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ABSTRACT

Revisiting the Case for a Populist Central Banker*

It has been argued that the inflationary bias of discretionary monetary policy
can be eliminated, and welfare maximized, by the appointment of a central
banker who does not care at all about inflation (a ‘populist central banker’).
We show that this result hinges crucially on the assumption that wage
bargaining occurs in terms of the real wage. When the strategic variable
chosen by the unions is the nominal wage, the above result is true only in the
special case of a single, all-encompassing union. In the more general case of
multiple unions, however, inflation increases linearly with their number and a
populist central bank may turn out to be bad for welfare. The Paper also
shows that whether unions bargain their wages in nominal or in real terms
influences the number of channels through which monetary policy can have
systematic effects on real variables.
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NON-TECHNICAL SUMMARY

Most central banks are concerned with inflation and in many countries this
concern has been emphasized and made more explicit in recent years. The
theoretical justification for this behaviour usually rests on Rogoff’s (1985) idea
that, in the presence of credibility problems, the government may be better off
by delegating monetary policy to an agent who is known for being
‘conservative’ (i.e. more concerned with inflation than the government). In
most models, such a delegation reduces the equilibrium inflation rate without
having systematic effects on real variables and is therefore welfare-improving.

The above ‘conventional wisdom’ is challenged in a recent paper by Guzzo
and Velasco (1999) who propose a model in which, due to an assumption of
wage-setters’ aversion to inflation, the appointment of a ‘populist’ central
banker, i.e. one who does not care at all about inflation, leads to first best
(inflation and employment) outcomes. This happens because a ‘populist’
banker presents the unions with an awesome inflation threat, namely that if
employment is below the optimal level, an infinitely high inflation rate will be
chosen by the central bank. Faced with such a (credible) threat, inflation-
averse unions moderate their wage requests in order to avoid the catastrophe
of a hyperinflation.

This Paper shows that the result of Guzzo and Velasco (GV) hinges crucially
on the assumption that wage bargaining occurs in terms of real wages. When
unions bargain nominal wages, as it is done almost everywhere, the welfare
effects of the populist central banker may change radically. It is shown that
under nominal wage bargaining and a populist central banker, equilibrium
inflation is linearly increasing in the number of unions. A similar result is
obtained by Cukierman and Lippi (1999), who also assume that bargaining
occurs in terms of nominal wages. Provided the government cares sufficiently
about inflation, this result restores the ‘conventional wisdom’ about the welfare
effects of a conservative central bank.

It may appear at first sight that, since unions have rational inflation
expectations, modeling their choices in terms of the real wage rather than the
nominal wage would lead to identical outcomes. But this is not quite correct if
unions are non-atomistic. A simple intuition for understanding the difference
between nominal wage bargaining (NWB) and real wage bargaining (RWB) is
the following. Under NWB each union selects its own nominal wage taking the
nominal wages of other unions as given. Since a large union understands the
inflationary impact of its actions, a unit increase of that union’s real wages
(caused by a nominal wage increase larger than the expected inflation
increase) is perceived by that union to reduce the real wages of all other
unions (since inflation increases and the other unions’ nominal wages are



assumed to be constant). Instead, under RWB, a unit increase in a union’s
real wage does not affect the other unions’ real wages by assumption. Thus,
the true difference between RWB and NWB concerns each union’s perception
of the relation between its real wage and the other unions’ real wages. Under
RWB there is no link between those variables, while such a link exists under
NWB. This interrelation, created by NWB, leads to substantial changes in the
equilibrium outcomes. For instance, under NWB each union has the
perception that it can raise its individual real wage without causing hyper-
inflation even with a ‘populist’ central banker, since the higher employment
that is generated by the fall of the other unions’ real wages compensates the
lower employment of that union’s workers (thus preventing the central bank
from producing hyper-inflation).

We reformulate the GV problem in terms of nominal wage bargaining and
demonstrate the difference between NWB and RWB. As anticipated, it will
appear that inflation and hence welfare, are not necessarily optimal under the
populist central banker. Moreover, it turns out that whether unions bargain
their wages in nominal or in real terms also influences the overall number of
channels through which monetary policy can have effects on real variables.
Under nominal wage bargaining there is an additional channel through which
monetary institutions can affect real variables, even when unions do not care
about inflation. Both results are similar to those obtained by Cukierman and
Lippi (1999). This shows that, despite the different macroeconomic models,
the assumption about nominal, as opposed to real, wage bargaining is key to
understanding the different results of those models. Finally, the
appropriateness of modeling discretionary monetary policy under RWB is
discussed: this is in fact problematic since RWB implies that policy-makers
cannot create surprise inflation and hence that there is no inflationary bias.

Overall, the results suggest that, with the exception of the special case in
which there is a single all-encompassing union (setting nominal wages for all
of the workers) the optimality of a populist central banker is not robust. In
particular, if society (i.e. workers) is sufficiently interested in inflation, a
‘conservative’ central bank may indeed be welfare-improving. This casts
serious doubts on the normative implication, which is implicit in Guzzo and
Velasco’s result, that central banks should not be concerned with price
stability.



41 Lqwurgxfwlrq

Vrph uhfhqw frqwulexwlrqv vkrz wkdw wkh pdfurhfrqrplf h�hfwv ri prqhwdu| lq0

vwlwxwlrqv pd| ghshqg rq wkh vwuxfwxuh ri wkh oderu pdunhw1 Dprqj wkh pdlq

yduldeohv wkdw fkdudfwhul}h wkh odwwhu duh wkh qxpehu ri xqlrqv wkdw edujdlq zdjhv

lq dq lqghshqghqw pdqqhu dqg wkh xqlrqv* ghjuhh ri lq dwlrq dyhuvlrq1 Fxnlhu0

pdq dqg Olssl +4<<<, dqg Jx}}r dqg Yhodvfr +4<<<, surylgh prghov zhuh wkh

pdfurhfrqrplf h�hfwv ri fhqwudo edqn lqghshqghqfh rq lq dwlrq dqg hpsor|phqw

ghshqg rq erwk wkrvh oderu pdunhw ihdwxuhv14

Exw wkh prghov ri Fxnlhupdq dqg Olssl dqg Jx}}r dqg Yhodvfr +FO dqg JY

khqfhiruwk, surgxfh udwkhu gl�huhqw uhvxowv1 Shukdsv wkh prvw vwulnlqj gl�huhqfh

lv wkdw lq JY lq dwlrq dqg hpsor|phqw duh dw wkhlu vrfldoo| rswlpdo ohyho zkhq

wkh fhqwudo edqnhu dwwdfkhv d }hur zhljkw wr lq dwlrq +zkdw wkh| odeho d �srsxolvw

fhqwudo edqnhu�5,/ zkloh wklv lv qrw jhqhudoo| wuxh lq FO1 Jlyhq wkh ryhuulglqj

lpsruwdqfh wkdw pdq| fhqwudo edqnv dwwulexwh wr wkh jrdo ri sulfh vwdelolw|/ wkh

urexvwqhvv ri vxfk d sursrvlwlrq vhhpv uhohydqw1

Wklv sdshu vkrzv wkdw vhyhudo ri wkh gl�huhqw uhvxowv ehwzhhq wkh wzr sdshuv/

dprqj zklfk wkh sursrvlwlrq frqfhuqlqj wkh rswlpdolw| ri d �srsxolvw� fhqwudo

edqnhu/ duh qrw fdxvhg e| wkh gl�huhqw xqghuo|lqj prghov ri wkh hfrqrp| zklfk

duh xvhg lq wkrvh sdshuv1 Udwkhu/ wkh| duh fdxvhg e| wkh gl�huhqw dvvxpswlrqv

wkdw FO dqg JY pdnh frqfhuqlqj wkh zdjh edujdlqlqj surfhvv1 FO h{solflwo|

dvvxph wkdw wkh vwudwhjlf yduldeoh fkrvhq e| hdfk xqlrq lq wkh edujdlqlqj surfhvv

lv wkh qrplqdo zdjh/ l1h1 wkdw hdfk xqlrq fkrrvhv lwv qrplqdo zdjh wdnlqj wkh

qrplqdo zdjhv ri wkh rwkhu xqlrqv dv jlyhq1 JY fodlp wkdw xqlrqv vhohfw wkh

4D vxuyh| ri wkh suhylrxv olwhudwxuh zklfk kdv irfxvvhg rq oderu pdunhw vwuxfwxuh dqg prq0

hwdu| srolf| lv surylghg e| Fxnlhupdq dqg Olssl +4<<<,1
5FO odeho wkh htxlydohqw frqfhsw dv wkh �xowud olehudo fhqwudo edqnhu�1 Khuh wkh pruh sduvl0

prqlrxv whuplqrorj| ri JY lv xvhg1
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qrplqdo zdjh/ exw wkh| lpsolflwo| vroyh wkh xqlrqv* sureohp e| pdnlqj hdfk

xqlrq fkrrvh lwv uhdo zdjh wdnlqj wkh uhdo zdjhv ri rwkhu xqlrqv dv jlyhq1 Lw zloo

eh vkrzq wkdw/ li xqlrqv edujdlq zdjhv lq qrplqdo whupv/ wkh JY prgho surgxfhv

h{dfwo| wkh vdph uhvxow rewdlqhg e| FO= xqghu d srsxolvw fhqwudo edqnhu zhoiduh

lv pd{lpl}hg rqo| li wkhuh lv d vlqjoh xqlrq1 Dv wkh qxpehu ri xqlrqv lqfuhdvhv/

lq dwlrq ulvhv olqhduo| zlwk lw dqg zhoiduh lv qrw qhfhvvdulo| pd{lpl}hg1

Lw pd| dsshdu dw �uvw eoxvk wkdw/ vlqfh xqlrqv kdyh udwlrqdo lq dwlrq h{shf0

wdwlrqv/ prghoolqj wkhlu fkrlfhv lq whupv ri wkh uhdo zdjh udwkhu wkdq wkh qrplqdo

zdjh dprxqwv wr wkh vdph wklqj1 Exw wklv lv qrw txlwh fruuhfw li xqlrqv duh qrq0

dwrplvwlf1 D vlpsoh lqwxlwlrq iru xqghuvwdqglqj wkh fuxfldo gl�huhqfh ehwzhhq

qrplqdo zdjh edujdlqlqj +QZE, dqg uhdo zdjh edujdlqlqj +UZE, lv wkh iroorz0

lqj1 Xqghu QZE hdfk xqlrq vhohfwv lwv rzq qrplqdo zdjh wdnlqj wkh qrplqdo

zdjhv ri rwkhu xqlrqv dv jlyhq1 Vlqfh d odujh xqlrq xqghuvwdqgv wkh lq dwlrqdu|

lpsdfw ri lwv dfwlrqv/ d xqlw lqfuhdvh ri wkdw xqlrq*v uhdo zdjhv +fdxvhg e| d qrpl0

qdo zdjh lqfuhdvh odujhu wkdq wkh h{shfwhg lq dwlrq lqfuhdvh, lv shufhlyhg e| wkdw

xqlrq wr uhgxfh wkh uhdo zdjhv ri doo rwkhu xqlrqv +vlqfh lq dwlrq lqfuhdvhv dqg wkh

rwkhu xqlrqv* qrplqdo zdjhv duh dvvxphg wr eh frqvwdqw,16 Lqvwhdg/ xqghu UZE/

d xqlw lqfuhdvh lq d xqlrq*v uhdo zdjh grhv qrw d�hfw wkh rwkhu xqlrqv* uhdo zdjhv

e| dvvxpswlrq1 Wkxv/ wkh wuxh gl�huhqfh ehwzhhq UZE dqg QZE frqfhuqv hdfk

xqlrq*v shufhswlrq ri wkh uhodwlrq ehwzhhq lwv uhdo zdjh dqg wkh rwkhu xqlrqv*

uhdo zdjhv1 Xqghu UZE wkhuh lv qr olqn ehwzhhq wkrvh yduldeohv/ zkloh vxfk d

olqn h{lvwv xqghu QZE1 Wklv lqwhuuhodwlrq/ fuhdwhg e| QZE/ ohdgv wr vxevwdqwldo

fkdqjhv lq wkh htxloleulxp rxwfrphv1

Zh uhirupxodwh wkh JY sureohp lq whupv ri qrplqdo zdjh edujdlqlqj dqg

ghprqvwudwh wkh gl�huhqfh ehwzhhq QZE dqg UZE1 Dv dqwlflsdwhg/ lw zloo dsshdu

wkdw lq dwlrq/ dqg khqfh zhoiduh/ duh qrw qhfhvvdulo| rswlpdo xqghu wkh srsxolvw

fhqwudo edqnhu1 Pruhryhu/ lw wxuqv rxw wkdw zkhwkhu xqlrqv edujdlq wkhlu zdjhv

6Li xqlrqv zhuh dwrplvwlf hdfk ri wkhp zrxog shufhlyh wkdw wkh lpsdfw ri lwv lqglylgxdo zdjhv

rq lq dwlrq lv qlo1 Wkdw lv zk| wkh dvvxpswlrq ri qrq0dwrplvp lv hvvhqwldo wr rxu dujxphqw1
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lq qrplqdo ru lq uhdo whupv dovr lq xhqfhv wkh ryhudoo qxpehu ri fkdqqhov wkurxjk

zklfk prqhwdu| srolf| fdq kdyh h�hfwv rq uhdo yduldeohv1 Xqghu qrplqdo zdjh

edujdlqlqj wkhuh lv dq dgglwlrqdo fkdqqho wkurxjk zklfk prqhwdu| lqvwlwxwlrqv

fdq d�hfw uhdo yduldeohv/ hyhq zkhq xqlrqv gr qrw fduh derxw lq dwlrq1 Erwk

uhvxowv duh vlplodu wr wkrvh rewdlqhg e| Fxnlhupdq dqg Olssl +4<<<,1 Wklv vkrzv

wkdw/ ghvslwh wkh gl�huhqw pdfurhfrqrplf prghov/ wkh dvvxpswlrq derxw qrplqdo

dv rssrvhg wr uhdo zdjh edujdlqlqj lv nh| wr xqghuvwdqg wkh gl�huhqw uhvxowv ri

wkrvh prghov1 Ilqdoo|/ wkh dssursuldwhqhvv ri prgholqj glvfuhwlrqdu| prqhwdu|

srolf| xqghu UZE lv glvfxvvhg= wklv lv lq idfw sureohpdwlf vlqfh UZE lpsolhv

wkdw srolf| pdnhuv fdqqrw fuhdwh vxusulvh lq dwlrq dqg khqfh wkdw wkhuh lv qr

lq dwlrqdu| eldv1

Wklv sdshu lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq eulh | froohfwv wkh hvvhq0

wldo htxdwlrqv ri wkh JY prgho/ pdnlqj d ihz vlpsoh wudqvirupdwlrqv zklfk duh

qhfhvvdu| wr prgho zdjh0vhwwlqj lq qrplqdo whupv1 Wkh wklug vhfwlrq vkrzv wkh

hvvhqwldo gl�huhqfh ehwzhhq QZE dqg UZE/ dqg suryhv wkdw JY dfwxdoo| prgho

zdjh vhwwlqj dvvxplqj UZE1 Wkh irxuwk vhfwlrq ghulyhv wkh xqlrqv* htxloleulxp

vwudwhjlhv xqghu QZE dqg suhvhqwv wkh htxloleulxp rxwfrphv1 D frpsdulvrq eh0

wzhhq rxwfrphv xqghu QZE dqg wkrvh ri JY dsshduv lq vhfwlrq 81 D �qdo vhfwlrq

gudzv frqfoxvlrqv1

51 Wkh Hvvhqwldo Hohphqwv ri wkh Prgho

Wkh hfrqrp| lv srsxodwhg e| d sur�w0pd{lpl}lqj uhsuhvhqwdwlyh �up/ surgxflqj

wkh vlqjoh frqvxpswlrq jrrg/ dqg d frqwlqxxp ri v|pphwulf zrunhuv +lqgh{hg

e| � dqg duudqjhg lq wkh xqlw lqwhuydo, zkr vxsso| oderu/ uhfhlyh glylghqgv iurp

wkh �up/ dqg frqvxph1 Zrunhuv duh rujdql}hg lq ? � � xqlrqv7 +lqgh{hg e| �,/

hdfk ri zklfk kdv d vhw ri phpehuv ri phdvxuh ?3� rq zkrvh ehkdoi lw vhwv zdjhv1

7JY dvvxph q � 5= Krzhyhu/ dv zloo ehfrph fohdu odwhu/ rqo| zkhq q @ 4 wkh �srsxolvw�

fhqwudo edqnhu lv xqfrqglwlrqdoo| rswlpdo1 Wkhuhiruh q � 4 lv dvvxphg khuh lq rughu wr frqvlghu

wkh vshfldo fdvh ri q @ 4=
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Wkhuh lv dovr d jryhuqphqw/ zklfk vhwv wkh udwh ri lq dwlrq diwhu qrplqdo zdjhv1

Zrunhuv zkr hduq zdjh lqfrph dqg �upv* sur�wv lq wkh irup ri glylghqgv1 Zrunhu

�*v xwlolw| +vxevfulsw �, lv jlyhq e| +vhh htxdwlrq 51; lq JY,

L
�
' *L}�

�
� �

2
E*L}u

�
�2 � q

R

2
Z2 c q

R
� fc � : k : f +514,

zkhuh � dqg q
R
duh suhihuhqfh sdudphwhuv dqg �

�
c u

�
dqg Z duh/ uhvshfwlyho|/

frqvxpswlrq/ oderu0vxssolhg e| lqglylgxdo � dqg wkh lq dwlrq udwh18

Hdfk xqlrq � lv dvvxphg wr uhsuhvhqw wkh zrunhuv wkdw olh frqwljxrxvo| lq

wkh lqwhuydo E� � ?3�/ ��1 Wkh uhsuhvhqwdwlyh xqlrq pd{lpl}hv wkh xwlolw| ri lwv

phpehuv +vhh htxdwlrq 5143 lq JY,

T
�
' ?

]
�

�3?
3�

L
�
_�� +515,

Wzr uhgxfhg irup htxdwlrqv duh qhhghg wr vwxg| wkh xqlrqv* sureohp1 Wkh

�uvw lv wkh h{suhvvlrq iru wkh ghpdqg ri oderu w|sh �/ rewdlqhg iurp wkh sur�w0

pd{lpl}lqj ehkdylru ri �upv dqg wkh htxloleulxp uhodwlrq ehwzhhq zdjhv dqg

rxwsxw/ |lhoglqj +vhh htxdwlrq E15 lq JY,

u
�
' k

�

�3k

�
`

�

`

�
3j

`3

�

�3k f � k � �( j : �� +516,

zkhuh `
�
dqg ` duh/ uhvshfwlyho|/ wkh uhdo zdjh iru zrunhu � dqg wkh djjuhjdwh

uhdo zdjh1 Wkh vhfrqg htxdwlrq lv wkh uhsuhvhqwdwlyh zrunhu*v exgjhw frqvwudlqw

�
�
' `

�
u
�
n(

�
' k

�

�3k

�
`

�

`

��3j

`3

k

�3k n(
�

+517,

Lw lv k|srwkhvl}hg wkdw xqlrqv/ qr pdwwhu krz odujh/ wdnh(
�
dv jlyhq zkhq vhwwlqj

zdjhv1

Wkh uhdo zdjh lv gh�qhg dv +vhh htxdwlrqv 5144 dqg 517 ri JY,

`
�
� � n /

�

� n Z
+518,

8Wkh dvvxpswlrq � A � hqvxuhv wkdw wkh xwlolw| ixqfwlrq lv frqfdyh lq ohlvxuh1
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dqg ` �
�]

�

f

`
�

�3j_�
� �

�3j

+519,

zkhuh /
�
lv wkh shufhqw lqfuhdvhv lq wkh qrplqdo zdjh ri wkh xqlrq wr zklfk zrunhu

� ehorqjv +wkh suhylrxv shulrg uhdo zdjh ri zrunhu � lv qrupdol}hg wr xqlw|,1 Lw lv

dvvxphg wkdw /
�
+iru doo � 5 �, lv wkh frqwuro yduldeoh ri xqlrq �1 Lghqwlfdo uhvxowv

duh rewdlqhg li wkh xqlrqv* fkrlfh yduldeoh lv wkh qrplqdo zdjh ohyho19 Iru wkh

sxusrvh ri wklv sdshu/ lw lv frqyhqlhqw wr h{suhvv wkh djjuhjdwh uhdo zdjh lq whupv

ri wkh djjuhjdwh qrplqdo zdjh jurzwk +/,= vxevwlwxwlqj htxdwlrq +518, lqwr +519,

|lhogv

` '
� n /

� n Z
c zkhuh / �

�]
�

f

E� n /
�
��3j_�

� �

�3j � � +51:,

Ohw /
�
eh wkh qrplqdo zdjh jurzwk ri wkh zrunhuv ri xqlrq �� Wklv jurzwk udwh

lv lghqwlfdo dfurvv doo zrunhuv ri xqlrq � +l1h1 /
�
' /

�
( doo � 5 �, vlqfh wkh xqlrq

wdujhwv wkh vdph xwlolw| ohyho iru hdfk ri wkhp1: Htxdwlrq +51:, lpsolhv wkdw/ lq

d v|pphwulf htxloleulxp/ _/

_/�

' �

?
1; Khqfh/ xqlrq � shufhlyhv wkdw wkh jurzwk ri

wkh qrplqdo zdjhv ri lwv phpehuv lqfuhdvhv djjuhjdwh qrplqdo zdjh jurzwk e| d

idfwru ri �*?/ zklfk lv gluhfwo| uhodwhg wr wkh xqlrq*v vl}h1

Wkh remhfwlyh ixqfwlrq ri wkh jryhuqphqw lv

a '
]

�

f

�
*L}�

�
� �

2
E*L}u

�
�2
�
_�� q

}

2
Z2c q

}
� f� +51;,

Qrwh wkdw wkh jryhuqphqw remhfwlyhv gl�hu iurp wkh lqglylgxdo xqlrqv* remhf0

wlyhv lq wkdw wkh jryhuqphqw dffrxqwv iru doo zrunhuv lq wkh hfrqrp|/ wkdw q
}
pd|

gl�hu iurp q
R
/ dqg wkdw wkh jryhuqphqw grhv qrw wdnh (

�
dv jlyhq zkhq fkrrv0

9Vlqfh wkh suhylrxv shulrg qrplqdo zdjh grhv qrw d�hfw htxloleulxp rxwfrphv +vhh vhfwlrq

715, dqg qrplqdo zdjh fkdqjhv duh frvwohvv iru wkh xqlrqv1
:Wklv lv wuxh vlqfh xqlrq phpehuv* suhihuhqfhv/ wkh zd| wkhlu oderu hqwhuv lqwr wkh �up*v

whfkqrorj|/ dqg wkh zhljkw wkh xqlrq sodfhv rq wkhlu zhoiduh/ duh doo v|pphwulf1
;Wkh sduwldo ghulydwlyh ri $ zlwk uhvshfw wr $m lv g$

g$m
@ +4.$,

�

4��

U
l5m

+4 � �,+4 . $l,
��gl @

4

q
+ 4.$

4.$m
,� zkhuh wkh odvw htxdolw| krogv vlqfh wkh zdjhv ri xqlrq m*v zrunhuv duh lghqwlfdo1 Lq d

v|pphwulf htxloleulxp/ zkhuh wkh zdjhv ri doo xqlrqv duh htxdo/ wkhq $ @ $m dqg g$

g$m
@ 4

q
=
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lqj prqhwdu| srolf|1< Uhsodflqj wkh h{suhvvlrq iru wkh glylghqgv lqwr +517,/ wkh

exgjhw frqvwudlqw +ri wkh lqglylgxdo zrunhu, idfhg e| wkh jryhuqphqw ehfrphv43

�
�
'

5
7k �

�3k

�
`

�

`

��3j

n E�� k�k
k

�3k

6
8`3

k

�3k � +51<,

5141 Wkh Prqhwdu| Srolf| Uhdfwlrq Ixqfwlrq wr Qrplqdo Zdjhv

D wzr0vwdjh jdph lv frqvlghuhg1 Lq wkh vhfrqg vwdjh wkh fhqwudo edqn revhuyhv

wkh qrplqdo zdjh frqwudfwv/ suhylrxvo| vljqhg e| wkh xqlrqv/ dqg vhwv wkh lq d0

wlrq udwh1 Wkh prqhwdu| dxwkrulwlhv* sureohp dprxqwv wr pd{lpl}lqj +51;, zlwk

uhvshfw wr Z vxemhfw wr +518,/ +51:, dqg +51<,1 Wkh �uvw rughu frqglwlrq lpsolhv wkh

uhdfwlrq ixqfwlrq +vhh htxdwlrq 614 ri JY,

Z '
k� �

U
�

f
*L}u

�
_�

E�� k� q
}

� +5143,

Vlqfh wkh vwudwhjlf yduldeoh fkrvhq e| wkh xqlrqv lv wkh qrplqdo zdjh jurzwk /
�
/

zh h{suhvv wkh uhdfwlrq ixqfwlrq +5143, lq whupv ri wkh fhqwudo edqn uhdfwlrq wr

qrplqdo zdjhv e| xvlqj htxdwlrq +516, lqwr +5143,/ zklfk |lhogv44

Z '
k E�� k�� � *L}kn �

k
E�� k� j

U
�

f
E/

�
� /�_�n /

l
E�� k�2 q

}
n �

� +5144,

Nh| wr rxu uhvxowv lv wkdw d qrq0dwrplvwlf xqlrq shufhlyhv wkdw wkh jurzwk ri

lwv qrplqdo zdjhv udlvhv lq dwlrq/ lq d zd| zklfk lv ghwhuplqhg e| +5144,1 Wkh

shufhlyhg lpsdfw h�hfw ri /
�
rq wkh udwh ri lq dwlrq/ hydoxdwhg dorqj wkh uhdfwlrq

<Dv phqwlrqhg/ wkhvh dvvxpswlrqv duh h{dfw uhsolfdv ri wkh JY dvvxpswlrqv1 Olssl +4<<<,

vwxglhv krz wkh rxwfrphv ri wklv jdph ydu| xqghu dowhuqdwlyh dvvxpswlrqv derxw xqlrq*v eh0

kdylru +h1j1 lqwhuqdol}dwlrq ri glylghqgv ru h{whuqdol}dwlrq ri jhqhudo htxloleulxp h�hfwv,1
43Lq htxloleulxp/ glylghqgv duh jlyhq e| G @ +4� �,\ 1 Xvlqj wkh h{suhvvlrq iru htxloleulxp

rxwsxw |lhogv Gl @ +4� �,�
4

4��Z�

�

4�� zklfk lv xvhg lq wkh wh{w1
44Htxdwlrqv +518, dqg +51:, duh xvhg wr zulwh wkh oderu ghpdqg +ht1 516, lq whupv ri qrplqdo

zdjhv dqg lq dwlrq1 Dv grqh lq JY/ wkh dssur{lpdwlrqv orjZl
�@ $l � � dqg orjZ �@ $ � �

duh xvhg wkurxjkrxw1

:



ixqfwlrq +5144, zkloh wdnlqj wkh qrplqdo zdjhv ri rwkhu xqlrqv +odeho wkrvh /
3�
,

dv jlyhq/ lv

_Z

_/
�

����
/
3�

'
�

?
k
E�� k�2 q

}
n �

l � rEq
}
c ?� 5 Efc �� +5145,

zklfk zh odeho r�45 Lw dsshduv wkdw wkh lpsdfw h�hfw ghshqgv rq wkh fhqwudo edqn

lq dwlrq dyhuvlrq q
}
dqg rq wkh vl}h ri wkh xqlrq1 Dwrplvwlf xqlrqv +? $ 4,

shufhlyh wkhlu lpsdfw rq lq dwlrq +r, lv }hur1 D qrq0dwrplvwlf xqlrq/ krzhyhu/

shufhlyhv wkdw dq lqfuhdvh lq lwv qrplqdo zdjhv lqfuhdvhv wkh lq dwlrq udwh +r : f,/

dqg wkdw wklv lqfuhdvh lv vpdoohu li wkh fhqwudo edqn lv pruh lq dwlrq dyhuvh +kljkhu

q
}
,1

61 Wkh gl�huhqfh ehwzhhq QZE dqg UZE

Lq wklv vhfwlrq zh vkrz wkdw ghvslwh JY fodlp +rq s14657, wkdw �wkh xqlrq vhwv

wkh udwh ri lqfuhdvh ri wkh qrplqdo zdjhv ri lwv phpehuv1 ^11` Lq grlqj vr/ lw wdnhv

wkh qrplqdo zdjhv vhw e| rwkhu xqlrqv dv jlyhq�/ wkh| dfwxdoo| vroyh wkh xqlrqv*

sureohp e| pdnlqj hdfk xqlrq fkrrvh wkh uhdo zdjh yduldeoh `
�
/ wdnlqj wkh uhdo

zdjhv ri rwkhu xqlrqv dv jlyhq146

Lqwxlwlyho|/ wkh fuxfldo gl�huhqfh ehwzhhq QZE dqg UZE lv wkh iroorzlqj=

xqghu QZE/ hdfk xqlrq � fkrrvhv lwv qrplqdo zdjh +/
�
,/ wdnlqj wkh qrplqdo

zdjhv ri rwkhu xqlrqv +zklfk zh odeho /
3�
, dv jlyhq dqg nqrzlqj wkdw d xqlw

lqfuhdvh lq lwv qrplqdo zdjh lqfuhdvhv lq dwlrq +e| r xqlwv,1 Khqfh/ d xqlw lqfuhdvh

45Htxdwlrq +5145, jlyhv wkh lpsdfw h�hfw ri $m rq lq dwlrq hydoxdwhg dw d v|pphwulf htxlole0

ulxp/ zkhuh doo zdjhv duh lghqwlfdo1 Wklv lpsolhv wkdw lq wkh ghulydwlyh ri +5144, zlwk uhvshfw

wr $m wkh whup g

g$m

kU
4

3

+$l � $,gl
l
lv htxdo wr }hur1 Wkh uhdvrq wr phdvxuh wkh lpsdfw ri $m rq

lq dwlrq dw d v|pphwulf htxloleulxp lv wkdw zh zdqw wr dqdo|}h hdfk xqlrq*v lqfhqwlyh wr ghyldwh

iurp wkh Qdvk htxloleulxp ri wkh zdjh vhwwlqj jdph/ wkdw zloo eh vkrzq wr eh v|pphwulf1
46Wkh surri ri wklv vwdwhphqw lv jlyhq ehorz/ zkhuh lw lv vkrzq wkdw wkh hodvwlflw| ri oderu

ghpdqg wkh| xvh +lq wkh �uvw rughu frqglwlrq ri wkh uhsuhvhqwdwlyh xqlrq*v sureohp/ htxdwlrq

F15 rq s14674 ri wkhlu sdshu, lv fruuhfw rqo| xqghu wkh dvvxpswlrq ri UZE1

;



lq wkh uhdo zdjhv ri xqlrq �c `
�
c +fdxvhg e| dq lqfuhdvh lq /

�
htxdo wr �

�3r
,47/ iru

jlyhq qrplqdo zdjhv ri wkh rwkhu xqlrqv +/
3�
,/ uhgxfhv wkh uhdo ydoxh ri wkrvh

zdjhv +l1h1 `
3�

lv uhgxfhg e| wkh lqfuhdvh lq /
�
,1 Lqvwhdg/ xqghu UZE/ d xqlw

lqfuhdvh lq wkh uhdo zdjh ri xqlrq � lv dvvxphg qrw wr kdyh dq lpsdfw rq wkh uhdo

zdjhv ri wkh rwkhu xqlrqv1 Wkhuhiruh wkh lpsdfw ri d xqlw lqfuhdvh lq d xqlrq*v uhdo

zdjh rq wkh djjuhjdwh uhdo zdjh lv vpdoohu xqghu QZE wkdq xqghu UZE vlqfh

xqghu wkh iruphu wkh uhdo zdjhv ri wkh rwkhu xqlrqv idoo1 Wklv ohdgv wr gl�huhqw

shufhlyhg hodvwlflw| ri oderu ghpdqg xqghu QZE dqg UZE/ dqg khqfh wr gl�huhqw

htxloleulxp rxwfrphv1

Wkh deryh dujxphqwv fdq eh irupdol}hg e| vwxg|lqj wkh lpsdfw ri d xqlw

lqfuhdvh lq wkh uhdo zdjh ri xqlrq � rq wkh djjuhjdwh uhdo zdjh xqghu wkh wzr

vfhqdulrv1 Xqghu UZE wkh lpsdfw h�hfw ri `
�
rq ` lv fdofxodwhg wdnlqj wkh

uhdo zdjhv ri rwkhu xqlrqv/ `
3�
c dv jlyhq + _`

_`�

����
`
3�

,/ zkloh xqghu QZE wkh lp0

sdfw h�hfw lv fdofxodwhg wdnlqj wkh qrplqdo zdjhv ri rwkhu xqlrqv/ /
3�
/ dv jlyhq

+ _`
_`�

���
/
3�

,1 Xvlqj wkh gh�qlwlrq +519, wr fdofxodwh wkrvh lpsdfwv dw d v|pphwulf

htxloleulxp +zkhuh `
�
' ` iru doo �*v, uhyhdov wkdw xqghu UZE +vhh Dsshqgl{

D,

_`

_`
�

����
`
3�

'
Y`

Y`
�

n
Y`

Y`
3�

� Y`3�

Y`
�

����
`
3�

'
�

?
+614,

vlqfh wkh whup Y`
3�

Y`�

����
`
3�

lv }hur e| dvvxpswlrq xqghu UZE1 Lqvwhdg/ xqghu QZE

+vhh Dsshqgl{ D,

_`

_`
�

����
/
3�

'
Y`

Y`
�

n
Y`

Y`
3�

� Y`3�

Y`
�

����
/
3�

'
�

?
� E?� ��r

?E�� r�
: f� +615,

Lw dsshduv iurp +615, wkdw wkh lpsdfw h�hfw ri d xqlw lqfuhdvh lq `
�
rq `

xqghu QZE lv jlyhq e| wzr whupv= wkh �uvw whup +�*?, lv wkh gluhfw lpsdfw ri wkh

zdjhv ri xqlrq � rq wkh djjuhjdwh zdjh/ zklfk lv sursruwlrqdo wr wkh vl}h ri xqlrq

47Wkh +vhpl,hodvwlflw| ri wkh qrplqdo zdjh jurzwk zlwk uhvshfw wr wkh uhdo zdjh ohyho lv jlyhq

e| g$m

g orjZm

@ 4

4�v
+zkhuh wkh dssur{lpdwlrq orjZm

�@ $m �� lv xvhg,= Wklv jlyhv wkh lqfuhdvh lq

wkh qrplqdo zdjh wkdw lv dvvrfldwhg wr d xqlw lqfuhdvh ri wkh uhdo zdjh1

<



�1 Wkh vhfrqg whup lv wkh h�hfw wkdw dq lqfuhdvh lq `
�
h{huwv rq ` ehfdxvh lw

uhgxfhv wkh uhdo zdjhv ri wkh rwkhu xqlrqv1 Vlqfh d xqlw lqfuhdvh lq wkh qrplqdo

zdjhv ri xqlrq � lqfuhdvhv lq dwlrq e| r/ wkhq d xqlw lqfuhdvh lq wkh uhdo zdjhv ri

xqlrq � lqfuhdvhv lq dwlrq e| r

�3r
xqlwv1 Khqfh wkh rwkhu xqlrqv* uhdo zdjhv idoo

e| wkh vdph dprxqw +vhh dsshqgl{ D,1 Wkh uhgxfwlrq ri wkh djjuhjdwh uhdo zdjh

gxh wr wklv h�hfw lv jlyhq e| wkh idoo ri wkh rwkhu xqlrqv* zdjhv +� r

�3r
, wlphv wkhlu

zhljkw lq wkh djjuhjdwh uhdo zdjh +?3�
?
,1

Htxdwlrqv +614, dqg +615, vkrz wkdw/ surylghg � 	 ? 	 4/ wkh lpsdfw ri d

xqlw lqfuhdvh lq wkh uhdo zdjh ri xqlrq � rq wkh djjuhjdwh uhdo zdjh lv vpdoohu

xqghu QZE wkdq xqghu UZE1 Wklv rffxuv ehfdxvh wkh lqfuhdvh lq wkh uhdo zdjh

ri xqlrq � fdxvhv dq lqfuhdvh lq lq dwlrq wkdw uhgxfhv wkh uhdo zdjhv ri wkh rwkhu

xqlrqv xqghu QZE1

Wkrvh gl�huhqw lpsdfwv ri xqlrq � zdjhv rq wkh djjuhjdwh zdjh/ xqghu UZE

dqg xqghu QZE/ fduu| ryhu wr gl�huhqfhv lq wkh hodvwlflw| ri oderu ghpdqg zlwk

uhvshfw wr uhdo zdjhv dv shufhlyhg e| hdfk xqlrq1 Xqghu UZE wkh hodvwlflw| dw d

v|pphwulf htxloleulxp lv +vhh Dsshqgl{ E,

� � � _ *L}u
�

_ *L}`
�

����
`
3�

' j � jE�� k�� �

E�� k�?
+616,

Wklv lv h{suhvvlrq 5146 lq JY sdshu/ zklfk vkrzv wkdw wkh| lpsolflwo| dvvxph

UZE1 Lqvwhdg/ lq d v|pphwulf htxloleulxp xqghu QZE +vhh Dsshqgl{ E,

�� � � _ *L}u
�

_ *L}`
�

����
/
3�

'

%
� n

jE�� k�� �

E�� k�
� E?� ��r

?E�� r�

&
+617,

zklfk zh odeho ��148

Wkh frpsdulvrq ri wkh hodvwlflw| ri oderu ghpdqg xqghu UZE dqg QZE vkrzv

wkdw zkhwkhu wkh hodvwlflw| xqghu QZE lv odujhu ru vpdoohu wkdq xqghu UZE +lq

devroxwh ydoxh, ghshqgv rq wkh vljq ri wkh h{suhvvlrq jE��k���� Wklv kdv d vlpsoh
lqwhusuhwdwlrq1 Lw dsshduv iurp htxdwlrq +516, wkdw wkh �qdo lpsdfw ri wkh uhdo

48Lq whupv ri wkh edvlf prgho sdudphwhuv wkh hodvwlflw| xqghu QZE lv htxdo wr �# @ 4

+4��,
.�

� � 4

+4��,

�
+4��,

5
�
j
.�

q

q�4
+4��,5�

j
.�

=
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zdjh ri xqlrq �c `
�
/ rq wkh oderu ghpdqg/ ghshqgv rq lwv lpsdfw rq wkh uhodwlyh

zdjh whup +`�

`
, dqg rq wkh djjuhjdwh uhdo zdjh `�49 Vlpsoh dojheud vkrzv wkdw

xqghu QZE wkh �uvw h�hfw lv odujhu +vhh htxdwlrqv 614 dqg 615, zkloh wkh vhfrqg

h�hfw lv vpdoohu wkdq xqghu UZE14: Khqfh/ wkh hodvwlflw| xqghu QZE lv odujhu

wkdq xqghu UZE zkhq wkh lpsdfw ri`
�
rq wkh uhodwlyh zdjh whup grplqdwhv wkh

lpsdfw rq wkh djjuhjdwh zdjh whup1 Wklv rffxuv zkhq jE�� k� : ��

Qrwlfh wkdw wkh lpsdfwv ri `
�
rq `�

`
dqg ` dovr ghshqg rq r xqghu QZE1 Lq

sduwlfxodu/ d kljkhu lq dwlrqdu| shufhswlrq +kljkhu r, ghfuhdvhv wkh lpsdfw ri `
�

rq ` +vhh htxdwlrq 615, dqg lqfuhdvhv wkh lpsdfw ri `� rq
`�

`
+vhh irrwqrwh 4:,1

Khqfh wkh hodvwlflw| ri oderu ghpdqg lv lqfuhdvlqj lq r zkhq wkh uhodwlyh zdjh

h�hfw grplqdwhv wkh djjuhjdwh zdjh h�hfw +l1h1 zkhq jE� � k� : �,/ zkloh lw lv

ghfuhdvlqj rwkhuzlvh1

Ilqdoo|/ qrwh wkdw lq wkh vshfldo fdvh lq zklfk wkhuh lv d vlqjoh xqlrq lq wkh

hfrqrp| +? ' �,/ QZE dqg UZE jlyh ulvh wr lghqwlfdo uhvxowv1 Wklv lv reylrxv

vlqfh lq wklv fdvh wkh vlqjoh xqlrq hqfrpsdvvhv wkh zkroh oderu irufh dqg khqfh

wkhuh duh qr �rwkhu� xqlrqv zkrvh zdjhv fdq eh uhgxfhg e| dq lqfuhdvh ri wkdw

xqlrq*v zdjhv1 Pruhryhu/ htxlydohqfh dovr rffxuv zkhq xqlrqv duh dwrplvwlf +?$
4, dv lq wkdw fdvh hdfk xqlrq shufhlyhv lwv lpsdfw rq lq dwlrq lv }hur +r ' f,/

zklfk lpsolhv wkdw wkh shufhlyhg lpsdfw rq wkh uhdo zdjhv ri rwkhu xqlrqv lv }hur

hyhq xqghu QZE1

49Qrwh wkdw rqh fdq zulwh wkh hodvwlflw| dv � g orjOm

g orjZm

m
�

@ 4

+4��,
� g orjZ
g orjZm

m
�

. � � g orj
Z
m

Z

g orjZm

m
�

=

4:Wklv fdq eh vhhq lpphgldwho| e| qrwlqj wkdw g orj
Z
m

Z

g orjZm

@ 4� g orjZ

g orjZm

/ zklfk vkrzv wkdw d

odujhu lpsdfw h�hfw ri Zm rq wkh djjuhjdwh uhdo zdjh lpsolhv d vpdoohu lpsdfw rq wkh uhodwlyh

zdjh1

44



71 Htxloleulxp xqghu QZE

7141 Zdjh Vhwwlqj xqghu QZE

Wkh sureohp idfhg e| wkh w|slfdo xqlrq � xqghu QZE lv wr pd{lpl}h +515, zlwk

uhvshfw wr /
�
/ vxemhfw wr +516,/ +517, dqg wdnlqj /

3�
dv jlyhq1 Wkh �uvw rughu

frqglwlrq ri wklv sureohp lpsolhv +vhh Dsshqgl{ F,

�q
R
Z

r

�� r
� k

k
�� � �

l
n ��� *L}u ' f +714,

zklfk lqglfdwhv wkdw dq lqfuhdvh lq wkh zdjhv ri xqlrq � kdv wzr rssrvlqj h�hfwv

rq wkh xwlolw| ri zrunhuv= rq wkh rqh kdqg/ lw ghfuhdvhv xwlolw| vlqfh lw lqfuhdvhv

lq dwlrq dqg uhgxfhv frqvxpswlrq +wkh wzr qhjdwlyh whupv lq +714,,14; Rq wkh

rwkhu kdqg/ lw lqfuhdvhv xwlolw| vlqfh lw udlvhv ohlvxuh1 Htxdwlrq +714, vkrzv wkdw

xqlrq � wudghv r� wkrvh pdujlqdo ehqh�wv dqg frvwv/ zkhq fkrrvlqj /
�
c dffrug0

lqj wr lwv suhihuhqfhv derxw lq dwlrq/ frqvxpswlrq dqg ohlvxuh +dv vkrzq e| wkh

suhihuhqfh sdudphwhuv q
R
dqg �,1

7151 Htxloleulxp Rxwfrphv xqghu QZE

Htxloleulxp rxwfrphv xqghu QZE duh rewdlqhg frpelqlqj wkh prqhwdu| srolf|

uhdfwlrq ixqfwlrq dw d v|pphwulf htxloleulxp +htxdwlrq 5143 zlwk u
�
' u, dqg wkh

xqlrqv* �uvw rughu frqglwlrq +714,1 Wklv |lhogv

*L}u '

#
k

�

$
�� 5 Efc �� +715,

zkhuh f � �� � �� E�� k� E�� r�q
}

q
R
rn E�� k� E�� r�q

}

��
� �� +716,

D frpsdulvrq ri �� zlwk wkh fruuhvsrqglqj htxloleulxp yduldeoh lq JY/ �/

uhyhdov wkdw wkh wzr vroxwlrqv frlqflgh rqo| lq wkh vshfldo fdvhv zkhq ? ' � ru
4;D zdjh lqfuhdvh uhgxfhv frqvxpswlrq dv lw uhgxfhv wkh uhvrxufhv dydlodeoh iru frqvxpswlrq

+ZlOl,= Wklv rffxuv ehfdxvh wkh idoo lq oderu ghpdqg grplqdwhv wkh lqfuhdvh lq wkh uhdo zdjh

+dv lqglfdwhg e| wkh idfw wkdw �# A 4,1

45



?$4 +vhh dsshqgl{ G,1 Wklv vkrxog qrw eh vxusulvlqj vlqfh/ dv qrwlfhg/ lq wkhvh

wzr fdvhv wkh hodvwlflw| ri oderu ghpdqg xqghu QZE dqg UZE lv wkh vdph1 Li

� 	 ? 	4c wkh frpsdulvrq ghshqgv rq zkhwkhu wkh hodvwlflw| xqghu QZE +��, lv

odujhu wkdq wkh rqh xqghu UZE dqg dovr rq wkh xqlrq*v suhihuhqfhv derxw lq dwlrq

+q
R
,1 Li wkh xqlrq lv lqgl�huhqw wr lq dwlrq +l1h1 li q

R
' f,/ wkhq hpsor|phqw

lv odujhu xqghu QZE li �� : �/ vpdoohu rwkhuzlvh14< Li q
R
: fc krzhyhu/ wkh

frpsdulvrq dovr kdv wr wdnh lqwr dffrxqw wkdw wkh lpsdfw rq lq dwlrq ri d jlyhq

lqfuhdvh lq d xqlrq*v uhdo zdjhv lv dozd|v vpdoohu xqghu QZE wkdq xqghu UZE

+ehfdxvh wkh uhgxfwlrq lq wkh rwkhu xqlrqv* zdjhv ohdgv wkh FE wr uhdfw e| ohvv,1

Wklv h�hfw/ wdnhq lq lvrodwlrq/ lqgxfhv ohvv prghudwlrq rq wkh sduw ri xqlrqv xqghu

QZE +khqfh orzhu hpsor|phqw,1 Wkh �qdo h�hfw rq hpsor|phqw ghshqgv rq wkh

frpelqdwlrq ri wkh wzr h�hfwv1

Vlqfh lq dwlrq lv dovr uhodwhg wr wkh ohyho ri hpsor|phqw lq wklv prgho/ htxl0

oleulxp lq dwlrq xqghu QZE lv/ lq jhqhudo/ gl�huhqw iurp lq dwlrq xqghu UZE1

Htxdwlrq +715, dqg +5143, lpso|53

Z '
�

k

�� k

�#
�� ��

q
}

$
+717,

zklfk lv wkh htxloleulxp udwh ri lq dwlrq rewdlqhg xqghu QZE dqg glvfuhwlrqdu|

prqhwdu| srolf|1

81 D Frpsdulvrq zlwk Jx}}r dqg Yhodvfr*v uhvxowv

Lq wklv vhfwlrq zh vkrz krz wkh uhvxowv rewdlqhg xqghu QZE gl�hu iurp wkrvh

rewdlqhg e| Jx}}r dqg Yhodvfr +4<<<, xqghu UZE1 Iluvw/ wkh �srsxolvw fhqwudo

edqnhu� uhvxow lv uhfrqvlghuhg1 Vhfrqg/ lw lv vkrzq wkdw xqghu QZE wkh ghjuhh ri

fhqwudo edqn frqvhuydwlvp fdq d�hfw uhdo rxwfrphv hyhq zkhq xqlrqv gr qrw fduh

derxw lq dwlrq/ dv lq Fxnlhupdq dqg Olssl +4<<<, dqg Olssl +4<<<,1 Wklug/ wkh

4<Qrwh/ iurp dsshqgl{ G/ wkdw zkhq �
s
@ 3 wkhq ! @ 4� 4

#
dqg �! @ 4� 4

�#
=

53Dqdo|wlfdo uhvxowv iru rxwsxw fdq eh lpphgldwho| rewdlqhg qrwlqj wkdw/ lq d v|pphwulf

htxloleulxp/ orj \ @ � orjO=
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h�hfwv ri oderu pdunhw ghfhqwudol}dwlrq duh vwxglhg1 Irxuwk/ wkh dssursuldwhqhvv

ri dvvxplqj UZE lq d prgho ri wlph0lqfrqvlvwhqf| lv glvfxvvhg1

8141 Uhylvlwlqj wkh Fdvh iru d Srsxolvw Fhqwudo Edqnhu

Zkhq q
}
' fc wkh lpsdfw rq lq dwlrq dv shufhlyhg e| hdfk wudgh xqlrq lv +iurp

htxdwlrq 5145, htxdo wr r ' �

?
� Wkh htxloleulxp ohyho iru hpsor|phqw lv ghulyhg

iurp htxdwlrq +715,/ |lhoglqj

*L}u '
k

�
+814,

Htxdwlrq +814, vkrzv wkdw/ dv lq JY/ xqghu d srsxolvw FE hpsor|phqw lv dw

lwv rswlpdo ohyho1 Wkh lqwxlwlyh uhdvrq lv wkdw/ xqghu d srsxolvw fhqwudo edqn/ li

hpsor|phqw lv ehorz wkh ohyho ghvluhg e| wkh FE dq lq�qlwh lq dwlrq zrxog eh

surgxfhg1 Vlqfh xqlrqv duh dyhuvh wr lq dwlrq +q
R
: f, wkh| wkhuhiruh vhw wkh uhdo

zdjh dw d ohyho zklfk dyrlgv vxfk d fdwdvwurskh1

Wkh htxloleulxp ohyho iru lq dwlrq lv ghulyhg iurp htxdwlrq +717,/ |lhoglqj

Z '
kE?� ��

q
R

� +815,

Wklv uhvxow lv lq vwdun frqwudvw zlwk wkh rqh ri JY/ zkhuh wkh srsxolvw fhqwudo

edqn surgxfhv }hur lq dwlrq dw doo ?*v1 Xqghu QZE/ wklv rffxuv rqo| li wkhuh lv

d vlqjoh xqlrq +? ' �,1 Wkhuh lv dq lqwxlwlyh uhdvrq iru zk| wklv kdsshqv1 Zkhq

? ' �/ wkh vlqjoh xqlrq grhv qrw shufhlyh wkh srvvlelolw| wr lqfuhdvh lwv uhdo zdjh

deryh wkh �rswlpdo� ohyho +l1h1 wkh ohyho frqvlvwhqw zlwk wkh rswlpdo hpsor|phqw

lq 814, ehfdxvh d xqlw lqfuhdvh lq /
�
zkhq ? ' � lv pdwfkhg e| d xqlw lqfuhdvh lq

lq dwlrq +r ' �,1 Wkxv wkh xqlrq kdv qr lqfhqwlyh wr lqfuhdvh lwv qrplqdo zdjh

vlqfh wkdw zrxog udlvh lq dwlrq zlwk qr ehqh�fldo h�hfwv lq whupv ri ohlvxuh +l1h1

uhdo zdjh,1

Li wkhuh lv pruh wkdq rqh xqlrq lq wkh hfrqrp|/ krzhyhu/ hdfk xqlrq shufhlyhv

wkdw d xqlw lqfuhdvh lq lwv qrplqdo zdjhv sxvkhv lwv rzq uhdo zdjhv deryh wkh

rswlpdo ohyho vlqfh lq dwlrq ulvhv e| ohvv wkdq rqh iru rqh +r 	 �,1 Wkh uhdvrq
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zk| lq dwlrq grhv qrw mxps wr lq�qlw| diwhu rqh xqlrq*v zdjh lqfuhdvh deryh wkh

rswlpdo zdjh ohyho/ hyhq lq wkh suhvhqfh ri d srsxolvw fhqwudo edqnhu/ lv wkdw wkh

lq dwlrq fdxvhg e| wklv zdjh lqfuhdvh uhgxfhv wkh rwkhu xqlrqv* uhdo zdjhv wr wkh

srlqw zkhuh dyhudjh hpsor|phqw lv dw wkh ohyho ghvluhg e| wkh FE +wkxv dyrlglqj

wkh fdwdvwursklf hyhqw ri k|shu0lq dwlrq,154 Wkxv/ zkhq ? : �c hdfk lqglylgxdo

xqlrq edodqfhv wkh ehqh�fldo h�hfwv ri qrplqdo zdjhv +l1h1 kljkhu uhdo zdjhv dqg

khqfh ohlvxuh, zlwk lwv frvwv +l1h1 kljkhu lq dwlrq,1 Lq d v|pphwulf htxloleulxp doo

xqlrqv lqfuhdvh wkhlu qrplqdo zdjhv e| lghqwlfdo dprxqwv/ zklfk duh wudqviruphg

ixoo| lq lq dwlrq e| wkh srsxolvw FE1

Qrwh iurp htxdwlrq +815, wkdw lq dwlrq lv kljkhu wkh odujhu wkh qxpehu ri

xqlrqv lq wkh hfrqrp|1 Wklv rffxuv ehfdxvh wkh vpdoohu hdfk xqlrq lv/ wkh vpdoohu

lv wkh shufhlyhg lpsdfw rq lq dwlrq +qdwxudoo|/ dv hdfk xqlrq dffrxqwv iru d vpdoohu

sruwlrq ri wkh djjuhjdwh qrplqdo zdjh,1 Wklv pdnhv wkh pdujlqdo frvw ri lq dwlrq

ghfuhdvlqj lq wkh qxpehu ri xqlrqv/ khqfh wkh htxloleulxp qrplqdo zdjh jurzwk

fkrvhq e| hdfk xqlrq/ dqg wkhuhiruh htxloleulxp lq dwlrq/ lqfuhdvhv zlwk ?155

Dw wklv srlqw/ lw vkrxog eh fohdu wkdw wkh JY uhvxow rq wkh rswlpdolw| ri wkh

srsxolvw fhqwudo edqnhu lv xqfrqglwlrqdoo| ydolg +l1h1 ydolg iru dq| q
R
: f, rqo|

lq wkh vshfldo fdvh ri ? ' �/ zkhuh erwk lq dwlrq dqg xqhpsor|phqw olh dw wkhlu

vrfldoo| rswlpdo ohyhov1 Dv ? lqfuhdvhv/ wkh ohyho ri lq dwlrq lqfuhdvhv olqhduo| zlwk

lw1 Lq wkh olplw/ dv ? jrhv wrzdugv lq�qlw|/ vr grhv lq dwlrq zkloh xqhpsor|phqw

uhpdlqv dw lwv rswlpdo ohyho1 Wkhuhiruh/ zkhq ? : �/ wkh rswlpdo ohyho ri FE

54Qrwlfh wkh gl�huhqfh zlwk wkh fdvh ri wkh srsxolvw FE xqghu UZE xqghu zklfk/ hdfk xqlrq

shufhlyhv wkdw dq lqfuhdvh lq lwv rzq zdjhv deryh wkh ixoo0hpsor|phqw ohyho orzhuv djjuhjdwh

hpsor|phqw +vlqfh wkh uhdo zdjhv ri wkh rwkhu xqlrqv duh xqfkdqjhg, dqg khqfh ohdgv wr d

k|shu0lq dwlrq1
55Wkh �uvw rughu frqglwlrq ri wkh uhsuhvhqwdwlyh xqlrq +714,/ zkhq �

j
@ 3 +qrwh wkdw 617

lpsolhv �# @ � zkhq �
j
@ 3,> lv

��
s
�

q

q� 4
� � ^� � 4` . �� orjO @ 3

zklfk uhyhdov wkdw lq dwlrq frvwv duh ghfuhdvlqj lq q1
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lq dwlrq dyhuvlrq +l1h1 wkh rswlpdo q
}
, ghshqgv rq wkh suhihuhqfhv ri wkh zrunhuv

zlwk uhvshfw wr lq dwlrq dqg xqhpsor|phqw +q
R
,1 Iru lqvwdqfh/ lq d ghfhqwudol}hg

oderu pdunhw +kljk ?, lq dwlrq zloo eh kljk xqghu wkh srsxolvw fhqwudo edqnhu/

zklfk pdnhv lw dq lpsuredeoh vrfldo rswlpxp +l1h1 jlyhq ?c lw lv dozd|v srvvleoh

wr �qg d vx!flhqwo| odujh q
R
iru zklfk wklv w|sh ri edqnhu lv qrw rswlpdo,1

8151 Wzr Fkdqqhov iru Vwudwhjlf Qrq0Qhxwudolwlhv

Dqrwkhu gl�huhqfh ehwzhhq QZE dqg UZE frqfhuqv wkh qxpehu ri fkdqqhov

wkurxjk zklfk prqhwdu| srolf| lqvwlwxwlrqv/ dv fkdudfwhul}hg e| wkh ghjuhh ri

fhqwudo edqn lq dwlrq dyhuvlrq/ fdq d�hfw uhdo yduldeohv1 Wkh �uvw fkdqqho/ zklfk

dovr dsshduv lq JY dqg FO/ rffxuv ehfdxvh li xqlrqv duh lq dwlrq dyhuvh +q
R
: f,

wkhlu uhdo zdjh fkrlfhv zloo ghshqg rq krz pxfk lq dwlrq zloo eh fuhdwhg/ zklfk

lq wxuq ghshqgv rq wkh ghjuhh ri FE lq dwlrq dyhuvlrq1 Khqfh/ d FE zkr lv rqo|

plogo| lq dwlrq dyhuvh whqgv wr prghudwh wudgh xqlrqv* uhdo zdjh uhtxhvwv1 Wklv

fkdqqho rshudwhv xqghu erwk qrplqdo dqg uhdo zdjh edujdlqlqj1

Hyhq li xqlrqv duh qrw lq dwlrq dyhuvh +q
R
' f,/ krzhyhu/ wkhuh lv d vhfrqg

fkdqqho wkurxjk zklfk wkh lq dwlrq dyhuvlrq ri wkh fhqwudo edqn d�hfwv uhdo ydul0

deohv1 Wklv lv vlplodu wr wkh fkdqqho lghqwl�hg e| FO dqg lv suhvhqw rqo| xqghu

QZE156 D vlpsoh zd| wr kljkoljkw wkh vhfrqg qrq0qhxwudolw| h�hfw lv wr uhzulwh

wkh h{suhvvlrq iru hpsor|phqw lq wkh vshfldo fdvh zkhq +q
R
' f,1 Iurp +715, wklv

jlyhv

*L}u
����
q
R
'f

'

#
k

�

$%
�� �

��

&
� +816,

Wkh vljq ri wkh sduwldo ghulydwlyh ri +816, zlwk uhvshfw wr q
}
lv ghwhuplqhg e| wkh

vljq ri wkh h{suhvvlrq

_u

_q
}

� _r

_q
}

%
jE�� k�� �

E�� k�

�
�� �

?

�&
+817,

56Wklv h{sodlqv zk| lq FO/ zkr prgho QZE/ wkhuh duh wzr fkdqqhov iru qrq0qhxwudolwlhv zkloh

lq JY wkhuh lv rqo| rqh1
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zklfk vkrzv wkdw rqo| lq wkh h{wuhph fdvhv ri ? ' � ru ?$ 4 wkh ghulydwlyh lv

}hur1 Lq doo rwkhu fdvhv/ dq lqfuhdvh lq wkh ghjuhh ri lq dwlrq dyhuvlrq ri wkh fhqwudo

edqn lv jrlqj wr ghfuhdvh hpsor|phqw li jE�� k� : �/ wr lqfuhdvh lw rwkhuzlvh1

Wkh uhdvrq zk| q
}
lq xhqfhv hpsor|phqw lv wkdw lw d�hfwv wkh shufhlyhg lp0

sdfw rq lq dwlrq/ r/ dqg/ wkurxjk lw/ wkh hodvwlflw| ri oderu ghpdqg +vhh vhfwlrq 6,1

Zh vkrzhg wkdw +wkh devroxwh ydoxh ri, wkh hodvwlflw| ri oderu ghpdqg lv lqfuhdvlqj

lq r li wkh uhodwlyh zdjh h�hfw grplqdwhv wkh djjuhjdwh zdjh h�hfw +zklfk rffxuv

li jE� � k� : �,1 D ghfuhdvh lq r +iru lqvwdqfh gxh wr d kljkhu q
}
, pdnhv hdfk

xqlrq shufhlyh wkdw wkh lpsdfw ri lwv zdjh rq wkh uhodwlyh zdjh lv vpdoohu/ zkloh

wkh lpsdfw rq wkh djjuhjdwh zdjh lv odujhu1 Wkhq/ li jE� � k� : �c wkh uhodwlyh

zdjh h�hfw grplqdwhv wkh djjuhjdwh zdjh h�hfw rq wkh oderu ghpdqg dqg wkh

hodvwlflw| ri oderu ghpdqg idoov1

Lw dsshduv iurp wkh xqlrq*v �uvw rughu frqglwlrq wkdw d orzhu oderu ghpdqg

hodvwlflw| ohdgv hdfk xqlrq wr dlp iru d kljkhu uhdo zdjh/ surgxflqj d orzhu hp0

sor|phqw ohyho1 Wkh rssrvlwh h�hfw +l1h1 kljkhu hpsor|phqw, rffxuv li jE��k� 	 �

vlqfh lq wkdw fdvh wkh lqfuhdvh lq FE lq dwlrq dyhuvlrq udlvhv wkh hodvwlflw| ri oderu

ghpdqg/ ohdglqj wkh xqlrqv wr ghpdqg orzhu uhdo zdjhv1

Dq lpsruwdqw frqvhtxhqfh ri wkh h{lvwhqfh ri wkh vhfrqg qrq0qhxwudolw| lv

wkdw lw vkrzv wkdw JY �uhvxow 4� +uhsruwhg rq s1 465;,/ zkhuh lw lv fodlphg wkdw

wkh wudglwlrqdo Eduur dqg Jrugrq +4<;6, qhxwudolw| uhvxowv fdq eh rewdlqhg dv

vshfldo fdvhv iurp wkhlu prgho zkhq q
R
' fc lv qrw wuxh xqghu QZE +dsduw iurp

wkh vshfldo fdvh ri ? ' �,1 Wkh wudglwlrqdo uhvxowv duh rewdlqhg zkhq xqlrqv duh

dwrplvwlf/ zkhwkhu ru qrw wkh| fduh derxw lq dwlrq1

8161 Wkh H�hfwv ri Oderu Pdunhw Ghfhqwudol}dwlrq

Wkh qxpehu ri xqlrqv wkdw lqghshqghqwo| edujdlq zdjhv lq wkh hfrqrp| fdq

eh xvhg wr lqyhvwljdwh wkh h�hfwv ri wkh ghjuhh ri ghfhqwudol}dwlrq rq hfrqrplf

shuirupdqfh1 Vrph dojheud vkrzv wkdw wkh vljq ri wkh sduwldo ghulydwlyh ri wkh

htxloleulxp udwh ri hpsor|phqw +715, zlwk uhvshfw wr ? lv jlyhq e| wkh vljq ri wkh

4:



h{suhvvlrq

_u

_?
� jE�� k�� �� q

R
�

q2

}
E�� k�

� +818,

zklfk vkrzv wkdw hpsor|phqw lv hlwkhu lqfuhdvlqj ru ghfuhdvlqj lq wkh qxpehu ri

xqlrqv ghshqglqj rq zkhwkhu wkh hodvwlflw| ri oderu ghpdqg zlwk uhvshfw wr wkh

uhodwlyh zdjh whup +j, lv vx!flhqwo| kljk1

Zkhq xqlrqv gr qrw fduh derxw lq dwlrq +q
R
' f,/ wkh h�hfw ri ? rq hpsor|0

phqw rffxuv ehfdxvh ? lq xhqfhv wkh hodvwlflw| ri oderu ghpdqg1 Lq sduwlfxodu/

d kljkhu ? lqfuhdvhv wkh hodvwlflw| +dqg khqfh hpsor|phqw, li wkh lpsdfw ri rzq

zdjh lqfuhdvhv rq wkh uhodwlyh zdjh whup grplqdwhv wkh lpsdfw rq wkh djjuhjdwh

zdjh whup/ zklfk rffxuv li jE�� k� : �157

Pruhryhu/ zkhq xqlrqv duh lq dwlrq dyhuvh +q
R
: f, d fkdqjh lq ? dovr gh0

fuhdvhv hdfk xqlrq*v shufhswlrq ri krz lq dwlrqdu| lwv dfwlrqv duh1 Wklv jlyhv wkh

xqlrq dq lqfhqwlyh wr sxvk iru kljkhu zdjhv1 Wklv h�hfw dorqh zrxog whqg wr pdnh

hpsor|phqw ghfuhdvlqj lq ?� Wkh frpelqdwlrq ri wkh h�hfwv ri ? rq wkh oderu

ghpdqg hodvwlflw| dqg rq wkh lq dwlrqdu| shufhswlrqv ri xqlrqv ghwhuplqhv wkh

vljq ri wkh �qdo lpsdfw1

8171 Wkh Lqfrqvlvwhqf| ehwzhhq UZE dqg Fuhglelolw| Jdphv

Lq wkh suhylrxv vxevhfwlrqv zh kdyh vkrzq wkdw xqghu QZE wkh htxloleulxp ohyhov

ri lq dwlrq dqg hpsor|phqw duh gl�huhqw iurp zkdw ghvfulehg e| JY xqghu wkhlu

lpsolflw dvvxpswlrq ri UZE/ lq sduwlfxodu lw zdv vkrzq wkdw wkh srsxolvw fhqwudo

edqnhu pd{lpl}hv zhoiduh rqo| lq wkh yhu| vshfldo fdvh ri d vlqjoh xqlrq1

57Wkh phfkdqlvp wkdw ghwhuplqhv wkh �qdo lpsdfw ri q rq O lv dqdorjrxv wr wkh rqh wkdw zdv

glvfxvvhg iru wkh lpsdfw ri �
j
rq O= Dv q lqfuhdvhv/ wkh lpsdfw ri Zm rq wkh uhodwlyh zdjh whup

Zm

Z
lqfuhdvhv zkloh wkh lpsdfw rq wkh djjuhjdwh zdjh Z ghfuhdvhv +wklv fdq eh ghulyhg iurp

htxdwlrq 615,1 Dv ehiruh/ zklfk ri wkrvh h�hfwv grplqdwhv ghshqgv rq zkhwkhu wkh hodvwlflw| ri

wkh oderu ghpdqg wr wkh uhodwlyh zdjh whup +�, grplqdwhv wkh hodvwlflw| ri wkh oderu ghpdqg

zlwk uhvshfw wr wkh djjuhjdwh uhdo zdjh whup + 4

4��
,1
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Exw wkhuh lv dqrwkhu/ shukdsv pruh ixqgdphqwdo/ remhfwlrq wr wkh uhvxowv ri

JY1 Wklv frqfhuqv wkh idfw wkdw li UZE lv wdnhq vhulrxvo|/ wkhq wkh fhqwudo edqn

zrxog kdyh qr lqfhqwlyhv wr vxusulvh sulydwh djhqwv vlqfh lw zrxog eh fohdu wkdw

hpsor|phqw fdqqrw eh lqfuhdvhg e| d prqhwdu| h{sdqvlrq1 Lq rwkhu zrugv/ xqghu

UZE +iru lqvwdqfh lq d vhwwlqj zkhuh zdjhv duh ixoo| lqgh{hg,/ wkh jryhuqphqw

grhv qrw shufhlyh wkdw lw fdq d�hfw hpsor|phqw/ vlqfh lw grhv qrw wdnh qrplqdo

zdjhv dv jlyhq1 Khqfh/ li wkh jryhuqphqw uhdol}hv wkdw uhdo zdjhv fdqqrw eh

dowhuhg ehfdxvh ri/ vd|/ lqgh{dwlrq/ wkhq lw idfhv qr vkruw uxq wudghr� ehwzhhq

lq dwlrq dqg hpsor|phqw dqg khqfh lq dwlrq zrxog eh }hur1 Lq idfw/ wklv lv zk|

wlph0lqfrqvlvwhqf| prghov hpskdvl}h wkdw xqlrqv edujdlq qrplqdo zdjhv zklfk

fdqqrw eh uhqhjrwldwhg h{0srvw +vhh Shuvvrq dqg Wdehoolql +4<<</ vhfwlrq 516, dqg

Zdovk +4<<;/ fkdswhu ;,,1

91 Frqfoxglqj Uhpdunv

Prvw fhqwudo edqnv duh frqfhuqhg zlwk lq dwlrq dqg lq pdq| frxqwulhv wklv frqfhuq

kdv ehhq hpskdvl}hg dqg pdgh pruh h{solflw lq wkh uhfhqw |hduv +vhh Fxnlhupdq/

4<<;,1 Wkh wkhruhwlfdo mxvwl�fdwlrq iru wklv xvxdoo| uhvwv rq Urjr�*v +4<;8, lghd

wkdw/ lq wkh suhvhqfh ri fuhglelolw| sureohpv/ wkh jryhuqphqw pd| eh ehwwhu r�

e| ghohjdwlqj prqhwdu| srolf| wr dq djhqw zkr lv nqrzq iru ehlqj �frqvhuydwlyh�

+l1h1 pruh frqfhuqhg zlwk lq dwlrq wkdq wkh jryhuqphqw,1 Lq prvw prghov/ vxfk d

ghohjdwlrq uhgxfhv wkh htxloleulxp lq dwlrq udwh zlwkrxw kdylqj v|vwhpdwlf h�hfwv

rq uhdo yduldeohv/ dqg lv wkhuhiruh zhoiduh lpsurylqj1

Uhfhqwo|/ Jx}}r dqg Yhodvfr +4<<<, kdyh sursrvhg d prgho lq zklfk/ gxh wr

dq dvvxpswlrq ri zdjh vhwwhuv* +xqlrqv, dyhuvlrq wr lq dwlrq/ wkh dssrlqwphqw ri

d �srsxolvw� fhqwudo edqnhu/ l1h1 rqh zkr grhv qrw fduh dw doo derxw lq dwlrq/ ohdgv

wr d �uvw ehvw rxwfrph1 Wklv kdsshqv ehfdxvh d �srsxolvw� edqnhu surgxfhv dq

lq�qlwh lq dwlrq li hpsor|phqw gl�huv iurp wkh rswlpdo ohyho1 Khqfh/ lq dwlrq0

dyhuvh xqlrqv prghudwh wkhlu zdjh uhtxhvwv lq rughu wr dyrlg k|shu0lq dwlrq1

Wklv sdshu kdv vkrzq wkdw wkh uhvxow ri Jx}}r dqg Yhodvfr klqjhv fuxfldoo|

4<



rq wkh dvvxpswlrq wkdw zdjh edujdlqlqj rffxuv lq whupv ri wkh uhdo zdjh udwkhu

wkdq lq whupv ri qrplqdo zdjhv1 Zkhq xqlrqv edujdlq qrplqdo +dv rssrvhg

wr uhdo, zdjhv/ dq dvvxpswlrq wkdw lv dovr dsshdolqj lq whupv ri uhdolvp/ wkh

zhoiduh h�hfwv ri wkh srsxolvw fhqwudo edqnhu pd| fkdqjh udglfdoo|1 Wkh vlpsoh

lqwxlwlrq iru wklv lv wkdw xqghu qrplqdo zdjh edujdlqlqj hdfk xqlrq shufhlyhv wkdw

dq lqfuhdvh ri lwv rzq qrplqdo zdjhv fdxvhv vrph lq dwlrq zklfk lq wxuq uhgxfhv

wkh uhdo zdjhv ri wkh rwkhu xqlrqv +vlqfh wkhlu qrplqdo ohyho lv jlyhq wr wkh xqlrq,1

Khqfh/ hyhq zlwk d srsxolvw fhqwudo edqnhu/ hdfk xqlrq kdv wkh shufhswlrq wkdw

lw fdq udlvh lwv lqglylgxdo uhdo zdjh zlwkrxw fdxvlqj k|shu0lq dwlrq/ vlqfh wkh

kljkhu hpsor|phqw wkdw lv jhqhudwhg e| wkh idoo ri wkh rwkhu xqlrqv* uhdo zdjhv

frpshqvdwhv wkh orzhu hpsor|phqw ri wkdw xqlrq*v zrunhuv +wkxv suhyhqwlqj wkh

fhqwudo edqn iurp surgxflqj k|shu0lq dwlrq,1 Zh vkrzhg wkdw xqghu qrplqdo

zdjh edujdlqlqj dqg d srsxolvw fhqwudo edqnhu/ htxloleulxp lq dwlrq lv olqhduo|

lqfuhdvlqj lq wkh qxpehu ri xqlrqv1 D vlplodu uhvxowv lv rewdlqhg e| Fxnlhupdq

dqg Olssl +4<<<,/ zkr dovr dvvxph wkdw edujdlqlqj rffxuv lq whupv ri qrplqdo

zdjhv1 Wkhvh uhvxowv lpso| wkdw/ zlwk wkh h{fhswlrq ri wkh vshfldo fdvh lq zklfk

wkhuh lv d vlqjoh doo0hqfrpsdvvlqj xqlrq wkdw vhwv qrplqdo zdjhv iru doo ri wkh

zrunhuv/ wkh rswlpdolw| ri d srsxolvw fhqwudo edqnhu lv qrw urexvw1 Lq sduwlfxodu/

li vrflhw| +l1h1 zrunhuv, lv vx!flhqwo| lqwhuhvwhg lq lq dwlrq/ lw lv srvvleoh wr vkrz

wkdw d �frqvhuydwlyh� fhqwudo edqn pd| lqghhg eh zhoiduh lpsurylqj1 Ryhudoo/ wklv

fdvwv vhulrxv grxewv rq wkh qrupdwlyh lpsolfdwlrq/ zklfk lv lpsolflw lq Jx}}r dqg

Yhodvfr*v uhvxow/ wkdw fhqwudo edqnv vkrxog qrw eh frqfhuqhg zlwk sulfh vwdelolw|1
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Uhfdoo wkdw li ? ' � ru ?$4 wkhq ydoxh ri wkh hodvwlflw| lv wkh vdph +� ' ��> vhh

htxdwlrq 617,� Wkhuhiruh/ lw lpphgldwho| dsshduv iurp wkh deryh h{suhvvlrqv wkdw xqghu

hlwkhu ? ' � ru ?$4c �� dqg � frlqflgh1
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