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Sureohp vhw iru Fkdswhu 4:
Wkh txhvwlrqv zlwk d vwdu +I, duh gl!fxow1

Txhvwlrq 4

^Mrqhv dqg Pdqxhool +4<<5,` Lq wklv txhvwlrq zh frqvlghu d fdslwdo0ixqgdphqwdolvw jurzwk

prgho lq zklfk djhqwv kdyh �qlwh olyhv1 Zh vkrz wkdw lqwhujhqhudwlrqdo uhglvwulexwlrq ri

uhvrxufhv iurp wkh rog wr wkh |rxqj lv qhhghg wr mxps0vwduw wkh jurzwk surfhvv1 Zh xvh d

vlpsol�hg yhuvlrq ri wkh Gldprqg0Vdpxhovrq prgho frqvlghuhg lq Vhfwlrq 4:14 ri wkh errn1

Wkh uhsuhvhqwdwlyh |rxqj krxvhkrog kdv wkh iroorzlqj olihwlph xwlolw| ixqfwlrq=
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|n�> +4,

zkhuh �t
| lv olihwlph xwlolw|/ Ft

| lv frqvxpswlrq gxulqj |rxwk/ F�
|n� lv frqvxpswlrq gxulqj

rog djh/ dqg � lv wkh sxuh udwh ri wlph suhihuhqfh1 Wkh krxvhkrog idfhv wkh xvxdo exgjhw

lghqwlwlhv=

Ft
| . V| @ Z|> +5,

F�
|n� @ +4 . u|n�,V|> +6,

zkhuh V| lv vdylqj/ Z| lv wkh zdjh udwh/ dqg u|n� lv wkh lqwhuhvw udwh1 Wkhuh lv qr srsxodwlrq

jurzwk dqg wkh vl}h ri hdfk jhqhudwlrq lv qrupdol}hg wr xqlw| +O| @ O|3� @ 4,1 Krxvhkrogv

rqo| zrun gxulqj |rxwk1

Wkh uhsuhvhqwdwlyh �up kluhv oderxu O| +iurp wkh |rxqj, dqg fdslwdo N| +iurp wkh rog,

lq rughu wr pd{lpl}h sur�w=

�| � I +N|> O|,�Z|O| �Ug
| N|> +7,

zkhuh I +�, lv d olqhdu krprjhqhrxv surgxfwlrq ixqfwlrq/ dqg Ug
| lv wkh uhqwdo udwh rq fdslwdo1

Lw lv dvvxphg wkdw wkh surgxfwlrq ixqfwlrq ihdwxuhv d frqvwdqw hodvwlflw| ri vxevwlwxwlrq=
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zkhuh D lv vrph lqgh{ ri jhqhudo surgxfwlylw|1 Lw lv dvvxphg wkdw fdslwdo dqg oderxu fdq eh

vxevwlwxwhg txlwh hdvlo|/ l1h1 � A 41

+d, Xvh d vlpsoh duelwudjh dujxphqw wr h{sodlq zk| wkh uhqwdo udwh rq fdslwdo lv htxdo wr

Ug
| @ u| . �1

+e, Vroyh wkh rswlpl}dwlrq sureohpv iru wkh uhsuhvhqwdwlyh +rog dqg |rxqj, krxvhkrogv dqg

wkh uhsuhvhqwdwlyh �up1 Vkrz wkdw sur�wv duh }hur dqg wkdw vdylqj lv sursruwlrqdo wr

wkh zdjh udwh1 Ghulyh wkh h{suhvvlrq olqnlqj V| dqg N|n�1

+f, Ghulyh dq h{suhvvlrq iruZ|@N| dqg vkrz wkdw olpg|<fZ|@N| @ 4 dqg olpg|<"
Z|@N| @

31 Gh�qh wkh jurzwk udwh ri fdslwdo +shu zrunhu, e| �g| � +N|n� �N|,@N| dqg vkrz

wkdw lw jrhv wr }hur lq wkh orqj uxq1 Looxvwudwh |rxu dqvzhu zlwk wkh dlg ri d gldjudp

zlwk N| rq wkh yhuwlfdo d{lv dqg N|n�@N| rq wkh krul}rqwdo d{lv1

+g, Zk| lv wkhuh qr hqgrjhqrxv jurzwk lq wklv prgho ghvslwh wkh idfw wkdw fdslwdo dqg

oderxu fdq eh hdvlo| vxevwlwxwhgB

Dvvxph wkdw wkh jryhuqphqw lqwurgxfhv dq rxwsxw wd{/ � / vr wkdw wkh sur�w ixqfwlrq lv qrz

�| � +4� �,I +N|> O|,�Z|O|�Ug
| N|1 Dvvxph wkdw wkh wd{ uhyhqxh/ �I +N|> O|,/ lv uhedwhg

wr |rxqj krxvhkrogv lq wkh irup ri oxps0vxp wudqvihuv1 Khqfh/ wkhvh wudqvihuv duh jlyhq e|

Wt
| @ �I +N|> O|,1

+h, I Vroyh wkh h{whqghg prgho dqg suryh wkdw wkh orqj0uxq jurzwk udwh lq wkh fdslwdo

vwrfn lv jlyhq e|=

�g| @ pd{ i3> �Wj > �W �
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H{sodlq lqwxlwlyho| zk| hqgrjhqrxv jurzwk ehfrphv ihdvleoh li d vx!flhqw dprxqw ri

lqfrph lv glvwulexwhg wr wkh |rxqj1

Txhvwlrq 5

^Zhoiduh h�hfwv ri ghew` Frqvlghu wkh edvlf Gldprqg0Vdpxhovrq prgho vwxglhg lq Vhfwlrq 4:14

ri wkh errn dqg dvvxph wkdw wkh iholflw| ixqfwlrq lv orjdulwkplf=
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|n�> +4,

zkhuh �t
| lv olihwlph xwlolw|/ Ft

| lv frqvxpswlrq gxulqj |rxwk/ F�
|n� lv frqvxpswlrq gxulqj rog

djh/ dqg � lv wkh sxuh udwh ri wlph suhihuhqfh1 Wkh whfkqrorj| lv Free0Grxjodv dqg || @ n�3"u|

zkhuh || � \|@O| dqg n| � N|@O|1
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+d, Lqwurgxfh jryhuqphqw frqvxpswlrq/ jryhuqphqw ghew dqg oxps0vxp wd{hv ohylhg rq

|rxqj dqg rog jhqhudwlrqv lqwr wkh prgho1 Ghqrwh wkhvh yduldeohv e|/ J|/ E|/ Wt
| / dqg

W�
| uhvshfwlyho|1 Gh�qh shu fdslwd ghew dqg jryhuqphqw frqvxpswlrq dv/ uhvshfwlyho|/

e| � E|@O| dqg j| � J|@O|1 Ghulyh dqg lqwhusuhw wkh jryhuqphqw exgjhw lghqwlw|1

+e, Vroyh wkh krxvhkrog rswlpl}dwlrq sureohp1 Hvwdeolvk wkh olqn ehwzhhq krxvhkrog vdylqj

dqg wkh ixwxuh fdslwdo vwrfn1 Vkrz wkdw rqh ri e|/ Wt
| / dqg W�

| lv uhgxqgdqw wr �qdqfh

d jlyhq sdwk iru jryhuqphqw frqvxpswlrq1

+f, Ghwhuplqh wkh pdfurhfrqrplf h�hfwv ri d rqfh0r� lqfuhdvh lq jryhuqphqw frqvxpswlrq/

j/ zklfk lv �qdqfhg e| phdqv ri oxps0vxp wd{hv rq wkh |rxqj1 Devwudfw iurp jryhuq0

phqw ghew +l1h1 e| @ e|n� @ 3,1 Ghulyh wkh vwdelolw| frqglwlrq dqg h{sodlq wkh lqwxlwlrq

ehklqg |rxu uhvxowv1

+g, Uhgr sduw +f, exw qrz dvvxph wkdw �qdqflqj lv e| phdqv ri oxps0vxp wd{hv rq wkh rog1

Frpphqw rq wkh nh| gl�huhqfhv zlwk wkh hduolhu fdvh1

+h, Dvvxph wkdw wkh jryhuqphqw lv vrphkrz xqdeoh wr ohy| wd{hv rq wkh rog +vr wkdw W�
| @ 3

iru doo w, dqg wkdw lw pdlqwdlqv d frqvwdqw dprxqw ri ghew shu phpehu ri wkh |rxqj

jhqhudwlrq +l1h1 e| @ e iru doo w,1 Vkrz wkdw d rqfh0r� lqfuhdvh lq e ohdgv wr furzlqj rxw

ri fdslwdo lq wkh orqj uxq lq d g|qdplfdoo| h!flhqw hfrqrp|1


