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Ehiruh jhwwlqj vwduwhg zlwk wkh dqdo|vlv ri wklv prgho/ d eulhi h{sodqdwlrq ri wkh
vxemhfw dw kdqg lv dssursuldwh1 Gxh wr wkh frpsoh{lw| ri wkh kxpdq plqg dqg
lwv delolw| wr vwruh phpru|/ wkh lqirupdwlrq uhfhlyhg iurp vkruw whup vwxglhv
lv olplwhg1 Dovr lw vkrxog eh h{sodlqhg wkdw prvwo| vshfxodwlrq h{lvwv dv wr wkh
zrunlqjv ri wkh delolw| iru kxpdqv wr uhphpehu1
Rqh ri wkh h{sodqdwlrqv iru wkh zd| lq zklfk phpru| zrunv lv d vfkrro ri

wkrxjkw wkdw kdv h{lvwhg iru d qxpehu ri |hduv/ lw vd|v wkdw phpru| zrunv rq
d wzr ohyho v|vwhp1 Rqh ehlqj vkruw0whup phpru|/ zklfk doorzv iru suhflvh
uhfdoo ri hyhqwv iru d ihz vhfrqgv ru plqxwhv diwhu wkhlu rffxuuhqfh/ wkh rwkhu ohyho
ehlqj orqj0whup phpru|/ zklfk lv d elw pruh frpsoh{ dqg zloo qrw eh ghoyhg
lqwr lq wklv sdshu/ zh zloo eh sulpdulo| orrnlqj dw vkruw whup phprul}dwlrq
udwhv1 Dqrwkhu h{sodqdwlrq dqg dowhuqdwlyh ylhz wkurxjk h{shulphqwdwlrq vkrzv
wkdw phpru| vwrudjh lv d vlqjoh surfhvv ri vkruw dqg orqj whup phpru| zlwk
glòhuhqw hqgv wr wkh frqwlqxxp1 Rqh pruh vxjjhvwlrq lv wkh srvvlelolw| wkdw vruw
whup dqg orqj whup phpru| duh glòhuhqw exw hvvhqwldo iru wkh hvwdeolvkphqw ri
orqj whup phpru|1 Lw lv htxdoo| srvvleoh wkdw vkruw dqg orqj whup phpru|
duh edvhg rq wzr surfhvvhv/ hdfk vxemhfw wr dvvrfldwlrqdo lqðxhqfh1 +Vkurhghu/
XF Luylqh/4<:<,1 Wkhuh duh pdq| pruh h{sodqdwlrqv dv wr wkh zd| wkh kxpdq
phpru| zrunv/ krzhyhu wkh dvvxpswlrq lq wklv sdshu lv wkdw wkh prgho ghvfulehv
wkh udwh ri phpru| rq d vkruw whup dqg vlpsoh ohyho1

�ë� ú?@*)tðt Lu Aüi 4L_i*

N lv wkh sdudphwhu/
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O+w, @ iudfwlrq ri olvw ohduqhg dw wlph w=
O+w, @ 3 @ Nqrzlqj qrqh ri wkh olvw1
O+w, @ 4 @ nqrzlqj wkh hqwluh olvw1
+4ýO, vd|v wkdw wkh hqwluh olvw ohduqhg lv vxewudfwhg e| d iudfwlrq ri wkh olvw

ohduqhg1
Wkh vroxwlrq wkh Glòhuhqwldo Htxdwlrq jlyhv d frqwlqxrxv ixqfwlrq ri wkh

dprxqw ri wkh olvw ohduqhg zlwk uhvshfw wr wlph1 Zh duh dvvxplqj wkdw wkh udwh
ri ohduqlqj lv sursruwlrqdo wr wkh dprxqw ohiw wr eh ohduqhg1
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Wkh sdudphwhu n lv glòhuhqw iru glòhuhqw lqglylgxdov/ dq h{dpsoh ri wkh
vroylqj whfkqltxh iru n lv vkrzq ehorz1 vd| iru h{dpsoh wkdw diwhu rqh plqxwh
wkh vxemhfw ohduqv 48( ri wkh olvw1 soxjjlqj wkhvh ydoxhv lqwr wkh vroyhg G1H1

jlyhv xv dq dssur{lpdwh ydoxh iru n1
Soxjjlqj wklv n ydoxh lqwr wkh htxdwlrq zh jhw O @ 4ý hý=49585w1 Wkh judsk

iru wklv lv vkrzq lq ñjxuh 41
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Wkh uhdo gdwd zdv frpslohg e| whvwlqj lqglylgxdov zlwk d olvw ri irupxodv dqg d
olvw ri lqwhjudov1 Wkh olvw zdv vwxglhg dw rqh plqxwh lqwhuydov dqg wkh vxemhfwv
zhuh wkhq uhtxluhg wr uhfrqvwuxfw wkh olvw iurp phpru|1 Wklv surfhvv zdv
uhshdwhg xqwlo wkh olvw zdv ohduqhg lq lwv hqwluhw|1 Wkh h{shulphqwv lq wklv
surmhfw zhuh lqwhuhvwlqj1 Vxemhfwv zhuh fkrvhq wkdw zhuh idploldu zlwk wkh
pdwhuldo rq wkh olvw dqg vrph zhuh fkrvhq wkdw kdg qrw vhhq wkh pdwhuldo dw doo1
Wkh idfw wkdw wkh pdwhuldo rq wkh olvw zhuh ri pdwkhpdwlfdo qdwxuh pdgh wkh
h{shulphqwv vrphzkdw xqltxh1 Rqh olvw frqvlvwhg ri irupxodv iru prphqwv dqg
fhqwhuv ri pdvv lq wkuhh glphqvlrqv/ wkh rwkhu olvw frqvlvwhg ri 43 edvlf lqwhjudov1
Lqwhuhvwlqjo| rqh ri wkh vxemhfwv whvwhg/ ehlqj lq fdofxoxv/ zdv idploldu zlwk

wkh pdwhuldo |hw wrrn vrph wlph wr uhfrqvwuxfw wkh olvw lq rughu1 Dqrwkhu
vxemhfw zdv whvwhg zkr kdg qhyhu vhhq pdwhuldo ehiruh dqg dfwxdoo| ohduqhg wkh
olvw txlfnhu wkdq wkh fdofxoxv vwxghqw1 Wkh uhdvrq iru wklv vlgh qrwh lv wkdw
wkh dxwkru ri wklv surmhfw ihow wkhuh vkrxog eh d sdudphwhu iru wkh errvw ri
uhwhqwlrq wkurxjk xqghuvwdqglqj wkh pdwhuldo rq wkh olvw dqg wkhuh pd| yhu|
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The graph of 1-e-.16252t

Iljxuh 4= H{dpsoh ri wkh fxuyh wkh prgho pdnhv zlwk d N ydoxh1

zhoo eh vrphwklqj wr wkdw/ krzhyhu/ wkh uhvxowlqj lqirupdwlrq vwloo vkrzv d juhdw
ghdo ri dffxudf| lq dssur{lpdwlqj wkh udwh ri phpru|1
Iljxuhv 5 dqg 6 vkrz wkh udwh iru vxemhfw &4 dqg wkh dffrpsdq|lqj fxuyhv1

Wklv vxemhfw zdv qrw idploldu zlwk wkh lqirupdwlrq rq wkh olvw/ |hw vkrzv dq
h{wuhpho| kljk udwh ri uhwhqwlrq1Wklv vxemhfw zdv txl}}hg zlwk d olvw ri lqwhjudov

dqg d vhsdudwh olvw ri pdwk irupxodv +d olvw ri irupxodv iru prphqwv dqg fhqwhuv
ri pdvv lq wkuhh glphqvlrqv,1 Wkh fxuyh vkrzv d jrrg dssur{lpdwlrq ri wkh
udwh iru wklv shuvrqv phpru|1
Wkh judskv iru vxemhfw &5 duh vkrzq lq ñjxuhv 7 dqg 8/ wklv vxemhfw zdv

idploldu zlwk wkh pdwhuldo dqg wkurxjk xqghuvwdqglqj wkh pdwhuldo shukdsv
uhwdlqhg wkh lqirupdwlrq d olwwoh elw ehwwhu wkdq vrphrqh zkr kdv qrw vhhq wkh
pdwhuldo ehiruh krzhyhu/ wkh judskv lq ñjxuhv 5 dqg 6 gr qrw vkrz wkdw wklv lv
wkh fdvh1

�ëô çL?U*ýtðL?

Wkh uhvxowv ri wkh judskv iurp wkh suhfhglqj h{shulphqw duh vrphzkdw vnhzhg1
xqiruwxqdwho| wkh dxwkru ri wklv sdshu kdv olwwoh h{shulhqfh zlwk h{shulphqwd0
wlrq1 Lw mxvw vr kdsshqv wkh shrsoh whvwhg kdyh h{wuhpho| kljk uhwhqwlrq udwhv1
Wkhuh lv dq dvvxpswlrq wkurxjk wkh judskv suhvhqwhg khuh wkdw wkh kxpdq
phpru| zrunv rq d kljk ohyho1 Dowkrxjk wkh prgho lv vlpsoh dqg wkh kxpdq
plqg lv h{wuhpho| frpsoh{/ wkh prgho zrunv ehwwhu wkdq rqh pljkw lpdjlqh
dw ñuvw jodqfh1 zh dfwxdoo| jhw txdolw| lqirupdwlrq iurp wklv glòhuhqwldo htxd0
wlrq1 Wkh ixqfwlrq wkdw ghvfulehv wkh uhdo gdwd irupv d glvfrqwlqxrxv ixqfwlrq
ri wlph ru slhfhzlvh ixqfwlrq ehfdxvh lw wdnhv rq glvfuhwh ydoxhv1 Krzhyhu/ Wkh
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Iljxuh 5= Wkh udwh iru vxemhfw &4 +Lqwhjudov,1
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Iljxuh 6= Wkh udwh iru phprul}lqj d olvw ri lqwhjudov1
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The graph of L = 1 - e-.5t

Iljxuh 7= Wkh judsk ri vxemhfw &4 +Irupxodv,1
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The graph of L = 1 - e-.2t

Iljxuh 8= Wkh judsk ri vxemhfw &5 +Lqwhjudov,1
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The graph of L = 1 - e-.36t

Iljxuh 9= Wkh judsk ri vxemhfw &5 +Irupxodv,1

prgho fdq vdiho| eh ghvfulehg zlwk d frqwlqxrxv ru hyhq glòhuhqwldeoh ixqfwlrq1
gO
gw @ N+4 ý O, lv d jrrg prgho iru ghvfulelqj wkh udwh ri uhphpehulqj rq d
vkruw whup edvlv1 Wkhruhwlfdoo|/ dv wr wkh sudfwlfdo dssolfdwlrq ri wklv prgho/
rqh frxog ghwhuplqh krz orqj lw zrxog wdnh wr ohduq d orqj olvw ri irupxodv ru
dq| w|sh ri olvw vw|oh ohduqlqj1
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