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Devwudfw

Dqdo|wlfdo vroxwlrqv iru rswlpdo h{sorlwdwlrq ri uhqhzdeoh fdslwdo vwrfnv duh

ghulyhg dv ihhgedfn uxohv iru d txlwh jhqhudo g|qdplf rswlpl}dwlrq sureohp1 E|

ihhgedfn uxohv lv phdqw wkdw rswlpdo h{sorlwdwlrq lv jlyhq dv dq h{solflw ixqfwlrq

ri wkh fdslwdo vwrfn1 Wkh ydoxh ri dqdo|wlfdo h{suhvvlrqv iru wkh rswlpdo frqwuro

zloo eh dssuhfldwhg e| doo zkr kdyh wulhg wr ghwhuplqh wkh vhsdudwul{ vroxwlrq

qxphulfdoo| dqg h{shulhqfhg sureohpv1 Wkh phwkrg ghvfulehg khuh fdq eh

dssolhg wr �vkhulhv pdqdjhphqw/ dqlpdo vwrfn frqvhuydwlrq dqg frqvhuydwlrq

ri wkh hqylurqphqw lq jhqhudo1 Wkh rshudwlrqdolw| ri wkh phwkrg rxwolqhg khuh

lv looxvwudwhg e| wzr vlpsoh h{dpsohv/ rqh uhodwhg wr �vkhulhv pdqdjhphqw dqg

rqh uhodwhg wr srooxwlrq frqwuro1
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LQWURGXFWLRQ

Idq|/ li qrw prvw/ ri wkh zruog*v uhqhzdeoh uhvrxufhv duh vxemhfw wr h{fhvvlyh h{0

sorlwdwlrq dqg vkrxog wkhuhiruh eh pdqdjhg fduhixoo|1 Wkh uhdvrq iru wkh h{fhvvlyh

h{sorlwdwlrq lv wkh zhoo0nqrzq wudjhg| ri wkh frpprqv +Vfrww/ 4<88> Kduglq/ 4<9;,/

dqg lv riwhq uhlqirufhg e| xqiruwxqdwh flufxpvwdqfhv vxfk dv jryhuqphqw*v vxevlglhv/

hwf1 Wklv lv/ iru h{dpsoh/ yhu| riwhq wkh fdvh lq wkh �vkhulhv vhfwru1 Wklv hpskd0

vl}hv wkh qhhg iru pdqdjhphqw edvhg rq uhdolvwlf prghov wkdw lqfoxgh erwk elrorjlfdo

dqg hfrqrplf dvshfwv1 Yhu| riwhq/ krzhyhu/ vxfk prghov duh pdgh hlwkhu e| elror0

jlvwv ru e| hfrqrplvwv dqg wkhuhiruh odfn rqh ri wkhvh dvshfwv/ elrorj| ru hfrqrp|/

exw duh txlwh vrsklvwlfdwhg zlwk uhvshfw wr wkh rwkhu dvshfw1 Dv dq h{dpsoh fdq eh

phqwlrqhg elr0hfrqrplf prghov edvhg rq lqwulfdwh |hdu0fodvv prghov iru srsxodwlrq

g|qdplfv frpelqhg zlwk yhu| vlpsoh hfrqrplfv/ wkdw lv frqvwdqw sulfhv dqg frqvwdqw

frvwv shu xqlw kduyhvw1 Dqrwkhu h{dpsoh lv srooxwlrq prghov zkhuh wkh ghfd| ri sro0

oxwlrq lv hlwkhu frqvwdqw ru olqhdu zkhuhdv lq uhdolw| wkh ghfd| pd| eh d yhu| frpsoh{

surfhvv1 Lw kdv ehhq vkrzq wkdw wkh wlph sdwk ri rswlpdo fduerq wd{hv lv vwurqjo|

ghshqghqw xsrq wkh vkdsh ri wkh ghfd| ixqfwlrq +Vdqgdo dqg Vwhlqvkdpq/ 4<<;,

Wkh dlp ri wklv duwlfoh lv wr ghyhors d prgho wkdw frpelqhv erwk hfrqrplf dqg

elrorjlfdo dvshfwv lq uhvrxufh pdqdjhphqw1 Wkh prgho fdq lq sulqflsoh eh dssolhg wr

pdq| gl�huhqw w|shv ri uhqhzdeoh uhvrxufhv/ exw lw lv khuh h{hpsol�hg zlwk �vkhulhv

pdqdjhphqw dqg srooxwlrq frqwuro1 Erwk wkh remhfwlyh ixqfwlrq dqg wkh g|qdplf

frqvwudlqw pd| eh frpsohwho| jhqhudo ixqfwlrqv lq wkh frqwuro yduldeoh dv zhoo dv wkh

vwdwh yduldeoh1 Wkh rqo| uhtxluhphqw lv wkdw wkh prgho vdwlv�hv wkh xvxdo frqglwlrqv

iru h{lvwhqfh ri dq rswlpxp1 Wkh rxwfrph ri wkh prgho lv dq dqdo|wlfdo h{suhvvlrq

iru wkh rswlpdo h{sorlwdwlrq ohyho ri wkh uhvrxufh jlyhq dv d ihhgedfn uxoh1 Dv vxfk

wklv duwlfoh lv d jhqhudol}dwlrq ri Vdqgdo dqg Vwhlqvkdpq +4<<:d,1 D ihhgedfn uxoh

phdqv wkdw wkh rswlpdo frqwuro lv d ixqfwlrq ri wkh vwdwh yduldeoh1 Wkh ydoxh ri
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dqdo|wlfdo h{suhvvlrqv iru wkh rswlpdo frqwuro zloo eh dssuhfldwhg e| doo zkr kdyh

wulhg wr �qg vxfk uxohv qxphulfdoo| dqg h{shulhqfhg sureohpv1 Ihhgedfn uxohv dovr

uhsuhvhqw wuxo| dgdswlyh pdqdjhphqw dv wkh frqwuro yduldeoh fkdqjhv lpphgldwho|

zkhq qhz nqrzohgjh derxw wkh vwdwh yduldeoh lv dydlodeoh1

Wkh gl�huhqfh ehwzhhq wkh prgho suhvhqwhg khuh dqg wkh prgho suhvhqwhg lq Vdqgdo

dqg Vwhlqvkdpq +4<<:d, zklfk zdv edvhg rq d txdgudwlf zhoiduh ixqfwlrq/ lv wkdw zlwk

d txdgudwlf ixqfwlrq wkh rswlpdo ihhgedfn frqwuro fdq eh vroyhg h{solflwo| zkhuhdv

zlwk d jhqhudo prgho wkh rswlpdo frqwuro zloo xvxdoo| eh jlyhq lpsolflwo|1 D yhuvlrq ri

wkh txdgudwlf prgho lqfoxglqj d jhqhudo vwrfkdvwlf surfhvv lq wkh elrorjlfdo vxeprgho

fdq eh irxqg lq Vdqgdo dqg Vwhlqvkdpq +4<<:e,1 Wkh jhqhudolw| ri wkh phwkrg lv

uhyhdohg lq Vdqgdo dqg Vwhlqvkdpq +4<<;, zkhuh d vlplodu dssurdfk lv dssolhg wr wkh

dqdo|vlv ri fduerq wd{hv1

Lq wkh iroorzlqj wkh rswlpdo ihhgedfn uxoh lv ghulyhg zlwk dqg zlwkrxw glvfrxqwlqj/

dqg wkh prgho lv dovr looxvwudwhg e| wzr h{dpsohv wr hpskdvl}h wkh rshudwlrqdolw| ri

wklv phwkrg1

PRGHO

Wkh sureohp dqdo|}hg lq wklv duwlfoh lv d txlwh jhqhudo g|qdplf rswlpl}dwlrq sure0

ohp wkdw fdq eh irupxodwhg

4@ 

]
"

f

e
3B|�E%c +�_|

vxemhfw wr

�% ' s E%c +�

zkhuh % lv wkh vwdwh yduldeoh/ wkdw lv wkh vl}h ri wkh uhvrxufh/ dqg + lv wkh frqwuro

yduldeoh/ wkdw lv wkh h{sorlwdwlrq ri wkh uhvrxufh1 Ixuwkhu/ | ghqrwhv wlph/ B lv d

frqvwdqw glvfrxqw udwh dqg grwv duh xvhg wr ghqrwh wlph ghulydwlyhv1 Wkh qhw uhyhqxh
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ru zhoiduh ixqfwlrq/ �/ dqg wkh ixqfwlrq/ s / pd| erwk eh frpsohwho| jhqhudo ixqfwlrqv

lq % dqg + dv orqj dv wkh| vdwlvi| wkh frqglwlrqv iru h{lvwhqfh ri d xqltxh vroxwlrq1 Doo

yduldeohv duh lq fxuuhqw ydoxhv xqohvv rwkhuzlvh lv vwdwhg h{solflwo|1 Wkh wlph krul}rq

fdq/ ri frxuvh/ eh �qlwh/ exw iru wkh pdqdjhphqw ri uhqhzdeoh uhvrxufhv lw lv qdwxudo

wr hpskdvl}h dq lq�qlwh krul}rq1

Wkh fxuuhqw ydoxh Kdplowrqldq iru wklv sureohp lv jlyhq e|

K ' KE%c +c6� ' �E%c +� n6sE%c +�

zkhuh 6 lv wkh frvwdwh yduldeoh zklfk lq rswlpxp lv lqwhusuhwhg dv wkh vkdgrz ydoxh

ri wkh uhvrxufh1 Wkh �uvw0rughu frqglwlrqv iru wkh pd{lpl}dwlrq sureohp duh wkh xvxdo

K+ ' fc �% ' sE%c +� +4,

�6 ' B6�K
%
c

u

K ' B6 �%

Wkh odvw ri wkhvh htxdwlrqv iroorzv iurp wkh wkuhh suhylrxv rqhv1 Wkh pd{lpxp

frqglwlrq/ K+ ' f/ lpsolhv �+ n6s+ ' f1 Iurp wklv iroorzv wkdw wkh rswlpdo vkdgrz

ydoxh ri wkh uhvrxufh fdq eh zulwwhq dv d ixqfwlrq=

6 '�E%c +� ' �
�+

s+
� +5,

Dv wklv lv d nqrzq ixqfwlrq zkhq zh nqrz � dqg s / lw fdq eh xvhg wr holplqdwh wkh

vkdgrz ydoxh1 Diwhu wkh vkdgrz ydoxh/ 6/ kdv ehhq holplqdwhg/ zh jhw d qhz ixqfwlrq

zklfk lv dozd|v htxdo wr wkh Kdplowrqldq lq ydoxh dorqj dq rswlpdo wudmhfwru| exw lw

lv gl�huhqw dv d ixqfwlrq1 Wklv qhz ixqfwlrq fdq eh gh�qhg dv

� E%c +� ' KE%c +c�E%c +���

Uhphpehulqj wkh xvxdo lqwhusuhwdwlrq ri wkh Kdplowrqldq dv wkh udwh ri lqfuhdvh ri

wrwdo dvvhwv/ lw lv qdwxudo wr qdph wkh qhz ixqfwlrq wkh wrwdo hfrqrplf uhqw iru vkruw

+Fodun/ 4<<3,1
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Dq h{solflw ihhgedfn uxoh lv vhdufkhg iru e| vhwwlqj + ' +E%�1 Wklv lqvhuwhg lqwr wkh

odvw ri wkh htxdwlrqv lq +4, |lhogv d �uvw0rughu gl�huhqwldo htxdwlrq wkdw fdq eh xvhg

wr ghwhuplqh wkh ihhgedfn frqwuro1 Wklv htxdwlrq lv jlyhq e|4

_�

_%
' B � �E%c +�c +6,

dqg wklv lv wkh edvlf htxdwlrq wkdw zloo eh xvhg lq wkh iroorzlqj lq rughu wr ghulyh

rswlpdo ihhgedfn frqwuro uxohv1 Wkh dqdo|vlv lv glylghg lq wzr sduwv1 Iluvw wkh fdvh

zlwkrxw glvfrxqwlqj lv lqyhvwljdwhg/ wkhq wkh fdvh zlwk glvfrxqwlqj1

Wkh ihhgedfn uxoh zlwkrxw glvfrxqwlqj

Dv kdv ehhq vkrzq lq qxphurxv vwxglhv/ wkh srvlwlrqv ri rswlpdo sdwkv duh qrw

yhu| vhqvlwlyh wr fkdqjhv lq wkh glvfrxqw udwh dv orqj dv wkh glvfrxqw udwh lv grpl0

qdwhg e| wkh pd{lpxp jurzwk udwh ri wkh uhvrxufh +Vdqgdo dqg Vwhlqvkdpq/ 4<<:d>

Phqghovvrkq/ 4<;5,1 Wkh suhvhqw ydoxh ri wkh zhoiduh rq wkh rwkhu kdqg lv/ ri frxuvh/

kljko| vhqvlwlyh wr fkdqjhv lq wkh glvfrxqw udwh1 Wklv lv wkh pdlq uhdvrq iru hpskd0

vl}lqj wkh fdvh zlwkrxw glvfrxqwlqj1 Dqrwkhu uhdvrq lv wkdw glvfrxqwlqj lwvhoi sxwv d

vwudlq rq wkh uhvrxufh dv lw lpsolhv ohvv hpskdvlv rq wkh ixwxuh uhodwlyh wr wkh suhvhqw1

Iru frpsohwhqhvv/ krzhyhu/ wkh fdvh zlwk glvfrxqwlqj zloo dovr eh dqdo|}hg1

Zlwkrxw glvfrxqwlqj lw lv lpphgldwho| vhhq iurp +6, wkdw � lv frqvwdqw/ � ' �f1

Wklv lv wkh zhoo0nqrzq uhvxow wkdw zlwkrxw glvfrxqwlqj wkh ydoxh ri wkh Kdplowrqldq lv

frqvwdqw/ ru/ lq rwkhu zrugv/ wkh wrwdo hfrqrplf uhqw lv suhvhuyhg1 Wklv/ frpelqhg zlwk

wkh h{suhvvlrq iru wkh frvwdwh yduldeoh jlyhq lq +5,/ |lhogv dq rshudwlrqdo ihhgedfn uxoh

wr ghwhuplqh rswlpdo kduyhvw zkhq zh kdyh ghflghg wkh frqvwdqw �f1 Wkh ihhgedfn

uxoh/ + dv d ixqfwlrq ri %/ lv jlyhq lpsolflwo| e|

�E%c +� n�E%c +�s E%c +� ' �f�

4Qrwh wkdw gS

g{
uhihuv wr wkh wrwdo ghulydwlyh/ gS

g{
�

CS

C{
.

CS
C|

g|
g{

=
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Wkh rqo| txhvwlrq wkdw uhpdlqv lv krz wr ghwhuplqh wkh frqvwdqw �f1 Zlwk dq lq�qlwh

wlph krul}rq �f vkrxog eh htxdo wr wkh pd{lpxp ydoxh ri wkh vxvwdlqdeoh hfrqrplf

uhqw gh�qhg dv

7E%� ' �E%c +�m
sE%c+�'f

zklfk lv d ixqfwlrq lq % rqo|/ vhh Vdqgdo dqg Vwhlqvkdpq +4<<:d,1

Wkh rswlpdo vwhdg| vwdwh lv jlyhq e| %
W

' @h}4@ 7E%�/ dqg wkh fruuhvsrqglqj

h{sorlwdwlrq ohyho fdq eh irxqg e| vroylqj sE%Wc +� ' f zlwk uhvshfw wr +1 Lq rwkhu

zrugv/ 7 �E%� ' f lv d qhfhvvdu| frqglwlrq iru dq lqwhulru vroxwlrq zlwk uhvshfw wr wkh

rswlpdo vwhdg| vwdwh1 Wkh lqwhusuhwdwlrq ri wklv lv wkh xvxdo wkdw d pdujlqdo fkdqjh

lq vxvwdlqdeoh uhyhqxh vkrxog htxdo wkh ehvw dowhuqdwlyh udwh ri uhwxuq1 Zlwk d }hur

glvfrxqw udwh wkh ehvw dowhuqdwlyh udwh ri uhwxuq lv }hur/ dqg khqfh wkh vxvwdlqdeoh

uhyhqxh rxjkw wr eh pd{lpl}hg1 Wklv uhvxow lv wkrurxjko| glvfxvvhg lq Vdqgdo dqg

Vwhlqvkdpq +4<<:f,1

Lq wkh fdvh ri pxowlsoh vroxwlrqv zlwk uhvshfw wr wkh rswlpdo sdwk/ rqh vkrxog fkrrvh

wkh rqh wkdw kdv dssursuldwh g|qdplf fkdudfwhulvwlfv1 Lq rwkhu zrugv/ fkrrvh + vxfk

wkdw �% : f iru % 	 %W dqg �% 	 f iru % : %
W1

Dq lqwhuhvwlqj surshuw| ri wkh 70fxuyh lv wkdw lw fdq eh xvhg wr fkdudfwhul}h wkh

g|qdplf htxloleulxp srlqwv lq wkh prgho1 Wkh vwdwlrqdu| srlqwv rq wkh 70fxuyh/

7 �E%� ' fc fruuhvsrqgv wr htxloleulxp srlqwv lq wkh skdvh0vsdfh1 D orfdo plqlpxp

fruuhvsrqgv wr d fhqwuh/ d orfdo pd{lpxp fruuhvsrqgv wr d vdggoh srlqw dqg dq

lq hfwlrq srlqw fruuhvsrqgv wr d fxvs1 Wklv surshuw| lv txlwh xvhixo dv wkh 70fxuyh

uhsuhvhqwv d ixqfwlrq lq rqh yduldeoh rqo| dqg wkhuhiruh fdq eh hdvlo| sorwwhg1 Khqfh

doo htxloleulxp srlqwv lq wkh skdvh0vsdfh fdq eh irxqg e| ylvxdo lqvshfwlrq ri wkh

70fxuyh qr pdwwhu krz frpsoh{ wkh skdvh0vsdfh pljkw eh1

:



Wkh ihhgedfn uxoh zlwk glvfrxqwlqj

Htxdwlrq +6, lv lq jhqhudo d kljko| qrq0olqhdu ruglqdu| gl�huhqwldo htxdwlrq +RGH,1

Wkhuhiruh rqh fdq qrupdoo| qrw h{shfw wr �qg d forvhg irup vroxwlrq1 Wklv grhv qrw

srvh d vhulrxv sureohp/ krzhyhu/ ehfdxvh zkhq zh kdyh wkh h{dfw vroxwlrq lq wkh fdvh

ri }hur glvfrxqwlqj/ lw lv uhodwlyho| hdv| wr �qg yhu| jrrg dssur{lpdwlyh vroxwlrqv

xvlqj shuwxuedwlrq wkhru|/ vhh Qd|ihk +4<:6,1 Wkh dssur{lpdwlrq zloo lq doo sudfwlfdo

dssolfdwlrqv eh vr jrrg wkdw wkh ghyldwlrq e| idu lv rxwzhljkhg e| phdvxuhphqw huuruv

lq wkh vwrfn ohyho/ hwf1 Zh xvh d vwudljkwiruzdug shuwxuedwlrq vfkhph lq wkh frqwuro

yduldeoh zkhuh wkh glvfrxqw udwh lv xvhg dv shuwxuedwlrq sdudphwhu1 Pruh suhflvho|/

wkh shuwxuedwlrq sdudphwhu lv wkh udwlr ehwzhhq wkh glvfrxqw udwh dqg wkh pd{lpxp

+lqwulqvlf, jurzwk udwh ri wkh vwrfn1 Wklv uhtxluhv wkdw wklv udwlr lv uhodwlyho| vpdoo/

rwkhuzlvh dq dowhuqdwlyh shuwxuedwlrq vfkhph pxvw eh dssolhg1 Wkh shuwxuedwlrq

vfkhph lv jlyhq e|

+E%� ' +fE%� n B+�E%� n�EB2�c

� E%c +� ' � E%c +fE%�� n B

�
Y

Y+
� E%c +fE%�� � +�E%�

�
n�EB2�

�E%c +� '�E%c +fE%�� n B

�
Y

Y+
� E%c +fE%�� � +�E%�

�
n�EB2�c

zklfk lv wkhq vxevwlwxwhg lqwr +6,1 Wklv uhsuhvhqwv dq dv|pswrwlf vhulhv dv rssrvhg

wr frqyhujhqw vhulhv1 Dq lpsruwdqw gl�huhqfh ehwzhhq wkhvh lv wkdw lq dv|pswrwlf

vhulhv wkh rswlpdo qxpehu ri fruuhfwlrq whupv lv vpdoo/ riwhq rqh ru wzr/ zkhuhdv

frqyhujhqw vhulhv ehfrph ehwwhu wkh pruh fruuhfwlrq whupv duh dgghg1 Lq wklv prgho

lw lv iru doo sudfwlfdo sxusrvhv vx!flhqw wr lqfoxgh rqo| rqh fruuhfwlrq whup1 Wkh �uvw

rughu fruuhfwlrq whup wr wkh ihhgedfn uxoh lv jlyhq e|

+�E%� '

U
%

%
W
�E%c +fE%��_%
Y

Y+
� E%c +fE%��

c � E%c +fE%�� ' �fc
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zkhuh �f lv frqvwdqw1 Xvlqj rqo| rqh fruuhfwlrq whup wkh rswlpdo ihhgedfn uxoh zlwk

glvfrxqwlqj lv wkhq

+E%� ' +fE%� n B+�E%�

zklfk lv d ixoo| rshudwlrqdo h{suhvvlrq iru rswlpdo h{sorlwdwlrq iru dq| vwrfn ohyho1

Djdlq wkh ihhgedfn uxoh zlwk wkh dssursuldwh g|qdplf fkdudfwhulvwlfv vkrxog eh fkrvhq

lq wkh fdvh ri pxowlsoh vroxwlrqv> wkdw lv/ �% : f zkhq % lv ehorz wkh rswlpdo vwhdg|

vwdwh dqg ylfh yhuvd1

Wkh rswlpdo vwhdg| vwdwh/ krzhyhu/ kdv fkdqjhg lq wkh fdvh ri glvfrxqwlqj1 Wklv lv

qrz jlyhq e| vroylqj

7
�E%� ' �B �

�+

s+

�
�
�
�
sE%c+�'f

' B �E%c +�m
sE%c+�'f +7,

zlwk uhvshfw wr %1 Qrwh wkdw
�+

s+

�
�
�
sE%c+�'f

lv d ixqfwlrq lq % rqo|1 E| glylglqj +7, e| B lw

fdq eh vhhq wkdw wklv kdv wkh xvxdo lqwhusuhwdwlrq wkdw wkh suhvhqw ydoxh ri doo ixwxuh

ehqh�w +ohiw0kdqg vlgh, vkrxog htxdo wkh lqvwdqwdqhrxv ehqh�w +uljkw0kdqg vlgh,1 Lw lv

uhdglo| vhhq wkdw 7 �E%� ' f lv d vshfldo fdvh ri +7, zkhq B ' f1 D wkrurxjk dqdo|vlv

ri wklv h{suhvvlrq fdq eh irxqg lq Vdqgdo dqg Vwhlqvkdpq +4<<:f,1

QXPHULFDO H[DPSOH

Lq wklv vhfwlrq wkh ihhgedfn uxoh lv looxvwudwhg e| wzr qxphulfdo h{dpsohv/ rqh edvhg

rq �vkhulhv pdqdjhphqw dqg rqh edvhg rq srooxwlrq frqwuro1 Wkh qxpehuv fkrvhq

khuh duh rqo| phdqw iru looxvwudwlyh sxusrvhv dqg duh qrw phdqw wr uhsuhvhqw dq| uhdo

uhvrxufh pdqdjhphqw sureohp1

<



Ilvkhulhv pdqdjhphqw

Lq wkh �uvw h{dpsoh vrph vw|ol}hg idfwv shuwdlqlqj wr Dwodqwlf frg pd| eh uhfrj0

ql}hg1 Wkh qhw uhyhqxh ixqfwlrq lv jlyhq e|

� ' RE+�+ � SE%c +�

zkhuh

RE+� ' Rn ER� R�e3@+ dqg SE%c +� ' &
+

%
�

Wkh sdudphwhuv R dqg R lq wkh ghpdqg ixqfwlrq uhsuhvhqw plqlpxp sulfh dqg pd{0

lpxp sulfh uhvshfwlyho|1 Wkhvh kdyh ehhq vshfl�hg wr R ' e dqg R ' �f/ dqg wkh

sdudphwhu @ ' f�ff�1 Wkh sdudphwhu & lq wkh frvw ixqfwlrq kdv ehhq vshfl�hg wr

& ' �fc fff1 Wkh g|qdplf frqvwudlqw lv jlyhq e|

s E%c +� ' }E%�� +

zkhuh } pd| eh dq| ixqfwlrq ri %1 Lq wklv h{dpsoh zh xvh d Jrpshuw}* ixqfwlrq ri

wkh irup
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zkhuh o ' f�2D dqg wkh fduu|lqj fdsdflw| g ' Hc fff� Iurp +5, zh kdyh
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zlwk }hur glvfrxqwlqj1 Ht1 +8, gh�qhv wkh rswlpdo kduyhvw dv d ihhgedfn frqwuro odz

dowkrxjk lw lv qrw srvvleoh wr vroyh wklv htxdwlrq h{solflwo|1 Wkh rswlpdo vwhdg| vwdwh/
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%
W/ fruuhvsrqgv wr wkh joredo pd{lpxp ri 7E%�/ dqg wkh frqvwdqw �f lv jlyhq e|

�f ' 7E%W� ' 4@ 7E%�1 Wkh rswlpdo kduyhvw/ +/ dv d ixqfwlrq ri wkh vwrfn ohyho/ %/ lv

sorwwhg lq Iljxuh 4 wrjhwkhu zlwk wkh s 0ixqfwlrq iru }hur dqg �yh shu fhqw glvfrxqwlqj1

Wkh rswlpdo vwhdg| vwdwh zlwk }hur glvfrxqwlqj lv %W ' eD2b/ dqg wkh fruuhvsrqglqj

kduyhvw +W ' See1 Wklv fruuhvsrqgv wr �f ' ��He1

Srooxwlrq frqwuro

Wkh vhfrqg h{dpsoh lv edvhg rq srooxwlrq frqwuro1 Dvvxph wkdw srooxwlrq/ @/ lv

dvvrfldwhg zlwk wkh surgxfwlrq ri vrph jrrg/ K/ vxfk wkdw wkh fkdqjh lq @ lv jlyhq e|
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lq wkh fdvh zlwk }hur glvfrxqw udwh1 Lq wklv sduwlfxodu fdvh lw lv srvvleoh wr �qg d

forvhg irup vroxwlrq iru K iurp ht1 +9,=

KE@� ' h{s

�
�

2
` ElE@�� n

�

2
n �fE@n ��

�
+:,

44



zkhuh

lE@� ' �k � h{s
�
�qE� � @�2 � 2�fE@n ��� �

�
c

dqg ` ghqrwhv wkh Odpehuw`�ixqfwlrq gh�qhg e| wkh h{suhvvlrq

` E%� � e
` E%�

' %�

Wkh qxphulfdo vshfl�fdwlrq ri wkh ghfd| ixqfwlrq lv dv iroorzv= k ' 2�Dc q '

f�fHc � ' D1 Wkhq wkh ydoxh ri �f lv irxqg lq wkh xvxdo pdqqhu wr eh 313;7 dqg wkh

fruuhvsrqglqj ydoxhv ri @ dqg K duh 61<8 dqg 418 uhvshfwlyho|1 Rswlpdo surgxfwlrq

dv d ixqfwlrq ri wkh srooxwlrq ohyho/ wkdw lv htxdwlrq +:,/ lv looxvwudwhg lq Iljxuh 5 iru

}hur dqg �yh shu fhqw glvfrxqwlqj1

VXPPDU\

Lq wklv sdshu d jhqhudo g|qdplf rswlpl}dwlrq sureohp kdv ehhq vroyhg e| holplqdw0

lqj wkh frvwdwh yduldeoh iurp wkh Kdplowrqldq/ dqg wklv kdv ehhq frpelqhg zlwk wkh

idfw wkdw wkh Kdplowrqldq lv frqvwdqw zlwk }hur glvfrxqwlqj +dxwrqrprxv fdvh,1 Wklv

|lhogv dq h{dfw ihhgedfn vroxwlrq lq wkh fdvh zlwkrxw glvfrxqwlqj> wkdw lv/ wkh h{sorlwd0

wlrq ohyho +frqwuro, lv jlyhq dv d ixqfwlrq ri wkh uhvrxufh vwrfn +vwdwh yduldeoh,1 Lq wkh

fdvh zlwk glvfrxqwlqj wkh vroxwlrq kdv ehhq h{sdqghg xvlqj shuwxuedwlrq wkhru| lq

rughu wr �qg dq dssur{lpdwh vroxwlrq1 Wkh dssur{lpdwlrq lv vx!flhqwo| jrrg iru doo

sudfwlfdo sxusrvhv/ dqg lv xvxdoo| e| idu rxwzhljkhg e| rwkhu vrxufhv ri xqfhuwdlqw|1

Dv rswlpdo h{sorlwdwlrq ri uhqhzdeoh uhvrxufhv kdv ehhq irxqg dv ihhgedfn uxohv/

wklv uhsuhvhqwv d wuxo| dgdswlyh dssurdfk wr uhvrxufh pdqdjhphqw1 Wkh ihhgedfn uxohv

duh irxqg dqdo|wlfdoo| hyhq zkhq wkh prgho lv frpsohwho| jhqhudo1 E| frpsohwho|

jhqhudo lv phdqw wkdw wkh remhfwlyh ixqfwlrq dv zhoo dv wkh g|qdplf frqvwudlqw duh

jhqhudo ixqfwlrqv ri erwk wkh frqwuro dqg wkh vwdwh yduldeoh1 Lq wkh jhqhudo fdvh

wkh ihhgedfn uxoh lv jlyhq dv dq lpsolflw h{suhvvlrq1 Lw lv srvvleoh/ krzhyhu/ wr �qg
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forvhg irup vroxwlrqv iru pdq| vshfldo fdvhv1 Dqdo|wlfdo vroxwlrqv pdnh lw srvvleoh wr

shuirup sdudphwhu dqdo|vlv/ frpsdudwlyh g|qdplfv/ hwf1/ zklfk pdnhv wklv dssurdfk

xvhixo iru txdolwdwlyh dv zhoo dv txdqwlwdwlyh vwxglhv1 Wkh dssurdfk lv looxvwudwhg e|

wzr qxphulfdo h{dpsohv/ rqh edvhg rq d �vkhulhv pdqdjhphqw sureohp dqg rqh edvhg

rq d srooxwlrq frqwuro sureohp1
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ILJXUH OHJHQGV

Iljxuh 41 Rswlpdo kduyhvw dv ixqfwlrqv ri wkh vwrfn ohyho iru }hur glvfrxqwlqj +orzhu

fxuyh, dqg �yh shu fhqw glvfrxqwlqj +xsshu fxuyh, wrjhwkhu zlwk wkh jurzwk ixqfwlrq1

Iljxuh 51 Rswlpdo surgxfwlrq dv ixqfwlrqv ri wkh djjuhjdwhg srooxwlrq ohyho iru }hur

glvfrxqwlqj +orzhu fxuyh, dqg whq shu fhqw glvfrxqwlqj +xsshu fxuyh,1
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