRXUFHWRJHQHUDWHDWKHUPDO

VWUHVVVWDWHRQWKH 

VXEVWUDWHV7KHFUDFNSURSDJDWLRQRIWKHVRGDO

LPHJODVVLQWKHODVHU 

WKHUPDOFOHDYDJHZLWKWKHVWUDLJKWWXUQLQJSD

WKVZDVLQYHVWLJDWHGLQ 

WKLVVWXG\H[SHULPHQWDOO\DQGQXPHULFDOO\7KHF

UDFNSURSDJDWLRQZDV 

YLVXDOL]HGE\DKLJKVSHHGFDPHUDZLWKWKHRIIOLQH

H[DPLQDWLRQRQWKH 

PLFURFUDFNSURSDJDWLRQ7KHWHPSHUDWXUHDQGVW

UHVVGLVWULEXWLRQV 

LQGXFHGE\WKHODVHUKHDWVRXUFHZHUHFDOFXODW

HGE\$16<6VRIWZDUH 

EDVHGRQWKHILQLWHHOHPHQWPHWKRG)(0:LWKWKHF

XWWLQJSDWKVLQ 

YDULRXVWXUQLQJGLUHFWLRQVWKHH[SHULPHQWDO

DQGQXPHULFDOUHVXOWV 

ZHUHLQFRPSDULVRQDQGYHULILHG7KHIUDFWXUHPRG

HVGXHWRWKHQRUPDO 

DQGVKHDUVWUHVVHVZHUHYHULILHGDWWKHWXUQL

QJSRLQWRIWKHODVHU 

FOHDYDJHSDWK,WVKRZVDVLJQLILFDQWYDULDWLRQ

RIWKHVWUHVVSURILOHV 

DORQJWKHVWUDLJKWWXUQLQJSDWKVDQGFDXVHVDF

KDQJHRQWKHIUDFWXUH 

PRGHV 
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DWSRLQW2DQGWKHGLVWDQFHEHWZHHQ 

2DQG2LVPP7KHWXUQLQJDQJOHVT 

ZHUHVHOHFWHGDV 
RRRDQGRLQWKHSUHVHQWVWXG\ 
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LRXVWXUQLQJ DQJOHVT DRERFRGR 

,,, 7+(50$/675(66$1$/<6,6 

7KHODVHUEHDPZDVDSSOLHGWRWKHJODVVFXW

WLQJDVDKHDW 

VRXUFH7KHKHDWZDVGLIIXVHGLQWRWKHJODVVIU

RPODVHUVSRWDQG GLVVLSDWHG LQWR WKH 

VXUURXQGLQJV 7KXV WKH VWUHVV VWDWHZDV 

JHQHUDWHGRQWKHVXEVWUDWHVXUIDFHWRLQLW

LDWHWKHFUDFNVDQGWKH 

FUDFNSURJUHVVLYHO\IROORZHGZLWKWKHODVHUE

HDP>@6LQFH 

WKHODVHUFOHDYLQJSURFHVVLQFOXGHVWKHWHP

SHUDWXUHGLVWULEXWLRQ 

VWUHVVILHOGDQGSURSHUW\YDULDWLRQDOORIZK

LFKDUHVLJQLILFDQWO\ 

LQWHUUHODWHG,QRUGHUWRVLPSOLI\WKHDQDO\V

LVWKHSUREOHPRI 

WKHODVHUFOHDYLQJRQJODVVVKHHWVKHUHLQZL

OOEHGHFRXSOHGE\ WZR GLVWLQFW DQDO\WLFDO 

PRGHOV WKH WKHUPDO PRGHO DQG WKH 

PHFKDQLFDO PRGHO LQ WKH WKHUPDO±HODVWLF 

QXPHULFDO DQDO\VLV 

8VLQJWKHVRIWZDUH$16<6>@WKHHOHPHQW6ROLG

ZDV 

DGRSWHGLQWKHWKHUPDODQDO\VLV7KHGRPDLQP

HVKHVXVHGIRU WKH VWUHVV DQDO\VLV DUH WKH 

VDPH EXW WKH HOHPHQW W\SH ZDV 

UHSODFHGE\6ROLGWRFDOFXODWHWKHVWUHVVDQ

GGLVSODFHPHQW 7KH WHPSHUDWXUH GHSHQGHQW 

SURSHUWLHV VXFK DV WKH WKHUPDO 

FRQGXFWLYLW\ VSHFLILF KHDW 3RLVVRQ¶V UDWLR 

DQG <RXQJ¶V PRGXOXV RI VRGDOLPH JODVV KDYH 

EHHQ FRQVLGHUHG LQ WKH 

VLPXODWLRQDQGWKHUHODWLRQVKLSVDWYDULR

XVWHPSHUDWXUHVFDQEH 

IRXQGLQWKHUHIHUHQFH>@ 

7KH SK\VLFDO GRPDLQ RI WKH VRGDOLPH JODVV 

VSHFLPHQ LV 

VHOHFWHGZLWKWKHGLPHQVLRQVRIPP[PP[PPLQWK

H VLPXODWLRQ DQG LOOXVWUDWHG LQ )LJ  'XH WR 

WKH DV\PPHWULF 

FXWWLQJSDWKDILQHPHVKLQJDVLOOXVWUDWHGL

Q)LJEDURXQG 

WKHODVHUEHDPZDVDSSOLHGWRVLPXODWHWKHV

WHHSWHPSHUDWXUH JUDGLHQWV DURXQG WKH 

KHDWLQJ ]RQH DQG WKH QXPEHU RI WKH 

PHVKHGHOHPHQWVLV,QRUGHUWRFRPSDUHWKHQXP

HULFDO 

UHVXOWVIRUYDULRXVFXWWLQJSDWKVWKHFRRU

GLQDWHV\VWHP[\ 

]LVIRUWKHVWUDLJKWFXWWLQJIURPWKHSRLQW2D

WWKHHGJHRIWKH 

VXEVWUDWHWRWKHWXUQLQJSRLQW2DQGWKHFRR

UGLQDWHV\VWHP[¶ 

\¶]¶LVWKHFXWWLQJSDWKZLWKDWXUQLQJDQJOHT 

WRWKHSRLQW 2 DV LOOXVWUDWHG LQ )LJ D 

$FFRUGLQJO\ WKH IROORZLQJ 

DVVXPSWLRQVDUHVHOHFWHGLQWKHQXPHULFDO

VLPXODWLRQ 

 7KH JODVV SURSHUWLHV DUH KRPRJHQRXV 

LVRWURSLF DQG 

WHPSHUDWXUHGHSHQGHQW 

 7KHODVHULQWHQVLW\GLVWULEXWLRQLV*DXVVL

DQPRGH 

 7KH WKHUPDO ERXQGDULHV ZLWK IUHH 

FRQYHFWLRQ LQ WKH 

VXUURXQGLQJDLUDUHFRQVLGHUHG 

 7KHUHLVQRSKDVHFKDQJHGXULQJODVHUKHDWLQJ 

 7KH VSHFLPHQ LV DQQHDOHGEHIRUH ODVHU 

FOHDYLQJ DQG LWV 

LQLWLDOFRQGLWLRQLVIUHHRIVWUHVV 

 7KH VWUHVV±VWUDLQ UHODWLRQVKLS RI WKH 

JODVV VXEVWUDWH LV SHUIHFWO\HODVWLF 

 %RG\IRUFHKDVEHHQLJQRUHG 

H[SUHVVHGLQ 
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7KH PLFURFUDFN PLJKW H[WHQG EDFNZDUGV WR 

WKH FXWWLQJ 

GLUHFWLRQEH\RQGWKHWXUQLQJSRLQWZLWKDQD

QJOHODUJHUWKDQR 

LQWKHSUHVHQWVWXG\,QWKHFDVHVRIWKHWXUQ

LQJDQJOHVRIRDQG 
RLWFDQEHIRXQGWKDWWKHFUDFNLVLUUHJXODUD

QGGRQRWIROORZ 

WKHFXWWLQJSDWKDVVKRZQLQ)LJVFDQGG7KHUHL

VQR 

RYHUFXWDORQJWKHLQLWLDOGLUHFWLRQRIWKHV

WUDLJKWOLQHFXWWLQJ WKH ODJ EHWZHHQ WKH 

ODVHU EHDP DQG FUDFN LV VLPLODU WR WKH 

VWUDLJKWOLQHFXWWLQJDIWHUWKHWXUQLQJSRL

QW 
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WXUQLQJSRLQWIRUVDWT  R 
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