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5Vrph vshfldol}hg surjudpv olnh Vflhqwl�f Zrug dovr h{lvw/ exw wkh rwkhu pdvv0pdunhw
zrug surfhvvruv/ olnh [|zulwh dqg Zrugvwdu/ kdyh ydqlvkhg1
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6Zh duh judwhixo wr Suhvwrq PfDihh iru vxjjhvwlqj wklv h{dpsoh1
Wkh Fhooxodu Whohskrqh Lqgxvwu| Dvvrfldwlrq ghflghg lq 4<;< wr dgrsw WGPD dv wkh

X1V1 vwdqgdug exw zdv shuvxdghg lq 4<<6 wr vdqfwlrq FGPD dv dq dowhuqdwlyh vwdqgdug/
frqwulexwlqj wr wkh fxuuhqw xskhdydo1 Reylrxvo| lw zloo eh ehwwhu iru wkh lqgxvwu| li wkh
_uljkw% vwdqgdug zlqv/ exw pdq| �upv zrxog eh ehwwhu r� zlwk dq| ri wkh wkuhh vwdqgdugv
wkdq zlwk wkh fxuuhqw frqixvlrq1 Vhh Exvlqhvv Zhhn/ Iheuxdu| 57/ 4<<:/ s1 77/ dqg Mxqh
5/ 4<<: s14651

7Wzr uhfhqw sdshuv/ Iduuhoo +4<<6, dqg Gdylg dqg Prqurh +4<<7,/ kdyh douhdg| dujxhg
wkdw wkh zd| �upv qhjrwldwh lq lqgxvwu| vwdqgdug0vhwwlqj frpplwwhhv lv prvw dssursuldwho|
prghohg dv d zdu ri dwwulwlrq1 Vhh dovr Iduuhoo dqg Vdorqhu +4<;;,1

8Wklv lv wkh qduurzhvw srvvleoh pdujlq/ vlqfh lq wkh X1V1/ xqolnh vrph rwkhu frxqwulhv/
uhsuhvhqwdwlyhv gr qrw zlvk wr devwdlq rq d phdvxuh ri wklv lpsruwdqfh1

9Vhh Wkh Qhz \run Wlphv/ Dxjxvw 9/ 4<<6/ vhfwlrq 4 s1:1
:Wkh eloo zdv hvshfldoo| xqsrsxodu lq yhu| d�xhqw glvwulfwv olnh Pdumrulh Pdujrolhv0

Ph}ylqvn|*v1 Wkh Uhsxeolfdqv fkdqwhg _E|h0e|h Pdumrulh% dv vkh fdvw wkh �qdo yrwh lq
idyrxu/ dqg vkh zdv lqghhg frpiruwdeo| ghihdwhg lq wkh 4<<7 hohfwlrq1

;Lw lv qrw nqrzq krz pdq| dgglwlrqdo uhsuhvhqwdwlyhv zrxog kdyh yrwhg iru wkh Suhvl0
ghqw li wkhlu yrwhv kdg ehhq uhtxluhg1 Uhsuhvhqwdwlyhv* lqfhqwlyhv zhuh/ ri frxuvh/ wr ghq|
dq| zloolqjqhvv wr gr wklv/ exw hyhq vr lw zdv uhsruwhg wkdw Wkruqwrq ri Dundqvdv dqg/
shukdsv/ Plqjh ri Plqqhvrwd zhuh dydlodeoh wr yrwh |hv li qhfhvvdu|1
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<Lq rxu lqwhusuhwdwlrq ri wklv dv d zdu ri dwwulwlrq iru wkh sul}hv ri ehlqj dprqj wkh
qrq0vxssruwhuv ri d vxffhvvixo eloo/ lqglylgxdo Ghprfudwv* frvwv ri kroglqj rxw lqfoxghg wkh
sulydwh frvwv ri hqgxulqj suhvvxuh iurp wkh Dgplqlvwudwlrq/ dqg wkh sxeolf frvwv/ eruqh e|
doo wkh Ghprfudwv/ ri ghod|lqj sdvvdjh ri wkh eloo1 Wkh ghod| lqfuhdvhg sxeolf iuxvwudwlrq
zlwk wkh srolwlfdo surfhvv/ ghod|hg wkh eloo*v ehqh�wv/ lqfuhdvhg wkh suredelolw| ri wkh eloo
idlolqj +shukdsv wkurxjk wkh Suhvlghqw jlylqj xs rq lw, dqg ohiw wkh Ghprfudwv ohvv wlph
wr zrun rq wkh uhvw ri wkhlu djhqgd1
Ri frxuvh/ zh duh devwudfwlqj dzd| iurp pdq| lpsruwdqw ihdwxuhv ri wkh sureohp vxfk

dv frdolwlrq0irupdwlrq/ yrwh0ex|lqj/ dqg edujdlqlqj lq zklfk wkh ohjlvodwruv fdq dfwxdoo|
d�hfw wkh ghwdlov ri wkh eloo1 Iru dq h{fhoohqw vxuyh| ri wkh uhqw0vhhnlqj olwhudwxuh/ zklfk
hqfrpsdvvhv vrph ri wkh froohfwlyh dvshfwv/ vhh Qlw}dq +4<<7,1

43Wkh zdu ri dwwulwlrq kdv dovr ehhq xvhg wr ghvfuleh oderu vwulnhv +vhh/ h1j1 Nhqqdq dqg
Zlovrq +4<;<,,/ olwljdwlrq/ dqg elrorjlfdo frpshwlwlrq +vhh/ h1j1 Pd|qdug Vplwk +4<:7,/
dqg Uloh| +4<;3,,/ dqg wkh surfhvv ri djuhhphqw wr pdfurhfrqrplf vwdelol}dwlrqv +vhh/ h1j1
Dohvlqd dqg Gud}hq +4<<4, dqg Fdvhood dqg Hlfkhqjuhhq +4<<3,,1 Wkh fodvvlf uhihuhqfh rq
lqgxvwuldo frpshwlwlrq lv Ixghqehuj dqg Wluroh +4<;9,1 Iru d pruh jhqhudo vxuyh| ri uhqw
vhhnlqj vhh Qlw}dq +4<<7,1
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n @ 4 vxejdph lv xqltxh1 Exw wkhq li n @ 5/ zdlwlqj frvwv duh �{hg diwhu rqh pruh txlw/
vr wzr gl�huhqw ixqfwlrqv W +y> y> 5, zrxog |lhog gl�huhqw gl�huhqfhv lq wrwdo zdlwlqj frvwv
iru vrph sdlu ri w|shv/ vr wkh n @ 5 vxejdph lv dovr xqltxh1 Dqg vr rq1
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54Zh fdq xvh wkh Uhyhqxh Htxlydohqfh Wkhruhp ehfdxvh lq erwk d rqh0vwdjh zdu ri
dwwulwlrq dqg dq Hqjolvk dxfwlrq d sod|hu zkr txlwv lpphgldwho| uhfhlyhv dq h{shfwhg
vxusoxv ri }hur1
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55Iru h{dpsoh/ wkh jryhuqphqw lpsrvhv d vwdqgdug wkdw lv qr0rqh*v suhihuhqfh/ ru �upv
jr wkhlu vhsdudwh zd|v dqg fkrrvh gl�huhqw vwdqgdugv/ ru wkh lqgxvwu| glhv1 Ri frxuvh
wkhuh duh rwkhu srvvleoh prghov ri ghdgolqhv h1j1 zlqqhuv duh fkrvhq udqgrpo| +h1j1 e|
zklsv lq d yrwlqj frqwh{w,/ ru hyhu|rqh sd|v d frvw dw wkh ghdgolqh +h1j1 wkh eloo idlov wr
sdvv zklfk lv hyhu|rqh*v zruvw rxwfrph,1

56Lq dq rshq0orrs htxloleulxp +l1h1/ zkhq �upv fkrrvh dq h{lw wlph dw wkh vwduw ri wkh
jdph wkdw fdqqrw eh uhylvhg edvhg rq zkhq rwkhu �upv txlw, wkh rqh wrr pdq| uhvxow
grhv qrw dulvh> vhh Nulvkqd dqg Prujdq +4<<:, zkr dqdo|vh dq rshq0orrs f @ 3 prgho1
Kloopdq dqg Uloh| +4<;<, dqdo|vh dq doo0sd| dxfwlrq zlwkrxw sulydwh lqirupdwlrq exw zlwk
dv|pphwulf elgghuv dqg vkrz wkdw mxvw wzr elgghuv pdnh srvlwlyh elgv1 Krzhyhu/ wklv
_wzrqhvv% uhvxow grhv qrw vxuylyh li wkh elgghuv duh v|pphwulf +dv rxuv duh,> lq wklv fdvh
wkhuh lv d v|pphwulf htxloleulxp lq zklfk doo elgghuv pdnh srvlwlyh elgv +vhh dovr Ed|h
hw do +4<<9,,1 Qru grhv Kloopdq dqg Uloh|*v _wzrqhvv% uhvxow vxuylyh lq d _vhfrqg0sulfh
doo0sd|% dxfwlrq/ l1h1 dq doo0sd| dxfwlrq h{fhsw wkdw wkh zlqqhu sd|v rqo| wkh vhfrqg elg
+dv lq rxu zdu ri dwwulwlrq,/ vlqfh wklv lv htxlydohqw wr wkh rshq0orrs f@3 prgho dqdo|vhg
e| Nulvkqd dqg Prujdq1

57Vhh P|huvrq +4<;4, dqg Uloh| dqg Vdpxhovrq +4<;4, iru wkh hduolhvw vwdwhphqwv ri wkh
Uhyhqxh Htxlydohqfh Wkhruhp1 Rxu 4<<7 sdshu/ Exorz dqg Nohpshuhu +4<<7,/ vwdwhv dqg
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dssolhv wkh wkhruhp iru d vhwwlqj zklfk/ olnh wklv rqh/ kdv pxowlsoh remhfwv wkdw duh vrog lq
d g|qdplf jdph1

58Wkh uhdvrq wklv orjlf rqo| krogv zkhq f $ 3 lv wkdw wklv dvvxuhv wkdw wkh h{shfwhg
vxusoxv ri d �up zlwk w|sh y lv }hur/ vlqfh wkh �up fdq h{lw lpphgldwho| dw qr ixuwkhu
frvw1 Wklv lq wxuq jxdudqwhhv wkdw wkh h{shfwhg vxusoxv ri d �up zlwk w|sh y htxdovU y
y
S +{> y> n,g{ +vhh htxdwlrq +;, lq wkh dsshqgl{,> dqg khqfh wkdw wkh h{shfwhg wrwdo frvwv

sdlg e| doo �upv +zklfk pxvw htxdo wkh vxp ri wkh h{shfwhg jurvv lqfrph wr wkh vxuylyruv
ohvv wkh vxp ri �upv* h{shfwhg vxusoxvhv, duh wkh vdph uhjdugohvv ri zkhwkhu wkhuh lv d
vhfrqg0sulfh dxfwlrq ru d v|pphwulf zdu ri dwwulwlrq lq dq| vxejdph1 Li f A 3> wkhq wkh
h{shfwhg vxusoxv ri d �up zlwk wkh orzhvw srvvleoh w|sh lv qhjdwlyh/ vr wkh zdu ri dwwulwlrq
zloo eh pruh frvwo| wr wkh �upv/ lq h{shfwdwlrq/ wkdq d vhfrqg0sulfh dxfwlrq1

59Kdljk dqg Fdqqlqjv frqvlghu h{dfwo| wklv jdph1 Ixghqehuj dqg Nuhsv* prgho lv pruh
frpsoh{/ exw wkh vlwxdwlrq wkhlu zhdn hqwudqwv idfh kdv hvvhqwldoo| wkhvh ihdwxuhv +vhh wkhlu
vhfwlrq 8,1

5:Vhh Ixghqehuj dqg Wluroh +4<<4/ s5630565, iru glvfxvvlrq ri krz wkh pl{hg vwudwhj|
htxloleulxp ri wkh wzr0sod|hu zdu ri dwwulwlrq zlwk frpsohwh lqirupdwlrq fruuhvsrqgv wr
wkh htxloleuld ri zduv ri dwwulwlrq zlwk lqfrpsohwh lqirupdwlrq lq zklfk hyhu| w|sh sod|v
d +gl�huhqw, sxuh vwudwhj|1
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5;Kdljk dqg Fdqqlqjv jhw durxqg wkh sureohp ri wkh devhqfh ri d v|pphwulf htxloleulxp
lq wkhlu prgho e| lpsrvlqj d vhulhv ri lqvwdqwdqhrxv udqgrpl}dwlrqv wr holplqdwh n � 4
elgghuv lq }hur wlph +dqg Ixghqehuj dqg Nuhsv wdnh d vlplodu dssurdfk,1 Wklv vhhpv yhu|
qdwxudo lq wkhlu vshfldo fdvh lq zklfk doo sod|huv kdyh lghqwlfdo ydoxhv1 Wr wkh ehvw ri rxu
nqrzohgjh rxu sdshu lv wkh �uvw wr doorz f A 3/ dqg vr wr lqwhusuhw wkh f @ 3 fdvh dv wkh
olplw dv f$ 3=
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Hxohu qxpehu1
63Ri frxuvh/ wklv grhv qrw phdq wkdw d sod|hu vkrxog uhixvh wr sod|1 Lw lv frpprq

nqrzohgjh wkdw hdfk sod|hu dqwlflsdwhv qhjdwlyh vxusoxv uhodwlyh wr wkh eloo sdvvlqj lpph0
gldwho| zlwk klv yrwh/ exw ohjlvodwruv pd| vwloo rewdlq srvlwlyh vxusoxv uhodwlyh wr wkh eloo
qrw sdvvlqj dw doo1
Lq idfw/ wkh ohjlvodwruv zrxog eh lq dq hyhq zruvh jdph wkdq wklv li f A 4= Iru h{dpsoh/

li sohgjlqj rqh*v yrwh lqfuhdvhv wkh oree|lqj suhvvxuh dqg krvwlolw| rqh idfhv iurp wkrvh
rssrvhg wr wkh eloo/ wkhq frvwv duh odujhvw iru wkrvh zkr kdyh douhdg| sohgjhg1

64Wklv pd| khos h{sodlq wkh lqvwlwxwlrq ri zklsv/ zkrvh mre lw lv wr ghwhuplqh wkh
doorfdwlrq ri sul}hv +wkdw lv/ zkr vkrxog eh shuplwwhg qrw wr yrwh iru d sduwlfxodu phdvxuh,
zlwkrxw uhfrxuvh wr d zdu ri dwwulwlrq1 Zklsv zloo qrw qhfhvvdulo| vhohfw wkh kljkhvw ydoxhuv
ri wkh sul}hv exw hyhq xqlqiruphg udqgrplvdwlrq lv kljko| ghvludeoh uhodwlyh wr wkhvh jdphv1
Zklsv vhhp wr eh pruh h�hfwlyh lq uhvroylqj vpdoohu lvvxhv wkdq odujhu rqhv/ vxfk dv wkh
exgjhw eloo/ iru zklfk lw lv kdughu wr shuvxdgh orvhuv wkdw wkh| zloo eh frpshqvdwhg rq
ixwxuh lvvxhv1

65Zh fdq dovr rewdlq wklv uhvxow gluhfwo| zlwkrxw qhhg ri +7, e| xvlqj wkh Uhyhqxh
Htxlydohqfh Wkhruhp zklfk vd|v wkdw wkh h{shfwhg wrwdo frvwv lqfxuuhg +wkdw lv/ wzlfh wkh
h{shfwhg wlph, pxvw eh wkh vdph dv lq dq Hqjolvk dxfwlrq/ wkdw lv/ H+y5, @

83
85
Y 1 +Wkh

Uhyhqxh Htxlydohqfh Wkhruhp dssolhv khuh ehfdxvh d sod|hu zkr txlwv lpphgldwho| jhwv
}hur vxusoxv lq wklv fdvh1,

66Zlwk f @ 3/ wkh wrwdo uhvrxufhv xvhg duh H+y5, zkloh wkh h{shfwhg ydoxh ri wkh sul}h lv
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H+y4,/ vr lq wkh olplw lq zklfk doo sod|huv* ydoxhv duh htxdo wkhuh lv frpsohwh uhqw glvvlsdwlrq
lqghshqghqw ri wkh qxpehu ri frpshwlwruv/ mxvw dv lq uhqw0vhhnlqj prghov vxfk dv Kloopdq
dqg Vdphw +4<;:, zkr dqdo|vh dq doo0sd| dxfwlrq iru d sul}h wkdw lv zruwk wkh vdph wr
doo1 Ri frxuvh iru odujhu ydoxhv ri f/ dqg n A 4> h{shfwhg uhqw glvvlsdwlrq lq rxu prgho
w|slfdoo| h{fhhgv wkh h{shfwhg ydoxh ri wkh sul}h/ dv lq wkh f @ 4 h{dpsoh deryh1 H{shfwhg
uhqw glvvlsdwlrq/ dv d iudfwlrq ri wkh ydoxh ri wkh sul}h/ lv w|slfdoo| lqfuhdvlqj lq n dqg lv
dozd|v lqfuhdvlqj lq f1

67Pxowlodwhudo lqwhuqdwlrqdo wuhdwlhv +h1j1 JDWW, riwhq vhhp wr looxvwudwh wklv1
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