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Iru Gdyh Duqrog*v vsulqj vhphvwhu glòhuhqwldo htxdwlrqv+GH, fodvv zh doo suh0
vhqwhg GH prghov1 Khuh*v d uxqgrzq ri wkh sdudphwhuv/ dvvxpswlrqv/ dqg
txdolwdwlyh vroxwlrqv ri wkh prgho L suhvhqwhg lq fodvv1 Wkh prgho L fkrvh fdph
iurp rxu wh{werrn/ wkh suholplqdu| hglwlrq Glòhuhqwldo Htxdwlrqv zulwwhq e|
wkh dxwkruv Eodqfkdug/ Ghydqh|/ dqg Kdoo1 Wkh vlpsoh plfur0hfrqrplfv prgho
lv uhihuuhg wr qxphurxv wlphv wkurxjkrxw fkdswhu wkuhh/ Olqhdu V|vwhpv1 Wkh
prgho ñuvw vkrzv xs lq vhfwlrq 614 sdjh 5571 Wkh iroorzlqj lv d txrwh iurp wkh
wh{w1
_Diwhu uhwlulqj iurp zulwlqj glòhuhqwldo htxdwlrqv wh{w errnv ixoo ri vloo|

h{dpsohv/ Sdxo dqg Ere erwk ghflgh wr rshq vpdoo vwruhv vhoolqj frpsdfw glvfv1
Sdxo*v Urfn dqg Uroo FGv dqg Ere*v Rshud Rqo| Glvfv duh orfdwhg rq wkh vdph
eorfn/ dqg Sdxo dqg Ere vrrq ehfrph frqfhuqhg derxw wkh hòhfw wkh vwruhv
kdyh rq hdfk rwkhu1 Rq wkh rqh kdqg/ kdylqj wzr FG vwruhv rq wkh vdph eorfn
pljkw khos erwk vwruhv e| dwwudfwlqj fxvwrphuv wr wkh qhljkerukrrg1 Rq wkh
rwkhu kdqg/ wkh vwruhv pd| frpshwh zlwk hdfk rwkhu iru olplwhg fxvwrphuv1%
Diwhu pxfk dujxlqj d vlpsoh v|vwhp lv ñqdoo| sursrvhg1
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Ohw {+w, @ surñw shu gd| ri Sdxo*v vwruh dw wlph w1 Li {+w, lv juhdwhu wkdq
}hur Sdxo*v vwruh lv pdnlqj prqh|/ exw li {+w, lv ohvv wkdq }hur klv vwruh lv orvlqj
prqh|1 Ohw |+w, @ surñw shu gd| ri Ere*v vwruh dw wlph w1 Li |+w, lv juhdwhu wkdq
}hur Ere*v vwruh lv pdnlqj prqh|/ exw li |+w, lv ohvv wkdq }hur klv vwruh lv orvlqj
prqh|1

Iru wklv prgho d/ e/ f/ dqg g duh sdudphwhuv1 Qrz wklv dxwrqrprxv olqhdu
v|vwhp doorzv hdfk vwruh wr dòhfw wkh rwkhu lq rwkhu zrugv wkh udwh ri fkdqjh ri
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Sdxo*v surñwv ghshqgv olqhduo| rq erwk Sdxo*v surñwv dqg Ere*v surñwv1 Wkhvh
vdph dvvxpswlrqv dsso| iru Ere*v surñwv dv zhoo1

�ë� , @4T*i r�

Dgmxvw wkh sdudphwhuv d/ e/ f/ dqg g wr dffrxqw iru wkh wzr vwruhv frpshwlqj
iru olplwhg fxvwrphuv1 Iru wklv h{dpsoh zh dvvxph wkdw wkh w|slfdo fxvwrphu
grhvq*w kdyh d suhihuhqfh wr hlwkhu urfn dqg uroo pxvlf ru rshud pxvlf dqg zloo
rqo| vkrs lq rqh ri wkh wzr vwruhv1
Frqvlghu wkh iroorzlqj v|vwhp ri glòhuhqwldo htxdwlrqv
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Uhfdoo wkdw g{gw lv wkh udwh ri fkdqjh lq surñw iru Sdxo*v vwruh1 Wkh sdudphwhu
d @ 5 doorzv Sdxo wr surñw pruh txlfno| li klv vwruh lv pdnlqj d surñw1 Lq rwkhu
zrugv wkh d{ whup zloo eh juhdwhu wkdq }hur1 Krzhyhu li Ere*v vwruh lv pdnlqj
prqh|/ | juhdwhu wkdq }hur/ dqg wkh sdudphwhu e @ ý6 wkhq Sdxo*v surñw zloo
lqfuhdvh pruh vorzo|1 Khqfh wkh e| whup zloo eh ohvv wkdq }hur1 Lq wklv vhqvh
wkh sdudphwhu e fdq eh wkrxjkw ri dv Ere vwhdolqj fxvwrphuv dzd| iurp Sdxo1
Wkhvh vdph dvvxpswlrqv dsso| wr wkh sdudphwhuv f dqg g ri Ere*v vwruh1
Lq rughu wr ñqg wkh jhqhudo vroxwlrq wr wklv v|vwhp/ zh qhhg wr ñqg wkh

hljhqydoxhv dqg wkh hljhqyhfwruv1 Wkh fkdudfwhulvwlf htxdwlrq lv

è5 ý Wè.ü @ 3 +fkdudfwhulvwlf htxdwlrq,

zkhuh W @ d . e dqg ü @ de ý fg= Vxevwlwxwlqj wkh sdudphwhu ydoxhv/ iurp
htxdwlrqv 6 dqg 7 lqwr wklv htxdwlrq |lhogv

è5 ý 7èý 8 @ 3
Wklv htxdwlrq fdq eh uhzulwwhq dqg idfwruhg vroylqj iru odpegd

è5 . èý 8èý 8 @ 3
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Kdylqj rqh srvlwlyh dqg rqh qhjdwlyh hljhq ydoxh lqglfdwhv wkdw wkh ruljlq lv d
vdggoh1 Qrz zh*uh uhdg| wr ñqg wkh hljhq yhfwruv1
Ohw D eh rxu wzr e| wzr pdwul{
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dqg \ eh d wzr e| rqh froxpq yhfwru
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Qrz frqvlghu wkh iroorzlqj pryhv1
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Uhzulwlqj wkh v|vwhp ri G1H1v lq wklv odvw irup

+5ý è,{ý 6| @ 3
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Wklv odvw pryh jlyhv wzr uhgxqgdqw htxdwlrqv/ e| vxevwlwxwlqj lq rxu hljhq
ydoxhv lq wr hlwkhu ri wkhvh htxdwlrqv zloo doorz xv wr slfn vpduw hljhqyhfwruv1
E| vxeelqj lq odpegd htxdov plqxv rqh lqwr wkh wrs htxdwlrq jlyhv

6{ý 6| @ 3
Fkrrvh d vpduw hljhqyhfwru
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Vxevwlwxwh odpegd htxdov ñyh lqwr wkh wrs htxdwlrq
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dqg slfn d vpduw hljhqyhfwru
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Qrz zh kdyh hqrxjk lqirupdwlrq wr zulwh rxw wkh jhqhudo vroxwlrq ri rxu v|vwhp
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41414 Frqfoxvlrqv ri h{dpsoh &4

Wkh gluhfwlrq ñhog +ñjxuh &4, vkrzv wkdw wkh orqj whup vroxwlrqv wr wklv prgho
duh glòhuhqw iru hlwkhu vlgh ri wkh vwudljkw olqh vroxwlrq +| @ {,1 Li dw wlph
w @ 3 erwk vwruhv duh pdnlqj wkh vdph dprxqw ri surñw { +3, @ | +3, wkhq wkhlu
surñwv zloo judgxdoo| ghfuhdvh wr }hur dqg vwd| wkhuh dv wlph pryhv iruzdug/
zklfk phdqv hyhqwxdoo| erwk vwruhv zloo mxvw euhdn hyhq/ wkh| zrq*w pdnh dq|
prqh| ru orrvh dq| prqh|1
Li dw wlph w @ 3 erwk vwruhv duh orvlqj wkh vdph dprxqw ri surñw { +3, @ | +3,

wkhq wkh udwh dw zklfk wkhlu orvlqj surñw zloo judgxdoo| ghfuhdvh xqwlo }hur dqg
djdlq erwk vwruhv zloo mxvw euhdn hyhq1
Krzhyhu Li rqh ri wkh vwruhv lv pdnlqj voljkwo| pruh prqh| wkdq wkh rwkhu

dw wlph w @ 3 wkh orqj whup vroxwlrq lv txlwh glòhuhqw iurp wkh ñuvw wzr fdvhv1
Iru h{dpsoh li Sdxo*v vwruh lv pdnlqj mxvw voljkwo| pruh wkdq Ere*v vwruh dw wlph
w @ 3 Sdxo jhwv ulfkhu dqg ulfkhu dv wlph pryhv iruzdug/ exw Ere orvhv prqh|
dqg klv vwruh idoov ghhshu dqg ghhshu lq wr ghew dv wlph pryhv iruzdug1
Krz hyhu li dw wlph w @ 3 Ere*v vwruh lv pdnlqj voljkwo| pruh prqh| wkdq

Sdxo*v vwruh/ Ere zloo hyhqwxdoo| ehfrph ulfk dqg Sdxo zloo ehfrph eurnh1
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Fkdqjlqj wkh sdudphwhuv d> e> f> dqg g wr uhðhfw qhz pdunhw frqglwlrqv lv hdv|1
Frqvlghu wkh iroorzlqj v|vwhp ri glòhuhqwldo htxdwlrqv1
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Olnh ehiruh g{gw lv wkh udwh ri fkdqjh lq surñw iru Sdxo*v vwruh dqg
g|
gw uhsuhvhqwv

wkh surñwv ri Ere*v vwruh1 Djdlq lq rughu wr ñqg wkh jhqhudo vroxwlrq wr wkh
v|vwhp zh qhhg wr ñqg wkh hljhq ydoxhv dqg wkh hljhq yhfwruv1 Vwduwlqj rxw zlwk
wkh fkdudfwhulvwlf sro|qrpldo dqg vxevwlwxwlqj lq wkh qhz ydoxhv ri wkh wudfh W
dqg wkh ghwhuplqdqw ü1

è5 . è. 46 @ 3

Vroylqj wklv htxdwlrq iru odpegd xvlqj wkh txdgudwlf irupxod |lhogv frpsoh{
qxpehuv iru odpegd1
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dqg
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Ehfdxvh wkh uhdo sduw ri wkh hljhqydoxhv lv qhjdwlyh/ zh nqrz wkdw wkh ruljlq
lv d vsludo vlqn1 Qrz vxevwlwxwlqj rxu htxdwlrqv/ 8 dqg 9/ lq wr irupxod &4 zh
jhw d vlplodu vlwxdwlrq wr h{dpsoh &4/ wzr uhgxqgdqw htxdwlrqv1
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Qh{w uhzulwh wkh wrs htxdwlrq
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dqg fkrrvh d vpduw hljhqyhfwru
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Qrz zh kdyh hqrxjk lqirupdwlrq wr zulwh rxw wkh frpsoh{ vroxwlrq ri rxu v|vwhp
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Uhzulwlqj wklv xvlqj Hxohu*v irupxod
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wkh jhqhudo vroxwlrq lv
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zkhuh n4 dqg n5 duh duelwudu| frqvwdqwv ghshqglqj rq wkh lqlwldo frqglwlrqv1

41514 Frqfoxvlrqv ri h{dpsoh &5

Dv |rx fdq vhh iurp wkh gluhfwlrq ñhog +ñjxuh &5, doo vroxwlrqv vsludov lq wr wkh
ruljlq lq vpdoohu dqg vpdoohu orrsv dv wlph wpryhv iruzdug1 Wklv phdqv wkdw wkh
surñwv ri Sdxo*v vwruh dqg Ere*v vwruh zloo rvfloodwh ghfuhdvlqjo| ohvv dqg ohvv dv
wlph pryhv iruzdug/ lq d errp0wr0exvw0wr0errp exvlqhvv f|foh/ dqg hyhqwxdoo|
doo vroxwlrqv zloo glyh lq wr wkh ruljlq phdqlqj wkdw erwk vwruhv hyhqwxdoo| euhdn
hyhq1
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Iljxuh &6 lv d judsk ri { +w, dqg | +w,/ iurp wklv judsk |rx fdq vhh krz wkh

surñwv ri wkh wzr FG vwruhv rffloodwh xs dqg grzq lq shulrgv ri
s
84
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4
5 w hyhqwxdoo| euhdnlqj hyhq1
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