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VVH2HIL Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh


Qr1 674


Rfwrehu/ 4<<<


Devwudfw


Li h!flhqf| zdjhv uhdoo| h{lvw/ dv sursrvhg e| Vkdslur dqg Vwljolw}


+4<;7,/ zk| gr zh qrw vhh pruh mre sxufkdvhvB D frqyhqwlrqdo dq0


vzhu lv wkdw zlwk pxowlsoh shulrgv/ orz sd| lq lqlwldo shulrgv vhuyhv


dv dq lpsolflw sd|phqw +Od}hdu +4<;4,,1 Wklv sdshu suhvhqwv d irupdo


dqdo|vlv ri wklv lvvxh1 Dpdmru uhvxow lv wkdw wkh shu shulrg zrunhu uhqwv


dvvrfldwhg zlwk h!flhqf| zdjhv duh lqyhuvho| uhodwhg wr wkh qxpehu ri


shulrgv/ exw duh qhyhu }hur1 Wkh sdshu dovr glvfxvvhv krz uhpdlqlqj


zrunhu uhqwv fdq eh holplqdwhg e| lpsolflw erqgv/ vxfk dv �up0vshfl�f


kxpdq fdslwdo lqyhvwphqwv1


MHO fodvvlilfdwlrq= M64/ M741


Nh|zrugv= Prqlwrulqj/ h!flhqf| zdjhv/ lpsolflw erqg/ hqwudqfh ihh1


�Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ V�


446 ;6 Vwrfnkrop/ Vzhghq1 Hpdlo= pdjqxv1doojxolqCsrvw1kduydug1hgx


L dp judwhixo wr Wruh Hoolqjvhq iru khosixo frpphqwv dqg glvfxvvlrqv1 Ilqdqfldo vxssruw


iurp Kdqghovedqnhq/ wkh Vwrfnkrop Vfkrro ri Hfrqrplfv dqg wkh Ur|do Vzhglvk Dfdghp|


ri Vflhqfhv lv judwhixoo| dfnqrzohgjhg1
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4 Lqwurgxfwlrq


Wkh remhfwlrq djdlqvw wkh vklunlqj yhuvlrq ri wkh h!flhqf| zdjh prgho wkdw
prvw iuhtxhqwo| uhfxuv lq wkh olwhudwxuh lv wkdw xqhpsor|hg zrunhuv vkrxog
r�hu wr sd| hqwudqfh ihhv iru mre rssruwxqlwlhv/ dqg vxfk ihhv duh yhu| vhogrp
revhuyhg1 Wkh ehvw nqrzq sdshu zklfk suhvhqwv d vklunlqj h!flhqf| zdjh
prgho lv Vkdslur dqg Vwljolw} +4<;7,1 Lqghhg/ Vkdslur dqg Vwljolw} zhuh dzduh
ri wklv zhdnqhvv dqg kdg douhdg| ghihqghg wkhlu prgho djdlqvw wkh hqwudqfh
ihh fulwlflvp lq wkh ruljlqdo sdshu1 Wkh| srlqwhg rxw wkh wzr prvw reylrxv
dujxphqwv djdlqvw mre sxufkdvhv1 Wkh �uvw lv wkdw zrunhuv pd| vlpso| eh
xqdeoh wr sd| wkh hqwudqfh ihh1 Wkh lghd lv wkdw zrunhuv duh zhdowk frq0
vwudlqhg gxh wr lpshuihfw fdslwdo pdunhwv1 Wkh vhfrqg lv wkdw wkh uhvxowlqj
hpsor|phqw frqwudfw lv qrw vhoi hqiruflqj1 Wkh �up zrxog kdyh dq lqfhq0
wlyh wr fodlp wkdw d zrunhu vklunv/ �uh klp rqfh wkh ihh lv sdlg/ dqg vhoo wkh
hpsor|phqw rssruwxqlw| djdlq1


Krzhyhu/ pdq| hfrqrplvwv kdyh qrw ehhq frqylqfhg e| wkhvh h{sodqd0
wlrqv ri wkh odfn ri hqwudqfh ihh revhuydwlrqv1 Fduplfkdho +4<;8,/ lq klv uhso|
wr Vkdslur dqg Vwljolw} dqg Fduplfkdho +4<<3,/ dujxhv wkdw wkh suhvhqfh ri
dq lpshuihfw fdslwdo pdunhw/ ru wkh prudo kd}dug sureohp/ lv qrw vx!flhqw
wr suhyhqw wkh hphujhqfh ri hqwudqfh ihhv1 Iru h{dpsoh/ wkh prudo kd}dug
sureohp fdq eh vroyhg e| wkh lqwurgxfwlrq ri d wklug sduw|1 Pruhryhu/ lq
wkh Vkdslur Vwljolw} prgho/ wkh �up dqg wkh zrunhu gr qrw nqrz zkhq wkh
uhodwlrqvkls lv wr hqg1 Exoo +4<;8/ 4<;:, dujxhv wkdw wklv lv xquhdolvwlf dqg
frqwlqxhv wr vkrz wkdw xqhpsor|phqw zloo qrw eh vx!flhqw wr jhqhudwh wkh
vxusoxv uhtxluhg iru d vhoi0hqiruflqj frqwudfw lq d prgho zlwk d odvw shulrg1
Dv d frqvhtxhqfh/ wkh h!flhqf| zdjh wkhru| kdv orvw dgyrfdwhv wr d uhodwhg
wkhru|/ uhihuuhg wr dv ghod|hg sd|phqw2erqglqj frqwudfwv1 Lq wkhvh frq0
wudfwv/ �upv lqlwldoo| sd| zdjhv ehorz wkh dowhuqdwlyh zdjh dqg odwhu sd|
zdjhv deryh wkh dowhuqdwlyh zdjh wr glvfrxudjh vklunlqj zkhq prqlwrulqj lv
lpshuihfw1 Wkh lpsruwdqw srlqw lv wkdw wkh| duh surwhfwhg djdlqvw wkh hq0
wudqfh ihh fulwlflvp vlqfh wkh| gr qrw dowhu wkh suhvhqw ydoxh ri frpshqvdwlrq
iurp wkh �uvw0ehvw/ ixoo0lqirupdwlrq ohyho1


Wkh pdlq sxusrvh ri wklv sdshu lv wr vkrz krz d �up vkrxog dgmxvw wkh
ohyho dqg wlplqj ri frpshqvdwlrq lq wkh ehvw srvvleoh zd|1 Lqfhqwlyhv fdq eh
frqvwuxfwhg e| erwk h!flhqf| zdjhv dqg edfn0ordghg frpshqvdwlrq/ dqg lw
wxuqv rxw wkdw d udwlrqdo �up zloo xvh erwk ri wkhp1 Lw zloo eh ghprqvwudwhg
wkdw lq d vhoi0hqiruflqj h!flhqf| zdjh prgho zlwk d �qlwh qxpehu ri shulrgv
dqg zhdowk frqvwudlqhg zrunhuv/ wkh vkdsh ri wkh rswlpdo zdjh sdwk pd| orrn
yhu| pxfk olnh wkh rqh ghulyhg iurp d ghod|hg sd|phqw2erqglqj frqwudfw/
vxfk dv iru h{dpsoh Od}hdu +4<;4, dqg Ehfnhu dqg Vwljohu +4<:7,1 Lw zloo
w|slfdoo| eh frqvwlwxwhg e| d kljk zdjh lq wkh odvw shulrg dqg d orzhu dqg
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vwdwlrqdu| zdjh iru doo suhfhglqj shulrgv1 Wkh zrunhu uhqwv dvvrfldwhg zlwk
h!flhqf| zdjhv vwloo h{lvw/ exw wkh| duh vwurqjo| glplqlvkhg e| wkh ohqjwk
ri wkh uhodwlrqvkls1 Wklv uhvxow lv shukdsv prvw uhpdundeoh iru qrw ixoo|
holplqdwlqj zrunhu uhqwv> Od}hdu +4<<8/ sdjh :4, dqg rwkhuv kdyh fodlphg
wkdw ghod|hg sd|phqw lv d shuihfw vxevwlwxwh iru hqwudqfh ihhv1


Erqglqj frqwudfwv dqg hqwudqfh ihhv pljkw lq sulqflsoh holplqdwh wkh uh0
pdlqlqj zrunhu uhqwv1 Krzhyhu/ erwk erqgv dqg hqwudqfh ihhv duh lqihulru
phdqv ri h{wudfwlqj zrunhu uhqwv1 Lqyhvwphqw lq �up0vshfl�f kxpdq fdslwdo
vroyhv wkh prudo kd}dug sureohp pruh h!flhqwo|1 +Zlwk fdslwdo pdunhw lp0
shuihfwlrq/ wkh �up pljkw dovr eh deoh wr h{wudfw d juhdwhu sruwlrq ri zrunhu
uhqwv lq wklv zd|1, Vkdslur dqg Vwljolw} eulh | phqwlrq wkdw zkhq wkh frvw ri
orvlqj mre0vshfl�f kxpdq fdslwdo lv vxevwdqwldo/ zrunhuv pd| kdyh dq lqfhq0
wlyh wr h{huw h�ruw hyhq xqghu frqglwlrqv ri ixoo hpsor|phqw1 Wkdw lv wuxh
hyhq lq wklv sdshu1 Wkh srlqw lv wkdw d �up0vshfl�f kxpdq fdslwdo lqyhvw0
phqw lqfuhdvhv wkh zrunhu*v oldelolw| dqg khqfh lqfuhdvhv wkh �up*v sur�w dw
wkh lqyhvwlqj zrunhu*v h{shqvh1 Xqhpsor|hg zrunhuv ru zrunhuv hpsor|hg e|
rwkhu �upv elg ryhu hdfk rwkhu iru d mre rssruwxqlw| zlwk kljkhu hgxfdwlrq
ohyhov1 Wklv pd| jr rq xqwlo wkh kluhg zrunhu lv wrwdoo| h{wudfwhg1 Wkh uhdvrq
zk| elgv duh lq hgxfdwlrq ohyhov dqg qrw lq prqh| +erqg ru hqwudqfh ihh, lv
vlpso| wkdw lw vroyhv wkh prudo kd}dug sureohp lq wkh vlpsohvw srvvleoh zd|=
li wkh hpsor|hu �uhv wkh zrunhu kh zloo orvh wkh �up0vshfl�f kxpdq fdslwdo
lqyhvwphqw wrjhwkhu zlwk wkh zrunhu1


Wkh prgho lv edvhg rq wkh vwdwlf h!flhqf| zdjh prgho �uvw suhvhqwhg
lq Doojxolq dqg Hoolqjvhq +4<<;,/ dqg odwhu uhylvhg lq Doojxolq +4<<<,/ zklfk
frqwudu| wr Vkdslur dqg Vwljolw}*v prgho doorzv wkh zrunhuv* h�ruw ohyhov wr eh
dgmxvwhg lq d frqwlqxrxv idvklrq1 D vhfrqgdu| sxusrvh ri wkh sdshu kdv ehhq
wr lqyhvwljdwh zkhwkhu wkh uhvxow iurp wklv prgho/ zklfk zloo eh uhihuuhg wr
dv wkh vwdwlf prgho wkurxjkrxw wkh sdshu/ fduulhv ryhu wr wkh g|qdplf fdvh1
Wkh �qglqj lv wkdw lw grhv> wkh uhvxow lv hyhq vwuhqjwkhqhg e| dq lqfuhdvh lq
wkh qxpehu ri shulrgv wkdw wkh uhodwlrqvkls ehwzhhq wkh zrunhu dqg wkh �up
zloo odvw1


Wzr h{whqvlrqv duh dovr glvfxvvhg1 Wkh �uvw pdnhv wkh �up deoh wr frp0
plw lwvhoi wr ixwxuh frqwuro yduldeohv1 Wkh vroxwlrq frxog eh lqwhusuhwhg dv
wkh rswlpdo h{solflw erqglqj frqwudfw/ dqg wkh zdjh sdwk lv vlpso| dv pxfk
sd|phqw dv srvvleoh srvwsrqhg wr wkh odvw shulrg dqg/ dv d frqvhtxhqfh/ wkh
orzhvw srvvleoh zdjh lq doo suhfhglqj shulrgv1 Wkh vhfrqg eulh | glvfxvvhv
krz d zrunhu*v frpplwphqw wr vdylqj ru hgxfdwlqj klpvhoi dw zrun fdq eh dq
dowhuqdwlyh wr erqgv ru suh0zrun hgxfdwlrq/ li kh lv wrr zhdowk0frqvwudlqhg
iru wkh odwwhu1


Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vhwv xs wkh jhqhudo prgho/
ghulyhv wkh rswlpdo frqwudfw dqg dqdo|}hv krz wkh uhvxowv iurp wkh vwdwlf
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prgho fduu| ryhu wr d g|qdplf h{whqvlrq1 Zhoiduh h�hfwv duh glvfxvvhg lq
Vhfwlrq 61 Lq Vhfwlrq 7 lw lv h{sodlqhg krz erqglqj frqwudfwv duh fdswxuhg e|
wkh prgho dqg krz �up vshfl�f kxpdq fdslwdo lqyhvwphqwv fdq dfw dv lpsolflw
erqgv1 Vhfwlrq 8 eulh | glvfxvvhv vrph h{whqvlrqv dqg �qdoo|/ Vhfwlrq 9
frqfoxghv1


5 Prgho


D ulvn0qhxwudo hpsor|hu hpsor|v d vlqjoh ulvn0qhxwudo hpsor|hh1 Wkh hp0
sor|hh fdq h{huw h�ruw e| 5 +n |lhoglqj wkh ehqh�w �Ee|� wr wkh hpsor|hu dw
vrph frvw �Ee|� wr wkh hpsor|hh/ zkhuh | 5 i�c 2c ��c A � �c Aj dqg A lv wkh
srwhqwldo qxpehu ri shulrgv wkh uhodwlrqvkls ehwzhhq wkh hpsor|hu dqg wkh
hpsor|hh fdq odvw1 Wkh hpsor|hu prwlydwhv wkh hpsor|hh wkurxjk d frpshq0
vdwlrq frqwudfw �Ee|�1 Wkh hpsor|hu kdv wkh delolw| wr revhuyh dqg yhuli| wkh
h{huwhg ohyho ri h�ruw e| zlwk suredelolw| R|/ dqg kh fdq lqgluhfwo| fkrrvh wklv
ghwhfwlrq suredelolw| wkurxjk klv fkrlfh ri uhvrxufhv ghyrwhg wr prqlwrulqj/
�ER|�1 Wkh ehqh�w/ frvw dqg prqlwrulqj frvw ixqfwlrqv duh dvvxphg wr kdyh
wkh sodxvleoh surshuwlhv= ��Ee|� : fc ���Ee|� 	 fc �Ef� ' fc � �Ee|� : fc
� ��Ee|� : f dqg � �ER|� : f1 Erwk wkh hpsor|hu dqg wkh hpsor|hh glvfrxqw
ixwxuh xwlolwlhv xvlqj d frpprq glvfrxqw idfwru B1


Gh�qh wkh hpsor|hu*v h{ srvw xwlolw| dv


L '
A3�[
|'f


B|E�Ee|�� �| ��ER|��� +4,


Wkh hpsor|hh*v h{ srvw xwlolw| lq wkh odvw shulrg A lv


TA ' �A � �EeA �c +5,


dqg wkh wrwdo ydoxh ri wkh suhvhqw dqg ixwxuh shulrgv iru klp dw dq| rwkhu
wlph lv


T| ' �| � �Ee|� n BT|n� iru | 5 i�c ��c A � �j � +6,


Wkhuh lv d orzhu olplw �f 5 +n/ wr wkh sd|phqw1 Wkh olplw pd| eh
gxh hlwkhu wr ohjdo uxohv ru wr d zhdowk frqvwudlqw1 Ohjdo uxohv dovr pdnh lw
lpsrvvleoh iru wkh hpsor|hu wr �uh wkh hpsor|hh li kh ixo�oov klv wdvn/ dqg
wr h{fkdqjh klp iru dqrwkhu hpsor|hh1 Vlqfh h�ruw lv qrw dozd|v revhuyhg/
wkh frpshqvdwlrq frqwudfw dovr qhhgv wr vshfli| vrph sd|phqw 7�| 5 +n wkdw
wkh hpsor|hh lv wr uhfhlyh lq wklv fdvh1 Ixuwkhupruh/ wkh hpsor|hu fdqqrw
frpplw klpvhoi qrw wr fkdqjh klv frqwuro yduldeohv lq ixwxuh shulrgv1 Rq wkh
rwkhu kdqg/ kh fdq frpplw qrw wr uhkluh wkh hpsor|hh rqfh kh kdv ehhq �uhg1
Wklv lv d fuxfldo dvvxpswlrq dqg lw lpsolhv wkdw wkh hpsor|hh*v ghflvlrqv/ dqg
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khqfh wkh htxloleulxp ydoxhv ri wkh hpsor|hu*v frqwuro yduldeohv lq gl�huhqw
shulrgv/ duh gl�huhqw1 Zlwkrxw wklv dvvxpswlrq wkh uhvxow zrxog mxvw eh wkh
vwdwlf prgho*v rxwfrph uhshdwhg A wlphv1


Vxssrvh wkh hpsor|hu zdqwv wr lqgxfh vrph ohyho ri h�ruw 	e|1 Wkh hp0
sor|hh*v rqo| lqwhuhvw lv wr pd{lpl}h klv h{shfwhg xwlolw|> wkhuhiruh iru doo
| 5 i�c ��A � �j wkh iroorzlqj lqfhqwlyh frpsdwlelolw| +LF, frqvwudlqwv pxvw
eh vdwlv�hg iru doo e|=


R|E�|E	e|� n BT W


|n�� n E�� R|�E 7�| n BT W


|n��� �E	e|� �


R|E�|Ee|�n
A3|[
�'�


B��f� n E�� R|�E 7�| n BT W


|n��� �Ee|�c +7,


zkhuh T W


|n� ghqrwhv wkh ydoxh ri ixwxuh shulrgv iru wkh zrunhu jlyhq wkh +rs0
wlpdo, lqfhqwlyh vfkhph1 Iru | ' Ac wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw
ehfrphv


RA�A E	eA � n E�� RA � 7�A � �E	eA � �


RA�A EeA � n E�� RA � 7�A � �EeA �� +8,


Dv vkrzq lq Ghprxjlq dqg Ioxhw +4<<:,/ dq| lqfhqwlyh0frpsdwleoh frq0
wudfw wkdw lpsohphqwv 	e| fdq/ zlwkrxw orvv wr wkh hpsor|hu/ eh uhsolfdwhg e| d
vwhs ixqfwlrq ri wkh irup �|Ee|� ' �f iru e| 	 	e| dqg �|Ee|� ' �| iru e| � 	e|1
Lq rwkhu zrugv/ wkh hpsor|hu vhwv dq h�ruw wdujhw 	e|1 Wkh hpsor|hh jhwv �|


li kh phhwv ru h{fhhgv wkh wdujhw dqg wkh plqlpxp sd|phqw �f rwkhuzlvh1
Li wkh hpsor|hh ghyldwhv xqghu wklv frqwudfw kh zloo fkrrvh wkh h�ruw ohyho
e| ' f1


Ilqdoo|/ zh lpsrvh wkh vwdqgdug dvvxpswlrq wkdw dq lqgl�huhqw hpsor|hh
wdnhv wkh dfwlrq wkdw wkh hpsor|hu idyruv1 Wkxv/ wkh hpsor|hu fdq orzhu wkh
zdjh grzq wr wkh ohyho zkhuh wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv ehfrph
htxdolwlhv/


R|E�| � �f n BT W


|n�
�


A3|[
�'�


B��f� ' �E	e|� +9,


iru | 5 i�c ��c A � �j dqg


RA E�A � �f� ' �E	eA �� +:,


Qrwh wkdw 7�|/ lv luuhohydqw iru wkh hpsor|hh*v lqfhqwlyhv1 Lw lv frpprq wr
dvvxph wkdw 7�| ' �|E	e|�/ dqg wklv sudfwlfh lv iroorzhg1 Rqh uhdvrq zk| wkh
dvvxpswlrq lv sodxvleoh lv wkdw li 7�| 	 �E	e|�/ wkh hpsor|hu zrxog kdyh kdg
dq lqfhqwlyh qrw wr prqlwru +ru wr idovho| fodlp wkdw kh kdv qrw prqlwruhg,1


Xvlqj wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv +9, dqg +:,/ vwduwlqj dw sh0
ulrg A / wkh h�ruw ohyho lq hdfk shulrg fdq qrz eh frpsxwhg1 Wkh kljkhvw
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srvvleoh h�ruw ohyho wkh hpsor|hu lv deoh wr lpsohphqw dv d ixqfwlrq ri prq0
lwrulqj dqg sd| lq wkh odvw shulrg lv qdwxudoo| wkh vdph dv lq wkh vwdwlf fdvh/


eA ' �3� ERA E�A � �f�� � +;,


Exw iru doo rwkhu shulrgv lw lv fkhdshu iru wkh hpsor|hu wr lpsohphqw d jlyhq
h�ruw ohyho/ vlqfh wkh hpsor|hh lv qrw rqo| wkuhdwhqhg e| ehlqj �uhg exw
dovr e| qhyhu ehlqj uhkluhg e| wkh hpsor|hu1 Wkxv zh kdyh wkh iroorzlqj
h{suhvvlrqv iru wkh kljkhvw srvvleoh h�ruw ohyhov lq hdfk ri wkhvh shulrgv dv d
ixqfwlrq ri prqlwrulqj dqg sd|=


e| ' �3�


#
R|E�| � �f n BT W


|n��
A3|[
�'�


B��f�


$
� +<,


Wkhvh h{suhvvlrqv zloo eh xvhg wr vxevwlwxwh iru e| lq wkh hpsor|hu*v xwlolw|
ixqfwlrq1 Khqfh kh zloo idfh A pd{lpl}dwlrq sureohpv wr fkrrvh suredelolwlhv
R| dqg wudqvihuv �| wkdw vroyh


�@%
R|c�|


�Ee|�� �| ��ER|�n
A3|[
�'�


B�E�Ee|n��� �|n� ��ER|n���


vxemhfw wr wkh frqvwudlqwv �| � �f dqg R| 5 dfc �o iru doo | 5 i�c ��c Aj1
Ghqrwh wkh vroxwlrqv wr wkhvh sureohpv ERW


|
c �W


|
�/ dqg ohw eW


|
G' e|ER


W


|
c �W


|
� eh


wkh fruuhvsrqglqj h�ruw1
Dvvxplqj dq lqwhulru vroxwlrq/ �uvw rughu frqglwlrqv duh


��EeW
|
�


� �EeW| �
RW
|
� � ' f +43,


iru | 5 i�c ��c Aj c
��EeW


A
�


� �EeW
A
�
E�W


A
� �f��� �ERW


A
� ' fc +44,


dqg
��EeW


|
�


� �EeW| �
E�W


|
� �f n BT W


|n��
A3|[
�'�


B��f��� �ERW
|
� ' f +45,


iru | 5 i�c ��c A � �j �
Ohw L|�� ghqrwh wkh vhfrqg ghulydwlyh ri L| dqg ohw LW


|��
ghqrwh wkh vhfrqg


ghulydwlyh ri L| hydoxdwhg dw d vroxwlrq ERW
|
c �W


|
�� Wkh vhfrqg�rughu frqglwlrqv


duh wkhq LW


|�|�|
	 fc LW


|R|R|
	 f dqg LW


|R|R|
LW


|�|�|
� ELW


|R|�|
�2 : f1 Wr vwdwh wkh


frqglwlrqv lq ixoo/ qrwh wkdw


L|�|�|
' ER|�


2�Ee|� iru | 5 i�c ��c Aj c +46,
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LARA RA
' E�A � �f�


2�EeA ��� ��ERA �c +47,


LARA�A
' RA E�A � �f��EeA � n


��EeA �


��EeA �
c +48,


L|R|R|
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2�Ee|��� ��ER|� +49,


iru | 5 i�c ��c A � �j c dqg


L|R|�|
' R|E�|�


A3|[
�'f


B��f n BT W


|n���Ee|� n
��Ee|�


� �Ee|�
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iru | 5 i�c ��c A � �j c zkhuh
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514 Ghwhuplqdwlrq ri wkh rswlpdo frqwudfw


Wkh �uvw rughu0frqglwlrqv +43,/ +44, dqg +45, wrjhwkhu whoo xv wkdw


�W


A
' �f n RW


A
� �ERW


A
� +4<,


dqg


�W


|
' �f n RW


|
� �ERW


|
�� BT W


|n�
n


A3|[
�'�


B��f +53,


iru | 5 i�c ��c A � �j � Xvlqj wkhvh h{suhvvlrqv wr vxevwlwxwh iru �W


|
lq wkh


lqfhqwlyh frqvwudlqwv +;, dqg +<, |lhogv


eW
|
' �3�


�
ERW


|
�2� �ERW


|
�
�


+54,


iru | 5 i�c ��c Aj � Zlwk wkhvh h{suhvvlrqv/ lw lv qrz srvvleoh wr vxevwlwxwh iru
eW
|
lq wkh �uvw0rughu frqglwlrq +43, wr jhw dq htxdwlrq wkdw vroho| ghwhuplqhv


RW
|
iru | 5 i�c ��c Aj/


�� E�3� EERW
|
�2� �ERW


|
���


� � E�3� EERW
|
�2� �ERW


|
���
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|
� � ' f� +55,


Hylghqwo|/ wkh htxdwlrq fkdudfwhul}lqj wkh rswlpdo prqlwrulqj dffxudf| lv
wlph lqghshqghqw dqg zh kdyh


RW
|
' RW


|n�
' RWc +56,


:







zkhuh RW lv wkh rswlpdo prqlwrulqj dffxudf| lq wkh vwdwlf prgho1 Wklv lq
wxuq ohdgv gluhfwo| wr dqrwkhu uhvxow1 Li zh gurs wkh wlph lqgh{ rq wkh
prqlwrulqj dffxudf| +zklfk zh duh qrz doorzhg wr gr,/ dqg orrn edfn dw wkh
h{suhvvlrq +54,/ zh fdq hdvlo| frqfoxgh wkdw hyhq wkh rswlpdo h�ruw ohyho lv
wlph lqghshqghqw1 Wkxv


eW
|
' eW


|n�
' eWc +57,


zkhuh eW lv wkh rswlpdo h�ruw ohyho lq wkh vwdwlf prgho1
Wkh wlph lqghshqghqf| ri wkh prqlwrulqj dffxudf| +56,/ wrjhwkhu zlwk


wkh h{suhvvlrq iru wkh odvw shulrg*v zdjh +4<,/ lpsolhv wkdw wkh rswlpdo zdjh
lq wkh odvw shulrg lv wkh vdph dv wkh rswlpdo zdjh lq wkh vwdwlf prgho/ �W/
l1h1 wkdw


�W


A
' �W� +58,


Wr lqyhvwljdwh wkh zdjh ohyhov lq rwkhu shulrgv/ �uvw qrwh wkdw iurp wkh hp0
sor|hh*v h{ srvw xwlolw| dqg wkh lqfhqwlyh frqvwudlqw uhvshfwlyho| lq wkh odvw
shulrg/ +5, dqg +:,/ wrjhwkhu zlwk wkh wlph lqghshqghqf| ri wkh prqlwrulqj
dffxudf|/ +56,/ zh kdyh=


T W


A
' E�� RW�E�W


A
� �f� n �f� +59,


Wklv xwlolw| fdq eh xvhg wrjhwkhu zlwk wkh hpsor|hh*v h{ srvw xwlolwlhv dqg
lqfhqwlyh0frpsdwlelolw| frqvwudlqwv iru rwkhu shulrgv/ +6, dqg +<,/ wr vroyh
edfnzdugv iru dq h{suhvvlrq ri T


|n�=


T W


|n�
' E�� RW�E�W


A
� �f�n


A3|3�[
�'f


B��f� +5:,


Wklv lq wxuq vxevwlwxwhg lqwr wkh h{suhvvlrq iru wkh zdjh lq rwkhu shulrgv
wkdq wkh odvw shulrg/ +53,/ wrjhwkhu zlwk wkh h{suhvvlrq iru wkh zdjh lq wkh
odvw shulrg/ +4<,/ �qdoo| |lhog wkh iroorzlqj h{suhvvlrq iru wkh hpsor|hh*v
zdjh lq doo shulrgv exw wkh odvw rqh=


�W


|
' E�� BE�� RW���W


A
n BE�� RW��f +5;,


iru | 5 i�c ��c A � �j � Wkh deryh uhvxowv fdq eh vxppdul}hg lq wkh iroorzlqj
sursrvlwlrq=


Sursrvlwlrq 4 Wkh rswlpdo zdjh sdwk lv frqvwlwxwhg e| wkh htxloleulxp zdjh
ri wkh vwdwlf prgho lq wkh odvw shulrg dqg d orzhu dqg vwdwlrqdu| zdjh
iru doo suhfhglqj shulrgv1 Erwk zdjh ohyhov duh lqghshqghqw ri wkh ohqjwk
ri wkh uhodwlrqvkls1 Wkh rswlpdo h�ruw ohyho dqg wkh rswlpdo prqlwrulqj
dffxudf| duh vwdwlrqdu| dqg kdyh wkh vdph ydoxhv dv lq wkh vwdwlf prgho1


;
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Iljxuh 4


Khuh rqh fdq fohduo| vhh wkdw/ zlwk qr glvfrxqwlqj ri ixwxuh shulrgv +B ' �,/
doo prqhwdu| lqfhqwlyhv olh lq wkh odvw shulrg1 Wkh lqwxlwlrq lv wkdw zrunhu
uhqwv lq d suhfhglqj shulrg h{lvw rqo| wr frpshqvdwh iru wkh ghsuhfldwlrq ri
ixwxuh uhqwv gxulqj wkdw shulrg1


Wkh uhvxow lpsolhv wkdw doo vhfrqg0rughu frqglwlrqv duh ixo�oohg li dqg
rqo| li wkh vhfrqg0rughu frqglwlrqv iru wkh odvw shulrg duh ixo�oohg1 Wkxv lw lv
vx!flhqw wkdw


LW


A�A�A
	 fc LW


ARA RA
	 f


dqg
LW


ARA RA
LW
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� ELW


ARA�A
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zkhuh
LA�A�A


' ERA �
2�EeA �c +5<,


LARA RA
' E�A � �


f
�2�EeA ��� ��ERA � +63,
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f
��EeA � n


��EeA �


��EeA �
c +64,


wr hqvxuh wkdw wkh lqwhulru vroxwlrq lv d pd{ srlqw1 Wkh vhfrqg�rughu frq0
glwlrqv iru wkh odvw shulrg duh wkh vdph dv duh uhtxluhg lq wkh vwdwlf prgho>
khqfh wkh vhfrqg0rughu frqglwlrqv zloo qrw sxw ixuwkhu uhvwulfwlrqv rq wkh
vroxwlrq e| wkh deryh A 0shulrg h{whqvlrq ri wkh vwdwlf prgho1


<







515 Wkh fruuhodwlrq ehwzhhq prqlwrulqj dqg sd|


D txlfn jolpsvh dw htxdwlrq +5;, dovr uhyhdov wkdw wkh pdlq uhvxowv iurp wkh
vwdwlf prgho uhpdlq lqwdfw1 Fohduo| wkh prqlwrulqj dffxudf| dqg wkh zdjh
lq wkh odvw shulrg duh frpsohphqwdu| lqvwuxphqwv iru prwlydwlqj zrunhuv lq
wklv A 0shulrg h{whqvlrq li dqg rqo| li wkh prqlwrulqj dffxudf| dqg wkh zdjh
duh frpsohphqwv lq wkh vwdwlf prgho> wkh| duh fkdudfwhul}hg e| wkh vdph
htxdwlrqv dqg wkxv kdyh wkh vdph ydoxhv1 Wkxv/ wkh iroorzlqj sursrvlwlrqv
fdq eh vwdwhg=


Sursrvlwlrq 5 Dffruglqj wr dq| vkliw lq wkh hpsor|hu*v ehqh�w ixqfwlrq/
�Ee�/ ru wkh hpsor|hh*v frvw ri h�ruw ixqfwlrq/ �Ee�/ prqlwrulqj dqg
wkh odvw shulrg*v zdjh duh frpsohphqwdu| lqvwuxphqwv li dqg rqo| li
�RW� ��ERW�*� �ERW� 	 �1


Sursrvlwlrq 6 Dffruglqj wr dq| vkliw lq wkh hpsor|hu*v prqlwrulqj frvw
ixqfwlrq/ �ER�/ prqlwrulqj dqg wkh odvw shulrg*v zdjh duh frpsohphq0
wdu| lqvwuxphqwv li dqg rqo| li LW


R�
: f1


Htxdwlrq +5;, whoov xv wkdw wkh rswlpdo zdjh lq rwkhu shulrgv wkdq wkh odvw
shulrg lv d olqhdu frpelqdwlrq ehwzhhq wkh rswlpdo zdjh lq wkh odvw shulrg
dqg wkh plqlpxp sd|phqw1 Wkh zhljkw rq wkh plqlpxp sd|phqw ghfuhdvhv
dv wkh prqlwrulqj dffxudf| lqfuhdvhv dqg ylfh yhuvd/ li wkh deryh frqglwlrqv
iru frpsohphqwdulw| krog1 Khqfh/ li prqlwrulqj dffxudf| dqg wkh zdjh lq
wkh odvw shulrg duh frpsohphqwdu| lqvwuxphqwv iru prwlydwlqj zrunhuv/ wkhq
prqlwrulqj dffxudf| dqg wkh zdjh lq rwkhu shulrgv duh dv zhoo1 Pruh irupdoo|/
e| gl�huhqwldwlqj wkh h{suhvvlrq iru wkh rswlpdo zdjh lq rwkhu shulrgv wkdq
wkh odvw shulrg/ +5;,/ zlwk uhvshfw wr wkh rswlpdo prqlwrulqj dffxudf|/


_�W


|


_RW
' E�W


A
� �


f
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_�W


A


_RW
c


lw lv hdvlo| vhhq wkdw li prqlwrulqj dqg wkh odvw shulrg*v zdjh duh srvlwlyho|
fruuhodwhg/ prqlwrulqj dqg wkh zdjh lq rwkhu shulrgv pxvw dovr eh srvlwlyho|
fruuhodwhg1 Krzhyhu/ wkh rssrvlwh lv qrw wuxh$ Wkh frqglwlrq iru frpsohphq0
wdulw| ehwzhhq �W


|
dqg RW lv zhdnhu wkdq wkh frqglwlrq iru frpsohphqwdulw|


ehwzhhq �W


A
dqg RW1


Sursrvlwlrq 7 Dffruglqj wr dq| vkliw lq wkh hpsor|hu*v ehqh�w ixqfwlrq/
�Ee�/ ru wkh hpsor|hh*v frvw ri h�ruw ixqfwlrq/ �Ee�/ prqlwrulqj dqg
sd| duh frpsohphqwdu| lqvwuxphqwv li �RW� ��ERW�*� �ERW� 	 �1


Sursrvlwlrq 8 Dffruglqj wr dq| vkliw lq wkh hpsor|hu*v prqlwrulqj frvw
ixqfwlrq/ �ER�/ prqlwrulqj dqg wkh odvw shulrg*v zdjh duh frpsohphq0
wdu| lqvwuxphqwv li LW


R�
: f1
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Wkh htxdwlrq +5;, dovr jlyhv dq lqvljkw lqwr krz wkh hpsor|hu rswlpdoo|
vkrxog uhvsrqg wr fkdqjhv lq wkh glvfrxqw idfwru1 Fohduo|/ wkh rswlpdo prq0
lwrulqj dffxudf|/ wkh rswlpdo h�ruw ohyho dqg wkh rswlpdo zdjh lq wkh odvw
shulrg duh doo lqghshqghqw ri wkh glvfrxqw idfwru vlqfh wkh| duh wkh vdph dv
lq wkh vwdwlf fdvh1 Rq wkh rwkhu kdqg/ wkh zhljkw rq wkh plqlpxp sd|phqw
lq wkh olqhdu frpelqdwlrq ghwhuplqlqj wkh rswlpdo zdjh lqfuhdvhv dv wkh glv0
frxqw idfwru lqfuhdvhv dqg ylfh yhuvd1 Khqfh/ zh kdyh wkdw iru doo shulrgv
exw wkh odvw rqh/ wkh rswlpdo zdjh lv qhjdwlyho| fruuhodwhg zlwk wkh glvfrxqw
idfwru1


Sursrvlwlrq 9 Wkh rswlpdo zdjh lq doo shulrgv exw wkh odvw shulrg lv qhj0
dwlyho| fruuhodwhg zlwk wkh glvfrxqw idfwru/ zkloh wkh rswlpdo zdjh lq
wkh odvw shulrg/ wkh rswlpdo prqlwrulqj dffxudf| dqg wkh rswlpdo h�ruw
ohyho duh lqghshqghqw ri wkh glvfrxqw idfwru1


6 Zhoiduh lpsolfdwlrqv


Vlqfh erwk wkh h{huwhg h�ruw ohyho e| dqg wkh prqlwrulqj dffxudf| R| duh
vwdwlrqdu|/ wkh ohqjwk ri wkh uhodwlrqvkls grhv qrw d�hfw wkh ghjuhh ri vrfldo
h!flhqf| ri wkh frqwudfw dv orqj dv wkh sulqflsdo hduqv hqrxjk wr vwduw wkh
surmhfw1 Wkh frqwudfw ohqjwk zloo phuho| kdyh glvwulexwlrqdo lpsolfdwlrqv� Lw
lv hdv| wr uhzulwh wkh h{suhvvlrq +5:, wr jhw wkh iroorzlqj h{suhvvlrq iru wkh
suhvhqw ydoxh ri jhwwlqj kluhg e| wkh �up=


T W


�
EA � ' RWE�� RW�� �ERW�n


A3�[


�'f


B��
f
� +65,


Wkxv/ wkh hpsor|hh*v shu shulrg frpshqvdwlrq lv ghfuhdvlqj zlwk wkh ohqjwk ri
wkh uhodwlrqvkls1 Frqyhuvho|/ wkh hpsor|hu ehqh�wv iurp d orqjhu uhodwlrqvkls
dqg zloo rqo| r�hu wkh orqjhvw frqwudfw zklfk lv doorzhg iru e| wkh qdwxuh ri
wkh surmhfw ru rwkhu h{rjhqrxv flufxpvwdqfhv1


Lq wkh devhqfh ri wkh ohjdo uxohv pdnlqj lw lpsrvvleoh iru wkh hpsor|hh
wr �uh d qrq0vklunlqj hpsor|hh/ wkh hpsor|hu lv irufhg wr uhshdw wkh vwdwlf
rxwfrph A wlphv1 Lq wklv fdvh/ wkh suhvhqw ydoxh iru wkh hpsor|hh ehfrphv


A3�[


�'f
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�
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f
�� +66,


Wklv lv odujhu wkdq wkh suhvhqw ydoxh iurp wkh orqj0whup uhodwlrqvkls +65,1
Khqfh wkh iroorzlqj sursrvlwlrqv fdq eh vwdwhg=
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Sursrvlwlrq : Wkh ghjuhh ri vrfldo h!flhqf| ri wkh frqwudfw lv qrw d�hfwhg
e| wkh ohqjwk ri wkh uhodwlrqvkls1


Sursrvlwlrq ; Wkh ohqjwk ri wkh uhodwlrqvkls lv d pdwwhu iru glvsxwh= wkh
hpsor|hu suhihuv orqjhu dqg wkh hpsor|hh suhihuv vkruwhu uhodwlrqvklsv1


Sursrvlwlrq < Ohjdo uxohv surwhfwlqj hpsor|hhv iurp ehlqj �uhg orzhu wkh
hpsor|hhv* suhvhqw ydoxh ri frpshqvdwlrq1


Wkh zhoiduh lpsolfdwlrqv iurp fkdqjhv lq wkh hpsor|hh*v oldelolw| duh do0
prvw wulyldo1 Lw lv hdv| wr fkhfn wkdw wkh htxdwlrqv +54, dqg +55, lpso| wkdw
wkh htxloleulxp prqlwrulqj dffxudf|/ RW/ dqg wkh htxloleulxp ohyho ri h�ruw/
eW/ duh erwk lqghshqghqw ri wkh olplwhg oldelolw| frqvwudlqw/ �


f
1 Wkxv wkh


ghjuhh ri vrfldo h!flhqf| lv lqghshqghqw ri wkh hpsor|hh*v oldelolw|1 Wklv
vkrxog eh vdlg zlwk rqh lpsruwdqw uhvhuydwlrq wkrxjk1 Wkh htxdwlrqv +4<,
dqg +5;, uhyhdo wkdw


_�W


|


_�
f


'
_�W


A


_�
f


' �� +67,


Lq rwkhu zrugv/ dq lqfuhdvh lq wkh olplwhg oldelolw| sdudphwhu uhglvwulexwhv
zhdowk iurp wkh hpsor|hu wr wkh hpsor|hh1 Li wkh olplwhg oldelolw| sdudphwhu
ehfrphv kljk hqrxjk/ lw lv qr orqjhu sur�wdeoh iru wkh hpsor|hu wr kluh wkh
hpsor|hh/ dqg wkh ghjuhh ri vrfldo h!flhqf| zloo ri frxuvh eh d�hfwhg1 Khqfh/
lw fdq eh vwdwhg wkdw=


Sursrvlwlrq 43 Vr orqj dv wkh hpsor|hu fdq d�rug wr kluh wkh hpsor|hh/ wkh
ghjuhh ri vrfldo h!flhqf| lv qrw d�hfwhg e| fkdqjhv lq wkh hpsor|hh*v
oldelolw|1


7 Lpsolflw erqglqj frqwudfwv


Wkh deryh yhuvlrq ri wkh h!flhqf| zdjh prgho vwloo lpsolhv uhqwv wr hpsor|0
hhv/ hyhq li wkh| glplqlvk zlwk wkh ohqjwk ri wkh uhodwlrqvkls1 Wklv frpprq
ihdwxuh ri wkh vklunlqj prgho ri h!flhqf| zdjhv kdv ehhq fulwlfl}hg lq pdq|
duwlfohv1 Fduplfkdho +4<;8,/ iru h{dpsoh/ dujxhv wkdw wkhvh uhqwv vkrxog eh
holplqdwhg e| hqwudqfh ihhv ru erqgv1 Wkh lghd ri d erqg lv irxqg lq iru
h{dpsoh Od}hdu +4<;4, dqg Ehfnhu dqg Vwljohu +4<:7,1 Wkhuh wkh hpsor|hh
srvwv d erqg lqlwldoo|/ lv sdlg lqwhuhvw rq lw/ dqg jhwv lw edfn zkhq wkh uhod0
wlrqvkls lv ryhu1 Wkh erqg wudqvdfwlrqv duh lqfoxghg lq wkh hpsor|hh*v zdjh
sdwk lq wkhlu sdshuv1 Rqh uhvxow lv d qhjdwlyh frpshqvdwlrq lq wkh �uvw sh0
ulrg/ dqg d frqvwdqw frpshqvdwlrq lq lqwhuphgldwh shulrgv zklfk lv orzhu
wkdq wkh kljkhu frpshqvdwlrq lq wkh odvw shulrg1
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Wr xqghuvwdqg wklv uhvxow lq wkh iudphzrun ri wkh prgho lq wklv sdshu/ dq
lpsruwdqw fodul�fdwlrq lv fdoohg iru1 D idfwru forvho| uhodwhg wr wkh olplwhg
oldelolw| frqvwudlqw lv wkh hpsor|hh*v lqlwldo zhdowk1 Li frqwudfwleoh/ l1h1 li lw
fdq eh wdnhq dzd| iurp wkh hpsor|hh lq wkh fdvh zkhuh kh grhv qrw phhw
ru h{fhhg klv h�ruw wdujhw/ wkh zhdowk zloo dgg oldelolw| dqg khqfh orzhu wkh
oldelolw| frqvwudlqw1 Zhdowklhu hpsor|hhv zrxog wkhq eh pruh dwwudfwlyh wr
kluh vlqfh/ dv zh ohduqhg iurp wkh suhylrxv vhfwlrq/ doo shulrgv* htxloleulxp
zdjhv zloo eh orzhu1 Rq wkh rwkhu kdqg/ li wkh hpsor|hh fdqqrw frpplw wr
nhhslqj klv zhdowk frqwudfwleoh/ dv vrrq dv kh lv kluhg/ kh zloo wu| wr pdnh
klv zhdowk qrq0frqwudfwleoh ru vlpso| jhw ulg ri lw e| iru h{dpsoh frqvxplqj
lw1 Wkh frpplwphqw lv vrphwklqj wkdw fdq eh dffrpsolvkhg e| d erqg1
Wklv sdshu zloo pdnh d fohdu glvwlqfwlrq ehwzhhq wkh zdjh dqg wkh erqg
wudqvdfwlrq e| vlpso| dvvxplqj wkdw wkh zhdowk wkdw lv xvhg iru d erqg qhyhu
ohdyhv wkh hpsor|hh1 D erqg lv mxvw d frqwudfw zklfk vd|v wkdw vrph ri wkh
hpsor|hh*v lqlwldo zhdowk/ wkdw fdq eh wdnhq dzd| iurp klp li kh grhv qrw
phhw ru h{fhhg klv h�ruw wdujhw/ pxvw uhpdlq lqwdfw gxulqj wkh hpsor|phqw
uhodwlrqvkls1 Wklv lv hqwluho| fdswxuhg e| d ghfuhdvh lq wkh olplwhg oldelolw|
sdudphwhu htxlydohqw wr wkh vl}h ri wkh erqg1


Wkh lghd ri hpsor|hhv sxufkdvlqj mre rssruwxqlwlhv/ zklfk lv vrphwlphv
phqwlrqhg lq wklv frqwh{w/ lv vrphwklqj frpsohwho| gl�huhqw li wkh uhodwlrq0
vkls ehwzhhq wkh hpsor|hu dqg wkh hpsor|hh odvwv orqjhu wkdq rqh shulrg1
Li wkh hpsor|hu vhoov d mre dqg wkh hpsor|hh xvhv kl frqwudfwleoh zhdowk wr
sd| iru lw/ wkh hpsor|hu zloo uhjuhw vhoolqj wkh mre dv vrrq dv kh uhdol}hv wkdw
wkh htxloleulxp zdjh sdwk kdv vkliwhg xszdugv dqg/ dffruglqj wr htxdwlrq
+67,/ kh zloo lqgluhfwo| uhsd| wkh hpsor|hh wkh zkroh sulfh gxulqj hdfk sh0
ulrg ri wkhlu uhodwlrqvkls1 Lw lv hdv| wr fkhfn wkdw li wkh hpsor|hh lqvwhdg xvhv
qrq0frqwudfwleoh zhdowk wr sd| iru wkh mre rssruwxqlw|/ lw lv dozd|v ehwwhu iru
wkh hpsor|hu wr ohw klp nhhs wkh prqh| li kh fdq frpplw/ iru h{dpsoh yld d
erqg/ qrw wr vshqg lw +l1h1 li wkh uhodwlrqvkls odvwv orqjhu wkdq rqh shulrg,1
Wkxv/ iru dq hpsor|hu wr fkdujh dq hqwudqfh ihh lv dozd|v d edg lghd1


714 Ilup0vshfl�f kxpdq fdslwdo lqyhvwphqwv


Erwk erqgv dqg hqwudqfh ihhv kdyh wkh xqdsshdolqj surshuw| ri lqwurgxflqj
prudo kd}dug lqwr wkh prgho1 Wkdw lv/ wkh hpsor|hh zloo kdyh dq lqfhqwlyh wr
fodlp wkdw wkh hpsor|hh vklunv hyhq li kh grhv qrw/ vr wkdw kh fdq dssursuldwh
wkh erqg ru wkh hqwudqfh ihh1 Pd|eh wkdw lv wkh uhdvrq zk| zh gr qrw vhh
erqgv pruh iuhtxhqwo|1 Krzhyhu/ d erqg fdq dsshdu lq rwkhu vkdshv1 Xqghu
uhdvrqdeoh dvvxpswlrqv rqh fdq lqwhusuhw dq hpsor|hh*v lqyhvwphqw lq �up0
vshfl�f kxpdq fdslwdo dv dq lpsolflw erqg1 Wkh rqo| ihdwxuh ri zhdowk wkdw
lv ri lqwhuhvw zkhq xvlqj lw iru d erqg lv wkdw wkh hpsor|hh zloo eh kxuw e|
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orvlqj lw/ dqg wklv lv wuxh iru �up0vshfl�f kxpdq fdslwdo dv zhoo1
Ehorz/ lw zloo eh ghprqvwudwhg krz d �up0vshfl�f kxpdq fdslwdo lqyhvw0


phqw fdq eh xvhg dv d vxevwlwxwh iru dq hqwudqfh ihh dqg dw wkh vdph wlph
vroyh wkh prudo kd}dug sureohp lq d vhoi0hqiruflqj vwdwlf h!flhqf| zdjh frq0
wudfw1 Wkh prudo kd}dug sureohp glvdsshduv ehfdxvh li wkh hpsor|hu �uhv
wkh hpsor|hh/ kh zloo orvh wkh �up0vshfl�f kxpdq fdslwdo lqyhvwphqw dw wkh
vdph wlph1 Wkh dqdorjrxv uhdvrqlqj dssolhv iru d pxowl0shulrg prgho/ exw
wkhq lw lv iru d erqg lqvwhdg ri dq hqwudqfh ihh1


Wkh wlplqj lv dv iroorzv1 Iluvw/ pdq| ulvn0qhxwudo hpsor|hhv zkr frpshwh
iru d mre rssruwxqlw| fdq lqyhvw lq �up0vshfl�f kxpdq fdslwdo dw d frvw
� 5


k
fc 7�


l
1 Wkh lqyhvwphqw lv vxqn dqg jlyhv dq hpsor|hh d sulydwh ehqh�w


ri h{dfwo| �/ li kh lv hqjdjhg e| wkh �up> wkxv wkhuh duh qr gluhfw jdlqv iurp
wkh lqyhvwphqw1 Wkhq/ d ulvn0qhxwudo hpsor|hu revhuyhv wkh hgxfdwlrq ohyhov
dqg hpsor|v d vlqjoh hpsor|hh1 Diwhu wkh hpsor|hh lv kluhg wkhuh duh rqo|
wzr srvvleoh rxwfrphv ri klv sulydwh ehqh�w iurp hgxfdwlrq= klv fkrvhq ohyho
ri hgxfdwlrq li kh uhpdlqv kluhg dqg }hur li kh jhwv �uhg1 Lw lv hdvlo| vhhq
wkdw lw lv ehvw iru wkh hpsor|hu wr jlyh wkh hpsor|hh � n � li kh phhwv ru
h{fhhgv wkh wdujhw dqg wkh plqlpxp sd|phqw �f rwkhuzlvh1 Khqfh/ qrz wkh
lqfhqwlyh frpsdwlelolw| frqvwudlqw ehfrphv


RE� � �f n �� � �E	e� +68,


dqg wkh h{suhvvlrq iru wkh dfwxdo h�ruw zklfk wkh hpsor|hh zloo h{huw lv


eERc �� G' �3�EE� � �f n ��R�� +69,


Wkh wzr htxdwlrqv fkdudfwhul}lqj wkh vroxwlrq/ +4<, dqg +55,/ qrz ehfrph


�W ' �f � �n R� �ERW� +6:,


dqg


RW
��E�3�EERW�2�ERW���


� �E�3�EERW�2�ERW���
� � ' f� +6;,


Wr lqyhvwljdwh wkh lpsolfdwlrqv ri wkh hpsor|hh*v �up0vshfl�f kxpdq fds0
lwdo lqyhvwphqw/ wkh hpsor|hu*v dqg wkh hpsor|hh*v xwlolwlhv lq htxloleulxp duh
gl�huhqwldwhg zlwk uhvshfw wr wkh hgxfdwlrq ohyho/ �/ fkrvhq e| wkh hpsor|hh1
Wkh hpsor|hu*v xwlolw| lq htxloleulxp lv


LERWc �W� ' �E�3�ERWE�W � �f n ����� �W ��ERW� +6<,


dqg wkh hpsor|hh*v xwlolw| lq htxloleulxp lv


T ERWc �W� ' �W � �E�3�ERWE�W � �f n ����


' �W � RWE�W � �f n ��� +73,
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Htxdwlrq +6;, uhyhdov wkdw wkh rswlpdo prqlwrulqj dffxudf|/ RW/ lv lq0
ghshqghqw ri �1 Nqrzlqj wklv/ lw lv hdv| wr gl�huhqwldwh htxdwlrq +6:, wr
jhw


_�W


_�
' ��� +74,


Wklv zloo eh ri khos zkhq gl�huhqwldwlqj +6<, dqg +73, zlwk uhvshfw wr wkh
hgxfdwlrq ohyho fkrvhq e| wkh hpsor|hh=


_LERWc �W�


_�
'
��EeW�


� �EeW�
RW
#
_�W


_�
n �


$
�
_�W


_�
' � +75,


dqg


_T ERWc �W�


_�
'
_�W


_�
� RW


#
_�W


_�
n �


$
' ��� +76,


Lw fdq qrz eh vhhq wkdw wkh �up0vshfl�f kxpdq fdslwdo lqyhvwphqw lqgl0
uhfwo| uhglvwulexwhv zhdowk iurp wkh hpsor|hh wr wkh hpsor|hu1 Wkh dprxqw
wkdw lv wdnhq dzd| iurp wkh hpsor|hh dqg jlyhq wr wkh hpsor|hu lv h{dfwo|
wkh vdph dv wkh iruphu*v sulydwh ehqh�w iurp klv hgxfdwlrq ohyho1


Qrz/ jr edfn lq wlph wr zkhq pdq| hpsor|hhv frpshwh iru wkh mre rs0
sruwxqlw|1 Wkh jrdo lv wr �qg d Qdvk htxloleulxp lq hgxfdwlrq ohyho fkrlfhv1
Iluvwo|/ dq| vlwxdwlrq lq zklfk pruh wkdq rqh hpsor|hh fkrrvhv d srvlwlyh
ohyho ri hgxfdwlrq fdqqrw eh d Qdvk htxloleulxp1 Wklv lv ehfdxvh doo wkh
hpsor|hhv zkr fkrvh d srvlwlyh ohyho ri hgxfdwlrq dqg zhuh qrw kluhg zrxog
wkhq kdyh suhihuuhg wr fkrrvh dqrwkhu hgxfdwlrq ohyho +}hur/ ru kljkhu wkdq
wkh kluhg hpsor|hh,1 Vhfrqgo|/ dq| vlwxdwlrq lq zklfk wkh kluhg hpsor|hh
uhfhlyhv uhqwv/ l1h1 dq| vlwxdwlrq lq zklfk


T ERWc �W� ' �W � RWE�W � �f n �� : �f +77,


ru pruh vlpso|/ lq zklfk


� 	 E�� RW�RW� �ERW�c +78,


fdqqrw eh d Qdvk htxloleulxp/ vlqfh wkhq dqrwkhu hpsor|hh zrxog kdyh
zdqwhg wr xqghufxw klp e| fkrrvlqj d kljkhu hgxfdwlrq ohyho1 Dqg �qdoo|/
dq| vlwxdwlrq lq zklfk wkh kluhg hpsor|hh uhfhlyhv qhjdwlyh uhqwv/ l1h1 dq|
vlwxdwlrq lq zklfk


� : E�� RW�RW� �ERW�c +79,


fdqqrw eh d Qdvk htxloleulxp/ vlqfh wkhq wkh kluhg hpsor|hh zrxog kdyh ehhq
ehwwhu r� e| fkrrvlqj d }hur hgxfdwlrq ohyho1
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Wkxv/ wkh rqo| uhpdlqlqj fdqglgdwh iru d Qdvk htxloleulxp lv wkdw rqh
hpsor|hh fkrrvhv wkh hgxfdwlrq ohyho


� ' E�� RW�RW� �ERW�c +7:,


dqg doo wkh rwkhuv fkrrvh wkh hgxfdwlrq ohyho }hur1 Dqg wklv lv lqghhg d Qdvk
htxloleulxp1 Khqfh/ wkh iroorzlqj sursrvlwlrq fdq eh vwdwhg=


Sursrvlwlrq 44 Li hpsor|hhv fdq iuhho| fkrrvh wr lqyhvw lq �up0vshfl�f
kxpdq fdslwdo ru li wkhlu srwhqwldo hgxfdwlrq ohyho/ 7�/ lv kljkhu wkdq
E� � RW�RW� �ERW�/ wkh kluhg hpsor|hh zloo uhfhlyh qr uhqwv/ l1h1 klv lq0
glylgxdo udwlrqdolw| frqvwudlqw zloo eh elqglqj1


Dqg li wkh xsshu erxqg ri wkh hgxfdwlrq fkrlfh lv elqglqj iru wkh hp0
sor|hh/ lw fdq eh vwdwhg wkdw=


Sursrvlwlrq 45 Li wkh hpsor|hh*v srwhqwldo hgxfdwlrq ohyho/ 7�/ lv ohvv wkdq
E�� RW�RW� �ERW�/ wkh kluhg hpsor|hh zloo uhfhlyh uhqwv/ l1h1 klv lqglylg0
xdo udwlrqdolw| frqvwudlqw zloo qrw eh elqglqj1


8 H{whqvlrqv dqg ixuwkhu uhvhdufk


814 Ilup frpplwphqw/ ru h{solflw erqglqj frqwudfwv


D qdwxudo h{whqvlrq ri wkh prgho lv wr doorz wkh hpsor|hu wr frpplw klpvhoi
wr ixwxuh frqwuro yduldeohv1 Vr idu/ qr uhvwulfwlrq rq wkh htxloleulxp zdjh
sdwk kdv ehhq lpsrvhg rq wkh prgho1 Lq d vhwwlqj zkhuh wkh hpsor|hu fdqqrw
frpplw wr ixwxuh frqwuro yduldeohv/ vxfk d uhvwulfwlrq lv reylrxvo| qrw qhhghg
vlqfh htxloleulxpzdjhv duh dozd|v kljkhu wkdq wkh olplwhg oldelolw| frqvwudlqw1
Lq wkh �uvw h{dpsoh ehorz/ d plqlpxp zdjh uhvwulfwlrq wkdw frlqflghv zlwk
wkh hpsor|hh*v olplwhg oldelolw| lv lpsrvhg1 Wkhq lw lv glvfxvvhg zkdw kdsshqv
lq wkh devhqfh ri wkdw uhvwulfwlrq1 Dvvxph iru wkh vdnh ri vlpsolflw| wkdw
A ' 21 Xvlqj wkh h{suhvvlrq iru wkh hpsor|hh*v h{ srvw xwlolw| lq wkh odvw
shulrg +59, wr vxevwlwxwh iru T W


|n�
/ wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv +<,


dqg +;, qrz ehfrph


e� ' �3� ER�E�� � �f n BE�� R2�E�2 � �f�� +7;,


dqg
e2 ' �3� ER2E�2 � �f�� � +7<,


49







Wkh hpsor|hu zloo xvh wkhvh h{suhvvlrqv wr vxevwlwxwh iru e� dqg e2 lq klv
xwlolw| ixqfwlrq1 Khqfh kh zloo idfh wkh iroorzlqj pd{lpl}dwlrq sureohp=


�@%
R�cR2c��c�2


�Ee��� �� ��ER�� n BE�Ee2�� �2 ��ER2��


vxemhfw wr wkh frqvwudlqwv ��c �2 � �f dqg R�c R2 5 dfc �o1 Irup wkh Od0
judqjldq


u ' �Ee��� �� ��ER�� n BE�Ee2�� �2 ��ER2��


nb�E�� � �f� n b2E�2 � �f�


dqg ghqrwh wkh vroxwlrq wr wklv sureohp ERW
�
c RW


2
c �W


�
c �W


2
�1 Ixuwkhupruh/ ohw wkh


fruuhvsrqglqj dprxqw ri h{hfxwhg h�ruw/ e�ER
W


�
c RW


2
c �W


�
c �W


2
� dqg e2ER


W


2
c �W


2
� eh


ghqrwhg eW
�
dqg eW


2
uhvshfwlyho|1 Wkh Nxkq0Wxfnhu frqglwlrqv duh wkhq=


��EeW
�
�


� �EeW��
E�W


�
� �f n BE�� RW


2
�E�W


2
� �f���� �ERW


�
� ' fc +83,


��EeW
�
�


� �EeW��
RW
�
� � n b� ' fc +84,


b�E�
W


�
� �f� ' fc +85,


��EeW
2
�


� �EeW2�
BE�W


2
� �f��


��EeW
�
�


� �EeW��
BRW


�
E�W


2
� �f�� B� �ERW


2
� ' fc +86,


��EeW
�
�


��EeW��
BRW


�
E�� RW


2
� n


��EeW
2
�


� �EeW2�
BRW


2
� B n b2 ' fc +87,


dqg
b2E�


W


2
� �f� ' f� +88,


Lw lv hdvlo| vhhq wkdw b2 pxvw eh }hur/ ehfdxvh rwkhuzlvh wkh frqglwlrq
+88, whoov xv wkdw �W


2
pxvw eh htxdo wr �f/ zklfk vxevwlwxwhg lqwr frqglwlrq


+86, wrjhwkhu zlwk wkh lqfhqwlyh frqvwudlqw +7<, lpsolhv }hur h�ruw lq wkh
vhfrqg shulrg1 Wkhq wkh hpsor|hu zrxog udwkhu vnls wkh odvw shulrg1 b� rq
wkh rwkhu kdqg fdqqrw eh }hur/ ehfdxvh li lw lv/ wkh frqglwlrqv +84, dqg +87,
uhtxluh wkdw ��EeW


2
�*� �EeW


2
� ' �/ zklfk djdlq vxevwlwxwhg lqwr frqglwlrq +86,


wrjhwkhu zlwk wkh lqfhqwlyh frqvwudlqw +7<, lpsolhv }hur h�ruw lq wkh vhfrqg
shulrg1 Wklv lv dq h{dpsoh ri wkh jhqhudo uhvxow wkdw lv vwdwhg lq wkh iroorzlqj
sursrvlwlrq=


Sursrvlwlrq 46 Li wkh hpsor|hu fdq frpplw klpvhoi wr ixwxuh frqwuro ydul0
deohv/ wkh rswlpdo zdjh sdwk zloo eh frqvwlwxwhg e| wkh plqlpxp zdjh
lq doo shulrgv exw wkh odvw shulrg1
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Wkh zdjh sdwk lv looxvwudwhg lq Iljxuh 51


w


T t0


w wt
* = 0


wT
*


Iljxuh 5


Wklv uhvxow lv qrw vxusulvlqj1 Li wkh hpsor|hh eholhyhv wkh hpsor|hu*v surplvhv
ri ixwxuh uhzdugv/ wkh h{lvwhqfh ri d zdjh suhplxp lq hduolhu shulrgv wkdq
wkh odvw shulrg lv d frqvslfxrxv lqh!flhqf|1 Zlwkrxw fkdqjlqj wkh lqfhqwlyhv
lq rqh shulrg dqg dgglqj h{wud lqfhqwlyhv lq vxevhtxhqw shulrgv/ d zdjh
suhplxp lq wkdw shulrg fdq eh uhsodfhg e| wkh suhvhqw ydoxh ri wklv zdjh
suhplxp lq wkh odvw shulrg dw qr frvw wr wkh hpsor|hu1


Wkh plqlpxp zdjh uhvwulfwlrq lv elqglqj lq wkh �uvw shulrg/ dqg zlwk0
rxw lw wkh hpsor|hu zrxog fkrrvh d orzhu zdjh lq wkh �uvw shulrg wrjhwkhu
zlwk d surplvh ri d kljkhu vhfrqg shulrg zdjh1 Lq idfw/ kh zrxog plqlpl}h
prqlwrulqj frvwv dqg dssurdfk wkh �uvw ehvw vroxwlrq lq wkh vhfrqg shulrg
e| dq lq�qlwho| odujh ihh lq wkh �uvw shulrg wrjhwkhu zlwk dq lq�qlwho| odujh
vhfrqg0shulrg zdjh1 Lq sudfwlfh/ hyhq li wkhuh lv qr plqlpxp zdjh uhvwulf0
wlrq/ wkh htxloleulxp zdjh pd| dw ohdvw eh uhvwulfwhg wr eh qrq0qhjdwlyh1 Exw
wkh lqwxlwlrq lv vwudljkwiruzdug= li wkh hpsor|hu lv deoh wr pdnh frpplwphqwv
kh vkrxog vdyh dv pxfk dv srvvleoh ri wkh sd|phqw iru wkh odvw shulrg1


815 Vdylqjv


Li wkh olplwhg oldelolw| frqvwudlqw lv d�hfwhg e| wkh hpsor|hh*v hduolhu zdjhv/
wkh uhvxowlqj rswlpdo zdjh sdwk lv d�hfwhg dv zhoo1 Vd| iru h{dpsoh wkdw wkh
hpsor|hu*v zdjh lv xvhg hqwluho| wr dgg xs oldelolw|1 Wkhq hyhu| groodu wkdw lv
jlyhq wr wkh hpsor|hh lq wkh �uvw shulrg pdnhv wkh hpsor|hu deoh wr vxewudfw
rqh groodu iurp wkh hpsor|hh*v sd|fkhfn lq doo wkh uhpdlqlqj shulrgv1 Exw d
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udwlrqdo hpsor|hh zkr iruhvhhv wklv uhdfwlrq ri wkh hpsor|hu zrxog ri frxuvh
vshqg doo klv prqh| rq frqvxpswlrq/ ohdylqj qrwklqj wr vdyh1 Lq d pruh
jhqhudo vhwwlqj rqh frxog lqfoxgh wkh phfkdqlvp wkdw hpsor|hhv frpshwh iru
d mre rssruwxqlw| zlwk frpplwphqwv wr vdyh/ wkxv judgxdoo| orzhulqj wkhlu
olplwhg oldelolw| frqvwudlqwv1 Wklv pd| eh grqh wr wkh h{whqw wkdw doo wkh
kluhg hpsor|hh*v vxusoxv lv jlyhq xs wr wkh hpsor|hu1 Lw lv qrwhzruwk| wkdw d
frpplwphqw wr vdyh fdq eh pdgh hyhq li wkh hpsor|hh fdqqrw d�rug wr ex| d
erqg1 Wkh dqdorjlfdo uhdvrqlqj dssolhv iru �up vshfl�f0kxpdq fdslwdo1 Wklv
pd| eh wkh uhdvrq zk| zh vr riwhq vhh hpsor|huv ohwwlqj wkhlu hpsor|hhv
hgxfdwh wkhpvhoyhv gxulqj zrunlqj krxuv1


9 Frqfoxglqj uhpdunv


Wkh xqltxh rswlpdo zdjh sdwk ghulyhg lq wklv sdshu vkrzv vlplodulwlhv zlwk
rqh ri wkh srvvleoh rswlpdo zdjh sdwkv ghvfulehg lq Od}hdu +4<;4,1 Wkhuh/ wkh
hpsor|hh uhfhlyhv d zdjh orzhu wkdq wkh ydoxh ri klv pdujlqdo surgxfw ryhu
klv olihwlph/ exw lv frpshqvdwhg e| d odujh oxps vxp lq wkh odvw shulrg wr vhw
suhvhqw ydoxhv ri sd|phqw dqg pdujlqdo surgxfwv htxdo1 Wkhuh lv dq lpsru0
wdqw gl�huhqfh wkrxjk> khuh wkh hpsor|hh vwloo uhfhlyhv vrph uhqwv lqkhulwhg
iurp wkh h!flhqf| zdjh phfkdqlvp/ hyhq li wkh| duh vwurqjo| glplqlvkhg e|
wkh ohqjwk ri wkh uhodwlrqvkls1


Dqrwkhu srvvlelolw| wkdw Od}hdu suhvhqwv lv wkh vdph dv wkdw �uvw irxqg
lq Ehfnhu dqg Vwljohu +4<:7,1 Wkh hpsor|hh srvwv d erqg lqlwldoo|/ lv sdlg
lqwhuhvw rq lw/ dqg jhwv lw edfn zkhq wkh uhodwlrqvkls lv ryhu1 Wkh uhvxow
lv d qhjdwlyh frpshqvdwlrq lq wkh �uvw shulrg/ d frqvwdqw frpshqvdwlrq lq
lqwhuphgldwh shulrgv orzhu wkdq wkh kljkhu frpshqvdwlrq lq wkh odvw shulrg
dqg lq wrwdo/ qr uhqwv wr wkh hpsor|hh1 Wkhuh duh wzr reylrxv gl�huhqfhv
frpsduhg wr wkh uhvxow lq wklv sdshu= wkh �uvw shulrg frpshqvdwlrq dqg wkh
hpsor|hh*v uhqwv1 Wkh uhdvrq iru wkh �uvw lv rqo| whfkqlfdo1 Lq wklv sdshu/ wkh
lghd ri d erqg lv fdswxuhg e| wkh olplwhg oldelolw| frqvwudlqw1 Li wkh hpsor|hh
kdv lqlwldo zhdowk wkdw frxog eh xvhg iru d erqg/ lw lv vlpso| dvvxphg wr
orzhu wkh olplwhg oldelolw| frqvwudlqw/ �f1 Wkh hpsor|hh grh qrw kdyh wr srvw
wkh erqg dv orqj dv wkh zhdowk wkdw zdv phdqw iru wkh erqg lv frqwudfwleoh1
Wkh uhdvrq iru wkh vhfrqg gl�huhqfh lv pruh lpsruwdqw1 Rqh ri wkh jrdov
zlwk wklv sdshu kdv ehhq wr h{sodlq dq xszdug vorslqj zdjh sur�oh zlwk
d vhoi hqiruflqj frqwudfw/ zlwkrxw lqwurgxflqj d uhsxwdwlrq phfkdqlvp/ d
wklug sduw ru wkh srvvlelolw| wr pdnh frpplwphqwv1 Li wklv lv ohiw rxw/ wkh
prudo kd}dug sureohp ri hpsor|hu ghidxow lv qrw d sureohp/ dv vkrzq lq iru
h{dpsoh Ekdwwdfkdu|d +4<;:,/ Fduplfkdho +4<;6d/ 4<;6e, dqg Pdofrpvrq
+4<;7/ 4<;9,1 Dqg li wkh prudo kd}dug sureohp lv qrw suhvhqw/ lw lv qrw kdug
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wr holplqdwh wkh hpsor|hh*v uhqwv1
D wklug sdwk sursrvhg e| Od}hdu lv wkdw wkh hpsor|hh lv sdlg ohvv wkdq


wkh ydoxh ri klv pdujlqdo surgxfw lqlwldoo|/ dqg uhfhlyhv d shqvlrq iru vrph
shulrgv diwhu wkh dfwxdo uhodwlrqvkls lv ryhu1 Li rqh uhod{hv wkh dvvxpswlrq
wkdw wkh hpsor|hu fdqqrw frpplw wr ixwxuh frqwuro yduldeohv/ dqg dvvxphv
wkdw kh fdq frpplw wr sd| d shqvlrq/ wkhq wkhuh lv dq lq�qlwh qxpehu ri rs0
wlpdo frqwudfwv1 Wkh hpsor|hu frxog iru h{dpsoh glvwulexwh wkh odvw shulrg*v
zdjh suhplxp soxv frpshqvdwlrq iru wkh uhvxowlqj ghsuhfldwlrq hyhqo| ryhu
d qxpehu ri iroorzlqj shulrgv1 Wkh hpsor|hu*v jdlq iurp srvwsrqlqj vrph
ri wkh sd|phqw lv h{dfwo| wkh vdph dv wkh hpsor|hh*v orvv/ vlqfh wkh| kdyh
lghqwlfdo glvfrxqwlqj idfwruv1 Exw vlqfh wkh hpsor|hu kdv wr frpshqvdwh iru
wkh hpsor|hh*v orvv/ erwk wkh hpsor|hu dqg wkh hpsor|hh zloo eh lqgl�huhqw
ehwzhhq qr shqvlrq dqg doo nlqgv ri vxfk shqvlrq duudqjhphqwv1


Od}hdu dovr �qgv wkdw zdjh sur�ohv zklfk duh  dwwhu dqg pruh vprrwko|
lqfuhdvlqj wkdq vwhs ixqfwlrqv vxjjhvwhg deryh fdq eh rswlpdo1 Kh dujxhv
wkdw lq dgglwlrq wr wkh hpsor|hh*v lqfhqwlyh jdlqv iurp d vwhhs zdjh sur�oh/
wkhuh lv d orvv uhsuhvhqwhg e| d kljkhu whpswdwlrq iru wkh hpsor|hu wr euhdfk
wkh frqwudfw1 Wklv lv d wudgh0r� wkdw lv h{foxghg lq wkh prgho dqdo|}hg lq
wklv sdshu1 Lw vlpso| dvvxphv wkdw wkh hpsor|hu fdqqrw �uh wkh hpsor|hh li
kh lv qrw fdxjkw vklunlqj1 Krzhyhu/ wkh hpsor|hu lv qrw whpswhg wr euhdfk
wkh frqwudfw ehfdxvh kh pdnhv d srvlwlyh sur�w lq wkh odvw shulrg1 Lw lv
rswlpdo wr sd| wkh kljkhu zdjh lq wkh odvw shulrg/ uhvxowlqj iurp h!flhqf|
zdjhv frqwudu| wr wkh ghod|hg sd|phqw2erqglqj frqwudfw zdjh/ qrw ehfdxvh
lw frpshqvdwhv wkh hpsor|hh iru suhylrxv shulrgv/ exw ehfdxvh lw |lhogv wkh
fruuhfw lqfhqwlyhv lq wkh odvw shulrg$


Lq xhqwldo sdshuv suhvhqwlqj h!flhqf| zdjh prghov/ vxfk dv Vkdslur dqg
Vwljolw} +4<;7, dqg Exorz dqg Vxpphuv +4<;9,/ kdyh uxohg rxw wkh srvvlelolw|
ri ghod|hg sd|phqw2erqglqj frqwudfwv1 Wklv lv pdlqo| ehfdxvh wkh| kdyh qrw
ehhq vdwlv�hg zlwk wkh wuhdwphqw lq hduolhu yhuvlrqv ri wkh hpsor|hu*v prudo
kd}dug sureohp dqg wkh hpsor|hh*v zhdowk frqvwudlqw1 Pd|eh wkh prvw lp0
sruwdqw frqwulexwlrq ri wklv sdshu lv wkdw lw exlogv d eulgjh ehwzhhq h!flhqf|
zdjhv dqg ghod|hg sd|phqw2erqglqj frqwudfwv> lw ghprqvwudwhv krz d srvw0
srqhg sd|phqw fdq hphujh lq d vhoi0hqiruflqj frqwudfw/ hyhq li wkh hpsor|hh
kdv qr lqlwldo zhdowk1 Wkxv/ lq rssrvlwlrq wr suhylrxv lqwxlwlrqv/ wkhuh vkrxog
eh qr dqwdjrqlvp ehwzhhq h!flhqf| zdjhv dqg ghod|hg sd|phqw2erqglqj
frqwudfwv1 Rq wkh frqwudu|/ wkh| duh wzr frpsdwleoh phfkdqlvpv zklfk wkh
sur�w pd{lpl}lqj �up vkrxog xvh lq frqfrug14


4Iru rwkhu k|eulg prghov ri h!flhqf| zdjhv dqg ghod|hg sd|phqw2erqglqj frqwudfwv/


vhh Hdwrq dqg Zklwh +4<;5, dqg Glfnhqv/ Ndw}/ Odqj dqg Vxpphuv +4<;<,1
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Uhihuhqfhv


Doojxolq/ Pdjqxv +4<<<,= Prqlwrulqj dqg Sd|= Jhqhudo uhvxowv/ VVH2HIL
Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 673/ Vwrfnkrop
Vfkrro ri Hfrqrplfv1


Doojxolq/ Pdjqxv dqg Wruh Hoolqjvhq +4<<;,= Prqlwrulqj dqg Sd|/
Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 578/ Vwrfnkrop
Vfkrro ri Hfrqrplfv1


Ehfnhu/ Jdu| dqg Jhrujh Vwljohu +4<:7,= Odz Hqirufhphqw/ Pdo0
ihdvdqfh/ dqg wkh Frpshqvdwlrq ri Hqirufhuv/ Mrxuqdo ri Ohjdo Vwxglhv
LLL/ 404;1


Ekdwwdfkdu|d/ Vxglswr +4<;:,= Wrxuqdphqwv/ Whuplqdwlrq Vfkhphv/ dqg
Iruflqj Frqwudfwv/ Plphr/ Vfkrro ri Exvlqhvv/ Xqlyhuvlw| ri Fdoliruqld/
Ehunhoh|1


Exoo/ Folyh +4<;:,= Wkh H{lvwhqfh ri Vhoi0Hqiruflqj Lpsolflw Frqwudfwv/
Txduwhuo| Mrxuqdo ri Hfrqrplfv Iheuxdu|/ 47:�48<1


Exoo/ Folyh +4<;8,= Htxloleulxp Xqhpsor|phqw dv d Zrunhu Glvflsolqh Gh0
ylfh= Frpphqw/ Dphulfdq Hfrqrplf Uhylhz Vhswhpehu/ ;<3�;<41


Exorz/ Mhuhp| L1 dqg Odzuhqfh K1 Vxpphuv +4<;9,= D Wkhru| ri
Gxdo Oderu Pdunhwv zlwk Dssolfdwlrqv wr Lqgxvwuldo Srolf|/ Glvfulpl0
qdwlrq/ dqg Nh|qhvldq Xqhpsor|phqw/ Mrxuqdo ri Oderu Hfrqrplfv 7/
6:9�7471


Fduplfkdho/ K1 Oruqh +4<<3,= H!flhqf| Zdjh Prghov ri Xqhpsor|phqw
0 Rqh Ylhz/ Hfrqrplf Lqtxlu| Dsulo/ 5;/ 59<05<81


Fduplfkdho/ K1 Oruqh +4<;8,= Fdq Xqhpsor|phqw eh Lqyroxqwdu|B= Frp0
phqw/ Dphulfdq Hfrqrplf Uhylhz Ghfhpehu/ :8/ 4546045471


Fduplfkdho/ K1 Oruqh +4<;6e,= Wkh Djhqw0Djhqwv Sureohp= Sd|phqw e|
Uhodwlyh Rxwsxw/ Mrxuqdo ri Oderu Hfrqrplfv Mdqxdu|/ 6:0831


Fduplfkdho/ K1 Oruqh +4<;6d,= Ilup Vshfl�f Kxpdq Fdslwdo dqg Sur0
prwlrq Odgghuv/ Ehoo Mrxuqdo Vsulqj/ 574058;1


Ghprxjlq/ Grplqltxh dqg Fodxgh Ioxhw +4<<:,= Prqlwrulqj yhuvxv
Lqfhqwlyhv= Vxevwlwxwhv ru FrpsohphqwvB/ Plphr/ Xqlyhuvlwì gxTxìehf
ã Prqwuìdo1
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Glfnhqv/ Z1 W1/ O1 I1 Ndw}/ N1 Odqj dqg O1 K1 Vxpphuv +4<;<,=
Hpsor|hh Fulph dqg wkh Prqlwrulqj Sx}}oh/ Mrxuqdo ri Oderu Hfr0
qrplfv yro1 :/ qr1 6/ 664�67:1


Hdwrq/ F1 dqg Z1 G1 Zklwh +4<;5,= Djhqw Frpshqvdwlrq dqg wkh Olp0
lwv ri Erqglqj/ Hfrqrplf Lqtxlu| [[/ 663�6761


Od}hdu/ Hgzdug +4<<8,= Shuvrqqho Hfrqrplfv/ +Fdpeulgjh Pdvv1= PLW
Suhvv,1


Od}hdu/ Hgzdug +4<;4,= Djhqf|/ Hduqlqjv Sur�ohv/ Surgxfwlylw| dqg
Krxuv Uhvwulfwlrqv/ Dphulfdq Hfrqrplf Uhylhz O[[L/ 93909531


Pdofrpvrq/ Mdphv +4<;9,= Udqn Rughu Frqwudfwv iru d Sulqflsdo zlwk
Pdq| Djhqwv/ Uhylhz ri Hfrqrplf Vwxglhv Rfwrehu/ ;3:0;4;1


Pdofrpvrq/ Mdphv +4<;7,= Zrun Lqfhqwlyhv/ Klhudufk|/ dqg Lqwhuqdo Od0
eru Pdunhwv/ Mrxuqdo ri Srolwlfdo Hfrqrp| Mxqh/ 7;9083:1


Vkdslur/ Fduo dqg Mrvhsk H1 Vwljolw} +4<;7,= Lqyroxqwdu| Xqhpsor|0
phqw dv d Zrunhu Glvflsolqh Ghylfh/ Dphulfdq Hfrqrplf Uhylhz :7/
766�7771
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