
Udqjh0Edvhg Hvwlpdwlrq ri Vwrfn Sulfh Yrodwlolw|

Vwxg| ri udqjh0edvhg hvwlpdwruv ehjlqv zlwk vshfl�fdwlrq ri d frqwlqxrxv0wlph
surfhvv iru wkh vkduh sulfh

*?� E|� ' >|n j� E|� c

zkhuh � E|� lv vwdqgdug Eurzqldq prwlrq1 Wkh prwlydwlrq iru vxfk d vshfl�fdwlrq
lv wkh �qglqj wkdw revhuyhg dvvhw sulfhv iroorz d udqgrp zdon1 D frqwlqxrxv0wlph
surfhvv iru *?� E|� xqghuslqv wkh Eodfn0Vfkrohv rswlrq sulflqj irupxod/ lq zklfk j
dsshduv exw > grhv qrw1 Dv wkh prwlydwlrq ri wkh olwhudwxuh lv wr hvwlpdwh rswlrq
sulfhv/ dwwhqwlrq lv irfxvhg doprvw h{foxvlyho| rq hvwlpdwlrq ri j/ vr > lv dvvxphg
wr htxdo 31

D vdpsoh sdwk ri *?� E|� iru d gd|/ zkhuh d gd| lv dvvxphg wr fruuhvsrqg
wr f � | � �/ lv sorwwhg lq Iljxuh 414 Wudglwlrqdo phdvxuhv ri j xvh rqo| wkh
lqirupdwlrq frqwdlqhg lq forvlqj sulfhv/ zklfk duh ghqrwhg lq wkh �jxuh dv �f

dqg ��1 +Lq zkdw iroorzv/ �| lv wkh orjdulwkp ri wkh uhfrughg forvlqj sulfh/ M| lv
wkh orjdulwkp ri wkh uhfrughg kljk/ u| lv wkh orjdulwkp ri wkh uhfrughg orz dqg
�| lv wkh orjdulwkp ri wkh uhfrughg rshqlqj sulfh1, Lq 4<:9 +sxeolvkhg lq 4<;3,
Sdunlqvrq kdg wkh lghd wkdw rwkhu vdpsoh srlqwv iurp wkh wlph sdwk pljkw surylgh
pruh lqirupdwlrq derxw j1 Vshfl�fdoo|/ Sdunlqvrq vxjjhvwhg xvlqj wkh udqjh/
gh�qhg dv wkh kljk plqxv wkh orz sulfh ryhu d vhw fdohqgdu lqwhuydo +M� � u�, lq
Iljxuh 41 Wkh lqwxlwlrq ehklqg Sdunlqvrq lv vwudljkwiruzdug= Wkh forvlqj sulfhv
duh phdvxuhg dw wkh vdph srlqw rq wkh fxuyh hdfk gd|/ exw wkh kljk dqg wkh orz
frxog eh dw dq| srlqw rq wkh fxuyh1 Lq hvvhqfh/ wkh kljk dqg orz duh iruphg iurp
wkh hqwluh fxuyh/ dqg vr uhyhdo pruh lqirupdwlrq/ wkdq gr srlqwv vdpsohg dw �{hg
lqwhuydov1

Ehfdxvh wkh xqghuo|lqj surfhvv lv frqvwuxfwhg iurp vwdqgdug Eurzqldqprwlrq/
pdq| pdwkhpdwlfdo uhvxowv fdq eh eurxjkw wr ehdu1 Sdunlqvrq h{sorlwv wkh zrun
grqh e| Ihoohu lq 4<84 wkdw ghwhuplqhv wkh glvwulexwlrq ri wkh udqjh1 Lq sduwlfxodu/
Sdunlqvrq qrwhv
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4Iljxuh 4 lv wdnhq iurp Jdupdq dqg Nodvv +4<;3, zkr xvh } +w, wr ghqrwh vwdqgdug Eurzqldq
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Sdunlqvrq dgyrfdwhv xvh ri wkh vhfrqg prphqw frqglwlrq wr hvwlpdwh j2 dqg
sursrvhv
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Kh frpsduhv klv hvwlpdwru zlwk d wudglwlrqdo hvwlpdwru ri j2 wkdw xvhv forvlqj
sulfhv/ zklfk lv
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' D�21 Ri frxuvh/ vxfk d frpsdulvrq ri yduldqfhv rqo| pdnhv

vhqvh li erwk hvwlpdwruv duh xqeldvhg1 \hw Sdunlqvrq*v hvwlpdwru lv xqeldvhg rqo|
li > ' f> li wkhuh lv d qrq0}hur guliw +dv wkhuh doprvw fhuwdlqo| lv, wkhq 72

� lv eldvhg1
+Qrwh 72 uhpdlqv xqeldvhg ehfdxvh ri wkh whup � wkdw fdswxuhv d qrq0}hur guliw1
Vxfk d vlpsoh fruuhfwlrq zloo qrw zrun iru wkh udqjh hvwlpdwru ri Sdunlqvrq1,

Jdupdq dqg Nodvv iroorzhg xs rq Sdunlqvrq*v ruljlqdo lghd1 Lq Iljxuh 4/ wkh
vdpsoh sdwk ri wkh sulfh lv glylghg lqwr d sruwlrq lq zklfk wkh pdunhw lv rshq
dqg sruwlrq lq zklfk wkh pdunhw lv forvhg +s,1 Wkh xvh ri wkh udqjh lqfrusrudwhv
lqirupdwlrq rqo| ryhu wkh shulrg gxulqj zklfk wkh pdunhw lv rshq +lpsolflwo|
vhwwlqj s ' f,1 Ehfdxvh sulfhv duh qrw revhuyhg zkhq wkh pdunhw lv forvhg/ wkh
rqo| phdvxuh ri xqfhuwdlqw| gxulqj wkdw shulrg lv wkh rshqlqj sulfh rq gd| 4/ ��/
ohvv wkh forvlqj sulfh rq wkh suhylrxv gd|/ �f1 Wkh �uvw vxjjhvwlrq ri Jdupdq dqg
Nodvv lv wkxv wr hvwlpdwh j2 zlwk dq hvwlpdwru ri wkh irup
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zkhuh wkh zhljkw k fdswxuhv wzr h�hfwv1 Wkh �uvw h�hfw lv wkh uhodwlyh ohqjwk
ri pdunhw forvxuhv/ wkh vhfrqg h�hfw lv wkh uhodwlyh dffxudf| ri wkh rshq0forvh
hvwlpdwru wr wkh udqjh hvwlpdwru1 Dv wkh pdunhw zdv wudglwlrqdoo| forvhg iru pruh
ri wkh gd| wkdq lw zdv rshq/ wkh h�hfw ri forvxuh zrxog ohdg wr k : �

2
15 Ri frxuvh/

pdunhwv duh qrz rshq iru pruh ri wkh gd| dqg wkh lqirupdwlrq uhyhodwlrq ri �up
ydoxhv pd| qrw eh frqvwdqw dfurvv d gd|/ vr wkh fruuhfw zhljkwv wr dvvljq rq wkh
edvlv ri pdunhw forvxuhv duh dpeljxrxv1 Wkh vhfrqg h�hfw lv pxfk pruh fohduo|

5Wr fdswxuh wkh ohqjwk ri pdunhw forvxuh/ Jdupdq dqg Nodvv zhljkw wkh rshq0forvh hvwlpdwru
e| i�4 dqg wkh udqjh hvwlpdwru e| +4� i,�41 Vxfk d zhljkwlqj vfkhph lv qrw lqwxlwlyh dv lw
jlyhv pruh zhljkw wr wkh rshq0forvh hvwlpdwru dv wkh ohqjwk ri pdunhw forvxuh jrhv grzq1

5



ghwhuplqhg1 Dv wkh udqjh hvwlpdwru lv d pruh dffxudwh hvwlpdwru ri j2 wkdq lv d
srlqw0lq0wlph hvwlpdwru vxfk dv wkh rshq0forvh hvwlpdwru/ k vkrxog eh ohvv wkdq �

2
1

Lq idfw/ Jdupdq dqg Nodvv �qg wkdw li s ' �
2
wkhq k ' ��.1

Wkh vhfrqg vxjjhvwlrq ri Jdupdq dqg Nodvv lv wr dffrxqw iru wkh mrlqw ghshq0
ghqfh ri E�|c u|c M|c �|�1 Wr gr vr wkh| frqvlghu d mrlqw ghqvlw| iru wkhvh txdqwlwlhv/
zklfk ghshqgv rq j21 Wkh| dvvxph/ vhqvleo|/ wkdw wkh glvwulexwlrq lv vfdoh lqydul0
dqw1 Wkh| ixuwkhu dvvxph/ ohvv vhqvleo|/ wkdw wkh ghqvlw| lv dqdo|wlf +wkdw lv/
fdq eh h{dfwo| uhsuhvhqwhg e| d Wd|oru0vhulhv h{sdqvlrq zlwk qr uhpdlqghu, lq
d qhljkerukrrg ri wkh ruljlq1 Wrjhwkhu/ wkhvh wzr dvvxpswlrqv lpso| wkdw wkh
ghqvlw| lv d txdgudwlf ixqfwlrq ri E�|c u|c M|c �|�1 Ehfdxvh wkh xqghuo|lqj surfhvv
lv Eurzqldq prwlrq/ rqh fdq uhgxfh wkh txdgudwlf ixqfwlrq wr
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Li zh ohw s E�|c u|c M|c �|� ghqrwh wkh suhfhglqj glvsod|hg htxdwlrq/ wkhq Jdupdq
dqg Nodvv uhfrpphqg hvwlpdwlqj j2 zlwk
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zlwk k ' ��21 Wkh uhgxfwlrq lq k iurp 14: wr 145 pdnhv vhqvh> doorzlqj iru mrlqw
ghshqghqfh ri wkh udqjh dqg forvh surylghv d pruh dffxudwh hvwlpdwru iurp wkh
revhuyhg pdunhw gdwd1

Lq 4<;7/ Edoo dqg Wrurxv h{whqghg wkh Jdupdq dqg Nodvv hvwlpdwru1 Edoo dqg
Wrurxv uhod{ wkh dvvxpswlrq wkdw wkh mrlqw ghqvlw| ri E�|c u|cM|c �|� lv dqdo|wlf
lq d qhljkerukrrg ri wkh ruljlq/ dqg lqvwhdg ghulyh wkh mrlqw ghqvlw| gluhfwo| iurp
wkh xqghuo|lqj Eurzqldq prwlrq surfhvv1 E| grlqj vr/ Edoo dqg Wrurxv duh deoh
wr pruh dffxudwho| prgho wkh mrlqw ghqvlw|1 Wkh nh| wr wkhlu frqvwuxfw lv wkh wudq0
vlwlrq ghqvlw| wkdw ghvfulehv wkh glvwulexwlrq ri srvvleoh ydoxhv wkdw d Eurzqldq
prwlrq zloo qh{w wdnh rq/ ru wudqvlw wr1 Wkh mrlqw ghqvlw| ri E�|c u|c M|c �|� lv
gh�qhg wr eh
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Dw �uvw jodqfh/ wklv lv d phvv| sureohp1 Olih lv pdgh vlpsohu e| qrwlqj wkdw iru
d Eurzqldq prwlrq surfhvv wkh sduwldo ghulydwlyh zlwk uhvshfw wr S/ zklfk lv wkh
wudqvlwlrq ghqvlw|/ lv nqrzq1 Vshfl�fdoo|/
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Wkh uljkw vlgh ri wkh deryh htxdolw| lv gh�qhg wr eh wkh wudqvlwlrq ghqvlw|/ riwhq
ghqrwhg R ESc |�1 Wkh h{suhvvlrq iru R ESc |� lv rewdlqhg dv wkh vroxwlrq wr
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Wr irup wkh orj0olnholkrrg/ Edoo dqg Wrurxv dvvxph wkdw hdfk gd| lv lghqwlfdo
dqg lv lqghshqghqw ri doo rwkhu gd|v1 Wkh dvvxpswlrq/ zklfk lv fohduo| idovh/
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lpsolhv wkdw lqwudgd| ghshqghqfh lq sulfhv sod|v wkh fuxfldo uroh1 Iru d vdpsoh ri
? gd|v wkh orj0olnholkrrg lv
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Wr pd{lpl}h wkh orj0olnholkrrg/ wzr lvvxhv pxvw eh dgguhvvhg1 Wkh �uvw lv wkdw
wkh h{suhvvlrq iru } E�|c u|cM|c �|( j

2� lv dq lq�qlwh vhulhv1 Edoo dqg Wrurxv erxqg
wkh wuxqfdwlrq huuru dqg �qg wkdw dq dffxudwh dssur{lpdwlrq lv gholyhuhg e| wkh
�uvw vhyhq whupv
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2�1 Wr gr vr/ wkh| xvh wkh Qhzwrq0

Udskvrq rswlpl}dwlrq phwkrg lq zklfk wkh �wk lwhudwhg hvwlpdwru lv
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zlwk 72
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Cg1 Ohw 72
SJ?�eo}e ghqrwh wkh �qdo hvwlpdwru iurp wkh rswlpl}dwlrq

phwkrg1 Wkh uhvxowdqw hvwlpdwru ri Edoo dqg Wrurxv lv
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Lq 4<<4/ Urjhuv dqg Vdwfkhoo dgguhvvhg wzr fulwlflvpv ri wkh deryh hvwlpdwruv1
Wkh �uvw fulwlflvp lv wkdw > lv dvvxphg htxdo wr }hur/ zklfk lpsolhv wkdw wkh
h{shfwhg uhwxuq iru dq lqyhvwru lv }hur1 Wkh vhfrqg fulwlflvp lv wkdw glvfuhwh
vdpsolqj iurp d frqwlqxrxv surfhvv |lhogv dq revhuyhg udqjh wkdw lv vpdoohu wkdq
wkh dfwxdo udqjh1 Wkh| pdnh wkhlu prgl�fdwlrqv wr wkh Jdupdq0Nodvv hvwlpdwru/
udwkhu wkdq wkh PO hvwlpdwru/ shukdsv ehfdxvh ri wkh hdvh ri frqvwuxfwlrq ri 72

Cg1
Wr uhod{ wkh dvvxpswlrq wkdw > ' f/ Urjhuv dqg Vdwfkhoo pdnh fohyhu xvh ri

wkh h{srqhqwldo glvwulexwlrq wr vkrz wkdw iru doo f � r � � erwk .Mr EMr � �r�
dqg .ur Eur � �r� htxdo j2r

2
1 Khqfh

. dM� EM� � ��� n u� Eu� � ���o ' j2

6Wkh ydoxh ri � fruuhvsrqgv wr d uhodwlyh h!flhqf| iru wkh PO hvwlpdwru lq wkh plggoh ri
wkh uhsruwhg h!flhqflhv iurp Wdeoh 41

8



iru doo >1 Wkh grzqzdug eldv ri wkh revhuyhg udqjh lv dffrxqwhg iru lq wkh iroorzlqj
pdqqhu1 Ehfdxvh sulfhv duh rqo| revhuyhg dw wkh glvfuhwh lqwhuydov dw zklfk wudgh
rffxuv/ rqh fdq wklqn ri frqvwuxfwlqj d udqgrp zdon dv dq dssur{lpdwlrq wr wkh
frqwlqxrxv wlph surfhvv1 Ohw �3� eh wkh qxpehu ri vwhsv wkh udqgrp zdon wdnhv
lq dfc �o1 Li M� ' t�T i*?� Er� G f � r � �j dqg M lv wkh pd{lpxp ri wkh udqgrp
zdon/ wkhq

M� ' M n{ dqg u� ' u� �{c

zkhuh { dqg �{ kdyh wkh vdph glvwulexwlrq1 Wkxv

M� EM� ���� ' {2 n E2M � ���{ nM EM � ��� c

dqg
u� Eu� ���� ' �{2 � E2u� ��� �{ n u Eu� ��� �

Urjhuv dqg Vdwfkhoo dvvxph wkdw li M rffxuv dw wlph rW/ d pxowlsoh ri �/ wkhq M�

rffxuv lq wkh lqwhuydo drW � �c rW n �o1 Iurp wklv dvvxpswlrq/ wkh| vkrz wkdw
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zlwk @ ' E2Z�
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1 Wkh xqeldvhg hvwlpdwru ri j2/ zklfk

fruuhfwv iru wkh eldv lq phdvxulqj wkh udqjh/ lv wkh srvlwlyh urrw 7-7� ri wkh
htxdwlrq
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Wkh uhvxowlqj hvwlpdwru iurp Urjhuv dqg Vdwfkhoo fdq eh xvhg wr hvwlpdwh j2 zlwk
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zkhuh djdlq k ' ��� dqg 7-7�? lv wkh srvlwlyh urrw ri
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Dv Urjhuv dqg Vdwfkhoo dvvxph wkdw wkh vwhsv duh hyhqo| vsdfhg/ �3�| frxog eh
dssur{lpdwhg e| wkh qxpehu ri wudghv rq gd| |1

Glvfxvvlrq ri krz wr lpsohphqw wkh Urjhuv dqg Vdwfkhoo hvwlpdwru udlvhv vhy0
hudo lqwhuhvwlqj txhvwlrqv1 Urjhuv dqg Vdwfkhoo dvvxph erwk wkdw wkh qxpehu ri
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vwhsv/ �3�/ lv �{hg dqg wkdw wkh phdvxuhphqwv rffxu dw htxdoo| vsdfhg lqwhuydov1
Dv wudglqj iuhtxhqf| ydulhv dfurvv vwrfnv dqg ryhu wlph/ dqg dv wudgh rffxuv udq0
grpo| wkurxjkrxw d gd|/ erwk dvvxpswlrqv duh ylrodwhg lq uhfrughg wudgh sulfhv1
D pruh dffxudwh phdvxuhphqw ri �|/ dqg khqfh ri wkh eldv ri wkh hvwlpdwhg udqjh/
pd| eh gholyhuhg e| dgmxvwlqj �| wr dffrxqw iru udqgrp wudglqj1 +Lq 4<;6 Ehfnhuv
qrwhg wkdw wkh uhodwlyh dffxudf| ri wkh Jdupdq0Nodvv dqg Sdunlqvrq hvwlpdwruv
ydulhg ryhu gd|v dqg �upv1 Rwkhu wkdq wklv/ wkh sdshu dggv olwwoh1, Wr dffrxqw iru
udqgrp wudglqj/ rqh fdq glvhqwdqjoh wkh dffxudf| ri phdvxuhphqw ri wkh kljk dqg
wkh orz1 Diwhu doo/ wudglqj pd| eh pxfk pruh iuhtxhqw dw rqh srlqw ri wkh udqjh/
vd| wkh kljk/ wkdq dw wkh rwkhu1 Wr gr vr/ zh phdvxuh wkh dffxudf| ri wudglqj
dw wkh kljk vhsdudwho| iurp wkh dffxudf| ri wudglqj dw wkh orz1 Wkh dffxudf| ri
wudglqj dw wkh kljk/ �M|/ lv vlpso| wkh odujhvw hodsvhg wlph iurp wkh wudgh dw wkh
kljk wr hlwkhu wkh suhfhglqj ru iroorzlqj wudgh1 Fruuhvsrqglqjo|/ wkh dffxudf| ri
wudglqj dw wkh orz/ �u|/ lv wkh odujhvw hodsvhg wlph iurp wkh wudgh dw wkh orz wr
hlwkhu wkh suhfhglqj ru wkh iroorzlqj wudgh1 Zlwk wkhvh phdvxuhv ri eldv/ 7-72? lv
wkh srvlwlyh urrw ri
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Wr hvwlpdwh j2/ rqh zrxog uhsodfh 72
-7�? zlwk 72

-72? lq wkh irupxod iru 72
-71

Dq rshq txhvwlrq/ fdq rqh pdnh wkh Urjhuv dqg Vdwfkhoo prgl�fdwlrqv wr wkh
PO hvwlpdwru ri Edoo dqg WrurxvB

Lq 4<<5/ Nxqlwrpr sursrvhg dq dowhuqdwlyh fruuhfwlrq wr wkh Sdunlqvrq hvwl0
pdwru wr dffrxqw iru > 9' f1 Wkh dwwdfkhg �jxuh odehohg Nxqlwrpr lv vlplodu wr
wkh hduolhu �jxuh iurp Jdupdq dqg Nodvv1 Wkh lqqrydwlrq lv wr frqqhfw wkh rshq
dqg forvlqj sulfhv zlwk wkh olqh odehohg �8 / zklfk lq h�hfw irupv d Eurzqldq
eulgjh1 Udwkhu wkdq xvh wkh udqjh/ odehohg , lq wkh judsk/ Nxqlwrpr dujxhv iru
xvh ri wkh dgmxvwhg udqjh -1 Nxqlwrpr ghulyhv wkh glvwulexwlrq ri - dqg vkrzv
wkdw li wkh lqwhuydo ryhu zklfk wkh Eurzqldq prwlrq surfhvv uxqv lv ri ohqjwk 4/
wkhq
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zklfk/ lq frpelqdwlrq zlwk wkh forvh0rshq frpsrqhqw |lhogv
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zlwk k ' ���1

Iruhfdvw Hydoxdwlrq

Krz vkrxog rqh fkrrvh dprqj wkh ydulrxv hvwlpdwruv ri wkh yrodwlolw| +gli0
ixvlrq, sdudphwhuB Wkh �uvw gl!fxow| lv wkdw wkh remhfw xqghu iruhfdvw/ j/ lv
qrw revhuydeoh +dqg lv whuphg d odwhqw yduldeoh,1 Wkh prvw qdwxudo zd| durxqg
wkh sureohp lv wr frpsduh wkh hvwlpdwru ri wkh gdlo| yrodwlolw| zlwk wkh revhuyhg
vtxduhg gdlo| uhwxuq/ E�| ��|3��

21 +Wr eh irupdo/ E�| � �|3��
2 lv wkh glvfuhwho|

revhuyhg wlph vhulhv surfhvv ri frqwlqxrxvo| frpsrxqghg uhwxuqv zlwk d uhwxuq
krul}rq ri 4 gd|1, Li zh ohw ?W uhsuhvhqw wkh iruhfdvw hydoxdwlrq shulrg dqg ohw 72

uhsuhvhqw d fdqglgdwh hvwlpdwru/ wkh phdq vtxduh iruhfdvw huuru lv
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Ri frxuvh/ wkh vdph phdvxuh fdq eh dfklhyhg e| vhohfwlqj wkh hvwlpdwru wkdw
pd{lpl}hv wkh -0vtxduhg lq wkh uhjuhvvlrq
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Lq 4<<;/ Dqghuvhq dqg Eroohuvohy qrwhg wkdw wkh vtxduhg gdlo| uhwxuqv edvhg rq
forvlqj sulfhv pljkw eh d srru phdvxuh ri j dqg vr qrw d ydoxdeoh iruhfdvw fulwhulrq1
Wkh| dujxhg iru dffxpxodwlqj vtxduhg uhwxuqv ryhu wkh frxuvh ri wkh gd|/ lq rughu
wr dssur{lpdwh wkh txdgudwlf yduldwlrq ri wkh surfhvv/ dqg lq vr grlqj ghyhors d
ehwwhu iruhfdvw fulwhulrq1 Wkh| dujxh wkdw yduldeoh
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2 lv d pruh
dffxudwh phdvxuh ri wkh gl�xvlrq1 Iru h{dpsoh/ li wkhuh zhuh ; krxuv lq d wudglqj
gd| dqg zh vxpphg krxuo| uhwxuqv/ a ' H dqg ��c| lv wkh �wk krxuo| uhwxuq
rq gd| |1 Wkh fruuhvsrqglqj PVH dqg uhjuhvvlrq hydoxdwlrqv zrxog eh dfklhyhg
e| uhsodflqj E�| � �|3��
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2/ zklfk lv d pxfk vprrwkhu

phdvxuh1

Rswlrq Sulflqj
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Dq hvwlpdwru ri j2 lv hvvhqwldo lq sulflqj dq rswlrq1 Frqvlghu wkh sulfh ri d
fdoo rswlrq zlwk vwulnh sulfh V dqg wlph wr pdwxulw| � 1 Li o lv wkh frqwlqxrxvo|
frpsrxqghg ulvn0iuhh lqwhuhvw udwh dqg �| lv wkh fxuuhqw sulfh ri wkh vwrfn/ wkhq
wkh Eodfn0Vfkrohv irupxod iru wkh fxuuhqw sulfh ri wkh fdoo rswlrq lv
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zkhuh x lv wkh fxpxodwlyh glvwulexwlrq ixqfwlrq ri d vwdqgdug Jdxvvldq udqgrp
yduldeoh dqg
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Vlpxodwlrq ri Eurzqldq Prwlrq

Edoo dqg Wrurxv glvfxvv vlpxodwlrq ri d Eurzqldq prwlrq surfhvv rq dfc �o1
Wkh dssur{lpdwlrq lv rewdlqhg iru doo | 5 dfc �o dv
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zkhuh iT�j&�'� lv d vhtxhqfh ri l1l1g1 xqlirup udqgrp yduldeohv zlwk phdq 3 dqg

yduldqfh j2

&
1 +D vhtxhqfh ri l1l1g1 Jdxvvldq udqgrp yduldeohv zlwk phdq 3 dqg

yduldqfh j2

&
frxog eh xvhg dv zhoo1, Wkh| vhohfw & ' �ffc fff1 Wr dyrlg vhuldo

fruuhodwlrq iurp wkh udqgrp qxpehu jhqhudwru/ glylgh wkh vhtxhqfh ri 433/333
xqlirup udqgrp qxpehuv lqwr 433 vhtxhqfhv ri 4333 hdfk dqg udqgrpo| vkx"h wkh
vhtxhqfhv1 Ehfdxvh wkh lqfuhphqwv wr d Eurzqldq prwlrq surfhvv duh lqghshqghqw/
wkh udqgrpqhvv ri wkh vkx"h fuhdwhv qr sureohpv1
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Dqghuvhq/ W1 dqg W1 Eroohuvohy/ 4<<;/ �Dqvzhulqj wkh Vnhswlfv= \hv/ Vwdqgdug
Yrodwlolw| Prghov gr Surylgh Dffxudwh Iruhfdvwv� Lqwhuqdwlrqdo Hfrqrplf Uhylhz
6</ ;;80<381

Edoo/ F1 dqg Z1 Wrurxv/ 4<;7/ �Wkh Pd{lpxp Olnholkrrg Hvwlpdwlrq ri Vh0
fxulw| Sulfh Yrodwlolw|= Wkhru|/ Hylghqfh/ dqg Dssolfdwlrq wr Rswlrq Sulflqj�
Mrxuqdo ri Exvlqhvv 8:/ <:04451

Ehfnhuv/ V1/ 4<;6/ �Yduldqfh ri Vhfxulw| Sulfh Uhwxuqv Edvhg rq Kljk/ Orz/
dqg Forvlqj Sulfhv� Mrxuqdo ri Exvlqhvv 89/ <:04451

Jdupdq/ P1 dqg P1 Nodvv/ 4<;3/ �Rq wkh Hvwlpdwlrq ri Vhfxulw| Sulfh Yrodwlo0
lwlhv iurp Klvwrulfdo Gdwd� Mrxuqdo ri Exvlqhvv 86/ 9:0:;1

Nxqlwrpr/ Q1/ 4<<5/ �Lpsurylqj wkh Sdunlqvrq Phwkrg ri Hvwlpdwlqj Vhfxulw|
Sulfh Yrodwlolwlhv� Mrxuqdo ri Exvlqhvv 98/ 5<806351

Sdunlqvrq/ P1/ 4<;3/ �Wkh H{wuhph Ydoxh Phwkrg iru Hvwlpdwlqj wkh Yduldqfh
ri wkh Udwh ri Uhwxuq� Mrxuqdo ri Exvlqhvv 86/ 940981

Urjhuv/ O1 dqg V1 Vdwfkhoo/ 4<<4/ �Hvwlpdwlqj Yduldqfh iurp Kljk/ Orz dqg
Forvlqj Sulfhv� Dqqdov ri Dssolhg Suredelolw| 4/ 83708451
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