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Ghwhuulqj Hqwu| wkurxjk Kljk Zdjhv

Hulf Wrxohprqgh�|

Dxjxvw 45/ 4<<<

Devwudfw

Wklv sdshu vkrzv wkdw lqfxpehqw �upv frxog xvh zdjh udwhv wr

ghwhu hqwu| ri qhz �upv1 Wzr fdvhv duh dqdo|}hg1 Lq wkh �uvw/ lq0

fxpehqwv ghwhuplqh zdjhv ri doo �upv surgxflqj wkh vdph jrrg +dq

h{wuhph fdvh ri d zdjh edujdlqlqj dw wkh lqgxvwu|0ohyho 0d nlqg ri

edujdlqlqj zklfk lv suhydohqw lq pdq| Hxurshdq frxqwulhv0,1 Lq wkh

vhfrqg/ hdfk �up fdq fkrrvh gl�huhqw zdjhv/ nqrzlqj wkdw wkh h!0

flhqf| ri zrunhuv ghshqgv rq wkhlu zdjh uhodwlyh wr d zdjh wkdw wkh|

frqvlghu idlu1 Lq erwk fdvhv/ wkhuh duh flufxpvwdqfhv lq zklfk lqfxp0

ehqwv fkrrvh kljk zdjhv lq rughu wr ghwhu hqwu|1

MHO Fodvvl�fdwlrq= G76/ H57/ M74/ M83/ O46/ O741

Nh|zrugv= hqwu| ghwhuuhqfh/ zdjhv/ xqlrqv/ idluqhvv

�Hulf Wrxohprqgh/ Xqlyhuvlw| ri Ddukxv/ Ghsduwphqw ri Hfrqrplfv/ Exloglqj 683/

Xqlyhuvlwhwvsdunhq/ GN0;333 Ddukxv F +Ghqpdun,/ Skrqh= .78 ;<754937/ Id{= .78

;9469667/ h0pdlo= hwrxohprqghChfrq1dx1gn
|Wr fduu| rxw wklv surmhfw dw wkh Xqlyhuvlw| ri Ddukxv L kdyh ehqh�wwhg iurp d judqw

�qdqfhg e| wkh Wudlqlqj dqg Prelolw| ri Uhvhdufkhuv Surjudp ri wkh Hxurshdq Frpplv0

vlrq1 L wkdqn Sdxo Ehooh dpph/ Shu Edow}hu Ryhujddug dqg vhplqdu sduwlflsdqwv dw wkh

Xqlyhuvlw| ri Ddukxv iru khosixo frpphqwv dqg vxjjhvwlrqv1
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4 Lqwurgxfwlrq

Lq 4<9;/ Zlooldpvrq zurwh d slrqhhulqj sdshu rq wkh lqwhudfwlrq ehwzhhq

oderu hfrqrplfv dqg hqwu| ghwhuuhqfh1 Lq wkdw sdshu/ kh vwuhvvhv wkh lpsru0

wdqfh ri vwxg|lqj zdjh udwhv dv d eduulhu wr hqwu| ri qhz �upv1

�Wkh txhvwlrq ri zkdw w|shv ri frqglwlrqv zrxog prvw h�hf0

wlyho| vxssruw wkh pdqlsxodwlrq ri zdjh udwhv e| rqh jurxs ri

�upv wr edu hqwu| ru glvdgydqwdjh d vhfrqg jurxs ri �upv lv

vx!flhqwo| lqwhuhvwlqj lq lwvhoi wr ghvhuyh wkhruhwlfdo dqdo|vlv1�

+Zlooldpvrq +4<9;/ s1 ;8,,

Rq wkh edvlv ri d ghflvlrq e| wkh Vxsuhph Frxuw frqfhuqlqj wkh Xqlwhg Plqh

Zrunhuv kh dovr dujxhv wkdw lqgxvwu| zdjh edujdlqlqj frxog eh xvhg wr ghwhu

hqwu| ru hyhq wr irufh vpdoo lqfxpehqw �upv wr h{lw1

Pruh uhfhqwo| Ghzdwulsrqw +4<;:/ 4<;;, dujxhv iru wkh lqwhjudwlrq ri

xqlrq0�up uhodwlrqvklsv dqg hqwu| ghwhuuhqfh1 Kh dgydqfhv wzr uhdvrqv iru

wklv lqwhjudwlrq1 Iluvw xqlrqv duh prvwo| suhvhqw lq odujh �upv wkdw xvxdoo|

kdyh vrph pdunhw srzhu> vhfrqg wkh| duh deoh wr h{wudfw vrph uhqwv iurp

wklv pdunhw srzhu1 Kh pdlqo| dqdo|}hv wkh lq xhqfh ri wudgh xqlrqv rq hqwu|

ghwhuuhqfh wkurxjk olplw sulflqj xqghu lqfrpsohwh lqirupdwlrq/ wkurxjk wkh

lq xhqfh ri vxqn frvwv rq zdjh udwhv dqg wkurxjk wkh h�hfw ri vhyhudqfh sd|1

Kh dovr vxjjhvwv wkdw edujdlqlqj ryhu zdjhv dw wkh lqgxvwu| ohyho frxog eh d

phdq wr ghwhu hqwu|1

Wklv odvw srlqw lv wkh vxemhfw ri qh{w vhfwlrq1 Lq pdq| Hxurshdq frxqwulhv

zdjhv duh edujdlqhg 0dw ohdvw sduwo|0 dw wkh lqgxvwu| ohyho1 Wklv lv wkh fdvh iru

h{dpsoh lq Dxvwuld/ Ehojlxp/ Iudqfh/ Jhupdq|/ Lwdo|/ Qhwkhuodqgv/ Sruwxjdo

ru Vsdlq +vhh Od|dug/ Qlfnhoo dqg Mdfnpdq +4<<4/ ss1 84:0857,,1 Lq vrph

ri wkhvh frxqwulhv wkh edujdlqhg zdjh dxwrpdwlfdoo| dssolhv e| odz wr doo

zrunhuv lq wkh vhfwru hyhq wr zrunhuv ri �upv wkdw hqwhu wkh lqgxvwu| diwhu

wkh zdjh edujdlqlqj +wkh hqwudqwv,1 Wkhuhiruh udlvlqj zdjh udwhv lqfuhdvhv

wkh frvwv ri wkh lqfxpehqwv exw lw dovr lqfuhdvhv hqwudqwv* frvwv1 Wklv fdq

glvfrxudjh wkh hqwudqwv iurp hqwhulqj wkh pdunhw/ dqg wkhuhe|/ wklv pljkw
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lqfuhdvh wkh lqfxpehqwv* sur�w1 Wkh qhw h�hfw ri d zdjh lqfuhdvh rq wkh

lqfxpehqwv* sur�w lv d sulrul xqnqrzq> li lw lv srvlwlyh/ dqg li rqo| lqfxpehqw

�upv sduwlflsdwh wr wkh lqgxvwu| zdjh edujdlqlqj/ wkhq lqfxpehqwv frxog xvh

zdjhv wr ghwhu hqwu|1 Wklv lv zkdw L vwxg| lq Vhfwlrq 51

Lq Vhfwlrq 6/ L suhvhqw d vlplodu prgho lq dq h!flhqf| zdjh iudphzrun1

L dvvxph wkdw hdfk �up ghwhuplqhv wkh zdjhv ri lwv rzq zrunhuv rqo|1 Wkh

h!flhqf| ri wkh zrunhuv ghshqgv rq wkh zdjh wkdw wkh| uhfhlyh/ uhodwlyh wr

d zdjh wkdw wkh| frqvlghu idlu1 Wkdw idlu zdjh lq wxuq pljkw ghshqg rq

wkh zdjh wkdw lv r�huhg e| wkh rwkhu �upv1 Wkhuhiruh/ lqfuhdvlqj wkh zdjh

lq �up � qrw rqo| lqfuhdvhv wkh h!flhqf| ri zrunhuv lq �up �/ exw lw dovr

lqfuhdvhv wkh idlu zdjh/ dqg wkhuhiruh/ ghfuhdvhv wkh h!flhqf| ri zrunhuv lq

wkh rwkhu �upv1 Ghshqglqj rq wkh zd| wkh idlu zdjh lv gh�qhg/ wkh uhvxowv ri

Vhfwlrq 5 fdq dsso|/ wkdw lv/ lqfxpehqwv frxog xvh zdjh udwhv wr ghwhu hqwu|1

Frqfoxglqj uhpdunv iroorz Vhfwlrq 61

5 Wkh Lqgxvwu| Zdjh Vhwwlqj

Frxog d edujdlqlqj ryhu zdjhv dw wkh lqgxvwu| ohyho eh xvhg e| lqfxpehqwv

wr ghwhu hqwu| ri qhz frpshwlwruv lq wkhlu pdunhwB Wklv lv wkh txhvwlrq wkdw

L vwxg| lq wklv vhfwlrq1

L xvh dq h{wuhph dvvxpswlrq= lqfxpehqw �upv ghwhuplqh wkhpvhoyhv wkh

zdjh lq wkh zkroh lqgxvwu|1 Wklv lv dgplwwhgo| qrw uhdolvwlf= lq sudfwlfh/

hyhq li wkh zdjh lv vhw dw wkh lqgxvwu| ohyho lq pdq| frxqwulhv/ lqfxpehqwv

gr qrw kdyh wkh srzhu wr ghwhuplqh lw dorqh1 Wkh zdjh lv xvxdoo| edujdlqhg

ryhu zlwk xqlrqv1 Wkh dvvxpswlrq wkdw L pdnh lv htxlydohqw wr jlylqj doo wkh

edujdlqlqj srzhu wr wkh �upv1 L glvfxvv wklv srlqw lq pruh ghwdlov dw wkh hqg

ri wkh vhfwlrq1

Udlvlqj zdjh udwhv lqfuhdvhv wkh lqfxpehqwv* frvwv exw lw dovr lqfuhdvhv

srwhqwldo hqwudqwv* frvwv1 Wklv uhgxfhv wkh hqwudqwv* lqfhqwlyhv wr hqwhu wkh

pdunhw/ dqg wkhuhe|/ wklv lqfuhdvhv wkh lqfxpehqwv* sur�w1 Wkh qhw h�hfw ri

d zdjh lqfuhdvh rq wkh lqfxpehqwv* sur�w lv vwxglhg lq wklv vhfwlrq1
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L xvh wkh iroorzlqj gh�qlwlrqv=

G141 ^� lv wkh rxwsxw ri wkh �wk �up1

G151 ^
3� lv wkh wrwdo rxwsxw ri wkh lqgxvwu| plqxv wkh rxwsxw ri wkh �wk �up1

G161 ' ' ^� n ^
3��

G171 ? lv wkh qxpehu ri �upv1

G181 ^? lv wkh rxwsxw ri hdfk �up lq d v|pphwulf htxloleulxp zlwk ? �upv

lq wkh pdunhw1

G191 ,� lv wkh hpsor|phqw ri wkh �wk �up1

G1:1 � lv wkh zdjh lq wkh lqgxvwu|1

L dovr pdnh wkh iroorzlqj dvvxpswlrqv=

D141 Wkh lqyhuvh ghpdqg ixqfwlrq RE'� lv wzlfh gl�huhqwldeoh> R� lv qhjdwlyh1

D151 Doo �upv kdyh lghqwlfdo frvw ixqfwlrqv= 8 n �,� ' 8 n �SE^��/ zkhuh

8 lv d �{hg frvw dqg SE^�� lv wzlfh gl�huhqwldeoh dqg prqrwrqlfdoo|

lqfuhdvlqj1

D161 Wkh sur�w ixqfwlrq iru wkh �wk �up

Z� ' R E'� ^� � �SE^��� 8c +4,

lv vwulfwo| frqfdyh lq ^� iru dq| ^3�/ l1h1/

^�R
�� n 2R� � �S�� 	 f�

D171 Wkh vhtxhqfh ri ghflvlrqv lv wkh iroorzlqj1 Wkh lqfxpehqw �upv kdyh

douhdg| sdlg wkh �{hg frvw dw wkh ehjlqqlqj ri wkh jdph1 Lq d �uvw

vwdjh/ wkh| ghwhuplqh wkh lqgxvwu| zdjh1 Lq d vhfrqg vwdjh/ wdnlqj wklv

zdjh dv jlyhq/ wkh srwhqwldo hqwudqwv ghflgh wr hqwhu +dqg sd| wkh �{hg

frvw, ru qrw1 Ilqdoo| lq d wklug vwdjh/ �upv wkdw duh suhvhqw lq wkh

pdunhw ghwhuplqh wkhlu rxwsxw +xqghu Frxuqrw frpshwlwlrq,1
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Ohw xv qrz dqdo|}h wkhvh vwdjhv/ lq rughu wr ghulyh d frqglwlrq wkdw gh0

whuplqhv zkhq lw lv lq wkh lqfxpehqwv* lqwhuhvw wr ghwhu hqwu|1

� Wklug vwdjh1 Hdfk �up pd{lpl}hv +4, zlwk uhvshfw wr ^�/ wdnlqj ^3� dv

jlyhq +Frxuqrw vhwwlqj,1 Jlyhq wkh zdjh �/ d v|pphwulf htxloleulxp

zlwk ? �upv |lhogv wkh iroorzlqj sur�w shu �up=

Z? m� h{rjhqrxv ' R E?^?� ^? � �SE^?�� 8�

zkhuh ^? lv vxfk wkdw R� E?^?� ^? n R E?^?� ' �S�E^?�� L gh�qh ^?
� �

Y^?*Y?1 Dv vkrzq e| Vhdgh +4<;3,

Z?
� � YZ? m� h{rjhqrxv

Y?
' R�^?E^? n ?^?

�

� n R^?
� � �S�^?

�

	 f( +5,

iru d jlyhq zdjh/ wkh sur�w ghfuhdvhv zlwk wkh qxpehu ri �upv lq wkh

pdunhw1

� Vhfrqg vwdjh1 Lq d pdunhw zlwk ? �upv/ sur�w ehfrphv qhjdwlyh zkhq

wkh zdjh lv voljkwo| kljkhu wkdq }E?� zkhuh

}E?� '
R E?^?� ^? � 8

SE^?�
�

Vxssrvh wkdw dw zdjh �� wkhuh duh ? �upv lq wkh pdunhw/ hdfk pdnlqj

d srvlwlyh sur�w/ dv vkrzq lq Iljxuh 41 Vxssrvh dovr wkdw ? � 2 : 6

zkhuh 6 lv wkh qxpehu ri lqfxpehqwv1 Wkhuhiruh/ wkhuh duh 6 � ?

hqwudqwv dw zdjh ��1 Li wkh zdjh lqfuhdvhv/ wkh sur�w ri hdfk ri wkh ?

�upv ghfuhdvhv/ dv vkrzq lq wkh �jxuhv1 Rqfh wkh zdjh uhdfkhv }E?� wkh

sur�w ehfrphv qhjdwlyh1 Khqfh rqh ri wkh hqwudqwv zloo dyrlg hqwhulqj

wkh pdunhw1 Wkh qxpehu ri �upv suhvhqw lq wkh pdunhw idoov wr ?� �/

lqfuhdvlqj wkhuhiruh wkh sur�w ri hdfk ri wkh ? � � uhpdlqlqj �upv/

dv vkrzq iru h{dpsoh lq Iljxuh 41 Li wkh zdjh frqwlqxhv wr lqfuhdvh/

wkh sur�w ri wkh ? � � �upv ghfuhdvhv> dw zdjh }E? � �� lw idoov wr f

dqg rqh hqwudqw ohdyhv wkh pdunhw/ lqfuhdvlqj wkhuhe| wkh sur�w ri wkh

uhpdlqlqj ?� 2 �upv/ dqg vr rq1
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Rqfh wkh zdjh lv htxdo wr }E6n ��/ rqo| wkh 6 lqfxpehqwv uhpdlq lq

wkh pdunhw1 D ixuwkhu lqfuhdvh lq wkh zdjh ghfuhdvhv wkhlu sur�w zklfk

frxog ehfrph qhjdwlyh1 Krzhyhu/ vlqfh doo lqfxpehqwv kdyh douhdg|

sdlg wkh �{hg frvw/ lw lv qrw srvvleoh wr hqwlfh wkhp wr h{lw wkh pdunhw

hyhq li wkhlu sur�w ehfrphv qhjdwlyh1

Dowhuqdwlyho| zh frxog kdyh d �jxuh olnh Iljxuh 51 Li Iljxuh 4 lv zkdw lv

revhuyhg/ wkhq lw lv lq wkh lqwhuhvw ri wkh lqfxpehqwv wr fkrrvh d zdjh

}E6 n �� lq rughu wr ghwhu hqwu| ehfdxvh wklv pd{lpl}hv wkhlu sur�w1

Lq frqwudvw/ li Iljxuh 5 lv zkdw lv revhuyhg/ wkhq wkh lqfxpehqwv zloo

fkrrvh wkh vpdoohvw srvvleoh zdjh/ zklfk frxog doorz qhz �upv wr hqwhu

wkh pdunhw1

n firms

m firms

n-2 firms

n-1 firms

wage

profit

w1

g(n)

g(n-1)

g(m+1)

Iljxuh 4= Hyroxwlrq ri sur�w 0 d �uvw fdvh
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n firms

m firms

n-2 firms

n-1 firms

wage

profit

w1
g(n)

g(n-1)

g(m+1)

Iljxuh 5= Hyroxwlrq ri sur�w 0 d vhfrqg fdvh

� Iluvw vwdjh1 Wkh zdjh }E?� ghwhuplqhv wkh qxpehu ri �upv lq wkh

pdunhw= wr kdyh ?� � �upv lq wkh pdunhw/ wkh zdjh pxvw eh htxdo wr

}E?�� Li wkh 6 lqfxpehqwv vhw d zdjh wkdw doorzv wkh hqwu| ri ?���6

�upv/ wkhlu sur�w ehfrphv=

Z?3�
��
�'}E?� ' R

�
E?� �� ^?3�

�
^?3� � R E?^?� ^? � 8

SE^?�
SE^?3��� 8c

ru Z?3�
��
�'}E?� ' SE^?3�� d}E?� ��� }E?�o �

Rq rqh kdqg dq lqfuhdvh lq wkh qxpehu ri �upv +?, lqfuhdvhv frpsh0

wlwlrq dqg wkhuhiruh uhgxfhv sur�w> exw rq wkh rwkhu kdqg lw uhgxfhv

}E?�/ wkh zdjh wkdw ghwhuplqhv wkh qxpehu ri �upv wkdw zloo hqwhu wkh

pdunhw1 Lw lv srvvleoh wr ghulyh d frqglwlrq wkdw ghwhuplqhv wkh ryhudoo

h�hfw ri dq lqfuhdvh lq ? rq sur�w1

Zkdw lv ri lqwhuhvw lv wkh hyroxwlrq ri sur�w zkhq wkh zdjh lv jlyhq e|

:



}E?�=

YZ?
��
�'}E?�

Y?
' d}�E?� ��� }�E?�o SE^?3�� n S�E^?3��^?3�

�

d}E?� ��� }E?�o

' �� � n �c

zkhuh

� ' R�
�
E?� ��^?3��

�
^?3�

k
^?3� n E?� ��^?3�

�

l
n

R
�
E?� ��^?3��

�
^?3�

� � S�
�
^?3�

�
^?3�

�

}E?� ��c

� '
k
R�E?^?�^?

�
^? n ?^?

�

�
n RE?^?�^?

� � S� E^?� ^?
�

}E?�
l S E^?3��

S E^?�
c

� ' S�
�
^?3�

�
^?3�

�

d}E?� ��� }E?�o �

Diwhu vrph pdqlsxodwlrqv/ L �qg wkh iroorzlqj frqglwlrq=

YZ?
��
�'}E?�

Y?
	 f +, Z?3�

�

S E^?3��
	

Z?
�

S E^?�
� +6,

Wklv lv htxlydohqw wr wkh frqglwlrq wkdw Z?
�

*S E^?� lv lqfuhdvlqj lq ?c

wkdw lv/ htxlydohqw wr

Z?
��

S E^?�� S� E^?� ^?
�

Z?
�

: f� +7,

Dv vkrzq lq +5,/ Z?
�

ghshqgv rq ^?
�

> wkhuhiruh Z?
��

ghshqgv rq ^?
��

zklfk lwvhoi ghshqgv rq R��� dqg S���1 Khqfh/ lw ehfrphv gl!fxow wr kdyh

d vlpsoh lqwhusuhwdwlrq ri wklv frqglwlrq1 Vlqfh wkh vhfrqg whup lv

jhqhudoo| srvlwlyh +Z?
�

	 f dqg ^?
�

lv jhqhudoo| qhjdwlyh4,/ d qhfhvvdu|

frqglwlrq iru +7, wr krog lv wkdw Z?
��

eh srvlwlyh/ zklfk vhhpv wr eh

uhdolvwlf= lw fdq eh h{shfwhg wkdw wkh sur�w shu �up ghfuhdvhv pruh

zkhq wkh pdunhw h{sdqgv iurp 4 wr 5 �upv wkdq zkhq lw h{sdqgv iurp

4333 wr 4334 �upv +exw d irupdo surri zrxog qhhg wkh xvh ri R��� dqg

S���,1

Li +7, lv ixo�oohg wkhq Iljxuh 4 lv zkdw lv revhuyhg= wkh lqfxpehqwv

zrxog lqfuhdvh wkhlu sur�w e| uhgxflqj wkh qxpehu ri wkhlu frpshwlwruv

4Vhh krzhyhu Vhdgh +4<;3, ru Qryvkhn +4<;8, zkr vkrz wkdw t
q

3

frxog eh srvlwlyh1

;



hyhq li wklv qhhgv wr vhw d kljk zdjh lq wkh lqgxvwu|1 Wkhuhiruh wkh|

vhw d zdjh wkdw ghwhuv hqwu| exw wkdw dovr ohdyhv wkhlu rzq sur�w +dqg

wkdw ri doo rwkhu lqfxpehqw �upv, srvlwlyh1 Li wkhuh duh 6 lqfxpehqwv/

wkdw zdjh lv htxdo wr

}E6n �� '
R EE6n ��^6n�� ^6n� � 8

SE^6n��
�

Lw lv wkh zdjh wkdw zrxog uhfhlyhg wkh djuhhphqw ri doo lqfxpehqw �upv=

dq| kljkhu zdjh zrxog uhgxfh wkhlu sur�w +lqfuhdvlqj wkh frvwv zlwkrxw

fkdqjlqj wkh uhfhlswv, dqg dq| orzhu zdjh zrxog dovr uhgxfh wkhlu sur�w

+uhgxflqj wkh frvwv exw pdlqo| lqfuhdvlqj frpshwlwlrq,1

Wklv hvwdeolvkhv wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 4 Xqghu dvvxpswlrqv D141 wr D171 lqfxpehqw �upv ghwhuplqh

dq lqgxvwu| zdjh wkdw ghwhuv hqwu| li Z?
��

S E^?�� S� E^?� ^?
�

Z?
�

: f�

H{dpsoh

Dv dq looxvwudwlrq/ dvvxph � E'� ' @� K' dqg SE^�� ' _^�� Zlwk ? �upv

lq wkh pdunhw/ ^? ' E@� �_�*KE?n �� dqg

Z? m� h{rjhqrxv '

�
@� �_

?n �

�2
�

K
� 8�

� Zh fdq fkhfn li Z?
��

S E^?�� S� E^?� ^?
�

Z?
�

: f lv ixo�oohg=

^?
�

' � E@� �_�

KE?n ��2
c

S� E^?� ' _

Z?
�

' � 2

?n �
dZ? m� h{rjhqrxv n 8 o

Z?
��
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lv ixo�oohg= xqghu d olqhdu ghpdqg fxuyh dqg frqvwdqw pdujlqdo frvwv/

lqfxpehqw �upv zloo dozd|v pdqdjh wr ghwhu hqwu|1
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zklfk lv fohduo| ghfuhdvlqj lq ?�

Dqrwkhu h{dpsoh lv jlyhq lq wkh Dsshqgl{= li wkh ghpdqg dqg wkh frvw

ixqfwlrqv kdyh d frqvwdqw hodvwlflw| wkhq frqglwlrq +7, lv ixo�oohg dqg hqwu|

zloo eh ghwhuuhg1

Frpphqwv

Wkh dqdo|vlv pdgh vr idu lv dgplwwhgo| qrw uhdolvwlf vlqfh lw dvvxphv wkdw

wkh lqfxpehqw �upv ghwhuplqh wkh zdjh lq wkh lqgxvwu|1 Lq sudfwlfh/ hyhq li

wkh zdjh lv vhw dw wkh lqgxvwu| ohyho lq pdq| frxqwulhv/ �upv gr qrw kdyh wkh

srzhu wr ghwhuplqh lw> wkh zdjh lv xvxdoo| edujdlqhg ryhu zlwk xqlrqv wkdw

kdyh vrph edujdlqlqj srzhu1 Lqfoxglqj wkdw glphqvlrq lq wkh prgho zrxog

krzhyhu lqwurgxfh frpsoh{lwlhv ri lwv rzq5 +vhh Jroolhu +4<<4, iru d prgho ri

wklv nlqg, zlwkrxw dgglqj pxfk  dyru wr wkh dqdo|vlv1

Iru h{dpsoh li +7, lv ixo�oohg dqg li wkh xqlrq fduhv rqo| derxw zdjhv +wklv

lv zhoo nqrzq wr eh wkh fdvh li wkh xqlrq lv jryhuqhg e| wkh phgldq zrunhu

zkr lv odujho| surwhfwhg djdlqvw od|r�v e| vhqlrulw| uxohv, lw zrxog eh lq lwv

lqwhuhvw dqg lq wkh lqfxpehqw �upv* lqwhuhvw wr vhw d zdjh dw ohdvw htxdo wr

wkh zdjh wkdw ghwhuv hqwu| +�6,1 Khqfh Sursrvlwlrq 4 dovr dssolhv wr d zdjh

edujdlqlqj lq zklfk wkh xqlrq fduhv rqo| derxw zdjhv1

Li wkh xqlrq fduhv d orw derxw hpsor|phqw/ lw pljkw eh wkdw lw lv zloolqj

wr doorz hqwu| lq rughu wr lqfuhdvh hpsor|phqw zkloh lqfxpehqw �upv zrxog

eh zloolqj wr ghwhu hqwu|1 Wklv fdvh lv wkhruhwlfdoo| srvvleoh exw grhv qrw

5Li wkh Qdvk vroxwlrq lv fkrvhq wr ghwhuplqh wkh zdjh/ wkhq wkh Qdvk surgxfw lv glv0

frqwlqxrxv= d fkdqjh lq wkh zdjh frxog prgli| wkh qxpehu ri �upv lq wkh pdunhw> wklv lq

wxuq zrxog glvfrqwlqxrxvo| fkdqjh wkh hpsor|phqw ohyho dqg wkhuhiruh dovr wkh sur�w dqg

wkh xqlrq xwlolw| li wkh xqlrq fduhv derxw hpsor|phqw1
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vhhp yhu| uhdolvwlf= lw lpsolhv wkdw wkh xqlrq vhhnv wr uhgxfh wkh zdjh lq

rughu wr lqfuhdvh wkh lqgxvwu| hpsor|phqw zkloh wkh lqfxpehqw �upv zdqw

wr lqfuhdvh wkh zdjh lq rughu wr ghwhu hqwu|1

Wkhuhiruh/ iru d uhdolvwlf xqlrq xwlolw|/ wkh xqlrq dqg wkh lqfxpehqw �upv

suredeo| ghwhuplqh dq lqgxvwu| zdjh wkdw lv dw ohdvw kljk hqrxjk wr ghwhu

hqwu| li +7, lv ixo�oohg1 Hyhq li +7, lv qrw +exw qhduo|, ixo�oohg/ wkh lqfxpehqwv

zloo eh ohvv hdjhu wr uhixvh kljk zdjhv wr wkh xqlrqv ehfdxvh wkh| nqrz wkdw

wkhvh zdjhv zloo ghwhu wkh hqwu| ri frpshwlwruv/ dwwhqxdwlqj wkhuhiruh wkh

qhjdwlyh lpsdfw ri zdjhv rq sur�w +exw wkh qhw lpsdfw ri zdjhv rq sur�w

zrxog vwd| qhjdwlyh lq wklv fdvh,1

6 Wkh Idlu Zdjh 0 H�ruw K|srwkhvlv

Lq pdq| frxqwulhv wkh zdjh fkrvhq e| rqh �up fdq eh gl�huhqw iurp wkdw

fkrvhq e| rwkhu �upv1 Krzhyhu/ dv zh vkdoo vhh lq wklv vhfwlrq/ wklv grhv qrw

jxdudqwhh wkdw lqfxpehqw �upv duh xqdeoh wr xvh zdjh udwhv dv d phdq wr

ghwhu hqwu| ri qhz �upv1

Lq wklv vhfwlrq L nhhs wkh pdlq dvvxpswlrqv ri wkh suhylrxv vhfwlrq1 L mxvw

fkdqjh wkh frvw ixqfwlrq voljkwo| dqg uhsodfh dvvxpswlrq D171 e|=

D171* Wkh vhtxhqfh ri ghflvlrqv lv wkh iroorzlqj1 Wkh lqfxpehqw �upv kdyh

douhdg| sdlg wkh �{hg frvw dw wkh ehjlqqlqj ri wkh jdph1 Lq d �uvw

vwdjh/ wkh| ghwhuplqh wkh zdjhv ri wkhlu zrunhuv1 Lq d vhfrqg vwdjh/

wdnlqj wkhvh zdjhv dv jlyhq/ wkh srwhqwldo hqwudqwv ghflgh wr hqwhu +dqg

sd| wkh �{hg frvw, ru qrw1 Li wkh| hqwhu wkh| ghwhuplqh wkh zdjhv ri

wkhlu rzq zrunhuv1 Ilqdoo| lq d wklug vwdjh/ �upv wkdw duh suhvhqw lq

wkh pdunhw ghwhuplqh wkhlu rxwsxw +xqghu Frxuqrw frpshwlwlrq,1

Dv dujxhg iru h{dpsoh e| Djhoo +4<<<,/ idluqhvv lv d frqfhsw wkdw eh0

frphv pruh dqg pruh xvhg lq oderu hfrqrplfv ehfdxvh lw lv zhoo grfxphqwhg

lq hpslulfdo uhvhdufkhv edvhg rq vxuyh|v ru h{shulphqwv dqg ehfdxvh lw lv

qrz irupdol}hg lq jdph wkhru| +vhh iru h{dpsoh Udelq +4<<6,,1 Dnhuori dqg

44



\hoohq +4<<3, ghyhorsv d vlpsoh prgho wkdw irupdol}hv idluqhvv lq wkh uhod0

wlrqvklsv ehwzhhq d �up dqg lwv zrunhuv1 Dffruglqj wr wkhp/ lqvridu dv wkh

dfwxdo zdjh lv ohvv wkdq zkdw zrunhuv frqvlghu dv d idlu zdjh/ zrunhuv vxsso|

d fruuhvsrqglqj iudfwlrq ri qrupdo h�ruw1 Qrupdol}lqj qrupdo h�ruw wr 4/

zrunhuv ri �up � surylgh wkh iroorzlqj h�ruw

e� ' 4�? E��*�
Wc �� c

zkhuh �W lv wkh idlu zdjh1 Wkh h�ruw lv olqnhg wr wkh surgxfwlrq e| wkh

iroorzlqj uhodwlrq= e�,� ' SE^��1 Wkh sur�w ixqfwlrq iru wkh �wk �up ehfrphv

wkhuhiruh

Z� ' R E'� ^� � ��SE^��

4�? E��*�Wc ��
� 8c

ru Z� ' R E'� ^� �4@ E�Wc ��� SE^��� 8� +8,

Lq dvvxpswlrqv D151 dqg D161/ � vkrxog qrz eh uhsodfhg e| 4@ E�Wc ��� �

Dv vwuhvvhg e| Dnhuori dqg \hoohq +4<<3,/ wkhuh duh pdq| fdqglgdwhv iru

sod|lqj wkh uroh ri wkh idlu zdjh1 Rqh �qdwxudo� fdqglgdwh lv wkh kljkhvw

zdjh wkdw lv r�huhg lq vlplodu �upv1 Wkh uhdvrqlqj ri zrunhuv zrxog eh ri

wkh iroorzlqj nlqg= �li rqh �up lv deoh wr jlyh d kljk zdjh wr lwv zrunhuv/

wkhuh lv qr uhdvrq wkdw wkh �up lq zklfk L dp zrunlqj +zklfk lv vlplodu wr

wkh kljk0zdjh �up, eh xqdeoh wr jlyh ph wkh vdph kljk zdjh1 Li p| zdjh lv

orzhu wkdq wkdw zdjh/ lw lv ehfdxvh wkh �up lv wuhdwlqj ph xqidluo|/ vhhnlqj

wr lqfuhdvh lwv sur�w dw p| h{shqvhv +dqg dw ohdvw rqh �up grhv qrw gr wkdw,>

wkhuhiruh/ L zloo uhwdoldwh e| orzhulqj p| h�ruw1� Xqghu wklv lqwhusuhwdwlrq/

sur�w ri �up � ehfrphv

Z� ' R E'� ^� �4@ E��c ���c ��� SE^��� 8�

Lw lv wkh kljkhvw zdjh lq wkh lqgxvwu| +dqg qrw qhfhvvdulo| ��, wkdw lq xhqfhv

wkh sur�w ri �up �1 Wkhuhiruh/ fkrrvlqj d orz zdjh grhv qrw ghfuhdvh wkh

frvwv> wkhvh duh ghwhuplqhg e| wkh �up wkdw fkrrvhv wkh kljkhvw zdjh1 Xqghu

dvvxpswlrq D171*/ lqfxpehqwv duh �uvw wr fkrrvh wkhlu zdjhv1 Khqfh/ hdfk
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lqfxpehqw lv lq wkh vdph nlqg ri srvlwlrq dv lq Vhfwlrq 5= e| lqfuhdvlqj lwv

zdjh deryh wkh zdjhv ri wkh rwkhu �upv/ lw lqfuhdvhv lwv rzq frvwv/ exw lw dovr

lqfuhdvhv sursruwlrqdoo| wkh frvwv ri doo rwkhu �upv/ lqfoxglqj wkh hqwudqwv1 Lw

lv dv li hdfk lqfxpehqw zhuh deoh wr ghwhuplqh wkh zdjh lq wkh zkroh lqgxvwu|1

Khqfh/ wkh dqdo|vlv ri suhylrxv vhfwlrq fdq eh uhshdwhg dqg Sursrvlwlrq 4

dovr dssolhv khuh1 Wkhuhiruh/ zkhq +7, lv ixo�oohg/ lw lv lq wkh lqwhuhvw ri hdfk

lqfxpehqw wr ghwhu hqwu|/ hyhq li lw qhhgv wr jlyh kljk zdjhv wr wkh zrunhuv

wr gr vr= e| lqfuhdvlqj lwv zdjh/ wkh lqfxpehqw dovr sursruwlrqdoo| lqfuhdvhv

wkh frvwv ri wkh hqwudqwv zklfk zloo khqfh dyrlg hqwhulqj wkh pdunhw1

Ri frxuvh wklv htxlydohqfh uhvxow dssolhv iru d sduwlfxodu h!flhqf| zdjh

prgho1 Vwloo/ li wkhuh h{lvwv d olqn ehwzhhq wkh zdjh lq rqh �up dqg wkh h!0

flhqf| ri zrunhuv lq rwkhu �upv/ lw pljkw eh srvvleoh wr uhdfk d sursrvlwlrq

wkdw lv forvh wr Sursrvlwlrq 41 Lq wkh h!flhqf| zdjh olwhudwxuh/ pdq| prg0

hov dvvxph wkdw wkh zrunhuv* h�ruw srvlwlyho| ghshqgv rq wkhlu dfwxdo zdjh

uhodwlyh wr vrph �uhihuhqfh zdjh� +vhh h1j1 Vxpphuv +4<;;,/ Dnhuori dqg

\hoohq +4<<3,/ Od|dug/ Qlfnhoo dqg Mdfnpdq +4<<4,/ ru gh od Furl{ +4<<7,,1

Jhqhudoo|/ wkh �uhihuhqfh zdjh� lqfoxghv wkh zdjhv sdlg e| vlplodu �upv1 Iru

h{dpsoh/ wkh �uhihuhqfh zdjh� frxog eh wkh phdq zdjh lq wkh lqgxvwu|1

Dv dq looxvwudwlrq/ dvvxph wkdw +8, vwloo dssolhv exw zlwk �W '
S?

�'���*?1

Dovr dvvxph wkdw wkh lqfxpehqwv dfw lq frqfhuw wr vhw wkhlu zdjhv1 Wkhq

Sursrvlwlrq 4 vwloo dssolhv= lqfxpehqwv frooxgh wr ghwhuplqh d �uhihuhqfh

zdjh� �W wkdw ghwhuv hqwu| li +7, lv ixo�oohg1 Li hdfk lqfxpehqw djuhh wr

lqfuhdvh lwv zdjh e| 4/ �W lqfuhdvhv e| 4/ dqg vr vrph hqwudqwv pd| eh

irufhg wr dyrlg hqwhulqj wkh pdunhw1 Lw lv dv li lqfxpehqwv zhuh wrjhwkhu

ghwhuplqlqj wkh frvwv ri wkh hqwudqwv= surylghg wkdw +7, lv ixo�oohg/ wkh| vhw

�W lq rughu wr ghwhu hqwu| ri qhz �upv1 Qrwh wkdw lq frqwudvw zlwk wkh prgho

ri Vhfwlrq 5/ hqwudqwv fdq lq sulqflsoh vhw d zdjh wkdw lv orzhu wkdq wkdw lq

lqfxpehqw �upv> krzhyhu/ li wkh| gr vr/ wkh| gr qrw lqfuhdvh wkhlu sur�w1

Lq wkh devhqfh ri frooxvlrq ehwzhhq lqfxpehqwv/ wkh dqdo|vlv ehfrphv

txlwh frpsoh{ exw wkh lqfhqwlyh wr vhw d zdjh wkdw ghwhuv hqwu| ghfuhdvhv

ehfdxvh wr lqfuhdvh �W e| 4/ dq lqfxpehqw pxvw lqfuhdvh lwv zdjh e| ?/
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zkloh lq wkh frooxvlrq fdvh/ hdfk lqfxpehqw �up kdv wr lqfuhdvh lwv zdjh e| 4

rqo|1 Wkh frpsohwh dqdo|vlv ri wklv fdvh lv krzhyhu eh|rqg wkh vfrsh ri wklv

sdshu1

7 Frqfoxvlrq

Lq wklv sdshu L vkrz krz wkh zdjh ghwhuplqdwlrq frxog eh xvhg e| lqfxpehqw

�upv wr ghwhu hqwu|1 Li lqfxpehqwv fdq fkrrvh wkh zdjh iru doo �upv lq wkh

vdph lqgxvwu|/ wkhq lw frxog eh lq wkhlu lqwhuhvw wr vhw d kljk zdjh wkdw ghwhuv

hqwu|> wklv lv Sursrvlwlrq 41 Wzr h{dpsohv vxjjhvw wkdw iru sodxvleoh frvw

dqg ghpdqg ixqfwlrqv/ lqfxpehqwv duh deoh wr ghwhu hqwu|1

Wklv uhvxow lv lpsruwdqw ehfdxvh lw vkrzv wkdw edujdlqlqj ryhu zdjhv dw

wkh lqgxvwu|0ohyho +d nlqg ri edujdlqlqj zklfk lv suhydohqw lq pdq| Hxurshdq

frxqwulhv, fdq eh xvhg e| lqfxpehqw �upv wr ghwhu hqwu|/ uhgxflqj wkhuhiruh

wkh hpsor|phqw ohyho1 Wklv frxog h{sodlq wkh uhvxow rewdlqhg e| Fdopiruv

dqg Gul!oo +4<;;, zkr vkrz wkdw iru hpsor|phqw sxusrvhv/ wkh lqgxvwu|

ohyho lv wkh zruvh ohyho ri zdjh edujdlqlqj1

E| fkrrvlqj dq dssursuldwh zd| ri prghoolqj h!flhqf| zdjh/ lw lv dovr

srvvleoh wr uhdfk Sursrvlwlrq 41 Ri frxuvh wklv htxlydohqfh uhvxow dssolhv

iru d sduwlfxodu h!flhqf| zdjh prgho1 Vwloo/ li wkhuh lv d frooxvlrq ehwzhhq

lqfxpehqw �upv dqg li wkhuh h{lvwv d olqn ehwzhhq wkh zdjh lq rqh �up

dqg wkh h!flhqf| ri zrunhuv lq rwkhu �upv/ lw pljkw eh srvvleoh wr uhdfk d

sursrvlwlrq wkdw lv forvh wr Sursrvlwlrq 41

Wkhuh lv qrz d orw ri sdshuv wkdw uhodwh hqwu| ghwhuuhqfh dqg wkh lqsxwv

pdunhwv +h1j1 Vdors dqg Vfkh�pdq +4<;6,/ Vdolqjhu +4<;;, ru Rugryhu hw do1

+4<<3,,1 Wkh edvlf lghd lv wkdw lqfxpehqwv duh deoh wr lqfuhdvh wkh frvwv ri

wkhlu frpshwlwruv1 Iru h{dpsoh zkhq dq xsvwuhdp dqg d grzqvwuhdp �up

lqwhjudwh/ wkh xqlqwhjudwhg grzqvwuhdp ulydov frxog eh iruhforvhg iurp wkh

lqsxw vxssolhv frqwuroohg e| wkh lqwhjudwhg �up1 Pdunhw iruhforvxuh frxog

dovr eh uhdfkhg e| frqwudfwv ehwzhhq wkh ex|hu dqg wkh vhoohu ri wkh lqsxw

+vhh Djklrq dqg Erowrq +4<;:,,1 Lq jhqhudo lqwhjudwhg dqg xqlqwhjudwhg �upv
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zloo idfh gl�huhqw lqsxw sulfhv ehfdxvh ri wkh pdunhw iruhforvxuh1 Wkhuhiruh

vrph kljk frvwv �upv frxog ghflgh qrw wr hqwhu wkh pdunhw1

Dv lq wklv olwhudwxuh/ lq wkh prgho ri wklv sdshu/ wkh remhfwlyh ri wkh

lqfxpehqwv lv wr lqfuhdvh ulydo frvwv lq rughu wr lqgxfh wkhp wr vwd| rxw

ri wkh pdunhw1 Krzhyhu/ lq frqwudvw zlwk prvw ri wkh olwhudwxuh/ L dvvxph

wkdw lw lv qrw srvvleoh wr iruhforvh ulydov iurp wkh lqsxw vxssolhv dqg/ pruh

lpsruwdqwo|/ wkh frvwv ri wkh lqsxwv duh lghqwlfdo iru doo �upv= wr lqfuhdvh ulydo

frvwv wkh lqfxpehqwv pxvw lqfuhdvh wkhlu rzq frvwv sursruwlrqdoo|1 Vwloo/

hyhq lq wkdw fdvh/ lqfxpehqwv frxog kdyh dq lqfhqwlyh wr ghwhu hqwu| e|

lqfuhdvlqj wkhlu frvwv1 Wklv lv kljko| uhohydqw lq xqlrql}hg lqgxvwulhv zkhuh

wkh edujdlqhg zdjh dxwrpdwlfdoo| dssolhv e| odz wr doo zrunhuv lq wkh vhfwru/

hyhq wr zrunhuv ri �upv wkdw hqwhu wkh pdunhw diwhu wkh zdjh edujdlqlqj1

D vlplodu uhvxow zrxog dsso| wr fdvhv lq zklfk wkh lqfxpehqwv duh deoh wr

lqfuhdvh wkh frvwv ri doo �upv lq wkh lqgxvwu| +lqfoxglqj wkhlu rzq frvwv,1 Iru

h{dpsoh/ wkh| frxog oree| wkh jryhuqphqw wr vwuhqjwkhq +frvwo|, pdqgdwru|

surgxfw vwdqgdugv1

Ri frxuvh wkhvh duh d vw|ol}hg prghov1 Uhdolw| lv pruh frpsoh{> lqfxpehqw

�upv duh qrw doo dolnh= vrph duh odujh/ rwkhu duh vpdoo/ wkh| xvh gl�huhqw

whfkqltxhv dqg wkh| surgxfh jrrgv wkdw duh qrw krprjhqhrxv1 Pruhryhu

wkh| duh riwhq vwxfn zlwk d whfkqrorj| wkdw lv roghu wkdq wkdw ri srwhqwldo

hqwudqwv1 Vrph ri wkhvh ihdwxuhv frxog zhdnhq Sursrvlwlrq 41 Krzhyhu lw

uhpdlqv wkdw lqfxpehqw �upv zloo eh ohvv hdjhu wr uhixvh kljk zdjhv zkhq

wkh| nqrz wkdw wklv frxog ghwhu hqwu| ri srwhqwldo frpshwlwruv1
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Uhihuhqfhv

Djhoo/ M1 +4<<<,/ Rq wkh Ehqh�wv iurp Uljlg Oderxu Pdunhwv= Qrupv/ Pdunhw

Idloxuhv/ dqg Vrfldo Lqvxudqfh/ Hfrqrplf Mrxuqdo/ 43</ I4760I4971

Djklrq/ S1 dqg Erowrq/ S1 +4<;:,/ Frqwudfwv dv d Eduulhu wr Hqwu|/ Dphulfdq

Hfrqrplf Uhylhz/ ::/ 6;;07341

Dnhuori/ J1D1 dqg \hoohq/ M1O1 +4<<3,/ Wkh Idlu Zdjh0H�ruw K|srwkhvlv dqg

Xqhpsor|phqw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 438/ 58805;61

Fdopiruv/ O1 dqg Gul!oo/ M1 +4<;;,/ Edujdlqlqj Vwuxfwxuh/ Frusrudwlvp dqg

Pdfurhfrqrplf Shuirupdqfhv/ Hfrqrplf Srolf|/ 9/ 490941

gh od Furl{/ G1 +4<<7,/ Zdjh Lqwhughshqghqfh wkurxjk Ghfhqwudol}hg Edu0

jdlqlqj/ Mrxuqdo ri Hfrqrplf Vxuyh|v/ ;/ 6:407361

Ghzdwulsrqw/ P1 +4<;:,/ Hqwu| Ghwhuuhqfh xqghu Wudgh Xqlrqv/ Hxurshdq

Hfrqrplf Uhylhz/ 64/ 47<04891

Ghzdwulsrqw/ P1 +4<;;,/ Wkh Lpsdfw ri Wudgh Xqlrqv rq Lqfhqwlyhv wr Ghwhu

Hqwu|/ Udqg Mrxuqdo ri Hfrqrplfv/ 4</ 4<404<<1

Jroolhu/ F1 +4<<4,/ Zdjh Gl�huhqwldov/ wkh Lqvlghu0Rxwvlghu Glohppd/ dqg

Hqwu|0Ghwhuuhqfh/ R{irug Hfrqrplf Sdshuv/ 76/ 6<4073;1

Od|dug/ U1/ Qlfnhoo/ V1 dqg Mdfnpdq/ U1 +4<<4,/ Xqhpsor|phqw 0 Pdfurh0

frqrplf Shuirupdqfh dqg wkh Oderxu Pdunhw +R{irug= R{irug Xqlyhuvlw|

Suhvv,1

Qryvkhn/ Z1 +4<;8,/ Rq wkh H{lvwhqfh ri Frxuqrw Htxloleulxp/ Uhylhz ri

Hfrqrplf Vwxglhv/ 85/ ;80<;1

Udelq/ P11 +4<<6,/ Lqfrusrudwlqj Idluqhvv lqwr Jdph Wkhru| dqg Hfrqrplfv/

Dphulfdq Hfrqrplf Uhylhz/ ;6/ 45;4046351

Rugryhu/ M1D1/ Vdorqhu/ J1 dqg Vdors/ V1F1 +4<<3,/ Htxloleulxp Yhuwlfdo Iruh0

forvxuh/ Dphulfdq Hfrqrplf Uhylhz/ ;3/ 45:04751

Vdolqjhu/ P1D1 +4<;;,/ Yhuwlfdo Phujhuv dqg Pdunhw Iruhforvxuh/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 436/ 67806891
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Vdors/ V1 dqg Vfkh�pdq/ G1 +4<;6,/ Udlvlqj Ulydov* Frvwv/ Dphulfdq Hfr0

qrplf Uhylhz 0 DHD Sdshuv dqg Surfhhglqjv/ :6/ 59:05:41

Vhdgh/ M1 +4<;3,/ Rq wkh H�hfwv ri Hqwu|/ Hfrqrphwulfd/ 7;/ 7:<07;<1

Vxpphuv/ O1K1 +4<;;,/ Uhodwlyh Zdjhv/ H!flhqf| Zdjhv dqg Nh|qhvldq Xq0

hpsor|phqw/ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv/ :;/ 6;60

6;;1

Zlooldpvrq/ R1H1 +4<9;,/ Zdjh Udwhv dv d Eduulhu wr Hqwu|= Wkh Shqqlqjwrq

Fdvh lq Shuvshfwlyh/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ ;8/ ;804491
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8 Dsshqgl{= Dqrwkhu H{dpsoh

Dv dqrwkhu looxvwudwlrq/ dvvxph � E'� ' '3�*k +k � �, dqg SE^�� ' ^q�

+q : �,� Zlwk ? �upv lq wkh pdunhw/ wkh rxwsxw ri hdfk �up lv

^? '
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k?� �

� k
k3kq3�
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E�nk�

k3kq3�
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��
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�
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�
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?Ek?� �� Ek� kq � ��
/

S� E^?� ' q E^?�q3� /

Z?
�

' E^?�q
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zkhuh t ' dq Ek?� �� k�� Ek� kq � �� E�k?� ��of n

Ek?� ��? Ek� kq � ��
�
�kn 2k2?q � kq � 2k2?

�
1

Wkhuhiruh Z?
��

S E^?�� S� E^?� ^?
�

Z?
�

: f li dqg rqo| li

+, � n k� �k?� �k2?n Dk2?2 � k2?2q � k�?� n k�?�q : f

zklfk lv dozd|v ixo�oohg zkhq k � �/ q � � dqg ? � �� Xqghu d frqvwdqw

hodvwlflw| ghpdqg fxuyh dqg d frqvwdqw hodvwlflw| frvw ixqfwlrq/ lqfxpehqw

�upv zloo dozd|v pdqdjh wr ghwhu hqwu|1
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