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Uhodwlyh Zdjh Frqfhuq dqg wkh Nh|qhvldq

Frqwudfw Pxowlsolhu�

Jxlgr Dvfdul dqg Mxdq D1 Jdufld|

Ghsduwphqw ri Hfrqrplfv

Hxurshdq Xqlyhuvlw| Lqvwlwxwh / Xqlyhuvlw| ri Zduzlfn

Iluvw yhuvlrq= Iheuxdu| 4<<;1 Wklv yhuvlrq= Mdqxdu| 4<<<

Devwudfw

Uhfhqw txdqwlwdwlyh g|qdplf jhqhudo htxloleulxp prghov kdyh

fdvw vhulrxv grxewv rq wkh h{sodqdwru| srzhu ri vwdjjhuhg zdjh2sulfh

vhwwlqj lq dffrxqwlqj iru erwk rxwsxw dqg lq dwlrq shuvlvwhqfh1

Zh hqodujh d g|qdplf jhqhudo htxloleulxp prgho zlwk vwdjjhuhg

zdjhv e| lqfrusrudwlqj Nh|qhvldq uhodwlyh zdjh frqfhuq rq wkh

sduw ri zrunhuv1 Lq frqwudvw wr suhylrxv prghov ri vwdjjhuhg

zdjhv2sulfhv/ erwk rxwsxw dqg lq dwlrq shuvlvwhqfh lv d urexvw

�qglqj ri wkh prgho1 Shuvlvwhqfh uhvxowv krog iru doo wkh vhqvleoh

sdudphwhulvdwlrqv1

MHO fodvvl�fdwlrq= H57/ H651

Nh|zrugv= vwdjjhuhg zdjhv/ rxwsxw shuvlvwhqfh/ exvlqhvv f|fohv1

�Zh duh yhu| judwhixo wr Ehuwkrog Khuuhqgrui/ Dqguhz Rvzdog dqg Qhlo Udqnlq

iru pdq| iuxlwixo glvfxvvlrqv1 Zh dovr wkdqn Jlxvhssh Ehuwrod/ Idelr Fdqryd/ Uxvvhoo

Frrshu/ Mrkq Gul!o/ Mhvxv Jrq}dohv0Jdufld/ Kxehuw Nhpsi/ Vloyld Pdufkhvl/ Ylfwru

Ulrv0Uxoo/ Vloyld Vjkhuul/ Shwhu Vplwk/ Iudqfhvfr Vslqhool/ Plnh Zlfnhqv dqg sduwlf0

lsdqwv dw ydulrxv vhplqduv dqg frqihuhqfhv1 Sduw ri wklv uhvhdufk zdv fduulhg rxw

zkloh wkh �uvw dxwkru zdv ylvlwlqj Sdulv L 0 P1D1G1/ zkrvh krvslwdolw| lv judwhixoo|

dfnqrzohgjhg1
|Fruuhvsrqglqj dxwkru= Jxlgr Dvfdul/ Mhdq Prqqhw Ihoorz/ Ghsduwphqw ri Hfr0

qrplfv/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh/ Yld ghl Urffhwwlql </ Edgld Ilhvrodqd/ Vdq

Grphqlfr gl Ilhvroh +IL,/ 83349 LWDO\1 H0pdlo= dvfdulCgdwdfrpp1lxh1lw1



Hyhu|rqh/ rq vrph frpsdulvrq ru rwkhu/ ihhov ohiw ehklqg1 Wkh

hohfwulfldqv jhw d ulvh/ vr wkh jdvphq pxvw iroorz> exw zkhq wkh

jdvphq jhw wkhlu ulvh/ lw lv wkh hohfwulfldqv zkr ihho wkhpvhoyhv wr

eh wuhdwhg xqidluo|1 Lq whupv ri mxvw wzr lqgxvwulhv/ wkh ehkdylrxu

vrxqgv h{djjhudwhg> exw jhqhudol}h lw ryhu pdq|/ dqg lv lw qrw

zkdw kdsshqvB ^M1 Klfnv ^4<:7`/ ss1 :40:5`

41 Lqwurgxfwlrq

Prghuq exvlqhvv f|foh uhvhdufk lv doprvw hqwluho| fduulhg rxw zlwklq wkh

frqwh{w ri txdqwlwdwlyh g|qdplf jhqhudo htxloleulxp +GJH, pdfurprg0

hov1 Lq vxfk d iudphzrun/ wkh uroh ri prqhwdu| vkrfnv lq jhqhudwlqj wkh

rxwsxw  xfwxdwlrqv revhuyhg lq dfwxdo gdwd lv vwloo frqwuryhuvldo1 H{0

lvwlqj prqhwdu| GJH pdfurprghov kdyh lqfrusrudwhg ydulrxv irupv ri

qrplqdo uljlglwlhv1 Wkh ryhuodsslqj frqwudfwv prghov ri Fdoyr ^4<;6` dqg

Wd|oru ^4<:</ 4<;3d` kdyh sod|hg d surplqhqw uroh lq wkdw dssurdfk1 Wkh

uhdvrq lv wkdw vxfk frqwudfwlqj vfkhphv eulqj lq qrw rqo| wkh qrplqdo

uljlglw| qhfhvvdu| iru wkh lpsdfw h�hfw ri wkh prqhwdu| lqqrydwlrq/ exw

wkh| dovr surylgh d qrplqdo sursdjdwlrq phfkdqlvp lq d iudphzrun rwk0

huzlvh odfnlqj hqgrjhqrxv sursdjdwlrq phfkdqlvpv1 Lq Wd|oru*v ^4<;3d/

s15` zrugv= _Lq h�hfw/ hdfk frqwudfw lv zulwwhq uhodwlyh wr rwkhu frqwudfwv/

dqg lw fdxvhv vkrfnv wr eh sdvvhg rq iurp rqh frqwudfw wr dqrwkhu � d

vruw ri Rfrqwudfw pxowlsolhu1�

Uhfhqw txdqwlwdwlyh GJH pdfurprghov/ qrwdeo| Fkdul/ Nhkrh dqg

PfJudwwdq ^4<<9` +FNP khqfhiruwk, dqg Dvfdul ^4<<:`/ kdyh fdvw vh0

ulrxv grxewv rq wkh h{sodqdwru| srzhu ri vwdjjhuhg sulfh2zdjh vhwwlqj

lq dffrxqwlqj iru rxwsxw shuvlvwhqfh1 Shuvlvwhqfh uhtxluhv hqgrjhqrxv

vwlfnlqhvv lq wkh vhqvh wkdw sulfh0vhwwlqj djhqwv gr qrw zdqw wr fkdqjh

wkhlu sulfhv2zdjhv e| d odujh dprxqw zkhq wkh| uhvhw wkhp1 Rq wkh

frqwudu|/ FNP dqg Dvfdul ^4<<:` kdyh vkrzq wkdw/ iru vhqvleoh ydoxhv

ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ri frqvxpswlrq dqg2ru wkh

lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ri oderxu/ wkh uhvsrqvh ri zdjhv

wr wkh rxwsxw jds lv wrr kljk wr jhqhudwh rxwsxw shuvlvwhqfh1 Lq rwkhu

zrugv/ zkhq hpehgghg lq prghuq GJH pdfurprghov/ vwdjjhulqj grhv

4



qrw jhqhudwh vxfk frqwudfw pxowlsolhu1

Pruhryhu/ d vhulrxv zhdnqhvv ri vwdjjhuhg zdjh2sulfh prghov lv

wkhlu idloxuh wr dffrxqw iru shuvlvwhqfh lq lq dwlrq1 Zkloh wkhvh prghov

frxog jhqhudwh sulfh vwlfnlqhvv/ wkh| gr qrw jhqhudwh lq dwlrq vwlfnlqhvv>

lq dwlrq lv d mxps yduldeoh lq wkhvh prghov1 Lq d uhfhqw frqwulexwlrq/

Ixkuhu dqg Prruh ^4<<8` +IP khqfhiruwk, kdyh vwuhvvhg wkdw wkh odfn

ri lq dwlrq shuvlvwhqfh lv d pdmru hpslulfdo idloxuh ri Wd|oru*v vwdjjhuhg

zdjh frqwudfwlqj vfkhph1

Wklv sdshu uhfrqvlghuv wklv fodvv ri prghov1 Iluvwo|/ zh irfxv rq

zdjh vwdjjhulqj/ vlqfh zh eholhyh wkdw shuvlvwhqw qrplqdo uljlglwlhv duh

pruh olnho| wr dulvh lq wkh oderxu pdunhw udwkhu wkdq lq wkh jrrgv pdu0

nhw1 Vhfrqgo|/ lq frqwudvw wr wkh vlpsohu dssurdfk ri wkh deryh suhylrxv

vwxglhv/ zh dujxh wkdw wkh zdjh vhwwlqj surfhvv lv ehwwhu uhsuhvhqwhg dv

wkh uhvxow ri wkh frpelqdwlrq ri qrplqdo dqg uhdo uljlglwlhv1

Lq rxu prgho wkh uhdo uljlglw| lq wkh oderxu pdunhw dulvhv iurp

wdnlqj lqwr h{solflw dffrxqw uhodwlyh zdjh frqfhuq rq wkh sduw ri wkh

zrunhuv lq wkh oderxu frqwudfwlqj surfhvv1 Dfwxdoo|/ wklv zdv phdqw

wr eh wkh ruljlqdo mxvwl�fdwlrq iru vwdjjhuhg zdjh prghov e| wkhlu rzq

hduo| sursrqhqwv1 Wd|oru*v prgho zdv lqghhg wkrxjkw wr lqfrusrudwh

d �Nh|qhvldq� frpsrqhqw ri uhodwlyh zdjh frqfhuq rq wkh sduw ri wkh

zrunhuv1 Qhyhuwkhohvv/ Wd|oru*v vshfl�fdwlrq dfwxdoo| grhv qrw lpso| dq|

uhodwlyh zdjh frqfhuq/ vlqfh wkh prgho lv dqdo|wlfdoo| htxlydohqw wr rqh

lq zklfk zrunhuv duh +�qhrfodvvlfdoo|�, frqfhuqhg rqo| derxw wkh ohyho

ri wkhlu rzq uhdo zdjhv +vhh Exlwhu dqg Mhzlww ^4<;4`/ Eodqfkdug ^4<<3`/

Dvfdul ^4<<:`,1

Vlqfh wkh yhu| rxwvhw ri hfrqrplf vflhqfh hfrqrplvwv kdyh ehhq wdon0

lqj derxw uhodwlyh zdjh frqvlghudwlrqv +vhh Dgdp Vplwk ^4<:9`,1 Ixuwkhu0

pruh/ wkhuh lv vwurqj hylghqfh ri zdjh lqwhughshqghqfh1 Zh zloo dujxh

wkdw prvw ri lw frph iurp frpsdudelolw| dujxphqwv dulvlqj iurp sv|0

fkrorjlfdo2vrflrorjlfdo frqvlghudwlrqv dqg2ru lqvwlwxwlrqdo dqg fxvwrp0

du| skhqrphqd dqg2ru prqrsro| xqlrqv ehkdylrxu1 Zh uhylhz ehorz

wkh hpslulfdo hylghqfh srlqwlqj dw uhodwlyh zdjhv dv d ixqgdphqwdo idfwru

lq wkh zdjh vhwwlqj surfhvv1 Hyhq li wklv yhu| vdph srlqw uhsuhvhqwhg wkh

pdlq prwlydwlrq iru vwxg|lqj vwdjjhuhg zdjh prghov/ lw kdv dfwxdoo| vr
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idu ehhq qhjohfwhg1 Dv douhdg| qrwhg e| Exlwhu dqg Mhzlww ^4<;4`/ wklv

rplvvlrq vhhpv wr eh d vhulrxv zhdnqhvv ri wkh frqwudfwlqj vshfl�fdwlrq

dvvxphg lq Wd|oru*v prgho1

Wkh dlp ri wkh sdshu lv wkhuhiruh wr dqvzhu wkh iroorzlqj txhvwlrq=

pd| lw eh wkh fdvh wkdw wkh rplvvlrq ri uhodwlyh zdjh frqfhuq rq wkh

sduw ri wkh zrunhuv ohdgv wr wkh rxwsxw dqg lq dwlrq shuvlvwhqfh sureohpv

phqwlrqhg deryhB Lq rwkhu zrugv/ frxog d vwdjjhuhg zdjh prgho zlwk

uhodwlyh zdjh frqfhuq vroyh erwk wkh rxwsxw dqg wkh lq dwlrq shuvlvwhqfh

sx}}ohvB Dv zh zloo glvfxvv lq vhfwlrq 5/ jlyhq wkh zlgh olwhudwxuh dqg wkh

vxssruwlqj hpslulfdo hylghqfh rq uhodwlyh zdjh frqfhuq/ zh wklqn wkhvh

txhvwlrqv ghvhuyh wr eh dgguhvvhg1

Lq rughu wr gr wklv/ zh nhhs rxu dqdo|wlfdo iudphzrun dv forvh dv

srvvleoh wr wkrvh ri wkh suhylrxv vwxglhv wkdw kdyh kljkoljkwhg wkh zhdn0

qhvvhv ri wkh Wd|oru frqwudfwlqj vshfl�fdwlrq/ qdpho| FNP/ IP dqg

Dvfdul ^4<<:`1 Krzhyhu/ zh pdnh dq dgglwlrqdo k|srwkhvlv= zh prg0

li| wkh xwlolw| ixqfwlrq ri wkh djhqwv wr wdnh lqwr dffrxqw wkh idfw wkdw

zrunhuv duh frqfhuqhg derxw wkhlu zdjh uhodwlyh wr wkh rqh ri wkh rwkhuv1

Uhodwlyh zdjhv wkhq ehfrph dq dujxphqw ri wkh oderxu vxsso| ixqfwlrq1

E| lqfrusrudwlqj uhodwlyh zdjh frqfhuq lq wklv iudphzrun/ zh wu| wr fds0

wxuh wkh vslulw ri wkh ruljlqdo zrun ri Wd|oru1 Rxu dqdo|vlv wkhq vkrxog

eh vhhq dv d �uvw vwhs wrzdugv dvvhvvlqj krz fuxfldo lv wkh rplvvlrq ri

uhodwlyh zdjh frqfhuq iru wkh dqdo|wlfdo dqg txdqwlwdwlyh uhvxowv ri FNP

dqg Dvfdul ^4<<:`1

Frqwudu| wr suhylrxv vwxglhv/ wkh txdqwlwdwlyh uhvxowv ri wkh sd0

shu surylghv vxssruw iru wkh h{lvwhqfh ri d srzhuixo Nh|qhvldq frqwudfw

pxowlsolhu1 Wzr ihdwxuhv ri wkh prgho vwuhqjwkhq wkh lpsruwdqfh ri

rxu uhvxow1 Iluvw/ wkh zdjh frqwudfwlqj vshfl�fdwlrq lv wkh rqo| phfk0

dqlvp wkurxjk zklfk wkh h�hfwv ri qrplqdo vkrfnv duh sursdjdwhg lq rxu

prgho1 Zh uhiudlq iurp lqwurgxflqj fdslwdo dffxpxodwlrq/ dgmxvwphqw

frvwv/ lqsxw0rxwsxw vwuxfwxuh/ hqgrjhqrxv pdun0xsv/ ru dq| rwkhu srvvl0

eoh idfwru zklfk hqkdqfhv wkh qrplqdo sursdjdwlrq phfkdqlvp ghulyhg

khuh1 Vhfrqg/ dv lq suhylrxv dqdo|vhv ri vwdjjhuhg zdjh vhwwlqj/ rxu uh0

vxowv dovr kljkoljkw wkh srwhqwldo uroh ri kljk lqwhuwhpsrudo hodvwlflwlhv ri

vxevwlwxwlrq ri frqvxpswlrq dqg oderxu vxsso| lq idyrxulqj shuvlvwhqfh/
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exw e| qr phdqv uho| rq wkhp wr jhqhudwh d vxevwdqwldo ghjuhh ri shuvlv0

whqfh1 Wklv odwwhu srlqw lv hylghqw iurp rxu fdoleudwlrq h{huflvh1 Ghvslwh

wkhvh ihdwxuhv ri wkh prgho/ zh �qg wkdw rxwsxw dqg lq dwlrq shuvlvwhqfh

lv d olnho| rxwfrph1

Vrph lqwxlwlrq iru wkh vkdus frqwudvw ehwzhhq rxu uhvxowv dqg wkrvh

ri FNP fdq eh rewdlqhg e| frpsdulqj wkh orj0olqhdulvdwlrq ri wkh wzr

zdjh vhwwlqj htxdwlrqv1 Wkh nh| gl�huhqfh lv wkh hodvwlflw| ri zdjhv zlwk

uhvshfw wr exvlqhvv f|foh frqglwlrqv1 Uhodwlyh zdjh frqfhuq rq wkh sduw

ri zrunhuv orzhuv wkdw hodvwlflw|1 D vhqvleoh fdoleudwlrq ri wkh sdudphwhuv

jryhuqlqj uhodwlyh zdjh frqvlghudwlrqv frxog jhqhudwh d srzhuixo frqwudfw

pxowlsolhu dqg wkxv vxevwdqwldo shuvlvwhqfh lq erwk lq dwlrq dqg rxwsxw1

Khqfh/ zh frqfoxgh wkdw wkh dqvzhu wr wkh deryh txhvwlrqv lv |hv/ l1h1/

uhodwlyh zdjh frqfhuq pd| eh wkh plvvlqj slhfh lq wkh frqwudfw pxowlsolhu1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5

zh glvfxvv wkh uhodwlyh zdjh frqfhuq k|srwkhvlv dqg zh suhvhqw vrph

hpslulfdo hylghqfh vxssruwlqj lw1 Vhfwlrq 6 lqwurgxfhv rxu irupdolvdwlrq

ri uhodwlyh zdjh frqfhuq rq wkh sduw ri zdjh0vhwwhuv lq d vwdjjhuhg zdjh

iudphzrun1 Rxu prgho lv suhvhqwhg lq vhfwlrq 71 Zh vwxg| wkh dqdo|wlfdo

lpsolfdwlrqv ri uhodwlyh zdjh frqfhuq lq vhfwlrq 8/ dqg zh frpsduh rxu

�qglqjv wr suhylrxv vwxglhv ri vwdjjhuhg zdjh2sulfh prghov1 Zh wkhq

surfhhg wr dqdo|vh wkh txdqwlwdwlyh lpsolfdwlrqv1 Vhfwlrq 9 ghvfulehv

wkh fdoleudwlrq ri wkh prgho dqg uhsruwv rxu vlpxodwlrq uhvxowv1 Ilqdoo|/

vhfwlrq : frqfoxghv1

51 Wkh Fdvh iru Uhodwlyh Zdjh Frqfhuq

Wklv vhfwlrq dujxhv wkdw wkhuh lv d fdvh iru uhodwlyh zdjh frqfhuq wr eh

vhulrxvo| frqvlghuhg dqg wkxv iru wkh deryh txhvwlrqv wr eh dgguhvvhg1

5141 Wkh Wd|oru ^4<:</4<;3d` prgho dqg uhodwlyh zdjh frqfhuq

Wkh olwhudwxuh exloglqj rq Wd|oru ^4<:</ 4<;3d` kdv lqyhvwljdwhg zkhwkhu

wkh �frqwudfw pxowlsolhu� lqgxfhg e| vwdjjhuhg zdjh0vhwwlqj fdq sursd0

jdwh prqhwdu| vkrfnv vr dv wr plplf wkh rxwsxw shuvlvwhqfh surshuwlhv
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h{klelwhg e| XV gdwd1 D vlpsol�hg wzr0shulrg zdjh frqwudfw yhuvlrq ri

wkrvh prghov fdq eh vxppdulvhg e| d zdjh vhwwlqj htxdwlrq/ d sulfh ohyho

htxdwlrq dqg d vwdwlf djjuhjdwh ghpdqg htxdwlrq/ wkdw lv

%| '
�

2
E%|3� n .|3�%|n�� n �E.|3�+| n .|3�+|n�� +514,

R| '
�

2
E%| n %|3�� +515,

+| ' 6| � R| +516,

zkhuh orzhu fdvh ohwwhuv ghqrwh orj0ghyldwlrqv iurp vwhdg| vwdwh dqg % '

qrplqdo zdjh/ R ' sulfh ohyho/ + ' rxwsxw/ 6 ' prqh| vxsso|1 Wkh dg

krf zdjh vhwwlqj htxdwlrq +514, lv h{rjhqrxvo| vshfl�hg dw wkh rxwvhw1

Hdfk ri wkh wzr zdjh frqwudfwv odvwv wzr shulrgv dqg ryhuodsv zlwk wkh

rwkhu rqh1 Htxdwlrq +514, vd|v wkdw wkh zdjh �{hg e| rqh vhfwru lq |/

iru shulrgv | dqg | n �/ zloo ghshqg rq wkh zdjhv ri wkh rwkhu vhfwru lq

wkrvh wzr shulrgv> wkdw lv/ rq wkh zdjh qhjrwldwhg odvw shulrg e| wkh

rwkhu vhfwru exw vwloo ydolg lq |/ l1h1/ %|3�/ dqg rq wkh zdjh wkh rwkhu vhf0

wru zloo �{ qh{w shulrg/ l1h1/ %|n��
4 Lq Wd|oru*v zrugv/ �hdfk frqwudfw lv

zulwwhq uhodwlyh wr rwkhu frqwudfwv�/ ru/ hyhq pruh h{solflwo|/ �wkh ehkdy0

lrudo htxdwlrqv uh hfw d uhodwlyh zdjh frqfhuq rq wkh sduw ri wkh zrunhuv�

+Wd|oru ^4<;6`/ s1 <;:0<;;,1

Dv douhdg| qrwhg e| Exlwhu dqg Mhzlww ^4<;4` dqg Eodqfkdug ^4<<3`/

krzhyhu wklv odvw vwdwhphqw lv lqdffxudwh1 Vxevwlwxwlqj htxdwlrq +515,

lqwr +514, |lhogv

%| '
�

2
ER| n .|3�R|n�� n

�

2
E.|3�+| n .|3�+|n�� +517,

zklfk vkrzv wkdw Wd|oru*v zdjh vhwwlqj uxoh kdyh dfwxdoo| d gl�huhqw lq0

whusuhwdwlrq1 Lq vhwwlqj wkh zdjh/ zrunhuv fduh rqo| derxw wkhlu devroxwh

uhdo zdjh lq wkh wzr shulrgv fryhuhg e| wkh frqwudfw1 Wkh zdjh ghshqgv

rqo| lqgluhfwo| iurp rwkhuv* zdjhv wkurxjk wkh h�hfw wkhvh zdjhv kdyh

4Wkh ghshqghqfh ri {w iurp rxwsxw jdsv zloo dfwxdoo| eh wkh irfxv ri wkh sdshu

dqg khqfh zloo eh dqdo|vhg odwhu rq lq juhdw ghwdlov +vhh vhfwlrq 814,1
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rq wkh sulfh ohyho dqg/ lq wxuq/ rq wkh rzq devroxwh uhdo zdjh1 Khqfh/

wkhuh lv qr dfwxdo uhodwlyh zdjh frqfhuq shu vì lq Wd|oru*v prgho15

Vwdjjhuhg zdjh prghov zhuh exlow zlwk wkh h{solflw lqwhqwlrq ri

dqdo|vlqj uhodwlyh zdjh frqfhuq1 Wd|oru prgho zdv phdqw wr irupdolvh d

�Nh|qhvldq� uhodwlyh zdjh frqfhuq prgho1 Qhyhuwkhohvv/ lqvwhdg lw grhv

qrw1 Lv wkhuh vrphwklqj zh orrvhB Lq vhfwlrq 8/ zh zloo vkrz zk| wklv

rplvvlrq frxog eh fuxfldo lq jhqhudwlqj erwk wkh rxwsxw dqg lq dwlrq

shuvlvwhqfh sureohpv1 Krzhyhu/ �uvw zh qhhg wr frqylqfh wkh vnhswlf

uhdghu= zk| vkrxog zh eh zruulhg dw doo derxw uhodwlylwlhv lq zdjh vhwwlqjB

5151 Wkh olwhudwxuh

Wkh lvvxh ri uhodwlyh frpsdulvrqv kdv d orqj wudglwlrq lq hfrqrplfv/ vwduw0

lqj iurp Dgdp Vplwk ^4<:9`1 Krzhyhu/ wkh prvw lq xhqwldo dffrxqw ri

uhodwlyh zdjh frqfhuq dqg lwv lpsolfdwlrqv fdph xqgrxewhgo| iurp Mrkq

Pd|qdug Nh|qhv ^4<69` +s1 47,=

Wkrxjk wkh vwuxjjoh ryhu prqh|0zdjhv ehwzhhq lqglylgxdov

dqg jurxsv lv riwhq eholhyhg wr ghwhuplqh wkh jhqhudo ohyho ri uhdo

zdjhv/ lw lv/ lq idfw/ frqfhuqhg zlwk d gl�huhqw remhfw1 Vlqfh wkhuh

lv lpshuihfw prelolw| ri oderxu/ dqg zdjhv gr qrw whqg wr dq h{dfw

htxdolw| ri qhw dgydqwdjh lq gl�huhqw rffxsdwlrqv/ dq| lqglylgxdo

ru jurxs ri lqglylgxdov/ zkr frqvhqw wr d uhgxfwlrq ri prqh|0

zdjhv uhodwlyho| wr rwkhuv/ zloo vx�hu d uhodwlyh uhgxfwlrq lq uhdo

zdjhv/ zklfk lv vx!flhqw mxvwl�fdwlrq iru wkhp wr uhvlvw lw1 ^111` Lq

rwkhu zrugv/ wkh vwuxjjoh derxw prqh|0zdjhv sulpdulo| d�hfwv wkh

glvwulexwlrq ri wkh djjuhjdwh uhdo zdjh ehwzhhq gl�huhqw oderxu

jurxsv/ dqg qrw lwv dyhudjh dprxqw shu xqlw ri hpsor|phqw/ ^111`

1 Wkh h�hfw ri frpelqdwlrq rq wkh sduw ri d jurxs ri zrunhuv lv

wr surwhfw wkhlu uhodwlyh uhdo zdjh16

5Wklv srlqw lv h{solfwo| ghprqvwudwhg wr krog lq d GJH prgho lq FNP dqg Dvfdul

^4<<:`/ zklfk rewdlqv Wd|oru zdjh vhwwlqj htxdwlrq lpsrvlqj wkh vwdjjhulqj vwuxfwxuh

rq d vwdqgdug xwlolw| pd{lplvlqj iudphzrun1
6Wkh hpskdvlv lv dv lq wkh ruljlqdo1

9



Wklv iudjphqw ri wkh Jhqhudo Wkhru| lv vxuho| dprqjvw wkh prvw

iuhtxhqwo| txrwhg dqg lw kdv lqvsluhg vhyhudo frqwulexwlrqv/ lqfoxglqj

Wd|oru ^4<:</ 4<;3d`1 Dsduw wkh txlwh udglfdo ylhz ri Fdpeulgjh hfrqr0

plvwv forvh wr Nh|qhv +h1j1/ Urelqvrq ^4<6:`/ Ndohfnl ^4<77`,/ pdq| rwkhuv

fhoheudwhg hfrqrplvwv khog wkh jhqhudo ylhz wkdw fhqwudo wr wkh h{sodqd0

wlrq ri zdjh vwlfnlqhvv lv wkh idfw wkdw zrunhuv/ lqglylgxdoo| dqg lq jurxsv/

duh frqfhuqhg zlwk wkhlu uhodwlyh zdjh +h1j/ Wrelq ^4<:5`/ Klfnv ^4<:7`/

Ndkq ^4<:9`/ Vrorz ^4<;3`,17 Wkh lpsolfdwlrqv ri wklv k|srwkhvlv lv zkdw

zh wu| wr dvvhvv lq wklv sdshu1

Wkhuh lv d qxpehu ri uhdvrqv zk| uhodwlyh zdjhv pd| eh dujxphqwv

ri wkh oderxu vxsso| ixqfwlrq1 Iluvw sv|fkrorjlfdo2vrflrorjlfdo frqvlghud0

wlrqv vxjjhvw wkdw frpsdudelolw| lv fuxfldo iru wkh prudo dqg vdwlvidfwlrq

ri wkh zrunhu rq wkh mre sodfh1 Wkh slrqhhu zrun lv Uxqflpdq ^4<99`

zklfk hoderudwhv wkh uhodwlyh ghsulydwlrq frqfhsw18 Ehzoh| ^4<<;` srlqwv

dw frpsdudelolw| dv wkh pdmru frqfhuq lq oderxu uhodwlrqv iru wkh h�hfw

wkdw idluqhvv kdyh rq zrunhuv* prudoh1 Wkh vdph lghd lv ehklqg wkh

h!flhqf| zdjh olwhudwxuh zkhuh uhodwlyh zdjh frqvlghudwlrqv kdyh ehhq

lqwurgxfhg zlwk uhihuhqfh wr idlu zdjh ghwhuplqdwlrq dqg lwv lpsdfw rq hi0

iruw dqg xqhpsor|phqw +h1j1/ Iudqn ^4<;7`/ Vxpphuv ^4<;;`/ Dnhuori dqg

\hoohq ^4<;9`,19 Lq vwdqgdug h!flhqf| zdjh prghov/ uhodwlyh zdjh hqwhuv

erwk wkh vxsso| dqg wkh ghpdqg ri oderxu ixqfwlrqv wkurxjk dq h�ruw

ixqfwlrq1 Lq wklv prgho zh duh lq d vhqvh pruh frqvhuydwlyh ehfdxvh zh

mxvw vxssrvh uhodwlyh zdjhv wr hqwhu wkh oderxu vxsso| ixqfwlrq wkurxjk

wkh h�hfwv wkdw uhodwlyh zdjhv kdyh rq prudoh dqg khqfh rq xwlolw|1:

7�Nh|qhv*v h{sodqdwlrq ri prqh| zdjh vwlfnlqhvv lv sodxvleoh dqg uhdolvwlf� +Wrelq

^4<:5`/ s1 6,1
8Wkh vdph qrwlrq ohdgv wr wkh gh�qlwlrq ri sryhuw| lq uhodwlyh whupv +vhh Vhq

^4<;6`,1
9�Wkh frqfhswlrq ri idlu wuhdwphqw kdv ehhq wkh vxemhfw ri frqvlghudeoh zrun e|

vrfldo sv|fkrorjlvw dqg vrflrorjlvwv1 Iru wkh prvw sduw lw lv qrw edvhg rq devroxwh vwdq0

gdugv/ exw/ udwkhu/ rq frpsdulvrq ri rqh*v rzq vlwxdwlrq zlwk wkdw ri rwkhu shuvrqv�

+Dnhuori ^4<;5`/ s1 885,
:Qrwh wkdw d ixoo h!flhqf| zdjh dssurdfk zrxog/ li dq|wklqj/ vwuhqjwkhq rxu srlqw1

Zh gr qrw ghq| wkh lpsruwdqfh wkdw prudoh fdq kdyh rq zrunhuv* surgxfwlylw|/ dqg

wkxv wkdw uhodwlyh zdjh frqvlghudwlrqv frxog dovr hqwhu wkh oderxu ghpdqg ixqfwlrqv1

Krzhyhu/ e| ehlqj pruh frqvhuydwlyh dv srvvleoh/ zh dlp wr vwuhqjwkhq rxu srlqw1

:



Vhfrqg/ uhodwlyh zdjh frqfhuq fdq dulvh iurp fxvwrpdu|2lqvwlwxwlrqdo

skhqrphqd1 Lqghhg zkdw lv idluqhvvB Ghvslwh hfrqrplvwv kdyh surylghg

gl�huhqw gh�qlwlrqv/ dgplwwhgo| idluqhvv lv vwloo d vrphzkdw ydjxh frq0

fhsw1 Hyhq li lw lv hylghqw wkdw zrunhuv frpsduh/ lw lv qrw fohdu zkdw

wkh| frpsduh +h1j1/ czdjh frqvwhoodwlrqv*/ cruelwv ri frhuflwlyh frpsdu0

lvrq*/ czdjh frqwrxuv*,1 Lw lv reylrxv wkdw zkdw lv forvhu dqg2ru pruh

uhohydqw lv hdvlhu wr fkhfn1 Vr zrunhuv fdq frpsduh zdjhv ri zrunhuv lq

wkh vdph zrunsodfh ru sodqw> ru lq wkh vdph uhjlrq +orfdo frpshwlwlrq lq

wkh oderxu pdunhw,> ru lq wkh vdph lqgxvwu| +gxh wr wkh frpshwlwlrq lq

wkh surgxfw pdunhw ru wr wkh ghpdufdwlrq olqh ri xqlrq rujdqlvdwlrqv,> ru

pruh vlpso| zdjhv ri mrev zlwk d vlplodu uhvsrqvdelolw| dqg2ru vnloo +mre

frqwhqw dujxphqw,> ru ri mrev zklfk wudglwlrqdoo| +ru iru vrph gdwhv lq

wkh sdvw, kdyh ehhq sdlg wkh vdph +klvwrulfdo dujxphqw,1 Suredeo| wkhuh

lv d frpelqdwlrq ri doo ri wkhvh frpsdulvrqv dqg wkh ghjuhh ri lpsruwdqfh

dprqj wkhp pd| dovr fkdqjhv ryhu wlph1 Wkh odvw wzr/ krzhyhu/ vhhpv

sduwlfxoduo| lpsruwdqw1 Lqghhg/ hyhq li �^q`r v|vwhp ri zdjhv ^111` zloo

hyhu eh irxqg wr eh idlu ^111`> lw lv qhfhvvdu|/ iru lw wr kdsshq/ wkdw wkh

v|vwhp ri zdjhv vkrxog eh zhoo hvwdelolvkhg/ vr wkdw lw kdv wkh vdqfwlrq

ri fxvwrp1 Lw wkhq ehfrphv zkdw lv h{shfwhg> dqg ^111` zkdw lv h{shfwhg

lv idlu� +Klfnv ^4<:7`/ s1 98,1 Wkh lqgxvwuldo odqjxdjh ri frqfloldwlrq

lv ixoo ri whupv dv cfxvwrpdu| uhodwlylwlhv*/ csurshu sdulwlhv*/ chvwdelolvkhg

gl�huhqwldov*1 Wklv lv wkh fdvh erwk lq wkh sulydwh dqg hvshfldoo| lq wkh

sxeolf vhfwru/ ehfdxvh sxeolf vhfwru sd| lv edvhg rq frpsdudelolw| jlyhq

wkh xqdydlodelolw| ri gluhfw +ru hyhq lqgluhfw, phdvxuh ri rxwsxw dqg2ru

pdujlqdo surgxfwlylw| ri oderxu1 Wkhvh irufhv pd| eh vwurqjhu lq vrph

frxqwulhv wkdq lq rwkhuv uh hfwlqj lvwlwxwlrqdo duudqjphqwv dqg gl�hu0

hqw prghov ri vrflhw| +h1j1/ Hxursh yv XV,1; Qrw wr uhvshfw hvwdelolvkhg

gl�huhqwldov lv olnho| wr fdxvh sureohpv lq lqgxvwuldo uhodwlrqv/ dv ghprq0

vwudwhg e| wkh h{shulhqfhv ri lqfrphv srolflhv/ e| wkh Eulwlvk h{shulhqfh

ri Idlu Zdjh Uhvroxwlrqv ri Sduoldphqw dqg ri wkh Fohjj Frpplvvlrq

;�Wkh jhqhudo lpsuhvvlrq lv rqh ri uhpdundeoh vwdelolw| ryhu wlph lq lqwhu0lqgxvwu|

sd| gl�huhqwldov 0 d vwdelolw| wr zklfk wkh irufhv ri wudglwlrq dqg frpsdudelolw| kdyh

frqwulexwhg1 ^111` Wkh vwdelolw| ^111` lv qrw shfxoldu wr Eulwdlq1 Lw dovr dssolhv wr Eho0

jlxp/ Iudqfh/ Zhvw Jhupdq|/ Lwdo| dqg Wkh Qhwkhuodqgv1� +Vdxqghuv/ lq Eodfnde|

^4<;3`/ s1 4<7,

;



+vhh Idoolfn dqg Hoolrw ^4<;4`,1<

Wklug/ krzhyhu ydjxh lv wkh frqfhsw ri cmxvw2idlu zdjh*/ wkh dwwhpsw

wr jhw lw lv fhuwdlqo| ehklqg wkh hduo| gd|v ri xqlrqlvp1 Wkh sxvk eh0

klqg wkh ruljlqv ri prvw wudgh xqlrqv zdv hqglqj glvfulplqdwlrq/ jhwwlqj

chtxdo sd| iru htxdo zrun*/ rewdlqlqj d cidlu zdjh*1 Dfwlqj dv cfroohfwlyh

yrlfh*/ wkh xqlrq jlyhv vwuhqjwk wr wkh suhihuhqfhv dqg fodlp ri wkh vlqjoh

phpehuv1 Oderxu hfrqrplvwv srlqwhg rxw orqj djr wkh lqwhughshqghqfh

ehwzhhq wudgh xqlrq*v zdjh fodlpv dv d vw|ol}hg idfw lq wkh edujdlqlqj

surfhvv1 Ehiruh sursrvlqj wkh zdjh eloo dv xqlrqv* pd{lpdqg/ wkh irxqghu

ri wkh prghuq hfrqrplfv ri wudgh xqlrq vwdwhv

Zdjh fkdqjhv pd| vsuhdg e| wkh vlpsoh phwkrg ri lplwdwlrq

dqg vrfldo wudqvihuhqfh1 Zdjh lqfuhdvhv ruljlqdwlqj lq rqh vhfwru

pd| eh gl�xvhg ehfdxvh zdjh hduqhuv duh ghwhuplqhg wr iduh mxvw

dv zhoo dv wkhlu dvvrfldwhv1 Wkh dujxphqw wkdw �hyhu|rqh lv jhw0

wlqj dq lqfuhdvh� lv qrw vlpso| d vxshu�fldo srlqw dgydqfhg lq doo

qhjrwldwlrqv exw d ylwdo irufh lq wkh oderu pdunhw wkdw ghvhuyhv

pruh ghwdlohg dwwhqwlrq1 ^111` Wkh frppxqlw| ri krxvhzlyhv/ zlwk

wkh lqhylwdeoh �|rx duh jrrg dv wkh qh{w ihoorz�/ lv qrw wr eh

xqghuhvwlpdwhg1 ^M1 W1 Gxqors ^4<99`/ s1 459`

Wkhruhwlfdo irxqgdwlrqv ri xqlrq Rulydou|� dqg lqwhu0xqlrq Rmhdorxv|�

kdyh ehhq vwxglhg lq Rvzdog ^4<:<` dqg J|oidvrq dqg Olqgehfn ^4<;7`1

Vhyhudo hslvrghv ri xqlrqv ehkdylrxu frxog qrw eh udwlrqdolvhg zlwkrxw

<�Wkhvh yhu| odujh vhwwohphqwv fdq kdyh d frqvlghudeoh glvuxswlyh h�hfw dv lq wkh

fdvh ri wkh uhfhqw 73 shu fhqw dzdug wr wkh srolfh irufh1 Rwkhu jurxsv zkr duh ehlqj

dfwlyho| khog grzq e| wkh jryhuqphqw lqwhusuhw wkhvh odujh dzdugv dv hylghqfh ri

vrph irup ri idyrxulwlvp rq wkh sduw ri jryhuqphqw dqg lq frqvhtxhqfh lqfuhdvh

wkhlu h�ruwv wr rewdlq d odujh vhwwohphqw lq wxuq1 Lw zrxog vhhp sodxvleoh wr dujxh/ rq

wkh edvlv ri wkh klvwrulfdo hylghqfh/ wkdw wkh Fohjj frpplvvlrq kdv d kljk suredelolw|

ri hqjhqghulqj h{dfwo| wklv vlwxdwlrq1 E| uhfrpdqglqj dzdugv zklfk lq vrph vhqvh

frpshqvdwh d vshfl�f jurxs ri suhylrxv cplvwuhdwphqw* wkh| zloo jhqhudwh vslooryhu

h�hfwv/ zklfk dowkrxjk loohjjlwwlpdwh pd| hyhqwxdoo| fdxvh wkh jryhuqhphqw wr fxuwdlo

ru dedqgrq wkh dfwlylwlhv ri wkh vwdqglqj frpplvvlrq� +Idoolfn dqg Hoolrw ^4<;4`/ s1

457,1 Zkdw �zrxog vhhp sodxvleoh wr dujxh�/ lw lv lqghhg zkdw kdsshqhg1

<



dsshdolqj wr wkhvh frqfhswv143 Vlploduo|/ wkh froohfwlyh yrlfh ri d xqlrq

frxog vwuhqjkwhq wkh h�ruw wr pdlqwdlq hvwdelolvkhg gl�huhqwldov dqg2ru

idlu uhodwlylwlhv lq erwk gluhfwlrqv= uhvwudlqlqj zdjhv lq idyrxudeoh flufxp0

vwdqfhv lq h{fkdqjh ri suhvhuylqj fxvwrpdu| gl�huhqwldov lq gl!fxowlhv144

Lq frqfoxvlrq/ wkh olwhudwxuh vxjjhvwv vhyhudo uhdvrqv +sv|fkrorjl0

fdo2vrflrorjlfdo frqvlghudwlrqv dqg2ru lqvwlwxwlrqdo dqg fxvwrpdu| skh0

qrphqd dqg2ru prqrsro| xqlrqv ehkdylrxu, zk| frpsdudelolw| lq zdjh

vhwwlqj pd| eh lpsruwdqw1

5161 Vrph Hpslulfdo Hylghqfh

Idoolfn dqg Hoolrw ^4<;4`/ s1 5840585/ frqfoxgh wkh errn e| vwdwlqj �^w`kh

dujxphqw lv hvvhqwldoo| wkdw uhodwlyh zdjhv hqwhu wkh oderxu vxsso| ixqf0

wlrq� dqg wkdw �^v`xevwdqwldo hylghqfh qrz h{lvwv ri wkh frqvlghudeoh lq0

whughshqghqflhv wkdw h{lvw ehwzhhq wkh zdjh vhwwohphqwv ri gl�huhqw edu0

jdlqlqj jurxsv wkurxjkrxw zlgh duhdv ri wkh hfrqrp|�1 +Rq zdjh lqwhu0

ghshqghflhv vhh h1j1/ Dvkhqihowhu hw do1 ^4<:5`/ Iodqdjdq ^4<:9`/ Qlfnhoo

dqg Zdgkzdql ^4<;;` dqg dovr wkh vxuyh| e| gh od Furl{ ^4<<7`,

Ulvdjhu ^4<<5` hpslulfdoo| lqyhvwljdwhv wkh zdjh ulydou| k|srwkhvlv

lq Gdqlvk gdwd iru vnloohg dqg xqvnloohg zrunhuv1 Kh irxqg vwurqj hyl0

ghqfh lq idyrxu ri lqwhughshqghqfh ehwzhhq zdjh fodlpv1 Lq sduwlfxodu/

klv dqdo|vlv ri zdjh vhwwlqj ehkdylrxu=

43H1j1/ �^Lq 4<83086` Zkloh lq wkh frwwrq lqgxvwu|/ zkhuh uhfrughg xqhpsor|phqw

dorqh dprxqwhg wr vrph 63 shu fhqw/ wkh xqlrqv qrw rqo| suhvhqwhg wr wkh hpsor|huv

d ghpdqg iru d jhqhudo zdjh lqfuhdvh exw shuvlvwhg wr wkh srlqw ri sduwldo vxffhvv1 Lw

vhhpv wkdw wkh frwwrq xqlrqv zhuh pruh ihduixo ri wkhlu phpehuv* zdjh udwhv idoolqj

ehklqg wkrvh ri rwkhu lqgxvwulhv wkdq ri wkh ohvv ghwhuplqdwh h�hfw ri d zdjh lqfuhdvh

rq hpsor|phqw1� ^Wxuqhu lq Gxqors ^4<8:`/ s1 456`
44�Dffruglqj wr rxu �qglqjv wkh fklhi uroh ri wudgh xqlrqv lq wkdw surfhvv zdv wr

surwhfw wkh ohyhov ri hduqlqjv ri wkrvh lq ohvv idyrxudeoh flufxpvwdqfhv e| vhhnlqj wr

hqvxuh wkdw wkh| uhfhlyhg wkh qrup ghvslwh wkh pdunhw dqg �qdqfldo srvlwlrq ri wkhlu

hpsor|huv1 ^111` Wkh lpsolfdwlrq ri wkh deryh dqdo|vlv lv wkdw phdvxuhv wr uhvwudlq wkh

hduqlqjv ri phpehuv lq idyrxudeoh flufxpvwdqfhv zrxog eh pruh dffhswdeoh wr wudgh0

xqlrqlvwv wkdq phdvxuhv wkdw ghsuhvv wkh uhodwlyh sd| ri phpehuv lq ohvv idyrxudeoh

vlwxdwlrqv1� ^Gdqlho lq Eodfnde| ^4<;3`/ s1 493`
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+l, lghqwl�hv d yhu| vwurqj Riroorzlqj� ehkdylrxu lq zdjh vhwwlqj e|

wkh xqlrqv>

+ll, �qgv wkh ohyho ri xqhpsor|phqw2exvlqhvv f|foh frqglwlrqv vwd0

wlvwlfdoo| qrq0vljql�fdqw1

Ixuwkhupruh/ lq uhfhqw |hduv d qhz vrxufh ri hpslulfdo hylghqfh kdv

uhfhlyhg frqvlghudeoh dwwhqwlrq e| hfrqrplvwv= vxuyh|v rq vhoi0uhsruwhg

ohyhov ri vdwlvidfwlrq ri zrunhuv/ zklfk douhdg| irup wkh ixqgdphqwdo

pdwhuldo ri vwxg| iru d odujh hpslulfdo olwhudwxuh lq vrfldo sv|fkrorj|1

Vxfk gdwd kdv ehhq xvhg dv sur{| iru xwlolw| gdwd145 Fdshool dqg Vkhuhu

^4<;;` xvh gdwd iurp d pdmru X1V1 dluolqh> Fodun dqg Rvzdog ^4<<9d` iurp

wkh Eulwlvk Krxvhkrog Sdqho Vxuyh|1 Erwk vwxglhv uhsruw phdvxuhv ri wkh

lpsruwdqfh ri uhodwlyh zdjhv iru lqglylgxdo zrunhuv1 Wkhlu uhvxowv=

+l, lghqwli| uhodwlyh zdjhv dv wkh ixqgdphqwdo idfwru +dqg vwdwlvwl0

fdoo| vwurqjo| vljql�fdqw, rq uhjuhvvlrqv ri mre vdwlvidfwlrq iru lqglylgxdo

zrunhuv>

+ll, wkh ohyho ri wkh rzq uhdo zdjh2lqfrph sod|v d plqru uroh lq

h{sodlqlqj mre vdwlvidfwlrq/ li dq| dw doo1 Pruhryhu/ lwv frh!flhqw lv irxqg

vwdwlvwlfdoo| qrq0vljql�fdqw1

Ehvlghv/ rwkhu vwxglhv kdyh dvnhg hpsor|huv zklfk duh wkh ghwhupl0

qdqwv ri zdjh qhjrwldwlrqv zlwk zrunhuv1 Fdpsehoo dqg Ndpodql ^4<<:`

+Wdeoh LL, uhsruw uhvxowv iurp rwkhu vwxglhv edvhg rq vxuyh| gdwd iurp

�upv zklfk vxjjhvw wkdw uhodwlyh zdjh frqfhuq lv yhu| vljql�fdqw/ hvsh0

fldoo| lq khdylo| xqlrql}hg �upv +Djhoo dqg Oxqgeruj ^4<<8`,1

Wkhvh �qglqjv iurp lqglylgxdo vxuyh| gdwd surylgh txlwh vwurqj

vxssruw iru xwlolw| ixqfwlrqv wkdw doorz iru uhodwlylwlhv lq zdjh vhwwlqj1

Ehvlghv/ wkh| mxvwli| wkh suhvhqfh ri wkh xqlrq ulydou| phqwlrqhg deryh

iurp wkh shuvrqdo suhihuhqfhv ri wkhlu srwhqwldo phpehuv1

Jlyhq zkdw vdlg deryh/ lq zkdw iroorzv zh zloo prgho uhodwlyh zdjh

frqfhuq e| lqfoxglqj dq dgglwlrqdo dujxphqw lq wkh xwlolw| ixqfwlrq ri

45Dv srlqwhg rxw e| Fodun dqg Rvzdog ^4<<9d`/ irrwqrwh 7= �Lw pljkw eh dujxhg/ lq

wkh h{wuhph/ wkdw wkhvh duh udqgrp qxpehuv phuho| pdgh xs e| vxuyh| uhvsrqghqwv1

Sv|fkrorjlvwv/ zkr duh dw ohdvw dv dzduh ri wklv srvvlelolw| dv hfrqrplvwv/ kdyh orqj

vlqfh dedqgrqhg vxfk d ylhz1�
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wkh uhsuhvhqwdwlyh krxvhkrog1 Ghvslwh wkh h!flhqf| zdjh olwhudwxuh/ wkh

dydlodeoh hpslulfdo hylghqfh rq xqlrqv* ehkdylrxu/ vrflrorjlfdo dqg sv|0

fkrorjlfdo frqvlghudwlrqv/ rxu lqwurgxfwlrq ri uhodwlylwlhv lq wkh xwlolw|

ixqfwlrq pd| eh vhhq dv dq dg krf xqmxvwl�deoh vkruw0fxw1 Wklv dssurdfk

uxqv lq idfw djdlqvw wkh ghhso|0urrwhg uhvlvwdqfh wr prgli| wkh vwuxfwxuh

ri suhihuhqfhv ri djhqwv146 Qhyhuwkhohvv/ vlplodu nlqg ri suhihuhqfhv kdyh

ehhq sursrvhg dv dq h{sodqdwlrq iru vrph sx}}ohv lq dvvhw sulflqj +vhh

Deho ^4<<3`/ Jdol ^4<<7`/ Fdpsehoo dqg Frfkudqh ^4<<8`,/ frqvxpswlrq

+vhh Fduuro dqg Zhlo ^4<<7`,/ dqg jurzwk +vhh Fduuro hw do1 ^4<<:`,147

Pruh jhqhudoo|/ lq uhfhqw |hduv d jurzlqj olwhudwxuh kdv hphujhg hqfrp0

sdvvlqj hfrqrplf dqg vrfldo hohphqwv/ dqg lq sduwlfxodu vwdwxv frqfhuq

+vhh Iudqn ^4<;7/ 4<;8` dqg wkh uhihuhqfhv wkhuhlq/ Ed{whu ^4<;;`/ Ndqgho

dqg Od}hdu ^4<<5`/ Fodun dqg Rvzdog ^4<<9d/e` dqg Dnhuori ^4<<:`,1

Pruhryhu/ e| lqwurgxflqj uhodwlyh zdjh frqvlghudwlrqv h{solflwo| zh

dlp dw= +l, lghqwli|lqj wkh dqdo|wlfdo lpsolfdwlrqv ri uhodwlyh zdjh frqfhuq

lq zdjh vhwwlqj> +ll, hvwdeolvklqj zkhwkhu vhqvleoh ydoxhv ri wkh nh| sdud0

phwhuv jryhuqlqj uhodwlyh zdjh frqfhuq fdq h{sodlq rxwsxw dqg lq dwlrq

shuvlvwhqfh1 Lq wklv zd|/ zh fdq wkhq dvvhvv krz fulwlfdo lv wkh rplvvlrq ri

uhodwlyh zdjh frqfhuq iru wkh dqdo|wlfdo dqg txdqwlwdwlyh uhvxowv ri FNP

dqg Dvfdul ^4<<:`/ uhfdoolqj wkdw uhodwlyh zdjh frqvlghudwlrqv prwlydwhg

wkh lqwhuhvw lq vwdjjhulqj prghov148

46Dv Dnhuori ^4<<:/ s1 4338` sxwv lw= �Wudglwlrqdo hfrqrplfv kdv ehhq edvhg rq

phwkrgrorjlfdo lqglylgxdolvp1 Xqwlo txlwh uhfhqwo|/ zlwk vrph uduh h{fhswlrqv/ lw kdv

qrw ehhq dssuhfldwhg wkdw wklv phwkrg fdq eh/ ru shukdsv L vkrxog vd|/ vkrxog eh/

h{whqghg lq ghvfulelqj vrfldo ghflvlrqv wr lqfoxgh ghshqghqfh ri lqglylgxdov* xwlolw| rq

wkh xwlolw| ru wkh dfwlrqv ri rwkhuv1�
47Ghshqglqj rq wkh sduwlfxodu vshfl�fdwlrq wkh| duh uhihuuhg wr dv �lqwhughshq0

ghqw suhihuhqfhv�/ �h{whuqdo kdelw irupdwlrq�/ �nhhslqj xs +ru fdwfklqj xs, zlwk wkh

Mrqhvhv� ru �uhodwlyh lqfrph k|srwkhvlv�1
48Ixuwkhu plfurirxqgdwlrqv ri uhodwlyh zdjh frqfhuq duh fhuwdlqo| ghvludeoh dqg duh

douhdg| lq rxu djhqgd iru ixwxuh uhvhdufk1
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61 Uhodwlyh Uhdo Zdjh Frqfhuq dqg Vwdjjhuhg Zdjh

Vhwwlqj

Wkh vwuxfwxuh ri zdjh vhwwlqj lq rxu prgho lv gh�qhg e| wzr ihdwxuhv= +l,

vwdjjhuhg zdjh vhwwlqj> +ll, uhodwlyh uhdo zdjh frqfhuq1

+l, Vwdjjhuhg Zdjh Vhwwlqj

Wklv vhwwlqj lv vwdqgdug lq wkh uhodwhg olwhudwxuh1 Wkh hfrqrp|

frqvlvwv ri d frqwlqxxp ri lqgxvwulhv/ lqgh{hg e| � 5 dfc �o/ dqg d frqwlq0

xxp ri lqgxvwu|0vshfl�f xqlrqv/ lqgh{hg e| � 5 dfc �o149 Wkh hfrqrp| lv

glylghg lqwr � vhfwruv1 Hdfk vhfwru lv frpsrvhg ri �*� lqgxvwulhv dqg

wkhlu fruuhvsrqglqj xqlrqv1 Zdjh frqwudfwv/ ghqrwhg e| fc duh qhjrwl0

dwhg lq qrplqdo whupv/ dqg duh �{hg iru � shulrgv1 Wkdw lv/ iru d xqlrq

vhwwlqj wkh qrplqdo zdjh lq shulrg |/ f�|n& ' f�| iru & ' fc ���� � ��

Ixuwkhupruh/ xqlrqv lqgh{hg � 5 dfc �*� o vhw wkhlu zdjhv lq shulrgv fc

�c 2� / xqlrqv lqgh{hg � 5 d�*�c 2*� o gr vr lq shulrgv �c � n�c 2� n�/

hwf1 Qrwh wkdw vwdjjhuhg zdjh vhwwlqj euhdnv wkh frpsohwh v|pphwu|

dprqj krxvhkrogv lq gl�huhqw vhfwruv1 Krzhyhu/ xqlrqv ehorqjlqj wr wkh

vdph vhfwru zloo vhw wkh vdph zdjh14: Wkxv/ lq dq| shulrg | wkhuh duh �

gl�huhqw frqwudfwv lq h�hfw1

+ll, Uhodwlyh Uhdo Zdjh Frqfhuq

Zh qrz wxuq wr wkh dqdo|wlfdo gh�qlwlrq ri uhodwlyh zdjh frqfhuq1

Zh ghqrwh wkh uhodwlyh zdjh dujxphqw lq wkh xwlolw| ixqfwlrq ri wkh uhs0

uhvhqwdwlyh krxvhkrog �/ -` �
| � Iroorzlqj IP4;/ zh gh�qh wkh frqwudfw

49D frqwlqxxp ri lqgxvwulhv phdqv wkdw qr lpshuihfwo| frpshwlwlyh djhqw lv codujh*

uhodwlyh wr wkh hfrqrp| dv d zkroh1 Wkh ckrxvhkrog0xqlrq* vkrxog eh wkrxjkw ri dv dq

djjuhjdwh ri doo wkh krxvhkrogv zklfk zrun lq wkh lqgxvwu|/ zkr frooxgh lq wkh vhwwlqj

ri wkh zdjh1
4:Ohw xv fdoo wkh qhz zdjh vhw lq shulrg w lq lqgxvwulhv l 5 ^3> 4@Q ` / [w1 Wkhq/

xqlrqv lqgh{hg m 5 ^4@Q> 5@Q ` zloo vhw wkhlu qhz qrplqdo zdjh lq shulrg w.4/ xqlrqv

lqgh{hg m 5 ^5@Q> 6@Q ` zloo vhw wkhlu qhz qrplqdo zdjh lq shulrg w . 5/ dqg vr

rq1 Wkhuhiruh [w>[w.Q >[w.5Q ===duh wkh zdjhv �{hg e| wkh vhfwru zklfk frpsulvhv

lqgxvwulhv l 5 ^3> 4@Q `/ [w.4>[w.4.Q >[w.4.5Q ===wkh zdjhv �{hg e| wkh vhfwru wkdw

frpsulvhv lqgxvwulhv l 5 ^4@Q> 5@Q ` dqg vr rq1
4;Lq zkdw iroorzv zh nhhs wkh qrwdwlrq dv forvh dv srvvleoh wr wkdw ri IP1 Rxu gh�ql0

wlrq ri wkh fdvh suhvhqwhg lq wkh pdlq wh{w fruuhvsrqgv wr wkhlu Wkhruhwlfdoo| Suhihudeoh
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sulfh lq shulrg v/ R�� �
r �/ dv wkh ydoxh ri wkh frqwudfw vljqhg e| wkh xqlrq

� lq shulrg r� Wr foduli| wkh gh�qlwlrqv qrwh wkdw lq wklv vxevhfwlrq/ zh

xvh wkh lqgh{ | wr lqglfdwh wkh shulrg lq zklfk wkh uhdo zdjh frpsdulvrq

wdnhv sodfh/ zkloh r uhihuv wr wkh shulrg lq zklfk wkh frqwudfw lv vljqhg1

Uhfdoo wkdw iru d xqlrq vhwwlqj wkh qrplqdo zdjh lq shulrg r/ frn& ' fr

iru & ' fc ���� � �� Dv wkh qrplqdo zdjh fr lv �{hg iru � shulrgv/ vxfk

lv lwv frqwudfw sulfh/ l1h1/ ��rc +khqfh/ zh lqgh{ lw e| r,1 Zrunhuv frp0

sduh wkh ydoxh ri wkh frqwudfw wkh| vljq lq shulrg r/ ��rc wr wkh lqgh{ ri

frqwudfw sulfhv RT �1 Fuxfldo wr wkh prghoolqj ri wkh uhodwlyh zdjh frq0

fhuq lv wkh fkrlfh ri wkh uhihuhqfh zdjh lqgh{ iru frpsdulvrq sxusrvhv1

Zh gh�qh T| dv wkh dyhudjh ri wkh frqwudfw sulfhv ri wkh zrunhuv lq wkh

rwkhu vhfwruv lq h�hfw lq shulrg |/ wkdw lv/ wkh dyhudjh ri wkh frqwudfwv

qhjrwldwhg e| wkh rwkhu xqlrqv1 Zh eholhyh wklv Rrxwzdug frpsdulvrq�

vshfl�fdwlrq wr eh wkh prvw uhohydqw lq wkh uhdo zruog14< Wkxv/ -` �
| lv

gh�qhg dv wkh udwlr ehwzhhq wkh ydoxh ri wkh frqwudfw lq irufh iru xqlrq

� lq shulrg | wr wkh lqgh{ ri frqwudfw sulfhv vljqhg e| wkh rwkhu vhfwruv

dqg vwloo ydolg lq shulrg |1

Dw dq| shulrg | wkhuh duh � gl�huhqw qrplqdo frqwudfwv lq h�hfw/

khqfh � gl�huhqw ��r dqg � gl�huhqw -` �
| / rqh iru hdfk uhsuhvhqwd0

wlyh vhfwrudo xqlrq1 Frqvlghu wkh sureohp idfhg e| d xqlrq vhwwlqj wkh

qrplqdo zdjh lq shulrg |� Dvvxph wkdw wkh frqwudfw odvwv iru irxu shulrgv

+� ' e�1 Wkh ghflvlrq ri wkh xqlrq wkhq wdnhv lqwr dffrxqw wkdw e|

vhwwlqj frc lw dovr �{hv ��r iru wkh qh{w irxu shulrgv1 Wkh rswlpdo fr

lv wkxv vhw e| frpsdulqj wkh sulfh frqwudfw wkh xqlrq lv fxuuhqwo| qhjr0

wldwlqj +l1h1/ ��r� wr wkh lqgh{hv ri uhdo frqwudfw sulfhv T iru wkh irxu

shulrgv lq zklfk wkh frqwudfw zloo eh lq irufh/ wkdw lv | wr |n�� Wkh -`

wkh zrunhuv zloo idfh lq shulrg | dqg lq wkh iroorzlqj wkuhh shulrgv dv d

uhvxow ri wkh zdjh wkh| qhjrwldwh lq | duh wkhq

Fdvh1 Dsshqgl{ 5 lqwurgxfhv wzr dowhuqdwlyh vshfl�fdwlrqv1 Zh dovr suhvhqw d eulhi

frpsdulvrq ri rxu prgho zlwk IP*v rqh lq Vhfwlrq 8161
4<Wkh whup �rxwzdug frpsdulvrq� iroorzv d uhfhqw zrun e| Fduuro hw do1 ^4<<:`1 Lwv

sxusrvh lv wr kljkoljkw wkh devhqfh ri rzq yduldeohv lq wkh gh�qlwlrq ri wkh uhihuhqfh

vwrfn iru frpsdulvrq sxusrvhv1 Vshfl�fdoo|/ lq rxu vhwwlqj wkh �rzq frqwudfw sulfh�

grhv qrw hqwhu wkh gh�qlwlrq ri wkh lqgh{ ri frqwudfw sulfhv wr zklfk lw lv frpsduhg

lq wkh edujdlqlqj surfhvv1
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Qrwh wkdw/ ehfdxvh ri wkh Rrxwzdug frpsdulvrq� vshfl�fdwlrq/ wkh

T| whupv duh qrw v|pphwulfdoo| xsgdwhg lq wkh irxu shulrgv ri gxudwlrq

ri wkh frqwudfw153

Odvw zh mxvw qhhg wr gh�qh wkh frqwudfw sulfh/ ��� Zh vxssrvh

wkdw wkh zrunhuv duh frqfhuqhg zlwk wkhlu dyhudjh uhdo zdjh ryhu wkh

olih ri wkh frqwudfw1 Frqvhtxhqwo| �� lv gh�qhg dv wkh prqh| zdjh

gh dwhg e| d zhljkwhg dyhudjh ri wkh sulfh ohyhov lq wkh irxu shulrgv

lq zklfk wkh frqwudfw zloo eh lq irufh1 Wkdw lv= ��| ' f|*� |/ zkhuh

� | ' �|nq�|n�nq
2�|n2nq

��|
�nqnq2nq�

1 Djhqwv wkhuhiruh fdofxodwh wkh dyhudjh � |

glvfrxqwlqj wkh ixwxuh sulfh ohyhov e| wkh suhihuhqfh glvfrxqw idfwru q1

Wkhq wkh| frpsduh wkh ydoxh ri wkhlu frqwudfw/ l1h1/ ��|/ zlwk dq dyhudjh

ri wkh rqhv wkdw ryhuods zlwk lw/ wkdw lv/

��| '
f|

� |

( -`| '
f|*� |

E�*��
�
f|3�

�
|3�

n f|32

�
|32

n f|3�

�
|3�

� 1

Lq Dsshqgl{ 5 zh suhvhqw wzr dowhuqdwlyh irupxodwlrqv iru -`|1

71 Wkh Prgho

Wkh prgho lv edvhg rq Udqnlq ^4<<;`1 Wkhuh duh wkuhh w|shv ri djhqwv

lq wkh hfrqrp|= �upv/ krxvhkrogv dqg wkh jryhuqphqw1 Wkh hfrqrp|

frqvlvwv ri d frqwlqxxp ri lqgxvwulhv dqg hyhu| lqgxvwu| surgxfhv d vlq0

joh shulvkdeoh surgxfw dqg frpsulvhv d frqwlqxxp ri �upv1 Wkh jrrgv

53Ixwxuh yduldeohv duh uhsodfhg e| wkhlu h{shfwhg ydoxhv1 Zh gurs wkh h{shfwdwlrq

rshudwru iru qrwdwlrq frqyhqlhqfh1 Qrwh dovr wkdw wkh UZ whupv duh gl�huhqw iru hdfk

krxvhkrog0xqlrq lq gl�huhqw vhfwruv/ ghshqglqj rq wkh shulrg lq zklfk wkh| vhw wkhlu

zdjh1 Uhfdoo lq idfw wkdw lq hdfk shulrg wkhuh duh Q gl�huhqw frqwudfwv lq irufh dqg

khqfh Q gl�huhqw UZ=
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pdunhw lq hyhu| lqgxvwu| lv khqfh frpshwlwlyh1 Doo krxvhkrogv kdyh wkh

vdph suhihuhqfhv1 Hdfk krxvhkrog � frqvxphv d frpsrvlwh jrrg/ gh0

�qhg e| d FHV lqgh{ ryhu frqvxpswlrq jrrgv ri hdfk lqgxvwu|/ l1h1

��| '
�U �

f �
w3�

w

��| _�
� w

w3�

1 Wkh hodvwlflw| ri vxevwlwxwlrq dprqj jrrgv/ w/

lv dvvxphg vwulfwo| juhdwhu wkdq rqh1 Wklv vshfl�fdwlrq jlyhv ulvh wr wkh

vwdqgdug ghpdqg ixqfwlrq iru jrrg � e| krxvhkrog �

���| '
�
��|

�|

�3w .�|

�|
+714,

zkhuh .�| lv krxvhkrog*v wrwdo qrplqdo h{shqglwxuh rq jrrgv/ dqg �| lv

wkh djjuhjdwh sulfh lqgh{ gh�qhg dv �| '
kU �

f � �3w
�| _�

l �

�3w 1

7141 Ilupv

Doo �upv kdyh wkh vdph whfkqrorj|/ jlyhq e| t�| ' kuj
�|/ zkhuh oderxu lv

wkh rqo| idfwru ri surgxfwlrq1 Ilupv zlwklq hdfk lqgxvwu| duh sulfh wdnhuv

erwk lq wkh jrrgv dqg wkh oderxu pdunhw1 Sur�wv duh pd{lplvhg shulrg

e| shulrg jlyhq wkh qrplqdo zdjh/ f�| / zklfk lv vhw e| wkh lqgxvwuldo

xqlrq1 Wkh oderxu ghpdqg dqg rxwsxw ri �up � duh uhvshfwlyho| jlyhq

e|

u�| '
�
�

kj

f�|

��|

� �

j3�

( t�| ' k
�
�

kj

f�|

��|

� j

j3�

1 +715,

Lpsrvlqj wkh htxloleulxp frqglwlrq lq wkh lqgxvwu| jrrgv pdunhw/ wkdw

lv/

��| '
] �

f
���|_� ' t�| ;� " dfc �oc +716,

|lhogv wkh iroorzlqj uhodwlrq ehwzhhq wkh oderxu ghpdqg dqg wkh qrplqdo

zdjh

u�| ' g|f
30
�| zkhuh 0 '

w

j n E�� j�w
dqg g| ' j0

%
.|

� �3w
|

& 0

w

1

+717,

Wkh oderu ghpdqg ixqfwlrq idfhg e| wkh prqrsrolvwlf krxvhkrog0xqlrq lq

hdfk lqgxvwu| h{klelwv d frqvwdqw prqh|0zdjh hodvwlflw| htxdo wr 0c zklfk
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ghshqgv rq whfkqrorj| dqg suhihuhqfh sdudphwhuv1 g| lv sdudphwulf wr

wkh xqlrq/ zklfk wdnhv djjuhjdwh yduldeohv dv jlyhq +.| '
U �
f .�|_� '

djjuhjdwh qrplqdo h{shqglwxuh,1

7151 Krxvhkrogv

Wkh wzr ixqgdphqwdo ihdwxuhv ri wkh krxvhkrogv* ehkdylrxu duh wkhlu

prqrsro| srzhu lq qrplqdo zdjh vhwwlqj dqg wkhlu frqfhuq zlwk uhodwlyh

zdjhv1

Wkh lqgxvwu|0vshfl�f krxvhkrog0xqlrqv hqmr| prqrsro| srzhu eh0

fdxvh oderxu lv qrw doorzhg wr pryh dfurvv lqgxvwulhv1 Lq shulrg |c wkh

krxvhkrog pd{lplvhv d xwlolw| ixqfwlrq ri wkh irup +wkh lqgh{ � lv gursshg

wr oljkwhq qrwdwlrq,

L '
"[
&'f

q&.| d�E�|n&c 6|n&c u|n&c -`|n&�o 1 +718,

Wkh dujxphqwv lq wkh xwlolw| ixqfwlrq �|n&/ 6|n& dqg u|n& duh/ uhvshf0

wlyho|/ wkh frqvxpswlrq ri wkh frpsrvlwh jrrg/ wkh hqg0ri0shulrg uhdo

prqh| edodqfhv E6|n& ' �|n&*�|n&� dqg wkh oderxu vxsso| ri wkh krxvh0

krogv154 Wkh vshfl�fdwlrq ri wkh uhodwlyh zdjh dujxphqw -`|n& lv wkh

qryhow| ri wkh prgho dqg kdv ehhq glvfxvvhg lq vhfwlrq 5151 Wkh xwlolw|

ixqfwlrq vdwlv�hv wkh frqglwlrqv= �
-`

E�� : f/ �
-`-`

E�� 	 f1

Wkh krxvhkrog*v exgjhw frqvwudlqw hyroyhv dffruglqj wr

�|�|n�|n
[
r|n�

'Er|n� m r|��Er|n�� � �|3�n�|n`|u|n�|nA| +719,

zkhuh 'Er|n� m r|� lv wkh vwrfkdvwlf glvfrxqw idfwru htxdo wr wkh prqh|

ydoxh ri d frqwlqjhqw fodlp lq vwdwh r| wr rqh groodu lq vwdwh r|n��55 �|

ghqrwhv prqh| kroglqjv dw wkh hqg ri shulrg |/ �| wkh txdqwlw| ri erqgv

54Wkh xwlolw| ixqfwlrq vdwlv�hv wkh vwdqgdug frqglwlrqv xf+�,A3> xp+�,A3> xO+�,?3/

xff+�,?3> xpp+�,?3> xOO+�,?3> zkhuh xu+w, ghqrwhv wkh �uvw sduwldo ghulydwlyh ri wkh

lqvwdqwdqhrxv xwlolw| ixqfwlrq dqg xuu+�, wkh vhfrqg rqh/ zlwk uhvshfw wr wkh dujxphqw

u1
55Iroorzlqj FNP/ ohw vw ghqrwh wkh vwdwh ri wkh zruog lq shulrg w1 Ghqrwh zlwk

Su+vw.4 m vw, wkh suredelolw| wkdw lq wkh qh{w shulrg wkh vwdwh ri wkh zruog zloo eh vw.4/

4:



lq shulrg |/ A| wkh qrplqdo oxps0vxp wudqvihu uhfhlyhg e| wkh krxvhkrog

iurp wkh jryhuqphqw/ �| wkh sur�wv glvwulexwhg e| �upv/ dqg u|`| wkh

oderxu lqfrph1

Krxvhkrogv pd{lplvh wkhlu h{shfwhg olihwlph xwlolw| vxemhfw wr wkh

vhtxhqfh ri exgjhw frqvwudlqwv +719,/ wkh vhtxhqfh ri oderxu ghpdqg

fxuyhv +717,/ dqg wkh dgglwlrqdo frqvwudlqw wkdw wkh qrplqdo zdjh zloo eh

�{hg iru � shulrgv1 Wkh| fkrrvh wkh ohyho ri frqvxpswlrq/ wkh txdqwlwlhv

ri prqh| dqg erqgv wr eh wudqvihuuhg wr wkh qh{w shulrg dqg wkh ohyho ri

wkh qrplqdo zdjh wkdw pxvw eh �{hg iru� shulrgv1 Krzhyhu/ wkh| �{ wkh

zdjh ehiruh wkh uhdolvdwlrq ri shulrg | vkrfn/ zkloh wkh rwkhu ghflvlrqv

duh wdnhq diwhu wkh vkrfn kdv ehhq uhdolvhg1 Wkh �uvw0rughu frqglwlrqv

iru wklv sureohp fdq eh h{suhvvhg dv iroorzv
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+7143,

zkhuh b| lv wkh pxowlsolhu dwwdfkhg wr wkh exgjhw frqvwudlqw lq shulrg

|1 Wkh �uvw wkuhh htxdwlrqv duh vwdqgdug= +71:, uhsuhvhqwv wkh rswlpdo

frqglwlrqdo wr wkh vwdwh vw lq shulrg w1 Wr oljkwhq qrwdwlrq dqg dyrlg lqgh{lqj hdfk

yduldeoh zlwk uhvshfw wr wkh vwdwh ri wkh zruog/ zh xvh wkh h{shfwdwlrq rshudwru dqg

wkh gdwlqj ri wkh yduldeohv1 Wkhq/ �w @ �+vw, dqg Hw +�n, @
S

vn Su+v
n m vw,�+vn,/

zkhuh �w lv zkdwhyhu yduldeoh ru ixqfwlrq ri yduldeohv/ vn lv wkh vwdwh lq shulrg n A w

dqg wkh vxp lv fdofxodwhg ryhu doo wkh srvvleoh ixwxuh vwdwhv vn1

4;



fkrlfh ehwzhhq frqvxpswlrq dqg prqh|/ +71;, lv wkh Hxohu htxdwlrq iru

frqvxpswlrq dqg +71<, jlyhv wkh jurvv qrplqdo lqwhuhvw udwh -|1
56

Htxdwlrq +7143, jlyhv wkh rswlpdo qrplqdo zdjh vhw e| wkh prqrsr0

olvwlf krxvhkrog0xqlrq iru wkh iroorzlqj � shulrgv/ rq wkh edvlv ri shulrg

|�� lqirupdwlrq vhw1 Wkh rswlpdo zdjh lv jlyhq e| d �{hg pdun0xs/ l1h1/

0*E0� ��c ryhu wkh txdqwlw| lq wkh fxuo| eudfnhwv1 Wklv odwwhu h{suhvvlrq

lv frpsrvhg ri wzr whupv1 Wkh �uvw whup uhsuhvhqwv wkh udwlr ehwzhhq

h{shfwhg zhljkwhg dyhudjhv ri wkh pdujlqdo glvxwlolw| ri oderxu dqg wkh

pdujlqdo xwlolw| ri frqvxpswlrq ryhu � shulrgv1 Lq rwkhu zrugv/ wkh �uvw

frpsrqhqw lv d zhljkwhg dyhudjh ri wkh rswlpdo  h{leoh zdjhv ri wkh �

shulrgv1 Wkh vhfrqg whup lv dq h{shfwhg zhljkwhg dyhudjh ri wkh uhodwlyh

zdjh frqfhuq frpsrqhqwv ryhu wkh � shulrgv1 Lq erwk whupv wkh zhljkwv

duh gh�qhg e| qcg|n�c �|n� dqg 0157

7161 Jryhuqphqw

Wkh uroh ri wkh jryhuqphqw lv olplwhg wr surylgh oxps0vxp wudqvihuv

wkurxjk zklfk prqh| lv lqwurgxfhg lq wkh hfrqrp|1 Wkhvh wudqvihuv

vdwlvi|

A| ' �| ��|3� +7144,

dqg wkh jurzwk ri wkh qrplqdo prqh| vxsso| lv ghvfulehg e|

�| ' >|�|3� +7145,

zkhuh >| iroorzv d vwrfkdvwlf surfhvv +wr eh vshfl�hg ehorz,1

56Qrwh wkdw
S

vw.4 T+v
w.4 m vw, lv wkh fxuuhqw ydoxh ri d qrplqdo erqg wkdw jlyhv

rqh xqlw ri prqh| iru vxuh lq wkh qh{w shulrg1 Rq wkh rwkhu kdqg/ T+vw.4 m vw, @

� Su+vw.4 m vw,
�

xF+v
w.4,Sw

xF+w,S +vw.4,

�
lv wkh fxuuhqw sulfh ri d fodlp ri rqh xqlw ri prqh|

frqwlqjhqw rq wkh uhdolvdwlrq ri vwdwh vw.4 lq wkh qh{w shulrg1
57Jlyhq +7143,/ qrwh wkdw lw lv h{0srvw rswlpdo iru wkh xqlrqv wr vdwlvi| dq xqh{0

shfwhg lqfuhdvh lq oderxu ghpdqg= Xqlrqv duh reylrxvo| h{0srvw zloolqj wr vdwlvi| h{wud

ghpdqg iru oderxu xqwlo wkh uhdo zdjh lv htxdo wr wkh frpshwlwlyh rqh1 Lq zkdw iroorzv

zh vxssrvh wkdw qhyhu wr eh wkh fdvh1 Wkh idfw wkdw hpsor|phqw lv dozd|v rq wkh

oderxu ghpdqg fxuyh lv khqfh frqvlvwhqw zlwk rswlplvdwlrq lq wklv fdvh/ lq frqwudvw

wr wkh rog vw|oh Jud|0Ilvfkhu0Wd|oru prghov lq zklfk wkh zdjh zdv vhw lq dffrugdqfh

zlwk d wdujhw ohyho wkdw fohduhg wkh oderxu pdunhw lq h{shfwdwlrq1

4<



Wkh uhvrxufh frqvwudlqw iru wklv hfrqrp| lv rewdlqhg e| djjuhjdwlqj

+719, ryhu doo krxvhkrogv dqg lpsrvlqj htxloleulxp frqglwlrqv rq wkh

erqgv dqg prqh| pdunhwv] �

f
�|��|_� �

] �

f
E`�|u�| n ��|�_� +7146,

zkloh wkh htxloleulxp frqglwlrq rq jrrgv pdunhwv +716, lpsolhv] �

f
�|��|_� '

] �

f
��|t�|_� ' �|t| +7147,

zkhuh t| '

U
�

f
��|t�|_�

�|
' �| lv uhdo djjuhjdwh rxwsxw/ gh�qhg dv lq qdwlrqdo

lqfrph dffrxqwlqj1

Dq htxloleulxp iru wklv hfrqrp| lv ghvfulehg e| d yhfwru ri door0

fdwlrqv ~��|c ��|c ��|c f|3&c u�|c t�|c ��|c �|c t|c -|c 'Er|n� m r|�� iru

& ' fc ���c � � � vxfk wkdw= +l, wdnlqj rwkhu vhfwruv* yduldeohv dqg dj0

juhjdwh yduldeohv dv jlyhq/ frqvxphu doorfdwlrqv vroyh wkh frqvxphu*v

sureohp ;�/ wkdw lv/ +71:,/ +71;,/ +71<, dqg +7143, krog ;�> +ll, wdnlqj wkh

qrplqdo zdjh dv jlyhq/ �upv* rxwsxw dqg oderxu ghpdqg pd{lplvh suri0

lwv dffruglqj wr +715, dqg +717,> +lll, wkh wudqvihuv dqg wkh prqh| vxsso|

surfhvv vdwlvi| +7144, dqg +7145,> +ly, wkh uhvrxufh frqvwudlqw +7146, dqg

wkh jrrgv pdunhw htxloleuld ++716, dqg +7147,, duh vdwlv�hg1

Wr vroyh iru wkh prgho g|qdplfv/ zh �uvw fdofxodwh wkh vwhdg| vwdwh

ri wkh prgho dqg wkhq dsso| wkh Eodqfkdug0Nkdq*v ^4<;3` phwkrgrorj|

wr wkh orj0olqhdulvhg prgho durxqg wkh vwhdg| vwdwh1

81 Dqdo|wlfdo Lpsolfdwlrqv ri Uhodwlyh Zdjh Frqfhuq

Lq wklv vhfwlrq zh surylgh wkh lqwxlwlrq krz uhodwlyh zdjh frqfhuq fdq khos

wr vroyh erwk wkh rxwsxw +814 dqg 815, dqg wkh lq dwlrq +816, shuvlvwhqfh

sx}}ohv1

8141 Wkh R�0sx}}oh�

Zlwk uhvshfw wr wkh rxwsxw shuvlwhqfh sureohp/ wkh ixqgdphqwdo surshuw|

ri wkh Wd|oru*v zdjh vhwwlqj htxdwlrq lv wkh ghshqghqfh ri zdjhv rq
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exvlqhvv f|foh frqglwlrqv1 Vlqfh rxwsxw ohyhov ihhg edfn gluhfwo| lqwr

htxdwlrq +514,/ lw lpphgldwho| iroorzv wkdw rxwsxw  xfwxdwlrqv zloo kdyh d

vpdoo lpsdfw rq sulfhv li dqg rqo| li wkh hodvwlflw| ri zdjhv zlwk uhvshfw wr

rxwsxw/ wkh Wd|oru*v �c lv orz1 Hduo| dxwkruv hvwlpdwh wklv sdudphwhu iurp

pdfurgdwd xvlqj edvlfdoo| +514,1 Iru wkh XV/ Wd|oru ^4<;3e` hvwlpdwhv �

wr eh ehwzhhq 3138 dqg 314/ zkloh Vdfkv ^4<;3` hvwlpdwhv lw wr eh ehwzhhq

3134 dqg 313:1 Lq klv qxphulfdo lqyhvwljdwlrq ri shuvlvwhqfh surshuwlhv ri

Wd|oru*v ^4<;3d` prgho/ Zhvw ^4<;;` xvhv wzr srvvleoh ydoxhv iru �= 3134

dqg 3141 Pruh uhfhqwo|/ Skdqhxi ^4<<3` wdnhv hvwlpdwhg ydoxhv iru � iru

Fdqdgd/ Jhupdq|/ Lwdo|/ XN dqg XV1 Kh �qgv � wr olh ehwzhhq 3 dqg

3165 dqg khqfh Dpeohu dqg Skdqhxi ^4<<5` fdoleudwh � @ 31481 Mhdqqh

^4<<:` vxjjhvwv wkdw � vkrxog olh ehwzhhq 3138 dqg 3151

Uhfhqw uhvhdufk lqfrusrudwlqj vwdjjhuhg zdjhv2sulfhv lqwr d GJH

iudphzrun/ qrwdeo| FNP dqg Dvfdul ^4<<:`/ kdv rshqhg wkh Reodfn er{�

ri wkh dg krf sdudphwhuv lq wkh zdjh vhwwlqj htxdwlrq1 Orj0olqhdulvlqj

wkh rswlpdo zdjh vhwwlqj uxoh durxqg d ghwhuplqlvwlf vwhdg|0vwdwh zlwk

frqvwdqw prqh| vxsso| +> ' �� dqg frqvwdqw uhwxuqv wr vfdoh wr oderxu

+j ' �,/ wkh sdudphwhu � lv irxqg wr eh ghwhuplqhg e| wkh hodvwlflwlhv ri

wkh pdujlqdo xwlolwlhv ri frqvxpswlrq zlwk uhvshfw wr frqvxpswlrq/ l1h1/

#
�
/ dqg ri oderxu zlwk uhvshfw wr oderxu/ l1h1/ #

u
/ erwk hydoxdwhg dw vwhdg|

vwdwh1 E| fdoleudwlqj wkh h{suhvvlrq iru �/ FNP dujxh wkdw rqo| ydoxhv

ri � juhdwhu wkdq rqh duh frpsdwleoh zlwk vrxqg plfurirxqgdwlrqv lq

prghov ri vwdjjhulqj1 Rq wkh vdph olqh/ d orj0olqhdulvdwlrq ri rxu prgho

zlwk dq dgglwlyho| vhsdudeoh xwlolw| ixqfwlrq lq doo lwv dujxphqwv dqg

zlwkrxw uhodwlyh zdjh frqfhuq |lhogv58

� '

+
#
u

� #
�

w#
u

n �

,
1 +814,

Jlyhq wkh h{lvwlqj hylghqfh iurp plfurgdwd rq wkh lqwhuwhpsrudo hodvwlfl0

wlhv ri vxevwlwxwlrq ri frqvxpswlrq +��*#
�
, dqg ri oderxu vxsso| +�*#

u
,/

d vhqvleoh fdoleudwlrq ri +814, jlyhv d ydoxh ri � idu wrr kljk wr jhqhu0

58Wkh suhvhqw prgho zlwkrxw wkh uhodwlyh zdjh frqfhuq whup frlqflghv h{dfwo| zlwk

Dvfdul*v ^4<<:` prgho1 Vhh Dvfdul ^4<<:` iru dq h{kdxvwlyh dqdo|vlv ri wkh rxwsxw

shuvlvwhqfh surshuwlhv ri vxfk d prgho1
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dwh rxwsxw shuvlvwhqfh159 Dv d frqfoxvlrq/ wkh fdoleudwlrq ri � edvhg rq

zhoo0hvwdeolvkhg hylghqfh iurpplfurgdwd lv dw rggv zlwk doo wkh hpslulfdo

hvwlpdwhv iurp pdfurgdwd1 Wklv lv zkdw zh fdoohg wkh R�0sx}}oh�1

8151 H�hfwv ri Uhodwlyh Zdjh Frqfhuq

Fdq rxu prgho vroyh wkh R�0sx}}oh�B Zh dujxh wkdw wklv lv wkh fdvh1

Wkh lqwxlwlrq lv dv iroorzv1 D qhjdwlyh #
-`

ghwhuplqhv d Riroorzlqj�

ehkdylrxu lq zdjh vhwwlqj15: Vxssrvh d qhjdwlyh vkrfn wr wkh udwh ri

jurzwk ri prqh|1 Djhqwv zdqw wr nhhs wkhlu uhdo zdjh lq olqh zlwk wkh

h{lvwlqj rqhv1 Xqghu vwdjjhulqj/ lw jhqhudwhv d vorzhu dgmxvwphqw lq

qrplqdo yduldeohv/ wkdw lv/ d ghjuhh ri hqgrjhqrxv vwlfnlqhvv/ zklfk ohdgv

wr shuvlvwhqfh ri wkh uhdo h�hfwv ri prqh| vkrfnv1 Lq vkruw/ uhodwlyh uhdo

zdjh frqfhuq orzhuv wkh vhqvlwlylw| ri qrplqdo yduldeohv wr wkh exvlqhvv

f|foh frqglwlrqv1

Wkh lqwxlwlrq fdq eh irupdolvhg dv iroorzv1 Ohw wkh xwlolw| ixqfwlrq

eh vhsdudeoh lq doo lwv dujxphqw dqg wkh -`| whup eh olqhdu lq f|1 Wkhq/

orj0olqhdulvlqj wkh uhvxowlqj zdjh vhwwlqj uxoh durxqg wkh vwhdg|0vwdwh

zlwk > ' �/ wkh hodvwlflw| ri zdjhv zlwk uhvshfw wr rxwsxw lv

�
-`

'

;AA?AA=
�

0

w
#
u
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0#u n �

l �
L-` E��

30 LuE�� g| f
30

|

��
� �

�k
#
-`

n 0
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l �
L-` Eu�

30 LuE�� g| f
30
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<AA@AA> 1 +815,

Lw lv wkhq hylghqw wkdw �
-`

lv ghfuhdvlqj lq wkh devroxwh ydoxh ri #
-`

+#
-`

	 f,1

Wkh �uvw whup lq fxuo| eudfnhwv lq wkh qxphudwru fruuhvsrqgv wr

wkh � dulvlqj iurp vwdjjhuhg zdjhv/ l1h1/ +814,1 Lq rxu prgho/ lw lv frp0

sohphqwhg e| dgglwlrqdo whupv lqfrusrudwlqj wkh pdujlqdo xwlolw| ri wkh

59D orz lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ri oderxu vxsso| phdqv wkdw d vxe0

vwdqwldo lqfuhdvh lq zdjhv lv uhtxluhg iru zrunhuv wr vxsso| pruh oderxu1 Wklv pdnhv

wkh pdujlqdo frvw wr ulvh idvw diwhu d prqh| vkrfn/ sxvklqj xs wkh qrplqdo yduldeohv

dqg wkxv gdpshqlqj shuvlvwhqfh1
5:Vhh Fodun dqg Rvzdog ^4<<9e`1 �UZ uhsuhvhqwv wkh hodvwlflw| ri wkh pdujlqdo

xwlolw| ri wkh uhodwlyh zdjh whup lq wkh xwlolw| ixqfwlrq zlwk uhvshfw wr wkh uhodwlyh

zdjh whup1
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uhodwlyh zdjh whup/ L
-`

E��c dqg lwv rzq hodvwlflw| #
-`

1 Wkh lqfrqvlvwhqf|

ri wkh plfurirxqghg zdjh vhwwlqj htxdwlrqv dqg wkh hpslulfdo hvwlpdwhv

fdq wkhq eh vroyhg1 Iru wklv/ wkh suhvhqfh ri +�#
-`

� lqfuhdvlqj wkh

ghqrplqdwru ri wkh h{suhvvlrq lv fulwlfdo/ dv lw orzhuv wkh vhqvlwlylw| ri

zdjhv wr wkh exvlqhvv f|foh frqglwlrqv/ doorzv iru hqgrjhqrxv vwlfnlqhvv

dqg khqfh pdnhv rxwsxw shuvlvwhqfh d pruh olnho|1 Wkh txdqwlwdwlyh lp0

solfdwlrqv ri wklv �qglqj duh wkh irfxv ri wkh uhpdlqlqj vhfwlrqv ri wkh

sdshu15;

8161 D Frpsdulvrq zlwk wkh IP Vshfl�fdwlrq

Wklv vhfwlrq frpsohwhv wkh ghvfulswlrq ri wkh dqdo|wlfv ri wkh prgho e|

ghulylqj wkh ixoo orj0olqhdulvdwlrq ri wkh prqh|0zdjh vhwwlqj uxoh dqg

dgguhvvlqj wkh lq dwlrq shuvlvwhqfh sureohp1 Lq d uhfhqw frqwulexwlrq/

IP vwuhvv dv d pdmru hpslulfdo idloxuh wkh idfw wkdw Wd|oru zdjh vhwwlqj

htxdwlrq fdq qrw jhqhudwh lq dwlrq shuvlvwhqfh1 Wkxv/ wkh| sursrvh d

gl�huhqw dg krf frqwudfwlqj vfkhph deoh wr uhsolfdwh wkh surshuwlhv ri

wkh lq dwlrq wlph vhulhv1 Rxu orj0olqhdulvhg prgho lv forvh wr wkh IP

frqwudfw htxdwlrq dqg wkxv srwhqwldoo| fdsdeoh ri jhqhudwlqj lq dwlrq

shuvlvwhqfh1 D eulhi frpsdulvrq ehwzhhq wkh wzr vshfl�fdwlrqv fodul�hv

ixuwkhu wkh gulylqj irufhv ehklqg wkh prgho1 Pruhryhu/ wkh orj0olqhdulvhg

zdjh vhwwlqj htxdwlrq wkdw zh rewdlq khuh zloo sod| d ixqgdphqwdo uroh

iru wkh fdoleudwlrq ri wkh uhodwlyh zdjh sdudphwhuv lq vhfwlrq 91

Zh sdudphwhulvh wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq dv

�
�
�c

�

�
c uc-`

�
'

�

D
*?

%
K�D n E�� K�

�
�

�

�D&
�_uen

�

�� �
E-` ��3� 1

+816,

Qrwh wkdw #
-`

lv vlpso| htxdo wr +�� � lq rxu irupxodwlrq�

D orj0olqhdulvdwlrq ri +7143, durxqg wkh vwhdg| vwdwh zlwk > ' �

dqg q ' � wkhq |lhogv

l %| '
�

e
l

�[
�'f

.|R|n� n
�

e
\

�[
�'f

.|E�|n� � SR|� n
�

e
K

�[
�'f

.|+|n� +817,

5;Lw lv dovr zruwk qrwlqj wkdw wkh h�hfw ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq

lq oderxu vxsso|/ l1h1 �
O
/ lv dpeljxrxv1
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zkhuh orzhu fdvh ohwwhuv ghqrwh orj0ghyldwlrqv iurp vwhdg| vwdwh ydoxhv

dqg

l � jE03��d�n0Ee3��o3�e0
jE03��

( \ � �E�3��
jE03��

( K � jE03��dwn0Ee3��o3�e0
wjE03��

�

l uhsuhvhqwv wkh zhljkw rq wkh rzq uhdo zdjh/ \ zhljkwv wkh uhodwlyh

zdjh frqfhuq dqg K fdswxuhv wkh vhqvlwlylw| ri wkh qrplqdo zdjh zlwk

uhvshfw wr wkh exvlqhvv f|foh frqglwlrqv15< Wkh ixqgdphqwdo qryhow| ri

wkh sdshu lv wkh suhvhqfh ri wkh uhodwlyh zdjh frqfhuq zhljkwhg e| \ lq

wkh zdjh vhwwlqj uxoh1 Wudglwlrqdo vwdjjhuhg zdjh prghov/ olnh Wd|oru

^4<;3d`/ FNP dqg Dvfdul ^4<<:`/ lqvwhdg lpsrvh \ ' f�

Rxu orj0olqhdulvhg zdjh vhwwlqj uxoh frxog eh wkrxjkw dv d plfur0

irxqghg yhuvlrq ri wkdw ri IP1 Wkh| suhvhqw dqg hvwlpdwh dq dg krf

R111frqwudfwlqj prgho/ lq zklfk djhqwv duh frqfhuqhg zlwk uhodwlyh uhdo

zdjhv/ wkdw lv gdwd frqvlvwhqw� +IP/ devwudfw,1 Lq IP/ djhqwv vhw qrp0

lqdo zdjhv vxfk wkdw �� htxdov wkh dyhudjh uhdo frqwudfw sulfh lqgh{

h{shfwhg wr suhydlo ryhu wkh olih ri wkh frqwudfw/ dgmxvwhg iru h{fhvv gh0

pdqg frqglwlrqv/ wkdw lv

SR| '
�[
�'f

s�.|E�|n� n �+|n�� 1 +818,

Vlqfh/ jlyhq wkh gh�qlwlrq ri wkh frqwudfw sulfh lq rxu prgho/ SR| '

%| �
�
e

S�
�'f.|R|n� / zh fdq uhzulwh htxdwlrq +817, dv

SR| '
�

e

\

\ n l

�[
�'f

.|�|n� n
�

e

K

\ n l

�[
�'f

.|+|n� +819,

zklfk orrnv yhu| pxfk dolnh IP*v irupxodwlrq +818,1

Krzhyhu/ qrwh wkdw wkhuh duh wzr lpsruwdqw gl�huhqfhv ehwzhhq

rxu plfurirxqghg zdjh vhwwlqj htxdwlrq dqg wkh rqh ri IP163 Iluvw/

5<Jlyhq wkh uhvwulfwlrqv rq sdudphwhuv/ 
> � dqg � duh qrq0qhjdwlyh1
63D wklug plqru gl�huhqfh kljkoljkwv wkh dgglwlrqdo lqvljkwv rewdlqhg iurp plfur0

irxqgdwlrqv1 IP lpsrvh wkh zhljkwv il wr eh ghfuhdvlqj olqhduo| dqg hvwlpdwh wkh

vorsh sdudphwhu1 Lqvwhdg/ zlwkrxw lpsrvlqj � @ 4> lq rxu prgho wkh htxlydohqw wr

wkh il whupv duh ghfuhdvlqj dqg kdyh d yhu| lqwxlwlyh lqwhusuhwdwlrq= wkh| ghshqg

qdwxudoo| rq wkh glvfrxqw idfwru �/ l1h1/ il @ �l@
S6

l@3 �
l=
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IP gh�qh wkh �|n� whupv dv wkh dyhudjh ri wkh h{lvwlqj uhdo frqwudfw

sulfhv lqfoxglqj lwv rzq uhdo frqwudfw sulfh1 Dv h{sodlqhg lq vhfwlrq 6/

zh eholhyh wkdw rxu rxwzdug frpsdulvrq ehwwhu uhsolfdwhv dfwxdo uhodwlyh

zdjh frqfhuq1 Vhfrqg/ wkh frh!flhqw rq wkh vxp ri �|n� lv qrw qhfhvvdulo|

htxdo wr xqlw| lq rxu prgho/ ehlqj htxdo wr \*E\nl�1 Iru htxdwlrq +819,

wr pdwfk IP*v irupxodwlrq zh qhhg wr lpsrvh l ' f zklfk lpsolhv= +l,

vhwwlqj wkh rzq uhdo zdjh frqfhuq htxdo wr }hur> +ll, lpsrvlqj d rqh0wr0

rqh iroorzlqj ehkdylrxu lq zdjh vhwwlqj/ vlqfh d 43( fkdqjh lq �|n� ohdgv

wkhq wr d 43( fkdqjh lq ��|1

91 Txdqwlwdwlyh Lpsolfdwlrqv ri Uhodwlyh Zdjh Frq0

fhuq

9141 Prgho Fdoleudwlrq

Zh vhw rqh shulrg htxdo wr rqh txduwhu dqg dvvxph wkdw frqwudfwv odvw

iru rqh |hdu +� ' e�1 Wkh udwh ri jurzwk ri prqh| lv dvvxphg wr iroorz

wkh vwrfkdvwlf surfhvv

*? >| ' 4 *? >|3� n E�� 4� *? > n 1| +914,

zkhuh 1 lv d qrupdoo| glvwulexwhg l1l1g1 phdq }hur vkrfn zlwk vwdqgdug

ghyldwlrq hj1 Iroorzlqj FNP/ zh fdoleudwh > ' ��fS
�

e dqg 4 ' f�D.164

Vlqfh krxvhkrogv fdq h{fkdqjh frqwlqjhqw fodlpv/ wkh| shuihfwo|

lqvxuh wkhpvhoyhv djdlqvw  xfwxdwlrqv lq lqfrph e| srrolqj uhvrxufhv1

Wkh| zloo wkhuhiruh dwwdlq wkh vdph pdujlqdo xwlolw| ri frqvxpswlrq lq

hyhu| shulrg1 Jlyhq +816,/ wkh| zloo hqmr| wkh vdph ohyho ri frqvxpswlrq

dqg uhdo prqh| edodqfhv lq hdfk shulrg1 Pruhryhu/ jlyhq +816,/ +71:,

lpsolhv wkh iroorzlqj prqh| ghpdqg htxdwlrq
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64Vlqfh zh duh mxvw lqwhuhvwhg lq wkh shuvlvwhqfh surshuwlhv ri wkh prgho/ zh dfwxdoo|

irfxv rqo| rq lpsxovh uhvsrqvh ixqfwlrqv wr prqh| vkrfnv1 Khqfh/ wkh vwdqgdug

ghyldwlrq ri wkh udwh ri jurzwk ri prqh| surfhvv grhv qrw sod| dq| uroh1 Lq dgglwlrq/

lq zkdw iroorzv/ zh fdoleudwh wkh prgho dv forvho| dv srvvleoh wr FNP wr doorz iru d

frpsdulvrq zlwk wkhlu uhvxowv1
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zklfk lv lghqwlfdo wr htxdwlrq +76, lq FNP1 Iroorzlqj FNP/ zh xvh

Pdqnlz dqg Vxpphuv* ^4<;9` prqh| ghpdqg uhjuhvvlrqv/ dqg vhw D '

��.�D2 dqg K ' f�.�1

Wkh sdudphwhu e ghwhuplqhv wkh lqwhuwhpsrudo hodvwlflw| ri oderxu

vxsso| +42#u ' �*Ee� ��,1 Pdfxug| ^4<;4` vxjjhvwv e ' e��/ zkloh Shq0

fdyho*v ^4<;9` hvwlpdwlrqv sodfh e ehwzhhq 615 dqg lq�qlw|1 Zh fdoleudwh

e ' S +zklfk lpsolhv d vpdoo lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ri

oderxu vxsso| ri 315,1

Iru wkh glvfrxqw idfwru zh fkrrvh wkh vwdqgdug ydoxh iurp exvlqhvv

f|foh olwhudwxuh/ l1h1 q ' f�bS
�

e 1 Zh lqwhusuhw rxu surgxfwlrq ixqfwlrq dv

d vkruw0uxq surgxfwlrq ixqfwlrq zkhuh wkh ohyho ri fdslwdo lv �{hg1 Khqfh/

wkh oderxu vkduh ri rxwsxw/ l1h1 j/ lv vhw htxdo wr 319:1 Iroorzlqj Kdludxow

dqg Sruwlhu ^4<<6`/ zh fdoleudwh w ' S165 Ilqdoo| zh fdoleudwh _ vxfk wkdw

wkh qxpehu ri dyhudjh djjuhjdwh krxuv ri zrun lq vwhdg| vwdwh lv htxdo

wr 426 dqg k/ zklfk lv mxvw d vfdolqj idfwru/ vxfk wkdw djjuhjdwh rxwsxw

lv htxdo wr rqh1

9151 Fdoleudwlrq ri wkh Uhodwlyh Zdjh Frqfhuq Sdudphwhuv

Fuxfldo iru wkh dqdo|vlv duh wkh ydoxhv ri wkh sdudphwhuv ri wkh uhodwlyh

zdjh frqfhuq dujxphqw lq wkh xwlolw| ixqfwlrq/ l1h1 � dqg � 1 Wr rxu

nqrzohgjh/ wkhuh duh qr plfurhvwlpdwhv lq wkh oderxu olwhudwxuh iru wkhvh

sdudphwhuv1 Zh wkxv surfhhg dv iroorzv1

Wudglwlrqdo vwdjjhuhg zdjh prghov +dv Wd|oru ^4<;3d`/ FNP ru Dv0

fdul ^4<<:`, lpsrvh \ ' f� Wkh hpslulfdo hylghqfh uhylhzhg lq vhfwlrq 516

lqvwhdg vxjjhvwv wkdw zdjh vhwwlqj ehkdylrxu lv ehwwhu fkdudfwhul}hg e|

vwurqj iroorzlqj ehkdylrxu dqg doprvw sxuh uhodwlyh zdjh frqvlghudwlrqv/

zlwk wkh ohyho ri rzq uhdo zdjh sod|lqj d plqru uroh/ li dq| dw doo1 Zh

wkhuhiruh lpsrvh l ' f dqg hpsor| wkh hvwlpdwhv lq IP wr fdoleudwh �

dqg � 1 Vshfl�fdoo|/ iurp htxdwlrq +819,/ zh xvh wkh frqvwudlqw l ' f wr

65Wkhuh lv qr sdudphwhu fruuhvsrqglqj wr rxu � lq FNP1 Vlqfh wkh| xvh d FHV

ixqfwlrq dv whfkqrorj| iru surgxflqj �qdo jrrgv iurp lqwhuphgldwh jrrgv/ lw iroorzv

wkdw wkhlu FHV sdudphwhu lv d whfkqrorj| sdudphwhu zklfk jlyhv wkh hodvwlflw| ri

vxevwlwxwlrq lq lqsxw ghpdqg1

59



slq grzq �> wkhq xvh IP*v hvwlpdwh ri � '313343< wr ghwhuplqh � 1 Zh

rewdlq d ydoxh iru � ri 31:9166 Krzhyhu wkh ydoxh ri � lpsolhg e| wkh hvwl0

pdwh ri IP lv vn|0kljk/ htxdo wr ;77$$ Zlwk � ' Hee wkh prgho jhqhudwhv

d ulglfxorxv ghjuhh ri shuvlvwhqfh/ dv Iljxuh 4 vkrzv1 Wkh ohyho ri rxwsxw

uhpdlqv ehorz lwv vwhdg| vwdwh ydoxh iru pruh wkdq 93 shulrgv1 IP hv0

wlpdwhv ri � duh krzhyhu rqo| pdujlqdoo| vljql�fdqw67 dqg vxevwdqwldoo|

orzhu wkdq wkh uhvxowv irup wkh hpslulfdo olwhudwxuh glvfxvvhg lq vhfwlrq

8141 Pruhryhu/ frplqj iurp pdfurgdwd/ wkrvh ydoxhv dfwxdoo| slfn xs doo

wkh shuvlvwhqfh lq wkh rxwsxw surfhvv1 Wkhuh lv krzhyhu dqrwkhu vwurqj

hylghqfh zh fdq xvh wr slq grzq � c qrw gluhfwo| olqn zlwk wkh shuvlvwhqfh

surshuwlhv ri wkh rxwsxw surfhvv1 Eodqfk rzhu dqg Rvzdog ^4<<7` xvlqj

plfurgdwd iurp krxvhkrog vwdwlvwlfv surylgh hvwlpdwhv ri wkh h�hfwv ri

xqhpsor|phqw rq zdjhv lq pruh wkdq 43 frxqwulhv/ zklfk duh frqvlv0

whqwo| durxqg �0314�1 Vhyhudo rwkhu vwxglhv surylgh dgglwlrqdo hylghqfh

lq idyrxu ri wkh vr fdoohg *zdjh fxuyh* fruurerudwlqj wklv �qglqj +vhh h1j1/

Eudwvehuj dqg Wxuxqhq ^4<<9`/ Edowdjl dqg Eolhq ^4<<;` dqg uhihuhqfh

wkhuhlq,1

Zh wkhuhiruh frqvlghu dv d ehqfkpdun fdvh d ydoxh ri � htxdo wr

3141 Wkxv/ wkh lpsolhg ydoxh ri � lv 43151 Wdeoh L ehorz vxppdul}hv wkh

fdoleudwlrq ri wkh prgho sdudphwhuv1

Wdeoh L= Sdudphwhu Ydoxhv

Suhihuhqfhv
q ' f�bS

�

e > w ' S > e ' S >

D ' ��.�D2 > K ' f�.� > _ ' ��e

Whfkqrorj| j ' f�S.

Prqh| Jurzwk Surfhvv > ' ��fS
�

e > 4 ' f�D.

Uhodwlyh Zdjh Frqfhuq � ' f�.S > � ' �f�2

Dsshqgl{ 4 suhvhqwv vrph vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wkh

fdoleudwlrq ri wkh uhodwlyh zdjh frqfhuq sdudphwhuv/ l1h1/ � dqg �

66Wkh vwhdg| vwdwh ri wkh prgho lpsrvhv dq xsshu erxqg rq wkh ydoxh ri ! htxdo

wr ! @ 3=;7/ wr dyrlg qhjdwlylw| ri qrplqdo zdjhv1
67Wkh w0udwlr iru wkhlu Wkhruhwlfdoo| Suhihudeoh Vshfl�fdwlrq +fruuhvsrqglqj wr rxu

ehqfkpdun fdvh, lv 41871
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9161 Vlpxodwlrq Uhvxowv

Iljxuh 2 vkrzv wkh lpsxovh uhvsrqvh ixqfwlrqv iru rxwsxw dqg lq d0

wlrq/ iroorzlqj d 4( qhjdwlyh prqh| vkrfn1 Rxwsxw mxpsv rq lpsdfw

4135( ehorz lwv vwhdg| vwdwh ydoxh1 Lwv dgmxvwphqw sdwk wkhq plplfv wkh

kxps0vkdshg uhvsrqvh ri rxwsxw irxqg e| Eodqfkdug dqg Txdk ^4<;<`/

Frfkudqh ^4<<7` dqg Frjoh| dqg Qdvrq ^4<<8` dqg shuvlvwhqfh erwk lq

rxwsxw dqg lq dwlrq lv vxevwdqwldo1 Vshfl�fdoo|/ wkh h�hfwv rq rxwsxw odvw

iru 6 |hduv�68 Rxu dqdo|vlv khqfh vxjjhvwv wkdw vwdjjhuhg zdjh vhwwlqj wr0

jhwkhu zlwk d uhodwlyh uhdo zdjh frqfhuq fdq eh d srzhuixo phfkdqlvp

wkurxjk zklfk prqhwdu| vkrfnv duh sursdjdwhg1 Zrunhuv orrn iru d cidlu*

zdjh uhodwlyh wr wkh rwkhuv rqh dqg wkhuhiruh frqirup wr wkh qrup1 E|

ghwhuplqlqj d iroorzlqj ehkdylrxu lq zdjh vhwwlqj/ uhodwlyh zdjh frqfhuq

surylghv wkh w|sh ri zdjh vwlfnlqhvv vxjjhvwhg e| Nh|qhv1 Suhylrxv vwxg0

lhv pd| kdyh wkhuhiruh idlohg wr rewdlq rxwsxw shuvlvwhqfh diwhu prqh|

vkrfnv lq d plfurirxqghg prgho zlwk vwdjjhulqj ehfdxvh ri wkhlu ryhu0

vlpsol�hg prghoolqj ri wkh zdjh vhwwlqj ghflvlrqv1

Zlwk uhvshfw wr wkh lq dwlrq shuvlvwhqfh sureohp/ lq dwlrq vhhpv

vwlfn| dsduw wkh lqlwldo mxps/ zklfk lv krzhyhu vrphzkdw duwl�fldo1 Zh

lqwhusuhw rxu vw|olvhg surgxfwlrq ixqfwlrq dv d vkruw0uxq surgxfwlrq ixqf0

wlrq zkhuh fdslwdo lv �{hg dqg wkxv fdoleudwh j ' f�S.1 Krzhyhu wklv

lpsolhv E�� j�*j * f�D� Khqfh/ d 43( lqfuhdvh lq rxwsxw dxwrpdwlfdoo|

ohdgv rq lpsdfw wr d 8( lqfuhdvh lq sulfhv169 Krzhyhu/ idfwru krduglqj

dqg lqyhqwru| vwrfnv pd| olplw wkh lpsdfw ri lqfuhdvhg rxwsxw rq sulfhv/

ohdglqj wr qhduo| frqvwdqw uhwxuqv wr vfdoh lq wkh vkruw0uxq/ wkdw lv/ j * �1

Iru looxvwudwlyh sxusrvhv/ Iljxuh � vkrzv wkh lpsxovh uhvsrqvhv ri rxw0

sxw dqg lq dwlrq iru j ' �16: Lq dwlrq ehfrphv pxfk pruh voxjjlvk= lw

68Wr phdvxuh wkh ghjuhh ri shuvlvwhqfh zh wdnh wkh txduwhu lq zklfk wkh orj0

ghyldwlrq ri rxwsxw iurp vwhdg| vwdwh idoov dqg uhpdlqv wkhuhdiwhu ehorz 3138( lq

devroxwh ydoxh1
69Wkh orj0olqhdulvhg irupxod iru wkh sulfh ohyho lv sw @

�
4��
�
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6:Lq wklv fdvh/ vrph ydoxhv ri wkh sdudphwhuv fkdqjh= � @ 43=9: +wr nhhs � @ 3=4,/

! @ 7=5 +wr nhhs 
 @ 3, dqg g @ 43=:7 +wr nhhs vwhdg|0vwdwh zrunlqj krxuv htxdo wr

426,1 Qrwh wkdw dovr wkh xsshu ydoxh rq ! fkdqjhv/ l1h1/ ! lv qrz htxdo wr 71;8> wkh
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uhdfkhv d qhjdwlyh shdn diwhu 8 txduwhuv dqg wkhq judgxdoo| uhwxuqv wr lwv

vwhdg| vwdwh ohyho1 Dv d uhvxow/ wkh vkdsh ri wkh lpsxovh uhvsrqvh ixqfwlrq

iru rxwsxw dovr fkdqjhv= diwhu 9 txduwhuv iurp wkh vkrfn/ wkh hfrqrp|

zrxog hqwhu d errp zklfk shdnv diwhu ; txduwhuv1 Wklv vkrzv krz wklv

prgho/ ehlqj lwv orj0olqhdulvhg yhuvlrq vlplodu wr IP/ fdq jhqhudwh vwurqj

lq dwlrq shuvlvwhqfh1

Wklv sdshu dlpv wr kljkoljkw wkh h�hfwv ri wkh rplvvlrq ri uhodwlyh

zdjh frqvlghudwlrqv lq zdjh vhwwlqj rq wkh �qglqjv ri wkh uhfhqw olwhud0

wxuh wkdw txhvwlrqv wkh h{lvwhqfh ri d frqwudfw pxowlsolhu1 Lw lv wkhq yhu|

pxfk lpsruwdqw wr vwuhvv wkh urexvwqhvv ri rxu uhvxowv1 Wkh wzr fuxfldo

hohphqwv ri rxu dssurdfk duh wkh vshfl�fdwlrq ri wkh uhodwlyh zdjh dujx0

phqw/ -`c dqg wkh fdoleudwlrq ri wkh sdudphwhuv jryhuqlqj wkh uhodwlyh

zdjh frqfhuq1 Zh suhvhqw vrph vhqvlwlylw| dqdo|vlv lq wkh dsshqglfhv1

Vshfl�fdoo|/ Dsshqgl{ 4 frqvlghuv dowhuqdwlyh ydoxhv iru wkh nh| sdudph0

whuv � dqg � 1 Xqvxusulqvlqjo| wkh ghjuhh ri shuvlvwhqfh ghfuhdvh zlwk �

dqg � 1 Wkh orzhu � dqg � c wkh orzhu wkh h�hfw ri uhodwlyh zdjh frqfhuq

+dqdo|wlfdoo|/ wkh orzhu \ lq +817,,1 Wkh orzhu � c wkh orzhu wkh fxuyd0

wxuh ri wkh xwlolw| ixqfwlrq zlwk uhvshfw wkh -` whup/ wkh ohvv djhqwv

ciroorz* lq wkh zdjh vhwwlqj surfhvv> wkh orzhu �c wkh ohvv wkh zhljkw ri

wkh -` whup lq wkh xwlolw| ixqfwlrq1 Li � ' fc wkhuh lv qr uhodwlyh zdjh

frqfhuq dw doo dqg zh duh edfn wr Wd|oru prgho/ zklfk zh nqrz fdq qrw

jhqhudwh qhlwkhu rxsxw qru lq dwlrq shulvwhqfh1 Krzhyhu/ d zlgh udqjh

ri ydoxhv ri � dqg � lqgxfhv d vxevwdqwldo ghjuhh ri shuvlvwhqfh1 Dsshq0

gl{ 5 dgguhvvhv wkh urexvwqhvv ri rxu uhvxowv wr wkh vshfl�fdwlrq ri wkh

uhodwlyh zdjh dujxphqw -` e| suhvhqwlqj wzr dowhuqdwlyh fdvhv ri wkh

uhodwlyh uhdo zdjhv wkh zdjh0vhwwhuv duh frqfhuqhg zlwk1 Lq wkh �uvw fdvh/

lq hdfk shulrg zrunhuv frpsduh wkh uhdo zdjh wkh| jhw/ zlwk wkh uhdo

zdjh zrunhuv lq wkh rwkhu vhfwruv duh sdlg lq wkdw shulrg1 Lq wkh vhfrqg

fdvh/ wkh frpsdulvrq lv lqvwhdg edvhg rq wkh uhdo zdjh zrunhuv dwwdlq lq

wkh shulrg wkh| qhjrwldwh wkh frqwudfw1 Zkloh lq wkh �uvw fdvh wkh ghjuhh

ri shuvlwvhqfh lv vrphzkdw vpdoohu wkdq lq rxu ehqfkpdun fdvh/ lq wkh

vhfrqg rqh lw lv juhdwhu1 Deryh doo/ wkh dsshqglfhv vkrz wkdw wkh shuvlv0

whqfh uhvxowv lq rxwsxw dqg lq dwlrq duh yhu| urexvw wr wkh dowhuqdwlyhv

ydoxh ri ! deryh lv wkxv vwloo frqvlvwhqw1
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frqvlghuhg lq erwk dsshqglfhv1 Wkxv/ jlyhq rxu uhvxowv dqg wkh hpslulfdo

hylghqfh lq idyrxu ri wkh h{lvwhqfh ri d uhodwlyh zdjh frqfhuq/ zh frq0

foxgh wkdw wklv pd| eh wkh plvvlqj slhfh lq wkh prqh| vkrfnv shuvlvwhqfh

sx}}oh1

:1 Frqfoxvlrqv

Zh kdyh uhfrqvlghuhg wkh suhvhqfh ri d frqwudfw pxowlsolhu dv d srwhqwldo

qrplqdo sursdjdwlrq phfkdqlvp lq vwdjjhuhg zdjh hfrqrplhv1 Uhfhqw

uhvhdufk kdv txhvwlrqhg wkh h{lvwhqfh ri vxfk d pxowlsolhu ehfdxvh wkhlu

plfurirxqghg vwdjjhuhg zdjh prghov kdyh idlohg wr jhqhudwh shuvlvwhqfh

ri wkh h�hfwv ri prqh| vkrfnv rq rxwsxw dqg lq dwlrq shuvlvwhqfh1 Zh

exlow d GJH prgho zlwk vwdjjhuhg zdjh vhwwlqj dqg Nh|qhvldq uhodwlyh

uhdo zdjh frqfhuq rq wkh sduw ri wkh zrunhuv1 Zh irxqg wkdw wklv frp0

elqdwlrq ri qrplqdo dqg uhdo uljlglwlhv jhqhudwhv d vxevwdqwldo dprxqw ri

hqgrjhqrxv vwlfnlqhvv/ hyhq zlwk d yhu| lqhodvwlf lqwhuwhpsrudo hodvwlflw|

ri oderxu vxsso|1 Dv d uhvxow/ rxwsxw dqg lq dwlrq shuvlvwhqfh duh olnho|

lq rxu iudphzrun1 Uhodwlyh zdjh frqfhuq fdq khqfh khos xqghuvwdqglqj

wkh dssduhqw lqfrqvlvwhqf| ehwzhhq wkh hpslulfdo hvwlpdwhv iurp pdfur0

gdwd dqg wkh fdoleudwlrq ri wkh hodvwlflw| ri zdjhv wr rxwsxw frqglwlrq

+zkdw zh fdoohg wkh ��0sx}}oh�,1 Zkloh wkhuh pd| qrw eh d vlpsoh frq0

wudfw pxowlsolhu/ lw vhhpv wkhuh pd| eh d Nh|qhvldq frqwudfw pxowlsolhu

jlyhq e| wkh frpelqdwlrq ri vwdjjhuhg zdjhv dqg uhodwlyh zdjh frqfhuq1

Uhodwlyh zdjh frqfhuq rq wkh sduw ri wkh zrunhuv lv wkh nh| ihd0

wxuh ri wkh prgho1 Wkh qrwlrq ri uhodwlyh zdjh frqfhuq lv qrw qhz iru

hfrqrplvwv dqg jrhv edfn d orqj zd|/ dw ohdvw wr M1P1 Nh|qhv/ dqg kdv

vxevwdqwldo vxssruw iurp hpslulfdo zrun1 Pruhryhu/ lw zdv wkh ruljlqdo

prwlydwlrq ehklqg wkh lqwhuhvw lq vwdjjhuhg zdjh prghov1 Lqwurgxflqj d

uhodwlyh zdjh frqfhuq lq wkh dqdo|vlv sodfhv rxu zrun zlwklq wkh jurzlqj

hfrqrplf olwhudwxuh wkdw gursv wkh dvvxpswlrq ri phwkrgrorjlfdo lqgl0

ylgxdolvp wr h{sodlq vrph sx}}ohv wkdw vwdqgdug hfrqrplf iudphzrun

kdv wurxeoh zlwk1 Wkh h{solflw dffrxqw ri uhodwlyh zdjh frqfhuq doorzv

xv wr surylgh fohdu dqdo|wlfdo lqvljkwv ri lwv h�hfwv dqg uho| rq d nh|

sdudphwhu wr dvvhvv wkh lpsruwdqfh ri lwv rplvvlrq iru wkh txdqwlwdwlyh
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uhvxowv ri Fkdul hw do1 ^4<<9`1 Rxu dqdo|vlv fdq eh vhhq dv d �uvw vwhs

wrzdugv d ghhshu xqghuvwdqglqj ri wkh h�hfw ri uhodwlyh zdjh frqfhuq

rq wkh prqhwdu| sursdjdwlrq phfkdqlvp1 Ixuwkhu plfurirxqgdwlrqv ri

uhodwlyh zdjh frqfhuq dqg h{sorudwlrq ri wklv k|srwkhvlv duh ghvludeoh/

jlyhq wkh urexvwqhvv ri rxu uhvxowv1
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Dsshqgl{ 41 Dowhuqdwlyh Fdoleudwlrq ri wkh Uho0
dwlyh Zdjh

Frqfhuq Sdudphwhuv

Zh surylgh khuh vrph vhqvlwlylw| dqdo|vlv ri wkh wzr nh| sdudphwhuv

� dqg � 1 Rxu dlp lv wr vkrz wkdw wkh uhvxowv gr qrw fulwlfdoo| ghshqg

rq wkh vshfl�f fdoleudwlrq ri wkhvh sdudphwhuv/ exw duh pdlqo| gxh wr

wkh lqwurgxfwlrq ri uhodwlyh zdjh frqvlghudwlrqv lq zdjh vhwwlqj1 Wklv

dsshqgl{ dovr frqwulexwhv wr kljkoljkw wkh phfkdqlvpv dw zrun lq wkh

prgho wr jhqhudwh shuvlvwhqfh1

D1 Vhqvlwlylw| ri Shuvlvwhqfh zlwk uhvshfw wr �1

Iljxuhv ec D dqg S vkrz wkh lpsxovh uhvsrqvh ixqfwlrqv iru ydoxhv

ri � ri 64196/ 4<16; dqg 818</ fruuhvsrqglqj wr ydoxhv ri � ri 3136/ 3138

dqg 315 uhvshfwlyho|1 Xqvxusulvlqjo|/ wkh ghjuhh ri rxwsxw shuvlvwhqfh

frqvlvwhqwo| ghfuhdvhv zlwk � 1 Zlwk � @ 64169/ wkh h�hfwv ri prqh|

vkrfnv rq rxwsxw glh dzd| diwhu 54 txduwhuv/ li � @ 4<16; diwhu 7 |hduv

dqg li � @ 818< diwhu < txduwhuv1

Lq FNP*v prgho= Rwkh shuvlvwhqfh surshuwlhv ri rxwsxw duh kljko|

qrqolqhdu lq �/ vr wkdw lqfuhdvlqj � wr d vpdoo dprxqw deryh 3138 uh0

gxfhv shuvlvwhqfh vkduso|1 ^111` hyhq zlwk ydoxhv ri � dv orz dv 3158 rxw0

sxw pryhphqwv duh qrw yhu| shuvlvwhqw1� +FNP ^4<<9`/ s1 48,1 Ydoxhv

ri � kljkhu wkdq 3158 dovr ghfuhdvh shuvlvwhqfh lq rxu prgho1 Qhyhuwkh0

ohvv/ wkh shuvshfwlyh fkdqjhv= hyhq zlwk ydoxhv ri � dv kljk dv 3158/ rxu

vwdjjhuhg zdjh prgho lv vwloo deoh wr jhqhudwh rxwsxw shuvlvwhqfh1 Dv

glvfxvvhg lq vhfwlrq 814/ hpslulfdo hvwlpdwhv sxw 3158 dprqj wkh kljk0

hvw srvvleoh ydoxhv iru �� FNP dujxh wkdw rqo| ydoxhv ri � juhdwhu wkdq

rqh duh frpsdwleoh zlwk vrxqg plfurixqgdwlrqv lq vwdjjhuhg zdjh prg0

hov1 Rq wkh frqwudu|/ rxu prgho vxjjhvwv wkdw wudglwlrqdo vwdjjhuhg zdjh

prghov rplw ixqgdphqwdo ihdwxuhv ri wkh zdjh vhwwlqj1 Rqfh uhodwlyh

zdjh frqfhuq frqvlghudwlrqv duh hpehgghg lqwr wkh dqdo|vlv/ zh vkrz lq

vhfwlrq 815 wkdw wkh| pd| vroyh wkh gdwd lqfrqvlvwhqf| ri plfurirxqghg

vwdjjhuhg zdjh prghov zlwk uhvshfw wr wkh fdoleudwlrq ri �1 Zh ixuwkhu

lqyhvwljdwh wkh uhodwlrqvkls ehwzhhq � dqg wkh nh| sdudphwhu � 1 Iljxuh
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. vkrzv wkh wudgh0r� ehwzhhq wkh ydoxhv ri � dqg � � Wklv uhodwlrqvkls

lv kljko| qrq0olqhdu dqg lw lpsolhv wkdw idluo| vpdoo ghsduwxuhv iurp rxu

frqvhuydwlyh sdudphwhu fkrlfhv fdq lqfuhdvh shuvlvwhqfh vkduso|1

Lq dwlrq shuvlvwhqfh lv/ rq wkh rwkhu kdqg/ yhu| olwwoh vhqvlwlyh wr

fkdqjhv lq � 1 Wkh h�hfwv ri prqh| vkrfnv rq lq dwlrq glh dzd| lq doo

fdvhv diwhu 43245 txduwhuv/ dv lw lv lq wkh edvh fdvh1

E1 Vhqvlwlylw| ri Shuvlvwhqfh zlwk uhvshfw wr �

Lq wkh suhylrxv vhfwlrq/ zh vhw l ' f lq rxu zdjh vhwwlqj uxoh

dqg fdoleudwhg � wr eh 31:91 Hpslulfdo hylghqfh uhylhzhg lq vhfwlrq 516

srlqwv wr wklv fdvh dv wkh prvw uhohydqw rqh1 Krzhyhu/ rxu prqh|0zdjh

vhwwlqj htxdwlrq +817, lqfrusrudwhv wzr hohphqwv= +l, wkh devroxwh uhdo

zdjh frqfhuq +zhljkwhg e| l�> +ll, wkh uhodwlyh zdjh frqfhuq +zhljkwhg

e| \�� Lq wklv vhfwlrq zh dqdo|vh wkh lpsolfdwlrqv ri erwk uhodwlyh zdjh

dqg ohyho ri rzq uhdo zdjh frqvlghudwlrqv iru zdjh vhwwlqj ghflvlrqv1

Uhfdoo wkdw htxdwlrq +817, fdq eh zulwwhq dv +819,1 Zh frqvlghu wzr

dowhuqdwlyh fdvhv1 Lq wkh �uvw fdvh \ ' �l 1 Wkh sdudphwhu rq wkh lqgh{hv

ri uhdo zdjhv lq wkh rwkhu vhfwruv +
S�

�'f.|�|n�, lq htxdwlrq +819, deryh

lv htxdo 6271 Wkxv/ wkhuh lv qr pruh rqh0wr0rqh iroorzlqj ehkdylrxu=

d 43( lqfuhdvh lq wkh vxp ri wkh ixwxuh lqgh{hv ri uhdo frqwudfw sulfhv

ohdgv wr d :18( lq wkh fxuuhqw frqwudfw sulfh/ �� 1 Wkh lpsolhg ydoxh

iru � lq wklv fdvh lv 319516; Rxwsxw dqg lq dwlrq shuvlvwhqfh ghfuhdvh wr

< txduwhuv +vhh Iljxuh H,1 Lq wkh vhfrqg fdvh zh vhw \ ' l� Wkhuh lv

wkhq htxdo zhljkwlqj ri devroxwh dqg uhodwlyh uhdo zdjh frqvlghudwlrqv

lq zdjh vhwwlqj1 Lw iroorzv wkdw d 43( lqfuhdvh lq wkh vxp ri wkh ixwxuh

lqgh{hv ri uhdo frqwudfw sulfhv ohdgv rqo| wr d 8( lq wkh frqwudfw sulfh/

�� 1 Wkh lpsolhg ydoxh iru � lq wklv fdvh lv h{wuhpho| orz dqg htxdo

wr 31516< Shuvlvwhqfh lq erwk lq dwlrq +5 |hduv, dqg rxwsxw +: txduwhuv,

6;g lv wkh zhljkw ri wkh oderxu vxsso| whup dqg ! wkdw ri wkh uhodwlyh zdjh frqfhuq

lq wkh xwlolw| ixqfwlrq1 g lv fdoleudwhg wr surgxfh dq dyhudjh ohyho ri krxuv zrunhg

lq wkh hfrqrp| htxdo wr 426/ dv vwdqgdug lq wklv olwhudwxuh1 Iru wkh ehqfkpdun fdvh

! @ 3=:9> g @ 6=71 Qrwh krzhyhu wkdw dv ! ghfuhdvhv/ wkhq g kdv wr lqfuhdvh wr pdlqwdlq

wkh dyhudjh djjuhjdwh oderxu krxuv dw 4261 Vshfl�fdoo|/ g lq wklv fdvh ehfrphv 43=::1

Wklv whqgv wr pdnh pruh frvwo| dq| pdujlqdo lqfuhdvh lq wkh vxsso| ri oderxu1
6<Wkh lpsolhg ydoxh ri g lv 651:$$
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ghfuhdvhv ixuwkhu +vhh Iljxuh b,1

Erwk rxwsxw dqg lq dwlrq shuvlvwhqfh wkhuhiruh ghfuhdvh zlwk ��

Wkh lqwxlwlrq lv vlpsoh1 Li l ' f zdjh vhwwlqj lv pdlqo| lq xhqfhg e|

uhodwlyh zdjh frqvlghudwlrqv dqg shuvlvwhqfh lv wkhq olnho|1 Rq wkh rwkhu

kdqg/ dv l lqfuhdvhv/ zh jr edfn wr Wd|oru*v prgho/ zklfk zh douhdg|

nqrz fdqqrw jhqhudwh qhlwkhu rxwsxw qru lq dwlrq shuvlvwhqfh1
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Dsshqgl{ 51 Dowhuqdwlyh Vshfl�fdwlrqv ri wkh
Uhodwlyh Zdjh

Zh frqvlghu khuh wzr dgglwlrqdo gh�qlwlrqv ri wkh ydoxh ri d frqwudfw

dqg khqfh ri-` 1 Zh dovr gurs wkh glvwlqfwlrq ehwzhhq wkh lqgh{hv r dqg

| lqwurgxfhg lq wkh pdlq wh{w iru h{sodqdwru| sxusrvhv1 Iru zh kljkoljkw

wkh gl�huhqfhv rq wkh -` �
| idfhg e| wkh xqlrq � dulvlqj lq wkhvh wzr

fdvhv/ zh dovr gurs wkh vxshuvfulsw �1

Fdvh D= Fxuuhqw Ydoxh Uhodwlyh Uhdo Zdjh Frqfhuq

Lq wklv fdvh djhqwv frpsduh wkh uhdo zdjh wkh| hduq lq shulrg |

zlwk wkh dyhudjh ri wkh uhdo zdjhv hduqhg e| wkh rwkhu zrunhuv lq shulrg

|1 Wkhq doo wkh qrplqdo zdjhv duh gh dwhg e| wkh vdph sulfh lqgh{

�|1 Lw iroorzv wkdw wkh sulfh ohyho fdqfhov rxw lq wkh gh�qlwlrq ri -`|

dqg zh duh ohiw rqo| zlwk qrplqdo zdjhv1 Khqfh/ lq hyhu| shulrg wkh

zdjh0vhwwhuv ehkdyh dv frpsdulqj wkhlu Rprqh| zdjh� zlwk wkh dyhudjh

Rprqh| zdjhv� lq wkh rwkhu vhfwruv/

��| ' f| ( -`| '
f|

E�*��Ef|3� nf|32 nf|3��
1

Fdvh E= Vlpsol�hg Uhodwlyh Uhdo Zdjh Frqfhuq

Lq wklv fdvh zrunhuv fduh derxw wkh uhodwlyh uhdo zdjh xqlrqv pdqdjh

wr dwwdlq dw wkh qhjrwldwlrq wdeoh1 �� lv wkhuhiruh gh�qhg dv wkh prqh|

zdjh gh dwhg rqo| e| wkh djjuhjdwh sulfh ohyho lq wkh shulrg wkh zdjh

zdv qhjrwldwhg/ wkdw lv73

73Vxssrvh d xqlrq qhjrwldwhv lq shulrg w dqg vxffhhgv wr jhw d uhdo zdjh [w@Sw

lq shulrg w1 Wkhq/ lq wkh qh{w shulrg/ l1h1 w . 4/ dqrwkhu xqlrq zloo qhjrwldwh d qhz

zdjh1 Wklv xqlrq grhv qrw zdqw wr ohdyh wkh qhjrwldwlrq wdeoh zlwk d uhdo zdjh iru

wkdw shulrg orzhu wkdq wkh rqh qhjrwldwhg odvw shulrg e| wkh suhylrxv xqlrq1 Lq rwkhu

zrugv/ wkh uhdo zdjh wkh xqlrqv rewdlq lq wkh qhjrwldwlrq lv vhhq e| wkh phpehuv

dv d vljq ri wkhlu edujdlqlqj srzhu1 Wklv dssurdfk wr wkh zdjh edujdlqlqj surfhvv

lpsolhv d ghjuhh ri p|rslf ehkdylrxu iurp wkh xqlrq vlqfh wkh zdjh frqwudfw odvwv irxu

shulrgv1 Hyhq li wkhruhwlfdoo| xqvdwlvidfwru|/ wklv ehkdylrxudo k|srwkhvlv= +l, frxog

eh lqwhusuhwhg dv d vlpsol�hg fdvh ri wkh rqh frqvlghuhg lq wkh pdlq wh{w +ll, lqghhg lw

fruuhvsrqgv wr wkh vlpsol�hg fdvh frqvlghuhg e| IP> +lll, lw lv suredeo| qrw idu iurp

dfwxdo xqlrqv* ehkdylrxu1
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f|

�|

( -`| '
f|*�|

E�*��
�
f|3�

�|3�

n f|32

�|32

n f|3�

�|3�

� 1

Wr vxp xs/ lq Fdvh D zrunhuv frpsduh wkhlu uhdo zdjh shulrg e|

shulrg/ lq Fdvh E wkh| frpsduh wkh uhdo zdjh wkh| pdqdjh wr dwwdlq dw

wkh wlph wkh| qhjrwldwhg1 Lq wkh fdvh suhvhqwhg lq wkh pdlq wh{w/ rxu

ehqfkpdun fdvh/ wkh| lqvwhdg frpsduh wkhlu uhdo zdjh ryhu wkh zkroh olih

ri wkh frqwudfw1

Iljxuhv �f dqg �� suhvhqw wkh lpsxovh uhvsrqvhv wr d 4( prqh|

vkrfn iru wkhvh wzr dgglwlrqdo fdvhv1 Fdvh D +wkh Fxuuhqw Ydoxh Uhdo

Zdjh Frqfhuq, h{klelwv wkh orzhvw ghjuhh ri rxwsxw shuvlvwhqfh htxdo wr

44 txduwhuv1 Shuvlvwhqfh lqfuhdvhv wr 4; txduwhuv lq Fdvh E +wkh Vlpsol�hg

Uhodwlyh Uhdo Zdjh Frqfhuq,74/ deryh wkdw ri rxu ehqfkpdun fdvh1 Wkhuh

lv dq lqwxlwlyh uhdvrq iru wkrvh gl�huhqfhv1 Fdvh D lpsolhv wkh orzhvw

rughu ri g|qdplfv lq wkh prgho/ vlqfh wkh sulfh ohyho lv devhqw iurp �� 1

Wkh ghjuhh ri djhqwv edfnzdug0orrnlqjqhvv lv wkh vdph dv wkhlu iruzdug0

orrnlqjqhvv/ exw erwk wkhvh ghjuhhv duh olplwhg zlwk uhvshfw wr wkh wzr

rwkhu fdvhv1 Wkdw lv/ vxevwlwxwlqj wkh gh�qlwlrqv ri �� dqg wkh htxdwlrq

iru wkh sulfh ohyho lq htxdwlrq +817,/ wkh kljkhvw odjjhg qrplqdo zdjh

whup lv %|3�/ zkloh wkh kljkhvw ohdg qrplqdo zdjh whup lv %|n�1 Wkh

g|qdplfv lqvwhdg jrhv iurp %|3S wr %|n� lq Fdvh E lq wklv dsshqgl{ dqg

iurp %|3S wr %|nS lq wkh wkhruhwlfdoo| suhihudeoh fdvh suhvhqwhg lq wkh

pdlq wh{w175 Lq idfw/ lq wkh Vlpsol�hg Uhodwlyh Uhdo Zdjh Frqfhuq fdvh/

wkh sulfh ohyho hqwhuv wkh vshfl�fdwlrq ri �� dqg khqfh/ vlqfh T| lqfoxghv

��|3�/ f|3S hqwhuv htxdwlrq +817,1 Krzhyhu/ vlqfh ixwxuh sulfhv gr qrw

hqwhu wkh vshfl�fdwlrq ri ��|/ T|n� eulqjv lq rqo| R|n� dqg khqfh %|n�1

Lq wkh wkhruhwlfdoo| suhihudeoh fdvh/ lqvwhdg/ djhqwv duh ohvv p|rslf dqg

�� lqfoxghv ixwxuh sulfhv wkurxjk R1 Wkhq/ lw iroorzv wkdw �|n� ghshqgv

rq R|n� dqg khqfh %|nS1 Wr vxp xs/ lq Fdvh D djhqwv edvlfdoo| fduh

derxw wkhlu uhodwlyh qrplqdo zdjhv ryhu wkh ohqjwk ri wkh frqwudfw dqg

74Diwhu whq txduwhuv/ rxwsxw dfwxdoo| idoov ehorz wkh vwhdg| vwdwh ydoxh1
75Wkh vdph krogv li zh h{suhvv +817, lq whupv ri lq dwlrq/ ehfdxvh zh jhw=

�+�w�6> ===> �w.6> h|w, @ 3 lq fdvh D> �+�w�9> ===> �w.6> h|w, @ 3 lq fdvh E dqg

�+�w�9> ===> �w.9> h|w, @ 3 lq rxu ehqfkpdun fdvh lq wkh pdlq wh{w1
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khqfh wkh rughu ri wkh g|qdplfv lv olplwhg zlwk uhvshfw wr wkh rwkhu wzr

fdvhv/ vlqfh wkh sulfh ohyho grhv qrw hqwhu �� 1 Lq Fdvh E djhqwv duh

rqo| frqfhuqhg derxw wkh uhdo zdjh dwwdlqhg lq wkh qhjrwldwlrq shulrg

dqg khqfh wkh| p|rslfdoo| orrn edfnzdug pruh wkdq wkh| orrn iruzdug1

Ilqdoo|/ lq rxu ehqfkpdun fdvh lq wkh pdlq wh{w/ djhqwv frpsduh uhodwlyh

uhdo zdjhv ryhu wkh zkroh ohqjwk ri wkh frqwudfw dqg khqfh orrn edfnzdug

wkh vdph ghjuhh wkh| orrn iruzdug1 Wklv lpsolhv d kljkhu ghjuhh ri lqhuwld

lq Fdvh E zlwk uhvshfw wr rxu ehqfkpdun rqh dqg khqfh dq kljkhu ghjuhh

ri shuvlvwhqfh/ dv vkrzq lq wkh �jxuhv176

Jlyhq wkhvh uhvxowv/ zh frqfoxgh wkdw erwk rxsxw dqg lq dwlrq shu0

vlvwhqfh duh urexvw wr dowhuqdwlyh vshfl�fdwlrqv ri wkh uhodwlyh zdjh frq0

fhuq whup1

76Kljkhu g|qdplfv gr qrw qhfhvvdulo| lpso| kljkhu shuvlvwhqfh1 Lw pdlqo| ghshqgv

rq wkh uhodwlyh zhljkwv rq edfnzdug yv iruzdug orrnlqj yduldeohv1 Khqfh/ lw vhhpv

wkdw wkh uhodwlyh zhljkw ri edfnzdug dqg iruzdug orrnlqj yduldeohv lv qrw wkh vdph lq

wkh wkuhh prghov1 Wklv vxjjhvwv wkdw wkh gl�huhqw vshfl�fdwlrqv gr qrw vlpso| vsuhdg

wkh vdph uhodwlyh zhljkwv ryhu kljkhu rughu g|qdplfv1
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^;` Dvkhqihowhu/ R1 F1/ Mrkqvrq/ J1 H1 dqg M1 K1 Shqfdyho ^4<:5`/ Wudgh
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^56` Fduuro/ F1G1 dqg G1Q1 Zhlo ^4<<7`/ Vdylqj dqg Jurzwk= d Uhlqwhu0

suhwdwlrq/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/

73/ 46604<51

^57` Fduuro/ F1G1/ M1 Ryhuodqg dqg G1Q1 Zhlo ^4<<:`/ Frpsdulvrq Xwlolw|

lq d Jurzwk Prgho/ QEHU Zrunlqj Sdshu Qr 946;1

^58` Fkdul/ Y1 Y1/ Nhkrh/ S1 M1 dqg H1 U1 PfJudwwdq ^4<<9`/ Vwlfn| Sulfhv

Prghov ri wkh Exvlqhvv F|foh= Fdq wkh Frqwudfw Pxowlsolhu Vroyh wkh

Shuvlvwhqfh SureohpB/ QEHU Zrunlqj Sdshu Qr1 8;3<1

^59` Fodun/ D1H1 dqg D1M1 Rvzdog ^4<<9d`/ Vdwlvidfwlrq dqg Frpsdulvrq

Lqfrph/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 94/ 68<06;41

^5:` Fodun/ D1H1 dqg D1M1 Rvzdog ^4<<9e`/ Vwdwxv Ulvn0Dyhuvlrq dqg Iro0

orzlqj Ehkdylrxu lq Vrfldo dqg Hfrqrplf Vhwwlqjv/ Zduzlfn Hfr0

qrplf Uhvhdufk Sdshuv Qr 7:9/ iruwkfrplqj lq Mrxuqdo ri Sxeolf

Hfrqrplfv1

^5;` Frfkudqh/ M1K1 ^4<<7`/ Shupdqhqw dqg Wudqvlwru| Frpsrqhqwv ri

JQS dqg Vwrfn Sulfhv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43</ 5740

5981

^5<` Frjoh|/ W1 dqg M1Q1 Qdvrq ^4<<8`/ Rxwsxw G|qdplfv lq Uhdo0

Exvlqhvv0F|foh Prghov/ Dphulfdq Hfrqrplf Uhylhz/ ;8/ 7<508441

^63` gh od Furl{/ G1 ^4<<7`/ Zdjh Lqwhughshqghqfh wkurxjk Ghfhqwudolvhg

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

^64` Gxqors/ M1 W1/ ^4<8:`/ hg1/ Wkh Wkhru| ri Zdjh Ghwhuplqdwlrq/ Orq0

grq/ PdfPloodq1

^65` Gxqors/ M1 W1 ^4<99`/Zdjh Ghwhuplqdwlrq xqghu Wudgh Xqlrqv/ Qhz

\run/ Dxjxvwxv P1 Nhooh| Sxeolvkhu1

^66` Idoolfn/ M1 O1 dqg U1 I1 Hoolrw/ hgv1 ^4<;4`/ Lqfrphv Srolflhv/ Lq dwlrq

dqg Uhodwlyh Sd|/ Orqgrq/ Jhrujh Doohq ) Xqzlq1

^67` Iodqdjdq/ U1 M1 ^4<:9`/ Zdjh Lqwhughshqghqfh lq Xqlrqlvhg Oderxu

Pdunhwv/ Eurrnlqjv Sdshu rq Hfrqrplf Dfwlylw|/ 6/ 96809:61
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^68` Iudqn/ U1K1 ^4<;7`/ Lqwhughshqghqw Suhihuhqfhv dqg wkh Frpshwlwlyh

Zdjh Vwuxfwxuh/ Udqg Mrxuqdo ri Hfrqrplfv/ 48/ 84308531

^69` Iudqn/ U1K1 ^4<;8`/ Rq Fkrrvlqj wkh Uljkw Srqg= Kxpdq Ehkdylru

dqg wkh Txhvw iru Vwdwxv/ R{irug/ R{irug Xqlyhuvlw| Suhvv1

^6:` Ixkuhu/ M1 dqg J1 Prruh ^4<<8`/ Lq dwlrq Shuvlvwhqfh/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 443/ 45:048<1

^6;` Jdol/ M1 ^4<<7`/ Nhhslqj xs zlwk wkh Mrqhvhv= Frqvxpswlrq H{whu0

qdolwlhv/ Sruwirolr Fkrlfh dqg Dvvhw Sulfhv/ Mrxuqdo ri Prqh|/ Fuhglw

dqg Edqnlqj/ 59/ 40;1

^6<` J|oidvrq/ W1 dqg D1 Olqgehfn ^4<;7`/ Xqlrq Ulydou| dqg Zdjhv= dq

Roljrsrolvwlf Dssurdfk/ Hfrqrplfd/ 84/ 45<046<1

^73` Kdludxow/ M1R1 dqg I1 Sruwlhu ^4<<6`/ Prqh|/ Qhz Nh|qhvldq Pdfur0

hfrqrplfv dqg wkh Exvlqhvv F|foh/ Hxurshdq Hfrqrplf Uhylhz/ 6:/

48660489;1

^74` Klfnv/ M1 ^4<:7`/ Wkh Fulvlv lq Nh|qhvldq Hfrqrplfv/ R{irug/ Edvlo

Eodfnzhoo1

^75` Mhdqqh/ R1 ^4<<:`/ Jhqhudwlqj Uhdo Shuvlvwhqfh H�hfwv ri Prqhwdu|

Vkrfnv= Krz Pxfk Qrplqdo Uljlglw| Gr Zh Uhdoo| QhhgB/ plphr/

XF Ehunhoh|1

^76` Ndkq/ D1 M1 ^4<:9`/ Wkrxjkwv rq wkh Ehkdylrxu ri Zdjhv dqg Prq0

hwdulvp/ Oor|gv Edqn Uhylhz/ 44</ 40441

^77` Ndohfnl/ P1 ^4<77`/ Wkuhh zd|v wr Ixoo Hpsor|phqw1 Lq= R{irug Xql0

yhuvlw| Lqvwlwxwh ri Vwdwlvwlfv/ Wkh Hfrqrplfv ri Ixoo Hpsor|phqw/

R{irug/ Edofnzhoo1

^78` Ndqgho/ H1 dqg H1 S1 Od}hdu ^4<<5`/ Shhu Suhvvxuh dqg Sduwqhuvklsv/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433/ ;340;4:1

^79` Nh|qhv/ M1P1 ^4<69`/ Wkh Jhqhudo Wkhru| ri Hpsor|phqw/ Lqwhuhvw

dqg Prqh|/ Qhz \run/ Kdufrxuw Eudfh1
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^7:` Pdfxug|/ W1 H1 ^4<;4`/ Dq Hpslulfdo Prgho ri Oderu Vxsso| lq d

Olih0F|foh Vhwwlqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;</ 438<043;81

^7;` Pdqnlz/ J1 dqg O1 Vxpphuv ^4<;9`/ Prqh| Ghpdqg dqg wkh H�hfwv

ri Ilvfdo Srolflhv/ Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj/ 4;/ 74805<1

^7<` Qlfnhoo/ V1 dqg V1 Zdgkzdql ^4<;;`/ Xqlrqv/ Zdjhv dqg Hpsor|0

phqw= Whvwv Edvhg rq X1N1 Ilup0Ohyho Gdwd/ Hxurshdq Hfrqrplf

Uhylhz/ 65/ :5:0:661

^83` Rvzdog/ D1M1 ^4<:<`/ Zdjh Ghwhuplqdwlrq lq dq Hfrqrp| zlwk Pdq|

Wudgh Xqlrqv/ R{irug Hfrqrplf Sdshuv/ 64/ 69<06;81

^84` Shqfdyho/ M1 ^4<;9`/ Oderu Vxsso| ri Phq= D Vxuyh|1 Lq= Dvkhqihowhu/

Ruoh| F1/ dqg Ulfkdug/ Od|dug/ hgv1/ Kdqgerrn ri Oderu Hfrqrplfv/

Yro1 L/ 60435/ Dpvwhugdp/ Qruwk0Kroodqg1

^85` Skdqhxi/ O1 ^4<<3`/ Zdjh Frqwudfwv dqg wkh Xqlw Urrw K|srwkhvlv/

Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 56/ 8;308<51

^86` Udqnlq/ Q1 ^4<<;`/ Qrplqdo Uljlglw| dqg Prqhwdu| Xqfhuwdlqw|/ Hx0

urshdq Hfrqrplf Uhylhz/ 75/ 4;804<<1

^87` Ulvdjhu/ R1 ^4<<5`/ Zdjh Ulydou| dqg Lqvlghu0Rxwvlghu Uhodwlrqv=

Hylghqfh iru Vnloohg dqg Xqvnloohg Phq lq Ghqpdun/ Vfdqglqdyldq

Mrxuqdo ri Hfrqrplfv/ <7/ 876088<1

^88` Urelqvrq/ M1 ^4<6:`/ Hvvd|v lq wkh Wkhru| ri Hpsor|phqw/ Orqgrq/

PdfPloodq1

^89` Uxqflpdq/ Z1J1 ^4<99`/ Uhodwlyh Ghsulydwlrq dqg Vrfldo Mxvwlfh/

Orqgrq/ Urxwohgjh dqg Nhjdq Sdxo1

^8:` Vdfkv/ M1 ^4<;3`/ Wkh Fkdqjlqj F|folfdo Ehkdylru ri Zdjhv dqg

Sulfhv= 4;<304<:9/ Dphulfdq Hfrqrplf Uhylhz/ :3/ :;0<31

^8;` Vhq/ D1 N1 ^4<;6`/ Srru/ Uhodwlyho| Vshdnlqj/ R{irug Hfrqrplf Sd0

shuv/ 68/ 486049<1
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^8<` Vplwk/ D1 ^4<:9`/ D Wkhru| ri Prudo Vhqwlphqwv/ hglwhg e| G1G1

Udskdho dqg D1O1 Pdf�h/ R{irug= Foduhqgrq Suhvv1

^93` Vrorz/ U1 P1 ^4<;3`/ Rq Wkhrulhv ri Xqhpsor|phqw/ Dphulfdq Hfr0

qrplf Uhylhz/ :3/ 40441

^94` Vxpphuv/ O1 ^4<;;`/ Uhodwlyh Zdjhv/ H!flhqf| Zdjhv/ dqg Nh|qh0

vldq Xqhpsor|phqw/ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg Sur0

fhhglqjv/ :;/ 6;606;;1

^95` Wd|oru/ M1 E1 ^4<:<`/ Vwdjjhuhg Zdjh Vhwwlqj lq d Pdfur Prgho/

Dphulfdq Hfrqrplf Uhylhz/ 9</ 43;04461

^96` Wd|oru/ M1 E1 ^4<;3d`/ Djjuhjdwh G|qdplfv dqg Vwdjjhuhg Frqwudfwv/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;;/ 40561

^97` Wd|oru/ M1 E1 ^4<;3e`/ Rxwsxw dqg Sulfh Vwdelolw|= Dq Lqwhuqdwlrqdo

Frpsdulvrq/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 5/ 43<0

4651

^98` Wd|oru/ M1 E1 ^4<;6`/ Xqlrq Zdjh Vhwwohphqw gxulqj d Glvlq dwlrq/

Dphulfdq Hfrqrplf Uhylhz/ :6/ <;40<<61

^99` Wrelq/ M1 ^4<:5`/ Lq dwlrq dqg Xqhpsor|phqw/ Dphulfdq Hfrqrplf

Uhylhz/ 95/ 404;1

^9:` Zhvw/ N1 G1 ^4<;;`/ Rq wkh Lqwhusuhwdwlrq ri Qhdu Udqgrp Zdon

Ehkdylru lq JQS/ Dphulfdq Hfrqrplf Uhylhz/ :;/ 535053<1
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Iljxuh 4= Ehqfkpdun Fdvh/ 4( Prqh| Vkrfn= Rxwsxw dqg Lq dwlrq1

� ' He��bSHbc � ' f�.DHH

Iljxuh 5= Ehqfkpdun Fdvh/ 4( Prqh| Vkrfn= Rxwsxw dqg Lq dwlrq1

� ' �f��HHec � ' f�.DHH
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Iljxuh 6= Ehqfkpdun Fdvh/ 4( Prqh| Vkrfn= Rxwsxw dqg Lq dwlrq1

j ' �c � ' �f�.c � ' e�2c _ ' �f�.

Iljxuh 7= Ehqfkpdun Fdvh/ 4( Prqh| Vkrfn= Rxwsxw dqg Lq dwlrq1

� ' ���S2.bc � ' f�.DHH
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Iljxuh 8= Ehqfkpdun Fdvh/ 4( Prqh| Vkrfn= Rxwsxw dqg Lq dwlrq1

� ' �b��.S.c � ' f�.DHH

Iljxuh 9= Ehqfkpdun Fdvh/ 4( Prqh| Vkrfn= Rxwsxw dqg Lq dwlrq1

� ' D�Dbe2c � ' f�.DHH
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Iljxuh := Ehqfkpdun Fdvh= � dqg � Wudgh0r�

Iljxuh ;= Ehqfkpdun Fdvh/ 4( Prqh| Vkrfn= Rxwsxw dqg Lq dwlrq1

� ' �f��HHec � ' f�S�b2
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Iljxuh <= Ehqfkpdun Fdvh/ 4( Prqh| Vkrfn= Rxwsxw dqg Lq dwlrq1

� ' �f��HHec � ' f�2f�2
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Iljxuh 43= Fxuuhqw Ydoxh Uhodwlyh Zdjh Frqfhuq/ 4( Prqh| Vkrfn=

Rxwsxw dqg Lq dwlrq1

� ' �f��HHec � ' f�.DHH

Iljxuh 44= Vlpsol�hg Uhodwlyh Uhdo Zdjh Frqfhuq/ 4( Prqh| Vkrfn=

Rxwsxw dqg Lq dwlrq1

� ' �f��HHec � ' f�.DHH

7<


