
H!flhqf| Zdjh
dqg

H!flhqw Uhgxqgdqf| Sd|

Jlxolr Ihood�

Ghsduwphqw ri Hfrqrplfv/ Orqgrq Vfkrro ri Hfrqrplfv/ Orqgrq/ XN

Ghsduwphqw ri Hfrqrplfv/ Txhhq Pdu| dqg Zhvw�hog Froohjh/ Orqgrq/ XN

Vhswhpehu 4<<;

Devwudfw

D g|qdplf yhuvlrq ri Vkdslur dqg Vwljolw}*v vklunlqj prgho ihdwxuhv d irup ri lqh!0
flhqf| zklfk lv qrw fdswxuhg e| wkh ruljlqdo vwdwlf prgho1 Vlqfh/ lqfhqwlyh frpsdwlelolw|
uhtxluhv zrunhuv wr hqmr| vwdwh0lqghshqghqw uhqwv/ dq| r�hu e| uhgxqgdqw zrunhuv wr
wdnh d zdjh fxw lv qrw fuhgleoh/ dv lw lv qrw h{ srvw lqfhqwlyh frpsdwleoh1 Wklv lpsolhv
wkdw/ li �upv fdqqrw frpplw rq ixwxuh �ulqj h{ dqwh/ wkh qxpehu ri uhgxqgdqflhv lv
lqh!flhqwo| kljk/ dv wkh h{whuqdolw|/ lq wkh irup ri iruhjrqh uhqwv/ wkdw �upv lpsrvh
rq zrunhuv rq vhyhudqfh fdqqrw eh wudghg1 Uhgxqgdqf| sd|phqwv pdnh �upv lqwhu0
qdol}h wkh h{whuqdolw| dqg �uh ohvv1 Djjuhjdwh hpsor|phqw xqdpeljxrxvo| lqfuhdvhv
dqg d Sduhwr lpsuryhphqw fdq eh rewdlqhg surylghg doo ru sduw ri wkh frvw dffuxhv wr
zrunhuv1

MHO Fodvvl�fdwlrq= H57/ M65/ M74/ M981

Nh|zrugv= H!flhqf| zdjh/ �ulqj frvwv1

4 Lqwurgxfwlrq

Glvplvvdo frvwv lq wkh irup ri pdqgdwru| vhyhudqfh sd|phqwv/ dgydqfh qrwlfh dqg rwkhu

dgplqlvwudwlyh dqg ohjdo frvwv kdyh uhfhqwo| uhfhlyhg d juhdw ghdo ri dwwhqwlrq lq wkh hfr0

�H0pdlo= J1IhoodCtpz1df1xn1 Fruuhvsrqghqfh wr= Ghsduwphqw ri Hfrqrplfv/ Txhhq Pdu| dqg Zhvw�hog
Froohjh/ Ploh Hqg Urdg/ Orqgrq H4 7QV/ XN1



qrplf olwhudwxuh dv d srvvleoh h{sodqdwru| idfwru iru wkh shuvlvwhqw gl�huhqfhv ehwzhhq XV

dqg Hxurshdq xqhpsor|phqw udwhv ryhu wkh odvw wzhqw| |hduv1 Zkloh wkhuh lv vrph hpslulfdo

vxssruw wr wkh wkhvlv wkdw mre vhfxulw| surylvlrqv duh srvlwlyho| fruuhodwhg zlwk phdvxuhv ri

orqj0whup xqhpsor|phqw/ dv uhsruwhg lq RHFG +4<<7,/ wkh hpslulfdo hylghqfh rq d gluhfw

uhodwlrqvkls zlwk djjuhjdwh xqhpsor|phqw lv pl{hg41 Irupdo prghoolqj ri wkh h�hfw ri glv0

plvvdo frvwv rq hpsor|phqw dovr |lhogv dpeljxrxv suhglfwlrqv1 Glvplvvdo uhvwulfwlrqv d�hfw

klulqj dqg �ulqj lq r�vhwwlqj zd|v1 Lq sduwldo htxloleulxp/ wkhlu qhw h�hfw lv vpdoo dqg dp0

eljxrxv lq vljq= Ehqwrolod dqg Ehuwrod +4<<3, fdoleudwh d uhdolvwlf prgho ri oderxu ghpdqg

zlwk qrq0vwdwlrqdu| vkrfnv dqg �qg wkdw �ulqj frvwv kdyh d vpdoo srvlwlyh lpsdfw rq djjuh0

jdwh oderxu ghpdqg1 Rq wkh rwkhu kdqg/ jhqhudo htxloleulxp prghov vxfk dv Krshqkd|q dqg

Urjhuvrq +4<<6,/ lq d Zdoudvldq vhwxs/ dqg Ploodug dqg Pruwhqvhq +4<<:,/ lq dq lqglylgxdo

pdwfklqj iudphzrun/ �qg vljql�fdqw qhjdwlyh h�hfwv rq erwk hpsor|phqw dqg zhoiduh1 Wkh

wzr odwwhu sdshuv frqfhqwudwh rq fdvhv lq zklfk vhyhudqfh sd|phqwv uhvxow lq lqfuhdvhg zdjh

sd|phqwv dqg orzhu sur�wv wkxv uhgxflqj djjuhjdwh mre fuhdwlrq wkurxjk d orzhu hqwu| ri

�upv ru/ htxlydohqwo|/ orzhu ydfdqf|0srvwlqj1

Dv srlqwhg rxw lq Fdeudohv dqg Krshqkd|q +4<<8,/ wkhvh uhvxowv duh yhu| vhqvlwlyh wr

dssduhqwo| lqqrfxrxv dvvxpswlrqv1 Lw lv qrw reylrxv wkdw sur�wv kdyh wr idoo dv d frqvhtxhqfh

ri vhyhudqfh sd|phqwv1 Iluvw/ zdjhv frxog idoo dw xqfkdqjhg uhyhqxhv/ dv lq Od}hdu +4<<3,

ru Ehuwrod +4<<;,1 Vhfrqg/ uhyhqxhv frxog lqfuhdvh pruh wkdq zdjhv1 Mre vhfxulw| frxog

lqgxfh zrunhuv wr lqyhvw pruh lq �up vshfl�f kxpdq fdslwdo ru surgxfh kljkhu h�ruw/ wkxv

lqfuhdvlqj uhyhqxhv51

4Od}hdu +4<<3, �qgv wkdw glvplvvdo uhjxodwlrqv duh qhjdwlyho| uhodwhg wr hpsor|phqw ohyhov lq d sdqho
gdwd uhjuhvvlrq/ zkloh Ehuwrod +4<<3, �qgv devhqfh ri fruuhodwlrq lq d furvv0frxqwu| uhjuhvvlrq1

5Wklv ylhz lv txlwh frpprq lq wkh lqgxvwuldo uhodwlrqv olwhudwxuh1 Vhh/ iru h{dpsoh/ Slruh +4<;9, dqg
Rvwhupdq dqg Nrfkdq +4<<3,1 Wkh riwhq flwhg h{dpsohv duh GHF/ Hol Oloo|/ LEP zklfk duh frpplwwhg wr d
srolf| ri mre vhfxulw|1
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Wkh suhvhqw zrun dlpv wr dgguhvv wkh h�hfw ri glvplvvdo frvwv rq h�ruw61 Lw dqdo|vhv

wkh jhqhudo htxloleulxp h�hfw ri vhyhudqfh sd|phqwv lq dq hfrqrp| ihdwxulqj lqyroxqwdu|

oderxu prelolw| zkhuh �upv sd| h!flhqf| zdjhv lq rughu wr suhyhqw vklunlqj dv lq Vkdslur

dqg Vwljolw} +4<;7,1

Wkh prgho lv d vlpsol�hg yhuvlrq ri Vdlqw0Sdxo +4<<8, lqvridu dv lw dvvxphv/ dv lq Ehuwrod

+4<<3,/ wkdw wkh lglrv|qfudwlf surgxfwlylw| vkrfn iroorzv d wzr0vwdwh Pdunry surfhvv udwkhu

wkdq d Srlvvrq surfhvv zlwk d frqwlqxxp ri vwdwhv1 Doo wkh uhvxowv lq wkh ruljlqdo prgho

duh suhvhuyhg1 Vhyhudqfh sd|phqwv doorz �upv wr frpplw wr �uh ohvv lq grzqwxuqv1 Vlqfh

prelolw| kdv wr eh frvwo| lq rughu wr surprwh h�ruw/ d orzhu glvplvvdo suredelolw| uhvxowv lq

d orzhu zdjh eloo lq jrrg wlphv1 Dovr/ d sxuh uhgxqgdqf| sd| ohdyhv klulqj xqd�hfwhg exw

uhgxfhv �ulqj dqg vr lqfuhdvhv djjuhjdwh hpsor|phqw rq lpsdfw1

Wkh vlpsol�hg qdwxuh ri wkh prgho/ wkrxjk/ surylghv dgglwlrqdo lqvljkw1 Ilulqj frvwv/ hyhq

li wkh| gr qrw dffuxh wr zrunhuv/ xqdpeljxrxvo| lqfuhdvh hpsor|phqw lq jhqhudo htxloleulxp1

Pruh lqwhuhvwlqjo|/ dqg wklv lv wkh pdlq frqwulexwlrq ri wkh sdshu/ d sxuh vhyhudqfh sd|phqw

prqrwrqlfdoo| lqfuhdvhv zhoiduh iru dq| vl}h xs wr wkh dprxqw wkdw pd{lpl}hv wkh rswlpl}hg

ydoxh ri klulqj �upv dqg htxdol}hv zdjhv dfurvv vwdwhv1 Dv lqfhqwlyh frpsdwlelolw| uhtxluhv

zrunhuv wr hqmr| vwdwh0lqghshqghqw uhqwv/ dq| r�hu e| uhgxqgdqw zrunhuv wr wdnh d zdjh

fxw lv qrw fuhgleoh/ vlqfh lw lv qrw h{ srvw lqfhqwlyh frpsdwleoh1 Wklv lpsolhv wkdw/ li �upv

fdqqrw frpplw rq ixwxuh �ulqj h{ dqwh/ wkh vhsdudwlrq udwh lv lqh!flhqwo| kljk/ dv wkh

h{whuqdolw|/ lq wkh irup ri iruhjrqh uhqwv/ wkdw �upv lpsrvh rq zrunhuv rq vhyhudqfh fdqqrw

eh wudghg1 Dfwlqj dv d Sljryldq wd{/ d sxuh vhyhudqfh sd|phqw lqfuhdvhv zhoiduh1 Lw pdnhv

�upv lqwhuqdol}h wkh h{whuqdolw| dqg �uh ohvv/ zkloh kdylqj qr qhjdwlyh h�hfw rq klulqj/ dv

6Jlyhq wkdw wkh prgho dvvxphv elqdu| h�ruw fkrlfhv/ mre vhfxulw| fdq rqo| d�hfw wkh frvw ri surprwlqj d
jlyhq ohyho ri h�ruw1 \hw/ wkh lqwxlwlrq lv suhvhuyhg1
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zrunhuv dffhsw orzhu zdjhv lq jrrg vwdwhv lq h{fkdqjh iru d orzhu prelolw| frvw lq fdvh ri

hfrqrplf +exw qrw glvflsolqdu|, glvplvvdo1 Zhoiduh pd| vwloo lqfuhdvh hyhq li vwdwxwru| mre

vhfxulw| surylvlrqv ghsuhvv klulqj e| lqwurgxflqj d ghdgzhljkw orvv ehwzhhq wkh frvw wr wkh

�up dqg wkh lqghpqlw| uhfhlyhg e| zrunhuv1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh hfrqrplf hqylurqphqw dqg

ghvfulehv wkh prgho1 Vhfwlrq 6 dqdo|vhv wkh htxloleulxp1 Vhfwlrq 7 suhvhqwv wkh qrupdwlyh

uhvxow1 Vhfwlrq 8 frqfoxghv1

5 Hfrqrplf hqylurqphqw

Zh frqvlghu d oderxu pdunhw srsxodwhg e| d frqwlqxxp ri �upv lqgh{hg e| ?c zkhuh ? 5^3/4`/

dqg d krprjhqhrxv +khqfh dqrq|prxv, oderxu irufh qrupdol}hg wr rqh1 Ilupv duh sulfh0

wdnhuv rq wkh surgxfw pdunhw1 Dv lq Vkdslur dqg Vwljolw}/ zrunhuv duh ulvn0qhxwudo dqg kdyh

dq lqvwdqwdqhrxv xwlolw| ixqfwlrq jlyhq e| �ESc e� ' S� ec zkhuh S lv frqvxpswlrq +dvvxphg

wr eh qrq0qhjdwlyh, dqg e lv h�ruw/ phdvxuhg lq xqlwv ri frqvxpswlrq1 Hdfk lqglylgxdo lv

hqgrzhg zlwk rqh xqlw ri oderxu1 H�ruw fkrlfhv duh glvfuhwh= zrunhuv fdq ghflgh zkhwkhu wr

h{shqg }hur h�ruw +vklun, ru wkh srvlwlyh dprxqw e1 Zh fdq zulwh wkh xwlolw| dvvrfldwhg zlwk

hpsor|phqw dv �E�
?
c e� ' �

?
� eU

r
/ zkhuh �

?
lv wkh zdjh dw �up ? dqg U

r
lv dq lqglfdwru

ixqfwlrq htxdo wr 3 li wkh zrunhu vklunv dqg 4 rwkhuzlvh1 Wkh xwlolw|  rz dvvrfldwhg zlwk

xqhpsor|phqw lv }hur1 Vr lv wkh rxwsxw ri d zrunhu zkr vklunv1

Ilupv fdq rqo| lpshuihfwo| prqlwru lqglylgxdo h�ruw dqg fdqqrw lqihu lw iurp wkh wrwdo

dprxqw ri rxwsxw surgxfhg1 Ilup*v uhyhqxhv duh +vwulfwo|, frqfdyh dqg duh jlyhq e|

-E ,
?
(k

?
�c -� : fc -�� 	 f�

zkhuh ,
?
lv wkh hpsor|phqw ohyho dw �up ?1 k

?
lqgh{hv wkh uhyhqxh ixqfwlrq dqg/ dv lq
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Ehuwrod +4<<3,/ fdq wdnh rqo| wzr ydoxhv= k
K
li �upv duh klw e| d edg surgxfwlylw| vkrfn dqg

k
}
li d �up hqmr|v d idyrxudeoh vxsso| vkrfn1 Vxssrvh k

}
: k

K
dqg Y-�*Yk : fc vr wkdw

oderxu ghpdqg lv kljkhu iru �upv lq wkh jrrg vwdwh1

k
?
iroorzv d frqwlqxrxv Pdunry fkdlq zlwk v|pphwulf wudqvlwlrq suredelolwlhv7 jlyhq e|

k
?
E|n _|� '

;AAA?
AAA=

k
}
zlwksure1 R_| lik

?
E|� ' k

K
/ zlwk sure1 E�� R_|� lik

?
E|� ' k

}

k
K
zlwksure1 R_| lik

?
E|� ' k

}
/ zlwk sure1 E�� R_|� lik

?
E|� ' k

K

�

Wklv lpsolhv wkdw wkh hujrglf suredelolw| wkdw d jlyhq �up lv hqmr|lqj jrrg ru edg exvlqhvv

frqglwlrqv lv 318 dqg/ vlqfh wkh qxpehu ri �upv lv lq�qlwh/ wklv lv dovr wkh vwhdg| vwdwh

sursruwlrq ri �upv lq hdfk vwdwh1 Jlyhq wkdw wkh wrwdo pdvv ri �upv lv rqh/ vwhdg| vwdwh

djjuhjdwh hpsor|phqw htxdov E,
}
n,

K
�*2c zkhuh ,

K
dqg ,

}
duh hpsor|phqw dw wkh uhsuhvhqwdwlyh

�up lq wkh edg dqg wkh jrrg vwdwh uhvshfwlyho|1

Zh dovr dvvxph -�E ,
}
(k

}
� ' -�E 2 � ,

}
(k

K
� ' e( l1h1 wkh pdujlqdo surgxfw ri oderxu dw

ixoo hpsor|phqw htxdov lwv vrfldo frvw1 Wklv hqvxuhv wkdw ixoo hpsor|phqw lv h!flhqw dqg

mrev duh udwlrqhg8�

Ilupv fdqqrw iuhho| �uh zrunhuv lq grzqwxuqv1 Wkh| kdyh wr sd| d uhgxqgdqf| frvw 8

iru hdfk zrunhu �uhg1

514 Klulqj dqg �ulqj

Lq wkh suhvhqfh ri wxuqryhu frvwv wkh �upv* rswlpl}dwlrq sureohp lv lqwhuwhpsrudo1 Vr wkh

vkdgrz ydoxh ri wkh pdujlqdo zrunhu dw �up ?/ a
?
/ pxvw vdwlvi|

7Doorzlqj iru dv|pphwulf wudqvlwlrq suredelolwlhv zrxog eh vwudljkwiruzdug exw zrxog mxvw frpsolfdwh wkh
dojheud dqg wkh qrwdwlrq zlwk olwwoh jdlq lq hfrqrplf lqvljkw1

8Wkdw wkh pdujlqdo surgxfw ri oderxu dw ixoo hpsor|phqw htxdov +udwkhu wkdq ehlqj deryh, lwv vrfldo
frvw lv vx!flhqw/ qrw qhfhvvdu| wr kdyh mre udwlrqlqj1 Pdunhw dqrqlplw| dqg mre udwlrqlqj hqvxuh wkdw lw lv
+frqvwudlqhg, h!flhqw iru zrunhuv wr uhfhlyh uhqwv dqg srvw qr erqg dv dujxhg lq PdfOhrg dqg Pdofrpvrq
+4<<6,1 Wklv pdnhv lw fohdu wkdw wkh uhvxow lq wkh sdshu grhv qrw uho| rq dq| glvjxlvhg erqglqj dujxphqw1
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oa
?
' -� E,

?
(k

?
�� )

?
n

. d_a
?
o

_|
c +4,

zkhuh o � f lv wkh glvfrxqw udwh dqg )
?
lv wkh pdujlqdo frvw ri hpsor|phqw> l1h1 wkh ghulydwlyh

ri wkh zdjh eloo zlwk uhvshfw wr �up0ohyho hpsor|phqw1 Iru dq| �up wkh  rz htxlydohqw ri

wkh vkdgrz ydoxh ri wkh pdujlqdo zrunhu htxdov wkh lqvwdqwdqhrxv pdujlqdo sur�w soxv wkh

h{shfwhg fdslwdo jdlq2orvv1 Jlyhq wkdw wkh dvvxphg Pdunry surfhvv lv wlph0lqyduldqw dqg

�upv duh lghqwlfdo/ ? lqgh{hv exvlqhvv frqglwlrqv1

Wxuqryhu frvwv ghwhuplqh dq rswlpdo lqdfwlrq udqjh/ vr ,
}
� ,

K
zlwk htxdolw| li �upv �qg

lw sur�wdeoh qrw wr uhvsrqg wr d vkrfn1 Zh dvvxph wkdw wkh fkdqjh lq exvlqhvv frqglwlrqv

lv vxfk dv wr jhqhudwh srvlwlyh wxuqryhu> l1h1 ,
}
: ,

K
1 D �up zklfk kdv mxvw ehhq klw e| d

qhjdwlyh vkrfn zloo �uh zrunhuv xs wr wkh srlqw zkhuh wkh vkdgrz ydoxh ri wkh pdujlqdo mre

htxdov plqxv wkh glvplvvdo frvw> l1h1 a
K
' �8 1 Uhsodflqj lq +4, zh jhw

�o8 ' -� E,
K
(k

K
�� )

K
n R Ea

}
n 8 � � +5,

Wkh odvw whup lv wkh h{shfwhg fkdqjh lq wkh ydoxh ri wkh mre1 Wkh �up wxuqv jrrg zlwk

lqvwdqwdqhrxv suredelolw| R dqg wkh ydoxh ri wkh mre fkdqjhv iurp �8 wr a
}
1

Iru d �up lq wkh jrrg vwdwh wkh vkdgrz ydoxh ri wkh pdujlqdo zrunhu a
}
lv jlyhq e|

oa
}
' -�

�
,
}
(k

}

�
� )

}
� R E8 n a

}
� � +6,

Dv rshqlqj d qhz mre lv frvwohvv/ �upv lq wkh jrrg vwdwh zloo lqfuhdvh hpsor|phqw xs wr

wkh srlqw zkhuh a
}
' f1 Uhsodflqj a

}
lq E2� dqg E��/ oderxu ghpdqg dw �upv lq wkh edg dqg

wkh jrrg vwdwh lv wkhq lpsolflwo| jlyhq e|

)
K
' -� E,

K
(k

K
� n ERn o�8c +7,

)
}
' -�

�
,
}
(k

}

�
� R8� +8,
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Htxdwlrqv Ee� dqg ED� vkrz wkdw �ulqj frvwv lqwurgxfh d zhgjh ehwzhhq wkh pdujlqdo frvw

dqg wkh pdujlqdo uhyhqxh ri oderxu1 Lq �edg� �upv pdujlqdo frvw lv kljkhu wkdq pdujlqdo

uhyhqxh zkloh wkh rssrvlwh lv wuxh lq �jrrg� �upv1 Iru d jlyhq pdujlqdo frvw/ �ulqj frvwv

lqfuhdvh hpsor|phqw lq wkh iruphu dqg uhgxfh lw lq wkh odwwhu wkurxjk wkh zhoo nqrzq rswlrq0

ydoxh h�hfw1

515 Zrunhuv* ehkdylrxu

Zrunhuv ehkdyh h{dfwo| dv lq Vkdslur dqg Vwljolw}1 Li zh devwudfw iurp wxuqryhu frvwv iru d

prphqw/ wkh rqo| gl�huhqfh lv wkdw wkh vhsdudwlrq udwh lv hqgrjhqrxv dqg ghshqgv rq �upv*

wudqvlwlrq suredelolwlhv1 Zrunhuv fdq hlwkhu surylgh wkh h�ruw dw d xwlolw| frvw e ru vklun1 Li

d zrunhu vklunv vkh idfhv d suredelolw| ^ shu xqlw ri wlph ri ehlqj fdxjkw dqg �uhg1

Dovr zrunhuv* ghflvlrqv duh lqwhuwhpsrudo dqg pxvw vdwlvi| dvvhw0ydoxh htxdwlrqv1 Vxe0

vfulswv lqglfdwh wkh �upv* vwdwh dqg vxshuvfulswv wkh zrunhu fkdudfwhulvwlfv +r li d vklunhu/ ?

li qrw,1

.�

K

/ wkh ydoxh ri ehlqj hpsor|hg dw d �up lq wkh edg vwdwh iru d zrunhu ri w|sh � +� ' ?c r,

lv jlyhq e|

o.r

K
' �

K
n ^ EL � .r

K
� n R

�
4@ 

k
.r

}
c .?

}

l
� .r

K

�
c +9,

o.?

K
' �

K
� e n R

�
4@ 

k
.r

}
c .?

}

l
� .?

K

�
c +:,

zkhuh L lv wkh ydoxh ri ehlqj xqhpsor|hg1 Dffruglqj wr ES� dqg +.�/ wkh ydoxh ri ehlqj

hpsor|hg dw d �up zklfk lv lq d edg vwdwh/ iru erwk vklunhuv dqg qrq0vklunhuv/ lv jlyhq e|

wkh fxuuhqw zdjh soxv wkh h{shfwhg fdslwdo jdlq li wkh �up wxuqv jrrg zlwk lqvwdqwdqhrxv

suredelolw| R1 Zkhq wkh �up*v surgxfwlylw| fkdqjhv/ zrunhuv dgrsw wkh prvw sur�wdeoh

ehkdylrxu ehwzhhq vklunlqj dqg qrw vklunlqj1 Wkhlu ydoxhv gl�hu lqvridu dv qrq0vklunhuv

:



ehdu wkh frvw e ri vxsso|lqj wkh h�ruw zkloh vklunhuv duh vxemhfw wr d fdslwdo orvv li wkh| duh

ghwhfwhg vklunlqj/ dq hyhqw zklfk kdv dq lqvwdqwdqhrxv suredelolw| ^1 Zh dvvxph zrunhuv

gr qrw uhfhlyh dq| sd|phqw lq fdvh ri glvflsolqdu| glvplvvdo91

Htxdwlrqv EH� dqg Eb� ehorz duh wkh htxlydohqw ri ES� dqg E.� iru wkh zrunhuv hpsor|hg

dw d �up lq wkh jrrg vwdwh1 Zh dvvxph zrunhuv duh udqgrpo| odlg r�1
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duh wkh ydoxhv ri ehlqj hpsor|hg dw d �up h{shulhqflqj jrrg exvlqhvv frqglwlrqv iru d zrunhu

ri w|sh �1 Jlyhq wkdw rq wudqvlwlqj lqwr wkh edg vwdwh d �up zloo krog rqo| d sursruwlrq ,
K
*,

}

ri lwv ruljlqdo oderxu irufh/ doo zrunhuv/ vklunhuv dqg qrq0vklunhuv dolnh/ idfh dq lqvwdqwdqhrxv

suredelolw| RE,
K
*,

}
� ri nhhslqj wkhlu mre exw dw d �up lq wkh edg vwdwh dqg d suredelolw| RE��

,
K
*,

}
� ri ehfrplqj xqhpsor|hg1 Wkh odwwhu fdvh hqwdlov d orvv exw dovr d oxps0vxp sd|phqw

'1 Dv glvflsolqdu| glvplvvdov gr qrw hqwdlo dq| frvw/ d �up zkrvh exvlqhvv frqglwlrqv wxuq

edg zrxog kdyh dq lqfhqwlyh wr fxw wkh zdjhv ri wkh uhgxqgdqw zrunhuv ehorz wkh lqfhqwlyh

frpsdwleoh ohyho lq rughu wr lqgxfh wkhp wr vklun dqg �uh wkhp frvwohvvo|1 Wr uxoh wklv

rxw/ zh uhdolvwlfdoo| dvvxph wkdw �upv kdyh wr sd| wkh vdph zdjh wr krprjhqhrxv zrunhuv1

Fxwwlqj zdjhv zrxog fdxvh rxwsxw wr idoo wr }hur1 Zh doorz '/ wkh vhyhudqfh sd|phqw wkh

zrunhu uhfhlyhv/ wr gl�hu iurp 8 / wkh dprxqw wkh �up sd|v1 Zh glvfxvv ehorz krz wklv

d�hfwv wkh uhvxow1

Wkh shupdqhqw lqfrph ri dq xqhpsor|hg zrunhu lv

9Wkh hpskdvlv ri wkh prgho lv rq wkh h�hfw ri uhgxqgdqf| sd|phqwv1 Ohjlvodwhg surylvlrqv wkdw uhgxfh
wkh xwlolw| orvv lq fdvh ri glvflsolqdu| glvplvvdo fdq mxvw lqfuhdvh wkh uhqw wkdw dffuxhv wr wkh zrunhu1
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zkhuh � lv wkh h{lw udwh iurp xqhpsor|phqw1 Dv rqo| �upv lq wkh jrrg vwdwh kluh qhz

zrunhuv/ wkh ydoxh ri ehlqj xqhpsor|hg htxdov wkh h{shfwhg fdslwdo jdlq li kluhg e| d �up

zkrvh exvlqhvv frqglwlrqv kdyh lpsuryhg1

Lq hdfk wlph lqwhuydo wkh qxpehu ri �upv zklfk vzlwfk iurp wkh jrrg wr wkh edg vwdwh lv

R*2 dqg hdfk ri wkhpzloo �uh E,
}
�,

K
� zrunhuv1 Lq vwhdg| vwdwh wkh rxw rz iurp xqhpsor|phqw

pxvw htxdo wkh lq rz lqwr lw1 Vr wkh h{lw udwh iurp xqhpsor|phqw lv lpsolflwo| jlyhq e|

�� '
R
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}
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K
�c +44,

zkhuh � lv wkh vwrfn ri xqhpsor|hg zrunhuv zklfk htxdov
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}
n ,

K

2
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jlyhq wkdw lq vwhdg|0vwdwh wkhuh duh 318 �upv lq hdfk vwdwh1

Vr zh fdq uhzulwh E�f� dv
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zkhuh eduv ryhu yduldeohv lqglfdwh wkdw wkh h{lw udwh iurp xqhpsor|phqw lv d ixqfwlrq ri

dyhudjh �up0ohyho hpsor|phqw wkdw �upv wdnh dv jlyhq1

Lw lv hdv| wr yhuli| wkdw .?

�

dqg .r

�

E� ' Kc }� duh olqhdu lqfuhdvlqj ixqfwlrqv ri �
�
zlwk

.?

�

kdylqj d orzhu lqwhufhsw dqg kljkhu vorsh wkdq .r

�

> l1h1 wkh| vdwlvi| wkh vlqjoh0furvvlqj

surshuw|1 Vr/ wr suhyhqw zrunhuv iurp vklunlqj/ �upv kdyh dq lqfhqwlyh wr udlvh zdjhv xs

wr wkh srlqw zkhuh .?

�
' .r

�
1 Vxewudfwlqj uhvshfwlyho| ES� iurp E.� dqg EH� iurp Eb� dqg

uhduudqjlqj zh jhw

.
}
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K
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^
� +47,
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Htxdwlrq +47, lpsolhv wkdw wkh sxqlvkphqw rq ehlqj fdxjkw vklunlqj dqg �uhg pxvw htxdo

wkh h{shfwhg h�ruw d vklunhu zrxog vdyh ehiruh ehlqj fdxjkw1 Nhhslqj lq plqg wkdw .?

�

' .r

�

zh fdq uhsodfh lq E.� dqg Eb� xvlqj E��� dqg E�e� wr jhw wkh lqfhqwlyh frpsdwleoh zdjhv
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Wkh lqwxlwlrq ehklqg htxdwlrqv +48, dqg +49, lv wkh iroorzlqj1 Wkh vhfrqg whup lq erwk

htxdwlrqv lv wkh shupdqhqw lqfrph iurp xqhpsor|phqw1 Wkh �uvw rqh lv wkh frpshqvdwlrq

iru surylglqj wkh h�ruw1 Iru zrunhuv qrw wr vklun wkh| pxvw eh frpshqvdwhg qrw rqo| iru

wkh h�ruw sxw iruwk exw dovr iru wkh  rz rssruwxqlw| frvw ri vklunlqj1 Dv orqj dv ' 	 e*^/

�upv lq wkh jrrg vwdwh pxvw sd| d kljkhu zdjh lq rughu wr frpshqvdwh wkhlu zrunhuv iru wkh

prelolw| frvw wkh| ehdu lq fdvh wkh| duh pdgh uhgxqgdqw1 Prelolw| kdv wr eh sdlqixo iru

glvflsolqdu| glvplvvdov wr surylgh dq h�hfwlyh sxqlvkphqw1 Lq htxloleulxp qr zrunhu vklunv/

exw wkh idfw wkdw prelolw| kdv wr eh frvwo| wr suhyhqw vklunlqj lpsrvhv d qhjdwlyh h{whuqdolw|

rq zrunhuv zkr duh glvplvvhg iru hfrqrplf uhdvrqv1 Wkh zdjh gl�huhqwldo 0 wkh odvw whup

lq +49, 0 kdv wr frpshqvdwh iru wklv frvw1 Rqo| zkhq R whqgv wr 3 0 l1h1 zkhq lglrv|qfudwlf

vkrfnv whqg wr eh shupdqhqw 0 gr doo �upv sd| wkh vdph zdjh1 Lq wklv olplw fdvh qr zrunhu

lv glvplvvhg zkdwvrhyhu lq htxloleulxp dqg vr qr frpshqvdwlrq lv uhtxluhg1

Wkh uhgxqgdqf| sd| ' orzhuv �
}
c zlwk uhvshfw wr wkh iulfwlrqohvv fdvh/ dv lw uhgxfhv

wkh h{shfwhg orvv iurp ehlqj glvplvvhg1 Zrunhuv duh zloolqj wr dffhsw d orzhu zdjh qrz lq

h{fkdqjh iru wkh vhyhudqfh sd|phqw zkhq �uhg1 Wkh wudqvihu orzhuv wkh prelolw| frvw iru

zrunhuv zkr duh glvplvvhg iru hfrqrplf uhdvrq zkloh ohdylqj xqd�hfwhg wkh sxqlvkphqw iru
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srwhqwldo vklunhuv1 Wklv uhgxfhv wkh zdjh gl�huhqwldo:1

516 Zdjh vhwwlqj

Htxdwlrq E�D� vkrzv wkdw �upv lq wkh edg vwdwh duh h�hfwlyho| zdjh0wdnhuv1 Wkh| fdqqrw

d�hfw wkh xqhpsor|hg shupdqhqw lqfrph dv wkh h{lw udwh iurp xqhpsor|phqw ghshqgv rq

dyhudjh yduldeohv1 Vr wkhlu pdujlqdo frvw ri hpsor|phqw lv jlyhq e|
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Ilupv lq wkh jrrg vwdwh/ lqvwhdg/ frqwuro wkh suhplxp wkh| sd| ryhu zdjhv lq wkh edg

vwdwh1 Wkhlu hpsor|phqw fkrlfh d�hfwv wkh suredelolw| wkdw d zrunhu hqwhuv xqhpsor|phqw

zkhq exvlqhvv frqglwlrqv wxuq edg/ dv fdq eh vhhq iurp htxdwlrq +49,1 Wkhlu zdjh eloo lv
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Wkh odvw whup orrnv h{dfwo| olnh d frvw ri wxuqryhu dqg lv frqfhswxdoo| htxlydohqw1 Ilupv

lq wkh jrrg vwdwh kdyh wr frpshqvdwh wkhlu zrunhuv iru wkh ulvn ri ehlqj glvplvvhg1 Vr

wxuqryhu lpsrvhv d frvw rq �upv lq wkh irup ri d kljkhu zdjh eloo1 Wkhlu pdujlqdo frvw ri

hpsor|phqw/ Y E�
}
,
}
� *Y,

}
/ lv wkhq
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Dv lq Od}hdu +4<<3,/ wkh pdujlqdo hpsor|phqw frvw iru klulqj �upv idoov e| wkh ixoo vl}h

ri wkh sd|phqw1

Qrwh dovr wkdw/ iru jlyhq ,
}
c wkh ulvn ri ehfrplqj xqhpsor|hg lv orzhu iru kljkhu ,

K
� Vr

hpsor|phqw dw �upv lq wkh edg vwdwh kdv d srvlwlyh h{whuqdolw| rq �upv lq wkh jrrg vwdwh1

Wkh pdujlqdo ehqh�w lv R Ee*^ �'� dv fdq eh vhhq iurp htxdwlrq +4;,� Wklv lpsruwdqw srlqw

:Htxdwlrqv +48, dqg +49, vkrz wkdw z
j
frxog idoo ehorz z

e
iru odujh hqrxjk ydoxhv ri T1 Iru d kljk

hqrxjk sd|phqw prelolw| zrxog dfwxdoo| eh vxevlgl}hg dqg zrunhuv zrxog olnh wr eh glvplvvhg= Dq|zd| qr
duelwudjh zrxog eh srvvleoh dv zrunhuv kdyh qr frqwuro ryhu wkhlu glvplvvdo dqg wkh| gr qrw uhfhlyh dq|
sd|phqw li wkh| txlw1
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zdv pdgh e| Vdlqw0Sdxo +4<<8,1 Kljkhu hpsor|phqw lq grzqwxuqv uhgxfhv wkh fxuuhqw zdjh

eloo lq wkh jrrg vwdwh e| ghfuhdvlqj wkh glvplvvdo suredelolw| R E�� ,
K
*,

}
�1 Wkh ydoxh ri wkh

�up lv lpsuryhg xs wr wkh srlqw zkhuh wkh pdujlqdo fxuuhqw ehqh�w iurp �ulqj ohvv lq d

grzqwxuq htxdov wkh pdujlqdo h{shfwhg glvfrxqwhg orvv iurp kdylqj wr krdug oderxu lq wkh

edg vwdwh1 Dv iru wkh rswlpl}hg ydoxh ri �ulqj �upv/ lw lv uhgxfhg e| oderxu krduglqj iru

d srvlwlyh glvfrxqw udwh1 Dw wkh prphqw ri wudqvlwlqj lqwr wkh edg vwdwh/ dq| uhgxfwlrq lq

wkh zdjh eloo lq wkh jrrg vwdwh lv douhdg| vxqn1 Wkh pdujlqdo h{shfwhg jdlq dffuxhv lq wkh

ixwxuh dqg lv glvfrxqwhg zkloh wkh fxuuhqw pdujlqdo orvv lv qrw1

D wlph0lqfrqvlvwhqf| sureohp h{lvwv1 Ilupv lq wkh jrrg vwdwh zrxog olnh wr frpplw h{

dqwh wr �uh ohvv/ exw wklv frpplwphqw lv qrw fuhgleoh dv lw zrxog qrw eh rswlpdo iurp wkh

�up*v srlqw ri ylhz h{ srvw1

Vhyhudqfh sd|phqwv doorz d klulqj �up wr fuhgleo| frpplw wr �uh ohvv lq wkh hyhqw wkdw

exvlqhvv frqglwlrqv wxuq edg;1

Vdlqw0Sdxo +4<<8, ghprqvwudwhv wkdw wkh ohyho ri uhgxqgdqf| sd| zklfk pd{lpl}hv wkh

rswlpl}hg ydoxh ri d �up lq wkh jrrg vwdwh lv ' ' 8 ' e*^� Htxdwlrqv +48, dqg +49, vkrz

wkdw wklv lv dovr wkh dprxqw wkdw htxdol}hv zdjhv dfurvv vwdwhv e| holplqdwlqj wkh prelolw|

frvw lqyroxqwdulo| eruq e| glvplvvhg zrunhuv1 H!flhqf| zdjh frqvlghudwlrqv gr qrw uhtxluh

zrunhuv wr dfwxdoo| ehdu dq| prelolw| frvw/ exw rqo| wkh wkuhdw ri idflqj rqh lq wkh hyhqw ri

xqghushuirupdqfh1

;Reylrxvo|/ �upv dqg zrunhuv frxog dfklhyh wkh vdph uhvxow e| zulwlqj dq h{solflw vwdwh0frqwlqjhqw
hpsor|phqw frqwudfw1 Krzhyhu/ lq d pruh uhdolvwlf vhw xs lq zklfk vkrfnv wr surgxfwlylw| fdq wdnh pruh
wkdq mxvw wzr ydoxhv/ zulwlqj dq h{solflw frqwudfw wkdw �{hv d xqltxh/ vwdwh0lqghshqghqw/ ohyho ri wkh vhyhudqfh
sd|phqw lv pxfk hdvlhu wkdq zulwlqj d frqwudfw wkdw vshfl�hv wkh qxpehu ri zrunhuv wr �uh lq hdfk srvvleoh
vwdwh ri wkh zruog1
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6 Pdunhw htxloleulxp

614 Gh�qlwlrq

Lq htxloleulxp �upv fkrrvh hpsor|phqw vr wkdw lwv +vkdgrz, pdujlqdo uhyhqxh/ wkh uljkw0

kdqg0vlgh ri htxdwlrqv +7, dqg +8,/ htxdov lwv pdujlqdo frvw/ wkh uljkw0kdqg0vlgh ri E�.� dqg

E�b� � Vr uhsodflqj iru )
K
dqg )

}
xvlqj E�.� dqg E�b� lq Ee� dqg ED� uhvshfwlyho|/ uhvxowv lq

wkh wzr htxloleulxp frqglwlrqv
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zkhuh � lv jlyhq e| htxdwlrqv +44, dqg +45, dqg eduv ryhu ,
K
dqg ,

}
kdyh ehhq gursshg dv doo

�upv lq wkh vdph vwdwh duh lghqwlfdo1

615 Wkh h�hfw ri glvplvvdo frvwv

Htxdwlrqv +53, dqg +54, vkrz wkdw/ surylghg 8 ' '/ vhyhudqfh sd|phqwv gr qrw dowhu wkh

vkdgrz frvw ri oderxu 0 wkh uljkw0kdqg vlgh ri +53,0+54, 0 dw �upv lq wkh jrrg vwdwh exw wkh|

uhgxfh lw dw �upv lq wkh edg vwdwh1 Wklv uhvxow zdv douhdg| suhvhqw lq Vdlqw0Sdxo +4<<8,/ |hw

lwv lpsolfdwlrqv iru wkh djjuhjdwh xqhpsor|phqw udwh zhuh qrw ixoo| vshoohg rxw1 Lq dgglwlrq/

wkdw duwlfoh glg qrw frqvlghu wkh fdvh lq zklfk wkh sd|phqw lqyroyhv d ghdgzhljkw orvv +l1h1

8 : ',1

Wkh jhqhudo htxloleulxp h�hfw ri �ulqj frvwv rq hpsor|phqw lv hdvlhu wr ghulyh lq wklv

vlpsohu vhwxs1 Htxdwlrqv +53,0+54, vkrz wkdw wkh �ulqj frvw 8 xqdpeljxrxvo| uhgxfhv

wxuqryhu dqg vr wkh lq rz lqwr xqhpsor|phqw 0 wkh uljkw0kdqg0vlgh ri htxdwlrq +44,1 Iru
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htxloleulxp wr eh uhhvwdeolvkhg/ wkh rxw rz iurp xqhpsor|phqw/ wkh ohiw0kdqg0vlgh ri +44,/

kdv wr idoo1 Vr hlwkhu wkh xqhpsor|phqw udwh � ru wkh h{lw udwh � ru erwk pxvw idoo1 Vxssrvh

�uvw wkdw 8 : ' ' f +l1h1 8 lv d sxuh uhg0wdsh dgplqlvwudwlyh frvw,1 Ilulqj frvwv kdyh

rqo| vpdoo dqg dpeljxrxv h�hfwv rq dyhudjh oderxu ghpdqg dv suryhg e| Ehuwrod +4<<3/

4<<5,1 Vlqfh wkh h�hfw rq wxuqryhu lv odujhu wkdq wkh lpsdfw h�hfw rq wkh xqhpsor|phqw

udwh/ wkh h{lw udwh iurp xqhpsor|phqw kdv wr idoo wr uhhvwdeolvk htxloleulxp1 Wklv ixuwkhu

errvwv hpsor|phqw dv lw uhgxfhv wkh shupdqhqw lqfrph iurp xqhpsor|phqw dqg zdjhv lq

erwk vwdwhv1 Li 8 ' ' lqvwhdg/ lw lv fohdu iurp htxdwlrqv +53,0+54, wkdw vhyhudqfh sd|phqwv

qrw rqo| uhgxfh wxuqryhu/ exw kdyh d srvlwlyh lpsdfw h�hfw rq djjuhjdwh hpsor|phqw1 Wkh

gluhfwlrq ri wkh jhqhudo htxloleulxp fkdqjh lq wkh h{lw udwh iurp xqhpsor|phqw lv/ wkhq/

dpeljxrxv dqg vr lv wkh h�hfw rq zdjhv1 Lw lv srvvleoh wr suryh/ wkrxjk/ wkdw wkh srvlwlyh

lpsdfw h�hfw dozd|v suhydlov dqg djjuhjdwh hpsor|phqw xqdpeljxrxvo| ulvhv <1

Wklv �qglqj wkdw vhyhudqfh sd|phqwv lqfuhdvh djjuhjdwh hpsor|phqw dsshduv lq frqwudvw

zlwk Od}hdu*v +4<<3, srlqw dffruglqj wr zklfk ohjlvodwhg vhyhudqfh sd|phqwv fdq eh xqgrqh li

pdunhwv duh shuihfw dqg frpsohwh1 Xqolnh Od}hdu +4<<3,/ vhyhudqfh sd|phqwv kdyh d srvlwlyh

lpsdfw h�hfw rq hpsor|phqw lq �ulqj �upv dv wkh| ohdyh wkh zdjh wkh| sd| xqd�hfwhg1

Wkh lqwxlwlrq lv wkh iroorzlqj1 Lq prghov ihdwxulqj yroxqwdu| vhsdudwlrq/ vxfk dv Od}hdu*v/

uhgxqgdqf| sd| udlvhv zdjhv lq grzqwxuqv dv lw wljkwhqv wkh hpsor|hg zrunhuv* sduwlflsdwlrq

frqvwudlqw e| lqfuhdvlqj wkhlu idooedfn xwlolw|1 Wkh hpsor|phqw h�hfw lv qxoo dv wkh lqfuhdvh

lq zdjhv frpsohwho| r�vhwv wkh sduwldo htxloleulxp idoo lq wkh vkdgrz frvw ri oderxu lqgxfhg

e| �ulqj frvwv1 Lq wkh suhvhqw prgho/ zdjhv duh ghwhuplqhg e| dq lqfhqwlyh frpsdwlelolw|

frqvwudlqw1 Dv xqhpsor|phqw lv lqyroxqwdu|/ wkh zrunhuv* sduwlflsdwlrq frqvwudlqw lv qhyhu

elqglqj1 Vhyhudqfh sd|phqwv lqfuhdvh wkh h{shfwhg xwlolw| ri wkh zrunhuv pdgh uhgxqgdqw

<Wkh surri fdq eh rewdlqhg rq uhtxhvw wr wkh dxwkru1
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exw/ jlyhq wkdw wkh zrunhuv zkr txlw ru duh fdxjkw vklunlqj duh qrw hqwlwohg wr wkhp/ wkh|

gr qrw d�hfw wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw1 Vr wkh| fdqqrw sxvk xs zdjhv lq

grzqwxuqv431

Vr �ulqj frvwv/ zkhwkhu wrwdoo| +8 ' ', ru sduwldoo| +8 : ', uhfhlyhg e| zrunhuv/

lqfuhdvh djjuhjdwh hpsor|phqw441

\hw/ kljkhu hpsor|phqw grhv qrw qhfhvvdulo| uhvxow lq kljkhu zhoiduh iru zrunhuv1 Lq

d �uvw0ehvw zruog vhyhudqfh sd|phqwv fdqqrw lpsuryh rq wkh ghfhqwudol}hg rxwfrph1 Lq

h!flhqf| zdjh prghov lq zklfk sur�wv duh hqwluho| glvwulexwhg wr zrunhuv/ wkrxjk/ wkh odlvvh}

idluh htxloleulxp lv qrw/ lq jhqhudo/ Sduhwr rswlpdo 0 xqhpsor|phqw lv lqh!flhqwo| kljk1 Wklv

lv wkh fdvh/ iru h{dpsoh/ lq Vkdslur dqg Vwljolw}*v prgho dqg kdv ehhq suryhg iru wkh jhqhudo

fdvh lq Juhhqzdog dqg Vwljolw} +4<;;,1 Lq rxu prgho djjuhjdwh zhoiduh ghshqgv dovr rq wkh

furvv0vhfwlrqdo glvwulexwlrq ri hpsor|phqw1 Dq hpsor|phqw0lqfuhdvlqj lqwhuyhqwlrq pd| ru

pd| qrw lpsuryh zhoiduh ghshqglqj rq krz lw d�hfwv wkh glvwulexwlrq ri hpsor|phqw dfurvv

�upv1

7 H!flhqw uhgxqgdqf| sd|

Iru vlpsolflw| zh glvfxvv h!flhqf| lq whupv ri vwhdg| vwdwh xqglvfrxqwhg rswlpl}dwlrq1 E|

frqwlqxlw| wkh txdolwdwlyh uhvxow lv xqfkdqjhg iru d vpdoo hqrxjk srvlwlyh o�

Wkh vrfldo sodqqhu pd{lpl}hv vwhdg| vwdwh frqvxphu xwlolw|1 Jlyhq olqhdu suhihuhqfhv

wklv lv wdqwdprxqw wr pd{lpl}lqj wkh xwlolw| ri zrunlqj soxv dq| lqfrph wudqvihu 0 qdpho|

43Hyhq zlwk d srvlwlyh suredelolw| wkdw fxuuhqwo| �ulqj �upv fduu| rxw ixuwkhu uhgxqgdqflhv lq wkh ixwxuh
wkh vhyhudqfh sd|phqw T zrxog uhgxfh/ qrw lqfuhdvh/ wkh pdujlqdo oderxu frvw lq grzqwxuqv1

44Wkh uhvxow grhv qrw ghshqg rq wkh vlpsoh vwrfkdvwlf vwuxfwxuh ri wkh prgho1 Lw grhv qrw uho| rq wkh idfw
wkdw �upv lq wkh edg vwdwh gr qrw fduu| rxw uhgxqgdqflhv/ exw rq wkh idfw wkdw vhyhudqfh sd|phqwv gr qrw
sxvk xs zdjhv1 Dovr/ doorzlqj iru hqwu|2h{lw ri �upv lv olnho| wr vwuhqjwkhq wkh uhvxow/ dv wkh ydoxh ri klulqj
�upv lv lqfuhdvhg zkloh wkh idoo lq wkh ydoxh ri �ulqj �upv lv vpdoo li u lv/ uhdolvwlfdoo|/ forvh wr }hur1
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sur�wv dqg wkh vhyhudqfh sd|phqw '1 Wklv lv htxlydohqw wr pd{lpl}h wkh gl�huhqfh ehwzhhq

wrwdo rxwsxw dqg lwv vrfldo frvw ri surgxfwlrq plqxv dq| zdvwh ri uhvrxufhv dvvrfldwhg zlwk

uhgxqgdqf| sd|> l1h1
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Surylghg wkh| duh ixoo| uhfhlyhg e| zrunhuv +8 ' ',/ uhgxqgdqf| sd|phqwv kdyh qr

gluhfw h�hfw rq djjuhjdwh zhoiduh ehfdxvh wkh| duh mxvw d uhglvwulexwlrq451 Reylrxvo| wkh|

gr d�hfw zhoiduh wkurxjk wkhlu h�hfw rq wkh doorfdwlrq ri oderxu1 Vlqfh vhyhudqfh sd|phqwv

fdqfho rxw lq +55, dqg ohdyh wkh ydoxh ri �upv xqd�hfwhg46/ wkh| gr qrw dowhu wkh vrfldo

sodqqhu sureohp dqg zh fdq kdupohvvo| vhw wkhp wr }hur lq wkh zhoiduh dqdo|vlv1

Wkh vrfldo sodqqhu kdv qr prqlwrulqj dgydqwdjh ryhu sulydwh djhqwv1 Vkh kdv wr sd|

lqfhqwlyh frpsdwleoh zdjhv1 Ixuwkhupruh/ vkh fdqqrw hqirufh doorfdwlrqv zklfk duh qrw

sur�wdeoh iurp wkh sulydwh srlqw ri ylhz1 Vr vkh pd{lpl}hv +55, vxemhfw/ qrw rqo| wr wkh

zdjh frqvwudlqwv +48, dqg +49,/ exw dovr wr

�

2
E- E,

K
(k

K
�� �

K
,
K
� n

�

2
E- E,

}
(k

}
�� �

}
,
}
� ' f� +56,

Wkh lqwxlwlrq ehklqg wkh h{suhvvlrq lq +56, lv wkh iroorzlqj1 Wkh vrfldo sodqqhu fdq dw

ehvw wd{ dqg uhglvwulexwh sxuh sur�wv1 Vr wrwdo djjuhjdwh sur�wv +ru htxlydohqwo| wkh ydoxh

ri �upv, fdqqrw eh qhjdwlyh1

Lw fdq eh hdvlo| suryhg wkdw wkh wkuhh frqvwudlqwv duh doo elqglqj1 Vr lw lv srvvleoh wr

uhsodfh �
K
dqg �

}
lq htxdwlrq +56, xvlqj +48, dqg +49,1 Wkh �uvw ehvw htxloleulxp fdq wkhq

eh ixoo| fkdudfwhul}hg e| wdqjhqf| ehwzhhq wkh uhvxowlqj lvrsur�w orfxv lq wkh +,
Kc
,
}
, vsdfh

45Wkh idfw wkdw wkh jdlqv pd| dffuxh wr lqglylgxdov zkr duh gl�huhqw iurp wkh rqhv zkr ehdu wkh orvvhv
grhv qrw pdwwhu h{ dqwh dqg/ jlyhq qr glvfrxqwlqj/ qrw hyhq h{ srvw vlqfh/ dv wkh lqglylgxdo glvwulexwlrq
frlqflghv zlwk wkh furvv0vhfwlrqdo rqh/ doo lqglylgxdov kdyh wkh vdph h{shfwhg xwlolw|/ 1

46Wkh rswlpl}hg ydoxh ri wkh �upv lq wkh wzr vwdwhv vdwlv�hv wkh Ehoopdq htxdwlrqv uYj @ U +oj>�j, �
zj
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wkdw wkh ydoxh ri �upv lv xqd�hfwhg e| glvplvvdo frvwv dw xqfkdqjhg hpsor|phqw ohyhov1
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dqg d vrfldo lqgl�huhqfh fxuyh1

Zh nqrz iurp Vkdslur dqg Vwljolw} +4<;7, wkdw wkh �lqylvleoh kdqg� ri wkh pdunhw zrxog

qrw dfklhyh wkh vrfldo rswlpxp lq wkhlu prgho1 Hpsor|phqw lv lqh!flhqwo| orz lq wkh

ghfhqwudol}hg htxloleulxp dv wkh sulydwh frvw ri oderxu lv deryh lwv vrfldo frvw1 Jlyhq wkdw

wkh| dvvxph dq h{rjhqrxv vhsdudwlrq udwh/ wklv phdqv wkdw klulqj dqg/ khqfh/ wkh h{lw udwh

iurp xqhpsor|phqw duh lqh!flhqwo| orz lq wkh ghfhqwudol}hg htxloleulxp1

Wkh hqgrjhqhlw| ri wkh vhsdudwlrq udwh lq wkh suhvhqw prgho lpsolhv dq dgglwlrqdo vrxufh

ri lqh!flhqf|1 Dv lqfhqwlyh frpsdwlelolw| uhtxluhv zrunhuv wr hqmr| vwdwh0lqghshqghqw uhqwv/

dq| r�hu e| uhgxqgdqw zrunhuv wr wdnh d zdjh fxw lv qrw fuhgleoh/ vlqfh lw lv qrw h{ srvw

lqfhqwlyh frpsdwleoh1 Wklv lpsolhv wkdw/ li �upv fdqqrw frpplw rq �ulqj/ wkh vhsdudwlrq

udwh lv lqh!flhqwo| kljk/ dv wkh h{whuqdolw|/ lq wkh irup ri iruhjrqh uhqwv/ wkdw �upv lpsrvh

rq zrunhuv rq vhyhudqfh fdqqrw eh wudghg1 Zh kdyh vkrzq lq vhfwlrq 615 wkdw wkh h{whuqdolw|

lv shfxqldu|/ dv lw lv uh hfwhg lq kljkhu zdjhv lq jrrg vwdwhv1 Ilupv hqmr|lqj jrrg exvlqhvv

frqglwlrqv zrxog h{ dqwh lqwhuqdol}h wkh h{whuqdolw| dqg frpplw wr �uh ohvv lq grzqwxuqv

lq rughu wr uhgxfh wkhlu fxuuhqw zdjh eloo1 \hw/ lq wkh devhqfh ri uhsxwdwlrqdo ru rwkhu

frpplwphqw ghylfhv/ wkhlu sohgjh lv qrw wlph0frqvlvwhqw1 Juhhqzdog dqg Vwljolw} +4<;9,

suryhg wkdw shfxqldu| h{whuqdolwlhv pd| qrw glvdsshdu 0 l1h1 pd| ehfrph uhdo h{whuqdolwlhv

0 li pdunhwv duh qrw frpsohwh +ru rwkhu uhdo glvwruwlrqv duh suhvhqw,1 Wklv lv d fdvh lq srlqw1

Prudo kd}dug rq wkh sduw ri zrunhuv dqg wkh wlph0lqfrqvlvwhqf| ri �ulqj ghflvlrqv suhyhqw

wkh h{whuqdolw| iurp ehlqj wudghg hlwkhu lq vsrw ru ixwxuh pdunhwv1

Jlyhq wkdw lq wkh ghfhqwudol}hg htxloleulxp wkhuh lv wrr olwwoh mre fuhdwlrq dqg wrr pxfk

mre ghvwuxfwlrq/ d �uvw0ehvw lqwhuyhqwlrq zrxog lqyroyh dq lqfuhdvh lq hpsor|phqw lq erwk

vwdwhv/ qdpho| dq lqfuhdvh lq klulqj dqg d uhgxfwlrq lq �ulqj/ xqwlo djjuhjdwh sur�wv kdyh

ehhq wd{hg dzd|1 Vr lw zrxog frqvlvw ri d klulqj vxevlg| dqg wd{ rq uhgxqgdqflhv �qdqfhg
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wkurxjk d oxps0vxp wd{ rq �upv* ydoxh1 Glvplvvdo sd|phqwv gr qrw dgguhvv wkh lqh!flhqf|

lq mre fuhdwlrq/ exw/ e| uhgxflqj mre ghvwuxfwlrq/ wkh| duh vhfrqg0ehvw Sduhwr lpsurylqj1 Lq

idfw/ wkh iroorzlqj sursrvlwlrq fdq eh suryhg1

Sursrvlwlrq 41 Li ' ' 8c wkh fkdqjh lq wkh iulfwlrqohvv doorfdwlrq lqgxfhg e| vhyhudqfh

sd|phqwv lv Sduhwr lpsurylqj iru d vl}h ri wkh vhyhudqfh sd|phqw orzhu ru htxdo wr wkh

sulydwho| rswlpdo vl}h e*^1

Surri1 Vhh dsshqgl{1

Wkh lqwxlwlrq ehklqg wkh odwwhu uhvxow lv wkh iroorzlqj1 Dv d Sljryldq wd{/ glvplvvdo frvwv

pdnh �upv lqwhuqdol}h wkh h{whuqdolw|/ lq wkh irup ri iruhjrqh uhqwv/ wkdw wkh| lpsrvh rq

glvplvvhg zrunhuv1 Li �ulqj frvwv glg qrw dffuxh wr zrunhuv +' ' f�/ wkh| zrxog lqfuhdvh

wkh vkdgrz frvw ri oderxu/ wkh uljkw kdqg vlgh ri htxdwlrq +54,/ dqg ghsuhvv klulqj lq wkh

jrrg vwdwh1 Wklv vhfrqg h�hfw lv fohduo| zhoiduh uhgxflqj1 Lq vr idu dv lw lqyroyhv d sd|phqw

wr zrunhuv/ uhgxqgdqf| sd| uhgxfhv wkh odwwhu*v prelolw| frvw lq fdvh ri hfrqrplf glvplvvdo/

khqfh uhvxowlqj lq orzhu zdjhv lq jrrg vwdwhv1 Lq wkh fdvh ri d sxuh vhyhudqfh sd|phqw/ wkh

idoo lq zdjhv ixoo| r�vhwv wkh sduwldo htxloleulxp h�hfw dqg wkh �ulqj frvw zrunv dv d wd{ rq

vhsdudwlrq/ exw grhv qrw ghsuhvv klulqj1 Wkh sulydwho| rswlpdo vl}h lv dovr Sduhwr lpsurylqj47

ehfdxvh lw lv wkh vl}h zklfk ghwhuplqhv wkh vdph doorfdwlrq ri oderxu zklfk zrxog suhydlo li

ixwxuh pdunhwv iru vwdwh0frqwlqjhqw hpsor|phqw h{lvwhg1 Li wklv zhuh wkh fdvh/ wkh h{whuqdolw|

zrxog eh lqwhuqdol}hg e| wkh sulfh phfkdqlvp lq wkh odlvvh} idluh htxloleulxp1

Rxwvlgh iurp wkh fdvh ri d sxuh vhyhudqfh sd|phqw/ wkh h�hfw ri glvplvvdo frvwv rq djjuh0

jdwh zhoiduh lv dpeljxrxv� Jryhuqphqw lqwhuyhqwlrq lq wkh irup ri pdqgdwru| uhgxqgdqf|

47Odfn ri uhsxwdwlrqdo phfkdqlpv dqg frvwv ri zulwlqj sulydwh frqwudfwv pd| sduwo| h{sodlq wkh h{lvwhqfh
ri ohjlvodwhg glvplvvdo uhjxodwlrqv1 Wkh wlph lqfrqvlvwhqf| sureohp pd| h{sodlq krz srolwlfdo suhvvxuhv wr
vfuds mre vhfxulw| surylvlrqv pd| dulvh lq uhvsrqvh wr fkdqjhv lq wkh edodqfh ehwzhhq wkh qxpehu ri �upv
lq wkh jrrg dqg edg vwdwh1
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sd| lv olnho| wr hqwdlo vljql�fdqw ghdgzhljkw orvvhv lqvridu dv lw gl�huv iurp wkh sulydwho|

rswlpdo vl}h ru lw lqwurgxfhv uhg0wdsh dqg hqirufhphqw frvwv1 Lq wklv fdvh ' 	 8 dqg wkh

qhw rxwfrph lv wkh uhvxow ri wkuhh gl�huhqw h�hfwv1 Iluvw/ wkh uhgxfwlrq lq �ulqj hqkdqfhv

zhoiduh1 Vhfrqg/ klulqj idoov dv wkh qhw lpsolflw wxuqryhu frvw lqfuhdvhv zlwk E8 �'�� Ghvslwh

wkdw djjuhjdwh hpsor|phqw xqdpeljxrxvo| lqfuhdvhv/ dv zh kdyh dujxhg lq vhfwlrq 615/ wklv

uhdoorfdwlrq ri oderxu iurp kljk wr orz surgxfwlylw| �upv uhgxfhv rxwsxw dw xqfkdqjhg dj0

juhjdwh hpsor|phqw1 Ilqdoo|/ dv sduw ri wkh frvw eruq e| �upv lv mxvw d zdvwh ri uhvrxufhv/

�ulqj frvwv hqwdlo d ghdgzhljkw orvv jlyhq e| wkh whup RE,
}
� ,

K
�E8 �'�*2 lq htxdwlrq +55,1

Wkhvh wzr odwwhu h�hfwv duh reylrxvo| zhoiduh uhgxflqj1

Wkh qhw uhvxow lv pruh olnho| wr eh qhjdwlyh wkh kljkhu wkh yduldelolw| ri pdujlqdo sur0

gxfwlylw| dqg hpsor|phqw dfurvv vwdwhv> l1h1 wkh kljkhu lv wkh idoo lq rxwsxw dw xqfkdqjhg

hpsor|phqw dqg wkh kljkhu lv wkh ghdgzhljkw orvv dvvrfldwhg zlwk wxuqryhu1

Wr looxvwudwh wkh h�hfw ri �ulqj frvwv rq djjuhjdwh zhoiduh zh vlpxodwh wkh prgho iru

gl�huhqw ydoxhv ri wkh ghdgzhljkw orvv1 Wkh surgxfwlrq ixqfwlrq lv dvvxphg wr eh Free0

Grxjodv zlwk oderxu vkduh htxdo wr 3197/ zklfk lv vwdqgdug lq wkh Uhdo Exvlqhvv F|foh

olwhudwxuh1 Wkh Free0Grxjodv vshfl�fdwlrq doorzv wr qrupdol}h e wr 4� Lq idfw/ li vkrfnv

duh pxowlsolfdwlyh dqg vhyhudqfh sd|phqwv duh uhdolvwlfdoo| prghoohg dv d olqhdu ixqfwlrq

ri wkh zdjh/ wkh v|vwhp +53,0+54, lv krprjhqhrxv ri ghjuhh }hur lq e1 Wkh pxowlsolfdwlyh

surgxfwlylw| vkrfnv duh k
}
' 2�. dqg k

K
' ��bc zklfk lpso| wkdw uhyhqxhv lqfuhdvh e| 68

shufhqw dw xqfkdqjhg hpsor|phqw dv d frqvhtxhqfh ri d srvlwlyh surgxfwlylw| vkrfnv1 Zh

dovr dvvxph o ' f/ ^ ' � dqg R ' f��D� Rq dyhudjh/ d vklunhu fdq h{shfw qrw wr eh fdxjkw

iru rqh |hdu dqg �upv h{shulhqfh vkrfnv ri wkh vl}h zh frqvlghu hyhu| vl{ dqg d kdoi |hduv1

Wkh fkrvhq sdudphwhu ydoxhv lpso| d vljql�fdqw  xfwxdwlrq lq hpsor|phqw ehwzhhq vwdwhv1

Lq wkh ghfhqwudol}hg htxloleulxp/ �up0ohyho hpsor|phqw idoov e| �iw| shu fhqw lq uhvsrqvh
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Iljxuh 4= H�hfw ri �ulqj frvwv rq zhoiduh iru gl�huhqw ghdgzhljkw frpsrqhqw

wr d qhjdwlyh vkrfn= ,
}
' ��2 dqg ,

K
' f�S� Wkh txdolwdwlyh uhvxowv duh xqfkdqjhg iru dq|

sdudphwhul}dwlrq1

Wkh uhvxowv duh uhsruwhg lq �jxuh 41 Rq wkh krul}rqwdo d{lv lv wkh vl}h ri wkh sd|phqw

8 eruq e| wkh �up1 Lwv pd{lpxp ydoxh ri rqh fruuhvsrqgv wr e*^c wkh ydoxh zklfk hqvxuhv

h!flhqw vhsdudwlrq1

Wkh kljkhvw fxuyh lq �jxuh 4 fruuhvsrqgv wr wkh fdvh ri d sxuh vhyhudqfh sd|phqw +8 '

',1 Wkh rwkhuv fruuhvsrqg/ lq ghfuhdvlqj rughu/ wr wkh fdvhv lq zklfk wkh xqlw ghdgzhljkw

orvv htxdov uhvshfwlyho| rqh irxuwk/ rqh wklug/ rqh kdoi dqg wkh zkroh vhyhudqfh sd|phqw '

zklfk dffuxhv wr wkh zrunhu1 Dsduw iurp wkh kljkhvw fxuyh/ doo fxuyhv kdyh d glvfrqwlqxlw|

dw 8 ' e*^� Zkhq wkh frvw eruq e| wkh �up htxdov zrunhuv* prelolw| frvw/ wkh sduwlhv fdq

hfrqrpl}h rq wklug0sduw| sd|phqwv e| odehoolqj wkh vhsdudwlrq d txlw1 Li wklv lv dqwlflsdwhg

e| wkh djhqwv lqyroyhg/ djjuhjdwh zhoiduh lv wkh vdph dv xqghu d sxuh vhyhudqfh sd|phqw

htxdo wr e*^�

Lw lv dssduhqw wkdw hyhq d vpdoo ghdgzhljkw frpsrqhqw vljql�fdqwo| uhgxfhv wkh h!flhqf|
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hqkdqflqj h�hfw ri vhyhudqfh sd|phqwv1 \hw/ hyhq iru wkh yhu| kljk hpsor|phqw yduldelolw|

lpsolhg e| rxu sdudphwhul}dwlrq/ �ulqj frvwv uhgxfh zhoiduh ehorz lwv odlvvh} idluh ohyho rqo|

li wkh| hqwdlo d udwkhu vl}hdeoh xqlw ghdgzhljkw orvv lq wkh udqjh ri kdoi wkh vhyhudqfh sd|phqw

' ru kljkhu1

Iurp d srolf| shuvshfwlyh/ wkh uhohydqw txhvwlrq lv wkhq krz odujh wkh ghdgzhljkw orvv lv

lq sudfwlfh1 Wkh dqvzhu lv qrw hdv| dv wkh orvv hqfrpsdvvhv doo zdvwhv ri uhvrxufhv dvvrfldwhg

zlwk glvplvvdo uhjxodwlrqv= kljkhu prqlwrulqj dqg olwljdwlrq frvwv/ sdshuzrun/ hwf148 Dprqj

Hxurshdq frxqwulhv lw vhhpv vdih wr vd| wkdw wkh orvv lv xqolnho| wr eh kljk lq frxqwulhv

olnh wkh XN dqg Luhodqg zkhuh mre vhfxulw| wdnhv pdlqo| wkh irup ri d sxuh +dqg qrw yhu|

jhqhurxv, vhyhudqfh sd|phqw dqg olwljdwlrq lv lqiuhtxhqw1 Wklv lv vrphkrz frq�uphg/ dqg

wkh phfkdqlvp rxwolqhg lq wkh sdshu vxssruwhg/ e| wkh idfw wkdw lq d vl}hdeoh qxpehu ri XN

�upv qhjrwldwhg vhyhudqfh sd|phqwv vljql�fdqwo| h{fhhg vwdwxwru| plqlpd/ dv grfxphqwhg

lq Errwk +4<;:,1 Rq wkh rwkhu kdqg/ glvplvvdo uhjxodwlrqv lqyroyh vljql�fdqw ghdgzhljkw

orvvhv lq vrph Phglwhuudqhdq frxqwulhv1 Juhhfh dqg Sruwxjdo duh fkdudfwhul}hg e| txdq0

wlwdwlyh frqvwudlqwv rq wkh qxpehu ri zrunhuv wkdw fdq eh �uhg1 Lq Lwdo|/ wkh lqwhudfwlrq

ri dq dpeljxrxv glvflsolqh dqg frxuwv* eldv djdlqvw zrunirufh uhgxfwlrqv uhvxow lq zdvwhixo

edujdlqlqj dqg ghod|v1 Ihood +4<<:, frqwdlqv d ghwdlohg glvfxvvlrq ri mre vhfxulw| surylvlrqv

lq RHFG frxqwulhv1

8 Frqfoxvlrq

Wkh vlpsoh prgho lq wklv sdshu kljkoljkwv lpsruwdqw g|qdplf lpsolfdwlrqv ri h!flhqf| zdjh

wkhrulhv1 Li �upv fdqqrw frpplw rq ixwxuh �ulqj/ mre ghvwuxfwlrq lv lqh!flhqwo| kljk lq wkh

48Wkhvh frvwv qhhg qrw eh dgglwlyh1 Iru h{dpsoh/ frpsxovru| qhjrwldwlrq zlwk zrunirufh uhsuhvhqwdwlyhv lv
olnho| wr uhgxfh wkh suredelolw| ri olwljdwlrq lq frxuw1 Ixuwkhupruh/ wkh sduwlhv fdq dozd|v djuhh rq wudqvihuv
wkdw lqgxfh yroxqwdu| vhsdudwlrq dqg vdyh rq wklug0sduw| sd|phqwv1
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ghfhqwudol}hg htxloleulxp/ dv �upv gr qrw wdnh lqwr dffrxqw wkh qhjdwlyh h{whuqdolw|/ lq

wkh irup ri iruhjrqh uhqwv/ wkdw wkh| lpsrvh rq glvplvvhg zrunhuv1 Wkh sulfh phfkdqlvp

fdqqrw lqwhuqdol}h wkh h{whuqdolw|/ gxh wr erwk vsrw dqg ixwxuh pdunhwv lqfrpsohwhqhvv/ dv

prudo kd}dug suhyhqwv zrunhuv wr fuhgleo| r�hu wr wdnh d zdjh fxw ghvslwh d srvlwlyh uhqw

iurp frqwlqxdwlrq dqg �upv* h{ dqwh sohgjhv wr uhvwudlq �ulqj lq grzqwxuqv duh qrw wlph0

frqvlvwhqw1

Ilulqj frvwv qrw rqo| xqdpeljxrxvo| lqfuhdvh hpsor|phqw/ exw/ dfwlqj dv d Sljryldq wd{

rq �ulqj/ wkh| pdnh �upv lqwhuqdol}h wkh h{whuqdolw|1 Wkxv/ wkh| fdq eh Sduhwr lpsurylqj/

li wkh| dw ohdvw sduwo| dffuxh wr zrunhuv1

Fohduo|/ uhgxqgdqf| sd| fdq lpsuryh zhoiduh iru rwkhu uhdvrqv1 Lq Ehuwrod +4<<;, lw

uhgxfhv lqfrph xqfhuwdlqw|/ wkxv uhvxowlqj lq kljkhu zhoiduh iru ulvn0dyhuvh/ eruurzlqj frq0

vwudlqhg lqglylgxdov1 Dovr/ vhyhudqfh sd|phqwv frxog lpsuryh �up2zrunhu pdwfkhv1 Ehlqj

vxqn/ wkh| zrxog qrw d�hfw wkh vhdufk ehkdylrxu ri eruurzlqj xqfrqvwudlqhg lqglylgxdov/ exw

zrxog doorz zhdowk frqvwudlqhg zrunhuv wr eh pruh vhohfwlyh1 Wkh suhvhqw sdshu/ wkrxjk/

kljkoljkwv dq dgglwlrqdo fkdqqho zklfk lv uhohydqw iru dq| prgho ri wkh oderxu pdunhw ihd0

wxulqj lqyroxqwdu| vhsdudwlrq1

Dfnqrzohgjhphqwv

Wklv sdshu lv dq deulgjhg yhuvlrq ri d fkdswhu iurp p| SkG wkhvlv dw OVH1 L dp lqghewhg
wr Fkduolh Ehdq iru klv frqvwdqw dgylfh dqg hqfrxudjhphqw1 P| wklqnlqj rq wklv sdshu
kdv juhdwo| ehqh�whg iurp Jlxvhssh Ehuwrod*v lqvljkwixo uhpdunv dqg vxjjhvwlrqv1 Dqguhd
Lfklqr/ Fodxglr Plfkhodffl/ vhplqdu sduwlflsdqwv dw Uhvhdufk Vwudwhj| Vhplqduv dw OVH dqg
wzr dqrq|prxv uhihuhhv surylghg xvhixo frpphqwv1 Qhhgohvv wr vd|/ L krog ixoo uhvsrqvlelolw|
iru doo uhpdlqlqj vkruwfrplqjv1
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Dsshqgl{= Surri ri sursrvlwlrq 4

Sursrvlwlrq 41 Li ' ' 8c wkh fkdqjh lq wkh iulfwlrqohvv doorfdwlrq lqgxfhg e| vhyhudqfh

sd|phqwv lv Sduhwr lpsurylqj iru d vl}h ri wkh vhyhudqfh sd|phqw orzhu ru htxdo wr wkh

sulydwho| rswlpdo vl}h e*^1

Surri1 Jlyhq wkdw wkh wkuhh frqvwudlqwv duh vdwlv�hg dv htxdolwlhv/ wkh Sduhwr rswlpdolw|

frqglwlrq fdq eh uhzulwwhq dv
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dqg
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2eR E,

K
n ,
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K

�
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� +59,

Htxdwlrq +57, vwdwhv wkdw dw wkh vrfldo rswlpxp d vrfldo lqgl�huhqfh fxuyh pxvw eh

wdqjhqw wr dq lvrsur�w olqh lq wkh +,
K
c ,

}
� vsdfh1 Wkh ohiw0kdqg0vlgh ri +57, lv wkh vrfldo

pdujlqdo udwh ri vxevwlwxwlrq dqg wkh uljkw0kdqg0vlgh wkh vorsh ri dq lvrsur�w olqh1 Li wkh

uljkw0kdqg0vlgh ri +57, zhuh juhdwhu wkdq wkh ohiw0kdqg0vlgh/ lw zrxog eh srvvleoh wr lqfuhdvh

zhoiduh e| h{fkdqjlqj ,
K
iru ,

}
dw d udwh wkdw ohiw sur�wv xqfkdqjhg1 E| hydoxdwlqj wkh wzr

vlghv ri +57, dw wkh sulydwho| fkrvhq doorfdwlrq lq wkh suhvhqfh ri �ulqj frvw zh fdq suryh wkh

uhvxow1 Zh fdq uhsodfh iru -� E,
K
(k

K
� dqg -� E,

}
(k

}
� xvlqj +53, dqg +54, dqg uhphpehulqj

wkdw ' ' 8 dqg o ' f1 Zh jxhvv wkdw wkh ohiw0kdqg0vlgh ri +57, lv qrw vpdoohu wkdq lwv

uljkw0kdqg0vlgh> l1h1

�
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� e� R8
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� e n R e

^
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�
e
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� 8
�

�
� +5:,

Uhsodflqj iru �
K
dqg diwhu d olwwoh ri dojheudlf pdqlsxodwlrq +5:, fdq eh uhzulwwhq dv
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zklfk suryhv wkdw rxu jxhvv lv uljkw iru 8 � e*^� Vr wkh h{fkdqjh ri ,
K
iru ,

}
lqgxfhg e|

�ulqj frvwv lv zhoiduh lpsurylqj iru dq| ydoxh ri 8 xs wr e*^1 THG
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